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ɸɺʊʆʄɸʊʀɿʀʈʆɺɸʅʅʓʍ ʉʀʉʊɽʄ 

ʃʦʛʫʥʦʚʘ ʆ.ʉ., ɹʘʨʘʥʢʦʚʘ ʀ.ʀ., ɸʥʜʨʝʝʚ ʉ.ʄ., ʏʫʩʘʚʠʪʠʥʘ ɻ.ʅ. 

ɸʥʥʦʪʘʮʠʷ. ɺ 2019 ʛʦʜʫ ʌɻɹʆʋ ɺʆ çʄʘʛʥʠʪʦʛʦʨʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ 

ʠʤ. ɻ.ʀ. ʅʦʩʦʚʘè ʠʩʧʦʣʥʷʝʪʩʷ 85 ʣʝʪ. ɼʣʷ ʫʥʠʚʝʨʩʠʪʝʪʘ ʵʪʦʪ ʩʨʦʢ ʞʠʟʥʠ ʩʦʧʦʩʪʘʚʠʤ ʩ ʞʠʟʥʴʶ ʛʦʨʦʜʘ ʄʘʛʥʠʪʦ-

ʛʦʨʩʢʘ. ɿʘ 85 ʣʝʪ ʫʥʠʚʝʨʩʠʪʝʪ ʧʝʨʝʞʠʣ ʥʝʩʢʦʣʴʢʦ ʪʨʘʥʩʬʦʨʤʘʮʠʡ ʠ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʩʬʦʨʤʠʨʦʚʘʣʦʩʴ ʥʝ-

ʩʢʦʣʴʢʦ ʚʝʜʫʱʠʭ ʥʘʧʨʘʚʣʝʥʠʡ ʜʣʷ ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʡ ʠ ʥʘʫʯʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ. ɺ ʩʪʘʪʴʝ ʧʨʠʚʝʜʝʥʘ ʢʨʘʪʢʘ ̫ʠʩʪʦ-

ʨʠʷ ʬʦʨʤʠʨʦʚʘʥʠʷ ʦʜʥʦʛʦ ʠʟ ʥʘʧʨʘʚʣʝʥʠʡ ʠʥʩʪʠʪʫʪʘ ʵʥʝʨʛʝʪʠʢʠ ʠ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʳʭ ʩʠʩʪʝʤ. ʉʦʚʨʝʤʝʥʥʦʝ 

ʥʘʧʨʘʚʣʝʥʠʝ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʳʭ ʩʠʩʪʝʤ ʚʢʣʶʯʘʝʪ ʯʝʪʳʨʝ ʢʘʬʝʜʨʳ: ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʳʭ ʩʠʩʪʝʤ ʫʧʨʘʚʣʝʥʠʷ; 

ʚʳʯʠʩʣʠʪʝʣʴʥʦʡ ʪʝʭʥʠʢʠ ʠ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ; ʠʥʬʦʨʤʘʪʠʢʠ ʠ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ; ʙʠʟʥʝʩ-

ʠʥʬʦʨʤʘʪʠʢʠ ʠ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ. ʂʘʬʝʜʨʳ, ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ, ʧʨʦʚʦʜʷʪ ʧʦʜʛʦʪʦʚʢʫ ʧʦ ʫʨʦʚʥʷʤ 

ʙʘʢʘʣʘʚʨʠʘʪʘ, ʩʧʝʮʠʘʣʠʪʝʪʘ, ʤʘʛʠʩʪʨʘʪʫʨʳ ʠ ʘʩʧʠʨʘʥʪʫʨʳ. ʆʩʥʦʚʥʦʡ ʥʘʫʯʥʦʡ ʰʢʦʣʦʡ ʷʚʣʷʝʪʩʷ: ʥʘʫʯʥʦʝ ʦʙʦʩ-

ʥʦʚʘʥʠʝ ʵʬʬʝʢʪʠʚʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ ʦʙʲʝʢʪʘʤʠ ʠ ʧʨʦʮʝʩʩʘʤʠ ʥʘ ʦʩʥʦʚʝ ʨʝʟʫʣʴʪʘʪʦʚ ʧʨʦʛʥʦʩʪʠʯʝʩʢʦʛʦ ʤʦʜʝʣʠ-

ʨʦʚʘʥʠʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʨʝʜʩʪʚ ʚʳʯʠʩʣʠʪʝʣʴʥʦʡ ʪʝʭʥʠʢʠ ʠ ʩʦʚʨʝʤʝʥʥʦʛʦ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚ: ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʳʝ ʩʠʩʪʝʤʳ, ʠʥʬʦʨʤʘʪʠʢʘ, ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʝ, ʚʳʯʠʩʣʠʪʝʣʴʥʘʷ ʪʝʭʥʠʢʘ, ʠʥ-

ʬʦʨʤʘʮʠʦʥʥʘʷ ʙʝʟʦʧʘʩʥʦʩʪʴ, ʙʠʟʥʝʩ-ʠʥʬʦʨʤʘʪʠʢʘ, ʠʥʬʦʨʤʘʮʠʦʥʥʳʝ ʪʝʭʥʦʣʦʛʠʠ  

ɺʚʝʜʝʥʠʝ 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʚʦ ʚʩʝʤ ʤʠʨʝ ʘʢʪʠʚʥʦ ʨʘʟʚʠʚʘʝʪʩʷ ʥʘʧʨʘʚʣʝʥʠʝ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥ-

ʥʳʭ ʩʠʩʪʝʤ, ʦʭʚʘʪʳʚʘʷ ʚʩʝ ʩʬʝʨʳ ʯʝʣʦʚʝʯʝʩʢʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ. ʉʦʛʣʘʩʥʦ ʢʣʘʩʩʠʯʝʩʢʠʤ ʧʨʠʥ-

ʮʠʧʘʤ ʧʦʩʪʨʦʝʥʠʷ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʳʭ ʩʠʩʪʝʤ, ʠʟʣʦʞʝʥʥʳʭ ʚ [1], ʢʘʞʜʘʷ ʠʟ ʥʠʭ ʩʦʜʝʨʞʠʪ 

ʩʝʤʴ ʚʠʜʦʚ ʦʙʝʩʧʝʯʝʥʠʷ: ʠʥʬʦʨʤʘʮʠʦʥʥʦʝ, ʧʨʦʛʨʘʤʤʥʦʝ, ʪʝʭʥʠʯʝʩʢʦʝ, ʣʠʥʛʚʠʩʪʠʯʝʩʢʦʝ, 

ʧʨʘʚʦʚʦʝ, ʵʨʛʦʥʦʤʠʯʝʩʢʦʝ ʠ ʦʨʛʘʥʠʟʘʮʠʦʥʥʦʝ. ʈʘʟʚʠʪʠʝ ʠ ʫʩʣʦʞʥʝʥʠʝ ʩʠʩʪʝʤ, ʧʝʨʝʭʦʜ ʠʭ ʢ 

ʢʣʘʩʩʫ çʙʦʣʴʰʠʭè ʩʠʩʪʝʤ ʪʨʝʙʫʝʪ ʥʘʫʯʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʠ ʨʘʟʨʘʙʦʪʢʠ ʪʝʦʨʠʠ ʠ ʧʨʘʢʪʠʢʠ ʠʭ 

ʧʦʩʪʨʦʝʥʠʷ. ʕʪʠ ʪʨʝʙʦʚʘʥʠʷ ʷʚʠʣʠʩʴ ʚʳʟʦʚʦʤ ʜʣʷ ʨʘʟʚʠʪʠʷ ʩʫʱʝʩʪʚʫʶʱʠʭ ʠ ʧʦʷʚʣʝʥʠʷ ʥʦ-

ʚʳʭ ʥʘʧʨʘʚʣʝʥʠʡ ʚ ʌɻɹʆʋ ɺʆ çʄʘʛʥʠʪʦʛʦʨʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ 

ʠʤ. ɻ.ʀ. ʅʦʩʦʚʘè. ʈʝʩʪʨʫʢʪʫʨʠʟʘʮʠʷ ʜʚʫʭ ʫʥʠʚʝʨʩʠʪʝʪʦʚ ʚ 2013 ʛʦʜʫ, ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʚ 

ʛ. ʄʘʛʥʠʪʦʛʦʨʩʢʝ, ʩʧʦʩʦʙʩʪʚʦʚʘʣʦ ʨʘʟʚʠʪʠʶ ʥʦʚʳʭ ʥʘʫʯʥʳʭ ʥʘʧʨʘʚʣʝʥʠʡ ʠ ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʭ 

ʧʨʦʛʨʘʤʤ. ʅʝ ʷʚʣʷʝʪʩʷ ʠʩʢʣʶʯʝʥʠʝʤ ʚ ʩʦʚʨʝʤʝʥʥʦʤ ʨʘʟʚʠʪʠʠ ʠ ʠʥʩʪʠʪʫʪ ʵʥʝʨʛʝʪʠʢʠ ʠ ʘʚʪʦ-

ʤʘʪʠʟʠʨʦʚʘʥʥʳʭ ʩʠʩʪʝʤ. ʂʦʥʩʦʣʠʜʘʮʠʷ ʚ ʦʜʥʦʡ ʩʪʨʫʢʪʫʨʝ ʥʝʩʢʦʣʴʢʠʭ ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʭ ʧʨʦ-

ʛʨʘʤʤ ʧʦʟʚʦʣʠʣʦ ʚʳʜʝʣʠʪʴ ʥʘʧʨʘʚʣʝʥʠʝ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʳʭ ʩʠʩʪʝʤ, ʢʦʪʦʨʦʝ ʦʙʲʝʜʠʥʠʣʦ 

ʯʝʪʳʨʝ ʢʘʬʝʜʨʳ: ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʳʭ ʩʠʩʪʝʤ ʫʧʨʘʚʣʝʥʠʷ (ʜʦ 2013 ʛʦʜʘ ʢʘʬʝʜʨʘ ʧʨʦʤʳʰ-

ʣʝʥʥʦʡ ʢʠʙʝʨʥʝʪʠʢʠ ʠ ʩʠʩʪʝʤ ʫʧʨʘʚʣʝʥʠʷ); ʚʳʯʠʩʣʠʪʝʣʴʥʦʡ ʪʝʭʥʠʢʠ ʠ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ 

(ʜʦ 2013 ʛʦʜʘ ʢʘʬʝʜʨʘ ʚʳʯʠʩʣʠʪʝʣʴʥʦʡ ʪʝʭʥʠʢʠ ʠ ʧʨʠʢʣʘʜʥʦʡ ʤʘʪʝʤʘʪʠʢʠ); ʠʥʬʦʨʤʘʪʠʢʠ ʠ 

ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ (ʜʦ 2013 ʛʦʜʘ ʢʘʬʝʜʨʘ ʠʥʬʦʨʤʘʪʠʢʠ ʠ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʪʝʭ-

ʥʦʣʦʛʠʡ); ʙʠʟʥʝʩ-ʠʥʬʦʨʤʘʪʠʢʠ ʠ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ (ʜʦ 2013 ʛʦʜʘ ʩʫʱʝʩʪʚʦʚʘʚ-

ʰʘʷ ʚ ʚʠʜʝ ʬʘʢʫʣʴʪʝʪʘ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʄʘʛʥʠʪʦʛʦʨʩʢʦʛʦ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ 

ʫʥʠʚʝʨʩʠʪʝʪʘ). ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʢʘʬʝʜʨʳ ʥʘʧʨʘʚʣʝʥʠʷ ʘʢʪʠʚʥʦ ʨʘʟʚʠʚʘʶʪʩʷ ʠ ʠʤʝʶʪ ʚʳ-

ʩʦʢʠʝ ʧʝʨʩʧʝʢʪʠʚʳ. 

ɼʝʷʪʝʣʴʥʦʩʪʴ ʢʘʬʝʜʨʘ ʥʘʧʨʘʚʣʝʥʠʷ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʳʭ ʩʠʩʪʝʤ ʠʥʩʪʠʪʫʪʘ  

ʂʘʬʝʜʨʘ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʳʭ ʩʠʩʪʝʤ ʫʧʨʘʚʣʝʥʠʷ 

ʆʜʥʦʡ ʠʟ ʩʪʘʨʝʡʰʠʭ ʢʘʬʝʜʨ ʥʘʧʨʘʚʣʝʥʠʷ ʷʚʣʷʝʪʩʷ ʢʘʬʝʜʨʘ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʳʭ ʩʠ-

ʩʪʝʤ ʫʧʨʘʚʣʝʥʠʷ (ʜʦ 2013 ʛʦʜʘ ʢʘʬʝʜʨʘ ʧʨʦʤʳʰʣʝʥʥʦʡ ʢʠʙʝʨʥʝʪʠʢʠ ʠ ʩʠʩʪʝʤ ʫʧʨʘʚʣʝʥʠʷ). 

ʂʘʬʝʜʨʘ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʳʭ ʩʠʩʪʝʤ ʫʧʨʘʚʣʝʥʠʷ ʦʨʛʘʥʠʟʦʚʘʥʘ 30 ʘʧʨʝʣʷ 1974 ʛʦʜʫ ʧʦ ʠʥʠ-

ʮʠʘʪʠʚʝ ʧʝʨʚʦʛʦ ʟʘʚʝʜʫʶʱʝʛʦ ʢʘʬʝʜʨʦʡ ɺʠʪʘʣʠʷ ʄʘʢʘʨʦʚʠʯʘ ʈʷʙʢʦʚʘ, ʢʦʪʦʨʳʡ ʷʚʣʷʣʩʷ ʨʝʢ-

ʪʦʨʦʤ ʄʘʛʥʠʪʦʛʦʨʩʢʦʛʦ ʛʦʨʥʦ-ʤʝʪʘʣʣʫʨʛʠʯʝʩʢʦʛʦ ʠʥʩʪʠʪʫʪʘ. ɺ ʨʘʟʥʳʝ ʛʦʜʳ ʢʘʬʝʜʨʦʡ ʨʫʢʦ-



ɺʩʪʫʧʠʪʝʣʴʥʦʝ ʩʣʦʚʦ 

ʄʘʪʝʤʘʪʠʯʝʩʢʦʝ ʠ ʧʨʦʛʨʘʤʤʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ ʚ ʧʨʦʤʳʰʣʝʥʥʦʡ ʠ ʩʦʮʠʘʣʴʥʦʡ ʩʬʝʨʘʭ. 2019. ʊ.7. ˉ1 3 

ʚʦʜʠʣʠ ʧʨʦʬʝʩʩʦʨ ɹʦʨʠʩ ʅʠʢʦʣʘʝʚʠʯ ʇʘʨʩʫʥʢʠʥ (1975-1988), ʜʦʮʝʥʪ ɸʣʝʢʩʘʥʜʨ ʀʥʥʦʢʝʥʪʴ-

ʝʚʠʯ ɹʣʦʭʠʥ (1989-2005). ʉ 2006 ʛʦʜʘ ʠ ʧʦ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʢʘʬʝʜʨʫ ʚʦʟʛʣʘʚʣʷʝʪ ʜʦʮʝʥʪ, 

ʢʘʥʜ. ʪʝʭʥ. ʥʘʫʢ ʉʝʨʛʝʡ ʄʠʭʘʡʣʦʚʠʯ ɸʥʜʨʝʝʚ. 

ɼʦ 2014 ʛʦʜʘ ʥʘ ʢʘʬʝʜʨʝ ʚʝʣʘʩʴ ʧʦʜʛʦʪʦʚʢʘ ʠʥʞʝʥʝʨʦʚ ʧʦ ʩʧʝʮʠʘʣʴʥʦʩʪʠ 220301 ï ɸʚ-

ʪʦʤʘʪʠʟʘʮʠʷ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ ʠ ʧʨʦʠʟʚʦʜʩʪʚ, ʩ 2012 ʛʦʜʘ ʥʘʯʘʣʘʩʴ ʧʦʜʛʦʪʦʚʢʘ ʧʦ 

ʧʨʦʛʨʘʤʤʘʤ ʙʘʢʘʣʘʚʨʠʘʪʘ ʠ ʤʘʛʠʩʪʨʘʪʫʨʳ ʧʦ ʥʘʧʨʘʚʣʝʥʠʶ 27.00.00, ʚ ʢʦʪʦʨʦʤ ʨʝʘʣʠʟʫʶʪʩʷ 

ʧʨʦʬʠʣʠ: 

ï 27.03.04 ʋʧʨʘʚʣʝʥʠʝ ʚ ʪʝʭʥʠʯʝʩʢʠʭ ʩʠʩʪʝʤʘʭ ʧʦ ʧʨʦʬʠʣʶ çʉʠʩʪʝʤʳ ʠ ʩʨʝʜʩʪʚʘ ʘʚʪʦʤʘʪʠ-

ʟʘʮʠʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚè (ʘʢʘʜʝʤʠʯʝʩʢʠʡ ʙʘʢʘʣʘʚʨʠʘʪ); 

ï 27.04.04 ʋʧʨʘʚʣʝʥʠʝ ʚ ʪʝʭʥʠʯʝʩʢʠʭ ʩʠʩʪʝʤʘʭ ʧʦ ʧʨʦʬʠʣʶ ɸʚʪʦʤʘʪʠʟʘʮʠʷ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ 

ʧʨʦʮʝʩʩʦʚ ʠ ʧʨʦʠʟʚʦʜʩʪʚ (ʘʢʘʜʝʤʠʯʝʩʢʘʷ ʤʘʛʠʩʪʨʘʪʫʨʘ). 

ɿʘ ʚʨʝʤʷ ʩʫʱʝʩʪʚʦʚʘʥʠʷ ʢʘʬʝʜʨʳ ʙʳʣʦ ʚʳʧʫʱʝʥʦ ʙʦʣʝʝ 2,5 ʪʳʩʷʯ ʩʧʝʮʠʘʣʠʩʪʦʚ ʚ ʦʙ-

ʣʘʩʪʠ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ ʠ ʩʠʩʪʝʤ ʘʚʪʦʤʘʪʠʯʝʩʢʦʛʦ ʫʧʨʘʚʣʝʥʠʷ. ɺʦ 

ʚʨʝʤʷ ʦʙʫʯʝʥʠʷ ʩʪʫʜʝʥʪʳ ʧʨʠʦʙʨʝʪʘʶʪ ʦʧʳʪ ʠ ʥʘʚʳʢʠ ʨʘʙʦʪʳ ʩ ʨʘʟʣʠʯʥʳʤʠ ʩʨʝʜʩʪʚʘʤʠ 

ʢʦʥʪʨʦʣʷ ʠ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʧʨʦʮʝʩʩʦʚ, ʘ ʪʘʢʞʝ ʧʦʣʫʯʘʶʪ ʧʨʘʢʪʠʯʝʩʢʠʝ 

ʟʥʘʥʠʷ ʧʦ ʨʘʟʨʘʙʦʪʢʝ, ʚʥʝʜʨʝʥʠʶ ʠ ʦʙʩʣʫʞʠʚʘʥʠʶ ʧʨʦʛʨʘʤʤʥʦ-ʪʝʭʥʠʯʝʩʢʠʭ ʩʨʝʜʩʪʚ ʘʚʪʦʤʘ-

ʪʠʟʘʮʠʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ ʠ ʧʨʦʠʟʚʦʜʩʪʚ. 

ʄʦʣʦʜʳʝ ʩʧʝʮʠʘʣʠʩʪʳ ï ʚʳʧʫʩʢʥʠʢʠ ʢʘʬʝʜʨʳ ʨʘʙʦʪʘʶʪ ʚ ʧʨʦʝʢʪʥʳʭ ʠ ʥʘʫʯʥʦ-

ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʭ ʠʥʩʪʠʪʫʪʘʭ, ʩʣʫʞʙʘʭ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʧʨʦʤʳʰʣʝʥʥʳʭ ʧʨʦʠʟʚʦʜʩʪʚ ʨʘʟʣʠʯ-

ʥʳʭ ʦʪʨʘʩʣʝʡ ʠ ʩʬʝʨʘʭ ʦʙʩʣʫʞʠʚʘʥʠʷ ʚ ʩʪʨʘʥʝ ʠ ʟʘ ʨʫʙʝʞʦʤ. 

ɺ 1998 ʛ. ʧʦ ʠʥʠʮʠʘʪʠʚʝ ɹ.ʅ. ʇʘʨʩʫʥʢʠʥʘ ʦʪʢʨʳʪʘ ʘʩʧʠʨʘʥʪʫʨʘ ʧʦ ʥʘʫʯʥʦʡ ʩʧʝʮʠʘʣʴ-

ʥʦʩʪʠ 05.13.06 çɸʚʪʦʤʘʪʠʟʘʮʠʷ ʠ ʫʧʨʘʚʣʝʥʠʝ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʤʠ ʧʨʦʮʝʩʩʘʤʠ ʠ ʧʨʦʠʟʚʦʜ-

ʩʪʚʘʤʠè. ʆʜʥʠʤʠ ʠʟ ʧʝʨʚʳʭ ʚʳʧʫʩʢʥʠʢʦʚ ʧʦ ʜʘʥʥʦʡ ʥʘʫʯʥʦʡ ʩʧʝʮʠʘʣʴʥʦʩʪʠ ʩʪʘʣʠ ʖ.ʅ. 

ɺʦʣʱʫʢʦʚ, ɸ.ɺ. ʃʝʜʥʦʚ. ʅʘʫʯʥʘʷ ʰʢʦʣʘ, ʩʦʟʜʘʥʥʘʷ ɹʦʨʠʩʦʤ ʅʠʢʦʣʘʝʚʠʯʝʤ ʇʘʨʩʫʥʢʠʥʳʤ 

çʄʘʪʝʤʘʪʠʯʝʩʢʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ, ʦʧʪʠʤʘʣʴʥʦʝ ʫʧʨʘʚʣʝʥʠʝ ʠ ʘʚʪʦʤʘʪʠʟʘʮʠʷ ʪʝʧʣʦʚʳʭ, ʛʠʜ-

ʨʦʜʠʥʘʤʠʯʝʩʢʠʭ ʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ ʤʝʪʘʣʣʫʨʛʠʯʝʩʢʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘè ʚʝʜʝʪ 

ʥʘʫʯʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦ ʪʝʤʘʪʠʢʘʤ: 

ï ʩʠʩʪʝʤʳ ʦʧʪʠʤʘʣʴʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ ʨʘʩʧʨʝʜʝʣʝʥʥʳʤʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʤʠ ʧʨʦʮʝʩʩʘʤʠ [2]; 

ï ʫʧʨʘʚʣʷʶʱʠʝ ʘʣʛʦʨʠʪʤʳ ʥʘ ʦʩʥʦʚʝ ʥʝʯʝʪʢʦʡ ʣʦʛʠʢʠ [3]; 

ï ʥʝʡʨʦʩʝʪʝʚʳʝ ʘʣʛʦʨʠʪʤʳ ʫʧʨʘʚʣʝʥʠʷ ʩʣʦʞʥʳʤʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʤʠ ʧʨʦʮʝʩʩʘʤʠ [4]; 

ï ʧʦʩʪʨʦʝʥʠʝ ʜʝʪʝʨʤʠʥʠʨʦʚʘʥʥʳʭ ʤʦʜʝʣʝʡ ʦʙʲʝʢʪʦʚ ʤʝʪʘʣʣʫʨʛʠʯʝʩʢʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ. 

ɺ ʨʘʤʢʘʭ ʥʘʫʯʥʦʡ ʰʢʦʣʳ ʚ ʧʦʩʣʝʜʥʝʝ ʚʨʝʤʷ ʧʦ ʥʘʫʯʥʦʡ ʩʧʝʮʠʘʣʴʥʦʩʪʠ 05.13.06 ʧʨʝʜ-

ʩʪʘʚʣʝʥʳ ʠ ʫʪʚʝʨʞʜʝʥʳ ʜʠʩʩʝʨʪʘʮʠʠ ʥʘ ʩʦʠʩʢʘʥʠʝ ʫʯʝʥʦʡ ʩʪʝʧʝʥʠ ʢʘʥʜʠʜʘʪʘ ʪʝʭʥʠʯʝʩʢʠʭ 

ʥʘʫʢ: ɸʭʤʝʪʦʚ ʋ.ɹ. (2010), ɹʘʪʨʘʝʚʘ ɸ.ɽ (2011), ɻʦʣʦʚʢʦ ʅ.ɸ. (2013), ʋʩʘʯʝʚ ʄ.ɺ. (2011), 

ʈʷʙʯʠʢʦʚʘ ɽ.ʉ. (2015), ɸʭʤʝʪʦʚ ʊ.ʋ. (2017). 

ʅʘʫʯʥʳʝ ʨʘʟʨʘʙʦʪʢʠ ʢʘʬʝʜʨʳ ʦʪʤʝʯʝʥʳ ʥʘʛʨʘʜʘʤʠ, ʪʘʢ ʨʘʟʨʘʙʦʪʢʘ ʢʘʬʝʜʨʳ çʉʠʩʪʝʤʘ 

ʦʧʪʠʤʘʣʴʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ ʥʘʛʨʝʚʦʤè ʧʦʜ ʨʫʢʦʚʦʜʩʪʚʦʤ ʇʘʨʩʫʥʢʠʥʘ ɹ.ʅ. ʙʳʣʘ ʫʜʦʩʪʦʝʥʘ ʩʝ-

ʨʝʙʨʷʥʦʡ ʤʝʜʘʣʠ ɺɼʅʍ ʉʉʉʈ (1988 ʛ). ɼʠʧʣʦʤʘʤʠ ʨʘʟʣʠʯʥʳʭ ʫʨʦʚʥʝʡ ʦʪʤʝʯʝʥʳ ʥʘʫʯʥʳʝ 

ʨʘʟʨʘʙʦʪʢʠ, ʚʳʧʦʣʥʝʥʠʝ ʩʦʪʨʫʜʥʠʢʘʤʠ ʢʘʬʝʜʨʳ ɸʥʜʨʝʝʚʳʤ ʉ.ʄ. (2000, 2004, 2007, 2013 ʛʛ), 

ʈʷʙʯʠʢʦʚʳʤ ʄ.ʖ. (2003, 2007, 2013), ɻʦʣʦʚʢʦ ʅ.ɸ. (2006, 2007, 2008 ʛʛ), ɸʨʪʘʤʦʥʦʚʳʤ ʖ.ʉ. 

ʂʘʬʝʜʨʘ ʚʳʯʠʩʣʠʪʝʣʴʥʦʡ ʪʝʭʥʠʢʠ ʠ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ 

ʂʦʥʝʮ 70-ʭ ʠ ʥʘʯʘʣʦ 80-ʭ ʛʦʜʦʚ 20 ʚʝʢʘ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʙʫʨʥʳʤ ʚʩʧʣʝʩʢʦʤ ʪʠʨʘʞʠʨʦ-

ʚʘʥʠʷ ʩʨʝʜʩʪʚ ʚʳʯʠʩʣʠʪʝʣʴʥʦʡ ʪʝʭʥʠʢʠ ʠ ʧʦʷʚʣʝʥʠʝ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʡ ʧʨʦʛʨʘʤʤʳ ʧʦ ʣʠʢʚʠ-

ʜʘʮʠʠ ʢʦʤʧʴʶʪʝʨʥʦʡ çʙʝʟʛʨʘʤʦʪʥʦʩʪʠè. ɺ ɻʪʦʪ ʧʝʨʠʦʜ ʘʢʪʠʚʥʦʝ ʫʯʘʩʪʠʝ ʚ ʧʨʦʛʨʘʤʤʝ ʧʨʠʥʷʣ 

ʄʘʛʥʠʪʦʛʦʨʩʢʠʡ ʛʦʨʥʦ-ʤʝʪʘʣʣʫʨʛʠʯʝʩʢʠʡ ʠʥʩʪʠʪʫʪ ʠ 1978 ʛ ʟʘʚʝʜʫʶʱʠʤ ʢʘʬʝʜʨʦʡ ʚʳʩʰʝʡ 

ʤʘʪʝʤʘʪʠʢʠ ʜʦʮʝʥʪʦʤ ɺʣʘʜʠʤʠʨʦʤ ɼʤʠʪʨʠʝʚʠʯʝʤ ʏʝʨʚʷʢʦʚʳʤ ʥʘʯʘʣʘʩʴ ʧʦʜʛʦʪʦʚʢʘ ʢ ʩʦʟʜʘ-

ʥʠʶ ʢʘʬʝʜʨʳ ʚʳʯʠʩʣʠʪʝʣʴʥʦʡ ʪʝʭʥʠʢʠ. ʉ ʧʨʠʚʣʝʯʝʥʠʝʤ ʨʘʙʦʪʥʠʢʦʚ ʢʘʬʝʜʨʳ ʧʨʦʤʳʰʣʝʥ-

ʥʦʡ ʢʠʙʝʨʥʝʪʠʢʠ ʠ ʩʠʩʪʝʤ ʥʘ ʢʘʬʝʜʨʝ ʚʳʩʰʝʡ ʤʘʪʝʤʘʪʠʢʠ ʦʨʛʘʥʠʟʦʚʘʥʳ ʜʚʝ ʩʝʢʮʠʠ: ʚʳʯʠʩ-

ʣʠʪʝʣʴʥʦʡ ʪʝʭʥʠʢʠ ʠ ʧʨʠʢʣʘʜʥʦʡ ʤʘʪʝʤʘʪʠʢʠ (ɺʊ ʠ ʇʄ) ʠ ʚʳʩʰʝʡ ʤʘʪʝʤʘʪʠʢʠ. ʈʫʢʦʚʦʜʠʪʝ-

ʣʝʤ ʩʝʢʮʠʠ ɺʊ ʠ ʇʄ ʥʘʟʥʘʯʝʥ ʜʦʮʝʥʪ, ʢʘʥʜ. ʪʝʭʥ. ʥʘʫʢ ɼʠʣʷʫʨ ʍʘʩʘʥʦʚʠʯ ɼʝʚʷʪʦʚ. ʈʘʙʦʪʘ 

ʢʘʬʝʜʨʳ ʤʘʪʝʤʘʪʠʢʠ ʚ ʩʦʩʪʘʚʝ ʜʚʫʭ ʩʝʢʮʠʡ ʧʨʦʜʦʣʞʘʣʘʩʴ ʜʦ 21.09.1983 ʛ. ɺ ʜʘʣʴʥʝʡʰʝʤ ʢʘ-



ɺʩʪʫʧʠʪʝʣʴʥʦʝ ʩʣʦʚʦ 

4  ʄʘʪʝʤʘʪʠʯʝʩʢʦʝ ʠ ʧʨʦʛʨʘʤʤʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ ʚ ʧʨʦʤʳʰʣʝʥʥʦʡ ʠ ʩʦʮʠʘʣʴʥʦʡ ʩʬʝʨʘʭ. 2019. ʊ.7. ˉ1 

ʬʝʜʨʘ ʚʳʩʰʝʡ ʤʘʪʝʤʘʪʠʢʠ ʨʘʟʜʝʣʝʥʘ ʥʘ ʢʘʬʝʜʨʳ ʚʳʯʠʩʣʠʪʝʣʴʥʦʡ ʪʝʭʥʠʢʠ ʠ ʧʨʠʢʣʘʜʥʦʡ ʤʘ-

ʪʝʤʘʪʠʢʠ ʠ ʢʘʬʝʜʨʫ ʚʳʩʰʝʡ ʤʘʪʝʤʘʪʠʢʠ.  

ɺ 1992 ʛʦʜʫ ʥʘ ʢʘʬʝʜʨʝ ʚʳʯʠʩʣʠʪʝʣʴʥʦʡ ʪʝʭʥʠʢʠ ʠ ʧʨʠʢʣʘʜʥʦʡ ʤʘʪʝʤʘʪʠʢʠ ʦʪʢʨʳʪʘ 

ʧʦʜʛʦʪʦʚʢʘ ʠʥʞʝʥʝʨʦʚ ʧʦ ʩʧʝʮʠʘʣʴʥʦʩʪʠ 2204.00 çʇʨʦʛʨʘʤʤʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ ʚʳʯʠʩʣʠʪʝʣʴ-

ʥʦʡ ʪʝʭʥʠʢʠ ʠ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʳʭ ʩʠʩʪʝʤè ʠ ʟʘ 20 ʣʝʪ ʚʳʧʫʱʝʥʦ 832 ʩʧʝʮʠʘʣʠʩʪʘ. ʈʝʦʨʛʘ-

ʥʠʟʘʮʠʷ ʚʳʩʰʝʡ ʰʢʦʣʳ ʧʨʠʚʝʣʘ ʠ ʢ ʠʟʤʝʥʝʥʠʶ ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʭ ʧʨʦʛʨʘʤʤ, ʧʦ ʢʦʪʦʨʳʤ ʚ 

ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʨʘʙʦʪʘʝʪ ʢʘʬʝʜʨʘ ʚʳʯʠʩʣʠʪʝʣʴʥʦʡ ʪʝʭʥʠʢʠ ʠ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ (ʜʦ 2013 

ʛʦʜʘ ʢʘʬʝʜʨʘ ʚʳʯʠʩʣʠʪʝʣʴʥʦʡ ʪʝʭʥʠʢʠ ʠ ʧʨʠʢʣʘʜʥʦʡ ʤʘʪʝʤʘʪʠʢʠ). ʇʦ ʥʘʧʨʘʚʣʝʥʠʶ 09.00.00 

ʀʥʬʦʨʤʘʪʠʢʘ ʠ ʚʳʯʠʩʣʠʪʝʣʴʥʘʷ ʪʝʭʥʠʢʘ ʚ ʥʘʩʪʦʷʱʝʝ ʨʝʘʣʠʟʫʶʪʩʷ ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʝ ʧʨʦ-

ʛʨʘʤʤʳ ʧʦ ʚʩʝʤ ʪʨʝʤ ʩʪʫʧʝʥʷʤ: 

ï 09.03.01 ʀʥʬʦʨʤʘʪʠʢʘ ʠ ʚʳʯʠʩʣʠʪʝʣʴʥʘʷ ʪʝʭʥʠʢʘ ʧʦ ʧʨʦʬʠʣʶ ʇʨʦʛʨʘʤʤʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ 

ʩʨʝʜʩʪʚ ʚʳʯʠʩʣʠʪʝʣʴʥʦʡ ʪʝʭʥʠʢʠ ʠ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʳʭ ʩʠʩʪʝʤ (ʘʢʘʜʝʤʠʯʝʩʢʠʡ ʙʘʢʘʣʘʚʨʠ-

ʘʪ), ʧʨʦʬʠʣʴ ɸʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʳʝ ʩʠʩʪʝʤʳ ʦʙʨʘʙʦʪʢʠ ʠʥʬʦʨʤʘʮʠʠ ʠ ʫʧʨʘʚʣʝʥʠʝ (ʧʨʠʢʣʘʜ-

ʥʦʡ ʙʘʢʘʣʘʚʨʠʘʪ 2018 ʛʦʜʘ ʥʘʙʦʨʘ) ʠ ʇʨʦʝʢʪʠʨʦʚʘʥʠʝ ʠ ʨʘʟʨʘʙʦʪʢʘ Web-ʧʨʠʣʦʞʝʥʠʡ (ʧʨʠ-

ʢʣʘʜʥʦʡ ʙʘʢʘʣʘʚʨʠʘʪ 2019 ʛʦʜʘ ʥʘʙʦʨʘ); 

ï 09.04.01 ʀʥʬʦʨʤʘʪʠʢʘ ʠ ʚʳʯʠʩʣʠʪʝʣʴʥʘʷ ʪʝʭʥʠʢʘ ʧʦ ʧʨʦʬʠʣʶ ʇʨʦʛʨʘʤʤʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ 

ʩʨʝʜʩʪʚ ʚʳʯʠʩʣʠʪʝʣʴʥʦʡ ʪʝʭʥʠʢʠ ʠ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʳʭ ʩʠʩʪʝʤ (ʘʢʘʜʝʤʠʯʝʩʢʘʷ ʤʘʛʠʩʪʨʘʪʫ-

ʨʘ); 

ï 09.06.01 ʀʥʬʦʨʤʘʪʠʢʘ ʠ ʚʳʯʠʩʣʠʪʝʣʴʥʘʷ ʪʝʭʥʠʢʘ ʧʦ ʧʨʦʬʠʣʷʤ ʘʩʧʠʨʘʥʪʫʨʳ: ʉʠʩʪʝʤʥʳʡ 

ʘʥʘʣʠʟ, ʫʧʨʘʚʣʝʥʠʝ ʠ ʦʙʨʘʙʦʪʢʘ ʠʥʬʦʨʤʘʮʠʠ; ɸʚʪʦʤʘʪʠʟʘʮʠʷ ʠ ʫʧʨʘʚʣʝʥʠʝ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠ-

ʤʠ ʧʨʦʮʝʩʩʘʤʠ ʠ ʧʨʦʠʟʚʦʜʩʪʚʘʤʠ; ʄʘʪʝʤʘʪʠʯʝʩʢʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ, ʯʠʩʣʝʥʥʳʝ ʤʝʪʦʜʳ ʠ 

ʢʦʤʧʣʝʢʩʳ ʧʨʦʛʨʘʤʤ. 

ɿʘ ʧʝʨʠʦʜ ʨʘʙʦʪʳ ʢʘʬʝʜʨʳ ʚ ʩʦʪʨʫʜʥʠʯʝʩʪʚʝ ʩ ʥʘʫʯʥʳʤʠ ʰʢʦʣʘʤʠ ʫʥʠʚʝʨʩʠʪʝʪʘ ʧʦʩʪʦ-

ʷʥʥʦ ʧʨʦʚʦʜʠʣʠʩʴ ʥʘʫʯʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ ʢʦʪʦʨʳʭ ʚʳʧʦʣʥʝʥʘ ʧʦʜʛʦʪʦʚʢʘ ʠ 

ʟʘʱʠʪʘ ʜʠʩʩʝʨʪʘʮʠʡ ʥʘ ʩʦʠʩʢʘʥʠʝ ʫʯʝʥʳʭ ʩʪʝʧʝʥʝʡ: ʢʘʥʜ. ʪʝʭʥ ʥʘʫʢ ʀʙʨʘʛʠʤʦʚ ʌ.ɻ. 

(ʨʫʢ. ɼʝʚʷʪʦʚ ɼ.ʍ., 1998, ʩʧʝʮ. 05.16.02); ʢʘʥʜ. ʪʝʭʥ. ʥʘʫʢ ʊʫʪʘʨʦʚʘ ɺ.ɼ. (ʨʫʢ. ʉʝʣʠʚʘ-

ʥʦʚ ɺ.ʅ., 1999, ʩʧʝʮ. 05.16.02); ʢʘʥʜ. ʪʝʭʥ. ʥʘʫʢ ɼʝʤʠʜʝʥʢʦ ʃ.ʃ. (ʨʫʢ. ɼʝʚʷʪʦʚ ɼ.ʍ.,1999, 

ʩʧʝʮ. 05.16.02); ʢʘʥʜ. ʪʝʭʥ. ʥʘʫʢ ʃʦʛʫʥʦʚʘ ʆ.ʉ. (ʨʫʢ. ɼʝʚʷʪʦʚ ɼ.ʍ., 2000, ʩʧʝʮ. 05.16.02); 

ʢʘʥʜ. ʪʝʭʥ. ʥʘʫʢ ʗʯʠʢʦʚ ʀ.ʄ. (ʨʫʢ. ɼʝʚʷʪʦʚ ɼ.ʍ., 2001, ʩʧʝʮ. 05.16.02); ʢʘʥʜ. ʪʝʭʥ. ʥʘʫʢ ʂʦ-

ʯʝʨʞʠʥʩʢʘʷ ʖ.ɺ. (ʨʫʢ. ɼʶʣʴʜʠʥʘ ʕ.ɺ., 2004, ʩʧʝʮ. 05.16.02); ʢʘʥʜ. ʪʝʭʥ. ʥʘʫʢ ɽʛʦʨʦʚʘ ʃ.ɻ. 

(ʨʫʢ. ɺʜʦʚʠʥ ʂ.ʅ., 2007, ʩʧʝʮ. 05.16.04); ʢʘʥʜ. ʪʝʭʥ. ʥʘʫʢ ʂʫʭʪʘ ʖ.ɹ. (ʨʫʢ. ʉʘʣʛʘʥʠʢ ɺ.ʄ., 

2009, ʩʧʝʮ. 05.16.05); ʢʘʥʜ. ʧʝʜ. ʥʘʫʢ ɻʣʘʜʳʰʝʚʘ ʄ.ʄ. (ʨʫʢ. ʈʦʤʘʥʦʚ ʇ.ʖ., 2009, ʩʧʝʮ. 

13.00.08); ʢʘʥʜ. ʧʝʜ. ʥʘʫʢ ʀʣʴʠʥʘ ɽ.ɸ. (ʨʫʢ. ʇʝʪʫʰʢʦʚʘ ʆ.ɻ., 2010, ʩʧʝʮ. 13.00.08); ʢʘʥʜ. 

ʪʝʭʥ. ʥʘʫʢ ʉʝʨʛʝʝʥʢʦ ʉ.ʅ. (ʨʫʢ. ʗʯʠʢʦʚ ʀ.ʄ., 2011, ʩʧʝʮ. 05.16.02); ʢʘʥʜ. ʪʝʭʥ. ʥʘʫʢ ʇʦʨʪʥʦ-

ʚʘ ʀ.ɺ. (ʨʫʢ. ʗʯʠʢʦʚ ʀ.ʄ., 2017, ʩʧʝʮ. 05.16.02).  

ʉ 2006 ʛ ʘʢʪʠʚʥʦ ʧʨʦʚʦʜʠʪʩʷ ʧʦʜʛʦʪʦʚʢʘ ʢʘʜʨʦʚ ʚʳʩʰʝʡ ʢʚʘʣʠʬʠʢʘʮʠʠ ʧʦ ʛʨʫʧʧʝ 

ʥʘʫʯʥʳʭ ʩʧʝʮʠʘʣʴʥʦʩʪʝʡ 05.13.00 çʀʥʬʦʨʤʘʪʠʢʘ, ʚʳʯʠʩʣʠʪʝʣʴʥʘʷ ʪʝʭʥʠʢʘ ʠ ʫʧʨʘʚʣʝʥʠʝè. ɺ 

ʨʘʤʢʘʭ ʵʪʦʛʦ ʥʘʧʨʘʚʣʝʥʠʷ ʧʦʜʛʦʪʦʚʣʝʥʳ, ʧʨʝʜʩʪʘʚʣʝʥʳ ʠ ʫʩʧʝʰʥʦ ʫʪʚʝʨʞʜʝʥʳ ʜʚʝ ʜʠʩʩʝʨ-

ʪʘʮʠʠ ʥʘ ʩʦʠʩʢʘʥʠʝ ʫʯʝʥʦʡ ʩʪʝʧʝʥʠ ʜʦʢʪʦʨʘ ʪʝʭʥʠʯʝʩʢʠʭ ʥʘʫʢ: ʃʦʛʫʥʦʚʘ ʆ.ʉ. ï ʩʧʝʮʠʘʣʴ-

ʥʦʩʪʴ 05.13.06 (ʛ. ʇʝʥʟʘ, ʠʶʣʴ 2009); ʗʯʠʢʦʚ ʀ.ʄ. ï ʩʧʝʮʠʘʣʴʥʦʩʪʴ 05.13.18 (ʛ. ʏʝʣʷʙʠʥʩʢʘ, 

ʜʝʢʘʙʨʴ 2009). ʇʦ ʨʘʟʥʳʤ ʩʧʝʮʠʘʣʴʥʦʩʪʷʤ ʚ ʛʨʫʧʧʝ 05.13.00 ʧʨʝʜʩʪʘʚʣʝʥʳ ʠ ʫʪʚʝʨʞʜʝʥʳ 

ʜʠʩʩʝʨʪʘʮʠʠ ʥʘ ʩʦʠʩʢʘʥʠʝ ʫʯʝʥʦʡ ʩʪʝʧʝʥʠ ʢʘʥʜʠʜʘʪʘ ʪʝʭʥʠʯʝʩʢʠʭ ʥʘʫʢ: ʂʘʣʠʪʘʝʚ ɸ.ʅ. ï ʩʧʝ-

ʮʠʘʣʴʥʦʩʪʴ 05.13.18 (ʛ. ʏʝʣʷʙʠʥʩʢʘ, 2006) ï ʨʫʢ. ɼʝʚʷʪʦʚ ɼ.ʍ.; ʄʘʥʘʛʘʨʦʚ ɺ.ɸ. ï ʩʧʝʮʠʘʣʴ-

ʥʦʩʪʴ 05.13.18 (ʛ. ʏʝʣʷʙʠʥʩʢʘ, 2009) ï ʨʫʢ. ʗʯʠʢʦʚ ʀ.ʄ.; ʇʦʣʴʢʦ ʇ.ɻ. ï ʩʧʝʮʠʘʣʴʥʦʩʪʴ 

05.13.06 (ʛ. ʆʨʝʥʙʫʨʛ, 2011) ï ʨʫʢ. ʃʦʛʫʥʦʚʘ ʆ.ʉ.; ʄʘʮʢʦ ʀ.ʀ. ï ʩʧʝʮʠʘʣʴʥʦʩʪʴ 05.13.06 

(ʛ. ʆʨʝʥʙʫʨʛ, 2013) ï ʨʫʢ. ʃʦʛʫʥʦʚʘ ʆ.ʉ.; ʉʘʬʦʥʦʚ ɼ.ʉ. ï ʩʧʝʮʠʘʣʴʥʦʩʪʴ 05.13.12 (ʛ. ʆʨʝʥ-

ʙʫʨʛ, 2015) ï ʨʫʢ. ʃʦʛʫʥʦʚʘ ʆ.ʉ.; ʇʦʩʦʭʦʚ ʀ.ɸ. ï ʩʧʝʮʠʘʣʴʥʦʩʪʴ 05.13.01 (ʛ. ʏʝʨʝʧʦʚʝʮ, 2017) 

ï ʨʫʢ. ʃʦʛʫʥʦʚʘ ʆ.ʉ.  

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʧʨʦʜʦʣʞʘʶʪʩʷ ʘʢʪʠʚʥʳʝ ʥʘʫʯʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʥʘ ʢʘʬʝʜʨʝ ʧʦ 

ʥʘʧʨʘʚʣʝʥʠʷʤ: 

ï ʤʘʪʝʤʘʪʠʯʝʩʢʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʠ ʠʩʩʣʝʜʦʚʘʥʠʝ ʧʦʚʝʜʝʥʠʷ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʭ ʧʦʣʝʡ ʧʦʩʪʦ-

ʷʥʥʦʛʦ ʪʦʢʘ ʚ ʨʘʙʦʯʝʤ ʧʨʦʩʪʨʘʥʩʪʚʝ ʤʝʪʘʣʣʫʨʛʠʯʝʩʢʠʭ ʘʛʨʝʛʘʪʦʚ [5-7];  
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ʄʘʪʝʤʘʪʠʯʝʩʢʦʝ ʠ ʧʨʦʛʨʘʤʤʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ ʚ ʧʨʦʤʳʰʣʝʥʥʦʡ ʠ ʩʦʮʠʘʣʴʥʦʡ ʩʬʝʨʘʭ. 2019. ʊ.7. ˉ1 5 

ï ʠʥʪʝʣʣʝʢʪʫʘʣʠʟʘʮʠʷ ʩʠʩʪʝʤ ʫʧʨʘʚʣʝʥʠʝ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʤʠ ʧʨʦʮʝʩʩʘʤʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʛʨʘʬʠʯʝʩʢʦʡ ʠʥʬʦʨʤʘʮʠʠ [8-10]; 

ï ʠʩʩʣʝʜʦʚʘʥʠʝ ʪʝʥʜʝʥʮʠʡ ʠ ʫʧʨʘʚʣʝʥʠʝ ʧʦʢʘʟʘʪʝʣʷʤʠ ʧʫʙʣʠʢʘʮʠʦʥʥʦʡ ʘʢʪʠʚʥʦʩʪʠ [11,12].  

ɽʞʝʛʦʜʥʦ ʥʘ ʢʘʬʝʜʨʝ ʧʫʙʣʠʢʫʝʪʩʷ ʙʦʣʝʝ 80 ʥʘʫʯʥʳʭ ʠ 20 ʫʯʝʙʥʦ-ʤʝʪʦʜʠʯʝʩʢʠʭ ʨʘʙʦʪ. 

ɺ 2018 ʛʦʜʫ ʧʦʜʛʦʪʦʚʣʝʥʦ ʠ ʚʳʧʫʱʝʥʦ ʪʨʠ ʫʯʝʙʥʠʢʘ ʚ ʮʝʥʪʨʘʣʴʥʳʭ ʠʟʜʘʥʠʷʭ çʀʥʬʨʘ-ʄè 

(ʛ. ʄʦʩʢʚʘ) ʠ çʃʘʥʴè (ʛ. ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛ): çʆʙʨʘʙʦʪʢʘ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʜʘʥʥʳʭ ʥʘ 

ʕɺʄè, çʀʥʬʦʨʤʘʪʠʢʘ. ʂʫʨʩ ʣʝʢʮʠʡè, çʇʨʝʜʩʪʘʚʣʝʥʠʝ ʠ ʚʠʟʫʘʣʠʟʘʮʠʠ ʨʝʟʫʣʴʪʘʪʦʚ ʥʘʫʯʥʳʭ 

ʠʩʩʣʝʜʦʚʘʥʠʡè. 

ɺ ʪʝʯʝʥʠʝ ʜʣʠʪʝʣʴʥʦʛʦ ʚʨʝʤʝʥʠ ʬʦʨʤʠʨʦʚʘʣʦʩʴ ʧʘʨʪʥʝʨʩʢʦʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʤʝʞʜʫ 

ʢʘʬʝʜʨʦʡ ʚʳʯʠʩʣʠʪʝʣʴʥʦʡ ʪʝʭʥʠʢʠ ʠ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ ʌɻɹʆʋ ɺʆ çʄɻʊʋ ʠʤ. ɻ.ʀ. ʅʦʩʦ-

ʚʘè ʠ ʦʜʥʠʤ ʠʟ ʢʨʫʧʥʳʭ ʧʦʩʪʘʚʱʠʢʦʤ ʫʩʣʫʛ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʚ ʩʬʝʨʝ ʬʠʥʘʥʩʦ-

ʚʦʡ ʠʥʜʫʩʪʨʠʠ ʆʆʆ çʂʦʤʧʘʩ ʇʣʶʩè. ɺ 2017 ʛʦʜʫ ʩʦʪʨʫʜʥʠʯʝʩʪʚʦ ʧʝʨʝʰʣʦ ʥʘ ʥʦʚʳʡ ʫʨʦ-

ʚʝʥʴ, ʢʦʪʦʨʳʡ ʧʦʟʚʦʣʠʣ ʩʬʦʨʤʠʨʦʚʘʪʴ ʦʙʨʘʟʦʚʘʪʝʣʴʥʫʶ ʪʨʘʝʢʪʦʨʠʶ ʧʦ ʟʘʢʘʟʫ ʨʘʙʦʪʦʜʘʪʝʣʷ. 

ʅʘʯʠʥʘʷ ʩ ʧʝʨʚʦʛʦ ʢʫʨʩʘ, ʩʪʫʜʝʥʪʳ ʧʦʣʫʯʠʣʠ ʚʦʟʤʦʞʥʦʩʪʴ ʚʳʙʠʨʘʪʴ ʜʠʩʮʠʧʣʠʥʳ, ʢʦʪʦʨʳʝ 

ʚʚʝʜʝʥʳ ʚ ʫʯʝʙʥʳʡ ʧʣʘʥ ʥʘ ʦʩʥʦʚʘʥʠʠ ʟʘʧʨʦʩʘ ʢʦʤʧʘʥʠʠ. ʉʨʝʜʠ ʵʪʠʭ ʜʠʩʮʠʧʣʠʥ ʦʧʨʝʜʝʣʝ-

ʥʳ: ʇʣʘʪʬʦʨʤʘ ʨʘʟʨʘʙʦʪʢʠ çFloraè, ʇʨʘʢʪʠʯʝʩʢʠʝ ʦʩʥʦʚʳ ʨʘʟʨʘʙʦʪʢʠ ʢʦʤʧʠʣʷʪʦʨʦʚ, ʄʥʦʛʦ-

ʧʦʪʦʯʥʦʝ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʝ ʥʘ ʷʟʳʢʝ Java, ʊʝʦʨʠʷ ʘʚʪʦʤʘʪʦʚ, ɹʘʟʳ ʜʘʥʥʳʭ OLTP-ʩʠʩʪʝʤ ʠ 

ʜʨ. ʅʘʣʠʯʠʝ ʩʧʝʮʠʘʣʴʥʳʭ ʜʠʩʮʠʧʣʠʥ ʥʝ ʠʩʢʣʶʯʘʝʪ ʥʘʣʠʯʠʝ ʚ ʫʯʝʙʥʦʤ ʧʣʘʥʝ ʦʙʨʘʟʦʚʘʪʝʣʴ-

ʥʳʭ ʤʦʜʫʣʝʡ, ʬʦʨʤʠʨʫʶʱʠʡ ʚʳʩʦʢʠʡ ʫʨʦʚʝʥʴ ʚʳʩʰʝʛʦ ʦʙʨʘʟʦʚʘʥʠʷ. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʥʘ 

ʫʩʣʦʚʠʷʭ ʧʘʨʪʥʝʨʩʪʚʘ ʦʙʫʯʘʝʪʩʷ 15 ʩʪʫʜʝʥʪʦʚ ʚʪʦʨʦʛʦ ʠ 13 ʩʪʫʜʝʥʪʦʚ ʧʝʨʚʦʛʦ ʢʫʨʩʘ, ʯʪʦ ʩʦ-

ʩʪʘʚʣʷʝʪ 25 % ʢʦʥʪʠʥʛʝʥʪʘ ʥʘ ʢʘʞʜʦʤ ʢʫʨʩʝ. 

ʉʨʝʜʠ ʩʪʫʜʝʥʪʦʚ ʮʝʣʝʚʦʛʦ ʦʙʫʯʝʥʠʷ ʥʝʪ ʟʘʜʦʣʞʥʠʢʦʚ. ʕʪʦʤʫ ʩʧʦʩʦʙʩʪʚʫʝʪ ʚʳʩʦʢʘʷ ʟʘ-

ʠʥʪʝʨʝʩʦʚʘʥʥʦʩʪʴ ʠʥʜʫʩʪʨʠʘʣʴʥʦʛʦ ʧʘʨʪʥʝʨʘ ʚ ʢʘʯʝʩʪʚʝ ʦʙʨʘʟʦʚʘʥʠʷ ʩʪʫʜʝʥʪʦʚ. ɺ ʩʚʦʶ ʦʯʝ-

ʨʝʜʴ ʆʆʆ çʂʦʤʧʘʩ ʇʣʶʩè ʦʙʝʩʧʝʯʠʚʘʝʪ ʜʦʧʦʣʥʠʪʝʣʴʥʫʶ ʩʪʠʧʝʥʜʠʶ ʜʣʷ ʩʪʫʜʝʥʪʦʚ, ʢʦʪʦʨʳʝ 

ʠʤʝʶʪ ʚʳʩʦʢʠʝ ʦʮʝʥʢʠ ʧʦ ʢʘʞʜʦʡ ʩʝʩʩʠʠ, ʦʧʣʘʯʠʚʘʝʤʫʶ ʩʪʘʞʠʨʦʚʢʫ ʧʦʜ ʨʫʢʦʚʦʜʩʪʚʦʤ 

ʥʘʩʪʘʚʥʠʢʦʚ ʦʪ ʧʨʝʜʧʨʠʷʪʠʷ, ʦʧʣʘʯʠʚʘʝʤʫʶ ʧʨʘʢʪʠʢʫ ʥʘ ʨʘʙʦʯʠʭ ʤʝʩʪʘʭ. ʅʦ ʩʘʤʦʝ ʛʣʘʚʥʦʝ 

ʜʦʩʪʠʛʘʝʪʩʷ ʚʳʩʦʢʘʷ ʧʨʝʝʤʩʪʚʝʥʥʦʩʪʴ ʘʢʘʜʝʤʠʯʝʩʢʠʭ ʟʥʘʥʠʡ, ʩʢʦʥʮʝʥʪʨʠʨʦʚʘʥʥʳʭ ʚ ʫʥʠ-

ʚʝʨʩʠʪʝʪʝ, ʠ ʧʨʘʢʪʠʯʝʩʢʦʛʦ ʦʧʳʪʘ ʧʨʝʜʧʨʠʷʪʠʷ ʥʘ ʩʘʤʳʭ ʨʘʥʥʠʭ ʩʪʘʜʠʷʭ ʦʙʫʯʝʥʠʷ. 

ʇʨʦʛʨʘʤʤʳ ʧʘʨʪʥʝʨʩʢʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʨʘʟʚʠʚʘʝʪʩʷ ʠ ʟʘ ʯʝʪʳʨʝ ʛʦʜʘ ʧʣʘʥʠʨʫʝʪʩʷ 

ʜʦʚʝʩʪʠ ʢʦʣʠʯʝʩʪʚʦ ʦʙʫʯʘʝʤʳʭ ʩʪʫʜʝʥʪʦʚ ʧʦ ʧʨʦʛʨʘʤʤʝ ʜʦ 50 ʯʝʣʦʚʝʢ.  

ʇʨʦʛʨʘʤʤʘ ʦʙʫʯʝʥʠʷ ʩʪʫʜʝʥʪʦʚ ʧʦ ʠʥʜʠʚʠʜʫʘʣʴʥʦʡ ʪʨʘʝʢʪʦʨʠʠ ʚʳʟʳʚʘʝʪ ʙʦʣʴʰʦʡ ʠʥ-

ʪʝʨʝʩ ʠ ʫ ʜʨʫʛʠʭ ʢʨʫʧʥʳʭ ʨʘʙʦʪʦʜʘʪʝʣʝʡ ʚ ʩʬʝʨʝ IT-ʪʝʭʥʦʣʦʛʠʡ ʠ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ. ʉʨʝʜʠ 

ʥʠʭ ʤʦʞʥʦ ʫʢʘʟʘʪʴ ʆɸʆ çʀʥʬʦʨʤʩʝʨʚʠʩè, ʆɸʆ çʆʙʲʝʜʠʥʝʥʥʘʷ ʩʝʨʚʠʩʥʘʷ ʢʦʤʧʘʥʠʷè, Web-

ʩʪʫʜʠʷ çʌʘʢʪè ʠ ʜʨ. 

ʂʘʬʝʜʨʘ ʠʥʬʦʨʤʘʪʠʢʠ ʠ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ 

ʂʘʬʝʜʨʘ ʠʥʬʦʨʤʘʪʠʢʠ ʠ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ ʦʙʨʘʟʦʚʘʥʘ ʚ 2003ʛ. ʚ ʨʝʟʫʣʴ-

ʪʘʪʝ ʨʘʟʜʝʣʝʥʠʷ ʢʘʬʝʜʨʳ ʚʳʯʠʩʣʠʪʝʣʴʥʦʡ ʪʝʭʥʠʢʠ ʠ ʧʨʠʢʣʘʜʥʦʡ ʤʘʪʝʤʘʪʠʢʠ. ɿʘʚʝʜʫʶʱʠʤ 

ʢʘʬʝʜʨʦʡ ʙʳʣ ʥʘʟʥʘʯʝʥ ʜʦʮʝʥʪ, ʢʘʥʜʠʜʘʪ ʪʝʭʥʠʯʝʩʢʠʭ ʥʘʫʢ ɹʘʨʘʥʢʦʚ ɺʣʘʜʠʤʠʨ ɺʣʘʜʠʤʠʨʦ-

ʚʠʯ. ʉ 2006 ʛʦʜʘ ʠ ʧʦ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʨʫʢʦʚʦʜʩʪʚʦ ʢʘʬʝʜʨʦʡ ʦʩʫʱʝʩʪʚʣʷʝʪ ʜʦʢʪʦʨ ʪʝʭʥʠʯʝ-

ʩʢʠʭ ʥʘʫʢ, ʯʣʝʥ-ʢʦʨʨʝʩʧʦʥʜʝʥʪ ɸʕʅ ʈʌ, ʜʦʮʝʥʪ ɹʘʨʘʥʢʦʚʘ ʀʥʥʘ ʀʣʴʠʥʠʯʥʘ. ʅʘ ʢʘʬʝʜʨʝ ʚʝ-

ʜʝʪʩʷ ʘʢʪʠʚʥʘʷ ʧʦʜʛʦʪʦʚʢʘ ʢʘʜʨʦʚ ʚʳʩʰʝʡ ʢʚʘʣʠʬʠʢʘʮʠʠ. ʇʦʜʛʦʪʦʚʣʝʥʳ ʠ ʟʘʱʠʱʝʥʳ ʜʦʢ-

ʪʦʨʩʢʘʷ ʜʠʩʩʝʨʪʘʮʠʷ ɹʘʨʘʥʢʦʚʦʡ ʀ.ʀ., ʢʘʥʜʠʜʘʪʩʢʠʝ ʜʠʩʩʝʨʪʘʮʠʠ ʄʠʭʘʡʣʦʚʦʡ ʋ.ɺ., ʂʘʣʫʛʠ-

ʥʦʡ ʆ.ɹ. ɺ ʩʦʩʪʘʚʝ ʢʘʬʝʜʨʳ ʚʳʩʦʢʦʢʚʘʣʠʬʠʮʠʨʦʚʘʥʥʳʝ ʧʨʝʧʦʜʘʚʘʪʝʣʠ, ʚ ʪʦʤ ʯʠʩʣʝ 1 ʜʦʢʪʦʨ 

ʥʘʫʢ ʠ 6 ʢʘʥʜʠʜʘʪʦʚ ʥʘʫʢ. ʆʩʪʝʧʝʥʝʥʥʦʩʪʴ ʧʨʦʬʝʩʩʦʨʩʢʦ-ʧʨʝʧʦʜʘʚʘʪʝʣʴʩʢʦʛʦ ʩʦʩʪʘʚʘ ʢʘʬʝʜ-

ʨʳ ʩʦʩʪʘʚʣʷʝʪ 70%.  

ʇʨʝʧʦʜʘʚʘʪʝʣʠ ʢʘʬʝʜʨʳ ʨʝʛʫʣʷʨʥʦ ʧʨʦʭʦʜʷʪ ʧʦʚʳʰʝʥʠʝ ʢʚʘʣʠʬʠʢʘʮʠʠ, ʫʯʘʩʪʚʫʶʪ ʚ 

ʥʘʫʯʥʦ-ʪʝʭʥʠʯʝʩʢʠʭ ʢʦʥʬʝʨʝʥʮʠʷʭ, ʪʝʦʨʝʪʠʢʦ-ʤʝʪʦʜʦʣʦʛʠʯʝʩʢʠʭ ʩʝʤʠʥʘʨʘʭ, ʧʦʜʜʝʨʞʠʚʘʶʪ 

ʪʚʦʨʯʝʩʢʠʝ ʥʘʫʯʥʳʝ ʢʦʥʪʘʢʪʳ ʩ ʚʝʜʫʱʠʤʠ ʩʧʝʮʠʘʣʠʩʪʘʤʠ ʩʪʨʘʥʳ, ʧʨʦʭʦʜʷʪ ʩʪʘʞʠʨʦʚʢʫ ʚ 

ʢʨʫʧʥʝʡʰʠʭ ʚʫʟʘʭ ʩʪʨʘʥʳ. ʅʘ ʢʘʬʝʜʨʝ ʘʢʪʠʚʥʦ ʚʝʜʝʪʩʷ ʥʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʘʷ ʨʘʙʦʪʘ. 

ʈʝʟʫʣʴʪʘʪʳ ʥʘʫʯʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʦʙʩʫʞʜʘʶʪʩʷ ʥʘ ʤʝʞʜʫʥʘʨʦʜʥʳʭ ʥʘʫʯʥʳʭ ʢʦʥʬʝʨʝʥʮʠʷʭ, 

ʧʫʙʣʠʢʫʶʪʩʷ ʚ ʞʫʨʥʘʣʘʭ ɺɸʂ ʚ ʞʫʨʥʘʣʘʭ, ʠʥʜʝʢʩʠʨʫʝʤʳʭ ʚ ʥʘʫʢʦʤʝʪʨʠʯʝʩʢʠʭ ʙʘʟʘʭ Scopus 



ɺʩʪʫʧʠʪʝʣʴʥʦʝ ʩʣʦʚʦ 
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ʠ Web of Science. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʥʘ ʢʘʬʝʜʨʝ ʚʝʜʫʪʩʷ ʥʘʫʯʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦ ʩʣʝʜʫʶ-

ʱʠʤ ʥʘʧʨʘʚʣʝʥʠʷʤ: 

ï ʤʘʪʝʤʘʪʠʯʝʩʢʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʠ ʠʩʩʣʝʜʦʚʘʥʠʝ ʠʥʜʫʢʮʠʦʥʥʦʛʦ ʥʘʛʨʝʚʘ ʪʝʣ ʥʝʦʜʥʦʨʦʜʥʦʡ 

ʩʪʨʫʢʪʫʨʳ [13-15]; 

ï ʤʘʪʝʤʘʪʠʯʝʩʢʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʠ ʠʩʩʣʝʜʦʚʘʥʠʝ ʧʨʦʮʝʩʩʦʚ ʦʙʨʘʙʦʪʢʠ ʤʝʪʘʣʣʦʚ ʜʘʚʣʝʥʠʝʤ 

[16-18]; 

ï ʤʝʪʦʜʳ ʠ ʩʠʩʪʝʤʳ ʟʘʱʠʪʳ ʠʥʬʦʨʤʘʮʠʠ, ʠʥʬʦʨʤʘʮʠʦʥʥʘʷ ʙʝʟʦʧʘʩʥʦʩʪʴ [19-21]. 

ʉ 2012 ʛʦʜʘ ʧʦ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʢʘʬʝʜʨʘ ʠʥʬʦʨʤʘʪʠʢʠ ʠ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʙʝʟʦʧʘʩʥʦ-

ʩʪʠ ʚʝʜʝʪ ʧʦʜʛʦʪʦʚʢʫ ʩʧʝʮʠʘʣʠʩʪʦʚ ʧʦ ʟʘʱʠʪʝ ʠʥʬʦʨʤʘʮʠʠ: ʩʧʝʮʠʘʣʴʥʦʩʪʴ 10.05.03 çʀʥ-

ʬʦʨʤʘʮʠʦʥʥʘʷ ʙʝʟʦʧʘʩʥʦʩʪʴ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʳʭ ʩʠʩʪʝʤè. ʀ.ʀ. ɹʘʨʘʥʢʦʚʘ ʷʚʣʷʝʪʩʷ ʯʣʝʥʦʤ 

ʌʋʄʆ ɺʆ ʀɹ, ʧʨʠʥʠʤʘʝʪ ʘʢʪʠʚʥʦʝ ʫʯʘʩʪʠʝ ʚ ʨʘʟʨʘʙʦʪʢʝ ʌɻʆʉ ʥʦʚʦʛʦ ʧʦʢʦʣʝʥʠʷ ʧʦ ʋɻʉʅ 

10.00.00. ʂʘʬʝʜʨʘ ʩʦʪʨʫʜʥʠʯʘʝʪ ʩʦ ʌʉʊʕʂ ʈʦʩʩʠʠ ʧʦ ʋʨʘʣʴʩʢʦʤʫ ʬʝʜʝʨʘʣʴʥʦʤʫ ʦʢʨʫʛʫ, 

ʧʨʝʧʦʜʘʚʘʪʝʣʠ ʢʘʬʝʜʨʳ ʨʝʛʫʣʷʨʥʦ ʫʯʘʩʪʚʫʶʪ ʚ ʤʝʪʦʜʠʯʝʩʢʠʭ ʩʝʤʠʥʘʨʘʭ, ʧʨʦʚʦʜʠʤʳʭ 

ʌʉʊʕʂ. ɿʘʚʝʜʫʶʱʘʷ ʢʘʬʝʜʨʦʡ ʷʚʣʷʝʪʩʷ ʯʣʝʥʦʤ ʂʦʦʨʜʠʥʘʮʠʦʥʥʦʛʦ ʩʦʚʝʪʘ ʧʦ ʧʦʜʛʦʪʦʚʢʝ 

ʢʘʜʨʦʚ ʚ ʦʙʣʘʩʪʠ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ ʧʦ ʋʈʌʆ.  

ʅʘ ʢʘʬʝʜʨʝ ʘʢʪʠʚʥʦ ʚʝʜʝʪʩʷ ʥʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʘʷ ʨʘʙʦʪʘ ʩʦ ʩʪʫʜʝʥʪʘʤʠ. ʉʪʫʜʝʥ-

ʪʳ, ʦʙʫʯʘʶʱʠʝʩʷ ʧʦ ʵʪʦʡ ʩʧʝʮʠʘʣʴʥʦʩʪʠ, ʧʦʜ ʨʫʢʦʚʦʜʩʪʚʦʤ ʧʨʝʧʦʜʘʚʘʪʝʣʝʡ ʢʘʬʝʜʨʳ ʨʝʛʫ-

ʣʷʨʥʦ ʧʨʠʥʠʤʘʶʪ ʫʯʘʩʪʠʝ ʚ ʤʝʞʚʫʟʦʚʩʢʠʭ ʥʘʫʯʥʳʭ ʢʦʥʬʝʨʝʥʮʠʷʭ, ʥʘ ɺʩʝʨʦʩʩʠʡʩʢʠʭ ʢʦʥʬʝ-

ʨʝʥʮʠʷʭ-ʢʦʥʢʫʨʩʘʭ, ʚ ʤʝʞʜʫʥʘʨʦʜʥʳʭ ʢʦʥʬʝʨʝʥʮʠʷʭ, ʤʝʞʜʫʥʘʨʦʜʥʳʭ ʦʣʠʤʧʠʘʜʘʭ ʠ ʬʦʨʫ-

ʤʘʭ. ɽʞʝʛʦʜʥʦ ʩʪʫʜʝʥʪʳ ʩʧʝʮʠʘʣʴʥʦʩʪʠ çʀʥʬʦʨʤʘʮʠʦʥʥʘʷ ʙʝʟʦʧʘʩʥʦʩʪʴè ʫʯʘʩʪʚʫʶʪ ʚ ʤʝʞ-

ʜʫʥʘʨʦʜʥʳʭ ʩʦʨʝʚʥʦʚʘʥʠʷʭ ʧʦ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ ʚ ʬʦʨʤʘʪʝ CTF. ɼʣʷ ʧʦʜʛʦ-

ʪʦʚʢʠ ʦʙʫʯʘʶʱʠʭʩʷ ʥʘ ʢʘʬʝʜʨʝ ʩʦʟʜʘʥʦ 4 ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʭ ʣʘʙʦʨʘʪʦʨʠʠ:  

ï ʣʘʙʦʨʘʪʦʨʠʷ ʪʝʭʥʠʯʝʩʢʠʭ ʩʨʝʜʩʪʚ ʟʘʱʠʪʳ ʠʥʬʦʨʤʘʮʠʠ; 

ï ʣʘʙʦʨʘʪʦʨʠʷ ʩʠʩʪʝʤ ʢʦʥʪʨʦʣʷ ʠ ʤʦʥʠʪʦʨʠʥʛʘ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ;  

ï ʣʘʙʦʨʘʪʦʨʠʷ ʧʦ ʩʝʪʷʤ ʠ ʩʝʪʝʚʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ;  

ï ʣʘʙʦʨʘʪʦʨʠʷ ʧʨʦʛʨʘʤʤʥʦ-ʘʧʧʘʨʘʪʥʦʡ ʟʘʱʠʪʳ ʩʨʝʜʩʪʚ ʚʳʯʠʩʣʠʪʝʣʴʥʦʡ ʪʝʭʥʠʢʠ. ʃʘʙʦʨʘ-

ʪʦʨʥʳʡ ʢʦʤʧʣʝʢʩ ʦʩʥʘʱʝʥ ʩʦʚʨʝʤʝʥʥʳʤ ʦʙʦʨʫʜʦʚʘʥʠʝʤ, ʧʦʟʚʦʣʷʶʱʠʤ ʧʦʣʫʯʠʪʴ ʥʘʚʳʢʠ ʠ 

ʫʤʝʥʠʷ, ʥʝʦʙʭʦʜʠʤʳʝ ʜʣʷ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ ʩʧʝʮʠʘʣʠʩʪʘ ʧʦ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ 

ʙʝʟʦʧʘʩʥʦʩʪʠ. 

ʉʦʚʤʝʩʪʥʦ ʩ ɸʢʘʜʝʤʠʝʡ ʌʉɹ ʠ ʧʨʠ ʫʯʘʩʪʠʠ ʄʠʥʠʩʪʝʨʩʪʚʘ ʦʙʨʘʟʦʚʘʥʠʷ ʈʌ ʢʘʬʝʜʨʘ ʦʨ-

ʛʘʥʠʟʫʝʪ ʧʨʦʚʝʜʝʥʠʝ ʦʯʥʦʛʦ ʵʪʘʧʘ ʦʣʠʤʧʠʘʜʳ ʧʦ ʠʥʬʦʨʤʘʪʠʢʝ ʠ ʢʦʤʧʴʶʪʝʨʥʦʡ ʙʝʟʦʧʘʩʥʦ-

ʩʪʠ ʜʣʷ ʰʢʦʣʴʥʠʢʦʚ ʛ. ʄʘʛʥʠʪʦʛʦʨʩʢʘ ʠ ʧʨʠʣʝʛʘʶʱʠʭ ʨʘʡʦʥʦʚ. ɽʞʝʛʦʜʥʦ ʢʘʬʝʜʨʘ ʧʨʦʚʦʜʠʪ 

ʦʣʠʤʧʠʘʜʳ ʧʦ ʠʥʬʦʨʤʘʮʠʦʥʥʳʤ ʪʝʭʥʦʣʦʛʠʷʤ ʠ ʢʦʤʧʴʶʪʝʨʥʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ ʩʨʝʜʠ ʩʪʫʜʝʥ-

ʪʦʚ ʚʩʝʭ ʩʧʝʮʠʘʣʴʥʦʩʪʝʡ ʠ ʥʘʧʨʘʚʣʝʥʠʡ. ʆʣʠʤʧʠʘʜʳ ʠ ʢʦʥʢʫʨʩʳ ʧʨʦʭʦʜʷʪ ʢʘʢ ʚ ʪʨʘʜʠʮʠʦʥ-

ʥʦʡ ʬʦʨʤʝ ʨʝʰʝʥʠʷ ʟʘʜʘʯ, ʪʘʢ ʠ ʚ ʬʦʨʤʝ ʢʨʫʛʣʳʭ ʩʪʦʣʦʚ, ʢʚʝʩʪʦʚ, ʢʠʙʝʨʧʦʝʜʠʥʢʦʚ, ʠʥʬʦʨ-

ʤʘʪʠʯʝʩʢʠʭ ʘʨʙʫʟʥʠʢʦʚ ʠ ʢʦʥʢʫʨʩʦʚ ʪʚʦʨʯʝʩʢʠʭ ʧʨʦʝʢʪʦʚ ʧʦ ʟʘʱʠʪʝ ʠʥʬʦʨʤʘʮʠʠ.  

ʇʝʨʚʳʝ ʚʳʧʫʩʢʥʠʢʠ ʢʘʬʝʜʨʳ ʨʘʙʦʪʘʶʪ ʚ ʨʘʟʣʠʯʥʳʭ ʛʦʨʦʜʘʭ ʈʦʩʩʠʠ: ʛ. ʄʦʩʢʚʘ (ʌɻʋʇ 

çɻʣʘʚʅʀɺʎè ʋʧʨʘʚʣʝʥʠʷ ʜʝʣʘʤʠ ʇʨʝʟʠʜʝʥʪʘ ʈʌ), ʛ. ʏʝʣʷʙʠʥʩʢ (ʌʅʉ), ʛ. ɽʢʘʪʝʨʠʥʙʫʨʛ 

(ʄʏʉ), ʛ. ʄʘʛʥʠʪʦʛʦʨʩʢ ʠ ʜʨ. 

ʂʘʬʝʜʨʘ ʙʠʟʥʝʩ-ʠʥʬʦʨʤʘʪʠʢʠ ʠ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ 

ʀʩʪʦʨʠʷ ʫʩʧʝʰʥʦʛʦ ʨʘʟʚʠʪʠʷ ʢʘʬʝʜʨʳ ʥʘʩʯʠʪʳʚʘʝʪ ʙʦʣʝʝ 30 ʣʝʪ. ɺ 1985 ʛʦʜʫ ʚ ʰʢʦʣʘʭ 

ʚʧʝʨʚʳʝ ʚʚʝʣʠ ʧʨʝʜʤʝʪ çʆʩʥʦʚʳ ʠʥʬʦʨʤʘʪʠʢʠ ʠ ʚʳʯʠʩʣʠʪʝʣʴʥʦʡ ʪʝʭʥʠʢʠè. ʅʝ ʙʳʣʦ ʥʠ 

ʫʯʝʙʥʠʢʦʚ, ʥʠ ʢʦʤʧʴʶʪʝʨʦʚ, ʥʠ ʧʨʝʧʦʜʘʚʘʪʝʣʝʡ. ʏʪʦʙʳ ʥʘʫʯʠʪʴ ʠʥʬʦʨʤʘʪʠʢʝ ʙʫʜʫʱʠʭ ʫʯʠ-

ʪʝʣʝʡ, ʥʘ ʬʠʟʠʢʦ-ʤʘʪʝʤʘʪʠʯʝʩʢʦʤ ʬʘʢʫʣʴʪʝʪʝ ʄʘʛʥʠʪʦʛʦʨʩʢʦʛʦ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʧʝʜʘʛʦʛʠ-

ʯʝʩʢʦʛʦ ʠʥʩʪʠʪʫʪʘ (ʄɻʇʀ) ʙʳʣʘ ʩʦʟʜʘʥʘ ʣʘʙʦʨʘʪʦʨʠʷ ʚʳʯʠʩʣʠʪʝʣʴʥʦʡ ʪʝʭʥʠʢʠ, ʢʦʪʦʨʫʶ 

ʚʦʟʛʣʘʚʠʣʘ ʢ. ʪ. ʥ., ʧʨʦʬʝʩʩʦʨ ʕʣʴʤʠʨʘ ʈʘʬʠʢʦʚʥʘ ʀʧʘʪʦʚʘ. ʅʘ ʙʘʟʝ ʣʘʙʦʨʘʪʦʨʠʠ ʩʪʘʣʠ ʧʨʦ-

ʚʦʜʠʣʠʩʴ ʤʝʪʦʜʠʯʝʩʢʠʝ ʩʝʤʠʥʘʨʳ, ʢʫʨʩʳ ʜʣʷ ʫʯʠʪʝʣʝʡ ʰʢʦʣ ʠ ʧʨʝʧʦʜʘʚʘʪʝʣʝʡ ʚʫʟʦʚ, ʢʨʫʛ-

ʣʳʝ ʩʪʦʣʳ ʩ ʨʘʙʦʪʦʜʘʪʝʣʷʤʠ. ʉʧʫʩʪʷ ʜʚʘ ʛʦʜʘ ʚ 1987 ʛʦʜʫ ʙʳʣʘ ʩʦʟʜʘʥʘ ʢʘʬʝʜʨʘ ʠʥʬʦʨʤʘʪʠ-

ʢʠ. ɺ 1998 ʛʦʜʫ ʨʦʜʠʣʩʷ ʬʘʢʫʣʴʪʝʪ ʠʥʬʦʨʤʘʪʠʢʠ ï ʧʝʨʚʳʡ ʩʨʝʜʠ ʚʩʝʭ ʧʝʜʘʛʦʛʠʯʝʩʢʠʭ ʚʫʟʦʚ 

ʈʦʩʩʠʠ ʥʘ ʢʦʪʦʨʦʤ ʜʦ 2014 ʛʦʜʘ ʨʘʙʦʪʘʣʠ ʯʝʪʳʨʝ ʢʘʬʝʜʨ: ʠʥʬʦʨʤʘʪʠʢʠ, ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ 

ʪʝʭʥʦʣʦʛʠʡ, ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʩʠʩʪʝʤ ʠ ʧʨʠʢʣʘʜʥʦʡ ʠʥʬʦʨʤʘʪʠʢʠ. 



ɺʩʪʫʧʠʪʝʣʴʥʦʝ ʩʣʦʚʦ 

ʄʘʪʝʤʘʪʠʯʝʩʢʦʝ ʠ ʧʨʦʛʨʘʤʤʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ ʚ ʧʨʦʤʳʰʣʝʥʥʦʡ ʠ ʩʦʮʠʘʣʴʥʦʡ ʩʬʝʨʘʭ. 2019. ʊ.7. ˉ1 7 

ʂʘʬʝʜʨʘ ɹʠʟʥʝʩ-ʠʥʬʦʨʤʘʪʠʢʠ ʠ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ (ɹʀ ʠ ʀʊ) ʩʦʟʜʘʥʘ ʚ 

2014 ʛʦʜʫ ʧʫʪʸʤ ʦʙʲʝʜʠʥʝʥʠʷ ʢʘʬʝʜʨ ʌʘʢʫʣʴʪʝʪʘ ʠʥʬʦʨʤʘʪʠʢʠ ʚ ʧʨʦʮʝʩʩʝ ʨʝʦʨʛʘʥʠʟʘʮʠʠ 

çʄɻʊʋ ʠʤ. ɻ.ʀ. ʅʦʩʦʚʘè, ʩʚʷʟʘʥʥʦʡ ʩ ʧʨʠʩʦʝʜʠʥʝʥʠʝʤ ʄʘʛʥʠʪʦʛʦʨʩʢʦʛʦ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ 

ʫʥʠʚʝʨʩʠʪʝʪʘ (ʄʘɻʋ). ʆʙʲʝʜʠʥʝʥʥʦʡ ʢʘʬʝʜʨʦʡ ɹʀ ʠ ʀʊ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʨʫʢʦʚʦʜʠʪ ʢ. ʧ. 

ʥ., ʧʨʦʬʝʩʩʦʨ, ʏʫʩʘʚʠʪʠʥʘ ɻʘʣʠʥʘ ʅʠʢʦʣʘʝʚʥʘ. ʉʝʛʦʜʥʷ ʢʘʬʝʜʨʘ ɹʀ ʠ ʀʊ ʛʦʪʦʚʠʪ ʩʧʝʮʠʘʣʠ-

ʩʪʦʚ ʧʦ ʥʘʧʨʘʚʣʝʥʠʷʤ çʇʨʠʢʣʘʜʥʘʷ ʠʥʬʦʨʤʘʪʠʢʘè, çɹʠʟʥʝʩ-ʠʥʬʦʨʤʘʪʠʢʘè, çʇʝʜʘʛʦʛʠʯʝʩʢʦʝ 

ʦʙʨʘʟʦʚʘʥʠʝè. ʇʦ ʚʩʝʤ ʥʘʧʨʘʚʣʝʥʠʷʤ ʨʝʘʣʠʟʫʝʪʩʷ ʢʘʢ ʙʘʢʘʣʘʚʨʠʘʪ, ʪʘʢ ʠ ʤʘʛʠʩʪʨʘʪʫʨʘ. ʇʨʦ-

ʬʝʩʩʦʨʩʢʦ-ʧʨʝʧʦʜʘʚʘʪʝʣʴʩʢʠʡ ʩʦʩʪʘʚ ʢʘʬʝʜʨʳ ɹʀ ʠ ʀʊ ʦʪʣʠʯʘʝʪʩʷ ʚʳʩʦʢʠʤ ʫʨʦʚʥʝʤ ʧʨʦ-

ʬʝʩʩʠʦʥʘʣʠʟʤʘ, ʩʦʪʨʫʜʥʠʢʠ ʢʘʬʝʜʨʳ ʚʝʜʫʪ ʘʢʪʠʚʥʫʶ ʫʯʝʙʥʦ-ʤʝʪʦʜʠʯʝʩʢʫʶ ʠ ʥʘʫʯʥʦ-

ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʫʶ ʜʝʷʪʝʣʴʥʦʩʪʴ. ɼʣʷ ʧʨʦʚʝʜʝʥʠʷ ʣʝʢʮʠʦʥʥʳʭ ʠ ʧʨʘʢʪʠʯʝʩʢʠʭ ʟʘʥʷʪʠʡ ʧʦ 

ʠʥʬʦʨʤʘʪʠʢʝ ʠ ʠʥʬʦʨʤʘʮʠʦʥʥʳʤ ʪʝʭʥʦʣʦʛʠʷʤ ʦʙʦʨʫʜʦʚʘʥʳ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʝ ʘʫʜʠʪʦ-

ʨʠʠ, ʢʦʪʦʨʳʝ ʦʩʥʘʱʝʥʳ ʩʦʚʨʝʤʝʥʥʦʡ ʢʦʤʧʴʶʪʝʨʥʦʡ ʪʝʭʥʠʢʦʡ, ʥʝʦʙʭʦʜʠʤʳʤ ʧʝʨʠʬʝʨʠʡʥʳʤ 

ʠ ʤʫʣʴʪʠʤʝʜʠʡʥʳʤ ʦʙʦʨʫʜʦʚʘʥʠʝʤ. ɺ ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʡ ʧʨʦʮʝʩʩ ʘʢʪʠʚʥʦ ʚʥʝʜʨʷʶʪʩʷ ʥʦʚʝʡ-

ʰʠʝ ʥʘʫʯʥʦ-ʤʝʪʦʜʠʯʝʩʢʠʝ ʠ ʪʝʭʥʠʯʝʩʢʠʝ, ʠʥʪʝʨʘʢʪʠʚʥʳʝ ʬʦʨʤʳ ʦʙʫʯʝʥʠʷ, ʵʣʝʢʪʨʦʥʥʳʝ ʦʙ-

ʨʘʟʦʚʘʪʝʣʴʥʳʝ ʨʝʩʫʨʩʳ. 

ɺ ʥʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ ʧʨʝʧʦʜʘʚʘʪʝʣʝʡ ʢʘʬʝʜʨʳ ʤʦʞʥʦ ʚʳʜʝʣʠʪʴ 

ʜʚʘ ʢʨʫʧʥʳʭ ʥʘʧʨʘʚʣʝʥʠʷ: ʠʩʩʣʝʜʦʚʘʥʠʷ ʚ ʦʙʣʘʩʪʠ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʩʠʩʪʝʤ ʠ ʪʝʭʥʦʣʦʛʠʡ ʚ 

ʮʠʬʨʦʚʦʡ ʵʢʦʥʦʤʠʢʝ [22, 23] ʠ ʠʥʬʦʨʤʘʪʠʟʘʮʠʷ ʦʙʨʘʟʦʚʘʥʠʷ [24, 25]. ɿʥʘʯʠʤʦʩʪʴ ʧʨʦʚʦʜʠ-

ʤʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʨʝʧʦʜʘʚʘʪʝʣʷʤʠ ʢʘʬʝʜʨʳ ʧʦʜʪʚʝʨʞʜʝʥʘ ʛʨʘʥʪʘʤʠ ʈɻʅʌ, ʈʌʌʀ, 

TEMPUS ʠ ʜʨ.; ʚ ʨʘʤʢʘʭ ʧʨʦʛʨʘʤʤʳ ɽʚʨʦʧʝʡʩʢʦʛʦ ʉʦʶʟʘ çʇʨʦʝʢʪʳ ʨʘʟʚʠʪʠʷ ʧʦʪʝʥʮʠʘʣʘ 

(ʚʳʩʰʝʛʦ ʦʙʨʘʟʦʚʘʥʠʷ)è, ʛʣʦʙʘʣʴʥʦʡ ʠʥʠʮʠʘʪʠʚʳ Microsoft YouthSpark ʧʨʠ ʧʦʜʜʝʨʞʢʝ ʢʦʨ-

ʧʦʨʘʮʠʠ Microsoft ʠ ʜʨ. ɺ ʦʙʣʘʩʪʠ ʠʥʬʦʨʤʘʪʠʟʘʮʠʠ ʦʙʨʘʟʦʚʘʥʠʷ ʠ ʤʝʪʦʜʠʢʠ ʦʙʫʯʝʥʠʷ ʀʂʊ-

ʜʠʩʮʠʧʣʠʥʘʤ ʛʨʘʥʪʘʤʠ ʙʳʣʠ ʦʪʤʝʯʝʥʳ ʙʦʣʝʝ 30 ʧʨʦʝʢʪʦʚ, ʚ ʦʙʣʘʩʪʠ ʪʝʭʥʠʯʝʩʢʠʭ ʥʘʫʢ ï ʙʦ-

ʣʝʝ 20. ɺ ʢʘʯʝʩʪʚʝ ʧʨʠʤʝʨʘ ʤʦʞʥʦ ʥʘʟʚʘʪʴ ʧʨʦʝʢʪʳ ʚ ʢʦʪʦʨʳʭ ʘʢʪʠʚʥʦʝ ʫʯʘʩʪʠʝ ʧʨʠʥʠʤʘʣʠ 

ʧʨʝʧʦʜʘʚʘʪʝʣʠ ʢʘʬʝʜʨʳ ʟʘ ʧʦʩʣʝʜʥʠʝ ʧʷʪʴ ʣʝʪ: TEMPUS ENMDA: çʋʣʫʯʰʝʥʠʝ ʈʦʩʩʠʡʩʢʦʛʦ 

ʢʨʝʘʪʠʚʥʦʛʦ ʦʙʨʘʟʦʚʘʥʠʷ: ʥʦʚʘʷ ʤʘʛʠʩʪʝʨʩʢʘʷ ʧʨʦʛʨʘʤʤʘ ʚ ʦʙʣʘʩʪʠ ʎʠʬʨʦʚʦʛʦ ʠʩʢʫʩʩʪʚʘ ʚ 

ʩʦʦʪʚʝʪʩʪʚʠʠ ʩʦ ʩʪʘʥʜʘʨʪʘʤʠ ɽʉè: ʈɻʅʌ; çɸʜʘʧʪʠʚʥʦʝ ʫʧʨʘʚʣʝʥʠʝ ʢʘʯʝʩʪʚʦʤ ʧʨʦʬʝʩʩʠʦ-

ʥʘʣʴʥʦʛʦ ʦʙʨʘʟʦʚʘʥʠʷ ʥʘ ʦʩʥʦʚʝ ʢʦʤʧʝʪʝʥʪʥʦʩʪʥʦʛʦ ʧʦʜʭʦʜʘ (ʥʘ ʧʨʠʤʝʨʝ ʩʬʝʨʳ ʀʊ)è, çʈʘʟ-

ʨʘʙʦʪʢʘ ʠʥʥʦʚʘʮʠʦʥʥʳʭ ʤʝʭʘʥʠʟʤʦʚ ʧʦʚʳʰʝʥʠʷ ʢʦʥʢʫʨʝʥʪʦʩʧʦʩʦʙʥʦʩʪʠ ʚʳʧʫʩʢʥʠʢʦʚ ʀʊ-

ʩʧʝʮʠʘʣʴʥʦʩʪʝʡ ʚʫʟʘ ʚ ʫʩʣʦʚʠʷʭ ʤʦʥʦʧʨʦʤʳʰʣʝʥʥʦʛʦ ʛʦʨʦʜʘè, çʇʦʜʛʦʪʦʚʢʘ ʧʝʜʘʛʦʛʠʯʝʩʢʠʭ 

ʢʘʜʨʦʚ ʢ ʧʨʦʬʠʣʘʢʪʠʢʝ ʠ ʧʨʦʪʠʚʦʜʝʡʩʪʚʠʶ ʠʜʝʦʣʦʛʠʠ ʢʠʙʝʨʵʢʩʪʨʝʤʠʟʤʘ ʩʨʝʜʠ ʤʦʣʦʜʝʞʠè ʠ 

ʜʨ. ɹʦʣʴʰʦʡ ʦʧʳʪ ʫ ʢʘʬʝʜʨʳ ʚ ʦʨʛʘʥʠʟʘʮʠʠ ʠ ʧʨʦʚʝʜʝʥʠʠ ʤʦʣʦʜʝʞʥʳʭ ʢʦʥʬʝʨʝʥʮʠʡ ʩ ʵʣʝ-

ʤʝʥʪʘʤʠ ʥʘʫʯʥʦʡ ʰʢʦʣʳ.  

ʆʩʦʙʦʝ ʚʥʠʤʘʥʠʝ ʥʘ ʢʘʬʝʜʨʝ ʫʜʝʣʷʝʪʩʷ ʨʘʙʦʪʝ ʩʦ ʩʪʫʜʝʥʪʘʤʠ, ʢʦʪʦʨʳʝ ʧʨʠʥʠʤʘʶʪ ʘʢ-

ʪʠʚʥʦʝ ʫʯʘʩʪʠʝ, ʢʘʢ ʚ ʥʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ, ʪʘʢ ʠ ʚ ʤʥʦʛʦʯʠʩʣʝʥʥʳʭ ʤʝ-

ʨʦʧʨʠʷʪʠʷʭ ʚʫʟʘ, ʦʣʠʤʧʠʘʜʘʭ, ʢʦʥʢʫʨʩʘʭ, ʪʚʦʨʯʝʩʢʠʭ ʧʨʦʝʢʪʘʭ, ʠʛʨʘʭ. ʉʪʫʜʝʥʪʳ, ʤʦʣʦʜʳʝ 

ʫʯʝʥʳʝ ʧʦʜ ʨʫʢʦʚʦʜʩʪʚʦʤ ʧʨʝʧʦʜʘʚʘʪʝʣʝʡ ʢʘʬʝʜʨʳ ʧʨʠʥʠʤʘʶʪ ʘʢʪʠʚʥʦʝ ʫʯʘʩʪʚʫʶʪ ʚ ʤʝʞ-

ʜʫʥʘʨʦʜʥʳʭ ʩʪʫʜʝʥʯʝʩʢʠʭ ʩʦʨʝʚʥʦʚʘʥʠʷʭ ʚ ʦʙʣʘʩʪʠ ʀʊ, ʟʘʥʠʤʘʶʪ ʧʨʠʟʦʚʳʝ ʤʝʩʪʘ ʚʦ ɺʩʝ-

ʨʦʩʩʠʡʩʢʠʭ ʦʣʠʤʧʠʘʜʘʭ, ʚʳʠʛʨʳʚʘʶʪ ʛʨʘʥʪʳ ʥʘ ʥʘʫʯʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʠ ʧʨʦʭʦʜʷʪ ʩʪʘʞʠ-

ʨʦʚʢʠ ʚ ʚʝʜʫʱʠʭ ʀʊ-ʢʦʤʧʘʥʠʷʭ.  

ɺʳʧʫʩʢʥʠʢʠ ʢʘʬʝʜʨʳ, ʧʦ ʥʘʧʨʘʚʣʝʥʠʷʤ çʇʨʠʢʣʘʜʥʘʷ ʠʥʬʦʨʤʘʪʠʢʠè, çɹʠʟʥʝʩ ʠʥʬʦʨ-

ʤʘʪʠʢʘè, ʦʙʣʘʜʘʶʱʠʝ ʛʣʫʙʦʢʠʤʠ ʟʥʘʥʠʷʤʠ ʠ ʧʨʘʢʪʠʯʝʩʢʠʤʠ ʥʘʚʳʢʘʤʠ ʢʘʢ ʚ ʦʙʣʘʩʪʠ ʙʠʟʥʝ-

ʩʘ, ʪʘʢ ʠ ʚ ʦʙʣʘʩʪʠ ʥʦʚʳʭ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ, ʫʩʧʝʰʥʦ ʨʝʘʣʠʟʫʶʪ ʤʘʩʰʪʘʙʥʳʝ 

ʀʊ-ʧʨʦʝʢʪʳ, ʦʩʫʱʝʩʪʚʣʷʶʪ ʧʨʦʝʢʪʠʨʦʚʘʥʠʝ, ʨʘʟʨʘʙʦʪʢʫ, ʚʥʝʜʨʝʥʠʝ ʠ ʩʦʧʨʦʚʦʞʜʝʥʠʝ, ʤʦ-

ʜʝʨʥʠʟʘʮʠʶ ʠ ʨʘʟʚʠʪʠʝ ʩʫʱʝʩʪʚʫʶʱʠʭ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʩʠʩʪʝʤ ʚ ʵʢʦʥʦʤʠʢʝ ʠ ʫʧʨʘʚʣʝʥʠʠ. 

ɺʳʧʫʩʢʥʠʢʠ ʚʦʩʪʨʝʙʦʚʘʥʳ ʚ ʦʨʛʘʥʠʟʘʮʠʷʭ ʢʨʫʧʥʦʛʦ ʠ ʤʘʣʦʛʦ ʙʠʟʥʝʩʘ ʚ ʨʘʟʣʠʯʥʳʭ ʦʪʨʘʩʣʷʭ 

ʮʠʬʨʦʚʦʡ ʵʢʦʥʦʤʠʢʠ: ʚ ʚʝʜʫʱʠʭ ʀʊ-ʢʦʤʧʘʥʠʷʭ, ʥʘ ʧʨʦʤʳʰʣʝʥʥʳʭ ʧʨʝʜʧʨʠʷʪʠʷʭ, ʚ ʛʦʩʫ-

ʜʘʨʩʪʚʝʥʥʳʭ ʩʪʨʫʢʪʫʨʘʭ, ʚ ʙʘʥʢʘʭ, ʩʪʨʘʭʦʚʳʭ, ʧʨʦʝʢʪʥʳʭ ʠ ʢʦʥʩʘʣʪʠʥʛʦʚʳʭ ʢʦʤʧʘʥʠʷʭ ʠ 

ʜʨʫʛʠʭ ʦʨʛʘʥʠʟʘʮʠʷʭ.  

ʂʘʬʝʜʨʘ ʧʦʜʛʦʪʦʚʠʣʘ ʙʦʣʝʝ ʪʳʩʷʯʠ ʧʨʝʧʦʜʘʚʘʪʝʣʝʡ ʠʥʬʦʨʤʘʪʠʢʠ ʥʝ ʪʦʣʴʢʦ ʜʣʷ ʄʘʛ-

ʥʠʪʦʛʦʨʩʢʘ ʠ ʏʝʣʷʙʠʥʩʢʦʡ ʦʙʣʘʩʪʠ, ʥʦ ʠ ʜʣʷ ʨʘʟʥʳʭ ʛʦʨʦʜʦʚ ʩʪʨʘʥʳ ʠ ʤʠʨʘ. ɺʳʧʫʩʢʥʠʢʠ, 

ʚʣʘʜʝʶʱʠʝ ʩʦʚʨʝʤʝʥʥʳʤʠ ʀʂʊ ʠ ʧʝʜʘʛʦʛʠʯʝʩʢʠʤʠ ʪʝʭʥʦʣʦʛʠʷʤʠ, ʩʝʛʦʜʥʷ ʰʠʨʦʢʦ ʚʦʩʪʨʝ-



ɺʩʪʫʧʠʪʝʣʴʥʦʝ ʩʣʦʚʦ 

8  ʄʘʪʝʤʘʪʠʯʝʩʢʦʝ ʠ ʧʨʦʛʨʘʤʤʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ ʚ ʧʨʦʤʳʰʣʝʥʥʦʡ ʠ ʩʦʮʠʘʣʴʥʦʡ ʩʬʝʨʘʭ. 2019. ʊ.7. ˉ1 

ʙʦʚʘʥʳ ʥʘ ʨʳʥʢʝ ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʭ ʫʩʣʫʛ, ʚ ʩʬʝʨʝ ʦʨʛʘʥʠʟʘʮʠʠ ʦʪʜʳʭʘ ʠ ʨʘʟʚʣʝʯʝʥʠʡ, ʨʘʟʨʘ-

ʙʦʪʢʝ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ: ʚ ʰʢʦʣʘʭ, ʚʫʟʘʭ, ʫʯʨʝʞʜʝʥʠʷʭ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʦʛʦ ʠ ʜʦ-

ʧʦʣʥʠʪʝʣʴʥʦʛʦ ʦʙʨʘʟʦʚʘʥʠʷ, ʚ ʨʝʩʫʨʩʥʳʭ ʮʝʥʪʨʘʭ, ʚ ʢʦʨʧʦʨʘʪʠʚʥʦʤ ʧʦʚʳʰʝʥʠʠ ʢʚʘʣʠʬʠʢʘ-

ʮʠʠ, ʚ ʀʊ-ʢʦʤʧʘʥʠʷʭ, ʫʯʨʝʞʜʝʥʠʷʭ ʢʫʣʴʪʫʨʳ ʠ ʜʨ. 
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HISTORY AND PROSPECTS OF DEVELOPMENT OF THE DIRECTION  AUTOMATED SYSTEMS  

Logunova O.S., Barankova I.I., Andreev S.M., Chusavitina G.N. 

Abstract. In 2019, Nosov Magnitogorsk State Technical University is 85 years old. For the university, this term of life is 

comparable to the life of the city of Magnitogorsk. For 85 years, the university has undergone several transformations 

and at present, several leading directions for educational and scientific activities have been formed. The article provides 

a brief history of the formation of one of the areas of the Institute of Energy and automated systems. The modern direc-

tion of automated systems includes four departments: automated control systems; computing and programming; infor-

matics and information security; business informatics and information technology. Chairs, at present, conduct training 

in undergraduate, specialist, graduate and postgraduate levels. The main scientific school is: the scientific substantiation 

of effective management of objects and processes based on the results of predictive modeling using computer technolo-

gy and modern software. 

Keywords: Automated systems, informatics, programming, computing, information security, business informatics, in-

formation technologies. 
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ʄɸʊɽʄɸʊʀʂɸ 
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ɺɽʂʊʆʈʅʆɽ ʇʈʆʀɿɺɽɼɽʅʀɽ ɼɺʋʍ ɺɽʂʊʆʈʆɺ ɺ ʏɽʊʓʈɽʍʄɽʈʅʆʄ 

ɽɺʂʃʀɼʆɺʆʄ ʇʈʆʉʊʈɸʅʉʊɺɽ ʉ ʋʏɽʊʆʄ ʇʈʀʂʃɸɼʅʓʍ ɸʉʇɽʂʊʆɺ 

ʇʦʧʦʚ ʀ.ʇ. 

ɸʥʥʦʪʘʮʠʷ. ʎʝʣʴʶ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʦʧʨʝʜʝʣʝʥʠʝ ʚʝʢʪʦʨʥʦʛʦ ʧʨʦʠʟʚʝʜʝʥʠʷ ʜʚʫʭ ʚʝʢʪʦʨʦʚ ╬ ╪ȟ ╫  ʚ ʯʝʪʳ-

ʨʝʭʤʝʨʥʦʤ ʝʚʢʣʠʜʦʚʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ. ɺʚʦʜʠʪʩʷ ʧʦʥʷʪʠʝ -ʨʘʩʱʝʧʣʝʥʠʷ ʠ ʩʠʤʤʝʪʨʠʯʥʦʛʦ ά-ʨʘʩʱʝʧʣʝʥʠʷ ʙʘʟʠʩ-

ʥʳʭ ʚʝʢʪʦʨʦʚ, ʧʦʜ ʢʦʪʦʨʳʤʠ ʧʦʥʠʤʘʝʪʩʷ ʪʨʘʥʩʬʦʨʤʘʮʠʷ Ὑ  ʚ Ὑ ɀ  ʧʫʪʝʤ ʟʘʤʝʥʳ ▄ ʥʘ ά ʚʝʢʪʦʨʦʚ 

▄ȟȣȟ▄ȟȣȟ▄ , ʦʨʪʦʛʦʥʘʣʴʥʳʭ ʜʨʫʛ ʜʨʫʛʫ ʠ ʚʩʝʤ ʜʨʫʛʠʤ ʙʘʟʠʩʥʳʤ ʚʝʢʪʦʨʘʤ ʠʩʭʦʜʥʦʛʦ ʙʘʟʠʩʘ. ʈʝʰʘʝʪʩʷ 

ʥʝʢʦʪʦʨʳʤ ʦʙʨʘʟʦʤ ʦʙʨʘʪʥʘʷ ʟʘʜʘʯʘ ï ʧʨʠ ʠʟʚʝʩʪʥʦʤ ʚʝʢʪʦʨʥʦʤ ʧʨʦʠʟʚʝʜʝʥʠʠ ʦʧʨʝʜʝʣʝʥʠʝ ʢʦʦʨʜʠʥʘʪ ʚʩʝʭ 

ʪʨʝʭ ʚʝʢʪʦʨʦʚ ʚ Ὑ. ʋʩʪʘʥʘʚʣʠʚʘʝʪʩʷ ʫʩʣʦʚʠʝ, ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʢʦʪʦʨʳʤ ʚʝʢʪʦʨʥʦʝ ʧʨʦʠʟʚʝʜʝʥʠʝ ╬ ╪ȟ ╫ ʚ 

Ὑ  ʣʝʞʠʪ ʥʘ ʦʜʥʦʡ ʧʨʷʤʦʡ ʩ ʧʨʦʝʢʮʠʝʡ ʩʫʤʤʳ ʙʘʟʠʩʥʳʭ ʦʨʪʦʚ ʥʘ 2-ʧʣʦʩʢʦʩʪʴ, ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʫʶ ʚʝʢʪʦʨʘʤ a ʠ 

╫. ʈʝʟʫʣʴʪʘʪʳ ʨʘʙʦʪʳ ʤʦʛʫʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʧʨʠ ʨʝʰʝʥʠʠ ʤʥʦʛʦʤʝʨʥʳʭ ʟʘʜʘʯ ʬʠʟʠʢʠ ʠ ʪʝʭʥʠʢʠ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʛʨʘʜʠʝʥʪ, ʬʫʥʢʮʠʷ, ʯʘʩʪʥʘʷ ʧʨʦʠʟʚʦʜʥʘʷ, ʠʥʪʝʛʨʘʣ, ʧʝʨʝʤʝʥʥʘʷ. 

ɺʚʝʜʝʥʠʝ 

ɺ ʨʝʣʷʪʠʚʠʩʪʩʢʦʡ ʵʣʝʢʪʨʦʜʠʥʘʤʠʢʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʯʝʪʳʨʝʭʤʝʨʥʦʝ ʧʨʦʩʪʨʘʥʩʪʚʦ 

ʄʠʥʢʦʚʩʢʦʛʦ. ʕʣʝʢʪʨʦʤʘʛʥʠʪʥʘʷ ʚʦʣʥʘ ʚ ʵʪʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ ʪʘʢʞʝ ʠʤʝʝʪ ʜʚʝ ʩʦʩʪʘʚʣʷʶʱʠʝ: 

ʚʝʢʪʦʨ e ʥʘʧʨʷʞʝʥʥʦʩʪʠ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ ʠ ʚʝʢʪʦʨ ▐  ʥʘʧʨʷʞʝʥʥʦʩʪʠ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ 

[1]. ɺʝʢʪʦʨ ʋʤʦʚʘ-ʇʦʡʥʪʠʥʛʘ ◊, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʡ ʜʚʠʞʝʥʠʝ ʵʥʝʨʛʠʠ, ʧʦ ʦʧʨʝʜʝʣʝʥʠʶ ʨʘʚʝʥ 

ʚʝʢʪʦʨʥʦʤʫ ʧʨʦʠʟʚʝʜʝʥʠʶ ◊  ▄ȟ ▐. ʆʜʥʘʢʦ ʜʦ ʩʠʭ ʧʦʨ ʜʣʷ ʝʛʦ ʥʘʭʦʞʜʝʥʠʷ ʧʨʠʭʦʜʠʣʦʩʴ 
ʧʨʠʙʝʛʘʪʴ ʢ ʣʦʨʝʥʮʝʚʦʡ ʢʘʣʠʙʨʦʚʢʝ, ʢʦʪʦʨʘʷ ʩʦʢʨʘʱʘʝʪ ʯʠʩʣʦ ʢʦʤʧʦʥʝʥʪ ʚʝʢʪʦʨʦʚ ▄, ▐ ʠ ◊ 

ʜʦ ʪʨʝʭ, ʥʦ ʚ ʪʦ ʞʝ ʚʨʝʤʷ ʧʦʨʦʞʜʘʝʪ ʥʝʦʜʥʦʟʥʘʯʥʦʩʪʴ ʚ ʦʧʨʝʜʝʣʝʥʠʠ ʚʝʢʪʦʨʦʚ, ʢʦʪʦʨʫʶ ʧʨʠ-

ʭʦʜʠʪʩʷ ʧʨʝʦʜʦʣʝʚʘʪʴ ʧʫʪʝʤ ʚʚʝʜʝʥʠʷ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʫʩʣʦʚʠʡ. ʇʦʣʫʯʝʥʥʳʡ ʚ ʥʘʩʪʦʷʱʝʡ 

ʨʘʙʦʪʝ ʨʝʟʫʣʴʪʘʪ ʧʦʟʚʦʣʷʝʪ ʫʩʪʘʥʘʚʣʠʚʘʪʴ ʚʝʢʪʦʨʥʦʝ ʧʨʦʠʟʚʝʜʝʥʠʝ ◊ ▄ȟ ▐  ʥʝʧʦʩʨʝʜ-

ʩʪʚʝʥʥʦ ʚ Ὑ, ʠʟʙʝʛʘʷ ʥʝʦʜʥʦʟʥʘʯʥʦʩʪʠ ʠ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʫʩʣʦʚʠʡ. 

ʄʥʦʛʦʤʝʨʥʘʷ ʛʝʦʤʝʪʨʠʷ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʰʠʨʦʢʦ ʧʨʠʤʝʥʷʝʪʩʷ ʠ ʚ ʜʨʫʛʠʭ ʨʘʟʜʝʣʘʭ 

ʬʠʟʠʢʠ ʜʣʷ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʫʨʘʚʥʝʥʠʡ ʩ ʥʝʩʢʦʣʴʢʠʤʠ ʥʝʠʟʚʝʩʪʥʳʤʠ, ʬʫʥʢʮʠʡ ʥʝʩʢʦʣʴʢʠʭ ʧʝ-

ʨʝʤʝʥʥʳʭ ʠ ʩʠʩʪʝʤ ʩ ʥʝʩʢʦʣʴʢʠʤʠ ʩʪʝʧʝʥʷʤʠ ʩʚʦʙʦʜʳ, ʘ ʪʘʢʞʝ ʩʦʙʩʪʚʝʥʥʳʭ ʚʝʢʪʦʨʦʚ ʠ ʠʥ-

ʚʘʨʠʘʥʪʥʳʭ ʧʦʜʧʨʦʩʪʨʘʥʩʪʚ ʣʠʥʝʡʥʳʭ ʦʧʝʨʘʪʦʨʦʚ ʚ ʢʚʘʥʪʦʚʦʡ ʤʝʭʘʥʠʢʝ [2ï4]. ʇʦʧʦʣʥʝʥʠʝ 

ʘʨʩʝʥʘʣʘ ʝʝ ʩʨʝʜʩʪʚ ʚʝʢʪʦʨʥʳʤ ʧʨʦʠʟʚʝʜʝʥʠʝʤ ʜʚʫʭ ʚʝʢʪʦʨʦʚ ʩʦʟʜʘʝʪ ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʚʦʟ-

ʤʦʞʥʦʩʪʠ ʜʣʷ ʪʝʦʨʝʪʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ. ʎʝʣʴʶ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʦʧʨʝʜʝʣʝʥʠʝ ʚʝʢʪʦʨʥʦʛʦ 

ʧʨʦʠʟʚʝʜʝʥʠʷ ʜʚʫʭ ʚʝʢʪʦʨʦʚ ╬ ╪ȟ ╫ ʚ ʯʝʪʳʨʝʭʤʝʨʥʦʤ ʝʚʢʣʠʜʦʚʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ. 

ɺ ʠʩʩʣʝʜʦʚʘʥʠʷʭ ʣʠʪʝʨʘʪʫʨʝ ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʫʝʪʩʷ ʩʢʘʣʷʨʥʦʝ ʧʨʦʠʟʚʝʜʝʥʠʝ ʜʚʫʭ ʚʝʢʪʦ-

ʨʦʚ ╬ ╪ȟ ╫ ʚ ʤʥʦʛʦʤʝʨʥʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ. ʆʥʦ ʷʚʣʷʝʪʩʷ ʦʙʦʙʱʝʥʠʝʤ ʩʢʘʣʷʨʥʦʛʦ ʧʨʦʠʟʚʝ-

ʜʝʥʠʷ ʜʣʷ ʜʚʫʭ ʠ ʪʨʝʭʤʝʨʥʦʛʦ ʩʣʫʯʘʝʚ [5ï10]. ʊʘʢʦʝ ʦʙʦʙʱʝʥʠʝ ʥʝ ʧʨʝʜʩʪʘʚʣʷʣʦ ʪʨʫʜʥʦʩʪʠ, 

ʧʦʩʢʦʣʴʢʫ ʨʝʟʫʣʴʪʘʪ ʩʢʘʣʷʨʥʦʛʦ ʧʨʦʠʟʚʝʜʝʥʠʷ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ ʣʶʙʦʡ ʨʘʟʤʝʨʥʦʩʪʠ ʦʜʥʦʟʥʘ-

ʯʝʥ. ʀʥʘʯʝ ʦʙʩʪʦʠʪ ʜʝʣʦ ʩ ʚʝʢʪʦʨʥʳʤ ʧʨʦʠʟʚʝʜʝʥʠʝʤ, ʠ ʙʝʩʢʦʥʝʯʥʦʩʪʴ ʚʦʟʤʦʞʥʳʭ ʨʝʰʝʥʠʡ 

ʷʚʣʷʝʪʩʷ ʦʩʥʦʚʥʦʡ ʪʨʫʜʥʦʩʪʴʶ ʧʨʠ ʦʙʦʙʱʝʥʠʠ ʝʛʦ ʥʘ ʤʥʦʛʦʤʝʨʥʳʡ ὲ  σ ʩʣʫʯʘʡ. ɿʘʜʘʯʘ, 

ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʩʦʩʪʦʠʪ ʚ ʨʘʟʨʝʰʝʥʠʠ ʵʪʦʡ ʪʨʫʜʥʦʩʪʠ. 

ʄʝʪʦʜ ʠʩʩʣʝʜʦʚʘʥʠʡ 

ʀʩʧʦʣʴʟʫʶʪʩʷ ʤʝʪʦʜʳ ʤʘʪʨʠʯʥʦʡ ʘʣʛʝʙʨʳ, ʚ ʪʦʤ ʯʠʩʣʝ ʧʦʚʦʨʦʪʳ ʢʦʦʨʜʠʥʘʪʥʳʭ 2-

ʧʣʦʩʢʦʩʪʝʡ. ɺʚʦʜʠʪʩʷ ʧʦʥʷʪʠʝ -ʨʘʩʱʝʧʣʝʥʠʷ ʠ ʩʠʤʤʝʪʨʠʯʥʦʛʦ ά-ʨʘʩʱʝʧʣʝʥʠʷ ʙʘʟʠʩʥʳʭ 

ʚʝʢʪʦʨʦʚ, ʧʦʜ ʢʦʪʦʨʳʤʠ ʧʦʥʠʤʘʝʪʩʷ ʪʨʘʥʩʬʦʨʤʘʮʠʷ Ὑ  ʚ Ὑ ɀ  ʧʫʪʝʤ ʟʘʤʝʥʳ ▄ ʥʘ ά ʚʝʢ-

ʪʦʨʦʚ ▄ȟȣȟ▄ȟȣȟ▄ , ʦʨʪʦʛʦʥʘʣʴʥʳʭ ʜʨʫʛ ʜʨʫʛʫ ʠ ʚʩʝʤ ʜʨʫʛʠʤ ʙʘʟʠʩʥʳʤ ʚʝʢʪʦʨʘʤ ʠʩʭʦʜ-

ʥʦʛʦ ʙʘʟʠʩʘ. 

 

ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʡ 
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ɼʘʣʝʝ ʧʨʠʤʝʥʷʶʪʩʷ ʦʨʪʦʥʦʨʤʠʨʦʚʘʥʥʳʝ ʙʘʟʠʩʳ. 

Th 1 (ʩʫʱʝʩʪʚʦʚʘʥʠʷ). ɼʣʷ ʜʚʫʭ ʣʠʥʝʡʥʦ ʥʝʟʘʚʠʩʠʤʳʭ ʚʝʢʪʦʨʦʚ ╪ ʠ ╫ ʚ Ὑ  ʩʫʱʝʩʪʚʫʝʪ ʠʭ 

ʚʝʢʪʦʨʥʦʝ ʧʨʦʠʟʚʝʜʝʥʠʝ ╬ ╪ȟ ╫Ȣ 
ɼʦʢʘʟʘʪʝʣʴʩʪʚʦ  

ʊʨʠ ʣʠʥʝʡʥʦ ʥʝʟʘʚʠʩʠʤʳʭ ʚʝʢʪʦʨʘ ╪, ╫ ʠ ▌ ʠʤʝʶʪ ʠʥʚʘʨʠʘʥʪʥʦʝ ʦʧʠʩʘʥʠʝ, ʚʢʣʶʯʘʶ-

ʱʝʝ ʚ ʩʝʙʷ ʜʣʠʥʳ ʚʝʢʪʦʨʦʚ, ʫʛʣʳ ʤʝʞʜʫ ʥʠʤʠ ʠ ʠʭ ʚʟʘʠʤʥʫʶ ʦʨʠʝʥʪʘʮʠʶ. ɼʣʷ ʢʘʞʜʦʛʦ ʠʟ 

ʵʪʠʭ ʪʨʝʭ ʚʝʢʪʦʨʦʚ ʦʜʥʦʟʥʘʯʥʦ ʦʧʨʝʜʝʣʝʥʘ ʠʭ ʧʨʦʝʢʮʠʷ ʥʘ ʣʶʙʦʡ ʜʨʫʛʦʡ ʚʝʢʪʦʨ. ɼʨʫʛʠʤʠ 

ʩʣʦʚʘʤʠ, ʦʧʨʝʜʝʣʝʥʳ ʠʭ ʧʦʧʘʨʥʳʝ ʩʢʘʣʷʨʥʳʝ ʧʨʦʠʟʚʝʜʝʥʠʷ.  

ɺ ʵʪʦʡ ʩʚʷʟʠ ʚʝʢʪʦʨʳ ╪, ╫ ʠ ▌ ʠʤʝʶʪ ʦʜʥʦʟʥʘʯʥʦʝ ʢʦʦʨʜʠʥʘʪʥʦʝ ʦʧʠʩʘʥʠʝ ʚ ʙʘʟʠʩʘʭ 

ʣʶʙʦʡ ʨʘʟʤʝʨʥʦʩʪʠ, ʥʘʯʠʥʘʷ ʩ σ (ʧʘʩʩʠʚʥʘʷ ʪʦʯʢʘ ʟʨʝʥʠʷ (alias)). ʇʨʠ ʢʦʦʨʜʠʥʘʪʥʦʤ ʦʧʠʩʘ-

ʥʠʠ ʦʥʠ ʩʦʭʨʘʥʷʶʪ ʨʘʟʤʝʨʳ, ʫʛʣʳ ʤʝʞʜʫ ʥʠʤʠ ʠ ʚʟʘʠʤʥʫʶ ʦʨʠʝʥʪʘʮʠʶ, ʧʦʩʢʦʣʴʢʫ ʚ ʙʘʟʠʩʝ 

ʣʶʙʦʡ ʨʘʟʤʝʨʥʦʩʪʠ ʠʭ ʧʦʧʘʨʥʳʝ ʩʢʘʣʷʨʥʳʝ ʧʨʦʠʟʚʝʜʝʥʠʷ ʦʩʪʘʶʪʩʷ ʥʝʠʟʤʝʥʥʳʤʠ. ɼʨʫʛʠʤʠ 

ʩʣʦʚʘʤʠ, ʢʦʦʨʜʠʥʘʪʥʦʝ ʦʧʠʩʘʥʠʝ ʪʦʡ ʠʣʠ ʠʥʦʡ ʨʘʟʤʝʨʥʦʩʪʠ ʧʨʠ ʧʘʩʩʠʚʥʦʡ ʪʦʯʢʝ ʟʨʝʥʠʷ ʥʝ 

ʤʝʥʷʝʪ ʩʫʱʥʦʩʪʴ ʚʝʢʪʦʨʦʚ ʠ ʠʭ ʦʪʥʦʰʝʥʠʡ ʜʨʫʛ ʢ ʜʨʫʛʫ. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʝʩʣʠ ʚ ʢʘʯʝʩʪʚʝ ʚʝʢ-

ʪʦʨʘ ▌ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʚʝʢʪʦʨ ╬, ʷʚʣʷʶʱʠʡʩʷ ʧʨʠ ʠʥʚʘʨʠʘʥʪʥʦʤ ʦʧʠʩʘʥʠʠ ʚʝʢʪʦʨʥʳʤ ʧʨʦʠʟ-

ʚʝʜʝʥʠʝʤ ʚʝʢʪʦʨʦʚ ╪ ʠ ╫, ʪʦ ʝʛʦ ʩʫʱʥʦʩʪʴ ʚ ʵʪʦʤ ʢʘʯʝʩʪʚʝ ʥʝ ʠʟʤʝʥʠʪʩʷ ʧʨʠ ʢʦʦʨʜʠʥʘʪʥʦʤ 

ʦʧʠʩʘʥʠʠ ʚ Ὑ . ƴ 

ʈʘʩʱʝʧʣʝʥʠʝ ʙʘʟʠʩʥʳʭ ʚʝʢʪʦʨʦʚ 

Df 1. m-ʨʘʩʱʝʧʣʝʥʠʝʤ ʙʘʟʠʩʥʦʛʦ ʚʝʢʪʦʨʘ ▄ ʷʚʣʷʝʪʩʷ ʪʨʘʥʩʬʦʨʤʘʮʠʷ Ὑ  ʚ Ὑ  ʧʫ-

ʪʝʤ ʟʘʤʝʥʳ ▄ ʥʘ ά ʚʝʢʪʦʨʦʚ ▄ȟȣȟ▄ȟȣȟ▄ , ʦʨʪʦʛʦʥʘʣʴʥʳʭ ʜʨʫʛ ʜʨʫʛʫ ʠ ʚʩʝʤ ʜʨʫʛʠʤ ʙʘ-

ʟʠʩʥʳʤ ʚʝʢʪʦʨʘʤ ʠʩʭʦʜʥʦʛʦ ʙʘʟʠʩʘ, ʧʨʠ ʵʪʦʤ 

▄ ὯὩȟ

 
ʛʜʝ Ὧ  ï ʥʘʧʨʘʚʣʷʶʱʠʝ ʢʦʩʠʥʫʩʳ ▄ ʚ ʙʘʟʠʩʝ ▄ȟȣȟ▄ȟȣȟ▄ . 

ɺʳʙʦʨ ʥʘʧʨʘʚʣʷʶʱʠʭ ʢʦʩʠʥʫʩʦʚ Ὧ  ʤʦʞʝʪ ʙʳʪʴ ʩʦʧʨʷʞʝʥ ʩ ʧʨʦʠʟʚʦʣʦʤ. ʇʨʦʠʟʚʦʣ 

ʤʠʥʠʤʠʟʠʨʫʝʪʩʷ ʧʨʠ ʩʠʤʤʝʪʨʠʯʥʦʤ ά -ʨʘʩʱʝʧʣʝʥʠʠ. 

Df 2. ʉʠʤʤʝʪʨʠʯʥʦʝ -ʨʘʩʱʝʧʣʝʥʠʝ ʙʘʟʠʩʥʦʛʦ ʚʝʢʪʦʨʘ ï ʵʪʦ ά-ʨʘʩʱʝʧʣʝʥʠʝ, ʧʨʠ ʢʦʪʦ-

ʨʦʤ 

 
Ὦᶅɴ ρȟά Ὧ

Ѝά

ά
Ȣ 

ʇʨʝʜʩʪʘʚʣʝʥʠʝ ʚʝʢʪʦʨʥʦʛʦ ʧʨʦʠʟʚʝʜʝʥʠʷ ʜʚʫʭ ʚʝʢʪʦʨʦʚ ʚ ╡▪ 

Th 2. ɺʝʢʪʦʨʥʦʝ ʧʨʦʠʟʚʝʜʝʥʠʝ ╬ ╪ȟ ╫ ʤʦʞʝʪ ʙʳʪʴ ʧʨʝʜʩʪʘʚʣʝʥʦ ʚ Ὑ .  

ɼʦʢʘʟʘʪʝʣʴʩʪʚʦ: 

ʇʫʩʪʴ ʚ Ὑ  ʠʤʝʶʪʩʷ ʜʚʘ ʣʠʥʝʡʥʦ ʥʝʟʘʚʠʩʠʤʳʭ ʚʝʢʪʦʨʘ ╪ ʠ ╫. ʀʭ ʢʦʦʨʜʠʥʘʪʳ ʨʘʚʥʳ 

╪
ὥ
ὥ
π

 ʠ ╫
ὦ
ὦ
π

Ȣ 

ɼʣʷ ʚʝʢʪʦʨʦʚ ╪ ʠ ╫ ʚ Ὑ  ʦʧʨʝʜʝʣʝʥʦ ʚʝʢʪʦʨʥʦʝ ʧʨʦʠʟʚʝʜʝʥʠʝ ╬ ╪ȟ ╫. 

ɽʛʦ ʢʦʦʨʜʠʥʘʪʳ ʨʘʚʥʳ 

╬
π
π
ὧ
Ȣ 

ɹʘʟʠʩʥʳʡ ʚʝʢʪʦʨ ▄ ʧʦʜʚʝʨʛʘʝʪʩʷ ʩʠʤʤʝʪʨʠʯʥʦʤʫ ὲ ɀ ς-ʨʘʩʱʝʧʣʝʥʠʶ. ɺ ʦʙʨʘʟʦʚʘʚ-

ʰʝʤʩʷ Ὑ  (ʚ ʙʘʟʠʩʝ ▄ᴂȟȣȟ▄ᴂȟȣȟ▄ᴂ) ʠʤʝʶʪ ʤʝʩʪʦ ʚʩʝ ʪʨʠ ʚʝʢʪʦʨʘ (ʧʘʩʩʠʚʥʘʷ ʪʦʯʢʘ ʟʨʝʥʠʷ), 

ʢʦʦʨʜʠʥʘʪʳ ʢʦʪʦʨʳʭ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʨʘʚʥʳ 

╪

ở

Ở
ờ

ὥᴂ

ὥᴂ
π
ể
πỢ

ỡ
Ỡ
Ƞ╫

ở

Ở
ờ

ὦᴂ

ὦᴂ
π
ể
πỢ

ỡ
Ỡ
Ƞ╬

ở

Ở
ờ

π
π

ὧᴂ
ể
ὧᴂỢ

ỡ
Ỡ
ȟ (1) 

ʛʜʝ 
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Ὥᶅɴ σȟὲ ὧᴂ
Ѝὲ ς

ὲ ς
ὧȢ 

ʇʨʦʠʟʚʦʣʴʥʘʷ ʢʚʘʜʨʘʪʥʘʷ ʤʘʪʨʠʮʘ ʦʪʦʙʨʘʞʝʥʠʷ Ὕ ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʠʪʴ ʢʦʦʨʜʠʥʘʪʳ ʚʩʝʭ 

ʪʨʝʭ ʚʝʢʪʦʨʦʚ ʚ ʜʨʫʛʦʤ ʙʘʟʠʩʝ ʵʪʦʡ ʞʝ ʨʘʟʤʝʨʥʦʩʪʠ ▄ᴂᴂȟȣȟ▄ᴂᴂȟȣȟ▄ᴂᴂ: 

╪ ὝϽ╪
ὥᴂᴂ
ể
ὥᴂᴂ

Ƞ╫ ὝϽ╫
ὦᴂ
ể
ὦᴂᴂ

Ƞ╬ ὝϽ╬
ὧᴂᴂ
ể
ὧᴂᴂ

Ȣ (2) 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚ ʧʨʦʠʟʚʦʣʴʥʦʤ ʙʘʟʠʩʝ ▄ᴂᴂȟȣȟ▄ᴂᴂȟȣȟ▄ᴂᴂ ʜʣʷ ʜʚʫʭ ʚʝʢʪʦʨʦʚ ╪ ʠ ╫ ʠʤʝ-

ʝʪ ʤʝʩʪʦ ʠʭ ʚʝʢʪʦʨʥʦʝ ʧʨʦʠʟʚʝʜʝʥʠʝ ╬ ╪ȟ ╫ ʩ ʢʦʦʨʜʠʥʘʪʘʤʠ (2). ƴ 

ʊʝʤ ʩʘʤʳʤ ʨʝʰʝʥʘ ʥʝʢʦʪʦʨʳʤ ʦʙʨʘʟʦʤ ʦʙʨʘʪʥʘʷ ʟʘʜʘʯʘ ï ʧʨʠ ʠʟʚʝʩʪʥʦʤ ʚʝʢʪʦʨʥʦʤ 

ʧʨʦʠʟʚʝʜʝʥʠʠ ʦʧʨʝʜʝʣʝʥʠʝ ʢʦʦʨʜʠʥʘʪ ʚʩʝʭ ʪʨʝʭ ʚʝʢʪʦʨʦʚ ʚ Ὑ . 

Ex 1. ɺ Ὑ  ʢʦʦʨʜʠʥʘʪʳ ʚʝʢʪʦʨʦʚ ╪ ʠ ╫ ʨʘʚʥʳ   

╪
ς
σ
π
 ̉ ╫

π
υ
π
Ȣ  

ʅʘʡʪʠ: ╬ ╪ȟ ╫Ȣ 

ʂʦʦʨʜʠʥʘʪʳ ʚʝʢʪʦʨʥʦʛʦ ʧʨʦʠʟʚʝʜʝʥʠʷ ╬ ╪ȟ ╫ ʨʘʚʥʳ 

╬
π
π
ρπ
Ȣ 

ɹʘʟʠʩʥʳʡ ʚʝʢʪʦʨ ▄ ʧʦʜʚʝʨʛʘʝʪʩʷ ʩʠʤʤʝʪʨʠʯʥʦʤʫ 2-ʨʘʩʱʝʧʣʝʥʠʶ. ɺ ʦʙʨʘʟʦʚʘʚʰʝʤʩʷ 

Ὑ  ʢʦʦʨʜʠʥʘʪʳ ʚʝʢʪʦʨʦʚ ʨʘʚʥʳ 

╪

ς
σ
π
π

Ƞ╫

π
υ
π
π

Ƞ╬

π
π
χȟπχρ
χȟπχρ

Ȣ 

ʇʨʦʠʟʚʦʣʴʥʘʷ ʢʚʘʜʨʘʪʥʘʷ ʤʘʪʨʠʮʘ ʦʪʦʙʨʘʞʝʥʠʷ  

Ὕ

πȟτωχ πȟφςψ πȟςψχ πȟυςχ
πȟτχ πȟςς πȟψρτπȟςφς
πȟρχρπȟφπτ πȟςωφ πȟχς
πȟχπω πȟτσω πȟτρ πȟσφω

 

ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʠʪʴ ʢʦʦʨʜʠʥʘʪʳ ʚʩʝʭ ʪʨʝʭ ʚʝʢʪʦʨʦʚ ʚ ʜʨʫʛʦʤ ʙʘʟʠʩʝ ʵʪʦʡ ʞʝ ʨʘʟʤʝʨʥʦ-

ʩʪʠ 

╪ ὝϽ╪

ςȟψχφ
ρȟυωω
ρȟτχ
πȟρπρ

Ƞ╫ ὝϽ╫

σȟρσψ
ρȟπωω
σȟπς
ςȟρωχ

Ƞ╬ ὝϽ╬

ρȟφωυ
σȟωπς
χȟρψτ
υȟυπσ

Ȣ 

ʆʨʠʝʥʪʘʮʠʷ ʚʝʢʪʦʨʥʦʛʦ ʧʨʦʠʟʚʝʜʝʥʠʷ  

ɺ Ὑ  ʚʝʢʪʦʨ ╬ ╪ȟ ╫ ʣʝʞʠʪ ʥʘ ʣʠʥʠʠ ʧʝʨʝʩʝʯʝʥʠʷ ʧʣʦʩʢʦʩʪʝʡ, ʥʦʨʤʘʣʷʤʠ ʢʦʪʦʨʳʭ 

ʷʚʣʷʶʪʩʷ ʚʝʢʪʦʨʳ ╪ ʠ ╫ ʠʣʠ ʚ ʪʝʨʤʠʥʘʭ ʤʥʦʛʦʤʝʨʥʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ ï ʚ 1-ʧʣʦʩʢʦʩʪʠ, ʦʙʨʘʟʦ-

ʚʘʥʥʦʡ ʧʝʨʝʩʝʯʝʥʠʝʤ ʜʚʫʭ 2-ʧʣʦʩʢʦʩʪʝʡ. ɺ ʵʪʦʡ 1-ʧʣʦʩʢʦʩʪʠ ʤʦʞʥʦ ʧʦʩʪʨʦʠʪʴ ʜʚʘ ʧʨʦʪʠʚʦ-

ʧʦʣʦʞʥʦ ʥʘʧʨʘʚʣʝʥʥʳʭ ʚʝʢʪʦʨʘ, ʚʝʣʠʯʠʥʘ ʢʦʪʦʨʳʭ ʨʘʚʥʘ ʤʦʜʫʣʶ ʚʝʢʪʦʨʥʦʛʦ ʧʨʦʠʟʚʝʜʝʥʠʷ, 

ʠ ʦʨʪʦʛʦʥʘʣʴʥʳʭ ʚʝʢʪʦʨʘʤ ╪ ʠ ╫. ʌʦʨʤʘʣʴʥʦ ʢʦʥʮʳ ʵʪʠʭ ʚʝʢʪʦʨʦʚ ʦʙʨʘʟʫʶʪ ʚ 1-ʧʣʦʩʢʦʩʪʠ 0-

ʩʬʝʨʫ. 

ɺ Ὑ  ʚʝʢʪʦʨʳ ╪ ʠ ╫ ʩʣʫʞʘʪ ʥʦʨʤʘʣʷʤʠ ʜʚʫʤ 3-ʧʣʦʩʢʦʩʪʷʤ, ʧʝʨʝʩʝʯʝʥʠʝʤ ʢʦʪʦʨʳʭ ʷʚʣʷ-

ʝʪʩʷ 2-ʧʣʦʩʢʦʩʪʴ, ʚʩʝ ʚʝʢʪʦʨʳ ʢʦʪʦʨʦʡ ʦʨʪʦʛʦʥʘʣʴʥʳ ʚʝʢʪʦʨʘʤ ╪ ʠ ╫. ʂʦʥʮʳ ʚʝʢʪʦʨʦʚ, ʚʝʣʠ-

ʯʠʥʘ ʢʦʪʦʨʳʭ ʨʘʚʥʘ ʤʦʜʫʣʶ ʚʝʢʪʦʨʥʦʛʦ ʧʨʦʠʟʚʝʜʝʥʠʷ, ʦʙʨʘʟʫʶʪ ʚ ʵʪʦʡ 2-ʧʣʦʩʢʦʩʪʠ 1-ʩʬʝʨʫ 

(ʦʢʨʫʞʥʦʩʪʴ). 

ʀ ʚ Ὑ  ʠ ʚ Ὑ  ʠʤʝʝʪ ʤʝʩʪʦ ʥʝʦʜʥʦʟʥʘʯʥʦʩʪʴ ʧʨʠ ʚʳʙʦʨʝ ʥʘʧʨʘʚʣʝʥʠʷ ʚʝʢʪʦʨʥʦʛʦ ʧʨʦʠʟ-

ʚʝʜʝʥʠʷ ʜʚʫʭ ʚʝʢʪʦʨʦʚ. ɺ Ὑ  ʧʨʠʭʦʜʠʪʩʷ ʚʳʙʠʨʘʪʴ ʠʟ ʚʝʢʪʦʨʦʚ, ʦʛʨʘʥʠʯʝʥʥʳʭ 0-ʩʬʝʨʦʡ, ʚ Ὑ  

ï ʠʟ ʚʝʢʪʦʨʦʚ, ʦʛʨʘʥʠʯʝʥʥʳʭ 1-ʩʬʝʨʦʡ (ʦʢʨʫʞʥʦʩʪʴ)ʁ. 

ɺ Ὑ  ʥʝʦʜʥʦʟʥʘʯʥʦʩʪʴ ʧʨʝʦʜʦʣʝʚʘʝʪʩʷ ʧʦʩʪʫʣʠʨʦʚʘʥʠʝʤ ï ʚ ʢʘʯʝʩʪʚʝ ʥʘʧʨʘʚʣʝʥʠʷ c 

ʚʳʙʠʨʘʝʪʩʷ ʚʝʢʪʦʨ ʧʨʘʚʳʡ ʦʪʥʦʩʠʪʝʣʴʥʦ ╪ ʠ ╫. 

ʅʝʦʜʥʦʟʥʘʯʥʦʩʪʴ ʚ Ὑ  ʤʦʞʝʪ ʙʳʪʴ ʧʨʝʦʜʦʣʝʥʘ ʪʘʢʞʝ ʢʘʢ ʠ ʚ Ὑ  ï ʚʳʙʦʨʦʤ ʦʜʥʦʛʦ 

ʥʘʠʙʦʣʝʝ ʧʦʜʭʦʜʷʱʝʛʦ ʚʘʨʠʘʥʪʘ. 
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ʇʦ ʘʥʘʣʦʛʠʠ ʩ ʚʟʘʠʤʥʳʤ ʨʘʩʧʦʣʦʞʝʥʠʝʤ ʚʝʢʪʦʨʘ ╬ ʠ ʚʝʢʪʦʨʘ, ʷʚʣʷʶʱʝʛʦʩʷ ʩʫʤʤʦʡ ʙʘ-

ʟʠʩʥʳʭ ʦʨʪʦʚ, ʠʤʝʶʱʝʤ ʤʝʩʪʦ ʜʣʷ ʯʘʩʪʥʦʛʦ ʩʣʫʯʘʷ (1), ʜʣʷ ʧʨʦʠʟʚʦʣʴʥʦʛʦ ʙʘʟʠʩʘ ʤʦʞʥʦ 

ʧʨʠʥʷʪʴ ʩʣʝʜʫʶʱʝʝ ʫʩʣʦʚʠʝ. 

Cond 1. ɺʝʢʪʦʨʥʦʝ ʧʨʦʠʟʚʝʜʝʥʠʝ ╬ ╪ȟ ╫ ʚ Ὑ  ʣʝʞʠʪ ʥʘ ʦʜʥʦʡ ʧʨʷʤʦʡ ʩ ʧʨʦʝʢʮʠʝʡ 

ʩʫʤʤʳ ʙʘʟʠʩʥʳʭ ʦʨʪʦʚ ʥʘ 2-ʧʣʦʩʢʦʩʪʴ, ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʫʶ ʚʝʢʪʦʨʘʤ ╪ ʠ ╫. 

ɺʝʢʪʦʨʥʦʝ ʧʨʦʠʟʚʝʜʝʥʠʝ ʚ Ὑ  ʬʦʨʤʘʣʴʥʦ ʫʜʦʚʣʝʪʚʦʨʷʝʪ ʫʩʣʦʚʠʶ 1. 

ʇʦʚʦʨʦʪʳ ʢʦʦʨʜʠʥʘʪʥʳʭ 2-ʧʣʦʩʢʦʩʪʝʡ  

ʇʫʩʪʴ ʚ ʙʘʟʠʩʝ ▄ȟȣȟ▄ȟȣȟ▄  ʚʝʢʪʦʨ ▀ ʠʤʝʝʪ ʢʦʦʨʜʠʥʘʪʳ Ὠ. ʇʦʚʦʨʦʪʫ - ʡr ʢʦʦʨʜʠ-

ʥʘʪʥʦʡ 2-ʧʣʦʩʢʦʩʪʠ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʩʣʝʜʫʶʱʘʷ ʤʘʪʨʠʮʘ ʧʝʨʝʭʦʜʘ 

Ὕ

ở

Ở
Ở
Ở
Ở
Ở
ờ

ρ π ȣ π ȣ π ȣ π

π ρ ȣ π ȣ π ȣ π

ể ể Ệ ể ȣ ể ȣ ể
π π ȣ ὧέί•ȣ ίὭὲ•ȣ π
ể ể ȣ ể Ệ ể ȣ ể
π π ȣ ίὭὲ•ȣ ὧέί•ȣ π

ể ể ȣ ể ȣ ể Ệ ể
π π ȣ π ȣ π ȣ ρ Ợ

ỡ
ỡ
ỡ
ỡ
ỡ
Ỡ

Ȣ (3) 

ʇʨʠ ʵʪʦʤ ὧέίʒ ʠ ίὭὲʒ ʥʘʭʦʜʷʪʩʷ ʠʟ ʫʩʣʦʚʠʷ 

Ὠὧέίʒ ὨίὭὲʒ Ὠ ̉ ὨίὭὲʒ Ὠὧέίʒ Ὠȟ 

Ὠ πȟ̆ ̒̌̉ ὧέί•
Ὠ

Ὠ Ὠ

  ̉ ίὭὲ•
Ὠ

Ὠ Ὠ

 ̐̑ ̉Ὠ Ὠ Ὠ  

ɺʩʝ ʜʨʫʛʠʝ ʢʦʦʨʜʠʥʘʪʳ ʦʩʪʘʶʪʩʷ ʙʝʟ ʠʟʤʝʥʝʥʠʷ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʦʚʦʨʦʪʦʤ - ʡr ʢʦʦʨʜʠʥʘʪʥʦʡ 2-ʧʣʦʩʢʦʩʪʠ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʤʘʪʨʠʮʝʡ 

ʧʝʨʝʭʦʜʘ Ὕ  ʤʦʞʥʦ ʠʟʤʝʥʷʪʴ ʢʦʦʨʜʠʥʘʪʳ Ὥ ʠ Ὦ ʚʝʢʪʦʨʘ ▀, ʥʘʧʨʠʤʝʨ, ʦʙʥʫʣʷʪʴ ʢʦʦʨʜʠʥʘʪʫ Ὦ. 

ʆʧʨʝʜʝʣʝʥʠʝ ʚʝʢʪʦʨʥʦʛʦ ʧʨʦʠʟʚʝʜʝʥʠʷ ʜʚʫʭ ʚʝʢʪʦʨʦʚ ʚ ╡  
ʇʫʩʪʴ ʚ ʙʘʟʠʩʝ ▄ȟ▄ȟ▄ȟ▄ ʚʝʢʪʦʨʳ ╪ ʠ ╫ ʠʤʝʶʪ ʢʦʦʨʜʠʥʘʪʳ  

╪

ὥ
ὥ
ὥ
ὥ

Ƞ╫

ὦ
ὦ
ὦ
ὦ

Ȣ 

ʂʦʦʨʜʠʥʘʪʳ ʩʫʤʤʳ ʙʘʟʠʩʥʳʭ ʦʨʪʦʚ ▼ ʨʘʚʥʳ  

 ▼

ρ
ρ
ρ
ρ

Ȣ 

ɼʣʷ ʧʝʨʝʭʦʜʘ ʢ ʥʦʚʦʤʫ ʙʘʟʠʩʫ ▄ᶻȟ▄ᶻȟ▄ᶻȟ▄ᶻ, ʚ ʢʦʪʦʨʦʤ ʚʝʢʪʦʨʳ ╪, ╫ ʠ ▼ ʙʫʜʫʪ ʠʤʝʪʴ ʢʦ-

ʦʨʜʠʥʘʪʳ 

╪ᶻ

ὥᶻ

π
π
π

Ƞ╫ᶻ

ὦᶻ

ὦᶻ

π
π

ȟ▼ᶻ

ίᶻ

ίᶻ

ίᶻ

ίᶻ

 ȟᶅὭɴ σȟτ ίᶻ
τ ίᶻ ίᶻ

ς
ȟ 

ʩʣʝʜʫʝʪ ʚʳʧʦʣʥʠʪʴ φ ɀ ὰ  ʧʦʚʦʨʦʪʦʚ ʢʦʦʨʜʠʥʘʪʥʳʭ 2-ʧʣʦʩʢʦʩʪʝʡ. ɿʜʝʩʴ ὰ  ï ʯʠʩʣʦ ʥʫʣʝʚʳʭ 
ʢʦʦʨʜʠʥʘʪ ʚ ʠʩʭʦʜʥʦʤ ʙʘʟʠʩʝ. ʂʘʞʜʦʤʫ ʧʦʚʦʨʦʪʫ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʩʚʦʷ ʤʘʪʨʠʮʘ Ὕ ʪʠʧʘ (3). 

ʄʘʪʨʠʮʘ ʧʝʨʝʭʦʜʘ ʦʪ ʙʘʟʠʩʘ ▄ȟ▄ȟ▄ȟ▄ ʢ ʙʘʟʠʩʫ ▄ᶻȟ▄ᶻȟ▄ᶻȟ▄ᶻ ʨʘʚʥʘ  

Ὕ Ὕȟ 

ʪ.ʝ. ʧʝʨʝʤʥʦʞʝʥʠʝ ʧʨʦʠʟʚʦʜʠʪʩʷ ʚ ʦʙʨʘʪʥʦʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ. ʇʨʠ ʵʪʦʤ 
╪ᶻ ╣╪ȟ╫ᶻ ╣╫ȟ▼ᶻ ╣▼Ȣ 

 

ʂʦʦʨʜʠʥʘʪʳ ʚʝʢʪʦʨʘ ╬ ╪ȟ ╫ ʚ ʥʦʚʦʤ ʙʘʟʠʩʝ ▄ᶻȟ▄ᶻȟ▄ᶻȟ▄ᶻ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʫʩʣʦʚʠʝʤ 

1 ʨʘʚʥʳ 
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╬ᶻ

π
π
ὧᶻ

ὧᶻ

ȟᶅὭɴ σȟτ ὧᶻ
╪╫ ╪Ͻ╫

ς
Ȣ (4) 

ɿʥʘʢ ʨʘʜʠʢʘʣʘ ʚ (4) ʚʳʙʠʨʘʝʪʩʷ ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʯʪʦʙʳ ʚʝʢʪʦʨ ╬ ʦʙʨʘʟʦʚʳʚʘʣ ʩ ╪ ʠ ╫ 

ʧʨʘʚʫʶ ʪʨʦʡʢʫ ʚʝʢʪʦʨʦʚ.  

ʂʦʦʨʜʠʥʘʪʳ ʚʝʢʪʦʨʘ ╬ ╪ȟ ╫ ʚ ʠʩʭʦʜʥʦʤ ʙʘʟʠʩʝ ▄ȟ▄ȟ▄ȟ▄ ʨʘʚʥʳ  

╬ ╣ Ͻ╬ᶻ

ὧ
ὧ
ὧ
ὧ

Ȣ 

ʈʝʟʫʣʴʪʘʪʦʤ ʦʙʲʝʜʠʥʝʥʠʷ ʢʣʘʩʩʠʯʝʩʢʦʛʦ ʠʥʚʘʨʠʘʥʪʥʦʛʦ ʦʧʨʝʜʝʣʝʥʠʷ ʚʝʢʪʦʨʥʦʛʦ ʧʨʦ-

ʠʟʚʝʜʝʥʠʷ ʜʚʫʭ ʚʝʢʪʦʨʦʚ ʠ ʫʩʣʦʚʠʷ (1) ʷʚʣʷʝʪʩʷ 

Df 3. ɺʝʢʪʦʨʥʦʝ ʧʨʦʠʟʚʝʜʝʥʠʝ ╬ ╪ȟ ╫ʜʚʫʭ ʣʠʥʝʡʥʦ ʥʝʟʘʚʠʩʠʤʳʭ ʚʝʢʪʦʨʦʚ ╪ ʠ ╫ ʚ Ὑ  

ʝʩʪʴ ʚʝʢʪʦʨ, ʣʝʞʘʱʠʡ ʥʘ ʦʜʥʦʡ ʧʨʷʤʦʡ ʩ ʧʨʦʝʢʮʠʝʡ ʩʫʤʤʳ ʙʘʟʠʩʥʳʭ ʦʨʪʦʚ ʥʘ 2-

ʧʣʦʩʢʦʩʪʴ, ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʫʶ ʚʝʢʪʦʨʘʤ ╪ ʠ ╫, ʤʦʜʫʣʴ ʝʛʦ ʨʘʚʝʥ ȿ╪╫ ╪Ͻ╫ ȿ, ʧʨʠ 
ʵʪʦʤ ʚʝʢʪʦʨʳ ╪, ╫ ʠ ╬ ʦʙʨʘʟʫʶʪ ʧʨʘʚʫʶ ʪʨʦʡʢʫ ʚʝʢʪʦʨʦʚ. 

ʕʪʦ ʦʧʨʝʜʝʣʝʥʠʝ ʧʨʠ ὲ  σ ʧʦʣʥʦʩʪʴʶ ʫʜʦʚʣʝʪʚʦʨʷʝʪ ʢʣʘʩʩʠʯʝʩʢʦʤʫ ʚʝʢʪʦʨʥʦʤʫ ʧʨʦ-

ʠʟʚʝʜʝʥʠʶ. 

ʇʨʠ ὲ  τ ʩʚʦʡʩʪʚʘ ʚʝʢʪʦʨʥʦʛʦ ʧʨʦʠʟʚʝʜʝʥʠʷ, ʫʢʘʟʘʥʥʳʝ ʚ ʦʧʨʝʜʝʣʝʥʠʠ 3, ʥʝ ʦʪʣʠʯʘ-

ʶʪʩʷ ʦʪ ʢʣʘʩʩʠʯʝʩʢʦʛʦ ʪʨʝʭʤʝʨʥʦʛʦ ʘʥʘʣʦʛʘ, ʟʘ ʠʩʢʣʶʯʝʥʠʝʤ ʪʦʛʦ, ʯʪʦ ʚʝʢʪʦʨ ╬ ╪ȟ ╫ ʩʦ-

ʜʝʨʞʠʪ ʥʝ ʪʨʠ, ʘ ʯʝʪʳʨʝ ʢʦʤʧʦʥʝʥʪ.r 

Note 1. ɽʩʣʠ Ὥᶅɴ σȟτȿίᶻ π, ʪ.ʝ. ʩʫʤʤʘ ʙʘʟʠʩʥʳʭ ʦʨʪʦʚ ▼ ʣʠʥʝʡʥʦ ʟʘʚʠʩʠʤʘ ʦʪ ʚʝʢʪʦʨʦʚ ╪ ʠ 

╫, ʪʦ ʠʭ ʚʝʢʪʦʨʥʦʝ ʧʨʦʠʟʚʝʜʝʥʠʝ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʫʩʣʦʚʠʝʤ 1 ʥʝʦʧʨʝʜʝʣʠʤʦ. 

Ex 2. ɺ Ὑ  ʧʦ ʠʟʚʝʩʪʥʳʤ ʟʥʘʯʝʥʠʷʤ ╪ ʠ ╫ ʥʘʡʪʠ ╬ ╪ȟ ╫. 

ʈʝʰʝʥʠʝ. ʇʫʩʪʴ 

╪

σȟσχ
ςȟχφς
ςȟσωυ
πȟσς

Ƞ╫

σȟςψω
ρȟυσω
υȟφωχ
ρȟψστ

Ȣ 

ʊʦʛʜʘ 

╣

πȟωψψπ π πȟρυφ
π ρ π π
π π ρ π
πȟρυφπ π πȟωψψ

ȟ╣

πȟψρψπ πȟυχυπ
π ρ π π
πȟυχυπ πȟψρψπ
π π π ρ

ȟ╣

πȟψστπȟυυςπ π
πȟυυςπȟωστπ π
π π ρ π
π π π ρ

ȟ 

╪ ╣╪

σȟτρρ
ςȟχφς
ςȟσωυ
π

ȟ╪ ╣╪

τȟρφψ
ςȟχφς
π
π

ȟ╪ ╣╪

υ
π
π
π

Ȣ  

╣ ╣╣╣

πȟφχτ πȟυυς πȟτχω πȟρπφ
τȟττχπȟψσστπȟσρχ πȟπχ
πȟυφψ π πȟψρψ πȟπω
πȟρυφ π π πȟωψψ

 ̉ ╫ ╣ ╫

υȟφ
ρȟψφυ
ςȟωφ
ςȟσςτ

Ȣ  

╣

ρ π π π
π πȟφςφπ πȟχψ
π π ρ π
π πȟχψπ πȟφςφ

 ̉ ╫τ ╣τ╫

υȟφ

ςȟωψ

ςȟωφ

π

Ȣ  

╣

ρ π π π
π πȟχπω πȟχπυπ
π πȟχπυπȟχπωπ
π π π ρ

 ̉ ╫υ ╣υ╫

υȟφ

τȟς

π

π

Ȣ  

╣ ╣╣╣ ╣╣╣╣╣

πȟφχτ πȟυυς πȟτχω πȟρπφ
πȟρρυ πȟσχ πȟχρψπȟυχψ
πȟφψυ πȟσφψπȟττρ πȟττψ
πȟςυρ πȟφυ πȟςτψ πȟφχσ

 Ȣ  

ʉʫʤʤʘ ʦʨʪʦʚ ʠʩʭʦʜʥʦʛʦ ʙʘʟʠʩʘ ▄ȟ▄ȟ▄ȟ▄ ʚ ʙʘʟʠʩʝ ʙʘʟʠʩʫ ▄ȟ▄ȟ▄ȟ▄  ʠʤʝʝʪ ʢʦʦʨʜʠ-

ʥʘʪʳ 
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▼ ╣ ▼ ╣

ρ
ρ
ρ
ρ

πȟφτρ
πȟφςυ
ρȟςπχ
ρȟσς

. 

╣

ρ π π π
π ρ π π
π π πȟπτυ πȟωωω
π π πȟωωω πȟπτυ

 ̉ ▼φ ╣φ▼
υ

πȟφτρ

πȟφςυ

ρȟςφυ

ρȟςφυ

Ȣ  

ʄʘʪʨʠʮʘ ʧʝʨʝʭʦʜʘ ʦʪ ʠʩʭʦʜʥʦʛʦ ʙʘʟʠʩʘ ▄ȟ▄ȟ▄ȟ▄ ʢ ʙʘʟʠʩʫ ▄ȟ▄ȟ▄ȟ▄ ʨʘʚʥʘ  

╣ ╣╣ ╣╣╣╣╣╣

πȟφχτ πȟυυς πȟτχω πȟρπφ
πȟρρυ πȟσχ πȟχρψπȟυχψ
πȟςψρπȟφφφ πȟςςψ πȟφυς
πȟφχσ πȟσσψπȟτυρ πȟτχψ

 Ȣ  

ʆʯʝʚʠʜʥʦ, ʯʪʦ ╪ ╣ ╪ ╪, ╫ ╣ ╫ ╫, ▼ ╣ ▼. 

ʂʦʦʨʜʠʥʘʪʳ ʚʝʢʪʦʨʘ ╬ ╪ȟ ╫ʚ ʧʦʩʣʝʜʥʝʤ ʙʘʟʠʩʝ ▄ȟ▄ȟ▄ȟ▄ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ (4) 

ʨʘʚʥʳ                                                         

╬

π
π

ρτȟψτω
ρτȟψτω

. 

ʂʦʦʨʜʠʥʘʪʳ ʚʝʢʪʦʨʘ ╬ ╪ȟ ╫ ʚ ʠʩʭʦʜʥʦʤ ʙʘʟʠʩʝ ▄ȟ▄ȟ▄ȟ▄ ʨʘʚʥʳ 

╬ ╣ ╬

υȟψςς
τȟψφω
ρπȟπψρ
ρφȟχψφ

Ȣ 

Note 2. ʇʦʨʷʜʦʢ ʦʙʥʫʣʝʥʠʷ ʢʦʦʨʜʠʥʘʪ ʠ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʟʥʘʯʝʥʠʷ ʧʨʦʤʝʞʫʪʦʯʥʳʭ ʤʘʪʨʠʮ 

ʤʦʛʫʪ ʙʳʪʴ ʠʥʳʤʠ. ʇʨʠ ʵʪʦʤ ʥʝʪʨʫʜʥʦ ʫʙʝʜʠʪʴʩʷ, ʯʪʦ ʠʪʦʛʦʚʘʷ ʤʘʪʨʠʮʘ ἢ ╣φρ ʠ ʟʥʘʯʝʥʠʝ 

ʚʝʢʪʦʨʘ c ʚ ʠʩʭʦʜʥʦʤ ʙʘʟʠʩʝ ʥʝ ʠʟʤʝʥʷʶʪʩʷ. 
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VECTOR MULTIPLICATIO N OF TWO VECTORS IN FOUR-DIMENSIONAL EUCLIDEA N SPACE WITH 

APPLIED ASPECTS 

Popov I.P. 

Abstract. The aim of the paper is to define the vector product of two vectors ╬ ╪ȟ ╫ in four-dimensional Euclidean 

space. We introduce the notion of ά-splitting and symmetric ά-splitting of basis vectors, by which is meant the trans-
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formation of Ὑ  into Ὑ ɀ  by replacing ▄  by ά vectors ▄ȟȣȟ▄ȟȣȟ▄
 
orthogonal to each other and all other 

basis vectors of the original basis. The inverse problem is solved in some way-for a known vector product the definition 

of the coordinates of all three vectors in Ὑ . A condition is established in accordance with which the vector product 

╬ ╪ȟ ╫ in Ὑ  lies on one line with the projection of the sum of the basis vectors to the 2-plane perpendicular to the 

vectors ╪ and ╫. The results of the work can be used to solve multidimensional physics and engineering problems. 

Keywords: gradient, function, partial derivative, integral, variable. 
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ʄʆɼɽʃʀʈʆɺɸʅʀɽ 

MODELING  

ʋɼʂ 537.84:519.6 

ʆ ʈɸɿʃʀʏʅʓʍ ʄɸɻʅʀʊʆɻʀɼʈʆɼʀʅɸʄʀʏɽʉʂʀʍ ʇʈʀɹʃʀɾɽʅʀʗʍ  

ʇʈʀ ʄʆɼɽʃʀʈʆɺɸʅʀʀ ʕʃɽʂʊʈʆɺʀʍʈɽɺʓʍ ʊɽʏɽʅʀʁ 

ʀʚʦʯʢʠʥ ʖ.ʇ., ʊʝʧʣʷʢʦʚ ʀ.ʆ., ɺʠʥʦʛʨʘʜʦʚ ɼ.ɸ. 

ɸʥʥʦʪʘʮʠʷ. ʇʨʝʜʩʪʘʚʣʝʥʳ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʠ ʯʠʩʣʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʧʦ ʚʣʠʷʥʠʶ ʚʥʝʰʥʝʛʦ ʦʩʝʚʦʛʦ ʤʘʛʥʠʪ-

ʥʦʛʦ ʧʦʣʷ ʥʘ ʩʪʨʫʢʪʫʨʫ ʵʣʝʢʪʨʦʚʠʭʨʝʚʳʭ ʪʝʯʝʥʠʡ. ʏʠʩʣʝʥʥʳʝ ʨʘʩʯʝʪʳ ʙʳʣʠ ʚʳʧʦʣʥʝʥʳ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʨʘʟ-

ʣʠʯʥʳʭ ʤʘʛʥʠʪʦʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʠʭ ʧʨʠʙʣʠʞʝʥʠʡ. ʇʨʦʚʝʜʝʥʦ ʩʨʘʚʥʝʥʠʝ ʨʝʟʫʣʴʪʘʪʦʚ ʧʦʣʫʯʝʥʥʳʭ ʩ ʠʩʧʦʣʴʟʦ-

ʚʘʥʠʝʤ ʵʣʝʢʪʨʦʜʠʥʘʤʠʯʝʩʢʦʛʦ ʠ ʙʝʟʳʥʜʫʢʮʠʦʥʥʦʛʦ ʧʨʠʙʣʠʞʝʥʠʡ, ʘ ʪʘʢ ʞʝ ʨʝʟʫʣʴʪʘʪʦʚ ʧʦʣʫʯʝʥʥʳʭ ʧʨʠ ʨʝʰʝ-

ʥʠʠ ʧʦʣʥʦʡ ʄɻɼ-ʟʘʜʘʯʠ. ʆʧʠʩʘʥʥʳʝ ʤʝʪʦʜʳ ʤʦʛʫʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ ʜʣʷ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʩʪʨʫʢʪʫʨʳ ʪʝʯʝʥʠʡ 

ʚ ʵʣʝʢʪʨʦʜʫʛʦʚʳʭ ʧʝʯʘʭ ʧʦʩʪʦʷʥʥʦʛʦ ʪʦʢʘ ʠʣʠ ʚ ʜʨʫʛʠʭ ʵʣʝʢʪʨʦʤʝʪʘʣʣʫʨʛʠʯʝʩʢʠʭ ʫʩʪʘʥʦʚʢʘʭ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʤʘʛʥʠʪʥʦʝ ʧʦʣʝ, ʵʣʝʢʪʨʦʚʠʭʨʝʚʦʝ ʪʝʯʝʥʠʝ, ʟʘʢʦʥ ɹʀʆ-ʉʘʚʘʨʘ-ʃʘʧʣʘʩʘ, ʵʣʝʢʪʨʦʜʠʥʘʤʠʯʝʩʢʦʝ 

ʧʨʠʙʣʠʞʝʥʠʝ, ʙʝʟʳʥʜʫʢʮʠʦʥʥʦʝ ʧʨʠʙʣʠʞʝʥʠʝ, ʧʦʣʥʘʷ ʄɻɼ ʟʘʜʘʯʘ, NVIDIA  CUDA. 

ɺʚʝʜʝʥʠʝ 

ʕʣʝʢʪʨʦʚʠʭʨʝʚʳʝ ʪʝʯʝʥʠʷ (ʕɺʊ) ʦʙʨʘʟʫʶʪʩʷ ʚ ʨʝʟʫʣʴʪʘʪʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʥʝʦʜʥʦʨʦʜ-

ʥʦʛʦ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʪʦʢʘ, ʧʨʦʪʝʢʘʶʱʝʛʦ ʯʝʨʝʟ ʞʠʜʢʠʡ ʤʝʪʘʣʣ, ʠ ʩʦʙʩʪʚʝʥʥʦʛʦ ʤʘʛʥʠʪʥʦʛʦ 

ʧʦʣʷ (ʄʇ) ʵʪʦʛʦ ʪʦʢʘ [1]. ʊʘʢʠʝ ʪʝʯʝʥʠʝ ʠʤʝʶʪ ʤʝʩʪʦ ʚʦ ʤʥʦʛʠʭ ʵʣʝʢʪʨʦʤʝʪʘʣʣʫʨʛʠʯʝʩʢʠʭ 

ʧʨʦʮʝʩʩʘʭ, ʥʘʧʨʠʤʝʨ ʧʨʠ ʵʣʝʢʪʨʦʰʣʘʢʦʚʦʡ ʩʚʘʨʢʝ, ʵʣʝʢʪʨʦʜʫʛʦʚʦʤ ʧʝʨʝʧʣʘʚʝ, ʘ ʪʘʢ ʞʝ ʚ 

ʵʣʝʢʪʨʦʰʣʘʢʦʚʦʤ ʧʝʨʝʧʣʘʚʝ, ʛʜʝ ʩʫʱʝʩʪʚʝʥʥʳʤ ʦʙʨʘʟʦʤ ʚʣʠʷʶʪ ʥʘ ʢʘʯʝʩʪʚʦ ʚʳʭʦʜʥʦʛʦ ʧʨʦ-

ʜʫʢʪʘ ʠ ʩʨʦʢ ʩʣʫʞʙʳ ʧʣʘʚʠʣʴʥʳʭ ʘʛʨʝʛʘʪʦʚ [2-8]. ʈʘʩʩʤʦʪʨʠʤ ʩʠʩʪʝʤʫ, ʛʜʝ ʵʣʝʢʪʨʠʯʝʩʢʠʡ 

ʪʦʢ ʨʘʩʧʨʦʩʪʨʘʥʷʝʪʩʷ ʦʪ ʤʘʣʦʛʦ ʧʦʣʫʩʬʝʨʠʯʝʩʢʦʛʦ ʵʣʝʢʪʨʦʜʘ ʯʝʨʝʟ ʞʠʜʢʠʡ ʤʝʪʘʣʣ ʢ ʙʦʣʴ-

ʰʦʤʫ ʧʦʣʫʩʬʝʨʠʯʝʩʢʦʤʫ ʵʣʝʢʪʨʦʜʫ, ʧʨʠ ʵʪʦʤ ʚʦʟʥʠʢʘʶʱʘʷ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʘʷ ʩʠʣʘ ╕ ╙
║ (ʟʜʝʩʴ ╙ ʧʣʦʪʥʦʩʪʴ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʪʦʢʘ, ʘ ║ 

ʩʦʙʩʪʚʝʥʥʦʝ ʤʘʛʥʠʪʥʦʝ ʧʦʣʝ) ʧʨʠʚʦʜʠʪ ʵʣʝʢ-

ʪʨʦʧʨʦʚʦʜʷʱʫʶ ʞʠʜʢʦʩʪʴ ʚ ʜʚʠʞʝʥʠʝ ʠ ʦʙʨʘ-

ʟʫʝʪʩʷ ʕɺʊ ʚ ʬʦʨʤʝ ʦʜʠʥʦʯʥʦʛʦ ʪʦʨʦʠʜʘʣʴʥʦ-

ʛʦ ʚʠʭʨʷ ʨʠʩ. 1ʘ.  

ʇʨʠ ʥʘʣʠʯʠʠ ʚʥʝʰʥʝʛʦ ʦʩʝʚʦʛʦ ʄʇ ʚʦʟ-

ʥʠʢʘʝʪ ʘʟʠʤʫʪʘʣʴʥʘʷ ʟʘʢʨʫʪʢʘ ʞʠʜʢʦʩʪʠ ʨʠʩ. 

1ʙ, ʘ ʟʘʪʝʤ ʚʦʩʭʦʜʷʱʠʡ ʚʠʭʨʴ, ʢʦʪʦʨʳʡ ʧʨʦʪʠ-

ʚʦʥʘʧʨʘʚʣʝʥ ʧʝʨʚʦʤʫ ʚʠʭʨʶ ʨʠʩ. 1ʚ, ʥʘ ʨʠʩ. 1ʛ 

ʧʨʝʜʩʪʘʚʣʝʥʘ ʩʭʝʤʘ ʚʨʘʱʘʶʱʝʛʦʩʷ ʜʚʫʭʚʠʭ-

ʨʝʚʦʛʦ ʪʝʯʝʥʠʷ. ʅʘ ʨʠʩ. 1 ʚʚʝʜʝʥʳ ʦʙʦʟʥʘʯʝ-

ʥʠʷ: 1 ï ʤʘʣʳʡ ʵʣʝʢʪʨʦʜ, 2 ïʞʠʜʢʠʡ ʤʝʪʘʣʣ, 3 

ï ʙʦʣʴʰʦʡ ʵʣʝʢʪʨʦʜ. ʆʙʳʯʥʦ ʟʘʜʘʯʠ ʩʚʷʟʘʥ-

ʥʳʝ ʩ ʕɺʊ ʨʝʰʘʶʪʩʷ ʚ ʪ.ʥ. ʵʣʝʢʪʨʦʜʠʥʘʤʠʯʝ-

ʩʢʦʤ ʧʨʠʙʣʠʞʝʥʠʠ (ʕɼ), ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʘʷ 

ʩʠʣʘ ʚʳʯʠʩʣʷʝʪʩʷ ʥʘ ʦʩʥʦʚʝ ʨʘʩʧʨʝʜʝʣʝʥʠʷ 

ʧʣʦʪʥʦʩʪʠ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʪʦʢʘ ʠ ʩʦʙʩʪʚʝʥʥʦʛʦ 

ʄʇ. ɺ ʨʘʙʦʪʝ [9] ʧʦʢʘʟʘʥʦ, ʯʪʦ ʵʣʝʢʪʨʦʜʠʥʘʤʠʯʝʩʢʦʝ ʧʨʠʙʣʠʞʝʥʠʝ ʧʨʠʤʝʥʠʤʦ ʜʣʷ ʵʣʝʢʪʨʠ-

ʯʝʩʢʠʭ ʪʦʢʦʚ I<30ʢɸ. ɽʩʣʠ ʟʥʘʯʝʥʠʝ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʪʦʢʘ ʧʨʝʚʳʰʘʝʪ 30ʢɸ ʩʣʝʜʫʝʪ ʠʩʧʦʣʴʟʦ-

ʚʘʪʴ ʩʣʝʜʫʶʱʠʡ ʫʨʦʚʝʥʴ ʧʨʠʙʣʠʞʝʥʠʡ, ʪ.ʥ. ʙʝʟʳʥʜʫʢʮʠʦʥʥʦʝ ʧʨʠʙʣʠʞʝʥʠʝ (ɹʀ), ʢʦʛʜʘ ʫʯʠ-

ʪʳʚʘʶʪʩʷ ʵʣʝʢʪʨʠʯʝʩʢʠʝ ʪʦʢʠ ʠʥʜʫʮʠʨʦʚʘʥʥʳʝ ʜʚʠʞʝʥʠʝʤ ʞʠʜʢʦʛʦ ʤʝʪʘʣʣʘ, ʥʦ ʥʝ ʫʯʠʪʳʚʘ-

ʝʪʩʷ ʄʇ ʩʦʟʜʘʥʥʦʝ ʵʪʠʤʠ ʪʦʢʘʤʠ. ɺʤʝʩʪʝ ʩ ʪʝʤ, ʨʘʙʦʪʳ ʧʦ ʠʩʩʣʝʜʦʚʘʥʠʶ ʧʨʠʤʝʥʠʤʦʩʪʠ 

ʵʣʝʢʪʨʦʜʠʥʘʤʠʯʝʩʢʦʛʦ ʧʨʠʙʣʠʞʝʥʠʷ ʧʨʠ ʥʘʣʠʯʠʠ ʚʥʝʰʥʝʛʦ ʦʩʝʚʦʛʦ ʄʇ ʦʪʩʫʪʩʪʚʫʶʪ ʚ 

ʥʘʫʯʥʦʡ ʣʠʪʝʨʘʪʫʨʝ. ʇʦʵʪʦʤʫ ʜʘʥʥʘʷ ʨʘʙʦʪʘ ʥʘʧʨʘʚʣʝʥʘ ʥʘ ʠʩʩʣʝʜʦʚʘʥʠʝ ʧʨʠʤʝʥʠʤʦʩʪʠ ʨʘʟ-

ʣʠʯʥʳʭ ʤʘʛʥʠʪʦʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʠʭ (ʄɻɼ) ʧʨʠʙʣʠʞʝʥʠʡ ʧʨʠ ʤʦʜʝʣʠʨʦʚʘʥʠʠ ʕɺʊ ʚ ʧʨʠʩʫʪ-

ʩʪʚʠʠ ʚʥʝʰʥʝʛʦ ʦʩʝʚʦʛʦ ʄʇ 

 

 
ʈʠʩ.1. ʉʪʨʫʢʪʫʨʘ ʕɺʊ: ʘ ï ʪʦʨʦʠʜʘʣʴʥʦʝ ʕɺʊ; ʙ ï 

ʚʦʟʥʠʢʥʦʚʝʥʠʝ ʘʟʠʤʫʪʘʣʴʥʦʡ ʟʘʢʨʫʪʢʠ; ʚ ï 

ʦʙʨʘʟʦʚʘʥʠʝ ʚʪʦʨʦʛʦ ʚʠʭʨʷ; ʛ ï ʜʚʫʭʚʠʭʨʝʚʦʝ 

ʚʨʘʱʘʶʱʝʝʩʷ ʕɺʊ 



ʄʦʜʝʣʠʨʦʚʘʥʠʝ 

ʄʘʪʝʤʘʪʠʯʝʩʢʦʝ ʠ ʧʨʦʛʨʘʤʤʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ ʚ ʧʨʦʤʳʰʣʝʥʥʦʡ ʠ ʩʦʮʠʘʣʴʥʦʡ ʩʬʝʨʘʭ. 2019. ʊ.7. ˉ1 19 

ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʘʷ ʤʝʪʦʜʠʢʘ 

ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʨʦʚʦʜʠʣʠʩʴ ʥʘ ʫʩʪʘʥʦʚʢʝ, ʧʨʝʜʩʪʘʚʣʝʥʥʦʡ ʥʘ ʨʠʩ.2. 

ɺ ʢʘʯʝʩʪʚʝ ʨʘʙʦʯʝʡ ʞʠʜʢʦʩʪʠ ʚ ʵʢʩʧʝʨʠʤʝʥʪʘʭ ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʵʚʪʝʢʪʠʯʝʩʢʠʡ ʩʧʣʘʚ ʠʥʜʠʡ-

ʛʘʣʠʡ-ʦʣʦʚʦ [10]. ʉʧʣʘʚ ʟʘʧʦʣʥʷʣ ʧʦʣʫʩʬʝʨʠʯʝʩʢʠʡ ʢʦʥʪʝʡʥʝʨ ʨʘʜʠʫʩʦʤ R2=94ʤʤ, ʢʦʪʦʨʳʡ 

ʪʘʢ ʞʝ ʩʣʫʞʠʣ ʙʦʣʴʰʠʤ ʵʣʝʢʪʨʦʜʦʤ. ʄʘʣʳʡ ʤʝʜʥʳʡ ʵʣʝʢʪʨʦʜ ʨʘʜʠʫʩʦʤ R1=2,5ʤʤ ʫʩʪʘʥʘʚ-

ʣʠʚʘʣʩʷ ʚ ʮʝʥʪʨ ʨʘʙʦʯʝʡ ʚʘʥʥʳ. ʕʣʝʢʪʨʦʧʠʪʘʥʠʝ ʫʩʪʘʥʦʚʢʠ ʦʩʫʱʝʩʪʚʣʷʣʦʩʴ ʦʪ ʠʩʪʦʯʥʠʢʘ 

ʧʦʩʪʦʷʥʥʦʛʦ ʪʦʢʘ (I Ò 1500ɸ), ʩʦʙʨʘʥʥʦʛʦ ʧʦ ʩʭʝʤʝ ʃʘʨʠʦʥʦʚʘ. ɼʣʷ ʩʦʟʜʘʥʠʷ ʚʥʝʰʥʝʛʦ ʦʩʝ-

ʚʦʛʦ ʄʇ ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʩʦʣʝʥʦʠʜ, ʩʦʩʪʦʷʱʠʡ ʠʟ 4 ʩʣʦʝʚ ʧʦ 57 ʚʠʪʢʦʚ ʤʝʜʥʦʡ ʣʘʢʠʨʦʚʘʥʥʦʡ 

ʧʨʦʚʦʣʦʢʠ ʜʠʘʤʝʪʨʦʤ 2,77 ʤʤ. ʇʠʪʘʥʠʝ ʩʦʣʝʥʦʠʜʘ ʦʩʫʱʝʩʪʚʣʷʣʦʩʴ ʦʪ ʠʩʪʦʯʥʠʢʘ ʧʦʩʪʦʷʥʥʦ-

ʛʦ ʪʦʢʘ (I Ò 200ɸ). ʇʨʠ ʩʠʣʝ ʪʦʢʘ I=100 ɸ ʦʩʝʚʦʝ ʄʇ ʜʦʩʪʠʛʘʣʦ ʟʥʘʯʝʥʠʷ Bz =0,1 ʊʣ. 

ɼʣʷ ʠʟʤʝʨʝʥʠʷ ʘʟʠʤʫʪʘʣʴʥʦʡ ʩʢʦʨʦʩʪʠ, ʧʦʚʝʨʭʥʦʩʪʴ In-Ga-Sn ʟʘʣʠʚʘʣʘʩʴ 40% ʨʘʩʪʚʦ-

ʨʦʤ ʩʦʣʷʥʦʡ ʢʠʩʣʦʪʳ ʠ ʚ ʭʦʜʝ ʭʠʤʠʯʝʩʢʦʡ ʨʝʘʢʮʠʠ ʚʳʜʝʣʷʣʠʩʴ ʧʫʟʳʨʴʢʠ ʚʦʜʦʨʦʜʘ. ʕʪʠ ʧʫ-

ʟʳʨʴʢʠ ʩʣʫʞʠʣʠ ʤʝʪʢʘʤʠ ʧʦ ʢʦʪʦʨʳʤ ʩ ʧʦʤʦʱʴʶ ʚʠʜʝʦʢʘʤʝʨʳ ʬʠʢʩʠʨʦʚʘʣʘʩʴ ʩʢʦʨʦʩʪʴ ʟʘ-

ʢʨʫʪʢʠ ʞʠʜʢʦʛʦ ʤʝʪʘʣʣʘ. ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʢʦʦʨʜʠʥʘʪ ʧʫʟʳʨʴʢʦʚ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʩʧʝʮʠʘʣʴ-

ʥʳʝ ʣʠʥʝʡʢʠ, ʧʦʤʝʱʝʥʥʳʝ ʥʘ ʧʦʚʝʨʭʥʦʩʪʴ ʞʠʜʢʦʛʦ ʤʝʪʘʣʣʘ. 

ʄʝʪʦʜʠʢʘ ʯʠʩʣʝʥʥʦʛʦ ʨʝʰʝʥʠʷ 

ʏʠʩʣʝʥʥʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʚʳʧʦʣʥʷʣʦʩʴ ʜʣʷ ʪʨʝʭ ʚʠʜʦʚ ʄɻɼ ʧʨʠʙʣʠʞʝʥʠʡ: ʵʣʝʢʪʨʦʜʠ-

ʥʘʤʠʯʝʩʢʦʝ, ʙʝʟʳʥʜʫʢʮʠʦʥʥʦʝ ʠ ʧʦʣʥʘʷ ʄɻɼ ʟʘʜʘʯʘ. ʋʨʘʚʥʝʥʠʝ ʜʚʠʞʝʥʠʷ (1) ʨʝʰʘʣʦʩʴ ʤʝ-

ʪʦʜʦʤ ʢʦʥʪʨʦʣʴʥʦʛʦ ʦʙʲʝʤʘ ʥʘ ʥʝʩʪʨʫʢʪʫʨʠʨʦʚʘʥʥʦʡ ʜʚʫʤʝʨʥʦʡ ʦʩʝʩʠʤʤʝʪʨʠʯʥʦʡ ʩʝʪʢʝ 

(ʨʠʩ. 4) ʚ ʮʠʣʠʥʜʨʠʯʝʩʢʠʭ ʢʦʦʨʜʠʥʘʪʘʭ (Ö.../Öű=0, UűÍ0). ʈʘʩʯʝʪʥʘʷ ʦʙʣʘʩʪʴ ʠʤʝʣʘ ʚʠʜ ʯʝʪ-

ʚʝʨʪʠ ʢʦʣʴʮʘ (R1=2.5ʤʤ ʠ R2=94ʤʤ) ʠ ʩʦʜʝʨʞʘʣʘ 5000 ʷʯʝʝʢ, ʦʩʴ ʩʠʤʤʝʪʨʠʠ ʩʦʚʧʘʜʘʣʘ ʩ ʦʩʴ 

z, ʘ ʩʚʦʙʦʜʥʘʷ ʧʦʚʝʨʭʥʦʩʪʴ ʩ ʦʩʴʶ r.  

ʋʨʘʚʥʝʥʠʝ ʜʚʠʞʝʥʠʷ ʠʤʝʣʦ ʩʣʝʜʫʶʱʠʡ ʚʠʜ: 

 

”
╤

ὸ
╤╤ ὴ ”’ῳ╤ ╕ȟ (1) 

ʟʜʝʩʴ U ï ʩʢʦʨʦʩʪʴ ʞʠʜʢʦʛʦ ʤʝʪʘʣʣʘ, ɟ - ʧʣʦʪʥʦʩʪʴ 

ʞʠʜʢʦʩʪʠ, ɜ - ʢʦʵʬʬʠʮʠʝʥʪ ʢʠʥʝʤʘʪʠʯʝʩʢʦʡ ʚʷʟʢʦʩʪʠ, p - 

ʜʘʚʣʝʥʠʝ, ʘ F - ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʘʷ ʩʠʣʘ. 

ʇʨʠ ʵʪʦʤ: 

╕ ╙ ║ȟ (2) 

║ ║˪ ˏ˟ ║̃ ̎̆Ȣ̙ȟ (3) 

ʛʜʝ J - ʧʣʦʪʥʦʩʪʴ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʪʦʢʘ, B - ʧʦʣʥʦʝ 

ʤʘʛʥʠʪʥʦʝ ʧʦʣʝ ʨʘʚʥʦʝ ʩʫʤʤʝ ʩʦʙʩʪʚʝʥʥʦʛʦ ʄʇ Bʕɺʊ ʠ 

ʚʥʝʰʥʝʛʦ ʦʩʝʚʦʛʦ ʄʇ Bʚʥʝʰ. (Bʚʥʝʰ. = Bz). 

 
 

ʈʠʩ. 2. ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʘʷ ʫʩʪʘʥʦʚʢʘ. 1 ï ʪʝʧʣʦʦʙʤʝʥʥʘʷ 

ʚʘʥʥʘ, 2 ï ʩʦʣʝʥʦʠʜ, 3 ï ʢʘʪʫʰʢʘ, 4 ï  ɻ ʚʪʝʢʪʠʯʝʩʢʠʡ ʩʧʣʘʚ In-

Ga-Sn, 5 ï ʪʦʢʦʧʦʜʚʦʜʳ, 6- ʤʘʣʳʡ ʵʣʝʢʪʨʦʜ, 7 ï ʙʦʣʴʰʦʡ 

ʵʣʝʢʪʨʦʜ,  8 ï ʠʩʪʦʯʥʠʢ ʧʠʪʘʥʠʷ. 

ʈʠʩ.3. ʇʫʟʳʨʴʢʠ ʚʦʜʦʨʦʜʘ ʥʘ ʩʚʦʙʦʜʥʦʡ 

ʧʦʚʝʨʭʥʦʩʪʠ ʞʠʜʢʦʛʦ ʤʝʪʘʣʣʘ. 

 

╕˪ ˑ ╙ ║˪ ˏ˟ ║̃ ̎̆Ȣ̙Ȣ (4) 

 
ʈʠʩ. 4. 2D ʦʩʝʩʠʤʤʝʪʨʠʯʥʘʷ ʩʝʪʢʘ 



ʄʦʜʝʣʠʨʦʚʘʥʠʝ 
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ʇʣʦʪʥʦʩʪʴ ʪʦʢʘ ʠ ʩʦʙʩʪʚʝʥʥʦʝ ʄʇ ʥʘʭʦʜʠʣʠʩʴ ʘʥʘʣʠʪʠʯʝʩʢʠ ʚ ʩʬʝʨʠʯʝʩʢʦʡ ʩʠʩʪʝʤʝ 

ʢʦʦʨʜʠʥʘʪ: 

ὐ
Ὅ

ς“Ὑ
ȟ (5) 

ὄ˪ ˏ˟

‘Ὅρ ὧέί—

ς“ὙίὭὲ—
Ȣ (6) 

ɼʘʣʝʝ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʡ ʩʠʣʳ, ʚʳʨʘʞʝʥʠʷ (4) ʠ (5) ʧʝʨʝʚʦʜʠʣʠʩʴ ʚ 

ʮʠʣʠʥʜʨʠʯʝʩʢʫʶ ʩʠʩʪʝʤʫ ʠ ʚʳʯʠʩʣʷʣʦʩʴ ʠʭ ʚʝʢʪʦʨʥʦʝ ʧʨʦʠʟʚʝʜʝʥʠʝ. 

ʆʧʠʩʘʥʥʘʷ ʚʳʰʝ ʤʝʪʦʜʠʢʘ ʨʘʩʯʝʪʘ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʡ ʩʠʣʳ ʧʨʠʤʝʥʠʤʘ ʜʣʷ ʵʣʝʢʪʨʦʜʠ-

ʥʘʤʠʯʝʩʢʦʛʦ ʧʨʠʙʣʠʞʝʥʠʷ. ɺ ʙʝʟʳʥʜʫʢʮʠʦʥʥʦʤ ʧʨʠʙʣʠʞʝʥʠʠ ʫʯʠʪʳʚʘʶʪʩʷ ʵʣʝʢʪʨʠʯʝʩʢʠʝ 

ʪʦʢʠ (ʄʇ ʩʦʟʜʘʥʥʦʝ ʵʪʠʤʠ ʪʦʢʘʤʠ ʥʝ ʫʯʠʪʳʚʘʝʪʩʷ), ʠʥʜʫʮʠʨʦʚʘʥʥʳʝ ʜʚʠʞʝʥʠʝ ʵʣʝʢʪʨʦʧʨʦ-

ʚʦʜʷʱʝʡ ʩʨʝʜʳ: 
╙̐̏̌Ȣ̎ ╙ „╤ ║ȟ (7) 

ʛʜʝ Jʧʦʣʥ. ï ʧʦʣʥʘʷ ʧʣʦʪʥʦʩʪʴ ʪʦʢʘ, J ï ʧʣʦʪʥʦʩʪʴ ʪʦʢʘ ʧʨʦʚʦʜʠʤʦʩʪʠ, ů ï ʵʣʝʢʪʨʠʯʝʩʢʘʷ 

ʧʨʦʚʦʜʠʤʦʩʪʴ ʞʠʜʢʦʩʪʠ, B ï ʧʦʣʥʦʝ ʤʘʛʥʠʪʥʦʝ ʧʦʣʝ. 

ɺ ʩʣʫʯʘʝ ʙʝʟʳʥʜʫʢʮʠʦʥʥʦʛʦ ʧʨʠʙʣʠʞʝʥʠʷ, ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʘʷ ʩʠʣʘ ʨʘʩʩʯʠʪʳʚʘʝʪʩʷ ʢʘʢ: 

Ὂˎ˕ ὐ „Ὗ ὄ˪ ˏ˟ ὄ̃ ̎̆Ȣ̙ ὄ˪ ˏ˟ ὄ̃ ̎̆Ȣ̙Ȣ (8) 

ʇʨʠ ʨʝʰʝʥʠʠ ʧʦʣʥʦʡ ʄɻɼ ʟʘʜʘʯʠ ʪʨʝʙʫʝʪʩʷ ʚʳʯʠʩʣʠʪʴ ʤʘʛʥʠʪʥʦʝ ʧʦʣʝ Bʠʥʜ. ʩʦʟʜʘʥ-

ʥʦʝ ʠʥʜʫʮʠʨʦʚʘʥʥʳʤʠ ʪʦʢʘʤʠ, ʧʨʠ ʵʪʦʤ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʘʷ ʩʠʣʘ ʠʤʝʝʪ ʚʠʜ: 
Ὂ̇ːˑ ὐ „Ὗ ὄ˪ ˏ˟ ὄ̃ ̎̆Ȣ̙ ὄ̉ ̎Ȣ̅ ὄ˪ ˏ˟ ὄ̃ ̎̆Ȣ̙ ὄ̉ ̎Ȣ̅Ȣ (9) 

ʄʘʛʥʠʪʥʦʝ ʧʦʣʝ Bʠʥʜ. ʨʘʩʩʯʠʪʳʚʘʣʦʩʴ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʟʘʢʦʥʘ ɹʠʦ-ʉʘʚʘʨʘ-ʃʘʧʣʘʩʘ: 

║̉ ̎Ȣ̅╡
‘

τ“

╙ ╡ ╡

╡ ╡
Ὠὠȟ (10) 

ʟʜʝʩʴ, R0 ï ʨʘʜʠʫʩ ʚʝʢʪʦʨ ʪʦʯʢʠ ʚ ʢʦʪʦʨʦʡ ʚʳʯʠʩʣʷʝʪʩʷ ʤʘʛʥʠʪʥʦʝ ʧʦʣʝ, R ï ʨʘʜʠʫʩ ʚʝʢ-

ʪʦʨ ʵʣʝʤʝʥʪʘ ʪʦʢʘ, dV ï ʵʣʝʤʝʥʪʘʨʥʳʡ ʦʙʲʝʤ. 

ʂʦʤʧʦʥʝʥʪʳ ʠʥʜʫʮʠʨʦʚʘʥʥʦʛʦ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʚ ʮʠʣʠʥʜʨʠʯʝʩʢʦʡ ʩʠʩʪʝʤʝ ʢʦʦʨʜʠʥʘʪ 

ʟʘʧʠʩʳʚʘʶʪʩʷ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: 
ὄ̉ ̎Ȣ̅ πȟ ʚ ʦʩʝʩʠʤʤʝʪʨʠʯʥʦʡ ʩʠʩʪʝʤʝ ʢʦʦʨʜʠʥʘʪ,  (11) 

 

ὄ̉ ̎Ȣ̅

‘

τ“

ὐὶὧέίὶ ὐᾀ ᾀ

ὶ ὶ ςὶὶὧέίᾀ ᾀ Ⱦ
ὶὨὨὛȟ (12) 

 

ὄ̉ ̎Ȣ̅

‘

τ“

ὐ ὶὧέίὶ ὐὶίὭὲ

ὶ ὶ ςὶὶὧέίᾀ ᾀ Ⱦ
ὶὨὨὛȟ (13) 

ʛʜʝ dS ï ʧʣʦʱʘʜʴ ʷʯʝʡʢʠ, ɣ ï ʨʘʟʥʦʩʪʴ ʫʛʣʦʚʳʭ ʢʦʦʨʜʠʥʘʪ ʨʘʜʠʫʩ-ʚʝʢʪʦʨʦʚ R0 ʠ R. 

ʀʥʪʝʛʨʘʣʳ (12), (13) ʚʳʯʠʩʣʷʣʠʩʴ ʧʦ ʬʦʨʤʫʣʝ ʉʠʤʧʩʦʥʘ (ʠʩʧʦʣʴʟʦʚʘʣʩʷ 32ʭ ʪʦʯʝʯʥʳʡ 

ʰʘʙʣʦʥ) ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʪʝʭʥʦʣʦʛʠʠ NVIDIA CUDA, ʯʪʦ ʧʦʟʚʦʣʠʣʦ ʩʦʢʨʘʪʠʪʴ ʚʨʝʤʷ ʨʘʩʯʝʪʘ 

ʧʨʠʤʝʨʥʦ ʚ 100 ʨʘʟ [11] ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʦʜʥʦʧʦʪʦʯʥʳʤ ʚʳʯʠʩʣʝʥʠʝʤ ʥʘ CPU. 

ʈʝʟʫʣʴʪʘʪʳ 

ɼʣʷ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ-ʯʠʩʣʝʥʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʨʠʤʝʥʠʤʦʩʪʠ ʵʣʝʢʪʨʦʜʠʥʘʤʠʯʝʩʢʦʛʦ 

ʧʨʠʙʣʠʞʝʥʠʷ ʙʳʣʠ ʚʳʙʨʘʥʳ ʨʝʞʠʤʳ, ʚ ʢʦʪʦʨʳʭ ʩʠʣʘ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʪʦʢʘ, ʧʨʦʧʫʩʢʘʝʤʦʛʦ  

ʯʝʨʝʟ  ʞʠʜʢʠʡ  ʤʝʪʘʣʣ  I = 10ɸ, ʘ ʚʥʝʰʥʝʝ ʦʩʝʚʦʝ ʤʘʛʥʠʪʥʦʝ ʧʦʣʝ ʤʝʥʷʣʦʩʴ ʚ ʜʠʘʧʘʟʦʥʝ ʦʪ 

10
-3

 ʊʣ ʜʦ 2Ĭ10
-2

 ʊʣ. 

ʈʝʞʠʤ I = 10ɸ ʙʳʣ ʚʳʙʨʘʥ ʧʦ ʧʨʠʯʠʥʝ ʪʦʛʦ, ʯʪʦ ʧʨʠ ʪʘʢʠʭ ʪʦʢʘʭ ʘʟʠʤʫʪʘʣʴʥʘʷ ʟʘʢʨʫʪʢʘ 

ʥʝ ʧʨʦʚʦʜʠʣʘ ʢ ʧʨʦʛʠʙʫ ʧʦʚʝʨʭʥʦʩʪʠ ʧʦʜ ʤʘʣʳʤ ʵʣʝʢʪʨʦʜʦʤ ʠʟ-ʟʘ ʧʠʥʯ-ʵʬʬʝʢʪʘ. ʂʘʢ ʚʠʜʥʦ 

ʠʟ ʨʠʩ. 5. ʧʨʠ ʚʥʝʰʥʝʤ ʄʇ Bz= 10
-3

 ʊʣ ʩʫʱʝʩʪʚʝʥʥʦʛʦ ʨʘʟʣʠʯʠʷ ʚ ʨʘʩʩʯʠʪʘʥʥʳʭ ʩʢʦʨʦʩʪʷʭ 

ʧʦ ʕɼ ʠ ɹʀ ʧʨʠʙʣʠʞʝʥʠʷʤ ʥʝ ʥʘʙʣʶʜʘʝʪʩʷ, ʘ ʧʨʠ ʚʥʝʰʥʝʤ ʄʇ Bz= 2Ĭ10
-2

 ʊʣ ʢʘʢ ʚʠʜʥʦ ʠʟ 

ʨʠʩ. 6, ʕɼ ʧʨʠʙʣʠʞʝʥʠʝ ʜʘʝʪ ʩʠʣʴʥʦ ʟʘʚʳʰʝʥʥʳʝ ʟʥʘʯʝʥʠʷ ʩʢʦʨʦʩʪʠ. 



ʄʦʜʝʣʠʨʦʚʘʥʠʝ 
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 ʀʟ ʛʨʘʬʠʢʦʚ ʚʠʜʥʦ, ʯʪʦ ʩ ʨʦʩʪʦʤ ʚʥʝʰʥʝʛʦ ʄʇ ʥʘʙʣʶʜʘʝʪʩʷ ʨʦʩʪ ʩʢʦʨʦʩʪʝʡ, ʘ ʧʨʠ ʜʦ-

ʩʪʠʞʝʥʠʠ ʥʝʢʦʪʦʨʦʛʦ ʟʥʘʯʝʥʠʷ ʄʇ ʥʘʯʠʥʘʝʪʩʷ ʫʤʝʥʴʰʝʥʠʝ ʩʢʦʨʦʩʪʝʡ ʞʠʜʢʦʛʦ ʤʝʪʘʣʣʘ, ʵʪʦ 

ʩʚʷʟʘʥʥʦ ʩ ʪʝʤ ʯʪʦ ʠʥʜʫʮʠʨʦʚʘʥʥʳʝ ʪʦʢʠ ʪʦʨʤʦʟʷʪ ʜʚʠʞʝʥʠʝ ʞʠʜʢʦʩʪʠ. 

ʈʝʞʠʤʳ ʩ ʵʣʝʢʪʨʠʯʝʩʢʠʤʠ ʪʦʢʘʤʠ ʧʦʨʷʜʢʘ ʜʝʩʷʪʢʦʚ - ʩʦʪʝʥ ʘʤʧʝʨ ʠ ʚʥʝʰʥʠʤʠ ʄʇ ʧʦ-

ʨʷʜʢʘ 1 ʊʣ ʥʝ ʪʨʝʙʫʶʪ ʨʝʰʝʥʠʷ ʧʦʣʥʦʡ ʄɻɼ ʟʘʜʘʯʠ.  

 
 

ʈʠʩ. 5. ɿʘʚʠʩʠʤʦʩʪʴ ʘʟʠʤʫʪʘʣʴʥʦʡ ʩʢʦʨʦʩʪʠ ʦʪ 

ʨʘʩʩʪʦʷʥʠʷ ʦʪ ʦʩʠ ʩʠʤʤʢʝʪʨʠʠ Bʚʥʝʰ. = 10-3 ʊʣ. 1 

ï ʕɼ ʧʨʠʙʣʠʞʝʥʠʝ, 2 ï ɹʀ ʧʨʠʙʣʠʞʝʥʠʝ, 3 - 

ʵʢʩʧʝʨʠʤʝʥʪ. 

ʈʠʩ. 6.  ɿʘʚʠʩʠʤʦʩʪʴ ʘʟʠʤʫʪʘʣʴʥʦʡ ʩʢʦʨʦʩʪʠ ʦʪ 

ʨʘʩʩʪʦʷʥʠʷ ʦʪ ʦʩʠ ʩʠʤʤʢʝʪʨʠʠ Bʚʥʝʰ. = 2Ĭ10-2  

ʊʣ. 1 ï ʕɼ ʧʨʠʙʣʠʞʝʥʠʝ, 2 ï ɹʀ ʧʨʠʙʣʠʞʝʥʠʝ, 3 - 

ʵʢʩʧʝʨʠʤʝʥʪ. 

 
ʈʠʩ. 7. ɿʘʚʠʩʠʤʦʩʪʴ ʘʟʠʤʫʪʘʣʴʥʦʡ ʩʢʦʨʦʩʪʠ ʦʪ 

ʚʥʝʰʥʝʛʦ ʄʇ ʧʨʠ ʨʘʜʠʫʩʝ r=10ʤʤ. 1 ï ʕɼ 

ʧʨʠʙʣʠʞʝʥʠʝ, 2 ï ɹʀ ʧʨʠʙʣʠʞʝʥʠʝ, 3 - ʵʢʩʧʝʨʠʤʝʥʪ. 

ʅʘ ʨʠʩ. 7 ʧʨʝʜʩʪʘʚʣʝʥ ʛʨʘʬʠʢ ʟʘʚʠ-

ʩʠʤʦʩʪʠ ʤʘʢʩʠʤʘʣʴʥʦʡ ʘʟʠʤʫʪʘʣʴʥʦʡ 

ʩʢʦʨʦʩʪʠ (r =10ʤʤ) ʦʪ ʚʝʣʠʯʠʥʳ ʚʥʝʰʥʝ-

ʛʦ ʦʩʝʚʦʛʦ ʄʇ, ʚʠʜʥʦ ʯʪʦ ʨʘʟʥʠʮʘ ʤʝʞʜʫ 

ʕɼ ʠ ɹʀ ʧʨʠʙʣʠʞʝʥʠʷʤʠ ʜʦʩʪʠʛʘʝʪ 10% 

ʧʨʠ ʚʥʝʰʥʝʤ ʄʇ ὄᾀ ρȟςυρπ  ˟ .̌ 

ʊʘʢʞʝ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʟʘʚʠʩʠʤʦʩʪʠ 

ʤʘʢʩʠʤʘʣʴʥʳʭ ʘʟʠʤʫʪʘʣʴʥʦʡ ʠ ʦʩʝʚʦʡ 

ʩʢʦʨʦʩʪʝʡ ʦʪ ʚʥʝʰʥʝʛʦ ʄʇ ʚ ʜʠʘʧʘʟʦʥʝ 

ʦʪ 0,02 ʜʦ 1 ʊʣ (ʨʠʩ. 8, ʨʠʩ. 9). ʈʘʩʯʝʪʳ 

ʙʳʣʠ ʧʨʦʚʝʜʝʥʳ ʜʣʷ ʨʘʟʥʳʭ ʤʝʪʘʣʣʠ-

ʯʝʩʢʠʭ ʞʠʜʢʦʩʪʝʡ (ʪʘʙʣ. 1). 

 
 

ʈʠʩ. 8. ɿʘʚʠʩʠʤʦʩʪʴ ʤʘʢʩʠʤʘʣʴʥʦʡ ʘʟʠʤʫʪʘʣʴʥʦʡ 

ʩʢʦʨʦʩʪʠ ʦʪ ʚʥʝʰʥʝʛʦ ʄʇ. ɹʀ ʧʨʠʙʣʠʞʝʥʠʝ:1ï

Hg; 2ï In-Ga-Sn;3 -Na. ʇʦʣʥʘʷ ʄɻɼ ʟʘʜʘʯʘ: 4 ï Hg; 

5 ï In-Ga-Sn; 6- Na 

ʈʠʩ. 9.  ɿʘʚʠʩʠʤʦʩʪʴ ʤʘʢʩʠʤʘʣʴʥʦʡ ʦʩʝʚʦʡ 

ʩʢʦʨʦʩʪʠ ʦʪ ʚʥʝʰʥʝʛʦ ʄʇ. ɹʀ ʧʨʠʙʣʠʞʝʥʠʝ: 1 ï 

Hg; 2 ï In-Ga-Sn; 3 -Na.  ʇʦʣʥʘʷ ʄɻɼ ʟʘʜʘʯʘ, 4 ï 

Hg; 5 ï In-Ga-Sn; 6- Na 
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22  ʄʘʪʝʤʘʪʠʯʝʩʢʦʝ ʠ ʧʨʦʛʨʘʤʤʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ ʚ ʧʨʦʤʳʰʣʝʥʥʦʡ ʠ ʩʦʮʠʘʣʴʥʦʡ ʩʬʝʨʘʭ. 2019. ʊ.7. ˉ1 

ʊʝʤ ʥʝ ʤʝʥʝʝ, ʚʘʞʥʦ ʦʧʨʝʜʝʣʠʪʴ ʧʨʠ ʢʘʢʠʭ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʪʦʢʘʭ ʠ ʚʥʝʰʥʠʭ ʄʇ ʩʣʝʜʫʝʪ 

ʨʝʰʘʪʴ ʧʦʣʥʫʶ ʄɻɼ ʟʘʜʘʯʫ. 
ʊʘʙʣʠʮʘ 1 

ɾʠʜʢʦʩʪʴ ʕʣʝʢʪʨʦʧʨʦʚʦʜʥʦʩʪʴ, ʉʤ ʇʣʦʪʥʦʩʪʴ, ʢʛ/ʤ3 ɺʷʟʢʦʩʪʴ, ʤ2/ʩ 

In-Ga-Sn 3,3Ĭ10
6
 6450 4,3Ĭ10

-7
 

Hg 1Ĭ10
6
 13600 1,0Ĭ10

-7
 

Na 1Ĭ10
7
 930 7,7Ĭ10

-7
 

ʇʨʦʚʝʜʝʥʦ ʯʠʩʣʝʥʥʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʠ ʧʦʣʫʯʝʥʳ ʟʘʚʠʩʠʤʦʩʪʠ ʘʟʠʤʫʪʘʣʴʥʦʡ/ʦʩʝʚʦʡ 

ʩʢʦʨʦʩʪʝʡ ʦʪ ʚʝʣʠʯʠʥʳ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʪʦʢʘ, ʧʨʦʧʫʩʢʘʝʤʦʛʦ ʯʝʨʝʟ ʞʠʜʢʠʡ ʤʝʪʘʣʣ. ɺʥʝʰʥʝʝ 

ʦʩʝʚʦʝ ʄʇ ʙʳʣʦ ʧʨʠʥʷʪʦ Bz =0.1 ʊʣ, ʘ ʚ ʢʘʯʝʩʪʚʝ ʨʘʙʦʯʝʡ ʞʠʜʢʦʩʪʠ ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʥʘʪʨʠʡ 

(ʨʠʩ. 10, ʨʠʩ. 11). ʀʟ ʛʨʘʬʠʢʦʚ ʚʠʜʥʦ, ʯʪʦ ʤʘʢʩʠʤʘʣʴʥʳʝ ʘʟʠʤʫʪʘʣʴʥʳʝ ʩʢʦʨʦʩʪʠ, ʧʨʠ ʨʘʩʯʝʪʝ 

ʚ ɹʀ ʧʨʠʙʣʠʞʝʥʠʠ ʠ ʧʦʣʥʦʡ ʄɻɼ ʟʘʜʘʯʠ, ʦʪʣʠʯʘʶʪʩʷ ʧʨʠʤʝʨʥʦ ʥʘ 1,5% ʧʨʠ ʪʦʢʝ 12000ɸ, ʘ 

ʨʘʟʣʠʯʠʝ ʤʝʞʜʫ ʚʳʯʠʩʣʝʥʥʳʤʠ ʦʩʝʚʳʤʠ ʩʢʦʨʦʩʪʷʤʠ ʜʦʩʪʠʛʘʝʪ 10% ʧʨʠ I=3000ɸ. 

ɿʘʢʣʶʯʝʥʠʝ 

ʇʨʦʚʝʜʝʥʥʳʝ ʯʠʩʣʝʥʥʦ-ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʜʣʷ ʚ ʥʘʰʠʭ 

ʫʩʣʦʚʠʷʭ, ʜʣʷ ʟʘʜʘʥʥʦʡ ʛʝʦʤʝʪʨʠʠ ʠ ʩʚʦʡʩʪʚ ʞʠʜʢʦʩʪʠ, ʪʨʝʙʫʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʪʴ ɹʀ ʧʨʠʙʣʠ-

ʞʝʥʠʝ, ʧʨʠ ʚʥʝʰʥʝʤ ʦʩʝʚʦʤ ʄʇ ʧʨʝʚʳʰʘʶʱʝʤ Bz =1.25Ĭ10
-3

 ʊʣ. ʊʘʢ ʞʝ ʧʦʢʘʟʘʥʦ, ʯʪʦ 

ʯʨʝʟʤʝʨʥʦʝ ʫʚʝʣʠʯʝʥʠʝ ʚʥʝʰʥʝʛʦ ʄʇ ʧʨʠʚʦʜʠʪ ʢ ʪʦʨʤʦʞʝʥʠʶ ʞʠʜʢʦʛʦ ʤʝʪʘʣʣʘ. ʇʦʣʥʫʶ 

ʄɻɼ ʟʘʜʘʯʫ ʩʣʝʜʫʝʪ ʨʝʰʘʪʴ ʧʨʠ ʚʝʣʠʯʠʥʘʭ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʪʦʢʘ I>3000ɸ ʠ ʚʥʝʰʥʝʛʦ ʄʇ Bz  

> 0,1ʊʣ. 
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ʄɻɼ ʟʘʜʘʯʘ 
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ABOUT DIFFERENT APPR OXIMATIONS IN THE EL ECTROVORTEX FLOW SIM ULATION  

Ivochkin Y.P., Teplyakov I.O., Vinogradov D.A. 

Abstract. Experimental and numerical results on the influence of an external axial magnetic field on the structure of the 

electovortex flows are presented. Numerical calculations were carried out using various magnetohydrodynamic approx-

imations. A comparison  of the results obtained using electrodynamic and non-inductive approximations, as well as the 

results obtained when solving the complete MHD problem was made. The described methods can be used for simula-

tion the structure of flows in the direct-arc-furnaces  or in other electrometallurgical apparatus. 

Keywords: magnetic field, electrovortex flow, Biot-Savart law, electrodynamic approximation, non-induction approxi-

mation, Full MHD problem, NVIDIA  CUDA. 
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ɸʅɸʃʀɿ ʕʌʌɽʂʊʀɺʅʆʉʊʀ ʀʉʇʆʃʔɿʆɺɸʅʀʗ ʇʈʀʅʋɼʀʊɽʃʔʅʆɻʆ 

ʆʍʃɸɾɼɽʅʀʗ ɻʈɸʌʀʊʀʈʆɺɸʅʅʓʍ ʕʃɽʂʊʈʆɼʆɺ ɼʃʗ ʉʅʀɾɽʅʀʗ ʀʍ 

ʈɸʉʍʆɼɸ ɺ ʕʃɽʂʊʈʆɼʋɻʆɺʓʍ ʇɽʏɸʍ 

ʗʯʠʢʦʚ ʀ.ʄ., ʇʦʨʪʥʦʚʘ ʀ.ɺ., ɹʳʩʪʨʦʚ ʄ.ɺ. 

ɸʥʥʦʪʘʮʠʷ. ɿʥʘʯʠʪʝʣʴʥʫʶ ʯʘʩʪʴ ʟʘʪʨʘʪ ʛʦʪʦʚʦʡ ʧʨʦʜʫʢʮʠʠ ʧʨʠ ʚʳʧʣʘʚʢʝ ʩʪʘʣʠ ʩʦʩʪʘʚʣʷʝʪ ʩʪʦʠʤʦʩʪʴ ʛʨʘʬʠʪʠ-

ʨʦʚʘʥʥʳʭ ʵʣʝʢʪʨʦʜʦʚ, ʧʦʵʪʦʤʫ ʩʥʠʞʝʥʠʝ ʠʭ ʫʜʝʣʴʥʦʛʦ ʨʘʩʭʦʜʘ ʷʚʣʷʝʪʩʷ ʘʢʪʫʘʣʴʥʦʡ ʟʘʜʘʯʝʡ. ʎʝʣʴʶ ʨʘʙʦʪʳ 

ʷʚʣʷʝʪʩʷ ʘʥʘʣʠʟ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʦʭʣʘʞʜʝʥʠʷ ʵʣʝʢʪʨʦʜʘ ʧʨʠ ʧʦʜʘʯʝ ʛʘʟʘ ʯʝʨʝʟ ʦʩʝʚʦʡ ʢʘʥʘʣ ʠ ʠʩ-

ʧʘʨʠʪʝʣʴʥʦʛʦ ʦʭʣʘʞʜʝʥʠʷ ʙʦʢʦʚʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʛʨʘʬʠʪʠʨʦʚʘʥʥʳʭ ʵʣʝʢʪʨʦʜʦʚ ʜʣʷ ʩʥʠʞʝʥʠʷ ʠʭ ʨʘʩʭʦʜʘ ʚ ʵʣʝʢ-

ʪʨʦʜʫʛʦʚʳʭ ʧʝʯʘʭ ʪʨʝʭʬʘʟʥʦʛʦ ʧʝʨʝʤʝʥʥʦʛʦ ʠ ʧʦʩʪʦʷʥʥʦʛʦ ʪʦʢʘ ʧʫʪʝʤ ʠʩʩʣʝʜʦʚʘʥʠʷ ʥʘ ʢʦʤʧʴʶʪʝʨʥʳʭ ʤʦʜʝ-

ʣʷʭ. ʇʨʦʘʥʘʣʠʟʠʨʦʚʘʥʦ ʪʝʧʣʦʚʦʝ ʩʦʩʪʦʷʥʠʝ ʛʨʘʬʠʪʠʨʦʚʘʥʥʦʛʦ ʵʣʝʢʪʨʦʜʘ ʧʨʠ ʧʦʜʘʯʝ ʛʘʟʘ ʯʝʨʝʟ ʦʩʝʚʦʡ ʢʘʥʘʣ 

ʧʨʠ ʟʘʜʘʥʥʳʭ ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ ʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʘʭ ʚ ʫʩʣʦʚʠʷʭ ʨʘʙʦʪʳ ɼʉʇ-50. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʛʘʟʦʚʦʛʦ ʦʭʣʘʞʜʝʥʠʷ ʧʦʟʚʦʣʷʝʪ ʦʪʚʝʩʪʠ ʪʝʧʣʦ ʦʪ ʵʣʝʢʪʨʦʜʘ ʚ ʥʝʟʥʘʯʠʪʝʣʴʥʦʤ ʦʙʲʝʤʝ, ʪʘʢ ʢʘʢ 

ʧʦʩʪʫʧʘʶʱʠʡ ʚ ʦʩʝʚʦʡ ʢʘʥʘʣ ʛʘʟ, ʠʤʝʶʱʠʡ ʥʝʙʦʣʴʰʫʶ ʪʝʧʣʦʝʤʢʦʩʪʴ, ʙʳʩʪʨʦ ʥʘʛʨʝʚʘʝʪʩʷ ʜʦ ʪʝʤʧʝʨʘʪʫʨ, ʩʦʧʦ-

ʩʪʘʚʠʤʳʭ ʩ ʪʝʤʧʝʨʘʪʫʨʦʡ ʩʘʤʦʛʦ ʵʣʝʢʪʨʦʜʘ. ʊʘʢʞʝ ʧʦʩʨʝʜʩʪʚʦʤ ʢʦʤʧʴʶʪʝʨʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʧʨʦʘʥʘʣʠʟʠʨʦ-

ʚʘʥʦ ʪʝʧʣʦʚʦʝ ʩʦʩʪʦʷʥʠʝ ʠ ʫʛʘʨ ʛʨʘʬʠʪʠʨʦʚʘʥʥʳʭ ʵʣʝʢʪʨʦʜʦʚ ʜʣʷ ʜʫʛʦʚʳʭ ʧʝʯʝʡ ʪʨʝʭʬʘʟʥʦʛʦ ʠ ʧʦʩʪʦʷʥʥʦʛʦ 

ʪʦʢʘ ʚʤʝʩʪʠʤʦʩʪʴʶ 12 ʪ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʜʣʷ ʜʫʛʦʚʳʭ ʧʝʯʝʡ, ʨʘʙʦʪʘʶʱʠʭ ʥʘ ʧʦʩʪʦʷʥʥʦʤ ʠ ʪʨʝʭʬʘʟʥʦʤ ʧʝʨʝʤʝʥ-

ʥʦʤ ʪʦʢʝ, ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʚʦʜʷʥʦʛʦ ʦʭʣʘʞʜʝʥʠʷ ʵʣʝʢʪʨʦʜʦʚ ʧʦʟʚʦʣʷʝʪ ʩʥʠʟʠʪʴ ʨʘʩʭʦʜ ʛʨʘʬʠʪʘ ʧʨʠʤʝʨʥʦ ʚ ʧʦʣ-

ʪʦʨʘ ʨʘʟʘ. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʧʦʜʘʯʘ ʚʦʜʳ ʚ ʩʠʩʪʝʤʫ ʠʩʧʘʨʠʪʝʣʴʥʦʛʦ ʦʭʣʘʞʜʝʥʠʷ ʥʘʠʙʦʣʝʝ ʨʘʮʠʦʥʘʣʴʥʘ ʚ ʪʝʯʝ-

ʥʠʝ1ï2 ʤʠʥʫʪ ʧʦʩʣʝ ʚʢʣʶʯʝʥʠʷ ʪʦʢʘ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʠʩʧʘʨʠʪʝʣʴʥʦʛʦ ʦʭʣʘʞʜʝʥʠʷ ʛʨʘʬʠʪʠʨʦʚʘʥʥʳʭ ʵʣʝʢʪʨʦʜʦʚ 

ʚ ʜʫʛʦʚʳʭ ʧʝʯʘʭ ʤʦʞʝʪ ʙʳʪʴ ʨʝʢʦʤʝʥʜʦʚʘʥʦ ʜʣʷ ʩʥʠʞʝʥʠʷ ʠʭ ʨʘʩʭʦʜʘ ʥʘ ʜʝʡʩʪʚʫʶʱʠʭ ʠ ʧʨʦʝʢʪʠʨʫʝʤʳʭ ʜʫʛʦ-

ʚʳʭ ʧʝʯʘʭ ʤʘʣʦʡ ʝʤʢʦʩʪʠ ʧʦʩʪʦʷʥʥʦʛʦ ʠ ʧʝʨʝʤʝʥʥʦʛʦ ʪʦʢʦʚ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʜʫʛʦʚʘʷ ʧʝʯʴ, ʛʨʘʬʠʪʠʨʦʚʘʥʥʳʡ ʵʣʝʢʪʨʦʜ, ʠʩʧʘʨʠʪʝʣʴʥʦʝ ʦʭʣʘʞʜʝʥʠʝ, ʫʛʘʨ ʛʨʘʬʠʪʘ. 

ɺʚʝʜʝʥʠʝ 

ɺ ʫʩʣʦʚʠʷʭ ʩʦʚʨʝʤʝʥʥʦʡ ʨʳʥʦʯʥʦʡ ʵʢʦʥʦʤʠʢʠ ʈʦʩʩʠʠ ʩʪʘʥʦʚʠʪʩʷ ʚʩʝ ʩʣʦʞʥʝʝ ʩʦʩʪʘʚ-

ʣʷʪʴ ʢʦʥʢʫʨʝʥʮʠʶ ʤʠʨʦʚʳʤ ʣʠʜʝʨʘʤ ʧʦ ʧʨʦʠʟʚʦʜʩʪʚʫ ʩʪʘʣʠ. ʅʘ ʧʝʨʚʳʝ ʨʦʣʠ ʚ ʚʳʙʦʨʝ ʧʦ-

ʩʪʘʚʱʠʢʘ ʩʪʘʣʴʥʦʡ ʧʨʦʜʫʢʮʠʠ ʚʳʭʦʜʠʪ ʩʪʦʠʤʦʩʪʴ ʤʝʪʘʣʣʘ ʠ ʥʘʜʝʞʥʦʩʪʴ ʧʨʝʜʧʨʠʷʪʠʷ (ʩʪʨʘ-

ʥʳ) ʧʨʦʠʟʚʦʜʠʪʝʣʷ, ʠʥʦʛʜʘ ʚ ʫʱʝʨʙ ʢʘʯʝʩʪʚʫ. ɺ 2017 ʛʦʜʫ ʚʩʝʤʠʨʥʘʷ ʘʩʩʦʮʠʘʮʠʷ ʩʪʘʣʠ 

(World Steel Association, WSA) ʦʧʫʙʣʠʢʦʚʘʣʘ ʜʘʥʥʳʝ ʦ ʤʠʨʦʚʦʤ ʧʨʦʠʟʚʦʜʩʪʚʝ ʩʪʘʣʠ, ʩʦʛʣʘʩʥʦ 

ʢʦʪʦʨʳʤ ʤʠʨʦʚʦʝ ʧʨʦʠʟʚʦʜʩʪʚʦ ʚʳʨʦʩʣʦ ʥʘ 5,3% ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ 2016 ʛʦʜʦʤ, ʩʦʩʪʘʚʠʚ 1,691 

ʤʣʨʜ ʪ. ʈʦʩʩʠʷ ʚ ʵʪʦʤ ʩʧʠʩʢʝ ʟʘʥʷʣʘ ʧʷʪʦʝ ʤʝʩʪʦ ʩ ʧʦʢʘʟʘʪʝʣʝʤ 71,3 ʤʣʥ ʪ [1]. ɼʣʷ ʢʦʥʢʫʨʝʥ-

ʮʠʠ ʤʠʨʦʚʳʤ ʣʠʜʝʨʘʤ ʧʦ ʧʨʦʠʟʚʦʜʩʪʚʫ ʩʪʘʣʠ ʧʨʝʜʧʨʠʷʪʠʷ ʈʦʩʩʠʠ ʚʳʥʫʞʜʝʥʳ ʠʩʢʘʪʴ ʧʫʪʠ 

ʧʦ ʩʥʠʞʝʥʠʶ ʩʝʙʝʩʪʦʠʤʦʩʪʠ ʤʝʪʘʣʣʘ. 

ʇʨʠ ʚʳʧʣʘʚʢʝ ʩʪʘʣʠ ʵʣʝʢʪʨʦʜʫʛʦʚʳʤ ʩʧʦʩʦʙʦʤ ʟʥʘʯʠʪʝʣʴʥʫʶ ʯʘʩʪʴ ʟʘʪʨʘʪ ʛʦʪʦʚʦʡ 

ʧʨʦʜʫʢʮʠʠ ʩʦʩʪʘʚʣʷʝʪ ʩʪʦʠʤʦʩʪʴ ʛʨʘʬʠʪʠʨʦʚʘʥʥʳʭ ʵʣʝʢʪʨʦʜʦʚ (ɻʕ) (ʜʦ 12,5%), ʧʦʵʪʦʤʫ 

ʩʥʠʞʝʥʠʝ ʠʭ ʫʜʝʣʴʥʦʛʦ ʨʘʩʭʦʜʘ ʷʚʣʷʝʪʩʷ ʘʢʪʫʘʣʴʥʦʡ ʟʘʜʘʯʝʡ [2]. ʇʨʠ ʵʢʩʧʣʫʘʪʘʮʠʠ ʵʣʝʢ-

ʪʨʦʜʫʛʦʚʳʭ ʧʝʯʝʡ ʨʘʩʭʦʜ ɻʕ ʚʦ ʤʥʦʛʦʤ ʟʘʚʠʩʠʪ ʦʪ ʠʭ ʪʝʧʣʦʚʦʛʦ ʩʦʩʪʦʷʥʠʷ, ʦʢʠʩʣʠʪʝʣʴʥʳʭ 

ʩʚʦʡʩʪʚ ʘʪʤʦʩʬʝʨʳ ʧʝʯʠ, ʪʝʤʧʝʨʘʪʫʨʥʳʭ ʫʩʣʦʚʠʡ ʚ ʥʝʡ ʠ ʥʘʣʠʯʠʷ ʟʘʱʠʪʥʳʭ ʧʦʢʨʳʪʠʡ ʧʦ-

ʚʝʨʭʥʦʩʪʠ ʵʣʝʢʪʨʦʜʘ. ʊʝʤʧʝʨʘʪʫʨʥʦʝ ʧʦʣʝ ʦʧʨʝʜʝʣʷʝʪ ʫʯʘʩʪʢʠ ʥʘ ʪʦʨʮʝʚʳʭ ʠ ʙʦʢʦʚʳʭ ʧʦ-

ʚʝʨʭʥʦʩʪʷʭ ɻʕ, ʢʦʪʦʨʳʝ ʧʦʜʚʝʨʛʘʶʪʩʷ ʩʫʱʝʩʪʚʝʥʥʦʤʫ ʦʢʠʩʣʝʥʠʶ ʠ ʵʨʦʟʠʠ. ɼʣʷ ʫʚʝʣʠʯʝʥʠʷ 

ʩʪʦʡʢʦʩʪʠ ɻʕ ʚ ʣʠʪʝʨʘʪʫʨʝ ʧʨʝʜʣʘʛʘʶʪʩʷ ʨʘʟʣʠʯʥʳʝ ʤʝʨʦʧʨʠʷʪʠʷ, ʩʚʷʟʘʥʥʳʝ ʩ ʥʘʥʝʩʝʥʠʝʤ 

ʥʘ ʧʦʚʝʨʭʥʦʩʪʴ ʵʣʝʢʪʨʦʜʘ ʦʛʥʝʫʧʦʨʥʦʛʦ ʘʥʪʠʦʢʠʩʣʠʪʝʣʴʥʦʛʦ ʧʦʢʨʳʪʠʷ ʠʣʠ ʧʦʢʨʳʪʠʷ ʩ ʚʳ-

ʩʦʢʠʤʠ ʘʜʛʝʟʠʦʥʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ, ʦʙʨʘʙʦʪʢʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʠʥʝʨʪʥʳʤʠ ʠʣʠ ʫʛʣʝʚʦʜʦʨʦʜʥʳ-

ʤʠ ʛʘʟʘʤʠ, ʵʬʬʝʢʪʠʚʥʳʝ ʨʝʟʴʙʦʚʳʝ ʢʦʥʩʪʨʫʢʮʠʠ ʧʦ ʥʘʨʘʱʠʚʘʥʠʶ ʜʣʠʥʳ ʵʣʝʢʪʨʦʜʘ ʠ ʜʨʫʛʠʝ 

ʘʢʪʠʚʥʳʝ ʜʝʡʩʪʚʠʷ, ʧʨʠʚʦʜʷʱʠʝ ʢ ʩʥʠʞʝʥʠʶ ʨʘʩʭʦʜʘ ʵʣʝʢʪʨʦʜʦʚ [3ï14]. 

ʆʩʥʦʚʥʳʤʠ ʥʝʜʦʩʪʘʪʢʘʤʠ ʤʥʦʛʠʭ ʧʦʜʦʙʥʳʭ ʩʧʦʩʦʙʦʚ ʷʚʣʷʶʪʩʷ ʚʳʩʦʢʘʷ ʩʪʦʠʤʦʩʪʴ ʠʩ-

ʧʦʣʴʟʫʝʤʳʭ ʢʦʤʧʦʥʝʥʪʦʚ, ʩʣʦʞʥʘʷ ʤʝʪʦʜʠʢʘ ʥʘʥʝʩʝʥʠʷ ʧʦʢʨʳʪʠʡ ʠ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʩʧʝʮʠ-

ʘʣʴʥʦʡ ʘʧʧʘʨʘʪʫʨʳ. ʕʪʦ ʩʠʣʴʥʦ ʩʥʠʞʘʝʪ ʵʢʦʥʦʤʠʯʝʩʢʠʡ ʵʬʬʝʢʪ ʧʦ ʧʦʚʳʰʝʥʠʶ ʩʪʦʡʢʦʩʪʠ 

ɻʕ ʠ ʫʤʝʥʴʰʘʝʪ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʧʨʠʤʝʥʝʥʠʷ ʧʨʝʜʣʘʛʘʝʤʳʭ ʚʘʨʠʘʥʪʦʚ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʚ 

ʧʨʦʤʳʰʣʝʥʥʳʭ ʵʣʝʢʪʨʦʜʫʛʦʚʳʭ ʧʝʯʘʭ.  

ʅʘʠʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʳʤʠ ʤʦʞʥʦ ʩʯʠʪʘʪʴ ʩʧʦʩʦʙʳ, ʧʨʠʚʦʜʷʱʠʝ ʢ ʩʥʠʞʝʥʠʶ ʪʝʤʧʝʨʘʪʫ-

ʨʳ ʛʨʘʬʠʪʠʨʦʚʘʥʥʦʛʦ ʵʣʝʢʪʨʦʜʘ ʟʘ ʩʯʝʪ ʝʛʦ ʧʨʠʥʫʜʠʪʝʣʴʥʦʛʦ ʦʭʣʘʞʜʝʥʠʷ, ʥʘʧʨʠʤʝʨ ʧʦʜʘʯʘ 

ʯʝʨʝʟ ʦʩʝʚʦʡ ʢʘʥʘʣ ɻʕ ʘʨʛʦʥʘ ʠʣʠ ʧʨʠʨʦʜʥʦʛʦ ʛʘʟʘ; ʧʨʠʤʝʥʝʥʠʝ ʠʩʧʘʨʠʪʝʣʴʥʦʛʦ ʦʭʣʘʞʜʝʥʠʷ 

ʝʛʦ ʙʦʢʦʚʦʡ ʧʦʚʝʨʭʥʦʩʪʠ. ʇʨʦʚʝʜʝʥʠʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʪʝʧʣʦʚʦʛʦ ʩʦʩʪʦʷ-

ʥʠʷ ɻʕ ʥʘ ʜʫʛʦʚʳʭ ʧʝʯʘʭ ʢʨʘʡʥʝ ʟʘʪʨʫʜʥʠʪʝʣʴʥʦ ʧʦ ʤʥʦʛʠʤ ʦʨʛʘʥʠʟʘʮʠʦʥʥʦ-ʪʝʭʥʠʯʝʩʢʠʤ 



ʄʦʜʝʣʠʨʦʚʘʥʠʝ 

ʄʘʪʝʤʘʪʠʯʝʩʢʦʝ ʠ ʧʨʦʛʨʘʤʤʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ ʚ ʧʨʦʤʳʰʣʝʥʥʦʡ ʠ ʩʦʮʠʘʣʴʥʦʡ ʩʬʝʨʘʭ. 2019. ʊ.7. ˉ1 25 

ʧʨʠʯʠʥʘʤ, ʛʣʘʚʥʳʤʠ ʠʟ ʢʦʪʦʨʳʭ ʷʚʣʷʶʪʩʷ ʚʳʩʦʢʠʝ ʪʝʤʧʝʨʘʪʫʨʥʳʝ ʨʝʞʠʤʳ, ʚʳʩʦʢʘʷ ʠʥʪʝʥ-

ʩʠʚʥʦʩʪʴ ʠʟʣʫʯʝʥʠʷ ʜʫʛ ʠ ʥʝʧʨʦʟʨʘʯʥʘʷ ʩʨʝʜʘ ʚ ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʭ ʤʝʪʘʣʣʫʨʛʠʯʝʩʢʠʭ ʘʛʨʝʛʘ-

ʪʘʭ. ʕʪʦ ʧʨʠʚʦʜʠʪ ʢ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʧʨʦʚʦʜʠʪʴ ʦʮʝʥʢʫ ʚʣʠʷʥʠʷ ʨʦʣʠ ʦʭʣʘʞʜʝʥʠʷ ʵʣʝʢʪʨʦʜʦʚ 

ʥʘ ʫʥʦʩ ʛʨʘʬʠʪʘ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʪʝʦʨʝʪʠʯʝʩʢʠʭ ʠ ʢʦʤʧʴʶʪʝʨʥʳʭ ʤʦʜʝʣʝʡ. 

ʎʝʣʴʶ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʘʥʘʣʠʟ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʧʨʠʥʫʜʠʪʝʣʴʥʦʛʦ ʦʭʣʘ-

ʞʜʝʥʠʷ ʛʨʘʬʠʪʠʨʦʚʘʥʥʳʭ ʵʣʝʢʪʨʦʜʦʚ ʛʘʟʦʤ, ʧʦʜʘʚʘʝʤʳʤ ʯʝʨʝʟ ʦʩʝʚʦʡ ʢʘʥʘʣ ʠ ʠʩʧʘʨʠʪʝʣʴ-

ʥʦʛʦ ʦʭʣʘʞʜʝʥʠʷ ʚʦʜʦʡ ʠʭ ʙʦʢʦʚʦʡ ʧʦʚʝʨʭʥʦʩʪʠ, ʦʧʨʝʜʝʣʠʪʴ ʚʣʠʷʥʠʝ ʵʪʠʭ ʬʘʢʪʦʨʦʚ ʥʘ ʪʝʧ-

ʣʦʚʦʝ ʩʦʩʪʦʷʥʠʝ ʵʣʝʢʪʨʦʜʘ ʠ ʩʥʠʞʝʥʠʝ ʠʭ ʨʘʩʭʦʜʘ ʚ ʵʣʝʢʪʨʦʜʫʛʦʚʳʭ ʧʝʯʘʭ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʢʦʤʧʴʶʪʝʨʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ.  

ʆʩʥʦʚʥʘʷ ʯʘʩʪʴ 

ʇʨʠʤʝʥʝʥʠʝ ʛʨʘʬʠʪʠʨʦʚʘʥʥʳʭ ʵʣʝʢʪʨʦʜʦʚ ʩ ʧʦʜʘʯʝʡ ʛʘʟʘ ʯʝʨʝʟ ʦʩʝʚʦʡ ʢʘʥʘʣ ʠʟʚʝʩʪʥʦ 

ʜʦʚʦʣʴʥʦ ʜʘʚʥʦ ʠ ʧʦʟʚʦʣʷʝʪ ʨʝʰʘʪʴ ʨʷʜ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʟʘʜʘʯ, ʚ ʪʦʤ ʯʠʩʣʝ ʧʦʚʳʰʝʥʠʝ 

ʫʩʪʦʡʯʠʚʦʩʪʠ ʛʦʨʝʥʠʷ ʜʫʛʠ, ʦʭʣʘʞʜʝʥʠʝ ʵʣʝʢʪʨʦʜʘ ʠ ʝʛʦ ʵʢʨʘʥʠʨʦʚʘʥʠʝ ʦʪ ʦʢʠʩʣʝʥʠʷ. ʆʙʞʘ-

ʪʠʝ ʜʫʛʠ ʧʦʟʚʦʣʷʝʪ ʨʘʙʦʪʘʪʴ ʥʘ ʧʦʚʳʰʝʥʥʳʭ ʥʘʧʨʷʞʝʥʠʷʭ ʩ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤʠ ʵʣʝʢʪʨʦʪʝʭ-

ʥʠʯʝʩʢʠʤʠ ʠ ʤʝʪʘʣʣʫʨʛʠʯʝʩʢʠʤʠ ʧʨʝʠʤʫʱʝʩʪʚʘʤʠ.  

ʇʦ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ, ʨʘʩʩʤʦʪʨʝʥʥʦʡ ʚ ʨʘʙʦʪʝ [15], ʩʦʟʜʘʥʘ ʢʦʤʧʴʶʪʝʨʥʘʷ ʧʨʦ-

ʛʨʘʤʤʘ çʊʝʧʣʦʚʦʝ ʩʦʩʪʦʷʥʠʝ ʛʨʘʬʠʪʠʨʦʚʘʥʥʦʛʦ ʵʣʝʢʪʨʦʜʘ ʧʨʠ ʧʦʜʘʯʝ ʦʭʣʘʜʠʪʝʣʷ ʚ ʦʩʝʚʦʡ 

ʢʘʥʘʣè [16]. ʇʨʦʛʨʘʤʤʘ, ʥʘʧʠʩʘʥʥʘʷ ʥʘ ʷʟʳʢʝ C++ Builder, ʠʩʧʦʣʴʟʫʝʪ ʜʣʷ ʭʨʘʥʝʥʠʷ ʠʩʭʦʜ-

ʥʳʭ ʜʘʥʥʳʭ, ʪʝʧʣʦʬʠʟʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʛʘʟʦʚ ʠ ʤʘʪʝʨʠʘʣʘ ʵʣʝʢʪʨʦʜʦʚ ʉʋɹɼ Microsoft Access. 

ʆʥʘ ʧʦʟʚʦʣʷʝʪ ʘʥʘʣʠʟʠʨʦʚʘʪʴ ʪʝʧʣʦʚʦʝ ʩʦʩʪʦʷʥʠʝ ʛʨʘʬʠʪʠʨʦʚʘʥʥʦʛʦ ʵʣʝʢʪʨʦʜʘ ʧʨʠ ʧʦʜʘʯʝ 

ʛʘʟʘ ʯʝʨʝʟ ʝʛʦ ʦʩʝʚʦʡ ʢʘʥʘʣ ʧʨʠ ʟʘʜʘʥʥʳʭ ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ ʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʘʭ, 

ʦʧʨʝʜʝʣʷʶʱʠʭ ʫʩʣʦʚʠʷ ʨʘʙʦʪʳ ʵʣʝʢʪʨʦʜʘ ʚ ʜʫʛʦʚʦʡ ʧʝʯʠ. 

ɺ ʢʘʯʝʩʪʚʝ ʦʙʲʝʢʪʘ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʚʳʙʨʘʥʳ ʵʣʝʢʪʨʦʜʳ ɼʉʇ-50, ʠʤʝʶʱʠʝ ʩʣʝʜʫʶʱʠʝ 

ʨʘʟʤʝʨʳ: ʚʥʝʰʥʠʡ ʜʠʘʤʝʪʨ ʤʤ 500  , ʜʠʘʤʝʪʨ ʦʩʝʚʦʛʦ ʦʪʚʝʨʩʪʠʷ ï ʤʤ 100  , ʚʳʩʦʪʘ ï ʤʤ 1800  . 

ʇʦʩʨʝʜʩʪʚʦʤ ʢʦʤʧʴʶʪʝʨʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʧʦʣʫʯʝʥʘ ʟʘʚʠʩʠʤʦʩʪʴ ʩʨʝʜʥʝʡ ʪʝʤʧʝʨʘʪʫʨʳ ʧʦ-

ʚʝʨʭʥʦʩʪʠ ɻʕ ʦʪ ʦʙʲʝʤʥʦʛʦ ʨʘʩʭʦʜʘ ʚʦʜʦʨʦʜʘ, ʧʦʜʘʚʘʝʤʦʛʦ ʯʝʨʝʟ ʦʩʝʚʦʡ ʢʘʥʘʣ, ʚ ʤʦʤʝʥʪ ʚʨʝ-

ʤʝʥʠ 0,1 ʯ ʦʪ ʥʘʯʘʣʘ ʥʘʛʨʝʚʘ ʧʨʠ ʪʦʢʝ ʜʫʛʠ 30 ʢɸ (ʨʠʩ. 1, ʘ). ɺʠʜʥʦ, ʯʪʦ ʩʨʝʜʥʷʷ ʪʝʤʧʝʨʘʪʫʨʘ 

ʙʦʢʦʚʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʵʣʝʢʪʨʦʜʘ ʠʟʤʝʥʷʝʪʩʷ ʚ ʧʨʝʜʝʣʘʭ ʜʚʫʭ ʛʨʘʜʫʩʦʚ, ʪʦ ʝʩʪʴ ʩʣʘʙʦ ʟʘʚʠʩʠʪ ʦʪ 

ʨʘʩʭʦʜʘ ʦʭʣʘʞʜʘʶʱʝʛʦ ʛʘʟʘ. ʊʘʢ ʢʘʢ ʚʦʜʦʨʦʜ ʦʙʣʘʜʘʝʪ ʦʪʥʦʩʠʪʝʣʴʥʦ ʜʨʫʛʠʭ ʛʘʟʦʚ ʜʦʩʪʘʪʦʯʥʦ 

ʚʳʩʦʢʦʡ ʪʝʧʣʦʝʤʢʦʩʪʴʶ (ʩʨʝʜʥʝʝ ʝʝ ʟʥʘʯʝʥʠʝ ʚ ʜʠʘʧʘʟʦʥʝ ʦʪ 20ï1000
0
ʉ ʩʦʩʪʘʚʣʷʝʪ Cpº

14,8 ʢɼʞ/(ʢʛ ʂ)), ʪʦ ʚʣʠʷʥʠʝ ʜʨʫʛʠʭ ʛʘʟʦʚ ʥʘ ʪʝʤʧʝʨʘʪʫʨʫ ʧʦʚʝʨʭʥʦʩʪʠ ʵʣʝʢʪʨʦʜʘ  ʝʱʝ ʤʝʥʴʰʝ. 

ʘ ʙ 

ʈʠʩ. 1. ɿʘʚʠʩʠʤʦʩʪʠ ʩʨʝʜʥʝʡ ʪʝʤʧʝʨʘʪʫʨʳ ʧʦʚʝʨʭʥʦʩʪʠ ɻʕ: ʘ ï ʦʪ ʨʘʩʭʦʜʘ ʚʦʜʦʨʦʜʘ ʧʨʦʭʦʜʷʱʝʛʦ ʯʝʨʝʟ 

ʦʩʝʚʦʡ ʢʘʥʘʣ: ʙ ï  ʦʪ ʟʥʘʯʝʥʠʷ ʪʦʢʘ ʜʫʛʠ ʧʨʠ ʨʘʩʭʦʜʝ ʚʦʜʦʨʦʜʘ 113 ʤ3/ʯ  

ʅʘ ʨʠʩ. 1, ʙ ʧʦʢʘʟʘʥʘ ʟʘʚʠʩʠʤʦʩʪʴ ʩʨʝʜʥʝʡ ʪʝʤʧʝʨʘʪʫʨʳ ʧʦʚʝʨʭʥʦʩʪʠ ɻʕ ʦʪ ʟʥʘʯʝʥʠʷ 

ʪʦʢʘ ʜʫʛʠ ʧʨʠ ʬʠʢʩʠʨʦʚʘʥʥʦʤ ʨʘʩʭʦʜʝ ʚʦʜʦʨʦʜʘ 113 ʤ
3
/ʯ. ɺʠʜʥʦ, ʯʪʦ ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ ʪʦʢʘ 

ʩʨʝʜʥʷʷ ʪʝʤʧʝʨʘʪʫʨʘ ʧʦʚʝʨʭʥʦʩʪʠ ʛʨʘʬʠʪʠʨʦʚʘʥʥʦʛʦ ʵʣʝʢʪʨʦʜʘ ʩʫʱʝʩʪʚʝʥʥʦ ʚʦʟʨʘʩʪʘʝʪ. ʕʪʦ 

ʦʙʲʷʩʥʷʝʪʩʷ ʪʝʤ, ʯʪʦ ʥʘ ʥʘʛʨʝʚ ʙʦʢʦʚʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʩʫʱʝʩʪʚʝʥʥʦ ʚʣʠʷʝʪ ʜʞʦʫʣʝʚʦ ʪʝʧʣʦʚʳ-

ʜʝʣʝʥʠʝ, ʢʦʪʦʨʦʝ ʧʨʦʠʩʭʦʜʠʪ ʧʦ ʚʩʝʤʫ ʦʙʲʝʤʫ ʵʣʝʢʪʨʦʜʘ ʠ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦ ʢʚʘʜʨʘʪʫ ʪʦʢʘ, ʘ 

ʛʘʟ ʦʭʣʘʞʜʘʝʪ ʪʦʣʴʢʦ ʚʥʫʪʨʝʥʥʶʶ ʩʪʝʥʢʫ ʦʩʝʚʦʛʦ ʢʘʥʘʣʘ ʠ ʤʘʣʦʵʬʬʝʢʪʠʚʝʥ ʜʣʷ ʩʥʠʞʝʥʠʷ 

ʥʘʛʨʝʚʘ ʙʦʢʦʚʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʵʣʝʢʪʨʦʜʘ. 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʧʦʣʫʯʝʥʳ ʪʘʢʞʝ ʟʘʚʠʩʠʤʦʩʪʠ ʠʟʤʝʥʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ 

(ʨʠʩ. 2, ʘ) ʠ ʩʢʦʨʦʩʪʠ (ʨʠʩ. 2, ʙ) ʦʭʣʘʞʜʘʶʱʝʛʦ ʛʘʟʘ ʧʦ ʜʣʠʥʝ ʦʩʝʚʦʛʦ ʢʘʥʘʣʘ ɻʕ ʜʣʷ ʨʘʟʥʳʭ 

ʛʘʟʦʚ, ʠʩʧʦʣʴʟʫʝʤʳʭ ʚ ʜʫʛʦʚʦʡ ʧʝʯʠ ɼʉʇ-50. ʅʘ ʛʨʘʬʠʢʘʭ ʚʠʜʥʦ, ʯʪʦ ʦʭʣʘʞʜʝʥʠʝ ʘʟʦʪʦʤ ʠ 



ʄʦʜʝʣʠʨʦʚʘʥʠʝ 

26  ʄʘʪʝʤʘʪʠʯʝʩʢʦʝ ʠ ʧʨʦʛʨʘʤʤʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ ʚ ʧʨʦʤʳʰʣʝʥʥʦʡ ʠ ʩʦʮʠʘʣʴʥʦʡ ʩʬʝʨʘʭ. 2019. ʊ.7. ˉ1 

ʚʦʜʦʨʦʜʦʤ ʧʨʦʠʩʭʦʜʠʪ ʪʦʣʴʢʦ ʥʘ ʥʘʯʘʣʴʥʦʤ ʫʯʘʩʪʢʝ ʦʩʝʚʦʛʦ ʢʘʥʘʣʘ, ʪʘʢ ʢʘʢ ʪʝʧʣʦʥʦʩʠʪʝʣʴ 

ʙʳʩʪʨʦ ʥʘʛʨʝʚʘʝʪʩʷ ʜʦ ʪʝʤʧʝʨʘʪʫʨ, ʩʦʧʦʩʪʘʚʠʤʳʭ ʩ ʪʝʤʧʝʨʘʪʫʨʦʡ ʩʘʤʦʛʦ ʛʨʘʬʠʪʠʨʦʚʘʥʥʦʛʦ 

ʵʣʝʢʪʨʦʜʘ. ɸʨʛʦʥ ʧʦ ʜʣʠʥʝ ʢʘʥʘʣʘ ʛʨʝʝʪʩʷ ʦʪʥʦʩʠʪʝʣʴʥʦ ʩʣʘʙʦ, ʥʦ ʥʘʛʨʝʚʘʝʪʩʷ ʜʦ ʪʦʡ ʞʝ 

ʪʝʤʧʝʨʘʪʫʨʳ, ʯʪʦ ʠ ʦʩʪʘʣʴʥʳʝ ʛʘʟʳ ʚ ʦʙʣʘʩʪʠ ʧʨʠʚʷʟʢʠ ʜʫʛʠ ʥʘ ʥʠʞʥʝʡ ʯʘʩʪʠ ʵʣʝʢʪʨʦʜʘ. ɻʘ-

ʟʳ ʧʨʠ ʩʚʦʝʤ ʥʘʛʨʝʚʝ ʜʦ 1800
0
ʉ ʨʘʟʛʦʥʷʶʪʩʷ ʚ 6-7 ʨʘʟ ʜʦ ʩʢʦʨʦʩʪʠ 25ï30 ʤ/ʩ, ʯʪʦ ʚʧʦʣʥʝ ʜʦ-

ʩʪʘʪʦʯʥʦ ʜʣʷ ʩʪʘʙʠʣʠʟʘʮʠʠ ʛʦʨʝʥʠʷ ʜʫʛʠ. 

ʘ ʙ 

ʈʠʩ. 2. ʀʟʤʝʥʝʥʠʝ ʧʘʨʘʤʝʪʨʦʚ ʧʦ ʜʣʠʥʝ ʦʩʝʚʦʛʦ ʢʘʥʘʣʘ ʵʣʝʢʪʨʦʜʘ ɼʉʇ-50ʪʝʤʧʝʨʘʪʫʨʳ:  

ʘ ï ʩʢʦʨʦʩʪʠ; ʙ ï ʦʭʣʘʞʜʘʶʱʝʛʦ ʛʘʟʘ  

ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʛʘʟʦʚʦʝ ʦʭʣʘʞʜʝʥʠʝ ʯʝʨʝʟ ʦʩʝʚʦʡ ʢʘʥʘʣ ʵʣʝʢʪʨʦʜʘ ʧʦʟʚʦʣʷʝʪ ʦʪʚʦʜʠʪʴ 

ʪʝʧʣʦ ʦʪ ʥʝʛʦ ʚ ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʝʙʦʣʴʰʦʤ ʦʙʲʝʤʝ, ʟʘ ʩʯʝʪ ʪʦʛʦ, ʯʪʦ ʧʦʩʪʫʧʘʶʱʠʡ ʚ ʦʩʝʚʦʡ 

ʢʘʥʘʣ ʛʘʟ ʙʳʩʪʨʦ ʥʘʛʨʝʚʘʝʪʩʷ ʜʦ ʪʝʤʧʝʨʘʪʫʨ, ʩʦʧʦʩʪʘʚʠʤʳʭ ʩ ʪʝʤʧʝʨʘʪʫʨʦʡ ʩʘʤʦʛʦ ɻʕ ʠ ʥʠʟ-

ʢʦʡ ʪʝʧʣʦʝʤʢʦʩʪʠ ʠʩʧʦʣʴʟʫʝʤʳʭ ʛʘʟʦʚ. ʇʨʠ ʨʘʙʦʪʝ ʧʝʯʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ɻʕ ʥʝʜʦʩʪʘʪʦʯʥʦ-

ʛʦ ʜʣʷ ʜʘʥʥʦʛʦ ʪʦʢʦʚʦʛʦ ʨʝʞʠʤʘ ʜʠʘʤʝʪʨʘ ʚʦʟʨʘʩʪʘʝʪ ʩʨʝʜʥʷʷ ʪʝʤʧʝʨʘʪʫʨʘ ʝʛʦ ʧʦʚʝʨʭʥʦʩʪʠ, 

ʘ ʟʥʘʯʠʪ ʠ ʨʘʩʭʦʜ ʛʨʘʬʠʪʠʨʦʚʘʥʥʳʭ ʵʣʝʢʪʨʦʜʦʚ, ʧʦʵʪʦʤʫ ʜʣʷ ʢʘʞʜʦʛʦ ʜʠʘʤʝʪʨʘ ʵʣʝʢʪʨʦʜʘ ʠ 

ʫʩʣʦʚʠʡ ʝʛʦ ʨʘʙʦʪʳ ʚ ʧʝʯʠ ʩʫʱʝʩʪʚʫʝʪ ʦʧʪʠʤʘʣʴʥʳʡ ʪʦʢ. 

ʆʜʥʠʤ ʠʟ ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʧʫʪʝʡ ʩʥʠʞʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ ɻʕ ʠ ʝʛʦ ʵʢʨʘʥʠʨʦʚʘʥʠʷ ʦʪ 

ʦʢʠʩʣʝʥʠʷ ʷʚʣʷʝʪʩʷ ʧʨʠʤʝʥʝʥʠʝ ʠʩʧʘʨʠʪʝʣʴʥʦʛʦ ʦʭʣʘʞʜʝʥʠʷ. ʇʦʜʘʯʠ ʚʦʜʳ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦ-

ʙʦʡ ʩʠʩʪʝʤʫ ʝʝ ʦʨʦʰʝʥʠʷ ʥʘ ʙʦʢʦʚʫʶ ʧʦʚʝʨʭʥʦʩʪʴ ʮʠʣʠʥʜʨʠʯʝʩʢʠʭ ɻʕ ʠ ʩʦʩʪʦʠʪ ʠʟ ʢʦʣʴʮʘ 

ʠʩʧʘʨʠʪʝʣʴʥʦʛʦ ʦʭʣʘʞʜʝʥʠʷ, ʢʦʪʦʨʦʝ ʤʦʥʪʠʨʫʝʪʩʷ ʚʦʢʨʫʛ ʵʣʝʢʪʨʦʜʘ ʥʝʩʢʦʣʴʢʦ ʥʠʞʝ ʵʣʝʢ-

ʪʨʦʜʦʜʝʨʞʘʪʝʣʷ (ʨʠʩ. 3). ʋʧʨʘʚʣʝʥʠʝ ʨʘʩʭʦʜʦʤ ʚʦʜʳ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʩ ʧʦʤʦʱʴʶ ʵʣʝʢʪʨʦ-

ʤʘʛʥʠʪʥʳʭ ʢʣʘʧʘʥʦʚ ʠ ʨʝʜʫʢʪʦʨʘ ʜʘʚʣʝʥʠʷ. ʊʨʫʙʳ, ʨʘʩʧʦʣʦʞʝʥʥʳʝ ʚ ʢʦʨʧʫʩʝ ʨʫʢʘʚʦʚ-

ʢʦʥʩʦʣʝʡ, ʠ ʢʦʨʦʪʢʠʝ ʰʣʘʥʛʠ ʚ ʧʝʨʝʜʥʝʤ ʢʦʥʮʝ ʨʫʢʘʚʦʚ-ʢʦʥʩʦʣʝʡ ʩʣʫʞʘʪ ʜʣʷ ʧʦʜʚʦʜʘ ʚʦʜʳ ʠʥ-

ʜʠʚʠʜʫʘʣʴʥʦ ʢ ʢʘʞʜʦʤʫ ʢʦʣʴʮʫ. ʉʠʩʪʝʤʘ ʠʩʧʘʨʠʪʝʣʴʥʦʛʦ ʦʭʣʘʞʜʝʥʠʷ ʧʦʟʚʦʣʷʝʪ ʪʘʢʞʝ ʧʦʜʘ-

ʚʘʪʴ ʩʞʘʪʳʡ ʚʦʟʜʫʭ ʜʣʷ ʧʨʦʜʫʚʢʠ ʠ ʚ ʧʝʨʠʦʜʳ, ʢʦʛʜʘ ʚʦʜʘ ʥʝ ʪʨʝʙʫʝʪʩʷ. 

ɼʣʷ ʠʟʫʯʝʥʠʷ ʠʩʧʘʨʠʪʝʣʴʥʦʛʦ ʦʭʣʘʞʜʝʥʠʷ ʠʩʧʦʣʴʟʦʚʘʣʘʩʴ ʢʦʤʧʴʶʪʝʨʥʘʷ ʧʨʦʛʨʘʤʤʘ 

çʄʦʜʝʣʠʨʦʚʘʥʠʝ ʪʝʧʣʦʚʦʛʦ ʩʦʩʪʦʷʥʠʷ ʵʣʝʢʪʨʦʜʘ ɼʉʇè, ʩʦʟʜʘʥʥʘʷ ʧʦ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʤʦʜʝ-

ʣʠ, ʦʧʠʩʘʥʥʦʡ ʚ ʨʘʙʦʪʘʭ [17ï18]. ʇʨʦʛʨʘʤʤʘ ʧʦʟʚʦʣʷʝʪ ʦʧʨʝʜʝʣʷʪʴ ʪʝʧʣʦʚʦʝ ʩʦʩʪʦʷʥʠʝ ʠ 

ʫʥʦʩ ʛʨʘʬʠʪʘ ʜʣʷ ʧʝʨʚʦʥʘʯʘʣʴʥʦ ʮʠʣʠʥʜʨʠʯʝʩʢʦʛʦ ɻʕ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʝʛʦ ʠʟʤʝʥʷʶʱʝʡʩʷ 

ʛʝʦʤʝʪʨʠʠ, ʧʨʦʭʦʜʷʱʝʛʦ ʯʝʨʝʟ ʥʝʛʦ ʪʦʢʘ ʠ ʚʨʝʤʝʥʠ ʥʘʭʦʞʜʝʥʠʷ ʵʣʝʢʪʨʦʜʘ ʚ ʧʝʯʠ ʧʦʜ ʪʦʢʦʤ, 

ʘ ʪʘʢʞʝ ʦʪ ʧʘʨʘʤʝʪʨʦʚ ʚʦʜʷʥʦʛʦ ʦʭʣʘʞʜʝʥʠʷ.  

ɼʣʷ ʧʨʦʚʝʜʝʥʠʷ ʢʦʤʧʴʶʪʝʨʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʙʳʣʠ ʚʳʙʨʘʥʳ ʜʫʛʦʚʳʝ ʧʝʯʠ ʤʘʣʦʡ ʝʤ-

ʢʦʩʪʠ ɼʉʇ ʠ ɼʇʇʊ ʚʤʝʩʪʠʤʦʩʪʴʶ 12 ʪ ʠ ʧʨʠʤʝʨʥʦ ʦʜʠʥʘʢʦʚʦʡ ʧʦʣʝʟʥʦʡ ʵʣʝʢʪʨʠʯʝʩʢʦʡ 

ʤʦʱʥʦʩʪʠ. ɼʣʷ ɼʉʇ-12 ʥʘʧʨʷʞʝʥʠʝ ʥʘ ʜʫʛʘʭ ʩʦʩʪʘʚʣʷʣʦ 100ï250 ɺ; ʜʣʷ ɼʇʇʊ-12 ï 120ï300 

ɺ. ʇʦʜʨʦʙʥʦ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ ɼʉʇ-12 ʠ ɼʇʇʊ-12 ʠʩʧʦʣʴʟʫʝʤʳʝ ʧʨʠ ʨʘʩʯʝʪʘʭ 

ʧʨʠʚʝʜʝʥʳ ʚ ʨʘʙʦʪʝ [19]. 

ʇʦʣʫʯʝʥʳ ʟʘʚʠʩʠʤʦʩʪʠ ʫʜʝʣʴʥʦʛʦ ʫʛʘʨʘ ʛʨʘʬʠʪʠʨʦʚʘʥʥʦʛʦ ʵʣʝʢʪʨʦʜʘ ʦʪ ʚʨʝʤʝʥʠ ʝʛʦ 

ʥʘʭʦʞʜʝʥʠʷ ʚ ʧʝʯʠ ʧʦʜ ʪʦʢʦʤ ʧʨʠ ʥʘʣʠʯʠʠ ʠ ʦʪʩʫʪʩʪʚʠʠ ʠʩʧʘʨʠʪʝʣʴʥʦʛʦ ʦʭʣʘʞʜʝʥʠʷ ʜʣʷ 

ɼʉʇ-12 ʠ ɼʇʇʊ-12 (ʨʠʩ. 4). ɺʠʜʥʦ, ʯʪʦ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʨʘʩʭʦʜʘ ʚʦʜʳ ʨʘʩʭʦʜ ɻʕ ʩʥʠʞʘʝʪʩʷ 

ʠʟ-ʟʘ ʨʦʩʪʘ ʪʦʣʱʠʥʳ ʩʪʝʢʘʶʱʝʡ ʚʦʜʷʥʦʡ ʧʣʝʥʢʠ ʠ ʟʦʥʳ ʪʝʧʣʦʚʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʠʩʧʘʨʠʪʝʣʴ-

ʥʦʛʦ ʦʭʣʘʞʜʝʥʠʷ. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʜʣʷ ʦʙʦʠʭ ʪʠʧʦʚ ʧʝʯʝʡ ʧʨʠʤʝʥʝʥʠʝ ʠʩʧʘʨʠʪʝʣʴʥʦʛʦ 

ʦʭʣʘʞʜʝʥʠʷ ʩ ʨʘʩʭʦʜʦʤ ʚʦʜʳ 0,6 ʤ
3
/ʯʘʩ ʥʘ ʦʜʠʥ ʵʣʝʢʪʨʦʜ ʩʥʠʞʘʝʪ ʨʘʩʭʦʜ ɻʕ ʧʨʠʤʝʨʥʦ ʚ 1,5 

ʨʘʟʘ. ʕʪʦ ʩ ʫʯʝʪʦʤ ʪʦʛʦ, ʯʪʦ ʚ ɼʉʇ-12 ʦʜʥʦʚʨʝʤʝʥʥʦ ʨʘʙʦʪʘʶʪ ʪʨʠ ʵʣʝʢʪʨʦʜʘ. 



ʄʦʜʝʣʠʨʦʚʘʥʠʝ 

ʄʘʪʝʤʘʪʠʯʝʩʢʦʝ ʠ ʧʨʦʛʨʘʤʤʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ ʚ ʧʨʦʤʳʰʣʝʥʥʦʡ ʠ ʩʦʮʠʘʣʴʥʦʡ ʩʬʝʨʘʭ. 2019. ʊ.7. ˉ1 27 

 
ʈʠʩ. 3. ʂʦʥʩʪʨʫʢʮʠʷ ʢʦʣʴʮʘ 

ʠʩʧʘʨʠʪʝʣʴʥʦʛʦ ʦʭʣʘʞʜʝʥʠʷ ʚʦʢʨʫʛ 

ʛʨʘʬʠʪʠʨʦʚʘʥʥʦʛʦ ʵʣʝʢʪʨʦʜʘ:  

1 ï ʚʦʜʦʧʦʜʚʦʜʷʱʘʷ ʨʝʟʠʥʦʚʘʷ ʪʨʫʙʢʘ;  

2 ï ʦʪʚʝʨʩʪʠʷ; 3 ï ʵʣʝʢʪʨʦʜ; 4 ï ʢʦʣʴʮʦ 

ʠʩʧʘʨʠʪʝʣʴʥʦʛʦ ʦʭʣʘʞʜʝʥʠʷ 

 
ʈʠʩ. 4. ʋʛʘʨ ʛʨʘʬʠʪʠʨʦʚʘʥʥʦʛʦ ʵʣʝʢʪʨʦʜʘ ʦʪ ʚʨʝʤʝʥʠ ʝʛʦ 

ʥʘʭʦʞʜʝʥʠʷ ʚ ʧʝʯʠ ʧʦʜ ʪʦʢʦʤ ʧʨʠ ʥʘʣʠʯʠʠ ʠ ʦʪʩʫʪʩʪʚʠʠ 

ʠʩʧʘʨʠʪʝʣʴʥʦʛʦ ʦʭʣʘʞʜʝʥʠʷ ʜʣʷ ʧʝʯʠ ɼʇʇʊ-12 ʧʨʠ ʨʘʟʥʳʭ 

ʨʘʩʭʦʜʘʭ ʚʦʜʳ: 1 ï0,6 ʤ3/ʯ; 2 ï ʨʘʩʭʦʜ ʚʦʜʳ 0 ʤ3/ʯ; ʜʣʷ ʧʝʯʠ 

ɼʉʇ-12: 3 ï 0,6 ʤ3/ʯ, 4 ï 0 ʤ3/ʯ 

ʇʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʩʠʩʪʝʤʳ ʧʨʠʥʫʜʠʪʝʣʴʥʦʛʦ ʚʦʜʷʥʦʛʦ ʦʭʣʘʞʜʝʥʠʷ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ 

ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ʚʘʞʥʦ ʟʥʘʪʴ, ʢʦʛʜʘ ʩʣʝʜʫʝʪ ʝʛʦ ʚʢʣʶʯʘʪʴ ʠ 

ʢʘʢʦʡ ʜʦʣʞʝʥ ʙʳʪʴ ʨʘʮʠʦʥʘʣʴʥʳʡ ʨʘʩʭʦʜ ʧʦʜʘʚʘʝʤʦʡ ʚʦʜʳ. ʉ ʵʪʦʡ ʮʝʣʴʶ ʧʦʣʫʯʝʥʳ ʛʨʘʬʠʢʠ 

ʫʜʝʣʴʥʦʛʦ ʨʘʩʭʦʜʘ ʛʨʘʬʠʪʠʨʦʚʘʥʥʦʛʦ ʵʣʝʢʪʨʦʜʘ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʤʦʤʝʥʪʘ ʚʢʣʶʯʝʥʠʷ ʚʦʜʷ-

ʥʦʛʦ ʦʭʣʘʞʜʝʥʠʷ ʧʨʠ ʨʘʟʥʳʭ ʨʘʩʭʦʜʘʭ ʧʦʜʘʚʘʝʤʦʡ ʚʦʜʳ ʥʘ ʝʛʦ ʦʭʣʘʞʜʝʥʠʝ ʜʣʷ ɼʇʇʊ-12 

(ʨʠʩ. 5). ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʧʦʜʘʯʘ ʚʦʜʳ ʚ ʩʠʩʪʝʤʫ ʠʩʧʘʨʠʪʝʣʴʥʦʛʦ ʦʭʣʘʞʜʝʥʠʷ ʥʘʠʙʦʣʝʝ ʨʘ-

ʮʠʦʥʘʣʴʥʘ ʚ ʪʝʯʝʥʠʝ 1ï2 ʤʠʥʫʪ ʧʦʩʣʝ ʚʢʣʶʯʝʥʠʷ ʪʦʢʘ. 

 
ʈʠʩ. 5. ʋʜʝʣʴʥʳʡ ʨʘʩʭʦʜ ʛʨʘʬʠʪʠʨʦʚʘʥʥʦʛʦ ʵʣʝʢʪʨʦʜʘ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʤʦʤʝʥʪʘ ʚʢʣʶʯʝʥʠʷ ʚʦʜʷʥʦʛʦ 

ʦʭʣʘʞʜʝʥʠʷ ʚ ɼʇʇʊ-12: 1 ï ʯʝʨʝʟ 0,08 ʤʠʥ, 2 ï ʯʝʨʝʟ 1 ʤʠʥ, 3 ï ʯʝʨʝʟ 2 ʤʠʥ, 4 ï ʯʝʨʝʟ 5 ʤʠʥ. 

ɺʳʚʦʜʳ 

1. ʇʨʦʘʥʘʣʠʟʠʨʦʚʘʥʦ ʪʝʧʣʦʚʦʝ ʩʦʩʪʦʷʥʠʝ ʛʨʘʬʠʪʠʨʦʚʘʥʥʦʛʦ ʵʣʝʢʪʨʦʜʘ ʧʨʠ ʧʦʜʘʯʝ ʛʘʟʘ 

ʯʝʨʝʟ ʦʩʝʚʦʡ ʢʘʥʘʣ ʧʨʠ ʟʘʜʘʥʥʳʭ ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ ʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʘʭ ʚ ʫʩʣʦʚʠʷʭ 

ʨʘʙʦʪʳ ɼʉʇ-50.  

ɺ ʨʝʟʫʣʴʪʘʪʝ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʫʩʪʘʥʦʚʣʝʥʦ: 

ï ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʛʘʟʦʚʦʛʦ ʦʭʣʘʞʜʝʥʠʷ ʧʦʟʚʦʣʷʝʪ ʦʪʚʝʩʪʠ ʪʝʧʣʦ ʦʪ ʵʣʝʢʪʨʦʜʘ ʚ ʥʝʟʥʘʯʠʪʝʣʴ-

ʥʦʤ ʦʙʲʝʤʝ, ʪʘʢ ʢʘʢ ʧʦʩʪʫʧʘʶʱʠʡ ʚ ʦʩʝʚʦʡ ʢʘʥʘʣ ʛʘʟ ʙʳʩʪʨʦ ʥʘʛʨʝʚʘʝʪʩʷ ʜʦ ʪʝʤʧʝʨʘʪʫʨ, ʩʦ-

ʧʦʩʪʘʚʠʤʳʭ ʩ ʪʝʤʧʝʨʘʪʫʨʦʡ ʩʘʤʦʛʦ ʵʣʝʢʪʨʦʜʘ ʠ ʧʨʠ ʩʫʱʝʩʪʚʫʶʱʠʭ ʝʛʦ ʨʘʩʭʦʜʘʭ ʠʤʝʝʪ ʥʝ-

ʙʦʣʴʰʫʶ ʪʝʧʣʦʝʤʢʦʩʪʴ;  

ï ʧʨʠ ʨʘʙʦʪʝ ʥʘ ʛʨʘʬʠʪʠʨʦʚʘʥʥʳʭ ʵʣʝʢʪʨʦʜʘʭ ʥʝʜʦʩʪʘʪʦʯʥʦʛʦ ʜʣʷ ʜʘʥʥʦʛʦ ʪʦʢʦʚʦʛʦ ʨʝʞʠʤʘ 

ʜʠʘʤʝʪʨʘ ʚʦʟʨʘʩʪʘʝʪ ʩʨʝʜʥʷʷ ʪʝʤʧʝʨʘʪʫʨʘ ʠʭ ʧʦʚʝʨʭʥʦʩʪʠ ʠ ʨʘʩʭʦʜ, ʧʦʵʪʦʤʫ ʩʫʱʝʩʪʚʫʝʪ ʦʧ-

ʪʠʤʘʣʴʥʳʡ ʪʦʢ ʜʣʷ ʢʘʞʜʦʛʦ ʜʠʘʤʝʪʨʘ ʵʣʝʢʪʨʦʜʘ ʠ ʢʦʥʢʨʝʪʥʳʭ ʫʩʣʦʚʠʡ ʝʛʦ ʨʘʙʦʪʳ ʚ ʧʝʯʠ. 

2. ʇʨʦʘʥʘʣʠʟʠʨʦʚʘʥʦ ʪʝʧʣʦʚʦʝ ʩʦʩʪʦʷʥʠʝ ʛʨʘʬʠʪʠʨʦʚʘʥʥʦʛʦ ʵʣʝʢʪʨʦʜʘ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘ-

ʥʠʠ ʠʩʧʘʨʠʪʝʣʴʥʦʛʦ ʦʭʣʘʞʜʝʥʠʷ ʝʛʦ ʙʦʢʦʚʦʡ ʧʦʚʝʨʭʥʦʩʪʠ.  

ɺ ʨʝʟʫʣʴʪʘʪʝ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʫʩʪʘʥʦʚʣʝʥʦ: 

ï ʪʝʤʧʝʨʘʪʫʨʘ ʚ ʚʝʨʭʥʝʡ ʧʦʣʦʚʠʥʝ ʵʣʝʢʪʨʦʜʘ ʩʫʱʝʩʪʚʝʥʥʦ ʩʥʠʞʘʝʪʩʷ, ʨʘʩʭʦʜ ʛʨʘʬʠʪʘ ʧʨʠ-

ʤʝʨʥʦ ʚ 1,5 ʨʘʟʘ ʤʝʥʴʰʝ, ʯʝʤ ʧʨʠ ʝʛʦ ʦʪʩʫʪʩʪʚʠʠ, ʧʨʠʯʝʤ ʢʘʢ ʜʣʷ ɼʉʇ, ʪʘʢ ʠ ʜʣʷ ɼʇʇʊ;  

ï ʨʘʩʭʦʜ ɻʕ ʥʘ ɼʇʇʊ ʥʝʤʥʦʛʦ ʥʠʞʝ, ʯʝʤ ʚ ɼʉʇ ʪʘʢʦʡ ʞʝ ʪʝʧʣʦʚʦʡ ʤʦʱʥʦʩʪʠ;  



ʄʦʜʝʣʠʨʦʚʘʥʠʝ 

28  ʄʘʪʝʤʘʪʠʯʝʩʢʦʝ ʠ ʧʨʦʛʨʘʤʤʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ ʚ ʧʨʦʤʳʰʣʝʥʥʦʡ ʠ ʩʦʮʠʘʣʴʥʦʡ ʩʬʝʨʘʭ. 2019. ʊ.7. ˉ1 

ï  ʧʦʜʘʯʘ ʚʦʜʳ ʚ ʩʠʩʪʝʤʫ  ʠʩʧʘʨʠʪʝʣʴʥʦʛʦ ʦʭʣʘʞʜʝʥʠʷ ʥʘʠʙʦʣʝʝ ʨʘʮʠʦʥʘʣʴʥʘ ʚ ʪʝʯʝʥʠʝ 1ï2 

ʤʠʥʫʪ ʧʦʩʣʝ ʚʢʣʶʯʝʥʠʷ ʪʦʢʘ. 

3. ʇʨʠʤʝʥʝʥʠʝ ʠʩʧʘʨʠʪʝʣʴʥʦʛʦ ʦʭʣʘʞʜʝʥʠʷ ʛʨʘʬʠʪʠʨʦʚʘʥʥʳʭ ʵʣʝʢʪʨʦʜʦʚ ʚ ʜʫʛʦʚʳʭ 

ʧʝʯʘʭ ʤʦʞʝʪ ʙʳʪʴ ʨʝʢʦʤʝʥʜʦʚʘʥʦ ʜʣʷ ʩʥʠʞʝʥʠʷ ʠʭ ʨʘʩʭʦʜʘ ʥʘ ʜʝʡʩʪʚʫʶʱʠʭ ʠ ʧʨʦʝʢʪʠʨʫʝ-

ʤʳʭ ʜʫʛʦʚʳʭ ʧʝʯʘʭ ʤʘʣʦʡ ʝʤʢʦʩʪʠ ʧʦʩʪʦʷʥʥʦʛʦ ʠ ʧʝʨʝʤʝʥʥʦʛʦ ʪʦʢʦʚ. 
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ANALYSIS OF THE EFFE CTIVENESS OF FORCED COOLING OF GRAPHITIZ ED ELECTRODES TO 

REDUCE THEIR CONSUMPTION IN ELECTRIC ARC  FURNACES  

Yachikov I.M., Portnova I.V., Bystrov M.V. 

Abstract. A significant part of the cost of finished products in steelmaking is the cost of graphitized electrodes, that is 

why reducing their specific consumption is a relevant problem. The object of the article is to analyze the efficiency of 

using electrode cooling when gas is supplied through the axial channel and evaporative cooling of the lateral surface of 

graphitized electrodes in order to reduce their consumption in three-phase AC and DC electric arc furnaces by studying 

on computer models. The thermal state of the graphitized electrode during gas supply through the axial channel at the 

given geometric and technological parameters under the conditions of DSP-50 operation was analyzed. It was found 

that the use of gas cooling makes it possible to remove the heat from the electrode to a small extent, since the gas enter-

ing the axial channel, which has a small heat capacity, quickly heats up to temperatures comparable to the temperature 

http://acs.omnibooksonline.com/data/papers/2007_D032.pdf
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of the electrode itself. Also, using computer simulation, the thermal state and burning of graphitized electrodes for 

three-phase and direct current arc furnaces with a capacity of 12 tons were analyzed. It is shown that for arc furnaces 

operating on direct and three-phase alternating current, the use of water cooling of the electrodes can reduce graphite 

consumption by about one and a half times. It was established that the water supply to the evaporative cooling system is 

most rational within 1ï2 minutes after turning on the current. The use of evaporative cooling of graphitized electrodes 

in arc furnaces can be recommended to reduce their consumption on existing and designed arc furnaces of small capaci-

ty of direct and alternating currents. 

Keywords:arc furnace, graphite electrode, evaporative cooling, graphite frenzy. 
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ʀʅʊɽʃʃɽʂʊʋɸʃʔʅɸʗ ʀʅʌʆʈʄɸʎʀʆʅʅɸʗ ʉʀʉʊɽʄɸ ɺ ʆɹʈɸɿʆɺɸʅʀʀ 

ɽʨʩʫʣʪʘʥʦʚʘ ɿ.ʉ., ɸʡʪʙʝʥʦʚʘ ɸ.ɸ., ɼʘʫʣʝʪʙʘʝʚʘ ɻ.ɹ. 

ɸʥʥʦʪʘʮʠʷ. ɺ ʜʘʥʥʦʡ ʩʪʘʪʴʝ ʘʚʪʦʨʳ ʜʘʶʪ ʦʧʨʝʜʝʣʝʥʠʝ ʪʘʢʠʤ ʧʦʥʷʪʠʷʤ ʢʘʢ ʠʥʬʦʨʤʘʮʠʦʥʥʳʝ ʠ ʠʥʪʝʣʣʝʢʪʫʘʣʴ-

ʥʳʝ ʩʠʩʪʝʤʳ. ʈʘʩʩʤʦʪʨʝʥʘ ʧʦʩʪʘʥʦʚʢʘ ʟʘʜʘʯʠ çɸʚʪʦʤʘʪʠʟʘʮʠʷ ʫʯʝʙʥʦʛʦ ʧʨʦʮʝʩʩʘè ʠ ʚʳʙʦʨ ʤʝʪʦʜʦʚ ʨʝʰʝʥʠʷ 

ʜʘʥʥʦʡ ʟʘʜʘʯʠ ʪʘʢ ʞʝ ʘʢʪʫʘʣʴʥʦʩʪʴ ʧʨʠʤʝʥʝʥʠʷ ʀʀʉ ʚ ʦʙʣʘʩʪʠ ʚʳʩʰʝʛʦ ʦʙʨʘʟʦʚʘʥʠʷ ʚ ʯʘʩʪʥʦʩʪʠ ʧʨʠʤʝʥʝʥʠʷ 

ʩʝʥʩʦʨʥʦʛʦ ʵʣʝʢʪʨʦʥʥʦʛʦ ʫʩʪʨʦʡʩʪʚʘ ʩ ʚʠʜʝʦ ʥʘʙʣʶʜʝʥʠʝʤ ʠ ʨʘʩʧʦʟʥʘʚʘʥʠʝʤ ʦʙʨʘʟʦʚ ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʩʙʦʨʦʤ 

ʜʘʥʥʳʭ ʦ ʩʪʫʜʝʥʪʘʭ ʧʨʠʩʫʪʩʪʚʫʶʱʠʭ ʚ ʘʫʜʠʪʦʨʠʡ ʚʦ ʚʨʝʤʷ ʟʘʥʷʪʠʡ, ʯʪʦ ʷʚʣʷʝʪʩʷ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʨʘʙʦʯʝʛʦ ʤʝ-

ʩʪʘ ʧʨʝʧʦʜʘʚʘʪʝʣʷ ʠ ʫʯʝʙʥʦʛʦ ʧʨʦʮʝʩʩʘ ʚ ʮʝʣʦʤ. ɺ ʩʪʘʪʴʝ ʪʘʢ ʞʝ ʠʟʣʦʞʝʥʳ  ʢʦʤʧʣʝʢʩʳ ʨʦʙʦʪʦʪʝʭʥʠʯʝʩʢʠʭ 

ʫʩʪʨʦʡʩʪʚ, ʧʨʠʤʝʥʝʥʠʝ ʢʦʪʦʨʳʭ ʧʦʟʚʦʣʷʪ ʩʦʩʪʘʚʣʝʥʠʝ ʘʧʧʘʨʘʪʥʦ-ʪʝʭʥʠʯʝʩʢʫʶ  ʯʘʩʪʴ ʟʘʜʘʯʠ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʀʥʪʝʣʣʝʢʪʫʘʣʴʥʳʝ ʩʠʩʪʝʤʳ, ʥʝʡʨʦʥʥʳʝ ʩʝʪʠ, ʠʩʢʫʩʩʪʚʝʥʥʘʷ ʞʠʟʥʴ, ʘʚʪʦʤʘʪʠʟʠʨʦʥʥʳʝ 

ʧʨʦʮʝʩʩʳ, ʩʝʥʩʦʨ, ʨʘʩʧʦʟʥʘʚʘʥʠʝ ʣʠʮ, ʨʦʙʦʪʦʪʝʭʥʠʯʝʩʢʠʝ ʩʠʩʪʝʤʳ, ʤʠʢʨʦʢʦʥʪʨʦʣʣʝʨ, ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʝ 

ʬʫʥʢʮʠʡ. 

ɺʚʝʜʝʥʠʝ 

ʀʥʪʝʣʣʝʢʪʫʘʣʴʥʳʝ ʩʠʩʪʝʤʳ ʧʨʦʥʠʢʘʶʪ ʚʦ ʚʩʝ ʩʬʝʨʳ ʥʘʰʝʡ ʞʠʟʥʠ, ʧʦʵʪʦʤʫ ʪʨʫʜʥʦ 

ʧʨʦʚʝʩʪʠ ʩʪʨʦʛʫʶ ʢʣʘʩʩʠʬʠʢʘʮʠʶ ʥʘʧʨʘʚʣʝʥʠʡ, ʧʦ ʢʦʪʦʨʳʤ ʚʝʜʫʪʩʷ ʘʢʪʠʚʥʳʝ ʠ ʤʥʦʛʦʯʠʩ-

ʣʝʥʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚ ʦʙʣʘʩʪʠ ʀʀ.  

ʀʥʪʝʣʣʝʢʪʫʘʣʴʥʘʷ ʠʥʬʦʨʤʘʮʠʦʥʥʘʷ ʩʠʩʪʝʤʘ (ʀʀʉ) ï ʵʪʦ ʦʜʠʥ ʠʟ ʚʠʜʦʚ ʘʚʪʦʤʘʪʠʟʠ-

ʨʦʚʘʥʥʳʭ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʩʠʩʪʝʤ, ʠʥʦʛʜʘ ʀʀʉ ʥʘʟʳʚʘʶʪ ʩʠʩʪʝʤʦʡ, ʦʩʥʦʚʘʥʥʳʭ ʥʘʟʥʘʯʝ-

ʥʠʷʭ. ʀʀʉ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʢʦʤʧʣʝʢʩ ʧʨʦʛʨʘʤʤʥʳʭ, ʣʠʥʛʚʠʩʪʠʯʝʩʢʠʭ ʠ ʣʦʛʠʢʦ-

ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʩʨʝʜʩʪʚ ʜʣʷ ʨʝʘʣʠʟʘʮʠʠ ʦʩʥʦʚʥʦʡ ʟʘʜʘʯʠ: ʦʩʫʱʝʩʪʚʣʝʥʠʝ ʧʦʜʜʝʨʞʢʠ ʜʝʷ-

ʪʝʣʴʥʦʩʪʠ ʯʝʣʦʚʝʢʘ ʧʦʠʩʢʘ ʠʥʬʦʨʤʘʮʠʠ ʚ ʨʝʞʠʤʝ ʧʨʦʜʚʠʥʫʪʦʛʦ ʜʠʘʣʦʛʘ ʥʘ ʝʩʪʝʩʪʚʝʥʥʦʤ 

ʷʟʳʢʝ. 

ʃʶʙʘʷ ʠʥʬʦʨʤʘʮʠʦʥʥʘʷ ʩʠʩʪʝʤʘ (ʀʉ) ʚʳʧʦʣʥʷʝʪ ʩʣʝʜʫʶʱʠʝ ʬʫʥʢʮʠʠ: ʚʦʩʧʨʠʥʠʤʘʝʪ 

ʚʚʦʜʠʤʳʝ ʧʦʣʴʟʦʚʘʪʝʣʝʤ ʠʥʬʦʨʤʘʮʠʦʥʥʳʝ ʟʘʧʨʦʩʳ ʠ ʥʝʦʙʭʦʜʠʤʳʝ ʠʩʭʦʜʥʳʝ ʜʘʥʥʳʝ, ʦʙʨʘ-

ʙʘʪʳʚʘʝʪ ʚʚʝʜʝʥʥʳʝ ʠ ʭʨʘʥʠʤʳʝ ʚ ʩʠʩʪʝʤʝ ʜʘʥʥʳʝ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʠʟʚʝʩʪʥʳʤ ʘʣʛʦʨʠʪʤʦʤ ʠ 

ʬʦʨʤʠʨʫʝʪ ʪʨʝʙʫʝʤʫʶ ʚʳʭʦʜʥʫʶ ʠʥʬʦʨʤʘʮʠʶ. ʉ ʪʦʯʢʠ ʟʨʝʥʠʷ ʨʝʘʣʠʟʘʮʠʠ ʧʝʨʝʯʠʩʣʝʥʥʳʭ 

ʬʫʥʢʮʠʡ ʀʉ ʤʦʞʥʦ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʢʘʢ ʬʘʙʨʠʢʫ, ʧʨʦʠʟʚʦʜʷʱʫʶ ʠʥʬʦʨʤʘʮʠʶ, ʚ ʢʦʪʦʨʦʡ ʟʘ-

ʢʘʟʦʤ ʷʚʣʷʝʪʩʷ ʠʥʬʦʨʤʘʮʠʦʥʥʳʡ ʟʘʧʨʦʩ, ʩʳʨʴʝʤ ï ʠʩʭʦʜʥʳʝ ʜʘʥʥʳʝ, ʧʨʦʜʫʢʪʦʤ ï ʪʨʝʙʫʝʤʘʷ 

ʠʥʬʦʨʤʘʮʠʷ, ʘ ʠʥʩʪʨʫʤʝʥʪʦʤ (ʦʙʦʨʫʜʦʚʘʥʠʝʤ) ï ʟʥʘʥʠʝ, ʩ ʧʦʤʦʱʴʶ ʢʦʪʦʨʦʛʦ ʜʘʥʥʳʝ ʧʨʝʦʙ-

ʨʘʟʫʶʪʩʷ ʚ ʠʥʬʦʨʤʘʮʠʶ. 

ʈʘʩʧʦʟʥʘʚʘʥʠʝ ʦʙʨʘʟʦʚ ï ʵʪʦ ʦʜʥʦ ʠʟ ʩʘʤʳʭ ʨʘʥʥʠʭ ʥʘʧʨʘʚʣʝʥʠʡ ʀʀ, ʚ ʢʦʪʦʨʦʤ ʨʘʩʧʦ-

ʟʥʘʚʘʥʠʝ ʦʙʲʝʢʪʦʚ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʥʘ ʦʩʥʦʚʘʥʠʠ ʧʨʠʤʝʥʝʥʠʷ ʩʧʝʮʠʘʣʴʥʦʛʦ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ 

ʘʧʧʘʨʘʪʘ, ʦʙʝʩʧʝʯʠʚʘʶʱʝʛʦ ʦʪʥʝʩʝʥʠʝ ʦʙʲʝʢʪʦʚ ʢ ʢʣʘʩʩʘʤ [3], ʘ ʢʣʘʩʩʳ ʦʧʠʩʳʚʘʶʪʩʷ ʩʦʚʦ-

ʢʫʧʥʦʩʪʷʤʠ ʦʧʨʝʜʝʣʸʥʥʳʭ ʟʥʘʯʝʥʠʡ ʧʨʠʟʥʘʢʦʚ. 

ʀʥʪʝʣʣʝʢʪʫʘʣʴʥʳʝ ʠʥʬʦʨʤʘʮʠʦʥʥʳʝ ʩʠʩʪʝʤʳ (ʀʀʉ) ï ʝʩʪʝʩʪʚʝʥʥʳʡ ʨʝʟʫʣʴʪʘʪ ʨʘʟʚʠ-

ʪʠʷ ʦʙʳʯʥʳʭ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʩʠʩʪʝʤ, ʩʦʩʨʝʜʦʪʦʯʠʣʠ ʚ ʩʝʙʝ ʥʘʠʙʦʣʝʝ ʥʘʫʢʦʝʤʢʠʝ ʪʝʭʥʦʣʦ-

ʛʠʠ ʩ ʚʳʩʦʢʠʤ ʫʨʦʚʥʝʤ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʥʝ ʪʦʣʴʢʦ ʧʨʦʮʝʩʩʦʚ ʧʦʜʛʦʪʦʚʢʠ ʠʥʬʦʨʤʘʮʠʠ ʜʣʷ 

ʧʨʠʥʷʪʠʷ ʨʝʰʝʥʠʡ, ʥʦ ʠ ʩʘʤʠʭ ʧʨʦʮʝʩʩʦʚ ʚʳʨʘʙʦʪʢʠ ʚʘʨʠʘʥʪʦʚ ʨʝʰʝʥʠʡ, ʦʧʠʨʘʶʱʠʭʩʷ ʥʘ 

ʧʦʣʫʯʝʥʥʳʝ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʩʠʩʪʝʤʦʡ ʜʘʥʥʳʝ.  

ʀʥʪʝʣʣʝʢʪʫʘʣʴʥʘʷ ʠʥʬʦʨʤʘʮʠʦʥʥʘʷ ʩʠʩʪʝʤʘ (ʀʀʉ) ʦʩʥʦʚʘʥʘ ʥʘ ʢʦʥʮʝʧʮʠʠ ʠʩʧʦʣʴʟʦ-

ʚʘʥʠʷ ʙʘʟʳ ʟʥʘʥʠʡ ʜʣʷ ʛʝʥʝʨʘʮʠʠ ʘʣʛʦʨʠʪʤʦʚ ʨʝʰʝʥʠʷ ʧʨʠʢʣʘʜʥʳʭ ʟʘʜʘʯ ʨʘʟʣʠʯʥʳʭ ʢʣʘʩʩʦʚ 

ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʢʦʥʢʨʝʪʥʳʭ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʧʦʪʨʝʙʥʦʩʪʝʡ ʧʦʣʴʟʦʚʘʪʝʣʝʡ. 

ɼʣʷ ʀʀʉ ʭʘʨʘʢʪʝʨʥʳ ʩʣʝʜʫʶʱʠʝ ʧʨʠʟʥʘʢʠ: 

ï ʨʘʟʚʠʪʳʝ ʢʦʤʤʫʥʠʢʘʪʠʚʥʳʝ ʩʧʦʩʦʙʥʦʩʪʠ; 

ï ʫʤʝʥʠʝ ʨʝʰʘʪʴ ʩʣʦʞʥʳʝ ʧʣʦʭʦ ʬʦʨʤʘʣʠʟʫʝʤʳʝ ʟʘʜʘʯʠ; 

ï ʩʧʦʩʦʙʥʦʩʪʴ ʢ ʩʘʤʦʦʙʫʯʝʥʠʶ; 

ï ʘʜʘʧʪʠʚʥʦʩʪʴ. 

https://dic.academic.ru/dic.nsf/ruwiki/119464
https://dic.academic.ru/dic.nsf/ruwiki/74427
https://dic.academic.ru/dic.nsf/ruwiki/74427


ʆʙʨʘʙʦʪʢʘ ʠʥʬʦʨʤʘʮʠʠ 

ʄʘʪʝʤʘʪʠʯʝʩʢʦʝ ʠ ʧʨʦʛʨʘʤʤʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ ʚ ʧʨʦʤʳʰʣʝʥʥʦʡ ʠ ʩʦʮʠʘʣʴʥʦʡ ʩʬʝʨʘʭ. 2019. ʊ.7. ˉ1 31 

ʂʘʞʜʦʤʫ ʠʟ ʧʝʨʝʯʠʩʣʝʥʥʳʭ ʧʨʠʟʥʘʢʦʚ ʫʩʣʦʚʥʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʩʚʦʡ ʢʣʘʩʩ ʀʀʉ. ʈʘʟʣʠʯ-

ʥʳʝ ʩʠʩʪʝʤʳ ʤʦʛʫʪ ʦʙʣʘʜʘʪʴ ʦʜʥʠʤ ʠʣʠ ʥʝʩʢʦʣʴʢʠʤʠ ʧʨʠʟʥʘʢʘʤʠ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʦʩʪʠ ʩ ʨʘʟ-

ʣʠʯʥʦʡ ʩʪʝʧʝʥʴʶ ʧʨʦʷʚʣʝʥʠʷ (ʨʠʩ.1). 

 
ʈʠʩ. 1. ʂʣʘʩʩʠʬʠʢʘʮʠʷ ʀʀʉ 

ʉʨʝʜʩʪʚʘ ʀʀ ʠʩʧʦʣʴʟʫʶʪʩʷ ʜʣʷ ʨʝʘʣʠʟʘʮʠʠ ʨʘʟʣʠʯʥʳʭ ʬʫʥʢʮʠʡ, ʚʳʧʦʣʥʷʝʤʳʭ ʀʀʉ. 

ʅʘ ʨʠʩʫʥʢʝ 1 ʧʨʠʚʝʜʝʥʘ ʢʣʘʩʩʠʬʠʢʘʮʠʷ ʀʀʉ, ʧʨʠʟʥʘʢʘʤʠ ʢʦʪʦʨʦʡ ʷʚʣʷʶʪʩʷ ʩʣʝʜʫʶʱʠʝ ʠʥ-

ʪʝʣʣʝʢʪʫʘʣʴʥʳʝ ʬʫʥʢʮʠʠ: 

ï ʢʦʤʤʫʥʠʢʘʪʠʚʥʳʝ ʩʧʦʩʦʙʥʦʩʪʠ ï ʩʧʦʩʦʙ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʢʦʥʝʯʥʦʛʦ ʧʦʣʴʟʦʚʘʪʝʣʷ ʩ ʩʠʩʪʝ-

ʤʦʡ; 

ï ʨʝʰʝʥʠʝ ʩʣʦʞʥʳʭ ʧʣʦʭʦ ʬʦʨʤʘʣʠʟʫʝʤʳʭ ʟʘʜʘʯ, ʢʦʪʦʨʳʝ ʪʨʝʙʫʶʪ ʧʦʩʪʨʦʝʥʠʷ ʦʨʠʛʠʥʘʣʴʥʦ-

ʛʦ ʘʣʛʦʨʠʪʤʘ ʨʝʰʝʥʠʷ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʢʦʥʢʨʝʪʥʦʡ ʩʠʪʫʘʮʠʠ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʝʡʩʷ ʥʝʦʧʨʝ-

ʜʝʣʝʥʥʦʩʪʴʶ ʠ ʜʠʥʘʤʠʯʥʦʩʪʴʶ ʠʩʭʦʜʥʳʭ ʜʘʥʥʳʭ ʠ ʟʥʘʥʠʡ; 

ï ʩʧʦʩʦʙʥʦʩʪʴ ʢ ʩʘʤʦʦʙʫʯʝʥʠʶ ï ʫʤʝʥʠʝ ʩʠʩʪʝʤʳ ʘʚʪʦʤʘʪʠʯʝʩʢʠ ʠʟʚʣʝʢʘʪʴ ʟʥʘʥʠʷ ʠʟ ʥʘʢʦʧ-

ʣʝʥʥʦʛʦ ʦʧʳʪʘ ʠ ʧʨʠʤʝʥʷʪʴ ʠʭ ʜʣʷ ʨʝʰʝʥʠʷ ʟʘʜʘʯ; 

ï ʘʜʘʧʪʠʚʥʦʩʪʴ ï ʩʧʦʩʦʙʥʦʩʪʴ ʩʠʩʪʝʤʳ ʢ ʨʘʟʚʠʪʠʶ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʦʙʲʝʢʪʠʚʥʳʤʠ ʠʟʤʝʥʝ-

ʥʠʷʤʠ ʦʙʣʘʩʪʠ ʟʥʘʥʠʡ. 

ʆʩʥʦʚʥʘʷ ʯʘʩʪʴ 

ʀʥʪʝʣʣʝʢʪʫʘʣɹ ʥʳʝ ʠʥʬʦʨʤʘʮʠʦʥʥrʝ ʩʠʩʪʝʤʳ ʧʨʠʤʝʥ̫ ʪʁʩʷ ʜʣʷ ʨʝhʝʥʠʷ ʩʣʦʞʥʳʭ ʟʘ-

ʜʘʯ, ʛʜʝ ʦʩʥʦʚʥʘʷ ʩʣʦʞʥʦʩʪʴ ʨʝʝhʥʠ ̫ʩʚʟ̫ʘʥʘ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʣʘʙʦʬʦʨʤʘʣʠʟʦʚʘʥʥʭr 

ʟʥʘʥʠʡ ʩʧʝʮʠʘʣʠʩʪʦʚ-ʧʨʘʢʪʠʢʦʚ ʠ ʛʜʝ ʣʦʛʠʯʝʩʢʘʷ (ʠʣʠ ʩʤʩrʣʦʚʘʷ) ʦʙʨʘʙʦʪʢʘ ʠʥʬʦʨʤʘʮʠʠ 

ʧʨʝʚʘʣʠʨʫʝʪ ʥʘʜ ʚʳʯʠʩʣʠʪʝʣɹ ʥʦʡ. 

ɸʥʘʣʠʟʠʨʫʷ ʦʩʦʙʝʥʥʦʩʪʠ ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʡ ʩʨʝʜʳ ʧʝʜʘʛʦʛʠʯʝʩʢʠʭ ʚʫʟʦʚ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ 

ʨʝʘʣʠʟʘʮʠʠ ʧʩʠʭʦʣʦʛʦ-ʧʝʜʘʛʦʛʠʯʝʩʢʦʛʦ ʩʦʧʨʦʚʦʞʜʝʥʠʷ ʫʯʘʩʪʥʠʢʦʚ ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʛʦ ʧʨʦ-

ʮʝʩʩʘ, ʤʳ ʟʘʯʘʩʪʫʶ ʩʪʘʣʢʠʚʘʝʤʩʷ ʩ ʦʪʩʫʪʩʪʚʠʝʤ ʘʚʪʦʤʘʪʠʟʠʨʦʥʥʳʭ ʧʨʦʮʝʩʩʦʚ ʜʣʷ 

ʦʙʣʝʛʯʝʥʠʷ ʧʨʝʧʦʜʘʚʘʪʝʣʴʩʢʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ ʢʘʢ ʧʨʦʚʝʨʢʘ ʧʨʠʩʫʪʩʪʚʠʷ ʥʘ ʟʘʥʷʪʠʡ ʩʪʫʜʝʥʪʦʚ 

ʚ ʙʦʣʴʰʠʭ ʧʦʪʦʯʥʳʭ ʘʫʜʠʪʦʨʠʷʭ ʜʣʷ ʧʦʩʣʝʜʫʱʠʭ ʚʳʷʚʣʝʥʠʡ ʫʩʧʝʚʘʝʤʦʩʪʠ ʩʪʫʜʝʥʪʦʚ ʧʦ 

ʜʘʥʥʦʤʫ ʧʨʝʜʤʝʪʫ, ʯʪʦ ʝʱʸ ʚ ʥʘʩʪʦʷʱʝʤ ʚʨʝʤʝʥʠ ʥʝʤʘʣʦ ʘʢʪʫʘʣʴʥʦ ʚ ʦʙʨʘʟʦʚʘʥʠʡ. ɺ ʩʚʷʟʠ ʩ 

ʚʳʰʝʠʟʣʦʞʝʥʥʳʤ, ʤʳ ʧʨʝʜʣʘʛʘʝʤ ʨʘʟʨʘʙʦʪʢʫ ʘʚʪʦʤʘʪʠʟʠʨʦʥʥʦʡ ʩʠʩʪʝʤʳ ʜʣʷ ʢʦʥʪʨʦʣʷ 

ʫʯʝʙʥʦʛʦ ʧʨʦʮʝʩʩʘ, ʦʩʥʦʚʘʥʥʦʡ ʥʘ ʧʨʠʤʝʥʝʥʠʠ ʠʥʪʝʣʣʝʢʪʫʘʣʥɹʦ-ʠʥʬʦʨʤʘʮʠʦʥʥrʭ ʩʠʩʪʝʤ, 

ʛʜʝ ʣʦʛʠʯʝʩʢʘʷ (ʠʣʠ ʩʤʩrʣʦʚʘʷ) ʦʙʨʘʙʦʪʢʘ ʠʥʬʦʨʤʘʮʠʠ ʧʨʝʚʘʣʠʨʫʝʪ ʥʘʜ ʚʳʯʠʩʣʠʪʝʣɹ ʥʦʡ. 

1 ʇʦʩʪʘʥʦʚʢʘ ʟʘʜʘʯʠ çɸʚʪʦʤʘʪʠʟʘʮʠʷ ʢʦʥʪʨʦʣʷ ʫʯʝʙʥʦʛʦ ʧʨʦʮʝʩʩʘè 

ʉʦʟʜʘʥʠʝ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʡ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʦʡ ʩʠʩʪʝʤʳ, ʩ ʩʝʥʩʦʨʥʳʤ ʦʧʨʝʜʝʣʝʥʠʝʤ 

ʢʦʜʦʚ ʣʠʯʥʳʭ ʢʘʨʪʦʯʝʢ ʩʪʫʜʝʥʪʦʚ ʧʨʝʜʥʘʟʥʘʯʝʥʥʳʭ ʜʣʷ ʧʦʜʢʣʶʯʝʥʠʷ ʢ ʠʥʜʠʚʠʜʫʘʣʴʥʦʤʫ 

ʢʦʤʧʴʶʪʝʨʫ ʧʨʝʧʦʜʘʚʘʪʝʣʷ ʩ ʮʝʣʴʶ ʦʧʨʝʜʝʣʝʥʠʷ ʢʦʣʠʯʝʩʪʚʘ ʩʪʫʜʝʥʪʦʚ ʧʨʠʩʫʪʩʪʚʫʶʱʠʭ ʥʘ 

ʟʘʥʷʪʠʷʭ ʚ ʧʦʪʦʯʥʳʭ ʘʫʜʠʪʦʨʠʷʭ ʠ ʘʚʪʦʤʘʪʠʯʝʩʢʦʛʦ ʦʧʨʝʜʝʣʝʥʠʷ ʣʠʯʥʦʩʪʠ ʩʪʫʜʝʥʪʘ ʯʝʨʝʟ 

ʨʘʩʰʠʬʨʦʚʢʠ ʢʦʜʦʚ ʣʠʯʥʳʭ ʢʘʨʪʦʯʝʢ.  

ʇʦʜʦʙʥʘʷ ʩʠʩʪʝʤʘ ʩʣʝʞʝʥʠʷ ʠʩʧʦʣʴʟʫʝʪʩʷ ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ ʜʣʷ ʧʦʚʳʰʝʥʠʷ ʵʬʬʝʢʪʠʚ-

ʥʦʩʪʠ ʫʯʝʙʥʦʛʦ ʧʨʦʮʝʩʩʘ, ʦʜʥʘʢʦ ʦʥʘ ʪʘʢʞʝ ʧʦʤʦʛʘʝʪ ʧʨʝʜʦʪʚʨʘʪʠʪʴ ʚʦʟʤʦʞʥʳʝ ʠʥʮʠʜʝʥʪʳ ʚ 

ʫʯʝʙʥʳʭ ʟʘʚʝʜʝʥʠʷʭ. 



ʆʙʨʘʙʦʪʢʘ ʠʥʬʦʨʤʘʮʠʠ 

32  ʄʘʪʝʤʘʪʠʯʝʩʢʦʝ ʠ ʧʨʦʛʨʘʤʤʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ ʚ ʧʨʦʤʳʰʣʝʥʥʦʡ ʠ ʩʦʮʠʘʣʴʥʦʡ ʩʬʝʨʘʭ. 2019. ʊ.7. ˉ1 

ʉʪʦʠʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʜʘʥʥʳʝ ʫʯʘʱʠʭʩʷ ʥʘʭʦʜʷʪʩʷ ʚ ʙʝʟʦʧʘʩʥʦʩʪʠ. ʉʠʩʪʝʤʘ ʥʝ ʭʨʘʥʠʪ 

ʩʥʠʤʢʠ ʠʟ ʢʣʘʩʩʥʳʭ ʢʦʤʥʘʪ. ʂʨʦʤʝ ʪʦʛʦ, ʚʩʝ ʜʘʥʥʳʝ ʭʨʘʥʷʪʩʷ ʣʦʢʘʣʴʥʦ ʠ ʥʝ ʫʭʦʜʷʪ ʚ ʦʙʣʘʢʦ 

[13]. 

2 ɺʳʙʦʨ ʤʝʪʦʜʘ ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ 

ɺ ʢʘʯʝʩʪʚʝ ʤʝʪʦʜʘ ʨʘʟʨʘʙʦʪʢʠ ʧʨʦʛʨʘʤʤʥʦʡ ʨʝʘʣʠʟʘʮʠʠ ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ ʚʳʙʨʘʥʳ 

ʥʝʡʨʦʩʝʪʝʚʳʝ ʤʝʪʦʜʳ ʨʘʩʧʦʟʥʘʚʘʥʠʷ ʯʝʣʦʚʝʢʘ ʧʦ ʠʟʦʙʨʘʞʝʥʠʶ ʣʠʮʘ. ʅʝʡʨʦʩʝʪʝʚʳʝ ʤʝʪʦʜʳ, 

ʦʩʥʦʚʘʥʥʳʝ ʥʘ ʧʨʠʤʝʥʝʥʠʠ ʨʘʟʣʠʯʥʳʭ ʪʠʧʦʚ ʠʩʢʫʩʩʪʚʝʥʥʳʭ ʥʝʡʨʦʥʥʳʭ ʩʝʪʝʡ (ʀʅʉ, ʚ ʜʘʣʴ-

ʥʝʡʰʝʤ ʧʨʦʩʪʦ ʥʝʡʨʦʥʥʳʝ ʩʝʪʠ, ʅʉ), ʚ ʧʦʩʣʝʜʥʝʝ ʚʨʝʤʷ ʧʦʣʫʯʠʣʠ ʰʠʨʦʢʦʝ ʨʘʩʧʨʦʩʪʨʘʥʝ-

ʥʠʝ. ʆʩʥʦʚʥʳʝ ʟʘʜʘʯʠ, ʨʝʰʘʝʤʳʝ ʧʨʠ ʧʦʤʦʱʠ ʥʝʡʨʦʥʥʳʭ ʩʝʪʝʡ ʩʣʝʜʫʶʱʠʝ. 

ï ʨʘʟʙʠʝʥʠʝ ʧʨʦʩʪʨʘʥʩʪʚʘ ʧʨʠʟʥʘʢʦʚ ʥʘ ʦʙʣʘʩʪʠ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʢʣʘʩʩʘʤ (ʢʣʘʩʩʠʬʠʢʘʮʠʷ, 

ʨʘʩʧʦʟʥʘʚʘʥʠʝ, ʢʣʘʩʪʝʨʠʟʘʮʠʷ); 

ï ʠʟʚʣʝʯʝʥʠʝ ʢʣʶʯʝʚʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ, ʩʞʘʪʠʝ ʠ ʨʝʢʦʥʩʪʨʫʢʮʠʷ ʦʙʨʘʟʦʚ; 

ï ʘʧʧʨʦʢʩʠʤʘʮʠʷ ʬʫʥʢʮʠʠ ʤʥʦʛʠʭ ʧʝʨʝʤʝʥʥʳʭ ʩ ʣʶʙʦʡ ʟʘʜʘʥʥʦʡ ʪʦʯʥʦʩʪʴʶ; 

ï ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʝ ʚʨʝʤʝʥʥʳʭ ʨʷʜʦʚ; 

ï ʘʩʩʦʮʠʘʪʠʚʥʘʷ ʧʘʤʷʪʴ; 

ï ʨʝʰʝʥʠʝ ʦʧʪʠʤʠʟʘʮʠʦʥʥʦ-ʢʦʤʙʠʥʘʪʦʨʥʳʭ ʟʘʜʘʯ; 

ï ʪʦʧʦʣʦʛʠʯʝʩʢʠ ʫʧʦʨʷʜʦʯʝʥʥʦʝ ʧʨʝʦʙʨʘʟʦʚʘʥʠʝ ʧʨʦʩʪʨʘʥʩʪʚʘ; 

ï ʨʘʩʧʦʟʥʘʚʘʥʠʝ ʩ ʫʯʸʪʦʤ ʪʦʧʦʣʦʛʠʠ ʧʨʦʩʪʨʘʥʩʪʚʘ. 

ɹʦʣʴʰʠʥʩʪʚʦ ʠʟ ʵʪʠʭ ʟʘʜʘʯ ʧʨʷʤʦ ʠʣʠ ʢʦʩʚʝʥʥʦ ʩʚʷʟʘʥʳ ʩ ʨʘʩʧʦʟʥʘʚʘʥʠʝʤ ʠʟʦʙʨʘʞʝ-

ʥʠʡ. ʆʩʥʦʚʥʳʝ ʧʨʝʠʤʫʱʝʩʪʚʘ, ʢʦʪʦʨʳʤʠ ʦʙʣʘʜʘʶʪ ʥʝʡʨʦʥʥʳʝ ʩʝʪʠ ʩʣʝʜʫʶʱʠʝ [7]. ʅʘʩʪʨʦʡ-

ʢʘ ʥʝʡʨʦʥʥʦʡ ʩʝʪʠ ʜʣʷ ʨʝʰʝʥʠʷ ʦʧʨʝʜʝʣʸʥʥʦʡ ʟʘʜʘʯʠ ʧʨʦʠʟʚʦʜʠʪʴʩʷ ʚ ʧʨʦʮʝʩʩʝ ʦʙʫʯʝʥʠʷ ʥʘ 

ʥʘʙʦʨʝ ʪʨʝʥʠʨʦʚʦʯʥʳʭ ʧʨʠʤʝʨʦʚ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʥʝ ʪʨʝʙʫʝʪʩʷ ʚʨʫʯʥʫʶ ʦʧʨʝʜʝʣʷʪʴ ʧʘʨʘ-

ʤʝʪʨʳ ʤʦʜʝʣʠ (ʚʳʙʠʨʘʪʴ ʢʣʶʯʝʚʳʝ ʧʨʠʟʥʘʢʠ, ʫʯʠʪʳʚʘʪʴ ʠʭ ʚʟʘʠʤʦʦʪʥʦʰʝʥʠʝ ʠ ʪ.ʧ.) ï ʅʉ 

ʠʟʚʣʝʢʘʝʪ ʧʘʨʘʤʝʪʨʳ ʤʦʜʝʣʠ ʘʚʪʦʤʘʪʠʯʝʩʢʠ ʥʘʠʣʫʯʰʠʤ ʦʙʨʘʟʦʤ ʚ ʧʨʦʮʝʩʩʝ ʦʙʫʯʝʥʠʷ. ʆʩʪʘ-

ʸʪʩʷ ʪʦʣʴʢʦ ʧʦʩʪʨʦʠʪʴ ʪʨʝʥʠʨʦʚʦʯʥʫʶ ʚʳʙʦʨʢʫ. ɺ ʟʘʜʘʯʘʭ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʧʨʠ ʵʪʦʤ ʧʨʦʠʩ-

ʭʦʜʠʪ ʥʝʷʚʥʦʝ ʚʳʜʝʣʝʥʠʝ ʢʣʶʯʝʚʳʭ ʧʨʠʟʥʘʢʦʚ ʚʥʫʪʨʠ ʩʝʪʠ, ʦʧʨʝʜʝʣʝʥʠʝ ʠʭ ʟʥʘʯʠʤʦʩʪʠ ʠ 

ʩʠʩʪʝʤʳ ʚʟʘʠʤʦʦʪʥʦʰʝʥʠʡ ʤʝʞʜʫ ʧʨʠʟʥʘʢʘʤʠ. 

ï ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʨʘʟʨʘʙʦʪʘʥʳ ʤʦʱʥʳʝ, ʛʠʙʢʠʝ ʠ ʫʥʠʚʝʨʩʘʣʴʥʳʝ ʤʝʭʘʥʠʟʤʳ ʦʙʫʯʝʥʠʷ 

ʨʘʟʣʠʯʥʳʭ ʪʠʧʦʚ ʅʉ. ʂʨʦʤʝ ʨʘʟʣʠʯʥʳʭ ʩʧʦʩʦʙʦʚ ʧʨʠʤʝʥʝʥʠʷ ʥʝʡʨʦʥʥʳʭ ʩʝʪʝʡ ʢ ʨʘʩʧʦʟʥʘ-

ʚʘʥʠʶ ʯʝʣʦʚʝʢʘ ʧʦ ʠʟʦʙʨʘʞʝʥʠʶ ʣʠʮʘ, ʩʫʱʝʩʪʚʫʝʪ ʤʥʦʞʝʩʪʚʦ ʨʘʙʦʪ, ʧʦʩʚʷʱʸʥʥʳʭ ʧʨʠʤʝʥʝ-

ʥʠʶ ʥʝʡʨʦʥʥʳʭ ʩʝʪʝʡ ʢ ʨʘʩʧʦʟʥʘʚʘʥʠʶ ʠ ʦʙʨʘʙʦʪʢʝ ʠʟʦʙʨʘʞʝʥʠʡ ʜʨʫʛʠʭ ʚʠʜʦʚ ʦʙʲʝʢʪʦʚ. 

ʉʨʝʜʠ ʥʠʭ ʤʦʞʥʦ ʥʘʟʚʘʪʴ ʥʘʫʯʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʤʘʰʠʥʥʦʛʦ ʦʙʫʯʝʥʠʷ ʪʨʫʜʳ Farid Melgani ï

University of Trento, ʢʦʪʦʨʳʡ ʧʦʣʫʯʠʣ ʩʣʝʜʫʶʱʠʝ ʚʳʚʦʜʳ ʚ ʩʚʦʝʤ ʠʩʩʣʝʜʦʚʘʥʠʡ ʚ ʜʘʥʥʦʡ ʦʙ-

ʣʘʩʪʠ 

ï ɺ ʤʥʦʛʦʯʠʩʣʝʥʥʳʭ ʧʨʠʣʦʞʝʥʠʷʭ ʩʠʩʪʝʤʘ ʨʘʩʧʦʟʥʘʚʘʥʠʷ ʜʦʣʞʥʘ ʘʥʘʣʠʟʠʨʦʚʘʪʴ ʩʣʦʞʥʳʝ 

ʷʚʣʝʥʠʷ. 

ï ɼʣʷ ʧʦʚʳʰʝʥʠʷ ʚʝʨʦʷʪʥʦʩʪʠ ʩʠʩʪʝʤʳ ʯʘʩʪʦ, ʦʜʠʥ ʠʟ ʨʘʟʥʳʭ ʜʘʪʯʠʢʦʚ (ʀʩʪʦʯʥʠʢʠ). 

ï ɺ ʵʪʠʭ ʩʮʝʥʘʨʠʷʭ ʩʠʩʪʝʤʘ ʜʦʣʞʥʘ ʙʳʪʴ ʩʧʦʩʦʙʥʘ ʢ ʚʟʣʦʤʫ. 

ï ʉʣʠʷʥʠʝ ʤʦʞʝʪ ʧʨʦʠʩʭʦʜʠʪʴ ʥʘ ʜʚʫʭ ʦʩʥʦʚʥʳʭ ʫʨʦʚʥʷʭ: ʜʘʥʥʳʭ / ʬʫʥʢʮʠʡ ʠ ʫʨʦʚʥʝʡ ʧʨʠ-

ʥʷʪʠʷ ʨʝʰʝʥʠʡ, ʢʘʞʜʳʡ ʠʟ ʢʦʪʦʨʳʭ ʷʚʣʷʝʪʩʷ  ʦʙʲʝʢʪʦʤ ʨʘʟʣʠʯʥʦʡ ʤʝʪʦʜʦʣʦʛʠʯʝʩʢʦʡ ʧʨʦ-

ʙʣʝʤʘʪʠʢʠ (ʨʠʩ. 2).  

ʈʠʩ.2. ʄʫʣʴʪʠʩʝʥʩʦʨʥʳʝ ʨʘʩʧʦʟʥʘʚʘʪʝʣʴʥʳʝ ʩʠʩʪʝʤʳ 
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3 ʈʦʙʦʪʦʪʝʭʥʠʯʝʩʢʠʝ ʩʠʩʪʝʤʳ 

ɼʣʷ ʨʝʘʣʠʟʘʮʠʡ ʨʘʙʦʪʦʪʝʭʥʠʢʠ ʚ ʩʦʚʨʝʤʝʥʥʦʤ ʦʙʨʘʟʦʚʘʥʠʡ ʧʨʝʜʣʘʛʘʶʪʩʷ ʢʦʤʧʣʝʢʩʳ 

ʪʝʭʥʠʯʝʩʢʠʭ ʤʠʢʨʦʢʦʥʪʨʦʣʣʝʨʦʚ, ʢʦʪʦʨʳʝ ʚʳʧʦʣʥʷʶʪ ʨʘʟʣʠʯʥʳʝ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʝ 

ʬʫʥʢʮʠʡ. ʅʘʧʨʠʤʝʨ çʇʣʘʪʬʦʨʤʳ ArduinoUNOè(ʨʠʩ.3- ʨʠʩ.5). 

ArduinoUno-ʵʪʦ ʧʣʘʪʘ ʩ ʤʠʢʨʦʢʦʥʪʨʦʣʣʝʨʦʤ, ʢʦʪʦʨʘʷ ʧʦʟʚʦʣʷʝʪ ʫʧʨʘʚʣʷʪʴ ʣʶʙʦʡ 

ʵʣʝʢʪʨʦʥʠʢʦʡ, ʤʦʪʦʨʘʤʠ, ʩʯʠʪʳʚʘʪʴ ʟʥʘʯʝʥʠʷ ʜʘʪʯʠʢʦʚ ʠ ʩʝʥʩʦʨʦʚ. ʇʣʘʪʘ ʧʦʜʢʣʶʯʘʝʪʩʷ ʢ 

ʇʂ ʠ ʧʨʦʛʨʘʤʤʠʨʫʝʪʩʷ ʥʘ ʉ++. 

 
ʈʠʩ.3. ʀʥʪʝʣʣʝʢʪʫʘʣʴʥʳʝ ʬʫʥʢʮʠʡ ʵʣʝʤʝʥʪʦʚ ArduinoUno 

ʉʫʱʝʩʪʚʫʶʪ ʘʣʴʪʝʨʥʘʪʠʚʥʳʝ ʥʘʙʦʨʳ ʜʣʷ Arduino Uno ʢʘʢ ʥʘʙʦʨʳ çɸʤʧʝʨʢʘè (ʨʠʩ.4) ʠ 

ʥʘʙʦʨ çʄʘʪʨʸʰʢʘè. 

ʆʙʨʘʟʦʚʘʪʝʣʴʥʳʡ ʥʘʙʦʨ çɸʤʧʝʨʢʘè ï ʵʪʦ ʛʦʪʦʚʳʡ ʫʯʝʙʥʳʡ ʢʫʨʩ ʜʣʷ ʠʟʫʯʝʥʠʷ ʜʝʪʴʤʠ 

ʧʨʠʢʣʘʜʥʦʛʦ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ ʠ ʨʦʙʦʪʦʪʝʭʥʠʢʠ. 

 
ʈʠʩ. 4. ʅʘʙʦʨ çɸʤʧʝʨʢʘè 

 
ʈʠʩ. 5. ʕʣʝʤʝʥʪʳ ʥʘʙʦʨʘ çʄʘʪʨʸʰʢʘè 

ʅʘʙʦʨ çʄʘʪʨʸʰʢʘè ʚʢʣʶʯʘʝʪ ʨʘʜʠʦʜʝʪʘʣʠ, ʧʨʦʚʦʜʘ, ʤʘʢʝʪʥʫʶ ʧʣʘʪʫ. ʉ ʧʦʤʦʱʴʶ ʜʘʥ-

ʥʦʛʦ ʥʘʙʦʨʘ  ʝʩʪʴ ʚʦʟʤʦʞʥʦʩʪʴ ʩʦʟʜʘʥʠʷ 20 ʫʩʪʨʦʡʩʪʚ, ʢʦʪʦʨʳʭ ʤʦʞʥʦ ʧʦʜʢʣʶʯʠʪʴ ʢ ʇʂ ʠ 

ʧʨʦʛʨʘʤʤʠʨʦʚʘʪʴ ʥʘ ʉ++ (ʨʠʩ. 5). ʈʦʩʪ ʀʀ ʦʢʘʟʘʣʩʷ ʙʦʣʝʝ ʢʨʫʪʳʤ ʠ ʙʦʣʝʝ ʩʣʦʞʥʳʡ ʧʫʪʴ, 

ʯʝʤ ʧʝʨʚʦʥʘʯʘʣʴʥʦ ʧʨʝʜʧʦʣʘʛʘʣʦʩʴ. ʆʜʠʥ ʠʟ ʚʘʨʠʘʥʪʦʚ ʫʩʪʦʡʯʠʚʳʡ ʧʨʦʛʨʝʩʩ. ɼʨʫʛʦʡ, 

ʨʘʟʜʝʣʷʝʤʳʡ ʥʘʫʯʥʦʡ ʬʘʥʪʘʩʪʠʢʦʡ ʧʠʩʘʪʝʣʠ, ʪʘʢʠʝ ʢʘʢ ɺʝʨʥʦʨ ɺʠʥʛ, ʧʨʝʜʣʘʛʘʶʪ ʧʨʦʨʳʚ, 

ʚʦʟʤʦʞʥʦ ʚʦʟʥʠʢʘʶʱʠʝ ʚ ʨʝʟʫʣʴʪʘʪʝ ʠʩʩʣʝʜʦʚʘʥʠʡ ʠʩʢʫʩʩʪʚʝʥʥʦʡ ʞʠʟʥʠ, ʤʦʛʫʪ ʢʦʛʜʘ-

ʥʠʙʫʜʴ ʩʦʟʜʘʪʴ ʠʩʪʠʥʥʳʡ, ʥʦ ʧʦ-ʥʘʩʪʦʷʱʝʤʫ ʯʫʞʦʡ ʠʥʪʝʣʣʝʢʪ [6]. 

ʀʩʢʫʩʩʪʚʝʥʥʘʷ ʞʠʟʥʴ (AL) ï ʵʪʦ ʥʦʚʘʷ ʦʙʣʘʩʪʴ, ʢʦʪʦʨʘʷ ʧʳʪʘʝʪʩʷ ʠʤʠʪʠʨʦʚʘʪʴ 

ʧʦʚʝʜʝʥʠʝ ʞʠʚʳʭ ʩʫʱʝʩʪʚ ʚ ʩʬʝʨʝ ʢʦʤʧʴʶʪʝʨʦʚ ʠ ʨʦʙʦʪʦʪʝʭʥʠʢʠ. ʇʦʣʝ ʧʝʨʝʢʨʳʚʘʝʪ 

ʠʩʢʫʩʩʪʚʝʥʥʳʡ ʠʥʪʝʣʣʝʢʪ (AI), ʧʦʩʢʦʣʴʢʫ ʫʤʥʦʝ ʧʦʚʝʜʝʥʠʝ - ʵʪʦ ʘʩʧʝʢʪ ʞʠʚʳʭ ʩʫʱʝʩʪʚ. 

ɼʠʟʘʡʥ ʤʝʭʘʥʠʟʤʘ ʩʘʤʦʚʦʩʧʨʦʠʟʚʝʜʝʥʠʷ ɼʞʦʥʘ ʬʦʥ ʅʝʡʤʘʥʘ ʚ ʩʝʨʝʜʠʥʘ 1960-ʭ ʛʦʜʦʚ ʙʳʣʘ 

ʧʝʨʚʦʡ ʤʦʜʝʣʴʶ ʠʩʢʫʩʩʪʚʝʥʥʦʡ ʞʠʟʥʠ (ʩʤ. ʌʦʥ ʅʝʡʤʘʥʥ, ɼʞʦʥ). ʆʙʣʘʩʪʴ ʙʳʣʘ ʨʘʩʰʠʨʝʥʘ 

ʟʘ ʩʯʝʪ ʨʘʟʨʘʙʦʪʢʠ ʢʣʝʪʦʯʥʳʭ ʘʚʪʦʤʘʪʦʚ, ʪʠʧʠʯʥʳʭ ʜʣʷ ɼʞʦʥʘ ʂʦʥʚʝʡ. ʂʦʤʧʦʥʝʥʪʳ, 

ʚʟʘʠʤʦʜʝʡʩʪʚʫʶʱʠʝ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʥʝʩʢʦʣʴʢʠʤʠ ʢʦʥʢʨʝʪʥʳʤʠ ʧʨʘʚʠʣʘʤʠ ʤʦʞʝʪ 

ʛʝʥʝʨʠʨʦʚʘʪʴ ʩʣʦʞʥʳʝ ʚʦʟʥʠʢʘʶʱʠʝ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ. ʇʨʦʛʨʘʤʤʘ ʧʦ ʨʘʟʨʘʙʦʪʢʘ 

ʛʝʥʝʪʠʯʝʩʢʠʭ ʘʣʛʦʨʠʪʤʦʚ ɼʞʦʥʘ ʍʦʣʣʘʥʜʘ ʜʦʙʘʚʣʝʥ ʦʪʙʦʨ ʠ ʵʚʦʣʶʮʠʷ ʢ ʘʢʪʫ ʨʝʧʨʦʜʫʢʮʠʠ. 

ʕʪʦʪ ʧʦʜʭʦʜ ʦʙʳʯʥʦ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʩʦʟʜʘʥʠʝ ʤʥʦʛʦʯʠʩʣʝʥʥʳʭ ʥʝʙʦʣʴʰʠʝ ʧʨʦʛʨʘʤʤʳ ʩʦ 

ʩʣʝʛʢʘ ʤʝʥʷʶʱʠʤʩʷ ʢʦʜʦʤ ʠ ʠʤʝʶʱʠʝ ʠʭ ʧʦʧʳʪʘʡʪʝʩʴ ʚʳʧʦʣʥʠʪʴ ʪʘʢʫʶ ʟʘʜʘʯʫ, ʢʘʢ 

ʩʦʨʪʠʨʦʚʢʘ ʜʘʥʥʳʭ ʠʣʠ ʨʘʩʧʦʟʥʘʚʘʥʠʝ ʰʘʙʣʦʥʦʚ. ʊʝ ʧʨʦʛʨʘʤʤʳ, ʢʦʪʦʨʳʝ ʦʢʘʟʳʚʘʶʪʩʷ 
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ʥʘʠʙʦʣʝʝ çʧʦʜʭʦʜʷʱʠʤʠè ʧʨʠ ʚʳʧʦʣʥʝʥʠʠ ʟʘʜʘʯʘ ʧʦʟʚʦʣʷʝʪ ʚʳʞʠʪʴ ʠ ʨʘʟʤʥʦʞʘʪʴʩʷ. ɺ ʘʢʪʝ 

ʚʦʩʧʨʦʠʟʚʦʜʩʪʚʦ, ʙʠʦʣʦʛʠʯʝʩʢʠʝ ʤʝʭʘʥʠʟʤʳ, ʪʘʢʠʝ ʢʘʢ ʛʝʥʝʪʠʯʝʩʢʘʷ ʤʫʪʘʮʠʷ ʠ ʢʨʦʩʩʦʚʝʨ 

ʤʦʛʫʪ ʚʤʝʰʠʚʘʪʴʩʷ. ɸʥʘʣʦʛʠʯʥʳʡ ʧʦʜʭʦʜ ʤʦʞʥʦ ʥʘʡʪʠ ʚ ʥʝʡʨʦʥʥʦʡ ʩʝʪʠ, ʛʜʝ ʪʝ ʫʟʣʳ, 

ʢʦʪʦʨʳʝ ʧʨʝʫʩʧʝʚʘʶʪ ʣʫʯʰʝʟʘʜʘʯʘʤ ʜʘʝʪʩʷ ʙʦʣʴʰʠʡ çʚʝʩè ʧʨʠ ʩʦʟʜʘʥʠʠ ʩʦʩʪʘʚʥʦʛʦ ʨʝʰʝʥʠʝ 

ʧʨʦʙʣʝʤʳ. ɹʦʣʝʝ ʩʣʦʞʥʳʡ, ʥʦ ʠʥʪʝʨʝʩʥʳʡ ʧʦʜʭʦʜ ʢ AL ï ʵʪʦ ʩʦʟʜʘʚʘʪʴ ʨʝʘʣʴʥʳʝ 

ʨʦʙʦʪʠʟʠʨʦʚʘʥʥʳʝ çʦʨʛʘʥʠʟʤʳè, ʢʦʪʦʨʳʝ ʧʝʨʝʤʝʱʘʶʪʩʷ ʧʦ ʬʠʟʠʯʝʩʢʦʤʫ ʂʨʝʡʛ ʈʝʡʥʦʣʴʜʩ 

ʠʩʧʦʣʴʟʫʝʪ ʵʪʦʪ ʧʨʠʥʮʠʧ ʜʣʷ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʬʣʦʢʠʨʦʚʘʥʠʷ ʤʠʨʘ, ʠ ʩʪʨʦʠʪ ʧʣʘʥʳ ʥʘ ʦʩʥʦʚʝ 

ʮʝʣʝʡ. ʅʦ ʪʘʢʠʝ ʨʦʙʦʪʳ, ʧʦʩʪʨʦʝʥʥʳʝ ʢʘʢ ʧʦʣʥʦʤʘʩʰʪʘʙʥʳʝ ʧʨʦʝʢʪʳ, ʨʘʟʜʝʣʷʶʪ ʥʝʩʢʦʣʴʢʦ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʠʩʢʫʩʩʪʚʝʥʥʦʡ ʞʠʟʥʠ. ʂʘʢ ʠ ʚ ʩʣʫʯʘʝ ʩ ʀʀ, ʧʦʜʭʦʜ çʩʥʠʟʫ ʚʚʝʨʭè ʧʨʝʜʣʘʛʘ-

ʝʪc  ̫ ʜʨʫʛʘʷ ʩʪʨʘʪʝʛʠʷ, ʢʦʪʦʨʘʷ ʥʘʟʳʚʘʝʪʩʷ çʙʳʩʪʨʦʡ, ʜʝʰʝʚʦʡ ʠ ʠʟ-ʧʦʜ ʢʦʥʪʨʦʣʷ "- 

ʧʨʦʠʟʚʦʜʩʪʚʦ ʤʥʦʛʦʯʠʩʣʝʥʥʳʭ ʥʝʙʦʣʴʰʠʭ, ʧʨʦʩʪʳʭ, ʥʘʩʝʢʦʤʳʭ-ʨʦʙʦʪʦʚ, ʢʦʪʦʨʳʝ ʠʤʝʶʪ 

ʪʦʣʴʢʦ ʧʨʦʩʪʳʝ ʬʦʨʤʳ ʧʦʚʝʜʝʥʠʷ, ʥʦ ʧʦʪʝʥʮʠʘʣʴʥʦ ʩʧʦʩʦʙʥʳʡ ʚʟʘʠʤʦʜʝʡʩʪʚʦʚʘʪʴ 

ʥʝʦʞʠʜʘʥʥʳʤʠ ʩʧʦʩʦʙʘʤʠ. ɽʩʣʠ ʟʥʘʯʠʤʳʡ ʛʝʥʝʪʠʯʝʩʢʠʡ ʠ ʨʝʧʨʦʜʫʢʪʠʚʥʳʡ ʤʝʭʘʥʠʟʤ ʤʦʞʝʪ 

ʙʳʪʴ ʚʢʣʶʯʝʥʥʳʡ ʚ ʪʘʢʠʝ ʨʦʙʦʪʳ, ʨʝʟʫʣʴʪʘʪ ʙʫʜʝʪ ʥʘʤʥʦʛʦ ʙʣʠʞʝ ʢ ʠʩʪʠʥʥʦʡ ʠʩʢʫʩʩʪʚʝʥʥʦʡ 

ʞʠʟʥʠ [6]. 

ʌʠʣʦʩʦʬʩʢʠʝ ʧʦʩʣʝʜʩʪʚʠʷ, ʩʚʷʟʘʥʥʳʝ ʩ ʚʦʟʤʦʞʥʳʤ ʨʘʟʚʠʪʠʝ ʠʩʪʠʥʥʦʡ ʠʩʢʫʩʩʪʚʝʥʥʦʡ 

ʞʠʟʥʠ ʘʥʘʣʦʛʠʯʥʦ ʩʚʷʟʘʥʥʳʭ ʩ çʩʠʣʴʥʳʤ ʀʀè. ʃʶʜʠ ʧʨʠʚʳʢʣʠ ʢ ʧʨʦʩʤʦʪʨʫ ʩʘʤʠ ʧʦ ʩʝʙʝ 

ʢʘʢ ʚʝʨʰʠʥʘ ʠʝʨʘʨʭʠʠ ʠʥʪʝʣʣʝʢʪʘ ʠ ʪʚʦʨʯʝʩʪʚʦ. 

ɿʘʢʣʶʯʝʥʠʝ 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʠʤʝʥʝʥʠʝ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʦ-ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʩʠʩʪʝʤ ʠ ʪʝʭʥʦʣʦʛʠʡ ʚ 

ʦʙʨʘʟʦʚʘʥʠʠ ʪʨʝʙʫʝʪ ʨʝʰʝʥʠʷ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʭ ʟʘʜʘʯ ʚ ʨʘʩʧʨʝʜʝʣʸʥʥʳʭ ʢʦʤʧʴʶʪʝʨʥʳʭ 

ʩʨʝʜʘʭ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʠʥʪʝʣʣʝʢʪʘ ʠ ʚʳʙʦʨʘ ʦʜʥʦʛʦ ʠʟ ʤʝʪʦʜʠʢ ʨʝʰʝʥʠʷ ʟʘ-

ʜʘʯ ʢʘʢ ʠʩʢʫʩʩʪʚʝʥʥʳʝ ʥʝʡʨʦʥʥʳʝ ʩʝʪʠ, ʨʦʙʦʪʦʪʝʭʥʠʯʝʩʢʠʭ ʩʠʩʪʝʤ ʠ ʨʘʩʧʦʟʥʘʚʘʥʠʷ ʦʙʨʘʟʦʚ. 

ʈʝʰʝʥʠʝ ʟʘʜʘʯ ʀʀʉ ʠʤʝʶʪ ʚʘʞʥʫʶ ʨʦʣʴ ʚ ʥʘʫʢʝ ʠ ʠʭ ʨʝʘʣʠʟʘʮʠʠ ʟʥʘʯʠʪʝʣʴʥʦ ʧʨʠʚʝʜʫʪ ʢ 

ʫʣʫʯʰʝʥʠʶ ʨʘʙʦʪ ʨʘʙʦʪʥʠʢʦʚ ʩʬʝʨʳ ʦʙʨʘʟʦʚʘʥʠʷ. ʊʘʢʞʝ ʢʦʥʪʨʦʣʴ ʫʯʝʙʥʦʛʦ ʧʨʦʮʝʩʩʘ ʫʣʫʯ-

ʰʠʪʴ ʧʦʩʝʱʘʝʤʦʩʪʴ ʩʪʫʜʝʥʪʘʤʠ ʟʘʥʷʪʠʡ ʚ ʧʦʪʦʯʥʳʭ ʘʫʜʠʪʦʨʠʷʭ  ʚʤʝʩʪʠʤʦʩʪʴʶ ʜʦ ʩʪʘ ʯʝʣʦ-

ʚʝʢ. 
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INFORMATION ABOUT THE PAPER IN ENGLISH 

INTELLECTUAL INFORMAT ION SYSTEM IN EDUCAT ION 

Ersultanova Z.S., Aytbenova A.A., Dauletbaeva G.B. 

Annotation. In this article, the authors give definitions to such concepts as information and intellectual systems. The 

formulation of the task ñAutomation of the educational processò and the choice of methods for solving this problem are 

considered as well as the relevance of applying IIS in higher education, in particular the use of an electronic sensor de-

vice with video observation and pattern recognition, followed by collecting data about students present in classrooms 

during classes, which is automation of the teacherôs workplace and the educational process as a whole. The article also 
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sets out complexes of robotic devices, the use of which will allow the preparation of the hardware and technical part of 

the task. 

Keywords: Intellectual systems, neural networks, artificial life, automatization processes, sensor, face recognition, ro-

botic systems, microcontroller, intellectual functions. 
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ʊɽʉʊʀʈʆɺɸʅʀɽ ï ʄɽʊʆɼ ʂʆʅʊʈʆʃʗ ʂɸʏɽʉʊɺɸ ɿʅɸʅʀʁ ʆɹʋʏɸʖʑʀʍʉʗ 

ɹʨʠʤʞʘʥʦʚʘ ʉ.ʉ., ɸʪʘʥʦʚ ʉ.ʂ., ɻʘʛʘʨʠʥʘ ʃ.ɻ. 
ɸʥʥʦʪʘʮʠʷ. ʊʝʭʥʦʣʦʛʠʷ ʢʦʤʧʴʶʪʝʨʥʦʛʦ ʪʝʩʪʠʨʦʚʘʥʠʷ ʦʙʝʩʧʝʯʠʚʘʝʪ ʥʝʟʘʚʠʩʠʤʫʶ ʦʮʝʥʢʫ ʢʘʯʝʩʪʚʘ ʦʙʨʘʟʦʚʘ-

ʥʠʷ. ʍʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʪʝʩʪʘ ʷʚʣʷʶʪʩʷ ʚʘʣʠʜʥʦʩʪʴ ʠ ʥʘʜʝʞʥʦʩʪʴ. ɼʣʷ ʦʙʲʝʢʪʠʚʥʦʩʪʠ ʦʮʝʥʠʚʘʥʠʷ ʟʥʘʥʠʡ ʦʙʫ-

ʯʘʶʱʠʭʩʷ ʥʝʦʙʭʦʜʠʤʦ ʧʨʦʚʦʜʠʪʴ ʵʢʩʧʝʨʪʠʟʫ ʪʝʩʪʦʚʳʭ ʟʘʜʘʥʠʡ. ʇʨʠ ʵʢʩʧʝʨʪʠʟʝ ʪʝʩʪʘ ʥʝʦʙʭʦʜʠʤʦ ʫʯʠʪʳʚʘʪʴ: 

ʢʨʘʪʢʦʩʪʴ; ʣʦʛʠʯʥʦʩʪʴ; ʧʨʘʚʠʣʴʥʦʩʪʴ ʬʦʨʤʳ ʠ ʩʦʜʝʨʞʘʥʠʷ; ʨʝʧʨʝʟʝʥʪʘʪʠʚʥʦʩʪʴ; ʩʦʦʪʚʝʪʩʪʚʠʝ ʮʝʣʷʤ ʪʝʩʪʠʨʦʚʘ-

ʥʠʷ; ʝʜʠʥʦʦʙʨʘʟʠʝ ʟʘʧʠʩʠ ʚʩʝʭ ʟʘʜʘʥʠʡ ʦʜʥʦʛʦ ʪʝʩʪʘ; ʨʘʟʥʦʦʙʨʘʟʠʝ ʬʦʨʤ; ʨʘʟʥʦʦʙʨʘʟʠʝ ʩʪʨʫʢʪʫʨʳ.  

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʪʝʩʪʠʨʦʚʘʥʠʝ, ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʝ ʩʠʩʪʝʤʳ, ʬʦʨʤʳ ʪʝʩʪʠʨʦʚʘʥʠʷ, ɽʜʠʥʦʝ ʥʘʮʠʦʥʘʣʴʥʦʝ ʪʝʩʪʠ-

ʨʦʚʘʥʠʝ, ʩʫʠʮʠʜ, ʙʘʟʘ ʟʥʘʥʠʡ, ʂʘʟʘʭʩʪʘʥ, ʧʨʦʝʢʪ 

ɺʚʝʜʝʥʠʝ 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʩʨʝʜʠ ʤʥʦʞʝʩʪʚʘ ʚʘʞʥʝʡʰʠʭ ʧʨʦʙʣʝʤ ʩʦʮʠʘʣʴʥʦ-ʵʢʦʥʦʤʠʯʝʩʢʦʛʦ 

ʨʘʟʚʠʪʠʷ ʩʪʨʘʥʳ ʦʜʥʦʡ ʠʟ ʥʘʠʙʦʣʝʝ ʦʩʪʨʳʭ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʧʨʦʙʣʝʤʘ ʧʦʜʛʦʪʦʚʢʠ ʚʳʩʦʢʦʢʚʘ-

ʣʠʬʠʮʠʨʦʚʘʥʥʳʭ ʩʧʝʮʠʘʣʠʩʪʦʚ ʚ ʨʘʟʣʠʯʥʳʭ ʦʙʣʘʩʪʷʭ ʜʝʷʪʝʣʴʥʦʩʪʠ. ʇʨʦʙʣʝʤʘ ʚʳʙʦʨʘ 

ʥʘʠʙʦʣʝʝ ʧʦʜʭʦʜʷʱʝʡ ʩʧʝʮʠʘʣʴʥʦʩʪʠ ʩ ʫʯʝʪʦʤ ʚʩʝʭ ʞʝʣʘʥʠʡ ʠ ʧʦʪʨʝʙʥʦʩʪʝʡ ʩʪʦʠʪ ʧʝʨʝʜ 

ʢʘʞʜʳʤ ʧʦʩʪʫʧʘʶʱʠʤ ʚ ʫʯʝʙʥʦʝ ʟʘʚʝʜʝʥʠʝ. ʉʪʫʜʝʥʪʳ, ʚʳʙʨʘʚʰʠʝ ʩʧʝʮʠʘʣʴʥʦʩʪʴ, ʥʝ ʩʦʦʪ-

ʚʝʪʩʪʚʫʶʱʫʶ ʭʘʨʘʢʪʝʨʫ, ʠʥʪʝʨʝʩʘʤ, ʚʦʟʤʦʞʥʦʩʪʷʤ ʥʝ ʤʦʛʫʪ ʧʦʣʥʦʩʪʴʶ ʨʝʘʣʠʟʦʚʘʪʴ ʩʝʙʷ ʚ 

ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ. ɺ ʜʘʣʴʥʝʡʰʝʤ ʵʪʦ ʚʝʜʝʪ ʜʣʷ ʥʠʭ ʢ ʧʦʪʝʨʝ ʚʨʝʤʝʥʠ, ʥʘʠʙʦ-

ʣʝʝ ʧʦʜʭʦʜʷʱʝʛʦ ʜʣʷ ʦʙʫʯʝʥʠʷ, ʧʦʪʝʨʝ ʬʠʥʘʥʩʦʚʳʭ ʨʝʩʫʨʩʦʚ ʥʘ ʦʙʫʯʝʥʠʝ ʠ, ʚ ʢʦʥʝʯʥʦʤ ʩʯʝ-

ʪʝ, ʢ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʠʟʤʝʥʝʥʠʷ ʧʨʦʬʝʩʩʠʠ. ʊʝʩʪʠʨʦʚʘʥʠʝ ʷʚʣʷʝʪʩʷ ʦʜʥʦʡ ʠʟ ʥʘʠʙʦʣʝʝ ʪʝʭʥʦ-

ʣʦʛʠʯʥʳʭ ʬʦʨʤ ʧʨʦʚʝʜʝʥʠʷ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʛʦ ʢʦʥʪʨʦʣʷ ʩ ʫʧʨʘʚʣʷʝʤʳʤʠ ʧʘʨʘʤʝʪʨʘʤʠ 

ʢʘʯʝʩʪʚʘ. ɺ ʵʪʦʤ ʩʤʳʩʣʝ ʥʠ ʦʜʥʘ ʠʟ ʠʟʚʝʩʪʥʳʭ ʬʦʨʤ ʢʦʥʪʨʦʣʷ ʟʥʘʥʠʡ ʩ ʪʝʩʪʠʨʦʚʘʥʠʝʤ ʩʨʘʚ-

ʥʠʪʴʩʷ ʥʝ ʤʦʞʝʪ. 

ɺ ʥʘʫʢʫ ʩʣʦʚʦ çʪʝʩʪè ʧʦʧʘʣʦ ʠʟ ʘʥʛʣʠʡʩʢʦʛʦ ʷʟʳʢʘ, ʯʪʦ ʦʟʥʘʯʘʝʪ çʠʩʧʳʪʘʥʠʝ, ʧʨʦʙʘ, 

ʧʨʦʚʝʨʢʘè. ʇʦ ʩʣʦʚʘʨʶ, ʪʝʩʪ ï ʵʪʦ ʩʪʘʥʜʘʨʪʠʟʠʨʦʚʘʥʥʦʝ, ʯʘʩʪʦ ʦʛʨʘʥʠʯʝʥʥʦʝ ʚʦ ʚʨʝʤʝʥʠ ʠʩ-

ʧʳʪʘʥʠʝ, ʧʨʝʜʥʘʟʥʘʯʝʥʥʦʝ ʜʣʷ ʫʩʪʘʥʦʚʣʝʥʠʷ ʢʦʣʠʯʝʩʪʚʝʥʥʳʭ ʠ ʢʘʯʝʩʪʚʝʥʥʳʭ ʠʥʜʠʚʠʜʫʘʣʴ-

ʥʦ-ʧʩʠʭʦʣʦʛʠʯʝʩʢʠʭ ʨʘʟʣʠʯʠʡ. ʕʪʦʪ ʪʝʨʤʠʥ ʙʳʣ ʚʚʝʜʸʥ ʈ. ʂʵʪʪʝʣʣʦʤ, ʘ ʧʝʨʚʳʡ ʪʝʩʪ ʩʦʟʜʘʣ 

ʚʳʜʘʶʱʠʡʩʷ ʘʥʛʣʠʡʩʢʠʡ ʫʯʸʥʳʡ ʌʨʝʥʩʠʩ ɻʘʣʴʪʦʥ, ʨʦʜʩʪʚʝʥʥʠʢ ɼʘʨʚʠʥʘ. ʌʨʝʡʜ ʠ ʖʥʛ ʚʧʦ-

ʩʣʝʜʩʪʚʠʠ ʦʯʝʥʴ ʤʥʦʛʦʝ ʧʦʟʘʠʤʩʪʚʦʚʘʣʠ ʠʟ ʤʝʪʦʜʠʢʠ ɻʘʣʴʪʦʥʘ [1]. ɿʘʪʨʘʛʠʚʘʷ ʚʦʧʨʦʩʳ ʤʝ-

ʪʦʜʠʢʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʪʝʩʪʦʚ ʜʣʷ ʢʦʥʪʨʦʣʷ ʟʥʘʥʠʡ ʩʪʫʜʝʥʪʦʚ ʥʝʦʙʭʦʜʠʤʦ ʚʩʧʦʤʥʠʪʴ ʦʙ ʦʩ-

ʥʦʚʥʳʭ ʬʫʥʢʮʠʷʭ ʧʨʦʚʝʨʢʠ ʠ ʦʮʝʥʢʠ ʨʝʟʫʣʴʪʘʪʦʚ ʦʙʫʯʝʥʠʷ. ɺʳʜʝʣʠʤ ʩʨʝʜʠ ʥʠʭ ʥʘʠʙʦʣʝʝ 

ʚʘʞʥʳʝ: 

ï ʫʯʝʪʥʦ-ʢʦʥʪʨʦʣʴʥʫʶ, ʪʦ ʝʩʪʴ ʠʥʬʦʨʤʘʮʠʦʥʥʫʶ, ʢʦʪʦʨʘʷ ʩʠʩʪʝʤʘʪʠʯʝʩʢʠ ʧʦʟʚʦʣʷʝʪ ʬʠʢʩʠ-

ʨʦʚʘʪʴ ʨʝʟʫʣʴʪʘʪʳ ʦʙʫʯʝʥʠʷ ʠ ʩʫʜʠʪʴ ʦʙ ʫʩʧʝʚʘʝʤʦʩʪʠ ʢʘʞʜʦʛʦ ʩʪʫʜʝʥʪʘ, ʝʛʦ ʜʦʩʪʠʞʝʥʠʷʭ ʠ 

ʥʝʜʦʯʸʪʘʭ ʚ ʫʯʝʙʥʦʡ ʨʘʙʦʪʝ; 

ï ʢʦʥʪʨʦʣʴʥʦ-ʢʦʨʨʝʢʪʠʨʫʶʱʫʶ, ʪʦ ʝʩʪʴ ʜʠʘʛʥʦʩʪʠʯʝʩʢʫʶ, ʢʦʪʦʨʘʷ ʦʙʝʩʧʝʯʠʚʘʝʪ ʩʚʷʟʴ çʧʨʝ-

ʧʦʜʘʚʘʪʝʣʴ ï ʩʪʫʜʝʥʪè, ʜʣʷ ʚʥʝʩʝʥʠʷ ʢʦʨʨʝʢʪʠʚʦʚ ʚ ʤʝʪʦʜʠʢʫ ʦʙʫʯʝʥʠʷ, ʧʝʨʝʨʘʩʧʨʝʜʝʣʝʥʠʷ 

ʫʯʝʙʥʦʛʦ ʚʨʝʤʝʥʠ ʤʝʞʜʫ ʨʘʟʣʠʯʥʳʤʠ ʚʦʧʨʦʩʘʤʠ ʪʝʤʳ ʠ ʪ.ʜ., ʧʦʟʚʦʣʷʝʪ ʦʩʫʱʝʩʪʚʣʷʪʴ ʜʠʘ-

ʛʥʦʩʪʠʢʫ ʧʨʠʯʠʥ ʦʪʩʪʘʚʘʥʠʷ ʦʙʫʯʘʶʱʝʛʦʩʷ; 

ï ʦʙʫʯʘʶʱʘʷ ʬʫʥʢʮʠʷ, ʢʦʪʦʨʘʷ ʚ ʨʝʟʫʣʴʪʘʪʝ ʧʦʤʦʛʘʝʪ ʧʦʚʪʦʨʠʪʴ ʤʘʪʝʨʠʘʣ, ʘʢʮʝʥʪʠʨʦʚʘʪʴ 

ʚʥʠʤʘʥʠʝ ʥʘ ʛʣʘʚʥʳʭ ʚʦʧʨʦʩʘʭ ʠ ʚʘʞʥʝʡʰʠʭ ʤʠʨʦʚʦʟʟʨʝʥʯʝʩʢʠʭ ʠʜʝʷʭ ʢʫʨʩʘ, ʧʦʢʘʟʳʚʘʝʪ ʥʘ 

ʪʠʧʠʯʥʳʝ ʦʰʠʙʢʠ, ʯʪʦ ʩʧʦʩʦʙʩʪʚʫʝʪ ʟʘʢʨʝʧʣʝʥʠʶ ʠ ʫʛʣʫʙʣʝʥʠʶ ʟʥʘʥʠʡ; 

ï ʚʦʩʧʠʪʘʪʝʣʴʥʫʶ, ʘ ʠʤʝʥʥʦ ʤʦʪʠʚʘʮʠʦʥʥʫʶ, ʢʦʪʦʨʘʷ ʩʪʠʤʫʣʠʨʫʝʪ ʩʪʫʜʝʥʪʦʚ ʢ ʜʘʣʴʥʝʡʰʝʡ 

ʫʯʝʙʥʦʡ ʨʘʙʦʪʝ, ʫʛʣʫʙʣʝʥʠʶ ʩʚʦʠʭ ʟʥʘʥʠʡ, ʨʘʟʚʠʚʘʝʪ ʫʤʝʥʠʝ ʩʘʤʦʢʦʥʪʨʦʣʷ ʠ ʩʘʤʦʦʮʝʥʢʠ; 

ï ʘʪʪʝʩʪʘʮʠʦʥʥʫʶ ʬʫʥʢʮʠʶ, ʢʦʪʦʨʘʷ ʩʚʷʟʘʥʘ ʩ ʭʘʨʘʢʪʝʨʠʩʪʠʢʦʡ ʫʨʦʚʥʷ ʟʥʘʥʠʷ ʦʙʫʯʘʶʱʝʛʦ-

ʩʷ, ʷʚʣʷʝʪʩʷ ʦʩʥʦʚʥʦʡ ʝʛʦ ʘʪʪʝʩʪʘʮʠʠ, ʘ ʪʘʢʞʝ ʚʘʞʥʝʡʰʠʤ ʢʦʤʧʦʥʝʥʪʦʤ ʘʪʪʝʩʪʘʮʠʠ ʨʘʙʦʪʳ 

ʧʨʝʧʦʜʘʚʘʪʝʣʷ ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʛʦ ʫʯʨʝʞʜʝʥʠʷ. 

ʇʦʣʦʞʠʪʝʣʴʥʳʝ ʩʪʦʨʦʥʳ ʪʝʩʪʠʨʦʚʘʥʠʶ: 

1) ʪʝʩʪʳ ʦʢʘʟʳʚʘʶʪʩʷ ʟʥʘʯʠʪʝʣʴʥʦ ʙʦʣʝʝ ʢʘʯʝʩʪʚʝʥʥʳʤ ʠ ʦʙʲʝʢʪʠʚʥʳʤ ʩʧʦʩʦʙʦʤ ʦʮʝʥʠʚʘ-

ʥʠʷ, ʪʘʢ ʢʘʢ ʩʪʘʥʜʘʨʪʠʟʠʨʦʚʘʥʘ ʧʨʦʮʝʜʫʨʘ ʠʭ ʧʨʦʚʝʜʝʥʠʷ; 

2) ʪʝʩʪʳ ï ʙʦʣʝʝ ʸʤʢʠʡ ʠʥʩʪʨʫʤʝʥʪ ï ʧʦʢʘʟʘʪʝʣʠ ʪʝʩʪʦʚ ʦʨʠʝʥʪʠʨʦʚʘʥʳ ʥʘ ʠʟʤʝʨʝʥʠʷ ʩʪʝʧʝ-

ʥʠ, ʦʧʨʝʜʝʣʝʥʠʷ ʫʨʦʚʥʷ ʫʩʚʦʝʥʠʷ ʢʣʶʯʝʚʳʭ ʧʦʥʷʪʠʡ; 



ʆʙʨʘʙʦʪʢʘ ʠʥʬʦʨʤʘʮʠʠ 
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3) ʪʝʩʪʳ ï ʵʪʦ ʙʦʣʝʝ ʤʷʛʢʠʡ ʠʥʩʪʨʫʤʝʥʪ. ʊʝʩʪʠʨʦʚʘʥʠʝ ʩʪʘʚʠʪ ʚʩʝʭ ʩʪʫʜʝʥʪʦʚ ʚ ʨʘʚʥʳʝ ʫʩʣʦ-

ʚʠʷ, ʠʩʧʦʣʴʟʫʷ ʝʜʠʥʫʶ ʧʨʦʮʝʜʫʨʫ ʠ ʝʜʠʥʳʝ ʢʨʠʪʝʨʠʠ ʦʮʝʥʢʠ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʩʥʠʞʝʥʠʶ 

ʧʨʝʜʵʢʟʘʤʝʥʘʮʠʦʥʥʳʭ ʥʝʨʚʥʳʭ ʥʘʧʨʷʞʝʥʠʡ. 

4) ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʠʥʪʝʨʚʘʣʘ ʦʮʝʥʠʚʘʥʠʷ ʪʝʩʪ ï ʰʠʨʦʢʠʡ ʠʥʩʪʨʫʤʝʥʪ. ɽʩʣʠ ʧʨʦʚʝʩʪʠ ʘʥʘʣʦ-

ʛʠʶ ʩ ʧʨʳʞʢʘʤʠ ʚ ʚʳʩʦʪʫ, ʪʦ ʪʨʘʜʠʮʠʦʥʥʘʷ ʢʦʥʪʨʦʣʴʥʘʷ ʨʘʙʦʪʘ ʧʨʝʜʩʪʘʚʠʪ ʩʦʙʦʡ ʧʘʣʦʯʢʫ, 

ʥʘ ʢʦʪʦʨʦʡ ʥʘʥʝʩʝʥʳ ʤʝʪʢʠ: 2,3,4,5. ɺ ʩʣʫʯʘʝ ʚʳʧʦʣʥʝʥʠʷ ʫʯʘʱʠʤʩʷ ʚʩʝʭ ʟʘʜʘʥʠʡ ʦʥ ʧʦʣʫʯʘ-

ʝʪ ʦʪʤʝʪʢʫ ʦʪʣʠʯʥʦ. ʇʨʠ ʵʪʦʤ ʩʦʚʝʨʰʝʥʥʦ ʥʝ ʷʩʥʦ, ʧʝʨʝʧʨʳʛʥʫʣ ʦʥ ʥʘʰʫ ʧʘʣʦʯʢʫ ʩ ʟʘʧʘʩʦʤ 

ʚ ʜʚʘ ʨʘʟʘ ʠʣʠ ʧʨʦʣʝʪʝʣ ʧʨʷʤʦ ʥʘʜ ʥʝʡ. ʊʦ ʞʝ ʤʦʞʥʦ ʩʢʘʟʘʪʴ ʠ ʧʨʦ ʥʠʞʥʶʶ ʦʪʤʝʪʢʫ. 

5) ʛʫʤʘʥʠʟʤ ʪʝʩʪʠʨʦʚʘʥʠʷ, ʢʦʪʦʨʳʡ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʪʦʤ, ʯʪʦ ʚʩʝʤ ʧʨʝʜʦʩʪʘʚʣʷʶʪʩʷ ʨʘʚʥʳʝ 

ʚʦʟʤʦʞʥʦʩʪʠ, ʰʠʨʦʪʘ ʪʝʩʪʘ ʜʘʸʪ ʚʦʟʤʦʞʥʦʩʪʴ ʩʪʫʜʝʥʪʫ ʧʦʢʘʟʘʪʴ ʩʚʦʠ ʜʦʩʪʠʞʝʥʠʷ ʥʘ ʰʠʨʦ-

ʢʦʤ ʧʦʣʝ ʤʘʪʝʨʠʘʣʘ. 

ʎʝʣʠ ʠ ʟʘʜʘʯʠ ʪʝʩʪʠʨʦʚʘʥʠʷ 

ʆʯʝʚʠʜʥʦ, ʯʪʦ ʧʝʨʚʦʦʯʝʨʝʜʥʦʡ ʟʘʜʘʯʝʡ ʧʨʠ ʧʨʦʚʝʜʝʥʠʠ ʧʨʦʚʝʨʢʠ ʧʦʣʫʯʝʥʥʳʭ ʟʥʘʥʠʡ 

ʜʦʣʞʥʦ ʙʳʪʴ ʦʧʨʝʜʝʣʝʥʠʝ ʮʝʣʝʡ ʢʦʥʪʨʦʣʷ. ʊʘʢ ʚ ɺʋɿʘʭ ʚ ʙʦʣʴʰʝʡ ʩʪʝʧʝʥʠ ʥʝʦʙʭʦʜʠʤʦ ʧʨʦ-

ʚʝʨʷʪʴ ʫ ʦʙʫʯʘʶʱʠʭʩʷ ʛʣʫʙʠʥʫ ʟʥʘʥʠʡ ʫʯʝʙʥʳʭ ʜʠʩʮʠʧʣʠʥ, ʫʤʝʥʠʝ ʙʫʜʫʱʠʭ ʩʧʝʮʠʘʣʠʩʪʦʚ 

ʣʦʛʠʯʝʩʢʠ ʤʳʩʣʠʪʴ, ʩʦʧʦʩʪʘʚʣʷʪʴ ʨʘʟʣʠʯʥʳʝ ʧʨʝʜʤʝʪʳ ʠ ʷʚʣʝʥʠʷ, ʜʝʣʘʪʴ ʧʨʘʚʠʣʴʥʳʝ ʚʳʚʦ-

ʜʳ ʠ ʧʨʠʥʠʤʘʪʴ ʦʧʪʠʤʘʣʴʥʳʝ ʨʝʰʝʥʠʷ. ɿʥʘʯʠʪ ʥʘʙʦʨ (ʙʘʟʘ ʜʘʥʥʳʭ) ʢʦʥʪʨʦʣʴʥʳʭ ʟʘʜʘʥʠʡ 

ʜʦʣʞʝʥ ʤʘʢʩʠʤʘʣʴʥʦ ʧʦʣʥʦ ʦʭʚʘʪʳʚʘʪʴ ʫʯʝʙʥʫʶ ʜʠʩʮʠʧʣʠʥʫ, ʘ ʪʝʤʘʪʠʯʝʩʢʦʝ ʠʭ ʨʘʟʜʝʣʝʥʠʝ 

ī ʧʦʟʚʦʣʷʪʴ ʦʩʫʱʝʩʪʚʣʷʪʴ ʚ ʧʨʦʮʝʩʩʝ ʠʟʫʯʝʥʠʷ ʧʨʝʜʤʝʪʘ ʵʪʘʧʥʳʡ ʢʦʥʪʨʦʣʴ, ʚʳʷʚʣʷʪʴ ʠʥʜʠ-

ʚʠʜʫʘʣʴʥʳʝ ʧʨʦʙʝʣʳ ʟʥʘʥʠʡ ʦʙʫʯʘʝʤʳʭ, ʢʦʨʨʝʢʪʠʨʦʚʘʪʴ ʫʯʝʙʥʳʝ ʧʨʦʛʨʘʤʤʳ ʠ ʪ.ʧ. 

ɺʘʞʥʦʝ ʤʝʩʪʦ ʧʨʠ ʬʦʨʤʠʨʦʚʘʥʠʠ ʙʘʟʳ ʟʘʜʘʥʠʡ ʟʘʥʠʤʘʝʪ ʠʭ ʬʦʨʤʫʣʠʨʦʚʢʘ. ʂʘʢ ʠ ʣʶ-

ʙʦʝ ʧʨʝʜʣʦʞʝʥʠʝ, ʟʘʜʘʥʠʷ ʧʦʜʨʘʟʜʝʣʷʶʪʩʷ ʥʘ ʷʚʥʳʝ ʠ ʥʝʷʚʥʳʝ, ʚʦʧʨʦʩʠʪʝʣʴʥʳʝ ʠ ʫʪʚʝʨʜʠ-

ʪʝʣʴʥʳʝ, ʩʫʞʜʝʥʠʷ, ʤʥʝʥʠʷ ʠ ʜʨʫʛʠʝ ʚʦʧʨʦʩʳ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʧʦʜʦʙʥʳʭ ʟʘʜʘʥʠʡ ʩʧʦʩʦʙ-

ʩʪʚʫʝʪ ʧʦʚʳʰʝʥʠʶ ʫ ʫʯʘʱʠʭʩʷ ʫʤʝʥʠʷ ʣʦʛʠʯʝʩʢʠ ʤʳʩʣʠʪʴ, ʘ ʪʘʢʞʝ ʫʨʦʚʥʷ ʠʭ ʦʙʱʝʡ ʢʫʣʴʪʫ-

ʨʳ. ɼʨʫʛʠʤ ʚʘʞʥʳʤ ʤʦʤʝʥʪʦʤ ʷʚʣʷʝʪʩʷ ʦʧʨʝʜʝʣʝʥʠʝ ʧʨʘʚʠʣʴʥʦʩʪʠ ʦʪʚʝʪʘ ʦʙʫʯʘʝʤʦʛʦ ʥʘ 

ʧʨʝʜʣʦʞʝʥʥʳʝ ʚʦʧʨʦʩʳ. ʉʫʱʝʩʪʚʫʶʪ ʨʘʟʣʠʯʥʳʝ ʚʘʨʠʘʥʪʳ ʦʪʚʝʪʦʚ, ʟʘʢʣʘʜʳʚʘʝʤʳʝ ʚ ʧʨʦ-

ʛʨʘʤʤʫ.  

ʇʨʝʜʧʦʯʪʠʪʝʣʴʥʦ, ʯʪʦʙʳ ʩʪʫʜʝʥʪ çʦʪʚʝʯʘʣè ʢʦʤʧʴʶʪʝʨʫ ʢʘʢ ʙʳ ʚ ʫʩʪʥʦʡ ʬʦʨʤʝ, ʢʘʢ 

ʧʨʝʧʦʜʘʚʘʪʝʣʶ, ʜʘʥʥʘʷ ʬʦʨʤʘ ʥʘʟʳʚʘʝʪʩʷ ʦʪʢʨʳʪʦʡ.  ɼʣʷ ʵʪʦʛʦ ʥʝʦʙʭʦʜʠʤʦ ʩʦʟʜʘʥʠʝ ʥʦʚʳʭ 

ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʭ ʩʠʩʪʝʤ ʥʘ ʦʩʥʦʚʝ ʩʧʝʮʠʘʣʴʥʦ ʨʘʟʨʘʙʦʪʘʥʥʳʭ ʙʘʟ ʟʥʘʥʠʡ. ʉʦʟʜʘʥʠʝ ʙʘʟ 

ʟʥʘʥʠʡ ï ʵʪʦ ʜʦʩʪʘʪʦʯʥʦ ʠʥʪʝʨʝʩʥʘʷ ʠ ʩʣʦʞʥʘʷ ʧʨʦʙʣʝʤʘ ʠʤʝʝʪ ʦʩʥʦʚʥʦʡ ʥʝʜʦʩʪʘʪʦʢ, ʠʟʥʘ-

ʯʘʣʴʥʦ ʧʨʠʩʫʪʩʪʚʫʶʱʠʡ ʚ ʥʝʡ ī ʩʫʙʲʝʢʪʠʚʥʦʩʪʴ ʩʠʩʪʝʤʳ, ʙʘʟʠʨʫʶʱʝʡʩʷ ʥʘ ʦʮʝʥʢʘʭ ʩʦʙʳ-

ʪʠʡ ʠ ʷʚʣʝʥʠʡ ʦʪʜʝʣʴʥʳʤʠ, ʭʦʪʷ ʠ ʧʦʨʦʡ ʚʝʩʴʤʘ ʘʚʪʦʨʠʪʝʪʥʳʤʠ, ʩʧʝʮʠʘʣʠʩʪʘʤʠ. ʇʦʞʘʣʫʡ, 

ʥʘʠʙʦʣʝʝ ʧʨʘʚʠʣʴʥʦ ʙʫʜʝʪ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʦʩʚʘʠʚʘʪʴ ʢʦʤʧʴʶʪʝʨʥʳʝ ʩʠʩʪʝʤʳ ʢʦʥʪʨʦʣʷ ʥʘ 

ʦʩʥʦʚʝ ʙʘʟ ʜʘʥʥʳʭ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʦʙʳʯʥʦ ʧʨʠʙʝʛʘʶʪ ʢ ʨʘʟʣʠʯʥʳʤ ʛʦʪʦʚʳʤ ʬʦʨʤʘʤ ʦʪʚʝʪʦʚ 

ī ʘhʙʣʦʥʘʤ. 

ʅʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʧʦ ʬʦʨʤʝ ʪʝʩʪʠʨʦʚʘʥʠʶ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʧʦʣʫʯʠʣʘ ʪʘʢʘʷ ʬʦʨʤʘ 

ʦʪʚʝʪʦʚ, ʢʦʛʜʘ ʦʙʫʯʘʶʱʝʤʫʩʷ ʧʨʝʜʣʘʛʘʝʪʩʷ ʟʘʨʘʥʝʝ ʩʬʦʨʤʠʨʦʚʘʥʥʳʡ ʥʘʙʦʨ ʦʪʚʝʪʦʚ ʜʣʷ ʚʳ-

ʙʦʨʘ ʦʜʥʦʛʦ ʠʣʠ ʥʝʩʢʦʣʴʢʠʭ, ʷʚʣʷʶʱʠʭʩʷ, ʧʦ ʝʛʦ ʤʥʝʥʠʶ, ʧʨʘʚʠʣʴʥʳʤʠ ʪʘʢʘʷ ʬʦʨʤʘ ʥʘʟʳ-

ʚʘʝʪʩʷ ʬʦʨʤʦʡ ʟʘʢʨʳʪʳʭ ʦʪʚʝʪʦʚ. ʇʨʦʛʨʘʤʤʘ ʘʚʪʦʤʘʪʠʯʝʩʢʠ ʦʮʝʥʠʚʘʝʪ ʧʨʘʚʠʣʴʥʦʩʪʴ ʩʜʝ-

ʣʘʥʥʦʛʦ ʚʳʙʦʨʘ. ɺ ʜʨʫʛʦʤ ʩʣʫʯʘʝ, ʢʦʥʪʨʦʣʠʨʫʝʤʳʡ ʚʚʦʜʠʪ ʩ ʢʣʘʚʠʘʪʫʨʳ ʥʝʢʦʪʦʨʳʝ ʬʦʨʤʫ-

ʣʠʨʦʚʢʠ ʠʣʠ ʦʪʜʝʣʴʥʳʝ ʩʣʦʚʘ, ʷʚʣʷʶʱʠʝʩʷ ʦʪʚʝʪʦʤ ʥʘ ʧʦʩʪʘʚʣʝʥʥʳʡ ʚʦʧʨʦʩ, ʜʘʥʥʘʷ ʬʦʨʤʘ 

ʥʘʟʳʚʘʝʪʩʷ ʬʦʨʤʦʡ ʧʦʣʫʦʪʢʨʳʪʳʭ ʦʪʚʝʪʦʚ. ʅʘ ʵʢʨʘʥʝ ʵʣʝʢʪʨʦʥʥʦïʚʳʯʠʩʣʠʪʝʣʴʥʳʭ ʤʘʰʠʥ 

ʥʝʪ ʵʪʠʭ ʚʘʨʠʘʥʪʦʚ ʦʪʚʝʪʦʚ, ʥʦ ʧʨʦʛʨʘʤʤʘ ʩʦʜʝʨʞʠʪ ʤʘʢʩʠʤʘʣʴʥʦ ʚʦʟʤʦʞʥʳʡ, ʧʦ ʤʥʝʥʠʶ ʝʝ 

ʘʚʪʦʨʦʚ, ʥʘʙʦʨ ʦʪʚʝʪʦʚ. ʉʯʠʪʘʝʪʩʷ, ʯʪʦ ʚ ʙʦʣʴʰʠʥʩʪʚʝ ʩʣʫʯʘʝʚ ʚ ʧʨʦʛʨʘʤʤʝ ʠʤʝʶʪʩʷ ʥʝʦʙʭʦ-

ʜʠʤʳʝ ʤʦʜʠʬʠʢʘʮʠʠ, ʠ ʦʥʘ ʩʤʦʞʝʪ, ʦʩʫʱʝʩʪʚʠʚ ʩʨʘʚʥʝʥʠʝ, ʜʘʪʴ ʩʚʦʝ ʟʘʢʣʶʯʝʥʠʝ ʦ ʧʨʘʚʠʣʴ-

ʥʦʩʪʠ ʦʪʚʝʪʘ. ʀʤʝʶʪʩʷ ʠ ʜʨʫʛʠʝ ʚʘʨʠʘʥʪʳ. ʂʘʞʜʳʡ ʩʧʦʩʦʙ ʬʦʨʤʠʨʦʚʘʥʠʷ ʦʪʚʝʪʘ ʦʙʫʯʘʶ-

ʱʠʤʩʷ  ʠʤʝʝʪ ʩʚʦʠ ʜʦʩʪʦʠʥʩʪʚʘ ʠ ʥʝʜʦʩʪʘʪʢʠ. ɿʜʝʩʴ ʩʣʝʜʫʝʪ ʧʨʠʜʝʨʞʠʚʘʪʴʩʷ ʧʦʩʪʘʚʣʝʥʥʦʡ 

ʮʝʣʠ ʠ ʚʳʙʠʨʘʪʴ ʥʘʠʙʦʣʝʝ ʧʦʜʭʦʜʷʱʠʡ ʜʣʷ ʝʝ ʨʝʘʣʠʟʘʮʠʠ. 

ɺ ʵʪʦʡ ʩʚʷʟʠ ʤʦʞʥʦ ʧʨʝʜʣʦʞʠʪʴ ʠʩʧʦʣʴʟʦʚʘʪʴ ʝʜʠʥʳʡ ʥʘʙʦʨ ʚʘʨʠʘʥʪʦʚ ʦʪʚʝʪʦʚ ʜʣʷ 

ʚʩʝʭ ʢʦʥʪʨʦʣʴʥʳʭ ʟʘʜʘʥʠʡ ʧʦ ʪʝʤʝ. ʌʦʨʤʫʣʠʨʦʚʢʠ ʜʦʣʞʥʳ ʥʦʩʠʪʴ ʦʙʱʠʡ ʭʘʨʘʢʪʝʨ ʠ ʩʧʦʩʦʙ-

ʩʪʚʦʚʘʪʴ ʚʳʷʚʣʝʥʠʶ ʫʤʝʥʠʷ ʢʦʥʪʨʦʣʠʨʫʝʤʦʛʦ ʣʦʛʠʯʝʩʢʠ ʤʳʩʣʠʪʴ, ʯʪʦ ʙʦʣʝʝ ʚʘʞʥʦ ʠ ʮʝʥʥʦ, 
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ʯʝʤ ʟʘʧʦʤʠʥʘʥʠʝ ʦʪʜʝʣʴʥʳʭ ʬʘʢʪʦʛʨʘʬʠʯʝʩʢʠʭ ʜʘʥʥʳʭ. ʇʨʠ ʜʦʩʪʘʪʦʯʥʦʤ ʠʩʢʫʩʩʪʚʝ ʵʢʩʧʝʨ-

ʪʘ ʩʦ ʩʬʦʨʤʫʣʠʨʦʚʘʥʥʳʤʠ ʪʘʢʠʤ ʦʙʨʘʟʦʤ ʚʘʨʠʘʥʪʘʤʠ ʦʪʚʝʪʦʚ ʚʦʟʤʦʞʥʦ ʦʧʨʝʜʝʣʝʥʠʝ ʟʥʘʥʠʷ 

ʠ ʦʪʜʝʣʴʥʳʭ ʬʘʢʪʦʚ, ʩʦʙʳʪʠʡ. 

ʆʨʛʘʥʠʟʘʮʠʷ ʪʝʩʪʠʨʦʚʘʥʠʷ ʚ ʂʘʟʘʭʩʪʘʥʝ 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʩʫʱʝʩʪʚʫʝʪ ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʪʝʩʪʦʚ. 

ɽʜʠʥʦʝ ʥʘʮʠʦʥʘʣʴʥʦʝ ʪʝʩʪʠʨʦʚʘʥʠʝ (ɽʅʊ) ï ʬʦʨʤʘ ʠʪʦʛʦʚʦʡ ʘʪʪʝʩʪʘʮʠʠ ʚʳʧʫʩʢʥʠ-

ʢʦʚ ʰʢʦʣ ʂʘʟʘʭʩʪʘʥʘ, ʩʦʚʤʝʱʝʥʥʘʷ ʩʦ ʚʩʪʫʧʠʪʝʣʴʥʳʤʠ ʵʢʟʘʤʝʥʘʤʠ ʚ ʦʨʛʘʥʠʟʘʮʠʠ ʦʙʨʘʟʦʚʘ-

ʥʠʷ, ʜʘʶʱʠʤʠ ʩʨʝʜʥʝ-ʩʧʝʮʠʘʣʴʥʦʝ ʠʣʠ ʚʳʩʰʝʝ ʦʙʨʘʟʦʚʘʥʠʝ. ɺ 2018 ʛʦʜʫ ʪʘʢ ʞʝ, ʢʘʢ ʠ ʚ 

ʧʨʦʰʣʦʤ ʛʦʜʫ, ʩʜʘʣʠ ʪʦʣʴʢʦ ʪʝ ʰʢʦʣʴʥʠʢʠ, ʢʪʦ ʨʝʰʠʣ ʧʨʦʜʦʣʞʘʪʴ ʦʙʨʘʟʦʚʘʥʠʝ ʚ ɺʋɿʘʭ ʂʘ-

ʟʘʭʩʪʘʥʘ. ɽʩʣʠ ʚʳʧʫʩʢʥʠʢ ʰʢʦʣʳ ʨʝʰʠʣ ʥʝ ʧʦʩʪʫʧʘʪʴ ʚ ʢʘʟʘʭʩʪʘʥʩʢʠʡ ʠʥʩʪʠʪʫʪ ʠʣʠ ʫʥʠʚʝʨ-

ʩʠʪʝʪ ʠʣʠ ʭʦʯʝʪ ʫʯʠʪʴʩʷ ʟʘ ʛʨʘʥʠʮʝʡ ʠ ʧʦʩʪʫʧʘʪʴ ʚ ʢʘʢʦʡ-ʪʦ ʫʥʠʚʝʨʩʠʪʝʪ ʟʘ ʨʫʙʝʞʦʤ, ʪʦ ʥʘ 

ɽʅʊ ʦʥ ʤʦʞʝʪ ʥʝ ʭʦʜʠʪʴ. ʄʝʭʘʥʠʟʤ ʩʜʘʯʠ ɽʅʊ ʦʩʪʘʣʩʷ ʧʨʝʞʥʠʤ, ʩ 2017 ʛʦʜʘ ʠʟʤʝʥʠʣʩʷ 

ʪʦʣʴʢʦ ʬʦʨʤʘʪ ɽʅʊ, ʩʝʡʯʘʩ ɽʅʊ ʩʦʩʪʦʠʪ ʠʟ 2 ʙʣʦʢʦʚ ï ʦʙʷʟʘʪʝʣʴʥʦʛʦ ʠ ʧʨʦʬʠʣʴʥʦʛʦ, ʵʪʦ  

ʟʘʚʠʩʠʪ ʦʪ ʚʳʙʨʘʥʥʦʡ ʩʧʝʮʠʘʣʴʥʦʩʪʠ ʠ ʧʨʦʬʠʣʷ ɺʋɿʘ. 

ɽʅʊ 2018 çʦʭʚʘʪʳʚʘʝʪè 5 ʧʨʝʜʤʝʪʦʚ: 3 ʦʙʷʟʘʪʝʣʴʥʳʭ ʠ 2 ʥʘ ʚʳʙʦʨ (ʧʨʦʬʠʣʴʥʳʝ ʧʨʝʜ-

ʤʝʪʳ). ʇʦ ʢʘʞʜʦʤʫ ʦʙʷʟʘʪʝʣʴʥʦʤʫ ʧʨʝʜʤʝʪʫ ʧʦ 20 ʟʘʜʘʥʠʡ: 

ï ʠʩʪʦʨʠʷ ʂʘʟʘʭʩʪʘʥʘ; 

ï ʤʘʪʝʤʘʪʠʯʝʩʢʘʷ ʛʨʘʤʦʪʥʦʩʪʴ; 

ï ʛʨʘʤʦʪʥʦʩʪʴ ʯʪʝʥʠʷ (ʧʨʝʜʧʦʣʘʛʘʝʪ ʧʨʦʚʝʨʢʫ ʫʤʝʥʠʡ ʩʦʧʦʩʪʘʚʣʷʪʴ, ʦʙʦʙʱʘʪʴ, ʩʨʘʚʥʠʚʘʪʴ). 

 ʉ ʧʨʦʬʠʣʴʥʳʤʠ ʧʨʝʜʤʝʪʘʤʠ ʚ ʄʆʂ ʈʂ ʨʝʰʠʣʠ ʧʦʩʪʫʧʠʪʴ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ. ɺʩʝ 

175 ʩʧʝʮʠʘʣʴʥʦʩʪʝʡ ʨʘʟʜʝʣʠʣʠ ʥʘ 10 ʧʘʨ ʧʨʝʜʤʝʪʦʚ: 

ï ʤʘʪʝʤʘʪʠʢʘ ʠ ʬʠʟʠʢʘ; 

ï ʤʘʪʝʤʘʪʠʢʘ ʠ ʛʝʦʛʨʘʬʠʷ; 

ï ʠʩʪʦʨʠʷ ʠ ʛʝʦʛʨʘʬʠʷ; 

ï ʙʠʦʣʦʛʠʷ ʠ ʭʠʤʠʷ; 

ï ʙʠʦʣʦʛʠʷ ʠ ʛʝʦʛʨʘʬʠʷ; 

ï ʠʥʦʩʪʨʘʥʥʳʡ ʷʟʳʢ ʠ ʠʩʪʦʨʠʷ; 

ï ʷʟʳʢ ʦʙʫʯʝʥʠʷ ʠ ʣʠʪʝʨʘʪʫʨʘ ʠ ʠʩʪʦʨʠʷ; 

ï ʛʝʦʛʨʘʬʠʷ ʠ ʠʥʦʩʪʨʘʥʥʳʡ ʷʟʳʢ; 

ï ʭʠʤʠʷ ʠ ʬʠʟʠʢʘ; 

ï ʠʩʪʦʨʠʷ ʠ ʯʝʣʦʚʝʢ, ʦʙʱʝʩʪʚʦ, ʧʨʘʚʦ. 

ʆʪʜʝʣʴʥʦ ʠʜʝʪ ʪʚʦʨʯʝʩʢʠʡ ʵʢʟʘʤʝʥ, ʢʦʪʦʨʳʡ ʷʚʣʷʝʪʩʷ ʧʨʦʬʠʣʠʨʫʶʱʠʤ ʥʘ ʥʝʢʦʪʦʨʳʭ 

ʩʧʝʮʠʘʣʴʥʦʩʪʷʭ (ʥʘʧʨʠʤʝʨ, ʞʫʨʥʘʣʠʩʪʠʢʘ). 

ɽʅʊ ʧʦ ʧʨʦʬʠʣʴʥʳʤ ʧʨʝʜʤʝʪʘʤ ʧʨʝʜʧʦʣʘʛʘʝʪ 2 ʙʣʦʢʘ ʧʦ 30 ʟʘʜʘʥʠʡ. 20 ʠʟ ʥʠʭ ï ʵʪʦ 

ʪʝʩʪʳ ʩ ʚʳʙʦʨʦʤ 1 ʦʪʚʝʪʘ ʠʟ 5, ʝʱʝ 10 ʟʘʜʘʥʠʡ ï ʵʪʦ ʪʦʞʝ ʪʝʩʪʳ, ʥʦ ʚʳʙʠʨʘʪʴ ʥʫʞʥʦ ʙʫʜʝʪ 

ʥʝʩʢʦʣʴʢʦ ʧʨʘʚʠʣʴʥʳʭ ʦʪʚʝʪʦʚ ʠʟ ʪʝʭ, ʯʪʦ ʙʫʜʫʪ ʧʨʝʜʣʦʞʝʥʳ. ɺʩʝʛʦ ʙʫʜʝʪ 120 ʟʘʜʘʥʠʡ. ʅʘ 

ʚʳʧʦʣʥʝʥʠʝ ʚʩʝʭ ʪʝʩʪʦʚ ʙʫʜʝʪ ʦʪʚʝʜʝʥʦ 3,5 ʯʘʩʘ. ʄʘʢʩʠʤʘʣʴʥʳʡ ʙʘʣʣ, ʢʦʪʦʨʳʡ ʤʦʞʥʦ ʙʫʜʝʪ 

ʧʦʣʫʯʠʪʴ, ʚʳʧʦʣʥʠʚ ʚʩʝ ʧʨʘʚʠʣʴʥʦ, ï 140 (ʟʘ ʟʘʜʘʥʠʷ ʩ ʥʝʩʢʦʣʴʢʠʤʠ ʚʘʨʠʘʥʪʘʤʠ ʦʪʚʝʪʘ ʜʘʝʪ-

ʩʷ ʧʦ 2 ʙʘʣʣʘ). ʇʨʦʭʦʜʥʦʡ ʙʘʣ ʥʘ ɽʅʊ ï 50 ʙʘʣʣʦʚ. 

ɺ 2017 ʛʦʜʫ ɽʅʊ ʩʜʘʚʘʣʦ 92 827 ʘʙʠʪʫʨʠʝʥʪʦʚ, ʵʪʦ 71% ʦʪ ʦʙʱʝʛʦ ʢʦʣʠʯʝʩʪʚʘ ʚʳʧʫʩʢ-

ʥʠʢʦʚ ʰʢʦʣ. ʀʟ ʥʠʭ 69 209 ʩ ʢʘʟʘʭʩʢʠʤ ʷʟʳʢʦʤ ʦʙʫʯʝʥʠʷ ʠ 23 618 ï ʩ ʨʫʩʩʢʠʤ. ʋ ʪʝʭ, ʢʪʦ ʥʝ 

ʩʦʛʣʘʩʝʥ ʩ ʨʝʟʫʣʴʪʘʪʘʤʠ ɽʅʊ, ʝʩʪʴ ʚʦʟʤʦʞʥʦʩʪʴ ʧʦʜʘʪʴ ʘʧʝʣʣʷʮʠʶ ʜʦ 13:00 ʩʣʝʜʫʶʱʝʛʦ ʜʥʷ. 

ʂʨʦʤʝ ʪʦʛʦ, ʚʳʧʫʩʢʥʠʢʠ, ʥʝ ʧʨʝʦʜʦʣʝʚʰʠʝ ʧʦʨʦʛʦʚʳʡ ʫʨʦʚʝʥʴ, ʩʤʦʛʫʪ ʩʜʘʪʴ ʪʝʩʪʳ ʧʦʚʪʦʨʥʦ. 

ɸʙʠʪʫʨʠʝʥʪʫ, ʢʦʪʦʨʳʡ ʥʝ ʥʘʙʨʘʣ ʧʨʦʭʦʜʥʦʡ ʙʘʣʣ, ʤʦʞʥʦ ʙʫʜʝʪ ʧʝʨʝʩʜʘʪʴ ɽʅʊ ʚ ʘʚʛʫʩʪʝ ʵʪʦ-

ʛʦ ʛʦʜʘ ʠʣʠ ʚ ʷʥʚʘʨʝ ʩʣʝʜʫʶʱʝʛʦ ʛʦʜʘ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʪʝʩʪʠʨʦʚʘʥʠʝ ʙʫʜʝʪ ʧʣʘʪʥʳʤ [2]. 

ʇʨʝʠʤʫʱʝʩʪʚʦ ɽʅʊ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʪʦʤ, ʯʪʦ ʨʝʟʫʣʴʪʘʪʳ ʪʝʩʪʠʨʦʚʘʥʠʷ ʦʛʣʘʰʘʶʪʩʷ ʚ 

ʜʝʥʴ ʩʜʘʯʠ ʵʢʟʘʤʝʥʦʚ. ɺ ʈʦʩʩʠʠ ʨʝʟʫʣʴʪʘʪʳ ʦʛʣʘʰʘʶʪʩʷ ʯʝʨʝʟ 20 ʜʥʝʡ. ɽʩʣʠ ʙʳ ʚ ʂʘʟʘʭʩʪʘʥʝ 

ʜʘʚʘʣʠ ʨʝʟʫʣʴʪʘʪʳ ʧʨʦʚʝʜʝʥʥʦʛʦ ʪʝʩʪʠʨʦʚʘʥʠʷ ʯʝʨʝʟ 20 ʜʥʝʡ, ʩʘʤʠ ʤʦʞʝʪʝ ʜʦʛʘʜʘʪʴʩʷ, ʢʘʢʦʝ 

ʙʳ ʥʝʜʦʚʝʨʠʝ ʙʳʣʦ ʩʦ ʩʪʦʨʦʥʳ ʠ ʛʦʩʫʜʘʨʩʪʚʘ, ʠ ʦʙʱʝʩʪʚʝʥʥʦʩʪʠ. ʂ ʪʦʤʫ ʞʝ, ʝʩʣʠ ʙʳ ʧʨʦʚʝ-

ʨʷʣʠ ʧʠʩʴʤʝʥʥʳʝ ʨʘʙʦʪʳ ʚ ʪʝʯʝʥʠʝ 20 ʜʥʝʡ, ʪʦ ʩʫʙʲʝʢʪʠʚʥʦʛʦ ʚʤʝʰʘʪʝʣʴʩʪʚʘ ʚ ʵʪʦʪ ʧʨʦʮʝʩʩ 

ʙʳʣʦ ʙʳ ʙʦʣʴʰʝ. ʀ ʪʘʢʠʤ ʦʙʨʘʟʦʤ ʩʦʟʜʘʚʘʣʘʩʴ ʙʳ ʧʦʚʪʦʨʥʫʶ ʧʠʪʘʪʝʣʴʥʫʶ ʧʦʯʚʫ ʜʣʷ ʚʟʷ-

ʪʦʯʥʠʯʝʩʪʚʘ ʠ ʢʦʨʨʫʧʮʠʠ. ɸ ʥʘʰʘ ʪʝʭʥʦʣʦʛʠʷ ʧʦʟʚʦʣʷʝʪ ʠʩʢʦʨʝʥʠʪʴ ʧʦʜʦʙʥʳʝ ʵʣʝʤʝʥʪʳ ʥʘ 
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99 %. ʅʦ ʚʩʝ ʞʝ, ʧʦʩʢʦʣʴʢʫ ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʣʶʜʝʡ ʫʯʘʩʪʚʫʝʪ ʚ ʵʪʦʤ ʧʨʦʮʝʩʩʝ, ʥʠʢʦʛʜʘ 

ʥʝ ʠʩʢʣʶʯʘʶʪʩʷ ʧʨʠʩʫʪʩʪʚʠʝ ʢʘʢʠʭ-ʪʦ ʥʝʛʘʪʠʚʥʳʭ ʬʘʢʪʦʨʦʚ. ʉʪʝʧʝʥʴ ʟʘʱʠʪʳ ʫ ʪʝʩʪʦʚ ʜʦ-

ʩʪʘʪʦʯʥʦ ʚʳʩʦʢʘ. ʂʘʞʜʳʡ ʣʠʩʪ ʢʦʜʠʨʫʝʪʩʷ, ʠ ʧʦʤʝʥʷʪʴ ʦʪʚʝʪʳ ʥʝʨʝʘʣʴʥʦ. ɽʩʣʠ ʚʩʝ-ʪʘʢʠ ʧʦ-

ʤʝʥʷʪʴ ʦʜʠʥ ʣʠʩʪ ʥʘ ʜʨʫʛʦʡ, ʩʢʘʥʝʨ ʧʨʦʩʪʦ ʥʝ ʙʫʜʝʪ ʝʛʦ ʩʯʠʪʳʚʘʪʴ.  

ʅʘʯʘʣʠ ʧʨʦʚʦʜʠʪʴʩʷ ʩʧʝʮʠʘʣʴʥʳʝ ʪʝʩʪʳ,  ʧʦʜʛʦʪʦʚʣʝʥʥʳʝ ʩʦʚʤʝʩʪʥʦ ʩ ʦʪʜʝʣʦʤ ʩʫʠʮʠ-

ʜʦʣʦʛʠʠ ʈʝʩʧʫʙʣʠʢʘʥʩʢʦʛʦ ʮʝʥʪʨʘ ʧʩʠʭʠʘʪʨʠʠ, ʧʩʠʭʦʪʝʨʘʧʠʠ ʠ ʥʘʨʢʦʣʦʛʠʠ. ʇʨʠʯʠʥʦʡ ʧʨʦ-

ʚʝʜʝʥʠʷ ʪʝʩʪʠʨʦʚʘʥʠʷ ʷʚʣʷʝʪʩʷ ʫʚʝʣʠʯʝʥʠʝ ʢʦʣʠʯʝʩʪʚʘ ʩʫʠʮʠʜʦʚ ʩʨʝʜʠ ʜʝʪʝʡ ʚ ʚʦʟʨʘʩʪʝ ʦʪ 10 

ʜʦ 18 ʣʝʪ. ʇʦ ʥʦʨʤʘʪʠʚʘʤ ʄʝʞʜʫʥʘʨʦʜʥʦʡ ʦʨʛʘʥʠʟʘʮʠʠ ʟʜʨʘʚʦʦʭʨʘʥʝʥʠʷ, ʢʨʠʪʠʯʝʩʢʠʤ ʧʦ-

ʨʦʛʦʤ ʩʫʠʮʠʜʦʚ ʩʯʠʪʘʶʪʩʷ 20 ʯʝʣʦʚʝʢ ʥʘ 100 ʪʳʩʷʯ ʥʘʩʝʣʝʥʠʷ. ɺ ʂʘʟʘʭʩʪʘʥʝ  ʯʠʩʣʦ ʩʘʤʦ-

ʫʙʠʡʩʪʚ ʚʳʨʦʩʣʦ ʜʦ 52-53 ʩʣʫʯʘʝʚ ʥʘ 100 ʪʳʩʷʯ ʥʘʩʝʣʝʥʠʷ ï ʥʝʟʘʚʠʜʥʦʝ ʪʨʝʪʴʝ ʤʝʩʪʦ ʚ ʤʠʨʝ. 

ʉ ʥʘʯʘʣʘ 2018 ʛʦʜʘ ʧʨʦʠʟʦʰʣʦ ʥʘʠʙʦʣʴʰʝʝ ʢʦʣʠʯʝʩʪʚʦ ʨʝʟʦʥʘʥʩʥʳʭ ʩʫʠʮʠʜʦʚ ʩʨʝʜʠ 

ʧʦʜʨʦʩʪʢʦʚ. ʇʨʦʙʣʝʤʫ ʥʘ ʧʨʘʚʠʪʝʣʴʩʪʚʝʥʥʦʤ ʫʨʦʚʥʝ ʦʙʩʫʞʜʘʶʪ ʤʘʞʠʣʠʩʤʝʥʳ. ɺ ʩʚʷʟʠ ʩ 

ʵʪʠʤ Tengrinews.kz ʠʟʫʯʠʣ ʩʪʘʪʠʩʪʠʢʫ ʩʫʠʮʠʜʦʚ ʚ ʂʘʟʘʭʩʪʘʥʝ. ɿʥʘʯʠʪʝʣʴʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʩʫʠ-

ʮʠʜʦʚ ʚ ʂʘʟʘʭʩʪʘʥʝ ʚ 2017 ʛʦʜʫ ʧʨʠʰʣʦʩʴ ʥʘ ʘʧ-

ʨʝʣʴ, ʤʘʡ ʠ ʠʶʥʴ. ʆʙ ʵʪʦʤ ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʜʘʥ-

ʥʳʝ ʂʦʤʠʪʝʪʘ ʧʦ ʧʨʘʚʦʚʦʡ ʩʪʘʪʠʩʪʠʢʝ ʠ ʩʧʝʮʠ-

ʘʣʴʥʳʤ ʫʯʝʪʘʤ ɻʝʥʝʨʘʣʴʥʦʡ ʧʨʦʢʫʨʘʪʫʨʳ ʈʂ.  

ɺ 2017 ʛʦʜʫ ʢʘʟʘʭʩʪʘʥʮʳ ʩʦʚʝʨʰʠʣʠ 3 644 

ʩʫʠʮʠʜʘ. ɺ ʵʪʦʤ ʯʠʩʣʝ 2 906 ʩʣʫʯʘʝʚ ʧʨʠʭʦʜʷʪʩʷ 

ʥʘ çʩʠʣʴʥʳʡ ʧʦʣè. ʇʦʤʠʤʦ ʵʪʦʛʦ, ʚ ʨʝʩʧʫʙʣʠʢʝ 

ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʣʠ 3 538 ʧʦʧʳʪʦʢ ʩʫʠʮʠʜʘ ï ʧʨʠ-

ʤʝʨʥʦ ʨʘʚʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʩʦʚʝʨʰʝʥʦ ʤʫʞʯʠʥʘʤʠ 

ʠ ʞʝʥʱʠʥʘʤʠ. ʏʘʱʝ ʚʩʝʛʦ ʩʫʠʮʠʜʳ ʩʦʚʝʨʰʘʣʠ 

ʤʫʞʯʠʥʳ ʚ ʚʦʟʨʘʩʪʝ 35-44 ʣʝʪ ï 723 ʩʣʫʯʘʷ, ʘ 

ʪʘʢʞʝ ʞʝʥʱʠʥʳ ʪʦʛʦ ʞʝ ʚʦʟʨʘʩʪʘ ï 123 ʩʣʫʯʘʷ. 

ʂʘʢ ʧʦʜʯʝʨʢʠʚʘʣ ʚ ʩʚʦʝʤ ʜʝʧʫʪʘʪʩʢʦʤ ʟʘʧʨʦʩʝ ʤʘʞʠʣʠʩʤʝʥ ɸʨʪʫʨ ʇʣʘʪʦʥʦʚ, ʩʨʝʜʠ ʢʘ-

ʟʘʭʩʪʘʥʩʢʠʭ ʰʢʦʣʴʥʠʢʦʚ ʜʦ 15 ʣʝʪ ʥʘʙʣʶʜʘʶʪʩʷ ʧʷʪʴ ʩʣʫʯʘʝʚ ʩʫʠʮʠʜʘ ʥʘ 100 ʪʳʩʷʯ ʜʝʪʝʡ. 

ʉʨʝʜʠ ʧʦʜʨʦʩʪʢʦʚ ʦʪ 15 ʜʦ 17 ʣʝʪ ʧʦʢʘʟʘʪʝʣʴ ʧʦʯʪʠ ʚʪʨʦʝ ʚʳʰʝ. ʇʦ ʠʥʬʦʨʤʘʮʠʠ ʂʇʉʠʉʋ, 

ʚ ʛʨʫʧʧʝ ʧʦʜʨʦʩʪʢʦʚ 15-17 ʣʝʪ ʚ 2017 ʛʦʜʫ ʧʨʦʠʟʦʰʣʦ 98 ʩʫʠʮʠʜʦʚ. ʅʘʠʙʦʣʴʰʝʝ ʢʦʣʠʯʝʩʪʚʦ 

ʧʨʠʰʣʦʩʴ ʥʘ ʠʶʥʴ (13 ʫ ʤʫʞʯʠʥ ʠ ʧʷʪʴ ʫ ʞʝʥʱʠʥ), ʠʶʣʴ (ʚʦʩʝʤʴ ʫ ʤʫʞʯʠʥ ʠ ʯʝʪʳʨʝ ʫ ʞʝʥ-

ʱʠʥ) ʠ ʦʢʪʷʙʨʴ (ʧʦ ʧʷʪʴ ʫ ʤʫʞʯʠʥ ʠ ʞʝʥʱʠʥ). ɿʥʘʯʠʪʝʣʴʥʦʝ ʚʥʠʤʘʥʠʝ ʚ ʂʘʟʘʭʩʪʘʥʝ ʫʜʝʣʷʝʪ-

ʩʷ ʚʳʷʚʣʝʥʠʶ ʧʨʠʯʠʥ ʩʫʠʮʠʜʦʚ. ɺʦ ʤʥʦʛʦʤ ʫʧʦʨ ʜʝʣʘʝʪʩʷ ʥʘ ʠʩʩʣʝʜʦʚʘʥʠʝ ʩʦʮʠʘʣʴʥʳʭ ʩʝ-

ʪʝʡ. ʆʬʠʮʠʘʣʴʥʳʝ ʚʝʜʦʤʩʪʚʘ ʙʣʦʢʠʨʫʶʪ ʩʫʠʮʠʜʘʣʴʥʳʝ ʠ ʧʨʠʟʳʚʘʶʱʠʝ ʢ ʢʦʥʬʣʠʢʪʘʤ ʛʨʫʧ-

ʧʳ ʚ ʀʥʪʝʨʥʝʪʝ. ʅʝʜʘʚʥʦ ʩʦʦʙʱʘʣʦʩʴ, ʯʪʦ ʚ ʩʫʠʮʠʜʘʣʴʥʳʭ ʛʨʫʧʧʘʭ ʚ ʩʦʮʩʝʪʷʭ ʩʦʩʪʦʷʣʠ ʦʢʦ-

ʣʦ 600 ʰʢʦʣʴʥʠʢʦʚ ʠʟ ɸʣʤʘʪʳ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʨʦʚʝʜʝʥʥʦʡ ʚ ʰʢʦʣʘʭ ʨʘʙʦʪʳ ʫʜʘʣʦʩʴ ʠʜʝʥʪʠ-

ʬʠʮʠʨʦʚʘʪʴ 26 ʜʝʪʝʡ. "ɽʩʪʝʩʪʚʝʥʥʦ, ʨʦʜʠʪʝʣʠ ʛʦʚʦʨʷʪ, ʯʪʦ ʜʝʪʠ ʪʫʜʘ ʟʘʰʣʠ ʩʣʫʯʘʡʥʦ. ʅʦ ʩ 

ʧʦʤʦʱʴʶ ʧʩʠʭʦʣʦʛʦʚ ʩ ʵʪʠʤʠ ʜʝʪʴʤʠ ʙʳʣʘ ʧʨʦʚʝʜʝʥʘ ʜʦʧʦʣʥʠʪʝʣʴʥʘʷ ʨʘʙʦʪʘ", ï ʩʦʦʙʱʠʣ 

ʜʠʨʝʢʪʦʨ ʛʦʨʦʜʩʢʦʛʦ ʮʝʥʪʨʘ ʥʦʚʳʭ ʪʝʭʥʦʣʦʛʠʡ ʚ ʦʙʨʘʟʦʚʘʥʠʠ ʫʧʨʘʚʣʝʥʠʷ ʦʙʨʘʟʦʚʘʥʠʷ ɸʣ-

ʤʘʪʳ ɸʥʜʨʝʡ ɼʫʧʠʢ. ʉʦʛʣʘʩʥʦ ʦʬʠʮʠʘʣʴʥʦʡ ʠʥʬʦʨʤʘʮʠʠ, ʧʦʯʪʠ ʚ ʧʦʣʦʚʠʥʝ ʩʣʫʯʘʝʚ ï 1 637 

- ʬʘʢʪʦʨʳ, ʧʨʝʜʰʝʩʪʚʦʚʘʚʰʠʝ ʩʫʠʮʠʜʘʣʴʥʦʤʫ ʧʦʚʝʜʝʥʠʶ, ʥʝʠʟʚʝʩʪʥʳ. ɻʣʘʚʥʳʝ ʠʟʚʝʩʪʥʳʝ 

ʬʘʢʪʦʨʳ, ʧʦ ʤʝʨʝ ʩʥʠʞʝʥʠʷ ʢʦʣʠʯʝʩʪʚʘ ʠʟʚʝʩʪʥʳʭ ʧʨʠʯʠʥ: ʦʜʠʥʦʯʝʩʪʚʦ (ʩ ʯʫʚʩʪʚʦʤ ʦʪʚʝʨ-

ʞʝʥʥʦʩʪʠ) ï 226 ʩʣʫʯʘʝʚ, ʪʷʞʝʣʦʝ ʤʘʪʝʨʠʘʣʴʥʦʝ ʧʦʣʦʞʝʥʠʝ (ʙʘʥʢʨʦʪʩʪʚʦ, ʜʦʣʛʠ) ï 136,  ʢʦʥ-

ʬʣʠʢʪʥʳʝ ʦʪʥʦʰʝʥʠʷ ʩ ʨʦʜʩʪʚʝʥʥʠʢʘʤʠ - 123, ʪʷʞʝʣʳʝ ʩʦʤʘʪʠʯʝʩʢʠʝ (ʪʝʣʝʩʥʳʝ) ʟʘʙʦʣʝʚʘʥʠʷ 

ï 112,  ʢʦʥʬʣʠʢʪʥʳʝ ʦʪʥʦʰʝʥʠʷ ʩ ʩʫʧʨʫʛʦʤ ï 98, ʥʝʙʣʘʛʦʧʨʠʷʪʥʳʝ ʞʠʣʠʱʥʳʝ ʫʩʣʦ-

ʚʠʷ, ʨʘʟʨʳʚ ʩʝʤʝʡʥʳʭ ʦʪʥʦʰʝʥʠʡ (ʨʘʟʚʦʜ), ʫʪʨʘʪʘ (ʩʤʝʨʪʴ) ʙʣʠʟʢʦʛʦ ʯʝʣʦʚʝʢʘ, ʢʦʥʬʣʠʢʪʥʳʝ 

ʦʪʥʦʰʝʥʠʷ ʩ ʨʦʜʠʪʝʣʷʤʠ, ʩʪʨʘʭ ʥʘʢʘʟʘʥʠʷ, ʧʦʟʦʨʘ (ʫʛʦʣʦʚʥʘʷ ʦʪʚʝʪʩʪʚʝʥʥʦʩʪʴ), ʢʦʥʬʣʠʢʪ-

ʥʳʝ ʦʪʥʦʰʝʥʠʷ ʧʦ ʤʝʩʪʫ ʫʯʝʙʳ (ʨʘʙʦʪʳ), ʫʪʨʘʪʘ ʩʦʮʠʘʣʴʥʦʛʦ ʩʪʘʪʫʩʘ (ʧʨʝʩʪʠʞʘ), ʥʝʞʝʣʘ-

ʪʝʣʴʥʘʷ ʙʝʨʝʤʝʥʥʦʩʪʴ. ʇʦ ʦʬʠʮʠʘʣʴʥʳʤ ʜʘʥʥʳʤ, ʙʦʣʴʰʠʥʩʪʚʦ ʩʫʠʮʠʜʦʚ ï 2 791 ï ʩʦʚʝʨʰʝ-

ʥʦ ʚ ʪʨʝʟʚʦʤ ʩʦʩʪʦʷʥʠʠ. 761 ï ʚ ʩʦʩʪʦʷʥʠʠ ʘʣʢʦʛʦʣʴʥʦʛʦ ʦʧʴʷʥʝʥʠʷ, ʪʨʠ ʠ ʜʚʘ - ʚ ʩʦʩʪʦʷʥʠʠ 

ʥʘʨʢʦʪʠʯʝʩʢʦʛʦ ʠ ʪʦʢʩʠʢʦʤʘʥʠʯʝʩʢʦʛʦ ʦʧʴʷʥʝʥʠʷ. ɺ ʧʦʜʘʚʣʷʶʱʝʤ ʙʦʣʴʰʠʥʩʪʚʝ ʩʣʫʯʘʝʚ ʢʘ-

ʟʘʭʩʪʘʥʮʳ ʨʘʩʩʪʘʶʪʩʷ ʩ ʞʠʟʥʴʶ ʧʫʪʝʤ ʧʦʚʝʰʝʥʠʷ (3 073). ɻʦʨʘʟʜʦ ʨʝʞʝ ʩʫʠʮʠʜʳ ʧʨʦʠʩʭʦʜʷʪ 

ʧʫʪʝʤ ʧʘʜʝʥʠʷ ʩ ʚʳʩʦʪʳ (140), ʦʪʨʘʚʣʝʥʠʷ (104) ʠ ʧʨʠʤʝʥʝʥʠʷ ʨʝʞʫʱʠʭ ʧʨʝʜʤʝʪʦʚ (96). 

 
ʈʠʩ. ʂʦʣʠʯʝʩʪʚʦ ʩʫʠʮʠʜʦʚ ʚ 2017 ʛʦʜʫ 



ʆʙʨʘʙʦʪʢʘ ʠʥʬʦʨʤʘʮʠʠ 

40  ʄʘʪʝʤʘʪʠʯʝʩʢʦʝ ʠ ʧʨʦʛʨʘʤʤʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ ʚ ʧʨʦʤʳʰʣʝʥʥʦʡ ʠ ʩʦʮʠʘʣʴʥʦʡ ʩʬʝʨʘʭ. 2019. ʊ.7. ˉ1 

ʆʢʦʣʦ ʧʦʣʦʚʠʥʳ ʩʫʠʮʠʜʦʚ ʧʨʦʠʩʭʦʜʠʪ ʚ ʧʦʤʝʱʝʥʠʠ (1 747). ʅʘ ʫʣʠʮʝ ï 283 ʠʥʮʠʜʝʥʪʘ. ɺ 

ʨʘʡʦʥʝ 20 ʩʣʫʯʘʝʚ ʧʨʦʠʩʭʦʜʠʣʦ ʚ ʧʦʜʚʘʣʝ, ʧʦ ʤʝʩʪʫ ʨʘʙʦʪʳ, ʚ ʣʝʯʝʙʥʦʤ ʫʯʨʝʞʜʝʥʠʠ[3]. 

ʇʦ ʤʥʝʥʠʶ ʜʠʨʝʢʪʦʨʘ ɺʦʩʪʦʯʥʦ-ʂʘʟʘʭʩʪʘʥʩʢʦʛʦ ʮʝʥʪʨʘ ʟʜʦʨʦʚʦʛʦ ʦʙʨʘʟʘ ʞʠʟʥʠ ɹʘʭʳʪ 

ɸʙʜʨʘʰʝʚʦʡ, ʨʦʩʪ ʩʣʫʯʘʝʚ ʧʦʜʨʦʩʪʢʦʚʳʭ ʩʘʤʦʫʙʠʡʩʪʚ ʧʦʨʦʞʜʝʥ ʨʘʟʚʘʣʦʤ ʩʠʩʪʝʤʳ ʢʣʫʙʦʚ ʠ 

ʩʧʦʨʪʠʚʥʳʭ ʮʝʥʪʨʦʚ, ʧʦʚʣʝʢʰʠʤ ʥʝʫʩʪʨʦʝʥʥʦʩʪʴ ʜʝʪʝʡ. ʎʝʣʴʶ ʧʨʦʚʝʜʝʥʠʷ ʪʝʩʪʠʨʦʚʘʥʠʷ ʥʘ 

ʩʫʠʮʠʜ ʷʚʣʷʝʪʩʷ ʧʨʝʜʦʪʚʨʘʱʝʥʠʝ ʪʨʘʛʠʯʥʳʭ ʧʦʩʣʝʜʩʪʚʠʡ, ʧʦʧʳʪʢʘ ʧʝʨʝʣʦʤʘ ʚʦʟʥʠʢʰʝʡ ʩʠ-

ʪʫʘʮʠʠ. ʄʝʞʜʫ ʪʝʤ, ʧʠʰʝʪ çɺʨʝʤʷè, ʟʘʚʝʜʫʶʱʘʷ ʎʝʥʪʨʦʤ ʩʫʠʮʠʜʦʣʦʛʠʠ ʠ ʵʧʠʜʝʤʠʦʣʦʛʠʠ 

ʈʅʇʎ ʅʘʪʘʣʴʷ ʈʘʩʧʦʧʦʚʘ ʧʦʜʪʚʝʨʜʠʣʘ: ʚ ʧʝʨʚʦʤ ʢʚʘʨʪʘʣʝ 2011 ʛʦʜʘ ʮʝʥʪʨ ʧʨʝʟʝʥʪʦʚʘʣ ʤʝ-

ʪʦʜʠʯʝʩʢʠʝ ʨʝʢʦʤʝʥʜʘʮʠʠ ʜʣʷ ʜʘʣʴʥʝʡʰʝʛʦ ʠʭ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʰʢʦʣʴʥʳʤʠ ʧʩʠʭʦʣʦʛʘʤʠ[4]. 

ɺ 2011 ʛʦʜʫ  ʚ ʂʘʟʘʭʩʪʘʥʝ ʙʳʣ ʧʨʝʜʩʪʘʚʣʝʥ ʧʨʦʝʢʪ ʧʦ ʧʨʝʜʫʧʨʝʞʜʝʥʠʶ ʠ ʧʨʦʬʠʣʘʢʪʠʢʝ 

ʩʫʠʮʠʜʦʚ, ʚʥʝʜʨʝʥʥʳʡ ʈʝʩʧʫʙʣʠʢʘʥʩʢʠʤ ʥʘʫʯʥʦ-ʧʨʘʢʪʠʯʝʩʢʠʤ ʮʝʥʪʨʦʤ ʧʩʠʭʠʘʪʨʠʠ, ʧʩʠʭʦ-

ʪʝʨʘʧʠʠ ʠ ʥʘʨʢʦʣʦʛʠʠ ʄʠʥʟʜʨʘʚʘ. ʇʨʦʛʨʘʤʤʘ ʩʦʜʝʨʞʠʪ ʚ ʩʝʙʝ ʪʨʠ ʵʪʘʧʘ: ʠʥʬʦʨʤʘʮʠʦʥʥʳʡ, 

ʦʙʫʯʘʶʱʠʡ ʠ ʧʨʝʚʝʥʪʠʚʥʦʝ ʚʳʷʚʣʝʥʠʝ ʛʨʫʧʧ ʨʠʩʢʘ. çɸʧʨʦʙʘʮʠʷ ʜʘʥʥʦʡ ʩʠʩʪʝʤʳ ʚ 2015 ʛʦʜʫ 

ʚ ʂʳʟʳʣʦʨʜʠʥʩʢʦʡ ʦʙʣʘʩʪʠ ʧʦʢʘʟʘʣʘ ʧʦʣʦʞʠʪʝʣʴʥʳʝ ʨʝʟʫʣʴʪʘʪʳ, ʩ 2016 ʧʦ 2017 ʛʦʜ ʧʨʦʝʢʪ 

ʜʦʣʞʝʥ ʙʳʣ ʧʦʵʪʘʧʥʦ ʩʪʘʨʪʦʚʘʪʴ ʚʦ ʚʩʝʭ ʨʝʛʠʦʥʘʭè, ï ʦʪʤʝʪʠʣ ʜʝʧʫʪʘʪ ɸʨʪʫʨ ʇʣʘʪʦʥʦʚ. ʆʥ 

ʟʘʷʚʠʣ ʦ ʩʢʦʨʝʡʰʝʡ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʨʝʰʝʥʠʷ ʧʨʦʙʣʝʤʳ ʩʫʠʮʠʜʦʚ ʥʘ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʤ ʫʨʦʚʥʝ 

[3]. 

ɿʘʢʣʶʯʝʥʠʝ 

ɸʢʪʫʘʣʴʥʦʩʪʴ ʪʝʩʪʠʨʦʚʘʥʠʷ ʜʣʷ ʦʙʨʘʟʦʚʘʥʠʷ ʥʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʦʯʝʚʠʜʥʘ. ʊʝʩʪʳ 

ʰʠʨʦʢʦ ʧʨʠʤʝʥʠʤʳ ʥʘ ʚʩʝʭ ʩʪʫʧʝʥʷʭ ʚʩʝʭ ʬʦʨʤ ʦʙʨʘʟʦʚʘʥʠʷ, ʘ ʝʜʠʥʳʡ ʵʢʟʘʤʝʥ ʠ ʦʪʢʨʳʪʦʝ 

ʦʙʨʘʟʦʚʘʥʠʝ ʙʝʟ ʥʠʭ ʧʨʝʜʩʪʘʚʠʪʴ ʥʝʚʦʟʤʦʞʥʦ. ʇʦʵʪʦʤʫ ʚʘʞʥʦ, ʯʪʦʙʳ ʧʨʦʮʝʩʩ ʪʝʩʪʠʨʦʚʘʥʠʷ 

ʠʤʝʣ ʛʨʘʤʦʪʥʦ ʩʧʨʦʝʢʪʠʨʦʚʘʥʥʫʶ ʠ ʨʝʘʣʠʟʦʚʘʥʥʫʶ ʠʥʬʦʨʤʘʮʠʦʥʥʫʶ ʩʠʩʪʝʤʫ ʧʦʜʜʝʨʞʢʠ. B 

ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʨʘʟʚʠʪʠʝ ʥʘʫʢʠ ʠ ʪʝʭʥʠʢʠ ʜʦʩʪʠʛʣʦ ʚʳʩʦʢʦʛʦ ʫʨʦʚʥʷ, ʢʦʛʜʘ ʩʪʘʥʦʚʠʪʩʷ  ʫʞʝ 

ʨʝʘʣʴʥʳʤ ʠʩʢʫʩʩʪʚʝʥʥʳʡ ʠʥʪʝʣʣʝʢʪ, ʪʦ ʝʩʪʴ ʠʤʠʪʘʮʠʷ ʚʦʟʤʦʞʥʦʩʪʝʡ ʠ ʩʧʦʩʦʙʥʦʩʪʝʡ ʯʝʣʦʚʝ-

ʢʘ, ʘ ʨʝʰʝʥʠʝ ʫʢʘʟʘʥʥʳʭ ʦʩʥʦʚʥʳʭ ʟʘʜʘʯ ʩ ʧʦʤʦʱʴʶ ʧʨʦʛʨʘʤʤʥʳʭ ʠ ʘʧʧʘʨʘʪʥʳʭ ʩʨʝʜʩʪʚ. 

ʀʥʪʝʣʣʝʢʪʫʘʣʴʥʳʝ ʩʠʩʪʝʤʳ ʩʧʦʩʦʙʥʳ ʩʠʥʪʝʟʠʨʦʚʘʪʴ ʮʝʣʴ, ʧʨʠʥʠʤʘʪʴ ʨʝʰʝʥʠʝ ʢ ʜʝʡʩʪʚʠʶ, 

ʦʙʝʩʧʝʯʠʚʘʪʴ ʜʝʡʩʪʚʠʝ ʜʣʷ ʜʦʩʪʠʞʝʥʠʷ ʮʝʣʠ, ʧʨʦʛʥʦʟʠʨʦʚʘʪʴ ʟʥʘʯʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ ʨʝʟʫʣʴʪʘ-

ʪʘ ʜʝʡʩʪʚʠʷ, ʦʙʨʘʟʫʷ ʦʙʨʘʪʥʫʶ ʩʚʷʟʴ, ʢʦʨʨʝʢʪʠʨʫʶ ʮʝʣʴ ʠʣʠ ʫʧʨʘʚʣʝʥʠʝ.  
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ʂʈɸʊʂʀɽ ʉʆʆɹʑɽʅʀʗ 

ʋɼʂ 004.932.72 

ʉʀʉʊɽʄʓ ʈɸʉʇʆɿʅɸɺɸʅʀʗ ʀɿʆɹʈɸɾɽʅʀʁ ɺ ʇʆʊʆʂɽ 

ɽʛʦʨʦʚʘ ʃ.ɻ., ɻʘʨʙʘʨ ɽ.ɸ., ʅʠʢʦʣʘʝʚ ɸ.ɸ. 

ʊʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʧʨʦʮʝʩʩ ʧʨʦʢʘʪʢʠ ʭʦʣʦʜʥʦʢʘʪʘʥʦʛʦ ʣʠʩʪʘ ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʦʮʠʥʢʦʚʘ-

ʥʠʝʤ ʧʨʝʜʧʦʣʘʛʘʝʪ ʢʦʥʪʨʦʣʴ ʢʘʯʝʩʪʚʘ ʧʨʦʜʫʢʮʠʠ ʥʘ ʚʳʭʦʜʝ ʠʟ ʘʛʨʝʛʘʪʦʚ. ɼʣʷ ʢʦʥʪʨʦʣʷ ʢʘʯʝ-

ʩʪʚʘ ʦʜʥʠʤ ʠʟ ʩʧʦʩʦʙʦʚ ʚʳʷʚʣʝʥʠʷ ʜʝʬʝʢʪʦʚ ʷʚʣʷʝʪʩʷ ʚʠʟʫʘʣʴʥʳʡ ʢʦʥʪʨʦʣʴ. ɺ ʇɸʆ ʄʄʂ 

ʃʇʎ-11 ʠʩʧʦʣʴʟʫʝʪʩʷ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʘʷ ʩʠʩʪʝʤʘ ʨʘʩʧʦʟʥʘʚʘʥʠʷ ʜʝʬʝʢʪʦʚ ʧʦʚʝʨʭʥʦʩʪʠ 

ʧʨʦʢʘʪʳʚʘʝʤʦʡ ʧʦʣʦʩʳ. ʉʫʱʝʩʪʚʫʶʱʘʷ ʪʝʭʥʦʣʦʛʠʷ ʠʤʝʝʪ ʩʫʱʝʩʪʚʝʥʥʳʡ ʥʝʜʦʩʪʘʪʦʢ: ʥʝʢʦ-

ʪʦʨʳʝ ʦʙʲʝʢʪʳ ʥʘ ʧʦʣʦʩʝ ʨʘʩʧʦʟʥʘʶʪʩʷ ʢʘʢ ʜʝʬʝʢʪʳ, ʧʨʠ ʵʪʦʤ ʜʝʬʝʢʪʘʤʠ ʥʝ ʷʚʣʷʶʪʩʷ, 

ʥʘʧʨʠʤʝʨ, ʤʘʨʢʠʨʦʚʢʘ ʧʦʣʦʩʳ.   

ɼʣʷ ʚʳʷʚʣʝʥʠʷ ʜʝʬʝʢʪʦʚ ʠʩʧʦʣʴʟʫʶʪʩʷ ʩʠʩʪʝʤʳ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʛʦ 

ʦʙʫʯʝʥʠʷ (ʥʝʡʨʦʥʥʘʷ ʩʝʪʴ) ʠ ʩʠʩʪʝʤʳ ʩ ʟʘʨʘʥʝʝ ʨʘʟʨʘʙʦʪʘʥʥʳʤ ʘʣʛʦʨʠʪʤʦʤ ʢʣʘʩʩʠʬʠʢʘʮʠʠ 

[1-4]. ɼʣʷ ʫʣʫʯʰʝʥʠʷ ʨʝʟʫʣʴʪʘʪʦʚ ʨʘʩʧʦʟʥʘʚʘʥʠʷ ʜʝʬʝʢʪʦʚ ʧʝʨʝʜ ʪʝʤ, ʢʘʢ ʧʨʠʤʝʥʠʪʴ ʦʩʥʦʚ-

ʥʦʡ ʘʣʛʦʨʠʪʤ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʠʣʠ ʦʙʫʯʝʥʥʫʶ ʩʠʩʪʝʤʫ, ʠʟʦʙʨʘʞʝʥʠʝ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʦʙʨʘʙʘ-

ʪʳʚʘʝʪʩʷ ʠ ʧʨʠʚʦʜʠʪʩʷ ʢ ʩʪʘʥʜʘʨʪʥʦʤʫ ʚʠʜʫ [4]. 

ʆʜʥʠʤ ʠʟ ʚʘʨʠʘʥʪʦʚ ʧʦʚʳʰʝʥʠʷ ʧʦʤʝʭʦʫʩʪʦʡʯʠʚʦʩʪʠ ʧʨʠ ʚʳʷʚʣʝʥʠʠ ʜʝʬʝʢʪʦʚ ʷʚʣʷʝʪ-

ʩʷ ʩʠʩʪʝʤʘ ʨʘʩʧʦʟʥʘʚʘʥʠʷ ʠʟʦʙʨʘʞʝʥʠʡ ʩʠʤʚʦʣʦʚ ʥʘ ʦʩʥʦʚʝ ʦʙʫʯʘʶʱʝʡ ʚʳʙʦʨʢʠ [5]. ɸʚʪʦ-

ʤʘʪʠʟʠʨʦʚʘʥʥʘʷ ʩʠʩʪʝʤʘ ʩʦʜʝʨʞʠʪ ʤʦʜʫʣʴ ʧʦʟʠʮʠʦʥʠʨʦʚʘʥʠʷ ʠʟʦʙʨʘʞʝʥʠʷ ʩʠʤʚʦʣʦʚ, ʤʦʜʫʣʴ 

ʧʨʠʝʤʘ ʢʦʜʦʚʦʛʦ ʦʧʠʩʘʥʠʷ ʠʟʦʙʨʘʞʝʥʠʡ ʩʠʤʚʦʣʦʚ, ʤʦʜʫʣʴ ʜʝʰʠʬʨʘʮʠʠ ʢʦʜʦʚʦʛʦ ʦʧʠʩʘʥʠʷ 

ʠʟʦʙʨʘʞʝʥʠʡ ʩʠʤʚʦʣʦʚ, ʤʦʜʫʣʴ ʩʠʥʭʨʦʥʠʟʘʮʠʠ ʧʨʦʮʝʩʩʘ ʨʘʩʧʦʟʥʘʚʘʥʠʷ ʠʟʦʙʨʘʞʝʥʠʡ ʩʠʤʚʦ-

ʣʦʚ, ʤʦʜʫʣʠ ʩʝʣʝʢʮʠʠ ʘʜʨʝʩʦʚ ʵʪʘʣʦʥʥʳʭ ʠʟʦʙʨʘʞʝʥʠʡ ʩʠʤʚʦʣʦʚ, ʤʦʜʫʣʴ ʭʨʘʥʝʥʠʷ ʘʜʨʝʩʦʚ 

ʟʘʧʠʩʝʡ ʵʪʘʣʦʥʥʳʭ ʠʟʦʙʨʘʞʝʥʠʡ ʩʠʤʚʦʣʦʚ, ʨʝʛʠʩʪʨ ʘʜʨʝʩʘ ʠ ʤʦʜʫʣʴ ʭʨʘʥʝʥʠʷ ʵʪʘʣʦʥʥʳʭ 

ʠʟʦʙʨʘʞʝʥʠʡ ʩʠʤʚʦʣʦʚ.  

ɺ ʨʘʙʦʪʝ [6] ʧʨʝʜʩʪʘʚʣʝʥʦ ʠʩʩʣʝʜʦʚʘʥʠʝ ʩʪʨʫʢʪʫʨʳ ʫʧʨʘʚʣʝʥʠʷ ʤʥʦʛʦʩʪʘʜʠʡʥʳʤ ʧʨʦ-

ʠʟʚʦʜʩʪʚʦʤ ʭʦʣʦʜʥʦʢʘʪʘʥʥʦʛʦ ʣʠʩʪʘ, ʦʧʨʝʜʝʣʝʥʳ ʢʦʨʪʝʞʠ ʚʟʘʠʤʦʩʚʷʟʘʥʥʳʭ ʪʝʭʥʦʣʦʛʠʯʝ-

ʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʩʦ ʩʪʨʫʢʪʫʨʦʡ ʠʟʦʙʨʘʞʝʥʠʷ ʧʦʚʝʨʭʥʦʩʪʠ ʧʨʦʢʘʪʘ, ʚʳʧʦʣʥʝʥʘ ʩʝʣʝʢʮʠʷ ʪʝʢ-

ʩʪʫʨʥʳʭ ʧʨʠʟʥʘʢʦʚ ʠʟʦʙʨʘʞʝʥʠʷ.  ɸʚʪʦʨʳ ʧʨʝʜʣʦʞʠʣʠ ʩʭʝʤʫ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʤʦʜʫʣʝʡ ʩʠ-

ʩʪʝʤʳ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʧʨʠʟʥʘʢʦʚ ʩʪʨʫʢʪʫʨʳ ʠʟʦʙʨʘʞʝʥʠʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʝʪʦʜʦʚ ʩʠʩʪʝʤ-

ʥʦʛʦ ʘʥʘʣʠʟʘ, ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʠʟʦʙʨʘʞʝʥʠʷ ʠ ʪʝʢʩʪʫʨʥʳʭ ʧʨʠʟʥʘʢʦʚ ʍʘʨʘʣʠʢʘ.  

 ɸʥʘʣʠʟ ʦʧʳʪʘ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʠ ʦʙʨʘʙʦʪʢʠ ʛʨʘʬʠʯʝʩʢʦʡ ʠʥʬʦʨʤʘʮʠʠ ʧʦʢʘʟʘʣ ʥʘʣʠʯʠʝ 

ʤʝʪʦʜʦʚ, ʤʝʪʦʜʠʢ ʠ ʩʧʦʩʦʙʦʚ ʦʙʨʘʙʦʪʢʠ ʠʥʬʦʨʤʘʮʠʠ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ ʜʣʷ 

ʨʘʟʨʘʙʦʪʢʠ ʩʧʝʮʠʘʣʴʥʦʛʦ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ ʧʨʠ ʧʦʩʪʨʦʝʥʠʠ ʩʠʩʪʝʤʳ ʦʮʝʥʢʠ ʢʘ-

ʯʝʩʪʚʘ ʧʦʣʦʩʳ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʩʦʚʨʝʤʝʥʥʳʭ ʤʘʰʠʥʥʳʭ ʤʝʪʦʜʦʚ ʠ ʘʣʛʦʨʠʪʤʦʚ ʦʙʨʘʙʦʪʢʠ, ʠ 

ʘʥʘʣʠʟʘ ʠʥʬʦʨʤʘʮʠʠ [7].  
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