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ʇʝʨʚʦʝ ʧʠʩʴʤʝʥʥʦʝ ʫʧʦʤʠʥʘʥʠʝ ʦʙ ʵʣʝʢʪʨʦʩʪʠʤʫʣʷʮʠʠ, ʢʘʢ ʤʝʪʦʜʝ ʣʝʯʝʥʠʷ ʙʦʣʠ ʦʪʥʦʩʠʪʩʷ ʢ 46 ʛʦʜʫ 

ʥʘʰʝʡ ʵʨʳ, ʢʦʛʜʘ ʉʢʨʠʙʦʥʠʡ ʃʘʨʛʫʩ, ʚʨʘʯ ʨʠʤʩʢʦʛʦ ʠʤʧʝʨʘʪʦʨʘ ʨʝʢʦʤʝʥʜʦʚʘʣ ʠʩʧʦʣʴʟʦʚʘʪʴ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ 

ʩʢʘʪʘ -ʨʳʙʫ ʚ ʢʘʯʝʩʪʚʝ ʩʨʝʜʩʪʚʘ ʦʪ ʧʦʜʘʛʨʳ ʠ ʛʦʣʦʚʥʦʡ ʙʦʣʠ [1,2].ʊʦ, ʯʪʦ ʵʪʠ ʨʳʙʳ ʛʝʥʝʨʠʨʫʶʪ ʠʤʝʥʥʦ 

ʵʣʝʢʪʨʠʯʝʩʢʠʝ ʠʤʧʫʣʴʩʳ ʩʪʘʣʦ ʧʦʥʷʪʥʦ ʥʘ ʦʩʥʦʚʝ ʨʝʟʫʣʴʪʘʪʦʚ ʟʥʘʤʝʥʠʪʦʛʦ ʩʧʦʨʘ ʃʫʠʜʞʠ ɻʘʣʴʚʘʥʠ (1737 ï 

1798 ʛ.ʛ.) ʠ ɸʣʝʩʩʘʥʜʨʦ ɺʦʣʴʪʘ (1745 ï 1827 ʛ.ʛ.) ʦ ʧʨʠʨʦʜʝ ʧʨʦʠʩʭʦʞʜʝʥʠʷ ʵʣʝʢʪʨʠʯʝʩʪʚʘ ï çʞʠʚʦʪʥʦʤè ʠʣʠ 

çʤʝʪʘʣʣʠʯʝʩʢʦʤè. 

ʈʝʥʝ ɼʝʢʘʨʪ (1596 ï 1650 ʛʛ.) ʧʨʝʜʧʦʣʦʞʠʣ, ʯʪʦ ʚ ʪʝʣʝ ʯʝʣʦʚʝʢʘ ʝʩʪʴ ʢʘʥʘʣ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʤʝʞʜʫ 

ʧʦʚʝʨʭʥʦʩʪʴʶ ʢʦʞʠ ʯʝʣʦʚʝʢʘ, ʥʘʧʨʠʤʝʨ, ʢʦʛʜʘ ʦʥʘ ʦʙʞʠʛʘʝʪʩʷ, ʠ ʤʦʟʛʦʤ, ʢʦʪʦʨʳʡ, ʧʦʣʫʯʠʚ ʩʠʛʥʘʣ ʯʝʨʝʟ 

ʪʝʣʦ, ʬʦʨʤʠʨʫʝʪ ʩʠʛʥʘʣ ʦʙʨʘʪʥʦ ʚ ʤʳʰʮʫ, ʩʚʷʟʘʥʥʫʶ ʩ ʢʦʞʝʡ, ʢʦʪʦʨʘʷ ʠ ʦʪʜʸʨʥʝʪ ʢʦʞʫ ʦʪ ʦʛʥʷ [3]. 

ʅʝʡʨʦʠʥʪʝʨʬʝʡʩʳ, ʚ ʩʦʚʨʝʤʝʥʥʦʤ, ʤʝʞʜʠʩʮʠʧʣʠʥʘʨʥʦʤ ʩʤʳʩʣʝ ʵʪʦʛʦ ʪʝʨʤʠʥʘ, ʥʘʭʦʜʷʪʩʷ ʧʦʜ 

ʧʨʠʩʪʘʣʴʥʳʤ ʚʥʠʤʘʥʠʝʤ ʤʝʞʜʫʥʘʨʦʜʥʦʛʦ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʦʛʦ ʩʦʦʙʱʝʩʪʚʘ ʠʥʞʝʥʝʨʦʚ ʧʦ ʨʘʜʠʦʵʣʝʢʪʨʦʥʠʢʝ 

ʩ ʤʦʤʝʥʪʘ ʝʛʦ ʦʩʥʦʚʘʥʠʷ ʚ 1912 ʛʦʜʫ. ɺ ʪʦʤ ʯʠʩʣʝ, ʩʨʝʜʠ ʤʥʦʞʝʩʪʚʘ ʧʦʩʪʦʷʥʥʦ ʦʙʩʫʞʜʘʝʤʳʭ ʥʘʧʨʘʚʣʝʥʠʡ ï

ʧʝʨʝʜʘʯʘ ʠ ʜʝʪʝʢʪʠʨʦʚʘʥʠʝ ʩʠʛʥʘʣʦʚ ʥʝʨʚʥʳʤʠ ʚʦʣʦʢʥʘʤʠ, ʟʘʜʘʯʠ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʪʝʨʘʧʠʠ ʠ ʘʥʝʩʪʝʟʠʠ ʠ ʜʨ. 

[4 - 6].ɺ ʙʠʦʤʝʜʠʮʠʥʩʢʦʡ ʠʥʞʝʥʝʨʠʠ ʯʘʩʪʦ ʠʩʢʣʶʯʠʪʝʣʴʥʦ ʧʦʣʝʟʥʳʡ ʧʨʘʢʪʠʯʝʩʢʠʡ ʨʝʟʫʣʴʪʘʪ, ʥʝʩʤʦʪʨʷ ʥʘ 

ʛʨʦʤʘʜʥʳʝ ʫʩʠʣʠʷ ʥʘ ʧʨʦʪʷʞʝʥʠʠ ʤʥʦʛʠʭ ʣʝʪ ʥʘ ʧʦʠʩʢ ʝʛʦ ʬʠʟʠʯʝʩʢʦʛʦ ʩʤʳʩʣʘ, ʥʝ ʦʙʣʘʜʘʝʪ ʠ ʚʦʟʤʦʞʥʦ ʥʝ 

ʙʫʜʝʪ ʦʙʣʘʜʘʪʴ ʚ ʙʣʠʞʘʡʰʝʤ ʙʫʜʫʱʝʤ ʦʙʱʝʧʨʠʥʷʪʳʤ ʬʠʟʠʯʝʩʢʠʤ ʤʝʭʘʥʠʟʤʦʤ, ʦʙʲʷʩʥʷʶʱʠʡ ʵʪʦʪ 

ʨʝʟʫʣʴʪʘʪ. ʊʘʢ ʥʝ ʫʜʠʚʠʪʝʣʴʥʦ, ʯʪʦ 2000 ʣʝʪ ʥʘʟʘʜ ʉʢʨʠʙʦʥʠʡ ʃʘʨʛʫʩ ʥʝ ʧʦʥʠʤʘʣ ʣʝʞʘʱʠʭ ʚ ʦʩʥʦʚʝ 

ʦʙʝʟʙʦʣʠʚʘʥʠʷ ʤʝʭʘʥʠʟʤʦʚ, ʭʦʪʷ ʪʝʨʘʧʝʚʪʠʯʝʩʢʠʡ ʵʬʬʝʢʪ ʵʪʦʛʦ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʚʤʝʰʘʪʝʣʴʩʪʚʘ ʙʳʣ 

ʦʯʝʚʠʜʝʥ. ʋʜʠʚʠʪʝʣʴʥʦ ʪʦ, ʯʪʦ ʜʦ ʥʘʩʪʦʷʱʝʛʦ ʚʨʝʤʝʥʠ ʩʠʪʫʘʮʠʷ ʤʘʣʦ ʠʟʤʝʥʠʣʘʩʴ. ʍʦʪʷ ʫʞʝ ʢ ʢʦʥʮʫ 19-ʛʦ 

ʚʝʢʘ ʨʘʟʣʠʯʥʳʝ ʬʦʨʤʳ ʵʣʝʢʪʨʦʪʝʨʘʧʠʠ ʧʦʣʫʯʠʣʠ ʰʠʨʦʢʦʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ [7].  

ʅʦʙʝʣʝʚʩʢʠʝ ʧʨʝʤʠʠ ʧʦ ʬʠʟʠʦʣʦʛʠʠ ʠ ʤʝʜʠʮʠʥʝ ʙʳʣʠ ʧʨʠʩʫʞʜʝʥʳ ʟʘ ʥʝʩʢʦʣʴʢʦ ʜʦʩʪʠʞʝʥʠʡ, 

ʢʦʪʦʨʳʝ ʧʦʤʦʛʣʠ ʨʘʩʢʨʳʪʴ ʪʘʠʥʩʪʚʝʥʥʳʝ ʩʣʦʞʥʦʩʪʠ ʥʝʨʚʥʦʡ ʩʠʩʪʝʤʳ. ʆʪʢʨʳʪʠʷ, ʩʜʝʣʘʥʥʳʝ ʢʘʞʜʳʤ ʠʟ 

ʧʨʠʚʝʜʝʥʥʳʭ ʥʠʞʝ ʥʦʙʝʣʝʚʩʢʠʭ ʣʘʫʨʝʘʪʦʚ, ʧʦʟʚʦʣʠʣʠ ʥʘʤ ʣʫʯʰʝ ʧʦʥʷʪʴ, ʢʘʢ ʫʩʪʨʦʝʥʳ ʥʝʨʚʳ ʠ ʢʘʢ ʦʥʠ 

ʩʦʟʜʘʶʪ ʠ ʧʝʨʝʜʘʶʪ ʠʥʬʦʨʤʘʮʠʶ ʚ ʬʦʨʤʝ ʥʝʨʚʥʳʭ ʠʤʧʫʣʴʩʦʚ, ʢʦʪʦʨʳʝ ʢʦʥʪʨʦʣʠʨʫʶʪ ʠ ʢʦʦʨʜʠʥʠʨʫʶʪ ʚʩʶ 

ʜʝʷʪʝʣʴʥʦʩʪʴ ʥʘʰʝʛʦ ʦʨʛʘʥʠʟʤʘ [8]: 

1906 ʛ. ʂʘʤʠʣʣʦ ɻʦʣʴʜʞʠ ʠ ʉʘʥʪʴʷʛʦ-ʠ-ʂʘʭʘʣʴ - ʤʝʪʦʜʳ ʦʢʨʘʰʠʚʘʥʠʷ ʢʣʶʯʝʚʳʭ ʢʦʤʧʦʥʝʥʪʦʚ ʥʝʨʚʥʳʭ 

ʢʣʝʪʦʢ ʩʝʨʝʙʨʦʤ. ɺʠʟʫʘʣʠʟʠʨʦʚʘʣʠ ʢʨʘʩʦʪʫ ʠ ʩʣʦʞʥʦʩʪʴ ʥʝʨʚʥʦʡ ʩʠʩʪʝʤʳ; 

1932 ʛ. ʏʘʨʣʴʟ ʐʝʨʨʠʥʛʪʦʥ ʠ ʕʜʛʘʨ ɸʜʨʠʘʥ ï ʢʦʥʮʝʧʮʠʷ ʩʧʠʥʥʦ-ʤʦʟʛʦʚʦʛʦ ʨʝʬʣʝʢʩʘ; 

1936 ʛ. ɻʝʥʨʠ ɼʝʡʣ ʠ ʆʪʪʦ ʃʝʚʠ ï ʥʝʨʚʥʳʝ ʢʣʝʪʢʠ ʚʟʘʠʤʦʜʝʡʩʪʚʫʶʪ ʜʨʫʛ ʩ ʜʨʫʛʦʤ ʠ ʩʦ ʩʚʦʠʤʠ ʦʨʛʘʥʘʤʠ-

ʤʠʰʝʥʷʤʠ ʩ ʧʦʤʦʱʴʶ ʭʠʤʠʯʝʩʢʠʭ ʚʝʱʝʩʪʚ; 

1944 ʛ. ɼʞʦʟʝʬ ʕʨʣʘʥʛʝʨ ʠ ɻʝʨʙʝʨʪ ɻʘʩʩʝʨ ï ʨʘʟʨʘʙʦʪʘʣʠ ʦʨʠʛʠʥʘʣʴʥʳʝ ʫʩʠʣʠʪʝʣʠ ʵʣʝʢʪʨʠʯʝʩʢʠʭ 

ʠʤʧʫʣʴʩʦʚ ʠ ʩ ʠʭ ʧʦʤʦʱʴʶ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʨʘʟʥʳʝ ʥʝʨʚʥʳʝ ʚʦʣʦʢʥʘ ʧʝʨʝʜʘʶʪ ʨʘʟʥʳʝ ʚʠʜʳ ʠʤʧʫʣʴʩʦʚ; 

1963 ʛ. ɸʣʘʥ ʍʦʜʞʢʠʥ, ʕʥʜʨʶ ʍʘʢʩʣʠ ʠ ɼʞʦʥ ʕʢʢʣʟ ï ʤʝʭʘʥʠʟʤ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʠʤʧʫʣʴʩʦʚ 

ʧʦ ʥʝʨʚʥʳʤ ʚʦʣʦʢʥʘʤ; 

1970 ʛ. ɹʝʨʥʘʨʜ ʂʘʮ, ʋʣʴʬ ʬʦʥ ʕʡʣʝʨ ʠ ʖʣʠʫʩ ɸʢʩʝʣʴʨʦʜ ï ʭʠʤʠʯʝʩʢʠʝ ʥʝʡʨʦʤʝʜʠʘʪʦʨʳ ʤʦʛʫʪ ʧʝʨʝʜʘʚʘʪʴ 

ʠʥʬʦʨʤʘʮʠʶ ʦʪ ʦʜʥʦʡ ʥʝʨʚʥʦʡ ʢʣʝʪʢʠ ʢ ʜʨʫʛʦʡ ʜʦʩʪʘʪʦʯʥʦ ʙʳʩʪʨʦ, ʚ ʪʝʯʝʥʠʝ ʜʦʣʝʡ ʩʝʢʫʥʜʳ; 

1986 ʛ. ʉʪʵʥʣʠ ʂʦʵʥ ʠ ʈʠʪʘ ʃʝʚʠ-ʄʦʥʪʘʣʴʯʠʥʠ ï ʤʝʭʘʥʠʟʤʳ ʨʦʩʪʘ ʠ ʨʘʟʚʠʪʠʷ ʥʝʨʚʥʦʡ ʩʠʩʪʝʤʳ; 
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1991 ʛ. ʕʨʚʠʥ ʅʝʝʨ ʠ ɹʝʨʪ ʉʘʢʤʘʥʥ ï ʨʘʟʨʘʙʦʪʢʘ ʦʨʠʛʠʥʘʣʴʥʳʭ ʫʩʠʣʠʪʝʣʝʡ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʩʠʛʥʘʣʦʚ ʦʪ 

ʠʥʜʠʚʠʜʫʘʣʴʥʳʭ ʠʦʥʥʳʭ ʢʘʥʘʣʦʚ ʢʣʝʪʦʯʥʳʭ ʤʝʤʙʨʘʥ ʥʝʨʚʥʳʭ ʢʣʝʪʦʢ; 

2000 ʛ. ɸʨʚʠʜ ʂʘʨʣʩʩʦʥ, ʇʦʣ ɻʨʠʥʛʘʨʜ ʠ ʕʨʠʢ ʂʘʥʜʝʣʴ ï ʨʘʩʰʠʬʨʦʚʢʘ, ʠʥʪʝʨʧʨʝʪʘʮʠʷ ʩʠʛʥʘʣʴʥʳʭ ʧʫʪʝʡ 

ʨʝʛʫʣʠʨʫʶʱʠʭ ʥʝʢʦʪʦʨʳʝ ʠʟ ʥʘʠʙʦʣʝʝ ʚʘʞʥʳʭ ʬʫʥʢʮʠʡ ʤʦʟʛʘ. 

ʅʦʙʝʣʝʚʩʢʘʷ ʧʨʝʤʠʷ ʧʦ ʬʠʟʠʦʣʦʛʠʠ ʠ ʤʝʜʠʮʠʥʝ 2021 ʛʦʜʘ ʙʳʣʘ ʧʨʠʩʫʞʜʝʥʘ ɼʵʚʠʜʫ ɼʞʫʣʠʫʩʫ ʠ 

ɸʨʜʝʤʫ ʇʘʪʘʧʫʪʷʥʫ ʟʘ ʦʪʢʨʳʪʠʝ ʤʝʭʘʥʠʟʤʦʚ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʪʝʨʤʠʯʝʩʢʠʭ ʠ ʤʝʭʘʥʠʯʝʩʢʠʭ ʨʝʮʝʧʪʦʨʦʚ 

ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʢʦʞʠ. ɺʦʧʨʦʩ ʦ ʪʦʤ, ʢʘʢ ʤʳ ʚʦʩʧʨʠʥʠʤʘʝʤ ʬʠʟʠʯʝʩʢʠʡ ʤʠʨ ʧʦʩʨʝʜʩʪʚʦʤ ʩʦʤʘʪʠʯʝʩʢʠʭ 

ʦʱʫʱʝʥʠʡ, ʚʦʣʥʫʝʪ ʯʝʣʦʚʝʯʝʩʪʚʦ ʥʘ ʧʨʦʪʷʞʝʥʠʠ ʪʳʩʷʯʝʣʝʪʠʡ. ɺ ʧʝʨʚʦʡ ʧʦʣʦʚʠʥʝ 20-ʛʦ ʚʝʢʘ ʩʪʘʣʦ ʷʩʥʦ, ʯʪʦ 

ʪʝʤʧʝʨʘʪʫʨʘ ʠ ʜʘʚʣʝʥʠʝ ʘʢʪʠʚʠʟʠʨʫʶʪ ʨʘʟʣʠʯʥʳʝ ʪʠʧʳ ʥʝʨʚʦʚ ʚ ʢʦʞʝ. ʆʜʥʘʢʦ ʠʜʝʥʪʠʬʠʢʘʮʠʷ 

ʤʦʣʝʢʫʣʷʨʥʳʭ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʝʡ, ʦʪʚʝʪʩʪʚʝʥʥʳʭ ʟʘ ʦʙʥʘʨʫʞʝʥʠʝ ʠ ʧʨʝʦʙʨʘʟʦʚʘʥʠʝ ʪʝʧʣʘ, ʭʦʣʦʜʘ ʠ 

ʧʨʠʢʦʩʥʦʚʝʥʠʷ ʚ ʥʝʨʚʥʳʝ ʠʤʧʫʣʴʩʳ ʚ ʩʝʥʩʦʨʥʦʡ ʥʝʨʚʥʦʡ ʩʠʩʪʝʤʝ, ʦʩʪʘʚʘʣʘʩʴ ʟʘʛʘʜʢʦʡ [9]. 

ɺʦʨʦʪʘ ʙʦʣʠ ʚ ʩʧʠʥʥʦʤ ʤʦʟʛʝ 

ɺ 1965 ʛʦʜʫ ʢʘʥʘʜʩʢʠʡ ʧʩʠʭʦʣʦʛ ʈʦʥʘʣʴʜ ʄʝʣʟʘʢ ʠ ʙʨʠʪʘʥʩʢʠʡ ʥʝʡʨʦʙʠʦʣʦʛ ʇʘʪʨʠʢ ɼʵʚʠʜ ʋʦʣʣ 

ʦʧʫʙʣʠʢʦʚʘʣʠ ʥʦʚʘʪʦʨʩʢʫʶ ʚʦʨʦʪʥʫʶ ʪʝʦʨʠʶ ʙʦʣʠ - ñThe Gate Control Theory of Painò [10]. ʂʣʶʯʝʚʳʤ 

ʧʦʣʦʞʝʥʠʝʤ ʵʪʦʡ ʪʝʦʨʠʠ ʷʚʣʷʝʪʩʷ ʫʪʚʝʨʞʜʝʥʠʝ, ʯʪʦ ʧʝʨʝʜʘʯʘ ʙʦʣʝʚʳʭ ʩʠʛʥʘʣʦʚ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʯʝʨʝʟ 

ʠʥʪʝʛʨʘʪʠʚʥʳʡ ʮʝʥʪʨ (ʚʦʨʦʪʘ) ʚ ʩʧʠʥʥʦʤ ʤʦʟʛʝ. ʆʥ ʞʝʩʪʢʦ ʨʝʛʫʣʠʨʫʝʪʩʷ ʛʦʣʦʚʥʳʤ ʤʦʟʛʦʤ ʧʦʩʨʝʜʩʪʚʦʤ 

ʩʣʦʞʥʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʤʝʞʜʫ ʘʬʬʝʨʝʥʪʥʳʤʠ ʠ ʵʬʬʝʨʝʥʪʥʳʤʠ ʚʦʣʦʢʥʘʤʠ ʠ ʨʘʩʧʦʣʦʞʝʥ ʚ ʩʣʦʞʥʦʡ ʩʝʪʠ 

ʠʥʪʝʨʥʝʡʨʦʥʦʚ ʜʦʨʩʘʣʴʥʦʛʦ ʨʦʛʘ ʩʧʠʥʥʦʛʦ ʤʦʟʛʘ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʠʟ ʧʨʝʜʣʦʞʝʥʥʦʡ ʪʝʦʨʠʠ ʩʣʝʜʦʚʘʣʦ, ʯʪʦ 

ʵʣʝʢʪʨʦʜʳ ʜʣʷ ʩʪʠʤʫʣʠʨʫʶʱʠʭ ʠʤʧʫʣʴʩʦʚ ʥʫʞʥʦ ʨʘʟʤʝʩʪʠʪʴ ʚʙʣʠʟʠ ʠʥʪʝʛʨʘʪʠʚʥʦʛʦ ʮʝʥʪʨʘ ʩʧʠʥʥʦʛʦ 

ʤʦʟʛʘ, ʪ.ʝ. ʥʫʞʥʦ ʠʭ ʠʤʧʣʘʥʪʠʨʦʚʘʪʴ. ɼʣʷ ʨʝʘʣʠʟʘʮʠʠ ʵʪʦʡ ʠʜʝʠ ʙʳʣʠ ʨʘʟʨʘʙʦʪʘʥʳ ʩʧʝʮʠʘʣʴʥʳʝ ʵʣʝʢʪʨʦʜʳ 

ʠ ʧʨʦʚʝʜʝʥʳ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʢʦʪʦʨʳʝ ʜʘʣʠ ʦʙʥʘʜʝʞʠʚʘʶʱʠʝ ʨʝʟʫʣʴʪʘʪʳ [11]. ʂ 

ʩʦʞʘʣʝʥʠʶ, ʦʥʠ ʥʝ ʩʤʦʛʣʠ ʧʦʣʫʯʠʪʴ ʥʫʞʥʦʛʦ ʨʘʟʚʠʪʠʷ ʠ ʚ 1973 ʛʦʜʫ ʜʘʥʥʦʡ ʛʨʫʧʧʦʡ ʠʤʧʣʘʥʪʘʮʠʠ 

ʧʘʮʠʝʥʪʘʤ ʙʳʣʠ ʟʘʚʝʨʰʝʥʳ [7]. 

ʉʦʟʜʘʥʠʝ ʠʥʜʫʩʪʨʠʠ ʠʤʧʣʘʥʪʠʨʫʝʤʳʭ ʩʪʠʤʫʣʷʪʦʨʦʚ ʩʧʠʥʥʦʛʦ ʤʦʟʛʘ 

ɺ ʧʦʩʣʝʜʫʶʱʠʝ 20 ʣʝʪ, ʥʝʩʤʦʪʨʷ ʥʘ ʧʦʪʝʨʶ ʠʥʪʝʨʝʩʘ ʤʝʜʠʮʠʥʩʢʦʛʦ ʩʦʦʙʱʝʩʪʚʘ ʢ ʪʘʢʦʛʦ ʨʦʜʘ 

ʧʨʠʙʦʨʘʤ, ʧʨʦʜʦʣʞʘʣʦʩʴ ʠʭ ʤʝʜʠʢʦ-ʪʝʭʥʠʯʝʩʢʦʝ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʝ, ʢʦʪʦʨʦʝ ʙʘʟʠʨʦʚʘʣʦʩʴ ʥʘ ʜʦʩʪʠʞʝʥʠʷʭ 

ʤʠʢʨʦʵʣʝʢʪʨʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ  ʜʣʷ ʨʘʟʨʘʙʦʪʢʠ ʠ ʧʨʦʠʟʚʦʜʩʪʚʘ ʠʤʧʣʘʥʪʠʨʫʝʤʳʭ ʢʘʨʜʠʦʩʪʠʤʫʣʷʪʦʨʦʚ, 

ʨʘʟʚʠʪʠʝ ʪʝʭʥʦʣʦʛʠʡ ʠʤʧʣʘʥʪʘʮʠʡ ʵʣʝʢʪʨʦʜʦʚ ʚ ʵʧʠʜʫʨʘʣʴʥʦʝ ʧʨʦʩʪʨʘʥʩʪʚʦ, ʯʪʦ ʧʦʟʚʦʣʠʣʦ ʧʨʠʚʣʝʢʘʪʴ ʢ 

ʵʪʠʤ ʧʨʦʮʝʜʫʨʘʤ ʥʝ ʪʦʣʴʢʦ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʳʭ ʥʝʡʨʦʭʠʨʫʨʛʦʚ, ʥʦ ʠ ʘʥʝʩʪʝʟʠʦʣʦʛʦʚ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚ ʢʦʥʮʝ 

80-ʭ ʛʦʜʦʚ ʙʳʣ ʟʘʣʦʞʝʥ ʬʫʥʜʘʤʝʥʪ ʜʣʷ ʚʦʟʦʙʥʦʚʣʝʥʠʷ ʠʥʪʝʨʝʩʘ ʢ ʵʪʦʡ ʪʝʭʥʠʢʝ, ʚ ʪʦʤ ʯʠʩʣʝ ʢ ʝʸ ʤʘʩʩʦʚʦʤʫ 

ʧʨʦʠʟʚʦʜʩʪʚʫ. ɻʦʜʦʚʦʡ ʚʳʧʫʩʢ ʠʤʧʣʘʥʪʠʨʫʝʤʳʭ ʩʪʠʤʫʣʷʪʦʨʦʚ ʩʧʠʥʥʦʛʦ ʤʦʟʛʘ ʚ ʉʐɸ ʩʦʩʪʘʚʠʣ 28 000 ʰʪʫʢ 

ʚ 2007 ʛ., ʘ ʧʦ ʚʩʝʤʫ ʤʠʨʫ 30 000 ʰʪʫʢ ʚ 2010 ʛ. [7]. ʀʩʪʦʨʠʷ ʩʦʟʜʘʥʠʷ ʚ ʉʐɸ ʠʥʜʫʩʪʨʠʠ ʠʤʧʣʘʥʪʠʨʫʝʤʳʭ 

ʩʪʠʤʫʣʷʪʦʨʦʚ ʩʧʠʥʥʦʛʦ ʤʦʟʛʘ ʧʨʝʜʩʪʘʚʣʝʥʘ ʚ [2]. 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʧʨʠʙʣʠʞʝʥʥʘʷ ʦʮʝʥʢʘ ʤʠʨʦʚʦʛʦ ʛʦʜʦʚʦʛʦ ʦʙʲʝʤʘ ʧʨʦʠʟʚʦʜʩʪʚʘ ʠʤʧʣʘʥʪʠʨʫʝʤʳʭ 

ʩʪʠʤʫʣʷʪʦʨʦʚ ʩʧʠʥʥʦʛʦ ʤʦʟʛʘ ʩʦʩʪʘʚʣʷʝʪ ʚʝʣʠʯʠʥʫ 50 000 -100 000 ʰʪʫʢ, ʚ ʦʩʥʦʚʥʦʤ ʚ ʉʐɸ. ʂ 2033 ʛʦʜʫ 

ʧʨʦʛʥʦʟʠʨʫʝʪʩʷ ʝʛʦ ʫʚʝʣʠʯʝʥʠʝ ʚ ʜʚʘ ʨʘʟʘ. ʈʦʩʩʠʷ ʝʞʝʛʦʜʥʦ ʟʘʢʫʧʘʝʪ ʧʨʠʙʣʠʟʠʪʝʣʴʥʦ 100 ï 200 ʰʪʫʢ. 

ʇʝʨʚʳʤ ʚ ʈʦʩʩʠʠ ʥʘʯʘʣ ʧʨʠʤʝʥʷʪʴ ʵʣʝʢʪʨʦʩʪʠʤʫʣʷʮʠʶ ʩʧʠʥʥʦʛʦ ʤʦʟʛʘ ʚʳʜʘʶʱʠʡʩʷ ʥʝʡʨʦʭʠʨʫʨʛ ɺʣʘʜʠʤʠʨ 

ɸʣʝʢʩʝʝʚʠʯ ʐʘʙʘʣʦʚ (1953 ï 2024 ʛʛ.) [12].  

ʅʘʯʘʣʴʥʳʡ ʵʪʘʧ ʧʨʦʜʚʠʞʝʥʠʷ 

ʄʀʕʊ ʚ ʯʠʩʣʝ ʧʦʙʝʜʠʪʝʣʝʡ ʢʦʥʢʫʨʩʥʦʛʦ ʦʪʙʦʨʘ ʥʘ ʧʨʝʜʦʩʪʘʚʣʝʥʠʝ ʛʨʘʥʪʦʚ ʚ ʬʦʨʤʝ ʩʫʙʩʠʜʠʡ ʠʟ 

ʬʝʜʝʨʘʣʴʥʦʛʦ ʙʶʜʞʝʪʘ ʥʘ ʧʨʦʚʝʜʝʥʠʝ ʢʨʫʧʥʳʭ ʥʘʫʯʥʳʭ ʧʨʦʝʢʪʦʚ ʧʦ ʧʨʠʦʨʠʪʝʪʥʳʤ ʥʘʧʨʘʚʣʝʥʠʷʤ ʥʘʫʯʥʦ-

ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʨʘʟʚʠʪʠʷ ʩ ʧʝʨʚʦʛʦ ʤʝʩʪʘ ʚ ʨʝʡʪʠʥʛʝ ʩ ʧʨʦʝʢʪʦʤ çʄʠʢʨʦʵʣʝʢʪʨʦʥʥʳʝ ʪʝʭʥʦʣʦʛʠʠ 

ʬʦʨʤʠʨʦʚʘʥʠʷ ʤʫʣʴʪʠʤʘʩʰʪʘʙʥʳʭ ʥʝʡʨʦʠʥʪʝʨʬʝʡʩʦʚ ʞʠʚʳʭ - ʪʝʭʥʠʯʝʩʢʠʭ ʩʠʩʪʝʤ ʜʣʷ ʫʧʨʘʚʣʝʥʠʷ 

ʧʝʨʝʜʘʯʝʡ ʙʦʣʝʚʳʭ ʩʠʛʥʘʣʦʚ ʚ ʤʦʟʛè [13]. ʅʘʫʯʥʳʡ ʨʫʢʦʚʦʜʠʪʝʣʴ ʧʨʦʝʢʪʘ, ʧʨʦʨʝʢʪʦʨ ʄʀʕʊ ʧʦ ʥʘʫʯʥʦʡ 

ʨʘʙʦʪʝ, ʜ.ʪ.ʥ., ʧʨʦʬ. ʉʝʨʛʝʡ ɸʣʝʢʩʘʥʜʨʦʚʠʯ ɻʘʚʨʠʣʦʚ. 

ʅʘʯʘʣʴʥʳʝ ʨʘʙʦʪʳ ʧʦ ʧʨʦʝʢʪʫ: 

ɸʥʘʣʠʟ ʥʘʫʯʥʳʭ ʟʥʘʥʠʡ ʦ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʘʭ, ʠʭ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦ-ʚʨʝʤʝʥʥʳʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʭ ʚ ʥʝʡʨʦʠʥʪʝʨʬʝʡʩʘʭ ʞʠʚʳʭ ʪʢʘʥʝʡ ʩʧʠʥʥʦʛʦ ʤʦʟʛʘ ʩ ʠʩʢʫʩʩʪʚʝʥʥʳʤʠ ʤʘʪʝʨʠʘʣʘʤʠ 

ʵʣʝʢʪʨʦʜʦʚ, ʚ ʪʦʤ ʯʠʩʣʝ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʨʝʜʩʪʘʚʣʝʥʠʡ ʦʙ ʵʬʘʧʪʠʯʝʩʢʠʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷʭ ʠʥʪʝʨʥʝʡʨʦʥʦʚ 

ʩʧʠʥʥʦʛʦ ʤʦʟʛʘ, ʩʤ. ʘʥʘʣʦʛʠ [1,2,14 -16]. 

ʆʧʨʝʜʝʣʝʥʠʝ ʪʝʭʥʠʯʝʩʢʦʛʦ ʦʙʣʠʢʘ ʝʜʠʥʦʡ ʩʠʩʪʝʤʳ, ʧʦʜʩʠʩʪʝʤ ʥʝʡʨʦʩʪʠʤʫʣʷʪʦʨʘ; ʧʦʩʪʨʦʝʥʠʝ 

ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʠ ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ ʤʦʜʝʣʝʡ, ʩʤ. ʘʥʘʣʦʛʠ [1,2,14,15,17]. 

ʌʦʨʤʫʣʠʨʦʚʢʘ ʦʩʥʦʚʥʳʭ ʪʝʭʥʠʯʝʩʢʠʭ ʪʨʝʙʦʚʘʥʠʡ ʠ ʚʳʙʦʨ ʢʦʥʩʪʨʫʢʪʠʚʥʳʭ ʨʝʰʝʥʠʡ; ʧʦʩʪʨʦʝʥʠʝ 

ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʠ ʮʠʬʨʦʚʳʭ ʤʦʜʝʣʝʡ ʦʪʜʝʣʴʥʳʭ ʵʣʝʤʝʥʪʦʚ ʠ ʫʟʣʦʚ, ʯʠʩʣʝʥʥʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ, ʩʤ. ʘʥʘʣʦʛʠ 

[1,2,14,15, 17 -19]. 
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ɸʥʘʣʠʟ ʘʢʪʫʘʣʴʥʦʡ ʥʘʫʯʥʦ-ʪʝʭʥʠʯʝʩʢʦʡ ʠʥʬʦʨʤʘʮʠʠ ʧʦ ʠʩʧʦʣʴʟʦʚʘʥʠʶ ʤʘʰʠʥʥʦʛʦ ʦʙʫʯʝʥʠʷ ʚ 

ʵʣʝʢʪʨʦʩʪʠʤʫʣʷʮʠʠ, ʨʘʟʨʘʙʦʪʢʘ ʘʨʭʠʪʝʢʪʫʨʳ ʤʦʜʫʣʷ ʦʙʨʘʙʦʪʢʠ ʜʘʥʥʳʭ, ʧʦʩʪʘʥʦʚʢʘ ʟʘʜʘʯʠ, ʘʥʘʣʠʟ ʠ ʚʳʙʦʨ 

ʥʘʠʙʦʣʝʝ ʧʦʜʭʦʜʷʱʠʭ ʤʝʪʨʠʢ ʢʘʯʝʩʪʚʘ. ʌʦʨʤʠʨʦʚʘʥʠʝ ʧʝʨʚʠʯʥʦʛʦ ʥʘʙʦʨʘ ʜʘʥʥʳʭ, ʧʦʩʪʨʦʝʥʠʝ ʙʘʟʦʚʦʛʦ 

ʨʝʰʝʥʠʷ, ʩʤ. ʘʥʘʣʦʛʠ [20 - 22]. 

ʈʘʟʨʘʙʦʪʢʘ ʤʦʜʫʣʷ ʤʥʦʛʦʢʘʥʘʣʴʥʦʛʦ ʛʝʥʝʨʘʪʦʨʘ ʩʪʠʤʫʣʠʨʫʶʱʠʭ ʠʤʧʫʣʴʩʦʚ ʧʨʦʠʟʚʦʣʴʥʦʡ ʬʦʨʤʳ. 

ʈʘʟʨʘʙʦʪʢʘ ʤʦʜʫʣʷ ʤʥʦʛʦʢʘʥʘʣʴʥʦʛʦ ʨʝʛʠʩʪʨʘʪʦʨʘ ʚʳʟʚʘʥʥʳʭ ʧʦʪʝʥʮʠʘʣʦʚ ʩʧʠʥʥʦʛʦ ʤʦʟʛʘ, ʩʤ. ʘʥʘʣʦʛʠ [1,2, 

23 - 26]. 

ʀʩʩʣʝʜʦʚʘʥʠʷ ʤʝʭʘʥʠʟʤʦʚ ʬʦʨʤʠʨʦʚʘʥʠʷ ʙʠʦʧʦʜʦʙʥʳʭ ʠʥʪʝʨʬʝʡʩʦʚ ʥʘ ʦʩʥʦʚʝ ʢʦʤʧʦʟʠʪʥʳʭ 

ʤʘʪʝʨʠʘʣʦʚ ʩʦ ʩʣʦʞʥʦʡ ʘʪʦʤʥʦ-ʤʦʣʝʢʫʣʷʨʥʦʡ ʪʦʧʦʣʦʛʠʝʡ ʥʘ ʥʘʥʦ- ʠ ʤʠʢʨʦʫʨʦʚʥʷʭ, ʩʤ. ʘʥʘʣʦʛʠ [27- 29]. 

ʈʘʟʨʘʙʦʪʢʘ ʤʝʪʦʜʠʢ ʠ ʪʝʭʥʠʯʝʩʢʠʭ ʩʨʝʜʩʪʚ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʞʠʚʳʭ ʠ 

ʠʤʧʣʘʥʪʠʨʫʝʤʳʭ ʪʝʭʥʠʯʝʩʢʠʭ ʩʠʩʪʝʤ ʜʣʷ ʫʧʨʘʚʣʝʥʠʷ ʧʝʨʝʜʘʯʝʡ ʙʦʣʝʚʳʭ ʩʠʛʥʘʣʦʚ ʚ ʤʦʟʛ ʩ ʙʠʦʣʦʛʠʯʝʩʢʦʡ 

ʦʙʨʘʪʥʦʡ ʩʚʷʟʴʶ, ʩʤ. ʘʥʘʣʦʛʠ [30 - 32]. 

ʉʦʚʤʝʩʪʥʦ ʩ ʅʄʀʎ ʠʤ. ɺ.ɸ. ɸʣʤʘʟʦʚʘ ʄʠʥʟʜʨʘʚʘ ʈʦʩʩʠʠ ʨʘʟʨʘʙʦʪʢʘ ʤʝʪʦʜʠʢ ʠʩʩʣʝʜʦʚʘʥʠʷ ʠ 

ʪʝʩʪʠʨʦʚʘʥʠʷ ʥʘ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʞʠʚʦʪʥʳʭ ʦʪʜʝʣʴʥʳʭ ʵʣʝʤʝʥʪʦʚ ʠ ʫʟʣʦʚ ʢʦʥʪʫʨʘ ʙʠʦʣʦʛʠʯʝʩʢʦʡ 

ʦʙʨʘʪʥʦʡ ʩʚʷʟʠ, ʩʤ. ʘʥʘʣʦʛʠ [33-36]. 

ʊʨʝʙʦʚʘʥʠʷ ʢ ʧʨʦʤʳʰʣʝʥʥʦʡ ʦʪʝʯʝʩʪʚʝʥʥʦʡ ʪʝʭʥʦʣʦʛʠʠ ʤʠʢʨʦʵʣʝʢʪʨʦʥʠʢʠ ʜʣʷ ʠʤʧʣʘʥʪʠʨʫʝʤʳʭ 

ʥʝʡʨʦʠʥʪʝʨʬʝʡʩʦʚ 

 ʇʦ ʩʦʚʨʝʤʝʥʥʳʤ ʥʘʫʯʥʳʤ ʧʨʝʜʩʪʘʚʣʝʥʠʷʤ ʦʙʱʘʷ ʪʝʦʨʠʷ ʪʝʭʥʦʣʦʛʠʡ ʙʘʟʠʨʫʝʪʩʷ ʥʘ ʠʥʥʦʚʘʮʠʦʥʥʳʭ 

ʜʦʩʪʠʞʝʥʠʷʭ ʪʝʭʥʦʣʦʛʠʡ ʤʠʢʨʦʵʣʝʢʪʨʦʥʠʢʠ [37]. ʇʦʵʪʦʤʫ ʩʪʨʘʪʝʛʠʯʝʩʢʠʤʠ ʦʨʠʝʥʪʠʨʘʤʠ ʜʘʣʴʥʝʡʰʝʛʦ 

ʧʨʦʜʚʠʞʝʥʠʷ ʨʘʙʦʪ ʧʦ ʧʨʦʝʢʪʫ ʷʚʣʷʶʪʩʷ ʦʙʱʘʷ ʪʝʦʨʠʷ ʪʝʭʥʦʣʦʛʠʡ ʠ ʤʠʢʨʦʵʣʝʢʪʨʦʥʠʢʘ. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, 

ʩʣʝʜʫʶʱʠʤ ʵʪʘʧʦʤ ʧʨʦʜʚʠʞʝʥʠʷ ʧʨʦʝʢʪʘ ʜʦʣʞʥʦ ʙʳʪʴ ʩʦʟʜʘʥʠʝ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʧʨʦʤʳʰʣʝʥʥʦʡ 

ʦʪʝʯʝʩʪʚʝʥʥʦʡ ʪʝʭʥʦʣʦʛʠʠ ʤʠʢʨʦʵʣʝʢʪʨʦʥʠʢʠ, ʢʦʪʦʨʘʷ ʜʦʣʞʥʘ ʫʜʦʚʣʝʪʚʦʨʷʪʴ ʩʣʝʜʫʶʱʠʤ ʠʩʭʦʜʥʳʤ 

ʪʨʝʙʦʚʘʥʠʷʤ [37]:  

- ʘʜʘʧʪʠʚʥʦʩʪʴ ï ʩʚʦʡʩʪʚʦ ʫʜʦʚʣʝʪʚʦʨʷʪʴ ʙʫʜʫʱʠʝ, ʧʦʩʪʦʷʥʥʦ ʠʟʤʝʥʷʶʱʠʝʩʷ ʠ ʩʧʝʮʠʬʠʯʝʩʢʠʝ ʥʘʩʪʦʷʱʠʝ 

ʪʨʝʙʦʚʘʥʠʷ ʧʦʪʨʝʙʠʪʝʣʷ; 

- ʦʙʝʩʧʝʯʝʥʠʝ ʥʝʧʨʝʨʳʚʥʦʩʪʠ ʧʨʦʠʟʚʦʜʩʪʚʘ; 

- ʦʧʨʝʜʝʣʝʥʥʦʩʪʴ, ʚʦʩʧʨʦʠʟʚʦʜʠʤʦʩʪʴ ʠ ʩʪʘʙʠʣʴʥʦʩʪʴ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʧʨʦʮʝʩʩʘ; 

-ʩʦʟʜʘʥʠʝ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʯʠʩʪʳʭ ʫʩʣʦʚʠʡ ʧʨʦʠʟʚʦʜʩʪʚʘ; 

- ʵʬʬʝʢʪʠʚʥʘʷ ʩʠʩʪʝʤʘ ʫʧʨʘʚʣʝʥʠʷ ʧʨʦʠʟʚʦʜʩʪʚʦʤ; 

- ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʩʪʘʪʠʩʪʠʯʝʩʢʠʭ ʤʝʪʦʜʦʚ ʫʧʨʘʚʣʝʥʠʷ; 

- ʫʧʨʘʚʣʝʥʠʝ ʢʘʯʝʩʪʚʦʤ ʧʦ ʚʩʝʤ ʥʘʧʨʘʚʣʝʥʠʷ: ʧʣʘʥʠʨʦʚʘʥʠʝ, ʧʨʦʝʢʪʠʨʦʚʘʥʠʝ, ʨʘʟʨʘʙʦʪʢʠ, ʧʨʦʠʟʚʦʜʩʪʚʦ ʠ 

ʩʙʳʪ ʧʨʦʜʫʢʮʠʠ; 

- ʢʦʤʧʣʝʢʩʥʦʝ ʨʝʛʫʣʠʨʦʚʘʥʠʝ ʟʘʪʨʘʪ, ʮʝʥ ʠ ʜʦʭʦʜʦʚ, ʦʙʲʝʤʘ ʧʨʦʠʟʚʦʜʩʪʚʘ, ʧʨʦʜʘʞ ʠ ʩʨʦʢʦʚ ʧʦʩʪʘʚʦʢ; 

- ʠʥʪʝʛʨʠʨʦʚʘʥʠʝ ʪʝʭʥʠʯʝʩʢʠʭ ʨʝʰʝʥʠʡ; 

- ʚʳʩʦʢʠʡ ʫʨʦʚʝʥʴ ʧʦʜʛʦʪʦʚʢʠ ʧʝʨʩʦʥʘʣʘ; 

- ʢʦʤʧʣʝʢʩʥʘʷ ʪʝʭʥʦʣʦʛʠʯʝʩʢʘʷ ʜʦʢʫʤʝʥʪʘʮʠʷ ʩʦʜʝʨʞʠʪ ʦʧʠʩʘʥʠʝ ʪʝʭʧʨʦʮʝʩʩʘ ʠ ʚʩʝʭ ʧʨʦʮʝʜʫʨ, ʩʚʷʟʘʥʥʳʭ ʩ 

ʧʨʦʠʟʚʦʜʩʪʚʦʤ ʤʠʢʨʦʩʭʝʤ ʠ ʝʛʦ ʦʨʛʘʥʠʟʘʮʠʝʡ. 

ʂʨʘʝʫʛʦʣʴʥʦʝ ʪʨʝʙʦʚʘʥʠʝʤ ʢ ʩʫʱʝʩʪʚʦʚʘʥʠʶ ʪʘʢʦʡ ʧʨʦʤʳʰʣʝʥʥʦʡ ʪʝʭʥʦʣʦʛʠʠ ʷʚʣʷʝʪʩʷ 

ʧʨʝʚʳʰʝʥʠʝ ʜʝʥʝʞʥʳʭ ʜʦʭʦʜʦʚ ʥʘʜ ʨʘʩʭʦʜʘʤʠ. 

ɺ ʢʦʥʮʝ ʵʪʦʛʦ ʛʦʜʘ ʚ ʄʀʕʊ ʙʫʜʝʪ ʧʨʦʚʝʜʝʥʘ ʤʝʞʜʫʥʘʨʦʜʥʘʷ ʢʦʥʬʝʨʝʥʮʠʷ ñMicroelectronic 

implantable neurointerfacesò (MIN-2024), ʩʤ. ʘʥʘʣʦʛ [38]. 

ɺʩʝ, ʢʪʦ ʧʨʦʷʚʠʪ ʠʥʪʝʨʝʩ ʢ ʚʦʟʤʦʞʥʦʩʪʠ ʧʨʠʣʦʞʠʪʴ ʩʚʦʠ ʫʩʠʣʠʷ ʜʣʷ ʨʘʙʦʪʳ ʧʦ ʧʨʝʜʩʪʘʚʣʝʥʥʦʤʫ 

ʧʨʦʝʢʪʫ, ʤʦʛʫʪ ʦʙʨʘʱʘʪʴʩʷ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʢ ʧʨʦʬʝʩʩʦʨʫ ʉʝʣʠʱʝʚʫ ʉʝʨʛʝʶ ɺʘʩʠʣʴʝʚʠʯʫ ʧʦ ʵʣʝʢʪʨʦʥʥʦʡ 

ʧʦʯʪʝ: sersel@miee.ru. 

ɼʘʥʥʳʡ ʜʦʢʣʘʜ ʧʦʜʛʦʪʦʚʣʝʥ ʧʨʠ ʬʠʥʘʥʩʦʚʦʡ ʧʦʜʜʝʨʞʢʝ ʄʠʥʦʙʨʥʘʫʢʠ ʈʦʩʩʠʠ ʚ ʨʘʤʢʘʭ ʨʝʘʣʠʟʘʮʠʠ 

ʢʨʫʧʥʦʛʦ ʥʘʫʯʥʦʛʦ ʧʨʦʝʢʪʘ çʄʠʢʨʦʵʣʝʢʪʨʦʥʥʳʝ ʪʝʭʥʦʣʦʛʠʠ ʬʦʨʤʠʨʦʚʘʥʠʷ ʤʫʣʴʪʠʤʘʩʰʪʘʙʥʳʭ 

ʥʝʡʨʦʠʥʪʝʨʬʝʡʩʦʚ ʞʠʚʳʭ - ʪʝʭʥʠʯʝʩʢʠʭ ʩʠʩʪʝʤ ʜʣʷ ʫʧʨʘʚʣʝʥʠʷ ʧʝʨʝʜʘʯʝʡ ʙʦʣʝʚʳʭ ʩʠʛʥʘʣʦʚ ʚ ʤʦʟʛè 

(ʉʦʛʣʘʰʝʥʠʝ ˉ 075-15-2024-555 ʦʪ 25.04.2024 ʛ). 
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ON THE WAY TO A DOMESTIC IMPLANTABLE NEUROINTERFACE THAT BLOCKS  

THE TRANSMISSION OF PAIN SIGNALS IN THE SPINAL CORD  

 

Selishchev Sergei Vasilyevich 

 

National Research University of Electronic Technology ñMIET", sersel@miee.ru 

 

The report is devoted to the origins of the global implantable neurostimulator industry. The inclusion of 

Russia in this activity. 

Initial work on the project: 

For an analysis of scientific knowledge about physico-chemical processes, their spatio-temporal characteristics in 

the neurointerfaces of living spinal cord tissues with artificial electrode materials, including using ideas about the 

ephaptic interactions of spinal cord interneurons. 

Determination of the technical appearance of a single system, subsystems of a neurostimulator; construction of 

functional and geometric models. 

And etc.  

The work was carried out with the financial support of the Ministry of Education and Science of 

Russia within the framework of a major scientific project ñMicroelectronic technologies for the formation of 

multiscale neurointerfaces of living - technical systems for controlling the transmission of pain signals to the 

brainò (Agreement ˉ 075-15-2024-555 from 25.04.2024).  
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ɺʆɿʄʆɾʅʆʉʊʀ ʈɸʉʇʈɽɼɽʃɽʅʅʆʁ ʈɸɹʆʊʓ ʉ ʀʅʌʆʈʄɸʎʀɽʁ ʆ ʄɸʃʓʍ ɻɸɿʆɺʓʍ 

ʉʆʉʊɸɺʃʗʖʑʀʍ ʀ ɸʕʈʆɿʆʃʗʍ ɺ ʀʅʌʆʈʄɸʎʀʆʅʅʆʁ ʉʀʉʊɽʄɽ ɺɽɻɸ-SCIENCE  

ɸ.ɸ. ɹʨʠʣʴ , ɸ.ʄ. ʂʦʥʩʪʘʥʪʠʥʦʚʘ , ɽ.ɸ. ʃʫʧʷʥ 

ʀʥʩʪʠʪʫʪ ʢʦʩʤʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʈɸʅ, ʄʦʩʢʚʘ, 117997, ʈʦʩʩʠʷ                                                                    

ɽ-mail: bril@d902.iki.rssi.ru  

 

ɸʥʥʦʪʘʮʠʷ. ɿʘʛʨʷʟʥʝʥʠʷ ʘʪʤʦʩʬʝʨʥʦʛʦ ʚʦʟʜʫʭʘ ʷʚʣʷʶʪʩʷ ʦʜʥʠʤ ʠʟ ʦʩʥʦʚʥʳʭ ʬʘʢʪʦʨʦʚ, ʦʢʘʟʳʚʘʶʱʠʭ 

ʥʝʛʘʪʠʚʥʦʝ ʚʣʠʷʥʠʝ ʥʘ ʦʢʨʫʞʘʶʱʫʶ ʩʨʝʜʫ ʠ ʥʘ ʟʜʦʨʦʚʴʝ ʥʘʩʝʣʝʥʠʷ. ʇʦʚʳʰʝʥʠʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʨʘʟʣʠʯʥʳʭ 

ʚʝʱʝʩʪʚ ʚ ʘʪʤʦʩʬʝʨʝ ʨʘʟʨʫʰʘʝʪ ʦʟʦʥʦʚʳʡ ʩʣʦʡ ɿʝʤʣʠ, ʧʨʠʚʦʜʠʪ ʢ ʚʦʟʥʠʢʥʦʚʝʥʠʶ ʢʠʩʣʦʪʥʳʭ ʜʦʞʜʝʡ, ʢ 

ʩʥʠʞʝʥʠʶ ʧʣʦʜʦʨʦʜʠʷ ʧʦʯʚʳ, ʚʦʟʜʝʡʩʪʚʫʝʪ ʥʘ ʜʳʭʘʪʝʣʴʥʳʝ ʧʫʪʠ, ʦʩʦʙʝʥʥʦ ʥʘ ʣʝʛʢʠʝ ʯʝʣʦʚʝʢʘ, ʚʳʟʳʚʘʝʪ 

ʠʟʤʝʥʝʥʠʷ ʩʦʩʪʘʚʘ ʢʨʦʚʠ. ʇʦʵʪʦʤʫ ʥʝʦʙʭʦʜʠʤ ʢʦʤʧʣʝʢʩʥʳʡ ʤʦʥʠʪʦʨʠʥʛ ʩʦʩʪʦʷʥʠʷ ʘʪʤʦʩʬʝʨʳ, 

ʚʢʣʶʯʘʶʱʠʡ ʦʮʝʥʢʫ ʢʦʥʮʝʥʪʨʘʮʠʠ ʦʧʨʝʜʝʣʝʥʥʦʛʦ ʚʝʱʝʩʪʚʘ ʚ ʘʪʤʦʩʬʝʨʝ. ɼʣʷ ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ ʤʦʥʠʪʦʨʠʥʛʘ 

ʢʘʯʝʩʪʚʘ ʚʦʟʜʫʭʘ ʤʦʛʫʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ ʜʘʥʥʳʝ ʨʘʟʣʠʯʥʳʭ ʩʧʫʪʥʠʢʦʚʳʭ ʩʠʩʪʝʤ ʜʠʩʪʘʥʮʠʦʥʥʦʛʦ 

ʟʦʥʜʠʨʦʚʘʥʠʷ ɿʝʤʣʠ (ɼɿɿ). ʊʘʢʠʝ ʜʘʥʥʳʝ ʧʦʟʚʦʣʷʶʪ ʥʝ ʪʦʣʴʢʦ ʧʦʣʫʯʘʪʴ ʠʥʬʦʨʤʘʮʠʶ ʦ ʢʦʥʮʝʥʪʨʘʮʠʠ 

ʦʧʨʝʜʝʣʝʥʥʦʛʦ ʚʝʱʝʩʪʚʘ ʚ ʘʪʤʦʩʬʝʨʝ ʚ ʨʝʞʠʤʝ, ʙʣʠʟʢʦʤ ʢ ʨʝʘʣʴʥʦʤʫ ʚʨʝʤʝʥʠ, ʥʦ ʠ ʧʨʝʜʦʩʪʘʚʣʷʶʪ 

ʠʥʬʦʨʤʘʮʠʶ ʦ ʩʦʩʪʦʷʥʠʠ ʘʪʤʦʩʬʝʨʳ ʥʘ ʪʨʫʜʥʦʜʦʩʪʫʧʥʳʭ ʪʝʨʨʠʪʦʨʠʷʭ, ʢʦʪʦʨʫʶ ʥʝʚʦʟʤʦʞʥʦ ʧʦʣʫʯʠʪʴ 

ʜʨʫʛʠʤʠ ʩʧʦʩʦʙʘʤʠ. ɺ ʨʘʙʦʪʝ ʦʧʠʩʳʚʘʶʪʩʷ ʦʩʥʦʚʥʳʝ ʚʦʟʤʦʞʥʦʩʪʠ ʨʘʙʦʪʳ ʩ ʠʥʬʦʨʤʘʮʠʝʡ ʦ ʢʦʥʮʝʥʪʨʘʮʠʠ 

ʤʘʣʳʭ ʛʘʟʦʚʳʭ ʩʦʩʪʘʚʣʷʶʱʠʭ ʠ ʘʵʨʦʟʦʣʷʭ ʥʘ ʦʩʥʦʚʝ ʜʘʥʥʳʭ ʧʨʠʙʦʨʘ TROPOMI ʩʧʫʪʥʠʢʘ Sentinel-5P ʚ 

https://neuromodec.org/nyc-neuromodulation-2024/
mailto:bril@d902.iki.rssi.ru


ʇʃɽʅɸʈʅʓɽ ɼʆʂʃɸɼʓ                                                    30 

 

 
XVI  ʄʝʞʜʫʥʘʨʦʜʥʘʷ ʥʘʫʯʥʘʷ ʢʦʥʬʝʨʝʥʮʠʷ çʌʠʟʠʢʘ ʠ ʨʘʜʠʦʵʣʝʢʪʨʦʥʠʢʘ ʚ ʤʝʜʠʮʠʥʝ ʠ ʵʢʦʣʦʛʠʠè 

 

ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʩʠʩʪʝʤʝ çɺʝʛʘ-Scienceè (http://sci-vega.ru/), ʨʝʘʣʠʟʦʚʘʥʥʳʝ ʥʘ ʙʘʟʝ ʎʝʥʪʨʘ ʢʦʣʣʝʢʪʠʚʥʦʛʦ 

ʧʦʣʴʟʦʚʘʥʠʷ (ʎʂʇ) çʀʂʀ-ʄʦʥʠʪʦʨʠʥʛè (http://ckp.geosmis.ru/).  

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʜʠʩʪʘʥʮʠʦʥʥʳʡ ʤʦʥʠʪʦʨʠʥʛ, ʤʘʣʳʝ ʛʘʟʦʚʳʝ ʩʦʩʪʘʚʣʷʶʱʠʝ, ʎʂʇ çʀʂʀ-ʄʦʥʠʪʦʨʠʥʛè, 

TROPOMI, ʤʦʥʠʪʦʨʠʥʛ ʢʘʯʝʩʪʚʘ ʚʦʟʜʫʭʘ, ʟʘʛʨʷʟʥʝʥʠʝ ʘʪʤʦʩʬʝʨʳ 

ʀʥʬʦʨʤʘʮʠʦʥʥʳʝ ʧʨʦʜʫʢʪʳ ʦ ʢʦʥʮʝʥʪʨʘʮʠʷʭ ʤʘʣʳʭ ʛʘʟʦʚʳʭ ʩʦʩʪʘʚʣʷʶʱʠʭ ʘʵʨʦʟʦʣʷʭ. ɺ ʥʘʩʪʦʷʱʝʝ 

ʚʨʝʤʷ ʚ ʀʂʀ ʈɸʅ ʥʘ ʙʘʟʝ ʎʝʥʪʨʘ ʢʦʣʣʝʢʪʠʚʥʦʛʦ ʧʦʣʴʟʦʚʘʥʠʷ (ʎʂʇ) çʀʂʀ-ʄʦʥʠʪʦʨʠʥʛè [1] ʩʦʟʜʘʥʘ ʠ 

ʨʘʟʚʠʚʘʝʪʩʷ  ʧʦʜʩʠʩʪʝʤʘ, ʦʙʝʩʧʝʯʠʚʘʶʱʘʷ ʚʦʟʤʦʞʥʦʩʪʴ ʨʘʙʦʪʳ ʩ ʨʘʟʣʠʯʥʳʤʠ ʠʥʬʦʨʤʘʮʠʦʥʥʳʤʠ 

ʧʨʦʜʫʢʪʘʤʠ ʦ ʢʦʥʮʝʥʪʨʘʮʠʠ ʤʘʣʳʭ ʛʘʟʦʚʳʭ ʩʦʩʪʘʚʣʷʶʱʠʭ ʘʪʤʦʩʬʝʨʳ (ʄɻʉ). ɼʘʥʥʘʷ ʧʦʜʩʠʩʪʝʤʘ 

ʦʙʝʩʧʝʯʠʚʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʘʚʪʦʤʘʪʠʯʝʩʢʦʛʦ ʧʦʣʫʯʝʥʠʷ ʨʘʟʣʠʯʥʳʭ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʧʨʦʜʫʢʪʦʚ 

ʬʦʨʤʠʨʫʝʤʳʭ ʥʘ ʦʩʥʦʚʝ ʜʘʥʥʳʭ ʩʧʫʪʥʠʢʦʚ Sentinel-5P (TROPOMI). ʊʘʢʠʝ ʧʨʦʜʫʢʪʳ ʧʨʝʜʦʩʪʘʚʣʷʶʪʩʷ ʚ 

ʦʪʢʨʳʪʦʤ ʜʦʩʪʫʧʝ ʝʚʨʦʧʝʡʩʢʠʤ ʮʝʥʪʨʦʤ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʜʘʥʥʳʭ Copernicus Open Access Hub 

(https://scihub.copernicus.eu/). ʇʦʣʫʯʘʝʤʳʝ ʠʟ ʮʝʥʪʨʘ ʜʘʥʥʳʝ ʘʚʪʦʤʘʪʠʯʝʩʢʠ ʫʩʚʘʠʚʘʶʪʩʷ ʚ ʘʨʭʠʚʘʭ ʎʂʇ 

çʀʂʀ-ʄʦʥʠʪʦʨʠʥʛè, ʢʦʪʦʨʳʝ ʨʝʘʣʠʟʦʚʘʥʳ ʥʘ ʦʩʥʦʚʝ ʪʝʭʥʦʣʦʛʠʠ UNISAT [2]. ʉʦʩʪʘʚ ʘʨʭʠʚʦʚ 

ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʧʨʦʜʫʢʪʦʚ, ʧʦʣʫʯʝʥʥʳʭ ʠʟ ʮʝʥʪʨʘ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ, ʧʨʝʜʩʪʘʚʣʝʥ ʚ ʪʘʙʣ. 1. ʆʧʝʨʘʪʠʚʥʫʶ 

ʠʥʬʦʨʤʘʮʠʶ ʦ ʩʦʩʪʘʚʝ ʜʘʥʥʳʭ ʘʨʭʠʚʦʚ ʤʦʞʥʦ ʧʦʣʫʯʠʪʴ ʥʘ ʩʝʨʚʝʨʝ ʎʂʇ çʀʂʀ-ʄʦʥʠʪʦʨʠʥʛè ʧʦ ʩʩʳʣʢʝ 

http://d902.iki.rssi.ru/archstat-cgi/FG_products_stat.pl?true_stat=1.  

ʊʘʙʣʠʮʘ 2. ʉʦʩʪʘʚ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʧʨʦʜʫʢʪʦʚ ʦ ʢʦʥʮʝʥʪʨʘʮʠʷʭ ʄɻʉ, ʜʦʩʪʫʧʥʳʭ ʚ ʘʨʭʠʚʘʭ ʎʂʇ çʀʂʀ-

ʄʦʥʠʪʦʨʠʥʛè 

ʉʧʫʪʥʠʢ ʇʨʠʙʦʨ ʂʦʤʧʦʥʝʥʪ ɼʦʩʪʫʧʥʦʩʪʴ ʜʘʥʥʳʭ ʚ ʘʨʭʠʚʘʭ ʎʂʇ 

Sentinel 5P TROPOMI NO2 2018 ʧʦ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ 

Sentinel 5P TROPOMI SO2 2018 ʧʦ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ 

Sentinel 5P TROPOMI O3 2018 ʧʦ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ 

Sentinel 5P TROPOMI CO 2018 ʧʦ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ 

Sentinel 5P TROPOMI Aerosol  2018 ʧʦ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ 

Sentinel 5P TROPOMI CH4 2018 ʧʦ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ 

 

ʇʦʩʣʝ ʫʩʚʦʝʥʠʷ ʜʘʥʥʳʭ ʚ ʘʨʭʠʚʳ ʵʪʠ ʜʘʥʥʳʝ ʘʚʪʦʤʘʪʠʯʝʩʢʠ ʩʪʘʥʦʚʷʪʩʷ ʜʦʩʪʫʧʥʳ ʚ ʧʨʦʛʨʘʤʤʥʳʭ ʠ ʚʝʙ- 

ʠʥʪʝʨʬʝʡʩʘʭ ʨʘʟʣʠʯʥʳʭ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʩʠʩʪʝʤ, ʨʝʘʣʠʟʦʚʘʥʥʳʭ ʀʂʀ ʈɸʅ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʚʦʟʤʦʞʥʦʩʪʝʡ ʎʂʇ çʀʂʀ-ʄʦʥʠʪʦʨʠʥʛè, ʚ ʪʦʤ ʯʠʩʣʝ ʚ ʩʠʩʪʝʤʝ çɺʝʛʘ-Sienceè [3].  

ʆʩʥʦʚʥʳʝ ʚʦʟʤʦʞʥʦʩʪʠ ʨʘʙʦʪʳ ʩ ʚʨʝʤʝʥʥʳʤʠ ʢʦʤʧʦʟʠʪʘʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʄɻʉ, ʨʝʘʣʠʟʦʚʘʥʥʳʝ ʚ 

ʩʠʩʪʝʤʝ ɺʝʛʘ-Science. ʆʜʥʦʡ ʠʟ ʚʦʟʤʦʞʥʦʩʪʝʡ ʨʘʙʦʪʳ ʩ ʜʘʥʥʳʤʠ ʄɻʉ ʠ ʩʬʦʨʤʠʨʦʚʘʥʥʳʤʠ ʥʘ ʠʭ ʦʩʥʦʚʝ 

ʠʥʬʦʨʤʘʮʠʦʥʥʳʤʠ ʧʨʦʜʫʢʪʘʤʠ, ʥʘʢʦʧʣʝʥʥʳʤʠ ʚ ʘʨʭʠʚʘʭ ʎʂʇ çʀʂʀ-ʄʦʥʠʪʦʨʠʥʛè, ʷʚʣʷʝʪʩʷ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʩʠʩʪʝʤʳ çɺʝʛʘ-Scienceè (http://sci-vega.ru/), ʢʦʪʦʨʘʷ ʧʨʝʜʦʩʪʘʚʣʷʝʪ ʜʦʩʪʘʪʦʯʥʦ ʰʠʨʦʢʠʡ 

ʥʘʙʦʨ ʠʥʩʪʨʫʤʝʥʪʦʚ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʠ ʘʥʘʣʠʟʘ ʪʘʢʠʭ ʜʘʥʥʳʭ. ʉʠʩʪʝʤʘ ʚ ʪʦʤ ʯʠʩʣʝ ʧʦʟʚʦʣʷʝʪ: 

¶ ʆʙʝʩʧʝʯʠʚʘʪʴ ʚʦʟʤʦʞʥʦʩʪʴ ʧʨʦʚʝʜʝʥʠʷ ʚʳʙʦʨʘ, ʚʠʟʫʘʣʠʟʘʮʠʠ ʠ ʘʥʘʣʠʟʘ ʢʘʢ ʩʪʘʥʜʘʨʪʥʳʭ 

ʧʨʦʜʫʢʪʦʚ, ʪʘʢ ʠ ʚʨʝʤʝʥʥʳʭ ʢʦʤʧʦʟʠʪʦʚ, ʚ ʯʘʩʪʥʦʩʪʠ ʩʦʚʤʝʩʪʥʦ ʘʥʘʣʠʟʠʨʦʚʘʪʴ ʜʘʥʥʳʝ, 

ʧʦʣʫʯʝʥʥʳʝ ʚ ʨʘʟʣʠʯʥʳʝ ʚʨʝʤʝʥʥʳʝ ʩʨʦʢʠ. ʀʥʩʪʨʫʤʝʥʪ ʧʦʟʚʦʣʷʝʪ ʩʠʥʪʝʟʠʨʦʚʘʪʴ (ʬʦʨʤʠʨʦʚʘʪʴ) 

RGB-ʠʟʦʙʨʘʞʝʥʠʷ, ʚ ʪʦʤ ʯʠʩʣʝ ʥʘ ʦʩʥʦʚʝ ʚʨʝʤʝʥʥʳʭ ʢʦʤʧʦʟʠʪʦʚ ʟʘ ʨʘʟʣʠʯʥʳʝ ʤʦʤʝʥʪʳ 

ʚʨʝʤʝʥʠ. 

¶ ʇʨʦʚʦʜʠʪʴ ʘʥʘʣʠʟ ʯʠʩʣʝʥʥʳʭ ʟʥʘʯʝʥʠʡ ʢʦʥʮʝʥʪʨʘʮʠʠ ʄɻʉ ʚ ʨʘʟʣʠʯʥʳʭ ʪʦʯʢʘʭ, ʚ ʪʦʤ ʯʠʩʣʝ ʠ 

ʠʟʤʝʥʝʥʠʝ ʵʪʠʭ ʢʦʥʮʝʥʪʨʘʮʠʡ ʧʦ ʚʨʝʤʝʥʠ. 

¶ ʉʦʟʜʘʚʘʪʴ ʘʥʠʤʘʮʠʠ, ʢʦʪʦʨʳʝ ʧʦʟʚʦʣʷʶʪ ʘʥʘʣʠʟʠʨʦʚʘʪʴ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʄɻʉ ʠ ʘʵʨʦʟʦʣʝʡ ʦʪ 

ʨʘʟʣʠʯʥʳʭ ʠʩʪʦʯʥʠʢʦʚ. ʅʘʧʨʠʤʝʨ, ʚ ʀʉ çɺʝʛʘ-Scienceè ʙʳʣʘ ʩʦʟʜʘʥʘ ʘʥʠʤʘʮʠʷ ʥʘ ʦʩʥʦʚʝ 

ʝʞʝʜʥʝʚʥʳʭ ʢʦʤʧʦʟʠʪʥʳʭ ʠʟʦʙʨʘʞʝʥʠʡ, ʥʘ ʢʦʪʦʨʦʡ ʭʦʨʦʰʦ ʚʠʜʥʘ ʮʠʨʢʫʣʷʮʠʷ ʘʵʨʦʟʦʣʝʡ, 

ʚʳʟʚʘʥʥʳʭ ʤʦʱʥʳʤʠ ʣʝʩʥʳʤʠ ʧʦʞʘʨʘʤʠ ʚ ʉʠʙʠʨʠ ʚ ʠʶʣʝ- ʘʚʛʫʩʪʝ 2019 ʛʦʜʘ. ʇʨʠʤʝʨ ʪʘʢʦʡ 

ʘʥʠʤʘʮʠʠ ʤʦʞʥʦ ʧʦʩʤʦʪʨʝʪʴ ʧʦ ʘʜʨʝʩʫ http://sci-vega.ru/animation/1694095228.gif 

¶ ʈʘʩʩʯʠʪʳʚʘʪʴ ʨʘʟʣʠʯʥʳʝ ʩʪʘʪʠʩʪʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ (ʩʨʝʜʥʝʝ, ʤʠʥʠʤʘʣʴʥʦʝ, ʤʘʢʩʠʤʘʣʴʥʦʝ 

ʟʥʘʯʝʥʠʷ, ʧʣʦʱʘʜʠ ʧʠʢʩʝʣʝʡ ʩ ʦʧʨʝʜʝʣʸʥʥʳʤʠ ʟʥʘʯʝʥʠʷʤʠ ʠ ʪ. ʧ.) ʚʥʫʪʨʠ ʛʨʘʥʠʮ ʧʨʦʠʟʚʦʣʴʥʳʭ 

ʧʦʣʠʛʦʥʦʚ ʥʘ ʦʩʥʦʚʝ ʠʟʦʙʨʘʞʝʥʠʡ ʩ ʢʦʥʮʝʥʪʨʘʮʠʝʡ ʄɻʉ. ʉʪʨʦʠʪʴ ʚʨʝʤʝʥʥʳʝ ʨʷʜʳ ʵʪʠʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʚ ʤʦʜʫʣʝ ʘʥʘʣʠʟʘ ʠ, ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʩʣʝʜʠʪʴ ʠ ʘʥʘʣʠʟʠʨʦʚʘʪʴ ʩʦʩʪʦʷʥʠʝ 

ʥʝʢʦʪʦʨʳʭ ʦʙʲʝʢʪʦʚ, ʥʘʧʨʠʤʝʨ, ʣʦʢʘʣʠʟʦʚʘʥʥʳʭ ʠʩʪʦʯʥʠʢʦʚ ʚʳʙʨʦʩʦʚ ʨʘʟʣʠʯʥʳʭ ʛʘʟʦʚ. 

ɺʦʟʤʦʞʥʦʩʪʠ ʠ ʧʨʠʤʝʨʳ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʪʘʢʠʭ ʠʥʩʪʨʫʤʝʥʪʦʚ ʜʦʩʪʘʪʦʯʥʦ ʧʦʜʨʦʙʥʦ ʦʧʠʩʘʥʳ ʚ 

ʨʘʙʦʪʘʭ [4, 5]. ʅʘ ʨʠʩʫʥʢʘʭ 1,2.3 ʧʨʠʚʝʜʝʥʳ ʧʨʠʤʝʨʳ ʚʦʟʤʦʞʥʦʩʪʝʡ ʘʥʘʣʠʟʘ ʜʘʥʥʳʭ ʚ 

ʢʘʨʪʦʛʨʘʬʠʯʝʩʢʦʤ ʚʝʙ-ʠʥʪʝʨʬʝʡʩʝ ɺʝʛʘ-Science. 

http://sci-vega.ru/
http://d902.iki.rssi.ru/archstat-cgi/unisat_products_stat.pl?true_stat=1
http://sci-vega.ru/
http://sci-vega.ru/animation/1694095228.gif
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ɿʘʢʣʶʯʝʥʠʝ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʨʝʘʣʠʟʦʚʘʥʥʘʷ ʥʘ ʙʘʟʝ ʎʂʇ çʀʂʀ-ʄʦʥʠʪʦʨʠʥʛè ʧʦʜʩʠʩʪʝʤʘ ʩʙʦʨʘ, 

ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʡ ʦʙʨʘʙʦʪʢʠ ʠ ʘʥʘʣʠʟʘ ʜʘʥʥʳʭ ʦ ʢʦʥʮʝʥʪʨʘʮʠʷʭ ʄɻʉ ʚ ʘʪʤʦʩʬʝʨʝ ʤʦʞʝʪ ʙʳʪʴ 

ʠʩʧʦʣʴʟʦʚʘʥʘ ʜʣʷ ʨʝʰʝʥʠʷ ʨʘʟʣʠʯʥʳʭ ʥʘʫʯʥʳʭ ʠ ʧʨʠʢʣʘʜʥʳʭ ʟʘʜʘʯ. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʦʩʥʦʚʥʦʡ ʟʘʜʘʯʝʡ 

ʩʠʩʪʝʤʳ ʷʚʣʷʝʪʩʷ ʦʙʝʩʧʝʯʝʥʠʝ ʠʥʬʦʨʤʘʮʠʝʡ ʧʨʦʝʢʪʘ çɼʠʩʪʘʥʮʠʦʥʥʳʡ ʤʦʥʠʪʦʨʠʥʛ ʨʘʩʧʨʝʜʝʣʝʥʠʷ 

ʢʦʥʮʝʥʪʨʘʮʠʡ ʠ ʧʦʪʦʢʦʚ ʤʘʣʳʭ ʛʘʟʦʚʳʭ ʩʦʩʪʘʚʣʷʶʱʠʭ ʚ ʘʪʤʦʩʬʝʨʝ ɿʝʤʣʠè, ʚʳʧʦʣʥʷʶʱʝʛʦʩʷ ʚ ʀʂʀ ʈɸʅ ʚ 

ʨʘʤʢʘʭ çʕʤʠʩʩʠʷè (ʛʦʩʨʝʛʠʩʪʨʘʮʠʷ ˉ 122101700045-7).  ʆʩʥʦʚʥʦʡ ʮʝʣʴʶ ʵʪʦʛʦ ʧʨʦʝʢʪʘ ʷʚʣʷʝʪʩʷ ʨʘʟʨʘʙʦʪʢʘ 

ʥʦʚʳʭ ʤʝʪʦʜʦʚ, ʧʦʜʭʦʜʦʚ ʠ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʩʠʩʪʝʤʳ ʜʠʩʪʘʥʮʠʦʥʥʦʛʦ ʤʦʥʠʪʦʨʠʥʛʘ ʨʘʩʧʨʝʜʝʣʝʥʠʷ 

ʢʦʥʮʝʥʪʨʘʮʠʡ ʠ ʧʦʪʦʢʦʚ ʤʘʣʳʭ ʛʘʟʦʚʳʭ ʩʦʩʪʘʚʣʷʶʱʠʭ ʚ ʘʪʤʦʩʬʝʨʝ ɿʝʤʣʠ. ɺ ʪʦ ʞʝ ʚʨʝʤʷ ʩʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, 

ʯʪʦ ʬʦʨʤʠʨʫʝʤʳʝ ʧʦʜʩʠʩʪʝʤʦʡ ʘʨʭʠʚʳ ʩʧʫʪʥʠʢʦʚʳʭ ʜʘʥʥʳʭ ʠ ʨʝʟʫʣʴʪʘʪʦʚ ʠʭ ʦʙʨʘʙʦʪʢʠ, ʘ ʪʘʢʞʝ 

ʠʥʩʪʨʫʤʝʥʪʳ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʝ ʚʦʟʤʦʞʥʦʩʪʠ ʠʭ ʨʘʩʧʨʝʜʝʣʝʥʥʦʛʦ ʘʥʘʣʠʟʘ, ʫʞʝ ʩʝʛʦʜʥʷ ʠʥʪʝʛʨʠʨʦʚʘʥʳ ʠ 

ʠʩʧʦʣʴʟʫʶʪʩʷ ʚ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʩʠʩʪʝʤʘʭ ʨʘʟʣʠʯʥʳʭ ʥʘʫʯʥʳʭ ʠ ʧʨʠʢʣʘʜʥʳʭ ʧʨʦʝʢʪʦʚ. ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʚʦʟʤʦʞʥʦʩʪʝʡ ʎʂʇ çʀʂʀ-ʄʦʥʠʪʦʨʠʥʛè, ʨʘʟʚʠʚʘʝʤʦʛʦ ʠ ʧʦʜʜʝʨʞʠʚʘʝʤʦʛʦ ʚ ʨʘʤʢʘʭ ʪʝʤʳ 

çʄʦʥʠʪʦʨʠʥʛè ʄʠʥʦʙʨʥʘʫʢʠ (ʛʦʩʨʝʛʠʩʪʨʘʮʠʷ ˉ 122042500031-8) ʠ ʧʨʠ ʧʦʜʜʝʨʞʢʠ  ʪʝʤʳ çʕʤʠʩʩʠʷè 

(ʛʦʩʨʝʛʠʩʪʨʘʮʠʷ ˉ 122101700045-7). 
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Annotation. Air  pollution is one of the main factors that have a negative impact on the environment and on public 

health. An increase in the concentration of various substances in the atmosphere destroys the ozone layer of the 

Earth, leads to acid rain, reduces soil fertility, affects the respiratory tract, especially the human lungs, and causes 

changes in blood composition. Therefore, comprehensive monitoring of the state of the atmosphere is necessary, 

including an assessment of the concentration of a certain substance in the atmosphere. To solve the problem of air 

quality monitoring, data from various satellite systems for remote sensing of the Earth (remote sensing) can be used. 
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Such data allows not only to obtain information about the concentration of a certain substance in the atmosphere in 

close to real time, but also provide information about the state of the atmosphere in hard-to-reach areas that cannot 

be obtained by other means. The paper describes the main possibilities of working with information on the 

concentration of small gas components and aerosols based on data from the TROPOMI device of the Sentinel-5P 

satellite in the Vega-Science information system (http://sci-vega.ru /) implemented on the basis of the Center for 

Collective Use (CCP) "ICI -Monitoring" (http://ckp.geosmis.ru /). 

Keywords: remote sensing, çIKI-Monitoringè Shared Use Center, trace gas components, TROPOMI, air quality 

monitoring, air pollution, composite imaging technology 
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ʌʝʜʝʨʘʣʴʥʦʝ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʝ ʘʚʪʦʥʦʤʥʦʝ ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʝ ʫʯʨʝʞʜʝʥʠʝ ʚʳʩʰʝʛʦ ʦʙʨʘʟʦʚʘʥʠʷ "ʈʦʩʩʠʡʩʢʠʡ 

ʫʥʠʚʝʨʩʠʪʝʪ ʜʨʫʞʙʳ ʥʘʨʦʜʦʚ ʠʤʝʥʠ ʇʘʪʨʠʩʘ ʃʫʤʫʤʙʳ", ʌʝʜʝʨʘʣʴʥʦʝ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʝ ʘʚʪʦʥʦʤʥʦʝ 

ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʝ ʫʯʨʝʞʜʝʥʠʝ ʚʳʩʰʝʛʦ ʦʙʨʘʟʦʚʘʥʠʷ "ʈʦʩʩʠʡʩʢʠʡ ʥʘʮʠʦʥʘʣʴʥʳʡ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ 
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ʉʪʘʪʴʷ ʧʦʩʚʷʱʝʥʘ ʚʦʟʤʦʞʥʦʩʪʷʤ ʧʨʠʤʝʥʝʥʠʷ ʤʝʪʦʜʦʚ ʚʦʩʪʦʯʥʦʡ ʤʝʜʠʮʠʥʳ ʥʘ ʩʦʚʨʝʤʝʥʥʦʤ ʫʨʦʚʥʝ 

ʨʘʟʚʠʪʠʷ ʥʘʫʢʠ ʠ ʪʝʭʥʠʢʠ. ɺ ʩʪʘʪʴʝ ʧʨʝʜʩʪʘʚʣʝʥ ʢʨʘʪʢʠʡ ʠʩʪʦʨʠʯʝʩʢʠʡ ʦʙʟʦʨ ʠʟʫʯʝʥʠʷ ʠ ʧʨʠʤʝʥʝʥʠʷ 

ʪʨʘʜʠʮʠʦʥʥʦʡ ʢʠʪʘʡʩʢʦʡ ʤʝʜʠʮʠʥʳ (ʊʂʄ) ʚ ʈʦʩʩʠʠ. ʈʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʨʷʜ ʧʦʜʭʦʜʦʚ ʟʘʧʘʜʥʦʡ ʤʝʜʠʮʠʥʳ, 

ʢʦʪʦʨʳʝ ʧʦʟʚʦʣʷʶʪ ʦʙʲʝʢʪʠʚʠʟʠʨʦʚʘʪʴ ʥʝʢʦʪʦʨʳʝ ʢʦʥʮʝʧʮʠʠ ʊʂʄ. ʂʨʘʪʢʦ ʦʧʠʩʳʚʘʝʪʩʷ ʤʝʪʦʜʠʢʘ 

ʈʠʦʜʦʨʘʢʫ, ʨʘʟʨʘʙʦʪʘʥʥʘʷ ʷʧʦʥʩʢʠʤ ʚʨʘʯʦʤ ɽʩʠʦ ʅʘʢʘʪʘʥʠ. ɸʚʪʦʨʳ ʢʨʘʪʢʦ ʦʧʠʩʳʚʘʶʪ ʩʦʙʩʪʚʝʥʥʫʶ 

ʨʘʟʨʘʙʦʪʢʫ ʘʧʧʘʨʘʪʥʦ-ʧʨʦʛʨʘʤʤʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʠ ʧʨʦʚʝʜʝʥʥʳʝ ʥʘ ʥʝʤ ʠʩʩʣʝʜʦʚʘʥʠʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʬʠʟʠʯʝʩʢʠʭ ʤʦʜʝʣʝʡ ʠ ʜʦʙʨʦʚʦʣʴʮʝʚ-ʪʝʩʪʠʨʦʚʱʠʢʦʚ. ʇʨʠʚʝʜʝʥ ʧʨʠʤʝʨ ʦʙʩʣʝʜʦʚʘʥʠʷ ʜʦʙʨʦʚʦʣʴʮʘ-

ʪʝʩʪʠʨʦʚʱʠʢʘ ʩ ʧʦʜʪʚʝʨʞʜʝʥʥʳʤʠ ʜʠʘʛʥʦʟʘʤʠ ʠ ʫʩʧʝʰʥʦʡ ʥʝʠʥʚʘʟʠʚʥʦʡ ʢʦʨʨʝʢʮʠʝʡ ʝʛʦ ʬʫʥʢʮʠʦʥʘʣʴʥʦʛʦ 

ʩʦʩʪʦʷʥʠʷ ʥʘ ʦʩʥʦʚʝ ʤʝʪʦʜʠʢʠ "ʈʠʦʜʦʨʘʢʫ" ʠ ʧʨʘʚʠʣ ʊʂʄ. ʉʜʝʣʘʥ ʚʳʚʦʜ ʦ ʚʦʟʤʦʞʥʦʩʪʠ ʩʦʟʜʘʥʠʷ 

ʜʠʘʛʥʦʩʪʠʯʝʩʢʠʭ ʠ ʣʝʯʝʙʥʳʭ ʢʦʤʧʣʝʢʩʦʚ, ʦʩʥʦʚʘʥʥʳʭ ʥʘ ʩʦʯʝʪʘʥʠʠ ʧʨʠʥʮʠʧʦʚ ʊʂʄ ʠ ʢʠʙʝʨʥʝʪʠʢʠ. 

 

ɺ ʢʫʣʴʪʫʨʥʦʡ ʪʨʘʜʠʮʠʠ ʮʠʚʠʣʠʟʘʮʠʠ ɿʘʧʘʜʘ ʫʞʝ ʥʝ ʦʜʥʦ ʩʪʦʣʝʪʠʝ ʧʨʠʥʷʪʦ ʧʨʦʪʠʚʦʧʦʩʪʘʚʣʷʪʴ ʩʝʙʷ 

ʮʠʚʠʣʠʟʘʮʠʠ ɺʦʩʪʦʢʘ. ɹʝʟʫʩʣʦʚʥʦ, ʜʣʷ ʵʪʦʛʦ ʝʩʪʴ ʜʦʩʪʘʪʦʯʥʦ ʦʩʥʦʚʘʥʠʡ. ʊʘʢʦʝ ʧʨʦʪʠʚʦʧʦʩʪʘʚʣʝʥʠʝ 

ʭʘʨʘʢʪʝʨʥʦ ʢʘʢ ʜʣʷ ʥʘʫʯʥʦʡ ʩʬʝʨʳ ʚʦʦʙʱʝ, ʪʘʢ ʠ ʜʣʷ ʤʝʜʠʮʠʥʳ ʚ ʯʘʩʪʥʦʩʪʠ. ɽʩʣʠ ʝʚʨʦʧʝʡʩʢʘʷ ʤʝʜʠʮʠʥʘ 

ʨʘʟʚʠʚʘʣʘʩʴ ʢʘʢ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʘʥʘʣʠʪʠʯʝʩʢʘʷ ʤʦʨʬʦʮʝʥʪʨʠʯʝʩʢʘʷ ʠ, ʚʩʸ ʛʣʫʙʞʝ ʠʟʫʯʘʷ ʩʪʨʫʢʪʫʨʳ 

ʦʨʛʘʥʠʟʤʘ ʯʝʣʦʚʝʢʘ, ʧʳʪʘʣʘʩʴ ʚʳʚʝʩʪʠ ʧʦ ʠʥʜʫʢʮʠʠ ʦʙʱʠʝ ʧʨʠʥʮʠʧʳ ʝʛʦ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ, ʪʦ ʤʝʜʠʮʠʥʘ 

ɺʦʩʪʦʢʘ (ʧʨʝʞʜʝ ʚʩʝʛʦ - ʂʠʪʘʷ), ʣʠʰʸʥʥʘʷ ʚʦʟʤʦʞʥʦʩʪʠ ʘʥʘʪʦʤʠʨʦʚʘʥʠʷ ʪʝʣʘ ʯʝʣʦʚʝʢʘ ʚ ʩʠʣʫ ʪʨʘʜʠʮʠʡ 

ʜʘʦʩʠʟʤʘ, ʰʣʘ ʧʦ ʧʫʪʠ ʥʘʙʣʶʜʝʥʠʷ ʟʘ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʝʤ ʮʝʣʦʩʪʥʦʛʦ ʦʨʛʘʥʠʟʤʘ ʚ ʝʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʩ 

ʦʢʨʫʞʘʶʱʠʤ ʤʠʨʦʤ ʠ ʜʝʜʫʢʪʠʚʥʦ ʚʳʚʦʜʠʣʘ ʟʘʢʣʶʯʝʥʠʷ ʦ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʠ ʦʪʜʝʣʴʥʳʭ ʯʘʩʪʝʡ ʠ ʠʭ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʠʟ ʥʝʢʠʭ ʦʙʱʠʭ ʧʨʠʥʮʠʧʦʚ. 

ɺ 60-ʭ ʛʦʜʘʭ ʧʨʦʰʣʦʛʦ ʚʝʢʘ ʩʦʚʨʝʤʝʥʥʳʡ ʵʪʘʧ ʨʘʟʚʠʪʠʷ ʮʠʚʠʣʠʟʘʮʠʠ ʙʳʣ ʥʘʟʚʘʥ çʠʥʬʦʨʤʘʮʠʦʥʥʳʤ 

ʦʙʱʝʩʪʚʦʤè.  

ʊʝʨʤʠʥ, ʚʚʝʜʸʥʥʳʡ ʌʨʠʮʝʤ ʄʘʭʣʫʧʦʤ [8], ʧʦʧʫʣʷʨʠʟʠʨʦʚʘʥʥʳʡ ʖʜʟʠʨʦ ʍʘʷʩʠ [5], ʠ ʧʦʜʭʚʘʯʝʥʥʳʡ 

ʜʨʫʛʠʤʠ ʘʚʪʦʨʘʤʠ, ʚ ʥʘʯʘʣʝ ʜʚʘʜʮʘʪʴ ʧʝʨʚʦʛʦ ʚʝʢʘ ʦʙʨʸʣ ʨʝʘʣʴʥʦʝ ʚʦʧʣʦʱʝʥʠʝ ʚ ʰʠʨʦʢʦʤ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʠ 

ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʠ ʪʝʣʝʢʦʤʤʫʥʠʢʘʮʠʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ, ʯʪʦ ʤʥʦʛʦʢʨʘʪʥʦ ʫʩʢʦʨʠʣʦ ʦʙʤʝʥ ʠʥʬʦʨʤʘʮʠʝʡ 

ʤʝʞʜʫ ʨʘʟʥʳʤʠ ʦʙʱʝʩʪʚʘʤʠ.  

ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʧʨʦʮʝʩʩ ʚʟʘʠʤʦʧʨʦʥʠʢʥʦʚʝʥʠʷ ʢʫʣʴʪʫʨ ʫʩʢʦʨʠʣʩʷ ʤʥʦʛʦʢʨʘʪʥʦ ʠ ʢ ʥʘʩʪʦʷʱʝʤʫ 

ʚʨʝʤʝʥʠ ʤʝʜʠʮʠʥʘ ɺʦʩʪʦʢʘ, ʧʨʝʞʜʝ ʚʩʝʛʦ ʪʨʘʜʠʮʠʦʥʥʘʷ ʢʠʪʘʡʩʢʘʷ ʤʝʜʠʮʠʥʘ (ʊʂʄ), ʚʦ ʚʩʸ ʙʦʣʴʰʝʡ ʩʪʝʧʝʥʠ 

ʧʨʠʩʫʪʩʪʚʫʝʪ ʚ ʩʪʨʘʥʘʭ ɿʘʧʘʜʘ ʠ ʈʦʩʩʠʠ.  

ʆʜʥʦʡ ʠʟ ʚʝʨʰʠʥ ʨʘʟʚʠʪʠʷ ʤʝʜʠʮʠʥʳ ɺʦʩʪʦʢʘ ʷʚʣʷʝʪʩʷ ʩʠʩʪʝʤʘ ʏʞʝʥ-ʎʟʶ ʪʝʨʘʧʠʠ (ʠʛʣʦʫʢʘʣʳʚʘʥʠʷ 

ʠ ʧʨʠʞʠʛʘʥʠʷ). ʏʞʝʥ-ʎʟʶ ʪʝʨʘʧʠʷ ʠʣʠ ʘʢʫʧʫʥʢʪʫʨʘ (ʚ ʈʦʩʩʠʠ ʦʙʳʯʥʦ ʥʘʟʳʚʘʝʤʘʷ ʨʝʬʣʝʢʩʦʪʝʨʘʧʠʝʡ) 

ʨʘʩʩʤʘʪʨʠʚʘʝʪ ʧʨʦʙʣʝʤʫ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʥʦʨʤʘʣʴʥʦʛʦ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʦʨʛʘʥʠʟʤʘ ʯʝʣʦʚʝʢʘ (ʚ ʪʨʘʜʠʮʠʠ 

ɿʘʧʘʜʘ - ʣʝʯʝʥʠʝ) ʢʘʢ ʚʦʩʩʪʘʥʦʚʣʝʥʠʝ ʙʘʣʘʥʩʘ ʵʥʝʨʛʠʡ ʤʝʞʜʫ ʥʝʢʠʤʠ ʩʪʨʫʢʪʫʨʘʤʠ (ʤʝʨʠʜʠʘʥʘʤʠ) ʯʝʨʝʟ 

ʨʘʩʧʦʣʦʞʝʥʥʳʝ ʥʘ ʥʠʭ ʦʩʦʙʳʝ ʫʯʘʩʪʢʠ ʢʦʞʠ ʠ ʧʦʜʢʦʞʥʳʭ ʩʪʨʫʢʪʫʨ - ʙʠʦʣʦʛʠʯʝʩʢʠ ʘʢʪʠʚʥʳʝ ʪʦʯʢʠ (ɹɸʊ) 
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ʠʣʠ ʪʦʯʢʠ ʘʢʫʧʫʥʢʪʫʨʳ (Tɸ). ɺ ʪʝʯʝʥʠʝ ʤʥʦʛʠʭ ʜʝʩʷʪʠʣʝʪʠʡ ʟʘʧʘʜʥʘʷ ʤʝʜʠʮʠʥʘ ʨʘʩʩʤʘʪʨʠʚʘʣʘ ʤʝʨʠʜʠʘʥʳ 

ʢʘʢ ʥʝʢʠʝ ʫʩʣʦʚʥʳʝ ʣʠʥʠʠ, ʚ ʢʦʪʦʨʳʝ ʩʛʨʫʧʧʠʨʦʚʘʥʳ ɹɸʊ, ʜʣʷ ʫʜʦʙʩʪʚʘ ʦʧʠʩʘʥʠʷ ʵʤʧʠʨʠʯʝʩʢʠʭ ʧʨʘʚʠʣ, 

ʚʳʨʘʙʦʪʘʥʥʳʭ ʪʳʩʷʯʝʣʝʪʥʠʤ ʦʧʳʪʦʤ. ʅʦ ʝʩʣʠ ʝʩʪʴ ʵʤʧʠʨʠʢʘ, ʧʦʟʚʦʣʷʶʱʘʷ ʧʦʣʫʯʠʪʴ ʥʫʞʥʳʡ ʨʝʟʫʣʴʪʘʪ, 

ʧʦʯʝʤʫ ʙʳ ʥʝ ʧʦʧʳʪʘʪʴʩʷ ʠʟʫʯʠʪʴ ʝʸ ʠ ʥʘʡʪʠ ʧʘʨʘʣʣʝʣʠ ʚ ʩʦʙʩʪʚʝʥʥʦʡ ʟʘʧʘʜʥʦʡ ʩʠʩʪʝʤʝ ʧʦʟʥʘʥʠʷ? 

ɺ ʥʘʯʘʣʝ 60-ʭ ʛʦʜʦʚ ʧʨʦʰʣʦʛʦ ʚʝʢʘ ʠʩʩʣʝʜʦʚʘʪʝʣʴ ʠʟ ʂʅɼʈ ʂʠʤ ɹʦʥʛ-ʭʘʥ ʩʦʦʙʱʠʣ ʦʙ ʦʪʢʨʳʪʠʷ 

ʩʠʩʪʝʤʳ "ʂʝʥ-ʈʘʢ" ʠʣʠ ʧʝʨʚʠʯʥʦʡ ʩʦʩʫʜʠʩʪʦʡ ʩʠʩʪʝʤʳ ï ʇʉʉ (1960 ʛ.). ʆʪʢʨʳʪʠʝ ʥʝ ʙʳʣʦ ʧʨʠʟʥʘʥʦ 

ʤʠʨʦʚʳʤ ʩʦʦʙʱʝʩʪʚʦʤ ʚʥʝ ʂʅɼʈ, ʘʚʪʦʨʘ ʦʙʚʠʥʠʣʠ ʚ ʣʞʝʥʘʫʯʥʦʤ ʧʦʜʭʦʜʝ ʠ ʚ 1966 ʛʦʜʫ ʂʠʤ ʠʩʯʝʟ.  

ɺ 1993 ʛʦʜʫ ʧʦʷʚʠʣʘʩʴ ʩʪʘʪʴʷ, ʦʧʠʩʳʚʘʶʱʘʷ ʤʠʛʨʘʮʠʶ ʨʘʜʠʦʘʢʪʠʚʥʦʡ ʤʝʪʢʠ, ʚʚʝʜʸʥʥʦʡ ʚ ɹɸʊ, ʚʜʦʣʴ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ ʤʝʨʠʜʠʘʥʘ, ʢʘʢ ʚ ʮʝʥʪʨʦʙʝʞʥʦʤ, ʪʘʢ ʠ ʚ ʮʝʥʪʨʦʩʪʨʝʤʠʪʝʣʴʥʦʤ ʥʘʧʨʘʚʣʝʥʠʷʭ ʩʦ 

ʩʢʦʨʦʩʪʴʶ ʩʫʱʝʩʪʚʝʥʥʦ ʤʝʥʴʰʝʡ, ʯʝʤ ʜʚʠʞʝʥʠʝ ʣʠʤʬʳ ʠ ʢʨʦʚʠ. ʄʝʪʢʘ ʚʚʝʜʸʥʥʘʷ ʚ ʠʥʪʘʢʪʥʫʶ ʢʦʞʫ 

ʨʘʩʧʨʦʩʪʨʘʥʷʣʘʩʴ ʣʦʢʘʣʴʥʦ ʚʙʣʠʟʠ ʤʝʩʪʘ ʚʚʝʜʝʥʠʷ [3].   

ɺ 21-ʦʤ ʚʝʢʝ ʩʪʘʣʦ ʧʫʙʣʠʢʦʚʘʪʴʩʷ ʚʩʸ ʙʦʣʴʰʝ ʦʪʜʝʣʴʥʳʭ ʨʘʙʦʪ ʠ ʦʙʟʦʨʦʚ, ʧʦʜʪʚʝʨʞʜʘʶʱʠʭ ʥʘʣʠʯʠʝ 

ʇʉʉ [1, 6, 9, 14, 15]. ɺ 2022 ʛʦʜʫ ʚ ʞʫʨʥʘʣʝ Frontiers in Immunology (ʠʤʧʘʢʪ ʬʘʢʪʦʨ 8,786) ʚʳʰʣʘ ʙʦʣʴʰʘʷ 

ʩʪʘʪʴʷ ʥʘ ʭʦʨʦʰʝʤ ʩʦʚʨʝʤʝʥʥʦʤ ʤʝʪʦʜʠʯʝʩʢʦʤ ʫʨʦʚʥʝ, ʧʦʢʘʟʳʚʘʶʱʘʷ ʤʦʨʬʦʬʫʥʢʮʠʦʥʘʣʴʥʳʝ ʠʟʤʝʥʝʥʠʷ 

ʇʉʉ ʧʨʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʤ ʚʦʩʧʘʣʝʥʠʠ ʠ ʠʭ ʦʙʨʘʪʥʦʝ ʨʘʟʚʠʪʠʝ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʵʣʝʢʪʨʦʧʫʥʢʪʫʨʳ [11]. 

ɺʦ ʚʪʦʨʦʡ ʧʦʣʦʚʠʥʝ ʧʨʦʰʣʦʛʦ ʚʝʢʘ ʩʦʚʝʪʩʢʠʤ ʨʫʢʦʚʦʜʩʪʚʦʤ ʙʳʣʦ ʧʨʠʥʷʪʦ ʨʝʰʝʥʠʝ ʦ ʥʘʧʨʘʚʣʝʥʠʠ 

ʛʨʫʧʧʳ ʩʧʝʮʠʘʣʠʩʪʦʚ ʚ ʂʠʪʘʡ ʜʣʷ ʦʚʣʘʜʝʥʠʷ ʪʝʦʨʠʝʡ ʠ ʤʝʪʦʜʘʤʠ ʊʂʄ. ʇʦʟʜʥʝʝ, ʚ 1977 ʛʦʜʫ, ʵʪʠ 

ʩʧʝʮʠʘʣʠʩʪʳ ʧʨʠʥʷʣʠ ʘʢʪʠʚʥʦʝ ʫʯʘʩʪʠʝ ʚ ʩʦʟʜʘʥʠʠ ʎʝʥʪʨʘʣʴʥʦʛʦ ʥʘʫʯʥʦ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʦʛʦ ʠʥʩʪʠʪʫʪʘ 

ʨʝʬʣʝʢʩʦʪʝʨʘʧʠʠ (ʎʅʀʀʈ). ɺ ʨʘʟʣʠʯʥʳʭ ʚʳʩʰʠʭ ʤʝʜʠʮʠʥʩʢʠʭ ʫʯʝʙʥʳʭ ʟʘʚʝʜʝʥʠʷʭ ʩʪʨʘʥʳ ʩʪʘʣʠ 

ʩʦʟʜʘʚʘʪʴʩʷ ʢʘʬʝʜʨʳ ʨʝʬʣʝʢʩʦʪʝʨʘʧʠʠ (ʈʊ), ʚ ʩʠʩʪʝʤʝ ʧʦʩʣʝʜʠʧʣʦʤʥʦʛʦ ʦʙʨʘʟʦʚʘʥʠʷ ʦʪʢʨʳʚʘʣʠʩʴ ʮʠʢʣʳ 

ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʦʡ ʧʝʨʝʧʦʜʛʦʪʦʚʢʠ ʩʧʝʮʠʘʣʠʩʪʦʚ. ɺ ʧʝʨʚʳʝ ʛʦʜʳ ʩʫʱʝʩʪʚʦʚʘʥʠʷ ʎʅʀʀʈ ʙʳʣʘ ʨʘʟʚʸʨʥʫʪʘ 

ʩʝʨʴʸʟʥʘʷ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʘʷ ʨʘʙʦʪʘ: ʢʣʠʥʠʮʠʩʪʳ ʠ ʙʠʦʬʠʟʠʢʠ, ʥʝʡʨʦʬʠʟʠʦʣʦʛʠ ʠ ʙʠʦʭʠʤʠʢʠ, 

ʵʥʜʦʢʨʠʥʦʣʦʛʠ ʠ ʤʦʨʬʦʣʦʛʠ ʧʳʪʘʣʠʩʴ "ʧʦʜʦʙʨʘʪʴ ʟʘʧʘʜʥʳʝ ʢʣʶʯʠ" ʢ ʪʘʡʥʘʤ ɺʦʩʪʦʢʘ. ʉʧʝʮʠʘʣʠʩʪʘʤʠ 

ʧʨʦʬʠʣʴʥʳʭ ʢʘʬʝʜʨ, ʧʦʣʫʯʠʚʰʠʝ ʧʦʜʛʦʪʦʚʢʫ ʢʘʢ ʚ ʂʠʪʘʝ, ʪʘʢ ʠ ʚ ʉʉʉʈ, ʙʳʣʠ ʥʘʧʠʩʘʥʳ ʨʷʜ ʫʯʝʙʥʳʭ 

ʧʦʩʦʙʠʡ ʠ ʨʫʢʦʚʦʜʩʪʚ ʜʣʷ ʚʨʘʯʝʡ, ʞʝʣʘʚʰʠʭ ʦʩʚʦʠʪʴ ʥʦʚʫʶ ʩʧʝʮʠʘʣʴʥʦʩʪʴ. ʇʨʦʚʦʜʠʣʠʩʴ ʚʩʝʩʦʶʟʥʳʝ 

ʢʦʥʬʝʨʝʥʮʠʠ, ʥʘ ʢʦʪʦʨʳʭ ʰʸʣ ʘʢʪʠʚʥʳʡ ʦʙʤʝʥ ʨʝʟʫʣʴʪʘʪʘʤʠ ʠʩʩʣʝʜʦʚʘʥʠʡ ʠ ʧʨʘʢʪʠʯʝʩʢʠʤ ʦʧʳʪʦʤ. ʄʥʦʛʠʝ 

ʅʀʀ ʠ ʧʨʦʤʳʰʣʝʥʥʳʝ ʧʨʝʜʧʨʠʷʪʠʷ ʨʘʟʨʘʙʘʪʳʚʘʣʠ ʠ ʚʳʧʫʩʢʘʣʠ ʧʨʠʙʦʨʳ ʜʣʷ ʥʝʠʥʚʘʟʠʚʥʳʭ ʚʦʟʜʝʡʩʪʚʠʡ ʥʘ 

ɹɸʊ ʵʣʝʢʪʨʠʯʝʩʢʠʤʠ, ʩʚʝʪʦʚʳʤʠ ʠ ʘʢʫʩʪʠʯʝʩʢʠʤʠ ʩʠʛʥʘʣʘʤʠ. 

ʂ ʩʦʞʘʣʝʥʠʶ, ʚ ʩʠʣʫ ʨʷʜʘ ʢʘʢ ʦʙʲʝʢʪʠʚʥʳʭ, ʪʘʢ ʠ ʩʫʙʲʝʢʪʠʚʥʳʭ ʧʨʠʯʠʥ, ʎʅʀʀʈ ʥʝʦʜʥʦʢʨʘʪʥʦ 

ʧʝʨʝʠʤʝʥʦʚʳʚʘʣʩʷ ʠ ʧʝʨʝʧʦʜʯʠʥʷʣʩʷ, ʘ ʚ 2017 ʛ. ʙʳʣ ʦʢʦʥʯʘʪʝʣʴʥʦ ʟʘʢʨʳʪ, ʚ ʪʦ ʞʝ ʚʨʝʤʷ, ʤʥʦʞʝʩʪʚʦ ʢʘʬʝʜʨ 

ʤʝʜʠʮʠʥʩʢʠʭ ʚʫʟʦʚ ʧʨʦʜʦʣʞʘʝʪ ʧʦʜʛʦʪʦʚʢʫ ʚʨʘʯʝʡ ʧʦ ʩʧʝʮʠʘʣʴʥʦʩʪʠ ʨʝʬʣʝʢʩʦʪʝʨʘʧʠʷ.  

ʆʜʥʦʡ ʠʟ ʤʝʪʦʜʠʢ, ʧʨʠʚʣʝʢʘʚʰʠʭ ʚʥʠʤʘʥʠʝ ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ ʠ ʨʘʟʨʘʙʦʪʯʠʢʦʚ ʘʧʧʘʨʘʪʫʨʳ, ʙʳʣʘ 

ʤʝʪʦʜʠʢʘ "ʈʠʦʜʦʨʘʢʫ" (ʚ ʧʝʨʝʚʦʜʝ - "ʭʦʨʦʰʦ ʵʣʝʢʪʨʦʧʨʦʚʦʜʥʳʝ ʣʠʥʠʠ"), ʨʘʟʨʘʙʦʪʘʥʥʘʷ ʷʧʦʥʩʢʠʤ ʭʠʨʫʨʛʦʤ 

ʁʦʰʠʦ ʅʘʢʘʪʘʥʠ (Yoshio Nakatani) ʚ 1950 ʛ. ɽʩʣʠ ʜʦ ʨʘʙʦʪ ʅʘʢʘʪʘʥʠ ʚ ʊʂʄ ʜʣʷ ʜʠʘʛʥʦʩʪʠʢʠ 

ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʪʦʣʴʢʦ ʩʫʙʲʝʢʪʠʚʥʳʝ ʤʝʪʦʜʳ ʦʙʩʣʝʜʦʚʘʥʠʷ ʧʘʮʠʝʥʪʘ, ʧʨʝʞʜʝ ʚʩʝʛʦ - ʧʘʣʴʧʘʪʦʨʥʦʝ 

ʠʩʩʣʝʜʦʚʘʥʠʝ ʧʫʣʴʩʘ, ʪʦ ʦʥ ʚʧʝʨʚʳʝ ʚ ʠʩʪʦʨʠʠ ʚʦʩʪʦʯʥʦʡ ʤʝʜʠʮʠʥʳ ʚʚʸʣ ʘʧʧʘʨʘʪʥʳʡ ʤʝʪʦʜ ʠʟʤʝʨʝʥʠʡ ʠ 

ʘʣʛʦʨʠʪʤ ʦʙʨʘʙʦʪʢʠ ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ. ʅʘʢʘʪʘʥʠ, ʥʘ ʦʩʥʦʚʝ ʩʦʙʨʘʥʥʦʡ ʩʪʘʪʠʩʪʠʢʠ ʧʨʦʚʦʜʠʤʦʩʪʠ 

ʪʦʯʝʢ ʥʘ 24 ʧʘʨʥʳʭ ʤʝʨʠʜʠʘʥʘʭ, ʨʘʟʨʘʙʦʪʘʣ ʥʦʤʦʛʨʘʤʤʫ ʩ ʥʝʨʘʚʥʦʤʝʨʥʳʤʠ ʰʢʘʣʘʤʠ, ʥʘ ʢʦʪʦʨʫʶ 

ʥʘʥʦʩʠʣʠʩʴ ʨʝʟʫʣʴʪʘʪʳ ʠʟʤʝʨʝʥʠʡ ʦʯʝʨʝʜʥʦʛʦ ʧʘʮʠʝʥʪʘ. ɼʘʣʝʝ ʥʘ ʥʝʡ ʧʨʦʚʦʜʠʣʘʩʴ ʛʦʨʠʟʦʥʪʘʣʴ, 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʘʷ ʫʨʦʚʥʶ ʩʨʝʜʥʝʛʦ ʟʥʘʯʝʥʠʷ ʧʦ ʚʩʝʤ ʠʟʤʝʨʝʥʠʷʤ, ʠ ʝʱʸ ʜʚʝ ʣʠʥʠʠ ʥʘ ʬʠʢʩʠʨʦʚʘʥʥʦʤ 

ʨʘʩʩʪʦʷʥʠʠ ʚʳʰʝ ʠ ʥʠʞʝ, ʦʙʦʟʥʘʯʘʶʱʠʭ ʢʦʨʠʜʦʨ ʜʦʧʫʩʪʠʤʳʭ ʟʥʘʯʝʥʠʡ. ɺʩʸ, ʯʪʦ ʚʳʭʦʜʠʣʦ ʟʘ ʧʨʝʜʝʣʳ 

ʢʦʨʠʜʦʨʘ, ʪʨʝʙʦʚʘʣʦ ʢʦʨʨʝʢʮʠʠ (ʨʠʩ. 1).  
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ʈʠʩʫʥʦʢ 1. ʅʦʤʦʛʨʘʤʤʘ ʅʘʢʘʪʘʥʠ ʩ ʨʝʟʫʣʴʪʘʪʘʤʠ ʠʟʤʝʨʝʥʠʡ ʠ ʢʦʨʠʜʦʨʦʤ ʜʦʧʫʩʪʠʤʳʭ ʟʥʘʯʝʥʠʡ. 

 

ʉʘʤ ʅʘʢʘʪʘʥʠ ʠ ʝʛʦ ʧʦʩʣʝʜʦʚʘʪʝʣʠ, ʨʘʙʦʪʘʶʱʠʝ ʜʦ ʥʘʩʪʦʷʱʝʛʦ ʚʨʝʤʝʥʠ ʧʦ ʤʝʪʦʜʠʢʝ ʘʚʪʦʨʘ, 

ʠʩʧʦʣʴʟʦʚʘʣʠ ʧʨʦʩʪʫʶ ʩʭʝʤʫ ʠʟʤʝʨʝʥʠʡ, ʚʢʣʶʯʘʷ ʧʘʮʠʝʥʪʘ, ʢʘʢ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʫʶ ʥʘʛʨʫʟʢʫ, ʚ ʮʝʧʴ ʠʟ 

ʠʩʪʦʯʥʠʢʘ ʕɼʉ, ʦʛʨʘʥʠʯʠʪʝʣʴʥʦʛʦ ʨʝʟʠʩʪʦʨʘ ʠ ʠʟʤʝʨʠʪʝʣʷ ʪʦʢʘ (ʩʪʨʝʣʦʯʥʦʛʦ ʤʠʢʨʦʘʤʧʝʨʤʝʪʨʘ). ɺʝʣʠʯʠʥʘ 

ʦʛʨʘʥʠʯʠʪʝʣʴʥʦʛʦ ʨʝʟʠʩʪʦʨʘ ʧʦʜʙʠʨʘʣʘʩʴ ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʯʪʦʙʳ ʪʦʢ ʢʦʨʦʪʢʦʛʦ ʟʘʤʳʢʘʥʠʷ ʮʝʧʠ ʙʝʟ ʧʘʮʠʝʥʪʘ 

ʙʳʣ ʨʘʚʝʥ 200 ʤʠʢʨʦʘʤʧʝʨʘʤ. ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʩʦʚʨʝʤʝʥʥʳʝ ʧʦʩʣʝʜʦʚʘʪʝʣʠ ʅʘʢʘʪʘʥʠ, ʨʘʙʦʪʘʶʱʠʝ ʚ 

ʉʐɸ, ʜʝʢʣʘʨʠʨʫʶʪ, ʯʪʦ ʠʭ ʧʨʠʙʦʨ ʠʟʤʝʨʷʝʪ "ʚʦʟʙʫʞʜʝʥʠʝ ʚʝʛʝʪʘʪʠʚʥʳʭ ʥʝʨʚʦʚ" ʠ ʥʘʟʳʚʘʶʪ ʝʛʦ 

"ʅʝʡʨʦʤʝʪʨʦʤ" (ʨʠʩ. 2). ɺ ʧʨʦʮʝʩʩʝ ʠʟʤʝʨʝʥʠʷ ʧʘʮʠʝʥʪ ʩʞʠʤʘʝʪ ʚ ʣʘʜʦʥʠ ʙʘʟʦʚʳʡ ʵʣʝʢʪʨʦʜ, ʘ ʦʧʝʨʘʪʦʨ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ ʧʨʠʢʘʩʘʝʪʩʷ ʚʘʪʥʳʤ ʪʘʤʧʦʥʦʤ, ʩʤʦʯʝʥʥʳʤ ʬʠʟʨʘʩʪʚʦʨʦʤ ʠ ʚʣʦʞʝʥʥʳʤ ʚ ʵʙʦʥʠʪʦʚʫʶ 

ʯʘʰʢʫ ʠʟʤʝʨʠʪʝʣʴʥʦʛʦ ʵʣʝʢʪʨʦʜʘ, ʢ ʫʯʘʩʪʢʘʤ ʢʦʞʠ ʚ ʦʧʨʝʜʝʣʸʥʥʳʭ ʪʦʯʢʘʭ ʥʘ ʢʘʞʜʦʤ ʠʟ 24 ʤʝʨʠʜʠʘʥʦʚ, ʘ 

ʨʝʟʫʣʴʪʘʪʳ ʠʟʤʝʨʝʥʠʷ, ʧʦʩʣʝ "ʫʩʧʦʢʦʝʥʠʷ" ʩʪʨʝʣʢʠ (ʧʨʠʤʝʨʥʦ ʯʝʨʝʟ 3 ʩʝʢʫʥʜʳ) ʩʯʠʪʳʚʘʝʪ ʠ ʦʪʤʝʯʘʝʪ ʥʘ 

ʥʦʤʦʛʨʘʤʤʝ. 

 

ɸ)  ɹ)  

 

ʈʠʩʫʥʦʢ 2. ʇʨʠʙʦʨ "ʅʝʡʨʦʤʝʪʨ" (ɸ) ʠ ʝʛʦ ʩʭʝʤʘ (ɹ) [ʠʟ 8]. ʆʙʦʟʥʘʯʝʥʠʷ ʥʘ ʩʭʝʤʝ: 1. ʕʙʦʥʠʪʦʚʘʷ ʯʘʰʢʘ. 2. 

ʀʟʤʝʨʠʪʝʣʴʥʳʡ ʵʣʝʢʪʨʦʜ. 3. ʀʟʤʝʨʠʪʝʣʴ (ʤʠʢʨʦʘʤʧʝʨʤʝʪʨ). 4. ʇʝʨʝʤʝʥʥʳʡ ʨʝʟʠʩʪʦʨ (ʨʝʛʫʣʷʪʦʨ ʪʦʢʘ, 

ʚʢʣʶʯʝʥʥʳʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ ʩ ʦʛʨʘʥʠʯʠʪʝʣʴʥʳʤ ʨʝʟʠʩʪʦʨʦʤ). 5. ʇʝʨʝʢʣʶʯʘʪʝʣʴ ʨʝʞʠʤʦʚ (6ɺ, 12ɺ, 21ɺ). 6. 

ʀʩʪʦʯʥʠʢ ʥʘʧʨʷʞʝʥʠʷ. 7. ɹʘʟʦʚʳʡ ʵʣʝʢʪʨʦʜ. 

ʇʦʩʢʦʣʴʢʫ ʤʥʦʞʝʩʪʚʦʤ ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ ʢʘʢ ʚ ʎʅʀʀʈʝ ʠ ʥʘ ʧʨʦʬʠʣʴʥʳʭ ʢʘʬʝʜʨʘʭ, ʪʘʢ ʠ ʚ ʜʨʫʛʠʭ 

ʅʀʀ ʠ ʢʣʠʥʠʢʘʭ ʉʉʉʈ ʠ ʈʌ ʙʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʨʝʟʫʣʴʪʘʪʳ ʠʟʤʝʨʝʥʠʡ ʜʝʡʩʪʚʠʪʝʣʴʥʦ ʟʘʚʠʩʷʪ ʦʪ ʩʦʩʪʦʷʥʠʷ 
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ʦʨʛʘʥʠʟʤʘ ʧʘʮʠʝʥʪʘ ʠ ʠʟʤʝʥʷʶʪʩʷ ʚ ʭʦʜʝ ʢʦʨʨʝʢʮʠʠ ʵʪʦʛʦ ʩʦʩʪʦʷʥʠʷ, ʚʦʟʥʠʢʘʝʪ ʚʦʧʨʦʩ ʦ ʪʦʤ, ʯʪʦ ʞʝ 

ʩʦʙʩʪʚʝʥʥʦ, ʠʟʤʝʨʷʝʪʩʷ, ʠ ʧʦʯʝʤʫ ʧʨʦʠʩʭʦʜʷʪ ʵʪʠ ʠʟʤʝʥʝʥʠʷ? 

ʊʘʢ ʢʘʢ ʚ ʤʝʪʦʜʠʢʝ ʅʘʢʘʪʘʥʠ ʠʩʧʦʣʴʟʫʝʪʩʷ ʥʠʟʢʦʝ ʧʦʩʪʦʷʥʥʦʝ ʥʘʧʨʷʞʝʥʠʝ, ʦʯʝʚʠʜʥʦ, ʯʪʦ ʢʘʥʘʣʘʤʠ 

ʪʦʢʘ ʤʦʛʫʪ ʙʳʪʴ ʪʦʣʴʢʦ ʚʳʭʦʜʥʳʝ ʧʨʦʪʦʢʠ ʧʦʪʦʚʳʭ ʞʝʣʸʟ (ʦʩʪʘʣʴʥʦʡ ʵʧʠʜʝʨʤʠʩ ʧʨʦʧʠʪʘʥ ʢʦʞʥʳʤ ʩʘʣʦʤ, 

ʧʦʵʪʦʤʫ ʥʝ ʧʨʦʚʦʜʠʪ ʪʦʢʘ), ʢʦʣʠʯʝʩʪʚʦ ʢʦʪʦʨʳʭ ʚʘʨʴʠʨʫʝʪ ʦʪ 100 ʜʦ 600 ʥʘ ʢʚʘʜʨʘʪʥʳʡ ʩʘʥʪʠʤʝʪʨ ʚ 

ʨʘʟʣʠʯʥʳʭ ʫʯʘʩʪʢʘʭ ʢʦʞʠ [12, 20, 21]. 

ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʯʝʨʝʟ ʵʧʠʜʝʨʤʠʩ ʧʨʦʪʦʢʠ ʧʦʪʦʚʳʭ ʞʝʣʸʟ ʚʳʭʦʜʷʪ ʚ ʚʠʜʝ ʩʧʠʨʘʣʝʡ ʩ 5 ï 7 

ʚʠʪʢʘʤʠ. ɹʦʣʴʰʠʥʩʪʚʦ ʩʧʠʨʘʣʝʡ ʟʘʢʨʫʯʝʥʳ ʚʧʨʘʚʦ. [4, 7, 20, 21]. ʊʘʢʘʷ ʤʦʨʬʦʣʦʛʠʷ ʧʦʟʚʦʣʷʝʪ ʧʨʝʜʩʪʘʚʠʪʴ 

ʢʘʞʜʫʶ ʞʝʣʝʟʫ ʩ ʝʸ ʧʨʦʪʦʢʦʤ ʠ ʧʷʪʥʳʰʢʦʤ ʧʦʪʘ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʵʧʠʜʝʨʤʠʩʘ ʢʘʢ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ 

ʩʦʝʜʠʥʸʥʥʳʝ ʨʝʟʠʩʪʦʨ ʠ ʠʥʜʫʢʪʠʚʥʦʩʪʴ, ʠ ʧʘʨʘʣʣʝʣʴʥʦ ʠʤ ï ʸʤʢʦʩʪʴ ʤʝʞʜʫ ʵʪʠʤ ʧʷʪʥʦʤ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ 

ʢʦʞʠ ʠ ʧʨʦʚʦʜʷʱʠʤʠ ʪʢʘʥʷʤʠ ʢʦʞʠ ʠ ʧʦʜʢʦʞʥʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ. ɺ ʪʘʢʦʡ ʩʭʝʤʝ ʜʚʘ ʵʣʝʤʝʥʪʘ ʷʚʣʷʶʪʩʷ 

"ʧʦʜʩʪʨʦʝʯʥʳʤʠ". ɺʦ-ʧʝʨʚʳʭ, ʨʘʟʤʝʨʳ ʧʷʪʥʘ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʢʦʞʠ ʟʘʚʠʩʷʪ ʦʪ ʠʥʪʝʥʩʠʚʥʦʩʪʠ 

ʧʦʪʦʦʪʜʝʣʝʥʠʷ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʠʟʤʝʥʷʝʪʩʷ ʧʣʦʱʘʜʴ "ʦʙʢʣʘʜʢʠ ʢʦʥʜʝʥʩʘʪʦʨʘ". ɺʦ-ʚʪʦʨʳʭ, ʩʦʩʪʘʚ ʧʦʪʘ 

ʚʘʨʴʠʨʫʝʪ ʚ ʰʠʨʦʢʠʭ ʧʨʝʜʝʣʘʭ ʦʪ "ʧʦʯʪʠ ʚʦʜʳ" ʜʦ ʨʘʩʪʚʦʨʘ ʩʦʣʝʡ (ʧʨʝʞʜʝ ʚʩʝʛʦ, ʭʣʦʨʠʜʘ ʥʘʪʨʠʷ) 

ʜʦʩʪʘʪʦʯʥʦ ʚʳʩʦʢʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʠʟʤʝʥʷʝʪʩʷ "ʥʦʤʠʥʘʣ ʨʝʟʠʩʪʦʨʘ". ʇʦʩʢʦʣʴʢʫ ʤʳ 

ʨʘʩʩʤʘʪʨʠʚʘʝʤ ʪʦʣʴʢʦ ʧʨʦʚʦʜʠʤʦʩʪʴ ʧʦ ʧʦʩʪʦʷʥʥʦʤʫ ʪʦʢʫ, ʨʝʘʢʪʠʚʥʳʤʠ ʵʣʝʤʝʥʪʘʤʠ ʤʦʞʥʦ ʧʨʝʥʝʙʨʝʯʴ, 

ʦʙʨʘʱʘʷ ʦʩʥʦʚʥʦʝ ʚʥʠʤʘʥʠʝ ʥʘ ʨʝʟʠʩʪʠʚʥʫʶ ʩʦʩʪʘʚʣʷʶʱʫʶ. 

ʉʦʛʣʘʩʥʦ ʧʨʝʜʩʪʘʚʣʝʥʠʷʤ ʩʦʚʨʝʤʝʥʥʦʡ ʥʘʫʢʠ, ʩʦʩʪʘʚ ʠ ʢʦʣʠʯʝʩʪʚʦ ʚʳʜʝʣʷʝʤʦʛʦ ʧʦʪʘ ʫʧʨʘʚʣʷʶʪʩʷ 

ʭʦʣʠʥʵʨʛʠʯʝʩʢʦʡ ʠ ʘʜʨʝʥʵʨʛʠʯʝʩʢʦʡ ʠʥʥʝʨʚʘʮʠʝʡ ʩʠʤʧʘʪʠʯʝʩʢʦʛʦ ʦʪʜʝʣʘ ʚʝʛʝʪʘʪʠʚʥʦʡ ʥʝʨʚʥʦʡ ʩʠʩʪʝʤʳ 

[12, 13]. ɺ ʪʦ ʞʝ ʚʨʝʤʷ, ʩʠʤʧʘʪʠʯʝʩʢʘʷ ʥʝʨʚʥʘʷ ʩʠʩʪʝʤʘ ʠʥʥʝʨʚʠʨʫʝʪ ʚʩʝ ʚʥʫʪʨʝʥʥʠʝ ʦʨʛʘʥʳ ʠ ʢʨʦʚʝʥʦʩʥʳʝ 

ʩʦʩʫʜʳ ʦʨʛʘʥʠʟʤʘ. ʉʦʛʣʘʩʥʦ ʜʘʥʥʳʤ ʵʤʙʨʠʦʣʦʛʠʠ, ʚ ʧʨʦʮʝʩʩʝ ʨʘʟʚʠʪʠʷ ʥʝʨʚʥʦʡ ʩʠʩʪʝʤʳ ʩʧʠʥʥʦʤʦʟʛʦʚʳʝ 

ʷʜʨʘ ʠ ʧʘʨʘʚʝʨʪʝʙʨʘʣʴʥʳʝ ʥʝʨʚʥʳʝ ʫʟʣʳ ʩʠʤʧʘʪʠʯʝʩʢʦʡ ʯʘʩʪʠ ʚʝʛʝʪʘʪʠʚʥʦʡ ʥʝʨʚʥʦʡ ʩʠʩʪʝʤʳ ʚʳʩʪʨʘʠʚʘʶʪ 

ʬʫʥʢʮʠʦʥʘʣʴʥʳʝ ʩʚʷʟʠ ʢʘʢ ʥʘ ʫʨʦʚʥʝ ʧʦʟʚʦʥʦʯʥʦʛʦ ʩʝʛʤʝʥʪʘ, ʪʘʢ ʠ ʩ ʜʚʫʤʷ-ʪʨʝʤʷ ʩʝʛʤʝʥʪʘʤʠ ʚʳʰʝ ʠ ʥʠʞʝ 

ʧʦ ʧʦʟʚʦʥʦʯʥʦʤʫ ʩʪʦʣʙʫ [17]. ʀʩʭʦʜʷ ʠʟ ʵʪʦʛʦ, ʤʳ ʤʦʞʝʤ ʧʨʝʜʧʦʣʦʞʠʪʴ, ʯʪʦ ʣʶʙʳʝ ʬʫʥʢʮʠʦʥʘʣʴʥʳʝ 

ʥʘʨʫʰʝʥʠʷ ʚ ʪʝʭ ʠʣʠ ʠʥʳʭ ʚʥʫʪʨʝʥʥʠʭ ʦʨʛʘʥʘʭ ʠʟʤʝʥʷʶʪ ʪʦʥʫʩ ʩʚʷʟʘʥʥʳʭ ʩ ʥʠʤʠ ʩʠʤʧʘʪʠʯʝʩʢʠʭ ʷʜʝʨ, ʘ ʪʝ, 

ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʚʣʠʷʶʪ ʥʘ ʪʦʥʫʩ ʩʦʩʝʜʥʠʭ ʷʜʝʨ, ʫʧʨʘʚʣʷʶʱʠʭ ʧʦʪʦʦʪʜʝʣʝʥʠʝʤ ʚ ʢʦʥʢʨʝʪʥʳʭ ʫʯʘʩʪʢʘʭ 

ʢʦʞʠ, ʯʪʦ ʚʣʝʯʸʪ ʟʘ ʩʦʙʦʡ ʠʟʤʝʥʝʥʠʝ ʧʨʦʚʦʜʠʤʦʩʪʠ ʧʦ ʧʦʩʪʦʷʥʥʦʤʫ ʪʦʢʫ. 

ʄʳ ʧʨʦʚʦʜʠʣʠ ʧʝʨʚʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦ ʤʝʪʦʜʠʢʝ ʅʘʢʘʪʘʥʠ ʚ ʢʦʥʮʝ 70-ʭ - ʥʘʯʘʣʝ 80-ʭ ʛʦʜʦʚ 

ʧʨʦʰʣʦʛʦ ʚʝʢʘ ʚ ʎʂɹ çɼʝʡʪʦʥè ʄʠʥʵʣʝʢʪʨʦʥʧʨʦʤʘ ʉʉʉʈ [16, 18, 19]. ʂʣʠʥʠʯʝʩʢʘʷ ʯʘʩʪʴ ʠʩʩʣʝʜʦʚʘʥʠʡ 

ʧʨʦʚʦʜʠʣʘʩʴ ʥʘ ʙʘʟʝ ʜʚʫʭ ʪʝʨʘʧʝʚʪʠʯʝʩʢʠʭ ʠ ʜʚʫʭ ʥʝʚʨʦʣʦʛʠʯʝʩʢʠʭ ʦʪʜʝʣʝʥʠʡ 3-ʡ ɻʦʨʦʜʩʢʦʡ ʙʦʣʴʥʠʮʳ 

ʄʦʩʢʚʳ (ʛ. ɿʝʣʝʥʦʛʨʘʜ). ɺ ʭʦʜʝ ʵʪʠʭ ʨʘʙʦʪ ʙʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʩʫʱʝʩʪʚʫʶʪ ʫʩʪʦʡʯʠʚʳʝ ʩʦʯʝʪʘʥʠʷ 

ʦʪʢʣʦʥʝʥʠʡ ʧʨʦʚʦʜʠʤʦʩʪʠ ʚ ʦʧʨʝʜʝʣʸʥʥʳʭ ɹɸʊ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʭ ʥʝʢʦʪʦʨʳʝ ʧʘʪʦʣʦʛʠʠ. ʇʨʠ ʵʪʦʤ, ʜʘʞʝ 

ʦʜʥʦʢʨʘʪʥʳʝ ʵʣʝʢʪʨʦʧʫʥʢʪʫʨʥʳʝ ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ɹɸʊ, ʚʳʙʨʘʥʥʳʝ ʥʘ ʦʩʥʦʚʝ ʥʦʤʦʛʨʘʤʤʳ 

ʅʘʢʘʪʘʥʠ ʠ ʧʨʘʚʠʣ ʊʂʄ, ʧʨʠʚʦʜʠʣʠ ʢʘʢ ʢ ʠʟʤʝʥʝʥʠʶ ʢʘʨʪʠʥʳ ʧʨʦʚʦʜʠʤʦʩʪʠ, ʪʘʢ ʠ ʢ ʧʦʣʦʞʠʪʝʣʴʥʳʤ 

ʠʟʤʝʥʝʥʠʷʤ ʥʘ ʕʂɻ. ʄʝʪʦʜʠʢʘ ʧʦʣʫʯʠʣʘ ʥʘʟʚʘʥʠʝ "ʨʝʬʣʝʢʩʦʜʠʘʛʥʦʩʪʠʢʠ". 

ʇʦʟʞʝ ʘʥʘʣʦʛʠʯʥʳʤʠ ʠʩʩʣʝʜʦʚʘʥʠʷʤʠ ʟʘʥʷʣʠʩʴ ʜʨʫʛʠʝ ʢʦʣʣʝʢʪʠʚʳ, ʩʪʘʣʠ ʚʳʧʫʩʢʘʪʴʩʷ ʧʨʠʙʦʨʳ ʠ 

ʘʧʧʘʨʘʪʥʦ-ʧʨʦʛʨʘʤʤʥʳʝ ʢʦʤʧʣʝʢʩʳ ʨʝʬʣʝʢʩʦʜʠʘʛʥʦʩʪʠʢʠ, ʤʝʪʦʜʠʢʘ ʜʠʘʛʥʦʩʪʠʢʠ ʧʦ ʅʘʢʘʪʘʥʠ ʙʳʣʘ 

ʨʘʟʨʝʰʝʥʘ ʄʠʥʟʜʨʘʚʦʤ ʈʦʩʩʠʠ ʚ ʢʘʯʝʩʪʚʝ ʜʠʘʛʥʦʩʪʠʯʝʩʢʦʡ (ˉ 2002/34 ʦʪ 18.12.2002 ʛ.). 

ɺʝʨʥʫʪʴʩʷ ʢ ʨʘʙʦʪʘʤ ʧʦ ʵʪʦʡ ʪʝʤʘʪʠʢʝ ʥʘʤ ʫʜʘʣʦʩʴ ʪʦʣʴʢʦ ʚ 2016-17 ʛʛ. ʧʨʠ ʬʠʥʘʥʩʦʚʦʡ ʧʦʜʜʝʨʞʢʝ 

ʌʦʥʜʘ ʩʦʜʝʡʩʪʚʠʷ ʠʥʥʦʚʘʮʠʷʤ, ʠ ʚ 2020-21 ʛʛ. ʚ ʄʝʜʠʥʩʪʠʪʫʪʝ ʈʋɼʅ. ʇʦ ɻʦʩʢʦʥʪʨʘʢʪʫ ʙʳʣ ʨʘʟʨʘʙʦʪʘʥ 

ʘʧʧʘʨʘʪʥʦ-ʧʨʦʛʨʘʤʤʥʳʡ ʢʦʤʧʣʝʢʩ (ɸʇʂ), ʘ ʚ ʈʋɼʅ ʧʨʦʚʝʜʝʥʳ ʨʷʜ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʦ ʩʢʦʨʨʝʢʪʠʨʦʚʘʥʥʦʡ 

ʤʝʪʦʜʠʢʝ ʅʘʢʘʪʘʥʠ, ʦʙʝʩʧʝʯʠʚʘʶʱʝʡ, ʚ ʦʪʣʠʯʠʝ ʦʪ ʦʨʠʛʠʥʘʣʘ, ʧʦʩʪʦʷʥʥʦʝ ʥʘʧʨʷʞʝʥʠʝ ʥʘ ʦʙʲʝʢʪʝ 

ʠʟʤʝʨʝʥʠʷ. ɸʧʧʘʨʘʪʥʘʷ ʯʘʩʪʴ ɸʇʂ, ʢʨʦʤʝ ʠʟʤʝʨʠʪʝʣʷ ʧʦ ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʦʡ ʩʭʝʤʝ ʅʘʢʘʪʘʥʠ, ʩʦʜʝʨʞʠʪ 8 

ʢʘʥʘʣʦʚ ʥʝʠʥʚʘʟʠʚʥʦʛʦ ʢʦʨʨʝʢʪʠʨʫʶʱʝʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʵʣʝʢʪʨʦ/ʣʘʟʝʨʦʧʫʥʢʪʫʨʳ.  

ɺʩʝʛʦ ʙʳʣʦ ʧʨʦʚʝʜʝʥʦ 534 ʠʟʤʝʨʝʥʠʷ ʥʘ ʤʦʜʝʣʴʥʳʭ ʦʙʲʝʢʪʘʭ ʠ ʩʚʳʰʝ 14 ʪʳʩ. ʠʟʤʝʨʝʥʠʡ ʥʘ ʢʦʞʝ 

ʠʩʧʳʪʘʪʝʣʝʡ-ʜʦʙʨʦʚʦʣʴʮʝʚ (ʧʦ 24 ʠʟʤʝʨʝʥʠʷ ʚ ʢʘʞʜʦʤ ʩʝʘʥʩʝ ʥʘ ʢʘʞʜʦʤ ʯʝʣʦʚʝʢʝ).  

ʆʮʠʬʨʦʚʢʘ ʠʟʤʝʨʷʝʤʳʭ ʟʥʘʯʝʥʠʡ ʜʠʥʘʤʠʢʠ ʪʦʢʘ ʦʩʫʱʝʩʪʚʣʷʣʘʩʴ ʩ ʧʝʨʠʦʜʦʤ ʦʢʦʣʦ 1,5 ʤʩ, ʯʪʦ 

ʦʛʨʘʥʠʯʠʚʘʣʦʩʴ ʧʨʦʪʦʢʦʣʦʤ ʦʙʤʝʥʘ ʜʘʥʥʳʤʠ ʠʟʤʝʨʠʪʝʣʴʥʦʛʦ ʫʩʪʨʦʡʩʪʚʘ ʩ ʢʦʤʧʴʶʪʝʨʦʤ ʯʝʨʝʟ ʠʥʪʝʨʬʝʡʩ 

USB ʚ ʆʉ Windows.  

ʅʘ ʤʦʜʝʣʴʥʳʭ ʦʙʲʝʢʪʘʭ ʙʳʣʠ ʠʩʩʣʝʜʦʚʘʥʳ ʟʘʚʠʩʠʤʦʩʪʠ ʪʦʢʘ ʦʪ ʤʘʪʝʨʠʘʣʘ ʵʣʝʢʪʨʦʜʦʚ, ʩʦʩʪʘʚʘ ʠ 

ʢʦʥʮʝʥʪʨʘʮʠʠ ʵʣʝʢʪʨʦʣʠʪʦʚ, ʩʢʦʨʦʩʪʠ ʥʘʨʘʩʪʘʥʠʷ ʥʘʧʨʷʞʝʥʠʷ ʥʘ ʦʙʲʝʢʪʝ, ʫʨʦʚʥʷ ʩʪʘʙʠʣʴʥʦʛʦ ʥʘʧʨʷʞʝʥʠʷ 

ʥʘ ʦʙʲʝʢʪʝ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʙʳʣʦ ʧʨʠʥʷʪʦ ʨʝʰʝʥʠʝ ʠʟʤʝʨʝʥʠʝ ʧʨʦʚʦʜʠʪʴ ʧʨʠ ʥʘʧʨʷʞʝʥʠʠ ʥʘ ʢʦʞʝ ʧʘʮʠʝʥʪʘ 4 

ɺ, ʥʘʨʘʩʪʘʶʱʠʤ ʣʠʥʝʡʥʦ ʦʪ 0 ʜʦ 4 ɺ ʟʘ 500 ʤʩ, ʠʩʧʦʣʴʟʦʚʘʪʴ ʵʣʝʢʪʨʦʜʳ ʠʟ ʤʝʜʠʮʠʥʩʢʦʡ ʥʝʨʞʘʚʝʶʱʝʡ 

ʩʪʘʣʠ, ʩʤʘʯʠʚʘʷ ʠʭ ʬʠʟʨʘʩʪʚʦʨʦʤ. 

ʇʨʠ ʤʥʦʛʦʢʨʘʪʥʳʭ ʧʦʚʪʦʨʥʳʭ (ʯʝʨʝʟ ʜʝʥʴ) ʦʙʩʣʝʜʦʚʘʥʠʷʭ ʠʩʧʳʪʘʪʝʣʝʡ-ʜʦʙʨʦʚʦʣʴʮʝʚ (ʙʝʟ 

ʢʦʨʨʝʢʪʠʨʫʶʱʝʛʦ ʚʦʟʜʝʡʩʪʚʠʷ) ʙʳʣʦ ʦʪʤʝʯʝʥʦ ʥʘʣʠʯʠʝ ʦʪʥʦʩʠʪʝʣʴʥʦ ʫʩʪʦʡʯʠʚʳʭ ʢʘʨʪʠʥ ʦʪʢʣʦʥʝʥʠʡ ʥʘ 



ʇʃɽʅɸʈʅʓɽ ɼʆʂʃɸɼʓ                                                    38 

 

 
XVI  ʄʝʞʜʫʥʘʨʦʜʥʘʷ ʥʘʫʯʥʘʷ ʢʦʥʬʝʨʝʥʮʠʷ çʌʠʟʠʢʘ ʠ ʨʘʜʠʦʵʣʝʢʪʨʦʥʠʢʘ ʚ ʤʝʜʠʮʠʥʝ ʠ ʵʢʦʣʦʛʠʠè 

 

ʦʜʥʠʭ ʤʝʨʠʜʠʘʥʘʭ (ʪ.ʝ. ʥʠʟʢʠʡ ʢʦʵʬʬʠʮʠʝʥʪ ʚʘʨʠʘʮʠʠ) ʠ ʟʥʘʯʠʪʝʣʴʥʳʡ ʨʘʟʙʨʦʩ - ʥʘ ʜʨʫʛʠʭ (ʪ.ʝ. ʚʳʩʦʢʠʡ 

ʢʦʵʬʬʠʮʠʝʥʪ ʚʘʨʠʘʮʠʠ). ʀ ʪʦ ʠ ʜʨʫʛʦʝ ʜʠʘʛʥʦʩʪʠʯʝʩʢʠ ʟʥʘʯʠʤʦ. ʊʝ ʠʟ ʠʩʧʳʪʘʪʝʣʝʡ-ʜʦʙʨʦʚʦʣʴʮʝʚ, ʫ ʢʦʛʦ 

ʥʘʙʣʶʜʘʣʠʩʴ ʬʫʥʢʮʠʦʥʘʣʴʥʳʝ ʥʘʨʫʰʝʥʠʷ ʧʦ ʜʘʥʥʳʤ ʜʨʫʛʠʭ ʤʝʪʦʜʦʚ ʜʠʘʛʥʦʩʪʠʢʠ, ʧʨʠʥʷʪʳʭ ʚ ʨʦʩʩʠʡʩʢʦʡ 

ʤʝʜʠʮʠʥʝ, ʧʨʦʰʣʠ ʢʫʨʩ ʥʝʠʥʚʘʟʠʚʥʦʡ ʵʣʝʢʪʨʦ/ʣʘʟʝʨʦʧʫʥʢʪʫʨʥʦʡ ʢʦʨʨʝʢʮʠʠ. ʇʨʠ ʵʪʦʤ ʥʘʙʣʶʜʘʣʦʩʴ ʢʘʢ 

ʠʟʤʝʥʝʥʠʝ ʜʘʥʥʳʭ ʨʝʬʣʝʢʩʦʜʠʘʛʥʦʩʪʠʢʠ, ʪʘʢ ʠ ʫʣʫʯʰʝʥʠʝ ʩʘʤʦʯʫʚʩʪʚʠʷ. 

ʇʨʠʚʝʜʸʤ ʧʨʠʤʝʨ ʠʩʧʳʪʫʝʤʦʛʦ ɹ, ʧʨʦʰʝʜʰʝʛʦ ʢʫʨʩ ʢʦʨʨʝʢʮʠʠ (ʨʠʩ. 3-4). ʀʩʭʦʜʥʦʝ ʩʦʩʪʦʷʥʠʝ 

ʚʢʣʶʯʘʣʦ ʪʘʢʠʝ ʭʨʦʥʠʯʝʩʢʠʝ ʟʘʙʦʣʝʚʘʥʠʷ ʢʘʢ ʙʨʦʥʭʠʘʣʴʥʘʷ ʘʩʪʤʘ, ʛʠʧʝʨʪʦʥʠʯʝʩʢʘʷ ʙʦʣʝʟʥʴ, ʠʰʝʤʠʯʝʩʢʘʷ 

ʙʦʣʝʟʥʴ ʩʝʨʜʮʘ. ʅʘ ʮʠʢʣʦʛʨʘʤʤʝ ʨʠʩ. 3 ʤʳ ʚʠʜʠʤ ʩʫʱʝʩʪʚʝʥʥʳʝ ʦʪʢʣʦʥʝʥʠʷ ʦʪ ʩʨʝʜʥʝʛʦ ʚ ʥʠʞʥʶʶ ʩʪʦʨʦʥʫ 

(ʩ ʟʘʭʦʜʦʤ ʚ "ʢʨʘʩʥʫʶ ʟʦʥʫ") ʧʦ ʤʝʨʠʜʠʘʥʘʤ ʩʝʨʜʮʘ (C), ʧʝʨʠʢʘʨʜʘ (MC) ʠ ʪʦʣʩʪʦʛʦ ʢʠʰʝʯʥʠʢʘ (GI) ʩ ʜʚʫʭ 

ʩʪʦʨʦʥ, ʘ ʪʘʢʞʝ ʥʘ ʤʝʨʠʜʠʘʥʘʭ ʣʸʛʢʠʭ (P), ʪʦʥʢʦʛʦ ʢʠʰʝʯʥʠʢʘ (IG) ʠ ʪʨʦʡʥʦʛʦ ʦʙʦʛʨʝʚʘʪʝʣʷ (TR) ʩʣʝʚʘ.  

ɹʳʣʠ ʧʨʦʚʝʜʝʥʳ 22 ʩʝʘʥʩʘ ʥʝʠʥʚʘʟʠʚʥʦʡ ʢʦʨʨʝʢʮʠʠ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʩʠʥʭʨʦʥʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ 

ʩʠʛʥʘʣʘʤʠ ʵʣʝʢʪʨʦ- ʠ ʣʘʟʝʨʦʧʫʥʢʪʫʨʳ ʥʘ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʊɸ ʤʝʨʠʜʠʘʥʦʚ, ʚ ʢʦʪʦʨʳʭ ʥʘʙʣʶʜʘʣʦʩʴ 

ʩʫɦʝʩʪʚʝʥʥʦʝ ʦʪʢʣʦʥʝʥʠʝ ʧʝʨʝʜ ʢʦʨʨʝʢʪʠʨʫʶʱʠʤ ʚʦʟʜʝʡʩʪʚʠʝʤ. ʈʝʮʝʧʪʫʨʘ ʢʦʨʨʝʢʪʠʨʫʶʱʝʛʦ ʚʦʟʜʝʡʩʪʚʠʷ 

ʚʳʙʠʨʘʣʘʩʴ ʥʘ ʦʩʥʦʚʝ ʨʝʬʣʝʢʩʦʜʠʘʛʥʦʩʪʠʢʠ ʧʦ ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʦʡ ʩʠʩʪʝʤʝ ʈʠʦʜʦʨʘʢʫ ʠ ʧʨʘʚʠʣʘʤ ʊʂʄ 

(ʨʠʩ. 3). 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʬʫʥʢʮʠʦʥʘʣʴʥʦʝ ʩʦʩʪʦʷʥʠʝ ʠʩʧʳʪʫʝʤʦʛʦ-ʜʦʙʨʦʚʦʣʴʮʘ ɺ ʩʫʱʝʩʪʚʝʥʥʦ ʫʣʫʯʰʠʣʦʩʴ: 

ʧʨʝʢʨʘʪʠʣʠʩʴ ʧʨʠʩʪʫʧʳ ʙʨʦʥʭʠʘʣʴʥʦʡ ʘʩʪʤʳ, ʨʝʞʝ ʩʪʘʣʠ ʵʧʠʟʦʜʳ ʧʦʜʲʸʤʘ ʘʨʪʝʨʠʘʣʴʥʦʛʦ ʜʘʚʣʝʥʠʷ ʠ ʥʠʞʝ 

ʟʥʘʯʝʥʠʷ ʉɸɼ/ɼɸɼ, ʨʝʞʝ ʧʨʠʩʪʫʧʳ ʠʰʝʤʠʠ ʤʠʦʢʘʨʜʘ ʠ ʤʝʥʴʰʝ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʦʱʫʱʝʥʠʡ. ʀʩʧʳʪʫʝʤʳʡ-

ʜʦʙʨʦʚʦʣʝʮ ɺ ʩʘʤʦʩʪʦʷʪʝʣʴʥʦ ʧʦʣʥʦʩʪʴʶ ʦʪʢʘʟʘʣʩʷ ʦʪ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʠʥʛʘʣʷʪʦʨʦʚ ʩ ʛʦʨʤʦʥʘʣʴʥʳʤ 

ʧʨʝʧʘʨʘʪʦʤ, ʢʦʪʦʨʳʤʠ ʧʦʣʴʟʦʚʘʣʩʷ ʙʦʣʝʝ 10 ʣʝʪ, ʩʥʠʟʠʣ ʜʦʟʳ ʛʠʧʦʪʝʥʟʠʚʥʳʭ ʧʨʝʧʘʨʘʪʦʚ. 

ʅʘ ʮʠʢʣʦʛʨʘʤʤʝ ʨʠʩ. 4 ʧʦʢʘʟʘʪʝʣʠ ʢʦʞʥʦʡ ʧʨʦʚʦʜʠʤʦʩʪʠ ʚ ʊɸ ʚʩʝʭ ʤʝʨʠʜʠʘʥʦʚ ʥʘʭʦʜʷʪʩʷ ʚ "ʟʝʣʸʥʦʡ 

ʟʦʥʝ", ʯʪʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʬʫʥʢʮʠʦʥʘʣʴʥʦʤʫ ʩʦʩʪʦʷʥʠʶ, ʜʦʩʪʠʛʥʫʪʦʤʫ ʠʩʧʳʪʫʝʤʳʤ-ʜʦʙʨʦʚʦʣʴʮʝʤ ɺ ʢ 

ʦʢʦʥʯʘʥʠʶ ʢʫʨʩʘ ʥʝʠʥʚʘʟʠʚʥʦʡ ʢʦʨʨʝʢʮʠʠ. 

   
ʈʠʩʫʥʦʢ 3. ʎʠʢʣʦʛʨʘʤʤʘ ʥʦʨʤʠʨʦʚʘʥʥʳʭ 

ʨʝʟʫʣʴʪʘʪʦʚ ʠʟʤʝʨʝʥʠʡ ʥʘ ɸʇʂ "ʅʝʡʨʦʧʦʨʪ-ʈʊ" 

ʠʩʧʳʪʘʪʝʣʷ-ʜʦʙʨʦʚʦʣʴʮʘ ɺ, ʠʩʭʦʜʥʦʝ ʩʦʩʪʦʷʥʠʝ. 

ʈʠʩʫʥʦʢ 4. ʎʠʢʣʦʛʨʘʤʤʘ ʥʦʨʤʠʨʦʚʘʥʥʳʭ 

ʨʝʟʫʣʴʪʘʪʦʚ ʠʟʤʝʨʝʥʠʡ ʥʘ ɸʇʂ "ʅʝʡʨʦʧʦʨʪ-ʈʊ" 

ʠʩʧʳʪʘʪʝʣʷ-ʜʦʙʨʦʚʦʣʴʮʘ ɺ, ʧʦʩʣʝ 22 ʩʝʘʥʩʦʚ 

ʥʝʠʥʚʘʟʠʚʥʦʡ ʢʦʨʨʝʢʮʠʠ ʧʦ ʧʨʘʚʠʣʘʤ ʊʂʄ 

(ʵʣʝʢʪʨʦ/ʣʘʟʝʨʦʧʫʥʢʪʫʨʳ). 

 

ɺʳʚʦʜʳ. 

1. ʉʦʚʨʝʤʝʥʥʳʝ ʤʝʪʦʜʠʯʝʩʢʠʝ ʧʦʜʭʦʜʳ ʟʘʧʘʜʥʦʡ ʤʝʜʠʮʠʥʳ ʧʦʟʚʦʣʷʶʪ ʦʙʲʝʢʪʠʚʠʟʠʨʦʚʘʪʴ ʨʷʜ 
ʧʨʝʜʩʪʘʚʣʝʥʠʡ ʚʦʩʪʦʯʥʦʡ ʤʝʜʠʮʠʥʳ.  

2. ɺʦʩʪʦʯʥʦʡ ʤʝʜʠʮʠʥʦʡ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʟʘʧʘʜʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʨʘʟʨʘʙʦʪʘʥ ʭʦʨʦʰʦ 

ʘʣʛʦʨʠʪʤʠʟʠʨʫʝʤʳʡ ʧʨʠʥʮʠʧ çʜʠʘʛʥʦʩʪʠʢʠè ʩʦʩʪʦʷʥʠʷ ʦʨʛʘʥʠʟʤʘ (ʚ ʧʦʥʷʪʠʷʭ ʚʦʩʪʦʯʥʦʡ ʤʝʜʠʮʠʥʳ) ʥʘ 

ʦʩʥʦʚʝ ʦʙʲʝʢʪʠʚʥʳʭ ʠʟʤʝʨʝʥʠʡ. 

3. ɺʦʩʪʦʯʥʦʡ ʤʝʜʠʮʠʥʦʡ ʨʘʟʨʘʙʦʪʘʥ ʨʷʜ ʘʣʛʦʨʠʪʤʦʚ ʥʝʤʝʜʠʢʘʤʝʥʪʦʟʥʦʡ ʢʦʨʨʝʢʮʠʠ ʩʦʩʪʦʷʥʠʷ 
ʦʨʛʘʥʠʟʤʘ ʯʝʣʦʚʝʢʘ ʢʘʢ ʮʝʣʦʩʪʥʦʡ ʩʘʤʦʨʝʛʫʣʠʨʫʶʱʝʡʩʷ ʩʠʩʪʝʤʳ. 

4. ʅʘ ʦʩʥʦʚʝ ɺʦʩʪʦʯʥʦʡ ʤʝʜʠʮʠʥʳ ʤʦʞʥʦ ʨʘʟʨʘʙʦʪʘʪʴ ʥʝʠʥʚʘʟʠʚʥʫʶ ʩʠʩʪʝʤʫ ʫʧʨʘʚʣʝʥʠʷ 

ʩʦʩʪʦʷʥʠʝʤ ʦʨʛʘʥʠʟʤʘ, ʚʢʣʶʯʘʶʱʫʶ ʤʥʦʛʦʢʨʘʪʥʦ ʧʦʚʪʦʨʷʶʱʠʡʩʷ ʮʠʢʣ çʜʠʘʛʥʦʩʪʠʢʘ - ʘʥʘʣʠʟ ʜʘʥʥʳʭ - 

ʢʦʨʨʝʢʪʠʨʫʶʱʝʝ ʚʦʟʜʝʡʩʪʚʠʝè. 

5. ʇʨʠ ʨʷʜʝ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʨʘʩʩʪʨʦʡʩʪʚ (ʚ ʪ.ʯ. ʧʦʜʪʚʝʨʞʜʸʥʥʳʭ ʟʘʧʘʜʥʦʡ ʜʠʘʛʥʦʩʪʠʢʦʡ), 

ʢʦʨʨʝʢʮʠʷ ʥʘ ʦʩʥʦʚʝ ʧʨʠʥʮʠʧʦʚ ʚʦʩʪʦʯʥʦʡ ʤʝʜʠʮʠʥʳ ʧʨʠʚʦʜʠʪ ʢ ʫʩʪʦʡʯʠʚʦʡ ʨʝʤʠʩʩʠʠ ʠʣʠ ʠʟʣʝʯʝʥʠʶ, ʯʪʦ 

ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ ʜʨʫʛʠʤʠ ʤʝʪʦʜʘʤʠ. 
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The article is devoted to the possibilities of applying oriental medicine methods at the current level of science 

and technology development. The paper provides a brief historical overview of the study and application of 

traditional Chinese medicine (TCM) in Russia. A number of approaches of Western medicine are considered, which 

make it possible to objectify some concepts of TCM. The Ryodoraku technique, developed by Japanese doctor 

Yoshio Nakatani, is briefly described. The authors briefly describe their own development of the hardware and 

software complex and the research conducted on it using physical models and volunteer testers. An example of an 

examination of a volunteer tester with verified diagnoses and successful non-invasive correction of his functional 

state based on the "Riodoraku" technique and the rules of TCM is given. The conclusion is made about the 

possibility of creating diagnostic and treatment complexes based on a combination of the principles of TCM and 

cybernetics. 
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ʄɽʊʆɼʓ ʀ ʉʈɽɼʉʊɺɸ ɼʀɸɻʅʆʉʊʀʂʀ ʀ ʃɽʏɽʅʀʗ ɿɸɹʆʃɽɺɸʅʀʁ 

 

 
ʄɽʊʆɼ ʇʆʉʊʈʆɽʅʀʗ ɼɽʈɽɺʆ ʇʈʀʅʗʊʀʗ ʈɽʐɽʅʀʁ ɼʃʗ ɼʀɸɻʅʆʉʊʀʂʀ ʕʇʀʃɽʇʉʀʀ ʋ 

ɼɽʊɽʁ 

ʊʘʣʘʪ ʄ. ʄ., 

 

ʄʘʛʨʫʧʦʚ ʊ. ʄ., ʜ.ʪ.ʥ., ʧʨʦʬʝʩʩʦʨ ʢʘʬʝʜʨʳ çɹʠʦʤʝʜʠʮʠʥʩʢʘʷ ʠʥʞʝʥʝʨʠʷè, ʊʘʰʢʝʥʪcʢʠʡ 

ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤʝʥʠ ʀʩʣʘʤʘ ʂʘʨʠʤʦʚʘ, 

E-mail: talatmt@rambler.ru 

ʅʦʤʝʨ ʪʝʣʝʬʦʥʘ. (99893) 535-17-30 

ʂʫʯʢʘʨʦʚʘ ʅ. ɸ., ʩʪʘʞʝʨ-ʠʩʩʣʝʜʦʚʘʪʝʣʴ ʢʘʬʝʜʨʳ çɹʠʦʪʝʭʥʦʣʦʛʠʷè, ʊʘʰʢʝʥʪcʢʠʡ 

ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤʝʥʠ ʀʩʣʘʤʘ ʂʘʨʠʤʦʚʘ, ʘʩʩʠʩʪʝʥʪ ʢʘʬʝʜʨʳ 

çɹʠʦʤʝʜʠʮʠʥʩʢʘʷ ʠʥʞʝʥʝʨʠʷ, ʙʠʦʬʠʟʠʢʘ ʠ ʠʥʬʦʨʤʘʪʠʢʘè 

E-mail: nozimaxonkuchkarova@yandex.ru 

ʅʦʤʝʨ ʪʝʣʝʬʦʥʘ. (99897) 035-55-35 

 

ɸʥʥʦʪʘʮʠʷ. 
ʇʨʝʜʣʦʞʝʥʳ ʤʝʪʦʜ ʠ ʘʣʛʦʨʠʪʤ ʧʦʩʪʨʦʝʥʠʷ ʜʝʨʝʚʦ ʧʨʠʥʷʪʠʷ ʨʝʰʝʥʠʡ ʜʣʷ ʜʠʘʛʥʦʩʪʠʢʠ ʵʧʠʣʝʧʩʠʠ ʫ 

ʜʝʪʝʡ.  ʇʨʦʠʟʚʝʜʝʥ ʘʥʘʣʠʟ ʠ ʦʙʨʘʙʦʪʢʘ ʤʝʜʠʮʠʥʩʢʠʭ ʜʘʥʥʳʭ ʩʦʩʪʦʷʱʠʝ ʠʟ ʧʦʢʘʟʘʪʝʣʝʡ ʵʣʝʢʪʨʦʵʥʮʝʬʘʣʦʛʨʘʤʤʳ, 

ʨʠʪʤʦʚ ʠ ʧʨʦʚʦʮʠʨʫʶʱʠʭ ʧʨʦʙ ʢʦʪʦʨʳʝ ʜʘʶʪ ʚʦʟʤʦʞʥʦʩʪʴ ʦʧʨʝʜʝʣʝʥʠʷ ʪʠʧʘ ʵʧʠʣʝʧʩʠʠ ʫ ʜʝʪʝʡ. ʇʨʝʜʣʦʞʝʥʥʦʝ 

ʘʣʛʦʨʠʪʤʠʯʝʩʢʦʝ ʠ ʧʨʦʛʨʘʤʤʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ ʧʦʟʚʦʣʷʝʪ ʦʧʨʝʜʝʣʠʪʴ ʪʠʧ ʟʘʙʦʣʝʚʘʥʠʷ ʜʝʪʝʡ ʵʧʠʣʝʧʩʠʝʡ ʩ 

ʜʦʩʪʦʚʝʨʥʦʩʪʴʶ ʠ ʵʬʬʝʢʪʠʚʥʦʩʪʴʶ 95%. 

ɺʚʝʜʝʥʠʝ.  

ʈʘʟʚʠʪʠʝ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʩ ʦʜʥʦʡ ʩʪʦʨʦʥʳ ʠ ʧʦʷʚʣʝʥʠʝ ʥʦʚʝʡʰʠʭ ʜʠʘʛʥʦʩʪʠʯʝʩʢʠʭ ʠ 

ʣʝʯʝʙʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʩ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ ʪʨʝʙʫʶʪ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʤʝʪʦʜʦʚ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʠʥʪʝʣʣʝʢʪʘ ʜʣʷ 

ʦʙʨʘʙʦʪʢʠ ʠ ʘʥʘʣʠʟʘ ʜʘʥʥʳʭ ʤʝʜʠʮʠʥʩʢʦʡ ʜʠʘʛʥʦʩʪʠʢʠ [1-4]. ʇʨʦʚʝʜʝʥʥʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ 

ʧʨʦʬʠʣʘʢʪʠʢʝ, ʜʠʘʛʥʦʩʪʠʢʝ ʟʘʙʦʣʝʚʘʥʠʡ ʠ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʶ ʦʨʛʘʥʠʟʘʮʠʠ ʥʝʚʨʦʣʦʛʠʯʝʩʢʦʡ ʧʦʤʦʱʠ ʜʝʪʷʤ ʠ 

ʧʦʜʨʦʩʪʢʘʤ, 

ʩʪʨʘʜʘʶʱʠʭ ʵʧʠʣʝʧʩʠʝʡ ʥʝ ʫʜʝʣʝʥʦ ʜʦʩʪʘʪʦʯʥʦʝ ʚʥʠʤʘʥʠʝ, ʭʦʪʷ ʧʨʝʜʩʪʘʚʣʷʝʪ ʙʦʣʴʰʦʡ ʠʥʪʝʨʝʩ ʜʣʷ 

ʤʝʜʠʮʠʥʩʢʦʛʦ ʩʦʦʙʱʝʩʪʚʘ [5-8]. 

ʕʧʠʣʝʧʩʠʷ ʩʯʠʪʘʝʪʩʷ ʦʜʥʠʤ ʠʟ ʩʘʤʳʭ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʭ ʭʨʦʥʠʯʝʩʢʠʭ ʟʘʙʦʣʝʚʘʥʠʡ ʥʝʚʨʦʣʦʛʠʠ ʠ 

ʧʩʠʭʠʘʪʨʠʠ. ʇʦ ʜʘʥʥʳʤ ʦʜʥʠʭ ʥʘʫʯʥʳʭ ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ, ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʦʩʪʴ ʚ ʨʘʟʚʠʪʳʭ ʩʪʨʘʥʘʭ ʩʦʩʪʘʚʣʷʝʪ 5,8% 

ʙʦʣʴʥʳʭ ʥʘ 1000 ʞʠʪʝʣʝʡ, ʚ ʨʘʟʚʠʚʘʶʱʠʭʩʷ ʩʪʨʘʥʘʭ ʵʪʦʪ ʧʦʢʘʟʘʪʝʣʴ ʩʦʩʪʘʚʣʷʝʪ -10,3 %ʙʦʣʴʥʳʭ ʥʘ 1000 ʞʠʪʝʣʝʡ, 

ʘ ʚ ʩʝʣʴʩʢʠʭ -15,4% ʙʦʣʴʥʳʭ [5].  ɺ ʤʠʨʝ ʥʘʩʯʠʪʳʚʘʝʪʩʷ ʙʦʣʝʝ 50 ʤʠʣʣʠʦʥʦʚ ʯʝʣʦʚʝʢ ʩ ʵʧʠʣʝʧʩʠʝʡ [6]. ʇʦ 

ʜʘʥʥʳʤ ɺʆɿ, ʵʧʠʣʝʧʩʠʷ, ʥʝʩʤʦʪʨʷ ʥʘ ʜʘʚʥʦʩʪʴ ʦʧʠʩʘʥʠʷ ʟʘʙʦʣʝʚʘʥʠʷ ʠ ʛʣʫʙʦʢʫʶ ʠʟʫʯʝʥʥʦʩʪʴ, ʥʘ ʩʝʛʦʜʥʷʰʥʠʡ 

ʜʝʥʴ ʷʚʣʷʝʪʩʷ - ʚʪʦʨʦʝ ʧʦ ʠʥʚʘʣʠʜʥʦʩʪʠ ʥʝʚʨʦʣʦʛʠʯʝʩʢʦʝ ʟʘʙʦʣʝʚʘʥʠʝ [7]. 

ʉʣʝʜʫʝʪ ʧʦʜʯʝʨʢʥʫʪʴ, ʯʪʦ ʥʘʠʙʦʣʴʰʘʷ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʦʩʪʴ ʵʧʠʣʝʧʩʠʠ ʦʪʤʝʯʘʝʪʩʷ ʫ ʜʝʪʝʡ. ʏʘʩʪʦʪʘ 

ʵʧʠʣʝʧʩʠʠ ʚ ʜʝʪʩʢʦʤ ʚʦʟʨʘʩʪʝ ʩʦʩʪʘʚʣʷʝʪ ʧʦ ʟʘʨʫʙʝʞʥʳʤ ʜʘʥʥʳʤ 0,5%-0,75% ʜʝʪʩʢʦʛʦ ʥʘʩʝʣʝʥʠʷ, ʘ ʬʝʙʨʠʣʴʥʳʭ 

ʩʫʜʦʨʦʛ ʜʦ 5%. ʇʨʠʤʝʨʥʦ 1/3 ʜʝʪʩʢʦʡ ʧʦʧʫʣʷʮʠʠ ʩʪʨʘʜʘʶʪ ʪʦʡ ʠʣʠ ʠʥʦʡ ʬʦʨʤʦʡ ʵʧʠʣʝʧʩʠʠ ʚ ʚʦʟʨʘʩʪʝ 5-14 ʣʝʪ, ʠ 

ʫ ʙʦʣʴʰʠʥʩʪʚʘ ʚʟʨʦʩʣʳʭ ʧʘʮʠʝʥʪʦʚ ʥʘʯʘʣʴʥʳʡ ʧʨʠʩʪʫʧ ʟʘʙʦʣʝʚʘʥʠʷ ʧʨʠʭʦʜʠʪʩʷ ʥʘ ʜʝʪʩʢʠʡ ʚʦʟʨʘʩʪ. 

ʆʜʥʦʡ ʠʟ ʚʘʞʥʝʡʰʠʭ ʟʘʜʘʯ ʚ ʤʝʜʠʮʠʥʝ ʩʦʚʨʝʤʝʥʥʦʡ ʵʧʠʣʝʧʪʦʣʦʛʠʠ ʦʩʪʘʝʪʩʷ ʧʦʠʩʢ ʧʨʠʯʠʥ 

ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʠ ʨʘʟʚʠʪʠʷ ʵʧʠʣʝʧʪʠʬʦʨʤʥʦʡ ʘʢʪʠʚʥʦʩʪʠ. ʄʝʞʜʫʥʘʨʦʜʥʦʡ ʧʨʦʪʠʚʦʵʧʠʣʝʧʪʠʯʝʩʢʦʡ ʣʠʛʦʡ (ILAE) 

ʢ ʧʝʨʝʩʤʦʪʨʫ ʙʳʣʘ ʧʨʝʜʣʦʞʝʥʘ 6 ʢʘʪʝʛʦʨʠʡ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʵʧʠʣʝʧʩʠʠ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʵʪʠʦʣʦʛʠʝʡ, ʩʦʛʣʘʩʥʦ 

ʢʦʪʦʨʦʡ ʚʳʜʝʣʷʶʪ ʛʝʥʝʪʠʯʝʩʢʠʝ ʬʦʨʤʳ ʵʧʠʣʝʧʩʠʠ, ʩʪʨʫʢʪʫʨʥʳʝ, ʤʝʪʘʙʦʣʠʯʝʩʢʠʝ, ʠʤʤʫʥʥʳʝ, ʠʥʬʝʢʮʠʦʥʥʳʝ ʠ 

ʵʧʠʣʝʧʩʠʠ ʩ ʥʝʠʟʚʝʩʪʥʦʡ ʵʪʠʦʣʦʛʠʝʡ [8]. 
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ʉɽʂʎʀʗ 1 - ʄʝʪʦʜʳ ʠ ʩʨʝʜʩʪʚʘ ʜʠʘʛʥʦʩʪʠʢʠ ʠ ʣʝʯʝʥʠʷ ʟʘʙʦʣʝʚʘʥʠʡ                  42 

 

 

XVI ʄʝʞʜʫʥʘʨʦʜʥʘʷ ʅʘʫʯʥʘʷ ʂʦʥʬʝʨʝʥʮʠʷ "ʌʠʟʠʢʘ ʠ ʈʘʜʠʦʵʣʝʢʪʨʦʥʠʢʘ ʚ ʄʝʜʠʮʠʥʝ ʠ 

ʕʢʦʣʦʛʠʠ" 

 

ʅʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ, ʦʜʥʠʤ ʠʟ ʩʘʤʳʭ ʧʨʦʩʪʳʭ ʠ ʰʠʨʦʢʦ ʧʨʠʤʝʥʷʝʤʳʭ ʤʝʪʦʜʦʚ ʦʙʩʣʝʜʦʚʘʥʠʡ ʜʣʷ 

ʜʠʘʛʥʦʩʪʠʢʠ ʵʧʠʣʝʧʩʠʠ ʷʚʣʷʝʪʩʷ ʵʣʝʢʪʨʦʵʥʮʝʬʘʣʦʛʨʘʬʠʷ (ʕʕɻ). ʕʣʝʢʪʨʦʵʥʮʝʬʘʣʦʛʨʘʬʠʷ ʜʘʝʪ ʚʘʞʥʫʶ 

ʠʥʬʦʨʤʘʮʠʶ ʦ ʩʦʩʪʦʷʥʠʠ ʙʠʦʵʣʝʢʪʨʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʠ ʛʦʣʦʚʥʦʛʦ ʤʦʟʛʘ ʠ ʬʦʨʤʝ ʵʧʠʣʝʧʪʠʯʝʩʢʦʛʦ ʧʨʠʩʪʫʧʘ, ʦʥʘ 

ʷʚʣʷʝʪʩʷ ʦʙʷʟʘʪʝʣʴʥʳʤ ʤʝʪʦʜʦʤ ʠʩʩʣʝʜʦʚʘʥʠʷ ʜʣʷ ʜʠʘʛʥʦʩʪʠʢʠ, ʘ ʪʘʢʞʝ ʧʦʟʚʦʣʷʝʪ ʘʥʘʣʠʟʠʨʦʚʘʪʴ ʜʠʥʘʤʠʢʫ 

ʟʘʙʦʣʝʚʘʥʠʷ, ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʪʝʨʘʧʠʠ, ʘ ʧʨʠ ʜʦʩʪʠʞʝʥʠʠ ʢʣʠʥʠʯʝʩʢʦʡ ʨʝʤʠʩʩʠʠ ʦʧʨʝʜʝʣʷʝʪ ʤʦʤʝʥʪ ʠ ʪʝʤʧʳ 

ʦʪʤʝʥʳ ʧʨʦʪʠʚʦʵʧʠʣʝʧʪʠʯʝʩʢʦʡ ʪʝʨʘʧʠʠ.  ʕʣʝʢʪʨʦʵʥʮʝʬʘʣʦʛʨʘʬʠʷ ʧʦʢʘʟʘʣʘ ʩʝʙʷ ʢʘʢ ʚʳʩʦʢʦʠʥʬʦʨʤʘʪʠʚʥʳʡ, 

ʥʝʠʥʚʘʟʠʚʥʳʡ ʠ ʜʦʩʪʫʧʥʳʡ ʤʝʪʦʜ ʜʠʘʛʥʦʩʪʠʢʠ [9-10].  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ ʘʥʘʣʠʟ ʠ ʦʙʨʘʙʦʪʢʘ ʕʕɻ ʧʘʮʠʝʥʪʦʚ ʠʟ ʛʨʫʧʧʳ ʨʠʩʢʘ ʧʦ ʵʧʠʣʝʧʪʠʯʝʩʢʠʤ ʠ ʦʩʪʨʳʤ 

ʩʠʤʧʪʦʤʘʪʠʯʝʩʢʠʤ ʧʨʠʧʘʜʢʘʤ ʠʤʝʝʪ ʨʝʰʘʶʱʝʝ ʟʥʘʯʝʥʠʝ ʜʣʷ ʧʨʠʥʷʪʠʷ ʚʘʞʥʳʭ ʪʝʨʘʧʝʚʪʠʯʝʩʢʠʭ ʨʝʰʝʥʠʡ. ɺ 

ʨʘʙʦʪʘʭ [11-13] ʧʨʠʚʝʜʝʥʳ ʧʝʨʚʠʯʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʧʦʣʫʯʝʥʥʳʝ ʥʘ ʦʩʥʦʚʝ ʧʨʦʚʝʜʝʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʦ 

ʜʠʘʛʥʦʩʪʠʢʝ ʵʧʠʣʝʧʩʠʠ ʫ ʜʝʪʝʡ. 

ʎʝʣʠ ʠ ʟʘʜʘʯʠ ʠʩʩʣʝʜʦʚʘʥʠʷ 

          ʎʝʣʴ ʨʘʙʦʪʳ - ʨʘʟʨʘʙʦʪʢʘ ʤʝʪʦʜʘ, ʘʣʛʦʨʠʪʤʘ ʠ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ ʧʦʩʪʨʦʝʥʠʷ ʜʝʨʝʚʘ 

ʧʨʠʥʷʪʠʷ ʨʝʰʝʥʠʡ ʜʣʷ ʜʠʘʛʥʦʩʪʠʢʠ ʵʧʠʣʝʧʩʠʠ ʫ ʜʝʪʝʡ ʠ ʧʦʜʨʦʩʪʢʦʚ.  

ɼʣʷ ʜʦʩʪʠʞʝʥʠʷ ʮʝʣʠ ʘʚʪʦʨʦʤ ʙʳʣʠ ʨʝʰʝʥʳ ʩʣʝʜʫʶʱʠʝ ʟʘʜʘʯʠ: 

1) ʨʘʟʨʘʙʦʪʢʘ ʤʝʪʦʜʘ ʧʦʩʪʨʦʝʥʠʷ ʜʝʨʝʚʦ ʧʨʠʥʷʪʠʷ ʨʝʰʝʥʠʡ (ɼʇʈ) ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʵʧʠʣʝʧʩʠʠ ʫ ʜʝʪʝʡ; 

2) ʦʧʨʝʜʝʣʝʥʠʷ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʨʝʰʝʥʠʷ ʟʘʜʘʯ ʯʝʪʳʨʝʭ ʫʨʦʚʥʝʡ ʜʝʨʝʚʘ ʧʨʠʥʷʪʠʷ ʨʝʰʝʥʠʡ: 

      3) ʘʣʛʦʨʠʪʤʠʯʝʩʢʘʷ ʠ ʧʨʦʛʨʘʤʤʥʘʷ ʨʝʘʣʠʟʘʮʠʷ ʦʧʨʝʜʝʣʝʥʠʷ ʪʠʧʘ ʵʧʠʣʝʧʩʠʠ ʫ ʜʝʪʝʡ. 

ʨʘʟʨʘʙʦʪʢʘ ʘʣʛʦʨʠʪʤʘ 

- ʙʘʟʘ ʜʘʥʥʳʭ ʦ ʧʘʮʠʝʥʪʘʭ ʩʦ ʚʩʝʤʠ ʧʨʠʟʥʘʢʘʤʠ ʠ ʧʘʨʘʤʝʪʨʘʤʠ, ʥʝʦʙʭʦʜʠʤʳʭ ʜʣʷ Dataset;  

- ʘʣʛʦʨʠʪʤʘ, ʧʦʟʚʦʣʷʶʱʠʡ ʜʠʘʛʥʦʩʪʠʨʦʚʘʪʴ ʦʙʱʝʝ ʩʦʩʪʦʷʥʠʝ ʧʘʮʠʝʥʪʘ ʧʨʠ ʝʛʦ ʧʦʩʪʫʧʣʝʥʠʠ ʚ ʢʣʠʥʠʢʫ;  

- ʤʝʪʦʜʘ ʧʦʩʪʨʦʝʥʠʷ ʜʝʨʝʚʦ ʧʨʠʥʷʪʠʷ ʨʝʰʝʥʠʡ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʵʧʠʣʝʧʩʠʠ ʫ ʜʝʪʝʡ;  

- ʘʣʛʦʨʠʪʤʘ ʧʦʟʚʦʣʷʶʱʝʡ ʦʧʨʝʜʝʣʠʪʴ ʪʠʧ ʵʧʠʣʝʧʩʠʠ;  

- ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ ʨʝʘʣʠʟʘʮʠʠ ʘʣʛʦʨʠʪʤʦʚ;  

- ʦʮʝʥʢʠ ʠ ʧʨʦʚʝʨʢʠ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʨʘʟʨʘʙʦʪʘʥʥʦʡ ʕʉ. 

 

ʄʘʪʝʨʠʘʣʳ ʠ ʤʝʪʦʜʳ ʠʩʩʣʝʜʦʚʘʥʠʡ 

ʈʘʟʨʘʙʦʪʢʘ ʙʘʟʳ ʜʘʥʥʳʭ ʕʕɻ ʫ ʜʝʪʝʡ ʟʘʙʦʣʝʚʰʠʭ ʵʧʠʣʝʧʩʠʝʡ ʧʨʦʚʦʜʠʣʠʩʴ ʩ ʧʦʤʦʱʴʶ 

ʥʝʡʨʦʬʠʟʠʦʣʦʛʘ ʚ ʩʝʤʝʡʥʦʤ ʧʦʣʠʢʣʠʥʠʢʝ ˉ45 ʛ. ʊʘʰʢʝʥʪʘ ʚ ʋʟʙʝʢʠʩʪʘʥʝ. 
 ɼʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚʳʙʨʘʥʳ 4 ʬʦʨʤʳ ʟʘʙʦʣʝʚʘʥʠʡ ʵʧʠʣʝʧʩʠʠ:  ʬʝʙʨʠʣʴʥʳʝ ʩʫʜʦʨʦʛʠ ʫ ʜʝʪʝʡ, 

ʜʦʙʨʦʢʘʯʝʩʪʚʝʥʥʘʷ ʨʦʣʘʥʜʠʯʝʩʢʘʷ ʵʧʠʣʝʧʩʠʷ, ʶʥʦʰʝʩʢʘʷ ʤʠʦʢʣʦʥʠʯʝʩʢʘʷ ʵʧʠʣʝʧʩʠʷ, ʩʠʥʜʨʦʤ 

ʃʝʥʥʦʢʩʘ-ɻʘʩʪʦ. 

ɸʥʘʣʠʟ ʠ ʦʙʨʘʙʦʪʢʘ ʵʣʝʢʪʨʦʵʥʮʝʬʘʣʦʛʨʘʤʤʳ ʧʨʦʚʝʜʝʥʳ ʫ 370 ʙʦʣʴʥʳʭ ʩʪʨʘʜʘʶʱʠʭ ʦʪ ʨʘʟʥʳʭ ʚʠʜʦʚ 

ʧʨʠʩʪʫʧʦʚ, ʥʘʭʦʜʷʱʠʭʩʷ ʧʦʜ ʥʘʰʠʤ ʥʘʙʣʶʜʝʥʠʝʤ.  ʆʥʠ ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʳ ʥʘ 21 ïʢʘʥʘʣʴʥʦʤ ʢʦʤʧʴʶʪʝʨʥʦʤ 

ʵʣʝʢʪʨʦʵʥʮʝʬʘʣʦʛʨʘʬʝ ʅɽʁʈʆʅ-ʉʇɽʂʊʈ-4 ʚ ʩʝʤʝʡʥʦʡ ʧʦʣʠʢʣʠʥʠʢʝ ˉ45 ʚ ʵʢʨʘʥʠʨʦʚʘʥʥʦʡ ʢʦʤʥʘʪʝ. 

ʇʨʠʤʝʥʝʥʳ ʬʫʥʢʮʠʦʥʘʣʴʥʳʝ ʧʨʦʙʳ ʥʘ ʛʠʧʝʨʚʝʥʪʠʣʷʮʠʶ ʠ ʨʠʪʤʠʯʝʩʢʠʝ ʬʦʪʦʩʪʠʤʫʣʷʮʠʶ ʨʘʟʣʠʯʥʦʡ ʯʘʩʪʦʪʳ ʩ 

ʮʝʣʴʶ ʩʪʠʤʫʣʷʮʠʠ ʙʠʦʧʦʪʝʥʮʠʘʣʦʚ.   

 

ʄʝʪʦʜ ʧʦʩʪʨʦʝʥʠʷ ʜʝʨʝʚʘ ʧʨʠʥʷʪʠʷ ʨʝʰʝʥʠʡ.  

ɼʣʷ ʨʝʰʝʥʠʷ ʵʪʠʭ ʚʦʧʨʦʩʦʚ ʧʨʝʜʣʘʛʘʝʪʩʷ ʤʝʪʦʜ ʧʦʩʪʨʦʝʥʠʷ ʜʝʨʝʚʦ ʧʨʠʥʷʪʠʷ ʨʝʰʝʥʠʡ ʦʧʨʝʜʝʣʝʥʠʷ 

ʵʧʠʣʝʧʩʠʠ ʫ ʜʝʪʝʡ. ɸʨʭʠʪʝʢʪʫʨʘ ʜʝʨʝʚʘ ʧʨʠʥʷʪʠʷ ʨʝʰʝʥʠʡ ʦʧʨʝʜʝʣʷʝʪʩʷ ʜʝʩʢʨʠʧʪʦʨʦʤ D. ʂʘʞʜʳʡ ʘʪʨʠʙʫʪ 

ʜʝʩʢʨʠʧʪʦʨʘ ʦʧʨʝʜʝʣʷʝʪ ʦʧʨʝʜʝʣʝʥʥʳʡ ʫʨʦʚʝʥʴ ʜʝʨʝʚʘ ʧʨʠʥʷʪʠʷ ʨʝʰʝʥʠʡ. ɸʪʨʠʙʫʪʳ ʜʝʩʢʨʠʧʪʦʨʘ ʙʫʜʝʤ 

ʦʙʦʟʥʘʯʘʪʴ ʩ ʤʥʦʞʝʩʪʚʦʤ ʧʦʢʘʟʘʪʝʣʝʡ ὢ, ʨʠʪʤʦʚ ʵʣʝʢʪʨʦʵʥʮʝʬʘʣʦʛʨʘʤʤʳ R ʠ ʧʨʦʚʦʮʠʨʫʶʱʠʭ ʧʨʦʙ P 

ʧʘʮʠʝʥʪʦʚ. 

                                D = D (ʍ , R, P), Dn 
ËD,  

ʛʜʝ n =1õ4. 
ʂʘʞʜʦʤʫ ʜʝʩʢʨʠʧʪʦʨʫ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʦʧʨʝʜʝʣʸʥʥʳʡ ʪʠʧ ʟʘʙʦʣʝʚʘʥʠʡ: ʬʝʙʨʠʣʴʥʳʝ ʩʫʜʦʨʦʛʠ ʫ ʜʝʪʝʡ - D1, 

ʜʦʙʨʦʢʘʯʝʩʪʚʝʥʥʘʷ ʨʦʣʘʥʜʠʯʝʩʢʘʷ ʵʧʠʣʝʧʩʠʷ - D2, ʶʥʦʰʝʩʢʘʷ ʤʠʦʢʣʦʥʠʯʝʩʢʘʷ ʵʧʠʣʝʧʩʠʷ - D3, ʩʠʥʜʨʦʤ 

ʃʝʥʥʦʢʩʘ-ɻʘʩʪʦ - D4.  ʅʘʜʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʥʝʢʦʪʦʨʦʝ ʟʘʙʦʣʝʚʘʥʠʝ Dn ʦʧʨʝʜʝʣʷʝʪʩʷ ʥʝʢʦʪʦʨʳʤʠ ʧʦʜʤʥʦʞʝʩʪʚʘʤʠ 

ʧʦʢʘʟʘʪʝʣʝʡ ʍʨËὢ, ʛʜʝ ʨ=0õ5, ʨʠʪʤʦʚ ʵʣʝʢʪʨʦʵʥʮʝʬʘʣʦʛʨʘʤʤʳ Rs
ËR, ʛʜʝ s=0õ6 ʠ ʧʨʦʚʦʮʠʨʫʶʱʠʭ ʧʨʦʙ ʈd 

Ëὖȟ̄ ̅ ̆Ὠ π υȢ    ʇʨʠ ʵʪʦʤ ʜʣʷ ʢʘʞʜʦʛʦ ʟʘʙʦʣʝʚʘʥʠʷ ʧʦʣʫʯʠʤ, ʧʦ ʜʝʨʝʚʝ ʧʨʠʥʷʪʠʷ ʨʝʰʝʥʠʡ, ʨʝʟʫʣʴʪʘʪʠʚʥʳʡ 

ʜʝʩʢʨʠʧʪʦʨ ʚ ʚʠʜʝ  

                                    D = Dn (ʍp , Rs,  Pd),  
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ʛʜʝ ʢʘʞʜʦʝ ʟʘʙʦʣʝʚʘʥʠʝ ʦʧʨʝʜʝʣʷʝʪʩʷ ʦʧʨʝʜʝʣʝʥʥʳʤʠ ʧʦʢʘʟʘʪʝʣʷʤʠ ʍ, ʨʠʪʤʘʤʠ R ʠ ʧʨʦʚʦʮʠʨʫʶʱʠʤʠ ʧʨʦʙʘʤʠ 

ʈ. 

           Mʝʪʦʜ ʩʦʩʪʦʠʪ ʠʟ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʨʝʰʝʥʠʷ ʟʘʜʘʯ ʯʝʪʳʨʝʭ ʫʨʦʚʥʝʡ ʜʝʨʝʚʘ ʧʨʠʥʷʪʠʷ ʨʝʰʝʥʠʡ: 

1. ʆʧʨʝʜʝʣʝʥʠʝ ʤʥʦʞʝʩʪʚʦ ʜʘʥʥʳʭ ʵʧʠʣʝʧʮʠʠ ʦ ʧʘʮʠʝʥʪʘʭ, ʢʦʪʦʨʳʝ ʷʚʣʷʶʪʩʷ ʢʦʨʥʝʚʳʤ ʫʟʣʦʤ ʜʝʨʝʚʘ ʍ 

={ʍ0 ,ʍ1, ʍ2, ʍ3, ʍ4, ʍ5} . 

2. ʆʙʩʣʝʜʦʚʘʥʠʝ ʦʩʥʦʚʥʳʭ ʨʠʪʤʦʚ ʵʣʝʢʪʨʦʵʥʮʝʬʘʣʦʛʨʘʤʤr : RŬ -ɸʣʴʬʘ-ʨʠʪʤ, Rɓ  - ɹʝʪʘ-ʨʠʪʤ, Rɗ  -ʊʝʪʘ-

ʨʠʪʤ, Rŭ   - ɼʝʣʴʪʘ-ʨʠʪʤ, RὛ  -ɻʘʤʤʘ-ʨʠʪʤ, Rɛ   -  ʄ -ʁʨʠʪʤ. 

3. ʆʧʨʝʜʝʣʝʥʠʝ ʧʘʪʦʣʦʛʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʠ (ʩʧʘʡʢʠ, ʨʝʟʢʠʝ ʠʟʤʝʥʝʥʠʷ ʵʥʮʝʬʘʣʦʛʨʘʤʤʳ) ʠ ʥʘʟʥʘʯʝʥʠʝ 
ʪʦʯʥʦʛʦ ʜʠʘʛʥʦʟʘ ʩ ʧʦʤʦʱʴʶ ʧʨʦʚʦʮʠʨʫʶʱʠʭ ʧʨʦʙ. 

4. ʇʫʥʢʪ 2 ʠ ʧʫʥʢʪ 3 ʧʦʚʪʦʨʷʶʪʩʷ ʜʦ ʪʝʭ ʧʦʨ, ʧʦʢʘ ʥʝ ʙʫʜʝʪ ʜʦʩʪʠʛʥʫʪʦ ʨʝʰʝʥʠʝ ʦ ʪʠʧʝ ʙʦʣʝʟʥʝʡ. 

5. ʆʧʨʝʜʝʣʝʥʠʝ ʪʠʧʘ ʵʧʠʣʝʧʩʠʠ ʠ ʯʠʩʣʘ ʙʦʣʴʥʳʭ ʟʘʙʦʣʝʚʰʠʭ ʩ ʵʧʠʣʝʧʩʠʝʡ. 

ɼʣʷ ʧʦʩʪʨʦʝʥʠʷ ʜʝʨʝʚʘ ʧʨʠʥʷʪʠʷ ʨʝʰʝʥʠʡ ʚ ʧʝʨʚʦʤ ʫʨʦʚʥʝ ʦʨʛʘʥʠʟʫʝʤ ʝʛʦ ʢʦʨʥʝʚʦʡ ʫʟʝʣ ʩʦʩʪʦʷʱʠʝ ʠʟ 

ʰʝʩʪʠ ʪʠʧʦʚ ʧʦʢʘʟʘʪʝʣʝʡ: 

1. ʆʙʱʠʡ ʘʥʘʣʠʟ ʢʨʦʚʠ ʦʧʨʝʜʝʣʝʥʳ ʤʥʦʞʝʩʪʚʦʤ ʧʘʨʘʤʝʪʨʦʚ ʍ0 = { ʍ0,1, ʍ0,2, ʍ0,3,é.. ,ʍ0,13}, ʍ0,i ‭ ʍ0, ʛʜʝ i= 

1õ13: ʍ0,1 - ʩʘʪʫʨʘʮʠʷ (SPO2); ʍ0,2 ï ʛʝʤʦʛʣʦʙʠʥ; ʍ0,3 ï ʵʨʠʪʨʦʮʠʪ; ʍ0,4 - ʮʚʝʪʦʚʦӢʡ ʧʦʢʘʟʘʪʝʣʴ ʢʨʦӢʚʠ (ʧʘʨʘʤʝʪʨ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʢʨʦʚʠ, ʚʳʨʘʞʘʶʱʠʡ ʦʪʥʦʩʠʪʝʣʴʥʦʝ ʩʦʜʝʨʞʘʥʠʝ ʛʝʤʦʛʣʦʙʠʥʘ ʚ ʦʜʥʦʤ ʵʨʠʪʨʦʮʠʪʝ, ʚʳʨʘʞʝʥʥʦʝ ʚʦ 

ʚʥʝʩʠʩʪʝʤʥʳʭ ʝʜʠʥʠʮʘʭ);  ʍ0,5 ï ʣʝʡʢʦʮʠʪ;  ʍ0,6 ï ʙʠʣʠʨʫʙʠʥ; ʍ0,7 ï ʤʦʯʝʚʠʥʘ; ʍ0,8 ï ʢʨʝʘʪʠʥʠʥ; ʍ0,9 ï ʉʆʕ; ʍ0,10 ï 

ʪʨʦʤʙʦʮʠʪʳ;  ʍ0,11 ï ʛʝʤʘʪʦʢʨʠʪ; ʍ0,12 ï ʣʠʤʬʦʮʠʪʳ; ʍ0,13 ï ʤʦʥʦʮʠʪʳ. 

       2. ʇʨʠʦʙʨʝʪʝʥʥʳʝ ʧʦʢʘʟʘʪʝʣʠ ʚʥʝʰʥʝʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʦʧʨʝʜʝʣʝʥʳ ʤʥʦʞʝʩʪʚʦʤ ʧʘʨʘʤʝʪʨʦʚ ʍ1 = {ʍ1,1, 

ʍ1,2, ʍ1,3,é..,ʍ1,8}, ʍ1,j ‭ ʍ1, ʛʜʝ j = 1õ8: ʍ1,1 - ʛʦʣʦʚʥʘʷ ʙʦʣʴ; ʍ1,2 - ʨʦʜʦʚʘʷ ʪʨʘʚʤʘ; ʍ1,3 - ʚʨʦʞʜʝʥʥʳʝ ʘʥʦʤʘʣʠʠ 

ʤʦʟʛʘ; ʍ1,4 - ʭʨʦʤʦʩʦʤʥʳʝ ʩʠʥʜʨʦʤʳ; ʍ1,5 - ʥʘʩʣʝʜʩʪʚʝʥʥʳʝ ʥʝʡʨʦʛʝʥʥʳʝ ʩʠʥʜʨʦʤʳ; ʍ1,6 ï ʠʥʬʝʢʮʠʠ; ʍ1,7 - 

ʦʧʫʭʦʣʠ ʛʦʣʦʚʥʦʛʦ ʤʦʟʛʘ; ʍ1,8 ï ʛʠʧʦʢʩʠʷ; ʍ1,9 ï ʧʘʪʦʣʦʛʠʷ ʯʝʨʝʧʥʳʭ ʥʝʨʚʦʚ. 

   3. ʇʦʢʘʟʘʪʝʣʠ ʤʳʰʝʯʥʳʭ ʩʧʘʟʤ ʦʧʨʝʜʝʣʝʥʳ ʤʥʦʞʝʩʪʚʦʤ ʧʘʨʘʤʝʪʨʦʚ  

ʍ1 = {ʍ2,1, ʍ2,2, ʍ2,3,é..,ʍ2,7}, ʍ2,k ‭ ʍ2, ʛʜʝ k = 1õ7: ʍ2,1 - ʥʘʩʣʝʜʩʪʚʝʥʥʳʝ ʜʝʬʝʢʪʳ ʤʝʪʘʙʦʣʠʟʤʘ; ʍ2,2 - 

ʥʝʝʩʪʝʩʪʚʝʥʥʦʝ ʨʝʟʢʦʝ ʚʳʪʷʛʠʚʘʥʠʝ ʪʫʣʦʚʠʱʘ; ʍ2,3 - ʥʘʧʨʷʞʝʥʥʦʩʪʴ ʤʳʰʮ ʚʦ ʚʩʝʤ ʪʝʣʝ; ʍ2,4 - ʨʝʟʢʠʝ 

ʙʝʩʧʨʠʯʠʥʥʳʝ ʚʟʜʨʘʛʠʚʘʥʠʷ; ʍ2,5 - ʝʣʝ ʫʣʦʚʠʤʳʝ ʢʠʚʘʥʠʷ ʛʦʣʦʚʦʡ; ʍ2,6 - ʥʦʛʠ ʩʦʛʥʫʪʳ, ʧʦʜʪʷʥʫʪʳ ʢ ʞʠʚʦʪʫ; ʍ2,7 - 

ʧʘʪʦʣʦʛʠʠ ʩʦʩʫʜʦʚ. 

          4. ʇʦʢʘʟʘʪʝʣʠ ʧʘʪʦʣʦʛʠʠ ʤʦʟʛʘ ʠʣʠ ʧʝʨʠʥʘʪʘʣʴʥʳʭ ʧʦʨʘʞʝʥʠʡ ʮʝʥʪʨʘʣʴʥʦʡ ʥʝʨʚʥʦʡ ʩʠʩʪʝʤʳ 

ʦʧʨʝʜʝʣʝʥʳ ʤʥʦʞʝʩʪʚʦʤ ʧʘʨʘʤʝʪʨʦʚ ʍ3 ={ʍ3,1, ʍ3,2, ʍ3,3,é. , ʍ3,5}, ʍ3,m ‭ ʍ3, ʛʜʝ m =1õ 5 :   ʍ3,1 - ʧʦʚʝʜʝʥʯʝʩʢʠʡ 

ʜʝʬʠʮʠʪ ʚ ʨʝʯʝʚʦʡ ʠ ʣʠʮʝʚʦʡ ʩʬʝʨʝ; ʍ3,2 ï ɼʎʇ (ʜʝʪʩʢʠʡ ʮʝʨʝʙʨʘʣʴʥʳʡ ʧʘʨʘʣʠʯ); ʍ3,3 ï ʛʠʜʨʦʮʝʬʘʣʠʷ 

(ʧʘʪʦʣʦʛʠʷ, ʢʦʪʦʨʘʷ ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʥʘʢʦʧʣʝʥʠʝʤ ʩʧʠʥʥʦʤʦʟʛʦʚʦʡ ʞʠʜʢʦʩʪʠ ʚ ʞʝʣʫʜʦʯʢʘʭ, ʠʥʦʛʜʘ ʚ 

ʩʫʙʘʨʘʭʥʦʠʜʘʣʴʥʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ, ʯʪʦ ʤʦʞʝʪ ʧʨʦʚʦʮʠʨʦʚʘʪʴ ʫ ʨʝʙʝʥʢʘ ʥʘʨʫʰʝʥʠʷ ʬʠʟʠʯʝʩʢʦʛʦ ʠ ʥʝʨʚʥʦ-

ʧʩʠʭʠʯʝʩʢʦʛʦ ʨʘʟʚʠʪʠʷ) ʚʥʫʪʨʠ ʛʦʣʦʚʥʦʛʦ ʤʦʟʛʘ. ʕʪʦ ʧʨʠʚʦʜʠʪ ʢ ʫʚʝʣʠʯʝʥʠʶ ʨʘʟʤʝʨʦʚ ʞʝʣʫʜʦʯʢʦʚ ʠ 

ʯʨʝʟʤʝʨʥʦʤʫ ʜʘʚʣʝʥʠʶ ʥʘ ʤʦʟʛ [8]); ʍ3,4 ï ʵʥʮʝʬʘʣʠʪ (ʵʪʦ ʚʦʩʧʘʣʝʥʠʝ ʛʦʣʦʚʥʦʛʦ ʤʦʟʛʘ. ɿʘʙʦʣʝʚʘʥʠʝ ʤʦʞʝʪ ʠʤʝʪʴ 

ʠʥʬʝʢʮʠʦʥʥʫʶ, ʠʥʬʝʢʮʠʦʥʥʦ ʘʣʣʝʨʛʠʯʝʩʢʫʶ ʠ ʘʣʣʝʨʛʠʯʝʩʢʫʶ ʧʨʠʨʦʜʫ) [9]; ʍ3,5 - ʜʣʠʪʝʣʴʥʘʷ ʩʦʥʣʠʚʦʩʪʴ 

(ʩʧʦʥʪʘʥʥʘ ʨʝʛʠʩʪʨʠʨʫʝʪʩʷ ʠʥʪʝʨʝʢʪʘʣʴʥʘʷ ʵʧʠʣʝʧʪʠʬʦʨʤʥʘʷ ʘʢʪʠʚʥʦʩʪʴ ʚ ʣʝʚʦʡ ʧʘʨʘʮʝʥʪʨʘʣʴʥʦʡ ʦʙʣʘʩʪʠ 

ʜʝʪʩʢʦʛʦ ʮʝʨʝʙʨʘʣʴʥʦʛʦ ʧʘʨʘʣʠʯʘ (ɼʎʇ).  

5.       ʌʫʥʢʮʠʦʥʘʣʴʥʳʝ ʧʦʢʘʟʘʪʝʣʠ ʦʨʛʘʥʠʟʤʘ ʯʝʣʦʚʝʢʘ ʦʧʨʝʜʝʣʝʥʳ ʤʥʦʞʝʩʪʚʦʤ ʧʘʨʘʤʝʪʨʦʚ ʍ4 ={ʍ4,1, 

ʍ4,2, ʍ4,3}, ʍ4,n ‭ ʍ4,  ʛʜʝ  n= 1õ3: ʍ4,1 - ʯʘʩʪʦʪʘ ʢʚʘʥʪʦʚʘʥʠʷ (ɻʮ); ʍ4,2 - ʜʝʧʨʠʚʘʮʠʷ ʩʥʘ (ʥʝʜʦʩʪʘʪʦʢ ʠʣʠ ʧʦʣʥʦʝ 

ʦʪʩʫʪʩʪʚʠʝ ʩʥʘ); ʍ4,3 ï ʬʦʪʦʩʪʠʤʫʣʷʮʠʷ (ʵʪʦ ʚʦʟʜʝʡʩʪʚʠʝ ʷʨʢʠʤʠ ʚʩʧʳʰʢʘʤʠ ʩʚʝʪʘ, ʥʘʧʨʘʚʣʝʥʥʦʛʦ ʚ ʛʣʘʟʘ 

ʧʘʮʠʝʥʪʘ).  

6. ʇʦʢʘʟʘʪʝʣʠ ʧʘʨʦʢʩʠʟʤʘʣʴʥʳʭ ʩʦʩʪʦʷʥʠʡ ʦʧʨʝʜʝʣʝʥʳ ʤʥʦʞʝʩʪʚʦʤ ʧʘʨʘʤʝʪʨʦʚ ʍ5 ={ʍ5,1, ʍ5,2}, ʍ5,h ‭ ʍ5, 
ʛʜʝ h=1õ4:  ʍ5,1 - ʧʘʨʦʢʩʠʟʤʘʣʴʥʘʷ ʘʢʪʠʚʥʦʩʪʴ (ʚʦʟʤʦʞʥʘʷ ʩʢʣʦʥʥʦʩʪʴ ʢ ʩʫʜʦʨʦʛʘʤ); ʍ5,2 - ʧʘʨʦʢʩʠʟʤʘʣʴʥʘʷ 

ʙʳʩʪʨʘʷ ʘʢʪʠʚʥʦʩʪʴ ʚʦ ʩʥʝ. 

ɺʪʦʨʦʡ ʫʨʦʚʝʥʴ ʦʧʨʝʜʝʣʷʶʪ ʙʘʟʫ ʟʥʘʥʠʡ ʜʝʨʝʚʘ ʧʨʠʥʷʪʠʷ ʨʝʰʝʥʠʡ, ʢʦʪʦʨʘʷ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʨʠʪʤʘʭ 

ʵʣʝʢʪʨʦʵʥʮʝʬʘʣʦʛʨʘʤʤr  R=(RŬ , Rɓ , Rɗ, Rŭ, RὛ,Rɛ), Rs ‭ R, ʛʜʝ s = Ŭ, ɓ, ɗ,ŭ, ɛ, ɔ. ɿʜʝʩʴ RŬ -ɸʣʴʬʘ-ʨʠʪʤ, Rɓ  - ɹʝʪʘ-

ʨʠʪʤ, Rɗ  -ʊʝʪʘ-ʨʠʪʤ, Rŭ   - ɼʝʣʴʪʘ-ʨʠʪʤ, RὛ  -ɻʘʤʤʘ-ʨʠʪʤ, Rɛ   -  ʄ -ʁʨʠʪʤ.  

ʊʨʝʪʠʡ ʫʨʦʚʝʥʴ ʦʧʨʝʜʝʣʷʶʪ ʙʘʟʫ ʟʥʘʥʠʡ ʜʝʨʝʚʘ ʧʨʠʥʷʪʠʷ ʨʝʰʝʥʠʡ, ʢʦʪʦʨʘʷ ʟʘʢʣʶʯʘʝʪʩʷ 

ʧʨʦʚʦʮʠʨʫʶʱʠʭ ʧʨʦʙ ʈ. ʈʝʟʫʣʴʪʘʪʳ ʵʪʠʭ ʧʨʦʙ ʢʨʘʡʥʝ ʚʘʞʥʳ ʣʝʯʘʱʝʤʫ ʚʨʘʯʫ ʧʨʠ ʦʧʨʝʜʝʣʝʥʠʠ ʧʨʘʚʠʣʴʥʦʛʦ 

ʜʠʘʛʥʦʟʘ ʧʘʮʠʝʥʪʘ.  ʇʨʦʚʦʮʠʨʫʶʱʠʝ ʧʨʦʙʳ ʩʦʩʪʦʠʪ ʠʟ ʤʥʦʞʝʩʪʚʘ ʈ ={P1 , P2 , P3 , P4 , P5}, ʈd ‭ ὖȢ  ɿʜʝʩʴ P1  - 

ʦʪʢʨʳʚʘʥʠʝ-ʟʘʢʨʳʚʘʥʠʝ ʛʣʘʟ, P2 ï ʛʠʧʝʨʚʝʥʪʠʣʷʮʠʷ, P3 - ʨʠʪʤʠʯʝʩʢʘʷ ʬʦʪʦʩʪʠʤʫʣʷʮʠʷ, P4 - ʩʪʠʤʫʣʷʮʠʷ 

ʫʤʩʪʚʝʥʥʦʡ ʘʢʪʠʚʥʦʩʪʠ, P5 ï ʬʦʥʦʩʪʠʤʫʣʷʮʠʷ.  

        ʅʘ ʯʝʪʚʝʨʪʦʤ ʫʨʦʚʥʝ ʘʥʘʣʠʟʠʨʫʷ ʨʘʟʣʠʯʥʳʝ ʚʘʨʠʘʥʪʳ ʩʦʦʪʚʝʪʩʪʚʠʷ ʧʦʢʘʟʘʪʝʣʝʡ, ʨʠʪʤʦʚ ʠ 

ʧʨʦʚʦʮʠʨʫʶʱʠʭ ʧʨʦʙ ʧʦ ʜʝʨʝʚʝ ʧʨʠʥʷʪʠʷ ʨʝʰʝʥʠʡ, ʧʦʣʫʯʠʤ ʦʜʥʦʡ ʠʟ ʥʠʞʝʧʝʨʝʯʠʩʣʝʥʥʳʭ 4 ʪʠʧʦʚ ʵʧʠʣʝʧʩʠʠ Y: 

https://cmi.to/%d1%80%d0%b8%d1%82%d0%bc%d1%8b-%d1%8d%d1%8d%d0%b3/%d0%b0%d0%bb%d1%8c%d1%84%d0%b0-%d1%80%d0%b8%d1%82%d0%bc%d1%8b/
https://cmi.to/%d1%80%d0%b8%d1%82%d0%bc%d1%8b-%d1%8d%d1%8d%d0%b3/%d0%b1%d0%b5%d1%82%d0%b0-%d1%80%d0%b8%d1%82%d0%bc%d1%8b/
https://cmi.to/%d1%80%d0%b8%d1%82%d0%bc%d1%8b-%d1%8d%d1%8d%d0%b3/%d1%82%d0%b5%d1%82%d0%b0-%d1%80%d0%b8%d1%82%d0%bc%d1%8b/
https://cmi.to/%d1%80%d0%b8%d1%82%d0%bc%d1%8b-%d1%8d%d1%8d%d0%b3/%d1%82%d0%b5%d1%82%d0%b0-%d1%80%d0%b8%d1%82%d0%bc%d1%8b/
https://cmi.to/%d1%80%d0%b8%d1%82%d0%bc%d1%8b-%d1%8d%d1%8d%d0%b3/%d0%b4%d0%b5%d0%bb%d1%8c%d1%82%d0%b0-%d1%80%d0%b8%d1%82%d0%bc%d1%8b/
https://ru.wikipedia.org/wiki/%D0%9A%D1%80%D0%BE%D0%B2%D1%8C
https://ru.wikipedia.org/wiki/%D0%AD%D1%80%D0%B8%D1%82%D1%80%D0%BE%D1%86%D0%B8%D1%82
https://cmi.to/%d1%80%d0%b8%d1%82%d0%bc%d1%8b-%d1%8d%d1%8d%d0%b3/%d0%b0%d0%bb%d1%8c%d1%84%d0%b0-%d1%80%d0%b8%d1%82%d0%bc%d1%8b/
https://cmi.to/%d1%80%d0%b8%d1%82%d0%bc%d1%8b-%d1%8d%d1%8d%d0%b3/%d0%b1%d0%b5%d1%82%d0%b0-%d1%80%d0%b8%d1%82%d0%bc%d1%8b/
https://cmi.to/%d1%80%d0%b8%d1%82%d0%bc%d1%8b-%d1%8d%d1%8d%d0%b3/%d0%b1%d0%b5%d1%82%d0%b0-%d1%80%d0%b8%d1%82%d0%bc%d1%8b/
https://cmi.to/%d1%80%d0%b8%d1%82%d0%bc%d1%8b-%d1%8d%d1%8d%d0%b3/%d1%82%d0%b5%d1%82%d0%b0-%d1%80%d0%b8%d1%82%d0%bc%d1%8b/
https://cmi.to/%d1%80%d0%b8%d1%82%d0%bc%d1%8b-%d1%8d%d1%8d%d0%b3/%d0%b4%d0%b5%d0%bb%d1%8c%d1%82%d0%b0-%d1%80%d0%b8%d1%82%d0%bc%d1%8b/
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XVI ʄʝʞʜʫʥʘʨʦʜʥʘʷ ʅʘʫʯʥʘʷ ʂʦʥʬʝʨʝʥʮʠʷ "ʌʠʟʠʢʘ ʠ ʈʘʜʠʦʵʣʝʢʪʨʦʥʠʢʘ ʚ ʄʝʜʠʮʠʥʝ ʠ 

ʕʢʦʣʦʛʠʠ" 

 

ʬʝʙʨʠʣʴʥʳʝ ʩʫʜʦʨʦʛʠ ʫ ʜʝʪʝʡ, ʜʦʙʨʦʢʘʯʝʩʪʚʝʥʥʘʷ ʨʦʣʘʥʜʠʯʝʩʢʘʷ ʵʧʠʣʝʧʩʠʷ, ʶʥʦʰʝʩʢʘʷ ʤʠʦʢʣʦʥʠʯʝʩʢʘʷ 

ʵʧʠʣʝʧʩʠʷ, ʩʠʥʜʨʦʤ ʃʝʥʥʦʢʩʘ-ɻʘʩʪʦ.  

ɸʣʛʦʨʠʪʤʠʯʝʩʢʘʷ ʨʝʘʣʠʟʘʮʠʷ ʦʧʨʝʜʝʣʝʥʠʷ ʪʠʧʘ ʵʧʠʣʝʧʩʠʠ ʫ ʜʝʪʝʡ. 

         ʅʘ ʦʩʥʦʚʝ ʧʨʝʜʣʦʞʝʥʥʦʛʦ ʤʝʪʦʜʘ ʠ ʦʨʛʘʥʠʟʘʮʠʠ ʩʧʦʩʦʙʘ ʫʧʨʘʚʣʝʥʠʷ ʜʝʨʝʚʦ ʧʨʠʥʷʪʠʷ ʨʝʰʝʥʠʡ ʧʦ 

ʫʨʦʚʥʷʤ ʨʘʟʨʘʙʦʪʘʥ ʘʣʛʦʨʠʪʤʠʯʝʩʢʦʝ ʦʙʝʩʧʝʯʝʥʠʝ ʦʧʨʝʜʝʣʝʥʠʷ ʪʠʧʘ ʵʧʠʣʝʧʩʠʠ ʫ ʜʝʪʝʡ:  

         - ʦʧʨʝʜʝʣʝʥʠʝ ʤʥʦʞʝʩʪʚʦ ʜʘʥʥʳʭ ʧʦ ʵʧʠʣʝʧʮʠʠ ʧʘʮʠʝʥʪʦʚ; 

         - ʩʦʟʜʘʥʠʝ ʙʘʟʳ ʜʘʥʥʳʭ ʦ ʧʘʮʠʝʥʪʘʭ ʩʦ ʚʩʝʤʠ ʧʨʠʟʥʘʢʘʤʠ ʠ ʧʘʨʘʤʝʪʨʘʤʠ, ʥʝʦʙʭʦʜʠʤʳʭ ʜʣʷ Dataset;  

        - ʨʘʟʜʝʣʝʥʠʝ ʙʘʟʳ ʜʘʥʥʳʭ ʧʦ ʫʨʦʚʥʷʤ; 

        - ʨʘʟʜʝʣʝʥʠʝ ʧʦʢʘʟʘʪʝʣʝʡ 

         - ʦʙʨʘʙʦʪʢʘ ʠ ʘʥʘʣʠʟ ʵʣʝʢʪʨʦʵʥʮʝʬʘʣʦʛʨʘʤʤ; 

        - ʦʧʨʝʜʝʣʝʥʠʝ ʪʠʧʘ ʵʧʠʣʝʧʩʠʠ;  

        - ʦʮʝʥʢʘ ʠ ʧʨʦʚʝʨʢʘ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʧʨʝʜʣʦʞʝʥʥʦʛʦ ʘʣʛʦʨʠʪʤʘ. 

        - ʩʨʘʚʥʠʪʝʣʴʥʘʷ ʦʮʝʥʢʘ ʜʠʘʛʥʦʩʪʠʢʠ ʵʧʠʣʝʧʩʠʠ ʚʨʘʯʘ ʠ ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʥʘ ʦʩʥʦʚʝ ʜʘʥʥʳʭ 

ʢʣʠʥʠʯʝʩʢʦʛʦ ʠ ʤʘʢʨʦʩʢʦʧʠʯʝʩʢʦʛʦ ʦʩʤʦʪʨʘ. 

ʆʨʛʘʥʠʟʘʮʠʷ ʙʘʟʳ ʜʘʥʥʳʭ ʠ ʧʨʦʛʨʘʤʤʥʘʷ ʨʝʘʣʠʟʘʮʠʷ . 

ʇʨʝʜʣʦʞʝʥʥʳʝ ʤʝʪʦʜ ʠ ʘʣʛʦʨʠʪʤ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʵʧʠʣʝʧʩʠʠ ʫ ʜʝʪʝʡ, ʨʘʙʦʪʘʝʪ ʧʦ ʣʦʛʠʢʝ, ʘʥʘʣʦʛʠʯʥʦʡ 

ʪʦʡ, ʢʦʪʦʨʫʶ ʧʨʠʤʝʥʷʝʪ ʚʨʘʯ ʚ ʧʦʚʩʝʜʥʝʚʥʦʤ ʧʨʘʢʪʠʢʝ. ɼʣʷ ʨʝʰʝʥʠʷ ʵʪʦʡ ʟʘʜʘʯʠ ʪʨʝʙʫʝʪʩʷ ʦʙʨʘʙʦʪʢʘ ʠ ʘʥʘʣʠʟ 

ʵʣʝʢʪʨʦʵʥʮʝʬʘʣʦʛʨʘʤʤʳ.  

ʈʘʟʨʘʙʦʪʘʥʘ ʙʘʟʘ ʜʘʥʥʳʭ ʧʦ ʘʥʘʣʠʟʫ 370 ʧʘʮʠʝʥʪʦʚ (ʈʠʩ.1) ʥʘ ʦʩʥʦʚʝ 67 ʧʘʨʘʤʝʪʨʦʚ ʚ ʚʠʜʝ Excel ʪʘʙʣʠʮʳ 

(ʈʠʩ.2). ʆʥʠ ʦʙʨʘʙʦʪʘʥʳ ʩ ʧʦʤʦʱʴʶ ʢʦʤʧʴʶʪʝʨʥʳʭ ʧʨʦʛʨʘʤʤ Microsoft Excel ʜʣʷ ʦʨʛʘʥʠʟʘʮʠʠ Dataset. Dataset 

ʨʘʟʜʝʣʝʥʘ ʥʘ 4 ʢʣʘʩʩʘ ʧʘʨʘʤʝʪʨʦʚ ʚ ʩʦʦʪʚʝʪʩʪʚʠʝ ʩ 4 ʬʦʨʤʘʤʠ ʵʧʠʣʝʧʩʠʠ.    

 
ʨʠʩ.1. ɹʘʟʘ ʜʘʥʥʳʭ ʧʘʮʠʝʥʪʦʚ. 
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ʈʠʩ.2. ɹʘʟʘ ʜʘʥʥʳʭ Dataset. 

      ʈʝʘʣʠʟʘʮʠʷ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ ʧʨʦʚʝʜʝʥʘ ʧʦ ʤʝʪʦʜʦʣʦʛʠʠ Data Science CRISP-DM ʠ ʥʘ ʷʟʳʢʝ 

Python. ɼʠʘʣʦʛ ʤʝʞʜʫ ʚʨʘʯʦʤ ʠ ʧʨʦʛʨʘʤʤʦʡ ʨʝʘʣʠʟʦʚʘʥ ʚ ʚʠʜʝ ʪʦʥʢʦʛʦ ʢʣʠʝʥʪʘ (ʚʝʙ-ʧʨʠʣʦʞʝʥʠʷ).  

ʅʘ ʦʩʥʦʚʝ ʨʘʙʦʪʳ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ ʧʦʣʫʯʝʥʳ ʩʣʝʜʫʶʱʠʝ ʨʝʟʫʣʴʪʘʪʳ: ʢ ʧʝʨʚʦʤʫ ʪʠʧ 

ʵʧʠʣʝʧʩʠʠ ʩʦʦʪʚʝʪʩʪʚʫʶʪ - 41 ʜʝʪʝʡ, ʢʦ ʚʪʦʨʦʤʫ ï 89 ʜʝʪʝʡ, ʢ ʪʨʝʪʴʝʤʫ- 26 ʜʝʪʝʡ, ʢ ʯʝʪʚʝʨʪʦʤʫ ï 30 ʜʝʪʝʡ.  ʇʨʠ 

ʵʪʦʤ ʧʦʣʫʯʝʥʳ 186 ʙʦʣʴʥʳʭ, ʚ ʢʦʪʦʨʳʭ ʜʠʘʛʥʦʟ ʧʦʩʪʘʚʣʝʥʥʳʡ ʨʘʟʨʘʙʦʪʘʥʥʦʡ ʧʨʦʛʨʘʤʤʦʡ, ʩʦʚʧʘʣ ʩ ʜʠʘʛʥʦʟʦʤ 

ʚʨʘʯʘ, ʘ ʦʩʪʘʣʴʥʳʝ 184 ʦʢʘʟʘʣʠʩʴ ʟʜʦʨʦʚʳʤʠ. 

ʕʬʬʝʢʪʠʚʥʦʩʪʴ ʨʝʟʫʣʴʪʘʪʦʚ ʩʦʩʪʘʚʣʷʝʪ 95 % ʧʨʠ ʨʘʙʦʪʝ ʩ ʤʝʜʠʮʠʥʩʢʠʤʠ ʜʘʥʥʳʤʠ 370 ʧʘʮʠʝʥʪʦʚ. ɽʩʣʠ 

ʢʦʣʠʯʝʩʪʚʦ ʧʘʮʠʝʥʪʦʚ ʙʫʜʝʪ ʙʦʣʴʰʝ, ʪʦʛʜʘ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʙʫʜʝʪ ʫʚʝʣʠʯʝʥʘ. 

ɺʳʚʦʜʳ 

        ʇʨʝʜʣʦʞʝʥ ʤʝʪʦʜ ʧʦʩʪʨʦʝʥʠʷ ʜʝʨʝʚʦ ʧʨʠʥʷʪʠʷ ʨʝʰʝʥʠʡ, ʢʦʪʦʨʳʡ ʦʙʝʩʧʝʯʠʚʘʝʪ ʣʝʯʝʙʥʦ-

ʜʠʘʛʥʦʩʪʠʯʝʩʢʠʡ ʧʨʦʮʝʩʩ ʧʨʠ ʜʠʘʛʥʦʩʪʠʢʝ ʵʧʠʣʝʧʩʠʠ ʫ ʜʝʪʝʡ. ʈʘʟʨʘʙʦʪʘʥʳ ʘʣʛʦʨʠʪʤʳ ʠ ʠʭ ʧʨʦʛʨʘʤʤʥʘʷ 

ʨʝʘʣʠʟʘʮʠʷ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʪʠʧʘ ʟʘʙʦʣʝʚʘʥʠʡ. ʇʨʦʠʟʚʝʜʝʥʘ ʩʨʘʚʥʠʪʝʣʴʥʘʷ ʦʮʝʥʢʘ ʜʠʘʛʥʦʩʪʠʢʠ ʵʧʠʣʝʧʩʠʠ ʚʨʘʯʘ 

ʠ ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʥʘ ʦʩʥʦʚʝ ʜʘʥʥʳʭ ʢʣʠʥʠʯʝʩʢʦʛʦ ʠ ʤʘʢʨʦʩʢʦʧʠʯʝʩʢʦʛʦ ʦʩʤʦʪʨʘ. ʈʘʟʨʘʙʦʪʘʥʦ 

ʧʨʦʛʨʘʤʤʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ ʜʣʷ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʦʡ ʧʦʜʜʝʨʞʢʠ ʧʨʘʢʪʠʢʫʶʱʝʤʫ ʥʝʚʨʦʧʘʪʦʣʦʛʫ.  

ɿʘʢʣʶʯʝʥʠʝ 

ʇʨʝʜʣʦʞʝʥʥʦʝ ʘʣʛʦʨʠʪʤʠʯʝʩʢʦʝ ʠ ʧʨʦʛʨʘʤʤʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ ʦʧʨʝʜʝʣʝʥʠʷ ʵʧʠʣʝʧʩʠʠ ʫ ʜʝʪʝʡ ʩ 

ʜʦʩʪʦʚʝʨʥʦʩʪʴʶ ʠ ʵʬʬʝʢʪʠʚʥʦʩʪʴʶ  ʥʘ 95% ʦʧʨʝʜʝʣʷʝʪ ʪʠʧ ʟʘʙʦʣʝʚʘʥʠʷ. ʇʨʦʛʨʘʤʤʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ ʩʦʟʜʘʥʦ ʥʘ 

ʷʟʳʢʝ Python, ʥʘ ʦʩʥʦʚʝ ʨʘʟʨʘʙʦʪʘʥʥʦʡ Dataset ʧʘʮʠʝʥʪʦʚ ʩ ʠʭ ʧʘʨʘʤʝʪʨʘʤʠ ʙʦʣʝʟʥʠ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʙʦʣʝʟʥʠ 370 ʧʘʮʠʝʥʪʦʚ, ʧʦʣʫʯʠʣʠ 186 ʙʦʣʴʥʳʭ (ʦʩʪʘʣʴʥʳʝ ʟʜʦʨʦʚʳ), ʧʦʩʪʘʚʣʝʥʥʳʝ ʜʠʘʛʥʦʟʳ ʩʦʚʧʘʣʠ ʩ 

ʜʠʘʛʥʦʟʘʤʠ ʚʨʘʯʘ.  

ʈʘʟʨʘʙʦʪʘʥʥʦʝ ʧʨʦʛʨʘʤʤʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ ʤʦʞʝʪ ʧʨʠʤʝʥʷʪʴʩʷ ʚ ʢʘʯʝʩʪʚʝ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʦʡ ʧʦʜʜʝʨʞʢʠ 

ʧʨʘʢʪʠʢʫʶʱʝʤʫ ʥʝʚʨʦʧʘʪʦʣʦʛʫ ʧʨʠ ʠʥʪʝʨʧʨʝʪʘʮʠʠ ʜʘʥʥʳʭ ʢʣʠʥʠʯʝʩʢʦʛʦ ʠ ʤʘʢʨʦʩʢʦʧʠʯʝʩʢʦʛʦ ʦʩʤʦʪʨʘ 

ʧʘʮʠʝʥʪʦʚ ʠ ʧʦʩʪʘʥʦʚʢʝ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʛʦ ʜʠʘʛʥʦʟʘ. 
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Decision tree construction method for diagnosing epilepsy in children 

 

Abstractð A method and algorithm for constructing a decision tree for diagnosing epilepsy in children are 

proposed. The analysis and processing of medical data, consisting of electroencephalogram indicators, rhythms and 

provocative tests, which make it possible to determine the type of epilepsy in children, was carried out. The 

proposed algorithmic and software allows you to determine the type of epilepsy in children with a reliability and 

efficiency of 95%. 
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ʆʇʊʀʄʀɿɸʎʀʗ ɼEʗʊEʃʔʅOʉʊʀ ʄEɼʀʎʀʅʉʂOʁ ʉEʉʊʈʓ ɺ ʍʀʈʋʈɻʀʏEʉʂOʄ 
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ɽʛʦʨʦʚʘ ʉʚʝʪʣʘʥʘ ɸʣʝʢʩʘʥʜʨʦʚʥʘ 

ʌeʜeʨaʣʴʥoe ɻoʩʫʜaʨʩʪʚeʥʥoe ɹʶʜʞeʪʥoe Oʙʱeoʙʨaʟoʚaʪeʣʴʥoe ʋʯʨeʞʜeʥʠe ɺʳʩʰeʛo Oʙʨaʟoʚaʥʠʷ 

çʉʪaʚʨoʧoʣʴʩʢʠʡ ɻoʩʫʜaʨʩʪʚeʥʥʳʡ ʄeʜʠʮʠʥʩʢʠʡ       ʋʥʠʚeʨʩʠʪeʪè ʄʠʥʠʩʪeʨʩʪʚa ɿʜʨaʚooʭʨaʥeʥʠʷ 

ʈoʩʩʠʡʩʢoʡ ʌeʜeʨaʮʠʠ, miss.smirnovaon@yandex.ru 

ʌʝʜʝʨʘʣʴʥʦʝ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʝ ʘʚʪʦʥʦʤʥʦʝ ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʝ ʫʯʨʝʞʜʝʥʠʝ ʚʳʩʰʝʛʦ ʦʙʨʘʟʦʚʘʥʠʷ çʉʝʚʝʨʦ-

ʂʘʚʢʘʟʩʢʠʡ ʬʝʜʝʨʘʣʴʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪè 

 

ɼaʥʥaʷ ʪeʤa ʚʩeʛʜa ʙʫʜeʪ aʢʪʫaʣʴʥa ʚ ʥaʰe ʚʨeʤʷ, ʪaʢ ʢaʢ ʥʠ ʚ oʜʥoʤ ʤeʜʠʮʠʥʩʢoʤ ʫʯʨeʞʜeʥʠʠ 

ʨaʙoʪa oʧeʨaʮʠoʥʥoʛo ʙʣoʢa ʥe ʤoʞeʪ oʩʫʱeʩʪʚʣʷʪʴʩʷ ʙeʟ ʫʯaʩʪʠʷ oʧeʨaʮʠoʥʥoʡ ʤeʜʩeʩʪʨʳ. ʂʨʫʛ 

oʙʷʟaʥʥoʩʪeʡ ʵʪoʛo ʩʧeʮʠaʣʠʩʪa ʩʚoʜʠʪʩʷ ʥe ʪoʣʴʢo ʢ ʧoʤoʱʠ ʚʨaʯaʤ-ʪʨʘʥʩʬʫʟʠʦʣʦʛʘʤ ʚo ʚʨeʤʷ 

ʧʨoʚeʜeʥʠʷ ʪʨʘʥʩʬʫʟʠʠ ʢʦʤʧʦʥʝʥʪʦʚ ʢʨʦʚʠ, ʥo ʠ ʧʨoʚeʜeʥʠʶ ʤeʨoʧʨʠʷʪʠʡ ʧo ʧoʜʛoʪoʚʢe ʢ ʪʨʘʥʩʬʫʟʠʠ 

ʢʦʤʧʦʥʝʥʪʦʚ ʢʨʦʚʠ, ʚ ʪʦʤ ʯʠʩʣʝ ʠ ʟaʙoʪe o ʧaʮʠeʥʪaʭ ʚ ʧoʩʣeoʧeʨaʮʠoʥʥʳʡ ʧeʨʠoʜ [1]. 

Oʧeʨaʮʠoʥʥaʷ ʤeʜʠʮʠʥʩʢaʷ ʩeʩʪʨa ʥeʩeʪ ʤoʨaʣʴʥʫʶ ʠ ʶʨʠʜʠʯeʩʢʫʶ oʪʚeʪʩʪʚeʥʥoʩʪʴ ʟa oʩʥaʱeʥʠe 

ʚʩeʤ ʥeoʙʭoʜʠʤʳʤ ʜʣʷ ʪʨʘʥʩʬʫʟʠʠ ʢʦʤʧʦʥʝʥʪʦʚ ʢʨʦʚʠ, aʩeʧʪʠʢʫ ʠ ʪeʭʥoʣoʛʠʶ ʜeʣoʚʳʭ oʪʥoʰeʥʠʡ ʩ 

ʭʠʨʫʨʛoʤ, ʚʨʘʯʝʤ-ʪʨʘʥʩʬʫʟʠʦʣʦʛʦʤ [2]. 
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ʇʨoʬeʩʩʠʷ oʧeʨaʮʠoʥʥoʡ ʤeʜʠʮʠʥʩʢoʡ ʩeʩʪʨʳ ʪʨeʙʫeʪ oʩoʙʳʭ ʟʥaʥʠʡ ʠ ʫʤeʥʠʡ. ʄeʜʩeʩʪʨa 

oʧeʨaʮʠoʥʥoʛo ʙʣoʢa ʜoʣʞʥa ʠʤeʪʴ ʪaʢʠe ʢaʯeʩʪʚa, ʢaʢ oʪʚeʪʩʪʚeʥʥoʩʪʴ, ʪʨeʙoʚaʪeʣʴʥoʩʪʴ, ʪeʨʧeʣʠʚoʩʪʴ ʠ ʚ 

ʧoʣʥoʤ oʙʲeʤe ʚʣaʜeʪʴ ʥeoʙʭoʜʠʤʳʤʠ ʥaʚʳʢaʤʠ ʜʣʷ oʢaʟaʥʠʷ ʢaʯeʩʪʚeʥʥoʡ ʧoʤoʱʠ ʧaʮʠeʥʪaʤ [3]. 

ʎeʣʴ ʨaʙoʪʳ ï ʧʨoʚeʩʪʠ aʥaʣʠʟ oʩoʙeʥʥoʩʪeʡ ʜeʷʪeʣʴʥoʩʪʠ oʧeʨaʮʠoʥʥoʡ ʤeʜʠʮʠʥʩʢoʡ ʩeʩʪʨʳ ʚ 

ʭʠʨʫʨʛʠʯeʩʢoʤ oʪʜeʣeʥʠʠ ʠ ʢʘʙʠʥʝʪʝ ʪʨʘʥʩʬʫʟʠʦʣʦʛʘ. 

ɼʣʷ ʜoʩʪʠʞeʥʠʷ ʚʳʰe ʧoʩʪaʚʣeʥʥoʡ ʮeʣʠ ʥeoʙʭoʜʠʤo ʚʳʜeʣʠʪʴ ʩʣeʜʫʶʱʠe ʟaʜaʯʠ:  

¶ ʈaʩʩʤoʪʨeʪʴ ʜoʣʞʥoʩʪʥʳe oʙʷʟaʥʥoʩʪʠ; 

¶ ɺʳʷʚʠʪʴ oʩoʙeʥʥoʩʪʠ ʧʨoʬeʩʩʠoʥaʣʴʥoʡ ʜeʷʪeʣʴʥoʩʪʠ oʧeʨaʮʠoʥʥoʡ ʤeʜʠʮʠʥʩʢoʡ ʩeʩʪʨʳ; 

Oʙʲeʢʪoʤ ʠʩʩʣeʜoʚaʥʠʷ ʜaʥʥoʡ ʨaʙoʪʳ ʷʚʣʷʶʪʩʷ oʩoʙeʥʥoʩʪʠ ʨaʙoʪʳ ʤeʜʠʮʠʥʩʢoʡ ʩeʩʪʨʳ 

oʧeʨaʮʠoʥʥoʛo ʙʣoʢa ʠ ʢʘʙʠʥʝʪʝ ʪʨʘʥʩʬʫʟʠʦʣʦʛʘ. 

ʇʨʝʜʤʝʪʦʤ ʠʩʩʣʝʜʦʚʘʥʠʷ ʷʚʣʷʝʪʩʷ ʦʨʛʘʥʠʟʘʮʠʦʥʥʘʷ ʩʪʨʫʢʪʫʨʘ ʩʝʩʪʨʠʥʩʢʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ ʚ 

ʦʧʝʨʘʮʠʦʥʥʦʤ ʙʣʦʢʝ ʠ ʢʘʙʠʥʝʪʝ ʪʨʘʥʩʬʫʟʠʦʣʦʛʘ. 

ʇʣaʥʠʨoʚaʥʠe ʨaʙoʯeʛo ʜʥʷ 

Oʜʥʠʤ ʠʟ ʩaʤʳʭ ʚaʞʥʳʭ ʟaʜaʥʠʡ oʧeʨaʮʠoʥʥoʡ ʤeʜʠʮʠʥʩʢoʡ ʩeʩʪʨʳ ʷʚʣʷeʪʩʷ ʧʨaʚʠʣʴʥoe 

ʨaʩʧʨeʜeʣeʥʠe ʨaʙoʯeʛo ʚʨeʤeʥʠ, ʧoʪoʤʫ ʯʪo ʵʪo ʧoʟʚoʣʷeʪ ʵʬʬeʢʪʠʚʥo ʠʩʧoʣʴʟoʚaʪʴ eʛo ʠ ʧoʚʳʩʠʪʴ 

ʢaʯeʩʪʚo ʨaʙoʪʳ ʤeʜʠʮʠʥʩʢoʛo ʧeʨʩoʥaʣa, ʫʤeʥʴʰʠʪʴ ʚʨeʤʷ ʧʨoʩʪoʷ [4]. 

ʇʣaʥʠʨoʚaʥʠe ʨaʙoʯeʛo ʜʥʷ oʧeʨaʮʠoʥʥoʡ ʤeʜʠʮʠʥʩʢoʡ ʩeʩʪʨʳ ʚ oʩʥoʚʥoʤ ʷʚʣʷeʪʩʷ oʙʱʠʤ ʜʣʷ 

ʤʥoʛʠʭ ʤeʜʠʮʠʥʩʢʠʭ ʫʯʨeʞʜeʥʠʡ, ʟaʚʠʩʠʪ oʪ oʩoʙeʥʥoʩʪeʡ ʜaʥʥoʛo ʟaʚeʜeʥʠʷ [4,5].  

ɻʣaʚʥoʡ ʟaʜaʯeʡ oʧeʨaʮʠoʥʥoʡ ʤeʜʠʮʠʥʩʢoʡ ʩeʩʪʨʳ ʷʚʣʷeʪʩʷ ʫʯaʩʪʠe ʚ ʧoʜʛoʪoʚʢe ʢ oʧeʨaʮʠʷʤ, ʚ 

ʪʦʤ ʯʠʩʣʝ ʠ ʧʝʨʝʣʠʚʘʥʠʶ ʢʦʤʧʦʥʝʥʪʦʚ ʢʨʦʚʠ, oʙeʩʧeʯeʥʠe ʫʯaʩʪʥʠʢoʚ oʧeʨaʮʠʡ ʥeoʙʭoʜʠʤʳʤ 

ʠʥʩʪʨʫʤeʥʪaʨʠeʤ, a ʪaʢʞe ʧeʨeʚʷʟoʯʥʳʤʠ ʤaʪeʨʠaʣaʤʠ ʚ ʧʨoʮeʩʩe ʠʭ ʧʨoʚeʜeʥʠʷ. 

ɼʣʷ oʩʫʱeʩʪʚʣeʥʠʷ ʩʚoʠʭ ʟaʜaʯ oʧeʨaʮʠoʥʥaʷ ʤeʜʠʮʠʥʩʢaʷ ʩeʩʪʨa oʙʷʟaʥa: 

1. Oʨʛaʥʠʟoʚʳʚaʪʴ ʧʨoʚeʜeʥʠe ʭʠʨʫʨʛʠʯeʩʢʠʭ oʧeʨaʮʠʡ, oʙeʩʧeʯʠʚaʷ ʠʭ ʥeoʙʭoʜʠʤʳʤʠ ʥaʙoʨaʤʠ 

ʠʥʩʪʨʫʤeʥʪoʚ, ʧeʨeʚʷʟoʯʥʳʭ, ʣeʯeʙʥʳʭ ʩʨeʜʩʪʚ, ʤeʜʠʢaʤeʥʪoʚ, ʙeʣʴʷ, ʩʧeʮʠaʣʴʥoʡ oʜeʞʜoʡ; 

2. ʉʣeʜʠʪʴ ʟa ʩʚoeʚʨeʤeʥʥoʡ ʜoʩʪaʚʢoʡ ʙoʣʴʥoʛo ʚ oʧeʨaʮʠoʥʥʫʶ, ʧʨaʚʠʣʴʥʳʤ ʨaʟʤeʱeʥʠeʤ eʛo ʥa 

oʧeʨaʮʠoʥʥoʤ ʩʪoʣe, a ʪaʢʞe ʧʨaʚʠʣʴʥʳʤ ʪʨaʥʩʧoʨʪʠʨoʚaʥʠeʤ eʛo ʠʟ oʧeʨaʮʠoʥʥoʡ; 

3. ʉʚoeʚʨeʤeʥʥo ʛoʪoʚʠʪʴ oʧeʨaʮʠoʥʥʫʶ ʠ ʫʯaʩʪʥʠʢoʚ ʪʨʘʥʩʬʫʟʠʠ ʢʦʤʧʦʥʝʥʪʦʚ ʢʨʦʚʠ ʢ ʧʨoʚeʜeʥʠʶ 

ʩʣeʜʫʶʱeʡ ʪʨʘʥʩʬʫʟʠʠ ʢʦʤʧʦʥʝʥʪʦʚ ʢʨʦʚʠ; 

4. ʉʣeʜʠʪʴ ʟa ʩoʙʣʶʜeʥʠeʤ ʫʯaʩʪʥʠʢaʤʠ ʪʨʘʥʩʬʫʟʠʠ ʢʦʤʧʦʥʝʥʪʦʚ ʢʨʦʚʠ ʧʨaʚʠʣ aʩeʧʪʠʢʠ ʠ aʥʪʠʩeʧʪʠʢʠ, 

ʧʨaʚʠʣʴʥʳʤ ʠʩʧoʣʴʟoʚaʥʠeʤ ʠʥʩʪʨʫʤeʥʪaʨʠʷ, aʧʧaʨaʪoʚ, ʤeʜʠʢaʤeʥʪoʚ, ʧeʨeʚʷʟoʯʥoʛo ʠ ʰoʚʥoʛo 

ʤaʪeʨʠaʣa; 

5. ʇʨeʜoʩʪaʚʣʷʪʴ ʧo ʨaʩʧoʨʷʞeʥʠʶ ʫʯaʩʪʥʠʢoʚ ʪʨʘʥʩʬʫʟʠʠ ʢʦʤʧʦʥʝʥʪʦʚ ʢʨʦʚʠ ʧoʤoʱʴ ʚ ee ʧʨoʚeʜeʥʠʠ; 

6. ʉʚoeʚʨeʤeʥʥo ʚ ʭoʜe ʪʨʘʥʩʬʫʟʠʠ ʢʦʤʧʦʥʝʥʪʦʚ ʢʨʦʚʠ oʙeʩʧeʯʠʚaʪʴ ee ʫʯaʩʪʥʠʢoʚ ʥeoʙʭoʜʠʤʳʤʠ 

ʠʥʩʪʨʫʤeʥʪaʤʠ, ʤaʪeʨʠaʣaʤʠ, aʧʧaʨaʪʫʨaʤʠ; 

7. ʉʣeʜʠʪʴ ʧo ʭoʜʫ ʪʨʘʥʩʬʫʟʠʠ ʢʦʤʧʦʥʝʥʪʦʚ ʢʨʦʚʠ ʟa ʩʚoeʚʨeʤeʥʥʳʤ ʚoʟʚʨaʱeʥʠeʤ ʠʥʩʪʨʫʤeʥʪoʚ, 

ʧeʨeʚʷʟoʯʥoʛo ʤaʪeʨʠaʣa; 

8. Oʙʨaɦ aʪʴ ʚʥʠʤaʥʠe ʫʯaʩʪʥʠʢoʚ ʪʨʘʥʩʬʫʟʠʠ ʢʦʤʧʦʥʝʥʪʦʚ ʢʨʦʚʠ ʥa ʫʭʫʜʰeʥʠe ʩoʩʪoʷʥʠʷ ʙoʣʴʥoʛo, 

ʥeʠʩʧʨaʚʥoʩʪʴ aʧʧaʨaʪʫʨʳ, ʠʥʩʪʨʫʤeʥʪoʚ, ʢoʪoʨʳe ʚoʟʥʠʢʣʠ ʚo ʚʨeʤʷ ʪʨʘʥʩʬʫʟʠʠ ʢʦʤʧʦʥʝʥʪʦʚ ʢʨʦʚʠ; 

9. ʇoʩʣe oʢoʥʯaʥʠʷ ʦʧʝʨʘʮʠʠ ï ʩoʙʨaʪʴ ʠʥʩʪʨʫʤeʥʪʳ, ʧeʨeʩʯʠʪaʪʴ ʠʭ,  ʧʨʠʚeʩʪʠ ʚ ʧoʨʷʜoʢ ʧʨʠʙoʨʳ, 

aʧʧaʨaʪʫʨʫ, oʩʪaʪʢʠ ʥeʠʩʧoʣʴʟoʚaʥʥoʛo ʰoʚʥoʛo ʠ ʧeʨeʚʷʟoʯʥoʛo ʤaʪeʨʠaʣa, ʤeʜʠʢaʤeʥʪʳ; 

10. ʉʚoeʚʨeʤeʥʥo ʥaʧʨaʚʣʷʪʴ ʥa ʛʠʩʪoʣoʛʠʯeʩʢoe ʠ ʙaʢʪeʨʠoʣoʛʠʯeʩʢoe ʠʩʩʣeʜoʚaʥʠʷ ʤaʪeʨʠaʣ, ʩoʙʨaʥʥʳʡ 

ʚo ʚʨeʤʷ ʦʧʝʨʘʮʠʠ; 

11. ʇoʜʛoʪoʚʠʪʴ ʠ ʧeʨeʜaʪʴ ʩʪaʨʰeʡ ʤeʜʠʮʠʥʩʢoʡ ʩeʩʪʨe ʠʩʧoʣʴʟoʚaʥʥoe ʙeʣʴe ʜʣʷ ʩʪʠʨʢʠ; 

12. ɻoʪoʚʠʪʴ oʧeʨaʮʠoʥʥoe ʙeʣʴe, ʧeʨeʚʷʟoʯʥʳʡ ʠ ʰoʚʥʳʡ ʤaʪeʨʠaʣ, ʠʥʩʪʨʫʤeʥʪʳ, ʧʨʠʙoʨʳ, aʧʧaʨaʪʳ ʜʣʷ 

ʩʪeʨʠʣʠʟaʮʠʠ. Oʩʫʱeʩʪʚʣʷʪʴ ʢoʥʪʨoʣʴ ʢaʯeʩʪʚa ʩʪeʨʠʣʠʟaʮʠʠ; 

13. ʉʣeʜʠʪʴ ʚ oʧeʨaʮʠoʥʥoʤ ʙʣoʢe ʟa ʩoʙʣʶʜeʥʠeʤ ʧeʨʩoʥaʣoʤ ʩaʥʠʪaʨʥo-ʛʠʛʠeʥʠʯeʩʢoʛo ʨeʞʠʤa, ʪeʭʥʠʢʠ 

ʙeʟoʧaʩʥoʩʪʠ, ʧʨoʪʠʚoʧoʞaʨʥʳʭ ʤeʨoʧʨʠʷʪʠʡ; 

14. Oʪʯʠʪʳʚaʪʴʩʷ o ʧʨoʚeʜeʥʥoʡ ʨaʙoʪe ʧeʨeʜ ʩʪaʨʰeʡ oʧeʨaʮʠoʥʥoʡ ʤeʜʠʮʠʥʩʢoʡ ʩeʩʪʨoʡ, ʧʨeʜoʩʪaʚʣʷʪʴ 

eʡ ʥeoʙʭoʜʠʤʫʶ ʠʥʬoʨʤaʮʠʶ o ʟaʪʨaʪaʭ ʙeʣʴʷ, ʠʥʩʪʨʫʤeʥʪaʨʠʷ, ʤeʜʠʢaʤeʥʪoʚ; 

15. ʉʚoeʚʨeʤeʥʥo ʠ ʢaʯeʩʪʚeʥʥo ʚeʩʪʠ ʥeoʙʭoʜʠʤʫʶ ʜoʢʫʤeʥʪaʮʠʶ; 

Oʩʥoʚoʧoʣaʛaʶʱʠʤ ʧʨʠʥʮʠʧoʤ oʨʛaʥʠʟaʮʠʠ ʨaʙoʪʳ ʚ oʧeʨaʮʠoʥʥoʡ ʷʚʣʷeʪʩʷ ʩʪʨoʞaʡʰee 

ʩoʙʣʶʜeʥʠe ʧʨaʚʠʣ aʩeʧʪʠʢʠ. ʈeʞʠʤ ʨaʙoʪʳ oʧeʨaʮʠoʥʥoʛo ʙʣoʢa ʧʨeʜʫʩʤaʪʨʠʚaeʪ oʛʨaʥʠʯeʥʠe ʧoʩeʱeʥʠʡ 

eʛo. ɺo ʚʥeʨaʙoʯee ʚʨeʤʷ ʚ oʧeʨaʮʠoʥʥoʡ ʥʠʢʪo ʥe ʜoʣʞeʥ ʥaʭoʜʠʪʴʩʷ. ɺ oʧeʨaʮʠoʥʥʫʶ ʜoʧʫʩʢaʶʪʩʷ 

ʨaʙoʪʥʠʢʠ oʧeʨaʮʠoʥʥoʡ, oʧeʨaʮʠoʥʥʳe ʙʨʠʛaʜʳ, aʥeʩʪeʟʠoʣoʛʠʯeʩʢʠe ʙʨʠʛaʜʳ. ɺʭoʜʠʪʴ ʚ oʧeʨaʮʠoʥʥʫʶ 

ʙeʟ ʥeoʙʭoʜʠʤoʩʪʠ ʟaʧʨeʱaeʪʩʷ. ʇeʨʩoʥaʣ ʧeʨeʜ oʧeʨaʮʠeʡ ʧʨoʭoʜʠʪ ʩaʥʧʨoʧʫʩʢʥʠʢ, ʧeʨeoʜeʚaeʪʩʷ ʚ 
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ʩʧeʮʠaʣʴʥoe ʙeʣʴe, oʪʣʠʯaʶʱʠeʩʷ ʧo ʮʚeʪʫ oʪ oʜeʞʜʳ ʩoʪʨʫʜʥʠʢoʚ ʜʨʫʛʠʭ oʪʜeʣeʥʠʡ, ʥaʜeʚaeʪ ʙaʭʠʣʳ ʠʣʠ 

ʩʧeʮʠaʣʴʥʫʶ oʙʫʚʴ, ʰaʧoʯʢʠ, ʤaʩʢʠ. ɺ ʥaʩʪoʷʱee ʚʨeʤʷ ʚʤeʩʪo ʤaʩoʢ ʧoʷʚʠʣʠʩʴ ʩʧeʮʠaʣʴʥʳe ʧʣaʩʪʠʢoʚʳe 

ʢoʣʧaʢʠ ʥa ʣʠʮo, ʠʟ-ʧoʜ ʢoʪoʨʳʭ ʚʳʜʳʭaeʤʳʡ ʚoʟʜʫʭ oʪʩaʩʳʚaeʪʩʷ ʩʧeʮʠaʣʴʥoʡ ʩʠʩʪeʤoʡ. ɹoʣʴʥʳe ʪaʢʞe 

ʛoʪoʚʷʪʩʷ ʢ ʪʨʘʥʩʬʫʟʠʠ ʢʦʤʧʦʥʝʥʪʦʚ ʢʨʦʚʠ, ʧʨoʠʟʚoʜʠʪʩʷ ʤʳʪʴe, ʩʤeʥa ʙeʣʴʷ, ʩʙʨʠʚaʥʠe ʚoʣoʩ ʚ oʙʣaʩʪʠ 

oʧeʨaʮʠoʥʥoʛo ʧoʣʷ, ʥa ʛoʣoʚʫ oʜeʚaeʪʩʷ ʢoʣʧaʢ. ɼoʩʪʫʧ ʧoʩʪoʨoʥʥʠʭ ʣʠʮ (ʩʪʫʜeʥʪʳ, ʥaʙʣʶʜaʪeʣʠ) 

ʤaʢʩʠʤaʣʴʥo ʩoʢʨaʱaeʪʩʷ. ɼʣʷ ʥaʙʣʶʜeʥʠʷ ʟa oʧeʨaʮʠeʡ ʚ ʩoʚʨeʤeʥʥʳʭ oʧeʨaʮʠoʥʥʳʭ ʧʨʠʤeʥʷeʪʩʷ 

ʪeʣeʚʠʜeʥʠe. ɺo ʚʨeʤʷ ʪʨʘʥʩʬʫʟʠʠ ʢʦʤʧʦʥʝʥʪʦʚ ʢʨʦʚʠ ʧeʨeʜʚʠʞeʥʠe ʧeʨʩoʥaʣa ʧo oʧeʨaʮʠoʥʥoʤʫ ʟaʣʫ 

ʜoʣʞʥo ʙʳʪʴ oʛʨaʥʠʯeʥo. ʅeoʙʭoʜʠʤo oʛʨaʥʠʯʠʪʴ ʨaʟʛoʚoʨʳ. ʏeʣoʚeʢ ʟa 1 ʯaʩ ʚ ʧoʢoe ʧʨʠ ʜʳʭaʥʠʠ 

ʚʳʜeʣʷeʪ 10-100 ʪʳʩʷʯ ʤʠʢʨoʙʥʳʭ ʪeʣ, a ʧʨʠ ʨaʟʛoʚoʨe ï ʜo 1 ʤʠʣʣʠoʥa.  

ɼʣʷ ʚʳʧoʣʥeʥʠʷ ʣʶʙoʡ ʪʨʘʥʩʬʫʟʠʠ ʢʦʤʧʦʥʝʥʪʦʚ ʢʨʦʚʠ ʩʫʱeʩʪʚeʥʥoe ʟʥaʯeʥʠe ʠʤeeʪ 

oʨʛaʥʠʟaʮʠoʥʥaʷ ʩʪoʨoʥa ʜeʣa. ɺ oʧeʨaʮʠoʥʥoʤ ʙʣoʢe ʵʪo ï eʛo oʙʱee ʩoʩʪoʷʥʠe, ʥaʜeʞʥoe oʙeʩʧeʯeʥʠe 

ʚʩeʤʠ ʤaʪeʨʠaʣaʤʠ, ʤeʜʠʢaʤeʥʪaʤʠ, 11 ʩʧeʮʠaʣʴʥoʡ aʧʧaʨaʪʫʨoʡ ʠ oʙoʨʫʜoʚaʥʠeʤ ʜʣʷ ʧʨoʚeʜeʥʠʷ ʩʨoʯʥʳʭ 

ʣaʙoʨaʪoʨʥʳʭ ʠʩʩʣeʜoʚaʥʠʡ, a ʪaʢʞe ʭoʨoʰo oʙʫʯeʥʥʳʡ ʩʨeʜʥʠʡ ʤeʜʠʮʠʥʩʢʠʡ ʧeʨʩoʥaʣ.  

ʉʪaʨʰaʷ oʧeʨaʮʠoʥʥaʷ ʤeʜʩeʩʪʨa oʪʚeʯaeʪ ʟa oʨʛaʥʠʟaʮʠʶ ʚʩeʡ ʨaʙoʪʳ ʚ oʧeʨaʮʠoʥʥoʤ ʙʣoʢe ʠ ʚ 

ʢʘʙʠʥʝʪʝ ʪʨʘʥʩʬʫʟʠʦʣʦʛʘ. ɿʜeʩʴ ʜoʣʞʥo ʙʳʪʴ ʧʨeʜʫʩʤoʪʨeʥo ʚʩe ʥeoʙʭoʜʠʤoe ʜʣʷ ʪʨaʥʩʬʫʟʠʠ ʢʨoʚʠ; ʥʫʞʥo 

ʠʤeʪʴ ʣeʢaʨʩʪʚeʥʥʳe ʨaʩʪʚoʨʳ, ʩʨeʜʩʪʚa ʨeaʥʠʤaʮʠʠ ʙoʣʴʥoʡ, eʩʣʠ ʚo ʚʨeʤʷ ʪʨʘʥʩʬʫʟʠʠ ʢʦʤʧʦʥʝʥʪʦʚ 

ʢʨʦʚʠ ʚ ʵʪoʤ ʚoʟʥʠʢaeʪ ʥeoʙʭoʜʠʤoʩʪʴ.  

ɺ ʩoʚʨeʤeʥʥʳʭ oʧeʨaʮʠoʥʥʳʭ ʯaʩʪo ʠʩʧoʣʴʟʫeʪʩʷ ʤʥoʞeʩʪʚo aʧʧaʨaʪoʚ, ʩʠʩʪeʤ ʠ ʩʧeʮʠaʣʴʥʳʭ 

ʙʣoʢoʚ, ʧʨʠʤeʥʷeʤʳʭ ʥeʧoʩʨeʜʩʪʚeʥʥo ʪʨʘʥʩʬʫʟʠʦʣʦʛʘʤʠ ʠ aʥeʩʪeʟʠoʣoʛaʤʠ. ʇoʵʪoʤʫ ʥe ʜoʣʞʥo ʙʳʪʴ 

ʩʚoʙoʜʥoʛo ʜoʧʫʩʢa ʚ oʧeʨaʮʠoʥʥʫʶ ʣʠʮ, ʥe ʫʯaʩʪʚʫʶʱʠʭ ʚ ʪʨʘʥʩʬʫʟʠʠ ʢʦʤʧʦʥʝʥʪʦʚ ʢʨʦʚʠ ʠʣʠ ʥe 

oʙeʩʧeʯʠʚaʶʱʠʭ ee ʜʨʫʛʠʤʠ ʩʨeʜʩʪʚaʤʠ.  

ʅe ʩʣeʜʫeʪ ʨaʟʨeʰaʪʴ ʧʨeʙʳʚaʥʠe ʚ oʧeʨaʮʠoʥʥoʡ ʧeʨʩoʥaʣa ʚ ʤaʩʢaʭ, ʢoʪoʨʳe ʠʩʧoʣʴʟoʚaʣʠʩʴ ʚ 

ʜʨʫʛʠʭ oʪʜeʣeʥʠʷʭ. ʄaʩʢʠ ʜoʣʞʥʳ ʙʳʪʴ ʧoʣʫʯeʥʳ ʟʜeʩʴ ʞe, ʚ ʧʨeʜoʧeʨaʮʠoʥʥoʡ. ɺaʞʥo ʪaʢʞe ʥe 

ʜoʧʫʩʢaʪʴ ʧʨeʙʳʚaʥʠʷ ʚ oʧeʨaʮʠoʥʥoʡ ʣʠʮ ʚ oʙʫʚʠ, ʢoʪoʨoʡ ʧoʣʴʟoʚaʣʠʩʴ ʚ ʜʨʫʛʠʭ oʪʜeʣeʥʠʷʭ. Eʩʣʠ ʞe 

oʙʫʚʴ ʥe ʤeʥʷeʪʩʷ ʚ ʧʨeʜoʧeʨaʮʠoʥʥoʡ, ʥa ʥee ʩʣeʜʫeʪ ʥaʜeʚaʪʴ ʧoʣoʪʥʷʥʳe ʯʫʣʢʠ (ʙaʭʠʣʳ). ʅeoʙʭoʜʠʤo 

ʠʩʧoʣʴʟoʚaʪʴ ʭaʣaʪʳ ʪoʣʴʢo oʧeʨaʮʠoʥʥoʛo oʪʜeʣeʥʠʷ ʠ ʥaʛʣʫʭo ʠʭ ʟaʩʪeʛʠʚaʪʴ. ʍʠʨʫʨʛʠ ʥe ʜoʣʞʥʳ 

ʨaʙoʪaʪʴ ʚ ʰeʣʢoʚoʤ ʥaʪeʣʴʥoʤ ʙeʣʴe ʠʣʠ ʰeʨʩʪʷʥoʡ oʜeʞʜe. ʇeʨeʜ oʧeʨaʮʠeʡ ʩʣeʜʫeʪ ʧeʨeoʜeʚaʪʴʩʷ ʚ 

ʩʧeʮʠaʣʴʥoe ʧoʣoʪʥʷʥoe ʙeʣʴe, ʧoʣʫʯeʥʥoe ʚ oʧeʨaʮʠoʥʥoʤ oʪʜeʣeʥʠʠ.  

ʈʫʢʠ ʭʠʨʫʨʛa ʪʨeʙʫʶʪ oʩoʙeʥʥo ʪʱaʪeʣʴʥoʛo ʫʭoʜa; ʩ ʧoʚeʨʭʥoʩʪʠ ʨʫʢ ʫʜaʣʠʪʴ ʤʠʢʨoʙʳ 

ʩʨaʚʥʠʪeʣʴʥo ʣeʛʢo, ʥo ʟʥaʯʠʪeʣʴʥo ʪʨʫʜʥee ï ʠʟ ʛʣʫʙʠʥʳ ʧoʨ ʠʣʠ ʩʢʣaʜoʢ ʢoʞʠ. ʅa ʨʫʢaʭ ʚ ʥaʠʙoʣʴʰeʤ 

ʢoʣʠʯeʩʪʚe ʤʠʢʨoʙʳ ʩʢaʧʣʠʚaʶʪʩʷ oʙʳʯʥo ʚ ʪʨeʱʠʥaʭ ʠ eʩʪeʩʪʚeʥʥʳʭ ʫʛʣʫʙʣeʥʠʷʭ, ʥaʧʨʠʤeʨ, ʚ ʢoʨʥʷʭ 

ʚoʣoʩ, ʧoʪoʚʳʭ ʠ ʩaʣʴʥʳʭ ʞeʣeʟaʭ, ʧʨʠʯeʤ ʠ ʫ ʟʜoʨoʚʳʭ ʣʶʜeʡ ʜo 10% ʵʪʠʭ 12 ʤʠʢʨooʨʛaʥʠʟʤoʚ ï 

ʧaʪoʛeʥʥʳe, oʩoʙeʥʥo ʧʨʠ ʥaʣʠʯʠʠ ʢoʞʥʳʭ ʟaʙoʣeʚaʥʠʡ. ʇoʵʪoʤʫ ʭʠʨʫʨʛ ʠ ʣʶʙoʡ ʜʨʫʛoʡ ʯʣeʥ 

oʧeʨaʮʠoʥʥoʡ ʙʨʠʛaʜʳ ʩ ʢoʞʥʳʤʠ ʟaʙoʣeʚaʥʠʷʤʠ ʥe ʠʤeeʪ ʧʨaʚa ʧʨʠʥʠʤaʪʴ ʫʯaʩʪʠe ʚ ʪʨʘʥʩʬʫʟʠʠ 

ʢʦʤʧʦʥʝʥʪʦʚ ʢʨʦʚʠ. 

Oʨʛaʥʠʟaʮʠʷ ʨaʙoʪʳ oʧeʨaʮʠoʥʥoʡ ʤeʜʠʮʠʥʩʢoʡ ʩeʩʪʨʳ 

ʅa ʜoʣʞʥoʩʪʴ oʧeʨaʮʠoʥʥoʡ ʤeʜʠʮʠʥʩʢoʡ ʩeʩʪʨʳ ʥaʟʥaʯaeʪʩʷ ʣʠʮo, ʠʤeʶʱee ʩʨeʜʥee ʤeʜʠʮʠʥʩʢoe 

oʙʨaʟoʚaʥʠe ʠ ʩooʪʚeʪʩʪʚʫʶʱʫʶ ʧoʜʛoʪoʚʢʫ ʧo ʩʧeʮʠaʣʴʥoʩʪʠ "Oʧeʨaʮʠoʥʥoe ʜeʣo".  

ɺ ʧoʜʛoʪoʚʢe ʢ ʪʨʘʥʩʬʫʟʠʠ ʢʦʤʧʦʥʝʥʪʦʚ ʢʨʦʚʠ ʠ ʧoʩʣeoʧeʨaʮʠoʥʥoʤ ʫʭoʜe ʫʯaʩʪʚʫʶʪ ʧaʣaʪʥʳe ʠ 

oʧeʨaʮʠoʥʥʳe ʤeʜʩeʩʪʨʳ. Oʧeʨaʮʠoʥʥʳe ʤeʜʩeʩʪʨʳ ʥeʩʫʪ oʪʚeʪʩʪʚeʥʥoʩʪʴ ʟa oʙeʩʧeʯeʥʠe ʩeʩʪʨʠʥʩʢoʡ 

ʧoʤoʱʠ ʧaʮʠeʥʪaʤ ʥa ʚʩeʭ ʵʪaʧaʭ: ʧeʨeʜ oʧeʨaʮʠeʡ, ʚo ʚʨeʤʷ ʪʨʘʥʩʬʫʟʠʠ ʢʦʤʧʦʥʝʥʪʦʚ ʢʨʦʚʠ ʠ ʧoʩʣe ʥee. 

ɿʥaʢoʤʩʪʚo ʧaʮʠeʥʪoʚ ʩ oʧeʨaʮʠoʥʥoʡ ʤeʜʩeʩʪʨoʡ ʥaʢaʥʫʥe ʪʨʘʥʩʬʫʟʠʠ ʢʦʤʧʦʥʝʥʪʦʚ ʢʨʦʚʠ, 

oʩʚeʜoʤʣeʥʥoʩʪʴ oʙ ʫʩʣoʚʠʷʭ, ʚ ʢoʪoʨʳe oʥa ʧoʧaʜaeʪ, ʧoʣoʞʠʪeʣʴʥo ʚʣʠʷʶʪ ʥa ee ʧʩʠʭoʣoʛʠʯeʩʢoe 

ʩoʩʪoʷʥʠe, ʯʪo ʥe ʤoʞeʪ ʥe ʩʢaʟaʪʴʩʷ ʥa ʨeʟʫʣʴʪaʪe ʪʨʘʥʩʬʫʟʠʠ ʢʦʤʧʦʥʝʥʪʦʚ ʢʨʦʚʠ. ɹeʩeʜa ʧeʨeʜ oʧeʨaʮʠeʡ 

ʤeʞʜʫ ʧaʮʠeʥʪoʤ ʠ oʧeʨaʮʠoʥʥoʡ ʤeʜʩeʩʪʨoʡ ʩʧoʩoʙʩʪʚʫeʪ ʜoʩʪʠʞeʥʠʶ ʜoʚeʨʠʷ ʤeʞʜʫ ʥʠʤʠ, ʧoʜʥʠʤaeʪ 

aʚʪoʨʠʪeʪ ʤeʜʩeʩʪʨʳ.  

Oʧeʨaʮʠoʥʥaʷ ʤeʜʩeʩʪʨa ʨʫʢoʚoʜʠʪ ʧʨoʮeʩʩoʤ ʧoʜʛoʪoʚʢʠ oʧeʨaʮʠoʥʥoʡ aʧʧaʨaʪʫʨʳ, ʨaʩʭoʜʥʳʭ 

ʤaʪeʨʠaʣoʚ, ʩʣeʜʠʪ ʟa ʩoʙʣʶʜeʥʠeʤ ʧʨaʚʠʣ aʩeʧʪʠʢʠ ʠ aʥʪʠʩeʧʪʠʢʠ ʚʩeʡ oʧeʨaʮʠoʥʥoʡ ʙʨʠʛaʜʳ. ɿʥaʥʠe 

ʜʠaʛʥoʟa, ʩoʩʪoʷʥʠʷ ʧaʮʠeʥʪʢʠ, ʩoʧʫʪʩʪʚʫʶʱʠʭ ʟaʙoʣeʚaʥʠʡ ʠ ʧʣaʥa ʧʨeʜʩʪoʷʱeʡ ʪʨʘʥʩʬʫʟʠʠ ʢʦʤʧʦʥʝʥʪʦʚ 

ʢʨʦʚʠ ʜaeʪ ʚoʟʤoʞʥoʩʪʴ oʧeʨaʮʠoʥʥoʡ ʤeʜʩeʩʪʨe ʧoʜʛoʪoʚʠʪʴʩʷ ʢ ʣʶʙʳʤ ʵʢʩʪʨeʤaʣʴʥʳʤ ʩʠʪʫaʮʠʷʤ, 

ʧoʤoʯʴ ʭʠʨʫʨʛʠʯeʩʢoʡ ʙʨʠʛaʜe ʧʨʠʥʷʪʴ ʧʨaʚʠʣʴʥʳe ʨeʰeʥʠʷ. Oʪ ʚʟaʠʤooʪʥoʰeʥʠʡ ʤeʞʜʫ ʤeʜʩeʩʪʨoʡ ʠ 

ʧaʮʠeʥʪoʤ ʥeʨeʜʢo ʟaʚʠʩʠʪ ʨeʟʫʣʴʪaʪ ʪʨʘʥʩʬʫʟʠʠ ʢʦʤʧʦʥʝʥʪʦʚ ʢʨʦʚʠ ʠ ʣeʯeʥʠʷ.  

ɼʣʷ ʩʠʩʪeʤaʪʠʟaʮʠʠ ʩeʩʪʨʠʥʩʢoʡ ʜeʷʪeʣʴʥoʩʪʠ ʠʩʧoʣʴʟʫʶʪ ʩʪaʥʜaʨʪʥʳe ʬoʨʤʳ ʤeʜʠʮʠʥʩʢoʡ 

ʜoʢʫʤeʥʪaʮʠʠ.   
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ʎeʣʴʶ ʧʨeʜoʧeʨaʮʠoʥʥoʡ ʧoʜʛoʪoʚʢʠ ʷʚʣʷeʪʩʷ ʩʥʠʞeʥʠe ʨʠʩʢa ʨaʟʚʠʪʠʷ oʩʣoʞʥeʥʠʡ, ʢaʢ ʚo ʚʨeʤʷ 

ʪʨʘʥʩʬʫʟʠʠ ʢʦʤʧʦʥʝʥʪʦʚ ʢʨʦʚʠ, ʪaʢ ʠ ʚ ʧoʩʣeoʧeʨaʮʠoʥʥoʤ ʧeʨʠoʜe.  

ʇʨeʜoʧeʨaʮʠoʥʥʳʡ ʧeʨʠoʜ ʚʢʣʶʯaeʪ ʜʚa oʩʥoʚʥʳʭ ʙʣoʢa: ʜʠaʛʥoʩʪʠʯeʩʢʠʡ ʠ ʩoʙʩʪʚeʥʥo 

ʧoʜʛoʪoʚʠʪeʣʴʥʳʡ. ʋʢaʟaʥʥʳe ʙʣoʢʠ ʤoʛʫʪ ʨeaʣʠʟoʚʳʚaʪʴʩʷ ʧoʩʣeʜoʚaʪeʣʴʥo ʠʣʠ ʧaʨaʣʣeʣʴʥo.  

ɺo ʚʨeʤʷ ʧʨeʜoʧeʨaʮʠoʥʥoʛo ʧeʨʠoʜa ʨeʰaʶʪʩʷ ʩʣeʜʫʶʱʠe ʟaʜaʯʠ:  

ð ʫʩʪaʥaʚʣʠʚaeʪʩʷ ʜʠaʛʥoʟ ʠ oʧʨeʜeʣʷʶʪʩʷ ʧoʢaʟaʥʠʷ ʢ ʪʨʘʥʩʬʫʟʠʠ ʢʦʤʧʦʥʝʥʪʦʚ ʢʨʦʚʠ, ʩʨoʯʥoʩʪʴ ee 

ʚʳʧoʣʥeʥʠʷ ʠ oʙʲeʤ;  

ð oʮeʥʠʚaeʪʩʷ ʩoʩʪoʷʥʠe ʚʩeʭ ʩʠʩʪeʤ oʨʛaʥʠʟʤa, ʚʳʷʚʣʷeʪʩʷ ʩoʧʫʪʩʪʚʫʶʱaʷ ʧaʪoʣoʛʠʷ;  

ð oʩʫʱeʩʪʚʣʷeʪʩʷ ʧʩʠʭoʣoʛʠʯeʩʢaʷ, ʩoʤaʪʠʯeʩʢaʷ ʠ, ʧo ʧoʢaʟaʥʠʷʤ, ʩʧeʮʠaʣʴʥaʷ ʧoʜʛoʪoʚʢa ʙoʣʴʥoʛo ʢ 

ʧʨeʜʩʪoʷʱeʤʫ oʧeʨaʪʠʚʥoʤʫ ʚʤeʰaʪeʣʴʩʪʚʫ.  

ʕʧʠʜeʤʠoʣoʛʠʯeʩʢaʷ ʙeʟoʧaʩʥoʩʪʴ ʚ oʧeʨaʮʠoʥʥoʤ ʙʣoʢe ʧʨʠ ʧʝʨʝʣʠʚʘʥʠʠ ʢʦʤʧʦʥʝʥʪʦʚ 

ʢʨʦʚʠ 
ʀʥʬʠʮʠʨoʚaʥʠʶ ʤeʜʠʮʠʥʩʢoʛo ʧeʨʩoʥaʣa ʩʧoʩoʙʩʪʚʫeʪ ʫʭʫʜʰeʥʠe ʵʧʠʜeʤʠoʣoʛʠʯeʩʢoʡ oʙʩʪaʥoʚʢʠ 

ʚ ʩʪʨaʥe, ʩʚoeoʙʨaʟʠe ʵʢoʣoʛʠʯeʩʢʠʭ ʫʩʣoʚʠʡ ʃʇʋ ʠ ʥaʣʠʯʠe ʙoʣʴʰoʛo ʯʠʩʣa ʠʩʪoʯʥʠʢoʚ ʠʥʬeʢʮʠʠ 

(ʙoʣʴʥʳʭ ʠ ʥoʩʠʪeʣeʡ) ʩʨeʜʠ ʧaʮʠeʥʪoʚ, ʢoʥʮeʥʪʨaʮʠʷ oʩʣaʙʣeʥʥʳʭ ʣʠʮ ʥa oʛʨaʥʠʯeʥʥoʡ ʧʣoʱaʜʠ, 

ʪeʭʥʠʟaʮʠʷ ʤeʜʠʮʠʥʳ ʠ ʫʚeʣʠʯeʥʠe ʯʠʩʣa ʩʣoʞʥʳʭ ʠʥʚaʟʠʚʥʳʭ ʧʨoʮeʜʫʨ, ʙoʣʴʰoe ʧʩʠʭoʵʤoʮʠoʥaʣʴʥoe 

ʥaʧʨʷʞeʥʠe, ʫʚeʣʠʯeʥʠe ʥaʛʨʫʟʢʠ ʠ ʠʥʪeʥʩʠʚʥoʩʪʠ ʪʨʫʜa ʚ ʫʩʣoʚʠʷʭ çʢaʜʨoʚoʛo ʛoʣoʜaè, oʪʩʫʪʩʪʚʠe 

ʢoʨʧoʨaʪʠʚʥoʡ ʢʫʣʴʪʫʨʳ ʙeʟoʧaʩʥoʩʪʠ ʚ ʤeʜʠʮʠʥʩʢoʡ ʩʨeʜe. 

 ʂʨoʤe ʪoʛo, ʵʧʠʜeʤʠoʣoʛʠʯeʩʢʠe ʨʠʩʢʠ ʜʣʷ ʧeʨʩoʥaʣa ʚ ʨoʩʩʠʡʩʢʠʭ ʙoʣʴʥʠʮaʭ oʙʫʩʣoʚʣeʥʳ 

ʥeʩoʚeʨʰeʥʩʪʚoʤ oʨʛaʥʠʟaʮʠʠ ʙeʟoʧaʩʥʳʭ ʫʩʣoʚʠʡ ʪʨʫʜa, oʛʨaʥʠʯeʥʥoʡ ʵʬʬeʢʪʠʚʥoʩʪʴʶ, ʥeʜoʩʪʫʧʥoʩʪʴʶ 

ʠʣʠ oʪʩʫʪʩʪʚʠeʤ ʩʨeʜʩʪʚ ʩʧeʮʠʬʠʯeʩʢoʡ ʧʨoʬʠʣaʢʪʠʢʠ, ʥeʜoʩʪaʪoʯʥoʡ oʙeʩʧeʯeʥʥoʩʪʴʶ ʣeʯeʙʥo-

ʧʨoʬʠʣaʢʪʠʯeʩʢʠʭ ʫʯʨeʞʜeʥʠʡ ʩʪʨaʥʳ ʩoʚʨeʤeʥʥʳʤʠ ʩʨeʜʩʪʚaʤʠ 16 ʠʥʜʠʚʠʜʫaʣʴʥoʡ ʟaʱʠʪʳ ʧeʨʩoʥaʣa, 

ʧʨeʧaʨaʪaʤʠ ʠ oʙoʨʫʜoʚaʥʠeʤ ʜʣʷ ʜeʟʠʥʬeʢʮʠʠ ʠ ʩʪeʨʠʣʠʟaʮʠʠ, ʥeʫʜoʚʣeʪʚoʨʠʪeʣʴʥoʡ ʨaʙoʪoʡ 

ʛoʩʧʠʪaʣʴʥʳʭ ʵʧʠʜeʤʠoʣoʛoʚ ʠ oʪʩʫʪʩʪʚʠeʤ ʢoʥʪʨoʣʷ ʟa ʵʪoʡ ʨaʙoʪoʡ ʩo ʩʪoʨoʥʳ ʨʫʢoʚoʜʠʪeʣeʡ oʨʛaʥoʚ 

ʟʜʨaʚooʭʨaʥeʥʠʷ. 

 ɼaʥʥʳe ʩʚʠʜeʪeʣʴʩʪʚʫʶʪ o ʰʠʨoʢoʤ ʨaʩʧʨoʩʪʨaʥeʥʠʠ ʛeʤoʢoʥʪaʢʪʥʳʭ ʚʠʨʫʩʥʳʭ ʠʥʬeʢʮʠʡ ʩʨeʜʠ 

ʧaʮʠeʥʪoʚ ʩʪaʮʠoʥaʨoʚ, ʫʨoʚeʥʴ ʢoʪoʨʳʭ ʩʫʱeʩʪʚeʥʥo ʧʨeʚʳʰaeʪ ʫʨoʚeʥʴ ʟaʙoʣeʚaeʤoʩʪʠ ʩʨeʜʠ ʥaʩeʣeʥʠʷ 

ʩʪʨaʥʳ ʚ ʮeʣoʤ.   

Oʩoʙʫʶ ʢaʪeʛoʨʠʶ ʨʠʩʢa ʧʨeʜʩʪaʚʣʷeʪ ʤeʜʠʮʠʥʩʢʠʡ ʧeʨʩoʥaʣ oʧeʨaʮʠoʥʥʳʭ ʙʣoʢoʚ ʠ 

ʭʠʨʫʨʛʠʯeʩʢʠʭ oʪʜeʣeʥʠʡ. ʇʨʠ oʙʩʣeʜoʚaʥʠʷʭ ʚʳʷʚʣʷeʪʩʷ, ʯʪo ʥoʩʠʪeʣʷʤʠ ʤaʨʢeʨoʚ ʛeʤoʢoʥʪaʢʪʥʳʭ 

ʚʠʨʫʩʥʳʭ ʛeʧaʪʠʪoʚ ʷʚʣʷʶʪʩʷ ʜo 15-62% ʧeʨʩoʥaʣa, ʨaʙoʪaʶʱeʛo ʚ ʵʪʠʭ oʪʜeʣeʥʠʷʭ.  

ʉʠʩʪeʤa ʧeʨʠoʧeʨaʮʠoʥʥoʡ ʵʧʠʜeʤʠoʣoʛʠʯeʩʢoʡ ʙeʟoʧaʩʥoʩʪʠ ʜoʣʞʥa ʚʢʣʶʯaʪʴ:  

¶ ʩʢʨʠʥʠʥʛ ʧeʨʩoʥaʣa ʥa ʥaʣʠʯʠe ʠʥʬeʢʮʠʡ ʧʨʠ ʧʨʠeʤe ʥa ʨaʙoʪʫ ʠ ʚ ʧeʨʠoʜ ʨaʙoʪʳ;  

¶ ʚaʢʮʠʥaʮʠʶ ʤeʜʠʮʠʥʩʢoʛo ʧeʨʩoʥaʣa ʧʨoʪʠʚ ʛeʧaʪʠʪa ɺ;  

¶ oʙʫʯeʥʠe ʧeʨʩoʥaʣa, oʧʨeʜeʣeʥʠe ʧʨoʮeʜʫʨ, ʩʚʷʟaʥʥʳʭ ʩ ʧoʚʳʰeʥʥʳʤ ʨʠʩʢoʤ ʟaʨaʞeʥʠʷ, ʠ 

oʚʣaʜeʥʠe ʩʪaʥʜaʨʪʥoʡ ʪeʭʥoʣoʛʠeʡ ʚʳʧoʣʥeʥʠʷ ʜʠaʛʥoʩʪʠʯeʩʢʠʭ ʠ ʣeʯeʙʥʳʭ ʧʨoʮeʜʫʨ;  

¶ ʙeʟoʧaʩʥoʩʪʴ ʨaʙoʯeʛo ʤeʩʪa ʠ oʙeʩʧeʯeʥʠe ʧeʨʩoʥaʣa ʩʨeʜʩʪʚaʤʠ ʠʥʜʠʚʠʜʫaʣʴʥoʡ ʟaʱʠʪʳ; 

¶  ʚʥeʜʨeʥʠe ʥoʚʳʭ ʪeʭʥoʣoʛʠʡ; ʤeʭaʥʠʯeʩʢʫʶ oʙʨaʙoʪʢʫ ʤeʜʠʮʠʥʩʢoʛo ʠʥʩʪʨʫʤeʥʪaʨʠʷ; 

ʨeʛʠʩʪʨaʮʠʶ aʚaʨʠʡʥʳʭ ʩʠʪʫaʮʠʡ ʠ ʧʨoʚeʜeʥʠe ʢoʤʧʣeʢʩa ʥeoʪʣoʞʥʳʭ ʧʨoʬʠʣaʢʪʠʯeʩʢʠʭ 

ʤeʨoʧʨʠʷʪʠʡ ʧoʩʣe ʪʨaʚʤʳ;  

¶ ʙeʟoʧaʩʥʫʶ ʪʨaʥʩʧoʨʪʠʨoʚʢʫ ʙʠoʤaʪeʨʠaʣoʚ ʥa ʤoʨʬoʣoʛʠʯeʩʢʠe, ʙaʢʪeʨʠoʣoʛʠʯeʩʢʠe ʠ 

ʜʨʫʛʠe ʠʩʩʣeʜoʚaʥʠʷ;  

¶ oʙeʟʚʨeʞʠʚaʥʠe ʤeʜʠʮʠʥʩʢʠʭ oʪʭoʜoʚ.  

ʉʠʩʪeʤa ʜoʣʞʥa ʚʢʣʶʯaʪʴ ʚ ʩeʙʷ ʢaʢ ʩʧeʮʠʬʠʯeʩʢʠe ʧoʜʭoʜʳ (ʚaʢʮʠʥaʮʠʷ ʧʨoʪʠʚ ʛeʧaʪʠʪa ɺ, 

ʧoʩʪʢoʥʪaʢʪʥaʷ ʧʨoʬʠʣaʢʪʠʢa aʥʪʠʨeʪʨoʚʠʨʫʩʥʳʤʠ ʧʨeʧaʨaʪaʤʠ, ʢoʪoʨʳe ʚ ʩʣʫʯae ʩʚoeʚʨeʤeʥʥoʛo 

ʥaʟʥaʯeʥʠʷ ʧoʩʣe aʚaʨʠʡʥʳʭ ʩʠʪʫaʮʠʡ ʩʥʠʞaʶʪ ʨʠʩʢ ʧʨoʬeʩʩʠoʥaʣʴʥoʛo ʟaʨaʞeʥʠʷ ʤeʜʠʢoʚ ʥa 80%, 

ʠʩʧoʣʴʟoʚaʥʠe ʧeʛʠʣʣʠʨoʚaʥʥoʛo ʠʥʪeʨʬeʨoʥa, ʧoʟʚoʣʷʶʱeʛo ʟʥaʯʠʪeʣʴʥo ʫʣʫʯʰʠʪʴ ʧʨoʛʥoʟ ʠ ʫʚeʣʠʯʠʪʴ 

ʚeʨoʷʪʥoʩʪʴ ʧoʣʥoʛo ʠʩʮeʣeʥʠʷ ʤeʜʨaʙoʪʥʠʢa ʚ ʩʣʫʯae ʠʥʬʠʮʠʨoʚaʥʠʷ ʛeʧaʪʠʪoʤ ʉ), ʵʬʬeʢʪʠʚʥʳe ʣʠʰʴ ʚ 

oʪʥoʰeʥʠʠ oʧʨeʜeʣeʥʥʳʭ ʚoʟʙʫʜʠʪeʣeʡ, ʪaʢ ʠ ʥeʩʧeʮʠʬʠʯeʩʢʠe ʤeʪoʜʳ, ʢoʪoʨʳe ʥaʧʨaʚʣeʥʳ ʥa 

ʩoʢʨaʱeʥʠe ʚeʨoʷʪʥoʩʪʠ ʪʨaʚʤaʪʠʟaʮʠʠ ʩoʪʨʫʜʥʠʢoʚ ʚ ʧʨoʮeʩʩe oʢaʟaʥʠʷ ʤeʜʠʮʠʥʩʢoʡ ʧoʤoʱʠ. Oʥʠ 

ʩʧoʩoʙʥʳ ʟaʱʠʪʠʪʴ ʧeʨʩoʥaʣ ʩʨaʟʫ oʪ ʚʩeʭ ʚoʟʙʫʜʠʪeʣeʡ ʛeʤoʢoʥʪaʢʪʥʳʭ ʠʥʬeʢʮʠʡ (ʧʨeʜoʪʚʨaʱeʥʠe 

ʢoʥʪaʢʪa ʩ ʠʥʬeʢʮʠoʥʥʳʤ aʛeʥʪoʤ). ʅeʩʧeʮʠʬʠʯeʩʢʠe ʤeʪoʜʳ ʧeʨʚʠʯʥoʡ ʧʨoʬʠʣaʢʪʠʢʠ ʪʨaʚʤaʪʠʟʤa 

ʷʚʣʷʶʪʩʷ oʩʥoʚoʡ ʟaʱʠʪʳ ʤeʜʨaʙoʪʥʠʢoʚ ʠ ʧoʟʚoʣʷʶʪ ʫʩʪʨaʥʠʪʴ ʵʢoʥoʤʠʯeʩʢʠe ʟaʪʨaʪʳ ʥa 

ʧoʩʪʢoʥʪaʢʪʥʫʶ ʧʨoʬʠʣaʢʪʠʢʫ ʠ ʣeʯeʥʠe.  



ʉɽʂʎʀʗ 1 - ʄʝʪʦʜʳ ʠ ʩʨʝʜʩʪʚʘ ʜʠʘʛʥʦʩʪʠʢʠ ʠ ʣʝʯʝʥʠʷ ʟʘʙʦʣʝʚʘʥʠʡ                  50 

 

 

XVI ʄʝʞʜʫʥʘʨʦʜʥʘʷ ʅʘʫʯʥʘʷ ʂʦʥʬʝʨʝʥʮʠʷ "ʌʠʟʠʢʘ ʠ ʈʘʜʠʦʵʣʝʢʪʨʦʥʠʢʘ ʚ ʄʝʜʠʮʠʥʝ ʠ 

ʕʢʦʣʦʛʠʠ" 

 

ʉʢʨʠʥʠʥʛ ʤeʜʠʮʠʥʩʢoʛo ʧeʨʩoʥaʣa ʥa ʥaʣʠʯʠe ʠʥʬeʢʮʠʠ ʚʢʣʶʯaeʪ ʠʩʩʣeʜoʚaʥʠe ʢʨoʚʠ ʥa ʩʠʬʠʣʠʩ, 

ʛeʧaʪʠʪ ɺ, ʛeʧaʪʠʪ ʉ, ɺʀʏ-ʠʥʬeʢʮʠʶ, ʢoʪoʨʫʶ ʧʨoʚoʜʷʪ: 

- ʧʨʠ ʧʨʠeʤe ʥa ʨaʙoʪʫ; 

- ʚ ʧʣaʥoʚoʤ ʧoʨʷʜʢe (1 ʨaʟ ʚ ʛoʜ);  

- ʧo ʵʧʠʜeʤʠoʣoʛʠʯeʩʢʠʤ ʧoʢaʟaʥʠʷʤ ʧoʜ ʥaʙʣʶʜeʥʠeʤ ʧʨoʬʧaʪoʣoʛa.  

ʇʨʠ ʧoʨeʟaʭ ʠ ʧʨoʢoʣaʭ ʙaʨʴeʨʥʳe ʩʨeʜʩʪʚa ʤeʭaʥʠʯeʩʢʠ oʯʠʱaʶʪ ʧoʚʨeʞʜaʶʱʫʶ ʧoʚeʨʭʥoʩʪʴ, 

ʯʪo ʩʥʠʞaeʪ ʢoʣʠʯeʩʪʚo ʧaʪoʛeʥa, ʧoʧaʜaʶʱeʛo ʚ ʨaʥʫ, ʠ ʧoʟʚoʣʷeʪ ʟʥaʯʠʪeʣʴʥo ʩʥʠʟʠʪʴ ʨʠʩʢ ʟaʨaʞeʥʠʷ.  

ɼʣʷ ʭʠʨʫʨʛʠʯeʩʢoʡ oʙʨaʙoʪʢʠ ʨʫʢ ʚʳʙʠʨaʶʪ ʩʨeʜʩʪʚa ʩ ʰʠʨoʢʠʤ ʩʧeʢʪʨoʤ ʧʨoʪʠʚoʤʠʢʨoʙʥoʛo 

ʜeʡʩʪʚʠʷ ʠ oʙʷʟaʪeʣʴʥʳʤ ʚʠʨʫʣʠʮʠʜʥʳʤ ʩʚoʡʩʪʚoʤ, ʥe ʨaʟʜʨaʞaʶʱʠe ʢoʞʫ ʠ ʩoʭʨaʥʷʶʱʠe 

aʥʪʠʤʠʢʨoʙʥʫʶ aʢʪʠʚʥoʩʪʴ ʚ ʪeʯeʥʠe 3-4 ʯaʩoʚ.  

ɾeʣaʪeʣʴʥo ʠʩʧoʣʴʟoʚaʪʴ ʜʚoʡʥʳe ʧeʨʯaʪʢʠ ʩ ʠʥʜʠʢaʮʠeʡ ʧʨoʢoʣa. ʉ oʜʥoʡ ʩʪoʨoʥʳ, oʥʠ 

ʧoʚʳʰaʶʪ ʫʨoʚeʥʴ ʟaʱʠʪʳ, ʫʤeʥʴʰaʷ ʢoʣʠʯeʩʪʚo ʩʢʚoʟʥʳʭ ʧʨoʢoʣoʚ, a ʩ ʜʨʫʛoʡ ï ʧoʟʚoʣʷʶʪ ʚoʚʨeʤʷ 

oʙʥaʨʫʞʠʪʴ ʧoʚʨeʞʜeʥʠe ʠ ʩʚoeʚʨeʤeʥʥo ʧʨʠʥʷʪʴ ʥeoʙʭoʜʠʤʳe ʤeʨʳ.  

ʇʨʠʥʮʠʧ ʜeʡʩʪʚʠʷ ʪaʢoʡ ʩʠʩʪeʤʳ ʜoʩʪaʪoʯʥo ʧʨoʩʪ ʠ oʯeʥʴ ʵʬʬeʢʪʠʚeʥ: ʥʠʞʥʷʷ ʧeʨʯaʪʢa 

oʪʣʠʯaeʪʩʷ oʪ ʚeʨʭʥeʡ ʧo ʮʚeʪʫ. ɾʠʜʢoʩʪʴ (ʢʨoʚʴ, ʧʨoʤʳʚʥʳe ʚoʜʳ ʠ ʧʨ.) ʧʨʠ ʧoʚʨeʞʜeʥʠʠ ʧʨoʥʠʢaeʪ 

ʤeʞʜʫ ʧeʨʯaʪʢaʤʠ, ʚ ʨeʟʫʣʴʪaʪe, ʚ oʙʣaʩʪʠ ʧʨoʢoʣa oʙʨaʟʫeʪʩʷ ʢoʥʪʨaʩʪʥoe ʧʷʪʥo, ʢoʪoʨoe ʩʠʛʥaʣʠʟʠʨʫeʪ o 

ʧeʨʬoʨaʮʠʠ. ʄʥoʛoʯʠʩʣeʥʥʳe ʠʩʩʣeʜoʚaʥʠʷ ʧo ʩʫʙʲeʢʪʠʚʥoʤʫ ʚoʩʧʨʠʷʪʠʶ ʮʚeʪa ʧoʟʚoʣʠʣʠ ʩoʟʜaʪʴ 

oʧʪʠʤaʣʴʥoe ʩooʪʥoʰeʥʠe ʥaʩʳʱeʥʥoʩʪʠ ʮʚeʪa ʥʠʞʥeʡ ʧeʨʯaʪʢʠ ʠ ʧʨoʟʨaʯʥoʩʪʠ ʚeʨʭʥeʡ, ʯʪo oʯeʥʴ ʚaʞʥo 

ʜʣʷ ʚʠʟʫaʣʴʥoʛo oʧʨeʜeʣeʥʠʷ ʤeʩʪa ʧoʚʨeʞʜeʥʠʷ.  

ʀʩʧoʣʴʟoʚaʥʠe ʜʚoʡʥʳʭ ʧeʨʯaʪoʢ ʩ ʮʚeʪoʚoʡ ʠʥʜʠʢaʮʠeʡ ʧʨoʢoʣa ʚʳʷʚʣʷeʪ ʜo 97% ʧʨoʢoʣoʚ ʚ 

ʩʨaʚʥeʥʠʠ ʩ ʠʩʧoʣʴʟoʚaʥʠeʤ oʜʥoʡ ʥaʨʳ ʧeʨʯaʪoʢ, ʢoʛʜa ʚʳʷʚʣʷeʪʩʷ ʚʩeʛo ʣʠʰʴ 8% ʧʨoʢoʣoʚ. ʈeʟʫʣʴʪaʪoʤ 

ʧʨʠʤeʥeʥʠʷ ʜʚoʡʥʳʭ ʧeʨʯaʪoʢ ʷʚʣʷeʪʩʷ ʩʥʠʞeʥʠe ʢoʥʪaʤʠʥaʮʠʠ ʨʫʢ ʭʠʨʫʨʛa ʩ 13% ʜo 2%.  

Oʙeʟʟaʨaʞʠʚaʥʠe ʤeʜʠʮʠʥʩʢoʛo ʠʥʩʪʨʫʤeʥʪaʨʠʷ  

ʂoʣʶʱe-ʨeʞʫʱʠe ʠʥʩʪʨʫʤeʥʪʳ ʧoʩʣe ʠʩʧoʣʴʟoʚaʥʠʷ ʚo ʚʨeʤʷ ʪʨʘʥʩʬʫʟʠʠ ʢʦʤʧʦʥʝʥʪʦʚ ʢʨʦʚʠ 

ʧoʤeʱaʶʪ ʚ oʪʜeʣʴʥʳe eʤʢoʩʪʠ ʩ ʤoʶʱe-ʜeʟʠʥʬʠʮʠʨʫʶʱʠʤ ʩʨeʜʩʪʚoʤ. ɺeʩʴ ʠʥʩʪʨʫʤeʥʪaʨʠʡ ʧoʩʣe 

oʧeʨaʮʠʡ ʫ ʠʥʬʠʮʠʨoʚaʥʥʳʭ ʧaʮʠeʥʪoʚ ʜoʣʞeʥ ʧʨoʭoʜʠʪʴ ʤeʭaʥʠʯeʩʢʫʶ ʜeʟʠʥʬeʢʮʠʶ ʠ 

ʧʨeʜʩʪeʨʠʣʠʟaʮʠoʥʥʫʶ oʯʠʩʪʢʫ ʚ ʤoeʯʥo-ʜeʟʠʥʬʠʢʮʠoʥʥʳʭ ʤaʰʠʥaʭ ʠʣʠ ʫʣʴʪʨaʟʚʫʢoʚʳʭ ʤoʡʢaʭ. ɿaʛʨʫʟʢʫ 

20 ʠʥʩʪʨʫʤeʥʪaʨʠʷ ʚ ʤaʰʠʥʳ oʩʫʱeʩʪʚʣʷʶʪ ʚ ʩʧeʮʠaʣʴʥʳʭ ʧeʨʯaʪʢaʭ ʩ ʫʢʨeʧʣeʥʥʳʤʠ ʢoʥʯʠʢaʤʠ ʧaʣʴʮeʚ.  

Oʙeʟʚʨeʞʠʚaʥʠe ʤeʜʠʮʠʥʩʢʠʭ oʪʭoʜoʚ  

ɺʩe ʤeʜʠʮʠʥʩʢʠe oʪʭoʜʳ oʧeʨaʮʠoʥʥoʛo ʙʣoʢa ʧoʜʣeʞaʪ oʙeʟʚʨeʞʠʚaʥʠʶ. ɺʩe ʞʠʜʢoʩʪʠ, ʢoʪoʨʳe 

aʢʪʠʚʥo ʫʜaʣʷʶʪʩʷ ʠʟ ʟoʥʳ ʪʨʘʥʩʬʫʟʠʠ ʢʦʤʧʦʥʝʥʪʦʚ ʢʨʦʚʠ, ʩoʙʠʨaʶʪ ʚ eʤʢoʩʪʠ, ʩoʜeʨʞaʱʠe ʜeʟʩʨeʜʩʪʚo 

Aʩʧʠʨʤaʪʠʢ, ʠʣʠ ʚ ʩʧeʮʠaʣʴʥʳe ʨaʟoʚʳe eʤʢoʩʪʠ, ʩoʜeʨʞaʱʠe ʜeʟʠʥʬeʢʪaʥʪ ʠ ʚeʱeʩʪʚo, ʧʨeʚʨaʱaʶʱee 

ʞʠʜʢoʩʪʴ ʚ ʥeʪeʢʫʯʠʡ ʛeʣʴ.  

ʀʪaʢ, oʧeʨaʮʠoʥʥaʷ ʤeʜʩeʩʪʨa ʜoʣʞʥa ʟʥaʪʴ ʥoʚʳe ʪeʭʥoʣoʛʠʠ ʜeʟʠʥʬeʢʮʠʠ ʠ ʩʪeʨʠʣʠʟaʮʠʠ, 

oʩʥoʚʥʳe ʵʪaʧʳ oʧeʨaʪʠʚʥʳʭ ʚʤeʰaʪeʣʴʩʪʚ ï ʢaʢ ʩʪaʥʜaʨʪʥʳʭ, ʪaʢ ʠ ʵʢʩʢʣʶʟʠʚʥʳʭ, ʠʭ oʙeʩʧeʯeʥʠe, ʠʤeʪʴ 

ʧʨeʜʩʪaʚʣeʥʠe o ʚʥʫʪʨʠʙoʣʴʥʠʯʥʳʭ ʠʥʬeʢʮʠʷʭ. 

ɺʳʚʦʜʳ 

ʊaʢʠʤ oʙʨaʟoʤ, ʤʳ ʚʠʜʠʤ, ʯʪo ʜoʣʞʥoʩʪʴ ʤeʜʠʮʠʥʩʢoʡ ʩeʩʪʨʳ ʢʘʙʠʥʝʪʘ ʪʨʘʥʩʬʫʟʠʦʣʦʛʘ ʜoʣʞeʥ 

ʟaʥʠʤaʪʴ ʯeʣoʚeʢ, ʢoʪoʨʳʡ ʩooʪʚeʪʩʪʚʫeʪ ʢʚaʣʠʬʠʢaʮʠoʥʥʳʤ ʭaʨaʢʪeʨʠʩʪʠʢaʤ ʜoʣʞʥoʩʪeʡ ʨaʙoʪʥʠʢoʚ ʚ 

ʩʬeʨe ʟʜʨaʚooʭʨaʥeʥʠʷ, a ʪaʢʞe ʠʤeeʪ ʥeoʙʭoʜʠʤoe oʙʨaʟoʚaʥʠe. Oʧeʨaʮʠoʥʥaʷ ʤeʜʠʮʠʥʩʢaʷ ʩeʩʪʨa ʜoʣʞʥa 

ʚʣaʜeʪʴ oʧʨeʜeʣeʥʥʳʤʠ ʥaʚʳʢaʤʠ ʨaʙoʪʳ, ʯʪoʙʳ ʵʬʬeʢʪʠʚʥo oʢaʟʳʚaʪʴ ʥeoʙʭoʜʠʤʫʶ ʧoʤoʱʴ. ʊaʢʞe oʥa 

ʥeʩeʪ oʪʚeʪʩʪʚeʥʥoʩʪʴ ʟa ʩʚoʠ ʜeʡʩʪʚʠʷ ʠʣʠ ʙeʟʜeʡʩʪʚʠʷ. ʇʨʠ ʨaʩʩʤoʪʨeʥʠʠ oʩoʙeʥʥoʩʪeʡ ʩʚʷʟaʥʥʳʭ ʩ 

ʨaʙoʪoʡ oʧeʨaʮʠoʥʥoʡ ʤeʜʠʮʠʥʩʢoʡ ʩeʩʪʨʳ ʙʳʣʠ ʚʳʷʚʣeʥo ʩʣeʜʫʶʱee: ʥeoʙʭoʜʠʤoʩʪʴ ʜoʧoʣʥʠʪeʣʴʥoʛo 

ʧʨaʢʪʠʯeʩʢoʛo oʙʫʯeʥʠʷ ʫʞe ʥa ʨaʙoʯeʤ ʤeʩʪe; oʪʚeʪʩʪʚeʥʥoʩʪʴ ʧeʨeʜ ʧaʮʠeʥʪoʤ; ʪʨeʙʫeʪ ʙoʣʴʰoʡ 

ʵʤoʮʠoʥaʣʴʥoʡ ʫʩʪoʡʯʠʚoʩʪʠ, a ʪaʢʞe ʬʠʟʠʯeʩʢoʡ ʚʳʥoʩʣʠʚoʩʪʠ. ʀʩʧoʣʴʟoʚaʥʠe oʙoʨʫʜoʚaʥʠʷ ʠ ʧoʨʷʜoʢ 
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 Abstract of the article The profession of an operating nurse requires special knowledge and skills. The analysis of 

the peculiarities of the activity of the operating nurse in the surgical department and the transfusiologist's office was 

carried out. Planning the working day of an operating nurse is generally common for many medical institutions, 

depending on the characteristics of the institution. Ward and operating nurses are involved in the preparation for 

transfusion of blood components and postoperative care. Operating nurses are responsible for providing nursing care 

to patients at all stages: before surgery, during transfusion of blood components and after it. An operating nurse 

should know new disinfection and sterilization technologies, the main stages of surgical interventions ï both 

standard and exclusive, their provision, and have an idea about hospital-acquired infections. 

 

ïïïïïïïïïïïïïïïï ǅïïïïïïïïïïïïïïïï 

 

ʄʆɼʋʃʗʎʀʆʅʅɸʗ ʀʅʊɽʈʌɽʈɽʅʎʀʆʅʅɸʗ ʄʀʂʈʆʉʂʆʇʀʗ ʂɸʂ ʇɽʈʉʇɽʂʊʀɺʅʓʁ 

ʄɽʊʆɼ ʆʎɽʅʂʀ ʈʀʉʂɸ ʄɽʊɸʉʊɸɿʀʈʆɺɸʅʀʗ ʋ ɹʆʃʔʅʓʍ ʈɸʂʆʄ ʄʆʃʆʏʅʆʁ ɾɽʃɽɿʓ 

ʄʝʪʝʣʠʥ ɺ.ɹ. 1,2, ɺʘʩʠʣʝʥʢʦ ʀ.ɸ.1,2, ɹʘʣʢʘʥʦʚ ɸ.ʉ.1, ʀʛʥʘʪʴʝʚ ʇ.ʉ.3 
1ʌɻɹʆʋ ɺʆ çʈʦʩʩʠʡʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤʝʥʠ ɸ.ʅ. ʂʦʩʳʛʠʥʘè metelin-vb@rguk.ru; 

2ɻɹʋɿ ʄʆ çʄʦʩʢʦʚʩʢʠʡ ʦʙʣʘʩʪʥʦʡ ʥʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʢʣʠʥʠʯʝʩʢʠʡ ʠʥʩʪʠʪʫʪ ʠʤ. ʄ.ʌ. 

ɺʣʘʜʠʤʠʨʩʢʦʛʦè 
3ɸʆ çʇʨʦʠʟʚʦʜʩʪʚʝʥʥʦʝ ʦʙʲʝʜʠʥʝʥʠʝ çʋʨʘʣʴʩʢʠʡ ʦʧʪʠʢʦ-ʤʝʭʘʥʠʯʝʩʢʠʡ ʟʘʚʦʜ ʠʤ. ʕ.ʉ. ʗʣʘʤʦʚʘè 

 

ʇʦ ʜʘʥʥʳʤ ɺʆɿ ʚ ʤʠʨʝ ʝʞʝʛʦʜʥʦ ʜʠʘʛʥʦʩʪʠʨʫʝʪʩʷ ʧʦʨʷʜʢʘ 9 ʤʠʣʣʠʦʥʦʚ ʯʝʣʦʚʝʢ ʩ ʦʥʢʦʣʦʛʠʯʝʩʢʠʤʠ 

ʟʘʙʦʣʝʚʘʥʠʷʤʠ. ʄʝʜʠʢʦ-ʩʦʮʠʘʣʴʥʘʷ ʟʥʘʯʠʤʦʩʪʴ ʦʥʢʦʣʦʛʠʯʝʩʢʦʡ ʧʘʪʦʣʦʛʠʠ ʦʙʫʩʣʦʚʣʝʥʘ ʚʳʩʦʢʦʡ 

ʟʘʙʦʣʝʚʘʝʤʦʩʪʴʶ ʠ ʩʤʝʨʪʥʦʩʪʴʶ ʥʘʩʝʣʝʥʠʷ, ʘ ʪʘʢʞʝ ʟʥʘʯʠʪʝʣʴʥʳʤ ʩʥʠʞʝʥʠʝʤ ʢʘʯʝʩʪʚʘ ʞʠʟʥʠ ʪʘʢʠʭ 

ʧʘʮʠʝʥʪʦʚ. ɺ ʄʦʩʢʦʚʩʢʦʡ ʦʙʣʘʩʪʠ ʧʦʢʘʟʘʪʝʣʠ ʟʘʙʦʣʝʚʘʝʤʦʩʪʠ ʨʘʢʦʤ ʝʞʝʛʦʜʥʦ ʩʦʩʪʘʚʣʷʶʪ 23 ï 25 ʪʳʩ 

ʩʣʫʯʘʝʚ [1, 2]. ʅʘʠʙʦʣʝʝ ʯʘʩʪʦʡ ʧʨʠʯʠʥʦʡ ʛʠʙʝʣʠ ʪʘʢʠʭ ʧʘʮʠʝʥʪʦʚ ʷʚʣʷʝʪʩʷ ʧʦʷʚʣʝʥʠʝ ʢʣʠʥʠʯʝʩʢʠ ʟʥʘʯʠʤʳʭ 

ʦʪʜʘʣʝʥʥʳʭ ʤʝʪʘʩʪʘʟʦʚ ʚ ʜʨʫʛʠʝ ʦʨʛʘʥʳ (ʣʸʛʢʠʝ, ʧʝʯʝʥʴ, ʛʦʣʦʚʥʦʡ ʤʦʟʛ), ʚʦʟʥʠʢʥʦʚʝʥʠʝ ʢʦʪʦʨʳʭ 

ʦʙʫʩʣʦʚʣʝʥʦ ʩʧʦʩʦʙʥʦʩʪʴʶ ʦʧʫʭʦʣʝʚʦʡ ʢʣʝʪʢʠ, ʨʘʟʨʳʚʘʷ ʤʝʞʢʣʝʪʦʯʥʳʝ ʩʚʷʟʠ, ʧʨʦʥʠʢʘʪʴ ʚ ʢʨʦʚʦʪʦʢ, 

ʧʝʨʝʤʝʱʘʪʴʩʷ ʢ ʦʨʛʘʥʫ ʤʠʰʝʥʠ, ʛʜʝ ʧʨʦʠʩʭʦʜʠʪ ʝʸ ʧʨʦʥʠʢʥʦʚʝʥʠʝ ʚ ʧʘʨʝʥʭʠʤʫ ʦʨʛʘʥʘ ʩ ʧʦʩʣʝʜʫʶʱʝʡ ʟʘ 

ʵʪʠʤ ʘʢʪʠʚʠʟʘʮʠʝʡ ʝʸ ʧʨʦʣʠʬʝʨʘʪʠʚʥʦʛʦ ʧʦʪʝʥʮʠʘʣʘ [3, 4]. 

ʀʟʚʝʩʪʥʦ, ʯʪʦ ʥʘʣʠʯʠʝ ʎʆʂ ʥʝ ʚʩʝʛʜʘ ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʤʝʪʘʩʪʘʟʠʨʦʚʘʥʠʝʤ ʦʧʫʭʦʣʠ, ʧʦʩʢʦʣʴʢʫ, ʧʦ-

ʚʠʜʠʤʦʤʫ, ʥʝ ʚʩʝ ʦʧʫʭʦʣʝʚʳʝ ʢʣʝʪʢʠ, ʧʦʧʘʚʰʠʝ ʚ ʢʨʦʚʦʪʦʢ, ʦʙʣʘʜʘʶʪ ʩʚʦʡʩʪʚʘʤʠ, ʥʝʦʙʭʦʜʠʤʳʤʠ ʜʣʷ 

ʦʙʨʘʟʦʚʘʥʠʷ ʤʝʪʘʩʪʘʟʦʚ. ɺʳʷʚʣʝʥʠʝ ʠ ʤʦʨʬʦʬʫʥʢʮʠʦʥʘʣʴʥʘʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʎʆʂ ʤʦʛʫʪ ʠʤʝʪʴ ʚʘʞʥʦʝ 

ʧʘʪʦʛʝʥʝʪʠʯʝʩʢʦʝ, ʢʣʠʥʠʯʝʩʢʦʝ, ʧʨʦʛʥʦʩʪʠʯʝʩʢʦʝ ʠ ʧʨʦʛʥʦʩʪʠʯʝʩʢʦʝ ʟʥʘʯʝʥʠʝ ʢʘʢ ʥʘ ʨʘʥʥʠʭ ʩʪʘʜʠʷʭ 

ʨʘʟʣʠʯʥʳʭ ʦʧʫʭʦʣʝʚʳʭ ʟʘʙʦʣʝʚʘʥʠʡ, ʪʘʢ ʠ ʧʨʠ ʬʦʨʤʠʨʦʚʘʥʠʠ ʤʝʪʘʩʪʘʟʦʚ. 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʩʫʱʝʩʪʚʫʶʪ ʨʘʟʣʠʯʥʳʝ ʧʦʜʭʦʜʳ ʠ ʤʝʪʦʜʳ ʦʧʨʝʜʝʣʝʥʠʷ ʠ ʘʥʘʣʠʟʘ ʎʆʂ ʚ ʢʨʦʚʠ 

ʦʥʢʦʣʦʛʠʯʝʩʢʠʭ ʙʦʣʴʥʳʭ (ʥʘ ʦʩʥʦʚʝ ʦʧʨʝʜʝʣʝʥʠʷ EpCam-ʤʘʨʢʝʨʦʚ, ʮʠʪʦʢʝʨʘʪʠʥʦʚ, ʨʘʟʤʝʨʘ ʦʧʫʭʦʣʝʚʳʭ 

ʢʣʝʪʦʢ ʠ ʜʨ.), ʥʦ, ʢ ʩʦʞʘʣʝʥʠʶ, ʦʥʠ ʥʝ ʧʦʣʫʯʠʣʠ ʰʠʨʦʢʦʛʦ ʧʨʠʤʝʥʝʥʠʷ ʚ ʢʣʠʥʠʯʝʩʢʦʡ ʧʨʘʢʪʠʢʝ. ʧʨʘʢʪʠʢʘ 

[5, 6, 7]. 

ɼʠʘʛʥʦʩʪʠʯʝʩʢʠʝ ʦʧʪʠʯʝʩʢʠʝ ʩʠʩʪʝʤʳ ʠ ʧʨʦʛʨʘʤʤʥʦ-ʘʧʧʘʨʘʪʥʳʝ ʢʦʤʧʣʝʢʩʳ ʥʘ ʦʩʥʦʚʝ 

ʠʥʪʝʨʬʝʨʝʥʮʠʦʥʥʦʡ ʤʠʢʨʦʩʢʦʧʠʠ ʠ ʮʠʬʨʦʚʦʡ ʛʦʣʦʛʨʘʬʠʠ ʦʙʣʘʜʘʶʪ ʮʝʥʥʳʤʠ ʧʨʝʠʤʫʱʝʩʪʚʘʤʠ ʧʦ 

ʩʨʘʚʥʝʥʠʶ ʩ ʪʨʘʜʠʮʠʦʥʥʳʤʠ ʤʝʪʦʜʘʤʠ (ʥʝʠʥʚʘʟʠʚʥʳʤʠ, ʙʳʩʪʨʦʜʝʡʩʪʚʫʶʱʠʤʠ, ʩʚʝʨʭʨʘʟʨʝʰʘʶʱʠʤʠ ʠ ʜʨ.), 

ʯʪʦ ʩʫʱʝʩʪʚʝʥʥʦ ʨʘʩʰʠʨʷʝʪ ʘʨʩʝʥʘʣ ʠʭ ʧʨʠʤʝʥʝʥʠʷ ʚ ʙʠʦʤʝʜʠʮʠʥʩʢʠʭ ʮʝʣʷʭ. ʠʩʩʣʝʜʦʚʘʥʠʷ. ʉʦʚʨʝʤʝʥʥʳʝ 

ʢʦʛʝʨʝʥʪʥʳʝ ʠʥʪʝʨʬʝʨʦʤʝʪʨʳ ʨʝʘʣʠʟʫʶʪ ʧʝʨʝʭʦʜ ʦʪ ʦʧʠʩʘʪʝʣʴʥʦʡ ʢ ʢʦʣʠʯʝʩʪʚʝʥʥʦʡ ʤʦʨʬʦʣʦʛʠʠ ʞʠʚʳʭ 

ʬʫʥʢʮʠʦʥʠʨʫʶʱʠʭ ʢʣʝʪʦʢ ʥʘ ʤʘʢʨʦʤʦʣʝʢʫʣʷʨʥʦʤ ʫʨʦʚʥʝ, ʧʦʟʚʦʣʷʶʪ ʠʩʩʣʝʜʦʚʘʪʝʣʶ ʦʪʩʣʝʞʠʚʘʪʴ 

ʠʟʤʝʥʝʥʠʷ ʩʫʙʢʣʝʪʦʯʥʳʭ ʤʠʢʨʦʩʪʨʫʢʪʫʨ ʚ ʨʝʘʣʴʥʦʤ ʚʨʝʤʝʥʠ ʩ ʬʦʨʤʠʨʦʚʘʥʠʝʤ ʜʚʫʭ-, ʪʨʝʭʤʝʨʥʦʡ 



ʉɽʂʎʀʗ 1 - ʄʝʪʦʜʳ ʠ ʩʨʝʜʩʪʚʘ ʜʠʘʛʥʦʩʪʠʢʠ ʠ ʣʝʯʝʥʠʷ ʟʘʙʦʣʝʚʘʥʠʡ                  52 

 

 

XVI ʄʝʞʜʫʥʘʨʦʜʥʘʷ ʅʘʫʯʥʘʷ ʂʦʥʬʝʨʝʥʮʠʷ "ʌʠʟʠʢʘ ʠ ʈʘʜʠʦʵʣʝʢʪʨʦʥʠʢʘ ʚ ʄʝʜʠʮʠʥʝ ʠ 

ʕʢʦʣʦʛʠʠ" 

 

ʨʝʢʦʥʩʪʨʫʢʮʠʠ ʠʟʦʙʨʘʞʝʥʠʷ ʠ ʧʨʦʚʝʜʝʥʠʝʤ ʧʨʦʚʦʜʠʤ ʤʥʦʛʦʧʘʨʘʤʝʪʨʠʯʝʩʢʠʡ ʘʥʘʣʠʟ ʧʦʣʫʯʝʥʥʳʭ ʜʘʥʥʳʭ 

[8-12] 

ʎʝʣʴ ʨʘʙʦʪʳ ï ʧʦʚʳʰʝʥʠʝ ʦʙʱʝʡ ʠ ʙʝʟʨʝʮʠʜʠʚʥʦʡ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʠ ʞʠʟʥʠ ʦʥʢʦʣʦʛʠʯʝʩʢʠʭ 

ʧʘʮʠʝʥʪʦʚ ʟʘ ʩʯʝʪ ʢʦʨʨʝʢʪʥʦʡ ʦʮʝʥʢʠ ʨʠʩʢʘ ʦʪʜʘʣʝʥʥʦʛʦ ʤʝʪʘʩʪʘʟʠʨʦʚʘʥʠʷ, ʵʬʬʝʢʪʠʚʥʦʩʪʠ 

ʧʨʦʪʠʚʦʦʧʫʭʦʣʝʚʦʡ ʪʝʨʘʧʠʠ ʤʝʪʦʜʦʤ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʦʪʝʯʝʩʪʚʝʥʥʦʛʦ ʧʨʦʛʨʘʤʤʥʦ-ʘʧʧʘʨʘʪʥʦʛʦ ʢʦʤʧʣʝʢʩʘ 

ʄʀʄ ʜʣʷ ʢʦʣʠʯʝʩʪʚʝʥʥʦʛʦ ʬʘʟʦʚʦʛʦ ʙʠʦʠʤʠʜʞʠʥʛʘ ʞʠʚʳʭ ʢʣʝʪʦʢ ʢʨʦʚʠ, ʠʜʝʥʪʠʬʠʮʠʨʦʚʘʥʥʳʭ ʢʘʢ CD326 

(EpCam) ʧʦʣʦʞʠʪʝʣʴʥʳʝ. 

ʋ 7 ʙʦʣʴʥʳʭ ʩ ʜʠʘʛʥʦʟʦʤ ʨʘʢ ʣʝʛʢʦʛʦ, ʛʠʩʪʦʣʦʛʠʯʝʩʢʠ ʧʦʜʪʚʝʨʞʜʝʥʥʳʤ ʢʘʢ ʧʣʦʩʢʦʢʣʝʪʦʯʥʳʡ ʨʘʢ, 

ʙʳʣʦ ʩʦʙʨʘʥʦ 10 ʤʣ ʚʝʥʦʟʥʦʡ ʢʨʦʚʠ. ɺ ʠʩʩʣʝʜʦʚʘʥʠʝ ʚʢʣʶʯʘʣʠʩʴ ʪʦʣʴʢʦ ʧʘʮʠʝʥʪʳ ʩ ʤʝʩʪʥʦ-

ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʤ ʨʘʢʦʤ, ʧʨʠʟʥʘʢʦʤ ʢʦʪʦʨʦʛʦ ʷʚʣʷʣʠʩʴ ʣʠʙʦ ʨʘʟʤʝʨʳ ʦʧʫʭʦʣʠ, ʧʦʟʚʦʣʷʶʱʠʝ ʦʪʥʝʩʪʠ ʝʝ ʢ 

ʊ3, ʣʠʙʦ ʦʙʥʘʨʫʞʝʥʠʝ ʫ ʥʠʭ ʫʚʝʣʠʯʝʥʠʷ ʦʜʥʦʛʦ ʠʣʠ ʥʝʩʢʦʣʴʢʠʭ ʣʠʤʬʘʪʠʯʝʩʢʠʭ ʫʟʣʦʚ ʧʦ ʢʦʨʦʪʢʦʡ ʦʩʠ. ʕʪʦʪ 

ʬʘʢʪ ʙʳʣ ʫʩʪʘʥʦʚʣʝʥ ʧʦ ʜʘʥʥʳʤ ʤʘʛʥʠʪʥʦ-ʨʝʟʦʥʘʥʩʥʦʡ ʠʣʠ ʨʝʥʪʛʝʥʦʢʦʥʪʨʘʩʪʥʦʡ ʢʦʤʧʴʶʪʝʨʥʦʡ 

ʪʦʤʦʛʨʘʬʠʠ. ʇʨʝʜʧʦʩʳʣʢʦʡ ʜʣʷ ʚʢʣʶʯʝʥʠʷ ʧʘʮʠʝʥʪʦʚ ʙʳʣʦ ʦʪʩʫʪʩʪʚʠʝ ʥʘ ʤʦʤʝʥʪ ʚʢʣʶʯʝʥʠʷ ʚ 

ʠʩʩʣʝʜʦʚʘʥʠʝ ʜʘʥʥʳʭ, ʫʢʘʟʳʚʘʶʱʠʭ ʥʘ ʦʪʜʘʣʝʥʥʦʝ ʤʝʪʘʩʪʘʟʠʨʦʚʘʥʠʝ. ʆʩʥʦʚʘʥʠʝʤ ʜʣʷ ʟʘʢʣʶʯʝʥʠʷ ʦʙ 

ʦʪʩʫʪʩʪʚʠʠ ʦʪʜʘʣʝʥʥʳʭ ʤʝʪʘʩʪʘʟʦʚ ʧʦʩʣʫʞʠʣʠ ʨʝʟʫʣʴʪʘʪʳ ʤʘʛʥʠʪʥʦ-ʨʝʟʦʥʘʥʩʥʦʡ ʪʦʤʦʛʨʘʬʠʠ ʛʦʣʦʚʥʦʛʦ 

ʤʦʟʛʘ, ʨʝʥʪʛʝʥʦʚʩʢʦʡ ʢʦʤʧʴʶʪʝʨʥʦʡ ʪʦʤʦʛʨʘʬʠʠ ʦʨʛʘʥʦʚ ʙʨʶʰʥʦʡ ʧʦʣʦʩʪʠ ʠ ʣʝʛʢʠʭ, ʩʮʠʥʪʠʛʨʘʬʠʠ ʢʦʩʪʝʡ 

ʩʢʝʣʝʪʘ. ɼʦʧʦʣʥʠʪʝʣʴʥʳʤ ʢʨʠʪʝʨʠʝʤ ʦʪʙʦʨʘ ʷʚʣʷʣʦʩʴ ʦʪʩʫʪʩʪʚʠʝ ʘʥʘʤʥʝʩʪʠʯʝʩʢʠʭ ʜʘʥʥʳʭ ʦ 

ʧʨʝʜʰʝʩʪʚʫʶʱʝʤ ʣʝʯʝʥʠʠ ʧʦ ʧʦʚʦʜʫ ʦʥʢʦʣʦʛʠʯʝʩʢʦʡ ʧʘʪʦʣʦʛʠʠ, ʦʪʩʫʪʩʪʚʠʝ ʩʫʱʝʩʪʚʝʥʥʳʭ ʠʟʤʝʥʝʥʠʡ 

ʧʦʢʘʟʘʪʝʣʝʡ ʢʨʦʚʠ (ʦʙʱʠʡ ʠ ʙʠʦʭʠʤʠʯʝʩʢʠʡ ʘʥʘʣʠʟʳ ʢʨʦʚʠ), ʟʘ ʠʩʢʣʶʯʝʥʠʝʤ ʛʝʤʦʛʣʦʙʠʥʘ (ʜʦʧʫʩʪʠʤʳʤ 

ʫʨʦʚʥʝʤ ʩʯʠʪʘʣʠ ʥʝ ʥʠʞʝ 95 ʛ/ʤʣ). 

ʇʨʠʥʮʠʧ ʜʝʡʩʪʚʠʷ ʤʠʢʨʦʩʢʦʧʘ ʄʀʄ-ʅ ʦʩʥʦʚʘʥ ʥʘ ʠʟʤʝʨʝʥʠʠ ʨʘʟʥʦʩʪʠ ʬʘʟ Dű, ʚʦʟʥʠʢʘʶʱʝʡ ʧʨʠ 

ʧʨʦʭʦʞʜʝʥʠʠ ʣʘʟʝʨʥʦʛʦ ʠʟʣʫʯʝʥʠʷ ʯʝʨʝʟ ʦʙʲʝʢʪ. ɼʣʷ ʥʘʭʦʞʜʝʥʠʷ ʠʩʢʦʤʦʡ ʬʫʥʢʮʠʠ Dű (x, y, z, t) ʦʙʲʝʢʪ 

ʦʩʚʝʱʘʶʪ ʧʣʦʩʢʠʤ ʚʦʣʥʦʚʳʤ ʬʨʦʥʪʦʤ. ʇʨʠ ʧʨʦʭʦʞʜʝʥʠʠ ʯʝʨʝʟ ʦʙʲʝʢʪ ʚʦʣʥʦʚʦʡ ʬʨʦʥʪ ʧʨʠʦʙʨʝʪʘʝʪ 

ʣʦʢʘʣʴʥʳʝ ʟʘʜʝʨʞʢʠ ʬʘʟʳ, ʢʦʪʦʨʳʝ ʟʘʚʠʩʷʪ ʦʪ ʧʣʦʪʥʦʩʪʠ ʠ ʛʝʦʤʝʪʨʠʠ ʦʙʲʝʢʪʘ. ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʚʝʣʠʯʠʥʳ 

ʟʘʜʝʨʞʢʠ ʠʩʧʦʣʴʟʫʝʪʩʷ ʠʥʪʝʨʬʝʨʦʤʝʪʨ, ʚ ʢʦʪʦʨʦʤ ʩʚʝʪʦʚʘʷ ʚʦʣʥʘ, ʧʨʦʰʝʜʰʘʷ ʯʝʨʝʟ ʦʙʲʝʢʪ, ʩʢʣʘʜʳʚʘʝʪʩʷ ʩ 

ʧʣʦʩʢʦʡ ʦʧʦʨʥʦʡ ʚʦʣʥʦʡ. ɺʦʟʥʠʢʘʶʱʘʷ ʪʘʢʠʤ ʦʙʨʘʟʦʤ ʠʥʪʝʨʬʝʨʝʥʮʠʦʥʥʘʷ ʢʘʨʪʠʥʘ ʧʦʟʚʦʣʷʝʪ ʚʳʯʠʩʣʠʪʴ 

ʠʩʢʦʤʫʶ ʟʘʜʝʨʞʢʫ ʬʘʟʳ Dű. ʊʨʝʭʤʝʨʥʦʝ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʬʫʥʢʮʠʠ Dű (x, y, z) ʥʘʟʳʚʘʝʪʩʷ ʬʘʟʦʚʳʤ ʧʦʨʪʨʝʪʦʤ, 

ʢʦʪʦʨʳʡ ʦʪʥʦʩʷʪ ʢ ʢʣʘʩʩʫ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʠʟʦʙʨʘʞʝʥʠʡ, ʛʜʝ ʠʥʬʦʨʤʘʮʠʷ ʧʨʝʜʩʪʘʚʣʝʥʘ ʚ ʚʠʜʝ 

ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʢʦʣʠʯʝʩʪʚʝʥʥʦʛʦ ʧʘʨʘʤʝʪʨʘ ð ʨʘʟʥʦʩʪʠ ʬʘʟ Dű(x, y) ʩʚʝʪʦʚʦʡ ʚʦʣʥʳ, ʩʚʷʟʘʥʥʦʡ ʩ ʦʧʪʠʯʝʩʢʦʡ 

ʧʣʦʪʥʦʩʪʴʶ ʠʩʩʣʝʜʫʝʤʦʛʦ ʦʙʲʝʢʪʘ. ɼʣʷ ʧʨʦʩʪʦʪʳ ʚʦʩʧʨʠʷʪʠʷ ʠ ʠʥʪʝʨʧʨʝʪʘʮʠʠ ʬʘʟʦʚʳʭ ʧʦʨʪʨʝʪʦʚ ʨʘʟʥʦʩʪʴ 

ʬʘʟ, ʠʟʤʝʨʷʝʤʘʷ ʚ ʛʨʘʜʫʩʘʭ, ʤʦʞʝʪ ʙʳʪʴ ʚʳʨʘʞʝʥʘ ʚ ʥʘʥʦʤʝʪʨʘʭ. 

ʇʨʠʥʠʤʘʷ ʩʨʝʜʥʝʝ ʟʥʘʯʝʥʠʝ ʧʦʢʘʟʘʪʝʣʷ ʧʨʝʣʦʤʣʝʥʠʷ ʵʨʠʪʨʦʮʠʪʘ ʧʦ ʚʝʨʪʠʢʘʣʠ ʧʦʩʪʦʷʥʥʳʤ, ʜʣʷ 

ʦʮʝʥʢʠ ʧʨʠʤʝʥʷʝʪʩʷ ʬʦʨʤʫʣʘ 

Ὄ
ὲ ὲ

 

ʛʜʝ H ï ʛʝʦʤʝʪʨʠʯʝʩʢʘʷ ʚʳʩʦʪʘ ʵʨʠʪʨʦʮʠʪʘ; h ï ʬʘʟʦʚʘʷ ʪʦʣʱʠʥʘ ʵʨʠʪʨʦʮʠʪʘ; n ï ʧʦʢʘʟʘʪʝʣʴ 

ʧʨʝʣʦʤʣʝʥʠʷ ʵʨʠʪʨʦʮʠʪʘ; n0 ï ʧʦʢʘʟʘʪʝʣʴ ʧʨʝʣʦʤʣʝʥʠʷ ʙʫʬʝʨʥʦʛʦ ʨʘʩʪʚʦʨʘ. 

ʇʦ ʧʦʣʫʯʝʥʥʳʤ ʜʘʥʥʳʤ ʤʦʞʥʦ ʘʥʘʣʠʟʠʨʦʚʘʪʴ ʬʘʟʦʚʳʝ ʥʝʦʜʥʦʨʦʜʥʦʩʪʠ ʚ ʧʨʦʟʨʘʯʥʳʭ ʦʙʲʝʢʪʘʭ, 

ʠʟʤʝʥʝʥʠʷ ʬʦʨʤʳ ʢʣʝʪʢʠ, ʢʦʥʮʝʥʪʨʘʮʠʠ ʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʚʥʫʪʨʠʢʣʝʪʦʯʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ ʚ ʧʦʢʦʝ ʠ ʧʨʠ 

ʚʦʟʜʝʡʩʪʚʠʠ ʚʥʝʰʥʠʭ ʨʘʟʜʨʘʞʠʪʝʣʝʡ, ʚʦʟʤʦʞʥʦ ʦʧʨʝʜʝʣʝʥʠʝ ʦʙʲʸʤʘ ʢʣʝʪʢʠ. ʇʨʠ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʤ ʩʲʝʤʝ 

ʥʝʩʢʦʣʴʢʠʭ ʢʘʜʨʦʚ ʚ ʪʝʯʝʥʠʠ ʜʣʠʪʝʣʴʥʦʛʦ ʚʨʝʤʝʥʠ ʚʦʟʤʦʞʝʥ ʘʥʘʣʠʟ ʠʟʤʝʥʝʥʠʡ, ʧʨʦʠʩʭʦʜʷʱʠʭ ʚʥʫʪʨʠ 

ʞʠʚʦʡ ʢʣʝʪʢʠ. 
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ʈʠʩʫʥʦʢ 1 ïʇʨʠʥʮʠʧʠʘʣʴʥʘʷ ʦʧʪʠʯʝʩʢʘʷ ʩʭʝʤʘ ʤʠʢʨʦʩʢʦʧʘ ʄʀʄ 

1 ïʣʘʟʝʨ, 2 ï ʩʚʝʪʦʜʠʦʜ (ʙʝʣʳʡ ʩʚʝʪ), 3 ïʩʚʝʪʦʜʝʣʠʪʝʣʴ; 4 ï ʪʫʙʫʩʥʘʷ ʣʠʥʟʘ; 5 ï ʧʦʚʦʨʦʪʥʦʝ ʟʝʨʢʘʣʦ; 

6 ï ʧʨʦʝʢʪʠʚ; 7 ï ʤʠʢʨʦʦʙʲʝʢʪʠʚ ʧʨʝʜʤʝʪʥʦʛʦ ʧʣʝʯʘ; 8 ï ʠʩʩʣʝʜʫʝʤʳʡ ʦʙʲʝʢʪ; 9 ï ʤʠʢʨʦʦʙʲʝʢʪʠʚ 

ʦʧʦʨʥʦʛʦ ʧʣʝʯʘ; 10 ï ʬʘʟʦʚʳʡ ʤʦʜʫʣʷʪʦʨ; 11 ï ʮʠʬʨʦʚʘʷ ʢʘʤʝʨʘ ʥʘʚʠʛʘʮʠʦʥʥʦʛʦ ʢʘʥʘʣʘ; 12 ï ʮʠʬʨʦʚʘʷ 

ʢʘʤʝʨʘ ʠʟʤʝʨʠʪʝʣʴʥʦʛʦ ʢʘʥʘʣʘ 

 

 
 

  

a B c 

 

ʈʠʩʫʥʦʢ 2 - ʌʘʟʦʚʦ-ʠʥʪʝʨʬʝʨʝʥʮʠʦʥʥʦʝ ʠʟʦʙʨʘʞʝʥʠʝ ʦʧʫʭʦʣʝʚʦʡ (EpCam+) ʢʣʝʪʢʠ. a - ʊʦʧʦʛʨʘʤʤʘ, b - 

3D-ʨʝʢʦʥʩʪʨʫʢʮʠʷ, c ï ʬʘʟʦʚʳʡ ʧʨʦʬʠʣʴ. 

 

ɺ ʩʨʝʜʥʝʤ ʫ ʧʘʮʠʝʥʪʦʚ ʩ ʨʘʢʦʤ ʤʦʣʦʯʥʦʡ ʞʝʣʝʟʳ ʠʟ 10 ʤʣ ʧʝʨʠʬʝʨʠʯʝʩʢʦʡ ʢʨʦʚʠ ʚʳʜʝʣʷʣʠ ʧʨʠʤʝʨʥʦ 

1,0*10^5/ʤʣ ʎʆʂ. ʅʘ ʨʠʩʫʥʢʝ 2 ʧʨʝʜʩʪʘʚʣʝʥʳ ʪʦʧʦʛʨʘʤʤʘ, 3D-ʨʝʢʦʥʩʪʨʫʢʮʠʷ ʠ ʦʧʪʠʯʝʩʢʠʡ ʧʨʦʬʠʣʴ 

CD326-ʧʦʟʠʪʠʚʥʳʭ ʢʣʝʪʦʢ. ʅʘʤ ʭʦʪʝʣʦʩʴ ʙʳ ʦʙʨʘʪʠʪʴ ʚʥʠʤʘʥʠʝ ʥʘ ʢʨʫʧʥʳʡ ʨʘʟʤʝʨ ʢʣʝʪʦʢ, 

ʵʢʩʧʨʝʩʩʠʨʫʶʱʠʭ ʤʦʣʝʢʫʣʳ ʘʜʛʝʟʠʠ EpCAM, ʠ ʠʭ ʬʘʟʦʚʫʶ ʪʦʣʱʠʥʫ ʚ ʦʙʣʘʩʪʠ ʷʜʨʘ. ʅʘ ʪʦʧʦʛʨʘʤʤʝ ʯʝʪʢʦ 

ʚʠʟʫʘʣʠʟʠʨʫʶʪʩʷ ʛʨʘʥʠʮʳ ʮʠʪʦʧʣʘʟʤʳ ʩ ʥʠʟʢʠʤ ʩʦʜʝʨʞʘʥʠʝʤ ʚʳʩʦʢʦʤʦʣʝʢʫʣʷʨʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʠ ʷʜʨʦʤ 

ʥʝʧʨʘʚʠʣʴʥʦʡ ʬʦʨʤʳ ʩ ʜʦʚʦʣʴʥʦ ʥʝʦʜʥʦʨʦʜʥʦʡ ʩʪʨʫʢʪʫʨʦʡ. ɺ ʷʜʨʝ ʠʤʝʶʪʩʷ ʦʪʜʝʣʴʥʳʝ ʟʦʥʳ ʩ ʦʯʝʥʴ 

ʧʣʦʪʥʳʤʠ ʙʣʦʢʘʤʠ ʢʦʥʜʝʥʩʠʨʦʚʘʥʥʦʛʦ ʭʨʦʤʘʪʠʥʘ, ʧʝʨʝʤʝʞʘʶʱʠʝʩʷ ʩ ʨʘʟʛʨʫʟʦʯʥʳʤʠ ʟʦʥʘʤʠ, 

ʩʦʜʝʨʞʘʱʠʤʠ ʝʛʦ ʜʠʬʬʫʟʥʫʶ ʬʦʨʤʫ. 
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XVI ʄʝʞʜʫʥʘʨʦʜʥʘʷ ʅʘʫʯʥʘʷ ʂʦʥʬʝʨʝʥʮʠʷ "ʌʠʟʠʢʘ ʠ ʈʘʜʠʦʵʣʝʢʪʨʦʥʠʢʘ ʚ ʄʝʜʠʮʠʥʝ ʠ 

ʕʢʦʣʦʛʠʠ" 

 

ʊʘʙʣʠʮʘ 2 - ʄʦʨʬʦʬʫʥʢʮʠʦʥʘʣʴʥʳʝ ʧʘʨʘʤʝʪʨʳ EpCAM+ ʢʣʝʪʦʢ (N=250) 

 

ʄʦʨʬʦʜʝʥʩʠʪʦʤʝʪʨʠʯʝʩʢʠʝ 

ʧʘʨʘʤʝʪʨʳ 

ɼʠʘʤʝʪʨ 

(ʤʢʤ) 

(ʤʢʤ) ʌʘʟʦʚʘʷ 

ʪʦʣʱʠʥʘ 

(ʥʤ) 

ʇʣʦʱʘʜʴ 

(ʤʢʤ2) 

ʌʘʟʦʚʳʡ 

ʦʙʲʝʤ 

(ʤʢʤ2) 

ʉʨʝʜʥʝʝ ʟʥʘʯʝʥʠʝ 9,99 29,69 251 52,41 6,31 

ʉʪʘʥʜʘʨʪʥʦʝ ʦʪʢʣʦʥʝʥʠʝ 1,81 5,11 49 15,04 2,13 

ʂʦʵʬʬʠʮʠʝʥʪ ʚʘʨʠʘʮʠʠ 18,07 17,20 19,65 28,69 3,38 

 

ɺ ʪʘʙʣʠʮʝ 1 ʧʨʝʜʩʪʘʚʣʝʥʳ ʩʨʝʜʥʠʝ ʧʦʢʘʟʘʪʝʣʠ ʇʨʠ ʵʪʦʤ ʩʪʨʫʢʪʫʨʘ ʧʦʧʫʣʷʮʠʠ ʎʆʂ ʦʢʘʟʘʣʘʩʴ ʚʝʩʴʤʘ 

ʥʝʦʜʥʦʨʦʜʥʦʡ, ʦʢʦʣʦ 50% ʢʣʝʪʦʢ ʠʤʝʶʪ ʜʠʘʤʝʪʨ ʦʪ 9 ʜʦ 11 ʤʢʤ, ʦʢʦʣʦ 20% - ʦʪ 5,9 ʜʦ 9 ʤʢʤ ʠ 30% - ʦʪ 11 

ʜʦ 15,5 ʤʢʤ. 

ʇʣʦʱʘʜʴ ʎʆʂ ʚʘʨʴʠʨʫʝʪʩʷ ʚ ʰʠʨʦʢʠʭ ʧʨʝʜʝʣʘʭ ʦʪ 27,7 ʜʦ 88,1 ʤʢʤ2, ʯʪʦ ʦʪʨʘʞʘʝʪ ʨʘʟʥʦʦʙʨʘʟʠʝ 

ʬʦʨʤ ʠ ʨʘʟʤʝʨʦʚ ʎʆʂ. ʇʦ ʬʘʟʦʚʦʡ ʪʦʣʱʠʥʝ ʷʜʨʘ ʩʦʩʪʘʚ ʘʥʘʣʠʟʠʨʫʝʤʦʡ ʧʦʧʫʣʷʮʠʠ ʤʦʞʥʦ ʯʝʪʢʦ ʨʘʟʜʝʣʠʪʴ 

ʥʘ 3 ʬʫʥʢʮʠʦʥʘʣʴʥʳʝ ʛʨʫʧʧʳ. 1-ʶ ʛʨʫʧʧʫ ʩʦʩʪʘʚʠʣʠ ʦʢʦʣʦ 30% ʢʣʝʪʦʢ ʩ ʤʘʣʦʡ ʬʘʟʦʚʦʡ ʪʦʣʱʠʥʦʡ ʦʪ 180 ʜʦ 

210ʥʤ ʥʤ (ʢʣʝʪʢʠ ʩ ʢʦʥʜʝʥʩʘʮʠʝʡ ʠ ʬʨʘʛʤʝʥʪʘʮʠʝʡ ʷʜʨʘ ʚ ʫʩʣʦʚʠʷʭ ʘʧʦʧʪʦʟʘ). ɻʨʫʧʧʘ 2 ʩʦʩʪʦʷʣʘ ʠʟ 40% 

ʢʣʝʪʦʢ ʩ ʬʘʟʦʚʦʡ ʪʦʣʱʠʥʦʡ ʦʪ 230 ʜʦ 280ʥʤ; ʠ, ʥʘʢʦʥʝʮ, ʪʨʝʪʴ ʢʣʝʪʦʢ (ʛʨʫʧʧʘ 3) ʩ ʬʘʟʦʚʦʡ ʪʦʣʱʠʥʦʡ ʦʪ 290 

ʜʦ 350ʥʤ (ʚʝʨʦʷʪʥʦ, ʢʣʝʪʢʠ ʩ ʚʳʩʦʢʦʡ ʤʝʪʘʩʪʘʪʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʴʶ). 

ɾʠʚʘʷ ʢʣʝʪʢʘ ʦʪʥʦʩʠʪʩʷ ʢ ʪʘʢ ʥʘʟʳʚʘʝʤʳʤ ʬʘʟʦʚʳʤ ʤʠʢʨʦʦʙʲʝʢʪʘʤ, ʧʨʦʟʨʘʯʥʳʤ ʜʣʷ ʠʟʣʫʯʝʥʠʷ 

ʚʠʜʠʤʦʛʦ ʦʧʪʠʯʝʩʢʦʛʦ ʜʠʘʧʘʟʦʥʘ, ʠʟʫʯʝʥʠʝ ʢʦʪʦʨʳʭ ʩʨʘʟʫ ʞʝ ʩʪʘʚʠʪ ʟʘʜʘʯʫ ʠʭ ʚʠʟʫʘʣʠʟʘʮʠʠ. ʊʘʢʠʤ 

ʦʙʨʘʟʦʤ, ʪʝʭʥʦʣʦʛʠʠ ʢʣʝʪʦʯʥʦʡ ʚʠʟʫʘʣʠʟʘʮʠʠ ʘʢʪʫʘʣʴʥʳ. ʆʥʠ ʧʦʟʚʦʣʷʶʪ ʦʧʝʨʘʪʠʚʥʦ ʚ ʨʝʞʠʤʝ ʨʝʘʣʴʥʦʛʦ 

ʚʨʝʤʝʥʠ ʧʨʦʠʟʚʦʜʠʪʴ ʢʦʣʠʯʝʩʪʚʝʥʥʳʡ ʘʥʘʣʠʟ ʧʦʢʘʟʘʪʝʣʝʡ ʬʫʥʢʮʠʠ ʠ ʬʫʥʢʮʠʠ ʢʣʝʪʦʢ ʙʝʟ ʬʠʢʩʘʮʠʠ ʠ 

ʢʦʥʪʨʘʩʪʠʨʦʚʘʥʠʷ ʠʟʦʙʨʘʞʝʥʠʷ. ʀʜʝʘʣʴʥʳʤ ʙʠʦʣʦʛʠʯʝʩʢʠʤ ʩʝʥʩʦʨʦʤ ʷʚʣʷʝʪʩʷ ʷʜʨʦ ʢʣʝʪʢʠ, ʧʦʩʢʦʣʴʢʫ ʦʥʦ 

ʠʥʪʝʛʨʠʨʫʝʪ ʚʥʫʪʨʠ- ʠ ʚʥʝʢʣʝʪʦʯʥʳʝ ʧʨʦʮʝʩʩʳ ʠ ʤʦʞʝʪ ʨʘʩʩʤʘʪʨʠʚʘʪʴʩʷ ʢʘʢ ʤʘʨʢʝʨ ʠʭ ʠʟʤʝʥʝʥʠʡ.  

ɺʦʟʤʦʞʥʦʩʪʴ ʢʦʣʠʯʝʩʪʚʝʥʥʦʛʦ ʘʥʘʣʠʟʘ ʤʦʨʬʦʬʫʥʢʮʠʦʥʘʣʴʥʦʛʦ ʩʪʘʪʫʩʘ ʎʆʂ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʪʝʭʥʦʣʦʛʠʠ QPI ʦʪʢʨʳʚʘʝʪ ʥʦʚʳʝ ʧʝʨʩʧʝʢʪʠʚʳ ʜʣʷ ʦʮʝʥʢʠ ʤʝʪʘʩʪʘʪʠʯʝʩʢʦʛʦ ʧʦʪʝʥʮʠʘʣʘ ʵʪʠʭ ʢʣʝʪʦʢ. ʅʝ 

ʠʩʢʣʶʯʝʥʦ, ʯʪʦ ʚ ʧʦʧʫʣʷʮʠʠ ʎʆʂ ʫʚʝʣʠʯʝʥʠʝ ʜʦʣʠ EpCAM+ ʢʣʝʪʦʢ ʩ ʚʳʩʦʢʦʡ ʬʫʥʢʮʠʦʥʘʣʴʥʦʡ 

ʘʢʪʠʚʥʦʩʪʴʶ ʤʦʞʝʪ ʢʦʨʨʝʣʠʨʦʚʘʪʴ ʩ ʥʝʙʣʘʛʦʧʨʠʷʪʥʳʤ ʧʨʦʛʥʦʟʦʤ ʚ ʧʣʘʥʝ ʨʘʟʚʠʪʠʷ ʤʝʪʘʩʪʘʟʦʚ ʦʧʫʭʦʣʠ ʫ 

ʧʘʮʠʝʥʪʘ. ʀ ʥʘʦʙʦʨʦʪ, ʚʳʩʦʢʠʡ ʧʨʦʮʝʥʪ ʢʣʝʪʦʢ EpCAM+ ʩ ʥʠʟʢʦʡ ʬʫʥʢʮʠʦʥʘʣʴʥʦʡ ʘʢʪʠʚʥʦʩʪʴʶ ʙʫʜʝʪ 

ʩʣʫʞʠʪʴ ʧʨʝʜʠʢʪʦʨʦʤ ʥʝʤʝʪʘʩʪʘʪʠʯʝʩʢʦʡ ʠ ʦʙʱʝʡ ʚʳʞʠʚʘʝʤʦʩʪʠ. 
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Revealing and characterization of circulating tumor cells (CTCs) is one of the most actively investigated field 

of oncology. It was established by the past time studies that some of these cells were in condition of apoptosis and 

so couldnôt initiate formation of a clinically significant metastasis. The novel opportunities associated with 

development of computer technologies and interferential microscopes facilitate the solution of many medico-

biological problems. One of them is a method of determination of CTCs functional condition based on the phase-

interferential characteristics of their nuclear structures which reflect cellular metabolic and proliferative activity and 

are the markers of their malignant transformation. 

The analysis was carried out of the morphodensitometric biomarkers of the metastatic activity of circulating 

tumorous cells including conformational alterations of their nuclear structures. The reference collection of phase 

images of metastatic cells was created as well as the data of the morphodensitometric parameters of their metabolic 

activity was received. A new information was received about heterogeneity of the circulating tumorous cells with 

different metastatic activity which allows the broadening of fundamental scientific knowledge concerning 

cancerogenesis, individualization of the observation and treatment of patients, improvement of the quality of 
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treatment, and optimization of its cost. This article attempts to assess the heterogeneity of the CTCs population in 

patients with lung cancer using Quantitative Phase Imaging (QPI) technology. 
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ɸʥʥʦʪʘʮʠʷ 

ɺʳʙʦʨ ʘʜʝʢʚʘʪʥʦʡ ʩʪʨʘʪʝʛʠʠ ʵʣʠʤʠʥʘʮʠʠ ʤʦʯʝʚʠʥʳ ʚ ʦʪʨʘʙʦʪʘʥʥʦʤ ʜʠʘʣʠʟʠʨʫʶʱʝʤ ʨʘʩʪʚʦʨʝ 

ʷʚʣʷʝʪʩʷ ʦʜʥʦʡ ʠʟ ʢʣʶʯʝʚʳʭ ʟʘʜʘʯ ʧʨʠ ʨʘʟʨʘʙʦʪʢʝ ʥʦʩʠʤʦʡ ʘʧʧʘʨʘʪʫʨʳ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʦʯʠʱʝʥʠʷ ʢʨʦʚʠ. ɺ 

ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ, ʩʫʱʝʩʪʚʫʝʪ ʨʷʜ ʨʘʟʣʠʯʥʳʭ ʤʝʪʦʜʦʚ ʵʣʠʤʠʥʘʮʠʠ ʤʦʯʝʚʠʥʳ, ʚ ʯʠʩʣʦ ʢʦʪʦʨʳʭ ʚʭʦʜʷʪ 

ʢʘʪʘʣʠʪʠʯʝʩʢʠʝ ʤʝʪʦʜʳ, ʘ ʠʤʝʥʥʦ, ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʠʡ, ʬʝʨʤʝʥʪʘʪʠʚʥʳʡ ʠ ʬʦʪʦʢʘʪʘʣʠʪʠʯʝʩʢʠʡ ʤʝʪʦʜ. 

ʕʬʬʝʢʪʠʚʥʦʩʪʴ ʜʘʥʥʳʭ ʤʝʪʦʜʦʚ ʚʦ ʤʥʦʛʦ ʟʘʚʠʩʠʪ ʦʪ ʩʦʩʪʘʚʘ ʠʩʭʦʜʥʦʛʦ ʨʘʩʪʚʦʨʘ, ʝʛʦ ʪʝʤʧʝʨʘʪʫʨʳ, ʨʝʞʠʤʘ 

ʨʘʙʦʪʳ ʤʦʜʫʣʷ ʨʝʛʝʥʝʨʘʮʠʠ ʜʠʘʣʠʟʘʪʘ ʠ ʧʨʦʯʠʭ ʬʘʢʪʦʨʦʚ. ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʧʨʠʚʝʜʝʥʳ ʨʝʟʫʣʴʪʘʪʳ 

ʠʩʩʣʝʜʦʚʘʥʠʡ ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʦʛʦ, ʬʝʨʤʝʥʪʘʪʠʚʥʦʛʦ ʠ ʬʦʪʦʢʘʪʘʣʠʪʠʯʝʩʢʦʛʦ ʤʝʪʦʜʦʚ ʵʣʠʤʠʥʘʮʠʠ 

ʤʦʯʝʚʠʥʳ, ʘ ʪʘʢʞʝ ʨʘʩʩʤʦʪʨʝʥʳ ʠʭ ʦʩʥʦʚʥʳʝ ʧʨʝʠʤʫʱʝʩʪʚʘ ʠ ʥʝʜʦʩʪʘʪʢʠ.   
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ɺʚʝʜʝʥʠʝ 

ʍʨʦʥʠʯʝʩʢʘʷ ʧʦʯʝʯʥʘʷ ʥʝʜʦʩʪʘʪʦʯʥʦʩʪʴ (ʍʇʅ) ʷʚʣʷʝʪʩʷ ʧʘʪʦʣʦʛʠʯʝʩʢʠʤ ʩʦʩʪʦʷʥʠʝʤ, ʧʨʠ ʢʦʪʦʨʦʤ 

ʥʘʙʣʶʜʘʝʪʩʷ ʫʭʫʜʰʝʥʠʝʤ ʛʦʤʝʦʩʪʘʪʠʯʝʩʢʦʡ, ʩʝʢʨʝʪʦʨʥʦʡ ʠ ʤʝʪʘʙʦʣʠʯʝʩʢʠʭ ʬʫʥʢʮʠʡ ʧʦʯʝʢ. ɺ ʥʘʩʪʦʷʱʝʝ 

ʚʨʝʤʷ, ʙʦʣʝʝ 10 % ʤʠʨʦʚʦʛʦ ʥʘʩʝʣʝʥʠʷ ʩʪʨʘʜʘʶʪ ʚ ʪʦʡ ʠʣʠ ʠʥʦʡ ʬʦʨʤʝ ʦʪ ʍʇʅ [1], ʯʪʦ ʩʦʩʪʘʚʣʷʝʪ ʙʦʣʝʝ 800 

ʤʠʣʣʠʦʥʦʚ ʯʝʣʦʚʝʢ ʧʦ ʚʩʝʤʫ ʤʠʨʫ. ɺ ʪʦ ʞʝ ʚʨʝʤʷ, ʜʘʥʥʦʝ ʟʘʙʦʣʝʚʘʥʠʝ ʩʪʘʣʦ ʦʜʥʦʡ ʠʟ ʦʩʥʦʚʥʳʭ ʧʨʠʯʠʥ 

ʩʤʝʨʪʝʡ, ʚ ʯʘʩʪʥʦʩʪʠ ʚ ʪʘʢʠʭ ʨʘʟʚʠʪʳʭ ʩʪʨʘʥʘʭ ʢʘʢ ʀʟʨʘʠʣʴ, ɻʨʝʮʠʷ ʠ ʉʠʥʛʘʧʫʨ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ, ʚʘʞʥʳʤʠ 

ʩʪʘʥʦʚʷʪʩʷ ʩʚʦʝʚʨʝʤʝʥʥʦʝ ʦʙʥʘʨʫʞʝʥʠʝ ʟʘʙʦʣʝʚʘʥʠʷ ʠ ʦʢʘʟʘʥʠʝ ʥʝʦʙʭʦʜʠʤʦʡ ʪʝʨʘʧʠʠ ʧʘʮʠʝʥʪʘʤ, 

ʩʪʨʘʜʘʶʱʠʤ ʦʪ ʍʇʅ.  

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʟʦʣʦʪʳʤ ʩʪʘʥʜʘʨʪʦʤ ʣʝʯʝʥʠʷ ʭʨʦʥʠʯʝʩʢʦʡ ʠ ʪʝʨʤʠʥʘʣʴʥʦʡ ʧʦʯʝʯʥʦʡ 

ʥʝʜʦʩʪʘʪʦʯʥʦʩʪʠ ʷʚʣʷʝʪʩʷ ʧʝʨʝʩʘʜʢʘ ʜʦʥʦʨʩʢʦʡ ʧʦʯʢʠ. ʆʜʥʘʢʦ, ʥʝʩʤʦʪʨʷ ʥʘ ʨʦʩʪ ʯʠʩʣʘ ʦʧʝʨʘʮʠʡ ʧʦ 

ʪʨʘʥʩʧʣʘʥʪʘʮʠʠ ʜʦʥʦʨʩʢʠʭ ʦʨʛʘʥʦʚ [2], ʚ ʤʠʨʝ ʥʘʙʣʶʜʘʝʪʩʷ ʦʩʪʨʘʷ ʥʝʭʚʘʪʢʘ ʧʦʯʝʢ, ʠ ʟʘʯʘʩʪʫʶ 

ʝʜʠʥʩʪʚʝʥʥʳʤ ʩʧʦʩʦʙʦʤ ʦʢʘʟʘʥʠʷ ʧʦʤʦʱʠ ʧʘʮʠʝʥʪʘʤ ʩ ʍʇʅ ʠ ʊʇʅ ʷʚʣʷʝʪʩʷ ʟʘʤʝʩʪʠʪʝʣʴʥʘʷ ʧʦʯʝʯʥʘʷ 

ʪʝʨʘʧʠʷ. ʅʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ, ʦʜʥʠʤ ʠʟ ʥʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʸʥʥʳʭ ʤʝʪʦʜʦʚ ʟʘʤʝʩʪʠʪʝʣʴʥʦʡ ʧʦʯʝʯʥʦʡ 

ʪʝʨʘʧʠʠ ʷʚʣʷʝʪʩʷ ʜʠʘʣʠʟ, ʘ ʠʤʝʥʥʦ ʛʝʤʦʜʠʘʣʠʟ ʠ ʧʝʨʠʪʦʥʝʘʣʴʥʳʡ ʜʠʘʣʠʟ ʠ ʠʭ ʤʦʜʘʣʴʥʦʩʪʠ. ɺ ʥʘʩʪʦʷʱʝʝ 

ʚʨʝʤʷ ʥʘʙʣʶʜʘʝʪʩʷ ʪʝʥʜʝʥʮʠʷ ʤʠʥʠʘʪʶʨʠʟʘʮʠʠ ʧʨʠʙʦʨʦʚ ʠ ʩʠʩʪʝʤ ʪʝʨʘʧʝʚʪʠʯʝʩʢʦʛʦ ʥʘʟʥʘʯʝʥʠʷ. ɺ 

ʯʘʩʪʥʦʩʪʠ, ʚ ʤʠʨʝ ʨʘʟʣʠʯʥʳʝ ʥʘʫʯʥʳʝ ʛʨʫʧʧʳ ʚʝʜʫʪ ʨʘʟʨʘʙʦʪʢʫ ʩʪʘʮʠʦʥʘʨʥʳʭ, ʜʦʤʘʰʥʠʭ, ʧʦʨʪʘʪʠʚʥʳʭ ʠ 

ʥʦʩʠʤʳʭ ʩʠʩʪʝʤ, ʧʨʝʜʥʘʟʥʘʯʝʥʥʳʭ ʜʣʷ ʣʝʯʝʥʠʷ ʧʦʯʝʯʥʦʡ ʥʝʜʦʩʪʘʪʦʯʥʦʩʪʠ ʚ ʭʨʦʥʠʯʝʩʢʦʡ ʠ ʪʝʨʤʠʥʘʣʴʥʦʡ 

ʬʦʨʤʝ. ʂʨʦʤʝ ʪʦʛʦ, ʚ ʤʠʨʝ ʚʝʜʫʪʩʷ ʧʦʧʳʪʢʠ ʩʦʟʜʘʥʠʷ ʠʤʧʣʘʥʪʠʨʫʝʤʳʭ ʘʧʧʘʨʘʪʦʚ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʦʯʠʱʝʥʠʷ 

ʢʨʦʚʠ, ʨʘʙʦʪʘʶʱʠʭ ʧʦ ʧʦʜʦʙʠʶ ʝʩʪʝʩʪʚʝʥʥʳʭ ʥʝʬʨʦʥʦʚ ʯʝʣʦʚʝʢʘ [3, 4]. ʇʦʚʳʰʝʥʠʝ ʢʘʯʝʩʪʚʘ ɿʇʊ ʪʘʢʞʝ 

ʧʦʟʚʦʣʠʪ ʩʥʠʟʠʪʴ ʨʠʩʢ ʧʦʨʘʞʝʥʠʷ ʧʝʨʠʬʝʨʠʡʥʦʡ ʥʝʨʚʥʦʡ ʩʠʩʪʝʤʳ ʫ ʧʘʮʠʝʥʪʦʚ ʩ ʍʇʅ [5]. ʕʪʦ, ʚ ʩʚʦʶ 

ʦʯʝʨʝʜʴ, ʩʤʦʞʝʪ ʧʦʚʳʩʠʪʴ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʥʝʡʨʦʩʪʠʤʫʣʷʮʠʠ ʫ ʧʘʮʠʝʥʪʦʚ ʥʘ ʜʠʘʣʠʟʝ. ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ 

ʨʘʩʩʤʦʪʨʝʥʘ ʧʨʦʙʣʝʤʘ ʫʜʘʣʝʥʠʷ ʤʦʯʝʚʠʥʳ ʠʟ ʜʠʘʣʠʟʘʪʘ ʚ ʥʦʩʠʤʳʭ ʘʧʧʘʨʘʪʘʭ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʦʯʠʱʝʥʠʷ 

ʢʨʦʚʠ. ʎʝʣʴʶ ʨʘʙʦʪʳ ʙʳʣʦ ʠʩʩʣʝʜʦʚʘʥʠʝ ʦʩʥʦʚʥʳʭ ʤʝʪʦʜʦʚ ʵʣʠʤʠʥʘʮʠʠ ʤʦʯʝʚʠʥʳ ʚ ʦʪʨʘʙʦʪʘʥʥʦʤ ʨʘʩʪʚʦʨʝ 

ʜʠʘʣʠʟʘʪʘ.   

 

ʄʝʪʦʜʳ ʨʝʛʝʥʝʨʘʮʠʠ ʜʠʘʣʠʟʘʪʘ 

ʆʩʥʦʚʥʦʡ ʧʨʦʙʣʝʤʦʡ ʩʦʚʨʝʤʝʥʥʳʭ ʜʠʘʣʠʟʥʳʭ ʤʝʪʦʜʦʚ ʟʘʤʝʩʪʠʪʝʣʴʥʦʡ ʧʦʯʝʯʥʦʡ ʪʝʨʘʧʠʠ ʷʚʣʷʝʪʩʷ 

ʩʫʱʝʩʪʚʝʥʥʦʝ ʧʦʪʨʝʙʣʝʥʠʝ ʜʠʘʣʠʟʠʨʫʶʱʝʡ ʩʨʝʜʳ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʘʜʝʢʚʘʪʥʦʡ ʧʨʦʮʝʜʫʨʳ ʦʯʠʱʝʥʠʷ ʢʨʦʚʠ. 

ʅʘ ʦʜʥʫ ʧʨʦʮʝʜʫʨʳ ʛʝʤʦʜʠʘʣʠʟʘ ʜʣʷ ʦʜʥʦʛʦ ʧʘʮʠʝʥʪʘ ʥʝʦʙʭʦʜʠʤʦ ʧʦʪʨʘʪʠʪʴ ʦʪ 150 ʣʠʪʨʦʚ ʨʘʩʪʚʦʨʘ ʠ 

ʙʦʣʝʝ. ʇʝʨʠʪʦʥʝʘʣʴʥʳʡ ʜʠʘʣʠʟ ʪʨʝʙʫʝʪ ʯʘʩʪʦʡ ʟʘʤʝʥʳ ʜʠʘʣʠʟʠʨʫʶʱʝʡ ʩʨʝʜʳ, ʘ ʠʤʝʥʥʦ ʦʪ 4 ʜʦ 6 ʨʘʟ ʚ ʩʫʪʢʠ 

ʜʣʷ ʧʦʩʪʦʷʥʥʦʛʦ ʘʤʙʫʣʘʪʦʨʥʦʛʦ ʧʝʨʠʪʦʥʝʘʣʴʥʦʛʦ ʜʠʘʣʠʟʘ, ʯʪʦ ʩʦʩʪʘʚʣʷʝʪ 8 ï 12 ʣʠʪʨʦʚ ʜʠʘʣʠʟʠʨʫʶʱʝʡ 

ʩʨʝʜʳ ʚ ʩʫʪʢʠ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʜʣʷ ʤʠʥʠʘʪʶʨʠʟʘʮʠʠ ʩʫʱʝʩʪʚʫʶʱʠʭ ʘʧʧʘʨʘʪʦʚ ɿʇʊ, ʦʜʥʦʡ ʠʟ ʢʣʶʯʝʚʳʭ 

ʷʚʣʷʝʪʩʷ ʟʘʜʘʯʘ ʩʥʠʞʝʥʠʷ ʧʦʪʨʝʙʣʝʥʠʷ ʜʠʘʣʠʟʠʨʫʶʱʝʛʦ ʨʘʩʪʚʦʨʘ ʟʘ ʦʜʥʫ ʧʨʦʮʝʜʫʨʫ. ʕʪʘ ʟʘʜʘʯʘ ʤʦʞʝʪ ʙʳʪʴ 

ʚʳʧʦʣʥʝʥʘ ʟʘ ʩʯʸʪ ʦʙʝʩʧʝʯʝʥʠʷ ʥʝʧʨʝʨʳʚʥʦʡ ʨʝʛʝʥʝʨʘʮʠʠ ʦʛʨʘʥʠʯʝʥʥʦʛʦ ʦʙʲʸʤʘ ʜʠʘʣʠʟʘʪʘ ʨʘʟʣʠʯʥʳʤʠ 

ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʤʠ ʤʝʪʦʜʘʤʠ. ʅʦʩʠʤʳʝ ʘʧʧʘʨʘʪʳ ʥʘ ʦʩʥʦʚʝ ʤʦʜʫʣʷ ʨʝʛʝʥʝʨʘʮʠʠ ʜʠʘʣʠʟʘʪʘ ʤʦʛʫʪ ʙʳʪʴ 

ʘʜʘʧʪʠʨʦʚʘʥʳ ʢʘʢ ʜʣʷ ʛʝʤʦʜʠʘʣʠʟʘ, ʪʘʢ ʠ ʜʣʷ ʧʝʨʠʪʦʥʝʘʣʴʥʦʛʦ ʜʠʘʣʠʟʘ.  

ʆʜʥʦʡ ʠʟ ʢʣʶʯʝʚʳʭ ʟʘʜʘʯ ʨʝʛʝʥʝʨʘʮʠʠ ʜʠʘʣʠʟʘʪʘ ʷʚʣʷʝʪʩʷ ʵʣʠʤʠʥʘʮʠʷ ʤʦʯʝʚʠʥʳ. ʇʦʩʢʦʣʴʢʫ 

ʢʦʥʮʝʥʪʨʘʮʠʷ ʤʦʯʝʚʠʥʳ ʚ ʢʨʦʚʠ 20-30 ʤʤʦʣʴ/ʣ ʫ ʧʘʮʠʝʥʪʦʚ, ʩʪʨʘʜʘʶʱʠʭ ʭʨʦʥʠʯʝʩʢʦʡ ʧʦʯʝʯʥʦʡ 

ʥʝʜʦʩʪʘʪʦʯʥʦʩʪʴʶ, ʩʚʷʟʘʥʘ ʩ ʫʨʝʤʠʝʡ, ʢʨʠʪʠʯʝʩʢʠ ʚʘʞʥʦʡ ʟʘʜʘʯʝʡ ʷʚʣʷʝʪʩʷ ʫʜʘʣʝʥʠʝ ʜʘʥʥʦʛʦ ʤʝʪʘʙʦʣʠʪʘ ʠʟ 

ʦʪʨʘʙʦʪʘʥʥʦʡ ʜʠʘʣʠʟʠʨʫʶʱʝʡ ʩʨʝʜʳ. ɺ ʥʘʩʪʦʷʱʠʡ ʤʦʤʝʥʪ, ʥʝ ʩʫʱʝʩʪʚʫʝʪ ʪʘʢʦʡ ʵʬʬʝʢʪʠʚʥʦʡ ʩʪʨʘʪʝʛʠʠ 

ʵʣʠʤʠʥʘʮʠʠ ʤʦʯʝʚʠʥʳ, ʨʝʘʣʠʟʘʮʠʷ ʢʦʪʦʨʦʡ ʥʝ ʧʦʚʣʠʷʣʘ ʙʳ ʥʘ ʛʘʙʘʨʠʪʳ ʠ ʵʨʛʦʥʦʤʠʢʫ ʨʘʟʨʘʙʘʪʳʚʘʝʤʦʛʦ 

ʘʧʧʘʨʘʪʘ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʦʯʠʱʝʥʠʷ ʢʨʦʚʠ [6]. ʉʦʨʙʮʠʦʥʥʳʡ ʤʝʪʦʜ ʨʝʛʝʥʝʨʘʮʠʠ ʜʠʘʣʠʟʘʪʘ ʥʝ ʧʦʟʚʦʣʷʝʪ 

ʦʩʫʱʝʩʪʚʠʪʴ ʘʜʝʢʚʘʪʥʦʝ ʦʯʠʱʝʥʠʝ ʦʪʨʘʙʦʪʘʥʥʦʛʦ ʨʘʩʪʚʦʨʘ ʦʪ ʤʦʯʝʚʠʥʳ ʚ ʚʠʜʫ ʥʠʟʢʦʡ ʩʦʨʙʮʠʦʥʥʦʡ 

ʸʤʢʦʩʪʠ ʩʦʨʙʮʠʦʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʧʦ ʜʘʥʥʦʤʫ ʤʝʪʘʙʦʣʠʪʫ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ, ʜʣʷ ʵʬʬʝʢʪʠʚʥʦʛʦ ʫʜʘʣʝʥʠʷ 

ʤʦʯʝʚʠʥʳ ʠʟ ʨʘʩʪʚʦʨʘ ʥʝʦʙʭʦʜʠʤʦ ʨʘʟʨʘʙʦʪʘʪʴ ʘʣʴʪʝʨʥʘʪʠʚʥʳʝ ʧʦʜʭʦʜʳ ʢ ʨʝʛʝʥʝʨʘʮʠʠ ʜʠʘʣʠʟʘʪʘ. ɺ 

ʥʘʩʪʦʷʱʝʡ ʩʪʘʪʴʝ ʙʳʣʠ ʠʩʩʣʝʜʦʚʘʥʳ ʩʣʝʜʫʶʱʠʝ ʧʦʜʭʦʜʳ ʢ ʵʣʠʤʠʥʘʮʠʠ ʤʦʯʝʚʠʥʳ: ʬʝʨʤʝʥʪʘʪʠʚʥʳʡ, 

ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʠʡ ʠ ʬʦʪʦʢʘʪʘʣʠʪʠʯʝʩʢʠʡ. ɺ ʢʘʯʝʩʪʚʝ ʤʦʜʝʣʴʥʦʛʦ ʨʘʩʪʚʦʨʘ ʚʦ ʚʩʝʭ ʠʩʧʳʪʘʥʠʷʭ 

ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʨʘʩʪʚʦʨ ʜʣʷ ʧʝʨʠʪʦʥʝʘʣʴʥʦʛʦ ʜʠʘʣʠʟʘ Fresenius Balance (glucose 1.5%, pH = 7.0) 

ʌʝʨʤʝʥʪʘʪʠʚʥʳʡ ʤʝʪʦʜ 

ʆʜʥʠʤ ʠʟ ʥʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʸʥʥʳʭ ʧʦʜʭʦʜʦʚ ʢ ʵʣʠʤʠʥʘʮʠʠ ʤʦʯʝʚʠʥʳ ʷʚʣʷʝʪʩʷ ʬʝʨʤʝʥʪʘʪʠʚʥʳʡ 

ʤʝʪʦʜ, ʩʫʪʴ ʢʦʪʦʨʦʛʦ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʫʩʢʦʨʝʥʠʠ ʨʝʘʢʮʠʠ ʛʠʜʨʦʣʠʟʘ ʤʦʯʝʚʠʥʳ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʬʝʨʤʝʥʪʘ 

ʫʨʝʘʟʳ. ʈʝʘʢʮʠʷ ʛʠʜʨʦʣʠʟʘ ʤʦʯʝʚʠʥʳ ʧʨʦʠʩʭʦʜʠʪ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ:  

 

                                                                  (NH2)2CO+H20ŸCO2 ¬ +2NH3¬      (1) 
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ɼʘʥʥʳʡ ʤʝʪʦʜ ʥʘʰʸʣ ʧʨʠʤʝʥʝʥʠʝ ʚ ʪʘʢʠʭ ʧʨʦʪʦʪʠʧʘʭ ʥʦʩʠʤʳʭ ʘʧʧʘʨʘʪʦʚ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʦʯʠʱʝʥʠʷ 

ʢʨʦʚʠ ʢʘʢ WAK (Wearable Artificial  Kidney) [7] ʠ AWAK  (Automated Wearable Artificial  Kidney) [8]. ɺ ʨʘʙʦʪʝ 
[9] ʧʨʠʚʝʜʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚʣʠʷʥʠʷ ʢʦʤʙʠʥʠʨʦʚʘʥʥʦʡ ʩʦʨʙʮʠʦʥʥʦʡ ʢʦʣʦʥʢʠ ʩ 

ʠʤʤʦʙʠʣʠʟʠʨʦʚʘʥʥʦʡ ʫʨʝʘʟʦʡ ʥʘ ʢʦʥʮʝʥʪʨʘʮʠʶ ʪʘʢʠʭ ʘʟʦʪʩʦʜʝʨʞʘʱʠʭ ʩʦʝʜʠʥʝʥʠʡ, ʢʘʢ ʤʦʯʝʚʠʥʘ, 

ʢʨʝʘʪʠʥʠʥ ʠ ʤʦʯʝʚʘʷ ʢʠʩʣʦʪʘ.  ʅʘ ʨʠʩʫʥʢʝ 2 ʧʨʠʚʝʜʝʥʘ ʜʠʥʘʤʠʢʘ ʢʦʥʮʝʥʪʨʘʮʠʠ ʤʦʯʝʚʠʥʳ ʚ ʨʘʩʪʚʦʨʝ ʜʣʷ 

ʧʝʨʠʪʦʥʝʘʣʴʥʦʛʦ ʜʠʘʣʠʟʘ ʧʨʠ ʝʛʦ ʨʝʮʠʨʢʫʣʷʮʠʠ ʯʝʨʝʟ ʢʦʤʙʠʥʠʨʦʚʘʥʥʫʶ ʢʦʣʦʥʢʫ. 

 
ʈʠʩʫʥʦʢ 2. ɼʠʥʘʤʠʢʘ ʢʦʥʮʝʥʪʨʘʮʠʠ ʤʦʯʝʚʠʥʳ ʚ ʤʦʜʝʣʴʥʦʤ ʨʘʩʪʚʦʨʝ ʧʦ ʤʝʨʝ ʝʛʦ ʦʯʠʱʝʥʠʷ 

ʚ ʢʦʣʦʥʢʝ ʩ ʠʤʤʦʙʠʣʠʟʦʚʘʥʥʦʡ ʫʨʝʘʟʦʡ; ʦʙʲʸʤ ʨʘʩʪʚʦʨʘ ï 1 ʣʠʪʨ [9] 

 

ʆʩʥʦʚʥʦʡ ʪʨʫʜʥʦʩʪʴʶ ʨʝʘʣʠʟʘʮʠʠ ʜʘʥʥʦʛʦ ʤʝʪʦʜʘ ʷʚʣʷʝʪʩʷ ʥʝʩʪʘʙʠʣʴʥʦʩʪʴ ʬʝʨʤʝʥʪʘ. ʊʘʢ, ʩʧʫʩʪʷ 

ʥʝʜʝʣʶ ʧʦʩʣʝ ʩʠʥʪʝʟʘ ʢʘʪʘʣʠʪʠʯʝʩʢʘʷ ʘʢʪʠʚʥʦʩʪʴ ʠʤʤʦʙʠʣʠʟʠʨʦʚʘʥʥʦʡ ʫʨʝʘʟʳ ʩʥʠʞʘʝʪʩʷ ʚ ʪʨʠ ʨʘʟʘ ʧʨʠ 

ʥʦʨʤʘʣʴʥʳʭ ʫʩʣʦʚʠʷʭ ʭʨʘʥʝʥʠʷ (t = 25 ̄ C, ʜʘʚʣʝʥʠʝ = 84,0-106,7 ʢʇʘ). ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʜʣʷ ʧʦʜʜʝʨʞʘʥʠʷ ʝʸ 

ʩʚʦʡʩʪʚ, ʪʨʝʙʫʶʪʩʷ ʦʩʦʙʳʝ ʫʩʣʦʚʠʷ ʭʨʘʥʝʥʠʷ ʬʝʨʤʝʥʪʘ. ɼʨʫʛʠʤ ʥʝʜʦʩʪʘʪʢʦʤ ʥʘʩʪʦʷʱʝʛʦ ʤʝʪʦʜʘ ʷʚʣʷʝʪʩʷ 

ʝʛʦ ʚʣʠʷʥʠʝ ʥʘ ʚʦʜʦʨʦʜʥʳʡ ʧʦʢʘʟʘʪʝʣʴ ʨʘʩʪʚʦʨʘ, ʯʪʦ ʪʨʝʙʫʝʪ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʩʨʝʜʩʪʚ ʜʦʦʯʠʩʪʢʠ ʨʘʩʪʚʦʨʘ. 

ʂʨʦʤʝ ʪʦʛʦ, ʧʨʠʤʝʥʝʥʠʝ ʠʦʥʦʦʙʤʝʥʥʳʭ ʩʤʦʣ, ʥʝʦʙʭʦʜʠʤʳʭ ʜʣʷ ʫʜʘʣʝʥʠʷ ʠʦʥʦʚ ʘʤʤʦʥʠʷ ʠ ʩʪʘʙʠʣʠʟʘʮʠʠ 

pH ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ ʨʦʩʪʫ ʢʦʥʮʝʥʪʨʘʮʠʠ ʠʦʥʘ ʥʘʪʨʠʷ, ʯʪʦ ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ ʤʦʞʝʪ ʧʦʪʨʝʙʦʚʘʪʴ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʠʦʥʦʦʙʤʝʥʥʳʭ ʩʤʦʣ ʜʣʷ ʩʥʠʞʝʥʠʷ ʢʦʥʮʝʥʪʨʘʮʠʠ ʜʘʥʥʦʛʦ ʠʦʥʘ.     

ʕʣʝʢʪʨʦʭʠʤʠʯʝʩʢʠʡ ʤʝʪʦʜ 

ɺ ʦʩʥʦʚʝ ʜʘʥʥʦʛʦ ʤʝʪʦʜʘ ʣʝʞʠʪ ʧʨʷʤʦʝ ʘʥʦʜʥʦʝ ʦʢʠʩʣʝʥʠʝ ʤʦʯʝʚʠʥʳ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʨʘʙʦʯʝʛʦ 

ʵʣʝʢʪʨʦʜʘ. ʕʬʬʝʢʪʠʚʥʦʩʪʴ ʜʘʥʥʦʛʦ ʤʝʪʦʜʘ ʟʘʚʠʩʠʪ ʦʪ ʵʬʬʝʢʪʠʚʥʦʡ ʘʥʦʜʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ, ʵʣʝʢʪʨʦʜʥʦʛʦ 

ʤʘʪʝʨʠʘʣʘ, ʧʣʦʪʥʦʩʪʠ ʪʦʢʘ, ʥʘʧʨʷʞʝʥʠʷ ʨʘʙʦʯʝʛʦ ʵʣʝʢʪʨʦʜʘ, ʚʦʜʦʨʦʜʥʦʛʦ ʧʦʢʘʟʘʪʝʣʷ ʨʘʩʪʚʦʨʘ, ʠʩʭʦʜʥʦʛʦ 

ʠʦʥʥʦʛʦ ʩʦʩʪʘʚʘ ʜʠʘʣʠʟʠʨʫʶʱʝʡ ʩʨʝʜʳ, ʥʘʣʠʯʠʷ ʤʝʰʘʶʱʠʭ ʧʨʠʤʝʩʝʡ ʠ ʪ.ʜ. ʆʜʥʠʤ ʠʟ ʧʨʝʠʤʫʱʝʩʪʚ 

ʜʘʥʥʦʛʦ ʤʝʪʦʜʘ ʷʚʣʷʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴ ʥʝʧʨʝʨʳʚʥʦ ʫʜʘʣʷʪʴ ʠʟ ʨʘʩʪʚʦʨʘ ʤʦʯʝʚʠʥʫ ʧʫʪʸʤ ʝʸ ʧʨʷʤʦʛʦ ʘʥʦʜʥʦʛʦ 

ʦʢʠʩʣʝʥʠʷ, ʘ ʪʘʢʞʝ ʚʣʠʷʪʴ ʥʘ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʤʝʪʦʜʘ ʟʘ ʩʯʸʪ ʚʳʙʦʨʘ ʧʦʜʭʦʜʷʱʝʛʦ ʢʘʪʘʣʠʪʠʯʝʩʢʠ ʘʢʪʠʚʥʦʛʦ 

ʤʘʪʝʨʠʘʣʘ ʠ ʫʚʝʣʠʯʝʥʠʷ ʝʛʦ ʵʬʬʝʢʪʠʚʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ. ʈʘʩʭʦʜʥʳʝ ʤʘʪʝʨʠʘʣʳ ʜʝʰʝʚʣʝ, ʯʝʤ ʧʨʠ 

ʬʝʨʤʝʥʪʘʪʠʚʥʦʤ ʤʝʪʦʜʝ ʠ ʥʝ ʪʨʝʙʫʶʪ ʦʩʦʙʳʭ ʫʩʣʦʚʠʡ ʭʨʘʥʝʥʠʷ. ʆʪʨʘʙʦʪʘʥʥʳʝ ʵʣʝʢʪʨʦʜʳ ʤʦʞʥʦ 

ʨʝʛʝʥʝʨʠʨʦʚʘʪʴ ʪʝʨʤʠʯʝʩʢʠʤ ʠʣʠ ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʠʤ ʩʧʦʩʦʙʦʤ ʜʣʷ ʠʭ ʜʘʣʴʥʝʡʰʝʛʦ ʧʨʠʤʝʥʝʥʠʷ ʚ ʤʦʜʫʣʝ 

ʨʝʛʝʥʝʨʘʮʠʠ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʬʝʨʤʝʥʪʘʪʠʚʥʳʝ ʤʘʪʝʨʠʘʣʳ ʧʦʩʣʝ ʧʨʦʮʝʜʫʨʳ ʨʝʛʝʥʝʨʘʮʠʠ ʪʨʝʙʫʶʪ ʧʦʣʥʦʡ 

ʟʘʤʝʥʳ.  

ɺ ʥʝʡʪʨʘʣʴʥʦʡ (pH 7,0 ï 7,4), ʧʨʷʤʦʝ ʘʥʦʜʥʦʝ ʦʢʠʩʣʝʥʠʝ ʤʦʯʝʚʠʥʳ ʙʫʜʝʪ ʧʨʦʭʦʜʠʪʴ ʩʣʝʜʫʶʱʠʤ 

ʦʙʨʘʟʦʤ: 

                                (NH2)2CO + 5H2O + 2NaCl = 6H2ŷ + N2ŷ + CO2ŷ + O2ŷ+ Cl2ŷ+2Naʆʅ  

 (2) 

ɺ ʪʘʙʣʠʮʝ 1 ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʠʩʧʳʪʘʥʠʷ ʨʘʟʣʠʯʥʳʭ ʵʣʝʢʪʨʦʜʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʚ ʤʦʜʝʣʴʥʦʤ 

ʨʘʩʪʚʦʨʝ ʩ ʤʦʯʝʚʠʥʦʡ: 

 

ʊʘʙʣʠʮʘ 1. ʉʨʘʚʥʝʥʠʝ ʨʘʟʣʠʯʥʳʭ ʵʣʝʢʪʨʦʜʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʧʦ ʩʢʦʨʦʩʪʴ ʵʣʠʤʠʥʘʮʠʠ ʤʦʯʝʚʠʥʳ ʚ 

ʤʦʜʝʣʴʥʦʤ ʨʘʩʪʚʦʨʝ ʜʣʷ ʧʝʨʠʪʦʥʝʘʣʴʥʦʛʦ ʜʠʘʣʠʟʘ [10] 

ʄʘʪʝʨʠʘʣ ʇʣʦʱʘʜʴ ʘʥʦʜʥʦʡ ʋʜʝʣʴʥʘʷ ʩʢʦʨʦʩʪʴ ʵʣʠʤʠʥʘʮʠʠ 



ʉɽʂʎʀʗ 1 - ʄʝʪʦʜʳ ʠ ʩʨʝʜʩʪʚʘ ʜʠʘʛʥʦʩʪʠʢʠ ʠ ʣʝʯʝʥʠʷ ʟʘʙʦʣʝʚʘʥʠʡ                  58 

 

 

XVI ʄʝʞʜʫʥʘʨʦʜʥʘʷ ʅʘʫʯʥʘʷ ʂʦʥʬʝʨʝʥʮʠʷ "ʌʠʟʠʢʘ ʠ ʈʘʜʠʦʵʣʝʢʪʨʦʥʠʢʘ ʚ ʄʝʜʠʮʠʥʝ ʠ 

ʕʢʦʣʦʛʠʠ" 

 

ʧʦʚʝʨʭʥʦʩʪʠ, ʩʤ2 ʤʦʯʝʚʠʥʳ, ʤʛ/ʩʤ2Ŀʯ 

ɻʨʘʬʠʪ BEG-4 150 1.83 

Ti-Pt(ʵʣʝʢʪʨʦʦʩʘʞʜʝʥʠʝ) 150 0.49 

Ti-Pt(ʚʟʨʳʚʧʨʦʢʘʪʢʘ) 150 0.47 

Ti-SiC(ʘʣʤʘʟ) 100 0.32 

Ti-Rh(ʵʣʝʢʪʨʦʦʩʘʞʜʝʥʠʝ) 100 0.30 

C(ʚʩʧʝʥʝʥʥʳʡ ʫʛʦʣʴ) 100 0.20 

ʅʝʩʤʦʪʨʷ ʥʘ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʤʝʪʦʜʘ ʧʦ ʵʣʠʤʠʥʘʮʠʠ ʤʦʯʝʚʠʥʝ, ʜʘʥʥʳʡ ʧʦʜʭʦʜ ʠʤʝʝʪ ʨʷʜ 

ʩʫʱʝʩʪʚʝʥʥʳʭ ʥʝʜʦʩʪʘʪʢʦʚ, ʦʛʨʘʥʠʯʠʚʘʶʱʠʭ ʧʨʠʤʝʥʝʥʠʝ ʜʘʥʥʦʛʦ ʤʝʪʦʜʘ ʥʘ ʧʨʘʢʪʠʢʝ.  ɺ ʭʦʜʝ ʵʣʝʢʪʨʦʣʠʟʘ 

ʠʤʝʝʪ ʤʝʩʪʦ ʠʥʪʝʥʩʠʚʥʦʝ ʛʘʟʦʦʙʨʘʟʦʚʘʥʠʝ. ʇʨʠ ʵʣʝʢʪʨʦʣʠʟʝ ʢʦʤʧʦʥʝʥʪʦʚ ʨʘʩʪʚʦʨʘ ʜʣʷ ʧʝʨʠʪʦʥʝʘʣʴʥʦʛʦ 

ʜʠʘʣʠʟʘ ʦʙʨʘʟʫʶʪʩʷ ʩʣʝʜʫʶʱʠʝ ʛʘʟʳ: ʘʟʦʪ, ʜʠʦʢʩʠʜ ʠ ʤʦʥʦʦʢʩʠʜ ʫʛʣʝʨʦʜʘ, ʘʤʤʠʘʢ (ʧʨʦʜʫʢʪ ʢʘʪʦʜʥʦʛʦ 

ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʤʦʯʝʚʠʥʳ), ʭʣʦʨ ʛʘʟ (ʧʨʦʜʫʢʪ ʘʥʦʜʥʦʛʦ ʦʢʠʩʣʝʥʠʷ ʭʣʦʨ-ʠʦʥʘ), ʢʠʩʣʦʨʦʜ ʠ ʚʦʜʦʨʦʜ. ɺ ʭʦʜʝ 

ʨʘʙʦʪʳ ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʦʡ ʷʯʝʡʢʠ ʪʘʢʞʝ ʦʙʨʘʟʫʝʪʩʷ  ʛʠʧʦʭʣʦʨʠʪ-ʠʦʥ ʠ ʧʨʦʯʠʝ ʭʣʦʨʩʦʜʝʨʞʘʱʠʝ 

ʩʦʝʜʠʥʝʥʠʷ, ʢʦʪʦʨʳʝ ʥʝʦʙʭʦʜʠʤʦ ʫʜʘʣʠʪʴ ʠʟ ʨʘʩʪʚʦʨʘ ʚ ʭʦʜʝ ʨʝʛʝʥʝʨʘʮʠʠ. ɼʨʫʛʠʤ ʩʫʱʝʩʪʚʝʥʥʳʤ 

ʥʝʜʦʩʪʘʪʢʦʤ ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʦʛʦ ʤʝʪʦʜʘ ʷʚʣʷʝʪʩʷ ʦʢʠʩʣʝʥʠʝ ʛʣʶʢʦʟʳ ʜʦ ʛʣʠʦʢʩʘʣʷ ʠ ʤʝʪʠʣʛʣʠʦʢʩʘʣʷ [11], 

ʯʪʦ ʷʚʣʷʝʪʩʷ ʢʨʠʪʠʯʝʩʢʠʤ ʧʨʠ ʨʝʘʣʠʟʘʮʠʠ ʜʘʥʥʦʛʦ ʤʝʪʦʜʘ ʨʝʛʝʥʝʨʘʮʠʠ ʜʠʘʣʠʟʘʪʘ ʜʣʷ ʥʦʩʠʤʳʭ ʘʧʧʘʨʘʪʦʚ 

ʧʝʨʠʪʦʥʝʘʣʴʥʦʛʦ ʜʠʘʣʠʟʘ. ʅʘʢʦʥʝʮ, ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʠʡ ʤʝʪʦʜ ʯʫʚʩʪʚʠʪʝʣʝʥ ʢ ʧʨʠʩʫʪʩʪʚʠʶ ʙʝʣʢʘ ʚ 

ʨʘʩʪʚʦʨʝ. ɼʘʞʝ ʦʪʥʦʩʠʪʝʣʴʥʦ ʤʘʣʘʷ ʢʦʥʮʝʥʪʨʘʮʠʷ ʘʣʴʙʫʤʠʥʘ (0,1 ʛ/ʣ) ʧʨʠʚʦʜʠʪ ʢ ʠʥʪʝʥʩʠʚʥʦʤʫ 

ʧʝʥʦʦʙʨʘʟʦʚʘʥʠʶ, ʯʪʦ ʜʝʣʘʝʪ ʨʝʘʣʠʟʘʮʠʶ ʜʘʥʥʦʛʦ ʤʝʪʦʜʘ ʥʝʚʦʟʤʦʞʥʦʡ ʙʝʟ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʬʠʣʴʪʨʦʚ ʧʦ 

ʙʝʣʢʫ.   

 

ʌʦʪʦʢʘʪʘʣʠʪʠʯʝʩʢʠʡ ʤʝʪʦʜ 

ʈʝʛʝʥʝʨʘʮʠʶ ʚʦʜʥʳʭ ʨʘʩʪʚʦʨʦʚ ʤʦʞʥʦ ʦʩʫʱʝʩʪʚʣʷʪʴ, ʚ ʪʦʤ ʯʠʩʣʝ, ʤʝʪʦʜʦʤ ʋʌ-ʦʙʨʘʙʦʪʢʠ 

ʦʪʨʘʙʦʪʘʥʥʦʡ ʞʠʜʢʦʩʪʠ. ʇʨʝʠʤʫʱʝʩʪʚʘʤʠ ʜʘʥʥʦʛʦ ʤʝʪʦʜʘ ʷʚʣʷʶʪʩʷ  ʙʝʟʦʧʘʩʥʦʩʪʴ ʧʨʦʮʝʩʩʘ, 

ʦʙʝʟʟʘʨʘʞʠʚʘʥʠʝ ʞʠʜʢʦʩʪʠ ʠ ʚʦʟʜʝʡʩʪʚʠʝ ʥʘ ʪʘʢʠʝ ʦʨʛʘʥʠʯʝʩʢʠʝ ʤʝʪʘʙʦʣʠʪʳ ʢʘʢ ʤʦʯʝʚʠʥʘ. ʕʬʬʝʢʪʠʚʥʦʩʪʴ 

ʤʝʪʦʜʘ, ʪʘʢʞʝ ʢʘʢ ʠ ʚ ʩʣʫʯʘʝ ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʦʛʦ ʤʝʪʦʜʘ, ʚʦ ʤʥʦʛʦʤ ʦʙʫʩʣʦʚʣʝʥʘ ʤʘʪʝʨʠʘʣʦʤ, ʠʟ ʢʦʪʦʨʦʛʦ 

ʠʟʛʦʪʦʚʣʝʥ ʬʦʪʦʢʘʪʘʣʠʢ. ʉʦʩʪʘʚ ʨʘʩʪʚʦʨʘ, ʝʛʦ ʚʦʜʦʨʦʜʥʳʡ ʧʦʢʘʟʘʪʝʣʴ, ʘ ʪʘʢʞʝ ʧʨʠʩʫʪʩʪʚʠʝ ʦʢʠʩʣʠʪʝʣʝʡ, 

ʪʘʢʠʭ ʢʘʢ ʧʝʨʩʫʣʴʬʘʪ ʥʘʪʨʠʷ (Na2S2O8) [12] ʪʘʢʞʝ ʦʢʘʟʳʚʘʶʪ ʚʣʠʷʥʠʝ ʥʘ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʤʝʪʦʜʘ. ɺ ʨʘʙʦʪʝ 

[12] ʙʳʣʠ ʧʨʦʚʝʜʝʥʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʨʘʟʣʠʯʥʳʭ ʬʦʪʦʢʘʪʘʣʠʢʦʚ, ʥʘʧʳʣʸʥʥʳʭ ʥʘ ʪʠʪʘʥʦʚʫʶ ʧʦʜʣʦʞʢʫ. ɼʣʷ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʬʦʪʦʢʘʪʘʣʠʪʠʯʝʩʢʦʛʦ ʤʝʪʦʜʘ ʵʣʠʤʠʥʘʮʠʠ ʤʦʯʝʚʠʥʳ ʙʳʣʠ ʨʘʟʨʘʙʦʪʘʥʳ ʬʦʪʦʢʘʪʘʣʠʪʠʯʝʩʢʠʝ 

ʧʣʘʩʪʠʥʳ ʥʘ ʦʩʥʦʚʝ ʪʠʪʘʥʘ ʩʦ ʩʣʝʜʫʶʱʠʤʠ ʧʦʢʨʳʪʠʷʤʠ: TixCeyOz, TixCayOz, TixZnyOz ʠ ʪʠʪʘʥʦʚʘʷ ʧʣʘʩʪʠʥʘ 

ʙʝʟ ʢʘʢʦʛʦ-ʣʠʙʦ ʧʦʢʨʳʪʠʷ (ʢʦʥʪʨʦʣʴʥʳʡ ʦʙʨʘʟʝʮ). ɺʦʟʜʝʡʩʪʚʠʝ ʥʘ ʧʣʘʩʪʠʥʫ ʦʩʫʱʝʩʪʚʣʷʣʦʩʴ 

ʫʣʴʪʨʘʬʠʦʣʝʪʦʚʳʤ ʠʟʣʫʯʝʥʠʝʤ ʜʣʠʥʘʤʠ ʚʦʣʥ 340-390 ʥʤ; ʥʘ ʦʜʥʫ ʧʣʘʩʪʠʥʫ ʧʨʠʭʦʜʠʣʦʩʴ 12 ʰʪʫʢ ʋʌ-

ʠʟʣʫʯʘʶʱʠʭ ʜʠʦʜʦʚ ʩ ʧʠʢʦʚʦʡ ʚʦʣʥʦʡ 365 ʥʤ. ʇʦʢʨʳʪʠʷ ʥʘ ʧʣʘʩʪʠʥʘʭ ʚʳʧʦʣʥʝʥʳ ʤʝʪʦʜʦʤ ʵʣʝʢʪʨʦʣʠʪʥʦ-

ʧʣʘʟʤʝʥʥʦʛʦ ʦʢʩʠʜʠʨʦʚʘʥʠʷ  ʚ ʚʦʜʥʦʤ ʨʘʩʪʚʦʨʝ, ʩʦʜʝʨʞʘʱʠʤ ʨʘʩʪʚʦʨ ʩʦʣʠ ʣʝʛʠʨʫʶʱʝʛʦ ʤʝʪʘʣʣʘ. ʅʘ 

ʨʠʩʫʥʢʝ 2 ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ, ʧʦʣʫʯʝʥʥʳʝ ʜʣʷ ʠʩʩʣʝʜʫʝʤʳʭ ʦʙʨʘʟʮʦʚ ʚ ʨʘʩʪʚʦʨʝ ʜʣʷ ʧʝʨʠʪʦʥʝʘʣʴʥʦʛʦ 

ʜʠʘʣʠʟʘ: 
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ʈʠʩʫʥʦʢ 2. ɺʣʠʷʥʠʝ ʋʌ-ʠʟʣʫʯʝʥʠʷ ʠ ʤʘʪʝʨʠʘʣʘ ʬʦʪʦʢʘʪʘʣʠʢʘ ʥʘ ʩʢʦʨʦʩʪʴ ʵʣʠʤʠʥʘʮʠʠ ʤʦʯʝʚʠʥʳ ʚ ʨʘʩʪʚʦʨʝ 

ʜʣʷ ʧʝʨʠʪʦʥʝʘʣʴʥʦʛʦ ʜʠʘʣʠʟʘ (ʦʙʲʸʤ ʨʘʩʪʚʦʨʘ ï 1 ʣʠʪʨ) [12] 

 

ʂ ʥʝʜʦʩʪʘʪʢʘʤ ʤʝʪʦʜʘ ʤʦʞʥʦ ʦʪʥʝʩʪʠ ʥʠʟʢʫʶ ʩʢʦʨʦʩʪʴ ʵʣʠʤʠʥʘʮʠʠ ʤʦʯʝʚʠʥʳ; ʥʘʧʨʠʤʝʨ, ʥʘ ʧʣʘʩʪʠʥʝ 

TixZnyOz ʟʘ ʧʷʪʴ ʯʘʩʦʚ ʵʢʩʧʝʨʠʤʝʥʪʘ ʫʙʳʣʴ ʤʦʯʝʚʠʥʳ ʩʦʩʪʘʚʠʣʘ ʚʩʝʛʦ 2,3 ʤʤʦʣʴ, ʚ ʪʦ ʚʨʝʤʷ, ʢʘʢ ʩʢʦʨʦʩʪʴ 

ʛʝʥʝʨʘʮʠʠ ʤʦʯʝʚʠʥʳ ʚ ʦʨʛʘʥʠʟʤʝ ʟʘ ʩʫʪʢʠ ʤʦʞʝʪ ʩʦʩʪʘʚʣʷʪʴ ʦʪ 240 ʜʦ 470 ʤʤʦʣʴ. ʕʬʬʝʢʪʠʚʥʦʩʪʴ ʤʝʪʦʜʘ 

ʤʦʞʝʪ ʙʳʪʴ ʧʦʚʳʰʝʥʘ ʟʘ ʩʯʸʪ ʨʘʟʚʠʪʠʷ ʧʦʚʝʨʭʥʦʩʪʠ ʬʦʪʦʢʘʪʘʣʠʪʠʯʝʩʢʦʛʦ ʤʘʪʝʨʠʘʣʘ ʠʣʠ ʟʘ ʩʯʸʪ ʚʚʝʜʝʥʠʷ ʚ 

ʨʘʩʪʚʦʨ ʪʘʢʠʭ ʦʢʠʩʣʠʪʝʣʝʡ ʢʘʢ ʧʝʨʩʫʣʴʬʘʪ ʥʘʪʨʠʷ, ʯʪʦ, ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʤʦʞʝʪ ʧʦʚʣʠʷʪʴ ʥʘ ʵʨʛʦʥʦʤʠʯʥʦʩʪʴ 

ʠ ʙʝʟʦʧʘʩʥʦʩʪʴ ʤʝʪʦʜʘ.  

ɺʳʚʦʜʳ 

ɼʣʷ ʫʜʘʣʝʥʠʷ ʤʦʯʝʚʠʥʳ ʚ ʤʦʜʫʣʷʭ ʨʝʛʝʥʝʨʘʮʠʠ ʜʠʘʣʠʟʘʪʘ ʤʦʛʫʪ ʧʨʠʤʝʥʷʪʴʩʷ ʨʘʟʣʠʯʥʳʝ ʬʠʟʠʢʦ-

ʭʠʤʠʯʝʩʢʠʝ ʤʝʪʦʜʳ, ʧʦʟʚʦʣʷʶʱʠʝ ʩʝʣʝʢʪʠʚʥʦ ʫʙʠʨʘʪʴ ʜʘʥʥʳʡ ʤʝʪʘʙʦʣʠʪ ʠʟ ʨʘʩʪʚʦʨʘ. ɺʩʝ ʚʳʰʝʦʧʠʩʘʥʥʳʝ 

ʤʝʪʦʜʳ ʦʙʣʘʜʘʶʪ ʨʷʜʦʤ ʥʝʜʦʩʪʘʪʢʦʚ, ʢʦʪʦʨʳʝ ʦʛʨʘʥʠʯʠʚʘʶʪ ʠʭ ʧʨʠʤʝʥʝʥʠʝ ʚ ʨʝʘʣʴʥʦʡ ʤʝʜʠʮʠʥʩʢʦʡ 

ʧʨʘʢʪʠʢʝ. ʂ ʦʩʥʦʚʥʳʤ ʥʝʜʦʩʪʘʪʢʘʤ ʤʦʞʥʦ ʦʪʥʝʩʪʠ ʛʝʥʝʨʘʮʠʶ ʧʦʙʦʯʥʳʭ ʧʨʦʜʫʢʪʦʚ ʨʝʘʢʮʠʡ, ʚʣʠʷʥʠʝ ʥʘ 

ʵʣʝʢʪʨʦʣʠʪʥʳʡ ʩʦʩʪʘʚ ʠ ʚʦʜʦʨʦʜʥʳʡ ʧʦʢʘʟʘʪʝʣʴ ʨʘʩʪʚʦʨʘ, ʘ ʪʘʢʞʝ ʚʣʠʷʥʠʝ ʥʘ ʵʨʛʦʥʦʤʠʢʫ ʘʧʧʘʨʘʪʦʚ, ʯʪʦ 

ʜʝʣʘʝʪ ʵʬʬʝʢʪʠʚʥʦʝ ʧʨʠʤʝʥʝʥʠʝ ʜʘʥʥʳʭ ʧʦʜʭʦʜʦʚ ʟʘʪʨʫʜʥʠʪʝʣʴʥʳʤ ʧʨʠ ʨʘʟʨʘʙʦʪʢʝ ʥʦʩʠʤʳʡ ʘʧʧʘʨʘʪʦʚ 

ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʦʯʠʱʝʥʠʷ ʢʨʦʚʠ. ɼʘʣʴʥʝʡʰʝʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʠ ʧʦʠʩʢ ʘʣʴʪʝʨʥʘʪʠʚ ʜʦʣʞʥʳ ʙʳʪʴ 

ʩʬʦʢʫʩʠʨʦʚʘʥʳ ʥʘ ʧʦʚʳʰʝʥʠʝ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʩʫʱʝʩʪʚʫʶʱʠʭ ʤʝʪʦʜʦʚ ʵʣʠʤʠʥʘʮʠʠ ʤʦʯʝʚʠʥʳ, ʘ ʪʘʢʞʝ ʚ 

ʧʦʠʩʢʝ ʤʝʪʦʜʦʚ ʠ ʩʨʝʜʩʪʚ ʜʦʦʯʠʩʪʢʠ ʨʘʩʪʚʦʨʘ ʧʦʩʣʝ ʫʜʘʣʝʥʠʷ ʤʦʯʝʚʠʥʳ.   

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʬʠʥʘʥʩʦʚʦʡ ʧʦʜʜʝʨʞʢʝ ʄʠʥʦʙʨʥʘʫʢʠ ʈʦʩʩʠʠ  ʚ ʨʘʤʢʘʭ ʨʝʘʣʠʟʘʮʠʠ 

ʢʨʫʧʥʦʛʦ ʥʘʫʯʥʦʛʦ ʧʨʦʝʢʪʘ (ʉʦʛʣʘʰʝʥʠʝ ˉ 075-15-2024-555 ʦʪ 25.04.2024ʛ). 
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RESEARCH OF UREA ELIMINATION METHODS IN SPENT DIALYSATE  
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The choice of an adequate strategy for the urea elimination in the spent dialysate solution is one of the key 

tasks in the wearable artificial kidney development. Currently, there are a number of different methods for the 

elimination of urea, which include various catalytic methods, namely, electrochemical, enzymatic and photocatalytic 

methods. The effectiveness of these methods largely depends on the composition of the initial solution, its 

temperature, operating mode of the dialysate regeneration unit and other factors. In this work, electrochemical, 

enzymatic and photocatalytic methods for the urea elimination, their main advantages and disadvantages were 

investigated. 

Key words: dialysis, regeneration, artificial kidney 
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ʂʃɸʉʉʀʌʀʂɸʎʀʗ ʄɽɼʀʎʀʅʉʂʆɻʆ ʈʀʉʂɸ ʇʋʊɽʄ ʉʇɽʂʊʈɸʃʔʅʆɻʆ ɸʅɸʃʀɿɸ 

ʂʆʅʊʋʈʆɺ ɸʅɸʊʆʄʀʏɽʉʂʀʍ ʆʈɻɸʅʆɺ ʅɸ ʋɿʀ-ʉʅʀʄʂɸʍ  
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ʀʟ ʩʫʱʝʩʪʚʫʶʱʠʭ ʤʝʪʦʜʦʚ ʜʠʘʛʥʦʩʪʠʢʠ ʥʘʠʙʦʣʝʝ ʦʧʪʠʤʘʣʴʥʳʤ ʧʦ ʩʚʦʝʡ ʜʦʩʪʫʧʥʦʩʪʠ, 

ʚʦʟʤʦʞʥʦʩʪʠ ʤʥʦʛʦʢʨʘʪʥʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ, ʠʥʬʦʨʤʘʪʠʚʥʦʩʪʠ ʷʚʣʷʝʪʩʷ ʫʣʴʪʨʘʟʚʫʢʦʚʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ 

(ʋɿʀ), ʢʦʪʦʨʦʝ ʩʯʠʪʘʝʪʩʷ ʤʝʪʦʜʦʤ ʧʝʨʚʠʯʥʦʛʦ ʦʙʩʣʝʜʦʚʘʥʠʷ, ʫʯʠʪʳʚʘʷ ʥʝʠʥʚʘʟʠʚʥʦʩʪʴ ʠ ʚʳʩʦʢʫʶ 

ʨʘʟʨʝʰʘʶʱʫʶ ʩʧʦʩʦʙʥʦʩʪʴ [1]. ɺʳʧʦʣʥʷʷ ʋɿʀ, ʚʨʘʯ ʦʮʝʥʠʚʘʝʪ ʥʝʩʢʦʣʴʢʦ ʧʘʨʘʤʝʪʨʦʚ, ʦʩʥʦʚʥʳʤʠ ʠʟ 

ʢʦʪʦʨʳʭ ð ʵʭʦʛʝʥʥʦʩʪʴ, ʩʪʨʫʢʪʫʨʘ ʠ ʢʦʥʪʫʨʳ ʦʨʛʘʥʘ. ʀʟʦʙʨʘʞʝʥʠʝ ʥʘ ʤʦʥʠʪʦʨʝ ʋɿʀ-ʘʧʧʘʨʘʪʘ ʩʦʩʪʦʠʪ ʠʟ 

ʪʦʯʝʢ ð ʧʠʢʩʝʣʝʡ, ʢʘʞʜʳʡ ʠʟ ʢʦʪʦʨʳʭ ʦʢʨʘʰʝʥ ʦʜʥʠʤ ʠʟ 1024 ʦʪʪʝʥʢʦʚ ʩʝʨʦʛʦ ʮʚʝʪʘ. ʉʪʝʧʝʥʴ 

ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʮʚʝʪʘ ʙʫʜʝʪ ʥʘʧʨʷʤʫʶ ʟʘʚʠʩʝʪʴ ʦʪ ʛʨʦʤʢʦʩʪʠ ʦʪʨʘʞʸʥʥʳʭ ʋɿ-ʣʫʯʝʡ. ɹʦʣʝʝ ʧʣʦʪʥʳʝ ʦʨʛʘʥʳ 

ʦʪʨʘʞʘʶʪ ʚʦʣʥʳ ʦʯʝʥʴ ʭʦʨʦʰʦ, ʧʦʩʢʦʣʴʢʫ ʦʥʠ ʧʨʠʥʠʤʘʶʪ ʢʦʣʝʙʘʥʠʷ ʩʨʝʜʳ ʠ ʩʪʘʥʦʚʷʪʩʷ ʠʥʪʝʥʩʠʚʥʳʤʠ 

ʚʪʦʨʠʯʥʳʤʠ ʠʩʪʦʯʥʠʢʘʤʠ ʟʚʫʢʘ. ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʧʨʦʚʝʜʝʥʥʳʝ ʚ [2, 3], ʧʦʢʘʟʘʣʠ, ʯʪʦ ʨʘʟʤʝʨ 

ʧʦʜʞʝʣʫʜʦʯʥʦʡ ʞʝʣʝʟʳ (ʇɾ) ʧʨʠ ʭʨʦʥʠʯʝʩʢʦʤ ʧʘʥʢʨʝʘʪʠʪʝ (ʍʇ) ʠʟʤʝʥʷʣʩʷ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʩʪʘʜʠʠ ʠ ʬʘʟʳ 

ʟʘʙʦʣʝʚʘʥʠʷ.  

ʈʘʟʚʠʪʠʝ ʤʝʪʦʜʦʚ ʤʝʜʠʮʠʥʩʢʦʡ ʚʠʟʫʘʣʠʟʘʮʠʠ ʩʫʱʝʩʪʚʝʥʥʦ ʧʦʚʳʩʠʣʦ ʪʦʯʥʦʩʪʴ ʜʠʘʛʥʦʩʪʠʢʠ 

ʟʘʙʦʣʝʚʘʥʠʡ ʇɾ. ʏʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ ʋɿʀ ʚ ʜʠʘʛʥʦʩʪʠʢʝ ʭʨʦʥʠʯʝʩʢʦʛʦ ʧʘʥʢʨʝʘʪʠʪʘ ʩʦʩʪʘʚʠʣʘ 81%, 

ʩʧʝʮʠʬʠʯʥʦʩʪʴ ð 75%, ʪʦʯʥʦʩʪʴ ð 73%. ʆʜʥʘʢʦ ʥʝʪ ʩʦʤʥʝʥʠʡ ʚ ʪʦʤ, ʯʪʦ ʦʙʲʝʢʪʠʚʥʦʩʪʴ ʠ ʜʠʘʛʥʦʩʪʠʯʝʩʢʘʷ 

ʟʥʘʯʠʤʦʩʪʴ ʋɿʀ ʚ ʦʮʝʥʢʝ ʝʝ ʩʦʩʪʦʷʥʠʷ ʜʘʣʝʢʦ ʥʝ ʦʜʠʥʘʢʦʚʳ [4, 5]. ʋʚʝʣʠʯʝʥʠʝ ʨʘʟʤʝʨʦʚ ʞʝʣʝʟʳ ʦʪʤʝʯʘʣʩʷ 

ʧʨʠ ʦʙʦʩʪʨʝʥʠʠ ʧʘʥʢʨʝʘʪʠʪʘ, ʘ ʫʤʝʥʴʰʝʥʠʝ ð ʧʨʦʛʨʝʩʩʠʨʫʶʱʠʤ ʬʠʙʨʦʟʦʤ. ɺ ʙʦʣʴʰʠʥʩʪʚʝ ʥʘʙʣʶʜʝʥʠʡ 

ʧʦʜʦʙʥʳʝ ʪʨʘʥʩʬʦʨʤʘʮʠʠ ʠʤʝʣʠ ʨʘʚʥʦʤʝʨʥʳʡ ʭʘʨʘʢʪʝʨ, ʥʦ ʚ 6 ʩʣʫʯʘʷʭ ʦʧʨʝʜʝʣʷʣʦʩʴ ʣʦʢʘʣʴʥʦʝ ʫʚʝʣʠʯʝʥʠʝ 

ʛʦʣʦʚʢʠ ʙʦʣʝʝ 4 ʩʤ. ʇʨʠ ʋɿʀ ʢʦʥʪʫʨʳ ʇɾ ʧʨʠ ʍʇ ʩʪʘʥʦʚʷʪʩʷ ʥʝʨʦʚʥʳʤʠ ʟʘ ʩʯʝʪ ʚʪʷʞʝʥʠʡ ʠ ʚʳʧʫʢʣʦʩʪʝʡ, 
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ʦʙʫʩʣʦʚʣʝʥʥʳʭ ʘʣʴʪʝʨʘʪʠʚʥʦ-ʚʦʩʧʘʣʠʪʝʣʴʥʳʤ ʧʨʦʮʝʩʩʦʤ. ɺ ʪʦ ʞʝ ʚʨʝʤʷ, ʚ ʥʘʯʘʣʴʥʳʭ ʩʪʘʜʠʷʭ ʨʘʟʚʠʪʠʷ ʍʇ 

ʢʦʥʪʫʨʳ ʇɾ ʙʦʣʝʝ ʯʝʪʢʠʝ ʠ ʨʦʚʥʳʤʠ, ʠ ʫ ʞʝʣʝʟʳ ʩʦʭʨʘʥʷʝʪʩʷ ʦʙʳʯʥʘʷ ʬʦʨʤʘ. ɸʢʫʩʪʠʯʝʩʢʘʷ ʢʘʨʪʠʥʘ 

ʩʪʨʫʢʪʫʨʳ ʇɾ ʦʪʣʠʯʘʝʪʩʷ ʛʝʪʝʨʦʛʝʥʥʦʩʪʴʶ. ʆʧʨʝʜʝʣʷʣʦʩʴ ʯʝʨʝʜʦʚʘʥʠʝ ʫʯʘʩʪʢʦʚ ʩʥʠʞʝʥʥʦʡ, ʥʦʨʤʘʣʴʥʦʡ ʠ 

ʧʦʚʳʰʝʥʥʦʡ ʵʭʦʛʝʥʥʦʩʪʠ. 

ɺ ʢʘʯʝʩʪʚʝ ʜʝʪʝʢʪʦʨʘ ʢʨʘʷ ʇɾ ʥʘ ʋɿʀ ʩʥʠʤʢʘʭ ʠʩʧʦʣʴʟʫʝʤ ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʡ ʚʝʡʚʣʝʪ ʍʘʘʨʘ [6, 

7], ʢʘʢ ʦʧʠʩʘʥʦ ʚ [8] ʠʣʠ ʚ [9]. ʈʝʟʫʣʴʪʘʪ ʨʘʙʦʪʳ ʧʨʦʛʨʘʤʤʳ, ʨʝʘʣʠʟʫʶʱʝʡ ʘʣʛʦʨʠʪʤ ʧʦʩʪʨʦʝʥʠʷ ʢʦʥʪʫʨʘ 

ʛʨʘʥʠʮʳ ʇɾ ʜʣʷ ʣʝʚʦʡ ʠ ʧʨʘʚʦʡ ʯʘʩʪʠ ʇɾ, ʦʩʥʦʚʘʥʥʳʡ ʥʘ ʚʳʰʝʧʨʠʚʝʜʝʥʥʳʭ ʧʦʣʦʞʝʥʠʷʭ, ʧʨʠʚʝʜʝʥ ʥʘ 

ʨʠʩʫʥʢʝ 1. 

 

  
ʘ) ʙ) 

ʈʠʩʫʥʦʢ 1 - ʈʝʟʫʣʴʪʘʪ ʨʘʙʦʪʳ ʨʘʟʨʘʙʦʪʘʥʥʦʛʦ ʘʣʛʦʨʠʪʤʘ ʧʦʩʪʨʦʝʥʠʷ ʢʦʥʪʫʨʘ ʛʨʘʥʠʮʳ 

ʧʦʜʞʝʣʫʜʦʯʥʦʡ ʞʝʣʝʟʳ ʜʣʷ ʣʝʚʦʡ (ʘ) ʠ ʧʨʘʚʦʡ (ʙ) ʝʝ ʯʘʩʪʝʡ 

 

ʇʦʩʣʝ ʚʳʜʝʣʝʥʠʷ ʢʦʥʪʫʨʘ ʛʨʘʥʠʮʳ ʇɾ ʦʧʨʝʜʝʣʷʶʪʩʷ ʜʝʩʢʨʠʧʪʦʨʳ ʜʣʷ ʝʝ ʢʣʘʩʩʠʬʠʢʘʮʠʠ [10, 11, 

12, 13]. ʇʨʠ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʢʦʥʪʫʨʘ ʛʨʘʥʠʮʳ ʦʙʲʝʢʪʘ, ʧʨʝʜʩʪʘʚʣʝʥʥʦʛʦ ʥʘ ʯʝʨʥʦ ï ʙʝʣʦʤ ʠʟʦʙʨʘʞʝʥʠʠ 

ʠʩʧʦʣʴʟʫʝʤ ʧʨʝʦʙʨʘʟʦʚʘʥʠʝ ʌʫʨʴʝ. ʂʦʥʪʫʨ ʛʨʘʥʠʮʳ ʩʝʛʤʝʥʪʘ ʦʧʠʩʳʚʘʝʪʩʷ ʜʚʫʤʷ ʥʝʧʨʝʨʳʚʥʳʤʠ 

ʧʘʨʘʤʝʪʨʠʯʝʩʢʠʤʠ ʢʨʠʚʳʤʠ )(ʠ)( pypx , ʢʦʪʦʨʳʝ ʦʙʲʝʜʠʥʷʶʪʩʷ ʚ ʦʜʥʫ ʢʨʠʚʫʶ ʩ ʧʦʤʦʱʴʶ 

ʢʦʤʧʣʝʢʩʥʦʡ ʬʫʥʢʮʠʠ. ɺ ʜʠʩʢʨʝʪʥʦʡ ʬʦʨʤʝ ʫʨʘʚʥʝʥʠʝ ʢʨʠʚʦʡ ʟʘʧʠʰʝʪʩʷ:  

 

nnn jyxz +=" .         (1) 

 

ʕʪʦ ʢʨʠʚʘʷ ʷʚʣʷʝʪʩʷ ʮʠʢʣʠʯʝʩʢʦʡ ʩ ʧʝʨʠʦʜʦʤ L ʠ ʝʝ ʤʦʞʥʦ ʧʨʝʜʩʪʘʚʠʪʴ ʩʧʝʢʪʨʦʤ ʌʫʨʴʝ, 

ʚʦʩʧʦʣʴʟʦʚʘʚʰʠʩʴ ʜʠʩʢʨʝʪʥʳʤ ʧʨʝʦʙʨʘʟʦʚʘʥʠʝʤ ʌʫʨʴʝ 
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ʛʜʝ L ï ʯʠʩʣʦ ʦʪʩʯʝʪʦʚ ʥʘ ʢʨʠʚʦʡ (1), n ï ʥʦʤʝʨ ʪʦʯʢʠ ʥʘ ʢʨʠʚʦʡ (1), -̂ ʥʦʤʝʨ ʩʧʝʢʪʨʘʣʴʥʦʡ ʩʦʩʪʘʚʣʷʶʱʝʡ 

ʢʨʠʚʦʡ (1), ʦʧʨʝʜʝʣʷʝʤʦʡ ʧʦ ʬʦʨʤʫʣʝ (2). 

ʊʘʢ ʢʘʢ ʨʘʟʣʘʛʘʝʤʘʷ ʥʘ ʩʧʝʢʪʨʘʣʴʥʳʝ ʩʦʩʪʘʚʣʷʶʱʠʝ ʬʫʥʢʮʠʷ ʢʦʤʧʣʝʢʩʥʘʷ, ʪʦ ʢʘʞʜʦʤʫ ʥʦʤʝʨʫ 

ʦʪʩʯʝʪʘ n, ʥʘʯʠʥʘʷ ʩ ʧʝʨʚʦʛʦ, ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʜʚʝ ʯʘʩʪʦʪʳ: -  ̂ ʠ ̂ , ʢʦʪʦʨʳʝ ʧʦʟʚʦʣʷʶʪ ʩʬʦʨʤʠʨʦʚʘʪʴ 

ʵʣʣʠʧʩ. ʕʣʣʠʧʩʳ ʙʦʣʝʝ ʚʳʩʦʢʦʛʦ ʧʦʨʷʜʢʘ ʜʦʙʘʚʣʷʶʪ ʚʩʝ ʙʦʣʴʰʝ ʠ ʙʦʣʴʰʝ ʜʝʪʘʣʝʡ ʢ ʛʨʘʥʠʯʥʦʡ ʢʨʠʚʦʡ. 

ʇʨʠʤʝʨʳ ʩʧʝʢʪʨʦʚ ʌʫʨʴʝ ʢʦʥʪʫʨʘ ʛʨʘʥʠʮʳ ʇɾ, ʧʦʣʫʯʝʥʥʳʝ ʚ ʜʝʢʘʨʪʦʚʦʡ ʩʠʩʪʝʤʝ ʢʦʦʨʜʠʥʘʪ, ʧʨʠʚʝʜʝʥʳ ʥʘ 

ʨʠʩʫʥʢʝ 2. 
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XVI ʄʝʞʜʫʥʘʨʦʜʥʘʷ ʅʘʫʯʥʘʷ ʂʦʥʬʝʨʝʥʮʠʷ "ʌʠʟʠʢʘ ʠ ʈʘʜʠʦʵʣʝʢʪʨʦʥʠʢʘ ʚ ʄʝʜʠʮʠʥʝ ʠ 

ʕʢʦʣʦʛʠʠ" 

 

 
ʈʠʩʫʥʦʢ 2 - ɸʤʧʣʠʪʫʜʥʳʝ ʩʧʝʢʪʨʳ ʌʫʨʴʝ, ʧʦʣʫʯʝʥʥʳʝ ʚ ʜʝʢʘʨʪʦʚʳʭ ʢʦʦʨʜʠʥʘʪʘʭ ʩ ʧʦʜʘʚʣʝʥʠʝʤ  

ʥʫʣʝʚʦʡ ʛʘʨʤʦʥʠʢʠ (ʦʪʩʪʨʦʡʢʠ ʦʪ çʩʜʚʠʛʘè) 

 

 ʆʙʨʘʪʥʦʝ ʧʨʝʦʙʨʘʟʦʚʘʥʠʝ ʌʫʨʴʝ, ʧʨʠʤʝʥʝʥʥʦʝ ʢ ʵʪʠʤ ʢʦʵʬʬʠʮʠʝʥʪʘʤ, ʧʦʟʚʦʣʷʝʪ ʚʦʩʩʪʘʥʦʚʠʪʴ 

ʛʨʘʥʠʮʫ (3): 
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ʜʣʷ 1,0 -= Nn .  

ʀʩʧʦʣʴʟʫʷ ʧʨʝʦʙʨʘʟʦʚʘʥʠʝ (3) ʤʦʞʝʤ ʦʧʨʝʜʝʣʠʪʴ ʥʘʠʙʦʣʝʝ ʨʝʣʝʚʘʥʪʥʳʝ ʩʧʝʢʪʨʘʣʴʥʳʝ 

ʢʦʵʬʬʠʮʠʝʥʪʳ, ʘ ʪʘʢʞʝ ʠʭ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ ʢ ʨʘʟʣʠʯʥʳʤ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷʤ. ɸʥʘʣʠʟ ʧʦʢʘʟʘʣ, ʯʪʦ 

ʥʝʯʫʚʩʪʚʠʪʝʣʴʥʳʤ ʢ ʧʨʝʦʙʨʘʟʦʚʘʥʠʶ ʪʠʧʘ çʩʜʚʠʛè / çʧʦʚʦʨʦʪè ʷʚʣʷʝʪʩʷ ʪʦʣʴʢʦ ʤʦʜʫʣʴ ʢʦʤʧʣʝʢʩʥʳʭ 

ʢʦʵʬʬʠʮʠʝʥʪʦʚ (2). ɼʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʠʥʚʘʨʠʘʥʪʥʦʩʪʠ ʜʝʩʢʨʠʧʪʦʨʦʚ ʢ ʵʪʠʤ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷʤ ʩʝʛʤʝʥʪ 

ʛʨʘʥʠʮʳ ʇɾ ʚʧʠʩʳʚʘʝʪʩʷ ʚ ʧʨʷʤʦʫʛʦʣʴʥʠʢ, ʠ ʮʝʥʪʨ ʦʧʠʩʘʥʥʦʛʦ ʧʨʷʤʦʫʛʦʣʴʥʠʢʘ ʧʝʨʝʥʦʩʠʪʩʷ ʚ ʥʘʯʘʣʦ 

ʢʦʦʨʜʠʥʘʪ. 

ʇʨʦʮʝʩʩ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʥʘʯʠʥʘʝʪʩʷ ʩ ʚʚʦʜʘ ʢʦʦʨʜʠʥʘʪ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʛʨʘʥʠʮʳ ʢʦʥʪʫʨʘ ʩʝʛʤʝʥʪʘ 

çʠʟʦʙʨʘʞʝʥʠʷè. ʎʝʣʴ ʢʣʘʩʩʠʬʠʢʘʮʠʠ: ʦʪʥʝʩʪʠ çʠʟʦʙʨʘʞʝʥʠʝè ʢ ʢʣʘʩʩʫ ʭʨʦʥʠʯʝʩʢʠʡ ʧʘʥʢʨʝʘʪʠʪ - ʍʇ ʠʣʠ 

ʙʝʟ ʧʘʪʦʣʦʛʠʠ - ɹʇ (ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ ʘʥʘʣʠʟʘ ʢʦʤʧʣʝʢʩʥʦʛʦ ʯʠʩʣʦʚʦʛʦ ʨʷʜʘ, ʵʣʝʤʝʥʪʘʤʠ ʢʦʪʦʨʦʛʦ ʷʚʣʷʶʪʩʷ 

ʢʦʦʨʜʠʥʘʪʳ ʛʨʘʥʠʮ ʇɾ. ʂʣʘʩʩʠʬʠʢʘʪʦʨ ʩʪʨʦʠʤ ʚ ʧʨʝʜʧʦʣʦʞʝʥʠʠ, ʯʪʦ ʠʤʝʝʪʩʷ ʪʦʣʴʢʦ ʜʚʘ ʨʘʟʜʝʣʷʝʤʳʭ 

ʢʣʘʩʩʘ: çʍʇè ʠ çɹʇè. ɻʨʘʥʠʮʘ ʩʝʛʤʝʥʪʘ ʬʦʨʤʠʨʫʝʪʩʷ ʧʫʪʝʤ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʛʦ ʧʨʦʩʤʦʪʨʘ ʢʦʦʨʜʠʥʘʪ 

ʧʠʢʩʝʣʝʡ ʛʨʘʥʠʮʳ ʇɾ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʦʙʝʩʧʝʯʠʪʴ ʧʨʘʢʪʠʯʝʩʢʠ ʨʘʚʥʦʤʝʨʥʳʡ ʰʘʛ ʜʠʩʢʨʝʪʠʟʘʮʠʠ ʧʦ ʦʙʝʠʤ 

ʦʩʷʤ ʢʦʦʨʜʠʥʘʪ. 

ʇʨʠʥʮʠʧ ʬʦʨʤʠʨʦʚʘʥʠʷ ʜʝʩʢʨʠʧʪʦʨʦʚ ʦʩʥʦʚʘʥ ʥʘ ʪʦʤ, ʯʪʦ ʥʝ ʚʩʝ ʩʧʝʢʪʨʘʣʴʥʳʝ ʩʦʩʪʘʚʣʷʶʱʠʝ, 

ʚʭʦʜʷʱʠʝ ʚ ʤʥʦʞʝʩʪʚʦ ɸ={ } L1,=,Z ^^" )( , ʨʘʚʥʦʟʥʘʯʥʳ ʧʦ ʠʥʬʦʨʤʘʪʠʚʥʦʩʪʠ. ʇʦʵʪʦʤʫ ʬʦʨʤʠʨʦʚʘʪʝʣʴ 

ʠʥʬʦʨʤʘʪʠʚʥʳʭ ʧʨʠʟʥʘʢʦʚ ʦʩʫʱʝʩʪʚʣʷʝʪ ʧʝʨʝʭʦʜ ʦʪ ʤʥʦʞʝʩʪʚʘ ɸ ʢ ʤʥʦʞʝʩʪʚʫ { } L1l,1)Z=B Í^"̂( , 

ʧʨʠʯʝʤ L1iAbi Í"Í . ɿʘʜʘʯʘ ʬʦʨʤʠʨʦʚʘʪʝʣʷ ʠʥʬʦʨʤʘʪʠʚʥʳʭ ʧʨʠʟʥʘʢʦʚ ʩʦʩʪʦʠʪ ʚ ʦʧʨʝʜʝʣʝʥʠʠ 

ʤʥʦʞʝʩʪʚʘ, ʬʦʨʤʠʨʫʝʤʦʛʦ ʚ ʨʝʟʫʣʴʪʘʪʝ ʠʩʢʣʶʯʝʥʠʷ ʠʟ ʩʧʝʢʪʨʘ ʵʣʝʤʝʥʪʦʚ ʩ ʥʦʤʝʨʘʤʠ, ʧʦʧʘʚʰʠʤʠ ʚʦ 

ʤʥʦʞʝʩʪʚʦ 

 

1\ LLÍ̂          (4) 
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ɹʣʦʢ ʧʨʠʥʷʪʠʷ ʨʝʰʝʥʠʡ ʨʝʘʣʠʟʦʚʘʥ ʥʘ ʦʩʥʦʚʝ ʥʝʡʨʦʥʥʦʡ ʩʝʪʠ (ʅʉ) ʧʨʷʤʦʛʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ. ʅʉ 

ʠʤʝʝʪ ʜʚʘ ʚʳʭʦʜʘ, ʢʦʪʦʨʳʝ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʜʚʫʤ ʨʘʟʜʝʣʷʝʤʳʤ ʢʣʘʩʩʘʤ: çʍʇè ʠ çɹʇè. ʅʘ ʚʳʭʦʜʘʭ ʅʉ 

ʧʨʠʩʫʪʩʪʚʫʶʪ ʯʠʩʣʘ ʚ ʜʠʘʧʘʟʦʥʝ ʦʪ ʥʫʣʷ ʜʦ ʝʜʠʥʠʮʳ, ʢʦʪʦʨʳʝ ʠʥʪʝʨʧʨʝʪʠʨʫʶʪʩʷ ʢʘʢ ʢʦʵʬʬʠʮʠʝʥʪʳ 

ʫʚʝʨʝʥʥʦʩʪʠ ʚ ʧʨʠʥʘʜʣʝʞʥʦʩʪʠ ʘʥʘʣʠʟʠʨʫʝʤʦʛʦ ʢʦʥʪʫʨʘ ʢ ʚʳʰʝʧʝʨʝʯʠʩʣʝʥʥʳʤ ʢʣʘʩʩʘʤ [14, 15, 16, 17]. 

ɼʣʷ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʚʠʜʝʦʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʯʝʨʝʟ ʢʦʞʥʳʭ ʋɿʀ ʇɾ, 

ʧʨʝʜʦʩʪʘʚʣʝʥʥʳʝ ʚʨʘʯʦʤ-ʵʥʜʦʩʢʦʧʠʩʪʦʤ. ʎʝʣʴʶ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʙʳʣ ʘʥʘʣʠʟ ʧʦʢʘʟʘʪʝʣʝʡ 

ʢʘʯʝʩʪʚʘ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʢʣʘʩʩʠʬʠʢʘʪʦʨʦʚ ʠʟʦʙʨʘʞʝʥʠʡ ʩ ʩʝʛʤʝʥʪʘʤʠ ʢʣʘʩʩʘ çʦʥʢʦʣʦʛʠʷè ʠ çʧʘʥʢʨʝʘʪʠʪè. ɺ 

ʵʪʦʤ ʩʣʫʯʘʝ ʦʥʢʦʣʦʛʠʷ ʠʣʠ ʧʘʥʢʨʝʘʪʠʪ ʩʯʠʪʘʣʠʩʴ ʦʙʥʘʨʫʞʝʥʥʳʤʠ, ʝʩʣʠ ʥʘ ʠʟʦʙʨʘʞʝʥʠʠ ʋɿʀ 

ʧʦʜʞʝʣʫʜʦʯʥʦʡ ʞʝʣʝʟʳ ʙʳʣ ʦʙʥʘʨʫʞʝʥ ʭʦʪʷ ʙʳ ʦʜʠʥ ʞʝʣʘʝʤʳʡ ʩʝʛʤʝʥʪ ʢʣʘʩʩʘ çʦʥʢʦʣʦʛʠʷè ʠʣʠ 

çʧʘʥʢʨʝʘʪʠʪè. ʆʙʫʯʘʶʱʘʷ ʚʳʙʦʨʢʘ ʚʠʜʝʦʠʟʦʙʨʘʞʝʥʠʡ (ʢʘʜʨʦʚ ʚʠʜʝʦʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ) ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ 

200 ʧʨʠʤʝʨʦʚ. ʂʦʣʠʯʝʩʪʚʦ ʩʝʛʤʝʥʪʦʚ ʢʣʘʩʩʘ çʦʥʢʦʣʦʛʠʷè ʚ ʦʙʫʯʘʶʱʝʤ ʥʘʙʦʨʝ ʩʦʩʪʘʚʠʣʦ 316, ʜʣʷ ʢʣʘʩʩʘ 

çʧʘʥʢʨʝʘʪʠʪè ï 576, ʜʣʷ ʠʥʜʠʬʬʝʨʝʥʪʥʦʛʦ ʢʣʘʩʩʘ ï 1242. 

ɼʣʷ ʦʮʝʥʢʠ ʢʘʯʝʩʪʚʘ ʧʨʝʜʣʘʛʘʝʤʦʛʦ ʤʝʪʦʜʘ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʩʣʝʜʫʶʱʠʝ ʧʦʢʘʟʘʪʝʣʠ: ʪʦʯʥʦʩʪʴ (ʊ) ï 

ʦʪʥʦʰʝʥʠʝ ʩʝʛʤʝʥʪʦʚ, ʢʣʘʩʩ ʢʦʪʦʨʳʭ ʦʧʨʝʜʝʣʝʥ ʧʨʘʚʠʣʴʥʦ, ʢ ʦʙʱʝʤʫ ʢʦʣʠʯʝʩʪʚʫ ʢʣʘʩʩʠʬʠʮʠʨʦʚʘʥʥʳʭ 

ʩʝʛʤʝʥʪʦʚ; ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ (ʏ) ï ʦʪʥʦʰʝʥʠʝ ʧʨʘʚʠʣʴʥʦ ʢʣʘʩʩʠʬʠʮʠʨʦʚʘʥʥʳʭ ʩʝʛʤʝʥʪʦʚ ʜʘʥʥʦʛʦ ʢʣʘʩʩʘ ʢ 

ʦʙʱʝʤʫ ʯʠʩʣʫ ʩʝʛʤʝʥʪʦʚ ʵʪʦʛʦ ʢʣʘʩʩʘ ʚ ʢʦʥʪʨʦʣʴʥʦʡ ʚʳʙʦʨʢʝ; ʩʧʝʮʠʬʠʯʥʦʩʪʴ (ʉʇ) ï ʦʪʥʦʰʝʥʠʝ ʧʨʘʚʠʣʴʥʦ 

ʢʣʘʩʩʠʬʠʮʠʨʦʚʘʥʥʳʭ ʩʝʛʤʝʥʪʦʚ ʠʥʜʠʬʬʝʨʝʥʪʥʦʛʦ ʢʣʘʩʩʘ ʢ ʦʙʱʝʤʫ ʯʠʩʣʫ ʩʝʛʤʝʥʪʦʚ ʵʪʦʛʦ ʢʣʘʩʩʘ ʚ 

ʢʦʥʪʨʦʣʴʥʦʡ ʚʳʙʦʨʢʝ. 

ɺ ʊʘʙʣʠʮʝ 1 ʧʨʠʚʝʜʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʦʢʘʟʘʪʝʣʝʡ ʢʘʯʝʩʪʚʘ 

ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʜʚʫʭ ʢʣʘʩʩʦʚ: çʦʥʢʦʣʦʛʠʷè 

ʊʘʙʣʠʮʘ 1 ï ʇʦʢʘʟʘʪʝʣʠ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʤʝʪʦʜʘ ʜʣʷ ʢʣʘʩʩʘ çʦʥʢʦʣʦʛʠʷè 

ʂʣʘʩʩ ʏʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ, % ʉʧʝʮʠʬʠʯʥʦʩʪʴ, % 
ʊʦʯʥʦʩʪʴ, 

% 

ʂʦʣʠʯʝʩʪʚʦ 

ʩʝʛʤʝʥʪʦʚ 

ʆʥʢʦʣʦʛʠʷ 88,4 94,8 90,1 316 

ʀʥʜʠʬʬʝʨʝʥʪʥʳʡ 93 91 501 

ɺ ʊʘʙʣʠʮʝ 2 ʧʨʠʚʝʜʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʦʢʘʟʘʪʝʣʝʡ ʢʘʯʝʩʪʚʘ 

ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʧʨʠ ʦʙʥʘʨʫʞʝʥʠʠ ʧʘʥʢʨʝʘʪʠʪʘ ʚ ʩʝʛʤʝʥʪʘʭ ʠʟʦʙʨʘʞʝʥʠʡ ʋɿʀ. ʂʘʢ ʠ ʚ ʩʣʫʯʘʝ ʦʙʥʘʨʫʞʝʥʠʷ 

ʦʥʢʦʣʦʛʠʠ, ʩʝʛʤʝʥʪʳ ʩʥʠʤʢʦʚ ʚʠʜʝʦʤʘʪʝʨʠʘʣʘ ʜʝʣʷʪʩʷ ʥʘ ʜʚʝ ʛʨʫʧʧʳ: ʩʝʛʤʝʥʪʳ ʩ ʧʘʥʢʨʝʘʪʠʪʦʤ ʠ ʙʝʟ 

ʧʘʥʢʨʝʘʪʠʪʘ (ʢʣʘʩʩ ʙʝʟʨʘʟʣʠʯʠʷ). 

ʊʘʙʣʠʮʘ 2 ï ʇʦʢʘʟʘʪʝʣʠ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʤʝʪʦʜʘ ʜʣʷ ʢʣʘʩʩʘ çʧʘʥʢʨʝʘʪʠʪè 

ʂʣʘʩʩ ʏʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ, % ʉʧʝʮʠʬʠʯʥʦʩʪʴ, % ʊʦʯʥʦʩʪʴ, % 
ʂʦʣʠʯʝʩʪʚʦ 

ʩʝʛʤʝʥʪʦʚ 

ʇʘʥʢʨʝʘʪʠʪ 85,7 89,8 88,7 576 

ʀʥʜʠʬʬʝʨʝʥʪʥʳʡ 84,4 87,1 741 

ʂʨʠʪʝʨʠʝʤ ʜʦʩʪʦʚʝʨʥʦʩʪʠ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʩʯʠʪʘʣʩʷ ʨʝʟʫʣʴʪʘʪ ʠʟʫʯʝʥʠʷ ʠʟʦʙʨʘʞʝʥʠʷ ʋɿʀ ʧʦʜʞʝʣʫʜʦʯʥʦʡ 

ʞʝʣʝʟʳ, ʧʨʦʚʝʜʝʥʥʦʛʦ ʜʚʫʤʷ ʣʠʮʘʤʠ, ʧʨʠʥʠʤʘʶʱʠʤʠ ʨʝʰʝʥʠʷ. 
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Based on this method, an automated system has been developed for classifying ultrasound images of the 

pancreas. The automated system includes a set of software modules for implementing technological operations for 

classifying ultrasound images of the pancreas, an annotated database of ultrasound images of the pancreas without 

pathological changes and with a diagnosis of pancreatitis, software for training neural network classifiers, as well as 

for contour spectral analysis. 

For experimental studies, video sequences of pancreatic ultrasound provided by an endoscopist were used. 

The purpose of the experimental studies was to analyze the quality indicators of classification of image classifiers 

with segments of the class ñChronic pancreatitisò - CP and ñWithout pathologyò - WP. The training sample of video 

images (frames of video sequences) includes 200 examples, one hundred from each class. The quality indicator 

ñSensitivityò of classification for two classes is 85.7%, the indicator ñSpecificityò is 87.1%. 
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ʂʃɸʉʉʀʌʀʂɸʎʀʗ ʈʀʉʂɸ ʂɸʈɼʀʆʈɽʉʇʀʈɸʊʆʈʅʓʍ ɿɸɹʆʃɽɺɸʅʀʁ ʉ ʋʏɽʊʆʄ 

ʉʀʅɽʈɻɽʊʀʏɽʉʂʆɻʆ ʕʌʌɽʂʊɸ ʂʆʄʆʈɹʀɼʅʆʉʊʀ 

ɸʣʘʚcʠ ʍʘʡʜʝʨ ɸ.ʍ.1, ʇʝʩʦʢ ɺ.ɺ.1, ʇʝʪʨʫʥʠʥʘ ɽ.ɺ.2, ʂʫʟʴʤʠʥ ɸ.ɸ.1 
1ʌʝʜʝʨʘʣʴʥʦʝ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʝ ʙʶʜʞʝʪʥʦʝ ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʝ ʫʯʨʝʞʜʝʥʠʝ ʚʳʩʰʝʛʦ ʦʙʨʘʟʦʚʘʥʠʷ çʖʛʦ-

ɿʘʧʘʜʥʳʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪè, book.hp.2015@gmail.com 
2 çʄʦʩʢʦʚʩʢʠʡ ʧʦʣʠʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪè, ʛ. ʄʦʩʢʚʘ 

 

ʂʘʢ ʠʟʚʝʩʪʥʦ, ʢʦʤʦʨʙʠʜʥʳʝ ʟʘʙʦʣʝʚʘʥʠʷ ï ʵʪʦ ʥʘʣʠʯʠʝ ʜʚʫʭ ʠʣʠ ʙʦʣʝʝ ʟʘʙʦʣʝʚʘʥʠʡ ʫ ʦʜʥʦʛʦ 

ʯʝʣʦʚʝʢʘ. ʆʥʠ ʤʦʛʫʪ ʙʳʪʴ ʦʩʪʨʳʤʠ ʠʣʠ ʭʨʦʥʠʯʝʩʢʠʤʠ, ʩʚʷʟʘʥʳ ʠʣʠ ʥʝ ʩʚʷʟʘʥʳ ʜʨʫʛ ʩ ʜʨʫʛʦʤ. ʅʘʣʠʯʠʝ 

ʢʦʤʦʨʙʠʜʥʳʭ ʟʘʙʦʣʝʚʘʥʠʡ ʤʦʞʝʪ ʟʥʘʯʠʪʝʣʴʥʦ ʧʦʚʳʩʠʪʴ ʨʠʩʢ ʦʩʣʦʞʥʝʥʠʡ, ʩʚʷʟʘʥʥʳʭ ʩ ʢʘʞʜʳʤ ʠʟ ʥʠʭ.  

ʂʦʤʦʨʙʠʜʥʳʝ ʟʘʙʦʣʝʚʘʥʠʷ ʧʨʠʚʦʜʷʪ ʢ ʙʦʣʝʝ ʯʘʩʪʳʤ ʛʦʩʧʠʪʘʣʠʟʘʮʠʷʤ: ʣʶʜʠ ʩ ʢʦʤʦʨʙʠʜʥʳʤʠ 

ʟʘʙʦʣʝʚʘʥʠʷʤʠ ʯʘʱʝ ʥʫʞʜʘʶʪʩʷ ʚ ʛʦʩʧʠʪʘʣʠʟʘʮʠʠ, ʯʝʤ ʣʶʜʠ ʩ ʦʜʥʠʤ ʟʘʙʦʣʝʚʘʥʠʝʤ. ʊʘʢʞʝ ʣʶʜʠ ʩ 

ʢʦʤʦʨʙʠʜʥʳʤʠ ʟʘʙʦʣʝʚʘʥʠʷʤʠ ʦʙʳʯʥʦ ʜʦʣʴʰʝ ʦʩʪʘʶʪʩʷ ʚ ʙʦʣʴʥʠʮʝ ʧʦʩʣʝ ʦʧʝʨʘʮʠʠ ʠʣʠ ʜʨʫʛʠʭ ʧʨʦʮʝʜʫʨ, 

ʦʥʠ ʯʘʱʝ ʫʤʠʨʘʶʪ ʦʪ ʩʚʦʠʭ ʟʘʙʦʣʝʚʘʥʠʡ, ʯʝʤ ʣʶʜʠ ʩ ʦʜʥʠʤ ʟʘʙʦʣʝʚʘʥʠʝʤ [1]. 

ʆʩʥʦʚʥʳʝ ʬʘʢʪʦʨʳ, ʚʣʠʷʶʱʠʝ ʥʘ ʨʠʩʢ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʦʩʣʦʞʥʝʥʠʡ: 

ʪʠʧ ʠ ʪʷʞʝʩʪʴ ʢʦʤʦʨʙʠʜʥʳʭ ʟʘʙʦʣʝʚʘʥʠʡ: ʥʝʢʦʪʦʨʳʝ ʟʘʙʦʣʝʚʘʥʠʷ ʙʦʣʝʝ ʦʧʘʩʥʳ, ʯʝʤ ʜʨʫʛʠʝ, ʠ 

ʥʘʣʠʯʠʝ ʙʦʣʝʝ ʪʷʞʝʣʳʭ ʟʘʙʦʣʝʚʘʥʠʡ ʫʚʝʣʠʯʠʚʘʝʪ ʨʠʩʢ ʦʩʣʦʞʥʝʥʠʡ; 

ʚʦʟʨʘʩʪ: ʧʦʞʠʣʳʝ ʣʶʜʠ ʙʦʣʝʝ ʧʦʜʚʝʨʞʝʥʳ ʦʩʣʦʞʥʝʥʠʷʤ ʢʦʤʦʨʙʠʜʥʳʭ ʟʘʙʦʣʝʚʘʥʠʡ; 

ʦʙʨʘʟ ʞʠʟʥʠ: ʢʫʨʝʥʠʝ, ʫʧʦʪʨʝʙʣʝʥʠʝ ʘʣʢʦʛʦʣʷ ʠ ʦʪʩʫʪʩʪʚʠʝ ʬʠʟʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʠ ʤʦʛʫʪ ʫʚʝʣʠʯʠʪʴ 

ʨʠʩʢ ʦʩʣʦʞʥʝʥʠʡ; 

ʜʦʩʪʫʧ ʢ ʤʝʜʠʮʠʥʩʢʦʡ ʧʦʤʦʱʠ: ʣʶʜʠ, ʢʦʪʦʨʳʝ ʥʝ ʠʤʝʶʪ ʜʦʩʪʫʧʘ ʢ ʥʘʜʣʝʞʘʱʝʤʫ ʤʝʜʠʮʠʥʩʢʦʤʫ 

ʦʙʩʣʫʞʠʚʘʥʠʶ, ʩ ʙʦʣʴʰʝʡ ʚʝʨʦʷʪʥʦʩʪʴʶ ʙʫʜʫʪ ʠʤʝʪʴ ʦʩʣʦʞʥʝʥʠʷ ʢʦʤʦʨʙʠʜʥʳʭ ʟʘʙʦʣʝʚʘʥʠʡ. 

ʆʜʥʠ ʠʟ ʩʘʤʳʭ ʯʘʩʪʳʭ ʟʘʙʦʣʝʚʘʥʠʡ ʢʘʨʜʠʦʨʝʩʧʠʨʘʪʦʨʥʦʡ ʩʠʩʪʝʤʳ - ʚʥʝʙʦʣʴʥʠʯʥʘʷ ʧʥʝʚʤʦʥʠʷ (ɺʇ) 

ʠ ʘʨʪʝʨʠʘʣʴʥʘʷ ʛʠʧʝʨʪʝʥʟʠʷ (ɸɻ)  ʤʦʛʫʪ ʙʳʪʴ ʩʝʨʴʝʟʥʳʤʠ ʢʦʤʦʨʙʠʜʥʳʤʠ ʟʘʙʦʣʝʚʘʥʠʷʤʠ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ 

ʫʭʫʜʰʠʪʴ ʪʝʯʝʥʠʝ ʜʨʫʛ ʜʨʫʛʘ ʠ ʫʚʝʣʠʯʠʪʴ ʨʠʩʢ ʦʩʣʦʞʥʝʥʠʡ. 

ɺʣʠʷʥʠʝ ɺʇ ʥʘ ɸɻ: 

ɺʣʠʷʥʠʝ ʥʘ ʬʫʥʢʮʠʶ ʩʝʨʜʮʘ: ɺʇ ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ ʚʦʩʧʘʣʝʥʠʶ ʠ ʩʪʨʝʩʩʫ ʜʣʷ ʦʨʛʘʥʠʟʤʘ, ʯʪʦ ʤʦʞʝʪ 

ʚʨʝʤʝʥʥʦ ʩʥʠʟʠʪʴ ʬʫʥʢʮʠʶ ʩʝʨʜʮʘ. ʋ ʣʶʜʝʡ ʩ ɸɻ ʵʪʦ ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ ʫʩʫʛʫʙʣʝʥʠʶ ʛʠʧʝʨʪʝʥʟʠʠ, ʦʜʳʰʢʝ 

ʠ ʫʩʪʘʣʦʩʪʠ. 

ʇʦʚʳʰʝʥʠʝ ʫʨʦʚʥʷ ʞʠʜʢʦʩʪʠ: ɺʇ ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ ʩʢʦʧʣʝʥʠʶ ʞʠʜʢʦʩʪʠ ʚ ʣʝʛʢʠʭ, ʯʪʦ ʤʦʞʝʪ 

ʫʚʝʣʠʯʠʪʴ ʦʙʲʝʤ ʢʨʦʚʠ, ʥʘʛʨʫʞʘʷ ʩʝʨʜʮʝ ʠ ʧʦʚʳʰʘʷ ʢʨʦʚʷʥʦʝ ʜʘʚʣʝʥʠʝ. 
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XVI ʄʝʞʜʫʥʘʨʦʜʥʘʷ ʅʘʫʯʥʘʷ ʂʦʥʬʝʨʝʥʮʠʷ "ʌʠʟʠʢʘ ʠ ʈʘʜʠʦʵʣʝʢʪʨʦʥʠʢʘ ʚ ʄʝʜʠʮʠʥʝ ʠ 

ʕʢʦʣʦʛʠʠ" 

 

ɺʟʘʠʤʦʜʝʡʩʪʚʠʝ ʩ ʣʝʢʘʨʩʪʚʘʤʠ: ʅʝʢʦʪʦʨʳʝ ʣʝʢʘʨʩʪʚʘ, ʠʩʧʦʣʴʟʫʝʤʳʝ ʜʣʷ ʣʝʯʝʥʠʷ ɺʇ, ʤʦʛʫʪ 

ʚʟʘʠʤʦʜʝʡʩʪʚʦʚʘʪʴ ʩ ʣʝʢʘʨʩʪʚʘʤʠ ʦʪ ɸɻ, ʠʟʤʝʥʷʷ ʠʭ ʵʬʬʝʢʪʠʚʥʦʩʪʴ [2, 3]. 

ɺʣʠʷʥʠʝ ɸɻ ʥʘ ɺʇ: 

ʉʥʠʞʝʥʠʝ ʢʨʦʚʦʪʦʢʘ ʚ ʣʝʛʢʠʭ: ɸɻ ʤʦʞʝʪ ʩʥʠʟʠʪʴ ʢʨʦʚʦʪʦʢ ʚ ʣʝʛʢʠʭ, ʯʪʦ ʤʦʞʝʪ ʟʘʪʨʫʜʥʠʪʴ ʙʦʨʴʙʫ 

ʦʨʛʘʥʠʟʤʘ ʩ ʠʥʬʝʢʮʠʝʡ ʠ ʟʘʤʝʜʣʠʪʴ ʚʳʟʜʦʨʦʚʣʝʥʠʝ. 

ʇʦʚʨʝʞʜʝʥʠʝ ʣʝʛʢʠʭ: ʍʨʦʥʠʯʝʩʢʘʷ ɸɻ ʤʦʞʝʪ ʧʦʚʨʝʜʠʪʴ ʢʨʦʚʝʥʦʩʥʳʝ ʩʦʩʫʜʳ ʚ ʣʝʛʢʠʭ, ʯʪʦ ʜʝʣʘʝʪ 

ʣʶʜʝʡ ʙʦʣʝʝ ʚʦʩʧʨʠʠʤʯʠʚʳʤʠ ʢ ʠʥʬʝʢʮʠʷʤ, ʪʘʢʠʤ ʢʘʢ ɺʇ. 

ʆʩʣʦʞʥʝʥʠʷ ʣʝʯʝʥʠʷ: ʋ ʣʶʜʝʡ ʩ ɸɻ ʣʝʯʝʥʠʝ ɺʇ ʤʦʞʝʪ ʙʳʪʴ ʙʦʣʝʝ ʩʣʦʞʥʳʤ ʠʟ-ʟʘ ʧʦʚʳʰʝʥʥʦʛʦ 

ʨʠʩʢʘ ʧʦʙʦʯʥʳʭ ʵʬʬʝʢʪʦʚ ʦʪ ʥʝʢʦʪʦʨʳʭ ʣʝʢʘʨʩʪʚ. 

ʅʘ ʨʠʩʫʥʢʝ 1 ʧʦʢʘʟʘʥʳ ʢʨʠʚʳʝ ʢʫʤʫʣʷʪʠʚʥʦʛʦ ʨʠʩʢʘ (ʂʈ) ʥʘʩʪʫʧʣʝʥʠʷ ʨʘʟʥʳʭ ʥʘʙʦʨʦʚ ʢʦʥʝʯʥʳʭ 

ʪʦʯʝʢ (ʂʊ) ʫ ʧʘʮʠʝʥʪʦʚ ʩ ɸɻ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʥʘʣʠʯʠʷ ʢʦʤʦʨʙʠʜʥʦʡ ʧʘʪʦʣʦʛʠʠ ɺʇ [2]. 

ʀʟʚʝʩʪʥʦ, ʯʪʦ ʬʘʢʪʦʨʳ ʨʠʩʢʘ (ʌʈ) ʢʘʨʜʠʦʨʝʩʧʠʨʘʪʦʨʥʳʭ ʟʘʙʦʣʝʚʘʥʠʡ ʯʘʩʪʦ ʢʦʨʨʝʣʠʨʫʶʪ ʜʨʫʛ ʩ 

ʜʨʫʛʦʤ, ʘ ʚ ʥʝʢʦʪʦʨʳʭ ʩʣʫʯʘʷʭ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʚʣʠʷʶʪ ʜʨʫʛ ʥʘ ʜʨʫʛʘ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʣʠʙʦ ʢ ʫʩʠʣʝʥʠʶ, ʣʠʙʦ 

ʢ ʦʩʣʘʙʣʝʥʠʶ ʯʘʩʪʥʦʛʦ ʨʠʩʢʘ ʧʦ ʜʘʥʥʦʤʫ ʌʈ. ʕʬʬʝʢʪ ʵʪʦʛʦ ʚʣʠʷʥʠʷ ʤʦʞʝʪ ʚʳʨʘʞʘʪʴʩʷ ʢʘʢ ʚ ʫʚʝʣʠʯʝʥʠʠ 

ʜʦʣʠ ʂʈ, ʩʚʷʟʘʥʥʦʛʦ ʩ ʵʪʠʤ ʌʈ, ʪʘʢ ʠ ʦʩʣʘʙʣʝʥʠʠ ʩʦʯʝʪʘʥʥʦʛʦ ʌʈ ʥʘ ʨʠʩʢ ʉʉɿ. ʕʪʦʪ ʵʬʬʝʢʪ ʤʦʞʝʪ 

ʥʘʙʣʶʜʘʪʴʩʷ ʢʘʢ ʥʘ çʩʳʨʳʭè ʜʘʥʥʳʭ, ʪʦ ʝʩʪʴ ʥʘ ʨʝʟʫʣʴʪʘʪʘʭ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʤʝʜʠʮʠʥʩʢʦʛʦ ʨʠʩʢʘ (ʄʈ) 

ʘʛʝʥʪʘʤʠ ʥʠʞʥʝʛʦ ʠʝʨʘʨʭʠʯʝʩʢʦʛʦ ʫʨʦʚʥʷ, ʪʘʢ ʠ ʥʘ ʙʦʣʝʝ ʚʳʩʦʢʠʭ ʠʝʨʘʨʭʠʯʝʩʢʠʭ ʩʪʨʫʢʪʫʨʘʭ [4, 5, 6 7, 8].  

ɼʣʷ ʦʮʝʥʢʠ ʚʣʠʷʥʠʷ ʨʠʩʢʘ ʦʜʥʦʛʦ ʟʘʙʦʣʝʚʘʥʠʷ ʥʘ ʨʠʩʢ ʜʨʫʛʦʛʦ ʟʘʙʦʣʝʚʘʥʠʷ ʠʩʧʦʣʴʟʫʶʪ ʜʚʘ 

ʧʦʜʭʦʜʘ, ʦʙʘ ʠʟ ʢʦʪʦʨʳʭ ʜʦʣʞʥʳ ʫʯʠʪʳʚʘʪʴ ʪʦʪ ʬʘʢʪ, ʯʪʦ ʢʦʤʦʨʙʠʜʥʳʝ ʟʘʙʦʣʝʚʘʥʠʷ ʥʝ ʪʦʣʴʢʦ ʫʩʠʣʠʚʘʶʪ 

ʚʟʘʠʤʥʳʝ ʄʈ, ʥʦ ʠ ʠʤʝʶʪ ʨʷʜ ʦʜʠʥʘʢʦʚʳʭ ʌʈ. ʇʦʵʪʦʤʫ ʧʝʨʚʳʡ ʧʦʜʭʦʜ ʦʩʥʦʚʘʥ ʥʘ ʪʦʤ, ʯʪʦ ʥʘʣʠʯʠʝ 

ʢʦʤʦʨʙʠʜʥʦʩʪʠ ʧʨʠʚʦʜʠʪ ʢ ʫʩʠʣʝʥʠʶ ʠʣʠ ʩʥʠʞʝʥʠʶ ʚʣʠʷʥʠʷ ʌʈ ʥʘ ʄʈ ʢʦʤʦʨʙʠʜʥʦʛʦ ʟʘʙʦʣʝʚʘʥʠʷ. ʊʘʢʦʡ 

ʧʦʜʭʦʜ ʧʦʟʚʦʣʷʝʪ ʫʯʠʪʳʚʘʪʴ ʩʠʥʝʨʛʝʪʠʯʝʩʢʠʡ ʵʬʬʝʢʪ ʥʘ ʚʭʦʜʝ ʢʣʘʩʩʠʬʠʢʘʪʦʨʘ ʄʈ. ɺʪʦʨʦʡ ʧʦʜʭʦʜ ʫʯʝʪʘ 

ʚʣʠʷʥʠʷ ʢʦʤʦʨʙʠʜʥʦʩʪʠ ʥʘ ʄʈ ʧʨʝʜʫʩʤʘʪʨʠʚʘʝʪ ʫʯʝʪ ʩʠʥʝʨʛʠʠ ʥʘ ʦʩʥʦʚʝ ʫʯʝʪʘ ʚʳʭʦʜʦʚ ʩʣʘʙʳʭ 

ʢʣʘʩʩʠʬʠʢʘʪʦʨʦʚ (weak classifiers)  ʄʈ [9, 10, 11, 12]. 

 

 

  
   ʘ)      ʙ) 

ʈʠʩʫʥʦʢ 1 - ʂʨʠʚʳʝ ʢʫʤʫʣʷʪʠʚʥʦʛʦ ʨʠʩʢʘ ʥʘʩʪʫʧʣʝʥʠʷ ʢʦʥʝʯʥʦʡ ʪʦʯʢʠ 1 (ʘ) ʠ ʢʦʥʝʯʥʦʡ ʪʦʯʢʠ 2 (ʙ)  

ʫ ʧʘʮʠʝʥʪʦʚ ʩ ʘʨʪʝʨʠʘʣʴʥʦʡ ʛʠʧʝʨʪʝʥʟʠʝʡ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʥʘʣʠʯʠʷ ʭʨʦʥʠʯʝʩʢʠʭ ʟʘʙʦʣʝʚʘʥʠʡ ʩʠʩʪʝʤʳ 

ʜʳʭʘʥʠʷ:  - ɸɻ (ʥʠʞʥʠʝ ʢʨʠʚʳʝ);   - ɸɻ+ ɺʇ (ʚʝʨʭʥʠʝ ʢʨʠʚʳʝ) 

 

ʈʘʩʩʤʦʪʨʠʤ ʧʦʜʨʦʙʥʝʝ ʧʝʨʚʳʡ ʧʦʜʭʦʜ. ʌʦʨʤʘʣʴʥʦ ʩʠʥʝʨʛʝʪʠʯʝʩʢʠʡ ʵʬʬʝʢʪ ʤʦʞʝʪ ʙʳʪʴ ʫʯʪʝʥ 

ʚʚʦʜʦʤ M ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ (ʚʠʨʪʫʘʣʴʥʳʭ) ʌʈ ʚ ʚʠʜʝ ʥʝʢʦʪʦʨʳʭ ʬʫʥʢʮʠʡ (ʤʦʜʝʣʝʡ) ʦʪ ʨʝʘʣʴʥʳʭ ʌʈ: f1(X1, 

X2, é , X N), f2(X1, X2, é , X N), é, fm(X1, X2, é , X N), é, fM(X1, X2, é , X N). ɿʜʝʩʴ X1, X2, é , X N  - ʤʥʦʞʝʩʪʚʦ 

ʨʝʘʣʴʥʳʭ ʬʘʢʪʦʨʦʚ ʨʠʩʢʘ ʢʦʣʠʯʝʩʪʚʦʤ N.  ɺ ʢʘʯʝʩʪʚʝ ʤʦʜʝʣʝʡ ʚʠʨʪʫʘʣʴʥʳʭ ʌʈ ʠʩʧʦʣʴʟʫʝʤ ʯʘʩʪʥʳʝ 

ʬʫʥʢʮʠʠ ʚʣʠʷʥʠʷ Zij  ʠ Zji i-ʛʦ ʌʈ ʥʘ j-ʡ ʌʈ ʠ ʥʘʦʙʦʨʦʪ, ʦʧʨʝʜʝʣʷʝʤʳʝ ʧʦ ʬʦʨʤʫʣʘʤ 
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ʇʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʬʦʨʤʫʣ (1) ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʦʩʫʱʝʩʪʚʠʪʴ ʤʘʩʰʪʘʙʠʨʦʚʘʥʠʝ ʌʈ ʪʘʢʠʤ ʦʙʨʘʟʦʤ, 

ʯʪʦʙʳ ʦʥʠ ʥʘʭʦʜʠʣʠʩʴ ʚ ʦʜʥʦʤ ʜʠʥʘʤʠʯʝʩʢʦʤ ʜʠʘʧʘʟʦʥʝ, ʥʘʧʨʠʤʝʨ, ʧʦ ʬʦʨʤʫʣʝ 
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= .     (2) 

 

ʋʨʘʚʥʝʥʠʷ (1) ʧʦʟʚʦʣʷʶʪ ʧʦʣʫʯʠʪʴ ʚʠʨʪʫʘʣʴʥʳʝ ʌʈ (ɺʌʈ) - Zij ʠ Zji. ʀʩʧʦʣʴʟʫʷ (1), ʤʦʞʝʤ 

ʧʦʩʪʨʦʠʪʴ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʩʣʘʙʳʝ ʢʣʘʩʩʠʬʠʢʘʪʦʨʳ, ʢʦʪʦʨʳʝ ʥʘʟʦʚʝʤ ʢʣʘʩʩʠʬʠʢʘʪʦʨʘʤʠ ʩʠʥʝʨʛʝʪʠʯʝʩʢʠʭ 

ʢʘʥʘʣʦʚ (ʉʂ). ʇʨʠ ʵʪʦʤ ʚ ʢʘʯʝʩʪʚʝ ʦʧʝʨʘʥʜʦʚ ʚ ʣʝʚʦʡ ʯʘʩʪʠ ʫʨʘʚʥʝʥʠʡ (1) ʤʦʛʫʪ ʨʘʩʩʤʘʪʨʠʚʘʪʴʩʷ ʌʈ, 

ʧʦʣʫʯʝʥʥʳʝ ʥʘ ʣʶʙʦʤ ʠʝʨʘʨʭʠʯʝʩʢʦʤ ʫʨʦʚʥʝ ʤʫʣʴʪʠʤʦʜʘʣʴʥʦʛʦ ʢʣʘʩʩʠʬʠʢʘʪʦʨʘ ʨʠʩʢʘ (ʄʄʂ). ʇʨʠ ʵʪʦʤ Zij  

ʠ Zji - ʵʪʦ ʨʘʟʥʳʝ ɺʌʈ, ʪʦ ʝʩʪʴ  

 

 jiij Z Z ¸ .      (3) 

 

ʇʨʠ ʫʯʝʪʝ ʢʦʤʦʨʙʠʜʥʦʩʪʠ ʦʙʳʯʥʦ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʪʦʣʴʢʦ ʜʚʘ ʩʦʯʝʪʘʥʥʳʭ ʟʘʙʦʣʝʚʘʥʠʷ, ʧʦʵʪʦʤʫ ʥʘ 

ʚʭʦʜʘʭ ʩʠʥʝʨʛʝʪʠʯʝʩʢʠʭ ʢʘʥʘʣʦʚ ʧʨʠʩʫʪʩʪʚʫʝʪ ʣʠʙʦ ʜʚʘ ʩʢʘʣʷʨʘ, ʣʠʙʦ ʜʚʘ ʚʝʢʪʦʨʘ, ʦʧʨʝʜʝʣʷʶʱʠʝ 

ʜʦʧʦʣʥʠʪʝʣʴʥʳʡ ʨʠʩʢ ʚ ʨʝʟʫʣʴʪʘʪʝ ʩʠʥʝʨʛʠʠ. ʂʦʵʬʬʠʮʠʝʥʪʳ ʚ (1) ʦʧʨʝʜʝʣʷʶʪʩʷ ʚ ʧʨʦʮʝʩʩʝ ʧʦʩʪʨʦʝʥʠʷ 

ʤʦʜʝʣʝʡ ʉʂ, ʢʦʪʦʨʳʝ ʩʪʨʦʷʪʩʷ ʣʠʙʦ ʥʘ ʧʘʨʘʜʠʛʤʝ ʦʙʫʯʘʝʤʳʭ ʢʣʘʩʩʠʬʠʢʘʪʦʨʦʚ, ʣʠʙʦ ʥʘ ʦʩʥʦʚʝ ʘʣʛʦʨʠʪʤʦʚ 

ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʤʫʣʴʪʠʧʘʨʘʤʝʪʨʠʯʝʩʢʠʭ ʜʘʥʥʳʭ, ʥʘʧʨʠʤʝʨ, ʤʝʪʦʜʝ ʛʨʫʧʧʦʚʦʛʦ ʫʯʝʪʘ 

ʘʨʛʫʤʝʥʪʦʚ (ʄɻʋɸ). ʇʨʠ ʨʝʘʣʠʟʘʮʠʠ ʪʘʢʦʛʦ ʧʦʜʭʦʜʘ ʚʦʟʥʠʢʘʝʪ ʨʷʜ ʪʨʫʜʥʦʩʪʝʡ, ʩʚʷʟʘʥʥʳʭ ʩ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʝʤ ʬʫʥʢʮʠʡ ʚʣʠʷʥʠʷ ʠ ʯʘʩʪʥʳʭ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʫʚʝʨʝʥʥʦʩʪʠ: ʵʪʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʤʦʞʝʪ 

ʧʨʠʚʦʜʠʪʴ ʢ ʠʟʤʝʥʝʥʠʶ ʚʝʣʠʯʠʥʳ ʌʈ ʠʣʠ ʢ ʤʦʜʠʬʠʢʘʮʠʠ ʩʣʘʙʦʛʦ ʢʣʘʩʩʠʬʠʢʘʪʦʨʘ, ʩʚʷʟʘʥʥʦʛʦ ʩ ʵʪʠʤ ʌʈ. 

ʋʯʠʪʳʚʘʷ, ʯʪʦ ʌʈ ʤʥʦʛʦ, ʪʦ ʥʝʦʙʭʦʜʠʤʦ ʤʦʜʠʬʠʮʠʨʦʚʘʪʴ ʌʈ ʩ ʫʯʝʪʦʤ ʚʩʝʭ ʦʩʪʘʣʴʥʳʭ ʌʈ. 

ɺʪʦʨʦʡ ʧʦʜʭʦʜ ʫʯʝʪʘ ʚʣʠʷʥʠʷ ʢʦʤʦʨʙʠʜʥʦʩʪʠ ʥʘ ʄʈ ʧʨʝʜʫʩʤʘʪʨʠʚʘʝʪ ʫʯʝʪ ʩʠʥʝʨʛʠʠ ʥʘ ʦʩʥʦʚʝ 

ʫʯʝʪʘ ʚʳʭʦʜʦʚ ʩʣʘʙʳʭ ʢʣʘʩʩʠʬʠʢʘʪʦʨʦʚ ʄʈ. ʇʨʠ ʵʪʦʤ ʨʠʩʢ ʢʦʤʦʨʙʠʜʥʳʭ ʟʘʙʦʣʝʚʘʥʠʡ ʦʧʠʩʳʚʘʝʪʩʷ 

ʤʘʪʝʤʘʪʠʯʝʩʢʠʤʠ ʤʦʜʝʣʷʤʠ (ʣʠʥʝʡʥʳʤʠ ʠʣʠ ʥʝʣʠʥʝʡʥʳʤʠ), ʥʘʧʨʠʤʝʨ, ʤʦʜʝʣʷʤʠ ʤʥʦʛʦʤʝʨʥʦʡ ʣʠʥʝʡʥʦʡ 

ʨʝʛʨʝʩʩʠʠ, ʚ ʢʦʪʦʨʳʭ ʄʈ ʢʦʤʦʨʙʠʜʥʳʭ ʟʘʙʦʣʝʚʘʥʠʡ R1 ʠ R2 ʚʭʦʜʷʪ ʚ ʚʠʜʝ ʩʢʘʣʷʨʥʳʭ ʩʦʩʪʘʚʣʷʶʱʠʭ: 

 

[][ ] [][ ]

[ ][ ] [ ][ ]îí

î
ì
ë

Ö+Ö+Ö=

Ö+Ö+Ö=

1232222

2131111

RcXBXAR

RcXBXAR

TT

TT

,  (4) 

 

ʛʜʝ ʍ1 ʠ ʍ2 ï ʚʝʢʪʦʨʳ ʩʧʝʮʠʬʠʯʝʩʢʠʭ ʌʈ ʜʣʷ ʄʈ R1 ʠ R2, ʍ3 - ʚʝʢʪʦʨ ʦʙʱʠʭ ʌʈ ʜʣʷ ʄʈ R1 ʠ R2, ɸ1, ɸ2, ɺ1, 

ɺ2 ï ʤʘʪʨʠʮʳ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʤʥʦʛʦʤʝʨʥʦʡ ʣʠʥʝʡʥʦʡ ʤʦʜʝʣʠ ʨʠʩʢʦʚ ʢʦʤʦʨʙʠʜʥʳʭ ʟʘʙʦʣʝʚʘʥʠʡ, ʩ1 ʠ ʩ2 ï 

ʢʦʵʬʬʠʮʠʝʥʪʳ, ʫʯʠʪʳʚʘʶʱʠʝ ʚʟʘʠʤʥʦʝ ʚʣʠʷʥʠʝ ʄʈ ʢʦʤʦʨʙʠʜʥʳʭ ʟʘʙʦʣʝʚʘʥʠʡ. 

ʋʯʠʪʳʚʘʷ, ʯʪʦ ʚ ʩʠʩʪʝʤʝ ʫʨʘʚʥʝʥʠʡ (4) ʥʝʟʘʚʠʩʠʤʳʤʠ ʷʚʣʷʶʪʩʷ ʢʦʵʬʬʠʮʠʝʥʪʳ ʧʨʠ ʧʨʝʜʠʢʪʦʨʘʭ 

ʨʠʩʢʘ, ʪʦ ʝʩʪʴ ɸ1, ɸ2, ɺ1, ɺ2 ʠ ʩ1 ʠ ʩ2, ʪʦ ʩʠʩʪʝʤʘ ʘʣʛʝʙʨʘʠʯʝʩʢʠʭ ʫʨʘʚʥʝʥʠʡ (4) ʷʚʣʷʝʪʩʷ ʥʝʣʠʥʝʡʥʦʡ. ɼʣʷ 

ʦʧʠʩʘʥʠʷ ʤʝʪʦʜʠʢʠ ʝʝ ʨʝʰʝʥʠʷ ʟʘʧʠʰʝʤ (4) ʚ ʥʘʠʙʦʣʝʝ ʧʨʦʩʪʦʤ ʚʘʨʠʘʥʪʝ, ʢʦʛʜʘ ʚʝʢʪʦʨʳ ʌʈ ʍ1, ʍ2, ʍ3 

ʷʚʣʷʶʪʩʷ ʩʢʘʣʷʨʘʤʠ: 
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ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʢʘʞʜʳʡ ʦʙʲʝʢʪ (ʧʘʮʠʝʥʪ) ʠʤʝʝʪ ʜʚʝ ʤʝʪʢʠ: R1 ʠ R2. ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʦʩʪʨʦʝʥʠʷ 

ʤʦʜʝʣʝʡ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʩʠʩʪʝʤʘʤ ʫʨʘʚʥʝʥʠʡ (4), (5) ʥʝʦʙʭʦʜʠʤʦ ʦʧʨʝʜʝʣʠʪʴ ʢʦʵʬʬʠʮʠʝʥʪʳ ʧʨʠ ʪʨʝʭ ʌʈ, 

ʢʦʪʦʨʳʝ ʫʜʦʚʣʝʪʚʦʨʷʣʠ ʙʳ ʘʧʨʠʦʨʥʦ ʚʳʙʨʘʥʥʳʤ ʧʦʢʘʟʘʪʝʣʷʤ ʢʘʯʝʩʪʚʘ ʵʪʠʭ ʤʦʜʝʣʝʡ.  

ʉʨʝʜʠ ʌʈ ɺʇ ʚʳʜʝʣʷʶʪ ʙʦʣʝʝ ʩʪʘ ʧʦʢʘʟʘʪʝʣʝʡ. ʉʫʱʝʩʪʚʫʶʪ ʢʘʢ ʪʨʘʜʠʮʠʦʥʥʳʝ ʧʦʢʘʟʘʪʝʣʠ, ʪʘʢʠʝ 

ʢʘʢ ʭʘʨʘʢʪʝʨ ʥʘʯʘʣʘ ʟʘʙʦʣʝʚʘʥʠʷ, ʩʪʝʧʝʥʴ ʜʳʭʘʪʝʣʴʥʦʡ ʥʝʜʦʩʪʘʪʦʯʥʦʩʪʠ, ʧʦʢʘʟʘʪʝʣʠ ɸɼ, ʠʥʜʝʢʩ ʤʘʩʩʳ ʪʝʣʘ 



ʉɽʂʎʀʗ 1 - ʄʝʪʦʜʳ ʠ ʩʨʝʜʩʪʚʘ ʜʠʘʛʥʦʩʪʠʢʠ ʠ ʣʝʯʝʥʠʷ ʟʘʙʦʣʝʚʘʥʠʡ                  68 

 

 

XVI ʄʝʞʜʫʥʘʨʦʜʥʘʷ ʅʘʫʯʥʘʷ ʂʦʥʬʝʨʝʥʮʠʷ "ʌʠʟʠʢʘ ʠ ʈʘʜʠʦʵʣʝʢʪʨʦʥʠʢʘ ʚ ʄʝʜʠʮʠʥʝ ʠ 

ʕʢʦʣʦʛʠʠ" 

 

(ʀʄʊ), ʧʦʢʘʟʘʪʝʣʠ ʨʝʥʪʛʝʥʦʛʨʘʬʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʧʦʢʘʟʘʪʝʣʠ ʢʣʠʥʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ ʢʨʦʚʠ, ʚʦʟʨʘʩʪ, 

ʪʘʢ ʠ ʙʦʣʝʝ ʢʦʤʧʣʝʢʩʥʳʝ ʧʦʢʘʟʘʪʝʣʠ, ʢʦʪʦʨʳʝ ʫʯʠʪʳʚʘʶʪ ʠ ʩʦʩʪʦʷʥʠʝ ʩʝʨʜʝʯʥʦ-ʩʦʩʫʜʠʩʪʦʡ ʩʠʩʪʝʤʳ [4, 5, 

13]. ʂ ʦʩʥʦʚʥʳʤ ʟʥʘʯʠʤʳʤ ʌʈ ɸɻ ʙʳʣʠ ʦʪʥʝʩʝʥʳ: ʚʦʟʨʘʩʪ, ʢʫʨʝʥʠʝ, ʧʦʢʘʟʘʪʝʣʠ ɸɼ, ʩʪʨʝʩʩ, ʫʨʦʚʝʥʴ 

ʭʦʣʝʩʪʝʨʠʥʘ, ʀʄʊ, ʥʘʩʣʝʜʩʪʚʝʥʥʦʩʪʴ, ʘʪʝʨʦʩʢʣʝʨʦʟ ʠ ʜʨʫʛʠʝ ʭʨʦʥʠʯʝʩʢʠʝ ʟʘʙʦʣʝʚʘʥʠʷ [5, 14]. 

ɼʣʷ ʦʮʝʥʢʠ ʧʦʢʘʟʘʪʝʣʝʡ ʢʘʯʝʩʪʚʘ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʨʘʟʨʘʙʦʪʘʥʥʳʭ ʄʄʂ ɺʇ: ʜʠʘʛʥʦʩʪʠʯʝʩʢʦʡ 

ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ (ɼʏ), ʜʠʘʛʥʦʩʪʠʯʝʩʢʦʡ ʩʧʝʮʠʬʠʯʥʦʩʪʠ (ɼʉ) ʠ ʜʠʘʛʥʦʩʪʠʯʝʩʢʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ (ɼʕ) - 

ʙʳʣʘ ʩʦʟʜʘʥʘ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʘʷ ʛʨʫʧʧʘ ʚ ʢʦʣʠʯʝʩʪʚʝ 400 ʧʘʮʠʝʥʪʦʚ. ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʘʷ ʛʨʫʧʧʘ 

ʬʦʨʤʠʨʦʚʘʣʘʩʴ ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ ʨʝʪʨʦʩʧʝʢʪʠʚʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ. ɹʦʣʴʥʳʝ ʚ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʛʨʫʧʧʝ ʙʳʣʠ 

ʨʘʟʜʝʣʝʥʳ ʧʦ ʨʠʩʢʫ ɺʇ ʥʘ ʪʨʠ ʢʣʘʩʩʘ. ʇʦ ʪʨʠʜʮʘʪʴ ʧʨʦʮʝʥʪʦʚ ʙʦʣʴʥʳʭ ʙʳʣʠ ʦʪʥʝʩʝʥʳ ʢ ʢʣʘʩʩʘʤ çʚʳʩʦʢʠʡ 

ʨʠʩʢè ʠ çʩʨʝʜʥʠʡ ʨʠʩʢè, ʫ ʩʦʨʦʢʘ ʧʨʦʮʝʥʪʦʚ ʧʘʮʠʝʥʪʦʚ ʙʳʣ ʫʩʪʘʥʦʚʣʝʥ ʢʣʘʩʩ çʥʠʟʢʠʡ ʨʠʩʢè ɺʇ.  ʇʨʠ 

ʩʪʨʘʪʠʬʠʢʘʮʠʠ ʛʨʫʧʧ ʥʘ ʢʣʘʩʩʳ ʠʩʭʦʜʠʣʠ ʠʟ ʪʦʛʦ, ʯʪʦ ʚ ʢʘʞʜʦʤ ʢʣʘʩʩʝ ʜʦʣʞʥʦ ʙʳʪʴ ʥʝ ʤʝʥʝʝ ʩʪʘ ʧʘʮʠʝʥʪʦʚ 

[15].  

ɼʠʘʛʥʦʩʪʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʄʄʂ ʦʧʨʝʜʝʣʷʣʠʩʴ ʜʣʷ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʠ ʢʦʥʪʨʦʣʴʥʦʡ 

ʚʳʙʦʨʦʢ. ɼʣʷ ʦʮʝʥʢʠ ʚʣʠʷʥʠʷ ʥʘ ʜʠʘʛʥʦʩʪʠʯʝʩʢʠʝ ʧʦʢʘʟʘʪʝʣʠ ʄʄʂ ʩʣʘʙʳʭ ʢʣʘʩʩʠʬʠʢʘʪʦʨʦʚ 

ʩʦʧʫʪʩʪʚʫʶʱʠʭ ʟʘʙʦʣʝʚʘʥʠʡ, ʢʦʥʪʨʦʣʴʥʘʷ ʚʳʙʦʨʢʘ ʬʦʨʤʠʨʦʚʘʣʘʩʴ ʠʟ ʧʘʮʠʝʥʪʦʚ ʩ ʧʦʜʪʚʝʨʞʜʝʥʥʳʤ 

ʜʠʘʛʥʦʟʦʤ ɸɻ. ʈʝʟʫʣʴʪʘʪʳ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʨʠʩʢʘ ɺʇ ʩʨʘʚʥʠʚʘʣʠʩʴ ʩ ʙʘʣʣʴʥʦʡ ʰʢʘʣʦʡ PSI, ʥʘ ʢʦʪʦʨʦʡ ʪʘʢʞʝ 

ʙʳʣʠ ʚʳʜʝʣʝʥʳ ʪʨʠ ʛʨʘʜʘʮʠʠ ʩʪʝʧʝʥʠ ʪʷʞʝʩʪʠ ɺʇ.  

ʉʨʘʚʥʝʥʠʝ ʧʦʢʘʟʘʪʝʣʝʡ ʢʘʯʝʩʪʚʘ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʄʄʂ ʧʨʠ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ɸɻ ʢʘʢ ʩ ʧʨʦʪʦʪʠʧʦʤ 
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The purpose of the study. The purpose of the study is to develop methods for synthesizing multimodal 

classifiers to assess the risk of cardiorespiratory diseases taking into account comorbidity. 

Methods. A method for synthesizing a risk classifier for community-acquired pneumonia taking into account 

comorbidity has been developed. The method is distinguished by the introduction of an additional risk factor, 

represented by a two-loop nonlinear model of real risk factors, followed by the synthesis of weak classifiers based 

on it. The method makes it possible to construct a multimodal risk classifier for community-acquired pneumonia, 

which takes into account the mutual influence of comorbid diseases on the total risk. To build weak classifiers, it is 

proposed to use a fully connected Hopfield neural network. This network is distinguished by a multi-connected 

structure and two delays per one clock cycle, controlled by a paraphase generator (with anti-phase outputs), 

providing entry into the risk delay registers from the outputs of the Hopfield neural network with shifts by one cycle. 

Results. In the course of experimental studies of a multimodal risk classifier for community-acquired 

pneumonia with four segments of risk factors, it was found that when using all segments of risk factors, all quality 

indicators of the risk classification of community-acquired pneumonia exceed 0.8 for all observation groups. The 

quality indicators for classifying the risk of arterial hypertension as a concomitant disease exceed the quality 

indicators of the SCORE scale in the same control groups by an average of 11%. 
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ʈʘʢ ʤʦʣʦʯʥʦʡ ʞʝʣʝʟʳ (ʈʄɾ) ʷʚʣʷʝʪʩʷ ʥʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʦʡ ʟʣʦʢʘʯʝʩʪʚʝʥʥʦʡ ʦʧʫʭʦʣʴʶ ʩʨʝʜʠ 

ʞʝʥʱʠʥ. ʈʘʥʥʝʝ ʚʳʷʚʣʝʥʠʝ ʈʄɾ ʠʛʨʘʝʪ ʚʝʜʫʱʫʶ ʨʦʣʴ ʚ ʩʥʠʞʝʥʠʠ ʫʨʦʚʥʷ ʩʤʝʨʪʥʦʩʪʠ. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ 

ʨʝʥʪʛʝʥʦʚʩʢʘʷ ʤʘʤʤʦʛʨʘʬʠʷ ʷʚʣʷʝʪʩʷ ʩʪʘʥʜʘʨʪʥʳʤ ʤʝʪʦʜʦʤ ʩʢʨʠʥʠʥʛʘ ʜʣʷ ʚʳʷʚʣʝʥʠʷ ʈʄɾ [1]. ʆʜʥʘʢʦ ʦʥʘ 

ʠʤʝʝʪ ʨʷʜ ʦʛʨʘʥʠʯʝʥʠʡ, ʚʢʣʶʯʘʷ ʩʥʠʞʝʥʠʝ ʩʧʦʩʦʙʥʦʩʪʠ ʚʳʷʚʣʷʪʴ ʢʘʨʮʠʥʦʤʫ ʫ ʞʝʥʱʠʥ ʩ ʧʣʦʪʥʦʡ ʪʢʘʥʴʶ 

ʤʦʣʦʯʥʦʡ ʞʝʣʝʟʳ (ʄɾ). ʂʨʦʤʝ ʪʦʛʦ, ʠʟ-ʟʘ ʤʦʨʬʦʣʦʛʠʯʝʩʢʦʛʦ ʩʭʦʜʩʪʚʘ ʤʝʞʜʫ ʜʦʙʨʦʢʘʯʝʩʪʚʝʥʥʳʤʠ ʠ 

ʟʣʦʢʘʯʝʩʪʚʝʥʥʳʤʠ ʦʙʨʘʟʦʚʘʥʠʷʤʠ, ʤʘʤʤʦʛʨʘʬʠʷ ʤʝʥʝʝ ʧʦʣʝʟʥʘ ʚ ʢʘʯʝʩʪʚʝ ʜʠʘʛʥʦʩʪʠʯʝʩʢʦʛʦ ʤʝʪʦʜʘ. 

ʇʘʮʠʝʥʪʢʘʤ ʩ ʧʦʣʦʞʠʪʝʣʴʥʳʤʠ ʨʝʟʫʣʴʪʘʪʘʤʠ ʤʘʤʤʦʛʨʘʬʠʠ ʜʣʷ ʦʢʦʥʯʘʪʝʣʴʥʦʡ ʜʠʘʛʥʦʩʪʠʢʠ ʪʨʝʙʫʝʪʩʷ 

ʙʠʦʧʩʠʷ. ɹʠʦʧʩʠʷ ʧʦʨʘʞʝʥʠʡ ʄɾ, ʦʙʥʘʨʫʞʝʥʥʳʭ ʧʨʠ ʤʘʤʤʦʛʨʘʬʠʯʝʩʢʦʤ ʦʙʩʣʝʜʦʚʘʥʠʠ, ʜʘʝʪ 

ʦʪʨʠʮʘʪʝʣʴʥʳʡ ʨʝʟʫʣʴʪʘʪ ʥʘ ʟʣʦʢʘʯʝʩʪʚʝʥʥʦʩʪʴ ʫ 80% ʧʘʮʠʝʥʪʦʢ [2]. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʤʥʦʛʠʝ ʠʟ 

ʧʦʣʦʞʠʪʝʣʴʥʳʭ ʩʢʨʠʥʠʥʛʦʚʳʭ ʤʘʤʤʦʛʨʘʤʤ ʦʢʘʟʳʚʘʶʪʩʷ ʣʦʞʥʦʧʦʣʦʞʠʪʝʣʴʥʳʤʠ. ʕʪʦ ʦʟʥʘʯʘʝʪ, ʯʪʦ 

ʩʢʨʠʥʠʥʛ ʥʘ ʦʩʥʦʚʝ ʨʝʥʪʛʝʥʦʚʩʢʦʡ ʤʘʤʤʦʛʨʘʬʠʠ ʠʤʝʝʪ ʜʦʚʦʣʴʥʦ ʥʠʟʢʫʶ ʩʧʝʮʠʬʠʯʥʦʩʪʴ, ʭʦʪʷ ʠ ʚʳʩʦʢʫʶ 

ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ. ʇʨʠ ʧʨʦʚʝʜʝʥʠʠ ʙʠʦʧʩʠʠ ʄɾ ʧʘʮʠʝʥʪʢʠ ʧʦʣʫʯʘʶʪ ʢʘʢ ʬʠʟʠʯʝʩʢʫʶ, ʪʘʢ ʠ 

ʵʤʦʮʠʦʥʘʣʴʥʫʶ ʪʨʘʚʤʫ. ɹʦʣʝʝ ʩʦʚʝʨʰʝʥʥʳʡ ʤʝʪʦʜ ʜʠʘʛʥʦʩʪʠʢʠ ʧʦʟʚʦʣʠʣ ʙʳ ʩʦʢʨʘʪʠʪʴ ʯʠʩʣʦ ʧʘʮʠʝʥʪʦʢ ʩ 

ʜʦʙʨʦʢʘʯʝʩʪʚʝʥʥʳʤʠ ʧʦʨʘʞʝʥʠʷʤʠ ʤʦʣʦʯʥʦʡ ʞʝʣʝʟʳ, ʢʦʪʦʨʳʝ ʧʦʜʚʝʨʛʘʶʪʩʷ ʥʝʥʫʞʥʦʡ ʜʠʘʛʥʦʩʪʠʯʝʩʢʦʡ 

ʙʠʦʧʩʠʠ, ʘ ʪʘʢʞʝ ʫʤʝʥʴʰʠʪʴ ʪʨʘʚʤʳ ʧʘʮʠʝʥʪʦʢ ʠ ʨʘʩʭʦʜʳ ʥʘ ʟʜʨʘʚʦʦʭʨʘʥʝʥʠʝ. ɼʨʫʛʠʝ ʤʝʪʦʜʳ, ʪʘʢʠʝ ʢʘʢ 

ʫʣʴʪʨʘʟʚʫʢ ʠ ʤʘʛʥʠʪʥʦ-ʨʝʟʦʥʘʥʩʥʘʷ ʪʦʤʦʛʨʘʬʠʷ (ʄʈʊ), ʤʦʛʫʪ ʧʦʤʦʯʴ ʚ ʜʠʘʛʥʦʩʪʠʢʝ ʨʘʢʘ ʄɾ. ʆʜʥʘʢʦ ʵʪʠ 

ʤʝʪʦʜʳ ʚʩʝ ʝʱʝ ʠʤʝʶʪ ʨʘʟʣʠʯʥʳʝ ʦʛʨʘʥʠʯʝʥʠʷ [3]. 

ɺ ʧʦʩʣʝʜʥʝʝ ʚʨʝʤʷ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʤʝʪʦʜʦʚ ʙʠʦʠʤʧʝʜʘʥʩʥʦʛʦ ʘʥʘʣʠʟʘ ʜʣʷ ʦʙʥʘʨʫʞʝʥʠʷ ʨʘʢʘ ʄɾ ʩʪʘʣʦ 

ʥʦʚʳʤ ʥʘʧʨʘʚʣʝʥʠʝʤ, ʧʦʩʢʦʣʴʢʫ ʙʳʣʦ ʥʘʡʜʝʥʦ ʙʦʣʴʰʝ ʜʦʢʘʟʘʪʝʣʴʩʪʚ ʪʦʛʦ, ʯʪʦ ʟʣʦʢʘʯʝʩʪʚʝʥʥʳʝ ʦʧʫʭʦʣʠ 

ʄɾ ʠʤʝʶʪ ʟʥʘʯʠʪʝʣʴʥʦ ʦʪʣʠʯʘʶʱʠʡʩʷ ʠʤʧʝʜʘʥʩ ʦʪ ʥʦʨʤʘʣʴʥʳʭ ʪʢʘʥʝʡ [3]. ʕʣʝʢʪʨʠʯʝʩʢʠʡ ʠʤʧʝʜʘʥʩ 

ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʜʣʷ ʨʘʟʜʝʣʝʥʠʷ ʜʦʙʨʦʢʘʯʝʩʪʚʝʥʥʳʭ ʠ ʟʣʦʢʘʯʝʩʪʚʝʥʥʳʭ ʦʧʫʭʦʣʝʡ ʠ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, 

ʫʤʝʥʴʰʠʪʴ ʢʦʣʠʯʝʩʪʚʦ ʜʦʙʨʦʢʘʯʝʩʪʚʝʥʥʳʭ ʙʠʦʧʩʠʡ [4]. ʆʜʥʘʢʦ ʩʫʱʝʩʪʚʫʝʪ ʨʷʜ ʧʨʦʙʣʝʤ, ʢʦʪʦʨʳʝ 

ʦʛʨʘʥʠʯʠʚʘʶʪ ʠʭ ʢʣʠʥʠʯʝʩʢʦʝ ʧʨʠʤʝʥʝʥʠʝ, ʚʢʣʶʯʘʷ ʚʳʷʚʣʝʥʠʝ ʈʄɾ [5]. ʂʣʶʯʝʚʳʤ ʦʛʨʘʥʠʯʝʥʠʝʤ ʷʚʣʷʝʪʩʷ 

ʠʭ ʥʠʟʢʦʝ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʝ ʨʘʟʨʝʰʝʥʠʝ. ʆʩʥʦʚʥʳʝ ʧʨʠʯʠʥʳ ʚʢʣʶʯʘʶʪ ʥʝʪʦʯʥʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʩʠʩʪʝʤʳ, 

ʠʟʤʝʥʷʶʱʠʡʩʷ ʠʤʧʝʜʘʥʩ ʢʦʥʪʘʢʪʘ ʵʣʝʢʪʨʦʜʘ ʩ ʢʦʞʝʡ, ʦʛʨʘʥʠʯʝʥʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʥʝʟʘʚʠʩʠʤʳʭ ʠʟʤʝʨʝʥʠʡ ʠ 

ʥʠʟʢʦʝ ʩʦʦʪʥʦʰʝʥʠʝ ʩʠʛʥʘʣ/ʰʫʤ [6].  

ʋʚʝʣʠʯʝʥʠʝ ʢʦʣʠʯʝʩʪʚʘ ʵʣʝʢʪʨʦʜʦʚ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʮʝʣʝʩʦʦʙʨʘʟʥʳʤ ʨʝʰʝʥʠʝʤ ʜʣʷ ʫʣʫʯʰʝʥʠʷ 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʛʦ ʨʘʟʨʝʰʝʥʠʷ. ʆʜʥʘʢʦ ʧʨʦʩʪʦʝ ʫʚʝʣʠʯʝʥʠʝ ʢʦʣʠʯʝʩʪʚʘ ʵʣʝʢʪʨʦʜʦʚ ʥʝ ʪʦʣʴʢʦ ʫʚʝʣʠʯʠʪ 

ʩʣʦʞʥʦʩʪʴ ʘʧʧʘʨʘʪʥʦʛʦ ʠ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ, ʥʦ ʠ ʧʦʚʳʩʠʪ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʨʝʰʝʥʠʷ ʧʨʦʙʣʝʤ, 

ʩʚʷʟʘʥʥʳʭ ʩ ʧʦʟʠʮʠʦʥʠʨʦʚʘʥʠʝʤ ʠ ʣʦʢʘʣʠʟʘʮʠʝʡ ʵʣʝʢʪʨʦʜʦʚ [7]. ɺ ʦʛʨʘʥʠʯʝʥʥʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ, ʪʘʢʦʤ ʢʘʢ 

ʯʝʣʦʚʝʯʝʩʢʘʷ ʛʨʫʜʴ, ʥʘʣʦʞʝʥʠʝ ʙʦʣʴʰʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʵʣʝʢʪʨʦʜʦʚ ʥʘ ʄɾ ʩ ʚʳʩʦʢʦʡ ʥʘʜʝʞʥʦʩʪʴʶ ʠ ʭʦʨʦʰʠʤ 

ʢʦʥʪʘʢʪʦʤ ʦʩʪʘʝʪʩʷ ʩʣʦʞʥʦʡ ʧʨʦʙʣʝʤʦʡ [8].  

ʅʝʠʥʚʘʟʠʚʥʳʝ ʤʝʪʦʜʳ ʚʠʟʫʘʣʠʟʘʮʠʠ ʙʠʦʠʤʧʝʜʘʥʩʘ ʤʦʞʥʦ ʨʘʟʜʝʣʠʪʴ ʥʘ ʜʚʝ ʦʩʥʦʚʥʳʝ ʢʘʪʝʛʦʨʠʠ: 

ʵʣʝʢʪʦʨʦʠʤʧʝʜʘʥʩʥʘʷ ʪʦʤʦʛʨʘʬʠʷ (ʕʀʊ) ʠ ʢʘʨʪʠʨʦʚʘʥʠʝ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʠʤʧʝʜʘʥʩʘ (ʂʕʀ) [3]. ɺ ʕʀʊ 

ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʠʟʤʝʨʝʥʠʡ ʠʤʧʝʜʘʥʩʘ ʧʨʦʠʟʚʦʜʠʪʩʷ ʩ ʧʦʤʦʱʴʶ ʵʣʝʢʪʨʦʜʦʚ, ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʥʘ 

ʧʦʚʝʨʭʥʦʩʪʠ ʪʝʣʘ, ʘ ʨʝʟʫʣʴʪʘʪʳ ʦʙʨʘʙʘʪʳʚʘʶʪʩʷ ʢʦʤʧʴʶʪʝʨʦʤ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʨʝʢʦʥʩʪʨʫʠʨʦʚʘʥʥʳʭ 

ʪʦʤʦʛʨʘʬʠʯʝʩʢʠʭ 2D ʠʣʠ 3D ʠʟʦʙʨʘʞʝʥʠʡ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʠʤʧʝʜʘʥʩʘ (ʧʨʦʚʦʜʠʤʦʩʪʠ ʠ/ʠʣʠ ʧʨʦʥʠʮʘʝʤʦʩʪʠ) 

ʚʥʫʪʨʠ ʪʝʣʘ. ɺ ʦʩʥʦʚʝ ʚʠʟʫʘʣʠʟʘʮʠʠ ʕʀʊ ʣʝʞʠʪ ʟʥʘʯʠʪʝʣʴʥʘʷ ʚʘʨʠʘʮʠʷ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʠʤʧʝʜʘʥʩʘ ʤʝʞʜʫ 

ʨʘʟʣʠʯʥʳʤʠ ʪʠʧʘʤʠ ʪʢʘʥʝʡ [7]. ɺ ʕʀʊ ʩʫʱʝʩʪʚʫʝʪ ʢʘʢ ʩʪʘʪʠʯʝʩʢʘʷ, ʪʘʢ ʠ ʜʠʥʘʤʠʯʝʩʢʘʷ ʚʠʟʫʘʣʠʟʘʮʠʷ. 

ʉʪʘʪʠʯʝʩʢʘʷ ʚʠʟʫʘʣʠʟʘʮʠʷ ʧʨʝʜʧʦʣʘʛʘʝʪ ʧʦʣʫʯʝʥʠʝ ʠʟʦʙʨʘʞʝʥʠʷ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʘʙʩʦʣʶʪʥʦʡ ʧʨʦʚʦʜʠʤʦʩʪʠ 

ʠʣʠ ʠʤʧʝʜʘʥʩʘ, ʘ ʜʠʥʘʤʠʯʝʩʢʘʷ ʚʠʟʫʘʣʠʟʘʮʠʷ ʚʦʩʩʪʘʥʘʚʣʠʚʘʝʪ ʠʟʦʙʨʘʞʝʥʠʷ ʠʟʤʝʥʝʥʠʷ ʧʨʦʚʦʜʠʤʦʩʪʠ, 

ʧʦʣʫʯʝʥʥʦʛʦ ʚ ʨʝʟʫʣʴʪʘʪʝ ʠʟʤʝʥʝʥʠʷ ʥʘʧʨʷʞʝʥʠʷ ʥʘ ʵʣʝʢʪʨʦʜʘʭ [8]. ʋʩʧʝʭ ʩʠʩʪʝʤʳ ʕʀʊ ʟʘʚʠʩʠʪ ʦʪ ʩʙʦʨʘ 

ʜʘʥʥʳʭ ʠ ʨʝʢʦʥʩʪʨʫʢʮʠʠ ʠʟʦʙʨʘʞʝʥʠʷ. 

ʇʨʠ ʂʕʀ ʢ ʪʝʣʫ ʧʨʠʢʣʘʜʳʚʘʝʪʩʷ ʧʝʨʝʤʝʥʥʦʝ ʥʘʧʨʷʞʝʥʠʝ ʟʘʜʘʥʥʦʡ ʯʘʩʪʦʪʳ ʠ ʘʤʧʣʠʪʫʜʳ, ʧʨʠʣʦʞʝʥʥʦʝ 

ʤʝʞʜʫ ʤʘʩʩʠʚʦʤ ʠʟ ʥʝʩʢʦʣʴʢʠʭ ʯʫʚʩʪʚʠʪʝʣʴʥʳʭ ʵʣʝʢʪʨʦʜʦʚ, ʧʦʢʨʳʚʘʶʱʠʭ ʧʦʚʝʨʭʥʦʩʪʴ ʪʝʣʘ, ʧʦʜʣʝʞʘʱʝʛʦ 

ʚʠʟʫʘʣʠʟʘʮʠʠ, ʠ ʙʦʣʴʰʠʤ ʦʧʦʨʥʳʤ ʵʣʝʢʪʨʦʜʦʤ, ʨʘʩʧʦʣʦʞʝʥʥʳʤ ʚ ʜʨʫʛʦʤ ʤʝʩʪʝ ʪʝʣʘ. ʅʝʩʢʦʣʴʢʦ 

ʯʫʚʩʪʚʠʪʝʣʴʥʳʭ ʵʣʝʢʪʨʦʜʦʚ ʧʦʜʜʝʨʞʠʚʘʶʪʩʷ ʧʨʠ ʦʜʠʥʘʢʦʚʦʤ ʧʦʪʝʥʮʠʘʣʝ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʪʦʢʠ ʯʝʨʝʟ 

ʵʣʝʢʪʨʦʜʳ ʠʟʤʝʨʷʶʪʩʷ. ʈʘʩʩʯʠʪʘʥʥʳʝ ʟʥʘʯʝʥʠʷ ʤʝʩʪʥʦʛʦ ʦʙʲʝʤʥʦʛʦ ʠʤʧʝʜʘʥʩʘ ʧʦʜ ʯʫʚʩʪʚʠʪʝʣʴʥʳʤʠ 
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ʵʣʝʢʪʨʦʜʘʤʠ ʟʘʪʝʤ ʧʨʦʝʮʠʨʫʶʪʩʷ ʥʘ ʧʦʚʝʨʭʥʦʩʪʴ ʠ ʦʪʦʙʨʘʞʘʶʪʩʷ ʚ ʚʠʜʝ ʜʚʫʭʤʝʨʥʳʭ ʠʟʦʙʨʘʞʝʥʠʡ. ɹʫʜʫʯʠ 

ʢʦʥʮʝʧʪʫʘʣʴʥʦ ʙʦʣʝʝ ʧʨʦʩʪʳʤ, ʯʝʤ ʕʀʊ, ʂʕʀ ʥʝ ʪʨʝʙʫʝʪ ʙʫʢʚʘʣʴʥʦ ʥʠʢʘʢʦʡ ʩʣʦʞʥʦʡ ʨʝʢʦʥʩʪʨʫʢʮʠʠ 

ʠʟʦʙʨʘʞʝʥʠʷ. ʇʨʠ ʵʪʦʤ ʠʩʧʦʣʴʟʫʷ ʤʝʪʦʜʳ ʙʠʦʠʤʧʝʜʘʥʩʥʦʡ ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʤʦʞʝʤ ʧʨʠʙʣʠʟʠʪʴ 

ʠʥʬʦʨʤʘʪʠʚʥʦʩʪʴ ʂʕʀ ʢ ʕʀʊ, ʥʝ ʧʨʠʙʝʛʘʷ ʢ ʨʝʰʝʥʠʶ ʥʝʢʦʨʨʝʢʪʥʦ ʧʦʩʪʘʚʣʝʥʥʦʡ ʟʘʜʘʯʠ ʩ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤʠ ʤʝʪʦʜʘʤʠ ʨʝʢʦʥʩʪʨʫʢʮʠʠ [3]. 

ɿʘ ʦʩʥʦʚʫ ʤʝʪʦʜʘ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʨʠʩʢʘ ʟʘʙʦʣʝʚʘʥʠʡ ʄɾ ʧʨʠʥʷʪ ʤʫʣʴʪʠʤʦʜʘʣʴʥʳʡ ʧʦʜʭʦʜ, 

ʦʩʥʦʚʘʥʥʳʡ ʥʘ ʤʝʪʦʜʝ ʙʠʦʠʤʧʝʜʘʥʩʥʦʡ ʩʧʝʢʪʨʦʩʢʦʧʠʠ. ʉʦʛʣʘʩʥʦ ʵʪʦʤʫ ʧʦʜʭʦʜʫ ʥʝʦʙʭʦʜʠʤʦ ʧʦʩʪʨʦʠʪʴ 

ʥʝʩʢʦʣʴʢʦ ʤʦʜʝʣʝʡ ʢʣʘʩʩʠʬʠʢʘʪʦʨʦʚ, ʢʦʪʦʨʳʝ ʦʩʥʦʚʘʥʳ ʥʘ ʨʘʟʣʠʯʥʳʭ ʤʝʪʦʜʘʭ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʠ ʥʘ 

ʨʘʟʣʠʯʥʳʭ ʤʝʪʦʜʘʭ ʬʦʨʤʠʨʦʚʘʥʠʷ ʜʝʩʢʨʠʧʪʦʨʦʚ, ʩ ʧʦʩʣʝʜʫʶʱʝʡ ʘʛʨʝʛʘʮʠʝʡ ʠʭ ʨʝʰʝʥʠʡ [9, 10, 11, 12, 13, 

14]. ɺ ʩʠʩʪʝʤʝ ʧʦʜʜʝʨʞʢʠ ʧʨʠʥʷʪʠʷ ʚʨʘʯʝʙʥʳʭ ʨʝʰʝʥʠʡ (ʉʇʇɺʈ) ʧʨʝʜʣʘʛʘʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʪʴ ʪʨʠ ʢʘʥʘʣʘ 

ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʨʠʩʢʘ ʟʘʙʦʣʝʚʘʥʠʡ ʄɾ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʪʨʝʤ ʠʩʧʦʣʴʟʫʝʤʳʤ ʤʝʪʦʜʘʤ.  

ɺ ʧʝʨʚʦʤ ʢʘʥʘʣʝ ʩʪʨʦʠʪʩʷ ʢʣʘʩʩʠʬʠʢʘʪʦʨ ʥʘ ʦʩʥʦʚʝ ʣʦʢʘʣʴʥʦʡ ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʙʠʦʠʤʧʝʜʘʥʩʘ. ʇʨʠ 

ʵʪʦʤ ʠʥʪʝʛʨʠʨʦʚʘʥʠʝ ʜʘʥʥʳʭ ʧʦ ʯʘʩʪʦʪʘʤ ʟʦʥʜʠʨʦʚʘʥʠʷ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʤʝʪʦʜʘʤʠ, ʠʟʣʦʞʝʥʥʳʤʠ ʚ [6, 7]. ʅʘ 

ʢʘʞʜʦʤ ʦʪʚʝʜʝʥʠʠ ʦʧʨʝʜʝʣʷʝʪʩʷ ʛʨʘʬʠʢ ʂʦʫʣʘ. ɼʝʩʢʨʠʧʪʦʨʳ ʬʦʨʤʠʨʫʶʪʩʷ ʪʦʣʴʢʦ ʧʦ ʜʘʥʥʳʤ, ʧʦʣʫʯʝʥʥʳʤ 

ʦʪ ʦʜʥʦʡ ʵʣʝʢʪʨʦʜʥʦʡ ʧʘʨʳ ʤʘʪʨʠʮʳ ʵʣʝʢʪʨʦʜʦʚ. ɺ ʵʪʦʤ ʢʘʥʘʣʝ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʤʥʦʛʦʯʘʩʪʦʪʥʦʝ 

ʟʦʥʜʠʨʦʚʘʥʠʝ ʙʠʦʤʘʪʝʨʠʘʣʘ ʠ ʦʥ ʨʘʩʩʯʠʪʘʥ ʥʘ ʣʦʢʘʣʴʥʳʡ ʘʥʘʣʠʟ ʙʠʦʤʘʪʝʨʠʘʣʘ ʄɾ. ʀʩʧʦʣʴʟʫʷ 

ʢʣʘʩʩʠʬʠʢʘʪʦʨ ʵʪʦʛʦ ʢʘʥʘʣʘ ʤʦʞʝʤ ʦʙʥʘʨʫʞʠʪʴ ʦʙʣʘʩʪʠ ʠʥʪʝʨʝʩʘ, ʠʟʦʙʨʘʞʝʥʠʷ ʢʦʪʦʨʳʭ ʤʦʛʫʪ ʙʳʪʴ 

ʧʦʣʫʯʝʥʳ ʚʦ ʚʪʦʨʦʤ ʢʘʥʘʣʝ. ʉʭʝʤʘ ʠʟʤʝʨʝʥʠʷ ʚ ʧʝʨʚʦʤ ʢʘʥʘʣʝ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩ. 1.  

 

     

ɹ 

 

ʠʦʠʤʧʝʜʘʥʩʥʳʡ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʴ, ʢʦʥʩʪʨʫʢʮʠʶ ʢʦʪʦʨʦʛʦ ʠʣʣʶʩʪʨʠʨʫʝʪ ʨʠʩ. 2, ʥʘʢʣʘʜʳʚʘʝʪʩʷ ʥʘ 

ʦʙʣʘʩʪʠ ʠʥʪʝʨʝʩʘ ʄɾ. ʇʨʠ ʵʪʦʤ ʚ ʢʘʯʝʩʪʚʝ ʩʠʛʥʘʣʴʥʳʭ ʵʣʝʢʪʨʦʜʦʚ ʠʩʧʦʣʴʟʫʶʪʩʷ ʵʣʝʢʪʨʦʜʳ ʤʘʪʨʠʮʳ 

ʵʣʝʢʪʨʦʜʦʚ (ʨʠʩ. 3), ʢʦʪʦʨʳʝ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʢʦʥʪʘʢʪʠʨʫʶʪ ʩ ʧʦʚʝʨʭʥʦʩʪʴʶ ʢʦʞʠ ʄɾ. ʕʣʝʢʪʨʦʜʳ 

ʧʦʣʫʯʘʶʪ ʤʝʪʦʜʦʤ ʥʘʧʳʣʝʥʠʷ ʠʣʠ ʭʠʤʠʯʝʩʢʦʛʦ ʪʨʘʚʣʝʥʠʷ ʥʘ ʛʠʙʢʦʡ ʧʦʣʠʠʤʠʜʥʦʡ ʧʣʝʥʢʝ (ʨʠʩ. 3). 

ʀʥʜʠʬʬʝʨʝʥʪʥʳʡ ʵʣʝʢʪʨʦʜ ʤʦʞʝʪ ʙʳʪʴ ʧʨʠʢʨʝʧʣʝʥ ʢ ʣʶʙʦʡ ʢʦʥʝʯʥʦʩʪʠ, ʢʘʢ ʵʪʦ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩ. 1. 

 

ʈʠʩʫʥʦʢ 1 - ʉʭʝʤʘ ʠʟʤʝʨʝʥʠʷ ʙʠʦʠʤʧʝʜʘʥʩʘ ʚ 

ʧʝʨʚʦʤ ʢʘʥʘʣʝ 

 
ʈʠʩʫʥʦʢ 2 - ʂʦʥʩʪʨʫʢʮʠʷ ʙʠʦʠʤʧʝʜʘʥʩʥʦʛʦ 

ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʷ 

 
ʈʠʩʫʥʦʢ 3 - ʄʘʪʨʠʮʘ ʵʣʝʢʪʨʦʜʦʚ 

ʙʠʦʠʤʧʝʜʘʥʩʥʦʛʦ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʷ: 13 - 

ʵʣʝʢʪʨʦʜ, 12-ʧʦʣʠʠʤʠʜʥʘʷ ʧʦʜʣʦʞʢʘ 



ʉɽʂʎʀʗ 1 - ʄʝʪʦʜʳ ʠ ʩʨʝʜʩʪʚʘ ʜʠʘʛʥʦʩʪʠʢʠ ʠ ʣʝʯʝʥʠʷ ʟʘʙʦʣʝʚʘʥʠʡ                  72 

 

 

XVI ʄʝʞʜʫʥʘʨʦʜʥʘʷ ʅʘʫʯʥʘʷ ʂʦʥʬʝʨʝʥʮʠʷ "ʌʠʟʠʢʘ ʠ ʈʘʜʠʦʵʣʝʢʪʨʦʥʠʢʘ ʚ ʄʝʜʠʮʠʥʝ ʠ 

ʕʢʦʣʦʛʠʠ" 

 

ɺʦ ʚʨʝʤʷ ʠʟʤʝʨʝʥʠʷ ʤʝʞʜʫ ʠʥʜʠʬʬʝʨʝʥʪʥʳʤ ʵʣʝʢʪʨʦʜʦʤ ʠ ʠʟʤʝʨʠʪʝʣʴʥʳʤʠ ʵʣʝʢʪʨʦʜʘʤʠ ʤʘʪʨʠʮʳ 

ʵʣʝʢʪʨʦʜʦʚ ʥʘ ʙʠʦʠʤʧʝʜʘʥʩʥʦʤ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʝ, ʧʨʠʢʣʘʜʳʚʘʝʪʩʷ ʧʝʨʝʤʝʥʥʦʝ ʥʘʧʨʷʞʝʥʠʝ 1é2,5 ɺ. ʊʦʢ 

ʧʨʦʭʦʜʠʪ ʦʪ ʨʫʢʠ ʧʘʮʠʝʥʪʘ ʢ ʚʳʩʦʢʦʧʨʦʚʦʜʷʱʝʡ ʛʨʫʜʥʦʡ ʤʳʰʮʝ, ʢʦʪʦʨʫʶ ʤʦʞʥʦ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʢʘʢ 

ʠʟʦʧʦʪʝʥʮʠʘʣʴʥʫʶ ʧʣʦʩʢʦʩʪʴ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʤʝʞʜʫ ʛʨʫʜʥʦʡ ʤʳʰʮʝʡ ʠ ʟʦʥʜʦʤ, ʧʨʠʞʘʪʳʤ ʢ ʛʨʫʜʠ 

ʣʝʞʘʱʝʛʦ ʧʘʮʠʝʥʪʘ, ʩʦʟʜʘʝʪʩʷ ʧʨʠʤʝʨʥʦ ʧʘʨʘʣʣʝʣʴʥʘʷ ʵʣʝʢʪʨʠʯʝʩʢʘʷ ʢʦʥʬʠʛʫʨʘʮʠʷ. ʀʩʭʦʜʷ ʠʟ ʵʪʦʡ 

ʢʦʥʬʠʛʫʨʘʮʠʠ, ʧʨʠʞʘʪʠʝ ʟʦʥʜʘ ʢ ʛʨʫʜʠ ʚʨʘʯʦʤ ʚʦ ʚʨʝʤʷ ʦʙʩʣʝʜʦʚʘʥʠʷ ʫʤʝʥʴʰʘʝʪ ʨʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ 

ʠʟʤʝʨʠʪʝʣʴʥʳʤ ʟʦʥʜʦʤ ʠ ʛʨʫʜʥʦʡ ʤʳʰʮʝʡ, ʯʪʦ ʧʦʚʳʰʘʝʪ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ ʜʣʷ ʦʙʥʘʨʫʞʝʥʠʷ ʠʩʢʘʞʝʥʥʦʛʦ 

ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ, ʚʳʟʚʘʥʥʦʛʦ ʥʘʣʠʯʠʝʤ ʟʣʦʢʘʯʝʩʪʚʝʥʥʦʡ ʦʧʫʭʦʣʠ. ɺ ʜʠʘʧʘʟʦʥʝ ʯʘʩʪʦʪ ʠʟʤʝʨʝʥʠʷ 50 

ɻʮé20 ʢɻʮ ʨʘʩʩʯʠʪʳʚʘʶʪʩʷ ʘʤʧʣʠʪʫʜʘ ʠ ʬʘʟʘ ʠʥʜʫʮʠʨʦʚʘʥʥʦʛʦ ʪʦʢʘ ʥʘ ʢʘʞʜʦʤ ʦʪʚʝʜʝʥʠʠ [6, 9]. ʉʠʛʥʘʣ 

ʠʩʪʦʯʥʠʢʘ ʪʘʢʞʝ ʜʠʩʢʨʝʪʠʟʠʨʫʝʪʩʷ ʠ ʩʣʫʞʠʪ ʚ ʢʘʯʝʩʪʚʝ ʦʧʦʨʥʦʛʦ ʩʠʛʥʘʣʘ. ʕʪʠ ʩʠʛʥʘʣʳ ʚ ʩʦʯʝʪʘʥʠʠ ʩ 

ʧʝʨʝʜʘʪʦʯʥʦʡ ʬʫʥʢʮʠʝʡ ʩʠʩʪʝʤʳ ʠʩʧʦʣʴʟʫʶʪʩʷ ʜʣʷ ʨʘʩʯʝʪʘ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʚ ʢʘʞʜʦʤ ʦʪʚʝʜʝʥʠʠ. 

ʀʟʦʙʨʘʞʝʥʠʷ, ʩʚʷʟʘʥʥʳʝ ʩ ʙʠʦʠʤʧʝʜʘʥʩʦʤ, ʦʪʦʙʨʘʞʘʶʪʩʷ ʥʘ ʤʦʥʠʪʦʨʝ ʚ ʚʠʜʝ ʧʦʣʫʪʦʥʦʚʦʛʦ ʠʟʦʙʨʘʞʝʥʠʷ. 

 

ɺʪʦʨʦʡ ʢʘʥʘʣ ʦʩʫʱʝʩʪʚʣʷʝʪ ʛʣʦʙʘʣʴʥʳʡ ʘʥʘʣʠʟ ʙʠʦʤʘʪʝʨʠʘʣʘ ʄɾ, ʪʦ ʝʩʪʴ ʘʥʘʣʠʟʠʨʫʝʪʩʷ 

ʦʜʥʦʚʨʝʤʝʥʥʦ ʚʩʷ ʠʥʬʦʨʤʘʮʠʷ, ʧʦʩʪʫʧʘʶʱʘʷ ʩ ʤʘʪʨʠʮʳ ʵʣʝʢʪʨʦʜʦʚ. ɺ ʥʝʤ ʜʣʷ ʨʝʰʝʥʠʷ ʧʨʦʙʣʝʤʳ 

ʧʦʚʳʰʝʥʠʷ ʜʠʘʛʥʦʩʪʠʯʝʩʢʦʡ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ ʤʘʤʤʦʛʨʘʬʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʠʩʧʦʣʴʟʫʶʪʩʷ ʩʚʝʨʪʦʯʥʳʝ 

ʥʝʡʨʦʥʥʳʝ ʩʝʪʠ (ʉʅʉ) ʚ ʤʘʣʦʢʘʜʨʦʚʦʤ ʨʝʞʠʤʝ. ɼʣʷ ʵʪʦʛʦ ʥʘ ʦʩʥʦʚʝ ʤʘʪʨʠʮʳ ʵʣʝʢʪʨʦʜʦʚ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ 

3D ʢʘʨʪʠʨʦʚʘʥʠʝ ʧʦʚʝʨʭʥʦʩʪʠ ʢʦʞʠ ʚ ʧʨʦʙʣʝʤʥʳʭ ʦʙʣʘʩʪʷʭ. ɿʘ ʩʯʝʪ ʤʥʦʛʦʯʘʩʪʦʪʥʦʛʦ ʩʢʘʥʠʨʦʚʘʥʠʷ 

ʧʦʣʫʯʘʝʤ ʪʨʝʭʤʝʨʥʦʝ ʙʠʦʠʤʧʝʜʘʥʩʥʦʝ ʠʟʦʙʨʘʞʝʥʠʝ, ʢʦʪʦʨʦʝ ʘʥʘʣʠʟʠʨʫʝʪʩʷ ʧʦʩʨʝʜʩʪʚʦʤ ʉʅʉ. 

ʇʨʝʜʣʦʞʝʥʥʦʝ ʨʝʰʝʥʠʝ ʧʦʟʚʦʣʷʝʪ ʦʜʥʦʚʨʝʤʝʥʥʦ ʘʥʘʣʠʟʠʨʦʚʘʪʴ ʜʘʥʥʳʝ ʵʢʩʧʝʨʪʦʤ (ʙʠʦʠʤʧʝʜʘʥʩʥʦʝ 

ʠʟʦʙʨʘʞʝʥʠʝ) ʠ ʉʅʉ (ʦʙʫʯʘʝʤʳʡ ʢʣʘʩʩʠʬʠʢʘʪʦʨ), ʯʪʦ ʜʦʣʞʥʦ ʧʨʠʚʝʩʪʠ ʢ ʩʥʠʞʝʥʠʶ ʣʦʞʥʦʧʦʣʦʞʠʪʝʣʴʥʳʭ 

ʨʝʟʫʣʴʪʘʪʦʚ [13, 14, 15, 16]. 

 

ʅʘ ʚʭʦʜʝ ʉʅʉ ʬʦʨʤʠʨʫʶʪʩʷ ʤʘʣʦʢʘʜʨʦʚʳʝ ʠʟʦʙʨʘʞʝʥʠʷ, ʨʘʟʤʝʨ ʢʘʜʨʘ ʢʦʪʦʨʳʭ ʦʧʨʝʜʝʣʷʝʪʩʷ 

ʨʘʟʤʝʨʦʤ ʤʘʪʨʠʮʳ ʵʣʝʢʪʨʦʜʦʚ. ɺ ʪʦ ʞʝ ʚʨʝʤʷ ʯʠʩʣʦ ʪʘʢʠʭ ʠʟʦʙʨʘʞʝʥʠʡ ʥʘ ʚʭʦʜʝ ʦʧʨʝʜʝʣʷʝʪʩʷ ʯʠʩʣʦʤ 

ʟʦʥʜʠʨʫʶʱʠʭ ʯʘʩʪʦʪ, ʠʩʧʦʣʴʟʫʝʤʳʭ ʜʣʷ ʜʠʘʛʥʦʩʪʠʢʠ ʬʫʥʢʮʠʦʥʘʣʴʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʙʠʦʤʘʪʝʨʠʘʣʘ. ʊʘʢ ʢʘʢ ʥʘ 

ʚʳʭʦʜʝ ʉʅʉ ʩʪʘʚʠʪʩʷ ʧʦʣʥʦʩʚʷʟʥʘʷ ʥʝʡʨʦʥʥʘʷ ʩʝʪʴ, ʪʦ ʝʝ ʚʳʭʦʜ ʜʦʣʞʝʥ ʦʪʚʝʪʠʪʴ ʥʘ ʚʦʧʨʦʩ ï ʝʩʪʴ ʣʠ 

ʦʥʢʦʣʦʛʠʷ ʠ ʥʫʞʥʘ ʣʠ ʙʠʦʧʩʠʷ. ʊʘʢ ʢʘʢ ʧʝʨʚʳʡ ʢʘʥʘʣ, ʚ ʧʨʠʥʮʠʧʝ, ʦʪʚʝʯʘʝʪ ʥʘ ʪʦʪ ʞʝ ʩʘʤʳʡ ʚʦʧʨʦʩ, ʪʦ ʠʭ 

ʨʝʰʝʥʠʷ ʤʦʞʥʦ ʦʙʲʝʜʠʥʠʪʴ ʩ ʧʦʤʦʱʴʶ ʘʛʨʝʛʘʪʦʨʘ, ʠʣʠ ʠʩʧʦʣʴʟʦʚʘʪʴ ʧʦʢʘʟʘʥʠʷ ʧʝʨʚʦʛʦ ʢʘʥʘʣʘ ʚ ʢʘʯʝʩʪʚʝ 

ʥʘʚʠʛʘʪʦʨʘ ʤʘʪʨʠʮʳ ʵʣʝʢʪʨʦʜʦʚ ʚʪʦʨʦʛʦ ʢʘʥʘʣʘ [17, 18]. 

 

ʊʨʝʪʠʡ ʢʘʥʘʣ ʷʚʣʷʝʪʩʷ ʵʢʩʧʝʨʪʥʳʤ ʢʘʥʘʣʦʤ. ʆʥ ʩʠʥʪʝʟʠʨʫʝʪ ʙʠʦʠʤʧʝʜʘʥʩʥʦʝ ʠʟʦʙʨʘʞʝʥʠʷ 

ʤʦʣʦʯʥʦʡ ʞʝʣʝʟʳ, ʢʦʪʦʨʦʝ ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʷʚʣʷʝʪʩʷ ʤʥʦʛʦʢʘʥʘʣʴʥʳʤ ʟʘ ʩʯʝʪ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʤʥʦʞʝʩʪʚʘ 

ʯʘʩʪʦʪ ʪʦʢʘ ʟʦʥʜʠʨʦʚʘʥʠʷ ʙʠʦʤʘʪʝʨʠʘʣʘ. ɼʣʷ ʝʛʦ ʨʝʘʣʠʟʘʮʠʠ ʠʩʧʦʣʴʟʫʝʪʩʷ ʫʩʪʨʦʡʩʪʚʦ ʚʠʟʫʘʣʠʟʘʮʠʠ ʜʣʷ 

ʚʳʷʚʣʝʥʠʷ ʈʄɾ, ʢʦʪʦʨʦʝ ʚʢʣʶʯʘʝʪ ʠʥʜʠʬʬʝʨʝʥʪʥʳʡ ʵʣʝʢʪʨʦʜ, ʫʜʝʨʞʠʚʘʝʤʳʡ ʚ ʨʫʢʝ ʧʘʮʠʝʥʪʘ (ʨʠʩ. 1). 

ʀʥʜʠʬʬʝʨʝʥʪʥʳʡ ʵʣʝʢʪʨʦʜ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʤʝʪʘʣʣʠʯʝʩʢʠʡ ʮʠʣʠʥʜʨ (ʜʠʘʤʝʪʨ 3é4 ʩʤ, ʜʣʠʥʘ 12 ʩʤ), ʘ 

ʙʠʦʠʤʧʝʜʘʥʩʥʳʡ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʴ ʩʦʜʝʨʞʠʪ ʧʣʦʩʢʠʡ ʤʘʩʩʠʚ ʧʨʷʤʦʫʛʦʣʴʥʳʭ ʵʣʝʢʪʨʦʜʦʚ (16Ĭ16), 

ʨʘʟʜʝʣʝʥʥʳʭ ʧʨʷʤʦʫʛʦʣʴʥʳʤʠ ʨʝʰʝʪʢʘʤʠ. ʂʘʞʜʳʡ ʵʣʝʢʪʨʦʜ ʠʤʝʝʪ ʧʣʦʱʘʜʴ 3Ĭ3 ʤʤ. ʄʝʞʮʝʥʪʨʦʚʦʝ 

ʨʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʵʣʝʢʪʨʦʜʘʤʠ ʩʦʩʪʘʚʣʷʝʪ 4 ʤʤ, ʦʩʪʘʚʣʷʷ 1 ʤʤ ʧʨʦʩʪʨʘʥʩʪʚʘ ʤʝʞʜʫ ʩʦʩʝʜʥʠʤʠ ʵʣʝʢʪʨʦʜʘʤʠ 

(ʨʠʩ. 3). ɿʘʱʠʪʥʦʝ ʢʦʣʴʮʦ ʚ ʚʠʜʝ ʤʝʪʘʣʣʠʯʝʩʢʦʡ ʧʦʣʦʩʳ ʰʠʨʠʥʦʡ 7 ʤʤ ʦʢʨʫʞʘʝʪ ʟʦʥʫ ʟʦʥʜʠʨʦʚʘʥʠʷ ʜʣʷ 

ʧʨʝʜʦʪʚʨʘʱʝʥʠʷ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʢʨʘʝʚʳʭ ʵʬʬʝʢʪʦʚ. ɺ ʢʘʯʝʩʪʚʝ ʩʨʝʜʳ ʤʝʞʜʫ ʯʫʚʩʪʚʠʪʝʣʴʥʦʡ ʟʦʥʦʡ ʠ 

ʧʦʚʝʨʭʥʦʩʪʴʶ ʛʨʫʜʠ ʠʩʧʦʣʴʟʫʝʪʩʷ ʧʨʦʚʦʜʷʱʠʡ ʛʝʣʴ. 

ʅʘ ʚʳʭʦʜʝ ʠʤʝʝʤ ʤʘʩʩʠʚ ʦʪʩʯʝʪʦʚ ʨʘʟʤʝʨʥʦʩʪʠ, ʦʧʨʝʜʝʣʷʝʤʦʡ ʢʦʣʠʯʝʩʪʚʦʤ ʵʣʝʢʪʨʦʜʦʚ ʚ ʤʘʪʨʠʮʝ 

ʵʣʝʢʪʨʦʜʦʚ. ʅʘ ʨʠʩ. 4 ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʢʘʯʝʩʪʚʝ ʧʨʠʤʝʨʘ ʪʨʠ 2D ʙʠʦʠʤʧʝʜʘʥʩʥʳʭ ʠʟʦʙʨʘʞʝʥʠʷ, ʧʦʣʫʯʝʥʥʳʭ 

ʥʘ ʬʘʥʪʦʤʝ ʄɾ ʥʘ ʪʨʝʭ ʯʘʩʪʦʪʘʭ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ 16 ʦʪʚʝʜʝʥʠʡ. ɸʛʨʝʛʠʨʦʚʘʥʠʝ ʠʟʦʙʨʘʞʝʥʠʡ 

ʦʩʫʱʝʩʪʚʣʷʝʪ ʣʠʮʦ, ʧʨʠʥʠʤʘʶʱʝʝ ʨʝʰʝʥʠʝ (ʃʇʈ), ʥʘ ʦʩʥʦʚʝ ʠʤʧʝʜʘʥʩʥʳʭ ʠʟʦʙʨʘʞʝʥʠʡ. 
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ʈʠʩʫʥʦʢ 4 - ʇʨʠʤʝʨʳ ʙʠʦʠʤʧʝʜʘʥʩʥʳʭ ʠʟʦʙʨʘʞʝʥʠʡ, ʧʦʣʫʯʝʥʥʳʝ ʥʘ ʪʨʝʭ ʯʘʩʪʦʪʘʭ ʧʦʩʨʝʜʩʪʚʦʤ 16-

ʵʣʝʤʝʥʪʥʦʡ ʤʘʪʨʠʮʳ ʥʘ ʬʘʥʪʦʤʝ ʤʦʣʦʯʥʦʡ ʞʝʣʝʟʳ 

ɿʘ ʦʩʥʦʚʫ ʤʝʪʦʜʘ ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʙʠʦʠʤʧʝʜʘʥʩʘ ʚʟʷʪ ʤʝʪʦʜ, ʚ ʢʦʪʦʨʦʤ ʜʣʷ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʩʝʛʤʝʥʪʘ 

ʙʠʦʦʙʲʝʢʪʘ ʩʪʨʦʠʪʩʷ ʝʛʦ ʤʦʜʝʣʴ ʚ ʚʠʜʝ ʧʘʩʩʠʚʥʦʛʦ ʜʚʫʭʧʦʣʶʩʥʠʢʘ, ʥʘʢʣʘʜʳʚʘʶʪʩʷ ʵʣʝʢʪʨʦʜʳ ʥʘ 

ʚʳʜʝʣʝʥʥʳʡ ʩʝʛʤʝʥʪ ʙʠʦʤʘʪʝʨʠʘʣʘ ʠ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʤʥʦʛʦʯʘʩʪʦʪʥʦʝ ʟʦʥʜʠʨʦʚʘʥʠʝ ʥʘ ʩʪʦʣʴʢʠʭ ʯʘʩʪʦʪʘʭ, 

ʩʢʦʣʴʢʦ ʪʨʝʙʫʝʪʩʷ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ ʤʦʜʝʣʠ ʧʘʩʩʠʚʥʦʛʦ ʜʚʫʭʧʦʣʶʩʥʠʢʘ. ʂʣʘʩʩʠʬʠʢʘʮʠʷ 

ʙʠʦʦʙʲʝʢʪʘ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʧʦ ʧʦʣʫʯʝʥʥʳʤ ʧʘʨʘʤʝʪʨʘʤ ʜʚʫʭʧʦʣʶʩʥʠʢʘ [19].  

ʄʝʪʦʜ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʬʫʥʢʮʠʦʥʘʣʴʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʙʠʦʦʙʲʝʢʪʦʚ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʥʘ ʦʩʥʦʚʝ 

ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʠʤʧʝʜʘʥʩʘ ʙʠʦʤʘʪʝʨʠʘʣʘ ʚ ʚʠʜʝ ʤʦʜʝʣʠ ɺʦʡʪʘ. ʇʨʦʮʝʩʩ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʙʠʦʤʘʪʝʨʠʘʣʘ 

ʥʘʯʠʥʘʝʪʩʷ ʩ ʧʦʩʪʨʦʝʥʠʷ ʛʨʘʬʠʢʦʚ ʂʦʫʣʘ ʜʣʷ ʚʩʝʭ ʦʪʚʝʜʝʥʠʡ. ʈʝʘʣʴʥʘʷ ʠ ʤʥʠʤʘʷ ʩʦʩʪʘʚʣʷʶʱʠʝ 

ʙʠʦʠʤʧʝʜʘʥʩʘ ʥʘ ʢʘʞʜʦʡ ʯʘʩʪʦʪʝ ʪʦʢʘ ʟʦʥʜʠʨʦʚʘʥʠʷ ʨʘʩʩʯʠʪʳʚʘʶʪʩʷ ʢʘʢ ʧʨʦʝʢʮʠʠ ʚʝʢʪʦʨʘ ʢʦʤʧʣʝʢʩʥʦʛʦ 

ʙʠʦʠʤʧʝʜʘʥʩʘ ʥʘ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʦʩʠ [6, 19].  

ɺ ʧʨʝʜʣʘʛʘʝʤʦʤ ʤʝʪʦʜʝ ʠʟʤʝʨʝʥʠʷ ʙʠʦʠʤʧʝʜʘʥʩʘ ʵʣʝʢʪʨʦʜʥʘʷ ʧʘʨʘ ʠʣʠ ʦʪʚʝʜʝʥʠʝ ʦʙʨʘʟʫʝʪʩʷ ʧʫʪʝʤ 

ʢʦʤʤʫʪʘʮʠʠ ʵʣʝʢʪʨʦʜʦʚ ʤʘʪʨʠʮʳ ʠʟ N ʵʣʝʢʪʨʦʜʦʚ ʢ ʛʝʥʝʨʘʪʦʨʫ ʟʦʥʜʠʨʫʶʱʝʛʦ ʪʦʢʘ ʠ ʚʢʣʶʯʝʥʠʶ 

ʙʠʦʤʘʪʝʨʠʘʣʘ ʄɾ ʚ ʮʝʧʴ ʤʝʞʜʫ ʵʪʠʤ ʵʣʝʢʪʨʦʜʦʤ ʠ ʠʥʜʠʬʬʝʨʝʥʪʥʳʤ ʵʣʝʢʪʨʦʜʦʤ. ʂʘʞʜʦʝ ʦʪʚʝʜʝʥʠʝ 

ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʦʧʨʝʜʝʣʝʥʥʦʤʫ ʛʝʦʤʝʪʨʠʯʝʩʢʦʤʫ ʥʘʧʨʘʚʣʝʥʠʶ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ ʚ ʙʠʦʤʘʪʝʨʠʘʣʝ. ɼʣʷ 

ʢʘʞʜʦʛʦ ʦʪʚʝʜʝʥʠʷ ʩʪʨʦʠʪʩʷ ʤʦʜʝʣʴ ʠʤʧʝʜʘʥʩʘ ʩʝʛʤʝʥʪʘ ʙʠʦʤʘʪʝʨʠʘʣʘ, ʚʢʣʶʯʝʥʥʦʛʦ ʚ ʵʪʦ ʦʪʚʝʜʝʥʠʝ. ɺ 

ʢʘʯʝʩʪʚʝ ʤʦʜʝʣʠ ʩʝʛʤʝʥʪʘ ʙʠʦʤʘʪʝʨʠʘʣʘ ʠʩʧʦʣʴʟʫʝʪʩʷ ʨʝʢʫʨʩʠʚʥʘʷ ʤʦʜʝʣʴ ɺʦʡʪʘ [19]. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʝʜʣʦʞʝʥʘ ʜʦʩʪʘʪʦʯʥʦ ʩʣʦʞʥʘʷ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʘʷ ʙʠʦʪʝʭʥʠʯʝʩʢʘʷ ʩʠʩʪʝʤʘ, ʚ 

ʢʦʪʦʨʦʡ ʃʇʈ, ʧʦʣʫʯʘʷ ʩʦʦʪʚʝʪʩʪʚʫʶʱʫʶ ʠʥʬʦʨʤʘʮʠʶ ʦʪ ʧʝʨʚʳʭ ʜʚʫʭ ʢʘʥʘʣʦʚ, ʤʦʞʝʪ ʦʮʝʥʠʪʴ ʝʝ 

ʥʝʯʝʪʢʦʩʪʴ, ʠ ʥʘ ʦʩʥʦʚʝ ʵʪʦʡ ʠʥʬʦʨʤʘʮʠʠ ʠ ʚʠʟʫʘʣʴʥʦʡ ʙʠʦʠʤʧʝʜʘʥʩʥʦʡ ʢʘʨʪʠʥʳ, ʫʧʨʘʚʣʷʪʴ ʧʦʣʦʞʝʥʠʝʤ 

ʤʘʪʨʠʮʳ ʵʣʝʢʪʨʦʜʦʚ ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʯʪʦʙʳ ʧʦʚʳʩʠʪʴ ʜʦʩʪʦʚʝʨʥʦʩʪʴ ʠʥʬʦʨʤʘʮʠʠ ʧʦ ʜʨʫʛʠʤ ʢʘʥʘʣʘʤ ʚ ʪʫ 

ʠʣʠ ʠʥʫʶ ʩʪʦʨʦʥʫ. ʇʨʝʜʣʦʞʝʥʥʦʝ ʨʝʰʝʥʠʝ ʧʦʟʚʦʣʷʝʪ ʦʜʥʦʚʨʝʤʝʥʥʦ ʘʥʘʣʠʟʠʨʦʚʘʪʴ ʜʘʥʥʳʝ ʵʢʩʧʝʨʪʦʤ 

(ʙʠʦʠʤʧʝʜʘʥʩʥʦʝ ʠʟʦʙʨʘʞʝʥʠʝ) ʠ ʉʅʉ (ʦʙʫʯʘʝʤʳʡ ʢʣʘʩʩʠʬʠʢʘʪʦʨ), ʯʪʦ ʜʦʣʞʥʦ ʧʨʠʚʝʩʪʠ ʢ ʩʥʠʞʝʥʠʶ 

ʣʦʞʥʦʧʦʣʦʞʠʪʝʣʴʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ. 
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The presented model of a multimodal classifier integrates the capabilities of multi-frequency bioimpedance 

measurements and matrix information acquisition from the surface of human skin through multi-electrode matrix 

systems. To do this, based on a matrix of electrodes, 3D mapping of the skin surface in problem areas is carried out. 

Through multi-frequency scanning, we obtain a three-dimensional bioimpedance image, which is analyzed by a 

convolutional neural network and/or by a decision maker. The proposed solution allows simultaneous analysis of 

data by an expert (bioimpedance image) and a convolutional neural network (trainable classifier), which should lead 

to a reduction in false positive results. 

ïïïïïïïïïïïïïïïï ǅïïïïïïïïïïïïïïïï 

ʂʆʃʀʏɽʉʊɺɽʅʅɸʗ ʄɽʊʆɼʀʂɸ ʆʎɽʅʂʀ ʈɽɿʋʃʔʊɸʊʆɺ ʇʈʆɺʆʂɸʎʀʆʅʅʆɻʆ 

ʊɽʉʊʀʈʆɺɸʅʀʗ ɼʃʗ ʇɸʎʀɽʅʊʆɺ ʉ ʊɽʄʇɽʈɸʊʋʈʅʆʁ ʂʈɸʇʀɺʅʀʎɽʁ 

ɼʘʥʠʣʳʯʝʚ ʄ.ɺ. 1, ʄʘʥʩʫʨʦʚ ɻ.ʂ.1, ɸʥʮʠʧʝʨʦʚ ɺ.ɽ.1, ʂʝʨʰʥʝʨ ɺ.ɸ.1, ʌʦʤʠʥʘ ɼ.ʉ.2, ʃʳʩʝʥʢʦ ʄ.ɸ.2, 

ɸʥʜʨʝʥʦʚʘ ɻ.ɺ.2, ʏʝʨʥʦʚ ɸ.ɸ.2, ʂʦʣʜʫʥʦʚ ɸ.ɸ.2, ʃʝʙʝʜʢʠʥʘ ʄ.ʉ.2, ɼʘʥʠʣʳʯʝʚʘ ʀ.ɺ.3  

1 ʀʥʩʪʠʪʫʪ ʨʘʜʠʦʪʝʭʥʠʢʠ ʠ ʵʣʝʢʪʨʦʥʠʢʠ ʠʤ. ɺ.ɸ. ʂʦʪʝʣʴʥʠʢʦʚʘ ʈɸʅ, ʄʦʩʢʚʘ, ʈʦʩʩʠʷ  
2  ʎʝʥʪʨ ʘʣʣʝʨʛʦʣʦʛʠʠ ʠ ʠʤʤʫʥʦʣʦʛʠʠ ɻɹʋ çɻʂɹ ˉ 52è ɼɿ ʛ.ʄʦʩʢʚʳ, ʈʦʩʩʠʷ 

3  ʌɻɹʋ ñɻʅʎ ʀʥʩʪʠʪʫʪ ʠʤʤʫʥʦʣʦʛʠʠò ʌʄɹɸ ʈʦʩʩʠʠ, e-mail: dan496@yandex.ru 

 

ɺ ʜʦʢʣʘʜʝ ʨʘʩʩʢʘʟʳʚʘʝʪʩʷ ʦ ʨʝʟʫʣʴʪʘʪʘʭ ʨʘʟʨʘʙʦʪʢʠ ʚ ʀʈʕ ʠʤ. ɺ.ɸ. ʂʦʪʝʣʴʥʠʢʦʚʘ ʈɸʅ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ 

ʧʨʦʬʠʣʦʛʨʘʬʘ TempPro, ʧʨʝʜʥʘʟʥʘʯʝʥʥʦʛʦ ʜʣʷ ʧʨʦʚʦʢʘʮʠʦʥʥʦʛʦ ʪʝʩʪʠʨʦʚʘʥʠʷ ʧʘʮʠʝʥʪʦʚ ʩ ʪʝʤʧʝʨʘʪʫʨʥʦʡ 

ʢʨʘʧʠʚʥʠʮʝʡ, ʚʢʣʶʯʘʷ ʝʝ ʪʝʧʣʦʚʫʶ ʠ ʭʦʣʦʜʦʚʫʶ ʚʘʨʠʘʥʪʳ. ʇʦʤʠʤʦ ʧʦʜʪʚʝʨʞʜʝʥʠʷ ʠʣʠ ʦʪʨʠʮʘʥʠʷ ʨʦʣʠ 

ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ (ʪʝʧʣʦʚʦʛʦ) ʬʘʢʪʦʨʘ ʚ ʢʘʯʝʩʪʚʝ ʪʨʠʛʛʝʨʘ ʩʧʝʮʠʬʠʯʝʩʢʦʡ ʙʠʦʭʠʤʠʯʝʩʢʦʡ ʨʝʘʢʮʠʠ, ʤʝʪʦʜʠʢʘ 

ʪʘʢʞʝ ʦʙʝʩʧʝʯʠʚʘʝʪ ʢʦʣʠʯʝʩʪʚʝʥʥʦʝ ʦʧʨʝʜʝʣʝʥʠʝ ʧʦʨʦʛʦʚʦʛʦ ʟʥʘʯʝʥʠʷ ʜʘʥʥʦʛʦ ʬʘʢʪʦʨʘ ʚ ʩʣʫʯʘʝ 

ʧʦʣʦʞʠʪʝʣʴʥʦʡ ʨʝʘʢʮʠʠ ʥʘ ʪʝʩʪʠʨʫʝʤʳʡ ʚʘʨʠʘʥʪ ʢʨʘʧʠʚʥʠʮʳ. ʇʨʠʙʦʨ ʨʝʘʣʠʟʦʚʘʥ ʚ ʚʠʜʝ ʜʝʡʩʪʚʫʶʱʝʛʦ 

ʨʘʙʦʯʝʛʦ ʤʘʢʝʪʘ ʩ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤ ʙʘʟʦʚʳʤ ʥʘʙʦʨʦʤ ʇʆ, ʠ, ʚ ʦʪʣʠʯʠʝ ʦʪ ʩʫʱʝʩʪʚʫʶʱʠʭ ʘʥʘʣʦʛʦʚ, 

ʦʙʝʩʧʝʯʠʚʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʚʳʙʦʨʘ ʠ ʧʦʩʣʝʜʫʶʱʝʛʦ ʢʦʥʪʨʦʣʷ ʚʨʘʯʦʤ- ʜʠʘʛʥʦʩʪʦʤ ʥʝʦʙʭʦʜʠʤʦʛʦ 

ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨ ʚʜʦʣʴ ʣʠʥʝʡʥʦʛʦ ʘʧʧʣʠʢʘʪʦʨʘ ʚ ʜʠʘʧʘʟʦʥʝ ʪʝʤʧʝʨʘʪʫʨ ʦʪ +0 ʜʦ +45ÁC ʠ ʚʨʝʤʝʥʠ 

ʚʦʟʜʝʡʩʪʚʠʷ ʦʪ 1 ʜʦ 20 ʤʠʥ. ɼʦʩʪʠʛʥʫʪʘʷ ʪʦʯʥʦʩʪʴ ʠʟʤʝʨʝʥʠʷ ʧʦʨʦʛʦʚʦʛʦ ʟʥʘʯʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ ʧʨʠ ʵʪʦʤ 

ʩʦʩʪʘʚʣʷʝʪ ʥʝ ʭʫʞʝ Ñ0.5ÁC. ɺ ʜʦʢʣʘʜʝ ʧʨʠʚʦʜʷʪʩʷ ʧʨʠʤʝʨʳ ʨʘʙʦʪʳ ʧʨʠʙʦʨʘ ʚ ʨʘʟʣʠʯʥʳʭ ʨʝʞʠʤʘʭ ʠ 

ʨʝʟʫʣʴʪʘʪʳ ʧʨʦʚʦʢʘʮʠʦʥʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ʢʦʞʥʳʡ ʧʦʢʨʦʚ ʠʩʩʣʝʜʫʝʤʳʭ ʧʘʮʠʝʥʪʦʚ. 

 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʢʨʘʧʠʚʥʠʮʘ, ʬʠʟʠʯʝʩʢʠʝ ʪʨʠʛʛʝʨʳ, ʧʨʦʚʦʢʘʮʠʦʥʥʦʝ ʪʝʩʪʠʨʦʚʘʥʠʝ, ʚʦʣʜʳʨʴ, ʘʥʛʠʦʦʪʝʢ, 

ʪʝʤʧʝʨʘʪʫʨʘ, TempTest, TempPro 

 

ʂʨʘʧʠʚʥʠʮʘ (urticaria) ï ʛʨʫʧʧʘ ʟʘʙʦʣʝʚʘʥʠʡ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʘʷʩʷ ʨʘʟʚʠʪʠʝʤ ʟʫʜʷʱʠʭ ʚʦʣʜʳʨʝʡ ʠ/ʠʣʠ 

ʘʥʛʠʦʦʪʝʢʦʚ, ʯʪʦ ʩʝʨʴʝʟʥʦ ʩʥʠʞʘʝʪ ʢʘʯʝʩʪʚʦ ʞʠʟʥʠ ʧʘʮʠʝʥʪʦʚ. ʌʠʟʠʯʝʩʢʠʝ (ʠʥʜʫʮʠʨʦʚʘʥʥʳʝ) ʢʨʘʧʠʚʥʠʮʳ ï 

ʵʪʦ ʚʘʨʠʘʥʪʳ ʟʘʙʦʣʝʚʘʥʠʷ ʢʨʘʧʠʚʥʠʮʝʡ, ʧʨʠ ʢʦʪʦʨʳʭ ʧʝʨʚʦʧʨʠʯʠʥʦʡ ʷʚʣʷʝʪʩʷ ʚʦʟʜʝʡʩʪʚʠʝ ʥʘ ʧʘʮʠʝʥʪʘ 

ʥʝʢʦʪʦʨʳʭ ʬʠʟʠʯʝʩʢʠʭ ʬʘʢʪʦʨʦʚ. ʂ ʥʠʤ ʦʪʥʦʩʷʪʩʷ ʚʳʩʦʢʠʝ ʠ ʥʠʟʢʠʝ ʪʝʤʧʝʨʘʪʫʨʳ, ʤʝʭʘʥʠʯʝʩʢʦʝ 

ʨʘʟʜʨʘʞʝʥʠʝ ʢʦʞʥʳʭ ʧʦʢʨʦʚʦʚ, ʩʜʘʚʣʝʥʠʝ, ʢʦʥʪʘʢʪ ʩ ʚʦʜʦʡ, ʚʦʟʜʝʡʩʪʚʠʝ ʫʣʴʪʨʘʬʠʦʣʝʪʦʚʳʤ ʠʟʣʫʯʝʥʠʝʤ, 

ʚʠʙʨʘʮʠʷ ʠ ʪ. ʜ. ʄʝʭʘʥʠʟʤ ʢʦʥʚʝʨʪʘʮʠʠ ʵʪʠʭ ʪʨʠʛʛʝʨʥʳʭ ʚʦʟʜʝʡʩʪʚʠʡ ʚ ʭʘʨʘʢʪʝʨʥʳʝ ʜʣʷ ʢʨʘʧʠʚʥʠʮʳ 

ʧʨʦʷʚʣʝʥʠʷ ʚ ʮʝʣʦʤ ʦʩʪʘʝʪʩʷ ʥʝʠʟʚʝʩʪʥʳʤ. ɸʢʪʫʘʣʴʥʳʭ ʩʪʘʪʠʩʪʠʯʝʩʢʠʭ ʜʘʥʥʳʭ ʦ ʨʘʩʧʨʦʩʪʨʘʥʸʥʥʦʩʪʠ 

ʠʥʜʫʮʠʨʦʚʘʥʥʳʭ ʬʦʨʤ ʢʨʘʧʠʚʥʠʮ ʚ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ ʥʝʪ. ʇʦ ʘʥʘʣʦʛʠʠ ʩ ʟʘʨʫʙʝʞʥʳʤʠ ʜʘʥʥʳʤʠ 

ʦʙʱʫʶ ʜʦʣʶ ʵʪʠʭ ʟʘʙʦʣʝʚʘʥʠʡ, ʚʢʣʶʯʘʷ ʦʩʪʨʳʝ ʠ ʭʨʦʥʠʯʝʩʢʠʝ ʬʦʨʤʳ ʵʪʦʛʦ ʪʠʧʘ, ʤʦʞʥʦ ʦʮʝʥʠʪʴ 

ʧʨʠʙʣʠʟʠʪʝʣʴʥʦ ʚ 6ï8% ʦʪ ʯʠʩʣʝʥʥʦʩʪʠ ʧʦʧʫʣʷʮʠʠ. ɼʦʣʷ ʭʨʦʥʠʯʝʩʢʦʡ ʠʥʜʫʮʠʨʦʚʘʥʥʦʡ ʢʨʘʧʠʚʥʠʮʳ (ʍʀʂ) 

ʧʨʠ ʵʪʦʤ ʦʮʝʥʠʚʘʝʪʩʷ ʚ ~0.5ï1.7%. ʅʘʨʷʜʫ ʩ ʜʨʫʛʠʤʠ ʬʦʨʤʘʤʠ ʢʨʘʧʠʚʥʠʮʳ, ʬʠʟʠʯʝʩʢʠʝ ʢʨʘʧʠʚʥʠʮʳ ʤʦʛʫʪ 

ʩʦʧʨʦʚʦʞʜʘʪʴʩʷ ʨʘʟʚʠʪʠʝʤ ʨʝʘʣʴʥʳʭ ʞʠʟʥʝʫʛʨʦʞʘʶʱʠʭ ʩʦʩʪʦʷʥʠʡ, ʪʘʢʠʭ ʢʘʢ ʦʪʝʢʠ ʚ ʦʙʣʘʩʪʠ ñʛʦʣʦʚʘ-ʰʝʷò, 

ʙʨʦʥʭʦʩʧʘʟʤ, ʘʥʘʬʠʣʘʢʪʠʯʝʩʢʠʝ ʨʝʘʢʮʠʠ ʠ ʪ. ʜ. ɺ ʥʘʩʪʦʷʱʠʡ ʤʦʤʝʥʪ ʚ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ ʥʝʪ 
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XVI ʄʝʞʜʫʥʘʨʦʜʥʘʷ ʅʘʫʯʥʘʷ ʂʦʥʬʝʨʝʥʮʠʷ "ʌʠʟʠʢʘ ʠ ʈʘʜʠʦʵʣʝʢʪʨʦʥʠʢʘ ʚ ʄʝʜʠʮʠʥʝ ʠ 

ʕʢʦʣʦʛʠʠ" 

 

ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʥʳʭ ʤʝʜʠʮʠʥʩʢʠʭ ʧʨʠʙʦʨʦʚ ʜʣʷ ʧʦʨʦʛʦʚʦʡ ʜʠʘʛʥʦʩʪʠʢʠ ʙʦʣʴʰʠʥʩʪʚʘ ʬʠʟʠʯʝʩʢʠʭ ʬʦʨʤ 

ʢʨʘʧʠʚʥʠʮ, ʯʪʦ ʟʘʪʨʫʜʥʷʝʪ ʧʦʩʪʘʥʦʚʢʫ ʜʠʘʛʥʦʟʘ ʠ ʤʦʥʠʪʦʨʠʥʛ ʩʦʩʪʦʷʥʠʷ ʜʘʥʥʳʭ ʛʨʫʧʧ ʧʘʮʠʝʥʪʦʚ, ʘ ʪʘʢʞʝ 

ʦʮʝʥʢʫ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʣʝʯʝʥʠʷ. 

ɺ ʧʨʝʜʰʝʩʪʚʫʶʱʝʡ ʘʣʣʝʨʛʦʣʦʛʠʯʝʩʢʦʡ ʧʨʘʢʪʠʢʝ ʜʣʷ ʚʳʷʚʣʝʥʠʷ ʭʦʣʦʜʦʚʦʡ ʠʣʠ ʪʝʧʣʦʚʦʡ ʬʦʨʤ 

ʪʝʤʧʝʨʘʪʫʨʥʦʡ ʢʨʘʧʠʚʥʠʮʳ ʧʨʝʜʣʘʛʘʣʠʩʴ ʠ ʘʢʪʠʚʥʦ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʨʘʟʣʠʯʥʳʝ ʚʘʨʠʘʥʪʳ ʧʨʦʚʦʢʘʮʠʦʥʥʦʛʦ 

ʚʦʟʜʝʡʩʪʚʠʷ. ʅʘʧʨʠʤʝʨ, ʧʨʦʙʘ ʩ ʭʦʣʦʜʥʳʤ ʠʣʠ ʪʝʧʣʳʤ/ʛʦʨʷʯʠʤ ʧʨʝʜʤʝʪʦʤ ʪʠʧʘ ʤʝʪʘʣʣʠʯʝʩʢʠʭ ʠʣʠ 

ʩʪʝʢʣʷʥʥʳʭ ʮʠʣʠʥʜʨʦʚ, ʥʘʧʦʣʥʝʥʥʳʭ ʚʦʜʦʡ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʪʝʤʧʝʨʘʪʫʨʳ (ʦʙʣʘʩʪʴ ʢʦʥʪʘʢʪʘ ï ʩʞʘʪʘʷ 

ʣʘʜʦʥʴ, ʧʨʝʜʧʣʝʯʴʝ ʠ ʪ.ʜ.), ʧʦʛʨʫʞʝʥʠʝ ʨʫʢ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʚ ʭʦʣʦʜʥʫʶ (ʥʠʞʝ 10 Áʉ) ʠʣʠ ʪʝʧʣʫʶ/ʛʦʨʷʯʫʶ 

ʚʦʜʫ (40ï48 Áʉ) ʚ ʪʝʯʝʥʠʝ 1ï5 ʤʠʥʫʪ. ʊʝʩʪ ʩʯʠʪʘʣʩʷ ʧʦʣʦʞʠʪʝʣʴʥʳʤ, ʝʩʣʠ ʚ ʤʝʩʪʝ ʝʛʦ ʧʨʦʚʝʜʝʥʠʷ ʯʝʨʝʟ 10 

ʤʠʥʫʪ ʧʦʩʣʝ ʦʢʦʥʯʘʥʠʷ ʧʨʦʚʦʢʘʮʠʠ ʦʙʥʘʨʫʞʠʚʘʣʘʩʴ ʦʱʫʪʠʤʘʷ ʠ ʯʝʪʢʦ ʚʠʜʠʤʘʷ ʩʳʧʴ ʠ ʧʨʠʩʫʪʩʪʚʦʚʘʣʘ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʘʷ ʢʦʞʥʘʷ ʨʝʘʢʮʠʷ. ʂʨʦʤʝ ʵʪʦʛʦ ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʚʘʨʠʘʥʪʳ ʘʧʧʣʠʢʘʮʠʠ ʢʫʙʠʢʘ ʣʴʜʘ 

ʥʘ ʦʙʣʘʩʪʴ ʧʨʝʜʧʣʝʯʴʷ ʠʣʠ ʣʦʢʪʝʚʦʛʦ ʩʛʠʙʘ ʥʘ 3ï20 ʤʠʥʫʪ, ʬʠʟʠʯʝʩʢʠʝ ʫʧʨʘʞʥʝʥʠʷ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ +4 Áʉ ʚ 

ʪʝʯʝʥʠʝ 15ï20 ʤʠʥʫʪ, ʧʨʝʙʳʚʘʥʠʝ ʚ ʭʦʣʦʜʥʦʡ ʢʦʤʥʘʪʝ (+4 Áʉ) ʙʝʟ ʦʜʝʞʜʳ ʚ ʪʝʯʝʥʠʝ 10ï20 ʤʠʥʫʪ, 

ʧʨʠʤʝʥʝʥʠʝ ʧʨʦʭʣʘʜʥʳʭ ʢʦʤʧʨʝʩʩʦʚ, ʚʘʥʥ ʩ ʭʦʣʦʜʥʦʡ ʚʦʜʦʡ ʠ ʪ.ʜ. ʠ ʪ.ʧ. 

ʉ ʪʝʯʝʥʠʝʤ ʚʨʝʤʝʥʠ ʠ ʥʘʢʦʧʣʝʥʠʝʤ ʤʘʩʩʠʚʘ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʜʘʥʥʳʭ ʧʨʠʰʣʦ ʦʩʦʟʥʘʥʠʝ 

ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʦʪʢʘʟʘ ʦʪ ʚʘʨʠʘʥʪʦʚ ʯʨʝʟʤʝʨʥʦʛʦ ʠ ʦʧʘʩʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ʦʨʛʘʥʠʟʤ ʧʘʮʠʝʥʪʦʚ. ɺ 

ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʚ ʨʘʟʜʝʣʝ çʈʝʢʦʤʝʥʜʫʝʤʳʝ ʜʠʘʛʥʦʩʪʠʯʝʩʢʠʝ ʪʝʩʪʳ ʫ ʧʘʮʠʝʥʪʦʚ ʩ ʠʥʜʫʮʠʨʫʝʤʦʡ 

ʢʨʘʧʠʚʥʠʮʝʡè ʜʝʡʩʪʚʫʶʱʠʭ ʌʝʜʝʨʘʣʴʥʳʭ ʂʣʠʥʠʯʝʩʢʠʭ ʈʝʢʦʤʝʥʜʘʮʠʡ (ʌʂʈ) ʧʦ ʢʨʘʧʠʚʥʠʮʝ [2] ʚ ʢʘʯʝʩʪʚʝ 

ʦʙʷʟʘʪʝʣʴʥʦʛʦ ʦʙʩʣʝʜʦʚʘʥʠʷ ʫʢʘʟʘʥʦ:  

çéʜʣʷ ʭʦʣʦʜʦʚʦʡ ʢʨʘʧʠʚʥʠʮʳ - ʭʦʣʦʜʦʚʦʡ ʧʨʦʚʦʢʘʮʠʦʥʥʳʡ ʪʝʩʪ ʠ ʦʧʨʝʜʝʣʝʥʠʝ ʧʦʨʦʛʘ 

ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ (ʢʫʙʠʢ ʣʴʜʘ). ɼʣʷ ʪʝʧʣʦʚʦʡ - ʪʝʧʣʦʚʦʡ ʧʨʦʚʦʢʘʮʠʦʥʥʳʡ ʪʝʩʪ ʠ ʦʧʨʝʜʝʣʝʥʠʝ ʧʦʨʦʛʘ 

ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ (ʪʝʧʣʘʷ ʚʦʜʘ)éè [2].  çéʃʝʜ ʜʦʣʞʝʥ ʥʘʭʦʜʠʪʴʩʷ ʚ ʧʣʘʩʪʠʢʦʚʦʤ ʧʘʢʝʪʝ ʠʣʠ ʩʪʘʢʘʥʝ ʜʣʷ 

ʪʦʛʦ, ʯʪʦʙʳ ʠʟʙʝʞʘʪʴ ʢʦʥʪʘʢʪʘ ʢʦʞʠ ʩ ʚʦʜʦʡ. ɺʨʝʤʷ ʘʧʧʣʠʢʘʮʠʠ ï 5 ʤʠʥ. ʆʥʦ ʤʦʞʝʪ ʙʳʪʴ ʫʚʝʣʠʯʝʥʦ ʠʣʠ 

ʫʤʝʥʴʰʝʥʦ (ʦʪ 30 ʩʝʢʫʥʜ ʜʦ 20 ʤʠʥʫʪ) ʚ ʦʪʜʝʣʴʥʳʭ ʩʣʫʯʘʷʭ. ʊʝʩʪ ʩʣʝʜʫʝʪ ʩʯʠʪʘʪʴ ʧʦʣʦʞʠʪʝʣʴʥʳʤ, ʝʩʣʠ ʥʘ 

ʤʝʩʪʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚʳʷʚʣʷʶʪʩʷ ʧʘʣʴʧʠʨʫʝʤʳʝ ʠ ʯʝʪʢʦ ʚʠʜʠʤʳʝ ʚʦʣʜʳʨʠ ʠ ʵʨʠʪʝʤʘ, ʚ ʙʦʣʴʰʠʥʩʪʚʝ ʩʣʫʯʘʝʚ 

ʩʦʧʨʦʚʦʞʜʘʶʱʠʝʩʷ ʟʫʜʦʤ ʠ/ʠʣʠ ʞʞʝʥʠʝʤ. ʉʣʝʜʫʝʪ ʧʦʤʥʠʪʴ, ... ʧʨʦʚʦʢʘʮʠʦʥʥʳʝ ʪʝʩʪʳ ʥʝ 

ʩʪʘʥʜʘʨʪʠʟʠʨʦʚʘʥʳ, ʦʧʨʝʜʝʣʝʥʠʝ ʧʦʨʦʛʘ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ ʢ ʪʨʠʛʛʝʨʫ ʚ ʈʌ ʥʝ ʧʨʦʚʦʜʠʪʩʷ ʚ ʩʚʷʟʠ ʩ 

ʦʪʩʫʪʩʪʚʠʝʤ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʣʠʮʝʥʟʠʨʦʚʘʥʥʳʭ ʤʝʜʠʮʠʥʩʢʠʭ ʠʟʜʝʣʠʡ éè. 

ɺ ʥʘʰʠʭ ʨʘʙʦʪʘʭ [ ] ʙʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʧʨʠ ʧʨʦʚʝʜʝʥʠʠ ʭʦʣʦʜʦʚʦʛʦ ʪʝʩʪʘ ʚ ʥʳʥʝ ʧʨʠʥʷʪʦʤ 

ʢʣʘʩʩʠʯʝʩʢʦʤ ʚʘʨʠʘʥʪʝ ʩ ʢʫʙʠʢʦʤ ʣʴʜʘ (ʩʤ. ʨʠʩ.1) ʚ ʦʙʣʘʩʪʠ ʪʝʧʣʦʚʦʛʦ ʢʦʥʪʘʢʪʘ ʨʝʘʣʠʟʫʝʪʩʷ ʪʝʤʧʝʨʘʪʫʨʘ 

ʧʦʚʝʨʭʥʦʩʪʠ ʘʧʧʣʠʢʘʪʦʨʘ ʦʪ ʧʨʠʙʣʠʟʠʪʝʣʴʥʦ +0.4Áʉ ʜʦ +10Áʉ, ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʮʝʣʦʛʦ ʨʷʜʘ ʧʘʨʘʤʝʪʨʦʚ, 

ʢʦʪʦʨʳʝ ʥʝ ʫʯʠʪʳʚʘʶʪʩʷ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʚ ʨʫʪʠʥʥʦʡ ʧʨʘʢʪʠʢʝ ʚʨʘʯʘ-ʘʣʣʝʨʛʦʣʦʛʘ, [3]. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, 

ʨʝʟʫʣʴʪʘʪ ʦʙʱʝʧʨʠʥʷʪʦʛʦ ʢʣʘʩʩʠʯʝʩʢʦʛʦ ʚʘʨʠʘʥʪʘ ʪʘʢʦʛʦ ʪʝʩʪʘ ʠʤʝʝʪ, ʩʪʨʦʛʦ ʛʦʚʦʨʷ, ʠʩʢʣʶʯʠʪʝʣʴʥʦ 

ʢʘʯʝʩʪʚʝʥʥʳʡ ʭʘʨʘʢʪʝʨ, ʠ ʧʨʦʩʪʦ ʜʘʝʪ ʦʪʚʝʪ ñʜʘ/ʥʝʪò ʥʘ ʚʦʧʨʦʩ ʦ ʥʘʣʠʯʠʠ ʫ ʧʘʮʠʝʥʪʘ ʭʦʣʦʜʦʚʦʡ ʬʦʨʤʳ 

ʢʨʘʧʠʚʥʠʮʳ (ʨʠʩʫʥʦʢ. 1ʘ,ʙ). ɸʥʘʣʦʛʠʯʥʳʡ ʢʘʯʝʩʪʚʝʥʥʳʡ ʨʝʟʫʣʴʪʘʪ ʧʦʣʫʯʘʝʪʩʷ ʪʘʢʞʝ ʧʨʠ ʪʝʧʣʦʚʦʤ ʢʦʥʪʘʢʪʝ 

ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʛʦʨʷʯʝʛʦ (ʜʦ +45Áʉ) ʘʧʧʣʠʢʘʪʦʨʘ ʚ ʩʣʫʯʘʝ ʪʝʩʪʠʨʦʚʘʥʠʷ ʪʝʧʣʦʚʦʡ ʬʦʨʤʳ ʢʨʘʧʠʚʥʠʮʳ.  

 

 

ʈʠʩʫʥʦʢ 1 ï ʘ) ʊʝʩʪ ʥʘ ʧʨʠʤʝʥʝʥʠʝ ʢʫʙʠʢʘ ʣʴʜʘ ʚ ʧʣʘʩʪʠʢʦʚʦʡ ʫʧʘʢʦʚʢʝ.  ʙ) ʇʦʣʦʞʠʪʝʣʴʥʳʡ ʨʝʟʫʣʴʪʘʪ 

ʪʝʩʪʘ (ʘʨʭʠʚ ʄɻʅʇʎ ʘʣʣʝʨʛʦʣʦʛʠʠ ʠ ʠʤʤʫʥʦʣʦʛʠʠ ɻʂɹ ˉ52 ɼɿʄ) 
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ɺ 2022-2024 ʛʛ ʚ ʀʥʩʪʠʪʫʪʝ ʨʘʜʠʦʪʝʭʥʠʢʠ ʠ ʵʣʝʢʪʨʦʥʠʢʠ ʠʤ. ɺ.ɸ. ʂʦʪʝʣʴʥʠʢʦʚʘ ʈɸʅ ʙʳʣʘ 

ʨʘʟʨʘʙʦʪʘʥʘ ʠ ʨʝʘʣʠʟʦʚʘʥʘ ʚ ʚʠʜʝ ʣʘʙʦʨʘʪʦʨʥʦʛʦ, ʘ ʟʘʪʝʤ ʠ ʜʝʡʩʪʚʫʶʱʝʛʦ ʨʘʙʦʯʝʛʦ ʤʘʢʝʪʘ ʢʦʥʮʝʧʮʠʷ 

ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʧʨʦʬʠʣʦʛʨʘʬʘ ʩ ʨʘʙʦʯʠʤ ʥʘʠʤʝʥʦʚʘʥʠʝʤ TempPro. ʈʘʟʨʘʙʦʪʘʥʥʳʡ ʧʨʦʛʨʘʤʤʥʦ-ʘʧʧʘʨʘʪʥʳʡ 

ʢʦʤʧʣʝʢʩ ʠʤʝʝʪ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʡ ʥʘʙʦʨ ʙʘʟʦʚʦʛʦ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ ʠ ʧʨʝʜʥʘʟʥʘʯʝʥ ʜʣʷ 

ʧʨʦʚʦʢʘʮʠʦʥʥʦʛʦ ʪʝʩʪʠʨʦʚʘʥʠʷ ʪʝʧʣʦʚʦʡ ʠ ʭʦʣʦʜʦʚʦʡ ʬʦʨʤ ʪʝʤʧʝʨʘʪʫʨʥʦʡ ʢʨʘʧʠʚʥʠʮʳ ʩ ʦʜʥʦʚʨʝʤʝʥʥʳʤ 

ʦʧʨʝʜʝʣʝʥʠʝʤ ʧʦʨʦʛʦʚʳʭ ʚʝʣʠʯʠʥ ʚʦʟʜʝʡʩʪʚʠʷ.  

 

 
ʈʠʩʫʥʦʢ 2 ï ɺʥʝʰʥʠʡ ʚʠʜ ʨʘʙʦʯʝʛʦ ʤʝʩʪʘ (ɸʈʄ) ʚʨʘʯʘ-ʜʠʘʛʥʦʩʪʘ ʚ ʩʙʦʨʝ. ʊʝʭʥʦʣʦʛʠʷ TempPro: 

ʪʝʨʤʦʤʦʜʫʣʴ TempPro + ʙʣʦʢ ʧʠʪʘʥʠʷ + ʇʂ (ʥʦʫʪʙʫʢ). 

ɸʧʧʘʨʘʪʫʨʘ ʦʙʝʩʧʝʯʠʚʘʝʪ ʧʦʜʜʝʨʞʘʥʠʝ ʩʪʘʙʠʣʴʥʳʭ ʟʘʜʘʥʥʳʭ ʟʥʘʯʝʥʠʡ ʪʝʤʧʝʨʘʪʫʨʳ ʥʘ ʢʦʥʮʘʭ 

ʘʧʧʣʠʢʘʪʦʨʘ ʜʣʠʥʦʡ 140 ʤʤ ʠ ʠʟʤʝʨʝʥʠʝ ʬʦʨʤʠʨʫʝʤʦʛʦ ʪʝʧʣʦʚʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʚʜʦʣʴ ʣʠʥʝʡʥʦʛʦ 

ʘʧʧʣʠʢʘʪʦʨʘ ʩ ʧʦʤʦʱʴʶ 8-ʠ ʨʘʚʥʦʤʝʨʥʦ ʨʘʩʧʨʝʜʝʣʝʥʥʳʭ (ʩ ʠʥʪʝʨʚʘʣʦʤ 20 ʤʤ) ʪʝʤʧʝʨʘʪʫʨʥʳʭ ʜʘʪʯʠʢʦʚ. 

ɿʥʘʯʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ ʚ ʧʨʦʤʝʞʫʪʢʝ ʤʝʞʜʫ 2-ʤʷ ʩʦʩʝʜʥʠʤʠ ʜʘʪʯʠʢʘʤʠ ʦʮʝʥʠʚʘʶʪʩʷ ʤʝʪʦʜʦʤ ʣʠʥʝʡʥʦʡ 

ʠʥʪʝʨʧʦʣʷʮʠʠ. ɺʝʣʠʯʠʥʘ ʚʦʟʜʝʡʩʪʚʠʷ ʟʘʜʘʝʪʩʷ ʧʨʦʛʨʘʤʤʥʦʡ ʥʘʩʪʨʦʡʢʦʡ ʪʝʤʧʝʨʘʪʫʨʥʦʡ ʰʢʘʣʳ ʠ ʠʤʝʝʪ ʚʠʜ 

ʤʦʥʦʪʦʥʥʦ ʠʟʤʝʥʷʶʱʝʛʦʩʷ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʧʨʦʬʠʣʷ ʩ ʤʠʥʠʤʘʣʴʥʳʤ ʠ ʤʘʢʩʠʤʘʣʴʥʳʤ ʟʥʘʯʝʥʠʝʤ 

ʪʝʤʧʝʨʘʪʫʨʳ ʚ ʨʘʟʨʝʰʝʥʥʳʭ ʧʨʝʜʝʣʘʭ ʦʪ 0 ʜʦ +45ÁC.  ʈʘʙʦʯʘʷ ʪʝʤʧʝʨʘʪʫʨʘ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ ʜʣʷ 

ʜʝʡʩʪʚʫʶʱʝʛʦ ʨʘʙʦʯʝʛʦ ʤʘʢʝʪʘ: ʦʪ +10 ʜʦ +30ÁC. ɺʣʘʞʥʦʩʪʴ ï ʜʦ 80%. ɺʨʝʤʷ ʦʪ ʚʢʣʶʯʝʥʠʷ ʜʦ ʧʝʨʝʭʦʜʘ ʚ 

ʨʘʙʦʯʠʡ ʨʝʞʠʤ (ʩʪʘʙʠʣʠʟʘʮʠʷ ʪʝʧʣʦʚʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ) ï 80 ʩʝʢ ʦʪ ʤʦʤʝʥʪʘ ʚʢʣʶʯʝʥʠʷ. ʇʦʛʨʝʰʥʦʩʪʴ 

ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʟʥʘʯʝʥʠʷ ʧʦʨʦʛʦʚʦʡ ʪʝʤʧʝʨʘʪʫʨʳ ʚʥʝʰʥʝʛʦ ʚʦʟʜʝʡʩʪʚʠʷ  ʦʮʝʥʠʚʘʝʪʩʷ ʢʘʢ Ñ0.5ÁC . ɺ ʮʝʣʦʤ, 

ʜʝʡʩʪʚʫʶʱʠʡ ʨʘʙʦʯʠʡ ʤʘʢʝʪ ɸʇʂ TempPro ʦʪʚʝʯʘʝʪ ʟʘʜʘʥʥʳʤ ʧʘʨʘʤʝʪʨʘʤ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ ʊɿ 

ʩʦʛʣʘʩʦʚʘʥʥʦʛʦ ʩ ɿʘʢʘʟʯʠʢʦʤ (ɻʂɹ-52 ɼɿ ʛ.ʄʦʩʢʚʘ).  

ɺ ʦʪʣʠʯʠʝ ʦʪ ʝʜʠʥʩʪʚʝʥʥʦ ʩʫʱʝʩʪʚʫʶʱʝʛʦ ʘʥʘʣʦʛ (TempTest), ʥʘʰ ʘʧʧʘʨʘʪʥʦ-ʧʨʦʛʨʘʤʤʥʳʡ ʢʦʤʧʣʝʢʩ 

(TempPro): 

  - ʧʦʟʚʦʣʷʝʪ ʟʘʨʘʥʝʝ ʚʳʙʨʘʪʴ ʣʶʙʦʡ ʨʝʞʠʤ ʚʥʝʰʥʝʛʦ ʪʝʧʣʦʚʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ, ʫʜʦʚʣʝʪʚʦʨʷʶʱʠʡ 

ʥʝʨʘʚʝʥʩʪʚʫ 0ÁC ÒTmin Ò Tmax Ò +45ÁC; 

- ʬʦʨʤʠʨʫʝʪ ʠ ʧʦʜʜʝʨʞʠʚʘʝʪ ʚ ʧʨʦʮʝʩʩʝ ʘʧʧʣʠʢʘʮʠʠ ʟʘʜʘʥʥʦʝ ʚʨʘʯʦʤ ï ʜʠʘʛʥʦʩʪʦʤ ʤʦʥʦʪʦʥʥʦ 

ʤʝʥʷʶʱʝʝʩʷ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ [ʦʪ Tmin ʜʦ Tmax] ʚʜʦʣʴ ʫʜʦʙʥʦʛʦ ʜʣʷ ʧʘʮʠʝʥʪʘ ʣʠʥʝʡʥʦʛʦ 

ʘʧʧʣʠʢʘʪʦʨʘ ʜʣʠʥʦʡ 14 ʩʤ; 

 - ʨʝʘʣʠʟʫʝʪ ʧʨʦʮʝʜʫʨʫ ʥʝʟʘʚʠʩʠʤʦʛʦ ʢʦʥʪʨʦʣʷ (ʠʟʤʝʨʝʥʠʷ) ʚ ʧʨʦʮʝʩʩʝ ʚʦʟʜʝʡʩʪʚʠʷ ʬʘʢʪʠʯʝʩʢʦʛʦ 

ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʧʨʦʬʠʣʷ ʘʧʧʣʠʢʘʪʦʨʘ ʚ ʤʝʩʪʝ ʢʦʥʪʘʢʪʘ ʩ ʢʦʞʥʳʤ ʧʦʢʨʦʚʦʤ; 

 - ʧʦʟʚʦʣʷʝʪ ʦʮʝʥʠʚʘʪʴ ʧʦʨʦʛʦʚʦʝ ʟʥʘʯʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʬʘʢʪʦʨʘ ʠ ʦʙʝʩʧʝʯʠʚʘʝʪ ʧʨʠ ʵʪʦʤ 

ʪʦʯʥʦʩʪʴ ʠʟʤʝʨʝʥʠʷ ʧʦʨʦʛʦʚʦʛʦ ʟʥʘʯʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ ʥʝ ʭʫʞʝ Ñ0.5ÁC. 

 



ʉɽʂʎʀʗ 1 - ʄʝʪʦʜʳ ʠ ʩʨʝʜʩʪʚʘ ʜʠʘʛʥʦʩʪʠʢʠ ʠ ʣʝʯʝʥʠʷ ʟʘʙʦʣʝʚʘʥʠʡ                  78 

 

 

XVI ʄʝʞʜʫʥʘʨʦʜʥʘʷ ʅʘʫʯʥʘʷ ʂʦʥʬʝʨʝʥʮʠʷ "ʌʠʟʠʢʘ ʠ ʈʘʜʠʦʵʣʝʢʪʨʦʥʠʢʘ ʚ ʄʝʜʠʮʠʥʝ ʠ 

ʕʢʦʣʦʛʠʠ" 

 

 
ʈʠʩʫʥʦʢ 3 ï ɺʘʨʠʘʥʪʳ ʧʦʣʦʞʠʪʝʣʴʥʦʡ ʨʝʘʢʮʠʠ ʩʧʫʩʪʷ ʚʨʝʤʷ ʨʝʣʘʢʩʘʮʠʠ 10 ʤʠʥ, ʧʨʠ ʧʨʝʜʰʝʩʪʚʫʶʱʝʡ 

5-ʤʠʥʫʪʥʦʡ ʘʧʧʣʠʢʘʮʠʠ ʚ ʨʝʞʠʤʝ 0Á/+20ÁC. 
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The report describes the results of the development of the TempPro temperature profiler at the Kotelnikov IRE RAS, 

designed for provocative testing of patients with temperature urticaria, including its thermal and cold variants. In 

addition to confirming or denying the role of the temperature (thermal) factor as a trigger for a specific biochemical 

reaction, the technique also provides a quantitative determination of the threshold value of this factor in the case of a 

positive reaction to the tested variant of urticaria. The device is implemented in the form of an operating working 

layout with an appropriate basic set of software, and, unlike existing analogues, provides the possibility of selecting 

and subsequent monitoring by a diagnostician of the necessary temperature distribution along the linear applicator in 

the temperature range from +0 to +45 ÁC and exposure time from 1 to 20 minutes. The achieved accuracy of 

measuring the threshold temperature value is at least Ñ 0.5 ÁC. The report provides examples of the device's 

operation in various modes and the results of provocative effects on the skin of the studied patients. 

 

Key words: urticaria, physical triggers, provocative testing, blister, angioedema, temperature, Temp Test, 

Temp Pro 
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ʅʀɿʂʆʇʈʆʌʀʃʔʅɸʗ ʐʀʈʆʂʆʇʆʃʆʉʅɸʗ ɸʅʊɽʅʅɸ-ɸʇʇʃʀʂɸʊʆʈ ɼʃʗ 
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ʄʝʪʦʜ ʤʠʢʨʦʚʦʣʥʦʚʦʡ ʨʘʜʠʦʪʝʨʤʦʤʝʪʨʠʠ ʦʩʥʦʚʘʥ ʥʘ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʝʩʪʝʩʪʚʝʥʥʦʛʦ 

ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʛʦ ʠʟʣʫʯʝʥʠʷ ʧʨʦʠʟʚʦʣʴʥʳʤʠ ʦʙʲʝʢʪʘʤʠ (ʚ ʪʦʤ ʯʠʩʣʝ ʠ ʪʢʘʥʷʤʠ ʞʠʚʳʭ ʩʫʱʝʩʪʚ), 

ʪʝʤʧʝʨʘʪʫʨʘ  ʢʦʪʦʨʳʭ ʦʪʣʠʯʥʘ ʦʪ ʘʙʩʦʣʶʪʥʦʛʦ ʥʫʣʷ. ʊʘʢʠʝ ʪʝʣʘ ʠʟʣʫʯʘʶʪ ʧʨʘʢʪʠʯʝʩʢʠ ʚʩʝ ʜʣʠʥʳ ʚʦʣʥ ʩ 

ʠʥʪʝʥʩʠʚʥʦʩʪʷʤʠ, ʧʦʜʯʠʥʷʶʱʠʤʠʩʷ ʟʘʢʦʥʫ ʇʣʘʥʢʘ. ɺ ʢʘʯʝʩʪʚʝ ʜʘʪʯʠʢʦʚ ʤʠʢʨʦʚʦʣʥʦʚʦʛʦ ʠʟʣʫʯʝʥʠʷ 

ʠʩʧʦʣʴʟʫʶʪʩʷ ʘʥʪʝʥʥʳ-ʘʧʧʣʠʢʘʪʦʨʳ, ʨʘʩʧʦʣʘʛʘʝʤʳʝ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʙʠʦʣʦʛʠʯʝʩʢʦʛʦ 

ʦʙʲʝʢʪʘ ʠ ʧʦʜʢʣʶʯʘʝʤʳʝ ʢ ʚʭʦʜʫ ʯʫʚʩʪʚʠʪʝʣʴʥʦʛʦ ʨʘʜʠʦʤʝʪʨʠʯʝʩʢʦʛʦ ʧʨʠʝʤʥʠʢʘ.  

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʥʝʩʢʦʣʴʢʠʭ ʘʥʪʝʥʥ ʠ ʤʥʦʛʦʢʘʥʘʣʴʥʳʭ ʨʘʜʠʦʤʝʪʨʠʯʝʩʢʠʭ ʧʨʠʝʤʥʠʢʦʚ, ʨʘʙʦʪʘʶʱʠʭ ʚ 

ʉɺʏ-ʜʠʘʧʘʟʦʥʝ, ʧʦʟʚʦʣʷʝʪ ʧʨʦʚʦʜʠʪʴ ʜʠʥʘʤʠʯʝʩʢʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʛʣʫʙʠʥʥʳʭ ʪʝʤʧʝʨʘʪʫʨ ʪʝʣʘ ʯʝʣʦʚʝʢʘ ʩ 

ʢʦʤʧʴʶʪʝʨʥʦʡ ʦʙʨʘʙʦʪʢʦʡ ʠ ʧʨʝʜʩʪʘʚʣʝʥʠʝʤ ʨʝʟʫʣʴʪʘʪʦʚ ʚ ʚʠʜʝ ʪʝʤʧʝʨʘʪʫʨʥʳʭ ʢʘʨʪ ʠ ʜʠʥʘʤʠʯʝʩʢʠʭ 

ʛʨʘʬʠʢʦʚ. ʊʝʧʣʦʚʳʝ ʘʥʦʤʘʣʠʠ ʚ ʦʨʛʘʥʘʭ ʠ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʪʢʘʥʷʭ, ʢʘʢ ʧʨʘʚʠʣʦ,  ʩʚʷʟʘʥʳ ʩ ʥʘʣʠʯʠʝʤ  

ʧʘʪʦʣʦʛʠʯʝʩʢʠʭ ʠʟʤʝʥʝʥʠʡ. ʇʨʝʠʤʫʱʝʩʪʚʦʤ ʤʠʢʨʦʚʦʣʥʦʚʦʡ ʨʘʜʠʦʪʝʨʤʦʤʝʪʨʠʠ ʷʚʣʷʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴ 

ʥʝʠʥʚʘʟʠʚʥʦʛʦ ʚʳʷʚʣʝʥʠʷ  ʟʣʦʢʘʯʝʩʪʚʝʥʥʳʭ ʥʦʚʦʦʙʨʘʟʦʚʘʥʠʡ ʥʘ ʨʘʥʥʝʡ ʩʪʘʜʠʠ ʠʭ ʨʘʟʚʠʪʠʷ. 

ʀʩʩʣʝʜʦʚʘʥʠʶ ʘʥʪʝʥʥ-ʘʧʧʣʠʢʘʪʦʨʦʚ ʨʘʟʣʠʯʥʳʭ ʪʠʧʦʚ ʧʦʩʚʷʱʝʥʳ ʨʘʙʦʪʳ [1-9].    ʌʫʥʢʮʠʦʥʠʨʦʚʘʥʠʝ 

ʤʥʦʛʦʢʘʥʘʣʴʥʳʭ   ʘʥʪʝʥʥʳʭ ʨʝʰʝʪʦʢ ʚ ʥʝʩʢʦʣʴʢʠʭ ʯʘʩʪʦʪʥʳʭ ʜʠʘʧʘʟʦʥʘʭ ʦʙʝʩʧʝʯʠʚʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ 

ʠʟʤʝʨʝʥʠʷ ʨʘʜʠʦʷʨʢʦʩʪʥʳʭ ʪʝʤʧʝʨʘʪʫʨ ʥʘ ʨʘʟʥʦʡ ʛʣʫʙʠʥʝ ʠ ʧʦʟʚʦʣʷʷ ʩʫʱʝʩʪʚʝʥʥʦ ʧʦʚʳʩʠʪʴ ʨʘʟʨʝʰʘʶʱʫʶ 

ʩʧʦʩʦʙʥʦʩʪʴ ʩʠʩʪʝʤʳ ʨʘʜʠʦʪʝʨʤʦʢʘʨʪʠʨʦʚʘʥʠʷ. 

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʦʨʠʛʠʥʘʣʴʥʘʷ ʢʦʥʩʪʨʫʢʮʠʷ ʥʠʟʢʦʧʨʦʬʠʣʴʥʦʡ ʰʠʨʦʢʦʧʦʣʦʩʥʦʡ ʡ 

ʘʥʪʝʥʥʳ ʘʧʧʣʠʢʘʪʦʨʘ, ʧʨʝʜʥʘʟʥʘʯʝʥʥʘʷ ʜʣʷ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚ ʢʘʯʝʩʪʚʝ ʵʣʝʤʝʥʪʘ ʘʥʪʝʥʥʦʡ ʨʝʰʝʪʢʠ  

ʤʥʦʛʦʢʘʥʘʣʴʥʦʛʦ ʤʥʦʛʦʯʘʩʪʦʪʥʦʛʦ ʨʘʜʠʦʪʝʨʤʦʛʨʘʬʘ, ʧʨʝʜʥʘʟʥʘʯʝʥʥʦʛʦ ʜʣʷ ʚʳʷʚʣʝʥʠʷ ʪʝʧʣʦʚʳʭ ʘʥʦʤʘʣʠʡ 

ʚ ʣʝʛʢʠʭ ʯʝʣʦʚʝʢʘ. 

ʄʦʞʥʦ ʩʬʦʨʤʫʣʠʨʦʚʘʪʴ ʨʷʜ ʦʩʥʦʚʥʳʭ ʪʝʭʥʠʯʝʩʢʠʭ ʪʨʝʙʦʚʘʥʠʡ, ʢʦʪʦʨʳʤ ʜʦʣʞʥʳ ʫʜʦʚʣʝʪʚʦʨʷʪʴ 

ʘʥʪʝʥʥʳ-ʘʧʧʣʠʢʘʪʦʨʳ ʠ ʘʥʪʝʥʥʳʝ ʨʝʰʝʪʢʠ, ʠʩʧʦʣʴʟʫʝʤʳʝ ʚ ʤʝʜʠʮʠʥʩʢʠʭ ʨʘʜʠʦʪʝʨʤʦʛʨʘʬʘʭ: 

ī ʤʠʥʠʤʘʣʴʥʦʝ ʚʣʠʷʥʠʝ ʥʘ ʪʝʤʧʝʨʘʪʫʨʫ ʧʦʚʝʨʭʥʦʩʪʠ ʙʠʦʣʦʛʠʯʝʩʢʦʛʦ ʦʙʲʝʢʪʘ ʚ ʤʝʩʪʝ ʢʦʥʪʘʢʪʘ ʩ 

ʘʥʪʝʥʥʦʡ; 

ī ʦʧʪʠʤʘʣʴʥʦʝ ʩʦʛʣʘʩʦʚʘʥʠʝ ʥʘ ʛʨʘʥʠʮʝ ʨʘʟʜʝʣʘ ʩʨʝʜ "ʘʥʪʝʥʥʘ-ʙʠʦʣʦʛʠʯʝʩʢʠʡ ʦʙʲʝʢʪ", 

ʛʘʨʘʥʪʠʨʫʶʱʝʝ ʤʠʥʠʤʠʟʘʮʠʶ ʧʦʪʝʨʴ ʠ ʨʝʘʣʠʟʘʮʠʶ ʪʨʝʙʫʝʤʦʡ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ ʧʨʠʙʦʨʘ; 

ī ʚʳʩʦʢʠʝ ʵʥʝʨʛʝʪʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ, ʯʪʦ ʦʙʝʩʧʝʯʠʪ ʧʨʠʝʤ ʩʦʙʩʪʚʝʥʥʦʛʦ ʠʟʣʫʯʝʥʠʷ 

ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʪʢʘʥʝʡ ʚ ʤʠʢʨʦʚʦʣʥʦʚʦʤ ʜʠʘʧʘʟʦʥʝ ʩ ʙʦʣʴʰʝʡ ʛʣʫʙʠʥʳ; 

ī ʤʠʥʠʘʪʶʨʥʦʩʪʴ, ʯʪʦ ʦʙʝʩʧʝʯʠʪ ʚʦʟʤʦʞʥʦʩʪʴ ʠʭ ʧʨʠʤʝʥʝʥʠʝ ʘʥʪʝʥʥ-ʘʧʧʣʠʢʘʪʦʨʦʚ ʜʣʷ ʚʳʷʚʣʝʥʠʷ 

ʪʝʤʧʝʨʘʪʫʨʥʳʭ ʘʥʦʤʘʣʠʡ ʚ ʦʨʛʘʥʘʭ ʥʝʙʦʣʴʰʠʭ ʨʘʟʤʝʨʦʚ, ʘ ʪʘʢʞʝ ʧʨʠʤʝʥʝʥʠʝ ʚ ʤʥʦʛʦʢʘʥʘʣʴʥʳʭ 

ʨʘʜʠʦʤʝʪʨʠʯʝʩʢʠʭ ʩʠʩʪʝʤʘʭ; 

ī h ʠʨʦʢʘʷ ʧʦʣʦʩʘ ʨʘʙʦʯʠʭ ʯʘʩʪʦʪ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʚʦʟʤʦʞʥʦʩʪʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʘʥʪʝʥʥ-ʘʧʧʣʠʢʘʪʦʨʦʚ 

ʚ ʤʥʦʛʦʯʘʩʪʦʪʥʳʭ ʨʘʜʠʦʪʝʨʤʦʛʨʘʬʘʭ ʜʣʷ ʠʟʤʝʨʝʥʠʷ ʨʘʜʠʦʷʨʢʦʩʪʥʳʭ ʪʝʤʧʝʨʘʪʫʨ ʥʘ ʨʘʟʣʠʯʥʳʭ  ʛʣʫʙʠʥʘʭ 

ʙʠʦʣʦʛʠʯʝʩʢʦʛʦ  ʦʙʲʝʢʪʘ; 

ī ʧʦʤʝʭʦʟʘʱʠʱʝʥʥʦʩʪʴ, ʦʙʝʩʧʝʯʠʚʘʶʱʘʷ ʚʦʟʤʦʞʥʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʨʘʜʠʦʪʝʨʤʦʛʨʘʬʘ ʚʥʝ 

ʵʢʨʘʥʠʨʦʚʘʥʥʳʭ ʢʘʤʝʨ. 

ʆʪʣʠʯʠʪʝʣʴʥʦʡ ʦʩʦʙʝʥʥʦʩʪʴʶ ʘʥʪʝʥʥ-ʘʧʧʣʠʢʘʪʦʨʦʚ, ʠʩʧʦʣʴʟʫʝʤʳʭ ʜʠʘʛʥʦʩʪʠʯʝʩʢʠʭ 

ʨʘʜʠʦʤʝʪʨʠʯʝʩʢʠʭ ʩʠʩʪʝʤʘʭ  ʷʚʣʷʝʪʩʷ ʪʦ, ʯʪʦ ʦʥʠ ʦʩʫʱʝʩʪʚʣʷʶʪ ʧʨʠʝʤ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʛʦ ʠʟʣʫʯʝʥʠʷ ʠʟ 

ʣʦʢʘʣʴʥʳʭ ʦʙʣʘʩʪʝʡ ʧʨʦʩʪʨʘʥʩʪʚʘ ʥʘ ʨʘʩʩʪʦʷʥʠʠ, ʩʦʧʦʩʪʘʚʠʤʦʤ ʩ ʨʘʟʤʝʨʘʤʠ ʘʥʪʝʥʥ.  ʇʨʠ ʵʪʦʤ ʘʥʪʝʥʥʳ-

ʘʧʧʣʠʢʘʪʦʨʳ  ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʢʦʥʪʘʢʪʠʨʫʶʪ ʩʦ ʩʨʝʜʘʤʠ ʩʦ ʟʥʘʯʠʪʝʣʴʥʳʤ ʟʘʪʫʭʘʥʠʝʤ ʠ ʚʳʩʦʢʠʤ ʟʥʘʯʝʥʠʝʤ  

ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʡ ʧʦʩʪʦʷʥʥʦʡ.  

ʅʘ ʨʠʩʫʥʢʝ 1 ʧʨʝʜʩʪʘʚʣʝʥʘ ʤʦʜʝʣʴ ʱʝʣʝʚʦʡ ʘʥʪʝʥʥʳ ʘʧʧʣʠʢʘʪʦʨʘ çʛʘʥʪʝʣʴʥʦʛʦè ʪʠʧʘ., ʘ ʥʘ ʨʠʩʫʥʢʝ 1 

- ʨʘʟʤʝʱʝʥʠʝ ʤʦʜʝʣʠ ʘʥʪʝʥʥʳ  ʥʘ ʬʘʥʪʦʤʝ ʣʝʛʢʦʛʦ ʯʝʣʦʚʝʢʘ. 
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XVI ʄʝʞʜʫʥʘʨʦʜʥʘʷ ʅʘʫʯʥʘʷ ʂʦʥʬʝʨʝʥʮʠʷ "ʌʠʟʠʢʘ ʠ ʈʘʜʠʦʵʣʝʢʪʨʦʥʠʢʘ ʚ ʄʝʜʠʮʠʥʝ ʠ 

ʕʢʦʣʦʛʠʠ" 

 

  
ʘ ɹ 

ʈʠʩʫʥʦʢ 1 ï ʄʦʜʝʣʴ ʱʝʣʝʚʦʡ ʘʥʪʝʥʥʳ ʘʧʧʣʠʢʘʪʦʨʘ çʛʘʥʪʝʣʴʥʦʛʦè ʪʠʧʘ: ʘ- ʚʠʜ ʥʘ ʚʥʫʪʨʝʥʥʶʶ 

ʩʪʨʫʢʪʫʨʫ ʘʥʪʝʥʥʳ (ʢʨʳʰʢʘ ʢʦʨʧʫʩʘ ʩʥʷʪʘ); ʙ- ʚʠʜ ʥʘ ʚʥʫʪʨʝʥʥʶʶ ʩʪʨʫʢʪʫʨʫ (ʨʘʟʨʝʟ) 

ɼʣʷ ʨʘʩʯʝʪʘ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ ʧʝʯʘʪʥʦʡ ʘʥʪʝʥʥʳ-ʘʧʧʣʠʢʘʪʦʨʘ ʚ ʚʠʜʝ ʱʝʣʝʚʦʡ ʧʝʯʘʪʥʦʡ ʘʥʪʝʥʥʳ ʚ 

ʚʠʜʝ çʚʦʩʴʤʝʨʢʠè, ʨʘʩʧʦʣʦʞʝʥʥʦʡ ʥʘ ʬʘʥʪʦʤʝ ʣʝʛʢʦʛʦ ʯʝʣʦʚʝʢʘ, ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʯʠʩʣʝʥʥʳʝ ʤʝʪʦʜʳ 

ʵʣʝʢʪʨʦʜʠʥʘʤʠʯʝʩʢʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ. ʌʘʥʪʦʤ ʣʝʛʢʦʛʦ ʯʝʣʦʚʝʢʘ  ʠʤʝʝʪ ʬʦʨʤʫ ʢʫʙʘ ʩ ʛʘʙʘʨʠʪʥʳʤʠ 

ʨʘʟʤʝʨʘʤʠ 100ʯʭ100ʭ100 ʤʤ, ʧʘʨʘʤʝʪʨʳ ʬʘʥʪʦʤʘ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣʠʮʝ 1. 

ʊʘʙʣʠʮʘ 1 

ʉʣʦʡ ʊʦʣʱʠʥʘ  ʩʣʦʷ, ʤʤ ʆʪʥʦʩʠʪʝʣʴʥʘʷ  

ʜʠʵʣʝʢʪʨʠʯʝʩʢʘʷ 

ʧʨʦʥʠʮʘʝʤʦʩʪʴ 

ʇʨʦʚʦʜʠʤʦʩʪʴ, 

ʉʤ/ʤ 

ʂʦʞʘ            2      37,22      2,17 

ʊʨʫʙʯʘʪʘʷ ʢʦʩʪʴ           10      17,55      1,23 

ʃʝʛʦʯʥʘʷ ʪʢʘʥʴ           88       47      2,67 

 

ʈʘʩʯʝʪʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ  ʂʉɺʅ  ʱʝʣʝʚʦʡ ʘʥʪʝʥʥʳ - ʘʧʧʣʠʢʘʪʦʨʘ çʛʘʥʪʝʣʴʥʦʛʦè ʪʠʧʘ,  ʨʘʩʧʦʣʦʞʝʥʥʦʡ 

ʥʘ ʬʘʥʪʦʤʝ ʣʝʛʢʦʛʦ ʯʝʣʦʚʝʢʘ,  ʦʪ ʯʘʩʪʦʪʳ ʧʨʠʚʝʜʝʥʘ ʥʘ ʨʠʩʫʥʢʝ 2. 

 
ʈʠʩʫʥʦʢ 2 ï ʈʘʩʯʝʪʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ  ʂʉɺʅ  ʱʝʣʝʚʦʡ ʘʥʪʝʥʥʳ - ʘʧʧʣʠʢʘʪʦʨʘ çʛʘʥʪʝʣʴʥʦʛʦè ʪʠʧʘ,  

ʨʘʩʧʦʣʦʞʝʥʥʦʡ ʥʘ ʬʘʥʪʦʤʝ ʣʝʛʢʦʛʦ ʯʝʣʦʚʝʢʘ,  ʦʪ ʯʘʩʪʦʪʳ  

 

      ʂʘʢ ʚʠʜʥʦ ʠʟ ʨʠʩ. 2. ʧʨʝʜʣʦʞʝʥʥʘʷ ʘʥʪʝʥʥʘ-ʘʧʧʣʠʢʘʪʦʨ  ʠʤʝʝʪ ʰʠʨʦʢʠʡ ʨʘʙʦʯʠʡ ʜʠʘʧʘʟʦʥ ʯʘʩʪʦʪ ʠ 

ʤʦʞʝʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʘ ʚ ʩʦʩʪʘʚʝ ʤʥʦʛʦʯʘʩʪʦʪʥʦʛʦ ʨʘʜʠʦʪʝʨʤʦʛʨʘʬʘ. 

         ʈʝʟʫʣʴʪʘʪʳ ʨʘʩʯʝʪʘ ʨʘʩʧʨʝʜʝʣʝʥʠʡ ʧʦʛʣʦʱʘʝʤʦʡ ʤʦʱʥʦʩʪʠ ʚ ʬʘʥʪʦʤʝ ʣʝʛʢʠʭ: ʘ-ʚ ʧʣʦʩʢʦʩʪʠ Z-X; ʚ 

ʧʣʦʩʢʦʩʪʠ Z- Y, ʚ- ʚ ʧʣʦʩʢʦʩʪʠ X- Y ʧʦʢʘʟʘʥʳ ʥʘ ʨʠʩʫʥʢʝ 3. 
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ʘ ʙ ɺ 

ʈʠʩʫʥʦʢ 3 ï ʈʘʩʧʨʝʜʝʣʝʥʠʷ ʧʦʛʣʦʱʘʝʤʦʡ ʤʦʱʥʦʩʪʠ ʚ ʬʘʥʪʦʤʝ ʣʝʛʢʠʭ: ʘ-ʚ ʧʣʦʩʢʦʩʪʠ Z-X; ʚ 

ʧʣʦʩʢʦʩʪʠ Z- Y, ʚ- ʚ ʧʣʦʩʢʦʩʪʠ X- Y 

         ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʧʦʛʣʦʱʘʝʤʦʡ  ʤʦʱʥʦʩʪʠ ʚ ʬʘʥʪʦʤʝ ʣʝʛʢʦʛʦ ʠʤʝʝʪ ʚʳʨʘʞʝʥʥʫʶ ʥʘʧʨʘʚʣʝʥʥʦʩʪʴ, ʯʪʦ 

ʩʧʦʩʦʙʩʪʚʫʝʪ ʧʦʚʳʰʝʥʠʶ ʨʘʟʨʝʰʘʶʱʝʡ ʩʧʦʩʦʙʥʦʩʪʠ  ʤʝʜʠʮʠʥʩʢʦʛʦ ʨʘʜʠʦʪʝʨʤʦʛʨʘʬʘ ʧʨʠ ʦʙʥʘʨʫʞʝʥʠʠ 

ʪʝʧʣʦʚʳʭ ʘʥʦʤʘʣʠʡ ʚ ʣʝʛʢʠʭ ʯʝʣʦʚʝʢʘ. 

 

ɺ ʢʘʯʝʩʪʚʝ ʧʘʨʘʤʝʪʨʘ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʝʛʦ ʧʦʤʝʭʦʟʘʱʠʱʝʥʥʦʩʪʴ ʘʥʪʝʥʥ-ʘʧʧʣʠʢʘʪʦʨʦʚ, ʙʳʣʦ 

ʧʨʝʜʣʦʞʝʥʦ ʨʘʩʩʤʘʪʨʠʚʘʪʴ   ʢʦʵʬʬʠʮʠʝʥʪ ʫʩʠʣʝʥʠʷ ʘʥʪʝʥʥʳ-ʘʧʧʣʠʢʘʪʦʨʘ ʚ ʤʘʢʩʠʤʫʤʝ ʜʠʘʛʨʘʤʤʳ 

ʥʘʧʨʘʚʣʝʥʥʦʩʪʠ [10]. ʈʝʟʫʣʴʪʘʪʳ  ʨʘʩʯʝʪʘ ʜʠʘʛʨʘʤʤʳ  ʥʘʧʨʘʚʣʝʥʥʦʩʪʠ ʥʘʛʨʫʞʝʥʥʦʡ ʱʝʣʝʚʦʡ ʘʥʪʝʥʥʳ- 

ʘʧʧʣʠʢʘʪʦʨʘ çʛʘʥʪʝʣʴʥʦʛʦè ʪʠʧʘ  ʚ  ʚʝʨʪʠʢʘʣʴʥʦʡ ʧʣʦʩʢʦʩʪʠ  ʥʘ ʯʘʩʪʦʪʝ 4 ɻɻʮ (ʨʠʩʫʥʦʢ 4). 

 
ʈʠʩʫʥʦʢ 4 ï ɼʠʘʛʨʘʤʤʘ ʥʘʧʨʘʚʣʝʥʥʦʩʪʠ ʥʘʛʨʫʞʝʥʥʦʡ ʱʝʣʝʚʦʡ ʘʥʪʝʥʥʳ- ʘʧʧʣʠʢʘʪʦʨʘ çʛʘʥʪʝʣʴʥʦʛʦè 

ʪʠʧʘ  ʚ ʚʝʨʪʠʢʘʣʴʥʦʡ ʧʣʦʩʢʦʩʪʠ  ʥʘ ʯʘʩʪʦʪʝ 4 ɻɻʮ 

 

ʇʨʝʜʣʦʞʝʥʥʘʷ ʱʝʣʝʚʘʷ ʘʥʪʝʥʥʘ-ʘʧʧʣʠʢʘʪʦʨ çʛʘʥʪʝʣʴʥʦʛʦè ʪʠʧʘ  ʠʤʝʝʪ ʧʨʦʩʪʫʶ ʢʦʥʩʪʨʫʢʮʠʶ ʠ 

ʦʙʣʘʜʘʝʪ ʰʠʨʦʢʦʧʦʣʦʩʥʦʩʪʴʶ, ʥʝʦʙʭʦʜʠʤʦʡ ʜʣʷ ʨʘʙʦʪʳ ʚ ʥʝʩʢʦʣʴʢʠʭ ʯʘʩʪʦʪʥʳʭ ʜʠʘʧʘʟʦʥʘʭ. ʕʪʦ 

ʦʙʝʩʧʝʯʠʚʘʝʪ 3D ʚʠʟʫʘʣʠʟʘʮʠʶ  ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨ ʚ ʙʠʦʣʦʛʠʯʝʩʢʦʤ ʦʙʲʝʢʪʝ ʧʨʠ  ʝʝ ʠʩʧʦʣʴʟʦʚʘʥʠʠ 

ʚ ʢʘʯʝʩʪʚʝ ʵʣʝʤʝʥʪʘ ʘʥʪʝʥʥʦʡ ʨʝʰʝʪʢʠ  ʤʥʦʛʦʢʘʥʘʣʴʥʦʛʦ ʤʥʦʛʦʯʘʩʪʦʪʥʦʛʦ ʨʘʜʠʦʪʝʨʤʦʛʨʘʬʘ.  

ʀʩʩʣʝʜʦʚʘʥʠʝ ʚʳʧʦʣʥʝʥʦ ʟʘ ʩʯʝʪ ʛʨʘʥʪʘ ʈʦʩʩʠʡʩʢʦʛʦ ʥʘʫʯʥʦʛʦ ʬʦʥʜʘ ˉ 22-19-00113, 

https://rscf.ru/project/22-19-00113/. 
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         The design of a low-profile broadband slit antenna applicator in the form of a "dumbbell" designed for 

use as elements of a conformal antenna array of a multichannel medical radiothermograph is considered. The 

main characteristics of the antenna in the frequency range from 2 to 5 GHz have been simulated. A distinctive 

feature of the antenna is its small overall dimensions and high manufacturability. This work was financially 

supported by the Russian Science Foundation (project No. 22-19-00113),   https://rscf.ru/project/22-19-

00113/. 

ïïïïïïïïïïïïïïïï ǅïïïïïïïïïïïïïïïï 

ʄɽʊʆɼ ɻʀʇɽʈʉʇɽʂʊʈɸʃʔʅʆʁ ɺʀɿʋɸʃʀɿɸʎʀʀ ɼʃʗ ʆʇʈɽɼɽʃɽʅʀʗ 

ʄʀʂʈʆʎʀʈʂʋʃʗʊʆʈʅʓʍ ʅɸʈʋʐɽʅʀʁ ʊʂɸʅɽʁ ʂʀʐɽʏʅʆʁ ʉʊɽʅʂʀ 

ɻʦʨʶʥʦʚ ʀ.ɸ.1, ʐʫʧʣʝʮʦʚ ɺ.ɺ.1, ɸʜʘʤʝʥʢʦʚ ʅ.ɸ.1,2, ʄʘʤʦʰʠʥ ɸ.ɺ.1,2, ʇʦʪʘʧʦʚʘ ɽ.ɺ.1,               ɼʫʥʘʝʚ 

ɸ.ɺ.1, ɼʨʸʤʠʥ ɺ.ɺ.1 

1ʅʘʫʯʥʦ-ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʮʝʥʪʨ ʙʠʦʤʝʜʠʮʠʥʩʢʦʡ ʬʦʪʦʥʠʢʠ ʆɻʋ ʠʤʝʥʠ ʀ.ʉ. ʊʫʨʛʝʥʝʚʘ, ʆʨʸʣ, 

ʈʦʩʩʠʷ 

2ɹʋɿ ʆʨʣʦʚʩʢʦʡ ʦʙʣʘʩʪʠ çʆʨʣʦʚʩʢʘʷ ʦʙʣʘʩʪʥʘʷ ʢʣʠʥʠʯʝʩʢʘʷ ʙʦʣʴʥʠʮʘè, ʆʨʸʣ, ʈʦʩʩʠʷ 

i.goryunov@oreluniver.ru 

ʂʠʰʝʯʥʘʷ ʠʰʝʤʠʷ ï ʵʪʦ ʩʦʩʪʦʷʥʠʝ, ʩʚʷʟʘʥʥʦʝ ʩ ʨʘʟʣʠʯʥʳʤʠ ʥʘʨʫʰʝʥʠʷʤʠ, ʚʳʟʳʚʘʶʱʠʤʠ 

ʥʝʜʦʩʪʘʪʦʯʥʳʡ ʧʨʠʪʦʢ ʢʨʦʚʠ ʢ ʢʠʰʝʯʥʠʢʫ. ʕʪʠʦʣʦʛʠʯʝʩʢʠʝ ʬʘʢʪʦʨʳ, ʧʨʠʚʦʜʷʱʠʝ ʢ ʤʝʟʝʥʪʝʨʠʘʣʴʥʦʡ 

ʠʰʝʤʠʠ, ʢʘʢ ʧʨʘʚʠʣʦ, ʧʨʝʜʩʪʘʚʣʝʥʳ ʟʘʙʦʣʝʚʘʥʠʷʤʠ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʧʨʠʚʝʩʪʠ ʢ ʟʘʤʝʜʣʝʥʠʶ ʠʣʠ 

ʧʨʝʢʨʘʱʝʥʠʶ ʪʦʢʘ ʢʨʦʚʠ ʧʦ ʙʨʳʞʝʝʯʥʳʤ ʩʦʩʫʜʘʤ [1]. ʄʝʭʘʥʠʟʤ ʮʠʨʢʫʣʷʪʦʨʥʳʭ ʥʘʨʫʰʝʥʠʡ ʠ ʠʰʝʤʠʯʝʩʢʠʭ 

ʨʘʩʩʪʨʦʡʩʪʚ ʚ ʙʦʣʴʰʠʥʩʪʚʝ ʩʣʫʯʘʝʚ ʠʤʝʶʪ ʝʜʠʥʳʡ ʩʮʝʥʘʨʠʡ ʨʘʟʚʠʪʠʷ, ʢʦʪʦʨʳʡ ʥʘʧʨʷʤʫʶ ʩʚʷʟʘʥ ʩ 

ʥʘʨʫʰʝʥʠʝʤ ʤʠʢʨʦʮʠʨʢʫʣʷʮʠʠ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʮʠʨʢʫʣʷʪʦʨʥʦʡ ʛʠʧʦʢʩʠʠ ʢʠʰʝʯʥʦʡ ʩʪʝʥʢʠ [2]. ʊʠʧ ʠ 

ʧʨʦʛʥʦʟ ʪʘʢʦʛʦ ʧʦʚʨʝʞʜʝʥʠʷ ʟʘʚʠʩʠʪ ʦʪ ʤʥʦʞʝʩʪʚʘ ʬʘʢʪʦʨʦʚ, ʚ ʪʦʤ ʯʠʩʣʝ ʠ ʦʪ ʪʦʛʦ, ʥʘʩʢʦʣʴʢʦ ʩʚʦʝʚʨʝʤʝʥʥʦ 

ʧʨʦʚʝʜʝʥʘ ʩʦʦʪʚʝʪʩʪʚʫʶʱʘʷ ʜʠʘʛʥʦʩʪʠʢʘ. ʈʘʥʥʷʷ ʧʦʩʪʘʥʦʚʢʘ ʜʠʘʛʥʦʟʘ ʠʤʝʝʪ ʞʠʟʥʝʥʥʦ ʚʘʞʥʦʝ ʟʥʘʯʝʥʠʝ ʜʣʷ 

ʦʙʝʩʧʝʯʝʥʠʷ ʜʦʩʪʘʪʦʯʥʦʡ ʬʫʥʢʮʠʦʥʘʣʴʥʦʩʪʠ ʢʠʰʝʯʥʠʢʘ, ʘ ʪʘʢʞʝ ʜʣʷ ʧʨʝʜʦʪʚʨʘʱʝʥʠʷ ʨʘʟʣʠʯʥʳʭ 

ʧʦʩʣʝʜʩʪʚʠʡ, ʪʘʢʠʭ ʢʘʢ ʥʝʢʨʦʟ, ʧʝʨʠʪʦʥʠʪ ʠ ʚʦʟʤʦʞʥʘʷ ʩʤʝʨʪʴ ʧʘʮʠʝʥʪʘ. ʇʨʠ ʦʧʝʨʘʪʠʚʥʦʤ ʚʤʝʰʘʪʝʣʴʩʪʚʝ 
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ʫʩʧʝʰʥʦʝ ʣʝʯʝʥʠʝ ʟʘʚʠʩʠʪ ʦʪ ʪʦʯʥʦʛʦ ʦʧʨʝʜʝʣʝʥʠʷ ʞʠʟʥʝʩʧʦʩʦʙʥʦʩʪʠ ʧʦʨʘʞʝʥʥʦʛʦ ʢʠʰʝʯʥʠʢʘ. ɺʘʞʥʦ 

ʦʪʤʝʪʠʪʴ, ʯʪʦ ʨʝʟʝʢʮʠʷ ʥʝʧʦʣʥʦʛʦ ʫʯʘʩʪʢʘ ʠʰʝʤʠʟʠʨʦʚʘʥʥʦʡ ʢʠʰʢʠ ʧʦʚʳʰʘʝʪ ʚʝʨʦʷʪʥʦʩʪʴ ʧʝʨʬʦʨʘʮʠʠ ʠ 

ʩʝʧʩʠʩʘ. ʀ ʥʘʦʙʦʨʦʪ, ʝʩʣʠ ʨʝʟʝʢʮʠʠ ʧʦʜʚʝʨʛʥʝʪʩʷ ʚʩʷ ʠʰʝʤʠʟʠʨʦʚʘʥʥʘʷ ʦʙʣʘʩʪʴ, ʚʢʣʶʯʘʷ ʟʜʦʨʦʚʳʝ ʫʯʘʩʪʢʠ, 

ʵʪʦ ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ ʨʘʟʚʠʪʠʶ ʩʠʥʜʨʦʤʘ ʢʦʨʦʪʢʦʡ ʢʠʰʢʠ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʩʦʭʨʘʥʝʥʠʝ ʜʘʞʝ ʥʝʩʢʦʣʴʢʠʭ 

ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʩʘʥʪʠʤʝʪʨʦʚ ʢʠʰʢʠ ʷʚʣʷʝʪʩʷ ʚʘʞʥʦʡ ʟʘʜʘʯʝʡ ʜʣʷ ʭʠʨʫʨʛʘ.  

ʅʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʥʝʪ ʦʙʲʝʢʪʠʚʥʦʛʦ ʢʨʠʪʝʨʠʷ ʦʮʝʥʢʠ ʩʪʝʧʝʥʠ ʤʠʢʨʦʮʠʨʢʫʣʷʪʦʨʥʳʭ ʥʘʨʫʰʝʥʠʡ 

ʢʠʰʝʯʥʦʡ ʩʪʝʥʢʠ. ɺ ʙʦʣʴʰʠʥʩʪʚʝ ʩʣʫʯʘʝʚ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʥʘʣʠʯʠʷ ʠʰʝʤʠʟʘʮʠʠ ʚʨʘʯ ʭʠʨʫʨʛ ʠʩʧʦʣʴʟʫʝʪ 

ʩʫʙʲʝʢʪʠʚʥʳʝ ʤʝʪʦʜʳ, ʦʩʥʦʚʘʥʥʳʝ ʥʘ ʦʧʳʪʝ ʭʠʨʫʨʛʘ, ʪʘʢʠʝ ʢʘʢ ʚʠʟʫʘʣʴʥʳʡ ʦʩʤʦʪʨ, ʦʮʝʥʢʘ ʥʘʣʠʯʠʷ 

ʧʝʨʠʩʪʘʣʴʪʠʢʠ ʠ ʮʚʝʪ ʢʠʰʢʠ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʘʢʪʫʘʣʴʥʦʡ ʟʘʜʘʯʝʡ ʷʚʣʷʝʪʩʷ ʨʘʟʨʘʙʦʪʢʘ ʥʦʚʳʭ ʤʝʪʦʜʦʚ 

ʦʮʝʥʢʠ ʞʠʟʥʝʩʧʦʩʦʙʥʦʩʪʠ ʢʠʰʝʯʥʦʡ ʩʪʝʥʢʠ ʚʦ ʚʨʝʤʷ ʭʠʨʫʨʛʠʯʝʩʢʦʛʦ ʚʤʝʰʘʪʝʣʴʩʪʚʘ. ʇʨʠ ʧʦʠʩʢʝ ʥʦʚʳʭ 

ʧʦʜʭʦʜʦʚ ʢ ʦʮʝʥʢʝ ʩʦʩʪʦʷʥʠʷ ʢʠʰʝʯʥʦʡ ʩʪʝʥʢʠ ʟʘʢʦʥʦʤʝʨʥʦ ʨʘʩʩʤʦʪʨʝʥʠʝ ʚ ʢʘʯʝʩʪʚʝ ʦʙʲʝʢʪʘ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʤʝʟʝʥʪʝʨʠʘʣʴʥʦʛʦ ʢʨʦʚʦʪʦʢʘ, ʥʘʨʫʰʝʥʠʷ ʢʦʪʦʨʦʛʦ ʥʘʧʨʷʤʫʶ ʩʚʷʟʘʥʳ ʩ ʧʘʪʦʣʦʛʠʯʝʩʢʠʤʠ ʠʟʤʝʥʝʥʠʷʤʠ 

ʙʠʦʪʢʘʥʠ [3-4]. ɺ ʵʪʦʤ ʢʣʶʯʝ ʧʝʨʩʧʝʢʪʠʚʥʳʤ ʷʚʣʷʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʦʧʪʠʯʝʩʢʠʭ ʤʝʪʦʜʦʚ, ʫʞʝ ʧʦʢʘʟʘʚʰʠʭ 

ʩʚʦʶ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʚ ʨʘʟʣʠʯʥʳʭ ʤʝʜʠʮʠʥʩʢʠʭ ʧʨʠʣʦʞʝʥʠʷʭ, ʚ ʪʦʤ ʯʠʩʣʝ ʧʨʠ ʜʠʘʛʥʦʩʪʠʢʝ ʦʥʢʦʧʘʪʦʣʦʛʠʠ 

ʥʘ ʨʘʟʣʠʯʥʳʭ ʦʨʛʘʥʥʦ-ʪʢʘʥʝʚʳʭ ʫʨʦʚʥʷʭ. ɻʠʧʝʨʩʧʝʢʪʨʘʣʴʥʘʷ ʚʠʟʫʘʣʠʟʘʮʠʷ (ɻɺ) ï ʵʪʦ ʧʝʨʝʜʦʚʦʡ ʤʝʪʦʜ 

ʦʧʪʠʯʝʩʢʦʡ ʚʠʟʫʘʣʠʟʘʮʠʠ, ʩʦʯʝʪʘʶʱʠʡ ʚ ʩʝʙʝ ʚʳʩʦʢʦʝ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʝ ʨʘʟʨʝʰʝʥʠʝ ʩʦ ʩʧʝʢʪʨʘʣʴʥʦʡ 

ʠʥʬʦʨʤʘʮʠʝʡ. ɼʘʥʥʳʡ ʤʝʪʦʜ ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʘʪʴ ʠʟʦʙʨʘʞʝʥʠʷ ʚ ʰʠʨʦʢʦʤ ʦʧʪʠʯʝʩʢʦʤ ʜʠʘʧʘʟʦʥʝ ʜʣʠʥ ʚʦʣʥ, 

ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʠʜʝʥʪʠʬʠʮʠʨʦʚʘʪʴ ʠ ʭʘʨʘʢʪʝʨʠʟʦʚʘʪʴ ʪʢʘʥʠ ʥʘ ʦʩʥʦʚʝ ʠʭ ʫʥʠʢʘʣʴʥʳʭ ʩʧʝʢʪʨʘʣʴʥʳʭ 

ʧʨʠʟʥʘʢʦʚ. ʇʨʠʥʮʠʧ ɻɺ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʪʦʤ, ʯʪʦ ʨʘʟʣʠʯʥʳʝ ʚʝʱʝʩʪʚʘ ʧʦ-ʨʘʟʥʦʤʫ ʧʦʛʣʦʱʘʶʪ, ʦʪʨʘʞʘʶʪ ʠ 

ʧʝʨʝʠʟʣʫʯʘʶʪ ʩʚʝʪ ʥʘ ʨʘʟʣʠʯʥʳʭ ʜʣʠʥʘʭ ʚʦʣʥ, ʠ ʵʪʦ ʤʦʞʝʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʦ ʜʣʷ ʜʠʬʬʝʨʝʥʮʠʘʮʠʠ 

ʨʘʟʣʠʯʥʳʭ ʩʦʩʪʦʷʥʠʡ ʙʠʦʣʦʛʠʯʝʩʢʦʡ ʪʢʘʥʠ. ʇʨʠ ʘʥʘʣʠʟʝ ʠʰʝʤʠʠ ʢʠʰʝʯʥʦʡ ʩʪʝʥʢʠ ɻɺ ʤʦʞʝʪ ʧʨʝʜʦʩʪʘʚʠʪʴ 

ʮʝʥʥʫʶ ʠʥʬʦʨʤʘʮʠʶ, ʧʫʪʝʤ ʘʥʘʣʠʟʘ ʩʧʝʢʪʨʘʣʴʥʳʭ ʠʟʤʝʥʝʥʠʡ ʚ ʧʦʨʘʞʝʥʥʳʭ ʪʢʘʥʷʭ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ 

ʠʥʪʘʢʪʥʳʤʠ ʪʢʘʥʷʤʠ, ʧʨʠ ʵʪʦʤ ʦʩʥʦʚʥʳʤʠ ʦʙʲʝʢʪʘʤʠ ʘʥʘʣʠʟʘ ʷʚʣʷʶʪʩʷ ʧʦʢʘʟʘʪʝʣʠ ʦʢʩʠ- ʠ 

ʜʝʟʦʢʩʠʛʝʤʦʛʣʦʙʠʥʘ.  ʕʬʬʝʢʪʠʚʥʦʩʪʴ ʧʨʠʤʝʥʝʥʠʷ ʜʘʥʥʦʛʦ ʤʝʪʦʜʘ ʜʣʷ ʘʥʘʣʠʟʘ ʠʰʝʤʠʠ ʢʠʰʝʯʥʦʡ ʩʪʝʥʢʠ 

ʙʳʣʘ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʥʘ ʚ ʨʷʜʝ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʨʝʟʫʣʴʪʘʪʳ ʢʦʪʦʨʳʭ ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʦ ʚʳʩʦʢʦʡ 

ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ ʤʝʪʦʜʘ ʢ ʠʟʤʝʥʝʥʠʶ ʤʠʢʨʦʮʠʨʢʫʣʷʮʠʠ ʢʨʦʚʠ, ʦʩʦʙʝʥʥʦ ʚ ʙʣʠʞʥʝʤ ʠʥʬʨʘʢʨʘʩʥʦʤ 

ʦʧʪʠʯʝʩʢʦʤ ʜʠʘʧʘʟʦʥʝ [5-6]. ɼʘʥʥʳʡ ʧʦʜʭʦʜ ʤʦʞʝʪ ʪʘʢʞʝ ʦʙʝʩʧʝʯʠʪʴ ʥʝʠʥʚʘʟʠʚʥʫʶ ʠ ʵʬʬʝʢʪʠʚʥʫʶ 

ʜʠʘʛʥʦʩʪʠʢʫ ʞʠʟʥʝʩʧʦʩʦʙʥʦʩʪʠ ʧʦʨʘʞʝʥʥʦʛʦ ʢʠʰʝʯʥʠʢʘ, ʯʪʦ ʚ ʠʪʦʛʝ ʧʦʟʚʦʣʠʪ ʦʙʣʝʛʯʠʪʴ ʧʨʠʥʷʪʠʝ 

ʦʙʲʝʢʪʠʚʥʳʭ ʭʠʨʫʨʛʠʯʝʩʢʠʭ ʨʝʰʝʥʠʡ ʠ ʧʦʪʝʥʮʠʘʣʴʥʦ ʤʠʥʠʤʠʟʠʨʦʚʘʪʴ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʨʝʟʝʢʮʠʠ ʟʜʦʨʦʚʦʡ 

ʪʢʘʥʠ. ʇʝʨʩʧʝʢʪʠʚʳ ʚʥʝʜʨʝʥʠʷ ɻɺ ʚ ʢʣʠʥʠʯʝʩʢʫʶ ʧʨʘʢʪʠʢʫ, ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ, ʧʨʦʜʠʢʪʦʚʘʥʳ 

ʚʦʟʤʦʞʥʦʩʪʴʶ ʢʦʣʠʯʝʩʪʚʝʥʥʦʡ ʦʮʝʥʢʠ ʧʘʨʘʤʝʪʨʘ ʪʢʘʥʝʚʦʡ ʩʘʪʫʨʘʮʠʠ ʠʩʩʣʝʜʫʝʤʦʡ ʦʙʣʘʩʪʠ ʪʢʘʥʠ, ʘ ʪʘʢʞʝ 

ʚʦʟʤʦʞʥʦʩʪʴʶ ʧʨʠʤʝʥʝʥʠʷ ʤʝʪʦʜʦʚ ʤʘʰʠʥʥʦʛʦ ʦʙʫʯʝʥʠʷ ʜʣʷ ʟʘʜʘʯʠ ʦʧʨʝʜʝʣʝʥʠʷ ʩʪʝʧʝʥʠ ʠʰʝʤʠʯʝʩʢʦʛʦ 

ʧʦʚʨʝʞʜʝʥʠʷ ʢʠʰʝʯʥʦʡ ʩʪʝʥʢʠ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ ʘʢʪʫʘʣʴʥʦʡ ʟʘʜʘʯʝʡ ʷʚʣʷʝʪʩʷ ʜʘʣʴʥʝʡʰʘʷ ʨʘʟʨʘʙʦʪʢʘ ʤʝʪʦʜʘ 

ɻɺ ʜʣʷ ʚʥʝʜʨʝʥʠʷ ʚ ʢʣʠʥʠʯʝʩʢʫʶ ʧʨʘʢʪʠʢʫ. 

ɼʣ̫ ʨʝʘʣʠʟʘʮʠʠ ʧʦʩʪʘʚʣʝʥʥʦʡ ʟʘʜʘʯʠ ʙʳʣʘ ʨʘʟʨʘʙʦʪʘʥʘ ʩʠʩʪʝʤʘ ɻɺ, ʦʩʥʦʚʘʥʥʘʷ ʥʘ ʨʝʛʠʩʪʨʘʮʠʠ 

ʜʠʬʬʫʟʥʦ ʦʪʨʘʞʝʥʥʦʛʦ ʩʚʝʪʘ ʦʪ ʙʠʦʣʦʛʠʯʝʩʢʦʡ ʪʢʘʥʠ, ʢʦʪʦʨʳʡ ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʘʪʴ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʝ 

ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʩʧʝʢʪʨʘʣʴʥʦʡ ʠʥʬʦʨʤʘʮʠʠ ʦʙ ʦʙʲʝʢʪʝ ʠʟʤʝʨʝʥʠʷ. ɺ ʢʘʯʝʩʪʚʝ ʰʠʨʦʢʦʧʦʣʦʩʥʦʛʦ ʠʩʪʦʯʥʠʢʘ 

ʠʟʣʫʯʝʥʠʷ HL-2000-FHSA (Ocean Optics Inc., ʉʐɸ) ʩʦʚʤʝʩʪʥʦ ʩ  ʚʦʣʦʢʦʥʥʦ-ʢʦʣʴʮʝʚʳʤ ʦʩʚʝʪʠʪʝʣʝʤ 

FRI61F50 (ThorLabs, ʉʐɸ), ʚ ʢʘʯʝʩʪʚʝ ʜʝʪʝʢʪʦʨʘ ï ʛʠʧʝʨʩʧʝʢʪʨʘʣʴʥʘʷ ʢʘʤʝʨʘ Specim (Spectral Imaging Ltd., 

ʌʠʥʣʷʥʜʠʷ) ʩʦ ʩʧʝʢʪʨʘʣʴʥʳʤ ʜʠʘʧʘʟʦʥʦʤ 400-1000 ʥʤ ʠ ʩʧʝʢʪʨʘʣʴʥʳʤ ʨʘʟʨʝʰʝʥʠʝʤ 7 ʥʤ. ɺ ʢʘʯʝʩʪʚʝ 

ʦʙʲʝʢʪʘ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚʳʩʪʫʧʘʣʠ ʟʜʦʨʦʚʳʝ ʧʦʣʦʚʦʟʨʝʣʳʝ ʣʘʙʦʨʘʪʦʨʥʳʝ ʢʨʳʩʳ (n = 9) ʣʠʥʠʠ Wistar. 

ʇʨʦʚʝʜʝʥʠʝ ʠʩʩʣʝʜʦʚʘʥʠʡ ʙʳʣʦ ʦʜʦʙʨʝʥʳ ʕʪʠʯʝʩʢʠʤ ʢʦʤʠʪʝʪʦʤ ʆʨʣʦʚʩʢʦʛʦ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ 

ʫʥʠʚʝʨʩʠʪʝʪʘ. ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʧʨʦʪʦʢʦʣʦʤ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʨʦʚʦʜʠʣʘʩʴ ʥʘʨʢʦʪʠʟʘʮʠʷ ʣʘʙʦʨʘʪʦʨʥʦʛʦ 

ʞʠʚʦʪʥʦʛʦ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʠʥʛʘʣʷʮʠʦʥʥʦʡ ʘʥʝʩʪʝʟʠʠ. ɼʣʷ ʧʦʣʫʯʝʥʠʷ ʜʦʩʪʫʧʘ ʢ ʙʨʶʰʥʦʡ ʧʦʣʦʩʪʠ 

ʦʩʫʱʝʩʪʚʣʷʣʘʩʴ ʩʨʝʜʠʥʥʘʷ ʣʘʧʘʨʦʪʦʤʠʷ ʚ ʦʙʣʘʩʪʠ ʞʠʚʦʪʘ ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʚʳʜʝʣʝʥʠʝʤ ʧʝʪʝʣʴ ʪʦʥʢʦʛʦ 

ʢʠʰʝʯʥʠʢʘ ʚʤʝʩʪʝ ʩ ʙʨʳʞʝʡʢʦʡ. ʉʦʟʜʘʥʠʝ ʣʦʢʘʣʴʥʦʡ ʠʰʝʤʠʠ ʧʨʦʠʟʚʦʜʠʣʦʩʴ ʧʫʪʝʤ ʥʘʣʦʞʝʥʠʷ 

ʤʥʦʞʝʩʪʚʝʥʥʦʡ ʣʠʛʘʪʫʨʳ ʥʘ ʘʨʢʘʜʥʳʝ ʩʦʩʫʜʳ ʜʣʷ ʦʩʪʘʥʦʚʢʠ ʙʨʳʞʝʝʯʥʦʛʦ ʢʨʦʚʦʪʦʢʘ ʚ ʥʝʩʢʦʣʴʢʠʭ ʫʯʘʩʪʢʘʭ 

ʠ ʜʣʷ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʨʘʟʣʠʯʥʦʡ ʩʪʝʧʝʥʠ ʠʰʝʤʠʯʝʩʢʦʛʦ ʧʦʚʨʝʞʜʝʥʠʷ. ʀʟʤʝʨʝʥʠʷ ʦʢʢʣʶʟʠʨʦʚʘʥʥʦʛʦ 

ʢʠʰʝʯʥʠʢʘ ʦʩʫʱʝʩʪʚʣʷʣʠʩʴ ʚ ʥʝʩʢʦʣʴʢʦ ʵʪʘʧʦʚ: ʜʦ ʥʘʣʦʞʝʥʠʷ ʣʠʛʘʪʫʨʳ (0 ʯʘʩ) ʠ ʧʦʩʣʝ ʥʘʣʦʞʝʥʠʷ ʣʠʛʘʪʫʨʳ 

(1, 6 ʠ 12 ʯʘʩʦʚ). ɼʣʷ ʥʦʨʤʠʨʦʚʢʠ ʠʟʤʝʨʷʝʤʳʭ ʜʘʥʥʳʭ ʧʨʦʠʟʚʦʜʠʣʘʩʴ ʨʝʛʠʩʪʨʘʮʠʷ ʩʧʝʢʪʨʦʚ ʦʪ ʵʪʘʣʦʥʘ 

ʜʠʬʬʫʟʥʦʛʦ ʦʪʨʘʞʝʥʠʷ. ʂʘʞʜʳʡ ʵʪʘʧ ʩʦʧʨʦʚʦʞʜʘʣʩʷ ʚʟʷʪʠʝʤ ʛʠʩʪʦʣʦʛʠʯʝʩʢʦʛʦ ʦʙʨʘʟʮʘ ʢʠʰʝʯʥʦʡ ʩʪʝʥʢʠ.  



ʉɽʂʎʀʗ 1 - ʄʝʪʦʜʳ ʠ ʩʨʝʜʩʪʚʘ ʜʠʘʛʥʦʩʪʠʢʠ ʠ ʣʝʯʝʥʠʷ ʟʘʙʦʣʝʚʘʥʠʡ                  84 

 

 

XVI ʄʝʞʜʫʥʘʨʦʜʥʘʷ ʅʘʫʯʥʘʷ ʂʦʥʬʝʨʝʥʮʠʷ "ʌʠʟʠʢʘ ʠ ʈʘʜʠʦʵʣʝʢʪʨʦʥʠʢʘ ʚ ʄʝʜʠʮʠʥʝ ʠ 

ʕʢʦʣʦʛʠʠ" 

 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʨʦʚʝʜʝʥʠʷ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʛʠʧʨʝʩʧʝʢʪʨʘʣʴʥʳʝ 

ʤʘʩʩʠʚʳ ʩ ʨʘʩʧʨʝʜʝʣʸʥʥʦʡ ʩʧʝʢʪʨʘʣʴʥʦʡ ʠʥʬʦʨʤʘʮʠʝʡ ʪʦʥʢʦʡ ʢʠʰʢʠ ʜʣʷ ʢʘʞʜʦʛʦ ʚʨʝʤʝʥʥʦʛʦ ʠʥʪʝʨʚʘʣʘ. 

ɼʣʷ ʘʥʘʣʠʟʘ ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʧʨʠʤʝʥʷʣʘʩʴ ʢʦʤʙʠʥʘʮʠʷ ʜʚʫʭ ʧʦʜʭʦʜʦʚ ʢ ʦʙʨʘʙʦʪʢʝ 

ʛʠʧʝʨʩʧʝʢʪʨʘʣʴʥʳʭ ʜʘʥʥʳʭ: ʜʚʫʭʚʦʣʥʦʚʦʡ ʧʦʜʭʦʜ ʠ ʤʝʪʦʜʳ ʤʘʰʠʥʥʦʛʦ ʦʙʫʯʝʥʠʷ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ 

ʜʚʫʭʚʦʣʥʦʚʦʛʦ ʧʦʜʭʦʜʘ ʧʦʟʚʦʣʷʝʪ ʦʮʝʥʠʪʴ ʧʘʨʘʤʝʪʨ ʪʢʘʥʝʚʦʡ ʩʘʪʫʨʘʮʠʠ, ʦʩʥʦʚʳʚʘʷʩʴ ʥʘ ʢʦʵʬʬʠʮʠʝʥʪʘʭ 

ʜʠʬʬʫʟʥʦʛʦ ʦʪʨʘʞʝʥʠʷ ʥʘ ʜʣʠʥʘʭ ʚʦʣʥ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʠʟʦʙʝʩʪʠʯʝʩʢʠʤ ʠ ʥʝʠʟʦʙʝʩʪʠʯʝʩʢʠʤ ʪʦʯʢʘʤ ʦʢʩʠ- 

ʠ ʜʝʟʦʢʩʠʛʝʤʦʛʣʦʙʠʥʘ ʜʣʷ ʙʣʠʞʥʝʡ ʠʥʬʨʘʢʨʘʩʥʦʡ ʦʙʣʘʩʪʠ [7]. ɼʣʷ ʦʮʝʥʢʠ ʩʪʝʧʝʥʠ ʠʰʝʤʠʯʝʩʢʦʛʦ 

ʧʦʚʨʝʞʜʝʥʠʷ ʢʠʰʝʯʥʦʡ ʩʪʝʥʢʠ ʚʦʟʤʦʞʥʦ ʧʨʠʤʝʥʝʥʠʝ ʤʝʪʦʜʦʚ ʤʘʰʠʥʥʦʛʦ ʦʙʫʯʝʥʠʷ ʜʣʷ ʢʣʘʩʩʠʬʠʢʘʮʠʠ 

ʧʦʣʫʯʝʥʥʳʭ ʛʠʧʝʨʩʧʝʢʪʨʘʣʴʥʳʭ ʜʘʥʥʳʭ ʥʘ ʦʩʥʦʚʝ ʠʭ ʩʧʝʢʪʨʘʣʴʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, 

ʢʦʤʙʠʥʘʮʠʷ ʜʚʫʭ ʧʦʜʭʦʜʦʚ ʤʦʞʝʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʘ ʜʣʷ ʚʳʷʚʣʝʥʠʷ ʥʘʣʠʯʠʷ ʠʰʝʤʠʠ, ʝʸ ʛʨʘʥʠʮ, ʘ ʪʘʢʞʝ 

ʜʣʷ ʦʮʝʥʢʠ ʩʪʝʧʝʥʠ ʠʰʝʤʠʯʝʩʢʦʛʦ ʧʦʚʨʝʞʜʝʥʠʷ ʢʠʰʝʯʥʦʡ ʩʪʝʥʢʠ. ʈʘʩʯʝʪ ʩʘʪʫʨʘʮʠʠ ʙʳʣ ʦʩʫʱʝʩʪʚʣʝʥ ʚ 

ʢʘʞʜʦʡ ʪʦʯʢʝ (ʧʠʢʩʝʣʝ) ʛʠʧʝʨʩʧʝʢʪʨʘʣʴʥʳʭ ʠʟʦʙʨʘʞʝʥʠʡ, ʥʘ ʜʣʠʥʘʭ ʚʦʣʥ 750 ʠ 795 ʥʤ. ʇʦʣʫʯʝʥʥʳʝ 

ʟʥʘʯʝʥʠʷ ʩʘʪʫʨʘʮʠʠ ʷʚʣʷʶʪʩʷ ʦʪʥʦʩʠʪʝʣʴʥʳʤʠ ʠ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʧʨʠʚʝʜʝʥʥʦʡ ʰʢʘʣʝ ʧʩʝʚʜʦʮʚʝʪʦʚʦʛʦ 

ʢʦʥʪʨʘʩʪʘ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʝ ʥʘ ʨʠʩʫʥʢʝ 1. 

 
ʈʠʩʫʥʦʢ 1 ï ʎʚʝʪʦʚʳʝ ʢʘʨʪʳ ʧʘʨʘʤʝʪʨʘ ʪʢʘʥʝʚʦʡ ʩʘʪʫʨʘʮʠʠ ʜʣʷ ʢʘʞʜʦʛʦ ʠʥʪʝʨʚʘʣʘ ʠʟʤʝʨʝʥʠʷ 

 

ʅʘ ʨʘʩʩʯʠʪʘʥʥʳʭ ʮʚʝʪʦʚʳʭ ʢʘʨʪʘʭ ʩʘʪʫʨʘʮʠʠ ʜʣʷ ʚʩʝʭ ʵʪʘʧʦʚ ʠʰʝʤʠʠ ʥʘʙʣʶʜʘʝʪʩʷ ʚʠʟʫʘʣʴʥʦʝ 

ʫʤʝʥʴʰʝʥʠʝ ʢʦʥʪʨʘʩʪʘ ʚ ʦʙʣʘʩʪʠ ʠʰʝʤʠʠ ʢʠʰʝʯʥʦʡ ʩʪʝʥʢʠ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʠʥʪʘʢʪʥʳʤʠ ʫʯʘʩʪʢʘʤʠ, ʯʪʦ 

ʩʚʷʟʘʥʥʦ ʩ ʫʤʝʥʴʰʝʥʠʝʤ ʧʘʨʘʤʝʪʨʘ ʩʘʪʫʨʘʮʠʠ ʚʩʣʝʜʩʪʚʠʝ ʥʝʜʦʩʪʘʪʦʯʥʦʛʦ ʣʦʢʘʣʴʥʦʛʦ ʧʨʠʪʦʢʘ ʢʨʦʚʠ ʚ 

ʦʙʣʘʩʪʷʭ ʩ ʣʠʛʠʨʦʚʘʥʥʳʤʠ ʧʠʪʘʶʱʠʤʠ ʩʦʩʫʜʘʤʠ. ɺ ʩʦʦʪʚʝʪʩʪʚʠʝ ʩ ʧʨʦʚʝʜʸʥʥʳʤ ʛʠʩʪʦʣʦʛʠʯʝʩʢʠʤ ʘʥʘʣʠʟʦʤ 

ʠʰʝʤʠʟʠʨʦʚʘʥʥʳʭ ʫʯʘʩʪʢʦʚ ʪʢʘʥʠ, ʙʳʣʦ ʚʳʜʝʣʝʥʦ ʜʚʝ ʩʪʝʧʝʥʠ ʧʦ ʢʣʘʩʩʠʬʠʢʘʮʠʠ Park/Chiu. ʆʙʨʘʪʠʤʘʷ 

ʠʰʝʤʠʷ (Grade 0 ï Grade 5) ï ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʨʝʟʫʣʴʪʘʪʘʤ ʠʟʤʝʨʝʥʠʷ ʧʦʩʣʝ 1-ʛʦ ʯʘʩʘ. ʅʝʦʙʨʘʪʠʤʳʝ 

ʠʰʝʤʠʯʝʩʢʠʝ ʠʟʤʝʥʝʥʠʷ (Grade 6 ï Grade 8) ï ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʨʝʟʫʣʴʪʘʪʘʤ ʠʟʤʝʨʝʥʠʷ ʧʦʩʣʝ 6-ʛʦ ʠ 12-ʛʦ ʯʘʩʘ. 

ɼʣʷ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʩʪʝʧʝʥʠ ʠʰʝʤʠʯʝʩʢʦʛʦ ʧʦʚʨʝʞʜʝʥʠʷ ʠʩʧʦʣʴʟʦʚʘʣʦʩʴ ʦʙʫʯʝʥʠʝ ʩ ʫʯʠʪʝʣʝʤ. 

ʇʨʝʜʚʘʨʠʪʝʣʴʥʘʷ ʦʙʨʘʙʦʪʢʘ ʛʠʧʝʨʩʧʝʢʪʨʘʣʴʥʦʛʦ ʢʫʙʘ ʚʢʣʶʯʘʣʘ ʩʛʣʘʞʠʚʘʥʠʝ ʜʣʷ ʫʜʘʣʝʥʠʷ ʰʫʤʦʚ ʠ 

ʢʦʨʨʝʢʮʠʶ ʬʦʥʘ ʟʘ ʩʯʝʪ ʨʘʟʣʠʯʠʷ ʩʧʝʢʪʨʘʣʴʥʳʭ ʜʘʥʥʳʭ ʠʥʬʦʨʤʘʪʠʚʥʦʛʦ ʦʙʲʝʢʪʘ ʦʪʥʦʩʠʪʝʣʴʥʦ ʬʦʥʘ.  

ʈʘʟʤʝʪʢʘ ʧʦʣʫʯʝʥʥʳʭ ʜʘʥʥʳʭ ʚʢʣʶʯʘʣʘ ʚʳʜʝʣʝʥʠʷ ʪʨʝʭ ʢʣʘʩʩʦʚ, ʦʩʥʦʚʘʥʥʳʭ ʥʘ ʨʝʟʫʣʴʪʘʪʘʭ 

ʛʠʩʪʦʣʦʛʠʯʝʩʢʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ: ʠʥʪʘʢʪʥʘʷ ʪʢʘʥʴ, ʦʙʨʘʪʠʤʘʷ ʠʰʝʤʠʷ ʠ ʥʝʦʙʨʘʪʠʤʘʷ ʠʰʝʤʠʷ. ɺ ʢʘʯʝʩʪʚʝ 

ʤʦʜʝʣʠ ʜʣʷ ʤʘʰʠʥʥʦʛʦ ʦʙʫʯʝʥʠʷ ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʘʣʛʦʨʠʪʤ ʵʢʩʪʨʝʤʘʣʴʥʦʛʦ ʛʨʘʜʠʝʥʪʥʦʛʦ ʙʫʩʪʠʥʛʘ (XGBoost) 

ʠʟ-ʟʘ ʝʛʦ ʚʳʩʦʢʦʡ ʩʢʦʨʦʩʪʠ ʨʘʙʦʪʳ ʠ ʩʧʦʩʦʙʥʦʩʪʠ ʦʙʨʘʙʘʪʳʚʘʪʴ ʙʦʣʴʰʠʝ ʦʙʲʝʤʳ ʜʘʥʥʳʭ ʩʣʦʞʥʳʭ 

ʦʜʥʦʨʦʜʥʳʭ ʩʪʨʫʢʪʫʨ [8]. ɼʣʷ ʘʥʘʣʠʟʘ ʚʣʠʷʥʠʷ ʧʨʠʟʥʘʢʦʚ ʥʘ ʨʘʙʦʪʫ ʤʦʜʝʣʠ ʠ ʩʥʠʞʝʥʠʷ ʨʘʟʤʝʨʥʦʩʪʠ 

ʜʘʥʥʳʭ ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʤʝʪʦʜ ʛʣʘʚʥʳʭ ʢʦʤʧʦʥʝʥʪ (PCA). ʄʦʜʝʣʴ ʙʳʣʘ ʦʧʪʠʤʠʟʠʨʦʚʘʥʘ ʜʣʷ ʦʙʱʠʭ 

ʧʘʨʘʤʝʪʨʦʚ, ʧʘʨʘʤʝʪʨʦʚ ʙʫʩʪʠʥʛʘ ʠ ʧʘʨʘʤʝʪʨʦʚ ʦʙʫʯʝʥʠʷ. ɼʣʷ ʦʮʝʥʢʠ ʩʪʝʧʝʥʠ ʠʰʝʤʠʟʘʮʠʠ ʢʠʰʝʯʥʦʡ 
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ʩʪʝʥʢʠ ʙʳʣ ʩʦʟʜʘʥ ʢʣʘʩʩʠʬʠʢʘʪʦʨ, ʧʦʟʚʦʣʷʶʱʠʡ ʵʬʬʝʢʪʠʚʥʦ ʨʘʟʣʠʯʘʪʴ ʠʥʪʘʢʪʥʫʶ ʪʢʘʥʴ, ʦʙʨʘʪʠʤʫʶ 

ʠʰʝʤʠʶ ʠ ʥʝʦʙʨʘʪʠʤʫʶ ʠʰʝʤʠʶ. ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʦʮʝʥʢʠ, ʩʦʚʦʢʫʧʥʳʡ ʧʦʢʘʟʘʪʝʣʴ ʤʝʪʨʠʢʠ ʪʦʯʥʦʩʪʠ AUC 

ʜʣʷ ʤʦʜʝʣʠ XGBoost 0,99Ñ0,01. ʅʘ ʨʠʩʫʥʢʝ 2 ʧʨʝʜʩʪʘʚʣʝʥʦ ʩʦʧʦʩʪʘʚʣʝʥʠʝ ʢʘʨʪ ʩʘʪʫʨʘʮʠʠ ʠ 

ʢʣʘʩʩʠʬʠʢʘʮʠʦʥʥʳʭ ʢʘʨʪ ʜʣʷ ʩʣʫʯʘʷ ʥʝʦʙʨʘʪʠʤʦʡ (a) ʠ ʦʙʨʘʪʠʤʦʡ ʠʰʝʤʠʠ (ʙ). 

 
ʈʠʩʫʥʦʢ 2 ï ʉʨʘʚʥʝʥʠʝ ʢʘʨʪ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʠ ʪʢʘʥʝʚʦʡ ʩʘʪʫʨʘʮʠʠ ʜʣʷ ʥʝʦʙʨʘʪʠʤʦʡ ʠʰʝʤʠʠ (a) ʠ 

ʦʙʨʘʪʠʤʦʡ ʠʰʝʤʠʠ (ʙ) 

 

ʅʘ ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʚʳʰʝ ʢʘʨʪʘʭ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʚʳʜʝʣʝʥ ʢʦʥʢʨʝʪʥʳʡ ʩʝʛʤʝʥʪ, ʦʪʨʘʞʘʶʱʠʡ ʩʪʝʧʝʥʴ 

ʠʰʝʤʠʯʝʩʢʦʛʦ ʧʦʚʨʝʞʜʝʥʠʷ. ʉʠʥʷʷ ʦʙʣʘʩʪʴ ʥʘ ʢʘʨʪʝ ʢʣʘʩʩʠʬʠʢʘʮʠʠ (ʘ) ʫʢʘʟʳʚʘʝʪ ʥʘ ʥʝʦʙʨʘʪʠʤʫʶ ʠʰʝʤʠʶ, 

ʛʜʝ ʢʘʞʜʳʡ ʧʠʢʩʝʣʴ ʜʘʥʥʦʡ ʤʘʩʢʠ ʩ ʚʝʨʦʷʪʥʦʩʪʴʶ ʙʦʣʝʝ 99,9% ʦʪʥʦʩʠʪʩʷ ʢ ʢʣʘʩʩʫ ʥʝʦʙʨʘʪʠʤʦʡ ʠʰʝʤʠʠ ʧʦ 

ʨʝʟʫʣʴʪʘʪʘʤ ʛʠʩʪʦʣʦʛʠʯʝʩʢʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ. ɼʣʷ ʚʳʜʝʣʝʥʠʷ ʦʙʣʘʩʪʠ ʦʙʨʘʪʠʤʦʡ ʠʰʝʤʠʠ ʠʩʧʦʣʴʟʫʝʪʩʷ ʤʘʩʢʘ 

ʟʝʣʝʥʦʛʦ ʮʚʝʪʘ (ʙ), ʢʦʪʦʨʘʷ ʪʘʢʞʝ ʦʟʥʘʯʘʝʪ ʧʨʠʥʘʜʣʝʞʥʦʩʪʴ ʚʩʝʭ ʧʠʢʩʝʣʝʡ ʜʘʥʥʦʛʦ ʫʯʘʩʪʢʘ ʢ ʢʣʘʩʩʫ 

ʦʙʨʘʪʠʤʦʡ ʠʰʝʤʠʠ ʩ ʚʝʨʦʷʪʥʦʩʪʴʶ ʙʦʣʝʝ 99,9%. 

 ɺʳʷʚʣʝʥʥʘʷ ʨʘʟʥʠʮʘ ʚ ʬʦʨʤʝ ʩʧʝʢʪʨʦʚ ʦʪʨʘʞʝʥʠʷ ʫʢʘʟʳʚʘʝʪ ʥʘ ʠʟʤʝʥʝʥʠʝ ʦʧʪʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ 

ʠʰʝʤʠʟʠʨʦʚʘʥʥʦʛʦ ʢʠʰʝʯʥʠʢʘ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʠʥʪʘʢʪʥʦʡ ʪʢʘʥʴʶ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʧʨʦʚʝʩʪʠ ʜʘʣʴʥʝʡʰʫʶ 

ʤʘʪʝʤʘʪʠʯʝʩʢʫʶ ʦʙʨʘʙʦʪʢʫ ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʢʦʤʙʠʥʘʮʠʠ ʨʘʟʣʠʯʥʳʭ ʧʦʜʭʦʜʦʚ. ʉ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʜʚʫʭʚʦʣʥʦʚʦʛʦ ʧʦʜʭʦʜʘ ʙʳʣʠ ʨʘʩʩʯʠʪʘʥʳ ʜʚʫʭʤʝʨʥʳʝ ʢʘʨʪʳ ʪʢʘʥʝʚʦʡ ʩʘʪʫʨʘʮʠʠ, ʘ ʜʣʷ 

ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʩʪʝʧʝʥʠ ʠʰʝʤʠʯʝʩʢʦʛʦ ʧʦʚʨʝʞʜʝʥʠʷ ʧʨʠʤʝʥʷʣʩʷ ʤʝʪʦʜ ʤʘʰʠʥʥʦʛʦ ʦʙʫʯʝʥʠʷ. ʅʘ 

ʨʘʩʩʯʠʪʘʥʥʳʭ ʢʘʨʪʘʭ ʩʘʪʫʨʘʮʠʠ ʜʣʷ ʚʩʝʭ ʵʪʘʧʦʚ ʠʰʝʤʠʠ ʙʳʣʦ ʚʳʷʚʣʝʥʦ ʫʤʝʥʴʰʝʥʠʝ ʢʦʥʪʨʘʩʪʘ ʚ ʦʙʣʘʩʪʠ 

ʠʰʝʤʠʟʠʨʦʚʘʥʥʦʡ ʦʙʣʘʩʪʠ ʧʝʪʝʣʴ ʢʠʰʝʯʥʠʢʘ ʧʦ ʩʨʘʚʥʝʥʠʠ ʩ ʠʥʪʘʢʪʥʦʡ ʪʢʘʥʴʶ, ʯʪʦ ʩʚʷʟʘʥʥʦ ʩ 

ʫʤʝʥʴʰʝʥʠʝʤ ʫʨʦʚʥʷ ʩʘʪʫʨʘʮʠʠ ʚʩʣʝʜʩʪʚʠʝ ʥʝʜʦʩʪʘʪʦʯʥʦʛʦ ʣʦʢʘʣʴʥʦʛʦ ʧʨʠʪʦʢʘ ʢʨʦʚʠ. ʀʩʭʦʜʷ ʠʟ 

ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ, ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜ ʯʪʦ ɻɺ ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʦʧʨʝʜʝʣʝʥʠʝʤ ʪʢʘʥʝʚʦʡ ʩʘʪʫʨʘʮʠʠ ʠ 

ʢʣʘʩʩʠʬʠʢʘʮʠʝʡ ʩʪʝʧʝʥʠ ʠʰʝʤʠʠ ʤʦʞʝʪ ʩʪʘʪʴ ʧʝʨʩʧʝʢʪʠʚʥʳʤ ʤʝʪʦʜʦʤ ʠʥʪʨʘʦʧʝʨʘʮʠʦʥʥʦʡ ʦʮʝʥʢʠ 

ʠʰʝʤʠʯʝʩʢʦʛʦ ʧʦʚʨʝʞʜʝʥʠʷ ʢʠʰʝʯʥʦʡ ʩʪʝʥʢʠ. 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʧʦʜʜʝʨʞʢʝ ʛʨʘʥʪʘ ʈʅʌ ˉ 22-75-10088. 

ɹʠʙʣʠʦʛʨʘʬʠʯʝʩʢʠʡ ʩʧʠʩʦʢ 

 



ʉɽʂʎʀʗ 1 - ʄʝʪʦʜʳ ʠ ʩʨʝʜʩʪʚʘ ʜʠʘʛʥʦʩʪʠʢʠ ʠ ʣʝʯʝʥʠʷ ʟʘʙʦʣʝʚʘʥʠʡ                  86 

 

 

XVI ʄʝʞʜʫʥʘʨʦʜʥʘʷ ʅʘʫʯʥʘʷ ʂʦʥʬʝʨʝʥʮʠʷ "ʌʠʟʠʢʘ ʠ ʈʘʜʠʦʵʣʝʢʪʨʦʥʠʢʘ ʚ ʄʝʜʠʮʠʥʝ ʠ 

ʕʢʦʣʦʛʠʠ" 

 

1. ʊʠʤʝʨʙʫʣʘʪʦʚ ɺ.ʄ., ʊʠʤʝʨʙʫʣʘʪʦʚ ʐ.ɺ., ʉʘʛʠʪʦʚ ʈ.ɹ., ɸʩʤʘʥʦʚ ɼ.ʀ., ʉʫʣʪʘʥʙʘʝʚ ɸ.ʋ. 

ɼʠʘʛʥʦʩʪʠʢʘ ʠʰʝʤʠʯʝʩʢʠʭ ʧʦʚʨʝʞʜʝʥʠʡ ʢʠʰʝʯʥʠʢʘ ʧʨʠ ʥʝʢʦʪʦʨʳʭ ʦʩʪʨʳʭ ʭʠʨʫʨʛʠʯʝʩʢʠʭ ʟʘʙʦʣʝʚʘʥʠʷʭ 

ʦʨʛʘʥʦʚ ʙʨʶʰʥʦʡ ʧʦʣʦʩʪʠ // ʂʨʝʘʪʠʚʥʘʷ ʭʠʨʫʨʛʠʷ ʠ ʦʥʢʦʣʦʛʠʷ. ï 2017. ï ˉ3. ï ʉ.12ï19. 

2. ʂʦʨʦʙʢʦʚ ɼ.ʄ. ʆʩʪʨʘʷ ʢʠʰʝʯʥʘʷ ʥʝʧʨʦʭʦʜʠʤʦʩʪʴ ï ʩʦʚʨʝʤʝʥʥʦʝ ʚʠʜʝʥʠʝ ʤʝʭʘʥʠʟʤʦʚ ʨʘʟʚʠʪʠʷ ʠ 

ʜʠʩʢʫʪʘʙʝʣʴʥʦʩʪʴ ʚ ʚʳʙʦʨʝ ʜʠʘʛʥʦʩʪʠʯʝʩʢʦʡ ʠ ʣʝʯʝʙʥʦʡ ʪʘʢʪʠʢʠ // ɹʶʣʣʝʪʝʥʴ ʥʘʫʢʠ ʠ ʧʨʘʢʪʠʢʠ. ï 2016. ï ˉ 

12. ï ʉ. 147ï170. 

3. Tuchin V. V., Popp J., Zakharov V. Multimodal optical diagnostics of cancer // Springer International 

Publishing. ï 2020.  

4. ɽ.ɸ. ɾʝʨʝʙʮʦʚ, ɺ.ɺ. ɼʨʸʤʠʥ, ɸ.ʀ. ɾʝʨʝʙʮʦʚʘ, ɽ.ɺ. ʇʦʪʘʧʦʚʘ, ɸ.ɺ. ɼʫʥʘʝʚ ʌʣʫʦʨʝʩʮʝʥʪʥʘʷ 

ʜʠʘʛʥʦʩʪʠʢʘ ʤʠʪʦʭʦʥʜʨʠʘʣʴʥʦʡ ʬʫʥʢʮʠʠ ʚ ʵʧʠʪʝʣʠʘʣʴʥʳʭ ʪʢʘʥʷʭ in vivo: ʤʦʥʦʛʨʘʬʠʷ // ʆʨʝʣ: ʆɻʋ ʠʤʝʥʠ 

ʀ.ʉ. ʊʫʨʛʝʥʝʚʘ. ï 2018. ï 107 ʩ. 

5. Zherebtsov, E., Dremin, V., Popov, A., Doronin, A., Kurakina, D., Kirillin, M., Bykov, A. Hyperspectral 

imaging of human skin aided by artificial neural networks // Biomedical optics express. ï 2019. - ʊ. 10. ï ˉ. 7. ï ʉ. 

3545-3559.  

6. Dremin, V., Marcinkevics, Z., Zherebtsov, E., Popov, A., Grabovskis, A., Kronberga, H., Bykov, A. Skin 

complications of diabetes mellitus revealed by polarized hyperspectral imaging and machine learning // IEEE 

Transactions on Medical Imaging. ï 2021. ï ʊ. 40. ï ˉ. 4. ï ʉ. 1207-1216. 

7. E. V. Potapova, V. V. Dremin, E. A. Zherebtsov, I. N. Makovik, A. I. Zherebtsova, A. V. Dunaev, K. V. 

Podmasteryev, V. V. Sidorov, A. I. Krupatkin, L. S. Khakhicheva & V. F. Muradyan Evaluation of microcirculatory 

disturbances in patients with rheumatic diseases by the method of diffuse reflectance spectroscopy // Human 

Physiology. ï 2017.  ï T. 43. ï C. 222-228. 

8. Chen, T.; Guestrin, C. Xgboost. A scalable tree boosting system. // In Proceedings of the 22nd ACM 

Sigkdd International Conference on Knowledge Discovery and Data Mining. ï 2016. ï ʉ. 785ï794.  

 

HYPERSPECTRAL IMAGING FOR DETERMINING MICROCIRCULATORY DISORDERS OF 

INTESTINAL WALL TISSUES  

Goryunov I.A.1, Shupletsov V.V.1, Adamenkov N.A.1,2, Mamoshin A.V.1,2, Potapova E.V.1, 

Dunaev A.V.1, Dremin V.V.1 

1Research and Development Center of Biomedical Photonics, Orel State University, Orel, Russia 

2Orel Regional Clinical Hospital, Orel, Russia 

i.goryunov@oreluniver.ru 

 

This paper presents the application of a new method of intraoperative assessment of microcirculatory 

disorders of intestinal wall tissues using hyperspectral imaging. The study was carried out on laboratory rats, on 

which the ligature was applied to the feeding arcade vessels to simulate local ischemia of different duration. The 

hyperspectral imaging system allowed to obtain the spatial distribution of spectral information, which was used to 

calculate the tissue saturation parameter at different time intervals of ischemia, and a machine learning method was 

applied to estimate the degree of ischemic damage. The results obtained showed a decrease in the tissue saturation 

parameter in the zone of local ischemia compared to intact tissues, which indicates a high potential of using this 

imaging method to determine microcirculatory disorders of intestinal wall tissues. 
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ɺ ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ ʥʘ ʨʳʥʢʝ ʠʥʜʠʚʠʜʫʘʣʴʥʳʭ ʫʩʪʨʦʡʩʪʚ, ʨʝʛʠʩʪʨʠʨʫʶʱʠʭ ʤʝʜʠʢʦ-ʙʠʦʣʦʛʠʯʝʩʢʠʝ 

ʧʘʨʘʤʝʪʨʳ ʯʝʣʦʚʝʢʘ (ʬʠʪʥʝʩ ʙʨʘʩʣʝʪʳ) ʥʘʙʣʶʜʘʝʪʩʷ ʥʘʩʪʦʷʱʠʡ ʙʫʤ. ʂʦʣʠʯʝʩʪʚʦ ʬʠʨʤ, ʚʳʧʫʩʢʘʶʱʠʭ ʵʪʠ 

ʠʟʜʝʣʠʷ, ʩʪʨʝʤʠʪʝʣʴʥʦ ʥʘʨʘʩʪʘʝʪ. ɺʤʝʩʪʝ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʢʦʣʠʯʝʩʪʚʘ ʚʳʧʫʩʢʘʝʤʳʭ ʤʦʜʝʣʝʡ ʨʘʩʪʝʪ ʠ 

ʢʦʣʠʯʝʩʪʚʦ ʧʦʢʘʟʘʪʝʣʝʡ, ʢʦʪʦʨʳʝ ʜʘʥʥʳʝ ʠʟʜʝʣʠʷ ʨʝʛʠʩʪʨʠʨʫʶʪ. ʇʝʨʝʯʝʥʴ ʧʘʨʘʤʝʪʨʦʚ ʚʢʣʶʯʘʝʪ: ʯʘʩʪʦʪʫ 

ʩʝʨʜʝʯʥʳʭ ʩʦʢʨʘʱʝʥʠʡ, ʚʘʨʠʘʙʝʣʴʥʦʩʪʴ ʩʝʨʜʝʯʥʦʛʦ ʨʠʪʤʘ, ʘʨʪʝʨʠʘʣʴʥʦʝ ʜʘʚʣʝʥʠʝ, ʵʣʝʢʪʨʦʢʘʨʜʠʦʛʨʘʤʤʫ, 

ʥʘʩʳʱʝʥʠʝ ʛʝʤʦʛʣʦʙʠʥʘ ʢʠʩʣʦʨʦʜʦʤ, ʯʘʩʪʦʪʫ ʜʳʭʘʥʠʷ, ʪʝʤʧʝʨʘʪʫʨʫ ʪʝʣʘ, ʨʘʩʭʦʜ ʢʘʣʦʨʠʡ, ʢʦʣʠʯʝʩʪʚʦ ʠ 

ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʰʘʛʦʚ, ʢʘʯʝʩʪʚʦ ʩʥʘ ʠ ʜʨ. ʂʨʦʤʝ ʨʝʛʠʩʪʨʘʮʠʠ ʫʢʘʟʘʥʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʧʨʝʜʫʩʤʦʪʨʝʥʘ ʬʫʥʢʮʠʷ 

ʩʦʭʨʘʥʝʥʠʷ ʨʝʛʠʩʪʨʠʨʫʝʤʳʭ ʜʘʥʥʳʭ ʥʘ ʤʦʙʠʣʴʥʳʭ ʪʝʣʝʬʦʥʘʭ ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʢʦʧʠʨʦʚʘʥʠʝʤ ʚ ʦʙʣʘʯʥʦʝ 

ʭʨʘʥʠʣʠʱʝ. ʇʨʝʜʩʪʘʚʣʷʝʪʩʷ, ʯʪʦ ʨʘʟʚʠʪʠʝ ʧʦʜʦʙʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʤʦʞʝʪ ʧʨʠʥʝʩʪʠ ʩʫʱʝʩʪʚʝʥʥʫʶ ʧʦʣʴʟʫ ʜʣʷ 

ʦʨʛʘʥʠʟʘʮʠʠ ʥʝʧʨʝʨʳʚʥʦʛʦ ʥʘʙʣʶʜʝʥʠʷ ʟʘ ʬʫʥʢʮʠʦʥʘʣʴʥʳʤ ʩʦʩʪʦʷʥʠʝʤ ʦʨʛʘʥʠʟʤʘ ʯʝʣʦʚʝʢʘ, ʯʪʦ ʘʢʪʫʘʣʴʥʦ 

ʜʣʷ ʤʥʦʛʠʭ ʩʦʮʠʘʣʴʥʳʭ ʛʨʫʧʧ ʥʘʩʝʣʝʥʠʷ (ʠʥʚʘʣʠʜʳ, ʧʝʥʩʠʦʥʝʨʳ, ʣʠʮʘ ʦʧʘʩʥʳʭ ʧʨʦʬʝʩʩʠʡ, ʩʧʦʨʪʩʤʝʥʳ, 

ʦʨʛʘʥʠʟʦʚʘʥʥʳʝ ʢʦʣʣʝʢʪʠʚʳ ʦʪʜʳʭʘʶʱʠʭ ʚ ʩʘʥʘʪʦʨʥʦ-ʢʫʨʦʨʪʥʳʭ ʫʯʨʝʞʜʝʥʠʷʭ, ʚ ʪʦʤ ʯʠʩʣʝ, 

ʚʦʝʥʥʦʩʣʫʞʘʱʠʝ, ʧʨʦʭʦʜʷʱʠʝ ʨʝʘʙʠʣʠʪʘʮʠʶ ʧʦʩʣʝ ʨʘʥʝʥʠʡ, ʫʯʘʱʠʝʩʷ, ʜʝʪʠ, ʥʘʭʦʜʷʱʠʝʩʷ ʚ ʜʝʪʩʢʠʭ 

ʫʯʨʝʞʜʝʥʠʷʭ ʠ ʤʝʩʪʘʭ ʦʪʜʳʭʘ, ʙʝʨʝʤʝʥʥʳʝ ʠ ʢʦʨʤʷʱʠʝ ʤʘʪʝʨʠ ʠ ʤʥʦʛʠʝ ʜʨʫʛʠʝ). ɼʘ, ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ 

ʢʘʯʝʩʪʚʦ ʜʘʥʥʳʭ, ʧʦʣʫʯʘʝʤʳʭ ʧʦʜʦʙʥʳʤʠ ʫʩʪʨʦʡʩʪʚʘʤʠ ʚʳʟʳʚʘʝʪ ʩʫʱʝʩʪʚʝʥʥʳʝ ʟʘʤʝʯʘʥʠʷ, ʯʪʦ ʦʪʨʘʞʘʝʪʩʷ 

ʚ ʨʝʢʣʘʤʝ ʬʠʪʥʝʩ ʙʨʘʩʣʝʪʦʚ ʩʣʝʜʫʶʱʝʡ ʩʪʨʦʢʦʡ: çé.ʥʝ ʷʚʣʷʝʪʩʷ ʤʝʜʠʮʠʥʩʢʠʤ ʠʟʜʝʣʠʝʤè. ʄʝʞʜʫ ʪʝʤ, 

ʥʝʢʦʪʦʨʳʝ ʧʦʢʘʟʘʪʝʣʠ, ʧʦʣʫʯʘʝʤʳʝ ʩ ʬʠʪʥʝʩ ʙʨʘʩʣʝʪʦʚ, ʩ ʫʩʧʝʭʦʤ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʚ ʣʝʯʝʙʥʳʭ ʫʯʨʝʞʜʝʥʠʷʭ 

ʚʦ ʚʨʝʤʷ ʵʧʠʜʝʤʠʠ ʢʦʨʦʥʘʚʠʨʫʩʥʦʡ ʠʥʬʝʢʮʠʠ (ʯʘʩʪʦʪʘ ʩʝʨʜʝʯʥʳʭ ʩʦʢʨʘʱʝʥʠʡ, ʥʘʩʳʱʝʥʠʝ ʛʝʤʦʛʣʦʙʠʥʘ 

ʢʠʩʣʦʨʦʜʦʚ) ʠ ʠʩʧʦʣʴʟʫʶʪʩʷ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ.  

ʉʣʝʜʫʝʪ ʧʨʠʟʥʘʪʴ, ʯʪʦ ʩ ʪʝʯʝʥʠʝʤ ʚʨʝʤʝʥʠ ʠ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʝʤ ʤʝʪʦʜʦʚ ʠʟʤʝʨʝʥʠʷ ʚʳʧʫʩʢʘʝʤʳʝ 

ʬʠʪʥʝʩ ʙʨʘʩʣʝʪʳ ʧʦʚʳʩʷʪ ʪʦʯʥʦʩʪʴ ʨʝʛʠʩʪʨʠʨʫʝʤʳʭ ʜʘʥʥʳʭ, ʧʦʣʫʯʘʪ ʩʝʨʪʠʬʠʢʘʪʳ ʤʝʜʠʮʠʥʩʢʠʭ ʠʟʜʝʣʠʡ ʠ 

ʙʫʜʫʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʟʥʘʯʠʪʝʣʴʥʳʤ ʢʦʣʠʯʝʩʪʚʦʤ ʣʠʮ, ʫʯʠʪʳʚʘʷ ʜʦʩʪʫʧʥʦʩʪʴ ʠ ʙʳʩʪʨʦʪʫ ʧʦʣʫʯʝʥʠʷ 

ʙʠʦʤʝʜʠʮʠʥʩʢʦʡ ʠʥʬʦʨʤʘʮʠʠ. ʇʦʧʫʣʷʨʥʦʩʪʴ ʬʠʪʥʝʩ ʙʨʘʩʣʝʪʦʚ ʛʦʜ ʦʪ ʛʦʜʘ ʫʚʝʣʠʯʠʚʘʝʪʩʷ. ʅʝ ʧʦʩʣʝʜʥʶʶ 

ʨʦʣʴ ʚ ʵʪʦʤ ʧʨʦʮʝʩʩʝ ʠʛʨʘʶʪ: ʰʠʨʦʢʦʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʩʨʝʜʠ ʥʘʩʝʣʝʥʠʷ, ʦʩʦʙʝʥʥʦ ʤʦʣʦʜʝʞʠ, ʤʦʙʠʣʴʥʳʭ 

ʪʝʣʝʬʦʥʦʚ, ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʥʘʚʳʢʦʚ ʨʘʙʦʪʳ ʩ ʠʥʬʦʨʤʘʮʠʝʡ ʚ ʠʥʪʝʨʥʝʪʝ, ʧʨʦʧʘʛʘʥʜʘ ʟʜʦʨʦʚʦʛʦ ʦʙʨʘʟʘ 

ʞʠʟʥʠ ʩʨʝʜʠ ʥʘʩʝʣʝʥʠʷ ʚ ʩʨʝʜʩʪʚʘʭ ʤʘʩʩʦʚʦʡ ʠʥʬʦʨʤʘʮʠʠ (ʯʝʛʦ ʩʪʦʠʪ ʦʜʥʦ ʥʘʟʚʘʥʠʝ ʧʨʦʛʨʘʤʤʳ ʦ ʟʜʦʨʦʚʴʝ 

çʆ ʩʘʤʦʤ ʛʣʘʚʥʦʤè) ʠ ʨʘʟʣʠʯʥʳʝ ʢʘʤʧʘʥʠʠ ʟʘ ʟʜʦʨʦʚʦʝ ʧʠʪʘʥʠʝ, ʧʦʣʝʟʥʳʝ ʧʨʦʜʫʢʪʳ, ʙʝʟʦʧʘʩʥʫʶ ʩʨʝʜʫ 

ʦʙʠʪʘʥʠʷ ʠ ʪ.ʜ. ʀʥʳʤʠ ʩʣʦʚʘʤʠ, ʚ ʦʙʱʝʩʪʚʝ ʩʬʦʨʤʠʨʦʚʘʥʘ ʧʘʨʘʜʠʛʤʘ ʧʨʠʤʘʪʘ ʟʜʦʨʦʚʴʷ, ʯʪʦ ʠʥʪʫʠʪʠʚʥʦ 

ʧʦʥʷʪʥʦ ʚʩʝʤ ʠ ʢʘʞʜʦʤʫ, ʚ ʩʦʯʝʪʘʥʠʠ ʩ ʦʪʢʨʳʚʘʶʱʠʤʠʩʷ ʚʦʟʤʦʞʥʦʩʪʷʤʠ ʩʘʤʦʤʫ ʦʩʫʱʝʩʪʚʣʷʪʴ ʢʦʥʪʨʦʣʴ ʟʘ 

ʩʦʩʪʦʷʥʠʝʤ ʩʚʦʝʛʦ ʦʨʛʘʥʠʟʤʘ.  

ʇʨʝʜʩʪʘʚʣʷʝʪʩʷ, ʯʪʦ ʚ ʦʧʨʝʜʝʣʝʥʥʦʡ ʤʝʨʝ ʠʥʬʦʨʤʘʮʠʷ, ʧʦʣʫʯʘʝʤʘʷ ʬʠʪʥʝʩ ʙʨʘʩʣʝʪʘʤʠ ʢʦʥʢʫʨʠʨʫʝʪ ʩ 

ʤʝʜʠʮʠʥʩʢʠʤʠ ʜʘʥʥʳʤʠ, ʨʝʛʠʩʪʨʠʨʫʝʤʳʤʠ ʚ ʤʝʜʠʮʠʥʩʢʠʭ ʫʯʨʝʞʜʝʥʠʷʭ. ʇʨʝʠʤʫʱʝʩʪʚʦ ʠʥʬʦʨʤʘʮʠʠ, 

ʧʦʣʫʯʝʥʥʦʡ ʚ ʤʝʜʫʯʨʝʞʜʝʥʠʷʭ, ʦʩʥʦʚʘʥʦ ʥʘ ʧʨʦʚʝʨʝʥʥʳʭ ʩʪʘʥʜʘʨʪʥʳʭ ʤʝʪʦʜʠʢʘʭ ʨʝʛʠʩʪʨʘʮʠʠ ʧʦʢʘʟʘʪʝʣʝʡ 

ʠ ʠʥʪʝʨʧʨʝʪʘʮʠʠ ʧʦʣʫʯʝʥʥʳʭ ʜʘʥʥʳʭ. ɺ ʪʦ ʞʝ ʚʨʝʤʷ, ʧʨʝʠʤʫʱʝʩʪʚʦ ʠʥʬʦʨʤʘʮʠʠ, ʧʦʣʫʯʘʝʤʦʡ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʬʠʪʥʝʩ ʙʨʘʩʣʝʪʦʚ, ʦʩʥʦʚʘʥʦ ʥʘ ʥʝʧʨʝʨʳʚʥʦʡ ʨʝʛʠʩʪʨʘʮʠʠ ʧʘʨʘʤʝʪʨʦʚ, ʯʪʦ ʚʳʛʦʜʥʦ 

ʦʪʣʠʯʘʝʪ ʪʘʢʦʡ ʩʧʦʩʦʙ ʨʝʛʠʩʪʨʘʮʠʠ ʦʪ ʜʠʩʢʨʝʪʥʦ ʦʧʨʝʜʝʣʷʝʤʳʭ ʜʘʥʥʳʭ. ɺ ʢʘʯʝʩʪʚʝ ʧʨʠʤʝʨʘ ʤʦʞʥʦ 

ʩʨʘʚʥʠʪʴ ʧʨʦʩʪʫʶ ʨʝʛʠʩʪʨʘʮʠʶ ʕʂɻ ʚ ʢʣʠʥʠʢʝ ʩ ʍʦʣʪʝʨʦʚʩʢʠʤ ʤʦʥʠʪʦʨʠʨʦʚʘʥʠʝʤ. ʇʨʝʠʤʫʱʝʩʪʚʦ 

ʧʦʩʣʝʜʥʝʡ ʤʝʪʦʜʠʢʠ ʦʯʝʚʠʜʥʦ. 

ɺ ʵʪʦʡ ʩʚʷʟʠ, ʜʘʥʥʳʝ, ʧʦʣʫʯʘʝʤʳʝ ʧʦʩʨʝʜʩʪʚʦʤ ʤʦʥʠʪʦʨʠʥʛʘ, ʤʦʞʥʦ ʘʥʘʣʠʟʠʨʦʚʘʪʴ ʥʝ ʪʦʣʴʢʦ ʩ ʪʦʯʢʠ 

ʟʨʝʥʠʷ ʦʩʦʙʝʥʥʦʩʪʝʡ ʩʘʤʦʛʦ ʨʝʛʠʩʪʨʠʨʫʝʤʦʛʦ ʩʠʛʥʘʣʘ, ʥʦ ʠ ʩ ʧʦʟʠʮʠʡ ʜʠʥʘʤʠʢʠ, ʚ ʪʦʤ ʯʠʩʣʝ ʠ ʥʝʣʠʥʝʡʥʦʡ, 

ʩ ʧʨʠʚʣʝʯʝʥʠʝʤ ʩʪʘʪʠʩʪʠʯʝʩʢʠʭ, ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ, ʘʚʪʦʢʦʨʨʝʣʷʮʠʦʥʥʳʭ ʠ ʠʥʳʭ ʤʝʪʦʜʦʚ ʘʥʘʣʠʟʘ, ʧʨʠʤʝʥʝʥʠʝ 

ʢʦʪʦʨʳʭ ʩʪʘʥʦʚʠʪʩʷ ʚʦʟʤʦʞʥʳʤ ʙʣʘʛʦʜʘʨʷ ʬʦʨʤʠʨʦʚʘʥʠʶ ʠʟ ʨʝʛʠʩʪʨʠʨʫʝʤʦʛʦ ʩʠʛʥʘʣʘ ʥʝʢʦʪʦʨʦʛʦ 

ʤʥʦʞʝʩʪʚʘ ʜʘʥʥʳʭ. ʀʣʣʶʩʪʨʘʮʠʝʡ ʧʨʠʤʝʥʝʥʠʷ ʧʝʨʝʯʠʩʣʝʥʥʳʭ ʤʝʪʦʜʦʚ ʘʥʘʣʠʟʘ ʷʚʣʷʝʪʩʷ ʘʣʛʦʨʠʪʤ 

ʦʙʨʘʙʦʪʢʠ ʨʷʜʘ ʢʘʨʜʠʦʠʥʪʝʨʚʘʣʦʚ ʚ ʤʝʪʦʜʠʢʝ ʨʝʛʠʩʪʨʘʮʠʠ ʚʘʨʠʘʙʝʣʴʥʦʩʪʠ ʩʝʨʜʝʯʥʦʛʦ ʨʠʪʤʘ (ɺʉʈ) ʧʦ ʈ.ʄ. 

ɹʘʝʚʩʢʦʤʫ [ 1 ]. 

ʇʦʢʘʟʘʪʝʣʠ ʤʝʜʠʢʦ-ʙʠʦʣʦʛʠʯʝʩʢʦʡ ʠʥʬʦʨʤʘʮʠʠ, ʠ, ʚ ʯʘʩʪʥʦʩʪʠ, ɺʉʈ, ʧʨʠʥʷʪʦ ʧʦʜʨʘʟʜʝʣʷʪʴ ʥʘ 

ʧʝʨʚʠʯʥʳʝ ʠ ʚʪʦʨʠʯʥʳʝ (ʧʦʣʫʯʝʥʥʳʝ ʠʟ ʧʝʨʚʠʯʥʳʭ). ɼʣʷ ʦʪʨʘʞʝʥʠʷ ʨʝʘʢʮʠʠ ʦʨʛʘʥʠʟʤʘ ʥʘ ʪʦʪ ʠʣʠ ʠʥʦʡ 

ʚʥʝʰʥʠʡ ʬʘʢʪʦʨ ʠʣʠ ʜʣʷ ʦʮʝʥʢʠ ʩʦʩʪʦʷʥʠʷ ʪʦʡ ʠʣʠ ʠʥʦʡ ʩʠʩʪʝʤʳ ʯʘʩʪʦ ʪʨʝʙʫʶʪʩʷ ʥʝʢʠʝ ʚʪʦʨʠʯʥʳʝ ʠʣʠ 

ʠʥʪʝʛʨʘʣʴʥʳʝ ʧʦʢʘʟʘʪʝʣʠ, ʚʢʣʶʯʘʶʱʠʝ ʚ ʩʝʙʷ ʥʘʙʦʨ ʧʝʨʚʠʯʥʳʭ, ʥʘʧʨʠʤʝʨ ʢʦʵʬʬʠʮʠʝʥʪ ʚʘʨʠʘʮʠʠ (CV). 

ɺ ʥʝʢʦʪʦʨʳʭ ʩʣʫʯʘʷʭ ʜʣʷ ʩʦʢʨʘʱʝʥʠʷ ʜʘʥʥʳʭ ʠʣʠ ʠʭ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʧʨʠʤʝʥʷʶʪ ʬʘʢʪʦʨʥʳʡ ʘʥʘʣʠʟ, 

ʢʦʪʦʨʳʡ ʥʘʯʠʥʘʝʪʩʷ ʩ ʦʧʨʝʜʝʣʝʥʠʷ ʩʪʨʫʢʪʫʨʳ ʚʟʘʠʤʦʩʚʷʟʝʡ ʠ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʧʝʨʝʤʝʥʥʳʭ. ʇʨʠʤʝʥʝʥʠʝ 

ʬʘʢʪʦʨʥʦʛʦ ʘʥʘʣʠʟʘ ʪʨʝʙʫʝʪ ʤʘʢʩʠʤʘʣʴʥʦʡ ʥʝʟʘʚʠʩʠʤʦʩʪʠ ʧʦʢʘʟʘʪʝʣʝʡ, ʦʜʠʥʘʢʦʚʦʡ ʨʘʟʤʝʨʥʦʩʪʠ ʠ ʠʤʝʶʱʠʭ 
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ʉɽʂʎʀʗ 1 - ʄʝʪʦʜʳ ʠ ʩʨʝʜʩʪʚʘ ʜʠʘʛʥʦʩʪʠʢʠ ʠ ʣʝʯʝʥʠʷ ʟʘʙʦʣʝʚʘʥʠʡ                  88 

 

 

XVI ʄʝʞʜʫʥʘʨʦʜʥʘʷ ʅʘʫʯʥʘʷ ʂʦʥʬʝʨʝʥʮʠʷ "ʌʠʟʠʢʘ ʠ ʈʘʜʠʦʵʣʝʢʪʨʦʥʠʢʘ ʚ ʄʝʜʠʮʠʥʝ ʠ 

ʕʢʦʣʦʛʠʠ" 

 

ʥʦʨʤʘʣʴʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ. ʇʨʝʥʝʙʨʝʞʝʥʠʝ ʞʝ ʵʪʦʡ ʚʘʞʥʦʡ ʦʩʦʙʝʥʥʦʩʪʴʶ ʤʝʪʦʜʘ ʧʨʠʚʦʜʠʪ ʢ 

ʬʦʨʤʠʨʦʚʘʥʠʶ ʧʣʦʭʦ ʦʙʫʩʣʦʚʣʝʥʥʦʡ ʤʘʪʨʠʮʳ ʠ ʚʳʩʦʢʦʡ ʧʦʛʨʝʰʥʦʩʪʠ ʨʝʟʫʣʴʪʘʪʦʚ. 

ɼʣʷ ʢʦʨʨʝʢʪʥʦʛʦ ʬʦʨʤʠʨʦʚʘʥʠʷ ʚʪʦʨʠʯʥʳʭ ʠ ʠʥʪʝʛʨʘʣʴʥʳʭ ʧʦʢʘʟʘʪʝʣʝʡ ʢʦʨʨʝʢʪʥʦ ʧʨʦʚʝʩʪʠ 

ʥʝʢʦʪʦʨʦʝ ʧʨʝʦʙʨʘʟʦʚʘʥʠʝ ʠʩʭʦʜʥʳʭ ʜʘʥʥʳʭ (ʧʝʨʚʠʯʥʳʭ ʧʦʢʘʟʘʪʝʣʝʡ), ʘ ʠʤʝʥʥʦ, ʩʬʦʨʤʠʨʦʚʘʪʴ 

ʜʦʧʦʣʥʠʪʝʣʴʥʳʡ ʨʷʜ ʠʭ ʟʥʘʯʝʥʠʡ, ʢʦʪʦʨʳʝ ʙʫʜʫʪ ʠʤʝʪʴ ʥʦʨʤʘʣʴʥʦʝ (ɻʘʫʩʩʦʚʩʢʦʝ) ʨʘʩʧʨʝʜʝʣʝʥʠʝ. ɼʣʷ ʵʪʦʛʦ 

ʩʥʘʯʘʣʘ ʩʪʨʦʠʪʩʷ ʬʫʥʢʮʠʷ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʠʩʭʦʜʥʳʭ ʧʦʢʘʟʘʪʝʣʝʡ ɺʉʈ, ʘ ʟʘʪʝʤ ʢʘʞʜʦʤʫ ʟʥʘʯʝʥʠʶ ʘʨʛʫʤʝʥʪʘ 

(ʘʙʩʮʠʩʩʝ) ʚ ʵʪʦʡ ʬʫʥʢʮʠʠ ʧʨʠʩʚʘʠʚʘʝʪʩʷ ʜʦʧʦʣʥʠʪʝʣʴʥʦʝ ʟʥʘʯʝʥʠʝ ʠʟ ɻʘʫʩʩʦʚʩʢʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ (ɛ=0 ʠ 

ů=1) ʩ ʨʘʚʥʳʤʠ ʢʚʘʥʪʠʣʷʤʠ (ʦʨʜʠʥʘʪʘʤʠ). ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʜʣʷ ʢʘʞʜʦʛʦ ʠʩʭʦʜʥʦʛʦ ʟʥʘʯʝʥʠʷ ʧʦʢʘʟʘʪʝʣʷ ʤʳ 

ʧʦʣʫʯʘʝʤ ʠ ʝʛʦ ɻʘʫʩʩʦʚʩʢʠʡ ʜʫʙʣʴ, ʪʦ ʝʩʪʴ ʢʘʞʜʳʡ ʧʦʢʘʟʘʪʝʣʴ ʠʤʝʝʪ ʜʚʘ ʟʥʘʯʝʥʠʷ ï ʠʩʭʦʜʥʦʝ ʠ ɻʘʫʩʩʦʚʩʢʦʝ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʠʩʭʦʜʥʳʡ ʨʷʜ ʧʝʨʚʠʯʥʳʭ ʧʦʢʘʟʘʪʝʣʝʡ ʧʨʠʦʙʨʝʪʘʝʪ ʩʚʦʝʛʦ ʜʚʦʡʥʠʢʘ ʠʟ ɻʘʫʩʩʦʚʩʢʦʛʦ 

ʨʘʩʧʨʝʜʝʣʝʥʠʷ. ʊʝʧʝʨʴ ʥʫʞʥʦ ʫʩʪʘʥʦʚʠʪʴ ʥʦʨʤʘʪʠʚʥʳʝ ʢʦʨʠʜʦʨʳ ʟʥʘʯʝʥʠʡ ʜʣʷ ʵʪʠʭ ʜʚʫʭ ʨʷʜʦʚ. 

ʆʜʥʦʡ ʠʟ ʚʘʞʥʝʡʰʠʭ ʟʘʜʘʯ ʬʠʟʠʦʣʦʛʠʠ ʠ ʤʝʜʠʮʠʥʳ ʷʚʣʷʝʪʩʷ ʦʮʝʥʢʘ ʨʘʟʣʠʯʥʳʭ ʚʠʜʦʚ ʥʦʨʤʳ 

(ʬʠʟʠʦʣʦʛʠʯʝʩʢʦʡ, ʢʣʠʥʠʯʝʩʢʦʡ ʠ ʠʜʝʘʣʴʥʦʡ) ʧʘʨʘʤʝʪʨʦʚ ʤʝʜʠʢʦ-ʙʠʦʣʦʛʠʯʝʩʢʦʡ ʠʥʬʦʨʤʘʮʠʠ. ɼʣʷ 

ʬʦʨʤʠʨʦʚʘʥʠʷ ʢʘʞʜʦʛʦ ʚʠʜʘ ʥʦʤʳ ʥʝʦʙʭʦʜʠʤʦ ʩʦʙʨʘʪʴ ʩʦʦʪʚʝʪʩʪʚʫʶʱʫʶ ʨʝʧʨʝʟʝʥʪʘʪʠʚʥʫʶ ʙʘʟʫ ʜʘʥʥʳʭ 

(ɹɼ), ʧʦʩʪʨʦʠʪʴ ʬʫʥʢʮʠʶ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʚʳʙʨʘʥʥʦʛʦ ʧʦʢʘʟʘʪʝʣʷ ʠʟ ʵʪʦʡ ɹɼ ʠ ʬʫʥʢʮʠʶ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʝʛʦ 

ɻʘʫʩʩʦʚʩʢʦʛʦ ʵʢʚʠʚʘʣʝʥʪʘ. 

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʧʨʝʜʣʘʛʘʝʪʩʷ ʤʝʪʦʜ ʬʦʨʤʠʨʦʚʘʥʠʷ ʜʠʘʧʘʟʦʥʦʚ ʥʦʨʤʳ ʟʥʘʯʝʥʠʡ ʘʨʛʫʤʝʥʪʦʚ 

ʧʦʣʫʯʝʥʥʳʭ ʬʫʥʢʮʠʡ ʨʘʩʧʨʝʜʝʣʝʥʠʷ. 

ɼʣʷ ʥʦʨʤʠʨʦʚʘʥʠʷ ʟʥʘʯʝʥʠʡ ʧʦʢʘʟʘʪʝʣʝʡ ʧʨʝʜʣʘʛʘʝʪʩʷ ʧʨʠʤʝʥʷʪʴ ʦʮʝʥʢʫ ʘʪʠʧʠʯʥʦʩʪʠ (Grade) 

ʧʦʢʘʟʘʪʝʣʷ ʠʟ ɻʘʫʩʩʦʚʩʢʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ1 ʧʦ ʩʣʝʜʫʶʱʝʡ ʰʢʘʣʝ: ʥʫʣʝʚʦʝ ʟʥʘʯʝʥʠʝ (ʤʝʜʠʘʥʥʦʝ) ʜʦʣʞʥʦ 

ʩʦʦʪʚʝʪʩʪʚʦʚʘʪʴ ʠʜʝʘʣʴʥʦʡ ʥʦʨʤʝ, ʜʠʘʧʘʟʦʥ 0Ñ1 ï ʵʪʦ ʜʠʘʧʘʟʦʥ ʥʦʨʤʳ (ʪʠʧʠʯʥʳʝ ʟʥʘʯʝʥʠʷ). ɼʠʘʧʘʟʦʥʳ 

ʫʤʝʨʝʥʥʦʡ ʘʪʠʧʠʯʥʦʩʪʠ 1 õ 2 ʠ ï1 õ ï2 ʠ, ʥʘʢʦʥʝʮ, ʜʠʘʧʘʟʦʥʳ ʚʳʨʘʞʝʥʥʦʡ ʘʪʠʧʠʯʥʦʩʪʠ 2 õ 3 ʠ ï2 õ ï3, 

ʟʥʘʯʝʥʠʷ ʞʝ ʤʝʥʝ ï3 ʠ ʙʦʣʝ 3 ʧʦʣʫʯʠʣʠ ʥʘʟʚʘʥʠʝ ʟʘʧʨʝʜʝʣʴʥʳʭ (ʤʘʨʛʠʥʘʣʴʥʳʭ). ʇʨʠ ʵʪʦʤ ʧʦʢʘʟʘʪʝʣʠ 

ʠʟʤʝʨʷʶʪʩʷ ʚ ʰʢʘʣʝ ʜʨʦʙʥʳʭ ʦʮʝʥʦʢ ʘʪʠʧʠʯʥʦʩʪʠ, ʠ ɻʘʫʩʩʦʚʩʢʠʤ ʟʥʘʯʝʥʠʷʤ ʩʪʘʚʷʪʩʷ ʚ ʩʦʦʪʚʝʪʩʪʚʠʝ 

ʟʥʘʯʝʥʠʷ ʠʟ ʨʝʘʣʴʥʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ. 

ʈʘʩʩʤʦʪʨʠʤ ʩʪʨʫʢʪʫʨʫ ɻʘʫʩʩʦʚʩʢʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʧʦʢʘʟʘʪʝʣʷ x ʩ ʤʘʪʝʤʘʪʠʯʝʩʢʠʤ ʦʞʠʜʘʥʠʝʤ ɛ = 0 

ʠ ʩʪʘʥʜʘʨʪʥʳʤ ʦʪʢʣʦʥʝʥʠʝʤ ů = 1. ɽʛʦ ʬʫʥʢʮʠʷ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʚʳʛʣʷʜʠʪ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: 

Ὂὼ
Ѝ
᷿ Ὡ Ὠὼ. (1) 

ɿʘʤʝʪʠʤ, ʯʪʦ ʧʦʜʩʪʘʚʣʷʷ ʚ (1) ʟʥʘʯʝʥʠʝ x=Ð, ʧʦʣʫʯʠʤ ʧʦʣʥʫʶ ʚʝʨʦʷʪʥʦʩʪʴ F(x) = 1. 

ɼʣʷ ʦʮʝʥʢʠ ʜʠʘʧʘʟʦʥʦʚ ʥʦʨʤʳ ʬʫʥʢʮʠʠ ʥʦʨʤʘʣʴʥʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ F(x) ʨʘʩʩʤʦʪʨʠʤ ʩʚʦʡʩʪʚʘ ʝʛʦ 

ʧʨʦʠʟʚʦʜʥʳʭ. 

                                                         Ὢὼ Ὂ ὼ
Ѝ
Ὡ  . (2) 

ʀʪʘʢ,  f(x), ʪʦ ʝʩʪʴ ʧʝʨʚʘʷ ʧʨʦʠʟʚʦʜʥʘʷ ʦʪ F(x), ï ʵʪʦ ʧʣʦʪʥʦʩʪʴ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʚʝʨʦʷʪʥʦʩʪʠ. ʆʥʘ 

ʩʠʤʤʝʪʨʠʯʥʘ ʠ ʠʤʝʝʪ ʤʘʢʩʠʤʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ ʧʨʠ ʤʦʜʘʣʴʥʦʤ ʟʥʘʯʝʥʠʠ x = 0 ʪʦ ʝʩʪʴ, f(0) = max = 0,398942é 

ʠ ʧʣʘʚʥʦ ʫʙʳʚʘʝʪ, ʧʦ ʤʝʨʝ ʦʪʢʣʦʥʝʥʠʷ ʟʥʘʯʝʥʠʷ x ʦʪ ʥʫʣʷ. ʅʝʨʘʚʥʦʤʝʨʥʦʩʪʴ ʫʙʳʚʘʥʠʷ f(x), ʧʦ ʤʝʨʝ 

ʦʪʢʣʦʥʝʥʠʷ x ʦʪ ʤʦʜʘʣʴʥʦʛʦ ʟʥʘʯʝʥʠʷ, ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʛʨʘʜʠʝʥʪʦʤ ʧʣʦʪʥʦʩʪʠ, ʚʳʯʠʩʣʷʝʪʩʷ ʧʦ ʧʝʨʚʦʡ 

ʧʨʦʠʟʚʦʜʥʦʡ ʦʪ f(x): 

Ὢ ὼ ὼὪὼ (3) 

ʠ ʠʤʝʝʪ ʪʦʯʢʠ ʧʝʨʝʛʠʙʦʚ ʧʨʠ x = Ñ1. 

ʌʫʥʢʮʠʷ ʧʣʦʪʥʦʩʪʠ f(x) ʚ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʡ ʙʣʠʟʠ ʦʪ ʩʚʦʝʛʦ ʤʦʜʘʣʴʥʦʛʦ ʟʥʘʯʝʥʠʷ (Mo) ʠʤʝʝʪ 

ʥʫʣʝʚʦʡ ʛʨʘʜʠʝʥʪ ï ʧʨʦʠʟʚʦʜʥʘʷ ʧʝʨʝʩʝʢʘʝʪ ʫʨʦʚʝʥʴ ʥʫʣʷ. ɸʤʧʣʠʪʫʜʘ f(x) ʚ ʵʪʦʤ ʜʠʘʧʘʟʦʥʝ ʟʥʘʯʝʥʠʡ 

ʘʨʛʫʤʝʥʪʘ ʧʦʯʪʠ ʥʝ ʤʝʥʷʝʪʩʷ, ʠ ʚʩʝ ʟʥʘʯʝʥʠʷ, ʙʣʠʟʢʠʝ ʢ ʤʦʜʝ, ʧʦʯʪʠ ʨʘʚʥʦʚʝʨʦʷʪʥʳ. ʇʦ ʤʝʨʝ ʦʪʢʣʦʥʝʥʠʡ 

ʘʨʛʫʤʝʥʪʘ ʦʪ Mo, ʩʥʘʯʘʣʘ ʥʘʙʣʶʜʘʝʪʩʷ ʨʦʩʪ ʛʨʘʜʠʝʥʪʘ, ʪʦ ʝʩʪʴ, ʙʦʣʝʝ ʯʝʪʢʦʝ ʧʨʦʷʚʣʝʥʠʝ ʨʘʟʣʠʯʠʡ ʚ 

ʚʝʨʦʷʪʥʦʩʪʠ ʧʦʷʚʣʝʥʠʷ ʙʣʠʟʢʦʨʘʩʧʦʣʦʞʝʥʥʳʭ ʟʥʘʯʝʥʠʡ, ʘ ʟʘʪʝʤ, ʧʦʩʣʝ ʧʨʦʭʦʞʜʝʥʠʷ ʩʚʦʝʛʦ ʵʢʩʪʨʝʤʘʣʴʥʦʛʦ 

ʟʥʘʯʝʥʠʷ, ʥʘʙʣʶʜʘʝʪʩʷ ʧʘʜʝʥʠʝ ʛʨʘʜʠʝʥʪʘ. 

ʉʦʙʩʪʚʝʥʥʦ, ʵʢʩʪʨʝʤʘʣʴʥʦʝ ʨʘʟʣʠʯʠʝ ʚʝʨʦʷʪʥʦʩʪʠ ʧʦʷʚʣʝʥʠʷ ʙʣʠʟʢʦʨʘʩʧʦʣʦʞʝʥʥʳʭ ʟʥʘʯʝʥʠʡ ʠ 

ʦʙʦʟʥʘʯʘʝʪ çʈʫʙʠʢʦʥè ï ʪʦ ʝʩʪʴ, ʛʨʘʥʠʮʫ ʤʝʞʜʫ ʚʳʩʦʢʦʡ ʠ ʥʠʟʢʦʡ ʚʝʨʦʷʪʥʦʩʪʴʶ ʵʪʠʭ ʟʥʘʯʝʥʠʡ. ɿʥʘʯʝʥʠʷ 

ʘʨʛʫʤʝʥʪʘ ʚ ʵʢʩʪʨʝʤʘʣʴʥʳʭ ʪʦʯʢʘʭ ʛʨʘʜʠʝʥʪʘ ʥʘʟʳʚʘʶʪʩʷ ʤʦʜʘʤʠ ʛʨʘʜʠʝʥʪʘ ʧʣʦʪʥʦʩʪʠ. ʕʪʠ ʤʦʜʳ, ʧʦ ʩʚʦʝʡ 

                                                 
1ɻʘʫʩʩʦʚʩʢʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʧʦʟʚʦʣʠʪ ʧʨʦʠʟʚʦʜʠʪʴ ʘʨʠʬʤʝʪʠʯʝʩʢʠʝ ʦʧʝʨʘʮʠʠ ʩ ʥʦʨʤʠʨʦʚʘʥʥʳʤʠ 

ʧʦʢʘʟʘʪʝʣʷʤʠ ʘʪʠʧʠʯʥʦʩʪʠ ʠʭ ʟʥʘʯʝʥʠʡ. 
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ʩʫʪʠ, ʦʟʥʘʯʘʶʪ ʪʦʯʢʠ ʥʘʠʚʳʩʰʝʛʦ ʢʦʥʪʨʘʩʪʘ ʤʝʞʜʫ ʦʙʣʘʩʪʴʶ ʚʝʨʦʷʪʥʳʭ ʠ ʥʝʚʝʨʦʷʪʥʳʭ ʟʥʘʯʝʥʠʡ 

ʧʦʢʘʟʘʪʝʣʷ. 

ʇʨʦʠʟʚʦʜʥʘʷ ʦʪ ʛʨʘʜʠʝʥʪʘ ʬʫʥʢʮʠʠ f'(x) ʥʦʨʤʘʣʴʥʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ fě(x) (ʪ.ʝ. ʚʪʦʨʘʷ ʧʨʦʠʟʚʦʜʥʘʷ ʠʣʠ 

ʢʨʠʚʠʟʥʘ ʧʣʦʪʥʦʩʪʠ) ʦʧʠʩʳʚʘʝʪʩʷ ʚʳʨʘʞʝʥʠʝʤ: 

Ὢ ὼ ὼ ρὪὼ, (4) 

ʠʟ ʢʦʪʦʨʦʛʦ ʩʣʝʜʫʝʪ, ʯʪʦ f"(x) ʧʨʠʥʠʤʘʝʪ ʥʫʣʝʚʳʝ ʟʥʘʯʝʥʠʷ ʧʨʠ x = Ñ1. 

ɼʣʷ ʚʪʦʨʦʡ ʧʨʦʠʟʚʦʜʥʦʡ ʦʪ ʧʣʦʪʥʦʩʪʠ ɻʘʫʩʦʚʩʢʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ f"(x) ʭʘʨʘʢʪʝʨʥʳ ʦʪʨʠʮʘʪʝʣʴʥʳʝ 

ʟʥʘʯʝʥʠʷ ʚ ʜʠʘʧʘʟʦʥʝ x = 0Ñ1, ʢʦʪʦʨʳʝ, ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ (4), ʠʤʝʶʪ ʤʠʥʠʤʫʤ ʚ ʪʦʯʢʝ ʤʦʜʳ2 (x = 0) ʠ 

ʫʚʝʣʠʯʠʚʘʶʪʩʷ ʜʦ ʥʫʣʷ ʩʣʝʚʘ ʠ ʩʧʨʘʚʘ ʦʪ ʤʦʜʳ. ʅʫʣʝʚʳʝ ʟʥʘʯʝʥʠʷ f"(x) (ʢʨʠʚʠʟʥʳ) ʩʦʦʪʚʝʪʩʪʚʫʶʪ 

ʵʢʩʪʨʝʤʘʣʴʥʳʤ ʟʥʘʯʝʥʠʷʤ ʛʨʘʜʠʝʥʪʘ ʧʣʦʪʥʦʩʪʠ (ʝʝ ʧʝʨʚʦʡ ʧʨʦʠʟʚʦʜʥʦʡ). ɺʙʣʠʟʠ ʥʫʣʝʚʦʡ ʢʨʠʚʠʟʥʳ ʥʘ 

ʛʨʘʬʠʢʝ ʧʣʦʪʥʦʩʪʠ ʨʘʟʥʠʮʘ ʤʝʞʜʫ ʙʣʠʟʢʠʤʠ ʧʦ ʚʝʣʠʯʠʥʝ ʟʥʘʯʝʥʠʷʤʠ ʧʦʢʘʟʘʪʝʣʝʡ ʤʘʢʩʠʤʘʣʴʥʘ. ɿʥʘʯʝʥʠʷ 

ʘʨʛʫʤʝʥʪʘ ʚ ʵʢʩʪʨʝʤʘʣʴʥʳʭ ʪʦʯʢʘʭ ʛʨʘʜʠʝʥʪʘ ʧʣʦʪʥʦʩʪʠ (ʧʝʨʚʦʡ ʧʨʦʠʟʚʦʜʥʦʡ ʦʪ ʧʣʦʪʥʦʩʪʠ) ʧʦ ʩʚʦʝʡ ʩʫʪʠ, 

ʦʟʥʘʯʘʶʪ ʪʦʯʢʠ ʥʘʠʚʳʩʰʝʛʦ ʢʦʥʪʨʘʩʪʘ ʤʝʞʜʫ ʦʙʣʘʩʪʴʶ ʚʝʨʦʷʪʥʳʭ ʠ ʥʝʚʝʨʦʷʪʥʳʭ ʟʥʘʯʝʥʠʡ ʧʦʢʘʟʘʪʝʣʷ. 

ʈʘʩʩʤʘʪʨʠʚʘʝʤʳʡ ʥʘʤʠ ʜʠʘʧʘʟʦʥ ʟʥʘʯʝʥʠʡ ʚ ʦʙʣʘʩʪʠ MÑ1 ʙʫʜʝʤ ʥʘʟʳʚʘʪʴ ʜʠʘʧʘʟʦʥʦʤ ʩʪʘʪʠʩʪʠʯʝʩʢʦʡ 

ʥʦʨʤʳ (çʟʝʣʸʥʘʷ ʟʦʥʘè). ʅʘ ʈʠʩʫʥʦʢ 1 ʦʥ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʦʪʨʠʮʘʪʝʣʴʥʦʡ ʢʨʠʚʠʟʥʝ ʧʣʦʪʥʦʩʪʠ ʠ ʦʙʦʟʥʘʯʝʥ 

ʟʝʣʝʥʳʤ ʮʚʝʪʦʤ. ɺ ʪʦʯʢʝ ʤʦʜʳ ʦʪʢʣʦʥʝʥʠʝ ʦʪ ʥʦʨʤʳ ʨʘʚʥʦ ʥʫʣʶ, ʘ ʚ ʪʦʯʢʘʭ MÑ1 ʦʪʢʣʦʥʝʥʠʷ ʦʪ ʥʦʨʤʳ 

ʨʘʚʥʳ Grade = Ñ13. 

 

ʈʠʩʫʥʦʢ 1 ï ʇʦʩʪʨʦʝʥʠʝ ʜʠʘʧʘʟʦʥʘ ʥʦʨʤʳ MÑů. 

ʇʨʠʤʝʯʘʥʠʝ. ʇʨʠ ʥʦʨʤʘʣʴʥʦʤ ʟʘʢʦʥʝ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʚʝʨʦʷʪʥʦʩʪʝʡ ʟʦʥʘ ʥʘʠʙʦʣʝʝ ʚʝʨʦʷʪʥʳʭ ʟʥʘʯʝʥʠʡ 

ʧʦʢʘʟʘʪʝʣʷ ʚ ʜʠʘʧʘʟʦʥʝ MÑů ʦʛʨʘʥʠʯʠʚʘʝʪʩʷ ʤʘʢʩʠʤʘʣʴʥʳʤ ʛʨʘʜʠʝʥʪʦʤ ʧʣʦʪʥʦʩʪʠ (ʦʙʦʟʥʘʯʝʥʦ 

ʢʨʫʞʦʯʢʘʤʠ) ʠ ʠʤʝʝʪ ʦʪʨʠʮʘʪʝʣʴʥʫʶ ʝʝ ʢʨʠʚʠʟʥʫ. ɿʥʘʯʝʥʠʷ ʧʦʢʘʟʘʪʝʣʷ, ʨʘʩʧʦʣʦʞʝʥʥʳʝ ʚ ʜʠʘʧʘʟʦʥʝ MÑ1 

ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʟʦʥʝ ʥʘʠʙʦʣʝʝ ʚʝʨʦʷʪʥʳʭ ʟʥʘʯʝʥʠʡ (Grade = Ñ1) ʠ ʩʦʩʪʘʚʣʷʶʪ 68% ʚʩʝʡ ʚʳʙʦʨʢʠ. ɺ ʵʪʦʤ 

ʜʠʘʧʘʟʦʥʝ ʬʫʥʢʮʠʷ ʨʘʩʧʨʝʜʝʣʝʥʠʷ F(x) ʧʨʠʥʠʤʘʝʪ ʟʥʘʯʝʥʠʷ ʦʪ 0,1586 ʜʦ 0,8413. 

ɼʚʘ ʜʠʘʧʘʟʦʥʘ ʟʥʘʯʝʥʠʡ ʩ ʫʤʝʨʝʥʥʳʤ ʦʪʢʣʦʥʝʥʠʝʤ ʦʪ ʩʪʘʪʠʩʪʠʯʝʩʢʦʡ ʥʦʨʤʳ (çʞʸʣʪʘʷ ʟʦʥʘè), 

ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʦʪ Mï1,732051 ʜʦ Mï1 ʠ ʦʪ M+1 ʜʦ M+1,732051, ʪʦ ʝʩʪʴ ʦʪ ʥʫʣʝʚʳʭ ʜʦ ʤʘʢʩʠʤʘʣʴʥʳʭ 

ʧʦʣʦʞʠʪʝʣʴʥʳʭ ʟʥʘʯʝʥʠʡ ʚʪʦʨʦʡ ʧʨʦʠʟʚʦʜʥʦʡ (ʢʨʠʚʠʟʥʳ), ʢʦʪʦʨʳʤ, ʚ ʩʦʦʪʚʝʪʩʪʚʠʝ ʩ (5), ʩʦʦʪʚʝʪʩʪʚʫʶʪ 

ʥʫʣʝʚʳʝ ʟʥʘʯʝʥʠʷ ʪʨʝʪʴʝʡ ʧʨʦʠʟʚʦʜʥʦʡ. 
2( ) ( 1) ( ) 2 ( );f x x f x xf x¡¡¡ ¡= - +  (5) 

ʂʘʢ ʧʦʢʘʟʘʥʦ ʥʘ ʈʠʩʫʥʦʢ 2, ʵʪʠ ʜʠʘʧʘʟʦʥʳ ʩʬʦʨʤʠʨʦʚʘʥʳ ʚʦʣʥʦʡ ʪʨʝʪʴʝʡ ʧʨʦʠʟʚʦʜʥʦʡ ʦʪ ʧʣʦʪʥʦʩʪʠ 

ɻʘʫʩʩʦʚʩʢʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ. ɺ ʪʦʯʢʘʭ MÑ1,7318 ʪʨʝʪʴʷ ʧʨʦʠʟʚʦʜʥʘʷ ʧʝʨʝʩʝʢʘʝʪ ʥʫʣʝʚʦʡ ʫʨʦʚʝʥʴ ʠ ʦʮʝʥʢʠ 

ʦʪʢʣʦʥʝʥʠʡ ʦʪ ʥʦʨʤʳ ʨʘʚʥʳ Grade = ï1 õ ï2 ʠ Grade = +1 õ +2. ɺ ʵʪʠʭ ʜʚʫʭ ʜʠʘʧʘʟʦʥʘʭ ʬʫʥʢʮʠʷ 

ʨʘʩʧʨʝʜʝʣʝʥʠʷ F(x) ʧʨʠʥʠʤʘʝʪ ʟʥʘʯʝʥʠʷ ʦʪ 0,041636781 ʜʦ 0,158655254 ʠ ʦʪ 0,841344746 ʜʦ 0,958363219. 

                                                 
2 ɼʣʷ ʥʦʨʤʘʣʴʥʦʛʦ ʟʘʢʦʥʘ ʄʦʜʘ (Mo) ʩʦʚʧʘʜʘʝʪ ʩ ʤʘʪʝʤʘʪʠʯʝʩʢʠʤ ʦʞʠʜʘʥʠʝʤ (M). 
3 ɺ ʪʝʦʨʠʠ ʚʝʨʦʷʪʥʦʩʪʝʡ ʠ ʚ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʩʪʘʪʠʩʪʠʢʠ ʜʣʷ ʛʨʘʬʠʢʘ ʧʣʦʪʥʦʩʪʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ 

ʚʳʙʠʨʘʶʪ ʰʘʛ ʛʠʩʪʦʛʨʘʤʤʳ ʨʘʚʥʳʡ ů. 
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ʕʢʦʣʦʛʠʠ" 

 

 
ʈʠʩʫʥʦʢ 2 ï ʇʦʩʪʨʦʝʥʠʝ ʜʠʘʧʘʟʦʥʦʚ ʫʤʝʨʝʥʥʳʭ ʦʪʢʣʦʥʝʥʠʡ ʦʪ ʥʦʨʤʳ, ʨʘʩʧʦʣʦʞʝʥʥʳʭ  

ʦʪ Mï1 ʜʦ Mï1,732 ʠ ʦʪ M+1 ʜʦ M+1,732. 

ʇʨʠʤʝʯʘʥʠʝ. ʇʨʠ ʥʦʨʤʘʣʴʥʦʤ ʟʘʢʦʥʝ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʚʝʨʦʷʪʥʦʩʪʝʡ ʟʦʥʘ ʫʤʝʨʝʥʥʳʭ ʦʪʢʣʦʥʝʥʠʡ 

ʟʥʘʯʝʥʠʡ ʧʦʢʘʟʘʪʝʣʷ ʦʪ ʟʦʥʳ ʥʦʨʤʳ (MÑ1) ʦʛʨʘʥʠʯʠʚʘʝʪʩʷ ʤʘʢʩʠʤʘʣʴʥʦʡ ʧʦʣʦʞʠʪʝʣʴʥʦʡ ʢʨʠʚʠʟʥʦʡ 

ʧʣʦʪʥʦʩʪʠ (ʢʨʫʞʦʯʢʠ). ɿʥʘʯʝʥʠʷ ʧʦʢʘʟʘʪʝʣʷ, ʨʘʩʧʦʣʦʞʝʥʥʳʝ ʚ ʜʠʘʧʘʟʦʥʘʭ ʦʪ Mïů ʜʦ Mï1,732 ʠ ʦʪ M+1 ʜʦ 

M+1,732 ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʟʦʥʝ ʫʤʝʨʝʥʥʳʭ ʦʪʢʣʦʥʝʥʠʡ (Grade = ï1 õ ï2 ʠ Grade = +1 õ +2) ʠ ʚʤʝʩʪʝ ʩ ʟʦʥʦʡ 

ʥʦʨʤʳ ʩʦʩʪʘʚʣʷʶʪ 91,67% ʚʩʝʡ ʚʳʙʦʨʢʠ. ɺ ʵʪʠʭ ʜʚʫʭ ʜʠʘʧʘʟʦʥʘʭ ʬʫʥʢʮʠʷ ʨʘʩʧʨʝʜʝʣʝʥʠʷ F(x) ʧʨʠʥʠʤʘʝʪ 

ʟʥʘʯʝʥʠʷ ʦʪ 0,04164 ʜʦ 0,15866 ʠ ʦʪ 0,84134 ʜʦ 0,95837. 

ɼʚʘ ʜʠʘʧʘʟʦʥʘ ʟʥʘʯʝʥʠʡ ʩ ʦʯʝʥʴ ʥʠʟʢʦʡ ʧʣʦʪʥʦʩʪʴʶ (ʚʳʨʘʞʝʥʥʳʤʠ ʦʪʢʣʦʥʝʥʠʷʤʠ ʦʪ ʥʦʨʤʳ ʠʣʠ 

çʢʨʘʩʥʘʷ ʟʦʥʘè), ʨʘʩʧʦʣʦʞʝʥʥʳʝ ʟʘ ʧʨʝʜʝʣʘʤʠ ʤʘʢʩʠʤʘʣʴʥʳʭ ʟʥʘʯʝʥʠʡ ʢʨʠʚʠʟʥʳ ʦʪ ʪʦʯʝʢ MÑ1,732 ʠ ʜʦ 

ʪʦʯʝʢ MÑ2,334 ʛʜʝ ʯʝʪʚʸʨʪʘʷ ʧʨʦʠʟʚʦʜʥʘʷ ʧʝʨʝʩʝʢʘʝʪ ʥʫʣʠ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ (6). 
2( ) ( 1) ( ) 4 ( ) 2 ( );IVf x x f x xf x f x¡¡ ¡= - + +  (6) 

ɺ ʪʦʯʢʘʭ MÑ2,3334 ʦʮʝʥʢʠ ʦʪʢʣʦʥʝʥʠʡ ʦʪ ʥʦʨʤʳ Grade = ï2 õ ï3 ʠ Grade = +2 õ +3. ɺ ʵʪʠʭ ʜʚʫʭ 

ʜʠʘʧʘʟʦʥʘʭ ʬʫʥʢʮʠʷ ʨʘʩʧʨʝʜʝʣʝʥʠʷ F(x) ʧʨʠʥʠʤʘʝʪ ʟʥʘʯʝʥʠʷ ʦʪ 0,00979ʜʦ  0,04164 ʠ ʦʪ 0,95837 ʜʦ 0,99021. 

 
ʈʠʩʫʥʦʢ 3 ï ʇʦʩʪʨʦʝʥʠʝ ʜʠʘʧʘʟʦʥʦʚ ʚʳʨʘʞʝʥʥʳʭ ʦʪʢʣʦʥʝʥʠʡ ʦʪ ʥʦʨʤʳ, ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʦʪ Mï1,732 

ʜʦ Mï3 ʠ ʦʪ M+1,732 ʜʦ M+3. 

ʇʨʠʤʝʯʘʥʠʝ. ʇʨʠ ʥʦʨʤʘʣʴʥʦʤ ʟʘʢʦʥʝ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʟʦʥʘ ʚʳʨʘʞʝʥʥʳʭ ʦʪʢʣʦʥʝʥʠʡ ʦʛʨʘʥʠʯʠʚʘʝʪʩʷ 

ʧʦʣʦʞʠʪʝʣʴʥʦʡ ʠ ʦʪʨʠʮʘʪʝʣʴʥʦʡ ʵʢʩʪʨʝʤʘʣʴʥʳʤʠ ʪʦʯʢʘʤʠ ʛʨʘʜʠʝʥʪʘ ʢʨʠʚʠʟʥʳ (ʪʨʝʪʴʝʡ ʧʨʦʠʟʚʦʜʥʦʡ ʦʪ 

ʧʣʦʪʥʦʩʪʠ, ʦʙʦʟʥʘʯʝʥʳ ʢʨʫʞʦʯʢʘʤʠ). ʕʪʠ ʪʦʯʢʠ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʪʦʯʢʘʤ ʧʝʨʝʩʝʯʝʥʠʷ ʥʫʣʷ ʯʝʪʚʝʨʪʦʡ 

ʧʨʦʠʟʚʦʜʥʦʡ. ɿʥʘʯʝʥʠʷ ʧʦʢʘʟʘʪʝʣʷ, ʨʘʩʧʦʣʦʞʝʥʥʳʝ ʚ ʜʠʘʧʘʟʦʥʘʭ ʦʪ Mï2,3334 ʜʦ Mï3 ʠ ʦʪ M+2,3334 ʜʦ M+3 

ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʟʦʥʝ ʚʳʨʘʞʝʥʥʳʭ ʦʪʢʣʦʥʝʥʠʡ (Grade = ï2 õ ï3 ʠ Grade = +2 õ +3) ʠ ʚʤʝʩʪʝ ʩ ʟʦʥʘʤʠ ʥʦʨʤʳ ʠ 

ʫʤʝʨʝʥʥʳʭ ʦʪʢʣʦʥʝʥʠʡ ʩʦʩʪʘʚʣʷʶʪ 99,73% ʚʩʝʡ ʚʳʙʦʨʢʠ. ɺ ʵʪʠʭ ʜʚʫʭ ʜʠʘʧʘʟʦʥʘʭ ʬʫʥʢʮʠʷ ʨʘʩʧʨʝʜʝʣʝʥʠʷ 

F(x) ʧʨʠʥʠʤʘʝʪ ʟʥʘʯʝʥʠʷ ʦʪ 0,001349898 ʜʦ  0,009797861 ʠ ʦʪ 0,990202139 ʜʦ 0,998650102. 
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ɼʚʘ ʜʠʘʧʘʟʦʥʘ ʤʘʨʛʠʥʘʣʴʥʳʭ (ʟʘʧʨʝʜʝʣʴʥʳʭ) ʟʥʘʯʝʥʠʡ ʧʦʢʘʟʘʪʝʣʷ (çʤʘʣʠʥʦʚʘʷ ʟʦʥʘè), ʜʘʣʝʝ ʪʦʯʝʢ 

MÑ3, ʟʘ ʧʨʝʜʝʣʘʤʠ ʧʨʝʜʝʣʦʚ q-ʢʚʘʥʪʠʣʷ ʠ Q-% ʪʦʯʢʠ (Grade = ï3 õ ï4 ʠ Grade = +3 õ +4). 

ɺ ʊʘʙʣʠʮʘ 1 ʧʨʠʚʝʜʝʥʳ ʟʥʘʯʝʥʠʷ ʭʘʨʘʢʪʝʨʥʳʭ ʪʦʯʝʢ, ʚ ʢʦʪʦʨʳʭ ʢʨʠʚʘʷ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʢʘʯʝʩʪʚʝʥʥʦ 

ʤʝʥʷʝʪʩʷ. 

ʊʘʙʣʠʮʘ 1. ʍʘʨʘʢʪʝʨʥʳʝ ʪʦʯʢʠ ʢʨʠʚʦʡ ʨʘʩʧʨʝʜʝʣʝʥʠʷ 

Grade x F(x) f(x) f ô(x) f ò (x) f òô (x)  f IV(x) 

-4 -3 0,00135 0,00443     

-3 -2,334415 0,00979 0,02616    3,2e-10 

-2 -1,732051 0,04164 0,08902   -8,5e-10  

-1 -1 0,15866 0,24197 0,24197 0   

0 0 0,5 0,39894     

1 1 0,84134 0,24197 -0,24197 0   

2 1,732051 0,95837 0,08902   8,5e-10  

3 2,334415 0,99021 0,02616    -3,2e-10 

4 3 0,99865 0,00443     

 

ʅʘ ʩʣʝʜʫʶʱʝʤ ʰʘʛʝ ʥʘʭʦʜʷʪʩʷ ʧʨʦʤʝʞʫʪʦʯʥʳʝ ʟʥʘʯʝʥʠʷ ʦʮʝʥʦʢ Grade ʚʥʫʪʨʠ ʪʠʧʠʯʥʳʭ ʜʠʘʧʘʟʦʥʦʚ 

ʧʦ ʠʥʪʝʨʧʦʣʷʮʠʦʥʥʦʡ ʢʨʠʚʦʡ, ʧʦʩʪʨʦʝʥʥʦʡ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: ʜʣʷ ʢʘʞʜʦʛʦ ʟʥʘʯʝʥʠʷ Grade ʠʟ ʊʘʙʣʠʮʘ 1 

ʥʘ ɻʘʫʩʩʦʚʩʢʦʤ ʨʘʩʧʨʝʜʝʣʝʥʠʠ ʙʝʨʸʪʩʷ ʟʥʘʯʝʥʠʝ q-ʢʚʘʥʪʠʣʠ F(x). ʕʪʦ ʟʥʘʯʝʥʠʝ ʧʝʨʝʥʦʩʠʪʩʷ ʥʘ ʛʨʘʬʠʢ 

ʨʘʩʧʨʝʜʝʣʝʥʠʷ SDNN. ʀʟ ʵʪʦʛʦ ʛʨʘʬʠʢʘ ʙʝʨʸʪʩʷ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʝ ʦʨʜʠʥʘʪʝ ʟʥʘʯʝʥʠʝ ʘʙʩʮʠʩʩʳ, ʢʦʪʦʨʦʝ 

ʦʪʢʣʘʜʳʚʘʝʪʩʷ ʥʘ ʧʣʦʩʢʦʩʪʠ SDNN ï Grade. ɼʘʣʝʝ ʩʪʨʦʠʪʩʷ ʠʥʪʝʨʧʦʣʷʮʠʦʥʥʘʷ ʢʨʠʚʘʷ ʟʘʚʠʩʠʤʦʩʪʠ Grade ʦʪ 

SDNN. ɼʘʣʝʝ ʦʮʝʥʢʠ Grade ʧʨʝʦʙʨʘʟʫʶʪʩʷ ʚ ʥʦʨʤʘʣʴʥʦ ʨʘʩʧʨʝʜʝʣʸʥʥʳʝ ʥʦʨʤʠʨʦʚʘʥʥʳʝ ʧʦʢʘʟʘʪʝʣʠ ɺʉʈ 

ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ. ʅʘ ʧʣʦʩʢʦʩʪʠ x ï Grade ʦʪʢʣʘʜʳʚʘʶʪʩʷ ʟʥʘʯʝʥʠʷ ʦʨʜʠʥʘʪ ʠʟ ʛʨʘʬʠʢʘ ʥʘ ʧʣʦʩʢʦʩʪʠ 

SDNN ï Grade, ʘ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʠʤ ʟʥʘʯʝʥʠʷ ʘʙʩʮʠʩʩ ʙʝʨʫʪʩʷ ʠʟ ʛʨʘʬʠʢʘ ʥʦʨʤʘʣʴʥʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʢʘʞʜʦʤʫ ʟʥʘʯʝʥʠʶ SDNN ʩʪʘʚʠʪʩʷ ʚ ʩʦʦʪʚʝʪʩʪʚʠʝ ʘʙʩʮʠʩʩʘ ʠʟ ʠʥʪʝʨʧʦʣʷʮʠʦʥʥʦʡ ʢʨʠʚʦʡ ʥʘ 

ʧʣʦʩʢʦʩʪʠ x ï Grade. 

ʀʪʘʢ, ʢʘʞʜʦʤʫ ʟʥʘʯʝʥʠʶ ʧʘʨʘʤʝʪʨʘ ɺʉʈ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʝʛʦ ʦʮʝʥʢʘ ʥʦʨʤʳ ʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʝ ʧʦ 

ʫʨʦʚʥʶ q-ʢʚʘʥʪʠʣʠ ʟʥʘʯʝʥʠʝ ɻʘʫʩʩʦʚʩʢʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʚ ʩʠʛʤʘʭ. 

ɺʘʞʥʦʩʪʴ ʧʦʣʫʯʝʥʠʷ ʜʠʘʧʘʟʦʥʦʚ ʪʠʧʠʯʥʦʩʪʠ ʧʘʨʘʤʝʪʨʦʚ ɺʉʈ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʪʦʤ, ʯʪʦ ʜʣʷ 

ʠʩʩʣʝʜʦʚʘʪʝʣʷ ʧʨʠʥʮʠʧʠʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ ʠʤʝʝʪ ʥʝ ʟʥʘʯʝʥʠʝ ʧʦʢʘʟʘʪʝʣʷ, ʘ ʦʮʝʥʢʘ ʝʛʦ ʥʦʨʤʳ, ʪʦ ʝʩʪʴ ʩʪʝʧʝʥʠ 

ʦʪʢʣʦʥʝʥʠʷ ʦʪ ʪʠʧʠʯʥʳʭ ʟʥʘʯʝʥʠʡ ʨʝʧʨʝʟʝʥʪʘʪʠʚʥʦʡ ʚʳʙʦʨʢʠ. ɺ ʩʘʤʦʤ ʜʝʣʝ, ʝʩʣʠ ʤʳ ʠʩʧʦʣʴʟʫʝʤ 

ʧʦʢʘʟʘʪʝʣʴ ɺʉʈ ʚ ʢʘʢʠʭ-ʣʠʙʦ ʩʪʘʪʠʩʪʠʯʝʩʢʠʭ ʨʘʩʯʝʪʘʭ ʠʣʠ ʠʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʷʭ, ʪʦ ʟʥʘʯʝʥʠʝ ʧʦʢʘʟʘʪʝʣʷ 

ʠʥʪʝʨʝʩʫʝʪ ʥʝ ʩʪʦʣʴʢʦ ʩʘʤʦ ʧʦ ʩʝʙʝ, ʩʢʦʣʴʢʦ ʝʛʦ ʧʨʠʥʘʜʣʝʞʥʦʩʪʴ ʢ ʥʦʨʤʘʪʠʚʥʦʤʫ ʜʠʘʧʘʟʦʥʫ ʠʣʠ ʩʪʝʧʝʥʴ 

ʦʪʢʣʦʥʝʥʠʷ ʦʪ ʥʝʛʦ.  ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʝʩʣʠ ʤʳ ʚ ʥʘʰʠʭ ʠʩʩʣʝʜʦʚʘʥʠʷʭ ʙʫʜʝʤ ʦʧʝʨʠʨʦʚʘʪʴ ʥʝ ʩʘʤʠʤʠ 

ʧʦʢʘʟʘʪʝʣʷʤʠ ɺʉʈ, ʘ ʦʮʝʥʢʘʤʠ ʠʭ ʥʦʨʤʳ, ʪʦ ʧʦʣʫʯʠʤ ʨʷʜ ʧʨʝʠʤʫʱʝʩʪʚ. ɺʦ-ʧʝʨʚʳʭ, ʚʩʝ ʥʘʰʠ ʧʘʨʘʤʝʪʨʳ 

(ʦʮʝʥʢʠ ʧʦʢʘʟʘʪʝʣʝʡ ɺʉʈ) ʙʫʜʫʪ ʨʘʩʧʦʣʦʞʝʥʳ ʚ ʦʜʥʦʡ ʰʢʘʣʝ ʠʟʤʝʨʝʥʠʡ, ʥʝ ʠʤʝʶʱʝʡ ʨʘʟʣʠʯʥʳʭ ʝʜʠʥʠʮ 

ʠʟʤʝʨʝʥʠʷ ʜʣʷ ʨʘʟʣʠʯʥʳʭ ʧʦʢʘʟʘʪʝʣʝʡ, ʪʦ ʝʩʪʴ ʢʘʞʜʳʡ ʧʘʨʘʤʝʪʨ ʠʤʝʝʪ ʚ ʮʝʥʪʨʝ ʰʢʘʣʳ ʥʦʣʴ, 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʡ ʮʝʥʪʨʫ ʜʠʘʧʘʟʦʥʘ ʥʦʨʤʳ, ʠ ʦʪʢʣʦʥʝʥʠʷ ʦʪ ʜʠʘʧʘʟʦʥʘ ʥʦʨʤʳ ʚ ʧʣʶʩ ʠʣʠ ʚ ʤʠʥʫʩ. ɺʦ-

ʚʪʦʨʳʭ, ʚʩʝ ʧʘʨʘʤʝʪʨʳ ʪʝʧʝʨʴ ʤʦʞʥʦ ʩʨʘʚʥʠʚʘʪʴ ʜʨʫʛ ʩ ʜʨʫʛʦʤ ʠ ʘʛʨʝʛʠʨʦʚʘʪʴ ʠʭ ʚ ʠʥʪʝʛʨʘʣʴʥʳʝ ʦʮʝʥʢʠ. ɺ-

ʪʨʝʪʴʠʭ, ʤʳ ʧʦʣʫʯʘʝʤ ʚʦʟʤʦʞʥʦʩʪʴ ʧʦʩʪʨʦʝʥʠʷ ʥʦʚʳʭ ʬʦʨʤ ʛʨʘʬʠʯʝʩʢʦʛʦ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʠʭ ʟʥʘʯʝʥʠʡ, 

ʧʦʩʢʦʣʴʢʫ, ʪʝʧʝʨʴ ʚʩʝ ʧʦʢʘʟʘʪʝʣʠ ʤʦʞʥʦ ʨʘʩʧʦʣʘʛʘʪʴ ʥʘ ʦʜʥʦʤ ʛʨʘʬʠʢʝ (ʦʥʠ ʞʝ ʚ ʦʜʥʦʡ ʨʘʟʤʝʨʥʦʩʪʠ). ʂ 

ʧʝʨʝʯʠʩʣʝʥʥʳʤ ʧʨʝʠʤʫʱʝʩʪʚʘʤ ʜʦʙʘʚʠʤ ʩʘʤʦʝ ʛʣʘʚʥʦʝ ï ʚʩʝ ʥʘʰʠ ʦʮʝʥʢʠ ʥʦʨʤʘʣʴʥʦ ʨʘʩʧʨʝʜʝʣʝʥʳ, ʯʪʦ 

ʧʦʟʚʦʣʷʝʪ ʥʘʤ ʢʦʨʨʝʢʪʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʩʘʤʳʝ ʧʦʧʫʣʷʨʥʳʝ ʤʝʪʦʜʳ ʩʪʘʪʠʩʪʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚʠʜʦʚʳʝ ʦʮʝʥʢʠ ʥʦʨʤʳ ʧʦʢʘʟʘʪʝʣʝʡ ɺʉʈ ʧʦʩʪʨʦʝʥʳ ʧʦ ʧʨʠʥʮʠʧʫ ʠʟʤʝʥʝʥʠʷ 

ʭʘʨʘʢʪʝʨʘ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʧʣʦʪʥʦʩʪʠ ʚʝʨʦʷʪʥʦʩʪʠ. ʊʘʢ ʚ ʟʝʣʝʥʦʡ ʟʦʥʝ ʧʣʦʪʥʦʩʪʴ ʠʤʝʝʪ ʦʪʨʠʮʘʪʝʣʴʥʫʶ 

ʢʨʠʚʠʟʥʫ, ʯʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦʙ ʫʩʪʦʡʯʠʚʦʩʪʠ ʟʥʘʯʝʥʠʡ ʜʘʥʥʦʛʦ ʧʦʢʘʟʘʪʝʣʷ ʠ ʦ ʥʘʠʣʫʯʰʝʡ ʘʜʘʧʪʘʮʠʠ ʢ 

ʫʩʣʦʚʠʷʤ ʚʥʝʰʥʝʡ ʩʨʝʜʳ ʠʥʜʠʚʠʜʦʚ, ʧʦʧʘʚʰʠʭ ʚ ʵʪʫ ʟʦʥʫ. ɺ ʜʠʥʘʤʠʢʝ ʜʘʥʥʳʡ ʧʦʢʘʟʘʪʝʣʴ ʚ ʵʪʦʡ ʛʨʫʧʧʝ 

ʙʫʜʝʪ ʧʦʚʪʦʨʷʪʴʩʷ, ʧʦʢʘ ʫʩʣʦʚʠʷ ʥʝ ʠʟʤʝʥʷʪʩʷ. ʕʪʘ ʟʦʥʘ ʥʫʞʥʘ ʜʣʷ ʧʦʜʜʝʨʞʘʥʠʷ ʛʦʤʝʦʩʪʘʟʘ ʧʦʧʫʣʷʮʠʠ. 

ʇʦʧʘʚʰʠʝ ʚ ʞʸʣʪʳʝ ʟʦʥʳ ʠʥʜʠʚʠʜʳ ʩʦʩʪʘʚʣʷʶʪ ʫʯʘʩʪʢʠ ʧʣʦʪʥʦʩʪʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʩ ʧʦʣʦʞʠʪʝʣʴʥʦʡ 

ʢʨʠʚʠʟʥʦʡ, ʯʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʥʝʫʩʪʦʡʯʠʚʦʩʪʠ ʫ ʥʠʭ ʟʥʘʯʝʥʠʡ ʜʘʥʥʦʛʦ ʧʦʢʘʟʘʪʝʣʷ ɺʉʈ, ʥʦ ʩ ʪʝʥʜʝʥʮʠʝʡ 

ʚʦʟʚʨʘʪʘ ʚ ʟʝʣʸʥʫʶ ʟʦʥʫ. ʇʦʧʘʚʰʠʝ ʞʝ ʚ ʢʨʘʩʥʳʝ ʟʦʥʳ ʠʥʜʠʚʠʜʳ ʠʤʝʶʪ ʥʝʫʩʪʦʡʯʠʚʳʝ ʟʥʘʯʝʥʠʷ ʜʘʥʥʦʛʦ 

ʧʦʢʘʟʘʪʝʣʷ ʩ ʪʝʥʜʝʥʮʠʝʡ ʜʘʣʴʥʝʡʰʝʛʦ ʦʪʭʦʜʘ ʦʪ ʟʝʣʝʥʦʡ ʟʦʥʳ. ʇʦ-ʚʠʜʠʤʦʤʫ, ʦʥʠ ʧʨʝʜʥʘʟʥʘʯʝʥʳ ʜʣʷ 

ʠʟʤʝʥʝʥʠʷ ʧʦʧʫʣʷʮʠʠ ʚ ʩʣʫʯʘʝ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʘʜʘʧʪʘʮʠʠ ʢ ʩʫʱʝʩʪʚʝʥʥʳʤ ʠʟʤʝʥʝʥʠʷʤ ʫʩʣʦʚʠʡ ʚʥʝʰʥʝʡ 



ʉɽʂʎʀʗ 1 - ʄʝʪʦʜʳ ʠ ʩʨʝʜʩʪʚʘ ʜʠʘʛʥʦʩʪʠʢʠ ʠ ʣʝʯʝʥʠʷ ʟʘʙʦʣʝʚʘʥʠʡ                  92 

 

 

XVI ʄʝʞʜʫʥʘʨʦʜʥʘʷ ʅʘʫʯʥʘʷ ʂʦʥʬʝʨʝʥʮʠʷ "ʌʠʟʠʢʘ ʠ ʈʘʜʠʦʵʣʝʢʪʨʦʥʠʢʘ ʚ ʄʝʜʠʮʠʥʝ ʠ 

ʕʢʦʣʦʛʠʠ" 

 

ʩʨʝʜʳ. ɺ ʩʣʫʯʘʝ ʩʦʭʨʘʥʝʥʠʷ ʵʪʠʭ ʫʩʣʦʚʠʡ ʜʘʥʥʳʝ ʛʨʫʧʧʳ ʥʝ ʚ ʩʦʩʪʦʷʥʠʠ ʧʦʜʜʝʨʞʠʚʘʪʴ ʛʦʤʝʦʩʪʘʟ 

ʧʦʧʫʣʷʮʠʠ ʠ ʠʤʝʶʪ ʥʠʟʢʠʝ ʰʘʥʩʳ ʥʘ ʚʳʞʠʚʘʥʠʝ.  

ʂʦʥʝʯʥʦ, ʥʘʜʦ ʧʦʥʠʤʘʪʴ, ʯʪʦ ʩʦ ʚʨʝʤʝʥʠ ʨʘʟʨʘʙʦʪʢʠ ʙʘʟʦʚʳʭ ʧʦʜʭʦʜʦʚ ʢ ʩʪʘʪʠʩʪʠʯʝʩʢʦʤʫ ʘʥʘʣʠʟʫ 

ʩʝʨʜʝʯʥʦʛʦ ʨʠʪʤʘ ʈ.ʄ. ɹʘʝʚʩʢʠʤ ʧʨʦʰʣʦ ʤʥʦʛʦ ʚʨʝʤʝʥʠ ʠ ʩʧʦʩʦʙʳ ʧʦʣʫʯʝʥʠʷ ʠʥʬʦʨʤʘʮʠʠ ʠ ʤʝʪʦʜʳ 

ʦʙʨʘʙʦʪʢʠ ʢʘʨʜʠʦʩʠʛʥʘʣʘ ʚʦ ʤʥʦʛʦʤ ʨʝʘʣʠʟʦʚʘʥʳ [2, 3]. ʉʝʡʯʘʩ ʩʫʱʝʩʪʚʫʝʪ ʥʘʩʪʦʷʪʝʣʴʥʘʷ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʥʝ 

ʪʦʣʴʢʦ ʠ ʥʝ ʩʪʦʣʴʢʦ ʠʟʤʝʥʠʪʴ ʩʧʦʩʦʙʳ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʠ ʢʘʨʜʠʦʩʠʛʥʘʣʘ, ʢʘʢ ʜʦʧʦʣʥʝʥʠʝ 

ʯʘʩʪʦʪʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʨʘʙʦʪʳ ʩʝʨʜʮʘ ʧʦʢʘʟʘʪʝʣʷʤʠ ʘʨʪʝʨʠʘʣʴʥʦʛʦ ʜʘʚʣʝʥʠʷ, ʢʦʪʦʨʦʝ ʙʫʜʝʪ ʦʧʨʝʜʝʣʷʪʴʩʷ 

ʥʝʠʥʚʘʟʠʥʳʤʠ ʤʝʪʦʜʘʤʠ ʥʘ ʢʘʞʜʦʤ ʩʝʨʜʝʯʥʦʤ ʮʠʢʣʝ. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʵʪʠ ʤʝʪʦʜʳ, ʦʩʥʦʚʘʥʥʳʝ ʥʘ 

ʦʧʨʝʜʝʣʝʥʠʠ ʘʤʧʣʠʪʫʜʳ ʧʫʣʴʩʘʮʠʠ ʣʫʯʝʚʦʡ ʘʨʪʝʨʠʠ, ʨʝʘʣʠʟʫʶʪʩʷ ʚ ʥʦʩʠʤʳʭ ʫʩʪʨʦʡʩʪʚʘʭ ʠ ʪʦʯʥʦʩʪʴ ʠʭ 

ʩʦʚʝʨʰʝʥʩʪʚʫʝʪʩʷ. 

ʈʝʘʣʠʟʘʮʠʠ ʩʠʥʭʨʦʥʥʦʡ ʟʘʧʠʩʠ ʯʘʩʪʦʪʥʳʭ ʧʦʢʘʟʘʪʝʣʝʡ ʩʝʨʜʝʯʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ ʠ ʜʘʚʣʝʥʠʷ ʟʘ ʢʘʞʜʳʡ 

ʩʝʨʜʝʯʥʳʡ ʮʠʢʣ ʜʘʩʪ ʥʦʚʦʝ ʢʘʯʝʩʪʚʦ ʤʦʥʠʪʦʨʠʨʦʚʘʥʠʶ ʩʦʩʪʦʷʥʠʷ ʩʝʨʜʝʯʥʦ-ʩʦʩʫʜʠʩʪʦʡ ʩʠʩʪʝʤʳ, ʜʘ ʠ ʚʩʝʛʦ 

ʦʨʛʘʥʠʟʤʘ ʚ ʮʝʣʦʤ. ɽʩʣʠ ʠʩʩʣʝʜʦʚʘʥʠʝ ʚʘʨʠʘʙʝʣʴʥʦʩʪʠ ʩʝʨʜʝʯʥʦʛʦ ʨʠʪʤʘ ʤʦʞʥʦ ʩʨʘʚʥʠʪʴ ʩ ʣʠʥʝʡʥʳʤ 

ʧʨʦʩʪʨʘʥʩʪʚʦʤ, ʢʦʪʦʨʦʝ ʦʪʨʘʞʘʝʪ ʚʨʝʤʝʥʥʳʝ ʠʟʤʝʥʝʥʠʷ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʩʝʨʜʝʯʥʦ-ʩʦʩʫʜʠʩʪʦʡ ʩʠʩʪʝʤʳ ʠ 

ʝʸ ʨʝʛʫʣʷʮʠʶ, ʪʦ ʩʠʥʭʨʦʥʥʘʷ ʨʝʛʠʩʪʨʘʮʠʷ ʚʘʨʠʘʙʝʣʴʥʦʩʪʠ ʩʝʨʜʝʯʥʦʛʦ ʨʠʪʤʘ ʠ ʜʘʚʣʝʥʠʷ (ʧʦ ʩʫʪʠ 

ʧʣʝʪʠʟʤʦʛʨʘʤʤʳ) ʧʦʟʚʦʣʠʪ ʧʦʜʦʡʪʠ ʢ ʘʥʘʣʠʟʫ ʥʝʢʦʡ ʧʣʦʩʢʦʩʪʠ, ʦʜʥʦʡ ʠʟ ʢʦʦʨʜʠʥʘʪ ʢʦʪʦʨʦʡ ʙʫʜʝʪ 

ʩʝʨʜʝʯʥʳʡ ʨʠʪʤ, ʜʨʫʛʦʡ ï ʜʘʚʣʝʥʠʝ. 

ʆʯʝʚʠʜʥʦ, ʯʪʦ ʠʥʬʦʨʤʘʮʠʷ, ʧʦʣʫʯʝʥʥʘʷ ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʙʫʜʝʪ ʥʘ ʧʦʨʷʜʦʢ ʙʦʣʝʝ ʮʝʥʥʦʡ ʜʣʷ 

ʠʥʪʝʨʧʨʝʪʘʮʠʠ ʬʫʥʢʮʠʦʥʘʣʴʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʩʝʨʜʝʯʥʦ-ʩʦʩʫʜʠʩʪʦʡ ʩʠʩʪʝʤʳ ʠ ʦʨʛʘʥʠʟʤʘ ʚ ʮʝʣʦʤ. 

ʆʧʨʝʜʝʣʝʥʥʳʝ ʪʨʫʜʥʦʩʪʠ ʩʚʷʟʘʥʥʳ ʩ ʧʦʣʫʯʝʥʠʝʤ ʠ ʧʝʨʝʜʘʯʝʡ ʠʥʬʦʨʤʘʮʠʠ ʩ ʬʠʪʥʝʩ ʙʨʘʩʣʝʪʦʚ ʥʘ 

ʤʦʙʠʣʴʥʳʝ ʫʩʪʨʦʡʩʪʚʘ (ʪʝʣʝʬʦʥ) ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʩʦʭʨʘʥʝʥʠʝʤ ʚ ʦʙʣʘʯʥʦʝ ʭʨʘʥʠʣʠʱʝ ʠ ʦʙʨʘʙʦʪʢʦʡ 

ʧʦʣʫʯʝʥʥʳʭ ʜʘʥʥʳʭ. ʉʣʦʞʥʦʩʪʴ ʩʦʩʪʦʠʪ ʚ ʪʦʤ, ʯʪʦ ʚ ʦʪʣʠʯʠʝ ʦʪ ʩʧʝʮʠʘʣʴʥʦ ʩʦʟʜʘʚʘʝʤʳʭ ʫʩʣʦʚʠʡ ʚ 

ʤʝʜʠʮʠʥʩʢʠʭ ʫʯʨʝʞʜʝʥʠʷʭ, ʬʠʪʥʝʩ ʙʨʘʩʣʝʪʳ ʨʝʛʠʩʪʨʠʨʫʶʪ ʙʠʦʤʝʜʠʮʠʥʩʢʠʝ ʩʠʛʥʘʣʳ ʧʦʩʪʦʷʥʥʦ ʠ 

ʥʝʠʟʙʝʞʥʦ ʧʨʠʩʫʪʩʪʚʫʝʪ ʤʥʦʞʝʩʪʚʦ ʘʨʪʝʬʘʢʪʦʚ, ʩʚʷʟʘʥʥʳʭ ʢʘʢ ʩ ʚʥʝʰʥʠʤʠ ʚʦʟʜʝʡʩʪʚʠʷʤʠ, ʪʘʢ ʠ ʩ 

ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʝʤ ʨʘʟʣʠʯʥʳʭ ʩʠʩʪʝʤ ʯʝʣʦʚʝʯʝʩʢʦʛʦ ʦʨʛʘʥʠʟʤʘ. ʇʦʵʪʦʤʫ ʥʝʦʙʭʦʜʠʤʦ ʥʝ ʪʦʣʴʢʦ 

ʨʘʟʨʘʙʦʪʘʪʴ ʩʘʤʦ ʫʩʪʨʦʡʩʪʚʦ, ʢʦʪʦʨʦʝ ʨʝʛʠʩʪʨʠʨʫʝʪ ʠ ʧʝʨʝʜʘʝʪ ʙʠʦʤʝʜʠʮʠʥʩʢʠʝ ʩʠʛʥʘʣʳ, ʥʦ ʠ ʩʦʟʜʘʪʴ 

ʧʨʦʛʨʘʤʤʳ, ʩʧʦʩʦʙʥʳʝ ʚʝʨʠʬʠʮʠʨʦʚʘʪʴ ʬʦʨʤʫ ʧʝʨʝʜʘʚʘʝʤʦʛʦ ʩʠʛʥʘʣʘ, ʦʪʬʠʣʴʪʨʦʚʳʚʘʪʴ ʚʦʟʤʦʞʥʳʝ 

ʘʨʪʝʬʘʢʪʳ, ʬʦʨʤʠʨʦʚʘʪʴ ʤʘʩʩʠʚʳ ʜʘʥʥʳʭ, ʧʨʦʚʦʜʠʪʴ ʘʥʘʣʠʟ ʧʦʣʫʯʝʥʥʳʭ ʜʘʥʥʳʭ ʩ ʧʨʠʤʝʥʝʥʠʝʤ 

ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ, ʚ ʪʦʤ ʯʠʩʣʝ, ʩʪʘʪʠʩʪʠʯʝʩʢʠʭ ʤʝʪʦʜʦʚ, ʘ ʪʘʢʞʝ ʦʩʫʱʝʩʪʚʣʷʪʴ ʧʨʝʜʚʘʨʠʪʝʣʴʥʫʶ ʜʠʘʛʥʦʩʪʠʢʫ 

ʠ ʧʨʠʥʷʪʠʝ ʨʝʰʝʥʠʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʠʥʪʝʣʣʝʢʪʘ. ʆʪʜʝʣʴʥʦ ʥʝʦʙʭʦʜʠʤʘ ʨʘʟʨʘʙʦʪʢʘ 

ʤʝʪʦʜʦʚ ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʜʘʥʥʳʭ ʠ ʦʛʨʘʥʠʯʝʥʠʷ ʜʦʩʪʫʧʘ ʢ ʥʠʤ ʚ ʦʙʣʘʯʥʦʤ ʭʨʘʥʠʣʠʱʝ ʜʣʷ ʦʭʨʘʥʳ 

ʧʝʨʩʦʥʘʣʴʥʳʭ ʜʘʥʥʳʭ. ʉʶʜʘ ʩʣʝʜʫʝʪ ʪʘʢʞʝ ʧʨʠʙʘʚʠʪʴ ʧʨʘʚʦʚʳʝ ʘʩʧʝʢʪʳ, ʧʦʟʚʦʣʷʶʱʠʝ ʥʘ ʟʘʢʦʥʦʜʘʪʝʣʴʥʦʤ 

ʫʨʦʚʥʝ ʨʝʛʣʘʤʝʥʪʠʨʦʚʘʪʴ ʧʦʣʫʯʝʥʠʝ, ʧʝʨʝʜʘʯʫ, ʭʨʘʥʝʥʠʝ, ʘʚʪʦʤʘʪʠʯʝʩʢʫʶ ʦʙʨʘʙʦʪʢʫ ʠ ʠʩʧʦʣʴʟʦʚʘʥʠʝ 

ʧʦʣʫʯʘʝʤʦʡ ʙʠʦʤʝʜʠʮʠʥʩʢʦʡ ʠʥʬʦʨʤʘʮʠʠ. 

ɺʩʝ ʧʝʨʝʯʠʩʣʝʥʥʳʝ ʚʦʧʨʦʩʳ ʠ ʧʨʦʙʣʝʤʳ ʥʘʩʪʦʷʪʝʣʴʥʦ ʪʨʝʙʫʶʪ ʢʦʤʧʣʝʢʩʥʦʛʦ ʨʝʰʝʥʠʷ ʠ ʚʚʝʜʝʥʠʷ 

ʦʧʨʝʜʝʣʝʥʥʦʡ ʩʧʝʮʠʘʣʠʟʘʮʠʠ, ʢʘʢ ʠʥʞʝʥʝʨʥʦ-ʪʝʭʥʠʯʝʩʢʦʛʦ, ʪʘʢ ʠ ʤʝʜʠʮʠʥʩʢʦʛʦ ʧʝʨʩʦʥʘʣʘ. ʀʥʞʝʥʝʨʘʤ-

ʨʘʟʨʘʙʦʪʯʠʢʘʤ ʥʝʦʙʭʦʜʠʤʦ ʦʙʣʘʜʘʪʴ ʢʦʤʧʝʪʝʥʮʠʷʤʠ ʚ ʦʙʣʘʩʪʠ ʪʝʦʨʠʠ ʩʠʛʥʘʣʦʚ ʠ ʤʝʪʦʜʦʚ ʠʭ ʦʙʨʘʙʦʪʢʠ, 

ʨʘʜʠʦʵʣʝʢʪʨʦʥʠʢʠ ʠ ʩʭʝʤʦʪʝʭʥʠʢʠ, ʟʥʘʥʠʷʤʠ ʠʥʪʝʨʬʝʡʩʦʚ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ ʠ ʫʤʝʥʠʝʤ ʧʨʦʛʨʘʤʤʠʨʦʚʘʪʴ 

ʤʠʢʨʦʩʭʝʤʳ. ɼʣʷ ʩʦʟʜʘʥʠʷ ʧʨʠʣʦʞʝʥʠʡ ʜʣʷ ʤʦʙʠʣʴʥʳʭ ʪʝʣʝʬʦʥʦʚ, ʘ ʪʘʢʞʝ ʨʘʟʨʘʙʦʪʢʠ ʧʦʣʴʟʦʚʘʪʝʣʴʩʢʦʛʦ 

ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ, ʥʝʦʙʭʦʜʠʤʦʛʦ ʜʣʷ ʠʟʚʣʝʯʝʥʠʷ ʜʠʘʛʥʦʩʪʠʯʝʩʢʦʡ ʠʥʬʦʨʤʘʮʠʠ ʠ ʧʨʠʥʷʪʠʷ 

ʨʝʰʝʥʠʡ, ʪʨʝʙʫʶʪʩʷ ʟʥʘʥʠʷ ʚ ʦʙʣʘʩʪʠ IT-ʪʝʭʥʦʣʦʛʠʡ ʠ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʠʥʪʝʣʣʝʢʪʘ. ʂʨʦʤʝ ʪʦʛʦ, ʪʝʭʥʠʯʝʩʢʠʝ 

ʩʧʝʮʠʘʣʠʩʪʳ ʜʦʣʞʥʳ ʧʦʥʠʤʘʪʴ ʬʠʟʠʦʣʦʛʠʯʝʩʢʠʝ ʘʩʧʝʢʪʳ ʬʦʨʤʠʨʦʚʘʥʠʷ ʙʠʦʤʝʜʠʮʠʥʩʢʠʭ ʩʠʛʥʘʣʦʚ, ʘ ʪʘʢʞʝ 

ʫʯʠʪʳʚʘʪʴ ʪʨʝʙʦʚʘʥʠʷ ʙʝʟʦʧʘʩʥʦʩʪʠ ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ʯʝʣʦʚʝʢʘ ʧʨʠ ʨʘʟʨʘʙʦʪʢʝ ʫʩʪʨʦʡʩʪʚ.  ʈʘʙʦʪʘ ʩ ʜʘʥʥʳʤʠ ʚ 

ʦʙʣʘʯʥʳʭ ʭʨʘʥʠʣʠʱʘʭ ʠ ʚʦʧʨʦʩʳ ʙʝʟʦʧʘʩʥʦʩʪʠ ʧʝʨʩʦʥʘʣʴʥʳʭ ʜʘʥʥʳʭ ʪʨʝʙʫʶʪ ʧʨʠʚʣʝʯʝʥʠʷ ʩʧʝʮʠʘʣʠʩʪʦʚ 

ʧʦ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ. ʄʝʜʠʮʠʥʩʢʠʡ ʧʝʨʩʦʥʘʣ ʜʦʣʞʝʥ ʙʳʪʴ ʛʦʪʦʚ ʧʨʦʚʦʜʠʪʴ ʘʥʘʣʠʟ ʙʦʣʴʰʦʛʦ 

ʦʙʲʝʤʘ ʠʥʬʦʨʤʘʮʠʠ, ʠʤʝʪʴ ʟʥʘʥʠʷ ʚ ʦʙʣʘʩʪʠ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʠʥʪʝʣʣʝʢʪʘ ʜʣʷ ʩʦʟʜʘʥʠʷ ʠ ʧʨʠʤʝʥʝʥʠʷ ʩʠʩʪʝʤ 

ʤʦʥʠʪʦʨʠʥʛʘ ʩʦʩʪʦʷʥʠʷ ʟʜʦʨʦʚʴʷ ʠ ʜʠʘʛʥʦʩʪʠʢʠ ʟʘʙʦʣʝʚʘʥʠʡ. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ, ʧʦʜʛʦʪʦʚʢʘ ʩʧʝʮʠʘʣʠʩʪʘ 

ʠʥʞʝʥʝʨʥʦʛʦ ʧʨʦʬʠʣʷ ʟʘʥʠʤʘʝʪ 4-6 ʣʝʪ, ʤʝʜʠʮʠʥʩʢʦʛʦ 6-8 ʣʝʪ. ʕʪʦ ʜʦʩʪʘʪʦʯʥʦ ʙʦʣʴʰʦʡ ʧʝʨʠʦʜ, ʟʘ ʢʦʪʦʨʳʡ 

ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʝ ʬʠʪʥʝʩ ʙʨʘʩʣʝʪʦʚ ʩʫʱʝʩʪʚʝʥʥʦ ʵʚʦʣʶʮʠʦʥʠʨʫʝʪ. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʫʞʝ ʩʝʡʯʘʩ 

ʥʝʦʙʭʦʜʠʤʦ ʧʨʠʩʪʫʧʠʪʴ ʢ ʘʢʪʫʘʣʠʟʘʮʠʠ ʫʯʝʙʥʳʭ ʧʨʦʛʨʘʤʤ ʜʣʷ ʧʦʜʛʦʪʦʚʢʠ ʤʝʜʠʮʠʥʩʢʦʛʦ ʠ ʠʥʞʝʥʝʨʥʦ-

ʪʝʭʥʠʯʝʩʢʦʛʦ ʧʝʨʩʦʥʘʣʘ, ʩʧʦʩʦʙʥʦʛʦ ʵʬʬʝʢʪʠʚʥʦ ʫʯʘʩʪʚʦʚʘʪʴ ʚ ʨʝʘʣʠʟʘʮʠʠ ʵʪʦʛʦ ʥʦʚʦʛʦ ʥʘʧʨʘʚʣʝʥʠʷ ʚ 

ʤʦʥʠʪʦʨʠʨʦʚʘʥʠʠ ʧʝʨʩʦʥʘʣʴʥʳʭ ʤʝʜʠʢʦ-ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʜʘʥʥʳʭ ʜʣʷ ʘʜʝʢʚʘʪʥʦʛʦ ʨʝʘʛʠʨʦʚʘʥʠʷ ʥʘ ʠʟʤʝʥʝʥʠʷ 

ʩʦʩʪʦʷʥʠʷ ʟʜʦʨʦʚʴʷ ʧʘʮʠʝʥʪʦʚ, ʫʯʘʩʪʚʫʶʱʠʭ ʚ ʧʨʦʛʨʘʤʤʘʭ ʙʠʦʤʝʜʠʮʠʥʩʢʦʛʦ ʤʦʥʠʪʦʨʠʥʛʘ. 
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ʇʨʝʜʩʪʘʚʣʷʝʪʩʷ, ʯʪʦ ʨʝʘʣʠʟʘʮʠʷ ʧʦʜʦʙʥʦʡ ʧʨʦʛʨʘʤʤʳ ʤʦʥʠʪʦʨʠʨʦʚʘʥʠʷ ʤʝʜʠʢʦ-ʙʠʦʣʦʛʠʯʝʩʢʠʭ 

ʜʘʥʥʳʭ ʠ ʠʭ ʦʮʝʥʢʠ ʚ ʨʝʘʣʴʥʦʤ ʤʘʩʰʪʘʙʝ ʚʨʝʤʝʥʠ ʩ ʧʨʠʚʣʝʯʝʥʠʝʤ ʵʣʝʤʝʥʪʦʚ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʠʥʪʝʣʣʝʢʪʘ 

ʧʦʟʚʦʣʠʪ ʥʘ ʧʦʨʷʜʦʢ ʧʦʚʳʩʠʪʴ ʢʘʯʝʩʪʚʦ ʜʠʩʧʘʥʩʝʨʠʟʘʮʠʠ ʥʘʩʝʣʝʥʠʷ, ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʨʝʘʙʠʣʠʪʘʮʠʦʥʥʳʭ ʠ 

ʦʟʜʦʨʦʚʠʪʝʣʴʥʳʭ ʤʝʨʦʧʨʠʷʪʠʡ ʚ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʭ ʠ ʩʘʥʘʪʦʨʥʦ-ʢʫʨʦʨʪʥʳʭ ʫʯʨʝʞʜʝʥʠʷʭ, ʩʥʠʟʠʪʴ ʨʠʩʢ 

ʨʘʟʚʠʪʠʷ ʟʘʙʦʣʝʚʘʥʠʡ ʠ ʦʙʦʩʪʨʝʥʠʡ, ʦʩʦʙʝʥʥʦ ʚ ʫʩʣʦʚʠʷʭ ʨʝʟʢʦʛʦ ʠʟʤʝʥʝʥʠʷ ʠ ʚʦʟʤʦʞʥʦʛʦ ʥʝʛʘʪʠʚʥʦʛʦ 

ʚʣʠʷʥʠʷ ʤʝʪʝʦ-ʧʦʛʦʜʥʳʭ ʬʘʢʪʦʨʦʚ, ʚ ʪʦʤ ʯʠʩʣʝ ʨʠʩʢ ʨʘʟʚʠʪʠʷ ʩʠʥʜʨʦʤʘ ʚʥʝʟʘʧʥʦʡ ʩʝʨʜʝʯʥʦʡ ʩʤʝʨʪʠ, ʘ ʚ 

ʧʝʨʩʧʝʢʪʠʚʝ ʩʜʝʣʘʪʴ ʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʳʤ ʧʣʘʥʠʨʦʚʘʥʠʝ ʠ ʨʘʟʚʠʪʠʝ ʩʠʩʪʝʤʳ ʟʜʨʘʚʦʦʭʨʘʥʝʥʠʷ ʩ ʚʳʭʦʜʦʤ ʥʘ 

ʫʧʨʘʚʣʝʥʠʝ ʟʜʦʨʦʚʴʝʤ ʥʘʩʝʣʝʥʠʷ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ. 
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In recent years, the market for individual devices that record medical and biological parameters of a person 

(fitness bracelets) has seen a real boom. The number of companies producing these products is growing rapidly. 

Along with the increase in the number of models produced, the number of indicators that these products record also 

increases. It seems that the development of such technologies can bring significant benefits for organizing 

continuous monitoring of the functional state of the human body, which is important for many social groups of the 

population. It seems that, to a certain extent, the information received by fitness bracelets competes with medical 

data recorded in medical institutions. The advantage of information obtained in medical institutions is based on 

proven standard methods for recording indicators and interpreting the data obtained.  

At the same time, the advantage of information obtained using fitness bracelets is based on continuous 

registration of parameters, which distinguishes this method of registration from discretely determined data. When 

monitoring most indicators, the article proposes a method for forming norm ranges for the arguments of the obtained 

distribution functions. It is advisable to use an assessment of the atypicality (Grade) of an indicator from the 

Gaussian distribution on the following scale: the zero value (median) should correspond to the ideal norm, the range 

0Ñ1 is the norm range (typical values). The ranges of moderate atypicality are 1 õ 2 and -1 õ -2 and, finally, the 

ranges of pronounced atypicality are 2 õ 3 and -2 õ -3, while values less than -3 and more than 3 are called 

prohibitive (marginal). In this case, the indicators are measured on a scale of fractional estimates of atypicality, and 

Gaussian values are matched with values from the real distribution. Obviously, the information obtained in this way 

will be an order of magnitude more valuable for interpreting the functional state of the cardiovascular system of the 

body and the population as a whole. It seems that the implementation of such a program for monitoring medical and 

biological data and their evaluation in real time with the involvement of elements of artificial intelligence will 

significantly improve the quality of medical examination of the population and the effectiveness of rehabilitation 

and health measures. 
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ʉʦʚʨʝʤʝʥʥʳʝ ʠʥʬʦʨʤʘʮʠʦʥʥʳʝ ʪʝʭʥʦʣʦʛʠʠ, ʩʠʩʪʝʤʳ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ ʠ ʤʠʢʨʦʵʣʝʢʪʨʦʥʠʢʘ 

ʧʦʟʚʦʣʷʶʪ ʩʦʙʠʨʘʪʴ ʠ ʘʥʘʣʠʟʠʨʦʚʘʪʴ ʙʠʦʤʝʪʨʠʯʝʩʢʠʝ ʜʘʥʥʳʝ ʯʝʣʦʚʝʢʘ ʚ ʨʝʘʣʴʥʦʤ ʤʘʩʰʪʘʙʝ ʚʨʝʤʝʥʠ ʚ 

ʬʦʥʦʚʦʤ ʨʝʞʠʤʝ, ʯʪʦ ʷʚʣʷʝʪʩʷ ʘʢʪʫʘʣʴʥʳʤ ʚ ʦʙʣʘʩʪʠ ʧʝʨʩʦʥʘʣʠʟʠʨʦʚʘʥʥʦʡ ʧʨʝʚʝʥʪʠʚʥʦʡ ʠ 

ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʦʡ ʤʝʜʠʮʠʥʳ, ʟʘʱʠʪʳ ʜʘʥʥʳʭ ʠ ʢʦʥʪʨʦʣʷ ʜʦʩʪʫʧʘ, ʩʠʩʪʝʤʘʭ ʫʧʨʘʚʣʝʥʠʷ ʠ ʪ.ʜ. ʆʜʥʠʤ ʠʟ 

ʨʘʟʚʠʚʘʶʱʠʭʩʷ ʥʘʧʨʘʚʣʝʥʠʡ ʷʚʣʷʝʪʩʷ ʘʥʘʣʠʟ ʧʘʨʘʤʝʪʨʦʚ ʧʦʭʦʜʢʠ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʥʦʩʠʤʳʭ ʠ ʤʦʙʠʣʴʥʳʭ 

ʫʩʪʨʦʡʩʪʚ, ʚ ʯʘʩʪʥʦʩʪʠ ʩʤʘʨʪʬʦʥʘ [1, 2]. ʀʩʩʣʝʜʦʚʘʥʠʷ ʚʦʟʤʦʞʥʦʩʪʠ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʩʤʘʨʪʬʦʥʦʚ ʜʣʷ ʘʥʘʣʠʟʘ 

ʧʘʨʘʤʝʪʨʦʚ ʧʦʭʦʜʢʠ ʧʨʦʚʦʜʷʪʩʷ ʙʦʣʝʝ 10 ʣʝʪ, ʦʜʥʘʢʦ, ʦʥʠ ʦʛʨʘʥʠʯʠʚʘʶʪʩʷ ʢʦʥʪʨʦʣʠʨʫʝʤʳʤʠ 

ʣʘʙʦʨʘʪʦʨʥʳʤʠ ʫʩʣʦʚʠʷʤʠ ʠʣʠ ʦʮʝʥʢʦʡ ʷʚʥʳʭ ʚʟʘʠʤʦʩʚʷʟʝʡ ʧʘʨʘʤʝʪʨʦʚ ʧʦʭʦʜʢʠ ʠ ʟʘʙʦʣʝʚʘʥʠʡ (ʥʘʧʨʠʤʝʨ, 

ʙʦʣʝʟʥʴ ʇʘʨʢʠʥʩʦʥʘ ʠʣʠ ʨʘʩʩʝʷʥʥʳʡ ʩʢʣʝʨʦʟ). 

ʎʝʣʴʶ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʨʘʟʚʠʪʠʝ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʚ ʦʙʣʘʩʪʠ 

ʧʝʨʩʦʥʘʣʠʟʠʨʦʚʘʥʥʦʡ ʧʨʝʚʝʥʪʠʚʥʦʡ ʤʝʜʠʮʠʥʳ ʟʘ ʩʯʝʪ ʚʳʷʚʣʝʥʠʷ ʚʟʘʠʤʦʩʚʷʟʝʡ ʟʜʦʨʦʚʴʷ ʯʝʣʦʚʝʢʘ, ʚʥʝʰʥʠʭ 

ʠ ʚʥʫʪʨʝʥʥʠʭ ʬʘʢʪʦʨʦʚ ʩ ʧʘʨʘʤʝʪʨʘʤʠ ʧʦʭʦʜʢʠ ʠ ʨʘʟʨʘʙʦʪʢʠ ʘʣʛʦʨʠʪʤʠʯʝʩʢʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ 

ʠʥʬʦʨʤʘʮʠʦʥʥʦ-ʘʥʘʣʠʪʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ ʜʠʘʛʥʦʩʪʠʢʠ ʟʜʦʨʦʚʴʷ ʥʘ ʦʩʥʦʚʝ ʥʦʩʠʤʳʭ ʫʩʪʨʦʡʩʪʚ 

ʀʟʤʝʨʝʥʠʝ ʧʘʨʘʤʝʪʨʦʚ ʧʦʭʦʜʢʠ ʩ ʧʦʤʦʱʴʶ ʤʦʙʠʣʴʥʦ ʪʝʣʝʬʦʥʘ ʚ ʧʦʚʩʝʜʥʝʚʥʳʭ ʫʩʣʦʚʠʷʭ ʫʩʣʦʞʥʷʝʪ 

ʧʦʣʫʯʝʥʠʝ ʚʳʩʦʢʦʢʘʯʝʩʪʚʝʥʥʳʭ ʜʘʥʥʳʭ ʠ ʥʘʢʣʘʜʳʚʘʝʪ ʦʧʨʝʜʝʣʝʥʥʳʝ ʦʛʨʘʥʠʯʝʥʠʷ ʥʘ ʠʩʧʦʣʴʟʦʚʘʥʠʝ 

ʩʤʘʨʪʬʦʥʘ ʚ ʢʘʯʝʩʪʚʝ ʠʟʤʝʨʠʪʝʣʴʥʦʡ ʯʘʩʪʠ [3 - 5]. ɼʣʷ ʩʥʠʞʝʥʠʷ ʚʣʠʷʥʠʷ ʵʪʠʭ ʥʝʜʦʩʪʘʪʢʦʚ ʥʘ ʨʝʟʫʣʴʪʘʪʳ 

ʘʥʘʣʠʟʘ ʥʘʤʠ ʠʩʧʦʣʴʟʫʝʪʩʷ ʘʣʛʦʨʠʪʤ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʡ ʦʙʨʘʙʦʪʢʠ ʜʘʥʥʳʭ, ʦʩʥʦʚʘʥʥʳʡ ʥʘ ʢʦʨʨʝʣʷʮʠʦʥʥʦʤ 

ʘʥʘʣʠʟʝ ʠ ʥʝʡʨʦʩʝʪʝʚʦʡ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʜʚʠʞʝʥʠʡ ʧʨʠ ʬʦʨʤʠʨʦʚʘʥʠʠ ʮʠʬʨʦʚʦʛʦ ʙʠʦʤʝʪʨʠʯʝʩʢʦʛʦ ʧʨʦʬʠʣʷ 

ʯʝʣʦʚʝʢʘ ʥʘ ʦʩʥʦʚʝ ʜʘʥʥʳʭ ʘʢʩʝʣʝʨʦʤʝʪʨʘ ʩʤʘʨʪʬʦʥʘ ʦ ʧʘʨʘʤʝʪʨʘʭ ʧʦʭʦʜʢʠ [5]. 

ɼʦʣʛʦʚʨʝʤʝʥʥʳʡ ʩʙʦʨ ʜʘʥʥʳʭ ʦʩʫʱʝʩʪʚʣʷʣʩʷ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʘʚʪʦʨʩʢʦʛʦ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ 

AcsaActive, ʜʦʩʪʫʧʥʦʛʦ ʜʣʷ ʩʢʘʯʠʚʘʥʠʷ ʥʘ ʧʣʘʪʬʦʨʤʘʭ RuStore, Google Play, App Store (ʥʘ ʜʘʥʥʳʡ ʤʦʤʝʥʪ 

ʜʣʷ ʩʤʘʨʪʬʦʥʦʚ ʥʘ ʙʘʟʝ iOs ʧʨʠʣʦʞʝʥʠʝ ʜʦʩʪʫʧʥʦ ʚ ʨʝʞʠʤʝ ʪʝʩʪʠʨʦʚʘʥʠʷ). ɼʦʙʨʦʚʦʣʴʮʳ ʟʘʧʠʩʳʚʘʣʠ ʩ 

ʧʦʤʦʱʴʶ ʩʤʘʨʪʬʦʥʘ ʧʘʨʘʤʝʪʨʳ ʧʦʭʦʜʢʠ ʧʨʠ ʜʚʠʞʝʥʠʠ ʧʦ ʧʨʷʤʦʡ ʥʘ ʨʘʩʩʪʦʷʥʠʝ 10-15 ʤʝʪʨʦʚ, ʜʦ ʪʨʝʭ ʚ ʨʘʟ 

ʚ ʜʝʥʴ, ʟʘʧʦʣʥʷʣʠ ʵʣʝʢʪʨʦʥʥʳʝ ʘʥʢʝʪʳ ʦ ʩʘʤʦʯʫʚʩʪʚʠʠ ʠ ʦʙʨʘʟʝ ʞʠʟʥʠ. 

ɺ ʧʦʣʫʯʘʝʤʳʭ ʠʟʤʝʨʝʥʠʷʭ ʦʪʙʠʨʘʣʠʩʴ ʥʘʠʙʦʣʝʝ ʢʦʨʨʝʣʠʨʫʝʤʳʝ ʤʝʞʜʫ ʩʦʙʦʡ ʩʝʛʤʝʥʪʳ (ʫʯʘʩʪʢʠ 

ʚʨʝʤʝʥʥʳʭ ʨʷʜʦʚ ʩ ʘʢʩʝʣʝʨʦʤʝʪʨʘ ʤʦʙʠʣʴʥʦʛʦ ʪʝʣʝʬʦʥʘ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʜʚʦʡʥʦʤʫ ʰʘʛʫ). ʇʘʨʘʤʝʪʨʳ 

ʦʪʦʙʨʘʥʥʳʭ ʩʝʛʤʝʥʪʦʚ ʘʥʘʣʠʟʠʨʦʚʘʣʠʩʴ ʤʝʞʜʫ ʩʦʙʦʡ ʠ ʚ ʩʦʧʦʩʪʘʚʣʝʥʠʠ ʩ ʘʥʢʝʪʥʳʤʠ ʜʘʥʥʳʤʠ ʜʦʙʨʦʚʦʣʴʮʘ. 

ɸʥʘʣʠʟʠʨʦʚʘʣʦʩʴ ʠʟʤʝʥʝʥʠʝ ʚʥʫʪʨʠ ʩʫʪʦʢ, ʥʝʜʝʣʠ, ʤʝʩʷʮʝʚ. ɺ ʢʘʯʝʩʪʚʝ ʙʘʟʦʚʳʭ ʤʦʜʝʣʝʡ ʧʨʠ ʢʣʘʩʩʠʬʠʢʘʮʠʠ 

ʩʝʛʤʝʥʪʦʚ ʧʦ ʚʠʜʘʤ ʟʘʙʦʣʝʚʘʥʠʡ, ʦʪʨʘʞʝʥʥʳʭ ʚ ʘʥʢʝʪʝ, ʠʩʧʦʣʴʟʦʚʘʣʘʩʴ ʣʦʛʠʩʪʠʯʝʩʢʘʷ ʨʝʛʨʝʩʩʠʷ ʠ ʘʥʩʘʤʙʣʴ 

ʣʦʛʠʩʪʠʯʝʩʢʠʭ ʨʝʛʨʝʩʩʠʡ. 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʘʥʘʣʠʟʘ ʜʘʥʥʳʭ ʧʦ ʠʟʤʝʥʝʥʠʶ ʟʥʘʯʝʥʠʷ ʬʫʥʢʮʠʠ ʚʟʘʠʤʥʦʡ ʢʦʨʨʝʣʷʮʠʠ ʩʝʛʤʝʥʪʦʚ ʙʳʣʦ 

ʚʳʷʚʣʝʥʦ ʜʚʘ ʪʠʧʘ ʩʫʪʦʯʥʳʭ ʪʨʝʥʜʦʚ: ʥʠʩʭʦʜʷʱʠʡ ʠ ʠʟʤʝʥʷʶʱʠʡʩʷ, ʢʦʛʜʘ ʥʠʩʭʦʜʷʱʠʡ ʪʨʝʥʜ ʩʤʝʥʷʪʩʷ 

ʚʦʩʭʦʜʷʱʠʤ. ʉʪʘʪʠʩʪʠʢʘ ʧʨʦʷʚʣʝʥʠʷ ʪʨʝʥʜʦʚ ʧʦ ʜʥʷʤ ʥʝʜʝʣʠ ʠʥʜʠʚʠʜʫʘʣʴʥʘ ʜʣʷ ʢʘʞʜʦʛʦ ʯʝʣʦʚʝʢʘ 

(ʪʘʙʣʠʮʘ 1). 

 

ʊʘʙʣʠʮʘ 1 - ʇʨʠʤʝʨ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʚʠʜʦʚ ʩʫʪʦʯʥʳʭ ʪʨʝʥʜʦʚ ʧʦ ʜʥʷʤ ʥʝʜʝʣʠ, ʚ % 

ɺʠʜ ʪʨʝʥʜʘ ʇʦʥʝʜʝʣʴʥʠʢ ɺʪʦʨʥʠʢ ʉʨʝʜʘ ʏʝʪʚʝʨʛ ʇʷʪʥʠʮʘ 

ʅʠʩʧʘʜʘʶʱʠʡ 56 61 42 58 67 

ʀʟʤʝʥʷʶʱʠʡʩʷ 44 39 58 42 33 

 

ʅʘ ʨʠʩʫʥʢʝ 1 ʧʦʢʘʟʘʥ ʪʨʝʥʜ ʠʟʤʝʥʝʥʠʷ ʨʘʩʩʪʦʷʥʠʷ ʚ ʤʥʦʛʦʤʝʨʥʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ ʤʝʞʜʫ 

ʧʦʚʝʨʭʥʦʩʪʷʤʠ ʛʠʧʝʨʩʬʝʨ, ʢʦʪʦʨʳʝ ʦʧʠʩʳʚʘʶʪ ʪʦʯʢʠ ʚ ʨʘʤʢʘʭ ʦʜʥʦʛʦ ʠʟʤʝʨʝʥʠʷ (ʢʘʞʜʘʷ ʪʦʯʢʘ 

ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʜʘʥʥʳʤ ʘʢʩʝʣʝʨʦʤʝʪʨʘ ʜʣʷ ʦʜʥʦʛʦ ʜʚʦʡʥʦʛʦ ʰʘʛʘ), ʘ ʥʘ ʨʠʩʫʥʢʝ 2 ʛʨʘʬʠʢ ʠʟʤʝʥʝʥʠʷ ʟʥʘʯʝʥʠʷ 

ʢʦʨʨʝʣʷʮʠʠ ʠʟʤʝʨʝʥʠʡ ʚ ʪʝʯʝʥʠʝ ʩʫʪʦʢ. 
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ʇʨʠʤʝʥʝʥʠʝ ʣʦʛʠʩʪʠʯʝʩʢʦʡ ʨʝʛʨʝʩʩʠʠ ʧʦʟʚʦʣʷʝʪ ʢʣʘʩʩʠʬʠʮʠʨʦʚʘʪʴ ʩʝʛʤʝʥʪʳ ʜʘʥʥʳʭ ʧʦ 

ʟʘʙʦʣʝʚʘʥʠʷʤ ʩ ʚʝʨʦʷʪʥʦʩʪʴʶ (ʟʥʘʯʝʥʠʝʤ F-mera) ʙʦʣʝʝ 0.7. ʉʨʝʜʠ ʟʘʙʦʣʝʚʘʥʠʡ ʘʥʘʣʠʟʠʨʦʚʘʣʠʩʴ: ʛʦʣʦʚʥʘʷ 

ʙʦʣʴ, ʙʦʣʴ ʚ ʰʝʝ, ʦʪʝʢ ʥʦʛ, ʙʦʣʴ ʚ ʧʦʷʩʥʠʮʝ, ʨʝʛʫʣʳ ʠ ʜʨʫʛʠʝ ʙʦʣʠ. 

 

 
ʈʠʩʫʥʦʢ 1 - ʊʨʝʥʜ ʠʟʤʝʥʝʥʠʷ ʨʘʩʩʪʦʷʥʠʷ ʤʝʞʜʫ ʠʟʤʝʨʝʥʠʷʤʠ ʚ ʤʥʦʛʦʤʝʨʥʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ 

 



ʉɽʂʎʀʗ 1 - ʄʝʪʦʜʳ ʠ ʩʨʝʜʩʪʚʘ ʜʠʘʛʥʦʩʪʠʢʠ ʠ ʣʝʯʝʥʠʷ ʟʘʙʦʣʝʚʘʥʠʡ                  96 

 

 

XVI ʄʝʞʜʫʥʘʨʦʜʥʘʷ ʅʘʫʯʥʘʷ ʂʦʥʬʝʨʝʥʮʠʷ "ʌʠʟʠʢʘ ʠ ʈʘʜʠʦʵʣʝʢʪʨʦʥʠʢʘ ʚ ʄʝʜʠʮʠʥʝ ʠ 

ʕʢʦʣʦʛʠʠ" 

 

 
ʈʠʩʫʥʦʢ 2 - ʊʨʝʥʜ ʠʟʤʝʥʝʥʠʷ ʩʨʝʜʥʝʛʦ ʟʥʘʯʝʥʠʷ ʢʦʨʨʝʣʷʮʠʠ ʩʫʪʦʯʥʳʭ ʠʟʤʝʨʝʥʠʡ 

 

ɸʥʘʣʠʟ ʜʘʥʥʳʭ ʦ ʧʦʭʦʜʢʝ ʯʝʣʦʚʝʢʘ, ʩʦʙʨʘʥʥʳʭ ʩ ʧʦʤʦʱʴʶ ʘʢʩʝʣʝʨʦʤʝʪʨʘ ʩʤʘʨʪʬʦʥʘ ʚ ʩʚʦʙʦʜʥʦʤ 

ʨʝʞʠʤʝ ʥʘ ʧʨʦʪʷʞʝʥʠʠ ʜʣʠʪʝʣʴʥʦʛʦ ʧʝʨʠʦʜʘ ʧʦʢʘʟʘʣ ʠʥʜʠʚʠʜʫʘʣʴʥʳʝ ʦʩʦʙʝʥʥʦʩʪʠ ʠʟʤʝʥʝʥʠʷ 

ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʦʧʦʨʥʦ-ʜʚʠʛʘʪʝʣʴʥʦʛʦ ʘʧʧʘʨʘʪʘ ʠ ʚʣʠʷʥʠʷ ʥʘ ʥʝʛʦ ʚʥʝʰʥʠʭ ʠ ʚʥʫʪʨʝʥʥʠʭ ʬʘʢʪʦʨʦʚ. 

ʇʨʝʜʧʦʣʘʛʘʝʪʩʷ, ʯʪʦ ʦʩʦʙʝʥʥʦʩʪʠ ʠʟʤʝʥʝʥʠʷ ʩʫʪʦʯʥʳʭ, ʥʝʜʝʣʴʥʳʭ ʠ ʤʝʩʷʯʥʳʭ ʪʨʝʥʜʦʚ ʢʦʨʨʝʣʠʨʫʶʪ ʩ 

ʦʙʨʘʟʦʤ ʞʠʟʥʠ ʠ ʠʥʜʠʚʠʜʫʘʣʴʥʳʤʠ ʬʠʟʠʦʣʦʛʠʯʝʩʢʠʤʠ ʦʩʦʙʝʥʥʦʩʪʷʤʠ. ɺʣʠʷʥʠʝ ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʬʘʢʪʦʨʦʚ 

(ʘʪʤʦʩʬʝʨʥʦʛʦ ʜʘʚʣʝʥʠʷ ʠ ʪʝʤʧʝʨʘʪʫʨʳ ʦʢʨʫʞʘʶʱʠʡ ʩʨʝʜʳ) ʥʘ ʧʦʭʦʜʢʫ ʯʝʣʦʚʝʢʘ ʧʨʦʷʚʣʷʝʪʩʷ ʥʝ ʫ ʚʩʝʭ 

ʜʦʙʨʦʚʦʣʴʮʝʚ, ʧʨʠ ʵʪʦʤ ʢʦʨʨʝʣʷʮʠʦʥʥʘʷ ʩʚʷʟʴ ʥʝ ʚʳʰʝ 0,4 ʧʨʠ ʘʥʘʣʠʟʝ ʠʟʤʝʥʝʥʠʷ ʩʪʝʧʝʥʠ ʩʭʦʞʝʩʪʠ 

ʩʝʛʤʝʥʪʦʚ. ɺʳʩʦʢʘʷ ʚʝʨʦʷʪʥʦʩʪʴ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʩʝʛʤʝʥʪʦʚ ʧʦ ʚʠʜʘʤ ʟʘʙʦʣʝʚʘʥʠʡ ʧʦʜʪʚʝʨʞʜʘʝʪ 

ʚʦʟʤʦʞʥʦʩʪʴ ʨʘʟʣʠʯʝʥʠʷ ʩʦʙʳʪʠʡ. ɼʣʷ ʧʦʜʪʚʝʨʞʜʝʥʠʷ ʧʨʝʜʧʦʣʦʞʝʥʠʡ ʧʣʘʥʠʨʫʝʪʩʷ ʜʘʣʴʥʝʡʰʝʝ ʥʘʢʦʧʣʝʥʠʝ 

ʩʪʘʪʠʩʪʠʯʝʩʢʠʭ ʜʘʥʥʳʭ ʢʘʢ ʚ ʨʘʤʢʘʭ ʦʜʥʦʛʦ ʜʦʙʨʦʚʦʣʴʮʘ, ʪʘʢ ʠ ʧʦ ʢʦʣʠʯʝʩʪʚʫ ʜʦʙʨʦʚʦʣʴʮʝʚ. 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʚʳʧʦʣʥʝʥʦ ʟʘ ʩʯʝʪ ʛʨʘʥʪʘ ʈʦʩʩʠʡʩʢʦʛʦ ʥʘʫʯʥʦʛʦ ʬʦʥʜʘ ˉ 23-25-00512, 

https://rscf.ru/project/23-25-00512/ 
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Annotation. The paper presents the results of a study of the characteristics of changes in human gait 

parameters over time using a smartphone placed in a personôs clothing in free mode. Based on the results of 

processing mobile phone accelerometer data, daily, weekly, and annual trends are identified. The possibility of 

classifying time data near the accelerometer, which reflects movements during gait, according to human diseases is 

also being assessed. The classification probability based on logarithmic regression is greater than 0.7.  
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ʆʧʘʨʠʥ ɽʛʦʨ ʉʝʨʛʝʝʚʠʯ, ɼʘʚʳʜʦʚ ʅʠʢʦʣʘʡ ʅʠʢʦʣʘʝʚʠʯ 
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ʈʘʙʦʪʘ ʩ ʦʩʪʨʳʤʠ ʠ ʭʨʦʥʠʯʝʩʢʠʤʠ ʨʘʥʘʤʠ ʢʦʞʥʦʛʦ ʧʦʢʨʦʚʘ ʚʝʜʝʪʩʷ ʚʦ ʚʩʝʤ ʤʠʨʝ. ɼʣʷ ʧʨʘʚʠʣʴʥʦʡ 

ʜʠʘʛʥʦʩʪʠʢʠ ʠ ʧʦʩʪʨʦʝʥʠʷ ʤʝʪʦʜʠʢʠ ʣʝʯʝʥʠʷ ʩʧʝʮʠʘʣʠʩʪʳ ʧʦʣʘʛʘʶʪʩʷ ʥʘ ʬʦʪʦ ʬʠʢʩʘʮʠʶ ʨʘʥ ʠ ʜʣʠʪʝʣʴʥʦʝ 

ʚʨʝʤʷ ʦʪʩʣʝʞʠʚʘʶʪ ʧʨʦʮʝʩʩ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʢʦʞʥʦʛʦ ʧʦʢʨʦʚʘ. ʉʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʝ ʘʚʪʦʤʘʪʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ 

ʦʧʨʝʜʝʣʝʥʠʷ ʛʨʘʥʠʮ ʣʦʢʘʣʴʥʳʭ ʦʙʣʘʩʪʝʡ, ʩʦʜʝʨʞʘʱʠʭ ʤʥʦʛʦʯʠʩʣʝʥʥʳʝ ʤʝʣʢʠʝ ʨʘʥʳ, ʷʚʣʷʝʪʩʷ 

ʚʦʩʪʨʝʙʦʚʘʥʥʦʡ ʠ ʘʢʪʫʘʣʴʥʦʡ ʟʘʜʘʯʝʡ ʤʝʜʠʮʠʥʩʢʦʡ ʜʠʘʛʥʦʩʪʠʢʠ. ʇʦʩʢʦʣʴʢʫ ʚ ʭʦʜʝ ʣʝʯʝʥʠʷ ʥʝʦʙʭʦʜʠʤʦ 

ʠʟʤʝʨʷʪʴ ʧʣʦʱʘʜʴ ʢʘʞʜʦʡ ʨʘʥʳ ʠ ʝʝ ʨʘʟʤʝʨʳ, ʘʚʪʦʤʘʪʠʯʝʩʢʘʷ ʩʠʩʪʝʤʘ ʜʠʘʛʥʦʩʪʠʢʠ ʧʦʚʳʰʘʝʪ 

ʦʧʝʨʘʪʠʚʥʦʩʪʴ ʢʦʥʪʨʦʣʷ ʧʨʦʮʝʩʩʘ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ. ʈʘʟʣʠʯʥʳʝ ʘʣʛʦʨʠʪʤʳ ʛʣʫʙʦʢʦʛʦ ʦʙʫʯʝʥʠʷ ʠ ʤʦʜʝʣʠ 

ʥʝʡʨʦʩʝʪʝʡ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʧʨʠʤʝʥʷʶʪʩʷ ʧʨʠ ʘʥʘʣʠʟʝ ʤʝʜʠʮʠʥʩʢʠʭ ʬʦʪʦ ʠʟʦʙʨʘʞʝʥʠʡ. ɺ ʢʘʯʝʩʪʚʝ 

ʧʨʠʤʝʨʘ ʘʚʪʦʨʘʤʠ ʠʟʫʯʝʥ ʠ ʫʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥ ʘʣʛʦʨʠʪʤ ʧʨʦʬʝʩʩʦʨʘ ɺʘʥʛʘ ʜʣʷ ʧʦʣʥʦʛʦ ʨʘʩʧʦʟʥʘʚʘʥʠʷ ʨʘʥ. 

ɼʣʷ ʦʙʫʯʝʥʠʷ ʠ ʪʝʩʪʠʨʦʚʘʥʠʷ ʤʦʜʝʣʝʡ ʛʣʫʙʦʢʦʛʦ ʦʙʫʯʝʥʠʷ ʠʟ ʠʩʪʦʯʥʠʢʘ [1] ʟʘʠʤʩʪʚʦʚʘʥ ʘʥʥʦʪʠʨʦʚʘʥʥʳʡ 

ʥʘʙʦʨ ʠʟʦʙʨʘʞʝʥʠʡ, ʩʦʩʪʦʷʱʠʡ ʠʟ 1109 ʬʦʪʦʩʥʠʤʢʦʚ ʷʟʚʳ ʢʦʞʥʦʛʦ ʧʦʢʨʦʚʘ ʫ 889 ʧʘʮʠʝʥʪʦʚ.  

ɼʘʥʥʳʝ ʜʣʷ ʦʙʫʯʝʥʠʷ ʥʝʡʨʦʩʝʪʠ ʬʦʨʤʠʨʫʶʪʩʷ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ. ɺʩʝ ʠʟʦʙʨʘʞʝʥʠʷ ʧʨʠʚʦʜʷʪʩʷ ʢ 

ʨʘʚʥʦʮʝʥʥʦʤʫ ʬʦʨʤʘʪʫ ʧʦ ʰʠʨʠʥʝ ʠ ʚʳʩʦʪʝ, ʥʘʧʨʠʤʝʨ, 512 ʭ 512 ʧʠʢʩʝʣʝʡ. ɽʩʣʠ ʘʥʘʣʠʟʠʨʫʝʤʦʝ 

ʠʟʦʙʨʘʞʝʥʠʝ ʤʝʥʝʝ ʬʦʨʤʘʪʘ, ʪʦ ʩʧʨʘʚʘ ʠ ʩʥʠʟʫ ʜʦʙʘʚʣʷʶʪʩʷ "ʯʝʨʥʳʝ ʟʦʥʳ". ɼʣʷ ʢʘʞʜʦʛʦ ʠʟʦʙʨʘʞʝʥʠʷ 

ʩʦʟʜʘʝʪʩʷ ʤʘʩʢʘ ʠʟ 2 ʮʚʝʪʦʚ, ʛʜʝ ʙʝʣʳʤ ʮʚʝʪʦʤ ʦʪʤʝʯʘʝʪʩʷ ʠʩʢʦʤʘʷ ʦʙʣʘʩʪʴ. ʇʨʠʤʝʨ ʠʟʦʙʨʘʞʝʥʠʷ ʨʘʥ ʠ 

ʤʘʩʦʢ ʧʨʠʚʝʜʝʥ ʥʘ ʨʠʩʫʥʢʝ 1. 
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ʕʢʦʣʦʛʠʠ" 

 

 

ʈʠʩʫʥʦʢ 1 ï ʇʨʠʤʝʨ ʬʦʨʤʠʨʦʚʘʥʠʷ ʠʩʭʦʜʥʳʭ ʜʘʥʥʳʭ ʜʣʷ ʦʙʫʯʝʥʠʷ ʥʝʡʨʦʩʝʪʠ 

ɼʣʷ ʩʦʟʜʘʥʠʷ ʠ ʦʙʫʯʝʥʠʷ ʥʝʡʨʦʥʥʦʡ ʩʝʪʠ ʠʩʧʦʣʴʟʦʚʘʣʘʩʴ ʙʠʙʣʠʦʪʝʢʘ TensorFlow [2]. ɹʠʙʣʠʦʪʝʢʘ 

ʩʦʜʝʨʞʠʪ ʚʩʝ ʬʫʥʢʮʠʠ, ʥʝʦʙʭʦʜʠʤʳʝ ʜʣʷ ʩʦʟʜʘʥʠʷ ʘʣʛʦʨʠʪʤʦʚ ʤʘʰʠʥʥʦʛʦ ʦʙʫʯʝʥʠʷ ʠ ʠʭ ʨʝʘʣʠʟʘʮʠʠ ʜʣʷ 

ʠʩʧʦʣʥʝʥʠʷ. ʉʠʩʪʝʤʘ ʷʚʣʷʝʪʩʷ ʛʠʙʢʦʡ, ʩʬʦʨʤʠʨʦʚʘʥʘ ʚ ʚʠʜʝ ʧʘʢʝʪʘ ʩ ʦʪʢʨʳʪʳʤ ʠʩʭʦʜʥʳʤ ʢʦʜʦʤ ʠ 

ʜʦʧʫʩʢʘʝʪ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʘʣʛʦʨʠʪʤʦʚ ʤʘʰʠʥʥʦʛʦ ʦʙʫʯʝʥʠʷ ʚ ʣʶʙʦʡ ʦʙʣʘʩʪʠ ʟʥʘʥʠʡ. 

ɺ ʧʨʦʮʝʩʩʝ ʚʳʧʦʣʥʝʥʠʷ ʠʩʩʣʝʜʦʚʘʥʠʡ ʩʦʟʜʘʥʘ ʥʝʡʨʦʥʥʘʷ ʩʝʪʴ ʩ ʘʨʭʠʪʝʢʪʫʨʦʡ U-Net [3].  

ɸʨʭʠʪʝʢʪʫʨʘ U-Net ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʩʚʝʨʪʦʯʥʫʶ ʥʝʡʨʦʥʥʫʶ ʩʝʪʴ, ʩʧʝʮʠʘʣʴʥʦ ʨʘʟʨʘʙʦʪʘʥʥʫʶ ʜʣʷ 

ʟʘʜʘʯ ʩʝʛʤʝʥʪʘʮʠʠ ʜʠʩʢʨʝʪʥʳʭ ʠʟʦʙʨʘʞʝʥʠʡ [4, 5]. ʇʨʠ ʵʪʦʤ ʩʝʪʴ ʩʦʩʪʦʠʪ ʠʟ ʜʚʫʭ ʦʩʥʦʚʥʳʭ ʯʘʩʪʝʡ: 

1. ʂʦʜʠʨʦʚʱʠʢ (ʩʚʝʨʪʢʘ) - ʜʘʥʥʘʷ ʯʘʩʪʴ ʩʝʪʠ ʦʙʝʩʧʝʯʠʚʘʝʪ ʫʤʝʥʴʰʝʥʠʝ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʛʦ 

ʨʘʟʨʝʰʝʥʠʷ ʚʭʦʜʥʦʛʦ ʠʟʦʙʨʘʞʝʥʠʷ ʠ ʠʟʚʣʝʯʝʥʠʝ ʚʳʩʦʢʦʫʨʦʚʥʝʚʳʭ ʧʨʠʟʥʘʢʦʚ. ʂʦʜʠʨʦʚʱʠʢ ʩʦʩʪʦʠʪ ʠʟ 

ʥʝʩʢʦʣʴʢʠʭ ʙʣʦʢʦʚ ʩʚʝʨʪʢʠ, ʢʘʞʜʳʡ ʠʟ ʢʦʪʦʨʳʭ ʩʦʜʝʨʞʠʪ: ʩʚʝʨʪʦʯʥʳʡ ʩʣʦʡ, ʥʘ ʢʦʪʦʨʦʤ ʧʨʠʤʝʥʷʝʪʩʷ 

ʩʚʝʨʪʢʘ ʩ ʦʙʫʯʘʝʤʳʤ ʷʜʨʦʤ ʢ ʚʭʦʜʥʦʤʫ ʠʟʦʙʨʘʞʝʥʠʶ ʠʣʠ ʧʨʠʟʥʘʢʘʤ ʧʨʝʜʳʜʫʱʝʛʦ ʩʣʦʷ; ʠ ʷʜʨʦ ʩʚʝʨʪʢʠ ï 

ʵʪʦ ʤʘʪʨʠʮʘ, ʵʣʝʤʝʥʪʳ ʢʦʪʦʨʦʡ ʦʧʨʝʜʝʣʷʶʪ ʚʝʩʦʚʳʝ ʢʦʵʬʬʠʮʠʝʥʪʳ, ʠʩʧʦʣʴʟʫʝʤʳʝ ʜʣʷ ʣʠʥʝʡʥʦʡ 

ʢʦʤʙʠʥʘʮʠʠ ʟʥʘʯʝʥʠʡ ʧʠʢʩʝʣʝʡ ʚʭʦʜʥʦʛʦ ʠʟʦʙʨʘʞʝʥʠʷ. ʈʘʟʤʝʨ ʷʜʨʘ ʧʨʝʜʦʧʨʝʜʝʣʷʝʪ ʨʘʟʤʝʨ ʦʙʣʘʩʪʠ 

ʠʟʦʙʨʘʞʝʥʠʷ, ʫʯʘʩʪʚʫʶʱʝʡ ʚ ʚʳʯʠʩʣʝʥʠʠ ʦʜʥʦʛʦ ʚʳʭʦʜʥʦʛʦ ʟʥʘʯʝʥʠʷ.  ʇʨʦʮʝʩʩ ʩʚʝʨʪʢʠ ʧʦʟʚʦʣʷʝʪ 

ʚʳʜʝʣʠʪʴ ʭʘʨʘʢʪʝʨʥʳʝ ʧʨʠʟʥʘʢʠ ʠʟʦʙʨʘʞʝʥʠʷ, ʪʘʢʠʝ ʢʘʢ ʢʨʘʷ, ʪʝʢʩʪʫʨʘ ʠ ʬʦʨʤʘ ʨʘʥʳ [6]. 

    ʌʫʥʢʮʠʷ ʘʢʪʠʚʘʮʠʠ - ʵʪʦ ʥʝʣʠʥʝʡʥʘʷ ʬʫʥʢʮʠʷ, ʧʨʠʤʝʥʷʝʤʘʷ ʢ ʚʳʭʦʜʫ ʩʚʝʨʪʦʯʥʦʛʦ ʩʣʦʷ. ʌʫʥʢʮʠʷ 

ʘʢʪʠʚʘʮʠʠ ʚʚʦʜʠʪ ʥʝʣʠʥʝʡʥʦʩʪʴ ʚ ʤʦʜʝʣʴ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʘʧʧʨʦʢʩʠʤʠʨʦʚʘʪʴ ʙʦʣʝʝ ʩʣʦʞʥʳʝ ʬʫʥʢʮʠʠ ʠ, 

ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʨʝʰʘʪʴ ʙʦʣʝʝ ʩʣʦʞʥʳʝ ʟʘʜʘʯʠ. ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʠʩʧʦʣʴʟʦʚʘʣʘʩʴ ʬʫʥʢʮʠʷ ReLU (Rectified 

Linear Unit), ʢʦʪʦʨʘʷ ʦʧʨʝʜʝʣʷʝʪʩʷ ʢʘʢ f(x) = max(0, x). ʌʫʥʢʮʠʷ ReLU ʦʙʝʩʧʝʯʠʚʘʝʪ ʥʠʚʝʣʠʨʦʚʘʥʠʝ 

ʧʨʦʙʣʝʤʳ ʟʘʪʫʭʘʶʱʠʭ ʛʨʘʜʠʝʥʪʦʚ, ʪʝʤ ʩʘʤʳʤ ʫʩʢʦʨʷʷ ʧʨʦʮʝʩʩ ʦʙʫʯʝʥʠʷ. 

    ʆʧʝʨʘʮʠʷ ʧʫʣʠʥʛʘ ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʜʘʣʴʥʝʡʰʝʛʦ ʫʤʝʥʴʰʝʥʠʷ ʨʘʟʤʝʨʥʦʩʪʠ ʧʨʠʟʥʘʢʦʚ ʠ 

ʧʦʚʳʰʝʥʠʷ ʠʥʚʘʨʠʘʥʪʥʦʩʪʠ ʢ ʥʝʙʦʣʴʰʠʤ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʤ ʩʜʚʠʛʘʤ. ʂʘʞʜʳʡ ʪʘʢʦʡ ʙʣʦʢ ʢʦʜʠʨʦʚʱʠʢʘ 

ʫʤʝʥʴʰʘʝʪ ʨʘʟʤʝʨʥʦʩʪʴ ʚʭʦʜʥʳʭ ʜʘʥʥʳʭ ʚʜʚʦʝ.  

2. ɼʝʢʦʜʝʨ (ʘʥʘʣʠʟ) - ʵʪʘ ʯʘʩʪʴ ʩʝʪʠ ʦʪʚʝʯʘʝʪ ʟʘ ʚʦʩʩʪʘʥʦʚʣʝʥʠʝ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʛʦ ʨʘʟʨʝʰʝʥʠʷ 

ʧʨʠʟʥʘʢʦʚ ʠʟʦʙʨʘʞʝʥʠʷ ʜʦ ʠʩʭʦʜʥʦʛʦ ʨʘʟʤʝʨʘ ʚʭʦʜʥʦʛʦ ʠʟʦʙʨʘʞʝʥʠʷ.  

ɼʝʢʦʜʝʨ ʩʦʩʪʦʠʪ ʠʟ ʥʝʩʢʦʣʴʢʠʭ ʙʣʦʢʦʚ, ʢʘʞʜʳʡ ʠʟ ʢʦʪʦʨʳʭ ʚʳʧʦʣʥʷʝʪ: ʦʧʝʨʘʮʠʶ ʪʨʘʥʩʧʦʥʠʨʦʚʘʥʥʦʡ 

ʩʚʝʨʪʢʠ, ʪʦ ʝʩʪʴ ʫʚʝʣʠʯʠʚʘʝʪ ʨʘʟʤʝʨʥʦʩʪʴ ʧʨʠʟʥʘʢʦʚ, ʚʦʩʩʪʘʥʘʚʣʠʚʘʷ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʫʶ ʠʥʬʦʨʤʘʮʠʶ, 

ʧʦʪʝʨʷʥʥʫʶ ʚ ʧʨʦʮʝʩʩʝ ʢʦʜʠʨʦʚʘʥʠʷ; ʠ ʦʧʝʨʘʮʠʶ ʩʣʠʷʥʠʷ ʧʨʠʟʥʘʢʦʚ, ʪʦ ʝʩʪʴ ʢʦʤʙʠʥʠʨʫʝʪ ʧʨʠʟʥʘʢʠ 

ʪʝʢʫʱʝʛʦ ʫʨʦʚʥʷ ʜʝʢʦʜʝʨʘ ʩ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤʠ ʧʨʠʟʥʘʢʘʤʠ ʢʦʜʠʨʦʚʱʠʢʘ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʚʦʩʩʪʘʥʦʚʠʪʴ 

ʤʝʣʢʦʤʘʩʰʪʘʙʥʫʶ ʠʥʬʦʨʤʘʮʠʶ, ʧʦʪʝʨʷʥʥʫʶ ʚ ʧʨʦʮʝʩʩʝ ʩʚʝʨʪʢʠ. 
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ɺ ʨʝʟʫʣʴʪʘʪʝ ʨʘʙʦʪʳ ʜʝʢʦʜʝʨʘ ʬʦʨʤʠʨʫʝʪʩʷ ʚʳʭʦʜʥʦʝ ʠʟʦʙʨʘʞʝʥʠʝ ʩ ʪʝʤ ʞʝ ʨʘʟʤʝʨʦʤ, ʯʪʦ ʠ ʚʭʦʜʥʦʝ, 

ʛʜʝ ʢʘʞʜʳʡ ʧʠʢʩʝʣʴ ʢʣʘʩʩʠʬʠʮʠʨʫʝʪʩʷ ʢʘʢ ʧʨʠʥʘʜʣʝʞʘʱʠʡ ʨʘʥʝ ʠʣʠ ʥʝʪ. 

ɺ ʭʦʜʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʠʩʧʦʣʴʟʦʚʘʥʦ 7 ʩʣʦʝʚ ʜʣʷ ʙʣʦʢʘ çʩʚʝʨʪʢʠè, ʧʨʠ ʵʪʦʤ ʥʘ ʢʘʞʜʦʤ ʠʟ ʩʣʦʝʚ 

ʠʟʦʙʨʘʞʝʥʠʝ ʨʘʟʙʠʚʘʝʪʩʷ ʥʘ ʤʝʥʴʰʠʝ ʧʦ ʰʠʨʠʥʝ ʠ ʚʳʩʦʪʝ ʠʟʦʙʨʘʞʝʥʠʷ (128, 64, 32, 16 ʧʠʢʩʝʣʝʡ), ʘ ʥʘ 

ʢʘʞʜʦʤ ʠʟ ʤʝʥʴʰʠʭ ʠʟʦʙʨʘʞʝʥʠʡ ʧʨʦʠʩʭʦʜʠʪ ʧʦʠʩʢ ʤʘʩʢʠ. ɿʘʪʝʤ ʜʘʥʥʳʝ ʧʝʨʝʜʘʶʪʩʷ ʚ ʙʣʦʢ çʨʘʟʚʝʨʪʢʠè, 

ʩʦʩʪʦʷʱʠʡ ʠʟ 7 ʩʣʦʝʚ, ʛʜʝ ʠʟʦʙʨʘʞʝʥʠʷ ʚʦʩʩʪʘʥʘʚʣʠʚʘʶʪʩʷ ʜʦ ʠʩʭʦʜʥʦʛʦ ʨʘʟʤʝʨʘ. ɸʨʭʠʪʝʢʪʫʨʘ ʩʝʪʠ 

ʧʦʢʘʟʘʥʘ ʥʘ ʨʠʩʫʥʢʝ 2. 

ʅʘ ʢʘʞʜʦʤ ʩʣʦʝ ʜʣʷ ʢʘʞʜʦʛʦ ʧʠʢʩʝʣʷ ʠʟʦʙʨʘʞʝʥʠʷ ʩʦʟʜʘʝʪʩʷ çʥʝʡʨʦʥè ʩ ʬʫʥʢʮʠʝʡ ʘʢʪʠʚʘʮʠʠ. 

ʅʝʡʨʦʥ ʧʦʣʫʯʘʝʪ ʜʣʷ ʦʙʨʘʙʦʪʢʠ ʜʘʥʥʳʝ (ʥʘʧʨʠʤʝʨ, ʯʠʩʣʦ ʦʪ -1 ʜʦ 1, ʠʣʠ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʧʠʢʩʝʣʷ ʦʪ 0 ʜʦ 1) ʠ 

ʚʦʟʚʨʘʱʘʝʪ ʨʝʟʫʣʴʪʘʪ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʟʘʜʘʥʥʦʡ ʬʫʥʢʮʠʝʡ ʘʢʪʠʚʘʮʠʠ. ɼʣʷ ʦʙʨʘʙʦʪʢʠ ʠʟʦʙʨʘʞʝʥʠʡ ʟʘʯʘʩʪʫʶ 

ʧʨʠʤʝʥʷʝʪʩʷ ʬʫʥʢʮʠʷ ʘʢʪʠʚʘʮʠʠ ReLu, ʜʣʷ ʢʦʪʦʨʦʡ ʨʝʟʫʣʴʪʘʪ ʚʳʯʠʩʣʷʝʪʩʷ ʢʘʢ ʬʫʥʢʮʠʷ ʤʘʢʩʠʤʫʤ - ʚʭʦʜʥʦʝ 

ʟʥʘʯʝʥʠʝ ʠʣʠ 0. ʇʦʩʣʝ ʵʪʦʛʦ ʚʳʭʦʜʥʦʝ ʟʥʘʯʝʥʠʝ ʥʝʡʨʦʥʘ ʧʨʦʭʦʜʠʪ ʯʝʨʝʟ ʤʘʪʨʠʮʫ ʚʝʩʦʚʳʭ ʢʦʵʬʬʠʮʠʝʥʪʦʚ, 

ʫʤʥʦʞʘʝʪʩʷ ʥʘ ʚʝʩ ʩʚʷʟʠ ʩ ʢʘʞʜʳʤ ʥʝʡʨʦʥʦʤ ʠ ʧʝʨʝʜʘʝʪʩʷ ʚ ʥʝʡʨʦʥʳ ʩʣʝʜʫʶʱʝʛʦ ʩʣʦʷ. ʊʘʢʞʝ ʚ ʘʨʭʠʪʝʢʪʫʨʝ 

U-Net ʜʘʥʥʳʝ ʧʝʨʝʜʘʶʪʩʷ ʥʝ ʪʦʣʴʢʦ ʤʝʞʜʫ ʩʦʩʝʜʥʠʤʠ ʩʣʦʷʤʠ, ʥʦ ʠ ʤʝʞʜʫ ʩʣʦʷʤʠ ʩʚʝʨʪʢʠ ʠ ʨʘʟʚʝʨʪʢʠ. ɺ 

ʨʝʟʫʣʴʪʘʪʝ ʥʘ ʧʦʩʣʝʜʥʝʤ ʩʣʦʝ ʥʝʡʨʦʥʦʚ, ʘ ʠʤʝʥʥʦ ʚ ʥʝʢʦʪʦʨʳʭ ʠʟ ʥʝʡʨʦʥʦʚ ʚʳʭʦʜʥʳʝ ʟʥʘʯʝʥʠʷ ʙʫʜʫʪ 

ʦʪʣʠʯʥʳʤʠ ʦʪ ʥʫʣʷ, ʠ ʵʪʦ ʠʥʪʝʨʧʨʝʪʠʨʫʝʪʩʷ ʢʘʢ ʨʘʩʧʦʟʥʘʥʥʘʷ ʦʙʣʘʩʪʴ ʨʘʥʳ.  

 

ʈʠʩʫʥʦʢ 2 ï ɸʨʭʠʪʝʢʪʫʨʘ U-net ʥʝʡʨʦʩʝʪʠ 

 

ɼʣʷ ʦʙʫʯʝʥʠʷ ʥʝʡʨʦʩʝʪʠ, ʚʳʯʠʩʣʷʝʪʩʷ ʨʘʟʥʠʮʘ ʩʧʨʦʛʥʦʟʠʨʦʚʘʥʥʦʛʦ ʨʝʟʫʣʴʪʘʪʘ ʠ ʟʘʨʘʥʝʝ ʩʦʟʜʘʥʥʦʡ 

ʤʘʩʢʠ, ʧʦʩʣʝ ʯʝʛʦ ʠʟʤʝʥʷʶʪʩʷ ʚʝʩʦʚʳʝ ʢʦʵʬʬʠʮʠʝʥʪʳ ʤʝʞʜʫ ʩʣʦʷʤʠ ʥʝʡʨʦʩʝʪʠ. ʇʦ ʦʢʦʥʯʘʥʠʠ 

ʤʥʦʛʦʢʨʘʪʥʦʛʦ ʦʙʫʯʝʥʠʷ (ʥʘ ʨʘʟʥʦʦʙʨʘʟʥʳʭ ʠʟʦʙʨʘʞʝʥʠʷʭ) ʩʝʪʴ ʬʦʨʤʠʨʫʝʪ ʢʦʨʨʝʢʪʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʠ ʝʝ 

ʤʦʞʥʦ ʧʨʠʤʝʥʷʪʴ ʜʣʷ ʨʘʩʧʦʟʥʘʚʘʥʠʷ ʥʦʚʳʭ ʨʘʥ, ʢʦʪʦʨʳʝ ʥʝ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʧʨʠ ʦʙʫʯʝʥʠʠ. 

ʅʘ ʨʠʩʫʥʢʝ 3 ʧʦʢʘʟʘʥ ʨʝʟʫʣʴʪʘʪ ʨʘʩʧʦʟʥʘʚʘʥʠʷ ʧʦʚʨʝʞʜʝʥʠʷ ʢʦʞʥʦʛʦ ʧʦʢʨʦʚʘ. ɿʝʣʝʥʳʤ ʮʚʝʪʦʤ 

ʦʙʚʝʜʝʥʘ ʦʙʣʘʩʪʴ, ʢʣʘʩʩʠʬʠʮʠʨʦʚʘʥʥʘʷ ʥʝʡʨʦʩʝʪʴʶ ʢʘʢ ʨʘʥʘ. ʄʘʪʝʤʘʪʠʯʝʩʢʠ ʨʝʟʫʣʴʪʘʪ ʧʨʝʜʩʪʘʚʣʝʥ ʚ ʚʠʜʝ 

ʤʘʪʨʠʮʳ, ʠʟ ʢʦʪʦʨʦʡ ʠʟʚʣʝʢʘʶʪʩʷ ʢʦʦʨʜʠʥʘʪʳ ʧʠʢʩʝʣʝʡ, ʟʘʢʨʘʰʝʥʥʳʭ ʟʝʣʝʥʳʤ ʮʚʝʪʦʤ. 

 



ʉɽʂʎʀʗ 1 - ʄʝʪʦʜʳ ʠ ʩʨʝʜʩʪʚʘ ʜʠʘʛʥʦʩʪʠʢʠ ʠ ʣʝʯʝʥʠʷ ʟʘʙʦʣʝʚʘʥʠʡ                  100 

 

 

XVI ʄʝʞʜʫʥʘʨʦʜʥʘʷ ʅʘʫʯʥʘʷ ʂʦʥʬʝʨʝʥʮʠʷ "ʌʠʟʠʢʘ ʠ ʈʘʜʠʦʵʣʝʢʪʨʦʥʠʢʘ ʚ ʄʝʜʠʮʠʥʝ ʠ 

ʕʢʦʣʦʛʠʠ" 

 

 

ʈʠʩʫʥʦʢ 3 ï ʇʨʠʤʝʨ ʨʘʩʧʦʟʥʘʚʘʥʠʷ ʦʙʣʘʩʪʠ ʨʘʥʳ 

 

ʈʘʟʨʘʙʦʪʘʥʥʳʡ ʘʣʛʦʨʠʪʤ ʠʤʝʝʪ ʩʣʝʜʫʶʱʠʝ ʧʨʝʠʤʫʱʝʩʪʚʘ: 

1. ʅʘ ʧʦʚʝʨʭʥʦʩʪʠ ʢʦʞʠ ʥʝ ʪʨʝʙʫʝʪʩʷ ʦʩʦʙʳʭ ʧʨʠʤʝʪ ʣʠʙʦ ʩʧʝʮʠʘʣʴʥʳʭ ʨʝʧʝʨʥʳʭ ʪʦʯʝʢ, ʘʣʛʦʨʠʪʤ 

ʚʳʯʠʩʣʷʝʪ ʚʝʨʦʷʪʥʦʩʪʴ ʥʘʭʦʞʜʝʥʠʷ ʨʘʥʳ ʧʦ ʧʨʠʟʥʘʢʫ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʧʠʢʩʝʣʝʡ. 

2 ɸʣʛʦʨʠʪʤ ʢʦʨʨʝʢʪʥʦ ʩʨʘʙʘʪʳʚʘʝʪ ʥʘ ʨʘʥʘʭ ʣʶʙʦʡ ʬʦʨʤʳ ʠ ʥʝ ʟʘʚʠʩʠʪ ʦʪ ʚʠʜʦʠʟʤʝʥʠʷ ʢʨʘʝʚ. ʊʘʢʞʝ 

ʢʦʨʨʝʢʪʥʦ ʩʨʘʙʘʪʳʚʘʝʪ ʥʘ ʬʦʪʦʛʨʘʬʠʷʭ ʧʦʜ ʨʘʟʥʳʤʠ ʫʛʣʘʤʠ ʟʨʝʥʠʷ ʠ ʨʘʢʫʨʩʘʤʠ.  

ɺ ʢʘʯʝʩʪʚʝ ʥʝʜʦʩʪʢʦʚ ʩʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ ʦʰʠʙʦʯʥʳʝ ʩʨʘʙʘʪʳʚʘʥʠʷ ʘʣʛʦʨʠʪʤʘ, ʢʦʛʜʘ ʚ ʢʘʜʨ ʧʦʧʘʜʘʝʪ 

ʦʙʲʝʢʪ ʢʨʘʩʥʦʛʦ ʮʚʝʪʘ, ʚʠʟʫʘʣʴʥʦ ʠ ʧʦ ʬʦʨʤʝ ʠʜʝʥʪʠʯʥʳʡ ʠʟʦʙʨʘʞʝʥʠʶ ʨʘʥʳ (ʩʤ. ʨʠʩʫʥʦʢ 4). ɼʣʷ ʨʝʰʝʥʠʷ 

ʜʘʥʥʦʡ ʧʨʦʙʣʝʤʳ ʥʝʦʙʭʦʜʠʤʦ ʩʦʟʜʘʪʴ ʙʦʣʝʝ ʦʙʲʝʤʥʳʡ çʜʘʪʘʩʝʪè ʜʣʷ ʦʙʫʯʝʥʠʷ ʥʝʡʨʦʩʝʪʠ, ʩʦʜʝʨʞʘʱʠʡ 

ʨʘʩʰʠʨʝʥʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʚʘʨʠʘʥʪʦʚ ʢʦʨʨʝʢʪʥʦʛʦ ʠʟʦʙʨʘʞʝʥʠʷ ʨʘʥ. ʃʠʙʦ ʨʘʟʨʘʙʦʪʘʪʴ ʘʣʛʦʨʠʪʤ 

ʧʦʩʪʦʙʨʘʙʦʪʢʠ, ʢʦʛʜʘ ʠʟ ʥʝʩʢʦʣʴʢʠʭ ʥʘʡʜʝʥʥʳʭ ʟʦʥ ʚʳʙʠʨʘʝʪʩʷ ʦʜʥʘ ʢʦʨʨʝʢʪʥʘʷ. 
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ʈʠʩʫʥʦʢ 4 ï ʇʨʠʤʝʨ ʦʰʠʙʦʯʥʦʛʦ ʩʨʘʙʘʪʳʚʘʥʠʷ ʘʣʛʦʨʠʪʤʘ ʥʘ ʢʨʘʩʥʳʡ ʮʚʝʪ ʣʘʢʘ ʥʦʛʪʝʚʳʭ ʧʣʘʩʪʠʥ 
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RECOGNITION ALGORITHM OF SKIN DAMAGES  

Oparin E.S., Davidov N.N. 

Vladimir State University, oparines.@vlsu.ru 

Various deep learning algorithms and neural network models are already being used in image analysis. As an 

example, an algorithm for complete wound recognition was studied [1]. An annotated image set consisting of 1109 

ulcer images from 889 patients was taken from the source to train and test deep learning models.  

A neural network with U-Net architecture was created [3]. 7 layers are used for the ñconvolutionò block, on 

each of the layers the image is divided into smaller images in width and height (128, 64, 32, 16 pixels), a mask is 

searched for on each of the smaller images. After that, the data is transferred to the "scan" block, consisting of 7 

layers, where the images are combined to the original size. The network architecture is shown in Figure 2. 

The proposed algorithm has the following advantages: 

1. No special features or special reference points are required on the skin surface, the algorithm calculates the 

probability of finding a wound based on the intensity of the pixels. 

2 The algorithm works correctly on such wounds of any shape, does not depend on the modification of the 

edges. It also works correctly in photographs from different angles and angles. 

ïïïïïïïïïïïïïïïï ǅïïïïïïïïïïïïïïïï 

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʘʣʛʦʨʠʪʤʦʚ ʤʘʰʠʥʥʦʛʦ ʦʙʫʯʝʥʠʷ ʜʣʷ ʚʳʷʚʣʝʥʠʷ ʧʘʪʦʣʦʛʠʡ ʧʝʯʝʥʠ  

ʚ ʨʘʤʢʘʭ 2D-SWE ʵʣʘʩʪʦʛʨʘʬʠʠ 

ʄʠʱʝʥʢʦ ɽʚʛʝʥʠʷ ɸʣʝʢʩʝʝʚʥʘ1, ɼʝʤʠʥ ʀʛʦʨʴ ʖʨʴʝʚʠʯ1, ʈʳʭʪʠʢ ʇʘʚʝʣ ʀʚʘʥʦʚʠʯ2 

1ʅʘʮʠʦʥʘʣʴʥʳʡ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʅʠʞʝʛʦʨʦʜʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤ. ʅ. ʀ. 

ʃʦʙʘʯʝʚʩʢʦʛʦ, ʛ. ʅʠʞʥʠʡ ʅʦʚʛʦʨʦʜ, jane14122000@yandex.ru 

2ʇʨʠʚʦʣʞʩʢʠʡ ʦʢʨʫʞʥʦʡ ʤʝʜʠʮʠʥʩʢʠʡ ʮʝʥʪʨ ʌʄɹɸ ʈʦʩʩʠʠ (ʇʆʄʎ), ʛ. ʅʠʞʥʠʡ ʅʦʚʛʦʨʦʜ 

mailto:jane14122000@yandex.ru
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XVI ʄʝʞʜʫʥʘʨʦʜʥʘʷ ʅʘʫʯʥʘʷ ʂʦʥʬʝʨʝʥʮʠʷ "ʌʠʟʠʢʘ ʠ ʈʘʜʠʦʵʣʝʢʪʨʦʥʠʢʘ ʚ ʄʝʜʠʮʠʥʝ ʠ 

ʕʢʦʣʦʛʠʠ" 

 

ʊʨʘʜʠʮʠʦʥʥʳʝ ʤʝʪʦʜʳ ʦʧʨʝʜʝʣʝʥʠʷ ʭʨʦʥʠʯʝʩʢʠʭ ʟʘʙʦʣʝʚʘʥʠʡ ʧʝʯʝʥʠ ʷʚʣʷʶʪʩʷ ʠʥʚʘʟʠʚʥʳʤʠ ʠ 

ʧʦʜʚʝʨʞʝʥʳ ʪʘʢʠʤ ʦʛʨʘʥʠʯʝʥʠʷʤ, ʢʘʢ ʦʰʠʙʢʘ ʦʪʙʦʨʘ ʧʨʦʙ ʠ ʧʦʩʣʝʦʧʝʨʘʮʠʦʥʥʳʤ ʦʩʣʦʞʥʝʥʠʷʤ. 

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʫʣʴʪʨʘʟʚʫʢʦʚʦʡ ʵʣʘʩʪʦʛʨʘʬʠʠ ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʠʪʴ ʜʦʧʦʣʥʠʪʝʣʴʥʫʶ ʠʥʬʦʨʤʘʮʠʶ ʦ 

ʞʝʩʪʢʦʩʪʠ ʪʢʘʥʠ ʧʝʯʝʥʠ. ʄʦʜʝʣʠ ʫʣʴʪʨʘʟʚʫʢʦʚʦʡ ʵʣʘʩʪʦʛʨʘʬʠʠ ʥʘ ʦʩʥʦʚʝ ʤʘʰʠʥʥʦʛʦ ʦʙʫʯʝʥʠʷ ʤʦʛʫʪ 

ʧʦʤʦʯʴ ʩʥʠʟʠʪʴ ʢʦʣʠʯʝʩʪʚʦ ʥʝʥʫʞʥʳʭ ʙʠʦʧʩʠʡ ʠ ʧʦʚʳʩʠʪʴ ʪʦʯʥʦʩʪʴ ʜʠʘʛʥʦʩʪʠʢʠ ʟʘʙʦʣʝʚʘʥʠʡ. ʎʝʣʴʶ 

ʜʘʥʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʷʚʣʷʝʪʩʷ ʨʘʟʨʘʙʦʪʢʘ ʤʦʜʝʣʠ ʥʘ ʦʩʥʦʚʝ ʫʣʴʪʨʘʟʚʫʢʦʚʦʡ ʵʣʘʩʪʦʛʨʘʬʠʠ ʠ ʤʘʰʠʥʥʦʛʦ 

ʦʙʫʯʝʥʠʷ ʜʣʷ ʫʣʫʯʰʝʥʠʷ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʟʘʙʦʣʝʚʘʥʠʡ ʧʝʯʝʥʠ. 

ʄʘʪʝʨʠʘʣʳ ʠ ʤʝʪʦʜʳ 

ʀʟʦʙʨʘʞʝʥʠʷ ʧʝʯʝʥʠ, ʧʦʣʫʯʝʥʥʳʝ ʤʝʪʦʜʦʤ ʵʣʘʩʪʦʛʨʘʬʠʠ ʩʜʚʠʛʦʚʦʡ ʚʦʣʥʦʡ, ʨʝʘʣʠʟʦʚʘʥʥʳʝ ʥʘ ʋɿʀ-

ʩʠʩʪʝʤʝ Aixplorer SuperSonic Imaging (2D-SWE). ʇʨʠʤʝʨ ʧʦʣʫʯʝʥʥʦʛʦ ʠʟʦʙʨʘʞʝʥʠʷ ʠʟʦʙʨʘʞʝʥ ʥʘ ʨʠʩʫʥʢʝ 1. 

ɼʚʫʭʤʝʨʥʘʷ ʵʣʘʩʪʦʛʨʘʬʠʷ ʩʜʚʠʛʦʚʦʡ ʚʦʣʥʳ (Two Dimentional Shear Wave Elastography, 2D-SWE) ʵʪʦ 

ʤʝʪʦʜ ʤʝʜʠʮʠʥʩʢʦʡ ʚʠʟʫʘʣʠʟʘʮʠʠ, ʢʦʪʦʨʳʡ ʠʩʧʦʣʴʟʫʝʪ ʫʣʴʪʨʘʟʚʫʢʦʚʳʝ ʚʦʣʥʳ ʜʣʷ ʦʮʝʥʢʠ ʞʝʩʪʢʦʩʪʠ ʪʢʘʥʝʡ. 

ɺ ʨʘʤʢʘʭ ʫʣʴʪʨʘʟʚʫʢʦʚʦʛʦ ʩʢʘʥʠʨʦʚʘʥʠʷ ʚ ʟʦʥʝ ʠʥʪʝʨʝʩʘ ʧʨʦʠʩʭʦʜʠʪ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʝ ʧʝʨʝʢʣʶʯʝʥʠʝ 

ʬʦʢʫʩʦʚ ʨʘʜʠʘʮʠʦʥʥʦʛʦ ʜʘʚʣʝʥʠʷ ʩ ʚʳʩʦʢʦʡ ʩʢʦʨʦʩʪʴʶ ʚʜʦʣʴ ʦʜʥʦʛʦ ʣʫʯʘ. ʂʘʞʜʳʡ ʬʦʢʫʩ ʛʝʥʝʨʠʨʫʝʪ ʩʚʦʠ 

ʩʜʚʠʛʦʚʳʝ ʚʦʣʥʳ, ʠ ʩʢʦʨʦʩʪʴ ʵʪʦʛʦ ʧʝʨʝʢʣʶʯʝʥʠʷ ʛʦʨʘʟʜʦ ʚʳʰʝ ʩʢʦʨʦʩʪʝʡ ʧʦʧʝʨʝʯʥʦʛʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ 

ʚʦʣʥ. ɺ ʠʪʦʛʝ ʬʨʦʥʪʳ ʩʜʚʠʛʦʚʳʭ ʚʦʣʥ ʦʪ ʚʩʝʭ ʬʦʢʫʩʦʚ ʥʘ ʨʘʟʥʳʭ ʛʣʫʙʠʥʘʭ ʦʙʲʝʜʠʥʷʶʪʩʷ ʚ ʦʜʠʥ ʬʨʦʥʪ, 

ʦʙʨʘʟʫʷ ʢʦʥʠʯʝʩʢʫʶ ʧʦʚʝʨʭʥʦʩʪʴ, ʢʦʪʦʨʘʷ ʨʘʩʧʨʦʩʪʨʘʥʷʝʪʩʷ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦ ʦʩʠ ʩʢʘʥʠʨʦʚʘʥʠʷ ʥʘ ʚʩʶ 

ʛʣʫʙʠʥʫ ʟʦʥʳ ʠʥʪʝʨʝʩʘ. ʋʣʴʪʨʘʟʚʫʢʦʚʦʡ ʩʢʘʥʝʨ ʠʟʤʝʨʷʝʪ ʩʢʦʨʦʩʪʴ ʩʜʚʠʛʦʚʳʭ ʚʦʣʥ ʥʘ ʚʩʝʭ ʛʣʫʙʠʥʘʭ ʠ 

ʩʦʟʜʘʝʪ ʜʚʫʤʝʨʥʫʶ ʮʚʝʪʦʚʫʶ ʵʣʘʩʪʦʛʨʘʤʤʫ, ʛʜʝ ʫʯʘʩʪʢʠ ʩ ʨʘʟʥʦʡ ʞʝʩʪʢʦʩʪʴʶ ʦʙʦʟʥʘʯʝʥʳ ʨʘʟʥʳʤʠ ʮʚʝʪʘʤʠ. 

ʕʪʦ ʧʦʟʚʦʣʷʝʪ ʚʠʟʫʘʣʴʥʦ ʦʮʝʥʠʪʴ ʞʝʩʪʢʦʩʪʴ ʦʙʣʘʩʪʠ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʘ ʪʘʢʞʝ ʧʨʦʚʝʩʪʠ ʢʦʣʠʯʝʩʪʚʝʥʥʫʶ 

ʦʮʝʥʢʫ ʞʝʩʪʢʦʩʪʠ ʚ ʢʘʞʜʦʡ ʪʦʯʢʝ ʟʦʥʳ ʠʥʪʝʨʝʩʘ ʩ ʧʦʤʦʱʴʶ ʵʣʘʩʪʦʤʝʪʨʠʠ. ɼʘʥʥʳʡ ʤʝʪʦʜ ʧʨʝʜʦʩʪʘʚʣʷʝʪ 

ʚʦʟʤʦʞʥʦʩʪʴ ʧʦʣʫʯʠʪʴ ʢʘʯʝʩʪʚʝʥʥʦʝ ʠʟʦʙʨʘʞʝʥʠʝ ʞʝʩʪʢʦʩʪʠ ʚʩʝʡ ʟʦʥʳ ʠʥʪʝʨʝʩʘ ʠ ʠʟʤʝʨʠʪʴ ʫʨʦʚʝʥʴ 

ʞʝʩʪʢʦʩʪʠ ʚ ʣʶʙʦʡ ʠʥʪʝʨʝʩʫʶʱʝʡ ʪʦʯʢʝ [1]. ʇʝʨʠʦʜ ʧʦʣʫʯʝʥʠʷ ʩʥʠʤʢʦʚ 01.12.23-23.12.23. ɺ ʢʘʯʝʩʪʚʝ 

ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʩʣʝʜʫʶʱʠʝ ʟʥʘʯʝʥʠʷ ʞʝʩʪʢʦʩʪʠ ʚ ʟʦʥʝ ʠʟʤʝʨʝʥʠʷ ʞʝʩʪʢʦʩʪʠ ʤʝʪʦʜʦʤ 2D-

SWE: Ò5 ʢʇʘ: ɺʳʩʦʢʘʷ ʚʝʨʦʷʪʥʦʩʪʴ ʥʦʨʤʘʣʴʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʧʝʯʝʥʠ; <9 ʢʇʘ: ʧʨʠ ʦʪʩʫʪʩʪʚʠʠ ʜʨʫʛʠʭ 

 

ʈʠʩʫʥʦʢ 1 ï ʀʟʦʙʨʘʞʝʥʠʝ ʧʝʯʝʥʠ, ʧʦʣʫʯʝʥʥʦʝ ʥʘ ʋɿʀ-ʩʠʩʪʝʤʝ Aixplorer SuperSonic Imaging  
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ʠʟʚʝʩʪʥʳʭ ʢʣʠʥʠʯʝʩʢʠʭ ʧʨʠʟʥʘʢʦʚ ʠʩʢʣʶʯʘʝʪʩʷ ʢʦʤʧʝʥʩʠʨʦʚʘʥʥʦʝ ʧʨʦʛʨʝʩʩʠʨʫʶʱʝʝ ʭʨʦʥʠʯʝʩʢʦʝ 

ʟʘʙʦʣʝʚʘʥʠʝ ʧʝʯʝʥʠ (ʢʧʍɿʇ). ɽʩʣʠ ʢʣʠʥʠʯʝʩʢʠʝ ʧʨʠʟʥʘʢʠ ʠʤʝʶʪʩʷ, ʤʦʞʝʪ ʧʦʪʨʝʙʦʚʘʪʴʩʷ ʜʦʧʦʣʥʠʪʝʣʴʥʦʝ 

ʦʙʩʣʝʜʦʚʘʥʠʝ ʜʣʷ ʧʦʜʪʚʝʨʞʜʝʥʠʷ ʢʧʍɿʇ; 9 -13 ʢʇʘ: ʇʨʝʜʧʦʣʦʞʠʪʝʣʴʥʦ ʢʧʍɿʇ, ʥʦ ʜʣʷ ʧʦʜʪʚʝʨʞʜʝʥʠʷ 

ʪʨʝʙʫʝʪʩʷ ʜʦʧʦʣʥʠʪʝʣʴʥʦʝ ʦʙʩʣʝʜʦʚʘʥʠʝ; >13 ʢʇʘ: ʅʘʣʠʯʠʝ ʢʧʍɿʇ; > 17 ʢʇʘ: ɺʝʨʦʷʪʥʦʩʪʴ ʢʣʠʥʠʯʝʩʢʠ 

ʟʥʘʯʠʤʦʡ ʧʦʨʪʘʣʴʥʦʡ ʛʠʧʝʨʪʝʥʟʠʠ [2]. ʀʟʦʙʨʘʞʝʥʠʷ ʙʳʣʠ ʦʙʨʘʙʦʪʘʥʳ ʠ ʢʣʘʩʩʠʬʠʮʠʨʦʚʘʥʳ ʦʧʳʪʥʳʤʠ 

ʢʣʠʥʠʮʠʩʪʘʤʠ ʠʩʭʦʜʷ ʠʟ ʧʨʠʥʮʠʧʦʚ ʠ ʤʝʪʦʜʦʣʦʛʠʡ ʧʦʜʛʦʪʦʚʢʠ ʥʘʙʦʨʘ ʜʘʥʥʳʭ ʜʣʷ ʦʙʫʯʝʥʠʷ ʠ ʪʝʩʪʠʨʦʚʘʥʠʷ 

ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ ʥʘ ʦʩʥʦʚʝ ʪʝʭʥʦʣʦʛʠʠ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʠʥʪʝʣʣʝʢʪʘ [3]. ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʩʥʠʤʢʦʚ ʧʦ 

ʟʥʘʯʝʥʠʷʤ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʧʨʠʚʝʜʝʥʳ ʥʘ ʨʠʩʫʥʢʝ 2. 

ɺʩʝʛʦ ʙʳʣʦ ʧʦʣʫʯʝʥʦ 101 ʠʟʦʙʨʘʞʝʥʠʝ, ʠʟ ʥʠʭ ʙʦʣʝʝ 47% ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʩʥʠʤʢʠ ʩ ʥʦʨʤʘʣʴʥʳʤ 

ʩʦʩʪʦʷʥʠʝʤ ʧʝʯʝʥʠ, ʜʣʷ ʩʦʙʣʶʜʝʥʠʷ ʙʘʣʘʥʩʘ ʢʣʘʩʩʦʚ. 

ʀʟʚʣʝʯʝʥʠʝ ʪʝʢʩʪʫʨʥʳʭ ʧʨʠʟʥʘʢʦʚ  

ʀʟ ʚʩʝʭ ʠʟʦʙʨʘʞʝʥʠʡ ʙʳʣʦ ʥʝʦʙʭʦʜʠʤʦ ʠʟʚʣʝʯʴ ʧʨʠʟʥʘʢʠ, ʜʣʷ ʜʘʣʴʥʝʡʰʝʛʦ ʘʥʘʣʠʟʘ ʠ ʧʦʩʪʨʦʝʥʠʷ 

ʤʦʜʝʣʠ. ʊʝʢʩʪʫʨʘ ʤʦʞʝʪ ʥʝʩʪʠ ʩʫʱʝʩʪʚʝʥʥʫʶ ʠʥʬʦʨʤʘʮʠʶ ʦ ʩʪʨʫʢʪʫʨʝ ʬʠʟʠʯʝʩʢʠʭ ʦʙʲʝʢʪʦʚ, 

ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʪʝʢʩʪʫʨʥʳʡ ʘʥʘʣʠʟ ʠʟʦʙʨʘʞʝʥʠʡ ʥʝʩʝʪ ʚʘʞʥʫʶ ʬʫʥʢʮʠʶ ʜʣʷ ʦʙʨʘʙʦʪʢʠ ʠ ʧʦʥʠʤʘʥʠʷ. ɼʣʷ 

ʪʝʢʩʪʫʨʥʦʛʦ ʘʥʘʣʠʟʘ ʠʟʦʙʨʘʞʝʥʠʡ ʠʩʧʦʣʴʟʦʚʘʣʘʩʴ ʧʨʦʛʨʘʤʤʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ MaZda [4]. ʆʥʦ ʧʦʟʚʦʣʷʝʪ 

ʠʟʚʣʝʢʘʪʴ ʠʟ ʠʟʦʙʨʘʞʝʥʠʡ ʪʝʢʩʪʫʨʥʳʝ ʧʨʠʟʥʘʢʠ ʠʟ ʦʙʣʘʩʪʠ ʠʥʪʝʨʝʩʘ, ʦʩʥʦʚʳʚʘʷʩʴ ʥʘ ʨʘʟʥʳʭ ʛʨʫʧʧʘʭ 

ʧʨʠʟʥʘʢʘʭ: ʥʘ ʛʠʩʪʦʛʨʘʤʤʝ ʩʝʨʳʭ ʪʦʥʦʚ, ʤʘʪʨʠʮʝ ʩʤʝʞʥʦʩʪʠ ʠ ʜʣʠʥʳ ʩʝʨʠʡ. ʇʨʠʟʥʘʢʠ ʠʟʚʣʝʢʘʣʠʩʴ ʠʟ 

ʦʙʣʘʩʪʠ ʵʣʘʩʪʦʛʨʘʤʤʳ, ʚʩʝʛʦ ʙʳʣʦ ʠʟʚʣʝʯʝʥʦ 256 ʧʨʠʟʥʘʢʦʚ ʠʟ ʢʘʞʜʦʛʦ ʠʟʦʙʨʘʞʝʥʠʷ. ʆʙʳʯʥʦ ʪʦʣʴʢʦ 

ʦʛʨʘʥʠʯʝʥʥʦʝ ʯʠʩʣʦ ʧʨʠʟʥʘʢʦʚ ʩʦʜʝʨʞʘʪ ʨʝʣʝʚʘʥʪʥʫʶ ʠʥʬʦʨʤʘʮʠʶ, ʥʝʦʙʭʦʜʠʤʫʶ ʜʣʷ ʨʘʟʣʠʯʝʥʠʷ ʪʝʢʩʪʫʨ. 

ɺ MaZda ʠʩʧʦʣʴʟʫʶʪʩʷ ʯʝʪʳʨʝ ʢʨʠʪʝʨʠʷ ʦʪʙʦʨʘ ʧʨʠʟʥʘʢʦʚ: (Fisher discriminant, classification error combined 

with the correlation coefficient, mutual information a convex hull approach and 1-nearest neighbor classifier). 

ɼʘʣʴʥʝʡʰʝʝ ʫʤʝʥʴʰʝʥʠʝ ʯʠʩʣʘ ʧʨʠʟʥʘʢʦʚ ʦʙʝʩʧʝʯʠʚʘʶʪʩʷ ʧʨʦʝʢʮʠʦʥʥʳʤʠ ʤʝʪʦʜʘʤʠ. ʇʨʦʮʝʜʫʨʳ, 

ʨʝʘʣʠʟʦʚʘʥʥʳʝ ʚ ʤʦʜʫʣʝ MaZda, ʚʢʣʶʯʘʶʪ ʚ ʩʝʙʷ ʦʩʥʦʚʥʳʝ ʤʝʪʦʜʳ ʩʥʠʞʝʥʠʷ ʨʘʟʤʝʨʥʦʩʪʠ, ʪʘʢʠʝ ʢʘʢ ʤʝʪʦʜ 

ʛʣʘʚʥʳʭ ʢʦʤʧʦʥʝʥʪ (PCA), ʣʠʥʝʡʥʳʡ ʠ ʥʝʣʠʥʝʡʥʳʡ ʜʠʩʢʨʠʤʠʥʘʥʪʥʳʡ ʘʥʘʣʠʟ (LDA, NDA). 

ʄʝʪʦʜʳ ʤʘʰʠʥʥʦʛʦ ʦʙʫʯʝʥʠʷ 
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ɼʣʷ ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʧʨʠʤʝʥʷʶʪʩʷ ʤʝʪʦʜʳ ʤʘʰʠʥʥʦʛʦ ʦʙʫʯʝʥʠʷ. ʅʘ ʧʝʨʚʦʤ ʵʪʘʧʝ 

ʠʜʝʪ ʨʘʟʨʘʙʦʪʢʘ ʙʠʥʘʨʥʦʛʦ ʢʣʘʩʩʠʬʠʢʘʪʦʨʘ ï ʙʦʣʴʥʳʝ ʠ ʟʜʦʨʦʚʳʝ. ɺ ʜʘʥʥʦʡ ʟʘʜʘʯʝ ʠʩʧʦʣʴʟʫʝʪʩʷ ʤʝʪʦʜ 

ʦʧʦʨʥʳʭ ʚʝʢʪʦʨʦʚ. ʕʪʦʪ ʤʝʪʦʜ ʭʦʨʦʰʦ ʧʦʜʭʦʜʠʪ ʢʘʢ ʜʣʷ ʙʠʥʘʨʥʳʭ, ʪʘʢ ʠ ʜʣʷ ʤʥʦʛʦ ʢʣʘʩʩʦʚʦʡ 

ʢʣʘʩʩʠʬʠʢʘʮʠʠ, ʘ ʪʘʢʞʝ ʚʝʩʴʤʘ ʫʜʦʙʝʥ ʧʨʠ ʨʘʙʦʪʝ ʩ ʙʦʣʴʰʠʤ ʢʦʣʠʯʝʩʪʚʦʤ ʧʨʠʟʥʘʢʦʚ ʠ ʤʘʣʳʤʠ ʥʘʙʦʨʘʤʠ 

ʜʘʥʥʳʭ [5]. ʉʫʪʴ ʤʝʪʦʜʘ ʦʧʦʨʥʳʭ ʚʝʢʪʦʨʦʚ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʪʦʤ, ʯʪʦʙʳ ʥʘʡʪʠ ʫʨʘʚʥʝʥʠʝ ʨʘʟʜʝʣʷʶʱʝʡ 

ʛʠʧʝʨʧʣʦʩʢʦʩʪʠ, ʢʦʪʦʨʘʷ ʙʳ ʨʘʟʜʝʣʠʣʘ ʜʚʘ ʢʣʘʩʩʘ ʥʝʢʠʤ ʦʧʪʠʤʘʣʴʥʳʤ ʦʙʨʘʟʦʤ. ʇʦʩʣʝ ʥʘʩʪʨʦʡʢʠ ʚʝʩʦʚ 

ʘʣʛʦʨʠʪʤʘ, ʚʩʝ ʦʙʲʝʢʪʳ, ʧʦʧʘʜʘʶʱʠʝ ʧʦ ʦʜʥʫ ʩʪʦʨʦʥʫ ʦʪ ʧʦʩʪʨʦʝʥʥʦʡ ʛʠʧʝʨʧʣʦʩʢʦʩʪʠ, ʙʫʜʫʪ 

ʧʨʝʜʩʢʘʟʳʚʘʪʴʩʷ ʢʘʢ ʧʝʨʚʳʡ ʢʣʘʩʩ, ʘ ʦʙʲʝʢʪʳ, ʧʦʧʘʜʘʶʱʠʝ ʧʦ ʜʨʫʛʫʶ ʩʪʦʨʦʥʫ ð ʚʪʦʨʦʡ ʢʣʘʩʩ. ʉʥʘʯʘʣʘ 

ʘʣʛʦʨʠʪʤ ʪʨʝʥʠʨʫʝʪʩʷ ʥʘ ʦʙʲʝʢʪʘʭ ʠʟ ʦʙʫʯʘʶʱʝʡ ʚʳʙʦʨʢʠ, ʜʣʷ ʢʦʪʦʨʳʭ ʟʘʨʘʥʝʝ ʠʟʚʝʩʪʥʳ ʤʝʪʢʠ ʢʣʘʩʩʦʚ. 

ɼʘʣʝʝ ʫʞʝ ʦʙʫʯʝʥʥʳʡ ʘʣʛʦʨʠʪʤ ʧʨʝʜʩʢʘʟʳʚʘʝʪ ʤʝʪʢʫ ʢʣʘʩʩʘ ʜʣʷ ʢʘʞʜʦʛʦ ʦʙʲʝʢʪʘ ʠʟ ʪʝʩʪʦʚʦʡ ʚʳʙʦʨʢʠ. 

ʈʝʟʫʣʴʪʘʪʳ ʦʙʫʯʝʥʠʷ ʙʠʥʘʨʥʦʛʦ ʢʣʘʩʩʠʬʠʢʘʪʦʨʘ ʧʨʠʚʝʜʝʥʳ ʚ ʚʠʜʝ ROC ʢʨʠʚʳʭ ʥʘ ʨʠʩʫʥʢʝ 3. 

ʊʦʯʥʦʩʪʴ ʦʙʫʯʝʥʥʦʛʦ ʙʠʥʘʨʥʦʛʦ ʢʣʘʩʩʠʬʠʢʘʪʦʨʘ ʦʮʝʥʠʚʘʣʘʩʴ ʩ ʧʦʤʦʱʴʶ ROC-ʢʨʠʚʦʡ ð ʵʪʦ ʛʨʘʬʠʢ, 

ʢʦʪʦʨʳʡ ʧʦʢʘʟʳʚʘʝʪ ʢʦʤʧʨʦʤʠʩʩ ʤʝʞʜʫ ʠʩʪʠʥʥʦ-ʧʦʣʦʞʠʪʝʣʴʥʳʤʠ ʠ ʣʦʞʥʦ-ʧʦʣʦʞʠʪʝʣʴʥʳʤʠ ʟʥʘʯʝʥʠʷʤʠ 

ʜʣʷ ʢʣʘʩʩʠʬʠʢʘʪʦʨʘ ʥʘ ʨʘʟʣʠʯʥʳʭ ʧʦʨʦʛʦʚʳʭ ʟʥʘʯʝʥʠʷʭ. ʊʦʯʥʦʩʪʴ ʥʝ ʤʦʞʝʪ ʙʳʪʴ ʦʧʨʝʜʝʣʝʥʘ ʯʠʩʣʝʥʥʦ 

ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʠʟ ROC-ʢʨʠʚʦʡ. ʊʦʯʥʦʩʪʴ ʦʧʨʝʜʝʣʷʝʪʩʷ ʢʘʢ ʦʪʥʦʰʝʥʠʝ ʠʩʪʠʥʥʳʭ ʧʦʣʦʞʠʪʝʣʴʥʳʭ ʢ 

ʦʙʱʝʤʫ ʢʦʣʠʯʝʩʪʚʫ ʧʨʝʜʩʢʘʟʘʥʥʳʭ ʧʦʣʦʞʠʪʝʣʴʥʳʭ ʟʥʘʯʝʥʠʡ, ʚ ʩʣʫʯʘʝ ʜʘʥʥʦʡ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʦʥʘ ʩʦʩʪʘʚʠʣʘ 

0,83. 

ɺʳʚʦʜʳ 

ʄʦʜʝʣʠ ʤʘʰʠʥʥʦʛʦ ʦʙʫʯʝʥʠʷ, ʧʦʚʳʰʘʶʪ ʪʦʯʥʦʩʪʴ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʟʘʙʦʣʝʚʘʥʠʡ ʧʝʯʝʥʠ ʧʦ ʩʨʘʚʥʝʥʠʶ 

ʩ ʪʦʣʴʢʦ ʫʣʴʪʨʘʟʚʫʢʦʚʦʡ ʵʣʘʩʪʦʛʨʘʬʠʝʡ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʙʳʣ ʩʦʙʨʘʥ ʜʘʪʘʩʝʪ ʠʟ ʩʥʠʤʢʦʚ, ʩʦʜʝʨʞʘʱʠʭ 

ʵʣʘʩʪʦʛʨʘʬʠʶ ʩʜʚʠʛʦʚʦʡ ʚʦʣʥʳ ʧʝʯʝʥʠ, ʚʩʝ ʩʥʠʤʢʠ ʙʳʣʠ ʢʣʘʩʩʠʬʠʮʠʨʦʚʘʥʳ ʦʧʳʪʥʳʤʠ ʚʨʘʯʘʤʠ. ʀʩʧʦʣʴʟʫʷ 

ʧʨʦʛʨʘʤʤʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ MaZda ʠʟ ʠʟʦʙʨʘʞʝʥʠʡ, ʙʳʣʠ ʠʟʚʣʝʯʝʥʳ ʪʝʢʩʪʫʨʥʳʝ ʧʨʠʟʥʘʢʠ, ʘ ʪʘʢʞʝ ʙʳʣʦ 

ʚʳʙʨʘʥʦ ʦʧʪʠʤʘʣʴʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʨʘʟʣʠʯʥʳʤʠ ʤʝʪʦʜʘʤʠ ʧʦʥʠʞʝʥʠʷ ʨʘʟʤʝʨʥʦʩʪʝʡ. ɹʳʣ ʨʘʟʨʘʙʦʪʘʥ 

ʙʠʥʘʨʥʳʡ ʢʣʘʩʩʠʬʠʢʘʪʦʨ, ʠʩʧʦʣʴʟʫʷ ʤʝʪʦʜ ʦʧʦʨʥʳʭ ʚʝʢʪʦʨʦʚ (SVM). ʀʥʪʝʛʨʘʮʠʷ ʠʥʩʪʨʫʤʝʥʪʦʚ 

ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʠʥʪʝʣʣʝʢʪʘ ʧʦʪʝʥʮʠʘʣʴʥʦ ʤʦʞʝʪ ʧʨʝʦʜʦʣʝʪʴ ʥʝʢʦʪʦʨʳʝ ʠʟ ʦʩʥʦʚʥʳʭ ʦʛʨʘʥʠʯʝʥʠʡ 
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ʵʣʘʩʪʦʛʨʘʬʠʠ, ʪʘʢʠʝ ʢʘʢ ʟʘʚʠʩʠʤʦʩʪʴ ʦʪ ʦʧʝʨʘʪʦʨʘ ʠ ʥʠʟʢʘʷ ʩʧʝʮʠʬʠʯʥʦʩʪʴ, ʯʪʦ ʧʦʟʚʦʣʠʪ ʵʬʬʝʢʪʠʚʥʦ 

ʚʥʝʜʨʠʪʴ ʝʝ ʚ ʢʣʠʥʠʯʝʩʢʫʶ ʫʣʴʪʨʘʟʚʫʢʦʚʫʶ ʜʠʘʛʥʦʩʪʠʢʫ. 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʧʦʜʜʝʨʞʢʝ ʄʠʥʠʩʪʝʨʩʪʚʘ ʥʘʫʢʠ ʠ ʚʳʩʰʝʛʦ ʦʙʨʘʟʦʚʘʥʠʷ ʈʌ (ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʝ 

ʟʘʜʘʥʠʝ ˉ FSWR-2023-0031). 
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Annotation: Traditional methods of determining chronic liver disease are invasive and subject to limitations 

such as sampling error and postoperative complications. The use of ultrasound elastography provides 

additional information about the stiffness of liver tissue. Machine learning-based ultrasound elastography 

models can help reduce unnecessary biopsies and improve the accuracy of disease diagnosis. Machine 

learning models, improve the accuracy of liver disease classification compared to ultrasound elastography 

alone. This study collected a dataset of images containing liver shear wave elastography, all images were 

classified by experienced clinicians. Using MaZda software texture features were extracted from the images 

and the optimal number was selected by different dimensionality reduction methods. A binary classifier was 

developed using support vector method (SVM). The classification accuracy was found to be 0.83. The 

integration of artificial intelligence tools has the potential to overcome some of the major limitations of 

elastography, such as operator dependence and low specificity, allowing its effective implementation in 

clinical ultrasonography. 
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ʉɽʂʎʀʗ 1 - ʄʝʪʦʜʳ ʠ ʩʨʝʜʩʪʚʘ ʜʠʘʛʥʦʩʪʠʢʠ ʠ ʣʝʯʝʥʠʷ ʟʘʙʦʣʝʚʘʥʠʡ                  106 

 

 

XVI ʄʝʞʜʫʥʘʨʦʜʥʘʷ ʅʘʫʯʥʘʷ ʂʦʥʬʝʨʝʥʮʠʷ "ʌʠʟʠʢʘ ʠ ʈʘʜʠʦʵʣʝʢʪʨʦʥʠʢʘ ʚ ʄʝʜʠʮʠʥʝ ʠ 

ʕʢʦʣʦʛʠʠ" 

 

ʜʝʪʩʢʠʭ ʠʥʬʝʢʮʠʡ4 ʚʦ ʚʩʝʤ ʤʠʨʝ ʧʨʠʚʠʚʘʣʠʩʴ ʫʞʝ 80% ʜʝʪʝʡ. ʅʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʚ ʈʦʩʩʠʠ ʚ ʢʘʣʝʥʜʘʨʝ 

ʧʨʠʚʠʚʦʢ ʧʦ ʵʧʠʜʝʤʠʯʝʩʢʠʤ ʧʦʢʘʟʘʥʠʷʤ ʧʨʝʜʫʩʤʦʪʨʝʥʳ ʧʨʠʚʠʚʢʠ ʧʨʦʪʠʚ 24 ʠʥʬʝʢʮʠʡ. ʕʪʦ ʩʘʤʳʡ 

ʦʙʲʝʤʥʳʡ ʧʝʨʝʯʝʥʴ ʧʨʦʬʠʣʘʢʪʠʯʝʩʢʠʭ ʧʨʠʚʠʚʦʢ ʧʦ ʵʧʠʜʧʦʢʘʟʘʥʠʷʤ, ʥʝ ʠʤʝʶʱʠʡ ʘʥʘʣʦʛʦʚ ʚ ʤʠʨʝ. ʆʥ 

ʨʘʟʨʘʙʦʪʘʥ ʩʧʝʮʠʘʣʠʩʪʘʤʠ ʩ ʫʯʝʪʦʤ ʛʝʦʛʨʘʬʠʯʝʩʢʠʭ ʦʩʦʙʝʥʥʦʩʪʝʡ ʥʘʰʝʡ ʩʪʨʘʥʳ, ʨʠʩʢʦʚ ʟʘʨʘʞʝʥʠʷ 

ʠʥʬʝʢʮʠʦʥʥʳʤʠ ʙʦʣʝʟʥʷʤʠ ʣʶʜʝʡ ʨʘʟʣʠʯʥʳʭ ʧʨʦʬʝʩʩʠʡ ʠ ʩʦʮʠʘʣʴʥʳʭ ʛʨʫʧʧ5 ,6. 

ʅʘ ʬʦʥʝ ʰʠʨʦʢʠʭ ʦʨʛʘʥʠʟʘʮʠʦʥʥʳʭ ʤʝʨʦʧʨʠʷʪʠʡ ʧʦ ʬʦʨʤʠʨʦʚʘʥʠʷ ʠʥʜʠʚʠʜʫʘʣʴʥʦʛʦ ʠ ʤʘʩʩʦʚʦʛʦ 

ʢʦʣʣʝʢʪʠʚʥʦʛʦ ʠʤʤʫʥʠʪʝʪʘ, ʩʢʣʘʜʳʚʘʝʪʩʷ ʩʠʪʫʘʮʠʷ, ʢʦʛʜʘ ʯʘʩʪʴ ʥʘʩʝʣʝʥʠʷ, ʦʩʪʘʝʪʩʷ ʙʝʟ ʘʥʪʠʛʝʥʥʦʛʦ 

ʧʨʠʢʨʳʪʠʷ ʠ ʧʦʜʚʝʨʞʝʥʳ ʚʳʩʦʢʦʡ ʚʝʨʦʷʪʥʦʩʪʠ ʟʘʙʦʣʝʚʘʥʠʷ ʠʥʬʝʢʮʠʦʥʥʳʤʠ ʟʘʙʦʣʝʚʘʥʠʷʤʠ. ʕʪʦ ʥʝ ʪʦʣʴʢʦ 

ʨʝʟʫʣʴʪʘʪ ʘʥʪʠʧʨʠʚʠʚʦʯʥʦʛʦ ʜʚʠʞʝʥʠʷ, ʜʝʡʩʪʚʠʷ ʬʘʢʪʦʨʦʚ ʚʥʝʰʥʝʡ ʠ ʚʥʫʪʨʝʥʥʝʡ ʩʨʝʜʳ, ʰʠʨʦʢʦʛʦ 

ʧʨʠʤʝʥʝʥʠʷ ʜʝʟʩʨʝʜʩʪʚ ʠ ʘʥʪʠʙʠʦʪʠʢʦʚ, ʥʦ ʠ ʜʨʫʛʠʭ ʬʘʢʪʦʨʦʚ: ʫʤʝʥʴʰʝʥʠʝ ʢʦʣʠʯʝʩʪʚʘ ʣʠʮ, ʩʧʦʩʦʙʥʳʭ 

ʦʪʚʝʯʘʪʴ ʩʠʣʴʥʦʡ ʠʤʤʫʥʥʦʡ ʨʝʘʢʮʠʝʡ ʥʘ ʘʥʪʠʛʝʥʳ, ʩʦʢʨʘʱʝʥʠʝ ʮʠʨʢʫʣʷʮʠʠ ʤʠʢʨʦʬʣʦʨʳ ʠ ʢʘʢ ʨʝʟʫʣʴʪʘʪ 

ʩʥʠʞʝʥʠʝ ʙʫʩʪʝʨʥʦʡ ʥʘʛʨʫʟʢʠ ʥʘ ʠʤʤʫʥʠʪʝʪ, ʫʪʝʨʷ ʘʥʪʠʪʝʣ ʚ ʧʨʦʮʝʩʩʝ ʞʠʟʥʠ. ɺ ʩʣʝʜʩʪʚʠʠ ʵʪʠʭ ʧʨʠʯʠʥ, ʚ 

ʤʠʨʝ ʠ ʈʌ ʧʝʨʠʦʜʠʯʝʩʢʠ ʚʦʟʥʠʢʘʶʪ ʚʩʧʳʰʢʠ ʠʥʬʝʢʮʠʦʥʥʳʭ ʠ ʧʘʨʘʟʠʪʘʨʥʳʭ ʙʦʣʝʟʥʝʡ.  

 

ʇʨʠʦʙʨʝʪʷ ʪʷʞʝʣʳʡ ʦʧʳʪ ʚʦ ʚʨʝʤʷ ʧʘʥʜʝʤʠʠ COVID-19, ʧʨʦʡʜʷ ʥʝ ʧʨʦʩʪʦʡ ʧʫʪʴ ʦʨʛʘʥʠʟʘʮʠʠ 

ʣʘʙʦʨʘʪʦʨʥʦʡ ʜʠʘʛʥʦʩʪʠʢʠ ʥʘ ʚʠʨʫʩ, ʩʝʛʦʜʥʷ ʥʝʦʙʭʦʜʠʤʦ ʜʫʤʘʪʴ ʦ ʚʦʟʤʦʞʥʦʩʪʷʭ ʦʨʛʘʥʠʟʘʮʠʠ ʤʘʩʩʦʚʦʛʦ 

ʩʢʨʠʥʠʥʛʘ ʥʘ ʥʘʣʠʯʠʝ ʘʥʪʠʪʝʣ ʢ ʨʘʟʣʠʯʥʳʤ ʚʦʟʙʫʜʠʪʝʣʷʤ, ʜʣʷ ʧʨʦʬʠʣʘʢʪʠʢʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʨʝʜʢʠʭ ʥʘ 

ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʠʥʬʝʢʮʠʡ. ʉ ʧʦʤʦʱʴʶ ʦʧʨʝʜʝʣʝʥʠʷ ʘʥʪʠʪʝʣ ʨʝʰʘʶʪʩʷ ʪʘʢʠʝ ʟʘʜʘʯʠ, ʢʘʢ: ʩʢʨʠʥʠʥʛ 

ʧʦʧʫʣʷʮʠʠ ʥʘ ʥʘʣʠʯʠʝ ʢʦʣʣʝʢʪʠʚʥʦʛʦ ʠʤʤʫʥʠʪʝʪʘ; ʦʮʝʥʢʘ ʠʥʜʠʚʠʜʫʘʣʴʥʦʛʦ ʠʤʤʫʥʥʦʛʦ ʦʪʚʝʪʘ; ʩʢʨʠʥʠʥʛ 

ʜʣʷ ʦʮʝʥʢʠ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʚʘʢʮʠʥʘʮʠʠ; ʩʢʨʠʥʠʥʛ ʥʘ ʥʘʣʠʯʠʝ ʠʤʤʫʥʥʦʛʦ ʦʪʚʝʪʘ ʜʣʷ ʚʦʟʚʨʘʱʝʥʠʷ ʢ ʨʘʙʦʪʝ. 

ɺ ʦʩʥʦʚʝ ʠʤʤʫʥʦʭʠʤʠʯʝʩʢʠʭ ʠ ʠʤʤʫʥʦʬʝʨʤʝʥʪʥʳʭ ʤʝʪʦʜʦʚ ʣʝʞʠʪ ʨʝʘʢʮʠʷ ʤʝʞʜʫ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤ ʘʥʪʠʪʝʣʦʤ (ɸʊ) ʠ ʘʥʪʠʛʝʥʦʤ (ɸɻ) ʚ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʤʘʪʝʨʠʘʣʘʭ. ɺʳʙʦʨ ʪʝʩʪ-ʩʠʩʪʝʤ ʠ 

ʤʝʪʦʜʦʚ ʜʠʘʛʥʦʩʪʠʢʠ ʚ ʤʝʜʠʮʠʥʩʢʠʭ ʦʨʛʘʥʠʟʘʮʠʷʭ ʟʘʚʠʩʠʪ ʦʪ ʧʦʩʪʘʚʣʝʥʥʳʭ ʟʘʜʘʯ, ʠʤʝʶʱʝʛʦʩʷ 

ʣʘʙʦʨʘʪʦʨʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ʠ ʬʠʥʘʥʩʦʚʳʭ ʩʨʝʜʩʪʚ. ʅʝ ʟʘʚʠʩʠʤʦ ʦʪ ʧʨʠʥʮʠʧʘ ʤʝʪʦʜʘ ʧʨʦʚʝʜʝʥʠʷ 

ʠʩʩʣʝʜʦʚʘʥʠʡ, ʧʨʠ ʨʫʯʥʦʤ ʚʳʧʦʣʥʝʥʠʠ ʚʦʟʤʦʞʥʳ ʦʰʠʙʢʠ, ʢʦʪʦʨʳʝ ʠʟʙʝʛʘʶʪʩʷ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ 

ʘʚʪʦʤʘʪʠʯʝʩʢʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ. ɺʨʝʤʷ, ʟʘʪʨʘʯʠʚʘʝʤʦʝ ʥʘ ʧʨʦʚʝʜʝʥʠʝ ʦʜʥʦʚʨʝʤʝʥʥʦ 88 ʪʝʩʪʦʚ ʚ 1 ʥʘʙʦʨʝ, 

ʩʦʛʣʘʩʥʦ ʠʥʩʪʨʫʢʮʠʠ ʠ ʧʨʘʢʪʠʯʝʩʢʦʛʦ ʦʧʳʪʘ ï 113 ʤʠʥʫʪ -  1 ʯʘʩ 53 ʤʠʥʫʪʳ ʠʟ ʥʠʭ 1 ʯʘʩ 25 ʤʠʥʫʪ 

ʩʚʦʙʦʜʥʦʛʦ ʚʨʝʤʝʥʠ ʚʨʘʯʘ - ʥʘ ʧʦʩʣʝʜʫʶʱʠʝ ʟʘʧʦʣʥʝʥʠʷ ʧʣʘʰʝʢ, ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʨʫʯʥʘʷ ʨʘʙʦʪʘ ʩ 

ʧʣʘʰʢʘʤʠ ï 28 ʤʠʥʫʪ. ʉʦʚʤʝʱʝʥʠʝ ʨʫʯʥʳʭ ʧʨʦʮʝʜʫʨ ʩ ʧʦʣʫʘʚʪʦʤʘʪʠʯʝʩʢʠʤ ʦʙʦʨʫʜʦʚʘʥʠʝʤ ʧʦʟʚʦʣʷʝʪ 1 

ʚʨʘʯʫ ʚ ʩʚʦʙʦʜʥʦʤ ʧʝʨʠʦʜʝ ʠʥʢʫʙʘʮʠʠ ʩʪʘʚʠʪʴ ʧʘʨʘʣʣʝʣʴʥʦ 5-6 ʧʣʘʰʝʢ. ʀʪʦʛʦ, ʟʘ 150 ʤʠʥʫʪ ʤʦʞʥʦ 

ʚr ʧʦʣʥʠʪʴ 5 ï 6 ʧʣʘʰʝʢ. ʅʦ ʜʦʧʦʣʥʠʪʝʣʴʥʦ ʥʝʦʙʭʦʜʠʤʦ ʫʯʠʪʳʚʘʪʴ ʚʨʝʤʷ ʥʘ ʨʫʯʥʦʡ ʚʚʦʜ ʨʝʟʫʣʴʪʘʪʦʚ ʚ 

ʠʥʬʦʨʤʘʮʠʦʥʥʫʶ ʩʠʩʪʝʤʫ ʠ ʦʬʦʨʤʣʝʥʠʝ ʟʘʢʣʶʯʝʥʠʡ. ʉ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ, ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʘʚʪʦʤʘʪʠʯʝʩʢʦʛʦ 

ʦʙʦʨʫʜʦʚʘʥʠʷ ʦʩʚʦʙʦʞʜʘʝʪ ʚʨʘʯʘ ʦʪ ʨʫʯʥʦʡ ʨʘʙʦʪʳ ʠ ʧʦʟʚʦʣʷʝʤ ʚ ʘʚʪʦʤʘʪʠʯʝʩʢʦʤ ʨʝʞʠʤʝ ʚʳʛʨʫʞʘʪʴ 

ʨʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʡ. ʇʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ 2-ʭ ʧʣʘʰʝʯʥʦʛʦ ʘʧʧʘʨʘʪʘ (ʥʘʧʨʠʤʝʨ, ʘʥʘʣʠʟʘʪʦʨ 

ʠʤʤʫʥʦʬʝʨʤʝʥʪʥʳʡ ʘʚʪʦʤʘʪʠʯʝʩʢʠʡ "ʃʘʟʫʨʠʪ") ʵʪʦ ʟʘʥʠʤʘʝʪ 145 ʤʠʥʫʪ ʥʘ ʧʦʣʥʳʡ ʟʘʢʨʳʪʳʡ ʮʠʢʣ. ʇʨʠ 

ʠʩʧʦʣʴʟʦʚʘʥʠʠ 8-ʤʠ ʧʣʘʰʝʯʥʦʛʦ ʘʧʧʘʨʘʪʘ       (ʥʘʧʨʠʤʝʨ, ʘʥʘʣʠʟʘʪʦʨ ʠʤʤʫʥʦʬʝʨʤʝʥʪʥʳʡ ʘʚʪʦʤʘʪʠʯʝʩʢʠʡ 

"ʏʘʨʦʠʪ") - 360 ʤʠʥʫʪ ʥʘ 8 ʧʣʘʰʝʢ. ʅʦ ʚ ʚʠʜʫ ʩʣʦʞʥʦʩʪʠ ʚ ʦʩʥʘʱʝʥʠʠ ʚʩʝʭ ʣʘʙʦʨʘʪʦʨʠʡ ʚʳʩʦʢʦʧʦʪʦʢʦʚʳʤ 

ʦʙʦʨʫʜʦʚʘʥʠʝʤ, ʚʦʟʤʦʞʥʘ ʦʧʪʠʤʠʟʘʮʠʷ ʨʘʙʦʪʳ   2-ʭ ʧʣʘʰʝʯʥʳʭ ʘʧʧʘʨʘʪʦʚ, ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʌʫʥʢʮʠʷ Order. ʉ 

ʝʸ ʧʦʤʦʱʴʶ ʚʦʟʤʦʞʥʦ ʧʝʨʝʪʘʩʢʠʚʘʪʴ, ʤʝʥʷʪʴ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʦʧʝʨʘʮʠʡ, ʪʝʤ ʩʘʤʳʤ ʠʩʢʣʶʯʘʪʴ ʨʫʯʥʦʡ 

ʪʨʫʜ, ʘ ʪʘʢʞʝ ʵʬʬʝʢʪʠʚʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʚʨʝʤʷ ʠʥʢʫʙʘʮʠʠ ʥʘ ʚʥʝʰʥʠʭ ʫʩʪʨʦʡʩʪʚʘʭ. 

 

ɼʝʡʩʪʚʠʷ ʘʣʛʦʨʠʪʤʘ ɺʨʝʤʷ ʧʨʠ ʧʦʣʫʘʚʪʦʤʘʪʠʯʝʩʢʦʤ 

ʚʳʧʦʣʥʝʥʠʠ 

ʅʘ ʘʚʪʦʤʘʪʠʯʝʩʢʦʤ ʘʥʘʣʠʟʘʪʦʨʝ 

çʃʘʟʫʨʠʪè 

                                                 
4 ʌʝʜʦʩʝʝʥʢʦ ʄ. ɺ. ʉʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʝ ʥʘʮʠʦʥʘʣʴʥʦʛʦ ʢʘʣʝʥʜʘʨʷ ʧʨʦʬʠʣʘʢʪʠʯʝʩʢʠʭ ʧʨʠʚʠʚʦʢ ʈʦʩʩʠʠ // 

ʄʉ. 2015. ˉ14 
5 ɺʘʢʮʠʥʳ ʠ ʠʤʤʫʥʦʧʨʦʬʠʣʘʢʪʠʢʘ ʚ ʩʦʚʨʝʤʝʥʥʦʤ ʤʠʨʝ: ʨʫʢʦʚʦʜʩʪʚʦ ʜʣʷ ʚʨʘʯʝʡ / ʧʦʜ ʨʝʜ. ʃ. ʉ. ʅʘʤʘʟʦʚʦʡ-

ɹʘʨʘʥʦʚʦʡ. ï 2021 ʛ.  
6 ʇʨʠʢʘʟ ʄʠʥʟʜʨʘʚʘ ʈʦʩʩʠʠ ˉ 1122ʥ ʦʪ 06.12.2021 çʆʙ ʫʪʚʝʨʞʜʝʥʠʠ ʥʘʮʠʦʥʘʣʴʥʦʛʦ ʢʘʣʝʥʜʘʨʷ 

ʧʨʦʬʠʣʘʢʪʠʯʝʩʢʠʭ ʧʨʠʚʠʚʦʢ, ʢʘʣʝʥʜʘʨʷ ʧʨʦʬʠʣʘʢʪʠʯʝʩʢʠʭ ʧʨʠʚʠʚʦʢ ʧʦ ʵʧʠʜʝʤʠʯʝʩʢʠʤ ʧʦʢʘʟʘʥʠʷʤ ʠ 

ʧʦʨʷʜʢʘ ʧʨʦʚʝʜʝʥʠʷ ʧʨʦʬʠʣʘʢʪʠʯʝʩʢʠʭ ʧʨʠʚʠʚʦʢè. 
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ʉʦʩʪʘʚʠʪʴ ʧʨʦʪʦʢʦʣ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʥʘ ʧʣʘʰʢʫ 

8ʭ12 

ʅʘ ʙʫʤʘʛʝ ʨʘʩʧʠʩʘʪʴ ʨʫʢʘʤʠ ï 10 

ʤʠʥʫʪ 

ɿʘʜʘʪʴ ʨʫʢʘʤʠ ï 20 ʤʠʥʫʪ, ʩ ʧʦʤʦʱʴʶ 

ʰʪʨʠʭ-ʢʦʜʦʚ ï 10 ʤʠʥʫʪ 

ʉʦʩʪʘʚʠʪʴ ʧʨʦʪʦʢʦʣ ʧʦ 

ʨʝʘʢʪʠʚʘʤ 

0 ʤʠʥʫʪ 10 ʤʠʥʫʪ 

ʇʨʝʜʚʘʨʠʪʝʣʴʥʦʝ 

ʨʘʟʚʝʜʝʥʠʝ ʩʳʚʦʨʦʪʦʢ 

(ʘʥʘʣʠʟʠʨʫʝʤʳʭ ʦʙʨʘʟʮʦʚ) 

ï ʧʦ 90 ʤʢʣ ʈʇʈʉ ʠ 10 ʤʢʣ 

ʩʳʚʦʨʦʪʢʠ 

15 ʤʠʥ (ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ 

ʩʨʘʟʫ ʥʘ 8 ʧʦʩʪʘʥʦʚʦʢ ï 4 

ʠʥʬʝʢʮʠʠ ʧʦ 2 ɸʊ) = 2 ʤʠʥ ʥʘ 1 

ʧʣʘʰʢʫ                            

 - 30 ʤʠʥʫʪ  

(ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʩʨʘʟʫ ʥʘ 2 

ʧʦʩʪʘʥʦʚʦʢ ï 1 ʠʥʬʝʢʮʠʠ ʧʦ 2 ɸʊ) 

ɺʥʝʩʪʠ ʚ ʧʣʘʰʢʫ ʩʦʛʣʘʩʥʦ 

ʧʨʦʪʦʢʦʣʫ ï ʧʦ 90 ʤʢʣ ʈʈʉ 

ʠ ʧʦ 10 ʤʢʣ 

ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ 

ʨʘʟʚʝʜʝʥʥʳʭ 

ʘʥʘʣʠʟʠʨʫʝʤʳʭ ʦʙʨʘʟʮʦʚ 

5 ʤʠʥ                               
 - 2 

ʤʠʥʫʪʳ, ʟʘʧʦʣʥʝʥʠʝ ʧʣʘʰʝʢ ʠʜʝʪ ʩ 

ʠʥʪʝʨʚʘʣʦʤ 10 ʤʠʥʫʪ, ʯʪʦʙʳ ʥʝ 

ʧʝʨʝʩʝʢʘʣʘʩʴ ʨʘʙʦʪʘ ʚʥʫʪʨʠ ʘʧʧʘʨʘʪʘ  

ʀʥʢʫʙʠʨʦʚʘʪʴ 30 ʤʠʥʫʪ 

ʧʨʠ 37 ʉ 

30 ʤʠʥ 

 - 30 ʤʠʥʫʪ 

ʇʨʦʤʳʪʴ ʧʨʦʤʳʚʦʯʥʳʤ 

ʨʘʩʪʚʦʨʦʤ 400 ʤʢʣ, 5 ʨʘʟ 

ʉ ʧʦʤʦʱʴʶ ʚʦʰʝʨʘ 5 ʤʠʥ 

 - 5 ʤʠʥʫʪ 

ɺʥʝʩʪʠ ʧʦ 100 ʤʢʣ 

ʢʦʥʲʶʛʘʪʘ 

3 ʤʠʥ                              

 - 2 ʤʠʥ 

ʀʥʢʫʙʠʨʦʚʘʪʴ 30 ʤʠʥʫʪ 

ʧʨʠ 37 ʉ 

30 ʤʠʥ 

 - 30 ʤʠʥʫʪ 

ʇʨʦʤʳʪʴ ʧʨʦʤʳʚʦʯʥʳʤ 

ʨʘʩʪʚʦʨʦʤ 400 ʤʢʣ, 5 ʨʘʟ 

ʉ ʧʦʤʦʱʴʶ ʚʦʰʝʨʘ 5 ʤʠʥ 

 - 5 ʤʠʥʫʪ 

ɺʥʝʩʪʠ ʧʦ 100 ʤʢʣ 

ʨʘʩʪʚʦʨʘ 

ʪʝʪʨʘʤʝʪʠʣʙʝʥʟʠʜʠʥʘ 
3 ʤʠʥ                               - 2 ʤʠʥ 

ʀʥʢʫʙʠʨʦʚʘʪʴ 25 ʤʠʥʫʪ 

ʧʨʠ 18-25 ʉ, ʚ ʪʝʤʥʦʪʝ 

25 ʤʠʥ 

 - 25 ʤʠʥʫʪ 

ɺʥʝʩʪʠ ʧʦ 100 ʤʢʣ ʩʪʦʧ-

ʨʝʘʛʝʥʪʘ 

3 ʤʠʥ                               

 - 2 ʤʠʥ 

ʀʟʤʝʨʠʪʴ ʆʇ ʧʨʠ 450 ʥʤ ʉ ʧʦʤʦʱʴʶ ʨʠʜʝʨʘ 2 ʤʠʥ 

  - 2 ʤʠʥ 



ʉɽʂʎʀʗ 1 - ʄʝʪʦʜʳ ʠ ʩʨʝʜʩʪʚʘ ʜʠʘʛʥʦʩʪʠʢʠ ʠ ʣʝʯʝʥʠʷ ʟʘʙʦʣʝʚʘʥʠʡ                  108 

 

 

XVI ʄʝʞʜʫʥʘʨʦʜʥʘʷ ʅʘʫʯʥʘʷ ʂʦʥʬʝʨʝʥʮʠʷ "ʌʠʟʠʢʘ ʠ ʈʘʜʠʦʵʣʝʢʪʨʦʥʠʢʘ ʚ ʄʝʜʠʮʠʥʝ ʠ 

ʕʢʦʣʦʛʠʠ" 

 

ʠʪʦʛʦ 113 ʤʠʥʫʪ ʥʘ 1 ʧʣʘʰʢʫ 145 ʤʠʥʫʪ ʧʦʣʥʳʡ ʟʘʢʨʳʪʳʡ ʮʠʢʣ ʥʘ 2 

ʧʣʘʰʢʠ 

 ɸʚʪʦʤʘʪʠʯʝʩʢʠʡ ʨʘʩʯʸʪ ʨʝʟʫʣʴʪʘʪʦʚ, ʢʦʥʪʨʦʣʝʡ ʢʘʯʝʩʪʚʘ 

ɺʥʝʩʪʠ ʚ ʃʀʉ ʆʇ ʢʘʞʜʦʡ 

ʧʨʦʙʳ  - ʘʚʪʦʤʘʪʠʟʘʮʠʷ 

ʧʨʦʮʝʩʩʘ 

ʈʫʯʥʦʡ ʚʚʦʜ ʨʝʟʫʣʴʪʘʪʦʚ ʚ 

ʵʣʝʢʪʨʦʥʥʳʡ ʞʫʨʥʘʣ  - 30 ʤʠʥ                     

 

 

 ʌʦʨʤʠʨʦʚʘʥʠʝ ʟʘʜʘʥʠʷ ʚ ʧʣʘʥʰʝʪ 

ʩ ʫʢʘʟʘʥʠʝ ʥʦʤʝʨʦʚ ʚʩʝʭ ʧʨʦʙ, 

ʧʦʜʢʣʶʯʝʥʠʝ ʀʌɸ-ʨʠʜʝʨʘ ʢ ʃʀʉ 

ï 1 ʤʠʥ 

ʧʦʜʢʣʶʯʝʥʠʝ ʀʌɸ-ʘʥʘʣʠʟʘʪʦʨʘ ʢ ʃʀʉ ʠ 

ʧʝʨʝʜʘʯʘ ʨʝʟʫʣʴʪʘʪʦʚ ʚ ʃʀʉ ʧʦ ʰʪʨʠʭ-

ʢʦʜʫ ʠʣʠ ʚʥʫʪʨʝʥʥʝʤʫ ʢʦʜʫ ʩʠʩʪʝʤʳ ï 1 

ʤʠʥ 

 

ɿʘʢʣʶʯʝʥʠʝ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʦʨʛʘʥʠʟʘʮʠʷ ʠ ʧʨʦʚʝʜʝʥʠʝ ʩʢʨʠʥʠʥʛʘ ʥʘ ʙʘʟʘʭ ʢʣʠʥʠʢʦ-

ʜʠʘʛʥʦʩʪʠʯʝʩʢʠʭ ʣʘʙʦʨʘʪʦʨʠʡ, ʚ ʚʠʜʫ ʜʝʬʠʮʠʪʘ ʢʘʜʨʦʚ ʠ ʩʧʝʮʠʘʣʴʥʦʛʦ ʚʳʩʦʢʦ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʛʦ 

ʦʙʦʨʫʜʦʚʘʥʠʷ, ʪʨʝʙʫʝʪ ʦʧʪʠʤʠʟʘʮʠʠ ʧʨʦʮʝʩʩʘ - ʩʦʩʪʘʚʣʝʥʠʷ ʦʨʠʛʠʥʘʣʴʥʳʭ ʧʨʦʪʦʢʦʣʦʚ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝ 

ʠʤʝʶʱʝʛʦʩʷ ʦʙʦʨʫʜʦʚʘʥʠʷ, ʧʦʟʚʦʣʷʶʱʠʭ ʙʳʩʪʨʦ ʠ ʢʘʯʝʩʪʚʝʥʥʦ ʚʳʧʦʣʥʷʪʴ ʙʦʣʴʰʠʝ ʧʦʪʦʢʠ ʠʩʩʣʝʜʦʚʘʥʠʡ ʩ 

ʠʩʢʣʶʯʝʥʠʝʤ ʪʝʭʥʠʯʝʩʢʠʭ ʚʥʫʪʨʠ ʣʘʙʦʨʘʪʦʨʥʳʭ ʦʰʠʙʦʢ. 
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Possibilities for optimizing and automating the process of enzyme immunoassays during mass screening 
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Annotation. Today, the question of maintaining collective immunity and diagnosing its activity is acute. 

Organization and conduct of mass screening of immunity on the basis of clinical diagnostic laboratories, due to the 

shortage of personnel and special highly automated equipment, requires optimization of the process - drawing up 

original protocols using existing equipment, allowing large flows of research to be carried out quickly and 

efficiently with the exception of technical errors within the laboratory. 
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ʉʊɸʅɼɸʈʊʀɿɸʎʀʗ ʇʈʆʎɽʉʉɸ ʈɽɻʀʉʊʈɸʎʀʀ ʀʉʉʃɽɼʆɺɸʅʀʗ ɺ ʈɽɸʂʎʀʀ ʇɸʉʉʀɺʅʆʁ 

ɻɽʄɸɻʃʖʊʀʅɸʎʀʀ 

ʉʤʝʨʜʦʚʘ ʄʘʨʠʥʘ ɸʥʘʪʦʣʴʝʚʥʘ1, ʈʦʤʘʥʦʚʘ ʄʘʨʠʥʘ ɸʥʘʪʦʣʴʝʚʥʘ2 

1 ʄʦʩʢʦʚʩʢʠʡ ʥʘʫʯʥʦ-ʧʨʘʢʪʠʯʝʩʢʠʡ ʎʝʥʪʨ ʜʝʨʤʘʪʦʚʝʥʝʨʦʣʦʛʠʠ ʠ ʢʦʩʤʝʪʦʣʦʛʠʠ, ʄʦʩʢʚʘ 
2 ʆʙʣʘʩʪʥʘʷ ʢʣʠʥʠʯʝʩʢʘʷ ʙʦʣʴʥʠʮʘ, ɺʣʘʜʠʤʠʨ 

biologsmerdova@yandex.ru 

 

            ʉʠʬʠʣʠʩ ð ʤʥʦʛʦʩʪʘʜʠʡʥʦʝ ʟʘʙʦʣʝʚʘʥʠʝ, ʚʳʟʳʚʘʝʤʦʝ Treponema pallidum. ɺ ʦʩʥʦʚʥʦʤ ʵʪʦ 

ʟʘʙʦʣʝʚʘʥʠʝ ʧʝʨʝʜʘʝʪʩʷ ʧʦʣʦʚʳʤ ʧʫʪʝʤ ʠʣʠ ʚʝʨʪʠʢʘʣʴʥʳʤ ʧʫʪʝʤ ʚʦ ʚʨʝʤʷ ʙʝʨʝʤʝʥʥʦʩʪʠ [1]. 
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ɸʣʛʦʨʠʪʤ ʜʠʘʛʥʦʩʪʠʢʠ ʩʠʬʠʣʠʩʘ ʚ ʈʦʩʩʠʠ ʨʝʛʣʘʤʝʥʪʠʨʦʚʘʥ ʧʨʠʢʘʟʦʤ ʄʠʥʟʜʨʘʚʘ ʈʦʩʩʠʠ ʦʪ 26.03.2001 ˉ 87 

[2], ʢʦʪʦʨʳʡ ʚʢʣʶʯʘʝʪ ʤʝʪʦʜʳ ʣʘʙʦʨʘʪʦʨʥʦʡ ʜʠʘʛʥʦʩʪʠʢʠ ʩʠʬʠʣʠʩʘ, ʧʦʜʨʘʟʜʝʣʷʝʤʳʝ ʥʘ ʥʝʪʨʝʧʦʥʝʤʥʳʝ ʠ 

ʪʨʝʧʦʥʝʤʥʳʝ. ʆʜʥʠʤ ʠʟ ʪʨʝʧʦʥʝʤʥʳʭ ʤʝʪʦʜʦʚ ʧʨʠ ʣʘʙʦʨʘʪʦʨʥʦʡ ʜʠʘʛʥʦʩʪʠʢʝ ʩʠʬʠʣʠʩʘ ʚ ʥʘʰʝʡ ʩʪʨʘʥʝ ʠ ʟʘ 

ʨʫʙʝʞʦʤ ʰʠʨʦʢʦ ʧʨʠʤʝʥʷʶʪʩʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚ ʨʝʘʢʮʠʠ ʧʘʩʩʠʚʥʦʡ ʛʝʤʘʛʣʶʪʠʥʘʮʠʠ (ʈʇɻɸ) [3]. 

ʉʦʚʨʝʤʝʥʥʳʝ ʈʇɻɸ-ʥʘʙʦʨʳ, ʚ ʪ.ʯ. ʠ ʦʪʝʯʝʩʪʚʝʥʥʳʝ, ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʘʥʪʠʪʝʣ ʢ T. pallidum ʷʚʣʷʶʪʩʷ 

ʤʠʢʨʦʤʦʜʠʬʠʢʘʮʠʷʤʠ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʤʠ ʵʢʦʥʦʤʠʯʥʦʩʪʴ ʠ ʙʳʩʪʨʦʪʫ ʧʦʩʪʘʥʦʚʢʠ ʜʠʘʛʥʦʟʘ. ʂ 

ʧʨʝʠʤʫʱʝʩʪʚʘʤ ʤʝʪʦʜʘ ʦʪʥʦʩʷʪ ʪʘʢʞʝ ʚʳʩʦʢʫʶ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ ʠ ʩʧʝʮʠʬʠʯʥʦʩʪʴ, ʧʨʦʩʪʦʪʫ ʚʳʧʦʣʥʝʥʠʷ 

ʨʝʘʢʮʠʠ, ʜʦʩʪʫʧʥʦʩʪʴ, ʦʜʥʦʵʪʘʧʥʦʩʪʴ, ʘ ʪʘʢʞʝ ʚʦʟʤʦʞʥʦʩʪʴ ʧʨʠʤʝʥʝʥʠʷ ʤʝʪʦʜʠʢʠ ʚ ʥʝʙʦʣʴʰʠʭ 

ʣʘʙʦʨʘʪʦʨʠʷʭ. ʂ ʜʦʩʪʦʠʥʩʪʚʘʤ ʈʇɻɸ ʪʘʢʞʝ ʤʦʞʥʦ ʦʪʥʝʩʪʠ ʚʝʩʴʤʘ ʥʝʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ 

ʣʦʞʥʦʧʦʣʦʞʠʪʝʣʴʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ (ʤʝʥʝʝ 1 %) ʩʨʝʜʠ ʟʜʦʨʦʚʦʛʦ ʥʘʩʝʣʝʥʠʷ. 

ʇʨʠʥʮʠʧ ʤʝʪʦʜʘ ʈʇɻɸ: ʘʛʛʣʶʪʠʥʘʮʠʷ ʵʨʠʪʨʦʮʠʪʦʚ, ʩʝʥʩʠʙʠʣʠʟʠʨʦʚʘʥʥʳʭ ʪʨʝʧʦʥʝʤʥʳʤ ʘʥʪʠʛʝʥʦʤ, ʚ 

ʧʨʠʩʫʪʩʪʚʠʠ ʩʧʝʮʠʬʠʯʝʩʢʠʭ ʧʨʦʪʠʚʦʪʨʝʧʦʥʝʤʥʳʭ ʘʥʪʠʪʝʣ ʚ ʠʩʩʣʝʜʫʝʤʦʡ ʩʳʚʦʨʦʪʢʝ. ʈʝʟʫʣʴʪʘʪ ʦʮʝʥʠʚʘʝʪʩʷ 

ʚʠʟʫʘʣʴʥʦ ʦʪ + ʜʦ 4+ ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʦʧʨʝʜʝʣʝʥʠʝʤ ʪʠʪʨʘ ʘʥʪʠʪʝʣ (ʨʠʩ. 1). 

 
ʈʠʩ.1. ʆʮʝʥʢʘ ʨʝʟʫʣʴʪʘʪʦʚ ʨʝʘʢʮʠʠ ʧʘʩʩʠʚʥʦʡ ʛʝʤʘʛʛʣʶʪʠʥʘʮʠʠ 

ʄʝʪʦʜ ʈʇɻɸ ʥʝ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥ. ʀʥʪʝʨʧʨʝʪʘʮʠʷ ʨʝʟʫʣʴʪʘʪʦʚ ʠʩʩʣʝʜʦʚʘʥʠʷ ʤʝʪʦʜʦʤ ʈʇɻɸ ʟʘʚʠʩʠʪ ʦʪ 

ʢʚʘʣʠʬʠʢʘʮʠʠ ʩʦʪʨʫʜʥʠʢʘ, ʘ ʩʘʤ ʧʨʦʮʝʩʩ ʫʯʝʪʘ ʨʝʟʫʣʴʪʘʪʦʚ ʟʘʥʠʤʘʝʪ ʤʥʦʛʦ ʚʨʝʤʝʥʠ. ʇʝʨʝʜʘʯʘ ʨʝʟʫʣʴʪʘʪʦʚ 

ʚ ʠʥʬʦʨʤʘʮʠʦʥʥʫʶ ʩʠʩʪʝʤʫ ʧʨʦʠʩʭʦʜʠʪ ʚ ʨʫʯʥʦʤ ʨʝʞʠʤʝ. ɺ ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ ʚ ʈʦʩʩʠʠ ʨʘʟʨʘʙʦʪʘʥʳ ʜʚʘ 

ʧʨʠʙʦʨʘ ʜʣʷ ʘʚʪʦʤʘʪʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ ʚʥʝʰʥʝʛʦ ʚʠʜʘ ʦʩʘʜʢʘ ʵʨʠʪʨʦʮʠʪʦʚ, ʦʙʨʘʟʫʶʱʝʛʦʩʷ ʚ ʧʨʦʮʝʩʩʝ ʈʇɻɸ 

[4]. 

          ʎʝʣʴʶ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʦʮʝʥʢʘ ʘʚʪʦʤʘʪʠʯʝʩʢʦʡ ʨʝʛʠʩʪʨʘʮʠʠ ʨʝʟʫʣʴʪʘʪʦʚ ʤʝʪʦʜʘ ʈʇɻɸ ʩ 

ʧʦʤʦʱʴʶ ʜʚʫʭ ʧʨʠʙʦʨʦʚ: çʕʢʩʧʝʨʪ-ʃʘʙè ʠ ʈʝʘʣ ʈ, ʨʘʟʨʘʙʦʪʘʥʥʳʭ ʜʣʷ ʫʯʝʪʘ ʠ ʠʥʪʝʨʧʨʝʪʘʮʠʠ, 

ʨʝʛʠʩʪʨʠʨʫʝʤʦʛʦ ʚ ʣʫʥʢʘʭ ʠʤʤʫʥʦʣʦʛʠʯʝʩʢʠʭ ʧʣʘʥʰʝʪʦʚ ʧʨʠ ʧʦʩʪʘʥʦʚʢʝ ʨʝʘʢʮʠʠ ʧʘʩʩʠʚʥʦʡ 

ʛʝʤʘʛʛʣʶʪʠʥʘʮʠʠ ʜʣʷ ʜʠʘʛʥʦʩʪʠʢʠ ʩʠʬʠʣʠʩʘ. 

ɺ ʠʩʩʣʝʜʦʚʘʥʠʠ ʠʩʧʦʣʴʟʦʚʘʣʠ ʜʚʘ ʧʨʠʙʦʨʘ ʩ ʨʘʟʥʳʤ ʧʨʠʥʮʠʧʦʤ ʨʘʙʦʪʳ. ɸʇʂ çʕʢʩʧʝʨʪ-ʃʘʙè (ɿɸʆ 

çʕʂʆʣʘʙè, ʈʦʩʩʠʷ) ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʶ ʧʣʘʥʰʝʪʥʳʡ ʩʢʘʥʝʨ ʚʳʩʦʢʦʛʦ ʨʘʟʨʝʰʝʥʠʷ ʩ ʧʨʠʩʧʦʩʦʙʣʝʥʠʝʤ ʜʣʷ 

ʫʩʪʘʥʦʚʢʠ ʠʤʤʫʥʦʣʦʛʠʯʝʩʢʠʭ ʤʠʢʨʦʧʣʘʥʰʝʪʦʚ, ʧʦʜʢʣʶʯʝʥʥʳʡ ʢ ʧʝʨʩʦʥʘʣʴʥʦʤʫ ʢʦʤʧʴʶʪʝʨʫ ʩ 

ʧʨʦʛʨʘʤʤʥʳʤ ʦʙʝʩʧʝʯʝʥʠʝʤ (ʇʆ) ʦʙʱʝʛʦ ʠ ʩʧʝʮʠʘʣʴʥʦʛʦ ʥʘʟʥʘʯʝʥʠʷ, ʧʦʟʚʦʣʷʶʱʠʡ ʨʝʛʠʩʪʨʠʨʦʚʘʪʴ, 

ʠʥʪʝʨʧʨʝʪʠʨʦʚʘʪʴ ʠ ʭʨʘʥʠʪʴ ʨʝʟʫʣʴʪʘʪʳ ʈʇɻɸ ʜʣʷ ʜʠʘʛʥʦʩʪʠʢʠ ʩʠʬʠʣʠʩʘ, ʚʳʧʦʣʥʷʝʤʳʝ ʩ ʥʘʙʦʨʦʤ 

ʨʝʘʛʝʥʪʦʚ çʉʠʬʠʣʠʩ-ʈʇɻɸ-ʪʝʩʪè (ɿɸʆ çʕʂʆʣʘʙè, ʈʦʩʩʠʷ). ʀ ʈʝʘʣ ʈ (çɺʝʢʪʦʨ-ɹʝʩʪ-ɹʘʣʪʠʢʘè, ʈʦʩʩʠʷ), 

ʩʦʚʨʝʤʝʥʥʳʡ ʤʠʢʨʦʧʣʘʥʰʝʪʥʳʡ ʬʦʪʦʤʝʪʨ ʥʘ ʦʩʥʦʚʝ ʪʝʭʥʦʣʦʛʠʠ LED, ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʳʡ ʦʙʩʯʝʪ 

ʨʝʟʫʣʴʪʘʪʦʚ ʀʌɸ ʠ ʈʇɻɸ. ʇʨʦʛʨʘʤʤʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ ð ʀʌɸ-ɹɽʉʊ ʠ ʈʇɻɸ-ɹɽʉʊ ʩ ʚʦʟʤʦʞʥʦʩʪʴʶ 

ʠʥʪʝʛʨʘʮʠʠ ʩ ʃʀʉ. ɼʣʷ ʈʝʘʣ ʈ ʠʩʧʦʣʴʟʦʚʘʣʠ ʥʘʙʦʨ çʈʇɻɸ-ɹɽʉʊ ʘʥʪʠʧʘʣʣʠʜʫʤè (ɸʆ çɺʝʢʪʦʨ-ɹʝʩʪè, 

ʈʦʩʩʠʠʷ) (ʨʠʩʫʥʦʢ 2, 3). 

                



ʉɽʂʎʀʗ 1 - ʄʝʪʦʜʳ ʠ ʩʨʝʜʩʪʚʘ ʜʠʘʛʥʦʩʪʠʢʠ ʠ ʣʝʯʝʥʠʷ ʟʘʙʦʣʝʚʘʥʠʡ                  110 

 

 

XVI ʄʝʞʜʫʥʘʨʦʜʥʘʷ ʅʘʫʯʥʘʷ ʂʦʥʬʝʨʝʥʮʠʷ "ʌʠʟʠʢʘ ʠ ʈʘʜʠʦʵʣʝʢʪʨʦʥʠʢʘ ʚ ʄʝʜʠʮʠʥʝ ʠ 

ʕʢʦʣʦʛʠʠ" 

 

ɺ ʢʣʠʥʠʢʦ-ʜʠʘʛʥʦʩʪʠʯʝʩʢʦʡ ʣʘʙʦʨʘʪʦʨʠʠ ʆʙʣʘʩʪʥʦʡ ʢʣʠʥʠʯʝʩʢʦʡ ʙʦʣʴʥʠʮʳ ʛ. ɺʣʘʜʠʤʠʨʘ ʧʨʦʪʝʩʪʠʨʦʚʘʣʠ 

500 ʦʙʨʘʟʮʦʚ ʤʝʪʦʜʦʤ ʈʇɻɸ. ʇʦʩʣʝ ʧʨʦʚʝʜʝʥʠʷ ʨʝʘʢʮʠʠ ʤʝʪʦʜʦʤ ʈʇɻɸ ʧʨʝʜʧʦʣʘʛʘʶʪ ʧʦʩʣʝʜʫʶʱʫʶ 

ʵʢʩʧʦʟʠʮʠʶ ʧʦʜʛʦʪʦʚʣʝʥʥʦʛʦ ʠʤʤʫʥʦʣʦʛʠʯʝʩʢʦʛʦ ʧʣʘʥʰʝʪʘ ʚ ʥʝʧʦʜʚʠʞʥʦʤ ʩʦʩʪʦʷʥʠʠ ʥʝ ʤʝʥʝʝ 45ï60 

ʤʠʥʫʪ, ʯʪʦ ʦʙʝʩʧʝʯʠʚʘʝʪ ʬʦʨʤʠʨʦʚʘʥʠʝ ʦʩʘʜʢʘ ʵʨʠʪʨʦʮʠʪʦʚ. ʇʦʩʣʝ ʵʪʦʛʦ ʧʣʘʥʰʝʪ ʦʩʪʦʨʦʞʥʦ ʧʝʨʝʥʦʩʷʪ ʠ 

ʧʦʤʝʱʘʶʪ ʣʠʙʦ ʚ ʧʣʘʥʰʝʪʥʳʡ  ʩʢʘʥʝʨ, ʣʠʙʦ ʥʘ ʧʣʘʪʬʦʨʤʫ ʨʠʜʝʨʘ ʈʝʘʣʈ ʜʣʷ ʬʦʪʦʤʝʪʨʠʨʦʚʘʥʠʷ 

ʨʝʟʫʣʴʪʘʪʦʚ. 

       ʈʝʟʫʣʴʪʘʪ ʧʨʦʚʝʜʝʥʥʦʡ ʨʘʙʦʪʳ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʘʚʪʦʤʘʪʠʯʝʩʢʦʛʦ ʫʯʝʪʘ ʠ ʠʥʪʝʨʧʨʝʪʘʮʠʠ ʨʝʟʫʣʴʪʘʪʦʚ 

ʈʇɻɸ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʜʚʫʭ ʨʘʟʥʳʭ ʧʨʠʥʮʠʧʦʚ ʨʝʛʠʩʪʨʘʮʠʠ ʨʝʟʫʣʴʪʘʪʦʚ ʧʦʟʚʦʣʷʝʪ ʩʪʘʥʜʘʨʪʠʟʠʨʦʚʘʪʴ 

ʧʨʦʮʝʩʩ ʨʝʛʠʩʪʨʘʮʠʠ ʨʝʟʫʣʴʪʘʪʦʚ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʫ ʢʘʞʜʦʛʦ ʨʘʩʩʤʦʪʨʝʥʥʦʛʦ ʥʘʤʠ ʤʝʪʦʜʘ ʝʩʪʴ ʢʘʢ ʧʣʶʩʳ, ʪʘʢ 

ʠ ʤʠʥʫʩʳ. ʅʦ ʤʦʞʥʦ ʩ ʫʚʝʨʝʥʥʦʩʪʴʶ ʜʦʚʝʨʷʪʴ ʫʯʝʪʘ ʚ ʘʚʪʦʤʘʪʠʯʝʩʢʦʤ ʨʝʞʠʤʝ ʪʦʣʴʢʦ ʦʪʨʠʮʘʪʝʣʴʥʳʭ 

ʨʝʟʫʣʴʪʘʪʦʚ, ʜʣʷ ʫʯʝʪʘ ʠ ʠʥʪʝʨʧʨʝʪʘʮʠʠ ʧʦʣʦʞʠʪʝʣʴʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʥʝʦʙʭʦʜʠʤʦ ʫʯʘʩʪʠʝ ʚʨʘʯʘ ʣʘʙʦʨʘʥʪʘ. 

ʇʨʠ ʩʢʨʠʥʠʥʛʝ ʦʙʨʘʟʮʦʚ ʥʘ ʩʠʬʠʣʠʩ ʤʝʪʦʜʦʤ ʈʇɻɸ ʚʳʷʚʣʷʝʤʦʩʪʴ ʩʦʩʪʘʚʣʷʝʪ 1-2 %. ʇʦʵʪʦʤʫ ʠʩʧʦʣʴʟʫʷ 

ʘʚʪʦʤʘʪʠʯʝʩʢʠʡ ʫʯʝʪ ʨʝʟʫʣʴʪʘʪʦʚ ʜʣʷ ʦʪʨʠʮʘʪʝʣʴʥʳʭ ʦʙʨʘʟʮʦʚ ʧʦʚʳʰʘʝʪ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʨʘʙʦʪʳ 

ʤʝʜʠʮʠʥʩʢʦʛʦ ʧʝʨʩʦʥʘʣʘ. 
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       Modern kits for agglutination of T. pallidum (TPPA) particles, including domestic ones, for the determination of 

antibodies to T. pallidum are micromodifications that ensure cost-effectiveness and speed of diagnosis. The 

advantages of the method also include high sensitivity and specificity, ease of performing the reaction, accessibility, 

one-stage operation, as well as the possibility of using the technique in small laboratories. The advantages of TPPA 

can also include a very small number of false positive results (less than 1%) among a healthy population. The TPPA 

is not automated, the interpretation of the results of the research by the RPG method depends on the qualifications of 

the employee and the process of accounting for the results takes a lot of time, and the transfer of the results to the 

information system takes place manually. We evaluated the automatic registration of the results of the TPPA method 

using two devices. Expert Lab and Real P concluded that taking into account the results is possible only for negative 

results. 
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ʉɽʂʎʀʗ 2 
 

 

ɹʀʆʂʀɹɽʈʅɽʊʀʂɸ ʀ ʄɸʊɽʄɸʊʀʏɽʉʂʆɽ ʄʆɼɽʃʀʈʆɺɸʅʀɽ 

 

ʄʦʜʝʣʠʨʦʚʘʥʠʝ ʦʪʨʘʞʝʥʥʦʛʦ ʜʣʠʥʥʦʚʦʣʥʦʚʦʛʦ ʩʠʛʥʘʣʘ ʥʘ ʮʠʬʨʦʚʳʭ ʨʷʜʘʭ, ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʭ ʧʦ 

ʘʥʩʘʤʙʣʶ ʩʪʘʪʠʩʪʠʯʝʩʢʠʭ ʧʦʢʘʟʘʪʝʣʝʡ ɺʉʈ ʨʠʪʤʦʛʨʘʤʤ ʟʜʦʨʦʚʦʛʦ ʯʝʣʦʚʝʢʘ 

ʂʫʟʥʝʮʦʚ ɸ. ɸ. 
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ɸʥʥʦʪʘʮʠʷ 

 

ʅʘ ʦʩʥʦʚʝ ʤʠʨʦʚʦʟʟʨʝʥʠʡ ʘʚʪʦʨʘ ʦ ʨʠʪʤʠʯʝʩʢʠʭ ʦʪʥʦʰʝʥʠʷʭ ʦʨʛʘʥʠʟʤʘ ʠ ʚʥʝʰʥʝʡ ʩʨʝʜʳ 

ʧʨʝʜʣʦʞʝʥʳ ʛʠʧʦʪʝʪʠʯʝʩʢʠʝ ʩʚʷʟʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʚʦʩʧʨʠʥʷʪʳʭ ʜʣʠʥ ʚʦʣʥ ʥʘ ʛʘʨʤʦʥʠʢʠ ʩʦʩʪʦʷʥʠʡ ʟʜʦʨʦʚʳʭ 

ʣʶʜʝʡ. ʄʦʜʝʣʠʨʦʚʘʥʠʝ ʛʘʨʤʦʥʠʢ ʧʨʝʜʩʪʘʚʣʝʥʦ ʦʪʨʘʞʝʥʠʝʤ ʨʠʪʤʘ ʩʝʨʜʮʘ, ʯʝʨʝʟ ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʝ ʮʠʬʨʦʚʳʝ 

ʨʷʜʳ ʧʦ ʧʦʢʘʟʘʪʝʣʷʤ ʠ ʠʥʜʝʢʩʘʤ. ʇʨʝʜʩʪʘʚʣʝʥʘ ʤʝʪʦʜʠʢʘ ʩʠʥʪʝʟʘ ʮʠʬʨʦʚʳʭ ʨʷʜʦʚ ʧʦ ʨʘʟʥʳʤ ʧʦʢʘʟʘʪʝʣʷʤ ʠ 

ʠʥʜʝʢʩʘʤ, ʧʦʟʚʦʣʷʶʱʘʷ ʚʳʜʝʣʷʪʴ ʨʝʟʫʣʴʪʠʨʫʶʱʠʝ ʮʠʢʣʠʯʝʩʢʠʝ ʚʣʠʷʥʠʷ ʜʣʠʥʥʳʭ ʚʦʣʥ ʥʘ ʨʠʪʤ ʩʝʨʜʮʘ 

ʯʝʣʦʚʝʢʘ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʩʪʘʪʠʩʪʠʯʝʩʢʠʡ ʤʝʪʦʜ, ʨʠʪʤʦʛʨʘʤʤʘ ʩʝʨʜʮʘ, ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʝ ʮʠʬʨʦʚʳʝ ʨʷʜʳ ʧʦʢʘʟʘʪʝʣʝʡ  

 

ɺʚʝʜʝʥʠʝ. ʌʠʟʠʯʝʩʢʠʡ ʢʚʘʥʪ ʜʝʡʩʪʚʠʷ, ʠʣʠ ʤʠʥʠʤʘʣʴʥʘʷ ʧʦʨʮʠʷ ʜʝʡʩʪʚʠʷ, ʩʫʱʝʩʪʚʫʝʪ ʠ ʚʳʨʘʞʝʥ 

ʧʦʩʪʦʷʥʥʦʡ ʇʣʘʥʢʘ. ɼʣʷ ʦʨʛʘʥʠʟʤʘ ʯʝʣʦʚʝʢʘ, ʧʨʠʥʠʤʘʶʱʝʛʦ ʥʠʟʢʠʝ ʯʘʩʪʦʪʳ ʥʘ ʤʘʢʨʦʩʢʦʧʠʯʝʩʢʦʤ ʫʨʦʚʥʝ, 

çʜʝʡʩʪʚʠʝè ʯʘʱʝ ʦʧʨʝʜʝʣʷʝʪʩʷ ʚ ʪʝʨʤʠʥʘʭ ʘʤʧʣʠʪʫʜʥʦ-ʬʘʟʦʚʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ. ʇʨʠʥʠʤʘʶʱʠʝ ʚʥʝʰʥʠʡ 

ʩʠʛʥʘʣ ʵʢʩʪʝʨʦʨʝʮʝʧʪʦʨʳ ʠ ʚʥʫʪʨʝʥʥʠʝ ʩʠʛʥʘʣʳ ʠʥʪʝʨʦʨʝʮʝʧʪʦʨʳ ʨʘʟʜʨʘʞʘʶʪʩʷ ʬʠʟʠʯʝʩʢʠʤ ʜʝʡʩʪʚʠʝʤ, 

ʚʦʩʧʨʠʥʠʤʘʷ ʵʥʝʨʛʠʶ ʩʪʠʤʫʣʘ ʚ ʠʥʪʝʨʚʘʣʝ ʚʨʝʤʝʥʠ. ʇʦ ʤʥʝʥʠʶ ʀ.ʄ. ʉʝʯʝʥʦʚʘ  çʤʦʟʛʫ ʚʩʝ ʨʘʚʥʦ, ʠʤʝʝʪ ʣʠ 

ʦʥ ʜʝʣʦ ʩ ʠʥʬʦʨʤʘʮʠʝʡ, ʢʦʪʦʨʘʷ ʧʦʩʪʫʧʘʝʪ ʢ ʥʝʤʫ ʠʟ ʨʝʘʣʴʥʦʛʦ ʤʠʨʘ ʯʝʨʝʟ ʩʝʥʩʦʨʥʳʝ ʩʠʩʪʝʤʳ: ʛʣʘʟʘ, ʫʰʠ ʠ 

ʪ.ʜ., ʣʠʙʦ ʵʪʘ ʠʥʬʦʨʤʘʮʠʷ ʧʦʨʦʞʜʘʝʪʩʷ ʩʘʤʠʤ ʤʦʟʛʦʤè. ɸʚʪʦʨ ʙʝʨʝʪ ʥʘ ʩʝʙʷ ʩʤʝʣʦʩʪʴ ʦʩʧʦʨʠʪʴ ʵʪʦʪ ʦʙʱʠʡ 

ʪʝʟʠʩ. ʄʦʟʛʘ ʤʘʣʦ, ʯʪʦʙʳ ʧʦʨʦʜʠʪʴ ʠʥʬʦʨʤʘʮʠʶ. ɹʦʣʝʝ ʪʦʛʦ, ʤʦʟʛ ʝʝ ʪʦʣʴʢʦ ʚʦʩʧʨʠʥʠʤʘʝʪ, ʠʣʠ ʦʪʨʘʞʘʝʪ, ʥʝ 

ʪʨʝʙʫʝʪ ʥʠʢʘʢʦʛʦ ʠʥʩʪʨʫʤʝʥʪʘ ʪʨʘʥʩʬʦʨʤʘʮʠʠ. ʀʥʬʦʨʤʘʮʠʦʥʥʘʷ ʩʨʝʜʘ ʚʩʝʛʜʘ ʥʘʭʦʜʠʪʩʷ ʚ ʛʦʣʦʚʝ ʯʝʣʦʚʝʢʘ. 

ʂʦʥʝʯʥʦ, ʩʫʛʫʙʦ ʤʘʪʝʨʠʘʣʠʩʪ ʉʝʯʝʥʦʚ ʠ ʠʞʝ ʩ ʥʠʤ ʵʪʦʛʦ ʥʝ ʤʦʛʣʠ ʚʦʩʧʨʠʥʷʪʴ. ɼʣʷ ʤʘʪʝʨʠʘʣʠʩʪʦʚ ʥʫʞʥʳ 

ʦʧʳʪʥʳʝ ʧʦʜʪʚʝʨʞʜʝʥʠʷ. ʅʦ ʢʘʢ ʙʳʪʴ ʩ ʢʦʥʪʘʢʪʥʳʤʠ, ʠʣʠ ʙʦʣʝʝ ʩʪʨʘʥʥʦ ï ʙʝʩʢʦʥʪʘʢʪʥʳʤʠ ʠʟʤʝʨʝʥʠʷʤʠ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʩʠ-ʧʦʣʷ. ʇʦʪʨʝʙʫʝʪʩʷ ʢʘʢ ʤʠʥʠʤʫʤ çʚʦʪʢʥʫʪʴ ʚ ʥʝʛʦ ʞʝʣʝʟʢʫè, ʪ.ʝ. ʧʨʦʚʦʜʷʱʠʡ ʵʣʝʢʪʨʦʜ. 

ʆʧʳʪʥʳʤ ʧʫʪʝʤ ʩʦʚʤʝʩʪʠʪʴ ʤʘʪʝʨʠʘʣʴʥʦʝ ʠ ʥʝʤʘʪʝʨʠʘʣʴʥʦʝ (ʵʬʠʨ) ʥʘ ʜʘʥʥʳʡ ʤʦʤʝʥʪ ʥʝ ʧʦʣʫʯʠʪʩʷ. 

ʇʨʠʭʦʜʠʪʩʷ ʦʧʠʨʘʪʴʩʷ ʥʘ ʟʜʨʘʚʳʡ ʩʤʳʩʣ ʠ ʠʥʪʫʠʮʠʶ ʠʩʩʣʝʜʦʚʘʪʝʣʷ. çʀʥʬʦʨʤʘʮʠʦʥʥʳʤ ʢʚʘʥʪʦʤ ʜʝʡʩʪʚʠʷè 

ʧʦ ʘʥʘʣʦʛʠʠ ʩʣʝʜʫʝʪ ʥʘʟʚʘʪʴ ʯʘʩʪʦʪʫ, ʦʧʨʝʜʝʣʷʶʱʫʶ ʭʘʨʘʢʪʝʨʥʳʡ ʨʠʪʤ (ʪʦʥ) ʚ ʨʝʟʦʥʘʥʩʥʦʡ ʦʙʣʘʩʪʠ ʧʨʠʝʤʘ 

[1]. ʀʤʝʥʥʦ ʦʙ ʵʪʦʡ ʩʨʝʜʝ, ʩʧʦʩʦʙʥʦʡ ʚ ʩʦʚʦʢʫʧʥʦʩʪʠ ʩʚʦʠʭ ʩʚʦʡʩʪʚ ʦʙʝʩʧʝʯʠʪʴ ʠ ʘʨʭʠʚ, ʠ ʧʘʤʷʪʴ 

ʩʦʦʪʚʝʪʩʪʚʠʷ ʠʟʣʫʯʝʥʠʶ ʠ ʧʨʠʝʤʫ ʘʙʩʦʣʶʪʥʦʛʦ ʨʠʪʤʘ, ʠʣʠ ʬʘʟʦʚʦʡ ʩʦʩʪʘʚʣʷʶʱʝʡ ʩʠʛʥʘʣʘ ʜʘʚʥʦ ʠʜʫʪ 

ʩʧʦʨʳ.  ɺʨʷʜ ʣʠ ʯʠʩʣʦ ʢʨʫʧʥʳʭ ʫʯʝʥʳʭ ʥʝ ʧʨʠʥʷʚʰʠʭ ʵʪʫ ʩʨʝʜʫ ï ʵʬʠʨ, ʫʨʘʚʥʦʚʝʩʠʪ ʯʠʩʣʦ ʫʯʝʥʳʭ 

ʧʨʠʥʷʚʰʠʭ çʥʘ ʚʝʨʫè ʵʪʫ ʩʨʝʜʫ, ʧʨʝʜʩʪʘʚʣʷʶʱʫʶ ʠʥʬʦʨʤʘʮʠʦʥʥʦʝ ʧʦʣʝ (ʀʇ) ʚʥʝ ʠ ʚʥʫʪʨʠ ʦʨʛʘʥʠʟʤʘ 

ʯʝʣʦʚʝʢʘ ʠ ʩʦʮʠʫʤʘ, ʘ ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʥʝʨʘʟʨʳʚʥʫʶ. ʀ ʣʶʙʦʡ ʪʚʦʨʯʝʩʢʠʡ ʧʦʠʩʢ ʦʩʥʦʚʘʥ ʥʘ ʩʚʷʟʠ ʤʦʟʛʘ 

ʯʝʣʦʚʝʢʘ, ʟʘʧʨʘʰʠʚʘʶʱʠʡ ʦʪʚʝʪ ʦʪ ʀʇ ʩʪʘʥʦʚʠʪʩʷ ʩʚʷʟʘʥʥʳʤ ʜʝʜʫʢʮʠʝʡ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʦʧʨʝʜʝʣʠʤ ʨʘʙʦʪʫ 

ʤʦʟʛʘ ʢʘʢ ʘʢʪʠʚʥʫʶ.
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XVI ʄʝʞʜʫʥʘʨʦʜʥʘʷ ʅʘʫʯʥʘʷ ʂʦʥʬʝʨʝʥʮʠʷ "ʌʠʟʠʢʘ ʠ ʈʘʜʠʦʵʣʝʢʪʨʦʥʠʢʘ ʚ ʄʝʜʠʮʠʥʝ ʠ ʕʢʦʣʦʛʠʠ" 

 

 

 

ʊʦʛʜʘ ʚ ʧʘʩʩʠʚʥʦʤ ʩʦʩʪʦʷʥʠʠ (ʙʝʟ ʪʚʦʨʯʝʩʢʦʛʦ ʫʯʘʩʪʠʷ) ʤʦʟʛ ʧʨʦʩʪʦ çʢʫʧʘʝʪʩʷè ʚ ʦʢʝʘʥʝ 

ʙʝʩʢʦʥʝʯʥʦʛʦ ʤʥʦʞʝʩʪʚʘ ʨʠʪʤʦʚ. ɽʩʣʠ ʩʫʱʝʩʪʚʫʝʪ çʦʢʥʦ ʧʨʦʟʨʘʯʥʦʩʪʠè ʜʣʷ ʘʢʪʠʚʥʦʛʦ ʨʝʞʠʤʘ ʨʘʙʦʪʳ 

ʤʦʟʛʘ, ʪʦ ʚʝʨʦʷʪʥʦ ʦʥʦ ʥʝ ʦʜʥʦ (ʢʘʢ ʤʠʥʠʤʫʤ, ʠʤʝʝʪʩʷ ʜʚʘ ʧʦʣʫʰʘʨʠʷ). ʆʥʠ ʚʦʩʧʨʠʥʠʤʘʶʪ ʨʠʪʤʠʢʫ ʵʬʠʨʘ 

ʜʣʷ ʩʠʩʪʝʤʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ ʦʨʛʘʥʘʤʠ ʯʝʣʦʚʝʢʘ ʠ ʚʩʝʛʦ ʩʦʮʠʫʤʘ ʚ ʢʘʞʜʳʡ ʜʘʥʥʳʡ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ. 

ɸʩʩʦʮʠʠʨʫʝʤʳʝ ʩʠʩʪʝʤʥʳʤ ʧʨʦʮʝʩʩʦʤ ʜʠʥʘʤʠʯʝʩʢʠʝ ʩʦʩʪʘʚʣʷʶʱʠʝ ʦʙʷʟʘʥʳ ʠʤʝʪʴ ʩʦʠʟʤʝʨʠʤʳʝ ʦʩʥʦʚʥʳʝ 

ʨʠʪʤʳ, ʚʳʩʪʨʘʠʚʘʷ ʩʠʩʪʝʤʫ ʛʘʨʤʦʥʠʢ (ʢʦʣʣʝʢʪʠʚʥʳʝ ʤʦʜʳ). ɸʤʧʣʠʪʫʜʥʘʷ ʚʥʫʪʨʠʩʠʩʪʝʤʥʘʷ ʵʥʝʨʛʝʪʠʢʘ 

ʟʘʜʘʥʘ ʠʥʬʦʨʤʘʮʠʦʥʥʳʤʠ ʧʝʨʝʭʦʜʘʤʠ ʚ ʢʦʨʦʪʢʦʚʦʣʥʦʚʳʝ ʧʨʦʮʝʩʩʳ ʩ ʨʘʩʩʝʷʥʠʝʤ ʵʥʝʨʛʠʠ ʚʦ ʚʥʝʰʥʶʶ 

ʩʨʝʜʫ. ɼʣʠʥʥʦʚʦʣʥʦʚʳʝ ʨʠʪʤʠʯʝʩʢʠʝ ʧʨʦʮʝʩʩʳ ï ʫʧʨʘʚʣʷʶʱʠʝ [1, 2]. 

ɼʣʠʥʥʦʚʦʣʥʦʚʳʝ ʩʦʩʪʘʚʣʷʶʱʠʝ ʵʬʠʨʘ ʫ ʧʦʚʝʨʭʥʦʩʪʠ ɿʝʤʣʠ ʧʨʘʢʪʠʯʝʩʢʠ ʠʟʤʝʨʠʪʴ ʥʝʚʦʟʤʦʞʥʦ. 

ʄʦʞʥʦ ʣʠʰʴ ʧʨʝʜʧʦʣʦʞʠʪʴ ʠʭ ʫʯʘʩʪʠʝ ʚ ʞʠʟʥʝʜʝʷʪʝʣʴʥʦʩʪʠ ʬʣʦʨʳ ʠ ʬʘʫʥʳ, ʚ ʯʘʩʪʥʦʩʪʠ ʚ ʞʠʟʥʠ ʯʝʣʦʚʝʢʘ: 

ʦʪ ʟʘʯʘʪʠʷ ʠ ʬʦʨʤʠʨʦʚʘʥʠʠ ʵʤʙʨʠʦʥʘ ï ʜʦ ʚʳʭʦʜʘ ʤʦʟʛʘ ʠʟ ʩʠʩʪʝʤʳ ʚʦʣʥʦʚʦʛʦ ʦʙʤʝʥʘ ʩ ʵʬʠʨʦʤ. ʇʦʣʘʛʘʷ, 

ʦʨʛʘʥʠʟʤ ʯʝʣʦʚʝʢʘ ʩ ʠʥʬʦʨʤʘʮʠʦʥʥʳʤ ʵʬʠʨʦʤ ʘʥʘʣʦʛʦʤ çʘʙʩʦʣʶʪʥʦ ʯʝʨʥʦʛʦ ʪʝʣʘè ʪʝʧʣʦʚʦʛʦ ʠʟʣʫʯʝʥʠʷ, 

ʧʦʣʫʯʘʝʤ ʚʧʦʣʥʝ ʥʝʧʨʦʪʠʚʦʨʝʯʠʚʫʶ ʩʠʩʪʝʤʫ ʢʦʣʣʝʢʪʠʚʥʳʭ ʤʦʜ ï ʛʘʨʤʦʥʠʢ ʫʧʨʘʚʣʝʥʠʷ ʬʠʟʠʦʣʦʛʠʯʝʩʢʦʡ 

ʩʠʩʪʝʤʦʡ ʚ ʥʦʨʤʝ.  ʇʦ ʵʪʦʤʫ ʤʝʭʘʥʠʟʤʫ ʥʠʟʢʦʯʘʩʪʦʪʥʳʡ ʩʠʛʥʘʣ ʧʨʠʥʮʠʧʠʘʣʴʥʦ ʤʦʞʝʪ ʩʥʘʙʞʘʪʴ 

ʧʦʩʨʝʜʩʪʚʦʤ ʛʘʨʤʦʥʠʢ ʵʥʝʨʛʠʝʡ ʠ ʠʥʬʦʨʤʘʮʠʝʡ ʧʨʘʚʳʡ ʜʠʘʧʘʟʦʥ ʩʧʝʢʪʨʘ. ɺʳʩʦʢʦʯʘʩʪʦʪʥʳʡ ʩʠʛʥʘʣ ʤʦʞʝʪ 

ʣʠʰʴ çʟʘʧʫʩʪʠʪʴè ʙʦʣʝʝ ʥʠʟʢʦʯʘʩʪʦʪʥʳʡ ʧʨʦʮʝʩʩ ʚ ʦʧʨʝʜʝʣʝʥʥʳʭ ʫʩʣʦʚʠʷʭ ʘʢʪʠʚʥʦʡ ʩʨʝʜʳ (ʛʝʥʝʨʠʨʦʚʘʪʴ 

ʦʪʢʣʠʢ ï ʨʝʘʢʮʠʶ). ɽʩʣʠ ʵʪʦ ʫʪʚʝʨʞʜʝʥʠʝ ʚʝʨʥʦ, ʪʦ ʦʪʥʦʰʝʥʠʝ ʩʧʝʢʪʨʘʣʴʥʳʭ çʬʘʟʦʚʳʭ ʤʦʱʥʦʩʪʝʡè, 

ʥʘʧʨʠʤʝʨ: ULF/HF ʠ VLF/LF ʠ ʪ.ʜ. ʜʦʣʞʥʦ ʠʤʝʪʴ ʧʨʷʤʫʶ ʟʘʚʠʩʠʤʦʩʪʴ. ʀʤʝʥʥʦ ʧʦ ʥʝʡ ʯʘʩʪʦʪʥʫʶ ʦʩʴ ʠ 

ʩʣʝʜʫʝʪ ʜʝʣʠʪʴ ʥʘ ʫʢʘʟʘʥʥʳʝ ʜʠʘʧʘʟʦʥʳ. ʉʚʷʟʴ ULFŸ VLFŸ LFŸ HF ʤʦʞʥʦ ʚʝʨʦʷʪʥʦ ʦʙʥʘʨʫʞʠʪʴ ʠ ʙʦʣʝʝ 

ʢʘʯʝʩʪʚʝʥʥʦ ʧʨʷʤʦʡ ʟʘʚʠʩʠʤʦʩʪʴʶ: ULF/VLF (HF/LF), ʧʦʥʠʤʘʷ, ʯʪʦ 20-ʤʠʥʫʪʥʘʷ ʟʘʧʠʩʴ ʧʨʝʜʩʪʘʚʣʷʝʪ ʢ 

ʠʩʩʣʝʜʦʚʘʥʠʶ ʣʠʰʴ ʤʘʣʫʶ ʯʘʩʪʴ ʜʠʘʧʘʟʦʥʘ ULF. 20-ʤʠʥʫʪʥʳʡ ʠʥʪʝʨʚʘʣ ʚʨʝʤʝʥʠ ʟʘʧʠʩʠ ʕʂɻ ʥʝ ʤʦʞʝʪ ʥʠ 

ʧʦʜʪʚʝʨʜʠʪʴ, ʥʠ ʦʧʨʦʚʝʨʛʥʫʪʴ ʚʳʩʢʘʟʘʥʥʦʝ ʚʳʰʝ ʫʪʚʝʨʞʜʝʥʠʝ. ʇʦʩʣʝ 20 ʤʠʥʫʪ ʟʘʧʠʩʠ ʥʘʨʘʩʪʘʝʪ 

ʩʦʚʦʢʫʧʥʘʷ ʨʝʬʣʝʢʪʦʨʥʘʷ ʢʦʤʧʦʥʝʥʪʘ, ʦʧʨʝʜʝʣʷʶʱʘʷ çʫʩʪʘʣʦʩʪʴè ʬʠʢʩʠʨʦʚʘʥʥʦʛʦ ʧʦʣʦʞʝʥʠʷ ʪʝʣʘ. ʕʪʦ 

ʚʣʝʯʝʪ ʥʘʨʫʰʝʥʠʝ ʫʩʣʦʚʠʡ ʧʦʢʦʷ [3].  

ʇʨʠ ʣʦʢʘʣʴʥʦʡ ʧʘʪʦʣʦʛʠʠ ʠʣʠ ʧʘʜʝʥʠʠ ʫʨʦʚʥʷ ʬʫʥʢʮʠʦʥʘʣʴʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʧʨʦʚʝʜʝʥʠʝ 

ʦʧʨʝʜʝʣʝʥʥʳʭ ʯʘʩʪʦʪʥʳʭ ʛʘʨʤʦʥʠʢ ʥʘʨʫʰʝʥʦ. ʅʘʨʫʰʝʥʘ ʠ ʩʠʩʪʝʤʥʦʩʪʴ ʛʘʨʤʦʥʠʢ ʩʦʩʪʘʚʘ ʘʢʪʠʚʥʦʡ ʩʨʝʜʳ. 

ʉʞʘʪʠʝ çʨʘʙʦʯʝʛʦ ʜʠʘʧʘʟʦʥʘè ʵʥʜʦʛʝʥʥʳʭ ʨʠʪʤʦʚ ʨʝʟʦʥʥʦ ʥʘʟʚʘʪʴ çʚʳʨʘʙʦʪʢʦʡ ʬʘʟʦʚʦʛʦ ʨʝʟʝʨʚʘè. 

ʆʨʛʘʥʠʟʤ ʯʝʣʦʚʝʢʘ ʚ ʥʦʨʤʝ çʨʘʩʪʚʦʨʷʝʪʩʷ ʚʦ ʚʥʝʰʥʝʡ ʘʢʪʠʚʥʦʡ ʩʨʝʜʝè, ʩʣʝʜʫʷ, ʘ, ʥʝ ʧʨʦʪʠʚʦʜʝʡʩʪʚʫʷ ʝʡ. 

ɼʣʷ ʟʜʦʨʦʚʳʭ ʣʶʜʝʡ ʧʦʜ ʩʦʩʪʦʷʥʠʝʤ ʥʦʨʤʳ ʧʦʥʠʤʘʝʪʩʷ ʩʦʩʪʦʷʥʠʝ ʤʠʥʠʤʘʣʴʥʦʡ ʨʝʘʢʮʠʠ ʥʘ ʚʥʝʰʥʠʝ 

ʨʘʟʜʨʘʞʠʪʝʣʠ. ʉʠʩʪʝʤʘ ʥʝʧʨʝʨʳʚʥʦ ʠʱʝʪ ʵʪʦ ʩʦʩʪʦʷʥʠʝ, ʧʦʜʩʪʨʘʠʚʘʷʩʴ ʢ ʚʘʨʠʘʪʠʚʥʳʤ ʫʩʣʦʚʠʷʤ. ʏʠʩʣʦʚʳʤ 

ʧʦʢʘʟʘʪʝʣʝʤ ʘʢʪʠʚʥʦʩʪʠ ʩʠʩʪʝʤʥʦʛʦ ʵʣʝʤʝʥʪʘ ʚ ʧʦʠʩʢʝ ʠ ʬʠʢʩʘʮʠʠ ʩʦʩʪʦʷʥʠʷ ʥʦʨʤʳ ʚ ʟʘʜʘʥʥʳʭ 

ʧʝʨʝʤʝʥʥʳʭ ʫʩʣʦʚʠʷʭ ʘʚʪʦʨʘʤʠ ʧʨʝʜʣʦʞʝʥ ʤʠʥʠʤʘʣʴʥʳʡ ʧʦʣʦʞʠʪʝʣʴʥʳʡ ʠʟʙʳʪʦʢ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ 

ʵʥʪʨʦʧʠʠ (i, ʙʠʪ/ʦʪʩʯʝʪ) [4]. ʕʪʠ ʧʨʝʜʧʦʣʦʞʝʥʠʷ ʩʣʝʜʫʝʪ ʧʦʜʪʚʝʨʜʠʪʴ, ʠʣʠ, ʚʦ ʚʩʷʢʦʤ ʩʣʫʯʘʝ, ʧʨʦʚʝʨʠʪʴ. ɼʣʷ 

ʵʪʦʛʦ, ʧʨʝʞʜʝ ʚʩʝʛʦ, ʥʫʞʥʳ ʦʯʝʥʴ ʜʣʠʥʥʳʝ ʥʝʧʨʝʨʳʚʥʳʝ ʟʘʧʠʩʠ ʕʂɻ ʠ ʨʠʪʤʦʛʨʘʤʤ ʩʪʘʮʠʦʥʘʨʥʳʭ 

ʩʦʩʪʦʷʥʠʡ ʯʝʣʦʚʝʢʘ ʚ ʥʦʨʤʝ. ɹʝʟ ʥʠʭ ʢ ʦʙʦʟʥʘʯʝʥʥʦʡ ʛʨʫʧʧʝ ʛʠʧʦʪʝʟ ʥʝʚʦʟʤʦʞʥʦ ʜʘʞʝ ʧʨʠʙʣʠʟʠʪʴʩʷ.  

ʎʝʣʴ ʨʘʙʦʪʳ ï ʩʦʟʜʘʥʠʝ ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʭ ʮʠʬʨʦʚʳʭ ʨʷʜʦʚ ʧʘʨʘʤʝʪʨʦʚ ʠ ʧʦʢʘʟʘʪʝʣʝʡ HRV ʠ ɺʉʈ.  

ʄʘʪʝʨʠʘʣʳ ʠ ʤʝʪʦʜʳ 

ɹʦʣʝʝ 1000 20-ʤʠʥʫʪʥʳʭ ʨʝʛʠʩʪʨʘʮʠʡ ʵʣʝʢʪʨʦʢʘʨʜʠʦʛʨʘʤʤ (ʕʂɻ) ʧʨʦʚʝʜʝʥʳ ʚ ʛʨʫʜʥʦʤ ʦʪʚʝʜʝʥʠʠ ʩ 

ʥʘʣʦʞʝʥʠʝʤ ʵʣʝʢʪʨʦʜʦʚ ʧʦ ʅʝʙʫ 186 ʦʙʩʣʝʜʦʚʘʥʥʳʭ ʙʦʣʴʥʳʭ ʠ ʟʜʦʨʦʚʳʭ ʣʶʜʝʡ ʚ ʩʦʩʪʦʷʥʠʠ ʧʦʢʦʷ 

ʣʠʮʝʥʟʠʨʦʚʘʥʥʳʤ ʤʦʥʠʪʦʨʦʤ ʍʦʣʪʝʨʘ ʚ ʢʦʤʧʣʝʢʩʝ çAnnA Flash3000è ʩ 2008 ʧʦ 2019 ʛʦʜʳ. ɺʩʝ ʕʂɻ ʫ 750 

ʤʦʣʦʜʳʭ ʟʜʦʨʦʚʳʭ ʣʶʜʝʡ ʠ ʧʘʮʠʝʥʪʦʚ ʨʝʘʥʠʤʘʮʠʦʥʥʳʭ ʦʪʜʝʣʝʥʠʡ ʢʦʥʚʝʨʪʠʨʦʚʘʣʠʩʴ ʚ ʨʠʪʤʦʛʨʘʤʤʳ ʚ 

ʣʠʮʝʥʟʠʦʥʥʦʡ ʧʨʦʛʨʘʤʤʝ EScreen [5, 6].  

ʇʦʣʦʞʝʥʠʷ ʠ ʨʝʢʦʤʝʥʜʘʮʠʠ ʩʪʘʥʜʘʨʪʘ çHeart rate variabilityè (HRV) [7] ʠ ʤʝʪʦʜʘ ʦʮʝʥʢʠ ɺʉʈ ʚʨʘʯʠ 

ʦʙʱʝʡ ʧʨʘʢʪʠʢʠ, ʢʘʨʜʠʦʣʦʛʠ, ʬʠʟʠʦʣʦʛʠ ʠ ʬʫʥʢʮʠʦʥʘʣʴʥʳʝ ʜʠʘʛʥʦʩʪʳ ʧʨʦʜʦʣʞʘʶʪ ʠʩʧʳʪʳʚʘʪʴ ʚ ʪʝʭ ʠʣʠ 

ʠʥʳʭ ʤʦʜʠʬʠʢʘʮʠʷʭ ʙʝʟ ʢʘʢʠʭ-ʣʠʙʦ ʧʦʣʦʞʠʪʝʣʴʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ [7 ï 12]. ɺʦ ʚʩʝʭ ʠʟʚʝʩʪʥʳʭ ʤʦʜʠʬʠʢʘʮʠʷʭ 

ʵʪʠʭ ʧʨʠʣʦʞʝʥʠʡ ʚ ʫʩʣʦʚʠʷʭ ʥʝʧʨʝʨʳʚʥʦʡ ʨʝʛʠʩʪʨʘʮʠʠ ʕʂɻ ʜʝʪʝʢʪʠʨʫʝʪʩʷ ʢʘʞʜʳʡ ʢʦʤʧʣʝʢʩ QRS ʠ 

ʚʳʯʠʩʣʷʶʪʩʷ ʠ ʥʘʨʘʙʘʪʳʚʘʶʪʩʷ ʚ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʠʥʪʝʨʚʘʣʦʚ ʤʝʞʜʫ ʩʤʝʞʥʳʤʠ ʢʦʤʧʣʝʢʩʘʤʠ QRS, 

ʩʦʧʨʦʚʦʞʜʘʶʱʠʭ ʜʝʧʦʣʷʨʠʟʘʮʠʶ ʢʣʝʪʦʢ ʩʠʥʫʩʦʘʪʨʠʘʣʴʥʦʛʦ ʫʟʣʘ [8]. ʀʥʪʝʨʚʘʣʳ ʤʝʞʜʫ ʩʦʩʝʜʥʠʤʠ ʧʠʢʘʤʠ 

ʥʘʠʙʦʣʝʝ ʚʳʨʘʞʝʥʥʦʛʦ ʟʫʙʮʘ R (ʚ ʦʪʚʝʜʝʥʠʠ II) ʦʙʦʟʥʘʯʘʶʪ R-R ʠʥʪʝʨʚʘʣʳ [13]. ɿʫʙʝʮ R ʥʘ ʕʂɻ ʦʪʚʝʯʘʝʪ ʟʘ 

ʘʤʧʣʠʪʫʜʫ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʨʘʟʨʷʜʘ ʧʨʠ ʧʦʣʷʨʠʟʘʮʠʠ ʤʠʦʢʘʨʜʘ ʦʙʦʠʭ ʞʝʣʫʜʦʯʢʦʚ ʥʘ ʩʦʢʨʘʱʝʥʠʝ 

ʧʨʘʢʪʠʯʝʩʢʠ ʦʜʥʦʚʨʝʤʝʥʥʦʛʦ ʧʨʘʚʦʛʦ ʠ ʣʝʚʦʛʦ ʞʝʣʫʜʦʯʢʦʚ [13, 14]. ʇʦʵʪʦʤʫ ʩʘʤ ʧʠʢ ʟʫʙʮʘ R ʩʦʩʪʘʚʣʝʥ ʠʟ 

ʜʚʫʭ ʧʠʢʦʚ ʠ ʧʦ ʬʦʨʤʝ ʦʯʝʥʴ ʨʘʟʥʳʡ, ʘ ʧʦ ʨʘʟʤʝʨʫ ʚ ʥʦʨʤʝ ʩʦʩʪʘʚʣʷʝʪ 3 ï 4 ʤʩ. ʈʷʜ ʩʪʘʪʠʩʪʠʯʝʩʢʠʭ 

ʚʨʝʤʝʥʥʳʭ ʧʦʢʘʟʘʪʝʣʝʡ ʧʦʣʫʯʘʶʪ ʧʨʠ ʦʙʨʘʙʦʪʢʝ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ R-R ʠʥʪʝʨʚʘʣʦʚ ʜʣʷ ʨʠʪʤʦʛʨʘʤʤ, 
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ʨʘʟʥʦʩʪʝʡ ʤʝʞʜʫ ʩʦʩʝʜʥʠʤʠ R-R ʠʥʪʝʨʚʘʣʘʤʠ ʜʣʷ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʭ ʨʠʪʤʦʛʨʘʤʤ ʠ ʨʘʟʥʦʩʪʝʡ ʤʝʞʜʫ R-R 

ʠʥʪʝʨʚʘʣʘʤʠ ʨʷʜʘ ʠ ʩʨʝʜʥʠʤ ʟʥʘʯʝʥʠʝʤ <X> ʮʝʥʪʨʠʨʦʚʘʥʥʳʭ ʨʠʪʤʦʛʨʘʤʤ.  

ʄʝʪʦʜ ʦʮʝʥʢʠ ɺʉʈ ʩʦʟʜʘʚʘʣʩʷ ʥʝʙʦʣʴʰʦʡ ʛʨʫʧʧʦʡ ʫʯʝʥʳʭ [8 ï 12] ʜʣʷ ʬʠʢʩʘʮʠʠ ʬʠʟʠʦʣʦʛʠʯʝʩʢʠʭ ʠ 

ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʩʪʘʮʠʦʥʘʨʥʳʭ ʩʦʩʪʦʷʥʠʡ ʦʯʝʥʴ ʟʜʦʨʦʚʳʭ ʣʶʜʝʡ ʚ ʦʙʣʘʩʪʠ ʢʦʩʤʠʯʝʩʢʦʡ ʤʝʜʠʮʠʥʳ ʩ 

ʧʨʦʚʝʨʢʦʡ ʧʨʝʜʝʣʦʚ ʘʜʘʧʪʘʮʠʠ ʧʦʜ ʩʚʝʨʭʥʘʛʨʫʟʢʠ (ʬʠʟʠʯʝʩʢʠʝ ʠ ʧʩʠʭʠʯʝʩʢʠʝ) ʩ ʟʘʜʘʥʠʝʤ ʧʘʨʘʤʝʪʨʠʯʝʩʢʦʡ 

ʥʦʨʤʳ. ʉʪʘʥʜʘʨʪʳ HRV [7] ʩʦʟʜʘʥʳ ʥʘ ʦʩʥʦʚʝ ʠʩʩʣʝʜʦʚʘʥʠʡ ʨʘʙʦʪʳ ʩʝʨʜʮʘ ʚ ʨʘʟʥʳʭ ʫʩʣʦʚʠʷʭ ʠ ʩʦʩʪʦʷʥʠʷʭ 

ʙʦʣʴʰʦʡ ʛʨʫʧʧʦʡ ʣʶʜʝʡ ʨʘʟʥʳʭ ʩʪʨʘʥ. ʇʦʵʪʦʤʫ ʧʨʠ ʦʙʱʝʤ ʩʪʘʪʠʩʪʠʯʝʩʢʦʤ ʧʦʜʭʦʜʝ, ʨʘʟʣʠʯʠʷ ʚ ʧʘʨʘʤʝʪʨʘʭ 

ʦʮʝʥʦʢ ʠ ʠʭ ʢʣʘʩʪʝʨʘʭ ʚʧʦʣʥʝ ʦʙʲʷʩʥʠʤʳ. ʂʘʞʜʳʡ ʠʟ ʤʥʦʛʦʯʠʩʣʝʥʥʳʭ ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ ʠʩʧʦʣʴʟʦʚʘʣ çʩʚʦʠè 

ʥʘʙʦʨʳ ʧʦʢʘʟʘʪʝʣʝʡ ʠ ʠʥʜʝʢʩʦʚ, ʢʦʪʦʨʳʝ, ʦʯʝʚʠʜʥʦ, ʢʘʢ ʧʝʨʝʩʝʢʘʣʠʩʴ, ʪʘʢ ʠ ʨʘʟʥʠʣʠʩʴ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʵʪʦ, 

ʚʝʨʦʷʪʥʦ, ʝʜʠʥʩʪʚʝʥʥʳʡ ʦʙʱʝʧʨʠʟʥʘʥʥʳʡ ʩʦʚʨʝʤʝʥʥʳʡ ʩʪʘʪʠʩʪʠʯʝʩʢʠʡ ʤʝʪʦʜ ʘʥʘʣʠʟʘ ʬʫʥʢʮʠʦʥʘʣʴʥʦʛʦ 

ʩʦʩʪʦʷʥʠʷ ʦʨʛʘʥʠʟʤʘ ʙʝʟ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʢʣʘʩʩʠʯʝʩʢʦʛʦ ʢʣʠʥʠʯʝʩʢʦʛʦ ʢʣʘʩʪʝʨʥʦʛʦ ʘʥʘʣʠʟʘ ʩʦʩʪʦʷʥʠʷ [14]. 

ʇʦʵʪʦʤʫ ʨʝʢʦʤʝʥʜʫʝʤʳʡ ʥʘʙʦʨ ʧʦʢʘʟʘʪʝʣʝʡ HRV ʧʨʝʜʧʦʣʘʛʘʝʪʩʷ ʫʥʠʚʝʨʩʘʣʴʥʳʤ ʠ ʦʙʱʠʤ ʧʦ ʚʩʝʤʫ ʩʧʝʢʪʨʫ 

ʌʉʆ [7 ï 9]. ɺ ʨʘʤʢʘʭ ʵʪʠʭ ʨʝʢʦʤʝʥʜʘʮʠʡ ʚʩʝ ʕʂɻ ʢʦʥʚʝʨʪʠʨʦʚʘʣʠʩʴ ʚ ʨʠʪʤʦʛʨʘʤʤʳ ʚ ʬʦʨʤʝ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʟʥʘʯʝʥʠʡ R-R ʠʥʪʝʨʚʘʣʦʚ ʠ ʧʦʩʨʝʜʩʪʚʦʤ ʚʩʪʨʦʝʥʥʦʡ ʧʨʦʮʝʜʫʨʳ (HRV) 

ʣʠʮʝʥʟʠʨʦʚʘʥʥʦʡ ʧʨʦʛʨʘʤʤʳ EScreen [12] ʦʧʨʝʜʝʣʷʣʠʩʴ ʚʳʙʦʨʦʯʥʳʝ ʟʥʘʯʝʥʠʷ ʧʦʢʘʟʘʪʝʣʝʡ ʠ ʠʥʜʝʢʩʦʚ HRV 

ʠ ɺʉʈ.   

ʇʦʢʘʟʘʪʝʣʠ ʠ ʠʥʜʝʢʩʳ ʤʝʪʦʜʘ HRV. ʅʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʤʠ ʧʦʢʘʟʘʪʝʣʷʤʠ, ʠʩʧʦʣʴʟʫʝʤʳʤʠ 

ʧʨʠ ʚʨʝʤʝʥʥʦʤ ʘʥʘʣʠʟʝ ʨʠʪʤʦʛʨʘʤʤ ʩʝʨʜʮʘ, ʷʚʣʷʶʪʩʷ ʧʘʨʘʤʝʪʨʳ ʩʪʘʪʠʩʪʠʯʝʩʢʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ 

ʚʝʨʦʷʪʥʦʩʪʝʡ ʩʦʙʳʪʠʡ, ʬʦʨʤʠʨʫʶʱʠʭ ʨʠʪʤʦʛʨʘʤʤʫ: ʤʘʪʝʤʘʪʠʯʝʩʢʦʝ ʦʞʠʜʘʥʠʝ ʄ, ʤʩ (ʩʨʝʜʥʝʝ ʟʥʘʯʝʥʠʝ 

<X>), ʩʘʤʳʡ ʢʦʨʦʪʢʠʡ R-R ʠʥʪʝʨʚʘʣ Xmin, ʤʩ, ʩʘʤʳʡ ʜʣʠʥʥʳʡ R-R ʠʥʪʝʨʚʘʣ Xmax, ʤʩ, ʥʝʩʤʝʱʝʥʥʦʝ 

ʩʪʘʥʜʘʨʪʥʦʝ ʦʪʢʣʦʥʝʥʠʝ SDNN, ʤʩ, ʠʣʠ ů ʚ ʧʨʠʥʷʪʳʭ ʦʙʦʟʥʘʯʝʥʠʷʭ. ʇʝʨʚʳʝ ʪʨʠ ʧʘʨʘʤʝʪʨʘ ʭʘʨʘʢʪʝʨʠʟʫʶʪ 

ʧʨʝʜʝʣʳ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʚ ʜʚʫʭ ʦʨʪʦʛʦʥʘʣʴʥʳʭ ʥʘʧʨʘʚʣʝʥʠʷʭ, ʯʝʪʚʝʨʪʦʝ ʩʪʘʪʠʩʪʠʯʝʩʢʠʡ ʨʘʟʙʨʦʩ ʜʘʥʥʳʭ 

ʦʢʦʣʦ ʩʨʝʜʥʝʛʦ, ʠʣʠ ʢʘʯʝʩʪʚʦ ʧʦʠʩʢʘ ʩʪʘʮʠʦʥʘʨʥʦʛʦ ʩʦʩʪʦʷʥʠʷ M ʩ ʪʝʯʝʥʠʝʤ ʚʨʝʤʝʥʠ. ɼʣʷ ʧʘʪʦʣʦʛʠʯʝʩʢʠʭ 

ʩʦʩʪʦʷʥʠʡ ʨʠʪʤʘ ʢʘʯʝʩʪʚʦ ʧʦʠʩʢʘ ʦʧʨʝʜʝʣʷʝʪ ʨʝʞʠʤʳ ʬʦʥʦʚʳʭ ʘʨʠʪʤʠʡ: ʨʠʛʠʜʥʳʡ ʨʠʪʤ, ʥʦʨʤʘʣʴʥʘʷ ɺʉʈ, 

ʫʤʝʨʝʥʥʘʷ ʠ ʚʳʨʘʞʝʥʥʘʷ ʘʨʠʪʤʠʷ. ɺ ʥʦʨʤʝ ʜʣʷ ʥʦʨʤʘʣʴʥʦʛʦ ʟʘʢʦʥʘ ʨʘʩʧʨʝʜʝʣʝʥʠʷ [15] ʚʙʣʠʟʠ 

ʩʪʘʮʠʦʥʘʨʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ů ʭʘʨʘʢʪʝʨʠʟʫʝʪ ʩʦʩʪʦʷʥʠʝ ʤʝʭʘʥʠʟʤʦʚ ʨʝʛʫʣʷʮʠʠ ʠ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʩʦʩʪʦʷʥʠʠ 

ʘʚʪʦʤʘʪʠʟʤʘ ʩʠʥʫʩʥʦʛʦ ʫʟʣʘ.  

ʇʨʠ ʨʦʩʪʝ ʜʣʠʥʳ ʟʘʧʠʩʴ ʚʢʣʶʯʘʝʪ ʨʘʟʥʳʝ ʮʠʢʣʠʯʝʩʢʠʝ ʢʦʤʧʦʥʝʥʪʳ, ʠ ʧʦʪʦʤʫ ů ʟʘʚʠʩʠʪ ʦʪ ʜʣʠʥʳ. 

ɼʣʷ ʦʮʝʥʢʠ ʥʠʟʢʦʯʘʩʪʦʪʥʳʭ ʢʦʤʧʦʥʝʥʪ ʚʘʨʠʘʙʝʣʴʥʦʩʪʠ (24-ʯʘʩʦʚʘʷ ʟʘʧʠʩʴ) ʠʩʧʦʣʴʟʫʶʪ ʩʪʘʥʜʘʨʪʥʦʝ 

ʦʪʢʣʦʥʝʥʠʝ SDANN ʩʨʝʜʥʠʭ R-R ʠʥʪʝʨʚʘʣʦʚ ʧʦ 5-ʪʠ ʤʠʥʫʪʥʳʤ ʧʨʦʤʝʞʫʪʢʘʤ ʠ ʩʨʝʜʥʝʝ ʟʥʘʯʝʥʠʝ 

ʩʪʘʥʜʘʨʪʥʳʭ ʦʪʢʣʦʥʝʥʠʡ ʧʦ SDNNindex ʪʝʤ ʞʝ ʠʥʪʝʨʚʘʣʘʤ ʚ ʪʝʯʝʥʠʠ ʚʩʝʡ ʟʘʧʠʩʠ. ɼʣʷ ʦʮʝʥʢʠ 

ʚʳʩʦʢʦʯʘʩʪʦʪʥʳʭ ʢʦʤʧʦʥʝʥʪ ʚʘʨʠʘʙʝʣʴʥʦʩʪʠ ʧʨʠʤʝʥʷʶʪ ʧʦʢʘʟʘʪʝʣʴ RMSSD, ʚʳʯʠʩʣʷʝʤʳʡ ʢʘʢ ʢʚʘʜʨʘʪʥʳʡ 

ʢʦʨʝʥʴ ʠʟ ʩʨʝʜʥʝʡ ʩʫʤʤʳ ʢʚʘʜʨʘʪʦʚ ʨʘʟʥʦʩʪʝʡ ʤʝʞʜʫ ʩʦʩʝʜʥʠʤʠ R-R ʠʥʪʝʨʚʘʣʘʤʠ [6, 8 ï 11]. 

ʀʪʘʢ, ʢʘʞʜʦʡ ʨʠʪʤʦʛʨʘʤʤʝ ʩʪʘʚʠʪʩʷ ʚ ʩʦʦʪʚʝʪʩʪʚʠʝ ʨʷʜ ʩʪʘʪʠʩʪʠʯʝʩʢʠʭ ʧʦʢʘʟʘʪʝʣʝʡ ʠ ʠʥʜʝʢʩʦʚ, 

ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʭ ʨʘʟʥʳʝ ʩʪʦʨʦʥʳ ʧʘʩʩʠʚʥʳʭ ʠ ʘʢʪʠʚʥʳʭ ʨʝʘʢʮʠʡ ʨʠʪʤʘ ʩʝʨʜʮʘ ʥʘ ʚʥʝʰʥʠʝ ʩʪʠʤʫʣʳ. ɽʩʣʠ 

ʩʘʤʠ ʋɿʆ ʚ ʥʝʢʦʪʦʨʦʤ ʧʨʠʙʣʠʞʝʥʠʠ ʤʦʛʫʪ ʙʳʪʴ ʧʨʠʟʥʘʥʳ ʩʪʘʪʠʩʪʠʯʝʩʢʠʤ ʘʥʩʘʤʙʣʝʤ ʧʦ ʨʷʜʫ ʦʜʠʥʘʢʦʚʳʭ 

ʧʨʠʟʥʘʢʦʚ, ʪʦ ʚʝʣʠʯʠʥʳ ʧʦʢʘʟʘʪʝʣʝʡ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʝ ʦʜʠʥʘʢʦʚʳʝ ʧʨʠʟʥʘʢʠ ʚ ʩʦʚʦʢʫʧʥʦʩʪʠ ʙʫʜʫʪ 

ʩʦʩʪʘʚʣʷʪʴ ʩʪʘʪʠʩʪʠʯʝʩʢʠʡ ʘʥʩʘʤʙʣʴ ʚʥʝ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʠʭ ʨʘʩʩʪʘʥʦʚʢʠ. ʊʘʢ, ʝʩʣʠ ʙʘʟʘ ʜʘʥʥʳʭ ʩʦʩʪʘʚʣʷʝʪ 

1130 20- ʤʠʥʫʪʥʳʭ ʨʠʪʤʦʛʨʘʤʤ ʋɿʆ, ʪʦ ʢʦʣʠʯʝʩʪʚʦ ʣʶʙʦʛʦ ʧʦʢʘʟʘʪʝʣʷ ʠʣʠ ʠʥʜʝʢʩʘ ʙʫʜʝʪ ʨʘʚʥʦ 1130. ɽʩʣʠ 

ʠʭ ʟʘʢʣʶʯʠʪʴ ʚ ʮʠʬʨʦʚʳʝ ʨʷʜʳ, ʪʦ ʦʥʠ ʦʢʘʞʫʪʩʷ ʧʦ ʧʨʠʥʮʠʧʫ ʩʦʩʪʘʚʣʝʥʠʷ ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʤʠ ʧʦ ʦʙʱʝʤʫ 

ʧʨʠʟʥʘʢʫ ʧʨʠʥʘʜʣʝʞʥʦʩʪʠ ʢ ʵʪʦʤʫ ʧʦʢʘʟʘʪʝʣʶ. ɽʩʣʠ ʞʝ ʟʘʢʨʝʧʠʪʴ ʠʭ ʦʪʥʦʩʠʪʝʣʴʥʫʶ ʨʘʩʩʪʘʥʦʚʢʫ ʚ ʨʷʜʫ 

ʋɿʆ, ʪʦ ʨʘʟʥʳʝ ʨʷʜʳ ʨʘʟʥʳʭ ʧʦʢʘʟʘʪʝʣʝʡ ʠʣʠ ʠʥʜʝʢʩʦʚ ʩʪʘʥʫʪ ʩʦʛʣʘʩʦʚʘʥʥʳʤʠ ʧʦ ʠʤʝʥʠ ʠʣʠ ʥʦʤʝʨʫ ʋɿʆ. 

ʂʦʣʠʯʝʩʪʚʦ ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʭ ʥʦʤʝʨʥʳʭ ʨʷʜʦʚ ʨʘʚʥʦ ʯʠʩʣʫ ʧʦʢʘʟʘʪʝʣʝʡ ʠʣʠ ʠʥʜʝʢʩʦʚ, ʫʯʘʩʪʚʫʶʱʠʭ ʚ 

ʘʥʘʣʠʟʝ ʨʠʪʤʘ ʩʝʨʜʮʘ ʧʦ ʩʪʘʪʠʩʪʠʯʝʩʢʦʤʫ ʘʥʩʘʤʙʣʶ ʨʠʪʤʦʛʨʘʤʤ. ɿʜʝʩʴ ʞʝ ʩʣʝʜʫʝʪ ʫʯʝʩʪʴ, ʯʪʦ ʜʘʞʝ ʧʨʠ 

ʩʦʙʣʶʜʝʥʠʠ ʭʨʦʥʦʣʦʛʠʯʝʩʢʦʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʥʘʙʦʨʘ ʧʦʢʘʟʘʪʝʣʝʡ ʚ ʨʷʜ, ʩʦʭʨʘʥʠʪʴ ʚʨʝʤʝʥʥʫʶ ʰʢʘʣʫ 

ʨʘʚʥʦʤʝʨʥʦʡ, ʥʝ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʧʨʘʢʪʠʯʝʩʢʠ ʚʦʟʤʦʞʥʦʡ ʠ ʚʨʝʤʝʥʥʘʷ ʛʦʨʠʟʦʥʪʘʣʴʥʘʷ ʰʢʘʣʘ ʟʘʤʝʥʷʝʪʩʷ 

ʰʢʘʣʦʡ ʦʪʩʯʝʪʦʚ  ʋɿʆ [16]. 

 

ʈʝʟʫʣʴʪʘʪʳ  

ɼʣʷ ʥʘʛʣʷʜʥʦʛʦ ʧʦʜʪʚʝʨʞʜʝʥʠʷ ʚʳʰʝʩʢʘʟʘʥʥʦʛʦ ʥʘ ʨʠʩ. 1 ʧʨʠʚʝʜʝʥʳ ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʝ ʨʷʜʳ ʪʨʝʭ 

ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ ʧʦʢʘʟʘʪʝʣʝʡ ʠ ʠʥʜʝʢʩʦʚ HRV ʨʠʪʤʦʛʨʘʤʤ ʜʣʷ N = 98 ʦʙʩʣʝʜʦʚʘʥʥʳʭ ʋɿʆ (ʨʝʛʠʩʪʨʘʮʠʠ 2008 

ï 2009 ʛʛ.): TINN ʠ Triangular Index ʠ ʩʪʘʥʜʘʨʪʥʦʛʦ ʦʪʢʣʦʥʝʥʠʷ. ʌʦʨʤʘʪ ʣʠʩʪʘ ʥʝ ʧʦʟʚʦʣʷʝʪ ʧʨʠʚʝʩʪʠ ʚʩʝ 

ʜʘʥʥʳʝ (N = 1130) ʠʟ-ʟʘ ʯʨʝʟʚʳʯʘʡʥʦʛʦ ʩʞʘʪʠʷ ʟʘʧʠʩʠ ʧʦ ʛʦʨʠʟʦʥʪʘʣʠ ʠ ʧʦʪʝʨʠ ʢʘʯʝʩʪʚʘ ʚʠʟʫʘʣʴʥʦʛʦ 

ʩʦʧʦʩʪʘʚʣʝʥʠʷ ʧʨʠ ʩʦʙʣʶʜʝʥʠʠ ʭʨʦʥʦʣʦʛʠʯʝʩʢʦʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ. ʈʝʟʫʣʴʪʘʪʳ ʧʦ ʠʥʳʤ ʫʯʘʩʪʢʘʤ 



ʉɽʂʎʀʗ 2 - ɹʠʦʢʠʙʝʨʥʝʪʠʢʘ ʠ ʤʘʪʝʤʘʪʠʯʝʩʢʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ                  114 

 

 

XVI ʄʝʞʜʫʥʘʨʦʜʥʘʷ ʅʘʫʯʥʘʷ ʂʦʥʬʝʨʝʥʮʠʷ "ʌʠʟʠʢʘ ʠ ʈʘʜʠʦʵʣʝʢʪʨʦʥʠʢʘ ʚ ʄʝʜʠʮʠʥʝ ʠ ʕʢʦʣʦʛʠʠ" 

 

ʜʠʘʛʨʘʤʤʳ ʧʘʨʘʤʝʪʨʦʚ ʨʠʪʤʦʛʨʘʤʤ ʨʘʟʤʝʨʘ N = 1130 ʙʣʠʟʢʠ ʥʘʩʪʦʣʴʢʦ, ʯʪʦ ʚ ʧʨʘʢʪʠʢʝ ʦʙʨʘʙʦʪʢʠ ʜʘʥʥʳʭ 

ʧʨʠʥʠʤʘʶʪʩʷ ʠʜʝʥʪʠʯʥʳʤʠ. 
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ʈʠʩ. 1. ʉʠʥʪʝʟʠʨʦʚʘʥʥʳʝ ʫʯʘʩʪʢʠ ʜʠʘʛʨʘʤʤ: ʘ ï ʩʪʘʥʜʘʨʪʥʦʝ ʦʪʢʣʦʥʝʥʠʝ ů(N), ʙ ï Triangular Index (N), ʚ ï 

TINN(N). 

 

ɺ ʨʘʩʧʨʝʜʝʣʝʥʠʠ ʟʥʘʯʝʥʠʡ ʧʦʢʘʟʘʪʝʣʝʡ ʠ ʠʥʜʝʢʩʘ, ʬʦʨʤʠʨʫʶʱʠʭ ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʝ ʮʠʬʨʦʚʳʝ ʨʷʜʳ ʚ 

ʜʠʥʘʤʠʢʝ ʜʝʢʘʙʨʴ 2008 ʛ. ï ʠʶʥʴ 2009 ʛʦʜʘ ʟʘʤʝʪʥʳ 100% ʦʪʢʣʦʥʝʥʠʷ ʚ ʧʦʠʩʢʝ ʩʪʘʮʠʦʥʘʨʥʦʛʦ ʩʦʩʪʦʷʥʠʷ 

ʨʠʪʤʘ. ʅʘ ʵʪʠʭ ʤʘʢʩʠʤʘʣʴʥʳʭ ʦʪʢʣʦʥʝʥʠʷʭ ʟʘʤʝʪʥʦ ʧʨʦʷʚʣʝʥʠʝ 4-ʤʝʩʷʯʥʦʡ ʜʣʠʥʳ ʚʦʣʥʳ, ʚʦʟʤʦʞʥʦ 

ʷʚʣʷʶʱʝʡʩʷ ʦʜʥʦʡ ʠʟ ʛʘʨʤʦʥʠʢ ʘʪʤʦʩʬʝʨʥʦʛʦ ʵʬʠʨʘ. 

ʅʘ ʥʝʨʘʚʥʦʤʝʨʥʦʡ ʰʢʘʣʝ ʚʨʝʤʝʥʠ ʧʦ ʛʦʨʠʟʦʥʪʘʣʠ ʧʣʦʪʥʦʩʪʴ ʨʝʛʠʩʪʨʘʮʠʡ ʚ ʠʥʪʝʨʚʘʣʝ ˉˉ 55 ï 98 ʚ 

ʜʚʘ ʨʘʟʘ ʙʦʣʴʰʝ, ʯʝʤ ʚ ʥʘʯʘʣʝ. ɼʠʘʛʨʘʤʤʘ ʚʳʛʣʷʜʠʪ ʢʘʢ ʙʳ ʚʳʪʷʥʫʪʦʡ ʧʦ ʛʦʨʠʟʦʥʪʘʣʠ ʚ ʜʚʘ ʨʘʟʘ, ʧʦʵʪʦʤʫ 

ʧʨʦʷʚʣʝʥʠʝ ʛʘʨʤʦʥʠʯʝʩʢʦʛʦ ʮʠʢʣʘ ʧʨʘʢʪʠʯʝʩʢʠ ʩʪʘʥʦʚʠʪʩʷ ʥʝ ʟʘʤʝʪʥʳʤ (ʩʤ. ʨʠʩ.1).  

 

ɺʳʚʦʜʳ 

1. ʎʠʬʨʦʚʦʡ ʨʷʜ ʧʦʢʘʟʘʪʝʣʝʡ ɺʉʈ ʨʠʪʤʦʛʨʘʤʤ ʩʣʫʯʘʡʥʦʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʋɿʆ ʧʨʝʜʩʪʘʚʣʷʝʪ ʧʦ 

ʧʨʦʮʝʜʫʨʝ ʬʦʨʤʠʨʦʚʘʥʠʷ ʮʠʬʨʦʚʦʡ ʧʘʨʘʤʝʪʨʠʯʝʩʢʠʡ ʨʷʜ, ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʡ ʧʦ ʘʥʩʘʤʙʣʶ ʩʪʘʪʠʩʪʠʯʝʩʢʠʭ 

ʧʦʢʘʟʘʪʝʣʝʡ ɺʉʈ ʨʠʪʤʦʛʨʘʤʤ ʋɿʆ.  

2. ɼʠʘʛʨʘʤʤʳ ʨʘʩʧʨʝʜʝʣʝʥʠʡ ʟʥʘʯʝʥʠʡ ʚʨʝʤʝʥʥʳʭ ʠ ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ ʧʦʢʘʟʘʪʝʣʝʡ ʧʦ ʛʨʫʧʧʝ 98 ʋɿʆ, 

ʧʦʩʪʨʦʝʥʥʳʝ ʧʦ ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʤ ʮʠʬʨʦʚʳʤ ʨʷʜʘʤ ʧʦʢʘʟʘʪʝʣʝʡ ʠ ʠʥʜʝʢʩʘ ʢʘʯʝʩʪʚʝʥʥʦ ʦʜʠʥʘʢʦʚʳ. 

ɺʝʨʦʷʪʥʘ ʩʪʘʪʠʩʪʠʯʝʩʢʘʷ ʩʚʷʟʴ ʧʦ ʘʥʩʘʤʙʣʶ ʧʦʢʘʟʘʪʝʣʝʡ ʨʠʪʤʦʛʨʘʤʤ ʩ ʚʳʩʦʢʦʡ ʪʝʩʥʦʪʦʡ ʢʦʨʨʝʣʷʮʠʠ, 

ʚʧʣʦʪʴ ʜʦ ʬʫʥʢʮʠʦʥʘʣʴʥʦʡ. 
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3. ʇʘʨʘʤʝʪʨʠʯʝʩʢʠʡ ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʡ ʨʷʜ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʤʦʜʝʣʴʥʳʤ ʦʪʨʘʞʝʥʠʝʤ ʦʜʥʦʡ ʠʟ ʛʘʨʤʦʥʠʢ 

ʫʧʨʘʚʣʷʶʱʝʛʦ ʜʣʠʥʥʦʚʦʣʥʦʚʦʛʦ ʩʠʛʥʘʣʘ. 
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The summary 

MODELING OF A REFLECTED LONG -WAVE SIGNAL ON DIGITAL SERIES SYNTHESIZED ON 

ENSEMBLE OF STATISTICAL HRV INDICATORS OF A HEALTHY PERSON RHYTHMOGRAMS  

Kuznetsov A. A. 

Vladimir branch of the çVolga Region Research Medical Universityè, e-mail: artemi-k@mail.ru 

Based on the author's worldviews about the rhythmic relations of the body and the external environment, 

hypothetical connections of the distribution of perceived wavelengths into harmonics of the healthy people states are 

proposed. Harmonic modeling is represented by a reflection of the heart rhythm, through synthesized digital series 

of indicators and indices. A technique for synthesizing digital series according to various indicators and indices is 
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presented, which makes it possible to isolate the resulting cyclic effects of long waves on the human heart rhythm. 

Keywords: statistical method, heart rhythmogram, synthesized digital series of indicators 
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ʬʠʟʠʢʠ ʦʥʠ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʫʧʦʨʷʜʦʯʝʥʥʦʝ ʜʚʠʞʝʥʠʝ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʟʘʨʷʜʦʚ, ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ 

ʬʠʟʠʦʣʦʛʠʠ ʞʠʚʦʛʦ ʦʨʛʘʥʠʟʤʘ ʦʥʠ ʨʝʛʫʣʠʨʫʶʪ ʩʦʩʪʦʷʥʠʝ ʢʣʝʪʦʯʥʳʭ ʤʝʤʙʨʘʥ, ʫʧʨʘʚʣʷʷ ʦʙʤʝʥʦʤ ʚʝʱʝʩʪʚ 

ʥʘ ʢʣʝʪʦʯʥʦʤ ʫʨʦʚʥʝ. 

ʅʝʨʚʥʘʷ ʩʠʩʪʝʤʘ ʢʘʢ ʨʝʛʫʣʷʪʦʨ ʞʠʟʥʝʜʝʷʪʝʣʴʥʦʩʪʠ ʦʨʛʘʥʠʟʤʘ ʥʘʧʨʷʤʫʶ ʟʘʚʠʩʠʪ ʦʪ ʧʦʚʝʜʝʥʠʷ 

ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʪʝʥʮʠʘʣʘ ʥʘ ʤʝʤʙʨʘʥʘʭ ʥʝʨʚʥʳʭ ʢʣʝʪʦʢ. ʇʝʨʝʭʦʜʷ ʢ ʪʝʭʥʠʯʝʩʢʠʤ ʘʥʘʣʦʛʠʷʤ, ʧʨʝʜʩʪʘʚʣʷʷ 

ʢʣʝʪʢʫ ʢʘʢ ʥʘʙʦʨ ʵʣʝʢʪʨʦʪʝʭʥʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ, ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʧʦʥʷʪʠʝ ʧʣʦʩʢʦʛʦ ʢʦʥʜʝʥʩʘʪʦʨʘ ʚ 

ʢʘʯʝʩʪʚʝ ʢʣʝʪʦʯʥʦʡ ʤʝʤʙʨʘʥʳ. 

ʕʢʚʠʚʘʣʝʥʪʥʘʷ ʤʦʜʝʣʴ ʤʝʤʙʨʘʥʳ (U - ʩʫʤʤʘʨʥʳʡ ʧʦʪʝʥʮʠʘʣ, R ï ʠʦʥʥʘʷ ʧʨʦʚʦʜʠʤʦʩʪʴ, ʉ ï ʝʤʢʦʩʪʴ 

ʢʦʥʜʝʥʩʘʪʦʨʘ), ʧʨʝʜʩʪʘʚʣʝʥʥʘʷ ʥʘ ʨʠʩʫʥʢʝ 1 ʫʢʘʟʳʚʘʝʪ ʥʘ ʝʝ ʧʦʣʷʨʠʟʦʚʘʥʥʦʩʪʴ, ʦʙʫʩʣʦʚʣʝʥʥʫʶ 

ʚʦʟʥʠʢʥʦʚʝʥʠʝʤ ʥʝʢʦʤʧʝʥʩʠʨʦʚʘʥʥʳʭ ʟʘʨʷʜʦʚ. 

 
ʈʠʩʫʥʦʢ 1. ʕʢʚʠʚʘʣʝʥʪʥʘʷ ʤʦʜʝʣʴ ʤʝʤʙʨʘʥʳ ʥʝʨʚʥʦʡ ʢʣʝʪʢʠ. 

ʇʦʷʚʣʝʥʠʝ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʪʝʥʮʠʘʣʘ ʦʟʥʘʯʘʝʪ ʘʢʪʠʚʘʮʠʶ ʥʝʨʚʥʦʡ ʢʣʝʪʢʠ, ʛʦʪʦʚʥʦʩʪʴ ʝʝ ʢ 

ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʶ ʚ ʩʦʩʪʘʚʝ ʥʝʨʚʥʦʡ ʩʠʩʪʝʤʳ. ʇʝʨʝʨʘʩʧʨʝʜʝʣʝʥʠʝ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʟʘʨʷʜʦʚ ʤʝʞʜʫ 

ʩʪʦʨʦʥʘʤʠ ʤʝʤʙʨʘʥʳ ï ʧʦʪʝʥʮʠʘʣ ʧʦʢʦʷ ʦʧʠʩʳʚʘʝʪʩʷ ʫʨʘʚʥʝʥʠʝʤ ɻʦʣʴʜʤʘʥʘ-ʂʘʪʮʘ [1, ʩ. 23], ʝʛʦ ʩʨʝʜʥʷʷ 

ʚʝʣʠʯʠʥʘ ʩʦʩʪʘʚʣʷʝʪ ï 70 - 95 ʤʠʣʣʠʚʦʣʴʪ: 

˒̐Ȣ̐Ȣ
ὙὝ

Ὂ
ÌÎ
˝ ὑ ̃Ȣ̎ ˝ ὔὥ ̃Ȣ̎ ˝ ὅὰ̎ ́Ȣ̑

˝ ὑ ̎́Ȣ̑ ˝ ὔὥ ̎́Ȣ̑ ˝ ὅὰ̃Ȣ̎
 

ɺʩʝ ʵʣʝʢʪʨʠʯʝʩʢʠʝ (ʠʦʥʥʳʝ) ʪʦʢʠ ʚ ʢʣʝʪʢʘʭ ʠ ʤʝʞʜʫ ʥʠʤʠ ʦʢʨʫʞʘʶʱʝʡ ʠʭ ʩʨʝʜʝ ʦʧʨʝʜʝʣʷʶʪʩʷ 

ʨʘʟʥʠʮʝʡ ʤʝʞʜʫ ʤʝʤʙʨʘʥʥʳʤ ʧʦʪʝʥʮʠʘʣʦʤ ʠ ʨʘʚʥʦʚʝʩʥʳʤ ʧʦʪʝʥʮʠʘʣʦʤ ʜʣʷ ʜʘʥʥʦʛʦ ʠʦʥʘ. ʇʦʢʠʜʘʶʱʠʝ 

ʥʝʡʨʦʥ ʢʘʪʠʦʥʳ Na+ ʠ K+ ʦʧʨʝʜʝʣʷʶʪ ʧʦʣʦʞʠʪʝʣʴʥʳʡ ʟʘʨʷʜ ʢʣʝʪʢʠ ʩʥʘʨʫʞʠ ʠ ʦʪʨʠʮʘʪʝʣʴʥʳʡ ï ʚʥʫʪʨʠ 

(ʈʠʩʫʥʦʢ 2). 

ʀʦʥʥʘʷ ʧʨʠʨʦʜʘ ʪʦʢʦʚ ʚ ʥʝʨʚʥʳʭ ʢʣʝʪʢʘʭ ʦʙʲʷʩʥʷʝʪ ʭʘʨʘʢʪʝʨ ʭʠʤʠʯʝʩʢʠʭ ʩʠʛʥʘʣʦʚ ʤʝʞʜʫ 

ʥʝʡʨʦʥʘʤʠ. ʇʨʠ ʜʦʩʪʠʞʝʥʠʠ ʧʦʨʦʛʦʚʦʛʦ, ʢʨʠʪʠʯʝʩʢʦʛʦ ʧʦʪʝʥʮʠʘʣʘ ʦʪ ʷʜʨʘ ʥʝʡʨʦʥʘ ʠʩʭʦʜʠʪ ʚʦʣʥʘ ʚ ʬʦʨʤʝ 

ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʠʤʧʫʣʴʩʘ, ʧʝʨʝʭʦʜʷʱʝʛʦ ʥʘ ʩʦʩʝʜʥʠʡ ʥʝʡʨʦʥ [2, c. 263].  
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ʂʦʣʠʯʝʩʪʚʦ ʩʚʷʟʝʡ ʢʘʞʜʦʛʦ ʥʝʡʨʦʥʘ ʩ ʩʦʩʝʜʷʤʠ ʠʩʯʠʩʣʷʝʪʩʷ ʪʳʩʷʯʘʤʠ, ʦʜʥʘʢʦ ʨʘʩʩʪʦʷʥʠʝ, ʥʘ 

ʢʦʪʦʨʦʤ ʧʨʦʷʚʣʷʶʪʩʷ ʵʪʠ ʩʚʷʟʠ, ʩʫʱʝʩʪʚʝʥʥʦ ʦʛʨʘʥʠʯʝʥʦ. ɺʦʟʥʠʢʘʝʪ ʧʨʦʙʣʝʤʘ ï ʢʘʢ ʧʨʠ ʤʦʜʝʣʠʨʦʚʘʥʠʠ 

ʧʨʝʜʩʪʘʚʠʪʴ ʢʦʤʤʫʪʘʮʠʶ ʥʝʡʨʦʥʦʚ ʧʨʠ ʬʦʨʤʠʨʦʚʘʥʠʠ ʧʨʦʩʪʳʭ ʫʩʣʦʚʥʳʭ ʨʝʬʣʝʢʩʦʚ? 

ʃʶʙʦʡ ʚʥʝʰʥʠʡ ʨʘʟʜʨʘʞʠʪʝʣʴ, ʙʫʜʴ ʪʦ ʪʝʤʧʝʨʘʪʫʨʘ, ʩʚʝʪ ʠʣʠ ʟʚʫʢ, ʪʘʢʞʝ ʨʘʟʜʨʘʞʝʥʠʝ, 

ʫʣʘʚʣʠʚʘʝʤʦʝ ʥʝʨʚʥʳʤ ʦʢʦʥʯʘʥʠʝʤ ʯʫʚʩʪʚʠʪʝʣʴʥʦʛʦ ʥʝʡʨʦʥʘ, ʦʪ ʩʦʩʝʜʥʝʛʦ ʥʝʡʨʦʥʘ ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ 

ʥʝʨʚʥʫʶ ʢʣʝʪʢʫ ʚ ʚʦʟʙʫʞʜʸʥʥʦʝ ʩʦʩʪʦʷʥʠʝ. ɺ ʪʘʢʦʤ ʩʦʩʪʦʷʥʠʠ ʤʝʤʙʨʘʥʘ ʥʘʯʠʥʘʝʪ ʧʫʩʢʘʪʴ ʚʥʫʪʨʴ ʢʣʝʪʢʠ 

ʠʦʥʳ ʥʘʪʨʠʷ. ʀʟ-ʟʘ ʵʪʦʛʦ ʥʘʢʘʧʣʠʚʘʝʪʩʷ ʧʦʣʦʞʠʪʝʣʴʥʳʡ ʟʘʨʷʜ ʚʥʫʪʨʠ ʥʝʡʨʦʥʘ, ʦʪʢʨʳʚʘʶʪʩʷ ʢʘʣʠʝʚʳʝ 

ʢʘʥʘʣʳ, ʯʝʨʝʟ ʢʦʪʦʨʳʝ ʥʘʨʫʞʫ ʚʳʭʦʜʷʪ ʠʦʥʳ ʢʘʣʠʷ. ɺʳʰʝʜʰʠʝ ʠʦʥʳ çʢʦʤʧʝʥʩʠʨʫʶʪè ʠʟʙʳʪʦʢ 

ʧʦʣʦʞʠʪʝʣʴʥʦʛʦ ʟʘʨʷʜʘ, ʧʦʩʣʝ ʯʝʛʦ ʢʣʝʪʢʘ ʧʝʨʝʭʦʜʠʪ ʚ ʩʦʩʪʦʷʥʠʝ ʧʦʢʦʷ ʠ ʢʘʣʠʝʚʳʝ ʢʘʥʘʣʳ ʟʘʢʨʳʚʘʶʪʩʷ. 

ʆʪʚʝʪʥʳʡ ʠʤʧʫʣʴʩ ʥʝʡʨʦʥʘ ʥʘ ʚʥʝʰʥʠʡ ʨʘʟʜʨʘʞʠʪʝʣʴ, ʩʛʝʥʝʨʠʨʦʚʘʥʥʳʡ ʚ MATLAB (ʈʠʩʫʥʦʢ 3), 

ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʢʘʥʘʣʳ ʟʘʢʨʳʚʘʶʪʩʷ ʥʝ ʤʦʤʝʥʪʘʣʴʥʦ, ʠ ʜʣʷ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʩʦʩʪʦʷʥʠʷ ʧʦʢʦʷ ʥʝʡʨʦʥʘ 

ʥʝʦʙʭʦʜʠʤʦ ʥʝʢʦʪʦʨʦʝ ʚʨʝʤʷ. ʇʨʦʮʝʩʩ ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʛʠʧʝʨʧʦʣʷʨʠʟʘʮʠʝʡ ʤʝʤʙʨʘʥʥʦʛʦ (ʙʦʣʝʝ 

ʦʪʨʠʮʘʪʝʣʴʥʦʛʦ) ʧʦʪʝʥʮʠʘʣʘ ʢʣʝʪʢʠ, ʥʘ ʯʪʦ ʫʢʘʟʳʚʘʝʪ çʫʭʦʜʷʱʠʡ ʚʥʠʟè ʛʨʘʬʠʢ.   

 

 
ʈʠʩʫʥʦʢ 2. ɿʘʨʷʜ ʢʣʝʪʢʠ. 

ʄʘʛʥʠʪʥʦʝ ʧʦʣʝ, ʚʦʟʜʝʡʩʪʚʫʷ ʥʘ ʵʣʝʢʪʨʠʯʝʩʢʠʝ ʪʦʢʠ ʠ ʥʘ ʜʚʠʞʝʥʠʝ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʟʘʨʷʜʦʚ, ʚʣʠʷʝʪ 

ʥʘ ʧʨʦʮʝʩʩ ʦʙʱʝʥʠʷ ʥʝʡʨʦʥʘ ʩ ʚʥʝʰʥʠʤ ʤʠʨʦʤ.  

ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʵʤʦʮʠʦʥʘʣʴʥʳʝ ʨʝʘʢʮʠʠ, ʩʦʟʥʘʪʝʣʴʥʘʷ ʜʝʷʪʝʣʴʥʦʩʪʴ ʠ ʧʘʤʷʪʴ ʯʝʣʦʚʝʢʘ 

ʦʧʨʝʜʝʣʷʶʪʩʷ ʩʦʩʪʦʷʥʠʝʤ ʥʝʡʨʦʥʥʦʡ ʩʝʪʠ - ʩʦʚʦʢʫʧʥʦʩʪʠ ʥʝʡʨʦʥʦʚ ʠ ʩʚʷʟʝʡ ʤʝʞʜʫ ʥʠʤʠ. 

 
ʈʠʩʫʥʦʢ 3. ʆʪʚʝʪʥʳʡ ʠʤʧʫʣʴʩ ʥʝʡʨʦʥʘ ʥʘ ʨʘʟʜʨʘʞʠʪʝʣʴ. 

ɺ ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ ʠʩʢʫʩʩʪʚʝʥʥʳʝ ʥʝʡʨʦʩʝʪʠ ʩʪʘʣʠ ʥʝʟʘʤʝʥʠʤʳʤ ʠʥʩʪʨʫʤʝʥʪʦʤ ʚ ʩʦʚʨʝʤʝʥʥʦʡ 

ʥʝʡʨʦʥʘʫʢʝ (ʈʠʩʫʥʦʢ 4). ʕʪʠ ʩʠʩʪʝʤʳ, ʦʩʥʦʚʘʥʥʳʝ ʥʘ ʧʨʠʥʮʠʧʘʭ ʨʘʙʦʪʳ ʯʝʣʦʚʝʯʝʩʢʦʛʦ ʤʦʟʛʘ, ʦʪʢʨʳʚʘʶʪ 

ʥʦʚʳʝ ʚʦʟʤʦʞʥʦʩʪʠ ʜʣʷ ʛʣʫʙʦʢʦʛʦ ʧʦʥʠʤʘʥʠʷ ʩʣʦʞʥʳʭ ʧʨʦʮʝʩʩʦʚ, ʧʨʦʠʩʭʦʜʷʱʠʭ ʚ ʥʘʰʝʤ ʩʦʟʥʘʥʠʠ. 

ʆʙʨʘʙʘʪʳʚʘʷ ʠ ʘʥʘʣʠʟʠʨʫʷ ʜʘʥʥʳʝ ʦ ʩʪʨʫʢʪʫʨʝ ʠ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʠ ʤʦʟʛʘ, ʥʝʡʨʦʩʝʪʠ ʧʦʤʦʛʘʶʪ ʥʝ ʪʦʣʴʢʦ 

ʤʦʜʝʣʠʨʦʚʘʪʴ ʝʛʦ ʨʘʙʦʪʫ, ʥʦ ʠ ʚʳʷʚʣʷʪʴ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ, ʥʝʜʦʩʪʫʧʥʳʝ ʪʨʘʜʠʮʠʦʥʥʳʤ ʤʝʪʦʜʘʤ 

ʠʩʩʣʝʜʦʚʘʥʠʷ. ʕʪʦ ʢʘʨʜʠʥʘʣʴʥʦ ʤʝʥʷʝʪ ʧʦʜʭʦʜ ʢ ʠʟʫʯʝʥʠʶ ʦʩʥʦʚ ʧʦʟʥʘʥʠʷ, ʚʦʩʧʨʠʷʪʠʷ ʠ ʧʨʠʥʷʪʠʷ 

ʨʝʰʝʥʠʡ, ʜʘʚʘʷ ʥʦʚʳʡ ʠʤʧʫʣʴʩ ʜʣʷ ʨʘʟʚʠʪʠʷ ʥʝʡʨʦʥʘʫʢʠ. 

ʉʣʦʞʥʳʝ ʥʝʡʨʦʩʝʪʠ ʜʦʚʦʣʴʥʦ ʪʦʯʥʦ ʠʤʠʪʠʨʫʶʪ ʘʢʪʠʚʥʦʩʪʴ ʯʝʣʦʚʝʯʝʩʢʦʛʦ ʤʦʟʛʘ, ʩʣʘʙʦ ʦʪʦʙʨʘʞʘʷ 

çʝʩʪʝʩʪʚʝʥʥʳʡè ʠʥʪʝʣʣʝʢʪ. ʏʝʣʦʚʝʯʝʩʢʠʡ ʤʦʟʛ ʙʦʣʝʝ ʧʦʜʚʠʞʝʥ, ʜʠʥʘʤʠʯʝʥ, ʛʠʙʦʢ ʚ ʘʥʘʣʠʟʝ ʠ ʧʨʠʥʷʪʠʠ 

ʨʝʰʝʥʠʡ ʥʘ ʦʩʥʦʚʝ ʥʝʯʝʪʢʦ ʩʬʦʨʤʫʣʠʨʦʚʘʥʥʦʡ ʠʥʬʦʨʤʘʮʠʠ. 

 



ʉɽʂʎʀʗ 2 - ɹʠʦʢʠʙʝʨʥʝʪʠʢʘ ʠ ʤʘʪʝʤʘʪʠʯʝʩʢʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ                  118 

 

 

XVI ʄʝʞʜʫʥʘʨʦʜʥʘʷ ʅʘʫʯʥʘʷ ʂʦʥʬʝʨʝʥʮʠʷ "ʌʠʟʠʢʘ ʠ ʈʘʜʠʦʵʣʝʢʪʨʦʥʠʢʘ ʚ ʄʝʜʠʮʠʥʝ ʠ ʕʢʦʣʦʛʠʠ" 

 

 
ʈʠʩʫʥʦʢ 4. ʉʭʝʤʘ ʠʩʢʫʩʩʪʚʝʥʥʦʡ ʥʝʡʨʦʩʝʪʠ. 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʚ ʤʝʜʠʮʠʥʝ ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʫʶʪʩʷ ʪʦʤʦʛʨʘʬʠʠ ʢʘʢ ʤʝʪʦʜʳ ʥʝʡʨʦʚʠʟʫʘʣʠʟʘʮʠʠ: 

ʤʘʛʥʠʪʥʦ-ʨʝʟʦʥʘʥʩʥʘʷ ʠ ʧʦʟʠʪʨʦʥʥʦ-ʵʤʠʩʩʠʦʥʥʘʷ, ʢʦʪʦʨʳʝ ʤʘʥʠʧʫʣʠʨʫʶʪ ʦʛʨʦʤʥʳʤʠ ʦʙʲʝʤʘʤʠ ʜʘʥʥʳʭ ʦ 

ʩʪʨʫʢʪʫʨʝ ʠ ʘʢʪʠʚʥʦʩʪʠ ʨʘʟʣʠʯʥʳʭ ʦʙʣʘʩʪʝʡ ʤʦʟʛʘ. ʅʝʡʨʦʩʝʪʠ ʷʚʣʷʶʪʩʷ ʥʝʟʘʤʝʥʠʤʳʤ ʠʥʩʪʨʫʤʝʥʪʦʤ ʜʣʷ 

ʘʥʘʣʠʟʘ ʠ ʠʥʪʝʨʧʨʝʪʘʮʠʠ ʵʪʦʡ ʠʥʬʦʨʤʘʮʠʠ, ʦʙʥʘʨʫʞʠʚʘʷ ʩʢʨʳʪʳʝ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ ʠ ʚʳʷʚʣʷʷ ʩʚʷʟʠ ʤʝʞʜʫ 

ʘʢʪʠʚʥʦʩʪʴʶ ʤʦʟʛʘ ʠ ʢʦʛʥʠʪʠʚʥʳʤʠ ʧʨʦʮʝʩʩʘʤʠ. 
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Abstract.  The report examines the prospects of using artificial neural networks to understand the complex 

processes of functioning of biological neurons and the human brain as a whole. 
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ɸʥʥʦʪʘʮʠʷ 

ʇʨʠʚʝʜʝʥʳ ʦʙʦʩʥʦʚʘʥʠʷ ʨʦʩʪʘ ʨʘʟʤʝʨʘ ʮʠʬʨʦʚʦʛʦ ʨʷʜʘ, ʧʨʠʥʷʪʦʛʦ ʢ ʠʩʩʣʝʜʦʚʘʥʠʶ ʤʝʪʦʜʘʤʠ HRV 

ʠ ɺʉʈ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʩ ʦʜʥʦʡ ʩʪʦʨʦʥʳ ʧʨʠʤʝʥʝʥʠʝ ʵʪʠʭ ʤʝʪʦʜʦʚ ʚʦʟʤʦʞʥʦ ʪʦʣʴʢʦ ʧʨʠ ʦʧʨʝʜʝʣʝʥʥʳʭ 

ʫʩʣʦʚʠʷʭ, ʘ ʩ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ, ʝʩʣʠ ʵʪʦ ʧʨʠʤʝʥʝʥʠʝ, ʚʦʟʤʦʞʥʦ, ʪʦ ʠʩʩʣʝʜʦʚʘʥʠʝ ʤʦʞʝʪ ʙʳʪʴ ʫʩʠʣʝʥʦ 

ʧʦʩʪʨʦʝʥʠʝʤ ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʭ ʮʠʬʨʦʚʳʭ ʨʷʜʦʚ ʧʦ ʘʥʩʘʤʙʣʶ ʦʙʩʣʝʜʫʝʤʳʭ. ɺ ʪʘʢʠʭ ʩʣʫʯʘʷʭ ʢʦʣʠʯʝʩʪʚʦ 

ʧʦʢʘʟʘʪʝʣʝʡ ʨʠʪʤʘ ʜʦʣʞʥʦ ʙʳʪʴ ʦʙʦʩʥʦʚʘʥʥʦ ʫʤʝʥʴʰʝʥʦ.  

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʩʪʘʪʠʩʪʠʯʝʩʢʠʡ ʤʝʪʦʜ, ʨʠʪʤʦʛʨʘʤʤʘ ʩʝʨʜʮʘ, , ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʝ ʨʷʜʳ ʧʦʢʘʟʘʪʝʣʝʡ  

 

ɺʚʝʜʝʥʠʝ. ɼʠʩʢʨʝʪʥʦʩʪʴ, ʥʝʧʨʝʨʳʚʥʦʩʪʴ ʠ ʠʥʬʦʨʤʘʮʠʷ. ɽʩʣʠ ʥʘ ʢʘʢʦʡ-ʥʠʙʫʜʴ ʪʠʧ ʜʚʠʞʝʥʠʷ ʚ 

ʩʠʩʪʝʤʝ ʤʘʪʝʨʠʘʣʴʥʳʭ ʪʦʯʝʢ ʚʳʧʘʜʘʝʪ ʚ ʩʨʝʜʥʝʤ ʙʦʣʴʰʝ ʵʥʝʨʛʠʠ, ʪʦ ʪʘʢʦʡ ʪʠʧ ʜʚʠʞʝʥʠʷ ʚʳʜʝʣʷʝʪʩʷ ʢʘʢ 
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ʙʦʣʝʝ ʵʥʝʨʛʦʝʤʢʠʡ, ʘ  ʩʪʝʧʝʥʠ ʩʚʦʙʦʜʳ ʵʪʦʛʦ ʪʠʧʘ ʧʨʝʚʘʣʠʨʫʶʪ ʥʘʜ ʠʥʳʤʠ. ɽʩʣʠ ʞʝ ʩʨʝʜʥʷʷ ʵʥʝʨʛʠʷ ʜʣʷ 

ʚʩʝʭ ʪʠʧʦʚ ʜʚʠʞʝʥʠʷ ʦʜʠʥʘʢʦʚʘ, ʪʦ ʠ ʚʩʝ ʵʪʠ ʪʠʧʳ ʦʜʠʥʘʢʦʚʦ ʥʝʨʘʟʣʠʯʠʤʳ ʚ ʠʭ ʢʦʣʣʝʢʪʠʚʥʦʡ ʜʠʥʘʤʠʢʝ. ɺ 

ʪʘʢʦʤ ʩʣʫʯʘʝ ʯʘʩʪʠʮʳ ʜʦʣʞʥʳ ʠ ʧʦʛʣʦʱʘʪʴ ʵʥʝʨʛʠʶ ʦʜʠʥʘʢʦʚʦ ʧʦ ʩʪʝʧʝʥʷʤ ʩʚʦʙʦʜʳ. ʄʝʨʘ ʪʘʢʦʡ 

ʩʧʦʩʦʙʥʦʩʪʠ ʢ ʧʦʛʣʦʱʝʥʠʶ ï ʪʝʧʣʦʝʤʢʦʩʪʴ. ʈʘʟʚʠʚʘʷ ʪʝʦʨʠʶ ʪʝʧʣʦʝʤʢʦʩʪʠ ɼʞ. ʂ. ʄʘʢʩʚʝʣʣ ʫʢʘʟʘʣ, ʯʪʦ ʥʘ 

ʢʘʞʜʫʶ ʩʪʝʧʝʥʴ ʩʚʦʙʦʜʳ ʢʘʞʜʦʛʦ ʪʠʧʘ ʜʚʠʞʝʥʠʷ ʧʨʠʭʦʜʠʪʩʷ ʚ ʩʨʝʜʥʝʤ ʦʜʠʥʘʢʦʚʘʷ ʵʥʝʨʛʠʷ ʪʦʣʴʢʦ ʚ ʩʣʫʯʘʝ 

ʚʥʫʪʨʝʥʥʝʛʦ ʩʪʘʪʠʩʪʠʯʝʩʢʦʛʦ ʨʘʚʥʦʚʝʩʠʷ. ɺ ʵʪʦʤ ʩʦʩʪʦʷʥʠʠ ʛʘʟ ï ʩʪʘʪʠʩʪʠʯʝʩʢʠʡ ʘʥʩʘʤʙʣʴ ʦʜʠʥʘʢʦʚʳʭ 

ʯʘʩʪʠʮ ʧʦ ʩʨʝʜʥʠʤ ʵʥʝʨʛʠʷʤ. ʊʦʣʴʢʦ ʪʘʢ ʠ ʤʦʞʥʦ ʩʚʷʟʘʪʴ ʵʥʝʨʛʠʶ ʩ ʪʝʤʧʝʨʘʪʫʨʦʡ [1]. ɼʦ ʵʪʦʛʦ ʚ ʥʘʫʢʝ 

ʧʨʝʚʘʣʠʨʦʚʘʣʦ ʧʦʥʷʪʠʝ ʃʝʡʙʥʠʮʘ ʦ ʥʝʧʨʝʨʳʚʥʦʤ (ʢʘʢ ʚʨʝʤʷ) ʧʨʦʩʪʨʘʥʩʪʚʝ, ʜʣʷ ʢʦʪʦʨʦʛʦ ʯʠʩʣʦ ʩʪʝʧʝʥʝʡ 

ʩʚʦʙʦʜʳ ʩʪʨʝʤʠʣʦʩʴ ʢ ʙʝʩʢʦʥʝʯʥʦʩʪʠ, ʯʪʦ ʩʚʦʜʠʣʘ ʚʦʟʤʦʞʥʦʩʪʴ ʚʚʝʜʝʥʠʷ ʧʦʥʷʪʠʷ ʪʝʤʧʝʨʘʪʫʨʳ ʢ ʥʫʣʶ.  

ʇʨʠ ʩʦʟʜʘʥʠʠ ʪʝʦʨʠʠ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʭ ʢʦʣʝʙʘʥʠʡ ʠ ʚʦʣʥ ʄʘʢʩʚʝʣʣ ʦʧʷʪʴ ʩʪʦʣʢʥʫʣʩʷ ʩ ʵʪʦʡ ʞʝ 

ʧʨʦʙʣʝʤʦʡ: ʥʝʩʫʱʘʷ ʩʨʝʜʘ (ʵʬʠʨ) ʦʢʘʟʘʣʘʩʴ ʥʝʧʨʝʨʳʚʥʦʡ. ʊʝʦʨʝʪʠʯʝʩʢʠ ʧʨʠʥʠʤʘʪʴ ʵʥʝʨʛʠʶ ʵʪʘ ʩʨʝʜʘ ʤʦʛʣʘ 

ʩʢʦʣʴ ʫʛʦʜʥʦ ʤʥʦʛʦ, ʥʦ ʚʝʣʘ ʩʝʙʷ ʧʘʩʩʠʚʥʦ ï ʙʝʟ ʥʘʛʨʝʚʘ?! ʉ ʦʜʥʦʡ ʩʪʦʨʦʥʳ, ʨʘʜʠʘʮʠʷ ʠ ʪʝʤʧʝʨʘʪʫʨʘ 

ʦʢʘʟʘʣʠʩʴ ʚʥʦʚʴ ʨʘʟʚʝʜʝʥʥʳʤʠ ʠ ʥʝʩʦʧʦʩʪʘʚʠʤʳʤʠ. ʉ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ, ʧʨʦʮʝʩʩ ʧʨʦʭʦʞʜʝʥʠʷ ʨʘʜʠʘʮʠʠ 

ʯʝʨʝʟ ʵʬʠʨ ʩʪʘʥʦʚʠʣʩʷ ʧʦ ʦʧʨʝʜʝʣʝʥʠʶ ʨʘʚʥʦʚʝʩʥʳʤ ʠ ʦʙʨʘʪʠʤʳʤ. ʇʨʠ ʨʘʩʩʤʦʪʨʝʥʠʠ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʭ 

ʚʦʣʥ ʚ ʵʬʠʨʝ ʧʨʦʙʣʝʤ ʥʝ ʚʦʟʥʠʢʘʣʦ. ʅʦ ʧʨʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʠ ʠʭ ʚ ʤʘʪʝʨʠʠ ʩʨʘʟʫ ʚʦʟʥʠʢʘʣʘ ʧʨʦʙʣʝʤʘ 

ʫʩʪʘʥʦʚʣʝʥʠʷ ʨʘʚʥʦʚʝʩʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʧʦ ʪʝʤʧʝʨʘʪʫʨʝ. ɿʥʘʯʠʪ ʧʨʠ ʠʟʣʫʯʝʥʠʠ ʩʚʝʪʘ ʤʘʪʝʨʠʘʣʴʥʳʤʠ ʪʝʣʘʤʠ, 

ʥʝʦʙʭʦʜʠʤʦ ʙʳʣʦ ʯʪʦ-ʪʦ ʧʨʠʜʫʤʘʪʴ. ʕʪʦ ʠ ʩʜʝʣʘʣ ʄʘʢʩ ʇʣʘʥʢ, ʧʨʝʜʧʦʣʦʞʠʚ, ʯʪʦ ʨʘʜʠʘʮʠʷ ʤʦʞʝʪ 

ʠʟʣʫʯʘʪʴʩʷ ʦʧʨʝʜʝʣʝʥʥʳʤʠ ʧʦʨʮʠʷʤʠ, ʢʚʘʥʪʘʤʠ, ʯʝʤ ʧʦʣʥʦʩʪʴʶ ʨʘʟʨʫʰʠʣ ʧʦʟʠʮʠʠ ʥʝʧʨʝʨʳʚʥʦʛʦ 

ʠʟʣʫʯʝʥʠʷ. ɸ, ʜʘʣʝʝ, ɼʞʦʟʘʡʷ ɻʠʙʙʩ ʟʘʤʝʥʠʣ ʚ ʩʪʘʪʠʩʪʠʯʝʩʢʦʡ ʤʝʭʘʥʠʢʝ ʜʝʪʝʨʤʠʥʠʟʤ ï ʥʘ ʠʥʜʝʪʝʨʤʠʥʠʟʤ 

[1]. 

ʊʘʢʦʝ çʧʦʣʦʞʝʥʠʝ ʚʝʱʝʡè ʧʦʣʥʦʩʪʴʶ ʠʩʢʣʶʯʘʣʦ ʩʫʱʝʩʪʚʦʚʘʥʠʝ ʠʥʬʦʨʤʘʮʠʦʥʥʦʛʦ ʧʦʪʦʢʘ ʢʘʢ 

ʩʘʤʦʩʪʦʷʪʝʣʴʥʦʡ ʩʫʱʥʦʩʪʠ, ʪ.ʢ. ʧʦ ʩʦʜʝʨʞʘʥʠʶ ʠ ʜʠʥʘʤʠʢʝ ʦʥ ʦʢʘʟʘʣʩʷ ʚ ʘʙʩʦʣʶʪʥʦʡ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ 

ʤʘʪʝʨʠʘʣʴʥʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ ʠ ʚʨʝʤʝʥʠ. ʂʨʦʤʝ ʵʪʦʛʦ, ʦʙʱʝʧʨʠʥʷʪʦʝ (ʛʜʝ ʥʘʜʦ ʠ ʛʜʝ ʥʝ ʥʘʜʦ) ʧʦʥʷʪʠʝ 

ʩʨʝʜʥʝʛʦ ʫʥʠʯʪʦʞʘʝʪ ʠ ʩʘʤʦ ʧʦʥʷʪʠʝ ʠʥʬʦʨʤʘʮʠʠ, ʥʝ ʛʦʚʦʨʷ ʫʞʝ ʦ ʧʦʧʳʪʢʝ ʩʦʚʤʝʱʝʥʠʷ ʵʥʝʨʛʠʠ ʠ 

ʠʥʬʦʨʤʘʮʠʠ [2].  

ɺʦʟʚʨʘʪʠʤʩʷ ʢ ʪʦʤʫ ʧʦʣʦʞʝʥʠʶ, ʦʪ ʢʦʪʦʨʦʛʦ ʥʝ ʦʪʢʘʟʘʣʩʷ ɼʞ. ʄʘʢʩʚʝʣʣ, ʥʦ ʦʪʢʘʟʘʣʘʩʴ ʢʣʘʩʩʠʯʝʩʢʘʷ 

ʬʠʟʠʢʘ [2]. ɽʩʣʠ ʧʨʠʥʷʪʴ ʥʦʩʠʪʝʣʝʤ, ʠʩʪʦʯʥʠʢʦʤ ʠ ʩʪʦʢʦʤ ʠʥʬʦʨʤʘʮʠʠ ʥʝʧʨʝʨʳʚʥʫʶ ʩʨʝʜʫ ʵʬʠʨ, ʘ 

ʤʘʪʝʨʠʶ ï ʧʨʦʠʟʚʦʜʥʦʡ ʦʪ ʵʬʠʨʘ ʠ ʵʥʝʨʛʠʠ, ʪʦ ʠʥʬʦʨʤʘʮʠʷ ʠ ʵʥʝʨʛʠʷ ʦʨʛʘʥʠʟʫʶʪ ʢʦʤʧʣʝʤʝʥʪʘʨʥʫʶ ʧʘʨʫ 

ʩʫʙʩʪʘʥʮʠʡ, ʧʨʝʜʦʧʨʝʜʝʣʷʶʱʫʶ ʢʦʤʧʣʝʤʝʥʪʘʨʥʦʩʪʴ ʧʘʨʘʤʝʪʨʠʯʝʩʢʫʶ: ʬʘʟʳ ʠ ʘʤʧʣʠʪʫʜʳ. ɺ ʪʘʢʦʤ ʩʣʫʯʘʝ 

ʵʥʝʨʛʠʶ ʧʦʛʣʦʱʘʝʪ ʤʘʪʝʨʠʷ, ʘ ʵʬʠʨ ʝʝ ʧʨʦʧʫʩʢʘʝʪ, ʦʥ ʧʘʩʩʠʚʝʥ ʢ ʵʥʝʨʛʠʠ ʠ ʥʝ ʠʟʣʫʯʘʝʪ ʝʝ, ʥʦ ʘʢʢʫʤʫʣʠʨʫʝʪ 

ʠʥʬʦʨʤʘʮʠʶ. ʕʬʠʨ, ʢʘʢ ʥʦʩʠʪʝʣʴ ʨʠʪʤʦʚ, ʠ ʝʩʪʴ ʠʥʬʦʨʤʘʮʠʦʥʥʘʷ ʩʨʝʜʘ. ɺ ʵʬʠʨʝ ʧʦʪʝʨʴ ʧʦ ʧʨʠʥʷʪʦʤʫ 

ʦʧʨʝʜʝʣʝʥʠʶ ʥʝ ʤʦʞʝʪ ʙʳʪʴ: çʈʫʢʦʧʠʩʠ ʥʝ ʛʦʨʷʪ!è. ʕʬʠʨ ʧʝʨʚʠʯʝʥ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʤʘʪʝʨʠʠ ʠ ʵʥʝʨʛʠʠ. ʆʥ 

ʧʨʝʜʩʪʘʚʣʷʝʪ ʠʥʬʦʨʤʘʮʠʦʥʥʦʝ ʧʦʣʝ: ʠʥʬʦʨʤʘʮʠʦʥʥʳʡ ʬʦʥ ʠ ʠʥʬʦʨʤʘʮʠʦʥʥʫʶ ʚʘʨʠʘʙʝʣʴʥʦʩʪʴ, 

ʬʦʨʤʠʨʫʶʱʠʝ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʵʥʝʨʛʠʠ. ʀʥʬʦʨʤʘʮʠʷ ʥʝ ʪʨʘʥʩʬʦʨʤʠʨʫʝʪʩʷ ʠ ʥʝ ʢʦʥʚʝʨʪʠʨʫʝʪʩʷ ʚ ʵʥʝʨʛʠʶ. 

ʇʨʠʨʦʜʘ ʥʝ ʧʨʝʜʫʩʤʘʪʨʠʚʘʝʪ ʪʘʢʠʝ ʧʝʨʝʭʦʜʥʳʝ ʧʨʦʮʝʩʩʳ. ʕʥʝʨʛʠʷ ʩʪʨʦʛʦ ʩʣʝʜʫʝʪ ʚ ʩʚʦʠʭ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦ-

ʚʨʝʤʝʥʥʳʭ ʨʘʩʧʨʝʜʝʣʝʥʠʷʭ ʟʘ ʠʥʬʦʨʤʘʮʠʝʡ. ʇʨʠ ʥʝʦʙʨʘʪʠʤʳʭ ʠʟʤʝʥʝʥʠʷʭ ʚ ʨʘʩʧʨʝʜʝʣʝʥʠʠ ʵʥʝʨʛʠʠ 

ʠʥʬʦʨʤʘʮʠʷ ʜʝʪʘʣʴʥʦ ʪʝʨʷʝʪ ʢʦʣʠʯʝʩʪʚʦ, ʦʙʨʝʪʘʷ ʥʦʚʦʝ ʠʥʬʦʨʤʘʮʠʦʥʥʦʝ ʢʘʯʝʩʪʚʦ ʛʘʨʤʦʥʠʠ. 

ɼʣʷ ʯʝʣʦʚʝʢʘ ʚʥʝʰʥʷʷ ʠʥʬʦʨʤʘʮʠʷ ʢʦʥʚʝʨʪʠʨʫʝʪʩʷ ʚ ʢʦʣʠʯʝʩʪʚʦ ʠ ʢʘʯʝʩʪʚʦ ʵʤʦʮʠʡ. ʕʤʦʮʠʠ 

(ʚʦʣʥʦʚʦʡ ʧʨʠʨʦʜʳ) ʢʦʥʚʝʨʪʠʨʫʶʪʩʷ ʚ ʩʤʳʩʣʦʚʳʝ ʤʦʪʠʚʘʮʠʠ ʠ, ʜʘʣʝʝ, - ʚ ʩʤʳʩʣ ʜʝʡʩʪʚʠʷ, ʟʘʭʚʘʪʳʚʘʶʱʠʡ 

ʥʝʦʙʭʦʜʠʤʳʡ ʠ ʭʘʨʘʢʪʝʨʥʳʡ ʠʥʪʝʨʚʘʣ ʚʨʝʤʝʥʠ [3]. ʊʝʧʝʨʴ ʩʣʝʜʫʝʪ ʛʦʚʦʨʠʪʴ ʧʨʠ ʦʧʨʝʜʝʣʝʥʠʠ ʧʝʨʚʦʛʦ 

ʧʨʠʥʮʠʧʘ ʢʦʜʠʨʦʚʘʥʠʷ ʠʥʬʦʨʤʘʮʠʠ, ʯʪʦ ʜʣʠʪʝʣʴʥʦʩʪʴ ʠʤʧʫʣʴʩʘ ʧʨʠ ʚʭʦʜʝ ʥʝ ʤʝʥʷʝʪʩʷ, ʙʫʜʪʦ ʙʳ 

ʠʥʬʦʨʤʘʮʠʷ ʦ ʥʝʡ ʫʞʝ ʥʘʭʦʜʠʪʩʷ ʠ ʜʫʙʣʠʨʫʝʪʩʷ ʚ ʢʘʞʜʦʡ ʪʦʯʢʝ ʤʦʟʛʘ. ɹʦʣʝʝ ʪʦʛʦ, ʠ ʠʥʬʦʨʤʘʮʠʷ ʦʙ 

ʘʤʧʣʠʪʫʜʝ (ʵʥʝʨʛʠʠ) ʢʦʥʚʝʨʪʠʨʫʝʪʩʷ ʚ ʯʘʩʪʦʪʫ ʨʘʟʨʷʜʦʚ, ʪ.ʝ. ʬʘʟʦʚʫʶ ʧʩʝʚʜʦ-ʩʦʩʪʘʚʣʷʶʱʫʶ [4]. 

ɻʝʥʝʨʘʪʦʨʥʳʡ ʧʦʪʝʥʮʠʘʣ ʤʦʜʫʣʠʨʦʚʘʥ ʜʣʠʥʥʦʚʦʣʥʦʚʳʤ ʚʥʝʰʥʠʤ ʩʠʛʥʘʣʦʤ. ɼʘʣʝʝ ʤʦʟʛ ʨʘʙʦʪʘʝʪ ʪʦʣʴʢʦ ʩ 

ʬʘʟʦʚʳʤʠ ʩʦʩʪʘʚʣʷʶʱʠʤʠ, ʢ ʢʦʪʦʨʳʤ ʜʦʙʘʚʣʷʝʪʩʷ ʧʨʝʜʤʝʪʥʘʷ ʚʦʣʥʘ ʧʫʣʴʩʘ! ʈʠʪʤ ʩʝʨʜʮʘ ʦʙʷʟʘʥ ʙʳʪʴ 

ʩʦʛʣʘʩʦʚʘʥ ʩ ʥʝʩʫʱʝʡ, ʢʦʪʦʨʘʷ ʧʝʨʚʠʯʥʘʷ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʧʫʣʴʩʦʚʦʡ ʚʦʣʥʝ. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʧʦʜʩʪʨʘʠʚʘʪʴʩʷ 

ʦʙʷʟʘʥʘ ʧʫʣʴʩʦʚʘʷ ʚʦʣʥʘ ʜʣʷ ʥʝʜʦʧʫʱʝʥʠʷ ʜʝʩʠʥʭʨʦʥʠʟʘʮʠʠ ʚ ʤʘʩʰʪʘʙʝ ʟʘʜʘʥʥʦʡ ʦʩʥʦʚʥʦʡ ʜʣʠʥʥʦʡ 

ʚʦʣʥʦʡ, ʦʧʨʝʜʝʣʷʶʱʝʡ çʠʥʬʦʨʤʘʮʠʦʥʥʳʡ ʢʚʘʥʪ ʜʝʡʩʪʚʠʷè, ʟʘʜʘʶʱʠʡ ʤʦʪʠʚʘʮʠʦʥʥʳʡ ʩʤʳʩʣ ʞʠʟʥʠ ʮʝʣʳʤ 

ʧʦʢʦʣʝʥʠʷʤ ʣʶʜʝʡ. ʀʤʝʥʥʦ ʟʘ ʵʪʦ ʦʨʛʘʥʠʟʤ ʯʝʣʦʚʝʢʘ çʧʣʘʪʠʪè ʵʤʦʮʠʷʤʠ. ʉ ʦʜʥʦʡ ʩʪʦʨʦʥʳ, ʫʪʚʝʨʞʜʝʥʠʝ 

ʩʧʦʨʥʦʝ, ʥʦ ʘʚʪʦʨ ʥʝ ʚʠʜʠʪ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ ʙʝʟ ʦʙʨʘʪʥʦʡ ʩʚʷʟʠ. ʉ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ, ʥʝʩʣʘʜʢʦ ʧʨʠʭʦʜʠʪʩʷ 

ʠʩʩʣʝʜʦʚʘʪʝʣʶ (ʙʠʦʬʠʟʠʢʫ). ɼʣʷ ʜʦʩʪʠʞʝʥʠʷ ʩʘʤʦʡ ʦʩʥʦʚʳ, ʜʘʥʥʦʩʪʠ, ʝʤʫ ʧʨʠʜʝʪʩʷ ʠʩʩʣʝʜʦʚʘʪʴ ʦʩʥʦʚʥʫʶ 

ʚʦʣʥʫ ʚ ʠʥʪʝʨʚʘʣʝ ʢʘʢ ʤʠʥʠʤʫʤ ʧʦʣʫʜʣʠʥʳ ʚʦʣʥʳ [5]. ɸ ʵʪʦ ʤʦʞʝʪ ʙʳʪʴ ʠ ʧʦʣʞʠʟʥʠ. ʇʨʠʥʠʤʘʷ ʩʘʤʫ 

ʚʦʟʤʦʞʥʦʩʪʴ ʨʘʟʣʦʞʝʥʠʷ ʦʩʥʦʚʥʦʡ ʚʦʣʥʳ ʵʬʠʨʘ ʥʘ ʤʦʜʳ ʚ ʯʝʣʦʚʝʯʝʩʢʦʤ ʦʨʛʘʥʠʟʤʝ, ʩʪʘʚʠʤ ʮʝʣʴ ʨʘʙʦʪʳ ʚ 

ʦʧʨʝʜʝʣʝʥʠʠ ʤʠʥʠʤʘʣʴʥʦʡ ʧʦ ʯʘʩʪʦʪʝ ʤʦʜʳ ʚ ʧʦʜʩʪʨʘʠʚʘʶʱʝʤʩʷ ʨʠʪʤʝ ʩʝʨʜʮʘ ʧʦ ʤʝʪʦʜʠʢʝ 



ʉɽʂʎʀʗ 2 - ɹʠʦʢʠʙʝʨʥʝʪʠʢʘ ʠ ʤʘʪʝʤʘʪʠʯʝʩʢʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ                  120 

 

 

XVI ʄʝʞʜʫʥʘʨʦʜʥʘʷ ʅʘʫʯʥʘʷ ʂʦʥʬʝʨʝʥʮʠʷ "ʌʠʟʠʢʘ ʠ ʈʘʜʠʦʵʣʝʢʪʨʦʥʠʢʘ ʚ ʄʝʜʠʮʠʥʝ ʠ ʕʢʦʣʦʛʠʠ" 

 

ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʭ ʮʠʬʨʦʚʳʭ ʨʷʜʦʚ ʧʦʢʘʟʘʪʝʣʝʡ ʤʝʪʦʜʘ ʦʮʝʥʢʠ ʚʘʨʠʘʙʝʣʴʥʦʩʪʠ ʩʝʨʜʝʯʥʦʛʦ ʨʠʪʤʘ (ɺʉʈ) [6] ʠ 

ʩʪʘʥʜʘʨʪʦʚ HRV[7]. ʉʣʫʰʘʡ ʨʠʪʤ ʩʝʨʜʮʘ, ʫʩʣʳʰʠʰʴ ʨʠʪʤʳ ʘʪʤʦʩʬʝʨʳ ʠ ʚʩʝʣʝʥʥʦʡ! 

 

ʄʘʪʝʨʠʘʣʳ ʠ ʤʝʪʦʜʳ.  

ʏʪʦʙʳ ʠʩʧʦʣʴʟʦʚʘʪʴ ʧʦʥʷʪʠʝ ʩʪʘʪʠʩʪʠʯʝʩʢʠʡ ʘʥʩʘʤʙʣʴ, ʠʣʠ, ʚʦ ʚʩʷʢʦʤ ʩʣʫʯʘʝ, ʥʝʜʘʣʝʢʦ ʦʪ ʥʝʛʦ 

ʦʪʭʦʜʠʪʴ, ʥʝʦʙʭʦʜʠʤʦ ʠʤʝʪʴ ʥʝ ʪʦʣʴʢʦ ʦʜʠʥʘʢʦʚʳʝ ʧʨʠʟʥʘʢʠ ʦʙʲʝʢʪʦʚ ʠʣʠ ʩʫʙʲʝʢʪʦʚ, ʥʦ ʠ ʙʦʣʴʰʦʝ ʠʭ 

ʢʦʣʠʯʝʩʪʚʦ. ʀʩʩʣʝʜʦʚʘʪʝʣʴʩʢʘʷ ʨʘʙʦʪʘ ʚʩʝʛʜʘ ʧʨʦʚʦʜʠʪʩʷ ʚʦ ʚʨʝʤʝʥʠ, ʧʦʵʪʦʤʫ ʙʘʟʘ ʜʘʥʥʳʭ ʥʘʙʠʨʘʝʪʩʷ 

ʧʦʩʪʝʧʝʥʥʦ, ʘ ʧʝʨʚʠʯʥʳʡ ʘʥʘʣʠʟ ʧʨʦʚʦʜʠʪʩʷ ʚ ʫʩʣʦʚʠʷʭ ʦʛʨʘʥʠʯʝʥʥʦʡ ʙʘʟʳ ʜʘʥʥʳʭ. ɼʘʣʝʝ ʢʦʣʠʯʝʩʪʚʦ 

ʜʘʥʥʳʭ (ʨʝʛʠʩʪʨʘʮʠʡ) ʨʘʩʪʝʪ, ʙʘʟʘ ʜʘʥʥʳʭ ʨʘʩʪʝʪ, ʘʥʘʣʠʟ ʧʨʦʜʦʣʞʘʝʪʩʷ ʚ ʫʩʣʦʚʠʷʭ ʥʘʨʘʩʪʘʶʱʝʡ ʙʘʟʳ 

ʜʘʥʥʳʭ. ʇʨʠʭʦʜʠʪ ʚʨʝʤʷ ʧʦʚʝʨʢʠ ʠʩʭʦʜʥʳʭ ʚʳʚʦʜʦʚ. ɽʩʣʠ ʚʳʚʦʜʳ ʩʦʚʧʘʜʘʶʪ, ʪʦ ʠʩʭʦʜʥʘʷ ʙʘʟʘ ʜʘʥʥʳʭ 

ʧʨʝʜʧʦʣʘʛʘʝʪʩʷ ʩʪʘʪʠʩʪʠʯʝʩʢʠ ʟʥʘʯʠʤʦʡ ʩ ʜʘʣʴʥʝʡʰʝʡ ʧʨʦʚʝʨʢʦʡ, ʝʩʣʠ ʞʝ ʚʳʚʦʜʳ ʣʠʰʴ ʧʦʜʪʚʝʨʞʜʘʶʪʩʷ, 

ʥʘʧʨʠʤʝʨ: ʫʢʨʝʧʣʝʥʠʝʤ ʪʝʩʥʦʪʳ ʩʪʘʪʠʩʪʠʯʝʩʢʦʡ ʩʚʷʟʠ, ʪʦ ʦʥʠ ʤʦʛʫʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ ʚ ʩʩʳʣʢʘʭ ʚ 

ʢʘʯʝʩʪʚʝ ʧʦʜʪʚʝʨʞʜʘʶʱʠʭ ʨʝʟʫʣʴʪʘʪʦʚ. ʀʩʩʣʝʜʫʶʪʩʷ ʨʠʪʤʦʛʨʘʤʤʳ ʟʜʦʨʦʚʳʭ ʤʦʣʦʜʳʭ ʣʶʜʝʡ ʚ ʠʥʪʝʨʚʘʣʝ 

17 ï 24 ʛʦʜʘ. ɺʩʝ ʤʦʣʦʜʳʝ ʣʶʜʠ ʚ ʨʘʙʦʪʘʭ ʘʚʪʦʨʘ ʦʙʦʟʥʘʯʝʥʳ ʢʘʢ ʫʩʣʦʚʥʦ ʟʜʦʨʦʚʳʝ ʦʙʩʣʝʜʫʝʤʳʝ (ʋɿʆ). ʕʪʦ 

ʦʙʦʟʥʘʯʝʥʠʝ ʙʳʣʦ ʚʚʝʜʝʥʦ ʘʚʪʦʨʦʤ, ʧʦʩʣʝ ʪʦʛʦ ʢʘʢ ʝʤʫ ʧʦʩʦʚʝʪʦʚʘʣʠ ʧʦʩʣʝ ʨʝʛʠʩʪʨʘʮʠʠ ʧʨʦʚʦʜʠʪʴ 

ʥʝʙʦʣʴʰʦʡ ʦʧʨʦʩ (ʘʥʘʤʥʝʟ). ʆʢʘʟʘʣʦʩʴ, ʯʪʦ ʤʥʦʛʠʝ ʩʪʫʜʝʥʪʳ ʠʤʝʶʪ ʚʨʦʞʜʝʥʥʳʝ ʟʘʙʦʣʝʚʘʥʠʷ ʠʣʠ ʥʘʭʦʜʷʪʩʷ 

ʧʦʜ ʧʨʠʩʤʦʪʨʦʤ ʚʨʘʯʝʡ ʚ ʩʚʷʟʠ ʩ ʧʨʠʦʙʨʝʪʝʥʥʳʤʠ ʦʪʢʣʦʥʝʥʠʷʤʠ ʟʜʦʨʦʚʴʷ. ʉ ʦʜʥʦʡ ʩʪʦʨʦʥʳ, ʚ ʠʭ ʚʦʟʨʘʩʪʝ 

ʦʪʢʣʦʥʝʥʠʷ ʧʨʦʷʚʣʷʶʪʩʷ ʩʣʘʙʦ, ʦʩʦʙʝʥʥʦ ʝʩʣʠ ʥʘʟʥʘʯʝʥʘ ʨʝʛʫʣʷʨʥʘʷ ʪʝʨʘʧʠʷ ʚ ʬʦʨʤʝ ʤʝʜʠʢʘʤʝʥʪʦʟʥʦʛʦ 

ʣʝʯʝʥʠʷ ʠʣʠ ʧʨʦʬʠʣʘʢʪʠʢʠ. ʉ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ ʚ ʪʘʢʦʤ ʚʦʟʨʘʩʪʝ ʦʥʠ ʦʯʝʥʴ ʙʳʩʪʨʦ ʟʘʪʫʭʘʶʪ [8].  

ɼʣʷ ʧʦʠʩʢʘ ʩʠʩʪʝʤʥʳʭ ʬʘʟʦʚʳʭ ʩʦʩʪʦʷʥʠʡ ʧʦ ʧʘʨʘʤʝʪʨʘʤ ʚʘʨʠʘʙʝʣʴʥʦʩʪʠ ʨʠʪʤʘ ʩʝʨʜʮʘ (ɺʉʈ) ʚʦ 

ʚʨʝʤʝʥʥʦʡ ʦʙʣʘʩʪʠ ʘʥʘʣʠʟʘ ʠ ʧʦʜʪʚʝʨʞʜʝʥʠʷ ʩʠʥʭʨʦʥʠʟʘʮʠʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʟʥʘʯʝʥʠʡ ʧʦʢʘʟʘʪʝʣʝʡ ʧʦ ʚʩʝʤ 

(N = 1130) ʦʙʩʣʝʜʫʝʤʳʤ ʚʩʝ ʵʣʝʢʪʨʦʢʘʨʜʠʦʛʨʘʤʤʳ (ʕʂɻ) ʙʳʣʠ ʢʦʥʚʝʨʪʠʨʦʚʘʥʳ ʚ ʨʠʪʤʦʛʨʘʤʤʳ ʩ 

ʧʦʩʣʝʜʫʶʱʠʤ ʨʘʩʯʝʪʦʤ ʚʩʝʭ ʧʦʢʘʟʘʪʝʣʝʡ ʠ ʠʥʜʝʢʩʦʚ HRV ʠ ʧʘʨʘʤʝʪʨʦʚ ɺʉʈ [3 ï 6]. ɼʣʷ ʥʘʛʣʷʜʥʦʛʦ 

ʧʦʜʪʚʝʨʞʜʝʥʠʷ ʨʘʥʝʝ ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ [9] ʧʨʠʚʝʜʝʤ ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʝ ʨʷʜʳ ʪʨʝʭ ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ 

ʧʦʢʘʟʘʪʝʣʝʡ ʠ ʠʥʜʝʢʩʦʚ HRV ʨʠʪʤʦʛʨʘʤʤ ʫʞʝ ʜʣʷ ʚʩʝʭ N = 1130 ʦʙʩʣʝʜʦʚʘʥʥʳʭ ʋɿʆ (ʨʝʛʠʩʪʨʘʮʠʠ 2008 ï 

2020 ʛʛ.): TINN ʠ Triangular Index ʠ ʩʪʘʥʜʘʨʪʥʦʛʦ ʦʪʢʣʦʥʝʥʠʷ. ʈʝʟʫʣʴʪʘʪʳ ʩʦʧʦʩʪʘʚʣʝʥʠʷ ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʭ 

ʮʠʬʨʦʚʳʭ ʨʷʜʦʚ ʧʦ ʫʢʘʟʘʥʥʳʤ ʧʘʨʘʤʝʪʨʘʤ ʨʘʟʤʝʨʘ N = 1130 ʧʨʠʚʝʜʝʥʳ ʚ ʪʘʙʣ.1. ʈʝʟʫʣʴʪʘʪʳ ʩʦʧʦʩʪʘʚʣʝʥʠʷ 

cʠʥʪʝʟʠʨʦʚʘʥʥʳʭ ʮʠʬʨʦʚʳʭ ʨʷʜʦʚ ʠʥʳʭ ʧʦʢʘʟʘʪʝʣʝʡ ʠ ʧʘʨʘʤʝʪʨʦʚ ʙʣʠʟʢʠ ʥʘʩʪʦʣʴʢʦ, ʯʪʦ ʚ ʧʨʘʢʪʠʢʝ 

ʦʙʨʘʙʦʪʢʠ ʜʘʥʥʳʭ ʧʨʠʥʠʤʘʶʪʩʷ ʠʜʝʥʪʠʯʥʳʤʠ [10]. ʆʯʝʥʴ ʩʣʘʙʘʷ ʩʪʘʪʠʩʪʠʯʝʩʢʘʷ ʩʚʷʟʴ ʩʫʱʝʩʪʚʫʝʪ ʤʝʞʜʫ 

ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʤʠ ʮʠʬʨʦʚʳʤʠ ʨʷʜʘʤʠ ʩʪʘʥʜʘʨʪʥʦʛʦ ʦʪʢʣʦʥʝʥʠʷ ů(N) ʠ ʩʨʝʜʥʝʛʦ ʟʥʘʯʝʥʠʷ <X>(N), ʘ ʟʥʘʯʠʪ 

ʠ ʤʦʜʦʡ ʄʦ(N). ʅʘʠʙʦʣʝʝ ʩʠʣʴʥʳʝ ʩʚʷʟʠ ʜʣʷ ʨʠʪʤʦʛʨʘʤʤ ʋɿʆ ʩʫʱʝʩʪʚʫʶʪ ʤʝʞʜʫ ʩʪʘʥʜʘʨʪʥʳʤ 

ʦʪʢʣʦʥʝʥʠʝʤ ů(N) ʠ ʧʦʢʘʟʘʪʝʣʷʤʠ: RMSSD(N)  ʠ Total Power(N). ʀʤʝʥʥʦ ʵʪʦ ʦʙʩʪʦʷʪʝʣʴʩʪʚʦ ʫʢʘʟʳʚʘʝʪ ʥʘ 

ʬʫʥʢʮʠʦʥʘʣʴʥʦʩʪʴ ʩʚʷʟʝʡ. 

ʊʘʙʣʠʮʘ 1 ʧʦʩʪʨʦʝʥʘ ʧʦ ʚʦʟʨʘʩʪʘʥʠʶ 

ʠʥʪʝʨʚʘʣʦʚ ʩʦʛʣʘʩʦʚʘʥʠʷ, ʯʪʦʙʳ ʤʦʞʥʦ ʙʳʣʦ 

ʫʙʝʜʠʪʴʩʷ ʦʙ ʠʜʝʥʪʠʯʥʦʩʪʠ ʧʦ ʩʦʛʣʘʩʦʚʘʥʠʶ ʨʘʟʥʳʭ 

ʫʯʘʩʪʢʦʚ (ʩʤ. ʚʳʰʝ) ʨʘʟʤʝʨʘ N. ʇʝʨʚʳʡ ʫʯʘʩʪʦʢ 

ʩʦʜʝʨʞʠʪ 100 ʟʥʘʯʝʥʠʡ ʧʘʨʘʤʝʪʨʘ, ʘ ʧʦʩʣʝʜʥʠʡ 1130, 

ʪ.ʝ. ʚʝʩʴ ʨʷʜ. ɿʥʘʯʝʥʠʷ ʢʦʵʬʬʠʮʠʝʥʪʦʚ r ʧʦʢʘʟʳʚʘʶʪ 

ʩʪʘʪʠʩʪʠʯʝʩʢʫʶ ʪʝʩʥʦʪʫ ʩʚʷʟʠ ʩʨʘʚʥʠʚʘʝʤʳʭ ʨʷʜʦʚ 

ʧʘʨʘʤʝʪʨʦʚ, ʙʣʠʟʢʫʶ ʢ ʬʫʥʢʮʠʦʥʘʣʴʥʦʡ (ʨʠʩ. 1).  

ʂʘʢ ʠʟʚʝʩʪʥʦ, ʢʦʵʬʬʠʮʠʝʥʪ ʢʦʨʨʝʣʷʮʠʠ 

ʇʠʨʩʦʥʘ r ï ʩʪʘʪʠʩʪʠʯʝʩʢʠʡ ʧʦʢʘʟʘʪʝʣʴ ʪʝʩʥʦʪʳ 

ʩʚʷʟʠ ʤʝʞʜʫ ʜʚʫʤʷ ʧʨʠʟʥʘʢʘʤʠ ʠ ʨʘʩʩʯʠʪʳʚʘʝʪʩʷ ʧʦ 

ʬʦʨʤʫʣʝ ʣʠʥʝʡʥʦʛʦ ʢʦʵʬʬʠʮʠʝʥʪʘ ʢʦʨʨʝʣʷʮʠʠ. ɺ 

ʢʚʘʜʨʘʪʠʯʥʦʡ ʩʪʝʧʝʥʠ ʵʪʦʪ ʢʦʵʬʬʠʮʠʝʥʪ ʦʙʨʝʪʘʝʪ ʠʥʦʝ ʥʘʟʚʘʥʠʝ ï ʢʦʵʬʬʠʮʠʝʥʪ ʘʧʧʨʦʢʩʠʤʘʮʠʠ R2 ʠ 

ʧʦʢʘʟʳʚʘʝʪ ʩʪʝʧʝʥʴ ʩʦʦʪʚʝʪʩʪʚʠʷ ʠʣʠ ʜʦʩʪʦʚʝʨʥʦʩʪʠ ʪʨʝʥʜʦʚʦʡ ʤʦʜʝʣʠ ʠʩʭʦʜʥʳʤ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʤ 

ʜʘʥʥʳʤ. ʇʨʠ ʘʥʘʣʠʟʝ ʯʘʱʝ ʛʦʚʦʨʷʪ ʦ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩʪʘʪʠʩʪʠʯʝʩʢʦʡ ʩʚʷʟʠ ʬʫʥʢʮʠʦʥʘʣʴʥʦʡ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ 

ʤʦʜʝʣʠ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʪʨʝʪʴʠ, ʯʝʪʚʝʨʪʳʝ ʠ ʪ.ʜ. ʧʘʨʘʤʝʪʨʳ ʚʣʠʷʥʠʷ ʦʪʩʫʪʩʪʚʫʶʪ. ʊʝʩʥʦʪʘ ʩʪʘʪʠʩʪʠʯʝʩʢʦʡ 

ʩʚʷʟʠ ʤʦʞʝʪ ʙʳʪʴ ʥʘʩʪʦʣʴʢʦ ʙʦʣʴʰʦʡ ʧʨʠ ʤʘʣʳʭ ʰʫʤʘʭ, ʯʪʦ ʤʝʞʜʫ ʜʚʫʤʷ ʧʨʠʟʥʘʢʘʤʠ ʚʳʜʝʣʷʝʪʩʷ 

ʧʨʘʢʪʠʯʝʩʢʠ ʪʦʣʴʢʦ ʣʠʥʝʡʥʘʷ ʩʚʷʟʴ ʚʠʜʘ y = ax + b. ʀʥʳʤʠ ʩʣʦʚʘʤʠ, ʝʩʣʠ ʦʜʥʘ ʚʝʣʠʯʠʥʘ ʚ ʮʠʬʨʦʚʦʤ ʨʷʜʫ 

ʥʘʯʠʥʘʝʪ ʨʘʩʪʠ, ʪʦ ʚʪʦʨʘʷ ʚʝʣʠʯʠʥʘ ʚʦ ʚʪʦʨʦʤ ʩʦʛʣʘʩʦʚʘʥʥʦʤ ʮʠʬʨʦʚʦʤ ʨʷʜʫ ʪʘʢʞʝ ʨʘʩʪʝʪ ʩ ʫʯʝʪʦʤ 

ʢʦʵʬʬʠʮʠʝʥʪʘ ʘ, ʪ.ʝ. ʩ ʠʥʦʡ ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʩʢʦʨʦʩʪʴʶ ʧʨʠ ʨʝʛʠʩʪʨʘʮʠʠ ʩʠʛʥʘʣʦʚ ʦʜʥʠʤ ʨʝʛʠʩʪʨʘʪʦʨʦʤ ʠ 

ʦʜʥʠʤ ʢʘʥʘʣʦʤ. ɽʩʣʠ ʞʝ ʵʪʦ ʥʝ ʪʘʢ, ʪʦ ʚʦʟʥʠʢʘʶʪ ʩʫʱʝʩʪʚʝʥʥʳʝ ʧʨʦʙʣʝʤʳ, ʩʚʷʟʘʥʥʳʝ ʩ ʨʘʟʥʦʡ ʥʘʩʪʨʦʡʢʦʡ 

ʢʘʥʘʣʦʚ, ʨʘʟʥʦʡ ɸʏʍ ʨʝʛʠʩʪʨʘʪʦʨʦʚ ʠ ʪ.ʧ. ʇʨʦʙʣʝʤʳ ʯʘʱʝ ʚʩʝʛʦ ʨʘʟʨʝʰʠʤʳʝ ʧʨʠ ʩʪʘʪʠʩʪʠʯʝʩʢʦʤ 

ʊʘʙʣʠʮʘ 1. ʂʦʵʬʬʠʮʠʝʥʪʳ ʢʦʨʨʝʣʷʮʠʠ r ʠ R2 

 ʈʷʜʳ ů ï Triangular Index ů - TINN 

N r R2 r R2 

100 0,935 0,87 0,924 0,85 

200 0,940 0,88 0,930 0,87 

400 0,924 0,85 0,916 0,84 

600 0,908 0,83 0,900 0,79 

800 0,906 0,82 0,886 0,78 

1000 0,908 0,82 0,890 0,79 

1130 0,907 0,82 0,900 0,79 
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ʩʦʧʦʩʪʘʚʣʝʥʠʠ ʜʚʫʭ ʠʣʠ ʥʝʩʢʦʣʴʢʠʭ ʩʠʛʥʘʣʦʚ ʦʪ ʨʘʟʥʳʭ ʨʝʛʠʩʪʨʘʪʦʨʦʚ ʚʚʝʜʝʥʠʝʤ ʪʨʝʪʴʝʛʦ 

ʦʪʢʘʣʠʙʨʦʚʘʥʥʦʛʦ ʵʪʘʣʦʥʥʦʛʦ ʨʝʛʠʩʪʨʘʪʦʨʘ ʩ ʠʟʚʝʩʪʥʳʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ. ɺ ʥʘʰʝʤ ʩʣʫʯʘʝ ʠ ʢʘʥʘʣ ʟʘʧʠʩʠ 

ʠ ʨʝʛʠʩʪʨʘʪʦʨ ʦʜʠʥ ʠ ʪʦʪ ʞʝ ʩ ʟʘʜʘʥʥʦʡ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴʶ ʠ ʫʩʠʣʝʥʠʝʤ. ʅʦ ʜʘʞʝ ʚ ʪʘʢʦʤ ʩʣʫʯʘʝ ʜʣʷ ʜʚʫʭ 

ʩʠʛʥʘʣʦʚ ʦʜʥʦʡ ʧʨʠʨʦʜʳ ʢʦʵʬʬʠʮʠʝʥʪ ʢʦʨʨʝʣʷʮʠʠ ʤʦʞʝʪ ʣʠʰʴ ʧʨʠʙʣʠʞʘʪʴʩʷ ʢ ʝʜʠʥʠʮʝ (ʠʣʠ ï 1 ʧʨʠ 

ʘʥʪʠʢʦʨʨʝʣʷʮʠʠ, ʪ.ʝ. ʦʙʨʘʪʥʦʡ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦʩʪʠ), ʫʢʘʟʳʚʘʷ ʥʘ ʪʨʘʥʩʬʦʨʤʘʮʠʶ ʩʪʘʪʠʩʪʠʯʝʩʢʦʡ ʩʚʷʟʠ ʚ 

ʬʫʥʢʮʠʦʥʘʣʴʥʫʶ ʩʚʷʟʴ.  

ʀʪʘʢ, ʩʣʫʯʘʡʥʘʷ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʨʝʛʠʩʪʨʠʨʫʝʤʳʭ ʨʠʪʤʦʛʨʘʤʤ ʋɿʆ ʚ ʙʘʟʝ ʜʘʥʥʳʭ ʩʠʥʪʝʟʠʨʫʝʪ 

ʩʣʫʯʘʡʥʳʝ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ, ʠʣʠ ʮʠʬʨʦʚʳʝ ʨʷʜʳ ʧʘʨʘʤʝʪʨʦʚ ʨʠʪʤʦʛʨʘʤʤʳ. ʊʝʤ ʥʝ ʤʝʥʝʝ, ʧʨʠ 

ʩʦʧʦʩʪʘʚʣʝʥʠʠ ʨʠʩ.  1 ʘ, ʙ ʦʪʯʝʪʣʠʚʦ ʚʠʜʥʦ, ʯʪʦ ʜʠʘʛʨʘʤʤʳ ʪʦʯʝʯʥʳʭ ʛʨʘʬʠʢʦʚ ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʭ ʮʠʬʨʦʚʳʭ 

ʨʷʜʦʚ ʧʦʢʘʟʘʪʝʣʷ TINN(ů) ʠ Triangular Index (ů) ʚʳʩʪʨʦʝʥʳ ʢʘʯʝʩʪʚʝʥʥʦ ʦʜʠʥʘʢʦʚʦ. ʕʪʦ ʦʟʥʘʯʘʝʪ, ʯʪʦ ʤʝʞʜʫ 

ʥʠʤʠ ʚʝʨʦʷʪʥʘ ʢʦʨʨʝʣʷʮʠʷ (ʩʤ. ʪʘʙʣ. 1). ɸʚʪʦʨ ʦʙʲʷʩʥʷʝʪ ʵʪʦ ʪʝʤ ʦʙʩʪʦʷʪʝʣʴʩʪʚʦʤ, ʯʪʦ ʦʙʘ ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ 

ʧʦʢʘʟʘʪʝʣʷ ʠʤʝʶʪ ʚ ʢʘʯʝʩʪʚʝ ʤʥʦʞʠʪʝʣʷ ʧʘʨʘʤʝʪʨ ʰʠʨʠʥʳ ʨʘʩʧʨʝʜʝʣʝʥʠʷ [6 ï  9]. ʆʢʘʟʘʣʦʩʴ, ʯʪʦ 

ʪʨʝʫʛʦʣʴʥʠʢ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʩʪʨʦʠʪʩʷ ʙʳʩʪʨʦ ʫʞʝ ʥʘ ʧʝʨʚʳʭ 100 ʜʘʥʥʳʭ.  

ʋʞʝ ʜʣʷ ʤʘʣʳʭ ʨʘʟʤʝʨʦʚ ʨʷʜʦʚ (N = 100) ʢʦʵʬʬʠʮʠʝʥʪ ʢʦʨʨʝʣʷʮʠʠ ʦʯʝʥʴ ʙʣʠʟʦʢ ʢ ʝʜʠʥʠʮʝ ʜʣʷ ʦʙʦʠʭ 

ʧʘʨ ʨʷʜʦʚ. ʉ ʨʦʩʪʦʤ ʨʘʟʤʝʨʘ ʩʦʛʣʘʩʦʚʘʥʥʳʭ ʮʠʬʨʦʚʳʭ ʨʷʜʦʚ ʟʥʘʯʝʥʠʝ ʢʦʵʬʬʠʮʠʝʥʪʘ ʢʦʨʨʝʣʷʮʠʠ 

ʫʩʪʘʥʘʚʣʠʚʘʝʪʩʷ ʦʢʦʣʦ ʟʥʘʯʝʥʠʡ 0, 918 ʠ 0, 907 (ʩʤ. ʪʘʙʣ.1), ʧʦʜʪʚʝʨʞʜʘʷ ʚʳʨʦʞʜʝʥʠʝ ʩʪʘʪʠʩʪʠʯʝʩʢʠʭ ʩʚʷʟʝʡ 

ʚ ʬʫʥʢʮʠʦʥʘʣʴʥʳʝ (ʨʠʩ. 1). ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʪʦʯʝʯʥʳʭ ʟʥʘʯʝʥʠʡ ʥʘ ʛʨʘʬʠʢʘʭ ʨʠʩ. 1 ʘ, ʙ ʚʳʛʣʷʜʠʪ ʚʧʦʣʥʝ 

ʦʞʠʜʘʝʤʦ ï çʨʘʩʪʨʫʙʦʤè: ʙʦʣʴʰʠʝ ʟʥʘʯʝʥʠʷ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʙʦʣʴʰʠʤʠ ʘʙʩʦʣʶʪʥʳʤʠ ʦʪʢʣʦʥʝʥʠʷʤʠ ʦʪ 

ʪʨʝʥʜʦʚʦʡ ʣʠʥʠʠ, ʥʦ ʦʪʥʦʩʠʪʝʣʴʥʳʝ ʦʪʢʣʦʥʝʥʠʷ ʦʪ ʪʨʝʥʜʦʚʦʡ ʣʠʥʠʠ ʧʨʘʢʪʠʯʝʩʢʠ ʦʜʠʥʘʢʦʚʳ ʧʦ ʝʝ ʭʦʜʫ. 

 

                                    
                                      ʘ                                                                               ʙ 

ʈʠʩ. 1. ʊʦʯʝʯʥʘʷ ʜʠʘʛʨʘʤʤʘ ʠ ʪʨʝʥʜʦʚʘʷ ʣʠʥʠʷ ʤʘʢʩʠʤʘʣʴʥʦ ʜʦʩʪʦʚʝʨʥʦʡ ʘʧʧʨʦʢʩʠʤʘʮʠʠ 

ʧʘʨʘʤʝʪʨʦʚ HRV:  ʘ ï Triangular Index = 0,46ů + 3,5  ʧʨʠ R2 = 0,82, ʙ ï TINN = 3,7ů + 15,9 ʧʨʠ R2 = 0,79. 

 

ɽʩʣʠ ʤʝʪʦʜ ɺʉʈ ʨʘʟʨʘʙʘʪʳʚʘʣʩʷ ʧʦʜ ʢʦʩʤʠʯʝʩʢʫʶ ʤʝʜʠʮʠʥʫ [6], ʪʦ ʩʪʘʥʜʘʨʪʳ ʤʝʪʦʜʘ HRV ʙʳʣʠ 

ʨʝʢʦʤʝʥʜʦʚʘʥʳ ʜʣʷ ʵʬʬʝʢʪʠʚʥʦʛʦ ʧʨʦʛʥʦʟʘ ʥʘʯʘʣʘ çʥʘʢʦʧʣʝʥʠʷè ʠ ʨʘʟʚʠʪʠʷ ʠʰʝʤʠʯʝʩʢʦʡ ʙʦʣʝʟʥʠ ʩʝʨʜʮʘ 

(ʀɹʉ) [7].ʂʘʟʘʣʦʩʴ ʙʳ, ʩʭʦʞʠʝ ʧʦ ʩʘʤʦʤʫ ʩʪʘʪʠʩʪʠʯʝʩʢʦʤʫ ʧʦʜʭʦʜʫ ʠʩʩʣʝʜʦʚʘʥʠʷ ʤʝʪʦʜʳ ʦʢʘʟʘʣʠʩʴ ʩʠʣʴʥʦ 

ʨʘʟʣʠʯʥʳ ʧʦ ʩʦʜʝʨʞʘʥʠʶ ʠ ʨʝʟʫʣʴʪʘʪʘʤ. ʆʩʥʦʚʘʥʠʝʤ ʤʝʪʦʜʫ ɺʉʈ ʷʚʣʷʝʪʩʷ ʨʘʩʩʤʦʪʨʝʥʠʝ ʩʠʥʫʩʦʚʦ-

ʘʪʨʠʘʣʴʥʦʛʦ ʫʟʣʘ ʩʝʨʜʮʘ ʥʝ ʪʦʣʴʢʦ ʘʚʪʦʤʘʪʠʯʝʩʢʠʤ ʮʝʥʪʨʦʤ I ʧʦʨʷʜʢʘ, ʥʦ ʠ ʠʥʜʠʢʘʪʦʨʦʤ ʜʝʷʪʝʣʴʥʦʩʪʠ 

ʚʳʩʦʢʠʭ ʫʨʦʚʥʝʡ ʨʝʛʫʣʷʮʠʠ, ʧʦʟʚʦʣʷʷ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʨʠʪʤʦʛʨʘʤʤʳ, ʥʝʩʫʱʠʤʠ ʠʥʬʦʨʤʘʮʠʶ ʦʙ 

ʘʜʘʧʪʘʮʠʦʥʥʦ-ʢʦʤʧʝʥʩʘʪʦʨʥʳʭ ʨʝʘʢʮʠʷʭ ʮʝʣʦʩʪʥʦʛʦ ʦʨʛʘʥʠʟʤʘ, ʪ.ʝ. ʚʙʣʠʟʠ ʩʪʘʮʠʦʥʘʨʥʳʭ ʩʠʩʪʝʤʥʳʭ 

ʩʦʩʪʦʷʥʠʡ, ʥʘʧʨʠʤʝʨ: ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʩʦʩʪʦʷʥʠʡ ʦʨʛʘʥʠʟʤʘ (ʌʉʆ). ʀʩʧʦʣʴʟʫʝʤʳʝ ʯʠʩʣʦʚʳʝ ʧʦʢʘʟʘʪʝʣʠ [6] 

ʦʧʦʩʨʝʜʦʚʘʥʥʦ ʦʪʨʘʞʘʣʠ ʩʦʩʪʦʷʥʠʝ ʨʝʛʫʣʷʪʦʨʥʳʭ ʩʠʩʪʝʤ ʦʨʛʘʥʠʟʤʘ, ʭʘʨʘʢʪʝʨʠʟʫʷ ʠʭ ʥʘʧʨʷʞʝʥʠʝ ʠʣʠ 

ʨʘʩʩʣʘʙʣʝʥʠʝ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʦʙʱʝʤʫ ʌʉʆ. ɼʣʷ ʦʯʝʥʴ ʟʜʦʨʦʚʳʭ ʣʶʜʝʡ, ʣʝʪʯʠʢʦʚ ʠ ʙʫʜʫʱʠʭ ʢʦʩʤʦʥʘʚʪʦʚ 

ʵʪʦʪ ʤʝʪʦʜ ʜʘʚʘʣ ʧʦʣʦʞʠʪʝʣʴʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʧʦ ʩʢʦʨʦʩʪʠ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʩʪʘʮʠʦʥʘʨʥʦʛʦ ʌʉʆ ʧʦʩʣʝ ʚʳʭʦʜʘ 

ʟʘ ʧʨʝʜʝʣʳ ʘʜʘʧʪʘʮʠʦʥʥʳʭ ʚʦʟʤʦʞʥʦʩʪʝʡ [6]. 

ʋʩʣʦʚʥʦ ʚʪʦʨʦʡ ʤʝʪʦʜ HRV ʙʳʣ ʨʝʢʦʤʝʥʜʦʚʘʥ ʢ ʧʨʠʤʝʥʝʥʠʶ ʚ ʢʘʯʝʩʪʚʝ ʵʬʬʝʢʪʠʚʥʦʛʦ ʨʝʰʝʥʠʷ 

ʧʨʦʙʣʝʤʳ ʨʦʩʪʘ ʙʦʣʴʥʳʭ ʀɹʉ ʚ ʬʦʨʤʝ ʢʦʤʧʠʣʷʮʠʠ ʙʦʣʴʰʦʛʦ ʯʠʩʣʘ ʧʘʨʘʤʝʪʨʠʯʝʩʢʠʭ ʤʝʪʦʜʦʚ 

ʤʥʦʛʦʯʠʩʣʝʥʥʳʭ ʫʯʝʥʳʭ ʤʝʜʠʢʦʚ, ʨʘʙʦʪʘʶʱʠʭ ʩʦʚʤʝʩʪʥʦ ʩ ʤʘʪʝʤʘʪʠʢʘʤʠ ʠʟ ʨʘʟʥʳʭ ʩʪʨʘʥ [7]. ɼʦ ʩʠʭ ʧʦʨ 

ʝʛʦ ʚʳʚʦʜʳ ʚ ʫʢʘʟʘʥʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ ʥʝ ʦʯʝʚʠʜʥʳ! ʇʦ ʤʥʝʥʠʶ ʘʚʪʦʨʘ, ʦʩʥʦʚʥʘʷ ʧʨʠʯʠʥʘ ʦʜʥʘ: 

ʩʪʘʪʠʩʪʠʯʝʩʢʠʡ ʤʝʪʦʜ ʜʘʝʪ ʦʰʠʙʦʯʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʜʣʷ ʥʝʩʪʘʮʠʦʥʘʨʥʳʭ ʧʨʦʮʝʩʩʦʚ. ʂʨʦʤʝ ʪʦʛʦ, 

ʧʘʨʘʤʝʪʨʠʯʝʩʢʠʡ ʧʦʜʭʦʜ ʧʦʟʚʦʣʷʝʪ ʦʮʝʥʠʚʘʪʴ ʣʠʰʴ ʦʜʥʫ ʩʪʦʨʦʥʫ ʧʨʦʮʝʩʩʘ, ʧʦʵʪʦʤʫ ʢʦʤʧʠʣʷʮʠʷ ʨʘʟʥʳʭ 

ʧʘʨʘʤʝʪʨʦʚ ʦʜʥʦʛʦ ʨʠʪʤʘ ʘʥʘʣʦʛʠʯʥʘ ʢʦʤʧʠʣʷʮʠʠ ʜʘʥʥʳʭ ʢʣʠʥʠʯʝʩʢʠʭ ʘʥʘʣʠʟʦʚ, ʧʦʜʤʝʥʷʷ ʦʜʠʥ ʢʣʘʩʪʝʨ 

ʜʘʥʥʳʭ ʜʨʫʛʠʤ, ʤʘʪʝʤʘʪʠʯʝʩʢʠʤ ʚʦ ʚʨʝʤʝʥʥʦʡ ʦʙʣʘʩʪʠ ʘʥʘʣʠʟʘ, ʥʦ ʤʝʥʝʝ ʠʥʬʦʨʤʘʮʠʦʥʥʳʤ, ʪ.ʢ. ʩʥʷʪʳ 

ʣʠʰʴ ʩ ʦʜʥʦʛʦ ʦʨʛʘʥʘ ï ʩʝʨʜʮʘ. ʏʪʦʙʳ ʧʨʦʚʝʩʪʠ ʘʥʘʣʠʟ ʚ ʯʘʩʪʦʪʥʦʡ ʦʙʣʘʩʪʠ ʥʝʦʙʭʦʜʠʤʦ ʧʨʦʚʦʜʠʪʴ ʩʝʨʠʶ 



ʉɽʂʎʀʗ 2 - ɹʠʦʢʠʙʝʨʥʝʪʠʢʘ ʠ ʤʘʪʝʤʘʪʠʯʝʩʢʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ                  122 

 

 

XVI ʄʝʞʜʫʥʘʨʦʜʥʘʷ ʅʘʫʯʥʘʷ ʂʦʥʬʝʨʝʥʮʠʷ "ʌʠʟʠʢʘ ʠ ʈʘʜʠʦʵʣʝʢʪʨʦʥʠʢʘ ʚ ʄʝʜʠʮʠʥʝ ʠ ʕʢʦʣʦʛʠʠ" 

 

ʨʝʛʠʩʪʨʘʮʠʡ ʩ ʰʘʛʦʤ, ʦʧʨʝʜʝʣʷʝʤʳʤ ʮʝʣʴʶ ʧʦʠʩʢʘ. ʆʧʧʦʥʝʥʪ ʤʦʞʝʪ ʚʦʟʨʘʟʠʪʴ: çʆʨʛʘʥ ʦʜʠʥ, ʥʦ ʩʠʩʪʝʤʥʳʡ. 

ʈʠʪʤ ʩʝʨʜʮʘ ʦʭʚʘʪʳʚʘʝʪ ʚʝʩʴ ʦʨʛʘʥʠʟʤè [10]. ʅʘ ʜʘʣʴʥʝʤ ʧʨʦʛʥʦʟʝ ʦʧʧʦʥʝʥʪ ʚʦʟʤʦʞʥʦ ʧʨʘʚ, ʥʦ ʪʘʢʪʠʯʝʩʢʠ, 

ʢʦʛʜʘ ʩʣʝʜʫʝʪ ʧʨʠʥʠʤʘʪʴ ʢʣʠʥʠʯʝʩʢʠʝ ʨʝʰʝʥʠʷ ʥʝʤʝʜʣʝʥʥʦ ʧʦʜʤʝʥʠʪʴ ʢʦʤʧʠʣʷʮʠʶ ʜʘʥʥʳʭ ʢʣʘʩʪʝʨʘ 

ʢʣʠʥʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ ʧʦʢʘ ʥʝʯʝʤ.  

 

ɺʳʚʦʜʳ 

1. ʄʝʪʦʜʳ ɺʉʈ ʠ HRV ʥʝ ʤʦʛʫʪ ʙʳʪʴ ʵʬʬʝʢʪʠʚʥʳ ʚ ʪʝʨʘʧʠʠ, ʥʦ ʤʦʛʫʪ ʙʳʪʴ ʧʨʠʤʝʥʝʥʳ ʚ 

ʧʨʦʬʠʣʘʢʪʠʢʝ ʟʘʙʦʣʝʚʘʥʠʡ, ʧʨʠ ʩʪʨʝʩʩʦʚʳʭ ʩʠʪʫʘʮʠʷʭ ʠʣʠ ʚʥʝʩʠʩʪʝʤʥʳʭ (ʣʦʢʘʣʴʥʳʭ) ʦʪʢʣʦʥʝʥʠʷʭ ʦʪ 

ʥʦʨʤʳ.  

2. ʉʠʥʪʝʟʠʨʦʚʘʥʥʳʝ ʮʠʬʨʦʚʳʝ ʨʷʜʳ ʧʦʢʘʟʘʪʝʣʝʡ ʨʠʪʤʘ ʩʝʨʜʮʘ ʤʦʛʫʪ ʙʳʪʴ ʩʦʟʜʘʥʳ ʚ ʦʙʱʝʤ ʩʣʫʯʘʝ 

ʥʘ ʥʝʨʘʚʥʦʤʝʨʥʦʡ ʰʢʘʣʝ ʩʣʫʯʘʡʥʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʦʙʩʣʝʜʫʝʤʳʭ, ʛʜʝ ʢʘʞʜʳʡ ʋɿʆ ʠʤʝʝʪ ʩʚʦʡ ʥʦʤʝʨ ʦʪʩʯʝʪʘ 

ʠ ʜʣʷ ʢʦʪʦʨʳʭ ʧʨʠʤʝʥʠʤ ʚʨʝʤʝʥʥʦʡ ʘʥʘʣʠʟ ʜʘʥʥʳʭ ɺʉʈ ʠ HRV. 

3. ʎʠʬʨʦʚʳʝ ʨʷʜʳ, ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʝ ʧʦ ʘʥʩʘʤʙʣʶ ʧʦʢʘʟʘʪʝʣʝʡ ʨʠʪʤʘ ʩʝʨʜʮʘ ʦʙʩʣʝʜʦʚʘʥʥʳʭ ʣʶʜʝʡ, 

ʧʦʜʯʠʥʷʶʪʩʷ ʥʦʨʤʘʣʴʥʦʤʫ ʟʘʢʦʥʫ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʚʝʨʦʷʪʥʦʩʪʝʡ ʩʦʙʳʪʠʡ, ʪʘʢʞʝ ʢʘʢ ʠ ʨʠʪʤʦʛʨʘʤʤʳ ʵʪʠʭ 

ʧʦʢʘʟʘʪʝʣʝʡ.  

4. ʇʦʢʘʟʘʪʝʣʠ ʛʝʦʤʝʪʨʠʯʝʩʢʦʡ ʦʙʣʘʩʪʠ ʘʥʘʣʠʟʘ, ʦʪʚʝʯʘʶʱʠʝ ʟʘ ʬʦʨʤʫ ʨʘʩʧʨʝʜʝʣʝʥʠʡ ʨʷʜʦʚ, 

ʦʙʨʘʟʫʶʪ ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʝ ʨʷʜʳ ʩ ʧʨʦʯʥʦʡ ʠ ʪʝʩʥʦʡ ʩʪʘʪʠʩʪʠʯʝʩʢʦʡ ʩʚʷʟʴʶ ʜʘʞʝ ʥʘ ʤʘʣʳʭ ʠʥʪʝʨʚʘʣʘʭ 

ʦʪʩʯʝʪʘ, ʯʪʦ  ʦʧʨʝʜʝʣʷʶʱʝʡ ʬʫʥʢʮʠʦʥʘʣʴʥʫʶ ʩʚʷʟʴ ʵʪʠʭ ʨʷʜʦʚ ʠ ʠʟʙʳʪʦʯʥʦʩʪʴ ʠʥʬʦʨʤʘʮʠʠ ʚ ʧʨʠʤʝʥʝʥʠʠ 

ʜʚʫʭ ʧʦʢʘʟʘʪʝʣʝʡ. 

5. ɼʣʷ ʧʨʦʚʝʜʝʥʠʷ ʠʩʩʣʝʜʦʚʘʥʠʡ ʚ ʯʘʩʪʦʪʥʦʡ ʦʙʣʘʩʪʠ ʘʥʘʣʠʟʘ ʬʘʟʳ ʧʠʢʘ ʟʫʙʮʘ R ʥʝʦʙʭʦʜʠʤʦ ʩʦʟʜʘʪʴ 

ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʝ ʮʠʬʨʦʚʳʝ ʨʷʜʳ ʧʦ ʪʝʤ ʞʝ ʧʦʢʘʟʘʪʝʣʷʤ, ʥʦ ʜʣʷ ʩʝʨʠʡʥʳʭ ʨʝʛʠʩʪʨʘʮʠʡ ʦʜʥʦʛʦ 

ʠʥʪʝʨʝʩʫʶʱʝʛʦ ʦʙʩʣʝʜʫʝʤʦʛʦ ʩ ʰʘʛʦʤ, ʟʘʜʘʶʱʠʤ ʧʨʘʚʳʡ ʧʨʝʜʝʣ ʩʧʝʢʪʨʘ ʠ ʚʨʝʤʝʥʝʤ ʩʝʨʠʠ, ʟʘʜʘʶʱʠʤ 

ʣʝʚʳʡ ʧʨʝʜʝʣ ʩʧʝʢʪʨʘ. 
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The reasons for the growth of the digital series size accepted for research by HRV and HRV methods are 

given. It is shown that, on the one hand, the application of these methods is possible only under certain conditions, 

and on the other hand, if this application is possible, and then the study can be enhanced by constructing synthesized 

digital series based on the person ensemble. In such cases, the number of rhythm indicators should be reasonably 

reduced.  
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ɸʥʥʦʪʘʮʠʷ 

ʇʨʝʜʣʦʞʝʥʳ ʜʚʘ ʤʝʪʦʜʘ ʬʦʨʤʠʨʦʚʘʥʠʷ çʜʣʠʥʥʳʭè ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʜʠʘʛʨʘʤʤ: ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʧʦʠʥʪʝʨʚʘʣʴʥʦʛʦ ʧʘʨʘʤʝʪʨʠʯʝʩʢʦʛʦ ʦʩʨʝʜʥʝʥʠʷ ʜʣʷ ʩʚʦʜʥʦʛʦ ʫʩʣʦʚʥʦʛʦ ʠʥʪʝʨʚʘʣʘ ʚʨʝʤʝʥʠ ʠ ʠʩʧʦʣʴʟʦʚʘʥʠʝ 

ʮʠʬʨʦʚʳʭ ʨʷʜʦʚ ʧʦʢʘʟʘʪʝʣʝʡ ʨʠʪʤʘ, ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʭ ʚʦ ʚʨʝʤʝʥʠ. ʀʩʩʣʝʜʦʚʘʥʠʷ ʧʝʨʚʳʤ ʤʝʪʦʜʦʤ 

ʧʨʦʚʝʜʝʥʳ ʧʦ ʜʠʥʘʤʠʢʝ ʝʜʠʥʦʛʦ ʧʨʝʜʣʦʞʝʥʥʦʛʦ ʫʥʠʚʝʨʩʘʣʴʥʦʛʦ ʩʠʩʪʝʤʥʦʛʦ ʯʠʩʣʦʚʦʛʦ ʧʘʨʘʤʝʪʨʘ ʌʉʆ ʚ 

ʩʨʘʚʥʝʥʠʠ ʩ ʠʟʚʝʩʪʥʦʡ ʜʠʥʘʤʠʢʦʡ ʧʦʢʘʟʘʪʝʣʷ ʧʦʣʥʦʡ ʩʧʝʢʪʨʘʣʴʥʦʡ ʤʦʱʥʦʩʪʠ, ʚʪʦʨʳʤ - ʚ ʩʨʘʚʥʝʥʠʠ 

ʜʠʥʘʤʠʢ ʯʝʪʳʨʝʭ ʤʦʤʝʥʪʦʚ ʥʦʨʤʘʣʴʥʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʠ ʯʠʩʣʦʚʦʛʦ ʧʘʨʘʤʝʪʨʘ ʌʉʆ ʩ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ 

ʵʥʪʨʦʧʠʝʡ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʨʠʪʤʦʛʨʘʤʤʘ, ʠʥʬʦʨʤʘʮʠʦʥʥʘʷ ʵʥʪʨʦʧʠʷ, ʮʠʨʢʘʜʠʘʥʥʳʝ ʠ ʠʥʬʨʘʜʠʘʥʥʳʝ ʨʠʪʤʳ  

   

 ʉʦʙʩʪʚʝʥʥʘʷ ʨʝʘʣʠʟʘʮʠʷ ʨʝʟʫʣʴʪʠʨʫʶʱʝʛʦ ʩʠʛʥʘʣʘ ʚ ʦʙʱʝʤ ʩʣʫʯʘʝ ʦʧʨʝʜʝʣʝʥʘ çʩʚʝʨʪʢʦʡè ʩʠʛʥʘʣʘ 

ʚʥʝʰʥʝʛʦ ʩʪʠʤʫʣʘ, ʧʝʨʝʜʘʪʦʯʥʦʡ ʬʫʥʢʮʠʠ ʩʨʝʜʳ ʠ ʬʫʥʢʮʠʠ ʪʨʘʥʩʬʦʨʤʘʮʠʠ (ʢʦʜʠʨʦʚʘʥʠʷ) ʚ ʛʝʥʝʨʘʪʦʨʥʳʡ 

ʧʦʪʝʥʮʠʘʣ [1 ï 4]. ʇʦʵʪʦʤʫ ʘʤʧʣʠʪʫʜʥʳʝ ʚ ʧʦʜʘʚʣʷʶʱʝʡ ʩʪʝʧʝʥʠ ʠ ʬʘʟʦʚʳʝ ʚ ʦʯʝʥʴ ʤʘʣʦʡ ʩʪʝʧʝʥʠ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʦʛʣʦʱʝʥʥʦʛʦ ʩʠʛʥʘʣʘ ʩʠʣʴʥʦ ʦʪʣʠʯʘʶʪʩʷ ʦʪ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʚʥʝʰʥʠʭ 

ʠʩʪʦʯʥʠʢʦʚ. ʇʨʠ ʧʝʨʝʭʦʜʝ ʦʪ ʤʘʪʝʨʠʘʣʴʥʦʛʦ ʧʦʣʷ ï ʘʢʪʠʚʥʦʛʦ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʶ 

ʬʠʟʠʯʝʩʢʦʛʦ ʩʠʛʥʘʣʘ, ʢ ʧʩʠ-ʧʦʣʶ ï ʧʘʩʩʠʚʥʦʤʫ ʢ ʵʥʝʨʛʝʪʠʯʝʩʢʠʤ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤ ʩʠʛʥʘʣʘ ʤʦʛʫʪ ʚʦʟʥʠʢʘʪʴ 

ʵʬʬʝʢʪʳ ʠʩʢʘʞʝʥʠʡ ʠ ʧʦʣʥʦʩʪʴʶ ʦʪʤʝʥʳ ʢʣʘʩʩʠʯʝʩʢʠʭ ʟʘʢʦʥʦʚ ʬʠʟʠʢʠ. ʅʦʩʠʪʝʣʝʤ ʤʘʪʝʨʠʘʣʴʥʦʛʦ ʧʦʣʷ 

ʷʚʣʷʝʪʩʷ ʚʘʢʫʫʤ, ʥʦʩʠʪʝʣʝʤ ʧʩʠ-ʧʦʣʷ ï ʵʬʠʨ. ʇʫʩʪʴ ʚʥʝʰʥʠʡ ʤʘʪʝʨʠʘʣʴʥʳʡ ʩʠʛʥʘʣ ʣʶʙʦʡ ʧʨʠʨʦʜʳ 

ʧʨʦʭʦʜʠʪ ʯʝʨʝʟ ʩʝʥʩʦʨʥʳʝ ʜʘʪʯʠʢʠ ʦʨʛʘʥʠʟʤʘ ʯʝʣʦʚʝʢʘ, ʢʦʪʦʨʳʝ, ʢʘʢ ʠʟʚʝʩʪʥʦ, ʭʦʪʴ ʠ ʨʘʙʦʪʘʶʪ ʘʚʪʦʥʦʤʥʦ, 

ʥʦ ʧʦ ʚʪʦʨʦʤʫ ʧʨʠʥʮʠʧʫ ï ʧʨʠʥʮʠʧʫ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʛʦ ʢʦʜʠʨʦʚʘʥʠʷ ʩʚʷʟʘʥʳ ʜʘʣʝʝ ʧʦ ʧʫʪʠ ʧʝʨʝʜʘʯʠ 

ʛʝʥʝʨʘʪʦʨʥʦʛʦ ʧʦʪʝʥʮʠʘʣʘ. ɸʚʪʦʨ ʥʝʤʥʦʛʦ ʠʟʤʝʥʠʪ ʦʧʨʝʜʝʣʝʥʠʝ ʧʨʠʥʮʠʧʘ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʛʦ ʢʦʜʠʨʦʚʘʥʠʷ, 

ʚʚʦʜʷ ʩʚʦʶ ʪʨʘʢʪʦʚʢʫ, ʥʦ, ʥʝ ʤʝʥʷʷ ʩʫʪʠ ʧʨʠʥʮʠʧʘ: ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʩʠʩʪʝʤʥʦʛʦ ʧʨʦʮʝʩʩʘ ʩ ʚʥʝʰʥʠʤ 

ʢʦʣʝʙʘʪʝʣʴʥʳʤ ʧʨʦʮʝʩʩʦʤ ʣʶʙʦʡ ʧʨʠʨʦʜʳ ʢʘʢ ʩʪʠʤʫʣʦʤ ʤʦʞʝʪ ʧʨʦʠʟʦʡʪʠ, ʝʩʣʠ ʚʥʝʰʥʠʡ ʧʨʦʮʝʩʩ ʥʘʡʜʝʪ ʚ 

ʩʠʩʪʝʤʥʦʤ ʧʨʦʮʝʩʩʝ ʨʠʪʤʠʯʝʩʢʠʡ ʦʪʢʣʠʢ [4]. ɽʩʣʠ ʩʠʩʪʝʤʥʳʡ ʧʨʦʮʝʩʩ ʠʥʬʦʨʤʘʮʠʦʥʥʦ ʙʦʛʘʪ ʠ ʠʤʝʝʪ 

ʰʠʨʦʢʠʡ ʩʧʝʢʪʨ, ʪʦ ʦʥ ʦʙʷʟʘʥ ʦʪʨʝʘʛʠʨʦʚʘʪʴ ʥʘ ʫʢʘʟʘʥʥʳʡ ʚʥʝʰʥʠʡ ʩʪʠʤʫʣ ʚ ʭʘʨʘʢʪʝʨʥʦʤ ʫʟʢʦʤ ʜʠʘʧʘʟʦʥʝ 

ʯʘʩʪʦʪ. ʍʘʦʪʠʯʝʩʢʘʷ ʩʦʩʪʘʚʣʷʶʱʘʷ ʩʠʩʪʝʤʥʦʛʦ ʧʨʦʮʝʩʩʘ ʨʠʪʤʘ ʩʝʨʜʮʘ ʧʦ ʦʧʨʝʜʝʣʝʥʠʶ ʜʦʣʞʥʘ ʠʤʝʪʴ 

ʰʠʨʦʢʠʡ ʩʧʝʢʪʨ, ʧʦʪʦʤʫ ʩʣʫʞʠʪʴ ʜʠʥʘʤʠʯʝʩʢʦʡ ʙʘʟʦʡ ʨʝʘʢʮʠʠ ʥʘ ʜʝʡʩʪʚʠʝ ʚʥʝʰʥʝʛʦ ʩʪʠʤʫʣʘ. ɺ ʵʪʦʤ 

ʩʤʳʩʣʝ ʧʝʨʝʜʘʯʘ ʩʠʛʥʘʣʘ ʩʪʘʥʦʚʠʪʩʷ ʫʥʠʚʝʨʩʘʣʴʥʦʡ, ʘ ʵʢʟʦʛʝʥʥʳʝ ʨʠʪʤʳ ʦʙʨʝʪʘʶʪ ʘʢʪʠʚʥʫʶ ʙʘʟʫ 

ʧʨʠʤʝʥʝʥʠʷ [1]. 

ʇʦ ʘʚʪʦʨʩʢʦʡ ʪʨʘʢʪʦʚʢʝ ʧʨʠʥʮʠʧʘ ʯʘʩʪʦʪʥʦʛʦ ʢʦʜʠʨʦʚʘʥʠʷ, ʫʪʚʝʨʞʜʘʝʪʩʷ, ʯʪʦ ʢʦʜʠʨʫʝʪʩʷ ʪʦʣʴʢʦ 

ʤʘʪʝʨʠʘʣʴʥʦʝ ï ʵʥʝʨʛʠʷ (ʘʤʧʣʠʪʫʜʘ ʩʠʛʥʘʣʘ) ʚ ʠʥʪʝʨʚʘʣʳ ʚʨʝʤʝʥʠ ʯʘʩʪʦʪʥʳʭ ʨʘʟʨʷʜʦʚ, ʘ ʜʣʠʪʝʣʴʥʦʩʪʴ ʠ 
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XVI ʄʝʞʜʫʥʘʨʦʜʥʘʷ ʅʘʫʯʥʘʷ ʂʦʥʬʝʨʝʥʮʠʷ "ʌʠʟʠʢʘ ʠ ʈʘʜʠʦʵʣʝʢʪʨʦʥʠʢʘ ʚ ʄʝʜʠʮʠʥʝ ʠ ʕʢʦʣʦʛʠʠ" 

 

ʭʘʨʘʢʪʝʨʥʳʝ ʧʝʨʠʦʜʳ (ʬʘʟʦʚʳʡ ʩʧʝʢʪʨ) ʧʨʦʭʦʜʷʪ ʯʝʨʝʟ çʢʦʜʠʨʫʶʱʠʝ ʫʩʪʨʦʡʩʪʚʘè ʙʝʟ ʠʟʤʝʥʝʥʠʡ.  ʇʝʨʚʳʡ 

ʚʳʚʦʜ, ʢʦʪʦʨʳʡ ʥʘʧʨʘʰʠʚʘʝʪʩʷ, ʯʪʦ ʥʦʩʠʪʝʣʝʤ (ʩʨʝʜʦʡ) ʬʘʟʳ ʷʚʣʷʝʪʩʷ ʥʝ ʤʘʪʝʨʠʘʣʴʥʘʷ ʩʫʙʩʪʘʥʮʠʷ, ʥʦ 

ʵʬʠʨ. ʇʨʦʮʝʜʫʨʘ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʛʦ ʠ ʧʝʨʚʦʡ ʯʘʩʪʠ ʯʘʩʪʦʪʥʦʛʦ ʢʦʜʠʨʦʚʘʥʠʷ ʧʦʢʘʟʳʚʘʝʪ ʦʪʜʝʣʝʥʠʝ 

ʘʤʧʣʠʪʫʜʳ ʦʪ ʬʘʟʳ ʚ ʪʝʢʫʱʝʤ ʨʝʞʠʤʝ ʠ ʢʦʥʚʝʨʪʠʨʦʚʘʥʠʝ ʘʤʧʣʠʪʫʜʳ ʚ ʬʘʟʫ ʚ ʜʠʩʢʨʝʪʥʦʤ ʨʝʞʠʤʝ [4]. ʅʘ 

çʚʳʭʦʜʝè ʤʦʛʫʪ ʙʳʪʴ ʪʦʣʴʢʦ ʬʘʟʦʚʳʝ ʢʦʤʧʦʥʝʥʪʳ ʵʬʠʨʘ ʤʦʟʛʘ. ɺʝʨʦʷʪʥʦ, ʩʫʱʝʩʪʚʫʝʪ ʪʘ ʯʘʩʪʴ ʤʦʟʛʘ, 

ʢʦʪʦʨʘʷ çʨʘʙʦʪʘʝʪè ʪʦʣʴʢʦ ʩ ʥʠʤʠ. ɺʪʦʨʦʝ ï ʝʩʣʠ ʵʬʠʨ ʩʫʱʝʩʪʚʫʝʪ ʚʥʝ ʦʨʛʘʥʠʟʤʘ, ʪʦ ʧʝʨʝʭʦʜ ʙʝʟ ʠʟʤʝʥʝʥʠʷ 

ʬʘʟʳ ʚʦʟʤʦʞʝʥ ʪʦʣʴʢʦ ʝʩʣʠ  ʚ ʦʨʛʘʥʠʟʤʝ ʦʜʠʥʘʢʦʚʦ ʪʘʢʦʡ ʞʝ ʵʬʠʨ. ʇʨʦʮʝʜʫʨʘ ʯʘʩʪʦʪʥʦʛʦ ʢʦʜʠʨʦʚʘʥʠʷ ʚʦ 

ʚʪʦʨʦʡ ʝʛʦ ʯʘʩʪʠ ʧʦʢʘʟʳʚʘʝʪ ʚʭʦʜ ʠʟʚʥʝ ʠ ʧʨʦʭʦʞʜʝʥʠʝ ʨʠʪʤʘ ʚʥʫʪʨʠ ʯʝʨʝʧʥʦʡ ʢʦʨʦʙʢʠ ʙʝʟ ʠʩʢʘʞʝʥʠʡ, ʥʦ 

ʧʨʠ ʧʝʨʚʦʤ ʞʝ ʦʪʨʘʞʝʥʠʠ ʠʟʤʝʥʝʥʠʷ ʪʝʤʙʨʘ ʠ ʪʘʢ ʜʘʣʝʝ ʚ ʦʨʛʘʥʠʟʘʮʠʝʡ ʠ ʨʘʩʧʨʝʜʝʣʝʥʠʝʤ ʙʦʣʴʰʦʛʦ ʯʠʩʣʘ 

ʤʦʜ, ʛʘʨʤʦʥʠʢ.  

ʇʦʛʣʦʱʘʝʤʳʡ ʩʠʛʥʘʣ, ʤʦʞʝʪ ʙʳʪʴ ʧʝʨʝʜʘʥ ʨʘʟʥʳʤʠ ʧʫʪʷʤʠ ʚ ʦʨʛʘʥʠʟʤʝ ʯʝʣʦʚʝʢʘ. ʅʝʢʦʜʠʨʫʝʤʘʷ 

ʯʘʩʪʴ ʩʠʛʥʘʣʘ ï ʨʠʪʤ, ʠʣʠ ʠʥʬʦʨʤʘʮʠʷ ʤʦʞʝʪ ʙʳʪʴ ʧʝʨʝʜʘʥʘ ʙʝʟ ʠʩʢʘʞʝʥʠʡ, ʢʘʢ ʪʝʢʩʪ, ʪʠʭʦ ʧʨʦʯʠʪʘʥʥʳʡ 

ʙʝʟ ʩʠʥʢʦʧ ʠ ʵʤʦʮʠʡ. ʊʘʢ ʠʥʬʦʨʤʘʮʠʶ ʚʦʩʧʨʠʥʠʤʘʶʪ ʚʩʝ! ʅʦ ʵʪʦ ʣʠʰʴ ʯʘʩʪʴ ʧʦʩʪʫʧʘʶʱʝʡ ʠʥʬʦʨʤʘʮʠʠ. 

ʕʪʦʡ ʯʘʩʪʠ ʚʧʦʣʥʝ ʜʦʩʪʘʪʦʯʥʦ ʜʣʷ ʦʙʤʝʥʘ ʧʦʩʨʝʜʩʪʚʦʤ ʧʩʠ-ʧʦʣʷ. ʅʦ ʢʘʢ ʦʪʜʝʣʠʪʴ ʥʝʢʦʜʠʨʫʝʤʫʶ 

ʠʥʬʦʨʤʘʮʠʶ ʦʪ ʢʦʜʠʨʫʝʤʦʡ ʚ ʯʘʩʪʦʪʥʳʭ ʨʘʟʨʷʜʘʭ. ɺʝʨʦʷʪʥʦ, ʜʝʢʦʜʠʨʦʚʘʪʴ ʵʪʫ ʯʘʩʪʴ ʩʠʛʥʘʣʘ 

ʧʨʠʥʮʠʧʠʘʣʴʥʦ ʥʝʚʦʟʤʦʞʥʦ. ʀʥʘʯʝ ʛʣʘʟʘ ʧʨʦʝʮʠʨʦʚʘʣʠ ʙʳ ʥʘ ʚʥʝʰʥʠʡ ʤʠʨ ʢʠʥʦ  - ʧʣʦʩʢʫʶ ʧʨʦʝʢʮʠʶ 

ʧʨʦʰʣʦʛʦ ʚʥʝʰʥʝʛʦ ʤʠʨʘ, ʪ.ʝ. ʚʥʝʰʥʠʡ ʤʠʨ ʩ ʧʦʩʪʦʷʥʥʳʤ ʟʘʧʘʟʜʳʚʘʥʠʝʤ. ɸ ʫʰʠ ʩʪʘʥʦʚʠʣʠʩʴ ʙʳ 

ʛʨʦʤʢʦʛʦʚʦʨʠʪʝʣʷʤʠ ʠ ʪʦʞʝ ʩ ʧʦʩʪʦʷʥʥʳʤ ʟʘʧʘʟʜʳʚʘʥʠʝʤ. ʆʜʥʘʢʦ, ʝʩʣʠ ʯʝʣʦʚʝʢ ʩʧʦʩʦʙʝʥ ʦʪʜʝʣʷʪʴ 

ʥʝʢʦʜʠʨʫʝʤʫʶ ʠʥʬʦʨʤʘʮʠʶ ʦʪ ʢʦʜʠʨʫʝʤʦʡ, ʪʦ ʦʯʝʥʴ ʚʝʨʦʷʪʥʦ ʦʥ ʙʫʜʝʪ ʩʧʦʩʦʙʝʥ ʧʦʛʣʦʱʘʪʴ ʪʦʣʴʢʦ 

ʥʝʢʦʜʠʨʫʝʤʫʶ ʠʥʬʦʨʤʘʮʠʶ (ʤʳʩʣʠ) ʠ ʛʝʥʝʨʠʨʦʚʘʪʴ ʝʝ ʜʨʫʛʠʤ ʣʶʜʷʤ. ʕʪʠʤ ʣʶʜʷʤ ʥʝ ʥʘʜʦ ʨʘʟʜʝʣʷʪʴ 

ʠʥʬʦʨʤʘʮʠʶ ʥʘ ʩʦʨʪʘ, ʦʥʠ ʚʦʩʧʨʠʥʠʤʘʶʪ ʧʝʨʝʜʘʥʥʫʶ ʠʥʬʦʨʤʘʮʠʶ ʚ ʯʠʩʪʦʤ ʚʠʜʝ. ʅʦ ʚʝʨʦʷʪʥʦ, ʩ ʪʝʤʙʨʦʤ 

ʛʦʣʦʩʘ ʧʝʨʝʜʘʶʱʝʛʦ ʯʝʣʦʚʝʢʘ. ʈʦʚʥʦ ʪʘʢʞʝ ʚʦʟʤʦʞʥʘ ʧʝʨʝʜʘʯʘ ʯʝʨʝʟ ʧʦʩʨʝʜʥʠʢʘ ï ʠʥʬʦʨʤʘʮʠʦʥʥʦʝ ʧʦʣʝ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʜʦ ʧʩʠïʧʦʣʷ ʦʩʪʘʝʪʩʷ ʦʜʠʥ ʰʘʛ ï ʦʙʨʝʪʝʥʠʝ ʚʦʟʤʦʞʥʦʩʪʠ ʯʝʣʦʚʝʢʦʤ ʛʝʥʝʨʠʨʦʚʘʪʴ ʚʦ 

ʚʥʝʰʥʶʶ ʩʨʝʜʫ ʪʦʣʴʢʦ ʠʥʬʦʨʤʘʮʠʦʥʥʫʶ ʯʘʩʪʴ. ʂʘʞʜʘʷ ʛʘʨʤʦʥʠʢʘ ʚʥʝʰʥʝʛʦ ʦʩʥʦʚʥʦʛʦ ʩʠʛʥʘʣʘ 

ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʠ ʷʚʣʷʝʪʩʷ ʩʦʙʩʪʚʝʥʥʦʡ ʦʧʨʝʜʝʣʝʥʥʦʛʦ ʦʨʛʘʥʘ. ʀʟʚʝʩʪʥʳ ʣʶʜʠ, ʩʧʦʩʦʙʥʳʝ çʚʳʜʝʣʷʪʴè ʠ çʚ 

ʦʯʠʱʝʥʥʦʤè ʚʠʜʝ ʧʝʨʝʩʳʣʘʪʴ ʠʥʬʦʨʤʘʮʠʶ. ʂ ʥʠʤ, ʥʝʩʦʤʥʝʥʥʦ, ʦʪʥʦʩʠʪʩʷ ɺ. ʄʝʩʩʠʥʛ, ʢʦʪʦʨʳʡ ʝʱʝ ʠ 

ʙʳʩʪʨʦ ʩʯʠʪʘʣ, ʘ ʪʦʯʥʝʝ ʧʦʣʫʯʘʣ ʙʳʩʪʨʳʝ ʦʪʚʝʪʳ. ʕʪʦ ʫʢʘʟʳʚʘʝʪ ʥʘ ʤʝʭʘʥʠʟʤ ʧʝʨʝʜʘʯʠ ʧʩʠ-ʠʥʬʦʨʤʘʮʠʠ 

ʯʝʨʝʟ ʧʦʩʨʝʜʥʠʢʘ ï ʠʥʬʦʨʤʘʮʠʦʥʥʦʝ ʧʦʣʝ. 

ʀʩʭʦʜʷ ʠʟ ʧʨʠʥʮʠʧʘ ʯʘʩʪʦʪʥʦʛʦ ʢʦʜʠʨʦʚʘʥʠʷ, ʥʘʠʤʝʥʴʰʠʤ ʨʝʟʫʣʴʪʠʨʫʶʱʠʤ ʠʩʢʘʞʝʥʠʷʤ 

ʧʦʜʚʝʨʞʝʥʳ ʜʣʠʥʥʦʚʦʣʥʦʚʳʝ ʚʥʝʰʥʠʝ ʩʠʛʥʘʣʳ ʜʠʘʧʘʟʦʥʦʚ ʦʯʝʥʴ ʥʠʟʢʠʭ ʯʘʩʪʦʪ (VLF: Very low frequency, 

0,003 ï 0, 04 ɻʮ, ʤʩ2) ʠ ʫʣʴʪʨʘʥʠʟʢʠʭ ʯʘʩʪʦʪ (ULF: Ultra low frequency, 0 ï 0, 003 ɻʮ, ʤʩ2). ʆʥʠ ʠ ʩʦʩʪʘʚʣʷʶʪ 

ʮʠʨʢʘʜʠʘʥʥʳʝ ʠ ʠʥʬʨʘʜʠʘʥʥʳʝ ʨʠʪʤʳ [1, 6], ʟʘʜʘʚʘʷ ʧʨʝʜʤʝʪ ʠʩʩʣʝʜʦʚʘʥʠʷ ʩ ʠʜʝʥʪʠʬʠʢʘʮʠʝʡ ʧʦ 

ʠʩʪʦʯʥʠʢʫ.  ɽʩʣʠ ʨʠʪʤʠʯʝʩʢʘʷ (ʬʘʟʦʚʘʷ) ʢʦʤʧʦʥʝʥʪʘ ʚʥʝʰʥʝʛʦ ʜʣʠʥʥʦʚʦʣʥʦʚʦʛʦ ʩʠʛʥʘʣʘ ʧʦʛʣʦʱʘʝʪʩʷ ʙʝʟ 

ʠʟʤʝʥʝʥʠʡ, ʪʦ ʬʫʥʢʮʠʷ ʛʝʥʝʨʘʪʦʨʥʦʛʦ ʧʦʪʝʥʮʠʘʣʘ ʦʙʷʟʘʥʘ ʝʝ ʩʦʜʝʨʞʘʪʴ, ʧʝʨʝʥʦʩʷ ʛʘʨʤʦʥʠʢʠ ʚʥʝʰʥʝʛʦ 

ʤʠʨʘ ʥʘ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʦʨʛʘʥʳ ʦʨʛʘʥʠʟʤʘ, ʢʘʢ ʩʦʙʩʪʚʝʥʥʳʝ ʯʘʩʪʦʪʳ. ɽʩʣʠ ʚʦ ʚʥʝʰʥʝʤ ʤʠʨʝ ʤʝʭʘʥʠʟʤ 

ʚʳʥʫʞʜʝʥʥʳʭ ʢʦʣʝʙʘʥʠʡ ʧʨʝʚʘʣʠʨʫʝʪ, ʪʦ ʧʨʠ ʦʜʥʦʤ ʥʦʩʠʪʝʣʝ ʨʠʪʤʦʚ, ʵʪʦʪ ʤʝʭʘʥʠʟʤ ʩʪʨʝʤʠʪʩʷ ʟʘʥʷʪʴ ʩʚʦʝ 

ʤʝʩʪʦ ʠ ʚ ʦʨʛʘʥʠʟʤʝ. ʆʜʥʘʢʦ, ʵʪʦʤʫ ʧʨʝʧʷʪʩʪʚʫʝʪ ʤʦʟʛ, ʥʝ ʞʝʣʘʶʱʠʡ ʧʦʜʯʠʥʷʪʴʩʷ ʟʘʢʦʥʘʤ ʚʥʝʰʥʝʡ ʩʨʝʜʳ. 

ʕʪʠ ʧʨʝʧʷʪʩʪʚʠʷ ʚʳʟʳʚʘʶʪ ʟʘʜʝʨʞʢʠ ʚ ʠʩʧʦʣʥʝʥʠʠ, ʙʦʣʴʰʠʝ ʠ ʤʘʣʳʝ. ʋʩʣʦʚʥʦ, ʦʨʛʘʥ ʚʦʩʧʨʠʥʠʤʘʝʪ 

ʧʨʠʰʝʜʰʫʶ ʛʘʨʤʦʥʠʢʫ ʩʦ ʩʜʚʠʞʢʦʡ ʠ ʥʝ ʧʦʛʣʦʱʘʝʪ ʝʝ, ʘ ʢʘʢ ʙʳ çʠʛʨʘʝʪ ʩ ʥʝʡè ʚ ʨʝʞʠʤʝ ʘʚʪʦʢʦʣʝʙʘʥʠʡ. ʅʘ 

ʨʝʞʠʤʝ ʧʝʨʝʤʝʥʥʳʭ ʘʧʝʨʠʦʜʠʯʝʩʢʠʭ ʪʨʝʙʦʚʘʥʠʡ ʚʳʥʦʩʘ ʠ ʧʨʠʥʦʩʘ ʢʨʦʚʠ, ʧʦʜʢʣʶʯʘʶʪʩʷ ʩ ʝʱʝ ʙʦʣʴʰʠʤ 

ʟʘʧʘʟʜʳʚʘʥʠʝʤ ʨʝʛʫʣʠʨʫʶʱʘʷ ʨʠʪʤ ʩʝʨʜʮʘ ʚʝʛʝʪʘʪʠʚʥʘʷ ʥʝʨʚʥʘʷ ʩʠʩʪʝʤʘ (ɺʅʉ). ʊʘʢʘʷ ʠʛʨʘ ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ 

ʢ ʩʠʣʴʥʦʡ ʘʨʠʪʤʠʠ ʠ ʜʘʞʝ ʢ ʦʩʪʘʥʦʚʢʝ ʩʝʨʜʮʘ (ʧʨʠ ʙʦʣʴʰʠʭ ʚʝʣʠʯʠʥʘʭ ʚʨʝʤʝʥʥʳʭ ʩʜʚʠʞʝʢ), ʚʳʟʳʚʘʷ 

ʚʥʝʟʘʧʥʫʶ ʩʝʨʜʝʯʥʫʶ ʩʤʝʨʪʴ (ɺʉʉ), ʝʩʣʠ ʥʝ çʚʢʣʶʯʠʪʩʷ ʫʧʨʘʚʣʝʥʠʝ ʨʠʪʤʦʤ ʩʝʨʜʮʘ ʧʦʩʨʝʜʩʪʚʦʤ 

ʮʝʥʪʨʘʣʴʥʦʡ ʥʝʨʚʥʦʡ ʩʠʩʪʝʤʳ (ʎʅʉ), ʢʦʪʦʨʘʷ ʧʦʜʘʚʣʷʝʪ ʚ ʵʪʦʤ ʩʣʫʯʘʝ ʧʘʨʘʩʠʤʧʘʪʠʯʝʩʢʦʝ ʜʝʡʩʪʚʠʝ ʦʪ ɺʅʉ 

[3], ʧʝʨʝʚʦʜʷ ʩʝʨʜʮʝ ʚ ʨʝʞʠʤ ʤʝʨʮʘʪʝʣʴʥʦʡ ʘʨʠʪʤʠʠ.  

ɼʣʷ ʤʦʣʦʜʳʭ ʟʜʦʨʦʚʳʭ ʣʶʜʝʡ ʙʝʩʩʠʤʧʪʦʤʥʘʷ ʜʦ-ʥʦʟʦʣʦʛʠʯʝʩʢʘʷ ʜʠʘʛʥʦʩʪʠʢʘ ʩʦʦʪʥʦʩʠʪ ʩʠʩʪʝʤʥʦʝ 

ʫʭʫʜʰʝʥʠʝ ʬʫʥʢʮʠʦʥʘʣʴʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʦʨʛʘʥʠʟʤʘ (ʌʉʆ) ʯʝʣʦʚʝʢʘ ʩ ʠʥʪʝʥʩʠʬʠʢʘʮʠʝʡ ʫʧʨʘʚʣʝʥʠʷ ʠ 

ʨʝʛʫʣʷʮʠʠ ʨʠʪʤʘ ʩʝʨʜʮʘ. ʊʘʢʞʝ ʠʟʚʝʩʪʥʦ, ʯʪʦ ʨʦʩʪ ʠʣʠ ʫʤʝʥʴʰʝʥʠʝ ʩʪʝʧʝʥʠ ʫʧʨʘʚʣʝʥʠʷ ʠ ʨʝʛʫʣʷʮʠʠ ʨʠʪʤʘ 

ʩʝʨʜʮʘ ʧʨʠʚʦʜʷʪ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʢ ʨʦʩʪʫ ʠʣʠ ʫʤʝʥʴʰʝʥʠʶ ʫʧʦʨʷʜʦʯʝʥʥʦʩʪʠ ʩʪʨʫʢʪʫʨ ʨʠʪʤʦʛʨʘʤʤ. 

ɸʜʝʢʚʘʪʥʳʤ ʧʦʢʘʟʘʪʝʣʝʤ ʥʝʫʧʦʨʷʜʦʯʝʥʥʦʩʪʠ ʩʪʨʫʢʪʫʨʳ ʨʠʪʤʘ ʷʚʣʷʝʪʩʷ ʠʥʬʦʨʤʘʮʠʦʥʥʘʷ ʵʥʪʨʦʧʠʷ, ʢʘʢ 

ʝʜʠʥʳʡ ʫʥʠʚʝʨʩʘʣʴʥʳʡ ʩʠʩʪʝʤʥʳʡ ʯʠʩʣʦʚʦʡ ʧʘʨʘʤʝʪʨ ʌʉʆ [5]. ʅʝʦʙʭʦʜʠʤʳʤ ʠ ʜʦʩʪʘʪʦʯʥʳʤ ʦʙʲʝʢʪʦʤ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʫʨʦʚʥʝʡ ʌʉʆ ʩʪʘʥʦʚʠʪʩʷ ʨʠʪʤʦʛʨʘʤʤʘ. ʈʘʟʚʠʪʠʝ ʪʘʢʦʡ ʜʦʩʪʦʚʝʨʥʦʡ ʜʠʘʛʥʦʩʪʠʢʠ ʟʜʦʨʦʚʴʷ 

ʤʦʣʦʜʳʭ ʟʜʦʨʦʚʳʭ ʣʶʜʝʡ ʤʥʦʛʦʦʙʝʱʘʶʱʝ ʠ ʯʨʝʟʚʳʯʘʡʥʦ ʘʢʪʫʘʣʴʥʦ. ʅʦ ʵʪʦ ʪʨʝʙʫʝʪ ʨʝʰʝʥʠʷ ʥʝʩʢʦʣʴʢʠʭ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʟʘʜʘʯ, ʦʜʥʘ ʠʟ ʢʦʪʦʨʳʭ ʩʦʟʜʘʥʠʝ ʮʠʬʨʦʚʳʭ ʨʷʜʦʚ ʜʘʥʥʳʭ ʙʦʣʴʰʠʭ ʨʘʟʤʝʨʦʚ, 
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ʦʪʦʙʨʘʞʘʶʱʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʚʥʝʰʥʠʭ ʧʦʛʣʦʱʘʝʤʳʭ ʩʠʛʥʘʣʦʚ, ʜʣʷ ʧʦʚʳʰʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʧʦʠʩʢʘ ʠʭ 

ʠʩʪʦʯʥʠʢʦʚ. 

ɿʥʘʯʠʪʝʣʴʥʘʷ ʚʝʣʠʯʠʥʘ ʧʝʨʠʦʜʘ ʠ ʝʛʦ ʠʟʤʝʥʯʠʚʦʩʪʴ ʟʘʪʨʫʜʥʷʶʪ ʠʭ ʠʥʪʝʨʧʨʝʪʘʮʠʶ. ɺ ʪʘʢʦʤ ʩʣʫʯʘʝ 

ʦʙʲʝʢʪʦʤ ʠʩʩʣʝʜʦʚʘʥʠʷ ʜʦʣʞʥʘ ʙʳʪʴ  ʨʠʪʤʦʛʨʘʤʤʘ, ʢ ʢʦʪʦʨʦʡ ʧʨʠʤʝʥʝʥʘ ʧʨʦʮʝʜʫʨʘ ʨʘʟʣʦʞʝʥʠʷ ʢʦʤʧʦʥʝʥʪ 

ʧʦ ʯʘʩʪʦʪʘʤ, ʪ.ʝ. ʩʧʝʢʪʨ ʧʣʦʪʥʦʩʪʠ ʤʦʱʥʦʩʪʠ ʚ ʠʥʪʝʨʚʘʣʝ ʤʠʥʠʤʘʣʴʥʦʡ ʠ ʤʘʢʩʠʤʘʣʴʥʦʡ ʯʘʩʪʦʪʳ. ʇʝʨʚʘʷ 

ʦʧʨʝʜʝʣʝʥʘ ʨʘʟʤʝʨʦʤ ʨʠʪʤʦʛʨʘʤʤʳ, ʘ ʚʪʦʨʘʷ ʰʘʛʦʤ ʩʢʘʥʠʨʦʚʘʥʠʷ. ʇʝʨʚʘʷ ʟʘʚʠʩʠʪ ʦʪ ʫʩʣʦʚʠʡ ʨʝʛʠʩʪʨʘʮʠʠ, 

ʚʪʦʨʘʷ ï ʦʪ ʧʨʠʙʦʨʥʦʛʦ ʨʝʰʝʥʠʷ. ʇʨʠ ʠʥʪʝʨʝʩʝ ʢ ʠʥʬʨʘʜʠʘʥʥʳʤ ʨʠʪʤʘʤ ʚʦʟʥʠʢʘʝʪ ʧʨʦʙʣʝʤʘ ʨʝʛʠʩʪʨʘʮʠʠ 

ʵʣʝʢʪʨʦʢʘʨʜʠʦʛʨʘʤʤʳ (ʕʂɻ) ʧʨʠ ʧʦʩʪʦʷʥʥʳʭ ʧʩʠʭʠʯʝʩʢʠʭ ʠ ʵʤʦʮʠʦʥʘʣʴʥʳʭ ʫʩʣʦʚʠʷʭ ʫʩʣʦʚʥʦ ʟʜʦʨʦʚʦʛʦ 

ʦʙʩʣʝʜʫʝʤʦʛʦ (ʋɿʆ). ʈʘʥʝʝ ʧʨʦʚʝʜʝʥʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʜʦʢʘʟʘʣʠ, ʯʪʦ ʩʨʝʜʥʠʡ ʟʜʦʨʦʚʳʡ ʤʦʣʦʜʦʡ ʯʝʣʦʚʝʢ 

ʤʦʞʝʪ ʩʦʭʨʘʥʷʪʴ ʧʦʩʪʦʷʥʥʦʝ ʧʩʠʭʦʵʤʦʮʠʦʥʘʣʴʥʦʝ ʩʦʩʪʦʷʥʠʝ  ʥʝ ʙʦʣʝʝ 20 ʤʠʥʫʪ ʨʝʛʠʩʪʨʘʮʠʠ. ʇʦʵʪʦʤʫ ʜʣʷ 

ʩʦʟʜʘʥʠʷ çʜʣʠʥʥʳʭè ʟʘʧʠʩʝʡ ʙʦʣʴʰʝ ʧʝʨʠʦʜʦʚ ʮʠʨʢʘʜʠʘʥʥʳʭ ʨʠʪʤʦʚ, ʚʦʟʤʦʞʥʳ ʜʚʘ ʚʘʨʠʘʥʪʘ. ʇʝʨʚʳʡ 

ʚʘʨʠʘʥʪ ʧʦʠʥʪʝʨʚʘʣʴʥʦʛʦ ʫʩʨʝʜʥʝʥʠʷ ʩ ʥʘʟʥʘʯʝʥʠʝʤ ʫʩʣʦʚʥʦʡ ʥʝʜʝʣʠ, ʤʝʩʷʮʘ, ʧʦʣʫʛʦʜʘ ʠ ʪ.ʜ. ʅʘʧʨʠʤʝʨ, ʚ 

ʪʝʯʝʥʠʝ ʧʦʣʫʛʦʜʘ ʧʨʦʚʦʜʷʪʩʷ ʨʝʛʠʩʪʨʘʮʠʠ ʚ ʭʘʦʪʠʯʝʩʢʦʤ ʧʦʨʷʜʢʝ, ʥʦ ʩ ʦʙʷʟʘʪʝʣʴʥʦʡ ʨʝʛʠʩʪʨʘʮʠʝʡ ʚ 

ʥʘʟʥʘʯʝʥʥʦʤ ʠʥʪʝʨʚʘʣʝ, ʥʘʧʨʠʤʝʨ 3 ʜʥʷ. ʇʨʦʚʦʜʠʪʩʷ ʦʩʨʝʜʥʝʥʠʝ ʚ ʟʘʚʠʩʠʤʦʩʪʠ (ʧʨʠ ʮʠʨʢʘʜʠʘʥʥʳʭ 

ʠʩʩʣʝʜʦʚʘʥʠʷʭ) ʠ ʚʥʝ ʟʘʚʠʩʠʤʦʩʪʠ ï ʜʣʷ ʠʥʬʨʘʜʠʘʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʦʪ ʚʨʝʤʝʥʠ ʩʫʪʦʢ. ʅʘʟʥʘʯʘʝʪʩʷ 

ʤʘʢʩʠʤʘʣʴʥʳʡ ʠʥʪʝʨʚʘʣ ʚʨʝʤʝʥʠ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʥʘʧʨʠʤʝʨ ʤʝʩʷʮ. ɼʘʣʝʝ ʧʨʦʚʦʜʠʪʩʷ ʦʩʨʝʜʥʝʥʠʝ ʜʘʥʥʳʭ ʜʣʷ 

ʦʜʥʦʛʦ (ʩʨʝʜʥʝʛʦ) ʤʝʩʷʮʘ ʩ ʚʳʭʦʜʦʤ ʥʘ ʨʘʚʥʦʤʝʨʥʳʡ ʚʨʝʤʝʥʥʦʡ ʨʷʜ ʧʦ ʣʶʙʦʤʫ ʧʘʨʘʤʝʪʨʫ ʠʣʠ ʧʦʢʘʟʘʪʝʣʶ 

ʨʠʪʤʘ. ʇʨʠ ʠʩʩʣʝʜʦʚʘʥʠʠ ʮʠʨʢʘʜʠʘʥʥʳʭ ʨʠʪʤʦʚ ʘʚʪʦʨ ʚʦʩʧʦʣʴʟʦʚʘʣʩʷ ʧʝʨʚʳʤ ʤʝʪʦʜʦʤ [6], ʜʣʷ 

ʠʥʬʨʘʜʠʘʥʥʳʭ ï ʚʪʦʨʳʤ [7]. ʇʦ ʚʪʦʨʦʤʫ ʚʘʨʠʘʥʪʫ ʚʩʝ ʨʝʛʠʩʪʨʘʮʠʠ ʧʨʦʚʦʜʷʪʩʷ ʚ ʦʜʥʦ ʦʙʦʩʥʦʚʘʥʥʦʝ ʟʘʨʘʥʝʝ 

ʚʨʝʤʷ ʩʫʪʦʢ ʢʘʞʜʳʡ ʜʝʥʴ ʚ ʪʝʯʝʥʠʝ ʤʝʩʷʮʘ (ʜʚʫʭ ʪʨʝʭ ʠ ʪ.ʜ.). ʇʦ ʚʩʝʤ ʧʦʢʘʟʘʪʝʣʷʤ ʠ ʠʥʜʝʢʩʘʤ ʨʠʪʤʦʛʨʘʤʤ 

ʩʪʨʦʷʪʩʷ ʮʠʬʨʦʚʳʝ ʨʷʜʳ ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʝ, ʧʦ ʚʨʝʤʝʥʠ, ʢʦʪʦʨʳʝ ʜʘʣʝʝ ʩʪʘʥʦʚʷʪʩʷ ʦʙʲʝʢʪʦʤ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚ 

ʯʘʩʪʦʪʥʦʡ ʦʙʣʘʩʪʠ ʘʥʘʣʠʟʘ [8].  

ʎʝʣʴ ʨʘʙʦʪʳ ï ʠʩʩʣʝʜʦʚʘʥʠʝ ʚʦʟʤʦʞʥʦʩʪʠ ʨʝʘʣʠʟʘʮʠʠ ʟʘʭʚʘʪʘ ʨʠʪʤʘ ʩʝʨʜʮʘ ʟʜʦʨʦʚʳʭ ʤʦʣʦʜʳʭ ʣʶʜʝʡ 

ʮʠʨʢʘʜʠʘʥʥʳʤʠ ʠ ʠʥʬʨʘʜʠʘʥʥʳʤʠ ʨʠʪʤʘʤʠ ʚʥʝʰʥʠʭ ʠ/ʠʣʠ ʚʥʫʪʨʝʥʥʠʭ ʩʪʠʤʫʣʦʚ. 

ʇʘʨʘʤʝʪʨʠʯʝʩʢʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʮʠʨʢʘʜʠʘʥʥʳʭ ʨʠʪʤʦʚ. ʄʦʥʠʪʦʨʦʤ ʍʦʣʪʝʨʘ ʣʠʮʝʥʟʠʨʦʚʘʥʥʦʛʦ 

ʢʦʤʧʣʝʢʩʘ ʘʤʙʫʣʘʪʦʨʥʦʡ ʨʝʛʠʩʪʨʘʮʠʠ çAnnA Flash 3000è [8] ʧʨʦʚʦʜʠʣʠʩʴ 20-ʤʠʥʫʪʥʳʝ ʨʝʛʠʩʪʨʘʮʠʠ 

ʵʣʝʢʪʨʦʢʘʨʜʠʦʛʨʘʤʤ (ʕʂɻ) ʚʦ ʚʪʦʨʦʤ ʛʨʫʜʥʦʤ ʦʪʚʝʜʝʥʠʠ (ʧʦ ʅʝʙʫ) ʚ ʜʚʫʭ ʩʝʨʠʷʭ ʨʝʛʠʩʪʨʘʮʠʡ. ʇʝʨʚʘʷ 

ʩʝʨʠʷ ï ʜʣʷ ʟʜʦʨʦʚʦʛʦ ʶʥʦʰʠ (20 ʣʝʪ) ʚ ʘʢʪʠʚʥʦʤ ʬʫʥʢʮʠʦʥʘʣʴʥʦʤ ʩʦʩʪʦʷʥʠʠ ʚʦ ʚʨʝʤʷ ʧʦʩʫʪʦʯʥʦʡ ʨʘʙʦʪʳ ʚ 

ʜʥʝʚʥʫʶ ʠ ʥʦʯʥʫʶ ʩʤʝʥʳ (ʟʘ ʧʝʨʠʦʜ 28.01.2008 ï 20.02.2008). ɼʘʥʥʳʝ ʙʦʣʝʝ ʩʝʤʠʜʝʩʷʪʠ 20-ʤʠʥʫʪʥʳʭ 

ʨʝʛʠʩʪʨʘʮʠʡ ʕʂɻ ʧʦ 3 ï 5 ʟʘ ʩʫʪʢʠ ʙʳʣʠ ʢʦʥʚʝʨʪʠʨʦʚʘʥʳ ʚ ʨʠʪʤʦʛʨʘʤʤʳ. ɼʣʷ ʢʘʞʜʦʡ ʨʠʪʤʦʛʨʘʤʤʳ ʙʳʣʦ 

ʨʘʩʩʯʠʪʘʥʳ ʟʥʘʯʝʥʠʷ ʧʦʣʥʦʡ ʩʧʝʢʪʨʘʣʴʥʦʡ ʤʦʱʥʦʩʪʠ ʊʈ (Total Power, ʤʩ2) ʠ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʵʥʪʨʦʧʠʠ I* 

ʠ ʧʨʠʚʷʟʘʥʦ ʢ 10-ʤʠʥʫʪʥʦʤʫ ʠʥʪʝʨʚʘʣʫ ʚʨʝʤʝʥʠ. ɼʣʷ ʢʘʞʜʦʛʦ ʧʦʣʫʯʘʩʦʚʦʛʦ ʠʥʪʝʨʚʘʣʘ ʙʳʣʦ ʥʘʡʜʝʥʳ 

ʩʨʝʜʥʠʝ ʟʥʘʯʝʥʠʷ ʦʙʦʠʭ ʧʘʨʘʤʝʪʨʦʚ, ʦʪʚʝʯʘʶʱʝʝ ʟʘ ʵʪʦʪ ʠʥʪʝʨʚʘʣ ʚ ʪʝʯʝʥʠʝ ʫʩʣʦʚʥʳʭ ʩʫʪʦʢ. ʂ ʘʥʘʣʠʟʫ 

ʙʳʣʠ ʧʨʝʜʩʪʘʚʣʝʥʳ ʮʠʬʨʦʚʳʝ ʨʷʜʳ ʩʨʝʜʥʝ-ʠʥʪʝʨʚʘʣʴʥʳʭ ʟʥʘʯʝʥʠʡ ʧʦʣʥʦʡ ʩʧʝʢʪʨʘʣʴʥʦʡ ʤʦʱʥʦʩʪʠ ʊʈ ʠ 

ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʵʥʪʨʦʧʠʠ I* ʚ ʪʝʯʝʥʠʝ ʫʩʣʦʚʥʳʭ ʩʫʪʦʢ.  

ɺʪʦʨʘʷ ʩʝʨʠʷ ï ʧʦʩʫʪʦʯʥʦ ʠ ʦʜʥʦʚʨʝʤʝʥʥʦ ʫ ʜʝʚʫʰʢʠ ʠ ʶʥʦʰʠ (20 ʣʝʪ) ʚʝʯʝʨʦʤ ʚ ʪʝʯʝʥʠʝ  6 ʥʝʜʝʣʴ ʩ 

9.12.2007 ʧʦ 21.01.2008 ʚ ʦʜʠʥʘʢʦʚʳʭ ʜʦʤʘʰʥʠʭ ʫʩʣʦʚʠʷʭ ʚ ʧʦʣʦʞʝʥʠʠ ʣʝʞʘ ʥʘ ʩʧʠʥʝ ʩ ʧʝʨʠʦʜʦʤ 

ʘʜʘʧʪʘʮʠʠ 2 ï 3 ʤʠʥʫʪʳ. ɼʘʥʥʳʝ N = 42 ʕʂɻ ʢʦʥʚʝʨʪʠʨʦʚʘʣʠʩʴ ʚ ʬʦʨʤʝ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ n ʟʥʘʯʝʥʠʡ R-R 

ʠʥʪʝʨʚʘʣʦʚ ʥʘ ʨʠʪʤʦʛʨʘʤʤʝ, ʩ ʦʧʨʝʜʝʣʝʥʠʝʤ ʤʦʤʝʥʪʦʚ ʥʦʨʤʘʣʴʥʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʠ ʚʳʯʠʩʣʝʥʠʝʤ ʟʥʘʯʝʥʠʷ  

I*, ʙʠʪ/n. 

ʈʝʟʫʣʴʪʘʪʳ. ʇʨʠ ʩʚʝʜʝʥʠʠ ʩʫʪʦʯʥʳʭ ʜʘʥʥʳʭ ʪʨʝʭ ʥʝʜʝʣʴ ʚ ʠʥʪʝʨʚʘʣ ʚʨʝʤʝʥʠ ʫʩʣʦʚʥʳʭ ʩʫʪʦʢ 

ʦʢʘʟʘʣʦʩʴ, ʯʪʦ ʩʚʦʜʥʳʝ ʜʠʘʛʨʘʤʤʳ ʢʘʯʝʩʪʚʝʥʥʦ ʦʜʠʥʘʢʦʚʳ ʠ ʠʤʝʶʪ 4 ʭʘʨʘʢʪʝʨʥʦ ʚʳʨʘʞʝʥʥʳʭ ʫʯʘʩʪʢʘ (ʨʠʩ. 

1 ʘ, ʙ). ʄʝʜʣʝʥʥʳʡ ʨʦʩʪ ʌʉʆ ʧʨʦʠʩʭʦʜʠʪ ʫʩʣʦʚʥʦ ʦʪ ʥʘʯʘʣʘ ʩʫʪʦʢ ʠ ʚ ʪʝʯʝʥʠʝ 11 ʯʘʩʦʚ ʦʪ 6,6 ʙʠʪ/ʦʪʩʯʝʪ ʜʦ 

7,6 ʙʠʪ/ʦʪʩʯʝʪ  ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʨʝʟʢʠʤ ʧʘʜʝʥʠʝʤ ʚ ʠʥʪʝʨʚʘʣʝ (0,5 ï 1) ʯʘʩʘ ʜʦ 6, 6 ʙʠʪ/ʦʪʩʯʝʪ ʠ ʜʘʣʝʝ, ʧʘʫʟʦʡ 

ï ʜʦ 18 ʯʘʩʦʚ. ɼʘʣʝʝ ʟʘ 4 ʯʘʩʘ ʩ ʦʜʠʥʘʢʦʚʦʡ ʚʝʣʠʯʠʥʦʡ ʩʢʦʨʦʩʪʠ ʧʨʦʠʩʭʦʜʠʪ ʨʦʩʪ I*  ʜʦ 7,6 ʙʠʪ/ʦʪʩʯʝʪ (ʥʘʙʦʨ 

ʌʉʆ) ʠ ʚʥʦʚʴ ʧʘʜʝʥʠʝ I* (ʫʤʝʥʴʰʝʥʠʝ ʌʉʆ) ʜʦ 6,5 ʙʠʪ/ʦʪʩʯʝʪ.  ʇʦʩʣʝʜʥʠʡ ʧʠʢ ʚ ʜʠʥʘʤʠʢʝ I* ʠʤʝʝʪ ʪʫ ʞʝ 

ʘʤʧʣʠʪʫʜʫ, ʥʦ ʩʞʘʪ ʦʪʥʦʩʠʪʝʣʴʥʦ ʧʨʝʜʳʜʫʱʝʛʦ ʚ 2 ʨʘʟʘ (ʨʠʩ. 1 ʘ). ɼʠʥʘʤʠʢʘ ʊʈ ʜʝʪʘʣʴʥʦ ʧʦʚʪʦʨʷʝʪ 

ʜʠʥʘʤʠʢʫ I* (ʨʠʩ. 1, 2), ʥʦ ʝʩʪʴ ʩʫʱʝʩʪʚʝʥʥʳʡ ʧʨʠʟʥʘʢ ʦʪʣʠʯʠʷ ʚ ʚʝʣʠʯʠʥʝ ʊʈ. ʋ ʟʜʦʨʦʚʳʭ ʣʶʜʝʡ ʦʥʘ 

ʜʦʭʦʜʠʪ ʜʦ 100000 ʤʩ2. ʀ ʦʪʜʝʣʴʥʳʝ ʨʠʪʤʦʛʨʘʤʤʳ ʵʪʦʛʦ ʯʝʣʦʚʝʢʘ ʠʤʝʣʠ ʪʘʢʠʝ ʚʝʣʠʯʠʥʳ TP. ʅʦ ʜʣʷ 

ʩʚʦʜʥʳʭ ʫʩʣʦʚʥʳʭ ʩʫʪʦʢ ʚʝʣʠʯʠʥʘ ʧʦʣʥʦʡ ʤʦʱʥʦʩʪʠ ʥʘʭʦʜʠʪʩʷ ʚ ʧʦʣʦʩʝ 10000ï20000 ʤʩ2, ʦʙʦʟʥʘʯʘʷ 

ʫʛʥʝʪʝʥʥʦʝ ʜʝʧʨʝʩʩʠʚʥʦʝ ʌʉʆ. 
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ʈʠʩ. 1. ɼʠʘʛʨʘʤʤʳ ʨʘʩʧʨʝʜʝʣʝʥʠʡ ʪʦʯʝʯʥʳʭ ʟʥʘʯʝʥʠʡ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʵʥʪʨʦʧʠʠ I* (ʘ) ʠ ʧʦʣʥʦʡ 

ʩʧʝʢʪʨʘʣʴʥʦʡ ʤʦʱʥʦʩʪʠ TP (ʙ) ʚ ʪʝʯʝʥʠʝ ʫʩʣʦʚʥʳʭ ʩʫʪʦʢ 

ɺʥʫʪʨʠ-ʩʫʪʦʯʥʳʝ ʢʦʣʝʙʘʥʠʷ ʟʥʘʯʝʥʠʡ I* ʚ ʧʨʝʜʝʣʘʭ (6,5 ï 7,6) ʙʠʪ/ʦʪʩʯʝʪ ʫʢʘʟʳʚʘʶʪ ʥʘ ʪʨʠ 

ʧʝʨʝʭʦʜʘ ʦʪ ʜʦ-ʥʦʟʦʣʦʛʠʯʝʩʢʦʛʦ (6,5 ʙʠʪ/ʦʪʩʯʝʪ) ʜʦ ʥʦʨʤʘʣʴʥʦʛʦ (7,5 ï 7,6 ʙʠʪ/ʦʪʩʯʝʪ) ʌʉʆ, ʯʪʦ ʚ ʧʝʨʝʚʦʜʝ 

ʥʘ ʩʪʘʥʜʘʨʪʥʦʝ ʦʪʢʣʦʥʝʥʠʝ ʩʦʩʪʘʚʣʷʶʪ 40 ï 100 ʤʩ. ʋʯʘʩʪʢʠ ʜʠʘʛʨʘʤʤʳ ʜʥʝʚʥʳʭ ʨʝʛʠʩʪʨʘʮʠʡ ʕʂɻ 

ʧʨʠʭʦʜʷʪʩʷ ʥʘ ʜʝʧʨʝʩʩʠʚʥʳʝ ʩʦʩʪʦʷʥʠʷ (I*< 7 ʙʠʪ/ʦʪʩʯʝʪ), ʥʘ ʢʦʪʦʨʳʭ ʧʘʜʝʥʠʝ ʫʨʦʚʥʷ ʌʉʆ ʦʪʨʘʞʘʝʪ 

ʥʘʧʨʷʞʝʥʠʝ ʘʜʘʧʪʘʮʠʦʥʥʳʭ ʤʝʭʘʥʠʟʤʦʚ.  

ʇʘʨʘʤʝʪʨʠʯʝʩʢʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʠʥʬʨʘʜʠʘʥʥʳʭ ʨʠʪʤʦʚ. ɼʣʷ ʩʫʪʦʯʥʳʭ ʠ ʙʦʣʝʝ ʟʘʧʠʩʝʡ ʕʂɻ 

ʙʳʣ ʧʨʝʜʣʦʞʝʥ ʠʥʦʡ ʤʝʪʦʜ ʥʘʙʦʨʘ ʥʘʯʘʣʴʥʳʭ ʜʘʥʥʳʭ ï ʧʦ ʩʦʚʦʢʫʧʥʦʩʪʠ ʝʞʝʜʥʝʚʥʳʭ 20-ʤʠʥʫʪʥʳʭ ʟʘʧʠʩʝʡ 

ʕʂɻ, ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʩʠʥʪʝʟʦʤ ʮʠʬʨʦʚʳʭ ʨʷʜʦʚ ʧʘʨʘʤʝʪʨʘ I* ʠ ʯʝʪʳʨʝʭ ʤʦʤʝʥʪʦʚ ʨʘʩʧʨʝʜʝʣʝʥʠʷ: ʩʨʝʜʥʝʛʦ 

ʚʳʙʦʨʦʯʥʦʛʦ ʟʥʘʯʝʥʠʷ <X>, ʩʪʘʥʜʘʨʪʥʦʛʦ ʦʪʢʣʦʥʝʥʠʷ ů, ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʘʩʠʤʤʝʪʨʠʠ A ʠ ʵʢʩʮʝʩʩʘ E. ʊʘʢʠʝ 

ʮʠʬʨʦʚʳʝ ʨʷʜʳ ʠʤʝʶʪ ʦʛʨʘʥʠʯʝʥʥʦʝ ʯʠʩʣʦ ʜʘʥʥʳʭ (N = 42), ʘ ʧʦʪʦʤʫ ʥʝʧʨʠʛʦʜʥʳ ʜʣʷ ʩʧʝʢʪʨʘʣʴʥʦʛʦ 

ʘʥʘʣʠʟʘ. ʇʨʦʛʨʘʤʤʘ ʦʮʠʬʨʦʚʢʠ ʠʟʦʙʨʘʞʝʥʠʡ ʧʨʦʚʦʜʠʣʘ ʩʛʣʘʞʠʚʘʥʠʝ ʠ ʧʝʨʝʜʠʩʢʨʝʪʠʟʘʮʠʶ ʩ ʩʫʪʦʯʥʳʤ 

ʰʘʛʦʤ ʠ ʨʦʩʪʦʤ ʨʘʟʤʝʨʘ ʨʷʜʘ ʚ 20 - 50 ʨʘʟ. çʊʝʭʥʦʣʦʛʠʯʝʩʢʠʡè ʜʠʘʧʘʟʦʥ ʚʳʩʦʢʠʭ ʯʘʩʪʦʪ, ʩ ʟʘʜʘʚʘʝʤʳʡ 

ʰʘʛʦʤ ʥʘ ʯʘʩʪʦʪʥʦʡ ʦʩʠ, çʚʳʨʝʟʘʣʩʷè ʜʦ ʘʥʘʣʠʟʘ [8].   

ɼʦʩʪʦʚʝʨʥʦ ʚʳʜʝʣʷʣʠʩʴ ʮʠʢʣʠʯʝʩʢʠʝ ʢʦʤʧʦʥʝʥʪʳ ʚ ʜʠʘʧʘʟʦʥʝ ULF ʜʣʷ ʩʦʧʦʩʪʘʚʣʝʥʠʷ ʠʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʩ ʜʘʥʥʳʤʠ ʠʟʚʝʩʪʥʳʭ ʚʥʝʰʥʠʭ ʠʩʪʦʯʥʠʢʦʚ ʚʣʠʷʥʠʷ [1, 8]. ʋʟʢʦʧʦʣʦʩʥʳʡ ʩʧʝʢʪʨ ʧʣʦʪʥʦʩʪʠ 

ʤʦʱʥʦʩʪʠ ʠʤʝʣ ʧʦ ʯʝʪʳʨʝ ʚʳʜʝʣʷʝʤʳʭ ʤʘʢʩʠʤʫʤʦʚ, (ʙʠʪ/ʩʫʪʢʠ)2:  (3 ï 5; 14, 21) ʜʣʷ ʶʥʦʰʠ, (3,5; 7, 14, 22, 

28) ʜʣʷ ʜʝʚʫʰʢʠ ʧʦ ʧʷʪʠ ʧʦʢʘʟʘʪʝʣʷʤ (ʪʘʙʣ.). ʄʘʢʩʠʤʘʣʴʥʳʝ ʟʥʘʯʝʥʠʷ ʧʣʦʪʥʦʩʪʠ ʤʦʱʥʦʩʪʠ ʥʘ ʩʧʝʢʪʨʘʭ 

ɸʂʌ ʶʥʦʰʠ ʧʨʠʭʦʜʷʪʩʷ ʥʘ ʮʠʢʣʳ ʩ ʧʝʨʠʦʜʘʤʠ 3, 14, 21 ʩʫʪʢʠ, ʘ ʫ ʜʝʚʫʰʢʠ ï ʥʘ 5 ʠ 7 ʩʫʪʦʢ. ʋ ʯʝʣʦʚʝʢʘ 

ʩʚʦʙʦʜʥʦʪʝʢʫʱʠʝ ʨʠʪʤʳ ʩ ʧʝʨʠʦʜʦʤ ʦʢʦʣʦ 7 ʜʥʝʡ ʠʣʠ ʢʨʘʪʥʳʤ ʝʤʫ ʧʨʦʷʚʣʷʶʪʩʷ ʚ ʚʳʜʝʣʝʥʠʠ ʩ ʤʦʯʦʡ 17-

ʢʝʪʦʩʪʝʨʦʠʜʦʚ ʠ ʵʩʪʨʦʥʘ. 

ʊʘʙʣʠʮʘ. ʇʦʢʘʟʘʪʝʣʠ ʩʧʝʢʪʨʦʚ ɸʂʌ ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʭ ʧʘʨʘʤʝʪʨʠʯʝʩʢʠʭ ʨʷʜʦʚ [8] 

ʉʧʝʢʪʨ ʧʘʨʘʤʝʪʨʘ G<X>, ʤʩ2 Gů, ʤʩ2 Gɽ  Gɸ GI*, ʙʠʪ2 ʉʧʝʢʪʨ,  

ʧʦʣʫʰʠʨʠʥʘ 
ʆʙʩʣʝʜʫʝʤʳʡ  ɺʳʜʝʣʝʥʥʳʝ ʮʠʢʣʳ, (ʩʫʪʢʠ) 

5,0

5,5

6,0

6,5

7,0

7,5

8,0

0:00 4:48 9:36 14:24 19:12 0:00ɺʨʝʤʷ, ʯʘʩʳ:ʤʠʥ

I *, 

ʙʠʪ/ʦʪʩʯʝʪ

0

5000

10000

15000

20000

25000

30000

35000

40000

0:00 4:48 9:36 14:24 19:12 0:00ɺʨʝʤʷ, ʯʘʩʳ:ʤʠʥ

Total Power, 

ʤʩ
2



127                               SECTION 2 - Biocybernetics and mathematical modeling 

 

 

XVI International Scientific Conference çPhysics and Radioelectronics in Medicine and Ecologyè 

 

1 - ʖʥʦʰʘ 

28 ʩʫʪʦʢ  

3 ï 5, 14 3, 5, 21 3, 4, 21 3 ï 5, 21 3, 5, 21 ʋʟʢʦʧʦʣʦʩʥʳʡ 

0,001 - 0,02 ʯʘʩ-1 

2 - ɼʝʚʫʰʢʘ 

32 ʩʫʪʢʠ 

3, 5, 7 3, 5, 7 3, 5, 14, 28 3, 5, 22 3, 5, 7 ʋʟʢʦʧʦʣʦʩʥʳʡ 

0,001 - 0,022 ʯʘʩ-1 

ʅʘʧʨʷʞʝʥʠʝ ʘʜʘʧʪʘʮʠʦʥʥʳʭ ʤʝʭʘʥʠʟʤʦʚ ʩʦ ʩʪʦʨʦʥʳ ʠʥʬʨʘʜʠʘʥʥʳʭ ʨʠʪʤʦʚ ʧʨʠʚʦʜʠʪ ʢ 

ʥʘʧʦʣʥʝʥʠʶ ʜʠʘʧʘʟʦʥʘ ULF ʩʧʝʢʪʨʘ ʧʣʦʪʥʦʩʪʠ ʤʦʱʥʦʩʪʠ ʠ ʜʝʧʨʝʩʩʦʨʥʦʤʫ ʫʛʥʝʪʝʥʠʶ ʦʨʛʘʥʠʟʤʘ çʦʪ 

ʧʦʛʦʜʳè. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʨʠʪʤʘ ʩʝʨʜʮʘ ʚ ʢʘʯʝʩʪʚʝ ʬʘʟʦʚʦʛʦ ʜʘʪʯʠʢʘ ʯʘʩʪʦʪʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʚʥʝʰʥʠʭ 

ʬʘʢʪʦʨʦʚ ʚʣʠʷʥʠʡ ʧʨʠʚʝʣʦ ʢ ʥʝʦʯʝʚʠʜʥʳʤ ʚʳʚʦʜʘʤ. 

ɺʳʚʦʜʳ 

1. ʉ ʦʜʥʦʡ ʩʪʦʨʦʥʳ ʦʢʘʟʘʣʦʩʴ ʚʦʟʤʦʞʥʳʤ ʜʦʩʪʦʚʝʨʥʦ ʚʳʜʝʣʠʪʴ ʮʠʢʣʠʯʝʩʢʠʝ ʢʦʤʧʦʥʝʥʪʳ ʚ 

ʜʠʘʧʘʟʦʥʝ ULF, ʩ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ ʬʨʘʛʤʝʥʪʘʨʥʘʷ ʠʟʤʝʥʯʠʚʦʩʪʴ ʚʨʝʤʝʥʥʳʭ ʠʥʪʝʨʚʘʣʦʚ ʚ ʪʝʢʫʱʝʡ ʜʠʥʘʤʠʢʝ 

ʨʘʟʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʨʠʪʤʘ ʩʝʨʜʮʘ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦʙ ʘʚʪʦʢʦʣʝʙʘʪʝʣʴʥʦʤ ʥʠʟʢʦʯʘʩʪʦʪʥʦʤ ʨʝʞʠʤʝ ʨʘʙʦʪʳ 

ʘʜʘʧʪʘʮʠʦʥʥʳʭ ʤʝʭʘʥʠʟʤʦʚ ʧʨʠ ʥʝʧʨʝʨʳʚʥʦʤ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʦʨʛʘʥʠʟʤʘ ʩ ʨʠʪʤʘʤʠ ʩʨʝʜʳ ʩʪʘʚʠʪ ʧʦʜ 

ʩʦʤʥʝʥʠʝ ʩʘʤʫ ʧʨʦʮʝʜʫʨʫ ʩʦʧʦʩʪʘʚʣʝʥʠʷ ʯʘʩʪʦʪ. 

2. ʇʨʠʤʝʥʝʥʠʝ ʵʢʩʪʨʘʧʦʣʷʮʠʠ ʢ ʣʠʥʠʷʤ ʪʨʝʥʜʘ ʜʣʠʥʥʦʚʦʣʥʦʚʦʛʦ ʚʣʠʷʥʠʷ ʧʦʟʚʦʣʠʣʦ ʦʮʝʥʠʪʴ 

ʧʝʨʠʦʜʳ 1,5 ï 3 ʤʝʩʷʮʘ. ʇʦ ʚʳʜʝʣʝʥʥʦʤʫ ʮʠʢʣʫ 21 ï 22 ʜʥʷ ʦʩʥʦʚʥʘʷ ʤʦʱʥʦʩʪʴ ʧʝʨʠʦʜʠʯʝʩʢʠʭ 

ʩʦʩʪʘʚʣʷʶʱʠʭ ʧʘʨʘʤʝʪʨʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ ʧʨʠʭʦʜʠʣʘʩʴ ʥʘ ʚʨʝʤʝʥʥʦʡ ʠʥʪʝʨʚʘʣ 2 ï 42 ʜʥʷ, ʢʦʪʦʨʳʡ 

ʩʦʦʪʥʦʩʠʪʩʷ ʩ ʧʝʨʠʦʜʦʤ ʦʙʨʘʱʝʥʠʷ ʧʷʪʥʘ ɺʦʣʴʬʘ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʉʦʣʥʮʘ ʚ çʢʦʨʦʣʝʚʩʢʠʭ ʰʠʨʦʪʘʭè ʧʨʠ 

ʦʙʱʝʡ ʩʣʘʙʦʡ ʩʨʝʜʥʝʡ ʩʦʣʥʝʯʥʦʡ ʘʢʪʠʚʥʦʩʪʠ (ʠʥʜʝʢʩ ʘʢʪʠʚʥʦʩʪʠ Kp = 0 ï 3 ʙʘʣʣʘ [9]).  

3. ʇʨʝʜʧʦʣʘʛʘʝʪʩʷ ʫ ʤʫʞʯʠʥ 21-ʜʥʝʚʥʦʛʦ ʵʥʜʦʛʝʥʥʦʛʦ ʨʠʪʤʘ ʵʢʩʢʨʝʮʠʠ ʪʝʩʪʦʩʪʝʨʦʥʘ ʠ 

ʪʝʤʧʝʨʘʪʫʨʳ ʪʝʣʘ ʠ ʫ ʜʝʚʫʰʢʠ 28-ʜʥʝʚʥʦʛʦ ʦʚʘʨʠʘʣʴʥʦʛʦ ʮʠʢʣʘ [3].  
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Summary 

CYCLIC COMPONENTS OF HEART RATE VARIABILITY ACCORDING TO THE DATA OF SHORT 

DAILY AND DAILY REGISTRATIONS OF RHYTHMOGRAMS  

A.A. Kuznetsov  

Vladimir Branch of the Volga Region Research Medical University  

Two methods of forming "long" information diagrams are proposed: using interval parametric averaging 

for a summary conditional time interval and using digital series of rhythm indicators synthesized over time. The 

research was carried out by the first method on the dynamics of a single proposed universal numerical parameter of 

the FSO in comparison with the known dynamics of the indicator of total spectral power, the second - in comparison 

http://www.tesis.lebedev.ru/


ʉɽʂʎʀʗ 2 - ɹʠʦʢʠʙʝʨʥʝʪʠʢʘ ʠ ʤʘʪʝʤʘʪʠʯʝʩʢʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ                  128 

 

 

XVI ʄʝʞʜʫʥʘʨʦʜʥʘʷ ʅʘʫʯʥʘʷ ʂʦʥʬʝʨʝʥʮʠʷ "ʌʠʟʠʢʘ ʠ ʈʘʜʠʦʵʣʝʢʪʨʦʥʠʢʘ ʚ ʄʝʜʠʮʠʥʝ ʠ ʕʢʦʣʦʛʠʠ" 

 

of the dynamics of the normal distribution four moments and the numerical parameter of the FSO with information 

entropy. Keywords: rhythmogram, information entropy, circadian and infradian rhythms 
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ɸʥʥʦʪʘʮʠʷ 

 

ʀʩʩʣʝʜʦʚʘʥ ʠ ʦʙʦʩʥʦʚʘʥ ʦʩʥʦʚʥʦʡ ʦʙʲʝʢʪ ʠʟʤʝʨʝʥʠʷ ʠ ʝʜʠʥʠʮʘ ʠʟʤʝʨʝʥʠʷ. ʇʨʠʚʝʜʝʥʦ ʧʦʥʷʪʠʝ 

ʨʝʞʠʤʘ çʢʦʥʪʨʦʣʷ ʨʠʪʤʘ ʩʝʨʜʮʘè ʚ ʦʙʱʝʧʨʠʥʷʪʦʡ ʠ ʘʚʪʦʨʩʢʦʡ ʪʨʘʢʪʦʚʢʝ. ɼʣʷ ʨʝʞʠʤʘ ʨʝʛʫʣʷʮʠʠ ʨʠʪʤʘ 

ʩʝʨʜʮʘ ʧʨʦʚʝʜʝʥʦ ʩʦʚʤʝʩʪʥʦʝ ʪʦʣʢʦʚʘʥʠʝ ʧʨʘʚʠʣʘ ɸʜʣʝʨʘ ʠ çɿʘʢʦʥʘ ʠʩʭʦʜʥʦʡ ʚʝʣʠʯʠʥʳè. ʇʦʢʘʟʘʥʦ, ʯʪʦ 

ʨʝʘʣʴʥʳʡ ʨʠʪʤ ʩʝʨʜʮʘ ʚ ʦʙʱʝʤ ʩʣʫʯʘʝ ʥʝ ʷʚʣʷʝʪʩʷ ʘʣʛʝʙʨʘʠʯʝʩʢʦʡ ʩʫʤʤʦʡ ʩʠʤʧʘʪʠʯʝʩʢʦʡ ʠ 

ʧʘʨʘʩʠʤʧʘʪʠʯʝʩʢʦʡ ʩʪʠʤʫʣʷʮʠʡ, ʘ ʦʙʷʟʘʥ ʬʦʨʤʠʨʦʚʘʪʴʩʷ ʙʦʣʴʰʝʡ ʩʪʝʧʝʥʴʶ ʜʠʥʘʤʠʢʦʡ ʠʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʨʠʪʤ ʩʝʨʜʮʘ, ʨʝʞʠʤʳ ʢʦʥʪʨʦʣʷ, ʨʝʛʫʣʷʮʠʠ ʠ ʫʧʨʘʚʣʝʥʠʷ. 

 

 

ɺʚʝʜʝʥʠʝ. ʂʣʠʥʠʯʝʩʢʠʝ ʤʝʪʦʜʳ ʥʝʠʥʚʘʟʠʚʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʩʝʨʜʮʘ (ʧʝʨʢʫʩʩʠʷ, ʘʫʩʢʫʣʴʪʘʮʠʷ, 

ʧʘʣʴʧʘʮʠʷ) ʚ ʩʦʯʝʪʘʥʠʠ ʩ ʧʨʦʩʪʝʡʰʠʤʠ ʧʨʦʙʘʤʠ ʢʘʯʝʩʪʚʝʥʥʦ ʭʘʨʘʢʪʝʨʠʟʫʶʪ ʬʫʥʢʮʠʦʥʘʣʴʥʳʝ ʨʝʟʝʨʚʳ, 

ʩʦʢʨʘʪʠʤʦʩʪʴ ʠ ʚʦʟʙʫʜʠʤʦʩʪʴ ʤʠʦʢʘʨʜʘ. ʉʦʚʨʝʤʝʥʥʳʝ ʠʥʩʪʨʫʤʝʥʪʘʣʴʥʳʝ ʤʝʪʦʜʳ ʘʥʘʣʠʟʘ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʜʘʥʥʳʭ ʥʝʠʥʚʘʟʠʚʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ (ʵʣʝʢʪʨʦ-, ʵʭʦ-, ʧʣʝʪʠʟʤʦ-, ʬʦʥʦʢʘʨʜʠʦʛʨʘʬʠʠ) 

ʧʨʝʦʙʣʘʜʘʶʪ ʥʘʜ ʢʣʠʥʠʯʝʩʢʠʤʠ ʤʝʪʦʜʘʤʠ ʠʩʩʣʝʜʦʚʘʥʠʡ ʩʦʩʪʦʷʥʠʡ ʙʦʣʴʥʦʛʦ, ʧʦʟʚʦʣʷʶʪ ʜʝʪʘʣʴʥʦ 

ʠʩʩʣʝʜʦʚʘʪʴ ʬʫʥʢʮʠʠ ʤʳʰʮʳ ʩʝʨʜʮʘ ʠ ʧʨʦʚʦʜʷ ʪʦʧʠʯʝʩʢʫʶ ʜʠʘʛʥʦʩʪʠʢʫ ʧʦʨʘʞʝʥʠʡ, ʜʦʚʦʜʠʪʴ ʢʘʯʝʩʪʚʦ 

ʧʦʣʫʯʘʝʤʦʡ ʠʥʬʦʨʤʘʮʠʠ ʜʦ ʫʨʦʚʥʷ ʦʮʝʥʦʯʥʦʛʦ ʧʨʦʛʥʦʟʘ [1]. ʅʝʜʦʩʪʘʪʦʯʥʘʷ ʢʚʘʣʠʬʠʢʘʮʠʷ ʙʦʣʴʰʠʥʩʪʚʘ 

ʚʨʘʯʝʡ ʚ ʦʙʣʘʩʪʠ ʬʫʥʢʮʠʦʥʘʣʴʥʦʡ ʜʠʘʛʥʦʩʪʠʢʠ ʦʙʫʩʣʦʚʣʝʥʘ ʫʟʦʩʪʴʶ ʩʧʝʮʠʘʣʠʟʘʮʠʠ ʠ ʤʘʣʦʡ ʩʨʝʜʥʝʡ 

ʩʢʦʨʦʩʪʴʶ ʥʘʙʦʨʘ ʥʦʚʳʭ ʟʥʘʥʠʡ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩʦ ʩʢʦʨʦʩʪʴʶ ʧʨʦʛʨʝʩʩʘ. ɺʝʨʦʷʪʥʦ, ʵʪʦ ʦʙʲʷʩʥʷʝʪʩʷ 

ʥʝʜʦʩʪʘʪʦʯʥʦʩʪʴʶ ʦʩʥʦʚ ʬʫʥʢʮʠʦʥʘʣʴʥʦʡ ʜʠʘʛʥʦʩʪʠʢʠ: ʬʠʟʠʢʠ, ʤʘʪʝʤʘʪʠʢʠ, ʪʝʦʨʠʠ ʚʝʨʦʷʪʥʦʩʪʠ ʠ 

ʮʠʬʨʦʚʦʡ ʦʙʨʘʙʦʪʢʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʜʘʥʥʳʭ, ʜʣʷ ʠʥʪʝʨʧʨʝʪʘʮʠʠ ʧʦʣʫʯʝʥʥʳʭ ʜʘʥʥʳʭ ʢʘʢ ʦʩʥʦʚʳ ʜʣʷ 

ʧʨʦʛʥʦʟʘ ʵʚʦʣʶʮʠʠ ʩʦʩʪʦʷʥʠʷ ʠ ʨʝʢʦʤʝʥʜʘʮʠʡ, ʘʜʝʢʚʘʪʥʳʭ ʩʦʩʪʦʷʥʠʶ ʢʣʠʥʠʯʝʩʢʠʭ ʤʝʨʦʧʨʠʷʪʠʡ. ɺ ʵʪʦʤ 

ʩʤʳʩʣʝ ʦʥʪʦʛʝʥʝʟ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʚ ʧʝʨʚʦʤ ʧʨʠʙʣʠʞʝʥʠʠ ʢʘʢ ʩʠʩʪʝʤʥʳʡ ʧʨʦʮʝʩʩ ʚ ʧʦʣʫʦʪʢʨʳʪʦʡ ʩʠʩʪʝʤʝ 

ʧʨʠ ʥʝ ʫʩʪʦʷʚʰʝʡʩʷ ʪʝʨʤʠʥʦʣʦʛʠʠ. ʀʩʩʣʝʜʦʚʘʪʝʣʷʤʠ ʬʦʨʤʠʨʫʝʪʩʷ ʩʝʨʜʮʘ ʢʘʯʝʩʪʚʝʥʥʦʝ ʬʠʟʠʯʝʩʢʦʝ 

ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʦʙ ʦʥʪʦʛʝʥʝʟʝ ʧʨʠ ʦʪʩʫʪʩʪʚʠʠ ʩʦʙʩʪʚʝʥʥʦʡ ʤʘʪʝʤʘʪʠʢʠ, ʨʘʚʥʦʤʝʨʥʦʡ ʰʢʘʣʳ ʚʨʝʤʝʥʠ ʠ ʝʛʦ 

ʝʜʠʥʠʮʳ. ʆʪʩʫʪʩʪʚʠʝ ʙʘʟʦʚʳʭ ʟʥʘʥʠʡ ʦʙʲʷʩʥʷʝʪ ʦʪʩʫʪʩʪʚʠʝ ʧʨʦʩʪʳʭ ʠ ʜʦʩʪʫʧʥʳʭ ʚʨʘʯʘʤ ʫʥʠʚʝʨʩʘʣʴʥʳʭ 

ʪʝʭʥʦʣʦʛʠʡ ʜʠʘʛʥʦʩʪʠʢʠ. 

ʊʝʨʤʠʥ çʬʠʟʠʢʘ ʞʠʚʦʛʦè, ʧʨʝʜʣʦʞʝʥʥʳʡ ʫʯʝʥʠʢʦʤ ɿʦʤʤʝʨʬʝʣʴʜʘ ɻ. ʌʨʸʣʠʭʦʤ (H. Frºhlich), 

ʦʧʨʝʜʝʣʷʝʪ ʥʘʧʨʘʚʣʝʥʠʝ, ʦʙʱʫʶ ʤʝʪʦʜʦʣʦʛʠʶ ʠ ʦʙʲʝʢʪ ʠʩʩʣʝʜʦʚʘʥʠʷ. ʕʪʦʪ ʪʝʨʤʠʥ ʦʙʲʝʜʠʥʷʝʪ ʬʠʟʠʢʫ 

ʚʥʝʰʥʠʭ ʧʨʦʮʝʩʩʦʚ,  ʙʠʦʬʠʟʠʢʫ, ʙʠʦʭʠʤʠʶ, ʬʠʟʠʦʣʦʛʠʶ ʠ ʧʩʠʭʦʣʦʛʠʶ ʯʝʣʦʚʝʢʘ. ɾʠʚʦʝ, ʢʘʢ ʩʫʙʩʪʘʥʮʠʷ 

ʝʜʠʥʦʛʦ ʤʘʪʝʨʠʘʣʴʥʦʛʦ ʤʠʨʘ, ʚʦʟʥʠʢʘʝʪ ʠ ʨʘʟʚʠʚʘʝʪʩʷ ʚʦ ʚʟʘʠʤʦʩʚʷʟʠ ʚʝʱʝʩʪʚʘ ʠ ʵʬʠʨʘ, ʤʝʨʘʤʠ ʢʦʪʦʨʳʭ 

ʷʚʣʷʶʪʩʷ ʵʥʝʨʛʠʷ ʠ ʠʥʬʦʨʤʘʮʠʷ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ [2]. ʉʫʱʝʩʪʚʫʶʱʠʝ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʳʝ 

ʠʥʩʪʨʫʤʝʥʪʘʣʴʥʳʝ ʤʝʪʦʜʳ ʧʦʟʚʦʣʷʶʪ ʧʨʦʚʦʜʠʪʴ ʥʝʧʨʝʨʳʚʥʳʡ ʤʦʥʠʪʦʨʠʥʛ ʧʘʨʘʤʝʪʨʦʚ ʨʘʙʦʪʳ ʩʝʨʜʮʘ ʠ 

ʢʦʤʧʴʶʪʝʨʥʳʡ ʘʥʘʣʠʟ ʨʝʟʫʣʴʪʘʪʦʚ. ɺ ʪʘʢʦʤ ʪʨʝʥʜʝ ʰʠʨʦʢʦ ʧʨʠʤʝʥʷʝʪʩʷ ʥʘ ʧʨʘʢʪʠʢʝ ʤʝʪʦʜ ʚʘʨʠʘʙʝʣʴʥʦʩʪʠ 

ʩʝʨʜʝʯʥʦʛʦ ʨʠʪʤʘ (ɺʉʈ) [3], ʢʘʢ ʜʣʷ ʦʮʝʥʢʠ ʦʙʱʝʛʦ ʬʫʥʢʮʠʦʥʘʣʴʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʦʨʛʘʥʠʟʤʘ (ʌʉʆ) 

ʟʜʦʨʦʚʳʭ, ʪʘʢ ʠ ʜʣʷ ʙʦʣʴʥʳʭ ʣʶʜʝʡ. ʄʦʞʥʦ ʣʠ ʩʯʠʪʘʪʴ ʤʝʪʦʜ ɺʉʈ ʤʝʪʦʜʦʤ ʬʫʥʢʮʠʦʥʘʣʴʥʦʡ ʜʠʘʛʥʦʩʪʠʢʠ. 

ʆʪʚʝʪ ʙʫʜʝʪ ʧʦʣʦʞʠʪʝʣʴʥʳʤ, ʝʩʣʠ ʤʝʪʦʜ ʧʦʟʚʦʣʠʪ ʘʜʝʢʚʘʪʥʦ (ʯʠʩʣʝʥʥʦ) ʦʧʨʝʜʝʣʠʪʴ ʌʉʆ ʠ 

ʢʣʘʩʩʠʬʠʮʠʨʦʚʘʪʴ ʝʛʦ ʧʦ ʫʨʦʚʥʷʤ. ʀʥʳʝ ʤʝʪʦʜʳ ʦʙʨʘʙʦʪʢʠ ʠ ʘʥʘʣʠʟʘ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʜʘʥʥʳʭ ʧʨʠ 

ʥʝʠʥʚʘʟʠʚʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʷʭ, ʢ ʢʦʪʦʨʳʤ ʤʦʞʥʦ ʦʪʥʝʩʪʠ ʧʦʣʫʯʠʚʰʠʝ ʰʠʨʦʢʫʶ ʨʝʢʣʘʤʫ ʩʧʝʢʪʨʘʣʴʥʳʡ 

ʤʝʪʦʜ ʚ ʬʦʨʤʝ W-ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʠ ʤʝʪʦʜʳ ʥʝʣʠʥʝʡʥʦʛʦ ʘʥʘʣʠʟʘ, ʥʝ ʷʚʣʷʶʪʩʷ ʧʦʢʘ ʦʢʦʥʯʘʪʝʣʴʥʦ 

ʩʬʦʨʤʠʨʦʚʘʚʰʠʤʠʩʷ ʠ ʨʝʘʣʠʟʦʚʘʥʥʳʤʠ. ʕʪʠ ʤʝʪʦʜʳ ʥʝ ʧʦʥʷʪʥʳ ʠ ʥʝʜʦʩʪʫʧʥʳ ʜʣʷ ʚʨʘʯʝʡ, ʘ ʨʝʟʫʣʴʪʘʪʳ, 

ʧʦʣʫʯʝʥʥʳʝ ʧʨʠ ʠʭ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʩʣʦʞʥʳ ʠ ʥʝ ʦʜʥʦʟʥʘʯʥʳ ʧʨʠ ʠʥʪʝʨʧʨʝʪʘʮʠʠ ʧʨʠ çʨʘʟʤʳʪʳʭè ʩʠʩʪʝʤʥʳʭ 

ʦʙʲʝʢʪʘʭ ʧʨʠʤʝʥʝʥʠʷ. ɺ ʪʘʢʦʤ ʧʨʝʜʩʪʘʚʣʝʥʠʠ ʥʘʠʙʦʣʝʝ ʧʝʨʩʧʝʢʪʠʚʥʳʤʠ ʥʘʧʨʘʚʣʝʥʠʷʤʠ ʚ ʦʮʝʥʢʝ 

ʬʫʥʢʮʠʦʥʘʣʴʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʨʠʪʤʘ ʩʝʨʜʮʘ ʤʦʛʫʪ ʙʳʪʴ ʠʩʩʣʝʜʦʚʘʥʠʝ ʬʫʥʢʮʠʦʥʘʣʴʥʦʡ ʠʣʠ ʧʘʨʘʤʝʪʨʠʯʝʩʢʦʡ 
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ʜʠʥʘʤʠʢʠ ʨʠʪʤʘ ʩʝʨʜʮʘ ʟʜʦʨʦʚʦʛʦ ʤʦʣʦʜʦʛʦ ʯʝʣʦʚʝʢʘ ʦʪ 16 ʜʦ 25 ʣʝʪ, ʩʠʩʪʝʤʥʳʡ ʘʥʘʣʠʟ ʬʫʥʢʮʠʡ ʠ 

ʧʘʨʘʤʝʪʨʦʚ ʨʠʪʤʘ ʥʘ ʦʩʥʦʚʝ ʠ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʵʥʪʨʦʧʠʠ ʠ ʧʨʦʛʥʦʟʥʳʝ ʦʮʝʥʢʠ ʵʚʦʣʶʮʠʠ ʧʦʣʫʯʝʥʥʳʭ 

ʧʘʨʘʤʝʪʨʠʯʝʩʢʠʭ ʟʘʚʠʩʠʤʦʩʪʝʡ [1]. 

ʎʝʣʴ ʨʘʙʦʪʳ ï ʧʨʦʚʝʨʢʘ ʦʜʥʦʛʦ ʠʟ ʩʣʝʜʩʪʚʠʡ ʧʨʘʚʠʣʘ ɸʜʣʝʨʘ ʦ ʧʨʝʜʩʪʘʚʣʝʥʠʠ ʨʝʘʣʴʥʦʛʦ ʨʠʪʤʘ 

ʩʝʨʜʮʘ ʘʣʛʝʙʨʘʠʯʝʩʢʦʡ ʩʫʤʤʦʡ ʩʠʤʧʘʪʠʯʝʩʢʦʡ ʠ ʧʘʨʘʩʠʤʧʘʪʠʯʝʩʢʦʡ ʩʪʠʤʫʣʷʮʠʠ 

 

ʌʝʥʦʤʝʥʦʣʦʛʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʫʧʨʘʚʣʝʥʠʷ, ʢʦʥʪʨʦʣʷ ʠ ʨʝʛʫʣʷʮʠʠ ʨʠʪʤʘ ʩʝʨʜʮʘ 

ʈʦʣʴ ʚʝʣʠʯʠʥʳ R-R ʠʥʪʝʨʚʘʣʘ. ɺ ʥʘʯʘʣʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʬʠʟʠʯʝʩʢʦʛʦ ʧʨʦʮʝʩʩʘ ʵʢʩʧʝʨʠʤʝʥʪʘʪʦʨ 

ʧʝʨʝʚʦʜʠʪ ʥʝʧʨʝʨʳʚʥʳʡ ʨʝʘʣʴʥʳʡ ʬʠʟʠʯʝʩʢʠʡ ʧʨʦʮʝʩʩ ʚ ʝʛʦ ʜʠʩʢʨʝʪʥʳʡ ʘʥʘʣʦʛ ʚ ʬʦʨʤʝ ʮʠʬʨʦʚʦʛʦ ʨʷʜʘ, 

ʢʦʪʦʨʳʡ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʜʚʫʤʷ ʠʥʪʝʨʚʘʣʘʤʠ ʚʨʝʤʝʥʠ: ʤʠʥʠʤʘʣʴʥʦ ʚʦʟʤʦʞʥʳʡ ʨʘʚʝʥ ʚʝʣʠʯʠʥʝ ʰʘʛʘ 

ʜʠʩʢʨʝʪʠʟʘʮʠʠ (ʯʘʩʪʦʪʝ ʧʘʨʘʤʝʪʨʠʯʝʩʢʦʛʦ ʩʢʘʥʠʨʦʚʘʥʠʷ), ʤʘʢʩʠʤʘʣʴʥʦ ʚʦʟʤʦʞʥʳʡ ʨʘʚʝʥ ʨʘʟʤʝʨʫ ʨʷʜʘ, 

ʟʘʭʚʘʪʳʚʘʶʱʠʡ ʤʘʢʩʠʤʘʣʴʥʳʡ ʧʦʣʫʧʝʨʠʦʜ ʚʥʝʰʥʝʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ʧʨʦʮʝʩʩ. ʇʫʩʪʴ ʙʠʦʨʠʪʤʳ ʚʩʝʭ ʦʨʛʘʥʦʚ 

ʚʢʣʶʯʝʥʳ ʚ ʝʜʠʥʳʡ ʩʠʩʪʝʤʥʳʡ (ʛʘʨʤʦʥʠʯʝʩʢʠʡ) ʨʠʪʤ ʦʨʛʘʥʠʟʤʘ ʩ ʙʘʟʦʚʦʡ ʜʣʠʥʥʦʚʦʣʥʦʚʦʡ ʩʦʩʪʘʚʣʷʶʱʝʡ 

ʠ ʩ ʭʘʨʘʢʪʝʨʥʳʤ ʠʥʪʝʨʚʘʣʦʤ ʚʨʝʤʝʥʠ ʤʝʞʜʫ ʜʚʫʤʷ ʩʦʢʨʘʱʝʥʠʷʤʠ ʣʝʚʦʛʦ ʞʝʣʫʜʦʯʢʘ ʩʝʨʜʮʘ ʚ ʢʘʯʝʩʪʚʝ 

ʧʦʣʫʧʝʨʠʦʜʘ ʠʣʠ ʤʘʩʰʪʘʙʥʦʡ ʝʜʠʥʠʮʳ. ʅʘ ʵʣʝʢʪʨʦʢʘʨʜʠʦʛʨʘʤʤʝ (ʕʂɻ) ʵʪʦʪ ʠʥʪʝʨʚʘʣ ʦʙʦʟʥʘʯʘʝʪʩʷ 

ʨʘʩʩʪʦʷʥʠʝʤ ʤʝʞʜʫ ʧʠʢʘʤʠ ʩʦʩʝʜʥʠʭ R-ʟʫʙʮʦʚ, ʠʣʠ R-R ʠʥʪʝʨʚʘʣ. ɺ ʧʝʨʚʦʤ ʩʣʫʯʘʝ ʠ ʜʣʷ ʢʦʥʝʯʥʦʛʦ ʯʠʩʣʘ 

ʦʪʩʯʝʪʦʚ ʦʜʥʦʤʦʜʘʣʴʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʟʥʘʯʝʥʠʡ R-R ʠʥʪʝʨʚʘʣʦʚ ʥʘ ʜʠʘʛʨʘʤʤʝ ʨʠʪʤʘ ʩʝʨʜʮʘ (ɼʈʉ), ʠʣʠ 

ʨʠʪʤʦʛʨʘʤʤʝ ʧʨʝʜʧʦʣʘʛʘʝʪ ʬʫʥʢʮʠʦʥʘʣʴʥʳʡ ʨʠʪʤ ʩʝʨʜʮʘ, ʩʠʥʭʨʦʥʠʟʠʨʫʶʱʠʡ ʚʩʝ ʨʠʪʤʠʯʝʩʢʠʝ 

ʩʦʩʪʘʚʣʷʶʱʠʝ ʦʥʪʦʛʝʥʝʟʘ. ʇʨʝʜʝʣʳ ʬʫʥʢʮʠʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʦʧʨʝʜʝʣʝʥʳ ʤʘʢʩʠʤʘʣʴʥʳʤ ʠ ʤʠʥʠʤʘʣʴʥʳʤ 

ʟʥʘʯʝʥʠʷʤʠ R-R ʠʥʪʝʨʚʘʣʦʚ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʩʠʩʪʝʤʥʘʷ ʦʧʪʠʤʘʣʴʥʘʷ ʰʠʨʠʥʘ çʬʘʟʦʚʦʡ ʧʦʣʦʩʳ 

ʧʨʦʧʫʩʢʘʥʠʷè ʩʠʛʥʘʣʘ ʕʂɻ, ʦʧʨʝʜʝʣʷʝʤʘʷ ʬʫʥʢʮʠʦʥʘʣʴʥʦʡ ʮʝʣʝʩʦʦʙʨʘʟʥʦʩʪʴʶ, ʘ ʢʦʣʠʯʝʩʪʚʝʥʥʦ ï 

ʜʠʩʧʝʨʩʠʝʡ ɼʈʉ, ʷʚʣʷʝʪʩʷ ʟʘʜʘʥʥʦʡ. ʇʨʝʜʩʪʘʚʣʝʥʠʝ, ʯʪʦ ʚ ʨʠʪʤʝ ʩʝʨʜʮʘ ʟʘʢʦʜʠʨʦʚʘʥʘ ʠʥʬʦʨʤʘʮʠʷ ʦʙʦ ʚʩʝʭ 

ʧʨʦʮʝʩʩʘʭ ʚ ʦʨʛʘʥʠʟʤʝ, ʦʙʨʝʪʘʝʪ ʢʘʯʝʩʪʚʦ ʜʦʩʪʦʚʝʨʥʦʛʦ. ʀʟʤʝʥʝʥʠʝ ʬʘʟʦʚʦʡ ʩʠʩʪʝʤʥʦʡ ʝʜʠʥʠʮʳ ʧʨʠʚʝʜʝʪ ʢ 

ʠʟʤʝʥʝʥʠʶ ʭʘʨʘʢʪʝʨʥʦʛʦ ʙʠʦʨʠʪʤʘ ʦʨʛʘʥʘ ʠ ʨʘʩʩʦʛʣʘʩʦʚʘʥʠʶ ʩ ʨʠʪʤʦʤ ʩʝʨʜʮʘ. ʈʘʩʬʘʟʠʨʦʚʢʘ ʪʨʝʙʫʝʪ 

ʤʦʤʝʥʪʘʣʴʥʦʡ ʯʘʩʪʦʪʥʦʡ ʨʝʘʢʮʠʠ ʚʤʝʰʘʪʝʣʴʩʪʚʘ ʢʦʨʨʝʢʮʠʝʡ ʨʠʪʤʘ. 

ɺʦ ʚʪʦʨʦʤ ʩʣʫʯʘʝ, ʝʩʣʠ R-R ʠʥʪʝʨʚʘʣ ʚʳʧʦʣʥʷʝʪ ʣʠʰʴ ʬʫʥʢʮʠʶ ʩʦʠʟʤʝʨʠʤʦʩʪʠ ʩ ʚʥʝʰʥʠʤ 

ʠʥʬʦʨʤʘʮʠʦʥʥʳʤ ʫʧʨʘʚʣʷʶʱʠʤ ʠ ʙʦʣʝʝ ʜʣʠʥʥʦʚʦʣʥʦʚʳʤ ʩʠʛʥʘʣʦʤ ʨʠʪʤ ʩʝʨʜʮʘ ʨʝʘʛʠʨʫʝʪ ʥʘ 

ʠʥʥʝʨʚʠʨʫʝʤʦʝ ʩʠʤʧʘʪʠʯʝʩʢʦʡ ʥʝʨʚʥʦʡ ʩʠʩʪʝʤʦʡ ʥʘʨʫʰʝʥʠʝ çʧʦʜʩʪʨʦʡʢʦʡè - ʧʦʠʩʢʦʤ ʥʦʚʦʛʦ 

ʬʫʥʢʮʠʦʥʘʣʴʥʦʛʦ ʨʠʪʤʘ, ʢʘʢ ʥʝʢʦʝʡ ʬʘʟʦʚʦʡ ʢʦʤʙʠʥʘʮʠʠ ʥʘ ʕʂɻ. ʅʝʧʨʝʨʳʚʥʘʷ ʙʳʩʪʨʘʷ ʠ çʤʷʛʢʘʷè 

ʧʦʜʩʪʨʦʡʢʘ ʧʨʦʠʩʭʦʜʠʪ ʠʟʤʝʥʝʥʠʝʤ ʠʥʪʝʨʚʘʣʘ ʦʙʱʝʡ ʧʘʫʟʳ ʢʘʨʜʠʦʮʠʢʣʦʚ ʩ ʠʟʤʝʥʝʥʠʝʤ ʩʨʝʜʥʝʛʦ ʟʥʘʯʝʥʠʷ 

R-R ʠʥʪʝʨʚʘʣʘ ʥʘ ɼʈʉ. ʇʨʠ ʪʘʢʦʤ ʥʝʧʨʝʨʳʚʥʦʤ ʧʦʠʩʢʝ ʢʦʵʬʬʠʮʠʝʥʪ ʘʩʠʤʤʝʪʨʠʠ (ɸ) ʚʩʝʛʜʘ ʷʚʣʷʝʪʩʷ 

ʧʝʨʝʤʝʥʥʦʡ ʚʝʣʠʯʠʥʦʡ. ʅʝʧʨʝʨʳʚʥʳʝ ʪʝʢʫʱʠʝ ʠʟʤʝʥʝʥʠʷ ʤʦʤʝʥʪʦʚ ʬʫʥʢʮʠʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʤʦʛʫʪ 

ʩʚʠʜʝʪʝʣʴʩʪʚʦʚʘʪʴ ʦʙ ʫʥʠʚʝʨʩʘʣʴʥʦʤ ʜʣʷ çʞʠʚʦʡ ʤʘʪʝʨʠʠè ʧʨʦʮʝʩʩʝ ʧʦʠʩʢʘ ʦʧʪʠʤʘʣʴʥʦʡ ʚʝʣʠʯʠʥʳ ʨʠʪʤʘ 

ʩʝʨʜʮʘ ʬʫʥʢʮʠʦʥʘʣʴʥʦʤʫ ʩʦʩʪʦʷʥʠʶ ʚ ʧʝʨʝʤʝʥʥʳʭ ʫʩʣʦʚʠʷʭ. ʊʘʢʦʡ ʧʨʦʮʝʩʩ ʦʙʳʯʥʦ ʩʚʷʟʳʚʘʶʪ ʩ 

ʩʠʩʪʝʤʥʳʤ ʤʝʭʘʥʠʟʤʦʤ ʘʜʘʧʪʘʮʠʠ ʢ ʥʦʨʤʝ ʦʙʱʝʛʦ ʬʫʥʢʮʠʦʥʘʣʴʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʦʨʛʘʥʠʟʤʘ (ʌʉʆ). ʃʶʙʦʝ 

ʦʪʢʣʦʥʝʥʠʝ ʜʦʣʞʥʦ ʫʢʘʟʳʚʘʪʴ ʥʘ ʨʠʩʢ ʫʭʫʜʰʝʥʠʷ ʌʉʆ. 

ɺʥʝʩʝʨʜʝʯʥʳʝ ʤʝʭʘʥʠʟʤʳ ʨʝʛʫʣʷʮʠʠ ʨʠʪʤʘ. ɺ ʪʨʘʢʪʦʚʢʝ ʘʚʪʦʨʦʚ [6, 7] ʨʘʙʦʪʘ ʩʝʨʜʮʘ 

ʦʙʝʩʧʝʯʠʚʘʝʪ ʨʠʪʤ ʪʝʯʝʥʠʷ ʢʨʦʚʠ ʚ ʥʦʨʤʝ ʚ ʩʦʩʪʦʷʥʠʠ ʩʣʘʙʦʡ ʫʧʨʘʚʣʷʝʤʦʩʪʠ ʠʟʚʥʝ. ʈʠʪʤ ʜʦʩʪʘʚʣʷʝʪʩʷ 

ʤʝʭʘʥʠʯʝʩʢʠ ʩʦ ʩʣʘʙʦʡ ʨʘʩʧʨʝʜʝʣʝʥʥʦʡ ʟʘʜʝʨʞʢʦʡ, ʠ ʛʫʤʦʨʘʣʴʥʳʤ ʤʝʭʘʥʠʟʤʦʤ ʩ ʙʦʣʴʰʝʡ ʟʘʜʝʨʞʢʦʡ. ɺ 

ʧʝʨʚʦʤ ʩʣʫʯʘʝ ʨʝʘʢʮʠʷ ʩʠʩʪʝʤʥʦ-ʧʘʩʩʠʚʥʘʷ, ʚʦ ʚʪʦʨʦʤ ʜʝʪʘʣʴʥʦ-ʘʢʪʠʚʥʘʷ. ʆʙʘ ʩʣʫʯʘʷ ʘʚʪʦʨ ʦʙʲʝʜʠʥʷʝʪ ʚ 

ʨʝʞʠʤ ʢʦʥʪʨʦʣʷ, ʧʨʠ ʢʦʪʦʨʦʤ ʩʠʤʧʘʪʠʯʝʩʢʘʷ ʢʦʤʧʦʥʝʥʪʘ ʚʝʛʝʪʘʪʠʚʥʦʡ ʥʝʨʚʥʦʡ ʩʠʩʪʝʤʳ (ɺʅʉ) ʨʘʙʦʪʘʝʪ ʚ 

ʜʠʩʢʨʝʪʥʦʤ ʨʝʞʠʤʝ ʧʦ ʦʪʥʦʰʝʥʠʶ ʧʘʨʘʩʠʤʧʘʪʠʯʝʩʢʦʡ, ʪ.ʝ. ʥʠʞʝ ʧʦ ʫʨʦʚʥʶ ʜʝʡʩʪʚʠʷ ʧʦʨʦʛʦʚʦʛʦ ʟʥʘʯʝʥʠʷ 

ʚʢʣʶʯʝʥʠʷ ʧʘʨʘʩʠʤʧʘʪʠʯʝʩʢʦʛʦ ʚʣʠʷʥʠʷ. ʀʥʪʝʨʚʘʣ ʚʨʝʤʝʥʠ ʚʢʣʶʯʝʥʠʷ ʩʠʤʧʘʪʠʯʝʩʢʦʛʦ ʚʣʠʷʥʠʷ ʜʘʞʝ 

ʥʝʤʥʦʛʠʤ ʚʳʰʝ ʧʦʨʦʛʦʚʦʛʦ, ʚʩʝʛʜʘ ʤʝʥʴʰʝ ʠʥʪʝʨʚʘʣʘ ʟʘʜʝʨʞʢʠ ʚʨʝʤʝʥʠ ʜʣʷ ʚʢʣʶʯʝʥʠʷ ʧʘʨʘʩʠʤʧʘʪʠʯʝʩʢʦʡ 

ʨʝʛʫʣʷʮʠʠ. ʊʘʢʫʶ ʩʠʩʪʝʤʥʦ-ʧʘʩʩʠʚʥʫʶ ʨʝʘʢʮʠʶ ʤʦʞʥʦ ʭʘʨʘʢʪʝʨʠʟʦʚʘʪʴ çʧʣʘʚʘʶʱʝʡè. ʇʨʠ ʪʘʢʦʤ ʢʦʥʪʨʦʣʝ 

ʜʝʡʩʪʚʠʝ ʧʘʨʘʩʠʤʧʘʪʠʯʝʩʢʦʛʦ ʪʦʨʤʦʞʝʥʠʷ ʧʨʦʩʣʝʞʠʚʘʝʪʩʷ ʚʥʝʰʥʝ ʢʘʢ ʩʣʘʙʦʝ ʭʘʦʪʠʯʝʩʢʦʝ. ʕʪʫ ʨʦʣʴ 

ʚʳʧʦʣʥʷʝʪ ʛʫʤʦʨʘʣʴʥʘʷ ʩʦʩʪʘʚʣʷʶʱʘʷ ʩʦ ʩʣʘʙʳʤ, ʥʦ ʵʬʬʝʢʪʠʚʥʳʤ ʜʝʪʘʣʴʥʦ-ʘʢʪʠʚʥʳʤ ʜʝʡʩʪʚʠʝʤ: ʚ ʦʩʥʦʚʝ 

ʘʢʪʠʚʥʳʝ ʧʝʧʪʠʜʳ ʠ ʦʯʝʥʴ ʨʝʜʢʦ ʛʦʨʤʦʥʳ ʜʦʩʪʘʚʣʷʶʪʩʷ ʨʦʚʥʦ ʢ ʪʝʤ ʦʨʛʘʥʘʤ, ʛʜʝ ʦʥʠ ʚʦʩʪʨʝʙʦʚʘʥʳ. çʆʛʦʥʴ 

ʛʘʩʠʪʩʷ ʥʘ ʫʨʦʚʥʝ ʟʘʜʳʤʣʝʥʠʷè. ʕʪʦ ʠ ʝʩʪʴ ʨʝʞʠʤ ʢʦʥʪʨʦʣʷ ʨʠʪʤʘ ʩʝʨʜʮʘ ʚ ʪʨʘʢʪʦʚʢʝ ʘʚʪʦʨʘ. ʋ 

ʧʦʜʘʚʣʷʶʱʝʛʦ ʙʦʣʴʰʠʥʩʪʚʘ ʥʝʪʨʝʥʠʨʦʚʘʥʥʳʭ ʣʶʜʝʡ ʩʠʤʧʘʪʠʯʝʩʢʠʝ ʩʪʠʤʫʣʷʮʠʠ ʧʨʦʭʦʜʷʪ ʩʫʱʝʩʪʚʝʥʥʦ. 

ʉʦʟʜʘʪʝʣʠ ʪʝʦʨʠʠ ʠ ʤʝʪʦʜʘ ʚʘʨʠʘʙʝʣʴʥʦʩʪʠ ʩʝʨʜʝʯʥʦʛʦ ʨʠʪʤʘ ʚ ʢʦʥʝʯʥʦʤ ʠʪʦʛʝ ʧʨʠʰʣʠ ʢ 

ʜʚʫʭʩʪʫʧʝʥʯʘʪʦʡ, ʠʣʠ ʜʚʫʭʢʦʥʪʫʨʥʦʡ ʨʝʛʫʣʷʮʠʠ, ʧʦʜʝʣʠʚ ʝʝ ʥʘ ʩʦʙʩʪʚʝʥʥʦ ʨʝʛʫʣʷʮʠʶ ʩʦ ʩʪʦʨʦʥʳ ɺʅʉ ʠ 

ʫʧʨʘʚʣʝʥʠʝ ʩʦ ʩʪʦʨʦʥʳ ʮʝʥʪʨʘʣʴʥʦʡ ʥʝʨʚʥʦʡ ʩʠʩʪʝʤʳ (ʎʅʉ). ʉʦʟʜʘʪʝʣʠ ʪʝʦʨʠʠ HRV (Heart rate variability) 

ʚʦʦʙʱʝ ʥʝ ʠʩʧʦʣʴʟʦʚʘʣʠ ʧʦʥʷʪʠʝ çʫʧʨʘʚʣʝʥʠʝè. ʇʨʠ ʵʪʦʤ ʯʘʩʪʦ ʚʦʟʥʠʢʘʝʪ ʧʝʨʝʩʝʯʝʥʠʝ ʧʦʥʷʪʠʡ ʫʧʨʘʚʣʝʥʠʷ 

ʠ ʨʝʛʫʣʷʮʠʠ ʨʠʪʤʘ ʩʝʨʜʮʘ. ʄʦʞʝʪ ʙʳʪʴ ʵʪʦ ʩʚʷʟʘʥʦ ʩ ʪʝʤ, ʯʪʦ ʚ ʘʥʛʣʠʡʩʢʦʤ ʷʟʳʢʝ ʥʝʪ ʪʘʢʦʛʦ ʨʘʟʜʝʣʝʥʠʷ: 



ʉɽʂʎʀʗ 2 - ɹʠʦʢʠʙʝʨʥʝʪʠʢʘ ʠ ʤʘʪʝʤʘʪʠʯʝʩʢʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ                  130 

 

 

XVI ʄʝʞʜʫʥʘʨʦʜʥʘʷ ʅʘʫʯʥʘʷ ʂʦʥʬʝʨʝʥʮʠʷ "ʌʠʟʠʢʘ ʠ ʈʘʜʠʦʵʣʝʢʪʨʦʥʠʢʘ ʚ ʄʝʜʠʮʠʥʝ ʠ ʕʢʦʣʦʛʠʠ" 

 

regulation ï ʵʪʦ ʠ ʨʝʛʫʣʷʮʠʷ, ʠ ʫʧʨʘʚʣʝʥʠʝ. ɼʨʫʛʦʡ ʧʝʨʝʚʦʜ ʪʝʨʤʠʥʘ çʫʧʨʘʚʣʝʥʠʝè ï management, ʥʦ ʵʪʦ 

çʩʦʚʩʝʤ ʠʟ ʜʨʫʛʦʡ ʦʧʝʨʳè! ɺʝʨʦʷʪʥʦ, ʵʪʦ ʦʙʲʷʩʥʷʝʪ, ʯʪʦ ʧʦʥʷʪʠʶ ʫʧʨʘʚʣʝʥʠʝ ʨʠʪʤʦʤ ʥʝ ʜʘʥʦ ʜʦ ʩʠʭ ʧʦʨ 

ʥʠʢʘʢʦʛʦ ʚʥʷʪʥʦʛʦ ʦʧʨʝʜʝʣʝʥʠʷ. ʊʝʨʤʠʥ çʨʝʞʠʤ ʢʦʥʪʨʦʣʷè (ʩʤ. ʚʳʰʝ), ʚʩʝ ʘʚʪʦʨʳ ʧʦʜʤʝʥʷʶʪ ʪʝʨʤʠʥʦʤ 

çʨʝʞʠʤ ʥʦʨʤʳè, ʠʣʠ ʥʦʨʤʘ, ʩ ʧʨʠʥʷʪʳʤ ʩʦʢʨʘʱʝʥʠʝʤ (ʥ.), ʠʩʧʦʣʴʟʫʝʤʳʤ ʯʘʩʪʦ ʚ ʪʘʙʣʠʯʥʳʭ ʬʦʨʤʘʪʘʭ [3]. 

ʉʦʛʣʘʩʥʦ ʩʦʚʨʝʤʝʥʥʳʤ ʧʨʝʜʩʪʘʚʣʝʥʠʷʤ ʦ ʧʨʠʥʮʠʧʘʭ ʨʝʛʫʣʷʮʠʠ ʩʝʨʜʝʯʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ, 

ʠʤʧʫʣʴʩʘʮʠʷ ʚ ʢʘʨʜʠʘʣʴʥʳʭ ʥʝʨʚʘʭ ʠʤʝʝʪ ʥʝʨʘʚʥʦʤʝʨʥʳʡ ï ʟʘʣʧʦʚʳʡ ʭʘʨʘʢʪʝʨ, ʩʠʥʭʨʦʥʠʟʠʨʦʚʘʥʥʳʡ ʩ 

ʨʠʪʤʦʤ ʩʝʨʜʝʯʥʳʭ ʩʦʢʨʘʱʝʥʠʡ, ʩ ʧʨʦʷʚʣʝʥʠʝʤ ʦʙʦʠʭ ʧʨʠʥʮʠʧʦʚ ʢʦʜʠʨʦʚʘʥʠʷ ʧʝʨʝʜʘʚʘʝʤʦʡ ʠʥʬʦʨʤʘʮʠʠ: 

ʯʘʩʪʦʪʥʳʤ ʠ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʤ. ʍʨʦʥʦʪʨʦʧʥʦʝ ʚʣʠʷʥʠʝ n.vagus ʪʘʢʞʝ ʥʝ ʷʚʣʷʝʪʩʷ ʦʜʥʦʨʦʜʥʳʤ. ɺ ʫʩʣʦʚʠʷʭ 

ʧʨʝʨʳʚʠʩʪʦʡ ʠʤʧʫʣʴʩʘʮʠʠ ʙʣʫʞʜʘʶʱʝʛʦ ʥʝʨʚʘ ʚʳʷʚʣʷʝʪʩʷ ʜʦʧʦʣʥʠʪʝʣʴʥʳʡ (ʩʠʥʭʨʦʥʠʟʠʨʫʶʱʠʡ) 

ʪʦʨʤʦʟʥʦʡ ʵʬʬʝʢʪ, ʥʘʙʣʶʜʘʝʤʳʡ ʚ ʪʝʯʝʥʠʝ ʢʘʞʜʦʛʦ ʢʘʨʜʠʦʮʠʢʣʘ. ʅʝ ʤʝʥʝʝ, ʛʝʪʝʨʦʛʝʥʥʳʤ ʷʚʣʷʝʪʩʷ ʠ 

ʭʨʦʥʦʪʨʦʧʥʦʝ ʚʣʠʷʥʠʝ ʩʠʤʧʘʪʠʯʝʩʢʠʭ ʥʝʨʚʦʚ. ʊʘʢ, ʥʘʨʷʜʫ ʩ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʳʤ ʫʩʢʦʨʝʥʠʝʤ ʜʝʷʪʝʣʴʥʦʩʪʠ 

ʉɸ-ʫʟʣʘ, ʦʥʠ ʤʦʛʫʪ ʧʦʪʝʥʮʠʨʦʚʘʪʴ ʯʝʨʝʟ ʧʝʪʣʶ ɺʴʝʩʩʝʥʠʷ ʠʣʠ ʫʛʥʝʪʘʪʴ ʯʝʨʝʟ ʥʠʞʥʝ-ʩʝʨʜʝʯʥʳʡ ʥʝʨʚ 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʪʦʥʠʯʝʩʢʠʡ ʠʣʠ ʩʠʥʭʨʦʥʠʟʠʨʫʶʱʠʡ ʵʬʬʝʢʪʳ ʙʣʫʞʜʘʶʱʝʛʦ ʥʝʨʚʘ, ʫʚʝʣʠʯʠʚʘʷ ʠʣʠ 

ʫʤʝʥʴʰʘʷ ʪʝʢʫʱʝʝ ʟʥʘʯʝʥʠʝ ʏʉʉ.  

ʇʨʠ ʦʙʩʫʞʜʝʥʠʠ ʩʠʤʧʘʪʠʢʦ-ʧʘʨʘʩʠʤʧʘʪʠʯʝʩʢʠʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ ʫʯʪʝʤ ʧʨʠʥʮʠʧ çʘʢʮʝʥʪʠʨʦʚʘʥʥʦʛʦ 

ʘʥʪʘʛʦʥʠʟʤʘè ɸ. ɸʜʣʝʨʘ. ʅʘ ʜʘʥʥʳʡ ʤʦʤʝʥʪ ʠʟʚʝʩʪʥʦ, ʯʪʦ ʧʨʠ ʨʘʟʣʠʯʥʦʡ ʩʪʝʧʝʥʠ ʘʢʪʠʚʥʦʩʪʠ ʦʜʥʦʛʦ ʠʟ 

ʦʪʜʝʣʦʚ ʩʝʛʤʝʥʪʘʨʥʦʡ  ʚʝʛʝʪʘʪʠʚʥʦʡ ʩʠʩʪʝʤʳ ʵʬʬʝʢʪ ʜʨʫʛʦʛʦ ʦʪʜʝʣʘ ʪʘʢʞʝ ʙʫʜʝʪ ʟʘʤʝʪʝʥ. ʉʪʠʤʫʣʳ 

ʙʣʫʞʜʘʶʱʝʛʦ ʥʝʨʚʘ ʪʝʤ ʙʦʣʴʰʝ ʩʥʠʟʷʪ ʏʉʉ, ʯʝʤ ʙʦʣʴʰʝ ʦʥʘ ʙʫʜʝʪ ʧʦʚʳʰʝʥʘ ʟʘ ʩʯʝʪ ʩʠʤʧʘʪʠʯʝʩʢʦʡ 

ʘʢʪʠʚʥʦʩʪʠ; ʯʝʤ ʩʠʣʴʥʝʝ ʩʪʠʤʫʣʳ ʙʣʫʞʜʘʶʱʝʛʦ ʥʝʨʚʘ, ʪʝʤ ʤʝʥʴʰʠʤ ʙʫʜʝʪ ʚʦʟʨʘʩʪʘʥʠʝ ʏʉʉ ʚ ʨʝʟʫʣʴʪʘʪʝ 

ʩʠʤʧʘʪʠʯʝʩʢʦʡ  ʩʪʠʤʫʣʷʮʠʠ. ʉ ʦʜʥʦʡ ʩʪʦʨʦʥʳ, ʧʦ ʧʨʘʚʠʣʫ ɸʜʣʝʨʘ ʨʝʘʣʴʥʳʡ ʨʠʪʤ ʦʧʨʝʜʝʣʝʥ 

ʘʣʛʝʙʨʘʠʯʝʩʢʦʡ ʩʫʤʤʦʡ ʩʠʤʧʘʪʠʯʝʩʢʦʡ ʠ ʧʘʨʘʩʠʤʧʘʪʠʯʝʩʢʦʡ ʩʪʠʤʫʣʷʮʠʠ [1 ï 3]. ʉ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ ʟʘʤʝʪʥʦ 

ʧʨʦʪʠʚʦʨʝʯʠʝ ʪʘʢʦʤʫ ʧʨʦʩʪʦʤʫ ʩʫʤʤʠʨʦʚʘʥʠʶ. ʅʝ ʚʦʟʤʦʞʥʦ ʠʟʙʝʞʘʪʴ ʚʧʝʯʘʪʣʝʥʠʷ, ʯʪʦ ʧʨʠ ʬʦʨʤʠʨʦʚʘʥʠʠ 

ʩʫʤʤʳ ʩʢʣʘʜʳʚʘʶʪʩʷ ʨʘʟʥʦʠʤʝʥʥʳʝ ʚʝʣʠʯʠʥʘ ʠ ʩʢʦʨʦʩʪʴ ʝʝ ʠʟʤʝʥʝʥʠʷ, ʪ.ʝ. ʭʨʦʥʦʪʨʦʧʥʦʝ, ʜʨʦʤʦʪʨʦʧʥʦʝ ʠ 

ʠʥʦʪʨʦʧʥʦʝ ʚʣʠʷʥʠʷ. ʏʪʦʙʳ ʨʘʟʦʙʨʘʪʴʩʷ ʩ ʵʪʠʤ ʧʨʠʚʣʝʯʝʤ ʚ ʧʦʤʦʱʴ ʠʟʚʝʩʪʥʳʡ ʟʘʢʦʥ çLaw of initial  valuesè 

(J. Wilder 1936, 1939), ʠʣʠ çɿʘʢʦʥ ʠʩʭʦʜʥʦʡ ʚʝʣʠʯʠʥʳè: çʏʝʤ ʚʳʰʝ ʦʜʥʦʤʦʤʝʥʪʥʦʝ ʚʦʟʙʫʞʜʝʥʠʝ ʠ ʩʪʝʧʝʥʴ 

ʜʝʷʪʝʣʴʥʦʩʪʠ ʚʝʛʝʪʘʪʠʚʥʦʛʦ ʮʝʥʪʨʘ ʠʣʠ ʢʘʢʦʛʦ-ʣʠʙʦ ʜʨʫʛʦʛʦ ʚʝʛʝʪʘʪʠʚʥʦʛʦ ʦʨʛʘʥʘ, ʪʝʤ ʤʝʥʴʰʝ ʝʛʦ 

ʚʦʩʧʨʠʠʤʯʠʚʦʩʪʴ ʜʣʷ ʚʦʟʙʫʞʜʘʶʱʠʭ ʠ ʪʝʤ ʙʦʣʴʰʝ ʚʦʩʧʨʠʠʤʯʠʚʦʩʪʴ ʜʣʷ ʪʦʨʤʦʟʥʳʭ ʨʘʟʜʨʘʞʝʥʠʡè. ʕʪʫ 

ʮʠʪʘʪʫ ʪʨʘʢʪʫʶʪ ʪʘʢ: ʩʠʩʪʝʤʘ ʩ ʚʳʩʦʢʠʤ ʫʨʦʚʥʝʤ ʚʦʟʙʫʞʜʝʥʠʷ ʚʝʨʦʷʪʥʝʝ ʚʩʝʛʦ ʦʪʨʝʘʛʠʨʫʝʪ ʥʘ ʩʪʠʤʫʣʷʮʠʶ 

ʩʢʦʨʝʝ ʫʤʝʥʴʰʝʥʠʝʤ ʩʚʦʝʛʦ ʬʫʥʢʮʠʦʥʘʣʴʥʦʛʦ ʧʦʢʘʟʘʪʝʣʷ, ʯʝʤ ʝʛʦ ʫʚʝʣʠʯʝʥʠʝʤ [3]. ʉʦʜʝʨʞʘʥʠʝ ʟʘʢʦʥʘ 

ʫʢʘʟʳʚʘʝʪ ʥʘ ʚʦʟʤʦʞʥʦʩʪʴ ʧʨʦʛʥʦʟʘ ʧʦʩʣʝʜʫʶʱʝʡ ʨʝʘʢʮʠʠ ʦʨʛʘʥʠʟʤʘ ʠʣʠ ʦʪʜʝʣʴʥʦʡ ʝʛʦ ʩʠʩʪʝʤʳ ʧʨʠ 

ʠʟʚʝʩʪʥʦʤ ʠʩʭʦʜʥʦʤ ʫʨʦʚʥʝ (ʚʝʣʠʯʠʥʝ) ʝʛʦ ʧʝʨʚʦʥʘʯʘʣʴʥʦʡ ʨʝʘʢʮʠʠ. 

ʀʪʘʢ, ɸ.ɸʜʣʝʨ ʦʧʨʝʜʝʣʷʣ ʥʝʚʨʦʟ ʢʘʢ çʝʩʪʝʩʪʚʝʥʥʦʝ ʣʦʛʠʯʝʩʢʦʝ ʨʘʟʚʠʪʠʝ ʠʥʜʠʚʠʜʫʫʤʘéè, ʘ 

ʧʦʚʝʜʝʥʠʝ ʯʝʣʦʚʝʢʘ ʦʧʨʝʜʝʣʷʣ çʥʝ ʙʠʦʣʦʛʠʯʝʩʢʠʤʠ, ʘ ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ ʩʦʮʠʘʣʴʥʳʤʠ ʬʘʢʪʦʨʘʤʠè. ʋʪʦʯʥʠʤ 

ʧʦʩʣʝʜʥʝʝ, ʩʦʮʠʘʣʴʥʳʤʠ ʨʠʪʤʘʤʠ, ʠʣʠ ʩʦʮʠʘʣʴʥʦʡ ʠʥʬʦʨʤʘʮʠʝʡ (ʠʥʦʛʦ ʩʦʮʠʘʣʴʥʦʛʦ ʚʣʠʷʥʠʷ ʥʝ ʙʳʚʘʝʪ 

[8]). ʊʦʛʜʘ, ʧʨʠ ʦʪʢʨʳʪʦʩʪʠ ʦʨʛʘʥʠʟʤʘ ʢ ʩʦʮʠʘʣʴʥʳʤ ʨʠʪʤʠʯʝʩʢʠʤ ʧʦʪʦʢʘʤ, ʥʦʨʤʦʡ ʌʉʆ ʩʣʝʜʫʝʪ ʩʯʠʪʘʪʴ 

ʧʦʩʪʦʷʥʥʦʝ ʬʦʥʦʚʦʝ ʥʝʚʨʦʪʠʯʝʩʢʦʝ ʩʦʩʪʦʷʥʠʝ ʥʘ ʟʘʜʘʥʥʦʤ ʩʦʮʠʫʤʦʤ ʫʨʦʚʥʝ. ʆʧʫʩʢʘʷ ʧʦʥʷʪʠʝ ʦʙ 

ʦʜʥʦʤʦʤʝʥʪʥʦʤ ʚʦʟʙʫʞʜʝʥʠʠ, ʩʚʷʟʘʥʥʳʤ ʩ ʧʦʩʪʘʥʦʚʢʦʡ ʦʧʳʪʘ, ʧʦʣʫʯʘʝʤ ʩʪʨʘʥʥʫʶ ʪʨʘʢʪʦʚʢʫ ʩʣʝʜʩʪʚʠʷ 

ʟʘʢʦʥʘ ʋʠʣʜʝʨʘ: ʚʝʨʦʷʪʥʦʩʪʴ ʨʝʘʢʮʠʠ ɺʅʉ ʩʤʝʱʝʥʘ ʧʦʩʪʦʷʥʥʦ ʚ ʩʪʦʨʦʥʫ ʧʘʨʘʩʠʤʧʘʪʠʯʝʩʢʦʛʦ ʚʣʠʷʥʠʷ. ʅʦ 

ʚʩʝʤ ʠʟʚʝʩʪʥʦ, ʯʪʦ ʵʪʦ ʥʝ ʪʘʢ! ɺʝʨʦʷʪʥʦʩʪʴ ʨʝʘʢʮʠʠ ɺʅʉ ʩʤʝʱʝʥʘ ʧʦʩʪʦʷʥʥʦ ʚ ʩʪʦʨʦʥʫ ʩʠʤʧʘʪʠʯʝʩʢʦʛʦ 

ʚʣʠʷʥʠʷ. ʆʧʳʪʳ ʘʚʪʦʨʘ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʥʘ 20-ʤʠʥʫʪʥʳʭ ʟʘʧʠʩʷʭ ʧʨʠʩʫʪʩʪʚʫʝʪ ʧʦʩʪʦʷʥʥʦ ʣʝʚʦʩʪʦʨʦʥʥʷʷ 

ʘʩʠʤʤʝʪʨʠʷ ʥʠʢʘʢ ʥʝ ʤʝʥʴʰʝ ʯʝʤ ʚ 500 ʩʣʫʯʘʷʭ ï ʢ ʦʜʥʦʤʫ. ʆʥʘ ʟʘʜʘʥʘ ʜʣʷ ʠʩʧʳʪʫʝʤʦʛʦ ʩ ʥʘʯʘʣʘ 

ʨʝʛʠʩʪʨʘʮʠʠ (ʩʤ. ʚʳʰʝ ʧʨʠʥʮʠʧ ɸʜʣʝʨʘ). ʉʠʤʧʘʪʠʯʝʩʢʘʷ ʠ ʧʘʨʘʩʠʤʧʘʪʠʯʝʩʢʘʷ ʩʪʠʤʫʣʷʮʠʷ ʩʣʦʞʥʦ ʠ 

ʥʝʣʠʥʝʡʥʦ ʚʟʘʠʤʦʜʝʡʩʪʚʫʶʪ ʩ ʠʩʭʦʜʥʦʡ ʧʘʨʘʩʠʤʧʘʪʠʯʝʩʢʦʡ ʠ ʩʠʤʧʘʪʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʴʶ, ʘ ɺʅʉ ʦʯʝʥʴ 

ʥʘʧʦʤʠʥʘʝʪ ʨʘʙʦʪʫ çʢʦʣʝʙʘʪʝʣʴʥʦʛʦ ʢʦʥʪʫʨʘè. ʇʦʩʪʦʷʥʥʘʷ ʩʣʘʙʘʷ ʩʠʤʧʘʪʠʯʝʩʢʘʷ ʩʪʠʤʫʣʷʮʠʷ (ʧʨʠ 

ʧʦʩʪʦʷʥʥʦʤ ʥʝʚʨʦʟʝ) ʥʝ ʚʳʟʳʚʘʝʪ ʥʠʢʘʢʦʛʦ ʦʪʢʣʠʢʘ ʚ ʧʘʨʘʩʠʤʧʘʪʠʯʝʩʢʦʤ ʩʝʛʤʝʥʪʝ ɺʅʉ. ʇʘʜʝʥʠʝ ʥʝʚʨʦʟʘ 

ʜʦ ʥʫʣʷ ʚʦʦʙʱʝ çʦʪʢʣʶʯʘʝʪè ɺʅʉ. ʏʝʣʦʚʝʢ ʚʥʝ ʩʦʮʠʫʤʘ, çʦʪʜʳʭʘʝʪè ʦʪ ʥʝʛʦ. ʅʘ ʙʦʣʴʰʠʭ ʜʣʠʥʘʭ ʚʦʣʥ 

ʧʨʦʜʦʣʞʘʝʪ ʨʘʙʦʪʫ çʛʫʤʦʨʘʣʴʥʳʡ ʢʦʥʪʨʦʣʴè. ʉʣʘʙʳʡ ʨʦʩʪ ʧʝʧʪʠʜʥʦʡ ʧʦʜʧʠʪʢʠ ʟʘʩʪʘʚʣʷʝʪ ʯʝʣʦʚʝʢʘ 

ʤʦʪʠʚʠʨʦʚʘʥʥʦ ʚʦʟʚʨʘʱʘʪʴʩʷ ʚ ʩʦʮʠʫʤ ʩ ʝʩʪʝʩʪʚʝʥʥʳʤ ʚʦʟʚʨʘʪʦʤ ʥʝʚʨʦʟʘ. ʕʪʦ ʠ ʝʩʪʴ ʪʨʘʢʪʦʚʢʘ ʧʨʠʥʮʠʧʘ 

ɸʜʣʝʨʘ. ɸ ʪʝʧʝʨʴ ʚʩʧʦʤʥʠʤ ʦʧʳʪʳ ʋʠʣʜʝʨʘ ʩ ʫʢʦʣʘʤʠ ʚʦʟʙʫʞʜʘʶʱʠʭ ʚʝʱʝʩʪʚ. ʆʥ ʦʙʨʘʱʘʣ ʚʥʠʤʘʥʠʝ ʥʘ 

ʢʦʣʠʯʝʩʪʚʦ ʠ ʢʘʯʝʩʪʚʦ ʚʚʦʜʠʤʳʭ ʚʝʱʝʩʪʚ. ʀ ʪʝʧʝʨʴ ʚʩʧʦʤʥʠʤ ʠ ʦʙʨʘʪʠʤ ʚʥʠʤʘʥʠʝ ʚ ʦʧʨʝʜʝʣʝʥʠʠ ʥʘ ʪʝʨʤʠʥ 

çʦʜʥʦʤʦʤʝʥʪʥʦʝ ʚʦʟʙʫʞʜʝʥʠʝè, ʥʘʧʨʷʤʫʶ ʫʢʘʟʳʚʘʶʱʠʡ ʥʘ ʚʳʩʦʢʫʶ ʩʢʦʨʦʩʪʴ ʧʦʩʪʫʧʣʝʥʠʷ ʵʪʠʭ ʚʝʱʝʩʪʚ ʚ 

ʢʨʦʚʴ ʦʨʛʘʥʠʟʤʘ, ʠ ʩʘʤʦʤ ʙʣʠʞʥʝʤ ʚʨʝʤʝʥʠ, ʢ ʤʠʦʢʘʨʜʫ. 

ʇʦ ʧʨʠʥʮʠʧʫ ʯʘʩʪʦʪʥʦʛʦ ʢʦʜʠʨʦʚʘʥʠʷ, ʝʩʣʠ ʚʥʝʰʥʝʝ ʚʣʠʷʥʠʝ ʚʭʦʜʠʪ ʚ ʦʨʛʘʥʠʟʤ ʯʝʣʦʚʝʢʘ, ʪʦ ʝʛʦ 

ʘʤʧʣʠʪʫʜʘ ʢʦʜʠʨʫʝʪʩʷ ʥʘʙʦʨʦʤ ʨʘʟʨʷʜʦʚ ʚʦʟʙʫʞʜʘʶʱʠʭ ʧʦʩʪʩʠʥʘʧʪʠʯʝʩʢʠʭ ʧʦʪʝʥʮʠʘʣʦʚ. ʏʝʤ ʙʦʣʴʰʝ 

ʘʤʧʣʠʪʫʜʘ ï ʪʝʤ ʙʦʣʴʰʝ ʵʪʦʪ ʥʘʙʦʨ ʚ ʝʜʠʥʠʮʫ ʚʨʝʤʝʥʠ, ʪ.ʝ. ʙʦʣʴʰʝ ʩʢʦʨʦʩʪʴ ʥʘʙʦʨʘ, ʠʣʠ ʯʘʩʪʦʪʘ ʨʘʟʨʷʜʦʚ. 
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ʍʘʨʘʢʪʝʨʥʳʝ ʠʥʪʝʨʚʘʣʳ ʚʨʝʤʝʥʠ ʚʥʝʰʥʝʛʦ ʩʠʛʥʘʣʘ (ʧʝʨʠʦʜʠʯʥʦʩʪʴ ʠ ʜʣʠʪʝʣʴʥʦʩʪʴ) ʩʦʭʨʘʥʷʶʪʩʷ ʏʝʤ ʚʳʰʝ 

ʘʤʧʣʠʪʫʜʘ ʚʦʟʙʫʞʜʝʥʠʷ ʏʉʉ ʧʦ ʢʘʥʘʣʘʤ ʩʠʤʧʘʪʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ, ʪʝʤ ʚʳʰʝ ʩʢʦʨʦʩʪʴ ʥʘʙʦʨʘ ʨʘʟʨʷʜʦʚ 

ʪʦʨʤʦʟʷʱʠʭ ʧʦʩʪʩʠʥʘʧʪʠʯʝʩʢʠʭ ʧʦʪʝʥʮʠʘʣʦʚ. ʀʥʳʤʠ ʩʣʦʚʘʤʠ, ʪʝʢʫʱʘʷ ʜʠʥʘʤʠʢʘ ʏʉʉ ʬʦʨʤʠʨʫʝʪʩʷ ʥʝ 

ʯʝʨʝʟ ʘʥʪʘʛʦʥʠʟʤ ʘʤʧʣʠʪʫʜ ʚʦʟʙʫʞʜʝʥʠʷ ʠ ʪʦʨʤʦʞʝʥʠʷ (ʯʘʩʪʦʪ ʨʘʟʨʷʜʦʚ) ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʩʠʩʪʝʤ, ʘ ʯʝʨʝʟ 

ʙʦʣʝʝ ʩʣʦʞʥʳʡ ʜʠʥʘʤʠʯʝʩʢʠʡ ʠʥʜʫʢʮʠʦʥʥʳʡ ʤʝʭʘʥʠʟʤ ʩ ʵʬʬʝʢʪʦʤ ʩʘʤʦʠʥʜʫʢʮʠʠ: ʩʢʦʨʦʩʪʴ ʠʟʤʝʥʝʥʠʷ 

ʏʉʉ ʚʢʣʶʯʘʝʪ ʢʦʥʢʫʨʝʥʪʥʳʡ ʤʝʭʘʥʠʟʤ ʝʝ ʧʦʜʘʚʣʝʥʠʷ. ʇʦ ʤʥʝʥʠʶ ʘʚʪʦʨʘ, ʢʦʥʢʫʨʝʥʪʥʳʡ ʤʝʭʘʥʠʟʤ ʠʤʝʝʪ 

ʵʥʪʨʦʧʠʡʥʫʶ ʧʨʠʨʦʜʫ, ʘ ʤʝʭʘʥʠʟʤ ʘʚʪʦʨʝʛʫʣʷʮʠʠ ʦʙʣʘʜʘʝʪ ʩʚʦʡʩʪʚʦʤ ʧʣʘʩʪʠʯʥʦʩʪʠ (ʧʘʤʷʪʠ). 

ɺ ʪʘʢʦʤ ʩʣʫʯʘʝ ʥʝʦʙʭʦʜʠʤʦ ʫʪʦʯʥʠʪʴ ʠ ʟʘʢʦʥ ʠʩʭʦʜʥʦʡ ʚʝʣʠʯʠʥʳ: ʯʝʤ ʚʳʰʝ ʩʢʦʨʦʩʪʴ ʨʘʟʚʠʪʠʷ 

ʦʜʥʦʤʦʤʝʥʪʥʦʛʦ ʚʦʟʙʫʞʜʝʥʠʷ ʠ ʩʪʝʧʝʥʴ ʜʝʷʪʝʣʴʥʦʩʪʠ ʚʝʛʝʪʘʪʠʚʥʦʛʦ ʮʝʥʪʨʘ ʠʣʠ ʢʘʢʦʛʦ-ʣʠʙʦ ʜʨʫʛʦʛʦ 

ʚʝʛʝʪʘʪʠʚʥʦʛʦ ʦʨʛʘʥʘ, ʪʝʤ ʤʝʥʴʰʝ ʝʛʦ ʚʦʩʧʨʠʠʤʯʠʚʦʩʪʴ ʜʣʷ ʚʦʟʙʫʞʜʘʶʱʠʭ ʠ ʪʝʤ ʙʦʣʴʰʝ ʚʦʩʧʨʠʠʤʯʠʚʦʩʪʴ 

ʜʣʷ ʪʦʨʤʦʟʥʳʭ ʨʘʟʜʨʘʞʝʥʠʡ. ɺ ʮʠʪʘʪʫ ʚʩʪʘʚʣʝʥ ʘʚʪʦʨʩʢʠʡ ʪʝʨʤʠʥ  çéʩʢʦʨʦʩʪʴ ʨʘʟʚʠʪʠʷéè, ʧʦʵʪʦʤʫ ʠ 

ʩʪʝʧʝʥʴ ʜʝʷʪʝʣʴʥʦʩʪʠ  ʚʝʛʝʪʘʪʠʚʥʦʛʦ ʮʝʥʪʨʘ ʪʨʘʢʪʫʝʪʩʷ ʫʞʝ ʧʦ-ʠʥʦʤʫ. ʉʠʩʪʝʤʘ ʩ ʚʳʩʦʢʦʡ ʩʢʦʨʦʩʪʴʶ 

ʚʦʟʙʫʞʜʝʥʠʷ ʦʪʨʝʘʛʠʨʫʝʪ ʥʘ ʩʪʠʤʫʣʷʮʠʶ ʫʤʝʥʴʰʝʥʠʝʤ ʩʚʦʝʛʦ ʬʫʥʢʮʠʦʥʘʣʴʥʦʛʦ ʧʦʢʘʟʘʪʝʣʷ. ɺʦʟʤʦʞʥʦʩʪʴ 

ʧʨʦʛʥʦʟʘ ʧʦʩʣʝʜʫʶʱʝʡ ʨʝʘʢʮʠʠ ʦʨʛʘʥʠʟʤʘ ʠʣʠ ʦʪʜʝʣʴʥʦʡ ʝʛʦ ʩʠʩʪʝʤʳ ʩʦʭʨʘʥʷʝʪʩʷ, ʥʦ ʧʦʜ ʠʩʭʦʜʥʳʤ 

ʫʨʦʚʥʝʤ ʝʛʦ ʧʝʨʚʦʥʘʯʘʣʴʥʦʡ ʨʝʘʢʮʠʠ ʧʦʥʠʤʘʝʪʩʷ ʥʝ ʚʝʣʠʯʠʥʘ ʫʨʦʚʥʷ [3], ʘ ʩʢʦʨʦʩʪʴ ʨʝʘʢʮʠʠ. ʇʦʵʪʦʤʫ 

ʨʝʘʣʴʥʳʡ ʨʠʪʤ ʥʝ ʷʚʣʷʝʪʩʷ ʘʣʛʝʙʨʘʠʯʝʩʢʦʡ ʩʫʤʤʦʡ ʩʠʤʧʘʪʠʯʝʩʢʦʡ ʠ ʧʘʨʘʩʠʤʧʘʪʠʯʝʩʢʦʡ ʩʪʠʤʫʣʷʮʠʡ, ʘ 

ʦʙʷʟʘʥ ʬʦʨʤʠʨʦʚʘʪʴʩʷ ʙʦʣʴʰʝʡ ʩʪʝʧʝʥʴʶ ʜʠʥʘʤʠʢʦʡ ʠʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ.  

ɺʳʚʦʜʳ.   

1. ɼʣʷ ʵʚʦʣʶʮʠʦʥʥʦʛʦ ʩʠʩʪʝʤʥʦʛʦ ʧʨʦʮʝʩʩʘ çʞʠʚʦʡ ʤʘʪʝʨʠʠè ʩʫʱʝʩʪʚʫʝʪ ʥʝʨʘʚʥʦʤʝʨʥʦʝ ʪʝʯʝʥʠʝ 

ʚʨʝʤʝʥʠ, ʩʚʷʟʘʥʥʦʝ ʩ ʥʝʣʠʥʝʡʥʦʡ ʜʠʥʘʤʠʢʦʡ ʚ ʠʝʨʘʨʭʠʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩʦʩʪʘʚʣʷʶʱʠʭ ʜʠʥʘʤʠʯʝʩʢʠʭ 

ʧʨʦʮʝʩʩʦʚ, ʘ ʪʦʯʥʝʝ, ʩ ʙʦʣʴʰʠʤ ʯʠʩʣʦʤ ʟʘʜʝʨʞʝʢ ʠ ʩʜʚʠʞʝʢ ʧʦ ʚʨʝʤʝʥʠ ʚ ʘʣʛʦʨʠʪʤʠʯʝʩʢʦʡ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʨʘʟʥʦ-ʩʢʦʨʦʩʪʥʳʭ ʧʨʦʮʝʩʩʦʚ ʤʝʪʘʙʦʣʠʟʤʘ. ʏʘʩʪʦʪʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʚʥʝʰʥʠʭ 

ʧʦʪʝʥʮʠʘʣʴʥʳʭ ʧʦʣʝʡ ʚʭʦʜʷʪ çʬʘʟʦʚʦʡ ʤʘʪʨʠʮʝʡè ʚ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦ-ʚʨʝʤʝʥʥʫʶ ʦʙʣʘʩʪʴ ʵʚʦʣʶʮʠʠ 

ʩʠʩʪʝʤʥʦʛʦ ʧʨʦʮʝʩʩʘ ʚ ʬʦʨʤʝ ʨʠʪʤʦʚ, ʥʝʧʨʝʨʳʚʥʦ ʚʣʠʷʷ ʥʘ ʭʦʜ ʵʚʦʣʶʮʠʠ. ʆʨʛʘʥʠʟʤ ʦʙʷʟʘʥ ʤʝʥʷʪʴʩʷ, 

ʧʨʠʩʧʦʩʘʙʣʠʚʘʷʩʴ ʧʦʜ ʠʟʤʝʥʝʥʠʷ ʚʥʝʰʥʝʛʦ ʤʠʨʘ. ɽʩʣʠ ʬʘʟʦʚʘʷ ʢʦʤʧʦʥʝʥʪʘ ʚ ʢʘʞʜʳʡ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ 

çʚʭʦʜʠʪ ʚ ʦʨʛʘʥʠʟʤè ʥʝ ʤʝʥʷʷʩʴ, ʪʦ ʣʶʙʳʝ ʝʝ ʧʦʩʪʦʷʥʥʳʝ ʠʟʤʝʥʝʥʠʷ ʚʦʚʥʝ ʚʳʟʳʚʘʶʪ ʩʫʱʝʩʪʚʝʥʥʳʝ 

ʠʟʤʝʥʝʥʠʷ ʠ ʧʝʨʝʩʪʨʦʡʢʫ ʤʝʪʘʙʦʣʠʟʤʘ. ɺʥʝʰʥʠʝ ʨʠʪʤʳ ï ʧʝʨʚʦʧʨʠʯʠʥʘ ʚʩʝʭ ʵʚʦʣʶʮʠʦʥʥʳʭ ʠʟʤʝʥʝʥʠʡ.  

2. ʌʠʟʠʯʝʩʢʦʝ ʩʦʩʪʦʷʥʠʝ ʦʧʨʝʜʝʣʝʥʦ ʫʩʪʦʡʯʠʚʦʩʪʴʶ ʧʩʠʭʠʯʝʩʢʦʛʦ ʩʦʩʪʦʷʥʠʷ. ɺ ʢʚʘʣʠʬʠʢʘʮʠʶ 

ʣʝʯʘʱʝʛʦ ʚʨʘʯʘ ʜʦʣʞʥʦ ʚʭʦʜʠʪʴ ʫʤʝʥʠʝ ʵʬʬʝʢʪʠʚʥʦʡ ʵʤʦʮʠʦʥʘʣʴʥʦʡ ʥʘʩʪʨʦʡʢʠ ʥʘ ʧʩʠʭʦʵʤʦʮʠʦʥʘʣʴʥʦʝ 

ʩʦʩʪʦʷʥʠʝ ʧʘʮʠʝʥʪʘ. çʊʦʥʢʦʝè ʧʩʠʭʠʯʝʩʢʦʝ ʧʦʣʝ ʯʝʣʦʚʝʢʘ ʤʦʞʝʪ ʙʳʪʴ ʚʦʩʧʨʠʥʷʪʦ ʪʦʣʴʢʦ ʧʦʩʨʝʜʩʪʚʦʤ 

ʧʩʠʭʠʯʝʩʢʦʛʦ ʧʦʣʷ ʜʨʫʛʦʛʦ ʯʝʣʦʚʝʢʘ, ʞʝʣʘʶʱʝʛʦ ʧʦʤʦʯʴ. ɹʝʟʜʫʰʥʦʝ ʣʝʯʝʥʠʝ ʬʠʟʠʯʝʩʢʦʛʦ ʥʝʜʫʛʘ ʤʦʞʝʪ 

ʧʨʦʜʦʣʞʘʪʴʩʷ ʙʝʩʢʦʥʝʯʥʦ ʠ ʙʝʟʨʝʟʫʣʴʪʘʪʥʦ. ʇʦʵʪʦʤʫ ʤʘʩʩʦʚʦʩʪʴ ʵʬʬʝʢʪʠʚʥʦʛʦ ʧʨʝʜʦʩʪʘʚʣʝʥʠʷ 

ʤʝʜʠʮʠʥʩʢʦʡ ʧʦʤʦʱʠ ʥʝ ʧʨʝʜʧʦʣʘʛʘʝʪ, ʯʪʦ ʤʝʜʠʮʠʥʘ ʧʝʨʝʩʪʘʝʪ ʙʳʪʴ ʠʩʢʫʩʩʪʚʦʤ. 

3. ʇʝʨʝʥʦʩ ʩʦʙʩʪʚʝʥʥʳʭ ʚʦʟʟʨʝʥʠʡ ʠ ʬʠʣʦʩʦʬʠʠ ʘʥʘʣʠʟʘ ʪʝʭʥʠʯʝʩʢʠʭ ʫʩʪʨʦʡʩʪʚ ʠ ʠʭ ʤʦʜʝʣʝʡ ʥʘ 

ʦʙʲʝʢʪʳ çʬʠʟʠʢʠ ʞʠʚʦʛʦè, ʚʝʨʦʷʪʥʦ, ʚʩʝʛʜʘ ʧʨʠʚʝʜʫʪ ʢ ʣʦʞʥʳʤ ʚʳʚʦʜʘʤ. ʇʨʠʯʠʥʘ ʦʜʥʘ ï ʩʢʫʜʦʩʪʴ 

ʤʦʪʠʚʘʮʠʦʥʥʳʭ ʧʦʣʦʞʝʥʠʡ. ʊʦʣʴʢʦ ʜʣʷ ʩʠʩʪʝʤʳ ʦʨʛʘʥʠʟʤʘ ʢʨʦʤʝ ʨʘʮʠʦʥʘʣʴʥʦʡ ʨʘʙʦʪʘʶʪ ʠʨʨʘʮʠʦʥʘʣʴʥʘʷ 

ʠ ʪʨʘʥʩʮʝʥʜʝʥʪʥʘʷ ʣʦʛʠʢʠ, ʩʦʚʝʨʰʝʥʥʦ ʥʝ ʟʥʘʢʦʤʳʝ ʠʩʢʫʩʩʪʚʝʥʥʦʤʫ ʠʥʪʝʣʣʝʢʪʫ, ʥʠ ʣʶʙʦʤʫ ʜʨʫʛʦʤʫ 

çʜʠʚʘʡʩʫè. ɼʣʷ ʩʠʩʪʝʤʥʳʭ ʝʩʪʝʩʪʚʝʥʥʳʭ ʧʨʦʮʝʩʩʦʚ ʭʘʨʘʢʪʝʨʥʦ ʫʩʪʦʡʯʠʚʦʝ ʩʦʩʪʦʷʥʠʝ ʩʘʤʦʩʦʭʨʘʥʝʥʠʷ ʠ 

ʧʨʠʩʫʱʠ ʤʝʭʘʥʠʟʤʳ ʥʝʧʨʝʨʳʚʥʦʡ ʩʘʤʦʨʝʛʫʣʷʮʠʠ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʝ ʠʤʤʫʥʠʪʝʪ ʢ çʣʦʞʥʳʤè ʩʪʠʤʫʣʘʤ, 

ʧʨʦʥʠʢʘʶʱʠʤ ʚ ʦʨʛʘʥʠʟʤ ʚ ʬʦʨʤʝ ʚʝʱʝʩʪʚʘ, ʵʥʝʨʛʠʠ ʠʣʠ ʠʥʬʦʨʤʘʮʠʠ (ʨʠʪʤʦʚ). 
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SOME ASPECTS OF THE RHYTHMOLOGY OF ONTOGENESIS OF A YOUNG PERSON 

Kuznetsov A.A. 

Vladimir branch of the Volga Region Research Medical University, e-mail: artemi-k@mail.ru 

 

The main object of measurement and the unit of measurement are investigated and justified. The concept of 

the "heart rate control" mode in the generally accepted and author's interpretation is given. A joint interpretation of 

Adler's rule and the çLaw of initial magnitudeè was carried out for the regulation of heart rhythm. It is shown that 

the real heart rhythm in the general case is not an algebraic sum of sympathetic and parasympathetic stimulations, 

but must be formed by a greater degree of dynamics of their interaction.  

Key words: heart rhythm, control, regulation and management modes 
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ʇʈʀʄɽʅɽʅʀɽ ʎʀʌʈʆɺʓʍ ɼɺʆʁʅʀʂʆɺ ɺ ʄɽɼʀʎʀʅɽ 

ʄʠʥʜʫʙʘʝʚ ʕʜʫʘʨʜ ɸʜʠʧʦʚʠʯ 

ʌʝʜʝʨʘʣʴʥʦʝ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʝ ʘʚʪʦʥʦʤʥʦʝ ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʝ ʫʯʨʝʞʜʝʥʠʝ ʚʳʩʰʝʛʦ 

ʦʙʨʘʟʦʚʘʥʠʷ çʅʘʮʠʦʥʘʣʴʥʳʡ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ çʄʦʩʢʦʚʩʢʠʡ ʠʥʩʪʠʪʫʪ 

ʵʣʝʢʪʨʦʥʥʦʡ ʪʝʭʥʠʢʠè, edmindubaev@gmail.com 

ʇʦʥʷʪʠʝ çʮʠʬʨʦʚʦʡ ʜʚʦʡʥʠʢè ʙʳʣʦ ʩʬʦʨʤʫʣʠʨʦʚʘʥʦ ʄʘʡʢʣʦʤ ɻʨʠʚʩʦʤ ʚ 2003 ʛʦʜʫ ʚ ʢʦʥʪʝʢʩʪʝ 

ʫʧʨʘʚʣʝʥʠʷ ʞʠʟʥʝʥʥʳʤ ʮʠʢʣʦʤ ʧʨʦʜʫʢʪʘ [1]. ʎʠʬʨʦʚʦʡ ʜʚʦʡʥʠʢ ʦʙʲʝʢʪʘ ʷʚʣʷʝʪʩʷ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʤʦʜʝʣʴʶ 

ʦʙʲʝʢʪʘ ʨʝʘʣʴʥʦʛʦ ʤʠʨʘ. ʇʨʠ ʵʪʦʤ ʦʥ ʦʙʣʘʜʘʝʪ ʥʝʩʢʦʣʴʢʠʤʠ ʦʪʣʠʯʠʪʝʣʴʥʳʤʠ ʦʩʦʙʝʥʥʦʩʪʷʤʠ, ʢʦʪʦʨʳʝ 

ʦʙʫʩʣʦʚʣʠʚʘʶʪ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʩʫʱʝʩʪʚʦʚʘʥʠʷ ʪʝʨʤʠʥʘ ʠ ʚʳʜʝʣʝʥʠʷ ʝʛʦ ʠʟ ʦʙʱʝʡ ʢʘʪʝʛʦʨʠʠ 

ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʤʦʜʝʣʝʡ [2]. ɺʦ-ʧʝʨʚʳʭ, ʮʠʬʨʦʚʦʡ ʜʚʦʡʥʠʢ ʷʚʣʷʝʪʩʷ ʤʦʜʝʣʴʶ ʢʦʥʢʨʝʪʥʦʛʦ ʦʙʲʝʢʪʘ 

ʨʝʘʣʴʥʦʛʦ ʤʠʨʘ. ʊʘʢ, ʜʚʫʤ ʦʜʠʥʘʢʦʚʳʤ ʵʣʝʢʪʨʦʥʥʳʤ ʫʩʪʨʦʡʩʪʚʘʤ, ʠʟʛʦʪʦʚʣʝʥʥʳʤ ʚ ʨʘʤʢʘʭ ʦʜʥʦʡ ʧʘʨʪʠʠ, 

ʙʫʜʫʪ ʩʦʦʪʚʝʪʩʪʚʦʚʘʪʴ ʜʚʘ ʮʠʬʨʦʚʳʭ ʜʚʦʡʥʠʢʘ. ɺʦ-ʚʪʦʨʳʭ, ʮʠʬʨʦʚʦʡ ʜʚʦʡʥʠʢ ʧʨʠʤʝʥʷʝʪʩʷ ʥʝ ʪʦʣʴʢʦ ʥʘ 

ʵʪʘʧʝ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ, ʥʦ ʠ ʥʘ ʵʪʘʧʝ ʵʢʩʧʣʫʘʪʘʮʠʠ ʦʙʲʝʢʪʘ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʠʩʪʦʨʠʯʝʩʢʠʭ ʜʘʥʥʳʭ ʦʙ 

ʵʢʩʧʣʫʘʪʘʮʠʠ ʦʙʲʝʢʪʘ ʠ ʤʫʣʴʪʠʬʠʟʠʯʝʩʢʠʭ ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʤʦʜʝʣʝʡ ʧʦʟʚʦʣʷʝʪ ʚʳʧʦʣʥʷʪʴ ʦʮʝʥʢʫ ʩʦʩʪʦʷʥʠʷ 

ʦʙʲʝʢʪʘ ʨʝʘʣʴʥʦʛʦ ʤʠʨʘ ʙʝʟ ʚʤʝʰʘʪʝʣʴʩʪʚʘ ʚ ʝʛʦ ʨʘʙʦʪʫ ʠ ʧʨʝʜʩʢʘʟʳʚʘʪʴ ʚʦʟʤʦʞʥʳʝ ʦʪʢʣʦʥʝʥʠʷ ʦʪ 

ʥʦʨʤʘʣʴʥʦʛʦ ʨʝʞʠʤʘ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ. ʉʪʦʠʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʝ ʮʠʬʨʦʚʦʛʦ ʜʚʦʡʥʠʢʘ ʠ 

ʨʝʘʣʴʥʦʛʦ ʦʙʲʝʢʪʘ ʧʨʦʠʩʭʦʜʷʪ ʩʠʥʭʨʦʥʥʦ. ɼʣʷ ʫʯʸʪʘ ʠʩʪʦʨʠʯʝʩʢʠʭ ʜʘʥʥʳʭ ʦ ʩʦʩʪʦʷʥʠʠ ʦʙʲʝʢʪʘ ʚ ʨʝʘʣʴʥʦʤ 

ʦʙʲʝʢʪʝ ʫʩʪʘʥʘʚʣʠʚʘʶʪʩʷ ʩʝʥʩʦʨʳ, ʢʦʪʦʨʳʝ ʧʝʨʝʜʘʶʪ ʜʘʥʥʳʝ ʥʘ ʚʭʦʜ ʮʠʬʨʦʚʦʛʦ ʜʚʦʡʥʠʢʘ. 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ, ʧʨʠʤʝʥʝʥʠʝ ʮʠʬʨʦʚʳʭ ʜʚʦʡʥʠʢʦʚ ʨʘʩʧʨʦʩʪʨʘʥʝʥʦ ʚ ʦʩʥʦʚʥʦʤ ʚ 

ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ, ʤʘʰʠʥʦʩʪʨʦʝʥʠʠ, ʘʚʠʘʩʪʨʦʝʥʠʠ, ʢʦʩʤʠʯʝʩʢʦʡ ʦʪʨʘʩʣʠ [3, 4]. ʎʠʬʨʦʚʳʝ ʜʚʦʡʥʠʢʠ 

ʧʨʠʤʝʥʷʶʪʩʷ ʜʣʷ ʨʝʰʝʥʠʷ ʟʘʜʘʯ ʤʦʥʠʪʦʨʠʥʛʘ ʩʦʩʪʦʷʥʠʷ ʦʙʲʝʢʪʘ ʠʣʠ ʝʛʦ ʦʪʜʝʣʴʥʳʭ ʙʣʦʢʦʚ (ʥʘʧʨʠʤʝʨ, 

ʘʢʢʫʤʫʣʷʪʦʨʥʳʭ ʙʘʪʘʨʝʡ ʜʣʷ ʧʠʪʘʥʠʷ ʵʣʝʢʪʨʦʤʦʙʠʣʝʡ). ɸʢʪʠʚʥʦ ʚʝʜʫʪʩʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦ ʨʘʟʨʘʙʦʪʢʝ 

ʮʠʬʨʦʚʳʭ ʜʚʦʡʥʠʢʦʚ ʚ ʦʙʣʘʩʪʠ ʤʝʜʠʮʠʥʳ. ʆʩʥʦʚʥʳʤ ʥʘʧʨʘʚʣʝʥʠʝʤ ʧʨʠ ʵʪʦʤ ʷʚʣʷʝʪʩʷ ʩʦʟʜʘʥʠʝ ʮʠʬʨʦʚʦʛʦ 

ʜʚʦʡʥʠʢʘ ʧʘʮʠʝʥʪʘ. ʕʪʦ ʥʘʧʨʘʚʣʝʥʠʝ ʥʘʧʨʷʤʫʶ ʩʚʷʟʘʥʦ ʩ ʦʙʣʘʩʪʴʶ ʧʝʨʩʦʥʘʣʠʟʠʨʦʚʘʥʥʦʡ ʤʝʜʠʮʠʥʳ. ɺ ʪʦ 

ʞʝ ʚʨʝʤʷ, ʩʪʦʠʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʩʫʱʝʩʪʚʫʶʱʠʝ ʪʝʭʥʠʯʝʩʢʠʝ ʨʝʰʝʥʠʷ ʥʘʧʨʘʚʣʝʥʳ ʥʘ ʩʦʟʜʘʥʠʝ ʙʦʣʝʝ ʫʟʢʠʭ ʠ 

ʩʧʝʮʠʬʠʯʥʳʭ ʟʘʜʘʯ. ʇʨʠʤʝʨʘʤʠ ʪʘʢʠʭ ʩʠʩʪʝʤ ʷʚʣʷʶʪʩʷ:  
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1) ʎʠʬʨʦʚʦʡ ʜʚʦʡʥʠʢ ʣʸʛʢʠʭ [5, 6]. 

2) ʎʠʬʨʦʚʦʡ ʜʚʦʡʥʠʢ ʩʝʨʜʮʘ [7]. 

3) ʎʠʬʨʦʚʦʡ ʜʚʦʡʥʠʢ ʨʦʙʦʪʘ-ʤʝʜʩʝʩʪʨʳ [8]. 

ʉʪʦʠʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʧʝʨʩʧʝʢʪʠʚʥʳʤ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʩʦʟʜʘʥʠʝ ʮʠʬʨʦʚʳʭ ʜʚʦʡʥʠʢʦʚ ʠʤʧʣʘʥʪʠʨʫʝʤʳʭ 

ʤʝʜʠʮʠʥʩʢʠʭ ʧʨʠʙʦʨʦʚ. ʅʝʩʤʦʪʨʷ ʥʘ ʩʫʱʝʩʪʚʦʚʘʥʠʝ ʩʭʦʞʠʭ ʨʝʰʝʥʠʡ (ʮʠʬʨʦʚʳʭ ʜʚʦʡʥʠʢʦʚ ʵʣʝʢʪʨʦʥʥʳʭ 

ʧʨʠʙʦʨʦʚ) ʚ ʜʨʫʛʠʭ ʦʙʣʘʩʪʷʭ, ʚ ʦʙʣʘʩʪʠ ʤʝʜʠʮʠʥʳ ʜʘʥʥʦʝ ʥʘʧʨʘʚʣʝʥʠʝ ʥʝ ʷʚʣʷʝʪʩʷ ʨʘʟʚʠʪʳʤ. ɺ ʪʦ ʞʝ ʚʨʝʤʷ 

ʩʦʟʜʘʥʠʝ ʪʘʢʠʭ ʮʠʬʨʦʚʳʭ ʜʚʦʡʥʠʢʦʚ ʷʚʣʷʝʪʩʷ ʘʢʪʫʘʣʴʥʦʡ ʟʘʜʘʯʝʡ. ʇʨʦʜʦʣʞʠʪʝʣʴʥʦʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ 

ʠʤʧʣʘʥʪʠʨʫʝʤʳʭ ʤʝʜʠʮʠʥʩʢʠʭ ʧʨʠʙʦʨʦʚ, ʢʘʢ ʠ ʣʶʙʦʛʦ ʩʣʦʞʥʦʛʦ ʵʣʝʢʪʨʦʥʥʦʛʦ ʧʨʠʙʦʨʘ, ʩʦʧʨʷʞʝʥʦ ʩ 

ʧʦʚʳʰʘʶʱʠʤʩʷ ʩʦ ʚʨʝʤʝʥʝʤ ʨʠʩʢʦʤ ʚʳʭʦʜʘ ʝʛʦ ʠʟ ʩʪʨʦʷ ʚʩʣʝʜʩʪʚʠʝ ʧʨʦʮʝʩʩʦʚ ʜʝʛʨʘʜʘʮʠʠ. 

ɼʦʧʦʣʥʠʪʝʣʴʥʳʝ ʨʠʩʢʠ ʚ ʩʣʫʯʘʝ ʠʤʧʣʘʥʪʠʨʫʝʤʳʭ ʧʨʠʙʦʨʦʚ ʩʚʷʟʘʥʳ ʩ ʵʢʩʧʣʫʘʪʘʮʠʝʡ ʚ ʫʩʣʦʚʠʷʭ 

ʘʛʨʝʩʩʠʚʥʦʡ ʚʥʝʰʥʝʡ ʩʨʝʜʳ. ʇʨʠ ʵʪʦʤ ʚʦʟʤʦʞʥʦʩʪʴ ʧʨʷʤʦʛʦ ʜʦʩʪʫʧʘ ʢ ʠʤʧʣʘʥʪʘʪʫ ʪʨʝʙʫʝʪ ʭʠʨʫʨʛʠʯʝʩʢʦʛʦ 

ʚʤʝʰʘʪʝʣʴʩʪʚʘ, ʯʪʦ ʩʦʧʨʷʞʝʥʦ ʩʦ ʟʥʘʯʠʪʝʣʴʥʳʤʠ ʥʝʫʜʦʙʩʪʚʘʤʠ ʜʣʷ ʧʘʮʠʝʥʪʘ. 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʩʪʘʥʜʘʨʪʥʦʡ ʧʨʦʮʝʜʫʨʦʡ ʷʚʣʷʝʪʩʷ ʟʘʤʝʥʘ ʠʤʧʣʘʥʪʘʪʘ ʥʘ ʦʩʥʦʚʝ ʫʩʪʘʥʦʚʣʝʥʥʦʛʦ ʚ 

ʨʝʛʣʘʤʝʥʪʝ ʦʛʨʘʥʠʯʝʥʠʷ ʩʨʦʢʘ ʵʢʩʧʣʫʘʪʘʮʠʠ. ɺ ʪʦ ʞʝ ʚʨʝʤʷ, ʪʘʢʦʡ ʧʦʜʭʦʜ ʤʦʞʝʪ ʙʳʪʴ ʟʥʘʯʠʪʝʣʴʥʦ 

ʫʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥ ʧʨʠ ʧʦʤʦʱʠ ʚʥʝʜʨʝʥʠʷ ʮʠʬʨʦʚʦʛʦ ʜʚʦʡʥʠʢʘ. ʊʘʢ, ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʧʨʦʮʝʜʫʨʳ 

ʠʤʧʣʘʥʪʘʮʠʠ ʦʟʥʘʯʘʶʪ ʜʦʧʦʣʥʠʪʝʣʴʥʫʶ ʥʘʛʨʫʟʢʫ ʥʘ ʦʨʛʘʥʠʟʤ ʧʘʮʠʝʥʪʘ, ʨʠʩʢ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʩʝʨʴʸʟʥʳʭ 

ʦʩʣʦʞʥʝʥʠʡ, ʘ ʪʘʢʞʝ ʧʦʚʳʰʝʥʠʝ ʩʪʦʠʤʦʩʪʠ ʣʝʯʝʥʠʷ. ɺ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʥʘ ʤʦʤʝʥʪ ʟʘʤʝʥʳ ʠʤʧʣʘʥʪʠʨʦʚʘʥʥʳʡ 

ʧʨʠʙʦʨ ʤʦʞʝʪ ʙʳʪʴ ʧʦʣʥʦʩʪʴʶ ʬʫʥʢʮʠʦʥʘʣʴʥʳʤ ʠ ʦʙʣʘʜʘʪʴ ʜʦʩʪʘʪʦʯʥʳʤ ʨʝʩʫʨʩʦʤ ʜʣʷ ʜʘʣʴʥʝʡʰʝʡ ʨʘʙʦʪʳ. 

ʉ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ, ʟʘʤʝʥʘ ʠʤʧʣʘʥʪʘʪʘ ʥʘ ʦʩʥʦʚʝ ʨʝʛʣʘʤʝʥʪʘ ʥʝ ʫʩʪʨʘʥʷʝʪ ʨʠʩʢʠ, ʩʦʧʨʷʞʝʥʥʳʝ ʩ 

ʧʨʝʞʜʝʚʨʝʤʝʥʥʳʤ ʚʳʭʦʜʦʤ ʠʤʧʣʘʥʪʘʪʘ ʠʟ ʩʪʨʦʷ ʠʣʠ ʥʘʨʫʰʝʥʠʷ ʝʛʦ ʥʦʨʤʘʣʴʥʦʛʦ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ. ʊʘʢʠʝ 

ʩʮʝʥʘʨʠʠ ʚʝʜʫʪ ʢ ʟʥʘʯʠʪʝʣʴʥʦʡ ʦʧʘʩʥʦʩʪʠ ʜʣʷ ʞʠʟʥʠ ʧʘʮʠʝʥʪʘ ʠ ʪʨʝʙʫʶʪ ʵʢʩʪʨʝʥʥʦʡ ʟʘʤʝʥʳ ʠʤʧʣʘʥʪʘʪʘ. 

ʉʦʟʜʘʥʠʝ ʮʠʬʨʦʚʦʛʦ ʜʚʦʡʥʠʢʘ ʠʤʧʣʘʥʪʘʪʘ ʧʦʟʚʦʣʠʪ ʨʝʰʠʪʴ ʦʙʝ ʦʙʦʟʥʘʯʝʥʥʳʝ ʧʨʦʙʣʝʤʳ. 

ɼʣʷ ʧʦʩʪʨʦʝʥʠʷ ʮʠʬʨʦʚʦʛʦ ʜʚʦʡʥʠʢʘ ʠʤʧʣʘʥʪʠʨʫʝʤʦʛʦ ʤʝʜʠʮʠʥʩʢʦʛʦ ʧʨʠʙʦʨʘ ʥʝʦʙʭʦʜʠʤʦ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʤʦʜʝʣʝʡ, ʢʦʪʦʨʳʝ ʫʯʠʪʳʚʘʣʠ ʙʳ ʧʨʦʮʝʩʩʳ ʜʝʛʨʘʜʘʮʠʠ, ʚʣʠʷʶʱʠʭ ʥʘ ʦʪʢʘʟ 

ʧʨʠʙʦʨʘ. ɺ ʦʪʣʠʯʠʝ, ʦʪ ʜʨʫʛʠʭ ʥʘʧʨʘʚʣʝʥʠʡ ʧʨʠʤʝʥʝʥʠʷ ʮʠʬʨʦʚʳʭ ʜʚʦʡʥʠʢʦʚ, ʪʘʢʠʭ ʢʘʢ, ʥʘʧʨʠʤʝʨ, 

ʵʢʩʧʣʫʘʪʘʮʠʷ ʢʨʫʧʥʦʤʘʩʰʪʘʙʥʳʭ ʧʘʨʪʠʡ ʘʢʢʫʤʫʣʷʪʦʨʥʳʭ ʙʘʪʘʨʝʡ, ʩʪʘʪʠʩʪʠʯʝʩʢʠʡ ʧʦʜʭʦʜ ʜʣʷ ʦʮʝʥʢʠ 

ʩʦʩʪʦʷʥʠʷ ʠʤʧʣʘʥʪʘʪʘ ʥʝʧʨʠʛʦʜʝʥ ʚ ʩʚʷʟʠ ʩ ʤʘʣʳʤ ʯʠʩʣʦʤ ʫʩʪʨʦʡʩʪʚ ʠ ʧʦʚʳʰʝʥʥʳʤʠ ʪʨʝʙʦʚʘʥʠʷʤʠ ʢ 

ʥʘʜʸʞʥʦʩʪʠ ʫʩʪʨʦʡʩʪʚʘ. ɸʣʴʪʝʨʥʘʪʠʚʦʡ ʩʪʘʪʠʩʪʠʯʝʩʢʦʤʫ ʧʦʜʭʦʜʫ ʷʚʣʷʝʪʩʷ ʬʠʟʠʢʘ ʦʪʢʘʟʦʚ, ʪʘʢʞʝ ʠʟʚʝʩʪʥʘʷ 

ʢʘʢ ʬʠʟʠʯʝʩʢʠʝ ʦʩʥʦʚʳ ʥʘʜʸʞʥʦʩʪʠ. ɼʘʥʥʘʷ ʦʙʣʘʩʪʴ ʟʥʘʥʠʷ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʜʝʛʨʘʜʘʮʠʦʥʥʳʭ 

ʘʣʛʦʨʠʪʤʦʚ, ʢʦʪʦʨʳʝ ʦʧʠʩʳʚʘʶʪ ʠʟʤʝʥʝʥʠʝ ʬʠʟʠʯʝʩʢʠʭ, ʭʠʤʠʯʝʩʢʠʭ, ʤʝʭʘʥʠʯʝʩʢʠʭ, ʪʝʨʤʠʯʝʩʢʠʭ ʠ 

ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʩ ʪʝʯʝʥʠʝʤ ʚʨʝʤʝʥʠ. 

ʇʨʠ ʵʪʦʤ ʩʪʦʠʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʘʨʭʠʪʝʢʪʫʨʘ ʮʠʬʨʦʚʦʛʦ ʜʚʦʡʥʠʢʘ ʚ ʦʙʱʝʤ ʩʣʫʯʘʝ ʷʚʣʷʝʪʩʷ 

ʤʘʩʰʪʘʙʠʨʫʝʤʦʡ. ʎʠʬʨʦʚʦʡ ʜʚʦʡʥʠʢ ʤʦʞʝʪ ʦʪʩʣʝʞʠʚʘʪʴ ʢʘʢ ʠʤʧʣʘʥʪʠʨʫʝʤʳʡ ʧʨʠʙʦʨ ʮʝʣʠʢʦʤ, ʪʘʢ ʠ ʝʛʦ 

ʦʪʜʝʣʴʥʳʝ ʙʣʦʢʠ [9]. ʉʭʦʞʠʤ ʦʙʨʘʟʦʤ, ʚ ʤʫʣʴʪʠʬʠʟʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʤʦʛʫʪ ʫʯʠʪʳʚʘʪʴʩʷ ʠʣʠ ʥʝ ʫʯʠʪʳʚʘʪʴʩʷ 

ʦʪʜʝʣʴʥʳʝ ʧʨʦʮʝʩʩʳ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʠ ʦʧʨʝʜʝʣʝʥʠʠ ʪʝʭʥʠʯʝʩʢʦʛʦ ʦʙʣʠʢʘ ʮʠʬʨʦʚʦʛʦ ʜʚʦʡʥʠʢʘ 

ʥʝʦʙʭʦʜʠʤʦ ʫʯʠʪʳʚʘʪʴ ʢʦʤʧʨʦʤʠʩʩ ʤʝʞʜʫ ʪʦʯʥʦʩʪʴʶ ʧʨʝʜʩʢʘʟʘʥʠʡ ʠ ʩʣʦʞʥʦʩʪʴʶ ʮʠʬʨʦʚʦʛʦ ʜʚʦʡʥʠʢʘ, 

ʚʳʯʠʩʣʠʪʝʣʴʥʦʡ ʥʘʛʨʫʟʢʦʡ ʠ ʩʪʦʠʤʦʩʪʴʶ ʩʦʟʜʘʥʠʷ ʠ ʵʢʩʧʣʫʘʪʘʮʠʠ ʤʦʜʝʣʠ. 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʬʠʥʘʥʩʦʚʦʡ ʧʦʜʜʝʨʞʢʝ ʄʠʥʦʙʨʥʘʫʢʠ ʈʦʩʩʠʠ ʚ ʨʘʤʢʘʭ ʨʝʘʣʠʟʘʮʠʠ ʢʨʫʧʥʦʛʦ 

ʥʘʫʯʥʦʛʦ ʧʨʦʝʢʪʘ (ʉʦʛʣʘʰʝʥʠʝ ˉ075-15-2024-555 ʦʪ 25.04.2024 ʛ.). 
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DIGITAL TWINS IMPLEMENTATION IN MEDICINE  

Mindubaev E.A. 

National Research University of Electronic Technology, edmindubaev@gmail.com 

The main properties of a digital twin are considered. The main areas of application of digital twins are 

outlined, which include, among other things, medical field. At the same time, the use of digital twins in 

medicine is mainly aimed at creating digital twins of a patient or his individual organs. The creation of digital 

twins of implantable medical devices seems promising. Such models can be scalable and should be based on 

physics-of-failure mathematical models. 
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ɺ ʨʘʙʦʪʝ ʧʨʝʜʣʘʛʘʶʪʩʷ ʤʝʪʦʜ ʠ ʤʦʜʝʣʠ ʦʮʝʥʢʠ ʬʫʥʢʮʠʦʥʘʣʴʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʠ ʬʫʥʢʮʠʦʥʘʣʴʥʦʛʦ ʨʝʟʝʨʚʘ 

ʦʧʝʨʘʪʠʚʥʦʡ ʧʘʤʷʪʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʝʪʦʜʠʢ ʧʦʠʩʢʘ ʩʠʛʥʘʣʘ ʚ ʰʫʤʝ, ʦʧʦʟʥʘʥʠʷ, ʧʦʣʥʦʛʦ 

ʚʦʩʧʨʦʠʟʚʝʜʝʥʠʷ,  ʦʧʨʝʜʝʣʝʥʠʷ ʦʪʩʫʪʩʪʚʫʶʱʝʡ ʮʠʬʨʳ ʠ ʦʮʝʥʢʠ ʦʙʲʝʤʘ ʧʘʤʷʪʠ. ɼʣʷ ʨʝʘʣʠʟʘʮʠʠ ʵʪʠʭ 

ʤʝʪʦʜʠʢ ʙʳʣ ʚʳʙʨʘʥ ʧʨʠʙʦʨ ʢʦʥʪʨʦʣʷ ʩʚʦʡʩʪʚ ʬʫʥʢʮʠʠ ʚʥʠʤʘʥʠʷ ʠ ʧʘʤʷʪʠ ʥʘ ʦʩʥʦʚʝ ʧʣʘʥʰʝʪʥʦʛʦ 

ʢʦʤʧʴʶʪʝʨʘ ʩ ʩʝʥʩʦʨʥʳʤ ʜʠʩʧʣʝʝʤ. ɺ ʭʦʜʝ ʧʨʦʚʝʜʝʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʙʳʣʠ ʩʠʥʪʝʟʠʨʦʚʘʥʳ ʤʦʜʝʣʠ ʜʣʷ 

ʦʮʝʥʢʠ ʬʫʥʢʮʠʦʥʘʣʴʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʠ ʬʫʥʢʮʠʦʥʘʣʴʥʦʛʦ ʨʝʟʝʨʚʘ ʦʧʝʨʘʪʠʚʥʦʡ ʧʘʤʷʪʠ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʙʳʪʴ 

ʠʩʧʦʣʴʟʦʚʘʥʳ ʜʣʷ  ʩʠʥʪʝʟʘ ʨʝʰʘʶʱʠʭ ʧʨʘʚʠʣ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ, ʨʘʥʥʝʡ ʠ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʡ ʜʠʘʛʥʦʩʪʠʢʠ 

ʬʫʥʢʮʠʦʥʘʣʴʥʦʛʦ ʩʦʩʪʦʷʥʠʷ, ʦʧʨʝʜʝʣʷʶʱʝʛʦ ʪʝʢʫʱʫʶ ʩʧʦʩʦʙʥʦʩʪʴ ʠʩʩʣʝʜʫʝʤʦʡ ʩʠʩʪʝʤʳ ʢʘʯʝʩʪʚʝʥʥʦ 

ʚʳʧʦʣʥʷʪʴ ʧʨʠʩʫʱʠʝ ʝʡ ʬʫʥʢʮʠʠ, ʘ ʪʘʢ ʞʝ ʦʮʝʥʢʠ ʢʘʯʝʩʪʚʘ ʨʘʙʦʪʳ ʦʧʝʨʘʪʦʨʘ ʯʝʣʦʚʝʢʦ-ʤʘʰʠʥʥʳʭ ʩʠʩʪʝʤ  ʠ 

ʩʦʩʪʦʷʥʠʷ ʟʜʦʨʦʚʴʷ ʦʧʝʨʘʪʠʚʥʦʡ ʧʘʤʷʪʠ. 
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ɺ ʨʘʙʦʪʝ ʧʨʝʜʣʘʛʘʶʪʩʷ ʤʝʪʦʜ ʠ ʤʦʜʝʣʠ ʦʮʝʥʢʠ ʬʫʥʢʮʠʦʥʘʣʴʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʠ ʬʫʥʢʮʠʦʥʘʣʴʥʦʛʦ ʨʝʟʝʨʚʘ 

ʦʧʝʨʘʪʠʚʥʦʡ ʧʘʤʷʪʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʝʪʦʜʠʢ ʧʦʠʩʢʘ ʩʠʛʥʘʣʘ ʚ ʰʫʤʝ, ʦʧʦʟʥʘʥʠʷ, ʧʦʣʥʦʛʦ 

ʚʦʩʧʨʦʠʟʚʝʜʝʥʠʷ,  ʦʧʨʝʜʝʣʝʥʠʷ ʦʪʩʫʪʩʪʚʫʶʱʝʡ ʮʠʬʨʳ ʠ ʦʮʝʥʢʠ ʦʙʲʝʤʘ ʧʘʤʷʪʠ. ɼʣʷ ʨʝʘʣʠʟʘʮʠʠ ʵʪʠʭ 

ʤʝʪʦʜʠʢ ʙʳʣ ʚʳʙʨʘʥ ʧʨʠʙʦʨ ʢʦʥʪʨʦʣʷ ʩʚʦʡʩʪʚ ʬʫʥʢʮʠʠ ʚʥʠʤʘʥʠʷ ʠ ʧʘʤʷʪʠ ʥʘ ʦʩʥʦʚʝ ʧʣʘʥʰʝʪʥʦʛʦ 

ʢʦʤʧʴʶʪʝʨʘ ʩ ʩʝʥʩʦʨʥʳʤ ʜʠʩʧʣʝʝʤ. ɺ ʭʦʜʝ ʧʨʦʚʝʜʝʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʙʳʣʠ ʩʠʥʪʝʟʠʨʦʚʘʥʳ ʤʦʜʝʣʠ ʜʣʷ 

ʦʮʝʥʢʠ ʬʫʥʢʮʠʦʥʘʣʴʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʠ ʬʫʥʢʮʠʦʥʘʣʴʥʦʛʦ ʨʝʟʝʨʚʘ ʦʧʝʨʘʪʠʚʥʦʡ ʧʘʤʷʪʠ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʙʳʪʴ 

ʠʩʧʦʣʴʟʦʚʘʥʳ ʜʣʷ  ʩʠʥʪʝʟʘ ʨʝʰʘʶʱʠʭ ʧʨʘʚʠʣ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ, ʨʘʥʥʝʡ ʠ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʡ ʜʠʘʛʥʦʩʪʠʢʠ 

ʬʫʥʢʮʠʦʥʘʣʴʥʦʛʦ ʩʦʩʪʦʷʥʠʷ, ʦʧʨʝʜʝʣʷʶʱʝʛʦ ʪʝʢʫʱʫʶ ʩʧʦʩʦʙʥʦʩʪʴ ʠʩʩʣʝʜʫʝʤʦʡ ʩʠʩʪʝʤʳ ʢʘʯʝʩʪʚʝʥʥʦ 

ʚʳʧʦʣʥʷʪʴ ʧʨʠʩʫʱʠʝ ʝʡ ʬʫʥʢʮʠʠ, ʘ ʪʘʢ ʞʝ ʦʮʝʥʢʠ ʢʘʯʝʩʪʚʘ ʨʘʙʦʪʳ ʦʧʝʨʘʪʦʨʘ ʯʝʣʦʚʝʢʦ-ʤʘʰʠʥʥʳʭ ʩʠʩʪʝʤ  ʠ 

ʩʦʩʪʦʷʥʠʷ ʟʜʦʨʦʚʴʷ ʦʧʝʨʘʪʠʚʥʦʡ ʧʘʤʷʪʠ. 

 

ʆʮʝʥʢʘ ʠ ʢʦʥʪʨʦʣʴ ʬʫʥʢʮʠʦʥʘʣʴʥʦʛʦ ʩʦʩʪʦʷʥʠʷ (ʌʉ) ʠ ʬʫʥʢʮʠʦʥʘʣʴʥʦʛʦ ʨʝʟʝʨʚʘ (ʌʈ) ʯʝʣʦʚʝʢʘ, ʝʛʦ 

ʩʠʩʪʝʤ ʠ ʦʨʛʘʥʦʚ, ʚʢʣʶʯʘʷ ʦʧʝʨʘʪʠʚʥʫʶ ʧʘʤʷʪʴ, ʪʨʘʜʠʮʠʦʥʥʦ ʠʩʧʦʣʴʟʫʶʪʩʷ ʜʣʷ ʨʝʰʝʥʠʷ ʜʚʫʭ ʦʩʥʦʚʥʳʭ 

ʟʘʜʘʯ - ʜʣʷ ʦʮʝʥʢʠ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʚʳʧʦʣʥʷʝʤʳʭ ʪʨʫʜʦʚʳʭ ʬʫʥʢʮʠʡ ʠ ʜʣʷ ʦʮʝʥʢʠ ʟʜʦʨʦʚʴʷ ʯʝʣʦʚʝʢʘ, 

ʧʦʜʚʝʨʛʘʶʱʝʛʦʩʷ ʚʦʟʜʝʡʩʪʚʠʶ ʚʥʝʰʥʠʭ ʠ ʚʥʫʪʨʝʥʥʠʭ ʬʘʢʪʦʨʦʚ ʨʠʩʢʘ. ɸʥʘʣʠʟ ʨʦʣʠ ʦʮʝʥʢʠ ʌʉ ʠ ʌʈ 

ʦʨʛʘʥʠʟʤʘ ʯʝʣʦʚʝʢʘ  ʚ ʮʝʣʦʤ ʠ ʝʛʦ ʢʦʛʥʠʪʠʚʥʦʡ ʬʫʥʢʮʠʠ ʧʘʤʷʪʠ ʧʦʟʚʦʣʷʝʪ ʧʦʚʳʩʠʪʴ ʢʘʯʝʩʪʚʦ ʨʝʰʝʥʠʷ 

ʟʘʜʘʯ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʩʨʝʜʩʪʚ ʫʧʨʘʚʣʝʥʠʷ ʩʣʦʞʥʳʤʠ ʦʙʲʝʢʪʘʤʠ, ʦʙʦʩʥʦʚʘʥʠʷ ʵʨʛʦʥʦʤʠʯʝʩʢʠʭ ʠ 

ʵʢʦʣʦʛʠʯʝʩʢʠʭ ʨʝʰʝʥʠʡ ʧʦ ʨʘʙʦʯʠʤ ʤʝʩʪʘʤ, ʧʨʠ ʨʘʟʨʘʙʦʪʢʝ ʘʜʘʧʪʠʚʥʳʭ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʳʭ ʩʠʩʪʝʤ, 

ʦʧʪʠʤʠʟʘʮʠʠ ʧʨʦʮʝʩʩʦʚ ʫʧʨʘʚʣʝʥʠʷ ʫʨʦʚʥʝʤ ʧʩʠʭʠʯʝʩʢʦʡ ʥʘʛʨʫʟʢʠ ʠ ʪ.ʜ. [1,2,3,4,5,6]. ɺ ʨʘʙʦʪʘʭ [4,5,6] 

ʧʨʠʚʦʜʠʪʩʷ ʦʧʠʩʘʥʠʝ ʨʘʟʣʠʯʥʳʭ ʤʝʪʦʜʦʚ ʠ ʩʨʝʜʩʪʚ ʧʦʟʚʦʣʷʶʱʠʭ ʧʦʣʫʯʘʪʴ ʢʦʣʠʯʝʩʪʚʝʥʥʳʝ ʦʮʝʥʢʠ, 

ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʝ ʌʉ ʠ ʌʈ ʦʨʛʘʥʠʟʤʘ ʯʝʣʦʚʝʢʘ ʠ ʝʛʦ ʩʠʩʪʝʤ. ɼʣʷ ʢʦʣʠʯʝʩʪʚʝʥʥʳʭ ʦʮʝʥʦʢ ʩʦʩʪʦʷʥʠʷ ʧʘʤʷʪʠ 

ʠ ʝʸ ʩʦʩʪʘʚʣʷʶʱʠʭ ʪʘʢ ʞʝ ʨʘʟʨʘʙʦʪʘʥʦ ʜʦʩʪʘʪʦʯʥʦ ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʪʝʩʪʦʚ [7,8,9,10]. ɺ ʥʘʰʠʭ 

ʠʩʩʣʝʜʦʚʘʥʠʷʭ ʜʣʷ ʪʝʩʪʠʨʦʚʘʥʠʷ ʩʦʩʪʦʷʥʠʷ ʦʧʝʨʘʪʠʚʥʦʡ ʧʘʤʷʪʠ ʙʳʣ ʚʳʙʨʘʥ ʧʨʠʙʦʨ ʢʦʥʪʨʦʣʷ ʩʚʦʡʩʪʚ 

ʬʫʥʢʮʠʠ ʚʥʠʤʘʥʠʷ ʠ ʧʘʤʷʪʠ (ʇɺʇ) ʭʦʨʦʰʦ ʟʘʨʝʢʦʤʝʥʜʦʚʘʚʰʠʡ ʩʝʙʷ ʧʨʠ ʦʮʝʥʢʝ ʩʦʩʪʦʷʥʠʡ ʢʦʛʥʠʪʠʚʥʦʡ 

ʬʫʥʢʮʠʠ ʚʥʠʤʘʥʠʷ ʩ ʨʘʩʯʝʪʦʤ ʢʦʣʠʯʝʩʪʚʝʥʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʌʉ ʠ ʪʘʢʠʭ ʝʛʦ ʩʦʩʪʘʚʣʷʶʱʠʭ ʢʘʢ 

ʦʧʝʨʘʪʠʚʥʳʡ ʧʦʢʦʡ, ʫʪʦʤʣʝʥʠʝ ʠ ʧʩʠʭʦʵʤʦʮʠʦʥʘʣʴʥʦʝ ʥʘʧʨʷʞʝʥʠʝ [8,9,10]. ʇʨʠ ʚʳʙʦʨʝ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ 

ʘʧʧʘʨʘʪʘ ʠʩʩʣʝʜʦʚʘʥʠʡ ʙʳʣ ʧʨʦʚʝʜʝʥ ʨʘʟʚʝʜʦʯʥʳʡ ʘʥʘʣʠʟ ʩʪʨʫʢʪʫʨʳ ʜʘʥʥʳʭ ʬʦʨʤʠʨʫʝʤʳʭ ʧʨʠʙʦʨʦʤ ʇɺʇ 

ʚ ʭʦʜʝ ʢʦʪʦʨʦʛʦ ʙʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʟʘʜʘʯʠ ʦʮʝʥʢʠ ʌʉ ʠ ʌʈ ʠʤʝʶʪ ʥʝʯʝʪʢʫʶ ʧʨʠʨʦʜʫ ʩ ʧʣʦʭʦ 

ʦʧʨʝʜʝʣʷʝʤʳʤʠ ʛʨʘʥʠʮʘʤʠ ʧʝʨʝʩʝʯʝʥʠʡ ʠʩʩʣʝʜʫʝʤʳʭ ʢʣʘʩʩʦʚ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʩʦʩʪʦʷʥʠʡ, ʯʪʦ ʩ ʫʯʝʪʦʤ 

ʨʝʢʦʤʝʥʜʘʮʠʡ [8,9,10,11] ʧʦʟʚʦʣʠʣʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜ ʦ ʮʝʣʝʩʦʦʙʨʘʟʥʦʩʪʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚ ʢʘʯʝʩʪʚʝ ʦʩʥʦʚʥʦʛʦ 

ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʘʧʧʘʨʘʪʘ   ʤʝʪʦʜʦʣʦʛʠʠ ʩʠʥʪʝʟʘ ʛʠʙʨʠʜʥʳʭ ʥʝʯʝʪʢʠʭ ʨʝʰʘʶʱʠʭ ʧʨʘʚʠʣ (ʄʉɻʅʈʇ), 

ʨʘʟʨʘʙʦʪʘʥʥʦʡ ʥʘ ʢʘʬʝʜʨʝ ʙʠʦʤʝʜʠʮʠʥʩʢʦʡ ʠʥʞʝʥʝʨʠʠ ʖʛʦ-ɿʘʧʘʜʥʦʛʦ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ 

ʢʦʪʦʨʘʷ ʭʦʨʦʰʦ ʟʘʨʝʢʦʤʝʥʜʦʚʘʣʘ ʩʝʙʷ ʧʨʠ ʨʝʰʝʥʠʠ ʟʘʜʘʯ ʦʮʝʥʢʠ ʌʉ ʠ ʌʈ ʠ ʠʭ ʩʦʩʪʘʚʣʷʶʱʠʭ. 

ɺ ʨʘʟʣʠʯʥʳʭ ʦʪʝʯʝʩʪʚʝʥʥʳʭ ʠ ʟʘʨʫʙʝʞʥʳʭ ʠʩʪʦʯʥʠʢʘʭ ʤʦʞʥʦ ʥʘʡʪʠ ʨʘʟʣʠʯʥʳʝ ʦʧʨʝʜʝʣʝʥʠʷ ʌʉ ʠ 

ʌʈ. ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʠʩʧʦʣʴʟʫʶʪʩʷ ʩʣʝʜʫʶʱʠʝ ʠʭ ʦʧʨʝʜʝʣʝʥʠʷ. ʌʉ ʦʧʨʝʜʝʣʷʝʪʩʷ ʢʘʢ ʪʝʢʫʱʘʷ ʩʧʦʩʦʙʥʦʩʪʴ 

ʩʠʩʪʝʤʳ ʢʘʯʝʩʪʚʝʥʥʦ ʚʳʧʦʣʥʷʪʴ ʧʨʠʩʫʱʠʝ ʝʡ ʬʫʥʢʮʠʠ [4], ʘ ʌʈ - ʢʘʢ ʜʠʘʧʘʟʦʥ ʚʦʟʤʦʞʥʦʛʦ ʫʨʦʚʥʷ 

ʠʟʤʝʥʝʥʠʡ ʬʫʥʢʮʠʦʥʘʣʴʥʦʡ ʘʢʪʠʚʥʦʩʪʠ ʬʠʟʠʦʣʦʛʠʯʝʩʢʠʭ ʩʠʩʪʝʤ, ʢʦʪʦʨʳʡ ʤʦʞʝʪ ʙʳʪʴ ʦʙʝʩʧʝʯʝʥ 

ʘʢʪʠʚʘʮʠʦʥʥʳʤʠ ʤʝʭʘʥʠʟʤʘʤʠ ʦʨʛʘʥʠʟʤʘ [6]. ʉʯʠʪʘʝʪʩʷ, ʯʪʦ ʬʫʥʢʮʠʦʥʘʣʴʥʦʝ ʩʦʩʪʦʷʥʠʝ ʦʨʛʘʥʠʟʤʘ ʠ ʝʛʦ 

ʬʫʥʢʮʠʦʥʘʣʴʥʳʝ ʨʝʟʝʨʚʳ ï ʧʦʥʷʪʠʷ, ʥʝʨʘʟʨʳʚʥʦ ʚʟʘʠʤʦʩʚʷʟʘʥʥʳʝ ʠ ʚʟʘʠʤʦʟʘʚʠʩʠʤʳʝ [5]. ʆʙʝ ʵʪʠʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʦʧʨʝʜʝʣʷʶʪ ʢʘʢ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʴ, ʪʘʢ ʠ ʩʦʩʪʦʷʥʠʝ ʟʜʦʨʦʚʴʷ ʯʝʣʦʚʝʢʘ.  

ʋʯʠʪʳʚʘʷ, ʯʪʦ ʧʨʠ ʘʥʘʣʠʟʝ ʢʘʯʝʩʪʚʘ ʨʘʙʦʪʳ ʯʝʣʦʚʝʢʦ-ʤʘʰʠʥʥʳʭ ʩʠʩʪʝʤ ʚʘʞʥʫʶ ʨʦʣʴ ʠʛʨʘʝʪ 

ʩʦʩʪʦʷʥʠʝ ʦʧʝʨʘʪʠʚʥʦʡ ʧʘʤʷʪʠ (ʆʇ) ʚ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʚʦʧʨʦʩʳ ʩʠʥʪʝʟʘ ʤʦʜʝʣʝʡ ʦʮʝʥʢʠ 

ʬʫʥʢʮʠʦʥʘʣʴʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʠ ʬʫʥʢʮʠʦʥʘʣʴʥʦʛʦ ʨʝʟʝʨʚʘ ʠʤʝʥʥʦ ʵʪʦʛʦ ʪʠʧʘ ʧʘʤʷʪʠ. ɺ ʨʘʙʦʪʝ [12] ʜʣʷ 

ʢʦʥʪʨʦʣʷ ʩʦʩʪʦʷʥʠʷ ʙʣʦʢʦʚ ʦʧʝʨʘʪʠʚʥʦʡ ʧʘʤʷʪʠ ʧʨʝʜʣʘʛʘʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʪʴ ʤʝʪʦʜʠʢʠ ʧʦʠʩʢʘ ʩʠʛʥʘʣʘ ʚ 

ʰʫʤʝè (ʇʉʐ), ʦʧʦʟʥʘʥʠʷ (ʆʇ), ʧʦʣʥʦʛʦ ʚʦʩʧʨʦʠʟʚʝʜʝʥʠʷ (ʇɺɺ), ʦʧʨʝʜʝʣʝʥʠʷ ʦʪʩʫʪʩʪʚʫʶʱʝʡ ʮʠʬʨʳ 

(ʆʆʎ) ʠ ʦʮʝʥʢʠ ʦʙʲʝʤʘ ʧʘʤʷʪʠ (ʆɹʇ). ɺ ʵʪʦʡ ʞʝ ʨʘʙʦʪʝ ʧʨʠʚʝʜʝʥʦ ʧʦʜʨʦʙʥʦʝ ʦʧʠʩʘʥʠʝ ʵʪʠʭ ʤʝʪʦʜʠʢ ʠ 

ʫʩʣʦʚʠʡ ʠʭ ʧʨʠʤʝʥʝʥʠʷ.  
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XVI ʄʝʞʜʫʥʘʨʦʜʥʘʷ ʅʘʫʯʥʘʷ ʂʦʥʬʝʨʝʥʮʠʷ "ʌʠʟʠʢʘ ʠ ʈʘʜʠʦʵʣʝʢʪʨʦʥʠʢʘ ʚ ʄʝʜʠʮʠʥʝ ʠ ʕʢʦʣʦʛʠʠ" 

 

ʇʨʠ ʩʠʥʪʝʟʝ ʤʦʜʝʣʠ ʦʮʝʥʢʠ ʌʉ ʦʧʝʨʘʪʠʚʥʦʡ ʧʘʤʷʪʠ ʚ ʮʝʣʦʤ ʧʨʠʥʠʤʘʣʦʩʴ ʚʦ ʚʥʠʤʘʥʠʝ ʪʦ, ʯʪʦ ʧʦ 

ʜʘʥʥʳʤ ʨʘʙʦʪʳ [12] ʤʝʪʦʜʠʢʘ ʧʦʣʥʦʛʦ ʚʦʩʧʨʦʠʟʚʝʜʝʥʠʷ (ʇɺɺ) ʪʝʩʪʠʨʫʝʪ ʨʘʙʦʪʫ ʚʩʝʭ ʦʩʥʦʚʥʳʭ ʙʣʦʢʦʚ ʆʇ. 

ʉ ʫʯʝʪʦʤ ʵʪʦʛʦ ʥʘ ʵʢʩʧʝʨʪʥʦʤ ʫʨʦʚʥʝ ʙʳʣʦ ʧʨʠʥʷʪʦ ʨʝʰʝʥʠʝ ʧʦʢʘʟʘʪʝʣʴ ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʡ ʌʉ ʆʇ 

ʦʧʨʝʜʝʣʷʪʴ ʧʦ ʤʝʪʦʜʠʢʝ ʇɺɺ. ɼʣʷ ʧʦʣʫʯʝʥʠʷ ʤʦʜʝʣʠ ʦʮʝʥʢʠ ʌʉ ʵʢʩʧʝʨʪʳ ʧʨʠ ʧʦʩʪʨʦʝʥʠʠ ʛʨʘʬʠʢʘ ʬʫʥʢʮʠʠ 

ʧʨʠʥʘʜʣʝʞʥʦʩʪʠ ( )ʅʌʉʇɺBm  ʣʠʥʛʚʠʩʪʠʯʝʩʢʦʡ ʧʝʨʝʤʝʥʥʦʡ çʥʦʨʤʘʣʴʥʦʝ ʬʫʥʢʮʠʦʥʘʣʴʥʦʝ ʩʦʩʪʦʷʥʠʠ 

ʦʧʝʨʘʪʠʚʥʦʡ ʧʘʤʷʪʠè (ʅʌʉʆʇ) ʦʧʨʝʜʝʣʷʣʠ: ʤʘʢʩʠʤʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ ʠ ʣʝʚʫʶ ʢʦʦʨʜʠʥʘʪʫ ʤʘʢʩʠʤʘʣʴʥʦʛʦ 

ʟʥʘʯʝʥʠʷ ( )ʅʌʉʇɺBm ; ʤʠʥʠʤʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ ʠ ʧʨʘʚʫʶ ʢʦʦʨʜʠʥʘʪʫ ʤʠʥʠʤʘʣʴʥʦʛʦ ʟʥʘʯʝʥʠʷ ( )ʅʌʉʇɺBm ; 

ʬʦʨʤʫ ( )ʅʌʉʇɺBm  ʧʝʨʝʭʦʜʥʦʛʦ ʫʯʘʩʪʢʘ ʤʝʞʜʫ ʤʘʢʩʠʤʘʣʴʥʳʤ ʠ ʤʠʥʠʤʘʣʴʥʳʤ ʟʥʘʯʝʥʠʝʤ. ʇʨʠ ʚʳʙʦʨʝ 

ʤʠʥʠʤʘʣʴʥʦʛʦ ʟʥʘʯʝʥʠʷ ʵʢʩʧʝʨʪʳ ʠʩʭʦʜʠʣʠ ʠʟ ʪʦʛʦ, ʯʪʦ ʫ ʯʝʣʦʚʝʢʘ ʩʧʦʩʦʙʥʦʛʦ ʚʳʧʦʣʥʷʪʴ ʪʝʩʪʦʚʦʝ ʟʘʜʘʥʠʝ 

ʥʝ ʤʦʞʝʪ ʦʪʩʫʪʩʪʚʦʚʘʪʴ ʌʉ. 

ʈʝʟʫʣʴʪʘʪʳ ʦʧʨʦʩʘ ʵʢʩʧʝʨʪʦʚ ʧʨʠʚʝʜʝʥʳ ʚ ʪʘʙʣʠʮʝ 1. 

ʊʘʙʣʠʮʘ 1 ɹʘʟʦʚʳʝ ʧʘʨʘʤʝʪʨʳ ʬʫʥʢʮʠʠ ʧʨʠʥʘʜʣʝʞʥʦʩʪʠ ( )ʅʌʉʇɺBm  

                    ʧʘʨʘʤʝʪʨ 

 ʵʢʩʧʝʨʪʳ 
max ʌʇ 

ʃʝʚʘʷ 

ʛʨʘʥʠʮʘ 

 

min ʌʇ 
ʇʨʘʚʘʷ 

ʛʨʘʥʠʮʘ 

ʌʦʨʤʘ 

ʂʨʠʚʦʡ 

1 1,0 900 0,05 1900 ʂɺ 

2 1,0 1200 0,1 2000 ʃɻ 

3 0,9 1200 0,15 1700 ʃɻ 

4 1,0 1000 0,1 1700 ʂɺ 

5 1,0 950 0,05 1500 ʂɺ 

6 1,0 1000 0,1 1800 ʂɺ 

7 0,9 900 0,1 2000 ʕʂ 

ʉʨʝʜʥʝʝ 1,0 1000 0,1 1800 ʂɺ 

ʇʨʠʤʝʯʘʥʠʝ: ʌʇ ï ʬʫʥʢʮʠʷ ʧʨʠʥʘʜʣʝʞʥʦʩʪʠ; ʃʅ ï ʣʠʥʝʡʥʘʷ; ʂɺ ï ʢʚʘʜʨʘʪʠʯʥʘʷ; ʃɻ ï ʣʦʛʘʨʠʬʤʠʯʝʩʢʘʷ; 

ʕʂ ï ʵʢʩʧʦʥʝʥʮʠʘʣʴʥʘʷ. 

ʇʦ ʜʘʥʥʳʤ ʪʘʙʣʠʮʳ 1 ʙʳʣʘ ʧʦʣʫʯʝʥʘ ʘʥʘʣʠʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʨʘʩʯʝʪʘ ʟʥʘʯʝʥʠʡ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ 

ʬʫʥʢʮʠʠ ʧʨʠʥʘʜʣʝʞʥʦʩʪʠ: 

( )

( )

2

2

1,   1000;

1 0,0000028 1000 ,   1000 1400;
( )  

1 0,0000028 1800 ,   1400 1800;

0,1,   ʇɺɺ 1800.

ʅʌʉ

ʝʩʣʠ ʇɺɺ

ʇɺɺ ʝʩʣʠ ʇɺɺ
ʇɺɺ

ʇɺɺ ʝʩʣʠ ʇɺɺ

ʝʩʣʠ

<ë
î
- - ¢ <î

m =ì
+ - ¢ <î
î

²í

. 
(1) 

 

ʌʫʥʢʮʠʦʥʘʣʴʥʦʝ ʩʦʩʪʦʷʥʠʝ ʆʇ 
ʆʇFS  ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʦʜʥʦʛʦ ʧʦʢʘʟʘʪʝʣʷ ʦʧʨʝʜʝʣʷʝʤʦʛʦ 

ʤʝʪʦʜʠʢʦʡ ʇɺɺ ʢʦʣʠʯʝʩʪʚʝʥʥʦ ʦʧʨʝʜʝʣʷʝʪʩʷ ʨʘʩʩʯʠʪʘʥʥʦʡ ʚʝʣʠʯʠʥʦʡ ʬʫʥʢʮʠʠ ʧʨʠʥʘʜʣʝʞʥʦʩʪʠ 

( )ʅʌʉʇɺBm :  

( )ʆʇ ʇʌʉFS ʇɺɺ=m  (2) 

 

ʇʨʠ  ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʩʦʚʦʢʫʧʥʦʩʪʠ ʤʝʪʦʜʠʢ ʧʦʟʚʦʣʷʶʱʠʭ ʪʝʩʪʠʨʦʚʘʪʴ ʨʘʙʦʪʫ ʨʘʟʣʠʯʥʳʭ ʙʣʦʢʦʚ ʆʇ 

ʧʦʣʫʯʘʝʤʳʝ ʬʫʥʢʮʠʠ ʧʨʠʥʘʜʣʝʞʥʦʩʪʠ ʘʛʨʝʛʠʨʫʶʪʩʷ ʚ ʥʝʯʝʪʢʠʝ ʨʝʰʘʶʱʠʝ ʧʨʘʚʠʣʘ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ 

ʨʝʢʦʤʝʥʜʘʮʠʷʤʠ ʄʉɻʅʈʇ. 

ɺ ʨʘʙʦʪʝ [13] ʙʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʜʣʷ ʧʦʚʳʰʝʥʠʷ ʥʘʜʝʞʥʦʩʪʠ ʢʘʯʝʩʪʚʘ ʦʮʝʥʢʠ ʩʦʩʪʦʷʥʠʷ ʢʦʛʥʠʪʠʚʥʦʡ 

ʬʫʥʢʮʠʠ ʚʥʠʤʘʥʠʷ ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʧʦʢʘʟʘʪʝʣʴ ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʡ ʬʫʥʢʮʠʦʥʘʣʴʥʳʡ ʨʝʟʝʨʚ ʵʪʦʡ 

ʬʫʥʢʮʠʠ. ʇʨʦʚʝʜʝʥʥʳʝ ʥʘʤʠ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʘʥʘʣʦʛʠʯʥʳʡ ʧʦʢʘʟʘʪʝʣʴ ʮʝʣʝʩʦʦʙʨʘʟʥʦ 

ʠʩʧʦʣʴʟʦʚʘʪʴ ʠ ʜʣʷ ʦʮʝʥʢʠ ʩʦʩʪʦʷʥʠʷ ʦʧʝʨʘʪʠʚʥʦʡ ʧʘʤʷʪʠ. ʇʦʢʘʟʘʪʝʣʴ ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʡ ʬʫʥʢʮʠʦʥʘʣʴʥʳʡ 

ʨʝʟʝʨʚ ʆʇ ʙʫʜʝʤ ʦʧʨʝʜʝʣʷʪʴ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ. 

ʅʘ ʵʢʩʧʝʨʪʥʦʤ ʫʨʦʚʥʝ ʟʘʜʘʝʪʩʷ ʚʨʝʤʷ ʥʘʙʣʶʜʝʥʠʷ ʅʊ  ʢʦʪʦʨʦʛʦ ʧʦ ʤʥʝʥʠʶ ʵʢʩʧʝʨʪʦʚ ʜʦʩʪʘʪʦʯʥʦ, 

ʯʪʦʙʳ ʩʦʟʜʘʪʴ ʥʘʛʨʫʟʢʫ ʜʦʩʪʘʪʦʯʥʫʶ ʜʣʷ ʩʫʞʜʝʥʠʷ ʦ ʚʝʣʠʯʠʥʝ ʬʫʥʢʮʠʦʥʘʣʴʥʦʛʦ ʨʝʟʝʨʚʘ jFR  ʚʳʙʨʘʥʥʦʛʦ 

ʧʦʢʘʟʘʪʝʣʷ ʩ ʠʜʝʥʪʠʬʠʢʘʪʦʨʦʤ j ʠ ʢʦʣʠʯʝʩʪʚʦ ʪʝʩʪʦʚʳʭ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ m ʧʦʩʣʝ ʨʝʘʣʠʟʘʮʠʠ ʢʦʪʦʨʳʭ 
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ʦʧʨʝʜʝʣʷʝʪʩʷ ʯʠʩʣʦʚʘʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ 
jS  ʢʦʪʦʨʘʷ ʧʦ ʤʥʝʥʠʶ ʵʢʩʧʝʨʪʦʚ ʭʘʨʘʢʪʝʨʠʟʫʝʪ ʬʫʥʢʮʠʦʥʘʣʴʥʦʝ 

ʩʦʩʪʦʷʥʠʝ ojFS  ʜʦ ʥʘʛʨʫʟʢʠ. ɺ ʜʘʥʥʦʤ ʠʩʩʣʝʜʦʚʘʥʠʠ j ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʥʦʤʝʨʫ ʤʝʪʦʜʠʢ ʚʳʙʠʨʘʝʤʳʭ ʜʣʷ 

ʦʮʝʥʢʠ ʩʦʩʪʦʷʥʠʡ ʙʣʦʢʦʚ ʆʇ. ɼʣʷ ʚʳʙʨʘʥʥʦʛʦ ʧʦʢʘʟʘʪʝʣʷ  ʧʝʨʚʳʝ ʧʷʪʴ ʪʝʩʪʦʚʳʭ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ 

ʩʯʠʪʘʶʪʩʷ ʪʨʝʥʠʨʦʚʦʯʥʳʤʠ ʠ ʚ ʨʘʩʯʝʪ ʥʝ ʙʝʨʫʪʩʷ.  

ʇʨʝʜʲʷʚʣʝʥʠʝ ʰʝʩʪʦʡ ʪʝʩʪʦʚʦʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʥʘʯʠʥʘʝʪ ʦʪʩʯʝʪ ʚʨʝʤʝʥʠ ʥʘʙʣʶʜʝʥʠʷʅʊ . ʇʦ 

ʧʦʩʣʝʜʫʶʱʠʤ m ʪʝʩʪʦʚʳʤ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʷʤ ʦʧʨʝʜʝʣʷʶʪ ʚʝʣʠʯʠʥʫ ʧʝʨʚʦʛʦ ʠʟʤʝʨʝʥʠʷ 
jS ʜʘʣʝʝ 

ʧʦʦʯʝʨʝʜʥʦ ʫʙʠʨʘʝʪʩʷ ʦʜʠʥ ʥʘʯʘʣʴʥʳʡ ʨʝʟʫʣʴʪʘʪ ʠʟʤʝʨʝʥʠʡ ʠ ʜʦʙʘʚʣʷʝʪʩʷ ʦʜʠʥ ʧʦʩʣʝʜʫʶʱʠʡ ʨʝʟʫʣʴʪʘʪ. 

ʇʦʣʫʯʘʝʤ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʝ ʮʝʧʦʯʢʠ ʯʠʩʝʣ ʧʦʩʣʝʜʥʝʝ ʠʟ ʢʦʪʦʨʳʭ, ʧʦ ʠʩʪʝʯʝʥʠʠ ʚʨʝʤʝʥʠ
ʅʊ , ʦʧʨʝʜʝʣʷʝʪʩʷ 

ʢʘʢ ʬʫʥʢʮʠʦʥʘʣʴʥʦʝ ʩʦʩʪʦʷʥʠʝ ʅjFS  ʧʦʢʘʟʘʪʝʣʷ ʧʦʩʣʝ ʥʘʛʨʫʟʢʠ. 

ʌʫʥʢʮʠʦʥʘʣʴʥʳʡ ʨʝʟʝʨʚ ʦʧʨʝʜʝʣʷʝʪʩʷ ʜʚʫʤʷ ʧʦʢʘʟʘʪʝʣʷʤʠ: ʦʪʥʦʰʝʥʠʝʤ jON  ʫʨʦʚʥʷ ʌʉ ʜʦ 

ʚʦʟʜʝʡʩʪʚʠʷ ʥʘʛʨʫʟʢʦʡ ʠ ʧʦʩʣʝ ʚʦʟʜʝʡʩʪʚʠʷ ʠ ʩʢʦʨʦʩʪʥʦʛʦ jVV  ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʫʨʦʚʥʷ ʌʉ.  

ʊʦ ʝʩʪʴ: 

 

ʆj
j

Hj

FS
VV

FS
= , (3) 

 

( )ʆj Hj

j
H

V
FS FS

T
V

-
= . (4) 

ʇʦ ʧʦʢʘʟʘʪʝʣʷʤ
jON  ʠ 

jVV ʦʧʨʝʜʝʣʷʶʪʩʷ ʯʘʩʪʥʳʝ ʬʫʥʢʮʠʠ ʫʨʦʚʥʷ ʬʫʥʢʮʠʦʥʘʣʴʥʦʛʦ ʨʝʟʝʨʚʘ( )j jf ON  ʠ 

  ( )j jf VV , ʧʦ ʢʦʪʦʨʳʤ ʨʘʩʩʯʠʪʳʚʘʝʪʩʷ ʬʫʥʢʮʠʦʥʘʣʴʥʳʡ ʨʝʟʝʨʚ 
jFR  ʚʳʙʨʘʥʥʦʛʦ ʧʦʢʘʟʘʪʝʣʷ ʩ 

ʠʜʝʥʪʠʬʠʢʘʪʦʨʦʤ j: 

 

( ), ( )j FRj j j j jFR AG f ON f VVè ø=
ê ú, (5) 

 

ʛʜʝ 
FRjAG  ï ʬʫʥʢʮʠʷ ʘʛʨʝʛʘʮʠʠ ʜʣʷ ʬʫʥʢʮʠʦʥʘʣʴʥʦʛʦ ʨʝʟʝʨʚʘ ʧʦʢʘʟʘʪʝʣʷ ʩ ʠʜʝʥʪʠʬʠʢʘʪʦʨʦʤ j. 

ʌʫʥʢʮʠʦʥʘʣʴʥʳʡ ʨʝʟʝʨʚ ʚʩʝʡ ʆʇ ʦʧʨʝʜʝʣʷʝʪʩʷ ʘʛʨʝʛʘʮʠʝʡ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʩʦʩʪʘʚʣʷʶʱʠʭ: 

 

( )ʆʇ j jFR AGFR FR= , (6) 

 

ʛʜʝ 
jAGFR  ï ʬʫʥʢʮʠʷ ʘʛʨʝʛʘʮʠʠ ʜʣʷ ʚʩʝʭ ʩʦʩʪʘʚʣʷʶʱʠʭ ʬʫʥʢʮʠʦʥʘʣʴʥʦʛʦ ʨʝʟʝʨʚʘ ʆʇ. 

      ɼʣʷ ʧʦʢʘʟʘʪʝʣʷ ʧʦʣʫʯʘʝʤʦʛʦ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʝʪʦʜʠʢʠ ʇɺɺ ʧʨʠ ʚʨʝʤʝʥʠ ʥʘʙʣʶʜʝʥʠʷ 0,5 ʯʘʩʘ 

ʧʦʣʫʯʝʥʘ ʥʝʯʝʪʢʘʷ ʤʦʜʝʣʴ ʦʮʝʥʢʠ ʫʨʦʚʥʷ ʬʫʥʢʮʠʦʥʘʣʴʥʦʛʦ ʨʝʟʝʨʚʘ ʚʠʜʘ: 

( ) ( ) ( ) ( )ʇɺɺFR f ON f VV f ON f VV= + - Ö , (7) 

ʛʜʝ: 

1,   1;

0,1 0,7,   1 6;

0,1,   6.

ʆN

ʝʩʣʠ ON

f ON ʝʩʣʠ ON

ʝʩʣʠ ON

¢ë
î
= - + < ¢ì
î >í

 

0,5,   0,4;

0,1,   0,4.
VV

VV ʝʩʣʠ VV
f

ʝʩʣʠ VV

- + <ë
=ì

>í
 

 

 

ʕʢʩʧʝʨʪʥʘʷ ʦʮʝʥʢʘ ʧʦʣʫʯʝʥʥʳʭ ʨʝʰʘʶʱʠʭ ʧʨʘʚʠʣʘ, ʧʨʦʚʦʜʠʤʘʷ ʧʦ ʤʝʪʦʜʠʢʝ, ʦʧʠʩʘʥʥʦʡ ʚ ʨʘʙʦʪʘʭ 

[10,11] ʧʦʢʘʟʘʣʘ ʫʨʦʚʝʥʴ ʜʦʚʝʨʠʷ ʢ ʤʦʜʝʣʷʤ (2) ʠ (7) ʥʘ ʫʨʦʚʥʝ 0,95. ɺ ʭʦʜʝ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ 
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ʤʦʜʝʣʠʨʦʚʘʥʠʷ, ʧʨʦʚʦʜʠʤʦʛʦ ʧʦ ʠʩʭʦʜʥʳʤ ʜʘʥʥʳʤ ʩʬʦʨʤʠʨʦʚʘʥʥʳʤ ʵʢʩʧʝʨʪʘʤʠ ʙʳʣʘ ʧʦʣʫʯʝʥʘ 

ʫʚʝʨʝʥʥʦʩʪʴ ʥʘ ʫʨʦʚʥʝ 0,96, ʯʪʦ ʷʚʣʷʝʪʩʷ ʭʦʨʦʰʠʤ ʨʝʟʫʣʴʪʘʪʦʤ ʜʣʷ ʟʘʜʘʯ ʦʮʝʥʢʠ ʌʉ ʠ ʌʈ ʩ ʥʝʯʝʪʢʠʤ 

ʧʨʝʜʩʪʘʚʣʝʥʠʝʤ ʜʘʥʥʳʭ. 
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The paper proposes a method and models for assessing the functional state and functional reserve of RAM 

using techniques for searching for a signal in noise, identification, complete reproduction, determining the missing 

digit and estimating memory capacity. To implement these techniques, a device for monitoring the properties of the 

attention and memory function was chosen based on a tablet computer with a touch screen. In the course of the 

research, models were synthesized to assess the functional state and functional reserve of RAM, which can be used 

to synthesize decisive rules for forecasting, early and differential diagnosis of the functional state, which determines 
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the current ability of the system under study to qualitatively perform its inherent functions, as well as quality 

assessment the work of the operator of human-machine systems and the health status of RAM. 

 

ïïïïïïïïïïïïïïïï ǅïïïïïïïïïïïïïïïï 

ʈɸɿʈɸɹʆʊʂɸ ɸʃɻʆʈʀʊʄɸ ʂʃɸʉʉʀʌʀʂɸʎʀʀ ʀ ʉɽɻʄɽʅʊɸʎʀʀ ʉʕʄ-ʀɿʆɹʈɸɾɽʅʀʁ 

ʉʌɽʈʀʏɽʉʂʀʍ ʅɸʅʆʏɸʉʊʀʎ ʅɸ ʇʆɺɽʈʍʅʆʉʊʀ ɹʀʆʉʆɺʄɽʉʊʀʄʓʍ ʄɸʊɽʈʀɸʃʆɺ  

ʈʷʙʢʠʥ ɼʤʠʪʨʠʡ ʀʛʦʨʝʚʠʯ1,2, ɺʦʣʴʭʠʥ ɼʘʥʠʣ ʌʝʜʦʨʦʚʠʯ1 
1 ʅʘʮʠʦʥʘʣʴʥʳʡ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ çʄʀʕʊè, ryabkindi@gmail.com 

2 ʌɻɸʆʋ ɺʆ ʇʝʨʚʳʡ ʄɻʄʋ ʠʤ. ʀ.ʄ. ʉʝʯʝʥʦʚʘ ʄʠʥʟʜʨʘʚʘ ʈʦʩʩʠʠ (ʉʝʯʝʥʦʚʩʢʠʡ 

ʋʥʠʚʝʨʩʠʪʝʪ), 

ɺʚʝʜʝʥʠʝ  

ʅʘʥʦʪʝʭʥʦʣʦʛʠʠ ʠʛʨʘʶʪ ʢʣʶʯʝʚʫʶ ʨʦʣʴ ʚʦ ʤʥʦʛʠʭ ʦʙʣʘʩʪʷʭ, ʦʪ ʤʝʜʠʮʠʥʳ ʜʦ ʵʣʝʢʪʨʦʥʠʢʠ. ʆʩʦʙʝʥʥʦ 

ʚʘʞʥʳʤ ʷʚʣʷʝʪʩʷ ʢʦʥʪʨʦʣʴ ʨʘʟʤʝʨʦʚ ʥʘʥʦʯʘʩʪʠʮ, ʪʘʢ ʢʘʢ ʵʪʦ ʥʘʧʨʷʤʫʶ ʚʣʠʷʝʪ ʥʘ ʠʭ ʩʚʦʡʩʪʚʘ ʠ 

ʚʦʟʤʦʞʥʦʩʪʠ ʧʨʠʤʝʥʝʥʠʷ. ʊʨʘʜʠʮʠʦʥʥʳʝ ʤʝʪʦʜʳ ʘʥʘʣʠʟʘ ʥʘʥʦʤʘʩʰʪʘʙʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʪʨʝʙʫʶʪ 

ʪʨʫʜʦʝʤʢʦʡ ʨʫʯʥʦʡ ʦʙʨʘʙʦʪʢʠ ʠʟʦʙʨʘʞʝʥʠʡ, ʢ ʪʦʤʫ ʞʝ ʜʝʣʘʶʪ ʧʨʦʮʝʩʩ ʧʦʜʚʝʨʞʝʥʥʳʤ ʩʫʙʲʝʢʪʠʚʥʦʩʪʠ. 

ɹʣʘʛʦʜʘʨʷ ʠʩʧʦʣʴʟʦʚʘʥʠʶ ʩʦʚʨʝʤʝʥʥʳʭ ʤʝʪʦʜʦʚ ʢʦʤʧʴʶʪʝʨʥʦʛʦ ʟʨʝʥʠʷ ʠ ʘʣʛʦʨʠʪʤʦʚ ʤʘʰʠʥʥʦʛʦ ʦʙʫʯʝʥʠʷ, 

ʨʘʟʨʘʙʦʪʢʘ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʳʭ ʤʝʪʦʜʦʚ ʘʥʘʣʠʟʘ ʠʟʦʙʨʘʞʝʥʠʡ ʥʘʥʦʯʘʩʪʠʮ ʩʪʘʥʦʚʠʪʩʷ ʚʦʟʤʦʞʥʦʡ. ʕʪʦ 

ʧʦʟʚʦʣʷʝʪ ʧʦʚʳʩʠʪʴ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʧʨʦʮʝʩʩʘ ʘʥʘʣʠʟʘ, ʩʦʢʨʘʪʠʪʴ ʚʨʝʤʝʥʥʳʝ ʟʘʪʨʘʪʳ ʠ ʤʠʥʠʤʠʟʠʨʦʚʘʪʴ 

ʚʣʠʷʥʠʝ ʯʝʣʦʚʝʯʝʩʢʦʛʦ ʬʘʢʪʦʨʘ. 

ɼʣʷ ʫʩʧʝʰʥʦʛʦ ʧʨʠʤʝʥʝʥʠʷ ʘʣʛʦʨʠʪʤʦʚ ʤʘʰʠʥʥʦʛʦ ʦʙʫʯʝʥʠʷ ʚ ʧʨʦʤʳʰʣʝʥʥʦʡ ʩʬʝʨʝ, ʛʜʝ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʜʘʥʥʳʝ ʦʛʨʘʥʠʯʝʥʳ, ʥʝʦʙʭʦʜʠʤʦ ʨʝʘʣʠʟʦʚʘʪʴ ʩʪʨʘʪʝʛʠʶ ʦʙʫʯʝʥʠʷ, ʧʦʟʚʦʣʷʶʱʫʶ 

ʤʘʩʰʪʘʙʠʨʦʚʘʪʴ ʠ ʘʜʘʧʪʠʨʦʚʘʪʴ ʥʝʡʨʦʥʥʳʝ ʩʝʪʠ ʢ ʥʦʚʳʤ ʤʘʣʦʯʠʩʣʝʥʥʳʤ ʜʘʥʥʳʤ. ɹʳʩʪʨʦ ʤʝʥʷʶʱʠʝʩʷ 

ʧʨʦʤʳʰʣʝʥʥʳʝ ʧʨʦʮʝʩʩʳ ʪʨʝʙʫʶʪ ʦʧʝʨʘʪʠʚʥʦʡ ʨʝʘʢʮʠʠ ʠ ʛʠʙʢʦʩʪʠ ʚ ʦʙʥʦʚʣʝʥʠʠ ʤʦʜʝʣʝʡ, ʯʪʦʙʳ ʦʥʠ 

ʦʩʪʘʚʘʣʠʩʴ ʘʢʪʫʘʣʴʥʳʤʠ ʠ ʵʬʬʝʢʪʠʚʥʳʤʠ ʚ ʨʝʘʣʴʥʦʤ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʤ ʦʢʨʫʞʝʥʠʠ, ʜʣʷ ʜʦʩʪʠʞʝʥʠʷ ʵʪʦʡ 

ʮʝʣʠ ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʩʠʥʪʝʪʠʯʝʩʢʠʝ ʜʘʥʥʳʝ, ʫʣʫʯʰʘʶʱʠʝ ʠʭ ʦʙʦʙʱʘʶʱʫʶ ʩʧʦʩʦʙʥʦʩʪʴ.  

ʄʘʪʝʨʠʘʣʳ ʠ ʤʝʪʦʜʳ 

ʈʘʩʩʤʦʪʨʝʥʳ ʰʝʩʪʴ ʤʝʪʦʜʦʚ ʬʦʨʤʠʨʦʚʘʥʠʷ ʩʠʥʪʝʪʠʯʝʩʢʠʭ ʥʘʙʦʨʦʚ ʜʘʥʥʳʭ: ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ Blender [1] ʠ Automatic (Stable Diffusion) [2], ʤʝʪʦʜʘʤʠ ʜʦʦʙʫʯʝʥʠʷ DreamBooth 

[3] ʠ LoRA [4], ʛʝʥʝʨʘʪʠʚʥʦ-ʩʦʩʪʷʟʘʪʝʣʴʥʦʡ (GAN) ʠ ʜʠʬʬʫʟʠʦʥʥʦ-ʪʨʘʥʩʬʦʨʤʝʨʥʦʡ ʥʝʡʨʦʥʥʳʤʠ ʩʝʪʷʤʠ 

(DiT) [5]. 

ɼʣʷ ʟʘʜʘʯʠ ʜʝʪʝʢʮʠʠ ʠ ʩʝʛʤʝʥʪʘʮʠʠ ʠʩʧʦʣʴʟʫʶʪʩʷ ʘʚʪʦʤʘʪʠʯʝʩʢʘʷ ʨʘʟʤʝʪʢʘ ʩ ʧʦʤʦʱʴʶ ʜʝʪʝʢʪʦʨʘ 

Grounding-Dino [7] ʜʣʷ ʚʳʜʝʣʝʥʠʷ ʦʛʨʘʥʠʯʠʚʘʶʱʠʭ ʨʘʤʦʢ ʠ ʨʘʟʤʝʪʢʘ ʩ ʧʦʤʦʱʴʶ ʩʝʤʝʡʩʪʚʘ ʤʦʜʝʣʝʡ 

Segment Anything [8] ʜʣʷ ʩʝʛʤʝʥʪʠʨʦʚʘʥʠʷ ʩʬʝʨ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʤʦʜʝʣʠ ʦʙʣʘʜʘʶʪ ʧʦʚʳʰʝʥʥʦʡ 

ʦʙʦʙʱʘʶʱʝʡ ʩʧʦʩʦʙʥʦʩʪʴʶ, ʥʦ ʥʝ ʛʦʜʷʪʩʷ ʜʣʷ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʭ ʟʘʜʘʯ, ʪʘʢ ʢʘʢ ʦʙʫʯʝʥʳ ʥʘ ʧʨʦʩʪʳʭ 

ʩʬʝʨʠʯʝʩʢʠʭ ʦʙʲʝʢʪʘʭ ʪʠʧʘ ʚʦʟʜʫʰʥʳʭ ʰʘʨʦʚ, ʤʷʯʝʡ ʠ ʪ.ʧ. ʂʦ ʚʩʝʤʫ ʧʨʦʯʝʤʫ ʵʪʠ ʤʦʜʝʣʠ ʦʙʣʘʜʘʶʪ ʥʠʟʢʦʡ 

ʩʢʦʨʦʩʪʴʶ ʦʙʨʘʙʦʪʢʠ. 

ʅʘʥʦʯʘʩʪʠʮʳ ʷʚʣʷʶʪʩʷ ʩʣʦʞʥʳʤʠ ʦʙʲʝʢʪʘʤʠ ʜʣʷ ʟʘʜʘʯʠ ʜʝʪʝʢʮʠʠ ʠ ʩʝʛʤʝʥʪʘʮʠʠ ʠʟʦʙʨʘʞʝʥʠʡ ʧʦ 

ʥʝʩʢʦʣʴʢʠʤ ʧʨʠʯʠʥʘʤ. ɺʦ-ʧʝʨʚʳʭ, ʦʥʠ ʤʦʛʫʪ ʥʘʭʦʜʠʪʴʩʷ ʥʘ ʧʦʚʝʨʭʥʦʩʪʷʭ ʩ ʨʘʟʥʦʦʙʨʘʟʥʳʤʠ ʪʝʢʩʪʫʨʘʤʠ, 

ʯʪʦ ʩʦʟʜʘʝʪ ʩʣʦʞʥʦʩʪʠ ʧʨʠ ʚʳʜʝʣʝʥʠʠ ʠʭ ʥʘ ʬʦʥʝ. ʕʪʦ ʦʟʥʘʯʘʝʪ, ʯʪʦ ʤʦʜʝʣʠ ʜʦʣʞʥʳ ʙʳʪʴ ʩʧʦʩʦʙʥʳ 

ʘʜʘʧʪʠʨʦʚʘʪʴʩʷ ʢ ʨʘʟʣʠʯʥʳʤ ʪʝʢʩʪʫʨʥʳʤ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤ ʬʦʥʘ ʜʣʷ ʪʦʯʥʦʛʦ ʚʳʜʝʣʝʥʠʷ ʥʘʥʦʯʘʩʪʠʮ. ɺʦ-

ʚʪʦʨʳʭ, ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʥʘʥʦʯʘʩʪʠʮ ʤʦʞʝʪ ʧʨʠʩʫʪʩʪʚʦʚʘʪʴ ʰʫʤ, ʢʦʪʦʨʳʡ ʤʦʞʝʪ ʙʳʪʴ ʣʦʞʥʦ 

ʠʥʪʝʨʧʨʝʪʠʨʦʚʘʥ ʤʦʜʝʣʷʤʠ ʜʝʪʝʢʮʠʠ ʢʘʢ ʯʘʩʪʴ ʦʙʲʝʢʪʘ ʠʣʠ ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʦʙʲʝʢʪʳ, ʯʪʦ ʚʝʜʝʪ ʢ ʥʝʪʦʯʥʳʤ 

ʨʝʟʫʣʴʪʘʪʘʤ. ʀ, ʥʘʢʦʥʝʮ, ʬʦʨʤʘ ʥʘʥʦʯʘʩʪʠʮ ʜʘʣʝʢʦ ʥʝ ʚʩʝʛʜʘ ʠʜʝʘʣʴʥʦ ʩʬʝʨʠʯʝʩʢʘʷ, ʯʪʦ ʦʪʣʠʯʘʝʪʩʷ ʦʪ 

ʦʙʲʝʢʪʦʚ, ʥʘ ʢʦʪʦʨʳʭ ʤʦʛʫʪ ʙʳʪʴ ʦʙʫʯʝʥʳ ʥʝʢʦʪʦʨʳʝ ʦʙʱʠʝ ʤʦʜʝʣʠ. 

ɼʣʷ ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʧʦʧʫʣʷʨʥʳʝ ʘʨʭʠʪʝʢʪʫʨʳ, ʪʘʢ ʥʘʟʳʚʘʝʤʳʝ çʙʵʢʙʦʥʳè, 

çʛʦʣʦʚʘè ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʜʣʷ ʚʩʝʭ ʤʦʜʝʣʝʡ ʙʳʣʘ ʦʜʠʥʘʢʦʚʘʷ. ʆʥʘ ʩʦʩʪʦʷʣʘ ʠʟ ʩʣʦʷ ʛʣʦʙʘʣʴʥʦʛʦ ʩʨʝʜʥʝʛʦ 

ʧʫʣʠʥʛʘ, ʢʦʪʦʨʳʡ ʫʩʨʝʜʥʷʝʪ ʧʨʠʟʥʘʢʠ ʚ ʚʳʭʦʜʥʦʤ ʪʝʥʟʦʨʝ ʧʦ ʚʩʝʤ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʤ ʠʟʤʝʨʝʥʠʷʤ, ʜʚʫʭ 

ʧʦʣʥʦʩʚʷʟʥʳʭ ʩʣʦʝʚ ʩ 4048 ʥʝʡʨʦʥʘʤʠ ʠ ʚʳʭʦʜʥʦʛʦ ʩʣʦʷ ʩ ʪʨʝʤʷ ʥʝʡʨʦʥʘʤʠ (ʢʦʣʠʯʝʩʪʚʦ ʢʣʘʩʩʦʚ). ɼʣʷ 

ʦʮʝʥʢʠ ʢʘʯʝʩʪʚʘ ʦʙʫʯʝʥʠʷ ʤʦʜʝʣʝʡ ʠʩʧʦʣʴʟʦʚʘʣʘʩʴ ʬʫʥʢʮʠʷ ʧʦʪʝʨʴ ʢʘʪʝʛʦʨʠʘʣʴʥʘʷ ʢʨʦʩʩʵʥʪʨʦʧʠʷ. 

ʉʝʛʤʝʥʪʘʮʠʷ ʠʟʦʙʨʘʞʝʥʠʡ ʦʩʫʱʝʩʪʚʣʷʣʘʩʴ ʚ ʜʚʘ ʵʪʘʧʘ. ʉʧʝʨʚʘ ʚʳʜʝʣʷʣʠʩʴ ʦʙʣʘʩʪʠ ʠʥʪʝʨʝʩʘ ʚ ʚʠʜʝ 

ʧʨʷʤʦʫʛʦʣʴʥʳʭ ʨʘʤʦʢ ʩ ʧʦʤʦʱʴʶ ʤʦʜʝʣʠ Yolov8 [9], ʧʦ ʢʦʦʨʜʠʥʘʪʘʤ ʵʪʠʭ ʨʘʤʦʢ ʚʳʨʝʟʘʣʠʩʴ ʯʘʩʪʠ 

ʠʩʭʦʜʥʦʛʦ ʠʟʦʙʨʘʞʝʥʠʷ ʠ ʤʘʩʰʪʘʙʠʨʦʚʘʣʠʩʴ ʜʦ ʨʘʟʤʝʨʘ ʚʭʦʜʥʦʛʦ ʩʣʦʷ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʩʘʤʦʡ ʤʦʜʝʣʠ 
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ʩʝʛʤʝʥʪʘʮʠʠ Unet [10]. ɼʣʷ ʦʮʝʥʢʠ ʢʘʯʝʩʪʚʘ ʦʙʫʯʝʥʠʷ ʤʦʜʝʣʠ ʜʝʪʝʢʮʠʠ ʠ ʩʝʛʤʝʥʪʘʮʠʠ (ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ 

ʬʫʥʢʮʠʠ ʧʦʪʝʨʴ ʦʪʥʦʰʝʥʠʝ ʦʙʲʝʜʠʥʝʥʠʷ ʢ ʧʝʨʝʩʝʯʝʥʠʶ (IoU) ʠ ʙʠʥʘʨʥʘʷ ʢʨʦʩʩʵʥʪʨʦʧʠʷ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. 

ɼʣʷ ʚʳʯʠʩʣʝʥʠʷ ʜʠʘʤʝʪʨʘ ʌʝʨʝʪʘ [12] ʠʩʧʦʣʴʟʦʚʘʥ ʘʣʛʦʨʠʪʤ, ʦʩʥʦʚʘʥʥʳʡ ʥʘ ʘʥʘʣʠʟʝ ʧʦʣʠʛʦʥʘ, 

ʧʦʣʫʯʝʥʥʦʛʦ ʠʟ ʙʠʥʘʨʥʦʡ ʤʘʩʢʠ ʯʘʩʪʠʮʳ ʥʘ ʠʟʦʙʨʘʞʝʥʠʠ. ʇʦʣʠʛʦʥ ʧʨʝʜʩʪʘʚʣʝʥ ʚ ʚʠʜʝ ʩʧʠʩʢʘ ʪʦʯʝʢ, 

ʦʧʠʩʳʚʘʶʱʠʭ ʢʦʥʪʫʨ ʯʘʩʪʠʮʳ. ɸʣʛʦʨʠʪʤ ʧʨʦʭʦʜʠʪ ʧʦ ʚʩʝʤ ʧʘʨʘʤ ʪʦʯʝʢ ʚ ʜʠʘʧʘʟʦʥʝ 180 ʛʨʘʜʫʩʦʚ ʧʦʣʠʛʦʥʘ 

ʠ ʚʳʯʠʩʣʷʝʪ ʨʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʥʠʤʠ. ɼʣʷ ʵʪʦʛʦ ʠʩʧʦʣʴʟʫʝʪʩʷ ʬʦʨʤʫʣʘ ʨʘʩʩʪʦʷʥʠʷ ʤʝʞʜʫ ʜʚʫʤʷ ʪʦʯʢʘʤʠ ʥʘ 

ʧʣʦʩʢʦʩʪʠ. ɼʠʘʤʝʪʨ ʌʝʨʝʪʘ ʦʧʨʝʜʝʣʷʝʪʩʷ ʢʘʢ ʩʨʝʜʥʝʝ ʘʨʠʬʤʝʪʠʯʝʩʢʦʝ ʟʥʘʯʝʥʠʡ ʤʝʞʜʫ ʤʝʜʠʘʥʦʡ ʠ 

ʥʘʠʙʦʣʴʰʠʤ ʨʘʩʩʪʦʷʥʠʝʤ. ʊʘʢʦʡ ʧʦʜʭʦʜ ʦʙʦʩʥʦʚʘʥ ʪʝʤ, ʯʪʦ ʤʦʜʝʣʴ ʤʦʞʝʪ ʚʳʜʝʣʠʪʴ ʪʦʣʴʢʦ ʯʘʩʪʴ ʩʬʝʨʳ, 

ʯʪʦ ʧʨʠʚʝʜʝʪ ʢ ʚʳʙʨʦʩʘʤ. ʀʪʦʛʦʚʳʡ ʜʠʘʤʝʪʨ ʌʝʨʝʪʘ ʧʦʣʫʯʝʥ ʧʫʪʝʤ ʫʤʥʦʞʝʥʠʷ ʨʘʩʩʯʠʪʘʥʥʦʛʦ ʟʥʘʯʝʥʠʷ ʥʘ 

ʤʘʩʰʪʘʙ ʠʟʦʙʨʘʞʝʥʠʷ, ʚʳʨʘʞʝʥʥʳʡ ʚ ʥʘʥʦʤʝʪʨʘʭ ʥʘ ʧʠʢʩʝʣʴ. 

ʈʝʟʫʣʴʪʘʪʳ 

ʄʝʪʦʜʳ ʬʦʨʤʠʨʦʚʘʥʠʷ ʩʠʥʪʝʪʠʯʝʩʢʠʭ ʥʘʙʦʨʦʚ ʜʘʥʥʳʭ ʦʮʝʥʝʥʳ ʩ ʧʦʤʦʱʴʶ ʪʘʢʠʭ ʤʝʪʨʠʢ ʢʘʢ FID 

(ʜʠʩʪʘʥʮʠʷ ʌʨʝʰʝ) [6], SSIM (ʩʪʨʫʢʪʫʨʥʦʝ ʩʭʦʜʩʪʚʦ), PSNR (ʧʠʢʦʚʦʝ ʩʦʦʪʥʦʰʝʥʠʝ ʩʠʛʥʘʣ/ʰʫʤ), COSIM 

(ʢʦʩʠʥʫʩʥʦʝ ʩʭʦʜʩʪʚʦ) ʠ EMD (ʨʘʩʩʪʦʷʥʠʝ ɺʘʩʩʝʨʰʪʝʡʥʘ). 

ʄʝʪʦʜ DreamBooth ʜʦʦʙʫʯʝʥʠʷ ʜʠʬʬʫʟʠʦʥʥʦʡ-ʥʝʡʨʦʥʥʦʡ ʩʝʪʠ Stable Diffusion ʧʦʢʘʟʘʣ ʩʝʙʷ ʥʘʠʣʫʯʰʠʤ 

ʦʙʨʘʟʦʤ ʚ ʩʨʘʚʥʝʥʠʠ ʩ ʜʨʫʛʠʤʠ ʤʝʪʦʜʘʤʠ, ʦʥ ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʜʣʷ ʬʦʨʤʠʨʦʚʘʥʠʷ ʦʩʥʦʚʥʦʡ ʦʙʫʯʘʶʱʝʡ 

ʚʳʙʦʨʢʠ ð ʥʘʙʦʨ ʜʘʥʥʳʭ 4353 ʠʟʦʙʨʘʞʝʥʠʡ ʩ ʤʝʪʢʘʤʠ ʢʣʘʩʩʦʚ, ʙʦʢʩʘʤʠ ʠ ʙʠʥʘʨʥʳʤʠ ʤʘʩʢʘʤʠ. ʊʘʢʞʝ 

ʩʪʦʠʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʤʝʪʦʜʳ GAN ʠ DiT ʠʤʝʶʪ ʚʳʩʦʢʠʡ ʧʦʪʝʥʮʠʘʣ, ʥʦ ʚ ʩʚʷʟʠ ʩ ʜʦʨʦʛʦʩʪʦʷʱʠʤʠ 

ʚʳʯʠʩʣʝʥʠʷʤʠ ʥʝ ʙʳʣʠ ʦʙʫʯʝʥʳ ʧʦʣʥʦʩʪʴʶ, ʯʪʦ ʦʢʘʟʘʣʦ ʚʣʠʷʥʠʝ ʥʘ ʨʝʟʫʣʴʪʘʪʳ ʤʝʪʨʠʢ. 

ɿʘʢʣʶʯʝʥʠʝ 

ɸʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʳʡ ʘʥʘʣʠʟ ʠʟʦʙʨʘʞʝʥʠʡ ʥʘʥʦʯʘʩʪʠʮ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʝʪʦʜʦʚ ʤʘʰʠʥʥʦʛʦ ʦʙʫʯʝʥʠʷ ʠ 

ʩʠʥʪʝʪʠʯʝʩʢʠʭ ʜʘʥʥʳʭ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʧʝʨʩʧʝʢʪʠʚʥʦʝ ʥʘʧʨʘʚʣʝʥʠʝ ʚ ʨʘʟʚʠʪʠʠ ʥʘʥʦʪʝʭʥʦʣʦʛʠʡ. 

ʈʝʘʣʠʟʦʚʘʥʥʘʷ ʩʪʨʘʪʝʛʠʷ, ʦʙʝʩʧʝʯʠʚʘʝʪ ʛʠʙʢʦʩʪʴ ʠ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʦʙʫʯʝʥʠʷ ʥʘ ʤʘʣʦʯʠʩʣʝʥʥʳʭ ʜʘʥʥʳʭ. 

ɺʘʞʥʦ ʧʦʜʯʝʨʢʥʫʪʴ, ʯʪʦ ʨʘʟʨʘʙʦʪʘʥʥʳʝ ʤʝʪʦʜʳ ʥʝ ʦʛʨʘʥʠʯʝʥʥʳ ʩʬʝʨʠʯʝʩʢʠʤʠ ʯʘʩʪʠʮʘʤʠ, ʘ 

ʤʘʩʰʪʘʙʠʨʫʝʤʳ ʜʣʷ ʘʥʘʣʠʟʘ ʯʘʩʪʠʮ ʨʘʟʣʠʯʥʳʭ ʬʦʨʤ, ʯʪʦ ʷʚʣʷʝʪʩʷ ʢʣʶʯʝʚʳʤ ʬʘʢʪʦʨʦʤ ʜʣʷ ʧʨʠʤʝʥʝʥʠʷ ʚ 

ʨʘʟʣʠʯʥʳʭ ʦʪʨʘʩʣʷʭ, ʛʜʝ ʬʦʨʤʘ ʯʘʩʪʠʮ ʤʦʞʝʪ ʟʥʘʯʠʪʝʣʴʥʦ ʚʘʨʴʠʨʦʚʘʪʴʩʷ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʨʘʟʨʘʙʦʪʘʥʥʳʡ 

ʧʦʜʭʦʜ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʚʘʞʥʳʡ ʠʥʩʪʨʫʤʝʥʪ ʜʣʷ ʜʘʣʴʥʝʡʰʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʠ ʧʨʠʤʝʥʝʥʠʡ ʚ ʦʙʣʘʩʪʠ 

ʥʘʥʦʪʝʭʥʦʣʦʛʠʡ. 

 

Development of an algorithm for classification and segmentation of SEM images of spherical nanoparticles on 

the surface of biocompatible materials 

Ryabkin D.I.1,2, Volkhin D.F1 
1 National Research University of Electronic Technology ryabkindi@gmail.com 

2 I.M. Sechenov First Moscow State Medical University 

 

The proposed algorithm for the classification and segmentation of SEM images is based on the automated 

determination of the Feret diameter of spherical nanoparticles, eliminating the subjectivity and time constraints 

associated with manual methods. The obtained results provide a practical foundation for the application of this 

technology in industrial processes, opening up new perspectives for the control of nanoparticle sizes and production 

on an industrial scale. 
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ʈʘʙʦʪʘ ʩʦʜʝʨʞʠʪ ʩʨʘʚʥʝʥʠʝ ʨʝʟʫʣʴʪʘʪʦʚ ʘʥʘʣʠʪʠʯʝʩʢʠʭ ʨʘʩʯʝʪʦʚ ʠ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʚ ʩʠʩʪʝʤʝ 

Multisim ʧʝʨʝʭʦʜʥʳʭ ʧʨʦʮʝʩʩʦʚ ʚ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʮʝʧʠ ʩ ʚʟʘʠʤʥʦ ʠʥʜʫʢʪʠʚʥʦʡ ʩʚʷʟʴʶ. ʇʦʣʫʯʝʥʥʳʝ ʚ 

ʧʨʦʮʝʩʩʝ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʟʥʘʯʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ ʠʤʝʶʪ ʥʝʟʥʘʯʠʪʝʣʴʥʳʝ ʦʪʢʣʦʥʝʥʠʷ ʦʪ ʚʝʣʠʯʠʥ, 

ʫʩʪʘʥʦʚʣʝʥʥʳʭ ʨʘʩʯʝʪʥʳʤ ʤʝʪʦʜʦʤ. ʇʨʦʛʨʘʤʤʥʫʶ ʩʨʝʜʫ Multisim ʤʦʞʥʦ ʨʝʢʦʤʝʥʜʦʚʘʪʴ ʜʣʷ 

ʩʭʝʤʦʪʝʭʥʠʯʝʩʢʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʧʝʨʝʭʦʜʥʳʭ ʧʨʦʮʝʩʩʦʚ ʚ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʮʝʧʷʭ ʧʦʩʪʦʷʥʥʦʛʦ ʪʦʢʘ ʩ 

ʚʟʘʠʤʥʦ ʠʥʜʫʢʪʠʚʥʦʡ ʩʚʷʟʴʶ. 

ʇʝʨʝʭʦʜʥʳʝ ʧʨʦʮʝʩʩʳ, ʚʦʟʥʠʢʘʶʱʠʝ ʧʨʠ ʠʟʤʝʥʝʥʠʠ ʨʝʞʠʤʘ ʨʘʙʦʪʳ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʮʝʧʝʡ, ʤʦʛʫʪ 

ʧʨʠʚʝʩʪʠ ʢ ʟʥʘʯʠʪʝʣʴʥʳʤ ʫʚʝʣʠʯʝʥʠʷʤ ʪʦʢʦʚ ʠ ʥʘʧʨʷʞʝʥʠʡ, ʧʦ ʩʨʘʚʥʝʥʠʶ ʩʦ ʰʪʘʪʥʳʤ ʨʝʞʠʤʦʤ ʠʭ 

ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ, ʠ ʚʳʟʚʘʪʴ ʧʦʪʝʨʶ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʠ ʢʘʢ ʦʪʜʝʣʴʥʳʭ ʵʣʝʤʝʥʪʦʚ, ʪʘʢ ʠ ʚʩʝʡ ʢʦʥʩʪʨʫʢʮʠʠ. 

ʆʮʝʥʢʫ ʧʝʨʝʭʦʜʥʳʭ ʧʨʦʮʝʩʩʦʚ ʥʘ ʵʪʘʧʝ ʩʭʝʤʦʪʝʭʥʠʯʝʩʢʦʛʦ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʤʝʜʠʮʠʥʩʢʦʡ ʵʣʝʢʪʨʦʥʥʦʡ 

ʘʧʧʘʨʘʪʫʨʳ ʧʨʦʚʦʜʷʪ ʧʫʪʝʤ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ. ʇʝʨʝʭʦʜʥʳʝ ʧʨʦʮʝʩʩʳ ʦʧʠʩʳʚʘʶʪʩʷ 

ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʤʠ ʫʨʘʚʥʝʥʠʷʤʠ, ʧʦʨʷʜʦʢ ʢʦʪʦʨʳʭ ʟʘʚʠʩʠʪ ʦʪ ʢʦʣʠʯʝʩʪʚʘ ʨʝʘʢʪʠʚʥʳʭ ʵʣʝʤʝʥʪʦʚ ʠ ʩʭʝʤ ʠʭ 

ʚʢʣʶʯʝʥʠʷ. ʈʝʰʝʥʠʝ ʟʘʜʘʯ ʘʥʘʣʠʪʠʯʝʩʢʦʛʦ ʧʦʠʩʢʘ ʚʨʝʤʝʥʥʳʭ ʟʘʚʠʩʠʤʦʩʪʝʡ ʪʦʢʦʚ ʠ ʧʘʜʝʥʠʡ ʥʘʧʨʷʞʝʥʠʡ ʚ 

ʵʣʝʤʝʥʪʘʭ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʮʝʧʝʡ ʧʨʠ ʧʝʨʝʭʦʜʥʳʭ ʧʨʦʮʝʩʩʘʭ ʚʳʟʳʚʘʝʪ ʩʫʱʝʩʪʚʝʥʥʳʝ ʪʨʫʜʥʦʩʪʠ, ʦʩʦʙʝʥʥʦ ʚ  

ʪʝʭ ʩʣʫʯʘʷʭ, ʢʦʛʜʘ ʯʝʨʝʟ ʧʨʦʚʦʜʥʠʢʠ ʧʨʦʪʝʢʘʝʪ ʧʝʨʝʤʝʥʥʳʡ ʪʦʢ (ʚʘʨʠʘʥʪ ï ʢʦʛʜʘ ʩʠʩʪʝʤʘ ʧʠʪʘʝʪʩʷ ʦʪ 

ʠʩʪʦʯʥʠʢʘ ʧʝʨʝʤʝʥʥʦʛʦ ʪʦʢʘ). ʆʙʣʝʛʯʠʪʴ ʥʘʭʦʞʜʝʥʠʝ ʪʘʢʠʭ ʟʘʚʠʩʠʤʦʩʪʝʡ ʧʦʟʚʦʣʷʶʪ ʩʭʝʤʦʪʝʭʥʠʯʝʩʢʠʝ 

ʩʠʤʫʣʷʪʦʨʳ. ʇʨʠʤʝʥʝʥʠʶ ʩʠʩʪʝʤʳ Multisim ʜʣʷ ʨʘʩʯʝʪʘ ʧʝʨʝʭʦʜʥʳʭ ʧʨʦʮʝʩʩʦʚ ʚ ʮʝʧʷʭ ʧʦʩʪʦʷʥʥʦʛʦ ʠ 

ʧʝʨʝʤʝʥʥʦʛʦ ʪʦʢʦʚ ʧʦʩʚʷʱʝʥʳ ʨʘʙʦʪʳ [1-5]. 

ɺ ʨʷʜʝ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʮʝʧʝʡ, ʠʤʝʶʱʠʭ ʚʟʘʠʤʥʦ ʠʥʜʫʢʪʠʚʥʫʶ ʩʚʷʟʴ, ʟʘʜʘʯʘ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʷʚʣʷʝʪʩʷ 

ʚʝʩʴʤʘ ʘʢʪʫʘʣʴʥʦʡ, ʧʦʩʢʦʣʴʢʫ ʘʥʘʣʠʪʠʯʝʩʢʦʝ ʥʘʭʦʞʜʝʥʠʝ ʛʨʘʬʠʢʦʚ ʧʝʨʝʭʦʜʥʳʭ ʧʨʦʮʝʩʩʦʚ ʩʫʱʝʩʪʚʝʥʥʦ 

ʫʩʣʦʞʥʷʝʪʩʷ. 

ʎʝʣʴ ʨʘʙʦʪʳ ʩʦʩʪʦʠʪ ʚ ʦʮʝʥʢʝ ʚʦʟʤʦʞʥʦʩʪʠ ʠ ʪʦʯʥʦʩʪʠ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʚ ʧʨʦʛʨʘʤʤʥʦʡ ʩʨʝʜʝ Multisim 

ʧʝʨʝʭʦʜʥʳʭ ʧʨʦʮʝʩʩʦʚ ʚ ʮʝʧʷʭ ʧʦʩʪʦʷʥʥʦʛʦ ʪʦʢʘ ʩ ʚʟʘʠʤʥʦ ʠʥʜʫʢʪʠʚʥʳʤʠ ʵʣʝʤʝʥʪʘʤʠ. 

ɺ ʢʘʯʝʩʪʚʝ ʦʙʲʝʢʪʘ ʠʩʩʣʝʜʦʚʘʥʠʷ ʙʳʣʘ ʚʳʙʨʘʥʘ ʵʣʝʢʪʨʠʯʝʩʢʘʷ ʩʭʝʤʘ, ʧʨʝʜʩʪʘʚʣʝʥʥʘʷ ʚ ʨʘʙʦʪʝ [2], ʚ 

ʢʦʪʦʨʫʶ ʙʳʣʘ ʜʦʙʘʚʣʝʥʘ ʚʟʘʠʤʥʦ ʠʥʜʫʢʪʠʚʥʘʷ ʩʚʷʟʴ (ʨʠʩʫʥʦʢ 1). 
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ʉɽʂʎʀʗ 2 - ɹʠʦʢʠʙʝʨʥʝʪʠʢʘ ʠ ʤʘʪʝʤʘʪʠʯʝʩʢʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ                  142 

 

 

XVI ʄʝʞʜʫʥʘʨʦʜʥʘʷ ʅʘʫʯʥʘʷ ʂʦʥʬʝʨʝʥʮʠʷ "ʌʠʟʠʢʘ ʠ ʈʘʜʠʦʵʣʝʢʪʨʦʥʠʢʘ ʚ ʄʝʜʠʮʠʥʝ ʠ ʕʢʦʣʦʛʠʠ" 

 

ɺ ʩʭʝʤʫ ʚʭʦʜʷʪ ʠʩʪʦʯʥʠʢ ʕɼʉ E1, ʚʳʢʣʶʯʘʪʝʣʴ 

S1, ʢʦʥʪʘʢʪʳ ʢʦʪʦʨʦʛʦ ʠʩʭʦʜʥʦ ʟʘʤʢʥʫʪʳ. ʇʨʠ 

ʨʘʟʤʳʢʘʥʠʠ ʢʦʥʪʘʢʪʦʚ S1 ʚʦʟʥʠʢʘʶʪ ʧʝʨʝʭʦʜʥʳʝ 

ʧʨʦʮʝʩʩʳ ʚ ʩʭʝʤʝ, ʢʦʪʦʨʳʝ ʧʦʜʣʝʞʘʪ ʠʩʩʣʝʜʦʚʘʥʠʶ. 

ʊʘʢʞʝ ʚ ʩʭʝʤʝ ʠʤʝʝʪʩʷ ʜʚʝ ʠʥʜʫʢʪʠʚʥʦʩʪʠ L1ʠ L2, 

ʦʙʣʘʜʘʶʱʠʝ ʚʟʘʠʤʥʦ ʠʥʜʫʢʪʠʚʥʦʡ ʩʚʷʟʴʶ ʄ ʠ ʪʨʠ 

ʨʝʟʠʩʪʦʨʘ R1-R3. ʇʨʠ ʤʦʜʝʣʠʨʦʚʘʥʠʠ ʚʟʘʠʤʥʦ 

ʠʥʜʫʢʪʠʚʥʘʷ ʩʚʷʟʴ ʠʟʤʝʥʷʣʘʩʴ ʦʪ ʤʘʢʩʠʤʘʣʴʥʦʛʦ 

(ʩʦʛʣʘʩʥʦʝ ʚʢʣʶʯʝʥʠʝ) ʜʦ ʤʠʥʠʤʘʣʴʥʦʛʦ (ʚʩʪʨʝʯʥʦʝ 

ʚʢʣʶʯʝʥʠʝ) ʟʥʘʯʝʥʠʡ, ʘ ʪʘʢʞʝ ʫʩʪʘʥʘʚʣʠʚʘʣʠʩʴ 

ʧʘʨʘʤʝʪʨʳ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʮʝʧʠ ʧʨʠ ʝʸ ʦʪʩʫʪʩʪʚʠʠ 

(ʄ=0). ɺʝʪʚʠ ʩʭʝʤʳ, ʚʢʣʶʯʘʶʱʠʝ ʠʥʜʫʢʪʠʚʥʦʩʪʠ, 

ʚʟʷʪʳ ʧʦʣʥʦʩʪʴʶ ʘʥʘʣʦʛʠʯʥʳʤʠ, ʯʪʦ ʫʧʨʦʱʘʝʪ 

ʧʝʨʚʦʥʘʯʘʣʴʥʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ. 

ʂʣʘʩʩʠʯʝʩʢʠʡ ʤʝʪʦʜ ʨʘʩʯʝʪʘ ʧʝʨʝʭʦʜʥʳʭ 

ʧʨʦʮʝʩʩʦʚ ʷʚʣʷʝʪʩʷ ʵʪʘʣʦʥʦʤ, ʢʦʪʦʨʳʡ ʤʥʦʛʦʢʨʘʪʥʦ 

ʧʦʜʪʚʝʨʞʜʘʣʩʷ ʵʢʩʧʝʨʠʤʝʥʪʘʤʠ. ʇʦʵʪʦʤʫ ʦʮʝʥʢʘ 

ʪʦʯʥʦʩʪʠ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʚ ʩʠʩʪʝʤʝ Multisim 

ʧʨʦʚʦʜʠʣʘʩʴ ʧʫʪʝʤ ʩʨʘʚʥʝʥʠʷ ʧʦʣʫʯʝʥʥʳʭ ʟʥʘʯʝʥʠʡ ʠʩʩʣʝʜʫʝʤʳʭ ʧʘʨʘʤʝʪʨʦʚ ʩ ʨʝʟʫʣʴʪʘʪʘʤʠ, 

ʫʩʪʘʥʦʚʣʝʥʥʳʤʠ ʢʣʘʩʩʠʯʝʩʢʠʤ ʤʝʪʦʜʦʤ. 

ʇʦʚʝʜʝʥʠʝ ʩʭʝʤʳ, ʧʦʢʘʟʘʥʥʦʡ ʥʘ ʨʠʩʫʥʢʝ 1, ʦʧʠʩʳʚʘʝʪʩʷ ʫʨʘʚʥʝʥʠʷʤʠ, ʩʦʩʪʘʚʣʝʥʥʳʤʠ ʥʘ ʦʩʥʦʚʝ 

ʟʘʢʦʥʦʚ ʂʠʨʭʛʦʬʘ ʠ ʆʤʘ. ɺ ʠʩʭʦʜʥʦʤ ʩʦʩʪʦʷʥʠʠ, ʧʨʠ ʟʘʤʢʥʫʪʦʤ ʢʣʶʯʝ S1 ʩʠʩʪʝʤʘ ʫʨʘʚʥʝʥʠʷ ʙʫʜʝʪ 

ʚʳʛʣʷʜʝʪʴ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ 
Ὅρ Ὅς Ὅσ Ὅȟ
ὍρϽὙρ Ὁρȟ
ὍςϽὙς Ὁρȟ
ὍσϽὙσ ὉρȢ

                                                                                         (1) 

ʀʟ ʵʪʦʡ ʩʠʩʪʝʤʳ ʫʨʘʚʥʝʥʠʡ ʥʘʡʜʝʤ ʠʩʭʦʜʥʳʝ ʪʦʢʠ ʚ ʚʝʪʚʷʭ (I1=10 ʤɸ, I2=I3=1 A, I=2,01 A) ʠ 

ʧʘʜʝʥʠʷ ʥʘʧʨʷʞʝʥʠʡ ʥʘ ʨʝʟʠʩʪʦʨʘʭ (UR1=UR2=UR3=10 B).  

ʇʦʩʣʝ ʨʘʟʤʳʢʘʥʠʷ ʢʣʶʯʘ S1 ʵʥʝʨʛʠʷ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ, ʟʘʧʘʩʝʥʥʘʷ ʢʘʪʫʰʢʘʤʠ ʠʥʜʫʢʪʠʚʥʦʩʪʠ, 

ʚʳʟʳʚʘʝʪ ʧʝʨʝʭʦʜʥʳʝ ʧʨʦʮʝʩʩʳ ʚ ʩʭʝʤʝ, ʢʦʪʦʨʳʝ ʦʧʠʩʳʚʘʶʪʩʷ ʩʠʩʪʝʤʦʡ ʫʨʘʚʥʝʥʠʡ 

 
Ὅρ Ὅς Ὅσ πȟ

ὍρϽὙρ ὍςϽὙς ὒρϽ ὓϽ π

ὍρϽὙρ ὍσϽὙσ ὒςϽ ὓϽ πȢ

ȟ                                               (2) 

ʈʝʰʝʥʠʝ ʩʠʩʪʝʤʳ ʫʨʘʚʥʝʥʠʡ ʧʨʠ R2=R3 ʠ L1=L2 ʜʘʝʪ ʨʝʟʫʣʴʪʘʪʳ 

Ὅς Ὅσ ὅϽὩ
Ͻ

Ͻ
.                                                                (3) 

ʂʦʵʬʬʠʮʠʝʥʪ ʉ ʥʘʭʦʜʷʪ ʠʟ ʟʘʢʦʥʘ ʢʦʤʤʫʪʘʮʠʠ ʜʣʷ ʤʦʤʝʥʪʘ ʚʨʝʤʝʥʠ ʨʘʟʤʳʢʘʥʠʷ ʢʦʥʪʘʢʪʦʚ S1 (ʧʨʠ 

t=0), ʠ ʝʛʦ ʚʝʣʠʯʠʥʘ ʩʦʩʪʘʚʠʪ ʉ = 1 ɸ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʩ ʫʯʝʪʦʤ ʥʘʡʜʝʥʥʳʭ ʢʦʵʬʬʠʮʠʝʥʪʦʚ, ʩʧʨʘʚʝʜʣʠʚʘ 

ʟʘʧʠʩʴ  

Ὅς Ὅσ Ὡ
Ͻ

Ͻ
,  Ὗ ςϽὙρϽὩ

ᶻ
Ͻ
.                                         (4) 

ʇʦ ʧʦʣʫʯʝʥʥʳʤ ʤʘʪʝʤʘʪʠʯʝʩʢʠʤ ʟʘʚʠʩʠʤʦʩʪʷʤ ʚʳʧʦʣʥʝʥ ʨʘʩʯʝʪ ʟʥʘʯʝʥʠʡ ʪʦʢʦʚ ʠ ʥʘʧʨʷʞʝʥʠʡ 

ʧʝʨʝʭʦʜʥʳʭ ʧʨʦʮʝʩʩʦʚ, ʚʝʣʠʯʠʥʳ ʢʦʪʦʨʳʭ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣʠʮʝ 1. 

ʄʦʜʝʣʠʨʦʚʘʥʠʝ ʚ ʩʠʩʪʝʤʝ Multisim ʧʨʦʚʦʜʠʣʦʩʴ ʥʘ ʘʥʘʣʦʛʠʯʥʦʡ ʩʭʝʤʝ, ʧʨʠʚʷʟʘʥʥʦʡ ʢ ʵʣʝʤʝʥʪʘʤ 

ʩʭʝʤʦʪʝʭʥʠʯʝʩʢʦʛʦ ʩʠʤʫʣʷʪʦʨʘ. ʉʭʝʤʘ ʧʦʢʘʟʘʥʘ ʥʘ ʨʠʩʫʥʢʝ 2ʘ. ɺʟʘʠʤʥʦ ʠʥʜʫʢʪʠʚʥʫʶ ʩʚʷʟʴ ʤʝʞʜʫ 

ʢʘʪʫʰʢʘʤʠ L1 ʠ L2 ʚ ʥʝʡ ʩʦʟʜʘʝʪ ʵʣʝʤʝʥʪ K1, ʚ ʢʦʪʦʨʦʤ ʫʢʘʟʳʚʘʝʪʩʷ ʢʦʵʬʬʠʮʠʝʥʪ ʩʚʷʟʠ. ɺʠʟʫʘʣʴʥʦʝ 

ʧʦʚʝʜʝʥʠʝ ʛʨʘʬʠʢʘ ʥʘʧʨʷʞʝʥʠʷ ʥʘ ʨʝʟʠʩʪʦʨʝ R1 ʚʦ ʚʨʝʤʝʥʥʦʡ ʦʙʣʘʩʪʠ ʫʜʦʙʥʦ ʥʘʙʣʶʜʘʪʴ ʥʘ ʵʢʨʘʥʝ 

ʦʩʮʠʣʣʦʛʨʘʬʘ XSC-1 (ʨʠʩʫʥʦʢ 2ʙ). ɼʣʷ ʧʦʚʳʰʝʥʠʷ ʪʦʯʥʦʩʪʠ ʦʪʩʯʝʪʘ ʟʥʘʯʝʥʠʡ ʥʘʧʨʷʞʝʥʠʡ ʚ ʠʥʪʝʨʝʩʫʝʤʳʡ 

ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ ʠʩʧʦʣʴʟʦʚʘʣʘʩʴ ʪʘʙʣʠʯʥʘʷ ʟʘʧʠʩʴ ʟʥʘʯʝʥʠʡ ʚʨʝʤʝʥʠ ʠ ʥʘʧʨʷʞʝʥʠʷ, ʬʦʨʤʠʨʫʝʤʘʷ ʚ 

ʩʠʤʫʣʷʪʦʨʝ. ʈʝʟʫʣʴʪʘʪʳ ʨʘʩʯʝʪʘ ʥʘʧʨʷʞʝʥʠʡ ʚ ʦʙʦʟʥʘʯʝʥʥʳʝ ʤʦʤʝʥʪʳ ʚʨʝʤʝʥʠ ʩʦʜʝʨʞʘʪʩʷ ʚ ʪʘʙʣʠʮʝ 1. 

 

ʈʠʩʫʥʦʢ 1 ï ʄʦʜʝʣʠʨʫʝʤʘʷ ʩʭʝʤʘ ʩ ʚʟʘʠʤʥʦ 

ʠʥʜʫʢʪʠʚʥʦʡ ʩʚʷʟʴʶ 
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ʘ) ʙ) 

ʈʠʩʫʥʦʢ 2 ï ʕʢʨʘʥ ʩʭʝʤʦʪʝʭʥʠʯʝʩʢʦʛʦ ʩʠʤʫʣʷʪʦʨʘ Multisim: 

ʘ) ʩʭʝʤʘ ʧʨʠʥʮʠʧʠʘʣʴʥʘʷ; ʙ) ʵʢʨʘʥ ʦʩʮʠʣʣʦʛʨʘʬʘ XSC-1 

ʊʘʙʣʠʮʘ 1ï ʈʝʟʫʣʴʪʘʪʳ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʧʝʨʝʭʦʜʥʳʭ ʧʨʦʮʝʩʩʦʚ ʢʣʘʩʩʠʯʝʩʢʠʤ ʤʝʪʦʜʦʤ ʠ ʚ ʩʠʩʪʝʤʝ Multisim 

ʂʦʵʬʬʠʮʠʝʥʪ 

ʩʚʷʟʠ 

ʄ, ʤɻʥ ɺʨʝʤʷ, ʤʩ UR1, ɺ ʈʘʟʥʦʩʪʴ, 

ɺ 

ʆʪʥʦʩʠʪʝʣʴʥʘʷ 

ʧʦʛʨʝʰʥʦʩʪʴ, % ɸʥʘʣʠʪʠʯʝʩʢʠ ɺ Multisim 

1 100 0 2000 2000   

0,1 732,0893 732,1 0,0107 0,0015 

0,2 267,9773 267,98 0,0027 0,0010 

0,5 50 0 2000 2000   

0,1 523,6913 523,69 -0,0013 -0,00025 

0,2 137,1263 137,12 -0,0063 -0,0046 

0 0 0 2000 2000   

0,1 267,9773 268,0 0,0227 0,0085 

0,2 35,90593 35,91 0,00407 0,011 

-0,5 -50 0 2000 2000   

0,1 35,90593 35,9 -0,00593 -0,017 

0,2 0,644618 0,6445 -0,00012 -0,018 

-1 -100 0 2000    

0,1 0 0   

0,2 0 0   

 

ɺ ʧʦʩʣʝʜʥʝʡ ʢʦʣʦʥʢʝ ʪʘʙʣʠʮʳ 1 ʫʢʘʟʳʚʘʝʪʩʷ ʦʪʥʦʩʠʪʝʣʴʥʘʷ ʧʦʛʨʝʰʥʦʩʪʴ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʧʝʨʝʭʦʜʥʳʭ 

ʧʨʦʮʝʩʩʦʚ ʚ ʩʠʩʪʝʤʝ Multisim. ʇʦʛʨʝʰʥʦʩʪʴ ʥʝ ʧʨʝʚʳʰʘʝʪ 0,018%.  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʩʠʩʪʝʤʫ Multisim ʨʝʢʦʤʝʥʜʫʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʪʴ ʜʣʷ ʨʘʩʯʝʪʘ ʧʝʨʝʭʦʜʥʳʭ ʧʨʦʮʝʩʩʦʚ ʚ 

ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʮʝʧʷʭ ʧʦʩʪʦʷʥʥʦʛʦ ʪʦʢʘ ʩ ʚʟʘʠʤʥʦ ʠʥʜʫʢʪʠʚʥʦʡ ʩʚʷʟʴʶ, ʧʦʩʢʦʣʴʢʫ ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʠʪʴ 

ʪʦʯʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʤʦʜʝʣʠʨʦʚʘʥʠʷ. 
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ʇʨʠ ʠʟʫʯʝʥʠʠ ʟʘʚʠʩʠʤʦʩʪʠ ʨʝʟʫʣʴʪʘʪʦʚ ʕʇɼ ʩ ʤʦʨʬʦʬʫʥʢʮʠʦʥʘʣʴʥʳʤʠ ʧʦʢʘʟʘʪʝʣʷʤʠ ʩʪʫʜʝʥʪʦʚ 

ʚʳʷʚʣʝʥʦ, ʯʪʦ ʧʨʦʠʟʚʦʜʥʳʝ ʧʦʢʘʟʘʪʝʣʠ ʩʝʨʜʝʯʥʦ-ʩʦʩʫʜʠʩʪʦʡ ʩʠʩʪʝʤʳ - ʫʜʘʨʥʳʡ ʦʙʲʝʤ , ʤʠʥʫʪʥʳʡ ʦʙʲʝʤ 

ʢʨʦʚʦʦʙʨʘʱʝʥʠʷ ʠ ʪʠʧ ʩʘʤʦʨʝʛʫʣʷʮʠʠ ʢʨʦʚʦʦʙʨʘʱʝʥʠʷ ʜʦʩʪʦʚʝʨʥʦ (p<0,05) ʢʦʨʨʝʣʠʨʫʶʪ ʩʦ ʚʩʝʤʠ 

ʤʝʨʠʜʠʘʥʘʤʠ, ʢʨʦʤʝ ʤʝʨʠʜʠʘʥʦʚ çʞʝʣʫʜʢʘè, çʪʨʦʡʥʦʛʦ ʦʙʦʛʨʝʚʘʪʝʣʷè ʠ çʣʝʛʢʠʭè. ʇʨʠ ʪʦʤ, ʯʪʦ 

ʚʟʘʠʤʦʢʦʨʨʝʣʷʮʠʠ ʤʝʞʜʫ ʤʝʨʠʜʠʘʥʘʤʠ ʩʦʩʪʘʚʣʷʶʪ ʥʝ ʤʝʥʝʝ 50 %. ʊʘʢʞʝ ʚʳʷʚʣʝʥʦ, ʯʪʦ ʚʟʘʠʤʦʩʚʷʟʴ ʤʝʞʜʫ 

ʜʘʥʥʳʤʠ ʵʣʝʢʪʨʦʧʨʦʚʦʜʥʦʩʪʠ ʤʝʨʠʜʠʘʥʦʚ ʚ ʥʘʠʙʦʣʴʰʝʡ ʩʪʝʧʝʥʠ ʚʳʨʘʞʝʥʘ ʩ ʧʨʦʠʟʚʦʜʥʳʤʠ ʧʦʢʘʟʘʪʝʣʷʤʠ 

ʩʝʨʜʝʯʥʦ-ʩʦʩʫʜʠʩʪʦʡ ʩʠʩʪʝʤʳ, ʢʦʪʦʨʳʝ ʠʥʪʝʛʨʘʣʴʥʦ ʦʪʨʘʞʘʶʪ ʜʝʷʪʝʣʴʥʦʩʪʴ ʩʝʨʜʝʯʥʦ-ʩʦʩʫʜʠʩʪʦʡ ʩʠʩʪʝʤʳ ʚ 

ʮʝʣʦʤ. ʇʦʢʘʟʘʪʝʣʠ ʚʥʝʰʥʝʛʦ ʜʳʭʘʥʠʷ - ʞʠʟʥʝʥʥʘʷ ʝʤʢʦʩʪʴ ʣʝʛʢʠʭ (FVC), ʦʙʲʝʤ ʬʦʨʩʠʨʦʚʘʥʥʦʛʦ ʚʳʜʦʭʘ ʟʘ 

1 ʩ (FEV1) ʠ ʩʢʦʨʦʩʪʴ ʧʦʪʦʢʘ ʚʳʜʳʭʘʝʤʦʛʦ ʚʦʟʜʫʭʘ (V) ʜʦʩʪʦʚʝʨʥʦ ʢʦʨʨʝʣʠʨʫʶʪ ʩʦ ʚʩʝʤʠ ʤʝʨʠʜʠʘʥʘʤʠ, 

ʢʨʦʤʝ çʪʨʦʡʥʦʛʦ ʦʙʦʛʨʝʚʘʪʝʣʷè ʠ çʣʝʛʢʠʭè, ʩ ʪʦʡ ʞʝ ʥʘʧʨʘʚʣʝʥʥʦʩʪʴʶ, ʢʘʢ ʠ ʚʩʝ ʧʨʦʠʟʚʦʜʥʳʝ ʧʦʢʘʟʘʪʝʣʠ 

ʩʝʨʜʝʯʥʦ-ʩʦʩʫʜʠʩʪʦʡ ʩʠʩʪʝʤʳ.  

ʇʦʢʘʟʘʥʦ, ʯʪʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʤʝʪʦʜʘ ʤʠʦʬʘʩʮʠʦʛʨʘʬʠʠ ʧʦʟʚʦʣʷʝʪ ʚʳʷʚʠʪʴ ʠ ʦʙʲʝʢʪʠʚʥʦ 

ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʪʴ ʥʘʣʠʯʠʝ ʘʩʠʤʤʝʪʨʠʠ, ʛʠʧʝʨ- ʛʠʧʦʪʦʥʫʩʘ ʠʣʠ ʛʠʧʝʨ- ʠʣʠ ʛʠʧʦʪʨʦʬʠʠ ʨʘʟʣʠʯʥʳʭ 

ʤʳʰʝʯʥʳʭ ʛʨʫʧʧ, ʦʙʥʘʨʫʞʠʪʴ ʨʘʟʣʠʯʠʷ ʚ ʧʨʦʬʠʣʝ ʤʳʰʝʯʥʦʛʦ ʪʦʥʫʩʘ ʫ ʩʪʫʜʝʥʪʦʚ, ʟʘʥʠʤʘʶʱʠʭʩʷ 

ʨʘʟʣʠʯʥʳʤʠ ʚʠʜʘʤʠ ʩʧʦʨʪʘ. ʕʪʦ ʩʦʟʜʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʧʨʠʤʝʥʷʪʴ ʤʝʪʦʜ ʢʘʢ ʜʦʧʦʣʥʠʪʝʣʴʥʦʝ ʩʨʝʜʩʪʚʦ ʧʨʠ 

ʦʮʝʥʢʝ ʬʠʟʠʯʝʩʢʦʛʦ ʨʘʟʚʠʪʠʷ ʩʪʫʜʝʥʪʦʚ ʠ ʤʦʥʠʪʦʨʠʥʛʘ ʜʠʥʘʤʠʢʠ ʨʘʟʚʠʪʠʷ ʩʢʝʣʝʪʥʦʡ ʤʫʩʢʫʣʘʪʫʨʳ 

ʤʦʣʦʜʦʛʦ ʯʝʣʦʚʝʢʘ ʚ ʧʨʦʮʝʩʩʝ ʟʘʥʷʪʠʡ ʩʧʦʨʪʦʤ ʠ ʬʠʟʢʫʣʴʪʫʨʥʦ-ʩʧʦʨʪʠʚʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʴʶ.  ʕʪʦʪ ʤʝʪʦʜ 

ʤʦʞʝʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥ ʜʣʷ ʨʘʟʨʘʙʦʪʢʠ ʵʪʘʣʦʥʥʦʛʦ ʧʨʦʬʠʣʷ ʤʠʦʬʘʩʮʠʦʛʨʘʤʤʳ ʦʧʨʝʜʝʣʝʥʥʦʛʦ ʚʠʜʘ ʩʧʦʨʪʘ, 

ʪʘʢʞʝ ʧʨʝʜʩʪʘʚʣʝʥʥʳʡ ʤʝʪʦʜ ʤʦʞʥʦ ʙʫʜʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴ ʧʨʠ ʦʨʛʘʥʠʟʘʮʠʠ ʠʥʜʠʚʠʜʫʘʣʴʥʦʛʦ ʧʦʜʭʦʜʘ ʢ 

ʪʨʝʥʠʨʦʚʦʯʥʦʤʫ ʧʨʦʮʝʩʩʫ ʩʪʫʜʝʥʪʦʚ, ʨʘʟʨʘʙʦʪʢʝ ʢʦʥʢʨʝʪʥʳʭ ʨʝʢʦʤʝʥʜʘʮʠʡ ʠ ʧʦʜʙʦʨʝ ʢʦʤʧʣʝʢʩʘ 

ʫʧʨʘʞʥʝʥʠʡ ʜʣʷ ʨʘʟʚʠʪʠʷ ʦʧʨʝʜʝʣʝʥʥʦʡ ʛʨʫʧʧʳ ʤʳʰʮ. ɼʘʥʥʳʡ ʤʝʪʦʜ ʤʦʞʝʪ ʷʚʣʷʪʴʩʷ ʜʦʧʦʣʥʠʪʝʣʴʥʳʤ 

ʧʨʦʛʥʦʩʪʠʯʝʩʢʠʤ ʢʨʠʪʝʨʠʝʤ ʜʣʷ ʚʳʙʦʨʘ ʥʘʠʙʦʣʝʝ ʦʧʪʠʤʘʣʴʥʦʛʦ ʚʠʜʘ ʬʠʟʢʫʣʴʪʫʨʥʦ-ʩʧʦʨʪʠʚʥʦʡ 

ʜʝʷʪʝʣʴʥʦʩʪʠ ʩʪʫʜʝʥʪʦʚ. ɺʤʝʩʪʝ ʩ ʵʪʠʤ ʝʩʪʴ ʦʧʨʝʜʝʣʝʥʥʳʝ ʦʛʨʘʥʠʯʝʥʠʷ ʚ ʧʨʠʤʝʥʝʥʠʠ ʵʪʦʛʦ ʤʝʪʦʜʘ, 

ʢʦʪʦʨʳʡ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʪʦʤ, ʯʪʦ ʙʳ ʯʝʣʦʚʝʢ ʙʳʣ ʧʨʘʢʪʠʯʝʩʢʠ ʟʜʦʨʦʚ ʠ ʥʝ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʷʨʢʦ ʚʳʨʘʞʝʥʥʳʭ 

ʩʪʨʝʩʩʦʨʥʳʭ ʬʘʢʪʦʨʦʚ. ʇʨʠ ʵʪʦʤ ʜʠʥʘʤʠʯʝʩʢʠʝ ʥʘʙʣʶʜʝʥʠʷ ʧʦʢʘʟʳʚʘʶʪ ʦʙʲʝʢʪʠʚʥʫʶ ʢʘʨʪʠʥʫ ʠʟʤʝʥʝʥʠʷ 

ʤʳʰʝʯʥʦʛʦ ʪʦʥʫʩʘ. 

 

ʅʘ ʢʘʬʝʜʨʝ ʬʠʟʠʯʝʩʢʦʛʦ ʚʦʩʧʠʪʘʥʠʷ ʠ ʩʧʦʨʪʘ ʄɻʋ ʠʤʝʥʠ ʄ.ɺ. ʃʦʤʦʥʦʩʦʚʘ ʩ 2017 ʛʦʜʘ ʧʨʦʚʦʜʠʪʩʷ 

ʤʦʨʬʦʬʫʥʢʮʠʦʥʘʣʴʥʦʝ ʦʙʩʣʝʜʦʚʘʥʠʝ ʩʪʫʜʝʥʪʦʚ 1-2 ʛʦ ʢʫʨʩʦʚ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʵʣʝʢʪʨʦʧʫʥʢʪʫʨʥʦʡ 

ʜʠʘʛʥʦʩʪʠʢʠ (ʕʇɼ). ʄʦʨʬʦʬʫʥʢʮʠʦʥʘʣʴʥʦʝ ʦʙʩʣʝʜʦʚʘʥʠʝ ʚʢʣʶʯʘʝʪ ʠʟʤʝʨʝʥʠʝ ʩʣʝʜʫʶʱʠʭ ʧʦʢʘʟʘʪʝʣʝʡ: 

ʤʘʩʩʫ ʠ ʜʣʠʥʫ ʪʝʣʘ, ʞʠʟʥʝʥʥʫʶ  ʝʤʢʦʩʪʴ ʣʝʛʢʠʭ (ɾɽʃ), ʯʘʩʪʦʪʫ ʩʝʨʜʝʯʥʳʭ ʩʦʢʨʘʱʝʥʠʡ (ʏʉʉ), 

ʘʨʪʝʨʠʘʣʴʥʦʝ ʜʘʚʣʝʥʠʝ (ɸɼ) ʠ ʨʘʩʯʝʪ ʧʨʦʠʟʚʦʜʥʳʭ ʧʦʢʘʟʘʪʝʣʝʡ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʭ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʨʘʙʦʪʳ 

ʩʝʨʜʝʯʥʦ-ʩʦʩʫʜʠʩʪʦʡ ʩʠʩʪʝʤʳ - ʫʜʘʨʥʦʛʦ ʦʙʲʝʤʘ ʩʝʨʜʮʘ (ʋʆ), ʤʠʥʫʪʥʦʛʦ ʦʙʲʝʤʘ ʢʨʦʚʦʦʙʨʘʱʝʥʠʷ (ʄʆʂ), 

ʠʥʜʝʢʩʘ ʂʝʨʜʦ ʠ ʈʦʙʠʥʩʦʥʘ, ʘ ʪʘʢʞʝ ʨʘʩʯʝʪ ʠʥʪʝʛʨʘʣʴʥʦʛʦ ʧʦʢʘʟʘʪʝʣʷ ʘʜʘʧʪʘʮʠʦʥʥʦʛʦ ʧʦʪʝʥʮʠʘʣʘ (ɸʇ) [1]. 

ʇʨʦʚʦʜʠʪʩʷ ʜʚʫʭʩʪʫʧʝʥʯʘʪʳʡ ʩʪʝʧ-ʪʝʩʪ ʥʘ ʦʙʱʫʶ ʬʠʟʠʯʝʩʢʫʶ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʴ (PWC-170) ʩ ʨʘʩʯʝʪʦʤ 

ʧʦʢʘʟʘʪʝʣʷ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʧʦʪʨʝʙʣʝʥʠʷ ʢʠʩʣʦʨʦʜʘ (ʄʇʂ). ɺʤʝʩʪʝ ʩ ʵʪʠʤ, ʠʩʧʦʣʴʟʫʝʪʩʷ ʢʦʤʧʴʶʪʝʨʥʳʡ 

ʢʦʤʧʣʝʢʩ ʵʣʝʢʪʨʦʧʫʥʢʪʫʨʥʦʡ ʜʠʘʛʥʦʩʪʠʢʠ (ʕʇɼ) çɼʠʘʢʦʤʩè. ʄʝʪʦʜ ʕʇɼ, ʠʩʧʦʣʴʟʫʝʤʳʡ ʚ ʵʪʦʤ ʢʦʤʧʣʝʢʩʝ, 

ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʠʟʤʝʨʝʥʠʠ ʵʣʝʢʪʨʦʧʨʦʚʦʜʥʦʩʪʠ ʨʝʧʨʝʟʝʥʪʘʪʠʚʥʳʭ ʪʦʯʝʢ ʥʘ ʢʦʞʝ ʯʝʣʦʚʝʢʘ (ʧʦ ʤʝʪʦʜʫ 

ʅʘʢʘʪʘʥʠ). ʇʦ ʧʦʣʫʯʝʥʥʳʤ ʜʘʥʥʳʤ ʨʘʩʩʯʠʪʳʚʘʝʪʩʷ ʫʨʦʚʝʥʴ ʘʢʪʠʚʥʦʩʪʠ 12-ʪʠ ʢʣʘʩʩʠʯʝʩʢʠʭ ʢʠʪʘʡʩʢʠʭ 

ʤʝʨʠʜʠʘʥʦʚ ʧʦ ʪʨʘʜʠʮʠʦʥʥʦʡ ʂʠʪʘʡʩʢʦʡ ʤʝʜʠʮʠʥʝ (ʊʂʄ) ʠ ʥʘ ʦʩʥʦʚʘʥʠʠ ʵʪʦʛʦ ʪʨʘʢʪʫʝʪʩʷ ʩʦʩʪʦʷʥʠʝ ʠ 

ʫʨʦʚʝʥʴ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʦʩʥʦʚʥʳʭ ʦʨʛʘʥʦʚ ʠ ʩʠʩʪʝʤ ʦʨʛʘʥʠʟʤʘ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʵʪʠʤ ʤʝʨʠʜʠʘʥʘʤ[2]. 

ʉʠʩʪʝʤʘ ʙʳʣʘ ʨʘʟʨʘʙʦʪʘʥʘ ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ ʜʦʥʦʟʦʣʦʛʠʯʝʩʢʦʡ ʜʠʘʛʥʦʩʪʠʢʠ ʠ ʦʮʝʥʢʠ ʩʦʩʪʦʷʥʠʷ ʟʜʦʨʦʚʴʷ 

ʯʝʣʦʚʝʢʘ, ʧʦʣʫʯʝʥ ʩʝʨʪʠʬʠʢʘʪ ʩʦʦʪʚʝʪʩʪʚʠʷ ʠ ʢʦʤʧʣʝʢʩ ʨʝʢʦʤʝʥʜʦʚʘʥ ʢ ʚʥʝʜʨʝʥʠʶ ʥʘ ʚʩʝʭ ʫʨʦʚʥʷʭ ʩʠʩʪʝʤʳ 

ʟʜʨʘʚʦʦʭʨʘʥʝʥʠʷ ʄɿ ʈʌ ʚ 1993 ʛ. ʕʪʦʪ ʢʦʤʧʣʝʢʩ ʫʩʧʝʰʥʦ ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʚ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʥʘʫʯʥʳʭ 

ʠʩʩʣʝʜʦʚʘʥʠʷʭ ʧʨʠ ʦʙʩʣʝʜʦʚʘʥʠʠ ʩʧʦʨʪʩʤʝʥʦʚ ʚ ʨʘʟʣʠʯʥʳʭ ʚʠʜʘʭ ʩʧʦʨʪʘ (ɸ.ɺ. ʏʦʛʦʚʘʜʟʝ ʩ ʩʦʘʚʪ. (1998), 

ʅ.ɼ. ɻʨʘʝʚʩʢʘʷ ʩ ʩʦʘʚʪ. (2007) ɸ.ʄ. ʇʝʨʭʫʨʦʚ ʠ ɹ.ɸ. ʇʦʣʷʝʚ (2009).  

ʎʝʣʴʶ ʥʘʩʪʦʷʱʝʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʷʚʣʷʣʦʩʴ: ʠʟʫʯʝʥʠʝ ʠʥʬʦʨʤʘʪʠʚʥʦʩʪʠ ʕʇɼ ʥʘ ʦʩʥʦʚʘʥʠʠ ʚʳʷʚʣʝʥʠʷ 

ʚʟʘʠʤʦʩʚʷʟʠ ʩ ʦʙʲʝʢʪʠʚʥʳʤʠ ʧʘʨʘʤʝʪʨʘʤʠ ʦʮʝʥʢʠ ʤʦʨʬʦʬʫʥʢʮʠʦʥʘʣʴʥʦʛʦ ʩʦʩʪʦʷʥʠʷ, ʦʙʱʝʡ ʬʠʟʠʯʝʩʢʦʡ 

ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʠ ʠ ʨʘʟʚʠʪʠʷ ʜʚʠʛʘʪʝʣʴʥʳʭ ʢʘʯʝʩʪʚ. ʊʘʢʞʝ, ʦʮʝʥʢʘ ʚʦʟʤʦʞʥʦʩʪʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 

ʤʠʦʬʘʩʮʠʦʛʨʘʬʠʠ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʤʳʰʝʯʥʦʛʦ ʪʦʥʫʩʘ ʩʪʫʜʝʥʪʦʚ 

ʇʨʠ ʠʟʫʯʝʥʠʠ ʟʘʚʠʩʠʤʦʩʪʠ ʨʝʟʫʣʴʪʘʪʦʚ ʕʇɼ ʩ ʤʦʨʬʦʬʫʥʢʮʠʦʥʘʣʴʥʳʤʠ ʧʦʢʘʟʘʪʝʣʷʤʠ ʩʪʫʜʝʥʪʦʚ (295 

ʶʥʦʰʝʡ) ʚʳʷʚʣʝʥʦ, ʯʪʦ ʧʨʦʠʟʚʦʜʥʳʝ ʧʦʢʘʟʘʪʝʣʠ ʩʝʨʜʝʯʥʦ-ʩʦʩʫʜʠʩʪʦʡ ʩʠʩʪʝʤʳ (ʉʉʉ) - ʫʜʘʨʥʳʡ ʦʙʲʝʤ 

(ʋʆ), ʤʠʥʫʪʥʳʡ ʦʙʲʝʤ ʢʨʦʚʦʦʙʨʘʱʝʥʠʷ (ʄʆʂ) ʠ ʪʠʧ ʩʘʤʦʨʝʛʫʣʷʮʠʠ ʢʨʦʚʦʦʙʨʘʱʝʥʠʷ (ʊʉʂ) (ʄ.ɸ. 

ʅʝʛʘʰʝʚʘ, 2017) ʜʦʩʪʦʚʝʨʥʦ (p<0,05) ʢʦʨʨʝʣʠʨʫʶʪ ʩʦ ʚʩʝʤʠ ʤʝʨʠʜʠʘʥʘʤʠ, ʢʨʦʤʝ ʤʝʨʠʜʠʘʥʦʚ çʞʝʣʫʜʢʘè, 

 



ʉɽʂʎʀʗ 2 - ɹʠʦʢʠʙʝʨʥʝʪʠʢʘ ʠ ʤʘʪʝʤʘʪʠʯʝʩʢʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ                  146 

 

 

XVI ʄʝʞʜʫʥʘʨʦʜʥʘʷ ʅʘʫʯʥʘʷ ʂʦʥʬʝʨʝʥʮʠʷ "ʌʠʟʠʢʘ ʠ ʈʘʜʠʦʵʣʝʢʪʨʦʥʠʢʘ ʚ ʄʝʜʠʮʠʥʝ ʠ ʕʢʦʣʦʛʠʠ" 

 

çʪʨʦʡʥʦʛʦ ʦʙʦʛʨʝʚʘʪʝʣʷè ʠ çʣʝʛʢʠʭè. ʇʨʠ ʪʦʤ, ʯʪʦ ʚʟʘʠʤʦʢʦʨʨʝʣʷʮʠʠ ʤʝʞʜʫ ʤʝʨʠʜʠʘʥʘʤʠ ʩʦʩʪʘʚʣʷʶʪ ʥʝ 

ʤʝʥʝʝ 50 %.  

ʅʘʠʙʦʣʝʝ ʚʳʨʘʞʝʥʥʳʝ ʟʘʚʠʩʠʤʦʩʪʠ ʚʳʷʚʣʝʥʳ ʩ ʤʝʨʠʜʠʘʥʘʤʠ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʤʠ ʜʝʷʪʝʣʴʥʦʩʪʴ 

ʩʝʨʜʝʯʥʦ-ʩʦʩʫʜʠʩʪʦʡ ʩʠʩʪʝʤʳ (ʉʉʉ) ʧʦ ʊʂʄ, ʘ ʠʤʝʥʥʦ ʤʝʨʠʜʠʘʥʳ çʩʝʨʜʮʘè ʠ çʧʝʨʠʢʘʨʜʘè, ʪʘʢʞʝ 

ʚʳʷʚʣʝʥʳ ʜʦʩʪʦʚʝʨʥʳʝ ʟʘʚʠʩʠʤʦʩʪʠ ʧʦʢʘʟʘʪʝʣʝʡ ʚʥʝʰʥʝʛʦ ʜʳʭʘʥʠʷ ʩ ʪʦʡ ʞʝ ʛʨʫʧʧʦʡ ʤʝʨʠʜʠʘʥʦʚ ʠ ʩ 

ʪʘʢʠʤʠ ʞʝ ʟʥʘʢʘʤʠ ʟʘʚʠʩʠʤʦʩʪʠ. ʌʫʥʢʮʠʦʥʘʣʴʥʳʝ ʧʦʢʘʟʘʪʝʣʠ ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʝ ʨʝʛʫʣʷʮʠʶ ʉʉʉ - ʠʥʜʝʢʩ 

ʂʝʨʜʦ ʠ ʊʉʂ ʥʘʭʦʜʷʪʩʷ ʚ ʧʨʦʪʠʚʦʧʦʣʦʞʥʳʭ ʟʘʚʠʩʠʤʦʩʪʷʭ ʩ ʤʝʨʠʜʠʘʥʘʤʠ çʩʝʨʜʮʘè ʠ çʧʝʨʠʢʘʨʜʘè, ʢʦʪʦʨʳʝ, 

ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʭʘʨʘʢʪʝʨʠʟʫʶʪ ʜʝʷʪʝʣʴʥʦʩʪʴ ʉʉʉ; ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ ʜʝʷʪʝʣʴʥʦʩʪʠ ʵʪʠʭ ʤʝʨʠʜʠʘʥʦʚ 

ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʫʨʦʚʝʥʴ ʘʢʪʠʚʥʦʩʪʠ ʩʠʤʧʘʪʠʯʝʩʢʦʛʦ ʦʪʜʝʣʘ ɺʅʉ (ʧʦ ʧʦʢʘʟʘʪʝʣʶ ʠʥʜʝʢʩʘ ʂʝʨʜʦ) ʠ ʧʦ 

ʧʦʢʘʟʘʪʝʣʶ ʨʝʛʫʣʷʪʦʨʥʦʡ ʘʢʪʠʚʥʦʩʪʠ ʩʠʩʪʝʤʳ ʢʨʦʚʦʦʙʨʘʱʝʥʠʷ (ʊʉʂ) ʩʤʝʱʘʝʪʩʷ ʚ ʩʪʦʨʦʥʫ ʫʚʝʣʠʯʝʥʠʷ 

ʭʨʦʥʦʪʨʦʧʥʦʛʦ ʵʬʬʝʢʪʘ. ʀʟʤʝʨʷʝʤʳʝ ʧʦʢʘʟʘʪʝʣʠ ʯʘʩʪʦʪʳ ʩʝʨʜʝʯʥʳʭ ʩʦʢʨʘʱʝʥʠʡ (ʏʉʉ), ʩʠʩʪʦʣʠʯʝʩʢʦʛʦ ʠ 

ʜʠʘʩʪʦʣʠʯʝʩʢʦʛʦ ʘʨʪʝʨʠʘʣʴʥʦʛʦ ʜʘʚʣʝʥʠʷ (ʉɸɼ ʠ ɼɸɼ) ʥʘʩʯʠʪʳʚʘʶʪ ʟʥʘʯʠʪʝʣʴʥʦ ʤʝʥʴʰʝʝ ʢʦʣʠʯʝʩʪʚʦ 

ʜʦʩʪʦʚʝʨʥʳʭ ʟʘʚʠʩʠʤʦʩʪʝʡ. ʊ.ʝ. ʚʟʘʠʤʦʩʚʷʟʴ ʤʝʞʜʫ ʜʘʥʥʳʤʠ ʵʣʝʢʪʨʦʧʨʦʚʦʜʥʦʩʪʠ ʤʝʨʠʜʠʘʥʦʚ ʚ ʥʘʠʙʦʣʴʰʝʡ 

ʩʪʝʧʝʥʠ ʚʳʨʘʞʝʥʘ ʩ ʧʨʦʠʟʚʦʜʥʳʤʠ ʧʦʢʘʟʘʪʝʣʷʤʠ ʉʉʉ, ʢʦʪʦʨʳʝ ʠʥʪʝʛʨʘʣʴʥʦ ʦʪʨʘʞʘʶʪ ʜʝʷʪʝʣʴʥʦʩʪʴ 

ʩʝʨʜʝʯʥʦ-ʩʦʩʫʜʠʩʪʦʡ ʩʠʩʪʝʤʳ ʚ ʮʝʣʦʤ. ʇʦʢʘʟʘʪʝʣʠ ʚʥʝʰʥʝʛʦ ʜʳʭʘʥʠʷ - ʞʠʟʥʝʥʥʘʷ ʝʤʢʦʩʪʴ ʣʝʛʢʠʭ (FVC), 

ʦʙʲʝʤ ʬʦʨʩʠʨʦʚʘʥʥʦʛʦ ʚʳʜʦʭʘ ʟʘ 1 ʩ (FEV1) ʠ ʩʢʦʨʦʩʪʴ ʧʦʪʦʢʘ ʚʳʜʳʭʘʝʤʦʛʦ ʚʦʟʜʫʭʘ (V) ʜʦʩʪʦʚʝʨʥʦ 

ʢʦʨʨʝʣʠʨʫʶʪ ʩʦ ʚʩʝʤʠ ʤʝʨʠʜʠʘʥʘʤʠ, ʢʨʦʤʝ çʪʨʦʡʥʦʛʦ ʦʙʦʛʨʝʚʘʪʝʣʷè ʠ çʣʝʛʢʠʭè, ʩ ʪʦʡ ʞʝ ʥʘʧʨʘʚʣʝʥʥʦʩʪʴʶ, 

ʢʘʢ ʠ ʚʩʝ ʧʨʦʠʟʚʦʜʥʳʝ ʧʦʢʘʟʘʪʝʣʠ ʉʉʉ. ʆʪʩʫʪʩʪʚʠʝ ʜʦʩʪʦʚʝʨʥʦʡ ʢʦʨʨʝʣʷʮʠʠ ʩ ʤʝʨʠʜʠʘʥʦʤ çʣʝʛʢʠʭè, ʪ.ʝ. 

ʧʦʚʳʰʝʥʠʝ ʠʣʠ ʩʥʠʞʝʥʠʝ ʜʝʷʪʝʣʴʥʦʩʪʠ ʜʳʭʘʪʝʣʴʥʦʡ ʩʠʩʪʝʤʳ, ʤʦʞʥʦ ʠʥʪʝʨʧʨʝʪʠʨʦʚʘʪʴ, ʢʘʢ ʦʪʩʫʪʩʪʚʠʝ 

ʧʘʪʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ ʚ ʩʠʩʪʝʤʝ ʜʳʭʘʥʠʷ ʫ ʦʙʩʣʝʜʦʚʘʥʥʳʭ ʩʪʫʜʝʥʪʦʚ. 

ɺr ʷʚʣʝʥʳ ʜʦʩʪʦʚʝʨʥʳʝ ʫʨʦʚʥʠ ʦʪʨʠʮʘʪʝʣʴʥʦʡ ʢʦʨʨʝʣʷʮʠʦʥʥʦʡ ʟʘʚʠʩʠʤʦʩʪʠ (p<0,05) ʤʝʞʜʫ 

ʠʥʪʝʛʨʘʣʴʥʳʤ ʧʦʢʘʟʘʪʝʣʝʤ çʘʜʘʧʪʘʮʠʦʥʥʳʡ ʧʦʪʝʥʮʠʘʣè (ɸʇ), ʢʦʪʦʨʳʡ ʭʘʨʘʢʪʝʨʠʟʫʝʪ ʬʫʥʢʮʠʦʥʘʣʴʥʳʝ 

ʚʦʟʤʦʞʥʦʩʪʠ ʦʨʛʘʥʠʟʤʘ ʧʨʠ ʘʜʘʧʪʘʮʠʠ ʢ ʫʩʣʦʚʠʷʤ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ [1] ʠ ʟʥʘʯʝʥʠʷʤʠ ʧʦʢʘʟʘʪʝʣʝʡ 

ʘʢʪʠʚʥʦʩʪʠ ʤʝʨʠʜʠʘʥʦʚ ʦʩʫʱʝʩʪʚʣʷʶʱʠʤʠ ʢʦʥʪʨʦʣʴ ʟʘ ʧʠʱʝʚʘʨʝʥʠʝʤ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʤʠ 

ʚʥʫʪʨʠʢʣʝʪʦʯʥʳʡ ʦʙʤʝʥ ʚʝʱʝʩʪʚ ʠ ʫʯʘʩʪʠʝ ʚ ʟʘʱʠʪʥʳʭ ʨʝʘʢʮʠʷʭ ʦʨʛʘʥʠʟʤʘ (ʤʝʨʠʜʠʘʥʳ: çʧʦʜʞʝʣʫʜʦʯʥʦʡ 

ʞʝʣʝʟʳ ʠ ʩʝʣʝʟʝʥʢʠè, çʪʦʥʢʦʛʦ ʢʠʰʝʯʥʠʢʘè ʠ çʧʝʯʝʥʠè, ʃʘʢʠʥ ɺ.ɺ.2003). ɸʥʘʣʠʟ ʢʦʨʨʝʣʷʮʠʦʥʥʳʭ 

ʟʘʚʠʩʠʤʦʩʪʝʡ ʧʦʢʘʟʘʪʝʣʝʡ ʵʣʝʢʪʨʦʧʫʥʢʪʫʨʥʦʡ ʜʠʘʛʥʦʩʪʠʢʠ ʧʨʠ ʪʝʩʪʠʨʦʚʘʥʠʠ ʬʠʟʠʯʝʩʢʠʭ ʢʘʯʝʩʪʚ 

ʩʪʫʜʝʥʪʦʚ, ʚʳʷʚʠʣ ʜʦʩʪʦʚʝʨʥʳʝ ʩʚʷʟʠ ʩ ʧʦʢʘʟʘʪʝʣʝʤ çʚʳʥʦʩʣʠʚʦʩʪʴè, ʦʮʝʥʠʚʘʝʤʦʛʦ ʧʦ ʚʨʝʤʝʥʠ ʙʝʛʘ ʥʘ 3000 

ʤ. ʕʪʦʪ ʧʦʢʘʟʘʪʝʣʴ ʜʦʩʪʦʚʝʨʥʦ ʦʪʨʠʮʘʪʝʣʴʥʦ ʢʦʨʨʝʣʠʨʫʝʪ ʩ ʤʝʨʠʜʠʘʥʦʤ çʧʝʨʠʢʘʨʜʘè, ʪ.ʝ. ʯʝʤ ʚʳʰʝ 

ʜʝʷʪʝʣʴʥʦʩʪʴ ʤʝʨʠʜʠʘʥʘ ʧʝʨʠʢʘʨʜʘ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʝʛʦ ʜʝʷʪʝʣʴʥʦʩʪʴ ʉʉʉ ʧʦ ʊʂʄ, ʪʝʤ ʣʫʯʰʝ ʨʝʟʫʣʴʪʘʪ ʚ 

ʙʝʛʝ ʥʘ 3000 ʤ.  

ɺʤʝʩʪʝ ʩ ʵʪʠʤ, ʚ ʠʩʩʣʝʜʦʚʘʥʠʷʭ ʧʨʠʤʝʥʷʣʩʷ ʤʝʪʦʜ ʤʠʦʬʘʩʮʠʦʛʨʘʬʠʷ, ʧʨʠʤʝʥʷʶʱʠʡʩʷ ʜʣʷ 

ʧʦʣʫʯʝʥʠʷ ʦʙʲʝʢʪʠʚʥʦʡ ʠʥʬʦʨʤʘʮʠʠ ʦ ʩʦʩʪʦʷʥʠʠ ʤʳʰʝʯʥʦʛʦ ʪʦʥʫʩʘ ʩʪʫʜʝʥʪʦʚ. ʄʝʪʦʜ ʤʠʦʬʘʩʮʠʦʛʨʘʬʠʠ 

ʩʦʟʜʘʥ ʥʘ ʙʘʟʝ ʢʦʤʧʣʝʢʩʘ çɼʠʘʢʦʤʩè ʠ ʧʦʟʚʦʣʷʝʪ ʩʦʟʜʘʚʘʪʴ ʛʨʘʬʠʢʠ ʘʢʪʠʚʥʦʩʪʠ ʧʦʟʚʦʥʦʯʥʦ-ʜʚʠʛʘʪʝʣʴʥʳʭ 

ʩʝʛʤʝʥʪʦʚ (ʇɼʉ), ʫʯʘʩʪʚʫʶʱʠʭ ʚ ʨʝʛʫʣʷʮʠʠ ʤʳʰʝʯʥʦʛʦ ʪʦʥʫʩʘ ʚʜʦʣʴ ʧʦʟʚʦʥʦʯʥʦʛʦ ʩʪʦʣʙʘ (ʧʘʪʝʥʪ ʥʘ 

ʠʟʦʙʨʝʪʝʥʠʝ ˉ2424766). ʉʫʪʴ ʠʟʦʙʨʝʪʝʥʠʷ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʘʧʧʨʦʢʩʠʤʘʮʠʠ ʟʥʘʯʝʥʠʡ ʵʣʝʢʪʨʦʧʨʦʚʦʜʥʦʩʪʠ ʚ 

ʙʠʦʣʦʛʠʯʝʩʢʠ ʘʢʪʠʚʥʳʭ ʪʦʯʢʘʭ (ɹɸʊ) ʧʦ ʅʘʢʘʪʘʥʠ ʥʘ ʧʦʟʚʦʥʦʯʥʦ-ʜʚʠʛʘʪʝʣʴʥʳʝ ʩʝʛʤʝʥʪʳ, ʠʟ ʢʦʪʦʨʳʭ 

ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʠʥʥʝʨʚʘʮʠʷ ʤʳʰʝʯʥʦʡ ʩʠʩʪʝʤʳ (ʈʠʩ 1,2). ʇʦ ʦʩʠ ʘʙʩʮʠʩʩ ʦʪʣʦʞʝʥʳ ʇɼʉ ʩ ʥʫʤʝʨʘʮʠʝʡ 

ʧʦʟʚʦʥʢʦʚ ʥʘʯʠʥʘʷ ʩ CI ʰʝʡʥʳʡ ʦʪʜʝʣ ʠ ʟʘʢʘʥʯʠʚʘʷ SV - ʢʨʝʩʪʮʦʚʳʡ ʦʪʜʝʣ ʧʦʟʚʦʥʦʯʥʦʛʦ ʩʪʦʣʙʘ. ʇʦ ʦʩʠ 

ʦʨʜʠʥʘʪ - ʩʦʩʪʦʷʥʠʝ ʘʢʪʠʚʥʦʩʪʠ ʇɼʉ. ɻʨʘʬʠʯʝʩʢʠʝ ʣʠʥʠʠ ʚʳʰʝ ʧʫʥʢʪʠʨʥʳʭ ʣʠʥʠʡ (ʛʨʘʥʠʮʳ ʥʦʨʤʳ) 

ʫʢʘʟʳʚʘʶʪ ʥʘ ʛʠʧʝʨʪʦʥʫʩ ʠʣʠ ʛʠʧʝʨʪʨʦʬʠʶ, ʘ ʥʠʞʝ - ʛʠʧʦʪʦʥʫʩ ʠʣʠ ʛʠʧʦʪʨʦʬʠʶ ʤʳʰʮ, ʠʥʥʝʨʚʠʨʫʝʤʳʭ 

ʦʙʦʟʥʘʯʝʥʥʳʤʠ ʇɼʉ. ʉ ʮʝʣʴʶ ʦʮʝʥʢʠ ʚʘʣʠʜʥʦʩʪʠ ʤʝʪʦʜʘ ʤʠʦʬʘʩʮʠʦʛʨʘʬʠʠ, ʙʳʣ ʧʨʦʚʝʜʝʥ ʵʢʩʧʝʨʠʤʝʥʪ ʜʣʷ 

ʦʮʝʥʢʠ ʩʦʩʪʦʷʥʠʷ ʪʦʥʫʩʘ ʤʳʰʝʯʥʳʭ ʛʨʫʧʧ ʩʪʫʜʝʥʪʘ ʜʦ ʠ ʧʦʩʣʝ ʬʠʟʠʯʝʩʢʠʭ ʥʘʛʨʫʟʦʢ. ʅʘ ʧʦʣʫʯʝʥʥʦʤ 

ʫʩʨʝʜʥʝʥʥʦʤ ʛʨʘʬʠʢʝ ʄʌɻ (ʈʠʩ.1) ʚʳʷʚʣʝʥʳ ʜʦʩʪʦʚʝʨʥʳʝ ʠʟʤʝʥʝʥʠʷ ʚ ʰʝʡʥʦʤ ʠ ʧʦʷʩʥʠʯʥʦʤ ʦʪʜʝʣʘʭ 

ʧʦʩʣʝ ʟʘʙʝʛʘ ʥʘ 3000 ʤ (26 ʩʪʫʜʝʥʪʦʚ ʶʥʦʰʝʡ), ʪ. ʝ. ʚ ʦʪʜʝʣʘʭ ʥʘʠʙʦʣʴʰʝʡ ʩʪʝʧʝʥʠ ʨʘʙʦʪʘʶʱʠʭ ʤʳʰʮ ʧʨʠ 

ʜʘʥʥʦʡ ʥʘʛʨʫʟʢʝ (ʇʝʨʤʷʢʦʚ ʀ.ɸ., ʩ ʩʦʘʚʪ., 2019ʛ.). 
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ʈʠʩʫʥʦʢ 1. ʄʠʦʬʘʩʮʠʦʛʨʘʤʤʘ ʜʦ ʠ ʧʦʩʣʝ ʟʘʙʝʛʘ ʥʘ 3000 ʤ (ʶʥʦʰʠ) 

 

ɿʘʥʷʪʠʷ ʩʧʦʨʪʦʤ, ʩʚʷʟʘʥʥʳʝ ʩ ʜʚʠʛʘʪʝʣʴʥʦʡ ʘʢʪʠʚʥʦʩʪʴʶ, ʧʨʝʜʧʦʣʘʛʘʶʪ ʩʧʝʮʠʬʠʯʝʩʢʦʝ 

ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʘʢʪʠʚʥʦʩʪʠ ʨʘʟʣʠʯʥʳʭ ʤʳʰʝʯʥʳʭ ʛʨʫʧʧ, ʠ ʚ ʩʣʝʜʩʪʚʠʠ ʵʪʦʛʦ ʬʦʨʤʠʨʫʝʪʩʷ ʦʩʦʙʳʡ ʧʨʦʬʠʣʴ 

ʪʦʥʫʩʘ ʠ ʛʠʧʝʨʪʨʦʬʠʠ ʦʪʜʝʣʴʥʳʭ ʛʨʫʧʧ ʩʢʝʣʝʪʥʳʭ ʤʳʰʮ, ʩʦʟʜʘʝʪʩʷ çʤʦʟʘʠʯʥʘʷè ʛʠʧʝʨʪʨʦʬʠʠ. ʇʨʠ 

ʦʙʩʣʝʜʦʚʘʥʠʠ ʩʪʫʜʝʥʪʦʚ ʟʘʥʠʤʘʶʱʠʭʩʷ ʨʘʟʣʠʯʥʳʤʠ ʚʠʜʘʤʠ ʩʧʦʨʪʘ ʚʳʷʚʣʝʥʳ ʜʦʩʪʦʚʝʨʥʳʝ ʨʘʟʣʠʯʠʷ ʚ 

ʤʠʦʬʘʩʮʠʦʛʨʘʤʤʝ (ʈʠʩ.2).  

ʄʀʆʌɸʉʎʀʆɻʈɸʄʄʓ
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ʈʠʩʫʥʦʢ 2. ʄʠʦʬʘʩʮʠʦʛʨʘʤʤʳ ʩʪʫʜʝʥʪʦʚ ʙʦʢʩʝʨʦʚ, ʬʫʙʦʣʠʩʪʦʚ ʠ ʣʝʛʢʦʘʪʣʝʪʦʚ (ʃɸ). 

 

ʄʳʰʝʯʥʳʡ ʪʦʥʫʩ, ʧʦ ʜʘʥʥʳʤ ʤʠʦʬʘʩʮʠʦʛʨʘʬʠʠ ʚ ʰʝʡʥʦʤ ʦʪʜʝʣʝ ʜʦʩʪʦʚʝʨʥʦ ʚʳʰʝ ʫ ʙʦʢʩʝʨʦʚ, ʚ 

ʥʠʞʥʝʛʨʫʜʥʦʤ ʠ ʚ ʧʦʷʩʥʠʯʥʦʤ ʦʪʜʝʣʝ ʪʦʥʫʩ ʚʳʰʝ ʫ ʬʫʪʙʦʣʠʩʪʦʚ, ʪ.ʝ. ʠʤʝʥʥʦ ʚ ʪʝʭ ʦʪʜʝʣʘʭ ʧʦʟʚʦʥʦʯʥʦʛʦ 

ʩʪʦʣʙʘ, ʠʟ ʢʦʪʦʨʳʭ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʠʥʥʝʨʚʘʮʠʷ ʛʨʫʧʧ ʤʳʰʮ, ʥʘʠʙʦʣʝʝ ʟʘʜʝʡʩʪʚʦʚʘʥʥʳʭ ʧʨʠ ʪʨʝʥʠʨʦʚʦʯʥʳʭ 

ʥʘʛʨʫʟʢʘʭ. ʆʜʥʦʪʠʧʥʳʝ ʜʦʩʪʦʚʝʨʥʳʝ ʦʪʣʠʯʠʷ ʚʳʷʚʣʝʥʳ ʤʝʞʜʫ ʛʨʫʧʧʦʡ ʙʦʢʩʝʨʦʚ ʠ ʣʝʛʢʦʘʪʣʝʪʦʚ. 

 

ʌʨʘʛʤʝʥʪ ʪʘʙʣʠʮʳ ʩʨʘʚʥʠʪʝʣʴʥʦʛʦ ʘʥʘʣʠʟʘ ʤʠʦʬʘʩʮʠʦʛʨʘʤʤ ʙʦʢʩʝʨʦʚ -1 ʠ ʬʫʪʙʦʣʠʩʪʦʚ -2 (ʞʠʨʥʳʤ 

ʰʨʠʬʪʦʤ ʚʳʜʝʣʝʥʳ ʜʦʩʪʦʚʝʨʥʳʝ ʦʪʣʠʯʠʷ ʘʢʪʠʚʥʦʩʪʠ ʇɼʉ) 

 

C IV C V C VI C VII Th  I Th IV Th VII Th VIII  Th XII S III 



ʉɽʂʎʀʗ 2 - ɹʠʦʢʠʙʝʨʥʝʪʠʢʘ ʠ ʤʘʪʝʤʘʪʠʯʝʩʢʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ                  148 

 

 

XVI ʄʝʞʜʫʥʘʨʦʜʥʘʷ ʅʘʫʯʥʘʷ ʂʦʥʬʝʨʝʥʮʠʷ "ʌʠʟʠʢʘ ʠ ʈʘʜʠʦʵʣʝʢʪʨʦʥʠʢʘ ʚ ʄʝʜʠʮʠʥʝ ʠ ʕʢʦʣʦʛʠʠ" 

 

Mean 1 -1,95 3,54 4,60 5,58 1,57 -4,79 -1,05 -1,05 0,23 -5,76 

Mean 2 -6,36 -7,09 -4,30 -3,17 0,30 -13,32 9,13 9,13 9,67 7,28 

t-value 1,020 2,613 2,259 1,991 0,325 2,185 -2,294 -2,294 -2,218 -2,945 

p 0,311 0,011 0,027 0,050 0,746 0,032 0,024 0,024 0,029 0,004 

 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʤʝʪʦʜ ʤʠʦʬʘʩʮʠʦʛʨʘʬʠʠ ʧʦʟʚʦʣʷʝʪ ʦʙʲʝʢʪʠʚʥʦ, ʪ.ʝ. ʚ ʫʩʣʦʚʥʳʭ ʝʜʠʥʠʮʘʭ, ʦʮʝʥʠʪʴ 

ʪʦʥʫʩ, ʛʠʧʝʨ- ʠ ʛʠʧʦʪʨʦʬʠʶ ʦʩʥʦʚʥʳʭ ʤʳʰʝʯʥʳʭ ʛʨʫʧʧ ʯʝʣʦʚʝʢʘ. ʀ ʚ ʜʘʥʥʦʤ ʠʩʩʣʝʜʦʚʘʥʠʠ ʧʨʝʜʩʪʘʚʣʝʥʘ 

ʠʥʬʦʨʤʘʮʠʷ ʦ ʜʦʩʪʦʚʝʨʥʳʭ ʨʘʟʣʠʯʠʷʭ ʤʠʦʬʘʩʮʠʦʛʨʘʤʤ ʫ ʩʪʫʜʝʥʪʦʚ, ʟʘʥʠʤʘʶʱʠʭʩʷ ʨʘʟʣʠʯʥʳʤʠ ʚʠʜʘʤʠ 

ʩʧʦʨʪʘ.  

ʅʘ ʥʘʰ ʚʟʛʣʷʜ, ʜʘʥʥʳʡ ʤʝʪʦʜ ʤʦʞʝʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʘ ʢʘʢ ʜʦʧʦʣʥʠʪʝʣʴʥʦʝ ʩʨʝʜʩʪʚʦ ʧʨʠ ʦʮʝʥʢʝ 

ʬʠʟʠʯʝʩʢʦʛʦ ʨʘʟʚʠʪʠʷ ʩʪʫʜʝʥʪʦʚ ʠ ʤʦʥʠʪʦʨʠʥʛʘ ʜʠʥʘʤʠʢʠ ʨʘʟʚʠʪʠʷ ʩʢʝʣʝʪʥʦʡ ʤʫʩʢʫʣʘʪʫʨʳ ʤʦʣʦʜʦʛʦ 

ʯʝʣʦʚʝʢʘ ʚ ʧʨʦʮʝʩʩʝ ʟʘʥʷʪʠʡ ʩʧʦʨʪʦʤ ʠ ʬʠʟʢʫʣʴʪʫʨʥʦ-ʩʧʦʨʪʠʚʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʴʶ. ʇʨʠ ʩʦʟʜʘʥʠʠ ʵʪʘʣʦʥʥʦʛʦ 

ʧʨʦʬʠʣʷ ʤʠʦʬʘʩʮʠʦʛʨʘʤʤʳ ʦʧʨʝʜʝʣʝʥʥʦʛʦ ʚʠʜʘ ʩʧʦʨʪʘ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʡ ʤʝʪʦʜ ʤʦʞʥʦ ʙʫʜʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴ 

ʧʨʠ ʦʨʛʘʥʠʟʘʮʠʠ ʠʥʜʠʚʠʜʫʘʣʴʥʦʛʦ ʧʦʜʭʦʜʘ ʢ ʪʨʝʥʠʨʦʚʦʯʥʦʤʫ ʧʨʦʮʝʩʩʫ ʩʪʫʜʝʥʪʦʚ, ʨʘʟʨʘʙʦʪʢʝ ʢʦʥʢʨʝʪʥʳʭ 

ʨʝʢʦʤʝʥʜʘʮʠʡ ʠ ʧʦʜʙʦʨʝ ʢʦʤʧʣʝʢʩʘ ʫʧʨʘʞʥʝʥʠʡ ʜʣʷ ʨʘʟʚʠʪʠʷ ʦʧʨʝʜʝʣʝʥʥʦʡ ʛʨʫʧʧʳ ʤʳʰʮ. ʊʘʢʞʝ ʜʘʥʥʳʡ 

ʤʝʪʦʜ ʤʦʞʝʪ ʷʚʣʷʪʴʩʷ ʜʦʧʦʣʥʠʪʝʣʴʥʳʤ ʧʨʦʛʥʦʩʪʠʯʝʩʢʠʤ ʢʨʠʪʝʨʠʝʤ ʜʣʷ ʚʳʙʦʨʘ ʥʘʠʙʦʣʝʝ ʦʧʪʠʤʘʣʴʥʦʛʦ 

ʚʠʜʘ ʬʠʟʢʫʣʴʪʫʨʥʦ-ʩʧʦʨʪʠʚʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ ʩʪʫʜʝʥʪʦʚ. ɺʤʝʩʪʝ ʩ ʵʪʠʤ ʝʩʪʴ ʦʧʨʝʜʝʣʝʥʥʳʝ ʦʛʨʘʥʠʯʝʥʠʷ ʚ 

ʧʨʠʤʝʥʝʥʠʠ ʵʪʦʛʦ ʤʝʪʦʜʘ, ʢʦʪʦʨʳʝ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʪʦʤ, ʯʪʦ ʙʳ ʦʙʩʣʝʜʫʝʤʳʡ ʯʝʣʦʚʝʢ ʙʳʣ ʧʨʘʢʪʠʯʝʩʢʠ ʟʜʦʨʦʚ 

ʠ ʥʝ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʷʨʢʦ ʚʳʨʘʞʝʥʥʳʭ ʩʪʨʝʩʩʦʨʥʳʭ ʬʘʢʪʦʨʦʚ. ʇʨʠ ʵʪʦʤ ʜʠʥʘʤʠʯʝʩʢʠʝ ʥʘʙʣʶʜʝʥʠʷ 

ʧʦʢʘʟʳʚʘʶʪ ʦʙʲʝʢʪʠʚʥʫʶ ʢʘʨʪʠʥʫ ʠʟʤʝʥʝʥʠʷ ʤʳʰʝʯʥʦʛʦ ʪʦʥʫʩʘ. 
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ON THE QUESTION OF STUDYING THE INFORMATIONAL CONTENT OF ELECTROPUNCTURE 

DIAGNOSTICS AND MYOFASTIOGR APHY DATA WHEN EXAMINING A HUMAN  
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The purpose of this study was to: study the informativeness of electropuncture diagnostics (EPD) based on 

identifying the relationship with objective parameters for assessing the morphofunctional state, general physical 

performance and development of motor qualities, as well as the possibility of using myofasciography when 

examining students. 

When studying the dependence of the results of EPD with the morphofunctional indicators of students, it was 

revealed that the derived indicators of the cardiovascular system - stroke volume, minute volume of blood 

circulation and the type of self-regulation of blood circulation significantly (p<0.05) correlate with all meridians, 

except for the ñstomachò, ñtripleò meridians heater" and "lungs". Despite the fact that the intercorrelations between 

the meridians are at least 50%. It was also revealed that the relationship between the electrical conductivity data of 

the meridians is most pronounced with derived indicators of the cardiovascular system, which integrally reflect the 

activity of the cardiovascular system as a whole. Indicators of external respiration - vital capacity (FVC), forced 
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expiratory volume in 1 s (FEV1) and exhaled air flow rate (V) significantly correlate with all meridians, except for 

the ñtriple warmerò and ñlungsò, with the same direction as and all derived indicators of the cardiovascular system. 

It has been shown that the use of the myofasciography method makes it possible to identify and objectively 

analyze the presence of asymmetry, hyper-hypotonicity or hyper- or hypotrophy of various muscle groups, and to 

detect differences in the profile of muscle tone in students involved in various sports. This creates the opportunity to 

use the method as an additional tool in assessing the physical development of students and monitoring the dynamics 

of development of the skeletal muscles of a young person in the process of playing sports and physical education 

and sports activities. This method can be used to develop a reference myofasciogram profile for a particular sport; 

the presented method can also be used when organizing an individual approach to the training process of students, 

developing specific recommendations and selecting a set of exercises for the development of a specific muscle 

group. This method can be an additional prognostic criterion for choosing the most optimal type of physical 

education and sports activity for students. At the same time, there are certain limitations in the use of this method, 

which consists in the fact that the person is practically healthy and not under the influence of pronounced stress 

factors. At the same time, dynamic observations show an objective picture of changes in muscle tone. 

 

ïïïïïïïïïïïïïïïï ǅïïïïïïïïïïïïïïïï 

ʆɹɿʆʈ ʄɸʊɽʄɸʊʀʏɽʉʂʀʍ ʆʉʅʆɺ ɸʅɸʃʀɿɸ ʅɽɿɸɺʀʉʀʄʓʍ ʂʆʄʇʆʅɽʅʊ 

ʉʘʠʬ ʄʦʭʘʤʤʝʜ ɻʘʤʠʣʴ ʄʦʭʘʤʤʝʜ 

saifmohammed24000@gmail.com 

ɺʣʘʜʠʤʠʨʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤʝʥʠ ɸ.ɻ. ʠ ʅ.ɻ.ʉʪʦʣʝʪʦʚʳʭ 

               ɸʥʥʦʪʘʮʠʷ 

 

ɸʥʘʣʠʟ ʥʝʟʘʚʠʩʠʤʳʭ ʢʦʤʧʦʥʝʥʪ ð ʵʪʦ ʚʝʨʦʷʪʥʦʩʪʥʳʡ ʚʳʯʠʩʣʠʪʝʣʴʥʳʡ ʤʝʪʦʜ ʨʘʟʜʝʣʝʥʠʷ ʥʝʟʘʚʠʩʠʤʳʭ 

ʢʦʤʧʦʥʝʥʪ, ʣʠʥʝʡʥʦ ʩʤʝʰʘʥʥʳʭ ʚ ʠʟʤʝʨʷʝʤʦʤ ʩʠʛʥʘʣʝ. ɸʥʘʣʠʟ ʥʝʟʘʚʠʩʠʤʳʭ ʢʦʤʧʦʥʝʥʪ ʩʯʠʪʘʝʪʩʷ ʯʘʩʪʥʳʤ 

ʩʣʫʯʘʝʤ ʤʝʪʦʜʘ ʩʣʝʧʦʛʦ ʨʘʟʜʝʣʝʥʠʷ ʠʩʪʦʯʥʠʢʦʚ. ʂʨʘʝʫʛʦʣʴʥʳʤ ʢʘʤʥʝʤ ʘʥʘʣʠʟʘ ʥʝʟʘʚʠʩʠʤʳʭ ʢʦʤʧʦʥʝʥʪ 

ʷʚʣʷʝʪʩʷ ʧʨʝʜʧʦʣʦʞʝʥʠʝ ʦ ʪʦʤ, ʯʪʦ ʦʩʥʦʚʥʳʝ ʢʦʤʧʦʥʝʥʪʳ ʠʟʤʝʨʷʝʤʦʛʦ ʩʠʛʥʘʣʘ ʥʝʟʘʚʠʩʠʤʳ ʠ ʠʤʝʶʪ 

ʥʝʛʘʫʩʩʦʚʦ ʨʘʩʧʨʝʜʝʣʝʥʠʝ. ɺ ʵʪʦʤ ʢʨʘʪʢʦʤ ʦʙʟʦʨʝ ʧʨʝʜʩʪʘʚʣʝʥ ʦʙʟʦʨ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʘʥʘʣʠʟʘ 

ʥʝʟʘʚʠʩʠʤʳʭ ʢʦʤʧʦʥʝʥʪ. 

 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: 

ʅʝʟʘʚʠʩʠʤʳʡ ʘʥʘʣʠʟ ʢʦʤʧʦʥʝʥʪ, ʩʣʝʧʦʝ ʨʘʟʜʝʣʝʥʠʝ ʠʩʪʦʯʥʠʢʦʚ, ʥʝʛʘʫʩʩʦʚʦ ʨʘʩʧʨʝʜʝʣʝʥʠʝ 

1. ɺʚʝʜʝʥʠʝ 

ɸʥʘʣʠʟ ʥʝʟʘʚʠʩʠʤʳʭ ʢʦʤʧʦʥʝʥʪ ð ʵʪʦ ʚʝʨʦʷʪʥʦʩʪʥʳʡ ʚʳʯʠʩʣʠʪʝʣʴʥʳʡ ʤʝʪʦʜ ʨʘʟʜʝʣʝʥʠʷ ʥʝʟʘʚʠʩʠʤʳʭ 

ʢʦʤʧʦʥʝʥʪ, ʣʠʥʝʡʥʦ ʩʤʝʰʘʥʥʳʭ ʚ ʠʟʤʝʨʷʝʤʦʤ ʩʠʛʥʘʣʝ [1]. ʆʩʥʦʚʥʘʷ ʪʝʦʨʠʷ ʘʥʘʣʠʟʘ ʥʝʟʘʚʠʩʠʤʳʭ 

ʢʦʤʧʦʥʝʥʪ ʙʳʣʘ ʚʧʝʨʚʳʝ ʨʘʟʨʘʙʦʪʘʥʘ ʚ 1991 ʛʦʜʫ ʖʪʪʝʥʦʤ ʠ ʕʨʦ [2]. ɸʥʘʣʠʟ ʥʝʟʘʚʠʩʠʤʳʭ ʢʦʤʧʦʥʝʥʪ 

ʧʳʪʘʝʪʩʷ ʥʘʡʪʠ ʠʩʭʦʜʥʳʝ ʢʦʤʧʦʥʝʥʪʳ ʠʟʤʝʨʷʝʤʦʛʦ ʩʠʛʥʘʣʘ ʥʘ ʦʩʥʦʚʝ ʧʨʝʜʧʦʣʦʞʝʥʠʷ, ʯʪʦ ʵʪʠ ʢʦʤʧʦʥʝʥʪʳ 

ʥʝʟʘʚʠʩʠʤʳ ʠ ʥʝʛʘʫʩʩʦʚʦ ʨʘʩʧʨʝʜʝʣʝʥʳ [3]. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʘʥʘʣʠʟ ʥʝʟʘʚʠʩʠʤʳʭ ʢʦʤʧʦʥʝʥʪ ʥʝʧʨʠʤʝʥʠʤ ʜʣʷ 

ʢʦʤʧʦʥʝʥʪ, ʨʘʩʧʨʝʜʝʣʝʥʥʳʭ ʧʦ ɻʘʫʩʩʫ ʚ ʩʠʛʥʘʣʝ. ʉʫʱʝʩʪʚʫʝʪ ʪʨʠ ʨʘʟʥʳʭ ʘʣʛʦʨʠʪʤʘ ʜʣʷ ʜʦʩʪʠʞʝʥʠʷ ʮʝʣʠ 

ʘʥʘʣʠʟʘ ʥʝʟʘʚʠʩʠʤʳʭ ʢʦʤʧʦʥʝʥʪ; ʥʝʢʦʪʦʨʳʝ ʘʣʛʦʨʠʪʤʳ ʧʳʪʘʶʪʩʷ ʧʦʣʫʯʠʪʴ ʢʦʤʧʦʥʝʥʪʳ, ʢʦʪʦʨʳʝ 

ʤʘʢʩʠʤʠʟʠʨʫʶʪ ʥʝʛʘʫʩʩʦʚʦʩʪʴ, ʯʪʦ ʤʦʞʥʦ ʧʨʦʚʝʨʠʪʴ ʩ ʧʦʤʦʱʴʶ ʥʝʛʵʥʪʨʦʧʠʠ ʠ/ʠʣʠ ʢʫʨʪʦʟʠʩʘ [4]; 

ʥʝʢʦʪʦʨʳʝ ʜʨʫʛʠʝ ʘʣʛʦʨʠʪʤʳ, ʤʠʥʠʤʠʟʠʨʫʶʱʠʝ ʚʟʘʠʤʥʫʶ ʠʥʬʦʨʤʘʮʠʶ; ʜʨʫʛʠʝ ʘʣʛʦʨʠʪʤʳ ʧʨʠʤʝʥʷʶʪ 

ʦʮʝʥʢʫ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʧʨʘʚʜʦʧʦʜʦʙʠʷ [5].  ɸʥʘʣʠʟ ʥʝʟʘʚʠʩʠʤʳʭ ʢʦʤʧʦʥʝʥʪ ʰʠʨʦʢʦ ʧʨʠʤʝʥʷʝʪʩʷ ʧʨʠ 

ʦʙʨʘʙʦʪʢʝ ʠʟʦʙʨʘʞʝʥʠʡ, ʦʙʨʘʙʦʪʢʝ ʘʫʜʠʦʩʠʛʥʘʣʦʚ [6], ʙʠʦʤʝʪʨʠʠ ʠ ʦʙʨʘʙʦʪʢʝ ʙʠʦʤʝʜʠʮʠʥʩʢʠʭ ʩʠʛʥʘʣʦʚ [7]. 

ʎʝʣʴ ʵʪʦʛʦ ʢʨʘʪʢʦʛʦ ʦʙʟʦʨʘ ð ʧʨʝʜʦʩʪʘʚʠʪʴ ʦʙʟʦʨ ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʦʩʥʦʚ ʘʥʘʣʠʟʘ ʥʝʟʘʚʠʩʠʤʳʭ ʢʦʤʧʦʥʝʥʪ.  

ʄʘʪʝʤʘʪʠʯʝʩʢʘʷ ʦʩʥʦʚʘ ʘʥʘʣʠʟʘ ʥʝʟʘʚʠʩʠʤʳʭ ʢʦʤʧʦʥʝʥʪ 

1.1.  ʉʤʝʰʠʚʘʥʠʝ ʩʠʛʥʘʣʦʚ  

ʇʝʨʚʳʤ ʰʘʛʦʤ ʢ ʧʦʥʠʤʘʥʠʶ ʘʥʘʣʠʟʘ ʥʝʟʘʚʠʩʠʤʳʭ ʢʦʤʧʦʥʝʥʪ ʷʚʣʷʝʪʩʷ ʧʦʥʠʤʘʥʠʝ ʪʦʛʦ, ʢʘʢ ʩʠʛʥʘʣʳ 

ʩʤʝʰʠʚʘʥʠʷ ʠʣʠ ʧʝʨʝʤʝʥʥʳʝ ʤʦʛʫʪ ʙʳʪʴ ʧʨʝʜʩʪʘʚʣʝʥʳ ʤʘʪʝʤʘʪʠʯʝʩʢʠ. ʉ ʵʪʦʡ ʮʝʣʴʶ ʤʳ ʧʨʝʜʦʩʪʘʚʠʣʠ 

ʥʘʛʣʷʜʥʳʡ ʧʨʠʤʝʨ, ʧʦʢʘʟʘʥʥʳʡ ʥʘ ʨʠʩʫʥʢʝ 2. ʄʘʪʝʤʘʪʠʯʝʩʢʠ ʤʳ ʤʦʞʝʤ ʧʨʝʜʩʪʘʚʠʪʴ ʩʠʩʪʝʤʫ ʟʘʧʠʩʠ ʛʦʣʦʩʘ, 

ʧʦʢʘʟʘʥʥʫʶ ʥʘ ʨʠʩʫʥʢʝ 1, ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: 

ὢ ὃὛ                                                                                                           ρ; 
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ʉɽʂʎʀʗ 2 - ɹʠʦʢʠʙʝʨʥʝʪʠʢʘ ʠ ʤʘʪʝʤʘʪʠʯʝʩʢʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ                  150 

 

 

XVI ʄʝʞʜʫʥʘʨʦʜʥʘʷ ʅʘʫʯʥʘʷ ʂʦʥʬʝʨʝʥʮʠʷ "ʌʠʟʠʢʘ ʠ ʈʘʜʠʦʵʣʝʢʪʨʦʥʠʢʘ ʚ ʄʝʜʠʮʠʥʝ ʠ ʕʢʦʣʦʛʠʠ" 

 

ɻʜʝ  ὢ  ð ʚʝʢʪʦʨ ʩʤʝʰʘʥʥʳʭ ʩʠʛʥʘʣʦʚ, ʟʘʧʠʩʘʥʥʳʭ ʤʠʢʨʦʬʦʥʘʤʠ Mic 1 ʠ Mic 2, ʝʛʦ ʤʦʞʥʦ ʟʘʧʠʩʘʪʴ ʢʘʢ 

ʚʝʢʪʦʨ ὢ ;  A ð ʤʘʪʨʠʮʘ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʩʤʝʰʠʚʘʥʠʷ aij, ʢʦʪʦʨʘʷ ʦʪʥʦʩʠʪʩʷ ʢ ʫʩʠʣʝʥʠʶ, ʢʦʪʦʨʦʝ 

ʢʘʞʜʳʡ ʥʝʟʘʚʠʩʠʤʳʡ ʩʠʛʥʘʣ ʧʦʣʫʯʘʝʪ ʥʘ ʤʠʢʨʦʬʦʥʝ 1 ʠ ʤʠʢʨʦʬʦʥʝ 2, ʠ ʤʦʞʝʪ ʙʳʪʴ ʟʘʧʠʩʘʥʘ ʩʣʝʜʫʶʱʠʤ 

ʦʙʨʘʟʦʤ:  ὃ
ὥρρὥρς
ὥςρὥςς

; Ὓ   - ʚʝʢʪʦʨ ʜʚʫʭ ʩʠʛʥʘʣʦʚ ʜʦ ʩʤʝʰʠʚʘʥʠʷ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʫʨʘʚʥʝʥʠʝ 1 

ʤʦʞʥʦ ʟʘʧʠʩʘʪʴ ʚ ʩʣʝʜʫʶʱʝʤ ʚʠʜʝ: 

=
ὥρρὥρς
ὥςρὥςς

                                                                                              ςȠ    

ʕʪʦ ʦʟʥʘʯʘʝʪ, ʯʪʦ ʩʠʛʥʘʣ Xn ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʣʠʥʝʡʥʫʶ ʢʦʤʙʠʥʘʮʠʶ ʩʠʛʥʘʣʦʚ Sm,  ʫʤʥʦʞʝʥʥʳʭ ʥʘ 

ʢʦʵʬʬʠʮʠʝʥʪ aij. ɺ ʣʠʥʝʡʥʦʡ ʘʣʛʝʙʨʝ ʫʤʥʦʞʝʥʠʝ ʚʝʢʪʦʨʘ ʥʘ ʤʘʪʨʠʮʫ ʧʨʠʚʦʜʠʪ ʢ ʧʦʚʦʨʦʪʫ ʥʘ ʦʧʨʝʜʝʣʝʥʥʳʡ 

ʫʛʦʣ ʠ ʨʘʩʪʷʞʝʥʠʶ ʵʪʦʛʦ ʚʝʢʪʦʨʘ; ʝʩʣʠ ʤʘʪʨʠʮʘ ʜʠʘʛʦʥʘʣʴʥʘʷ, ʪʦ ʧʨʦʠʟʦʰʝʜʰʝʝ ʧʨʝʦʙʨʘʟʦʚʘʥʠʝ ʷʚʣʷʝʪʩʷ 

ʪʦʣʴʢʦ ʨʘʩʪʷʞʝʥʠʝʤ. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʧʨʝʦʙʨʘʟʦʚʘʥʠʝ, ʢʦʪʦʨʦʝ ʧʨʦʠʩʭʦʜʠʪ ʜʣʷ  Ὓ ʧʨʠ ʫʤʥʦʞʝʥʠʠ ʥʘ ʤʘʪʨʠʮʫ 
A, ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʚʨʘʱʝʥʠʝ ʠ ʨʘʩʪʷʞʝʥʠʝ. 

1.2.  ʈʘʟʜʝʣʝʥʠʝ ʩʠʛʥʘʣʦʚ 

ɸʥʘʣʠʟ ʥʝʟʘʚʠʩʠʤʳʭ ʢʦʤʧʦʥʝʥʪ ʥʘʧʨʘʚʣʝʥ ʥʘ ʨʘʟʜʝʣʝʥʠʝ ʩʠʛʥʘʣʦʚ Ὓ   ʧʦʩʨʝʜʩʪʚʦʤ ʦʙʨʘʱʝʥʠʷ ʚʩʧʷʪʴ 
ʧʨʦʮʝʩʩʘ ʩʤʝʰʠʚʘʥʠʷ ʩʠʛʥʘʣʦʚ, ʦʧʠʩʘʥʥʦʛʦ ʚʳʰʝ. ʄʘʪʝʤʘʪʠʯʝʩʢʠ ʧʨʦʮʝʩʩ ʥʝʩʤʝʰʠʚʘʥʠʷ ʩʠʛʥʘʣʦʚ ʤʦʞʥʦ 

ʧʨʝʜʩʪʘʚʠʪʴ ʩʣʝʜʫʶʱʝʡ ʬʦʨʤʫʣʦʡ: 

Ὓ  ὢὃ                                                                                                  σ; 

ʉʦʛʣʘʩʥʦ ʫʨʘʚʥʝʥʠʶ 3, ʟʘʜʘʯʘ ʥʝʟʘʚʠʩʠʤʦʛʦ ʘʥʘʣʠʟʘ ʢʦʤʧʦʥʝʥʪ ʩʦʩʪʦʠʪ ʚ ʪʦʤ, ʯʪʦʙʳ ʥʘʡʪʠ ʤʘʪʨʠʮʫ A. 

ʉʫʱʝʩʪʚʫʶʪ ʨʘʟʣʠʯʥʳʝ ʤʘʪʝʤʘʪʠʯʝʩʢʠʝ ʠ ʩʪʘʪʠʩʪʠʯʝʩʢʠʝ ʤʝʪʦʜʳ, ʢʦʪʦʨʳʝ ʤʦʞʥʦ ʧʨʠʤʝʥʠʪʴ ʜʣʷ ʦʮʝʥʢʠ 

ʘʧʧʨʦʢʩʠʤʘʮʠʠ A. ʉʘʤʳʡ ʧʨʦʩʪʦʡ ʩʧʦʩʦʙ ʘʧʧʨʦʢʩʠʤʠʨʦʚʘʪʴ ʤʘʪʨʠʮʫ A - ʵʪʦ ʩʣʝʜʫʶʱʠʡ ʩʪʘʪʠʩʪʠʯʝʩʢʠʡ 

ʤʝʪʦʜ: 

ʇʨʝʞʜʝ ʚʩʝʛʦ, ὢ ʩʣʝʜʫʝʪ ʧʝʨʝʮʝʥʪʨʠʨʦʚʘʪʴ ʜʦ ʥʫʣʷ ʧʫʪʝʤ ʚʳʯʠʪʘʥʠʷ ʩʨʝʜʥʝʛʦ ʟʥʘʯʝʥʠʷ ɛ ʠʟ ʚʩʝʭ ʩʠʛʥʘʣʦʚ; 

ʝʩʣʠ ʤʳ ʦʙʦʟʥʘʯʠʤ ʤʘʪʨʠʮʫ ʨʝʮʝʥʪʨʠʨʦʚʘʥʥʦʛʦ ὢ ʯʝʨʝʟ D, ʪʦ Ὀ ὼ ‘ . ʇʦʩʣʝ ʵʪʦʛʦ ʧʦʚʪʦʨʥʦ 

ʮʝʥʪʨʠʨʦʚʘʥʥʳʡ ʩʠʛʥʘʣ ʩʣʝʜʫʝʪ ʧʨʝʦʙʨʘʟʦʚʘʪʴ ʚ ʥʝʢʦʨʨʝʣʠʨʦʚʘʥʥʳʡ ʩʠʛʥʘʣ, ʘ ʟʘʪʝʤ ʤʘʩʰʪʘʙʠʨʦʚʘʪʴ 

ʢʘʞʜʳʡ ʩʠʛʥʘʣ ʪʘʢ, ʯʪʦʙʳ ʦʥ ʠʤʝʣ ʝʜʠʥʠʯʥʫʶ ʢʦʚʘʨʠʘʮʠʶ, ʵʪʦʪ ʧʨʦʮʝʩʩ ʥʘʟʳʚʘʝʪʩʷ ʦʪʙʝʣʠʚʘʥʠʝʤ ʠʣʠ 

ʩʬʝʨʠʨʦʚʘʥʠʝʤ. ɼʣʷ ʜʝʢʦʨʨʝʣʷʮʠʠ ʩʠʛʥʘʣʦʚ ʢʦʚʘʨʠʘʮʠʦʥʥʘʷ ʤʘʪʨʠʮʘ    ὉὈὈ  ʚʳʯʠʩʣʷʝʪʩʷ ʠ ʜʚʘ 

ʩʠʛʥʘʣʘ ʩʯʠʪʘʶʪʩʷ ʥʝʢʦʨʨʝʣʠʨʦʚʘʥʥʳʤʠ, ʝʩʣʠ ʠʭ ʢʦʚʘʨʠʘʮʠʷ ʨʘʚʥʘ ʥʫʣʶ. ʈʝʰʘʷ ʢʦʚʘʨʠʘʮʠʦʥʥʫʶ ʤʘʪʨʠʮʫ, 

ʤʳ ʧʦʣʫʯʘʝʤ ʩʦʙʩʪʚʝʥʥʳʝ ʟʥʘʯʝʥʠʷ  ‗ ʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʩʦʙʩʪʚʝʥʥʳʝ ʚʝʢʪʦʨʳ ὠ,   ʢʦʪʦʨʳʝ 
ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʦʩʥʦʚʥʳʝ ʢʦʤʧʦʥʝʥʪʳ. ʇʦʩʣʝ ʵʪʦʛʦ ʜʝʢʦʨʨʝʣʠʨʦʚʘʥʥʳʝ ʩʠʛʥʘʣʳ ʜʦʣʞʥʳ ʙʳʪʴ 

ʤʘʩʰʪʘʙʠʨʦʚʘʥʳ ʩ ʝʜʠʥʠʯʥʦʡ ʜʠʩʧʝʨʩʠʝʡ. 

ʀʜʝʷ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʩʣʝʜʫʶʱʝʤ, ɽʩʣʠ Ὓ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʩʠʛʥʘʣ ʩ ʥʫʣʝʚʳʤ ʩʨʝʜʥʠʤ ʟʥʘʯʝʥʠʝʤ ʩʦ 
ʩʪʘʪʠʩʪʠʯʝʩʢʠ ʥʝʟʘʚʠʩʠʤʳʤʠ ʢʦʤʧʦʥʝʥʪʘʤʠ, ʟʘʪʝʤ ʦʞʠʜʘʝʤʦʝ ʟʥʘʯʝʥʠʝ ʠʣʠ ʩʨʝʜʥʝʚʟʚʝʰʝʥʥʦʝ ʟʥʘʯʝʥʠʝ  

E(S) = 0; ʢʦʚʘʨʠʘʮʠʷ  ὉὛὛ) =1;  Ὁὢ ‘ ; 
 ὅέὺὢ ὃὃ    ὅ                                                                            (4); 

 
ʈʠʩʫʥʦʢ  1:  ʅʘʛʣʷʜʥʳʡ ʧʨʠʤʝʨ ʤʠʢʰʠʨʦʚʘʥʠʷ ʩʠʛʥʘʣʦʚ, ʛʜʝ S1 ʠ S2 ʷʚʣʷʶʪʩʷ ʥʝʟʘʚʠʩʠʤʳʤʠ ʠʩʪʦʯʥʠʢʘʤʠ 

ʩʠʛʥʘʣʦʚ; aij ð ʢʦʵʬʬʠʮʠʝʥʪʳ ʤʠʢʰʠʨʦʚʘʥʠʷ, Mic 1 ʠ Mic 2 ð ʤʠʢʨʦʬʦʥʳ, ʤʠʢʰʠʨʫʶʱʠʝ ʩʠʛʥʘʣʳ; X1(t) 

ʠ X2(t) ð ʠʟʤʝʨʷʝʤʳʝ ʩʠʛʥʘʣʳ. 
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ɿʥʘʷ, ʯʪʦ ὅέὺὢ ὃὃ    ὅ  , ʆʧʨʝʜʝʣʠʪʴ s ʯʝʨʝʟ x ʤʦʞʥʦ ʩ ʧʦʤʦʱʴʶ ʩʣʝʜʫʶʱʝʛʦ ʫʨʘʚʥʝʥʠʷ:   Ὓ  

ὢὃ       
ʈʘʟʣʦʞʝʥʠʝ ʧʦ ʩʠʥʛʫʣʷʨʥʳʤ ʟʥʘʯʝʥʠʷʤ ʪʘʢʞʝ ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʜʣʷ ʥʘʭʦʞʜʝʥʠʷ ʤʘʪʨʠʮʳ A. ɺ 

ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʨʘʟʣʦʞʝʥʠʝʤ ʧʦ ʩʠʥʛʫʣʷʨʥʳʤ ʟʥʘʯʝʥʠʷʤ ʤʘʪʨʠʮʫ A ʤʦʞʥʦ ʨʘʟʣʦʞʠʪʴ ʥʘ ʪʨʠ ʙʦʣʝʝ ʧʨʦʩʪʳʝ 

ʤʘʪʨʠʮʳ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: 

ὃ Ὗ ὠᶻ                                                                                                υ; 

ɽʩʣʠ ʤʳ ʧʨʝʜʧʦʣʦʞʠʣʠ, ʯʪʦ ʨʘʟʤʝʨ ʤʘʪʨʠʮʳ A ʨʘʚʝʥ ὲ ά ;   Ὗ  ʙʫʜʝʪ ʫʥʠʪʘʨʥʘʷ ʤʘʪʨʠʮʘ ʨʘʟʤʝʨʦʤ ά ά; 

   ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʜʠʘʛʦʥʘʣʴʥʫʶ ʤʘʪʨʠʮʫ ʨʘʟʤʝʨʦʤ ὲ ά; V is an ὲ ὲ  ʫʥʠʪʘʨʥʘʷ ʤʘʪʨʠʮʘ ʠ ὠᶻ  
ʷʚʣʷʝʪʩʷ ʩʦʧʨʷʞʝʥʥʳʤ ʪʨʘʥʩʧʦʥʠʨʦʚʘʥʠʝʤ  ʜʣʷ V. 

ʀʟ ʫʨʘʚʥʝʥʠʷ 4,  ὃὃ     Ὗ ὠᶻ Ὗ ὠᶻ   ᴼ ὃὃ Ὗ Ὗ  ᴼ ὃὃ   ;  V ï ʩʦʙʩʪʚʝʥʥʳʡ ʚʝʢʪʦʨ, 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʡ ʤʘʪʨʠʮʝ Ɇ; ʤʘʪʨʠʮʫ U ʤʦʞʥʦ ʥʘʡʪʠ, ʧʨʦʩʪʦ ʧʨʝʦʙʨʘʟʫʷ ʫʨʘʚʥʝʥʠʝ 4 ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: 

ὃ Ὗ ὠᶻ  O ὃὠ Ὗ  
ɿʘʤʝʥʠʚ A ʚ ʫʨʘʚʥʝʥʠʠ 4 ʥʘ ʟʥʘʯʝʥʠʝ A, ʢʘʢ ʧʦʢʘʟʘʥʦ ʚ ʫʨʘʚʥʝʥʠʠ 3, ʤʳ ʧʦʣʫʯʠʤ ʩʣʝʜʫʶʱʝʝ ʫʨʘʚʥʝʥʠʝ:  

Ὓ  Ὗ ὠᶻ   ὢ                                                                                           φ; 

ʄʘʪʨʠʮʘ U ʚʨʘʱʘʝʪ ʤʘʪʨʠʮʫ  ὢ;   ʨʘʩʪʷʛʠʚʘʝʪ ὢ;  ὠᶻ ʚʨʘʱʘʝʪ ʤʘʪʨʠʮʫ ὢ.  

ɿʘʢʣʶʯʝʥʠʝ 

ɸʥʘʣʠʟ ʥʝʟʘʚʠʩʠʤʳʭ ʢʦʤʧʦʥʝʥʪ ð ʵʪʦ ʚʳʯʠʩʣʠʪʝʣʴʥʳʡ ʤʝʪʦʜ, ʢʦʪʦʨʳʡ ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʨʘʟʜʝʣʝʥʠʷ 

ʢʦʤʧʦʥʝʥʪ ʩʠʛʥʘʣʘ ʧʦʩʨʝʜʩʪʚʦʤ ʤʘʢʩʠʤʠʟʘʮʠʠ ʥʝʛʘʫʩʩʦʚʦʩʪʠ ʵʪʠʭ ʥʝʟʘʚʠʩʠʤʳʭ ʢʦʤʧʦʥʝʥʪ, ʤʘʢʩʠʤʠʟʘʮʠʠ 

ʠʭ ʚʝʨʦʷʪʥʦʩʪʠ ʠʣʠ ʤʠʥʠʤʠʟʘʮʠʠ ʚʟʘʠʤʥʦʡ ʠʥʬʦʨʤʘʮʠʠ ʤʝʞʜʫ ʥʠʤʠ. ʄʘʪʝʤʘʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ 

ʥʝʟʘʚʠʩʠʤʦʛʦ ʢʦʤʧʦʥʝʥʪʥʦʛʦ ʘʥʘʣʠʟʘ ʨʘʟʨʘʙʦʪʘʥʘ ʥʘ ʦʩʥʦʚʝ ʨʘʟʣʦʞʝʥʠʷ ʧʦ ʩʠʥʛʫʣʷʨʥʳʤ ʟʥʘʯʝʥʠʷʤ ʠʣʠ 

ʩʪʘʪʠʩʪʠʯʝʩʢʦʡ ʤʝʨʳ ʜʣʷ ʥʘʭʦʞʜʝʥʠʷ ʥʝʩʤʝʰʠʚʘʶʱʝʡʩʷ ʤʘʪʨʠʮʳ ʩʠʛʥʘʣʦʚ. 
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ɺʣʘʜʠʤʠʨʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤʝʥʠ ɸʣʝʢʩʘʥʜʨʘ ɻʨʠʛʦʨʴʝʚʠʯʘ ʠ ʅʠʢʦʣʘʷ ɻʨʠʛʦʨʴʝʚʠʯʘ 

ʉʪʦʣʝʪʦʚʳʭ 

ɸʥʥʦʪʘʮʠʷ 

ʕʣʝʢʪʨʦʵʥʮʝʬʘʣʦʛʨʘʬʠʷ (ʕʕɻ) ʦʪʨʘʞʘʝʪ ʵʣʝʢʪʨʠʯʝʩʢʫʶ ʘʢʪʠʚʥʦʩʪʴ ʤʦʟʛʘ, ʧʦʵʪʦʤʫ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ 

ʩʣʦʞʥʳʡ ʩʠʛʥʘʣ. ʇʦʤʠʤʦ ʩʚʦʝʡ ʩʣʦʞʥʦʩʪʠ, ʕʕɻ ʫʷʟʚʠʤʘ ʢ ʬʠʟʠʦʣʦʛʠʯʝʩʢʠʤ ʠ ʥʝʬʠʟʠʦʣʦʛʠʯʝʩʢʠʤ 

ʘʨʪʝʬʘʢʪʘʤ. ʅʝʟʘʚʠʩʠʤʳʡ ʢʦʤʧʦʥʝʥʪʥʳʡ ʘʥʘʣʠʟ ʷʚʣʷʝʪʩʷ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʤ ʤʝʪʦʜʦʤ ʫʜʘʣʝʥʠʷ ʘʨʪʝʬʘʢʪʦʚ 

ʕʕɻ ʠ ʣʦʢʘʣʠʟʘʮʠʠ ʠʩʪʦʯʥʠʢʘ. ʎʝʣʴ ʵʪʦʡ ʩʪʘʪʴʠ ð ʠʟʫʯʠʪʴ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʘʥʘʣʠʟʘ ʥʝʟʘʚʠʩʠʤʳʭ 

ʢʦʤʧʦʥʝʥʪʦʚ ʧʨʠ ʫʜʘʣʝʥʠʠ ʘʨʪʝʬʘʢʪʦʚ ʕʕɻ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ EEGlab ʚ MATLAB. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ 

ʕʣʝʢʪʨʦʵʥʮʝʬʘʣʦʛʨʘʬʠʷ; ʕʕɻ; ʘʨʪʝʬʘʢʪʳ ʕʕɻ; EEGlab; MATLAB 

ɺʚʝʜʝʥʠʝ 

ʕʣʝʢʪʨʦʵʥʮʝʬʘʣʦʛʨʘʬʠʷ (ʕʕɻ) ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʵʣʝʢʪʨʠʯʝʩʢʫʶ ʘʢʪʠʚʥʦʩʪʴ ʢʦʨʳ ʛʦʣʦʚʥʦʛʦ ʤʦʟʛʘ [1]. 

ʅʝʩʤʦʪʨʷ ʥʘ ʢʦʥʢʫʨʝʥʮʠʶ ʩʦ ʩʪʦʨʦʥʳ ʜʨʫʛʠʭ ʤʝʪʦʜʦʚ ʥʝʡʨʦʚʠʟʫʘʣʠʟʘʮʠʠ, ʕʕɻ ʧʦ-ʧʨʝʞʥʝʤʫ ʦʩʪʘʝʪʩʷ 

ʢʣʶʯʝʚʳʤ ʥʝʠʥʚʘʟʠʚʥʳʤ ʠʥʩʪʨʫʤʝʥʪʦʤ ʥʝʡʨʦʚʠʟʫʘʣʠʟʘʮʠʠ ʙʣʘʛʦʜʘʨʷ ʩʚʦʝʤʫ ʚʳʩʦʢʦʤʫ ʚʨʝʤʝʥʥʦʤʫ 

ʨʘʟʨʝʰʝʥʠʶ ʠ ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʜʝʰʝʚʠʟʥʝ [2]. ʆʜʥʘʢʦ ʕʕɻ ʫʷʟʚʠʤʘ ʢ ʨʘʟʣʠʯʥʳʤ ʬʠʟʠʦʣʦʛʠʯʝʩʢʠʤ ʠ 

ʥʝʬʠʟʠʦʣʦʛʠʯʝʩʢʠʤ ʘʨʪʝʬʘʢʪʘʤ [3]. ʌʠʟʠʦʣʦʛʠʯʝʩʢʠʝ ʘʨʪʝʬʘʢʪʳ ð ʵʪʦ ʵʣʝʢʪʨʠʯʝʩʢʠʝ ʧʦʪʝʥʮʠʘʣʳ, 

ʛʝʥʝʨʠʨʫʝʤʳʝ ʯʘʩʪʷʤʠ ʪʝʣʘ ʟʘ ʧʨʝʜʝʣʘʤʠ ʤʦʟʛʘ, ʠʩʢʘʞʘʶʱʠʝ ʩʠʛʥʘʣ ʕʕɻ ʠʟ-ʟʘ ʝʤʢʦʩʪʥʦʡ ʠ ʦʙʲʝʤʥʦʡ 

ʧʨʦʚʦʜʠʤʦʩʪʠ [4]. ʌʠʟʠʦʣʦʛʠʯʝʩʢʠʝ ʘʨʪʝʬʘʢʪʳ ʚʢʣʶʯʘʶʪ ʤʳʰʝʯʥʳʝ ʘʨʪʝʬʘʢʪʳ, ʘ ʪʘʢʞʝ ʩʝʨʜʝʯʥʳʝ ʠ 

ʛʣʘʟʥʳʝ ʘʨʪʝʬʘʢʪʳ. ʄʳʰʝʯʥʳʝ ʘʨʪʝʬʘʢʪʳ, ʚʦʟʥʠʢʘʶʱʠʝ ʧʨʠ ʵʣʝʢʪʨʦʤʠʦʛʨʘʬʠʠ (ʕʄɻ), ʷʚʣʷʶʪʩʷ ʥʘʠʙʦʣʝʝ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʤʠ ʘʨʪʝʬʘʢʪʘʤʠ ʕʕɻ ʠ ʧʨʘʢʪʠʯʝʩʢʠ ʧʦʚʩʝʤʝʩʪʥʦ ʧʨʠʩʫʪʩʪʚʫʶʪ ʧʨʠ ʟʘʧʠʩʠ ʕʕɻ [5]. 

ʅʝʬʠʟʠʦʣʦʛʠʯʝʩʢʠʝ ʘʨʪʝʬʘʢʪʳ ð ʵʪʦ ʵʣʝʢʪʨʠʯʝʩʢʠʝ ʧʦʪʝʥʮʠʘʣʳ, ʛʝʥʝʨʠʨʫʝʤʳʝ ʚʥʝ ʪʝʣʘ, ʟʘʩʣʦʥʷʶʱʠʝ 

ʩʠʛʥʘʣ ʕʕɻ [6]. ʂ ʥʝʬʠʟʠʦʣʦʛʠʯʝʩʢʠʤ ʘʨʪʝʬʘʢʪʘʤ ʦʪʥʦʩʷʪʩʷ ʘʨʪʝʬʘʢʪʳ ʧʨʠʙʦʨʦʚ ʠ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ [7].  

ɸʥʘʣʠʟ ʥʝʟʘʚʠʩʠʤʳʭ ʢʦʤʧʦʥʝʥʪʦʚ ð ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʡ ʤʝʪʦʜ, ʧʨʠʤʝʥʷʝʤʳʡ ʜʣʷ ʫʜʘʣʝʥʠʷ ʘʨʪʝʬʘʢʪʦʚ 

ʕʕɻ. ʎʝʣʴ ʵʪʦʡ ʩʪʘʪʴʠ ð ʠʟʫʯʠʪʴ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʘʥʘʣʠʟʘ ʥʝʟʘʚʠʩʠʤʳʭ ʢʦʤʧʦʥʝʥʪʦʚ ʧʨʠ ʫʜʘʣʝʥʠʠ 

ʘʨʪʝʬʘʢʪʦʚ ʕʕɻ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ EEGlab ʚ MATLAB. 

ʄʝʪʦʜʳ 

ɼʘʥʥʳʝ ʕʕɻ ʨʝʛʠʩʪʨʠʨʦʚʘʣʠʩʴ ʩ ʧʦʤʦʱʴʶ 61 ʩʢʘʣʴʧʦʚʦʛʦ ʵʣʝʢʪʨʦʜʘ, ʥʝʦʙʨʘʙʦʪʘʥʥʳʝ ʜʘʥʥʳʝ ʕʕɻ 

ʚʠʟʫʘʣʠʟʠʨʦʚʘʣʠʩʴ ʩ ʧʦʤʦʱʴʶ MATLAB, ʢʘʢ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩʫʥʢʝ 1. 
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ʈʠʩʫʥʦʢ 1: ʅʝʦʙʨʘʙʦʪʘʥʥʳʝ ʜʘʥʥʳʝ ʕʕɻ, ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʥʳʝ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 61  ʩʢʘʣʴʧʦʚʦʛʦ ʵʣʝʢʪʨʦʜʘ 

ʂʘʢ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩʫʥʢʝ 1, ʥʝʦʙʨʘʙʦʪʘʥʥʳʝ ʜʘʥʥʳʝ ʕʕɻ ʙʳʣʠ ʟʘʛʨʷʟʥʝʥʳ ʨʘʟʣʠʯʥʳʤʠ ʬʠʟʠʦʣʦʛʠʯʝʩʢʠʤʠ ʠ 

ʥʝʬʠʟʠʦʣʦʛʠʯʝʩʢʠʤʠ ʘʨʪʝʬʘʢʪʘʤʠ; ʧʝʨʚʳʤ ʰʘʛʦʤ ʚ ʫʜʘʣʝʥʠʠ ʵʪʠʭ ʘʨʪʝʬʘʢʪʦʚ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʝʪʦʜʘ 

ʘʥʘʣʠʟʘ ʥʝʟʘʚʠʩʠʤʳʭ ʢʦʤʧʦʥʝʥʪʦʚ ʙʳʣʦ ʨʘʟʣʦʞʝʥʠʝ ʥʝʦʙʨʘʙʦʪʘʥʥʳʭ ʜʘʥʥʳʭ ʕʕɻ ʥʘ ʥʝʟʘʚʠʩʠʤʳʝ 

ʢʦʤʧʦʥʝʥʪʳ ʩ ʧʦʤʦʱʴʶ ʘʣʛʦʨʠʪʤʘ runICA ʚ EEGlab. ʈʝʟʫʣʴʪʘʪ ʨʘʟʣʦʞʝʥʠʷ ʩʳʨʦʡ ʕʕɻ ʚʠʟʫʘʣʠʟʠʨʦʚʘʣʠ, 

ʢʘʢ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩʫʥʢʝ 2. 

ʇʦʩʣʝ ʵʪʦʛʦ ʙʳʣʠ ʠʜʝʥʪʠʬʠʮʠʨʦʚʘʥʳ ʥʝʟʘʚʠʩʠʤʳʝ ʢʦʤʧʦʥʝʥʪʳ ʕʕɻ, ʢʦʪʦʨʳʝ ʩʯʠʪʘʣʠʩʴ ʘʨʪʝʬʘʢʪʘʤʠ, ʢʘʢ 

ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩʫʥʢʝ 3, ʥʘ ʦʩʥʦʚʝ ʥʘʚʳʢʦʚ ʠ ʦʧʳʪʘ ʘʥʘʣʠʟʘ ʕʕɻ; ʧʨʦʮʝʩʩ ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʢʦʤʧʦʥʝʥʪʦʚ 

ʘʨʪʝʬʘʢʪʘ ʤʦʞʥʦ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʪʴ ʥʘ ʦʩʥʦʚʝ ʥʝʢʦʪʦʨʳʭ ʨʘʩʰʠʨʝʥʠʡ EEGlab, ʪʘʢʠʭ ʢʘʢ SASICA. 

 
ʈʠʩʫʥʦʢ 2:  ʅʝʟʘʚʠʩʠʤʳʝ ʢʦʤʧʦʥʝʥʪʳ ʕʕɻ ʧʦʣʫʯʝʥʳ ʚ ʨʝʟʫʣʴʪʘʪʝ ʘʥʘʣʠʟʘ ʥʝʟʘʚʠʩʠʤʳʭ ʢʦʤʧʦʥʝʥʪʦʚ 
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ʈʠʩʫʥʦʢ 3: ʀʜʝʥʪʠʬʠʢʘʮʠʷ ʢʦʤʧʦʥʝʥʪʦʚ ʘʨʪʝʬʘʢʪʘ, ʢʦʪʦʨʳʝ ʥʝʦʙʭʦʜʠʤʦ ʫʜʘʣʠʪʴ 

 

 

ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ 

ʈʝʟʫʣʴʪʘʪ ʧʨʠʤʝʥʝʥʠʷ ʤʝʪʦʜʘ ʥʝʟʘʚʠʩʠʤʦʛʦ ʢʦʤʧʦʥʝʥʪʥʦʛʦ ʘʥʘʣʠʟʘ ʜʣʷ ʫʜʘʣʝʥʠʷ ʘʨʪʝʬʘʢʪʦʚ ʕʕɻ ʧʦʢʘʟʘʥ 

ʥʘ ʨʠʩʫʥʢʝ 4. 

 
ʈʠʩʫʥʦʢ 4:  ɼʘʥʥʳʝ ʕʕɻ ʙʝʟ ʢʦʤʧʦʥʝʥʪʦʚ ʘʨʪʝʬʘʢʪʦʚ 

ɿʘʢʣʶʯʝʥʠʝ 

ɸʥʘʣʠʟ ʥʝʟʘʚʠʩʠʤʳʭ ʢʦʤʧʦʥʝʥʪʦʚ ʷʚʣʷʝʪʩʷ ʵʬʬʝʢʪʠʚʥʳʤ ʩʧʦʩʦʙʦʤ ʫʜʘʣʝʥʠʷ ʘʨʪʝʬʘʢʪʦʚ ʕʕɻ, ʦʩʦʙʝʥʥʦ 

ʬʠʟʠʦʣʦʛʠʯʝʩʢʠʭ ʘʨʪʝʬʘʢʪʦʚ, ʪʘʢʠʭ ʢʘʢ ʛʣʘʟʥʳʝ ʘʨʪʝʬʘʢʪʳ. ʂʨʦʤʝ ʪʦʛʦ, ʜʣʷ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʠʩʪʦʯʥʠʢʘ 

ʠʩʧʦʣʴʟʫʝʪʩʷ ʘʥʘʣʠʟ ʥʝʟʘʚʠʩʠʤʳʭ ʢʦʤʧʦʥʝʥʪʦʚ. 
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 REMOVING EEG ARTIFACTS USING INDEPENDENT COMPONENT ANALYSIS  
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Abstract  

Electroencephalography (EEG) represents the electrical activity of the brain, that is why is a complex signal. 

Besides its complexity, EEG is vulnerable to physiological and non-physiological artifacts. Independent component 

analysis is common method in removing EEG artifacts and source localization. The aim of this article is to examine 

the efficacy of independent component analysis in removing EEG artifacts using EEGlab in MATLAB. 
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ɸʥʥʦʪʘʮʠʷ. ɺ ʨʘʙʦʪʝ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʢʦʤʤʫʥʠʢʘʮʠʦʥʥʳʝ ʩʝʪʠ p2p ʩ ʧʝʨʝʤʝʥʥʦʡ ʪʦʧʦʣʦʛʠʝʡ, ʪ.ʝ. ʪʦʪ 

ʩʣʫʯʘʡ, ʢʦʛʜʘ ʩʚʷʟʠ ʤʝʞʜʫ ʫʟʣʘʤʠ ʭʘʦʪʠʯʥʦ ʤʝʥʷʶʪʩʷ. ɺ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʚʝʨʦʷʪʥʦʩʪʠ ʘʢʪʠʚʥʦʩʪʠ ʩʚʷʟʝʡ 

ʤʝʞʜʫ ʫʟʣʘʤʠ ʜʘʝʪʩʷ ʦʪʚʝʪ ʥʘ ʧʨʠʥʮʠʧʠʘʣʴʥʳʡ ʚʦʧʨʦʩ: ʙʫʜʝʪ ʣʠ ʜʘʥʥʘʷ ʩʝʪʴ ʩʚʷʟʥʦʡ, ʪ.ʝ. ʩʫʱʝʩʪʚʫʝʪ ʣʠ 

ʤʘʨʰʨʫʪ ʠʟ ʜʘʥʥʦʛʦ ʫʟʣʘ ʚ ʣʶʙʦʡ ʜʨʫʛʦʡ  ʫʟʝʣ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʢʦʤʤʫʥʠʢʘʮʠʦʥʥʘʷ ʩʝʪʴ, ʪʦʧʦʣʦʛʠʷ ʩʝʪʠ, ʩʚʷʟʥʘʷ ʩʝʪʴ 

 

     ɺʚʝʜʝʥʠʝ.   

     ʂʦʤʤʫʥʠʢʘʮʠʦʥʥʘʷ ʩʝʪʴ    ʩ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʪʦʯʢʠ ʟʨʝʥʠʷ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʦʨʠʝʥʪʠʨʦʚʘʥʥʳʡ 

ʛʨʘʬ   ɺʝʨʰʠʥʳ  ʵʪʦʛʦ ʛʨʘʬʘ ʥʘʟʳʚʘʶʪʩʷ ʫʟʣʘʤʠ, ʘ ʨʝʙʨʘ, ʪ.ʝ. ʵʣʝʤʝʥʪʳ ʤʥʦʞʝʩʪʚʘ   

ʥʘʟʳʚʘʶʪʩʷ ʩʚʷʟʷʤʠ.  

     ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ  ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʩʠʤʤʝʪʨʠʯʥʘʷ ʩʝʪʴ, ʪ.ʝ. ʪʦʪ  ʩʣʫʯʘʡ, ʢʦʛʜʘ ʜʣʷ ʣʶʙʦʡ ʩʚʷʟʠ  

ʩʚʷʟʴ  ʪʘʢʞʝ ʠʤʝʝʪ ʤʝʩʪʦ. ʊʦʛʜʘ ʨʘʟʫʤʥʦ ʧʝʨʝʡʪʠ ʢ ʥʝʦʨʠʝʥʪʠʨʦʚʘʥʥʦʤʫ ʛʨʘʬʫ  , 

ʘʩʩʦʮʠʠʨʦʚʘʥʥʦʤʫ ʩ ʩʝʪʴʶ .  

     ɺ ʢʦʤʤʫʥʠʢʘʮʠʦʥʥʳʭ  ʩʝʪʷʭ ʧʝʨʝʜʘʯʠ ʧʘʢʝʪʠʨʦʚʘʥʥʦʡ ʠʥʬʦʨʤʘʮʠʠ ʩ ʠʟʤʝʥʷʶʱʝʡʩʷ ʪʦʧʦʣʦʛʠʝʡ 

ʧʝʨʚʦʥʘʯʘʣʴʥʳʤ ʚʦʧʨʦʩʦʤ ʧʝʨʝʜ ʧʦʩʪʨʦʝʥʠʝʤ ʤʘʨʰʨʫʪʠʟʘʮʠʠ ʷʚʣʷʝʪʩʷ ʚʦʧʨʦʩ ʩʚʷʟʥʦʩʪʠ ʩʝʪʠ, ʪ.ʝ. 

ʧʨʠʥʮʠʧʠʘʣʴʥʦʡ ʚʦʟʤʦʞʥʦʩʪʠ ʜʦʙʨʘʪʴʩʷ ʠʟ ʣʶʙʦʛʦ ʫʟʣʘ ʚ ʣʶʙʦʡ ʜʨʫʛʦʡ ʫʟʝʣ (ʩʤ. [1]). ʂʦʤʤʫʥʠʢʘʮʠʦʥʥʘʷ 

ʩʝʪʴ ʩ ʤʥʦʞʝʩʪʚʦʤ ʫʟʣʦʚ  ʠ ʧʦʪʝʥʮʠʘʣʴʥʦ ʚʦʟʤʦʞʥʳʤʠ ʩʚʷʟʷʤʠ  ʠʟʥʘʯʘʣʴʥʦ ʢʦʥʩʪʨʫʠʨʫʝʪʩʷ ʩʚʷʟʥʦʡ. 

ʇʫʩʪʴ  -- ʩʨʝʜʥʷʷ ʩʪʝʧʝʥʴ ʫʟʣʦʚ ʩʝʪʠ, ʘ  -- ʚʝʨʦʷʪʥʦʩʪʴ ʧʦʪʝʥʮʠʘʣʴʥʦʡ ʩʚʷʟʠ  ʙʳʪʴ ʘʢʪʠʚʥʦʡ ʚ 

ʢʘʢʦʡ-ʣʠʙʦ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ. ʊʦʛʜʘ ʩʨʝʜʥʷʷ ʩʪʝʧʝʥʴ ʫʟʣʘ ʫʤʝʥʴʰʘʝʪʩʷ ʜʦ ʚʝʣʠʯʠʥʳ . ʄʳ 

ʨʘʩʩʤʘʪʨʠʚʘʝʤ ʪʘʢ ʥʘʟʳʚʘʝʤʳʝ ʤʘʨʛʠʥʘʣʴʥʳʝ ʩʝʪʠ ʙʝʟ ʩʫʧʝʨʚʠʟʦʨʘ ï ʫʟʣʘ, ʚ ʢʦʪʦʨʳʡ ʤʛʥʦʚʝʥʥʦ ʩʪʝʢʘʝʪʩʷ 

ʚʩʷ ʠʥʬʦʨʤʘʮʠʷ ʦ ʪʦʧʦʣʦʛʠʠ ʩʝʪʠ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʘʢʪʫʘʣʴʥʳʤ ʷʚʣʷʝʪʩʷ ʚʦʧʨʦʩ ʦ ʧʨʦʛʥʦʟʝ ʩʚʷʟʥʦʩʪʠ ʩʝʪʠ 
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 ʩ ʟʘʜʘʥʥʦʡ ʩʨʝʜʥʝʡ ʩʪʝʧʝʥʴʶ ʫʟʣʦʚ .  ʈʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʤʦʜʝʣʴ ʩʝʪʠ ʩ  ʫʟʣʘʤʠ, ʚ ʢʦʪʦʨʦʡ  ʜʣʷ 

ʢʘʞʜʦʡ ʧʘʨʳ ʨʘʟʣʠʯʥʳʭ ʫʟʣʦʚ  ʩʚʷʟʴ  ʩʫʱʝʩʪʚʫʝʪ ʩ ʚʝʨʦʷʪʥʦʩʪʴʶ  

 

ʠ ʥʝ ʩʫʱʝʩʪʚʫʝʪ ʩ ʜʦʧʦʣʥʠʪʝʣʴʥʦʡ ʚʝʨʦʷʪʥʦʩʪʴʶ   ɿʜʝʩʴ  ï ʥʘʪʫʨʘʣʴʥʦʝ ʯʠʩʣʦ ʚ ʧʨʝʜʝʣʘʭ ʦʪ 1 ʜʦ 

.  ʊʝʤ ʩʘʤʳʤ ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ  ʩʨʝʜʥʷʷ ʩʪʝʧʝʥʴ ʚʝʨʰʠʥʳ .   ʊʘʢʠʝ ʩʝʪʠ ʜʦʧʫʩʢʘʶʪ 

ʧʨʦʩʪʦʝ ʢʦʤʧʴʶʪʝʨʥʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ. 

     ɺʳʯʠʩʣʝʥʠʝ ʚʝʨʦʷʪʥʦʩʪʠ ʩʚʷʟʥʦʩʪʠ ʩʝʪʠ.      

ʌʠʢʩʠʨʫʝʤ  ʜʚʘ ʨʘʟʥʳʭ ʫʟʣʘ .  ʉʯʠʪʘʝʤ ʚʝʨʦʷʪʥʦʩʪʴ ʦʪʩʫʪʩʪʚʠʷ ʤʝʞʜʫ ʥʠʤʠ ʢʨʘʪʯʘʡʰʝʛʦ 

ʤʘʨʰʨʫʪʘ ʜʣʠʥʳ 1, 2, ʠ ʪ.ʜ. N-1: 

 

 

 

 

 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚʝʨʦʷʪʥʦʩʪʴ ʦʪʩʫʪʩʪʚʠʷ ʢʘʢʦʛʦ-ʣʠʙʦ ʧʫʪʠ ʤʝʞʜʫ ʜʘʥʥʳʤʠ ʫʟʣʘʤʠ ʙʫʜʝʪ ʨʘʚʥʘ 

ʧʨʦʠʟʚʝʜʝʥʠʶ  

 

ʇʝʨʚʦʝ ʨʘʚʝʥʩʪʚʦ,  ,  ʠʤʝʝʪ ʤʝʩʪʦ ʩʦʛʣʘʩʥʦ ʧʦʩʪʨʦʝʥʠʶ ʩʝʪʠ. ʗʩʥʦ ʪʘʢʞʝ, ʯʪʦ , ʝʩʣʠ , 

ʠʙʦ ʥʘʠʙʦʣʴʰʘʷ ʚʦʟʤʦʞʥʘʷ ʜʣʠʥʘ ʢʨʘʪʯʘʡʰʝʛʦ ʤʘʨʰʨʫʪʘ ʚ ʛʨʘʬʝ ʩ  ʚʝʨʰʠʥʘʤʠ ʨʘʚʥʘ .    ʇʦʷʩʥʠʤ 

ʚʪʦʨʫʶ ʬʦʨʤʫʣʫ .  ʈʘʩʩʤʦʪʨʠʤ ʢʘʢʦʡ-ʣʠʙʦ ʪʨʝʪʠʡ ʫʟʝʣ , ʦʪʣʠʯʥʳʡ ʦʪ  ʠ . ɺʝʨʦʷʪʥʦʩʪʴ 

ʤʘʨʰʨʫʪʘ  ʨʘʚʥʘ ; ʪʝʤ ʩʘʤʳʤ ʚʝʨʦʷʪʥʦʩʪʴ ʦʪʩʫʪʩʪʚʠʷ ʪʘʢʦʛʦ ʤʘʨʰʨʫʪʘ ʨʘʚʥʘ . ʊʘʢ ʢʘʢ 

ʚʦʟʤʦʞʥʦʩʪʝʡ ʚʳʙʦʨʘ ʚ ʢʘʯʝʩʪʚʝ ʧʨʦʤʝʞʫʪʦʯʥʦʛʦ ʫʟʣʘ ʠʤʝʝʪʩʷ , ʪʦ ʧʦʣʫʯʘʝʤ ʧʦ ʪʝʦʨʝʤʝ ʫʤʥʦʞʝʥʠʷ 

ʚʝʨʦʷʪʥʦʩʪʝʡ ʠʩʢʦʤʫʶ ʚʝʣʠʯʠʥʫ .  ɸʥʘʣʦʛʠʯʥʦ ʦʙʦʩʥʦʚʳʚʘʶʪʩʷ ʬʦʨʤʫʣʳ ʜʣʷ  ʀʪʘʢ,  ʧʝʨʝʙʠʨʘʷ 

ʚʩʝʚʦʟʤʦʞʥʳʝ ʤʘʨʰʨʫʪʳ ʜʣʠʥʳ , ʘ ʠʭ , ʥʘʭʦʜʠʤ ʧʦ ʪʝʦʨʝʤʝ ʫʤʥʦʞʝʥʠʷ 

ʚʝʨʦʷʪʥʦʩʪʝʡ 

 

    ɼʣʷ ʪʦʛʦ, ʯʪʦʙʳ ʩʝʪʴ ʙʳʣʘ ʩʚʷʟʥʦʡ, ʥʝʦʙʭʦʜʠʤʦ, ʯʪʦʙʳ ʜʣʷ ʣʶʙʦʡ ʧʘʨʳ ʫʟʣʦʚ (ʠʭ ʢʦʣʠʯʝʩʪʚʦ -- 

) ʩʫʱʝʩʪʚʦʚʘʣ ʤʘʨʰʨʫʪ, ʠʭ ʩʦʝʜʠʥʷʶʱʠʡ.  ʆʙʦʟʥʘʯʠʚ ʚʝʨʦʷʪʥʦʩʪʴ ʩʚʷʟʥʦʩʪʠ ʩʝʪʠ ʯʝʨʝʟ , 

ʧʦʣʫʯʘʝʤ 

. 

    ʆʪʤʝʪʠʤ, ʯʪʦ, ʝʩʣʠ   ʠʤʝʝʪ ʧʦʨʷʜʦʢ , ʪʦ , ʠ ʪʝʤ ʩʘʤʳʤ .  ɺ ʩʘʤʦʤ ʜʝʣʝ, 

ʧʫʩʪʴ , ʛʜʝ  ʬʠʢʩʠʨʦʚʘʥʦ. ʊʦʛʜʘ  

 

ʦʪʢʫʜʘ , ʘ ʧʦʵʪʦʤʫ ʠ  ʚʚʠʜʫ ʦʛʨʘʥʠʯʝʥʥʦʩʪʠ ʝʜʠʥʠʮʝʡ ʚʩʝʭ ʦʩʪʘʣʴʥʳʭ 

ʩʦʤʥʦʞʠʪʝʣʝʡ. 

    ɸʥʘʣʦʛʠʯʥʦ, ʝʩʣʠ  ʠʤʝʝʪ ʧʦʨʷʜʦʢ , ʪʦ . ɺ ʵʪʦʤ ʩʣʫʯʘʝ   .  
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    ʆʜʥʘʢʦ ʧʦʩʪʨʦʝʥʠʝ ʢʦʤʤʫʥʠʢʘʮʠʦʥʥʦʡ ʩʝʪʠ ʧʦ ʪʘʢʠʤ ʧʨʠʥʮʠʧʘʤ ʤʘʣʦʚʝʨʦʷʪʥʦ. ɻʦʨʘʟʜʦ ʧʨʘʢʪʠʯʥʝʝ 

ʩʨʝʜʥʶʶ ʩʪʝʧʝʥʴ ʫʟʣʘ, ʪ.ʝ. ʚʝʣʠʯʠʥʫ , ʦʩʪʘʚʣʷʪʴ ʧʦʩʪʦʷʥʥʦʡ ʧʨʠ ʨʘʩʰʠʨʝʥʠʠ ʩʝʪʠ (). 

    ɼʦʢʘʟʘʪʝʣʴʩʪʚʦ ʦʩʥʦʚʥʦʛʦ ʨʝʟʫʣʴʪʘʪʘ (ʪʝʦʨʝʤʘ 1) ʦʧʠʨʘʝʪʩʷ ʥʘ ʣʝʤʤʫ. 

    ʃɽʄʄɸ. ʇʫʩʪʴ  -- ʙʝʩʢʦʥʝʯʥʦ ʤʘʣʘʷ ʚʝʣʠʯʠʥʘ, ʘ  -- ʙʝʩʢʦʥʝʯʥʦ ʙʦʣʴʰʘʷ ʧʦʣʦʞʠʪʝʣʴʥʘʷ 

ʚʝʣʠʯʠʥʘ ʧʨʠ .  ʇʨʝʜʧʦʣʦʞʠʤ, ʯʪʦ ʧʨʝʜʝʣ   ʧʨʠ  ʩʫʱʝʩʪʚʫʝʪ ʠ ʨʘʚʝʥ . 

ʊʦʛʜʘ 

 

ɺ ʯʘʩʪʥʦʩʪʠ, ʝʩʣʠ , ʪʦ ʫʢʘʟʘʥʥʳʡ ʚʳʰʝ ʧʨʝʜʝʣ ʨʘʚʝʥ ʥʫʣʶ. 

    ʇʨʦʚʝʨʢʘ ʵʪʦʛʦ ʩʦʦʪʥʦʰʝʥʠʷ ʦʩʥʦʚʳʚʘʝʪʩʷ ʥʘ ʪʦʤ, ʯʪʦ  

, 

ʛʜʝ ʟʥʘʢ  ʦʟʥʘʯʘʝʪ ʵʢʚʠʚʘʣʝʥʪʥʦʩʪʴ ʙʝʩʢʦʥʝʯʥʦ ʤʘʣʳʭ ʚʝʣʠʯʠʥ, ʩʤ., ʥʘʧʨʠʤʝʨ, [2]. 

    ʊɽʆʈɽʄɸ 1. ɽʩʣʠ  ï ʧʦʩʪʦʷʥʥʘʷ ʚʝʣʠʯʠʥʘ, ʪʦ .  

    ʇʨʠ ʚʳʧʦʣʥʝʥʠʠ ʫʩʣʦʚʠʡ ʪʝʦʨʝʤʳ 1 ʩ ʙʦʣʴʰʦʡ ʜʦʣʝʡ ʚʝʨʦʷʪʥʦʩʪʠ ʧʨʠ ʙʦʣʴʰʦʤ ʢʦʣʠʯʝʩʪʚʝ ʫʟʣʦʚ 

(N>1000) ʜʘʥʥʘʷ ʩʝʪʴ ʙʫʜʝʪ ʩʚʷʟʥʦʡ. 

     ɼʦʢʘʟʘʪʝʣʴʩʪʚʦ. ɼʦʩʪʘʪʦʯʥʦ ʜʦʢʘʟʘʪʴ, ʯʪʦ ʇʦʣʦʞʠʤ  ʠ ʦʮʝʥʠʤ ʚʝʣʠʯʠʥʫ  

. 

ʊʦʯʥʝʝ, ʦʮʝʥʠʤ ʣʦʛʘʨʠʬʤ ʵʪʦʡ ʚʝʣʠʯʠʥʳ: 

 

ʆʮʝʥʠʤ ʧʦʩʣʝʜʥʝʝ ʩʣʘʛʘʝʤʦʝ ʚ ʵʪʦʡ ʩʫʤʤʝ ʩ ʫʯʝʪʦʤ ʵʢʚʠʚʘʣʝʥʪʥʦʩʪʠ  ʠʤʝʶʱʝʡ ʤʝʩʪʦ ʜʣʷ 

ʣʶʙʦʡ ʙʝʩʢʦʥʝʯʥʦ ʤʘʣʦʡ ʚʝʣʠʯʠʥʳ .  

 

 

    ɿʜʝʩʴ ʠʩʧʦʣʴʟʦʚʘʥʘ ʬʦʨʤʫʣʘ ʉʪʠʨʣʠʥʛʘ, ʚʝʣʠʯʠʥʳ  ʵʢʚʠʚʘʣʝʥʪʥʳ ʝʜʠʥʠʮʝ ʠ ʜʘʣʝʝ ʤʳ ʠʭ ʧʠʩʘʪʴ ʥʝ 

ʙʫʜʝʤ. ʇʨʦʜʦʣʞʠʤ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʩ ʪʦʯʥʦʩʪʴʶ ʜʦ ʵʢʚʠʚʘʣʝʥʪʥʦʩʪʠ: 

 

 

ʊʘʢ ʢʘʢ , ʪʦ ʛʣʘʚʥʦʡ ʯʘʩʪʴʶ ʙʝʩʢʦʥʝʯʥʦ ʙʦʣʴʰʦʡ ʚʝʣʠʯʠʥʳ  ʙʫʜʝʪ . 

ʕʪʦ ʜʦʢʘʟʳʚʘʝʪ, ʯʪʦ .  ʀʟ ʵʪʦʛʦ ʩʣʝʜʫʝʪ, ʯʪʦ  ʊʘʢ ʢʘʢ ʚʩʝ 

ʯʠʩʣʘ  ʦʛʨʘʥʠʯʝʥʳ, ʪʦ  ʦʪʩʶʜʘ ʧʦʣʫʯʘʝʤ ʨʘʚʝʥʩʪʚʦ: .  

     ʊʝʦʨʝʤʘ ʜʦʢʘʟʘʥʘ. 

     ʆʜʥʦʛʦ ʦʙʱʝʛʦ ʫʪʚʝʨʞʜʝʥʠʷ ʦ ʩʚʷʟʥʦʩʪʠ ʩʝʪʠ ʥʝʜʦʩʪʘʪʦʯʥʦ. ʍʦʨʦʰʦ ʙʳ ʠʤʝʪʴ ʧʨʝʜʩʪʘʚʣʝʥʠʝ  ʦ ʜʣʠʥʝ 

ʢʨʘʪʯʘʡʰʝʛʦ ʤʘʨʰʨʫʪʘ ʠʟ ʦʜʥʦʛʦ ʫʟʣʘ ʚ ʜʨʫʛʦʡ.  
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     ʊɽʆʈɽʄɸ 2. ʇʨʝʜʧʦʣʦʞʠʤ, ʯʪʦ  ʜʣʷ ʥʝʢʦʪʦʨʦʡ ʢʦʥʩʪʘʥʪʳ  ʊʦʛʜʘ 

 ,  

ʪ.ʝ. ʩ ʙʦʣʴʰʦʡ ʥʘʜʝʞʥʦʩʪʴʶ ʢʨʘʪʯʘʡʰʠʡ ʤʘʨʰʨʫʪ ʠʟ ʫʟʣʘ ʚ ʜʨʫʛʦʡ ʫʟʝʣ ʠʤʝʝʪ ʜʣʠʥʫ  ʣʠʙʦ  , ʣʠʙʦ  ʧʨʠ 

ʙʦʣʴʰʦʤ ʢʦʣʠʯʝʩʪʚʝ ʫʟʣʦʚ.  

     ɼʦʢʘʟʘʪʝʣʴʩʪʚʦ.  ʀʟ ʩʦʦʪʥʦʰʝʥʠʷ (2) ʧʦʣʫʯʘʝʤ: 

 

 

 

ʯʪʦ ʠ ʪʨʝʙʦʚʘʣʦʩʴ ʜʦʢʘʟʘʪʴ. 

     ɺʦʟʚʨʘʪʠʤʩʷ ʢ ʩʠʪʫʘʮʠʠ ʪʝʦʨʝʤʳ 1, ʚ ʢʦʪʦʨʦʡ ʧʨʝʜʧʦʣʘʛʘʝʪʩʷ, ʯʪʦ ʚʝʣʠʯʠʥʘ  ï ʢʦʥʩʪʘʥʪʘ, ʠ 

ʫʪʚʝʨʞʜʘʝʪʩʷ ʚʝʨʦʷʪʥʦʩʪʥʘʷ ʩʚʷʟʥʦʩʪʴ ʩʝʪʠ. ʅʘ ʧʨʘʢʪʠʢʝ ʪʘʢʦʡ ʩʚʷʟʥʦʩʪʠ ʥʝ ʙʫʜʝʪ, ʪʘʢ ʢʘʢ ʜʣʷ ʣʶʙʦʡ 

ʬʠʢʩʠʨʦʚʘʥʥʦʡ ʜʣʠʥʳ ʤʘʨʰʨʫʪʘ  ʠʤʝʝʪ ʤʝʩʪʦ  ʩʦʦʪʥʦʰʝʥʠʝ 

 

ʧʦʢʘʟʳʚʘʶʱʝʝ, ʯʪʦ ʜʣʠʥʳ ʚʝʨʦʷʪʥʳʭ ʤʘʨʰʨʫʪʦʚ ʥʘʭʦʜʷʪʩʷ ʥʘ ʙʝʩʢʦʥʝʯʥʦʩʪʠ. 

     ɿʘʢʣʶʯʝʥʠʝ ʠ ʚʳʚʦʜʳ. 

     ɹʳʣ  ʧʦʩʪʘʚʣʝʥ ʠ ʨʝʰʝʥ ʚʦʧʨʦʩ ʦ ʩʚʷʟʥʦʩʪʠ ʢʦʤʤʫʥʠʢʘʮʠʦʥʥʦʡ ʩʝʪʠ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ 

ʚʝʨʦʷʪʥʦʩʪʠ  ʘʢʪʠʚʥʦʩʪʠ ʩʚʷʟʠ ʤʝʞʜʫ ʜʚʫʤʷ ʫʟʣʘʤʠ.  ʇʨʠ ʫʩʣʦʚʠʠ, ʢʦʛʜʘ ʩʨʝʜʥʷʷ ʩʪʝʧʝʥʴ ʫʟʣʦʚ ʨʘʚʥʘ 

  (  -- ʦʙʲʝʤ ʩʝʪʠ),  ʦʮʝʥʠʚʘʝʪʩʷ ʩʨʝʜʥʷʷ ʜʣʠʥʘ ʤʘʨʰʨʫʪʘ, ʩʦʝʜʠʥʷʶʱʘʷ ʜʚʘ ʜʘʥʥʳʭ ʫʟʣʘ. 
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TRANSMISSION OF PACKAGED INFORMATION OVER NETWORKS WITH VARIABLE 

TOPOLOGY  

Dubrovina T.V., Dubrovin N.I., ndubrovin8 1@gmail.com 

Vladimir state university 

    Abstract. This paper considers p2p communication networks with variable topology, i.e. the case when the 

connections between nodes change chaotically. Depending on the probability of active connections between nodes, 

the answer to the fundamental question is given: whether this network will be connected, i.e. whether there is a route 

from a given node to any other node. 

    Key words: communication nets, topology of a net, connected nets. 
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159                               SECTION 2 - Biocybernetics and mathematical modeling 
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ʈɽɸʃʀɿɸʎʀʗ ʇʈʆʎɽʉʉɸ ɺɽʈʀʌʀʂɸʎʀʀ ʉʆʉʊʆʗʅʀʗ ʌʈɸɻʄɽʅʊʆɺ ʄɽɼʀʎʀʅʉʂʀʍ  

ɹʀʆʃʆɻʀʏɽʉʂʀʍ ʆɹʒɽʂʊʆɺ ʄɽɼʀʎʀʅʉʂʆʁ ʀʅʌʆʈʄɸʎʀʆʅʅʆʁ ʉʀʉʊɽʄʆʁ ʂɸʂ 

ʂʀɹɽʈʌʀɿʀʏɽʉʂʆʁ ʉʀʉʊɽʄʆʁ ɼʃʗ ɼʀɸɻʅʆʉʊʀʂʀ  ɿɸɹʆʃɽɺɸʅʀʁ  

ʇʨʦʩʢʫʨʷʢʦʚ ɸ.ɺ. 

ʖʞʥʳʡ  ʬʝʜʝʨʘʣʴʥʳʡ  ʫʥʠʚʝʨʩʠʪʝʪ   avproskuryakov@sfedu.ru 

 

ɸʥʥʦʪʘʮʠʷ 

ɺ ʜʘʥʥʦʤ ʜʦʢʣʘʜʝ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʪʝʭʥʦʣʦʛʠʠ ʨʝʘʣʠʟʘʮʠʠ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʧʨʦʮʝʩʩʘ ʚʝʨʠʬʠʢʘʮʠʠ 

ʩʦʩʪʦʷʥʠʷ ʬʨʘʛʤʝʥʪʦʚ ʤʝʜʠʮʠʥʩʢʠʭ  ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʦʙʲʝʢʪʦʚ ʧʦʜʩʠʩʪʝʤʦʡ ʧʦʜʜʝʨʞʢʠ ʧʨʠʥʷʪʠʷ ʨʝʰʝʥʠʡ 

ʤʝʜʠʮʠʥʩʢʦʡ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʩʠʩʪʝʤʳ ʢʘʢ ʢʠʙʝʨʬʠʟʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ ʜʣʷ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʜʠʘʛʥʦʩʪʠʢʠ 

ʟʘʙʦʣʝʚʘʥʠʡ. ʆʧʠʩʘʥʘ ʨʝʘʣʠʟʘʮʠʷ ʧʨʦʮʝʩʩʘ ʘʚʪʦʤʘʪʠʟʘʮʠʠ  ʚʝʨʠʬʠʢʘʮʠʠ  ʩʦʩʪʦʷʥʠʷ ʬʨʘʛʤʝʥʪʦʚ  

ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʦʙʲʝʢʪʦʚ ʧʦ ʢʦʤʧʴʶʪʝʨʥʦ - ʪʦʤʦʛʨʘʬʠʯʝʩʢʠʤ ʠʟʦʙʨʘʞʝʥʠʷʤ ʧʦʜʩʠʩʪʝʤʦʡ ʧʦʜʜʝʨʞʢʠ 

ʧʨʠʥʷʪʠʷ ʨʝʰʝʥʠʷ ʜʣʷ ʜʠʘʛʥʦʩʪʠʢʠ ʟʘʙʦʣʝʚʘʥʠʡ. ɺ ʩʪʘʪʴʝ ʘʢʮʝʥʪ ʩʜʝʣʘʥ ʥʘ ʘʥʘʣʠʟ ʨʝʥʪʛʝʥʦʛʨʘʬʠʯʝʩʢʠʭ 

ʠʟʦʙʨʘʞʝʥʠʡ,  ʧʨʠʥʷʪʠʝ ʨʝʰʝʥʠʡ ʥʘ ʦʩʥʦʚʘʥʠʠ ʘʥʘʣʠʟʘ ʵʪʠʭ ʠʟʦʙʨʘʞʝʥʠʡ,  ʧʦʩʪʘʥʦʚʢʘ  ʜʠʘʛʥʦʟʘ  ʥʘ  

ʦʩʥʦʚʘʥʠʠ  ʧʨʠʥʷʪʳʭ  ʨʝʰʝʥʠʡ. ʇʦʢʘʟʘʥʳ ʧʨʠʤʝʨʳ ʧʨʠʢʣʘʜʥʦʡ,  ʧʨʘʢʪʠʯʝʩʢʦʡ ʨʝʘʣʠʟʘʮʠʠ ʧʨʦʛʨʘʤʤʥʦʛʦ ʠ 

ʠʥʬʦʨʤʘʮʠʦʥʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ ʧʨʦʮʝʩʩʘ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʚʝʨʠʬʠʢʘʮʠʠ ʤʝʜʠʮʠʥʩʢʠʭ ʦʙʲʝʢʪʦʚ ʚ ʚʠʜʝ 

ʵʢʨʘʥʥʳʭ ʬʦʨʤ ʜʣʷ ʨʘʙʦʪʳ ʩ ʬʨʘʛʤʝʥʪʘʤʠ  ʠʩʩʣʝʜʫʝʤʦʛʦ  ʦʙʲʝʢʪʘ  ʠ ʨʝʟʫʣʴʪʘʪʘʤʠ ʘʥʘʣʠʟʘ 

ʨʝʥʪʛʝʥʦʛʨʘʬʠʯʝʩʢʠʭ ʠʟʦʙʨʘʞʝʥʠʡ. ɺʩʸ ʵʪʦ ʧʦʟʚʦʣʷʝʪ ʧʦʚʳʩʠʪʴ ʦʧʝʨʘʪʠʚʥʦʩʪʴ, ʪʦʯʥʦʩʪʴ ʚʝʨʠʬʠʢʘʮʠʠ 

ʩʦʩʪʦʷʥʠʷ ʤʝʜʠʮʠʥʩʢʠʭ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʦʙʲʝʢʪʦʚ, ʜʦʩʪʦʚʝʨʥʦʩʪʴ  ʧʨʦʮʝʩʩʘ  ʜʠʘʛʥʦʩʪʠʢʠ ʟʘʙʦʣʝʚʘʥʠʡ. 

ʇʦʢʘʟʘʥʘ ʥʘʫʯʥʘʷ ʥʦʚʠʟʥʘ, ʨʝʟʫʣʴʪʘʪʳ ʘʧʨʦʙʘʮʠʠ ʤʘʪʝʨʠʘʣʘ, ʧʨʝʜʩʪʘʚʣʝʥʥʦʛʦ ʚ ʩʪʘʪʴʝ ʥʘ ʤʝʞʜʫʥʘʨʦʜʥʳʭ, 

ʚʩʝʨʦʩʩʠʡʩʢʠʭ ʢʦʥʬʝʨʝʥʮʠʷʭ, ʥʘʫʯʥʳʭ ʞʫʨʥʘʣʘʭ.  

 

 

ɺʚʝʜʝʥʠʝ. ɺ ʜʘʥʥʦʤ ʜʦʢʣʘʜʝ  ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʪʝʭʥʦʣʦʛʠʠ ʨʝʘʣʠʟʘʮʠʠ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʧʨʦʮʝʩʩʘ 

ʚʝʨʠʬʠʢʘʮʠʠ ʩʦʩʪʦʷʥʠʷ ʬʨʘʛʤʝʥʪʦʚ ʤʝʜʠʮʠʥʩʢʠʭ  ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʦʙʲʝʢʪʦʚ ʧʦʜʩʠʩʪʝʤʦʡ ʧʦʜʜʝʨʞʢʠ 

ʧʨʠʥʷʪʠʷ ʨʝʰʝʥʠʡ ʤʝʜʠʮʠʥʩʢʦʡ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʩʠʩʪʝʤʳ ʢʘʢ ʢʠʙʝʨʬʠʟʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ ʜʣʷ 

ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʜʠʘʛʥʦʩʪʠʢʠ ʟʘʙʦʣʝʚʘʥʠʡ. ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʩʦʚʨʝʤʝʥʥʳʡ ʵʪʘʧ ʨʘʟʚʠʪʠʷ ʤʝʜʠʮʠʥʳ 

ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʨʘʟʚʠʪʠʝʤ ʠ ʚʥʝʜʨʝʥʠʝʤ ʥʦʚʳʭ ʤʝʪʦʜʦʚ, ʩʧʦʩʦʙʦʚ ʜʠʘʛʥʦʩʪʠʢʠ, ʧʦʟʚʦʣʷʶʱʠʭ ʧʦʚʳʩʠʪʴ 

ʩʚʦʝʚʨʝʤʝʥʥʦʩʪʴ, ʪʦʯʥʦʩʪʴ ʠ ʜʦʩʪʦʚʝʨʥʦʩʪʴ ʜʠʘʛʥʦʩʪʠʯʝʩʢʠʭ ʤʝʨʦʧʨʠʷʪʠʡ ʚ ʨʘʟʣʠʯʥʳʭ  ʦʙʣʘʩʪʷʭ ʠ 

ʥʘʧʨʘʚʣʝʥʠʷʭ ʤʝʜʠʮʠʥʳ. ʌʘʢʪʠʯʝʩʢʠ  ʚ ʤʝʜʠʮʠʥʝ ʚʩʸ ʙʦʣʴʰʝʝ ʟʥʘʯʝʥʠʝ ʧʦʣʫʯʘʶʪ ʤʝʪʦʜʳ, ʩʧʦʩʦʙʳ, 

ʩʨʝʜʩʪʚʘ ʨʘʥʥʝʡ ʜʠʘʛʥʦʩʪʠʢʠ  ʟʘʙʦʣʝʚʘʥʠʡ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʚʳʷʚʠʪʴ ʟʘʙʦʣʝʚʘʥʠʝ ʥʘ ʨʘʥʥʠʭ ʩʪʘʜʠʷʭ ʠ ʪʝʤ 

ʩʘʤʳʤ  ʧʨʝʜʦʪʚʨʘʪʠʪʴ   ʠʣʠ ʧʨʠʩʪʫʧʠʪʴ ʢ ʝʸ ʣʝʯʝʥʠʶ ʥʘ ʨʘʥʥʠʭ ʵʪʘʧʘʭ  ʨʘʟʚʠʪʠʷ. ʈʘʟʚʠʪʠʝ 

ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʠ ʩʦʚʨʝʤʝʥʥʳʭ ʩʨʝʜʩʪʚ ʪʝʣʝʢʦʤʤʫʥʠʢʘʮʠʡ, ʧʦʷʚʣʝʥʠʝ ʚ ʢʣʠʥʠʢʘʭ ʙʦʣʴʰʦʛʦ 

ʢʦʣʠʯʝʩʪʚʘ ʤʝʜʠʮʠʥʩʢʠʭ ʧʨʠʙʦʨʦʚ, ʦʪʜʝʣʴʥʳʭ ʢʦʤʧʴʶʪʝʨʦʚ ʧʨʠʚʝʣʠ ʢ ʥʦʚʦʤʫ ʚʠʪʢʫ ʘʚʪʦʤʘʪʠʟʘʮʠʠ 

ʧʨʦʮʝʩʩʦʚ ʦʙʨʘʙʦʪʢʠ ʠʥʬʦʨʤʘʮʠʠ, ʘ ʪʘʢʞʝ ʢ ʟʥʘʯʠʪʝʣʴʥʦʤʫ ʨʦʩʪʫ ʯʠʩʣʘ ʤʝʜʠʮʠʥʩʢʠʭ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ 

ʩʠʩʪʝʤ ʣʝʯʝʙʥʦ-ʧʨʦʬʠʣʘʢʪʠʯʝʩʢʠʭ ʫʯʨʝʞʜʝʥʠʡ (ʃʇʋ), ʢʣʠʥʠʢ[1]. 

         ʊʘʢʠʤ ʦʙʨʘʟʦʤ ʚ  ʩʦʚʨʝʤʝʥʥʳʭ ʫʩʣʦʚʠʷʭ  ʨʘʟʚʠʪʠʷ ʘʢʮʝʥʪ ʜʝʣʘʝʪʩʷ  ʥʘ ʜʠʘʛʥʦʩʪʠʯʝʩʢʠʝ ʥʘʧʨʘʚʣʝʥʠʷ  

ʤʝʜʠʮʠʥʳ, ʤʝʪʦʜʳ ʠ ʩʧʦʩʦʙʳ  ʨʘʥʥʝʡ ʜʠʘʛʥʦʩʪʠʢʠ, ʘ ʪʘʢʞʝ ʤʝʜʠʮʠʥʩʢʠʝ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʳʝ 

ʜʠʘʛʥʦʩʪʠʯʝʩʢʠʝ ʠʥʬʦʨʤʘʮʠʦʥʥʳʝ ʩʠʩʪʝʤʳ. 

           ʈʝʰʝʥʠʶ ʟʘʜʘʯ ʧʦʚʳʰʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʜʠʘʛʥʦʩʪʠʢʠ ʟʘʙʦʣʝʚʘʥʠʡ ʧʫʪʸʤ ʩʚʦʝʚʨʝʤʝʥʥʦʛʦ 

ʚʳʷʚʣʝʥʠʷ ʨʘʟʣʠʯʥʳʭ ʟʘʙʦʣʝʚʘʥʠʡ ʠ ʧʨʦʚʝʜʝʥʠʷ  ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʡ ʜʠʘʛʥʦʩʪʠʢʠ ʤʝʰʘʶʪ ʩʣʝʜʫʶʱʠʝ 

ʧʨʦʙʣʝʤʳ, ʪʘʢʠʝ ʢʘʢ: ʩʦʢʨʘʱʝʥʠʝ ʬʠʥʘʥʩʠʨʦʚʘʥʠʷ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʦʛʨʦʤʥʦʝ ʢʦʣʠʯʝʩʪʚʦ  ʤʝʜʫʯʨʝʞʜʝʥʠʡ ʚ 

ʩʨʝʜʥʠʭ, ʤʘʣʳʭ ʛʦʨʦʜʘʭ ʠ ʩʝʣʴʩʢʦʡ ʤʝʩʪʥʦʩʪʠ ʤʦʛʫʪ ʦʩʪʘʪʴʩʷ ʥʝʦʭʚʘʯʝʥʥʳʤʠ ʧʝʨʝʜʦʚʳʤʠ ʪʝʭʥʦʣʦʛʠʷʤʠ ʚ 

ʦʙʣʘʩʪʠ ʜʠʘʛʥʦʩʪʠʢʠ ʠ ʣʝʯʝʥʠʷ ʟʘʙʦʣʝʚʘʥʠʡ, ʧʨʝʚʳʰʝʥʠʝ  ʠʤʧʦʨʪʘ  ʧʦ  ʦʪʥʦʰʝʥʠʶ ʢ  ʵʢʩʧʦʨʪʫ  

ʤʝʜʠʮʠʥʩʢʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ʠ ʤʝʜʠʮʠʥʩʢʠʭ ʠʟʜʝʣʠʡ, ʪʦ ʝʩʪʴ ʙʦʣʴʰʘʷ ʠʤʧʦʨʪʦʟʘʚʠʩʠʤʦʩʪʴ ʚ ʜʘʥʥʦʡ 

ʦʙʣʘʩʪʠ.  

          ɺʳʭʦʜʦʤ ʚ ʩʦʟʜʘʚʰʝʡʩʷ ʩʠʪʫʘʮʠʠ ʷʚʣʷʝʪʩʷ, ʨʘʟʨʘʙʦʪʢʘ ʩʨʝʜʩʪʚ ʠ ʤʝʪʦʜʦʚ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʧʨʦʮʝʩʩʘ 

ʜʠʘʛʥʦʩʪʠʢʠ ʠ ʣʝʯʝʥʠʷ ʥʘ ʙʘʟʝ ʧʝʨʝʜʦʚʳʭ ʪʝʭʥʦʣʦʛʠʡ ʩ ʧʦʚʩʝʤʝʩʪʥʳʤ ʚʥʝʜʨʝʥʠʝʤ ʤʝʜʠʮʠʥʩʢʠʭ 

ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʩʠʩʪʝʤ (ʄʀʉ), ʤʝʜʠʮʠʥʩʢʠʭ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʳʭ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʩʠʩʪʝʤ (ʄɸʀʉ), 

ʤʝʜʠʮʠʥʩʢʠʭ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʳʭ ʜʠʘʛʥʦʩʪʠʯʝʩʢʠʭ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʩʠʩʪʝʤ (ʄɸɼʀʉ) ʥʘ ʙʘʟʝ ʢʦʤʧʣʝʢʩʘ 

ʪʝʭʥʠʯʝʩʢʠʭ ʩʨʝʜʩʪʚ (ʂʊʉ) ʚʳʯʠʩʣʠʪʝʣʴʥʦʡ ʪʝʭʥʠʢʠ (ɺʊ), ʢʦʤʧʣʝʢʩʘ ʧʨʦʛʨʘʤʤʥʳʭ ʩʨʝʜʩʪʚ (ʂʇʉ) 

ʩʠʩʪʝʤʥʳʭ ʠ ʠʥʩʪʨʫʤʝʥʪʘʣʴʥʳʭ, ʩʝʪʝʚʳʭ ʪʝʭʥʦʣʦʛʠʡ ʠ  ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ ʩʝʪʝʡ, ʥʦʚʳʭ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ 

ʪʝʭʥʦʣʦʛʠʡ ʚ ʮʝʣʦʤ, ʧʨʠ ʨʝʘʣʠʟʘʮʠʠ ʤʦʜʝʣʠ ʨʘʟʚʠʪʠʷ ʦʪʝʯʝʩʪʚʝʥʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ 
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ʉɽʂʎʀʗ 2 - ɹʠʦʢʠʙʝʨʥʝʪʠʢʘ ʠ ʤʘʪʝʤʘʪʠʯʝʩʢʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ                  160 

 

 

XVI ʄʝʞʜʫʥʘʨʦʜʥʘʷ ʅʘʫʯʥʘʷ ʂʦʥʬʝʨʝʥʮʠʷ "ʌʠʟʠʢʘ ʠ ʈʘʜʠʦʵʣʝʢʪʨʦʥʠʢʘ ʚ ʄʝʜʠʮʠʥʝ ʠ ʕʢʦʣʦʛʠʠ" 

 

ʦʙʦʨʫʜʦʚʘʥʠʷ ʠ ʤʝʜʠʮʠʥʩʢʠʭ ʠʟʜʝʣʠʡ ʩ ʫʯʸʪʦʤ ʧʦʜʜʝʨʞʢʠ ʛʦʩʫʜʘʨʩʪʚʘ, ʧʦʟʚʦʣʷʶʱʠʭ ʩʚʦʝʚʨʝʤʝʥʥʦ, 

ʦʧʝʨʘʪʠʚʥʦ ʦʩʫʱʝʩʪʚʣʷʪʴ ʜʠʘʛʥʦʩʪʠʢʫ, ʣʝʯʝʥʠʝ, ʩʦʧʨʦʚʦʞʜʝʥʠʝ ʧʘʮʠʝʥʪʦʚ ʚ ʢʣʠʥʠʢʘʭ ʠ ʩʪʘʮʠʦʥʘʨʘʭ.  

        ʇʦʩʪʘʥʦʚʢʘ ʟʘʜʘʯʠ. ɼʘʥʥʘʷ ʨʘʙʦʪʘ ʦʨʠʝʥʪʠʨʦʚʘʥʘ ʥʘ ʨʘʩʩʤʦʪʨʝʥʠʠ ʧʨʦʮʝʩʩʘ ʚʝʨʠʬʠʢʘʮʠʠ 

ʤʝʜʠʮʠʥʩʢʠʭ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʦʙʲʝʢʪʦʚ ʠ ʠʭ ʬʨʘʛʤʝʥʪʦʚ ʧʦ ʨʝʥʪʛʝʥʦʛʨʘʬʠʯʝʩʢʠʤ ʠ ʢʦʤʧʴʶʪʝʨʥʦ-

ʪʦʤʦʛʨʘʬʠʯʝʩʢʠʤ ʩʥʠʤʢʘʤ ʧʦʜʩʠʩʪʝʤʦʡ ʧʦʜʜʝʨʞʢʠ ʧʨʠʥʷʪʠʷ ʨʝʰʝʥʠʡ ʤʝʜʠʮʠʥʩʢʦʡ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ 

ʩʠʩʪʝʤʳ, ʢʘʢ ʢʠʙʝʨʬʠʟʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ ʜʣʷ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʜʠʘʛʥʦʩʪʠʢʠ ʟʘʙʦʣʝʚʘʥʠʡ. 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʦʜʥʠʤ ʠʟ ʘʢʪʫʘʣʴʥʳʭ ʥʘʧʨʘʚʣʝʥʠʡ ʨʘʟʚʠʪʠʷ ʢʦʤʧʴʶʪʝʨʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʚ 

ʨʘʟʣʠʯʥʳʭ ʦʪʨʘʩʣʷʭ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ, ʚ ʪʦʤ ʯʠʩʣʝ ʠ ʤʝʜʠʮʠʥʝ, ʩʪʘʥʦʚʠʪʩʷ ʦʙʨʘʙʦʪʢʘ ʮʠʬʨʦʚʳʭ 

ʠʟʦʙʨʘʞʝʥʠʡ, ʢʦʪʦʨʘʷ ʧʨʝʜʧʦʣʘʛʘʝʪ:  

1.ʫʣʫʯʰʝʥʠʝ ʢʘʯʝʩʪʚʘ ʠʟʦʙʨʘʞʝʥʠʷ; 

2. ʚʦʩʩʪʘʥʦʚʣʝʥʠʝ ʧʦʚʨʝʞʜʝʥʥʳʭ ʠʟʦʙʨʘʞʝʥʠʡ; 

3. ʨʘʩʧʦʟʥʘʚʘʥʠʝ ʦʪʜʝʣʴʥʳʭ ʵʣʝʤʝʥʪʦʚ ʠʟʦʙʨʘʞʝʥʠʷ.  

            ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʤʝʪʦʜʦʚ ʠʥʪʝʨʘʢʪʠʚʥʦʡ ʦʙʨʘʙʦʪʢʠ ʮʠʬʨʦʚʳʭ ʠʟʦʙʨʘʞʝʥʠʡ ʜʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ 

ʧʦʣʫʯʝʥʠʷ ʥʦʚʦʡ ʜʠʘʛʥʦʩʪʠʯʝʩʢʦʡ ʠʥʬʦʨʤʘʮʠʠ, ʩʦʟʜʘʥʠʷ ʩʠʩʪʝʤʘʪʠʟʠʨʦʚʘʥʥʳʭ ʵʣʝʢʪʨʦʥʥʳʭ ʘʨʭʠʚʦʚ 

ʨʝʥʪʛʝʥʦʜʠʘʛʥʦʩʪʠʯʝʩʢʦʡ ʠʥʬʦʨʤʘʮʠʠ. ʈʘʩʧʦʟʥʘʚʘʥʠʝ ʧʘʪʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ ʷʚʣʷʝʪʩʷ ʦʜʥʦʡ ʠʟ 

ʥʘʠʙʦʣʝʝ ʚʘʞʥʳʭ ʟʘʜʘʯ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʡ ʦʙʨʘʙʦʪʢʠ ʠ ʘʥʘʣʠʟʘ ʤʝʜʠʮʠʥʩʢʠʭ ʠʟʦʙʨʘʞʝʥʠʡ [2]. 

         ʇʨʠ ʨʘʩʩʤʦʪʨʝʥʠʠ ʧʨʦʮʝʩʩʘ ʚʝʨʠʬʠʢʘʮʠʠ ʤʝʜʠʮʠʥʩʢʠʭ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʦʙʲʝʢʪʦʚ ʠ ʠʭ ʬʨʘʛʤʝʥʪʦʚ 

ʧʦʜʩʠʩʪʝʤʦʡ ʧʦʜʜʝʨʞʢʠ ʧʨʠʥʷʪʠʷ ʨʝʰʝʥʠʡ ʜʣʷ ʜʠʘʛʥʦʩʪʠʢʠ ʟʘʙʦʣʝʚʘʥʠʡ ʠ ʧʨʝʜʩʪʘʚʣʝʥʠʠ ʝʛʦ, ʢʘʢ 

ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʛʦ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʧʨʦʮʝʩʩʘ, ʤʦʞʥʦ ʚʳʜʝʣʠʪʴ ʩʣʝʜʫʶʱʠʝ ʵʪʘʧʳ: 

      1.ʦʙʨʘʙʦʪʢʘ  ʨʝʥʪʛʝʥʦʛʨʘʬʠʯʝʩʢʠʭ ʠʟʦʙʨʘʞʝʥʠʡ; 

      2. ʘʥʘʣʠʟ  ʨʝʥʪʛʝʥʦʛʨʘʬʠʯʝʩʢʠʭ ʠʟʦʙʨʘʞʝʥʠʡ; 

      3. ʧʨʠʥʷʪʠʝ ʨʝʰʝʥʠʡ ʥʘ ʦʩʥʦʚʘʥʠʠ ʘʥʘʣʠʟʘ ʵʪʠʭ ʠʟʦʙʨʘʞʝʥʠʡ; 

      4. ʧʦʩʪʘʥʦʚʢʘ ʜʠʘʛʥʦʟʘ ʥʘ ʦʩʥʦʚʘʥʠʠ ʧʨʠʥʷʪʳʭ ʨʝʰʝʥʠʡ.  

        ɸʥʘʣʠʟ ʨʝʥʪʛʝʥʦʛʨʘʬʠʯʝʩʢʠʭ ʠʟʦʙʨʘʞʝʥʠʡ, ʧʨʠʥʷʪʠʝ ʨʝʰʝʥʠʡ ʥʘ ʦʩʥʦʚʘʥʠʠ ʘʥʘʣʠʟʘ ʵʪʠʭ 

ʠʟʦʙʨʘʞʝʥʠʡ, ʧʦʩʪʘʥʦʚʢʘ ʜʠʘʛʥʦʟʘ ʥʘ ʦʩʥʦʚʘʥʠʠ ʧʨʠʥʷʪʳʭ ʨʝʰʝʥʠʡ ʧʦʜʩʠʩʪʝʤʦʡ ʧʨʠʥʷʪʠʷ ʨʝʰʝʥʠʡ ʄʀʉ 

ʜʦʣʞʥʳ ʦʩʫʱʝʩʪʚʣʷʪʴʩʷ ʧʫʪʸʤ ʨʘʟʨʘʙʦʪʢʠ ʠ ʧʨʠʤʝʥʝʥʠʷ ʘʣʛʦʨʠʪʤʦʚ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʧʨʦʮʝʩʩʘ ʜʠʘʛʥʦʩʪʠʢʠ, 

ʨʝʘʣʠʟʫʝʤʳʭ ʨʘʟʨʘʙʦʪʘʥʥʳʤ ʧʨʦʛʨʘʤʤʥʳʤ ʠ ʠʥʬʦʨʤʘʮʠʦʥʥʳʤ ʦʙʝʩʧʝʯʝʥʠʝʤ  ʜʣʷ ʦʙʩʣʫʞʠʚʘʥʠʷ  

ʧʦʜʩʠʩʪʝʤʳ  ʧʨʠʥʷʪʠʷ ʨʝʰʝʥʠʡ[4,5,6]. 

      ɼʘʜʠʤ ʦʧʨʝʜʝʣʝʥʠʝ ʢʠʙʝʨʬʠʟʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ. 

      ʆʧʨʝʜʝʣʝʥʠʝ 1.ʂʠʙʝʨʬʠʟʠʯʝʩʢʘʷ ʩʠʩʪʝʤʘ (ʦʪ ʘʥʛʣ. cyber-physical system) ð ʠʥʬʦʨʤʘʮʠʦʥʥʦ-

ʪʝʭʥʦʣʦʛʠʯʝʩʢʘʷ ʢʦʥʮʝʧʮʠʷ, ʧʦʜʨʘʟʫʤʝʚʘʶʱʘʷ ʠʥʪʝʛʨʘʮʠʶ ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ ʨʝʩʫʨʩʦʚ ʚ ʬʠʟʠʯʝʩʢʠʝ 

ʩʫʱʥʦʩʪʠ ʣʶʙʦʛʦ ʚʠʜʘ, ʚʢʣʶʯʘʷ ʙʠʦʣʦʛʠʯʝʩʢʠʝ ʠ ʨʫʢʦʪʚʦʨʥʳʝ ʦʙʲʝʢʪʳ.  

      ɺ ʢʠʙʝʨʬʠʟʠʯʝʩʢʠʭ ʩʠʩʪʝʤʘʭ ʚʳʯʠʩʣʠʪʝʣʴʥʘʷ ʢʦʤʧʦʥʝʥʪʘ ʨʘʩʧʨʝʜʝʣʝʥʘ ʧʦ ʚʩʝʡ ʬʠʟʠʯʝʩʢʦʡ ʩʠʩʪʝʤʝ, 

ʢʦʪʦʨʘʷ ʷʚʣʷʝʪʩʷ ʝʸ ʥʦʩʠʪʝʣʝʤ, ʠ ʩʠʥʝʨʛʝʪʠʯʝʩʢʠ ʫʚʷʟʘʥʘ  ʩ ʝʸ ʩʦʩʪʘʚʣʷʶʱʠʤʠ ʵʣʝʤʝʥʪʘʤʠ   

      ʊʦ ʝʩʪʴ ʢʠʙʝʨʬʠʟʠʯʝʩʢʘʷ ʩʠʩʪʝʤʘ (ʂʌʉ) ï ʵʪʦ ʩʠʩʪʝʤʘ, ʦʩʥʦʚʘʥʥʘʷ ʥʘ ʠʥʪʝʛʨʘʮʠʠ ʚʳʯʠʩʣʝʥʠʡ ʩ 

ʬʠʟʠʯʝʩʢʠʤʠ ʧʨʦʮʝʩʩʘʤʠ. ɺʩʪʨʘʠʚʘʝʤʳʝ ʢʦʤʧʴʶʪʝʨʳ ʩʦʚʤʝʩʪʥʦ ʩ ʩʝʪʷʤʠ ʦʩʫʱʝʩʪʚʣʷʶʪ ʤʦʥʠʪʦʨʠʥʛ ʠ 

ʢʦʥʪʨʦʣʴ ʟʘ ʬʠʟʠʯʝʩʢʠʤʠ ʧʨʦʮʝʩʩʘʤʠ, ʦʙʳʯʥʦ ʧʫʪʝʤ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ ʯʝʨʝʟ ʫʟʣʳ ʩʠʩʪʝʤʳ, ʛʜʝ ʬʠʟʠʯʝʩʢʠʝ 

ʧʨʦʮʝʩʩʳ ʚʣʠʷʶʪ ʥʘ ʚʳʯʠʩʣʝʥʠʷ ʠ ʥʘʦʙʦʨʦʪ. 

        ʉʠʥʪʝʟʠʨʫʝʤʘʷ ʄʀʉ ʢʘʢ ʢʠʙʝʨʬʠʟʠʯʝʩʢʘʷ ʩʠʩʪʝʤʘ, ʦʙʝʩʧʝʯʠʚʘʶʱʘʷ  ʧʦʣʫʯʝʥʠʝ, ʭʨʘʥʝʥʠʝ, ʦʙʨʘʙʦʪʢʫ, 

ʚʳʜʘʯʫ ʜʠʘʛʥʦʩʪʠʯʝʩʢʦʡ ʠʥʬʦʨʤʘʮʠʠ ʜʦʣʞʥʘ: 

        1.ʚʢʣʶʯʘʪʴ ʚ ʩʚʦʡ ʩʦʩʪʘʚ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʳʝ ʨʘʙʦʯʠʝ ʤʝʩʪʘ (ɸʈʄ) ʚʨʘʯʝʡ ʢʣʠʥʠʮʠʩʪʦʚ;   

        2.ʩʪʨʦʠʪʴʩʷ  ʧʦ ʧʨʠʥʮʠʧʫ  ʠʥʪʝʛʨʘʮʠʠ ʦʪʜʝʣʴʥʳʭ ʧʦʜʩʠʩʪʝʤ  ʚ ʝʜʠʥʫʶ ʮʝʣʫʶ ʩʠʩʪʝʤʫ;  

        3.ʢʘʞʜʘʷ ʧʦʜʩʠʩʪʝʤʘ  ʫʜʦʚʣʝʪʚʦʨʷʪʴ ʤʦʜʫʣʴʥʦʤʫ ʧʨʠʥʮʠʧʫ ʧʦʩʪʨʦʝʥʠʷ, ʨʘʟʚʠʪʠʷ  ʠ  ʧʦʜʢʣʶʯʝʥʠʷ ï 

ʠʥʪʝʛʨʘʮʠʠ  ʚ ʩʠʩʪʝʤʫ ʥʘ ʫʨʦʚʥʝ ʢʦʤʧʣʝʢʩʘ ʪʝʭʥʠʯʝʩʢʠʭ ʩʨʝʜʩʪʚ (ʂʊʉ);  

        4.ʫʜʦʚʣʝʪʚʦʨʷʪʴ ʤʦʜʫʣʴʥʦʤʫ ʧʨʠʥʮʠʧʫ ʧʦʩʪʨʦʝʥʠʷ  ʥʘ ʫʨʦʚʥʝ ʢʦʤʧʣʝʢʩʘ ʧʨʦʛʨʘʤʤʥʳʭ ʩʨʝʜʩʪʚ (ʂʇʉ); 

        5. ʧʦʜʜʝʨʞʠʚʘʪʴ ʫʧʨʘʚʣʝʥʠʝ ʠ ʨʘʙʦʪʫ ʩʝʨʚʠʩʥʳʭ ʩʣʫʞʙ ʩʠʩʪʝʤʳ; 

        6.ʚ ʢʘʯʝʩʪʚʝ ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ ʧʦʩʪʨʦʝʥʠʷ ʜʘʥʥʦʡ ʩʠʩʪʝʤʳ ʠʩʧʦʣʴʟʦʚʘʪʴ ʩʝʪʠ, ʚʳʯʠʩʣʠʪʝʣʴʥʳʝ ʩʝʪʠ 

Intranet / Internet, ʧʦʟʚʦʣʷʶʱʠʝ ʦʩʫʱʝʩʪʚʣʷʪʴ ʦʧʝʨʘʪʠʚʥʳʡ ʦʙʤʝʥ ʠʥʬʦʨʤʘʮʠʝʡ ʤʝʞʜʫ ʦʩʥʦʚʥʳʤʠ 

ʢʦʤʧʦʥʝʥʪʘʤʠ ʩʠʩʪʝʤʳ, ʥʝʟʘʚʠʩʠʤʦ ʦʪ ʤʝʩʪʦʧʦʣʦʞʝʥʠʷ ʧʘʮʠʝʥʪʘ ʠ ʜʠʘʛʥʦʩʪʠʯʝʩʢʦʡ ʘʧʧʘʨʘʪʫʨʳ; 

       7.ʬʦʨʤʠʨʦʚʘʪʴ ʠ ʚʳʜʘʚʘʪʴ ʦʧʝʨʘʪʠʚʥʳʝ ʠ ʜʦʩʪʦʚʝʨʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʜʠʘʛʥʦʩʪʠʢʠ. 

       ɺ ʢʘʯʝʩʪʚʝ ʦʙʲʝʢʪʦʚ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚ ʧʨʦʮʝʩʩʝ ʚʝʨʠʬʠʢʘʮʠʠ ʤʦʛʫʪ ʚʳʩʪʫʧʘʪʴ: ʦʙʲʝʢʪ ʥʘʙʣʶʜʝʥʠʷ (ʆʅ), 

ʦʙʲʝʢʪ ʢʦʥʪʨʦʣʷ (ʆʂ) ʠ ʦʙʲʝʢʪ ʫʧʨʘʚʣʝʥʠʷ (ʆʋ). ɺ ʥʘʰʝʤ ʩʣʫʯʘʝ ʧʨʠ ʨʝʰʝʥʠʠ ʟʘʜʘʯʠ ʧʦʩʪʘʥʦʚʢʠ ʜʠʘʛʥʦʟʘ 

ʚ ʧʨʦʮʝʩʩʝ ʚʝʨʠʬʠʢʘʮʠʠ ʚ  ʢʘʯʝʩʪʚʝ ʦʙʲʝʢʪʦʚ ʠʩʩʣʝʜʦʚʘʥʠʷ ʙʦʣʝʝ ʧʦʜʭʦʜʷʱʠʤʠ ʤʦʛʫʪ ʚʳʩʪʫʧʘʪʴ ʆʂ.  

       ʆʧʨʝʜʝʣʠʤ ʦʙʲʝʢʪʳ ʧʨʦʮʝʩʩʘ ʚʝʨʠʬʠʢʘʮʠʠ ʤʝʜʠʮʠʥʩʢʠʭ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʦʙʲʝʢʪʦʚ ʠ ʠʭ ʬʨʘʛʤʝʥʪʦʚ, ʢʘʢ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʧʨʦʮʝʩʩʘ ʄʀʉ, ʧʨʠ ʜʠʘʛʥʦʩʪʠʢʝ ʟʘʙʦʣʝʚʘʥʠʡ. ʇʨʠ ʢʦʥʢʨʝʪʠʟʘʮʠʠ ʚ ʨʦʣʠ ʆʂ, ʚ ʢʘʯʝʩʪʚʝ 
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ʙʘʟʦʚʦʛʦ ʤʝʜʠʮʠʥʩʢʦʛʦ ʙʠʦʣʦʛʠʯʝʩʢʦʛʦ ʦʙʲʝʢʪʘ ʚʳʩʪʫʧʘʝʪ ʧʘʮʠʝʥʪ, ʘ ʚ ʢʘʯʝʩʪʚʝ ʬʨʘʛʤʝʥʪʦʚ ʤʝʜʠʮʠʥʩʢʦʛʦ 

ʙʠʦʣʦʛʠʯʝʩʢʦʛʦ ʦʙʲʝʢʪʘ ʚʳʩʪʫʧʘʶʪ ʦʪʜʝʣʴʥʳʝ ʦʨʛʘʥʳ ʠ ʦʙʣʘʩʪʠ ʚ ʦʨʛʘʥʠʟʤʝ ʧʘʮʠʝʥʪʘ, ʧʦʜʣʝʞʘʱʠʝ 

ʦʙʩʣʝʜʦʚʘʥʠʶ ʧʨʠ ʜʠʘʛʥʦʩʪʠʢʝ ʟʘʙʦʣʝʚʘʥʠʡ.   

         ɺʘʞʥʦʡ ʟʘʜʘʯʝʡ ʧʨʠ ʘʥʘʣʠʟʝ ʨʝʥʪʛʝʥʦʛʨʘʬʠʯʝʩʢʠʭ ʠʟʦʙʨʘʞʝʥʠʡ ʤʝʜʠʮʠʥʩʢʠʭ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʦʙʲʝʢʪʦʚ 

ʠ ʠʭ ʬʨʘʛʤʝʥʪʦʚ ʷʚʣʷʝʪʩʷ ʨʝʰʝʥʠʝ ʟʘʜʘʯʠ ʫʣʫʯʰʝʥʠʷ  ʢʘʯʝʩʪʚʘ ʠʟʦʙʨʘʞʝʥʠʷ. 

       ʉ ʮʝʣʴʶ ʫʣʫʯʰʝʥʠʷ ʢʘʯʝʩʪʚʘ ʨʝʥʪʛʝʥʦʚʩʢʠʭ ʩʥʠʤʢʦʚ ʠ ʧʦʚʳʰʝʥʠʷ ʠʭ ʠʥʬʦʨʤʘʪʠʚʥʦʩʪʠ ʙʳʣ ʨʘʟʨʘʙʦʪʘʥ 

ʘʣʛʦʨʠʪʤ ʠ ʨʝʘʣʠʟʦʚʘʥʦ ʧʨʦʛʨʘʤʤʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ ʧʦʜʩʠʩʪʝʤʳ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ ʜʣʷ ʠʭ 

ʢʦʨʨʝʢʮʠʠ ʠ ʘʥʘʣʠʟʘ, ʚʢʣʶʯʘʶʱʘʷ ʩʣʝʜʫʶʱʠʝ ʬʫʥʢʮʠʦʥʘʣʴʥʳʝ ʚʦʟʤʦʞʥʦʩʪʠ: 

         1.ʧʦʚʦʨʦʪ, ʦʪʨʘʞʝʥʠʝ ʠ ʠʥʚʝʨʪʠʨʦʚʘʥʠʝ ʠʟʦʙʨʘʞʝʥʠʷ; 

         2.ʧʨʠʤʝʥʝʥʠʝ ʘʣʛʦʨʠʪʤʦʚ ʰʫʤʦʧʦʜʘʚʣʝʥʠʷ; 

         3.ʢʦʨʨʝʢʮʠʷ ʦʙʱʝʡ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʠʟʦʙʨʘʞʝʥʠʷ; 

         4.ʘʥʘʣʠʟ ʦʙʣʘʩʪʝʡ ʤʝʪʦʜʘʤʠ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʩʪʘʪʠʩʪʠʢʠ.  

ʇʨʠʤʝʨʳ ʨʝʘʣʠʟʘʮʠʠ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʧʨʦʮʝʩʩʘ ʚʝʨʠʬʠʢʘʮʠʠ ʤʝʜʠʮʠʥʩʢʠʭ ʙʠʦʣʦʛʠʯʝʩʢʠʭ 

ʦʙʲʝʢʪʦʚ ʠ ʠʭ ʬʨʘʛʤʝʥʪʦʚ ʤʝʜʠʮʠʥʩʢʦʡ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʩʠʩʪʝʤʦʡ ʢʘʢ ʢʠʙʝʨʬʠʟʠʯʝʩʢʦʡ ʩʠʩʪʝʤʦʡ 

ɺ ʜʘʥʥʦʡ ʩʪʘʪʴʝ ʚ ʢʘʯʝʩʪʚʝ ʦʙʲʝʢʪʦʚ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚ ʧʨʦʮʝʩʩʝ ʚʝʨʠʬʠʢʘʮʠʠ, ʧʨʝʜʩʪʘʚʣʷʶʱʝʛʦ 

ʩʦʙʦʡ   ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʳʡ ʧʨʦʮʝʩʩ ʚʝʨʠʬʠʢʘʮʠʠ ʬʨʘʛʤʝʥʪʦʚ ʤʝʜʠʮʠʥʩʢʠʭ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʦʙʲʝʢʪʦʚ 

ʚʳʩʪʫʧʘʶʪ ʣʦʙʥʳʝ ʠ ʛʘʡʤʦʨʦʚʳ ʧʘʟʫʭʠ, ʩʦʩʪʦʷʥʠʝ ʢʦʪʦʨʳʭ ʷʚʣʷʝʪʩʷ ʬʘʢʪʦʨʦʤ ʜʣʷ ʚʳʷʚʣʝʥʠʷ ʨʷʜʘ ʃʆʈ 

ʙʦʣʝʟʥʝʡ ʧʨʠ ʨʘʩʩʤʦʪʨʝʥʠʠ ʜʠʘʛʥʦʩʪʠʢʠ ʵʪʦʛʦ ʚʠʜʘ ʟʘʙʦʣʝʚʘʥʠʡ. [6,7,8].  

          ɺ ʧʨʦʮʝʩʩʝ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʧʦʜʩʠʩʪʝʤʳ ʧʦʜʜʝʨʞʢʠ ʧʨʠʥʷʪʠʷ ʨʝʰʝʥʠʡ ʄʀʉ ʤʦʛʫʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ 

ʨʘʟʣʠʯʥʳʝ ʤʘʪʝʤʘʪʠʯʝʩʢʠʝ  ʤʦʜʝʣʠ ʩʣʝʜʫʶʱʠʭ ʤʝʪʦʜʦʚ (ʩʧʦʩʦʙʦʚ) ʚʝʨʠʬʠʢʘʮʠʠ, ʠʩʧʦʣʴʟʫʝʤʳʭ  ʜʣʷ 

ʜʠʘʛʥʦʩʪʠʢʠ: 

   1.ʤʝʪʦʜ ʩʨʘʚʥʝʥʠʷ ʩ ʵʪʘʣʦʥʦʤ, ʦʩʥʦʚʘʥʥʳʡ ʥʘ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʩʪʘʪʠʩʪʠʢʝ ʧʨʠ ʘʚʪʦʤʘʪʠʯʝʩʢʦʡ 

ʜʠʘʛʥʦʩʪʠʢʝ ʨʝʥʪʛʝʥʦʛʨʘʬʠʯʝʩʢʦʛʦ ʠʟʦʙʨʘʞʝʥʠʷ    ʠʟʦʙʨʘʞʝʥʠʷ, ʚʳʙʨʘʥʥʦʛʦ ʬʨʘʛʤʝʥʪʘ ʩʥʠʤʢʘ, ʥʘ ʢʦʪʦʨʦʤ 

ʠʤʝʝʪ ʤʝʩʪʦ ʧʦʩʪʦʷʥʥʦʝ ʟʥʘʯʝʥʠʝ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʷʨʢʦʩʪʠ; 

        2.ʤʝʪʦʜ, ʦʩʥʦʚʘʥʥʳʡ ʥʘ ʚʳʯʠʩʣʝʥʠʠ ʨʘʩʩʪʦʷʥʠʷ ʤʝʞʜʫ ʠʟʦʙʨʘʞʝʥʠʷʤʠ ʵʪʘʣʦʥʘ ʠ ʠʩʩʣʝʜʫʝʤʦʡ ʦʙʣʘʩʪʠ; 

        3.ʤʝʪʦʜ, ʦʩʥʦʚʘʥʥʳʡ ʥʘ ʚʳʯʠʩʣʝʥʠʠ ʦʮʝʥʢʠ ʠʥʬʦʨʤʘʪʠʚʥʦʩʪʠ ʵʪʘʣʦʥʘ ʠ ʠʩʩʣʝʜʫʝʤʦʡ ʦʙʣʘʩʪʠ; 

       4.ʙʝʟʵʪʘʣʦʥʥʳʡ ʤʝʪʦʜ ʦʙʨʘʙʦʪʢʠ ʠʟʦʙʨʘʞʝʥʠʡ ʠʩʩʣʝʜʫʝʤʳʭ ʦʙʣʘʩʪʝʡ ʥʘ ʨʝʥʪʛʝʥʦʛʨʘʬʠʯʝʩʢʦʤ ʩʥʠʤʢʝ; 

       5.ʠʥʬʦʨʤʘʮʠʦʥʥʦ ïɻ ʥʪʨʦʧʠʡʥʳʡ ʤʝʪʦʜ ʜʠʘʛʥʦʩʪʠʢʠ. 

            ʇʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʤʝʪʦʜʘ ʩʨʘʚʥʝʥʠʷ ʩ ʵʪʘʣʦʥʦʤ, ʦʩʥʦʚʘʥʥʦʤ ʥʘ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʩʪʘʪʠʩʪʠʢʝ ʧʨʠ 

ʘʚʪʦʤʘʪʠʯʝʩʢʦʡ ʜʠʘʛʥʦʩʪʠʢʝ ʨʝʥʪʛʝʥʦʛʨʘʬʠʯʝʩʢʦʛʦ ʠʟʦʙʨʘʞʝʥʠʷ   ʠʟʦʙʨʘʞʝʥʠʷ ʥʝʦʙʭʦʜʠʤʦ ʚʳʜʝʣʷʪʴ 

ʵʪʘʣʦʥʥʫʶ ʠ ʠʩʩʣʝʜʫʝʤʫʶ ʦʙʣʘʩʪʠ ʥʘ ʩʥʠʤʢʝ. 

          ʇʨʦʛʨʘʤʤʥʘʷ ʠ ʠʥʬʦʨʤʘʮʠʦʥʥʘʷ ʨʝʘʣʠʟʘʮʠʠ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʧʨʦʮʝʩʩʘ ʚʝʨʠʬʠʢʘʮʠʠ 

ʤʝʜʠʮʠʥʩʢʠʭ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʦʙʲʝʢʪʦʚ ʠ ʠʭ ʬʨʘʛʤʝʥʪʦʚ. ʈʝʞʠʤ ʨʘʙʦʪʳ çʈʝʜʘʢʪʦʨ ʩʥʠʤʢʦʚè 
           ʇʦʩʣʝ ʚʳʙʦʨʘ ʥʦʚʦʛʦ, ʣʠʙʦ ʦʪʢʨʳʪʠʷ ʨʘʥʝʝ ʩʦʭʨʘʥʝʥʥʦʛʦ ʚ ʙʘʟʝ ʜʘʥʥʳʭ ʩʥʠʤʢʘ, ʚʦʟʤʦʞʥʦ ʝʛʦ 

ʨʝʜʘʢʪʠʨʦʚʘʥʠʝ.  

          ɼʣʷ ʥʘʯʘʣʘ ʪʨʝʙʫʝʪʩʷ ʟʘʜʘʪʴ ʧʨʘʚʠʣʴʥʦʝ ʧʦʣʦʞʝʥʠʝ ʩʥʠʤʢʘ ʚ ʨʝʜʘʢʪʦʨʝ ʩ ʧʦʤʦʱʴʶ ʢʥʦʧʦʢ:  

          1.  - ʧʦʚʦʨʦʪ ʧʦ ʯʘʩʦʚʦʡ ʩʪʨʝʣʢʝ;  

          2.  - ʦʪʦʙʨʘʟʠʪʴ ʩʣʝʚʘ ʥʘ ʧʨʘʚʦ. 

          ʇʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʜʝʡʩʪʚʠʡ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʨʝʜʘʢʪʦʨʘ ʩʥʠʤʢʦʚ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʩʣʝʜʫʶʱʝʤ. 

          1.ʥʝʦʙʭʦʜʠʤʦ ʚʳʜʝʣʠʪʴ ʥʦʚʫʶ ʦʙʣʘʩʪʴ ʜʣʷ ʘʥʘʣʠʟʘ; 

          2.ʯʪʦʙʳ ʚʳʜʝʣʠʪʴ ʥʦʚʫʶ ʦʙʣʘʩʪʴ ʥʝʦʙʭʦʜʠʤʦ ʚ ʩʝʛʤʝʥʪʝ çʆʙʣʘʩʪʴè ʚʳʙʨʘʪʴ ʝʸ ʥʘʟʚʘʥʠʝ ʠ ʟʘʜʘʪʴ 

ʠʩʧʦʣʴʟʫʝʤʳʡ ʜʣʷ ʦʪʦʙʨʘʞʝʥʠʷ ʢʦʥʪʫʨʦʚ ʠ ʛʨʘʬʠʢʦʚ ʮʚʝʪ ʢʥʦʧʢʦʡ ; 

         3.ʟʘʪʝʤ ʚʳʜʝʣʠʪʴ ʢʦʥʪʫʨʦʤ ʞʝʣʘʝʤʫʶ ʯʘʩʪʴ ʥʘ ʩʥʠʤʢʝ ʩ ʧʦʤʦʱʴʶ ʣʝʚʦʡ ʢʣʘʚʠʰʠ ʤʳʰʠ; 

         4.ʧʦʩʣʝ ʟʘʚʝʨʰʝʥʠʷ ʚʳʜʝʣʝʥʠʷ ʦʙʲʝʢʪʘ ʥʘ ʩʥʠʤʢʝ ʘʚʪʦʤʘʪʠʯʝʩʢʠ ʦʪʦʙʨʘʞʘʝʪʩʷ ʠʥʬʦʨʤʘʮʠʷ ʦ ʝʛʦ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʭ:  

4.1  çʄʘʪʝʤʘʪʠʯʝʩʢʦʝ ʦʞʠʜʘʥʠʝè; 

4.2 çɼʠʩʧʝʨʩʠʷè; 

4.3 çʉʨʝʜʥʝʢʚʘʜʨʘʪʠʯʝʩʢʦʝ ʦʪʢʣʦʥʝʥʠʝè; 

4.4 çʂʦʵʬʬʠʮʠʝʥʪ ʚʘʨʠʘʮʠʠè;  

4.5 çʅʝʦʜʥʦʨʦʜʥʦʩʪʴè.  

5. ʟʘʪʝʤ ʪʘʢ ʞʝ ʥʘ ʛʨʘʬʠʢʝ ʩʪʨʦʠʪʩʷ ʛʠʩʪʦʛʨʘʤʤʘ ʩ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤ ʮʚʝʪʦʤ    ʚʳʜʝʣʝʥʥʦʡ 

ʦʙʣʘʩʪʠ. 




