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ʵʣʝʢʪʨʠʯʝʩʢʘʷ ʵʥʝʨʛʠʷ ʦʪʥʶʜʴ ʷʚʣʷʝʪʩʷ ʥʝʦʪʲʝʤʣʝʤʦʡ ʯʘʩʪʴʶ ʥʘʰʝʡ ʞʠʟʥʠ. 

ʎʝʣʴʶ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʠʟʫʯʝʥʠʝ ʧʦʥʷʪʠʷ ʵʥʝʨʛʦʩʙʝʨʝʞʝʥʠʷ ʠ ʧʨʝʜʣʦʞʠʪʴ ʧʫʪʠ 

ʦʧʪʠʤʠʟʘʮʠʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ. 

ʕʥʝʨʛʦʩʙʝʨʝʞʝʥʠʝ ï ʵʪʦ ʤʝʪʦʜ ʵʬʬʝʢʪʠʚʥʦʛʦ ʠ ʨʘʟʫʤʥʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʪʦʧʣʠʚʥʦ-

ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʨʝʩʫʨʩʦʚ ʧʣʘʥʝʪʳ. ʕʪʦ ʦʟʥʘʯʘʝʪ, ʯʪʦ ʟʘʜʘʯʘ ʵʢʦʥʦʤʠʠ ʵʥʝʨʛʠʠ ï ʵʪʦ ʨʝʩʫʨʩʳ, 

ʢʦʪʦʨʳʝ ʥʘʧʨʷʤʫʶ ʩʚʷʟʘʥʳ ʩ ʧʨʦʠʟʚʦʜʩʪʚʦʤ ʵʥʝʨʛʠʠ ʠ ʢʦʩʚʝʥʥʦ ʫʢʘʟʳʚʘʶʪ ʥʘ ʧʨʦʙʣʝʤʳ. 

ʕʢʦʥʦʤʥʦ ʨʘʩʭʦʜʫʷ ʵʥʝʨʛʠʶ, ʟʘʱʠʱʘʶʪʩʷ ʥʝ ʪʦʣʴʢʦ ʟʘʧʘʩʳ ʫʛʣʷ ʠ ʥʝʬʪʠ ʜʣʷ ʙʫʜʫʱʠʭ 

ʧʦʢʦʣʝʥʠʡ, ʥʦ ʠ ʩʘʤʘ ʚʦʟʤʦʞʥʦʩʪʴ ʞʠʟʥʠ ʚʦ ʚʩʝʤ ʤʠʨʝ. 

ʏʝʣʦʚʝʯʝʩʢʦʝ ʦʙʱʝʩʪʚʦ ʪʝʩʥʦ ʩʚʷʟʘʥʦ ʩ ʧʦʪʨʝʙʣʝʥʠʝʤ ʵʥʝʨʛʠʠ ʠ ʧʨʠʨʦʜʥʳʭ ʨʝʩʫʨʩʦʚ. 

ʅʦ ʚʥʫʪʨʝʥʥʠʝ ʵʥʝʨʛʝʪʠʯʝʩʢʠʝ ʨʝʩʫʨʩʳ ʦʛʨʘʥʠʯʝʥʳ, ʠ ʠʭ ʟʘʧʘʩʳ ʙʫʜʫʪ ʠʩʪʦʱʝʥʳ ʚ ʪʝʯʝʥʠʝ 

ʥʝʩʢʦʣʴʢʠʭ ʜʝʩʷʪʠʣʝʪʠʡ, ʯʪʦ ʦʪʨʘʟʠʪʩʷ ʥʘ ʞʠʟʥʝʜʝʷʪʝʣʴʥʦʩʪʠ ʙʫʜʫʱʠʭ ʧʦʢʦʣʝʥʠʡ. ɹʦʣʝʝ 

ʪʦʛʦ, ʵʥʝʨʛʦʧʨʦʠʟʚʦʜʩʪʚʦ ʦʢʘʟʳʚʘʝʪ ʙʦʣʴʰʦʝ ʚʣʠʷʥʠʝ ʥʘ ʵʢʦʣʦʛʠʶ, ʘ ʠʤʝʥʥʦ ʥʘ ʢʣʠʤʘʪ: ʧʨʠ 

ʙʦʣʴʰʝʡ ʚʳʨʘʙʦʪʢʝ ʵʥʝʨʛʠʠ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʦʙʲʝʤ ʧʘʨʥʠʢʦʚʳʭ ʛʘʟʦʚ. ɺ ʢʦʥʮʝ ʢʦʥʮʦʚ, ʯʝʣʦʚʝʢ 

ʤʦʞʝʪ ʩʵʢʦʥʦʤʠʪʴ ʠ ʩʦʙʩʪʚʝʥʥʳʝ ʩʨʝʜʩʪʚʘ, ʧʦʣʫʯʠʪʴ ʤʘʪʝʨʠʘʣʴʥʫʶ ʚʳʛʦʜʫ [4]. ɺʝʜʴ ʯʝʤ 

ʤʝʥʴʰʝ ʦʥ ʨʘʩʭʦʜʫʝʪ ʵʥʝʨʛʠʶ, ʪʝʤ ʤʝʥʴʰʝ ʧʣʘʪʠʪ ʟʘ ʥʝʝ. ʇʦʵʪʦʤʫ ʩʣʝʜʫʝʪ ʫʜʝʣʷʪʴ ʦʩʦʙʦʝ 

ʚʥʠʤʘʥʠʝ ʵʥʝʨʛʦʩʙʝʨʝʞʝʥʠʶ ʠ ʧʦʚʳʰʝʥʠʶ ʵʥʝʨʛʦʵʬʬʝʢʪʠʚʥʦʩʪʠ. ɼʘʥʥʳʝ ʧʨʦʙʣʝʤʳ ʥʘʰʣʠ 

ʦʪʨʘʞʝʥʠʝ ʚ ʨʷʜʝ ʥʘʫʯʥʳʭ ʨʘʙʦʪ [1]. 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʧʨʦʙʣʝʤʘ ʵʥʝʨʛʦʩʙʝʨʝʛʘʶʱʠʭ ʪʝʭʥʦʣʦʛʠʡ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʚ ʢʨʫʛʫ 

ʤʝʞʜʫʥʘʨʦʜʥʳʭ ʠ ʥʘʮʠʦʥʘʣʴʥʳʭ ʧʦʣʠʪʠʯʝʩʢʠʭ ʜʝʷʪʝʣʝʡ. ɽʞʝʜʥʝʚʥʦ ʦʙʩʫʞʜʘʶʪʩʷ ʚʦʧʨʦʩʳ 

ʦʛʨʘʥʠʯʝʥʥʦʩʪʠ ʧʨʠʨʦʜʥʳʭ ʨʝʩʫʨʩʦʚ, ʠʟʤʝʥʝʥʠʷ ʢʣʠʤʘʪʘ ʠ ʜʨʫʛʠʭ ʧʨʦʙʣʝʤʘʭ. ʇʦʩʪʦʷʥʥʳʡ 

ʨʦʩʪ ʮʝʥ ʠ ʪʘʨʠʬʦʚ ʥʘ ʵʥʝʨʛʦʨʝʩʫʨʩʳ ʥʘʧʨʷʤʫʶ ʦʪʨʘʞʘʝʪʩʷ ʥʘ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʤ ʧʨʦʮʝʩʩʝ 

ʣʶʙʦʛʦ ʧʨʝʜʧʨʠʷʪʠʷ. ʈʝʰʝʥʠʝ ʵʪʦʡ ʧʨʦʙʣʝʤʳ ʚʠʜʠʪʩʷ ʚ ʦʜʥʦʤ ï ʚ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʵʢʦʥʦʤʠʪʴ 

ʵʥʝʨʛʠʶ ʠ ʚʳʧʦʣʥʷʪʴ ʜʝʡʩʪʚʠʷ, ʢʦʪʦʨʳʝ ʵʪʦʤʫ ʩʧʦʩʦʙʩʪʚʫʶʪ. 

ʕʥʝʨʛʦʩʙʝʨʝʞʝʥʠʝ ʧʨʝʜʧʦʣʘʛʘʝʪ ʨʝʘʣʠʟʘʮʠʶ ʨʘʟʣʠʯʥʳʭ ʤʝʨ ʧʦ ʚʦʟʚʨʘʱʝʥʠʶ 

ʚʦʟʦʙʥʦʚʣʷʝʤʳʭ ʠʩʪʦʯʥʠʢʦʚ ʵʥʝʨʛʠʠ ʚ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʡ ʧʨʦʮʝʩʩ. ɺʩʝ ʤʝʨʳ, ʥʘʧʨʘʚʣʝʥʥʳʝ 

ʥʘ ʵʥʝʨʛʦʩʙʝʨʝʞʝʥʠʝ, ʥʦʩʷʪ ʦʨʛʘʥʠʟʘʮʠʦʥʥʳʡ, ʧʨʘʚʦʚʦʡ, ʥʘʫʯʥʳʡ, ʵʢʦʥʦʤʠʯʝʩʢʠʡ ʠ 

ʪʝʭʥʠʯʝʩʢʠʡ ʭʘʨʘʢʪʝʨ. ɻʦʚʦʨʷ ʦʙ ʵʥʝʨʛʦʩʙʝʨʝʞʝʥʠʠ, ʠʤʝʝʪʩʷ ʚ ʚʠʜʫ ʩʦʭʨʘʥʝʥʠʝ ʧʨʠʨʦʜʥʳʭ 

ʨʝʩʫʨʩʦʚ, ʯʪʦ ʩʝʛʦʜʥʷ ʷʚʣʷʝʪʩʷ ʜʦʩʪʘʪʦʯʥʦ ʘʢʪʫʘʣʴʥʦʡ ʧʨʦʙʣʝʤʦʡ. 
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ʉʝʛʦʜʥʷ ʵʥʝʨʛʦʩʙʝʨʝʞʝʥʠʝ ʷʚʣʷʝʪʩʷ ʦʩʥʦʚʥʳʤ ʜʨʘʡʚʝʨʦʤ ʨʘʟʚʠʪʠʷ ʵʢʦʥʦʤʠʢʠ ʨʳʥʢʦʚ 

ʧʦʪʨʝʙʠʪʝʣʴʩʢʠʭ ʫʩʣʫʛ ʠ ʤʘʪʝʨʠʘʣʦʚ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʘʣʴʪʝʨʥʘʪʠʚʥʳʭ ʠʩʪʦʯʥʠʢʦʚ ʵʥʝʨʛʠʠ 

ʩʪʘʥʦʚʠʪʩʷ ʚʩʝ ʙʦʣʝʝ ʧʦʧʫʣʷʨʥʳʤ ʚ ʵʥʝʨʛʦʩʙʝʨʝʛʘʶʱʠʭ ʪʝʭʥʦʣʦʛʠʷʭ. ʉʦʣʥʝʯʥʳʝ ʙʘʪʘʨʝʠ ʚ 

ʩʦʯʝʪʘʥʠʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʦʣʥʝʯʥʳʭ ʢʦʣʣʝʢʪʦʨʦʚ ʤʦʛʫʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʢʘʢ 

ʜʦʧʦʣʥʠʪʝʣʴʥʳʡ ʠ ʢʘʢ ʦʩʥʦʚʥʦʡ ʠʩʪʦʯʥʠʢ ʵʥʝʨʛʠʠ, ʪʝʤ ʩʘʤʳʤ ʟʘʱʠʱʘʷ ʢʦʥʝʯʥʦʛʦ 

ʧʦʣʴʟʦʚʘʪʝʣʷ ʦʪ ʥʝʦʙʭʦʜʠʤʦʡ ʟʘʚʠʩʠʤʦʩʪʠ ʚ ʮʝʥʪʨʘʣʠʟʦʚʘʥʥʳʭ ʵʥʝʨʛʦʩʝʪʷʭ. ʕʪʦ ʩʥʠʞʘʝʪ 

ʧʦʪʨʝʙʣʝʥʠʝ ʪʚʝʨʜʦʛʦ ʪʦʧʣʠʚʘ ʠ ʵʥʝʨʛʠʠ. 

ʅʘʨʷʜʫ ʩ ʙʳʩʪʨʳʤ ʨʘʟʚʠʪʠʝʤ ʥʘʫʯʥʦ-ʪʝʭʥʠʯʝʩʢʦʛʦ ʧʨʦʛʨʝʩʩʘ ʚ ʦʙʣʘʩʪʠ 

ʵʥʝʨʛʦʩʙʝʨʝʛʘʶʱʠʭ ʪʝʭʥʦʣʦʛʠʡ ʯʘʩʪʦ ʤʦʞʥʦ ʩʪʦʣʢʥʫʪʴʩʷ ʩ ʧʨʝʩʣʦʚʫʪʳʤ ʯʝʣʦʚʝʯʝʩʢʠʤ 

ʬʘʢʪʦʨʦʤ, ʚʳʟʚʘʥʥʳʤ ʩʝʛʦʜʥʷʰʥʠʤ ʵʬʬʝʢʪʠʚʥʳʤ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʪʝʭʥʦʣʦʛʠʡ. ʅʘʫʢʦʝʤʢʠʝ 

ʦʪʨʘʩʣʠ ʧʨʝʜʣʘʛʘʶʪ ʥʘʤ ʤʥʦʞʝʩʪʚʦ ʚʘʨʠʘʥʪʦʚ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʠ ʧʨʠʣʦʞʝʥʠʡ ʜʣʷ 

ʵʥʝʨʛʦʵʬʬʝʢʪʠʚʥʳʭ ʪʝʭʥʦʣʦʛʠʡ, ʰʠʨʦʢʠʡ ʩʧʝʢʪʨ ʵʥʝʨʛʦʩʙʝʨʝʛʘʶʱʠʭ ʠʥʩʪʨʫʤʝʥʪʦʚ ʠ 

ʤʝʪʦʜʦʚ, ʘ ʪʘʢʞʝ ʠʭ ʧʨʠʣʦʞʝʥʠʷ ʜʣʷ ʣʶʙʦʡ ʵʥʝʨʛʦʝʤʢʦʡ ʦʪʨʘʩʣʠ. 

ʂʘʢ ʧʦʢʘʟʳʚʘʝʪ ʧʨʘʢʪʠʢʘ, ʵʥʝʨʛʦʵʬʬʝʢʪʠʚʥʦʩʪʴ ʧʨʝʜʣʘʛʘʝʤʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ʥʝ ʟʘʚʠʩʠʪ 

ʪʦʣʴʢʦ ʦʪ ʢʘʯʝʩʪʚʘ ʠʩʧʦʣʴʟʫʝʤʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ, ʚʘʞʥʫʶ ʨʦʣʴ ʚ ʵʪʦʤ ʧʨʦʮʝʩʩʝ ʙʫʜʝʪ ʠʛʨʘʪʴ 

ʩʘʤʘ ʪʝʭʥʦʣʦʛʠʷ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʩʨʝʜʩʪʚ ʵʥʝʨʛʦʩʙʝʨʝʞʝʥʠʷ. 

ʈʘʟʫʤʝʝʪʩʷ, ʧʨʦʝʢʪʠʨʦʚʘʥʠʝ ʠ ʚʥʝʜʨʝʥʠʝ ʵʪʠʭ ʩʣʦʞʥʳʭ ʩʠʩʪʝʤ ʜʦʣʞʥʳ ʚʳʧʦʣʥʷʪʴʩʷ 

ʚʳʩʦʢʦʢʚʘʣʠʬʠʮʠʨʦʚʘʥʥʳʤʠ ʩʧʝʮʠʘʣʠʩʪʘʤʠ ʚ ʜʘʥʥʦʡ ʦʙʣʘʩʪʠ, ʢʦʪʦʨʳʝ ʧʨʦʰʣʠ 

ʪʝʦʨʝʪʠʯʝʩʢʠʡ ʠ ʧʨʘʢʪʠʯʝʩʢʠʡ ʢʫʨʩ ʦʙʫʯʝʥʠʷ ʠʩʧʦʣʴʟʦʚʘʥʠʶ ʵʪʠʭ ʠʥʩʪʨʫʤʝʥʪʦʚ ʠ 

ʪʝʭʥʦʣʦʛʠʡ. ʆʜʥʘʢʦ, ʧʨʠ ʨʘʟʨʘʙʦʪʢʝ ʠ ʨʝʘʣʠʟʘʮʠʠ ʧʨʦʝʢʪʘ ʧʦ ʧʦʚʳʰʝʥʠʶ 

ʵʥʝʨʛʦʵʬʬʝʢʪʠʚʥʦʩʪʠ ʧʨʝʜʧʨʠʷʪʠʡ ʥʘ ʩʘʤʦʤ ʜʝʣʝ ʨʝʰʘʝʪʩʷ ʥʝʩʢʦʣʴʢʦ ʩʝʨʴʝʟʥʳʭ ʧʨʦʙʣʝʤ. 

ʆʩʥʦʚʥʘʷ ʩʣʦʞʥʦʩʪʴ ʚʦʟʥʠʢʘʝʪ ʧʦʩʣʝ ʚʚʦʜʘ ʫʩʪʨʦʡʩʪʚʘ ʚ ʵʢʩʧʣʫʘʪʘʮʠʶ. ʅʝʜʦʩʪʘʪʦʯʥʦ 

ʠʩʧʦʣʴʟʦʚʘʪʴ ʚ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʤ ʧʨʦʮʝʩʩʝ ʵʥʝʨʛʦʩʙʝʨʝʛʘʶʱʠʝ ʪʝʭʥʦʣʦʛʠʠ, ʥʝʦʙʭʦʜʠʤʦ 

ʛʨʘʤʦʪʥʦ ʠʤʠ ʫʧʨʘʚʣʷʪʴ. 

ʇʨʠʤʝʨ ï ʙʘʥʘʣʴʥʘʷ ʙʳʪʦʚʘʷ ʩʠʪʫʘʮʠʷ. ɺʜʦʭʥʦʚʣʝʥʥʳʡ ʠʜʝʷʤʠ ʵʥʝʨʛʦʩʙʝʨʝʞʝʥʠʷ, 

ʛʨʘʞʜʘʥʠʥ ʧʨʠʦʙʨʝʣ ʜʣʷ ʩʚʦʝʛʦ ʜʦʤʘ ʵʥʝʨʛʦʵʬʬʝʢʪʠʚʥʳʝ ʠʩʪʦʯʥʠʢʠ ʩʚʝʪʘ. ʂʦʛʜʘ ʚʳ ʟʘʨʘʥʝʝ 

ʠʟʫʯʠʣʠ ʪʝʭʥʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʵʪʠʭ ʫʩʪʨʦʡʩʪʚ, ʥʘʯʘʣʠ ʠʩʧʦʣʴʟʦʚʘʪʴ ʠʭ ʜʣʠʪʝʣʴʥʦʝ 

ʚʨʝʤʷ ʙʝʟ ʚʳʢʣʶʯʝʥʠʷ, ʦʥʠ ʵʥʝʨʛʦʵʬʬʝʢʪʠʚʥʳ. ʂʘʢʠʤ ʙʫʜʝʪ ʩʶʨʧʨʠʟ ʚ ʠʪʦʛʝ, ʝʩʣʠ ʥʝ ʙʫʜʝʪ 

ʧʦʣʫʯʝʥ ʯʠʩʪʦ ʵʢʦʥʦʤʠʯʝʩʢʠʡ ʵʬʬʝʢʪ ʦʪ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʵʪʠʭ ʦʩʚʝʪʠʪʝʣʴʥʳʭ ʧʨʠʙʦʨʦʚ ʚ 

ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʡ ʧʝʨʠʦʜ. ʕʪʦ ʥʝʧʨʘʚʠʣʴʥʘʷ ʵʢʦʥʦʤʠʷ ʵʥʝʨʛʠʠ. 

ʕʥʝʨʛʦʩʙʝʨʝʛʘʶʱʠʝ ʪʝʭʥʦʣʦʛʠʠ ʥʝʦʙʭʦʜʠʤʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʚ ʩʦʯʝʪʘʥʠʠ ʩʦ ʟʜʨʘʚʳʤ 

ʩʤʳʩʣʦʤ. ɽʩʣʠ ʚ ʵʪʦʤ ʥʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʠ, ʪʦ ʥʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʠʩʧʦʣʴʟʦʚʘʪʴ ʨʘʙʦʯʠʡ 

ʠʩʪʦʯʥʠʢ ʩʚʝʪʘ ʠ ʪʘʢʞʝ ʥʝ ʩʪʦʠʪ ʧʨʝʨʳʚʘʪʴ ʝʛʦ ʨʘʙʦʪʫ ʩ ʚʳʩʦʢʦʡ ʯʘʩʪʦʪʦʡ. ʇʨʦʮʝʩʩ ʚʢʣʶʯʝʥʠʷ 

/ ʚʳʢʣʶʯʝʥʠʷ ʜʦʣʞʝʥ ʙʳʪʴ ʨʘʩʩʯʠʪʘʥ ʧʨʘʚʠʣʴʥʦ. 

ʕʪʦʪ ʧʨʦʩʪʦʡ ʧʨʠʤʝʨ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʵʥʝʨʛʦʵʬʬʝʢʪʠʚʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʚ 

ʯʘʩʪʥʦʤ ʧʦʨʷʜʢʝ ʥʝʣʦʛʠʯʥʦ, ʥʦ ʯʪʦ, ʝʩʣʠ ʨʝʯʴ ʠʜʝʪ ʦʙ ʵʢʦʥʦʤʠʠ ʵʥʝʨʛʠʠ ʜʣʷ ʢʨʫʧʥʦʛʦ 

ʧʨʦʤʳʰʣʝʥʥʦʛʦ ʧʨʝʜʧʨʠʷʪʠʷ? ɺ ʠʪʦʛʝ ʤʦʞʥʦ ʜʦʙʠʪʴʩʷ ʥʝ ʩʣʠʰʢʦʤ ʨʘʜʫʞʥʦʛʦ ʠʩʧʦʣʥʝʥʠʷ. 

ɻʨʘʤʦʪʥʦʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʵʥʝʨʛʦʩʙʝʨʝʛʘʶʱʠʭ ʤʘʪʝʨʠʘʣʦʚ ï ʧʨʘʢʪʠʯʝʩʢʘʷ ʛʘʨʘʥʪʠʷ 

ʩʥʠʞʝʥʠʷ ʟʘʪʨʘʪ ʥʘ ʵʢʩʧʣʫʘʪʘʮʠʶ ʠ ʦʙʩʣʫʞʠʚʘʥʠʝ ʚʩʝʛʦ ʵʥʝʨʛʦʟʘʚʠʩʠʤʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ, 

ʦʙʩʣʫʞʠʚʘʥʠʝ ʢʦʪʦʨʦʛʦ ʪʨʝʙʫʝʪ ʚʳʩʦʢʠʭ ʤʘʪʝʨʠʘʣʴʥʳʭ ʟʘʪʨʘʪ, ʚ ʪʦʤ ʯʠʩʣʝ ʪʝʧʣʦʚʦʡ ʵʥʝʨʛʠʠ. 
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ɺ ʵʪʦʤ ʧʨʠʤʝʨʝ ʫʧʦʤʠʥʘʝʪʩʷ ʦʜʠʥ ʬʘʢʪʦʨ, ʢʦʪʦʨʳʡ ʥʘʧʨʷʤʫʶ ʚʣʠʷʝʪ ʥʘ 

ʵʥʝʨʛʦʵʬʬʝʢʪʠʚʥʦʩʪʴ, ʥʦ ʢʦʛʜʘ ʜʝʣʦ ʜʦʭʦʜʠʪ ʜʦ ʤʦʥʠʪʦʨʠʥʛʘ ʵʥʝʨʛʦʩʙʝʨʝʞʝʥʠʷ 

ʧʨʦʤʳʰʣʝʥʥʳʭ ʢʦʤʧʘʥʠʡ, ʩʫʱʝʩʪʚʫʝʪ ʢʦʤʙʠʥʘʮʠʷ ʬʘʢʪʦʨʦʚ, ʢʦʪʦʨʳʝ ʦʙʳʯʥʦ ʧʨʷʤʦ 

ʢʦʩʚʝʥʥʦ ʚʣʠʷʶʪ ʥʘ ʵʥʝʨʛʦʵʬʬʝʢʪʠʚʥʦʩʪʴ [5]. ɼʣʷ ʧʦʚʳʰʝʥʠʷ ʵʥʝʨʛʦʵʬʬʝʢʪʠʚʥʦʩʪʠ 

ʥʝʦʙʭʦʜʠʤ ʩʠʩʪʝʤʥʳʡ ʧʦʜʭʦʜ, ʚʢʣʶʯʘʶʱʠʡ ʟʘʧʣʘʥʠʨʦʚʘʥʥʳʝ ʧʨʘʢʪʠʯʝʩʢʠʝ ʮʝʣʠ ʜʣʷ 

ʧʨʘʢʪʠʯʝʩʢʦʡ ʨʝʘʣʠʟʘʮʠʠ ʧʨʦʛʨʘʤʤʳ ʵʥʝʨʛʦʩʙʝʨʝʞʝʥʠʷ. ʄʝʥʴʰʝʝ ʚʦʩʧʨʠʷʪʠʝ ʩʚʷʟʘʥʦ ʩ 

ʤʘʪʝʨʠʘʣʴʥʦʡ ʚʳʛʦʜʦʡ ʦʪ ʵʢʦʥʦʤʠʯʝʩʢʠʭ ʚʳʛʦʜ. ʉʝʛʦʜʥʷ ʩʫʱʝʩʪʚʫʝʪ ʦʛʨʦʤʥʦʝ ʢʦʣʠʯʝʩʪʚʦ 

ʛʦʪʦʚʳʭ ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʨʝʰʝʥʠʡ, ʩʯʝʪʯʠʢʦʚ, ʩʝʪʝʡ ʠ ʩʝʪʝʡ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ. ʊʘʢʠʝ 

ʧʦʣʦʞʝʥʠʷ ʧʨʝʜʦʩʪʘʚʣʷʶʪ ʧʨʝʢʨʘʩʥʫʶ ʚʦʟʤʦʞʥʦʩʪʴ ʚʳʙʨʘʪʴ ʵʥʝʨʛʦʵʬʬʝʢʪʠʚʥʳʝ ʧʨʦʜʫʢʪʳ ʩ 

ʪʦʯʢʠ ʟʨʝʥʠʷ ʠʭ ʢʘʯʝʩʪʚʘ. 

ʕʢʦʥʦʤʠʢʘ ʵʥʝʨʛʦʩʙʝʨʝʞʝʥʠʷ ʪʨʝʙʫʝʪ ʩʦʛʣʘʩʦʚʘʥʠʷ ʠʥʪʝʨʝʩʦʚ ʧʨʦʠʟʚʦʜʠʪʝʣʝʡ ʠ 

ʧʦʪʨʝʙʠʪʝʣʝʡ ʵʥʝʨʛʠʠ. ʊʘʢʦʝ ʩʦʛʣʘʰʝʥʠʝ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʦʜʥʦʚʨʝʤʝʥʥʦʡ ʦʮʝʥʢʝ 

ʧʦʪʝʥʮʠʘʣʴʥʳʭ ʩʙʝʨʝʞʝʥʠʡ ʧʨʦʠʟʚʦʜʠʪʝʣʷ ʠ ʧʦʪʨʝʙʠʪʝʣʷ ʥʘ ʦʜʥʦʡ ʦʩʥʦʚʝ. ʀʥʚʝʩʪʠʮʠʠ 

ʩʣʝʜʫʝʪ ʜʝʣʘʪʴ ʪʘʤ, ʛʜʝ ʜʦʩʪʠʛʘʝʪʩʷ ʤʠʥʠʤʘʣʴʥʘʷ ʩʪʦʠʤʦʩʪʴ ʧʨʦʠʟʚʝʜʝʥʥʦʡ ʠʣʠ 

ʩʵʢʦʥʦʤʣʝʥʥʦʡ ʵʥʝʨʛʠʠ. ʊʘʢʦʡ ʧʦʜʭʦʜ ʦʙʝʩʧʝʯʠʚʘʝʪ ʩʧʨʦʩ ʥʘ ʵʥʝʨʛʦʨʝʩʫʨʩʳ ʩ ʥʘʠʤʝʥʴʰʠʤʠ 

ʟʘʪʨʘʪʘʤʠ. 

ʊʘʢʞʝ ʥʝʦʙʭʦʜʠʤʦ ʦʪʤʝʪʠʪʴ ʥʘʣʠʯʠʝ ʧʦʩʪʦʷʥʥʳʭ ʠʟʤʝʥʝʥʠʡ ʚ ʢʦʥʮʝʥʪʨʘʮʠʠ ʥʘʫʯʥʳʭ 

ʠʩʩʣʝʜʦʚʘʥʠʡ, ʢʦʪʦʨʳʝ ʧʦʟʚʦʣʷʶʪ ʥʘʡʪʠ ʦʧʪʠʤʘʣʴʥʳʝ ʤʝʪʦʜʳ ʵʥʝʨʛʦʩʙʝʨʝʞʝʥʠʷ ʚʦ ʚʩʝʭ 

ʟʚʝʥʴʷʭ ʵʢʦʥʦʤʠʢ ʩʪʨʘʥʳ. ɸ ʧʨʠ ʧʣʘʥʠʨʦʚʘʥʠʠ ʨʘʙʦʪ ʚ ɾʂʍ, ʢʘʢ ʨʝʩʫʨʩʦʩʥʘʙʞʝʥʮʘ, ʜʦʣʞʥʦ 

ʙʳʪʴ ʫʯʪʝʥʦ ʚʥʝʜʨʝʥʠʝ ʵʥʝʨʛʦʩʙʝʨʝʛʘʶʱʠʭ ʪʝʭʥʦʣʦʛʠʡ ʚ ʧʦʚʩʝʜʥʝʚʥʫʶ ʞʠʟʥʝʜʝʷʪʝʣʴʥʦʩʪʴ 

ʜʦʤʘʰʥʠʭ ʭʦʟʷʡʩʪʚ [2]. 

ʃʫʯʰʝ ʚʩʝʛʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʤʠʥʠʤʘʣʴʥʳʝ ʟʘʪʨʘʪʳ ʥʘ ʝʜʠʥʠʮʫ ʵʥʝʨʛʠʠ ʢʘʢ ʢʨʠʪʝʨʠʡ 

ʦʮʝʥʢʠ ʵʬʬʝʢʪʠʚʥʦʩʪʠ. ʕʪʦʪ ʢʨʠʪʝʨʠʡ ʦʪʚʝʯʘʝʪ ʠʥʪʝʨʝʩʘʤ ʢʘʢ ʧʨʦʠʟʚʦʜʠʪʝʣʝʡ, ʪʘʢ ʠ 

ʧʦʪʨʝʙʠʪʝʣʝʡ ʵʥʝʨʛʦʨʝʩʫʨʩʦʚ. 

ʇʦʩʢʦʣʴʢʫ ʵʢʦʥʦʤʠʷ ʵʥʝʨʛʠʠ ʯʘʩʪʦ ʙʳʚʘʝʪ ʨʝʥʪʘʙʝʣʴʥʦʡ, ʝʝ ʩʣʝʜʫʝʪ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʢʘʢ 

ʧʦʣʥʦʮʝʥʥʫʶ ʘʣʴʪʝʨʥʘʪʠʚʫ ʩʦʟʜʘʥʠʶ ʥʦʚʳʭ ʠʩʪʦʯʥʠʢʦʚ ʵʥʝʨʛʠʠ, ʩʪʨʦʠʪʝʣʴʩʪʚʫ ʥʦʚʳʭ ʣʠʥʠʡ 

ʵʣʝʢʪʨʦʧʝʨʝʜʘʯ ʠʣʠ ʪʝʧʣʦʚʳʭ ʩʝʪʝʡ. 

ʈʘʩʩʤʦʪʨʠʤ ʨʘʟʣʠʯʥʳʝ ʚʘʨʠʘʥʪʳ ʵʥʝʨʛʦʩʥʘʙʞʝʥʠʷ, ʢʦʪʦʨʳʝ ʩʨʘʚʥʠʚʘʶʪ ʟʘʪʨʘʪʳ ʥʘ 

ʧʨʦʠʟʚʦʜʩʪʚʦ ʠ ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʫ ʵʥʝʨʛʠʠ, ʩ ʦʜʥʦʡ ʩʪʦʨʦʥʳ, ʠ ʟʘʪʨʘʪʳ ʥʘ ʵʢʦʥʦʤʠʶ ʪʦʛʦ ʞʝ 

ʢʦʣʠʯʝʩʪʚʘ ʵʥʝʨʛʠʠ ʧʨʠ ʝʝ ʧʦʪʨʝʙʣʝʥʠʠ. ʇʨʠ ʵʪʦʤ ʚʦ ʚʩʝʭ ʩʣʫʯʘʷʭ ʥʝʦʙʭʦʜʠʤʦ ʫʯʠʪʳʚʘʪʴ 

ʧʨʝʜʦʪʚʨʘʱʝʥʠʝ ʫʱʝʨʙʘ ʦʪ ʟʘʛʨʷʟʥʝʥʠʷ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ. 

ɽʱʝ ʦʜʥʠʤ ʚʘʞʥʳʤ ʧʦʢʘʟʘʪʝʣʝʤ ʵʥʝʨʛʦʵʬʬʝʢʪʠʚʥʦʩʪʠ ʷʚʣʷʝʪʩʷ ʢʘʯʝʩʪʚʦ ʩʘʤʦʡ 

ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʠʣʠ ʪʝʧʣʦʚʦʡ ʵʥʝʨʛʠʠ. ʕʬʬʝʢʪʠʚʥʦʩʪʴ ʢʘʞʜʦʛʦ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʧʨʦʮʝʩʩʘ, 

ʢʦʥʝʯʥʘʷ ʮʝʣʴ ʠ ʢʘʯʝʩʪʚʦ ʧʨʦʜʫʢʮʠʠ, ʥʝʩʦʤʥʝʥʥʦ, ʙʫʜʫʪ ʟʘʚʠʩʝʪʴ ʦʪ ʢʘʯʝʩʪʚʝʥʥʳʭ 

ʧʦʢʘʟʘʪʝʣʝʡ ʧʦʪʨʝʙʣʷʝʤʦʡ ʵʥʝʨʛʠʠ. 

ɺ ʚʦʧʨʦʩʘʭ ʵʥʝʨʛʦʩʙʝʨʝʞʝʥʠʷ ʩʣʝʜʫʝʪ ʧʦʥʠʤʘʪʴ, ʯʪʦ ʛʦʪʦʚʦʛʦ ʨʝʰʝʥʠʷ ʥʝ ʩʫʱʝʩʪʚʫʝʪ ʠ 

ʥʝ ʤʦʞʝʪ ʙʳʪʴ. ʇʦʩʪʦʷʥʥʦʝ ʧʦʚʳʰʝʥʠʝ ʵʥʝʨʛʦʝʤʢʦʩʪʠ ʧʨʦʠʟʚʦʜʩʪʚʘ, ʘ ʪʘʢʞʝ ʨʦʩʪ ʮʝʥ ʥʘ 

ʵʥʝʨʛʦʥʦʩʠʪʝʣʠ ʟʘʩʪʘʚʣʷʶʪ ʠʩʢʘʪʴ ʠʥʜʠʚʠʜʫʘʣʴʥʳʝ ʨʝʰʝʥʠʷ ʜʣʷ ʢʦʥʢʨʝʪʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ ʩ 

ʧʦʩʣʝʜʫʶʱʠʤ ʤʦʥʠʪʦʨʠʥʛʦʤ ʵʥʝʨʛʦʵʬʬʝʢʪʠʚʥʦʩʪʠ. ʊʦʣʴʢʦ ʪʘʢ ʤʦʞʥʦ ʜʦʙʠʪʴʩʷ ʵʢʦʥʦʤʠʠ 

ʵʥʝʨʛʠʠ ʥʘ ʜʨʫʛʦʤ ʫʨʦʚʥʝ ʢʘʯʝʩʪʚʘ [3]. 
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ʉ ʨʘʟʚʠʪʠʝʤ ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʩʝʪʝʡ, ʨʦʩʪʦʤ ʤʝʞʩʝʪʝʚʳʭ ʧʝʨʝʢʣʶʯʝʥʠʡ, ʧʦʷʚʣʷʝʪʩʷ 

ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʧʨʝʜʲʷʚʣʝʥʠʷ ʚʩʝ ʥʦʚʳʭ ʪʨʝʙʦʚʘʥʠʡ ʢ ʥʘʜʝʞʥʦʩʪʠ, ʟʘʱʠʱʝʥʥʦʩʪʠ ʠ ʢʘʯʝʩʪʚʫ 

ʵʣʝʢʪʨʦʩʥʘʙʞʝʥʠʷ ʠ ʩʘʤʠʤ ʵʣʝʢʪʨʠʯʝʩʢʠʤ ʩʝʪʷʭ. 

ɺʦʧʨʦʩ ʢʘʜʨʦʚʦʛʦ ʧʦʪʝʥʮʠʘʣʘ ʵʥʝʨʛʝʪʠʢʠ ʟʘʩʣʫʞʠʚʘʝʪ ʦʩʦʙʦʛʦ ʚʥʠʤʘʥʠʷ ʚ ʦʙʣʘʩʪʠ 

ʵʥʝʨʛʦʩʙʝʨʝʞʝʥʠʷ ʠ ʢʘʯʝʩʪʚʘ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ. ʂʘʢ ʧʦʢʘʟʳʚʘʝʪ ʩʪʘʪʠʩʪʠʢʘ, ʢʦʣʠʯʝʩʪʚʦ 

ʚʳʩʦʢʦʢʚʘʣʠʬʠʮʠʨʦʚʘʥʥʳʭ ʩʧʝʮʠʘʣʠʩʪʦʚ ʚ ʵʪʦʡ ʩʬʝʨʝ ʨʝʟʢʦ ʩʦʢʨʘʱʘʝʪʩʷ. ʇʦ ʤʥʝʥʠʶ 

ʨʘʙʦʪʦʜʘʪʝʣʝʡ, ʵʪʦʤʫ ʝʩʪʴ ʥʝʩʢʦʣʴʢʦ ʧʨʠʯʠʥ. ɺʦ-ʧʝʨʚʳʭ, ʤʦʞʥʦ ʫʢʘʟʘʪʴ ʢʦʣʠʯʝʩʪʚʦ 

ʩʧʝʮʠʘʣʠʩʪʦʚ ʜʣʷ ʧʦʜʛʦʪʦʚʢʠ ʩʧʝʮʠʘʣʠʩʪʦʚ ʥʝʦʙʭʦʜʠʤʦʛʦ ʫʨʦʚʥʷ. ɺʪʦʨʘʷ ʟʥʘʯʠʤʘʷ ʧʨʦʙʣʝʤʘ 

ï ʵʪʦ ʧʝʨʝʚʦʜ ʩʧʝʮʠʘʣʠʩʪʦʚ ʚ ʜʨʫʛʫʶ ʦʪʨʘʩʣʴ ʨʦʩʩʠʡʩʢʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʩ ʙʦʣʝʝ ʚʳʩʦʢʠʤ 

ʫʨʦʚʥʝʤ ʦʧʣʘʪʳ ʪʨʫʜʘ. ʅʘ ʪʨʝʪʴʝʤ ʤʝʩʪʝ ʧʨʦʙʣʝʤʘ, ʩʚʷʟʘʥʥʘʷ ʩ ʜʝʤʦʛʨʘʬʠʯʝʩʢʦʡ ʩʠʪʫʘʮʠʝʡ ʚ 

ʈʌ, ʚ ʚʫʟʘʭ ʧʨʦʩʪʦ ʥʝʢʦʤʫ ʧʨʝʧʦʜʘʚʘʪʴ. 

ʕʪʠ ʧʨʦʙʣʝʤʳ ʚʳʥʫʞʜʘʶʪ ʨʘʙʦʪʦʜʘʪʝʣʝʡ ʧʦʚʳʰʘʪʴ ʤʘʢʩʠʤʘʣʴʥʳʡ ʚʦʟʨʘʩʪ ʜʣʷ 

ʢʘʥʜʠʜʘʪʦʚ. ʈʝʰʝʥʠʷ ʤʦʛʫʪ ʙʳʪʴ ʥʘʡʜʝʥʳ ʚ ʩʦʟʜʘʥʠʠ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʭ ʫʯʝʙʥʳʭ ʮʝʥʪʨʦʚ 

ʜʣʷ ʧʦʜʛʦʪʦʚʢʠ ʚʳʩʦʢʦʢʚʘʣʠʬʠʮʠʨʦʚʘʥʥʳʭ ʩʧʝʮʠʘʣʠʩʪʦʚ, ʘ ʪʘʢʞʝ ʚ ʥʘʣʘʞʠʚʘʥʠʠ ʪʝʩʥʦʛʦ 

ʩʦʪʨʫʜʥʠʯʝʩʪʚʘ ʤʝʞʜʫ ʵʥʝʨʛʝʪʠʯʝʩʢʠʤʠ ʢʦʤʧʘʥʠʷʤʠ ʠ ʫʥʠʚʝʨʩʠʪʝʪʘʤʠ, ʢʦʪʦʨʳʝ ʛʦʪʦʚʷʪ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʩʧʝʮʠʘʣʠʩʪʦʚ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʥʘʠʙʦʣʝʝ ʙʣʠʟʢʠʝ ʧʨʦʛʥʦʟʳ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʥʝʭʚʘʪʢʘ ʤʦʣʦʜʳʭ 

ʩʧʝʮʠʘʣʠʩʪʦʚ ʚ ʵʥʝʨʛʝʪʠʯʝʩʢʦʤ ʩʝʢʪʦʨʝ ʙʫʜʝʪ ʪʦʣʴʢʦ ʫʭʫʜʰʘʪʴʩʷ ʠʟ-ʟʘ ʧʨʦʩʪʦʛʦ ʩʪʘʨʝʥʠʷ 

ʩʦʪʨʫʜʥʠʢʦʚ. ʕʥʝʨʛʝʪʠʯʝʩʢʠʝ ʢʦʤʧʘʥʠʠ ʧʨʠ ʧʦʜʜʝʨʞʢʝ ʛʦʩʫʜʘʨʩʪʚʘ ʜʦʣʞʥʳ ʧʨʠʣʦʞʠʪʴ 

ʤʘʢʩʠʤʫʤ ʫʩʠʣʠʡ ʜʣʷ ʩʦʟʜʘʥʠʷ ʝʜʠʥʦʛʦ ʙʘʥʢʘ ʩʧʝʮʠʘʣʠʩʪʦʚ ʵʥʝʨʛʝʪʠʯʝʩʢʦʡ ʦʪʨʘʩʣʠ ʠ 

ʧʦʚʳʰʝʥʠʷ ʘʚʪʦʨʠʪʝʪʘ ʵʥʝʨʛʝʪʠʢʠ. ɹʫʜʫʱʠʝ ʧʨʦʬʝʩʩʠʦʥʘʣʳ ʜʦʣʞʥʳ ʙʳʪʴ ʫʚʝʨʝʥʳ ʚ ʪʦʤ, ʯʪʦ 

ʦʥʠ ʙʫʜʫʪ ʚʦʩʪʨʝʙʦʚʘʥʳ ʥʘ ʩʦʚʨʝʤʝʥʥʦʤ ʨʳʥʢʝ ʪʨʫʜʘ. ʀ ʦʥʠ ʤʦʛʫʪ ʨʘʩʩʯʠʪʳʚʘʪʴ ʥʘ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʫʶ ʤʘʪʝʨʠʘʣʴʥʫʶ ʧʦʜʜʝʨʞʢʫ ʠ ʧʦʩʣʝʜʫʶʱʠʡ ʢʘʨʴʝʨʥʳʡ ʨʦʩʪ ʚ ʚʳʙʨʘʥʥʦʡ 

ʦʪʨʘʩʣʠ. ʈʘʟʚʠʪʠʝ ʣʶʙʦʡ ʦʪʨʘʩʣʠ ʧʨʦʠʟʚʦʜʩʪʚʘ ʦʙʝʱʘʝʪ ʫʚʝʣʠʯʝʥʠʝ ʵʥʝʨʛʦʧʦʪʨʝʙʣʝʥʠʷ, ʘ 

ʟʥʘʯʠʪ ʨʘʟʚʠʪʠʝ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʩʝʪʝʡ, ʥʝʦʙʭʦʜʠʤʦʩʪʴʶ ʩʦʟʜʘʥʠʷ ʥʦʚʳʭ ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ 

ʦʙʲʝʢʪʦʚ, ʯʪʦ ʥʝʚʦʟʤʦʞʥʦ ʙʝʟ ʚʳʩʦʢʦʢʚʘʣʠʬʠʮʠʨʦʚʘʥʥʳʭ ʩʧʝʮʠʘʣʠʩʪʦʚ. 
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ʈʦʩʪ ʵʢʦʥʦʤʠʢʠ ʣʶʙʦʡ ʩʪʨʘʥʳ ʧʦʜʨʘʟʫʤʝʚʘʝʪ ʫʚʝʣʠʯʝʥʠʝ ʦʙʲʝʤʘ ʧʨʦʠʟʚʦʜʠʤʳʭ ʪʦʚʘʨʦʚ 

ʠ ʫʩʣʫʛ, ʯʪʦ ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ ʪʨʝʙʫʝʪ ʦʧʝʨʝʞʘʶʱʝʛʦ ʨʘʟʚʠʪʠʷ ʚʩʝʭ ʩʬʝʨ ʪʦʧʣʠʚʥʦ-

ʵʥʝʨʛʝʪʠʯʝʩʢʦʛʦ ʢʦʤʧʣʝʢʩʘ. ʋʯʠʪʳʚʘʷ ʦʙʲʝʢʪʠʚʥʫʶ ʦʛʨʘʥʠʯʝʥʥʦʩʪʴ ʟʘʧʘʩʦʚ ʠʩʢʦʧʘʝʤʳʭ 

ʪʦʧʣʠʚʥʳʭ ʨʝʩʫʨʩʦʚ ʢʘʢ ʦʩʥʦʚʥʳʭ ʠʩʪʦʯʥʠʢʦʚ ʩʳʨʴʷ ʜʣʷ ʵʥʝʨʛʝʪʠʯʝʩʢʦʡ ʦʪʨʘʩʣʠ, ʚʩʸ 

ʙʦʣʴʰʝʤʫ ʯʠʩʣʫ ʩʪʨʘʥ ʧʨʠʭʦʜʠʪʩʷ ʦʙʨʘʱʘʪʴʩʷ ʢ ʤʝʨʦʧʨʠʷʪʠʷʤ ʵʥʝʨʛʦʩʙʝʨʝʞʝʥʠʷ ʠ 

ʧʦʚʳʰʝʥʠʷ ʵʥʝʨʛʦʵʬʬʝʢʪʠʚʥʦʩʪʠ ʜʦʙʳʚʘʝʤʳʭ, ʧʝʨʝʨʘʙʘʪʳʚʘʝʤʳʭ ʠ ʧʦʪʨʝʙʣʷʝʤʳʭ ʪʦʧʣʠʚʥʦ-

ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʨʝʩʫʨʩʦʚ, ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʠ ʧʦʠʩʢ ʥʦʚʳʭ ʠʩʪʦʯʥʠʢʦʚ ʵʥʝʨʛʠʠ, ʯʪʦ 

ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ ʥʦʨʤʘʪʠʚʥʳʤʠ ʜʦʢʫʤʝʥʪʘʤʠ, ʚ ʪʦʤ ʯʠʩʣʝ ʠ ʜʝʡʩʪʚʫʶʱʠʤ ʬʝʜʝʨʘʣʴʥʳʤ 

ʟʘʢʦʥʦʤ çʆʙ ʵʥʝʨʛʦʩʙʝʨʝʞʝʥʠʠ ʠ ʧʦʚʳʰʝʥʠʠ ʵʥʝʨʛʝʪʠʯʝʩʢʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠè.  

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʚʦʟʦʙʥʦʚʣʷʝʤʳʭ ʠʩʪʦʯʥʠʢʦʚ ʵʥʝʨʛʠʠ ʚ ʈʦʩʩʠʠ ʨʘʟʚʠʪʦ ʩʣʘʙʦ ʠʟ-ʟʘ 

ʠʟʙʳʪʦʯʥʦʩʪʠ ʵʥʝʨʛʠʠ ʚ ʩʪʨʘʥʝ, ʦʪʩʫʪʩʪʚʠʝ ʘʢʪʠʚʥʦʡ ʠʥʠʮʠʘʪʠʚʳ ʠ ʩʧʝʮʠʘʣʴʥʳʭ ʟʥʘʥʠʡ, 

ʧʨʝʧʷʪʩʪʚʫʶʱʠʭ ʨʘʟʚʠʪʠʶ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʥʘʧʨʘʚʣʝʥʠʡ ʵʥʝʨʛʝʪʠʢʠ. ɼʦʣʷ ʚʩʝʡ 

çʚʦʟʦʙʥʦʚʣʷʝʤʦʡ ʵʥʝʨʛʝʪʠʢʠè ʚ ʵʥʝʨʛʦʙʘʣʘʥʩʝ ʈʦʩʩʠʠ ʥʝ ʜʦʩʪʠʛʘʝʪ ʠ 2% (ʨʠʩ. 1). ɺ ʪʦʞʝ 

ʚʨʝʤʷ, ʩʦʛʣʘʩʥʦ ʜʘʥʥʳʤ ʦʪʝʯʝʩʪʚʝʥʥʦʡ ɸʩʩʦʮʠʘʮʠʠ ʨʘʟʚʠʪʠʷ ʚʦʟʦʙʥʦʚʣʷʝʤʦʡ ʵʥʝʨʛʝʪʠʢʠ, ʚ 

ʥʘʰʝʡ ʩʪʨʘʥʝ ʟʘ 2020 ʛ ʚʚʝʣʠ ʚ ʵʢʩʧʣʫʘʪʘʮʠʶ ʥʦʚʳʝ ʩʪʘʥʮʠʠ ʩʦʣʥʝʯʥʦʡ ʠ ʚʝʪʨʦʛʝʥʝʨʘʮʠʠ 

ʦʙʱʝʡ ʤʦʱʥʦʩʪʴʶ 2000 ʄɺʪ. 

 

ʈʠʩ. 1. ʉʪʨʫʢʪʫʨʘ ʚʳʨʘʙʦʪʢʠ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ʧʦ ʪʠʧʘʤ ʵʣʝʢʪʨʦʩʪʘʥʮʠʡ ɽʕʉ ʈʦʩʩʠʠ ʚ 2020 ʛ 

 

ʅʘʯʘʣʦ ʨʘʟʚʠʪʠʷ ʚʝʪʨʦʛʝʥʝʨʘʮʠʠ ʚ ʈʦʩʩʠʠ ʤʦʞʥʦ ʦʪʥʝʩʪʠ ʥʘ 1931 ʛʦʜ, ʢʦʛʜʘ ʧʦ 

ɹʘʣʘʢʣʘʚʦʡ ʚʦʟʚʝʣʠ ʩʘʤʳʡ ʤʦʱʥʳʡ ʥʘ ʪʦ ʚʨʝʤʷ ʚʝʪʨʦʛʝʥʝʨʘʪʦʨ ʚ ʤʠʨʝ ï ʥʘ 100 ʢɺʪ. ʈʘʟʤʘʭ 

ʝʛʦ ʣʦʧʘʩʪʝʡ ʜʦʩʪʠʛʘʣ 30 ʤʝʪʨʦʚ, ʘ ʚʳʨʘʙʘʪʳʚʘʝʤʘʷ ʵʣʝʢʪʨʦʵʥʝʨʛʠʷ ʰʣʘ ʥʘ ʵʥʝʨʛʦʩʥʘʙʞʝʥʠʝ 

ʪʨʘʤʚʘʡʥʦʡ ʣʠʥʠʠ ɹʘʣʘʢʣʘʚʘ ï ʉʝʚʘʩʪʦʧʦʣʴ. ɺ ʧʝʨʠʦʜ ʩ 1950 ʛ ʧʦ 1955 ʛ ʚ ʉʉʉʈ ʝʞʝʛʦʜʥʦ 

ʚʳʧʫʩʢʘʣʦʩʴ ʥʝʩʢʦʣʴʢʦ ʪʳʩʷʯ ʚʝʪʨʦʫʩʪʘʥʦʚʦʢ ʝʜʠʥʠʯʥʦʡ ʤʦʱʥʦʩʪʴʶ ʜʦ 30 ʢɺʪ, ʢʦʪʦʨʳʝ 

ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʜʣʷ ʦʩʚʦʝʥʠʷ ʮʝʣʠʥʳ ʚ ʂʘʟʘʭʩʪʘʥʝ, ʥʦ 60-ʭ ʛʦʜʘʭ ʨʘʙʦʪʳ ʧʦ ʩʦʟʜʘʥʠʶ 

ɺʕʉ ʚ ʩʪʨʘʥʝ ʩʚʝʨʥʫʣʠ, ʧʦʩʢʦʣʴʢʫ ʉʉʉʈ ʩʦʩʨʝʜʦʪʦʯʠʣʩʷ ʥʘ ʩʪʨʦʠʪʝʣʴʩʪʚʝ ʵʣʝʢʪʨʦʩʪʘʥʮʠʡ 
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ʜʨʫʛʦʛʦ ʪʠʧʘ. ɺʦʟʨʦʞʜʝʥʠʝ ʚʝʪʨʦʵʥʝʨʛʝʪʠʢʠ ʚ ʥʘʰʝʡ ʩʪʨʘʥʝ ʥʘʯʘʣʦʩʴ ʩ 1990-ʭ ʛʦʜʦʚ. ɺ 2016 

ʛʦʜʫ ʈʦʩʘʪʦʤ ʚʳʠʛʨʘʣ ʢʦʥʢʫʨʩ ʥʘ ʩʪʨʦʠʪʝʣʴʩʪʚʦ ʚ ʈʦʩʩʠʠ ʚʝʪʨʷʥʳʭ ʵʣʝʢʪʨʦʩʪʘʥʮʠʡ ʦʙʱʝʡ 

ʤʦʱʥʦʩʪʴʶ 1 ɻɺʪ. 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʜʦʣʷ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚʝʪʨʦʚʦʡ ʵʥʝʨʛʠʠ ʚ ʈʦʩʩʠʠ ʩʨʘʚʥʠʪʝʣʴʥʦ ʤʘʣʘ, 

ʫʯʠʪʳʚʘʷ ʤʠʨʦʚʦʡ ʦʧʳʪ: ʟʘ ʧʦʩʣʝʜʥʠʡ ʛʦʜ ʙʳʣʦ ʧʨʦʠʟʚʝʜʝʥʦ ʩ ʧʦʤʦʱʴʶ ʚʝʪʨʦʚʳʭ ʩʪʘʥʮʠʡ 

ʩʫʤʤʘʨʥʦ ʦʢʦʣʦ 13,9 ʄɺʪ (ʂʘʣʠʥʠʥʛʨʘʜʩʢʘʷ ʦʙʣʘʩʪʴ ï 5,1 ʄɺʪ, ɺʦʨʢʫʪʘ ï 1,5 ʄɺʪ, ʏʫʢʦʪʢʘ 

ï 2,5 ʄɺʪ, ɹʘʰʢʠʨʠʷ ï 2,0 ʄɺʪ, ʉʘʨʘʪʦʚʩʢʘʷ ʦʙʣʘʩʪʴ ï 0,3 ʄɺʪ, ʦ-ʚ ɹʝʨʠʥʛʘ ï 0,5 ʄɺʪ, 

ʇʨʠʤʦʨʴʝ ï 2,0 ʄɺʪ), ʯʪʦ ʚ ʩʫʤʤʝ ʥʝ ʜʦʩʪʠʛʘʝʪ ʠ 1,5% ʦʪ ʚʩʝʭ ʵʣʝʢʪʨʦʛʝʥʝʨʠʨʫʶʱʠʭ 

ʤʦʱʥʦʩʪʝʡ ʈʌ. 

ʇʨʦʝʢʪʠʨʫʝʤʳʝ ʃʝʥʠʥʛʨʘʜʩʢʘʷ (75 ʄɺʪ) ʠ ɹʘʣʪʠʡʩʢʘʷ (50 ʄɺʪ) ɺʕʉ, ʩʤʦʛʣʠ ʙ  r

ʧʦʚʳʩʠʪʴ ʚʢʣʘʜ ɺʕʉ ʚ ʦʙʱʫʶ ʵʣʝʢʪʨʠʯʝʩʢʫʶ ʤʦʱʥʦʩʪʴ ʈʦʩʩʠʠ ʧʨʠʤʝʨʥʦ ʜʦ 2% ʉʘʤʦʡ 

ʢʨʫʧʥʦʡ ʥʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʠʟ ʜʝʡʩʪʚʫʶʱʠʭ ʚ ʈʦʩʩʠʠ ʷʚʣʷʝʪʩʷ ʋʣʴʷʥʦʚʩʢʘʷ ɺʕʉ, 

ʫʩʪʘʥʦʚʣʝʥʥʦʡ ʤʦʱʥʦʩʪʴʶ 35 ʄɺʪ, ʯʪʦ ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʝʤʥʦʛʦ ʚ ʩʨʘʚʥʝʥʠʠ ʩ ʠʤʝʶʱʠʤʠʩʷ 

ɻʕʉ. ɼʘʥʥʘʷ ʩʪʘʥʮʠʷ ʩʦʚʝʨʰʝʥʥʦ ʥʦʚʘʷ ʠ ʟʘʧʫʱʝʥʘ ʚ ʵʢʩʧʣʫʘʪʘʮʠʶ ʚ ʷʥʚʘʨʝ 2018 ʛʦʜʘ. ɺ ʝ y

ʩʦʩʪʘʚ ʩʪʘʥʮʠʠ ʚʭʦʜʷʪ 14 ʚʝʪʨʦʪʫʨʙʠʥ ʧʦ 2,5 ʄɺʪ ʤʦʱʥʦʩʪʴʶ.  

ʅʘ ʩʦʚʨʝʤʝʥʥʦʤ ʵʪʘʧʝ ʨʘʟʚʠʪʠʷ ʚʝʪʨʦʵʥʝʨʛʝʪʠʢʠ ʠʤʝʝʪʩʷ ʜʚʘ ʩʘʤʦʩʪʦʷʪʝʣʴʥʳʭ 

ʥʘʧʨʘʚʣʝʥʠʷ. ʇʝʨʚʦʝ ï ʨʘʟʨʘʙʦʪʢʘ, ʩʦʟʜʘʥʠʝ ʠ ʚʥʝʜʨʝʥʠʝ ʚʝʪʨʦʫʩʪʘʥʦʚʦʢ (ɺʕʉ) ʙʦʣʴʰʦʡ 

ʤʦʱʥʦʩʪʠ. ɺʪʦʨʦʝ ï ʩʦʟʜʘʥʠʝ ʠ ʚʥʝʜʨʝʥʠʝ ʚʝʪʨʦʫʩʪʘʥʦʚʦʢ ʤʘʣʦʡ ʤʦʱʥʦʩʪʠ ʣʦʢʘʣʴʥʦʛʦ 

ʧʨʠʤʝʥʝʥʠʷ. ʂʘʞʜʦʝ ʠʟ ʵʪʠʭ ʥʘʧʨʘʚʣʝʥʠʡ ʠʤʝʝʪ ʩʚʦʶ ʥʘʠʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʫʶ ʩʬʝʨʫ 

ʧʨʠʤʝʥʝʥʠʷ, ʩʚʦʠ ʩʣʦʞʥʦʩʪʠ, ʧʦʟʠʪʠʚʥʳʝ ʠ ʥʝʛʘʪʠʚʥʳʝ ʤʦʤʝʥʪʳ. ʇʨʦʤʳʰʣʝʥʥʳʝ ɺʕʋ 

ʫʩʪʘʥʘʚʣʠʚʘʶʪʩʷ ʛʦʩʫʜʘʨʩʪʚʦʤ ʠʣʠ ʢʨʫʧʥʳʤʠ ʵʥʝʨʛʝʪʠʯʝʩʢʠʤʠ ʢʦʨʧʦʨʘʮʠʷʤʠ, ʦʙʲʝʜʠʥʷʷ ʠʭ 

ʚ ʩʝʪʠ, ʧʦʣʫʯʘʷ ʚ ʨʝʟʫʣʴʪʘʪʝ ʚʝʪʨʦʚʳʝ ʵʣʝʢʪʨʦʩʪʘʥʮʠʠ.  

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʚ ʈʦʩʩʠʠ ʧʨʠʤʝʥʷʶʪʩʷ ʩʣʝʜʫʶʱʠʝ ʛʝʥʝʨʘʪʦʨʳ (ʨʠʩ. 2):  

ï ʚʝʪʨʦʫʩʪʘʥʦʚʢʠ ʩ ʚʝʨʪʠʢʘʣʴʥʦʡ ʦʩɹ  ʁʚʨʘʱʝʥʠʷ; 

ï ʚʝʪʨʦʫʩʪʘʥʦʚʢʠ ʩ ʛʦʨʠʟʦʥʪʘʣʴʥʦʡ ʦʩʴʶ ʚʨʘʱʝʥʠʷ (95% ʚʩʝʭ ʚʝʪʨʦʫʩʪʘʥʦʚʦʢ, 

ʧʦʜʢʣʶʯʝʥʥʳʭ ʢ ʩʝʪʷʤ ʵʥʝʨʛʦʩʠʩʪʝʤ). 

ɻʦʨʠʟʦʥʪʘʣʴʥʳʝ ʚʝʪʨʦʛʝʥʝʨʘʪʦʨʳ ʧʦʣʫʯʠʣʠ ʚ ʈʦʩʩʠʠ ʥʘʠʙʦʣʴʰʫʶ ʧʦʧʫʣʷʨʥʦʩʪʴ. ʆʩʴ 

ʚʨʘʱʝʥʠʷ ʪʫʨʙʠʥʳ ʛʦʨʠʟʦʥʪʘʣʴʥʳʭ ʚʝʪʨʦʛʝʥʝʨʘʪʦʨʦʚ ʨʘʩʧʦʣʦʞʝʥʘ ʚʩʝʛʜʘ ʧʘʨʘʣʣʝʣʴʥʦ ʟʝʤʣʝ. 

ɼʘʥʥʳʡ ʪʠʧ ʝʱʸ ʥʘʟʳʚʘʶʪ çʚʝʪʨʷʥʦʡ ʤʝʣʴʥʠʮʝʡè, ʪʘʢ ʢʘʢ ʣʦʧʘʩʪʠ ʚʨʘʱʘʶʪʩʷ ʧʨʦʪʠʚ ʚʝʪʨʘ. 

ʂʦʥʩʪʨʫʢʮʠʷ ʛʦʨʠʟʦʥʪʘʣʴʥʳʭ ʚʝʪʨʦʛʝʥʝʨʘʪʦʨʦʚ ʧʨʝʜʫʩʤʘʪʨʠʚʘʝʪ ʘʚʪʦʤʘʪʠʯʝʩʢʠʡ ʧʦʚʦʨʦʪ 

ʛʦʣʦʚʥʦʡ ʯʘʩʪʠ (ʚ ʧʦʠʩʢʘʭ ʚʝʪʨʘ), ʘ ʪʘʢʞʝ ʧʦʚʦʨʦʪ ʣʦʧʘʩʪʝʡ, ʜʣʷ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚʝʪʨʘ 

ʥʝʙʦʣʴʰʦʡ ʩʠʣʳ. 

ɺʝʨʪʠʢʘʣʴʥʳʝ ʚʝʪʨʦʛʝʥʝʨʘʪʦʨʳ, ʠʩʭʦʜʷ ʠʟ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʚʳʨʘʙʦʪʢʠ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ, 

ʷʚʣʷʶʪʩʷ ʤʝʥʝʝ ʵʬʬʝʢʪʠʚʥʳʤʠ, ʯʝʤ ʛʦʨʠʟʦʥʪʘʣʴʥʳʝ. ʃʦʧʘʩʪʠ ʪʘʢʦʡ ʪʫʨʙʠʥʳ ʚʩʝʛʜʘ 

ʚʨʘʱʘʶʪʩʷ ʧʘʨʘʣʣʝʣʴʥʦ ʧʦʚʝʨʭʥʦʩʪʠ ʟʝʤʣʠ ʧʨʠ ʣʶʙʦʤ ʥʘʧʨʘʚʣʝʥʠʠ ʠ ʩʠʣʝ ʚʝʪʨʘ. ʀʟ-ʟʘ ʪʦʛʦ, 

ʯʪʦ ʧʨʠ ʣʶʙʦʤ ʥʘʧʨʘʚʣʝʥʠʠ ʚʝʪʨʘ ʧʦʣʦʚʠʥʘ ʣʦʧʘʩʪʝʡ ʚʝʪʨʦʢʦʣʝʩʘ ʚʩʝʛʜʘ ʚʨʘʱʘʝʪʩʷ ʧʨʦʪʠʚ 

ʥʝʛʦ, ʚʝʪʨʷʢ ʪʝʨʷʝʪ ʧʦʣʦʚʠʥʫ ʩʚʦʝʡ ʤʦʱʥʦʩʪʠ, ʯʪʦ ʟʥʘʯʠʪʝʣʴʥʦ ʩʥʠʞʘʝʪ ɻ ʥʝʨʛʦʵʬʬʝʢʪʠʚʥʦʩʪʴ 

ʫʩʪʘʥʦʚʢʠ. ʆʜʥʘʢʦ ɺʕʋ ʪʘʢʦʛʦ ʪʠʧʘ ʠʤʝʶʪ ʜʦʩʪʦʠʥʩʪʚʘ ʚ ʫʩʪʘʥʦʚʢʝ ʠ ʦʙʩʣʫʞʠʚʘʥʠʠ, ʪʘʢ ʢʘʢ 

ʨʝʜʫʢʪʦʨ ʠ ʛʝʥʝʨʘʪʦʨ ʫʩʪʘʥʦʚʢʠ ʨʘʟʤʝʱʘʶʪʩʷ ʥʘ ʟʝʤʣʝ. ʅʝʜʦʩʪʘʪʢʘʤʠ ʚʝʨʪʠʢʘʣʴʥʦʛʦ 

https://www.solarhome.ru/equipment/wind
https://www.solarhome.ru/equipment/wind
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ʛʝʥʝʨʘʪʦʨʘ ʷʚʣʷʶʪʩʷ: ʟʥʘʯʠʪʝʣʴʥʳʝ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʝ ʟʘʪʨʘʪʳ, ʜʦʨʦʛʦʩʪʦʷʱʠʡ ʤʦʥʪʘʞ, ʘ 

ʪʘʢʞʝ ʪʦ, ʯʪʦ ʜʣʷ ʫʩʪʘʥʦʚʢʠ ʪʘʢʦʡ ɺʕʋ ʪʨʝʙʫʝʪʩʷ ʥʝʤʘʣʦ ʤʝʩʪʘ. 

ʏʘʰʝ ʚʩʝʛʦ ʜʣʷ ʧʨʦʠʟʚʦʜʩʪʚʘ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ʚ ʧʨʦʤʳʰʣʝʥʥʳʭ ʤʘʩʰʪʘʙʘʭ ʠʩʧʦʣʴʟʫʶʪ 

ʚʝʪʨʦʛʝʥʝʨʘʪʦʨʳ ʛʦʨʠʟʦʥʪʘʣʴʥʦʛʦ ʪʠʧʘ, ʩʦʟʜʘʚʘʷ ʠʟ ʥʠʭ ʩʠʩʪʝʤʳ ʚʝʪʨʷʥʳʭ ʵʣʝʢʪʨʦʩʪʘʥʮʠʡ. 

ɺʝʨʪʠʢʘʣʴʥʳʝ ʞʝ ʚʝʪʨʦʛʝʥʝʨʘʪʦʨʳ ʯʘʩʪʦ ʧʨʠʤʝʥʷʶʪ ʜʣʷ ʧʦʪʨʝʙʥʦʩʪʝʡ ʥʝʙʦʣʴʰʠʭ ʯʘʩʪʥʳʭ 

ʭʦʟʷʡʩʪʚ. 

          

ʘ ʚ 

ʈʠʩ. 2. ɺʝʨʪʠʢʘʣʴʥʳʡ (ʘ) ʠ ʛʦʨʠʟʦʥʪʘʣʴʥʳʡ (ʙ) ʚʝʪʨʦʛʝʥʝʨʘʪʦʨʳ 

 

ɺʝʪʨʦʛʝʥʝʨʘʪʦʨ ʚ ʩʚʦʸʤ ʩʦʩʪʘʚʝ ʠʤʝʝʪ ʣʦʧʘʩʪʠ, ʢʦʪʦʨʳʝ ʫʣʘʚʣʠʚʘʶʪ ʚʝʪʝʨ, ʠ ʛʝʥʝʨʘʪʦʨ, 

ʚʢʣʶʯʘʶʱʠʡ ʚ ʩʝʙʷ ʘʢʢʫʤʫʣʷʪʦʨʥʫʶ ʙʘʪʘʨʝʶ ʠ ʠʥʚʝʨʪʦʨʥʫʶ ʫʩʪʘʥʦʚʢʫ, ʧʨʝʦʙʨʘʟʫʶʱʠʡ 

ʵʥʝʨʛʠʶ ʚʝʪʨʘ ʚ ʵʣʝʢʪʨʠʯʝʩʢʫʶ. ʈʦʣʴ ʥʘʢʦʧʠʪʝʣʷ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ʚʳʧʦʣʥʷʝʪ ʘʢʢʫʤʫʣʷʪʦʨʥʘʷ 

ʙʘʪʘʨʝʷ, ʢʦʪʦʨʘʷ ʥʝ ʤʦʞʝʪ ʚr ʨʘʙʘʪʳʚʘʪʴʩʷ ʨʘʚʥʦʤʝʨʥʦ ʠʟ-ʟʘ ʧʦʛʦʜʥʳʭ ʫʩʣʦʚʠʡ ʠ ʨʘʟʥʠʮʳ 

ʩʢʦʨʦʩʪʠ ʚʝʪʨʘ. ʀʥʚʝʨʪʦʨ, ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʩʣʫʞʠʪ ʜʣʷ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʧʦʩʪʦʷʥʥʦʛʦ ʪʦʢʘ, 

ʧʦʜʘʶʱʝʛʦʩʷ ʠʟ ʘʢʢʫʤʫʣʷʪʦʨʘ, ʚ ʧʝʨʝʤʝʥʥʳʡ ʪʦʢ, ʥʝʦʙʭʦʜʠʤʳʡ ʜʣʷ ʨʘʙʦʪʳ ʙʳʪʦʚʳʭ 

ʵʣʝʢʪʨʦʧʨʠʙʦʨʦʚ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʢʘʞʜʳʡ ʵʣʝʤʝʥʪ ʚʝʪʨʷʥʦʡ ʵʣʝʢʪʨʦʩʪʘʥʮʠʠ ʩʣʫʞʠʪ ʜʣʷ 

ʚʳʧʦʣʥʝʥʠʷ ʢʦʥʢʨʝʪʥʦʡ ʟʘʜʘʯʠ, ʠ ʝʛʦ ʚʳʙʦʨ ʜʦʣʞʝʥ ʙʳʪʴ ʦʙʫʩʣʦʚʣʝʥ ʧʦʪʨʝʙʥʦʩʪʷʤʠ ʚ 

ʵʥʝʨʛʠʠ, ʘ ʧʦ ʪʝʭʥʠʯʝʩʢʠʤ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤ ʧʦʜʭʦʜʠʪʴ ʜʣʷ ʦʩʪʘʣʴʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ ʩʠʩʪʝʤʳ. 

ɺʩʝ ʧʘʨʘʤʝʪʨʳ ʚʝʪʨʦʫʩʪʘʥʦʚʢʠ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʨʘʩʩʯʠʪʳʚʘʶʪʩʷ ʩ ʫʯʝʪʦʤ ʢʦʥʢʨʝʪʥʳʭ 

ʫʩʣʦʚʠʡ ʵʥʝʨʛʦʧʦʪʨʝʙʣʝʥʠʷ. 

ɼʦ ʥʝʜʘʚʥʝʛʦ ʚʨʝʤʝʥʠ ʨʘʟʚʠʪʠʝ ʚʝʪʨʦʵʥʝʨʛʝʪʠʢʠ ʚ ʩʪʨʘʥʝ, ʩʜʝʨʞʠʚʘʣʦʩʴ ʦʪʩʫʪʩʪʚʠʝʤ 

ʵʣʝʤʝʥʪʥʦʡ ʙʘʟʳ ʠ ʩʠʣʦʚʦʡ ʘʚʪʦʤʘʪʠʢʠ ʥʘ ʝʝ ʦʩʥʦʚʝ ʜʣʷ ʫʧʨʘʚʣʝʥʠʷ ʚʝʪʨʦʛʝʥʝʨʘʪʦʨʘʤʠ. 

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʘʢʢʫʤʫʣʷʪʦʨʦʚ ʧʦʟʚʦʣʠʣʦ ʟʘʛʦʪʘʚʣʠʚʘʪʴ ʵʥʝʨʛʠʶ ʚʧʨʦʢ, ʧʦ ʤʝʨʝ ʥʘʜʦʙʥʦʩʪʠ 

ʧʝʨʝʜʘʚʘʷ ʵʥʝʨʛʠʶ ʥʘ ʠʥʚʝʨʪʦʨ, ʢʦʪʦʨʳʡ ʧʨʝʦʙʨʘʟʫʝʪ ʝʝ ʚ ʧʨʠʚʳʯʥʳʝ 220ɺ, ʠ ʯʝʨʝʟ ʙʣʦʢ 

ʫʧʨʘʚʣʝʥʠʷ ʧʝʨʝʜʘʝʪ ʧʦʪʨʝʙʠʪʝʣʶ. ʅʝʨʝʰʝʥʥʳʤ ʦʩʪʘʸʪʩʷ ʚʦʧʨʦʩ ʵʥʝʨʛʦʦʙʝʩʧʝʯʝʥʠʷ ʧʦʩʣʝ 

ʨʘʟʨʷʜʢʠ ʘʢʢʫʤʫʣʷʪʦʨʘ. ɺ ʵʪʦʡ ʩʠʪʫʘʮʠʠ ʜʦʣʞʥʘ ʧʦʤʦʯʴ ʨʝʟʝʨʚʥʘʷ ʩʠʩʪʝʤʘ ʧʠʪʘʥʠʷ, 

ʩʦʛʣʘʩʦʚʘʥʥʘʷ ʩ ʜʝʡʩʪʚʫʶʱʠʤ ʚʝʪʨʦʛʝʥʝʨʘʪʦʨʦʤ. ʅʝʩʤʦʪʨʷ ʥʘ ʢʘʞʫʱʫʶʩʷ ʩʣʦʞʥʦʩʪʴ 

ʦʧʠʩʘʥʠʷ, ʚ ʧʨʘʢʪʠʯʝʩʢʦʤ ʧʨʠʤʝʥʝʥʠʠ ʪʨʝʭʢʦʤʧʦʥʝʥʪʥʳʡ ʛʝʥʝʨʘʪʦʨ-ʛʠʙʨʠʜ ʥʝ ʩʣʠʰʢʦʤ 

ʧʨʠʭʦʪʣʠʚ. ʉʠʩʪʝʤʘ ʧʦʩʪʨʦʝʥʘ ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʯʪʦ ʧʦʩʣʝ ʝʝ ʟʘʧʫʩʢʘ ʚ ʰʪʘʪʥʦʤ ʨʝʞʠʤʝ, 

ʚʥʠʤʘʥʠʝ ʯʝʣʦʚʝʢʘ ʝʡ ʪʨʝʙʫʝʪʩʷ ʪʦʣʴʢʦ ʜʣʷ ʧʦʧʦʣʥʝʥʠʷ ʟʘʧʘʩʘ ʪʦʧʣʠʚʘ ʨʝʟʝʨʚʥʦʛʦ ʛʝʥʝʨʘʪʦʨʘ. 

ɿʘ ʚʩʝʤ ʦʩʪʘʣʴʥʳʤ ʩʣʝʜʠʪ ʘʚʪʦʤʘʪʠʢʘ. ʉʦʟʜʘʥʠʝ ʧʦʜʦʙʥʦʛʦ ʪʘʥʜʝʤʘ ʜʦʣʞʥʦ ʨʝʰʘʪʴ ʩʨʘʟʫ 

ʥʝʩʢʦʣʴʢʦ ʟʘʜʘʯ: ʩʦʟʜʘʪʴ ʘʚʪʦʥʦʤʥʦʩʪʴ ʚʝʪʨʦʢʦʤʧʣʝʢʩʘ, ʦʙʝʩʧʝʯʠʪʴ ʵʥʝʨʛʠʝʡ ʧʦʪʨʝʙʠʪʝʣʷ 



 XXIII  ɺʩʝʨʦʩʩʠʡʩʢʘʷ ʩʪʫʜʝʥʯʝʩʢʘʷ ʥʘʫʯʥʦ-ʧʨʘʢʪʠʯʝʩʢʘʷ ʢʦʥʬʝʨʝʥʮʠʷ 
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ʜʘʞʝ ʧʨʠ ʦʪʩʫʪʩʪʚʠʠ ʚʝʪʨʘ ʠ ʙʝʨʝʞʥʦ ʦʪʥʦʩʠʪʩʷ ʢ ʨʘʩʭʦʜʫ ʪʦʧʣʠʚʘ ʨʝʟʝʨʚʥʦʛʦ ʛʝʥʝʨʘʪʦʨʘ ʠ 

ʝʛʦ ʨʝʩʫʨʩʫ. 

ʊʘʢ ʞʝ ʚ ʈʦʩʩʠʠ ʨʝʰʘʝʪʩʷ ʚʦʧʨʦʩ, ʩʚʷʟʘʥʥʳʡ ʩ ʥʠʟʢʦʯʘʩʪʦʪʥʳʤʠ ʰʫʤʘʤʠ. ɼʣʷ ʵʪʦʛʦ 

ʥʝʦʙʭʦʜʠʤʦ ʦʙʨʘʪʠʪʴʩʷ ʢ ʤʦʨʩʢʦʡ ʚʝʪʨʦʛʝʥʝʨʘʮʠʠ: ʢʘʢ ʠʟʚʝʩʪʥʦ, ʚʝʪʝʨ ʚ ʤʦʨʝ ʥʘʤʥʦʛʦ ʙʦʣʝʝ 

ʯʘʩʪʦʝ ʷʚʣʝʥʠʝ, ʧʦʵʪʦʤʫ ʛʝʥʝʨʘʪʦʨ ʙʫʜʝʪ ʨʘʙʦʪʘʪʴ ʧʨʘʢʪʠʯʝʩʢʠ ʙʝʩʧʝʨʝʙʦʡʥʦ, ʘ ʪʘʢʞʝ ʚ ʤʦʨʝ 

ʥʠʟʢʦʯʘʩʪʦʪʥʳʝ h ʫʤ ʠ ʥʝʩʣʳʰʠʤʳʡ ʠʥʬʨʘʢʨʘʩʥʳʡ ʟʚʫʢ ʥʝ ʙʫʜʫʪ ʚʣʠʷʪʴ ʥʘ ʣʶʜʝʡ. ʅʘ ʜʘʥʥʳʡ 

ʤʦʤʝʥʪ ʥʘʟʝʤʥʘʷ ʚʝʪʨʦʛʝʥʝʨʘʮʠʷ ʛʦʨʘʟʜʦ ʜʦʩʪʫʧʥʝʝ ï ʤʝʥʴʰʝ ʟʘʪʨʘʪʳ ʥʘ ʩʪʨʦʠʪʝʣʴʩʪʚʦ ʠ 

ʦʙʩʣʫʞʠʚʘʥʠʝ ʚʝʪʨʷʢʦʚ ï ʧʦʵʪʦʤʫ ʦʥʘ ʨʘʩʧʨʦʩʪʨʘʥʝʥʘ ʛʦʨʘʟʜʦ ʰʠʨʝ. ʆʜʥʘʢʦ, ʚʩʸ ʙʦʣʴʰʝ 

ʠʥʞʝʥʝʨʳ ʦʙʨʘʱʘʶʪ ʩʚʦʸ ʚʥʠʤʘʥʠʝ ʥʘ ʤʦʨʩʢʫʶ ʚʝʪʨʦʛʝʥʝʨʘʮʠʶ, ʦʙʣʘʜʘʶʱʫʶ ʟʥʘʯʠʪʝʣʴʥʳʤ 

ʧʦʪʝʥʮʠʘʣʦʤ: ʧʦʣʫʯʘʪʴ ʙʦʣʴʰʝ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ. ɺʝʪʨʦʛʝʥʝʨʘʪʦʨʳ, ʫʩʪʘʥʦʚʣʝʥʥʳʝ ʥʘ 

ʧʣʘʚʫʯʠʭ ʧʣʘʪʬʦʨʤʘʭ ʚ ʤʦʨʝ ʠʣʠ ʚʙʠʪʳʭ ʚ ʤʦʨʩʢʦʝ ʜʥʦ ʩʚʘʷʭ, ʦʙʝʩʧʝʯʠʚʘʶʪ ʦʢʦʣʦ 0,3% 

ʤʠʨʦʚʦʡ ʵʣʝʢʪʨʦʛʝʥʝʨʘʮʠʠ. ʇʨʠ ʙʦʣʝʝ ʰʠʨʦʢʦʤ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʠ ʦʥʠ ʩʧʦʩʦʙʥʳ ʦʙʝʩʧʝʯʠʪʴ 

ʚʳʨʘʙʦʪʢʫ 420 ʪʳʩ. ʊɺʪ/ʯ ʚ ʛʦʜ, ʯʪʦ ʧʨʝʚʦʩʭʦʜʠʪ ʥʳʥʝʰʥʠʡ ʤʠʨʦʚʦʡ ʩʧʨʦʩ ʥʘ ʵʣʝʢʪʨʦʵʥʝʨʛʠʶ 

ʚ 18 ʨʘʟ. 

ʋʯʠʪʳʚʘʷ ʥʝʜʦʩʪʘʪʢʠ ʚʝʪʨʦʵʣʝʢʪʨʠʯʝʩʢʠʭ ʫʩʪʘʥʦʚʦʢ (ʥʝʧʦʩʪʦʷʥʩʪʚʦ, ʧʦʩʪʦʷʥʥʳʝ 

ʥʠʟʢʦʯʘʩʪʦʪʥʳʝ ʰʫʤʳ, ʠʥʚʝʩʪʠʮʠʦʥʥʳʝ ʟʘʪʨʘʪʳ, ʫʛʨʦʟʘ ʧʪʠʮ ʠ ʜʨʫʛʠʝ) ʥʝʦʙʭʦʜʠʤʦ ʩʢʘʟʘʪʴ ʦ 

ʧʦʚʳʰʝʥʠʠ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ɺʕʉ ʟʘ ʩʯʸʪ ʩʥʠʞʝʥʠʷ ʠʥʚʝʩʪʠʮʠʦʥʥʳʭ ʟʘʪʨʘʪ 

(ʙʣʘʛʦʜʘʨʷ ʥʦʚʳʤ ʫʩʪʘʥʦʚʢʘʤ), ʧʦʚʳʰʝʥʠʷ ʩʨʦʢʘ ʩʣʫʞʙʳ, ʵʢʦʣʦʛʠʯʝʩʢʦʡ ʫʪʠʣʠʟʘʮʠʠ ʩʪʘʥʮʠʡ 

ʙʝʟ ʦʩʪʘʪʢʘ ʜʣʷ ʣʘʥʜʰʘʬʪʘ. ʇʦʩʪʦʷʥʥʦʝ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʝ ʨʘʟʚʠʪʠʝ ɺʕʉ ʩʧʦʩʦʙʩʪʚʫʝʪ 

ʫʤʝʥʴʰʝʥʠʶ ʠʥʚʝʩʪʠʮʠʦʥʥʳʭ ʟʘʪʨʘʪ ʠ ʠʟʦʙʨʝʪʝʥʠʶ ʛʝʥʝʨʘʪʦʨʘ ʙʝʟ ʦʩʦʙʳʭ ʥʝʜʦʩʪʘʪʢʦʚ. 

ʊʘʢ ʞʝ ʩ ʥʝʜʘʚʥʝʛʦ ʚʨʝʤʝʥʠ ʚ ʈʦʩʩʠʠ ʨʘʟʚʠʚʘʝʪʩʷ ʠʜʝʷ ʙʝʟʣʦʧʘʩʪʥʳʭ ʛʝʥʝʨʘʪʦʨʦʚ, ʪʘʢ 

ʢʘʢ ʧʨʠʥʮʠʧ, ʧʦ ʢʦʪʦʨʦʤʫ ʪʘʢʠʝ ʛʝʥʝʨʘʪʦʨʳ ʩʪʘʥʫʪ ʧʦʢʘʯʠʚʘʪʴʩʷ ʥʘ ʚʝʪʨʫ ï ʥʝ ʩʚʷʟʘʥ ʩ 

ʧʦʨʳʚʘʤʠ ʚʝʪʨʘ, ʧʦʵʪʦʤʫ ʦʥʠ ʤʦʛʫʪ ʨʘʙʦʪʘʪʴ ʧʨʘʢʪʠʯʝʩʢʠ ʧʦʩʪʦʷʥʥʦ.  

ʂʨʦʤʝ ʪʦʛʦ, ʩʪʦʠʪ ʦʪʤʝʪʠʪʴ ʧʨʝʠʤʫʱʝʩʪʚʘ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ, ʧʦʩʢʦʣʴʢʫ 

ʣʦʧʘʩʪʠ ʦʪʩʫʪʩʪʚʫʶʪ, ʪʦ ʫʛʨʦʟʳ ʜʣʷ ʧʪʠʮ ʥʝ ʩʫʱʝʩʪʚʫʝʪ ʠ ʚʝʪʨʦʛʝʥʝʨʘʪʦʨ ʥʝ ʩʦʟʜʘʸʪ ʰʫʤʘ. 

ʇʨʝʠʤʫʱʝʩʪʚʘ ʙʝʟʣʦʧʘʩʪʥʳʭ ʛʝʥʝʨʘʪʦʨʦʚ ʚ ʦʩʥʦʚʥʦʤ ʵʢʦʥʦʤʠʯʝʩʢʠʝ, ʪʘʢ ʢʘʢ ʩʠʩʪʝʤʘ 

ʧʨʝʜʝʣʴʥʘ ʧʨʦʩʪʘ, ʩʪʦʠʤʦʩʪʴ ʝʸ ʧʨʦʠʟʚʦʜʩʪʚʘ ʠ ʦʙʩʣʫʞʠʚʘʥʠʷ ʚ ʨʘʟʳ ʤʝʥʴʰʝ ʠʤʝʶʱʠʭʩʷ ʥʘ 

ʪʝʢʫʱʠʡ ʤʦʤʝʥʪ ʛʝʥʝʨʘʪʦʨʦʚ. 

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʚʝʪʨʦʛʝʥʝʨʘʪʦʨʦʚ, ʢʘʢ ʘʣʴʪʝʨʥʘʪʠʚʥʦʡ ʵʥʝʨʛʝʪʠʯʝʩʢʦʡ ʦʪʨʘʩʣʠ ʚ ʈʦʩʩʠʠ 

ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʥʝʮʝʣʝʩʦʦʙʨʘʟʥʦ. ʇʨʠʯʠʥʦʡ ʵʪʦʛʦ ʷʚʣʷʶʪʩʷ ʦʪʥʦʩʠʪʝʣʴʥʦ ʩʣʘʙʳʝ ʠ 

ʥʝʩʪʘʙʠʣʴʥʳʝ ʚʝʪʨʘ, ʥʝʚʳʩʦʢʘʷ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʥʘʧʨʘʚʣʝʥʠʷ ʚ ʩʨʘʚʥʝʥʠʠ ʩ ʪʨʘʜʠʮʠʦʥʥʳʤʠ 

ʤʝʪʦʜʘʤʠ ʧʨʦʠʟʚʦʜʩʪʚʘ ʵʥʝʨʛʠʠ. 

ʅʘʠʙʦʣʝʝ ʚʳʛʦʜʥʳʤ ʠ ʧʦʣʝʟʥʳʤ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʚʝʪʨʦʛʝʥʝʨʘʪʦʨʦʚ ʜʣʷ 

ʦʙʝʩʧʝʯʝʥʠʷ ʯʘʩʪʥʳʭ ʜʦʤʦʚ, ʬʝʨʤʝʨʩʢʠʭ ʭʦʟʷʡʩʪʚ, ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʚʜʘʣʠ ʦʪ ʩʝʪʝʚʳʭ 

ʠʩʪʦʯʥʠʢʦʚ, ʥʝ ʠʤʝʶʱʠʭ ʚʦʟʤʦʞʥʦʩʪʠ ʧʦʜʢʣʶʯʝʥʠʷ ʢ ʩʝʪʠ.  

ʇʨʦʜʦʣʞʘʶʱʘʷ ʚ ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ ʪʝʥʜʝʥʮʠʷ ʫʭʫʜʰʝʥʠʷ ʛʦʨʥʦ-ʛʝʦʣʦʛʠʯʝʩʢʠʭ ʫʩʣʦʚʠʡ 

ʜʦʙʳʯʠ ʫʛʣʝʚʦʜʦʨʦʜʥʳʭ ʨʝʩʫʨʩʦʚ ʠ ʫʞʝʩʪʦʯʝʥʠʷ ʵʢʦʣʦʛʠʯʝʩʢʠʭ ʩʪʘʥʜʘʨʪʦʚ ʧʨʠ ʩʞʠʛʘʥʠʠ 

ʪʨʘʜʠʮʠʦʥʥʦʛʦ ʪʦʧʣʠʚʘ ʚʦ ʚʩʝʭ ʦʪʨʘʩʣʷʭ ʥʘʮʠʦʥʘʣʴʥʦʡ ʵʢʦʥʦʤʠʢʠ ʧʦʟʚʦʣʷʝʪ ʚʩʸ ʙʦʣʴʰʝ 

ʦʙʨʘʱʘʪʴ ʩʚʦʸ ʚʥʠʤʘʥʠʝ ʥʘ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʘʣʴʪʝʨʥʘʪʠʚʥʳʭ ʠʩʪʦʯʥʠʢʦʚ ʵʥʝʨʛʠʠ ʜʣʷ 

ʨʘʟʣʠʯʥʳʭ ʩʬʝʨ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ, ʪʘʢ ʞʝ ʙʫʜʝʪ ʚʦʟʨʘʩʪʘʪʴ ʢʦʥʢʫʨʝʥʪʦʩʧʦʩʦʙʥʦʩʪʴ 
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ʅʘʫʯʥʳʡ ʨʫʢʦʚʦʜʠʪʝʣʴ: ʌʝʨʝʥʝʮ ɸ.ɺ., ʢʘʥʜ. ʪʝʭʥ. ʥʘʫʢ 

ʂʘʟʘʥʩʢʠʡ ʥʘʮʠʦʥʘʣʴʥʳʡ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ  

ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤ. ɸ.ʅ. ʊʫʧʦʣʝʚʘ - ʂɸʀ,  

ʛ. ʂʘʟʘʥʴ, ʈʦʩʩʠʷ 

 

ʈɽʐɽʅʀɽ ʂʃʖʏɽɺʓʍ ʇʈʆɹʃɽʄ ʀʉʇʆʃʔɿʆɺɸʅʀʗ ʕʃɽʂʊʈʆʄʆɹʀʃɽʁ 

 

ʕʣʝʢʪʨʦʤʦʙʠʣʠ ʩʪʘʣʠ ʨʝʟʫʣʴʪʘʪʦʤ ʨʘʟʚʠʪʠʷ ʘʚʪʦʤʦʙʠʣʴʥʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ. 

ɸʚʪʦʤʦʙʠʣʠ, ʧʨʠʥʮʠʧ ʨʘʙʦʪʳ ʢʦʪʦʨʳʭ ʦʩʥʦʚʘʥ ʥʘ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʜʚʠʛʘʪʝʣʷ ʚʥʫʪʨʝʥʥʝʛʦ 

ʩʛʦʨʘʥʠʷ (ɼɺʉ) ʧʦʷʚʠʣʠʩʴ ʚ ʥʘʯʘʣʝ ʧʨʦʰʣʦʛʦ ʚʝʢʘ. ʉ ʪʝʭ ʧʦʨ ɻ ʪʘ ʦʪʨʘʩʣʴ ʘʢʪʠʚʥʦ ʨʘʟʚʠʚʘʣʘʩʴ, 

ʯʪʦ ʧʦʚʣʝʢʣʦ ʟʘ ʩʦʙʦʡ ʬʦʨʤʠʨʦʚʘʥʠʝ ʢʦʣʦʩʩʘʣʴʥʦ ʨʘʟʚʠʪʦʡ ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ ʧʨʦʠʟʚʦʜʩʪʚʘ ʠ 

ʨʝʩʫʨʩʦʦʙʝʩʧʝʯʝʥʠʷ ʘʚʪʦʤʦʙʠʣʝʡ. ʅʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ çʪʨʘʜʠʮʠʦʥʥʳʡè ʘʚʪʦʪʨʘʥʩʧʦʨʪ, 

ʠʩʧʦʣʴʟʫʶʱʠʡ ɼɺʉ, ʷʚʣʷʝʪʩʷ ʜʦʩʪʘʪʦʯʥʦ ʵʥʝʨʛʦʟʘʪʨʘʪʥʳʤ. ɸʣʴʪʝʨʥʘʪʠʚʦʡ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 

ʘʚʪʦʤʦʙʠʣʝʡ, ʨʘʙʦʪʘʶʱʠʭ ʥʘ ɼɺʉ ʩʪʘʣʠ ʘʚʪʦʤʦʙʠʣʠ, ʨʘʙʦʪʘʶʱʠʝ ʥʘ ɻ ʣʝʢʪʨʦʜʚʠʛʘʪʝʣʷʭ (ʕɼ). 

ʇʨʠ ʙʦʣʴʰʦʤ ʢʦʣʠʯʝʩʪʚʝ ʧʨʝʠʤʫʱʝʩʪʚ ʵʣʝʢʪʨʦʤʦʙʠʣʝʡ, ʩʨʝʜʠ ʢʦʪʦʨʳʭ ʤʦʞʥʦ ʦʪʤʝʪʠʪʴ 

ʥʘʜʝʞʥʦʩʪʴ, ʵʢʦʣʦʛʠʯʥʦʩʪʴ, ʙʝʟʦʧʘʩʥʦʩʪʴ, ʪʝʭʥʦʣʦʛʠʯʥʦʩʪʴ, ʩʪʦʠʤʦʩʪʴ ʦʙʩʣʫʞʠʚʘʥʠʷ ʠ 

ʵʢʩʧʣʫʘʪʘʮʠʠ, ʦʥʠ ʦʙʣʘʜʘʶʪ ʩʝʨʴʝʟʥʳʤʠ ʧʨʦʙʣʝʤʘʤʠ. ʉʨʝʜʠ ʢʣʶʯʝʚʳʭ ʧʨʦʙʣʝʤ ʤʦʞʥʦ 

ʦʪʤʝʪʠʪʴ ʩʣʝʜʫʶʱʠʝ: 

1. ɺʳʩʦʢʘʷ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ ʧʨʦʮʝʩʩʘ ʟʘʨʷʜʘ. ɿʘʯʘʩʪʫʶ ʧʠʪʘʥʠʝ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʦʪ 

ʙʳʪʦʚʦʡ ʨʦʟʝʪʢʠ ʩ ʧʘʨʘʤʝʪʨʘʤʠ 230ɺ ʠ 6ɸ ʧʝʨʝʤʝʥʥʦʛʦ ʪʦʢʘ. ʄʦʱʥʦʩʪʴ ʪʘʢʠʭ ʟʘʨʷʜʥʳʭ 

ʫʩʪʨʦʡʩʪʚ ʩʦʩʪʘʚʣʷʝʪ, ʢʘʢ ʧʨʘʚʠʣʦ, 1,5 ʢɺʪ, ʘ ʚʨʝʤʷ ʟʘʨʷʜʢʠ ʚʘʨʴʠʨʫʝʪʩʷ ʦʪ 7 ʯ ʜʦ 30 ʯ, ʚ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʝʤʢʦʩʪʠ ʘʢʢʫʤʫʣʷʪʦʨʥʦʡ ʙʘʪʘʨʝʠ.  

2. ʉʣʘʙʦ ʨʘʟʚʠʪʘʷ ʠʥʬʨʘʩʪʨʫʢʪʫʨʘ ʟʘʨʷʜʥʳʭ ʩʪʘʥʮʠʡ. ɺ ʈʦʩʩʠʠ ʠʩʧʦʣʴʟʫʶʪ ʦʜʥʦʬʘʟʥʳʝ 

ʟʘʨʷʜʥʳʝ ʩʪʘʥʮʠʠ ʩ ʧʘʨʘʤʝʪʨʘʤʠ 230ɺ ʠ 30ɸ ʧʝʨʝʤʝʥʥʦʛʦ ʪʦʢʘ. ʄʦʱʥʦʩʪʴ ʪʘʢʠʭ ʟʘʨʷʜʥʳʭ 

ʫʩʪʨʦʡʩʪʚ ʥʝ ʧʨʝʚʳʰʘʝʪ 7 ʢɺʪ, ʘ ʚʨʝʤʷ ʟʘʨʷʜʢʠ ʩʦʩʪʘʚʣʷʝʪ 4ï5 ʯ. ɿʘ ʨʝʜʢʠʤ ʠʩʢʣʶʯʝʥʠʝʤ 

ʚʩʪʨʝʯʘʶʪʩʷ ʪʨʝʭʬʘʟʥʳʝ ʟʘʨʷʜʥʳʝ ʩʪʘʥʮʠʠ ʩ ʧʘʨʘʤʝʪʨʘʤʠ 230ɺ ʠ 30ɸ ʧʝʨʝʤʝʥʥʦʛʦ ʪʦʢʘ. 

ʇʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʪʘʢʠʭ ʩʠʩʪʝʤ ʫʜʘʩʪʩʷ ʧʦʚʳʩʠʪʴ ʤʦʱʥʦʩʪ ɹʠʥʪʝʨʬʝʡʩʦʚ ʦʙʦʨʫʜʦʚʘʥʠʷ 

ʠʩʪʦʯʥʠʢʘ ʧʠʪʘʥʠʷ ʵʣʝʢʪʨʦʤʦʙʠʣʷ (ʆʀʇʕʊ) ʧʨʠʙʣʠʟʠʪʝʣʴʥʦ ʚ 2 ʨʘʟʘ, ʯʪʦ ʧʨʠʚʝʜʝʪ ʢ 

ʵʢʚʠʚʘʣʝʥʪʥʦʤʫ ʫʩʢʦʨʝʥʠʶ ʚʨʝʤʝʥʠ ʟʘʨʷʜʢʠ, ʦʜʥʘʢʦ ʵʪʦʛʦ ʙʫʜʝʪ ʥʝʜʦʩʪʘʪʦʯʥʦ ʜʣʷ ʙʳʩʪʨʦʡ 

ʟʘʨʷʜʢʠ ʘʚʪʦʤʦʙʠʣʝʡ. 

3. ʈʘʟʥʦʦʙʨʘʟʠʝ ʚʠʜʦʚ ʠʥʪʝʨʬʝʡʩʦʚ ʆʀʇʕʊ, ʯʪʦ ʥʝ ʧʦʟʚʦʣʷʝʪ ʟʘʨʷʞʘʪʴ ʤʥʦʛʠʝ ʚʠʜʳ 

ʵʣʝʢʪʨʦʤʦʙʠʣʝʡ. 

ɼʘʥʥʘʷ ʩʪʘʪʴʷ ʧʨʝʜʣʘʛʘʝʪ ʩʧʦʩʦʙʳ ʨʝʰʝʥʠʷ ʧʝʨʝʯʠʩʣʝʥʥʳʭ ʧʨʦʙʣʝʤ ʵʢʩʧʣʫʘʪʘʮʠʠ 

ʵʣʝʢʪʨʦʤʦʙʠʣʝʡ, ʥʝ ʧʦʟʚʦʣʷʶʱʠʭ ʠʤ ʙʦʣʴʰʦʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ.  

ʆʙʱʝʤʠʨʦʚʦʡ ʧʨʘʢʪʠʢʦʡ ʵʢʩʧʣʫʘʪʘʮʠʠ ʪʝʭʥʦʣʦʛʠʠ ʙʳʩʪʨʦʡ ʟʘʨʷʜʢʠ ʷʚʣʷʝʪʩʷ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʆʀʇʕʊ ʧʦʩʪʦʷʥʥʦʛʦ ʪʦʢʘ ʩ ʧʘʨʘʤʝʪʨʘʤʠ ʥʘʧʨʷʞʝʥʠʷ ʧʦʨʷʜʢʘ 400ï600ɺ ʠ ʪʦʢʘ 

ʜʦ 200ɸ. ʊʘʢʘʷ ɿʘʨʷʜʥʘʷ ʩʪʘʥʮʠʷ ʦʙʣʘʜʘʝʪ ʤʦʱʥʦʩʪʴʶ, ʜʦʩʪʠʛʘʶʱʝʡ ʟʥʘʯʝʥʠʡ 120 ʢɺʪ, ʯʪʦ 

ʧʦʟʚʦʣʷʝʪ ʩʫʱʝʩʪʚʝʥʥʦ ʫʩʢʦʨʠʪʴ ʟʘʨʷʜʢʫ ʘʚʪʦʤʦʙʠʣʝʡ ʥʘ 70ï80% ʜʦ ʥʝʩʢʦʣʴʢʠʭ ʜʝʩʷʪʢʦʚ 
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ʤʠʥʫʪ. ʊʘʢʦʝ ʦʛʨʘʥʠʯʝʥʠʝ ʧʦ ʟʘʨʷʜʢʝ ʫʩʪʘʥʘʚʣʠʚʘʝʪʩʷ ʚ ʩʚʷʟʠ ʩ ʛʫʙʠʪʝʣʴʥʳʤ ʚʦʟʜʝʡʩʪʚʠʝʤ 

ʙʳʩʪʨʦʡ ʟʘʨʷʜʢʠ ʥʘ ʘʢʢʫʤʫʣʷʪʦʨʥʫʶ ʙʘʪʘʨʝʶ. ʇʨʠ ʪʘʢʦʡ ʚʳʩʦʢʦʡ ʩʢʦʨʦʩʪʠ ʟʘʨʷʜʢʠ 

ʧʦʩʪʦʷʥʥʳʤ ʪʦʢʦʤ ʵʣʝʢʪʨʠʯʝʩʪʚʦ ʥʝ ʫʩʧʝʚʘʝʪ ʨʘʩʧʨʝʜʝʣʷʪʴʩʷ ʧʦ ʷʯʝʡʢʘʤ ʘʢʢʫʤʫʣʷʪʦʨʘ 

ʨʘʚʥʦʤʝʨʥʦ. ɺ ʠʪʦʛʝ, ʢʦʛʜʘ ʙʦʣʴʰʘʷ ʯʘʩʪʴ ʷʯʝʝʢ ʟʘʧʦʣʥʝʥʘ, ʥʦ ʥʝʢʦʪʦʨʳʝ ʝʱʝ ʧʦʣʫʧʫʩʪʳ ð

ʧʨʦʮʝʩʩ ʩʠʣʴʥʦ ʟʘʤʝʜʣʷʝʪʩʷ, ʜʘʣʴʰʝ ʟʘʨʷʜʢʘ ʠʜʝʪ ʬʘʢʪʠʯʝʩʢʠ ʩʦ ʩʢʦʨʦʩʪʴʶ ʦʙʳʯʥʦʡ 

çʤʝʜʣʝʥʥʦʡè ʟʘʨʷʜʢʠ (https://clck.ru/UAiBf; https:// www.drom.ru/info/misc/79745.html; 

https://best-energy.com.ua/support/chargers/1184-bu-1004). 

ɺʘʞʥʳʤ ʧʨʝʠʤʫʱʝʩʪʚʦʤ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʟʘʨʷʜʥʳʭ ʩʪʘʥʮʠʡ ʜʣʷ ʵʣʝʢʪʨʦʤʦʙʠʣʴ ʷʚʣʷʝʪʩʷ 

ʧʨʦʮʝʩʩ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʧʝʨʝʤʝʥʥʦʛʦ ʪʦʢʘ ʚ ʧʦʩʪʦʷʥʥʳʡ. ʇʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʟʘʨʷʜʥʳʭ 

ʩʪʘʥʮʠʡ ʧʝʨʝʤʝʥʥʦʛʦ ʪʦʢʘ, ʝʛʦ ʧʨʝʦʙʨʘʟʦʚʘʥʠʝ ʧʨʦʠʩʭʦʜʠʪ ʚʦ ʚʥʫʪʨʝʥʥʝʤ ʟʘʨʷʜʥʦʤ 

ʫʩʪʨʦʡʩʪʚʝ ʵʣʝʢʪʨʦʤʦʙʠʣʷ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʦʛʨʘʥʠʯʠʚʘʝʪʩʷ ʧʨʦʧʫʩʢʥʘʷ ʩʧʦʩʦʙʥʦʩʪʴ ʠ 

ʩʥʠʞʘʝʪʩʷ ʩʢʦʨʦʩʪʴ ʟʘʨʷʜʢʠ. ɺ ʩʣʫʯʘʝ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʟʘʨʷʜʥʳʭ ʩʪʘʥʮʠʡ ʧʦʩʪʦʷʥʥʦʛʦ ʪʦʢʘ, 

ʧʨʦʮʝʩʩ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʧʝʨʝʤʝʥʥʦʛʦ ʪʦʢʘ ʚ ʧʦʩʪʦʷʥʥʳʭ ʧʨʦʠʩʭʦʜʠʪ ʚʥʝ ʘʚʪʦʤʦʙʠʣʷ, ʯʪʦ 

ʧʦʟʚʦʣʠʪ ʟʘʨʷʞʘʪʴ ʵʣʝʢʪʨʦʤʦʙʠʣʴ ʧʦʩʪʦʷʥʥʳʤ ʪʦʢʦʤ ʥʘʧʨʷʤʫʶ 

(www.drom.ru/info/misc/79745.html). 

ʈʝʘʣʠʟʘʮʠʷ ɽʚʨʦʧʝʡʩʢʠʭ ʟʘʨʷʜʥʳʭ ʩʪʘʥʮʠʡ ʧʦʩʪʦʷʥʥʦʛʦ ʪʦʢʘ ʥʘ ʜʘʥʥʳʡ ʤʦʤʝʥʪ 

ʧʨʝʜʩʪʘʚʣʝʥʘ ʜʚʫʤʷ ʩʧʦʩʦʙʘʤʠ (https://www.compel.ru/lib/129002). ɺ ʧʝʨʚʦʤ ʩʣʫʯʘʝ 

ʧʨʝʜʣʘʛʘʝʪʩʷ ʧʨʝʦʙʨʘʟʦʚʘʥʠʝ ʚʭʦʜʥʦʛʦ ʧʝʨʝʤʝʥʥʦʛʦ ʪʨʝʭʬʘʟʥʦʛʦ ʥʘʧʨʷʞʝʥʠʷ ʚ ʨʝʛʫʣʠʨʫʝʤʦʝ 

ʧʦʩʪʦʷʥʥʦʝ ʥʘʧʨʷʞʝʥʠʝ. ɺ ʩʣʝʜʫʶʱʝʤ ʵʪʘʧʝ ʧʨʦʠʩʭʦʜʠʪ ʩʦʛʣʘʩʦʚʘʥʠʝ ʧʦʩʪʦʷʥʥʦʛʦ ʪʦʢʘ 

ʩʪʘʥʮʠʠ ʩ ʥʝʦʙʭʦʜʠʤʳʤ ʜʣʷ ʟʘʨʷʜʘ ʘʚʪʦʤʦʙʠʣʷ ʧʨʠ ʧʦʤʦʱʠ DC/DC-ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʷ. 

ʇʨʠʥʮʠʧʠʘʣʴʥʘʷ ʩʭʝʤʘ ʪʘʢʦʛʦ ʟʘʨʷʜʥʦʛʦ ʫʩʪʨʦʡʩʪʚʘ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩʫʥʢʝ 1. 

 

 

 

ʈʠʩ. 1. ʇʨʝʦʙʨʘʟʦʚʘʥʠʝ ʧʝʨʝʤʝʥʥʦʛʦ ʪʦʢʘ ʚ ʧʦʩʪʦʷʥʥʳʡ ʩ ʩʦʛʣʘʩʦʚʘʥʠʝʤ ʥʝʦʙʭʦʜʠʤʦʛʦ ʧʦʩʪʦʷʥʥʦʛʦ 

ʥʘʧʨʷʞʝʥʠʷ ʚ AC/DC ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʝ 

 

ʅʘ ʜʘʥʥʳʡ ʤʦʤʝʥʪ ʩʫʱʝʩʪʚʫʝʪ ʥʝʩʢʦʣʴʢʦ ʪʠʧʦʚʳʭ ʨʘʟʲʝʤʦʚ, ʢʦʪʦʨʳʝ ʠʩʧʦʣʴʟʫʶʪʩʷ ʚ 

ʨʘʟʥʳʭ ʤʦʜʝʣʷʭ ʵʣʝʢʪʨʦʤʦʙʠʣʝʡ. ʊʘʢʘʷ ʩʠʪʫʘʮʠʷ ʩʦʟʜʘʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʟʘʨʘʥʝʝ 

ʧʨʝʜʫʩʤʦʪʨʝʪʴ ʫʩʪʘʥʦʚʢʫ ʥʘʠʙʦʣʝʝ ʧʦʧʫʣʷʨʥʳʭ ʠ ʫʥʠʚʝʨʩʘʣʴʥʳʭ ʨʘʟʲʝʤʦʚ ʜʣʷ ʟʘʨʷʜʢʠ 

ʘʚʪʦʤʦʙʠʣʝʡ (www.drom.ru/info/misc/79745.html). 

ɺʦ ʚʪʦʨʦʤ ʩʣʫʯʘʝ ʧʨʝʜʣʘʛʘʝʪʩʷ ʧʨʝʦʙʨʘʟʦʚʘʪʴ ʚʭʦʜʥʦʝ ʧʝʨʝʤʝʥʥʦʝ ʥʘʧʨʷʞʝʥʠʷ ʚ 

ʧʦʩʪʦʷʥʥʦʝ ʥʘʧʨʷʞʝʥʠʝ ʬʠʢʩʠʨʦʚʘʥʥʦʛʦ ʫʨʦʚʥʷ, ʧʦʩʣʝ ʯʝʛʦ ʚʪʦʨʦʡ DC/DC-ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʴ 

ʨʝʛʫʣʠʨʫʝʪ ʚʳʭʦʜʥʦʝ ʥʘʧʨʷʞʝʥʠʝ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʧʦʪʨʝʙʥʦʩʪʷʤʠ ʘʢʢʫʤʫʣʷʪʦʨʘ 

ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʩʨʝʜʩʪʚʘ. ɽʛʦ ʧʨʠʥʮʠʧʠʘʣʴʥʘʷ ʩʭʝʤʘ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩʫʥʢʝ 2. 
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ʈʠʩ. 2. ʇʨʝʦʙʨʘʟʦʚʘʥʠʝ ʧʝʨʝʤʝʥʥʦʛʦ ʪʦʢʘ ʚ ʧʦʩʪʦʷʥʥʳʡ ʩ ʩʦʛʣʘʩʦʚʘʥʠʝʤ ʥʝʦʙʭʦʜʠʤʦʛʦ ʧʦʩʪʦʷʥʥʦʛʦ 

ʥʘʧʨʷʞʝʥʠʷ ʚ DC/DC ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʝ 

 

ɿʘʨʷʜʥʳʝ ʩʪʘʥʮʠʠ, ʩʦʛʣʘʩʥʦ ʤʠʨʦʚʳʤ ʩʪʘʥʜʘʨʪʘʤ, ʜʦʣʞʥʳ ʠʤʝʪʴ 4 ʨʘʟʥʳʭ ʨʝʞʠʤʘ 

ʟʘʨʷʜʢʠ. ʊʘʢʦʝ ʨʘʟʥʦʦʙʨʘʟʠʝ ʦʙʫʩʣʦʚʣʝʥʦ ʦʪʣʠʯʘʶʱʠʤʠʩʷ ʩʠʩʪʝʤʘʤʠ ʟʘʨʷʜʢʠ ʩʘʤʠʭ 

ʵʣʝʢʪʨʦʤʦʙʠʣʝʡ, ʘ ʪʘʢʞʝ ʥʝʦʙʭʦʜʠʤʦʩʪʴʶ ʠʩʧʦʣʴʟʦʚʘʪʴ ʨʘʟʥʳʝ ʨʝʞʠʤʳ ʟʘʨʷʜʢʠ ʜʣʷ ʢʘʞʜʦʛʦ 

ʘʚʪʦʤʦʙʠʣʷ ʚ ʪʝʯʝʥʠʠ ʦʜʥʦʛʦ ʮʠʢʣʘ ʜʣʷ ʩʦʭʨʘʥʝʥʠʷ ʜʦʣʛʦʡ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʠ ʘʢʢʫʤʫʣʷʪʦʨʘ. 

ʅʝʦʙʭʦʜʠʤʳʝ ʨʝʞʠʤʳ ʨʘʙʦʪʳ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣʠʮʝ. 

 

ʊʘʙʣʠʮʘ 

ɺʠʜʳ ʨʝʞʠʤʦʚ ʟʘʨʷʜʢʠ (https://clck.ru/UAiGx) 

 

ʈʝʞʠʤ 1 

ʇʝʨʝʤʝʥʥʳʡ ʪʦʢ ï ʜʦ 16 ɸ 

ʅʘʧʨʷʞʝʥʠʝ ï 220ï240 ɺ 

ʄʦʱʥʦʩʪʴ ï 2ï4 ʢɺʪ 

ʈʝʞʠʤ 2 

ʇʝʨʝʤʝʥʥʳʡ ʪʦʢ ï ʜʦ 32 ɸ 

ʅʘʧʨʷʞʝʥʠʝ ï 220ï240 ɺ 

ʄʦʱʥʦʩʪʴ ï ʜʦ 7ï8 ʢɺʪ 

ʈʝʞʠʤ 3 

ʇʦʩʪʦʷʥʥʳʡ ʪʦʢ ï ʜʦ 63 ɸ 

ʅʘʧʨʷʞʝʥʠʝ ï 220ï230 ɺ 

ʄʦʱʥʦʩʪʴ ï ʜʦ 43 ʢɺʪ 

ʈʝʞʠʤ 4 

ʇʦʩʪʦʷʥʥʳʡ ʪʦʢ ï ʜʦ 400 ɸ 

ʅʘʧʨʷʞʝʥʠʝ ï ʜʦ 600 ɺ 

ʄʦʱʥʦʩʪʴ ï ʜʦ 250 ʢɺʪ 

 

ʅʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʥʘ ʨʳʥʢʝ ʩʫʱʝʩʪʚʫʶʪ 4 ʥʘʠʙʦʣʝʝ ʧʦʧʫʣʷʨʥʳʭ ʪʠʧʘ ʟʘʨʷʜʥʳʭ 

ʨʘʟʲʝʤʦʚ: [4] 

Type 1 (J1772) ï ʚʚʝʜʝʥ ʚ 2009 ʛ ʘʤʝʨʠʢʘʥʩʢʦʡ ʢʦʤʧʘʥʠʝʡ SAE. ʇʝʨʚʦʥʘʯʘʣʴʥʦ ʠʤʝʣ 

ʧʦʜʜʝʨʞʢʫ ʟʘʨʷʜʘ ʪʦʣʴʢʦ ʦʜʥʦʬʘʟʥʳʤ ʧʝʨʝʤʝʥʥʳʤ ʪʦʢʦʤ ʩ ʧʘʨʘʤʝʪʨʘʤʠ: ʥʘʧʨʷʞʝʥʠʝ ʩʝʪʠ: 

220-230 ɺ, ʩʠʣʘ ʪʦʢʘ: ʜʦ 30 ɸ. ʄʘʢʩʠʤʘʣʴʥʘʷ ʤʦʱʥʦʩʪʴ ʟʘʨʷʜʢʠ ʩʦʩʪʘʚʣʷʣʘ ʜʦ 7,4 ʢɺʪ. 

ʇʝʨʚʦʥʘʯʘʣʴʥʦ ʧʨʠʤʝʥʷʣʩʷ ʪʦʣʴʢʦ ʚ ʉʐɸ, ʦʜʥʘʢʦ ʧʦʩʣʝ ʤʦʜʝʨʥʠʟʘʮʠʠ ʜʘʥʥʳʡ ʨʘʟʲʝʤ ʩʪʘʣ 

ʧʦʜʜʝʨʞʠʚʘʪʴ ʟʘʨʷʜʢʫ ʧʦʩʪʦʷʥʥʳʤ ʪʦʢʦʤ ʤʦʱʥʦʩʪʴʶ ʜʦ 200 ʢɺʪ, ʯʪʦ ʩʜʝʣʘʣʦ ʝʛʦ ʜʦʩʪʘʪʦʯʥʦ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʤ ʚ ɽʚʨʦʧʝ.  

Type 2 (Mennekes) ï ʚʚʝʜʝʥ ʚ 2013 ʛ ɽʚʨʦʧʝʡʩʢʦʡ ʢʦʤʠʩʩʠʝʡ ʨʘʟʚʠʪʠʷ ʵʢʦʣʦʛʠʯʥʦʛʦ 

ʪʨʘʥʩʧʦʨʪʘ. ʀʟʥʘʯʘʣʴʥʦ ʠʤʝʣ ʧʘʨʘʤʝʪʨʳ ʪʘʢʠʝ ʞʝ, ʢʘʢ ʫ Type 1, ʘ ʠʤʝʥʥʦ: ʥʘʧʨʷʞʝʥʠʝ ʩʝʪʠ: 

220-230 ɺ, ʩʠʣʘ ʪʦʢʘ: ʜʦ 30 ɸ, ʤʘʢʩʠʤʘʣʴʥʘʷ ʤʦʱʥʦʩʪʴ ʟʘʨʷʜʢʠ: 7,4 ʢɺʪ. ʀʤʝʝʪ ʚʦʟʤʦʞʥʦʩʪʴ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚ ʩʝʪʠ ʪʨʝʭʬʘʟʥʦʛʦ ʪʦʢʘ, ʦʜʥʘʢʦ ʙʦʣʴʰʠʥʩʪʚʦ ʘʚʪʦʤʦʙʠʣʝʡ ʥʝ ʧʦʟʚʦʣʷʶʪ 

ʠʩʧʦʣʴʟʦʚʘʪʴ ʪʘʢʦʡ ʩʪʘʥʜʘʨʪ ʟʘʨʷʜʢʠ. ʉʯʠʪʘʝʪʩʷ ʦʜʥʠʤ ʠʟ ʥʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʭ ʚ 

ɽʚʨʦʧʝ ʧʦʩʣʝ ʚʥʝʜʨʝʥʠʷ ʥʝʩʢʦʣʴʢʠʭ ʤʦʜʠʬʠʢʘʮʠʡ. 
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ʈʘʟʲʝʤ CCS ï ʥʝʢʘʷ ʨʘʟʥʦʚʠʜʥʦʩʪʴ ʨʘʟʲʝʤʦʚ Type 1/Type 2 ʩ ʜʚʫʤʷ ʜʦʧʦʣʥʠʪʝʣʴʥʳʤʠ 

ʩʠʣʦʚʳʤʠ ʢʦʥʪʘʢʪʘʤʠ ʠ ʚʦʟʤʦʞʥʦʩʪʴʶ ʥʝ ʪʦʣʴʢʦ ʧʦʧʦʣʥʷʪʴ ʙʘʪʘʨʝʶ ʧʝʨʝʤʝʥʥʳʤ ʪʦʢʦʤ (200ï

500 ɺ), ʥʦ ʝʱʝ ʠ ʩ ʬʫʥʢʮʠʝʡ ʙʳʩʪʨʦʡ ʟʘʨʷʜʢʠ ʧʦʩʪʦʷʥʥʳʤ ï ʤʦʱʥʦʩʪʴʶ ʜʦ 170 ʢɺʪ. ɺ ɽʚʨʦʧʝ 

ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ ʥʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʭ ʨʘʟʲʝʤʦʚ ʟʘʨʷʜʢʠ ʧʦʩʪʦʷʥʥʳʤ ʪʦʢʦʤ. 

CHAdeMO ï ʨʘʟʲʝʤ ʜʣʷ ʟʘʨʷʜʢʠ ʧʦʩʪʦʷʥʥʳʤ ʪʦʢʦʤ ʩ ʤʘʢʩʠʤʘʣʴʥʳʤ ʥʘʧʨʷʞʝʥʠʝʤ 500 

ɺ, ʩʠʣʦʡ ʪʦʢʘ ʜʦ 125 ɸ ʠ ʤʦʱʥʦʩʪʴʶ ʜʦ 200 ʢɺʪ (c 2018 ʛʦʜʘ ʩʫʱʝʩʪʚʫʝʪ ʪʘʢʞʝ ʩʪʘʥʜʘʨʪ 2.0 ʩ 

ʤʦʱʥʦʩʪʴʶ ʜʦ 400 ʢɺʪ). ʗʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ ʥʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʭ ʨʘʟʲʝʤʦʚ ʜʣʷ ʙʳʩʪʨʦʡ 

ʟʘʨʷʜʢʠ ʧʦʩʪʦʷʥʥʳʤ ʪʦʢʦʤ ʥʘʨʷʜʫ ʩ CCS (https://chademo.ru/). 

ʉʣʦʞʥʦʩʪʴ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʟʘʨʷʜʥʳʭ ʩʪʘʥʮʠʡ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʫʯʠʪʳʚʘʪʴ 

ʚʦʟʤʦʞʥʦʩʪʴ ʟʘʨʷʜʢʠ ʜʣʷ ʚʩʝʛʦ ʵʣʝʢʪʨʦʤʦʙʠʣʝʡ, ʠʤʝʶʱʝʛʦ ʨʘʟʣʠʯʥʳʝ ʟʘʨʷʜʥʳʝ ʨʘʟʲʝʤʳ. 

ʉʠʪʫʘʮʠʷ ʦʩʣʦʞʥʷʝʪʩʷ ʪʝʤ, ʯʪʦ ʩʪʘʨʳʝ ʤʦʜʝʣʠ ʵʣʝʢʪʨʦʤʦʙʠʣʝʡ ʦʙʣʘʜʘʶʪ ʪʦʣʴʢʦ ʦʜʥʠʤ ʚʠʜʦʤ 

ʟʘʨʷʜʢʠ, ʥʝ ʧʨʝʜʫʩʤʘʪʨʠʚʘʷ ʚʦʟʤʦʞʥʦʩʪʠ ʙʳʩʪʨʦʡ ʟʘʨʷʜʢʠ.  

ʉ ʫʯʝʪʦʤ ʨʦʩʪʘ ʪʝʥʜʝʥʮʠʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʟʘʨʷʜʥʳʭ ʩʪʘʥʮʠʡ ʧʦʩʪʦʷʥʥʦʛʦ ʪʦʢʘ, ʥʘʠʙʦʣʝʝ 

ʧʨʝʜʧʦʯʪʠʪʝʣʴʥʦʡ ʙʫʜʝʪ ʫʩʪʘʥʦʚʢʘ ʨʘʟʲʝʤʘ CHAdeMO, ʜʘʣʝʝ ï CCS, ʟʘʪʝʤ ʥʝʦʙʭʦʜʠʤʦ 

ʧʨʝʜʫʩʤʦʪʨʝʪʴ ʟʘʨʷʜʢʫ ʙʦʣʝʝ ʨʘʥʥʠʭ ʤʦʜʝʣʝʡ ʘʚʪʦʤʦʙʠʣʝʡ ʨʘʟʲʝʤʘʤʠ Type 1 ʠ Type 2. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʨʝʟʫʣʴʪʘʪʦʤ ʨʘʙʦʪʳ ʷʚʣʷʶʪʩʷ ʧʨʝʜʣʦʞʝʥʠʷ ʧʦ ʨʝʰʝʥʠʶ ʢʣʶʯʝʚʳʭ 

ʧʨʦʙʣʝʤ ʵʣʝʢʪʨʦʤʦʙʠʣʝʡ. ʋʩʪʘʥʦʚʢʘ ʩʪʘʥʮʠʡ ʙʳʩʪʨʦʡ ʟʘʨʷʜʢʠ ʧʦʟʚʦʣʠʪ ʩʫʱʝʩʪʚʝʥʥʦ 

ʫʩʢʦʨʠʪʴ ʟʘʨʷʜʢʫ ʵʣʝʢʪʨʦʤʦʙʠʣʝʡ, ʯʪʦ ʧʦʟʚʦʣʠʪ ʵʢʩʧʣʫʘʪʠʨʦʚʘʪʴ ʠʭ ʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʦ. 

ʃʦʛʠʢʘ ʫʩʪʘʥʦʚʢʠ ʨʘʟʲʝʤʦʚ, ʧʦʟʚʦʣʷʶʱʠʭ ʦʩʫʱʝʩʪʚʣʷʪʴ ʙʳʩʪʨʫʶ ʟʘʨʷʜʢʫ ʚ ʢʘʯʝʩʪʚʝ 

ʧʨʠʦʨʠʪʝʪʥʳʭ, ʧʦʟʚʦʣʠʪ ʚ ʙʫʜʫʱʝʤ ʘʢʪʠʚʥʦ ʨʘʟʚʠʚʘʪʴʩʷ ʵʪʦʡ ʦʪʨʘʩʣʠ, ʧʦʩʢʦʣʴʢʫ ʤʥʦʛʠʝ 

ʵʣʝʢʪʨʦʤʦʙʠʣʠ ʩʝʡʯʘʩ ʧʨʦʝʢʪʠʨʫʶʪʩʷ ʩ ʫʯʝʪʦʤ ʚʦʟʤʦʞʥʦʩʪʠ ʦʩʫʱʝʩʪʚʣʝʥʠʷ ʙʳʩʪʨʦʡ ʟʘʨʷʜʢʠ 

ʧʦʩʪʦʷʥʥʳʤ ʪʦʢʦʤ ʥʘʨʷʜʫ ʩ ʟʘʨʷʜʢʦʡ ʦʪ ʧʝʨʝʤʝʥʥʦʛʦ ʪʦʢʘ.  

 

É ʄʘʚʨʠʥ ɸ.ʀ., ʌʝʨʝʥʝʮ ɸ.ɺ., 2021 
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ʄʘʨʘʩʦʚʘ ʀ.ɸ., ʉʘʬʠʫʣʠʥ ɸ.ʈ. 

ʅʘʫʯʥʳʡ ʨʫʢʦʚʦʜʠʪʝʣʴ: ɿʘʡʮʝʚ ʄ.ɽ. 

ɼʠʤʠʪʨʦʚʛʨʘʜʩʢʠʡ ʠʥʞʝʥʝʨʥʦ-ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʠʥʩʪʠʪʫʪ 

ï ʬʠʣʠʘʣ ʅʘʮʠʦʥʘʣʴʥʦʛʦ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʦʛʦ ʷʜʝʨʥʦʛʦ 

ʫʥʠʚʝʨʩʠʪʝʪʘ çʄʀʌʀè, ʛ. ɼʠʤʠʪʨʦʚʛʨʘʜ, ʈʦʩʩʠʷ 

 

ʇɽʈʉʇɽʂʊʀɺʅʓɽ ʅɸʇʈɸɺʃɽʅʀʗ ʈɸɿɺʀʊʀʗ ɸʊʆʄʅʆʁ ʕʅɽʈɻɽʊʀʂʀ  

ɺ ʈʆʉʉʀʁʉʂʆʁ ʌɽɼɽʈɸʎʀʀ 

 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʘʪʦʤʥʘʷ ʵʥʝʨʛʝʪʠʢʘ ʠ ʨʘʟʣʠʯʥʳʝ ʧʨʦʠʟʚʦʜʥʳʝ ʦʪ ʥʝʝ ʪʝʭʥʦʣʦʛʠʠ 

ʷʚʣʷʶʪʩʷ ʦʜʥʠʤ ʠʟ ʩʘʤʳʭ ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʥʘʧʨʘʚʣʝʥʠʡ ʨʘʟʚʠʪʠʷ ʵʥʝʨʛʝʪʠʢʠ ʚ ʤʠʨʝ. ʅʝʩʤʦʪʨʷ 

ʥʘ ʪʦ, ʯʪʦ ʜʘʥʥʘʷ ʦʪʨʘʩʣʴ ʨʘʟʚʠʚʘʝʪʩʷ ʩʦʚʩʝʤ ʥʝʜʘʚʥʦ, ʦʪʨʠʮʘʪʴ ʝʝ ʧʦʣʴʟʫ ʥʝʚʦʟʤʦʞʥʦ. ʊʘʢ, 

ʧʦ ʜʘʥʥʳʤ 2019 ʛ, 18,6% ʚʩʝʡ ʵʥʝʨʛʠʠ ʚ ʈʦʩʩʠʠ ʙʳʣʦ ʦʙʝʩʧʝʯʝʥʦ ʘʪʦʤʥʳʤʠ ʵʣʝʢʪʨʦʩʪʘʥʮʠʷʤʠ. 

ʆʩʥʦʚʥʳʤʠ ʟʘʜʘʯʘʤʠ, ʩʪʦʷʱʠʤʠ ʧʝʨʝʜ ʘʪʦʤʥʦʡ ʵʥʝʨʛʝʪʠʢʦʡ ʈʦʩʩʠʠ, ʷʚʣʷʶʪʩʷ 

ʘʢʪʠʚʠʟʘʮʠʷ ʠʥʥʦʚʘʮʠʦʥʥʦʛʦ ʧʦʪʝʥʮʠʘʣʘ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ; ʧʦʚʳʰʝʥʠʝ 

ʢʦʥʢʫʨʝʥʪʦʩʧʦʩʦʙʥʦʩʪʠ ʨʦʩʩʠʡʩʢʦʡ ʧʨʦʜʫʢʮʠʠ ʠ ʫʩʣʫʛ ʥʘ ʘʪʦʤʥʦʤ ʵʥʝʨʛʝʪʠʯʝʩʢʦʤ ʨʳʥʢʝ ʠ 

ʥʘ ʨʳʥʢʝ ʨʘʜʠʘʮʠʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʟʘ ʩʯʝʪ ʤʦʜʝʨʥʠʟʘʮʠʠ ʩʫʱʝʩʪʚʫʶʱʠʭ ʪʝʭʥʦʣʦʛʠʡ ʠ 

ʪʝʭʥʠʯʝʩʢʦʛʦ ʧʝʨʝʚʦʦʨʫʞʝʥʠʷ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʤʦʱʥʦʩʪʝʡ (http://www.niiar.ru/mbir). 

ʇʨʝʦʙʨʘʟʦʚʘʥʠʝ ʵʥʝʨʛʠʠ ʜʝʣʝʥʠʷ ʨʘʜʠʦʘʢʪʠʚʥʳʭ ʷʜʝʨ ʦʪʢʨʳʣʦ ʰʠʨʦʢʠʝ ʛʦʨʠʟʦʥʪʳ ʜʣʷ 

ʨʘʟʚʠʪʠʷ ʤʠʨʦʚʦʡ ʵʥʝʨʛʝʪʠʢʠ ʠ ʥʘʫʢʠ. ʆʙʳʯʥʦ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʷʜʝʨʥʦʡ ʵʥʝʨʛʠʠ ʠʩʧʦʣʴʟʫʶʪ 

ʮʝʧʥʫʶ ʷʜʝʨʥʫʶ ʨʝʘʢʮʠʶ ʜʝʣʝʥʠʷ ʷʜʝʨ ʧʣʫʪʦʥʠʷ-239 ʠʣʠ ʫʨʘʥʘ-235. ʆʜʥʘʢʦ ʚ ʩʦʚʨʝʤʝʥʥʦʡ 

ʘʪʦʤʥʦʡ ʵʥʝʨʛʝʪʠʢʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʧʝʨʩʧʝʢʪʠʚʥʦʝ ʥʘʧʨʘʚʣʝʥʠʝ ʦʩʫʱʝʩʪʚʣʝʥʠʷ ʪʦʨʠʝʚʦʛʦ 

ʮʠʢʣʘ, ʪʦʧʣʠʚʦʤ ʚ ʢʦʪʦʨʦʤ ʙʫʜʝʪ ʚʳʩʪʫʧʘʪʴ ʪʦʨʠʡ-232. ʉʨʝʜʠ ʧʨʝʠʤʫʱʝʩʪʚ ʥʦʚʦʛʦ ʪʦʧʣʠʚʘ 

ʚʳʜʝʣʷʶʪ ʥʘʠʙʦʣʴʰʝʝ ʢʦʣʠʯʝʩʪʚʦ ʪʦʨʠʷ ʚ ʟʝʤʥʦʡ ʢʦʨʝ (ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʟʘʧʘʩʘʤʠ ʫʨʘʥʘ); 

ʪʦʨʠʡ-232 ʠʤʝʝʪ ʢʫʜʘ ʤʝʥʴʰʝʝ ʩʝʯʝʥʠʝ ʟʘʭʚʘʪʘ, ʘ ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʠʟʙʝʛʘʶʪʩʷ ʧʘʨʘʟʠʪʘʨʥʳʝ 

ʟʘʭʚʘʪʳ ʥʝʡʪʨʦʥʦʚ ʠ ʤʦʞʥʦ ʧʦʣʫʯʠʪʴ ʙʦʣʴʰʠʡ ʚʳʭʦʜ ʵʥʝʨʛʠʠ; ʢʨʦʤʝ ʪʦʛʦ, ʪʦʨʠʡ-232 

ʠʩʧʫʩʢʘʝʪ ʙʦʣʴʰʝ ʥʝʡʪʨʦʥʦʚ ʥʘ ʘʢʪ ʧʦʛʣʦʱʝʥʠʷ, ʯʪʦ, ʦʧʷʪʴ ʞʝ, ʫʚʝʣʠʯʠʚʘʝʪ ʵʬʬʝʢʪʠʚʥʦʩʪʴ 

ʝʛʦ ʧʨʠʤʝʥʝʥʠʷ ʚ ʨʝʘʢʪʦʨʘʭ-ʨʘʟʤʥʦʞʘʪʝʣʷʭ; ʬʠʟʠʢʦʭʠʤʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʪʦʨʠʷ ʪʘʢʞʝ 

ʦʮʝʥʠʚʘʝʪʩʷ ʢʘʢ ʥʘʠʙʦʣʝʝ ʙʣʘʛʦʧʨʠʷʪʥʳʝ (ʙʦʣʝʝ ʚʳʩʦʢʘʷ ʪʝʤʧʝʨʘʪʫʨʘ ʧʣʘʚʣʝʥʠʷ, 

ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʴ ʠ ʥʠʟʢʠʡ ʢʦʵʬʬʠʮʠʝʥʪ ʪʝʧʣʦʚʦʛʦ ʨʘʩʰʠʨʝʥʠʷ, ʙʦʣʴʰʘʷ ʭʠʤʠʯʝʩʢʘʷ 

ʩʧʦʩʦʙʥʦʩʪʴ ʢ ʦʢʠʩʣʝʥʠʶ). 

ʉʪʦʠʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʪʦʨʠʝʚʳʡ ʮʠʢʣ ʠʤʝʝʪ ʨʷʜ ʥʝʜʦʩʪʘʪʢʦʚ: ʚʳʩʦʢʘʷ ʩʣʦʞʥʦʩʪʴ 

ʠʟʛʦʪʦʚʣʝʥʠʷ ʪʦʧʣʠʚʘ ʚʚʠʜʫ ʚʳʩʦʢʦʡ ʪʝʤʧʝʨʘʪʫʨʳ ʩʧʝʢʘʥʠʷ ʠ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʜʦʙʘʚʣʝʥʠʷ 

ʨʘʩʱʝʧʣʷʶʱʠʭʩʷ ʤʘʪʝʨʠʘʣʦʚ ʜʣʷ ʮʝʧʥʦʡ ʨʝʘʢʮʠʠ ʜʝʣʝʥʠʷ; ʧʨʦʜʫʢʪʳ ʨʘʩʧʘʜʘ ʪʦʨʠʷ ʠʤʝʶʪ 

ʚʳʩʦʢʠʡ ʫʨʦʚʝʥʴ ʨʘʜʠʦʘʢʪʠʚʥʦʩʪʠ ʠ ʪʨʝʙʫʶʪ ʜʠʩʪʘʥʮʠʦʥʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ. ʉʝʡʯʘʩ ʚ ʤʠʨʝ 

ʚʝʜʫʪʩʷ ʨʘʟʨʘʙʦʪʢʠ ʧʦ ʚʦʟʤʦʞʥʦʩʪʠ ʧʨʠʤʝʥʝʥʠʷ ʪʦʨʠʝʚʦʛʦ ʪʦʧʣʠʚʘ ʚ ʩʫʱʝʩʪʚʫʶʱʠʭ 

ʨʝʘʢʪʦʨʘʭ ʠ ʩʦʟʜʘʥʠʶ ʥʦʚʳʭ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʭ ʤʦʜʝʣʝʡ. 

ʆʜʥʠʤ ʠʟ ʚʘʞʥʳʭ ʥʘʧʨʘʚʣʝʥʠʡ ʨʘʟʚʠʪʠʷ ʘʪʦʤʥʦʡ ʵʥʝʨʛʝʪʠʢʠ ʢʘʢ ʚʦ ʚʩʝʤ ʤʠʨʝ, ʪʘʢ ʠ ʚ 

ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ ʷʚʣʷʝʪʩʷ ʫʚʝʣʠʯʝʥʠʝ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʠ ʙʝʟʦʧʘʩʥʦʩʪʠ ʘʪʦʤʥʳʭ 



 XXIII  ɺʩʝʨʦʩʩʠʡʩʢʘʷ ʩʪʫʜʝʥʯʝʩʢʘʷ ʥʘʫʯʥʦ-ʧʨʘʢʪʠʯʝʩʢʘʷ ʢʦʥʬʝʨʝʥʮʠʷ 
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ʫʩʪʘʥʦʚʦʢ. ʀʥʞʝʥʝʨʘʤʠ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʡ ʢʦʨʧʦʨʘʮʠʠ çʈʦʩʘʪʦʤè, ʟʘʥʠʤʘʶʱʝʡʩʷ ʚʩʝʤʠ 

ʧʨʦʝʢʪʘʤʠ, ʩʚʷʟʘʥʥʳʤʠ ʩ ʘʪʦʤʥʦʡ ʵʥʝʨʛʝʪʠʢʦʡ ʈʦʩʩʠʠ, ʙʳʣ ʨʘʟʨʘʙʦʪʘʥ ʧʨʦʝʢʪ ʚʦʜʦ-ʚʦʜʷʥʦʛʦ 

ʵʥʝʨʛʝʪʠʯʝʩʢʦʛʦ ʨʝʘʢʪʦʨʘ ɺɺʕʈ-1200ɽ, ʦʪʚʝʯʘʶʱʝʛʦ ʚʩʝʤ ʩʦʚʨʝʤʝʥʥʳʤ ʪʨʝʙʦʚʘʥʠʷʤ 

ʙʝʟʦʧʘʩʥʦʩʪʠ (ʧʦʢʦʣʝʥʠʝ ç3+è). 

ʈʝʘʢʪʦʨʳ ʜʘʥʥʦʛʦ ʧʦʢʦʣʝʥʠʷ ʦʙʝʩʧʝʯʠʚʘʶʪ ʥʘʠʙʦʣʴʰʫʶ ʩʪʝʧʝʥʴ ʙʝʟʦʧʘʩʥʦʩʪʠ ʧʨʠ 

ʨʘʙʦʪʝ ʨʝʘʢʪʦʨʘ. ɺʩʝ ʨʝʘʢʪʦʨʳ ʦʙʣʘʜʘʶʪ ʩʚʦʡʩʪʚʘʤʠ ʩʘʤʦʟʘʱʠʱʝʥʥʦʩʪʠ ʠ 

ʩʘʤʦʨʝʛʫʣʠʨʦʚʘʥʠʷ. ɺʩʝ ʥʝʦʙʭʦʜʠʤʳʝ ʫʩʪʨʦʡʩʪʚʘ (ʥʘʧʨʠʤʝʨ, ʥʘʩʦʩʳ ʜʣʷ ʧʦʜʘʯʠ ʧʠʪʘʪʝʣʴʥʦʡ 

ʚʦʜʳ ʚ ʨʝʘʢʪʦʨ ʜʣʷ ʠʟʙʝʞʘʥʠʷ ʝʛʦ ʧʝʨʝʛʨʝʚʘ) ʜʫʙʣʠʨʫʶʪʩʷ, ʯʪʦʙʳ ʚ ʩʣʫʯʘʝ ʦʪʢʘʟʘ ʦʜʥʦʛʦ 

ʨʘʙʦʪʫ ʥʘ ʩʝʙʷ ʚʟʷʣ ʚʪʦʨʦʡ. ʆʪʣʠʯʠʪʝʣʴʥʦʡ ʯʝʨʪʦʡ ʩʦʚʨʝʤʝʥʥʳʭ ʘʪʦʤʥʳʭ ʩʪʘʥʮʠʡ ʷʚʣʷʝʪʩʷ 

ʥʘʣʠʯʠʝ ʯʝʪʳʨʝʭ ʙʘʨʴʝʨʦʚ ʙʝʟʦʧʘʩʥʦʩʪʠ, ʧʨʝʧʷʪʩʪʚʫʶʱʠʭ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʶ ʷʜʝʨʥʦʛʦ 

ʪʦʧʣʠʚʘ ʠ ʠʦʥʠʟʠʨʫʶʱʠʭ ʠʟʣʫʯʝʥʠʡ. ʇʝʨʚʳʤ ʙʘʨʴʝʨʦʤ ʙʝʟʦʧʘʩʥʦʩʪʠ ʷʚʣʷʝʪʩʷ ʪʦʧʣʠʚʥʘʷ 

ʪʘʙʣʝʪʢʘ, ʚʪʦʨʳʤ ʙʘʨʴʝʨʦʤ ʚʳʩʪʫʧʘʝʪ ʦʙʦʣʦʯʢʘ ʪʦʧʣʠʚʥʳʭ ʚʳʜʝʣʷʶʱʠʭ ʵʣʝʤʝʥʪʦʚ, ʪʨʝʪʴʠʤ 

ʙʘʨʴʝʨʦʤ ʷʚʣʷʝʪʩʷ ʢʦʨʧʫʩ ʘʢʪʠʚʥʦʡ ʟʦʥʳ ʠ ʛʣʘʚʥʳʡ ʮʠʨʢʫʣʷʮʠʦʥʥʳʡ ʢʦʥʪʫʨ, ʯʝʪʚʝʨʪʳʤ ï 

ʩʠʩʪʝʤʳ ʟʘʱʠʪʥʳʭ ʦʙʦʣʦʯʝʢ, ʣʦʚʫʰʝʢ ʨʘʩʧʣʘʚʘ (ʧʨʝʧʷʪʩʪʚʫʶʪ ʚʳʭʦʜʫ ʧʨʦʜʫʢʪʦʚ ʨʘʩʧʣʘʚʘ 

ʘʢʪʠʚʥʦʡ ʟʦʥʳ ʚ ʟʝʤʣʶ). ʇʦʩʣʝʜʥʠʡ ʙʘʨʴʝʨ ʤʦʞʝʪ ʚʳʜʝʨʞʘʪʴ ʥʝ ʪʦʣʴʢʦ ʚʥʫʪʨʝʥʥʠʝ, ʥʦ ʠ 

ʚʥʝʰʥʠʝ ʚʦʟʜʝʡʩʪʚʠʷ, ʪʘʢʠʝ ʢʘʢ ʚʟʨʳʚ, ʫʨʘʛʘʥ ʠ ʟʝʤʣʝʪʨʷʩʝʥʠʝ. 

ɽʱʝ ʦʜʥʦʡ ʨʘʟʨʘʙʦʪʢʦʡ, ʙʘʟʠʨʫʶʱʝʡʩʷ ʥʘ ʧʨʦʝʢʪʝ ɺɺʕʆ-1200ɽ ʷʚʣʷʝʪʩʷ ʨʝʘʢʪʦʨ ɺɺʕʈ-

ʊʆʀ. ʇʣʘʥʠʨʫʝʪʩʷ, ʯʪʦ ʜʘʥʥʳʡ ʨʝʘʢʪʦʨ ʙʫʜʝʪ ʥʝ ʪʦʣʴʢʦ ʥʘʠʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʳʤ ʧʦ ʩʚʦʠʤ 

ʩʚʦʡʩʪʚʘʤ ʙʝʟʦʧʘʩʥʦʡ ʵʢʩʧʣʫʘʪʘʮʠʠ, ʥʦ ʠ ʙʫʜʝʪ ʧʦʚʳʰʘʪʴ ʪʝʭʥʠʢʦ-ʵʢʦʥʦʤʠʯʝʩʢʠʝ ʧʦʢʘʟʘʪʝʣʠ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʘʪʦʤʥʦʡ ʵʥʝʨʛʠʠ. ʊʘʢ ʩʨʦʢʠ ʩʪʨʦʠʪʝʣʴʩʪʚʘ ʨʝʘʢʪʦʨʥʦʡ ʫʩʪʘʥʦʚʢʠ ʙʳʣʠ 

ʦʧʪʠʤʠʟʠʨʦʚʘʥʳ ʜʦ 3,5 ʣʝʪ, ʘ ʩʪʦʠʤʦʩʪʴ ʧʦʩʪʨʦʡʢʠ ʙʳʣʘ ʫʤʝʥʴʰʝʥʘ ʥʘ ʜʚʘʜʮʘʪʴ ʧʨʦʮʝʥʪʦʚ. 

ʕʢʩʧʣʫʘʪʘʮʠʦʥʥʳʝ ʨʘʩʭʦʜʳ ʩʥʠʞʝʥʳ ʥʘ 10% ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʘʥʘʣʦʛʠʯʥʳʤʠ ʪʠʧʘʤʠ 

ʨʝʘʢʪʦʨʥʳʭ ʫʩʪʘʥʦʚʦʢ. ʂʨʦʤʝ ʪʦʛʦ, ʨʝʘʢʪʦʨ ʦʙʣʘʜʘʝʪ ʧʦʚʳʰʝʥʥʦʡ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʤʦʱʥʦʩʪʴʶ 

ï 1200 ʄɺʪ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʰʠʨʦʢʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʤʠ ʨʝʘʢʪʦʨʘʤʠ ɺɺʕʈ-1000. ɺ ʩʠʩʪʝʤʳ 

ʙʝʟʦʧʘʩʥʦʩʪʠ ʨʝʘʢʪʦʨʘ ʟʘʣʦʞʝʥʘ ʥʘʠʙʦʣʴʰʘʷ ʩʝʡʩʤʦʩʪʦʡʢʦʩʪʴ. 

ʆʜʥʦ ʠʟ ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʨʘʟʚʠʪʠʡ ʤʠʨʦʚʦʡ ʵʥʝʨʛʝʪʠʢʠ ʷʚʣʷʝʪʩʷ ʩʦʟʜʘʥʠʝ ʨʝʘʢʪʦʨʦʚ ʥʘ 

ʙʳʩʪʨʳʭ ʥʝʡʪʨʦʥʘʭ. ʈʝʘʢʪʦʨʳ ʜʘʥʥʦʛʦ ʪʠʧʘ ʤʦʛʫʪ ʚʦʩʧʨʦʠʟʚʦʜʠʪʴ ʥʦʚʦʝ ʪʦʧʣʠʚʦ ʜʣʷ ʘʪʦʤʥʳʭ 

ʩʪʘʥʮʠʡ (ʦʙʣʫʯʘʷ ʦʪʨʘʙʦʪʘʚʰʝʝ ʷʜʝʨʥʦʝ ʪʦʧʣʠʚʦ). ʊʝʤ ʩʘʤʳʤ ʧʦʷʚʣʷʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴ 

ʟʘʤʢʥʫʪʴ ʪʦʧʣʠʚʥʳʡ ʮʠʢʣ. ʈʝʘʢʪʦʨʳ ʥʘ ʙʳʩʪʨʳʭ ʥʝʡʪʨʦʥʘʭ ʧʦʟʚʦʣʷʶʪ ʠʩʧʦʣʴʟʦʚʘʪʴ ʚ 10 ʨʘʟ 

ʙʦʣʴʰʝ ʧʦʪʝʥʮʠʘʣʘ ʷʜʝʨʥʦʛʦ ʪʦʧʣʠʚʘ (ʦʢʦʣʦ 30% ʚʤʝʩʪʦ ʠʤʝʶʱʠʭʩʷ ʥʘ ʜʘʥʥʳʡ ʤʦʤʝʥʪ 3), 

ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʘʪʦʤʥʦʡ ʵʥʝʨʛʝʪʠʢʝ ʨʘʟʚʠʚʘʪʴʩʷ ʝʱʸ ʥʝʩʢʦʣʴʢʦ ʪʳʩʷʯ ʣʝʪ. ʅʘ ʜʘʥʥʳʡ ʤʦʤʝʥʪ, 

ʫʯʠʪʳʚʘʷ ʵʥʝʨʛʦʧʨʦʠʟʚʦʜʩʪʚʦ ʚʩʝʭ ʜʝʡʩʪʚʫʶʱʠʭ ʨʝʘʢʪʦʨʦʚ, ʘʪʦʤʥʘʷ ʵʥʝʨʛʝʪʠʢʘ ʜʦʩʪʘʪʦʯʥʦ 

ʦʙʝʩʧʝʯʝʥʘ ʧʨʠʨʦʜʥʳʤ ʫʨʘʥʦʤ. ʆʜʥʘʢʦ, ʫʯʠʪʳʚʘʷ ʩʦʚʨʝʤʝʥʥʳʝ ʪʝʥʜʝʥʮʠʠ ʢ ʥʘʨʘʱʠʚʘʥʠʶ 

ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʤʦʱʥʦʩʪʝʡ, ʚʦʟʥʠʢʘʝʪ ʧʦʪʨʝʙʥʦʩʪʴ ʧʦʚʳʰʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʧʨʠʨʦʜʥʦʛʦ ʫʨʘʥʘ, ʠʤʝʥʥʦ ʧʦʵʪʦʤʫ ʚʦʟʥʠʢʘʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʙʦʣʝʝ 

ʵʢʦʥʦʤʠʯʥʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʪʦʧʣʠʚʘ; ʤʥʦʛʦʨʘʟʦʚʦʩʪʴ ʝʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʠ ʚʦʟʚʨʘʪ ʚ 

ʘʢʪʠʚʥʫʶ ʟʦʥʫ ʨʝʘʢʪʦʨʦʚ. 

ʀʤʝʥʥʦ ʈʦʩʘʪʦʤ ʷʚʣʷʝʪʩʷ ʧʨʦʝʢʪʠʨʦʚʱʠʢʦʤ ɸʕʉ ʩ ʨʝʘʢʪʦʨʘʤʠ ʥʘ ʙʳʩʪʨʳʭ ʥʝʡʪʨʦʥʘʭ. 

ʅʘ ʜʘʥʥʳʡ ʤʦʤʝʥʪ ʚ ʈʦʩʩʠʠ ʵʢʩʧʣʫʘʪʠʨʫʝʪʩʷ ʧʝʨʚʳʡ ʵʥʝʨʛʦʙʣʦʢ ʩ ʨʝʘʢʪʦʨʘʤʠ ʥʘ ʙʳʩʪʨʳʭ 

ʥʝʡʪʨʦʥʘʭ. ʅʘ ʜʘʥʥʳʡ ʤʦʤʝʥʪ ʨʘʟʨʘʙʘʪʳʚʘʝʪʩʷ ʧʨʦʝʢʪ ʨʝʘʢʪʦʨʘ ɹʅ-1200 (ʨʝʘʢʪʦʨ ʥʘ ʙʳʩʪʨʳʭ 
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ʥʝʡʪʨʦʥʘʭ ʩ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʤʦʱʥʦʩʪʴʶ 1200 ʄɺʪ). ʈʝʘʢʪʦʨʳ ʜʘʥʥʦʛʦ ʪʠʧʘ ʜʦʣʞʥʳ ʩʪʘʪʴ 

ʩʝʨʠʡʥʳʤʠ ʜʣʷ ʨʝʘʣʠʟʘʮʠʠ ʟʘʜʘʯ ʧʦ ʧʝʨʝʭʦʜʫ ʢ ʟʘʤʢʥʫʪʦʤʫ ʮʠʢʣʫ, ʘ ʪʘʢʞʝ ʜʣʷ ʧʦʚʳʰʝʥʠʷ 

ʪʝʭʥʠʢʦ-ʵʢʦʥʦʤʠʯʝʩʢʠʭ ʧʦʢʘʟʘʪʝʣʝʡ ʨʝʘʢʪʦʨʦʚ ʥʘ ʙʳʩʪʨʳʭ ʥʝʡʪʨʦʥʘʭ. ʂʨʦʤʝ ʪʦʛʦ, ʚ 

ʨʝʘʢʪʦʨʘʭ ʜʘʥʥʦʛʦ ʪʠʧʘ ʙʫʜʫʪ ʨʝʘʣʠʟʦʚʘʥʳ ʩʠʩʪʝʤʳ ʙʝʟʦʧʘʩʥʦʩʪʠ ʯʝʪʚʝʨʪʦʛʦ ʧʦʢʦʣʝʥʠʷ 

ʨʝʘʢʪʦʨʦʚ. 

ɻʣʘʚʥʳʤ ʧʨʝʠʤʫʱʝʩʪʚʦʤ ʨʝʘʢʪʦʨʦʚ ʪʘʢʦʛʦ ʪʠʧʘ ʷʚʣʷʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴ ʧʝʨʝʭʦʜʘ ʥʘ 

ʟʘʤʢʥʫʪʳʡ ʪʦʧʣʠʚʥʳʡ ʮʠʢʣ. ɿʘʤʢʥʫʪʳʡ ʷʜʝʨʥʳʡ ʪʦʧʣʠʚʥʳʡ ʮʠʢʣ ï ʮʠʢʣ, ʚ ʨʘʤʢʘʭ ʢʦʪʦʨʦʛʦ 

ʥʝʚʳʛʦʨʝʚʰʝʝ ʷʜʝʨʥʦʝ ʪʦʧʣʠʚʦ (ʫʨʘʥ-235), ʫʨʘʥ-238 ʠ ʠʟʦʪʦʧʳ ʧʣʫʪʦʥʠʷ ʚʦʟʚʨʘʱʘʶʪʩʷ ʚ ʮʠʢʣ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ. ʆʙʨʘʙʦʪʢʘ ʪʦʧʣʠʚʘ ʧʨʦʠʩʭʦʜʠʪ ʥʘ ʨʘʜʠʦʭʠʤʠʯʝʩʢʠʭ ʧʨʝʜʧʨʠʷʪʠʷʭ, ʛʜʝ ʧʦʩʣʝ 

ʦʙʨʘʙʦʪʢʠ ʦʪʨʘʙʦʪʘʚʰʝʛʦ ʪʦʧʣʠʚʘ ʯʘʩʪʴ ʪʦʧʣʠʚʘ ʚʦʟʚʨʘʱʘʝʪʩʷ ʚ ʮʠʢʣ, ʘ ʢʦʣʠʯʝʩʪʚʦ ʦʪʭʦʜʦʚ 

ʫʤʝʥʴʰʘʝʪʩʷ ʠ ʠʭ ʘʢʪʠʚʥʦʩʪʴ ʫʤʝʥʴʰʘʝʪʩʷ. ʉʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʫʤʝʥʴʰʘʶʪʩʷ ʟʘʪʨʘʪʳ ʥʘ 

ʪʦʧʣʠʚʦ, ʭʨʘʥʝʥʠʝ ʦʪʨʘʙʦʪʘʚʰʝʛʦ ʪʦʧʣʠʚʘ ʠ ʝʛʦ ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʫ. ʂʨʦʤʝ ʪʦʛʦ, ʚ ʷʜʝʨʥʳʡ ʮʠʢʣ 

ʚʦʚʣʝʢʘʶʪʩʷ ʠʟʦʪʦʧʳ ʧʣʫʪʦʥʠʷ, ʯʪʦ ʷʚʣʷʝʪʩʷ ʧʨʝʠʤʫʱʝʩʪʚʦʤ ʟʘʤʢʥʫʪʦʛʦ ʷʜʝʨʥʦʛʦ 

ʪʦʧʣʠʚʥʦʛʦ ʮʠʢʣʘ. ɼʘʥʥʳʡ ʬʘʢʪʦʨ ʧʦʚʳʰʘʝʪ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʷʜʝʨʥʦʛʦ 

ʪʦʧʣʠʚʘ; ʤʥʦʛʦʨʘʟʦʚʦʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʪʦʧʣʠʚʘ ʠ ʧʦʣʥʦʝ ʚʳʞʠʛʘʥʠʝ ʫʨʘʥʘ-235 ʪʘʢʞʝ 

ʧʦʚʳʰʘʝʪ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʝʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ. ʕʪʦ ʧʦʟʚʦʣʠʪ ʠʟʙʘʚʠʪʴʩʷ ʦʪ ʧʨʦʙʣʝʤʳ ʭʨʘʥʝʥʠʷ 

ʦʪʨʘʙʦʪʘʚʰʝʛʦ ʷʜʝʨʥʦʛʦ ʪʦʧʣʠʚʘ, ʘ ʪʘʢʞʝ ʧʦʚʳʩʠʪʴ ʵʢʦʥʦʤʠʯʝʩʢʫʶ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ɸʕʉ. ʉ 

ʵʪʠʤʠ ʮʝʣʷʤʠ ʈʦʩʘʪʦʤ ʫʯʘʩʪʚʫʝʪ ʚ ʤʝʞʜʫʥʘʨʦʜʥʦʤ ʧʨʦʝʢʪʝ çɻʣʦʙʘʣʴʥʘʷ ʷʜʝʨʥʦ-

ʵʥʝʨʛʝʪʠʯʝʩʢʘʷ ʠʥʠʮʠʘʪʠʚʘè, ʮʝʣʴʶ ʢʦʪʦʨʦʛʦ ʷʚʣʷʝʪʩʷ ʩʦʟʜʘʥʠʝ ʷʜʝʨʥʦʛʦ ʨʝʘʢʪʦʨʘ ʩ 

ʟʘʤʢʥʫʪʳʤ ʪʦʧʣʠʚʥʳʤ ʮʠʢʣʦʤ ʩ ʤʠʥʠʤʘʣʴʥʳʤ ʢʦʣʠʯʝʩʪʚʦʤ ʨʘʜʠʦʘʢʪʠʚʥʳʭ ʦʪʭʦʜʦʚ. 

ʊʘʢʞʝ ʨʝʘʣʠʟʫʝʪʩʷ ʩʦʟʜʘʥʠʝ ʚʳʩʦʢʦʧʦʪʦʯʥʦʛʦ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʦʛʦ ʨʝʘʢʪʦʨʘ ʥʘ ʙʳʩʪʨʳʭ 

ʥʝʡʪʨʦʥʘʭ ʩ ʫʥʠʢʘʣʴʥʳʤʠ ʧʦʪʨʝʙʠʪʝʣʴʩʢʠʤʠ ʩʚʦʡʩʪʚʘʤʠ ʜʣʷ ʨʝʘʣʠʟʘʮʠʠ ʩʣʝʜʫʶʱʠʭ ʟʘʜʘʯ: 

ʧʨʦʚʝʜʝʥʠʝ ʨʝʘʢʪʦʨʥʳʭ ʠ ʧʦʩʣʝʨʝʘʢʪʦʨʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʧʨʦʠʟʚʦʜʩʪʚʦ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ʠ 

ʪʝʧʣʘ, ʦʪʨʘʙʦʪʢʘ ʥʦʚʳʭ ʪʝʭʥʦʣʦʛʠʡ ʧʨʦʠʟʚʦʜʩʪʚʘ ʨʘʜʠʦʠʟʦʪʦʧʦʚ ʠ ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʭ 

ʤʘʪʝʨʠʘʣʦʚ (https://clck.ru/UAijd). ɼʘʥʥʘʷ ʫʩʪʘʥʦʚʢʘ ʧʦʟʚʦʣʠʪ ʧʨʦʚʦʜʠʪʴ ʨʘʟʣʠʯʥʳʝ 

ʠʩʧʳʪʘʥʠʷ ʢʦʥʩʪʨʫʢʮʠʦʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ (ʦʙʣʫʯʝʥʠʝ ʧʦʪʦʢʦʤ ʥʝʡʪʨʦʥʦʚ ʩ ʚʳʩʦʢʦʡ 

ʧʣʦʪʥʦʩʪʴʶ), ʘ ʪʘʢʞʝ ʠʩʩʣʝʜʦʚʘʪʴ ʥʦʚʳʝ ʚʠʜʳ ʷʜʝʨʥʦʛʦ ʪʦʧʣʠʚʘ ʠ ʤʘʪʝʨʠʘʣʦʚ ʩ ʭʦʨʦʰʠʤʠ 

ʧʦʛʣʦʱʘʶʱʠʤʠ ʩʚʦʡʩʪʚʘʤʠ, ʯʪʦ ʧʦʟʚʦʣʠʪ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʪʴ ʢʦʥʩʪʨʫʢʮʠʠ ʫʞʝ ʩʫʱʝʩʪʚʫʶʱʠʭ 

ʨʝʘʢʪʦʨʦʚ ʠ ʩʦʟʜʘʚʘʪʴ ʥʦʚʳʝ ʨʝʘʢʪʦʨʥʳʝ ʫʩʪʘʥʦʚʢʠ ʩ ʥʘʠʣʫʯʰʠʤʠ ʪʝʭʥʠʢʦ-ʵʢʦʥʦʤʠʯʝʩʢʠʤʠ 

ʧʦʢʘʟʘʪʝʣʷʤʠ. ʂʨʦʤʝ ʪʦʛʦ, ʜʘʥʥʘʷ ʫʩʪʘʥʦʚʢʘ ʧʦʟʚʦʣʠʪ ʧʨʦʚʦʜʠʪʴ ʠʩʧʳʪʘʥʠʷ ʨʝʞʠʤʦʚ 

ʵʢʩʧʣʫʘʪʘʮʠʠ ʨʘʟʣʠʯʥʳʭ ʵʣʝʤʝʥʪʦʚ ʘʢʪʠʚʥʳʭ ʟʦʥ ʨʝʘʢʪʦʨʘ ʩ ʨʘʟʥʦʦʙʨʘʟʥʳʤʠ 

ʪʝʧʣʦʥʦʩʠʪʝʣʷʤʠ ʜʣʷ ʩʦʟʜʘʥʠʷ ʫʩʪʘʥʦʚʦʢ ʥʦʚʦʛʦ ʧʦʢʦʣʝʥʠʷ ʠ ʧʨʠʥʮʠʧʠʘʣʴʥʦ ʥʦʚʦʡ 

ʢʦʤʧʦʥʦʚʢʠ; ʠʟʫʯʘʪʴ ʧʦʚʝʜʝʥʠʝ ʵʣʝʤʝʥʪʦʚ ʘʢʪʠʚʥʦʡ ʟʦʥʳ ʨʝʘʢʪʦʨʘ ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʧʨʦʝʢʪʥʳʭ 

ʘʚʘʨʠʡʥʳʭ ʩʠʪʫʘʮʠʷʭ ʠ ʟʘʧʨʦʝʢʪʥʳʭ ʘʚʘʨʠʷʭ. ʅʘ ʨʝʘʢʪʦʨʝ ʄɹʀʈ ʙʫʜʫʪ ʠʩʩʣʝʜʦʚʘʪʴʩʷ 

ʧʨʦʙʣʝʤʳ ʨʝʘʣʠʟʘʮʠʠ ʟʘʤʢʥʫʪʦʛʦ ʪʦʧʣʠʚʥʦʛʦ ʮʠʢʣʘ, ʫʪʠʣʠʟʘʮʠʠ ʘʢʪʠʥʠʜʦʚ ʠ ʚʳʞʠʛʘʥʠʷ 

ʜʦʣʛʦʞʠʚʫʱʠʭ ʧʨʦʜʫʢʪʦʚ ʜʝʣʝʥʠʷ (https://clck.ru/UAijd). 

ɼʣʷ ʥʘʠʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʦʛʦ ʨʘʟʚʠʪʠʷ ʘʪʦʤʥʦʡ ʵʥʝʨʛʝʪʠʢʠ ʛʦʩʫʜʘʨʩʪʚʝʥʥʘʷ ʢʦʨʧʦʨʘʮʠʷ 

ʈʦʩʘʪʦʤ ʩʦʟʜʘʝʪ ʪʘʢ ʥʘʟʳʚʘʝʤʳʝ ʠʥʥʦʚʘʮʠʦʥʥʳʝ ʢʣʘʩʪʝʨʳ, ʪʦ ʝʩʪʴ ʪʘʢʠʭ ʧʨʦʩʪʨʘʥʩʪʚ, ʥʘ 

ʢʦʪʦʨʳʭ ʩʦʩʨʝʜʦʪʦʯʝʥʳ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʝ ʤʦʱʥʦʩʪʠ. ɺ ʩʣʫʯʘʝ ʘʪʦʤʥʦʡ ʵʥʝʨʛʝʪʠʢʠ ʵʪʦ 

ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʝ ʨʝʘʢʪʦʨʳ, ʢʨʠʪʠʯʝʩʢʠʝ ʩʙʦʨʢʠ ʠ ʫʩʪʘʥʦʚʢʠ ʠ ʪʘʢ ʜʘʣʝʝ. ɺ ʨʘʤʢʘʭ 
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ʧʨʦʚʝʜʝʥʠʷ ʧʦʣʠʪʠʢʠ ʨʘʟʚʠʪʠʷ ʢʣʘʩʪʝʨʦʚ ʨʝʰʘʝʪʩʷ ʮʝʣʳʡ ʨʷʜ ʚʘʞʥʝʡʰʠʭ ʟʘʜʘʯ 

ʩʪʨʘʪʝʛʠʯʝʩʢʦʛʦ ʨʘʟʚʠʪʠʷ, ʩʚʷʟʘʥʥʳʭ ʩ ʧʦʚʳʰʝʥʠʝʤ ʦʧʝʨʘʮʠʦʥʥʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʟʘ ʩʯʝʪ 

ʧʦʩʪʨʦʝʥʠʷ ʩʠʩʪʝʤʳ ʢʦʦʧʝʨʘʮʠʠ ʧʨʝʜʧʨʠʷʪʠʡ ʘʪʦʤʥʦʡ ʦʪʨʘʩʣʠ ʠ ʫʩʢʦʨʝʥʠʷ ʩʦʟʜʘʥʠʷ 

ʠʥʥʦʚʘʮʠʦʥʥʳʭ ʧʨʦʜʫʢʪʦʚ ʠ ʚʳʚʦʜʦʤ ʠʭ ʥʘ ʛʣʦʙʘʣʴʥʳʝ ʨʳʥʢʠ (http://www.niiar.ru/mbir). 

ɽʱʝ ʦʜʥʠʤʠ ʥʘʧʨʘʚʣʝʥʠʷʤʠ ʨʘʟʚʠʪʠʷ ʘʪʦʤʥʦʡ ʵʥʝʨʛʝʪʠʢʠ ʷʚʣʷʶʪʩʷ ʠʩʩʣʝʜʦʚʘʥʠʝ ʥʦʚʳʭ 

ʩʧʦʩʦʙʦʚ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʘʪʦʤʥʦʡ ʵʥʝʨʛʠʠ ʠ ʨʘʟʨʘʙʦʪʢʘ ʥʦʚʳʭ ʪʝʭʥʦʣʦʛʠʡ ʧʦ ʜʘʥʥʦʤʫ 

ʥʘʧʨʘʚʣʝʥʠʶ. ɺ ʨʘʤʢʘʭ ʜʘʥʥʦʛʦ ʥʘʧʨʘʚʣʝʥʠʷ ʠʩʩʣʝʜʫʶʪʩʷ ʚʝʱʝʩʪʚʘ ʚ ʵʢʩʪʨʝʤʘʣʴʥʳʭ 

ʩʦʩʪʦʷʥʠʷʭ (ʚʳʩʦʢʦʝ ʜʘʚʣʝʥʠʝ, ʪʝʤʧʝʨʘʪʫʨʘ, ʦʙʣʫʯʝʥʠʝ ʚʝʱʝʩʪʚ); ʫʧʨʦʯʥʝʥʠʝ ʤʘʪʝʨʠʘʣʦʚ 

ʧʫʪʝʤ ʣʘʟʝʨʥʳʭ ʠ ʧʣʘʟʤʝʥʥʳʭ ʠʩʪʦʯʥʠʢʦʚ ʠʟʣʫʯʝʥʠʷ, ʩʦʟʜʘʥʥʳʭ ʧʫʪʝʤ ʧʨʷʤʦʛʦ 

ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʘʪʦʤʥʦʡ ʵʥʝʨʛʠʠ ʚ ʵʣʝʢʪʨʠʯʝʩʢʫʶ ʠʣʠ ʩʨʘʟʫ ʚ ʣʘʟʝʨʥʫʶ. 

 ʆʜʥʠʤ ʠʟ ʩʘʤʳʭ ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʥʘʧʨʘʚʣʝʥʠʡ ʷʚʣʷʝʪʩʷ ʫʧʨʘʚʣʷʝʤʳʡ ʪʝʨʤʦʷʜʝʨʥʳʡ 

ʩʠʥʪʝʟ. ʋʧʨʘʚʣʷʝʤʳʡ ʪʝʨʤʦʷʜʝʨʥʳʡ ʩʠʥʪʝʟ ʧʦʜʨʘʟʫʤʝʚʘʝʪ ʧʦʣʫʯʝʥʠʝ ʪʷʞʝʣʳʭ ʘʪʦʤʥʳʭ ʷʜʝʨ 

ʠʟ ʣʝʛʢʠʭ ʷʜʝʨ ʩ ʚʳʜʝʣʝʥʠʝʤ ʧʦʣʝʟʥʦʡ ʵʥʝʨʛʠʠ. ʅʘ ʜʘʥʥʳʡ ʤʦʤʝʥʪ ʚ ʈʦʩʩʠʠ ʩʫʱʝʩʪʚʫʶʪ 

ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʝ ʪʦʢʘʤʘʢʠ (ʫʩʪʘʥʦʚʢʠ ʜʣʷ ʫʜʝʨʞʘʥʠʷ ʧʣʘʟʤʳ ʚ ʤʘʛʥʠʪʥʦʤ ʧʦʣʝ), ʥʘ ʢʦʪʦʨʳʭ 

ʧʳʪʘʶʪʩʷ ʧʦʣʫʯʠʪʴ ʨʝʘʢʮʠʠ ʫʧʨʘʚʣʷʝʤʦʛʦ ʪʝʨʤʦʷʜʝʨʥʦʛʦ ʩʠʥʪʝʟʘ ʧʫʪʝʤ ʨʘʟʦʛʨʝʚʘ ʧʣʘʟʤʳ ʩ 

ʧʦʤʦʱʴʶ ʪʦʢʘ, ʧʨʦʧʫʩʢʘʝʤʦʛʦ ʯʝʨʝʟ ʚʝʱʝʩʪʚʦ. ɺ ʈʦʩʩʠʠ ʧʳʪʘʶʪʩʷ ʩʦʟʜʘʪʴ ʫʩʪʘʥʦʚʢʠ ʜʣʷ 

ʨʘʙʦʪʳ ʩ ʪʝʨʤʦʷʜʝʨʥʳʤ ʩʠʥʪʝʟʦʤ ʩ ʧʘʨʘʤʝʪʨʘʤʠ, ʧʨʠ ʢʦʪʦʨʳʭ ʚʦʟʤʦʞʥʦ ʜʦʩʪʠʞʝʥʠʝ 

ʪʝʤʧʝʨʘʪʫʨʳ ʚ 100 ʤʣʥ. ʛʨʘʜʫʩʦʚ ʠ ʜʣʠʪʝʣʴʥʦʩʪʴ ʨʘʟʨʷʜʘ 1000 ʩʝʢʫʥʜ. ʊʘʢʞʝ ʈʦʩʩʠʡʩʢʘʷ 

ʌʝʜʝʨʘʮʠʷ ʷʚʣʷʝʪʩʷ ʫʯʘʩʪʥʠʢʦʤ ʤʝʞʜʫʥʘʨʦʜʥʦʛʦ ʧʨʦʝʢʪʘ ITER, ʮʝʣʴʶ ʢʦʪʦʨʦʛʦ ʷʚʣʷʝʪʩʷ 

ʨʘʟʨʘʙʦʪʢʘ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ʨʝʘʢʪʦʨʘ-ʪʦʢʘʤʘʢʘ. 

 

É ʄʘʨʘʩʦʚʘ ʀ.ɸ., ʉʘʬʠʫʣʠʥ ɸ.ʈ., ɿʘʡʮʝʚ ʄ.ɽ., 2021 
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ʄʘʨʘʩʦʚʘ ʀ.ɸ., ʉʘʬʠʫʣʠʥ ɸ.ʈ. 

ʅʘʫʯʥʳʡ ʨʫʢʦʚʦʜʠʪʝʣʴ: ɿʘʡʮʝʚ ʄ.ɽ. 

ɼʠʤʠʪʨʦʚʛʨʘʜʩʢʠʡ ʠʥʞʝʥʝʨʥʦ-ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʠʥʩʪʠʪʫʪ ï 

ʬʠʣʠʘʣ ʅʘʮʠʦʥʘʣʴʥʦʛʦ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʦʛʦ ʷʜʝʨʥʦʛʦ 

ʫʥʠʚʝʨʩʠʪʝʪʘ çʄʀʌʀè, ʛ. ɼʠʤʠʪʨʦʚʛʨʘʜ, ʈʦʩʩʠʷ 

 

ʇʈʆɹʃɽʄʓ ɸʊʆʄʅʆʁ ʕʅɽʈɻɽʊʀʂʀ 

 

ɸʪʦʤʥʘʷ ʵʥʝʨʛʝʪʠʢʘ ï ʦʜʥʘ ʠʟ ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʦʪʨʘʩʣʝʡ ʵʥʝʨʛʝʪʠʢʠ, ʢʘʢ ʈʦʩʩʠʡʩʢʦʡ 

ʌʝʜʝʨʘʮʠʠ, ʪʘʢ ʠ ʤʠʨʘ ʚ ʮʝʣʦʤ. ɺ ʦʩʥʦʚʝ ʘʪʦʤʥʦʡ ʵʥʝʨʛʝʪʠʢʠ ʣʝʞʠʪ ʧʦʣʫʯʝʥʠʝ ʪʝʧʣʘ ʦʪ 

ʮʝʧʥʦʡ ʨʝʘʢʮʠʠ ʜʝʣʝʥʠʷ ʨʘʜʠʦʘʢʪʠʚʥʳʭ ʷʜʝʨ. ʊʘʢʠʤʠ ʷʜʨʘʤʠ ʚʳʩʪʫʧʘʶʪ ʫʨʘʥ-235, ʧʣʫʪʦʥʠʡ-

239, ʫʨʘʥ-238. ɼʘʥʥʳʝ ʷʜʨʘ ʜʝʣʷʪʩʷ ʧʦʜ ʚʦʟʜʝʡʩʪʚʠʝʤ ʧʦʧʘʜʘʶʱʠʭ ʚ ʥʠʭ ʥʝʡʪʨʦʥʦʚ ʜʝʣʝʥʠʷ, 

ʧʨʠ ʵʪʦʤ ʧʨʦʠʩʭʦʜʠʪ ʛʝʥʝʨʘʮʠʷ ʥʦʚʳʭ ʥʝʡʪʨʦʥʦʚ ʜʝʣʝʥʠʷ ʠ ʦʩʢʦʣʢʦʚ ʷʜʝʨ, ʦʙʣʘʜʘʶʱʠʭ 

ʙʦʣʴʰʦʡ ʵʥʝʨʛʠʝʡ. ɼʘʥʥʘʷ ʵʥʝʨʛʠʷ ʧʨʝʦʙʨʘʟʫʝʪʩʷ ʚ ʪʝʧʣʦʚʫʶ ʧʨʠ ʩʪʦʣʢʥʦʚʝʥʠʠ ʩ ʜʨʫʛʠʤʠ 

ʷʜʨʘʤʠ. ɺ ʘʢʪʠʚʥʦʡ ʟʦʥʝ ʨʝʘʢʪʦʨʘ (ʧʨʦʩʪʨʘʥʩʪʚʝ, ʚ ʢʦʪʦʨʦʤ ʧʨʦʭʦʜʷʪ ʷʜʝʨʥʳʝ ʨʝʘʢʮʠʠ) 

ʧʨʦʪʝʢʘʝʪ ʪʝʧʣʦʥʦʩʠʪʝʣʴ, ʪʝʤ ʩʘʤʳʤ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʪʝʧʣʦʩʲʝʤ. ɺ ʜʘʣʴʥʝʡʰʝʤ ʚʦʜʘ ʠʣʠ 

ʜʨʫʛʦʡ ʪʝʧʣʦʥʦʩʠʪʝʣʴ ʦʪʜʘʝʪ ʩʚʦʝ ʪʝʧʣʦ ʚʦʜʝ ʚʪʦʨʦʛʦ ʢʦʥʪʫʨʘ ʠʣʠ ʩʨʘʟʫ ʧʦʩʪʫʧʘʝʪ ʥʘ ʪʫʨʙʠʥʫ 

ʚ ʚʠʜʝ ʧʘʨʘ. ʊʘʢ ʪʝʧʣʦʚʘʷ ʵʥʝʨʛʠʷ ʧʨʝʦʙʨʘʟʫʝʪʩʷ ʚ ʵʣʝʢʪʨʠʯʝʩʢʫʶ. 

ʕʣʝʢʪʨʠʯʝʩʢʘʷ ʵʥʝʨʛʠʷ, ʧʦʣʫʯʝʥʥʘʷ ʥʘ ʘʪʦʤʥʳʭ ʩʪʘʥʮʠʷʭ, ʤʦʞʝʪ ʧʦʜʘʚʘʪʴʩʷ 

ʧʦʣʴʟʦʚʘʪʝʣʷʤ, ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʥʘ ʘʪʦʤʥʳʭ ʧʦʜʚʦʜʥʳʭ ʣʦʜʢʘʭ. ʂʨʦʤʝ ʪʦʛʦ, ʈʦʩʩʠʡʩʢʘʷ 

ʬʝʜʝʨʘʮʠʷ ʷʚʣʷʝʪʩʷ ʝʜʠʥʩʪʚʝʥʥʦʡ ʩʪʨʘʥʦʡ ʚ ʤʠʨʝ, ʠʤʝʶʱʝʡ ʚ ʩʚʦʝʤ ʬʣʦʪʝ ʘʪʦʤʥʳʡ ʣʝʜʦʢʦʣ.  

ʅʝʩʤʦʪʨʷ ʥʘ ʧʝʨʩʧʝʢʪʠʚʥʦʩʪʴ ʦʪʨʘʩʣʠ, ʩʫʱʝʩʪʚʫʝʪ ʨʷʜ ʦʩʥʦʚʥʳʭ ʧʨʦʙʣʝʤ, ʩ ʢʦʪʦʨʦʡ 

ʩʪʘʣʢʠʚʘʶʪʩʷ ʩʪʨʘʥʳ ʚ ʧʨʦʮʝʩʩʝ ʨʘʟʚʠʪʠʷ ʘʪʦʤʥʦʡ ʵʥʝʨʛʝʪʠʢʠ. 

ʆʜʥʦʡ ʠʟ ʦʩʥʦʚʥʳʭ ʧʨʦʙʣʝʤ, ʢʦʥʝʯʥʦ ʞʝ, ʷʚʣʷʝʪʩʷ ʙʝʟʦʧʘʩʥʦʩʪʴ ʘʪʦʤʥʳʭ ʩʪʘʥʮʠʡ, ʢʘʢ ʚ 

ʨʝʞʠʤʘʭ ʥʦʨʤʘʣʴʥʦʡ ʵʢʩʧʣʫʘʪʘʮʠʠ, ʪʘʢ ʠ ʚ ʘʚʘʨʠʡʥʳʭ ʩʠʪʫʘʮʠʷʭ. ɼʣʷ ʫʩʪʨʘʥʝʥʠʷ ʜʘʥʥʦʡ 

ʧʨʦʙʣʝʤʳ ʘʪʦʤʥʳʝ ʩʪʘʥʮʠʠ ʥʝʧʨʝʨʳʚʥʦ ʩʦʚʝʨʰʝʥʩʪʚʫʶʪʩʷ. ʅʘ ʜʘʥʥʳʡ ʤʦʤʝʥʪ ʨʘʟʨʘʙʦʪʘʥʘ 

ʢʦʥʮʝʧʮʠʷ ʙʝʟʦʧʘʩʥʦʩʪʠ ʨʝʘʢʪʦʨʦʚ çʇʦʢʦʣʝʥʠʝ 3+è. ʈʝʘʢʪʦʨʳ ʥʦʚʦʛʦ ʧʦʢʦʣʝʥʠʷ 

ʦʙʝʩʧʝʯʠʚʘʶʪ ʥʘʠʙʦʣʴʰʫʶ ʩʪʝʧʝʥʴ ʙʝʟʦʧʘʩʥʦʩʪʠ ʧʨʠ ʵʢʩʧʣʫʘʪʘʮʠʠ ʨʝʘʢʪʦʨʘ. ɺ ʘʪʦʤʥʳʭ 

ʩʪʘʥʮʠʷʭ ʩʫʱʝʩʪʚʫʝʪ ʜʚʘ ʚʠʜʘ ʩʠʩʪʝʤ ʙʝʟʦʧʘʩʥʦʩʪʠ ï ʘʢʪʠʚʥʳʝ ʠ ʧʘʩʩʠʚʥʳʝ. ɸʢʪʠʚʥʳʝ 

ʩʠʩʪʝʤʳ ʙʝʟʦʧʘʩʥʦʩʪʠ ʪʨʝʙʫʶʪ ʚʤʝʰʘʪʝʣʴʩʪʚʘ ʦʧʝʨʘʪʠʚʥʦʛʦ ʧʝʨʩʦʥʘʣʘ; ʧʘʩʩʠʚʥʳʝ ʨʘʙʦʪʘʶʪ 

ʜʘʞʝ ʙʝʟ ʫʯʘʩʪʠʷ ʯʝʣʦʚʝʢʘ ʠ ʜʦʩʪʫʧʘ ʢ ʠʩʪʦʯʥʠʢʘʤ ʵʥʝʨʛʠʠ. ɺʩʝ ʨʝʘʢʪʦʨʳ ʦʙʣʘʜʘʶʪ 

ʩʚʦʡʩʪʚʘʤʠ ʩʘʤʦʟʘʱʠʱʝʥʥʦʩʪʠ ʠ ʩʘʤʦʨʝʛʫʣʠʨʦʚʘʥʠʷ. ʈʝʘʢʪʦʨʳ ʩʢʦʥʩʪʨʫʠʨʦʚʘʥʳ ʪʘʢʠʤ 

ʦʙʨʘʟʦʤ, ʯʪʦ ʚ ʥʠʭ ʦʪʨʘʙʘʪʳʚʘʶʪ ʦʙʨʘʪʥʳʝ ʩʚʷʟʠ ʧʦ ʨʝʘʢʪʠʚʥʦʩʪʠ (ʨʝʘʢʪʠʚʥʦʩʪʴ ï 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ, ʧʦʢʘʟʳʚʘʶʱʘʷ ʠʟʤʝʥʝʥʠʷ ʥʝʡʪʨʦʥʥʦʛʦ ʧʦʪʦʢʘ, ʘ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʠ ʤʦʱʥʦʩʪʠ 

ʚ ʨʝʜʘʢʪʦʨʝ). ʕʪʦ ʦʟʥʘʯʘʝʪ, ʯʪʦ ʧʦʯʪʠ ʢʘʞʜʦʝ ʜʝʡʩʪʚʠʝ, ʧʨʦʠʩʭʦʜʷʱʝʝ ʚʥʫʪʨʠ ʨʝʘʢʪʦʨʘ, ʩʘʤʦ 

ʩʪʘʥʦʚʠʪʩʷ ʧʨʠʯʠʥʦʡ ʩʪʘʙʠʣʠʟʘʮʠʠ ʨʝʘʢʪʦʨʘ. ʅʘʧʨʠʤʝʨ, ʧʨʠ ʫʤʝʥʴʰʝʥʠʠ ʜʘʚʣʝʥʠʷ ʚ 

ʨʝʘʢʪʦʨʥʦʡ ʫʩʪʘʥʦʚʢʝ ʠʟʤʝʥʷʝʪʩʷ ʪʝʤʧʝʨʘʪʫʨʘ ʥʘʩʳʱʝʥʠʷ, ʘ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʚʦʜʘ ʥʘʯʠʥʘʝʪ 

ʠʥʪʝʥʩʠʚʥʦ ʟʘʢʠʧʘʪʴ. ʇʨʦʠʩʭʦʜʠʪ ʫʚʝʣʠʯʝʥʠʝ ʧʘʨʦʩʦʜʝʨʞʘʥʠʷ ʚ ʞʠʜʢʦʩʪʠ, ʯʪʦ, ʚ ʩʚʦʶ 

ʦʯʝʨʝʜʴ, ʧʨʠʚʦʜʠʪ ʢ ʫʤʝʥʴʰʝʥʠʶ ʢʦʣʠʯʝʩʪʚʘ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʥʝʡʪʨʦʥʦʚ ʠ ʷʜʝʨ ʪʦʧʣʠʚʘ. 
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ʄʦʱʥʦʩʪʴ ʨʝʘʢʪʦʨʘ ʩʥʠʞʘʝʪʩʷ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʩʨʘʙʦʪʘʣʘ ʦʙʨʘʪʥʘʷ ʩʚʷʟʴ ʧʦ ʨʝʘʢʪʠʚʥʦʩʪʠ, 

ʤʦʱʥʦʩʪʴ ʩʪʘʙʠʣʠʟʠʨʫʝʪʩʷ ʥʘ ʙʦʣʝʝ ʥʠʟʢʦʤ ʫʨʦʚʥʝ. ʈʝʘʢʪʦʨ ʧʨʦʷʚʣʷʝʪ ʩʚʦʡʩʪʚʘ 

ʩʘʤʦʨʝʛʫʣʠʨʦʚʘʥʠʷ. 

ɺ ʘʪʦʤʥʳʭ ʩʪʘʥʮʠʷʭ ʩʫʱʝʩʪʚʫʝʪ ʧʨʠʥʮʠʧ ʝʜʠʥʠʯʥʦʛʦ ʦʪʢʘʟʘ. ɺʩʝ ʥʝʦʙʭʦʜʠʤʳʝ 

ʫʩʪʨʦʡʩʪʚʘ (ʥʘʧʨʠʤʝʨ, ʥʘʩʦʩʳ ʜʣʷ ʧʦʜʘʯʠ ʧʠʪʘʪʝʣʴʥʦʡ ʚʦʜʳ ʚ ʨʝʘʢʪʦʨ ʜʣʷ ʠʟʙʝʞʘʥʠʷ ʝʛʦ 

ʧʝʨʝʛʨʝʚʘ) ʜʫʙʣʠʨʫʶʪʩʷ, ʯʪʦʙʳ ʚ ʩʣʫʯʘʝ ʦʪʢʘʟʘ ʦʜʥʦʛʦ ʨʘʙʦʪʫ ʥʘ ʩʝʙʷ ʚʟʷʣ ʚʪʦʨʦʡ. ʇʠʪʘʥʠʝ 

ʥʘʩʦʩʦʚ ʷʚʣʷʝʪʩʷ ʘʚʪʦʥʦʤʥʳʤ, ʢʘʞʜʳʡ ʠʤʝʝʪ ʩʚʦʡ ʛʝʥʝʨʘʪʦʨ. ʅʘʧʨʠʤʝʨ, ʥʘ ʚʦʜʦ-ʚʦʜʷʥʳʭ 

ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʨʝʘʢʪʦʨʘʭ ʧʨʝʜʫʩʤʦʪʨʝʥʦ ʪʨʠ ʢʘʥʘʣʘ ʩʠʩʪʝʤ ʙʝʟʦʧʘʩʥʦʩʪʠ, ʷʚʣʷʶʱʠʭʩʷ 

ʘʚʪʦʥʦʤʥʳʤʠ ʠ ʥʝʟʘʚʠʩʠʤʳʤʠ. ʉʠʩʪʝʤʘ ʧʘʩʩʠʚʥʦʛʦ ʦʪʚʦʜʘ ʪʝʧʣʘ ʧʦʟʚʦʣʷʝʪ ʦʩʫʱʝʩʪʚʣʷʪʴ 

ʪʝʧʣʦʩʲʝʤ ʯʝʨʝʟ ʧʘʨʦʛʝʥʝʨʘʪʦʨʳ ʜʘʞʝ ʚ ʦʪʩʫʪʩʪʚʠʠ ʠʩʪʦʯʥʠʢʦʚ ʵʥʝʨʛʠʠ.  

ʆʪʣʠʯʠʪʝʣʴʥʦʡ ʯʝʨʪʦʡ ʩʦʚʨʝʤʝʥʥʳʭ ʘʪʦʤʥʳʭ ʩʪʘʥʮʠʡ ʷʚʣʷʝʪʩʷ ʥʘʣʠʯʠʝ ʯʝʪʳʨʝʭ 

ʙʘʨʴʝʨʦʚ ʙʝʟʦʧʘʩʥʦʩʪʠ, ʧʨʝʧʷʪʩʪʚʫʶʱʠʭ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʶ ʷʜʝʨʥʦʛʦ ʪʦʧʣʠʚʘ ʠ 

ʠʦʥʠʟʠʨʫʶʱʠʭ ʠʟʣʫʯʝʥʠʡ. ʇʝʨʚʳʤ ʙʘʨʴʝʨʦʤ ʙʝʟʦʧʘʩʥʦʩʪʠ ʷʚʣʷʝʪʩʷ ʪʦʧʣʠʚʥʘʷ ʪʘʙʣʝʪʢʘ, 

ʩʧʝʢʘʝʤʘʷ ʧʨʠ ʚʳʩʦʢʦʡ ʪʝʤʧʝʨʘʪʫʨʝ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʠʟʙʝʞʘʪʴ ʚʳʭʦʜʘ ʨʘʜʠʦʘʢʪʠʚʥʳʭ 

ʧʨʦʜʫʢʪʦʚ, ʪʘʢ ʢʘʢ ʪʘʢʘʷ ʟʘʢʘʣʢʘ ʫʚʝʣʠʯʠʚʘʝʪ ʪʝʨʤʦʩʪʦʡʢʦʩʪʴ. ɺʪʦʨʳʤ ʙʘʨʴʝʨʦʤ ʚʳʩʪʫʧʘʝʪ 

ʦʙʦʣʦʯʢʘ ʪʦʧʣʠʚʥʳʭ ʚʳʜʝʣʷʶʱʠʭ ʵʣʝʤʝʥʪʦʚ. ʆʥʘ ʚʳʧʦʣʥʷʝʪʩʷ ʠʟ ʮʠʨʢʦʥʠʷ ʦʩʦʙʦʡ ʯʠʩʪʦʪʳ 

ʠ ʧʨʝʧʷʪʩʪʚʫʝʪ ʧʦʧʘʜʘʥʠʶ ʧʨʦʜʫʢʪʦʚ ʜʝʣʝʥʠʷ ʚ ʪʝʧʣʦʥʦʩʠʪʝʣʴ ʧʝʨʚʦʛʦ ʢʦʥʪʫʨʘ. ʊʨʝʪʴʠʤ 

ʙʘʨʴʝʨʦʤ ʷʚʣʷʝʪʩʷ ʢʦʨʧʫʩ ʘʢʪʠʚʥʦʡ ʟʦʥʳ ʠ ʛʣʘʚʥʳʡ ʮʠʨʢʫʣʷʮʠʦʥʥʳʡ ʢʦʥʪʫʨ. ʏʝʪʚʝʨʪʳʡ ï 

ʩʠʩʪʝʤʳ ʟʘʱʠʪʥʳʭ ʦʙʦʣʦʯʝʢ, ʣʦʚʫʰʝʢ ʨʘʩʧʣʘʚʘ (ʧʨʝʧʷʪʩʪʚʫʶʪ ʚʳʭʦʜʫ ʧʨʦʜʫʢʪʦʚ ʨʘʩʧʣʘʚʘ 

ʘʢʪʠʚʥʦʡ ʟʦʥʳ ʚ ʟʝʤʣʶ). ʅʘʣʠʯʠʝ ʪʘʢʠʭ ʩʠʩʪʝʤ ʥʘʟʳʚʘʝʪʩʷ ʧʨʠʥʮʠʧʦʤ 

ʛʣʫʙʦʢʦʵʰʝʣʦʥʠʨʦʚʘʥʥʦʡ ʟʘʱʠʪʳ. ʇʦʩʣʝʜʥʠʡ ʙʘʨʴʝʨ ʤʦʞʝʪ ʚʳʜʝʨʞʘʪʴ ʥʝ ʪʦʣʴʢʦ ʚʥʫʪʨʝʥʥʠʝ, 

ʥʦ ʠ ʚʥʝʰʥʠʝ ʚʦʟʜʝʡʩʪʚʠʷ, ʪʘʢʠʝ ʢʘʢ ʚʟʨʳʚ, ʫʨʘʛʘʥ ʠ ʟʝʤʣʝʪʨʷʩʝʥʠʝ. ʇʣʦʱʘʜʢʘ ʜʣʷ ʧʦʩʪʨʦʡʢʠ 

ɸʕʉ ʚʳʙʠʨʘʝʪʩʷ ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʯʪʦʙʳ ʨʠʩʢ ʩʝʡʩʤʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʠ ʙʳʣ ʤʠʥʠʤʘʣʴʥʳʤ. 

ʈʝʘʢʪʦʨʳ ʥʦʚʦʛʦ ʧʦʢʦʣʝʥʠʷ ʪʘʢʞʝ ʩʦʜʝʨʞʘʪ ʩʠʩʪʝʤʳ ʘʚʘʨʠʡʥʦʛʦ ʨʘʩʭʦʣʘʞʠʚʘʥʠʷ (ʪʦ ʝʩʪʴ 

ʧʨʝʢʨʘʱʝʥʠʷ ʮʝʧʥʦʡ ʨʝʘʢʮʠʠ ʜʝʣʝʥʠʷ).  

ʂʨʦʤʝ ʪʦʛʦ, ʷʜʝʨʥʦʝ ʪʦʧʣʠʚʦ ʪʘʢʞʝ ʷʚʣʷʝʪʩʷ ʠʩʪʦʯʥʠʢʦʤ ʦʧʘʩʥʦʩʪʠ, ʢʘʢ ʨʘʜʠʘʮʠʦʥʥʦʡ, 

ʪʘʢ ʠ ʦʧʘʩʥʦʩʪʠ ʷʜʝʨʥʳʭ ʪʝʨʘʢʪʦʚ, ʘ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʪʨʝʙʫʝʪ ʦʩʦʙʦʛʦ ʦʙʨʘʱʝʥʠʷ. ɺʩʝ ʘʪʦʤʥʳʝ 

ʩʪʘʥʮʠʠ ʦʭʨʘʥʷʶʪʩʷ ʄʠʥʠʩʪʝʨʩʪʚʦʤ ʚʥʫʪʨʝʥʥʠʭ ʜʝʣ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ. ʉʫʱʝʩʪʚʫʝʪ 

ʤʥʦʞʝʩʪʚʦ ʣʠʥʠʡ ʦʭʨʘʥʳ, ʩʠʩʪʝʤʳ ʜʝʪʝʢʪʠʨʦʚʘʥʠʷ ʤʝʪʘʣʣʦʚ ʠ ʚʠʜʝʦʥʘʙʣʶʜʝʥʠʷ. ʂʨʦʤʝ ʪʦʛʦ, 

ʠʩʧʦʣʴʟʫʝʪʩʷ ʪʦʧʣʠʚʦ ʤʘʣʦʡ ʩʪʝʧʝʥʠ ʦʙʦʛʘʱʝʥʠʷ, ʯʪʦʙʳ ʠʟ ʥʝʛʦ ʙʳʣʦ ʥʝʚʦʟʤʦʞʥʦ ʠʟʛʦʪʦʚʠʪʴ 

ʷʜʝʨʥʦʝ ʦʨʫʞʠʝ. ɼʣʷ ʫʤʝʥʴʰʝʥʠʷ ʩʪʝʧʝʥʠ ʨʘʜʠʘʮʠʦʥʥʦʡ ʠ ʵʢʦʣʦʛʠʯʝʩʢʦʡ ʦʧʘʩʥʦʩʪʠ ʷʜʝʨʥʦʛʦ 

ʪʦʧʣʠʚʘ ʩʫʱʝʩʪʚʫʶʪ ʦʩʦʙʳʝ ʪʝʭʥʦʣʦʛʠʠ ʦʙʨʘʱʝʥʠʷ ʩ ʥʠʤ. ʆʥʠ ʧʦʜʨʘʟʫʤʝʚʘʶʪ ʭʨʘʥʝʥʠʝ 

ʪʦʧʣʠʚʘ ʜʣʷ ʫʤʝʥʴʰʝʥʠʷ ʠʦʥʠʟʠʨʫʶʱʠʭ ʠʟʣʫʯʝʥʠʡ, ʜʘʣʴʥʝʡʰʫʶ ʧʝʨʝʨʘʙʦʪʢʫ ʠʣʠ 

ʟʘʭʦʨʦʥʝʥʠʝ ʚ ʩʧʝʮʠʘʣʴʥʦ ʧʨʝʜʫʩʤʦʪʨʝʥʥʳʭ ʫʩʪʨʦʡʩʪʚʘʭ, ʠʩʢʣʶʯʘʶʱʠʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ 

ʪʦʧʣʠʚʘ ʩ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʦʡ. 

ɽʱʸ ʦʜʥʦʡ ʧʨʦʙʣʝʤʦʡ ʨʘʟʚʠʪʠʷ ʘʪʦʤʥʦʡ ʵʥʝʨʛʝʪʠʢʠ ʷʚʣʷʝʪʩʷ ʧʦʚʳʰʝʥʠʝ 

ʨʝʥʪʘʙʝʣʴʥʦʩʪʠ ʜʘʥʥʦʡ ʦʪʨʘʩʣʠ. ʈʝʥʪʘʙʝʣʴʥʦʩʪʴ ʧʦʢʘʟʳʚʘʝʪ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 

ʪʦʛʦ ʠʣʠ ʠʥʦʛʦ ʧʨʦʜʫʢʪʘ. ʂʦʥʝʯʥʦ, ʚʦʧʨʦʩ ʨʝʥʪʘʙʝʣʴʥʦʩʪʠ ʘʪʦʤʥʦʡ ʵʥʝʨʛʠʠ ʢʨʘʡʥʝ 

ʤʥʦʛʦʬʘʢʪʦʨʝʥ. ʈʝʥʪʘʙʝʣʴʥʦʩʪʴ ʟʘʚʠʩʠʪ ʦʪ ʪʘʢʠʭ ʬʘʢʪʦʨʦʚ ʢʘʢ ʩʪʦʠʤʦʩʪʴ ʧʦʩʪʨʦʡʢʠ ʘʪʦʤʥʦʡ 

ʩʪʘʥʮʠʠ, ʪʠʧʘ ʨʝʘʢʪʦʨʘ, ʩʪʦʠʤʦʩʪʠ ʢʦʥʢʫʨʠʨʫʶʱʠʭ ʠʩʪʦʯʥʠʢʦʚ ʵʥʝʨʛʠʠ ʠ ʪ. ʜ. ʂʘʧʠʪʘʣʴʥʳʝ 
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ʅʠʞʥʝʚʘʨʪʦʚʩʢʦʛʦ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ 
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ʟʘʪʨʘʪʳ (ʥʘ ʩʪʨʦʠʪʝʣʴʩʪʚʦ ɸʕʉ ʠ ʚʳʚʦʜ ʠʟ ʵʢʩʧʣʫʘʪʘʮʠʠ) ʪʨʘʪʠʪʩʷ ʦʢʦʣʦ 70% ʚʩʝʡ ʩʪʦʠʤʦʩʪʠ 

ɸʕʉ. ʇʝʨʝʤʝʥʥʳʝ ʟʘʪʨʘʪʳ (ʥʘ ʟʘʨʘʙʦʪʥʫʶ ʧʣʘʪʫ, ʪʦʧʣʠʚʦ ʠ ʝʛʦ ʫʪʠʣʠʟʘʮʠʶ) ʩʦʩʪʘʚʣʷʶʪ ʚʩʝʛʦ 

30%. ʉʪʦʠʪ ʪʘʢʞʝ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʥʘ ʘʪʦʤʥʳʭ ʩʪʘʥʮʠʷʭ ʚ ʩʨʝʜʥʝʤ ʠʩʧʦʣʴʟʫʶʪ 80% ʦʪ 

ʤʘʢʩʠʤʘʣʴʥʦʡ ʤʦʱʥʦʩʪʠ. 

ɼʘʥʥʫʶ ʧʨʦʙʣʝʤʫ ʧʳʪʘʶʪʩʷ ʨʝʰʠʪʴ ʨʝʘʢʪʦʨʘʤʠ çʧʦʢʦʣʝʥʠʷ 3+è. ʊʘʢ ʨʝʘʢʪʦʨʳ ɺɺʕʈ-

1200 ʧʦʟʚʦʣʷʝʪ ʩʥʠʟʠʪʴ ʨʘʩʭʦʜʳ ʥʘ ʧʦʩʪʨʦʡʢʫ ʧʨʠʤʝʨʥʦ ʥʘ 40%, ʢʦʛʜʘ ʤʦʱʥʦʩʪʴ, ʚ ʩʚʦʶ 

ʦʯʝʨʝʜʴ, ʫʚʝʣʠʯʠʣʘʩʴ ʥʘ 20%. ʂʦʣʠʯʝʩʪʚʦ ʦʙʩʣʫʞʠʚʘʶʱʝʛʦ ʧʝʨʩʦʥʘʣʘ ʩʥʠʟʠʣʦʩʴ ʥʘ 40%, ʪʝʤ 

ʩʘʤʳʤ ʩʥʠʞʘʷ ʟʘʪʨʘʪʳ ʥʘ ʜʘʥʥʫʶ ʩʪʘʪʴʶ ʜʝʥʝʞʥʳʭ ʩʨʝʜʩʪʚ ʧʦʯʪʠ ʚʧʦʣʦʚʠʥʫ. ʂʨʦʤʝ ʪʦʛʦ, 

ʜʘʥʥʳʝ ʩʪʘʥʮʠʠ ʩʪʨʦʷʪʩʷ ʙʳʩʪʨʝʝ ʠ ʤʦʛʫʪ ʵʢʩʧʣʫʘʪʠʨʦʚʘʪʴʩʷ ʚ ʜʚʘ ʨʘʟʘ ʜʦʣʴʰʝ, ʯʝʤ ʩʪʘʥʮʠʠ 

ʧʨʝʜʳʜʫʱʝʛʦ ʧʦʢʦʣʝʥʠʷ (60 ʣʝʪ ʧʨʦʪʠʚ 30, ʩ ʚʦʟʤʦʞʥʦʩʪʴʶ ʧʨʦʜʣʝʥʠʷ ʥʘ 20 ʣʝʪ). 

ʆʜʥʘʢʦ ʩʪʦʠʤʦʩʪʴ ʧʦʩʪʨʦʡʢʠ ʨʝʘʢʪʦʨʦʚ ʚʩʝ ʝʱʸ ʦʩʪʘʸʪʩʷ ʦʯʝʥʴ ʚʳʩʦʢʦʡ. ʊʘʢ, ʧʦʩʪʨʦʡʢʘ 

ʨʝʘʢʪʦʨʘ ʥʦʚʦʛʦ ʧʦʢʦʣʝʥʠʷ ɺɺʕʈ-1200 ʩʦʩʪʘʚʠʪ ʦʢʦʣʦ 600 ʤʠʣʣʠʘʨʜʦʚ ʨʫʙʣʝʡ ʟʘ 4 

ʵʥʝʨʛʦʙʣʦʢʘ. ɺ ʩʪʨʘʥʘʭ, ʢʫʜʘ ʈʦʩʩʠʡʩʢʘʷ ʌʝʜʝʨʘʮʠʷ ʦʩʫʱʝʩʪʚʣʷʝʪ ʧʦʩʪʨʦʡʢʫ ɸʕʉ, ʜʘʥʥʘʷ 

ʩʪʦʠʤʦʩʪʴ ʚʦʟʨʘʩʪʘʝʪ ʜʦ 1200-1500 ʤʠʣʣʠʘʨʜʦʚ ʨʫʙʣʝʡ. ʅʘʧʨʠʤʝʨ, ʢʘʞʜʳʡ ʨʝʘʢʪʦʨ ʪʠʧʘ 

ɺɺʕʈ-1200 ʥʘ ɹʝʣʦʨʫʩʩʢʦʡ ɸʕʉ ʩʪʦʠʪ 5,5 ʤʠʣʣʠʘʨʜʦʚ ʜʦʣʣʘʨʦʚ. 

ʇʦ ʜʘʥʥʳʤ 2018 ʛʦʜʘ ʨʝʥʪʘʙʝʣʴʥʦʩʪʴ ʧʨʦʜʘʞ ʧʦ ʯʠʩʪʦʡ ʧʨʠʙʳʣʠ (ROS) ʩʦʩʪʘʚʣʷʝʪ 

20,34%, ʨʝʥʪʘʙʝʣʴʥʦʩʪʴ ʘʢʪʠʚʦʚ ʧʦ ʯʠʩʪʦʡ ʧʨʠʙʳʣʠ (ROA) ï 5,53%, ʘ ʨʝʥʪʘʙʝʣʴʥʦʩʪʴ 

ʩʦʙʩʪʚʝʥʥʦʛʦ ʢʘʧʠʪʘʣʘ ʧʦ ʯʠʩʪʦʡ ʧʨʠʙʳʣʠ (ROE) ï 8,45% (https://report.rosatom.ru/). 

ʆʢʫʧʠʪʴ ʧʦʜʦʙʥʳʝ ʩʪʘʥʮʠʠ ʧʳʪʘʶʪʩʷ ʜʦʛʦʚʦʨʘʤʠ ʥʘ ʧʦʩʪʘʚʢʫ ʤʦʱʥʦʩʪʠ, ʢʦʪʦʨʳʝ 

ʛʘʨʘʥʪʠʨʫʶʪ ʚʦʟʚʨʘʪ ʠʥʚʝʩʪʠʮʠʡ ʟʘ ʩʯʝʪ ʧʦʚʳʰʝʥʥʳʭ ʧʣʘʪʝʞʝʡ ʧʦʪʨʝʙʠʪʝʣʝʡ. ʂʨʦʤʝ ʪʦʛʦ, 

ʯʘʩʪʴ ʩʨʝʜʩʪʚ ʥʘ ʧʦʩʪʨʦʡʢʫ ʘʪʦʤʥʳʭ ʩʪʘʥʮʠʡ ʚʳʜʝʣʷʝʪ ʛʦʩʫʜʘʨʩʪʚʦ. ɺʳʧʣʘʪʳ ʧʦ ʜʘʥʥʳʤ 

ʜʦʛʦʚʦʨʘʤ ʩʦʩʪʘʚʣʷʶʪ ʙʦʣʝʝ ʜʚʘʜʮʘʪʠ ʣʝʪ, ʘ ʙʘʟʦʚʘʷ ʜʦʭʦʜʥʦʩʪʴ ʩʦʩʪʘʚʣʷʝʪ ʙʦʣʝʝ 10%. ɼʘʥʥʘʷ 

ʩʠʩʪʝʤʘ ʧʨʠʚʦʜʠʪ ʢ ʪʦʤʫ, ʯʪʦ ʚʚʦʜ ʢʘʞʜʦʛʦ ʥʦʚʦʛʦ ʙʣʦʢʘ ʘʪʦʤʥʦʡ ʩʪʘʥʮʠʠ ʧʦʚʳʰʘʝʪ ʮʝʥʫ ʥʘ 

ʤʦʱʥʦʩʪʴ ʥʘ ʨʳʥʢʝ ʵʥʝʨʛʠʡ. ʇʦʜʦʙʥʘʷ ʩʠʪʫʘʮʠʷ ʚʳʟʳʚʘʝʪ ʥʝʜʦʚʦʣʴʩʪʚʦ ʢʦʥʝʯʥʳʭ 

ʧʦʪʨʝʙʠʪʝʣʝʡ, ʯʪʦ ʪʘʢʞʝ ʷʚʣʷʝʪʩʷ ʧʨʦʙʣʝʤʦʡ. 

ɽʱʝ ʦʜʥʦʡ ʚʘʞʥʦʡ ʧʨʦʙʣʝʤʦʡ ʘʪʦʤʥʦʡ ʵʥʝʨʛʝʪʠʢʠ ʷʚʣʷʝʪʩʷ ʪʝʧʣʦʚʦʝ ʟʘʛʨʷʟʥʝʥʠʝ 

ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ. ʊʝʧʣʦʚʦʝ ʟʘʛʨʷʟʥʝʥʠʝ ï ʚʳʙʨʦʩ ʪʝʧʣʘ ʚ ʘʪʤʦʩʬʝʨʫ ʠʣʠ ʚʦʜʥʳʝ ʨʝʩʫʨʩʳ, 

ʚʳʟʚʘʥʥʦʝ ʜʝʷʪʝʣʴʥʦʩʪʴʶ ʯʝʣʦʚʝʢʘ. ʂʨʦʤʝ ʪʦʛʦ, ʟʘʯʘʩʪʫʶ ʧʨʠ ʨʝʘʣʠʟʘʮʠʠ ʤʥʦʛʠʭ 

ʧʨʦʤʳʰʣʝʥʥʳʭ ʧʨʦʮʝʩʩʦʚ, ʩʚʷʟʘʥʥʳʭ ʩ ʪʝʧʣʦʚʳʜʝʣʝʥʠʝʤ, ʠʩʧʦʣʴʟʫʶʪ ʚʦʜʫ ʚ ʢʘʯʝʩʪʚʝ 

ʦʭʣʘʜʠʪʝʣʷ, ʯʪʦ ʥʝʛʘʪʠʚʥʦ ʩʢʘʟʳʚʘʝʪʩʷ ʥʘ ʙʠʦʩʠʩʪʝʤʝ ʚʦʜʦʸʤʘ, ʦʪʢʫʜʘ ʟʘʙʠʨʘʝʪʩʷ ʞʠʜʢʦʩʪʴ. 

ʀʟ-ʟʘ ʥʝʝʩʪʝʩʪʚʝʥʥʦʛʦ ʧʦʚʳʰʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ ʚʦʜʳ ʛʠʙʥʫʪ ʨʘʟʣʠʯʥʳʝ ʬʦʨʤʳ ʞʠʟʥʠ, 

ʥʘʨʫʰʘʶʪʩʷ ʧʨʠʚʳʯʥʳʝ ʪʝʧʣʦʬʠʟʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʚʦʜʳ (ʫʤʝʥʴʰʘʝʪʩʷ ʢʦʣʠʯʝʩʪʚʦ ʢʠʩʣʦʨʦʜʘ, 

ʧʦʚʳʰʘʝʪʩʷ ʪʝʤʧʝʨʘʪʫʨʘ). ʂʨʦʤʝ ʪʦʛʦ, ʩʦʟʜʘʶʪʩʷ ʦʙʣʘʩʪʠ ʠʩʢʫʩʩʪʚʝʥʥʦʡ ʠʥʚʝʨʩʠʠ 

ʪʝʤʧʝʨʘʪʫʨ, ʢʦʪʦʨʳʝ ʩʪʘʥʦʚʷʪʩʷ ʧʨʠʯʠʥʦʡ ʠʟʤʝʥʝʥʠʷ ʤʠʢʨʦʢʣʠʤʘʪʘ. ʄʠʢʨʦʮʠʨʢʫʣʷʮʠʠ 

ʘʪʤʦʩʬʝʨʳ ʧʨʠʚʦʜʷʪ ʢ ʫʩʣʦʞʥʝʥʠʶ ʤʝʭʘʥʠʟʤʦʚ ʪʝʧʣʦ- ʠ ʤʘʩʩʦ- ʧʝʨʝʜʘʯʠ, ʯʪʦ ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ 

ʫʩʣʦʞʥʷʝʪ ʠ ʤʝʭʘʥʠʟʤ ʧʝʨʝʥʦʩʘ ʟʘʛʨʷʟʥʝʥʠʡ ʞʠʜʢʦʩʪʝʡ ʠ ʘʪʤʦʩʬʝʨʳ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʪʝʧʣʦʚʦʛʦ 

ʟʘʛʨʷʟʥʝʥʠʷ ʥʘʨʫʰʘʝʪʩʷ ʤʠʢʨʦʢʣʠʤʘʪ ʦʪʜʝʣʴʥʳʭ ʟʦʥ, ʧʨʦʠʩʭʦʜʠʪ ʥʘʨʫʰʝʥʠʝ ʙʠʦʩʬʝʨʳ, ʘ 

ʪʘʢʞʝ ʦʥʦ ʷʚʣʷʝʪʩʷ ʦʜʥʦʡ ʠʟ ʧʨʠʯʠʥ ʛʣʦʙʘʣʴʥʦʛʦ ʧʦʪʝʧʣʝʥʠʷ ï ʷʚʣʝʥʠʷ ʜʦʣʛʦʩʨʦʯʥʦʛʦ 

ʧʦʚʳʰʝʥʠʷ ʩʨʝʜʥʝʡ ʪʝʤʧʝʨʘʪʫʨʳ ʢʣʠʤʘʪʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ ʧʣʘʥʝʪʳ. ʊʝʧʣʦʚʦʝ ʟʘʛʨʷʟʥʝʥʠʝ 

ʚʝʜʝʪ ʢ ʫʚʝʣʠʯʝʥʠʶ ʪʝʤʧʝʨʘʪʫʨ ʥʝ ʪʦʣʴʢʦ ʨʘʟʣʠʯʥʳʭ ʚʦʜʦʝʤʦʚ, ʥʦ ʠ ʧʦʜʟʝʤʥʳʭ ʚʦʜ, ʯʪʦ 
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ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ ʠʟʤʝʥʝʥʠʷʤ ʥʝ ʪʦʣʴʢʦ ʚ ʚʦʜʦʝʤʝ, ʦʪʢʫʜʘ ʟʘʙʠʨʘʝʪʩʷ ʚʦʜʘ, ʥʦ ʠ ʚ ʜʨʫʛʠʭ 

ʚʦʜʦʝʤʘʭ ʜʘʥʥʦʡ ʦʙʣʘʩʪʠ. 

ʇʦ ʜʘʥʥʳʤ ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ ʥʝʢʦʪʦʨʳʝ ʘʪʦʤʥʳʝ ʩʪʘʥʮʠʠ ʚʳʙʨʘʩʳʚʘʶʪ ʚ ʚʦʟʜʫʭ ʦʢʦʣʦ 

65% ʚʩʝʡ ʧʨʦʠʟʚʦʜʠʤʦʡ ʤʦʱʥʦʩʪʠ. ʀʟ-ʟʘ ʵʪʦʛʦ ʚ ʚʦʜʦʝʤʘʭ-ʦʭʣʘʜʠʪʝʣʷʭ ʠ ʦʢʨʫʞʘʶʱʝʤ 

ʧʨʦʩʪʨʘʥʩʪʚʝ (ʧʨʠʤʝʨʥʳʡ ʨʘʜʠʫʩ ï ʥʝʩʢʦʣʴʢʦ ʩʦʪʝʥ ʤʝʪʨʦʚ) ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʚʣʘʞʥʦʩʪʴ ʠ 

ʪʝʤʧʝʨʘʪʫʨʘ ʧʦʚʳʰʘʝʪʩʷ ʧʨʠʤʝʨʥʦ ʥʘ ʦʜʠʥ-ʧʦʣʪʦʨʘ ʛʨʘʜʫʩʘ [1]. ʇʘʨ ʠʟ ʛʨʘʜʠʨʝʥ ʦʙʨʘʟʫʝʪ 

ʧʘʨʦʢʦʥʜʝʥʩʘʪʥʳʝ ʬʘʢʝʣʳ, ʪʦ ʫʭʫʜʰʘʝʪ ʚʠʜʠʤʦʩʪʴ. ʀʥʪʝʥʩʠʚʥʦʩʪʴ ʩʦʣʥʝʯʥʦʛʦ ʦʩʚʝʱʝʥʠʷ 

ʤʦʞʝʪ ʩʥʠʞʘʪʴʩʷ ʥʘ 5%. ɺ ʧʨʠʣʝʛʘʶʱʠʭ ʚʦʜʦʝʤʘʭ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʩʦʜʝʨʞʘʥʠʝ ʩʦʣʠ. ʇʦ 

ʨʘʩʯʝʪʘʤ ʫʯʝʥʳʭ ʜʘʥʥʦʝ ʪʝʧʣʦʚʦʝ ʟʘʛʨʷʟʥʝʥʠʝ ʘʥʘʣʦʛʠʯʥʦ (ʧʦ ʚʦʟʜʝʡʩʪʚʠʶ ʥʘ ʘʪʤʦʩʬʝʨʫ) 

ʣʝʩʥʳʤ ʧʦʞʘʨʘʤ ʠʣʠ ʛʦʨʝʥʠʶ ʥʝʬʪʝʧʨʦʜʫʢʪʦʚ. ʂʨʦʤʝ ʪʦʛʦ, ʥʘʛʨʝʚʘʥʠʝ ʚʦʜʦʝʤʦʚ ʜʣʷ ʟʘʙʦʨʘ 

ʚʦʜʳ (ʦʭʣʘʜʠʪʝʣʝʡ) ʫʚʝʣʠʯʠʚʘʝʪ ʢʦʣʠʯʝʩʪʚʦ ʦʩʘʜʢʦʚ. 

ʇʨʝʜʦʪʚʨʘʪʠʪʴ ʧʦʜʦʙʥʦʝ ʪʝʧʣʦʚʦʝ ʟʘʛʨʷʟʥʝʥʠʝ ʚʦʟʤʦʞʥʦ ʜʚʫʤʷ ʧʫʪʷʤʠ. ʇʝʨʚʳʡ ʚʘʨʠʘʥʪ 

ï ʧʦʣʥʘʷ ʠʟʦʣʷʮʠʷ ʛʠʜʨʦʩʠʩʪʝʤʳ ʘʪʦʤʥʦʡ ʩʪʘʥʮʠʠ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʘʪʦʤʥʘʷ ʩʪʘʥʮʠʷ ʥʠʢʘʢ ʥʝ 

ʙʫʜʝʪ ʚʟʘʠʤʦʜʝʡʩʪʚʦʚʘʪʴ ʩ ʦʢʨʫʞʘʶʱʠʤʠ ʚʦʜʦʝʤʘʤʠ, ʘ ʜʣʷ ʟʘʙʦʨʘ ʚʦʜʳ ʩʦʟʜʘʶʪʩʷ 

ʠʩʢʫʩʩʪʚʝʥʥʳʝ ʟʘʤʢʥʫʪʳʝ ʚʦʜʦʭʨʘʥʠʣʠʱʘ. ɺʪʦʨʦʡ ʚʘʨʠʘʥʪ ï ʫʚʝʣʠʯʝʥʠʝ ʨʘʟʤʝʨʦʚ ʛʨʘʜʠʨʝʥ, 

ʯʪʦ ʧʦʟʚʦʣʠʪ ʦʙʝʩʧʝʯʠʪʴ ʙʝʟʦʧʘʩʥʦʝ ʣʦʢʘʣʴʥʦʝ ʦʭʣʘʞʜʝʥʠʝ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʦʯʝʚʠʜʥʦ, ʯʪʦ ʘʪʦʤʥʘʷ ʵʥʝʨʛʝʪʠʢʘ ʠʤʝʝʪ ʨʷʜ ʦʩʥʦʚʥʳʭ ʧʨʦʙʣʝʤ. ʇʦ 

ʯʘʩʪʠ ʧʨʦʙʣʝʤ ʨʘʟʨʘʙʦʪʘʥʳ ʠ ʚʥʝʜʨʷʶʪʩʷ ʨʝʰʝʥʠʷ: ʦʜʥʘʢʦ ʧʦ ʥʝʢʦʪʦʨʳʤ ʧʨʦʙʣʝʤʘʤ ʨʝʰʝʥʠʷ 

ʧʦʢʘ ʥʝ ʨʘʟʨʘʙʦʪʘʥʳ ʠʣʠ ʝʱʝ ʥʝ ʚʚʝʜʝʥʳ ʚ ʵʢʩʧʣʫʘʪʘʮʠʶ. ʗʜʝʨʥʘʷ ʵʥʝʨʛʝʪʠʢʘ ʷʚʣʷʝʪʩʷ ʢʨʘʡʥʝ 

ʧʝʨʩʧʝʢʪʠʚʥʳʤ ʥʘʧʨʘʚʣʝʥʠʝʤ ʨʘʟʚʠʪʠʷ, ʪʘʢ ʢʘʢ ʠʤʝʶʪʩʷ ʙʦʛʘʪʳʝ ʨʘʟʚʝʜʘʥʥʳʝ ʟʘʧʘʩʳ 

ʪʦʧʣʠʚʘ, ʘ ʟʥʘʯʠʪ, ʯʪʦ ʦʥʘ ʙʫʜʝʪ ʘʢʪʠʚʥʦ ʨʘʟʚʠʚʘʪʴʩʷ ʚ ʙʣʠʞʘʡʰʠʝ ʛʦʜʳ ʠ ʜʘʥʥʳʝ ʧʨʦʙʣʝʤʳ 

ʙʫʜʫʪ ʨʝʰʘʪʴʩʷ. 

 

ʃʠʪʝʨʘʪʫʨʘ 
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ʅʘʫʯʥʳʡ ʨʫʢʦʚʦʜʠʪʝʣʴ: ʆʥʠʱʝʥʢʦ ʉ.ʀ., ʢʘʥʜ. ʵʢʦʥ. ʥʘʫʢ 

ɻʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʫʧʨʘʚʣʝʥʠʷ,  

ʛ. ʄʦʩʢʚʘ, ʈʦʩʩʠʷ 

 

ʊɽʅɼɽʅʎʀʀ ʈɸɿɺʀʊʀʗ ɼɺʀɻɸʊɽʃɽʉʊʈʆɽʅʀʗ 

 

ɿʘʛʨʷʟʥʝʥʠʝ ʘʚʪʦʤʦʙʠʣʷʤʠ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ ʷʚʣʷʝʪʩʷ ʦʜʥʦʡ ʠʟ ʮʝʥʪʨʘʣʴʥʳʭ ʧʨʦʙʣʝʤ 

ʩʦʚʨʝʤʝʥʥʦʩʪʠ. ʕʥʝʨʛʠʷ, ʧʨʠʚʦʜʷʱʘʷ ʪʨʘʥʩʧʦʨʪʥʦʝ ʩʨʝʜʩʪʚʦ ʚ ʜʚʠʞʝʥʠʝ, ʧʦʣʫʯʘʝʪʩʷ ʧʫʪʝʤ 

ʩʛʦʨʘʥʠʷ ʧʨʠʨʦʜʥʦʛʦ ʪʦʧʣʠʚʘ. ʆʜʥʘʢʦ ʩʞʠʛʘʪʴʩʷ ʙʝʟ ʦʩʪʘʪʢʘ ʦʥʦ ʥʝ ʤʦʞʝʪ, ʠ ʧʦʵʪʦʤʫ 

ʜʚʠʛʘʪʝʣʴ ʚʳʧʫʩʢʘʝʪ ʧʦʙʦʯʥʳʝ ʧʨʦʜʫʢʪʳ ʩʛʦʨʘʥʠʷ, ʦʪʨʘʙʦʪʘʚʰʠʝ ʛʘʟʳ, ʯʘʩʪʴ ʢʦʪʦʨʳʭ 

ʷʚʣʷʝʪʩʷ ʪʦʢʩʠʯʥʦʡ, ʚ ʩʠʣʫ ʯʝʛʦ ʜʣʷ ʵʢʦʣʦʛʠʠ ʩʦʟʜʘʝʪʩʷ ʧʦʪʝʥʮʠʘʣʴʥʘʷ ʫʛʨʦʟʘ. ʉʫʱʝʩʪʚʫʶʪ 

ʥʝʩʢʦʣʴʢʦ ʦʩʥʦʚʥʳʭ ʧʫʪʝʡ ʨʝʰʝʥʠʷ ʜʘʥʥʦʡ ʧʨʦʙʣʝʤʳ, ʚ ʪʦʤ ʯʠʩʣʝ ʧʨʠʤʝʥʝʥʠʝ 

ʘʣʴʪʝʨʥʘʪʠʚʥʳʭ ʚʠʜʦʚ ʪʦʧʣʠʚʘ. ʆʩʥʦʚʥʳʤʠ ʩʫʙʩʪʠʪʫʪʘʤʠ ʙʝʥʟʠʥʘ ʩʣʝʜʫʝʪ ʥʘʟʳʚʘʪʴ ʜʠʟʝʣʴ, 

ʵʣʝʢʪʨʠʯʝʩʪʚʦ, ʧʨʠʨʦʜʥʳʡ ʛʘʟ ʠ ʙʠʦʵʪʘʥʦʣ. 

ɼʠʟʝʣʴʥʳʡ ʜʚʠʛʘʪʝʣʴ ʙʳʣ ʠʟʦʙʨʝʪʝʥ ʙʦʣʝʝ ʩʪʘ ʣʝʪ ʥʘʟʘʜ. ɺ 1897 ʛ ʥʝʤʝʮʢʠʡ 

ʠʟʦʙʨʝʪʘʪʝʣʴ, ʈʫʜʦʣʴʬ ɼʠʟʝʣʴ, ʧʨʝʜʩʪʘʚʠʣ ʤʠʨʫ ʛʦʪʦʚʳʡ ʵʢʟʝʤʧʣʷʨ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʛʦ 

ʤʦʪʦʨʘ, ʧʨʝʜʩʪʘʚʣʷʚʰʠʡ ʩʦʙʦʡ 3-ʭ ʤʝʪʨʦʚʳʡ ʞʝʣʝʟʥʳʡ ʮʠʣʠʥʜʨ, ʚ ʢʦʪʦʨʦʤ ʙʳʣ ʫʩʪʘʥʦʚʣʝʥ 

ʤʘʭʦʚʠʢ, ʧʨʠʚʦʜʠʚʰʠʡ ʧʦʨʰʝʥʴ ʚ ʜʚʠʞʝʥʠʝ. ʄʦʱʥʦʩʪʴ ʜʘʥʥʦʡ ʫʩʪʘʥʦʚʢʠ ʩʦʩʪʘʚʣʷʣʘ 20 ʣ.ʩ., 

ʢʦʵʬʬʠʮʠʝʥʪ ʧʦʣʝʟʥʦʛʦ ʜʝʡʩʪʚʠʷ ï 30%. ʕʬʬʝʢʪʠʚʥʦʩʪʠ ʜʚʠʛʘʪʝʣʷ ʥʝ ʙʳʣʦ ʨʘʚʥʳʭ ʩʨʝʜʠ 

ʧʘʨʦʚʳʭ ʘʥʘʣʦʛʦʚ: ʦʥ ʧʨʝʚʦʩʭʦʜʠʣ ʠʭ ʧʦ ʵʢʦʥʦʤʠʯʥʦʩʪʠ ʚ 4 ʨʘʟʘ. 

ɺ 2000-ʭ ʛʛ ʜʠʟʝʣʴʥʳʡ ʜʚʠʛʘʪʝʣʴ ʨʝʟʢʦ ʥʘʯʘʣ ʧʦʣʴʟʦʚʘʪʴʩʷ ʧʦʧʫʣʷʨʥʦʩʪʴʶ ï ʧʨʦʠʟʦʰʝʣ 

ʥʘʩʪʦʷʱʠʡ ʙʫʤ ʥʘ ʬʦʥʝ ʨʘʩʪʫʱʠʭ ʮʝʥ ʥʘ ʵʥʝʨʛʦʥʦʩʠʪʝʣʠ ʠ ʘʢʪʫʘʣʠʟʠʨʦʚʘʥʥʦʡ ʧʨʦʙʣʝʤʳ 

ʛʣʦʙʘʣʴʥʦʛʦ ʧʦʪʝʧʣʝʥʠʷ. 

ʈʘʩʧʨʦʩʪʨʘʥʷʣʘʩʴ ʠʥʬʦʨʤʘʮʠʷ ʦ ʪʦʤ, ʯʪʦ ʜʠʟʪʦʧʣʠʚʦ ʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʦ, ʯʝʤ ʙʝʥʟʠʥ, ʠ 

ʨʘʩʭʦʜʫʝʪʩʷ ʙʦʣʝʝ ʵʢʦʥʦʤʠʯʥʦ. ʉʨʝʜʠ ʜʨʫʛʠʭ ʜʦʩʪʦʠʥʩʪʚ ʜʠʟʝʣʴʥʦʡ ʫʩʪʘʥʦʚʢʠ ʚʳʜʝʣʷʶʪʩʷ 

ʜʦʣʛʦʚʝʯʥʦʩʪʴ ʠ ʥʘʜʝʞʥʦʩʪʴ ʚ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʚ ʩʠʣʫ ʪʦʛʦ, ʯʪʦ ʜʘʥʥʳʡ ʚʠʜ ʪʦʧʣʠʚʘ ʷʚʣʷʝʪʩʷ 

ʦʜʥʦʚʨʝʤʝʥʥʦ ʠ ʩʤʘʟʦʯʥʳʤ ʤʘʪʝʨʠʘʣʦʤ, ʧʨʝʜʦʭʨʘʥʷʶʱʠʤ ʫʟʣʳ ʘʚʪʦʤʦʙʠʣʷ ʦʪ ʠʟʥʦʩʘ. 

ɼʠʟʝʣʴʥʳʡ ʜʚʠʛʘʪʝʣʴ ʠʤʝʝʪ ʤʦʱʥʫʶ ʪʷʛʫ, ʷʚʣʷʶʱʫʶʩʷ ʩʣʝʜʩʪʚʠʝʤ ʙʦʣʴʰʦʛʦ ʜʘʚʣʝʥʠʷ 

ʚʥʫʪʨʠ ʮʠʣʠʥʜʨʦʚ, ʚʦʟʤʦʞʥʦʩʪʠ ʨʘʙʦʪʳ ʥʘ ʥʠʟʢʠʭ ʦʙʦʨʦʪʘʭ. 
ɺ ʢʘʯʝʩʪʚʝ ʛʣʘʚʥʦʛʦ ʧʨʝʠʤʫʱʝʩʪʚʘ ʚʳʩʪʫʧʘʣʘ ʵʢʦʣʦʛʠʯʥʦʩʪʴ ʜʠʟʝʣʷ: ʦʥ ʚʳʜʝʣʷʣ ʚ 

ʘʪʤʦʩʬʝʨʫ ʤʝʥʴʰʝ ʫʛʣʝʢʠʩʣʦʛʦ ʛʘʟʘ (CO2), ʩʯʠʪʘʚʰʝʛʦʩʷ ʧʝʨʚʦʩʪʝʧʝʥʥʦʡ ʧʨʠʯʠʥʦʡ 

ʛʣʦʙʘʣʴʥʦʛʦ ʧʦʪʝʧʣʝʥʠʷ ʠ ʚʳʤʠʨʘʥʠʷ ʥʝʢʦʪʦʨʳʭ ʚʠʜʦʚ ʞʠʚʦʪʥʳʭ. ʀʥʬʦʨʤʘʮʠʷ ʦ ʚʳʙʨʦʩʘʭ 

ʦʢʠʩʠ ʘʟʦʪʘ (NO), ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʥʝ ʙʳʣʘ ʫʯʪʝʥʘ. 

ʃʠʜʝʨʳ ɽʚʨʦʩʦʶʟʘ ʘʢʪʠʚʥʦ ʧʨʠʥʠʤʘʣʠ ʫʯʘʩʪʠʝ ʚ ʧʦʧʫʣʷʨʠʟʘʮʠʠ ʜʠʟʝʣʴʥʳʭ ʜʚʠʛʘʪʝʣʝʡ. 

ɺʚʦʜʠʣʠʩʴ ʨʘʟʣʠʯʥʳʝ ʣʴʛʦʪʳ, ʚʳʜʝʣʷʣʠʩʴ ʦʛʨʦʤʥʳʝ ʩʨʝʜʩʪʚʘ ʥʘ ʨʘʟʨʘʙʦʪʢʠ. ʅʦ ʚʳʙʨʦʩʳ 

ʦʢʠʩʠ ʘʟʦʪʘ ʧʦʩʪʝʧʝʥʥʦ ʥʘʯʠʥʘʣʠ ʜʘʚʘʪʴ ʦ ʩʝʙʝ ʟʥʘʪʴ. ʇʝʨʚʳʤʠ ʧʦʩʪʨʘʜʘʣʠ ʢʨʫʧʥʳʝ ʛʦʨʦʜʘ ï 

ʇʘʨʠʞ, ʃʦʥʜʦʥ. ʆʩʝʥʴʶ 2014 ʛ ʠʟ-ʟʘ ʪʷʞʝʣʦʛʦ ʩʤʦʛʘ ʚ ʩʪʦʣʠʮʝ ʌʨʘʥʮʠʠ ʚʚʝʣʠ ʪʨʝʭʜʥʝʚʥʳʡ 

ʟʘʧʨʝʪ ʥʘ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʜʠʟʝʣʴʥʳʭ ʘʚʪʦʤʦʙʠʣʝʡ. ʇʦʩʣʝ ʵʪʦʛʦ ʩʣʫʯʘʷ ʥʘʯʘʣʠ ʜʫʤʘʪʴ ʠ ʦ ʪʦʤ, 

ʯʪʦʙʳ ʟʘʧʨʝʪʠʪʴ ʠʭ ʥʘʚʩʝʛʜʘ. 
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18 ʩʝʥʪʷʙʨʷ 2015 ʛ ʙʳʣʘ ʨʘʩʢʨʳʪʘ ʘʬʝʨʘ ʩ ʜʚʠʛʘʪʝʣʷʤʠ ʢʦʥʮʝʨʥʘ Volkswagen (VW), ʚ 

ʧʦʩʣʝʜʩʪʚʠʠ ʧʦʣʫʯʠʚʰʘʷ ʥʘʟʚʘʥʠʝ çɼʠʟʝʣʴʛʝʡʪè. ɸʛʝʥʪʩʪʚʦ ʧʦ ʦʭʨʘʥʝ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ ʚ 

ʉʐɸ ʚʳʩʪʫʧʠʣʦ ʩ ʟʘʷʚʣʝʥʠʝʤ, ʯʪʦ ʜʚʫʭʣʠʪʨʦʚʳʝ ʜʠʟʝʣʴʥʳʝ ʤʦʪʦʨʳ VW ʩʝʨʠʠ EA 189 ʥʝ 

ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʟʘʷʚʣʝʥʥʦʤʫ ʫʨʦʚʥʶ ʚʳʙʨʦʩʦʚ ʚʳʭʣʦʧʥʳʭ ʛʘʟʦʚ. ɺʳʷʩʥʠʣʦʩʴ, ʯʪʦ ʢʦʥʮʝʨʥ 

ʫʩʪʘʥʘʚʣʠʚʘʣ ʥʘ ʩʚʦʠ ʘʚʪʦʤʦʙʠʣʠ ʧʨʦʛʨʘʤʤʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ, ʢʦʪʦʨʦʝ ʚ ʜʝʩʷʪʢʠ ʨʘʟ ʟʘʥʠʞʘʣʦ 

ʧʦʢʘʟʘʪʝʣʠ ʚʨʝʜʥʳʭ ʚʳʙʨʦʩʦʚ ʚʦ ʚʨʝʤʷ ʩʝʨʪʠʬʠʢʘʮʠʦʥʥʳʭ ʠʩʧʳʪʘʥʠʡ. ʇʨʦʙʣʝʤʘ ʧʨʠʦʙʨʝʣʘ 

ʢʨʘʡʥʝ ʩʝʨʴʝʟʥʳʡ ʭʘʨʘʢʪʝʨ ï ʚ ʉʐɸ Volkswagen ʫʩʧʝʣ ʧʨʦʜʘʪʴ ʦʢʦʣʦ 500 ʪʳʩ. ʘʚʪʦʤʦʙʠʣʝʡ ʩ 

ʤʦʪʦʨʦʤ EA 189, ʘ ʚʦ ʚʩʝʤ ʤʠʨʝ ï ʧʦʨʷʜʢʘ 11 ʤʣʥ. 

ɺ ʨʘʤʢʘʭ ʨʘʩʩʣʝʜʦʚʘʥʠʷ ʢʦʥʮʝʨʥ ʙʳʣ ʦʙʷʟʘʥ ʦʪʦʟʚʘʪʴ ʧʨʦʜʘʥʥʳʝ ʘʚʪʦʤʦʙʠʣʠ ʩ ʤʦʪʦʨʦʤ 

EA 189 ʠ ʚʦʟʤʝʩʪʠʪʴ ʫʱʝʨʙ ʧʦ ʢʨʫʧʥʝʡʰʝʤʫ ʠʩʢʫ, ʢʦʛʜʘ-ʣʠʙʦ ʧʨʝʜʲʷʚʣʝʥʥʦʤʫ 

ʘʚʪʦʧʨʦʠʟʚʦʜʠʪʝʣʶ. ʂʣʠʝʥʪʳ Volkswagen ʪʘʢʞʝ ʧʦʪʨʝʙʦʚʘʣʠ ʦʪ ʢʦʤʧʘʥʠʠ ʢʦʤʧʝʥʩʘʮʠʶ ʚ 

ʩʚʷʟʠ ʩ ʪʝʤ, ʯʪʦ ʦʥʠ ʥʝ ʩʤʦʛʣʠ ʧʨʦʜʘʪʴ ʤʘʰʠʥʳ ʧʦ ʧʣʘʥʠʨʫʝʤʳʤ ʮʝʥʘʤ. ʀʟ-ʟʘ ʩʢʘʥʜʘʣʘ ʩ 

ʥʝʜʦʩʪʦʚʝʨʥʳʤʠ ʧʦʢʘʟʘʪʝʣʷʤʠ ʚʳʙʨʦʩʦʚ ʚʨʝʜʥʳʭ ʚʝʱʝʩʪʚ ʩʪʦʠʤʦʩʪʴ ʘʚʪʦʤʦʙʠʣʝʡ ʤʘʨʢʠ ʥʘ 

ʜʦʤʘʰʥʝʤ ʨʳʥʢʝ ʨʝʟʢʦ ʩʥʠʟʠʣʘʩʴ. ɸʢʮʠʠ Volkswagen ʟʥʘʯʠʪʝʣʴʥʦ ʧʦʜʝʰʝʚʝʣʠ, 

ʤʘʰʠʥʦʩʪʨʦʠʪʝʣʴʥʘʷ ʦʪʨʘʩʣʴ ɻʝʨʤʘʥʠʠ ʧʦʥʝʩʣʘ ʫʙʳʪʢʠ. 

ɺ VW ʧʦʜʩʯʠʪʘʣʠ, ʯʪʦ ʧʦʪʝʨʠ ʦʪ ɼʠʟʝʣʴʛʝʡʪʘ, ʢʦʪʦʨʳʡ ʩʣʫʯʠʣʩʷ ʰʝʩʪʴ ʣʝʪ ʥʘʟʘʜ, 

ʩʦʩʪʘʚʠʣʠ ʦʢʦʣʦ 35 ʤʠʣʣʠʘʨʜʦʚ ʝʚʨʦ. ɼʘʥʥʘʷ ʩʫʤʤʘ ʧʦʰʣʘ ʥʘ ʦʧʣʘʪʫ ʰʪʨʘʬʦʚ, ʢʦʤʧʝʥʩʘʮʠʡ, 

ʦʪʟʳʚʥʳʝ ʢʘʤʧʘʥʠʠ, ʚʳʢʫʧ ʘʚʪʦʤʦʙʠʣʝʡ ʠ ʨʘʟʣʠʯʥʳʝ ʵʢʦʣʦʛʠʯʝʩʢʠʝ ʧʨʦʛʨʘʤʤʳ ʧʦ ʚʩʝʤʫ 

ʤʠʨʫ. ʅʝʤʝʮʢʠʡ ʧʨʦʠʟʚʦʜʠʪʝʣʴ ʦʞʠʜʘʝʪ, ʯʪʦ ʦʪʪʦʢ ʜʝʥʝʞʥʳʭ ʩʨʝʜʩʪʚ ʙʫʜʝʪ ʧʨʦʜʦʣʞʘʪʴʩʷ ʠ 

ʜʘʣʝʝ. ʆʩʪʘʚʰʠʝʩʷ ʚʳʧʣʘʪʳ ʫʞʝ ʟʘʣʦʞʝʥʳ ʚ ʙʶʜʞʝʪ ʢʦʤʧʘʥʠʠ. 

ʇʦʩʣʝʜʩʪʚʠʷ ɼʠʟʝʣʴʛʝʡʪʘ ʟʘʪʨʦʥʫʣʠ ʥʝ ʪʦʣʴʢʦ ʩʧʨʦʚʦʮʠʨʦʚʘʚʰʫʶ ʩʢʘʥʜʘʣ Volkswagen 

Group, ʥʦ ʠ ʚʩʶ ʘʚʪʦʤʦʙʠʣʴʥʫʶ ʧʨʦʤʳʰʣʝʥʥʦʩʪʴ ʚ ʮʝʣʦʤ. ʇʨʦʚʝʨʢʠ ʥʘ ʥʘʨʫʰʝʥʠʷ ʧʨʦʚʝʣʠ 

ʚ ʪʘʢʠʭ ʥʝʤʝʮʢʠʭ ʘʚʪʦʢʦʥʮʝʨʥʘʭ, ʢʘʢ Daimler ʠ BMW, ʙʳʣʠ ʚʳʷʚʣʝʥʳ ʥʘʨʫʰʝʥʠʷ (ʭʦʪʷ ʠ 

ʤʝʥʝʝ ʟʥʘʯʠʪʝʣʴʥʳʭ) ʩʦ ʩʪʦʨʦʥʳ ʠ ʵʪʠʭ ʘʚʪʦʧʨʦʠʟʚʦʜʠʪʝʣʝʡ, ʯʪʦ ʥʝʛʘʪʠʚʥʦ ʧʦʚʣʠʷʣʦ ʥʘ ʠʭ 

ʧʨʦʜʘʞʠ. 

ʂʨʦʤʝ ʪʦʛʦ, ʙʦʣʴʰʠʥʩʪʚʦ ʤʠʨʦʚʳʭ ʘʚʪʦʧʨʦʠʟʚʦʜʠʪʝʣʝʡ ʥʘʯʘʣʦ ʦʪʢʘʟʳʚʘʪʴʩʷ ʦʪ 

ʧʨʦʠʟʚʦʜʩʪʚʘ ʜʠʟʝʣʴʥʳʭ ʣʝʛʢʦʚʳʭ ʘʚʪʦʤʦʙʠʣʝʡ, ɽʚʨʦʩʦʶʟ ʚʚʝʣ ʙʦʣʝʝ ʩʣʦʞʥʫʶ ʧʨʦʮʝʜʫʨʫ 

ʧʨʦʚʝʨʢʠ ʵʢʦʣʦʛʠʯʝʩʢʦʡ ʯʠʩʪʦʪʳ ʠ ʨʘʩʭʦʜʘ ʪʦʧʣʠʚʘ WLTP. ɺ ʯʘʩʪʥʦʩʪʠ, ʥʝʤʝʮʢʠʝ, ʰʚʝʜʩʢʠʝ 

ʠ ʨʷʜ ʜʨʫʛʠʭ Original Equipment Manufacturers (ʆɽʄ) ʧʨʠʥʷʣʠ ʜʦʣʛʦʩʨʦʯʥʳʝ ʧʨʦʛʨʘʤʤʳ ʧʦ 

ʧʝʨʝʭʦʜʫ ʥʘ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʣʝʛʢʦʚʳʝ ʧʣʘʪʬʦʨʤʳ ʩ ʘʚʪʦʥʦʤʥʳʤ ʵʣʝʢʪʨʦʧʨʠʚʦʜʦʤ (ʥʘ 

ʘʚʪʦʤʦʙʠʣʴʥʳʭ ʘʢʢʫʤʫʣʷʪʦʨʘʭ ʠʣʠ ʪʦʧʣʠʚʥʳʭ ʵʣʝʤʝʥʪʘʭ), ʚ ʙʣʠʞʥʝʡ ʠ ʩʨʝʜʥʝʩʨʦʯʥʦʡ 

ʧʝʨʩʧʝʢʪʠʚʝ ʧʨʝʜʫʩʤʘʪʨʠʚʘʝʪʩʷ ʪʘʢʞʝ ʧʝʨʝʭʦʜ ʥʘ ʛʠʙʨʠʜʥʳʝ ʪʨʘʥʩʤʠʩʩʠʠ PHEV. ʆʙ ʦʪʢʘʟʝ 

ʦʪ ʧʨʦʜʘʞ ʠ ʜʘʣʴʥʝʡʰʝʡ ʨʘʟʨʘʙʦʪʢʠ ʜʠʟʝʣʴʥʳʭ ʣʝʛʢʦʚʳʭ ʤʦʜʝʣʝʡ ʟʘʷʚʠʣʠ ʪʘʢʞʝ ʨʷʜ ʷʧʦʥʩʢʠʭ 

ʠ ʢʦʨʝʡʩʢʠʭ ʘʚʪʦʧʨʦʠʟʚʦʜʠʪʝʣʝʡ, ʘ ʚ ʂʠʪʘʝ ʩ 2019 ʛ ʚʚʦʜʷʪʩʷ ʦʙʷʟʘʪʝʣʴʥʳʝ ʢʚʦʪʳ ʥʘ ʧʨʦʜʘʞʫ 

ʦʧʨʝʜʝʣʝʥʥʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʵʣʝʢʪʨʦʤʦʙʠʣʝʡ ʠ ʛʠʙʨʠʜʦʚ ʢʘʞʜʳʤ ʙʨʝʥʜʦʤ, ʙʣʘʛʦʜʘʨʷ ʯʝʤʫ ʚ 

ʥʘʠʙʦʣʝʝ ʚʳʠʛʨʳʰʥʦʤ ʧʦʣʦʞʝʥʠʠ ʦʢʘʟʘʣʠʩʴ ʠʤʝʥʥʦ ʤʝʩʪʥʳʝ ʘʚʪʦʧʨʦʠʟʚʦʜʠʪʝʣʠ. 

ɺ ʩʪʨʘʥʘʭ-ʣʠʜʝʨʘʭ ɽʚʨʦʩʦʶʟʘ ʧʨʠʥʷʪʦ ʨʝʰʝʥʠʝ ʚ ʜʦʣʛʦʩʨʦʯʥʦʡ ʧʝʨʩʧʝʢʪʠʚʝ (ʚ ʧʝʨʠʦʜ 

ʤʝʞʜʫ 2025 ʛ ʠ 2040 ʛ.) ʧʦʣʥʦʩʪʴʶ ʟʘʧʨʝʪʠʪʴ ʧʨʦʜʘʞʫ ʘʚʪʦʤʦʙʠʣʝʡ ʩ ʜʚʠʛʘʪʝʣʝʤ ʚʥʫʪʨʝʥʥʝʛʦ 

ʩʛʦʨʘʥʠʷ (ʢʘʢ ʜʠʟʝʣʴʥʳʤ, ʪʘʢ ʠ ʚʩʝʭ ʧʨʦʯʠʭ). ʉʪʨʘʥʳ ɿʘʧʘʜʥʦʡ ɽʚʨʦʧʳ, ʂʠʪʘʡ ʠ ʉʐɸ 

ʟʘʠʥʪʝʨʝʩʦʚʘʥʳ ʘʢʢʫʤʫʣʷʪʦʨʥʳʤʠ ʘʚʪʦʤʦʙʠʣʷʤʠ (BEV) ʠ ʛʠʙʨʠʜʘʤʠ (PHEV) [1, ʩ. 128-133]. 
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ʂʨʦʤʝ ʪʦʛʦ, ʚ ʩʪʨʘʥʘʭ ʉʝʚʝʨʥʦʡ ɽʚʨʦʧʳ ʠ ɻʝʨʤʘʥʠʠ ʥʘʙʣʶʜʘʝʪʩʷ ʦʪʨʠʮʘʪʝʣʴʥʘʷ 

ʜʠʥʘʤʠʢʘ ʩʧʨʦʩʘ ʥʘ ʜʠʟʝʣʴʥʳʝ ʣʝʛʢʦʚʳʝ ʘʚʪʦʤʦʙʠʣʠ, ʠʟʤʝʨʷʝʤʘʷ ʜʝʩʷʪʢʘʤʠ ʧʨʦʮʝʥʪʦʚ 

ʝʞʝʤʝʩʷʯʥʦ. ʉʦʛʣʘʩʥʦ ʜʘʥʥʦʤʫ ʪʨʝʥʜʫ, ʠʭ ʧʨʦʜʘʞʠ ʜʦʣʞʥʳ ʧʨʝʢʨʘʪʠʪʴʩʷ ʚ ʙʣʠʞʘʡʰʠʝ ʧʘʨʫ 

ʣʝʪ. 

ɽʩʪʴ ʚʩʝ ʦʩʥʦʚʘʥʠʷ ʧʦʣʘʛʘʪʴ, ʯʪʦ ʠʤʝʥʥʦ ɼʠʟʝʣʴʛʝʡʪ ʦʢʘʟʘʣ ʩʦʜʝʡʩʪʚʠʝ ʩʤʝʥʝ 

ʧʨʠʦʨʠʪʝʪʦʚ ʚ ʤʠʨʦʚʦʤ ʘʚʪʦʧʨʦʤʝ, ʩʜʝʣʘʚ ʧʝʨʝʦʨʠʝʥʪʘʮʠʶ ʥʘ ʵʣʝʢʪʨʦʧʨʠʚʦʜ ʧʨʠ 

ʧʨʦʠʟʚʦʜʩʪʚʝ ʘʚʪʦʤʦʙʠʣʝʡ ʦʩʥʦʚʥʦʡ ʩʪʨʘʪʝʛʠʯʝʩʢʦʡ ʮʝʣʴʶ. 

ʂʨʫʧʥʳʝ ʘʚʪʦʧʨʦʠʟʚʦʜʠʪʝʣʠ ʥʘʯʘʣʠ ʚʢʣʘʜʳʚʘʪʴ ʦʛʨʦʤʥʳʝ ʩʨʝʜʩʪʚʘ ʚ ʧʨʦʝʢʪʳ 

ʵʣʝʢʪʨʦʤʦʙʠʣʝʡ. ʇʨʝʠʤʫʱʝʩʪʚʘ ʧʦʩʣʝʜʥʠʭ ʦʯʝʚʠʜʥʳ. ɺʦ-ʧʝʨʚʳʭ, ʵʪʦ ʥʘʜʝʞʥʦʩʪʴ ʩʠʣʦʚʦʡ 

ʫʩʪʘʥʦʚʢʠ, ʢʦʪʦʨʘʷ ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ ʟʘ ʩʯʝʪ ʤʠʥʠʤʘʣʴʥʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʧʦʜʚʠʞʥʳʭ ʯʘʩʪʝʡ, 

ʚʳʩʦʢʦʛʦ ʨʝʩʫʨʩʘ ʫ ʤʦʪʦʨʘ ʠ ʝʜʠʥʩʪʚʝʥʥʦʡ ʩʪʫʧʝʥʠ ʚ ʪʨʘʥʩʤʠʩʩʠʠ. ɺʦ-ʚʪʦʨʳʭ, ʵʪʦ 

ʙʝʟʦʧʘʩʥʦʩʪʴ, ʜʦʩʪʠʛʘʝʤʘʷ ʙʣʘʛʦʜʘʨʷ ʦʪʩʫʪʩʪʚʠʶ ʙʦʣʴʰʦʛʦ ʜʚʠʛʘʪʝʣʷ, ʢʦʪʦʨʳʡ ʚ ʩʣʫʯʘʝ 

ʩʪʦʣʢʥʦʚʝʥʠʷ ʤʦʛ ʙʳ ʪʨʘʚʤʠʨʦʚʘʪʴ ʧʘʩʩʘʞʠʨʦʚ, ʠ ʥʠʟʢʦʤʫ ʮʝʥʪʨʫ ʪʷʞʝʩʪʠ, ʜʝʣʘʶʱʝʤʫ 

ʤʘʰʠʥʫ ʙʦʣʝʝ ʫʧʨʘʚʣʷʝʤʦʡ ʠ ʤʝʥʝʝ ʩʢʣʦʥʥʦʡ ʢ ʧʝʨʝʚʦʨʦʪʘʤ. ɺ-ʪʨʝʪʴʠʭ, ʵʢʦʣʦʛʠʯʥʦʩʪʴ ʚ ʩʠʣʫ 

ʦʪʩʫʪʩʪʚʠʷ ʚʨʝʜʥʳʭ ʚʳʙʨʦʩʦʚ. 

ʉʝʛʦʜʥʷ ʧʨʦʠʟʚʦʜʩʪʚʦ ʵʣʝʢʪʨʦʤʦʙʠʣʝʡ ʠʤʝʝʪ ʧʦʣʦʞʠʪʝʣʴʥʳʝ ʪʝʤʧʳ ʨʦʩʪʘ. ʀʭ ʦʪʣʠʯʘʝʪ 

ʣʝʛʢʦʩʪʴ ʚ ʫʧʨʘʚʣʝʥʠʠ ʠ ʢʦʥʩʪʨʫʠʨʦʚʘʥʠʠ (ʦʙʱʠʡ ʦʙʲʝʤ ʘʛʨʝʛʘʪʦʚ ʠ ʦʙʦʨʫʜʦʚʘʥʠʷ ʧʨʠʤʝʨʥʦ 

ʪʦʪ ʞʝ, ʯʪʦ ʠ ʜʣʷ ʜʚʠʛʘʪʝʣʝʡ ʚʥʫʪʨʝʥʥʝʛʦ ʩʛʦʨʘʥʠʷ (ɼɺʉ) ʩ ʪʨʘʥʩʤʠʩʩʠʝʡ, ʥʦ ʠʭ ʤʦʞʥʦ ʩʪʘʚʠʪʴ 

ʧʦ-ʨʘʟʥʦʤʫ, ʠ ʵʪʦ ʜʘʝʪ ʛʦʨʘʟʜʦ ʙʦʣʴʰʝ ʩʚʦʙʦʜʳ ʧʨʠ ʠʭ ʢʦʤʧʦʥʦʚʢʝ), ʩʧʦʩʦʙʥʦʩʪʴ ʙʳʩʪʨʦ 

ʨʘʟʚʠʚʘʪʴ ʩʢʦʨʦʩʪʴ. 

ʆʜʥʘʢʦ, ʧʨʦʠʟʚʦʜʩʪʚʦ ʵʣʝʢʪʨʦʤʘʰʠʥ ʠ ʘʢʢʫʤʫʣʷʪʦʨʦʚ ʚʣʝʯʝʪ ʵʢʦʣʦʛʠʯʝʩʢʠʝ 

ʧʦʩʣʝʜʩʪʚʠʷ ʚ ʚʠʜʝ ʦʛʨʦʤʥʳʭ ʚʳʙʨʦʩʦʚ, ʠ ʜʘʥʥʦʝ ʦʙʩʪʦʷʪʝʣʴʩʪʚʦ ʦʪʯʘʩʪʠ ʥʠʚʝʣʠʨʫʝʪ 

ʧʨʝʠʤʫʱʝʩʪʚʘ ʧʨʠ ʵʢʩʧʣʫʘʪʘʮʠʠ. ʅʝʣʴʟʷ ʟʘʙʳʚʘʪʴ ʠ ʦ ʪʝʭ ʧʨʦʙʣʝʤʘʭ, ʢʦʪʦʨʳʝ ʩʦʟʜʘʝʪ 

ʫʪʠʣʠʟʘʮʠʷ. ʀʟʚʝʩʪʥʦ, ʯʪʦ ʦʜʥʘ ʧʘʣʴʯʠʢʦʚʘʷ ʙʘʪʘʨʝʡʢʘ ʩʧʦʩʦʙʥʘ ʟʘʛʨʷʟʥʠʪʴ 400 ʣʠʪʨʦʚ ʚʦʜʳ 

ʠ 20 ʢʚʘʜʨʘʪʥʳʭ ʤʝʪʨʦʚ ʧʦʯʚʳ. ʇʦʵʪʦʤʫ ʦʪʨʘʙʦʪʘʚʰʠʤ ʘʚʪʦʤʦʙʠʣʴʥʳʤ ʘʢʢʫʤʫʣʷʪʦʨʘʤ 

ʥʝʦʙʭʦʜʠʤ ʜʦʚʦʣʴʥʦ ʩʣʦʞʥʳʡ ʧʨʦʮʝʩʩ ʫʪʠʣʠʟʘʮʠʠ.  

ɺ ʘʢʢʫʤʫʣʷʪʦʨʘʭ ʪʘʢʞʝ ʠʩʧʦʣʴʟʫʝʪʩʷ ʨʝʜʢʦʟʝʤʝʣʴʥʳʝ ʤʝʪʘʣʣʳ (ʣʠʪʠʡ, ʢʦʙʘʣʴʪ, 

ʤʘʨʛʘʥʝʮ ʠ ʜʨʫʛʠʝ), ʫʚʝʣʠʯʠʪʴ ʜʦʙʳʯʫ ʢʦʪʦʨʳʭ ʩʦʚʩʝʤ ʥʝ ʧʨʦʩʪʦ, ʧʨʠ ʵʪʦʤ ʤʦʞʝʪ ʦʱʫʪʠʤʦ 

ʚʦʟʨʘʩʪʠ ʠʭ ʩʪʦʠʤʦʩʪʴ. ʂ ʪʦʤʫ ʞʝ, ʩʪʦʠʤʦʩʪʴ ʵʣʝʢʪʨʦʢʘʨʘ ʧʨʝʚʳʰʘʝʪ ʩʪʦʠʤʦʩʪʴ ʘʚʪʦʤʦʙʠʣʷ ʩ 

ɼɺʉ [2, ʩ. 43]. 

ɺʦʟʤʦʞʥʦ ʣʠ ʦʙʝʩʧʝʯʠʪʴ ʧʦʣʥʦʩʪʴʶ ʵʣʝʢʪʨʦʤʦʙʠʣʴʥʦʝ ʙʫʜʫʱʝʝ? ʅʝʪ ï ʪʘʢʠʝ 

ʘʚʪʦʤʦʙʠʣʠ ʩʣʠʰʢʦʤ ʪʨʝʙʦʚʘʪʝʣʴʥʳ ʢ ʠʥʬʨʘʩʪʨʫʢʪʫʨʝ. ʅʝʦʙʭʦʜʠʤʦ ʙʫʜʝʪ ʧʦʩʪʨʦʠʪʴ 

ʦʛʨʦʤʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʩʪʘʥʮʠʡ, ʚʳʨʘʙʘʪʳʚʘʶʱʠʭ ʵʣʝʢʪʨʦʵʥʝʨʛʠʶ. ɺ ʦʩʥʦʚʥʦʤ ʩʪʨʦʷʪʩʷ 

ʵʣʝʢʪʨʦʩʪʘʥʮʠʠ ʩʣʝʜʫʶʱʠʭ ʚʠʜʦʚ: ʪʝʧʣʦʚʳʝ (ʊʕʉ), ʛʠʜʨʦ- (ɻʕʉ), ʘʪʦʤʥʳʝ (ɸʕʉ). 

ʈʘʩʩʤʦʪʨʠʤ ʚʣʠʷʥʠʝ, ʢʦʪʦʨʦʝ ʜʘʥʥʳʝ ʚʠʜʳ ʩʪʘʥʮʠʡ ʦʢʘʟʳʚʘʶʪ ʥʘ ʵʢʦʣʦʛʠʶ: 

ï ʊʕʉ ʟʘʛʨʷʟʥʷʶʪ ʘʪʤʦʩʬʝʨʫ ʚʳʙʨʦʩʘʤʠ ʛʘʟʘ ʠ ʟʦʣʳ, ʚʦʜʦʝʤʳ ï ʪʝʧʣʦʡ ʚʦʜʦʡ;  

ï ɻʕʉ ʪʨʝʙʫʶʪ ʧʦʩʪʨʦʡʢʠ ʧʣʦʪʠʥʳ, ʥʘʨʫʰʘʶʪ ʩʣʦʞʠʚʰʠʡʩʷ ʙʘʣʘʥʩ ʵʢʦʩʠʩʪʝʤʳ;  

ï ɸʕʉ ʪʘʢʞʝ ʠʟʤʝʥʷʶʪ ʤʠʢʨʦʢʣʠʤʘʪ, ʩʦʩʪʦʷʥʠʝ ʚʦʜ.  

ʉʫʱʝʩʪʚʝʥʥʳʤ ʠʟʲʷʥʦʤ ʚ ʢʦʥʮʝʧʮʠʠ ʪʘʢʞʝ ʷʚʣʷʝʪʩʷ ʜʦʣʛʘʷ ʟʘʨʷʜʢʘ ʵʣʝʢʪʨʦʢʘʨʘ ʥʘ 

ʟʘʧʨʘʚʦʯʥʦʡ ʩʪʘʥʮʠʠ. ɺʨʝʤʷ ʟʘʚʠʩʠʪ ʦʪ ʧʨʦʠʟʚʦʜʠʪʝʣʷ, ʥʦ ʦʙʳʯʥʦ ʟʘʥʠʤʘʝʪ ʦʪ 2-ʭ ʯʘʩʦʚ (ʜʣʷ 
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ʩʨʘʚʥʝʥʠʷ: ʥʘ ʟʘʧʨʘʚʢʫ ʙʝʥʟʠʥʦʚʦʛʦ ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʩʨʝʜʩʪʚʘ ʫʭʦʜʠʪ ʥʝ ʙʦʣʝʝ 5 ʤʠʥʫʪ). ʇʨʠ 

ʪʘʢʦʡ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʠ ʟʘʨʷʜʢʠ, ʧʨʠ ʫʩʣʦʚʠʠ ʧʦʚʩʝʤʝʩʪʥʦʛʦ ʧʝʨʝʭʦʜʘ ʥʘ ʵʣʝʢʪʨʦʪʷʛʫ 

ʧʦʪʨʝʙʫʝʪʩʷ ʢʦʣʦʩʩʘʣʴʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʩʪʘʥʮʠʡ.  

ʕʣʝʢʪʨʦʜʚʠʛʘʪʝʣʴ ï ʥʝ ʝʜʠʥʩʪʚʝʥʥʘʷ ʘʣʴʪʝʨʥʘʪʠʚʘ ʙʝʥʟʠʥʦʚʦʤʫ. ʆʙʨʘʪʠʚʰʠʩʴ ʢ 

ʠʩʪʦʨʠʠ, ʤʦʞʥʦ ʚʳʷʩʥʠʪʴ, ʯʪʦ ʛʘʟʦʚʳʡ ʜʚʠʛʘʪʝʣʴ ʧʦʷʚʠʣʩʷ ʨʘʥʴʰʝ, ʯʝʤ ʙʝʥʟʠʥʦʚʳʡ. 

ʅʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʩʧʨʦʩ ʥʘ ʛʘʟʦʤʦʪʦʨʥʦʝ ʪʦʧʣʠʚʦ ʠʤʝʝʪ ʧʦʣʦʞʠʪʝʣʴʥʫʶ ʪʝʥʜʝʥʮʠʶ. 

ɺʠʜʦʚ ʛʘʟʘ ʦʯʝʥʴ ʤʥʦʛʦ, ʥʦ ʜʣʷ ʘʚʪʦʤʦʙʠʣʝʡ ʚ ʦʩʥʦʚʥʦʤ ʠʩʧʦʣʴʟʫʝʪʩʷ ʤʝʪʘʥ. ʄʝʪʘʥʫ 

ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʭʠʤʠʯʝʩʢʘʷ ʬʦʨʤʫʣʘ CH4, ʝʛʦ ʤʦʣʝʢʫʣʳ ʤʘʢʩʠʤʘʣʴʥʦ ʧʨʦʩʪʳ ʠ ʧʦʵʪʦʤʫ ʚ 

ʧʨʦʮʝʩʩʝ ʛʦʨʝʥʠʷ ʚʳʧʫʩʢʘʝʪʩʷ ʤʠʥʠʤʫʤ ʧʦʙʦʯʥʳʭ ʧʨʦʜʫʢʪʦʚ [3, ʩ. 8]. ʀʟʚʝʩʪʥʦ, ʯʪʦ ʛʘʟ 

ʚʳʜʝʣʷʝʪ ʚ ʩʨʝʜʥʝʤ ʚ 4 ʨʘʟʘ ʤʝʥʴʰʝ ʚʳʭʣʦʧʦʚ, ʯʝʤ ʙʝʥʟʠʥ, ʚʩʣʝʜʩʪʚʠʝ ʯʝʛʦ ʣʶʙʦʡ 

ʩʦʚʨʝʤʝʥʥʳʡ ʛʘʟʦʚʳʡ ʤʦʪʦʨ ʣʝʛʢʦ ʚʳʧʦʣʥʷʝʪ ʪʨʝʙʦʚʘʥʠʷ ʵʢʦʣʦʛʠʯʝʩʢʦʛʦ ʩʪʘʥʜʘʨʪʘ ɽʚʨʦ-6. 

ʂʨʦʤʝ ʪʦʛʦ, ʤʝʪʘʥ ʩʣʝʜʫʝʪ ʥʘʟʳʚʘʪʴ ʙʝʟʦʧʘʩʥʳʤ ʪʦʧʣʠʚʦʤ. ɺ ʢʣʘʩʩʠʬʠʢʘʪʦʨʝ ʛʦʨʶʯʠʭ 

ʚʝʱʝʩʪʚ ʦʥ ʦʪʥʦʩʠʪʩʷ ʢ ʥʘʠʙʦʣʝʝ ʙʝʟʦʧʘʩʥʦʤʫ, ʯʝʪʚʝʨʪʦʤʫ ʢʣʘʩʩʫ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʙʝʥʟʠʥ ï ʢ 

ʪʨʝʪʴʝʤʫ. ʕʪʦ ʦʟʥʘʯʘʝʪ, ʯʪʦ ʚʝʨʦʷʪʥʦʩʪʴ ʚʦʟʛʦʨʘʥʠʷ ʛʘʟʘ ʚ ʩʣʫʯʘʝ ʯʨʝʟʚʳʯʘʡʥʦʡ ʩʠʪʫʘʮʠʠ 

ʜʦʚʦʣʴʥʦ ʤʘʣʘ ï ʧʦʨʦʛ ʚʦʩʧʣʘʤʝʥʝʥʠʷ ʤʝʪʘʥʘ ʥʘʤʥʦʛʦ ʚʳʰʝ, ʯʝʤ ʫ ʥʝʬʪʷʥʦʛʦ ʘʥʘʣʦʛʘ. 

ʊʘʢʞʝ, ʧʨʠʨʦʜʥʳʡ ʛʘʟ ʟʥʘʯʠʪʝʣʴʥʦ ʜʝʰʝʚʣʝ ʙʝʥʟʠʥʘ ʠ ʜʠʟʪʦʧʣʠʚʘ. ʂʫʙʦʤʝʪʨ ʤʝʪʘʥʘ 

ʩʪʦʠʪ ʥʘ ʨʦʩʩʠʡʩʢʠʭ ʟʘʧʨʘʚʢʘʭ ʦʢʦʣʦ 16,80 ʨʫʙʣʝʡ, ʣʠʪʨ ʙʝʥʟʠʥʘ ɸʀ-95 ï 48,58 ʨʫʙʣʝʡ, 

ʜʠʟʪʦʧʣʠʚʦ ï 48,25 ʨʫʙʣʝʡ.  

ʆʜʥʘʢʦ ʛʘʟ, ʢʘʢ ʠ ʥʝʬʪʴ, ʷʚʣʷʝʪʩʷ ʠʩʢʦʧʘʝʤʳʤ ʨʝʩʫʨʩʦʤ ʠ ʝʛʦ ʟʘʧʘʩʳ ʥʝ ʙʝʟʛʨʘʥʠʯʥʳ. 

ʉʦʛʣʘʩʥʦ ʦʮʝʥʢʘʤ ʆʇɽʂ, ʦʧʫʙʣʠʢʦʚʘʥʥʳʤ ʚ ʝʞʝʛʦʜʥʦʤ ʩʪʘʪʠʩʪʠʯʝʩʢʦʤ ʙʶʣʣʝʪʝʥʝ 2020, ʧʨʠ 

ʩʦʭʨʘʥʝʥʠʠ ʫʨʦʚʥʷ ʜʦʙʳʯʠ ʧʨʠʨʦʜʥʦʛʦ ʛʘʟʘ 2018 ʛʦʜʘ, ʤʠʨʦʚʳʭ ʟʘʧʘʩʦʚ ʜʦʣʞʥʦ ʭʚʘʪʠʪʴ ʥʘ 51 

ʛʦʜ [4]. 

ɽʱʝ ʦʜʥʠʤ ʤʠʥʫʩʦʤ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʤʝʪʘʥʘ ʷʚʣʷʝʪʩʷ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʠʥʪʝʛʨʘʮʠʠ 

ʩʧʝʮʠʘʣʴʥʦʛʦ ʙʘʣʣʦʥʘ ʜʣʷ ʥʝʛʦ ʚ ʘʚʪʦʤʦʙʠʣʴ, ʝʩʣʠ ʧʦʩʣʝʜʥʠʡ ʥʝ ʙʳʣ ʠʟʥʘʯʘʣʴʥʦ 

ʧʨʝʜʥʘʟʥʘʯʝʥ ʜʣʷ ʝʟʜʳ ʥʘ ʛʘʟʦʤʦʪʦʨʥʦʤ ʪʦʧʣʠʚʝ, ʠ ʝʝ ʚʳʩʦʢʘʷ ʩʣʦʞʥʦʩʪʴ.  

ʆ ʪʦʤ, ʯʪʦ ʚ ʈʌ ʚ ʧʨʠʦʨʠʪʝʪʝ ʨʘʟʚʠʪʠʝ ʛʘʟʦʚʦʛʦ ʪʨʘʥʩʧʦʨʪʘ, ʚʣʘʩʪʠ ʟʘʷʚʣʷʣʠ 

ʥʝʦʜʥʦʢʨʘʪʥʦ. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʪʘʢʞʝ ʩʫʱʝʩʪʚʫʝʪ ʛʦʩʫʜʘʨʩʪʚʝʥʥʘʷ ʧʨʦʛʨʘʤʤʘ ʧʦ ʨʘʟʚʠʪʠʶ 

ʛʘʟʦʚʦʡ ʘʚʪʦʤʦʙʠʣʠʟʘʮʠʠ [5, ʩ. 8].  

ʇʦʤʠʤʦ ʛʘʟʘ, ʥʘʙʠʨʘʝʪ ʧʦʧʫʣʷʨʥʦʩʪʴ ʠ ʙʠʦʵʪʘʥʦʣ. ɼʘʥʥʳʡ ʚʠʜ ʪʦʧʣʠʚʘ ʧʦʣʫʯʘʶʪ ʚ 

ʧʨʦʮʝʩʩʝ ʧʝʨʝʨʘʙʦʪʢʠ ʨʘʩʪʠʪʝʣʴʥʦʛʦ ʩʳʨʴʷ: ʩʘʭʘʨʥʦʛʦ ʪʨʦʩʪʥʠʢʘ, ʢʫʢʫʨʫʟʳ ʠ ʩʘʭʘʨʥʦʡ 

ʩʚʝʢʣʳ. ʃʠʜʝʨʘʤʠ ʧʨʦʠʟʚʦʜʩʪʚʘ ʙʠʦʵʪʘʥʦʣʘ ʷʚʣʷʶʪʩʷ ɹʨʘʟʠʣʠʷ ʠ ʉʐɸ. ɺ 2009 ʛ. ʥʘ ʵʪʠ 

ʩʪʨʘʥʳ ʧʨʠʭʦʜʠʣʦʩʴ 89% ʤʠʨʦʚʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ. 

ʉʨʝʜʠ ʧʨʝʠʤʫʱʝʩʪʚ ʙʠʦʵʪʘʥʦʣʘ ʚ ʢʘʯʝʩʪʚʝ ʤʦʪʦʨʥʦʛʦ ʪʦʧʣʠʚʘ ʩʣʝʜʫʝʪ ʚʳʜʝʣʠʪʴ ʝʛʦ 

ʦʪʥʦʩʠʪʝʣʴʥʫʶ ʯʠʩʪʦʪʫ ʚ ʩʨʘʚʥʝʥʠʠ ʩ ʙʝʥʟʠʥʦʤ [6, ʩ. 269]. ʇʨʦʜʫʢʪʘʤʠ ʩʞʠʛʘʥʠʷ ʵʪʘʥʦʣʘ 

ʷʚʣʷʶʪʩʷ ʠʩʢʣʶʯʠʪʝʣʴʥʦ ʫʛʣʝʢʠʩʣʳʡ ʛʘʟ ʠ ʚʦʜʘ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʚ ʙʝʥʟʠʥʦʚʦʤ ʚʳʭʣʦʧʝ 

ʧʨʠʩʫʪʩʪʚʫʝʪ ʩʝʨʥʠʩʪʳʡ ʛʘʟ, ʩʘʞʘ, ʘʣʴʜʝʛʠʜʳ ʠ ʜʨʫʛʠʝ ʪʦʢʩʠʯʥʳʝ ʚʝʱʝʩʪʚʘ. ʂʨʦʤʝ ʪʦʛʦ, ʧʨʠ 

ʩʞʠʛʘʥʠʠ ʥʝʬʪʠ, ʧʨʠʨʦʜʥʦʛʦ ʛʘʟʘ ʠʣʠ ʫʛʣʷ, ʚ ʘʪʤʦʩʬʝʨʫ ʚʳʧʫʩʢʘʝʪʩʷ ʫʛʣʝʢʠʩʣʳʡ ʛʘʟ, ʠʟʙʳʪʦʢ 

ʢʦʪʦʨʦʛʦ ʦʧʘʩʝʥ ʜʣʷ ʞʠʟʥʠ ʯʝʣʦʚʝʢʘ. ʉʞʠʛʘʥʠʝ ʨʘʩʪʠʪʝʣʴʥʦʛʦ ʩʧʠʨʪʘ ʣʠʰʴ ʦʪʜʘʝʪ ʚʦʟʜʫʭʫ 

ʣʠʰʴ ʪʦ ʢʦʣʠʯʝʩʪʚʦ CO2, ʢʦʪʦʨʦʝ ʙʳʣʦ ʧʦʛʣʦʱʝʥʦ ʪʨʦʩʪʥʠʢʦʤ, ʢʫʢʫʨʫʟʦʡ ʠʣʠ ʩʚʝʢʣʦʡ ʚ 

ʧʨʦʮʝʩʩʝ ʨʦʩʪʘ. ʅʝʦʙʭʦʜʠʤʦ ʪʘʢ ʞʝ ʜʦʙʘʚʠʪʴ, ʯʪʦ ʵʪʘʥʦʣ, ʚ ʦʪʣʠʯʠʝ ʦʪ ʠʩʢʦʧʘʝʤʦʛʦ ʩʳʨʴʷ 
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ʷʚʣʷʝʪʩʷ ʚʦʟʦʙʥʦʚʣʷʝʤʳʤ ʨʝʩʫʨʩʦʤ. ʇʨʦʠʟʚʦʜʩʪʚʦ ʧʦʪʝʥʮʠʘʣʴʥʦʛʦ ʩʳʨʴʷ ʜʣʷ ʜʘʥʥʦʛʦ ʚʠʜʘ 

ʪʦʧʣʠʚʘ ʠʤʝʝʪ ʰʠʨʦʢʫʶ ʛʝʦʛʨʘʬʠʶ ï ʪʦʣʴʢʦ ʩʘʭʘʨʥʳʡ ʪʨʦʩʪʥʠʢ ʚʦʟʜʝʣʳʚʘʝʪ ʙʦʣʝʝ ʩʦʪʥʠ 

ʛʦʩʫʜʘʨʩʪʚ. 

ʆʜʥʘʢʦ ʥʝ ʚʩʷʢʘʷ ʪʝʨʨʠʪʦʨʠʷ ʧʦʜʦʡʜʝʪ ʜʣʷ ʚʳʨʘʱʠʚʘʥʠʷ ʨʘʩʪʠʪʝʣʴʥʦʛʦ ʩʳʨʴʷ ï ʜʣʷ 

ʵʪʦʛʦ ʪʨʝʙʫʝʪʩʷ ʦʧʨʝʜʝʣʝʥʥʳʡ ʢʣʠʤʘʪ. ʊʘʢ, ʥʝ ʧʦʜʭʦʜʠʪ ʟʦʥʘ ʪʫʥʜʨʳ ʠʣʠ, ʥʘʧʨʠʤʝʨ, ʧʫʩʪʳʥʠ. 

ʂʨʦʤʝ ʪʦʛʦ, ʩʣʝʜʫʝʪ ʪʘʢʞʝ ʫʯʠʪʳʚʘʪʴ ʪʘʢʠʝ ʬʘʢʪʦʨʳ, ʢʘʢ ʜʦʩʪʫʧʥʦʩʪʴ ʚʦʜʥʳʭ ʨʝʩʫʨʩʦʚ, 

ʚʦʟʤʦʞʥʦʩʪʴ ʨʝʛʫʣʷʨʥʦʛʦ ʫʜʦʙʨʝʥʠʷ ʧʦʩʘʞʝʥʥʳʭ ʨʘʩʪʝʥʠʡ. ɺ ʧʨʦʪʠʚʥʦʤ ʩʣʫʯʘʝ ʧʦʩʣʝʜʥʠʝ 

ʤʦʛʫʪ ʩʪʘʪʴ ʥʝʧʨʠʛʦʜʥʳʤʠ ʜʣʷ ʜʘʣʴʥʝʡʰʝʡ ʧʝʨʝʨʘʙʦʪʢʠ. 

ʉʫʱʝʩʪʚʝʥʥʳʤ ʥʝʜʦʩʪʘʪʢʦʤ ʵʪʘʥʦʣʘ ʷʚʣʷʝʪʩʷ ʝʛʦ ʥʝʵʬʬʝʢʪʠʚʥʦʩʪʴ ʧʨʠ ʥʠʟʢʠʭ 

ʪʝʤʧʝʨʘʪʫʨʘʭ. ɼʘʥʥʫʶ ʧʨʦʙʣʝʤʫ ʚʩʝ ʞʝ ʤʦʞʥʦ ʨʝʰʠʪʴ, ʝʩʣʠ ʜʦʙʘʚʠʪʴ ʢ ʥʝʤʫ ʦʢʦʣʦ 5% 

ʙʝʥʟʠʥʘ ʠʣʠ ʩʧʝʮʠʘʣʴʥʫʶ ʩʤʝʩʴ. ʇʦʵʪʦʤʫ ʯʠʩʪʳʡ ʩʧʠʨʪ ʚ ʢʘʯʝʩʪʚʝ ʪʦʧʣʠʚʘ ʠʩʧʦʣʴʟʫʝʪʩʷ 

ʠʩʢʣʶʯʠʪʝʣʴʥʦ ʚ ɹʨʘʟʠʣʠʠ. ɺ ʦʩʪʘʣʴʥʳʭ ʩʪʨʘʥʘʭ ʵʪʘʥʦʣ ʩʤʝʰʠʚʘʶʪ ʩ ʙʝʥʟʠʥʦʤ ʚ ʨʘʟʥʳʭ 

ʧʨʦʧʦʨʮʠʷʭ. ʅʘʧʨʠʤʝʨ, ʚ ʐʚʝʮʠʠ ʜʣʷ ʟʘʧʨʘʚʢʠ ʛʦʨʦʜʩʢʠʭ ʘʚʪʦʙʫʩʦʚ ʠʩʧʦʣʴʟʫʶʪ ʩʧʠʨʪ ʩ 

ʧʷʪʠʧʨʦʮʝʥʪʥʦʡ ʜʦʙʘʚʢʦʡ ʙʝʥʟʠʥʘ. 

ʇʦʤʠʤʦ ʵʪʦʛʦ, ʙʝʥʟʠʥ ʦʙʣʘʜʘʝʪ ʙʦʣʴʰʠʤ ʵʥʝʨʛʝʪʠʯʝʩʢʠʤ ʧʦʪʝʥʮʠʘʣʦʤ, ʧʦ ʩʨʘʚʥʝʥʠʶ ʩʦ 

ʩʧʠʨʪʦʤ. ʇʨʠ ʩʛʦʨʘʥʠʠ 1 ʣʠʪʨʘ ʙʠʦʵʪʘʥʦʣʘ ʚʳʜʝʣʷʝʪʩʷ ʧʨʠʤʝʨʥʦ ʥʘ 34% ʤʝʥʴʰʝ ʵʥʝʨʛʠʠ, ʯʝʤ 

ʧʨʠ ʩʛʦʨʘʥʠʠ ʪʦʛʦ ʞʝ ʦʙʲʝʤʘ ʙʝʥʟʠʥʘ. ʊʦ ʝʩʪʴ, ʝʩʣʠ ʟʘʧʨʘʚʣʷʪʴ ʘʚʪʦʤʦʙʠʣʴ ʪʦʧʣʠʚʦʤ, 

ʩʦʜʝʨʞʘʱʠʤ ʵʪʘʥʦʣ, ʝʛʦ ʨʘʩʭʦʜ ʥʝʠʟʙʝʞʥʦ ʚʦʟʨʘʩʪʝʪ. ɺ ʜʦʧʦʣʥʝʥʠʝ ʢ ʵʪʦʤʫ, ʟʘʪʨʘʪʳ ʥʘ 

ʧʨʦʠʟʚʦʜʩʪʚʦ ʪʘʢʦʛʦ ʪʦʧʣʠʚʘ ʧʦʢʘ ʝʱʝ ʩʣʠʰʢʦʤ ʚʳʩʦʢʠ, ʯʪʦʙʳ ʦʥ ʤʦʛ ʢʦʥʢʫʨʠʨʦʚʘʪʴ ʩ 

ʙʝʥʟʠʥʦʤ. 

ɺ ɽʚʨʦʧʝ ʘʥʦʥʩʠʨʦʚʘʥ ʟʘʧʨʝʪ ʥʘ ʧʨʦʜʘʞʫ ʘʚʪʦʤʦʙʠʣʝʡ ʩ ɼɺʉ, ʢ 2050 ʛ ï ʥʘ ʠʭ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝ (ʅʦʨʚʝʛʠʷ ï 2025 ʛ, ʐʚʝʮʠʷ, ɼʘʥʠʷ ï 2030 ʛ, ʌʨʘʥʮʠʷ, ɺʝʣʠʢʦʙʨʠʪʘʥʠʷ ï ʢ 

2040 ʛ). ʅʝʩʤʦʪʨʷ ʥʘ ʵʪʦ, ʩʫʱʝʩʪʚʫʝʪ ʪʘʢʞʝ ʨʷʜ ʧʨʠʯʠʥ, ʩʧʦʩʦʙʥʳʭ ʦʢʘʟʘʪʴ ʵʪʦʤʫ 

ʧʨʦʪʠʚʦʜʝʡʩʪʚʠʝ. ɺʦ-ʧʝʨʚʳʭ, ʜʣʷ ʛʦʩʫʜʘʨʩʪʚ, ʷʚʣʷʶʱʠʭʩʷ ʵʢʩʧʦʨʪʝʨʘʤʠ ʥʝʬʪʠ, ʤʘʩʩʦʚʳʡ 

ʦʪʢʘʟ ʦʪ ɼɺʉ ʥʝʚʳʛʦʜʝʥ ʩ ʵʢʦʥʦʤʠʯʝʩʢʦʡ ʪʦʯʢʠ ʟʨʝʥʠʷ. ʇʨʠʤʝʨʦʤ ʪʘʢʦʛʦ ʛʦʩʫʜʘʨʩʪʚʘ 

ʷʚʣʷʝʪʩʷ ʈʦʩʩʠʷ. ɺʦ-ʚʪʦʨʳʭ, ʥʘ ʧʨʦʪʷʞʝʥʠʠ ʚʩʝʡ ʠʩʪʦʨʠʠ ʘʚʪʦʤʦʙʠʣʴʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ ʚ 

ʨʘʟʨʘʙʦʪʢʫ ʠ ʘʧʛʨʝʡʜ ʜʚʠʛʘʪʝʣʝʡ ʚʥʫʪʨʝʥʥʝʛʦ ʩʛʦʨʘʥʠʷ ʚʢʣʘʜʳʚʘʣʠʩʴ ʦʛʨʦʤʥʳʝ ʩʨʝʜʩʪʚʘ. 

ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʚʣʦʞʝʥʠʷ, ʨʘʩʩʯʠʪʘʥʥʳʝ ʥʘ ʜʦʣʛʦʩʨʦʯʥʫʶ ʧʝʨʩʧʝʢʪʠʚʫ, ʥʝ ʦʢʫʧʷʪʩʷ.  

ɺ-ʪʨʝʪʴʠʭ, ʩʫʱʝʩʪʚʫʝʪ ʚʳʩʦʢʘʷ ʚʝʨʦʷʪʥʦʩʪʴ, ʯʪʦ ʦʪʢʘʟ ʦʪ ʤʘʰʠʥ ʩ ɼɺʉ ʠ ʧʦʚʩʝʤʝʩʪʥʳʡ 

ʧʝʨʝʭʦʜ ʥʘ ʵʣʝʢʪʨʦʪʷʛʫ ʩʧʨʦʚʦʮʠʨʫʶʪ ʨʦʩʪ ʮʝʥ ʥʘ ʵʣʝʢʪʨʠʯʝʩʪʚʦ, ʚʳʟʚʘʥʥʳʡ 

ʫʚʝʣʠʯʠʚʘʶʱʠʤʩʷ ʥʘ ʥʝʛʦ ʩʧʨʦʩʦʤ, ʠ ʝʛʦ ʜʝʬʠʮʠʪ. 

ʈʝʟʶʤʠʨʫʷ ʚʳʰʝʩʢʘʟʘʥʥʦʝ, ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜ, ʯʪʦ ʯʝʣʦʚʝʯʝʩʪʚʦ ʧʦʢʘ ʝʱʝ ʥʝ ʛʦʪʦʚʦ 

ʧʦʣʥʦʩʪʴʶ ʦʪʢʘʟʘʪʴʩʷ ʦʪ ʙʝʥʟʠʥʘ ʠ ʧʨʝʜʣʦʞʠʪʴ ʪʦʪ ʚʠʜ ʪʦʧʣʠʚʘ, ʢʦʪʦʨʳʡ ʙʳʣ ʙʳ ʧʦʣʥʦʩʪʴʶ 

ʵʢʦʣʦʛʠʯʥʳʤ. ʆʜʥʘʢʦ ʥʝʦʙʭʦʜʠʤʦ ʧʦʥʠʤʘʪʴ, ʯʪʦ ʟʘʧʘʩʳ ʯʝʨʥʦʛʦ ʟʦʣʦʪʘ ʦʛʨʘʥʠʯʝʥʳ ʠ ʧʦ 

ʥʝʢʦʪʦʨʳʤ ʜʘʥʥʳʤ, ʧʨʠ ʪʝʢʫʱʝʤ ʫʨʦʚʥʝ ʧʦʪʨʝʙʣʝʥʠʷ (ʧʦʨʷʜʢʘ 100 ʤʣʥ ʙʘʨʨʝʣʝʡ ʚ ʩʫʪʢʠ) ʝʛʦ 

ʭʚʘʪʠʪ ʝʱʝ ʥʘ 50 ʣʝʪ. ɹʝʟʫʩʣʦʚʥʦ, ʙʫʜʫʱʝʝ ʘʚʪʦʤʦʙʠʣʴʥʦʛʦ ʜʚʠʛʘʪʝʣʝʩʪʨʦʝʥʠʷ ʩʪʦʠʪ ʟʘ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʚʦʟʦʙʥʦʚʣʷʝʤʳʭ ʪʦʧʣʠʚʥʳʭ ʨʝʩʫʨʩʦʚ. ɸʚʪʦʤʦʙʠʣʴʥʘʷ ʧʨʦʤʳʰʣʝʥʥʦʩʪʴ, ʚ 

ʩʚʦʶ ʦʯʝʨʝʜʴ, ʪʨʝʙʫʝʪ ʩʪʨʫʢʪʫʨʥʳʭ ʠʟʤʝʥʝʥʠʡ, ʧʨʝʜʧʦʩʳʣʢʠ ʜʣʷ ʢʦʪʦʨʳʭ ʫʞʝ ʙʳʣʠ 

ʜʦʩʪʘʪʦʯʥʦ ʜʘʚʥʦ ʩʬʦʨʤʠʨʦʚʘʥʳ. 
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ʅʘʫʯʥʳʡ ʨʫʢʦʚʦʜʠʪʝʣʴ: ɸʨʪʠʱʝʚ ʉ.ɸ., ʢʘʥʜ. ʪʝʭʥ. ʥʘʫʢ 

ʊʦʤʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʩʠʩʪʝʤ  

ʫʧʨʘʚʣʝʥʠʷ ʠ ʨʘʜʠʦʵʣʝʢʪʨʦʥʠʢʠ, ʛ. ʊʦʤʩʢ, ʈʦʩʩʠʷ 

 

ʈɸɿʈɸɹʆʊʂɸ ʊɽʈʄʆ-ɺɸʂʋʋʄʅʆɻʆ ʉʊʆʃɸ  

ɼʃʗ ʋʉʊʈʆʁʉʊɺɸ ʇʈʀʅʊɽʈʅʆʁ ʇɽʏɸʊʀ ʕʃɽʂʊʈʆʅʅʓʍ ʉʍɽʄ 

ʉʦʚʨʝʤʝʥʥʳʡ ʧʨʦʮʝʩʩ ʠʟʛʦʪʦʚʣʝʥʠʷ ʢʦʤʧʦʥʝʥʪʦʚ ʠ ʫʟʣʦʚ ʵʣʝʢʪʨʦʥʠʢʠ ʧʨʝʜʧʦʣʘʛʘʝʪ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʙʦʣʴʰʦʛʦ ʯʠʩʣʘ ʨʘʟʣʠʯʥʳʭ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʦʧʝʨʘʮʠʡ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʨʠʩʫʥʢʘ 

(ʪʦʧʦʣʦʛʠʠ) ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʩʣʦʝʚ. ʊʝʭʥʦʣʦʛʠʷ ʪʨʘʬʘʨʝʪʥʦʛʦ ʠʟʛʦʪʦʚʣʝʥʠʷ 

ʪʦʣʩʪʦʧʣʝʥʦʯʥʳʭ ʩʭʝʤ ʰʠʨʦʢʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥʘ ʥʘ ʧʨʝʜʧʨʠʷʪʠʷʭ ʨʘʜʠʦʵʣʝʢʪʨʦʥʥʦʡ 

ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ [1]. 

ʉʫʪʴ ʪʝʭʥʦʣʦʛʠʠ ʩʦʩʪʦʠʪ ʚ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʤ ʥʘʥʝʩʝʥʠʠ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʧʘʩʪ ʯʝʨʝʟ 

ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʠʟʛʦʪʦʚʣʝʥʥʳʝ ʰʘʙʣʦʥʳ, ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʟʘʧʝʢʘʥʠʝʤ ʚ 

ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʳʭ ʧʝʯʘʭ. ʅʝʜʦʩʪʘʪʢʦʤ ʪʘʢʦʡ ʪʝʭʥʦʣʦʛʠʠ ʷʚʣʷʶʪʩʷ ʥʝʦʙʭʦʜʠʤʦʩʪʴ 

ʠʟʛʦʪʦʚʣʝʥʠʷ ʬʠʟʠʯʝʩʢʠʭ ʰʘʙʣʦʥʦʚ, ʘ ʠʤʝʥʥʦ ʚʳʩʦʢʠʝ ʚʨʝʤʝʥʥʳʝ ʟʘʪʨʘʪʳ ʧʨʠ ʦʪʣʘʜʢʝ 

ʧʝʨʚʳʭ ʧʘʨʪʠʡ, ʧʦʪʝʨʠ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʧʘʩʪ, ʩʣʦʞʥʦʩʪʴ ʠʟʛʦʪʦʚʣʝʥʠʷ ʤʥʦʛʦʩʣʦʡʥʳʭ ʉɺʏ 

ɻʀʉ, ʚʳʩʦʢʘʷ ʩʝʙʝʩʪʦʠʤʦʩʪʴ ʧʦʜʛʦʪʦʚʢʠ ʧʨʦʠʟʚʦʜʩʪʚʘ ʜʣʷ ʠʟʛʦʪʦʚʣʝʥʠʷ ʧʨʦʪʦʪʠʧʦʚ. ɺ ʩʚʷʟʠ 

ʩ ʵʪʠʤ ʧʨʝʜʣʘʛʘʝʪʩʷ ʧʨʦʚʝʩʪʠ ʠʩʩʣʝʜʦʚʘʥʠʝ, ʥʘʧʨʘʚʣʝʥʥʦʝ ʥʘ ʩʦʟʜʘʥʠʝ ʦʪʝʯʝʩʪʚʝʥʥʦʡ 

ʪʝʭʥʦʣʦʛʠʠ ʠʟʛʦʪʦʚʣʝʥʠʷ ʫʟʣʦʚ ʵʣʝʢʪʨʦʥʠʢʠ, ʩʚʦʙʦʜʥʦʡ ʦʪ ʧʝʨʝʯʠʩʣʝʥʥʳʭ ʥʝʜʦʩʪʘʪʢʦʚ [2].  

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʘʜʜʠʪʠʚʥʳʭ ʪʝʭʥʦʣʦʛʠʡ, ʚ ʯʘʩʪʥʦʩʪʠ ʪʝʭʥʦʣʦʛʠʠ ʧʨʠʥʪʝʨʥʦʡ ʧʝʯʘʪʠ, 

ʧʦʟʚʦʣʷʝʪ ʩʫʱʝʩʪʚʝʥʥʦ ʩʦʢʨʘʪʠʪʴ ʯʠʩʣʦ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʦʧʝʨʘʮʠʡ, ʪʝʤ ʩʘʤʳʤ ʫʧʨʦʩʪʠʚ 

ʪʝʭʥʦʣʦʛʠʶ ʧʨʦʠʟʚʦʜʩʪʚʘ ʠ, ʢʘʢ ʩʣʝʜʩʪʚʠʝ, ʩʝʙʝʩʪʦʠʤʦʩʪʴ ʢʦʥʝʯʥʦʛʦ ʠʟʜʝʣʠʷ. 

ʊʘʢʘʷ ʪʝʭʥʦʣʦʛʠʷ ʧʨʝʜʧʦʣʘʛʘʝʪ ʧʨʦʮʝʩʩ ʥʘʥʝʩʝʥʠʷ ʟʘʜʘʥʥʦʛʦ ʦʙʲʝʤʘ ʧʘʩʪʳ ʥʘ ʦʩʥʦʚʘʥʠʝ 

ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʰʘʙʣʦʥʦʤ ʪʨʝʙʫʝʤʦʡ ʪʦʧʦʣʦʛʠʠ, ʩ ʪʨʝʙʫʝʤʦʡ ʪʦʯʥʦʩʪʴʶ ʠ ʚʳʩʦʢʦʡ 

ʧʦʚʪʦʨʷʝʤʦʩʪʴʶ. 

ʇʦʩʢʦʣʴʢʫ ʦʪ ʚʷʟʢʦʩʪʠ ʨʘʩʪʚʦʨʘ ʟʘʚʠʩʠʪ ʰʠʨʠʥʘ ʣʠʥʠʡ ʨʠʩʫʥʢʦʚ, ʪʦ ʜʣʷ ʧʦʚʳʰʝʥʠʷ 

ʧʦʚʪʦʨʷʝʤʦʩʪʠ ʠ ʪʦʯʥʦʩʪʠ ʧʝʯʘʪʘʝʤʳʭ ʨʠʩʫʥʢʦʚ, ʘ ʪʘʢʞʝ ʦʧʪʠʤʠʟʘʮʠʠ ʪʝʤʧʝʨʘʪʫʨʥʳʭ 

ʨʝʞʠʤʦʚ ʜʣʷ ʧʝʯʘʪʠ ʥʘ ʨʘʟʣʠʯʥʳʭ ʤʘʪʝʨʠʘʣʘʭ, ʙʳʣʦ ʧʨʝʜʣʦʞʝʥʦ ʨʘʟʨʘʙʦʪʘʪʴ ʪʝʨʤʦ-

ʚʘʢʫʫʤʥʳʡ ʩʪʦʣ. 

ɿʘ ʦʩʥʦʚʫ ʜʣʷ ʨʘʟʨʘʙʦʪʢʠ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʢʦʥʪʨʦʣʷ ʩʪʦʣʘ ʙʳʣʘ ʚʟʷʪʘ ʙʣʦʢ 

ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʢʦʥʪʨʦʣʷ ʩʪʦʣʘ 3ɼ-ʧʨʠʥʪʝʨʦʚ, ʪʘʢ ʢʘʢ ʥʝʪ ʚ ʧʨʦʜʘʞʝ ʛʦʪʦʚʳʭ ʥʘʛʨʝʚʘʪʝʣʴʥʳʭ 

ʵʣʝʤʝʥʪʦʚ ʧʦʜʭʦʜʷʱʠʝ ʜʣʷ ʚʘʢʫʫʤʥʦʛʦ ʩʪʦʣʘ. 

ʅʘʛʨʝʚʘʪʝʣʴʥʳʡ ʵʣʝʤʝʥʪ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩ ʩʦʙʦʡ ʦʜʥʦʩʪʦʨʦʥʥʶʶ ʧʝʯʘʪʥʫʶ ʧʣʘʪʫ ʠʟ 

ʬʦʣʴʛʠʨʦʚʘʥʥʦʛʦ ʩʪʝʢʣʦʪʝʢʩʪʦʣʠʪʘ, ʩ ʦʜʥʦʡ ʩʪʦʨʦʥʳ ʢʦʪʦʨʦʛʦ ʚʳʧʦʣʥʝʥʳ ʧʨʦʚʦʜʥʠʢʠ ʚ ʚʠʜʝ 

ʩʧʠʨʘʣʠ ʠʟ ʬʦʣʴʛʠ ʜʣʷ ʥʘʛʨʝʚʘ ʩʪʦʣʘ (ʨʠʩ. 1). ʅʘ ʧʝʯʘʪʥʦʡ ʧʣʘʪʝ ʧʨʝʜʫʩʤʦʪʨʝʥʳ ʢʨʝʧʝʞʥʳʝ 

ʦʪʚʝʨʩʪʠʷ, ʩʢʚʦʟʥʳʝ ʦʪʚʝʨʩʪʠʷ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʦʪʚʝʨʩʪʠʷʤ ʚ ʢʨʳʰʢʝ ʜʣʷ ʟʘʙʦʨʘ ʚʦʟʜʫʭʘ ʠ 

ʮʝʥʪʨʘʣʴʥʦʝ ʦʪʚʝʨʩʪʠʷ ʜʣʷ ʢʨʝʧʣʝʥʠʷ ʪʝʨʤʦʩʪʘʪʘ. 
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ʈʠʩ. 1. ʅʘʛʨʝʚʘʪʝʣʴʥʳʡ ʵʣʝʤʝʥʪ ʚ ʉɸʇʈ Altium Designer 

 

ʊʝʭʥʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ: 

ï ʤʦʱʥʦʩʪʴ: 200 ɺʪ; 

ï ʥʘʧʨʷʞʝʥʠʝ: 24 ɺ; 

ï ʪʦʢ: ʤʘʢʩ. 15 ɸ; 

ï ʚʥʝʰʥʠʝ ʛʘʙʘʨʠʪʳ: 200ʭ200 ʤʤ, ʪʦʣʱʠʥʘ 1,5 ʤʤ; 

ï ʤʘʪʝʨʠʘʣ: ʬʦʣʴʛʠʨʦʚʘʥʥʳʡ ʩʪʝʢʣʦʪʝʢʩʪʦʣʠʪ. 

ʂʦʥʩʪʨʫʢʮʠʷ ʨʘʟʨʘʙʦʪʘʥʥʦʛʦ ʪʝʨʤʦ-ʚʘʢʫʫʤʥʦʛʦ ʩʪʦʣʘ ʩʦʩʪʦʠʪ ʠʟ ʦʩʥʦʚʘʥʠʷ, ʢʨʳʰʢʠ, 

ʥʘʛʨʝʚʘʪʝʣʴʥʦʛʦ ʵʣʝʤʝʥʪʘ ʠ ʪʝʨʤʦʠʟʦʣʷʮʠʦʥʥʦʡ ʧʨʦʢʣʘʜʢʠ ʤʝʞʜʫ ʦʩʥʦʚʘʥʠʝʤ ʠ ʢʨʳʰʢʦʡ 

(https://clck.ru/UAjNh). 

ɺ ʦʩʥʦʚʘʥʠʠ ʪʝʨʤʦ-ʚʘʢʫʫʤʥʦʛʦ ʩʪʦʣʘ ʧʨʝʜʫʩʤʦʪʨʝʥʳ ʢʨʝʧʝʞʥʳʝ ʦʪʚʝʨʩʪʠʷ, ʦʪʚʝʨʩʪʠʷ 

ʜʣʷ ʢʨʝʧʣʝʥʠʷ ʬʠʪʠʥʛʘ ʠ ʦʪʚʝʨʩʪʠʝ ʜʣʷ ʧʨʦʚʦʜʦʚ ʥʘʛʨʝʚʘʪʝʣʴʥʦʛʦ ʵʣʝʤʝʥʪʘ. ɺ ʢʨʳʰʢʝ ʪʝʨʤʦ-

ʚʘʢʫʫʤʥʦʛʦ ʩʪʦʣʘ ʚʳʧʦʣʥʝʥʳ ʩʢʚʦʟʥʳʝ ʦʪʚʝʨʩʪʠʷ ʜʣʷ ʟʘʙʦʨʘ ʚʦʟʜʫʭʘ ʠ ʦʪʚʝʨʩʪʠʷ ʜʣʷ 

ʢʨʝʧʣʝʥʠʷ ʢ ʦʩʥʦʚʘʥʠʶ ʠ ʥʘʛʨʝʚʘʪʝʣʴʥʦʛʦ ʵʣʝʤʝʥʪʘ.  

ʈʘʟʨʘʙʦʪʘʥʥʘʷ 3D-ʤʦʜʝʣʴ ʪʝʨʤʦ-ʚʘʢʫʫʤʥʦʛʦ ʩʪʦʣʘ ʚ ʉɸʇʈ SolidWorks ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ 

ʨʠʩʫʥʢʝ 2.  

ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ ʩʪʦʣʘ ʠʩʧʦʣʴʟʫʶʪʩʷ ʪʝʨʤʠʩʪʦʨʳ. ʆʥʠ ʧʨʝʜʩʪʘʚʣʷʶʪ 

ʩʦʙʦʡ ʤʠʥʠʘʪʶʨʥʳʝ ʨʝʟʠʩʪʦʨʳ, ʢʦʪʦʨʳʝ ʤʝʥʷʶʪ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ 

ʪʝʤʧʝʨʘʪʫʨʳ. ʊʝʨʤʠʩʪʦʨʳ ʦʪʣʠʯʘʶʪʩʷ ʭʦʨʦʰʝʡ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴʶ, ʨʘʙʦʪʘʶʪ ʚ ʰʠʨʦʢʦʤ 

ʜʠʘʧʘʟʦʥʝ ʪʝʤʧʝʨʘʪʫʨ. 

ɹʳʣ ʚʳʙʨʘʥ ʪʝʨʤʠʩʪʦʨ NTC 100K. ʊʝʭʥʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʪʝʨʤʠʩʪʦʨʘ NTC 100K: 

ï ʜʠʘʧʘʟʦʥ ʨʘʙʦʯʝʡ ʪʝʤʧʝʨʘʪʫʨʳ: +50é-260 Üʉ; 

ï ʟʥʘʯʝʥʠʷ ʩʦʧʨʦʪʠʚʣʝʥʠʷ: R (25 Áʉ) = 100K Ñ 1%. 

ɺʳʧʦʣʥʝʥʘ ʩʙʦʨʢʘ ʪʝʨʤʦ-ʚʘʢʫʫʤʥʦʛʦ ʩʪʦʣʘ, ʢʦʪʦʨʘʷ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩʫʥʢʝ 3.  
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ʈʠʩ. 2. ʊʝʨʤʦ-ʚʘʢʫʫʤʥʳʡ ʩʪʦʣ ʚ ʉɸʇʈ SolidWorks 

 

 

ʈʠʩ. 3. ʊʝʨʤʦ-ʚʘʢʫʫʤʥʳʡ ʩʪʦʣ 

 

ɹʳʣʦ ʧʨʦʚʝʜʝʥʦ ʠʩʧʳʪʘʥʠʝ ʨʘʚʥʦʤʝʨʥʦʩʪʠ ʥʘʛʨʝʚʘʥʠʷ ʧʦʚʝʨʭʥʦʩʪʠ ʪʝʨʤʦ-ʚʘʢʫʫʤʥʦʛʦ 

ʩʪʦʣʘ ʩ ʧʦʤʦʱʴʶ ʪʝʧʣʦʚʠʟʦʨʘ Testo 867, ʧʨʠ ʟʘʜʘʥʥʦʤ ʟʥʘʯʝʥʠʠ ʪʝʤʧʝʨʘʪʫʨʳ ʩʪʦʣʘ: 400ʉ ʚ 

ʪʝʯʝʥʠʝ 10 ʤʠʥ. ʈʝʟʫʣʴʪʘʪʳ ʠʟʤʝʨʝʥʠʷ ʩ ʧʦʤʦʱʴʶ ʪʝʧʣʦʚʠʟʦʨʘ Testo 867 ʙʳʣʠ ʦʙʨʘʙʦʪʘʥʳ ʚ 

ʧʨʦʛʨʘʤʤʝ Testo, ʨʝʟʫʣʴʪʘʪʳ ʠʟʤʝʨʝʥʠʷ ʧʨʠʚʝʜʝʥ ʥʘ ʨʠʩʫʥʢʝ 4. 

 

 

ʈʠʩ. 4. ʈʝʟʫʣʴʪʘʪʳ ʠʟʤʝʨʝʥʠʷ ʨʘʚʥʦʤʝʨʥʦʩʪʠ ʥʘʛʨʝʚʘʥʠʷ ʪʝʨʤʦ-ʚʘʢʫʫʤʥʦʛʦ ʩʪʦʣʘ 

 

ʀʩʭʦʜʷ ʠʟ ʧʦʣʫʯʝʥʥʦʛʦ ʨʝʟʫʣʴʪʘʪʘ ʠʟʤʝʨʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ, ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜ ʦ 

ʨʘʚʥʦʤʝʨʥʦʩʪʠ ʥʘʛʨʝʚʘʥʠʷ ʩʪʦʣʘ. 
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ɺ ʭʦʜʝ ʚʳʧʦʣʥʝʥʠʷ ʨʘʙʦʪʳ ʙʳʣ ʨʘʟʨʘʙʦʪʘʥ ʪʝʨʤʦ-ʚʘʢʫʫʤʥʳʡ ʩʪʦʣ ʜʣʷ ʫʩʪʨʦʡʩʪʚʘ 

ʧʨʠʥʪʝʨʥʦʡ ʧʝʯʘʪʠ ʵʣʝʢʪʨʦʥʥʳʭ ʩʭʝʤ. ʀʟʛʦʪʦʚʣʝʥʳ ʜʝʪʘʣʠ ʪʝʨʤʦ-ʚʘʢʫʫʤʥʦʛʦ ʩʪʦʣʘ, 

ʚʳʧʦʣʥʝʥʘ ʩʙʦʨʢʘ ʠ ʧʨʦʚʝʜʝʥʳ ʠʩʧʳʪʘʥʠʷ ʪʝʨʤʦ-ʚʘʢʫʫʤʥʦʛʦ ʩʪʦʣʘ. 
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ʋɼʂ 621.316 

ʊʝʨʝʰʠʥʘ ɸ.ɸ., ɼʘʰʢʦʚ ɺ.ʄ., ʢʘʥʜ. ʪʝʭʥ. ʥʘʫʢ 

ʉʘʤʘʨʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ 

ʫʥʠʚʝʨʩʠʪʝʪ, ʛ. ʉʘʤʘʨʘ, ʈʦʩʩʠʷ 

 

ʈɸʉʏɽʊ ɺɽʈʆʗʊʅʆʉʊʀ ɺʆɿʅʀʂʅʆɺɽʅʀʗ 

ʌɽʈʈʆʈɽɿʆʅɸʅʉʅʓʍ ʇʈʆʎɽʉʉʆɺ ɺ ʉɽʊʀ 10 ʢɺ 

 

ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʩʪʝʧʝʥʠ ʥʘʜʝʞʥʦʩʪʠ ʟʘʱʠʪʳ ʵʣʝʢʪʨʦʦʙʦʨʫʜʦʚʘʥʠʷ ʵʣʝʢʪʨʦʫʩʪʘʥʦʚʢʠ 

ʦʪ ʜʝʡʩʪʚʠʷ ʬʝʨʨʦʨʝʟʘʥʘʩʘ, ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʚʦʟʤʦʞʥʦʩʪʠ ʝʛʦ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʤʥʦʛʠʝ 

ʩʧʝʮʠʘʣʠʩʪʳ ʨʝʢʦʤʝʥʜʫʶʪ ʠʩʧʦʣʴʟʦʚʘʪʴ ʧʘʨʘʤʝʪʨ (ʧʦʢʘʟʘʪʝʣʴ) ï ʝʤʢʦʩʪʥʦʡ ʪʦʢ ʟʘʤʳʢʘʥʠʷ ʥʘ 

ʟʝʤʣʶ Ὅ  [1; 2]. 

ɺ ʜʝʡʩʪʚʫʶʱʠʭ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʩʝʪʷʭ ʢʦʨʨʝʢʪʥʫʶ ʠ ʪʦʯʥʫʶ ʚʝʣʠʯʠʥʫ Ὅ  ʤʦʞʥʦ ʧʦʣʫʯʠʪʴ 

ʧʨʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʤ ʦʧʳʪʝ ʦʜʥʦʬʘʟʥʦʛʦ ʟʘʤʳʢʘʥʠʷ ʥʘ ʟʝʤʣʶ (ʆɿɿ) ʧʨʠ ʧʨʠʤʝʥʝʥʠʠ 

ʨʘʟʣʠʯʥʳʭ ʩʭʝʤ ʦʙʝʩʧʝʯʝʥʠʷ ʪʘʢʦʛʦ ʟʘʤʳʢʘʥʠʷ. ʆʜʥʘʢʦ ʵʪʦ ʪʨʝʙʫʝʪ ʥʘʣʠʯʠʷ ʩʧʝʮʠʘʣʠʩʪʦʚ 

ʚʳʩʦʢʦʡ ʢʚʘʣʠʬʠʢʘʮʠʠ ʠ ʦʪʥʦʩʠʪʝʣʴʥʦ ʩʣʦʞʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ʠ ʧʨʠʙʦʨʦʚ. 

ʆʜʥʠʤ ʠʟ ʩʧʦʩʦʙʦʚ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ʠʟʤʝʨʝʥʠʷ ʪʦʢʦʚ ʆɿɿ ʷʚʣʷʝʪʩʷ ʩʧʦʩʦʙ, 

ʦʩʥʦʚʘʥʥʳʡ ʥʘ ʦʧʳʪʝ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ çʤʝʪʘʣʣʠʯʝʩʢʦʛʦè ʟʘʤʳʢʘʥʠʷ ʦʜʥʦʡ ʠʟ ʬʘʟ ʥʘ ʟʝʤʣʶ ʩ 

ʧʨʠʤʝʥʝʥʠʝʤ ʮʠʬʨʦʚʳʭ ʦʩʮʠʣʣʦʛʨʘʬʦʚ. ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʦʙʨʘʙʦʪʢʠ ʦʩʮʠʣʣʦʛʨʘʤʤ ʬʘʟʥʳʭ 

ʥʘʧʨʷʞʝʥʠʡ ʠ ʪʦʢʦʚ ʤʦʛʫʪ ʙʳʪʴ ʦʧʨʝʜʝʣʝʥʳ ʩʫʤʤʘʨʥʳʝ ʘʢʪʠʚʥʳʝ Ὣ ʠ ʨʝʘʢʪʠʚʥʳʝ ὦ 

ʧʨʦʚʦʜʠʤʦʩʪʠ ʠʟʦʣʷʮʠʠ ʥʘ ʟʝʤʣʶ. 

ʅʝʢʦʪʦʨʳʝ ʩʧʝʮʠʘʣʠʩʪʳ ʦʪʤʝʯʘʶʪ, ʯʪʦ ʜʘʞʝ ʦʜʥʦʢʨʘʪʥʦ ʧʨʦʚʦʜʠʤʳʝ ʦʧʳʪʳ 

çʤʝʪʘʣʣʠʯʝʩʢʦʛʦè ʆɿɿ ʤʦʛʫʪ ʧʨʠʚʝʩʪʠ ʢ ʩʝʨʴʝʟʥʳʤ ʧʦʩʣʝʜʩʪʚʠʷʤ. 

ɼʨʫʛʦʡ, ʙʦʣʝʝ ʙʝʟʦʧʘʩʥʳʡ ʩʧʦʩʦʙ ʦʧʨʝʜʝʣʝʥʠʷ ʪʦʢʘ ʆɿɿ ʨʘʩʩʤʦʪʨʝʥ ʚ ʨʘʙʦʪʝ [3]. 

ʅʘ ʵʪʘʧʝ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʵʣʝʢʪʨʦʫʩʪʘʥʦʚʢʠ ʠ ʧʨʠ ʦʪʩʫʪʩʪʚʠʠ ʚʦʟʤʦʞʥʦʩʪʠ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ʦʧʨʝʜʝʣʝʥʠʷ Ὅ ʨʝʢʦʤʝʥʜʫʝʪʩʷ ʧʨʠʤʝʥʷʪʴ ʨʘʩʯʸʪʥʳʝ ʤʝʪʦʜʳ. 

ʀʟʚʝʩʪʥʦ ʥʝʩʢʦʣʴʢʦ ʘʥʘʣʠʪʠʯʝʩʢʠʭ ʚʳʨʘʞʝʥʠʡ ʜʣʷ ʨʘʩʯʝʪʘ ὍȢ 

ʅʘʠʙʦʣʝʝ ʧʨʦʩʪʦʡ ʷʚʣʷʝʪʩʷ ʬʦʨʤʫʣʘ, ʧʨʠʚʝʜʸʥʥʘʷ ʚ ʨʘʙʦʪʝ [3]: 

 

Ὅ
Ͻ
, A, (1) 

 

ʛʜʝ U ï ʣʠʥʝʡʥʦʝ ʥʘʧʨʷʞʝʥʠʝ ʩʝʪʠ, ʢɺ; 

l ï ʜʣʠʥʘ ʚʩʝʡ ʵʣʝʢʪʨʠʯʝʩʢʠ ʩʚʷʟʘʥʥʦʡ ʩʝʪʠ ʵʪʦʛʦ ʥʘʧʨʷʞʝʥʠʷ, ʢʤ; 

ʄ ï ʯʠʩʣʝʥʥʳʡ ʢʦʵʬʬʠʮʠʝʥʪ (ʄ = 350 ʜʣʷ ʚʦʟʜʫʰʥʳʭ ʣʠʥʠʡ ʵʣʝʢʪʨʦʧʝʨʝʜʘʯʠ, ʄ = 8-12 

ʜʣʷ ʢʘʙʝʣʴʥʳʭ ʣʠʥʠʡ). 

ʆʜʥʘʢʦ ʚ ʨʘʙʦʪʝ [3] ʫʢʘʟʘʥʦ, ʯʪʦ ʚʝʣʠʯʠʥʘ Ὅȟ ʦʧʨʝʜʝʣʝʥʥʘʷ ʧʦ ʬʦʨʤʫʣʝ (1), ʤʦʞʝʪ 

ʦʪʣʠʯʘʪʴʩʷ ʦʪ ʨʝʘʣʴʥʦʛʦ ʪʦʢʘ, ʠʟʤʝʨʝʥʥʦʛʦ ʧʨʠ ʦʧʳʪʝ ʆɿɿ ʚ ʩʝʪʠ, ʥʘ 40-80%. 

ɺ ʨʘʙʦʪʝ [4] ʧʨʝʜʣʘʛʘʝʪʩʷ ʝʤʢʦʩʪʥʦʡ ʪʦʢ ʟʘʤʳʢʘʥʠʷ ʥʘ ʟʝʤʣʶ Ὅ ʜʣʷ ʚʦʟʜʫʰʥʳʭ ʣʠʥʠʡ 

(ɺʃ) ʦʧʨʝʜʝʣʷʪʴ ʧʦ ʬʦʨʤʫʣʝ: 
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Ὅ σϽ‫Ͻ˞̕ϽὰϽὟ̕ Ͻρπȟ ɸ, (2) 

 

ʛʜʝ ɤ ï ʫʛʣʦʚʘʷ ʯʘʩʪʦʪʘ ʥʘʧʨʷʞʝʥʠʷ, ̒  ‫ ςϽ“ϽὪȠ 

˞̕  ʝʤʢʦʩʪʴ ʦʜʥʦʡ ʬʘʟʳ ʩʝʪʠ ʦʪʥʦʩʠʪʝʣʴʥʦ ʟʝʤʣʠ, ʤʢʌ; 

 ὰ ɀ ʜʣʠʥʘ ʣʠʥʠʠ; 

Ὗ̕  ʥʦʤʠʥʘʣʴʥʦʝ ʬʘʟʥʦʝ ʥʘʧʨʷʞʝʥʠʝ ʩʝʪʠ, ɺ. 

ɺ ʨʘʙʦʪʝ [4] ʧʨʠʚʝʜʝʥʳ ʢʦʥʢʨʝʪʥʳʝ ʫʜʝʣʴʥʳʝ ʝʤʢʦʩʪʥʳʝ ʪʦʢʠ ʜʣʷ ɺʃ ʧʨʠ ʬʘʟʥʦʤ 

ʥʘʧʨʷʞʝʥʠʠ 1 ʢɺ (Ὥ σϽ‫Ͻ˞̕Ͻρπ ȟ ɸ/ʢʤ ʜʣʷ ʥʝʩʢʦʣʴʢʠʭ ʚʘʨʠʘʥʪʦʚ ʢʦʥʩʪʨʫʢʪʠʚʥʦʛʦ 

ʨʘʟʤʝʱʝʥʠʷ ʧʨʦʚʦʜʦʚ ʥʘ ʦʧʦʨʝ ʠ ʚʳʩʦʪʳ ʦʧʦʨ. ʊʘʤ ʞʝ ʧʨʠʚʝʜʝʥʳ ʫʜʝʣʴʥʳʝ ʝʤʢʦʩʪʠ ʧʨʦʚʦʜʦʚ 

(˞ȟ ˞ȟ ˞ ȟ̉ ˞̒  ̑ʦʪʥʦʩʠʪʝʣʴʥʦ ʟʝʤʣʠ, ʤʢʌ/ʢʤ. 

ɼʣʷ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʛʦ, ʦʨʠʝʥʪʠʨʦʚʦʯʥʦʛʦ ʦʧʨʝʜʝʣʝʥʠʷ ʝʤʢʦʩʪʥʦʛʦ ʪʦʢʘ ʟʘʤʳʢʘʥʠʷ ʥʘ 

ʟʝʤʣʶ ʚ ɺʃ ʚ ʨʘʙʦʪʝ [4] ʧʨʝʜʣʘʛʘʝʪʩʷ ʬʦʨʤʫʣʘ: 

 

Ὅˏ ˘ ςȟχ σȟσϽὟ̌ ϽὰϽρπȟ!ȟ (3) 

 

ʛʜʝ Ὗ̌  ʣʠʥʝʡʥʦʝ ʥʘʧʨʷʞʝʥʠʝ ʩʝʪʠ, ʢɺ; 

l ï ʜʣʠʥʘ ʣʠʥʠʠ, ʢʤ. 

ɼʣʷ ɺʃ 6 ï 35 ʢɺ ʙʝʟ ʪʨʦʩʦʚ ʨʝʢʦʤʝʥʜʫʝʪʩʷ ʧʨʠʤʝʥʷʪʴ ʤʥʦʞʠʪʝʣʴ 2,7, ʜʣʷ ɺʃ 35 ʢɺ ʥʘ 

ʤʝʪʘʣʣʠʯʝʩʢʠʭ ʦʧʦʨʘʭ ʩ ʪʨʦʩʘʤʠ ï 3. 

ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʟʘ ʩʯʝʪ ʝʤʢʦʩʪʠ ʦʙʦʨʫʜʦʚʘʥʠʷ ʧʦʜʩʪʘʥʮʠʠ ʝʤʢʦʩʪʥʦʡ ʪʦʢ ʩʝʪʠ 6ï

10 ʢɺ ʜʣʷ ɺʃ ʠ ʢʘʙʝʣʴʥʦʡ ʣʠʥʠʠ ʤʦʞʝʪ ʫʚʝʣʠʯʠʪʴʩʷ ʥʘ 10% [4]. 

ɺʳʧʦʣʥʠʤ ʨʘʩʯʝʪʳ ʪʦʢʘ Ὅ ʜʣʷ ʧʦʜʩʪʘʥʮʠʠ ɸ, ʦʜʥʦʛʦ ʠʟ ʨʘʡʦʥʦʚ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʩʝʪʝʡ 

ʉʘʤʘʨʩʢʦʡ ʦʙʣʘʩʪʠ.  

ʕʣʝʢʪʨʠʯʝʩʢʘʷ ʩʝʪʴ ʥʘʧʨʷʞʝʥʠʝʤ 10 ʢɺ ʧʦʜʢʣʶʯʝʥʘ ʢ ʜʚʫʤ ʩʝʢʮʠʷʤ ʨʘʩʧʨʝʜʝʣʠʪʝʣʴʥʦʛʦ 

ʫʩʪʨʦʡʩʪʚʘ (ʈʋ) 10 ʢɺ ʵʪʦʡ ʧʦʜʩʪʘʥʮʠʠ. ʈʘʩʧʨʝʜʝʣʠʪʝʣʴʥʘʷ ʩʝʪʴ 10 ʢɺ ʚʳʧʦʣʥʝʥʘ 

ʥʝʠʟʦʣʠʨʦʚʘʥʥʳʤʠ ʧʨʦʚʦʜʘʤʠ ʤʘʨʢʠ ɸʉ-35 ʠ ɸʉ-25. ʅʘ ʨʠʩʫʥʢʝ 1 ʧʨʠʚʝʜʝʥʘ ʩʭʝʤʘ 

ʥʦʨʤʘʣʴʥʦʛʦ ʨʝʞʠʤʘ ʧʦʜʩʪʘʥʮʠʠ ɸ.  

 
ʈʠʩ. 1. ʋʧʨʦʱʝʥʥʘʷ ʩʭʝʤʘ ʈʋ 10 ʢɺ ʧʦʜʩʪʘʥʮʠʠ ɸ 
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ʇʦʜʨʦʙʥʳʝ ʩʚʝʜʝʥʠʷ ʦ ʨʘʩʧʨʝʜʝʣʠʪʝʣʴʥʦʡ ʩʝʪʠ, ʧʦʜʢʣʶʯʝʥʥʦʡ ʢ ʧʦʜʩʪʘʥʮʠʠ 35/10 ʢɺ, 

ʩʚʝʜʝʥʳ ʚ ʪʘʙʣʠʮʝ 1. 

ʊʘʙʣʠʮʘ 1 

ʉʚʝʜʝʥʠʷ ʦ ʣʠʥʠʷʭ ʵʣʝʢʪʨʦʧʝʨʝʜʘʯʠ, ʧʨʠʩʦʝʜʠʥʝʥʥʳʭ ʢ ʈʋ 10 ʢɺ ʧʦʜʩʪʘʥʮʠʠ ɸ 

 

ʅʦʤʝʨ ʷʯʝʡʢʠ ʅʦʤʝʨ ʬʠʜʝʨʘ 
ʇʘʨʘʤʝʪʨʳ ʣʠʥʠʠ 

ʤʘʨʢʘ ʜʣʠʥʘ, ʢʤ 

4 

1 ʩ.ʰ. ʌ-1 

ɸʉ-35 

ɸʉ-25 

9,2 

10,57 

5 

2 ʩ.ʰ. ʌ-2 
ɸʉ-35 27,9 

6 

1 ʩ.ʰ. 
ʌ-3 

ɸʉ-35 

ɸʉ-25 

ʇʉ-25 

13,01 

0,49 

1,38 

7 

1 ʩ.ʰ. 
ʌ-6 

ɸʉ-35 

ɸʉ-25 

ɸʉ-50 

ʉʀʇ-50 

6,21 

5,39 

0,27 

0,24 

8 

1 ʩ.ʰ. ʈʝʟʝʨʚ 
- - 

12 

2 ʩ.ʰ. ʈʝʟʝʨʚ 
ɸʉ-35 5,9 

13 

2 ʩ.ʰ. ʌ-12 
ɸʉ-35 9,84 

14 

2 ʩ.ʰ. ʌ-14 
ɸʉ-35 4,7 

 

ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʨʝʢʦʤʝʥʜʘʮʠʷʤʠ [4] ʜʣʷ ʧʦʚʳʰʝʥʠʷ ʪʦʯʥʦʩʪʠ ʨʘʩʯʝʪʘ ʝʤʢʦʩʪʥʦʛʦ ʪʦʢʘ 

ʥʝʦʙʭʦʜʠʤʦ ʫʯʠʪʳʚʘʪʴ ʢʦʥʩʪʨʫʢʪʠʚʥʦʝ ʚʳʧʦʣʥʝʥʠʝ ʦʧʦʨ ɺʃ. ɿʥʘʯʠʪʝʣʴʥʘʷ ʯʘʩʪʴ 

ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʡ ʨʘʩʧʨʝʜʝʣʠʪʝʣʴʥʦʡ ʩʝʪʠ ʚʳʧʦʣʥʝʥʘ ʥʘ ʧʨʦʤʝʞʫʪʦʯʥʳʭ ʞʝʣʝʟʦʙʝʪʦʥʥʳʭ 

ʦʧʦʨʘʭ ʤʘʨʢʠ ʇɹ10-1 ʩʦ ʩʪʦʡʢʦʡ ʉɺ105-3,5 (ʨʠʩ. 2). 

ʉʭʝʤʝ ʨʘʩʧʦʣʦʞʝʥʠʷ ʧʨʦʚʦʜʦʚ ʥʘ ʦʧʦʨʘʭ ʤʘʨʢʠ ʇɹ10-1 ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʡ ɺʃ, ʚ 

ʦʩʥʦʚʥʦʤ, ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʩʭʝʤʘ, ʧʨʠʚʝʜʝʥʥʘʷ ʚ ʨʘʙʦʪʝ [4] (ʨʠʩ. 3).  

ɼʣʷ ʫʢʘʟʘʥʥʦʡ ʩʭʝʤʳ ʫʜʝʣʴʥʳʡ ʝʤʢʦʩʪʥʦʡ ʪʦʢ ɺʃ ʧʨʠ ʬʘʟʥʦʤ ʥʘʧʨʷʞʝʥʠʠ 1 ʢɺ (Ὥ σϽ

̒˞‫Ͻ Ͻ̑ρπ  ʨʘʚʝʥ 0,00405 ɸ/ʢʤ. 

ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʝʤʢʦʩʪʥʦʡ ʪʦʢ ɺʃ, ʧʦʜʢʣʶʯʝʥʥʳʭ ʢ ʬʠʜʝʨʫ ʌ-1, ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ 

ʬʦʨʤʫʣʦʡ (2) ʠ ʜʘʥʥʳʤʠ ʠʟ ʪʘʙʣʠʮʳ 1 ʨʘʚʝʥ: 

Ὅ ̕ πȟππτπυϽυȟχψϽωȟς ρπȟυχ πȟπςστϽρωȟχχ πȟτφςφ ̱Ȣ 

ʇʨʠ ʨʘʩʯʝʪʝ ʝʤʢʦʩʪʥʦʛʦ ʪʦʢʘ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʛʦ ʬʠʜʝʨʘ ʧʦ ʬʦʨʤʫʣʝ (1) ʪʦʢ ʨʘʚʝʥ: 

Ὅ ̕
Ͻȟ ȟ

πȟυφ ̱Ȣɽʤʢʦʩʪʥʦʡ ʪʦʢ ʬʠʜʝʨʘ ʌ-1 ʧʨʠ ʨʘʩʯʝʪʝ ʧʦ ʬʦʨʤʫʣʝ (3) 

ʨʘʚʝʥ: 

Ὅ ̕
ςȟχϽρπϽωȟς ρπȟυχ

ρπππ
πȟυστ ̱Ȣ 

 

ʈʘʟʣʠʯʠʝ ʤʝʞʜʫ ʚʝʣʠʯʠʥʘʤʠ ʝʤʢʦʩʪʥʦʛʦ ʪʦʢʘ, ʨʘʩʩʯʠʪʘʥʥʦʛʦ ʧʦ ʬʦʨʤʫʣʘʤ (1, 2 ʠ 3), 

ʩʦʩʪʘʚʣʷʝʪ 4,63-21%. 
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ʈʠʩ. 2. ʉʭʝʤʘ ʨʘʩʧʦʣʦʞʝʥʠʷ ʧʨʦʚʦʜʦʚ ʥʘ ʦʧʦʨʝ 

ʇɹ10-1 

 

ʈʠʩ. 3. ʊʠʧʦʚʘʷ ʩʭʝʤʘ ʢʦʥʩʪʨʫʢʮʠʠ ʦʧʦʨʳ ʠ 

ʨʘʩʧʦʣʦʞʝʥʠʷ ʧʨʦʚʦʜʦʚ ʥʘ ʥʝʡ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ 

ʫʜʝʣʴʥʦʛʦ ʝʤʢʦʩʪʥʦʛʦ ʪʦʢʘ Ὥ ʜʣʷ ʧʨʦʚʦʜʦʚ 

ʜʠʘʤʝʪʨʦʤ 8,3 ʤʤ 

 

ɼʣʷ ʜʨʫʛʠʭ ʧʨʠʩʦʝʜʠʥʝʥʠʡ ʈʋ 10 ʢɺ ʨʘʩʯʝʪ ʚʳʧʦʣʥʝʥ ʧʦ ʬʦʨʤʫʣʝ (2) ʠ ʨʝʟʫʣʴʪʘʪʳ 

ʟʘʥʝʩʝʥʳ ʚ ʪʘʙʣʠʮʫ 2. 

ʊʘʙʣʠʮʘ 2 

ʈʝʟʫʣʴʪʘʪʳ ʨʘʩʯʝʪʘ ʝʤʢʦʩʪʥʦʛʦ ʪʦʢʘ ʧʨʠʩʦʝʜʠʥʝʥʠʡ 10 ʢɺ ʧʦʜʩʪʘʥʮʠʠ ɸ 35/10 ʢɺ 

 

ʅʦʤʝʨ 

ʧʨʠʩʦʝʜʠʥʝʥʠʷ 

ʇʘʨʘʤʝʪʨʳ ʣʠʥʠʠ 
ɽʤʢʦʩʪʥʦʡ ʪʦʢ, ɸ 

ʤʘʨʢʘ ʜʣʠʥʘ, ʢʤ 

ʌ-1 
ɸʉ-35 

ɸʉ-25 

9,2 

10,57 
0,4626 

ʌ-2 ɸʉ-35 27,9 0,653 

ʌ-3 

ɸʉ-35 

ɸʉ-25 

ʇʉ-25 

13,01 

0,49 

1,38 

0,3 

0,011 

0,032 

ʌ-6 

ɸʉ-35 

ɸʉ-25 

ɸʉ-50 

ʉʀʇ-50 

6,21 

5,39 

0,27 

0,24 

0,145 

0,126 

- 

- 

ɽʤʢʦʩʪʥʦʡ ʪʦʢ ʧʨʠʩʦʝʜʠʥʝʥʠʡ 1-ʦʡ ʩʠʩʪʝʤʳ ʰʠʥ 1,7296 

ʌ-12 ɸʉ-35 9,84 0,23 

ʌ-14 ɸʉ-35 4,7 0,11 

ʈʝʟʝʨʚ ɸʉ-35 5,9 0,138 

ɽʤʢʦʩʪʥʦʡ ʪʦʢ ʧʨʠʩʦʝʜʠʥʝʥʠʡ 2-ʦʡ ʩʠʩʪʝʤʳ ʰʠʥ 0,478 

ʉʫʤʤʘʨʥʳʡ ʝʤʢʦʩʪʥʦʡ ʪʦʢ ʧʨʠʩʦʝʜʠʥʝʥʠʡ ʦʙʝʠʭ ʩʠʩʪʝʤ ʰʠʥ 2,21 
 

ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʨʝʢʦʤʝʥʜʘʮʠʷʤʠ, ʧʨʠʚʝʜʸʥʥʳʤʠ ʚ ʨʘʙʦʪʝ [1], ʦʧʘʩʥʦʩʪʴ ʚʦʟʥʠʢʥʦʚʝʥʠʷ 

ʛʨʫʧʧʦʚʦʛʦ ʬʝʨʨʦʨʝʟʦʥʘʥʩʘ ï çʚʳʩʦʢʘʷè, ʪʘʢ ʢʘʢ ʚʝʣʠʯʠʥʘ ʝʤʢʦʩʪʥʦʛʦ ʪʦʢʘ ʚ ʨʘʩʯʸʪʝ ʥʘ ʦʜʠʥ 

ʠʟʤʝʨʠʪʝʣʴʥʳʡ ʪʨʘʥʩʬʦʨʤʘʪʦʨ ʥʘʧʨʷʞʝʥʠʷ ʜʣʷ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʡ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʩʝʪʠ ʨʘʚʥʘ 

2,21/2 = 1,105 ɸ/ʊʅ Ò 1,5 ɸ/ʊʅ. 
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ʊʫʨʦʚ ɸ.ʆ., ʃʫʞʘʡʮʝʚ ɼ.ɸ. 

ʅʘʫʯʥʳʡ ʨʫʢʦʚʦʜʠʪʝʣʴ: ʏʠʩʪʦʝʜʦʚʘ ʀ.ɸ., ʢʘʥʜ. ʪʝʭʥ. ʥʘʫʢ 

ʊʦʤʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʩʠʩʪʝʤ 

ʫʧʨʘʚʣʝʥʠʷ ʠ ʨʘʜʠʦʵʣʝʢʪʨʦʥʠʢʠ, ʛ. ʊʦʤʩʢ, ʈʦʩʩʠʷ 

 

ʈɽɸʃʀɿɸʎʀʗ ʄɸʉʐʊɸɹʀʈʆɺɸʅʀʗ ʄɸʃʆʉʀɻʅɸʃʔʅʆʁ ʅɽʃʀʅɽʁʅʆʁ 

ʄʆɼɽʃʀ ʊʈɸʅɿʀʉʊʆʈɸ ʉ ɺʓʉʆʂʆʁ ʇʆɼɺʀɾʅʆʉʊʔʖ ʕʃɽʂʊʈʆʅʆɺ 

 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʘʢʪʫʘʣʴʥʦʡ ʪʝʭʥʦʣʦʛʠʝʡ ʷʚʣʷʝʪʩʷ ʧʨʦʠʟʚʦʜʩʪʚʦ ʫʩʠʣʠʪʝʣʝʡ ʉɺʏ ʠ 

ʂɺʏ ʜʠʘʧʘʟʦʥʘ ʥʘ ʦʩʥʦʚʝ HEMT ʛʝʪʝʨʦʩʪʨʫʢʪʫʨʥʳʭ ʩʦʝʜʠʥʝʥʠʡ GaAs ʠ GaN. 

ʄʘʩʰʪʘʙʠʨʫʝʤʘʷ ʤʦʜʝʣʴ ʚ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʨʝʰʘʝʪ ʩʨʘʟʫ ʥʝʩʢʦʣʴʢʦ ʧʨʦʙʣʝʤ: ʫʧʨʦʱʘʝʪʩʷ ʵʪʘʧ 

ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʫʩʠʣʠʪʝʣʷ, ʪ.ʢ. ʥʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʧʨʠʤʝʥʷʪʴ ʨʘʟʣʠʯʥʳʝ ʤʦʜʝʣʠ, ʘ 

ʩʫʱʝʩʪʚʫʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʪʴ ʦʜʥʫ ʤʦʜʝʣʴ ʠ ʣʠʰʴ ʠʟʤʝʥʷʪʴ ʛʝʦʤʝʪʨʠʶ ʪʨʘʥʟʠʩʪʦʨʘ; 

ʫʤʝʥʴʰʘʝʪʩʷ ʚʨʝʤʷ ʥʘʩʪʨʦʡʢʠ ʪʨʘʥʟʠʩʪʦʨʘ, ʪ.ʢ. ʥʘʩʪʨʦʡʢʫ ʤʦʞʥʦ ʧʨʦʠʟʚʝʩʪʠ ʥʝ ʜʣʷ ʦʪʜʝʣʴʥʦ 

ʚʟʷʪʦʡ ʧʝʨʠʬʝʨʠʠ ʪʨʘʥʟʠʩʪʦʨʘ, ʘ ʩʨʘʟʫ ʜʣʷ ʥʝʩʢʦʣʴʢʠʭ ʧʝʨʠʬʝʨʠʡ ʚʳʧʦʣʥʝʥʥʳʭ ʧʦ ʦʜʥʦʡ 

ʪʝʭʥʦʣʦʛʠʠ. 

ɺ ʢʘʯʝʩʪʚʝ ʠʩʭʦʜʥʳʭ ʜʘʥʥʳʭ ʙʳʣʠ ʠʩʧʦʣʴʟʦʚʘʥʳ ʠʟʤʝʨʝʥʥʳʝ S-ʧʘʨʘʤʝʪʨʳ ʪʨʘʥʟʠʩʪʦʨʘ 

ʊ-900 (6Ĭ150 ʤʢʤ) ʚ ʢʘʯʝʩʪʚʝ ʦʩʥʦʚʥʦʡ ʧʝʨʠʬʝʨʠʠ ʚ ʜʠʘʧʘʟʦʥʝ ʯʘʩʪʦʪ 1ï50 ɻɻʮ. ɼʣʷ ʧʨʦʚʝʨʢʠ 

ʤʘʩʰʪʘʙʠʨʫʝʤʦʩʪʠ ʤʦʜʝʣʠ ʙʳʣʠ ʠʩʧʦʣʴʟʦʚʘʥʳ S-ʧʘʨʘʤʝʪʨʳ ʪʨʘʥʟʠʩʪʦʨʦʚ ʊ-600 (6Ĭ100 ʤʢʤ) 

ʠ ʊ-300 (4Ĭ75 ʤʢʤ). ʊʨʘʥʟʠʩʪʦʨʳ ʧʨʦʠʟʚʦʜʩʪʚʘ ɸʆ çʅʇʌ ʄʠʢʨʘʥè. 

ɼʣʷ ʥʘʩʪʨʦʡʢʠ ʤʘʩʰʪʘʙʠʨʫʝʤʦʩʪʠ ʥʝʦʙʭʦʜʠʤʦ ʫʯʝʩʪʴ, ʪʦ, ʯʪʦ ʚʩʝ ʧʘʨʘʟʠʪʥʳʝ ʵʬʬʝʢʪʳ 

ʚ ʪʨʘʥʟʠʩʪʦʨʝ ʟʘʚʠʩʷʪ ʦʪ ʝʛʦ ʛʝʦʤʝʪʨʠʠ ʠ ʧʨʠ ʠʟʤʝʥʝʥʠʝ ʧʨʦʝʢʪʠʨʦʚʱʠʢʦʤ ʨʘʟʤʝʨʦʚ 

ʪʨʘʥʟʠʩʪʦʨʘ, ʪ. ʝ. ʰʠʨʠʥʳ ʢʘʥʘʣʘ ʠʣʠ ʢʦʣʠʯʝʩʪʚʘ çʧʘʣʴʮʝʚè (ʧʘʨʘʣʣʝʣʴʥʦ ʚʢʣʶʯʝʥʥʳʭ 

ʟʘʪʚʦʨʦʚ). ʋʯʝʪ ʙʫʜʝʪ ʧʨʦʠʟʚʦʜʠʪʴʩʷ ʤʝʪʦʜʦʤ ʘʥʘʣʦʛʠʡ. ʊʘʢʞʝ ʩʪʦʠʪ ʫʯʝʩʪʴ, ʪʦ, ʯʪʦ ʤʦʜʝʣʴ 

ʜʣʷ ʪʨʘʥʟʠʩʪʦʨʘ ʊ-900 ʥʘʩʪʨʦʝʥʘ, ʪ.ʝ. ʩ ʩʫʤʤʘʨʥʦʡ ʰʠʨʠʥʦʡ ʟʘʪʚʦʨʘ 900 ʤʢʤ, ʯʪʦ 

ʩʢʣʘʜʳʚʘʝʪʩʷ ʠʟ 6 ʧʘʣʴʮʝʚ ʧʦ 150 ʤʢʤ ʢʘʞʜʳʡ. ʄʘʩʰʪʘʙʠʨʫʝʤʦʩʪʴ ʤʦʜʝʣʠ ʥʘʩʪʨʘʠʚʘʝʪʩʷ 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʧʝʨʚʠʯʥʦʡ ʧʝʨʠʬʝʨʠʠ, ʜʣʷ ʢʦʪʦʨʦʡ ʧʨʦʠʟʚʦʜʠʣʦʩʴ ʥʘʩʪʨʦʡʢʘ. ɼʣʷ 16 ʧʘʩʩʠʚʥʳʭ 

ʵʣʝʤʝʥʪʦʚ ʵʢʚʠʚʘʣʝʥʪʥʦʡ ʩʭʝʤʳ, ʚʟʷʪʦʡ ʠʟ ʨʘʙʦʪ ʀ. ɸʥʛʝʣʦʚʘ [1; 2] ʥʝʦʙʭʦʜʠʤʦ ʟʘʧʠʩʘʪʴ 

ʬʦʨʤʫʣʳ, ʧʦ ʢʦʪʦʨʳʤ ʙʫʜʝʪ ʧʨʦʭʦʜʠʪʴ ʤʘʩʰʪʘʙʠʨʦʚʘʥʠʝ ʤʘʣʦʩʠʛʥʘʣʴʥʳʭ ʧʘʨʘʤʝʪʨʦʚ, ʪʘʢʞʝ 

ʥʝʦʙʭʦʜʠʤʦ ʚʳʚʝʩʪʠ ʫʨʘʚʥʝʥʠʝ ʜʣʷ ʤʘʩʰʪʘʙʠʨʦʚʘʥʠʷ ʪʦʢʘ ʩʪʦʢ-ʠʩʪʦʢ, ʢʦʪʦʨʳʡ ʚ ʩʚʦʶ 

ʦʯʝʨʝʜʴ ʦʪʚʝʯʘʝʪ ʟʘ ʤʘʩʰʪʘʙʠʨʦʚʘʥʠʝ ʚʦʣʴʪʘʤʧʝʨʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ. 

ɼʣʷ ʩʦʩʪʘʚʣʝʥʠʷ ʫʨʘʚʥʝʥʠʷ ʨʝʘʣʠʟʘʮʠʠ ʤʘʩʰʪʘʙʠʨʦʚʘʥʠʷ ɺɸʍ, ʥʝʦʙʭʦʜʠʤʦ ʩʜʝʣʘʪʴ 

ʤʘʩʰʪʘʙʠʨʫʝʤʳʤ ʠʩʪʦʯʥʠʢ ʪʦʢʘ. ʉʘʤʳʡ ʧʨʦʩʪʦʡ ʚʘʨʠʘʥʪ ï ʵʪʦ ʧʨʦʚʝʩʪʠ ʘʥʘʣʦʛʠʶ 

ʝʜʠʥʠʯʥʦʛʦ ʢʘʥʘʣʘ ʪʨʘʥʟʠʩʪʦʨʘ, ʛʜʝ ʧʨʦʪʝʢʘʝʪ Ids ʩ ʜʠʬʬʫʟʠʦʥʥʳʤ ʨʝʟʠʩʪʦʨʦʤ, ʘ ʧʘʨʘʣʣʝʣʴʥʦ 

ʩʦʝʜʠʥʝʥʥʳʝ ʟʘʪʚʦʨʳ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʩ ʠʭ ʧʘʨʘʣʣʝʣʴʥʳʤ ʚʢʣʶʯʝʥʠʝʤ. ʀʟ ʵʪʠʭ ʨʘʩʩʫʞʜʝʥʠʡ 

ʤʦʞʥʦ ʧʨʠʤʝʥʠʪʴ ʬʦʨʤʫʣʫ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʜʠʬʬʫʟʠʦʥʥʦʛʦ ʨʝʟʠʩʪʦʨʘ [3]. ʀʩʭʦʜʷ ʠʟ ʬʦʨʤʫʣʳ 

ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʜʠʬʬʫʟʠʦʥʥʦʛʦ ʨʝʟʠʩʪʦʨʘ ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜ, ʯʪʦ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʦʙʨʘʪʥʦ 

ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦ ʰʠʨʠʥʝ ʨʝʟʠʩʪʦʨʘ, ʪʦʛʜʘ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʟʘʢʦʥʦʤ ʆʤʘ [4]: 
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ʉʦʧʨʦʪʠʚʣʝʥʠʝ ʧʨʠ ʧʘʨʘʣʣʝʣʴʥʦʤ ʚʢʣʶʯʝʥʠʠ ʨʘʚʥʳʭ ʧʦ ʥʦʤʠʥʘʣʫ ʨʝʟʠʩʪʦʨʦʚ 

ʨʘʩʩʯʠʪʳʚʘʝʪʩʷ ʧʦ ʬʦʨʤʫʣʝ: 
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ʀʩʭʦʜʷ ʠʟ ʬʦʨʤʫʣ (1) ʠ (2) ʤʦʞʥʦ ʧʨʦʠʟʚʝʩʪʠ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʠ ʚʳʚʝʩʪʠ ʟʘʚʠʩʠʤʦʩʪʴ 

ʪʦʢʘ ʩʪʦʢʘ-ʠʩʪʦʢ ʦʪ ʧʘʨʘʣʣʝʣʴʥʦʛʦ ʚʢʣʶʯʝʥʠʷ ʟʘʪʚʦʨʦʚ, ʪʘʢʞʝ ʩʪʦʠʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʧʨʠ 

ʨʘʚʥʳʭ: 
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ʉʦʛʣʘʩʥʦ ʬʦʨʤʫʣʘʤ (1, 3) ʪʦʢ ʩʪʦʢ-ʠʩʪʦʢ ʠʤʝʝʪ ʧʨʷʤʫʶ ʟʘʚʠʩʠʤʦʩʪʴ ʦʪ ʰʠʨʠʥʳ ʟʘʪʚʦʨʘ 

ʠ ʠʭ ʢʦʣʠʯʝʩʪʚʘ. ʉʦʛʣʘʩʥʦ ʵʪʦʤʫ ʟʘʧʠʩʳʚʘʶʪʩʷ ʫʨʘʚʥʝʥʠʝ ʤʘʩʰʪʘʙʠʨʦʚʘʥʠʷ ʠʩʪʦʯʥʠʢʘ: 
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ʛʜʝ W ï ʝʜʠʥʠʯʥʘʷ ʰʠʨʠʥʘ ʟʘʪʚʦʨʘ;  

W0 ï ʦʪʥʦʩʠʪʝʣʴʥʘʷ ʰʠʨʠʥʘ ʟʘʪʚʦʨʘ, ʚʝʣʠʯʠʥʘ ʜʣʷ ʢʦʪʦʨʦʡ ʧʨʦʚʦʜʠʣʘʩʴ ʧʝʨʚʠʯʥʘʷ 

ʥʘʩʪʨʦʡʢʘ ʤʦʜʝʣʠ (W0 = 150 ʤʢʤ);  

N ï ʢʦʣʠʯʝʩʪʚʦ çʧʘʣʴʮʝʚè ʪʨʘʥʟʠʩʪʦʨʘ;  

N0 ï ʦʪʥʦʩʠʪʝʣʴʥʦʝ ʢʦʣʠʯʝʩʪʚʦ çʧʘʣʴʮʝʚè (N0 = 6). 

ʅʘ ʨʠʩʫʥʢʝ 1 ʚʠʜʥʦ, ʯʪʦ ʧʨʠ ʤʘʩʰʪʘʙʠʨʦʚʘʥʠʠ ʨʘʩʭʦʞʜʝʥʠʝ ɺɸʍ ʤʦʜʝʣʠ ʠ ʠʟʤʝʨʝʥʠʡ 

ʨʝʘʣʴʥʳʭ ʪʨʘʥʟʠʩʪʦʨʦʚ ʥʝ ʧʨʝʚʳʰʘʝʪ 5%. ʉʭʦʜʠʤʦʩʪʴ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʛʦʚʦʨʠʪ ʦ ʧʨʘʚʠʣʴʥʦʩʪʠ 

ʚʳʚʝʜʝʥʥʳʭ ʫʨʘʚʥʝʥʠʡ ʤʘʩʰʪʘʙʠʨʦʚʘʥʠʷ, ʧʨʠ ʪʦʤ, ʯʪʦ ʥʘʩʪʨʦʡʢʘ ʤʦʜʝʣʠ ʜʣʷ ʦʩʥʦʚʥʦʡ 

ʧʝʨʠʬʝʨʠʠ ʫʞʝ ʧʨʦʠʟʚʝʜʝʥʘ.  

ʀʟ ʨʠʩʫʥʢʘ 1 ʚʠʜʥʦ, ʯʪʦ ʚʦʣʴʪʘʤʧʝʨʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʠʤʝʶʪ ʤʠʥʠʤʘʣʴʥʦʝ 

ʨʘʩʭʦʞʜʝʥʠʝ ʧʨʠ ʤʘʩʰʪʘʙʠʨʦʚʘʥʠʠ, ʯʪʦ ʧʦʜʪʚʝʨʞʜʘʝʪ ʧʨʘʚʠʣʴʥʦʩʪʴ ʥʘʩʪʨʦʡʢʠ ʤʦʜʝʣʠ.  

ɼʘʣʝʝ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʚʳʚʦʜ ʬʦʨʤʫʣ ʜʣʷ ʨʝʘʣʠʟʘʮʠʠ ʤʘʩʰʪʘʙʠʨʦʚʘʥʠʷ ʤʘʣʦʩʠʛʥʘʣʴʥʳʭ 

ʧʘʨʘʤʝʪʨʦʚ ʤʦʜʝʣʠ. 

ʉʦʧʨʦʪʠʚʣʝʥʠʝ ʤʝʪʘʣʣʠʟʘʮʠʠ ʟʘʪʚʦʨʘ (Rg) ï ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʨʝʟʠʩʪʦʨʘ ʦʙʫʩʣʘʚʣʠʚʘʝʪʩʷ 

ʩʧʦʩʦʙʥʦʩʪʴ ʤʘʪʝʨʠʘʣʘ ʤʝʪʘʣʣʠʟʘʮʠʠ ʧʨʝʧʷʪʩʪʚʦʚʘʪʴ ʧʨʦʪʝʢʘʥʠʶ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʪʦʢʘ, ʠ ʝʛʦ 

ʛʝʦʤʝʪʨʠʝʡ, ʯʪʦ ʤʦʞʥʦ ʦʧʠʩʘʪʴ ʬʦʨʤʫʣʦʡ ʜʣʷ ʨʘʩʯʝʪʘ ʪʦʥʢʦʧʣʝʥʦʯʥʦʛʦ ʨʝʟʠʩʪʦʨʘ, ʪ.ʝ. 

ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʠʟʤʝʥʷʝʪʩʷ ʣʠʥʝʡʥʦ ʧʨʠ ʠʟʤʝʥʝʥʠʠ ʰʠʨʠʥʳ, ʥʦ ʠʟʤʝʥʝʥʠʝ ʢʦʣʠʯʝʩʪʚʘ 

çʧʘʣʴʮʝʚè ʧʨʠʚʦʜʠʪ ʢ ʠʟʤʝʥʝʥʠʶ ʢʦʣʠʯʝʩʪʚʘ ʨʝʟʠʩʪʦʨʦʚ, ʚʢʣʶʯʝʥʥʳʭ ʧʘʨʘʣʣʝʣʴʥʦ. ʀʩʭʦʜʷ 

ʠʟ ʵʪʦʛʦ ʟʘʧʠʰʝʤ ʫʨʘʚʥʝʥʠʝ ʤʘʩʰʪʘʙʠʨʦʚʘʥʠʷ: 
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ʈʠʩ. 1. ɺʦʣʴʪʘʤʧʝʨʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʤʦʜʝʣʠ (ʢʨʘʩʥʘʷ ʣʠʥʠʷ) ʠ ɺɸʍ ʪʨʘʥʟʠʩʪʦʨʦʚ: ʘ) ʊ-600; ʙ) ʊ-300 

 

ɽʤʢʦʩʪʴ, ʦʙʫʩʣʦʚʣʝʥʥʘʷ ʤʝʪʘʣʣʠʟʘʮʠʝʡ ʟʘʪʚʦʨʘ (Cg) ï ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʚ ʚʠʜʝ 

ʢʦʥʜʝʥʩʘʪʦʨʘ, ʝʤʢʦʩʪʴ ʟʘʚʠʩʠʪ ʦʪ ʝʛʦ ʛʝʦʤʝʪʨʠʠ, ʢʦʪʦʨʫʶ ʤʦʞʥʦ ʨʘʩʩʯʠʪʘʪʴ ʧʦ ʬʦʨʤʫʣʝ 

ʪʦʥʢʦʧʣʝʥʦʯʥʦʛʦ ʢʦʥʜʝʥʩʘʪʦʨʘ [3]. ʀʟ ʬʦʨʤʫʣʳ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʛʦ ʚʢʣʶʯʝʥʠʷ ʢʦʥʜʝʥʩʘʪʦʨʦʚ 

[4] ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜ, ʯʪʦ ʚʣʠʷʥʠʷ ʜʘʥʥʦʡ ʝʤʢʦʩʪʠ ʙʫʜʝʪ ʤʘʣʦ ʚʚʠʜʫ ʨʘʟʤʝʨʦʚ ʢʦʥʪʘʢʪʘ ʠ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʛʦ ʚʢʣʶʯʝʥʠʷ, ʫʯʠʪʳʚʘʪʴʩʷ ʙʫʜʝʪ ʪʦʣʴʢʦ ʧʘʨʘʣʣʝʣʴʥʦʝ ʚʢʣʶʯʝʥʠʝ [4], ʧʨʠ 

ʠʟʤʝʥʝʥʠʠ ʢʦʣʠʯʝʩʪʚʘ çʧʘʣʴʮʝʚè. 

ʉʦʛʣʘʩʥʦ ʬʦʨʤʫʣʝ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʛʦ ʚʢʣʶʯʝʥʠʷ ʢʦʥʜʝʥʩʘʪʦʨʦʚ, ʤʦʞʥʦ ʟʘʧʠʩʘʪʴ 

ʢʦʵʬʬʠʮʠʝʥʪ ʤʘʩʰʪʘʙʠʨʦʚʘʥʠʷ ʧʘʨʘʤʝʪʨʘ: 
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ɼʣʷ ʙʦʣʴʰʝʡ ʥʘʛʣʷʜʥʦʩʪʠ ʧʨʠʚʝʜʝʤ ʧʨʠʤʝʨ ʜʣʷ ʠʥʜʫʢʪʠʚʥʦʩʪʠ ʚʳʟʚʘʥʥʦʡ ʤʝʪʘʣʣʠʟʘʮʠʝʡ 

ʩʪʦʢʘ (Ls). ʄʝʪʘʣʣʠʟʘʮʠʠ ʩʪʦʢʘ ʚʥʦʩʠʪ ʩʫʱʝʩʪʚʝʥʥʦʝ ʚʣʠʷʥʠʝ ʥʘ ʠʥʜʫʢʪʠʚʥʦʩʪʴ ʚ ʵʢʚʠʚʘʣʝʥʪʥʦʡ 

ʩʭʝʤʝ ʧʨʠ ʠʟʤʝʥʝʥʠʠ ʰʠʨʠʥʘ ʪʨʘʥʟʠʩʪʦʨʘ, ʚʚʠʜʫ ʩʚʦʠʭ ʙʦʣʴʰʠʭ ʨʘʟʤʝʨʦʚ ʛʝʦʤʝʪʨʠʠ 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʛʝʦʤʝʪʨʠʠ ʤʝʪʘʣʣʠʟʘʮʠʠ ʟʘʪʚʦʨʘ. ʚʝʜʝʪ ʩʝʙʷ ʘʥʘʣʦʛʠʯʥʦ ʨʝʟʠʩʪʦʨʫ, ʧʨʠ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʤ ʚʢʣʶʯʝʥʠʠ ʠʥʜʫʢʪʠʚʥʦʩʪʠ ʩʫʤʤʠʨʫʶʪʩʷ. ʊʦʛʜʘ ʩ ʫʯʝʪʦʤ ʬʦʨʤʫʣʳ 

ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʜʠʬʬʫʟʠʦʥʥʦʛʦ ʨʝʟʠʩʪʦʨʘ ʟʘʧʠʰʝʤ ʫʨʘʚʥʝʥʠʝ ʤʘʩʰʪʘʙʠʨʦʚʘʥʠʷ ʠʥʜʫʢʪʠʚʥʦʩʪʠ:  
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ɸʥʘʣʦʛʠʯʥʦ ʫʢʘʟʘʥʥʳʤ ʬʦʨʤʫʣʘʤ ʚʳʚʦʜʷʪʩʷ ʦʩʪʘʣʴʥʳʝ ʟʘʚʠʩʠʤʦʩʪʠ ʠ ʨʝʘʣʠʟʫʶʪʩʷ ʚ 

ʉɸʇʈ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʤʘʩʰʪʘʙʠʨʦʚʘʪʴ ʤʦʜʝʣʴ ʪʨʘʥʟʠʩʪʦʨʘ ʧʨʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ ʉɺʏ ʄʀʉ. 

ɼʘʣʝʝ ʧʨʦʠʟʚʦʜʠʪʩʷ ʤʦʜʝʣʠʨʦʚʘʥʠʷ S-ʧʘʨʘʤʝʪʨʦʚ ʤʦʜʝʣʠ ʩ ʠʟʤʝʥʝʥʥʳʤʠ ʢʦʣʠʯʝʩʪʚʦʤ 

ʧʘʣʴʮʝʚ (N) ʠ ʰʠʨʠʥʦʡ ʟʘʪʚʦʨʘ (W). ʈʝʟʫʣʴʪʘʪʳ ʤʦʜʝʣʠʨʦʚʘʥʠʷ S-ʧʘʨʘʤʝʪʨʦʚ ʚ ʜʠʘʧʘʟʦʥʝ 

ʯʘʩʪʦʪ ʦʪ 1 ɻɻʮ ʜʦ 50 ɻɻʮ ʜʣʷ ʪʨʘʥʟʠʩʪʦʨʘ ʊ-300 (4Ĭ75 ʤʢʤ) ʠ ʜʣʷ ʪʨʘʥʟʠʩʪʦʨʘ ʊ-600 

(6Ĭ100 ʤʢʤ) ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʨʠʩʫʥʢʝ 2. 

  

ʘ) ʙ) 

  

ʚ) ʛ) 

ʈʠʩ. 2. ʄʘʣʦʩʠʛʥʘʣʴʥʳʝ ʧʘʨʘʤʝʪʨʳ ʤʦʜʝʣʠ (ʩʧʣʦʰʥʘʷ ʣʠʥʠʷ) ʠ ʨʝʘʣʴʥʦʛʦ ʪʨʘʥʟʠʩʪʦʨʘ 

(ʧʫʥʢʪʠʨʥʘʷ ʣʠʥʠʷ): ʘ) S11, S22 ʪʨʘʥʟʠʩʪʦʨʘ ʊ-300; ʙ) S21 ʪʨʘʥʟʠʩʪʦʨʘ ʊ-300;  

ʚ) S11, S22 ʪʨʘʥʟʠʩʪʦʨʘ ʊ-900; ʛ) S21 ʪʨʘʥʟʠʩʪʦʨʘ ʊ-900 

 

ʀʟ ʨʠʩʫʥʢʘ 1 ʚʠʜʥʦ, ʯʪʦ ʟʘʚʠʩʠʤʦʩʪʠ S-ʧʘʨʘʤʝʪʨʦʚ ʠʤʝʶʪ ʤʠʥʠʤʘʣʴʥʦʝ ʨʘʩʭʦʞʜʝʥʠʝ 

ʧʨʠ ʤʘʩʰʪʘʙʠʨʦʚʘʥʠʠ, ʯʪʦ ʧʦʜʪʚʝʨʞʜʘʝʪ ʧʨʘʚʠʣʴʥʦʩʪʴ ʥʘʩʪʨʦʡʢʠ ʤʦʜʝʣʠ. ʈʝʘʣʠʟʘʮʠʷ 

ʤʘʩʰʪʘʙʠʨʫʝʤʦʩʪʠ ʤʦʜʝʣʠ ʤʝʪʦʜʦʤ ʘʥʘʣʦʛʠʡ, ʩʧʦʩʦʙʩʪʚʫʝʪ ʠʩʢʣʶʯʠʪʴ ʥʘʩʪʨʦʡʢʠ ʤʦʜʝʣʝʡ 

ʜʣʷ ʢʘʞʜʦʛʦ ʦʪʜʝʣʴʥʦʛʦ ʪʨʘʥʟʠʩʪʦʨʘ, ʠʟʛʦʪʦʚʣʝʥʥʦʛʦ ʧʦ ʦʜʥʦʡ ʪʝʭʥʦʣʦʛʠʠ, ʘ ʥʘʩʪʨʦʠʪʴ 

ʤʦʜʝʣʴ ʪʦʣʴʢʦ ʜʣʷ ʦʜʥʦʡ ʧʝʨʠʬʝʨʠʠ ʠ ʚ ʜʘʣʴʥʝʡʰʝʤ ʠʟʤʝʥʷʪʴ ʣʠʰʴ ʢʦʣʠʯʝʩʪʚʦ çʧʘʣʴʮʝʚè ʠ 

ʰʠʨʠʥʫ ʝʜʠʥʠʯʥʦʛʦ ʟʘʪʚʦʨʘ. 
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STUDY OF PREPARATION CONDITION ON Pt CATALYSTS  

ON OXIDE AND  CARBON SUPPORTS 

 

Heterogeneous catalysts based on small metallic particles supported on oxides with high surface 

area or other porous supports such as carbon are considered promising catalysts for various 

commercial processes including oxidation, hydrogenation, and isomerization [1, p. 310; 2, p. 2050; 

3, p. 174]. The platinum-based catalysts and, specifically the platinum on alumina support catalysts 

is one of the most significant catalysts utilized for oil refining and environment protection [1, p. 310], 

and Pt on carbon support catalysts have applications in the oil industry for the fine synthesis of 

chemicals, organic synthesis, and deep oxidation of hydrocarbons [4, p. 70; 5, p. 463]. Alumina is 

captivated as a support for the deposition of Pt nanoparticles due to its existence in various crystalline 

forms and modification of its surface. It leads to the synthesis of Pt over alumina catalysts with 

manifold characteristics and catalytic activity [5, p. 463; 6, p. 729]. As for as carbon is concerned as 

a support, it possesses high chemical stability, low reactivity, and low concentration of impurities 

which hinders the occurrence of side reactions. Sibunit belongs to a family of carbon supports and it 

has enhanced characteristics in a form of high mechanical crushing, abrasion strength up to 

200ī300 kg/cm2, a high surface area of up to 700 m2/g, and the possibility of its surface modification 

by pretreatment. It exhibits the characteristics of both activated carbon and graphite [2, p. 2050; 7, 

p. 349].  

Numerous studies have illustrated the effect of phase composition, the particle size of active Pt, 

also the support nature on the activity and selectivity of the platinum-supported catalysts. For 

example, the Pt oxide phase is the best choice for the reaction of deep oxidation of hydrocarbons and 

the reduced phase (metallic Pt) performs well in hydrogenation reactions [3, p. 174]. However, the 

widely used Pt metal precursor solution, the platinum nitrate solution contains complicated 

compositions and is vulnerable to hydrolysis upon dilution which causes the production of hydrated 

platinum oxide precipitate with time [4, p. 70; 8, p. 182]. The interaction of the surface with acids 

and bases, doping with metals, use of different precursors, and mixing of additives in impregnating 

solution either can enhance the stability or create an opposite effect on the prepared particles of active 
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compound in form of agglomeration [3, p. 174]. In the context of phase composition and particle size 

effects and support interaction with the active component, the controlled synthesis of Pt-based 

catalysts is essentially required for targeted applications. Therefore, it is critically important to deeply 

investigate the effect of preparation conditions on the final characteristics of Pt over alumina and 

carbon supports for better optimization of the system parameters to obtain the best catalytic 

performance.  

The present work is devoted to studying the influence of preparation conditions on the final 

properties of Pt on alumina and Sibunit supports so that the former can be employed effectively in 

different processes, such as the combustion of constituents of car and industry exhausts, the petroleum 

refining, the fine organic synthesis and so on with better activity, selectivity, and stability. We report 

here the results of the effect of varied preparation parameters during wet impregnation method such 

as Pt precursor solution compositions, pretreatment of supports and various reductants on the final 

characteristics of Pt over alumina and Sibunit catalysts obtained from X-ray photoelectron 

spectroscopy (XPS), high-resolution transmission electron microscopy (HR TEM) and BET 

adsorption studies.  

The XPS experiments were performed at a SPECS spectrometer equipped with a hemispherical 

PHOIBOS-150-MCD-9 analyzer and at a VG ESCALAB HP [3, p. 175]. The non-monochromatic 

Mg KŬ radiation (hɜ= 1253.6 eV) at 200 W was used as the primary excitation. The spectrometers 

were calibrated using the Au4f7/2 (84.0 eV) and Cu2p3/2 (932.7 eV) peaks from metallic gold and 

copper foils [9, p. 182, p. 87]. The binding energies of detected peaks were calibrated by the position 

of the C1s peak (BE = 284.5 eV) [9, p. 40; 10, p. 489]. The binding energy and the areas of XPS 

peaks were calculated after subtraction from Shirley background and analysis of line shapes. For each 

XPS region, curves were fitted with GaussianïLorentzian functions. Spectral analysis and data 

processing were carried out with Peak 4.1 XPS software [11]. The samples were fixed on the holder 

with the 3M double-sided adhesive copper conducting tape. The X-ray radiation heats the sample and 

has a reducing influence on it to minimize that while studying the ionic forms of platinum with XPS 

the mode of rapid spectra recording enabling us to obtain the spectrum of the Pt4f region in 2 minutes 

from the moment the source was turned on. 

The study by HRTEM was performed on a JEM-2010, Jeol Co., Japan, with a lattice resolution 

of 0.14 nm with an accelerating voltage of 200 kV and Themis Z (Thermo Fisher Scientific, USA) 

with the lattice resolution of 0.07 nm with an accelerating voltage of 200 kV. The samples for the 

study were fixed on the standard copper meshes placed into the holder and put in the chamber of an 

electron microscope. To determine the particle size the ñAnalysis, I TEM v.5ò software was used 

(Soft Imaging System GmbH, 2004).  

Platinum loading (Pt wt. %) values were obtained during elemental analysis after air calcination 

at 400ÁC of Pt/Alumina samples and after NaBH4 reduction for Pt/Sibunit samples with X-ray 

fluorescent method on an ARL PERFORMôX analyzer with the Rh-anode of X-ray tube. The 

calibration plots were used to increase the accuracy of metal loading determination. 
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The adsorption studies were conducted by the isotherms of N2 adsorption at 77 K, measured on 

an ASAP-2400 Micromeritics (USA) set-up after training the samples in a vacuum at 150 ÁC. The 

isotherms were used to calculate the total available surface by BET [12, p. 38]. 

All the catalysts were synthesized by the wet impregnation method [4, p.70; 5, p.463]. For the 

preparation of the Pt/Al2O3 (1 wt. % Pt) and Pt/Sibunit (3 wt. % Pt) catalysts, the commercial solution 

of platinum (IV) nitrate (Delphi, 24.77 wt. % of platinum), Al2O3 (SBET=198 m2/g), Sibunit 

(SBET=249.4 m2/g) were used. For the Pt on carbon catalysts original Sibunit and Sibunit after HNO3 

(70% conc.) solution treatment were used and compared.  

To observe the effect of preparation conditions the following precursor solutions were used 

both for oxide and carbon supports, Pt (IV) nitrate solution (Pt-nit) (pH Ḑ1) and the same solution 

modified by the addition of tetramethylammonium hydroxide (TMA) (Pt-TMA) (pH Ḑ7).  

As the final treatment, Pt/Al2O3 catalyst samples were dried at 120ÁC and then calcined in air 

at 400ÁC for 4 hours for precursor decomposition. Pt/Sibunit catalyst samples were reduced by NaBH4 

at room temperature. 

Prepared samples were studied by XPS at every stage of preparation. According to XPS data in 

the case of Pt/Al2O3 catalysts just after impregnation, only Pt (IV) was found on the surface of 

alumina. After air calcination at 400ÁC the chemical state of platinum depends on the Pt precursor 

solution (see figure 1 a): for the Pt-nit/Al 2O3 mixture of Pt (IV) + Pt (II) and mixture of Pt (IV) + Pt 

(II) + Pt (0) for Pt-TMA/ Al 2O3 were found (binding energy of Pt4f7/2 is 75.0 -75.1 eV for Pt4+, 72.9-

73.3 eV for Pt2+ and 71.2 eV for the metallic platinum) [3, p.176; 5, p. 464; 9, p. 234]. This observation 

indicates the stronger óPt-aluminaô interaction for the Pt-nit/Al 2O3 catalyst comparing with Pt-

TMA/Al 2O3. Independently of precursor solution composition, small Pt particles well separated over 

alumina support are found by HRTEM (see figure 2 a). At the same time according to TEM Pt particle 

distribution over the alumina support grain for the P-nit/Al 2O3 pointing on shell effect due to strong 

ñplatinum ï supportò interaction. 

In the case of Sibunit, the carbon support was etched due to its treatment with HNO3 that 

resulted in modification of adsorption sites present on the surface of a support. It has been found out 

during the BET studies, the surface area and volume of pores that existed on the support surface are 

increased from 249.4 m2/g up to 350.4 m2/g and from 0.319 cc/g up to 0.441 cc/g respectively, due 

to pretreatment. XPS shows that in general, it can be stated that in the case of pretreatment of Sibunit 

with HNO3, the formation of new functional groups, which serve as adsorption centers and promote 

modification of the surface of a support, takes place. 

According to XPS data, just after Sibunit impregnation independently on precursor solution 

compositions, the most dominant phase is Pt (IV) (binding energy 75.0-75.1 eV) with the addition of 

Pt(II) (binding energy 72.9-73.3 eV) (see Fig. 1b). But, in the case of Pt-TMA/HNO3-Sibunit sample, 

additional etching of the support by HNO3 and addition of TMA facilitates the reduction of Pt 

precursor after deposition.  

As Sibunit is conductive and strong interaction leads to the reduction of Pt precursor, it is quite 

clear that in case of using TMA for maintaining the pH of Pt (IV) solution and pretreatment of support 

with nitric acid results in a profound reduction of Pt precursor solution into Pt (II). So, it indicates the 
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stronger active component-support interaction in Pt-TMA/HNO3-Sibunit that is critically important 

for the formation of the stable and well-dispersed platinum particles.  

In contrast to Pt-nit/HNO3-Sibunit where particles are concentrated and agglomerated at certain 

regions of support due to weak interaction (see fig. 2b), the strong interaction between Pt and Sibunit 

support in Pt-TMA/HNO3-Sibunit catalyst resists sintering under reduction conditions in presence of 

NaBH4 which generates a uniform and narrow particle size distribution as shown in fig. 2(c). It is 

obvious from TEM images that the use of TMA in Pt precursor solution stabilizes active component 

particles against agglomeration and results in small Pt particles after reduction with NaBH4.  

 
 

Fig. 1. XPS spectra of the platinum region: a) Pt4f + Al2p (blue dashed line) for Pt/Alumina catalysts after 

air annealing at 400̄C; b) Pt4f XPS spectra for Pt-TMA/HNO3-Sibunit catalysts after Pt precursor deposition 

 

 
 

Fig. 2. TEM data for catalysts: a) Pt-nit/Al 2O3 (400̄ C); b) Pt-nit/HNO3-Sibunit (NaBH4 reduction); c) Pt-TMA/HNO3-

Sibunit (NaBH4 reduction) 

 

The study on the role of preparation conditions in defining the final characteristics of Pt over 

alumina and carbon supports with the use of characterization techniques XPS, HRTEM, and BET 

shows that in the case of Pt over alumina support catalyst, the strength of an interaction between 
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active component-support is high when modifying additive is not used, and deposition of platinum 

over oxide support takes place at low pH of precursor solution, whereas it depicts opposite 

characteristics in Pt over Sibunit support catalyst as precursor solution modification and pretreatment 

of support facilitate more reduction and hence strengthen the active component-support interaction. 

The XPS, HRTEM, and BET investigations of Pt on alumina and carbon support at each varied 

preparation condition provide a solution to control the final characteristics such as desired chemical 

states and particle size distribution in order to achieve better catalytic performance and stability under 

chosen catalytic reactions.  

 

This work was supported by the Ministry of Science and Higher Education of the Russian 

Federation within the governmental order for Boreskov Institute of Catalysis (project AAAA-A21-

121011390011-4). 
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ɸʉʇɽʂʊʓ ʇʈʀʅʗʊʀʗ ʈɽʐɽʅʀʗ ʇʆ ɼʆɹʓʏʀ ʅɽʌʊɽʇʈʆɼʋʂʊʆɺ  

ɺ ʇʈʀɹʈɽɾʅʆʄ ɻʆʉʋɼɸʈʉʊɺɽ, ʅɸ ʇʈʀʄɽʈɽ ʅʆʈɺɽɻʀʀ 

 

ʅʝʬʪʴ ʠ ʛʘʟ ʷʚʣʷʶʪʩʷ ʥʘʠʙʦʣʝʝ ʧʨʦʜʘʚʘʝʤʳʤʠ ʵʥʝʨʛʦʨʝʩʫʨʩʘʤʠ ʥʘ ʨʳʥʢʝ, ʧʦʵʪʦʤʫ ʦʯʝʥʴ 

ʪʨʫʜʥʦ ʦʪʨʠʮʘʪʴ ʠʭ ʞʠʟʥʝʩʧʦʩʦʙʥʦʩʪʴ ʚ ʦʙʱʝʤ ʵʢʦʥʦʤʠʯʝʩʢʦʤ ʨʦʩʪʝ ʩʪʨʘʥʳ, ʙʦʛʘʪʦʡ 

ʫʛʣʝʚʦʜʦʨʦʜʥʳʤʠ ʨʝʩʫʨʩʘʤʠ [1, ʩ. 268ï275]. 

ɸʩʧʝʢʪʳ ʧʦ ʜʦʙʳʯʠ ʥʝʬʪʝʧʨʦʜʫʢʪʦʚ ʩʚʷʟʘʥʳ ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ ʩ ʜʦʙʳʯʝʡ ʥʘ ʩʫʰʝ, ʠ 

ʠʤʝʶʪ ʧʨʝʜʧʦʯʪʠʪʝʣʴʥʝʝ, ʠʟïʟʘ ʤʝʥʴʰʝʡ ʩʣʦʞʥʦʩʪʠ ʠ ʤʝʥʴʰʠʭ ʨʠʩʢʦʚ ʟʘʛʨʷʟʥʝʥʠʷ ʤʦʨʩʢʦʡ 

ʩʨʝʜʳ, ʯʪʦ ʦʯʝʥʴ ʚʘʞʥʦ ʜʣʷ ʨʳʙʦʣʦʚʩʪʚʘ ʠ ʪʫʨʠʩʪʠʯʝʩʢʦʛʦ ʙʠʟʥʝʩʘ. ʉ ʚʥʝʜʨʝʥʠʝʤ ʤʝʪʦʜʦʚ 

ʥʘʢʣʦʥʥʦïʥʘʧʨʘʚʣʝʥʥʦʛʦ ʠ, ʛʦʨʠʟʦʥʪʘʣʴʥʦʛʦ ʙʫʨʝʥʠʷ ʩʪʘʥʝʪ ʚʦʟʤʦʞʥʳʤ ʜʦʩʪʠʯʴ ʞʝʣʘʝʤʦʡ 

ʦʙʣʘʩʪʠ ʟʘʣʝʞʠ ʫʛʣʝʚʦʜʦʨʦʜʦʚ, ʨʘʩʧʦʣʦʞʝʥʥʦʡ ʥʘ ʰʝʣʴʬʝ ʥʘ ʛʦʨʠʟʦʥʪʘʣʴʥʦʡ ʦʩʠ, ʢʘʢ ʵʪʦ 

ʩʜʝʣʘʣʘ ʈʦʩʥʝʬʪʴ. ʇʨʦʙʫʨʝʥʥʘʷ ʛʦʨʠʟʦʥʪʘʣʴʥʘʷ ʩʢʚʘʞʠʥʘ ʜʦʩʪʠʛʣʘ 15000 ʤʝʪʨʦʚ ʚ ʜʣʠʥʫ. ʅʦ 

ʵʪʘ ʧʨʦʮʝʜʫʨʘ ʙʫʨʝʥʠʷ ʜʦʣʞʥʘ ʚʳʧʦʣʥʷʪʴʩʷ ʩʦ ʩʚʦʝʚʨʝʤʝʥʥʦʡ ʫʩʪʘʥʦʚʢʦʡ ʦʙʩʘʜʥʦʡ ʢʦʣʦʥʥʳ 

ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩʦ ʩʪʘʥʜʘʨʪʘʤʠ NORSOK, ʯʪʦʙʳ ʧʨʝʜʦʪʚʨʘʪʠʪʴ ʥʝʞʝʣʘʪʝʣʴʥʳʝ ʩʣʫʯʘʡʥʳʝ 

ʫʪʝʯʢʠ ʚ ʦʢʨʫʞʘʶʱʫʶ ʩʨʝʜʫ [5, ʩ. 184ï189]. 

ɺ ʣʶʙʦʤ ʩʣʫʯʘʝ, ʥʝʩʤʦʪʨʷ ʥʘ ʦʯʝʚʠʜʥʳʝ ʩʦʦʙʨʘʞʝʥʠʷ ʙʝʟʦʧʘʩʥʦʩʪʠ, ʤʦʨʩʢʠʝ 

ʪʝʭʥʦʣʦʛʠʠ ʙʫʨʝʥʠʷ ʪʘʢʞʝ ʤʦʛʫʪ ʙʳʪʴ ʙʝʟʦʧʘʩʥʦ ʚʳʧʦʣʥʝʥʳ. ʅʦ ʵʪʦ ʭʦʨʦʰʦ ʠʟʚʝʩʪʥʳʡ ʬʘʢʪ, 

ʯʪʦ ʤʦʨʩʢʠʝ ʙʫʨʦʚʳʝ ʫʩʪʘʥʦʚʢʠ ʙʦʣʝʝ ʩʣʦʞʥʳ ʠ ʚ ʩʣʫʯʘʝ ʬʦʨʩïʤʘʞʦʨʦʚ ʤʦʛʫʪ ʥʘʥʝʩʪʠ ʝʱʝ 

ʙʦʣʴʰʠʡ ʫʱʝʨʙ ʩʫʱʝʩʪʚʫʶʱʝʡ ʤʦʨʩʢʦʡ ʩʨʝʜʝ, ʧʨʠʚʥʦʩʷ ʥʝʙʣʘʛʦʧʨʠʷʪʥʳʝ ʫʩʣʦʚʠʷ ʜʣʷ 

ʫʩʪʦʡʯʠʚʦʛʦ ʨʘʟʚʠʪʠʷ ʨʳʙʦʣʦʚʩʪʚʘ ʠ ʪʫʨʠʟʤʘ. ɺʦʪ ʧʦʯʝʤʫ, ʝʩʣʠ ʤʦʨʩʢʦʝ ʙʫʨʝʥʠʝ ʩʪʘʥʦʚʠʪʩʷ 

ʝʜʠʥʩʪʚʝʥʥʳʤ ʚʘʨʠʘʥʪʦʤ ʨʘʟʨʘʙʦʪʢʠ ʫʛʣʝʚʦʜʦʨʦʜʥʳʭ ʨʝʩʫʨʩʦʚ, ʵʪʦ ʧʝʨʚʳʡ ʧʨʠʟʥʘʢ 

ʪʱʘʪʝʣʴʥʦʛʦ ʠʟʫʯʝʥʠʷ, ʠʩʩʣʝʜʦʚʘʥʠʷ ʠ ʩʦʙʣʶʜʝʥʠʷ ʩʘʤʳʭ ʚʳʩʦʢʠʭ ʩʪʘʥʜʘʨʪʦʚ ʙʝʟʦʧʘʩʥʦʩʪʠ 

ʩʪʨʦʠʪʝʣʴʩʪʚʘ ʠ ʵʢʩʧʣʫʘʪʘʮʠʠ ʤʦʨʩʢʠʭ ʙʫʨʦʚʳʭ ʫʩʪʘʥʦʚʦʢ ʩʦʛʣʘʩʥʦ NORSOK ʠ ʎʝʥʪʨʘ 

ʄʦʨʩʢʦʡ ɹʝʟʦʧʘʩʥʦʩʪʠ (COS). ʉʪʦʠʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʙʣʘʛʦʜʘʨʷ ʨʘʟʚʠʪʠʶ ʦʪʨʘʩʣʠ ʤʦʨʩʢʦʝ 

ʙʫʨʝʥʠʝ ʩʪʘʣʦ ʦʯʝʥʴ ʙʝʟʦʧʘʩʥʳʤ, ʠ ʩ ʩʦʟʜʘʥʠʝʤ ʎʝʥʪʨʘ ʄʦʨʩʢʦʡ ɹʝʟʦʧʘʩʥʦʩʪʠ ʧʨʦʮʝʩʩʳ ʙʳʣʠ 

ʪʱʘʪʝʣʴʥʦ ʦʪʩʣʝʞʝʥʳ, ʠʟʫʯʝʥʳ ʠ ʚʥʝʜʨʝʥʳ ʚ ʜʝʷʪʝʣʴʥʦʩʪʴ ʧʦ ʨʘʟʨʘʙʦʪʢʝ ʤʦʨʩʢʠʭ 

ʫʛʣʝʚʦʜʦʨʦʜʥʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ, ʥʘʯʠʥʘʷ ʩ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʩʢʚʘʞʠʥʳ, ʮʝʤʝʥʪʠʨʦʚʘʥʠʷ ʠ 

ʟʘʢʘʥʯʠʚʘʷ ʪʝʤ, ʢʘʢ ʧʦʜʨʷʜʯʠʢʠ ʜʦʣʞʥʳ ʚʟʘʠʤʦʜʝʡʩʪʚʦʚʘʪʴ ʜʨʫʛ ʩ ʜʨʫʛʦʤ ʥʘ ʙʫʨʦʚʦʡ 

ʫʩʪʘʥʦʚʢʝ ʚʦ ʚʨʝʤʷ ʝʝ ʨʘʙʦʪʳ [3, ʩ. 18ï22]. 

ʕʢʦʣʦʛʠʯʝʩʢʠʝ ʘʩʧʝʢʪʳ. ʆʙʨʘʪʥʦʡ ʩʪʦʨʦʥʦʡ ʩʪʦʣʴ ʙʫʨʥʦʛʦ ʦʩʚʦʝʥʠʷ ʫʢʘʟʘʥʥʳʭ 

ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʷʚʣʷʝʪʩʷ ʟʥʘʯʠʪʝʣʴʥʦʝ ʚʦʟʜʝʡʩʪʚʠʝ ʥʘ ʦʢʨʫʞʘʶʱʫʶ ʩʨʝʜʫ. ʄʝʩʪʦʨʦʞʜʝʥʠʝ, 

ʩʚʷʟʘʥʥʦʝ ʩ ʜʦʙʳʯʝʡ ʫʛʣʝʚʦʜʦʨʦʜʦʚ, ʥʝʠʟʙʝʞʥʦ ʧʨʠʚʦʜʠʪ ʢ ʚʳʙʨʦʩʘʤ #/ ʚ ʘʪʤʦʩʬʝʨʫ, ʯʪʦ 

ʧʨʠʚʦʜʠʪ ʢ ʭʦʨʦʰʦ ʠʟʚʝʩʪʥʦʤʫ ʷʚʣʝʥʠʶ ʛʣʦʙʘʣʴʥʦʛʦ ʧʦʪʝʧʣʝʥʠʷ ʠ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʠʟʤʝʥʷʝʪ 

ʩʧʦʩʦʙ ʩʦʩʫʱʝʩʪʚʦʚʘʥʠʷ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ ʩ ʝʝ ʧʨʠʙʨʝʞʥʳʤʠ ʠ ʤʦʨʩʢʠʤʠ ʩʨʝʜʘʤʠ 

ʦʙʠʪʘʥʠʷ. ʂʨʦʤʝ ʪʦʛʦ, ʣʶʙʘʷ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʘʷ ʜʝʷʪʝʣʴʥʦʩʪʴ ʚʩʝʛʜʘ ʩʦʟʜʘʝʪ ʧʦʙʦʯʥʳʝ 

ʧʨʦʜʫʢʪʳ, ʠʟʚʝʩʪʥʳʝ ʢʘʢ ʦʪʭʦʜʳ. ʕʪʠ ʤʘʪʝʨʠʘʣʳ ʦʯʝʥʴ ʯʘʩʪʦ ʩʦʜʝʨʞʘʪ ʦʧʘʩʥʳʝ ʜʣʷ 



 XXIII  ɺʩʝʨʦʩʩʠʡʩʢʘʷ ʩʪʫʜʝʥʯʝʩʢʘʷ ʥʘʫʯʥʦ-ʧʨʘʢʪʠʯʝʩʢʘʷ ʢʦʥʬʝʨʝʥʮʠʷ 

ʅʠʞʥʝʚʘʨʪʦʚʩʢʦʛʦ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ 

52 

ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ ʭʠʤʠʯʝʩʢʠʝ ʚʝʱʝʩʪʚʘ. ɹʦʣʝʝ ʪʦʛʦ, ʧʨʦʮʝʩʩʳ ʧʦʜʜʝʨʞʢʠ ʩʫʱʝʩʪʚʫʶʱʠʭ 

ʦʪʨʘʩʣʝʡ ʙʫʨʝʥʠʷ, ʧʨʦʠʟʚʦʜʩʪʚʘ ʠ ʧʝʨʝʨʘʙʦʪʢʠ ʪʨʝʙʫʶʪ ʦʛʨʦʤʥʳʭ ʨʝʩʫʨʩʦʚ, ʯʪʦ ʥʝʠʟʙʝʞʥʦ 

ʧʨʠʚʦʜʠʪ ʢ ʩʜʚʠʛʫ ʚ ʙʘʣʘʥʩʝ ʠʟʥʘʯʘʣʴʥʦ ʯʠʩʪʳʭ ʩʨʝʜ [4, ʩ. 41ï49]. 

ʉ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ, ʣʶʙʘʷ ʦʙʨʘʙʘʪʳʚʘʶʱʘʷ ʧʨʦʤʳʰʣʝʥʥʦʩʪʴ ʠ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʝ 

ʦʪʨʘʩʣʠ ʚ ʮʝʣʦʤ ʩʦʟʜʘʶʪ ʥʘʠʙʦʣʴʰʫʶ ʦʧʘʩʥʦʩʪʴ ʜʣʷ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ, ʪʘʢʫʶ ʢʘʢ 

ʛʣʦʙʘʣʴʥʦʝ ʧʦʪʝʧʣʝʥʠʝ ʠ ʠʟʤʝʥʝʥʠʝ ʢʣʠʤʘʪʘ. ʕʪʠ ʘʩʧʝʢʪʳ ʫʞʝ ʩʫʱʝʩʪʚʝʥʥʦ ʧʦʚʣʠʷʣʠ ʥʘ ʪʦ, 

ʢʘʢ ʬʫʥʢʮʠʦʥʠʨʫʝʪ ʵʢʦʩʠʩʪʝʤʘ, ʠ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʙʝʨʝʛʦʚʳʝ ʠ ʤʦʨʩʢʠʝ ʩʨʝʜʳ ʦʙʠʪʘʥʠʷ 

ʤʝʥʷʶʪ ʩʚʦʡ ʦʙʳʯʥʳʡ ʦʙʨʘʟ ʞʠʟʥʠ. ʉʘʤʘʷ ʙʦʣʴʰʘʷ ʦʧʘʩʥʦʩʪʴ ʩʚʷʟʘʥʘ ʩ ʪʝʤ, ʯʪʦ ʦʢʨʫʞʘʶʱʘʷ 

ʩʨʝʜʘ, ʢʦʪʦʨʘʷ ʩʯʠʪʘʣʘʩʴ ʫʩʪʦʡʯʠʚʦʡ, ʨʝʟʢʦ ʤʝʥʷʝʪʩʷ, ʯʪʦ ʜʝʣʘʝʪ ʧʨʝʞʥʠʝ ʫʩʣʦʚʠʷ 

ʩʫʱʝʩʪʚʦʚʘʥʠʷ ʬʣʦʨʳ ʠ ʬʘʫʥʳ ʧʨʘʢʪʠʯʝʩʢʠ ʠ ʙʠʦʣʦʛʠʯʝʩʢʠ ʥʝʧʨʠʝʤʣʝʤʳʤʠ. ʅʘʧʨʠʤʝʨ, 

ʛʣʦʙʘʣʴʥʦʝ ʧʦʪʝʧʣʝʥʠʝ ʫʞʝ ʚʳʟʳʚʘʝʪ ʧʦʚʳʰʝʥʠʝ ʫʨʦʚʥʷ ʟʘʢʠʩʣʝʥʠʷ ʦʢʝʘʥʠʯʝʩʢʠʭ ʚʦʜ, ʯʪʦ 

ʜʝʣʘʝʪ ʩʨʝʜʫ ʥʝʧʨʠʛʦʜʥʦʡ ʜʣʷ ʨʘʟʚʝʜʝʥʠʷ ʣʦʩʦʩʷ ʚ ɸʨʢʪʠʯʝʩʢʠʭ ʚʦʜʘʭ. ʅʦ ʧʨʦʙʣʝʤʘ 

ʠʟʤʝʥʝʥʠʷ ʢʣʠʤʘʪʘ ï ʵʪʦ ʥʝ ʧʨʦʙʣʝʤʘ, ʦʪʥʦʩʷʱʘʷʩʷ ʪʦʣʴʢʦ ʢ ʦʜʥʦʡ ʦʪʨʘʩʣʠ ʜʦʙʳʯʠ 

ʫʛʣʝʚʦʜʦʨʦʜʦʚ. 

ɺʦʟʥʠʢʘʝʪ ʨʷʜ ʦʧʘʩʝʥʠʡ ʚ ʩʚʷʟʠ ʩ ʵʢʦʣʦʛʠʯʝʩʢʠʤ ʫʱʝʨʙʦʤ, ʧʨʠʯʠʥʷʝʤʳʤ ʧʨʦʮʝʩʩʘʤʠ 

ʙʫʨʝʥʠʷ ʩʢʚʘʞʠʥ, ʜʦʭʦʜʷʱʠʭ ʜʦ ʫʛʣʝʚʦʜʦʨʦʜʥʳʭ ʟʘʣʝʞʝʡ, ʚʤʝʩʪʝ ʩ ʩʘʤʠʤ ʧʨʦʮʝʩʩʦʤ ʜʦʙʳʯʠ 

ʫʛʣʝʚʦʜʦʨʦʜʥʳʭ ʨʝʩʫʨʩʦʚ. ʇʝʨʚʘʷ ʧʨʦʙʣʝʤʘ ʩʚʷʟʘʥʘ ʩ ʪʝʤ ʬʘʢʪʦʤ, ʯʪʦ ʙʫʨʦʚʳʝ ʫʩʪʘʥʦʚʢʠ ʚ 

ʦʩʥʦʚʥʦʤ ʨʘʙʦʪʘʶʪ ʥʘ ʙʝʥʟʠʥʝ, ʯʪʦ ʟʥʘʯʠʪʝʣʴʥʦ ʫʚʝʣʠʯʠʚʘʝʪ ʢʦʣʠʯʝʩʪʚʦ ʚʳʙʨʦʩʦʚ #/. ʅʦ 

ʜʘʞʝ ʥʝʩʤʦʪʨʷ ʥʘ ʪʦ, ʯʪʦ ʅʦʨʚʝʛʠʷ ʷʚʣʷʝʪʩʷ ʥʝʬʪʝʜʦʙʳʚʘʶʱʝʡ ʩʪʨʘʥʦʡ, ʫʨʦʚʝʥʴ ʧʨʦʠʟʚʦʜʩʪʚʘ 

#/ ʚ ʥʝʡ ʜʘʣʝʢʦ ʥʝ ʩʘʤʳʡ ʚʳʩʦʢʠʡ ʠʟïʟʘ ʪʝʭʥʦʣʦʛʠʡ, ʤʠʥʠʤʠʟʠʨʫʶʱʠʭ ʫʨʦʚʝʥʴ #/ ʜʦ 

ʤʠʥʠʤʘʣʴʥʦ ʚʦʟʤʦʞʥʦʡ ʩʪʝʧʝʥʠ. ɼʘʣʝʝ ʧʨʝʜʩʪʘʚʣʝʥʘ ʪʘʙʣʠʮʘ, ʢʦʪʦʨʘʷ ʜʝʤʦʥʩʪʨʠʨʫʝʪ 

ʢʦʣʠʯʝʩʪʚʦ #/, ʧʨʦʠʟʚʦʜʠʤʦʛʦ ʚ ʅʦʨʚʝʛʠʠ, ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʜʨʫʛʠʤʠ ʩʪʨʘʥʘʤʠ. ʂʘʢ ʧʦʢʘʟʘʥʦ 

ʥʘ ʨʠʩʫʥʢʝ 1. 

 

 
ʈʠʩ. 1. ʂʦʣʠʯʝʩʪʚʦ ʧʨʦʠʟʚʦʜʠʤʦʛʦ CO2 ʧʦ ʩʪʨʘʥʘʤ 

 

ɼʨʫʛʘʷ ʧʨʦʙʣʝʤʘ ʩʚʷʟʘʥʘ ʩ ʪʝʤ, ʯʪʦ ʚ ʧʣʘʩʪʘʭ, ʛʜʝ ʧʨʝʦʙʣʘʜʘʝʪ ʥʝʬʪʴ, ʛʘʟ ʧʨʦʩʪʦ 

ʩʞʠʛʘʝʪʩʷ, ʯʪʦ ʪʘʢʞʝ ʠʟʚʝʩʪʥʦ ʢʘʢ ʩʞʠʛʘʥʠʝ ʛʘʟʘ ʥʘ ʬʘʢʝʣʘʭ. ʕʪʦʪ ʧʨʦʮʝʩʩ ʪʘʢʞʝ ʧʨʠʚʦʜʠʪ ʢ 

ʟʥʘʯʠʪʝʣʴʥʦʤʫ ʚʳʙʨʦʩʫ ʫʛʣʝʢʠʩʣʦʛʦ ʛʘʟʘ. ʅʦ ʵʪʘ ʧʨʦʙʣʝʤʘ ʙʳʣʘ ʧʨʝʦʜʦʣʝʥʘ, ʧʦʩʢʦʣʴʢʫ 
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ʅʦʨʚʝʛʠʷ ʙʳʣʘ ʧʝʨʚʦʡ ʩʪʨʘʥʦʡ, ʢʦʪʦʨʘʷ ʩʦʟʜʘʣʘ ʩʠʩʪʝʤʫ ʩʙʦʨʘ ʩʞʠʛʘʝʤʦʛʦ ʛʘʟʘ, ʯʪʦ 

ʟʥʘʯʠʪʝʣʴʥʦ ʩʥʠʟʠʣʦ ʚʦʟʜʝʡʩʪʚʠʝ ʥʘ ʦʢʨʫʞʘʶʱʫʶ ʩʨʝʜʫ [2, ʩ. 25ï28]. 

ɼʨʫʛʦʡ ʘʩʧʝʢʪ, ʧʝʨʝʭʦʜ ʢ ʚʦʟʦʙʥʦʚʣʷʝʤʳʤ ʨʝʩʫʨʩʘʤ, ʢʦʪʦʨʳʡ ʜʝʡʩʪʚʠʪʝʣʴʥʦ ʠʛʨʘʝʪ 

ʞʠʟʥʝʥʥʦ ʚʘʞʥʫʶ ʨʦʣʴ ʚ ʧʨʠʥʷʪʠʠ ʨʝʰʝʥʠʡ, ï ʵʪʦ ʪʦʪ ʬʘʢʪ, ʯʪʦ ʤʠʨ ʧʝʨʝʭʦʜʠʪ ʥʘ 

ʚʦʟʦʙʥʦʚʣʷʝʤʳʝ ʨʝʩʫʨʩʳ ʠʟ-ʟʘ ʛʣʦʙʘʣʴʥʦʛʦ ʧʦʪʝʧʣʝʥʠʷ ʠ ʠʟʤʝʥʝʥʠʷ ʢʣʠʤʘʪʘ. ɹʦʣʝʝ ʪʦʛʦ, 

ʙʣʘʛʦʜʘʨʷ ʨʝʘʣʠʟʘʮʠʠ ʛʣʦʙʘʣʴʥʦʡ ʧʦʣʠʪʠʢʠ ʩʥʠʞʝʥʠʷ ʫʨʦʚʥʷ ʚʳʙʨʦʩʦʚ #/, ʮʝʥʘ ʜʦʙʳʯʠ 

ʢʘʞʜʦʛʦ ʙʘʨʨʝʣʷ ʥʝʬʪʠ ʧʦʚʳʰʘʝʪʩʷ. ʂʦʥʝʯʥʦ, ʫʛʣʝʚʦʜʦʨʦʜʥʳʝ ʨʝʩʫʨʩʳ ʧʦïʧʨʝʞʥʝʤʫ 

ʚʦʩʪʨʝʙʦʚʘʥʳ, ʠ ʠʭ ʧʨʠʩʫʪʩʪʚʠʝ ʥʘ ʨʳʥʢʝ ʩʦʭʨʘʥʠʪʩʷ, ʭʦʪʷ ʠ ʟʥʘʯʠʪʝʣʴʥʦ ʩʥʠʞʘʝʪʩʷ ʠʟïʟʘ 

ʘʢʪʠʚʥʦʛʦ ʨʘʟʚʠʪʠʷ ʨʳʥʢʘ ʚʦʟʦʙʥʦʚʣʷʝʤʳʭ ʨʝʩʫʨʩʦʚ. ʕʪʠ ʬʘʢʪʦʨʳ ʩʫʱʝʩʪʚʝʥʥʦ ʩʥʠʞʘʶʪ 

ʮʝʥʳ ʥʘ ʥʝʬʪʴ ʠ ʛʘʟ. ʇʦʵʪʦʤʫ ʩʫʱʝʩʪʚʫʝʪ ʚʝʨʦʷʪʥʦʩʪʴ ʪʦʛʦ, ʯʪʦ ʧʨʦʠʟʚʦʜʩʪʚʦ ʫʛʣʝʚʦʜʦʨʦʜʥʳʭ 

ʨʝʩʫʨʩʦʚ ʙʫʜʝʪ ʧʨʦʩʪʦ ʵʢʦʥʦʤʠʯʝʩʢʠ ʥʝʚʳʛʦʜʥʳʤ, ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ ʠʟïʟʘ ʚʳʩʦʢʠʭ 

ʤʘʨʞʠʥʘʣʴʥʳʭ ʟʘʪʨʘʪ. ʀʟʤʝʥʝʥʠʷ ʪʝʥʜʝʥʮʠʡ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʦʩʥʦʚʥʳʭ ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ 

ʨʝʩʫʨʩʦʚ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʩʣʝʜʫʶʱʝʤ ʛʨʘʬʠʢʝ (ʨʠʩ. 2). 

 

 

 

ʈʠʩ. 2. ʀʟʤʝʥʝʥʠʷ ʪʝʥʜʝʥʮʠʡ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʦʩʥʦʚʥʳʭ ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʨʝʩʫʨʩʦʚ 

 

ʇʦʣʠʪʠʯʝʩʢʠʝ ʠ ʛʝʦʧʦʣʠʪʠʯʝʩʢʠʝ ʘʩʧʝʢʪʳ. ʉ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ, ʨʘʟʨʘʙʦʪʢʘ 

ʫʛʣʝʚʦʜʦʨʦʜʥʳʭ ʨʝʩʫʨʩʦʚ ʠʤʝʝʪ ʥʝ ʪʦʣʴʢʦ ʵʢʦʥʦʤʠʯʝʩʢʦʝ, ʥʦ ʠ ʧʦʣʠʪʠʯʝʩʢʦʝ ʟʥʘʯʝʥʠʝ. ʊʘʢʘʷ 

ʩʪʨʘʥʘ ʩʪʘʥʦʚʠʪʩʷ ʯʘʩʪʴʶ ʥʝʬʪʝʛʘʟʦʚʦʛʦ ʣʦʙʙʠ, ʛʜʝ ʚ ʩʣʫʯʘʝ ʩʦʪʨʫʜʥʠʯʝʩʪʚʘ ʤʦʞʥʦ ʧʦʣʫʯʠʪʴ 

ʨʷʜ ʧʨʝʠʤʫʱʝʩʪʚ. ɺ ʢʘʯʝʩʪʚʝ ʪʘʢʦʛʦ ʧʨʠʤʝʨʘ ʤʦʞʥʦ ʚʟʷʪʴ ʨʦʩʩʠʡʩʢʦ-ʢʠʪʘʡʩʢʦʝ 

ʩʦʪʨʫʜʥʠʯʝʩʪʚʦ, ʚ ʨʘʤʢʘʭ ʢʦʪʦʨʦʛʦ ʚʝʜʫʪʩʷ ʨʘʙʦʪʳ ʧʦ ʚʥʝʜʨʝʥʠʶ ʚ ʙʫʜʫʱʝʤ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ 

ʧʦʣʠʪʠʢ ʧʦʜʜʝʨʞʢʠ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ, ʯʪʦʙʳ ʩʦʟʜʘʪʴ ʙʦʣʝʝ ʩʪʘʙʠʣʴʥʫʶ, ʧʨʦʟʨʘʯʥʫʶ, ʝʜʠʥʫʶ 

ʠ ʫʜʦʙʥʫʶ ʜʝʣʦʚʫʶ ʩʨʝʜʫ ʜʣʷ ʩʦʪʨʫʜʥʠʯʝʩʪʚʘ ʈʦʩʩʠʠ ʠ ʂʠʪʘʷ ʚ ʦʙʣʘʩʪʠ ʵʥʝʨʛʝʪʠʢʠ. 

ɺʦʟʚʨʘʱʘʷʩʴ ʢ ʘʩʧʝʢʪʫ ʧʨʠʙʨʝʞʥʦʡ ʩʪʨʘʥʳ, ʫ ʢʦʪʦʨʦʡ ʦʪʩʫʪʩʪʚʫʝʪ ʦʧʳʪ ʚ ʦʙʣʘʩʪʠ 

ʨʘʟʨʘʙʦʪʢʠ ʥʝʬʪʝʛʘʟʦʚʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ, ʥʘ ʧʝʨʚʳʭ ʵʪʘʧʘʭ ʝʡ ʧʨʠʜʝʪʩʷ ʧʦʣʘʛʘʪʴʩʷ ʥʘ ʜʨʫʛʠʝ 

ʙʦʣʝʝ ʦʧʳʪʥʳʝ ʩʪʨʘʥʳ. ʅʦʨʚʝʛʠʷ ʷʚʣʷʝʪʩʷ ʧʨʝʢʨʘʩʥʳʤ ʧʨʠʤʝʨʦʤ ʩʪʨʘʥʳ, ʢʦʪʦʨʘʷ ʫʩʧʝʰʥʦ 

ʧʨʠʤʝʥʠʣʘ ʟʥʘʥʠʷ ʙʦʣʝʝ ʦʧʳʪʥʳʭ ʩʪʨʘʥ ʠ ʧʦʩʪʝʧʝʥʥʦ ʫʚʝʣʠʯʠʚʘʣʘ ʩʚʦʠ ʜʦʣʠ, ʯʪʦʙʳ ʩʦʟʜʘʪʴ 

ʥʘʠʙʦʣʝʝ ʙʣʘʛʦʧʨʠʷʪʥʳʝ ʫʩʣʦʚʠʷ ʜʣʷ ʨʘʟʚʠʪʠʷ ʩʚʦʝʡ ʵʢʦʥʦʤʠʢʠ. 
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ʆʩʚʦʝʥʠʝ ʥʝʬʪʷʥʳʭ ʨʝʩʫʨʩʦʚ ʥʝʠʟʙʝʞʥʦ ʧʨʠʚʝʜʝʪ ʢ ʧʦʷʚʣʝʥʠʶ ʚ ʩʪʨʘʥʝ ʨʷʜʘ ʥʦʚʳʭ 

ʧʨʦʠʟʚʦʜʩʪʚ. ɺ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ, ʵʪʦ ʩʦʟʜʘʩʪ ʨʘʙʦʯʠʝ ʤʝʩʪʘ ʜʣʷ ʣʶʜʝʡ, ʨʘʙʦʪʘʶʱʠʭ ʥʘ ʙʫʨʦʚʳʭ 

ʫʩʪʘʥʦʚʢʘʭ. ʂʘʢ ʠʟʚʝʩʪʥʦ, ʥʘ ʢʘʞʜʦʛʦ ʨʘʙʦʪʥʠʢʘ, ʧʦʣʫʯʘʶʱʝʛʦ ʟʘʨʧʣʘʪʫ, ʣʝʞʠʪ ʙʦʣʴʰʠʡ 

ʫʨʦʚʝʥʴ ʬʠʥʘʥʩʦʚʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ. ʕʪʦ ʦʟʥʘʯʘʝʪ, ʯʪʦ ʣʶʜʠ, ʚʦʚʣʝʯʝʥʥʳʝ ʚ ʦʪʨʘʩʣʴ, ʩʤʦʛʫʪ 

ʪʨʘʪʠʪʴ ʙʦʣʴʰʝ, ʯʪʦ ʧʨʠʚʝʜʝʪ ʢ ʫʚʝʣʠʯʝʥʠʶ ɺɺʇ ʩʪʨʘʥʳ. ʂʘʢ ʫʞʝ ʫʧʦʤʠʥʘʣʦʩʴ ʨʘʥʝʝ, 

ʨʘʟʨʘʙʦʪʢʘ ʟʘʣʝʞʝʡ ʫʛʣʝʚʦʜʦʨʦʜʦʚ ʚʝʜʝʪ ʢ ʦʙʤʝʥʫ ʦʧʳʪʦʤ, ʘ ʤʝʞʜʫʥʘʨʦʜʥʦʝ ʩʦʪʨʫʜʥʠʯʝʩʪʚʦ 

ʪʦʣʴʢʦ ʫʢʨʝʧʣʷʝʪʩʷ. ɺ ʢʘʯʝʩʪʚʝ ʧʨʠʤʝʨʘ ʤʦʞʥʦ ʧʨʠʚʝʩʪʠ ʩʦʪʨʫʜʥʠʯʝʩʪʚʦ ʤʝʞʜʫ ʨʦʩʩʠʡʩʢʠʤʠ 

ʠ ʥʦʨʚʝʞʩʢʠʤʠ ʫʥʠʚʝʨʩʠʪʝʪʘʤʠ, ʛʜʝ ʩʪʫʜʝʥʪʳ ʠ ʧʨʝʧʦʜʘʚʘʪʝʣʠ ʨʝʛʫʣʷʨʥʦ ʫʯʘʩʪʚʫʶʪ ʚ 

ʧʨʦʛʨʘʤʤʘʭ ʦʙʤʝʥʘ ʦʧʳʪʦʤ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʦʷʚʣʷʶʪʩʷ ʥʦʚʳʝ ʪʝʤʘʪʠʢʠ, ʧʫʙʣʠʢʫʶʪʩʷ ʥʦʚʳʝ 

ʥʘʫʯʥʳʝ ʨʘʙʦʪʳ ʠ ʚʩʝ ʙʦʣʴʰʝ ʜʝʥʝʛ ʚʳʜʝʣʷʝʪʩʷ ʥʘ ʩʧʦʥʩʠʨʦʚʘʥʠʝ ʤʦʣʦʜʳʭ ʪʘʣʘʥʪʦʚ. 

ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʨʘʟʨʘʙʦʪʢʘ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʫʛʣʝʚʦʜʦʨʦʜʦʚ ï ʵʪʦ ʚʦʟʤʦʞʥʦʩʪʴ ʜʣʷ ʫʣʫʯʰʝʥʠʷ 

ʧʦʣʠʪʠʯʝʩʢʠʭ ʦʪʥʦʰʝʥʠʡ ʤʝʞʜʫ ʩʦʪʨʫʜʥʠʯʘʶʱʠʤʠ ʩʪʨʘʥʘʤʠ. ʅʘ ʪʦʤ ʞʝ ʥʦʨʚʝʞʩʢʦ-

ʨʦʩʩʠʡʩʢʦʤ ʧʨʠʤʝʨʝ ʤʦʞʥʦ ʚʩʧʦʤʥʠʪʴ ʚʦʧʨʦʩ ʫʨʝʛʫʣʠʨʦʚʘʥʠʷ ʛʨʘʥʠʮʳ ɹʘʨʝʥʮʝʚʘ ʤʦʨʷ, ʯʪʦ 

ʧʦʟʚʦʣʠʣʦ ʅʦʨʚʝʛʠʠ ʨʘʟʨʘʙʘʪʳʚʘʪʴ ʮʝʥʥʳʝ ʨʝʩʫʨʩʳ ʚ ʤʠʨʥʦ ʨʝʛʫʣʠʨʫʝʤʳʭ ʧʦʣʠʪʠʯʝʩʢʠʭ 

ʫʩʣʦʚʠʷʭ. ʕʪʦ ʩʘʤʦ ʧʦ ʩʝʙʝ ʤʦʞʝʪ ʧʦʣʦʞʠʪʝʣʴʥʦ ʧʦʚʣʠʷʪʴ ʥʘ ʧʦʪʝʥʮʠʘʣʴʥʫʶ ʧʨʦʙʣʝʤʫ, ʢʦʛʜʘ 

ʜʣʷ ʨʘʟʨʘʙʦʪʢʠ ʠ ʤʦʥʝʪʠʟʘʮʠʠ ʥʝʬʪʷʥʳʭ ʟʘʧʘʩʦʚ ʜʣʷ ʩʪʨʘʥʳ ʢʨʘʡʥʝ ʚʘʞʥʦ ʦʧʨʝʜʝʣʠʪʴ ʩʚʦʶ 

ʶʨʠʩʜʠʢʮʠʶ ʠ ʫʪʦʯʥʠʪʴ ʛʨʘʥʠʮʳ. ʈʝʰʘʶʱʠʤ ʨʝʰʝʥʠʝʤ ʟʜʝʩʴ ʤʦʛ ʙʳ ʩʪʘʪʴ ʬʘʢʪ 

ʩʦʪʨʫʜʥʠʯʝʩʪʚʘ ʩ ʙʦʣʝʝ ʢʨʫʧʥʳʤ ʫʯʘʩʪʥʠʢʦʤ ʛʣʦʙʘʣʴʥʦʛʦ ʨʳʥʢʘ ʠ ʫʩʪʘʥʦʚʠʚʰʝʝʩʷ 

ʚʟʘʠʤʦʚʳʛʦʜʥʦʝ ʧʦʣʠʪʠʯʝʩʢʦʝ ʩʦʪʨʫʜʥʠʯʝʩʪʚʦ. 

ʅʝʩʤʦʪʨʷ ʥʘ ʨʘʟʚʠʪʠʝ ʮʝʣʦʛʦ ʥʦʚʦʛʦ ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʛʦ ʥʘʧʨʘʚʣʝʥʠʷ ʚ ʩʚʷʟʠ ʩ ʦʩʚʦʝʥʠʝʤ 

ʫʛʣʝʚʦʜʦʨʦʜʦʚ, ʥʝʦʙʭʦʜʠʤʦ ʦʪʤʝʪʠʪʴ ʫʯʘʩʪʠʝ ʪʘʢʠʭ ʦʪʨʘʩʣʝʡ, ʢʘʢ ʩʫʜʦʭʦʜʩʪʚʦ ʠ ʪʨʘʥʩʧʦʨʪ. ɺ 

ʵʪʠʭ ʩʬʝʨʘʭ ʵʢʦʥʦʤʠʢʠ ʪʘʢʞʝ ʙʫʜʝʪ ʥʘʙʣʶʜʘʪʴʩʷ ʟʥʘʯʠʪʝʣʴʥʳʡ ʨʦʩʪ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʯʝʛʦ ʙʫʜʝʪ 

ʩʦʟʜʘʥʦ ʝʱʝ ʙʦʣʴʰʝ ʨʘʙʦʯʠʭ ʤʝʩʪ. ɹʦʣʝʝ ʪʦʛʦ, ʚʦʟʤʦʞʥʦʩʪʴ ʩʪʨʦʠʪʝʣʴʩʪʚʘ 

ʥʝʬʪʝʧʝʨʝʨʘʙʘʪʳʚʘʶʱʝʛʦ ʟʘʚʦʜʘ ʠ ʘʢʪʠʚʥʦʛʦ ʨʘʟʚʠʪʠʷ ʤʦʨʩʢʠʭ ʧʝʨʝʚʦʟʦʢ ʙʫʜʝʪ 

ʩʧʦʩʦʙʩʪʚʦʚʘʪʴ ʫʣʫʯʰʝʥʠʶ ʵʢʦʥʦʤʠʯʝʩʢʦʛʦ ʠ ʩʦʮʠʘʣʴʥʦʛʦ ʫʨʦʚʥʷ, ʯʪʦ ʦʙʝʩʧʝʯʠʪ ʝʱʝ 

ʙʦʣʴʰʠʡ ʧʦʣʦʞʠʪʝʣʴʥʳʡ ʨʦʩʪ. 

ɿʘ ʠʩʢʣʶʯʝʥʠʝʤ ʫʧʦʤʷʥʫʪʳʭ ʦʩʦʙʝʥʥʦʩʪʝʡ, ʥʝʬʪʝʧʝʨʝʨʘʙʘʪʳʚʘʶʱʠʝ ʟʘʚʦʜʳ ʠ ʟʘʚʦʜʳ 

ʧʦ ʧʨʦʠʟʚʦʜʩʪʚʫ ʩʞʠʞʝʥʥʦʛʦ ʧʨʠʨʦʜʥʦʛʦ ʛʘʟʘ ʩʜʝʣʘʶʪ ʩʪʨʘʥʫ, ʨʘʟʚʠʚʘʶʱʫʶʩʷ ʙʣʘʛʦʜʘʨʷ 

ʫʛʣʝʚʦʜʦʨʦʜʥʦʤʫ ʩʳʨʴʶ, ʙʦʣʝʝ ʮʝʥʥʳʤ ʠʛʨʦʢʦʤ ʥʘ ʨʳʥʢʝ ʥʝʬʪʠ ʠ ʛʘʟʘ ʙʣʘʛʦʜʘʨʷ ʩʧʦʩʦʙʥʦʩʪʠ 

ʦʙʝʩʧʝʯʠʪʴ ʨʳʥʦʢ ʢʦʥʝʯʥʳʤ ʛʦʪʦʚʳʤ ʧʨʦʜʫʢʪʦʤ. ʂʨʦʤʝ ʪʦʛʦ, ʩ ʨʘʟʚʠʪʠʝʤ ʥʝʬʪʷʥʦʛʦ ʩʝʢʪʦʨʘ 

ʙʫʜʝʪ ʧʨʦʩʪʠʤʫʣʠʨʦʚʘʥ ʝʱʝ ʙʦʣʴʰʠʡ ʨʦʩʪ ʟʘʥʷʪʦʩʪʠ ʠ ʧʦʚʳʰʝʥʠʝ ʢʦʤʧʝʪʝʥʪʥʦʩʪʠ ʚ 

ʦʙʩʫʞʜʘʝʤʦʡ ʦʙʣʘʩʪʠ. 

ɽʱʝ ʦʜʥʘ ʩʬʝʨʘ, ʚ ʢʦʪʦʨʦʡ ʤʦʞʥʦ ʙʳʣʦ ʙʳ ʧʨʦʷʚʠʪʴ ʩʝʙʷ, ï ʵʪʦ ʧʨʦʤʳʰʣʝʥʥʦʩʪʴ ʧʦ 

ʧʨʦʠʟʚʦʜʩʪʚʫ ʰʠʨʦʢʦʛʦ ʩʧʝʢʪʨʘ ʪʦʚʘʨʦʚ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʥʝʬʪʝʧʨʦʜʫʢʪʦʚ. ʂʘʢ ʫʞʝ 

ʫʧʦʤʠʥʘʣʦʩʴ ʨʘʥʝʝ, ʥʝʬʪʴ ʷʚʣʷʝʪʩʷ ʢʣʶʯʝʚʳʤ ʢʦʤʧʦʥʝʥʪʦʤ, ʢʦʪʦʨʳʡ ʠʩʧʦʣʴʟʫʝʪʩʷ 

ʧʨʘʢʪʠʯʝʩʢʠ ʚʦ ʚʩʝʭ ʘʩʧʝʢʪʘʭ ʯʝʣʦʚʝʯʝʩʢʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ, ʥʘʯʠʥʘʷ ʦʪ ʧʘʨʬʶʤʝʨʠʠ, ʢʦʩʤʝʪʠʢʠ 

ʠ ʤʳʣʘ, ʠ ʟʘʢʘʥʯʠʚʘʷ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʤʠ ʭʠʤʠʢʘʪʘʤʠ, ʧʣʘʩʪʠʢʦʤ, ʨʝʟʠʥʦʡ ʠ ʩʤʘʟʦʯʥʳʤʠ 

ʤʘʪʝʨʠʘʣʘʤʠ ʜʣʷ ʪʷʞʝʣʦʡ ʪʝʭʥʠʢʠ. ɿʘʥʠʤʘʷ ʥʠʰʫ ʥʝʟʘʚʠʩʠʤʦʛʦ ʧʨʦʠʟʚʦʜʠʪʝʣʷ 

ʫʛʣʝʚʦʜʦʨʦʜʦʚ, ʪʘʢʘʷ ʩʪʨʘʥʘ ʩʥʠʞʘʝʪ ʟʘʚʠʩʠʤʦʩʪʴ ʦʪ ʠʥʦʩʪʨʘʥʥʳʭ ʨʝʩʫʨʩʦʚ, ʪʘʢʠʭ ʢʘʢ 

ʵʥʝʨʛʦʥʦʩʠʪʝʣʠ ʠ ʧʨʦʜʫʢʪʳ ʰʠʨʦʢʦʛʦ ʧʨʠʤʝʥʝʥʠʷ, ʧʨʦʠʟʚʦʜʠʤʳʝ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʪʝʭ ʞʝ 
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ʫʛʣʝʚʦʜʦʨʦʜʥʳʭ ʨʝʩʫʨʩʦʚ. ɹʦʣʝʝ ʪʦʛʦ, ʪʘʢʘʷ ʜʝʷʪʝʣʴʥʦʩʪʴ ʫʢʨʝʧʣʷʝʪ ʤʝʞʜʫʥʘʨʦʜʥʳʡ ʩʪʘʪʫʩ 

ʪʘʢʦʡ ʩʪʨʘʥʳ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʜʨʫʛʠʤʠ ʩʪʨʘʥʘʤʠ, ʢʦʪʦʨʳʤ ʧʨʠʭʦʜʠʪʩʷ ʠʤʧʦʨʪʠʨʦʚʘʪʴ ʙʦʣʴʰʝ 

ʪʝʭ ʩʘʤʳʭ ʞʠʟʥʝʥʥʦ ʚʘʞʥʳʭ ʜʣʷ ʩʦʮʠʘʣʴʥʦʛʦ ʠ ʧʨʦʤʳʰʣʝʥʥʦʛʦ ʩʫʱʝʩʪʚʦʚʘʥʠʷ ʧʨʦʜʫʢʪʦʚ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʨʘʟʨʘʙʦʪʢʘ ʫʛʣʝʚʦʜʦʨʦʜʥʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ï ʵʪʦ ʮʝʥʥʘʷ ʚʦʟʤʦʞʥʦʩʪʴ 

ʜʣʷ ʩʪʨʘʥʳ ʧʦʚʣʠʷʪʴ ʧʦʯʪʠ ʥʘ ʚʩʝ ʘʩʧʝʢʪʳ ʝʝ ʩʫʱʝʩʪʚʦʚʘʥʠʷ. ʊʦʚʘʨʳ, ʢʦʪʦʨʳʝ ʧʨʦʠʟʚʦʜʷʪʩʷ 

ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʜʦʙʳʪʳʭ ʫʛʣʝʚʦʜʦʨʦʜʦʚ, ʦʭʚʘʪʳʚʘʶʪ ʧʨʘʢʪʠʯʝʩʢʠ ʚʩʝ ʩʬʝʨʳ ʯʝʣʦʚʝʯʝʩʢʦʡ 

ʜʝʷʪʝʣʴʥʦʩʪʠ, ʥʘʯʠʥʘʷ ʦʪ ʙʳʪʦʚʳʭ ʪʦʚʘʨʦʚ ʧʦʚʩʝʜʥʝʚʥʦʛʦ ʩʧʨʦʩʘ, ʟʘʢʘʥʯʠʚʘʷ ʩʬʝʨʦʡ 

ʩʝʣʴʩʢʦʛʦ ʭʦʟʷʡʩʪʚʘ ʠ ʜʦʨʦʞʥʦʛʦ ʩʪʨʦʠʪʝʣʴʩʪʚʘ, ʠ ʟʘʢʘʥʯʠʚʘʷ ʧʨʦʠʟʚʦʜʩʪʚʦʤ ʩʤʘʟʦʯʥʳʭ 

ʤʘʪʝʨʠʘʣʦʚ ʜʣʷ ʪʷʞʝʣʦʡ ʪʝʭʥʠʢʠ ʠ, ʢʦʥʝʯʥʦ ʞʝ, ʰʠʨʦʢʦʛʦ ʩʧʝʢʪʨʘ ʪʦʧʣʠʚ. ʕʪʦ ʧʦʟʚʦʣʷʝʪ 

ʩʪʨʘʥʝ ʩʦʟʜʘʚʘʪʴ ʦʛʨʦʤʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʥʦʚʳʭ ʨʘʙʦʯʠʭ ʤʝʩʪ, ʬʦʨʤʠʨʦʚʘʪʴ ʥʦʚʳʡ ʢʣʘʩʩ 

ʢʦʤʧʝʪʝʥʪʥʦʡ ʨʘʙʦʯʝʡ ʩʠʣʳ, ʩʪʠʤʫʣʠʨʦʚʘʪʴ ʵʢʦʥʦʤʠʢʫ ʠ ʫʨʦʚʝʥʴ ʤʝʩʪʥʦʛʦ ɺɺʇ, ʫʣʫʯʰʘʪʴ 

ʧʦʣʠʪʠʯʝʩʢʦʝ ʩʦʪʨʫʜʥʠʯʝʩʪʚʦ ʩʦ ʩʪʨʘʥʘʤʠ, ʢʦʪʦʨʳʝ ʨʘʟʜʝʣʷʶʪ ʪʫ ʞʝ ʟʦʥʫ ʠʥʪʝʨʝʩʦʚ, ʠ ʙʳʪʴ ʚ 

ʩʦʩʪʦʷʥʠʠ ʦʙʝʩʧʝʯʠʪʴ ʤʝʩʪʥʳʝ ʠ ʛʣʦʙʘʣʴʥʳʝ ʨʳʥʢʠ ʞʝʣʘʝʤʳʤ ʧʨʦʜʫʢʪʦʤ. ʉ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ, 

ʰʠʨʦʢʦʝ ʨʘʟʚʠʪʠʝ ʧʨʷʤʦ ʠʣʠ ʢʦʩʚʝʥʥʦ ʩʚʷʟʘʥʥʳʭ ʦʪʨʘʩʣʝʡ ʥʝʠʟʙʝʞʥʦ ʦʢʘʞʝʪ ʚʣʠʷʥʠʝ ʥʘ 

ʦʢʨʫʞʘʶʱʫʶ ʩʨʝʜʫ. ɼʣʷ ʩʪʨʘʥʳ, ʢʦʪʦʨʘʷ ʟʘʚʠʩʠʪ ʦʪ ʨʳʙʦʣʦʚʩʪʚʘ ʠ ʪʫʨʠʩʪʠʯʝʩʢʦʛʦ ʩʝʢʪʦʨʘ, 

ʢʨʘʡʥʝ ʚʘʞʥʦ ʪʱʘʪʝʣʴʥʦ ʦʮʝʥʠʪʴ ʨʠʩʢʠ, ʩʚʷʟʘʥʥʳʝ ʩ ʨʘʟʨʘʙʦʪʢʦʡ ʤʦʨʩʢʠʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ 

ʫʛʣʝʚʦʜʦʨʦʜʦʚ. ʅʦ ʝʩʣʠ ʩʪʨʘʥʘ ʙʫʜʝʪ ʦʪʚʝʪʩʪʚʝʥʥʦ ʩʣʝʜʦʚʘʪʴ ʚʩʝʤ ʩʦʚʨʝʤʝʥʥʳʤ ʤʝʪʦʜʘʤ 

ʤʠʥʠʤʠʟʘʮʠʠ ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ʦʢʨʫʞʘʶʱʫʶ ʩʨʝʜʫ, ʩʪʘʥʦʚʠʪʩʷ ʚʦʟʤʦʞʥʳʤ ʚʝʩʪʠ ʨʘʟʨʘʙʦʪʢʫ 

ʫʛʣʝʚʦʜʦʨʦʜʦʚ ʥʘ ʫʩʪʦʡʯʠʚʦʡ ʦʩʥʦʚʝ. ʅʝʩʤʦʪʨʷ ʥʘ ʵʪʦ, ʅʦʨʚʝʛʠʷ ʷʚʣʷʝʪʩʷ ʧʨʝʢʨʘʩʥʳʤ 

ʧʨʠʤʝʨʦʤ ʩʪʨʘʥʳ, ʩʧʨʘʚʣʷʶʱʝʡʩʷ ʩ ʙʨʝʤʝʥʝʤ ʥʝʬʪʝʜʦʙʳʚʘʶʱʝʛʦ ʛʦʩʫʜʘʨʩʪʚʘ, ʫʩʧʝʰʥʦ 

ʩʧʨʘʚʣʷʶʱʝʡʩʷ ʩ ʵʢʦʣʦʛʠʯʝʩʢʠʤʠ ʨʠʩʢʘʤʠ ʙʣʘʛʦʜʘʨʷ ʚʳʩʦʢʦʨʘʟʚʠʪʦʤʫ ʦʧʳʪʫ. ʊʦʪ ʞʝ ʬʘʢʪʦʨ 

ʚʳʚʝʣ ʅʦʨʚʝʛʠʶ ʥʘ ʥʦʚʳʡ ʫʨʦʚʝʥʴ ʵʢʦʥʦʤʠʯʝʩʢʦʛʦ ʨʘʟʚʠʪʠʷ, ʦʙʝʩʧʝʯʠʚ ʣʫʯʰʝʝ ʢʘʯʝʩʪʚʦ 

ʞʠʟʥʠ ʝʝ ʛʨʘʞʜʘʥ ʠ ʧʨʦʯʥʫʶ ʧʦʣʠʪʠʯʝʩʢʫʶ ʧʦʟʠʮʠʶ ʥʘ ʨʳʥʢʝ ʥʝʬʪʠ ʠ ʛʘʟʘ. ɹʣʘʛʦʜʘʨʷ 

ʚʳʩʦʢʠʤ ʩʪʘʥʜʘʨʪʘʤ ʫʧʨʘʚʣʝʥʠʷ ʧʨʦʤʳʰʣʝʥʥʦʩʪʴʶ ʅʦʨʚʝʛʠʷ ʧʦʟʚʦʣʷʝʪ ʩʥʠʟʠʪʴ 

ʵʢʦʣʦʛʠʯʝʩʢʠʝ ʨʠʩʢʠ ʠ ʧʨʦʜʦʣʞʠʪʴ ʜʝʷʪʝʣʴʥʦʩʪʴ ʚ ʩʝʢʪʦʨʝ ʨʳʙʦʣʦʚʩʪʚʘ, ʥʝ ʟʘʛʨʷʟʥʷʷ 

ʤʦʨʩʢʫʶ ʩʨʝʜʫ. ʅʝʩʤʦʪʨʷ ʥʘ ʪʦ, ʯʪʦ ʥʘʟʝʤʥʦʝ ʙʫʨʝʥʠʝ ʤʦʞʝʪ ʙʳʪʴ ʙʦʣʝʝ ʧʨʝʜʧʦʯʪʠʪʝʣʴʥʳʤ, 

ʪʝʭʥʦʣʦʛʠʠ ʧʦʟʚʦʣʷʶʪ ʙʝʟʦʧʘʩʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʠ ʤʦʨʩʢʦʝ ʙʫʨʝʥʠʝ, ʥʦ, ʦʧʷʪʴ ʞʝ, ʵʪʦ ʚʦʧʨʦʩ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʠ ʬʠʥʘʥʩʦʚʦʛʦ ʧʦʜʭʦʜʘ. ɺ ʢʘʞʜʦʡ ʤʝʪʦʜʠʢʝ ʤʦʞʥʦ ʥʘʡʪʠ ʟʦʣʦʪʫʶ ʩʝʨʝʜʠʥʫ 

ʜʣʷ ʙʦʣʝʝ ʙʝʟʦʧʘʩʥʦʡ ʨʘʙʦʪʳ. ɽʜʠʥʩʪʚʝʥʥʳʡ ʘʩʧʝʢʪ, ʢʦʪʦʨʳʡ ʥʘʧʨʷʤʫʶ ʚʣʠʷʝʪ ʥʘ ʛʣʘʚʥʳʡ 

ʚʦʧʨʦʩ, ʩʪʦʠʪ ʣʠ ʨʘʟʨʘʙʘʪʳʚʘʪʴ ʥʦʚʳʝ ʫʛʣʝʚʦʜʦʨʦʜʥʳʝ ʤʝʩʪʦʨʦʞʜʝʥʠʷ, ï ʵʪʦ ʵʢʦʥʦʤʠʯʝʩʢʦʝ 

ʩʦʩʪʦʷʥʠʝ ʥʝʬʪʝʛʘʟʦʚʦʛʦ ʨʳʥʢʘ ʠ ʵʥʝʨʛʝʪʠʢʠ ʚ ʮʝʣʦʤ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʦʩʥʦʚʥʘʷ ʧʨʠʯʠʥʘ 

ʧʨʦʪʠʚ ʜʦʙʳʯʠ ʫʛʣʝʚʦʜʦʨʦʜʦʚ ï ʵʪʦ ʥʝʙʣʘʛʦʧʨʠʷʪʥʦʝ ʩʦʩʪʦʷʥʠʝ ʨʳʥʢʘ, ʢʦʛʜʘ ʨʘʟʨʘʙʦʪʢʘ 

ʫʛʣʝʚʦʜʦʨʦʜʦʚ ʧʨʦʩʪʦ ʥʝʵʬʬʝʢʪʠʚʥʘ ʩ ʬʠʥʘʥʩʦʚʦʡ ʪʦʯʢʠ ʟʨʝʥʠʷ, ʯʪʦ ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ ʧʨʠʚʦʜʠʪ 

ʢ ʪʦʤʫ, ʯʪʦ ʧʨʝʜʝʣʴʥʳʝ ʟʘʪʨʘʪʳ ʥʘʤʥʦʛʦ ʚʳʰʝ, ʯʝʤ ʮʝʥʘ ʨʝʘʣʠʟʘʮʠʠ ʢʦʥʝʯʥʦʛʦ ʧʨʦʜʫʢʪʘ. 

ʅʘʣʠʯʠʝ ʫʛʣʝʚʦʜʦʨʦʜʥʳʭ ʨʝʩʫʨʩʦʚ ʥʘ ʤʦʨʩʢʦʡ ʘʢʚʘʪʦʨʠʠ ʧʨʠʙʨʝʞʥʦʡ ʩʪʨʘʥʳ ï 

ʭʦʨʦʰʠʡ ʧʦʚʦʜ ʜʣʷ ʥʘʯʘʣʘ ʨʘʟʨʘʙʦʪʢʠ ʫʛʣʝʚʦʜʦʨʦʜʦʚ ʧʨʠ ʥʘʣʠʯʠʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʫʩʣʦʚʠʡ 

ʥʘ ʨʳʥʢʝ ʫʛʣʝʚʦʜʦʨʦʜʦʚ. ʆʙʤʝʥ ʦʧʳʪʦʤ ʩ ʙʦʣʝʝ ʢʦʤʧʝʪʝʥʪʥʳʤʠ ʩʪʨʘʥʘʤʠ ʤʦʞʝʪ ʙʳʪʴ 

ʵʢʦʥʦʤʠʯʝʩʢʠ ʩʪʠʤʫʣʠʨʫʶʱʠʤ ʠ ʫʣʫʯʰʘʶʱʠʤ ʧʦʣʠʪʠʯʝʩʢʦʝ ʩʦʪʨʫʜʥʠʯʝʩʪʚʦ. ʇʨʠʤʝʨ 

ʅʦʨʚʝʛʠʠ, ʢʘʢ ʩʪʨʘʥʳ, ʢʦʪʦʨʘʷ ʚ ʩʚʦʸ ʚʨʝʤʷ ʫʩʧʝʰʥʦ ʨʝʘʣʠʟʦʚʘʣʘ ʦʧʳʪ ʙʦʣʝʝ ʢʦʤʧʝʪʝʥʪʥʳʭ 

ʩʪʨʘʥ, ʩʫʤʝʚʰʝʡ ʚʳʚʝʩʪʠ ʚʩʶ ʥʘʮʠʶ ʥʘ ʥʦʚʳʡ ʫʨʦʚʝʥʴ ʛʣʦʙʘʣʴʥʦʛʦ ʧʨʦʮʚʝʪʘʥʠʷ, ʧʦʜʦʙʝʥ 
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ʉʝʚʝʨʥʦʡ ʟʚʝʟʜʝ, ʩʠʷʶʱʝʡ ʚ ʥʝʙʝ ʢʘʢ ʦʨʠʝʥʪʠʨ ʜʣʷ ʜʨʫʛʠʭ. ʀ, ʷ ʚʝʨʶ, ʯʪʦ ʝʩʣʠ ʚʥʠʤʘʪʝʣʴʥʦ 

ʩʣʝʜʦʚʘʪʴ ʠʥʩʪʨʫʢʮʠʷʤ ʠ ʦʙʝʩʧʝʯʠʪʴ ʚʳʧʦʣʥʝʥʠʝ ʚʩʝʭ ʤʝʨ ʧʦ ʦʙʝʩʧʝʯʝʥʠʶ ʙʝʟʦʧʘʩʥʦʩʪʠ 

ʧʨʦʠʟʚʦʜʩʪʚʘ, ʧʨʠ ʙʣʘʛʦʧʨʠʷʪʥʦʡ ʨʳʥʦʯʥʦʡ ʢʦʥʲʶʥʢʪʫʨʝ ï ʣʶʙʘʷ ʩʪʨʘʥʘ ʩʤʦʞʝʪ ʟʘʥʷʪʴ 

ʪʝʧʣʦʝ ʤʝʩʪʦ ʥʘ ʆʣʠʤʧʝ ʧʨʦʮʚʝʪʘʥʠʷ, ʨʷʜʦʤ ʩ ʅʦʨʚʝʛʠʝʡ. 
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ʋɼʂ 338.266.4 

ɹʘʪʳʨʙʘʝʚ ʆ.ɺ., ʄʠʭʘʡʣʦʚʘ ʆ.ʀ.,  

ʏʫʙʘʨʦʚʘ ʆ.ʀ., ʢʘʥʜ. ʵʢʦʥ. ʥʘʫʢ 

ʅʠʞʥʝʚʘʨʪʦʚʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ,  

ʛ. ʅʠʞʥʝʚʘʨʪʦʚʩʢ, ʈʦʩʩʠʷ 

 

ʂɺɸʃʀʄɽʊʈʀʏɽʉʂʀʁ ɸʅɸʃʀɿ ʇʈʀ ʆɹʆʉʅʆɺɸʅʀʀ ɺʓɹʆʈɸ  

ʊɽʍʅʀʏɽʉʂʀʍ ʈɽʐɽʅʀʁ ɺ ʅɽʌʊɽɻɸɿʆɺʆʁ ʆʊʈɸʉʃʀ 

 

ɺ ʩʦʚʨʝʤʝʥʥʳʭ ʫʩʣʦʚʠʷʭ ʥʝʬʪʝʛʘʟʦʚʘʷ ʦʪʨʘʩʣʴ ʚ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʤ ʦʪʥʦʰʝʥʠʠ 

ʩʪʘʥʦʚʠʪʩʷ ʚʩʝ ʙʦʣʝʝ ʩʣʦʞʥʦʡ. ʇʨʦʙʣʝʤʘ ʥʘʭʦʞʜʝʥʠʷ ʥʘʠʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʳʭ ʚ 

ʬʫʥʢʮʠʦʥʘʣʴʥʦʤ ʠ ʵʢʦʥʦʤʠʯʝʩʢʦʤ ʦʪʥʦʰʝʥʠʷʭ ʧʘʨʘʤʝʪʨʦʚ ʪʝʭʥʠʯʝʩʢʠʭ ʩʠʩʪʝʤ ʠʤʝʝʪ ʚʘʞʥʦʝ 

ʥʘʫʯʥʦʝ ʠ ʧʨʘʢʪʠʯʝʩʢʦʝ ʟʥʘʯʝʥʠʝ. ʅʝʬʪʝʛʘʟʦʚʘʷ ʦʪʨʘʩʣʴ, ʢʘʢ ʩʠʩʪʝʤʘ ʩʦ ʩʣʦʞʥʦʡ ʩʪʨʫʢʪʫʨʦʡ, 

ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʚʳʩʦʢʦʡ ʢʘʧʠʪʘʣʦʝʤʢʦʩʪʴʶ ʦʩʥʦʚʥʳʭ ʬʦʥʜʦʚ, ʘ ʪʘʢʞʝ ʩʫʱʝʩʪʚʝʥʥʳʤʠ 

ʝʞʝʛʦʜʥʳʤʠ ʟʘʪʨʘʪʘʤʠ ʥʘ ʩʦʜʝʨʞʘʥʠʝ ʥʝʦʙʭʦʜʠʤʦʡ ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ. ʀʩʭʦʜʷ ʠʟ ʵʪʠʭ 

ʩʦʦʙʨʘʞʝʥʠʡ, ʜʘʞʝ ʥʝʟʥʘʯʠʪʝʣʴʥʦʝ ʧʦʚʳʰʝʥʠʝ ʢʘʯʝʩʪʚʘ ʨʝʘʣʠʟʫʝʤʳʭ ʪʝʭʥʠʯʝʩʢʠʭ ʨʝʰʝʥʠʡ 

ʙʫʜʝʪ ʠʤʝʪʴ ʚʝʩʴʤʘ ʩʫʱʝʩʪʚʝʥʥʦʝ ʟʥʘʯʝʥʠʝ. ʅʘʫʢʦʡ ʥʘʨʘʙʦʪʘʥ ʟʥʘʯʠʪʝʣʴʥʳʡ ʙʘʛʘʞ ʤʝʪʦʜʦʚ 

ʧʦʠʩʢʘ ʦʧʪʠʤʘʣʴʥʳʭ ʨʝʰʝʥʠʡ (ʬʫʥʢʮʠʦʥʘʣʴʥʦ-ʩʪʦʠʤʦʩʪʥʦʡ ʘʥʘʣʠʟ, ʨʘʟʣʠʯʥʳʝ ʤʦʜʝʣʠ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʦʧʝʨʘʮʠʡ, ʢʚʘʣʠʤʝʪʨʠʷ ʠ ʪ. ʜ.). ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʩ ʫʯʝʪʦʤ ʙʫʨʥʦʛʦ ʨʘʟʚʠʪʠʷ 

ʢʦʤʧʴʶʪʝʨʥʳʭ ʪʝʭʥʦʣʦʛʠʡ, ʚʥʝʜʨʝʥʠʷ ʚ ʧʨʘʢʪʠʢʫ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʠʥʪʝʣʣʝʢʪʘ ʠ ʙʦʣʴʰʠʭ 

ʜʘʥʥʳʭ ʧʦʷʚʣʷʶʪʩʷ ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʚʦʟʤʦʞʥʦʩʪʠ ʧʦ ʦʧʪʠʤʠʟʘʮʠʠ ʧʨʠʥʠʤʘʝʤʳʭ ʨʝʰʝʥʠʡ. 

ʆʜʥʘʢʦ, ʢʘʢʠʤ ʙʳ ʠʟʦʱʨʝʥʥʳʤ ʥʠ ʙʳʣ ʧʨʠʤʝʥʷʝʤʳʡ ʠʥʩʪʨʫʤʝʥʪʘʨʠʡ, ʧʨʝʞʜʝ ʚʩʝʛʦ ʪʨʝʙʫʝʪʩʷ 

ʯʝʪʢʦ ʩʬʦʨʤʫʣʠʨʦʚʘʪʴ ʢʨʠʪʝʨʠʠ ʦʧʪʠʤʘʣʴʥʦʛʦ ʚʳʙʦʨʘ. 

ɺʳʙʦʨ ʥʘʠʣʫʯʰʝʛʦ ʪʝʭʥʠʯʝʩʢʦʛʦ ʨʝʰʝʥʠʷ ʠʩʭʦʜʷ ʠʟ ʢʚʘʣʠʤʝʪʨʠʯʝʩʢʦʡ ʦʮʝʥʢʠ, ʪ. ʝ. ʧʦ 

ʩʦʚʦʢʫʧʥʦʩʪʠ ʦʩʥʦʚʥʳʭ ʩʚʦʡʩʪʚ (ʢʘʯʝʩʪʚʫ) ʥʘʭʦʜʠʪ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʰʠʨʦʢʦʝ ʧʨʠʤʝʥʝʥʠʝ 

ʚ ʨʘʟʣʠʯʥʳʭ ʦʪʨʘʩʣʷʭ ʥʘʨʦʜʥʦʛʦ ʭʦʟʷʡʩʪʚʘ [1; 2; 4]. ʂʚʘʣʠʤʝʪʨʠʯʝʩʢʘʷ ʦʮʝʥʢʘ ʤʦʞʝʪ ʙʳʪʴ 

ʧʦʣʝʟʥʘ ʢʘʢ ʥʘ ʫʨʦʚʥʝ ʘʥʘʣʠʟʘ ʪʝʭʥʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ ʚ ʮʝʣʦʤ, ʪʘʢ ʠ ʧʨʠ ʚʳʙʦʨʝ ʪʦʛʦ ʠʣʠ ʠʥʦʛʦ 

ʪʝʭʥʠʯʝʩʢʦʛʦ ʨʝʰʝʥʠʷ ʥʘ ʫʨʦʚʥʝ ʦʪʜʝʣʴʥʳʭ ʵʣʝʤʝʥʪʦʚ ʢʘʢ, ʥʘʧʨʠʤʝʨ, ʚ ʨʘʙʦʪʝ [4]. 

ʎʝʣʴ ʜʘʥʥʦʡ ʩʪʘʪʴʠ ʩʦʩʪʦʠʪ ʚ ʪʦʤ, ʯʪʦʙʳ ʧʦʢʘʟʘʪʴ ʚʦʟʤʦʞʥʦʩʪʴ ʧʨʠʤʝʥʝʥʠʷ 

ʢʚʘʣʠʤʝʪʨʠʯʝʩʢʠʭ ʤʝʪʦʜʦʚ ʚ ʥʝʬʪʝʛʘʟʦʚʦʡ ʦʪʨʘʩʣʠ ʩ ʧʦʤʦʱʴʶ ʠʭ ʘʜʘʧʪʘʮʠʠ ʧʦʜ ʦʪʨʘʩʣʝʚʫʶ 

ʩʧʝʮʠʬʠʢʫ. ʇʨʠ ʵʪʦʤ ʙʳʣʘ ʧʨʠʤʝʥʝʥʘ ʤʝʪʦʜʠʢʘ, ʠʟʣʦʞʝʥʥʘʷ ʚ ʨʘʙʦʪʝ [1, ʩ. 95-103], ʥʦ ʫʞʝ 

ʧʨʠʤʝʥʠʪʝʣʴʥʦ ʢ ʦʙʲʝʢʪʘʤ ʥʝʬʪʝʛʘʟʦʚʳʭ ʧʨʝʜʧʨʠʷʪʠʡ.  

ʇʨʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ ʪʝʭʥʠʯʝʩʢʠʭ ʩʠʩʪʝʤ ʥʝʠʟʙʝʞʥʦ ʚʦʟʥʠʢʘʝʪ ʚʦʧʨʦʩ ʚʳʙʦʨʘ 

ʨʘʟʣʠʯʥʳʭ ʵʣʝʤʝʥʪʦʚ, ʘ ʪʘʢʞʝ ʩʭʝʤʳ ʠʭ ʩʦʚʤʝʩʪʥʦʡ ʨʘʙʦʪʳ. ʇʨʠ ʵʪʦʤ, ʢʘʢ ʧʨʘʚʠʣʦ, 

ʨʘʟʣʠʯʘʶʪʩʷ ʧʨʠʥʮʠʧʳ ʨʘʙʦʪʳ ʵʣʝʤʝʥʪʦʚ ʠ ʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ (ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ, 

ʥʘʜʝʞʥʦʩʪʴ, ʵʢʦʥʦʤʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ ʠ ʪ. ʜ.). ʇʦ ʵʪʦʡ ʧʨʠʯʠʥʝ ʢʘʞʜʘʷ ʠʟ ʚʦʟʤʦʞʥʳʭ 

ʢʦʤʙʠʥʘʮʠʡ ʦʙʳʯʥʦ ʠʤʝʝʪ ʥʘʨʷʜʫ ʩ ʧʨʝʠʤʫʱʝʩʪʚʘʤʠ ʠ ʦʧʨʝʜʝʣʝʥʥʳʝ ʥʝʜʦʩʪʘʪʢʠ. ʇʨʠ 

ʙʦʣʴʰʦʤ ʢʦʣʠʯʝʩʪʚʝ ʵʣʝʤʝʥʪʦʚ ʚ ʩʠʩʪʝʤʝ ʥʘʭʦʞʜʝʥʠʝ ʦʧʪʠʤʘʣʴʥʦʡ ʢʦʤʙʠʥʘʮʠʠ ʩʪʘʥʦʚʠʪʩʷ 

ʚʝʩʴʤʘ ʥʝʧʨʦʩʪʳʤ ʚʳʙʦʨʦʤ. ʅʘʧʨʠʤʝʨ, ʚ ʨʘʙʦʪʝ [3] ʧʨʠʚʝʜʝʥʳ ʤʝʪʦʜʠʢʠ ʧʦʜʙʦʨʘ ʥʘʠʣʫʯʰʠʭ 

ʩʦʯʝʪʘʥʠʡ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʠ ʩʪʦʠʤʦʩʪʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʥʦʚʦʡ ʧʨʦʜʫʢʮʠʠ ʥʘ ʦʩʥʦʚʝ 
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ʢʦʤʧʴʶʪʝʨʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ, ʚ ʭʦʜʝ ʢʦʪʦʨʦʛʦ ʧʨʦʠʩʭʦʜʠʪ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʡ ʧʝʨʝʙʦʨ ʠʟ 

ʤʠʣʣʠʦʥʦʚ ʚʦʟʤʦʞʥʳʭ ʚʘʨʠʘʥʪʦʚ.  

ʌʫʥʢʮʠʦʥʘʣʴʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ (ʧʘʨʘʤʝʪʨʳ) ʨʘʙʦʪʳ ʩʠʩʪʝʤʳ, ʢʦʪʦʨʳʝ ʥʝʦʙʭʦʜʠʤʦ 

ʧʨʠʥʠʤʘʪʴ ʚʦ ʚʥʠʤʘʥʠʝ ʨʘʟʣʠʯʥʳ. ʅʘʠʙʦʣʝʝ ʯʘʩʪʦ ʠʩʧʦʣʴʟʫʝʤʳʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ 

(ʬʫʥʢʮʠʷʤʠ) ʩʣʫʞʘʪ ʪʘʢʠʝ ʪʝʭʥʠʢʦ-ʵʢʦʥʦʤʠʯʝʩʢʠʝ ʧʦʢʘʟʘʪʝʣʠ ʢʘʢ, ʢʘʧʠʪʘʣʦʚʣʦʞʝʥʠʷ, 

ʩʪʦʠʤʦʩʪʴ ʦʙʩʣʫʞʠʚʘʥʠʷ ʚ ʛʦʜ, ʥʘʜʝʞʥʦʩʪʴ, ʵʢʦʣʦʛʠʯʥʦʩʪʴ, ʙʝʟʦʧʘʩʥʦʩʪʴ ʠ ʪ. ʜ. ʅʝʦʙʭʦʜʠʤʦ 

ʨʘʟʜʝʣʷʪʴ ʪʨʝʙʫʝʤʳʝ ʠ ʨʝʘʣʴʥʳʝ ʬʫʥʢʮʠʦʥʘʣʴʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ. ʊʨʝʙʫʝʤʳʝ ʥʝʦʙʭʦʜʠʤʳ 

ʜʣʷ ʟʘʜʘʥʥʳʭ ʫʩʣʦʚʠʡ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʦʙʲʝʢʪʘ, ʘ ʨʝʘʣʴʥʳʝ ʷʚʣʷʶʪʩʷ ʬʘʢʪʠʯʝʩʢʠʤʠ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʧʨʠ ʵʪʦʤ ʚʘʨʠʘʥʪʝ ʪʝʭʥʠʯʝʩʢʦʛʦ ʨʝʰʝʥʠʷ.  

ʇʘʨʘʤʝʪʨʠʯʝʩʢʠʡ ʨʝʟʝʨʚ ï ʚʝʣʠʯʠʥʘ ʧʨʝʚʳʰʝʥʠʷ ʨʝʘʣʴʥʦʛʦ ʟʥʘʯʝʥʠʷ ʥʘʜ ʪʨʝʙʫʝʤʳʤ. 

ʇʘʨʘʤʝʪʨʠʯʝʩʢʘʷ ʥʝʜʦʩʪʘʪʦʯʥʦʩʪʴ ï ʚʝʣʠʯʠʥʘ ʧʨʝʚʳʰʝʥʠʷ ʪʨʝʙʫʝʤʦʛʦ ʟʥʘʯʝʥʠʷ 

ʧʘʨʘʤʝʪʨʘ ʥʘʜ ʨʝʘʣʴʥʳʤ ʧʘʨʘʤʝʪʨʦʤ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʚʘʨʠʘʥʪ ʥʝ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʥʦʨʤʘʪʠʚʘʤ ʠ 

ʜʦʣʞʝʥ ʙʳʪʴ ʠʩʢʣʶʯʝʥ ʠʟ ʜʘʣʴʥʝʡʰʝʛʦ ʘʥʘʣʠʟʘ. ʊʨʝʙʦʚʘʥʠʷ ʩʦʜʝʨʞʘʪʩʷ ʚ ʟʘʢʦʥʦʜʘʪʝʣʴʥʳʭ ʠ 

ʥʦʨʤʘʪʠʚʥʦ-ʪʝʭʥʠʯʝʩʢʠʭ ʜʦʢʫʤʝʥʪʘʭ (ʊʋ, ɻʆʉʊ, ʆʉʊ).  

ɺʝʣʠʯʠʥʘ ʩʦʦʪʥʦʰʝʥʠʷ ʨʝʘʣʴʥʦʛʦ ʇʨi ʠ ʪʨʝʙʫʝʤʦʛʦ ʇʪi ʧʘʨʘʤʝʪʨʦʚ ʤʦʞʝʪ 

ʭʘʨʘʢʪʝʨʠʟʦʚʘʪʴʩʷ ʩʪʝʧʝʥʴʶ ʫʜʦʚʣʝʪʚʦʨʝʥʠʷ (ʨʝʘʣʠʟʘʮʠʠ) ʬʫʥʢʮʠʠ ʉʋi, ʚʳʨʘʞʝʥʥʦʡ ʯʝʨʝʟ ʠʭ 

ʦʪʥʦʰʝʥʠʝ ʚ ʬʦʨʤʫʣʝ (1). 

 

(1) 

ʛʜʝ ʇʨi ï ʟʥʘʯʝʥʠʝ ʨʝʘʣʴʥʦʛʦ ʧʘʨʘʤʝʪʨʘ i-ʦʡ ʬʫʥʢʮʠʠ;  

ʇʪi ï ʟʥʘʯʝʥʠʝ ʪʨʝʙʫʝʤʦʛʦ ʧʘʨʘʤʝʪʨʘ i-ʦʡ ʬʫʥʢʮʠʠ. 

ɺʝʣʠʯʠʥʘ ʉʋi ʜʦʣʞʥʘ ʙʳʪʴ ʙʦʣʴʰʝ ʝʜʠʥʠʮʳ, ʝʩʣʠ ʩʦʦʪʥʦʰʝʥʠʝ ʣʫʯʰʝ ʥʦʨʤʘʪʠʚʥʳʭ 

ʪʨʝʙʦʚʘʥʠʡ. ɽʩʣʠ ʞʝ ʧʘʨʘʤʝʪʨ ʤʝʥʴʰʝ ʝʜʠʥʠʮʳ, ʪʦ ʥʦʨʤʘʪʠʚʥʳʝ ʪʨʝʙʦʚʘʥʠʷ ʥʝ ʚʳʧʦʣʥʷʶʪʩʷ 

ʠ ʥʝʦʙʭʦʜʠʤʦ ʦʪʙʨʦʩʠʪʴ ʜʘʥʥʳʡ ʚʘʨʠʘʥʪ.  

ɺ ʪʦ ʞʝ ʚʨʝʤʷ, ʜʘʞʝ ʠʩʢʣʶʯʠʚ ʥʝʜʦʧʫʩʪʠʤʳʝ ʚʘʨʠʘʥʪʳ, ʧʦʣʫʯʠʣʠ ʨʷʜ ʥʝʨʘʚʥʦʟʥʘʯʥʳʭ 

ʚ ʧʣʘʥʝ ʩʦʦʪʥʦʰʝʥʠʷ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʨʝʰʝʥʠʡ. ʊʘʢ ʥʘ ʨʠʩ. 1 ʠʟʦʙʨʘʞʝʥʘ 

ʯʘʩʪʦ ʚʦʟʥʠʢʘʶʱʘʷ ʥʘ ʧʨʘʢʪʠʢʝ ʩʠʪʫʘʮʠʷ, ʦʪʨʘʞʘʶʱʘʷ ʧʨʦʪʠʚʦʨʝʯʠʷ ʤʝʞʜʫ ʨʘʟʥʳʤʠ 

ʚʘʨʠʘʥʪʘʤʠ ʪʝʭʥʠʯʝʩʢʦʛʦ ʨʝʰʝʥʠʷ. ʇʫʩʪʴ, ʧʦ ʦʩʠ ʫ (ʩʚʦʡʩʪʚʦ 1) ʦʪʢʣʘʜʳʚʘʝʤ ʵʢʦʥʦʤʠʯʥʦʩʪʴ 

ʨʝʰʝʥʠʷ, ʘ ʧʦ ʦʩʠ ʭ (ʩʚʦʡʩʪʚʦ 2) ʥʘʜʝʞʥʦʩʪʴ. ʊʦʛʜʘ, ʚʘʨʠʘʥʪ 1 ï ʵʪʦ ʪʠʧʦʚʦʡ ʵʢʦʥʦʤʠʯʥʳʡ 

ʧʨʦʝʢʪ ʩ ʜʦʧʫʩʪʠʤʦʡ, ʥʦ ʩʨʘʚʥʠʪʝʣʴʥʦ ʥʠʟʢʦʡ ʥʘʜʝʞʥʦʩʪʴʶ. ɺʘʨʠʘʥʪ 3 ʚ ʪʘʢʦʤ ʩʣʫʯʘʝ, ʵʪʦ 

ʠʥʥʦʚʘʮʠʦʥʥʳʡ ʧʨʦʝʢʪ ʩ ʚʳʩʦʢʦʡ ʩʪʦʠʤʦʩʪʴʶ ʨʝʘʣʠʟʘʮʠʠ, ʯʪʦ ʢʦʤʧʝʥʩʠʨʫʝʪʩʷ ʙʦʣʝʝ ʚʳʩʦʢʦʡ 

ʥʘʜʝʞʥʦʩʪʴʶ. ɺʘʨʠʘʥʪ 2 ï ʥʝʢʦʪʦʨʳʡ ʧʨʦʤʝʞʫʪʦʯʥʳʡ ʢʦʤʧʨʦʤʠʩʩʥʳʡ ʚʘʨʠʘʥʪ. 

ɺʳʙʦʨ ʦʢʦʥʯʘʪʝʣʴʥʦʛʦ ʚʘʨʠʘʥʪʘ ʚ ʵʪʦʡ ʩʠʪʫʘʮʠʠ ʙʫʜʝʪ ʦʧʨʝʜʝʣʷʪʴʩʷ ʟʥʘʯʠʤʦʩʪʴʶ 

ʬʫʥʢʮʠʡ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʨʘʙʦʪʳ ʥʝʬʪʝʛʘʟʦʚʦʛʦ ʧʨʝʜʧʨʠʷʪʠʷ ʠ ʝʛʦ 

ʧʦʪʨʝʙʥʦʩʪʝʡ. ɿʥʘʯʠʤʦʩʪʴ ʠʤʝʝʪ ʩʤʳʩʣ ʣʠʰʴ ʚ ʩʨʘʚʥʝʥʠʠ ʥʝʩʢʦʣʴʢʠʭ ʬʫʥʢʮʠʡ ʤʝʞʜʫ ʩʦʙʦʡ. 

ʆʮʝʥʢʘ ʟʥʘʯʠʤʦʩʪʠ ʬʫʥʢʮʠʡ ʜʦʚʦʣʴʥʦ ʩʣʦʞʥʘ ʠ ʥʝʩʝʪ ʵʣʝʤʝʥʪ ʩʫʙʲʝʢʪʠʚʥʦʩʪʠ, ʧʦʵʪʦʤʫ ʯʘʩʪʦ 

ʥʘ ʧʨʘʢʪʠʢʝ ʠʩʧʦʣʴʟʫʶʪ ʥʝʬʦʨʤʘʣʠʟʦʚʘʥʥʳʝ, ʵʢʩʧʝʨʪʥʳʝ ʨʘʩʯʝʪʥʳʝ ʤʝʪʦʜʳ ʜʣʷ ʦʮʝʥʢʠ 

ʟʥʘʯʠʤʦʩʪʠ ʬʫʥʢʮʠʡ, ʢʦʪʦʨʳʝ ʩʚʷʟʘʥʳ ʩ ʠʥʜʠʚʠʜʫʘʣʴʥʳʤʠ ʠ ʢʦʣʣʝʢʪʠʚʥʳʤʠ ʵʢʩʧʝʨʪʠʟʘʤʠ. 
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ʈʠʩ. 1. ɻʠʧʦʪʝʪʠʯʝʩʢʠʡ ʧʨʠʤʝʨ ʘʥʘʣʠʟʘ ʚʦʟʤʦʞʥʳʭ ʚʘʨʠʘʥʪʦʚ ʧʨʦʝʢʪʘ 

 

ɹr ʣ ʠʩʧʦʣʴʟʦʚʘʥ ʤʝʪʦʜ ʧʨʝʜʧʦʯʪʝʥʠʷ, ʢʦʛʜʘ ʵʢʩʧʝʨʪ ʩʨʘʚʥʠʚʘʝʪ ʬʫʥʢʮʠʠ ʚ ʧʦʨʷʜʢʝ 

ʧʨʝʜʧʦʯʪʝʥʠʷ, ʟʘʜʘʚʘʷ ʫʨʦʚʝʥʴ ʧʨʝʜʧʦʯʪʝʥʠʷ ʥʫʤʝʨʘʮʠʝʡ ʬʫʥʢʮʠʡ: 1 ï ʩʘʤʳʡ ʚʘʞʥʳʡ; 2 ï 

ʤʝʥʝʝ ʚʘʞʥʳʡ; 3 ï ʥʝʚʘʞʥʳʡ ʠʣʠ ʧʦʢʘʟʳʚʘʷ ʨʝʟʫʣʴʪʘʪ ʩʨʘʚʥʝʥʠʷ ʚ ʚʠʜʝ> (ʭʫʞʝ), <(ʣʫʯʰʝ), = 

(ʦʜʠʥʘʢʦʚʦ) ʠ ʪ. ʜ. 

ʇʨʦʮʝʜʫʨʘ ʦʮʝʥʢʠ ʟʥʘʯʠʤʦʩʪʠ ʬʫʥʢʮʠʡ ʩʣʝʜʫʶʱʘʷ. ɼʦʧʫʩʪʠʤ ʪʝʭʥʠʯʝʩʢʠʡ ʧʨʦʝʢʪ 

ʦʮʝʥʠʚʘʝʪʩʷ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʰʝʩʪʠ ʥʘʠʙʦʣʝʝ ʚʘʞʥʳʭ ʬʫʥʢʮʠʡ. ʇʦʧʘʨʥʦ ʩʨʘʚʥʠʤ ʬʫʥʢʮʠʠ ʧʦ 

ʧʨʝʜʧʦʯʪʝʥʠʶ, ʚʳʜʝʣʷʷ ʠʟ ʜʚʫʭ ʬʫʥʢʮʠʡ ʙʦʣʝʝ ʟʥʘʯʠʤʫʶ: 

ʌ1 > ʌ2, ʌ2 < ʌ3, ʌ3 > ʌ4, ʌ4 > ʌ5, ʌ5 < ʌ6. 

ʌ1 < ʌ3, ʌ2 < ʌ4, ʌ3 > ʌ5, ʌ4 < ʌ6. 

ʌ1 < ʌ4, ʌ2 < ʌ5, ʌ3 < ʌ6. 

ʌ1 < ʌ5, ʌ2 < ʌ6. 

ʌ1 < ʌ6. 

ʇʦʩʪʨʦʠʤ ʤʘʪʨʠʮʫ, ʧʦʧʘʨʥʦ ʩʨʘʚʥʠʚʘʷ ʬʫʥʢʮʠʠ: 

 ʌ1 ʌ2 ʌ3 ʌ4 ʌ5 ʌ6 

ʌ1 = > < < < < 

ʌ2 < = < < < < 

ʌ3 > > = > > < 

ʌ4 > > < = > < 

ʌ5 > > < < = < 

ʌ6 > > > > > = 

 

ʇʨʠʩʚʦʠʤ ʢʦʣʠʯʝʩʪʚʝʥʥʳʝ ʟʥʘʯʝʥʠʷ ʧʨʝʜʧʦʯʪʝʥʠʷʤ: 3 ʧʨʠ ç>è, 2 ʧʨʠ ç=è, 1 ʧʨʠ ç<è ʠ 

ʚʚʝʜʝʤ ʟʥʘʯʝʥʠʷ ʚ ʤʘʪʨʠʮʫ ʩʨʘʚʥʝʥʠʷ: 

 ʌ1 ʌ2 ʌ3 ʌ4 ʌ5 ʌ6 ʌä  

ʌ1 2 3 1 1 1 1 9 

ʌ2 1 2 1 1 1 1 7 

ʌ3 3 3 2 3 3 1 15 

ʌ4 3 3 1 2 3 1 13 

ʌ5 3 3 1 1 2 1 11 

ʌ6 3 3 3 3 3 2 17 
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ʉʫʤʤʠʨʦʚʘʥʠʝʤ ʧʦ ʩʪʨʦʢʘʤ ʥʘʭʦʜʠʤ ʟʥʘʯʝʥʠʝ ʩʫʤʤʘʨʥʦʛʦ ʧʨʝʜʧʦʯʪʝʥʠʷ ʜʣʷ ʢʘʞʜʦʡ 

ʬʫʥʢʮʠʠ ʠ ʩʫʤʤʫ ʧʨʝʜʧʦʯʪʝʥʠʡ: 

ʌ1=9, ʌ2=7, ʌ3=15, ʌ4=13, ʌ5=11, ʌ6=17, В ˡ χς 

ɺʳʯʠʩʣʠʤ ʟʥʘʯʝʥʠʷ ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʟʥʘʯʠʤʦʩʪʠ ʬʫʥʢʮʠʡ: 

i
i

i

ʌ
=ɿʌ
ʌä

, 1ɿʌ=0,12; 2ɿʌ=0,1; 3ɿʌ=0,21; 4ɿʌ=0,18; 5ɿʌ=0,15; 6ɿʌ= 0,24; iɿʌä =1. 

ʆʮʝʥʠʚ ʟʥʘʯʠʤʦʩʪʴ ʬʫʥʢʮʠʡ ʠ ʩʪʝʧʝʥʴ ʠʭ ʩʦʦʪʚʝʪʩʪʚʠʷ ʥʦʨʤʘʪʠʚʘʤ, ʤʦʞʥʦ ʦʮʝʥʠʪʴ 

ʢʦʤʧʣʝʢʩʥʦʝ ʢʘʯʝʩʪʚʦ ʢʘʞʜʦʛʦ ʠʟ ʚʘʨʠʘʥʪʦʚ ʪʝʭʥʠʯʝʩʢʦʛʦ ʧʨʦʝʢʪʘ. ɼʣʷ ʵʪʦʛʦ ʚʚʝʜʝʤ 

ʧʦʢʘʟʘʪʝʣʴ ʢʘʯʝʩʪʚʘ ʪʝʭʥʠʯʝʩʢʦʛʦ ʧʨʦʝʢʪʘ, ʢʦʪʦʨʳʡ ʙʫʜʝʪ ʨʘʚʝʥ ʩʫʤʤʝ ʧʨʦʠʟʚʝʜʝʥʠʡ 

ʟʥʘʯʠʤʦʩʪʝʡ ʚʩʝʭ ʬʫʥʢʮʠʡ ʥʘ ʩʪʝʧʝʥʴ ʠʭ ʫʜʦʚʣʝʪʚʦʨʝʥʠʷ (ʨʝʘʣʠʟʘʮʠʠ), ʪ.ʝ. 

 
(2) 

ʛʜʝ - ʟʥʘʯʠʤʦʩʪʴ i-ʦʡ ʬʫʥʢʮʠʠ;  

- ʩʪʝʧʝʥʴ ʫʜʦʚʣʝʪʚʦʨʝʥʠʷ i-ʦʡ ʬʫʥʢʮʠʠ;  

n ï ʢʦʣʠʯʝʩʪʚʦ ʚʘʞʥʝʡʰʠʭ ʬʫʥʢʮʠʡ ʪʝʭʥʠʯʝʩʢʦʛʦ ʨʝʰʝʥʠʷ. 

ʇʨʦʚʝʜʝʥʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʥʘ ʦʩʥʦʚʝ ʢʦʤʧʣʝʢʩʥʦʛʦ ʧʦʢʘʟʘʪʝʣʷ ʢʘʯʝʩʪʚʘ ʪʝʭʥʠʯʝʩʢʦʛʦ 

ʨʝʰʝʥʠʷ [1] ʧʦʢʘʟʘʣʠ, ʯʪʦ ʩʫʱʝʩʪʚʫʝʪ ʦʧʪʠʤʘʣʴʥʘʷ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʜʘʥʥʦʛʦ ʧʦʢʘʟʘʪʝʣʷ 

ʢʦʤʙʠʥʘʮʠʷ ʪʝʭʥʠʯʝʩʢʠʭ ʠ ʵʢʦʥʦʤʠʯʝʩʢʠʭ ʩʦʩʪʘʚʣʷʶʱʠʭ (ʨʠʩ. 2).  

 

ʈʠʩ. 2. ɺʟʘʠʤʦʩʚʷʟʴ ʪʝʭʥʠʯʝʩʢʠʭ ʠ ʵʢʦʥʦʤʠʯʝʩʢʠʭ ʧʦʢʘʟʘʪʝʣʝʡ ʨʘʟʣʠʯʥʳʭ ʘʣʴʪʝʨʥʘʪʠʚ 

 

ʇʨʠʤʝʥʝʥʠʝ ʤʝʪʦʜʠʢʠ ʧʦʟʚʦʣʷʝʪ ʘʥʘʣʠʟʠʨʦʚʘʪʴ ʤʥʦʞʝʩʪʚʦ ʚʦʟʤʦʞʥʳʭ ʚʘʨʠʘʥʪʦʚ ʠ 

ʠʟʙʝʛʘʪʴ ʢʨʘʡʥʦʩʪʝʡ. ɼʨʫʛʠʤʠ ʩʣʦʚʘʤʠ, ʧʨʦʠʩʭʦʜʠʪ ʦʪʩʝʚ ʚʘʨʠʘʥʪʦʚ, ʢʦʛʜʘ ʚ ʩʪʨʝʤʣʝʥʠʠ ʢ 

ʪʝʭʥʠʯʝʩʢʦʤʫ ʩʦʚʝʨʰʝʥʩʪʚʫ ʧʨʦʝʢʪ ʩʪʘʥʦʚʠʪʩʷ ʩʣʠʰʢʦʤ ʜʦʨʦʛʠʤ ʠ ʚʳʭʦʜʠʪ ʟʘ ʧʨʝʜʝʣʳ 

ʦʢʫʧʘʝʤʦʩʪʠ. ʊʘʢʞʝ, ʦʪʩʝʠʚʘʶʪʩʷ ʠ ʥʘʮʝʣʝʥʥʳʝ ʥʘ ʠʟʣʠʰʥʶʶ ʵʢʦʥʦʤʠʯʥʦʩʪʴ ʚʘʨʠʘʥʪʳ, ʯʪʦ 

ʠʜʝʪ ʚ ʫʱʝʨʙ ʪʝʭʥʠʢʦ-ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʤ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤ ʧʨʦʝʢʪʘ.  

n

i i
i=1

ʂʘʊ= ( )ɿʌ ʉʋÖä

iɿʌ

iʉʋ
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ʇʦʜʚʝʜʝʤ ʠʪʦʛʠ. ʂʚʘʣʠʤʝʪʨʠʯʝʩʢʦʡ ʘʥʘʣʠʟ ʤʦʞʥʦ ʩ ʫʩʧʝʭʦʤ ʠʩʧʦʣʴʟʦʚʘʪʴ ʚ ʢʘʯʝʩʪʚʝ 

ʦʜʥʦʛʦ ʠʟ ʤʝʪʦʜʦʚ ʜʣʷ ʦʙʦʩʥʦʚʘʥʠʷ ʚʳʙʦʨʘ ʪʝʭʥʠʯʝʩʢʠʭ ʨʝʰʝʥʠʡ ʚ ʥʝʬʪʝʛʘʟʦʚʦʤ ʜʝʣʝ, ʘ 

ʪʘʢʞʝ ʚ ʫʯʝʙʥʦʤ ʧʨʦʮʝʩʩʝ ʧʨʠ ʧʦʜʛʦʪʦʚʢʝ ʙʫʜʫʱʠʭ ʩʧʝʮʠʘʣʠʩʪʦʚ. 

 

ʃʠʪʝʨʘʪʫʨʘ 
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ʟʘʢʦʥʦʜʘʪʝʣʴʥʘʷ ʤʝʪʨʦʣʦʛʠʷ ʚ ʵʣʝʢʪʨʦʵʥʝʨʛʝʪʠʢʝ. ʏʝʣʷʙʠʥʩʢ, 2001. 

3. ʂʣʝʥʩʠ ʂ., ʂʨʝʡʛ ʇ., ʄʘʢɻʝʨʨʠ-ɺʦʣʴʬ ʄ. ʄʦʜʝʣʠʨʦʚʘʥʠʝ ʨʳʥʢʘ: ʢʘʢ ʩʧʨʦʛʥʦʟʠʨʦʚʘʪʴ 

ʫʩʧʝʭ ʥʦʚʦʛʦ ʧʨʦʜʫʢʪʘ. ʄ., 2007. 

4. ʃʫʢʴʷʥʦʚ ʄ.ʄ. ʂʚʘʣʠʤʝʪʨʠʯʝʩʢʠʡ ʧʦʜʭʦʜ ʢ ʦʮʝʥʢʝ ʪʝʭʥʠʯʝʩʢʦʛʦ ʩʦʩʪʦʷʥʠʷ ʞʠʜʢʦʡ 

ʠʟʦʣʷʮʠʠ ʤʘʩʣʦʥʘʧʦʣʥʝʥʥʦʛʦ ʚʳʩʦʢʦʚʦʣʴʪʥʦʛʦ ʵʣʝʢʪʨʦʦʙʦʨʫʜʦʚʘʥʠʷ. ʕʣʝʢʪʨʦʙʝʟʦʧʘʩʥʦʩʪʴ. 
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ɼʘʥʠʣʦʚ ɺ.ʅ., ʂʦʯʠʥʘ ʊ.ɹ. 

ʅʠʞʥʝʚʘʨʪʦʚʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ,  

ʛ. ʅʠʞʥʝʚʘʨʪʦʚʩʢ, ʈʦʩʩʠʷ 

 

ʇʆɺʓʐɽʅʀɽ ʊɽʍʅʆʃʆɻʀʏɽʉʂʆʁ ʕʌʌɽʂʊʀɺʅʆʉʊʀ ʈɸɹʆʊ ʇʆ ʂʈʉ  

ɿɸ ʉʏɽʊ ʇʈʀʄɽʅɽʅʀʗ ʐʃʀʇʉʆɺʓʍ ʇɸʂɽʈʆɺ 

 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʥʘ ʨʦʩʩʠʡʩʢʦʤ ʨʳʥʢʝ ʚʥʫʪʨʠʩʢʚʘʞʠʥʥʦʛʦ ʥʝʬʪʝʛʘʟʦʚʦʛʦ 

ʦʙʦʨʫʜʦʚʘʥʠʷ ʩʫʱʝʩʪʚʫʝʪ ʤʥʦʞʝʩʪʚʦ ʢʦʤʧʘʥʠʡ, ʧʨʝʜʦʩʪʘʚʣʷʶʱʠʭ ʩʚʦʠ ʫʩʣʫʛʠ ʧʦ ʧʦʩʪʘʚʢʝ 

ʧʘʢʝʨʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ʢʘʢ ʦʪʝʯʝʩʪʚʝʥʥʦʛʦ, ʪʘʢ ʠ ʠʤʧʦʨʪʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ. ʉʨʝʜʠ ʥʠʭ, 

ʥʘʩʯʠʪʳʚʘʝʪʩʷ ʧʦʨʷʜʢʦʤ ʜʝʩʷʪʢʘ ʦʪʝʯʝʩʪʚʝʥʥʳʭ ʢʦʤʧʘʥʠʡ, ʢʦʪʦʨʳʝ ʧʨʦʝʢʪʠʨʫʶʪ, ʧʨʦʠʟʚʦʜʷʪ 

ʠ ʧʦʩʪʘʚʣʷʶʪ ʥʝʜʨʦʧʦʣʴʟʦʚʘʪʝʣʷʤ ʨʘʟʣʠʯʥʦʝ ʧʘʢʝʨʥʦʝ ʦʙʦʨʫʜʦʚʘʥʠʷ, ʦʪʚʝʯʘʶʱʝʝ ʟʘʜʘʥʥʳʤ 

ʪʨʝʙʦʚʘʥʠʷʤ. ʇʦ ʦʙʣʘʩʪʠ ʧʨʠʤʝʥʝʥʠʷ ʠ ʧʦʩʪʘʚʣʝʥʥʦʡ ʮʝʣʠ ʧʨʠʤʝʥʝʥʠʷ ʧʘʢʝʨʥʦʝ ʩʢʚʘʞʠʥʥʦʝ 

ʦʙʦʨʫʜʦʚʘʥʠʝ ʚʳʧʦʣʥʷʝʪʩʷ ʚ ʩʣʝʜʫʶʱʠʭ ʠʩʧʦʣʥʝʥʠʷʭ: ʧʘʢʝʨʳ ʤʘʥʞʝʪʥʳʝ ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ 

ʮʝʤʝʥʪʠʨʦʚʘʥʠʷ; ʧʘʢʝʨʳ ʩ ʢʘʙʝʣʴʥʳʤ ʚʚʦʜʦʤ ʜʣʷ ʵʢʩʧʣʫʘʪʘʮʠʠ ʕʎʅ; ʩʝʣʝʢʪʠʚʥʳʝ ʧʘʢʝʨʥʳʝ 

ʢʦʤʧʦʥʦʚʢʠ ʜʣʷ ʆɺʇ, ɻʈʇ ʠ ʆʇɿ; ʧʘʢʝʨʥʳʝ ʢʦʤʧʦʥʦʚʢʠ ʜʣʷ ʆʈɼ (ʦʜʥʦʚʨʝʤʝʥʥʦʡ 

ʨʘʟʜʝʣʝʥʥʦʡ ʜʦʙʳʯʠ) ʠ ʆʈɿ (ʦʜʥʦʚʨʝʤʝʥʥʦʡ ʨʘʟʜʝʣʝʥʥʦʡ ʟʘʢʘʯʢʠ), ʥʘʙʫʭʘʶʱʠʝ ʧʘʢʝʨʳ; 

ʥʘʜʫʚʥʳʝ ʧʘʢʝʨʳ; ʧʘʢʝʨʳ ʯʘʰʝʯʥʦʛʦ ʪʠʧʘ ʠ ʪʘʢ ʜʘʣʝʝ. ɺ ʦʩʥʦʚʥʦʤ, ʧʘʢʝʨʫʶʱʠʝ ʫʩʪʨʦʡʩʪʚʦ 

ʩʪʚʦʣʘ ʩʢʚʘʞʠʥ, ʢʦʥʝʯʥʦ ʞʝ, ʧʨʠʤʝʥʷʶʪʩʷ ʜʣʷ ʙʦʣʝʝ ʢʘʯʝʩʪʚʝʥʥʦʛʦ ʧʨʦʚʝʜʝʥʠʷ ʢʘʧʠʪʘʣʴʥʦʛʦ 

ʨʝʤʦʥʪʘ ʩʢʚʘʞʠʥ (ʂʈʉ), ʪʘʢ ʢʘʢ ʦʥ ʷʚʣʷʝʪʩʷ ʦʜʥʦʡ ʠʟ ʥʘʠʙʦʣʝʝ ʚʦʩʪʨʝʙʦʚʘʥʥʳʭ ʫʩʣʫʛ ʧʨʠ 

ʵʢʩʧʣʫʘʪʘʮʠʠ ʬʦʥʜʘ ʩʢʚʘʞʠʥ ʥʝʬʪʷʥʳʭ ʠ ʛʘʟʦʚʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ (ʦʬʠʮʠʘʣʴʥʳʡ ʩʘʡʪ 

ʢʦʤʧʘʥʠʠ ʅʇʌ çʇʘʢʝʨè. ʋʩʣʫʛʠ çɻʇʌ-ʇʘʢʝʨè ʆʙʦʨʫʜʦʚʘʥʠʝ ʜʣʷ ʩʢʚʘʞʠʥ 

(https://clck.ru/UAwNK). 

ʇʘʢʝʨʳ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʤʥʦʛʦʟʘʜʘʯʥʦʝ ʚʥʫʪʨʠʩʢʚʘʞʠʥʥʦʝ ʦʙʦʨʫʜʦʚʘʥʠʝ. ʇʘʢʝʨ ʚ 

ʧʝʨʝʚʦʜʝ ʩ ʘʥʛʣʠʡʩʢʦʛʦ ʷʟʳʢʘ ʟʥʘʯʠʪ çʫʧʣʦʪʥʠʪʝʣʴè ʠ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʫʩʪʨʦʡʩʪʚʦ, 

ʧʨʝʜʥʘʟʥʘʯʝʥʥʦʝ ʜʣʷ ʨʘʟʦʙʱʝʥʠʷ ʜʚʫʭ ʟʦʥ ʩʪʚʦʣʘ ʩʢʚʘʞʠʥʳ ʠ ʠʟʦʣʷʮʠʠ ʚʥʫʪʨʝʥʥʝʛʦ 

ʧʨʦʩʪʨʘʥʩʪʚʘ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʦʡ ʢʦʣʦʥʥʳ ʦʪ ʚʦʟʜʝʡʩʪʚʠʷ ʩʢʚʘʞʠʥʥʦʡ ʩʨʝʜʳ 

(https://clck.ru/TfFMC). 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʦʪʝʯʝʩʪʚʝʥʥʳʝ ʠ ʟʘʨʫʙʝʞʥʳʝ ʧʨʦʠʟʚʦʜʠʪʝʣʠ ʧʨʝʜʣʘʛʘʶʪ ʰʠʨʦʢʫʶ 

ʣʠʥʝʡʢʫ ʧʘʢʝʨʫʶʱʝʛʦ ʠʥʩʪʨʫʤʝʥʪʘ (ʨʠʩ. 1). ʇʦʵʪʦʤʫ ʨʘʩʩʤʦʪʨʠʤ ʚʘʞʥʳʝ ʧʘʨʘʤʝʪʨʳ ʧʦʜʙʦʨʘ 

ʧʘʢʝʨʫʶʱʝʛʦ ʩʢʚʘʞʠʥʥʦʛʦ ʫʩʪʨʦʡʩʪʚʘ: 

Å ɼʠʘʤʝʪʨ ʩʢʚʘʞʠʥʳ. 

Å ʄʘʢʩʠʤʘʣʴʥʘʷ ʪʝʤʧʝʨʘʪʫʨʘ ʵʢʩʧʣʫʘʪʘʮʠʠ (ʪʝʤʧʝʨʘʪʫʨʘ ʥʘ ʟʘʙʦʝ ʩʢʚʘʞʠʥʳ). 

Å ʄʘʢʩʠʤʘʣʴʥʦʝ ʜʘʚʣʝʥʠʝ ʧʦ ʚʩʝʡ ʜʣʠʥʝ ʩʢʚʘʞʠʥʳ. 

Å ɺʝʩ ʙʫʨʦʚʦʡ ʢʦʣʦʥʥʳ (ʝʩʣʠ ʟʘʧʦʨʥʦʝ ʫʩʪʨʦʡʩʪʚʦ ʧʘʢʝʨʘ ʧʨʠʚʦʜʠʪʩʷ ʚ ʜʝʡʩʪʚʠʝ ʟʘ ʩʯʝʪ 

ʥʘʧʦʨʘ ʚʝʩʘ ʙʫʨʦʚʦʡ ʢʦʣʦʥʥʳ). 

Å ʌʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʡ ʩʦʩʪʘʚ ʧʣʘʩʪʦʚʳʭ ʬʣʶʠʜʦʚ. 

ʕʪʦ ʦʟʥʘʯʘʝʪ, ʯʪʦ ʚʳʙʦʨ ʢʦʥʢʨʝʪʥʦʛʦ ʧʘʢʝʨʘ ʟʘʚʠʩʠʪ ʦʪ ʧʦʩʪʘʚʣʝʥʥʦʡ ʟʘʜʘʯʠ, ʘ ʙʦʣʝʝ 

ʪʦʯʥʳʝ ʝʛʦ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʚʦʦʙʱʝ ʧʦʣʫʯʘʶʪʩʷ ʨʘʩʯʝʪʥʳʤʠ ʤʝʪʦʜʘʤʠ, ʯʪʦ ʷʚʣʷʝʪʩʷ ʪʝʢʫʱʝʡ 
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ʟʘʜʘʯʝʡ ʵʢʩʧʣʫʘʪʠʨʫʶʱʝʡ ʢʦʥʢʨʝʪʥʫʶ ʩʢʚʘʞʠʥʫ ʠʥʞʝʥʝʨʥʦ-ʪʝʭʥʠʯʝʩʢʦʡ ʩʣʫʞʙʳ ʢʦʤʧʘʥʠʠ-

ʧʦʣʴʟʦʚʘʪʝʣʷ ʥʝʜʨ. 

 
ʈʠʩ. 1. ʉʢʚʘʞʠʥʥʦʝ ʧʘʢʝʨʥʦʝ ʦʙʦʨʫʜʦʚʘʥʠʝ 

 

ʈʘʩʩʤʦʪʨʠʤ ʧʘʢʝʨʳ, ʢʦʪʦʨʳʝ ʧʦʣʫʯʠʣʠ ʰʠʨʦʢʦʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʧʨʠ ʧʨʦʚʝʜʝʥʠʠ 

ʢʘʧʠʪʘʣʴʥʳʭ ʨʝʤʦʥʪʦʚ ʩʢʚʘʞʠʥ ʥʘ ʤʝʩʪʦʨʦʞʜʝʥʠʷʭ ʈʌ: 

ï ɿʘʙʦʡʥʳʝ ʧʘʢʝʨʳ. ʇʘʢʝʨʫʶʱʠʝ ʫʩʪʨʦʡʩʪʚʘ ʜʘʥʥʦʛʦ ʪʠʧʘ ʩ ʧʨʝʜʫʩʤʦʪʨʝʥʥʳʤ 

ʢʣʘʧʘʥʦʤ-ʦʪʩʝʢʘʪʝʣʝʤ ʧʨʦʜʫʢʪʠʚʥʦʛʦ ʧʣʘʩʪʘ ʫʩʪʘʥʘʚʣʠʚʘʶʪʩʷ ʥʘ ʜʣʠʪʝʣʴʥʳʡ ʧʝʨʠʦʜ 

ʵʢʩʧʣʫʘʪʘʮʠʠ ʩʢʚʘʞʠʥʳ ʚ ʟʘʙʦʝ ʜʣʷ ʧʨʝʜʦʪʚʨʘʱʝʥʠʷ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʅɻɺʇ 

(ʥʝʬʪʝʛʘʟʦʚʦʜʦʧʨʦʷʚʣʝʥʠʷ ʠ ʢʘʢ ʩʣʝʜʩʪʚʠʝ ʘʚʘʨʠʡʥʦʛʦ ʬʦʥʪʘʥʠʨʦʚʘʥʠʷ) ʚʦ ʚʨʝʤʷ ʧʨʦʚʝʜʝʥʠʷ 

ʢʘʧʠʪʘʣʴʥʦʛʦ ʠʣʠ ʪʝʢʫʱʝʛʦ ʧʦʜʟʝʤʥʦʛʦ ʨʝʤʦʥʪʘ ʩʢʚʘʞʠʥʳ. 

ï ʇʘʢʝʨʳ-ʨʘʟʦʙʱʠʪʝʣʠ. ʕʪʘ ʢʘʪʝʛʦʨʠʷ ʧʘʢʝʨʦʚ ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʨʘʟʦʙʱʝʥʠʷ ʧʦʣʦʩʪʝʡ 

ʩʢʚʘʞʠʥʳ ʚ ʧʨʦʮʝʩʩʝ ʝʝ ʙʫʨʝʥʠʷ ʠ ʩʪʨʦʠʪʝʣʴʩʪʚʘ.  

ï ʀʟʦʣʠʨʫʶʱʠʝ ʧʘʢʝʨʳ ʧʨʠʤʝʥʷʶʪʩʷ ʧʨʠ ʘʙʨʘʟʠʚʥʦʤ ʠʣʠ ʘʛʨʝʩʩʠʚʥʦʤ ʢʦʨʨʦʟʠʦʥʥʦʤ 

ʚʦʟʜʝʡʩʪʚʠʠ ʧʣʘʩʪʦʚʦʛʦ ʬʣʶʠʜʘ (ʧʣʘʩʪʦʚʦʡ ʚʦʜʳ ʠ ʛʘʟʘ) ʥʘ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʫʶ ʢʦʣʦʥʥʫ 

ʩʢʚʘʞʠʥʳ. ɼʘʥʥʳʡ ʚʠʜ ʧʘʢʝʨʘ ʠʟʦʣʠʨʫʝʪ ʟʘʪʨʫʙʥʦʝ ʧʨʦʩʪʨʘʥʩʪʚʦʤ ʩʢʚʘʞʠʥʳ, ʠ ʥʘʧʨʘʚʣʷʝʪ 

ʧʦʪʦʢ ʜʦʙʳʚʘʝʤʦʛʦ ʧʣʘʩʪʦʚʦʛʦ ʬʣʶʠʜʘ ʧʦ ʅʂʊ (ʥʘʩʦʩʥʦ-ʢʦʤʧʨʝʩʩʦʨʥʳʤ ʪʨʫʙʘʤ). 

ʈʝʰʘʝʤʳʝ ʟʘʜʘʯʠ: 

ï ʎʝʥʪʨʦʚʢʘ ʅʂʊ ʩ ʧʦʩʣʝʜʫʶʱʝʡ ʧʝʨʝʜʘʯʝʡ ʯʘʩʪʠ ʤʘʩʩʳ ʪʨʫʙ ʦʙʩʘʜʥʳʤ ʪʨʫʙʘʤ ʧʨʠ 

ʧʨʦʚʝʜʝʥʠʷ ʨʝʤʦʥʪʥʳʭ ʨʘʙʦʪ; 

ï ɿʘʱʠʪʘ ʯʘʩʪʠ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʦʡ ʢʦʣʦʥʥʳ ʩʢʚʘʞʠʥʳ ʦʪ ʢʦʨʨʦʟʠʡʥʳʭ ʧʨʦʮʝʩʩʦʚ; 

ï ʆʩʚʦʝʥʠʝ ʧʨʦʩʪʨʘʥʩʪʚʘ ʩʢʚʘʞʠʥʳ; 

ï ɻʝʨʤʝʪʠʟʘʮʠʷ ʅʂʊ (ʢʘʢ ʨʘʩʰʠʨʷʶʱʘʷʩʷ ʧʨʦʙʢʘ) ʠʣʠ ʩʝʢʮʠʡ ʦʙʩʘʜʥʳʭ ʢʦʣʦʥʥ 

ʩʢʚʘʞʠʥʳ 

- ʉʝʣʝʢʪʠʚʥʘʷ ʠʟʦʣʷʮʠʷ ʯʘʩʪʠ ʧʣʘʩʪʘ ʧʨʠ ʮʝʤʝʥʪʠʨʦʚʘʥʠʠ, ʆɺʇ, ɻʈʇ, ʆʇɿ. 

ʉʪʘʥʜʘʨʪʥʦ ʧʘʢʝʨ ʩʧʫʩʢʘʝʪʩʷ ʚ ʩʪʚʦʣ ʩʢʚʘʞʠʥʳ ʚ ʩʦʩʪʘʚʝ ʦʙʩʘʜʥʦʡ ʢʦʣʦʥʥʳ ʠʣʠ ʥʘ 

ʢʦʣʦʥʥʝ ʅʂʊ, ʜʘʣʝʝ ʧʘʢʝʨ ʫʩʪʘʥʘʚʣʠʚʘʝʪʩʷ ʥʘ ʟʘʜʘʥʥʦʡ ʛʣʫʙʠʥʝ ʠ ʧʦʜʚʝʨʛʘʝʪʩʷ ʠʩʧʳʪʘʥʠʷʤ 

ʥʘ ʛʝʨʤʝʪʠʯʥʦʩʪʴ. ɾʝʣʘʪʝʣʴʥʦ, ʧʝʨʝʜ ʩʧʫʩʢʦʤ ʠ ʧʦʩʘʜʢʦʡ ʧʘʢʝʨʘ ʧʨʦʠʟʚʝʩʪʠ ʧʦʜʛʦʪʦʚʢʫ 

ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʦʡ ʢʦʣʦʥʥʳ ʩʢʚʘʞʠʥʳ ʚ ʟʦʥʝ ʧʦʩʘʜʢʝ. ʅʘ ʉʘʤʦʪʣʦʨʩʢʦʤ ʤʝʩʪʦʨʦʞʜʝʥʠʠ 

ʧʨʠʥʷʪʦ ʦʩʫʱʝʩʪʚʣʷʪʴ ʜʣʷ ʵʪʠʭ ʮʝʣʝʡ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʝ ʨʘʡʙʠʨʦʚʘʥʠʝ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʦʡ 

ʢʦʣʦʥʥʳ.  

ʈʘʩʩʤʦʪʨʠʤ ʪʠʧʳ ʧʨʠʤʝʥʷʝʤʳʭ ʧʘʢʝʨʫʶʱʠʭ ʫʩʪʨʦʡʩʪʚ: 
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1. ʈʘʟʙʫʨʠʚʘʝʤʳʡ ʧʘʢʝʨ: ʨʘʙʦʯʝʝ ʧʦʣʦʞʝʥʠʝ ʧʘʢʝʨʦʚ ʧʦʟʚʦʣʷʝʪ ʛʝʨʤʝʪʠʯʥʦ ʠʟʦʣʠʨʦʚʘʪʴ 

ʪʨʝʙʫʝʤʳʝ ʯʘʩʪʠ ʩʪʚʦʣʘ ʩʢʚʘʞʠʥʳ; ʧʨʠ ʧʨʦʚʝʜʝʥʠʠ ʮʝʤʝʥʪʠʨʦʚʦʯʥʳʭ ʨʘʙʦʪ ʜʘʥʥʳʡ ʧʘʢʝʨ 

ʦʩʪʘʝʪʩʷ ʚ ʩʢʚʘʞʠʥʝ, ʠ ʠʟʚʣʝʯʴ ʝʛʦ ʦʙʨʘʪʥʦ ʥʝʪ ʚʦʟʤʦʞʥʦʩʪʠ. ɺ ʩʣʫʯʘʝ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ï ʙʫʜʫʪ 

ʧʨʦʚʦʜʠʪʴʩʷ ʨʘʙʦʪʳ ʧʦ ʨʘʟʙʫʨʠʚʘʥʠʶ ʚʩʝʡ ʮʝʤʝʥʪʥʦʡ ʪʘʤʧʦʥʠʨʫʶʱʝʡ ʟʘʣʠʚʢʠ, ʚʢʣʶʯʘʷ ʠ 

ʧʘʢʝʨ. ɼʘʥʥʳʡ ʧʘʢʝʨ ʧʦʤʦʛʘʝʪ ʨʘʟʜʝʣʷʪʴ ʧʨʦʜʫʢʪʠʚʥʳʝ ʧʣʘʩʪʳ. 

2. ɻʠʜʨʘʚʣʠʯʝʩʢʠʡ ʧʘʢʝʨ: ʧʨʝʜʥʘʟʥʘʯʝʥ ʜʣʷ ʛʝʨʤʝʪʠʟʘʮʠʠ ʯʘʩʪʠ ʢʦʣʦʥʥʳ ʩʢʚʘʞʠʥʳ. 

ʇʨʠʥʮʠʧ ʜʝʡʩʪʚʠʷ ï ʩ ʧʦʤʦʱʴʶ ʜʘʚʣʝʥʠʷ ʨʘʙʦʯʝʡ ʞʠʜʢʦʩʪʠ ʠʟ ʫʩʪʨʦʡʩʪʚʘ; ʧʨʦʠʩʭʦʜʠʪ 

ʜʝʬʦʨʤʘʮʠʷ ʩ ʧʘʨʘʣʣʝʣʴʥʳʤ ʧʨʠʞʘʪʠʝʤ ʨʝʟʠʥʦʚʦʛʦ ʫʧʣʦʪʥʠʪʝʣʷ-ʵʣʝʤʝʥʪʘ ʢ ʩʪʝʥʢʘʤ 

ʩʢʚʘʞʠʥʥʦʛʦ ʢʘʥʘʣʘ; ʚ ʨʝʟʫʣʴʪʘʪʝ ʥʘʙʣʶʜʘʝʪʩʷ ʨʘʟʦʙʱʝʥʠʝ ʧʣʘʩʪʦʚ ʚʥʫʪʨʠ ʚʦʜʦʥʦʩʥʦʛʦ 

ʠʩʪʦʯʥʠʢʘ; ʝʩʪʴ ʛʠʜʨʘʚʣʠʢʦ-ʤʝʭʘʥʠʯʝʩʢʠʝ ʫʩʪʨʦʡʩʪʚʘ, ʛʜʝ ʜʝʬʦʨʤʘʮʠʷ ʠʟʦʣʠʨʫʶʱʝʛʦ 

ʨʝʟʠʥʦʚʦʛʦ ʵʣʝʤʝʥʪʘ ʜʦʩʪʠʛʘʝʪʩʷ ʚʦʟʜʝʡʩʪʚʠʝʤ ʜʘʚʣʝʥʠʷ ʚ ʧʦʜʧʘʢʝʨʥʦʡ ʟʦʥʝ.  

3. ʄʝʭʘʥʠʯʝʩʢʠʡ ʧʘʢʝʨ: ʨʘʙʦʪʘʶʪ ʧʦ ʧʨʠʥʮʠʧʫ ʜʝʬʦʨʤʠʨʦʚʘʥʠʷ ʫʧʣʦʪʥʠʪʝʣʴʥʦʛʦ 

ʵʣʝʤʝʥʪʘ ʩ ʠʟʦʣʠʨʦʚʘʥʠʝʤ ʦʪʜʝʣʴʥʳʭ ʯʘʩʪʝʡ ʩʪʚʦʣʘ ʥʠʞʝ ʪʷʞʝʩʪʴʶ ʢʦʣʦʥʥʳ ʪʨʫʙ. ɼʘʥʥʳʡ 

ʧʘʢʝʨ ʧʨʠʤʝʥʷʝʪʩʷ ʢʘʢ ʚ ʚʝʨʪʠʢʘʣʴʥʳʭ, ʪʘʢ ʠ ʥʘʢʣʦʥʥʦ-ʥʘʧʨʘʚʣʝʥʥʳʭʩʢʚʘʞʠʥʘʭ. 

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʧʨʝʜʣʘʛʘʝʤ ʦʩʪʘʥʦʚʠʪʴ ʩʚʦʸ ʚʥʠʤʘʥʠʝ ʥʘ ʰʣʠʧʩʦʚʳʭ ʧʘʢʝʨʘʭ, ʪʘʢ ʢʘʢ 

ʩʯʠʪʘʝʤ ʠʭ ʧʨʠʤʝʥʝʥʠʝ ʧʝʨʩʧʝʢʪʠʚʥʳʤ ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ ʢʘʧʠʪʘʣʴʥʳʭ ʨʝʤʦʥʪʦʚ ʩʢʚʘʞʠʥ ʥʘ 

ʉʘʤʦʪʣʦʨʩʢʦʤ ʤʝʩʪʦʨʦʞʜʝʥʠʠ. ʐʣʠʧʩʦʚʳʝ ʧʘʢʝʨʳ ʧʨʝʜʥʘʟʥʘʯʝʥʳ ʜʣʷ ʥʘʜʝʞʥʦʛʦ 

ʨʘʟʦʙʱʝʥʠʷ ʧʨʦʜʫʢʪʠʚʥʳʭ ʠʥʪʝʨʚʘʣʦʚ ʠ ʦʙʝʩʧʝʯʝʥʠʷ ʛʝʨʤʝʪʠʯʥʦʛʦ ʠʭ ʦʪʩʝʯʝʥʠʷ, 

ʧʨʠʤʝʥʷʶʪʩʷ ʢʘʢ ʚ ʥʝʬʪʷʥʳʭ, ʪʘʢ ʠ ʚ ʛʘʟʦʚʳʭ ʩʢʚʘʞʠʥʘʭ [1]. 

ʇʘʢʝʨ ʰʣʠʧʩʦʚʳʡ ʩʦʩʪʦʠʪ ʠʟ ʩʣʝʜʫʶʱʠʭ ʦʩʥʦʚʥʳʭ ʯʘʩʪʝʡ ʠ ʫʟʣʦʚ: ʧʘʢʝʨʫʶʱʝʛʦ 

ʵʣʝʤʝʥʪʘ ʠ ʧʦʩʘʜʦʯʥʦʡ ʢʘʤʝʨʳ ʤʥʦʛʦʢʨʘʪʥʦʛʦ ʧʨʠʤʝʥʝʥʠʷ. ʆʜʠʥ ʠʟ ʚʠʜʦʚ ʰʣʠʧʩʦʚʳʭ 

ʧʘʢʝʨʦʚ ʧʦʢʘʟʘʥ ʥʘ ʨʠʩʫʥʢʝ 2. ʇʨʝʜʣʘʛʘʝʤʳʡ ʰʣʠʧʩʦʚʳʡ ʧʘʢʝʨ ʇɻʈʄ (ɺ) ʩ ʧʦʩʘʜʦʯʥʳʤ ʫʟʣʦʤ 

ʢʦʤʧʘʥʠʠ ʈʌʗʎ-ɺʅʀʀʊʌ, ʢʦʪʦʨʳʡ ʙʳʣ ʨʘʟʨʘʙʦʪʘʥ ʧʦ ʧʨʦʛʨʘʤʤʝ ʠʤʧʦʨʪʦʟʘʤʝʱʝʥʠʷ 

ʧʦʢʘʟʘʥ ʥʘ ʨʠʩʫʥʢʝ 3. 

 

 

 

ʈʠʩ. 2. ʐʣʠʧʩʦʚʳʝ ʧʘʢʝʨʳ. ʇʨʠʥʮʠʧ ʜʝʡʩʪʚʠʷ 

ʠ ʧʦʩʘʜʢʠ 
ʈʠʩ. 3. ʐʣʠʧʩʦʚʳʡ ʧʘʢʝʨ ʇɻʈʄ  

 

 

ʇʘʢʝʨ ʇɻʈʄ ʠʟʛʦʪʘʚʣʠʚʘʝʪʩʷ ʚ ʪʨʝʭ ʠʩʧʦʣʥʝʥʠʷʭ [1, ʩ. 4]: 
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ï ʧʘʢʝʨ-ʧʨʦʙʢʘ 

ï ʧʨʦʭʦʜʥʦʡ ʧʘʢʝʨ ʩ ʨʘʩʪʚʦʨʠʤʳʤ ʛʝʨʤʝʪʠʟʠʨʫʶʱʠʤ ʰʘʨʦʤ 

ï ʧʨʦʭʦʜʥʦʡ ʧʘʢʝʨ ʩ ʥʝʨʘʩʪʚʦʨʠʤʳʤ ʛʝʨʤʝʪʠʟʠʨʫʶʱʠʤ ʰʘʨʦʤ. 

ʆʙʣʘʩʪʴ ʧʨʠʤʝʥʝʥʠʷ ʜʘʥʥʳʭ ʰʣʠʧʩʦʚʳʭ ʧʘʢʝʨʦʚ: 

1. ɺʨʝʤʝʥʥʘʷ ʠʟʦʣʷʮʠʷ ʥʠʞʝʣʝʞʘʱʠʭ ʧʨʦʜʫʢʪʠʚʥʳʭ ʛʦʨʠʟʦʥʪʦʚ. 

2. ʇʨʦʚʝʜʝʥʠʝ ʤʥʦʛʦʩʪʘʜʠʡʥʦʛʦ ɻʈʇ. 

3. ʀʩʧʳʪʘʥʠʷ ʧʨʦʜʫʢʪʠʚʥʳʭ ʧʣʘʩʪʦʚ. 

4. ʉʦʟʜʘʥʠʝ ʦʧʦʨʳ ʜʣʷ ʫʩʪʘʥʦʚʢʠ ʢʣʠʥʘ-ʦʪʢʣʦʥʠʪʝʣʷ. 

ɼʘʥʥʳʝ ʰʣʠʧʩʦʚʳʝ ʧʘʢʝʨʳ ʦʪʣʠʯʘʶʪʩʷ ʢʦʥʩʪʨʫʢʮʠʝʡ. ʆʩʥʦʚʥʦʝ ʠʭ ʧʨʠʥʮʠʧʠʘʣʴʥʦʝ 

ʦʪʣʠʯʠʝ ʠ ʧʦʣʦʞʠʪʝʣʴʥʘʷ çʯʝʨʪʘè ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʪʦʤ, ʯʪʦ ʚ ʧʘʢʝʨʝ ʠʩʢʣʶʯʝʥ ʫʟʝʣ 

çʧʦʜʰʠʧʥʠʢʘè. ʂʦʨʧʫʩ ʰʣʠʧʩʦʚʦʛʦ ʧʘʢʝʨʘ ʜʘʥʥʳʭ ʤʦʜʝʣʝʡ ʇɻʈʄ ʠʟʛʦʪʦʚʣʝʥ ʠʟ ʘʣʶʤʠʥʠʷ, 

ʵʪʦ ʧʦʟʚʦʣʷʝʪ ʨʘʟʙʫʨʠʚʘʪʴ ʧʘʢʝʨ ʚʩʝʛʦ ʟʘ 4-5 ʯʘʩʦʚ ʪʨʝʭʰʘʨʦʰʝʯʥʳʤ ʜʦʣʦʪʦʤ. ɺ ʩʣʫʯʘʝ 

ʘʚʘʨʠʡʥʳʭ ʨʘʙʦʪ ï ʧʨʝʜʫʩʤʦʪʨʝʥʘ ʘʚʘʨʠʡʥʘʷ ʦʪʩʪʳʢʦʚʢʘ ʧʦʩʘʜʦʯʥʦʛʦ ʫʟʣʘ ʦʪ ʧʘʢʝʨʘ. 

ʊʝʭʥʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʰʣʠʧʩʦʚʳʭ ʧʘʢʝʨʦʚ ʇɻʈʄ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣʠʮʝ. 

 

ʊʘʙʣʠʮʘ 

ʊʝʭʥʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʘʢʝʨʘ ʰʣʠʧʩʦʚʦʛʦ ʇɻʈʄ 

 

ʅʘʠʤʝʥʦʚʘʥʠʝ ʦʩʥʦʚʥʳʭ ʧʘʨʘʤʝʪʨʦʚ 
ɿʥʘʯʝʥʠʝ ʧʘʨʘʤʝʪʨʦʚ ʜʣʷ ʪʠʧʦʨʘʟʤʝʨʘ ʧʘʢʝʨʘ 

118 140 148 

ʉʧʦʩʦʙ ʜʦʩʪʘʚʢʠ ʧʘʢʝʨʘ ʚ ʩʢʚʘʞʠʥʫ ʅʘ ʛʝʦʬʠʟʠʯʝʩʢʦʤ ʢʘʙʝʣʝ 

ʄʘʢʩʠʤʘʣʴʥʳʡ ʧʝʨʝʧʘʜ ʜʘʚʣʝʥʠʡ, 

ʚʦʩʧʨʠʥʠʤʘʝʤʳʡ ʧʘʢʝʨʦʤ, ʄʇʘ 
100 

ʈʘʙʦʯʘʷ ʩʨʝʜʘ ʧʘʢʝʨʘ ʅʝʬʪʴ, ʛʘʟ, ʧʣʘʩʪʦʚʘʷ ʚʦʜʘ 

ʄʘʢʩʠʤʘʣʴʥʘʷ ʪʝʤʧʝʨʘʪʫʨʘ ʨʘʙʦʯʝʡ ʩʨʝʜʳ, ʦʉ 150 

ʕʢʩʧʣʫʘʪʘʮʠʦʥʥʳʝ ʢʦʣʦʥʥʳ ʪʨʫʙ ʧʦ ɻʆʉʊ 632-

64 ʠ ɻʆʉʊ 632-80, ʨʘʟʦʙʱʘʝʤʳʝ ʧʘʢʝʨʦʤ, ʤʤ 

140(6,2-9,5) 

146(6,5-10,7) 

168(7,3-10,6) 

178(12,7-15) 

178(9,2-12) 

ɻʘʙʘʨʠʪʥʳʝ ʨʘʟʤʝʨʳ ʧʘʢʝʨʘ, 

ʤʤ, ʥʝ ʙʦʣʝʝ: 

ɼʣʠʥʘ, ʤʤ 410 485 485 

ʄʘʩʩʘ, ʢʛ 7,55 12,65 15,36 

 

ɸʧʨʦʙʘʮʠʷ ʜʘʥʥʦʛʦ ʰʣʠʧʩʦʚʦʛʦ ʧʘʢʝʨʘ ʧʦʢʘʟʘʥʘ ʥʘ ʨʠʩʫʥʢʝ 4 [1, ʩ. 9]. 

ɼʘʥʥʦʝ ʧʨʝʜʣʘʛʘʝʤʦʝ ʧʘʢʝʨʥʦʝ ʦʙʦʨʫʜʦʚʘʥʠʝ ʧʨʠ ʧʨʠʤʝʥʝʥʠʠ ʥʘ ʉʘʤʦʪʣʦʨʩʢʦʤ 

ʤʝʩʪʦʨʦʞʜʝʥʠʠ ʧʦʟʚʦʣʠʪ ʩʦʢʨʘʪʠʪʴ ʚʨʝʤʷ ʧʨʦʚʝʜʝʥʠʷ ʨʝʤʦʥʪʦʚ ʂʈʉ, ʘ ʪʘʢʞʝ ʩʥʠʟʠʪ 

ʩʪʦʠʤʦʩʪʴ ʨʝʤʦʥʪʘ ʩʢʚʘʞʠʥʳ. ʕʪʦ ʩʚʷʟʘʥʦ ʩ ʪʝʤ, ʯʪʦ ʩʦʢʨʘʱʘʝʪʩʷ ʚʨʝʤʷ ʥʘ ʨʘʟʙʫʨʠʚʘʥʠʝ 

ʜʘʥʥʦʛʦ ʧʘʢʝʨʘ (4-5 ʯʘʩʦʚ ʚʩʝʛʦ ʟʘʥʠʤʘʝʪ ʝʛʦ ʨʘʟʙʫʨʠʚʘʥʠʝ), ʘ ʪʘʢʞʝ ʥʝ ʪʨʝʙʫʝʪʩʷ ʧʨʦʠʟʚʦʜʠʪʴ 

ʫʩʪʘʥʦʚʢʫ ʮʝʤʝʥʪʥʦʛʦ ʤʦʩʪʘ. ʕʪʠʤ ʠ ʦʮʝʥʠʚʘʝʪʩʷ ʵʢʦʥʦʤʠʯʝʩʢʠʡ ʵʬʬʝʢʪ ʝʛʦ ʚʥʝʜʨʝʥʠʷ. ʂʘʢ 

ʠʟʚʝʩʪʥʦ, ʚ ʥʘʩʪʦʷʱʠʡ ʤʦʤʝʥʪ ʥʘ ʉʘʤʦʪʣʦʨʩʢʦʤ ʤʝʩʪʦʨʦʞʜʝʥʠʠ ʧʨʠ ʫʩʪʘʥʦʚʢʠ ʮʝʤʝʥʪʥʦʛʦ 

ʤʦʩʪʘ ʦʙʷʟʘʪʝʣʴʥʳʤ ʪʨʝʙʦʚʘʥʠʝʤ ʷʚʣʷʝʪʩʷ ʚʳʜʝʨʞʢʘ ʧʝʨʠʦʜʘ ʆɿʎ (ʦʞʠʜʘʥʠʝ ʟʘʪʚʝʨʜʝʚʘʥʠʷ 

ʮʝʤʝʥʪʘ). ʅʘ ʉʘʤʦʪʣʦʨʩʢʦʤ ʤʝʩʪʦʨʦʞʜʝʥʠʠ ʜʘʥʥʦʝ ʚʨʝʤʷ ʆɿʎ ʩʦʩʪʘʚʣʷʝʪ 18 ʯʘʩʦʚ. ɽʩʣʠ ʝʱʝ 

ʫʯʝʩʪʴ ʩʨʝʜʥʝʝ ʚʨʝʤʷ, ʧʨʠʭʦʜʷʱʝʝʩʷ ʥʘ ʫʩʪʘʥʦʚʢʫ ʮʝʤʝʥʪʥʦʛʦ ʤʦʩʪʘ, ʪʦ ʵʢʦʥʦʤʠʷ ʚ ʙʨʠʛʘʜʦ-

ʯʘʩʘʭ ʩʦʩʪʘʚʠʪ ʢʘʢ ʤʠʥʠʤʫʤ 24 ʯʘʩʘ. ɺ ʜʝʥʝʞʥʦʤ ʵʢʚʠʚʘʣʝʥʪʝ, ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ, ʥʘ ʦʧʣʘʪʫ 

ʦʜʥʦʛʦ ʙʨʠʛʘʜʦ-ʯʘʩʘ ʫʭʦʜʠʪ 7300 ʨʫʙʣʝʡ (ʩʨʝʜʥʷʷ ʩʪʘʚʢʘ ʙʨʠʛʘʜ ʂʈʉ ʥʘ ʉʘʤʦʪʣʦʨʝ), 

ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʫʩʪʘʥʦʚʢʘ ʰʣʠʧʩʦʛʦ ʧʘʢʝʨʘ ʚʤʝʩʪʦ ʮʝʤʝʥʪʥʦʛʦ ʤʦʩʪʘ ʧʦʟʚʦʣʠʪ ʩʦʢʨʘʱʘʪʴ ʥʘ 

ʢʘʞʜʳʡ ʘʥʘʣʦʛʠʯʥʳʡ ʨʝʤʦʥʪ ʂʈʉ ʧʦʨʷʜʢʦʤ 175 000 ʨʫʙʣʝʡ. ʕʪʠ ʧʦʢʘʟʘʪʝʣʠ ʙʝʟ ʫʯʝʪʘ ʚʨʝʤʝʥʠ 
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ʥʘ ʨʘʟʙʫʨʠʚʘʥʠʝ. ʀʩʢʣʶʯʝʥʠʝ ʚ ʜʘʥʥʦʤ ʰʣʠʧʩʦʚʦʤ ʧʘʢʝʨʝ ʫʟʣʘ çʧʦʜʰʠʧʥʠʢʘè, ʪʘʢʞʝ 

ʧʦʟʚʦʣʠʪ ʩʦʢʨʘʪʠʪʴ ʜʦʧʦʣʥʠʪʝʣʴʥʦ ʚʨʝʤʷ ʂʈʉ.  

 
 

ʇʘʢʝʨ ʇɻʈʄ(ɺ) ʋʩʪʨʦʡʩʪʚʦ ʧʦʩʘʜʦʯʥʦʝ ʋʇɺʇʐʈ ʩ ʧʘʢʝʨʦʤ  ʋʩʪʨʦʡʩʪʚʦ ʧʦʩʘʜʦʯʥʦʝ ʋʇɺʇʐʈ 

ʇɻʈʄ(ɺ) ʧʝʨʝʜ ʩʧʫʩʢʦʤ ʚ ʩʢʚʘʞʠʥʫ    ʠʟʚʣʝʯʝʥʦ ʠʟ ʩʢʚʘʞʠʥʳ ʧʦʩʣʝ ʩʨʘʙʘʪʳʚʘʥʠʷ (ʥʠʞʥʷʷ ʯʘʩʪʴ) 

 
ʈʠʩ. 4. ʀʩʧʳʪʘʥʠʷ ʰʣʠʧʩʦʚʦʛʦ ʧʘʢʝʨʘ ʇɻʈʄ 

 

ʇʦʚʳʰʝʥʠʝ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʧʨʦʚʝʜʝʥʠʷ ʂʈʉ ʥʘ ʉʘʤʦʪʣʦʨʩʢʦʤ 

ʤʝʩʪʦʨʦʞʜʝʥʠʠ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʜʘʥʥʦʛʦ ʧʘʢʝʨʘ ʙʫʜʝʪ ʜʦʩʪʠʛʥʫʪʦ ʟʘ ʩʯʝʪ: ʩʦʢʨʘʱʝʥʠʷ 

ʚʨʝʤʝʥʠ ʥʘ ʨʘʟʙʫʨʠʚʘʥʠʝ ʩʪʘʥʜʘʨʪʥʳʭ ʧʘʢʝʨʦʚ ʠ ʠʩʢʣʶʯʝʥʠʷ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʫʩʪʘʥʦʚʢʠ 

ʮʝʤʝʥʪʥʦʛʦ ʤʦʩʪʘ ʚ ʩʢʚʘʞʠʥʝ.  

 

ʃʠʪʝʨʘʪʫʨʘ 

1. ʇʘʢʝʨ ʰʣʠʧʩʦʚʳʡ ʇɻʈʄ: ʂʦʨʧʦʨʘʪʠʚʥʘʷ ʧʨʝʟʝʥʪʘʮʠʷ ʢʦʤʧʘʥʠʠ ʈʌʗʎ-ɺʅʀʀʊʌ. 

ɻʦʩʫʜʘʨʩʪʚʝʥʥʘʷ ʢʦʨʧʦʨʘʮʠʷ ʧʦ ʘʪʦʤʥʦʡ ʵʥʝʨʛʠʠ çʈʦʩʘʪʦʤè. ʈʌʗʎ-ɺʅʀʀʊʌ ʠʤ. ʘʢʘʜʝʤ. 

ɽ.ʀ.ɿʘʙʘʙʘʭʠʥʘ. 2020. 30 ʩ. 

 

É ɼʘʥʠʣʦʚ ɺ.ʅ., ʂʦʯʠʥʘ ʊ.ɹ., 2021 
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ʋɼʂ 7822 

ɼʴʷʢʦʥʦʚ ʄ.ʉ. 

ʅʘʫʯʥʳʡ ʨʫʢʦʚʦʜʠʪʝʣʴ: ɹʘʣʘʥʜʠʥ ʃ.ʅ., ʢʘʥʜ. ʪʝʭʥ. ʥʘʫʢ 

Cʘʤʘʨʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ,  

ʛ. ʉʘʤʘʨʘ, ʈʦʩʩʠʷ 

 

ʇʆɺʓʐɽʅʀɽ ʕʌʌɽʂʊʀɺʅʆʉʊʀ ʕʂʉʇʃʋɸʊɸʎʀʀ  

ʂʃɸʇɸʅʅʆɻʆ ʋɿʃɸ ʐɻʅ ɿɸ ʉʏɪʊ ʀɿʄɽʅɽʅʀʗ ʂʆʅʉʊʈʋʂʎʀʀ 

 

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʨʘʩʩʤʦʪʨʝʥʘ ʦʜʥʘ ʠʟ ʥʘʠʙʦʣʝʝ ʘʢʪʫʘʣʴʥʳʭ ʧʨʦʙʣʝʤ ʧʨʠ ʵʢʩʧʣʫʘʪʘʮʠʠ 

ʐɻʅ ï ʫʪʝʯʢʠ ʞʠʜʢʦʩʪʠ ʚ ʢʣʘʧʘʥʥʦʡ ʧʘʨʝ ʥʘʩʦʩʘ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʫʤʝʥʴʰʝʥʠʶ 

ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʠ ʧʦʪʝʨʷʤ ʜʦʙʳʚʘʝʤʦʡ ʧʨʦʜʫʢʮʠʠ. ɺ ʩʪʘʪʴʝ ʨʘʩʩʤʦʪʨʝʥʳ ʦʩʥʦʚʥʳʝ 

ʧʨʠʯʠʥʳ ʩʥʠʞʝʥʠʷ ʥʘʜʝʞʥʦʡ ʵʢʩʧʣʫʘʪʘʮʠʠ ʢʣʘʧʘʥʥʦʛʦ ʫʟʣʘ ʚ ʐɻʅ. ʉ ʧʦʤʦʱʴʶ ʜʠʥʘʤʦʛʨʘʬʘ 

ʧʨʦʚʝʜʝʥʦ ʠʩʩʣʝʜʦʚʘʥʠʝ ʫʪʝʯʝʢ ʚ ʧʨʠʝʤʥʦʡ ʯʘʩʪʠ ʥʘʩʦʩʘ. ʇʨʝʜʣʘʛʘʝʪʩʷ ʠʥʥʦʚʘʮʠʦʥʥʘʷ 

ʢʣʘʧʘʥʥʘʷ ʧʘʨʘ, ʩʧʦʩʦʙʥʘʷ ʧʦʚʳʩʠʪʴ ʥʘʜʝʞʥʦʩʪʴ ʵʢʩʧʣʫʘʪʘʮʠʠ ʐɻʅ, ʦʙʝʩʧʝʯʠʪʴ 

ʩʚʦʝʚʨʝʤʝʥʥʦʝ ʟʘʢʨʳʪʠʝ ʢʣʘʧʘʥʥʦʛʦ ʫʟʣʘ ʚ ʦʩʣʦʞʥʝʥʥʳʭ ʫʩʣʦʚʠʷʭ, ʫʚʝʣʠʯʠʪʴ ʜʝʙʠʪ ʠ 

ʤʝʞʨʝʤʦʥʪʥʳʡ ʧʝʨʠʦʜ ʨʘʙʦʪʳ ʩʢʚʘʞʠʥʳ, ʘ ʪʘʢʞʝ ʩʫʱʝʩʪʚʝʥʥʦ ʩʥʠʟʠʪʴ ʟʘʪʨʘʪʳ ʥʘ ʫʜʝʣʴʥʦʝ 

ʵʥʝʨʛʦʧʦʪʨʝʙʣʝʥʠʝ, ʠʥʛʠʙʠʨʦʚʘʥʠʝ ʚʷʟʢʦʡ ʵʤʫʣʴʩʠʠ ʠ ʧʨʦʚʝʜʝʥʠʝ ʪʝʨʤʠʯʝʩʢʠʭ ʦʙʨʘʙʦʪʦʢ ʩ 

ʧʦʤʦʱʴʶ ɸɼʇʄ, ʯʪʦ ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ ʫʚʝʣʠʯʠʪ ʯʠʩʪʳʡ ʜʝʥʝʞʥʳʡ ʜʦʭʦʜ ʦʪ ʜʦʙʳʯʠ ʥʝʬʪʠ. 

ʐʘʨʠʢʦʚʳʝ ʢʣʘʧʘʥʳ, ʧʨʠʤʝʥʷʶʱʠʝʩʷ ʚ ʦʩʣʦʞʥʝʥʥʳʭ ʫʩʣʦʚʠʷʭ ʵʢʩʧʣʫʘʪʘʮʠʠ, ʠʤʝʶʪ 

ʨʷʜ ʥʝʜʦʩʪʘʪʢʦʚ, ʩʥʠʞʘʶʱʠʭ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʨʘʙʦʪʳ ʐɻʅ. ɺʦ-ʧʝʨʚʳʭ, ʰʘʨ ʩʘʜʠʪʩʷ ʥʘ ʩʝʜʣʦ 

ʩ ʙʦʣʴʰʠʤ ʟʘʧʘʟʜʳʚʘʥʠʝʤ [2, ʩ. 16]. ʕʪʦ ʩʠʣʴʥʦ ʩʢʘʟʳʚʘʝʪʩʷ ʧʨʠ ʜʦʙʳʯʝ ʚʷʟʢʦʡ ʥʝʬʪʠ ʠ ʚ 

ʥʘʢʣʦʥʥʦ-ʥʘʧʨʘʚʣʝʥʥʳʭ ʩʢʚʘʞʠʥʘʭ. ɺʦ-ʚʪʦʨʳʭ, ʰʘʨ ʟʘʚʠʩʘʝʪ ʚ ʥʘʧʨʘʚʣʷʶʱʝʡ ʢʣʝʪʢʝ, ʢʦʛʜʘ ʚ 

ʝʸ ʧʦʣʦʩʪʠ ʦʙʨʘʟʫʝʪʩʷ ʩʣʦʡ ʚʷʟʢʦʡ ʵʤʫʣʴʩʠʠ [2, ʩ. 17]. ɺ-ʪʨʝʪʴʠʭ, ʧʨʦʠʩʭʦʜʠʪ ʩʥʠʞʝʥʠʝ 

ʛʝʨʤʝʪʠʯʥʦʩʪʠ ʢʣʘʧʘʥʥʦʡ ʧʘʨʳ, ʧʨʠ ʟʥʘʯʠʪʝʣʴʥʦʤ ʦʪʢʣʦʥʝʥʠʠ ʰʘʨʘ ʦʪ ʚʝʨʪʠʢʘʣʴʥʦʡ ʦʩʠ. 

ʇʝʨʝʯʠʩʣʝʥʥʳʝ ʬʘʢʪʦʨʳ ʧʨʠʚʦʜʷʪ ʢ ʧʦʪʝʨʷʤ ʜʦʙʳʯʠ, ʫʚʝʣʠʯʝʥʠʶ ʫʜʝʣʴʥʦʛʦ 

ʵʥʝʨʛʦʧʦʪʨʝʙʣʝʥʠʷ, ʚʝʨʦʷʪʥʦʩʪʠ ʦʙʨʳʚʘ ʥʘʩʦʩʥʳʭ ʰʪʘʥʛ ʠʟ-ʟʘ ʧʦʚʳʰʝʥʠʷ ʩʫʭʦʛʦ ʪʨʝʥʠʷ ʚ 

ʥʘʩʦʩʝ, ʩʦʢʨʘʱʝʥʠʶ ʤʝʞʨʝʤʦʥʪʥʦʛʦ ʧʝʨʠʦʜʘ, ʨʘʩʭʦʜʘʤ ʥʘ ʠʥʛʠʙʠʨʦʚʘʥʠʝ ʠ ʪʝʨʤʦʦʙʨʘʙʦʪʢʫ 

ʚ ʧʨʦʮʝʩʩʝ ʜʦʙʳʯʠ ʚʷʟʢʦʡ ʥʝʬʪʠ. 

 
ʈʠʩ. 1. ʐʘʨʠʢʦʚʳʡ ʢʣʘʧʘʥ ʚ ʰʪʘʥʛʦʚʦʤ ʛʣʫʙʠʥʥʦʤ ʥʘʩʦʩʝ 

 

ʉʪʦʠʪ ʦʙʨʘʪʠʪʴ ʚʥʠʤʘʥʠʝ ʥʘ ʤʘʪʝʨʠʘʣ ʠʟʛʦʪʦʚʣʝʥʠʷ ʢʣʘʧʘʥʥʦʡ ʧʘʨʳ. ɺ ʦʩʣʦʞʥʝʥʥʳʭ 

ʫʩʣʦʚʠʷʭ ʵʢʩʧʣʫʘʪʘʮʠʠ, ʧʨʦʠʩʭʦʜʷʪ ʫʩʢʦʨʝʥʥʳʝ ʢʦʨʨʦʟʠʦʥʥʳʝ ʧʨʦʮʝʩʩʳ, ʧʨʠʚʦʜʷʱʠʝ ʢ 
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ʠʟʥʦʩʫ ʜʘʥʥʦʡ ʢʦʥʩʪʨʫʢʮʠʠ, ʩʥʠʞʝʥʠʶ ʛʝʨʤʝʪʠʯʥʦʩʪʠ ʢʣʘʧʘʥʥʦʛʦ ʫʟʣʘ. ʅʝʦʙʭʦʜʠʤʦ 

ʧʦʜʦʙʨʘʪʴ ʤʘʪʝʨʠʘʣ ʩ ʚʳʩʦʢʦʡ ʠʟʥʦʩʦʩʪʦʡʢʦʩʪʴʶ ʠ ʫʩʪʦʡʯʠʚʦʩʪʴʶ.  

ɺʳʷʚʣʝʥʠʝ ʧʨʠʯʠʥʳ ʥʠʟʢʦʛʦ ʢʦʵʬʬʠʮʠʝʥʪʘ ʥʘʧʦʣʥʝʥʠʷ ʥʘʩʦʩʘ. ʈʘʩʩʤʦʪʨʠʤ ʥʘ ʧʨʠʤʝʨʝ 

ʜʠʥʘʤʦʛʨʘʤʤʫ ʩʢʚʘʞʠʥʳ ʥʘ ʨʠʩʫʥʢʝ 1. ʀʩʩʣʝʜʦʚʘʥʠʝ ʜʠʥʘʤʦʛʨʘʬʦʤ ʧʦʟʚʦʣʠʣʦ ʥʘʤ ʫʚʠʜʝʪʴ ʚ 

ʩʢʚʘʞʠʥʝ ʫʪʝʯʢʠ ʚ ʧʨʠʝʤʥʦʡ ʯʘʩʪʠ ʥʘʩʦʩʘ, ʠ ʜʦʩʪʘʪʦʯʥʦ ʪʦʯʥʦ ʦʧʨʝʜʝʣʠʪʴ ʪʝʢʫʱʠʡ ʧʦʢʘʟʘʪʝʣʴ 

ʢʦʵʬʬʠʮʠʝʥʪʘ ʥʘʧʦʣʥʝʥʠʷ. 

 
ʈʠʩ. 2. ɼʠʥʘʤʦʛʨʘʤʤʘ ʩʢʚʘʞʠʥʳ ʩ ʫʪʝʯʢʘʤʠ ʚ ʧʨʠʝʤʥʦʡ ʯʘʩʪʠ ʥʘʩʦʩʘ 

 

ʈʘʩʯʝʪ ʢʦʵʬʬʠʮʠʝʥʪʘ ʥʘʧʦʣʥʝʥʠʷ: 

ʂʥ = Lʵʬ / Lʭ.ʧʣ = 1100 / 1500 = 0,73  

ɻʜʝ: Lʵʬ ï ʵʬʬʝʢʪʠʚʥʘʷ ʜʣʠʥʘ ʭʦʜʘ ʧʣʫʥʞʝʨʘ 

Lʭ.ʧʣ ï ʜʣʠʥʘ ʭʦʜʘ ʧʣʫʥʞʝʨʘ ʚʚʝʨʭ 

ɺ ʩʨʘʚʥʝʥʠʠ ʩ ʥʘʠʣʫʯʰʠʤ ʧʦʢʘʟʘʪʝʣʝʤ ʢʦʵʬʬʠʮʠʝʥʪʘ ʥʘʧʦʣʥʝʥʠʷ ʥʘʩʦʩʘ ʨʘʚʥʦʛʦ 0,99, 

ʢ ʢʦʪʦʨʦʤʫ ʩʪʨʝʤʠʤʩʷ, ʥʘ ʜʘʥʥʦʡ ʩʢʚʘʞʠʥʝ ʚʠʜʥʦ, ʯʪʦ ʟʥʘʯʠʪʝʣʴʥʦ ʪʝʨʷʝʤ ʜʝʙʠʪ ʥʘ 26%, ʠ 

ʫʚʝʣʠʯʠʚʘʝʤ ʨʘʩʭʦʜ ʫʜʝʣʴʥʦʛʦ ʵʥʝʨʛʦʧʦʪʨʝʙʣʝʥʠʷ ʥʘ ʧʦʜʲʸʤ ʧʣʘʩʪʦʚʦʡ ʞʠʜʢʦʩʪʠ. 

ɽʩʪʴ ʧʨʝʜʣʦʞʝʥʠʝ ʨʝʰʠʪʴ ʜʘʥʥʫʶ ʧʨʦʙʣʝʤʫ ʩ ʧʦʤʦʱʴʶ ʠʥʥʦʚʘʮʠʦʥʥʦʡ ʢʣʘʧʘʥʥʦʡ ʧʘʨʳ 

(ʨʠʩ. 3), ʩʦʩʪʦʷʱʝʡ ʠʟ ʩʪʝʨʞʥʝʚʦʛʦ ʢʣʘʧʘʥʘ ʩ ʥʘʧʨʘʚʣʷʶʱʠʤʠ, ʢʦʪʦʨʳʝ ʦʧʨʝʜʝʣʷʶʪ 

ʥʘʧʨʘʚʣʝʥʠʝ ʜʚʠʞʝʥʠʷ ʩʪʝʨʞʥʷ ʢʣʘʧʘʥʘ ʠ ʚʨʝʤʷ ʝʛʦ ʟʘʢʨʳʪʠʷ, ʘ ʪʘʢʞʝ ʠʟ ʩʪʦʡʢʦʛʦ ʩʝʜʣʘ, 

ʧʦʟʚʦʣʷʶʱʝʛʦ ʤʠʥʠʤʠʟʠʨʦʚʘʪʴ ʫʜʘʨʥʳʝ ʥʘʛʨʫʟʢʠ ʚʦ ʚʨʝʤʷ ʵʢʩʧʣʫʘʪʘʮʠʠ.  

ʈʘʟʙʝʨʝʤ ʧʨʝʠʤʫʱʝʩʪʚʘ ʜʘʥʥʦʡ ʢʦʥʩʪʨʫʢʮʠʠ (https://clck.ru/UAxds): 

ï ʉʪʨʝʞʥʝʚʦʡ ʢʣʘʧʘʥ ʠʤʝʝʪ ʫʚʝʣʠʯʝʥʥʦʝ ʧʨʦʭʦʜʥʦʝ ʩʝʯʝʥʠʝ (ʥʘ 30-50%) ʧʦ ʩʨʘʚʥʝʥʠʶ 

ʩʦ ʩʪʘʥʜʘʨʪʥʦʡ ʢʣʘʧʘʥʥʦʡ ʧʘʨʦʡ ʧʨʠ ʪʝʭ ʞʝ ʛʘʙʘʨʠʪʥʳʭ ʨʘʟʤʝʨʘʭ, ʯʪʦ ʩʦʟʜʘʸʪ ʙʦʣʝʝ 

ʙʣʘʛʦʧʨʠʷʪʥʦʝ ʧʨʦʭʦʞʜʝʥʠʝ ʥʝʬʪʠ ʯʝʨʝʟ ʢʣʘʧʘʥ (ʦʩʦʙʝʥʥʦ ʚʷʟʢʦʡ ʠʣʠ ʦʩʣʦʞʥʸʥʥʦʡ ʧʝʩʢʦʤ; 

ï ʇʨʠ ʚʳʩʦʢʦʤ ʩʦʜʝʨʞʘʥʠʠ ʛʘʟʘ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʩʪʝʨʞʥʝʚʦʛʦ ʢʣʘʧʘʥʘ ʩʥʠʞʘʝʪ ʨʠʩʢ 

ʨʘʟʨʫʰʝʥʠʷ ʢʦʨʧʫʩʘ ʢʣʘʧʘʥʘ, ʪʘʢ ʢʘʢ ʧʦʣʫʩʬʝʨʘ ʜʚʠʞʝʪʩʷ ʧʦ ʦʩʠ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʩʪʘʥʜʘʨʪʥʳʡ 

ʰʘʨ ʧʦʜʚʝʨʞʝʥ ʟʥʘʯʠʪʝʣʴʥʳʤ ʭʘʦʪʠʯʥʳʤ ʢʦʣʝʙʘʪʝʣʴʥʳʤ ʧʨʦʮʝʩʩʘʤ 
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ï ʂʣʘʧʘʥ ʠʤʝʝʪ ʥʘʧʨʘʚʣʷʶʱʠʝ, ʢʦʪʦʨʳʝ ʥʘʧʨʘʚʣʷʶʪ ʜʚʠʞʝʥʠʝ ʩʪʝʨʞʥʷ, ʫʚʝʣʠʯʠʚʘʶʪ 

ʚʨʝʤʷ ʝʛʦ ʟʘʢʨʳʪʠʷ, ʠ ʢʘʢ ʩʣʝʜʩʪʚʠʝ, ʩʥʠʞʘʶʪ ʫʪʝʯʢʠ ʞʠʜʢʦʩʪʠ. ɼʘʥʥʘʷ ʢʦʥʩʪʨʫʢʮʠʷ ʤʦʞʝʪ 

ʫʚʝʣʠʯʠʪʴ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʵʢʩʧʣʫʘʪʘʮʠʠ ʐɻʅ ʠ ʚ ʥʘʢʣʦʥʥʦ-ʥʘʧʨʘʚʣʝʥʥʳʭ ʩʢʚʘʞʠʥʘʭ. 

ï ɺ ʦʪʣʠʯʠʠ ʦʪ ʩʪʘʥʜʘʨʪʥʳʭ ʢʣʘʧʘʥʥʳʭ ʧʘʨ (ʩʝʜʣʦ-ʰʘʨ) ʚ ʫʩʣʦʚʠʷʭ ʵʢʩʧʣʫʘʪʘʮʠʠ 

ʥʘʢʣʦʥʥʦ-ʥʘʧʨʘʚʣʝʥʥʳʭ ʠ ʛʦʨʠʟʦʥʪʘʣʴʥʳʭ ʩʢʚʘʞʠʥ, ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʠʥʥʦʚʘʮʠʦʥʥʦʛʦ ʢʣʘʧʘʥʘ 

ʧʦʟʚʦʣʷʝʪ ʠʩʢʣʶʯʠʪʴ ʨʠʩʢ ʟʘʚʘʣʠʚʘʥʠʷ ʰʘʨʘ, ʪʘʢ ʢʘʢ ʧʦʣʫʩʬʝʨʘ ʜʚʠʛʘʝʪʩʷ ʧʦ ʦʩʠ; 

ï ʉʪʝʨʞʝʥʴ ʢʣʘʧʘʥʘ ʚʳʧʦʣʥʝʥ ʠʟ ʪʚʝʨʜʦʛʦ ʩʧʣʘʚʘ ʢʘʨʙʠʜʘ ʚʦʣʴʬʨʘʤʘ, ʢʦʪʦʨʳʡ ʪʷʞʝʣʝʝ 

ʯʝʤ ʜʨʫʛʠʝ ʠʩʧʦʣʴʟʫʝʤʳʝ ʤʝʪʘʣʣʳ, ʯʪʦ ʪʘʢʞʝ ʫʩʢʦʨʷʝʪ ʚʨʝʤʷ ʝʛʦ ʟʘʢʨʳʪʠʷ; 

 
ʈʠʩ. 3. ʀʥʥʦʚʘʮʠʦʥʥʘʷ ʢʣʘʧʘʥʥʘʷ ʧʘʨʘ ʐɻʅ 

 

ʄʳ ʧʨʦʨʘʙʦʪʘʣʠ ʚʦʧʨʦʩ ʦ ʚʦʟʤʦʞʥʳʭ ʫʜʘʨʥʳʭ ʥʘʛʨʫʟʢʘʭ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʚʦʟʥʠʢʥʫʪʴ ʚ 

ʧʨʦʮʝʩʩʝ ʦʧʫʩʢʘʥʠʷ ʩʪʝʨʞʥʝʚʦʛʦ ʢʣʘʧʘʥʘ ʥʘ ʩʝʜʣʦ, ʧʨʠʚʦʜʷʱʠʝ ʢ ʠʟʥʦʩʫ ʢʣʘʧʘʥʥʦʛʦ ʫʟʣʘ. 

ɼʘʥʥʘʷ ʧʘʨʘ ʚʳʧʦʣʥʝʥʘ ʠʟ ʩʧʣʘʚʘ ʢʘʨʙʠʜʘ ʚʦʣʴʬʨʘʤʘ. ʇʨʝʜʣʘʛʘʝʤ ʧʦʜʦʙʨʘʪʴ ʦʧʪʠʤʘʣʴʥʦʝ 

ʩʦʜʝʨʞʘʥʠʝ ʢʦʙʘʣʴʪʘ 12ï13% ʚ ʩʧʣʘʚʝ, ʯʪʦ ʧʦʟʚʦʣʠʪ ʫʚʝʣʠʯʠʪʴ ʩʨʦʢ ʨʘʙʦʪʳ ʢʣʘʧʘʥʥʦʡ ʧʘʨʳ 

ʚ ʫʩʣʦʚʠʷʭ ʮʠʢʣʠʯʝʩʢʠʭ ʥʘʛʨʫʟʦʢ. ʉʪʦʠʪ ʠʩʢʣʶʯʠʪʴ ʜʦʙʘʚʣʝʥʠʝ ʧʨʠʤʝʩʠ ʭʨʦʤʘ, ʪʘʢ ʢʘʢ ʭʨʦʤ 

ʩʥʠʞʘʝʪ ʦʜʥʦʨʦʜʥʦʩʪʴ ʠ ʧʨʦʯʥʦʩʪʴ ʢʘʨʙʠʜʘ ʚʦʣʴʬʨʘʤʦʚʦʛʦ ʩʧʣʘʚʘ. ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ 

ʠʤʝʥʥʦ ʪʦʯʥʦʩʪʴ ʨʘʟʤʝʨʦʚ ʠ ʧʨʘʚʠʣʴʥʦʩʪʠ ʛʝʦʤʝʪʨʠʯʝʩʢʦʡ ʬʦʨʤʳ ʢʣʘʧʘʥʘ ʠ ʩʝʜʣʘ ʷʚʣʷʝʪʩʷ 

ʦʜʥʦʡ ʠʟ ʦʩʥʦʚʥʳʭ ʧʨʝʜʧʦʩʳʣʦʢ ʭʦʨʦʰʝʡ ʛʝʨʤʝʪʠʯʥʦʩʪʠ ʠ ʜʣʠʪʝʣʴʥʦʡ ʨʘʙʦʪʳ. ʐʠʨʠʥʘ 

ʧʦʚʝʨʭʥʦʩʪʠ ʧʨʠʪʠʨʘ ʪʘʢʞʝ ʚʣʠʷʝʪ ʥʘ ʛʝʨʤʝʪʠʯʥʦʩʪʴ: ʯʝʤ ʙʦʣʴʰʝ ʰʠʨʠʥʘ ʧʨʠʪʠʨʘ, ʪʝʤ 

ʙʦʣʴʰʝ ʜʣʠʥʘ ʫʧʣʦʪʥʷʶʱʝʡ ʧʦʚʝʨʭʥʦʩʪʠ [1, c. 77]. ʂʨʦʤʝ ʪʦʛʦ, ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʧʣʦʱʘʜʴ 

ʢʦʥʪʘʢʪʘ ʚ ʧʘʨʝ, ʯʪʦ ʦʙʝʩʧʝʯʠʚʘʝʪ ʧʦʚʳʰʝʥʠʝ ʨʘʙʦʯʝʛʦ ʨʝʩʫʨʩʘ, ʫʚʝʣʠʯʠʚʘʝʪ ʜʝʙʠʪ ʩʢʚʘʞʠʥʳ, 

ʠ ʩʥʠʞʘʝʪ ʨʘʩʭʦʜ ʫʜʝʣʴʥʦʛʦ ʵʥʝʨʛʦʧʦʪʨʝʙʣʝʥʠʷ. 

ʇʨʦʠʟʚʝʜʸʤ ʨʘʩʯʝʪ ʧʦʪʝʥʮʠʘʣʴʥʦʡ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʐɻʅ. 

ʈʘʩʩʤʦʪʨʠʤ ʜʣʷ ʧʨʠʤʝʨʘ ʪʝʢʫʱʠʝ ʧʦʢʘʟʘʪʝʣʠ ʩʢʚʘʞʠʥʳ: 

ï ʂʦʵʬʬʠʮʠʝʥʪ ʥʘʧʦʣʥʝʥʠʷ ï 0,73; 

ï ʂʦʵʬʬʠʮʠʝʥʪ ʧʦʜʘʯʠ ï 0,7; 

ï ʆʙʚʦʜʥʝʥʥʦʩʪʴ ï 33,6%; 

ï Q ʞʠʜʢʦʩʪʠ ï 6,4 ʤ3/ʩʫʪ.; 

ï Q ʥʝʬʪʠ ï 4,3 ʪ/ʩʫʪ. 

 

Qʞ = 0,144 Ĭ Fʧʣ Ĭ S Ĭ n Ĭ ʂʥ = 0,144 Ĭ 15,9 Ĭ 1,5 Ĭ 2,4 Ĭ 0,73 = 6 ʤ
3/ʩʫʪ., 
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ʛʜʝ: Fʧʣ ï ʧʣʦʱʘʜʴ ʧʦʧʝʨʝʯʥʦʛʦ ʩʝʯʝʥʠʷ ʧʣʫʥʞʝʨʘ, ʤ
2;  

Fʧʣ = (ˊ Ĭ dĮ)/4 = (3,14 Ĭ 4,4Į)/4 = 15,9 ʤ2; 

S ï ʜʣʠʥʘ ʭʦʜʘ ʧʣʫʥʞʝʨʘ, ʤ; 

n ï ʯʠʩʣʦ ʢʘʯʘʥʠʡ, ʨʘʟ/ʤʠʥ; 

ʂʥ ï ʢʦʵʬʬʠʮʠʝʥʪ ʥʘʧʦʣʥʝʥʠʷ. 

ʇʦʩʣʝ ʩʧʫʩʢʘ ʚ ʩʢʚʘʞʠʥʫ ʐɻʅ ʩ ʠʥʥʦʚʘʮʠʦʥʥʦʡ ʢʣʘʧʘʥʥʦʡ ʧʘʨʦʡ, ʝʩʪʴ ʥʘʮʝʣʝʥʥʦʩʪʴ 

ʧʦʚʳʩʠʪʴ ʢʦʵʬʬʠʮʠʝʥʪ ʥʘʧʦʣʥʝʥʠʷ ʜʦ ʥʘʠʣʫʯʰʝʛʦ ʟʥʘʯʝʥʠʷ 0,99. ʇʨʝʜʧʦʣʘʛʘʝʤ, ʯʪʦ 

ʧʦʪʝʥʮʠʘʣʴʥʘʷ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʐɻʅ ʙʫʜʝʪ ʨʘʚʥʘ: Qʞ = 0,144 Ĭ 15,9 Ĭ 1,5 Ĭ 2,4 Ĭ 0,99 = 

= 8 ʤ3/ʩʫʪ. 

ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʦʞʠʜʘʝʤʳʡ ʜʝʙʠʪ, ʧʨʠ ʣʠʢʚʠʜʘʮʠʠ ʫʪʝʯʝʢ ʩʦʩʪʘʚʠʪ: Qʞ= 8 ʤ
3/ʩʫʪ., Qʥ = 

= 5,3 ʪ/ʩʫʪ. ʏʪʦ ʧʦʟʚʦʣʠʪ ʫʚʝʣʠʯʠʪʴ ʜʝʙʠʪ ʞʠʜʢʦʩʪʠ ʥʘ 2 ʤ3/ʩʫʪ., ʥʝʩʤʦʪʨʷ ʥʘ ʤʘʣʫʶ 

ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʩʢʚʘʞʠʥʳ, ʠ ʜʦʧʦʣʥʠʪʝʣʴʥʦ ʜʦʙʳʪʴ ʟʘ ʛʦʜ 354 ʪʦʥʥʳ ʥʝʬʪʠ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʜʘʥʥʘʷ ʢʦʥʩʪʨʫʢʮʠʷ ʧʨʝʜʦʩʪʘʚʣʷʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʧʦʚʳʩʠʪʴ ʜʝʙʠʪ 

ʩʢʚʘʞʠʥʳ ʟʘ ʩʯʸʪ ʥʘʜʝʞʥʦʛʦ ʠ ʩʚʦʝʚʨʝʤʝʥʥʦʛʦ ʟʘʢʨʳʪʠʷ ʢʣʘʧʘʥʥʦʛʦ ʫʟʣʘ ʚ ʦʩʣʦʞʥʝʥʥʳʭ 

ʫʩʣʦʚʠʷʭ ʵʢʩʧʣʫʘʪʘʮʠʠ, ʫʚʝʣʠʯʠʪʴ ʂʇɼ ʥʘʩʦʩʘ, ʜʝʧʨʝʩʩʠʶ ʥʘ ʧʣʘʩʪ ʠ ʧʦʣʥʦʪʫ ʚʳʨʘʙʦʪʢʠ 

ʟʘʧʘʩʦʚ ʥʘ ʤʝʩʪʦʨʦʞʜʝʥʠʠ. ɿʥʘʯʠʪʝʣʴʥʦ ʩʥʠʟʠʪʴ ʟʘʪʨʘʪʳ ʥʘ ʫʜʝʣʴʥʦʝ ʵʥʝʨʛʦʧʦʪʨʝʙʣʝʥʠʝ ʚ 

ʩʚʷʟʠ ʩ ʨʦʩʪʦʤ ʜʦʙʳʯʠ ʥʝʬʪʠ, ʠʥʛʠʙʠʨʦʚʘʥʠʝ ʠ ʪʝʨʤʦʦʙʨʘʙʦʪʢʫ ʩ ʧʦʤʦʱʴʶ ɸɼʇʄ ʚ ʧʨʦʮʝʩʩʝ 

ʜʦʙʳʯʠ ʚʷʟʢʦʡ ʞʠʜʢʦʩʪʠ. ʋʤʝʥʴʰʠʪʴ ʛʠʜʨʘʚʣʠʯʝʩʢʠʝ ʩʦʧʨʦʪʠʚʣʝʥʠʷ, ʚʝʨʦʷʪʥʦʩʪʴ ʦʙʨʳʚʦʚ ʠ 

ʟʘʚʠʩʘʥʠʷ ʰʪʘʥʛ, ʟʘʢʣʠʥʠʚʘʥʠʷ ʧʣʫʥʞʝʨʘ, ʟʘ ʩʯʸʪ ʤʠʥʠʤʠʟʘʮʠʠ ʫʪʝʯʝʢ ʞʠʜʢʦʩʪʠ, ʯʪʦ 

ʧʦʟʚʦʣʠʪ ʫʚʝʣʠʯʠʪʴ ʤʝʞʨʝʤʦʥʪʥʳʡ ʧʝʨʠʦʜ ʠ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʵʢʩʧʣʫʘʪʘʮʠʠ ʥʘ ʦʩʣʦʞʥʝʥʥʦʤ 

ʬʦʥʜʝ ʩʢʚʘʞʠʥ, ʧʦʚʳʩʠʪʴ ʜʦʙʳʯʫ ʥʝʬʪʠ, ʠ ʧʨʠʥʝʩʪʠ ʜʦʧʦʣʥʠʪʝʣʴʥʫʶ ʯʠʩʪʫʶ ʧʨʠʙʳʣʴ ʜʣʷ 

ʧʨʝʜʧʨʠʷʪʠʷ.  
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ʂʦʟʣʦʚ ɸ.ɺ. 

ʅʘʫʯʥʳʡ ʨʫʢʦʚʦʜʠʪʝʣʴ: ʀʣʶʰʠʥ ʇ.ʖ., ʢʘʥʜ. ʪʝʭʥ. ʥʘʫʢ 

ʇʝʨʤʩʢʠʡ ʥʘʮʠʦʥʘʣʴʥʳʡ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ  

ʧʦʣʠʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ, ʛ. ʇʝʨʤʴ, ʈʦʩʩʠʷ 

 

ʆʎɽʅʂɸ ʇʈʀʄɽʅʀʄʆʉʊʀ ʊɽʍʅʆʃʆɻʀʀ ʆʎɽʅʂʀ  

ʊʆʃʑʀʅʓ ʆʈɻɸʅʀʏɽʉʂʀʍ ʆʊʃʆɾɽʅʀʁ  

ɺ ʃʀʌʊʆɺʆʁ ʂʆʃʆʅʅɽ ɼʆɹʓɺɸʖʑɽʁ ʉʂɺɸɾʀʅʓ 

ʆʙʨʘʟʦʚʘʥʠʝ ʘʩʬʘʣʴʪʦʩʤʦʣʦʧʘʨʘʬʠʥʦʚʳʭ ʦʪʣʦʞʝʥʠʡ (ɸʉʇʆ) ʥʘ ʚʥʫʪʨʝʥʥʝʡ 

ʧʦʚʝʨʭʥʦʩʪʠ ʣʠʬʪʦʚʳʭ ʢʦʣʦʥʥ ʠ ʛʣʫʙʠʥʥʦʤ ʥʝʬʪʝʧʨʦʤʳʩʣʦʚʦʤ ʦʙʦʨʫʜʦʚʘʥʠʠ (ɻʅʆ) 

ʷʚʣʷʝʪʩʷ ʦʜʥʦʡ ʠʟ ʥʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʭ ʧʨʦʙʣʝʤ ʧʨʠ ʜʦʙʳʯʝ ʫʛʣʝʚʦʜʦʨʦʜʥʳʭ 

ʠʩʢʦʧʘʝʤʳʭ [7]. ɼʘʥʥʘʷ ʧʨʦʙʣʝʤʘ ʷʚʣʷʝʪʩʷ ʦʜʥʦʡ ʠʟ ʥʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʭ ʥʘ 

ʪʝʨʨʠʪʦʨʠʠ ʇʝʨʤʩʢʦʛʦ ʢʨʘʷ (ʨʠʩ. 1). 

  

ʘ) ʙ) 

ʈʠʩ. 1. ʉʦʩʪʘʚ ʬʦʥʜʦʚ ʩʢʚʘʞʠʥ ʇʝʨʤʩʢʦʛʦ ʢʨʘʷ: ʘ) ʜʦʙʳʚʘʶʱʝʛʦ; ʙ) ʦʩʣʦʞʥʝʥʥʦʛʦ 

 

ɿʥʘʯʠʪʝʣʴʥʘʷ ʜʦʣʷ ʥʝʬʪʷʥʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʇʝʨʤʩʢʦʛʦ ʢʨʘʷ ʧʝʨʝʭʦʜʷʪ ʥʘ 

ʟʘʢʣʶʯʠʪʝʣʴʥʳʝ ʩʪʘʜʠʠ ʨʘʟʨʘʙʦʪʢʠ [1]. ɺʩʣʝʜʩʪʚʠʝ ʜʘʥʥʦʛʦ ʧʝʨʝʭʦʜʘ ʥʘʙʣʶʜʘʝʪʩʷ 

ʫʚʝʣʠʯʝʥʠʝ ʦʙʚʦʜʥʝʥʥʦʩʪʠ ʧʨʦʜʫʢʮʠʠ, ʩʥʠʞʝʥʠʝ ʟʘʙʦʡʥʦʛʦ ʠ ʧʣʘʩʪʦʚʦʛʦ ʜʘʚʣʝʥʠʷ, 

ʠʟʤʝʥʝʥʠʝ ʢʦʤʧʦʥʝʥʪʥʦʛʦ ʩʦʩʪʘʚʘ ʜʦʙʳʚʘʝʤʦʡ ʧʨʦʜʫʢʮʠʠ [2; 5]. ɼʘʥʥʳʝ ʬʘʢʪʦʨʳ 

ʫʚʝʣʠʯʠʚʘʶʪ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʦʙʨʘʟʦʚʘʥʠʷ ʦʨʛʘʥʠʯʝʩʢʠʭ ʦʪʣʦʞʝʥʠʡ [4]. 

ʆʙʨʘʟʦʚʘʥʠʝ ʠ ʥʘʢʦʧʣʝʥʠʝ ʜʘʥʥʳʭ ʦʪʣʦʞʝʥʠʡ ʥʘ ʚʥʫʪʨʝʥʥʠʭ ʧʦʚʝʨʭʥʦʩʪʷʭ ʣʠʬʪʦʚʳʭ 

ʢʦʣʦʥʥ ʚʳʟʳʚʘʝʪ ʩʥʠʞʝʥʠʝ ʛʠʜʨʘʚʣʠʯʝʩʢʦʛʦ ʨʘʜʠʫʩʘ ʣʠʬʪʦʚʦʡ ʢʦʣʦʥʥʳ, ʨʦʩʪ ʜʘʚʣʝʥʠʝ ʥʘ 

ɻʅʆ ʠ ʚʦʟʥʠʢʥʦʚʝʥʠʝ ʘʚʘʨʠʡ. ɺ ʩʦʩʪʘʚ ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʤ ʦʨʛʘʥʠʯʝʩʢʠʭ ʦʪʣʦʞʝʥʠʡ ʪʘʢ ʞʝ 

ʚʭʦʜʷʪ ʤʝʣʴʯʘʡʰʠʝ ʯʘʩʪʠʮʳ ʛʦʨʥʦʡ ʧʦʨʦʜʳ, ʤʝʣʴʯʘʡʰʠʝ ʯʘʩʪʠʮʳ ʚʦʜʳ ʠ ʛʘʟʘ ʠ ʧʨʦʜʫʢʪʳ 

ʢʦʨʨʦʟʠʠ. ʏʘʩʪʠʮʳ ʛʦʨʥʦʡ ʧʦʨʦʜʳ ʠ ʧʨʦʜʫʢʪʳ ʢʦʨʨʦʟʠʠ ʩʧʦʩʦʙʩʪʚʫʶʪ ʫʧʨʦʯʥʝʥʠʶ ɸʉʇʆ, ʘ 

ʯʘʩʪʠʮʳ ʚʦʜʳ ʠ ʛʘʟʘ ï ʫʚʝʣʠʯʝʥʠʶ ʦʙʲʝʤʘ ʦʪʣʦʞʝʥʠʡ ʠ ʠʟʤʝʥʝʥʠʶ ʠʭ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʭ 

ʩʚʦʡʩʪʚ [8]. 

4896

2716

ʆʩʣʦʞʥʝʥʥʳʡ ʬʦʥʜ ʩʢʚʘʞʠʥ

ʅʝ ʦʩʣʦʞʥʝʥʥʳʡ ʬʦʥʜ ʩʢʚʘʞʠʥ

3638

427

454

189

147

ɸʉʇʆ ɺɺʕ

ʂʦʨʨʦʟʠʷ ʉʦʣʝʦʪʣʦʞʝʥʠʝ

ɼʨʫʛʠʝ
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ɹʦʨʴʙʘ ʩ ʜʘʥʥʳʤʠ ʦʪʣʦʞʝʥʠʷʤʠ ʧʨʦʠʟʚʦʜʠʪʩʷ ʜʚʫʤʷ ʧʫʪʷʤʠ ï ʫʜʘʣʝʥʠʷ 

ʩʬʦʨʤʠʨʦʚʘʥʥʳʭ ʦʨʛʘʥʠʯʝʩʢʠʭ ʦʪʣʦʞʝʥʠʡ ʠ ʧʨʦʬʠʣʘʢʪʠʢʠ ʠʭ ʦʙʨʘʟʦʚʘʥʠʷ [6]. 

ʋʥʠʚʝʨʩʘʣʴʥʦʛʦ ʵʬʬʝʢʪʠʚʥʦʛʦ ʤʝʪʦʜʘ ʙʦʨʴʙʳ ʩ ʜʘʥʥʳʤʠ ʦʪʣʦʞʝʥʠʷʤʠ ʥʝ ʩʫʱʝʩʪʚʫʝʪ. 

ɽʞʝʛʦʜʥʦ ʥʝʜʨʦʧʦʣʴʟʦʚʘʪʝʣʠ ʪʨʘʪʷʪ ʟʥʘʯʠʪʝʣʴʥʳʝ ʚʨʝʤʝʥʥʳʝ ʠ ʬʠʥʘʥʩʦʚʳʝ ʟʘʪʨʘʪʳ ʥʘ 

ʧʦʜʙʦʨ ʦʧʪʠʤʘʣʴʥʳʭ ʤʝʪʦʜʦʚ ʙʦʨʴʙʳ ʩ ʦʪʣʦʞʝʥʠʷʤʠ. ɼʦʧʦʣʥʠʪʝʣʴʥʦ ʦʙʦʩʪʨʷʝʪ ʜʘʥʥʫʶ 

ʧʨʦʙʣʝʤʫ ʦʪʩʫʪʩʪʚʠʝ ʪʝʭʥʦʣʦʛʠʠ, ʧʦʟʚʦʣʷʶʱʫʶ ʦʮʝʥʠʚʘʪʴ ʪʦʣʱʠʥʫ ʦʨʛʘʥʠʯʝʩʢʠʭ ʦʪʣʦʞʝʥʠʡ 

ʚ ʣʶʙʦʡ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ. ʕʪʦ ʥʝʦʙʭʦʜʠʤʦ ʜʣʷ ʩʚʦʝʚʨʝʤʝʥʥʦʛʦ ʧʨʦʚʝʜʝʥʠʷ ʦʯʠʩʪʥʦʛʦ 

ʤʝʨʦʧʨʠʷʪʠʷ, ʪʦʯʥʦʡ ʦʮʝʥʢʠ ʩʪʝʧʝʥʠ ʟʘʛʨʷʟʥʝʥʠʷ ʣʠʬʪʦʚʦʡ ʢʦʣʦʥʥʳ ʠ ʩʢʦʨʦʩʪʠ ʦʙʨʘʟʦʚʘʥʠʷ 

ɸʉʇʆ. 

ʎʝʣʴʶ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʨʘʟʨʘʙʦʪʢʘ ʠ ʦʧʨʝʜʝʣʝʥʠʝ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ 

ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʧʨʠʤʝʥʝʥʠʷ ʤʝʪʦʜʠʢʠ ʦʮʝʥʢʠ ʪʦʣʱʠʥʳ ʦʨʛʘʥʠʯʝʩʢʠʭ ʦʪʣʦʞʝʥʠʡ ʚ ʣʠʬʪʦʚʦʡ 

ʢʦʣʦʥʥʝ ʜʦʙʳʚʘʶʱʝʡ ʩʢʚʘʞʠʥʳ. 

ʇʨʝʜʣʘʛʘʝʤʘʷ ʪʝʭʥʦʣʦʛʠʷ ʦʩʥʦʚʘʥʘ ʥʘ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚʘʭ ʦʨʛʘʥʠʯʝʩʢʠʭ 

ʦʪʣʦʞʝʥʠʡ, ʜʘʥʥʳʭ ʣʘʙʦʨʘʪʦʨʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʥʘ ʫʩʪʘʥʦʚʢʝ çʍʦʣʦʜʥʳʡ ʩʪʝʨʞʝʥʴè ʠ 

ʟʘʢʦʥʘʭ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʪʝʧʣʘ ʚ ʣʠʬʪʦʚʦʡ ʢʦʣʦʥʥʝ ʠ ʦʨʛʘʥʠʯʝʩʢʠʭ ʦʪʣʦʞʝʥʠʷʭ. ɼʘʥʥʘʷ 

ʪʝʭʥʦʣʦʛʠʷ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʤʘʪʝʤʘʪʠʯʝʩʢʦʤ ʚʳʯʠʩʣʝʥʠʠ ʪʦʣʱʠʥʳ ʦʨʛʘʥʠʯʝʩʢʠʭ ʦʪʣʦʞʝʥʠʡ ʚ 

ʠʥʪʝʨʝʩʫʶʱʝʤ ʩʝʯʝʥʠʠ ʧʫʪʝʤ ʦʮʝʥʢʠ ʪʝʤʧʝʨʘʪʫʨʳ ʥʘ ʚʥʝʰʥʝʡ ʧʦʚʝʨʭʥʦʩʪʠ ʣʠʬʪʦʚʦʡ 

ʢʦʣʦʥʥʳ (ʨʠʩ. 2). ʉ ʧʨʠʤʝʥʝʥʠʝʤ ʟʘʢʦʥʘ ʌʫʨʴʝ ʠ ʠʟʚʝʩʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʥʝ ʚʥʝʰʥʝʡ 

ʧʦʚʝʨʭʥʦʩʪʠ ʣʠʬʪʦʚʦʡ ʢʦʣʦʥʥʳ ʜʦ ʦʙʨʘʟʦʚʘʥʠʷ ʦʨʛʘʥʠʯʝʩʢʠʭ ʦʪʣʦʞʝʥʠʡ ʠ ʠʭ 

ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʠ ʩʪʘʥʦʚʠʪʩʷ ʚʦʟʤʦʞʥʳʤ ʩ ʜʦʩʪʘʪʦʯʥʦʡ ʪʦʯʥʦʩʪʴʶ ʦʮʝʥʠʪʴ ʪʝʢʫʱʫʶ 

ʪʦʣʱʠʥʫ ʜʘʥʥʳʭ ʦʪʣʦʞʝʥʠʡ ʠ ʦʧʨʝʜʝʣʠʪʴ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʧʨʦʚʝʜʝʥʠʷ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ 

ʤʝʨʦʧʨʠʷʪʠʡ ʧʦ ʫʜʘʣʝʥʠʶ ʜʘʥʥʳʭ ʦʪʣʦʞʝʥʠʡ.  

 

ʈʠʩ. 2. ʕʣʝʤʝʥʪ ʩʝʯʝʥʠʷ ʣʠʬʪʦʚʦʡ ʢʦʣʦʥʥʳ ʜʦʙʳʚʘʶʱʝʡ ʩʢʚʘʞʠʥʳ 

 

ʃʘʙʦʨʘʪʦʨʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʨʦʚʦʜʠʣʠʩʴ ʥʘ ʧʨʦʙʝ ʧʣʘʩʪʦʚʦʡ ʞʠʜʢʦʩʪʠ, ʦʪʦʙʨʘʥʥʦʡ ʩ 

ʫʩʪʴʷ ʜʦʙʳʚʘʶʱʝʡ ʩʢʚʘʞʠʥʳ çWè. ʌʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʜʘʥʥʦʛʦ ʬʣʶʠʜʘ ʧʨʠʚʝʜʝʥʳ 

ʜʘʣʝʝ (ʪʘʙʣ.).  
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ʊʘʙʣʠʮʘ  

ʌʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʠʩʩʣʝʜʫʝʤʦʛʦ ʬʣʶʠʜʘ 

 

ʅʘʠʤʝʥʦʚʘʥʠʝ ʧʘʨʘʤʝʪʨʘ ʈʘʟʤʝʨʥʦʩʪʴ ɺʝʣʠʯʠʥʘ 

ʇʣʘʩʪ - ʊ 

ɺʷʟʢʦʩʪʴ ʥʝʬʪʠ ʚ ʧʣʘʩʪʦʚʳʭ ʫʩʣʦʚʠʷʭ ̍˜Ͻ́̒ 12.27 

ʇʣʦʪʥʦʩʪʴ ʥʝʬʪʠ ʚ ʧʣʘʩʪʦʚʳʭ ʫʩʣʦʚʠʷʭ ̋Ⱦ̄ ̍  865 

ʇʣʦʪʥʦʩʪʴ ʥʝʬʪʠ ʚ ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʫʩʣʦʚʠʷʭ ̋Ⱦ̄ ̍  885 

ʉʦʜʝʨʞʘʥʠʝ ʧʘʨʘʬʠʥʘ % 3,51 

ʉʦʜʝʨʞʘʥʠʝ ʘʩʬʘʣʴʪʝʥʦʚ % 4,41 

ʉʦʜʝʨʞʘʥʠʝ ʩʤʦʣ % 19,09 

ʉʦʜʝʨʞʘʥʠʝ ʩʝʨʳ % 2,22 

 

ɼʣʷ ʦʮʝʥʢʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʚʦʟʤʦʞʥʦʩʪʠ ʚʥʝʜʨʝʥʠʷ ʜʘʥʥʦʡ ʤʝʪʦʜʠʢʠ ʚʳʧʦʣʥʝʥʳ 

ʣʘʙʦʨʘʪʦʨʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʥʘ ʫʩʪʘʥʦʚʢʝ çʍʦʣʦʜʥʦʛʦ ʩʪʝʨʞʥʷè (ʨʠʩ. 3). ʇʨʠ ʧʨʦʚʝʜʝʥʠʠ 

ʣʘʙʦʨʘʪʦʨʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʦʮʝʥʠʚʘʣʘʩʴ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʴ ʜʘʥʥʳʭ ʦʪʣʦʞʝʥʠʡ ʧʦ ʤʝʪʦʜʠʢʝ, 

ʧʨʝʜʩʪʘʚʣʝʥʥʦʡ ʚ ʨʘʙʦʪʝ [3]. ʊʘʢ ʞʝ ʚ ʭʦʜʝ ʣʘʙʦʨʘʪʦʨʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʦʮʝʥʠʚʘʣʠʩʴ 

ʢʠʥʝʪʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʦʙʨʘʟʦʚʘʥʠʷ ʦʨʛʘʥʠʯʝʩʢʠʭ ʦʪʣʦʞʝʥʠʡ ï ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʠ 

ʫʜʝʣʴʥʘʷ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʦʙʨʘʟʦʚʘʥʠʷ ʦʨʛʘʥʠʯʝʩʢʠʭ ʦʪʣʦʞʝʥʠʡ, ʚʳʯʠʩʣʷʝʤʳʝ ʧʦ ʚʳʨʘʞʝʥʠʷʤ 

1 ʠ 2 ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ: 

˕
ά̏ ̓̌

ά̐ ̑̏̂Ͻ̜ὸ̉̒̒̌
ϽρππϷ 

 

(1) 

˕̔ ̅

ά̏ ̓̌

ά̎ ̆̓̕Ͻ̉ὸ̉̒̒̌
ϽρππϷ (2) 

 

ʛʜʝ, ά̏ ̓̌ ʤʘʩʩʘ ʦʙʨʘʟʦʚʘʚʰʠʭʩʷ ʦʪʣʦʞʝʥʠʡ, ʛ; ά̎ ̆̓̕  ̉ʤʘʩʩʘ ʥʝʬʪʠ ʚ ʠʩʩʣʝʜʫʝʤʦʡ 

ʧʨʦʙʝ, ʛ.; ά̐ ̑̏̂  ̜ʤʘʩʩʘ ʠʩʩʣʝʜʫʝʤʦʡ ʧʨʦʙʳ, ʛ; ὸ̉̒̒̌ ï ʚʨʝʤʷ ʧʨʦʚʝʜʝʥʠʷ ʣʘʙʦʨʘʪʦʨʥʦʛʦ 

ʠʩʩʣʝʜʦʚʘʥʠʷ (ʚ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʨʘʚʝʥ 2 ʯʘʩʘʤ), ʯ. 

 

 

ʈʠʩ. 3. ʋʩʪʘʥʦʚʢʘ çCold Fingerè CF-4 

 

ʉ ʮʝʣʴʶ ʫʪʦʯʥʝʥʠʷ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʧʦʣʷ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ çʭʦʣʦʜʥʳʭè 

ʩʪʝʨʞʥʝʡ ʜʦ ʠ ʧʦʩʣʝ ʧʨʦʚʝʜʝʥʠʷ ʣʘʙʦʨʘʪʦʨʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʨʦʚʦʜʠʣʦʩʴ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʚ 

ʧʨʦʛʨʘʤʤʥʦʤ ʧʨʦʜʫʢʪʝ ANSYS Fluent. 

ʈʝʟʫʣʴʪʘʪʳ ʣʘʙʦʨʘʪʦʨʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʥʘ ʫʩʪʘʥʦʚʢʝ çCold Fingerè ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ 

ʨʠʩʫʥʢʝ 4.  
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ʘ) 

 
ʙ) 

ʈʠʩ. 4. ʈʝʟʫʣʴʪʘʪʳ ʧʨʦʚʝʜʝʥʠʷ ʣʘʙʦʨʘʪʦʨʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ: ʘ) ʧʦ ʦʮʝʥʢʝ ʚʣʠʷʥʠʷ ʦʙʚʦʜʥʝʥʥʦʩʪʠ 

ʠʩʩʣʝʜʫʝʤʦʛʦ ʬʣʶʠʜʘ ʥʘ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʦʙʨʘʟʦʚʘʥʠʷ ʦʨʛʘʥʠʯʝʩʢʠʭ ʦʪʣʦʞʝʥʠʡ ʠ ʠʭ 

ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʴ; ʙ) ʧʦ ʦʮʝʥʢʝ ʨʘʟʙʨʦʩʘ ʨʝʟʫʣʴʪʘʪʦʚ ʣʘʙʦʨʘʪʦʨʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʦʧ ʦʮʝʥʢʝ 

ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʠ ʦʨʛʘʥʠʯʝʩʢʠʭ ʦʪʣʦʞʝʥʠʡ 

 

ɸʥʘʣʠʟʠʨʫʷ ʨʠʩʫʥʦʢ 4(ʘ) ʤʦʞʥʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʦʙʨʘʟʦʚʘʥʠʷ ɸʉʇʆ 

ʩʥʠʞʘʝʪʩʷ ʩ ʨʦʩʪʦʤ ʦʙʚʦʜʥʝʥʥʦʩʪʠ ʚʚʠʜʫ ʫʤʝʥʴʰʝʥʠʷ ʦʙʲʝʤʘ ʥʝʬʪʠ ʚ ʠʩʩʣʝʜʫʝʤʦʡ ʵʤʫʣʴʩʠʠ. 

ɺ ʪʦ ʞʝ ʚʨʝʤʷ ʚʝʣʠʯʠʥʳ ʫʜʝʣʴʥʦʡ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʦʙʨʘʟʦʚʘʥʠʷ ɸʉʇʆ ʠ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʠ 

ʫʚʝʣʠʯʠʚʘʶʪʩʷ ʩ ʨʦʩʪʦʤ ʦʙʚʦʜʥʝʥʥʦʩʪʠ ʵʤʫʣʴʩʠʠ. ʇʨʠʯʝʤ, ʨʘʩʩʤʘʪʨʠʚʘʷ ʚʝʣʠʯʠʥʫ ʫʜʝʣʴʥʦʡ 

ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʦʙʨʘʟʦʚʘʥʠʷ ɸʉʇʆ, ʤʦʞʥʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʟʥʘʯʠʪʝʣʴʥʳʡ ʝʝ ʨʦʩʪ ʦʪʤʝʯʘʝʪʩʷ 

ʧʦʩʣʝ ʬʦʨʤʠʨʦʚʘʥʠʷ ʦʙʨʘʪʥʦʡ ʚʦʜʦʥʝʬʪʷʥʦʡ ʵʤʫʣʴʩʠʠ. ʈʦʩʪ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʠ ʪʘʢ ʞʝ 

ʷʚʣʷʝʪʩʷ ʩʣʝʜʩʪʚʠʝʤ ʚʢʣʶʯʝʥʠʷ ʚʦʜʥʦʡ ʬʘʟʳ ʚ ʦʙʲʝʤ ʦʪʣʦʞʝʥʠʡ. ʅʘ ʨʠʩʫʥʢʝ 4(ʙ) ʧʨʝʜʩʪʘʚʣʝʥ 

ʨʷʜ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʧʦʢʘʟʳʚʘʶʱʠʡ ʩʪʘʪʠʩʪʠʯʝʩʢʠʡ ʜʠʘʧʘʟʦʥ ʦʧʨʝʜʝʣʝʥʠʷ ʚʝʣʠʯʠʥʳ 

ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʠ ɸʉʇʆ. ʆʩʥʦʚʳʚʘʷʩʴ ʥʘ ʵʪʠʭ ʜʘʥʥʳʭ, ʤʦʞʥʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʩʨʝʜʥʝʝ 

ʟʥʘʯʝʥʠʝ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʠ ʩʦʩʪʘʚʣʷʝʪ 0,303 ˏȾ̓̍ Ͻ̠, ʩʨʝʜʥʝʝ ʦʪʢʣʦʥʝʥʠʝ ʩʦʩʪʘʚʣʷʝʪ 8,36%.  

ʈʝʟʫʣʴʪʘʪʳ ʚʳʧʦʣʥʝʥʠʷ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ 

çʭʦʣʦʜʥʳʭè ʩʪʝʨʞʥʝʡ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʨʠʩʫʥʢʝ 5. 
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ʘ) ʙ) 

ʈʠʩ. 5. ʈʝʟʫʣʴʪʘʪʳ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʚ ANSYS Fluent: ʘ) çʭʦʣʦʜʥʳʡè ʩʪʝʨʞʝʥʴ ʜʦ ʦʙʨʘʟʦʚʘʥʠʷ ɸʉʇʆ;  

ʙ) çʭʦʣʦʜʥʳʡè ʩʪʝʨʞʝʥʴ ʧʦʩʣʝ ʦʙʨʘʟʦʚʘʥʠʷ ɸʉʇʆ 

 

ʈʘʩʩʤʘʪʨʠʚʘʷ ʨʝʟʫʣʴʪʘʪʳ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʤʦʞʥʦ ʟʘʤʝʪʠʪʴ, ʯʪʦ ʦʙʨʘʟʦʚʘʥʠʝ 

ʦʨʛʘʥʠʯʝʩʢʠʭ ʦʪʣʦʞʝʥʠʡ ʧʦʟʚʦʣʷʝʪ ʟʥʘʯʠʪʝʣʴʥʦ ʫʚʝʣʠʯʠʪʴ ʪʝʤʧʝʨʘʪʫʨʫ ʚʥʝʰʥʝʡ 

ʧʦʚʝʨʭʥʦʩʪʠ çʭʦʣʦʜʥʦʛʦè ʩʪʝʨʞʥʷ ʚ ʟʦʥʝ ʢʦʥʪʘʢʪʘ ʩ ʬʣʶʠʜʦʤ, ʦʜʥʘʢʦ ʪʝʤʧʝʨʘʪʫʨʘ ʩʪʝʥʢʠ 

ʚʳʰʝ ʜʘʥʥʦʡ ʟʦʥʳ ʥʠʞʝ, ʯʝʤ ʚ ʦʪʩʫʪʩʪʚʠʝ ʦʪʣʦʞʝʥʠʡ ɸʉʇʆ. ʕʪʦʪ ʬʘʢʪ ʤʦʞʝʪ 

ʩʚʠʜʝʪʝʣʴʩʪʚʦʚʘʪʴ ʦʙ ʠʟʤʝʥʝʥʠʠ ʧʦʢʘʟʘʪʝʣʝʡ ʪʝʧʣʦʤʘʩʩʦʧʝʨʝʥʦʩʘ ʚ ʜʘʥʥʦʡ ʩʠʩʪʝʤʝ, ʯʪʦ 

ʩʧʦʩʦʙʩʪʚʫʝʪ ʩʦʭʨʘʥʝʥʠʶ ʪʝʤʧʝʨʘʪʫʨʳ ʦʭʣʘʞʜʘʶʱʝʡ ʞʠʜʢʦʩʪʠ ʧʨʠ ʝʝ ʧʦʜʲʝʤʝ ʧʦ 

ʚʥʫʪʨʝʥʥʝʡ ʧʦʚʝʨʭʥʦʩʪʠ çʭʦʣʦʜʥʦʛʦè ʩʪʝʨʞʥʷ.  

ʅʘ ʦʩʥʦʚʘʥʠʠ ʧʨʦʚʝʜʝʥʥʳʭ ʣʘʙʦʨʘʪʦʨʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʠ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʚ 

ʧʨʦʛʨʘʤʤʥʦʤ ʧʨʦʜʫʢʪʝ ANSYS Fluent ʩʪʘʚʠʪʴʩʷ ʦʯʝʚʠʜʥʳʤ, ʯʪʦ ʦʧʨʝʜʝʣʝʥʠʝ ʪʦʣʱʠʥʳ 

ʦʨʛʘʥʠʯʝʩʢʠʭ ʦʪʣʦʞʝʥʠʡ ʚ ʣʠʬʪʦʚʦʡ ʢʦʣʦʥʥʝ ʚʦʟʤʦʞʥʦ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʨʝʜʣʘʛʘʝʤʦʡ 

ʪʝʭʥʦʣʦʛʠʠ. ʆʮʝʥʢʘ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʠ ʦʨʛʘʥʠʯʝʩʢʠʭ ʦʪʣʦʞʝʥʠʡ ʠ ʜʘʥʥʳʝ ʦ ʢʠʥʝʪʠʢʝ 

ʦʙʨʘʟʦʚʘʥʠʷ ʦʨʛʘʥʠʯʝʩʢʠʭ ʦʪʣʦʞʝʥʠʡ ʧʦʟʚʦʣʷʪ ʟʥʘʯʠʪʝʣʴʥʦ ʧʦʚʳʩʠʪʴ ʪʦʯʥʦʩʪʴ ʦʮʝʥʢʠ 

ʪʦʣʱʠʥʳ ʦʨʛʘʥʠʯʝʩʢʠʭ ʦʪʣʦʞʝʥʠʡ. ʇʨʠʤʝʥʝʥʠʝ ʜʘʥʥʦʡ ʪʝʭʥʦʣʦʛʠʠ ʤʦʞʝʪ ʧʦʚʣʝʯʴ ʩʥʠʞʝʥʠʝ 

ʟʘʪʨʘʪ ʥʝʜʨʦʧʦʣʴʟʦʚʘʪʝʣʝʡ ʥʘ ʢʘʧʠʪʘʣʴʥʳʡ ʠ ʪʝʢʫʱʠʡ ʨʝʤʦʥʪ ʩʢʚʘʞʠʥʳ, ʨʝʤʦʥʪ 

ʥʝʬʪʝʧʨʦʤʳʩʣʦʚʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ʠ ʦʯʠʩʪʢʫ ʩʢʚʘʞʠʥʳ ʦʪ ʦʪʣʦʞʝʥʠʡ 
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ɺʆʇʈʆʉʓ ʉʆʍʈɸʅɽʅʀʗ ʊɽʇʃɸ ʇʈʀ ɼʆɹʓʏɽ ʅɽʌʊʀ 

ɺʝʣʠʯʠʥʘ ʧʦʪʝʨʴ ʪʝʧʣʘ ʚ ʩʢʚʘʞʠʥʝ ʩ ʜʦʩʪʘʪʦʯʥʦʡ ʪʦʯʥʦʩʪʴʶ ʤʦʞʝʪ ʙʳʪʴ ʦʧʠʩʘʥʘ 

ʫʨʘʚʥʝʥʠʝʤ 

Ўὸ ᾀːρ
ρ Ὡ

‍ᾀ
ȟ (1) 

ʛʜʝ Ўὸ ï ʦʪʢʣʦʥʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʥʝʬʪʠ ʦʪ ʟʘʙʦʡʥʦʡ ʪʝʤʧʝʨʘʪʫʨʳ ʥʘ ʚʳʩʦʪʝ z ʦʪ ʟʘʙʦʷ, ÁC; ɻ 

ï ʛʝʦʤʝʪʨʠʯʝʩʢʠʡ ʛʨʘʜʠʝʥʪ, ÁC/ʤ; ‍ ï ʢʦʵʬʬʠʮʠʝʥʪ. 

‍
ς“‗ ‐̞ ‐̋‐̉

ήὧÌÎὙ Ὑϳ
ȟ (2) 

ʛʜʝ ‗ ï ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʴ ʤʘʪʝʨʠʘʣʘ, ʟʘʧʦʣʥʷʶʱʝʛʦ ʢʦʣʴʮʝʚʦʝ ʧʨʦʩʪʨʘʥʩʪʚʦ ʩʢʚʘʞʠʥʳ, 

ʢʢʘʣ/ʤϽʯÁC; ‐̞ȟ‐̋ȟ‐̉ ï ʢʦʵʬʬʠʮʠʝʥʪʳ ʫʚʝʣʠʯʝʥʠʷ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʠ ʟʘʪʨʫʙʥʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ 

ʟʘ ʩʯʸʪ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʵʢʩʮʝʥʪʨʠʯʥʦʛʦ ʨʘʩʧʦʣʦʞʝʥʠʷ ʥʘʩʦʩʥʦ-ʢʦʤʧʨʝʩʩʦʨʥʳʭ ʪʨʫʙ ʚ 

ʩʢʚʘʞʠʥʝ, ʥʘʣʠʯʠʷ ʩʚʦʙʦʜʥʦʡ ʢʦʥʚʝʢʮʠʠ ʚ ʤʘʪʝʨʠʘʣʝ ʟʘʪʨʫʙʥʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ ʠ ʟʘ ʩʯʸʪ 

ʪʝʧʣʦʧʝʨʝʜʘʯʠ ʠʟʣʫʯʝʥʠʝʤ; ή ï ʜʝʙʠʪ ʩʢʚʘʞʠʥʳ; ὧ ï ʪʝʧʣʦʸʤʢʦʩʪʴ ʧʨʦʜʫʢʮʠʠ ʩʢʚʘʞʠʥʳ; Ὑ ʠ 

Ὑ ï ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʨʘʜʠʫʩʳ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʦʡ ʢʦʣʦʥʥʳ ʠ ʥʘʩʦʩʥʦ-ʢʦʤʧʨʝʩʩʦʨʥʳʭ ʪʨʫʙ. 

ɺ ʩʚʷʟʠ ʩ ʪʝʤ, ʯʪʦ ʠʜʝʘʣʴʥʦ ʚʝʨʪʠʢʘʣʴʥʳʭ ʩʢʚʘʞʠʥ ʥʝ ʙʳʚʘʝʪ, ʜʣʷ ʠʥʞʝʥʝʨʥʳʭ ʨʘʩʯʸʪʦʚ 

ʤʦʞʥʦ ʧʨʠʥʷʪʴ, ʩʦʛʣʘʩʥʦ [1], ‐̋ = 1,2. ɺ ʩʣʫʯʘʝ ʟʘʧʦʣʥʝʥʠʷ ʟʘʪʨʫʙʥʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ ʥʝʬʪʴʶ 

(ʥʝʧʨʦʟʨʘʯʥʦʡ ʩʨʝʜʦʡ) ‐̉ = 1.  

ɿʘʚʠʩʠʤʦʩʪʴ ʢʦʵʬʬʠʮʠʝʥʪʘ ‐̋ ʦʪ ʜʝʙʠʪʘ ʜʣʷ ʥʝʬʪʠ ʩ ʧʣʦʪʥʦʩʪʴʶ ʠ ʚʷʟʢʦʩʪʴʶ ʧʨʠ 

ʧʣʘʩʪʦʚʳʭ ʫʩʣʦʚʠʷʭ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ 0,754õ0,820 ʛ/ʩʤ3 ʠ 1,45õ2,84 ʩʇʟ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩ. 1. 

ʆʥʘ ʧʦʣʫʯʝʥʘ ʚ ʨʝʟʫʣʴʪʘʪʝ ʦʙʨʘʙʦʪʢʠ ʟʘʤʝʨʦʚ ʪʝʤʧʝʨʘʪʫʨʳ ʥʝʬʪʠ ʧʦ ʛʣʫʙʠʥʝ ʩʢʚʘʞʠʥ, 

ʚʳʧʦʣʥʝʥʥʳʭ ʨʷʜʦʤ ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ ʥʘ ʨʘʟʣʠʯʥʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʷʭ. ʀʟ ʨʠʩ. 1. ʉʣʝʜʫʝʪ, ʯʪʦ 

ʧʨʠ ʚʦʟʨʘʩʪʘʥʠʠ ʜʝʙʠʪʘ ʜʦ 60 ʪ/ʩʫʪ ʥʘʙʣʶʜʘʝʪʩʷ ʨʦʩʪ ʢʦʵʬʬʠʮʠʝʥʪʘ ‐̋ ʜʦ ʚʝʣʠʯʠʥʳ ʧʦʨʷʜʢʘ 

7, ʚ ʜʠʘʧʘʟʦʥʝ ʦʪ 60 ʜʦ 175 ʪ/ʩʫʪ ‐̋ ʦʩʪʘʸʪʩʷ ʧʦʩʪʦʷʥʥʳʤ. 

ʅʘ ʨʠʩ. 2. ʧʨʠʚʝʜʝʥʘ ʟʘʚʠʩʠʤʦʩʪʴ ‐̋ ɀ ή, ʧʦʣʫʯʝʥʥʘʷ ʜʣʷ ʩʢʚ. 142 ɼʤʠʪʨʠʝʚʩʢʦʛʦ 

ʤʝʩʪʦʨʦʞʜʝʥʠʷ. ʇʣʦʪʥʦʩʪʴ ʠ ʚʷʟʢʦʩʪʴ ʥʝʬʪʠ ʚ ʧʣʘʩʪʦʚʳʭ ʫʩʣʦʚʠʷʭ ʨʘʚʥʳ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ 

0,690 ʛ/ʩʤ3 ʠ 0,77ʩʇʟ. ʈʘʩʯʸʪ ʚʝʣʠʯʠʥ ‐̋ʧʨʦʚʝʜʸʥ ʜʣʷ ʫʯʘʩʪʢʘ ʦʜʥʦʬʘʟʥʦʛʦ ʜʚʠʞʝʥʠʷ ʥʝʬʪʠ ʚ 

ʥʘʩʦʩʥʦ-ʢʦʤʧʨʝʩʩʦʨʥʳʭ ʪʨʫʙʘʭ.  

ʊʘʢ ʢʘʢ ʘʥʘʣʠʪʠʯʝʩʢʦʛʦ ʨʝʰʝʥʠʷ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʚʝʣʠʯʠʥʳ ‐̋ ʚ ʢʦʣʴʮʝʚʦʤ 

ʧʨʦʩʪʨʘʥʩʪʚʝ ʜʝʡʩʪʚʫʶʱʝʡ ʩʢʚʘʞʠʥʳ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʥʝ ʠʤʝʝʪʩʷ, ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʦʧʦʨʥʳʭ 

ʟʥʘʯʝʥʠʡ ʠ ʫʩʪʘʥʦʚʣʝʥʠʷ ʟʘʢʦʥʦʤʝʨʥʦʩʪʝʡ ʠʟʤʝʥʝʥʠʷ ‐̋ ʦʪ ʫʩʣʦʚʠʡ ʵʢʩʧʣʫʘʪʘʮʠʠ ʩʢʚʘʞʠʥʳ 

ʠʩʧʦʣʴʟʦʚʘʥʳ ʧʨʠʚʝʜʝʥʥʳʝ ʚʳʰʝ ʫʨʘʚʥʝʥʠʷ (1 ʠ 2). 
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ʈʠʩ. 1. ɿʘʚʠʩʠʤʦʩʪʴ ʢʦʵʬʬʠʮʠʝʥʪʘ ‐̋ ʦʪ ʜʝʙʠʪʘ ʩʢʚʘʞʠʥ (ʧʦ ʣʠʪʝʨʘʪʫʨʥʳʤ ʠʩʪʦʯʥʠʢʘʤ).  

ɼʘʥʥʳʝ: 1 ï ɻʠʣʴʜʝʥʩʦʥʘ (ʩʢʚ. 120, ʇʦʢʨʦʚʢʘ); 2, 3 ï ʈʝʧʠʥʘ (ʩʢʚ. 1302 ʠ 1084, ʊʫʡʤʘʟʘ);  

4 ï ɺʣʶʰʠʥʘ (ʩʢʚ. 1156) 

 
ʈʠʩ. 2. ɿʘʚʠʩʠʤʦʩʪʴ ʢʦʵʬʬʠʮʠʝʥʪʘ ‐̋ ʦʪ ʜʝʙʠʪʘ ʩʢʚʘʞʠʥ (ʜʘʥʥʳʝ ʵʢʩʧʝʨʠʤʝʥʪʘ) 

 

ʂʘʢ ʩʣʝʜʫʝʪ ʠʟ ʨʘʩʩʤʦʪʨʝʥʥʳʭ ʟʘʚʠʩʠʤʦʩʪʝʡ (ʨʠʩ. 1 ʠ 2), ʪʝʧʣʦʧʦʪʝʨʠ ʟʘ ʩʯʝʪ ʢʦʥʚʝʢʮʠʠ 

ʚ ʟʘʪʨʫʙʥʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ ʙʦʣʝʝ ʩʫʱʝʩʪʚʝʥʥʳ ʚ ʚʳʩʦʢʦʜʝʙʠʪʥʳʭ ʩʢʚʘʞʠʥʘʭ.  

ɺ ʪʘʙʣʠʮʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʟʥʘʯʝʥʠʷ ʢʦʵʬʬʠʮʠʝʥʪʘ‐̋ ʧʨʠ ʨʘʟʣʠʯʥʦʡ ʧʣʦʱʘʜʠ ʩʝʯʝʥʠʷ 

ʟʘʪʨʫʙʥʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ ʜʣʷ ʩʢʚʘʞʠʥ ʩ ʜʝʙʠʪʦʤ ʙʦʣʝʝ 80 ʪ/ʩʫʪ. 

ʊʘʙʣʠʮʘ 1 

ɼʠʘʤʝʪʨ ʢʦʣʦʥʥʳ 
ɿʥʘʯʝʥʠʝ ‐̋ ʈʘʩʯʸʪ ʚʳʧʦʣʥʝʥ ʧʦ ʜʘʥʥʳʤ 

ɼʠʘʤʝʪʨ ʣʠʬʪʘ 

5ᴂᴂςᴂᴂ 2õ2,2 ʈʝʧʠʥʘ (ʊʫʡʤʘʟʘ) 

5ᴂᴂςρςᴂᴂ 2,6 ɽʨʝʤʠʥʘ. ɼʝʛʪʷʨʝʚʘ. ʃʝʰʢʠʥʘ (ɻʦʨʙʘʪʦʚʢʘ) 

6ᴂᴂςρςᴂᴂ 6,3õ7,2 ɻʠʣʴʜʝʣʴʩʦʥʘ (ʇʦʢʨʦʚʢʘ), ʈʝʧʠʥʘ ʠ ɺʣʶʰʠʥʘ (ʊʫʡʤʘʟʘ) 

 

ʀʟ ʬʦʨʤʫʣʳ (1) ʠ ʪʘʙʣʠʮʳ ʩʣʝʜʫʝʪ, ʯʪʦ, ʧʨʠ ʢʦʥʚʝʢʮʠʠ ʚ ʟʘʪʨʫʙʥʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ, 

ʫʤʝʥʴʰʝʥʠʝ ʜʠʘʤʝʪʨʘ ʥʘʩʦʩʥʦ-ʢʦʤʧʨʝʩʩʦʨʥʳʭ ʪʨʫʙ ʤʦʞʝʪ ʚ ʦʪʜʝʣʴʥʳʭ ʩʣʫʯʘʷʭ ʧʨʠʚʝʩʪʠ 

ʜʘʞʝ ʢ ʨʦʩʪʫ ʪʝʧʣʦʧʦʪʝʨʴ ʧʨʠ ʜʦʙʳʯʝ ʥʝʬʪʠ. 
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ʇʨʝʜʩʪʘʚʣʷʝʪ ʦʧʨʝʜʝʣʸʥʥʳʡ ʠʥʪʝʨʝʩ ʪʦʪ ʬʘʢʪ (ʨʠʩ. 1 ʠ 2), ʯʪʦ ʧʨʠ ʙʦʣʴʰʝʡ ʚʷʟʢʦʩʪʠ 

ʟʥʘʯʝʥʠʝ ‐̋ ʚʳʰʝ, ʯʝʤ ʧʨʠ ʤʝʥʴʰʝʡ ʚʷʟʢʦʩʪʠ, ʪʦʛʜʘ ʢʘʢ ʫʚʝʣʠʯʝʥʠʝ ʚʷʟʢʦʩʪʠ ʩʨʝʜʳ ʜʦʣʞʥʦ 

ʙʳʣʦ ʙʳ ʧʨʠʚʝʩʪʠ ʢ ʟʘʪʫʭʘʥʠʶ ʢʦʥʚʝʢʪʠʚʥʳʭ ʪʦʢʦʚ. ʕʪʦ ʤʦʞʥʦ ʦʙʲʷʩʥʠʪʴ, ʧʦ-ʚʠʜʠʤʦʤʫ ʪʦ, 

ʯʪʦ ʜʣʷ ʙʦʣʝʝ ʧʦʜʚʠʞʥʳʭ ʥʝʬʪʝʡ ʩʦʢʨʘʱʘʝʪʩʷ ʜʣʠʥʘ ʭʘʨʘʢʪʝʨʠʩʪʠʯʝʩʢʦʛʦ ʩʪʦʣʙʘ ʢʦʥʚʝʢʮʠʠ 

ʠ ʪʝʤ ʩʘʤʳʤ ʫʤʝʥʴʰʘʝʪʩʷ ʪʝʧʣʦʤʘʩʩʦʦʙʤʝʥ ʧʦ ʛʣʫʙʠʥʝ ʩʢʚʘʞʠʥʳ. ʇʦʜʪʚʝʨʞʜʝʥʠʝʤ ʩʣʫʞʠʪ 

ʪʦʪ ʬʘʢʪ, ʯʪʦ ʚ ʩʣʫʯʘʝ ʥʘʣʠʯʠʷ ʪʘʢʦʡ ʤʘʣʦʚʷʟʢʦʡ ʞʠʜʢʦʩʪʠ, ʢʘʢ ʛʘʟ, ʢʦʥʚʝʢʮʠʷ ʚ ʩʢʚʘʞʠʥʘʭ 

ʨʝʘʣʴʥʳʭ ʨʘʟʤʝʨʦʚ ʚʦʦʙʱʝ ʦʪʩʫʪʩʪʚʫʝʪ (ʜʣʠʥʘ ʭʘʨʘʢʪʝʨʠʩʪʠʯʝʩʢʦʛʦ ʩʪʦʣʙʘ ʨʘʚʥʘ ʥʫʣʶ). ɺ ʪʦ 

ʞʝ ʚʨʝʤʷ ʚ ʞʠʜʢʦʩʪʷʭ ʩ ʚʳʩʦʢʦʡ ʚʷʟʢʦʩʪʴʶ (ʤʘʟʫʪ, ʤʘʩʣʘ) ʩʚʦʙʦʜʥʘʷ ʢʦʥʚʝʢʮʠʷ ʪʘʢʞʝ 

ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʥʘʙʣʶʜʘʝʪʩʷ. 

ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʩʫʱʝʩʪʚʫʶʪ ʞʠʜʢʦʩʪʠ ʩ ʦʧʨʝʜʝʣʸʥʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ (ʧʣʦʪʥʦʩʪʴ, 

ʚʷʟʢʦʩʪʴ), ʚ ʢʦʪʦʨʳʭ ʩʚʦʙʦʜʥʘʷ ʢʦʥʚʝʢʮʠʷ ʤʦʞʝʪ ʜʦʩʪʠʛʘʪʴ ʤʘʢʩʠʤʘʣʴʥʦʡ ʚʝʣʠʯʠʥʳ. 

ʀʟ ʬʦʨʤʫʣʳ (1) ʩʣʝʜʫʝʪ, ʯʪʦ ʫʤʝʥʴʰʝʥʠʝ ʚʝʣʠʯʠʥ ‗ ʠ ‐̋ ʧʨʠʚʝʜʸʪ ʢ ʩʥʠʞʝʥʠʶ 

ʪʝʧʣʦʧʦʪʝʨʴ ʚ ʩʢʚʘʞʠʥʝ. ʉʥʠʟʠʪʴ ʚʝʣʠʯʠʥʫ ʫʢʘʟʘʥʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʤʦʛʣʦ ʙʳ, ʥʘʧʨʠʤʝʨ, 

ʟʘʤʝʱʝʥʠʝ ʥʝʬʪʠ, ʥʘʭʦʜʷʱʝʡʩʷ ʚ ʟʘʪʨʫʙʥʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ, ʛʘʟʦʤ. ʉ ʮʝʣʴʶ ʦʧʨʝʜʝʣʝʥʠʷ 

ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʵʪʦʛʦ ʤʝʨʦʧʨʠʷʪʠʷ ʚ ʅɻɼʋ çʅʠʞʥʝʩʦʨʪʳʤʩʢʥʝʬʪʴè ʙʳʣ ʧʨʦʚʝʜʸʥ 

ʵʢʩʧʝʨʠʤʝʥʪ ʧʦ ʦʪʪʝʩʥʝʥʠʶ ʜʠʥʘʤʠʯʝʩʢʦʛʦ ʫʨʦʚʥʷ ʚ ʩʢʚ. 5108 ʚʳʜʝʣʷʶʱʠʤʩʷ ʠʟ ʥʝʬʪʠ ʛʘʟʦʤ 

ʧʫʪʸʤ ʧʝʨʝʢʨʳʪʠʷ ʟʘʪʨʫʙʥʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ ʩʢʚʘʞʠʥʳ. 

ɻʝʦʣʦʛʦ-ʪʝʭʥʠʯʝʩʢʘʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʩʢʚ. 5108: ʛʦʨʠʟʦʥʪ ˑ, ʠʥʪʝʨʚʘʣ ʧʝʨʬʦʨʘʮʠʠ 2865-

2879 ʤ, ʢʦʵʬʬʠʮʠʝʥʪ ʧʨʦʜʫʢʪʠʚʥʦʩʪʠ 5,7 ʪ/ʩʫʪϽʘʪ, ʜʠʘʤʝʪʨ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʦʡ ʢʦʣʦʥʥʳ 6ᴂᴂ, 

ʜʠʘʤʝʪʨ ʥʘʩʦʩʥʦ-ʢʦʤʧʨʝʩʩʦʨʥʳʭ ʪʨʫʙ 2ᴂᴂ, ʫʩʪʘʥʦʚʢʘ ʕʎʅ-250-800, ʧʦʜʚʝʩʢʘ 1300 ʤ, ʜʝʙʠʪ 

230õ250 ʤ3/ʩʫʪ, ʦʙʚʦʜʥʝʥʥʦʩʪʴ 53%, ʧʣʘʩʪʦʚʘʷ ʪʝʤʧʝʨʘʪʫʨʘ 71ÁC, ʜʘʚʣʝʥʠʝ ʥʘʩʳʱʝʥʠʷ 125 ʘʪ, 

ʛʘʟʦʚʳʡ ʬʘʢʪʦʨ 120 ʤ3/ʪ. 

ʅʘ ʥʘʯʘʣʦ ʵʢʩʧʝʨʠʤʝʥʪʘ ʧʘʨʘʤʝʪʨʳ ʩʢʚʘʞʠʥʳ ʙʳʣʠ ʩʣʝʜʫʶʱʠʤʠ: ʜʝʙʠʪ 230 ʤ3/ʩʫʪ, 

ʙʫʬʝʨʥʦʝ ʜʘʚʣʝʥʠʝὖ̂ ̔ ̕ = 8 ʘʪʤ, ʟʘʪʨʫʙʥʦʝ ʜʘʚʣʝʥʠʝὖ̈́̓ = 10 ʘʪʤ, ʫʨʦʚʝʥʴ ʛʘʟʦʥʝʬʪʷʥʦʛʦ 

ʢʦʥʪʘʢʪʘ ɻʅʂ 162 ʤ, ʫʩʪʴʝʚʘʷ ʪʝʤʧʝʨʘʪʫʨʘ ʥʝʬʪʠ, ʟʘʤʝʨʝʥʥʘʷ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʥʘ ʫʩʪʴʝ 

ʩʢʚʘʞʠʥʳ ʯʝʨʝʟ ʣʫʙʨʠʢʘʪʦʨ (ὸᴂ̔) ʠ ʩ ʧʦʤʦʱʴʶ ʢʘʨʤʘʥʘ ʚ ʥʘʯʘʣʝ ʚʳʢʠʜʥʦʡ ʣʠʥʠʠ (ὸᴂᴂ̔), 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ 45 ʠ 42ÁC.  

ɼʠʥʘʤʠʢʘ ʠʟʤʝʥʝʥʠʷ ʫʢʘʟʘʥʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʚʦ ʚʨʝʤʝʥʠ ʧʦʩʣʝ ʟʘʢʨʳʪʠʷ ʟʘʪʨʫʙʥʦʛʦ 

ʧʨʦʩʪʨʘʥʩʪʚʘ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩʫʥʢʝ 3. 

ʊʘʢ ʢʘʢ ʥʘ ʚʝʣʠʯʠʥʫ ʪʝʤʧʝʨʘʪʫʨʳὸᴂᴂ̔ ʙʦʣʴʰʦʝ ʚʣʠʷʥʠʝ ʦʢʘʟʳʚʘʣʠ ʦʢʨʫʞʘʶʱʠʝ ʫʩʣʦʚʠʷ, 

ʧʦ ʥʝʡ ʫʩʪʘʥʘʚʣʠʚʘʣʩʷ ʣʠʰʴ ʚʳʭʦʜ ʩʢʚʘʞʠʥʳ ʥʘ ʩʪʘʮʠʦʥʘʨʥʳʡ ʨʝʞʠʤ. ɺʝʣʠʯʠʥʘ ὸᴂ̔ 

ʧʦʢʘʟʳʚʘʣʘ ʠʩʪʠʥʥʫʶ ʪʝʤʧʝʨʘʪʫʨʫ ʥʝʬʪʠ ʥʘ ʫʩʪʴʝ ʩʢʚʘʞʠʥʳ, ʧʦ ʥʝʡ ʦʧʨʝʜʝʣʷʣʘʩʴ 

ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʧʨʦʚʝʜʝʥʠʷ ʤʝʨʦʧʨʠʷʪʠʷ.  

ʅʘ ʯʝʪʚʸʨʪʳʝ ʩʫʪʢʠ ʵʢʩʧʝʨʠʤʝʥʪʘ ʜʘʚʣʝʥʠʝ ʥʘ ʟʘʪʨʫʙʥʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ, ʫʨʦʚʝʥʴ ɻʅʂ ʠ 

ʪʝʤʧʝʨʘʪʫʨʘ ʥʝʬʪʠ ʥʘ ʫʩʪʴʝ ʩʢʚʘʞʠʥ ʧʨʘʢʪʠʯʝʩʢʠ ʩʪʘʙʠʣʠʟʠʨʦʚʘʣʠʩʴ. ʆʪʪʝʩʥʝʥʠʝ 

ʜʠʥʘʤʠʯʝʩʢʦʛʦ ʫʨʦʚʥʷ ʥʘ ʦʪʤʝʪʢʫ 805 ʤ, ʪʦ ʝʩʪʴ ʟʘʤʝʱʝʥʠʝ 643 ʤ ʥʝʬʪʷʥʦʛʦ ʩʪʦʣʙʘ ʚ 

ʟʘʪʨʫʙʥʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ ʛʘʟʦʤ ʧʨʠʚʝʣʦ ʢ ʧʦʚʳʰʝʥʠʶ ʪʝʤʧʝʨʘʪʫʨʳ ʥʘ ʫʩʪʴʝ ʩ 45 ʜʦ 53ÁC. 
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ʈʠʩ. 3. ʀʟʤʝʥʝʥʠʝ ʧʘʨʘʤʝʪʨʦʚ ʩʢʚ. 333 ʧʦʩʣʝ ʟʘʢʨʳʪʠʷ ʟʘʪʨʫʙʥʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ 

 

ʂʨʠʚʳʝ ʪʝʤʧʝʨʘʪʫʨʳ ʧʦ ʩʪʚʦʣʫ ʩʢʚ. 333 ʧʨʠʚʝʜʝʥʳ ʥʘ ʨʠʩʫʥʢʝ 4. ʊʝʤʧʝʨʘʪʫʨʘ ʥʘ ʫʩʪʴʝ 

ʩʢʚʘʞʠʥʳ (ʢʨʠʚʘʷ 2) ʩʦʩʪʘʚʣʷʝʪ 53ÁC, ʪʦ ʝʩʪʴ ʩʦʚʧʘʜʘʝʪ ʩ ʬʘʢʪʠʯʝʩʢʠ ʟʘʤʝʨʝʥʥʦʡ ʚ ʦʧʠʩʘʥʥʦʤ 

ʚʳʰʝ ʵʢʩʧʝʨʠʤʝʥʪʝ. 

 
ʈʠʩ. 4. ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʧʦ ʣʠʬʪʫ ʩʢʚ. 333 ʜʦ ʠ ʧʦʩʣʝ ʦʪʜʘʚʢʠ 

ɻʅʂ ʛʘʟʦʤ: 1 ï ʬʘʢʪʠʯʝʩʢʘʷ ʢʠʚʘʷ; 2- ɻʅʂ ï805 ʤ (ʨʘʩʯʸʪʥʘʷ ʢʨʠʚʘʷ); 3 ïɻʅʂ 

ï 1250 ʤ (ʨʘʩʯʸʪʥʘʷ ʢʨʠʚʘʷ) 
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ʆʪʪʝʩʥʝʥʠʝ ɻʅʂ ʜʦ ʛʣʫʙʠʥʳ 1250 ʤ (ʥʘ 50 ʤ ʚʳʰʝ ʧʦʜʚʝʩʢʠ ʥʘʩʦʩʘ) ʧʦʟʚʦʣʠʣʦ ʙʳ 

ʧʦʣʫʯʠʪʴ ʥʘ ʫʩʪʴʝ ʪʝʤʧʝʨʘʪʫʨʫ 57ÁC. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʦʤʳʩʣʦʚʳʡ ʵʢʩʧʝʨʠʤʝʥʪ ʧʦʢʘʟʘʣ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʪʘʢʦʛʦ ʤʝʨʦʧʨʠʷʪʠʷ 

ʧʦ ʩʦʭʨʘʥʝʥʠʶ ʪʝʧʣʘ ʧʨʠ ʜʦʙʳʯʝ ʥʝʬʪʠ, ʢʘʢ ʟʘʤʝʱʝʥʠʝ ʛʘʟʦʤ ʥʝʬʪʠ ʟʘʪʨʫʙʥʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ, 

ʠ ʧʦʜʪʚʝʨʜʠʣ ʧʨʠʤʝʥʠʤʦʩʪʴ ʘʥʘʣʠʪʠʯʝʩʢʠʭ ʬʦʨʤʫʣ (1 ʠ 2) ʜʣʷ ʨʘʩʯʸʪʘ ʪʝʧʣʦʧʦʪʝʨʴ ʚ 

ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʭ ʩʢʚʘʞʠʥʘʭ. 

 

ʃʠʪʝʨʘʪʫʨʘ 

1. ʉʠʥʝʣʴʥʠʢʦʚ ɸ.ʉ. ʄʝʪʦʜ ʛʝʦʤʦʨʬʥʳʭ ʦʪʦʙʨʘʞʝʥʠʡ ʚ ʧʨʠʤʝʥʝʥʠʠ ʢ ʨʝʰʝʥʠʶ 

ʥʝʢʦʪʦʨʳʭ ʪʝʧʣʦʚʳʭ ʟʘʜʘʯ. ɾʊʌ. ʊ. II . ɺr ʧ. 6.  

 

É ʂʫʟʴʤʠʯʝʚ ʉ.ɺ., ɹʘʣʘʥʜʠʥ ʃ.ʅ., 2021
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ʋɼʂ 622.276.6 

ɿʘʡʥʠʜʜʠʥʦʚʘ ʄ.ʍ., ʏʫʙʘʨʦʚʘ ʆ.ʀ., ʢʘʥʜ. ʵʢʦʥ. ʥʘʫʢ, 

ʂʨʝʚʝʨ ɸ.ʉ. 

ʅʠʞʥʝʚʘʨʪʦʚʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ,  

ʛ. ʅʠʞʥʝʚʘʨʪʦʚʩʢ, ʈʦʩʩʠʷ 

 

ɸʅɸʃʀɿ ʎɽʃɽʉʆʆɹʈɸɿʅʆʉʊʀ ʇʈʆɺɽɼɽʅʀʗ ʈɸɼʀɸʃʔʅʆɻʆ ɺʉʂʈʓʊʀʗ 

ʇʈʆɼʋʊʀɺʅʓʍ ʇʃɸʉʊʆɺ ʅɸ ʉɸʄʆʊʃʆʈʉʂʆʄ ʄɽʉʊʆʈʆɾɼɽʅʀʀ 

 

ʉʘʤʦʪʣʦʨʩʢʦʝ ʥʝʬʪʷʥʦʝ ʤʝʩʪʦʨʦʞʜʝʥʠʝ ʩʝʛʦʜʥʷ ʥʘʭʦʜʠʪʩʷ ʥʘ ʟʘʢʣʶʯʠʪʝʣʴʥʦʡ ʩʪʘʜʠʠ 

ʨʘʟʨʘʙʦʪʢʠ, ʪʘʢ ʢʘʢ ʧʨʦʤʳʰʣʝʥʥʘʷ ʵʢʩʧʣʫʘʪʘʮʠʷ ʧʨʦʜʫʢʪʠʚʥʳʭ ʛʦʨʠʟʦʥʪʦʚ ʚʝʜʝʪʩʷ ʚ 60-ʭ 

ʛʦʜʦʚ ʧʨʦʰʣʦʛʦ ʩʪʦʣʝʪʠʷ (https://clck.ru/UAfHW). ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʦʜʥʠʤ ʠʟ ʵʬʬʝʢʪʠʚʥʳʭ 

ʩʧʦʩʦʙʦʚ ʠʥʪʝʥʩʠʬʠʢʘʮʠʠ ʜʦʙʳʯʠ ʥʝʬʪʠ ʢʘʢ ʥʘ ʙʘʟʦʚʦʤ ʬʦʥʜʝ ʜʦʙʳʚʘʶʱʠʭ ʩʢʚʘʞʠʥ, ʪʘʢ ʠ 

ʥʘʧʨʘʚʣʝʥʥʳʭ ʥʘ ʧʨʠʨʦʩʪ ʜʦʙʳʯʠ ʷʚʣʷʝʪʩʷ ʛʠʜʨʘʚʣʠʯʝʩʢʠʡ ʨʘʟʨʳʚ ʧʨʦʜʫʢʪʠʚʥʦʛʦ ʧʣʘʩʪʘ 

(ɻʈʇ). ɼʘʥʥʳʡ ʚʠʜ ʛʝʦʣʦʛʦ-ʪʝʭʥʠʯʝʩʢʠʭ ʤʝʨʦʧʨʠʷʪʠʡ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʧʦʚʳʰʝʥʠʠ 

ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʦʡ ʩʚʷʟʠ ʧʣʘʩʪʘ ʩ ʜʦʙʳʚʘʶʱʝʡ ʩʢʚʘʞʠʥʦʡ, ʟʘ ʩʯʝʪ ʩʦʟʜʘʥʠʷ 

ʚʳʩʦʢʦʧʨʦʚʦʜʠʤʳʭ ʢʘʥʘʣʦʚ (ʪʨʝʱʠʥ) ʚ ʧʨʦʜʫʢʪʠʚʥʦʤ ʨʝʟʝʨʚʫʘʨʝ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ 

ʚʦʚʣʝʢʘʶʪʩʷ ʠʟʚʣʝʢʘʶʪʩʷ ʟʘʧʘʩʳ ʥʝʬʪʠ, ʢʦʪʦʨʳʝ ʨʘʥʝʝ ʥʝ ʙʳʣʠ ʚʦʚʣʝʯʝʥʳ ʚ ʨʘʟʨʘʙʦʪʢʫ, ʜʦ 

ɻʈʇ (ʨʠʩ. 1). 

ʇʨʦʚʝʜʝʥʠʝ ɻʈʇ ʚ ʢʦʤʧʘʥʠʠ ʇɸʆ çʅʂ çʈʦʩʥʝʬʪʴè ʷʚʣʷʝʪʩʷ ʚʦʩʪʨʝʙʦʚʘʥʥʳʤ ʚʠʜʦʤ 

ʛʝʦʣʦʛʦ-ʪʝʭʥʠʯʝʩʢʠʭ ʤʝʨʦʧʨʠʷʪʠʡ (ɻʊʄ) ʠ ʢʘʢ ʚʠʜʥʦ ʝʞʝʛʦʜʥʦ ʦʪʤʝʯʘʝʪʩʷ ʫʚʝʣʠʯʝʥʠʝ 

ʢʦʣʠʯʝʩʪʚʘ ʧʨʦʚʦʜʠʤʳʭ ʚ ʢʦʤʧʘʥʠʠ ɻʈʇ. ʊʦʣʴʢʦ ʚ ʜʝʢʘʙʨʝ 2020 ʛʦʜʘ çʈʅ-ʖʛʘʥʩʢʥʝʬʪʝʛʘʟè 

ʫʩʪʘʥʦʚʠʣ ʨʝʢʦʨʜ ʧʦ ʧʨʦʚʝʜʝʥʠʶ ɻʈʇ ï ʙʳʣʦ ʧʨʦʚʝʜʝʥʦ ʙʦʣʝʝ   600 ʦʧʝʨʘʮʠʡ ɻʈʇ ʟʘ ʤʝʩʷʮ 

(https://clck.ru/UB2ut). ɿʘ ʧʦʩʣʝʜʥʠʝ 5ï7 ʣʝʪ ʘʢʪʠʚʥʦ ʩʪʘʣʠ ʨʘʟʚʠʚʘʪʴʩʷ ʪʝʭʥʦʣʦʛʠʠ ʧʨʦʚʝʜʝʥʠʷ 

ʤʥʦʛʦʩʪʘʜʠʡʥʦʛʦ ʨʘʟʨʳʚʘ ʧʣʘʩʪʘ (ʄɻʈʇ) (ʨʠʩ. 2).  

 
 

ʈʠʩ. 1. ʉʭʝʤʘ ʦʙʨʘʟʦʚʘʥʠʷ ʚʳʩʦʢʦʧʨʦʚʦʜʠʤʦʡ 

ʪʨʝʱʠʥʳ ɻʈʇ ʚ ʧʣʘʩʪʦʚʳʭ ʫʩʣʦʚʠʷʭ 

ʈʠʩ. 2. ʇʨʠʤʝʨ ʦʙʨʘʟʦʚʘʥʠʷ ʪʨʝʱʠʥ ʧʨʠ 

ʤʥʦʛʦʩʪʘʜʠʡʥʦʤ ɻʈʇ 

 

ʃʠʜʠʨʫʶʱʠʝ ʧʦʟʠʮʠʠ ʧʦ ʧʨʦʚʝʜʝʥʠʶ ʤʥʦʛʦʩʪʘʜʠʡʥʦʛʦ ʨʘʟʨʳʚʘ ʧʣʘʩʪʘ ʠ ʨʘʟʚʠʪʠʶ 

ʪʝʭʥʦʣʦʛʠʡ ʄɻʈʇ ʟʘʥʠʤʘʝʪ ɸʆ çʉʘʤʦʪʣʦʨʥʝʬʪʝʛʘʟè, ʧʦ ʦʬʠʮʠʘʣʴʥʳʤ ʜʘʥʥʳʤ, 

ʦʧʫʙʣʠʢʦʚʘʥʥʳʤ ʜʘʥʥʳʤ ʆʙʱʝʩʪʚʦʤ ʥʘʙʣʶʜʘʝʪʩʷ ʚʳʩʦʢʘʷ ʜʠʥʘʤʠʢʘ ʧʦ ʢʦʣʠʯʝʩʪʚʫ 

ʧʨʦʚʦʜʠʤʳʭ ʄɻʈʇ (ʨʠʩ. 3). 
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ʈʠʩ. 3. ʊʝʤʧ ʨʦʩʪʘ ʢʦʣʠʯʝʩʪʚʘ ʧʨʦʚʦʜʠʤʳʭ ʤʥʦʛʦʩʪʘʜʠʡʥʳʭ ɻʈʇ ʥʘ ʩʢʚʘʞʠʥʘʭ ʉʘʤʦʪʣʦʨʩʢʦʛʦ 

ʥʝʬʪʝʛʘʟʦʢʦʥʜʝʥʩʘʪʥʦʛʦ ʤʝʩʪʦʨʦʞʜʝʥʠʠ 

 

ʅʦ ʩʫʱʝʩʪʚʫʝʪ ʦʪʜʝʣʴʥʘʷ ʛʨʫʧʧʘ ʧʣʘʩʪʦʚ ʠ ʫʯʘʩʪʢʠ ʧʨʦʜʫʢʪʠʚʥʳʭ ʛʦʨʠʟʦʥʪʦʚ ʛʜʝ 

ʧʨʦʚʦʜʠʪʴ ɻʈʇ ʨʠʩʢʦʚʘʥʥʦ, ʪʘʢ ʢʘʢ ʜʣʷ ʥʠʭ ʭʘʨʘʢʪʝʨʥʦ ʙʣʠʟʢʦʝ ʨʘʩʧʦʣʦʞʝʥʠʝ ʚʦʜʦʥʝʬʪʷʥʦʛʦ 

ʠ ʛʘʟʦʥʝʬʪʷʥʦʛʦ ʢʦʥʪʘʢʪʦʚ. ɸ ʪʘʢʞʝ ʩʫʱʝʩʪʚʫʝʪ ʨʠʩʢ ʧʨʦʚʝʜʝʥʠʷ ɻʈʇ ʠ ʄɻʈʇ ʥʘ 

ʧʨʦʜʫʢʪʠʚʥʳʭ ʥʝʬʪʷʥʳʭ ʧʣʘʩʪʘʭ (ʇʦʢʫʨʩʢʦʡ ʩʚʠʪʳ) ʛʨʫʧʧʳ ʇʂ ʉʘʤʦʪʣʦʨʩʢʦʛʦ 

ʤʝʩʪʦʨʦʞʜʝʥʠʷ. ɼʘʥʥʳʝ ʧʣʘʩʪʳ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʤʝʭʘʥʠʯʝʩʢʦʡ ʥʝʫʩʪʦʡʯʠʚʦʩʪʴʶ ʛʦʨʥʳʭ 

ʧʦʨʦʜ, ʧʨʠ ʢʦʪʦʨʦʡ ʚʳʩʦʢʠʝ ʜʘʚʣʝʥʠʷ ɻʈʇ ʤʦʛʫʪ ʨʘʟʨʫʰʠʪʴ ʩʢʝʣʝʪ ʧʦʨʦʜʳ ʢʦʣʣʝʢʪʦʨʦʚ ʠ 

ʧʨʠʚʝʩʪʠ ʢ ʧʨʦʨʳʚʫ ʪʨʝʱʠʥ ɻʈʇ ʚ ʥʝʮʝʣʝʚʳʝ ʠʥʪʝʨʚʘʣʳ. 

ɽʩʣʠ ʦʙʨʘʪʠʪʴʩʷ ʢ ʧʦʩʣʝʜʥʝʤʫ ʧʨʦʝʢʪʫ ʨʘʟʨʘʙʦʪʢʠ ʉʘʤʦʪʣʦʨʩʢʦʛʦ ʤʝʩʪʦʨʦʞʜʝʥʠʷ [1, ʩ. 

368], ʪʦ ʥʘ ʢʦʥʝʮ 2017 ʛ ʥʘ ʧʣʘʩʪʘʭ ʛʨʫʧʧʳ ʇʂ ʚʩʝʛʦ ʙʳʣʦ ʧʨʦʚʝʜʝʥʦ 4 ʦʧʝʨʘʮʠʠ ʧʦ ɻʈʇ. ʆʜʥʘ 

ʦʧʝʨʘʮʠʷ ï ʧʨʠ ʚʦʟʚʨʘʪʝ ʥʘ ʧʣʘʩʪ ʇʂ. ʕʬʬʝʢʪ ʧʦʣʫʯʝʥ ʚ ʜʦʙʳʚʘʶʱʝʡ ʩʢʚʘʞʠʥʝ, 

ʨʘʩʧʦʣʦʞʝʥʥʦʡ ʚ ɺʅɿ. ʇʨʦʚʝʜʝʥʥʳʝ ɻʈʇ ʥʘ ʧʣʘʩʪʘʭ ʛʨʫʧʧʳ ʇʂ ʉʘʤʦʪʣʦʨʩʢʦʛʦ 

ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʜʦ 2017 ʛ ʧʦʢʘʟʘʣʠ ʩʚʦʶ ʥʠʟʢʫʶ ʫʩʧʝʰʥʦʩʪʴ ʠ ʵʬʬʝʢʪʠʚʥʦʩʪʴ. 

ʇʦʵʪʦʤʫ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʥʘʠʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʳʤ ʚʠʜʦʤ ɻʊʄ ʧʦ ʜʘʥʥʦʡ ʛʨʫʧʧʝ 

ʧʣʘʩʪʦʚ ʷʚʣʷʝʪʩʷ ʧʨʦʚʝʜʝʥʠʝ ʚʦʟʚʨʘʪʦʚ. ʪʦ ʝʩʪʴ ʇɺʃɻ ʥʘ ʧʣʘʩʪʳ ʛʨʫʧʧʳ ʇʂ. ɸʥʘʣʦʛʠʯʥʦ, 

ʩʦʛʣʘʩʥʦ ʫʪʚʝʨʞʜʝʥʥʳʤ ʜʘʥʥʳʤ ʚ ʧʦʩʣʝʜʥʝʤ ʧʨʦʝʢʪʝ ʨʘʟʨʘʙʦʪʢʠ ʥʘ ʉʘʤʦʪʣʦʨʩʢʦʤ 

ʤʝʩʪʦʨʦʞʜʝʥʠʠ ʟʘ ʘʥʘʣʠʟʠʨʫʝʤʳʡ ʧʝʨʠʦʜ ʥʘ ʧʣʘʩʪʳ ʛʨʫʧʧʳ ʇʂ ʙʳʣʦ ʚʳʧʦʣʥʝʥʦ ʦʢʦʣʦ 100 

ʩʢʚʘʞʠʥʦ-ʦʧʝʨʘʮʠʡ. ʄʝʨʦʧʨʠʷʪʠʷ ʧʦ ʧʝʨʝʚʦʜʫ ʩʢʚʘʞʠʥ ʥʘ ʧʣʘʩʪʳ ʛʨʫʧʧʳ ʇʂ ʧʨʝʜʩʪʘʚʣʝʥʳ 

ʥʘ ʨʠʩʫʥʢʝ 4.  
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ʈʠʩ. 4. ʇʣʘʩʪʳ ʛʨʫʧʧʳ ʇʂ. ɼʠʥʘʤʠʢʘ ʦʙʲʝʤʦʚ, ʵʬʬʝʢʪʠʚʥʦʩʪʠ (ʩʣʝʚʘ) ʠ ʜʦʧʦʣʥʠʪʝʣʴʥʦʡ ʜʦʙʳʯʠ 

ʥʝʬʪʠ (ʩʧʨʘʚʦ) ʧʦ ʚʦʟʚʨʘʪʘʤ ʠ ʧʨʠʦʙʱʝʥʠʷʤ 

 

ʇʨʠʨʦʩʪ ʜʝʙʠʪʘ ʥʝʬʪʠ ʦʪ ʇɺʃɻ ʥʘ ʧʣʘʩʪʘʭ ʛʨʫʧʧʳ ʇʂ ʉʘʤʦʪʣʦʨʩʢʦʛʦ ʤʝʩʪʦʨʦʞʜʝʥʠʷ 

ʩʦʩʪʘʚʠʣ ʚ ʩʨʝʜʥʝʤ 4,4 ʪ/ʩʫʪ ʧʨʠ ʩʥʠʞʝʥʠʠ ʜʝʙʠʪʘ ʞʠʜʢʦʩʪʠ ʥʘ 113 ʪ/ʩʫʪ. ɸʥʘʣʠʟ ʪʘʢʠʭ 

ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʝʱʝ ʨʘʟ ʧʦʜʪʚʝʨʞʜʘʶʪ ʥʝʬʪʝʥʘʩʳʱʝʥʥʦʩʪʴ ʧʣʘʩʪʦʚ ʛʨʫʧʧʳ ʇʂ ʠ 

ʛʦʚʦʨʠʪ ʦ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʧʦʠʩʢʘ ʥʦʚʳʭ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʨʝʰʝʥʠʡ ʜʣʷ ʠʟʚʣʝʯʝʥʠʷ ʟʘʧʘʩʦʚ ʚ 

ʜʘʥʥʳʭ ʦʩʣʦʞʥʝʥʥʳʭ, ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʛʝʦʣʦʛʠʯʝʩʢʦʛʦ ʩʪʨʦʝʥʠʷ ʢʦʣʣʝʢʪʦʨʦʚ, ʧʣʘʩʪʦʚ ʛʨʫʧʧʳ 

ʇʂ. ʊʘʢ ʢʘʢ ɻʈʇ ʧʨʦʚʦʜʠʪʴ ʥʘ ʧʣʘʩʪʘʭ ʛʨʫʧʧʳ ʇʂ ʨʠʩʢʦʚʘʥʥʦ, ʪʦ ʨʝʢʦʤʝʥʜʫʝʪʩʷ ʠʩʧʳʪʘʪʴ 

ʥʦʚʫʶ ʪʝʭʥʦʣʦʛʠʶ ʨʘʜʠʘʣʴʥʦʛʦ ʚʩʢʨʳʪʠʷ ʧʣʘʩʪʦʚ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʢʦʤʧʦʥʦʚʢʠ çʇʝʨʬʦʙʫʨè 

(ʨʠʩ. 5), ʨʘʟʨʘʙʦʪʘʥʥʦʡ ʢʦʤʧʘʥʠʝʡ ʇʝʨʬʦʙʫʨ [2, ʩ. 6]. 

 

 

ʈʠʩ. 5. ʈʘʜʠʘʣʴʥʦʝ ʚʩʢʨʳʪʠʝ ʧʣʘʩʪʦʚ ʢʘʢ ʘʣʴʪʝʨʥʘʪʠʚʘ ʧʨʦʚʝʜʝʥʠʷ ɻʈʇ 

 

ʉʫʪʴ ʪʝʭʥʦʣʦʛʠʠ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʩʪʠʤʫʣʷʮʠʠ ʜʦʙʳʚʘʶʱʝʡ ʩʢʚʘʞʠʥʳ ʟʘ ʩʯʝʪ 

ʢʦʤʧʣʝʢʩʥʦʛʦ ʨʘʜʠʘʣʴʥʦʛʦ ʚʩʢʨʳʪʠʷ ʧʣʘʩʪʘ ʙʝʟ ʧʨʦʚʝʜʝʥʠʷ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʩʧʫʩʢʦ-

ʧʦʜʲʝʤʥʳʭ ʦʧʝʨʘʮʠʡ (ʉʇʆ). ʆʜʠʥ ʢʘʥʘʣ ʩʦʟʜʘʝʪʩʷ ʟʘ ʦʜʥʦ ʉʇʆ ʩ ʧʦʩʣʝʜʫʶʱʝʡ ʦʙʨʘʙʦʪʢʦʡ 

ʛʠʜʨʦʤʦʥʠʪʦʨʘʤʠ (ʥʘʤʳʚʢʘ ʢʘʚʝʨʥ, ʧʨʦʚʝʜʝʥʠʝ ʉʂʆ ʠ ɻʂʆ) [2, ʩ. 11]. 
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ɺ ʩʦʩʪʘʚ ʢʦʤʧʦʥʦʚʢʠ ʚʭʦʜʷʪ: 

ï ʂʣʘʧʘʥʥʳʡ ʤʦʜʫʣʴ; 

ï ʊʦʣʢʘʪʝʣʴ; 

ï ʐʧʦʥʢʘ; 

ï ʅʘʧʨʘʚʣʷʶʱʠʡ ʧʘʟ; 

ï ɻʠʜʨʦʥʘʛʨʫʞʘʪʝʣʴ; 

ï ɻʠʙʢʘʷ ʥʝʤʘʛʥʠʪʥʘʷ ʪʨʫʙʘ; 

ï ʀʥʢʣʠʥʦʤʝʪʨ; 

ï ʆʨʠʝʥʪʠʨʫʶʱʘʷ ʚʦʨʦʥʢʘ; 

ï ɼʦʣʦʪʦ (ʬʨʝʟʘ) 69ï75 ʤʤ; 

ï ʉʧʝʮ. ʜʚʠʛʘʪʝʣʴ ɺɿɼ; 

ï ʎʝʥʪʨʘʪʦʨ; 

ï ɿʘʭʚʘʪ ʢʣʠʥʘ-ʦʪʢʣʦʥʠʪʝʣʷ; 

ï ʗʢʦʨʴ (ʨʠʩ. 6). 

 

ʈʠʩ. 6. ʉʦʩʪʘʚ ʢʦʤʧʦʥʦʚʢʠ 

ɼʦʩʪʦʠʥʩʪʚʘ:  

ï ʇʨʦʛʥʦʟʠʨʫʝʤʘʷ ʪʨʘʝʢʪʦʨʠʷ ʤʝʭʘʥʠʯʝʩʢʦʛʦ ʙʫʨʝʥʠʷ ʢʘʥʘʣʦʚ ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ 

ʧʨʦʚʝʜʝʥʠʝʤ ʠʥʢʣʠʥʦʤʝʪʨʠʠ  

ï ɺʦʟʤʦʞʥʦʩʪʴ ʤʥʦʛʦʢʨʘʪʥʦʛʦ ʚʭʦʜʘ ʚ ʧʨʦʙʫʨʝʥʥʳʝ ʢʘʥʘʣʳ 

ï ɺʦʟʤʦʞʥʦʩʪʴ ʧʨʦʚʝʜʝʥʠʷ ʉʂʆ ʠ ʜʨʫʛʠʭ ʭʠʤʠʯʝʩʢʠʭ ʆʇɿ ʚ ʧʨʦʙʫʨʝʥʥʳʭ ʢʘʥʘʣʘʭ ʯʝʨʝʟ 

ʛʠʜʨʦʤʦʥʠʪʦʨʥʫʶ ʥʘʩʘʜʢʫ çʇʝʨʬʦʙʫʨè (ʨʠʩ. 7). 

ï ʆʙʩʘʜʢʘ ʧʨʦʙʫʨʝʥʥʳʭ ʢʘʥʘʣʦʚ ʬʠʣʴʪʨʘʤʠ  

ï ʂʦʥʢʫʨʝʥʪʥʘʷ ʩʪʦʠʤʦʩʪʴ 
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ʈʠʩ. 7. ɺʦʟʤʦʞʥʦʩʪʴ ʧʨʦʚʝʜʝʥʠʷ ʉʂʆ ʯʝʨʝʟ ʛʠʜʨʦʤʦʥʠʪʦʨʥʫʶ ʥʘʩʘʜʢʫ 

 

ʊʝʭʥʦʣʦʛʠʯʝʩʢʘʷ ʫʩʧʝʰʥʦʩʪʴ ʜʘʥʥʦʡ ʪʝʭʥʦʣʦʛʠʠ ʩʦʩʪʘʚʣʷʝʪ 100 %. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ 

ʪʝʭʥʦʣʦʛʠʷ ʧʦʟʚʦʣʷʝʪ ʩʦʟʜʘʚʘʪʴ ʨʘʜʠʘʣʴʥʳʝ ʢʘʥʘʣʳ ʜʣʠʥʥʦʶ ʜʦ 15 ʤʝʪʨʦʚ ʚ 

ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʭ ʢʦʣʦʥʥʘʭ 140ï245 ʤʤ. ʇʦʵʪʦʤʫ ʷ ʩʯʠʪʘʶ, ʯʪʦ ʜʘʥʥʘʷ ʢʦʤʧʦʥʦʚʢʘ 

ʇʝʨʬʦʙʫʨ ʠʥʪʝʨʝʩʥʘ ʜʣʷ ʜʘʣʴʥʝʡʰʝʛʦ ʨʘʟʚʠʪʠʷ ʪʝʭʥʦʣʦʛʠʡ ʧʦ ʩʪʠʤʫʣʷʮʠʠ ʤʘʣʦʤʦʱʥʳʭ ʠ 

ʦʩʣʦʞʥʝʥʥʳʭ ʫʯʘʩʪʢʦʚ ʧʨʦʜʫʢʪʠʚʥʳʭ ʨʝʟʝʨʚʫʘʨʦʚ ʉʘʤʦʪʣʦʨʩʢʦʛʦ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʠ 

ʮʝʣʝʩʦʦʙʨʘʟʥʘ ʜʣʷ ʧʨʠʤʝʥʝʥʠʷ ʥʘ ʧʣʘʩʪʘʭ ʛʨʫʧʧʳ ʇʂ ʉʘʤʦʪʣʦʨʩʢʦʛʦ ʤʝʩʪʦʨʦʞʜʝʥʠʷ. 

 

ʃʠʪʝʨʘʪʫʨʘ 

1. ʊʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʧʨʦʝʢʪ ʨʘʟʨʘʙʦʪʢʠ ʉʘʤʦʪʣʦʨʩʢʦʛʦ ʤʝʩʪʦʨʦʞʜʝʥʠʷ: ʆʪʯʝʪ ʚ 13 ʢʥ. 

ʆʆʆ çʊʅʅʎè. ʊʶʤʝʥʴ, 2017. 458 ʩ. 

2. ʇʨʝʟʝʥʪʘʮʠʦʥʥʳʡ ʤʘʪʝʨʠʘʣ ʢʦʤʧʘʥʠʠ çʇʝʨʬʦʙʫʨè. çʊʝʭʥʦʣʦʛʠʷ ʩʪʠʤʫʣʷʮʠʠ 

ʩʢʚʘʞʠʥè. ʋʬʘ, 2020. 24 ʩ. 
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ʂʠʩʝʣʝʚ ɸ.ɸ., ʏʫʙʘʨʦʚʘ ʆ.ʀ., ʢʘʥʜ. ʵʢʦʥ. ʥʘʫʢ, 

ʂʨʝʚʝʨ ɸ.ʉ. 

ʅʠʞʥʝʚʘʨʪʦʚʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ,  

ʛ. ʅʠʞʥʝʚʘʨʪʦʚʩʢ, ʈʦʩʩʠʷ 

 

ʇɽʈʉʇɽʂʊʀɺʓ ʇʈʀʄɽʅʀʄʆʉʊʀ ʇɽʈʌʆʈɸʎʀʀ ʉʂɺɸɾʀʅ ɺ ʂʆʄʇʃɽʂʉɽ  

ʉ ʋʕʎʅ ʅɸ ɼɽʇʈɽʉʉʀʀ ʅɸ ʉɸʄʆʊʃʆʈʉʂʆʄ ʄɽʉʊʆʈʆɾɼɽʅʀʀ 

 

ʉʘʤʦʪʣʦʨʩʢʦʝ ʤʝʩʪʦʨʦʞʜʝʥʠʝ ʥʘʭʦʜʠʪʩʷ ʥʘ ʟʘʢʣʶʯʠʪʝʣʴʥʦʡ ʩʪʘʜʠʠ ʨʘʟʨʘʙʦʪʢʠ. ɼʘʥʥʘʷ 

ʩʪʘʜʠʷ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʨʝʟʢʠʤ ʧʘʜʝʥʠʝʤ ʜʦʙʳʯʠ ʫʛʣʝʚʦʜʦʨʦʜʦʚ ʠ ʨʝʟʢʠʤ ʨʦʩʪʦʤ ʧʨʦʮʝʥʪʘ 

ʦʙʚʦʜʥʝʥʥʦʩʪʠ ʩʢʚʘʞʠʥʥʦʡ ʧʨʦʜʫʢʮʠʠ. ɼʣʷ ʧʨʦʜʫʢʪʠʚʥʳʭ ʨʝʟʝʨʚʫʘʨʦʚ ʩʪʘʥʦʚʷʪʩʷ ʚʩʸ ʙʦʣʝʝ 

ʭʘʨʘʢʪʝʨʥʳʤʠ ʪʘʢʠʝ ʷʚʣʝʥʠʷ, ʢʘʢ ʧʘʜʝʥʠʝ ʩʦʙʩʪʚʝʥʥʦʡ ʵʥʝʨʛʝʪʠʢʠ (ʧʣʘʩʪʦʚʦʛʦ ʜʘʚʣʝʥʠʷ) 

ʧʨʦʜʫʢʪʠʚʥʳʭ ʨʝʟʝʨʚʫʘʨʦʚ. ʇʦʵʪʦʤʫ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʜʦʙʳʯʘ ʫʛʣʝʚʦʜʦʨʦʜʦʚ (ʚʝʨʥʝʝ ʜʘʞʝ 

ʩʢʘʟʘʪʴ ʜʦʠʟʚʣʝʯʝʥʠʝ) ʩʚʷʟʘʥʘ ʩ çʜʦʦʪʤʳʪʠʝʤè ʥʝʬʪʠ ʩ ʟʝʨʝʥ ʛʦʨʥʦʡ ʧʦʨʦʜʳ ʧʨʦʜʫʢʪʠʚʥʳʭ 

ʢʦʣʣʝʢʪʦʨʦʚ. ɸʥʘʣʦʛʠʯʥʘʷ ʢʘʨʪʠʥʘ ʭʘʨʘʢʪʝʨʥʘ ʠ ʜʣʷ ʜʨʫʛʠʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ɿʘʧʘʜʥʦʡ 

ʉʠʙʠʨʠ, ʢʦʪʦʨʳʝ ʚ ʥʘʭʦʜʷʪʩʷ ʥʘ ʟʘʢʣʶʯʠʪʝʣʴʥʦʡ ï ʯʝʪʚʝʨʪʦʡ ʩʪʘʜʠʠ ʧʨʦʤʳʰʣʝʥʥʦʡ 

ʵʢʩʧʣʫʘʪʘʮʠʠ ʠ ʨʘʟʨʘʙʦʪʢʠ. 

ʅʘ ʉʘʤʦʪʣʦʨʩʢʦʤ ʤʝʩʪʦʨʦʞʜʝʥʠʠ ʚ ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ ʦʪʤʝʯʘʝʪʩʷ ʙʦʣʝʝ ʠʥʪʝʥʩʠʚʥʦʝ 

ʩʥʠʞʝʥʠʝ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʧʨʦʚʦʜʠʤʳʭ ʛʝʦʣʦʛʦ-ʪʝʭʥʠʯʝʩʢʠʭ ʤʝʨʦʧʨʠʷʪʠʡ (ɻʊʄ) ʯʝʤ ʝʱʝ 

ʜʝʩʷʪʠʣʝʪʠʝ ʥʘʟʘʜ. ʇʦʵʪʦʤʫ ʦʩʪʨʦ ʩʪʦʠʪ ʚʦʧʨʦʩ ʧʦʚʳʰʝʥʠʷ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ, ʛʝʦʣʦʛʠʯʝʩʢʦʡ 

ʠ ʵʢʦʥʦʤʠʯʝʩʢʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʝʡ ʧʨʦʚʝʜʝʥʠʷ ɻʊʄ. ʕʪʦ ʚʦʟʤʦʞʥʦ ʜʦʩʪʠʯʴ ʟʘ ʩʯʝʪ 

ʧʨʠʤʝʥʝʥʠʷ ʥʦʚʳʭ ʪʝʭʥʦʣʦʛʠʡ, ʢʦʪʦʨʳʝ ʧʦʟʚʦʣʷʣʠ ʙʳ ʩʦʢʨʘʪʠʪʴ ʚʨʝʤʷ ʧʨʦʚʝʜʝʥʠʷ ɻʊʄ, 

ʩʥʠʞʘʪʴ ʥʝʛʘʪʠʚʥʦʝ ʚʣʠʷʥʠʝ ɻʊʄ ʥʘ ʢʦʣʣʝʢʪʦʨʩʢʠʝ ʩʚʦʡʩʪʚʘ ʨʘʟʨʘʙʘʪʳʚʘʝʤʳʭ ʧʣʘʩʪʦʚ, ʘ 

ʪʘʢʞʝ ʧʦʚʳʰʘʪʴ ʵʢʦʥʦʤʠʯʝʩʢʫʶ ʩʦʩʪʘʚʣʷʶʱʫʶ ɻʊʄ. 

ʉʝʛʦʜʥʷ, ʧʨʠ ʧʨʦʚʝʜʝʥʠʠ ɻʊʄ ʥʘ ʜʦʙʳʚʘʶʱʠʭ ʩʢʚʘʞʠʥʘʭ ʉʘʤʦʪʣʦʨʩʢʦʛʦ 

ʤʝʩʪʦʨʦʞʜʝʥʠʷ, ʩʫʱʝʩʪʚʫʝʪ ʥʝ ʪʦʣʴʢʦ ʧʨʦʙʣʝʤʘ ʩʥʠʞʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʟʘ ʩʯʝʪ 

ʥʝʜʦʩʪʠʞʝʥʠʷ ʟʘʧʣʘʥʠʨʦʚʘʥʥʦʛʦ ʧʨʠʨʦʩʪʘ ʜʝʙʠʪʘ ʥʝʬʪʠ (ʠʟ-ʟʘ ʥʝʧʦʜʪʚʝʨʞʜʝʥʠʷ 

ʧʨʝʜʧʦʣʘʛʘʝʤʦʡ ʥʝʬʪʝʥʘʩʳʱʝʥʥʦʩʪʠ ʧʨʦʜʫʢʪʠʚʥʦʛʦ ʢʦʣʣʝʢʪʦʨʘ). ɹʦʣʴʰʦʡ ʧʨʦʙʣʝʤʦʡ, ʪʘʢʞʝ, 

ʷʚʣʷʝʪʩʷ ʜʣʠʪʝʣʴʥʳʡ ʚʳʭʦʜ ʜʦʙʳʚʘʶʱʠʭ ʩʢʚʘʞʠʥ ʥʘ ʨʝʞʠʤ ʧʦʩʣʝ ʧʨʦʚʝʜʝʥʠʷ ʨʝʤʦʥʪʦʚ 

ʩʢʚʘʞʠʥ (ʢʘʢ ʪʝʢʫʱʠʭ, ʪʘʢ ʠ ʢʘʧʠʪʘʣʴʥʳʭ). ʕʪʦ ʩʚʷʟʘʥʦ ʩ ʥʝʦʙʭʦʜʠʤʦʩʪʴʶ ʧʨʦʠʟʚʦʜʩʪʚʘ 

ʦʧʝʨʘʮʠʠ ʧʦ ʛʣʫʰʝʥʠʶ ʩʢʚʘʞʠʥ ʧʝʨʝʜ ʨʝʤʦʥʪʘʤʠ ʊʈʉ ʠ ʂʈʉ. ʇʦ ʧʨʘʚʠʣʘʤ ʙʝʟʦʧʘʩʥʦʛʦ 

ʧʨʦʚʝʜʝʥʠʷ ʨʝʤʦʥʪʥʳʭ ʨʘʙʦʪ ʥʘ ʩʢʚʘʞʠʥʘʭ (ʢʦʪʦʨʳʝ ʷʚʣʷʶʪʩʷ ʦʧʘʩʥʳʤʠ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʤʠ 

ʦʙʲʝʢʪʘʤʠ) ʩ ʮʝʣʴʶ ʠʟʙʝʞʘʥʠʷ ʘʚʘʨʠʡʥʳʭ ʩʠʪʫʘʮʠʡ (ʚ ʚʠʜʝ ʥʝʬʪʝ-ʛʘʟʦ-ʚʦʜʦʧʨʦʷʚʣʝʥʠʡ) 

ʥʝʦʙʭʦʜʠʤʦ ʧʨʦʚʦʜʠʪʴ ʛʣʫʰʝʥʠʝ, ʜʘʞʝ ʥʘ ʪʝʭ ʩʢʚʘʞʠʥʘʭ, ʛʜʝ ʫʞʝ ʟʥʘʯʠʪʝʣʴʥʦ ʩʥʠʞʝʥʳ 

ʧʣʘʩʪʦʚʳʝ ʜʘʚʣʝʥʠʷ ʠʟ-ʟʘ ʜʣʠʪʝʣʴʥʦʡ ʠʟ ʧʨʦʤʳʰʣʝʥʥʦʡ ʨʘʟʨʘʙʦʪʢʠ. ʊʘʢʠʝ ʩʢʚʘʞʠʥʳ ʧʦʩʣʝ 

ʛʣʫʰʝʥʠʷ ʠ ʦʢʦʥʯʘʥʠʷ ʨʝʤʦʥʪʘ, ʢʦʛʜʘ ʩʢʚʘʞʠʥʘ ʙʫʜʝʪ ʫʞʝ ʟʘʧʫʱʝʥʘ, ʜʣʠʪʝʣʴʥʦʝ ʚʨʝʤʷ 

ʚr ʭʦʜʷʪ ʥʘ ʨʝʞʠʤ ʠʟ ʦʪʨʘʙʦʪʢʠ. ɸ ʟʘʯʘʪʫʶ ʠ ʥʝ ʜʦʩʪʠʛʘʶʪ ʧʦʢʘʟʘʪʝʣʝʡ ʩʫʪʦʯʥʦʡ ʜʦʙʳʯʠ 

ʥʝʬʪʠ, ʢʦʪʦʨʳʝ ʙʳʣʠ ʜʦ ʦʩʪʘʥʦʚʢʠ ʩʢʚʘʞʠʥʳ ʠ ʧʨʦʠʟʚʦʜʩʪʚʘ ɻʊʄ. ʇʦʵʪʦʤʫ ʢʘʞʜʦʝ ʛʣʫʰʝʥʠʝ 

ʩʢʚʘʞʠʥʳ ʘʧʨʠʦʨʠ ʧʨʠʚʦʜʠʪ ʢ ʫʭʫʜʰʝʥʠʶ ʢʦʣʣʝʢʪʦʨʩʢʠʭ ʩʚʦʡʩʪʚ ʧʨʦʜʫʢʪʠʚʥʦʛʦ ʧʣʘʩʪʘ ʟʘ 
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ʩʯʝʪ ʪʦʛʦ, ʯʪʦ ʪʝʨʨʠʛʝʥʥʳʡ ʢʦʣʣʝʢʪʦʨ çʥʘʩʳʱʘʝʪʩʷè ʚʦʜʦʡ, ʦʙʚʦʣʘʢʠʚʘʝʪ ʦʩʪʘʪʦʯʥʳʝ ʟʘʧʘʩʳ 

ʥʝʬʪʠ ʠ ʥʝ ʧʦʟʚʦʣʷʝʪ ʠʭ ʚ ʙʫʜʫʱʝʤ ʜʦʠʟʚʣʝʯʴ. ʅʘ ʉʘʤʦʪʣʦʨʩʢʦʤ ʤʝʩʪʦʨʦʞʜʝʥʠʠ, ʧʨʠ 

ʩʫʱʝʩʪʚʫʶʱʝʡ ʚʳʩʦʢʦʡ ʦʙʚʦʜʥʝʥʥʦʩʪʠ ʧʣʘʩʪʦʚ, ʛʣʫʰʝʥʠʝ ʜʦʙʳʚʘʶʱʠʭ ʩʢʚʘʞʠʥ ʫʩʫʛʫʙʣʷʝʪ 

ʧʨʦʙʣʝʤʫ ʨʦʩʪʘ ʦʙʚʦʜʥʝʥʥʦʩʪʠ ʩʢʚʘʞʠʥʥʦʡ ʧʨʦʜʫʢʮʠʠ. ʇʦʵʪʦʤʫ ʚʘʞʥʦ ʥʝ ʪʦʣʴʢʦ ʛʨʘʤʦʪʥʦ 

ʧʦʜʦʙʨʘʪʴ ʞʠʜʢʦʩʪʴ ʛʣʫʰʝʥʠʷ ʯʪʦʙʳ ʩʥʠʟʠʪʴ ʥʝʛʘʪʠʚʥʦʝ ʝʝ ʚʣʠʷʥʠʝ ʥʘ ʧʨʠʟʘʙʦʡʥʫʶ ʟʦʥʫ 

ʧʣʘʩʪʘ [1, ʩ. 36], ʥʦ ʠ ʩʦʢʨʘʪʠʪʴ ʢʦʣʠʯʝʩʪʚʦ ʮʠʢʣʦʚ ʛʣʫʰʝʥʠʷ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ, ʚ ʥʘʩʪʦʷʱʝʝ 

ʚʨʝʤʷ ʤʥʦʛʠʝ ʩʝʨʚʠʩʥʳʝ ʢʦʤʧʘʥʠʠ, ʧʨʦʠʟʚʦʜʠʪʝʣʠ ʧʦʜʟʝʤʥʦʛʦ ʩʢʚʘʞʠʥʥʦʛʦ 

ʥʝʬʪʝʛʘʟʦʧʨʦʤʳʩʣʦʚʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ʩʪʨʝʤʷʪʩʷ ʟʘ ʩʯʝʪ ʥʦʚʳʭ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʨʝʰʝʥʠʡ 

ʫʩʦʚʝʨʰʝʥʩʪʚʦʚʘʪʴ ʧʨʦʮʝʩʩ ʧʨʦʚʝʜʝʥʠʷ ɻʊʄ, ʩʦʢʨʘʪʠʚ ʯʘʩʪʦʪʥʦʩʪʴ ʧʨʦʚʝʜʝʥʠʷ ʮʠʢʣʦʚ 

ʛʣʫʰʝʥʠʷ ʨʝʤʦʥʪʠʨʫʝʤʳʭ ʜʦʙʳʚʘʶʱʠʭ ʩʢʚʘʞʠʥ. 

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʙʫʜʝʪ ʨʘʩʩʤʦʪʨʝʥʘ ʥʦʚʘʷ ʢʦʤʧʦʥʦʚʢʘ ï ʥʦʚʦʝ ʫʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʥʦʝ 

ʩʢʚʘʞʠʥʥʦʝ ʦʙʦʨʫʜʦʚʘʥʠʝ ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ ʪʘʢʠʭ ʚʠʜʦʚ ɻʊʄ, ʢʘʢ ʧʝʨʝʭʦʜ ʥʘ ʚʳʰʝʣʝʞʘʱʠʝ 

ʛʦʨʠʟʦʥʪʳ (ʇɺʃɻ), ʨʘʟʨʘʙʦʪʘʥʥʦʝ ʢʦʤʧʘʥʠʝʡ ʆʆʆ çʇʨʦʤʧʝʨʬʦʨʘʪʦʨè [2, ʩ. 3]. 

ʇʨʠ ʧʨʦʚʝʜʝʥʠʠ ʇɺʃɻ ʥʝʦʙʭʦʜʠʤʦ ʧʨʦʠʟʚʝʩʪʠ ʇɺʈ (ʧʨʦʩʪʨʝʣʦʯʥʦ-ʚʟʨʳʚʥʳʝ ʨʘʙʦʪʳ) ʩ 

ʮʝʣʴʶ ʚʩʢʨʳʪʠʷ ʚʳʰʝʣʝʞʘʱʝʛʦ ʧʨʦʜʫʢʪʠʚʥʦʛʦ ʛʦʨʠʟʦʥʪʘ. ʇʨʦʮʝʩʩ ʛʣʫʰʝʥʠʷ ʚʥʦʚʴ 

ʚʩʢʨʳʪʦʛʦ ʧʣʘʩʪʘ ʫʭʫʜʰʘʝʪ ʝʛʦ ʢʦʣʣʝʢʪʦʨʩʢʠʝ ʩʚʦʡʩʪʚʘ. ʏʪʦʙʳ ʠʟʙʝʞʘʪʴ ʜʘʥʥʦʛʦ ʥʝʛʘʪʠʚʥʦʛʦ 

ʚʦʟʜʝʡʩʪʚʠʷ ʩʫʱʝʩʪʚʫʶʪ ʪʝʭʥʦʣʦʛʠʠ ʧʨʦʚʝʜʝʥʠʷ ʇɺʃɻ, ʢʦʪʦʨʘʷ ʧʦʟʚʦʣʷʝʪ ʥʝ ʧʨʦʠʟʚʦʜʠʪʴ 

ʛʣʫʰʝʥʠʝ ʩʢʚʘʞʠʥ ʧʦʩʣʝ ʧʨʦʚʝʜʝʥʠʷ ʧʝʨʬʦʨʘʮʠʠ ʧʨʠʟʘʙʦʡʥʦʡ ʟʦʥʳ ʚʳʰʝʣʝʞʘʱʝʛʦ ʧʣʘʩʪʘ, 

ʪʘʢ ʢʘʢ ʥʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʧʨʦʚʝʜʝʥʠʷ ʩʧʫʩʢʦ-ʧʦʜʲʝʤʥʳʭ ʦʧʝʨʘʮʠʡ (ʉʇʆ) ʧʝʨʝʜ ʧʨʦʮʝʩʩʦʤ 

ʦʩʚʦʝʥʠʷ. 

ɼʘʥʥʘʷ ʪʝʭʥʦʣʦʛʠʷ ʙʳʣʘ ʠʩʧʳʪʘʥʘ ʥʘ ʉʘʤʦʪʣʦʨʩʢʦʤ ʤʝʩʪʦʨʦʞʜʝʥʠʠ 

ʥʝʜʨʦʧʦʣʴʟʦʚʘʪʝʣʝʤ ɸʆ çʉʘʤʦʪʣʦʨʥʝʬʪʝʛʘʟè ʚ 2019 ʛʦʜʫ. ʇʨʦʝʢʪ ʧʨʝʜʫʩʤʘʪʨʠʚʘʣ 

ʧʨʦʚʝʜʝʥʠʝ ʦʧʳʪʥʦ-ʧʨʦʤʳʰʣʝʥʥʳʭ ʠʩʧʳʪʘʥʠʡ ʪʝʭʥʦʣʦʛʠʠ ʧʨʦʩʪʨʝʣʦʯʥʦ-ʚʟʨʳʚʥʳʭ ʨʘʙʦʪ (ʥʘ 

ʅʂʊ) ʧʨʠ ʊʈʉ ʠ ʂʈ (ʧʨʦʚʝʜʝʥʠʝ ʆʇʀ ʜʣʷ ʵʢʩʧʣʫʘʪʘʮʠʠ ʕʎʅ ʩ ʦʜʥʦʚʨʝʤʝʥʥʦʡ ʧʝʨʬʦʨʘʮʠʝʡ). 

ʇʨʦʝʢʪ ʙʳʣ ʥʘʧʨʘʚʣʝʥ ʥʘ ʩʦʢʨʘʱʝʥʠʝ ʚʨʝʤʝʥʠ ʨʝʤʦʥʪʘ ʩʢʚʘʞʠʥʳ ʟʘ ʩʯʝʪ ʩʦʢʨʘʱʝʥʠʷ ʉʇʆ ʠ 

ʠʩʢʣʶʯʝʥʠʷ ʢʦʣʴʤʘʪʠʨʦʚʘʥʠʷ ʧʨʦʜʫʢʪʠʚʥʦʛʦ ʧʣʘʩʪʘ ʙʣʘʛʦʜʘʨʷ ʦʪʢʘʟʫ ʦʪ ʦʧʝʨʘʮʠʠ ʛʣʫʰʝʥʠʷ 

(ʨʠʩ. 1) [3, ʩ. 2]. ɼʘʥʥʘʷ ʪʝʭʥʦʣʦʛʠʷ ʙʳʣʘ ʫʩʧʝʰʥʦ ʠʩʧʳʪʘʥʘ ʥʘ ʉʘʤʦʪʣʦʨʩʢʦʤ ʤʝʩʪʦʨʦʞʜʝʥʠʠ 

[4, ʩ. 9]. ʇɺʈ ʧʨʦʠʟʚʦʜʠʣʦʩʴ ʥʘ ʨʝʧʨʝʩʩʠʠ. 

 

ʈʠʩ. 1. ʂʦʤʧʦʥʦʚʢʘ ʥʦʚʦʛʦ ʩʢʚʘʞʠʥʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ ʇɺʈ  

ʚ ʢʦʤʧʣʝʢʩʝ ʩ ʕʎʅ ʟʘ ʦʜʥʦ ʉʇʆ ʥʘ ʨʝʧʨʝʩʩʠʠ 
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ʈʝʘʣʠʟʘʮʠʷ ʜʘʥʥʦʡ ʪʝʭʥʦʣʦʛʠʠ ʧʨʦʚʝʜʝʥʠʷ ʇɺʃɻ ʟʘ ʦʜʥʦ ʉʇʆ (ʕʎʅ+ʇɺʈ) ʚʦʟʤʦʞʥʘ ʟʘ 

ʩʯʝʪ ʚʢʣʶʯʝʥʠʷ ʨʘʟʨʘʙʦʪʘʥʥʦʡ ʢʦʤʧʘʥʠʝʡ ʆʆʆ çʇʨʦʤʧʝʨʬʦʨʘʪʦʨè ʠʥʠʮʠʠʨʫʶʱʝʡ ʛʦʣʦʚʢʠ 

ʤʦʜʝʣʠ çʀʩʢʨʘè (ʨʠʩ. 2), ʢʦʪʦʨʘʷ ʧʦʩʣʝ ʠʥʠʮʠʠʨʦʚʘʥʠʷ ʘʚʪʦʤʘʪʠʯʝʩʢʠ ʦʪʩʦʝʜʠʥʷʝʪʩʷ ʠ ʧʘʜʘʝʪ 

ʥʘ ʟʘʙʦʡ ʩʢʚʘʞʠʥʳ. ɺʩʷ ʠʥʥʦʚʘʮʠʦʥʥʘʷ ʢʦʤʧʦʥʦʚʢʘ ʩʦʩʪʦʠʪ ʠʟ ʪʨʫʙ ʅʂʊ, ʥʘ ʢʦʪʦʨʳʭ 

ʨʘʟʤʝʱʝʥ ʵʣʝʢʪʨʦʮʝʥʪʨʦʙʝʞʥʳʡ ʥʘʩʦʩ ʠ ʢʫʤʫʣʷʪʠʚʥʳʡ ʧʝʨʬʦʨʘʪʦʨ. ʇʝʨʬʦʨʘʮʠʦʥʥʘʷ 

ʩʠʩʪʝʤʘ ʨʘʟʤʝʱʝʥʘ ʥʠʞʝ ʕʎʅ. 

ɺ ʩʚʷʟʠ ʩ ʪʘʢʦʡ ʩʙʦʨʢʦʡ ʢʦʤʧʦʥʦʚʢʠ ʧʦʜʲʝʤʘ ʢʦʣʦʥʥʳ ʥʘʩʦʩʥʦ-ʢʦʤʧʨʝʩʩʦʨʥʳʭ ʪʨʫʙ 

ʧʦʩʣʝ ʠʥʠʮʠʠʨʦʚʘʥʠʷ ʩʨʘʙʘʪʳʚʘʥʠʷ ʟʘʨʷʜʦʚ ʧʝʨʬʦʨʘʮʠʦʥʥʦʡ ʩʠʩʪʝʤʳ ʠ ʜʦʧʦʣʥʠʪʝʣʴʥʦʛʦ 

ʛʣʫʰʝʥʠʷ ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʩʧʫʩʢʦʤ ʕʎʅ ʥʝ ʪʨʝʙʫʝʪʩʷ, ʪʘʢ ʢʘʢ ʕʎʅ ʫʞʝ ʥʘʭʦʜʠʪʩʷ ʚ ʩʢʚʘʞʠʥʝ 

ʥʘʜ ʧʝʨʬʦʨʘʮʠʦʥʥʦʡ ʩʠʩʪʝʤʦʡ. 

ʈʘʩʩʤʦʪʨʠʤ ʪʝʭʥʦʣʦʛʠʶ ʇɺʈ+ʕʎʅ ʥʘ ʨʝʧʨʝʩʩʠʠ. ɺʩʢʨʳʪʠʝ ʧʨʦʜʫʢʪʠʚʥʦʛʦ ʧʣʘʩʪʘ 

ʧʨʦʠʟʚʦʜʠʪʩʷ ʧʦʩʣʝ ʤʦʥʪʘʞʘ ʚʥʫʪʨʠʩʢʚʘʞʠʥʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʟʘʧʫʩʢ 

ʩʢʚʘʞʠʥʳ ʚ ʵʢʩʧʣʫʘʪʘʮʠʶ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ, ʠʩʢʣʶʯʘʷ ʜʦʧʦʣʥʠʪʝʣʴʥʫʶ ʦʧʝʨʘʮʠʶ ʛʣʫʰʝʥʠʷ. 

ʉʧʫʩʢ ʢʦʤʧʦʥʦʚʢʠ ʕʎʅ ʠ ʧʝʨʬʦʨʘʪʦʨʘ ʚ ʩʢʚʘʞʠʥʫ ʧʨʦʠʟʚʦʜʠʪʩʷ ʥʘ ʟʘʜʘʥʥʫʶ ʛʣʫʙʠʥʫ, 

ʦʙʝʩʧʝʯʠʚʘʶʱʫʶ ʙʝʟʦʧʘʩʥʦʝ ʨʘʩʩʪʦʷʥʠʝ ʦʪ ʧʝʨʬʦʨʘʪʦʨʘ. ɼʘʣʝʝ ʧʨʦʠʩʭʦʜʠʪ ʇɺʈ ʠ ʟʘʧʫʩʢ 

ʕʎʅ ʜʣʷ ʦʪʢʘʯʢʠ ʞʠʜʢʦʩʪʠ ʠʟ ʩʢʚʘʞʠʥʳ.  

 

 
 

ʈʠʩ. 2. ʀʥʠʮʠʠʨʫʶʱʘʷ ʛʦʣʦʚʢʘ çʀʩʢʨʘè 

 

ʈʠʩ. 3. ʇʝʨʝʭʦʜʥʠʢ ʩ ʮʠʨʢʫʣʷʮʠʦʥʥʳʤʠ 

ʦʪʚʝʨʩʪʠʷʤʠ 

 

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʧʨʝʜʣʘʛʘʝʪʩʷ ʢ ʨʘʩʩʤʦʪʨʝʥʠʶ ʫʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʥʘʷ ʢʦʤʧʦʥʦʚʢʘ 

ʇɺʈ+ʕʎʅ, ʥʦ ʨʘʙʦʪʳ ʧʣʘʥʠʨʫʝʪʩʷ ʧʨʦʚʦʜʠʪʴ ʥʝ ʥʘ ʨʝʧʨʝʩʩʠʠ, ʘ ʥʘ ʜʝʧʨʝʩʩʠʠ. ʅʦʚʘʷ 

ʢʦʤʧʦʥʦʚʢʘ ʧʦʟʚʦʣʷʝʪ ʩʦʟʜʘʚʘʪʴ ʢʨʘʪʢʦʚʨʝʤʝʥʥʫʶ ʜʝʧʨʝʩʩʠʶ ʧʝʨʝʜ ʇɺʈ. ɺ ʩʦʩʪʘʚ 

ʢʦʤʧʦʥʦʚʢʠ, ʪʘʢ ʞʝ, ʢʘʢ ʠ ʚ ʨʘʥʝʝ ʠʩʧʳʪʘʥʥʦʡ ʢʦʤʧʦʥʦʚʢʠ, ʚʭʦʜʠʪ ʠʥʠʮʠʠʨʫʶʱʘʷ ʛʦʣʦʚʢʘ 

çʀʩʢʨʘè. ʆʪʣʠʯʠʝ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʥʘʣʠʯʠʠ ʧʝʨʝʭʦʜʥʠʢʘ ʩ ʮʠʨʢʫʣʷʮʠʦʥʥʳʤʠ ʦʪʚʝʨʩʪʠʷʤʠ 

(ʨʠʩ. 3). ʅʦʚʘʷ ʢʦʤʧʦʥʦʚʢʘ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩʫʥʢʝ 4. 

ʇʨʠʥʮʠʧ ʜʝʡʩʪʚʠʷ ʢʦʤʧʦʥʦʚʢʠ. ɼʣʷ ʨʝʘʣʠʟʘʮʠʠ ʜʘʥʥʦʡ ʪʝʭʥʦʣʦʛʠʠ ʚ ʩʢʚʘʞʠʥʫ 

ʩʧʫʩʢʘʝʪʩʷ ʢʦʤʧʦʥʦʚʢʘ: ʧʝʨʬʦʨʘʪʦʨʥʘʷ ʩʙʦʨʢʘ ʩʦʚʤʝʩʪʥʦ ʩ ʋʕʎʅ ʚ ʠʥʪʝʨʚʘʣ ʧʝʨʬʦʨʘʮʠʠ. 

ʇʦʜʨʳʚ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʟʘ ʩʯʝʪ ʧʦʜʘʯʠ ʟʘʜʘʥʥʦʛʦ ʜʘʚʣʝʥʠʷ ʚ ʤʝʞʪʨʫʙʥʦʝ ʧʨʦʩʪʨʘʥʩʪʚʦ ʜʣʷ 

ʠʥʠʮʠʠʨʦʚʘʥʠʷ ʛʠʜʨʘʚʣʠʯʝʩʢʦʡ ʚʟʨʳʚʥʦʡ ʛʦʣʦʚʢʠ çʀʩʢʨʘè. ʧʦʩʣʝ ʧʦʜʨʳʚʘ ʧʝʨʬʦʨʘʪʦʨʘ 

ʚʳʜʝʨʞʠʚʘʝʪʩʷ ʚʨʝʤʷ ʜʣʷ ʦʩʝʜʘʥʠʷ ʧʨʦʜʫʢʪʦʚ ʜʝʪʦʥʘʮʠʠ ʠ ʚʢʣʶʯʘʝʪʩʷ ʕʎʅ. ɼʝʧʨʝʩʩʠʷ 

ʩʦʟʜʘʝʪʩʷ ʟʘ ʩʯʝʪ ʥʘʣʠʯʠʷ ʜʠʥʘʤʠʯʝʩʢʦʛʦ ʢʣʘʧʘʥʘ (ʨʠʩ. 5).  
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ʅʘ ʨʠʩʫʥʢʝ 5 ʠʟʦʙʨʘʞʝʥʦ: ʘ) ʟʘʢʨʳʪʦʝ ʧʦʣʦʞʝʥʠʝ ʜʠʥʘʤʠʯʝʩʢʦʛʦ ʢʣʘʧʘʥʘ; ʙ) ʦʪʢʨʳʪʦʝ 

ʧʦʣʦʞʝʥʠʝ ʜʠʥʘʤʠʯʝʩʢʦʛʦ ʢʣʘʧʘʥʘ [2, ʩ. 5]. 

 

ʈʠʩ. 4. ʅʦʚʘʷ ʢʦʤʧʦʥʦʚʢʘ ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ ʇɺʈ ʥʘ ʥʘʩʦʩʥʦ-ʢʦʤʧʨʝʩʩʦʨʥʳʭ ʪʨʫʙʘʭ ʩ ʜʘʣʴʥʝʡʰʝʡ 

ʵʢʩʧʣʫʘʪʘʮʠʝʡ ʕʎʅ ʥʘ ʜʝʧʨʝʩʩʠʠ 

 

  

ʘ) ʙ) 

ʈʠʩ. 5. ɼʠʥʘʤʠʯʝʩʢʠʡ ʢʣʘʧʘʥ ʜʣʷ ʩʦʟʜʘʥʠʷ ʜʝʧʨʝʩʩʠʠ ʧʨʠ ʇɺʈ 

 

ʇʨʠʥʮʠʧ ʨʘʙʦʪʳ ʜʘʥʥʦʛʦ ʢʣʘʧʘʥʘ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʪʦʤ, ʯʪʦ ʦʪ ʚʦʟʜʝʡʩʪʚʠʷ ʛʘʟʦʦʙʨʘʟʥʳʭ 

ʧʨʦʜʫʢʪʦʚ ʜʝʪʦʥʘʮʠʠ ʟʘʨʷʜʦʚ ʚ ʧʝʨʬʦʨʘʪʦʨʝ ʧʨʦʠʩʭʦʜʠʪ ʦʪʢʨʳʪʠʝ ʢʣʘʧʘʥʘ. ʏʝʨʝʟ ʦʪʚʝʨʩʪʠʷ ʚ 

ʢʣʘʧʘʥʝ ʧʨʦʠʩʭʦʜʠʪ ʤʦʤʝʥʪʘʣʴʥʦʝ ʟʘʧʦʣʥʝʥʠʝ ʧʝʨʬʦʨʘʪʦʨʘ ʠ ʢʦʣʦʥʥʳ ʅʂʊ ʩʢʚʘʞʠʥʥʦʡ 

ʞʠʜʢʦʩʪʴʶ. ɼʘʣʝʝ ʟʘ ʩʯʝʪ ʧʝʨʝʧʘʜʘ ʜʘʚʣʝʥʠʷ, ʫʧʣʦʪʥʝʥʥʘʷ ʧʦʨʦʜʘ ʠʟ ʩʬʦʨʤʠʨʦʚʘʥʥʳʭ 

ʧʝʨʬʦʨʘʮʠʦʥʥʳʭ ʢʘʥʘʣʦʚ ʚʳʥʦʩʠʪʩʷ ʧʦʪʦʢʦʤ ʞʠʜʢʦʩʪʠ (ʨʠʩ. 6).  

ɼʘʥʥʘʷ ʪʝʭʥʦʣʦʛʠʷ ʧʨʠʤʝʥʠʤʘ ʥʘ ʩʢʚʘʞʠʥʘʭ ʩ ʨʘʟʣʠʯʥʳʤʠ ʜʠʘʤʝʪʨʘʤʠ ʕʂ. ʅʦ ʝʱʝ ʦʜʥʦ 

ʧʨʝʠʤʫʱʝʩʪʚʦ ï ʚʦʟʤʦʞʥʦʩʪʴ ʧʨʠʤʝʥʝʥʠʷ ʜʘʥʥʦʡ ʢʦʤʧʦʥʦʚʢʠ ʩ ʤʘʣʦʛʘʙʘʨʠʪʥʳʤʠ ʋʕʎʅ. ʚ 

ʭʚʦʩʪʦʚʠʢʝ ʩ ʜʠʘʤʝʪʨʦʤ 102 ʤʤ. 

ʕʢʦʥʦʤʠʯʝʩʢʘʷ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʜʘʥʥʦʛʦ ʧʨʦʝʢʪʘ ʙʳʣʘ ʜʦʢʘʟʘʥʘ ʧʨʠ ʧʨʦʚʝʜʝʥʠʠ ʆʇʀ ʥʘ 

ʨʝʧʨʝʩʩʠʠ. ʢʘʢ ʙʳʣʦ ʧʦʜʩʯʠʪʘʥʦ ʩʦʪʨʫʜʥʠʢʘʤʠ ɸʆ çʉʘʤʦʪʣʦʨʥʝʬʪʝʛʘʟè ʕʢʦʥʦʤʠʷ ʩ ʦʜʥʦʛʦ 

ʨʝʤʦʥʪʘ ʩʦʩʪʘʚʠʣʘ 278 ʪʳʩʷʯ ʨʫʙʣʝʡ, ʠ ʵʢʦʥʦʤʠʷ ʚʨʝʤʝʥʠ ʧʨʦʚʝʜʝʥʠʷ ʦʧʝʨʘʮʠʡ ï 48 ʯʘʩʦʚ 

ʙʨʠʛʘʜʳ ʂʈʉ [4, ʩ. 65]. ʉʢʚʘʞʠʥʳ ʙʳʩʪʨʝʝ ʚʳʭʦʜʷʪ ʥʘ ʨʝʞʠʤ, ʪʘʢ ʢʘʢ ʥʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʠ 

ʧʨʦʚʝʜʝʥʠʷ ʛʣʫʰʝʥʠʷ ʩʢʚʘʞʠʥ ʧʦʩʣʝ ʇɺʈ ʧʝʨʝʜ ʩʧʫʩʢʦʤ ʕʎʅ. ʊʘʢ ʢʘʢ ʵʪʦ ʚʳʧʦʣʥʝʥʦ ʚ ʦʜʥʦʡ 

ʢʦʤʧʦʥʦʚʢʝ. ʈʝʘʣʠʟʘʮʠʷ ʥʦʚʦʡ ʪʝʭʥʦʣʦʛʠʠ ʇɺʈ+ʕʎʅ ʥʘ ʜʝʧʨʝʩʩʠʠ ʧʨʠʚʝʜʝʪ ʢ ʫʜʦʨʦʞʘʥʠʶ 

ʨʘʥʝʝ ʠʩʧʳʪʘʥʥʦʡ ʢʦʤʧʦʥʦʚʢʠ ʕʎʅ+ʇɺʈ ʥʘ ʨʝʧʨʝʩʩʠʠ, ʥʦ ʚʩʝʛʦ ʚ ʩʨʝʜʥʝʤ ʥʘ 30 ʪʳʩʷʯ ʨʫʙʣʝʡ 

ʟʘ ʦʜʥʫ ʩʢʚʘʞʠʥʦ-ʦʧʝʨʘʮʠʶ. ʅʦ ʧʨʝʜʧʦʣʘʛʘʝʪʩʷ ʯʪʦ ʦʢʫʧʘʝʤʦʩʪʴ ʙʫʜʝʪ ʚʳʰʝ, ʪʘʢ ʢʘʢ ʩʦʟʜʘʥʠʝ 

ʜʝʧʨʝʩʩʠʠ ʧʦʟʚʦʣʠʪ ʩʥʠʟʠʪʴ ʥʝʛʘʪʠʚʥʦʝ ʚʣʠʷʥʠʝ ʇɺʈ ʥʘ ʧʣʘʩʪ ʠ ʧʦʚʳʩʠʪʴ ʛʝʦʣʦʛʠʯʝʩʢʫʶ 
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ʬɻʬʝʢʪʠʚʥʦʩʪʴ ʇʀʇ ʟʘ ʩʯʝʪ ʚʳʥʦʩʘ ʫʧʣʦʪʥʝʥʥʦʡ ʧʨʦʧʝʨʬʦʨʠʨʦʚʘʥʥʦʡ ʧʦʨʦʜʳ, ʤʝʭ ʧʨʠʤʝʩʝʡ 

ʠ ʞʠʜʢʦʩʪʠ ʛʣʫʰʝʥʠʷ, ʢʦʪʦʨʦʡ ʟʘʧʦʣʥʷʣʘʩʴ ʩʢʚʘʞʠʥʘ ʧʝʨʝʜ ʩʧʫʩʢʦʤ ʢʦʤʧʦʥʦʚʢʠ. 
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ʇʆɺʓʐɽʅʀɽ ʊɽʍʅʀʂʆ-ʕʂʆʅʆʄʀʏɽʉʂʆʁ ʕʌʌɽʂʊʀɺʅʆʉʊʀ 

ɼʆɹʓʏʀ ʅɽʌʊʀ ʉ ʇʆʄʆʑʔʖ ʕʎʅ 

 
ɺʘʞʥʳʡ ʬʘʢʪʦʨ ʧʨʠ ʧʦʜʙʦʨʝ ʦʙʦʨʫʜʦʚʘʥʠʷ ï ʵʪʦ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʥʘʩʦʩʘ, ʪʦ ʝʩʪʴ 

ʛʨʘʬʠʯʝʩʢʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ʤʝʞʜʫ ʚʩʝʤʠ ʝʛʦ ʢʣʶʯʝʚʳʤʠ ʨʘʙʦʯʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ, ʚ ʯʠʩʣʦ 

ʢʦʪʦʨʳʭ ʚʭʦʜʷʪ: ʢʦʵʬʬʠʮʠʝʥʪ ʧʦʣʝʟʥʦʛʦ ʜʝʡʩʪʚʠʷ, ʤʦʱʥʦʩʪʴ, ʩʠʣʘ ʥʘʧʦʨʘ. ɺʦʩʪʨʝʙʦʚʘʥʥʦʩʪʴ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʥʘʩʦʩʘ ʦʙʲʷʩʥʷʝʪʩʷ ʪʝʤ, ʯʪʦ ʚ ʩʦʚʦʢʫʧʥʦʩʪʠ ʩ ʨʘʙʦʯʝʡ ʯʘʩʪʴʶ ʵʪʦ ʛʣʘʚʥʳʝ 

ʢʨʠʪʝʨʠʠ ʧʦʜʙʦʨʘ ʦʙʦʨʫʜʦʚʘʥʠʷ, ʢʦʪʦʨʳʝ ʪʘʢʞʝ ʚʣʠʷʶʪ ʥʘ ʤʝʨʳ ʧʦ ʦʧʪʠʤʠʟʘʮʠʠ ʝʛʦ 

ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ. ʇʨʦʠʟʚʦʜʠʪʝʣʠ ʥʘʩʦʩʥʦʡ ʪʝʭʥʠʢʠ ʦʪʣʠʯʘʶʪʩʷ ʨʘʟʥʳʤʠ ʪʠʧʘʤʠ ʧʦʜʭʦʜʘ ʢ 

ʧʨʝʜʥʘʟʥʘʯʝʥʠʶ ʨʘʙʦʯʝʛʦ ʜʠʘʧʘʟʦʥʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʥʘʩʦʩʦʚ, ʠʥʦʛʜʘ ʢʦʨʨʝʢʪʠʨʫʷ ʥʘ ʩʚʦʝ 

ʫʩʤʦʪʨʝʥʠʝ ʛʨʘʥʠʮʳ ʵʪʦʛʦ ʜʠʘʧʘʟʦʥʘ ʜʣʷ ʫʣʫʯʰʝʥʠʷ ʢʦʤʤʝʨʯʝʩʢʦʛʦ ʬʘʢʪʦʨʘ. ɺʘʞʥʦ 

ʧʦʥʠʤʘʪʴ, ʯʪʦ ʧʨʘʚʠʣʴʥʦʝ ʦʧʨʝʜʝʣʝʥʠʝ ʛʨʘʥʠʮ ʨʘʙʦʯʝʡ ʦʙʣʘʩʪʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʎɹʅ 

(ʮʝʥʪʨʦʙʝʞʥʦʛʦ ʥʘʩʦʩʘ) ʚ ʩʫʱʝʩʪʚʝʥʥʦʡ ʤʝʨʝ ʦʪʚʝʯʘʝʪ ʟʘ ʥʘʜʝʞʥʦʩʪʴ ʠ ʙʝʟʦʧʘʩʥʦʩʪʴ ʨʘʙʦʪʳ 

ʩ ʪʝʭʥʠʢʦʡ, ʘ ʪʘʢʞʝ ʩʥʠʞʘʝʪ ʟʘʪʨʘʪʳ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ, ʪʝʤ ʩʘʤʳʤ ʧʦʚʳʰʘʷ ʂʇɼ. ʕʪʦʪ ʬʘʢʪ 

ʦʙʲʷʩʥʷʝʪʩʷ ʠʟʤʝʥʝʥʠʝʤ ʚʠʙʨʘʮʠʦʥʥʳʭ ʧʦʢʘʟʘʪʝʣʝʡ: ʚʠʙʨʘʮʠʷ ʤʠʥʠʤʘʣʴʥʘ, ʢʦʛʜʘ ʚʳʙʨʘʥ 

ʦʧʪʠʤʘʣʴʥʳʡ ʨʝʞʠʤ, ʥʦ ʚ ʨʘʟʳ ʫʚʝʣʠʯʠʚʘʝʪʩʷ, ʢʦʛʜʘ ʧʦʢʘʟʘʪʝʣʠ ʥʘʭʦʜʷʪʩʷ ʚ ʧʦʛʨʘʥʠʯʥʦʡ 

ʟʦʥʝ. ʈʘʩʰʠʨʝʥʥʳʝ ʠʣʠ ʞʝ ʩʤʝʱʝʥʥʳʝ ʨʘʙʦʯʠʝ ʦʙʣʘʩʪʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢ, ʢʦʪʦʨʳʝ ʟʘʯʘʩʪʫʶ 

ʧʨʝʜʣʘʛʘʶʪʩʷ ʢʦʤʧʘʥʠʷʤʠ-ʠʟʛʦʪʦʚʠʪʝʣʷʤʠ, ʧʨʦʚʦʮʠʨʫʶʪ ʩʫʱʝʩʪʚʝʥʥʦʝ ʩʥʠʞʝʥʠʝ 

ʪʝʭʥʠʯʝʩʢʠʭ ʠ ʵʢʦʥʦʤʠʯʝʩʢʠʭ ʨʝʟʫʣʴʪʘʪʦʚ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʮʝʥʪʨʦʙʝʞʥʳʭ ʥʘʩʦʩʦʚ. ʅʘʠʙʦʣʝʝ 

ʘʢʪʫʘʣʴʥʦ ʚʩʝ ʚʳʰʝʩʢʘʟʘʥʥʦʝ ʜʣʷ ʕʎʅ (ʵʣʝʢʪʨʦʧʨʠʚʦʜʥʳʭ ʮʝʥʪʨʦʙʝʞʥʳʭ ʥʘʩʦʩʥʳʭ 

ʫʩʪʘʥʦʚʦʢ), ʢʦʪʦʨʳʝ ʬʫʥʢʮʠʦʥʠʨʫʶʪ ʚ ʩʣʦʞʥʳʭ ʫʩʣʦʚʠʷʭ: ʯʘʩʪʘʷ ʩʤʝʥʘ ʚʷʟʢʦʩʪʠ 

ʧʝʨʝʢʘʯʠʚʘʝʤʦʡ ʞʠʜʢʦʩʪʠ, ʧʨʠʩʫʪʩʪʚʠʝ ʩʚʦʙʦʜʥʦʛʦ ʛʘʟʘ, ʦʪʩʫʪʩʪʚʠʝ ʞʝʩʪʢʦʡ ʦʧʦʨʳ ʥʘʩʦʩʘ ʠ 

ʧʨ. [1-4]  

ʇʦʜ ʪʝʨʤʠʥʦʤ çʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʥʘʩʦʩʘè ʧʦʥʠʤʘʶʪ ʛʨʘʬʠʯʝʩʢʦʝ ʦʪʦʙʨʘʞʝʥʠʝ 

ʟʘʚʠʩʠʤʦʩʪʠ ʤʝʞʜʫ ʦʩʥʦʚʥʳʤʠ ʧʘʨʘʤʝʪʨʘʤʠ ʠ ʧʦʜʘʯʝʡ ʧʨʠ ʫʩʣʦʚʠʠ ʥʝʠʟʤʝʥʥʦʡ ʩʢʦʨʦʩʪʠ 

ʚʘʣʘ ʨʘʙʦʯʝʛʦ ʢʦʣʝʩʘ, ʘ ʪʘʢʞʝ ʩʪʘʙʠʣʴʥʦʡ ʧʣʦʪʥʦʩʪʠ ʠ ʚʷʟʢʦʩʪʠ ʞʠʜʢʦʩʪʠ, ʢʦʪʦʨʘʷ ʧʦʩʪʫʧʘʝʪ 

ʚ ʥʘʩʦʩʥʫʶ ʫʩʪʘʥʦʚʢʫ. ɼʘʥʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ʷʚʣʷʝʪʩʷ ʦʧʨʝʜʝʣʷʶʱʝʡ ʜʣʷ ʵʥʝʨʛʦʵʬʬʝʢʪʠʚʥʦʩʪʠ 

ʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʚʦʟʤʦʞʥʦʩʪʝʡ ʫʩʪʨʦʡʩʪʚʘ. ɼʣʷ ʣʦʧʘʩʪʥʳʭ ʥʘʩʦʩʦʚ ʦʩʥʦʚʥʳʤʠ 

ʧʦʢʘʟʘʪʝʣʷʤʠ ʩʯʠʪʘʶʪʩʷ: ʤʦʱʥʦʩʪʴ (N), ʥʘʧʦʨ (ʅ) ʠ ʧʦʜʘʯʘ (Q), ʘ ʪʘʢʞʝ ʂʇɼ. ɺʩʝ ʦʥʠ 

ʟʘʚʠʩʠʤʳ ʜʨʫʛ ʦʪ ʜʨʫʛʘ, ʯʪʦ ʣʝʛʢʦ ʫʚʠʜʝʪʴ ʧʨʠ ʠʟʫʯʝʥʠʠ ʭʘʨʘʢʪʝʨʠʩʪʠʯʝʩʢʠʭ ʢʨʠʚʳʭ. ɺ ʪʦ ʞʝ 

ʚʨʝʤʷ ʧʦʢʘʟʘʪʝʣʷʤ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʣʠʙʦ ʠʩʧʳʪʘʥʠʷ ʩʯʠʪʘʶʪ: ʚʷʟʢʦʩʪʴ (ɛ), 

ʧʣʦʪʥʦʩʪʴ ʩʫʙʩʪʘʥʮʠʠ ʠ ʯʘʩʪʦʪʘ ʚʨʘʱʝʥʠʷ ʚʘʣʘ ʨʘʙʦʯʝʛʦ ʢʦʣʝʩʘ (n). ʏʪʦʙʳ ʙʳʣʦ ʫʜʦʙʥʝʝ 

ʧʨʦʚʦʜʠʪʴ ʘʥʘʣʠʟ, ʥʘ ʦʜʥʦʤ ʠ ʪʦʤ ʞʝ ʛʨʘʬʠʢʝ ʦʪʦʙʨʘʞʘʶʪ ʩʨʘʟʫ ʚʩʝ ʟʘʚʠʩʠʤʦʩʪʠ. ʅʘ 

ʧʦʢʘʟʘʪʝʣʴ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʚʣʠʷʝʪ ʩʦʦʪʥʦʰʝʥʠʝ ʨʘʟʤʝʨʦʚ ʢʣʶʯʝʚʳʭ ʜʝʪʘʣʝʡ ʥʘʩʦʩʘ, 

ʦʩʦʙʝʥʥʦʩʪʠ ʢʦʥʩʪʨʫʢʮʠʠ ʠ ʚ ʮʝʣʦʤ ʪʠʧ ʫʩʪʨʦʡʩʪʚʘ. ʈʠʩʫʥʦʢ ʧʦʢʘʟʳʚʘʝʪ ʨʘʟʜʝʣʝʥʠʝ 
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ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʥʘʩʦʩʦʚ ʥʘ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʠ ʪʝʦʨʝʪʠʯʝʩʢʠʝ. ʊʝʦʨʝʪʠʯʝʩʢʠʝ 

ʨʘʩʩʯʠʪʳʚʘʶʪʩʷ ʧʨʠ ʧʦʤʦʱʠ ʠʟʚʝʩʪʥʳʭ ʠ ʧʨʦʚʝʨʝʥʥʳʭ ʫʨʘʚʥʝʥʠʡ, ʨʘʙʦʪʘʶʱʠʭ ʜʣʷ 

ʮʝʥʪʨʦʙʝʞʥʳʭ ʥʘʩʦʩʥʳʭ ʫʩʪʘʥʦʚʦʢ, ʧʦʩʣʝ ʯʝʛʦ ʫʯʠʪʳʚʘʶʪ ʬʘʢʪʠʯʝʩʢʠʝ ʫʩʣʦʚʠʷ ʨʘʙʦʪʳ ʠ 

ʚʥʦʩʷʪ ʢʦʨʨʝʢʪʠʨʦʚʢʠ ʩ ʠʭ ʫʯʝʪʦʤ. ʅʝʚʦʟʤʦʞʥʦ, ʠʣʠ ʞʝ ʦʯʝʥʴ ʩʣʦʞʥʦ, ʫʯʝʩʪʴ ʘʙʩʦʣʶʪʥʦ ʚʩʝ 

ʬʘʢʪʦʨʳ, ʢʦʪʦʨʳʝ ʪʝʤ ʠʣʠ ʠʥʳʤ ʦʙʨʘʟʦʤ ʦʢʘʟʳʚʘʶʪ ʚʣʠʷʥʠʝ ʥʘ ʨʘʙʦʪʫ ʥʘʩʦʩʘ, ʧʦʵʪʦʤʫ 

ʪʝʦʨʝʪʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʨʠʤʝʥʷʶʪʩʷ ʨʝʜʢʦ ʠʟ-ʟʘ ʩʚʦʝʡ ʥʝʚʳʩʦʢʦʡ ʪʦʯʥʦʩʪʠ. ʂʦʛʜʘ 

ʥʝʦʙʭʦʜʠʤʦ ʧʦʣʫʯʠʪʴ ʬʘʢʪʠʯʝʩʢʠʡ ʧʦʢʘʟʘʪʝʣʴ, ʚʥʦʩʷʪʩʷ ʢʦʨʨʝʢʪʠʨʦʚʢʠ ʥʘ ʛʠʜʨʘʚʣʠʯʝʩʢʠʝ 

ʧʦʪʝʨʠ ʚ ʧʨʦʪʦʯʥʦʡ ʯʘʩʪʠ ʫʩʪʘʥʦʚʢʠ, ʦʙʱʝʝ ʢʦʣʠʯʝʩʪʚʦ ʣʦʧʘʪʦʢ, ʤʝʭʘʥʠʯʝʩʢʠʝ ʠ ʦʙʲʝʤʥʳʝ 

ʧʦʪʝʨʠ. ʈʝʘʣʴʥʳʝ ʟʘʚʠʩʠʤʦʩʪʠ ʧʘʨʘʤʝʪʨʦʚ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʎɹʅ ʚʳʷʚʣʷʶʪʩʷ ʪʦʣʴʢʦ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʤ ʧʫʪʝʤ, ʚ ʧʨʦʮʝʩʩʝ ʪʝʩʪʠʨʦʚʘʥʠʷ ʥʘʩʦʩʘ ʠʣʠ ʝʛʦ ʤʦʜʝʣʠ ʚ ʟʘʚʦʜʩʢʠʭ 

ʫʩʣʦʚʠʷʭ ʣʠʙʦ ʥʘ ʩʪʝʥʜʘʭ. ɿʘʚʦʜʳ ʦʩʥʘʱʝʥʳ ʩʧʝʮʠʘʣʴʥʳʤʠ ʠʩʧʳʪʘʪʝʣʴʥʳʤʠ ʩʪʘʥʮʠʷʤʠ ʜʣʷ 

ʵʪʦʡ ʮʝʣʠ. ʉʫʱʝʩʪʚʫʝʪ ɻʆʉʊ 6134-2007, ʨʝʛʫʣʠʨʫʶʱʠʡ ʤʝʪʦʜʦʣʦʛʠʶ ʧʨʦʚʝʜʝʥʠʷ 

ʪʝʩʪʠʨʦʚʘʥʠʷ. ʅʘʩʦʩ ʫʩʪʘʥʘʚʣʠʚʘʝʪʩʷ ʥʘ ʩʪʝʥʜʝ, ʢʦʪʦʨʳʡ ʦʩʥʘʱʝʥ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʤʠ 

ʧʨʠʙʦʨʘʤʠ ʠ ʘʧʧʘʨʘʪʘʤʠ, ʠʟʤʝʨʷʶʱʠʤʠ ʧʦʪʨʝʙʣʷʝʤʫʶ ʤʦʱʥʦʩʪʴ, ʜʘʚʣʝʥʠʝ ʚʘʢʫʫʤʘ, ʨʘʩʭʦʜ. 

ʇʦʜʘʯʘ ʧʦʩʣʝ ʟʘʧʫʩʢʘ ʫʩʪʘʥʦʚʢʠ ʢʦʨʨʝʢʪʠʨʫʝʪʩʷ ʧʨʠ ʧʦʤʦʱʠ ʟʘʜʚʠʞʢʠ, ʨʘʩʧʦʣʦʞʝʥʥʦʡ ʥʘ 

ʣʠʥʠʠ ʥʘʧʦʨʘ. ʊʘʢʠʤ ʩʧʦʩʦʙʦʤ ʧʦʦʯʝʨʝʜʥʦ ʜʦʙʠʚʘʶʪʩʷ ʥʝʩʢʦʣʴʢʠʭ ʨʘʟʥʳʭ ʟʥʘʯʝʥʠʡ ʧʦʜʘʯʠ, 

ʠʟʤʝʨʷʷ ʚ ʧʨʦʮʝʩʩʝ ʤʦʱʥʦʩʪʴ ʠ ʥʘʧʦʨ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʢʘʞʜʦʤʫ ʠʟ ʟʥʘʯʝʥʠʡ. ʀʥʦʛʜʘ 

ʪʨʝʙʫʝʪʩʷ ʧʨʦʚʝʨʷʪʴ ʥʘʩʦʩʳ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʚ ʥʘʩʦʩʥʦʡ ʩʪʘʥʮʠʠ ʠʣʠ ʠʥʦʤ ʤʝʩʪʝ ʫʩʪʘʥʦʚʢʠ. 

ʊʘʢ ʜʝʣʘʶʪ ʩ ʥʘʩʦʩʘʤʠ ʙʦʣʴʰʠʭ ʛʘʙʘʨʠʪʦʚ ʠʣʠ ʩ ʪʝʤʠ, ʢʦʪʦʨʳʝ ʩʫʱʝʩʪʚʝʥʥʦ ʟʘʚʠʩʷʪ ʦʪ 

ʚʦʟʜʝʡʩʪʚʠʷ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʭ ʫʩʣʦʚʠʡ.  

 

ʈʠʩ. ʊʝʦʨʝʪʠʯʝʩʢʘʷ (ʨʘʩʯʝʪʥʘʷ) ʠ ʬʘʢʪʠʯʝʩʢʘʷ (ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʘʷ) ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʩʪʫʧʝʥʠ  

ʥʘʩʦʩʘ ʪʠʧʘ ʕʎʅ 

 

ɼʘʣʝʝ ʧʨʝʜʩʪʦʠʪ ʥʘʥʝʩʪʠ ʥʘ ʛʨʘʬʠʢ ʠ ʧʣʘʚʥʦ ʩʦʝʜʠʥʠʪʴ ʩʣʝʜʫʶʱʠʝ ʟʥʘʯʝʥʠʷ, 

ʧʦʣʫʯʝʥʥʳʝ ʚ ʨʝʟʫʣʴʪʘʪʝ ʵʢʩʧʝʨʠʤʝʥʪʘ: ʤʦʱʥʦʩʪʴ (N), ʥʘʧʦʨ (ʅ), ʧʦʜʘʯʘ (Q), ʠ ʨʘʩʩʯʠʪʘʥʥʳʡ 

ʥʘ ʠʭ ʦʩʥʦʚʝ ʂʇɼ. ʂʘʢ ʧʨʘʚʠʣʦ, ʪʨʠ ʢʨʠʚʳʝ ʨʘʩʧʦʣʘʛʘʶʪʩʷ ʥʘ ʦʜʥʦʤ ʠ ʪʦʤ ʞʝ ʛʨʘʬʠʢʝ, ʥʦ ʩ 

ʨʘʟʣʠʯʘʶʱʠʤʠʩʷ ʤʘʩʰʪʘʙʘʤʠ ʦʪʥʦʩʠʪʝʣʴʥʦ ʦʩʠ ʦʨʜʠʥʘʪ. ʍʘʨʘʢʪʝʨʠʩʪʠʢʠ ʥʘʩʦʩʥʦʡ 

ʫʩʪʘʥʦʚʢʠ ʦʙʣʘʜʘʶʪ ʥʝʩʢʦʣʴʢʠʤʠ ʦʪʣʠʯʠʪʝʣʴʥʳʤʠ ʜʠʘʧʘʟʦʥʘʤʠ ʠʣʠ ʪʦʯʢʘʤʠ. ʊʘʢ, ʨʘʙʦʪʘ 

ʥʘʩʦʩʘ ʧʨʠ ʟʘʢʨʳʪʦʡ ʟʘʜʚʠʞʢʝ ʥʘ ʥʘʧʦʨʥʦʤ ʧʘʪʨʫʙʢʝ ʩʯʠʪʘʝʪʩʷ ʠʩʭʦʜʥʦʡ ʪʦʯʢʠ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ, ʢʦʛʜʘ ʧʦʜʘʯʘ ʨʘʚʥʘ ʥʫʣʶ (Q = 0). ʇʨʠ ʟʘʢʨʳʪʦʡ ʟʘʜʚʠʞʢʝ ʫʩʪʨʦʡʩʪʚʦ ʤʦʞʝʪ 
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ʨʘʙʦʪʘʪʴ ʪʦʣʴʢʦ ʥʝʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʚʨʝʤʝʥʠ. ʆʪ 30 ʜʦ 45% ʦʪ ʥʦʤʠʥʘʣʴʥʦʡ ʤʦʱʥʦʩʪʠ 

ʦʪʚʦʜʠʪʩʷ ʥʘ ʥʘʛʨʝʚ ʚʦʜʳ ʠ ʤʝʭʘʥʠʯʝʩʢʠʝ ʧʦʪʝʨʠ. ʄʘʢʩʠʤʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ ʢʦʵʬʬʠʮʠʝʥʪʘ 

ʧʦʣʝʟʥʦʛʦ ʜʝʡʩʪʚʠʷ ʩʯʠʪʘʝʪʩʷ ʦʧʪʠʤʘʣʴʥʦʡ ʪʦʯʢʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ. ʉ ʫʯʝʪʦʤ ʨʘʟʥʠʮʳ ʚ 

ʭʘʨʘʢʪʝʨʝ ʢʨʠʚʳʭ H ï Q, N ï Q ʠ ɛ ï Q, ʯʘʱʝ ʚʩʝʛʦ ʠʩʧʦʣʴʟʫʝʪʩʷ ʨʘʙʦʯʠʡ ʜʠʘʧʘʟʦʥ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ, ʢʦʪʦʨʳʡ ʦʪʚʝʯʘʝʪ ʨʝʢʦʤʝʥʜʘʮʠʷʤ ʧʦ ʵʢʩʧʣʫʘʪʘʮʠʠ ʫʩʪʨʦʡʩʪʚʘ. ʏʘʱʝ ʚʩʝʛʦ 

ʤʘʢʩʠʤʘʣʴʥʦ ʜʦʧʫʩʪʠʤʦʝ ʫʤʝʥʴʰʝʥʠʝ ʂʇɼ ʦʢʘʟʳʚʘʝʪ ʚʣʠʷʥʠʝ ʥʘ ʦʛʨʘʥʠʯʝʥʠʝ ʨʘʙʦʯʝʡ 

ʦʙʣʘʩʪʠ. ʇʨʠʙʦʨ ʤʦʞʝʪ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʝ ʚʨʝʤʷ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʣʠʰʴ ʚ ʢʦʥʢʨʝʪʥʦʡ ʯʘʩʪʠ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ, ʘ ʥʝ ʚʦ ʚʩʝʤ ʝʝ ʜʠʘʧʘʟʦʥʝ ï ʵʪʦ ʥʘʟʳʚʘʝʪʩʷ ʨʘʙʦʯʝʡ ʦʙʣʘʩʪʴʶ ʠʣʠ ʨʘʙʦʯʝʡ 

ʯʘʩʪʴʶ. ʇʨʦʠʟʚʦʜʠʪʝʣʴ ʥʘʩʦʩʘ ʩʘʤʦʩʪʦʷʪʝʣʴʥʦ ʫʩʪʘʥʘʚʣʠʚʘʝʪ ʪʝ ʠʣʠ ʠʥʳʝ ʛʨʘʥʠʮʳ ʨʘʙʦʯʝʛʦ 

ʜʠʘʧʘʟʦʥʘ ʩ ʫʯʝʪʦʤ ʪʦʛʦ, ʢʘʢʦʡ ʮʝʣʝʚʦʡ ʬʫʥʢʮʠʠ ʠʣʠ ʧʘʨʘʤʝʪʨʘ ʥʫʞʥʦ ʜʦʩʪʠʯʴ (ʢ ʧʨʠʤʝʨʫ, 

ʦʧʨʝʜʝʣʝʥʥʳʡ ʨʝʩʫʨʩ ʨʘʙʦʪʳ, ʨʘʩʩʯʠʪʘʥʥʳʡ ʥʘ ʢʦʥʢʨʝʪʥʫʶ ʜʦʣʛʦʚʝʯʥʦʩʪʴ). 

ʈʘʙʦʯʠʤʠ ʨʝʞʠʤʘʤʠ ʥʘʩʦʩʘ ʥʘʟʳʚʘʶʪʩʷ ʪʘʢʠʝ, ʢʦʪʦʨʳʝ ʨʘʩʧʦʣʦʞʝʥʳ ʚ ʨʘʤʢʘʭ ʨʘʙʦʯʝʛʦ 

ʜʠʘʧʘʟʦʥʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ. ɽʩʣʠ ʠʩʧʦʣʴʟʦʚʘʪʴ ʫʩʪʨʦʡʩʪʚʦ ʚ ʨʝʞʠʤʘʭ, ʥʝ ʦʪʚʝʯʘʶʱʠʭ 

ʦʛʨʘʥʠʯʝʥʠʷʤ, ʪʦ ʠʭ ʩʨʦʢ ʵʢʩʧʣʫʘʪʘʮʠʠ ʙʫʜʝʪ ʩʦʢʨʘʱʘʪʴʩʷ ʠʟ-ʟʘ ʫʚʝʣʠʯʝʥʠʷ ʚʠʙʨʘʮʠʠ ʨʦʪʦʨʘ 

ʥʘʩʦʩʘ (ʢʦʣʝʩʘ). ɺʠʙʨʘʮʠʠ ʤʦʛʫʪ ʠʤʝʪʴ ʨʘʟʣʠʯʥʫʶ ʧʨʠʨʦʜʫ ï ʢʘʢ ʤʝʭʘʥʠʯʝʩʢʫʶ, ʪʘʢ ʠ 

ʛʠʜʨʘʚʣʠʯʝʩʢʫʶ. ʄʝʭʘʥʠʯʝʩʢʠʝ ʚʠʙʨʘʮʠʠ ʠʩʭʦʜʷʪ, ʢʘʢ ʧʨʘʚʠʣʦ, ʠʟ ʦʪʩʫʪʩʪʚʠʷ ʨʘʚʥʦʚʝʩʠʷ 

ʤʝʞʜʫ ʚʘʣʦʤ ʠ ʨʘʙʦʯʠʤʠ ʢʦʣʝʩʘʤʠ. ɻʠʜʨʘʚʣʠʯʝʩʢʠʝ ʚʦʟʥʠʢʘʶʪ ʠʟ-ʟʘ ʨʘʟʥʦʛʦ ʭʘʨʘʢʪʝʨʘ ʧʦʪʦʢʘ 

ʚ ʧʨʦʪʦʯʥʦʡ ʯʘʩʪʠ ʫʩʪʘʥʦʚʢʠ, ʯʪʦ ʧʨʦʚʦʮʠʨʫʝʪ ʩʢʘʯʢʠ ʜʘʚʣʝʥʠʷ ʠ ʩʢʦʨʦʩʪʠ, ʢʘʢ ʩʣʝʜʩʪʚʠʝ ï 

ʟʘʤʝʪʥʫʶ ʧʫʣʴʩʘʮʠʶ ʨʘʜʠʘʣʴʥʦʡ ʩʠʣʳ. ɺʦʟʤʦʞʥʘ ʩʠʪʫʘʮʠʷ, ʧʨʠ ʢʦʪʦʨʦʡ ʚʦʟʥʠʢʘʶʪ 

ʧʦʩʪʦʷʥʥʦ ʤʝʥʷʶʱʠʝʩʷ ʚʠʭʨʝʚʳʝ ʦʙʣʘʩʪʠ ʥʘ ʚʭʦʜʝ ʚ ʣʦʧʘʩʪʥʦʝ ʢʦʣʝʩʦ ʠʟ-ʟʘ ʨʝʮʠʨʢʫʣʷʮʠʠ 

ʧʦʪʦʢʘ ʚ ʢʘʥʘʣʘʭ ʣʦʧʘʩʪʥʦʛʦ ʢʦʣʝʩʘ, ʚʳʟʚʘʥʥʦʡ ʦʪʨʳʚʦʤ ʧʦʛʨʘʥʠʯʥʦʛʦ ʩʣʦʷ ʦʪ ʝʛʦ ʧʨʦʬʠʣʝʡ. 

ʕʪʦ ʥʝʨʝʜʢʦ ʩʣʫʯʘʝʪʩʷ ʧʨʠ ʥʝʜʦʩʪʘʪʦʯʥʦʡ ʧʦʜʘʯʝ (ʨʝʞʠʤ ʥʝʜʦʛʨʫʟʢʠ). ɺʠʭʨʝʚʳʝ ʟʦʥʳ 

ʧʨʦʚʦʮʠʨʫʶʪ ʩʠʣʴʥʳʝ ʧʫʣʴʩʘʮʠʠ ʥʘ ʚʩʝʤ ʧʨʦʪʷʞʝʥʠʠ ʧʨʦʪʦʯʥʦʡ ʯʘʩʪʠ ʥʘʩʦʩʘ, ʘ ʪʘʢʞʝ 

ʫʚʝʣʠʯʝʥʠʝ ʚʠʙʨʘʮʠʡ ʧʦʜʰʠʧʥʠʢʦʚʳʭ ʦʧʦʨ. ɼʨʫʛʘʷ ʦʩʦʙʝʥʥʦʩʪʴ ʨʘʙʦʯʝʛʦ ʜʠʘʧʘʟʦʥʘ 

ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʪʦʤ, ʯʪʦ ʥʘʩʦʩ ʜʝʤʦʥʩʪʨʠʨʫʝʪ ʥʘʠʚʳʩʰʠʡ ʂʇɼ ʚ ʨʝʟʫʣʴʪʘʪʝ ʤʠʥʠʤʠʟʘʮʠʠ 

ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʟʘʪʨʘʪ ʥʘ ʧʝʨʝʤʝʱʝʥʠʝ ʞʠʜʢʦʩʪʠ. ʅʝ ʚʩʝʛʜʘ ʧʦʣʫʯʘʝʪʩʷ ʛʘʨʘʥʪʠʨʦʚʘʪʴ 

ʩʦʚʧʘʜʝʥʠʝ ʥʦʤʠʥʘʣʴʥʦʛʦ ʫʨʦʚʥʷ ʧʦʜʘʯʠ ʩ ʦʧʪʠʤʘʣʴʥʳʤ ʨʝʞʠʤʦʤ ʧʨʠ ʨʘʟʨʘʙʦʪʢʝ ʥʦʚʳʭ 

ʩʪʫʧʝʥʝʡ ʎɹʅ. ʂʦʤʧʘʥʠʠ-ʠʟʛʦʪʦʚʠʪʝʣʠ ʥʝ ʚʩʝʛʜʘ ʫʯʠʪʳʚʘʶʪ ʪʨʝʙʦʚʘʥʠʷ, ʚʳʜʚʠʛʘʝʤʳʝ ʢ 

ʫʨʦʚʥʶ ʥʦʤʠʥʘʣʴʥʦʡ ʧʦʜʘʯʠ (ʦʪ 80% ʜʦ 110%) ʚ ʪʦʯʢʝ ʤʘʢʩʠʤʫʤʘ ʂʇɼ ʨʦʩʩʠʡʩʢʠʤʠ ʠ 

ʠʥʦʩʪʨʘʥʥʳʤʠ ʩʪʘʥʜʘʨʪʘʤʠ, ʚ ʪʦʤ ʯʠʩʣʝ ʩʪʘʥʜʘʨʪʦʤ API610, ʨʘʟʨʘʙʦʪʘʥʥʳʤ ɸʤʝʨʠʢʘʥʩʢʠʤ 

ʥʝʬʪʷʥʳʤ ʠʥʩʪʠʪʫʪʦʤ. ʅʘʨʘʙʦʪʢʘ ʜʣʷ ʦʪʢʘʟʘ ʚ ʵʪʦʡ ʩʠʪʫʘʮʠʠ ʩʫʱʝʩʪʚʝʥʥʦ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʟʘ 

ʩʯʝʪ ʨʘʙʦʪʳ ʫʩʪʘʥʦʚʢʠ ʚ ʪʘʢʦʤ ʜʠʘʧʘʟʦʥʝ ʧʦʜʘʯʠ, ʢʦʪʦʨʘʷ ʦʙʝʩʧʝʯʠʚʘʝʪ ʤʠʥʠʤʘʣʴʥʳʝ 

ʚʠʙʨʘʮʠʦʥʥʳʝ ʧʨʦʷʚʣʝʥʠʷ ʠ ʚʳʩʦʢʠʡ ʢʦʵʬʬʠʮʠʝʥʪ ʧʦʣʝʟʥʦʛʦ ʜʝʡʩʪʚʠʷ.  

ʅʘ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʝ ʩʪʫʧʝʥʠ ʟʥʘʯʠʪʝʣʴʥʦ ʚʣʠʷʝʪ ʦʩʝʚʘʷ ʩʠʣʘ. ʕʪʦʪ ʧʦʢʘʟʘʪʝʣʴ 

ʦʜʥʦʚʨʝʤʝʥʥʦ ʚʦʟʥʠʢʘʝʪ ʧʨʠ ʫʩʣʦʚʠʠ ʨʘʟʥʠʮʳ ʜʘʚʣʝʥʠʡ ʥʘ ʟʘʜʥʠʡ ʠ ʧʝʨʝʜʥʠʡ ʜʠʩʢʠ ʨʘʙʦʯʝʛʦ 

ʢʦʣʝʩʘ, ʘ ʪʘʢʞʝ ʠʟʤʝʥʝʥʠʡ ʠʤʧʫʣʴʩʘ (ʢʦʣʠʯʝʩʪʚʘ ʜʚʠʞʝʥʠʷ) ʞʠʜʢʦʩʪʥʦʛʦ ʧʦʪʦʢʘ ʚ ʪʦʪ ʤʦʤʝʥʪ, 

ʢʦʛʜʘ ʚ ʨʘʙʦʯʝʤ ʢʦʣʝʩʝ ʩʪʫʧʝʥʠ ʧʦʪʦʢ ʧʨʦʚʦʨʘʯʠʚʘʝʪʩʷ. ɼʘʥʥʘʷ ʨʝʟʫʣʴʪʠʨʫʶʱʘʷ ʩʠʣʘ ʚ ʩʣʫʯʘʝ 

ʚʳʩʦʢʦʛʦ ʥʘʧʦʨʘ ʠ ʥʠʟʢʦʡ ʧʦʜʘʯʠ ʜʝʡʩʪʚʫʝʪ ʚ ʩʪʦʨʦʥʫ ʧʦʩʪʫʧʣʝʥʠʷ ʞʠʜʢʦʩʪʠ ʚ ʢʦʣʝʩʦ (ʪ.ʥ. 

ʚʩʘʩʳʚʘʥʠʝ ʩʪʫʧʝʥʠ). ʈʘʙʦʯʝʝ ʢʦʣʝʩʦ ʧʨʠ ʵʪʦʤ ʧʨʠʞʘʪʦ ʢ ʪʦʨʮʫ ʥʘʧʨʘʚʣʷʶʱʝʛʦ ʘʧʧʘʨʘʪʘ ʧʨʠ 

ʧʦʤʦʱʠ ʦʧʦʨʥʳʭ ʰʘʡʙ, ʢʦʪʦʨʳʝ ʚʳʧʦʣʥʷʶʪ ʬʫʥʢʮʠʶ ʪʦʨʮʝʚʦʛʦ ʫʧʣʦʪʥʝʥʠʷ ʠ ʦʩʝʚʦʛʦ 
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ʧʦʜʰʠʧʥʠʢʘ ʩʢʦʣʴʞʝʥʠʷ. ʊʘʢʦʡ ʪʠʧ ʫʧʣʦʪʥʝʥʠʷ ʧʨʘʢʪʠʯʝʩʢʠ ʧʦʣʥʦʩʪʴʶ ʛʘʨʘʥʪʠʨʫʝʪ ʢʘʢʠʝ-

ʣʠʙʦ ʫʪʝʯʢʠ. ʇʦ ʤʝʨʝ ʪʦʛʦ, ʢʘʢ ʩʥʠʞʘʝʪʩʷ ʥʘʧʦʨ, ʨʘʟʥʠʮʘ ʤʝʞʜʫ ʜʘʚʣʝʥʠʝʤ ʥʘ ʟʘʜʥʠʡ ʠ 

ʧʝʨʝʜʥʠʡ ʜʠʩʢʠ ʨʘʙʦʯʝʛʦ ʢʦʣʝʩʘ ʩʦʢʨʘʱʘʝʪʩʷ, ʨʘʩʪʝʪ ʦʙʲʝʤ ʞʠʜʢʦʩʪʠ ʠ ʩʢʦʨʦʩʪʴ ʝʝ 

ʧʝʨʝʜʚʠʞʝʥʠʷ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʨʦʩʪʫ ʠʤʧʫʣʴʩʘ. ʈʝʟʫʣʴʪʘʪ ï ʩʥʠʞʝʥʠʝ ʦʙʱʝʡ ʦʩʝʚʦʡ ʥʘʛʨʫʟʢʠ 

ʥʘ ʢʦʣʝʩʦ. 

ʈʝʞʠʤr, ʥʘ ʢʦʪʦʨʳʭ ʧʦʜʘʯʘ ʧʨʝʚʳʰʘʝʪ ʦʧʪʠʤʘʣʴʥʳʡ ʫʨʦʚʝʥʴ, ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ 

ʧʨʦʙʣʝʤʦʡ ʚʩʧʣʳʚʘʥʠʷ ʢʦʣʝʩʘ ʧʦ ʧʨʠʯʠʥʝ ʧʝʨʝʭʦʜʘ ʦʩʝʚʦʡ ʩʠʣʳ ʚ ʦʪʨʠʮʘʪʝʣʴʥʳʡ ʜʠʘʧʘʟʦʥ; 

ʢʦʣʝʩʦ ʧʨʠ ʵʪʦʤ ʧʝʨʝʤʝʱʘʝʪʩʷ ʚʚʝʨʭ, ʧʦʢʘ ʥʝ ʜʦʩʪʠʛʥʝʪ ʚʝʨʭʥʝʡ ʦʩʝʚʦʡ ʦʧʦʨʳ, ʚʢʣʶʯʘʶʱʝʡ 

ʚ ʩʝʙʷ ʦʧʦʨʥʳʡ ʙʫʨʪ, ʨʘʩʧʦʣʦʞʝʥʥʳʡ ʥʘ ʥʘʧʨʘʚʣʷʶʱʝʤ ʘʧʧʘʨʘʪʝ, ʘ ʪʘʢʞʝ ʰʘʡʙʫ, ʢʦʪʦʨʘʷ 

ʟʘʧʨʝʩʩʦʚʘʥʘ ʚ ʨʘʩʪʦʯʢʫ ʢʦʣʝʩʘ. ɽʩʣʠ ʢʦʣʝʩʦ ʚʩʧʣʳʚʘʝʪ, ʪʦ ʵʪʦ ʯʨʝʚʘʪʦ ʩʣʝʜʫʶʱʠʤʠ 

ʧʨʦʙʣʝʤʘʤʠ: ʨʝʟʢʠʡ ʨʦʩʪ ʵʥʝʨʛʦʧʦʪʨʝʙʣʝʥʠʷ ʚ ʤʦʤʝʥʪ ʧʦʚʳʰʝʥʠʷ ʧʦʜʘʯʠ, ʨʝʟʢʠʝ ʩʥʠʞʝʥʠʷ 

ʢʦʵʬʬʠʮʠʝʥʪʘ ʧʦʣʝʟʥʦʛʦ ʜʝʡʩʪʚʠʷ ʠ ʩʠʣʳ ʥʘʧʦʨʘ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʨʷʜʦʤ ʩ ʵʪʦʡ ʢʨʠʪʠʯʝʩʢʦʡ 

ʚʝʣʠʯʠʥʦʡ ʧʦʜʘʯʠ, ʧʨʘʚʘ ʛʨʘʥʠʮʘ ʨʘʙʦʯʝʛʦ ʜʠʘʧʘʟʦʥʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʥʘʩʦʩʘ ʥʘʭʦʜʠʪʴʩʷ ʥʝ 

ʜʦʣʞʥʘ [3]. 

ɺʘʞʥʦ ʦʙʨʘʪʠʪʴ ʚʥʠʤʘʥʠʝ, ʯʪʦ ʜʦʩʪʠʛʘʝʤʦʝ ʧʫʪʝʤ ʜʨʦʩʩʝʣʠʨʦʚʘʥʠʷ ʧʦʥʠʞʝʥʠʝ ʧʦʜʘʯʠ 

(ʨʘʩʭʦʜʘ ʞʠʜʢʦʩʪʠ) ʥʘ 25ï40% ʦʪʥʦʩʠʪʝʣʴʥʦ ʧʦʜʘʯʠ, ʧʨʠ ʢʦʪʦʨʦʡ ʢʦʣʝʩʦ ʚʩʧʣʳʚʘʝʪ, ʧʨʠʚʦʜʠʪ 

ʢ ʪʦʤʫ, ʯʪʦ ʨʘʙʦʯʝʝ ʢʦʣʝʩʦ çʩʘʜʠʪʩʷè ʥʘ ʥʠʞʥʶʶ ʦʧʦʨʫ. ʂʘʢ ʫʞʝ ʦʪʤʝʯʘʣʦʩʴ, ʣʝʚʘʷ ʛʨʘʥʠʮʘ 

ʨʘʙʦʯʝʛʦ ʜʠʘʧʘʟʦʥʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʎɹʅ ʨʘʩʩʯʠʪʳʚʘʝʪʩʷ ʠʩʭʦʜʷ ʠʟ ʪʘʢʠʭ ʧʘʨʘʤʝʪʨʦʚ, ʢʘʢ 

ʜʦʩʪʘʪʦʯʥʳʡ ʫʨʦʚʝʥʴ ʂʇɼ ʠ ʥʝʙʦʣʴʰʦʝ ʧʦʚʳʰʝʥʠʝ ʦʩʝʚʦʡ ʥʘʛʨʫʟʢʠ ʥʘ ʦʧʦʨʥʳʝ ʰʘʡʙʳ 

ʨʘʙʦʯʝʛʦ ʢʦʣʝʩʘ. ʇʨʠʤʝʨ: ʝʩʣʠ ʧʦʜʘʯʘ ʥʠʞʝ 0,75*Qʦʧʪ, ʪʦ ʨʘʙʦʯʘʷ ʪʦʯʢʘ ʨʘʩʧʦʣʦʞʝʥʘ ʥʘ 

ʜʦʚʦʣʴʥʦ ʙʦʣʴʰʦʤ ʨʘʩʩʪʦʷʥʠʠ ʦʪ ʦʧʪʠʤʘʣʴʥʦʛʦ ʨʝʞʠʤʘ (ʚ ʣʝʚʫʶ ʩʪʦʨʦʥʫ). ʆʩʝʚʘʷ ʦʧʦʨʘ 

ʠʩʧʳʪʳʚʘʝʪ ʙʦʣʴʰʠʝ ʥʘʛʨʫʟʢʠ, ʤʥʦʛʦ ʪʝʨʷʝʪ ʥʘ ʪʨʝʥʠʠ, ʵʣʝʤʝʥʪʳ ʧʝʨʝʛʨʝʚʘʶʪʩʷ ï ʦʪ 

ʧʦʜʰʠʧʥʠʢʦʚ ʠ ʜʦ ʩʘʤʦʛʦ ʤʦʪʦʨʘ. ʊʝʤʧʝʨʘʪʫʨʘ ʨʘʩʪʝʪ ʧʦ ʩʣʝʜʫʶʱʠʤ ʧʨʠʯʠʥʘʤ: ʩʥʠʞʝʥʠʝ 

ʩʪʝʧʝʥʠ ʦʭʣʘʞʜʝʥʠʷ ʠʟ-ʟʘ ʫʤʝʥʴʰʝʥʠʷ ʧʦʩʪʫʧʣʝʥʠʷ ʧʝʨʝʢʘʯʠʚʘʝʤʦʡ ʞʠʜʢʦʩʪʠ, ʜʝʡʩʪʚʫʶʱʝʡ 

ʢʘʢ ʦʭʣʘʜʠʪʝʣʴ, ʠ ʧʦʥʠʞʝʥʥʳʡ ʂʇɼ. 

ʉʫʱʝʩʪʚʫʶʪ ʦʙʲʝʢʪʠʚʥʳʝ ʠ ʩʫʙʲʝʢʪʠʚʥʳʝ ʬʘʢʪʦʨʳ, ʧʨʠ ʥʘʣʠʯʠʠ ʢʦʪʦʨʳʭ 

ʮʝʥʪʨʦʙʝʞʥʳʝ ʥʘʩʦʩʳ ʤʦʛʫʪ ʥʝʢʦʪʦʨʦʝ ʚʨʝʤʷ ʬʫʥʢʮʠʦʥʠʨʦʚʘʪʴ ʚ ʨʝʞʠʤʘʭ, ʥʝ 

ʦʙʝʩʧʝʯʠʚʘʶʱʠʭ ʤʠʥʠʤʫʤ ʚʠʙʨʘʮʠʠ, ʤʘʢʩʠʤʫʤ ʂʇɼ ʠ ʜʦʩʪʘʪʦʯʥʳʡ ʫʨʦʚʝʥʴ ʦʩʝʚʦʡ ʩʠʣʳ. 

ʇʨʠʤʝʨʳ ʪʘʢʠʭ ʬʘʢʪʦʨʦʚ: ʥʝʪʦʯʥʦʩʪʴ ʚʳʙʦʨʘ ʦʙʦʨʫʜʦʚʘʥʠʷ ʠ ʥʘʩʪʨʦʡʢʠ ʝʛʦ ʨʝʞʠʤʦʚ, 

ʠʟʤʝʥʝʥʠʝ ʦʙʲʝʤʘ ʩʚʦʙʦʜʥʦʛʦ ʛʘʟʘ, ʠʟʤʝʥʝʥʠʝ ʚʷʟʢʦʩʪʠ ʠ ʦʙʚʦʜʥʝʥʥʦʩʪʠ ʧʝʨʝʢʘʯʠʚʘʝʤʦʡ 

ʞʠʜʢʦʩʪʠ, ʨʦʩʪ ʠʣʠ ʧʘʜʝʥʠʝ ʟʘʙʦʡʥʦʛʦ ʜʘʚʣʝʥʠʡ ʠ ʪ.ʜ. ʉʠʪʫʘʮʠʠ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝʠʟʙʝʞʥʳ ʚ 

ʪʦʤ ʩʣʫʯʘʝ, ʝʩʣʠ ʧʨʘʢʪʠʢʫʝʪʩʷ ʠʩʢʫʩʩʪʚʝʥʥʦʝ ʧʝʨʝʤʝʱʝʥʠʝ ʛʨʘʥʠʮ ʨʘʙʦʯʝʡ ʦʙʣʘʩʪʠ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʥʘʩʦʩʥʦʡ ʫʩʪʘʥʦʚʢʠ ʩ ʫʯʝʪʦʤ ʫʨʦʚʥʷ ʧʦʜʘʯʠ. ʇʨʦʠʟʚʦʜʠʪʝʣʠ ʩ ʮʝʣʴʶ 

ʧʦʚʳʰʝʥʠʷ ʧʨʦʜʘʞ ʟʘʯʘʩʪʫʶ ʤʝʥʷʶʪ ʨʘʙʦʯʠʝ ʦʙʣʘʩʪʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ 

ʥʝʛʘʪʠʚʥʳʤ ʧʦʩʣʝʜʩʪʚʠʷʤ.  
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ʋɼʂ 622.248.3 

ʄʘʭʫʪʦʚ ɹ.ɹ., ʂʠʩʝʣʝʚ ɸ.ɸ., ʂʦʯʠʥʘ ʊ.ɹ., ʢʘʥʜ. ʪʝʭʥ. ʥʘʫʢ 

ʅʠʞʥʝʚʘʨʪʦʚʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ,  

ʛ. ʅʠʞʥʝʚʘʨʪʦʚʩʢ, ʈʦʩʩʠʷ 

 

ʇʆɺʓʐɽʅʀɽ ʅɸʈɸɹʆʊʂʀ ʅɸ ʆʊʂɸɿ ʋʕʎʅ  

ʅɸ ʉɸʄʆʊʃʆʈʉʂʆʄ ʄɽʉʊʆʈʆɾɼɽʅʀʀ  

ɿɸ ʉʏɽʊ ʇʈʀʄɽʅɽʅʀʗ ʉʆɺʈɽʄɽʅʅʓʍ ʉʂɺɸɾʀʅʅʓʍ ʌʀʃʔʊʈʆɺ 

 

ʇʨʠ ʵʢʩʧʣʫʘʪʘʮʠʠ ʩʢʚʘʞʠʥ, ʥʘ ʉʘʤʦʪʣʦʨʩʢʠʭ ʤʝʩʪʦʨʦʞʜʝʥʠʷʭ, ʧʨʦʷʚʣʷʶʪʩʷ ʨʘʟʣʠʯʥʳʝ 

ʚʠʜʳ ʦʩʣʦʞʥʝʥʠʡ. ɼʠʥʘʤʠʢʘ ʦʩʣʦʞʥʝʥʥʦʛʦ ʬʦʥʜʘ ʩʢʚʘʞʠʥ ʚ 2014 ʛʦʜʫ ʧʨʠʚʝʜʝʥʘ ʥʘ ʨʠʩʫʥʢʝ 

1. 

 

ʈʠʩ. 1. ɼʠʥʘʤʠʢʘ ʦʩʣʦʞʥʝʥʥʦʛʦ ʬʦʥʜʘ ʩʢʚʘʞʠʥ 

 

ʂ ʦʩʥʦʚʥʳʤ ʧʨʠʯʠʥʘʤ ʦʩʣʦʞʥʝʥʠʡ ʦʪʥʦʩʷʪʩʷ ʪʚʝʨʜʳʝ ʦʪʣʦʞʝʥʠʷ ʚ ʚʠʜʝ ʩʦʣʝʡ. ʆʙʱʠʡ 

ʩʦʣʝʚʦʡ ʬʦʥʜ ʧʦ ʉʘʤʦʪʣʦʨʩʢʦʤʫ ʤʝʩʪʦʨʦʞʜʝʥʠʶ ʩʦʩʪʘʚʣʷʝʪ 3552 ʩʢʚʘʞʠʥ (40% ʦʪ 

ʜʝʡʩʪʚʫʶʱʝʛʦ ʬʦʥʜʘ). 

ɿʥʘʯʠʪʝʣʴʥʦʝ ʚʣʠʷʥʠʝ ʥʘ ʠʟʤʝʥʝʥʠʝ ʥʘʨʘʙʦʪʢʠ ʥʘ ʦʪʢʘʟ ʦʙʦʨʫʜʦʚʘʥʠʷ ʋʕʎʅ ʦʢʘʟʳʚʘʝʪ 

ʚʦʟʜʝʡʩʪʚʠʝ ʢʦʨʨʦʟʠʠ, ʷʚʣʷʶʱʝʡʩʷ ʦʩʥʦʚʥʳʤ ʦʩʣʦʞʥʝʥʠʝʤ ʩʨʝʜʠ ʧʨʠʯʠʥ ʦʪʢʘʟʦʚ ʋʕʎʅ. 

ʆʩʥʦʚʥʳʤʠ ʤʝʩʪʘʤʠ ʢʦʨʨʦʟʠʦʥʥʳʭ ʧʦʚʨʝʞʜʝʥʠʡ ʧʦʜʟʝʤʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ʩʢʚʘʞʠʥ 

ʷʚʣʷʶʪʩʷ ʢʦʨʧʫʩ ʧʦʛʨʫʞʥʦʛʦ ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʷ (ʇʕɼ) ʠ ʛʠʜʨʦʟʘʱʠʪʳ, ʢʦʨʧʫʩ 

ʵʣʝʢʪʨʦʮʝʥʪʨʦʙʝʞʥʦʛʦ ʥʘʩʦʩʘ (ʕʎʅ) ʠ ʛʘʟʦʩʝʧʘʨʘʪʦʨʘ, ʪʘʢ ʞʝ ʨʘʙʦʯʠʝ ʦʨʛʘʥʳ ʦʙʦʨʫʜʦʚʘʥʠʷ.  

ʉʝʨʴʝʟʥʳʤ ʬʘʢʪʦʨʦʤ, ʦʩʣʦʞʥʷʶʱʠʤ ʨʘʙʦʪʫ ʧʦʛʨʫʞʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ʋʕʎʅ, ʷʚʣʷʝʪʩʷ 

ʩʦʜʝʨʞʘʥʠʝ ʚ ʦʪʢʘʯʠʚʘʝʤʦʡ ʧʨʦʜʫʢʮʠʠ ʟʥʘʯʠʪʝʣʴʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʤʝʭʘʥʠʯʝʩʢʠʭ ʧʨʠʤʝʩʝʡ, 
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ʧʨʠʚʦʜʷʱʠʝ ʢ ʫʩʢʦʨʝʥʥʦʤʫ ʘʙʨʘʟʠʚʥʦʤʫ ʠʟʥʦʩʫ ʫʟʣʦʚ ʪʨʝʥʠʷ ʥʘʩʦʩʦʚ, ʟʘʢʣʠʥʠʚʘʥʠʶ ʧʨʠ 

ʧʫʩʢʝ, ʟʘʩʦʨʝʥʠʶ ʧʨʦʪʦʯʥʳʭ ʯʘʩʪʝʡ ʨʘʙʦʯʠʭ ʦʨʛʘʥʦʚ ʋʕʎʅ, ʦʩʝʜʘʥʠʶ ʤʝʭʘʥʠʯʝʩʢʠʭ 

ʧʨʠʤʝʩʝʡ ʚ ʥʠʞʥʝʡ ʯʘʩʪʠ ʢʦʣʦʥʥʳ ʅʂʊ ʧʨʠ ʦʩʪʘʥʦʚʢʘʭ, ʥʝ ʛʝʨʤʝʪʠʯʥʦʩʪʠ ʦʙʨʘʪʥʦʛʦ ʢʣʘʧʘʥʘ 

ʋʕʎʅ [1-5].  

ʇʨʠ ʠʩʩʣʝʜʦʚʘʥʠʠ ʦʩʣʦʞʥʝʥʠʡ ʧʨʦʚʝʜʝʥ ʘʥʘʣʠʟ ʦʪʢʘʟʦʚ ʋʕʎʅ ʧʦ ʤʝʩʪʦʨʦʞʜʝʥʠʶ ʩ 

ʨʘʟʜʝʣʝʥʠʝʤ ʦʪʢʘʟʦʚ ʧʦ ʦʩʣʦʞʥʝʥʠʷʤ ʩʨʘʚʥʝʥʠʝʤ ʩ ʧʣʘʥʦʚʳʤʠ ʧʦʢʘʟʘʪʝʣʷʤʠ ʩ 2013 ʛ ʧʦ 2015 

ʛ. ʆʩʣʦʞʥʝʥʠʷ ʧʨʠ ʵʢʩʧʣʫʘʪʘʮʠʠ ʋʕʎʅ ʩʦʩʪʘʚʣʷʝʪ ʜʦ 70% ʦʪ ʚʩʝʭ ʦʪʢʘʟʦʚ ʧʦ ʤʝʩʪʦʨʦʞʜʝʥʠʶ. 

ɼʠʥʘʤʠʢʘ ʧʨʠʯʠʥ ʦʪʢʘʟʦʚ ʋʕʎʅ ʧʨʠʚʝʜʝʥʘ ʥʘ ʨʠʩʫʥʢʝ 2. 

 

ʈʠʩ. 2. ɼʠʥʘʤʠʢʘ ʧʨʠʯʠʥ ʦʪʢʘʟʦʚ ʋʕʎʅ 

 

ʆʩʥʦʚʥʳʝ ʬʘʢʪʦʨʳ ʦʪʢʘʟʘ ʋʕʎʅ: 

1. ɿʘʩʦʨʝʥʠʝ ʤʝʭʘʥʠʯʝʩʢʠʤʠ ʧʨʠʤʝʩʷʤʠ (ʜʦ 40% ʦʪ ʚʩʝʭ ʧʨʠʯʠʥ ʦʪʢʘʟʦʚ ʧʦʛʨʫʞʥʦʛʦ 

ʦʙʦʨʫʜʦʚʘʥʠʷ ʧʦ ʤʝʩʪʦʨʦʞʜʝʥʠʶ). 

2. ʉʦʣʝʦʪʣʦʞʝʥʠʝ (30% ʦʪʢʘʟʦʚ ʧʦʛʨʫʞʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ, ʥʦ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʝʛʦ 

ʫʜʝʣʴʥʳʡ ʚʝʩ ʫʜʘʣʦʩʴ ʩʥʠʟʠʪʴ ʜʦ 15%). 

3. ʂʦʨʨʦʟʠʷ. 

ʆʩʥʦʚʥʳʝ ʪʝʭʥʦʣʦʛʠʠ ʟʘʱʠʪʳ ʧʦʛʨʫʞʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ, ʠʩʧʦʣʴʟʫʝʤʳʝ ʚ ɸʆ 

çʉʘʤʦʪʣʦʨʥʝʬʪʝʛʘʟè: 

1. ʋʩʪʘʥʦʚʢʘ ʩʢʚʘʞʠʥʥʘʷ ʧʝʩʢʦʟʘʱʠʪʥʘʷ ʰʥʝʢʦʚʘʷ ʤʘʨʢʠ (ʋʉʇʐ) ʩ ʢʣʘʧʘʥʦʤ 

ʘʚʪʦʤʘʪʠʯʝʩʢʦʛʦ ʩʙʨʦʩʘ ʧʝʩʢʘ (ʂʉʇ) ʧʨʠʤʝʥʷʝʪʩʷ ʜʣʷ ʟʘʱʠʪʳ ʛʣʫʙʠʥʥʳʭ ʥʘʩʦʩʦʚ ʦʪ 

ʤʝʭʘʥʠʯʝʩʢʠʭ ʧʨʠʤʝʩʝʡ (ʧʝʩʢʘ, ʧʦʨʦʜʳ) ʧʨʠ ʵʢʩʧʣʫʘʪʘʮʠʠ ʚ ʩʢʚʘʞʠʥʘʭ ʩ ʠʥʪʝʥʩʠʚʥʳʤ 

ʧʝʩʢʦʧʨʦʷʚʣʝʥʠʝʤ. ʇʨʠ ʥʝʦʙʭʦʜʠʤʦʩʪʠ, ʚ ʥʠʞʥʝʡ ʯʘʩʪʠ ʋʉʇʐ ʢʦʤʧʣʝʢʪʫʶʪʩʷ ʢʣʘʧʘʥʦʤ 

ʘʚʪʦʤʘʪʠʯʝʩʢʦʛʦ ʩʙʨʦʩʘ ʧʝʩʢʘ (ʂʉʇ) ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʜʠʘʤʝʪʨʘ ʅʂʊ (73,89 ʤʤ), 

ʠʩʧʦʣʴʟʫʝʤʳʭ ʚ ʢʘʯʝʩʪʚʝ ʢʦʥʪʝʡʥʝʨʘ ʧʦʜ ʥʘʢʦʧʠʪʝʣʴʥʳʡ ʦʙʲʸʤ ʤʝʭʘʥʠʯʝʩʢʠʭ ʧʨʠʤʝʩʝʡ. 

2. ʌʠʣʴʪʨ ʩʢʚʘʞʠʥʥʳʡ ʩʝʪʯʘʪʳʡ ʪʠʧʘ ʌʉʉ-73-114ʂ-48 ʧʨʠʤʝʥʷʝʪʩʷ ʜʣʷ ʟʘʱʠʪʳ 

ʛʣʫʙʠʥʥʳʭ ʥʘʩʦʩʦʚ ʦʪ ʤʝʭʘʥʠʯʝʩʢʠʭ ʧʨʠʤʝʩʝʡ (ʧʝʩʢʘ, ʧʦʨʦʜʳ) ʧʨʠ ʵʢʩʧʣʫʘʪʘʮʠʠ ʚ ʩʢʚʘʞʠʥʘʭ 

ʩ ʠʥʪʝʥʩʠʚʥʳʤ ʧʝʩʢʦʧʨʦʷʚʣʝʥʠʝʤ. ʇʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʧʝʨʬʦʨʠʨʦʚʘʥʥʫʶ ʥʘʩʦʩʥʦ-

ʢʦʤʧʨʝʩʩʦʨʥʫʶ ʪʨʫʙʫ (ʅʂʊ) ʩ ʥʘʨʫʞʥʳʤ ʜʠʘʤʝʪʨʦʤ 48 ʤʤ, ʥʘ ʢʦʪʦʨʫʶ ʫʩʪʘʥʘʚʣʠʚʘʝʪʩʷ 
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ʩʲʝʤʥʳʡ ʬʠʣʴʪʨʦʵʣʝʤʝʥʪ ï (ʢʘʨʪʨʠʜʞ). ʌʠʣʴʪʨʫʶʱʘʷ ʦʙʦʣʦʯʢʘ ʢʘʨʪʨʠʜʞʘ ʧʨʝʜʩʪʘʚʣʷʝʪ 

ʩʦʙʦʡ ʤʝʪʘʣʣʠʯʝʩʢʫʶ ʩʝʪʢʫ, ʢʦʪʦʨʘʷ ʠʟʛʦʪʦʚʣʝʥʘ ʠʟ ʥʝʨʞʘʚʝʶʱʝʡ ʧʨʦʚʦʣʦʢʠ (ʤʘʨʢʘ ʩʪʘʣʠ 

12ʍ18ʅ9ʊ, 12ʍ18ʅ10ʊ). ɼʠʘʤʝʪʨ ʦʙʩʘʜʥʦʡ ʢʦʣʦʥʥʳ ï 144 ʤʤ. 

ɺ ɸʆ çʉʘʤʦʪʣʦʨʥʝʬʪʝʛʘʟè ʧʨʦʚʦʜʷʪʩʷ ʦʧʳʪʥʦ-ʧʨʦʤʳʰʣʝʥʥʳʝ ʠʩʧʳʪʘʥʠʷ ʬʠʣʴʪʨʦʚ 

ʩʢʚʘʞʠʥʥʳʭ ʩʝʪʯʘʪʳʭ, ʤʦʜʠʬʠʢʘʮʠʠ ʌʉʉ-73-114ʂ2-48-çɿè ʧʨʝʜʩʪʘʚʣʷʶʱʠʡ ʩʦʙʦʡ 

ʢʦʥʩʪʨʫʢʮʠʶ, ʧʨʠʤʝʥʷʝʤʫʶ ʩʲʝʤʥʳʝ 2 ʬʠʣʴʪʨʦʵʣʝʤʝʥʪʘ. ʈʘʟʤʝʨʳ ʬʠʣʴʪʨʫʶʱʠʭ ʷʯʝʝʢ ʤʦʛʫʪ 

ʙʳʪʴ ʚ ʧʨʝʜʝʣʘʭ 0,15-1,0 ʤʤ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʨʘʟʤʝʨʘ ʚʳʥʦʩʠʤʳʭ ʯʘʩʪʠʮ. ʉʭʝʤʘ ʋʉʇʐ ʩ 

ʂʉʇ ʠ ʌʉʉ-73-114ʂ2-48 ʧʨʠʚʝʜʝʥʘ ʥʘ ʨʠʩʫʥʢʝ 3. 

 

ʈʠʩ. 3 ʉʭʝʤʘ ʋʉʇʐ ʩ ʂʉʇ ʠ ʌʉʉ-73-114ʂ2-48 

 

3. ʇʨʦʪʝʢʪʦʨ ʩʢʚʘʞʠʥʥʳʡ (ʇʉ-76) ʧʨʝʜʥʘʟʥʘʯʝʥ ʜʣʷ ʟʘʱʠʪʳ ʦʪ ʢʦʨʨʦʟʠʠ 

ʵʣʝʢʪʨʦʧʦʛʨʫʞʥʳʭ ʥʘʩʦʩʥʳʭ ʫʩʪʘʥʦʚʦʢ (ʋʕʎʅ) ʚ ʥʝʬʪʷʥʳʭ ʠ ʚʦʜʦʟʘʙʦʨʥʳʭ ʩʢʚʘʞʠʥʘʭ ʩ 

ʧʦʚʳʰʝʥʥʳʤ ʩʦʜʝʨʞʘʥʠʝʤ ʫʛʣʝʢʠʩʣʦʛʦ ʛʘʟʘ ʠ ʩʝʨʦʚʦʜʦʨʦʜʘ ʟʘ ʩʯʝʪ ʧʨʦʪʝʢʘʶʱʠʭ 

ʝʩʪʝʩʪʚʝʥʥʳʭ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ ʠ ʠʩʧʦʣʴʟʫʝʤʳʭ ʙʝʟʚʨʝʜʥʳʭ ʤʘʪʝʨʠʘʣʦʚ, ʙʝʟ 

ʫʱʝʨʙʘ ʜʣʷ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ.  

ʇʨʠʥʮʠʧ ʜʝʡʩʪʚʠʷ ʧʨʦʪʝʢʪʦʨʥʦʡ ʟʘʱʠʪʳ ï ʩʦʟʜʘʥʠʝ ʟʘʱʠʪʥʦʛʦ ʧʦʪʝʥʮʠʘʣʘ ʧʨʠ 

ʧʨʦʪʝʢʘʥʠʠ ʪʦʢʘ ʚ ʛʘʣʴʚʘʥʠʯʝʩʢʦʡ ʧʘʨʝ çʟʘʱʠʱʘʝʤʦʝ ʦʙʦʨʫʜʦʚʘʥʠʝ-ʧʨʦʪʝʢʪʦʨè. 

ʉʪʘʮʠʦʥʘʨʥʳʡ ʧʦʪʝʥʮʠʘʣ ʧʨʦʪʝʢʪʦʨʘ ʠʤʝʝʪ ʙʦʣʝʝ ʦʪʨʠʮʘʪʝʣʴʥʳʡ ʧʦʪʝʥʮʠʘʣ, ʯʝʤ ʧʦʪʝʥʮʠʘʣ 

ʤʝʪʘʣʣʘ ʟʘʱʠʱʘʝʤʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ. ɺ ʮʝʧʠ ʧʘʨʳ ʧʨʦʪʝʢʪʦʨ ʷʚʣʷʝʪʩʷ ʘʥʦʜʦʤ, ʘ ʟʘʱʠʱʘʝʤʦʝ 

ʦʙʦʨʫʜʦʚʘʥʠʝ ï ʢʘʪʦʜʦʤ. ʉʭʝʤʘ ʧʨʦʪʝʢʪʦʨʘ ʩʢʚʘʞʠʥʥʦʛʦ (ʇʉ-76) ʧʨʠʚʝʜʝʥʘ ʥʘ ʨʠʩʫʥʢʝ 4. 

ɼʣʷ ʙʦʨʴʙʳ ʩ ʦʩʣʦʞʥʷʶʱʠʤ ʜʦʙʳʯʫ ʬʘʢʪʦʨʦʤ çʩʦʣʝʦʪʣʦʞʝʥʠʝè ʦʜʥʠʤ ʠʟ 

ʠʥʥʦʚʘʮʠʦʥʥʳʭ ʥʘʧʨʘʚʣʝʥʠʡ, ʥʘʰʝʜʰʠʭ ʩʚʦʝ ʧʨʠʤʝʥʝʥʠʝ ʥʘ ʦʙʲʝʢʪʘʭ ʥʝʬʪʷʥʳʭ ʢʦʤʧʘʥʠʡ 

ʈʦʩʩʠʠ, ʵʪʦ ʤʝʪʦʜ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ, ʨʝʘʣʠʟʦʚʘʥʥʳʡ ʚ ʨʝʟʦʥʘʥʩʥʦ-ʚʦʣʥʦʚʦʤ 
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ʢʦʤʧʣʝʢʩʝ ʈɺʂ çʇʠʣʦʪ-1è. ʋʩʪʨʦʡʩʪʚʦ ʦʙʨʘʙʦʪʢʠ ʩʢʚʘʞʠʥʥʦʡ ʞʠʜʢʦʩʪʠ ʈɺʂ çʇʠʣʦʪ-1è 

ʧʨʠʚʝʜʝʥʦ ʥʘ ʨʠʩʫʥʢʝ 5. 

 

ʈʠʩ. 4. ʉʭʝʤʘ ʧʨʦʪʝʢʪʦʨʘ ʩʢʚʘʞʠʥʥʦʛʦ (ʇʉ-76) 

 

ʈʠʩ. 5. ʈʝʟʦʥʘʥʩʥʦ-ʚʦʣʥʦʚʦʡ ʢʦʤʧʣʝʢʩ ʈɺʂ çʇʠʣʦʪ-1 

 

ʕʣʝʢʪʨʦʤʘʛʥʠʪʥʦʝ ʧʦʣʝ, ʩʦʟʜʘʚʘʝʤʦʝ ʈɺʂ çʇʠʣʦʪ-1è, ʤʦʞʝʪ ʵʬʬʝʢʪʠʚʥʦ 

ʚʦʟʜʝʡʩʪʚʦʚʘʪʴ, ʚ ʜʦʙʳʚʘʝʤʦʤ ʬʣʶʠʜʝ, ʥʘ ʬʦʨʤʠʨʫʶʱʠʝʩʷ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʝ ʦʙʨʘʟʦʚʘʥʠʷ ʩ 

ʠʟʤʝʥʝʥʠʝʤ ʩʪʨʫʢʪʫʨʳ ʢʨʠʩʪʘʣʣʦʚ ʠ ʩʤʝʱʝʥʠʝʤ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʩ ʧʦʚʝʨʭʥʦʩʪʠ ʛʣʫʙʠʥʥʦʛʦ 

ʥʘʩʦʩʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ (ɻʅʆ) ʚʥʫʪʨʴ ʬʣʶʠʜʘ. ɿʦʥʘ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ 

ʩʧʦʩʦʙʥʦ ʨʘʩʧʨʦʩʪʨʘʥʷʪʴʩʷ ʦʪ ʟʘʙʦʷ ʜʦ ʫʩʪʴʷ ʩʢʚʘʞʠʥʳ. ʀʟʤʝʥʝʥʠʝ ʩʪʨʫʢʪʫʨʳ ʦʙʨʘʟʦʚʘʥʠʷ 

ʢʨʠʩʪʘʣʣʦʚ ʪʚʝʨʜʳʭ ʦʪʣʦʞʝʥʠʡ ʜʦ ʠ ʧʦʩʣʝ ʚʦʟʜʝʡʩʪʚʠʷ ʈɺʂ çʇʠʣʦʪ-1, ʧʨʠʚʝʜʝʥʦ ʥʘ ʨʠʩʫʥʢʝ 

6. 

  

 

ʈʠʩ. 6. ɺʦʟʜʝʡʩʪʚʠʝ ʨʝʟʦʥʘʥʩʥʦ-ʚʦʣʥʦʚʦʛʦ ʢʦʤʧʣʝʢʩʘ ʈɺʂ 

çʇʠʣʦʪ-1 ʥʘ ʩʪʨʫʢʪʫʨʫ ʩʦʣʝʦʪʣʦʞʝʥʠʡ 
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ɺ ʨʝʞʠʤʝ ʫʜʘʣʝʥʥʦʛʦ ʜʦʩʪʫʧʘ ʈɺʂ çʇʠʣʦʪ-1è ʜʦʧʦʣʥʠʪʝʣʴʥʦ ʦʙʦʨʫʜʦʚʘʥ ʚʩʪʨʦʝʥʥʳʤ 

ʢʦʥʪʨʦʣʴʥʦ-ʠʟʤʝʨʠʪʝʣʴʥʳʤ ʙʣʦʢʦʤ ʩ ʜʘʪʯʠʢʘʤʠ ʪʝʤʧʝʨʘʪʫʨʳ ʠ ʜʘʚʣʝʥʠʷ (ʊʄʉ) ʠ ʚʳʚʦʜʦʤ 

ʟʘʤʝʨʷʝʤʳʭ ʧʘʨʘʤʝʪʨʦʚ ʥʘ ʢʦʥʪʨʦʣʣʝʨ ʩʪʘʥʮʠʠ ʫʧʨʘʚʣʝʥʠʷ. ʈɺʂ çʇʠʣʦʪ-1è ʧʦʜʢʣʶʯʘʝʪʩʷ 

ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʢ ʦʩʥʦʚʘʥʠʶ ʧʦʛʨʫʞʥʦʛʦ ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʷ (ʇʕɼ), ʧʦʣʫʯʘʷ ʧʠʪʘʥʠʝ ʦʪ 

ʩʪʘʪʦʨʥʦʡ ʦʙʤʦʪʢʠ ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʷ. ʉʭʝʤʘ ʈɺʂ çʇʠʣʦʪ-1è ʧʦ ʟʘʱʠʪʝ ʋʕʎʅ ʦʪ 

ʩʦʣʝʦʪʣʦʞʝʥʠʡ ʧʨʠʚʝʜʝʥʘ ʥʘ ʨʠʩʫʥʢʝ 7. 

 

ʈʠʩ. 7 ʉʭʝʤʘ ʨʝʟʦʥʘʥʩʥʦ-ʚʦʣʥʦʚʦʛʦ ʢʦʤʧʣʝʢʩʘ ʧʦ ʟʘʱʠʪʝ ʋʕʎʅ ʦʪ ʩʦʣʝʦʪʣʦʞʝʥʠʡ 

 

ɺ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʪʠʧʘ ʦʪʣʦʞʝʥʠʡ, ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʨʘʙʦʪʳ ʩʢʚʘʞʠʥʳ, ʤʝʩʪʘ 

ʚʳʧʘʜʝʥʠʷ ʦʩʘʜʢʘ, ʧʦʜʙʠʨʘʶʪʩʷ ʨʘʟʣʠʯʥʳʝ ʪʠʧʳ ʠʟʣʫʯʘʪʝʣʷ ʈɺʂ çʇʠʣʦʪ-1è ʠʭ ʢʦʤʙʠʥʘʮʠʠ, 

ʤʦʱʥʦʩʪʴ ʠʟʣʫʯʝʥʠʷ ʠ ʜʠʘʧʘʟʦʥʳ ʯʘʩʪʦʪ.  

ʆʙʦʨʫʜʦʚʘʥʠʝ ʈɺʂ çʇʠʣʦʪ-1è ʫʩʧʝʰʥʦ ʧʨʦʰʣʦ ʩʝʨʠʶ ʦʧʳʪʥʦ-ʧʨʦʤʳʰʣʝʥʥʳʭ 

ʠʩʧʳʪʘʥʠʡ ʠ ʚʥʝʜʨʝʥʠʡ ʥʘ ʦʙʲʝʢʪʘʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʢʦʤʧʘʥʠʠ ʅʂ çʈʦʩʥʝʬʪʴè ʠ ʜʨ. ʅʘ ʚʩʝʭ 

ʩʢʚʘʞʠʥʘʭ, ʛʜʝ ʚʥʝʜʨʷʣʩʷ ʈɺʂ çʇʠʣʦʪ-1è, ʙʳʣʘ ʦʙʝʩʧʝʯʝʥʘ ʟʘʱʠʪʘ ʧʦʛʨʫʞʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ 

ʦʪ ʚʳʧʘʜʝʥʠʷ ʩʦʣʝʡ, ʠ ʢʘʢ ʩʣʝʜʩʪʚʠʝ, ʫʜʘʣʦʩʴ ʧʦʚʳʩʠʪʴ ʥʘʨʘʙʦʪʢʫ ʥʘ ʦʪʢʘʟ ʠ ʩʥʠʟʠʪʴ ʯʠʩʣʦ 

ʦʪʢʘʟʦʚ ʧʦ ʧʨʠʯʠʥʝ çʩʦʣʝʦʪʣʦʞʝʥʠʷè. ʈʝʟʫʣʴʪʘʪʳ ʦʪ ʚʦʟʜʝʡʩʪʚʠʷ ʜʦ ʠ ʧʦʩʣʝ ʚʥʝʜʨʝʥʠʷ ʈɺʂ 

çʇʠʣʦʪ-1è ʥʘ ʥʘʩʦʩʥʦʝ ʦʙʦʨʫʜʦʚʘʥʠʝ ʋʕʎʅ ʧʨʠʚʝʜʝʥʳ ʥʘ ʨʠʩʫʥʢʝ 8. 

 

  

ʈʠʩ. 8 ʈʝʟʫʣʴʪʘʪʳ ʦʪ ʚʦʟʜʝʡʩʪʚʠʷ ʈɺʂ çʇʠʣʦʪ-1è ʥʘ ʨʘʙʦʯʠʝ ʦʨʛʘʥʳ ʕʎʅ 
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ɼʣʷ ʩʦʭʨʘʥʝʥʠʷ ʪʝʢʫʱʝʛʦ ʫʨʦʚʥʷ ʥʘʨʘʙʦʪʢʠ, ʫʚʝʣʠʯʝʥʠʷ ʥʘʨʘʙʦʪʢʠ ʥʘ ʦʪʢʘʟ 

ʦʙʦʨʫʜʦʚʘʥʠʷ ʋʕʎʅ ʧʨʝʜʣʘʛʘʝʪʩʷ: 

1. ʇʨʦʜʦʣʞʠʪʴ ʧʨʠʤʝʥʝʥʠʝ ʟʘʱʠʪʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ï ʬʠʣʴʪʨʳ, ʜʝʩʝʥʜʝʨʳ 

(ʧʝʩʢʦʫʣʦʚʠʪʝʣʠ) ʨʘʟʣʠʯʥʳʭ ʢʦʥʩʪʨʫʢʮʠʡ, ʜʣʷ ʫʚʝʣʠʯʝʥʠʷ ʥʘʨʘʙʦʪʢʠ ʥʘ ʦʪʢʘʟ ʬʦʥʜʘ ʩʢʚʘʞʠʥ, 

ʦʩʣʦʞʥʸʥʥʳʭ ʚʳʥʦʩʦʤ ʤʝʭʘʥʠʯʝʩʢʠʭ ʧʨʠʤʝʩʝʡ. 

2. ʉʚʦʝʚʨʝʤʝʥʥʦʝ ʧʨʦʚʝʜʝʥʠʝ ʘʥʘʣʠʟʦʚ ʵʢʩʧʣʫʘʪʘʮʠʠ ʋʕʎʅ, ʫʯʠʪʳʚʘʶʱʠʭ ʧʨʠʤʝʥʝʥʠʝ 

ʥʦʚʳʭ ʪʝʭʥʦʣʦʛʠʡ. 

3. ʇʨʦʚʝʜʝʥʠʝ ʧʝʨʠʦʜʠʯʝʩʢʦʛʦ ʦʙʫʯʝʥʠʷ ʠʥʞʝʥʝʨʥʦ-ʪʝʭʥʠʯʝʩʢʦʛʦ ʧʝʨʩʦʥʘʣʘ 

ʥʝʬʪʝʧʨʦʤʳʩʣʘ ʪʨʝʙʦʚʘʥʠʷʤ, ʦʧʨʝʜʝʣʷʶʱʠʤ ʧʦʨʷʜʦʢ ʨʘʩʩʣʝʜʦʚʘʥʠʷ ʧʨʠʯʠʥ ʦʪʢʘʟʦʚ 

ʚʥʫʪʨʠʩʢʚʘʞʠʥʥʦʛʦ ʥʘʩʦʩʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ʤʝʭʘʥʠʟʠʨʦʚʘʥʥʦʛʦ ʬʦʥʜʘ ʩʢʚʘʞʠʥ, 

ʥʘʧʨʘʚʣʝʥʥʦʛʦ ʥʘ ʦʙʦʩʥʦʚʘʥʥʦʝ ʧʨʠʥʷʪʠʝ ʨʝʰʝʥʠʷ ʦ ʧʨʠʤʝʥʝʥʠʠ ʪʝʭ ʠʣʠ ʠʥʳʭ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ, ʧʦʟʚʦʣʷʶʱʠʭ ʫʚʝʣʠʯʠʪʴ ʧʦʪʝʥʮʠʘʣ ʤʝʩʪʦʨʦʞʜʝʥʠʷ, 

ʩʧʦʩʦʙʩʪʚʫʶʱʠʭ ʫʚʝʣʠʯʝʥʠʶ ʤʝʞʨʝʤʦʥʪʥʦʛʦ ʧʝʨʠʦʜʘ ʨʘʙʦʪʳ (ʄʈʇ) ʩʢʚʘʞʠʥ ʠ ʩʨʝʜʥʝʡ 

ʥʘʨʘʙʦʪʢʝ ʥʘ ʦʪʢʘʟ (ʉʅʆ) ʧʦʛʨʫʞʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ʋʕʎʅ. 

5. ɺʥʝʜʨʝʥʠʝ ʨʝʟʦʥʘʥʩʥʦ-ʚʦʣʥʦʚʦʛʦ ʢʦʤʧʣʝʢʩʘ ʈɺʂ çʇʠʣʦʪ-1è ʧʦ ʟʘʱʠʪʝ ʥʘʩʦʩʥʦʛʦ 

ʦʙʦʨʫʜʦʚʘʥʠʷ ʋʕʎʅ ʦʪ ʩʦʣʝʦʪʣʦʞʝʥʠʡ. 
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ʄʫʛʘʪʘʩʠʤʦʚ ʕ.ʀ. 

ʅʘʫʯʥʳʡ ʨʫʢʦʚʦʜʠʪʝʣʴ: ʈʦʜʠʦʥʮʝʚ ʅ.ʅ. 

ʅʠʞʥʝʚʘʨʪʦʚʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ, 

ʛ. ʅʠʞʥʝʚʘʨʪʦʚʩʢ, ʈʦʩʩʠʷ 

 

HI -TECH-ʊɽʍʅʆʃʆɻʀʀ ɺ ʅɽʌʊɽɻɸɿʆɺʆʄ ʇʈʆʀɿɺʆɼʉʊɺɽ: 

ʆʉʅʆɺʆʇʆʃɸɻɸʖʑʀɽ ʊɽʅɼɽʅʎʀʀ ʎʀʌʈʆɺʀɿɸʎʀʀ 

 

ɹʫʨʥʳʡ ʨʦʩʪ ʮʠʬʨʦʚʳʭ ʪʝʭʥʦʣʦʛʠʡ ʠ ʠʥʪʝʨʥʝʪ-ʘʢʪʠʚʥʦʩʪʠ ʚ ʥʘʯʘʣʝ 2000-ʭ ʛʛ ʦʪʨʘʟʠʣʩʷ 

ʥʘ ʚʩʝʭ ʦʪʨʘʩʣʷʭ ʵʢʦʥʦʤʠʢʠ, ʦʪ ʧʨʦʜʘʞ ʪʦʚʘʨʦʚ ʠ ʫʩʣʫʛ ʜʦ ʩʣʦʞʥʳʭ ʧʨʦʠʟʚʦʜʩʪʚ. ʆʜʥʦ ʠʟ 

ʭʘʨʘʢʪʝʨʥʳʭ ʧʦʩʣʝʜʩʪʚʠʡ ʵʪʠʭ ʧʝʨʝʤʝʥ ï ʛʣʦʙʘʣʴʥʦʝ ʫʚʝʣʠʯʝʥʠʝ ʢʦʣʠʯʝʩʪʚʘ ʠ ʢʘʯʝʩʪʚʘ 

ʜʘʥʥʳʭ ʠ ʧʦʷʚʣʝʥʠʝ ʥʦʚʳʭ ʤʝʪʦʜʦʚ ʨʘʙʦʪʳ ʩ ʥʠʤʠ.  

ɺ 2010 ʛ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʘʷ ʢʦʤʧʘʥʠʷ Gartner ʦʧʨʦʩʠʣʘ ʙʦʣʝʝ 1000 ʢʦʤʧʘʥʠʡ ʠʟ 8 ʩʪʨʘʥ. 

ʉʦʛʣʘʩʥʦ ʠʪʦʛʘʤ ʦʧʨʦʩʘ, ʠʟ-ʟʘ ʨʦʩʪʘ ʤʘʩʰʪʘʙʦʚ ɺʩʝʤʠʨʥʦʡ ʧʘʫʪʠʥʳ, ʘ ʪʘʢʞʝ ʙʣʘʛʦʜʘʨʷ 

ʫʩʠʣʠʚʘʶʱʝʡʩʷ ʮʠʬʨʦʚʠʟʘʮʠʠ ʙʠʟʥʝʩʘ ʝʞʝʛʦʜʥʳʡ ʧʨʠʨʦʩʪ ʢʦʣʠʯʝʩʪʚʘ ʜʘʥʥʳʭ ʚ ʵʪʠʭ 

ʢʦʤʧʘʥʠʷʭ ʩʦʩʪʘʚʠʣ ʦʪ 40% ʜʦ 60%.  

ʇʨʠ ʵʪʦʤ ʵʢʩʧʝʨʪʳ ʦʪʤʝʯʘʣʠ, ʯʪʦ ʥʘʨʘʚʥʝ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʩʢʦʨʦʩʪʠ ʧʦʩʪʫʧʣʝʥʠʷ ʥʦʚʳʭ 

ʜʘʥʥʳʭ ʩʦʢʨʘʪʠʣʦʩʴ ʚʨʝʤʷ ʥʘ ʧʨʠʥʷʪʠʝ ʨʝʰʝʥʠʡ ʥʘ ʦʩʥʦʚʝ ʠʭ ʘʥʘʣʠʟʘ.  

ʅʝ ʫʜʠʚʠʪʝʣʴʥʦ, ʯʪʦ ʚ ʩʣʦʞʠʚʰʝʡʩʷ ʩʠʪʫʘʮʠʠ ʮʠʬʨʦʚʳʝ ʪʝʭʥʦʣʦʛʠʠ ʥʘʭʦʜʷʪ ʚʩʝ 

ʙʦʣʴʰʝʝ ʧʨʠʤʝʥʝʥʠʝ ʠ ʚ ʥʝʬʪʝʛʘʟʦʚʦʤ ʩʝʢʪʦʨʝ. ɺʝʜʫʱʠʝ ʠʛʨʦʢʠ ʨʳʥʢʘ ʧʨʠʰʣʠ ʢ ʢʦʥʩʝʥʩʫʩʫ, 

ʢʦʪʦʨʳʡ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʪʦʤ, ʯʪʦ ʮʠʬʨʦʚʠʟʘʮʠʷ ʧʨʠʥʦʩʠʪ ʠʤ ʥʦʚʳʝ ʦʱʫʪʠʤʳʝ ʢʦʥʢʫʨʝʥʪʥʳʝ 

ʧʨʝʠʤʫʱʝʩʪʚʘ.  

ɺ ʨʝʟʫʣʴʪʘʪʝ ʢʨʫʧʥʳʝ ʥʝʬʪʷʥʳʝ ʢʦʤʧʘʥʠʠ ʧʦ ʚʩʝʤʫ ʤʠʨʫ ʧʝʨʝʭʦʜʷʪ ʢ ʧʨʠʤʝʥʝʥʠʶ 

çʮʠʬʨʦʚʳʭè ʪʝʭʥʦʣʦʛʠʡ: Shell ʠ Total ʠʩʧʦʣʴʟʫʶʪ ʨʦʙʦʪʦʚ, Chevron ʠ Shell ï ʜʨʦʥʳ, Statoil ï 

3D-ʚʠʟʫʘʣʠʟʘʮʠʶ, Chevron ʧʨʠ ʧʦʤʦʱʠ ʚʠʜʝʦʘʥʘʣʠʪʠʢʠ ʚʳʷʚʣʷʝʪ ʚʦʟʥʠʢʥʦʚʝʥʠʝ ʧʨʦʪʝʯʝʢ ʥʘ 

ʥʝʬʪʝʧʨʦʚʦʜʘʭ, ʘ ʚ BP ʨʝʘʣʠʟʫʝʪʩʷ ʤʘʩʰʪʘʙʥʳʡ ʧʨʦʝʢʪ, ʩʚʷʟʘʥʥʳʡ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʥʘ ʤʦʨʩʢʠʭ 

ʜʦʙʳʚʘʶʱʠʭ ʧʣʘʪʬʦʨʤʘʭ ʧʨʦʤʳʰʣʝʥʥʦʛʦ ʀʥʪʝʨʥʝʪʘ ʚʝʱʝʡ.  

ʂʨʦʤʝ ʵʪʦʛʦ, ʧʨʘʢʪʠʯʝʩʢʠ ʚʩʝ ʠʛʨʦʢʠ ʛʣʦʙʘʣʴʥʦʡ ʥʝʬʪʝʛʘʟʦʚʦʡ ʦʪʨʘʩʣʠ ʫʞʝ ʠʩʧʦʣʴʟʫʶʪ 

ʚ ʧʨʦʤʳʰʣʝʥʥʳʭ ʥʝʬʪʷʥʳʭ ʪʝʭʥʦʣʦʛʠʷʭ ʠʩʢʫʩʩʪʚʝʥʥʳʡ ʠʥʪʝʣʣʝʢʪ ʠ ʚʦʟʤʦʞʥʦʩʪʠ 

ʚʠʨʪʫʘʣʴʥʦʡ ʠ ʜʦʧʦʣʥʝʥʥʦʡ ʨʝʘʣʴʥʦʩʪʠ. ɼʘʞʝ ʪʘʢʘʷ ʪʝʭʥʦʣʦʛʠʷ, ʢʘʢ blockchain, ʥʝ ʦʩʪʘʣʘʩʴ 

ʙʝʟ ʚʥʠʤʘʥʠʷ ʚ ʥʝʬʪʷʥʦʡ ʦʪʨʘʩʣʠ.  

ɺ ʨʘʟʣʠʯʥʳʭ ʥʝʬʪʷʥʳʭ ʢʦʤʧʘʥʠʷʭ ʠʤʝʶʪʩʷ ʩʚʦʠ ʥʘʟʚʘʥʠʷ ʩʧʝʮʠʘʣʴʥʳʭ ʧʨʦʝʢʪʦʚ, 

ʢʦʪʦʨʳʝ ʤʦʞʥʦ ʦʪʥʝʩʪʠ ʢ ʢʘʪʝʛʦʨʠʠ çʫʤʥʦʝ/ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʦʝè ʧʨʦʠʟʚʦʜʩʪʚʦ:  

ï çʫʤʥʳʝè ʩʢʚʘʞʠʥʳ ï Smart Wells (Schlumberger);  

ï çʫʤʥʳʝè ʦʧʝʨʘʮʠʠ ï Smart Operations (Petoro);  

ï çʠʥʪʝʛʨʠʨʦʚʘʥʥʳʝè ʦʧʝʨʘʮʠʠ ï Integrated Operations (Statoil, OLF);  

ï çɻ ʣʝʢʪʨʦʥʥʦʝè ʫʧʨʘʚʣʝʥʠʝ ï eOperations (North Hydro);  

ï çʫʧʨʘʚʣʝʥʠʝ ʚ ʨʝʞʠʤʝ ʨʝʘʣʴʥʦʛʦ ʚʨʝʤʝʥʠè ï Real Time Operations (Halliburton);  

ï çʧʨʘʚʠʣʴʥʦʝè ʥʘʧʨʘʚʣʝʥʠʝ ï eDrift (OD);  
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ï çʠʥʪʝʛʨʠʨʦʚʘʥʥʘʷ ʤʦʜʝʣʴ ʫʧʨʘʚʣʝʥʠʷ ʘʢʪʠʚʘʤʠè ï Integrated Asset Operation Model 

(IAOM), ADCO;  

ï çʫʤʥʦʝè ʤʝʩʪʦʨʦʞʜʝʥʠʝ ï Smart Field (Shell);  

ï çʠʥʪʝʣʣʝʢʪʫʘʣʴʥʦʝè ʤʝʩʪʦʨʦʞʜʝʥʠʝ ï i-field (Chevron);  

ï çʤʝʩʪʦʨʦʞʜʝʥʠʝ ʙʫʜʫʱʝʛʦè ï Field of the future (BP);  

ï çʮʠʬʨʦʚʦʝè ʥʝʬʪʷʥʦʝ ʤʝʩʪʦʨʦʞʜʝʥʠʝ ʙʫʜʫʱʝʛʦ ï Digital oil field of the future DOFF 

(CERA).  

ɺʩʝ ʵʪʠ ʩʠʩʪʝʤʳ ʜʦʚʦʣʴʥʦ ʩʭʦʜʥʳ ʤʝʞʜʫ ʩʦʙʦʡ ʧʦ ʩʚʦʠʤ ʦʩʥʦʚʥʳʤ ʮʝʣʷʤ ʠ ʣʦʢʘʣʴʥʳʤ 

ʟʘʜʘʯʘʤ: ʦʥʠ ʧʨʠʟʚʘʥʳ ʩ ʚʳʩʦʢʦʡ ʩʪʝʧʝʥʴʶ ʜʦʩʪʦʚʝʨʥʦʩʪʠ ʤʦʜʝʣʠʨʦʚʘʪʴ ʨʘʟʣʠʯʥʳʝ ʩʮʝʥʘʨʠʠ 

ʨʘʟʚʠʪʠʷ ʩʠʪʫʘʮʠʠ ʥʘ ʥʝʬʪʝʛʘʟʦʚʦʤ ʧʨʦʠʟʚʦʜʩʪʚʝ ʠ ʧʨʝʜʦʩʪʘʚʣʷʪʴ ʚʦʟʤʦʞʥʦʩʪʴ ʚʳʙʦʨʘ 

ʥʘʠʙʦʣʝʝ ʦʧʪʠʤʘʣʴʥʳʭ ʨʝʰʝʥʠʡ (ʚ ʪʦʤ ʯʠʩʣʝ ʠ ʧʦ ʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʦʤʫ ʠʩʧʦʣʴʟʦʚʘʥʠʶ 

ʚʳʩʦʢʦʢʚʘʣʠʬʠʮʠʨʦʚʘʥʥʳʭ ʩʧʝʮʠʘʣʠʩʪʦʚ ʢʦʤʧʘʥʠʠ).  

ʇʨʠʩʫʪʩʪʚʠʝ ʠʥʪʝʣʣʝʢʪʘ ʚ ʣʶʙʦʡ ʩʣʦʞʥʦʡ ʩʠʩʪʝʤʝ, ʙʫʜʴ ʦʥʘ ʙʠʦʣʦʛʠʯʝʩʢʘʷ (ʯʝʣʦʚʝʢ) 

ʠʣʠ ʜʘʞʝ ʠʥʞʝʥʝʨʥʘʷ (ʩʢʚʘʞʠʥʘ, ʥʝʬʪʝʧʨʦʤʳʩʝʣ, ʥʝʬʪʝʧʨʦʚʦʜʳ ʠ ʪ. ʜ.), ʧʨʝʜʧʦʣʘʛʘʝʪ 

ʚʦʟʤʦʞʥʦʩʪʴ ʠ ʥʘʣʠʯʠʝ ʩʘʤʦʩʪʦʷʪʝʣʴʥʦʛʦ ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʠ ʦʧʪʠʤʠʟʘʮʠʠ ʤʥʦʞʝʩʪʚʝʥʥʳʭ 

ʚʥʫʪʨʝʥʥʠʭ ʧʘʨʘʤʝʪʨʦʚ ʝʝ ʨʘʙʦʪʳ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʨʘʟʥʦʦʙʨʘʟʥʳʤ ʠ ʧʦʩʪʦʷʥʥʦ 

ʠʟʤʝʥʷʶʱʠʤʩʷ ʫʩʣʦʚʠʷʤ ʠʣʠ ʧʨʦʷʚʣʝʥʠʷʤ ʚʦʟʜʝʡʩʪʚʠʡ ʚʥʝʰʥʝʡ ʩʨʝʜʳ.  

ʆʪʩʶʜʘ ʚʳʪʝʢʘʝʪ ʧʦʪʨʝʙʥʦʩʪʴ ʚʦ ʚʥʝʜʨʝʥʠʠ ʥʘ ʧʨʝʜʧʨʠʷʪʠʷʭ ʥʝʬʪʷʥʦʡ ʦʪʨʘʩʣʠ ʪʘʢ 

ʥʘʟʳʚʘʝʤʳʭ çʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʭè ʪʝʭʥʦʣʦʛʠʡ. ʆʥʠ ʥʝʦʙʭʦʜʠʤʳ ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ ʜʣʷ ʪʦʛʦ, 

ʯʪʦʙʳ ʤʘʢʩʠʤʠʟʠʨʦʚʘʪʴ ʧʨʦʜʫʢʪʠʚʥʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʨʘʩʪʫʱʝʛʦ ʬʦʥʜʘ ʩʢʚʘʞʠʥ, ʩʦʢʨʘʪʠʪʴ 

ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʝ ʨʘʩʭʦʜʳ, ʘ ʪʘʢʞʝ ʫʩʢʦʨʠʪʴ ʜʦʙʳʯʫ ʠ ʫʚʝʣʠʯʠʚʘʪʴ ʝʸ ʦʙʲʝʤʳ  [2; 3].  

ʇʨʠ ʵʪʦʤ ʧʦʜ çʠʥʪʝʣʣʝʢʪʫʘʣʴʥʦʡè ʪʝʭʥʦʣʦʛʠʝʡ ʥʘ ʥʝʬʪʝʧʨʦʤʳʩʣʝ ʧʦʥʠʤʘʶʪ ʩʠʩʪʝʤʫ 

ʘʚʪʦʤʘʪʠʯʝʩʢʦʛʦ ʫʧʨʘʚʣʝʥʠʷ ʦʧʝʨʘʮʠʷʤʠ ʧʦ ʜʦʙʳʯʝ ʥʝʬʪʠ ʠ ʛʘʟʘ, ʢʦʪʦʨʘʷ ʧʨʝʜʫʩʤʘʪʨʠʚʘʝʪ 

ʥʝʧʨʝʨʳʚʥʦʩʪʴ ʦʧʪʠʤʠʟʘʮʠʠ ʠʥʪʝʛʨʘʣʴʥʦʡ ʤʦʜʝʣʠ ʤʝʩʪʦʨʦʞʜʝʥʠʷ, ʘ ʪʘʢʞʝ ʤʦʜʝʣʠ 

ʵʬʬʝʢʪʠʚʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ ʜʦʙʳʯʝʡ [4].  

ʅʘʠʙʦʣʝʝ ʧʝʨʩʧʝʢʪʠʚʥʳʝ çʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʝè ʥʝʬʪʝʛʘʟʦʚʳʝ ʪʝʭʥʦʣʦʛʠʠ ï ʵʪʦ 

ʨʦʙʦʪʦʪʝʭʥʠʢʘ ʜʣʷ ʙʫʨʝʥʠʷ, ʥʘʙʣʶʜʝʥʠʷ ʠ ʦʙʩʣʫʞʠʚʘʥʠʷ, ʥʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʘʷ ʦʙʨʘʙʦʪʢʘ 

ʧʣʘʩʪʘ, ʧʦʜʚʦʜʥʘʷ ʜʦʙʳʯʘ ʥʝʬʪʠ, ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʳʝ (ʙʝʩʧʠʣʦʪʥʳʝ) ʧʣʘʪʬʦʨʤʳ ʠ 

ʙʝʩʧʨʦʚʦʜʥʳʝ ʩʠʩʪʝʤʳ [1].  

ʇʨʠ ʵʪʦʤ ʥʝʦʙʭʦʜʠʤʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʧʦʚʩʝʤʝʩʪʥʦʝ ʚʥʝʜʨʝʥʠʝ çʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʭè 

ʪʝʭʥʦʣʦʛʠʡ, ʧʦ ʦʮʝʥʢʘʤ ʵʢʩʧʝʨʪʥʳʭ ʦʨʛʘʥʠʟʘʮʠʡ, ʧʦʟʚʦʣʠʪ ʫʚʝʣʠʯʠʪʴ ʦʙʱʝʤʠʨʦʚʫʶ 

ʥʝʬʪʝʦʪʜʘʯʫ ʩ 30 ʜʦ 50%.  

ʊʘʢ, ʧʦ ʦʮʝʥʢʝ ʥʝʬʪʷʥʦʡ ʢʦʤʧʘʥʠʠ SaudiAramco ʪʦʣʴʢʦ ʚʥʝʜʨʝʥʠʝ ʧʣʘʩʪʦʚʳʭ 

ʥʘʥʦʨʦʙʦʪʦʚ ʥʘ ʥʝʬʪʷʥʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʷʭ, ʥʘʭʦʜʷʱʠʭʩʷ ʥʘ ʧʦʟʜʥʠʭ ʩʪʘʜʠʷʭ ʨʘʟʨʘʙʦʪʢʠ, 

ʧʦʟʚʦʣʠʪ ʫʚʝʣʠʯʠʪʴ ʢʦʵʬʬʠʮʠʝʥʪ ʠʟʚʣʝʯʝʥʠʷ ʥʝʬʪʠ ʜʦ 60õ70%.  

ʇʦ ʦʮʝʥʢʘʤ CERA, ʧʨʠ ʫʯʝʪʝ ʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʚʩʝʭ ʧʝʨʝʯʠʩʣʝʥʥʳʭ ʚʦʟʤʦʞʥʦʩʪʝʡ, 

ʥʝʬʪʷʥʳʝ ʢʦʤʧʘʥʠʠ ʤʦʛʫʪ ʜʦʩʪʠʯʴ ʫʣʫʯʰʝʥʠʷ ʦʩʚʦʝʥʠ̫ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʥʘ ʧʨʠʤʝʨʥʦ 2õ7%, 

ʩʦʢʨʘʱʝʥʠʷ ʠʤʝʶʱʠʭʩʷ ʟʘʪʨʘʪ ʥʘ ʥʝʬʪʝʠʟʚʣʝʯʝʥʠʝ ï ʦʢʦʣʦ 25%, ʘ ʪʘʢʞʝ ʧʦʚʳʰʝʥʠʝ ʪʝʤʧʦʚ 

ʨʦʩʪʘ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʥʝʬʪʝʛʘʟʦʚʳʭ ʦʧʝʨʘʮʠʡ ï ʥʘ 2õ4%.  



 XXIII  ɺʩʝʨʦʩʩʠʡʩʢʘʷ ʩʪʫʜʝʥʯʝʩʢʘʷ ʥʘʫʯʥʦ-ʧʨʘʢʪʠʯʝʩʢʘʷ ʢʦʥʬʝʨʝʥʮʠʷ 

ʅʠʞʥʝʚʘʨʪʦʚʩʢʦʛʦ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ 

105 

ɺ ʯʘʩʪʥʦʩʪʠ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʨʝʘʣʠʟʘʮʠʠ ʢʦʥʮʝʧʮʠʠ çʠʥʪʝʣʣʝʢʪʫʘʣʴʥʦʡè ʪʝʭʥʦʣʦʛʠʠ 

ʦʧʝʨʘʪʦʨʘʤ ʂʘʣʠʬʦʨʥʠʡʩʢʦʛʦ ʫʯʘʩʪʢʘ, ʧʨʠ ʚʳʧʦʣʥʝʥʠʠ ʦʙʭʦʜʘ ʠʣʠ ʥʘʭʦʞʜʝʥʠʠ ʚ ʩʚʦʠʭ 

ʘʚʪʦʤʦʙʠʣʷʭ, ʚʦʟʤʦʞʥʦ ʧʨʦʩʤʦʪʨʝʪʴ ʥʘ ʧʣʘʥʰʝʪʘʭ ʪʝʢʫʱʠʝ ʜʘʥʥʳʝ ʦʙ ʦʧʝʨʘʮʠʷʭ ʠʣʠ 

ʧʦʣʫʯʠʪʴ ʩʠʛʥʘʣʳ ʦ ʨʘʟʣʠʯʥʳʭ ʩʠʪʫʘʮʠʷʭ, ʪʨʝʙʫʶʱʠʭ ʥʝʤʝʜʣʝʥʥʦʛʦ ʨʝʘʛʠʨʦʚʘʥʠʷ 

(https://clck.ru/UEwxZ).  

ʉ ʧʦʤʦʱʴʶ ʜʘʥʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʤʝʨ, ʨʘʙʦʪʥʠʢʠ ʤʦʛʫʪ ʠʟʙʝʛʘʪʴ ʤʥʦʛʦʯʠʩʣʝʥʥʳʝ ʜʥʝʚʥʳʝ 

ʧʦʩʝʱʝʥʠʷ ʢʘʞʜʦʡ ʩʢʚʘʞʠʥʳ ʠ ʩʦʩʨʝʜʦʪʦʯʠʪʴ ʙʦʣʴʰʝ ʚʥʠʤʘʥʠʝ ʥʘ ʥʫʞʜʘʶʱʠʭʩʷ ʚ 

ʦʙʩʣʫʞʠʚʘʥʠʠ ʩʢʚʘʞʠʥʘʭ. ʅʘ ʪʘʢʠʭ ʫʯʘʩʪʢʘʭ ʯʘʩʪʦ ʧʦʪʨʝʙʦʚʘʣʦʩʴ ʦʢʦʣʦ 10 ʦʧʝʨʘʪʦʨʦʚ, 

ʚʳʧʦʣʥʷʶʱʠʭ ʦʙʲʝʟʜ ʦʙʲʝʢʪʦʚ ʧʦ ʦʧʨʝʜʝʣʝʥʥʦʤʫ ʤʘʨʰʨʫʪʫ ʧʦ ʥʝʩʢʦʣʴʢʫ ʨʘʟ ʚ ʜʝʥʴ.  

ʈʘʩʰʠʨʝʥʠʝ ʩʝʪʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʙʝʩʧʨʦʚʦʜʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʥʘ ʤʝʩʪʦʨʦʞʜʝʥʠʠ 

ʩʣʘʥʮʝʚʦʡ ʥʝʬʪʠ ʀʛʣ-ʌʦʨʪ, ʧʦʟʚʦʣʠʣʦ ʩʦʢʨʘʪʠʪʴ ʟʘʪʨʘʪʳ ʥʘ ʧʨʠʤʝʨʥʦ 60% 

(https://clck.ru/UEwxZ). 

ʂʨʦʤʝ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ ʚ ʨʘʤʢʘʭ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʡ ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʤ ʧʨʦʮʝʩʩʦʤ (Supervisory Control And Data Acquisition, SCADA) ʥʦʚʘʷ 

ʧʦʩʪʨʦʝʥʥʘʷ ʩʝʪʴ ʦʙʝʩʧʝʯʠʚʘʝʪ ʧʦʜʜʝʨʞʢʠ ʛʦʣʦʩʦʚʦʡ ʩʚʷʟʠ ʯʝʨʝʟ ʀʥʪʝʨʥʝʪ-ʧʨʦʪʦʢʦʣʳ.  

ʅʝʬʪʝʧʝʨʝʨʘʙʘʪʳʚʘʶʱʘʷ ʢʦʤʧʘʥʠʷ Saudi Arumco Mobil Refining Company (SAMREF) 

ʫʩʪʘʥʦʚʠʣʘ ʥʘ ʩʚʦʡ ʦʙʲʝʢʪ ʙʦʣʝʝ ʩʣʦʞʥʳʝ ʩʝʪʠ ʦʪ ʧʨʦʠʟʚʦʜʠʪʝʣʷ Honeywell 

(https://clck.ru/UEwxZ). 

ʕʪʘ ʨʘʙʦʪʘ ʙʳʣʘ ʫʩʧʝʰʥʦ ʚʳʧʦʣʥʝʥʘ ʥʘ ʥʝʬʪʝʧʝʨʝʨʘʙʘʪʳʚʘʶʱʝʤ ʢʦʤʧʣʝʢʩʝ ʚ ʗʥʙʫ 

(ʉʘʫʜʦʚʩʢʘʷ ɸʨʘʚʠʷ). ʂʦʤʧʘʥʠʷ SAMREF ʷʚʣʷʝʪʩʷ ʩʦʚʤʝʩʪʥʳʤ ʧʨʝʜʧʨʠʷʪʠʝʤ ʥʝʬʪʷʥʦʡ 

ʢʦʤʧʘʥʠʠ ʠʟ ʉʘʫʜʦʚʩʢʦʡ ɸʨʘʚʠʠ (Saudi Arabian Oil Company) ʠ ʥʝʬʪʝʧʝʨʝʨʘʙʦʪʯʠʢʦʤ Mobil 

Yanbu Refining Company, ʜʦʯʝʨʥʝʡ ʢʦʤʧʘʥʠʠ Exxon Mobil.  

ʇʨʦʠʟʚʦʜʩʪʚʘ ʥʝʬʪʝʧʝʨʝʨʘʙʘʪʳʚʘʶʱʝʛʦ ʢʦʤʧʣʝʢʩʘ SAMREF ʩʦʩʪʘʚʣʷʝʪ, ʥʘ ʚʩʝ 

ʨʘʟʣʠʯʥʳʝ ʥʝʬʪʝʧʨʦʜʫʢʪʳ (ʚ ʪʦʤ ʯʠʩʣʝ ï ʙʝʥʟʠʥ, ʤʘʟʫʪ, ʩʞʠʞʝʥʥʳʡ ʛʘʟ, ʪʦʧʣʠʚʘ ʜʣʷ 

ʨʝʘʢʪʠʚʥʳʭ ʜʚʠʛʘʪʝʣʝʡ ʠ ʜʨʫʛʠʝ ʵʥʝʨʛʝʪʠʯʝʩʢʠʝ ʧʨʦʜʫʢʪʳ), ʦʢʦʣʦ 400 ʪʳʩ. ʙʘʨʨ./ʜʝʥʴ).  

ʋʩʪʘʥʦʚʣʝʥʥʘʷ ʬʠʨʤʦʡ Honeywell ʙʝʩʧʨʦʚʦʜʥʘʷ ʩʝʪʴ ʧʦʟʚʦʣʷʝʪ ʦʙʨʘʙʘʪʳʚʘʪʴ ʪʨʘʬʠʢʠ 

ʜʣʷ ʤʦʥʠʪʦʨʠʥʛʘ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʧʨʦʮʝʩʩʘ ʠ ʦʜʥʦʚʨʝʤʝʥʥʦ ʦʩʫʱʝʩʪʚʣʷʪʴ ʧʦʣʥʦʝ 

ʚʠʜʝʦʥʘʙʣʶʜʝʥʠʝ ʦʙʲʝʢʪʘ [1].  

ɹʦʣʴʰʦʡ ʧʨʦʨʳʚ ʚ ʮʠʬʨʦʚʠʟʘʮʠʠ ʥʝʬʪʷʥʦʡ ʦʪʨʘʩʣʠ ʙʳʣ ʦʪʤʝʯʝʥ ʚ ʅʦʨʚʝʛʠʠ. ʅʝʩʢʦʣʴʢʦ 

ʣʝʪ ʥʘʟʘʜ ʧʨʘʚʠʪʝʣʴʩʪʚʦ ʩʪʨʘʥʳ ʧʦʩʪʘʚʠʣʦ ʧʝʨʝʜ ʢʦʤʧʘʥʠʷʤʠ, ʨʘʙʦʪʘʶʱʠʤʠ ʥʘ ʥʦʨʚʝʞʩʢʦʤ 

ʢʦʥʪʠʥʝʥʪʘʣʴʥʦʤ ʰʝʣʴʬʝ, ʟʘʜʘʯʫ ʜʦʙʳʯʠ ʥʝʬʪʠ ʥʝ ʤʝʥʝʝ 50% ʦʪ ʠʤʝʶʱʠʭʩʷ ʛʝʦʣʦʛʠʯʝʩʢʠʭ 

ʟʘʧʘʩʦʚ. C ʫʯʝʪʦʤ ʪʦʛʦ, ʯʪʦ ʚ ʩʨʝʜʥʝʤ ʢʦʵʬʬʠʮʠʝʥʪ ʥʝʬʪʝʦʪʜʘʯʠ ʜʣʷ ʰʝʣʴʬʦʚʳʭ 

ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʩʦʩʪʘʚʣʷʣ 35%, ʩʪʘʣʦ ʦʯʝʚʠʜʥʳʤ, ʯʪʦ ʵʪʠʤ ʢʦʤʧʘʥʠʷʤ ʧʨʠʜʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʪʴ 

ʪʝʭʥʦʣʦʛʠʠ ʠ ʤʝʪʦʜʳ ʧʦʚʳʰʝʥʠʷ ʥʝʬʪʝʦʪʜʘʯʠ, ʩʧʦʩʦʙʥʳ ʚʳʧʦʣʥʠʪʴ ʜʘʥʥʫʶ ʟʘʜʘʯʫ. ʆʜʥʦʡ ʠʟ 

ʪʘʢʠʭ ʪʝʭʥʦʣʦʛʠʡ ʷʚʣʷʝʪʩʷ ʧʝʨʠʦʜʠʯʝʩʢʠʡ ʩʝʡʩʤʦʤʦʥʠʪʦʨʠʥʛ, ʚ ʭʦʜʝ ʢʦʪʦʨʦʛʦ ʧʨʦʚʦʜʷʪʩʷ 

ʧʦʚʪʦʨʥʳʝ (ʥʘʧʨʠʤʝʨ, ʜʚʘ ʨʘʟʘ ʚ ʛʦʜ) ʩʝʡʩʤʠʯʝʩʢʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʤʝʩʪʦʨʦʞʜʝʥʠʷ.  

ʈʘʟʥʠʮʘ ʤʝʞʜʫ ʨʝʟʫʣʴʪʘʪʘʤʠ, ʧʦʣʫʯʝʥʥʳʤʠ ʚ ʭʦʜʝ ʜʚʫʭ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʭ 

ʩʝʡʩʤʦʨʘʟʚʝʜʦʢ, ʧʦʤʦʛʘʝʪ ʚʳʷʩʥʠʪʴ ʪʦ, ʢʘʢ ʬʣʶʠʜ ʧʝʨʝʤʝʩʪʠʣʩʷ ʚ ʧʣʘʩʪʝ, ʛʜʝ ʣʫʯʰʝ ʚʩʝʛʦ 

ʧʨʦʙʫʨʠʪʴ ʥʦʚʳʝ ʩʢʚʘʞʠʥʳ ʜʣʷ ʜʦʙʳʯʠ.  
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ʅʦʨʚʝʞʩʢʘʷ ʥʝʬʪʷʥʘʷ ʢʦʤʧʘʥʠʷ Statoil ʩʦʚʤʝʩʪʥʦ ʩ ʢʦʤʧʘʥʠʝʡ Teradata ʨʝʰʠʣʠ 

ʠʩʧʦʣʴʟʦʚʘʪʴ ʤʝʪʦʜʳ ʘʥʘʣʠʟʘ ʙʦʣʴʰʠʭ ʜʘʥʥʳʭ ʜʣʷ ʧʦʚʳʰʝʥʠʷ ʢʘʯʝʩʪʚʘ ʦʙʨʘʙʦʪʢʠ 

ʠʥʬʦʨʤʘʮʠʠ, ʧʦʣʫʯʘʝʤʦʡ ʚ ʭʦʜʝ ʩʝʡʩʤʦʨʘʟʚʝʜʢʠ. ʇʦʣʫʯʝʥʥʳʝ ʚ ʭʦʜʝ ʘʥʘʣʠʟʘ ʨʝʟʫʣʴʪʘʪʳ ʠ ʠʭ 

ʟʥʘʯʠʤʦʩʪʴ ʜʣʷ ʙʠʟʥʝʩʘ ʧʦʩʣʫʞʠʣʠ ʪʦʣʯʢʦʤ ʜʣʷ ʧʦʷʚʣʝʥʠʷ ʚ Statoil ʧʨʦʛʨʘʤʤʳ ʧʦ ʧʦʩʪʨʦʝʥʠʶ 

ʮʠʬʨʦʚʦʡ ʤʦʜʝʣʠ ʛʝʦʣʦʛʠʯʝʩʢʦʛʦ ʨʘʟʨʝʟʘ ʚ ʨʘʤʢʘʭ ʧʨʦʮʝʩʩʘ ʮʠʬʨʦʚʠʟʘʮʠʠ ʙʠʟʥʝʩʘ ʢʦʤʧʘʥʠʠ.  

ʎʠʬʨʦʚʠʟʘʮʠʷ ʚ Statoil ʦʭʚʘʪʳʚʘʝʪ ʥʝ ʪʦʣʴʢʦ ʦʩʥʦʚʥʫʶ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʫʶ ʜʝʷʪʝʣʴʥʦʩʪʴ, 

ʥʦ ʠ ʪʘʢʠʝ ʢʦʨʧʦʨʘʪʠʚʥʳʝ ʬʫʥʢʮʠʠ ʢʘʢ, ʥʘʧʨʠʤʝʨ, ʬʠʥʘʥʩʳ.  

ɺ 2017 ʛ Statoil ʚʥʝʜʨʠʣ ʙʦʣʝʝ ʜʝʩʷʪʢʘ ʧʨʦʛʨʘʤʤʥʳʭ ʨʦʙʦʪʦʚ ʚ ʜʝʧʘʨʪʘʤʝʥʪʝ ʬʠʥʘʥʩʦʚ. 

ʀʭ ʟʘʜʘʯʘ ʩʦʩʪʦʠʪ ʚ ʣʠʢʚʠʜʘʮʠʠ ʨʫʯʥʦʛʦ ʪʨʫʜʘ ʠ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʧʨʦʮʝʩʩʦʚ ʛʝʥʝʨʘʮʠʠ 

ʥʘʧʦʤʠʥʘʥʠʡ ʦ ʧʣʘʪʝʞʘʭ, ʩʚʝʨʢʠ ʩʯʝʪʦʚ, ʩʦʟʜʘʥʠʷ ʜʦʢʫʤʝʥʪʦʚ ʧʦ ʧʣʘʪʝʞʘʤ ʧʦʩʪʘʚʱʠʢʘʤ, 

ʦʪʧʨʘʚʢʠ ʠʥʬʦʨʤʘʮʠʠ ʚ ʩʣʫʞʙʫ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʡ ʩʪʘʪʠʩʪʠʢʠ ʅʦʨʚʝʛʠʠ.  

ʇʨʠ ʧʦʤʦʱʠ ʵʪʠʭ ʨʦʙʦʪʦʚ Statoil ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʣ ʙʦʣʝʝ 50 ʟʘʜʘʯ, ʚʳʧʦʣʥʷʝʤʳʭ 

ʜʝʧʘʨʪʘʤʝʥʪʦʤ ʬʠʥʘʥʩʦʚ, ʠ ʢʦʤʧʘʥʠʷ ʥʝ ʩʦʙʠʨʘʝʪʩʷ ʦʩʪʘʥʘʚʣʠʚʘʪʴʩʷ ʥʘ ʜʦʩʪʠʛʥʫʪʦʤ.  

ɺ ʧʝʨʠʦʜ ʜʦ 2020 ʛ Statoil ʩʦʙʠʨʘʝʪʩʷ ʠʥʚʝʩʪʠʨʦʚʘʪʴ ʚ ʮʠʬʨʦʚʠʟʘʮʠʶ ʩʚʦʝʛʦ ʙʠʟʥʝʩʘ ʦʪ 

1 ʜʦ 2 ʤʠʣʣʠʘʨʜʦʚ ʜʦʣʣʘʨʦʚ. ʂʦʤʧʘʥʠʷ ʦʧʨʝʜʝʣʠʣʘ ʙʦʣʝʝ 30 ʨʘʟʣʠʯʥʳʭ ʠʥʠʮʠʘʪʠʚ ʧʦ 

ʮʠʬʨʦʚʠʟʘʮʠʠ. Statoil ʩʯʠʪʘʝʪ, ʯʪʦ ʮʠʬʨʦʚʠʟʘʮʠʷ ʧʦʤʦʞʝʪ ʫʤʝʥʴʰʠʪʴ ʢʘʧʠʪʘʣʴʥʳʝ ʟʘʪʨʘʪʳ 

ʥʘ 30 %, ʥʝ ʩʥʠʞʘʷ ʧʨʠ ʵʪʦʤ ʪʝʤʧʦʚ ʨʘʟʚʠʪʠʷ ʙʠʟʥʝʩʘ.  

 ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʢʦʤʧʘʥʠʠ-ʣʠʜʝʨʳ ʚ ʦʙʣʘʩʪʠ ʜʦʙʳʯʠ ʥʝʬʪʠ ʠ ʛʘʟʘ ʚʳʥʫʞʜʝʥʳ ʚʩʝ 

ʩʠʣʴʥʝʝ ʫʛʣʫʙʠʪʴʩʷ ʚ ʨʘʟʚʠʪʠʝ ʮʠʬʨʦʚʳʭ ʪʝʭʥʦʣʦʛʠʡ ʚ ʥʝʬʪʝʛʘʟʦʚʦʡ ʦʪʨʘʩʣʠ, ʯʪʦʙʳ 

ʦʩʪʘʚʘʪʴʩʷ ʢʦʥʢʫʨʝʥʪʦʩʧʦʩʦʙʥʳʤʠ.  
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ʇʦʧʘʜʴʠʥʘ ɸ.ɺ., ʈʘʙʦʪʷʛʦʚ ɻ.ɹ., 

ʅʝʢʨʘʩʦʚ ɸ.ɺ., ʢʘʥʜ. ʵʢʦʥ. ʥʘʫʢ 

ʅʠʞʥʝʚʘʨʪʦʚʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ 

ʫʥʠʚʝʨʩʠʪʝʪ, ʛ. ʅʠʞʥʝʚʘʨʪʦʚʩʢ, ʈʦʩʩʠʷ 

 

ʇʈʆɹʃɽʄʓ ʀʅʅʆɺɸʎʀʆʅʅʆɻʆ ʈɸɿɺʀʊʀʗ ʅɽʌʊɽɻɸɿʆɺʆɻʆ ʉɽʂʊʆʈɸ 

 

ɺ ʩʦʚʨʝʤʝʥʥʳʭ ʫʩʣʦʚʠʷʭ ʥʝʬʪʝʛʘʟʦʚʘʷ ʦʪʨʘʩʣʴ ʚ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʤ ʦʪʥʦʰʝʥʠʠ 

ʩʪʘʥʦʚʠʪʩʷ ʚʩʝ ʙʦʣʝʝ ʩʣʦʞʥʦʡ. ʅʝʦʙʭʦʜʠʤʦʩʪʴ ʬʦʨʤʠʨʦʚʘʥʠʷ ʢʦʥʢʫʨʝʥʪʥʳʭ ʧʨʝʠʤʫʱʝʩʪʚ 

ʪʨʝʙʫʝʪ ʦʪ ʧʨʦʠʟʚʦʜʠʪʝʣʝʡ ʩʦʢʨʘʱʝʥʠʷ ʠʟʜʝʨʞʝʢ ʥʘ ʚʩʝʭ ʵʪʘʧʘʭ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʧʨʦʮʝʩʩʘ, 

ʥʘʯʠʥʘʷ ʩ ʨʘʟʚʝʜʢʠ ʟʘʧʘʩʦʚ ʠ ʟʘʢʘʥʯʠʚʘʷ ʧʨʦʜʘʞʝʡ ʥʝʬʪʠ ʠ ʛʘʟʘ ʧʦʪʨʝʙʠʪʝʣʷʤ. ʆʜʥʠʤ ʠʟ 

ʚʘʞʥʝʡʰʠʭ ʧʫʪʝʡ ʩʥʠʞʝʥʠʷ ʩʝʙʝʩʪʦʠʤʦʩʪʠ ʠ ʩʦʟʜʘʥʠʷ ʢʦʥʢʫʨʝʥʪʥʳʭ ʧʨʝʠʤʫʱʝʩʪʚ ʷʚʣʷʶʪʩʷ 

ʠʥʥʦʚʘʮʠʠ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʝ ʫʩʪʦʡʯʠʚʦʝ ʨʘʟʚʠʪʠʝ ʧʨʝʜʧʨʠʷʪʠʷ. ʇʦ ʵʪʦʡ ʧʨʠʯʠʥʝ ʧʨʦʜʫʢʮʠʷ 

ʥʝʬʪʝʛʘʟʦʚʦʡ ʦʪʨʘʩʣʠ ʚʦ ʚʩʝʤ ʤʠʨʝ ʩʪʘʥʦʚʠʪʩʷ ʚʩʝ ʙʦʣʝʝ ʥʘʫʢʦʝʤʢʦʡ ʠ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ 

ʢʦʥʢʫʨʝʥʪʦʩʧʦʩʦʙʥʦʩʪʠ ʪʨʝʙʫʝʪʩʷ ʧʨʠʤʝʥʝʥʠʝ ʚʩʝ ʙʦʣʝʝ ʩʣʦʞʥʳʭ ʪʝʭʥʦʣʦʛʠʡ, ʚ ʩʦʟʜʘʥʠʝ 

ʢʦʪʦʨʳʭ ʚʢʣʘʜʳʚʘʶʪʩʷ ʟʥʘʯʠʪʝʣʴʥʳʝ ʬʠʥʘʥʩʦʚʳʝ ʠ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʝ ʨʝʩʫʨʩʳ. ʈʦʩʩʠʡʩʢʠʝ 

ʧʨʦʠʟʚʦʜʠʪʝʣʠ ʚʳʥʫʞʜʝʥʳ ʫʯʘʩʪʚʦʚʘʪʴ ʚ ʢʦʥʢʫʨʝʥʪʥʦʡ ʙʦʨʴʙʝ ʢʘʢ ʥʘ ʚʥʫʪʨʝʥʥʝʤ, ʪʘʢ ʠ ʥʘ 

ʚʥʝʰʥʝʤ ʨʳʥʢʝ, ʧʦʵʪʦʤʫ ʩʦʚʨʝʤʝʥʥʳʝ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʪʨʝʥʜʳ ʥʝʠʟʙʝʞʥʦ ʚʣʠʷʶʪ ʥʘ ʠʭ 

ʜʝʷʪʝʣʴʥʦʩʪʴ.  

ʇʨʦʙʣʝʤʘ ʨʘʟʨʘʙʦʪʢʠ ʠ ʚʥʝʜʨʝʥʠʷ ʠʥʥʦʚʘʮʠʡ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʦʩʦʙʝʥʥʦ ʘʢʪʫʘʣʴʥʘ ʜʣʷ 

ʨʦʩʩʠʡʩʢʠʭ ʥʝʬʪʷʥʳʭ ʢʦʤʧʘʥʠʡ ʚ ʩʚʷʟʠ ʩ ʠʩʯʝʨʧʘʥʠʝʤ ʚʦʟʤʦʞʥʦʩʪʝʡ ʵʢʩʪʝʥʩʠʚʥʦʛʦ ʨʘʟʚʠʪʠʷ. 

ʆʩʥʦʚʥʘʷ ʯʘʩʪʴ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʪʦʧʣʠʚʥʦ-ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʨʝʩʫʨʩʦʚ ʈʦʩʩʠʠ ʨʘʩʧʦʣʦʞʝʥʘ ʚ 

ʭʦʣʦʜʥʳʭ ʠ ʫʜʘʣʝʥʥʳʭ ʨʝʛʠʦʥʘʭ ʩʪʨʘʥʳ. ʊʝʨʨʠʪʦʨʠʘʣʴʥʘʷ ʫʜʘʣʝʥʥʦʩʪʴ ʧʨʝʜʧʨʠʷʪʠʡ ʦʪʨʘʩʣʠ 

ʥʝʬʪʝʜʦʙʳʯʠ ʦʪ ʥʝʬʪʝʧʝʨʝʨʘʙʘʪʳʚʘʶʱʠʭ, ʛʘʟʦʧʝʨʝʨʘʙʘʪʳʚʘʶʱʠʭ ʟʘʚʦʜʦʚ ʠ ʮʝʥʪʨʘʣʴʥʳʭ 

ʨʝʛʠʦʥʦʚ ʈʦʩʩʠʠ, ʩʣʘʙʘʷ ʨʘʟʚʠʪʦʩʪʴ ʪʨʘʥʩʧʦʨʪʥʦʡ ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ ʥʝʬʪʝʛʘʟʦʚʦʛʦ ʢʦʤʧʣʝʢʩʘ, 

ʘ ʪʘʢʞʝ ʠʩʪʦʱʝʥʠʝ ʜʝʡʩʪʚʫʶʱʠʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʧʨʠʚʦʜʠʪ ʢ ʪʦʤʫ, ʯʪʦ ʩʝʙʝʩʪʦʠʤʦʩʪʴ ʜʦʙʳʯʠ 

ʥʝʬʪʠ ʚ ʈʦʩʩʠʠ ʜʦʚʦʣʴʥʦ ʚʳʩʦʢʘʷ ʠ ʢ ʪʦʤʫ ʞʝ ʨʝʛʫʣʷʨʥʦ ʨʘʩʪʝʪ. ɸʛʝʥʪʩʪʚʦ Bloomberg, 

ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʚ ʦʪʯʝʪʥʦʩʪʴ ʄʉʌʆ ʦʩʥʦʚʥʳʭ ʨʦʩʩʠʡʩʢʠʭ ʥʝʬʪʝʜʦʙʳʚʘʶʱʠʭ ʢʦʤʧʘʥʠʡ ʟʘ 

2019 ʛ., ʧʨʠʰʣʦ ʢ ʚʳʚʦʜʫ, ʯʪʦ ʫ ʈʦʩʥʝʬʪʠ ʩʝʙʝʩʪʦʠʤʦʩʪʴ ʜʦʙʳʯʠ ʩʦʩʪʘʚʣʷʝʪ 11,3 ʜʦʣʣ. ʟʘ 

ʙʘʨʨʝʣʴ, ʫ ʃʫʢʦʡʣʘ ï 10,2 ʜʦʣʣ., ʘ ʫ ɻʘʟʧʨʦʤʘ 9,8 ʜʦʣʣ. (https://clck.ru/Nv2fp). 

ʇʦ ʵʪʦʡ ʧʨʠʯʠʥʝ ʠʥʥʦʚʘʮʠʠ ʜʣʷ ʦʪʝʯʝʩʪʚʝʥʥʳʭ ʢʦʤʧʘʥʠʡ ʷʚʣʷʶʪʩʷ ʟʘʣʦʛʦʤ ʠʭ 

ʜʦʣʛʦʩʨʦʯʥʦʛʦ ʚʳʞʠʚʘʥʠʷ ʠ ʘʥʘʣʠʟ ʟʘʪʨʘʪ ʥʘ ʠʩʩʣʝʜʦʚʘʥʠʷ ʠ ʨʘʟʨʘʙʦʪʢʫ ʩʨʝʜʠ ʢʨʫʧʥʝʡʰʠʭ 

ʨʦʩʩʠʡʩʢʠʭ ʢʦʤʧʘʥʠʡ, ʜʦʙʳʚʘʶʱʠʭ ʥʝʬʪʴ ʠ ʛʘʟ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʦʙʲʝʤ ʚʣʦʞʝʥʠʡ ʥʘʭʦʜʠʪʩʷ 

ʥʘ ʜʦʚʦʣʴʥʦ ʚʳʩʦʢʦʤ ʫʨʦʚʥʝ (ʨʠʩ. 1). ʍʦʪʷ ʦʪʝʯʝʩʪʚʝʥʥʳʝ ʢʦʤʧʘʥʠʠ ʥʝ ʷʚʣʷʶʪʩʷ ʣʠʜʝʨʘʤʠ ʧʦ 

ʵʪʦʤʫ ʧʦʢʘʟʘʪʝʣʶ, ʪʝʤ ʥʝ ʤʝʥʝʝ ʟʘʪʨʘʪʳ ʟʥʘʯʠʪʝʣʴʥʳʝ ʠ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʩʨʝʜʥʝʤʠʨʦʚʦʤʫ 

ʫʨʦʚʥʶ. ɽʩʣʠ ʞʝ ʨʘʩʩʤʦʪʨʝʪʴ ʩʠʪʫʘʮʠʶ ʚ ʦʪʥʦʩʠʪʝʣʴʥʳʭ ʚʝʣʠʯʠʥʘʭ (ʨʠʩ. 2), ʢʦʪʦʨʳʝ ʙʦʣʝʝ 

ʜʦʩʪʦʚʝʨʥʦ ʦʪʨʘʞʘʶʪ ʩʣʦʞʠʚʰʫʶʩʷ ʩʠʪʫʘʮʠʶ, ʪʦ ʚ ʵʪʦʤ ʩʣʫʯʘʝ ʨʘʟʤʝʨ ʚʳʜʝʣʷʝʤʳʭ ʥʘ 

ʅʀʆʂʈ ʩʨʝʜʩʪʚ ʧʨʠʙʣʠʞʘʝʪʩʷ ʢ ʣʠʜʠʨʫʶʱʠʤ ʥʘ ʤʠʨʦʚʦʤ ʨʳʥʢʝ ʢʦʤʧʘʥʠʷʤ ʧʦ ʜʘʥʥʦʤʫ 

ʧʦʢʘʟʘʪʝʣʶ (Petrobras, PetroChina ʠ Total). ʉ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ, ʧʨʠʚʝʜʝʥʥʳʝ ʚ ʩʪʘʪʴʝ [2] ʜʘʥʥʳʝ 
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ʅʠʞʥʝʚʘʨʪʦʚʩʢʦʛʦ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ 
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ʧʦʢʘʟʳʚʘʶʪ ʩʫʱʝʩʪʚʝʥʥʦʝ ʦʪʩʪʘʚʘʥʠʝ ʨʦʩʩʠʡʩʢʠʭ ʢʦʤʧʘʥʠʡ ʚ ʢʦʣʠʯʝʩʪʚʝ ʧʦʣʫʯʝʥʥʳʭ 

ʧʘʪʝʥʪʦʚ. ʂʦʤʧʘʥʠʷ PetroChina ʟʘ ʧʝʨʠʦʜ 2013ï2017 ʛʛ. ʧʦʣʫʯʠʣʘ 10 668 ʧʘʪʝʥʪʦʚ, ExxonMobil 

ï 6 891, Royall Dutch Shell ï 5 474. ɿʘ ʵʪʦʪ ʞʝ ʧʝʨʠʦʜ ʥʘʰʠ ʦʪʝʯʝʩʪʚʝʥʥʳʝ ʢʦʤʧʘʥʠʠ ʧʦʣʫʯʠʣʠ: 

ɻʘʟʧʨʦʤ ï ʣʠʰʴ 786, ʘ ʈʦʩʥʝʬʪʴ ʠ ʪʦʛʦ ʤʝʥʴʰʝ ï 202 ʧʘʪʝʥʪʘ (https://clck.ru/TfEMs). 

 

ʈʠʩ. 1. ʉʦʚʦʢʫʧʥʳʝ ʟʘʪʨʘʪʳ ʥʝʬʪʝʛʘʟʦʚʳʭ ʢʦʤʧʘʥʠʡ ʥʘ ʠʩʩʣʝʜʦʚʘʥʠʷ ʠ ʨʘʟʨʘʙʦʪʢʠ  

ʟʘ ʧʝʨʠʦʜ 2013ï2017 ʛʛ., ʤʣʥ ʜʦʣʣ. ʉʐɸ  (https://clck.ru/Nv2fp) 

 

ʈʠʩ. 2. ʉʦʦʪʥʦʰʝʥʠʝ ʟʘʪʨʘʪ ʥʘ ʠʩʩʣʝʜʦʚʘʥʠʷ ʠ ʨʘʟʨʘʙʦʪʢʫ ʢ ʚʳʨʫʯʢʝ ʢʦʤʧʘʥʠʡ, % 

(https://clck.ru/Nv2fp 

 

ʇʦʥʷʪʴ ʧʨʦʙʣʝʤʳ ʠʥʥʦʚʘʮʠʦʥʥʦʛʦ ʨʘʟʚʠʪʠʷ ʨʦʩʩʠʡʩʢʦʡ ʥʝʬʪʝʛʘʟʦʚʦʡ ʦʪʨʘʩʣʠ 

ʥʝʚʦʟʤʦʞʥʦ, ʝʩʣʠ ʥʝ ʦʙʨʘʪʠʪʴʩʷ ʢ ʠʩʪʦʨʠʠ ʨʘʟʚʠʪʠʷ ʦʪʨʘʩʣʠ. ɺ ʩʦʚʝʪʩʢʦʝ ʚʨʝʤʷ ʜʦʩʪʫʧ ʢ 

ʟʘʧʘʜʥʳʤ ʪʝʭʥʦʣʦʛʠʷʤ ʙʳʣ ʟʘʢʨʳʪ ʠʟ-ʟʘ ʭʦʣʦʜʥʦʡ ʚʦʡʥʳ ʤʝʞʜʫ ʩʦʮʠʘʣʠʩʪʠʯʝʩʢʠʤ ʙʣʦʢʦʤ ʠ 

ʉʐɸ ʩ ʝʛʦ ʩʦʶʟʥʠʢʘʤʠ ʧʦ ʅɸʊʆ. ʆʪʨʘʩʣʴ ʚ ʦʩʥʦʚʥʦʤ ʠʩʧʦʣʴʟʦʚʘʣʘ ʩʦʙʩʪʚʝʥʥʳʝ ʨʘʟʨʘʙʦʪʢʠ. 

ɺ 90-ʝ ʛʦʜʳ ʩ ʨʘʟʚʘʣʦʤ ʉʉʉʈ ʧʨʦʠʟʦʰʣʠ ʨʝʟʢʠʝ ʠʟʤʝʥʝʥʠʷ ʚ ʬʠʥʘʥʩʠʨʦʚʘʥʠʠ ʨʘʟʨʘʙʦʪʦʢ, 

ʙʦʣʴʰʠʥʩʪʚʦ ʠʟ ʢʦʪʦʨʳʭ ʙʳʣʦ ʩʚʝʨʥʫʪʦ. ʕʪʦʤʫ ʩʧʦʩʦʙʩʪʚʦʚʘʣʦ ʧʦʪʝʧʣʝʥʠʝ ʦʪʥʦʰʝʥʠʡ ʩ 

ɿʘʧʘʜʦʤ, ʯʪʦ ʫʧʨʦʩʪʠʣʦ ʚʥʝʜʨʝʥʠʝ ʠʥʦʩʪʨʘʥʥʳʭ ʠʥʥʦʚʘʮʠʦʥʥʳʭ ʧʨʦʜʫʢʪʦʚ. ʅʦʚʳʝ ʚʣʘʜʝʣʴʮʳ 

ʧʨʠʚʘʪʠʟʠʨʦʚʘʥʥʳʭ ʧʨʝʜʧʨʠʷʪʠʡ ʩʯʠʪʘʣʠ, ʯʪʦ ʜʝʰʝʚʣʝ ʠ ʧʨʦʱʝ ʙʳʣʦ ʢʫʧʠʪʴ ʛʦʪʦʚʳʝ ʨʝʰʝʥʠʷ 

ʠ ʪʝʭʥʦʣʦʛʠʠ ʟʘ ʨʫʙʝʞʦʤ, ʯʝʤ ʬʠʥʘʥʩʠʨʦʚʘʪʴ ʦʪʝʯʝʩʪʚʝʥʥʳʝ ʨʘʟʨʘʙʦʪʢʠ. ɺʳʩʦʢʠʝ ʮʝʥʳ ʥʘ 

ʥʝʬʪʴ ʚ 2000-ʭ ʛʦʜʘʭ ʪʘʢʞʝ ʧʦʟʚʦʣʷʣʠ ʠʟʚʣʝʢʘʪʴ ʧʨʠʙʳʣʴ ʠʟ ʥʝʬʪʷʥʦʡ ʨʝʥʪʳ, ʥʝ ʚʢʣʘʜʳʚʘʷ 

ʩʫʱʝʩʪʚʝʥʥʦ ʚ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʝ ʨʘʟʚʠʪʠʝ ʥʘ ʙʘʟʝ ʩʦʙʩʪʚʝʥʥʳʭ ʨʘʟʨʘʙʦʪʦʢ. ɺʧʨʦʯʝʤ, ʥʘʠʙʦʣʝʝ 

ʧʝʨʝʜʦʚʳʤʠ ʨʘʟʨʘʙʦʪʢʘʤʠ ʩ ʥʘʤʠ ʜʝʣʠʪʴʩʷ ʥʝ ʩʧʝʰʠʣʠ ʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʝ ʦʪʩʪʘʚʘʥʠʝ ʚ 

ʦʪʨʘʩʣʠ ʧʦʩʪʝʧʝʥʥʦ ʥʘʨʘʩʪʘʣʦ. 

ʉʠʪʫʘʮʠʷ ʢʘʨʜʠʥʘʣʴʥʦ ʠʟʤʝʥʠʣʘʩʴ, ʢʦʛʜʘ ʮʝʥʳ ʥʘ ʥʝʬʪʴ ʩʪʘʣʠ ʩʥʠʞʘʪʴʩʷ, ʘ ʚ ʨʝʟʫʣʴʪʘʪʝ 

ʩʘʥʢʮʠʡ ʠʤʧʦʨʪ ʠʥʦʩʪʨʘʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʦʢʘʟʘʣʩʷ ʧʦʜ ʟʘʧʨʝʪʦʤ. ʂ ʪʦʤʫ ʞʝ ʧʦʜ ʚʣʠʷʥʠʝʤ 

ʠʩʪʦʱʝʥʠʷ ʤʝʩʪʦʨʦʞʜʝʥʠʡ, ʤʥʦʛʠʝ ʠʟ ʢʦʪʦʨʳʭ ʝʱʝ ʩʦʚʝʪʩʢʦʛʦ ʧʝʨʠʦʜʘ, ʤʥʦʛʦʣʝʪʥʠʡ 

ʵʢʩʪʝʥʩʠʚʥʳʡ ʩʧʦʩʦʙ ʫʚʝʣʠʯʝʥʠʷ ʜʦʙʳʯʠ ʥʝʬʪʠ ʥʘʯʘʣ ʪʝʨʷʪʴ ʩʚʦʶ ʵʢʦʥʦʤʠʯʝʩʢʫʶ 


