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ɺʦʣʛʦʜʦʥʩʢʠʡ ʠʥʞʝʥʝʨʥʦ-ʪʝʭʥʠʯʝʩʢʠʡ ʠʥʩʪʠʪʫʪ ï ʬʠʣʠʘʣ ʅʘʮʠʦʥʘʣʴʥʦʛʦ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʦʛʦ ʷʜʝʨʥʦʛʦ 

ʫʥʠʚʝʨʩʠʪʝʪʘ ʄʀʌʀ, ɺʦʣʛʦʜʦʥʩʢ, ʈʦʩʪʦʚʩʢʘʷ ʦʙʣ., ʈʦʩʩʠʷ 

 

ʈʘʩʩʤʦʪʨʝʥʳ ʦʮʝʥʢʠ ʩʦʩʪʦʷʥʠʷ ʚʦʜʥʳʭ ʵʢʦʩʠʩʪʝʤ. ʇʨʦʚʝʜʝʥ ʘʥʘʣʠʟ ʫʞʝ ʩʫʱʝʩʪʚʫʶʱʠʭ ʚ 

ʛʠʜʨʦʭʠʤʠʠ ʦʮʝʥʦʢ, ʠʩʧʦʣʴʟʫʝʤʳʭ ʚ ʤʦʥʠʪʦʨʠʥʛʝ ʚʦʜʥʳʭ ʵʢʦʩʠʩʪʝʤ, ʚʳʷʚʣʝʥʳ ʠʭ 

ʜʦʩʪʦʠʥʩʪʚʘ ʠ ʥʝʜʦʩʪʘʪʢʠ. ʆʙʦʩʥʦʚʘʥʦ ʧʨʠʤʝʥʝʥʠʝ ʧʦʢʘʟʘʪʝʣʝʡ ʘʢʪʠʚʥʦʩʪʠ ʱʝʣʦʯʥʦʡ 

ʬʦʩʬʘʪʘʟʳ ʠ ʚʥʝʢʣʝʪʦʯʥʳʭ ʵʩʪʝʨʘʟ ʜʣʷ ʦʮʝʥʢʠ ʩʦʩʪʦʷʥʠʷ ʚʦʜʥʳʭ ʵʢʦʩʠʩʪʝʤ ʚ ʤʦʥʠʪʦʨʠʥʛʝ 

ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʚʦʜ ʩʫʰʠ. 
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(ʘʢʪʠʚʥʦʩʪʴ ʱʝʣʦʯʥʦʡ ʬʦʩʬʘʪʘʟʳ, ʘʢʪʠʚʥʦʩʪʴ ʚʥʝʢʣʝʪʦʯʥʳʭ ʵʩʪʝʨʘʟ ʩʝʩʪʦʥʘ), ʚʦʜʥʳʝ 

ʵʢʦʩʠʩʪʝʤʳ, ʵʢʦʣʦʛʠʯʝʩʢʠʡ ʤʦʥʠʪʦʨʠʥʛ, ʛʠʜʨʦʙʠʦʮʝʥʦʟʳ, ʙʠʦʠʥʜʠʢʘʮʠʷ, 

ʛʠʜʨʦʙʠʦʣʦʛʠʯʝʩʢʠʡ ʢʦʥʪʨʦʣʴ, ʟʘʛʨʷʟʥʝʥʠʝ, ʟʘʛʨʷʟʥʷʶʱʠʝ ʚʝʱʝʩʪʚʘ. 

 

ʇʦʩʪʫʧʠʣʘ ʚ ʨʝʜʘʢʮʠʶ 14.05.2019 

ʇʦʩʣʝ ʜʦʨʘʙʦʪʢʠ 22.11.2019 

ʇʨʠʥʷʪʘ ʢ ʧʫʙʣʠʢʘʮʠʠ 28.11.2019 

 

ʎʝʣʴ ʨʘʙʦʪʳ ï ʧʦʢʘʟʘʪʴ ʘʢʪʫʘʣʴʥʦʩʪʴ ʧʨʠʤʝʥʝʥʠʷ ʧʦʢʘʟʘʪʝʣʝʡ ʘʢʪʠʚʥʦʩʪʠ 

ʱʝʣʦʯʥʦʡ ʬʦʩʬʘʪʘʟʳ ʠ ʵʩʪʝʨʘʟ ʩʝʩʪʦʥʘ ʚ ʤʦʥʠʪʦʨʠʥʛʝ ʚʦʜʥʳʭ ʵʢʦʩʠʩʪʝʤ ʚ ʩʨʘʚʥʝʥʠʠ ʩ 

ʜʨʫʛʠʤʠ ʤʝʪʦʜʘʤʠ ʧʨʠʤʝʥʝʥʠʷ ʚ ʛʠʜʨʦʭʠʤʠʯʝʩʢʦʡ ʧʨʘʢʪʠʢʝ. 

ʄʘʩʰʪʘʙʳ ʟʘʛʨʷʟʥʝʥʠʷ ʧʨʝʩʥʳʭ ʚʦʜ ʛʣʦʙʘʣʴʥʳ, ʘ ʟʘʧʘʩʳ ʧʨʝʩʥʳʭ ʚʦʜ ʥʘ ʟʝʤʣʝ 

ʩʫʱʝʩʪʚʝʥʥʦ ʦʛʨʘʥʠʯʝʥʳ, ʧʦʵʪʦʤʫ ʟʘʛʨʷʟʥʝʥʠʝ ʧʨʝʩʥʦʚʦʜʥʳʭ ʵʢʦʩʠʩʪʝʤ ʷʚʣʷʝʪʩʷ 

ʘʢʪʫʘʣʴʥʳʤ. ʇʦʵʪʦʤʫ, ʜʣʷ ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʚʦʜ ʦʮʝʥʢʘ ʢʦʤʧʣʝʢʩʥʦʛʦ ʚʣʠʷʥʠʷ 

ʟʘʛʨʷʟʥʷʶʱʠʭ ʚʝʱʝʩʪʚ ʥʘ ʩʦʩʪʦʷʥʠʝ ʛʠʜʨʦʙʠʦʮʝʥʦʟʦʚ ʩ ʫʯʝʪʦʤ ʨʝʛʠʦʥʘʣʴʥʳʭ ʠ 

ʵʢʦʣʦʛʠʯʝʩʢʠʭ ʦʩʦʙʝʥʥʦʩʪʝʡ ʚʦʜʥʳʭ ʵʢʦʩʠʩʪʝʤ ʠʤʝʝʪ ʦʩʦʙʦʝ ʟʥʘʯʝʥʠʝ. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, 

ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʟʘʛʨʷʟʥʝʥʠʷ ʚʦʜʥʳʭ ʵʢʦʩʠʩʪʝʤ ʤʝʪʦʜʳ ʙʠʦʠʥʜʠʢʘʮʠʠ ʠʤʝʶʪ ʪʘʢ ʞʝ 

ʯʨʝʟʚʳʯʘʡʥʦ ʚʘʞʥʦʝ ʟʥʘʯʝʥʠʝ. ɺ ʤʝʪʦʜʘʭ ʙʠʦʠʥʜʠʢʘʮʠʠ ʠʩʧʦʣʴʟʫʶʪʩʷ ʧʦʢʘʟʘʪʝʣʠ 

ʘʢʪʠʚʥʦʩʪʠ ʱʝʣʦʯʥʦʡ ʬʦʩʬʘʪʘʟʳ ʠ ʚʥʝʢʣʝʪʦʯʥʳʭ ʵʩʪʝʨʘʟ. ʇʦʢʘʟʘʪʝʣʠ ɸʑʌ 

(ʘʢʪʠʚʥʦʩʪʴ ʱʝʣʦʯʥʦʡ ʬʦʩʬʘʪʘʟʳ) ʠ ɸʕ (ʘʢʪʠʚʥʦʩʪʴ ʵʢʪʝʨʘʟ) ʧʨʦʜʫʮʠʨʫʶʪʩʷ ʚ ʚʦʜʥʳʝ 

ʵʢʦʩʠʩʪʝʤʳ ʙʘʢʪʝʨʠʦʧʣʘʥʢʪʦʥʦʤ ʠ ʦʜʥʦʢʣʝʪʦʯʥʳʤʠ ʚʦʜʦʨʦʩʣʷʤʠ. ʊʘʢ ʢʘʢ ʧʦʢʘʟʘʪʝʣʠ 

ɸʑʌ ʠ ɸʕ ʦʩʫʱʝʩʪʚʣʷʶʪ ʙʠʦʛʝʦʭʠʤʠʯʝʩʢʠʡ ʢʨʫʛʦʚʦʨʦʪ ʚʝʱʝʩʪʚ, ʫʯʘʩʪʚʫʶʪ ʚ 

ʪʨʘʥʩʬʦʨʤʘʮʠʠ ʦʨʛʘʥʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ, ʪʦ ʧʨʠʤʝʥʝʥʠʝ ʚ ʤʦʥʠʪʦʨʠʥʛʝ ʧʦʢʘʟʘʪʝʣʝʡ 

ɸʑʌ ʠ ɸʕ ʜʣʷ ʦʮʝʥʢʠ ʩʦʩʪʦʷʥʠʷ ʚʦʜʥʳʭ ʵʢʦʩʠʩʪʝʤ ʷʚʣʷʝʪʩʷ ʥʘʠʙʦʣʝʝ ʘʢʪʫʘʣʴʥʳʤ ʚ 

ʥʘʩʪʦʷʱʠʡ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ. 

ʅʘ ʚʩʝ ʵʢʦʩʠʩʪʝʤʳ ʥʘ ɿʝʤʣʝ ʚ ʙʦʣʴʰʝʡ ʠʣʠ ʤʝʥʴʰʝʡ ʩʪʝʧʝʥʠ ʦʢʘʟʳʚʘʝʪʩʷ 

ʘʥʪʨʦʧʦʛʝʥʥʘʷ ʥʘʛʨʫʟʢʘ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʚ ʣʶʙʦʡ ʧʨʠʨʦʜʥʦʡ ʵʢʦʩʠʩʪʝʤʝ ʙʫʜʫʪ 

ʧʨʦʠʩʭʦʜʠʪʴ ʥʘʨʫʰʝʥʠʷ ʠʣʠ ʪʨʘʥʩʬʦʨʤʘʮʠʠ. ʇʦʵʪʦʤʫ ʣʶʙʘʷ ʵʢʦʩʠʩʪʝʤʘ ʦʮʝʥʠʚʘʝʪʩʷ 

ʧʦ ʝʸ ʪʨʘʥʩʬʦʨʤʠʨʦʚʘʥʥʦʩʪʠ ʠʣʠ ʥʘʨʫʰʝʥʥʦʩʪʠ. ʕʪʦ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʦʪʢʣʦʥʝʥʠʝʤ 

ʩʦʩʪʦʷʥʠʷ ʵʢʦʩʠʩʪʝʤ ʦʪ ʠʩʭʦʜʥʦʛʦ, ʢʦʪʦʨʦʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʚ ʛʠʜʨʦʭʠʤʠʠ ʟʘ 

çʥʦʨʤʘʣʴʥʦʝè ʝʸ ʩʦʩʪʦʷʥʠʝ, ʩ ʫʯʸʪʦʤ ʪʨʘʥʩʬʦʨʤʘʮʠʠ (ʨʘʟʨʫʰʝʥʠʷ) ʩʪʨʫʢʪʫʨʳ ʠ 

ʬʫʥʢʮʠʡ ʚʩʝʭ ʯʘʩʪʝʡ ʙʠʦʩʬʝʨʳ: ʘʪʤʦʩʬʝʨʳ, ʛʠʜʨʦʩʬʝʨʳ, ʧʝʜʦʩʬʝʨʳ, ʣʠʪʦʩʬʝʨʳ 
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ʬʠʪʦʮʝʥʦʟʘ, ʟʦʦʮʝʥʦʟʘ [1]. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʧʨʠ ʦʮʝʥʢʝ ʩʦʩʪʦʷʥʠʷ ʵʢʦʩʠʩʪʝʤ 

ʫʯʠʪʳʚʘʶʪʩʷ ʚʩʝ ʩʪʨʫʢʪʫʨʳ ʠ ʬʫʥʢʮʠʠ ʚʩʝʭ ʯʘʩʪʝʡ ʙʠʦʩʬʝʨʳ. 

ʅʘ ʜʘʥʥʳʡ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ ʜʣʷ ʦʮʝʥʢʠ ʩʦʩʪʦʷʥʠʷ ʧʨʝʩʥʦʚʦʜʥʳʭ ʵʢʦʩʠʩʪʝʤ ʚ 

ʛʠʜʨʦʭʠʤʠʠ ʧʨʠʤʝʥʷʶʪ ʧʦʧʫʣʷʮʠʦʥʥʳʡ ʠ ʵʢʦʩʠʩʪʝʤʥʳʡ ʧʦʜʭʦʜʳ. ʇʦʧʫʣʷʮʠʦʥʥʳʡ 

ʧʦʜʭʦʜ ʠʟʫʯʘʝʪ ʧʦʧʫʣʷʮʠʠ ʦʪʜʝʣʴʥʳʭ ʚʠʜʦʚ, ʢʫʜʘ ʚʭʦʜʷʪ ʤʝʭʘʥʠʟʤʳ 

ʛʨʫʧʧʦʦʙʨʘʟʦʚʘʥʠʷ ʠ ʠʝʨʘʨʭʠʠ, ʛʝʥʝʪʠʯʝʩʢʠʡ ʩʦʩʪʘʚ ʧʦʧʫʣʷʮʠʡ, ʧʦʧʫʣʷʮʠʦʥʥʘʷ 

ʦʨʛʘʥʠʟʘʮʠʷ ʚʠʜʘ, ʚʥʫʪʨʠʧʦʧʫʣʷʮʠʦʥʥʳʝ ʩʨʝʜʩʪʚʘ ʩʚʷʟʠ ʠ ʩʠʛʥʘʣʠʟʘʮʠʠ, 

ʢʦʥʩʦʣʠʜʠʨʫʶʱʠʭ ʧʦʧʫʣʷʮʠʶ ʚ ʝʜʠʥʦʝ ʮʝʣʦʝ, ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʘʷ ʩʪʨʫʢʪʫʨʘ ʧʦʧʫʣʷʮʠʠ. 

ʕʢʦʩʠʩʪʝʤʥʳʡ ʧʦʜʭʦʜ ʨʘʩʩʤʘʪʨʠʚʘʝʪ ʦʮʝʥʢʫ ʨʦʣʠ ʦʨʛʘʥʠʟʤʦʚ ʪʘʢʠʭ ʢʘʢ, ʧʨʦʜʫʮʝʥʪʳ, 

ʢʦʥʩʫʤʝʥʪʳ ʠ ʨʝʜʫʮʝʥʪʳ, ʢʦʪʦʨʳʝ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʚ ʧʨʦʮʝʩʩʝ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ 

ʚʝʱʝʩʪʚʘ ʠ ʵʥʝʨʛʠʠ ʚ ʧʨʠʨʦʜʝ [2]. ʇʦ ʛʣʫʙʠʥʝ ʪʨʘʥʩʬʦʨʤʘʮʠʠ ʩʪʨʫʢʪʫʨʥʳʭ 

ʢʦʤʧʦʥʝʥʪʦʚ ʧʨʝʩʥʦʚʦʜʥʦʡ ʵʢʦʩʠʩʪʝʤʳ ʤʦʞʥʦ ʦʧʨʝʜʝʣʠʪʴ ʫʨʦʚʝʥʴ ʥʘʨʫʰʝʥʥʦʩʪʠ 

ʜʘʥʥʦʡ ʵʢʦʩʠʩʪʝʤ. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʬʫʥʢʮʠʦʥʘʣʴʥʳʝ ʪʨʘʥʩʬʦʨʤʘʮʠʠ ʙʫʜʫʪ ʩʣʝʜʩʪʚʠʝʤ 

ʠʟʤʝʥʝʥʠʷ ʩʪʨʫʢʪʫʨʳ ʚʦʜʥʦʡ ʵʢʦʩʠʩʪʝʤʳ ʠ ʙʫʜʫʪ ʚʪʦʨʠʯʥʳ [1]. ʊʘʢ ʞʠʟʥʴ ʠʤʝʝʪ 

ʤʥʦʛʦʦʙʨʘʟʠʝ ʬʦʨʤ ʠ ʩʪʨʫʢʪʫʨ, ʥʦ ʝʸ ʙʠʦʛʝʦʭʠʤʠʯʝʩʢʠʝ ʬʫʥʢʮʠʠ ʦʜʥʦʦʙʨʘʟʥʳ [3], ʪʦ, 

ʚʠʜʦʚʦʡ ʩʦʩʪʘʚ ʦʩʦʙʝʡ, ʚʭʦʜʷʱʠʭ ʚ ʩʦʩʪʘʚ ʙʠʦʮʝʥʦʟʘ, ʤʦʞʝʪ ʟʥʘʯʠʪʝʣʴʥʦ ʤʝʥʷʪʴʩʷ ʙʝʟ 

ʠʟʤʝʥʝʥʠʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʝʛʦ ʙʠʦʛʝʦʭʠʤʠʯʝʩʢʦʛʦ ʮʠʢʣʘ. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʦʩʦʙʠ 

ʨʘʟʥʳʭ ʚʠʜʦʚ ʚʳʧʦʣʥʷʶʪ ʦʜʥʫ ʠ ʪʫ ʞʝ ʙʠʦʛʝʦʭʠʤʠʯʝʩʢʫʶ ʨʘʙʦʪʫ [4]. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʢ 

ʧʝʨʚʠʯʥʳʤ ʠʟʤʝʥʝʥʠʷ ʩʪʨʫʢʪʫʨʳ ʚʦʜʥʦʡ ʵʢʦʩʠʩʪʝʤʳ ʩʪʦʠʪ ʦʪʥʝʩʪʠ ʬʫʥʢʮʠʦʥʘʣʴʥʳʝ 

ʠʟʤʝʥʝʥʠʷ, ʘ ʢ ʩʪʨʫʢʪʫʨʥʳʤ ï ʠʭ ʩʣʝʜʩʪʚʠʝ. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʥʘʠʙʦʣʝʝ ʧʦʣʥʘʷ ʦʮʝʥʢʘ 

ʩʦʩʪʦʷʥʠʷ ʧʨʝʩʥʦʚʦʜʥʳʭ ʵʢʦʩʠʩʪʝʤ ʤʦʞʝʪ ʙʳʪʴ ʜʘʥʘ ʧʨʠ ʢʦʤʧʣʝʢʩʥʦʤ ʧʦʜʭʦʜʝ, 

ʫʯʠʪʳʚʘʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʩʪʨʫʢʪʫʨʥʳʭ ʠ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʧʦʢʘʟʘʪʝʣʝʡ. 

ʉʦʩʪʦʷʥʠʝ ʧʨʝʩʥʦʚʦʜʥʳʭ ʵʢʦʩʠʩʪʝʤ ʦʧʠʩʳʚʘʝʪʩʷ ʤʥʦʞʝʩʪʚʦʤ ʧʨʠʟʥʘʢʦʚ. 

ʇʦʵʪʦʤʫ ʜʣʷ ʦʮʝʥʢʠ ʩʦʩʪʦʷʥʠʷ ʚʦʜʥʳʭ ʵʢʦʩʠʩʪʝʤ ʥʝʦʙʭʦʜʠʤʦ ʠʩʧʦʣʴʟʦʚʘʪʴ 

ʩʫʱʝʩʪʚʝʥʥʳʝ ʧʨʠʟʥʘʢʠ, ʪʘʢʠʝ ʢʘʢ ʩʦʩʪʘʚ, ʩʪʨʦʝʥʠʝ, ʬʫʥʢʮʠʦʥʘʣʴʥʦʩʪʴ ʚʦʜʥʦʡ 

ʵʢʦʩʠʩʪʝʤʳ ʠ ʩʘʤʦʚʦʩʩʪʘʥʦʚʣʝʥʠʝ, ʪʦ ʝʩʪʴ ʨʝʟʠʩʪʝʥʪʥʦʩʪʴ. ɺ ʛʠʜʨʦʭʠʤʠʠ ʧʦʥʷʪʠʝ 

çʩʦʩʪʦʷʥʠʝè ʦʟʥʘʯʘʝʪ ʩʨʘʚʥʝʥʠʝ ʩ ʥʦʨʤʦʡ ʠʣʠ ʵʪʘʣʦʥʦʤ ʚ ʚʦʜʥʦʡ ʵʢʦʩʠʩʪʝʤʝ. ʂʘʞʜʘʷ 

ʵʢʦʩʠʩʪʝʤʘ, ʢʘʢ ʪʠʧ, ʠʤʝʝʪ ʩʚʦʶ ʥʦʨʤʫ. ʏʪʦʙʳ ʫʩʪʘʥʦʚʠʪʴ ʩʪʝʧʝʥʴ ʦʪʢʣʦʥʝʥʠʷ ʚʦʜʥʳʭ 

ʵʢʦʩʠʩʪʝʤ ʦʪ çʥʦʨʤʳè ʥʫʞʥʦ ʩʨʘʚʥʠʪʴ ʥʘʙʣʶʜʘʝʤʫʶ ʵʢʦʩʠʩʪʝʤʫ ʩ çʥʦʨʤʦʡè. ʊʘʢʠʤ 

ʦʙʨʘʟʦʤ, ʫʩʪʘʥʦʚʣʝʥʠʝ ʬʦʥʦʚʳʭ ʫʯʘʩʪʢʦʚ ʜʣʷ ʚʦʜʥʳʭ ʵʢʦʩʠʩʪʝʤ, ʢʦʪʦʨʳʝ ʙʳ 

ʠʩʧʳʪʳʚʘʣʠ ʥʘʠʤʝʥʴʰʝʝ ʘʥʪʨʦʧʦʛʝʥʥʦʝ ʚʦʟʜʝʡʩʪʚʠʝ, ʷʚʣʷʝʪʩʷ ʘʢʪʫʘʣʴʥʳʤ ʚ ʧʨʘʢʪʠʢʝ 

ʤʦʥʠʪʦʨʠʥʛʘ ʚʦʜʥʳʭ ʵʢʦʩʠʩʪʝʤ, ʦʩʦʙʝʥʥʦ ʜʣʷ ʪʝʭ ʧʨʝʩʥʦʚʦʜʥʳʭ ʵʢʦʩʠʩʪʝʤ, ʢʦʪʦʨʳʝ 

ʠʩʧʳʪʳʚʘʶʪ ʚʳʩʦʢʫʶ ʘʥʪʨʦʧʦʛʝʥʥʫʶ ʥʘʛʨʫʟʢʫ. 

ɺ ʤʦʥʠʪʦʨʠʥʛʝ ʚʦʜʥʳʭ ʦʙʲʝʢʪʦʚ ʦʮʝʥʢʘ ʠʭ ʩʦʩʪʦʷʥʠʷ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʧʦ 

ʛʠʜʨʦʙʠʦʣʦʛʠʯʝʩʢʠʤ ʠ ʛʠʜʨʦʭʠʤʠʯʝʩʢʠʤ ʧʦʢʘʟʘʪʝʣʷʤ. ʉʦʩʪʦʷʥʠʝ ʚʦʜʥʦʛʦ ʦʙʲʝʢʪʘ ʚ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʚʠʜʘ ʚʦʜʦʧʦʣʴʟʦʚʘʥʠʷ ʦʧʨʝʜʝʣʷʝʪʩʷ ʢʘʢ ʝʛʦ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʧʦ 

ʩʦʚʦʢʫʧʥʦʩʪʠ ʢʘʯʝʩʪʚʝʥʥʳʭ ʠ ʢʦʣʠʯʝʩʪʚʝʥʥʳʭ ʧʦʢʘʟʘʪʝʣʝʡ [5, 6]. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʜʣʷ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʩʦʩʪʦʷʥʠʷ ʚʦʜʥʦʡ ʵʢʦʩʠʩʪʝʤʳ ʥʝʦʙʭʦʜʠʤʳ ʦʮʝʥʢʠ, ʜʘʶʱʠʝ ʧʦʣʥʫʶ 

ʚʩʝʩʪʦʨʦʥʥʶʶ ʠʥʬʦʨʤʘʮʠʶ ʥʝ ʪʦʣʴʢʦ ʦ ʩʦʩʪʘʚʝ ʠ ʩʚʦʡʩʪʚʘʭ ʚʦʜʳ, ʥʦ ʠ ʦ ʧʨʦʪʝʢʘʶʱʠʭ 

ʚ ʚʦʜʥʦʤ ʦʙʲʝʢʪʝ ʧʨʦʮʝʩʩʘʭ, ʢʦʪʦʨʳʝ ʩʦʟʜʘʶʪ ʩʨʝʜʫ ʦʙʠʪʘʥʠʷ ʜʣʷ ʛʠʜʨʦʙʠʦʥʪʦʚ [7]. 

ɺʚʠʜʫ ʦʪʩʫʪʩʪʚʠʷ ʵʢʦʣʦʛʠʯʝʩʢʠʭ ʥʦʨʤʘʪʠʚʦʚ (ʧʨʝʜʝʣʴʥʦ ʜʦʧʫʩʪʠʤʳʭ ʵʢʦʣʦʛʠʯʝʩʢʠʭ 

ʥʘʛʨʫʟʦʢ) ʢʦʤʧʣʝʢʩʥʦʝ ʦʮʝʥʠʚʘʥʠʝ ʩʦʩʪʦʷʥʠʷ ʵʢʦʩʠʩʪʝʤ ʥʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ 

ʥʝʚʦʟʤʦʞʥʦ. ʇʦʵʪʦʤʫ ʥʘ ʧʨʘʢʪʠʢʝ ʧʨʠʤʝʥʷʝʪʩʷ ʧʦʜʭʦʜ, ʧʨʠ ʢʦʪʦʨʦʤ ʩʦʩʪʘʚʣʷʶʱʠʝ 

ʵʢʦʩʠʩʪʝʤʫ ʙʠʦʪʠʯʝʩʢʘʷ ʠ ʘʙʠʦʪʠʯʝʩʢʘʷ ʢʦʤʧʦʥʝʥʪʳ ʠ ʠʭ ʧʦʢʘʟʘʪʝʣʠ ʦʮʝʥʠʚʘʶʪʩʷ ʠ 

ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʨʘʟʜʝʣʴʥʦ ʠ ʩʦʚʦʢʫʧʥʦ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʨʝʜʝʣʴʥʦ ʜʦʧʫʩʪʠʤʳʭ 

ʢʦʥʮʝʥʪʨʘʮʠʡ ʟʘʛʨʷʟʥʷʶʱʠʭ ʚʝʱʝʩʪʚ (ʇɼʂ) ʠ ʢʣʘʩʩʠʬʠʢʘʮʠʡ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʚʠʜʘ 

ʚʦʜʦʧʦʣʴʟʦʚʘʥʠʷ [7]. 

ʇʦ ʛʠʜʨʦʭʠʤʠʯʝʩʢʠʤ ʧʦʢʘʟʘʪʝʣʷʤ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʢʦʥʪʨʦʣʴ ʘʙʠʦʪʠʯʝʩʢʦʡ 

ʩʦʩʪʘʚʣʷʶʱʝʡ ʚʦʜʥʳʭ ʵʢʦʩʠʩʪʝʤ. ɻʠʜʨʦʭʠʤʠʯʝʩʢʠʝ ʧʦʢʘʟʘʪʝʣʠ ʦʮʝʥʠʚʘʶʪ ʢʘʯʝʩʪʚʦ 

ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʚʦʜ. ɺ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʢʦʣʠʯʝʩʪʚʘ ʠ ʩʦʩʪʘʚʘ ʩʦʙʨʘʥʥʳʭ ʘʥʘʣʠʪʠʯʝʩʢʠʭ 

ʜʘʥʥʳʭ ʚʳʜʝʣʷʝʪʩʷ ʥʝʩʢʦʣʴʢʦ ʦʩʥʦʚʥʳʭ ʚʠʜʦʚ ʦʮʝʥʢʠ: ʢʦʩʚʝʥʥʳʝ, ʧʦʢʦʤʧʦʥʝʥʪʥʳʝ 
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ʠʣʠ ʝʜʠʥʠʯʥʳʝ ʠ ʢʦʤʧʣʝʢʩʥʳʝ [7]. ʂʦʩʚʝʥʥʳʝ ʠ ʝʜʠʥʠʯʥʳʝ ʠʣʠ ʧʦʢʦʤʧʦʥʝʥʪʥʳʝ 

ʦʮʝʥʢʠ ʢʘʯʝʩʪʚʘ ʚʦʜ ʧʨʠʤʝʥʷʶʪʩʷ ʚ ʤʦʥʠʪʦʨʠʥʛʝ ʢʘʢ ʪʨʘʜʠʮʠʦʥʥʳʝ. ɺʩʣʝʜʩʪʚʠʝ 

ʤʥʦʛʦʢʨʘʪʥʦʛʦ ʫʚʝʣʠʯʝʥʠʷ ʘʥʪʨʦʧʦʛʝʥʥʦʡ ʥʘʛʨʫʟʢʠ ʥʘ ʧʨʝʩʥʦʚʦʜʥʳʝ ʵʢʦʩʠʩʪʝʤʳ 

ʧʦʷʚʠʣʠʩʴ ʢʦʤʧʣʝʢʩʥʳʝ ʦʮʝʥʢʠ, ʢʦʪʦʨʳʝ ʫʩʪʘʥʘʚʣʠʚʘʶʪ ʩʪʝʧʝʥʴ ʠ ʭʘʨʘʢʪʝʨ 

ʟʘʛʨʷʟʥʝʥʥʦʩʪʠ ʚʦʜ. 

ʆʮʝʥʢʘ ʚʦʜʥʦʛʦ ʦʙʲʝʢʪʘ ʧʦ ʦʪʥʦʩʠʪʝʣʴʥʳʤ ʛʠʜʨʦʭʠʤʠʯʝʩʢʠʤ ʧʦʢʘʟʘʪʝʣʷʤ 

ʧʦʩʪʦʷʥʥʦ ʧʨʠʤʝʥʷʝʪʩʷ ʚ ʛʠʜʨʦʭʠʤʠʠ, ʥʦ ʪʦʣʴʢʦ ʚ ʝʸ ʩʧʝʮʠʘʣʴʥʳʭ ʦʙʣʘʩʪʷʭ. ʕʪʦ 

ʦʙʲʷʩʥʷʝʪʩʷ ʪʝʤ, ʯʪʦ ʜʘʥʥʳʝ ʧʦʢʘʟʘʪʝʣʠ ʜʦʩʪʘʪʦʯʥʦ ʥʝʜʘʚʥʦ ʠʩʧʦʣʴʟʫʶʪʩʷ ʠ ʪʝʤ, ʯʪʦ 

ʛʠʜʨʦʭʠʤʠʷ ʧʨʠʤʝʥʷʝʪ ʪʨʘʜʠʮʠʦʥʥʳʡ ʧʦʜʭʦʜ. 

ɽʜʠʥʠʯʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʦʪʨʘʞʘʶʪ ʟʘʛʨʷʟʥʝʥʥʦʩʪʴ ʚʦʜʳ ʦʪʜʝʣʴʥʳʤʠ ʝʝ 

ʢʦʤʧʦʥʝʥʪʘʤʠ ʠ ʧʦʟʚʦʣʷʶʪ ʦʮʝʥʠʪʴ ʢʘʯʝʩʪʚʦ ʚʦʜʳ ʧʦ ʨʘʟʣʠʯʥʳʤ ʢʣʘʩʩʘʤ. ʕʪʦʪ ʚʠʜ 

ʦʪʥʦʩʠʪʝʣʴʥʳʭ ʧʦʢʘʟʘʪʝʣʝʡ ʠʤʝʝʪ ʥʠʟʢʠʡ ʫʨʦʚʝʥʴ ʦʙʦʙʱʝʥʠʷ. 

ɽʜʠʥʠʯʥʳʝ ʩʪʘʪʠʩʪʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʠʩʧʦʣʴʟʫʶʪʩʷ ʚ ʛʠʜʨʦʭʠʤʠʠ ʪʦʞʝ 

ʜʦʩʪʘʪʦʯʥʦ ʜʣʠʪʝʣʴʥʦʝ ʚʨʝʤʷ. ʉʨʝʜʠ ʝʜʠʥʠʯʥʳʭ ʩʪʘʪʠʩʪʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʚ 

ʛʠʜʨʦʭʠʤʠʠ ʚ ʦʩʥʦʚʥʦʤ ʧʨʠʤʝʥʷʶʪ ʪʘʢʠʝ ʢʘʢ ʜʠʩʧʝʨʩʠʷ, ʤʝʜʠʘʥʘ, 

ʩʨʝʜʥʝʘʨʠʬʤʝʪʠʯʝʩʢʠʝ, ʩʨʝʜʥʝʚʟʚʝʰʝʥʥʳʝ ʚʝʣʠʯʠʥʳ. ʈʝʟʫʣʴʪʘʪʦʤ ʜʘʥʥʳʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʷʚʣʷʶʪʩʷ ʧʦʢʘʟʘʪʝʣʠ ʠ ʢʦʵʬʬʠʮʠʝʥʪʳ, ʢʦʪʦʨʳʤʠ ʭʘʨʘʢʪʝʨʠʟʫʶʪ 

ʵʢʦʣʦʛʠʯʝʩʢʦʝ ʩʦʩʪʦʷʥʠʝ ʚʦʜʥʦʛʦ ʦʙʲʝʢʪʘ. 

ʉʦʚʩʝʤ ʥʝʜʘʚʥʦ ʚ ʛʠʜʨʦʭʠʤʠʯʝʩʢʦʡ ʧʨʘʢʪʠʢʝ ʩʪʘʣʠ ʧʨʠʤʝʥʷʪʴʩʷ ʝʜʠʥʠʯʥʳʝ ʠʣʠ 

ʧʦʢʦʤʧʦʥʝʥʪʥʳʝ ʢʦʩʚʝʥʥʳʝ ʦʪʥʦʩʠʪʝʣʴʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ. ʂ ʥʘʩʪʦʷʱʝʤʫ ʚʨʝʤʝʥʠ 

ʦʥʠ ʩʪʘʣʠ ʪʘʢʞʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʳ, ʢʘʢ ʠ ʩʪʘʪʠʩʪʠʯʝʩʢʠʝ. ʂ ʜʘʥʥʳʤ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤ 

ʦʪʥʦʩʷʪʩʷ, ʥʘʧʨʠʤʝʨ, ʢʨʘʪʥʦʩʪʴ ʧʨʝʚʳʰʝʥʠʷ ʇɼʂ, ʧʦʚʪʦʨʷʝʤʦʩʪʴ ʩʣʫʯʘʝʚ 

ʟʘʛʨʷʟʥʝʥʥʦʩʪʠ ʚʦʜʳ ʠ ʜʨ. ɼʘʥʥʳʝ ʧʦʢʘʟʘʪʝʣʠ ʣʝʛʢʦʜʦʩʪʫʧʥʳ, ʢʦʥʢʨʝʪʥʳ, ʪʝʤ ʩʘʤʳʤ 

ʜʦʧʦʣʥʷʶʪ ʠ ʨʘʩʰʠʨʷʶʪ ʠʥʬʦʨʤʘʮʠʦʥʥʫʶ ʙʘʟʫ ʠʩʭʦʜʥʳʭ ʘʥʘʣʠʪʠʯʝʩʢʠʭ ʜʘʥʥʳʭ. 

ɽʜʠʥʠʯʥʳʝ ʠʣʠ ʧʦʢʦʤʧʦʥʝʥʪʥʳʝ ʦʙʦʙʱʝʥʥʳʝ ʦʪʥʦʩʠʪʝʣʴʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ʠʤʝʶʪ ʯʝʪʢʦ ʚʳʨʘʞʝʥʥʫʶ ʦʮʝʥʦʯʥʫʶ ʥʘʧʨʘʚʣʝʥʥʦʩʪʴ. ɺ ʙʦʣʝʝ ʨʘʥʥʠʭ 

ʛʠʜʨʦʭʠʤʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʷʭ, ʧʦʢʦʤʧʦʥʝʥʪʥʳʝ ʦʙʦʙʱʝʥʥʳʝ ʦʪʥʦʩʠʪʝʣʴʥʳʝ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʚʳʨʘʞʘʣʠʩʴ ʚ ʚʠʜʝ ʢʦʥʮʝʥʪʨʘʮʠʡ ʦʪʜʝʣʴʥʳʭ ʠʥʛʨʝʜʠʝʥʪʦʚ ʠʣʠ 

ʧʦʢʘʟʘʪʝʣʝʡ ʢʘʯʝʩʪʚʘ, ʪʘʢʠʭ ʢʘʢ ʞʝʩʪʢʦʩʪʴ ʚʦʜʳ, ʩʦʣʸʥʦʩʪʴ ʚʦʜʳ, ʠʥʦʛʜʘ ʚ ʚʠʜʝ 

ʢʣʘʩʩʠʬʠʢʘʮʠʡ. ʊʘʢ, ʩʦʜʝʨʞʘʥʠʝ ʛʣʘʚʥʳʭ ʠʦʥʦʚ ʦʮʝʥʠʚʘʣʦʩʴ ʧʦ ʩʪʝʧʝʥʠ ʧʨʝʦʙʣʘʜʘʥʠʷ. 

ɼʣʷ ʦʮʝʥʢʠ ʤʠʥʝʨʘʣʠʟʘʮʠʠ ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʚʦʜ ʧʨʠ ʵʪʦʤ ʠʩʧʦʣʴʟʦʚʘʣʘʩʴ 

ʢʣʘʩʩʠʬʠʢʘʮʠʷ, ʚʢʣʶʯʘʶʱʘʷ ʨʷʜ ʠʥʪʝʨʚʘʣʦʚ ʝʸ ʟʥʘʯʝʥʠʡ ʩ ʦʮʝʥʦʯʥʳʤʠ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʦʪ çʤʘʣʦʡè ʜʦ çʦʯʝʥʴ ʚʳʩʦʢʦʡè [8]. 

ɺ ʤʦʥʠʪʦʨʠʥʛʝ ʚʦʜʥʳʭ ʵʢʦʩʠʩʪʝʤ ʠʩʧʦʣʴʟʫʶʪʩʷ ʦʪʥʦʩʠʪʝʣʴʥʳʝ ʧʦʢʘʟʘʪʝʣʠ, 

ʢʦʪʦʨʳʝ ʷʚʣʷʶʪʩʷ ʩʣʝʜʩʪʚʠʝʤ ʧʝʨʝʨʘʙʦʪʢʠ ʘʥʘʣʠʪʠʯʝʩʢʠʭ ʜʘʥʥʳʭ. ʆʥʠ ʜʦʩʪʘʪʦʯʥʦ 

ʰʠʨʦʢʦ ʦʮʝʥʠʚʘʶʪ ʩʦʩʪʦʷʥʠʝ ʚʦʜʥʦʛʦ ʦʙʲʝʢʪʘ. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʵʪʦ ʩʧʦʩʦʙʩʪʚʫʝʪ 

ʧʦʷʚʣʝʥʠʶ ʟʥʘʯʠʪʝʣʴʥʦʛʦ ʨʘʟʥʦʦʙʨʘʟʠʷ ʧʦʢʘʟʘʪʝʣʝʡ ʧʦ ʩʪʨʫʢʪʫʨʥʳʤ ʦʩʦʙʝʥʥʦʩʪʷʤ, 

ʬʦʨʤʘʤ ʚʳʨʘʞʝʥʠʷ, ʠʭ ʬʠʟʠʯʝʩʢʦʤʫ ʩʦʜʝʨʞʘʥʠʶ, ʩʤʳʩʣʦʚʦʡ ʥʘʛʨʫʟʢʝ, ʩʪʝʧʝʥʠ 

ʬʦʨʤʘʣʠʟʘʮʠʠ, ʠ ʧʨʦʯʝʝ [9]. 

ɺ ʤʦʥʠʪʦʨʠʥʛʝ ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʚʦʜ ʩʫʰʠ ʧʨʠʤʝʥʷʶʪʩʷ ʛʠʜʨʦʭʠʤʠʯʝʩʢʠʝ 

ʧʦʢʘʟʘʪʝʣʠ, ʢʦʪʦʨʳʝ ʠʩʧʦʣʴʟʫʶʪ ʚ ʢʦʤʧʣʝʢʩʥʦʡ ʦʮʝʥʢʝ ʢʘʯʝʩʪʚʘ ʚʦʜ. ɼʣʷ ʢʦʤʧʣʝʢʩʥʦʡ 

ʦʮʝʥʢʠ ʧʨʠʤʝʥʷʶʪ ʩʣʝʜʫʶʱʠʝ ʧʦʢʘʟʘʪʝʣʠ: ʢʦʵʬʬʠʮʠʝʥʪʳ ʢʦʤʧʣʝʢʩʥʦʡ 

ʟʘʛʨʷʟʥʝʥʥʦʩʪʠ ʚʦʜʳ, ʢʦʵʬʬʠʮʠʝʥʪʳ ʟʘʛʨʷʟʥʝʥʥʦʩʪʠ ʚʦʜʳ, ʤʦʜʫʣʴʥʳʡ ʢʦʵʬʬʠʮʠʝʥʪ 

ʚʳʥʦʩʘ ʟʘʛʨʷʟʥʷʶʱʠʭ ʚʝʱʝʩʪʚ, ʧʦʢʘʟʘʪʝʣʠ ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʠ ʠ 

ʦʪʥʦʩʠʪʝʣʴʥʳʭ ʦʙʲʝʤʦʚ ʟʘʛʨʷʟʥʝʥʥʦʛʦ ʠ ʯʠʩʪʦʛʦ ʚʦʜʥʦʛʦ ʩʪʦʢʘ ʠ ʜʨ., ʢʦʪʦʨʳʝ 

ʫʯʠʪʳʚʘʶʪ ʥʝʙʦʣʴʰʦʝ ʯʠʩʣʦ ʵʣʝʤʝʥʪʦʚ ʩʣʦʞʥʦʛʦ ʦʙʲʝʢʪʘ [7]. ʇʨʠ ʦʮʝʥʢʝ ʢʘʯʝʩʪʚʘ 

ʚʦʜʳ ʧʨʠʤʝʥʷʶʪ ʪʘʢ ʞʝ ʬʦʨʤʘʣʠʟʦʚʘʥʥʳʝ ʧʦʢʘʟʘʪʝʣʠ, ʢʦʪʦʨʳʝ ʦʙʝʩʧʝʯʠʚʘʶʪ ʙʦʣʝʝ 

ʨʘʟʥʦʩʪʦʨʦʥʥʶʶ ʠ ʘʜʝʢʚʘʪʥʫʶ ʦʮʝʥʢʫ ʢʘʯʝʩʪʚʘ ʚʦʜʳ [7]. ʂ ʥʠʤ ʦʪʥʦʩʷʪʩʷ 

ʢʦʤʙʠʥʘʪʦʨʥʳʡ ʠʥʜʝʢʩ ʟʘʛʨʷʟʥʝʥʥʦʩʪʠ ʚʦʜʳ [5], ʦʙʱʝʩʘʥʠʪʘʨʥʳʡ ʠʥʜʝʢʩ ʢʘʯʝʩʪʚʘ 

ʚʦʜʳ [10], ʛʠʜʨʦʭʠʤʠʯʝʩʢʠʡ ʠʥʜʝʢʩ ʢʘʯʝʩʪʚʘ ʚʦʜʳ [11], ʢʦʤʧʣʝʢʩʥʘʷ ʦʮʝʥʢʘ ʩʪʝʧʝʥʠ 

ʟʘʛʨʷʟʥʝʥʠʷ ʚʦʜʦʝʤʦʚ ʪʦʢʩʠʯʥʳʤʠ ʚʝʱʝʩʪʚʘʤʠ [12], ʠʥʜʝʢʩ ʢʘʯʝʩʪʚʘ ʚʦʜʳ [13] ʠ ʜʨ. 
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ʉ ʢʘʞʜʳʤ ʛʦʜʦʤ ʚ ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʚʦʜʘʭ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʯʠʩʣʦ ʟʘʛʨʷʟʥʷʶʱʠʭ 

ʭʠʤʠʯʝʩʢʠʭ ʚʝʱʝʩʪʚ, ʢ ʢʦʪʦʨʳʤ ʧʨʝʜʲʷʚʣʷʶʪʩʷ ʥʦʨʤʘʪʠʚʥʳʝ ʪʨʝʙʦʚʘʥʠʷ. ʅʦʨʤʘʪʠʚʳ 

ʧʨʠʤʝʥʷʶʪʩʷ ʢʘʢ ʜʣʷ ʧʠʪʴʝʚʦʛʦ ʚʦʜʦʧʦʪʨʝʙʣʝʥʠʷ, ʪʘʢ ʠ ʜʣʷ ʨʳʙʦʭʦʟʷʡʩʪʚʝʥʥʦʛʦ 

ʟʥʘʯʝʥʠʷ. ʅʘ ʟʜʦʨʦʚʴʝ ʯʝʣʦʚʝʢʘ ʠ ʥʘ ʫʜʦʚʣʝʪʚʦʨʝʥʠʝ ʝʛʦ ʞʠʟʥʝʥʥʳʭ ʧʦʪʨʝʙʥʦʩʪʝʡ 

ʦʢʘʟʳʚʘʶʪ ʚʦʟʜʝʡʩʪʚʠʝ ʫʞʝ ʥʝ ʩʪʦʣʴʢʦ ʦʪʜʝʣʴʥʳʝ ʭʠʤʠʯʝʩʢʠʝ ʚʝʱʝʩʪʚʘ, ʩʦʜʝʨʞʘʱʠʝʩʷ 

ʚ ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʚʦʜʘʭ, ʩʢʦʣʴʢʦ ʢʦʤʧʣʝʢʩ ʚʝʱʝʩʪʚ, ʢʦʪʦʨʳʝ ʦʜʥʦʚʨʝʤʝʥʥʦ 

ʧʨʠʩʫʪʩʪʚʫʶʪ ʚ ʚʦʜʥʳʭ ʦʙʲʝʢʪʘʭ. ʇʦʵʪʦʤʫ, ʥʘ ʜʘʥʥʳʡ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ ʜʦʩʪʘʪʦʯʥʦ 

ʘʢʪʫʘʣʴʥʦʡ ʧʨʦʙʣʝʤʦʡ ʷʚʣʷʝʪʩʷ ʦʮʝʥʢʘ ʢʘʯʝʩʪʚʘ ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʚʦʜ ʥʝ ʪʦʣʴʢʦ ʧʦ 

ʦʪʜʝʣʴʥʳʤ ʟʘʛʨʷʟʥʷʶʱʠʤ ʚʝʱʝʩʪʚʘʤ, ʩʢʦʣʴʢʦ ʧʦ ʠʭ ʢʦʤʧʣʝʢʩʘʤ.  

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʚ ʛʠʜʨʦʭʠʤʠʠ ʥʝʪ ʝʜʠʥʦʛʦ, ʦʙʱʝʧʨʠʥʷʪʦʛʦ ʤʝʪʦʜʘ 

ʢʦʤʧʣʝʢʩʥʦʡ ʦʮʝʥʢʠ ʟʘʛʨʷʟʥʝʥʥʦʩʪʠ ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʚʦʜ. ʆʜʥʘʢʦ, ʢʦʤʧʣʝʢʩʥʘʷ ʦʮʝʥʢʘ, 

ʨʘʟʨʘʙʦʪʘʥʥʘʷ ʚ ɻʠʜʨʦʭʠʤʠʯʝʩʢʦʤ ʠʥʩʪʠʪʫʪʝ (ʈɼ 52.24.643-2002) [5], ʫʞʝ ʚʥʝʜʨʝʥʘ ʚ 

ʩʠʩʪʝʤʫ ʤʦʥʠʪʦʨʠʥʛʘ ʈʦʩʩʠʠ ʠ ʥʝʢʦʪʦʨʳʭ ʩʪʨʘʥ ʉʅɻ. ɺ ʩʚʷʟʠ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʥʘʛʨʫʟʢʠ 

ʥʘ ʚʦʜʥʳʝ ʦʙʲʝʢʪʳ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʚʦʟʥʠʢʣʘ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʚ ʨʘʙʦʪʘʭ, ʩʦʜʝʨʞʘʱʠʭ 

ʢʦʤʧʣʝʢʩʥʫʶ ʦʮʝʥʢʫ ʢʘʯʝʩʪʚʘ ʚʦʜ, ʘ ʪʘʢ ʞʝ ʢʦʤʧʣʝʢʩʥʦʝ ʦʮʝʥʠʚʘʥʠʝ ʢʘʯʝʩʪʚʘ 

ʧʨʠʨʦʜʥʳʭ ʚʦʜ ʩʪʘʥʦʚʠʪʩʷ ʦʙʷʟʘʪʝʣʴʥʳʤ ʚ ʛʠʜʨʦʭʠʤʠʠ. 

ʉʠʩʪʝʤʘ ʢʦʥʪʨʦʣʷ ʟʘʛʨʷʟʥʸʥʥʦʩʪʠ ʚʦʜʥʳʭ ʵʢʦʩʠʩʪʝʤ ʦʩʥʦʚʘʥʘ ʥʘ ʧʦʢʘʟʘʪʝʣʷʭ 

ʧʨʝʜʝʣʴʥʦ-ʜʦʧʫʩʪʠʤʳʭ ʢʦʥʮʝʥʪʨʘʮʠʡ ʟʘʛʨʷʟʥʷʶʱʠʭ ʚʝʱʝʩʪʚ, ʘ ʪʘʢ ʞʝ ʥʘ ʩʨʘʚʥʝʥʠʠ 

ʢʦʥʮʝʥʪʨʘʮʠʡ ʟʘʛʨʷʟʥʷʶʱʠʭ ʚʝʱʝʩʪʚ ʩ ʧʨʝʜʝʣʴʥʦ-ʜʦʧʫʩʪʠʤʳʤʠ ʟʥʘʯʝʥʠʷʤʠ, ʯʪʦ 

ʷʚʣʷʝʪʩʷ ʟʥʘʯʠʪʝʣʴʥʳʤ ʥʝʜʦʩʪʘʪʢʦʤ ʩʠʩʪʝʤʳ ʢʦʥʪʨʦʣʷ. ʆʜʥʘʢʦ ʣʠʰʴ ʜʣʷ 10 % 

ʨʝʛʣʘʤʝʥʪʠʨʫʝʤʳʭ ʚʝʱʝʩʪʚ ʩʫʱʝʩʪʚʫʶʪ ʤʝʪʦʜʳ, ʢʦʪʦʨʳʝ ʧʦʟʚʦʣʷʶʪ ʦʧʨʝʜʝʣʷʪʴ ʠʭ 

ʢʦʥʮʝʥʪʨʘʮʠʠ ʥʘ ʫʨʦʚʥʝ ʇɼʂ. ʂʨʦʤʝ ʪʦʛʦ, ʚ ʚʦʜʥʳʭ ʵʢʦʩʠʩʪʝʤʘʭ ʦʙʨʘʟʫʶʪʩʷ ʩʣʦʞʥʳʝ 

ʢʦʤʧʣʝʢʩʳ ʨʘʟʣʠʯʥʳʭ ʨʘʩʪʚʦʨʠʤʳʭ ʠʣʠ ʥʝʨʘʩʪʚʦʨʠʤʳʭ ʘʥʪʨʦʧʦʛʝʥʥʳʭ ʭʠʤʠʯʝʩʢʠʭ 

ʩʦʝʜʠʥʝʥʠʡ, ʢʦʪʦʨʳʝ ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ ʚʦʟʜʝʡʩʪʚʫʶʪ ʥʘ ʦʨʛʘʥʠʟʤʳ ʠʥʘʯʝ, ʯʝʤ ʦʪʜʝʣʴʥʳʝ 

ʢʦʤʧʦʥʝʥʪʳ, ʜʣʷ ʢʦʪʦʨʳʭ ʨʘʟʨʘʙʘʪʳʚʘʶʪʩʷ ʧʨʝʜʝʣʴʥʦ ʜʦʧʫʩʪʠʤʳʝ ʢʦʥʮʝʥʪʨʘʮʠʠ 

(ʇɼʂ). [14] 

ɺ ʈʦʩʩʠʠ ʧʨʠʤʝʥʷʝʪʩʷ ʧʨʦʛʨʘʤʤʘ ʛʠʜʨʦʙʠʦʣʦʛʠʯʝʩʢʦʛʦ ʤʦʥʠʪʦʨʠʥʛʘ ʜʣʷ ʚʦʜʥʳʭ 

ʵʢʦʩʠʩʪʝʤ. ʉ 1974 ʛ. ʚʝʜʸʪʩʷ ʧʦʩʪʦʷʥʥʳʡ ʩʠʩʪʝʤʘʪʠʯʝʩʢʠʡ ʢʦʥʪʨʦʣʴ ʙʠʦʪʠʯʝʩʢʦʡ 

ʩʦʩʪʘʚʣʷʶʱʝʡ ʚʦʜʥʳʭ ʦʙʲʝʢʪʦʚ. ɺ ʧʨʦʛʨʘʤʤʝ ʛʠʜʨʦʙʠʦʣʦʛʠʯʝʩʢʦʛʦ ʤʦʥʠʪʦʨʠʥʛʘ 

ʧʨʝʩʥʦʚʦʜʥʳʭ ʵʢʦʩʠʩʪʝʤ ʧʨʝʜʫʩʤʦʪʨʝʥʳ ʥʘʙʣʶʜʝʥʠʷ ʧʦ ʩʣʝʜʫʶʱʠʤ ʧʦʜʩʠʩʪʝʤʘʤ: 

ʬʠʪʦʧʣʘʥʢʪʦʥʫ, ʟʦʦʧʣʘʥʢʪʦʥʫ, ʟʦʦʙʝʥʪʦʩʫ, ʧʝʨʠʬʠʪʦʥʫ, ʤʘʢʨʦʬʠʪʘʤ, ʤʠʢʨʦʬʣʦʨʝ. ʂ 

ʩʦʞʘʣʝʥʠʶ, ʜʘʪʴ ʧʦʣʥʫʶ ʦʮʝʥʢʫ ʵʢʦʣʦʛʠʯʝʩʢʦʛʦ ʩʦʩʪʦʷʥʠʷ ʚʦʜʥʳʭ ʵʢʦʩʠʩʪʝʤ ʥʝ 

ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʚʦʟʤʦʞʥʳʤ, ʪʘʢ ʢʘʢ ʩʝʪʴ ʥʘʙʣʶʜʝʥʠʡ ʈʦʩʛʠʜʨʦʤʝʪʘ ʧʨʠʤʝʥʷʝʪ 

ʛʠʜʨʦʙʠʦʣʦʛʠʯʝʩʢʠʡ ʢʦʥʪʨʦʣʴ ʣʠʰʴ ʚ 20 % ʧʫʥʢʪʦʚ ʥʘʙʣʶʜʝʥʠʡ. 

ɺ ʥʘʰʝʡ ʩʪʨʘʥʝ ʦʮʝʥʢʘ ʵʢʦʣʦʛʠʯʝʩʢʦʛʦ ʩʦʩʪʦʷʥʠʷ ʚʦʜʥʳʭ ʵʢʦʩʠʩʪʝʤ 

ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʧʦ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ɺ.ɸ. ɸʙʘʢʫʤʦʚʘ [15]. ɿʘʢʦʥ ɺʠʥʝʨʘ-ʐʝʥʥʦʥʘ-ʕʰʙʠ 

ʷʚʣʷʝʪʩʷ ʪʝʦʨʝʪʠʯʝʩʢʦʡ ʦʩʥʦʚʦʡ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ɺ.ɸ. ɸʙʘʢʫʤʦʚʘ. ʆʥ ʦʪʦʙʨʘʞʘʝʪ ʪʦ, 

ʯʪʦ ʫʚʝʣʠʯʝʥʠʝ ʚʥʫʪʨʝʥʥʝʛʦ ʨʘʟʥʦʦʙʨʘʟʠʷ ʙʠʦʮʝʥʦʟʘ ʧʦʟʚʦʣʷʝʪ ʝʤʫ ʩʪʘʙʠʣʴʥʦ 

ʧʦʜʜʝʨʞʠʚʘʪʴ ʚʳʩʦʢʠʡ ʫʨʦʚʝʥʴ ʤʝʪʘʙʦʣʠʟʤʘ ʚ ʰʠʨʦʢʦʤ ʜʠʘʧʘʟʦʥʝ ʬʣʫʢʪʫʘʮʠʡ ʪʝʭ ʠʣʠ 

ʠʥʳʭ ʬʘʢʪʦʨʦʚ ʚʥʝʰʥʝʡ ʩʨʝʜʳ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʦʙʝʩʧʝʯʝʥʥʦʩʪʴʶ ʚʘʞʥʝʡʰʠʤʠ 

ʞʠʟʥʝʥʥʳʤʠ ʨʝʩʫʨʩʘʤʠ [14].  

ɿʘʛʨʷʟʥʝʥʠʝ ʚʦʜʥʳʭ ʵʢʦʩʠʩʪʝʤ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʠʥʪʝʥʩʠʚʥʦʩʪʴʶ ʤʝʪʘʙʦʣʠʟʤʘ 

ʙʠʦʮʝʥʦʟʦʚ. ɺ ʚʦʜʥʳʭ ʵʢʦʩʠʩʪʝʤʘʭ ʤʝʪʘʙʦʣʠʟʤ ʙʠʦʮʝʥʦʟʦʚ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʜʚʫʤʷ 

ʧʨʦʮʝʩʩʘʤʠ: ʤʝʪʘʙʦʣʠʯʝʩʢʠʤ ʨʝʛʨʝʩʩʦʤ ʠ ʤʝʪʘʙʦʣʠʯʝʩʢʠʤ ʧʨʦʛʨʝʩʩʦʤ. ʋʤʝʥʴʰʝʥʠʝ 

ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʤʝʪʘʙʦʣʠʟʤʘ ʙʠʦʮʝʥʦʟʦʚ ï ʤʝʪʘʙʦʣʠʯʝʩʢʠʡ ʨʝʛʨʝʩʩ, ʫʚʝʣʠʯʝʥʠʝ 

ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʤʝʪʘʙʦʣʠʟʤʘ ʙʠʦʮʝʥʦʟʦʚ ï ʤʝʪʘʙʦʣʠʯʝʩʢʠʡ ʧʨʦʛʨʝʩʩ. ʄʝʪʘʙʦʣʠʯʝʩʢʠʡ 

ʧʨʦʛʨʝʩʩ ʩʚʷʟʘʥ ʩ ʠʟʤʝʥʝʥʠʷʤʠ ʩʪʨʫʢʪʫʨʳ ʙʠʦʮʝʥʦʟʘ: ʩ ʫʩʣʦʞʥʝʥʠʝʤ ʩʪʨʫʢʪʫʨʳ ï 

ʵʢʦʣʦʛʠʯʝʩʢʠʤ ʧʨʦʛʨʝʩʩʦʤ, ʩ ʫʧʨʦʱʝʥʠʝʤ ʩʪʨʫʢʪʫʨʳ ï ʩ ʵʢʦʣʦʛʠʯʝʩʢʠʤ ʨʝʛʨʝʩʩʦʤ ʠ ʩ 

ʧʝʨʝʩʪʨʦʡʢʦʡ ʩʪʨʫʢʪʫʨʳ, ʥʝ ʚʝʜʫʱʝʡ ʢ ʝʝ ʫʧʨʦʱʝʥʠʶ ʠʣʠ ʫʩʣʦʞʥʝʥʠʶ ï 

ʵʢʦʣʦʛʠʯʝʩʢʦʡ ʤʦʜʫʣʷʮʠʝʡ. ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʵʪʦʡ ʪʝʦʨʠʝʡ ʧʨʠ ʬʦʥʦʚʦʤ ʩʦʩʪʦʷʥʠʠ 

ʵʢʦʩʠʩʪʝʤ ʥʝ ʧʨʦʠʩʭʦʜʠʪ ʩʫʱʝʩʪʚʝʥʥʳʭ ʠʟʤʝʥʝʥʠʡ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʤʝʪʘʙʦʣʠʟʤʘ 
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ʙʠʦʮʝʥʦʟʦʚ. ʇʦʩʪʦʷʥʥʦʝ ʫʚʝʣʠʯʝʥʠʝ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʤʝʪʘʙʦʣʠʟʤʘ ʛʠʜʨʦʙʠʦʮʝʥʦʟʦʚ ʚ 

ʚʦʜʥʳʭ ʵʢʦʩʠʩʪʝʤʘʭ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʘʥʪʨʦʧʦʛʝʥʥʳʤ ʵʢʦʣʦʛʠʯʝʩʢʠʤ ʥʘʧʨʷʞʝʥʠʝʤ ʠ 

ʤʝʪʘʙʦʣʠʯʝʩʢʠʤ ʨʝʛʨʝʩʩʦʤ. ɺʦʜʥʳʝ ʵʢʦʩʠʩʪʝʤʳ, ʥʘʭʦʜʷʩʴ ʚ ʩʦʩʪʦʷʥʠʠ ʵʢʦʣʦʛʠʯʝʩʢʦʛʦ 

ʥʘʧʨʷʞʝʥʠʷ, ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʫʚʝʣʠʯʝʥʠʝʤ ʚʠʜʦʚʦʛʦ ʨʘʟʥʦʦʙʨʘʟʠʷ ʙʠʦʮʝʥʦʟʦʚ ʠ 

ʫʩʣʦʞʥʝʥʠʝʤ ʤʝʞʚʠʜʦʚʳʭ ʦʪʥʦʰʝʥʠʡ. ʅʘʭʦʜʷʩʴ ʚ ʩʦʩʪʦʷʥʠʠ ʵʢʦʣʦʛʠʯʝʩʢʦʛʦ ʨʝʛʨʝʩʩʘ, 

ʚ ʚʦʜʥʳʭ ʵʢʦʩʠʩʪʝʤʘʭ ʧʨʦʠʩʭʦʜʠʪ ʫʧʨʦʱʝʥʠʝ ʤʝʞʚʠʜʦʚʳʭ ʦʪʥʦʰʝʥʠʡ ʠ ʩʥʠʞʝʥʠʝ 

ʨʘʟʥʦʦʙʨʘʟʠʷ ʙʠʦʮʝʥʦʟʦʚ. ɺʳʩʦʢʦʝ ʟʘʛʨʷʟʥʝʥʠʝ ʚʦʜʥʳʭ ʵʢʦʩʠʩʪʝʤ ʪʦʢʩʠʯʥʳʤʠ 

ʚʝʱʝʩʪʚʘʤʠ ʩʧʦʩʦʙʩʪʚʫʝʪ ʩʦʩʪʦʷʥʠʶ ʘʥʪʨʦʧʦʛʝʥʥʦʛʦ ʤʝʪʘʙʦʣʠʯʝʩʢʦʛʦ ʨʝʛʨʝʩʩʘ, 

ʢʦʪʦʨʦʝ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʩʥʠʞʝʥʠʝʤ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʤʝʪʘʙʦʣʠʟʤʘ ʙʠʦʮʝʥʦʟʦʚ. 

ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʧʦʣʥʫʶ ʦʮʝʥʢʫ ʵʢʦʣʦʛʠʯʝʩʢʦʛʦ ʩʦʩʪʦʷʥʠʷ ʛʠʜʨʦʙʠʦʮʝʥʦʟʦʚ ʚ 

ʤʦʥʠʪʦʨʠʥʛʝ ʚʦʜʥʳʭ ʵʢʦʩʠʩʪʝʤ ʤʦʞʥʦ ʧʦʣʫʯʠʪʴ, ʧʨʠʤʝʥʷʷ ʩʪʨʫʢʪʫʨʥʳʝ ʠ 

ʬʫʥʢʮʠʦʥʘʣʴʥʳʝ ʧʦʢʘʟʘʪʝʣʠ ʚʦʜʥʳʭ ʵʢʦʩʠʩʪʝʤ. 

ɺ ʩʠʩʪʝʤʝ ʈʦʩʛʠʜʨʦʤʝʪʘ ʛʠʜʨʦʙʠʦʣʦʛʠʯʝʩʢʠʡ ʤʦʥʠʪʦʨʠʥʛ ʚ ʦʩʥʦʚʥʦʤ 

ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʧʦ ʩʪʨʫʢʪʫʨʥʳʤ ʧʦʢʘʟʘʪʝʣʷʤ. ʆʮʝʥʢʘ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʤʝʪʘʙʦʣʠʟʤʘ 

ʙʠʦʮʝʥʦʟʦʚ ʩʚʷʟʘʥʘ ʩ ʦʧʨʝʜʝʣʝʥʥʳʤʠ ʪʨʫʜʥʦʩʪʷʤʠ. ʈʝʘʣʠʟʘʮʠʷ ʥʘ ʧʨʘʢʪʠʢʝ ʥʘʠʙʦʣʝʝ 

ʠʟʫʯʝʥʥʦʛʦ ʦʙʦʙʱʝʥʥʦʛʦ ʧʦʢʘʟʘʪʝʣʷ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʤʝʪʘʙʦʣʠʟʤʘ ï ʧʨʦʜʫʢʮʠʠ ʠ 

ʜʝʩʪʨʫʢʮʠʠ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʚʝʱʝʩʪʚʘ, ʩʚʷʟʘʥʘ ʩ ʤʝʪʦʜʠʯʝʩʢʠʤʠ ʩʣʦʞʥʦʩʪʷʤʠ: 

ʥʝʦʙʭʦʜʠʤʦʩʪʴʶ ʵʢʩʧʦʥʠʨʦʚʘʥʠʷ ʧʨʦʙ ʚ ʤʝʩʪʝ ʦʪʙʦʨʘ ʚ ʪʝʯʝʥʠʝ ʥʝʩʢʦʣʴʢʠʭ ʯʘʩʦʚ, ʯʪʦ 

ʧʨʠ ʩʦʚʨʝʤʝʥʥʦʤ ʤʘʪʝʨʠʘʣʴʥʦʤ ʦʙʝʩʧʝʯʝʥʠʠ ʩʝʪʠ ʥʘʙʣʶʜʝʥʠʡ ʥʝʚʦʟʤʦʞʥʦ [7]. ɺ ʩʚʷʟʠ 

ʩ ʵʪʠʤ ʧʨʠʤʝʥʝʥʠʝ ʧʦʢʘʟʘʪʝʣʝʡ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʤʝʪʘʙʦʣʠʟʤʘ ʛʠʜʨʦʙʠʦʮʝʥʦʟʦʚ, ʢʦʪʦʨʳʝ 

ʙʳ ʦʪʣʠʯʘʶʪʩʷ ʧʨʦʩʪʦʪʦʡ ʦʧʨʝʜʝʣʝʥʠʷ ʠ ʚʳʩʦʢʦʡ ʠʥʬʦʨʤʘʪʠʚʥʦʩʪʴʶ ʷʚʣʷʝʪʩʷ ʥʘ 

ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʘʢʪʫʘʣʴʥʳʤ. ʊʘʢʠʤʠ ʧʦʢʘʟʘʪʝʣʷʤʠ ʷʚʣʷʶʪʩʷ ʬʝʨʤʝʥʪʳ ʱʝʣʦʯʥʘʷ 

ʬʦʩʬʘʪʘʟʘ ʠ ʚʥʝʢʣʝʪʦʯʥʳʝ ʵʩʪʝʨʘʟʳ. ɺʥʝʢʣʝʪʦʯʥʳʝ ʵʩʪʝʨʘʟʳ ʠ ʱʝʣʦʯʥʘʷ ʬʦʩʬʘʪʘʟʘ 

ʦʩʫʱʝʩʪʚʣʷʶʪ ʚʟʘʠʤʦʩʚʷʟʴ ʚʦʜʥʳʭ ʦʨʛʘʥʠʟʤʦʚ ʩʦ ʩʨʝʜʦʡ ʦʙʠʪʘʥʠʷ, ʫʯʘʩʪʚʫʷ ʚ 

ʪʨʘʥʩʬʦʨʤʘʮʠʠ ʞʠʟʥʝʥʥʦ ʚʘʞʥʳʭ ʚʝʱʝʩʪʚ ʚ ʚʦʜʥʳʭ ʵʢʦʩʠʩʪʝʤʘʭ ʠ ʷʚʣʷʷʩʴ 

ʧʦʢʘʟʘʪʝʣʷʤʠ ʠʭ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ.  

ʊʘʢ ʧʨʠʤʝʥʝʥʠʝ ʤʝʪʦʜʘ ʛʣʘʚʥʳʭ ʢʦʤʧʦʥʝʪ ʜʣʷ ʘʥʘʣʠʟʘ ʜʘʥʥʳʭ ʵʢʦʣʦʛʠʯʝʩʢʦʛʦ 

ʤʦʥʠʪʦʨʠʥʛʘ ʚ ʅʠʞʥʝʤ ʪʝʯʝʥʠʠ ʨ. ɼʦʥ ʧʦ ʛʠʜʨʦʭʠʤʠʯʝʩʢʠʤ ʧʦʢʘʟʘʪʝʣʷʤ ʧʦʢʘʟʘʣʦ, ʯʪʦ 

ʝʩʣʠ ʙʳ ʠʟ ʨʘʩʯʝʪʦʚ ʙʳʣʠ ʠʩʢʣʶʯʝʥʳ ɸʑʌ ʠ ɸʕ, ʪʦ ʢʣʘʩʩʠʬʠʢʘʮʠʷ ʧʨʦʙ ʚʦʜʳ ʙʳʣʘ 

ʙʳ ʙʦʣʝʝ ʟʘʪʨʫʜʥʠʪʝʣʴʥʦʡ [16] (ʨʠʩ. 1). 
 

 
ʈʠʩʫʥʦʢ 1 ï ɻʨʘʬʠʢ ʩʯʝʪʦʚ (PC1 ï PC2) [Chart of accounts (PC1 ï PC2)] 
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ʇʨʠ ʩʦʧʦʩʪʘʚʣʝʥʠʠ ʛʠʜʨʦʭʠʤʠʯʝʩʢʠʭ, ʛʠʜʨʦʙʠʦʣʦʛʠʯʝʩʢʠʭ ʠ ʬʝʨʤʝʥʪʘʪʠʚʥʳʭ 

ʧʦʢʘʟʘʪʝʣʝʡ ʥʘ ʠʟʫʯʝʥʥʳʭ ʨʝʢʘʭ ʈʦʩʪʦʚʩʢʦʡ ʦʙʣʘʩʪʠ [17] ʫʩʪʘʥʦʚʣʝʥʦ: 

1) ʦʙʱʘʷ ʘʢʪʠʚʥʦʩʪʴ ʱʝʣʦʯʥʦʡ ʬʦʩʬʘʪʘʟʳ ʠ ʵʩʪʝʨʘʟ ʷʚʣʷʝʪʩʷ ʠʥʬʦʨʤʘʪʠʚʥʳʤ 

ʠʥʜʠʢʘʪʦʨʦʤ ʟʘʛʨʷʟʥʝʥʥʦʩʪʠ ʨʝʢ ʙʠʦʛʝʥʥʳʤʠ ʚʝʱʝʩʪʚʘʤʠ, ʧʨʠʦʨʠʪʝʪʥʳʤʠ ʪʷʞʝʣʳʤʠ 

ʤʝʪʘʣʣʘʤʠ, ʥʝʬʪʝʧʨʦʜʫʢʪʘʤʠ, ɸʉʇɸɺ, ʦʨʛʘʥʠʯʝʩʢʠʤʠ ʚʝʱʝʩʪʚʘʤʠ (ʧʦ ɹʇʂ5), ʘ ʪʘʢʞʝ 

ʩʦʩʪʦʷʥʠʷ ʵʢʦʩʠʩʪʝʤ ʧʦ ʤʠʢʨʦʙʠʦʣʦʛʠʯʝʩʢʠʤ ʧʦʢʘʟʘʪʝʣʷʤ; 

2) ʧʦʢʘʟʘʪʝʣʠ ʘʢʪʠʚʥʦʩʪʠ ʱʝʣʦʯʥʦʡ ʬʦʩʬʘʪʘʟʳ ʠ ʵʩʪʝʨʘʟ ʷʚʣʷʶʪʩʷ 

ʠʥʪʝʛʨʘʣʴʥʳʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʦʪʚʝʪʥʦʡ ʨʝʘʢʮʠʠ ʧʣʘʥʢʪʦʥʥʳʭ ʩʦʦʙʱʝʩʪʚ ʥʘ 

ʟʘʛʨʷʟʥʝʥʥʦʩʪʴ ʚʦʜʳ ʠ ʤʦʛʫʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ ʚ ʨʝʞʠʤʥʦʤ ʠ, ʚ ʦʩʦʙʝʥʥʦʩʪʠ, 

ʦʧʝʨʘʪʠʚʥʦʤ ʤʦʥʠʪʦʨʠʥʛʝ ʚʦʜʦʪʦʢʦʚ ʈʦʩʪʦʚʩʢʦʡ ʦʙʣʘʩʪʠ; 

3) ʧʦʢʘʟʘʪʝʣʠ ʘʢʪʠʚʥʦʩʪʠ ʱʝʣʦʯʥʦʡ ʬʦʩʬʘʪʘʟʳ ʠ ʵʩʪʝʨʘʟ ʥʘʠʙʦʣʝʝ ʠʥʬʦʨʤʘʪʠʚʥʳ 

ʚ ʧʝʨʠʦʜ ʠʥʪʝʥʩʠʚʥʦʡ ʚʝʛʝʪʘʮʠʠ ʧʣʘʥʢʪʦʥʥʳʭ ʩʦʦʙʱʝʩʪʚ; ʧʦʟʜʥʝʡ ʦʩʝʥʴʶ, ʟʠʤʦʡ ʠ 

ʨʘʥʥʝʡ ʚʝʩʥʦʡ ʘʢʪʠʚʥʦʩʪʴ ʠʟʫʯʝʥʥʳʭ ʬʝʨʤʝʥʪʦʚ ʩʫʱʝʩʪʚʝʥʥʦ ʩʥʠʞʘʝʪʩʷ, ʚʩʣʝʜʩʪʚʠʝ 

ʝʩʪʝʩʪʚʝʥʥʦʛʦ ʪʦʨʤʦʞʝʥʠʷ ʬʫʥʢʮʠʦʥʘʣʴʥʦʡ ʘʢʪʠʚʥʦʩʪʠ ʧʣʘʥʢʪʦʥʥʳʭ ʦʨʛʘʥʠʟʤʦʚ, ʠ 

ʩʚʷʟʴ ʩ ʟʘʛʨʷʟʥʝʥʥʦʩʪʴʶ ʩʪʘʥʦʚʠʪʩʷ ʤʝʥʝʝ ʚʳʨʘʞʝʥʥʦʡ (ʨʠʩ. 2, 3, 4, 5).  

 

 
ʘ) 

 

 
ʙ) 

ʈʠʩʫʥʦʢ 2 ï ɿʘʚʠʩʠʤʦʩʪʴ ɸʑʌ (ʘ) ʠ ɸʕ (ʙ) ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ 2002 ï 2003 ʛʛ [Dependence of ASF (a) and AE 

(b) on 2002 ï 2003 years temperature] 
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ʈʠʩʫʥʦʢ 3 ï ʀʟʤʝʥʝʥʠʝ ʧʦʢʘʟʘʪʝʣʝʡ ʘʢʪʠʚʥʦʩʪʠ ʬʝʨʤʝʥʪʦʚ ʚ ʚʦʜʥʳʭ ʦʙʲʝʢʪʘʭ ʈʦʩʪʦʚʩʢʦʡ ʦʙʣʘʩʪʠ ʩ 

ʨʘʟʥʳʤ ʫʨʦʚʥʝʤ ʟʘʛʨʷʟʥʝʥʥʦʩʪʠ: 1 ï ʨ. ɹʦʣʴʰʘ ʂʨʝʧʢʘʷ; 2 ï ʨ. ʊʫʟʣʦʚ; 3 ï ʨ. ɼʦʥ, ʫ ʈʦʩʪʦʚʩʢʦʛʦ 

ʚʦʜʦʟʘʙʦʨʘ; 4 ï ʨ. ɼʦʥ, ʥʠʞʝ ʚʧʘʜʝʥʠʷ ʨ. ʊʝʤʝʨʥʠʢ; 5 ï ʨ. ɼʦʥ, ʫ ʚʦʜʦʩʙʨʦʩʘ ʦʯʠʩʪʥʳʭ ʩʦʦʨʫʞʝʥʠʡ  

ʛ. ʈʦʩʪʦʚʘ-ʥʘ-ɼʦʥʫ, ʣʝʚʳʡ ʙʝʨʝʛ; 6 ï ʨ. ɼʦʥ, ʩʨʝʜʥʝʝ ʟʥʘʯʝʥʠʝ ʥʘ ʫʯʘʩʪʢʝ ʦʪ ʛ. ɸʢʩʘʷ ʜʦ ʛ. ɸʟʦʚʘ;  

7 ï ʨʫʯʝʡ ʙʘʣʢʠ ʂʘʣʠʥʦʚʦʡ, ʠʩʪʦʢ, 8 ï ʨ. ʊʝʤʝʨʥʠʢ. [Changes of activity anzymes in water bodies of the 

Rostov region with different levels of pollution: 1 ï the river Big Strong; 2 ï river Tuzlov; 3 ï the river Don, the 

Rostov water intake; 4 ï the river Don, below the confluence of the river Temernik; 5 ï the Don river, at the 

spillway of the treatment facilities of Rostov-on-don, the left Bank; 6 ï the river Don, the average value in the 

area from Aksai to the town of Azov; 7 ï stream beam Kalinovo, Istok, 8 ï the river Temernik] 

                                                                  

                                                              

 

0

2

4

6

8

10

12

1 2 3 4 5 6 7 8
ʈʝʢʠ ʈʦʩʪʦʚʩʢʦʡ ʦʙʣʘʩʪʠ, ʩʪʚʦʨʳ

ɸ
ʢ
ʪ
ʠ
ʚ
ʥ
ʦ
ʩ
ʪ
ʴ
 
ʬ
ʝ
ʨ
ʤ
ʝ
ʥ
ʪ
ʦ
ʚ
,
 

ʤ
ʢ
ʤ
ʦ
ʣ
ʴ
/
(
ʣ
Ā
ʯ
)
 
Ŭ
-
 
ʥ
ʘ
ʬ
ʪ
ʦ
ʣ
ʘ

0

2

4

6

8

10

12

14

ɹ
ʇ
ʂ 5

, 
ʤ
ʛ
/
ʣ
ʆ

2

ɸʑʌ ɸʕ ɹʇʂ5

y = 0,40x - 0,21

r = 0,52

0,0

0,5

1,0

1,5

2,0

2,5

0 1 2 3 4

ʀɿɺ 1

ɸ
ʑ
ʌ
,
 
ʤ
ʢ
ʤ
ʦ
ʣ
ʴ
/
(
ʣ
Ā
ʯ
)

 
Ŭ
-
 
ʥ
ʘ
ʬ
ʪ
ʦ
ʣ
ʘ

y = -0,024x + 0,93

r  = - 0,46

0,0

0,5

1,0

1,5

2,0

2,5

0 10 20 30 40

ʀɿɺ 2

ɸ
ʑ
ʌ
,
 
ʤ
ʢ
ʤ
ʦ
ʣ
ʴ
/
(
ʣ
Ā
ʯ
)
 

Ŭ
-
 
ʥ
ʘ
ʬ
ʪ
ʦ
ʣ
ʘ

y = 0,96x + 1,22

r = 0,47

0,00

1,00

2,00

3,00

4,00

5,00

6,00

0,00 1,00 2,00 3,00 4,00

ʀɿɺ 1

ɸ
ʕ
,
 
ʤ
ʢ
ʤ
ʦ
ʣ
ʴ
/
(
ʣ
 
ʯ
)
 

1
-
ʥ
ʘ
ʬ
ʪ
ʦ
ʣ
ʘ

y = -0,09x + 4,53

r =  - 0,65

0

1

2

3

4

5

6

0 10 20 30 40

ʀɿɺ 2

ɸ
ʕ
,
 
ʤ
ʢ
ʤ
ʦ
ʣ
ʴ
/
(
ʣ
Ā
ʯ
)

 
Ŭ
-
 
ʥ
ʘ
ʬ
ʪ
ʦ
ʣ
ʘ



14  ɹɽʁʉʋɻ 

 

ɻʃʆɹɸʃʔʅɸʗ ʗɼɽʈʅɸʗ ɹɽɿʆʇɸʉʅʆʉʊʔ, ˉ 4(33) 2019 

        
ʈʠʩʫʥʦʢ 4 ï ɿʘʚʠʩʠʤʦʩʪʴ ʤʝʞʜʫ ʧʦʢʘʟʘʪʝʣʷʤʠ ʘʢʪʠʚʥʦʩʪʠ ʬʝʨʤʝʥʪʦʚ ʠ ʠʥʜʝʢʩʘʤʠ ʟʘʛʨʷʟʥʝʥʠʷ ʚʦʜʳ 

(ʀɿɺ) ʚ ʥʠʞʥʝʤ ʪʝʯʝʥʠʠ ʨ. ɼʦʥ ʚ ʠʶʣʝ-ʩʝʥʪʷʙʨʝ 2002 ʛʦʜʘ [Relationship between enzyme activity indices 

and water pollution indices in the lower flow of the river Don in July-September 2002] 

 

 
 

              

 
ʈʠʩʫʥʦʢ 5 ï ɿʘʚʠʩʠʤʦʩʪʴ ʤʝʞʜʫ ʧʦʢʘʟʘʪʝʣʷʤʠ ɸʑʌ ʠ ɸʕ ʩ ʠʥʜʝʢʩʘʤʠ ʟʘʛʨʷʟʥʝʥʠʷ ʚʦʜʳ (ʀɿɺ) ʚ 

ʥʠʞʥʝʤ ʪʝʯʝʥʠʠ ʨ. ɼʦʥ ʚ ʤʘʝ-ʠʶʣʝ 2003 ʛʦʜʘ [Relationship between ASF and AE water pollution indices in 

the lower flow of the river Don in May-July 2003] 
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ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʧʦʟʚʦʣʠʣʠ ʨʘʟʨʘʙʦʪʘʪʴ ʨʝʢʦʤʝʥʜʘʮʠʠ ʧʦ ʠʩʧʦʣʴʟʦʚʘʥʠʶ 

ʧʦʢʘʟʘʪʝʣʝʡ ʘʢʪʠʚʥʦʩʪʠ ʬʝʨʤʝʥʪʦʚ ʚ ʤʦʥʠʪʦʨʠʥʛʝ ʜʣʷ ʠʥʜʠʢʘʮʠʠ ʢʘʯʝʩʪʚʘ ʚʦʜ 

ʚʦʜʦʪʦʢʦʚ ʈʦʩʪʦʚʩʢʦʡ ʦʙʣʘʩʪʠ [17]. 
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Abstract ï The paper considers assessments of aquatic ecosystem state. The analysis of existing 
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ʠʟʣʫʯʝʥʠʷ. ʎʝʣʴʶ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʠʟʫʯʝʥʠʝ ʚʦʧʨʦʩʦʚ ʩʫʱʝʩʪʚʦʚʘʥʠʷ ʠ ʦʜʥʦʟʥʘʯʥʦʩʪʠ 

ʨʝʰʝʥʠʡ ʜʣʷ ʨʘʟʣʠʯʥʳʭ ʩʣʫʯʘʝʚ, ʢʦʪʦʨʳʝ ʚʦʟʥʠʢʘʶʪ ʧʨʠ ʠʟʤʝʥʝʥʠʠ ʥʘʯʘʣʴʥʳʭ ʧʘʨʘʤʝʪʨʦʚ 

ʤʦʜʝʣʠ. ɸʥʘʣʠʟ ʩʠʩʪʝʤʳ, ʩʦʧʫʪʩʪʚʫʶʱʝʡ ʬʫʥʢʮʠʦʥʘʣʴʥʦʤʫ ʫʨʘʚʥʝʥʠʶ, ʧʨʦʚʦʜʠʪʩʷ 

ʤʝʪʦʜʘʤʠ ʣʠʥʝʡʥʦʡ ʘʣʛʝʙʨʳ. ɼʣʷ ʩʣʫʯʘʷ ʥʝʨʘʚʝʥʩʪʚʘ ʥʫʣʶ ʛʣʘʚʥʦʛʦ ʦʧʨʝʜʝʣʠʪʝʣʷ 

ʩʦʧʫʪʩʪʚʫʶʱʝʡ ʩʠʩʪʝʤʳ ʧʦʢʘʟʘʥʘ ʢʦʨʨʝʢʪʥʦʩʪʴ ʧʦʣʫʯʝʥʥʳʭ ʨʝʰʝʥʠʡ; ʬʫʥʢʮʠʦʥʘʣʴʥʦʝ 

ʫʨʘʚʥʝʥʠʝ ʠʤʝʝʪ ʝʜʠʥʩʪʚʝʥʥʦʝ ʨʝʰʝʥʠʝ. ɺ ʩʣʫʯʘʝ ʨʘʚʝʥʩʪʚʘ ʥʫʣʶ ʦʧʨʝʜʝʣʠʪʝʣʷ ʟʘʜʘʯʘ 

ʧʦʣʥʦʩʪʴʶ ʨʝʰʝʥʘ ʜʣʷ ʮʠʢʣʦʚ ʜʣʠʥʳ 2. ʌʫʥʢʮʠʦʥʘʣʴʥʦʝ ʫʨʘʚʥʝʥʠʝ ʥʝ ʠʤʝʝʪ ʨʝʰʝʥʠʡ, ʝʩʣʠ 

ʦʧʨʝʜʝʣʠʪʝʣʴ ʨʘʚʝʥ ʥʫʣʶ, ʘ ʨʘʥʛ ʨʘʩʰʠʨʝʥʥʦʡ ʤʘʪʨʠʮʳ ʨʘʚʝʥ 2. ɼʣʷ ʩʣʫʯʘʷ ʩʦʚʤʝʩʪʥʦʡ 

ʩʠʩʪʝʤʳ ʩ ʚʳʨʦʞʜʝʥʥʦʡ ʤʘʪʨʠʮʝʡ ʧʦʣʫʯʝʥʳ ʘʥʘʣʠʪʠʯʝʩʢʠʝ ʬʦʨʤʫʣʳ ʦʙʱʝʛʦ ʨʝʰʝʥʠʷ 

ʦʜʥʦʨʦʜʥʦʛʦ ʠ ʥʝʦʜʥʦʨʦʜʥʦʛʦ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʫʨʘʚʥʝʥʠʡ. ʕʪʠ ʨʝʰʝʥʠʷ ʟʘʚʠʩʷʪ ʦʪ 

ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʠʩʭʦʜʥʦʛʦ ʫʨʘʚʥʝʥʠʷ, ʥʘʯʘʣʴʥʦʡ ʬʫʥʢʮʠʠ, ʧʦʨʦʞʜʘʶʱʝʡ ʮʠʢʣ, ʠ ʩʦʜʝʨʞʘʪ 

ʧʨʦʠʟʚʦʣʴʥʦ ʚʳʙʨʘʥʥʫʶ ʬʫʥʢʮʠʶ. ɼʣʷ ʫʩʪʨʘʥʝʥʠʷ ʚʦʟʥʠʢʘʶʱʝʡ ʥʝʦʜʥʦʟʥʘʯʥʦʩʪʠ ʤʦʞʥʦ 

ʧʝʨʝʡʪʠ ʢ ʤʦʜʝʣʠ ʩ ʥʝʚʳʨʦʞʜʝʥʥʦʡ ʤʘʪʨʠʮʝʡ, ʠʟʤʝʥʠʚ ʩʠʩʪʝʤʫ ʚʝʩʦʚʳʭ ʢʦʵʬʬʠʮʠʝʥʪʦʚ 

ʤʦʜʝʣʴʥʦʛʦ ʫʨʘʚʥʝʥʠʷ, ʠʣʠ ʧʨʠʚʣʝʯʴ ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʥʘʯʘʣʴʥʳʝ ʫʩʣʦʚʠʷ.  

 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʣʠʥʝʡʥʦʝ ʬʫʥʢʮʠʦʥʘʣʴʥʦʝ ʫʨʘʚʥʝʥʠʝ, ʫʨʘʚʥʝʥʠʝ ʩʦ ʩʜʚʠʛʦʤ, ʠʪʝʨʘʮʠʷ, 

ʮʠʢʣ, ʩʦʧʫʪʩʪʚʫʶʱʘʷ ʩʠʩʪʝʤʘ, ʨʘʥʛ, ʦʜʥʦʨʦʜʥʦʝ ʠ ʥʝʦʜʥʦʨʦʜʥʦʝ ʬʫʥʢʮʠʦʥʘʣʴʥʦʝ 

ʫʨʘʚʥʝʥʠʝ. 

 
ʇʦʩʪʫʧʠʣʘ ʚ ʨʝʜʘʢʮʠʶ 16.09.2019 

ʇʦʩʣʝ ʜʦʨʘʙʦʪʢʠ 05.11.2019 

ʇʨʠʥʷʪʘ ʢ ʧʫʙʣʠʢʘʮʠʠ 06.11.2019 

 

ɺʚʝʜʝʥʠʝ 

ʄʝʪʦʜʳ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʧʨʠʤʝʥʷʶʪʩʷ ʧʨʠ ʠʟʫʯʝʥʠʠ ʨʘʟʣʠʯʥʳʭ 

ʚʦʧʨʦʩʦʚ ʨʘʜʠʘʮʠʦʥʥʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ [1-3]. ɺ ʦʜʥʦʡ ʠʟ ʤʦʜʝʣʝʡ ʠʩʧʦʣʴʟʫʝʪʩʷ ʣʠʥʝʡʥʦʝ 

ʬʫʥʢʮʠʦʥʘʣʴʥʦʝ ʫʨʘʚʥʝʥʠʝ ʩʦ ʩʜʚʠʛʦʤ, ʨʘʟʨʘʙʦʪʘʥʥʦʝ ʂʘʨʣʝʤʘʥʦʤ [4]. ʊʘʢʘʷ ʤʦʜʝʣʴ 

ʦʧʠʩʘʥʠʷ ʚʧʦʩʣʝʜʩʪʚʠʠ ʨʘʟʚʠʚʘʣʘʩʴ [5, 6] ʠ ʧʨʠʤʝʥʷʣʘʩʴ ʚʦ ʤʥʦʛʠʭ ʟʘʜʘʯʘʭ, ʚ ʪʦʤ 

ʯʠʩʣʝ, ʧʨʠ ʨʝʰʝʥʠʠ ʫʨʘʚʥʝʥʠʡ ʛʠʧʝʨʙʦʣʠʯʝʩʢʦʛʦ ʪʠʧʘ [7], ʢ ʢʦʪʦʨʳʤ ʦʪʥʦʩʷʪʩʷ 

ʫʨʘʚʥʝʥʠʷ ʧʝʨʝʥʦʩʘ ʟʘʨʷʞʝʥʥʳʭ ʯʘʩʪʠʮ ʠ ʠʦʥʠʟʠʨʫʶʱʝʛʦ ʠʟʣʫʯʝʥʠʷ ʚ ʨʘʟʣʠʯʥʳʭ 

ʤʘʪʝʨʠʘʣʴʥʳʭ ʩʨʝʜʘʭ. ɺ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʚʦʧʨʦʩʳ ʦʜʥʦʟʥʘʯʥʦʩʪʠ 

ʨʝʰʝʥʠʡ ʣʠʥʝʡʥʦʛʦ ʬʫʥʢʮʠʦʥʘʣʴʥʦʛʦ ʫʨʘʚʥʝʥʠʷ ʩ ʮʠʢʣʠʯʝʩʢʠʤʠ ʠʪʝʨʘʮʠʷʤʠ 

ʘʨʛʫʤʝʥʪʘ (ʫʨʘʚʥʝʥʠʷ ʩʦ ʩʜʚʠʛʦʤ) [8]: 

 

  ),()...)))((...(()(...)))((()())(()()()(

1

1210 xbxfffuxaxffuxaxfuxaxuxa

n

n )()'&  (1), 

ʛʜʝ )(),(),(,...),(),( 110 xfxbxaxaxa n  ī ʟʘʜʘʥʥʳʝ ʬʫʥʢʮʠʠ, ʦʧʨʝʜʝʣʸʥʥʳʝ ʥʘ 

ʤʥʦʞʝʩʪʚʝ X  R, ʧʨʠʯʸʤ Y  X, ʛʜʝ Y = f (X) ī ʤʥʦʞʝʩʪʚʦ ʟʥʘʯʝʥʠʡ f(x); u(x) ī ʠʩʢʦʤʘʷ 
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ʬʫʥʢʮʠʷ. ʇʨʝʜʧʦʣʘʛʘʝʪʩʷ, ʯʪʦ ʬʫʥʢʮʠʷ f(x) ʠʤʝʝʪ ʦʙʨʘʪʥʫʶ, ʘ ʝʸ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʝ 

ʠʪʝʨʘʮʠʠ ...))),((()),((),( xfffxffxf  ʦʙʨʘʟʫʶʪ ʮʠʢʣ ʜʣʠʥʳ n (ʫʩʣʦʚʠʝ ʂʘʨʣʝʤʘʥʘ), ʪ.ʝ.  
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 ʧʨʠ 1Ò k < n  ʠ  .)...))((...( xxfff
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ɺʚʝʜʸʤ ʦʙʦʟʥʘʯʝʥʠʷ:  
 

,1...,,2,1)...)),((...()(),()(,)( 10 nkxfffxfxfxfxxf

k

k )()'&
 ʩʣʝʜʦʚʘʪʝʣʴʥʦ, 

)()( 0 xfxxf n  ī ʫʩʣʦʚʠʝ ʮʠʢʣʠʯʥʦʩʪʠ. ʆʙʦʟʥʘʯʠʤ ʪʘʢʞʝ 

.1...,,2,1,)),(()()),(()()),(()(; nkixfbxbxfuxuxfaxa kkkkkiik  

 

ʊʦʛʜʘ ʫʨʘʚʥʝʥʠʝ (1) ʧʨʠʥʠʤʘʝʪ ʩʣʝʜʫʶʱʠʡ ʚʠʜ: 
 

      (3) 
 

ʇʦʜʩʪʘʚʣʷʷ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ ʚ ʫʨʘʚʥʝʥʠʝ (3) ʚʤʝʩʪʦ x ʠʪʝʨʘʮʠʠ

),1...,,2,1()( nkxf k ʚʤʝʩʪʝ ʩ ʫʨʘʚʥʝʥʠʝʤ (3) ʧʦʣʫʯʠʤ ʩʦʧʫʪʩʪʚʫʶʱʫʶ ʝʤʫ ʩʠʩʪʝʤʫ 

ʨʘʚʝʥʩʪʚ: 
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       (4) 

 

ɼʘʥʥʘʷ ʩʠʩʪʝʤʘ ʫʨʘʚʥʝʥʠʡ ʷʚʣʷʝʪʩʷ ʣʠʥʝʡʥʦʡ ʦʪʥʦʩʠʪʝʣʴʥʦ ʚʝʣʠʯʠʥ 

).(),...,(),( 110 xuxuxu n  ʇʫʩʪʴ ȹ(x) ī ʛʣʘʚʥʳʡ ʦʧʨʝʜʝʣʠʪʝʣʴ ʩʠʩʪʝʤʳ:  
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nnnnn
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.                             (5) 

 

ʏʘʩʪʥʦʛʦ ʚʠʜʘ ʫʨʘʚʥʝʥʠʷ ʜʣʷ ʩʣʫʯʘʷ ȹ Í 0 ʧʝʨʠʦʜʠʯʝʩʢʠ ʚʩʪʨʝʯʘʣʠʩʴ ʚ ʧʝʯʘʪʠ 

(ʩʤ. [9, ʩ.82], [10, ʩ.12], [11], [12, ʩ.413], [13, ʩ.470]). ʆʜʥʘʢʦ ʫʩʣʦʚʠʝ ȹ Í 0 ʥʝ ʷʚʣʷʝʪʩʷ 

ʥʝʦʙʭʦʜʠʤʳʤ ʜʣʷ ʨʘʟʨʝʰʠʤʦʩʪʠ ʠʩʭʦʜʥʦʛʦ ʫʨʘʚʥʝʥʠʷ ʠ, ʢʘʢ ʦʪʤʝʯʝʥʦ [8, ʩ. 58], 

ʪʨʝʙʫʶʪʩʷ ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ. ɺ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ ʜʣʷ ȹ Í 0 ʧʦʢʘʟʘʥʘ 

ʥʝʧʨʦʪʠʚʦʨʝʯʠʚʦʩʪʴ ʬʦʨʤʫʣ, ʩʦʩʪʘʚʣʷʶʱʠʭ ʨʝʰʝʥʠʝ ʩʠʩʪʝʤʳ (4). ʀʩʩʣʝʜʦʚʘʥʠʝ 

ʚʦʧʨʦʩʦʚ ʦʜʥʦʟʥʘʯʥʦʩʪʠ ʨʝʰʝʥʠʡ ʧʨʠ ʫʩʣʦʚʠʠ æ = 0 ʧʦʣʥʦʩʪʴʶ ʚʳʧʦʣʥʝʥʦ ʜʣʷ ʮʠʢʣʦʚ 

ʩ n = 2.  
 

ʃʠʥʝʡʥʦʝ ʫʨʘʚʥʝʥʠʝ ʜʣʷ ʩʣʫʯʘʷ ȹ Í 0 

ʇʨʠ ʫʩʣʦʚʠʠ ȹ Í 0 ʨʝʰʝʥʠʝ ʩʠʩʪʝʤʳ, ʠ ʧʨʠʪʦʤ ʝʜʠʥʩʪʚʝʥʥʦʝ, ʥʘʭʦʜʠʪʩʷ ʧʦ 

ʬʦʨʤʫʣʘʤ ʂʨʘʤʝʨʘ [14, 15]: 

).()()(...)()()()()()( 011;022;011;000;0 xbxuxaxuxaxuxaxuxa nn
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                                                     ,1...,,1,0,
)(

)(
)( nk

x

x
xu k
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ʛʜʝ ȹk (x) ī ʦʧʨʝʜʝʣʠʪʝʣʴ, ʧʦʣʫʯʝʥʥʳʡ ʠʟ (5) ʟʘʤʝʥʦʡ k + 1-ʛʦ ʩʪʦʣʙʮʘ ʥʘ ʩʪʦʣʙʝʮ 

ʩʚʦʙʦʜʥʳʭ ʯʣʝʥʦʚ. ʈʝʰʝʥʠʝ ʫʨʘʚʥʝʥʠʷ (1) ʩʣʝʜʫʝʪ ʠʟ (6) ʧʨʠ k = 0: u(x) = u0(x) = 

ȹ0(x)/ȹ(x), ʥʦ ʪ.ʢ. ʬʫʥʢʮʠʠ uk (x) ʧʦʣʫʯʘʶʪʩʷ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʤʠ ʠʪʝʨʘʮʠʷʤʠ: 

)),(()(1 xfuxu kk  ʪʦ ʬʦʨʤʫʣʳ (6) ʚ ʫʢʘʟʘʥʥʦʤ ʩʤʳʩʣʝ ʥʝ ʜʦʣʞʥʳ ʧʨʦʪʠʚʦʨʝʯʠʪʴ ʜʨʫʛ 

ʜʨʫʛʫ. 
 

ʃʝʤʤʘ 1   
ʇʫʩʪʴ ȹ Í 0, ʪʦʛʜʘ ʨʝʰʝʥʠʷ (6) ʩʠʩʪʝʤʳ (4) ʢʦʨʨʝʢʪʥʳ, ʪ.ʝ. ʫʜʦʚʣʝʪʚʦʨʷʶʪ 

ʫʩʣʦʚʠʷʤ 
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ɼʦʢʘʟʘʪʝʣʴʩʪʚʦ.  

ʇʦʜʩʪʘʚʠʤ ʚ (5) f(x) ʚʤʝʩʪʦ x: 
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ɽʩʣʠ ʧʦʩʣʝʜʥʶʶ ʩʪʨʦʢʫ ʩʜʝʣʘʪʴ ʧʝʨʚʦʡ ʠ ʧʦʩʣʝʜʥʠʡ ʩʪʦʣʙʝʮ ʪʘʢʞʝ ʩʜʝʣʘʪʴ 

ʧʝʨʚʳʤ, ʪʦ ʧʦʣʫʯʝʥʥʳʡ ʚ ʨʝʟʫʣʴʪʘʪʝ ʧʝʨʝʩʪʘʥʦʚʦʢ ʦʧʨʝʜʝʣʠʪʝʣʴ ʩʦʚʧʘʜʸʪ ʩ 

ʦʧʨʝʜʝʣʠʪʝʣʝʤ (5). ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ).()()1()1())(( xxxf nn
 ʊʦʯʥʦ ʪʘʢ ʞʝ 

ʜʦʢʘʟʳʚʘʝʪʩʷ, ʯʪʦ ʝʩʣʠ ʚ ʦʧʨʝʜʝʣʠʪʝʣʝ ))(( xfk  ʧʦʩʣʝʜʥʶʶ ʩʪʨʦʢʫ ʩʜʝʣʘʪʴ ʧʝʨʚʦʡ, ʘ 

ʧʦʩʣʝʜʥʠʡ ʩʪʦʣʙʝʮ ʪʘʢʞʝ ʩʜʝʣʘʪʴ ʧʝʨʚʳʤ, ʪʦ ʧʦʣʫʯʝʥʥʳʡ ʦʧʨʝʜʝʣʠʪʝʣʴ ʩʦʚʧʘʜʸʪ ʩ 

ʦʧʨʝʜʝʣʠʪʝʣʝʤ ),(1 xk  ʟʥʘʯʠʪ 2...,,2,1),()()1()1())(( 11 nkxxxf kk

nn

k  

(ʧʨʠ k = n ï 1 ʨʘʟʣʠʯʠʝ ʣʠʰʴ ʚ ʪʦʤ, ʯʪʦ )).()()1()1())(( 001 xxxf nn

n  ʃʝʤʤʘ 

ʜʦʢʘʟʘʥʘ.  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʝʩʣʠ ȹ Í 0, ʪʦ ʫʨʘʚʥʝʥʠʝ (1) ʠʤʝʝʪ ʝʜʠʥʩʪʚʝʥʥʦʝ ʨʝʰʝʥʠʝ, 

ʦʧʨʝʜʝʣʷʝʤʦʝ ʬʦʨʤʫʣʦʡ (7): 
 

                                                                    .
)(

)(
)( 0

x

x
xu                                          (7) 

ʇʨʠʤʝʨ 1   
ʈʝʰʠʪʴ ʫʨʘʚʥʝʥʠʝ: 

 

                    ),()...)))((...((...)))(((3))((2)(

1

xbxfffnuxffuxfuxu

n

)) ()) '&
            (8) 

ʛʜʝ f(x) ī ʧʨʦʠʟʚʦʣʴʥʘʷ ʟʘʜʘʥʥʘʷ ʬʫʥʢʮʠʷ, ʧʦʨʦʞʜʘʶʱʘʷ ʮʠʢʣ (2) ʜʣʠʥʳ n. ɺ 

ʦʙʦʟʥʘʯʝʥʠʷʭ (1) ak (x) = k + 1, k = 0,1, ..., n ī 1; ʛʣʘʚʥʳʡ ʦʧʨʝʜʝʣʠʪʝʣʴ æ ʩʠʩʪʝʤʳ (4) 

ʷʚʣʷʝʪʩʷ ʮʠʨʢʫʣʷʥʪʦʤ [16] ʠ ʦʪʣʠʯʝʥ ʦʪ ʥʫʣʷ [17]:  
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ɼʣʷ ʥʘʭʦʞʜʝʥʠʷ ʨʝʰʝʥʠʷ (7) ʦʧʨʝʜʝʣʠʪʝʣʴ 
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ʨʘʟʣʦʞʠʤ ʧʦ ʧʝʨʚʦʤʫ ʩʪʦʣʙʮʫ: 

 

                                   ,... 0;111010000 nn AbAbAb  

 

ʛʜʝ 0;kA ī ʘʣʛʝʙʨʘʠʯʝʩʢʦʝ ʜʦʧʦʣʥʝʥʠʝ ʵʣʝʤʝʥʪʘ .1...,,1,0, nkbk  ʅʝʧʦʩʨʝʜʩʪʚʝʥʥʳʡ 

ʧʦʜʩʯʸʪ ʜʘʸʪ: 
 

                      ,
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)2()1( 23
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nnn
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)2()1( 23
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nnn
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nn

 

 

ɺʳʯʠʩʣʝʥʠʷ ʦʩʪʘʣʴʥʳʭ ʘʣʛʝʙʨʘʠʯʝʩʢʠʭ ʜʦʧʦʣʥʝʥʠʡ ʧʨʦʚʦʜʷʪʩʷ ʧʦ ʝʜʠʥʦʡ ʩʭʝʤʝ 

ʠ ʧʨʠʚʦʜʷʪ ʢ ʦʜʥʦʤʫ ʠ ʪʦʤʫ ʞʝ ʨʝʟʫʣʴʪʘʪʫ:   
  

                                     .1...,,3,2,)1( 31

0 nknA nn

k              

 

ɺ ʠʪʦʛʝ ʧʦʣʫʯʘʝʤ ʝʜʠʥʩʪʚʝʥʥʦʝ ʨʝʰʝʥʠʝ ʫʨʘʚʥʝʥʠʷ (8):    
            

           ,)(...)()(
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2
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2

2

)1(

2
)( 121

2
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2

2
xbxbxb

nn
xb

nn

nn
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ʛʜʝ .1...,,2,1)...)),((...()(),()(0 nkxffbxbxbxb

k

k ('&  ʆʪʤʝʪʠʤ ʪʘʢʞʝ, ʯʪʦ ʫʨʘʚʥʝʥʠʝ 

(8) ʩ ʩʠʩʪʝʤʦʡ ʚʝʩʦʚʳʭ ʢʦʵʬʬʠʮʠʝʥʪʦʚ {1, 2, é, n} ʨʘʚʥʦʩʠʣʴʥʦ ʫʨʘʚʥʝʥʠʶ ʩ ʩʠʩʪʝʤʦʡ 

ʢʦʵʬʬʠʮʠʝʥʪʦʚ {1, 1/2, é, 1/n} (ʜʣʷ ʫʩʪʘʥʦʚʣʝʥʠʷ ʨʘʚʥʦʩʠʣʴʥʦʩʪʠ ʜʦʩʪʘʪʦʯʥʦ ʦʙʝ 

ʯʘʩʪʠ ʧʦʜʝʣʠʪʴ ʥʘ n ʠ ʟʘʤʝʥʠʪʴ ʧʦʩʣʝʜʥʝʝ ʩʣʘʛʘʝʤʦʝ u(f(f(éf(x)é))) = v(x)). 

 

ʃʠʥʝʡʥʦʝ ʫʨʘʚʥʝʥʠʝ ʜʣʷ ʩʣʫʯʘʷ  ȹ = 0, n = 2  

ʇʨʦʘʥʘʣʠʟʠʨʫʝʤ ʦʩʦʙʝʥʥʦʩʪʠ ʥʘʭʦʞʜʝʥʠʷ ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ ʩ ȹ = 0 ʧʨʠ n = 2. 

ʋʨʘʚʥʝʥʠʝ (1) ʧʨʠ n = 2 ʠʤʝʝʪ ʩʣʝʜʫʶʱʠʡ ʚʠʜ: 
 

                                                  ),())(()()()( 10 xbxfuxaxuxa                                      (9) 
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ʛʜʝ ʬʫʥʢʮʠʷ f(x) ʠʥʚʦʣʶʪʠʚʥʘ, ʪ.ʝ. ʧʦʨʦʞʜʘʝʪ ʮʠʢʣ ʜʣʠʥʳ 2: ,))(( xxff  ʘ ʢʘʞʜʘʷ ʠʟ 

ʬʫʥʢʮʠʡ )(),( 10 xaxa ʪʦʞʜʝʩʪʚʝʥʥʦ ʦʪʣʠʯʥʘ ʦʪ ʥʫʣʷ (ʠʥʘʯʝ ʫʨʘʚʥʝʥʠʝ (9) ʩʪʘʥʦʚʠʪʩʷ 

ʪʨʠʚʠʘʣʴʥʳʤ). ɼʣʷ ʩʦʧʫʪʩʪʚʫʶʱʝʡ ʫʨʘʚʥʝʥʠʶ ʩʠʩʪʝʤʳ 

 

 

(10) 

 

ʛʣʘʚʥʳʡ ʦʧʨʝʜʝʣʠʪʝʣʴ ʨʘʚʝʥ 0, ʟʥʘʯʠʪ, ʝʛʦ ʩʪʨʦʢʠ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʳ ʩ ʥʝʢʦʪʦʨʳʤ 

ʢʦʵʬʬʠʮʠʝʥʪʦʤ k(x): )).(()()()),(()()( 0110 xfaxkxaxfaxkxa  ɽʩʣʠ )),(()()( xfbxkxb

ʪʦʛʜʘ ʨʘʥʛ ʨʘʩʰʠʨʝʥʥʦʡ ʤʘʪʨʠʮʳ 
))(())(())((

)()()(

01

10

xfbxfaxfa

xbxaxa
 ʨʘʚʝʥ ʜʚʫʤ ʠ ʩʠʩʪʝʤʘ 

(10) ʥʝʩʦʚʤʝʩʪʥʘ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʫʨʘʚʥʝʥʠʝ (9) ʥʝ ʠʤʝʝʪ ʨʝʰʝʥʠʡ. ʇʫʩʪʴ ʪʝʧʝʨʴ 

)),(()()( xfbxkxb ʪ.ʝ.: 

 

 

(11) 

 

ʈʘʥʛ ʨʘʚʝʥ 1 ʠ ʦʪ ʩʠʩʪʝʤʳ (10) ʦʩʪʘʸʪʩʷ ʪʦʣʴʢʦ ʫʨʘʚʥʝʥʠʝ (9). ʄʝʪʦʜ ʨʝʰʝʥʠʷ, 

ʠʩʧʦʣʴʟʫʝʤʳʡ ʚ ʧ.1, ʥʝ ʧʨʠʤʝʥʠʤ.   

ɺʚʝʜʸʤ ʬʫʥʢʮʠʦʥʘʣ: 
 

                                               )),(()()()()]([ 10 xfyxaxyxaxyL                             (12) 

 

ʢʦʪʦʨʳʡ, ʦʯʝʚʠʜʥʦ, ʷʚʣʷʝʪʩʷ ʣʠʥʝʡʥʳʤ: 

 

).,()]([)]([)]()([ RxvLxuLxvxuL  

 

ɿʘʧʠʰʝʤ ʩ ʧʦʤʦʱʴʶ (12) ʥʝʦʜʥʦʨʦʜʥʦʝ ʫʨʘʚʥʝʥʠʝ (9): 
 

 (13) 
 

ʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʝ ʝʤʫ ʦʜʥʦʨʦʜʥʦʝ ʫʨʘʚʥʝʥʠʝ: 

 

 (14) 
 

ʆʧʨʝʜʝʣʝʥʠʝ   
ʄʥʦʞʝʩʪʚʦ ʬʫʥʢʮʠʡ ɋ 0 ʥʘʟʳʚʘʝʪʩʷ ʦʙʱʠʤ ʨʝʰʝʥʠʝʤ ʫʨʘʚʥʝʥʠʷ (14) ʥʘ X, ʝʩʣʠ:  

1) ʣʶʙʘʷ ʬʫʥʢʮʠʷ y(x), x X, ʧʨʠʥʘʜʣʝʞʘʱʘʷ ɋ 0, ʷʚʣʷʝʪʩʷ ʨʝʰʝʥʠʝʤ ʫʨʘʚʥʝʥʠʷ 

(14); 

2) ʣʶʙʦʝ ʨʝʰʝʥʠʝ y(x), x X ʫʨʘʚʥʝʥʠʷ (14) ʧʨʠʥʘʜʣʝʞʠʪ ɋ 0. 

ɸʥʘʣʦʛʠʯʥʦ ʦʧʨʝʜʝʣʷʝʪʩʷ ʦʙʱʝʝ ʨʝʰʝʥʠʝ ʥʝʦʜʥʦʨʦʜʥʦʛʦ ʫʨʘʚʥʝʥʠʷ (13). 

 

ʃʝʤʤʘ 2  
ʆʙʱʝʝ ʨʝʰʝʥʠʝ ʦʜʥʦʨʦʜʥʦʛʦ ʫʨʘʚʥʝʥʠʷ (14) ʦʧʨʝʜʝʣʷʝʪʩʷ ʬʦʨʤʫʣʦʡ (15): 
 

 )),(()()())(()( 100 xfwxaxwxfaxu    (15) 

 

ʠʣʠ ʨʘʚʥʦʩʠʣʴʥʦʡ ʝʡ: 
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 )),((
)(2

)(
)(
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1
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1
0 xfv

xa

xa
xvxu    (16) 

 

ʛʜʝ w(x), v(x) ī ʧʨʦʠʟʚʦʣʴʥʳʝ ʥʘ X ʬʫʥʢʮʠʠ. 

ɼʦʢʘʟʘʪʝʣʴʩʪʚʦ. 

ɹʫʜʝʤ ʠʩʢʘʪʴ ʨʝʰʝʥʠʝ ʫʨʘʚʥʝʥʠʷ (14) ʚ ʚʠʜʝ: 
 

)),(()()()()(0 xfwxBxwxAxu  

 

ʛʜʝ w(x) ī ʧʨʦʠʟʚʦʣʴʥʘʷ ʬʫʥʢʮʠʷ, ʘ ʬʫʥʢʮʠʠ A(x) ʠ B(x) ʧʦʜʣʝʞʘʪ ʦʧʨʝʜʝʣʝʥʠʶ. 

ʇʦʜʩʪʘʚʠʤ u0(x) ʚ (14) ʠ ʧʝʨʝʛʨʫʧʧʠʨʫʝʤ ʩʣʘʛʘʝʤʳʝ: 
 

          0))(()))(()()()(()()))(()()()(( 1010 xfwxfAxaxBxaxwxfBxaxAxa  

 

ʊ.ʢ. ʬʫʥʢʮʠʷ w(x) ʧʨʦʠʟʚʦʣʴʥʘ, ʪʦ ʦʪʩʶʜʘ ʩʣʝʜʫʶʪ ʫʩʣʦʚʠʷ: 
 

,0))(()()()(

0))(()()()(
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10

xfAxaxBxa

xfBxaxAxa
 

 

ʢʦʪʦʨʳʝ ʤʦʞʥʦ ʟʘʧʠʩʘʪʴ ʚ ʩʣʝʜʫʶʱʝʤ ʚʠʜʝ: 
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xa

xfA
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ɺʝʣʠʯʠʥʳ A(x) ʠ B(x) ʦʧʨʝʜʝʣʷʶʪʩʷ ʥʝʦʜʥʦʟʥʘʯʥʦ. ɽʩʣʠ ʚʟʷʪʴ ),())(( 0 xaxfA  

ʪʦʛʜʘ )()()),(()( 10 xaxBxfaxA ʠ ʧʦʣʫʯʘʝʤ ʬʦʨʤʫʣʫ (15). ɽʩʣʠ ʞʝ ʚʟʷʪʴ ,1))(( xfA  

ʪʦʛʜʘ ),(/)()(,1)( 01 xaxaxBxA  ʯʪʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʨʘʚʝʥʩʪʚʫ (16), ʠ ʪ.ʧ. ʅʦ ʵʪʦ ʙʫʜʫʪ 

ʨʘʚʥʦʩʠʣʴʥʳʝ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʦʜʥʦʡ ʠ ʪʦʡ ʞʝ ʬʦʨʤʫʣʳ. ʊʘʢ, ʨʘʚʥʦʩʠʣʴʥʦʩʪʴ (15) ʠ (16) 

ʩʪʘʥʦʚʠʪʩʷ ʦʯʝʚʠʜʥʦʡ, ʝʩʣʠ ʩʚʷʟʘʪʴ v(x) ʠ w(x) ʩʦʦʪʥʦʰʝʥʠʝʤ: ).())((2)( 0 xwxfaxv ʊʝʤ 

ʩʘʤʳʤ, ʜʣʷ ʣʶʙʳʭ v(x) ʠ w(x) (15) ʠ (16) ʷʚʣʷʶʪʩʷ ʨʝʰʝʥʠʷʤʠ ʫʨʘʚʥʝʥʠʷ (14). 

ʆʩʪʘʣʦʩʴ ʧʦʢʘʟʘʪʴ, ʯʪʦ ʣʶʙʦʝ ʨʝʰʝʥʠʝ ʫʨʘʚʥʝʥʠʷ (14) ʩʦʜʝʨʞʠʪʩʷ, ʥʘʧʨʠʤʝʨ, ʚ 

(16). ʇʫʩʪʴ g(x) ī ʧʨʦʠʟʚʦʣʴʥʘʷ ʬʫʥʢʮʠʷ, ʫʜʦʚʣʝʪʚʦʨʷʶʱʘʷ (14), ʪʦʛʜʘ 

).()(/))(()( 01 xgxaxfgxa  ʊʝʧʝʨʴ, ʯʪʦʙʳ ʫʙʝʜʠʪʴʩʷ, ʯʪʦ g(x) ʩʦʜʝʨʞʠʪʩʷ ʚ (16), 

ʜʦʩʪʘʪʦʯʥʦ ʚ ʢʘʯʝʩʪʚʝ v(x) ʚʟʷʪʴ g(x). ʃʝʤʤʘ ʜʦʢʘʟʘʥʘ. 
 

ʃʝʤʤʘ 3  
ʇʫʩʪʴ a0(x) Í 0, ʪʦʛʜʘ ʦʙʱʝʝ ʨʝʰʝʥʠʝ ʥʝʦʜʥʦʨʦʜʥʦʛʦ ʫʨʘʚʥʝʥʠʷ (13) ʥʘʭʦʜʠʪʩʷ ʧʦ 

ʬʦʨʤʫʣʝ 
 

                                           )),((
)(2

)(
)(

2

1

)(2

)(
)(

0

1

0

xfv
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ʛʜʝ v(x) ī ʧʨʦʠʟʚʦʣʴʥʘʷ ʥʘ X ʬʫʥʢʮʠʷ. 

ɼʦʢʘʟʘʪʝʣʴʩʪʚʦ. 

ʉ ʧʦʤʦʱʴʶ (11) ʣʝʛʢʦ ʫʙʝʜʠʪʴʩʷ, ʯʪʦ ʬʫʥʢʮʠʷ uʥ (x) = b(x)/(2a0(x)) ʷʚʣʷʝʪʩʷ 

ʯʘʩʪʥʳʤ ʨʝʰʝʥʠʝʤ ʥʝʦʜʥʦʨʦʜʥʦʛʦ ʫʨʘʚʥʝʥʠʷ (13). ɼʦʙʘʚʣʷʷ ʢ uʥ (x) ʦʙʱʝʝ ʨʝʰʝʥʠʝ 

(16) ʦʜʥʦʨʦʜʥʦʛʦ ʫʨʘʚʥʝʥʠʷ, ʧʦʣʫʯʘʝʤ: u(x) = uʥ (x) + u0(x) ī ʨʝʰʝʥʠʝ ʫʨʘʚʥʝʥʠʷ (13) 

ʜʣʷ ʣʶʙʦʡ ʬʫʥʢʮʠʠ v(x), ʚʭʦʜʷʱʝʡ ʚ u0(x), ʪ.ʢ. ʚ ʩʠʣʫ ʣʠʥʝʡʥʦʩʪʠ ʬʫʥʢʮʠʦʥʘʣʘ (12): 
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ʆʩʪʘʣʦʩʴ ʜʦʢʘʟʘʪʴ, ʯʪʦ (17) ʩʦʜʝʨʞʠʪ ʣʶʙʦʝ ʨʝʰʝʥʠʝ ʫʨʘʚʥʝʥʠʷ (13). ʇʫʩʪʴ g(x) ī 

ʧʨʦʠʟʚʦʣʴʥʘʷ ʬʫʥʢʮʠʷ, ʫʜʦʚʣʝʪʚʦʨʷʶʱʘʷ (13): 
 

                                                      )).(()()()()( 10 xfgxaxgxaxb                        (18) 

 

ʈʘʩʩʤʘʪʨʠʚʘʷ ʪʝʧʝʨʴ ʫʨʘʚʥʝʥʠʝ (13) ʩ ʧʨʘʚʦʡ ʯʘʩʪʴʶ b(x), ʦʧʨʝʜʝʣʷʝʤʦʡ 

ʨʘʚʝʥʩʪʚʦʤ (18), ʠ ʧʦʜʩʪʘʚʣʷʷ (18) ʚ (17), ʧʦʣʫʯʠʤ: 
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ʆʯʝʚʠʜʥʦ, ʯʪʦ ʨʝʰʝʥʠʝ g(x) ʩʦʜʝʨʞʠʪʩʷ ʚ u(x), ʝʩʣʠ ʚ ʢʘʯʝʩʪʚʝ v(x) ʚʟʷʪʴ g(x). 

ʃʝʤʤʘ ʜʦʢʘʟʘʥʘ. 
 

ʇʨʠʤʝʨ 2  
ʅʘʡʪʠ ʚʩʝ ʬʫʥʢʮʠʠ, ʫʜʦʚʣʝʪʚʦʨʷʶʱʠʝ ʫʨʘʚʥʝʥʠʶ: 
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(x) = x. ɼʣʷ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʫʨʘʚʥʝʥʠʷ ʚʳʧʦʣʥʷʶʪʩʷ ʫʩʣʦʚʠʷ (11) (k(x) = 1), ʥʦ ȹ = 0 ʠ 

ʬʦʨʤʫʣʘ (7) ʥʝ ʧʨʠʤʝʥʠʤʘ. ʄʥʦʞʝʩʪʚʦ ʚʩʝʭ ʨʝʰʝʥʠʡ ʫʨʘʚʥʝʥʠʷ (19) ʥʘʭʦʜʠʤ ʧʦ 

ʬʦʨʤʫʣʝ (17): 
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ʛʜʝ v(x) ī ʧʨʦʠʟʚʦʣʴʥʘʷ ʬʫʥʢʮʠʷ. 
 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚ ʨʘʤʢʘʭ ʧʨʠʤʝʥʝʥʥʦʡ ʤʦʜʝʣʠ ʨʘʩʩʤʦʪʨʝʥ ʚʦʧʨʦʩ ʩʫʱʝʩʪʚʦʚʘʥʠʷ 

ʠ ʝʜʠʥʩʪʚʝʥʥʦʩʪʠ ʧʦʣʫʯʘʝʤʳʭ ʨʝʰʝʥʠʡ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʨʝʰʝʥʠʷ ʩʦʚʤʝʩʪʥʦʡ 

ʩʦʧʫʪʩʪʚʫʶʰʝʡ ʩʠʩʪʝʤʳ ʚ ʩʣʫʯʘʝ ʚʳʨʦʞʜʝʥʥʦʡ ʤʘʪʨʠʮʳ ʫʞʝ ʧʨʠ n = 2 ʩʦʜʝʨʞʘʪ 

ʥʝʦʜʥʦʟʥʘʯʥʦʩʪʴ ī ʧʨʦʠʟʚʦʣʴʥʦ ʚʳʙʨʘʥʥʫʶ ʬʫʥʢʮʠʶ. ɼʣʷ ʫʩʪʨʘʥʝʥʠʷ ʚʦʟʥʠʢʘʶʱʝʡ 

ʥʝʦʜʥʦʟʥʘʯʥʦʩʪʠ ʤʦʞʥʦ ʧʝʨʝʡʪʠ ʢ ʟʘʜʘʯʝ ʩ ʥʝʚʳʨʦʞʜʝʥʥʦʡ ʤʘʪʨʠʮʝʡ, ʠʟʤʝʥʠʚ ʩʠʩʪʝʤʫ 

ʚʝʩʦʚʳʭ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʤʦʜʝʣʴʥʦʛʦ ʫʨʘʚʥʝʥʠʷ, ʠʣʠ ʧʨʠʚʣʝʯʴ ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ 

ʥʘʯʘʣʴʥʳʝ ʫʩʣʦʚʠʷ.  
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Abstract ï The paper considers a functional linear equation with a shift in the radiation protection 

model for the transport of charged particles and ionizing radiation. The aim of the work is to study 

the questions of the existence and uniqueness of solutions for various cases that arise when the 

initial parameters of the model change. The analysis of the system accompanying the functional 

equation is carried out by linear algebra methods. For the case of the inequality to zero of the main 

determinant of the accompanying system, the correctness of the obtained solutions is shown; the 

functional equation has a unique solution. If the determinant vanishes, the problem is completely 

solved for cycles of length 2. The functional equation has no solutions if the determinant is zero 

and the rank of the extended matrix is 2. For the case of a joint system with a degenerate matrix, 

analytical formulas for the general solution of a homogeneous and inhomogeneous functional 

equation are obtained . These solutions depend on the coefficients of the initial equation, the initial 

function generating the cycle, and contain an arbitrarily chosen function. To eliminate the 

ambiguity that arises, one can go to a model with a non-degenerate matrix by changing the system 

of weight coefficients of the model equation, or use additional initial conditions. 
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*
ɺʦʣʛʦʜʦʥʩʢʠʡ ʠʥʞʝʥʝʨʥʦ-ʪʝʭʥʠʯʝʩʢʠʡ ʠʥʩʪʠʪʫʪ ï ʬʠʣʠʘʣ ʅʘʮʠʦʥʘʣʴʥʦʛʦ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʦʛʦ 

ʷʜʝʨʥʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ çʄʀʌʀè, ɺʦʣʛʦʜʦʥʩʢ, ʈʦʩʪʦʚʩʢʘʷ ʦʙʣ., ʈʦʩʩʠʷ 
**
ʌʠʣʠʘʣ ɸʆ çɸʕʄ-ʪʝʭʥʦʣʦʛʠʠè çɸʪʦʤʤʘʰè ʚ ʛ. ɺʦʣʛʦʜʦʥʩʢ, ɺʦʣʛʦʜʦʥʩʢ, ʈʦʩʪʦʚʩʢʘʷ ʦʙʣ., ʈʦʩʩʠʷ 

 
ɺ ʩʪʘʪʴʝ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʣʠʢʚʘʮʠʦʥʥʘʷ ʥʝʦʜʥʦʨʦʜʥʦʩʪʴ, ʩʚʦʡʩʪʚʝʥʥʘʷ ʟʘʛʦʪʦʚʢʘʤ ʠʟ ʩʪʘʣʠ 

10ɻʅ2ʄʌɸ, ʚʳʟʳʚʘʝʪ ʦʙʨʘʟʦʚʘʥʠʝ ʚ ʥʠʭ ʫʯʘʩʪʢʦʚ, ʦʙʦʛʘʱʝʥʥʳʭ ʣʝʛʠʨʫʶʱʠʤʠ 

ʵʣʝʤʝʥʪʘʤʠ, ʧʨʠʤʝʩʷʤʠ ʠ ʥʝʤʝʪʘʣʣʠʯʝʩʢʠʤʠ ʚʢʣʶʯʝʥʠʷʤʠ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʷʚʥʦ 

ʚʳʨʘʞʝʥʥʦʡ ʩʪʨʫʢʪʫʨʥʦʡ ʥʝʦʜʥʦʨʦʜʥʦʩʪʠ ʠ ʨʘʟʣʠʯʥʦʡ ʩʢʣʦʥʥʦʩʪʴʶ ʢ ʨʝʢʨʠʩʪʘʣʣʠʟʘʮʠʠ 

ʧʨʠ ʦʙʨʘʙʦʪʢʝ ʜʘʚʣʝʥʠʝʤ, ʦʙʨʘʟʦʚʘʥʠʶ ʟʘʢʘʣʦʯʥʳʭ ʩʪʨʫʢʪʫʨ, ʘ ʪʘʢʞʝ ʛʦʨʷʯʠʭ ʪʨʝʱʠʥ ʚ 
ʟʦʥʘʭ ʪʝʨʤʠʯʝʩʢʦʛʦ ʚʣʠʷʥʠʷ ʚ ʭʦʜʝ ʚʳʧʦʣʥʝʥʠʷ ʥʘʨʫʞʥʳʭ ʚʘʣʠʢʦʚ ʧʨʠ ʘʚʪʦʤʘʪʠʯʝʩʢʦʡ 

ʩʚʘʨʢʝ ʧʦʜ ʬʣʶʩʦʤ. ʇʦʜʦʙʥʦʝ ʧʦʚʝʜʝʥʠʝ ʤʦʞʝʪ ʧʨʦʷʚʣʷʪʴʩʷ ʠ ʚ ʤʝʪʘʣʣʝ ʩʚʘʨʥʦʛʦ ʰʚʘ ʧʨʠ 

ʧʦʚʳʰʝʥʥʦʤ ʪʝʧʣʦʚʣʦʞʝʥʠʠ, ʠ ʜʨʫʛʠʭ ʦʪʢʣʦʥʝʥʠʷʭ ʚ ʪʝʭʥʦʣʦʛʠʠ, ʚʳʟʳʚʘʶʱʠʭ 

ʦʙʨʘʟʦʚʘʥʠʝ ʢʨʫʧʥʦʜʝʥʜʨʠʪʥʦʡ ʩʪʨʫʢʪʫʨʳ. 

 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʣʠʢʚʘʮʠʦʥʥʘʷ ʥʝʦʜʥʦʨʦʜʥʦʩʪʴ, ʩʚʘʨʠʚʘʝʤʦʩʪʴ ʩʪʘʣʠ, ʪʝʨʤʦʢʠʥʝʪʠʯʝʩʢʘ ̫

ʜʠʘʛʨʘʤʤʘ, ʙʝʡʥʠʪ, ʤʘʨʪʝʥʩʠʪʥʦ-ʘʫʩʪʝʥʠʪʥʘʷ ʩʦʩʪʘʚʣʷʶʱʘʷ, ʛʦʨʷʯʠʝ ʤʠʢʨʦʪʨʝʱʠʥʳ 

ʣʠʢʚʘʮʠʦʥʥʦʛʦ ʧʨʦʠʩʭʦʞʜʝʥʠʷ, ʩʢʣʦʥʥʦʩʪʴ ʢ ʨʝʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʧʨʠ ʦʙʨʘʙʦʪʢʝ ʤʝʪʘʣʣʦʚ 

ʜʘʚʣʝʥʠʝʤ.  

 
ʇʦʩʪʫʧʠʣʘ ʚ ʨʝʜʘʢʮʠʶ 27.09.2019 

ʇʦʩʣʝ ʜʦʨʘʙʦʪʢʠ 28.10.2019 

ʇʨʠʥʷʪʘ ʢ ʧʫʙʣʠʢʘʮʠʠ 07.11.2019 

 

ʇʨʠ ʠʟʛʦʪʦʚʣʝʥʠʠ ʢʦʨʧʫʩʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ʨʝʘʢʪʦʨʥʳʭ ʫʩʪʘʥʦʚʦʢ ʪʠʧʘ ɺɺʕʈ, 

ʢʘʢ ʧʨʘʚʠʣʦ, ʧʨʠʤʝʥʷʶʪ ʩʪʘʣʠ ʜʚʫʭ ʪʠʧʦʚ: 15ʍ2ʅʄʌɸ ʠ 10ɻʅ2ʄʌɸ. ʇʝʨʚʳʝ 

ʠʩʧʦʣʴʟʫʶʪ ʜʣʷ ʠʟʜʝʣʠʡ ʙʦʣʝʝ ʚʳʩʦʢʦʛʦ ʢʣʘʩʩʘ ʧʨʦʯʥʦʩʪʠ ï ʢʦʨʧʫʩʦʚ ʠ ʢʨʳʰʝʢ 

ʨʝʘʢʪʦʨʘ, ʘ ʚʪʦʨʳʝ ʜʣʷ ʤʝʥʝʝ ʧʨʦʯʥʳʭ ï ʚ ʦʩʥʦʚʥʦʤ ʜʣʷ ʧʘʨʦʛʝʥʝʨʘʪʦʨʦʚ, 

ʢʦʤʧʝʥʩʘʪʦʨʦʚ ʜʘʚʣʝʥʠʷ ʠ ʪʨʫʙ ʛʣʘʚʥʦʛʦ ʮʠʨʢʫʣʷʮʠʦʥʥʦʛʦ ʢʦʥʪʫʨʘ (ɻʎʂ). ʊʝʭʥʦʣʦʛʠʠ 

ʦʙʨʘʙʦʪʢʠ ʟʘʛʦʪʦʚʦʢ ʠ ʧʦʣʫʬʘʙʨʠʢʘʪʦʚ ʠʟ ʵʪʠʭ ʩʪʘʣʝʡ, ʥʘʧʨʠʤʝʨ, ʩʚʘʨʢʘ ʠ ʪʝʨʤʠʯʝʩʢʘʷ 

ʦʙʨʘʙʦʪʢʘ, ʧʦʜʦʙʥʳ. ʊʘʢ, ʪʝʤʧʝʨʘʪʫʨʳ ʠʭ ʥʘʛʨʝʚʘ ʧʨʠ ʦʪʧʫʩʢʝ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ 

ʦʪʣʠʯʘʶʪʩʷ ʠ ʦʙʳʯʥʦ ʩʦʩʪʘʚʣʷʶʪ 620-650
0
ʉ; ʜʦʧʫʩʢʘʝʪʩʷ ʧʨʦʚʝʜʝʥʠʝ ʦʪʧʫʩʢʘ ʚʧʣʦʪʴ 

ʜʦ 670
0
ʉ [1]. ʄʘʢʨʦ- ʠ ʤʠʢʨʦʩʪʨʫʢʪʫʨʘ, ʘ ʪʘʢʞʝ ʤʝʭʘʥʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʵʪʠʭ ʩʪʘʣʝʡ 

ʦʪʣʠʯʘʶʪʩʷ ʫʞʝ ʙʦʣʝʝ ʟʘʤʝʪʥʦ.  

ɺ ʧʦʢʦʚʢʘʭ ʩʪʘʣʠ 10ɻʅ2ʄʌɸ ʟʘʤʝʪʥʘ ʣʠʢʚʘʮʠʦʥʥʘʷ ʥʝʦʜʥʦʨʦʜʥʦʩʪʴ (ʨʠʩ. 1), 

ʚʳʨʘʞʘʶʱʘʷʩʷ ʚ ʥʘʣʠʯʠʠ ʫʯʘʩʪʢʦʚ ʨʘʟʣʠʯʥʦʡ ʩʪʝʧʝʥʠ ʪʨʘʚʠʤʦʩʪʠ. ʇʨʠ ʵʪʦʤ ʩ 

ʫʤʝʥʴʰʝʥʠʝʤ ʩʝʯʝʥʠʷ ʟʘʛʦʪʦʚʦʢ ʬʦʨʤʠʨʫʝʪʩʷ ʚʩʝ ʙʦʣʝʝ ʚʳʨʘʞʝʥʥʘʷ ʧʦʣʦʩʯʘʪʘʷ 

ʩʪʨʫʢʪʫʨʘ, ʩʦʩʪʦʷʱʘʷ ʠʟ ʪʘʢʠʭ ʫʯʘʩʪʢʦʚ. 
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ʈʠʩʫʥʦʢ 1 ï ʃʠʢʚʘʮʠʦʥʥʘʷ ʥʝʦʜʥʦʨʦʜʥʦʩʪʴ ʧʦʢʦʚʦʢ ʠʟ ʩʪʘʣʠ 10ɻʅ2ʄʌɸ (ʙʦʣʝʝ ʪʝʤʥʳʝ ʫʯʘʩʪʢʠ 

ʩʦʜʝʨʞʘʪ ʙʦʣʴʰʝ ʫʛʣʝʨʦʜʘ ʠ ʩʠʣʴʥʝʝ ʣʝʛʠʨʦʚʘʥʳ), ʭ100 [Liquidation heterogeneity of forgings from 

10GN2MFA steel (darker sections contain more carbon and are more alloyed), x100] 
 

ɺ ʧʦʢʦʚʢʘʭ ʠʟ ʩʪʘʣʠ 15ʍ2ʅʄʌɸ ʧʦʜʦʙʥʳʡ ʵʬʬʝʢʪ ʟʘʤʝʪʥʦ ʩʣʘʙʝʝ. ɽʱʝ ʦʜʥʦ ʥʝ 

ʜʦʩʪʘʪʦʯʥʦ ʚʳʷʩʥʝʥʥʦʝ ʨʘʟʣʠʯʠʝ ï ʛʘʨʘʥʪʠʨʦʚʘʥʥʳʝ ʟʥʘʯʝʥʠʷ ʊʢʦ ʦʩʥʦʚʥʦʛʦ ʤʝʪʘʣʣʘ ʠ 

ʰʚʦʚ. ɼʣʷ ʩʪʘʣʠ 10ɻʅ2ʄʌɸ ʦʥʠ ʦʜʠʥʘʢʦʚʳ ʠ ʩʦʩʪʘʚʣʷʶʪ ʦʪ ʤʠʥʫʩ 10 ʜʦ ʧʣʶʩ 15
0
ʉ 

ʜʣʷ ʨʘʟʥʳʭ ʠʟʜʝʣʠʡ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʜʣʷ ʦʩʥʦʚʥʦʛʦ ʤʝʪʘʣʣʘ ʩʪʘʣʠ 15ʍ2ʅʄʌɸ ʊʢʦ ʨʘʚʥʘ 

ʦʪ ʤʠʥʫʩ 90 ʜʦ ʤʠʥʫʩ 40
0
ʉ, ʘ ʜʣʷ ʰʚʦʚ ï ʥʝ ʥʠʞʝ ʤʠʥʫʩ 25

0
ʉ. ʇʦ ʩʦʜʝʨʞʘʥʠʶ ʫʛʣʝʨʦʜʘ 

ʠ ʪʠʧʫ ʣʝʛʠʨʦʚʘʥʠʷ ʊʢʦ ʜʦʣʞʥʳ ʙʳʪʴ ʥʠʞʝ ʫ ʩʪʘʣʠ 10ɻʅ2ʄʌɸ. ʇʦʵʪʦʤʫ ʧʨʠʯʠʥʳ ʝʝ 

ʙʦʣʝʝ ʚʳʩʦʢʠʭ ʥʦʨʤʘʪʠʚʥʳʭ ʪʝʤʧʝʨʘʪʫʨ ʠ ʜʣʷ ʰʚʦʚ ʠ ʜʣʷ ʦʩʥʦʚʥʦʛʦ ʤʝʪʘʣʣʘ ʧʦ 

ʩʨʘʚʥʝʥʠʶ ʩʦ ʩʪʘʣʴʶ 15ʍ2ʅʄʌɸ ʥʝ ʩʦʚʩʝʤ ʧʦʥʷʪʥʳ. 

ʈʘʩʩʤʦʪʨʠʤ ʧʨʠʯʠʥʳ ʧʦʷʚʣʝʥʠʷ ʣʠʢʚʘʮʠʦʥʥʦʡ ʥʝʦʜʥʦʨʦʜʥʦʩʪʠ ʚ 

ʤʘʣʦʫʛʣʝʨʦʜʠʩʪʳʭ ʥʠʟʢʦʣʝʛʠʨʦʚʘʥʥʳʭ ʩʪʘʣʷʭ. ʉʦʛʣʘʩʥʦ ʅ.ʇ. ɹʫʥʠʥʫ [2], ʦʯʝʥʴ ʩʠʣʴʥʦ 

ʣʠʢʚʠʨʫʶʪ S ʠ P, ʩʣʘʙʝʝ (ʚ 3-5 ʨʘʟ) ʉ, As, V, Mo, ʘ ʜʣʷ Si, Cr, Mn ʠ Ni ʣʠʢʚʘʮʠʷ 

ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʚʳʨʘʞʝʥʘ. ʅʘ ʨʠʩʫʥʢʝ 2 ʧʦʢʘʟʘʥ ʫʯʘʩʪʦʢ ʜʠʘʛʨʘʤʤʳ ʨʘʚʥʦʚʝʩʠʷ 

ʩʠʩʪʝʤʳ Fe ï C, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʡ ʪʝʤʧʝʨʘʪʫʨʘʤ ʠʥʪʝʨʚʘʣʘ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʤʘʣʦ- ʠ 

ʩʨʝʜʥʝʫʛʣʝʨʦʜʠʩʪʳʭ ʩʪʘʣʝʡ. ɼʣʷ ʩʧʣʘʚʦʚ ʩ ʢʦʥʮʝʥʪʨʘʮʠʝʡ ʉ Ò 0,1%, ʢ ʢʦʪʦʨʳʤ 

ʦʪʥʦʩʠʪʩʷ ʠ ʩʪʘʣʴ 10ɻʅ2ʄʌɸ, ʧʝʨʚʠʯʥʘʷ ʢʨʠʩʪʘʣʣʠʟʘʮʠʷ (ʜʣʷ ʩʧʣʘʚʘ ʂ1 ʦʪ ʪʦʯʢʠ 1 ʜʦ 

ʪʦʯʢʠ 2) ʟʘʚʝʨʰʘʝʪʩʷ ʥʘ ʣʠʥʠʠ ɸïʅ. ɺ ʵʪʠʭ ʩʧʣʘʚʘʭ ʬʦʨʤʠʨʫʝʪʩʷ ʜʝʥʜʨʠʪʥʘʷ ʩʪʨʫʢʪʫʨʘ 

ŭ-ʬʝʨʨʠʪʘ. ɺ ʧʨʦʮʝʩʩʝ ʧʝʨʚʠʯʥʦʡ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʠʟʙʳʪʦʯʥʳʡ ʫʛʣʝʨʦʜ ʠ 

ʩʦʜʝʨʞʘʱʠʝʩʷ ʚ ʨʘʩʧʣʘʚʝ ʘʪʦʤʳ ʣʝʛʢʦʧʣʘʚʢʠʭ ʧʨʠʤʝʩʝʡ (ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ S ʠ P, ʘ 

ʪʘʢʞʝ As ʠ ʩʦʜʝʨʞʘʱʠʝʩʷ ʚ ʩʪʘʣʠ V ʠ Mo) ʠ ʥʝʤʝʪʘʣʣʠʯʝʩʢʠʝ ʚʢʣʶʯʝʥʠʷ 

ʚʳʪʘʣʢʠʚʘʶʪʩʷ ʚ ʦʩʪʘʪʦʯʥʳʝ ʦʙʲʝʤʳ ʞʠʜʢʦʩʪʠ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ Si, Mn ʠ Ni 

ʨʘʩʧʨʝʜʝʣʝʥʳ ʨʘʚʥʦʤʝʨʥʦ. ʂ ʤʦʤʝʥʪʫ ʦʢʦʥʯʘʥʠʷ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʚʩʝ ʣʠʢʚʠʨʫʶʱʠʝ 

ʵʣʝʤʝʥʪʳ ʩʦʩʨʝʜʦʪʦʯʝʥʳ ʥʘ ʛʨʘʥʠʮʘʭ ʜʝʥʜʨʠʪʦʚ. ɺ ʵʪʦʤ ʟʘʢʣʶʯʘʝʪʩʷ ʦʜʥʦ ʠʟ 

ʧʨʦʷʚʣʝʥʠʡ ʜʝʥʜʨʠʪʥʦʡ ʣʠʢʚʘʮʠʠ. ɼʣʷ ʩʧʣʘʚʦʚ ʩ ʉ > 0,1% ʥʘ ʣʠʥʠʠ HïJïB ʧʝʨʚʠʯʥʘʷ 

ʢʨʠʩʪʘʣʣʠʟʘʮʠʷ ʧʨʝʨʳʚʘʝʪʩʷ ʧʝʨʠʪʝʢʪʠʯʝʩʢʠʤ ʧʨʝʚʨʘʱʝʥʠʝʤ. ʕʪʦʪ ʧʨʦʮʝʩʩ 

ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʩ ʚʳʜʝʣʝʥʠʝʤ ʪʝʧʣʘ, ʫʩʢʦʨʷʶʱʝʛʦ ʜʠʬʬʫʟʠʶ, ʠ ʜʣʷ ʩʧʣʘʚʘ, 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ ʪʦʯʢʝ J, ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʪʦʤ, ʯʪʦ ʚʳʜʝʣʠʚʱʠʡʩʷ ʬʝʨʨʠʪ 

ʚʟʘʠʤʦʜʝʡʩʪʚʫʝʪ ʩ ʦʩʪʘʚʰʠʤʩʷ ʨʘʩʧʣʘʚʦʤ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʯʝʛʦ ʚʦ ʚʩʝʤ ʦʙʲʝʤʝ ʩʧʣʘʚʘ 

ʦʙʨʘʟʫʝʪʩʷ ʘʫʩʪʝʥʠʪ, ʚ ʢʦʪʦʨʦʤ ʨʘʩʪʚʦʨʷʝʪʩʷ ʠʟʙʳʪʦʯʥʳʡ ʫʛʣʝʨʦʜ. ʕʪʦ ʧʨʠʚʦʜʠʪ ʢ 

ʪʦʤʫ, ʯʪʦ ʜʝʥʜʨʠʪʥʘʷ ʣʠʢʚʘʮʠʷ ʚ ʪʘʢʠʭ ʩʧʣʘʚʘʭ ʚʳʨʘʞʝʥʘ ʟʥʘʯʠʪʝʣʴʥʦ ʩʣʘʙʝʝ. ʇʦ 

ʩʦʜʝʨʞʘʥʠʶ ʫʛʣʝʨʦʜʘ ʩʪʘʣʴ 15ʍ2ʅʄʌɸ ʧʨʘʢʪʠʯʝʩʢʠ ʩʦʚʧʘʜʘʝʪ ʩ ʪʦʯʢʦʡ J, ʪ.ʝ. ʚʩʝ 

ʩʢʘʟʘʥʥʦʝ ʚʳʰʝ ʦ ʩʧʣʘʚʘʭ ʩ ʉ > 0,1% ʦʪʥʦʩʠʪʩʷ ʠ ʢ ʥʝʡ.  
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ʈʠʩʫʥʦʢ 2 ï ʉʭʝʤʘ ʧʨʝʚʨʘʱʝʥʠʡ ʚ ʥʠʟʢʦ- ʠ ʩʨʝʜʥʝʫʛʣʝʨʦʜʠʩʪʳʭ ʩʪʘʣʷʭ ʧʨʠ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʩʦʛʣʘʩʥʦ 

ʜʠʘʛʨʘʤʤʝ ʨʘʚʥʦʚʝʩʠʷ Fe ï C [The scheme of transformations in low- and medium-carbon steels during 

crystallization according to the Fe ï C equilibrium diagram] 
 

ʇʨʠʚʝʜʝʥʥʘʷ ʩʭʝʤʘ ʧʨʝʚʨʘʱʝʥʠʡ ʥʝʩʢʦʣʴʢʦ ʫʧʨʦʱʝʥʘ, ʦʜʥʘʢʦ ʦʥʘ ʧʦʢʘʟʳʚʘʝʪ 

ʦʩʥʦʚʥʫʶ ʧʨʠʯʠʥʫ ʬʦʨʤʠʨʦʚʘʥʠʷ ʜʝʥʜʨʠʪʥʦʡ ʣʠʢʚʘʮʠʠ ʚ ʩʪʘʣʠ 10ɻʅ2ʄʌɸ, ʘ ʪʘʢʞʝ 

ʤʝʩʪ ʩʦʩʨʝʜʦʪʦʯʝʥʠʷ ʧʨʠʤʝʩʝʡ ʠ ʥʝʤʝʪʘʣʣʠʯʝʩʢʠʭ ʚʢʣʶʯʝʥʠʡ ʚ 

ʟʘʢʨʠʩʪʘʣʣʠʟʦʚʘʚʰʝʤʩʷ ʤʝʪʘʣʣʝ. ʇʦʩʣʝʜʫʶʱʘʷ ʧʨʠ ʦʭʣʘʞʜʝʥʠʠ ʜʚʦʡʥʘʷ 

ʧʝʨʝʢʨʠʩʪʘʣʣʠʟʘʮʠʷ ʧʨʠ ʧʦʣʠʤʦʨʬʥʳʭ ʧʨʝʚʨʘʱʝʥʠʷʭ, ʘ ʪʘʢʞʝ ʘʥʘʣʦʛʠʯʥʳʝ ʠ ʜʨʫʛʠʝ 

ʧʨʝʚʨʘʱʝʥʠʷ ʧʨʠ ʦʙʨʘʙʦʪʢʝ ʜʘʚʣʝʥʠʝʤ, çʨʘʟʤʘʟʳʚʘʶʪè ʭʠʤʠʯʝʩʢʫʶ ʠ ʩʪʨʫʢʪʫʨʥʫʶ 

ʥʝʦʜʥʦʨʦʜʥʦʩʪʴ, ʢʦʪʦʨʘʷ ʧʨʠʦʙʨʝʪʘʝʪ ʚʠʜ, ʭʘʨʘʢʪʝʨʥʳʡ ʜʣʷ ʠʤʝʶʱʠʭʩʷ ʧʦʢʦʚʦʢ. ɹʦʣʝʝ 

ʪʝʤʥʳʝ ʫʯʘʩʪʢʠ (ʩʤ. ʨʠʩ. 1) ʠʟ-ʟʘ ʣʠʢʚʘʮʠʠ ʩʦʜʝʨʞʘʪ ʙʦʣʴʰʝʝ ʢʦʣʠʯʝʩʪʚʦ ʪʘʢʠʭ 

ʢʘʨʙʠʜʦʦʙʨʘʟʫʶʱʠʭ ʵʣʝʤʝʥʪʦʚ, ʢʘʢ V ʠ Mo. ʄʠʢʨʦʪʚʝʨʜʦʩʪʴ ʙʦʣʝʝ ʪʝʤʥʳʭ ʫʯʘʩʪʢʦʚ 

ʚʳʰʝ, ʪʘʢ ʢʘʢ ʟʜʝʩʴ ʧʨʠʩʫʪʩʪʚʫʶʪ ʨʘʟʣʠʯʥʳʝ ʬʦʨʤʳ ʙʝʡʥʠʪʘ. ɼʣʷ ʦʧʠʩʘʥʠʷ ʧʦʷʚʣʝʥʠʷ 

ʪʘʢʠʭ ʤʠʢʨʦʩʪʨʫʢʪʫʨ ʫʜʦʙʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʪʝʨʤʦʢʠʥʝʪʠʯʝʩʢʠʝ ʜʠʘʛʨʘʤʤʳ (ʊʂɼ), ʥʘ 

ʢʦʪʦʨʳʭ ʙʦʣʝʝ ʣʝʛʠʨʦʚʘʥʥʳʝ ʪʝʤʥʳʝ ʫʯʘʩʪʢʠ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʧʦʷʚʣʝʥʠʶ ʙʦʣʝʝ 

ʣʝʛʠʨʦʚʘʥʥʳʭ ʙʝʡʥʠʪʥʳʭ ʩʪʨʫʢʪʫʨ. ʅʘ ʨʠʩʫʥʢʝ 3 ʧʨʠʚʝʜʝʥʳ ʪʝʨʤʦʢʠʥʝʪʠʯʝʩʢʠʝ 

ʜʠʘʛʨʘʤʤʳ, ʭʘʨʘʢʪʝʨʥʳʝ ʜʣʷ ʤʘʣʦʫʛʣʝʨʦʜʠʩʪʳʭ ʥʠʟʢʦʣʝʛʠʨʦʚʘʥʥʳʭ ʩʪʘʣʝʡ ʩ 

ʨʘʟʣʠʯʥʳʤ ʩʦʜʝʨʞʘʥʠʝʤ ʣʝʛʠʨʫʶʱʠʭ ʵʣʝʤʝʥʪʦʚ [3]. ɺ ʩʪʘʣʠ 12ɻʅ3ʄʌ, ʙʦʣʝʝ 

ʣʝʛʠʨʦʚʘʥʥʦʡ Ni, ʫʩʪʦʡʯʠʚʦʩʪʴ ʘʫʩʪʝʥʠʪʘ ʚʳʰʝ, ʙʦʣʴʰʝ ʪʚʝʨʜʦʩʪʴ ʙʝʡʥʠʪʘ, 

ʢʨʠʪʠʯʝʩʢʘʷ ʪʦʯʢʘ ɸ1 ï ʥʠʞʝ. 

 
 

 

ʉʪʘʣʴ 16ɻʅʄ 

 

ʉʪʘʣʴ 12ɻʅ3ʄʌ 

 
ʈʠʩʫʥʦʢ 3 ï ʊʝʨʤʦʢʠʥʝʪʠʯʝʩʢʠʝ ʜʠʘʛʨʘʤʤʳ, ʭʘʨʘʢʪʝʨʥʳʝ ʜʣʷ ʤʘʣʦʫʛʣʝʨʦʜʠʩʪʳʭ ʥʠʟʢʦʣʝʛʠʨʦʚʘʥʥʳʭ 

ʩʪʘʣʝʡ ʩ ʨʘʟʣʠʯʥʳʤ ʩʦʜʝʨʞʘʥʠʝʤ ʣʝʛʠʨʫʶʱʠʭ ʵʣʝʤʝʥʪʦʚ [3] [Thermokinetic diagrams characteristic of low-

carbon low-alloy steels with different content of alloying elements [3]] 
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ʃʠʢʚʘʮʠʦʥʥʘʷ ʥʝʦʜʥʦʨʦʜʥʦʩʪʴ ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ ʣʦʢʘʣʴʥʦʤʫ ʩʥʠʞʝʥʠʶ 

ʢʨʠʪʠʯʝʩʢʦʡ ʪʦʯʢʠ ɸ1 ʚ ʦʙʦʛʘʱʝʥʥʳʭ ʣʝʛʠʨʫʶʱʠʤʠ ʵʣʝʤʝʥʪʘʤʠ-

ʘʫʩʪʝʥʠʪʦʦʙʨʘʟʦʚʘʪʝʣʷʤʠ ʫʯʘʩʪʢʘʭ. ʇʨʠ ʧʨʦʚʝʜʝʥʠʠ ʦʪʧʫʩʢʘ ʚ ʠʥʪʝʨʚʘʣʝ 660-670
0
ʉ 

ʩʪʘʣʝʡ ʠʣʠ ʠʭ ʩʚʘʨʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʠʟ-ʟʘ ʧʦʥʠʞʝʥʥʦʡ ʢʨʠʪʠʯʝʩʢʦʡ ʪʦʯʢʠ ɸ1 ʚ ʩʪʘʣʷʭ 

ʪʠʧʘ 10ɻʅ2ʄʌɸ ʚ ʵʪʠʭ ʫʯʘʩʪʢʘʭ ʧʨʦʠʩʭʦʜʠʪ ʯʘʩʪʠʯʥʦʝ ʧʦʣʠʤʦʨʬʥʦʝ ʧʨʝʚʨʘʱʝʥʠʝ 

ʬʝʨʨʠʪʘ ʚ ʘʫʩʪʝʥʠʪ. ʇʨʠ ʧʝʨʝʭʦʜʝ ʚ ʤʝʞʢʨʠʪʠʯʝʩʢʠʡ ʠʥʪʝʨʚʘʣ ʦʙʨʘʟʫʶʪʩʷ ʦʩʪʨʦʚʢʠ 

ʘʫʩʪʝʥʠʪʘ, ʢʦʪʦʨʳʝ ʧʨʠ ʧʦʩʣʝʜʫʶʱʝʤ ʦʭʣʘʞʜʝʥʠʠ ʠʩʧʳʪʳʚʘʶʪ ʤʘʨʪʝʥʩʠʪʥʦʝ 

ʧʨʝʚʨʘʱʝʥʠʝ. ʆʙʨʘʟʫʝʪʩʷ ʪʘʢ ʥʘʟʳʚʘʝʤʘʷ ʤʘʨʪʝʥʩʠʪʥʦ-ʘʫʩʪʝʥʠʪʥʘʷ ʩʦʩʪʘʚʣʷʶʱʘʷ 

(ʄɸʉ), ʥʘʣʠʯʠʝ ʢʦʪʦʨʦʡ ʧʦʚʳʰʘʝʪ ʧʨʦʯʥʦʩʪʴ ʠ ʫʭʫʜʰʘʝʪ ʫʜʘʨʥʫʶ ʚʷʟʢʦʩʪʴ [4]. ʅʘ 

ʨʠʩʫʥʢʝ 4 ʧʨʠʚʝʜʝʥʳ ʤʠʢʨʦʩʪʨʫʢʪʫʨʳ ʩʪʘʣʠ 10ɻʅ2ʄʌɸ ʩ ʨʘʟʣʠʯʥʦʡ ʤʦʨʬʦʣʦʛʠʝʡ ʠ 

ʩʦʜʝʨʞʘʥʠʝʤ ʄɸʉ. ʕʪʦ ʦʙʩʪʦʷʪʝʣʴʩʪʚʦ ʥʝʦʙʭʦʜʠʤʦ ʫʯʠʪʳʚʘʪʴ ʧʨʠ ʥʘʟʥʘʯʝʥʠʠ 

ʨʝʞʠʤʦʚ ʪʝʨʤʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʠ ʜʘʥʥʦʡ ʩʪʘʣʠ ʠ ʝʝ ʩʚʘʨʥʳʭ ʩʦʝʜʠʥʝʥʠʡ. 

 

 
ʘ 
 

 
ʙ 
 

 
ʚ 

ʈʠʩʫʥʦʢ 4 ï ʄʘʨʪʝʥʩʠʪʥʦ-ʘʫʩʪʝʥʠʪʥʘʷ ʩʦʩʪʘʚʣʷʶʱʘʷ (ʄɸʉ): ʘ) ʚ ʚʠʜʝ ʮʝʧʦʯʝʢ, ʘ ʪʘʢʞʝ ʦʪʜʝʣʴʥʳʭ ʩʚʝʪʣʳʭ 

ʚʳʪʷʥʫʪʳʭ ʦʩʪʨʦʚʢʦʚ, ʭ500; ʙ) ʩʢʝʣʝʪʥʘʷ ʩʪʨʫʢʪʫʨʘ, ʭ200; ʚ) ʦʪʜʝʣʴʥʳʝ ʯʘʩʪʠʮʳ ʄɸʉ (ʩʚʝʪʣʳʝ) ʠ ʪʨʦʦʩʪʠʪʥʘʷ 

ʩʦʩʪʘʚʣʷʶʱʘʷ (ʪʝʤʥʘʷ) ʚ ʬʝʨʨʠʪʥʦʡ ʤʘʪʨʠʮʝ, ʭ500 [The martensitic-austenitic component (MAC): a) in the form 

of chains, as well as individual light elongated islands, x500; b) skeletal structure, x200; c) individual MAC particles 

(light) and troostite component (dark) in a ferrite matrix, x500] 

 
ʘ 

 



 ʃʀʂɺɸʎʀʆʅʅɸʗ ʅɽʆɼʅʆʈʆɼʅʆʉʊʔ ʀ ʉɺɸʈʀɺɸɽʄʆʉʊʔ.  31 

É ʅʘʮʠʦʥʘʣʴʥʳʡ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʷʜʝʨʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ çʄʀʌʀè, 2019 

ʇʨʠ ʧʨʦʚʝʜʝʥʠʠ ʛʦʨʷʯʝʡ ʦʙʨʘʙʦʪʢʠ ʜʘʚʣʝʥʠʝʤ ʠʟʜʝʣʠʡ ʠʟ ʩʪʘʣʠ 10ɻʅ2ʄʌɸ, 

ʥʘʧʨʠʤʝʨ, ʰʪʘʤʧʦʚʢʠ ʜʦʥʳʰʝʢ, ʛʠʙʢʠ ʢʦʣʝʥ ʪʨʫʙʦʧʨʦʚʦʜʦʚ ɻʎʂ, ʣʠʢʚʘʮʠʦʥʥʘʷ 

ʥʝʦʜʥʦʨʦʜʥʦʩʪʴ ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ ʨʝʢʨʠʩʪʘʣʣʠʟʘʮʠʦʥʥʳʤ ʧʨʦʮʝʩʩʘʤ, ʠʟʤʝʥʷʶʱʠʤ ʠʭ 

ʤʝʭʘʥʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ. ʇʨʠ ʥʘʛʨʝʚʝ ʧʦʜ ʰʪʘʤʧʦʚʢʫ ʧʨʦʠʩʭʦʜʠʪ ʯʘʩʪʠʯʥʦʝ 

ʨʘʩʪʚʦʨʝʥʠʝ ʤʠʢʨʦʣʝʛʠʨʫʶʱʠʭ ʯʘʩʪʠʮ ʢʘʨʙʠʜʦʚ ʚʘʥʘʜʠʷ (VC), ʚ ʨʝʟʫʣʴʪʘʪʝ ʯʝʛʦ 

ʥʘʯʠʥʘʝʪʩʷ ʥʝʢʦʥʪʨʦʣʠʨʫʝʤʳʡ ʨʦʩʪ ʘʫʩʪʝʥʠʪʥʳʭ ʟʝʨʝʥ ʚ ʫʯʘʩʪʢʘʭ ʦʙʝʜʥʝʥʥʳʭ 

ʣʝʛʠʨʫʶʱʠʤʠ ʵʣʝʤʝʥʪʘʤʠ [5]. ʅʘ ʨʠʩʫʥʢʝ 5 ʧʦʢʘʟʘʥ ʨʝʟʫʣʴʪʘʪ ʯʘʩʪʠʯʥʦʡ 

ʨʝʢʨʠʩʪʘʣʣʠʟʘʮʠʠ, ʚʳʷʚʣʝʥʥʦʡ ʧʨʠ ʘʥʘʣʠʟʝ ʤʠʢʨʦʩʪʨʫʢʪʫʨʳ ʧʦʩʣʝ ʛʠʙʢʠ ʢʦʣʝʥ. ɼʣʷ 

ʚʳʨʘʙʦʪʢʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʨʝʢʦʤʝʥʜʘʮʠʡ ʧʦ ʜʘʥʥʦʤʫ ʚʦʧʨʦʩʫ ʥʝʦʙʭʦʜʠʤʦ 

ʧʨʦʚʝʜʝʥʠʝ ʩʧʝʮʠʘʣʴʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ.  
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ʈʠʩʫʥʦʢ 5 ï ʏʘʩʪʠʯʥʘʷ ʨʝʢʨʠʩʪʘʣʣʠʟʘʮʠʷ ʚ ʩʪʨʫʢʪʫʨʝ ʩʪʘʣʠ 10ɻʅ2ʄʌɸ ʧʦʩʣʝ ʥʘʛʨʝʚʘ ʜʣʷ ʛʠʙʢʠ ʢʦʣʝʥ: 

ʘ) ʦʙʱʠʡ ʚʠʜ ï ʩʚʝʪʣʳʝ ʟʝʨʥʘ, ʚ ʢʦʪʦʨʳʭ ʧʨʦʰʣʘ ʨʝʢʨʠʩʪʘʣʣʠʟʘʮʠʷ, ʪʝʤʥʳʝ ʟʝʨʥʘ ʚ ʚʠʜʝ ʧʦʣʦʩ ï 

ʨʝʢʨʠʩʪʘʣʣʠʪʟʘʮʠʠ ʥʝ ʙʳʣʦ, ʭ100; ʙ) ʙʝʡʥʠʪʥʘʷ ʩʪʨʫʢʪʫʨʘ, ʚʳʷʚʣʷʝʤʘʷ ʧʦʩʣʝ ʨʝʢʨʠʩʪʘʣʣʠʟʘʮʠʠ, ʭ500;  

ʚ) ʠʛʦʣʴʯʘʪʳʡ ʙʝʡʥʠʪ ʚ ʥʝʨʝʢʨʠʩʪʘʣʣʠʟʦʚʘʥʥʳʭ ʫʯʘʩʪʢʘʭ, ʭ500 [Partial recrystallization in the structure of 

10GN2MFA steel after heating for bending: a) general view is light grains in which recrystallization took place, 

dark grains in the form of stripes mean no recrystallization, x100; b) bainitic structure detected after 

recrystallization, x500; c) needle bainite in unrecrystallized areas, x500] 


