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ɺɺɽɼɽʅʀɽ 

 

ʇʨʦʙʣʝʤʘ ʛʝʦʜʠʥʘʤʠʯʝʩʢʠʭ ʷʚʣʝʥʠʡ, ʧʨʠʚʦʜʷʱʠʭ ʢ ʢʘʪʘʩʪʨʦʬʠʯʝʩʢʠʤ 

ʧʦʩʣʝʜʩʪʚʠʷʤ, ʠʟʚʝʩʪʥʘ ʫʞʝ ʙʦʣʝʝ 250 ʣʝʪ. ʅʘ ʧʨʦʪʷʞʝʥʠʠ ʵʪʦʛʦ ʚʨʝʤʝʥʠ ʙʳʣʠ ʧʦʣʫʯʝʥʳ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʠ ʪʝʦʨʝʪʠʯʝʩʢʠʝ ʟʥʘʥʠʷ ʦ ʧʨʦʮʝʩʩʘʭ, ʧʨʦʪʝʢʘʶʱʠʭ ʚ ʧʦʨʦʜʥʦʤ ʤʘʩʩʠʚʝ 

ʠ ʦʢʘʟʳʚʘʶʱʠʭ ʚʦʟʜʝʡʩʪʚʠʝ ʥʘ ʝʛʦ ʥʘʧʨʷʞʝʥʥʦ-ʜʝʬʦʨʤʠʨʦʚʘʥʥʦʝ ʩʦʩʪʦʷʥʠʝ. ʅʝʩʤʦʪʨʷ ʥʘ 

ʧʨʦʚʝʜʝʥʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʠ ʧʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ, ʧʨʦʙʣʝʤʘ ʫʜʘʨʦʦʧʘʩʥʦʩʪʠ ʥʝ ʪʝʨʷʝʪ 

ʩʚʦʝʡ ʘʢʪʫʘʣʴʥʦʩʪʠ, ʘ ʩʪʘʥʦʚʠʪʩʷ ʚʩʝ ʙʦʣʝʝ ʩʣʦʞʥʦʡ ʠ ʟʥʘʯʠʤʦʡ ʚ ʤʠʨʦʚʦʡ ʥʘʫʢʝ ʠ ʛʦʨʥʦʡ 

ʧʨʘʢʪʠʢʝ. ʕʪʦ ʦʙʫʩʣʦʚʣʝʥʦ ʢʦʤʧʣʝʢʩʦʤ ʬʘʢʪʦʨʦʚ, ʚʣʠʷʶʱʠʭ ʥʘ ʚʦʟʥʠʢʥʦʚʝʥʠʝ 

ʛʝʦʜʠʥʘʤʠʯʝʩʢʠʭ ʷʚʣʝʥʠʡ, ʟʥʘʯʠʪʝʣʴʥʦʡ ʥʝʦʜʥʦʨʦʜʥʦʩʪʴʶ ʩʚʦʡʩʪʚ ʠ ʩʦʩʪʦʷʥʠʷ ʛʦʨʥʳʭ 

ʧʦʨʦʜ, ʢʦʪʦʨʳʝ ʧʦʜʚʝʨʛʘʶʪʩʷ ʠʥʪʝʥʩʠʚʥʳʤ ʪʝʭʥʦʛʝʥʥʳʤ ʚʦʟʜʝʡʩʪʚʠʷʤ ʚ ʧʨʦʮʝʩʩʝ 

ʨʘʟʨʘʙʦʪʢʠ, ʘ ʪʘʢʞʝ ʚʩʝ ʝʱʝ ʥʝʜʦʩʪʘʪʦʯʥʳʤ ʫʨʦʚʥʝʤ ʠʟʫʯʝʥʥʦʩʪʠ ʧʨʦʮʝʩʩʦʚ ʠ ʷʚʣʝʥʠʡ, 

ʧʨʦʠʩʭʦʜʷʱʠʭ ʚ ʧʨʝʜʝʣʴʥʦ ʥʘʧʨʷʞʝʥʥʳʭ ʛʝʦʣʦʛʠʯʝʩʢʠʭ ʩʨʝʜʘʭ ʩʣʦʞʥʦʡ ʩʪʨʫʢʪʫʨʳ. ʈʦʩʪ 

ʥʝʦʜʥʦʨʦʜʥʦʩʪʠ ʨʘʟʨʘʙʘʪʳʚʘʝʤʳʭ ʧʦʨʦʜʥʳʭ ʤʘʩʩʠʚʦʚ ʦʙʫʩʣʦʚʣʝʥ ʫʩʣʦʞʥʝʥʠʝʤ ʛʦʨʥʦ-

ʛʝʦʣʦʛʠʯʝʩʢʠʭ ʫʩʣʦʚʠʡ, ʯʪʦ ʩʚʷʟʘʥʦ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʛʣʫʙʠʥʳ ʟʘʣʝʛʘʥʠʷ ʧʦʣʝʟʥʳʭ 

ʠʩʢʦʧʘʝʤʳʭ ʠ ʦʩʚʦʝʥʠʝʤ ʥʦʚʳʭ, ʪʨʫʜʥʦʜʦʩʪʫʧʥʳʭ, ʥʦ ʵʢʦʥʦʤʠʯʝʩʢʠ ʧʝʨʩʧʝʢʪʠʚʥʳʭ 

ʦʙʲʝʢʪʦʚ. ʇʦʚʳʰʝʥʠʝ ʪʝʭʥʦʛʝʥʥʦʛʦ ʚʣʠʷʥʠʷ ʥʘ ʧʦʨʦʜʥʳʡ ʤʘʩʩʠʚ ʩʚʷʟʘʥʦ ʩ ʫʚʝʣʠʯʝʥʠʝʤ 

ʦʙʲʝʤʦʚ ʚʳʨʘʙʦʪʘʥʥʳʭ ʧʨʦʩʪʨʘʥʩʪʚ ʠ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʝʤ ʪʝʭʥʦʣʦʛʠʡ ʜʦʙʳʯʥʳʭ ʠ 

ʙʫʨʦʚʟʨʳʚʥʳʭ ʨʘʙʦʪ, ʦʢʘʟʳʚʘʶʱʠʭ, ʢʘʢ ʧʨʘʚʠʣʦ, ʙʦʣʝʝ ʘʢʪʠʚʥʦʝ ʚʦʟʜʝʡʩʪʚʠʝ ʥʘ 

ʛʝʦʤʝʭʘʥʠʯʝʩʢʦʝ ʩʦʩʪʦʷʥʠʝ. ʋʢʘʟʘʥʥʳʝ ʧʨʠʯʠʥʳ ʧʨʠʚʦʜʷʪ ʢ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʧʦʚʳʰʝʥʠʷ 

ʥʘʜʝʞʥʦʩʪʠ ʧʨʦʛʥʦʟʘ ʦʧʘʩʥʳʭ ʧʨʦʷʚʣʝʥʠʡ ʛʦʨʥʦʛʦ ʜʘʚʣʝʥʠʷ ʧʫʪʝʤ ʫʯʝʪʘ ʙʦʣʴʰʝʛʦ 

ʢʦʣʠʯʝʩʪʚʘ ʧʘʨʘʤʝʪʨʦʚ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʭ ʛʝʦʤʝʭʘʥʠʯʝʩʢʦʝ ʩʦʩʪʦʷʥʠʝ.  

ɼʦ ʥʝʜʘʚʥʝʛʦ ʚʨʝʤʝʥʠ ʩʫʱʝʩʪʚʦʚʘʣʠ ʪʝʭʥʠʯʝʩʢʠʝ ʦʛʨʘʥʠʯʝʥʠʷ, ʥʝ ʧʦʟʚʦʣʷʶʱʠʝ 

ʦʙʨʘʙʘʪʳʚʘʪʴ ʠ ʘʥʘʣʠʟʠʨʦʚʘʪʴ ʙʦʣʴʰʦʡ ʦʙʲʝʤ ʠʥʬʦʨʤʘʮʠʠ, ʨʝʛʠʩʪʨʠʨʫʝʤʦʡ ʚ ʧʨʦʮʝʩʩʝ 

ʠʥʩʪʨʫʤʝʥʪʘʣʴʥʦʛʦ ʛʝʦʤʝʭʘʥʠʯʝʩʢʦʛʦ ʤʦʥʠʪʦʨʠʥʛʘ. ʆʜʥʘʢʦ ʩʪʨʝʤʠʪʝʣʴʥʦʝ ʨʘʟʚʠʪʠʝ 

ʥʘʫʯʥʦ-ʪʝʭʥʠʯʝʩʢʦʛʦ ʧʨʦʛʨʝʩʩʘ ʟʘ ʧʦʩʣʝʜʥʠʝ ʜʝʩʷʪʠʣʝʪʠʷ, ʦʩʦʙʝʥʥʦ ʚ ʦʙʣʘʩʪʠ ʤʝʪʦʜʦʚ 

ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʦʛʦ ʘʥʘʣʠʟʘ ʜʘʥʥʳʭ, ʩʜʝʣʘʣʦ ʚʦʟʤʦʞʥʳʤ ʧʨʦʚʝʜʝʥʠʝ ʪʘʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ. 

ʅʝʩʤʦʪʨʷ ʥʘ ʦʛʨʦʤʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʨʘʟʨʘʙʦʪʘʥʥʳʭ ʘʥʘʣʠʪʠʯʝʩʢʠʭ ʩʨʝʜʩʪʚ ʚ ʤʠʨʦʚʦʡ ʥʘʫʢʝ, 

ʠʭ ʧʨʠʤʝʥʝʥʠʝ ʚ ʛʦʨʥʦʡ ʦʪʨʘʩʣʠ ʦʩʪʘʝʪʩʷ ʜʦʚʦʣʴʥʦ ʦʛʨʘʥʠʯʝʥʥʳʤ, ʘ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʜʣʷ 

ʦʮʝʥʢʠ ʠ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʫʜʘʨʦʦʧʘʩʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʚʩʪʨʝʯʘʝʪʩʷ ʝʱʝ ʨʝʞʝ. ɼʣʷ 

ʫʜʦʚʣʝʪʚʦʨʝʥʠʷ ʪʝʢʫʱʠʭ ʪʨʝʙʦʚʘʥʠʡ ʢ ʙʝʟʦʧʘʩʥʦʩʪʠ ʦʙʲʝʢʪʦʚ ʛʦʨʥʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʠ 

ʧʦʚʳʰʝʥʠʷ ʦʧʝʨʘʪʠʚʥʦʩʪʠ ʠ ʜʦʩʪʦʚʝʨʥʦʩʪʠ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʦʧʘʩʥʳʭ ʛʦʨʥʦʜʠʥʘʤʠʯʝʩʢʠʭ 

ʧʨʦʷʚʣʝʥʠʡ, ʥʝʦʙʭʦʜʠʤʦ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʝ ʧʨʦʛʨʘʤʤʥʦ-ʤʝʪʦʜʠʯʝʩʢʠʭ ʩʨʝʜʩʪʚ (ʤʝʪʦʜʦʚ 

ʦʙʨʘʙʦʪʢʠ ʠ ʠʥʪʝʨʧʨʝʪʘʮʠʠ ʜʘʥʥʳʭ, ʘʣʛʦʨʠʪʤʦʚ ʠ ʢʦʤʧʴʶʪʝʨʥʳʭ ʧʨʦʛʨʘʤʤ) 

ʛʝʦʤʝʭʘʥʠʯʝʩʢʦʛʦ ʤʦʥʠʪʦʨʠʥʛʘ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʦʚʨʝʤʝʥʥʳʭ ʤʝʪʦʜʦʚ 

ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʦʛʦ ʘʥʘʣʠʟʘ ʜʘʥʥʳʭ.  
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ɹʦʣʴʰʠʥʩʪʚʦ ʩʦʚʨʝʤʝʥʥʳʭ ʚʳʩʦʢʦʪʝʭʥʦʣʦʛʠʯʥʳʭ ʩʧʦʩʦʙʦʚ ʦʮʝʥʢʠ, ʢʦʥʪʨʦʣʷ ʠ 

ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʛʝʦʤʝʭʘʥʠʯʝʩʢʦʛʦ ʩʦʩʪʦʷʥʠʷ ʧʦʨʦʜʥʦʛʦ ʤʘʩʩʠʚʘ ʦʧʠʨʘʶʪʩʷ ʥʘ 

ʛʝʦʬʠʟʠʯʝʩʢʠʝ ʤʝʪʦʜʳ, ʦʩʥʦʚʘʥʥʳʝ ʥʘ ʬʠʟʠʯʝʩʢʠʭ ʧʨʠʥʮʠʧʘʭ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ 

ʘʢʫʩʪʠʯʝʩʢʠʭ ʚʦʣʥ, ʠʟʤʝʥʝʥʠʠ ʧʣʦʪʥʦʩʪʠ, ʤʘʛʥʠʪʥʳʭ ʠ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʛʦʨʥʳʭ 

ʧʦʨʦʜ. ʆʜʥʠʤ ʠʟ ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʥʘʧʨʘʚʣʝʥʠʡ ʛʝʦʬʠʟʠʯʝʩʢʦʛʦ ʤʦʥʠʪʦʨʠʥʛʘ ʷʚʣʷʶʪʩʷ 

ʩʝʡʩʤʦʘʢʫʩʪʠʯʝʩʢʠʝ ʩʠʩʪʝʤʳ. ʆʥʠ ʧʦʟʚʦʣʷʶʪ ʨʝʛʠʩʪʨʠʨʦʚʘʪʴ ʥʝ ʪʦʣʴʢʦ 

ʚʳʩʦʢʦʵʥʝʨʛʝʪʠʯʝʩʢʠʝ ʧʨʦʷʚʣʝʥʠʷ ʛʦʨʥʦʛʦ ʜʘʚʣʝʥʠʷ, ʥʦ ʠ ʙʦʣʝʝ ʩʣʘʙʳʝ ʩʠʛʥʘʣʳ, ʯʪʦ ʜʘʝʪ 

ʚʦʟʤʦʞʥʦʩʪʴ ʥʘʙʣʶʜʘʪʴ ʚʝʩʴ ʧʨʦʮʝʩʩ ʠʟʤʝʥʝʥʠʷ ʛʝʦʤʝʭʘʥʠʯʝʩʢʦʛʦ ʩʦʩʪʦʷʥʠʷ ï ʦʪ ʵʪʘʧʘ 

ʬʦʨʤʠʨʦʚʘʥʠʷ ʦʯʘʛʘ ʨʘʟʨʫʰʝʥʠʷ ʜʦ ʨʝʘʣʠʟʘʮʠʠ ʛʝʦʜʠʥʘʤʠʯʝʩʢʦʛʦ ʷʚʣʝʥʠʷ. ʊʘʢʦʡ 

ʤʦʥʠʪʦʨʠʥʛ ʦʙʝʩʧʝʯʠʚʘʝʪ ʤʘʩʰʪʘʙʥʦʝ ʠ ʢʦʤʧʣʝʢʩʥʦʝ ʠʟʫʯʝʥʠʝ ʛʝʦʤʝʭʘʥʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ 

ʙʣʘʛʦʜʘʨʷ ʘʥʘʣʠʟʫ ʙʦʣʴʰʦʛʦ ʦʙʲʝʤʘ ʩʝʡʩʤʦʘʢʫʩʪʠʯʝʩʢʦʡ ʠʥʬʦʨʤʘʮʠʠ. 

ʅʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʨʘʟʨʘʙʦʪʘʥʦ ʤʥʦʞʝʩʪʚʦ ʤʝʪʦʜʠʢ ʦʮʝʥʢʠ, ʢʦʥʪʨʦʣʷ ʠ 

ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʫʜʘʨʦʦʧʘʩʥʦʩʪʠ ʧʦʨʦʜʥʦʛʦ ʤʘʩʩʠʚʘ ʥʘ ʦʩʥʦʚʝ ʩʝʡʩʤʦʘʢʫʩʪʠʯʝʩʢʠʭ 

ʜʘʥʥʳʭ. ʆʜʥʘʢʦ ʧʦʩʪʦʷʥʥʦʝ ʫʩʣʦʞʥʝʥʠʝ ʛʝʦʤʝʭʘʥʠʯʝʩʢʦʡ ʦʙʩʪʘʥʦʚʢʠ ʚ ʧʨʦʮʝʩʩʝ ʛʦʨʥʳʭ 

ʨʘʙʦʪ ʠ ʫʚʝʣʠʯʝʥʠʝ ʯʘʩʪʦʪʳ ʩʣʫʯʘʝʚ ʧʨʦʷʚʣʝʥʠʷ ʫʜʘʨʦʦʧʘʩʥʦʩʪʠ ʪʨʝʙʫʶʪ ʧʦʩʪʦʷʥʥʦʛʦ 

ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʷ ʵʪʠʭ ʤʝʪʦʜʠʢ. ʇʨʠʤʝʥʝʥʠʝ ʤʝʪʦʜʦʚ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʦʛʦ ʘʥʘʣʠʟʘ ʥʘ ʚʩʝʭ 

ʩʪʘʜʠʷʭ ʩʝʡʩʤʦʘʢʫʩʪʠʯʝʩʢʦʛʦ ʤʦʥʠʪʦʨʠʥʛʘ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʥʘʠʙʦʣʝʝ ʨʘʮʠʦʥʘʣʴʥʳʤ 

ʧʦʜʭʦʜʦʤ, ʦʪʚʝʯʘʶʱʠʤ ʩʦʚʨʝʤʝʥʥʳʤ ʪʨʝʙʦʚʘʥʠʷʤ ʢ ʦʙʨʘʙʦʪʢʝ ʠ ʠʥʪʝʨʧʨʝʪʘʮʠʠ ʜʘʥʥʳʭ. 

ɺ ʧʨʝʜʩʪʘʚʣʝʥʥʦʡ ʨʘʙʦʪʝ ʦʧʠʩʘʥʳ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʥʘʧʨʘʚʣʝʥʥʳʝ ʥʘ ʨʘʟʨʘʙʦʪʢʫ ʤʝʪʦʜʦʚ ʠ 

ʘʥʘʣʠʪʠʯʝʩʢʠʭ ʩʨʝʜʩʪʚ ʜʣʷ ʧʦʚʳʰʝʥʠʷ ʜʦʩʪʦʚʝʨʥʦʩʪʠ ʧʦʣʫʯʘʝʤʳʭ ʚ ʧʨʦʮʝʩʩʝ 

ʩʝʡʩʤʦʘʢʫʩʪʠʯʝʩʢʦʛʦ ʤʦʥʠʪʦʨʠʥʛʘ ʜʘʥʥʳʭ ʠ ʧʦʚʳʰʝʥʠʷ ʥʘʜʝʞʥʦʩʪʠ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ 

ʦʧʘʩʥʳʭ ʧʨʦʷʚʣʝʥʠʡ ʛʦʨʥʦʛʦ ʜʘʚʣʝʥʠʷ.  

ʈʘʙʦʪʘ ʦʩʥʦʚʘʥʘ ʥʘ ʨʝʟʫʣʴʪʘʪʘʭ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʚʳʧʦʣʥʝʥʥʳʭ ʚ 2018-2024 ʛʛ., ʧʨʠ 

ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʤ ʫʯʘʩʪʠʠ ʘʚʪʦʨʘ ʚ ʨʝʘʣʠʟʘʮʠʠ ʥʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʭ ʧʣʘʥʦʚ 

ʀʥʩʪʠʪʫʪʘ ʛʦʨʥʦʛʦ ʜʝʣʘ ɼɺʆ ʈɸʅ çʉʦʟʜʘʥʠʝ ʪʝʦʨʝʪʠʯʝʩʢʠʭ ʠ ʤʝʪʦʜʠʯʝʩʢʠʭ ʦʩʥʦʚ 

ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʛʝʦʤʝʭʘʥʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ ʜʣʷ ʧʨʝʜʫʧʨʝʞʜʝʥʠʷ ʛʦʨʥʳʭ ʫʜʘʨʦʚ 

(ʪʝʭʥʦʛʝʥʥʳʭ ʢʘʪʘʩʪʨʦʬ) ʧʨʠ ʧʦʜʟʝʤʥʦʤ ʦʩʚʦʝʥʠʠ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʪʚʝʨʜʳʭ ʧʦʣʝʟʥʳʭ 

ʠʩʢʦʧʘʝʤʳʭè (ˉ ɻʈ 01201253447), çʈʘʟʚʠʪʠʝ ʥʘʫʯʥʦ-ʤʝʪʦʜʠʯʝʩʢʠʭ ʦʩʥʦʚ ʠ ʪʝʭʥʠʯʝʩʢʠʭ 

ʩʨʝʜʩʪʚ ʦʮʝʥʢʠ ʠ ʤʦʥʠʪʦʨʠʥʛʘ ʦʧʘʩʥʳʭ ʛʝʦʤʝʭʘʥʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ ʜʣʷ  ʩʥʠʞʝʥʠʷ  ʨʠʩʢʘ  

ʪʝʭʥʦʛʝʥʥʳʭ  ʢʘʪʘʩʪʨʦʬ  ʧʨʠ  ʦʩʚʦʝʥʠʠ  ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʧʦʣʝʟʥʳʭ ʠʩʢʦʧʘʝʤʳʭ 

ɼʘʣʴʥʝʚʦʩʪʦʯʥʦʛʦ ʨʝʛʠʦʥʘ (ˉ 0293-2015-0004), çʈʘʟʚʠʪʠʝ ʥʘʫʯʥʦ-ʤʝʪʦʜʠʯʝʩʢʠʭ ʦʩʥʦʚ ʠ 

ʪʝʭʥʠʯʝʩʢʠʭ ʩʨʝʜʩʪʚ ʦʮʝʥʢʠ ʠ ʤʦʥʠʪʦʨʠʥʛʘ ʦʧʘʩʥʳʭ ʛʝʦʤʝʭʘʥʠʯʝʩʢʠʭ  ʧʨʦʮʝʩʩʦʚ  ʜʣʷ  

ʩʥʠʞʝʥʠʷ  ʨʠʩʢʘ  ʪʝʭʥʦʛʝʥʥʳʭ  ʢʘʪʘʩʪʨʦʬ  ʧʨʠ ʦʩʚʦʝʥʠʠ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʧʦʣʝʟʥʳʭ 

ʠʩʢʦʧʘʝʤʳʭ ʜʘʣʴʥʝʚʦʩʪʦʯʥʦʛʦ ʨʝʛʠʦʥʘè (ˉ ɸɸɸɸ-ɸ18-118020590021-9), ʛʨʘʥʪʫ  ʈʌʌʀ  

09-05-00533-ʘ çɺʳʷʚʣʝʥʠʝ ʟʘʢʦʥʦʤʝʨʥʦʩʪʝʡ ʠ ʦʙʦʩʥʦʚʘʥʠʝ ʤʦʜʝʣʝʡ ʬʦʨʤʠʨʦʚʘʥʠʷ ʦʯʘʛʦʚ 
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ʛʦʨʥʳʭ ʠ ʛʦʨʥʦ-ʪʝʢʪʦʥʠʯʝʩʢʠʭ ʫʜʘʨʦʚ ʚ  ʧʨʠʨʦʜʥʦ-ʪʝʭʥʦʛʝʥʥʳʭ  ʛʦʨʥʦʜʠʥʘʤʠʯʝʩʢʠʭ  

ʩʠʩʪʝʤʘʭè, ʧʨʦʝʢʪʫ ʌʎʇ çɼʘʣʴʥʠʡ ɺʦʩʪʦʢè ˉ 15-I-2-057 çʈʘʟʨʘʙʦʪʢʘ ʩʠʩʪʝʤʳ 

ʢʦʤʧʣʝʢʩʥʦʛʦ ʛʝʦʤʝʭʘʥʠʯʝʩʢʦʛʦ ʤʦʥʠʪʦʨʠʥʛʘ ʜʣʷ ʧʨʝʜʫʧʨʝʞʜʝʥʠʷ ʦʧʘʩʥʳʭ 

ʛʝʦʜʠʥʘʤʠʯʝʩʢʠʭ ̫ ʚʣʝʥʠʡ  ʧʨʠ  ʦʩʚʦʝʥʠʠ  ʤʝʩʪʦʨʦʞʜʝʥʠʡ  ʚ  ʩʣʦʞʥʳʭ  ʛʦʨʥʦ-ʛʝʦʣʦʛʠʯʝʩʢʠʭ  

ʠ ʫʜʘʨʦʦʧʘʩʥʳʭ ʫʩʣʦʚʠʷʭè. 

ʎʝʣʴ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʡ ʨʘʙʦʪʳ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʨʘʟʨʘʙʦʪʢʝ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʦʡ 

ʩʠʩʪʝʤʳ ʧʨʦʛʨʘʤʤʥʦ-ʤʝʪʦʜʠʯʝʩʢʠʭ ʩʨʝʜʩʪʚ ʦʙʨʘʙʦʪʢʠ ʠ ʠʥʪʝʨʧʨʝʪʘʮʠʠ ʠʟʤʝʨʠʪʝʣʴʥʳʭ 

ʜʘʥʥʳʭ ʚ ʧʨʦʮʝʩʩʝ ʩʝʡʩʤʦʘʢʫʩʪʠʯʝʩʢʦʛʦ ʤʦʥʠʪʦʨʠʥʛʘ ʫʜʘʨʦʦʧʘʩʥʦʛʦ ʤʘʩʩʠʚʘ ʛʦʨʥʳʭ 

ʧʦʨʦʜ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʖʞʥʦʝ. 

ʀʜʝʷ ʜʠʩʩʝʨʪʘʮʠʠ ʩʦʩʪʦʠʪ ʚ ʧʨʠʤʝʥʝʥʠʠ ʤʝʪʦʜʦʚ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʦʛʦ ʘʥʘʣʠʟʘ 

ʠʟʤʝʨʠʪʝʣʴʥʳʭ ʩʝʡʩʤʦʘʢʫʩʪʠʯʝʩʢʠʭ ʜʘʥʥʳʭ ʜʣʷ ʧʦʚʳʰʝʥʠʷ ʥʘʜʸʞʥʦʩʪʠ ʚʳʷʚʣʝʥʠʷ 

ʟʘʢʦʥʦʤʝʨʥʦʩʪʝʡ ʬʦʨʤʠʨʦʚʘʥʠʷ ʦʧʘʩʥʳʭ ʦʯʘʛʦʚ ʨʘʟʨʫʰʝʥʠʡ ʠ ʧʨʦʛʥʦʟʘ ʜʠʥʘʤʠʯʝʩʢʠʭ 

ʧʨʦʷʚʣʝʥʠʡ ʛʦʨʥʦʛʦ ʜʘʚʣʝʥʠʷ ʚ ʧʨʦʮʝʩʩʝ ʩʝʡʩʤʦʘʢʫʩʪʠʯʝʩʢʦʛʦ ʤʦʥʠʪʦʨʠʥʛʘ 

ʨʘʟʨʘʙʘʪʳʚʘʝʤʦʛʦ ʫʜʘʨʦʦʧʘʩʥʦʛʦ ʤʝʩʪʦʨʦʞʜʝʥʠʷ. 

ɼʣʷ ʜʦʩʪʠʞʝʥʠʷ ʧʦʩʪʘʚʣʝʥʥʦʡ ʮʝʣʠ ʙʳʣʠ ʦʧʨʝʜʝʣʝʥʳ ʠ ʨʝʰʝʥʳ ʩʣʝʜʫʶʱʠʝ ʟʘʜʘʯʠ: 

- ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʪʴ ʧʨʠʟʥʘʢʦʚʦʝ ʧʨʦʩʪʨʘʥʩʪʚʦ ʨʝʛʠʩʪʨʠʨʫʝʤʳʭ 

ʩʝʡʩʤʦʘʢʫʩʪʠʯʝʩʢʠʭ ʜʘʥʥʳʭ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʭʘʨʘʢʪʝʨʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʩʠʛʥʘʣʦʚ, 

ʠʥʠʮʠʠʨʦʚʘʥʥʳʭ ʝʩʪʝʩʪʚʝʥʥʳʤʠ ʛʝʦʤʝʭʘʥʠʯʝʩʢʠʤʠ ʧʨʦʮʝʩʩʘʤʠ ʠ ʚʳʧʦʣʥʝʥʠʝʤ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʦʧʝʨʘʮʠʡ ʧʦ ʨʘʟʨʘʙʦʪʢʝ ʤʝʩʪʦʨʦʞʜʝʥʠʡ;  

- ʦʙʦʩʥʦʚʘʪʴ ʵʬʬʝʢʪʠʚʥʳʝ ʤʦʜʝʣʠ ʤʘʰʠʥʥʦʛʦ ʦʙʫʯʝʥʠʷ ʠ ʧʨʦʠʟʚʝʩʪʠ ʧʦʜʙʦʨ ʠʭ 

ʛʠʧʝʨʧʘʨʘʤʝʪʨʦʚ ʜʣʷ ʜʦʩʪʦʚʝʨʥʦʛʦ ʚʳʷʚʣʝʥʠʷ ʩʠʛʥʘʣʦʚ ʠ ʩʦʙʳʪʠʡ ʝʩʪʝʩʪʚʝʥʥʦʛʦ 

ʧʨʦʠʩʭʦʞʜʝʥʠʷ;   

- ʨʘʟʨʘʙʦʪʘʪʴ ʤʝʪʦʜʠʢʫ ʦʙʥʘʨʫʞʝʥʠʷ ʠ ʦʮʝʥʢʠ ʦʯʘʛʦʚ ʧʦʚʳʰʝʥʥʦʛʦ ʛʦʨʥʦʛʦ 

ʜʘʚʣʝʥʠʷ ʚ ʫʜʘʨʦʦʧʘʩʥʦʤ ʤʘʩʩʠʚʝ ʛʦʨʥʳʭ ʧʦʨʦʜ; 

- ʚʳʧʦʣʥʠʪʴ ʨʘʩʯʸʪ ʧʘʨʘʤʝʪʨʦʚ ʚʨʝʤʝʥʥʳʭ ʨʷʜʦʚ ʠ ʩʦʧʦʩʪʘʚʠʪʴ ʠʭ ʩ ʧʨʦʷʚʣʝʥʠʷʤʠ 

ʛʦʨʥʦʛʦ ʜʘʚʣʝʥʠʷ, ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʥʳʤʠ ʥʘ ʫʜʘʨʦʦʧʘʩʥʦʤ ʤʝʩʪʦʨʦʞʜʝʥʠʠ; 

- ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʩʝʡʩʤʦʘʢʫʩʪʠʯʝʩʢʠʭ ʜʘʥʥʳʭ ʨʘʟʨʘʙʦʪʘʪʴ ʵʬʬʝʢʪʠʚʥʳʝ ʤʦʜʝʣʠ 

ʤʘʰʠʥʥʦʛʦ ʦʙʫʯʝʥʠʷ ʜʣʷ ʥʘʜʝʞʥʦʛʦ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʫʜʘʨʦʦʧʘʩʥʦʩʪʠ. 

ʄʝʪʦʜʳ ʠʩʩʣʝʜʦʚʘʥʠʡ. ʀʩʧʦʣʴʟʦʚʘʥ ʢʦʤʧʣʝʢʩ ʤʝʪʦʜʦʚ, ʚʢʣʶʯʘʶʱʠʡ: ʥʘʪʫʨʥʳʝ 

ʥʘʙʣʶʜʝʥʠʷ; ʘʥʘʣʠʟ ʠ ʦʙʦʙʱʝʥʠʝ ʦʧʳʪʘ ʠʟʫʯʝʥʠʷ ʛʝʦʤʝʭʘʥʠʯʝʩʢʦʛʦ ʩʦʩʪʦʷʥʠʷ ʤʘʩʩʠʚʘ 

ʛʦʨʥʳʭ ʧʦʨʦʜ ʦʪʨʘʙʘʪʳʚʘʝʤʳʭ ʫʜʘʨʦʦʧʘʩʥʳʭ ʨʫʜʥʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ; ʩʝʡʩʤʦʘʢʫʩʪʠʯʝʩʢʠʡ 

ʤʝʪʦʜ; ʤʘʪʝʤʘʪʠʯʝʩʢʫʶ ʦʙʨʘʙʦʪʢʫ ʠ ʵʢʩʧʝʨʪʥʳʡ ʘʥʘʣʠʟ ʠʟʤʝʨʠʪʝʣʴʥʳʭ ʜʘʥʥʳʭ; ʤʝʪʦʜʳ 

ʢʣʘʩʪʝʨʥʦʛʦ ʘʥʘʣʠʟʘ, ʤʘʰʠʥʥʦʛʦ ʦʙʫʯʝʥʠʷ, ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʩʪʘʪʠʩʪʠʢʠ ʠ ʪʝʦʨʠʠ 

ʚʝʨʦʷʪʥʦʩʪʝʡ.  
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ʆʩʥʦʚʥʳʝ ʥʘʫʯʥʳʝ ʧʦʣʦʞʝʥʠʷ, ʟʘʱʠʱʘʝʤʳʝ ʘʚʪʦʨʦʤ: 

1. ʊʠʧ ʠʩʪʦʯʥʠʢʘ ʨʝʛʠʩʪʨʠʨʫʝʤʳʭ ʩʠʛʥʘʣʦʚ ʠ ʩʝʡʩʤʦʘʢʫʩʪʠʯʝʩʢʠʭ ʩʦʙʳʪʠʡ ʥʘʜʝʞʥʦ 

ʠʜʝʥʪʠʬʠʮʠʨʫʝʪʩʷ ʧʨʠʤʝʥʝʥʠʝʤ ʢʦʤʧʣʝʢʩʘ ʚʝʨʦʷʪʥʦʩʪʥʳʭ ʥʝʡʨʦʥʥʳʭ ʩʝʪʝʡ ʙʠʥʘʨʥʦʡ 

ʢʣʘʩʩʠʬʠʢʘʮʠʠ, ʯʪʦ ʜʣʷ ʫʩʣʦʚʠʡ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʖʞʥʦʝ ʧʨʠʚʦʜʠʪ ʢ 95 % ʪʦʯʥʦʩʪʠ 

ʨʘʩʧʦʟʥʘʚʘʥʠʷ ʜʘʥʥʳʭ ʥʘ ʪʝʩʪʦʚʦʡ ʚʳʙʦʨʢʝ ʠ ʫʚʝʣʠʯʝʥʠʶ ʦʙʲʝʤʘ ʧʦʣʝʟʥʦʡ ʠʥʬʦʨʤʘʮʠʠ ʦʙ 

ʝʩʪʝʩʪʚʝʥʥʳʭ ʧʨʦʮʝʩʩʘʭ ʨʘʟʨʫʰʝʥʠʷ ʤʘʩʩʠʚʘ ʛʦʨʥʳʭ ʧʦʨʦʜ ʙʦʣʝʝ, ʯʝʤ ʚ 15 ʨʘʟ. 

2. ʇʦʪʝʥʮʠʘʣʴʥʦ ʫʜʘʨʦʦʧʘʩʥʳʝ ʫʯʘʩʪʢʠ ʤʘʩʩʠʚʘ ʛʦʨʥʳʭ ʧʦʨʦʜ ʵʬʬʝʢʪʠʚʥʦ 

ʚʳʷʚʣʷʶʪʩʷ ʩ ʚʳʩʦʢʦʡ ʩʪʝʧʝʥʴʶ ʜʦʩʪʦʚʝʨʥʦʩʪʠ ʙʣʘʛʦʜʘʨʷ ʩʦʚʤʝʩʪʥʦʤʫ ʧʨʠʤʝʥʝʥʠʶ 

ʘʣʛʦʨʠʪʤʘ ʢʣʘʩʪʝʨʥʦʛʦ ʘʥʘʣʠʟʘ DBSCAN ʠ ʠʥʜʝʢʩʘ ɼʵʚʠʩʘ-ɹʦʣʜʠʥʘ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ 

ʘʢʫʩʪʠʯʝʩʢʠ ʘʢʪʠʚʥʳʭ ʟʦʥ ʠ ʧʘʨʘʤʝʪʨʠʯʝʩʢʦʛʦ ʦʧʠʩʘʥʠʷ ʜʠʥʘʤʠʢʠ ʠʭ ʨʘʟʚʠʪʠʷ. 

3. ʀʩʧʦʣʴʟʫʝʤʳʝ ʚ ʤʝʪʦʜʘʭ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʦʡ ʦʙʨʘʙʦʪʢʠ ʜʘʥʥʳʭ ʤʦʜʝʣʠ ʩʣʫʯʘʡʥʦʛʦ 

ʣʝʩʘ ʠ ʛʨʘʜʠʝʥʪʥʦʛʦ ʙʫʩʪʠʥʛʘ, ʘʜʘʧʪʠʨʦʚʘʥʥʳʝ ʠ ʦʙʫʯʝʥʥʳʝ ʥʘ ʠʟʤʝʨʠʪʝʣʴʥʳʭ ʜʘʥʥʳʭ 

ʩʝʡʩʤʦʘʢʫʩʪʠʯʝʩʢʠʭ ʚʨʝʤʝʥʥʳʭ ʨʷʜʦʚ ʨʘʟʥʦʛʦ ʠʥʪʝʨʚʘʣʘ, ʦʙʝʩʧʝʯʠʚʘʶʪ ʥʘʜʝʞʥʦʝ 

ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʝ ʦʧʘʩʥʳʭ ʛʝʦʜʠʥʘʤʠʯʝʩʢʠʭ ʷʚʣʝʥʠʡ, ʠ ʧʨʠ ʧʦʨʦʛʦʚʦʤ ʟʥʘʯʝʥʠʠ 

ʚʝʨʦʷʪʥʦʩʪʠ 0,2 ʪʦʯʥʦʩʪʴ ʧʨʦʛʥʦʟʥʳʭ ʦʮʝʥʦʢ ʪʘʢʠʭ ʤʦʜʝʣʝʡ ʚ ʫʩʣʦʚʠʷʭ ʤʝʩʪʦʨʦʞʜʝʥʠʷ 

ʖʞʥʦʝ ʩʦʩʪʘʚʣʷʝʪ 84 %. 

ʅʘʫʯʥʘʷ ʥʦʚʠʟʥʘ ʨʘʙʦʪʳ: 

- ʫʩʪʘʥʦʚʣʝʥʳ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ ʨʝʛʠʩʪʨʘʮʠʠ ʩʝʡʩʤʦʘʢʫʩʪʠʯʝʩʢʠʭ ʩʠʛʥʘʣʦʚ 

ʝʩʪʝʩʪʚʝʥʥʦʛʦ ʠ ʪʝʭʥʦʛʝʥʥʦʛʦ ʧʨʦʠʩʭʦʞʜʝʥʠʷ ʚ ʫʩʣʦʚʠʷʭ ʘʢʪʠʚʥʦʛʦ ʚʝʜʝʥʠʷ ʛʦʨʥʳʭ ʨʘʙʦʪ 

ʧʨʠ ʧʦʜʛʦʪʦʚʢʝ ʦʙʫʯʘʶʱʠʭ ʥʘʙʦʨʦʚ ʜʘʥʥʳʭ ʜʣʷ ʤʦʜʝʣʝʡ ʥʝʡʨʦʥʥʳʭ ʩʝʪʝʡ; 

-  ʨʘʟʨʘʙʦʪʘʥʳ ʤʘʪʝʤʘʪʠʯʝʩʢʠʝ ʤʦʜʝʣʠ ʥʝʡʨʦʥʥʳʭ ʩʝʪʝʡ, ʧʦʟʚʦʣʷʶʱʠʝ ʧʨʠ ʠʭ 

ʢʦʤʧʣʝʢʩʥʦʤ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʩ 95 % ʪʦʯʥʦʩʪʴʶ ʦʧʨʝʜʝʣʷʪʴ ʪʠʧ ʠʩʪʦʯʥʠʢʘ ʨʝʛʠʩʪʨʠʨʫʝʤʳʭ 

ʩʠʛʥʘʣʦʚ ʠ ʩʝʡʩʤʦʘʢʫʩʪʠʯʝʩʢʠʭ ʩʦʙʳʪʠʡ; 

- ʨʘʟʨʘʙʦʪʘʥʘ ʤʝʪʦʜʠʢʘ ʣʦʢʘʣʠʟʘʮʠʠ ʦʯʘʛʦʚ ʧʦʚʳʰʝʥʥʦʛʦ ʛʦʨʥʦʛʦ ʜʘʚʣʝʥʠʷ ʥʘ 

ʫʜʘʨʦʦʧʘʩʥʦʤ ʤʝʩʪʦʨʦʞʜʝʥʠʠ ʩ ʦʮʝʥʢʦʡ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʭ ʠ ʚʨʝʤʝʥʥʳʭ ʧʘʨʘʤʝʪʨʦʚ 

ʩʝʡʩʤʦʘʢʫʩʪʠʯʝʩʢʠʭ ʩʦʙʳʪʠʡ ʠ ʧʦʣʫʯʝʥʠʝʤ ʧʘʨʘʤʝʪʨʠʯʝʩʢʦʛʦ ʦʧʠʩʘʥʠʷ ʜʠʥʘʤʠʢʠ ʠʭ 

ʨʘʟʚʠʪʠʷ; 

- ʨʘʟʨʘʙʦʪʘʥʳ ʤʦʜʝʣʠ ʤʘʰʠʥʥʦʛʦ ʦʙʫʯʝʥʠʷ ʜʣʷ ʨʝʪʨʦʩʧʝʢʪʠʚʥʦʛʦ ʘʥʘʣʠʟʘ ʠ 

ʥʘʜʝʞʥʦʛʦ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʥʘ ʦʩʥʦʚʝ ʨʘʩʩʯʠʪʘʥʥʳʭ ʩʝʡʩʤʦʘʢʫʩʪʠʯʝʩʢʠʭ ʚʨʝʤʝʥʥʳʭ 

ʨʷʜʦʚ ʧʨʦʷʚʣʝʥʠʡ ʫʜʘʨʦʦʧʘʩʥʦʩʪʠ, ʥʘʠʙʦʣʝʝ ʚʝʨʦʷʪʥʳʭ ʥʘ ʩʦʚʨʝʤʝʥʥʦʤ ʠ ʧʝʨʩʧʝʢʪʠʚʥʦʤ 

ʵʪʘʧʘʭ ʨʘʟʚʠʪʠʷ ʛʦʨʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ. 

ɼʦʩʪʦʚʝʨʥʦʩʪʴ ʠ ʦʙʦʩʥʦʚʘʥʥʦʩʪʴ ʥʘʫʯʥʳʭ ʧʦʣʦʞʝʥʠʡ ʠ ʚʳʚʦʜʦʚ 

ʦʙʝʩʧʝʯʠʚʘʶʪʩʷ ʢʦʨʨʝʢʪʥʳʤ ʚʳʙʦʨʦʤ ʤʝʪʦʜʦʚ ʠ ʧʦʜʭʦʜʦʚ ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ ʢʦʤʧʣʝʢʩʥʳʭ 

ʠʩʩʣʝʜʦʚʘʥʠʡ, ʜʦʩʪʘʪʦʯʥʳʤ ʦʙʲʝʤʦʤ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠ ʨʘʩʯʝʪʥʳʭ ʜʘʥʥʳʭ, 

ʧʦʣʫʯʝʥʥʳʭ ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ ʩʝʡʩʤʦʘʢʫʩʪʠʯʝʩʢʦʛʦ ʤʦʥʠʪʦʨʠʥʛʘ, ʪʝʩʪʠʨʦʚʘʥʠʝʤ ʤʦʜʝʣʝʡ 
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ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʦʛʦ ʘʥʘʣʠʟʘ ʜʣʷ ʨʝʰʝʥʠʷ ʧʦʩʪʘʚʣʝʥʥʳʭ ʟʘʜʘʯ ʠ ʘʧʨʦʙʘʮʠʝʡ ʨʘʟʨʘʙʦʪʘʥʥʳʭ 

ʩʨʝʜʩʪʚ ʥʘ ʬʘʢʪʠʯʝʩʢʠʭ ʜʘʥʥʳʭ, ʨʝʛʠʩʪʨʠʨʫʝʤʳʭ ʚ ʤʘʩʩʠʚʝ ʛʦʨʥʳʭ ʧʦʨʦʜ ʫʜʘʨʦʦʧʘʩʥʦʛʦ 

ʤʝʩʪʦʨʦʞʜʝʥʠʷ. 

ʇʨʘʢʪʠʯʝʩʢʘʷ ʮʝʥʥʦʩʪʴ ʨʘʙʦʪʳ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʨʘʟʨʘʙʦʪʢʝ ʧʨʦʛʨʘʤʤʥʦ-

ʤʝʪʦʜʠʯʝʩʢʠʭ ʩʨʝʜʩʪʚ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʤʝʪʦʜʦʚ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʦʛʦ ʘʥʘʣʠʟʘ, 

ʦʙʝʩʧʝʯʠʚʘʶʱʠʭ ʧʦʚʳʰʝʥʠʝ ʪʦʯʥʦʩʪʠ ʦʙʨʘʙʦʪʢʠ ʩʝʡʩʤʦʘʢʫʩʪʠʯʝʩʢʠʭ ʜʘʥʥʳʭ ʠ ʥʘʜʝʞʥʦʝ 

ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʝ ʦʧʘʩʥʳʭ ʛʦʨʥʦʜʠʥʘʤʠʯʝʩʢʠʭ ʷʚʣʝʥʠʡ, ʯʪʦ ʩʧʦʩʦʙʩʪʚʫʝʪ ʙʝʟʦʧʘʩʥʦʡ ʠ 

ʵʬʬʝʢʪʠʚʥʦʡ ʨʘʟʨʘʙʦʪʢʠ ʫʜʘʨʦʦʧʘʩʥʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ. 

ʈʝʘʣʠʟʘʮʠʷ ʨʝʟʫʣʴʪʘʪʦʚ ʨʘʙʦʪʳ. ɼʘʥʥʳʝ, ʧʦʣʫʯʝʥʥʳʝ ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ 

ʠʩʩʣʝʜʦʚʘʥʠʡ, ʠʩʧʦʣʴʟʦʚʘʥʳ ʧʨʠ ʨʘʟʨʘʙʦʪʢʝ çʋʢʘʟʘʥʠʡ ʧʦ ʙʝʟʦʧʘʩʥʦʤʫ ʚʝʜʝʥʠʶ ʛʦʨʥʳʭ 

ʨʘʙʦʪ ʥʘ ʤʝʩʪʦʨʦʞʜʝʥʠʠ ʖʞʥʦʝ (ɸʆ çɻʄʂ çɼʘʣʴʧʦʣʠʤʝʪʘʣʣè), ʦʧʘʩʥʦʤ ʧʦ ʛʦʨʥʳʤ 

ʫʜʘʨʘʤè, 2022 ʛ. ʠ ʫʯʠʪʳʚʘʶʪʩʷ ʧʨʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ ʠ ʚʝʜʝʥʠʠ ʛʦʨʥʳʭ ʨʘʙʦʪ ʥʘ 

ʫʜʘʨʦʦʧʘʩʥʳʭ ʫʯʘʩʪʢʘʭ; ʦʪʜʝʣʴʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʡ ʨʘʙʦʪʳ ʠʩʧʦʣʴʟʫʶʪʩʷ ʚ 

ʥʘʫʯʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʷʭ ʀʥʩʪʠʪʫʪʘ ʛʦʨʥʦʛʦ ʜʝʣʘ ɼɺʆ ʈɸʅ ʥʘ ʨʷʜʝ ʜʨʫʛʠʭ ʦʙʲʝʢʪʦʚ 

ʛʝʦʤʝʭʘʥʠʯʝʩʢʦʛʦ ʤʦʥʠʪʦʨʠʥʛʘ, ʚʢʣʶʯʘʷ ʫʜʘʨʦʦʧʘʩʥʳʝ ʤʝʩʪʦʨʦʞʜʝʥʠʷ, ʨʘʟʨʘʙʘʪʳʚʘʝʤʳʝ 

ʨʫʜʥʠʢʘʤʠ ʂʌ ɸʆ çɸʧʘʪʠʪè, ʇɸʆ çʇʇɻʍʆè ʠ ɸʆ çɻʄʂ çɼʘʣʴʧʦʣʠʤʝʪʘʣʣè. 

ʃʠʯʥʳʡ ʚʢʣʘʜ ʘʚʪʦʨʘ: 

- ʧʦʩʪʘʥʦʚʢʫ ʮʝʣʠ, ʦʙʟʦʨ ʠ ʚʳʙʦʨ ʩʨʝʜʩʪʚ ʜʣʷ ʝʝ ʜʦʩʪʠʞʝʥʠʷ, ʨʝʰʝʥʠʝ 

ʧʦʩʪʘʚʣʝʥʥʳʭ ʟʘʜʘʯ ʠ ʘʥʘʣʠʟ ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʧʦ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʶ ʩʨʝʜʩʪʚ 

ʩʝʡʩʤʦʘʢʫʩʪʠʯʝʩʢʦʛʦ ʤʦʥʠʪʦʨʠʥʛʘ; 

- ʘʥʘʣʠʟ ʧʨʠʟʥʘʢʦʚʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ ʩʝʡʩʤʦʘʢʫʩʪʠʯʝʩʢʠʭ ʩʠʛʥʘʣʦʚ, ʨʘʟʨʘʙʦʪʢʫ 

ʘʨʭʠʪʝʢʪʫʨʳ, ʦʙʫʯʝʥʠʝ ʠ ʪʝʩʪʠʨʦʚʘʥʠʝ ʢʦʤʧʣʝʢʩʘ ʥʝʡʨʦʩʝʪʝʚʳʭ ʤʦʜʝʣʝʡ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ 

ʪʠʧʘ ʠʩʪʦʯʥʠʢʘ ʨʝʛʠʩʪʨʠʨʫʝʤʳʭ ʜʘʥʥʳʭ ʚ ʫʩʣʦʚʠʷʭ ʘʢʪʠʚʥʦʛʦ ʚʝʜʝʥʠʷ ʛʦʨʥʳʭ ʨʘʙʦʪ; 

- ʨʘʟʨʘʙʦʪʢʫ ʤʝʪʦʜʠʢʠ ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʘʢʫʩʪʠʯʝʩʢʠ ʘʢʪʠʚʥʳʭ ʟʦʥ, 

ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʭ ʦʯʘʛʠ ʧʦʚʳʰʝʥʥʦʛʦ ʛʦʨʥʦʛʦ ʜʘʚʣʝʥʠʷ ʚ ʤʘʩʩʠʚʝ ʛʦʨʥʳʭ ʧʦʨʦʜ, ʩ ʦʮʝʥʢʦʡ 

ʠʭ ʜʦʩʪʦʚʝʨʥʦʩʪʠ ʠ ʨʘʩʯʝʪʦʤ ʧʘʨʘʤʝʪʨʦʚ ʨʘʟʚʠʪʠʷ ʩ ʪʝʯʝʥʠʝʤ ʚʨʝʤʝʥʠ; 

- ʨʘʩʯʸʪ ʧʘʨʘʤʝʪʨʦʚ ʚʨʝʤʝʥʥʳʭ ʨʷʜʦʚ ʧʦ ʩʝʡʩʤʦʘʢʫʩʪʠʯʝʩʢʠʤ ʜʘʥʥʳʤ, 

ʩʦʧʦʩʪʘʚʣʝʥʠʝ ʠʭ ʩ ʧʨʦʷʚʣʝʥʠʷʤʠ ʛʦʨʥʦʛʦ ʜʘʚʣʝʥʠʷ ʠ ʚʳʙʦʨ ʟʥʘʯʠʤʳʭ ʧʨʠʟʥʘʢʦʚ ʜʣʷ 

ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʫʜʘʨʦʦʧʘʩʥʦʩʪʠ; 

- ʨʘʟʨʘʙʦʪʢʫ, ʦʙʫʯʝʥʠʝ ʠ ʪʝʩʪʠʨʦʚʘʥʠʝ ʤʦʜʝʣʝʡ ʤʘʰʠʥʥʦʛʦ ʦʙʫʯʝʥʠʷ ʜʣʷ 

ʥʘʜʝʞʥʦʛʦ ʧʨʝʜʩʢʘʟʘʥʠʷ ʜʠʥʘʤʠʯʝʩʢʠʭ ʧʨʦʷʚʣʝʥʠʡ ʛʦʨʥʦʛʦ ʜʘʚʣʝʥʠʷ ʥʘ ʫʜʘʨʦʦʧʘʩʥʦʤ 

ʤʝʩʪʦʨʦʞʜʝʥʠʠ ʖʞʥʦʝ; 

- ʨʘʟʨʘʙʦʪʢʘ, ʦʙʫʯʝʥʠʝ ʠ ʪʝʩʪʠʨʦʚʘʥʠʝ ʤʦʜʝʣʝʡ ʤʘʰʠʥʥʦʛʦ ʦʙʫʯʝʥʠʷ ʜʣʷ 

ʥʘʜʝʞʥʦʛʦ ʧʨʝʜʩʢʘʟʘʥʠʷ ʜʠʥʘʤʠʯʝʩʢʠʭ ʧʨʦʷʚʣʝʥʠʡ ʛʦʨʥʦʛʦ ʜʘʚʣʝʥʠʷ ʥʘ ʫʜʘʨʦʦʧʘʩʥʦʤ 

ʤʝʩʪʦʨʦʞʜʝʥʠʠ ʖʞʥʦʝ.   
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ɸʧʨʦʙʘʮʠʷ ʨʘʙʦʪʳ. ʆʩʥʦʚʥʦʝ ʩʦʜʝʨʞʘʥʠʝ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʡ ʨʘʙʦʪʳ ʠ ʦʪʜʝʣʴʥʳʝ ʝʝ 

ʧʦʣʦʞʝʥʠʷ ʧʨʝʜʩʪʘʚʣʷʣʠʩʴ ʚ 2018-2024 ʛʛ. ʥʘ: VII, VIII, IX ʤʝʞʜʫʥʘʨʦʜʥʦʡ ʥʘʫʯʥʦʡ 

ʢʦʥʬʝʨʝʥʮʠʠ çʇʨʦʙʣʝʤʳ ʢʦʤʧʣʝʢʩʥʦʛʦ ʦʩʚʦʝʥʠʷ ʛʝʦʨʝʩʫʨʩʦʚè (ʛ. ʍʘʙʘʨʦʚʩʢ, 2018, 2020, 

2023 ʛʛ.);  ʍʍI ʠ XXVI ʢʨʘʝʚʦʤ ʢʦʥʢʫʨʩʝ ʤʦʣʦʜʳʭ ʫʯʝʥʳʭ (ʛ. ʍʘʙʘʨʦʚʩʢ, 2019, 2024 ʛʛ.); 

XIII, XV, XVIII ʚʩʝʨʦʩʩʠʡʩʢʦʡ ʤʦʣʦʜʝʞʥʦʡ ʥʘʫʯʥʦ-ʧʨʘʢʪʠʯʝʩʢʦʡ ʢʦʥʬʝʨʝʥʮʠʠ çʇʨʦʙʣʝʤʳ 

ʥʝʜʨʦʧʦʣʴʟʦʚʘʥʠʷè (ʛ. ʍʘʙʘʨʦʚʩʢ,  2019, 2021, 2024 ʛʛ.); 1-ʡ ʤʝʞʜʫʥʘʨʦʜʥʦʡ ʥʘʫʯʥʦʡ 

ʢʦʥʬʝʨʝʥʮʠʠ çʇʨʦʙʣʝʤʳ ʛʝʦʤʝʭʘʥʠʢʠ ʩʠʣʴʥʦ ʩʞʘʪʳʭ ʛʦʨʥʳʭ ʧʦʨʦʜ ʠ ʤʘʩʩʠʚʦʚè (ʛ. 

ɺʣʘʜʠʚʦʩʪʦʢ, 2019 ʛ.); ʚʩʝʨʦʩʩʠʡʩʢʦʡ ʥʘʫʯʥʦʡ ʢʦʥʬʝʨʝʥʮʠʠ ʩ ʤʝʞʜʫʥʘʨʦʜʥʳʤ ʫʯʘʩʪʠʝʤ 

çɻʝʦʜʠʥʘʤʠʢʘ ʠ ʥʘʧʨʷʞʝʥʥʦʝ ʩʦʩʪʦʷʥʠʝ ʥʝʜʨ ɿʝʤʣʠè, ʧʦʩʚʷʱʝʥʥʦʡ 75-ʣʝʪʠʶ ʩʦ ʜʥʷ 

ʦʩʥʦʚʘʥʠʷ ʀɻɼ ʉʆ ʈɸʅ (ʛ. ʅʦʚʦʩʠʙʠʨʩʢ, 2019 ʛ.); V ʤʝʞʜʫʥʘʨʦʜʥʦʡ ʥʘʫʯʥʦ-ʧʨʘʢʪʠʯʝʩʢʦʡ 

ʢʦʥʬʝʨʝʥʮʠʠ çʀʥʬʦʨʤʘʮʠʦʥʥʳʝ ʪʝʭʥʦʣʦʛʠʠ ʠ ʚʳʩʦʢʦʧʨʦʠʟʚʦʜʠʪʝʣʴʥʳʝ ʚʳʯʠʩʣʝʥʠʷè (ʛ. 

ʍʘʙʘʨʦʚʩʢ, 2019 ʛ.); X ʠ XI ʚʩʝʨʦʩʩʠʡʩʢʦʡ ʥʘʫʯʥʦ-ʧʨʘʢʪʠʯʝʩʢʦʡ ʢʦʥʬʝʨʝʥʮʠʠ 

çʀʥʥʦʚʘʮʠʦʥʥʳʝ ʥʘʧʨʘʚʣʝʥʠʷ ʚ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ ʛʦʨʥʦʜʦʙʳʚʘʶʱʠʭ ʧʨʝʜʧʨʠʷʪʠʡ: 

ʵʬʬʝʢʪʠʚʥʦʝ ʦʩʚʦʝʥʠʝ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʧʦʣʝʟʥʳʭ ʠʩʢʦʧʘʝʤʳʭè (ʛ. ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛ, 2020, 

2024 ʛʛ.); ʥʘʫʯʥʦʡ ʢʦʥʬʝʨʝʥʮʠʠ ʤʦʣʦʜʳʭ ʫʯʸʥʳʭ ʠ ʘʩʧʠʨʘʥʪʦʚ çɸʢʪʫʘʣʴʥʳʝ ʧʨʦʙʣʝʤʳ 

ʦʩʚʦʝʥʠʷ ʛʝʦʨʝʩʫʨʩʦʚè (ʛ. ʍʘʙʘʨʦʚʩʢ, 2023 ʛ.); 10th Sino-Russian Joint Scientific-Technical 

Forum on Deep-level Rock Mechanics and Engineering (ʂʠʪʘʡ, ʛ. ʍʘʨʙʠʥ, 2022 ʛ.); 

ʚʩʝʨʦʩʩʠʡʩʢʦʡ ʥʘʫʯʥʦ-ʪʝʭʥʠʯʝʩʢʦʡ ʢʦʥʬʝʨʝʥʮʠʠ çʎʠʬʨʦʚʳʝ ʪʝʭʥʦʣʦʛʠʠ ʚ ʛʦʨʥʦʤ ʜʝʣʝè 

(ʛ. ɸʧʘʪʠʪʳ, 2023 ʛ.); ʍIII ʚʩʝʨʦʩʩʠʡʩʢʦʤ ʩʠʤʧʦʟʠʫʤʝ çʌʠʟʠʢʘ ɻʝʦʩʬʝʨè (ʛ. ɺʣʘʜʠʚʦʩʪʦʢ, 

2023 ʛ.); 12th  Sino-Russian International Forum on  Deep Rock Mechanics in Mines (ʂʠʪʘʡ, ʛ. 

ʇʝʢʠʥ, 2024 ʛ.). 

ɸʚʪʦʨ ʚʳʨʘʞʘʝʪ ʠʩʢʨʝʥʥʶʶ ʧʨʠʟʥʘʪʝʣʴʥʦʩʪʴ ʩʚʦʝʤʫ ʥʘʫʯʥʦʤʫ ʨʫʢʦʚʦʜʠʪʝʣʶ ʯʣ.-

ʢʦʨʨ. ʈɸʅ, ʜ-ʨʫ ʪʝʭʥ. ʥʘʫʢ ʈʘʩʩʢʘʟʦʚʫ ʀ. ʖ. ʟʘ ʚʥʠʤʘʥʠʝ ʢ ʨʘʙʦʪʝ ʠ ʧʦʤʦʱʴ ʚ ʝʝ 

ʨʝʘʣʠʟʘʮʠʠ, ʜ-ʨʫ. ʪʝʭʥ. ʥʘʫʢ ʂʫʨʩʘʢʠʥʫ ɻ. ɸ. ʟʘ ʢʦʥʩʫʣʴʪʘʮʠʠ ʧʨʠ ʥʘʧʠʩʘʥʠʠ 

ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʡ ʨʘʙʦʪʳ. ɸʚʪʦʨ ʩʯʠʪʘʝʪ ʩʚʦʠʤ ʜʦʣʛʦʤ ʚʳʨʘʟʠʪʴ ʙʣʘʛʦʜʘʨʥʦʩʪʴ ʢʦʣʣʝʛʘʤ 

ʠʟ ʀɻɼ ɼɺʆ ʈɸʅ ʟʘ ʧʦʤʦʱʴ ʠ ʮʝʥʥʳʝ ʩʦʚʝʪʳ ʧʨʠ ʚʳʧʦʣʥʝʥʠʠ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʘ ʪʘʢʞʝ 

ʩʦʪʨʫʜʥʠʢʘʤ ɸʆ çɻʄʂ çɼʘʣʴʧʦʣʠʤʝʪʘʣʣè ʟʘ ʩʦʜʝʡʩʪʚʠʝ ʚ ʦʨʛʘʥʠʟʘʮʠʠ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʰʘʭʪʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʠ ʚʥʝʜʨʝʥʠʝ ʚ ʧʨʦʠʟʚʦʜʩʪʚʦ ʧʦʣʫʯʝʥʥʳʭ 

ʥʘʫʯʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ. 
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1 ʉʆɺʈɽʄɽʅʅʆɽ ʉʆʉʊʆʗʅʀɽ ʇʈʆɹʃɽʄʓ ɻʆʈʅʓʍ ʋɼɸʈʆɺ ʀ ɸʅɸʃʀɿ 

ʄɽʊʆɼʆɺ ʀʍ ʇʈʆɻʅʆɿɸ ʀ ʇʈɽɼʋʇʈɽɾɼɽʅʀʗ 

 

1.1 ɸʢʪʫʘʣʴʥʦʩʪʴ ʟʘʜʘʯʠ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʜʠʥʘʤʠʯʝʩʢʠʭ ʷʚʣʝʥʠʡ ʛʦʨʥʦʛʦ 

ʜʘʚʣʝʥʠʷ, ʧʨʠʯʠʥʳ ʠ ʫʩʣʦʚʠʷ ʠʭ ʚʦʟʥʠʢʥʦʚʝʥʠʷ 

 

ɼʠʥʘʤʠʯʝʩʢʠʝ ʧʨʦʷʚʣʝʥʠʷ ʛʦʨʥʦʛʦ ʜʘʚʣʝʥʠʷ ʚʦʟʥʠʢʘʶʪ ʚ ʨʝʟʫʣʴʪʘʪʝ ʚʥʝʟʘʧʥʳʭ, 

ʧʨʦʪʝʢʘʶʱʠʭ ʩ ʚʳʩʦʢʦʡ ʩʢʦʨʦʩʪʴʶ ʜʚʠʞʝʥʠʡ ʛʦʨʥʳʭ ʧʦʨʦʜ, ʞʠʜʢʦʩʪʝʡ ʠʣʠ ʛʘʟʦʚ. ʂ 

ʦʪʜʝʣʴʥʳʤ ʚʠʜʘʤ ʧʦʜʦʙʥʳʭ ʧʨʦʷʚʣʝʥʠʡ ʦʪʥʦʩʷʪʩʷ ʦʙʨʫʰʝʥʠʷ, ʚʳʙʨʦʩʳ, 

ʟʘʢʦʣʦʦʙʨʘʟʦʚʘʥʠʷ ʠ ʩʪʨʝʣʷʥʠʷ ʧʦʨʦʜ, ʛʦʨʥʳʝ ʠ ʛʦʨʥʦ-ʪʝʢʪʦʥʠʯʝʩʢʠʝ ʫʜʘʨʳ, ʚʳʟʚʘʥʥʳʝ 

ʨʝʟʢʠʤ ʚʳʩʚʦʙʦʞʜʝʥʠʝʤ ʥʘʢʦʧʣʝʥʥʦʡ ʵʥʝʨʛʠʠ [1]. ɻʦʨʥʳʝ ʫʜʘʨʳ ʷʚʣʷʶʪʩʷ ʦʜʥʠʤ ʠʟ 

ʥʘʠʙʦʣʝʝ ʦʧʘʩʥʳʭ ʚʠʜʦʚ ʜʠʥʘʤʠʯʝʩʢʠʭ ʧʨʦʷʚʣʝʥʠʡ ʛʦʨʥʦʛʦ ʜʘʚʣʝʥʠʷ, ʧʨʠʚʦʜʷʱʠʝ ʢ 

ʨʘʟʨʫʰʝʥʠʶ ʤʘʩʩʠʚʘ ʛʦʨʥʳʭ ʧʦʨʦʜ ʠ ʚʳʨʘʙʦʪʦʢ ʠ ʧʨʝʜʩʪʘʚʣʷʶʱʠʝ ʫʛʨʦʟʫ ʙʝʟʦʧʘʩʥʦʩʪʠ ʚ 

ʛʦʨʥʦʜʦʙʳʚʘʶʱʝʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ [2, 3].  

ʆʜʥʠʤ ʠʟ ʦʩʥʦʚʥʳʭ ʥʘʧʨʘʚʣʝʥʠʡ ʠʩʩʣʝʜʦʚʘʥʠʡ ʚ ʜʘʥʥʦʡ ʦʙʣʘʩʪʠ ʷʚʣʷʝʪʩʷ 

ʦʧʨʝʜʝʣʝʥʠʝ ʧʨʝʜʚʝʩʪʥʠʢʦʚ ʧʨʦʷʚʣʝʥʠʡ ʛʦʨʥʦʛʦ ʜʘʚʣʝʥʠʷ ʩ ʮʝʣʴʶ ʠʭ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʠ 

ʚʦʟʤʦʞʥʦʛʦ ʧʨʝʜʦʪʚʨʘʱʝʥʠʷ [4-7]. ʅʘʠʙʦʣʝʝ ʘʢʪʫʘʣʴʥʘ ʵʪʘ ʟʘʜʘʯʘ ʜʣʷ ʪʘʢʠʭ ʩʪʨʘʥ, ʢʘʢ 

ʉʐɸ, ʂʠʪʘʡ, ʈʦʩʩʠʷ, ʖɸʈ, ʂʘʥʘʜʘ, ʏʠʣʠ, ʀʥʜʠʷ, ʏʝʭʠʷ, ɸʚʩʪʨʘʣʠʷ ʠ ɻʝʨʤʘʥʠʷ. 

ɿʥʘʯʠʪʝʣʴʥʳʡ ʚʢʣʘʜ ʚ ʠʟʫʯʝʥʠʝ ʧʨʠʯʠʥ ʠ ʫʩʣʦʚʠʡ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʧʦʜʦʙʥʳʭ ʷʚʣʝʥʠʡ 

ʚʥʝʩʣʠ ʪʘʢʠʝ ʨʦʩʩʠʡʩʢʠʝ ʫʯʸʥʳʝ, ʢʘʢ ʉ. ɻ. ɸʚʝʨʰʠʥ, ɺ. ɺ. ɸʜʫʰʢʠʥ, ɸ. ɼ. ɿʘʚʴʷʣʦʚ, ɸ. ɸ. 

ɽʨʝʤʝʥʢʦ, ɸ. ɸ. ʂʦʟʳʨʝʚ, ɺ. ʉ. ʂʫʢʩʝʥʢʦ, ɺ. ʅ. ʆʧʘʨʠʥ, ʀ. ʄ. ʇʝʪʫʭʦʚ, ʀ. ʖ. ʈʘʩʩʢʘʟʦʚ, ɻ. 

ɸ. ʉʦʙʦʣʝʚ, ʄ. ɺ. ʂʫʨʣʝʥʷ, ʂ. ʅ. ʊʨʫʙʝʮʢʦʡ ʠ ʜʨʫʛʠʝ.  ʀʟ ʟʘʨʫʙʝʞʥʳʭ ʫʯʸʥʳʭ ʩʣʝʜʫʝʪ 

ʚʳʜʝʣʠʪʴ P. K. Kaiser, W. D. Ortlepp, D. F. Scott, M. ʅʝ, ɸ. J. Mendecki, A. McGarr, R. A. 

Lynch, L. Zhang, J. Wang, J. Feng ʠ Z. Song. 

ʇʨʦʙʣʝʤʘ ʜʠʥʘʤʠʯʝʩʢʠʭ ʧʨʦʷʚʣʝʥʠʡ ʚ ʤʠʨʦʚʦʡ ʛʦʨʥʦʡ ʧʨʘʢʪʠʢʝ ʠʟʚʝʩʪʥʘ ʫʞʝ ʙʦʣʝʝ 

250 ʣʝʪ. ɺʧʝʨʚʳʝ ʩʠʣʴʥʳʝ ʧʨʦʷʚʣʝʥʠʷ ʛʦʨʥʦʛʦ ʜʘʚʣʝʥʠʷ ʙʳʣʠ ʟʘʬʠʢʩʠʨʦʚʘʥʳ ʚ 1738 ʛʦʜʫ 

ʥʘ ʦʣʦʚʷʥʥʳʭ ʨʫʜʥʠʢʘʭ ʋʘʡʪʭʝʡʚʝʥʘ ʚ ɸʥʛʣʠʠ [8]. ɺʦ ʚʪʦʨʦʡ ʧʦʣʦʚʠʥʝ XIX ʚʝʢʘ 

ʜʠʥʘʤʠʯʝʩʢʠʝ ʧʨʦʷʚʣʝʥʠʷ ʥʘʯʘʣʠ ʥʘʙʣʶʜʘʪʴʩʷ ʠ ʚ ʜʨʫʛʠʭ ʩʪʨʘʥʘʭ ɽʚʨʦʧʳ ʧʨʠ ʦʪʨʘʙʦʪʢʝ 

ʫʛʦʣʴʥʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ, ʯʪʦ ʧʨʠʚʣʝʢʣʦ ʧʦʚʳʰʝʥʥʦʝ ʚʥʠʤʘʥʠʝ ʢ ʠʟʫʯʝʥʠʶ ʛʦʨʥʳʭ 

ʫʜʘʨʦʚ. 

ɺ ʀʥʜʠʠ ʚ 1898 ʛʦʜʫ ʥʘ ʟʦʣʦʪʦʜʦʙʳʚʘʶʱʝʤ ʨʫʜʥʠʢʝ ʋʨʛʘʫʤ ʚ ʂʦʣʘʨʩʢʦʤ ʨʘʡʦʥʝ, ʥʘ 

ʛʣʫʙʠʥʝ 320 ʤ, ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥ ʧʝʨʚʳʡ ʛʦʨʥʳʡ ʫʜʘʨ [9]. ʇʦʟʞʝ, ʥʘ ʨʫʜʥʠʢʝ ʄʘʡʩʦʨ ʚ 1930 

ʛʦʜʫ ʧʨʦʠʟʦʰʝʣ ʤʦʱʥʳʡ ʫʜʘʨ, ʦʭʚʘʪʠʚʰʠʡ ʦʛʨʦʤʥʦʝ ʧʨʦʩʪʨʘʥʩʪʚʦ ʰʘʭʪʥʦʛʦ ʧʦʣʷ ʠ 

ʚʳʟʚʘʚʰʠʡ ʨʘʟʨʫʰʝʥʠʷ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʚ ʨʘʜʠʫʩʝ 16 ʢʤ. ʅʘ ʨʫʜʥʠʢʝ ʏʝʤʧʠʦʥ-ʈʠʬ ʚ 1954 
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ʛʦʜʫ ʩʣʫʯʠʣʩʷ ʢʨʫʧʥʳʡ ʛʦʨʥʳʡ ʫʜʘʨ, ʘ ʚ 1962ï1966 ʛʦʜʘʭ ʙʳʣʘ ʟʘʬʠʢʩʠʨʦʚʘʥʘ ʮʝʣʘʷ ʩʝʨʠʷ 

ʧʦʜʦʙʥʳʭ ʩʦʙʳʪʠʡ, ʥʘʥʸʩʰʠʭ ʟʥʘʯʠʪʝʣʴʥʳʡ ʵʢʦʥʦʤʠʯʝʩʢʠʡ ʫʱʝʨʙ [10, 11]. 

ʅʘ ʟʦʣʦʪʦʜʦʙʳʚʘʶʱʠʭ ʨʫʜʥʠʢʘʭ ʖʞʥʦʡ ɸʬʨʠʢʠ ʧʝʨʚʳʝ ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʥʳʝ 

ʛʦʨʥʳʝ ʫʜʘʨʳ ʧʨʦʠʟʦʰʣʠ ʚ 1908 ʛʦʜʫ. ʇʦ ʤʝʨʝ ʫʚʝʣʠʯʝʥʠʷ ʦʙʲʝʤʦʚ ʜʦʙʳʯʠ ʠʭ ʯʘʩʪʦʪʘ 

ʨʝʟʢʦ ʫʚʝʣʠʯʠʣʘʩʴ: ʩ 7 ʚ 1908 ʛʦʜʫ ʜʦ 223 ʚ 1918 ʛʦʜʫ. ɺ 1975 ʛʦʜʫ ʥʘ 31 ʨʫʜʥʠʢʝ ʙʳʣʦ 

ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʦ ʩʚʳʰʝ 680 ʫʜʘʨʦʚ, ʧʨʠʯʝʤ ʚ ʵʪʦʪ ʛʦʜ 55 % ʚʩʝʭ ʩʤʝʨʪʝʣʴʥʳʭ ʩʣʫʯʘʝʚ 

ʩʨʝʜʠ ʰʘʭʪʸʨʦʚ ʙʳʣʠ ʩʚʷʟʘʥʳ ʠʤʝʥʥʦ ʩ ʛʦʨʥʳʤʠ ʫʜʘʨʘʤʠ. ʂ 1979 ʛʦʜʫ ʵʪʘ ʜʦʣʷ ʚʦʟʨʦʩʣʘ 

ʜʦ 62 % [9]. 

ɺ ʂʘʥʘʜʝ ʧʝʨʚʳʡ ʛʦʨʥʳʡ ʫʜʘʨ ʙʳʣ ʟʘʬʠʢʩʠʨʦʚʘʥ ʚ 1932 ʛʦʜʫ ʥʘ ʟʦʣʦʪʦʤ ʨʫʜʥʠʢʝ 

ʢʦʤʧʘʥʠʠ Lake Shore ʚ ʆʥʪʘʨʠʦ. ɺ 1957 ʛʦʜʫ ʚ ɻ ʪʦʤ ʨʝʛʠʦʥʝ ʧʨʦʠʟʦʰʣʦ ʤʦʱʥʦʝ ʧʨʦʷʚʣʝʥʠʝ 

ʩ ʩʝʡʩʤʠʯʝʩʢʦʡ ʵʥʝʨʛʠʝʡ 5Ĭ104 ʄɼʞ, ʢʦʪʦʨʦʝ ʩʪʘʣʦ ʧʦʚʦʜʦʤ ʜʣʷ ʫʩʠʣʝʥʥʦʛʦ ʤʦʥʠʪʦʨʠʥʛʘ 

ʥʘ ʪʘʢʠʭ ʦʙʲʝʢʪʘʭ [12]. ɺ 1964 ʛʦʜʫ ʙʳʣ ʟʘʬʠʢʩʠʨʦʚʘʥ ʢʨʫʧʥʝʡʰʠʡ ʛʦʨʥʳʡ ʫʜʘʨ ʚ ʠʩʪʦʨʠʠ 

ʂʘʥʘʜʳ, ʧʦʩʣʝ ʯʝʛʦ ʨʷʜ ʨʫʜʥʠʢʦʚ ʚ ʨʝʛʠʦʥʝ ʟʘʢʨʳʣʠ [9]. 

ɺ ʉʐɸ ʛʦʨʥʳʝ ʫʜʘʨʳ ʥʘ ʛʣʫʙʦʢʠʭ ʩʚʠʥʮʦʚʦ-ʩʝʨʝʙʨʷʥʳʭ ʨʫʜʥʠʢʘʭ ʚ ʨʘʡʦʥʝ ʂʸʨ-

ʜ'ɸʣʝʥ ʰʪʘʪʘ ɸʡʜʘʭʦ ʥʘʯʘʣʠ ʨʝʛʠʩʪʨʠʨʦʚʘʪʴʩʷ ʙʦʣʝʝ 70 ʣʝʪ ʥʘʟʘʜ. ɺ ʧʝʨʠʦʜ ʩ 1978 ʧʦ 1993 

ʛʦʜʳ ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʦ 73 ʧʨʦʷʚʣʝʥʠʷ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʢʦʪʦʨʳʭ ʧʦʛʠʙʣʦ 5 ʰʘʭʪʝʨʦʚ. ɺ 1983 

ʛʦʜʫ ʥʘ ʦʜʥʦʡ ʠʟ ʫʛʦʣʴʥʳʭ ʰʘʭʪ ʥʘ ʟʘʧʘʜʝ ʩʪʨʘʥʳ ʛʦʨʥʳʡ ʫʜʘʨ ʨʘʟʨʫʰʠʣ 40 ʱʠʪʦʚʳʭ 

ʢʨʝʧʝʡ, ʥʘʥʝʩʷ ʩʫʱʝʩʪʚʝʥʥʳʡ ʫʱʝʨʙ [9]. 

ʅʘʯʠʥʘʷ ʩ 1929 ʛʦʜʘ ʢʨʫʧʥʳʝ ʛʦʨʥʳʝ ʫʜʘʨʳ ʥʘʯʘʣʠ ʬʠʢʩʠʨʦʚʘʪʴʩʷ ʥʘ ʨʘʟʣʠʯʥʳʭ 

ʨʫʜʥʠʢʘʭ ʚ ʩʪʨʘʥʘʭ ɽʚʨʦʧʳ ʠ ɸʚʩʪʨʘʣʠʠ. ʅʘ ʩʚʠʥʮʦʚʦ-ʮʠʥʢʦʚʦʤ ʨʫʜʥʠʢʝ ʈʘʡʙʣ ʚ ɸʚʩʪʨʠʠ 

ʚ 1930 ʛʦʜʫ ʧʨʦʠʟʦʰʸʣ ʤʦʱʥʳʡ ʫʜʘʨ, ʟʝʤʣʝʪʨʷʩʝʥʠʝ ʦʪ ʢʦʪʦʨʦʛʦ ʦʱʫʱʘʣʦʩʴ ʚ ʨʘʜʠʫʩʝ 15 

ʢʤ. ɺ 1958 ʛʦʜʫ ʚ ɻɼʈ ʥʘ ʰʘʭʪʝ ʍʝʨʠʥʛʝʥ ʧʨʦʠʟʦʰʣʘ ʩʝʨʠʷ ʛʦʨʥʦ-ʪʝʢʪʦʥʠʯʝʩʢʠʭ ʫʜʘʨʦʚ ʩ 

ʨʘʜʠʫʩʦʤ ʜʝʡʩʪʚʠʷ ʚ 1000 ʢʤ, ʧʦʩʣʝʜʩʪʚʠʷ ʢʦʪʦʨʳʭ ʥʘʧʦʤʠʥʘʣʠ ʟʝʤʣʝʪʨʷʩʝʥʠʝ ʩʠʣʦʡ ʜʦ 8 

ʙʘʣʣʦʚ ʧʦ h ʢʘʣʝ MSK-64. ɺʦ ʌʨʘʥʮʠʠ, ʚ ʨʘʡʦʥʝ ʃʦʪʘʨʠʥʛʠʠ, ʧʨʦʷʚʣʝʥʠʷ ʛʦʨʥʦʛʦ ʜʘʚʣʝʥʠʷ 

ʧʨʠʚʝʣʠ ʢ ʨʘʟʨʫʰʝʥʠʶ ʚʳʝʤʦʯʥʳʭ ʫʯʘʩʪʢʦʚ ʠ ʧʦʷʚʣʝʥʠʶ ʪʨʝʱʠʥ ʰʠʨʠʥʦʡ ʜʦ ʤʝʪʨʘ ʥʘ 

ʧʦʚʝʨʭʥʦʩʪʠ. 

ɺ 1959 ʠ 1964 ʛʦʜʘʭ ʥʘ ʫʛʦʣʴʥʳʭ h ʘʭʪʘʭ ʂʠʪʘʷ ʙʳʣʠ ʟʘʬʠʢʩʠʨʦʚʘʥʳ ʩʠʣʴʥʳʝ ʛʦʨʥʳʝ 

ʫʜʘʨʳ, ʚʳʟʚʘʚʰʠʝ ʨʘʟʨʫʰʝʥʠʝ ʙʦʣʝʝ 80 ʜʦʤʦʚ. ɺ ʇʝʢʠʥʝ ʥʘ ʩʝʡʩʤʦʩʪʘʥʮʠʷʭ 

ʨʝʛʠʩʪʨʠʨʦʚʘʣʠʩʴ ʪʦʣʯʢʠ ʜʘʞʝ ʚ 70 ʢʤ ʦʪ ʰʘʭʪ [10, 13]. ʂʘʢ ʦʪʤʝʯʘʝʪ ʧʨʦʬʝʩʩʦʨ ɹʘʪʫʛʠʥ, ʚ 

ʂʠʪʘʝ ʛʦʨʥʳʝ ʫʜʘʨʳ ʟʘʬʠʢʩʠʨʦʚʘʥʳ ʥʘ 142 ʰʘʭʪʘʭ ʚ 17 ʧʨʦʚʠʥʮʠʷʭ, ʯʪʦ ʫʢʘʟʳʚʘʝʪ ʥʘ 

ʰʠʨʦʢʦʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʵʪʦʛʦ ʷʚʣʝʥʠʷ [14, 15]. 

ɺ ʉʉʉʈ ʧʝʨʚʳʝ ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʥʳʝ ʩʣʫʯʘʠ ʛʦʨʥʳʭ ʫʜʘʨʦʚ ʧʨʦʠʟʦʰʣʠ ʚ 

ʂʠʟʝʣʦʚʩʢʦʤ ʫʛʦʣʴʥʦʤ ʙʘʩʩʝʡʥʝ ʚ 1944 ʛʦʜʫ, ʛʜʝ ʚ ʟʥʘʯʠʪʝʣʴʥʦʡ ʩʪʝʧʝʥʠ ʧʨʝʦʙʣʘʜʘʶʪ 

ʚʳʩʦʢʦʫʧʨʫʛʠʝ ʢʚʘʨʮʝʚʳʝ ʧʝʩʯʘʥʠʢʠ [9, 16]. ɺ 1960-ʝ ʛʦʜʳ ʛʦʨʥʳʝ ʫʜʘʨʳ ʥʘʯʘʣʠ 

ʥʘʙʣʶʜʘʪʴʩʷ ʥʘ ʨʫʜʥʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʷʭ ï ʊʘʰʪʘʛʦʣʴʩʢʦʤ, ʆʢʪʷʙʨʴʩʢʦʤ, ʉʝʚʝʨʦʫʨʘʣʴʩʢʦʤ 



12 

  

ʠ ʜʨʫʛʠʭ. ʆʜʥʠ ʠʟ ʥʘʠʙʦʣʝʝ ʢʨʫʧʥʳʭ ʩʣʫʯʘʝʚ ʙʳʣʠ ʟʘʬʠʢʩʠʨʦʚʘʥʳ ʥʘ ʉʝʚʝʨʦʫʨʘʣʴʩʢʦʤ 

ʙʦʢʩʠʪʦʚʦʤ ʤʝʩʪʦʨʦʞʜʝʥʠʠ ʚ 1978 ʛʦʜʫ ʩ ʨʘʟʨʫʰʝʥʠʷʤʠ, ʦʭʚʘʪʠʚʰʠʤʠ 450 ʤʝʪʨʦʚ ʛʦʨʥʳʭ 

ʚʳʨʘʙʦʪʦʢ [17, 18]. ʂ 1990-ʤ ʛʦʜʘʤ ʚ ʈʉʌʉʈ ʥʘʩʯʠʪʳʚʘʣʦʩʴ 18 ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʩ ʚʳʩʦʢʠʤ 

ʨʠʩʢʦʤ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʧʨʦʷʚʣʝʥʠʡ ʠ 43 ʫʜʘʨʦʦʧʘʩʥʳʭ. ɺ ʧʝʨʠʦʜ ʩ 1970 ʧʦ 1994 ʛʦʜ ʙʳʣʦ 

ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʦ ʙʦʣʝʝ 380 ʩʣʫʯʘʝʚ ʛʦʨʥʳʭ ʠ ʤʠʢʨʦʫʜʘʨʦʚ, ʯʠʩʣʦ ʢʦʪʦʨʳʭ ʧʨʦʜʦʣʞʘʣʦ 

ʨʘʩʪʠ ʩ ʧʦʥʠʞʝʥʠʝʤ ʛʣʫʙʠʥʳ ʦʪʨʘʙʦʪʢʠ [9].  

ʅʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʚ ʈʦʩʩʠʠ ʥʘʩʯʠʪʳʚʘʝʪʩʷ ʦʢʦʣʦ 50 ʤʝʩʪʦʨʦʞʜʝʥʠʡ, ʩʢʣʦʥʥʳʭ ʠ 

ʦʧʘʩʥʳʭ ʧʦ ʛʦʨʥʳʤ ʫʜʘʨʘʤ [19, 20]. ɿʘ ʧʦʩʣʝʜʥʠʝ 30 ʣʝʪ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʛʣʫʙʠʥʳ ʦʪʨʘʙʦʪʢʠ 

ʟʥʘʯʠʪʝʣʴʥʦ ʚʦʟʨʦʩʣʦ ʢʦʣʠʯʝʩʪʚʦ ʜʠʥʘʤʠʯʝʩʢʠʭ ʧʨʦʷʚʣʝʥʠʡ ʛʦʨʥʦʛʦ ʜʘʚʣʝʥʠʷ ʥʘ 

ʨʘʟʣʠʯʥʳʭ ʨʫʜʥʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʷʭ [21-23]. ɼʣʷ ʨʫʜʥʠʢʦʚ ɼʘʣʴʥʝʚʦʩʪʦʯʥʦʛʦ ʨʝʛʠʦʥʘ 

ʧʨʦʙʣʝʤʘ ʛʦʨʥʦʛʦ ʜʘʚʣʝʥʠʷ ʷʚʣʷʝʪʩʷ ʘʢʪʫʘʣʴʥʦʡ ʫʞʝ ʙʦʣʝʝ 40 ʣʝʪ [24]. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ 

ʢ ʦʧʘʩʥʳʤ ʠ ʩʢʣʦʥʥʳʤ ʢ ʛʦʨʥʳʤ ʫʜʘʨʘʤ ʦʪʥʦʩʷʪ ʮʝʣʳʡ ʨʷʜ ʨʫʜʥʠʢʦʚ ɼʘʣʴʥʝʛʦ ɺʦʩʪʦʢʘ 

[20], ʧʨʝʜʩʪʘʚʣʝʥʥʳʡ ʚ ʪʘʙʣʠʮʝ 1.1. 

 

ʈʠʩʫʥʦʢ 1.1 ï ʄʝʩʪʦʨʦʞʜʝʥʠʷ ʈʦʩʩʠʠ, ʩʢʣʦʥʥʳʝ ʠ ʦʧʘʩʥʳʝ ʧʦ ʛʦʨʥʳʤ ʫʜʘʨʘʤ 

1-ɸʙʘʢʘʥʩʢʦʝ; 2-ɸʥʪʝʡ; 3-ɸʧʘʪʠʪʦʚʳʡ ʮʠʨʢ; 4-ɹʝʣʦʛʦʨʩʢʦʝ; 5-ɹʝʨʝʟʦʚʩʢʦʝ; 6-

ɹʝʨʠʢʫʣʴʩʢʦʝ; 7-ɺʦʩʪʦʢ-2; 8-ɺʳʩʦʢʦʛʦʨʩʢʦʝ; 9-ɻʘʡʩʢʦʝ; 10-ɻʦʨʦʙʣʘʛʦʜʘʪʩʢʦʝ; 11-

ɼʘʨʘʩʫʥʩʢʦʝ; 12-ɽʩʪʶʥʠʥʩʢʦʝ; 13-ɿʘʙʳʪʦʝ; 14-ʀʨʦʢʠʥʜʠʥʩʢʦʝ; 15-ʂʘʟʩʢʦʝ; 16-

ʂʦʘʰʚʠʥʩʢʦʝ; 17-ʂʦʥʩʪʘʥʪʠʥʦʚʩʢʦʝ; 18-ʂʦʨʦʙʢʦʚʩʢʦʝ; 19-ʂʦʯʢʘʨʩʢʦʝ; 20-

ʂʫʢʠʩʚʫʤʯʦʨʨʩʢʦʝ; 21-ʃʝʙʷʞʠʥʩʢʦʝ; 22- ʅʴʦʨʢʧʘʭʩʢʦʝ ʃʦʚʦʟʝʨʩʢʦʝ (ʫʯʘʩʪʦʢ ʂʘʨʥʘʩʫʨʪ ʠ 

ʫʯʘʩʪʦʢ ʋʤʙʦʟʝʨʦ); 23-ʅʠʢʦʣʘʝʚʩʢʦʝ; 24-; 25-ʆʛʥʝʚʩʢʦ-ɹʘʢʝʥʥʦʝ; 26-ʆʢʪʷʙʨʴʩʢʦʝ; 27-

ʊʘʣʥʘʭʩʢʦʝ; 28-ʆʣʝʥʠʡ  ʨʫʯʝʡ; 29-ʇʘʨʪʦʤʯʦʨʨʩʢʦʝ; 30-ʇʝʨʝʚʘʣʴʥʦʝ; 31-ʇʝʩʯʘʥʩʢʦʝ; 32-

ʇʣʘʪʦ ʈʘʩʚʫʤʯʦʨʨ; 33-ʈʘʩʚʫʤʯʦʨʨʩʢʦʝ; 34-ʉʘʜʦʥʩʢʦʝ; 35-ʉʘʪʢʠʥʩʢʦʝ; 36-ʉʦʣʥʝʯʥʦʝ; 37-

ʉʪʨʝʣʴʮʦʚʩʢʦʝ; 38-ʊʘʰʪʘʛʦʣʴʩʢʦʝ; 39-ʊʳʨʥʘʫʟʩʢʦʝ; 40-ʋʟʝʣʴʛʠʥʩʢʦʝ; 41-ʍʠʥʛʘʥʩʢʦʝ; 42-

ʐʝʨʝʛʝʰʩʢʦʝ; 43-ʖʞʥʦʝ; 44-ʖʢʩʧʦʨʩʢʦʝ; 45-ʗʢʦʚʣʝʚʩʢʦʝ; 46-ɹʝʣʦʛʦʨʩʢʠʡ ɻʆʂ; 47-

ʖʞʥʦ-ʍʠʥʛʘʥʩʢʦʝ 



13 

  

ʊʘʙʣʠʮʘ 1.1 ï ʆʧʘʩʥʳʝ ʠ ʩʢʣʦʥʥʳʝ ʢ ʛʦʨʥʳʤ ʫʜʘʨʘʤ ʨʫʜʥʳʝ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ɼʘʣʴʥʝʛʦ 

ɺʦʩʪʦʢʘ 

ʄʝʩʪʦʨʦʞʜʝʥʠʝ (ʨʫʜʥʠʢ) 
ʇʦʨʦʜʳ ʠ ʨʫʜʳ, ʩʢʣʦʥʥʳʝ ʢ 

ʭʨʫʧʢʦʤʫ ʨʘʟʨʫʰʝʥʠʶ 

ʂʨʠʪʠʯʝʩʢʘʷ ʛʣʫʙʠʥʘ ʧʦ 

ʫʩʣʦʚʠʶ ʫʜʘʨʦʦʧʘʩʥʦʩʪʠ, ʤ 

ʅʠʢʦʣʘʝʚʩʢʦʝ 

(çʅʠʢʦʣʘʝʚʩʢʠʡè) 
ʀʟʚʝʩʪʥʷʢʠ, ʧʦʨʬʠʨʠʪʳ, ʪʫʬʳ 700 

ɸʥʪʝʡ (çɻʣʫʙʦʢʠʡè) 
ʊʨʠʭʠʜʘʮʠʪʳ, ʘʥʜʝʟʠʪʳ, ʙʘʟʘʣʴʪʳ, 

ʘʣʝʚʨʦʣʠʪʳ, ʛʨʘʥʠʪʳ, ʨʫʜʘ 
500 

ʖʞʥʦʝ (ç2ʡ ʉʦʚʝʪʩʢʠʡè) 
ʇʝʩʯʘʥʠʢʠ, ʘʣʝʚʨʦʣʠʪʳ, ʨʫʜʘ, 

ʢʚʘʨʮʩʫʣʴʬʠʜʥʘʷ ʞʠʣʘ 
180 

ʇʝʨʝʚʘʣʴʥʦʝ 

(çʇʝʨʝʚʘʣʴʥʳʡè) 

ʇʦʨʬʠʨʳ, ʩʝʨʠʮʠʪʦ-ʭʣʦʨʠʪʦʚʳʝ 

ʢʚʘʨʮʩʦʜʝʨʞʘʱʠʝ ʩʣʘʥʮʳ, ʢʦʣʯʝʜʘʥ 
600 

ɺʦʩʪʦʢ-2 

(çɺʦʩʪʦʯʥʳʡè) 
ʉʫʣʴʬʠʜʥʳʝ ʨʫʜʳ, ʛʨʘʥʠʪ-ʧʦʨʬʠʨʳ 660 

ʀʥʪʝʨʥʘʮʠʦʥʘʣʴʥʦʝ 

(çʀʥʪʝʨʥʘʮʠʦʥʘʣʴʥʳʡè) 
ʂʠʤʙʝʨʣʠʪʦʚʳʝ ʙʨʝʢʯʠʝ, ʢʠʤʙʝʨʠʪʳ 700 

ʖʞʥʦ-ʍʠʥʛʘʥʩʢʦʝ 

(çʇʦʧʝʨʝʯʥʳʡè) 

ʉʝʨʠʮʠʪʳ, ʭʣʦʨʠʪʦʚʳʝ ʧʦʨʬʠʨʠʪʳ ʠ 

ʙʨʝʢʯʠʠ 
500 

ʄʘʣʦ-ʊʫʣʫʢʫʝʚʩʢʦʝ (çˉ8è) 
ʊʨʠʭʠʜʘʮʠʪʳ, ʘʥʜʝʟʠʪʳ, ʙʘʟʘʣʴʪʳ, 

ʘʣʝʚʨʦʣʠʪʳ, ʛʨʘʥʠʪʳ, ʨʫʜʘ 
570 

 

ɿʥʘʯʠʤʦʩʪʴ ʧʨʝʜʩʢʘʟʘʥʠʷ ʛʝʦʜʠʥʘʤʠʯʝʩʢʠʭ ʷʚʣʝʥʠʡ ʦʙʫʩʣʘʚʣʠʚʘʝʪʩʷ ʠʭ 

ʢʘʪʘʩʪʨʦʬʠʯʝʩʢʠʤʠ ʧʦʩʣʝʜʩʪʚʠʷʤʠ, ʥʝʩʫʱʠʭ ʫʛʨʦʟʫ ʙʝʟʦʧʘʩʥʦʩʪʠ ʨʘʙʦʪʘʶʱʝʛʦ ʧʝʨʩʦʥʘʣʘ 

ʠ ʦʩʪʘʥʦʚʢʝ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʛʦ ʧʨʦʮʝʩʩʘ. ʅʘ ʨʠʩʫʥʢʝ 1.2 ʧʨʝʜʩʪʘʚʣʝʥʳ ʚʠʟʫʘʣʴʥʳʝ 

ʧʨʠʤʝʨʳ ʧʦʩʣʝʜʩʪʚʠʡ ʨʘʟʨʫʰʠʪʝʣʴʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʧʦʜʟʝʤʥʳʭ ʪʦʣʯʢʦʚ ʥʘ 

ʤʝʩʪʦʨʦʞʜʝʥʠʷʭ ɼʘʣʴʥʝʛʦʨʩʢʦʛʦ ʨʫʜʥʦʛʦ ʧʦʷʩʘ. 

ʇʨʠʯʠʥʳ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʛʦʨʥʦʜʠʥʘʤʠʯʝʩʢʠʭ ʧʨʦʷʚʣʝʥʠʡ ʠʤʝʶʪ ʤʥʦʛʦʬʘʢʪʦʨʥʳʡ 

ʭʘʨʘʢʪʝʨ, ʘ ʠʭ ʠʟʫʯʝʥʠʝ ʦʢʘʟʳʚʘʝʪ ʙʦʣʴʰʦʝ ʚʣʠʷʥʠʝ ʥʘ ʦʙʝʩʧʝʯʝʥʠʝ ʙʝʟʦʧʘʩʥʦʩʪʠ ʧʨʠ 

ʨʘʙʦʪʝ ʚ ʫʩʣʦʚʠʷʭ ʚʳʩʦʢʦʛʦ ʛʦʨʥʦʛʦ ʜʘʚʣʝʥʠʷ. ɺʦ ʤʥʦʛʦʤ ʜʘʥʥʳʝ ʧʨʦʷʚʣʝʥʠʷ ʠ ʠʭ ʩʠʣʫ 

ʦʧʨʝʜʝʣʷʶʪ ʢʦʥʢʨʝʪʥʳʝ ʛʝʦʣʦʛʠʯʝʩʢʠʝ ʫʩʣʦʚʠʷ, ʩʚʷʟʘʥʥʳʝ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʩʦ ʩʪʨʫʢʪʫʨʦʡ 

ʛʦʨʥʳʭ ʧʦʨʦʜ, ʘ ʪʘʢʞʝ ʚʥʝʰʥʠʝ ʚʦʟʜʝʡʩʪʚʠʷ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʥʦʩʠʪʴ ʝʩʪʝʩʪʚʝʥʥʳʡ ʠʣʠ 

ʪʝʭʥʦʛʝʥʥʳʡ ʭʘʨʘʢʪʝʨ [25, 26].  

ʄʘʩʰʪʘʙʥʦʝ ʚʣʠʷʥʠʝ ʥʘ ʧʦʨʦʜʥʳʝ ʤʘʩʩʠʚʳ ʦʢʘʟʳʚʘʶʪ ʪʝʢʪʦʥʠʯʝʩʢʠʝ ʠ 

ʛʨʘʚʠʪʘʮʠʦʥʥʳʝ ʩʠʣʳ. ʀʭ ʚʦʟʜʝʡʩʪʚʠʝ ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʧʦʩʪʦʷʥʥʳʤ ʜʘʚʣʝʥʠʝʤ ʥʘ ʛʦʨʥʳʝ 

ʧʦʨʦʜʳ, ʥʘʢʦʧʣʝʥʠʝʤ ʠ ʧʝʨʝʨʘʩʧʨʝʜʝʣʝʥʠʝʤ ʥʘʧʨʷʞʝʥʠʡ, ʧʨʠʚʦʜʷʱʠʭ ʢ ʧʦʷʚʣʝʥʠʶ 

ʨʘʟʨʳʚʥʳʭ (ʜʠʟʲʶʥʢʪʠʚʥʳʭ) ʜʠʩʣʦʢʘʮʠʡ ʠ ʠʟʛʠʙʥʳʭ (ʧʣʠʢʘʪʠʚʥʳʭ) ʜʝʬʦʨʤʘʮʠʡ ʚ 

ʩʪʨʫʢʪʫʨʝ ʧʦʨʦʜʥʦʛʦ ʤʘʩʩʠʚʘ [27].  
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ʈʠʩʫʥʦʢ 1.2 ï ʈʘʟʨʫʰʝʥʠʷ ʚʳʨʘʙʦʪʦʢ ʧʦʩʣʝ ʧʦʜʟʝʤʥʳʭ ʪʦʣʯʢʦʚ 19 ʤʘʨʪʘ 2022 ʛ. ʥʘ 

ʅʠʢʦʣʘʝʚʩʢʦʤ ʤʝʩʪʦʨʦʞʜʝʥʠʠ (ʩʚʝʨʭʫ) ʠ 25 ʦʢʪʷʙʨʷ 2019 ʛ. ʥʘ ʤʝʩʪʦʨʦʞʜʝʥʠʠ ʖʞʥʦʝ 

(ʩʥʠʟʫ) 

 

ɻʦʨʥʳʝ ʧʦʨʦʜʳ ʤʦʛʫʪ ʠʤʝʪʴ ʨʘʟʣʠʯʥʳʝ ʬʠʟʠʢʦ-ʤʝʭʘʥʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ, ʟʘʚʠʩʷʱʠʝ 

ʦʪ ʠʭ ʩʪʨʫʢʪʫʨʳ ʠ ʩʦʩʪʘʚʘ, ʯʪʦ ʚʣʠʷʝʪ ʥʘ ʠʭ ʩʧʦʩʦʙʥʦʩʪʴ ʢ ʜʝʬʦʨʤʘʮʠʠ. ʅʘʧʨʠʤʝʨ, ʝʩʣʠ 

ʛʦʨʥʳʝ ʧʦʨʦʜʳ ʩʦʜʝʨʞʘʪ ʩʣʘʙʳʝ ʟʦʥʳ, ʪʘʢʠʝ ʢʘʢ ʪʨʝʱʠʥʳ ʠʣʠ ʧʫʩʪʦʪʳ, ʪʦ ʦʥʠ ʤʦʛʫʪ 

ʧʦʜʚʝʨʛʘʪʴʩʷ ʙʦʣʴʰʠʤ ʜʝʬʦʨʤʘʮʠʷʤ ʧʨʠ ʥʘʛʨʫʟʢʝ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʚʦʟʥʠʢʥʦʚʝʥʠʶ ʙʦʣʝʝ 

ʚʳʩʦʢʦʛʦ ʛʦʨʥʦʛʦ ʜʘʚʣʝʥʠʷ. ʕʪʦ ʧʨʠʚʦʜʠʪ ʢ ʪʦʤʫ, ʯʪʦ ʚ ʨʘʡʦʥʘʭ ʩ ʘʢʪʠʚʥʳʤʠ 

ʪʝʢʪʦʥʠʯʝʩʢʠʤʠ ʨʘʟʣʦʤʘʤʠ ʠʣʠ ʥʘʧʨʷʞʝʥʥʳʤʠ ʛʝʦʣʦʛʠʯʝʩʢʠʤʠ ʩʪʨʫʢʪʫʨʘʤʠ ʚʝʨʦʷʪʥʦʩʪʴ 

ʛʦʨʥʳʭ ʫʜʘʨʦʚ ʚʦʟʨʘʩʪʘʝʪ [28]. ʂ ʜʨʫʛʠʤ ʝʩʪʝʩʪʚʝʥʥʳʤ ʧʨʠʯʠʥʘʤ, ʧʨʠʚʦʜʷʱʠʤ ʢ 

ʥʘʨʫʰʝʥʠʶ ʩʪʨʫʢʪʫʨʳ ʛʦʨʥʳʭ ʧʦʨʦʜ ʦʪʥʦʩʷʪʩʷ ʝʩʪʝʩʪʚʝʥʥʳʝ ʧʨʦʮʝʩʩʳ ʵʨʦʟʠʠ ʠ 

ʚʳʚʝʪʨʠʚʘʥʠʷ. 

ɺ ʧʦʜʟʝʤʥʳʭ ʩʦʦʨʫʞʝʥʠʷʭ ʫʜʘʨʦʦʧʘʩʥʦʩʪʴ ʩʫʱʝʩʪʚʝʥʥʦ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʠʟ-ʟʘ 

ʪʝʭʥʦʛʝʥʥʦʛʦ ʚʤʝʰʘʪʝʣʴʩʪʚʘ ʚ ʝʩʪʝʩʪʚʝʥʥʦʝ ʛʝʦʤʝʭʘʥʠʯʝʩʢʦʝ ʩʦʩʪʦʷʥʠʝ ʧʦʨʦʜʥʦʛʦ 

ʤʘʩʩʠʚʘ. ʇʨʦʭʦʜʢʘ ʛʦʨʥʳʭ ʚʳʨʘʙʦʪʦʢ, ʙʫʨʦʚʟʨʳʚʥʳʝ ʨʘʙʦʪʳ, ʚʳʝʤʢʘ ʧʦʣʝʟʥʳʭ 

ʠʩʢʦʧʘʝʤʳʭ ʠ ʜʨʫʛʠʝ ʚʠʜʳ ʤʝʭʘʥʠʯʝʩʢʠʭ ʚʦʟʜʝʡʩʪʚʠʡ ʠʟʤʝʥʷʶʪ ʝʩʪʝʩʪʚʝʥʥʦʝ ʥʘʧʨʷʞʝʥʥʦ-

ʜʝʬʦʨʤʠʨʦʚʘʥʥʦʝ ʩʦʩʪʦʷʥʠʝ ʧʦʨʦʜʥʦʛʦ ʤʘʩʩʠʚʘ [29].  
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ʉʦʚʦʢʫʧʥʦʝ ʚʣʠʷʥʠʝ ʝʩʪʝʩʪʚʝʥʥʦʛʦ ʠ ʪʝʭʥʦʛʝʥʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʧʨʠʚʦʜʠʪ ʢ 

ʧʝʨʝʨʘʩʧʨʝʜʝʣʝʥʠʶ ʥʘʧʨʷʞʝʥʠʡ ʠ ʨʘʟʚʠʪʠʶ ʪʨʝʱʠʥʥʦʡ ʩʝʪʠ ʚ ʛʦʨʥʳʭ ʧʦʨʦʜʘʭ, ʚʩʣʝʜʩʪʚʠʝ 

ʯʝʛʦ ʧʨʦʠʩʭʦʜʠʪ ʠʟʤʝʥʝʥʠʝ ʠʭ ʤʝʭʘʥʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ [30, 31]. ʇʨʠ ʵʪʦʤ, ʯʝʤ ʙʦʣʴʰʝ 

ʛʣʫʙʠʥʘ ʠ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʪʘʢʠʭ ʚʦʟʜʝʡʩʪʚʠʡ, ʪʝʤ ʩʠʣʴʥʝʝ ʤʦʞʝʪ ʧʨʦʷʚʣʷʪʴʩʷ ʠʭ ʥʝʛʘʪʠʚʥʦʝ 

ʚʣʠʷʥʠʝ, ʧʨʠʚʦʜʷʱʝʝ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʟʦʥ ʩ ʣʦʢʘʣʴʥʦ ʧʦʚʳʰʝʥʥʳʤ ʛʦʨʥʳʤ ʜʘʚʣʝʥʠʝʤ, 

ʢʦʪʦʨʳʝ ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʫʯʘʩʪʢʠ ʧʦʪʝʥʮʠʘʣʴʥʦʡ ʦʧʘʩʥʦʩʪʠ [32-35]. ɺ 

ʦʧʨʝʜʝʣʝʥʥʳʡ ʤʦʤʝʥʪ ʚ ʢʨʠʪʠʯʝʩʢʠʭ ʫʩʣʦʚʠʷʭ ʣʦʢʘʣʴʥʳʝ ʟʦʥʳ ʥʘʧʨʷʞʝʥʠʡ ʩʪʘʥʦʚʷʪʩʷ 

ʥʝʫʩʪʦʡʯʠʚʳʤʠ ʠ ʨʘʟʨʫʰʘʶʪʩʷ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʦʯʝʨʝʜʥʦʤʫ ʧʝʨʝʨʘʩʧʨʝʜʝʣʝʥʠʶ 

ʥʘʧʨʷʞʝʥʠʡ ʠ ʥʘʨʫʰʝʥʠʶ ʩʧʣʦʰʥʦʩʪʠ ʩʨʝʜʳ. ʅʘʠʙʦʣʝʝ ʦʧʘʩʥʳʝ ʟʦʥʳ ʢʦʥʮʝʥʪʨʘʮʠʠ 

ʪʨʝʱʠʥ ʚʙʣʠʟʠ ʚʳʨʘʙʦʪʦʢ, ʛʜʝ ʚʝʨʦʷʪʥʦʩʪʴ ʚʳʩʚʦʙʦʞʜʝʥʠʷ ʥʘʢʦʧʣʝʥʥʦʡ ʵʥʝʨʛʠʠ 

ʦʢʘʟʳʚʘʝʪʩʷ ʟʥʘʯʠʪʝʣʴʥʦ ʚʳʰʝ [36]. ɺʘʞʥʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʵʪʦ ʤʦʞʝʪ ʧʨʦʠʩʭʦʜʠʪʴ ʢʘʢ 

ʧʦʩʪʝʧʝʥʥʦ, ʪʘʢ ʠ ʩʢʘʯʢʦʦʙʨʘʟʥʦ, ʯʪʦ ʪʨʝʙʫʝʪ ʚʥʠʤʘʪʝʣʴʥʦʛʦ ʢʦʥʪʨʦʣʷ ʠ ʤʦʥʠʪʦʨʠʥʛʘ. 

  

1.2 ʉʦʚʨʝʤʝʥʥʳʝ ʤʝʪʦʜʳ ʦʮʝʥʢʠ ʠ ʢʦʥʪʨʦʣʷ ʛʝʦʤʝʭʘʥʠʯʝʩʢʦʛʦ ʩʦʩʪʦʷʥʠʷ 

ʧʦʨʦʜʥʦʛʦ ʤʘʩʩʠʚʘ 

 

ɼʣʷ ʧʨʝʜʫʧʨʝʞʜʝʥʠʷ ʦʧʘʩʥʳʭ ʧʨʦʷʚʣʝʥʠʡ ʛʦʨʥʦʛʦ ʜʘʚʣʝʥʠʷ ʚ ʛʦʨʥʦʜʦʙʳʚʘʶʱʝʡ 

ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʥʝʦʙʭʦʜʠʤʦ ʦʩʫʱʝʩʪʚʣʷʪʴ ʦʮʝʥʢʫ ʠ ʢʦʥʪʨʦʣʴ ʛʝʦʤʝʭʘʥʠʯʝʩʢʦʛʦ 

ʩʦʩʪʦʷʥʠʷ ʛʦʨʥʳʭ ʧʦʨʦʜ. ʉʦʚʨʝʤʝʥʥʳʝ ʤʝʪʦʜʳ ʦʮʝʥʢʠ ʠ ʢʦʥʪʨʦʣʷ ʦʩʥʦʚʘʥʳ ʥʘ ʧʨʠʤʝʥʝʥʠʠ 

ʚʳʩʦʢʦʪʝʭʥʦʣʦʛʠʯʥʳʭ ʠʥʩʪʨʫʤʝʥʪʦʚ, ʢʦʪʦʨʳʝ ʧʦʟʚʦʣʷʶʪ ʘʥʘʣʠʟʠʨʦʚʘʪʴ ʥʘʧʨʷʞʝʥʥʦ-

ʜʝʬʦʨʤʠʨʦʚʘʥʥʦʝ ʩʦʩʪʦʷʥʠʝ ʧʦʨʦʜʥʦʛʦ ʤʘʩʩʠʚʘ ʠ ʧʨʦʛʥʦʟʠʨʦʚʘʪʴ ʚʦʟʤʦʞʥʳʝ ʦʧʘʩʥʦʩʪʠ 

[37, 38]. ʆʩʥʦʚʥʳʝ ʧʦʜʭʦʜʳ ʚʢʣʶʯʘʶʪ ʤʦʥʠʪʦʨʠʥʛ ʥʘʧʨʷʞʝʥʠʡ ʠ ʜʝʬʦʨʤʘʮʠʡ, ʯʠʩʣʝʥʥʦʝ 

ʤʦʜʝʣʠʨʦʚʘʥʠʝ, ʘ ʪʘʢʞʝ ʛʝʦʬʠʟʠʯʝʩʢʠʝ ʤʝʪʦʜʳ. 

ʏʠʩʣʝʥʥʳʝ ʤʦʜʝʣʠ ̫ ʚʣʷʶʪʩʷ ʚʘʞʥʳʤ ʠʥʩʪʨʫʤʝʥʪʦʤ ʜʣʷ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʧʦʚʝʜʝʥʠʷ 

ʛʦʨʥʳʭ ʤʘʩʩʠʚʦʚ ʚ ʫʩʣʦʚʠʷʭ ʨʘʟʣʠʯʥʳʭ ʥʘʛʨʫʟʦʢ. ʉʦʚʨʝʤʝʥʥʳʝ ʧʨʦʛʨʘʤʤʳ ʧʦʟʚʦʣʷʶʪ 

ʫʯʠʪʳʚʘʪʴ ʩʣʦʞʥʳʝ ʛʝʦʤʝʭʘʥʠʯʝʩʢʠʝ ʧʨʦʮʝʩʩʳ ʠ ʩʪʨʦʠʪʴ ʤʦʜʝʣʠ ʜʣʷ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ 

ʘʚʘʨʠʡʥʳʭ ʩʠʪʫʘʮʠʡ [39].  

ʅʘʠʙʦʣʴʰʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʧʨʠ ʧʦʩʪʨʦʝʥʠʠ ʯʠʩʣʝʥʥʳʭ ʤʦʜʝʣʝʡ ʟʘʥʠʤʘʝʪ ʤʝʪʦʜ 

ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʧʨʠ ʧʦʤʦʱʠ ʢʦʥʝʯʥʳʭ ʵʣʝʤʝʥʪʦʚ (ʄʂʕ), ʧʦʟʚʦʣʷʶʱʠʡ ʚʳʧʦʣʥʷʪʴ ʨʘʩʯʸʪ 

ʥʘʧʨʷʞʝʥʥʦ-ʜʝʬʦʨʤʠʨʦʚʘʥʥʦʛʦ ʩʦʩʪʦʷʥʠʝ ʧʦʨʦʜʥʦʛʦ ʤʘʩʩʠʚʘ ʩ ʚʳʩʦʢʦʡ ʩʪʝʧʝʥʴʶ 

ʪʦʯʥʦʩʪʠ. ʄʂʕ ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʧʨʝʜʩʢʘʟʘʥʠʷ ʚʦʟʤʦʞʥʳʭ ʜʝʬʦʨʤʘʮʠʡ ʠ ʦʙʨʫʰʝʥʠʡ ʧʨʠ 

ʨʘʟʣʠʯʥʳʭ ʩʮʝʥʘʨʠʷʭ ʨʘʟʨʘʙʦʪʢʠ ʠ ʜʦʙʳʯʠ. ɺ ʧʨʘʢʪʠʢʝ ʜʣʷ ʪʘʢʠʭ ʨʘʩʯʸʪʦʚ ʰʠʨʦʢʦ 

ʧʨʠʤʝʥʷʶʪʩʷ ʧʨʦʛʨʘʤʤʳ ʪʠʧʘ FLAC, PLAXIS ʠ UDEC [40]. 

ɼʨʫʛʠʤ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʤ ʤʝʪʦʜʦʤ ʯʠʩʣʝʥʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ̫ ʚʣʷʝʪʩʷ ʜʠʩʢʨʝʪʥʦ-

ʵʣʝʤʝʥʪʥʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ (ɼʕʄ), ʧʦʟʚʦʣʷʶʱʝʝ ʫʯʠʪʳʚʘʪʴ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʦʪʜʝʣʴʥʳʭ 
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ʯʘʩʪʠʮ ʚ ʤʘʩʩʠʚʝ ʧʦʨʦʜ. ʕʪʦʪ ʤʝʪʦʜ ʦʩʦʙʝʥʥʦ ʧʦʣʝʟʝʥ ʧʨʠ ʤʦʜʝʣʠʨʦʚʘʥʠʠ ʨʘʟʨʫʰʝʥʠʡ ʠ 

ʧʨʦʮʝʩʩʦʚ ʪʨʝʱʠʥʦʦʙʨʘʟʦʚʘʥʠʷ [41]. 

ʅʘʨʷʜʫ ʩ ʯʠʩʣʝʥʥʳʤ ʤʦʜʝʣʠʨʦʚʘʥʠʝʤ ʜʣʷ ʦʮʝʥʢʠ ʛʝʦʤʝʭʘʥʠʯʝʩʢʦʛʦ ʩʦʩʪʦʷʥʠʷ 

ʧʦʨʦʜʥʦʛʦ ʤʘʩʩʠʚʘ, ʧʨʠʤʝʥʷʶʪ ʩʠʩʪʝʤʳ ʤʦʥʠʪʦʨʠʥʛʘ ʥʘʧʨʷʞʝʥʠʡ ʠ ʜʝʬʦʨʤʘʮʠʡ, 

ʧʦʟʚʦʣʷʶʱʠʝ ʚʳʷʚʣʷʪʴ ʧʦʪʝʥʮʠʘʣʴʥʦ ʫʜʘʨʦʦʧʘʩʥʳʝ ʟʦʥʳ. ʂ ʦʩʥʦʚʥʳʤ ʤʝʪʦʜʘʤ ʪʘʢʠʭ 

ʩʠʩʪʝʤ ʦʪʥʦʩʷʪʩʷ ʪʝʥʟʦʤʝʪʨʠʷ, ʬʦʪʦʛʨʘʤʤʝʪʨʠʷ ʠ ʣʘʟʝʨʥʦʝ ʩʢʘʥʠʨʦʚʘʥʠʝ [42-45]. ɺ 

ʩʦʚʨʝʤʝʥʥʦʤ ʠʩʧʦʣʥʝʥʠʠ ʪʘʢʠʝ ʩʠʩʪʝʤʳ ʧʦʟʚʦʣʷʶʪ ʦʪʩʣʝʞʠʚʘʪʴ ʠʟʤʝʥʝʥʠʷ ʥʘʧʨʷʞʝʥʠʡ ʠ 

ʜʝʬʦʨʤʘʮʠʡ ʧʦʚʝʨʭʥʦʩʪʝʡ ʛʦʨʥʳʭ ʚʳʨʘʙʦʪʦʢ ʚ ʨʝʞʠʤʝ ʨʝʘʣʴʥʦʛʦ ʚʨʝʤʝʥʠ, ʯʪʦ ʧʦʚʳʰʘʝʪ 

ʪʦʯʥʦʩʪʴ ʠ ʩʢʦʨʦʩʪʴ ʨʝʘʛʠʨʦʚʘʥʠʷ ʥʘ ʧʨʝʜʚʝʩʪʥʠʢʠ ʦʧʘʩʥʳʭ ʧʨʦʷʚʣʝʥʠʡ ʛʦʨʥʦʛʦ ʜʘʚʣʝʥʠʷ 

ʩʦ ʩʚʦʝʚʨʝʤʝʥʥʳʤ ʧʨʠʥʷʪʠʝʤ ʥʝʦʙʭʦʜʠʤʳʭ ʤʝʨ ʧʦ ʩʪʘʙʠʣʠʟʘʮʠʠ ʛʝʦʤʝʭʘʥʠʯʝʩʢʦʛʦ 

ʩʦʩʪʦʷʥʠʷ [46, 47]. ʆʪʜʝʣʴʥʦ ʢ ʧʨʝʠʤʫʱʝʩʪʚʘʤ ʣʘʟʝʨʥʦʛʦ ʩʢʘʥʠʨʦʚʘʥʠʷ ʤʦʞʥʦ ʦʪʥʝʩʪʠ 

ʚʦʟʤʦʞʥʦʩʪʴ ʩʦʟʜʘʥʠʷ ʚʳʩʦʢʦʪʦʯʥʳʭ 3D-ʤʦʜʝʣʝʡ ʧʦʚʝʨʭʥʦʩʪʝʡ ʚʳʨʘʙʦʪʦʢ. 

ɻʝʦʬʠʟʠʯʝʩʢʠʝ ʤʝʪʦʜʳ ʤʦʥʠʪʦʨʠʥʛʘ ʪʘʢʞʝ ʧʨʝʜʥʘʟʥʘʯʝʥʳ ʜʣʷ ʦʮʝʥʢʠ ʩʦʩʪʦʷʥʠʷ 

ʧʦʨʦʜʥʦʛʦ ʤʘʩʩʠʚʘ ʧʫʪʝʤ ʣʦʢʘʣʠʟʘʮʠʠ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʭ ʟʦʥ ʩ ʚʳʩʦʢʠʤ ʫʨʦʚʥʝʤ 

ʥʘʧʨʷʞʝʥʠʡ ʠ ʩʢʣʦʥʥʦʩʪʴʶ ʢ ʨʘʟʨʫʰʝʥʠʶ [48-50]. 

ʂ ʛʝʦʬʠʟʠʯʝʩʢʠʤ ʤʝʪʦʜʘʤ ʦʪʥʦʩʠʪʩʷ ʛʝʦʨʘʜʠʦʣʦʢʘʮʠʷ (GRP), ʦʩʥʦʚʘʥʥʘʷ ʥʘ 

ʜʝʡʩʪʚʠʠ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʭ ʚʦʣʥ, ʧʨʦʥʠʢʘʶʱʠʭ ʚ ʧʦʜʧʦʚʝʨʭʥʦʩʪʥʳʝ ʩʪʨʫʢʪʫʨʳ ʠ 

ʦʪʨʘʞʘʶʱʠʝʩʷ ʦʪ ʛʨʘʥʠʮ ʩʣʦʝʚ ʩ ʨʘʟʣʠʯʥʳʤʠ ʵʣʝʢʪʨʦʬʠʟʠʯʝʩʢʠʤʠ ʩʚʦʡʩʪʚʘʤʠ [51]. 

ʐʠʨʦʢʦʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʩʨʝʜʠ ʤʝʪʦʜʦʚ ʛʝʦʬʠʟʠʯʝʩʢʦʛʦ ʤʦʥʠʪʦʨʠʥʛʘ ʥʘʰʣʠ 

ʩʝʡʩʤʠʯʝʩʢʠʝ ʠ ʤʠʢʨʦʩʝʡʩʤʠʯʝʩʢʠʝ ʩʠʩʪʝʤʳ, ʠʩʧʦʣʴʟʫʝʤʳʝ ʜʣʷ ʢʦʥʪʨʦʣʷ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʠ 

ʨʘʟʚʠʪʠʷ ʪʨʝʱʠʥ ʚ ʧʦʨʦʜʥʦʤ ʤʘʩʩʠʚʝ. ʊʘʢʠʝ ʩʠʩʪʝʤʳ ʧʦʟʚʦʣʷʶʪ ʦʩʫʱʝʩʪʚʣʷʪʴ 

ʨʝʛʠʩʪʨʘʮʠʶ ʩʝʡʩʤʠʯʝʩʢʠʭ ʩʦʙʳʪʠʡ, ʠʥʠʮʠʠʨʫʝʤʳʭ ʧʨʦʮʝʩʩʘʤʠ ʪʨʝʱʠʥʦʦʙʨʘʟʦʚʘʥʠʷ [52]. 

ɸʥʘʣʠʟ ʩʝʡʩʤʠʯʝʩʢʠʭ ʠ ʤʠʢʨʦʩʝʡʩʤʠʯʝʩʢʠʭ ʜʘʥʥʳʭ ʧʦʟʚʦʣʷʝʪ ʚʳʷʚʣʷʪʴ ʦʙʣʘʩʪʠ ʘʢʪʠʚʥʦʛʦ 

ʧʝʨʝʨʘʩʧʨʝʜʝʣʝʥʠʷ ʥʘʧʨʷʞʝʥʠʡ, ʯʪʦ ʤʦʞʝʪ ʩʣʫʞʠʪʴ ʧʨʠʟʥʘʢʦʤ ʧʦʪʝʥʮʠʘʣʴʥʳʭ ʟʦʥ 

ʨʘʟʨʫʰʝʥʠʷ [53, 54]. ʇʨʠʤʝʥʝʥʠʝ ʙʦʣʝʝ ʯʫʚʩʪʚʠʪʝʣʴʥʳʭ ʤʠʢʨʦʩʝʡʩʤʠʯʝʩʢʠʭ ʩʠʩʪʝʤ 

ʧʦʟʚʦʣʷʶʪ ʬʠʢʩʠʨʦʚʘʪʴ ʜʘʞʝ ʥʝʙʦʣʴʰʠʝ ʢʦʣʝʙʘʥʠʷ ʚ ʤʘʩʩʠʚʝ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʧʨʝʜʚʝʱʘʪʴ 

ʙʦʣʝʝ ʢʨʫʧʥʳʝ ʩʦʙʳʪʠʷ, ʪʘʢʠʝ ʢʘʢ ʦʙʨʫʰʝʥʠʷ, ʛʦʨʥʳʝ ʫʜʘʨʳ ʠ ʜʨʫʛʠʝ ʥʘʨʫʰʝʥʠʷ 

ʩʧʣʦʰʥʦʩʪʠ ʩʨʝʜʳ [55, 56]. 

ʂ ʥʘʠʙʦʣʝʝ ʧʝʨʝʜʦʚʳʤ ʩʨʝʜʩʪʚʘʤ ʦʮʝʥʢʠ ʠ ʢʦʥʪʨʦʣʷ ʛʝʦʤʝʭʘʥʠʯʝʩʢʦʛʦ ʩʦʩʪʦʷʥʠʷ 

ʧʦʨʦʜʥʦʛʦ ʤʘʩʩʠʚʘ ʦʪʥʦʩʷʪʩʷ ʢʦʤʧʣʝʢʩʥʳʝ ʩʠʩʪʝʤʳ ʤʦʥʠʪʦʨʠʥʛʘ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʤʝʪʦʜʦʚ 

ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʦʛʦ ʘʥʘʣʠʟʘ, ʧʨʝʜʥʘʟʥʘʯʝʥʥʳʭ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʟʘʢʦʥʦʤʝʨʥʦʩʪʝʡ, 

ʧʨʝʜʰʝʩʪʚʫʶʱʠʭ ʧʨʦʷʚʣʝʥʠʷʤ ʫʜʘʨʦʦʧʘʩʥʦʩʪʠ [57-59]. ʂʦʤʧʣʝʢʩʥʳʝ ʩʠʩʪʝʤʳ ʧʦʟʚʦʣʷʶʪ 

ʦʙʲʝʜʠʥʷʪʴ ʠ ʩʦʚʤʝʩʪʥʦ ʘʥʘʣʠʟʠʨʦʚʘʪʴ ʨʘʟʥʦʨʦʜʥʳʝ ʜʘʥʥʳʝ, ʧʦʣʫʯʘʝʤʳʝ ʧʨʠ ʧʦʤʦʱʠ 

ʥʝʩʢʦʣʴʢʠʭ ʛʝʦʬʠʟʠʯʝʩʢʠʭ ʩʠʩʪʝʤ, ʯʠʩʣʝʥʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʠʣʠ ʜʨʫʛʠʭ ʩʨʝʜʩʪʚ [60, 61].  
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ʇʨʠʤʝʥʝʥʠʝ ʤʝʪʦʜʦʚ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʦʛʦ ʘʥʘʣʠʟʘ ʜʘʥʥʳʭ ʚ ʛʝʦʬʠʟʠʯʝʩʢʠʭ 

ʠʩʩʣʝʜʦʚʘʥʠʷʭ ʫʜʘʨʦʦʧʘʩʥʦʩʪʠ ʛʦʨʥʳʭ ʧʦʨʦʜ ʠʤʝʝʪ ʢʣʶʯʝʚʦʝ ʟʥʘʯʝʥʠʝ ʜʣʷ ʧʦʚʳʰʝʥʠʷ 

ʪʦʯʥʦʩʪʠ ʧʨʦʛʥʦʟʦʚ ʠ ʧʨʝʜʦʪʚʨʘʱʝʥʠʷ ʘʚʘʨʠʡ [62, 63]. ʀʭ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʦʙʫʩʣʘʚʣʠʚʘʝʪʩʷ 

ʩʣʦʞʥʦʩʪʴʶ ʠ ʤʥʦʛʦʬʘʢʪʦʨʥʦʩʪʴʶ ʠʩʩʣʝʜʫʝʤʳʭ ʧʨʦʮʝʩʩʦʚ ʧʝʨʝʨʘʩʧʨʝʜʝʣʝʥʠʷ 

ʥʘʧʨʷʞʝʥʠʡ, ʪʝʢʪʦʥʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʠ, ʪʨʝʱʠʥʦʦʙʨʘʟʦʚʘʥʠʷ ʠ ʜʨʫʛʠʤʠ ʷʚʣʝʥʠʷʤʠ, 

ʧʨʦʪʝʢʘʶʱʠʤʠ ʚ ʛʦʨʥʳʭ ʧʦʨʦʜʘʭ ʠ ʦʢʘʟʳʚʘʶʱʠʤʠ ʚʣʠʷʥʠʝ ʥʘ ʫʜʘʨʦʦʧʘʩʥʦʩʪʴ [64, 65]. 

ʄʝʪʦʜʳ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʦʛʦ ʘʥʘʣʠʟʘ ʧʦʤʦʛʘʶʪ ʠʩʩʣʝʜʦʚʘʪʴ ʵʪʠ ʷʚʣʝʥʠʷ, ʦʙʨʘʙʘʪʳʚʘʷ 

ʙʦʣʴʰʠʝ ʤʘʩʩʠʚʳ ʜʘʥʥʳʭ ʠ ʦʧʨʝʜʝʣʷʷ ʩʢʨʳʪʳʝ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ, ʥʘ ʦʩʥʦʚʘʥʠʠ ʢʦʪʦʨʳʭ 

ʤʦʞʝʪ ʙʳʪʴ ʧʦʚʳʰʝʥʘ ʪʦʯʥʦʩʪʴ ʧʨʦʛʥʦʟʥʳʭ ʦʮʝʥʦʢ ʜʣʷ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʛʦʨʥʳʭ ʫʜʘʨʦʚ ʠ 

ʜʨʫʛʠʭ ʧʨʦʷʚʣʝʥʠʡ ʛʦʨʥʦʛʦ ʜʘʚʣʝʥʠʷ [66-69]  

ʂ ʦʩʥʦʚʥʳʤ ʘʩʧʝʢʪʘʤ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʤʝʪʦʜʦʚ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʦʛʦ ʘʥʘʣʠʟʘ ʚ ʦʙʣʘʩʪʠ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʫʜʘʨʦʦʧʘʩʥʦʩʪʠ ʦʪʥʦʩʷʪʩʷ: 

1. ɸʥʘʣʠʟ ʙʦʣʴʰʠʭ ʜʘʥʥʳʭ (Big Data). ɻʦʨʥʳʝ ʨʫʜʥʠʢʠ ʠ ʰʘʭʪʳ ʛʝʥʝʨʠʨʫʶʪ 

ʦʛʨʦʤʥʳʝ ʦʙʲʝʤʳ ʜʘʥʥʳʭ, ʩʚʷʟʘʥʥʳʝ ʩ ʤʦʥʠʪʦʨʠʥʛʦʤ ʥʘʧʨʷʞʝʥʥʦ-ʜʝʬʦʨʤʠʨʦʚʘʥʥʦʛʦ 

ʩʦʩʪʦʷʥʠʷ ʧʦʨʦʜ. ʕʪʠ ʜʘʥʥʳʝ ʤʦʛʫʪ ʚʢʣʶʯʘʪʴ ʩʝʡʩʤʦʘʢʫʩʪʠʯʝʩʢʠʝ ʩʠʛʥʘʣʳ, ʧʘʨʘʤʝʪʨʳ 

ʜʝʬʦʨʤʘʮʠʡ, ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʪʨʝʱʠʥʦʦʙʨʘʟʦʚʘʥʠʷ, ʪʝʤʧʝʨʘʪʫʨʥʳʝ ʠʟʤʝʥʝʥʠʷ ʠ 

ʪʝʭʥʦʛʝʥʥʳʝ ʧʨʦʮʝʩʩʳ ʦʪʜʝʣʴʥʳʭ ʫʯʘʩʪʢʦʚ ʤʘʩʩʠʚʘ. ʄʝʪʦʜʳ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʦʛʦ ʘʥʘʣʠʟʘ 

ʧʦʟʚʦʣʷʶʪ ʦʙʨʘʙʘʪʳʚʘʪʴ ʵʪʠ ʜʘʥʥʳʝ ʚ ʨʝʞʠʤʝ ʨʝʘʣʴʥʦʛʦ ʚʨʝʤʝʥʠ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʩʦʟʜʘʚʘʪʴ 

ʤʘʪʝʤʘʪʠʯʝʩʢʠʝ ʤʦʜʝʣʠ, ʧʨʝʜʩʢʘʟʳʚʘʶʱʠʝ ʚʦʟʤʦʞʥʳʝ ʘʚʘʨʠʠ ʥʘ ʦʩʥʦʚʘʥʠʠ 

ʧʨʝʜʰʝʩʪʚʫʶʱʝʡ ʠʥʬʦʨʤʘʮʠʠ ʦ ʛʝʦʤʝʭʘʥʠʯʝʩʢʦʤ ʩʦʩʪʦʷʥʠʠ ʧʦʨʦʜʥʦʛʦ ʤʘʩʩʠʚʘ. 

2. ʄʘʰʠʥʥʦʝ ʦʙʫʯʝʥʠʝ ʠ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʝ. ʄʦʜʝʣʠ ʤʘʰʠʥʥʦʛʦ ʦʙʫʯʝʥʠʷ (ML) 

ʘʢʪʠʚʥʦ ʠʩʧʦʣʴʟʫʶʪʩʷ ʜʣʷ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʚʝʨʦʷʪʥʦʩʪʠ ʛʦʨʥʳʭ ʫʜʘʨʦʚ. ʆʜʥʠʤ ʠʟ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʭ ʧʦʜʭʦʜʦʚ ʷʚʣʷʝʪʩʷ ʧʨʠʤʝʥʝʥʠʝ ʥʝʡʨʦʥʥʳʭ ʩʝʪʝʡ ʠ ʤʝʪʦʜʦʚ ʨʝʛʨʝʩʩʠʠ 

ʜʣʷ ʧʦʩʪʨʦʝʥʠʷ ʧʨʦʛʥʦʟʥʳʭ ʤʦʜʝʣʝʡ. ʅʘʧʨʠʤʝʨ, ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʨʝʢʫʨʨʝʥʪʥʳʭ ʥʝʡʨʦʥʥʳʭ 

ʩʝʪʝʡ (RNN) ʧʦʟʚʦʣʷʝʪ ʤʦʜʝʣʠʨʦʚʘʪʴ ʚʨʝʤʝʥʥʳʝ ʟʘʚʠʩʠʤʦʩʪʠ ʚ ʜʘʥʥʳʭ, ʪʘʢʠʭ ʢʘʢ 

ʜʠʥʘʤʠʢʘ ʩʝʡʩʤʠʯʝʩʢʠʭ ʩʦʙʳʪʠʡ ʠ ʥʘʧʨʷʞʝʥʠʡ ʚ ʧʦʨʦʜʘʭ, ʯʪʦ ʧʦʤʦʛʘʝʪ ʚʳʷʚʣʷʪʴ 

ʢʨʠʪʠʯʝʩʢʠʝ ʤʦʤʝʥʪʳ, ʢʦʛʜʘ ʚʝʨʦʷʪʥʦʩʪʴ ʜʠʥʘʤʠʯʝʩʢʦʛʦ ʧʨʦʷʚʣʝʥʠʷ ʚʦʟʨʘʩʪʘʝʪ. 

3. ʂʣʘʩʩʠʬʠʢʘʮʠʷ ʜʘʥʥʳʭ ʠ ʨʘʩʧʦʟʥʘʚʘʥʠʝ ʘʥʦʤʘʣʠʡ. ɼʣʷ ʦʮʝʥʢʠ ʫʜʘʨʦʦʧʘʩʥʦʩʪʠ 

ʤʦʛʫʪ ʧʨʠʤʝʥʷʪʴʩʷ ʢʣʘʩʩʠʬʠʢʘʮʠʦʥʥʳʝ ʘʣʛʦʨʠʪʤʳ, ʪʘʢʠʝ ʢʘʢ ʜʝʨʝʚʴʷ ʨʝʰʝʥʠʡ, ʤʝʪʦʜʳ 

ʦʧʦʨʥʳʭ ʚʝʢʪʦʨʦʚ (SVM) ʠ ʥʝʡʨʦʥʥʳʝ ʩʝʪʠ. ʕʪʠ ʤʝʪʦʜʳ ʧʦʤʦʛʘʶʪ ʘʚʪʦʤʘʪʠʯʝʩʢʠ 

ʢʣʘʩʩʠʬʠʮʠʨʦʚʘʪʴ ʫʯʘʩʪʢʠ ʧʦʨʦʜʥʳʭ ʤʘʩʩʠʚʦʚ ʧʦ ʫʨʦʚʥʶ ʦʧʘʩʥʦʩʪʠ. ɺʘʞʥʳʤ ʬʘʢʪʦʨʦʤ 

ʷʚʣʷʝʪʩʷ ʨʘʩʧʦʟʥʘʚʘʥʠʝ ʘʥʦʤʘʣʠʡ ï ʨʝʟʢʠʭ ʠʟʤʝʥʝʥʠʡ ʚ ʜʠʥʘʤʠʢʝ ʧʘʨʘʤʝʪʨʦʚ, ʢʦʪʦʨʳʝ 

ʤʦʛʫʪ ʩʚʠʜʝʪʝʣʴʩʪʚʦʚʘʪʴ ʦ ʧʨʠʙʣʠʞʝʥʠʠ ʛʦʨʥʦʛʦ ʫʜʘʨʘ ʠʣʠ ʦʙʨʫʰʝʥʠʷ. 

4. ʉʝʡʩʤʦʘʢʫʩʪʠʯʝʩʢʠʡ ʤʦʥʠʪʦʨʠʥʛ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʦʛʦ ʘʥʘʣʠʟʘ. 

ʊʘʢʠʝ ʤʝʪʦʜʳ, ʢʘʢ ʢʣʘʩʪʝʨʠʟʘʮʠʷ ʠ ʘʥʘʣʠʟ ʚʨʝʤʝʥʥʳʭ ʨʷʜʦʚ, ʧʦʤʦʛʘʶʪ ʚʳʜʝʣʷʪʴ 
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ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ ʚ ʩʝʡʩʤʦʘʢʫʩʪʠʯʝʩʢʠʭ ʜʘʥʥʳʭ ʠ ʧʨʝʜʩʢʘʟʳʚʘʪʴ ʚʦʟʤʦʞʥʳʝ ʛʦʨʥʳʝ ʫʜʘʨʳ. 

ʅʘʧʨʠʤʝʨ, ʘʣʛʦʨʠʪʤʳ ʛʣʫʙʦʢʦʛʦ ʦʙʫʯʝʥʠʷ ʤʦʛʫʪ ʘʥʘʣʠʟʠʨʦʚʘʪʴ ʭʘʨʘʢʪʝʨʥʳʝ ʠʟʤʝʥʝʥʠʷ 

ʩʝʡʩʤʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʠ ʠ ʧʨʦʛʥʦʟʠʨʦʚʘʪʴ ʚʨʝʤʷ ʠ ʤʝʩʪʦ ʚʦʟʤʦʞʥʦʛʦ ʧʨʦʷʚʣʝʥʠʷ ʛʦʨʥʦʛʦ 

ʜʘʚʣʝʥʠʷ. ɼʨʫʛʦʡ ʚʘʞʥʦʡ ʦʙʣʘʩʪʴʶ ʧʨʠʤʝʥʝʥʠʷ ʤʝʪʦʜʦʚ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʦʛʦ ʘʥʘʣʠʟʘ ʚ 

ʩʠʩʪʝʤʘʭ ʩʝʡʩʤʦʘʢʫʩʪʠʯʝʩʢʦʛʦ ʤʦʥʠʪʦʨʠʥʛʘ ʷʚʣʷʝʪʩʷ ʦʧʨʝʜʝʣʝʥʠʝ ʪʠʧʘ ʠʩʪʦʯʥʠʢʘ 

ʨʝʛʠʩʪʨʠʨʫʝʤʳʭ ʩʝʡʩʤʦʘʢʫʩʪʠʯʝʩʢʠʭ ʚʦʣʥ. ɼʘʥʥʘʷ ʟʘʜʘʯʘ ʦʩʦʙʝʥʥʦ ʘʢʪʫʘʣʴʥʘ ʚ ʩʣʫʯʘʝ 

ʧʨʠʤʝʥʝʥʠʷ ʤʠʢʨʦʩʝʡʩʤʠʯʝʩʢʠʭ ʩʠʩʪʝʤ, ʦʙʣʘʜʘʶʱʠʭ ʙʦʣʝʝ ʚʳʩʦʢʠʤ ʯʘʩʪʦʪʥʳʤ 

ʜʠʘʧʘʟʦʥʦʤ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʨʝʛʠʩʪʨʘʮʠʠ ʙʦʣʴʰʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʩʠʛʥʘʣʦʚ, ʠʥʠʮʠʠʨʦʚʘʥʥʳʭ 

ʪʝʭʥʦʛʝʥʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʴʶ. 

5. ʇʨʠʤʝʥʝʥʠʝ ʥʝʡʨʦʥʥʳʭ ʩʝʪʝʡ ʜʣʷ ʦʙʨʘʙʦʪʢʠ ʛʝʦʨʘʜʘʨʥʳʭ ʜʘʥʥʳʭ: ɻʝʦʨʘʜʘʨʳ, 

ʠʩʧʦʣʴʟʫʝʤʳʝ ʜʣʷ ʦʮʝʥʢʠ ʩʦʩʪʦʷʥʠʷ ʧʦʨʦʜ, ʛʝʥʝʨʠʨʫʶʪ ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʜʘʥʥʳʭ, 

ʢʦʪʦʨʳʝ ʪʨʫʜʥʦ ʠʥʪʝʨʧʨʝʪʠʨʦʚʘʪʴ ʚʨʫʯʥʫʶ. ʇʨʠʤʝʥʝʥʠʝ ʩʚʝʨʪʦʯʥʳʭ ʥʝʡʨʦʥʥʳʭ ʩʝʪʝʡ 

(CNN) ʧʦʟʚʦʣʷʝʪ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʪʴ ʧʨʦʮʝʩʩ ʦʙʨʘʙʦʪʢʠ ʨʘʜʠʦʣʦʢʘʮʠʦʥʥʳʭ ʠʟʦʙʨʘʞʝʥʠʡ ʠ 

ʚʳʷʚʣʷʪʴ ʟʦʥʳ ʥʘʧʨʷʞʝʥʥʦʩʪʠ ʠ ʪʨʝʱʠʥʦʦʙʨʘʟʦʚʘʥʠʷ, ʯʪʦ ʧʦʤʦʛʘʝʪ ʦʮʝʥʠʚʘʪʴ ʩʪʝʧʝʥʴ 

ʫʜʘʨʦʦʧʘʩʥʦʩʪʠ ʚ ʨʝʘʣʴʥʦʤ ʚʨʝʤʝʥʠ. 

6. ʕʚʦʣʶʮʠʷ ʪʨʝʱʠʥʦʦʙʨʘʟʦʚʘʥʠʷ ʠ ʧʨʦʛʥʦʟ ʢʘʪʘʩʪʨʦʬʠʯʝʩʢʠʭ ʩʦʙʳʪʠʡ. ʄʝʪʦʜʳ 

ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʦʛʦ ʘʥʘʣʠʟʘ ʧʦʤʦʛʘʶʪ ʤʦʜʝʣʠʨʦʚʘʪʴ ʧʨʦʮʝʩʩʳ ʵʚʦʣʶʮʠʠ ʪʨʝʱʠʥ ʚ ʛʦʨʥʳʭ 

ʧʦʨʦʜʘʭ, ʯʪʦ ʷʚʣʷʝʪʩʷ ʚʘʞʥʳʤ ʠʥʜʠʢʘʪʦʨʦʤ ʥʘʨʘʩʪʘʶʱʝʛʦ ʥʘʧʨʷʞʝʥʠʷ. ʊʘʢʠʝ ʧʦʜʭʦʜʳ, 

ʢʘʢ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʥʘ ʦʩʥʦʚʝ ʘʛʝʥʪʦʚ ʠʣʠ ʬʠʟʠʯʝʩʢʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʜʘʥʥʳʭ ʦ ʪʨʝʱʠʥʘʭ ʠ ʥʘʧʨʷʞʝʥʠʷʭ, ʩʧʦʩʦʙʩʪʚʫʶʪ ʧʦʚʳʰʝʥʠʶ ʪʦʯʥʦʩʪʠ ʧʨʝʜʩʢʘʟʘʥʠʷ 

ʦʧʘʩʥʳʭ ʛʝʦʜʠʥʘʤʠʯʝʩʢʠʭ ʷʚʣʝʥʠʡ. 

7. ʀʥʪʝʛʨʘʮʠʷ ʨʘʟʣʠʯʥʳʭ ʠʩʪʦʯʥʠʢʦʚ ʜʘʥʥʳʭ. ʆʜʥʠʤ ʠʟ ʢʣʶʯʝʚʳʭ ʧʨʝʠʤʫʱʝʩʪʚ 

ʤʝʪʦʜʦʚ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʦʛʦ ʘʥʘʣʠʟʘ ʷʚʣʷʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴ ʠʥʪʝʛʨʘʮʠʠ ʨʘʟʣʠʯʥʳʭ 

ʠʩʪʦʯʥʠʢʦʚ ʜʘʥʥʳʭ (ʛʝʦʨʘʜʘʨʳ, ʩʝʡʩʤʠʯʝʩʢʘʷ ʘʢʪʠʚʥʦʩʪʴ, ʪʝʤʧʝʨʘʪʫʨʥʳʝ ʜʘʥʥʳʝ ʠ ʜʨ.) ʚ 

ʝʜʠʥʫʶ ʤʦʜʝʣʴ. ʕʪʦ ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʠʪʴ ʙʦʣʝʝ ʧʦʣʥʦʝ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʦ ʪʝʢʫʱʝʤ ʩʦʩʪʦʷʥʠʠ 

ʛʦʨʥʳʭ ʧʦʨʦʜ ʠ ʧʦʚʳʩʠʪʴ ʪʦʯʥʦʩʪʴ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʫʜʘʨʦʦʧʘʩʥʦʩʪʠ. 

 

1.3 ʉʨʝʜʩʪʚʘ ʩʝʡʩʤʦʘʢʫʩʪʠʯʝʩʢʦʛʦ ʤʦʥʠʪʦʨʠʥʛʘ ʥʘ ʫʜʘʨʦʦʧʘʩʥʳʭ 

ʤʝʩʪʦʨʦʞʜʝʥʠʷʭ  

 

ɻʝʥʝʨʘʮʠʷ ʠ ʨʝʛʠʩʪʨʘʮʠʷ ʠʤʧʫʣʴʩʦʚ ʘʢʫʩʪʠʯʝʩʢʦʡ ʵʤʠʩʩʠʠ (ɸʕ) ʧʨʠ ʧʨʦʷʚʣʝʥʠʠ 

ʛʦʨʥʦʛʦ ʜʘʚʣʝʥʠʷ, ʩʚʷʟʘʥʳ ʩ ʬʠʟʠʯʝʩʢʠʤʠ ʧʨʦʮʝʩʩʘʤʠ, ʧʨʦʠʩʭʦʜʷʱʠʤʠ ʚ ʛʦʨʥʳʭ ʧʦʨʦʜʘʭ 

ʚ ʨʝʟʫʣʴʪʘʪʝ ʨʘʟʨʫʰʝʥʠʷ ʤʘʪʝʨʠʘʣʘ ʠʣʠ ʠʟʤʝʥʝʥʠʷ ʝʛʦ ʩʪʨʫʢʪʫʨʳ [70]. ʅʘʨʫʰʝʥʠʷ 

ʩʧʣʦʰʥʦʩʪʠ ʩʨʝʜʳ, ʧʨʦʷʚʣʷʶʱʠʝʩʷ ʚ ʚʠʜʝ ʚʳʙʨʦʩʦʚ ʛʦʨʥʦʡ ʧʦʨʦʜʳ, ʪʦʣʯʢʦʚ, ʰʫʤʦʚ, 

ʧʦʪʨʝʩʢʠʚʘʥʠʡ ʠ ʜʨʫʛʠʭ ʷʚʣʝʥʠʡ, ʧʨʠʚʦʜʷʪ ʢ ʚʦʟʥʠʢʥʦʚʝʥʠʶ ʘʢʫʩʪʠʯʝʩʢʦʡ ʵʤʠʩʩʠʠ [71]. 



19 

  

ʆʩʦʙʳʡ ʠʥʪʝʨʝʩ ʧʨʝʜʩʪʘʚʣʷʶʪ ʯʘʩʪʠʯʥʳʝ ʥʘʨʫʰʝʥʠʷ ʩʪʨʫʢʪʫʨʳ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʙʳʪʴ 

ʧʨʝʜʚʝʩʪʥʠʢʘʤʠ ʙʦʣʝʝ ʤʘʩʰʪʘʙʥʳʭ ʠ ʢʘʪʘʩʪʨʦʬʠʯʝʩʢʠʭ ʧʨʦʷʚʣʝʥʠʡ ʛʦʨʥʦʛʦ ʜʘʚʣʝʥʠʷ. ʇʨʠ 

ʪʘʢʠʭ ʥʘʯʘʣʴʥʳʭ ʩʪʘʜʠʷʭ ʪʨʝʱʠʥʦʦʙʨʘʟʦʚʘʥʠʷ ʧʨʦʠʩʭʦʜʠʪ ʠʟʣʫʯʝʥʠʝ ʩʝʡʩʤʦʘʢʫʩʪʠʯʝʩʢʠʭ 

ʚʦʣʥ ʚʳʩʦʢʦʛʦ ʯʘʩʪʦʪʥʦʛʦ ʜʠʘʧʘʟʦʥʘ, ʧʨʠ ʵʪʦʤ ʭʘʨʘʢʪʝʨ ʨʝʛʠʩʪʨʠʨʫʝʤʳʭ ʩʠʛʥʘʣʦʚ ʙʫʜʝʪ 

ʟʘʚʠʩʝʪʴ ʦʪ ʭʘʨʘʢʪʝʨʘ ʩʘʤʦʛʦ ʥʘʨʫʰʝʥʠʷ [72].  

ʉʧʨʘʚʝʜʣʠʚʦ ʫʪʚʝʨʞʜʝʥʠʝ, ʯʪʦ ʘʤʧʣʠʪʫʜʘ ʠ ʵʥʝʨʛʠʷ ʠʤʧʫʣʴʩʦʚ ʙʫʜʫʪ ʪʝʤ ʙʦʣʴʰʝ, 

ʯʝʤ ʙʦʣʴʰʝ ʚʝʣʠʯʠʥʘ ʫʧʨʫʛʠʭ ʥʘʧʨʷʞʝʥʠʡ, ʥʘʢʦʧʠʚʰʠʭʩʷ ʚ ʜʘʥʥʦʡ ʦʙʣʘʩʪʠ ʢ ʤʦʤʝʥʪʫ 

ʨʘʟʨʳʚʘ, ʠ ʯʝʤ ʙʦʣʴʰʝ ʨʘʟʤʝʨʳ ʪʨʝʱʠʥʳ [73]. ʈʘʟʣʠʯʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʜʠʥʘʤʠʢʠ 

ʪʨʝʱʠʥʦʦʙʨʘʟʦʚʘʥʠʷ ʧʦʜʪʚʝʨʞʜʘʶʪ, ʯʪʦ ʧʨʠ ʧʨʠʙʣʠʞʝʥʠʠ ʢ ʤʦʤʝʥʪʫ ʢʨʫʧʥʦʛʦ ʥʘʨʫʰʝʥʠʷ 

ʩʧʣʦʰʥʦʩʪʠ ʤʘʪʝʨʠʘʣʘ, ʫʚʝʣʠʯʠʚʘʶʪʩʷ ʨʘʟʤʝʨʳ ʪʨʝʱʠʥ, ʨʘʩʪʝʪ ʠʭ ʦʪʥʦʩʠʪʝʣʴʥʦʝ ʯʠʩʣʦ ʠ 

ʠʟʤʝʥʷʝʪʩʷ ʪʠʧ ʥʘʨʫʰʝʥʠʷ [74, 75]. ʇʦʵʪʦʤʫ ʙʦʣʴʰʦʡ ʠʥʪʝʨʝʩ ʜʣʷ ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ 

ʧʨʝʜʩʪʘʚʣʷʝʪ ʚʳʷʚʣʝʥʠʝ ʦʙʱʠʭ ʟʘʢʦʥʦʤʝʨʥʦʩʪʝʡ ʤʝʞʜʫ ʧʨʦʷʚʣʝʥʠʷʤʠ ʛʦʨʥʦʛʦ ʜʘʚʣʝʥʠʷ ʠ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʨʝʛʠʩʪʨʠʨʫʝʤʳʭ ʩʝʡʩʤʦʘʢʫʩʪʠʯʝʩʢʠʭ ʩʠʛʥʘʣʦʚ, ʢ ʢʦʪʦʨʳʤ ʤʦʛʫʪ 

ʦʪʥʦʩʠʪʴʩʷ ʢʦʣʠʯʝʩʪʚʦ, ʵʥʝʨʛʝʪʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ, ʘʤʧʣʠʪʫʜʘ, ʚʦʣʥʦʚʘʷ ʬʦʨʤʘ ʠʣʠ 

ʩʧʝʢʪʨʘʣʴʥʳʡ ʩʦʩʪʘʚ ʠʤʧʫʣʴʩʦʚ. ɺʳʷʚʣʝʥʠʝ ʪʘʢʠʭ ʢʦʨʨʝʣʷʮʠʡ ʧʦʟʚʦʣʷʝʪ ʧʨʝʜʦʪʚʨʘʪʠʪʴ 

ʠʣʠ ʩʥʠʟʠʪʴ ʫʱʝʨʙ ʦʪ ʦʧʘʩʥʳʭ ʧʨʦʷʚʣʝʥʠʡ ʛʦʨʥʦʛʦ ʜʘʚʣʝʥʠʷ, ʧʨʝʜʧʨʠʥʷʚ ʜʣʷ ʵʪʦʛʦ 

ʥʝʦʙʭʦʜʠʤʳʝ ʤʝʨʳ [76]. 

ʈʘʟʚʠʪʠʝ ʩʨʝʜʩʪʚ ʩʝʡʩʤʦʘʢʫʩʪʠʯʝʩʢʦʛʦ ʤʝʪʦʜʘ ʜʣʷ ʢʦʥʪʨʦʣʷ ʤʘʩʩʠʚʘ ʛʦʨʥʳʭ ʧʦʨʦʜ 

ʠ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʧʨʦʷʚʣʝʥʠʡ ʛʦʨʥʦʛʦ ʜʘʚʣʝʥʠʷ ʥʘʯʘʣʦʩʴ ʙʦʣʝʝ ʧʦʣʫʚʝʢʘ ʥʘʟʘʜ. ɿʘ 

ʧʨʦʰʝʜʰʝʝ ʚʨʝʤʷ ʨʘʟʨʘʙʦʪʘʥ ʠ ʫʩʧʝʰʥʦ ʧʨʠʤʝʥʷʝʪʩʷ ʨʷʜ ʤʝʪʦʜʠʢ ʠ ʪʝʭʥʠʯʝʩʢʠʭ ʩʨʝʜʩʪʚ 

ʦʮʝʥʢʠ ʩʦʩʪʦʷʥʠʷ ʤʘʩʩʠʚʘ, ʙʘʟʠʨʫʶʱʠʭʩʷ ʥʘ ʠʟʤʝʨʝʥʠʠ ʧʘʨʘʤʝʪʨʦʚ ʘʢʫʩʪʠʯʝʩʢʦʡ ɻ ʤʠʩʩʠʠ, 

ʨʝʛʠʩʪʨʠʨʫʝʤʦʡ ʚʩʣʝʜʩʪʚʠʝ ʧʨʦʮʝʩʩʦʚ ʪʨʝʱʠʥʦʦʙʨʘʟʦʚʘʥʠʷ ʚ ʛʦʨʥʳʭ ʧʦʨʦʜʘʭ [76, 77]. 

ɺʦ ʤʥʦʛʦʤ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʪʘʢʠʭ ʤʝʪʦʜʦʚ ʠ ʩʠʩʪʝʤ ʛʝʦʤʝʭʘʥʠʯʝʩʢʦʛʦ ʢʦʥʪʨʦʣʷ 

ʟʘʚʠʩʠʪ ʦʪ ʦʙʲʝʢʪʠʚʥʦʩʪʠ ʠʥʪʝʨʧʨʝʪʘʮʠʠ ʨʝʛʠʩʪʨʠʨʫʝʤʳʭ ʜʘʥʥʳʭ ʠ ʥʘʜʝʞʥʦʩʪʠ 

ʧʨʠʤʝʥʷʝʤʳʭ ʢʨʠʪʝʨʠʝʚ ʜʣʷ ʦʮʝʥʢʠ ʩʦʩʪʦʷʥʠʷ ʧʦʨʦʜʥʳʭ ʤʘʩʩʠʚʦʚ [78, 79]. ɹʦʣʴʰʠʥʩʪʚʦ 

ʵʢʩʧʣʫʘʪʠʨʫʝʤʳʭ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʩʠʩʪʝʤ ʩʝʡʩʤʦʘʢʫʩʪʠʯʝʩʢʦʛʦ ʢʦʥʪʨʦʣʷ, ʧʨʝʜʩʪʘʚʣʷʶʪ 

ʩʦʙʦʡ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʳʝ ʠʟʤʝʨʠʪʝʣʴʥʦ-ʚʳʯʠʩʣʠʪʝʣʴʥʳʝ ʢʦʤʧʣʝʢʩʳ ʩ ʨʘʟʣʠʯʥʳʤʠ 

ʚʦʟʤʦʞʥʦʩʪʷʤʠ ʧʦ ʩʙʦʨʫ ʠ ʦʙʨʘʙʦʪʢʝ ʩʝʡʩʤʦʘʢʫʩʪʠʯʝʩʢʠʭ ʜʘʥʥʳʭ [80]. ʊʘʢʠʝ ʢʦʤʧʣʝʢʩʳ 

ʤʦʛʫʪ ʙʳʪʴ ʚʳʧʦʣʥʝʥʳ ʚ ʩʪʘʮʠʦʥʘʨʥʦʤ ʠʣʠ ʤʦʙʠʣʴʥʦʤ ʠʩʧʦʣʥʝʥʠʠ [81, 82]. 

ʉʪʘʮʠʦʥʘʨʥʳʝ ʩʠʩʪʝʤʳ ʷʚʣʷʶʪʩʷ ʟʥʘʯʠʪʝʣʴʥʦ ʙʦʣʝʝ ʩʣʦʞʥʳʤʠ, ʦʙʣʘʜʘʶʱʠʤʠ 

ʰʠʨʦʢʠʤ ʥʘʙʦʨʦʤ ʚʦʟʤʦʞʥʦʩʪʝʡ. ʆʥʠ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʠʟʤʝʨʠʪʝʣʴʥʦ-ʚʳʯʠʩʣʠʪʝʣʴʥʳʡ 

ʢʦʤʧʣʝʢʩ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʡ ʧʨʠʝʤ, ʠʟʤʝʨʝʥʠʝ ʠ ʦʙʨʘʙʦʪʢʫ ʩʝʡʩʤʦʘʢʫʩʪʠʯʝʩʢʠʭ ʩʠʛʥʘʣʦʚ ʚ 

ʧʨʝʜʝʣʘʭ ʟʦʥʳ ʢʦʥʪʨʦʣʷ. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʧʨʠʤʝʥʝʥʠʝ ʪʘʢʠʭ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʳʭ 

ʩʪʘʮʠʦʥʘʨʥʳʭ ʩʠʩʪʝʤ ʥʘʭʦʜʠʪ ʚʩʸ ʙʦʣʴʰʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʚ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʡ ʩʬʝʨʝ. 



20 

  

ɸʧʧʘʨʘʪʫʨʘ ʪʘʢʦʛʦ ʢʣʘʩʩʘ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʤʥʦʛʦʢʘʥʘʣʴʥʳʝ ʫʩʪʨʦʡʩʪʚʘ, 

ʠʤʝʶʱʠʝ ʥʝʟʘʚʠʩʠʤʳʝ ʠʣʠ ʚʟʘʠʤʦʟʘʚʠʩʠʤʳʝ ʢʘʥʘʣʳ ʧʨʠʝʤʘ ʩ ʨʘʟʥʝʩʝʥʥʳʤʠ ʚ 

ʧʨʦʩʪʨʘʥʩʪʚʝ ʠʣʠ ʣʦʢʘʣʴʥʦ ʫʩʪʘʥʦʚʣʝʥʥʳʤʠ ʧʨʠʝʤʥʳʤʠ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʷʤʠ, ʯʠʩʣʦ 

ʢʦʪʦʨʳʭ ʠʟʤʝʥʷʝʪʩʷ ʦʪ 4 (ʤʠʥʠʤʘʣʴʥʦ ʜʦʧʫʩʪʠʤʦʝ ʜʣʷ ʨʝʰʝʥʠʷ ʪʨʠʘʥʛʫʣʷʮʠʦʥʥʦʡ 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʟʘʜʘʯʠ ʣʦʢʘʮʠʠ) ʜʦ 24 ʠ ʙʦʣʝʝ [83].  

ʃʦʢʘʮʠʷ ʠʩʪʦʯʥʠʢʘ ʩʝʡʩʤʦʘʢʫʩʪʠʯʝʩʢʦʛʦ ʩʦʙʳʪʠʷ ʚ ʙʦʣʴʰʠʥʩʪʚʝ ʩʣʫʯʘʝʚ ʦʧ-

ʨʝʜʝʣʷʝʪʩʷ ʧʦ ʨʘʟʥʦʩʪʠ ʚʩʪʫʧʣʝʥʠʷ ʚʦʣʥ, ʘ ʵʥʝʨʛʝʪʠʯʝʩʢʘʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʥʘ ʦʩʥʦʚʝ 

ʢʦʩʚʝʥʥʳʭ ʠʟʤʝʨʝʥʠʡ ʘʤʧʣʠʪʫʜ ʧʨʠʥʷʪʳʭ ʩʠʛʥʘʣʦʚ. ʅʘ ʪʦʯʥʦʩʪʴ ʨʝʛʠʩʪʨʠʨʫʝʤʳʭ ʜʘʥʥʳʭ 

ʚʦ ʤʥʦʛʦʤ ʚʣʠʷʶʪ ʜʠʥʘʤʠʢʘ ʠ ʪʠʧ ʠʩʪʦʯʥʠʢʘ, ʥʘʣʠʯʠʝ ʠ ʭʘʨʘʢʪʝʨ ʪʝʭʥʦʛʝʥʥʳʭ ʧʦʤʝʭ ʚ ʟʦʥʝ 

ʤʦʥʠʪʦʨʠʥʛʘ, ʬʠʟʠʢʦ-ʤʝʭʘʥʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʛʦʨʥʳʭ ʧʦʨʦʜ, ʛʜʝ ʨʘʩʧʨʦʩʪʨʘʥʷʶʪʩʷ ʫʧʨʫʛʠʝ 

ʚʦʣʥʳ, ʘʧʧʘʨʘʪʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʩʠʩʪʝʤʳ ʠ ʧʨʦʛʨʘʤʤʥʳʝ ʘʣʛʦʨʠʪʤʳ ʧʦ ʦʙʨʘʙʦʪʢʝ 

ʜʘʥʥʳʭ. 

ɺ ʈʦʩʩʠʠ ʨʘʟʨʘʙʦʪʘʥ ʨʷʜ ʠʟʤʝʨʠʪʝʣʴʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʜʣʷ ʢʦʥʪʨʦʣʷ ʛʦʨʥʦʛʦ ʜʘʚʣʝʥʠʷ 

ʠ ʦʮʝʥʢʠ ʩʦʩʪʦʷʥʠʷ ʤʘʩʩʠʚʘ ʛʦʨʥʳʭ ʧʦʨʦʜ, ʨʷʜ ʠʟ ʢʦʪʦʨʳʭ ʫʩʧʝʰʥʦ ʧʨʠʤʝʥʷʝʪʩʷ ʥʘ 

ʫʜʘʨʦʦʧʘʩʥʳʭ ʠ ʩʢʣʦʥʥʳʭ ʢ ʫʜʘʨʦʦʧʘʩʥʦʩʪʠ ʨʫʜʥʠʢʘʭ. ʆʩʥʦʚʥʳʝ ʧʘʨʘʤʝʪʨʳ 

ʦʪʝʯʝʩʪʚʝʥʥʦʛʦ ʨʷʜʘ ʧʦʜʦʙʥʳʭ ʩʠʩʪʝʤ ʧʨʠʚʝʜʝʥʳ ʚ ʪʘʙʣʠʮʝ 1.2. 

 

ʊʘʙʣʠʮʘ 1.2 ï ʍʘʨʘʢʪʝʨʠʩʪʠʢʠ ʦʩʥʦʚʥʳʭ ʨʦʩʩʠʡʩʢʠʭ ʩʠʩʪʝʤ ʩʝʡʩʤʦʘʢʫʩʪʠʯʝʩʢʦʛʦ ʢʦʥʪʨʦʣʷ 

ʛʦʨʥʦʛʦ ʜʘʚʣʝʥʠʷ  

ʅʘʠʤʝʥʦʚʘʥʠʝ 

ʩʠʩʪʝʤʳ 

ʆʨʛʘʥʠʟʘʮʠʷ-

ʨʘʟʨʘʙʦʪʯʠʢ 

ʏʘʩʪʦʪʥʳʡ                                             

ʜʠʘʧʘʟʦʥ, 

ʢɻʮ 

ʂʦʣʠʯʝʩʪʚʦ       

ʢʘʥʘʣʦʚ 

ɼʠʩʪʘʥʮʠʷ 

ʢʦʥʪʨʦʣʷ, ʤ 

ɼʠʘʧʘʟʦʥ 

ʠʟʤʝʨʝʥʠʷ 

ʵʥʝʨʛʠʠ 

ʠʩʪʦʯʥʠʢʘ, ɼʞ 

ʇʦʛʨʝʰʥʦʩʪʴ 

ʩʠʩʪʝʤʳ 

ʣʦʢʘʮʠʠ, ʤ 

çʀɺʂ ʈʝʛʠʦʥè 
ʅʇʆ çʉʠʙʮʚʝʪʤʝʪ-

ʘʚʪʦʤʘʪʠʢʘè 
0,25-85 32 1000 102-107 20 

çGITS-Sè ɺʅʀʄʀ 0,001-1 ʜʦ 48 1000 102-107 ~20 

çʈʝʣʦʩ-ʃè ʅʊʎ çɸʚʪʦʤʘʪʠʢʘè 0,005-1 16 ʥʝʪ ʜʘʥʥʳʭ 101-104 ~10 

çZET 048è ɿɸʆ çʕʊʄʉè 0,01-1 ʜʦ 32 1000 102-107 ~20 

çɻʨʦʟʘ-16è 
ʅʇʆ çʉʠʙʮʚʝʪʤʝʪ-

ʘʚʪʦʤʘʪʠʢʘè 
200ï4Ö104 16 50 

ʥʝ 

ʦʧʨʝʜʝʣʷʝʪʩʷ 
ï 

çʇʨʦʛʥʦʟ-5ɸʄè 
ʅʇʆ çɼʘʣʴʩʪʘʥʜʘʨʪè, 

ʀɻɼ ɼɺʆ ʈɸʅ 
0,8-12 5 100 0,1-102 2-5 

çʆʯʘʛè 
ʅʇʆ çɼʘʣʴʩʪʘʥʜʘʨʪè, 

ʀɻɼ ɼɺʆ ʈɸʅ 
0,3-5 8 300 1-103 ~10 

çPrognoz ADSè ʀɻɼ ɼɺʆ ʈɸʅ 0,2-12 ʜʦ 32 250 0,1-105 2-5 

 

ʂ ʢʘʪʝʛʦʨʠʠ ʪʘʢʠʭ ʩʪʘʮʠʦʥʘʨʥʳʭ ʤʥʦʛʦʢʘʥʘʣʴʥʳʭ ʩʠʩʪʝʤ ʦʪʥʦʩʠʪʩʷ ʘʢʫʩʪʠʯʝʩʢʘʷ 

ʩʠʩʪʝʤʘ ʢʦʥʪʨʦʣʷ ʛʦʨʥʦʛʦ ʜʘʚʣʝʥʠʷ (ɸʉʂɻɼ) çPrognoz-ADSè, ʧʨʝʜʩʪʘʚʣʷʶʱʘʷ ʩʦʙʦʡ 

ʠʟʤʝʨʠʪʝʣʴʥʳʡ ʧʨʦʛʨʘʤʤʥʦ-ʘʧʧʘʨʘʪʥʳʡ ʢʦʤʧʣʝʢʩ, ʚʢʣʶʯʘʶʱʠʡ ʰʠʨʦʢʠʡ ʥʘʙʦʨ ʩʨʝʜʩʪʚ, 

ʧʦʟʚʦʣʷʶʱʠʭ ʦʩʫʱʝʩʪʚʣʷʪʴ ʩʝʡʩʤʦʘʢʫʩʪʠʯʝʩʢʠʡ ʤʦʥʠʪʦʨʠʥʛ ʤʘʩʩʠʚʘ ʛʦʨʥʳʭ ʧʦʨʦʜ [84].  

ʆʪʜʝʣʴʥʳʝ ʢʦʤʧʦʥʝʥʪʳ ɸʉʂɻɼ ʧʦʢʘʟʘʥʳ ʥʘ ʨʠʩʫʥʢʝ 1.3. 
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ʈʠʩʫʥʦʢ 1.3 ï ʆʩʥʦʚʥʳʝ ʵʣʝʤʝʥʪʳ ɸʉʂɻɼ çPrognoz-ADSè: ʘ) ï ʚʳʥʦʩʥʦʡ 

ʧʴʝʟʦʵʣʝʢʪʨʠʯʝʩʢʠʡ ʘʢʩʝʣʝʨʦʤʝʪʨ PeA12; ʙ) ï ʮʠʬʨʦʚʦʡ ʧʨʠʝʤʥʳʡ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʴ 

RADCi40; ʚ) ï ʰʢʘʬ ʵʣʝʢʪʨʦʧʠʪʘʥʠʷ; ʛ) ï ʇʂ-ʩʝʨʚʝʨ, ʙʣʦʢ ʧʠʪʘʥʠʷ-ʩʠʥʭʨʦʥʠʟʘʮʠʠ ʎʇʇ, 

ʤʦʜʫʣʠ ʩʙʦʨʘ ʠ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ 

 

ʉʠʩʪʝʤʘ çPrognoz-ADSè ʨʘʟʨʘʙʦʪʘʥʘ ʀɻɼ ɼɺʆ ʈɸʅ ʚ ʛ. ʍʘʙʘʨʦʚʩʢʝ ʠ ʨʘʟʚʠʚʘʝʪʩʷ 

ʩ 2005 ʛ. [85]. ʆʥʘ ʧʦʟʚʦʣʷʝʪ ʦʩʫʱʝʩʪʚʣʷʪʴ ʨʝʛʠʩʪʨʘʮʠʶ ʩʝʡʩʤʦʘʢʫʩʪʠʯʝʩʢʠʭ ʩʠʛʥʘʣʦʚ ʚ 

ʜʠʘʧʘʟʦʥʝ ʦʪ 0,2 ʜʦ 12 ʢɻʮ ʠ ʠʭ ʜʘʣʴʥʝʡʰʫʶ ʦʙʨʘʙʦʪʢʫ, ʚʢʣʶʯʘʷ ʦʧʨʝʜʝʣʝʥʠʝ 

ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʠ ʚʨʝʤʝʥʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʠʤʧʫʣʴʩʦʚ ʠ ʢʦʦʨʜʠʥʘʪ ʠʩʪʦʯʥʠʢʘ ʘʢʫʩʪʠʯʝʩʢʦʡ 

ʵʤʠʩʩʠʠ, ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʩʦʚʨʝʤʝʥʥʳʭ ʧʨʦʛʨʘʤʤʥʳʭ ʩʨʝʜʩʪʚ [86]. ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ 

ʦʙʨʘʙʦʪʢʠ ʩʦʟʜʘʶʪʩʷ ʦʪʯʸʪʳ ʚ ʚʠʜʝ ʢʘʪʘʣʦʛʦʚ, ʢʘʨʪ ʠ ʛʨʘʬʠʢʦʚ. ʉʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʡ 

ʧʨʦʛʨʘʤʤʥʳʡ ʢʦʤʧʣʝʢʩ ʩʠʩʪʝʤʳ ʧʦʟʚʦʣʷʝʪ ʨʘʩʩʯʠʪʳʚʘʪʴ, ʚʳʜʝʣʷʪʴ ʠ ʢʦʥʪʨʦʣʠʨʦʚʘʪʴ 

ʧʘʨʘʤʝʪʨʳ ʧʦʪʝʥʮʠʘʣʴʥʦ ʫʜʘʨʦʦʧʘʩʥʳʭ ʟʦʥ ʠ ʧʨʦʚʦʜʠʪʴ ʧʨʦʛʥʦʟʥʫʶ ʦʮʝʥʢʫ 

ʛʝʦʤʝʭʘʥʠʯʝʩʢʦʛʦ ʩʦʩʪʦʷʥʠʷ ʤʘʩʩʠʚʘ ʛʦʨʥʳʭ ʧʦʨʦʜ [87, 88].  

ʇʨʦʛʨʘʤʤʥʳʡ ʢʦʤʧʣʝʢʩ ʩʠʩʪʝʤʳ ʩʦʩʪʦʠʪ ʠʟ ʮʝʣʦʛʦ ʨʷʜʘ ʩʨʝʜʩʪʚ, ʢ ʦʩʥʦʚʥʳʤ ʠʟ 

ʢʦʪʦʨʳʭ ʦʪʥʦʩʷʪʩʷ ʩʣʝʜʫʶʱʠʝ ʧʨʦʛʨʘʤʤʳ: 

- çMasterè, ʧʨʝʜʥʘʟʥʘʯʝʥʥʘʷ ʜʣʷ ʢʦʥʬʠʛʫʨʠʨʦʚʘʥʠʷ ʥʘʙʣʶʜʘʪʝʣʴʥʦʡ ʩʝʪʠ ʠ 

ʥʘʩʪʨʦʡʢʠ ʧʘʨʘʤʝʪʨʦʚ ʨʝʛʠʩʪʨʘʮʠʠ ʩʠʩʪʝʤʳ ʤʦʥʠʪʦʨʠʥʛʘ; 

- çGeoControlè ʜʣʷ ʩʙʦʨʘ ʠ ʧʝʨʚʠʯʥʦʡ ʦʙʨʘʙʦʪʢʠ ʨʝʛʠʩʪʨʠʨʫʝʤʳʭ ʘʢʫʩʪʠʯʝʩʢʠʭ 

ʩʠʛʥʘʣʦʚ, ʧʦʟʚʦʣʷʶʱʘʷ ʚ ʨʝʞʠʤʝ ʨʝʘʣʴʥʦʛʦ ʚʨʝʤʝʥʠ ʦʪʩʣʝʞʠʚʘʪʴ ʨʘʙʦʪʫ ʩʠʩʪʝʤʳ; 

- ʉʠʩʪʝʤʘ ʫʧʨʘʚʣʝʥʠʷ ʨʝʣʷʮʠʦʥʥʳʤʠ ʙʘʟʘʤʠ ʜʘʥʥʳʭ çMS SQL Serverè, ʧʨʠ 

ʧʦʤʦʱʠ ʢʦʪʦʨʦʡ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʭʨʘʥʝʥʠʝ ʠ ʨʝʧʣʠʢʘʮʠʷ ʜʘʥʥʳʭ ʤʝʞʜʫ ʧʦʜʟʝʤʥʦʡ ʠ 
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ʧʦʚʝʨʭʥʦʩʪʥʦʡ ʯʘʩʪʷʤʠ ʩʠʩʪʝʤʳ, ʘ ʪʘʢʞʝ ʩʦʟʜʘʥʠʝ ʨʝʟʝʨʚʥʳʭ ʢʦʧʠʡ, ʦʙʨʘʙʦʪʢʘ ʠ 

ʣʦʛʠʨʦʚʘʥʠʝ ʪʨʘʥʟʘʢʮʠʡ; 

- çGeoAcousticsè, ʩʦʜʝʨʞʘʱʘʷ ʦʩʥʦʚʥʳʝ ʘʣʛʦʨʠʪʤʳ ʧʦ ʦʙʨʘʙʦʪʢʝ ʜʘʥʥʳʭ, ʢ ʯʠʩʣʫ 

ʢʦʪʦʨʳʭ ʦʪʥʦʩʷʪʩʷ ʬʦʨʤʠʨʦʚʘʥʠʝ ʣʦʢʘʮʠʦʥʥʳʭ ʩʝʨʠʡ, ʨʘʩʯʸʪ ʢʦʦʨʜʠʥʘʪ 

ʩʝʡʩʤʦʘʢʫʩʪʠʯʝʩʢʠʭ ʩʦʙʳʪʠʡ, ʬʦʨʤʠʨʦʚʘʥʠʝ ʘʢʫʩʪʠʯʝʩʢʠ ʘʢʪʠʚʥʳʭ ʟʦʥ, ʨʘʩʯʸʪ ʢʨʠʪʝʨʠʝʚ 

ʠ ʦʮʝʥʢʘ ʫʜʘʨʦʦʧʘʩʥʦʩʪʠ ʦʙʲʝʢʪʘ ʤʦʥʠʪʦʨʠʥʛʘ ʠʣʠ ʝʛʦ ʦʪʜʝʣʴʥʳʭ ʯʘʩʪʝʡ; 

- çGeoFiltrationè, ʧʨʝʜʥʘʟʥʘʯʝʥʥʘʷ ʜʣʷ ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʪʠʧʘ ʠʩʪʦʯʥʠʢʘ 

ʘʢʫʩʪʠʯʝʩʢʠʭ ʩʠʛʥʘʣʦʚ, ʚʢʣʶʯʘʷ ʬʫʥʢʮʠʠ ʨʫʯʥʦʡ ʪʠʧʠʟʘʮʠʠ ʩʠʛʥʘʣʦʚ ʠ ʘʣʛʦʨʠʪʤʳ 

ʢʣʘʩʪʝʨʥʦʛʦ ʘʥʘʣʠʟʘ ʩ ʰʠʨʦʢʠʤʠ ʚʦʟʤʦʞʥʦʩʪʷʤʠ ʛʨʘʬʠʯʝʩʢʦʛʦ ʜʚʫʤʝʨʥʦʛʦ ʠ ʪʨʝʭʤʝʨʥʦʛʦ 

ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ ʩʝʡʩʤʦʘʢʫʩʪʠʯʝʩʢʠʭ ʠʤʧʫʣʴʩʦʚ ʠ ʩʦʙʳʪʠʡ; 

- çGeoAcoustics3DViewè, ʧʦʟʚʦʣʷʶʱʘʷ ʚ ʨʝʞʠʤʝ ʨʝʘʣʴʥʦʛʦ ʚʨʝʤʝʥʠ ʦʪʦʙʨʘʞʘʪʴ 

ʛʝʦʤʝʭʘʥʠʯʝʩʢʫʶ ʦʙʩʪʘʥʦʚʢʫ ʧʦʨʦʜʥʦʛʦ ʤʘʩʩʠʚʘ, ʩʦʧʦʩʪʘʚʣʷʷ ʨʝʛʠʩʪʨʠʨʫʝʤʳʝ ʜʘʥʥʳʝ ʩ 

3D ʤʦʜʝʣʴʶ ʰʘʭʪʥʦʛʦ ʧʦʣʷ. 

 

1.4 ʆʩʥʦʚʥʳʝ ʵʪʘʧʳ ʠ ʥʘʧʨʘʚʣʝʥʠʷ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʷ ʩʨʝʜʩʪʚ 

ʩʝʡʩʤʦʘʢʫʩʪʠʯʝʩʢʦʛʦ ʤʦʥʠʪʦʨʠʥʛʘ ʥʘ ʧʨʠʤʝʨʝ ʩʠʩʪʝʤʳ çPrognoz-ADSè 

 

ʉʝʡʩʤʦʘʢʫʩʪʠʯʝʩʢʠʡ ʤʦʥʠʪʦʨʠʥʛ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʠʩʪʝʤʳ ʢʦʥʪʨʦʣʷ ʛʦʨʥʦʛʦ 

ʜʘʚʣʝʥʠʷ çPrognoz-ADSè ʚʢʣʶʯʘʝʪ ʨʷʜ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʭ ʵʪʘʧʦʚ ʦʪ ʚʳʙʦʨʘ ʥʘʠʙʦʣʝʝ 

ʵʬʬʝʢʪʠʚʥʦʛʦ ʨʘʩʧʦʣʦʞʝʥʠʷ ʥʘʙʣʶʜʘʪʝʣʴʥʦʡ ʩʝʪʠ ʥʘ ʵʪʘʧʝ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʜʦ 

ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʛʦ ʤʦʥʪʘʞʘ ʩʠʩʪʝʤʳ ʠ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʫʜʘʨʦʦʧʘʩʥʦʩʪʠ.  

ɼʦ ʥʘʯʘʣʘ ʵʢʩʧʣʫʘʪʘʮʠʠ ʩʠʩʪʝʤʳ ʤʦʥʠʪʦʨʠʥʛʘ, ʥʘ ʵʪʘʧʝ ʚʳʙʦʨʘ ʤʝʩʪ ʨʘʟʤʝʱʝʥʠʷ 

ʩʝʡʩʤʦʘʢʫʩʪʠʯʝʩʢʠʭ ʜʘʪʯʠʢʦʚ, ʧʨʠʤʝʥʷʶʪʩʷ ʧʨʦʛʨʘʤʤʥʳʝ ʩʨʝʜʩʪʚʘ, ʧʦʟʚʦʣʷʶʱʠʝ ʦʮʝʥʠʪʴ 

ʙʫʜʫʱʫʶ ʥʘʙʣʶʜʘʪʝʣʴʥʫʶ ʩʝʪʴ ʧʦ ʥʝʩʢʦʣʴʢʠʤ ʧʦʢʘʟʘʪʝʣʷʤ [89-91]. ʊʘʢ, ʥʘʧʨʠʤʝʨ, 

ʨʘʟʨʘʙʦʪʘʥʳ ʠ ʠʩʧʦʣʴʟʫʶʪʩʷ ʘʣʛʦʨʠʪʤʳ ʨʘʩʯʸʪʘ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ ʥʘʙʣʶʜʘʪʝʣʴʥʦʡ ʩʝʪʠ, 

ʦʩʥʦʚʘʥʥʳʝ ʥʘ ʚʟʘʠʤʥʦʤ ʨʘʩʧʦʣʦʞʝʥʠʠ ʛʝʦʬʦʥʦʚ ʚ ʨʘʜʠʫʩʝ ʧʨʠʝʤʘ ʩʠʛʥʘʣʦʚ [92, 93] (ʨʠʩ. 

1.4). ʈʝʟʫʣʴʪʘʪʦʤ ʦʮʝʥʢʠ ʥʘʙʣʶʜʘʪʝʣʴʥʦʡ ʩʝʪʠ ʷʚʣʷʶʪʩʷ ʪʝʧʣʦʚʳʝ ʢʘʨʪʳ ʩ 

ʨʘʩʩʯʠʪʳʚʘʝʤʳʤ ʟʥʘʯʝʥʠʝʤ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ, ʩʦʚʤʝʱʸʥʥʳʝ ʩ ʧʣʘʥʦʤ ʛʦʨʠʟʦʥʪʘ ʠʣʠ 

ʨʘʟʨʝʟʘ, ʢʘʢ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩʫʥʢʝ 1.5. ʊʘʢʠʝ ʩʨʝʜʩʪʚʘ ʧʦʟʚʦʣʷʶʪ ʚʳʙʨʘʪʴ ʢʦʥʬʠʛʫʨʘʮʠʶ 

ʜʘʪʯʠʢʦʚ ʥʝʦʙʭʦʜʠʤʫʶ ʠ ʜʦʩʪʘʪʦʯʥʫʶ ʚ ʧʨʝʜʝʣʘʭ ʢʦʥʪʨʦʣʠʨʫʝʤʦʛʦ ʦʙʲʝʢʪʘ [94, 95].  



23 

  

 

ʈʠʩʫʥʦʢ 1.4 ï ʀʥʪʝʨʬʝʡʩ ʧʨʦʛʨʘʤʤʥʦʛʦ ʤʦʜʫʣʷ çʆʧʨʝʜʝʣʝʥʠʝ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ 

ʥʘʙʣʶʜʘʪʝʣʴʥʦʡ ʩʝʪʠè 

 

 

ʈʠʩʫʥʦʢ 1.5 ï ʇʨʠʤʝʨ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ ʜʦʤʝʥʦʚ, ʧʦʣʫʯʝʥʥʳʡ ʧʨʠ ʧʦʤʦʱʠ 

ʛʨʘʜʠʝʥʪʥʳʭ (ʩʣʝʚʘ) ʠ ʢʦʥʪʨʦʣʴʥʳʭ ʫʨʦʚʥʝʡ (ʩʧʨʘʚʘ) 

 

ʇʦʩʣʝ ʚʳʙʦʨʘ ʢʦʥʬʠʛʫʨʘʮʠʠ ʥʘʙʣʶʜʘʪʝʣʴʥʦʡ ʩʝʪʠ, ʤʦʥʪʘʞʘ ʠ ʚʚʦʜʘ ʚ ɻ ʢʩʧʣʫʘʪʘʮʠʶ 

ʩʠʩʪʝʤʳ ʩʝʡʩʤʦʘʢʫʩʪʠʯʝʩʢʦʛʦ ʤʦʥʠʪʦʨʠʥʛʘ çPrognoz-ADSè ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʨʝʛʠʩʪʨʘʮʠʷ ʠ 

ʦʙʨʘʙʦʪʢʘ ʩʝʡʩʤʦʘʢʫʩʪʠʯʝʩʢʠʭ ʜʘʥʥʳʭ, ʩʦʩʪʦʷʱʠʝ ʠʟ ʨʷʜʘ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʭ ʵʪʘʧʦʚ, 

ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʚ ʚʠʜʝ ʩʭʝʤʳ ʥʘ ʨʠʩʫʥʢʝ 1.6. 
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ʈʠʩʫʥʦʢ 1.6 ï ʉʭʝʤʘ ʨʝʛʠʩʪʨʘʮʠʠ ʠ ʦʙʨʘʙʦʪʢʠ ʜʘʥʥʳʭ ʩʠʩʪʝʤʳ çPrognoz-ADSè 

 

ɺʘʞʥʳʤ ʵʪʘʧʦʤ ʨʝʛʠʩʪʨʘʮʠʠ ʘʢʫʩʪʠʯʝʩʢʠʭ ʩʠʛʥʘʣʦʚ ʚʳʩʪʫʧʘʝʪ ʧʨʦʮʝʩʩ 

ʦʧʨʝʜʝʣʝʥʠʷ ʚʨʝʤʝʥʠ ʝʛʦ ʚʩʪʫʧʣʝʥʠʷ [96, 97]. ɼʘʥʥʳʡ ʘʣʛʦʨʠʪʤ ʨʝʘʣʠʟʦʚʘʥ ʥʘ ʘʧʧʘʨʘʪʥʦʤ 

ʫʨʦʚʥʝ ʚ ɸʎʇ ʧʨʠ ʧʦʤʦʱʠ ʦʪʥʦʰʝʥʠʷ ʢʦʨʦʪʢʦʧʝʨʠʦʜʥʦʛʦ ʠ ʜʣʠʥʥʦʧʝʨʠʦʜʥʦʛʦ ʟʥʘʯʝʥʠʷ 

ʘʤʧʣʠʪʫʜ, ʥʘʟʳʚʘʝʤʦʛʦ ʪʘʢʞʝ STA/LTA-ʜʝʪʝʢʪʦʨ [98]. ʉʪʦʠʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʵʪʦ ʥʝʢʦʪʦʨʦʝ 

ʘʜʘʧʪʠʚʥʦʝ ʧʦʨʦʛʦʚʦʝ ʟʥʘʯʝʥʠʝ, ʧʦʟʚʦʣʷʶʱʘʷ ʩ ʚʳʩʦʢʦʡ ʪʦʯʥʦʩʪʴʶ ʦʧʨʝʜʝʣʠʪʴ ʚʨʝʤʷ 

ʥʘʯʘʣʘ ʩʠʛʥʘʣʘ, ʬʠʣʴʪʨʫʷ ʙʦʣʴʰʫʶ ʯʘʩʪʴ ʘʢʫʩʪʠʯʝʩʢʠʭ ʰʫʤʦʚ. ʅʝʦʙʭʦʜʠʤʦʩʪʴ ʨʝʘʣʠʟʘʮʠʠ 

ʜʘʥʥʳʭ ʘʣʛʦʨʠʪʤʦʚ ʥʘ ʘʧʧʘʨʘʪʥʦʤ ʫʨʦʚʥʝ ʩʚʷʟʘʥʘ ʩ ʦʪʥʦʩʠʪʝʣʴʥʦ ʚʳʩʦʢʠʤ ʜʣʷ ʧʦʜʦʙʥʳʭ 

ʩʠʩʪʝʤ ʨʘʙʦʯʠʤ ʯʘʩʪʦʪʥʳʤ ʜʠʘʧʘʟʦʥʦʤ, ʠ, ʢʘʢ ʩʣʝʜʩʪʚʠʝ, ʙʦʣʴʰʠʤ ʦʙʲʸʤʦʤ ʧʦʩʪʫʧʘʶʱʠʭ 

ʥʘ ɸʎʇ ʜʘʥʥʳʭ. ʀʟ-ʟʘ ʪʝʭʥʠʯʝʩʢʠʭ ʦʛʨʘʥʠʯʝʥʠʡ, ʩʚʷʟʘʥʥʳʭ ʩ ʦʛʨʘʥʠʯʝʥʥʦʡ ʧʨʦʧʫʩʢʥʦʡ 

ʩʧʦʩʦʙʥʦʩʪʴʶ ʨʝʛʠʩʪʨʘʮʠʦʥʥʳʭ ʣʠʥʠʡ, ʚ ʩʠʩʪʝʤʝ ʚʝʜʸʪʩʷ ʟʘʧʠʩʴ ʦʪʜʝʣʴʥʳʭ ʫʯʘʩʪʢʦʚ 

ʚʦʣʥʦʚʳʭ ʬʦʨʤ ʩʠʛʥʘʣʦʚ ʧʦʩʪʦʷʥʥʦʛʦ ʨʘʟʤʝʨʘ ʚ ʚʠʜʝ 2048 ʦʪʯʸʪʦʚ ʩʘʤʦʛʦ ʩʠʛʥʘʣʘ ʠ 128 

ʦʪʯʸʪʦʚ ʜʦ ʝʛʦ ʥʘʯʘʣʘ. ʆʜʥʘʢʦ ʨʘʩʯʸʪ ʪʘʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʢʘʢ ʘʤʧʣʠʪʫʜʘ, ʵʥʝʨʛʝʪʠʯʝʩʢʠʝ 
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ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʩʠʛʥʘʣʘ ʠ ʥʝʢʦʪʦʨʳʭ ʜʨʫʛʠʭ ʧʨʦʠʟʚʦʜʠʪʩʷ ʜʦ ʦʢʦʥʯʘʥʠʷ ʧʨʦʮʝʩʩʘ 

ʨʝʛʠʩʪʨʘʮʠʠ ʩʠʛʥʘʣʘ, ʜʘʞʝ ʝʩʣʠ ʝʛʦ ʜʣʠʪʝʣʴʥʦʩʪʴ ʧʨʝʚʳʰʘʝʪ ʫʢʘʟʘʥʥʳʡ ʨʘʟʤʝʨ. 

ʉʫʱʝʩʪʚʫʝʪ ʪʘʢʞʝ ʨʷʜ ʩʨʝʜʩʪʚ ʧʦʟʚʦʣʷʶʱʠʭ ʫʪʦʯʥʠʪʴ ʚʩʪʫʧʣʝʥʠʝ ʩʠʛʥʘʣʘ, 

ʩʢʦʨʨʝʢʪʠʨʦʚʘʚ ʦʪʩʯʸʪ ʚʨʝʤʝʥʠ ʝʛʦ ʥʘʯʘʣʘ ʠ ʩʬʦʨʤʠʨʦʚʘʪʴ ʠʟ ʥʠʭ ʣʦʢʘʮʠʦʥʥʳʝ ʩʝʨʠʠ.  ʂ 

ʠʭ ʯʠʩʣʫ ʦʪʥʦʩʠʪʩʷ ʘʣʛʦʨʠʪʤ ʥʘ ʦʩʥʦʚʝ ʠʥʬʦʨʤʘʮʠʦʥʥʦʛʦ ʢʨʠʪʝʨʠʷ ɸʢʘʠʢʝ (AIC), 

ʘʧʨʦʙʠʨʦʚʘʥʥʳʡ ʥʘ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʜʘʥʥʳʭ [99]. 

ʃʦʢʘʮʠʦʥʥʘʷ ʩʝʨʠʷ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʙʣʠʟʢʦ ʨʘʩʧʦʣʦʞʝʥʥʳʝ ʚʦ ʚʨʝʤʝʥʠ 

ʩʝʡʩʤʦʘʢʫʩʪʠʯʝʩʢʠʝ ʩʠʛʥʘʣʳ, ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʥʳʝ ʨʘʟʥʳʤʠ ʜʘʪʯʠʢʘʤʠ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ 

ʩʜʝʣʘʪʴ ʧʨʝʜʧʦʣʦʞʝʥʠʝ ʦʙ ʝʜʠʥʦʤ ʠʩʪʦʯʥʠʢʝ ʠʟʣʫʯʝʥʠʷ [100, 101]. ʇʨʠ ʧʦʤʦʱʠ ʨʷʜʘ 

ʘʣʛʦʨʠʪʤʦʚ, ʨʝʘʣʠʟʦʚʘʥʥʳʭ ʚ ʧʨʦʛʨʘʤʤʝ çGeoAcousticsè, ʦʩʥʦʚʘʥʥʳʭ ʥʘ ʨʘʟʥʠʮʝ ʚʨʝʤʝʥ 

ʧʨʠʭʦʜʘ ʩʠʛʥʘʣʦʚ ʤʦʞʥʦ ʩ ʜʦʩʪʘʪʦʯʥʦʡ ʪʦʯʥʦʩʪʴʶ, ʢʦʪʦʨʘʷ ʚʦ ʤʥʦʛʦʤ ʟʘʚʠʩʠʪ ʦʪ 

ʧʣʦʪʥʦʩʪʠ ʨʘʟʤʝʱʝʥʠʷ ʜʘʪʯʠʢʦʚ, ʦʧʨʝʜʝʣʠʪʴ ʢʦʦʨʜʠʥʘʪʳ ʠʩʪʦʯʥʠʢʘ [102, 103]. ʊʘʢʠʝ ʩʝʨʠʠ 

ʩʠʛʥʘʣʦʚ ʩ ʨʘʩʩʯʠʪʘʥʥʳʤ ʨʘʩʧʦʣʦʞʝʥʠʝʤ ʠʩʪʦʯʥʠʢʘ ʥʦʩʷʪ ʥʘʟʚʘʥʠʝ ʩʝʡʩʤʦʘʢʫʩʪʠʯʝʩʢʠʭ 

ʩʦʙʳʪʠʡ, ʜʣʷ ʢʦʪʦʨʳʭ ʜʦʧʦʣʥʠʪʝʣʴʥʦ ʦʧʨʝʜʝʣʷʝʪʩʷ ʨʷʜ ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʠ ʚʨʝʤʝʥʥʳʭ 

ʧʘʨʘʤʝʪʨʦʚ. 

ɼʘʣʝʝ ʩʝʨʠʷ ʩʦʙʳʪʠʡ ʤʦʞʝʪ ʙʳʪʴ ʦʙʲʝʜʠʥʝʥʘ ʧʦ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦ-ʚʨʝʤʝʥʥʳʤ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤ ʚ ʘʢʫʩʪʠʯʝʩʢʠ ʘʢʪʠʚʥʳʝ ʟʦʥʳ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʝ ʦʯʘʛʠ 

ʪʨʝʱʠʥʦʦʙʨʘʟʦʚʘʥʠʷ ʚ ʤʘʩʩʠʚʝ ʛʦʨʥʳʭ ʧʦʨʦʜ [104-106]. ɸʥʘʣʠʟ ʘʙʩʦʣʶʪʥʳʭ ʠ 

ʦʪʥʦʩʠʪʝʣʴʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʘʢʫʩʪʠʯʝʩʢʠ ʘʢʪʠʚʥʳʭ ʟʦʥ ʧʦʟʚʦʣʷʝʪ ʣʦʢʘʣʠʟʦʚʘʪʴ ʦʯʘʛ 

ʪʨʝʱʠʥʦʦʙʨʘʟʦʚʘʥʠʷ, ʦʮʝʥʠʪʴ ʛʝʦʤʝʭʘʥʠʯʝʩʢʦʝ ʩʦʩʪʦʷʥʠʝ ʤʘʩʩʠʚʘ ʠ ʧʨʦʛʥʦʟʠʨʦʚʘʪʴ 

ʦʧʘʩʥʳʝ ʧʨʦʷʚʣʝʥʠʷ ʛʦʨʥʦʛʦ ʜʘʚʣʝʥʠʷ [107-109]. 

ʆʩʥʦʚʥʦʡ ʟʘʜʘʯʝʡ ʛʝʦʤʝʭʘʥʠʯʝʩʢʦʛʦ ʤʦʥʠʪʦʨʠʥʛʘ ʩ ʧʨʠʤʝʥʝʥʠʝʤ 

ʩʝʡʩʤʦʘʢʫʩʪʠʯʝʩʢʠʭ ʩʠʩʪʝʤ ʷʚʣʷʝʪʩʷ ʧʦʚʳʰʝʥʠʝ ʜʦʩʪʦʚʝʨʥʦʩʪʠ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ 

ʫʜʘʨʦʦʧʘʩʥʦʩʪʠ [110]. ɼʣʷ ʫʚʝʣʠʯʝʥʠʷ ʪʦʯʥʦʩʪʠ ʧʨʝʜʩʢʘʟʘʥʠʷ ʨʠʩʢʘ ʪʨʝʙʫʝʪʩʷ 

ʫʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʝ ʦʪʜʝʣʴʥʳʭ ʵʪʘʧʦʚ ʦʙʨʘʙʦʪʢʠ ʩʝʡʩʤʦʘʢʫʩʪʠʯʝʩʢʠʭ ʜʘʥʥʳʭ [111]. 

ʆʙʱʝʝ ʥʘʧʨʘʚʣʝʥʠʝ ʨʘʟʚʠʪʠʷ ʩʠʩʪʝʤʳ ʥʘʧʨʘʚʣʝʥʦ ʥʘ ʧʦʣʫʯʝʥʠʝ ʙʦʣʴʰʝʛʦ ʦʙʲʝʤʘ 

ʢʘʯʝʩʪʚʝʥʥʳʭ ʧʦʣʝʟʥʳʭ ʜʘʥʥʳʭ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʭ ʝʩʪʝʩʪʚʝʥʥʳʝ ʧʨʦʮʝʩʩʳ ʨʘʟʨʫʰʝʥʠʷ ʚ 

ʧʦʨʦʜʥʦʤ ʤʘʩʩʠʚʝ, ʩ ʮʝʣʴʶ ʧʦʚʳʰʝʥʠʷ ʥʘʜʝʞʥʦʩʪʠ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʦʧʘʩʥʳʭ ʧʨʦʷʚʣʝʥʠʡ 

ʛʦʨʥʦʛʦ ʜʘʚʣʝʥʠʷ. ɺʩʝʛʦ ʙʳʣʦ ʚʳʜʝʣʝʥʦ ʪʨʠ ʥʘʠʙʦʣʝʝ ʢʨʠʪʠʯʥʳʭ ʥʘʧʨʘʚʣʝʥʠʷ ʨʘʟʚʠʪʠʷ 

ʩʝʡʩʤʦʘʢʫʩʪʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ: 

- ʘʚʪʦʤʘʪʠʯʝʩʢʘʷ ʠʜʝʥʪʠʬʠʢʘʮʠʷ ʚ ʧʦʪʦʢʝ ʨʝʛʠʩʪʨʠʨʫʝʤʳʭ ʩʝʡʩʤʦʘʢʫʩʪʠʯʝʩʢʠʭ 

ʜʘʥʥʳʭ ʩʠʛʥʘʣʦʚ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʭ ʝʩʪʝʩʪʚʝʥʥʳʝ ʧʨʦʮʝʩʩʳ ʨʘʟʨʫʰʝʥʠʷ, ʠ ʩʠʛʥʘʣʦʚ 

ʪʝʭʥʦʛʝʥʥʦʛʦ ʧʨʦʠʩʭʦʞʜʝʥʠʷ, ʠʥʠʮʠʠʨʦʚʘʥʥʳʭ ʘʢʪʠʚʥʳʤ ʚʝʜʝʥʠʝʤ ʛʦʨʥʳʭ ʨʘʙʦʪ; 

- ʬʦʨʤʠʨʦʚʘʥʠʝ ʘʢʫʩʪʠʯʝʩʢʠ ʘʢʪʠʚʥʳʭ ʟʦʥ ʜʣʷ ʦʙʥʘʨʫʞʝʥʠʷ ʦʯʘʛʦʚ ʨʘʟʨʫʰʝʥʠʷ ʩ 

ʦʮʝʥʢʦʡ ʠʭ ʬʦʨʤʳ, ʚʟʘʠʤʥʦʛʦ ʨʘʩʧʦʣʦʞʝʥʠʷ ʠ ʜʠʥʘʤʠʢʠ ʨʘʟʚʠʪʠʷ; 
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- ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʝ ʦʧʘʩʥʳʭ ʜʠʥʘʤʠʯʝʩʢʠʭ ʧʨʦʷʚʣʝʥʠʡ ʛʦʨʥʦʛʦ ʜʘʚʣʝʥʠʷ ʥʘ ʦʩʥʦʚʝ 

ʨʝʛʠʩʪʨʠʨʫʝʤʳʭ ʩʝʡʩʤʦʘʢʫʩʪʠʯʝʩʢʠʭ ʩʠʛʥʘʣʦʚ, ʩʦʙʳʪʠʡ ʠ ʟʦʥ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʘʣʛʦʨʠʪʤʦʚ 

ʤʘʰʠʥʥʦʛʦ ʦʙʫʯʝʥʠʷ. 

ʇʝʨʝʯʠʩʣʝʥʥʳʝ ʟʘʜʘʯʠ ʷʚʣʷʶʪʩʷ ʚʟʘʠʤʦʩʚʷʟʘʥʥʳʤʠ ʠ ʪʨʝʙʫʶʪ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʛʦ 

ʚʳʧʦʣʥʝʥʠʷ. ʅʘʠʙʦʣʝʝ ʧʝʨʩʧʝʢʪʠʚʥʳʤ ʧʦʜʭʦʜʦʤ ʜʣʷ ʠʭ ʨʝʰʝʥʠʷ ʷʚʣʷʝʪʩʷ ʧʨʠʤʝʥʝʥʠʝ 

ʤʝʪʦʜʦʚ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʦʛʦ ʘʥʘʣʠʟʘ ʠ ʤʘʰʠʥʥʦʛʦ ʦʙʫʯʝʥʠʷ [112]. ʇʦʵʪʦʤʫ ʜʘʣʝʝ 

ʧʨʠʚʦʜʠʪʩʷ ʘʥʘʣʠʟ ʩʦʚʨʝʤʝʥʥʳʭ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʭ ʨʘʙʦʪ, ʧʦʩʚʷʱʝʥʥʳʭ 

ʩʝʡʩʤʦʘʢʫʩʪʠʯʝʩʢʦʤʫ ʤʦʥʠʪʦʨʠʥʛʫ ʩ ʨʝʰʝʥʠʝʤ ʵʪʠʭ ʢʦʥʢʨʝʪʥʳʭ ʟʘʜʘʯ. 

ɹʦʣʴʰʠʥʩʪʚʦ ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʙʳʣʦ ʚʳʧʦʣʥʝʥʦ ʜʣʷ ʘʥʘʣʠʟʘ ʜʘʥʥʳʭ, 

ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʥʳʭ ʩʝʡʩʤʦʩʪʘʥʮʠʷʤʠ ʧʦ ʧʨʠʯʠʥʝ ʠʭ ʙʦʣʴʰʝʡ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʦʩʪʠ ʧʦ 

ʩʨʘʚʥʝʥʠʶ ʩ ʙʦʣʝʝ ʯʫʚʩʪʚʠʪʝʣʴʥʳʤʠ ʩʝʡʩʤʦʘʢʫʩʪʠʯʝʩʢʠʤʠ ʩʠʩʪʝʤʘʤʠ. ʉʦʦʪʚʝʪʩʪʚʝʥʥʦ 

ʪʘʢʠʝ ʩʠʛʥʘʣʳ ʠʤʝʶʪ ʙʦʣʝʝ ʥʠʟʢʠʡ ʯʘʩʪʦʪʥʳʡ ʜʠʘʧʘʟʦʥ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʩʠʛʥʘʣʘʤʠ, 

ʨʝʛʠʩʪʨʠʨʫʝʤʳʤʠ ʚʳʩʦʢʦʯʘʩʪʦʪʥʳʤʠ ʩʠʩʪʝʤʘʤʠ, ʢ ʢʦʪʦʨʳʤ ʦʪʥʦʩʠʪʩʷ ʠ ʨʘʩʩʤʦʪʨʝʥʥʘʷ 

ʩʠʩʪʝʤʘ çPrognoz-ADSè. ɽʱʸ ʦʜʥʠʤ ʦʪʣʠʯʠʝʤ ʚʳʩʪʫʧʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʘʥʘʣʠʟʘ 

ʥʝʧʨʝʨʳʚʥʦʛʦ ʧʦʪʦʢʘ ʜʘʥʥʳʭ ʠʟ-ʟʘ ʠʭ ʥʝʙʦʣʴʰʦʛʦ ʦʙʲʝʤʘ. ɺ ʩʣʫʯʘʝ ʩʠʩʪʝʤ ʩ ʙʦʣʝʝ ʚʳʩʦʢʠʤ 

ʯʘʩʪʦʪʥʳʤ ʜʠʘʧʘʟʦʥʦʤ ʟʘʯʘʩʪʫʶ ʠʤʝʶʪ ʜʝʣʦ ʩ ʥʝʙʦʣʴʰʠʤʠ ʦʪʨʝʟʢʘʤʠ ʚʦʣʥʦʚʳʭ ʬʦʨʤ, 

ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʭ ʚʝʩʴ ʚʳʜʝʣʝʥʥʳʡ ʩʠʛʥʘʣ ʠʣʠ ʝʛʦ ʯʘʩʪʴ. ʅʝʩʤʦʪʨʷ ʥʘ ʵʪʠ ʦʩʦʙʝʥʥʦʩʪʠ ʚ 

ʮʝʣʦʤ ʤʝʪʦʜʦʣʦʛʠʷ ʧʦʜʭʦʜʦʚ ʠ ʠʩʧʦʣʴʟʫʝʤʳʝ ʘʣʛʦʨʠʪʤʳ ʤʦʛʫʪ ʧʨʠʤʝʥʷʪʴʩʷ ʠ ʜʣʷ ʪʝʭ, ʠ 

ʜʣʷ ʜʨʫʛʠʭ ʩʠʩʪʝʤ. 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʚ ʩʠʩʪʝʤʝ çPrognoz-ADSè ʥʘʠʙʦʣʝʝ ʪʨʫʜʦʟʘʪʨʘʪʥʳʤ ʧʦ ʚʨʝʤʝʥʠ 

ʠ ʪʨʝʙʫʶʱʠʤ ʚʥʠʤʘʥʠʷ ʦʧʝʨʘʪʦʨʘ ʷʚʣʷʝʪʩʷ ʧʨʦʮʝʩʩ ʚʳʜʝʣʝʥʠʷ ʠʟ ʦʙʱʝʛʦ ʧʦʪʦʢʘ ʜʘʥʥʳʭ 

ʠʥʬʦʨʤʘʮʠʠ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʝʡ ʝʩʪʝʩʪʚʝʥʥʳʝ ʧʨʦʮʝʩʩʳ ʨʘʟʨʫʰʝʥʠʷ ʚ ʧʦʨʦʜʥʦʤ ʤʘʩʩʠʚʝ 

[113]. ʇʨʠʯʠʥʦʡ ʵʪʦʛʦ ʷʚʣʷʝʪʩʷ ʚʳʩʦʢʠʡ ʯʘʩʪʦʪʥʳʡ ʜʠʘʧʘʟʦʥ ʩʠʩʪʝʤʳ, ʯʪʦ, ʩ ʦʜʥʦʡ 

ʩʪʦʨʦʥʳ, ʧʦʟʚʦʣʷʝʪ ʨʝʛʠʩʪʨʠʨʦʚʘʪʴ ʥʠʟʢʦʵʥʝʨʛʝʪʠʯʝʩʢʠʝ ʦʯʘʛʠ ʘʢʫʩʪʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ, ʥʦ, 

ʩ ʜʨʫʛʦʡ ï ʧʨʠʚʦʜʠʪ ʢ ʫʣʘʚʣʠʚʘʥʠʶ ʙʦʣʴʰʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʪʝʭʥʦʛʝʥʥʳʭ ʧʦʤʝʭ, 

ʚʦʟʥʠʢʘʶʱʠʭ ʚʩʣʝʜʩʪʚʠʝ ʘʢʪʠʚʥʦʡ ʨʘʟʨʘʙʦʪʢʠ ʧʦʣʝʟʥʳʭ ʠʩʢʦʧʘʝʤʳʭ. ʆʩʥʦʚʥʦʡ ʚʢʣʘʜ ʚ 

ʬʦʨʤʠʨʦʚʘʥʠʝ ʪʝʭʥʦʛʝʥʥʳʭ ʧʦʤʝʭ ʚʥʦʩʷʪ ʙʫʨʦʚʟʨʳʚʥʳʝ ʨʘʙʦʪʳ. ʂʦʣʠʯʝʩʪʚʦ ʪʘʢʠʭ 

ʘʢʫʩʪʠʯʝʩʢʠʭ ʩʠʛʥʘʣʦʚ, ʤʦʞʝʪ ʧʨʝʚʳʰʘʪʴ 90% ʦʪ ʚʩʝʛʦ ʦʙʲʝʤʘ ʜʘʥʥʳʭ, ʨʝʛʠʩʪʨʠʨʫʝʤʳʭ 

ʩʠʩʪʝʤʦʡ çPrognoz-ADSè. 

ʇʨʠʤʝʥʝʥʠʝ ʘʣʛʦʨʠʪʤʦʚ ʤʘʰʠʥʥʦʛʦ ʦʙʫʯʝʥʠʷ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʪʠʧʘ ʠʩʪʦʯʥʠʢʘ 

ʘʢʫʩʪʠʯʝʩʢʠʭ ʩʠʛʥʘʣʦʚ ï ʵʪʦ ʘʢʪʠʚʥʦ ʨʘʟʚʠʚʘʶʱʘʷʩʷ ʦʙʣʘʩʪʴ ʠʩʩʣʝʜʦʚʘʥʠʡ. ʉ ʧʦʤʦʱʴʶ 

ʤʝʪʦʜʦʚ ʤʘʰʠʥʥʦʛʦ ʦʙʫʯʝʥʠʷ ʤʦʞʥʦ ʦʙʫʯʠʪʴ ʤʦʜʝʣʠ ʨʘʩʧʦʟʥʘʚʘʪʴ ʨʘʟʣʠʯʥʳʝ ʪʠʧʳ 

ʟʚʫʢʦʚʳʭ ʩʠʛʥʘʣʦʚ, ʪʘʢʠʭ ʢʘʢ ʨʝʯʴ, ʤʫʟʳʢʘ ʠʣʠ ʰʫʤ. 

ɼʣʷ ʵʪʦʛʦ ʦʙʳʯʥʦ ʠʩʧʦʣʴʟʫʶʪʩʷ ʨʘʟʣʠʯʥʳʝ ʘʣʛʦʨʠʪʤʳ ʢʣʘʩʩʠʬʠʢʘʮʠʠ, ʪʘʢʠʝ ʢʘʢ 

ʤʝʪʦʜ ʦʧʦʨʥʳʭ ʚʝʢʪʦʨʦʚ (SVM), ʩʣʫʯʘʡʥʳʡ ʣʝʩ, ʥʝʡʨʦʥʥʳʝ ʩʝʪʠ ʠ ʜʨʫʛʠʝ ʤʝʪʦʜʳ 
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ʤʘʰʠʥʥʦʛʦ ʦʙʫʯʝʥʠʷ. ɺʘʞʥʳʤ ʵʪʘʧʦʤ ʷʚʣʷʝʪʩʷ ʧʦʜʛʦʪʦʚʢʘ ʠ ʦʙʨʘʙʦʪʢʘ ʜʘʥʥʳʭ, 

ʚʢʣʶʯʘʶʱʠʝ ʩʙʦʨ ʠ ʨʘʟʤʝʪʢʫ ʘʢʫʩʪʠʯʝʩʢʠʭ ʩʠʛʥʘʣʦʚ ʜʣʷ ʦʙʫʯʝʥʠʷ ʤʦʜʝʣʠ, ʯʪʦ ʚ 

ʟʥʘʯʠʪʝʣʴʥʦʡ ʩʪʝʧʝʥʠ ʚʣʠʷʝʪ ʥʘ ʚʳʙʦʨ ʢʦʥʢʨʝʪʥʦʛʦ ʤʝʪʦʜʘ ʠ ʩʨʝʜʩʪʚ ʦʮʝʥʢʠ ʝʛʦ 

ʵʬʬʝʢʪʠʚʥʦʩʪʠ. ʇʦʩʣʝ ʦʙʫʯʝʥʠʷ ʤʦʜʝʣʠ ʝʝ ʤʦʞʥʦ ʧʨʠʤʝʥʷʪʴ ʜʣʷ ʘʚʪʦʤʘʪʠʯʝʩʢʦʛʦ 

ʦʧʨʝʜʝʣʝʥʠʷ ʪʠʧʘ ʠʩʪʦʯʥʠʢʘ ʘʢʫʩʪʠʯʝʩʢʦʛʦ ʩʠʛʥʘʣʘ ʚ ʨʝʘʣʴʥʦʤ ʚʨʝʤʝʥʠ. ʊʘʢʠʝ ʩʠʩʪʝʤʳ 

ʤʦʛʫʪ ʙʳʪʴ ʧʦʣʝʟʥʳ ʚ ʨʘʟʣʠʯʥʳʭ ʦʙʣʘʩʪʷʭ, ʦʪ ʨʘʩʧʦʟʥʘʚʘʥʠʷ ʨʝʯʠ ʜʦ ʤʦʥʠʪʦʨʠʥʛʘ 

ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ. 

ʈʘʩʩʤʘʪʨʠʚʘʝʤʘʷ ʩʬʝʨʘ ʥʘʫʯʥʳʭ ʠʟʳʩʢʘʥʠʡ, ʘ ʠʤʝʥʥʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʤʝʪʦʜʦʚ 

ʤʘʰʠʥʥʦʛʦ ʦʙʫʯʝʥʠʷ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʪʠʧʘ ʠʩʪʦʯʥʠʢʘ ʩʝʡʩʤʦʘʢʫʩʪʠʯʝʩʢʠʭ ʩʠʛʥʘʣʦʚ, 

ʨʘʩʧʨʦʩʪʨʘʥʷʝʤʳʭ ʚ ʛʦʨʥʳʭ ʧʦʨʦʜʘʭ, ʘʢʪʠʚʥʦ ʜʦʧʦʣʥʷʝʪʩʷ ʥʦʚʳʤʠ ʤʘʪʝʨʠʘʣʘʤʠ ʠ 

ʧʦʜʭʦʜʘʤʠ. 

ʂ ʯʠʩʣʫ ʪʘʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʦʪʥʦʩʠʪʩʷ ʨʘʙʦʪʘ ʫʯʸʥʳʭ ʠʟ ʉʐɸ [114]. ʆʥʠ 

ʨʘʟʨʘʙʦʪʘʣʠ ʠ ʠʩʧʦʣʴʟʦʚʘʣʠ ʩʚʸʨʪʦʯʥʫʶ ʥʝʡʨʦʥʥʫʶ ʩʝʪʴ ConvNetQuake ʜʣʷ ʚʳʜʝʣʝʥʠʷ ʠʟ 

ʦʙʱʝʛʦ ʧʦʪʦʢʘ ʨʝʛʠʩʪʨʠʨʫʝʤʳʭ ʩʝʡʩʤʠʯʝʩʢʠʭ ʩʠʛʥʘʣʦʚ ʟʝʤʣʝʪʨʷʩʝʥʠʡ ʠ ʦʧʨʝʜʝʣʝʥʠʷ ʠʭ 

ʤʝʩʪʦʧʦʣʦʞʝʥʠʷ. ɼʣʷ ʨʝʰʝʥʠʷ ʜʘʥʥʦʡ ʟʘʜʘʯʠ ʙʳʣʘ ʨʘʟʨʘʙʦʪʘʥʘ ʩʚʝʨʪʦʯʥʘʷ ʥʝʡʨʦʥʥʘʷ ʩʝʪʴ, 

ʧʨʠʥʠʤʘʶʱʘʷ ʥʘ ʚʭʦʜ ʚʦʣʥʦʚʳʝ ʬʦʨʤʘ ʩʠʛʥʘʣʦʚ, ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʥʳʭ ʪʨʸʭʢʘʥʘʣʴʥʳʤʠ 

ʩʝʡʩʤʦʧʨʠʝʤʥʠʢʘʤʠ (ʨʠʩ. 1.7).  

 

ʈʠʩʫʥʦʢ 1.7 ï ɸʨʭʠʪʝʢʪʫʨʘ ʩʚʝʨʪʦʯʥʦʡ ʥʝʡʨʦʥʥʦʡ ʩʝʪʠ ConvNetQuake 

 

ɼʘʥʥʘʷ ʥʝʡʨʦʩʝʪʝʚʘʷ ʤʦʜʝʣʴ ʧʦʟʚʦʣʷʝʪ ʢʣʘʩʩʠʬʠʮʠʨʦʚʘʪʴ ʧʦʩʪʫʧʘʶʱʠʝ ʩʠʛʥʘʣʳ 

ʢʘʢ ʩʝʡʩʤʠʯʝʩʢʠʡ ʰʫʤ ʠʣʠ ʟʝʤʣʝʪʨʷʩʝʥʠʷ, ʧʨʠ ʵʪʦʤ ʩʝʪʴ ʦʧʪʠʤʠʟʠʨʦʚʘʥʘ ʜʣʷ 

ʟʝʤʣʝʪʨʷʩʝʥʠʡ ʩ ʤʘʣʦʡ ʤʘʛʥʠʪʫʜʦʡ. ʊʦʯʥʦʩʪʴ ʨʘʟʨʘʙʦʪʘʥʥʦʡ ʤʦʜʝʣʠ ʜʣʷ ʧʦʢʘʟʘʥʥʳʭ ʥʘ 

ʨʠʩʫʥʢʝ 1.8 ʢʣʘʩʪʝʨʦʚ ʩʦʩʪʘʚʠʣʘ 74,6 %. 
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ʈʠʩʫʥʦʢ 1.8 ï ɿʝʤʣʝʪʨʷʩʝʥʠʷ ʚ ʨʝʛʠʦʥʝ ʰʪʘʪʘ ʆʢʣʘʭʦʤʘ (ʉʐɸ) ʩ 14 ʬʝʚʨʘʣʷ 2014 ʛ. ʧʦ 16 

ʥʦʷʙʨʷ 2016 ʛ. 

 

ɼʨʫʛʘʷ ʨʘʙʦʪʘ ʙʳʣʘ ʧʨʦʚʝʜʝʥʘ ʠʩʩʣʝʜʦʚʘʪʝʣʷʤʠ ʠʟ ɸʚʩʪʨʘʣʠʠ. ʆʥʠ ʚʳʧʦʣʥʠʣʠ 

ʩʨʘʚʥʝʥʠʝ ʪʨʸʭ ʢʣʘʩʩʠʯʝʩʢʠʭ ʘʣʛʦʨʠʪʤʦʚ ʤʘʰʠʥʥʦʛʦ ʦʙʫʯʝʥʠʷ ʜʣʷ ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ 

ʨʘʩʧʦʟʥʘʚʘʥʠʷ ʩʝʡʩʤʠʯʝʩʢʠʭ ʩʦʙʳʪʠʡ ʠ ʚʟʨʳʚʦʚ: ʢʣʘʩʩʠʬʠʢʘʪʦʨ ʌʠʰʝʨʘ, ʥʘʠʚʥʳʡ 

ʙʘʡʝʩʦʚʩʢʠʡ ʢʣʘʩʩʠʬʠʢʘʪʦʨ ʠ ʣʦʛʠʩʪʠʯʝʩʢʘʷ ʨʝʛʨʝʩʩʠʷ [115]. ʉʨʘʚʥʝʥʠʝ ʜʘʥʥʳʭ ʤʝʪʦʜʦʚ 

ʧʨʦʚʦʜʠʣʦʩʴ ʥʘ ʧʨʠʤʝʨʝ ʪʨʸʭ ʦʙʲʝʢʪʦʚ ʧʦʜʟʝʤʥʦʡ ʨʘʟʨʘʙʦʪʢʠ ʧʦʣʝʟʥʳʭ ʠʩʢʦʧʘʝʤʳʭ. ɺ 

ʧʨʠʟʥʘʢʦʚʦʝ ʧʨʦʩʪʨʘʥʩʪʚʦ ʤʦʜʝʣʝʡ ʚʦʰʣʠ ʪʘʢʠʝ ʧʘʨʘʤʝʪʨʳ ʘʢʫʩʪʠʯʝʩʢʠʭ ʩʦʙʳʪʠʡ, ʢʘʢ 

ʨʘʟʥʠʮʘ ʧʦ ʚʨʝʤʝʥʠ ʩʦʩʝʜʥʠʭ ʩʦʙʳʪʠʡ, ʩʝʡʩʤʠʯʝʩʢʠʡ ʤʦʤʝʥʪ, ʩʫʤʤʘʨʥʘʷ ʠʟʣʫʯʘʝʤʘʷ 

ʵʥʝʨʛʠʷ, ʦʪʥʦʰʝʥʠʝ ɻ ʥʝʨʛʠʠ ʠʟʣʫʯʝʥʠʷ S-ʚʦʣʥ ʢ ɻ ʥʝʨʛʠʠ ʠʟʣʫʯʝʥʠʷ P-ʚʦʣʥ, ʫʛʣʦʚʘʷ ʯʘʩʪʦʪʘ 

ʠ ʧʘʜʝʥʠʝ ʩʪʘʪʠʯʝʩʢʦʛʦ ʥʘʧʨʷʞʝʥʠʷ. 

ʀʩʩʣʝʜʦʚʘʪʝʣʷʤʠ ʙʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʥʘʠʙʦʣʴʰʝʝ ʚʣʠʷʥʠʝ ʥʘ 

ʢʣʘʩʩʠʬʠʢʘʮʠʦʥʥʫʶ ʩʧʦʩʦʙʥʦʩʪʴ ʤʦʜʝʣʝʡ ʦʢʘʟʳʚʘʣ ʧʨʠʟʥʘʢ ʨʘʟʥʦʩʪʠ ʨʝʛʠʩʪʨʘʮʠʠ 

ʩʦʙʳʪʠʡ ʚʦ ʚʨʝʤʝʥʠ, ʯʪʦ ʘʚʪʦʨʳ ʩʚʷʟʘʣʠ ʩ ʟʘʜʝʨʞʢʘʤʠ ʤʝʞʜʫ ʠʥʠʮʠʠʨʦʚʘʥʠʝʤ ʦʪʜʝʣʴʥʳʭ 

ʰʧʫʨʦʚʳʭ ʟʘʨʷʜʦʚ ʚ ʧʨʦʮʝʩʩʝ ʚʳʧʦʣʥʝʥʠʷ ʤʘʩʩʦʚʳʭ ʧʨʦʭʦʜʯʝʩʢʠʭ ʚʟʨʳʚʦʚ. ɼʘʥʥʘʷ 

ʟʘʢʦʥʦʤʝʨʥʦʩʪʴ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩʫʥʢʝ 1.9. 

ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʠʩʩʣʝʜʦʚʘʥʠʡ ʙʳʣʦ ʩʜʝʣʘʥʦ ʟʘʢʣʶʯʝʥʠʝ ʦ ʥʝʵʬʬʝʢʪʠʚʥʦʤ 

ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʭ ʤʦʜʝʣʝʡ ʜʣʷ ʚʳʩʦʢʦʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʩʦʙʳʪʠʡ. ʅʘʠʙʦʣʝʝ 

ʪʦʯʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʫʜʘʣʦʩʴ ʜʦʙʠʪʴʩʷ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʘʣʛʦʨʠʪʤʘ ʥʘ ʦʩʥʦʚʝ 

ʣʦʛʠʩʪʠʯʝʩʢʦʡ ʨʝʛʨʝʩʩʠʠ. 
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ʈʠʩʫʥʦʢ 1.9 ï ʊʠʧʠʯʥʳʝ ʩʝʡʩʤʦʛʨʘʤʤʳ ʩʝʨʠʠ ʚʟʨʳʚʥʳʭ ʩʦʙʳʪʠʡ ʩ ʥʘʙʣʶʜʘʝʤʦʡ 

ʧʦʚʪʦʨʷʝʤʦʩʪʴʶ ʩʝʡʩʤʠʯʝʩʢʠʭ ʩʠʛʥʘʣʦʚ, ʧʨʦʷʚʣʷʶʱʝʡʩʷ ʚ ʨʘʟʥʦʩʪʠ ʚʩʪʫʧʣʝʥʠʡ 

ʧʨʦʜʦʣʴʥʳʭ ʚʦʣʥ ʜʣʷ ʩʦʩʝʜʥʠʭ ʩʝʡʩʤʠʯʝʩʢʠʭ ʟʘʧʠʩʝʡ 

 

ʋʯʝʥʳʝ ʠʟ ʀʟʨʘʠʣʷ ʪʘʢʞʝ ʟʘʥʠʤʘʣʠʩʴ ʨʘʟʣʠʯʝʥʠʝʤ ʟʝʤʣʝʪʨʷʩʝʥʠʡ ʠ ʚʟʨʳʚʦʚ ʥʘ 

ʦʩʥʦʚʝ ʩʝʡʩʤʠʯʝʩʢʠʭ ʜʘʥʥʳʭ, ʯʪʦ ʘʢʪʫʘʣʴʥʦ ʜʣʷ ʨʝʛʠʦʥʦʚ, ʛʜʝ ʧʨʦʠʩʭʦʜʷʪ, ʢʘʢ ʧʨʠʨʦʜʥʳʝ 

ʩʝʡʩʤʠʯʝʩʢʠʝ ʩʦʙʳʪʠʷ, ʪʘʢ ʠ ʪʝʭʥʦʛʝʥʥʳʝ ʚʟʨʳʚʳ [116]. ɼʣʷ ʵʪʦʛʦ ʦʥʠ ʧʨʠʤʝʥʷʣʠ ʪʘʢʠʝ 

ʘʣʛʦʨʠʪʤʳ ʤʘʰʠʥʥʦʛʦ ʦʙʫʯʝʥʠʷ ʢʘʢ ʩʣʫʯʘʡʥʳʡ ʣʝʩ ʠ ʤʝʪʦʜ ʦʧʦʨʥʳʭ ʚʝʢʪʦʨʦʚ. 

ʆʩʦʙʝʥʥʦʩʪʴʶ ʠʭ ʧʦʜʭʦʜʘ ʷʚʣʷʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʢʦʤʧʣʝʢʩʘ ʤʦʜʝʣʝʡ, ʦʙʫʯʝʥʥʳʭ ʥʘ 

ʜʘʥʥʳʭ, ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʥʳʭ ʪʨʝʤʷ ʩʝʡʩʤʦʩʪʘʥʮʠʷʤʠ. ʕʪʦ ʧʦʟʚʦʣʠʣʦ ʠʤ ʢʦʤʧʝʥʩʠʨʦʚʘʪʴ 

ʦʰʠʙʢʠ ʦʜʥʦʡ ʤʦʜʝʣʠ ʧʨʠ ʧʦʤʦʱʠ ʧʨʝʜʩʢʘʟʘʥʠʡ ʜʚʫʭ ʜʨʫʛʠʭ. ɼʨʫʛʠʤ ʧʨʠʤʝʨʦʤ 

ʢʣʘʩʪʝʨʠʟʘʮʠʠ ʥʘ ʦʩʥʦʚʝ ʛʣʫʙʦʢʦʡ ʥʝʡʨʦʥʥʦʡ ʩʝʪʠ PhaseNet ʷʚʣʷʝʪʩʷ ʠʩʩʣʝʜʦʚʘʥʠʝ 

ʧʦʣʴʩʢʦʛʦ ʫʯʸʥʦʛʦ, ʚ ʢʦʪʦʨʦʤ ʪʘʢʞʝ ʧʨʠʤʝʥʷʶʪʩʷ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦ-ʚʨʝʤʝʥʥʳʝ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʜʣʷ ʚʳʜʝʣʝʥʠʷ ʩʝʡʩʤʠʯʝʩʢʠʭ ʩʠʛʥʘʣʦʚ [117]. 

ʂʘʢ ʧʨʘʚʠʣʦ, ʚ ʩʝʡʩʤʦʘʢʫʩʪʠʯʝʩʢʠʭ ʩʠʩʪʝʤʘʭ ʛʝʦʤʦʥʠʪʦʨʠʥʛʘ ʜʣʷ ʬʠʣʴʪʨʘʮʠʠ 

ʙʦʣʴʰʝʡ ʯʘʩʪʠ ʥʝʞʝʣʘʪʝʣʴʥʳʭ ʰʫʤʦʚ ʠʩʧʦʣʴʟʫʝʪʩʷ STA/LTA ʜʝʪʝʢʪʦʨ, ʦʩʥʦʚʘʥʥʳʡ ʥʘ 

ʭʘʨʘʢʪʝʨʝ ʠʟʤʝʥʝʥʠʷ ʘʤʧʣʠʪʫʜʳ ʩʠʛʥʘʣʦʚ. ʆʜʥʘʢʦ, ʟʥʘʯʠʪʝʣʴʥʘʷ ʯʘʩʪʴ ʪʝʭʥʦʛʝʥʥʳʭ h ʫʤʦʚ 

ʠ ʩʠʛʥʘʣʦʚ ʝʩʪʝʩʪʚʝʥʥʦʛʦ ʪʨʝʱʠʥʦʦʙʨʘʟʦʚʘʥʠʷ ʠʤʝʝʪ ʙʣʠʟʢʠʝ ʟʥʘʯʝʥʠʷ ʘʤʧʣʠʪʫʜʳ ʠ 

ʯʘʩʪʦʪʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ, ʢʘʢ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩʫʥʢʝ 1.10. 
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ʈʠʩʫʥʦʢ 1.10 ï ɺʚʝʨʭʫ: ʬʦʨʤʳ ʩʠʛʥʘʣʦʚ ʤʠʢʨʦʩʝʡʩʤʠʯʝʩʢʠʭ ʠ ʰʫʤʦʚʳʭ ʩʦʙʳʪʠʡ, ʘ ʪʘʢʞʝ 

ʨʘʩʩʯʠʪʘʥʥʳʝ ʟʥʘʯʝʥʠʷ STA/LTA. ʄʠʢʨʦʩʝʡʩʤʠʯʝʩʢʠʝ ʩʠʛʥʘʣʳ ʝʩʪʝʩʪʚʝʥʥʦʛʦ 

ʪʨʝʱʠʥʦʦʙʨʘʟʦʚʘʥʠʷ ʦʪʦʙʨʘʞʘʶʪʩʷ ʢʨʘʩʥʳʤ ʮʚʝʪʦʤ, ʰʫʤ ʪʨʘʥʩʧʦʨʪʥʳʭ ʩʨʝʜʩʪʚ ï ʩʠʥʠʤ, 

ʰʫʤ ʚʟʨʳʚʘ ï ʟʝʣʝʥʳʤ, ʰʫʤ ʧʘʜʝʥʠʷ ï ʞʝʣʪʳʤ, ʰʫʤ ʧʨʠ ʭʦʜʴʙʝ ʯʝʣʦʚʝʢʘ ï ʬʠʦʣʝʪʦʚʳʤ; 

ʯʝʨʥʘʷ ʩʧʣʦʰʥʘʷ ʣʠʥʠʷ ʧʨʝʜʩʪʘʚʣʷʝʪ ʟʥʘʯʝʥʠʷ STA/LTA, ʘ ʢʨʘʩʥʘʷ ʧʫʥʢʪʠʨʥʘʷ ʣʠʥʠʷ 

ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʦʧʨʝʜʝʣʷʝʤʦʝ ʧʦʣʴʟʦʚʘʪʝʣʝʤ ʧʦʨʦʛʦʚʦʝ ʟʥʘʯʝʥʠʝ ʥʘʯʘʣʘ ʩʠʛʥʘʣʘ. 

ɺʥʠʟʫ: ʩʧʝʢʪʨʦʛʨʘʤʤʘ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʤʠʢʨʦʩʝʡʩʤʠʯʝʩʢʠʭ ʠ ʰʫʤʦʚʳʭ ʩʦʙʳʪʠʡ 

 

ʀʩʩʣʝʜʦʚʘʪʝʣʠ ʠʟ ʂʠʪʘʷ ʨʝʰʘʣʠ ʧʨʦʙʣʝʤʫ ʨʘʟʜʝʣʝʥʠʷ ʝʩʪʝʩʪʚʝʥʥʳʭ 

ʤʠʢʨʦʩʝʡʩʤʠʯʝʩʢʠʭ ʠ ʰʫʤʦʚʳʭ ʩʦʙʳʪʠʡ, ʠʩʧʦʣʴʟʫʷ ʜʣʷ ʵʪʦʛʦ ʤʝʪʦʜ ʦʧʦʨʥʳʭ ʚʝʢʪʦʨʦʚ 

(SVM) [118]. ɺ ʢʘʯʝʩʪʚʝ ʦʩʦʙʝʥʥʦʩʪʝʡ ʠʭ ʠʩʩʣʝʜʦʚʘʥʠʷ ʩʪʦʠʪ ʚʳʜʝʣʠʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʝ 

ʙʦʣʴʰʦʛʦ ʯʠʩʣʘ ʧʨʠʟʥʘʢʦʚ ʚ ʢʦʣʠʯʝʩʪʚʝ 71. ʊʘʢʞʝ ʫʯʝʥʳʤʠ ʧʨʠʤʝʥʷʣʘʩʴ ʠʪʝʨʘʪʠʚʥʘʷ 

ʢʦʥʪʨʦʣʠʨʫʝʤʘʷ ʩʪʨʘʪʝʛʠʷ ʦʙʫʯʝʥʠʷ, ʢʦʛʜʘ ʧʨʠ ʥʝʫʜʦʚʣʝʪʚʦʨʠʪʝʣʴʥʦʡ ʪʦʯʥʦʩʪʠ 

ʧʨʝʜʩʢʘʟʘʥʠʷ ʢʣʘʩʩʘ ʠʟʤʝʥʷʣʩʷ ʩʦʩʪʘʚ ʠ ʧʦʨʷʜʦʢ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʧʨʠʟʥʘʢʦʚ. ʕʪʦ ʙʳʣʦ 

ʨʝʘʣʠʟʦʚʘʥʦ ʧʨʠ ʧʦʤʦʱʠ ʚʝʩʦʚʳʭ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʜʣʷ ʢʘʞʜʦʛʦ ʧʨʠʟʥʘʢʘ ʠ ʤʝʪʦʜʘ NCA 

(ʘʥʘʣʠʟʘ ʢʦʤʧʦʥʝʥʪʦʚ ʧʦ ʩʦʩʝʜʩʪʚʫ), ʦʩʥʦʚʘʥʥʦʤ ʥʘ ʨʦʜʩʪʚʝʥʥʦʡ ʘʣʛʦʨʠʪʤʫ K-ʙʣʠʞʘʡʰʠʭ 

ʩʦʩʝʜʝʡ ʢʦʥʮʝʧʮʠʠ, ʥʘʟʳʚʘʝʤʦʡ ʩʪʦʭʘʩʪʠʯʝʩʢʠʤʠ ʙʣʠʞʘʡʰʠʤʠ ʩʦʩʝʜʷʤʠ [119]. 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʦʮʝʥʢʠ ʤʦʜʝʣʝʡ, ʠʩʩʣʝʜʦʚʘʪʝʣʠ ʚʳʙʨʘʣʠ 16 ʧʨʠʟʥʘʢʦʚ ʠ ʩʨʘʚʥʠʣʠ ʠʭ 

ʪʦʯʥʦʩʪʴ ʜʣʷ ʨʘʟʣʠʯʥʳʭ ʷʜʝʨ SVM: ʣʠʥʝʡʥʦʛʦ, ʷʜʨʘ ɻʘʫʩʩʘ, ʢʚʘʜʨʘʪʠʯʝʩʢʦʛʦ ʠ 

ʢʫʙʠʯʝʩʢʦʛʦ. ʅʘʠʙʦʣʴʰʝʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʫʜʘʣʦʩʴ ʜʦʙʠʪʴʩʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ɻʘʫʩʩʦʚʘ 

ʷʜʨʘ, ʢ ʨʷʜʫ ʧʨʝʠʤʫʱʝʩʪʚ ʢʦʪʦʨʦʛʦ ʦʪʥʦʩʠʪʩʷ ʪʘʢʞʝ ʤʝʥʴʰʝʝ ʚʨʝʤʷ ʦʙʫʯʝʥʠʷ ʤʦʜʝʣʠ.  

ɺ ʊʫʨʮʠʠ ʙʳʣʦ ʧʨʦʚʝʜʝʥʦ ʠʩʩʣʝʜʦʚʘʥʠʝ ʧʦ ʨʘʩʧʦʟʥʘʚʘʥʠʶ ʩʠʛʥʘʣʦʚ ʦʪ ʚʟʨʳʚʥʳʭ 

ʨʘʙʦʪ ʠ ʟʝʤʣʝʪʨʷʩʝʥʠʡ ʚ ʧʨʝʜʝʣʘʭ 4 ʩʢʣʦʥʥʳʭ ʢ ʧʨʦʷʚʣʝʥʠʶ ʫʜʘʨʦʦʧʘʩʥʦʩʪʠ ʦʙʣʘʩʪʝʡ 

[120]. ɼʣʷ ʵʪʦʛʦ ʫʯʸʥʳʤʠ ʩʨʘʚʥʠʚʘʣʘʩʴ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʘʜʘʧʪʠʚʥʦʡ ʥʝʡʨʦ-ʥʝʯʸʪʢʦʡ 

ʩʠʩʪʝʤʳ (ANFIS) [121], ʥʝʡʨʦʥʥʦʡ ʩʝʪʠ ʩ ʧʨʷʤʦʡ ʩʚʷʟʴʶ (FFNN) [122] ʠ ʚʝʨʦʷʪʥʦʩʪʥʦʡ 

ʥʝʡʨʦʥʥʦʡ ʩʝʪʠ (PNN) [123], ʘʨʭʠʪʝʢʪʫʨʳ ʢʦʪʦʨʳʭ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʨʠʩʫʥʢʝ 1.11.  
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ʈʠʩʫʥʦʢ 1.11 ï ɸʨʭʠʪʝʢʪʫʨʳ ʢʣʘʩʩʠʬʠʢʘʮʠʦʥʥʳʭ ʤʦʜʝʣʝʡ ʩʚʝʨʭʫ ʚʥʠʟ: ANFIS, FFNN, 

PNN 

 

ɺ ʢʘʯʝʩʪʚʝ ʦʙʫʯʘʶʱʠʭ ʧʘʨʘʤʝʪʨʦʚ ʤʦʜʝʣʠ ʧʨʠʥʠʤʘʣʠ ʥʘ ʚʭʦʜ ʚʩʝʛʦ ʜʚʘ ʧʨʠʟʥʘʢʘ 

ʩʠʛʥʘʣʦʚ: ʦʪʥʦʰʝʥʠʝ ʘʤʧʣʠʪʫʜ ʧʨʦʜʦʣʴʥʦʡ ʠ ʧʦʧʝʨʝʯʥʦʡ ʚʦʣʥ ʠ ʵʥʝʨʛʝʪʠʯʝʩʢʘʷ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ, ʧʨʝʜʩʪʘʚʣʷʶʱʘʷ ʩʦʙʦʡ ʦʪʥʦʰʝʥʠʝ ʠʥʪʝʛʨʘʣʦʚ ʧʦ ʘʤʧʣʠʪʫʜʝ S ʠ P ʚʦʣʥ, 

ʚʟʷʪʳʭ ʧʦ ʚʳʙʨʘʥʥʳʤ ʚʨʝʤʝʥʥʳʤ ʦʢʥʘʤ (complexity). 

ɺ ʮʝʣʦʤ ʚʩʝ ʪʨʠ ʠʩʩʣʝʜʫʝʤʳʝ ʤʦʜʝʣʠ ʧʦʢʘʟʘʣʠ ʧʦʣʦʞʠʪʝʣʴʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʩ 

ʪʦʯʥʦʩʪʴʶ ʦʙʥʘʨʫʞʝʥʠʷ ʟʝʤʣʝʪʨʷʩʝʥʠʡ ʦʪ 93 ʜʦ 100% ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʠʩʧʦʣʴʟʫʝʤʦʡ 

ʤʦʜʝʣʠ ʠ ʘʥʘʣʠʟʠʨʫʝʤʦʛʦ ʫʯʘʩʪʢʘ, ʧʨʠ ʵʪʦʤ ʥʘʠʣʫʯʰʠʝ ʨʝʟʫʣʴʪʘʪʳ ʜʝʤʦʥʩʪʨʠʨʦʚʘʣʘ 

ʤʦʜʝʣʴ ʥʝʡʨʦʥʥʦʡ ʩʝʪʠ ʩ ʧʦʣʥʦʩʚʷʟʥʳʤ ʩʣʦʝʤ FFNN.  

ʂʦʤʧʣʝʢʩʥʦʝ ʩʨʘʚʥʝʥʠʝ ʨʘʟʣʠʯʥʳʭ ʤʦʜʝʣʝʡ ʤʘʰʠʥʥʦʛʦ ʦʙʫʯʝʥʠʷ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ 

ʪʠʧʘ ʠʩʪʦʯʥʠʢʘ ʩʝʡʩʤʠʯʝʩʢʠʭ ʩʠʛʥʘʣʦʚ ʙʳʣʦ ʧʨʦʚʝʜʝʥʦ ʠʩʩʣʝʜʦʚʘʪʝʣʷʤʠ ʠʟ ʂʠʪʘʷ [124]. 

ɺʩʝʛʦ ʫʯʸʥʳʤʠ ʦʮʝʥʠʚʘʣʦʩʴ 10 ʤʦʜʝʣʝʡ: ʜʝʨʝʚʦ ʨʝʰʝʥʠʡ, ʩʣʫʯʘʡʥʳʡ ʣʝʩ, ʣʦʛʠʩʪʠʯʝʩʢʘʷ 

ʨʝʛʨʝʩʩʠʷ, ʤʝʪʦʜ ʦʧʦʨʥʳʭ ʚʝʢʪʦʨʦʚ, ʛʨʘʜʠʝʥʪʥʳʡ ʙʫʩʪʠʥʛ ʥʘ ʦʩʥʦʚʝ ʜʝʨʝʚʴʝʚ ʨʝʰʝʥʠʡ, 

ʤʝʪʦʜ K-ʙʣʠʞʘʡʰʠʭ ʩʦʩʝʜʝʡ, ʘʣʛʦʨʠʪʤ AdaBoost, ʥʘʠʚʥʳʡ ʙʘʡʝʩʦʚʩʢʠʡ ʢʣʘʩʩʠʬʠʢʘʪʦʨ, 

ʤʦʜʝʣʴ ʙʵʛʛʠʥʛʘ ʠ ʥʝʡʨʦʥʥʘʷ ʩʝʪʴ ʩ ʧʦʣʥʦʩʚʷʟʥʳʤ ʩʣʦʝʤ. 
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ɺ ʩʦʚʦʢʫʧʥʦʩʪʠ ʢ ʙʦʣʴʰʦʤʫ ʢʦʣʠʯʝʩʪʚʫ ʤʦʜʝʣʝʡ, ʘʚʪʦʨʘʤʠ ʧʨʦʚʦʜʠʣʩʷ ʧʦʜʙʦʨ 

ʛʠʧʝʨʧʘʨʘʤʝʪʨʦʚ ʠ ʚʳʙʦʨ ʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʦʛʦ ʩʦʩʪʘʚʘ ʧʨʠʟʥʘʢʦʚʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʦ 

ʠʥʜʠʚʠʜʫʘʣʴʥʦ ʜʣʷ ʢʘʞʜʦʡ ʤʦʜʝʣʠ. ʉʪʦʠʪ ʫʢʘʟʘʪʴ ʥʘ ʤʘʣʳʡ ʨʘʟʤʝʨ ʚʳʙʦʨʢʠ ʩʠʛʥʘʣʦʚ, 

ʠʩʧʦʣʴʟʫʝʤʦʡ ʜʣʷ ʦʙʫʯʝʥʠʷ ʠ ʪʝʩʪʠʨʦʚʘʥʠʷ, ʩʦʜʝʨʞʘʱʝʡ ʚ ʩʦʚʦʢʫʧʥʦʩʪʠ ʚʩʝʛʦ 50 ʟʘʧʠʩʝʡ. 

ʕʪʦ ʜʘʸʪ ʧʦʚʦʜ ʜʣʷ ʩʦʤʥʝʥʠʡ ʚ ʪʦʯʥʦʩʪʠ ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ. ʅʦ ʚ ʮʝʣʦʤ ʤʝʪʦʜʦʣʦʛʠʷ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʨʝʜʩʪʘʚʣʷʝʪ ʠʥʪʝʨʝʩ ʠ ʦʧʠʩʳʚʘʝʪ ʢʦʤʧʣʝʢʩʥʳʡ ʧʦʜʭʦʜ ʧʦ ʚʳʙʦʨʫ ʥʘʠʙʦʣʝʝ 

ʵʬʬʝʢʪʠʚʥʦʛʦ ʘʣʛʦʨʠʪʤʘ ʤʘʰʠʥʥʦʛʦ ʦʙʫʯʝʥʠʷ. 

ʇʨʦʮʝʩʩ ʨʘʟʤʝʪʢʠ ʜʘʥʥʳʭ ʚ ʪʘʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʷʭ ʷʚʣʷʝʪʩʷ ʜʦʚʦʣʴʥʦ ʪʨʫʜʦʝʤʢʠʤ ʠ 

ʪʨʝʙʫʝʪ ʙʦʣʴʰʠʭ ʟʘʪʨʘʪ ʚʨʝʤʝʥʠ, ʯʪʦ ʩʥʠʞʘʝʪ ʩʢʦʨʦʩʪʴ ʪʝʩʪʠʨʦʚʘʥʠʷ ʠ ʚʥʝʜʨʝʥʠʷ 

ʢʣʘʩʩʠʬʠʢʘʮʠʦʥʥʳʭ ʤʦʜʝʣʝʡ. ʇʦʵʪʦʤʫ ʩʫʱʝʩʪʚʫʝʪ ʧʦʜʭʦʜ, ʧʦʟʚʦʣʷʶʱʠʡ 

ʢʣʘʩʩʠʬʠʮʠʨʦʚʘʪʴ ʥʝʨʘʟʤʝʯʝʥʥʳʝ ʜʘʥʥʳʝ, ʥʘʟʳʚʘʝʤʳʡ ʦʙʫʯʝʥʠʝʤ ʙʝʟ ʫʯʠʪʝʣʷ, ʧʨʠ 

ʢʦʪʦʨʦʤ ʜʣʷ ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʢʣʘʩʩʦʚ ʦʙʲʝʢʪʦʚ ʨʝʰʘʝʪʩʷ ʟʘʜʘʯʘ ʢʣʘʩʪʝʨʠʟʘʮʠʠ. 

ʇʨʠʤʝʨʘʤʠ ʪʘʢʦʛʦ ʧʦʜʭʦʜʘ ʚʳʩʪʫʧʘʶʪ ʨʘʙʦʪʳ ʫʯʸʥʳʭ ʠʟ ʉʐɸ ʠ ʂʠʪʘʷ [125, 126]. 

ɺ ʢʘʯʝʩʪʚʝ ʦʩʦʙʝʥʥʦʩʪʝʡ ʦʙʦʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʤʦʞʥʦ ʚʳʜʝʣʠʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʧʣʦʪʥʦʡ ʩʝʪʠ 

ʜʘʪʯʠʢʦʚ, ʨʝʛʠʩʪʨʠʨʫʶʱʠʭ ʘʢʫʩʪʠʯʝʩʢʠʝ ʚʦʣʥʳ ʚ ʥʠʟʢʦʯʘʩʪʦʪʥʦʡ ʦʙʣʘʩʪʠ, ʠ ʠʭ ʩʦʭʨʘʥʝʥʠʝ 

ʚ ʚʠʜʝ ʥʝʧʨʝʨʳʚʥʦʛʦ ʧʦʪʦʢʘ ʜʘʥʥʳʭ.  

ɸʚʪʦʨʳ ʵʪʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʚʳʷʚʠʣʠ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ ʚ ʢʘʞʜʦʤ ʠʟ ʚʳʜʝʣʝʥʥʳʭ ʠʤʠ 6 

ʢʣʘʩʪʝʨʦʚ, ʠʩʧʦʣʴʟʫʷ ʜʣʷ ʵʪʦʛʦ ʘʣʛʦʨʠʪʤ K-ʩʨʝʜʥʠʭ ʠ ʩʫʤʤʠʨʫʷ ʩʧʝʢʪʨʘʣʴʥʳʝ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʩʠʛʥʘʣʦʚ. ʊʘʢʞʝ ʠʥʪʝʨʝʩ ʚ ʜʘʥʥʳʭ ʨʘʙʦʪʘʭ ʧʨʝʜʩʪʘʚʣʷʝʪ ʨʘʩʩʤʦʪʨʝʥʠʝ 

ʚʦʧʨʦʩʘ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʛʦ ʨʘʟʚʠʪʠʷ ʨʘʟʣʠʯʥʳʭ ʢʣʘʩʪʝʨʦʚ ʩ ʦʙʥʘʨʫʞʝʥʠʝʤ 

ʟʘʢʦʥʦʤʝʨʥʦʩʪʝʡ ʤʝʞʜʫ ʵʚʦʣʶʮʠʝʡ ʢʣʘʩʪʝʨʘ çʟʝʤʣʝʪʨʷʩʝʥʠʡè ʠ ʛʝʦʣʦʛʠʯʝʩʢʠʤ ʨʘʟʣʦʤʦʤ. 

ʂʦʤʧʣʝʢʩʥʳʡ ʧʦʜʭʦʜ ʧʦ ʦʧʨʝʜʝʣʝʥʠʶ ʪʠʧʘ ʠʩʪʦʯʥʠʢʘ ʩʝʡʩʤʦʘʢʫʩʪʠʯʝʩʢʠʭ ʚʦʣʥ 

ʙʳʣ ʧʨʝʜʣʦʞʝʥ ʚ ʠʩʩʣʝʜʦʚʘʥʠʠ ʢʠʪʘʡʩʢʠʭ ʫʯʸʥʳʭ. ʆʥʠ ʚʳʧʦʣʥʠʣʠ ʛʣʫʙʦʢʠʡ ʘʥʘʣʠʟ 

ʧʨʠʟʥʘʢʦʚ ʩʠʛʥʘʣʦʚ ʧʨʠ ʧʦʤʦʱʠ ʤʝʪʦʜʦʚ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʠ ʜʝʢʦʤʧʦʟʠʮʠʠ ʧʨʠʟʥʘʢʦʚ (EMD 

ʠ SVD), ʯʪʦ ʧʦʟʚʦʣʠʣʦ ʧʦʣʫʯʠʪʴ ʠʥʜʠʚʠʜʫʘʣʴʥʳʡ ʥʘʙʦʨ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʜʣʷ ʢʘʞʜʦʛʦ 

ʦʪʜʝʣʴʥʦʛʦ ʢʣʘʩʪʝʨʘ ʩʠʛʥʘʣʦʚ [127]. ɹʣʘʛʦʜʘʨʷ ʠʩʧʦʣʴʟʦʚʘʥʠʶ ʮʝʣʦʛʦ ʢʦʤʧʣʝʢʩʘ 

ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʘʣʛʦʨʠʪʤʦʚ ʠ ʨʘʟʨʘʙʦʪʢʝ ʥʘ ʠʭ ʦʩʥʦʚʝ ʤʦʜʝʣʠ ʤʘʰʠʥʥʦʛʦ ʦʙʫʯʝʥʠʷ ʩ 

ʢʦʜʠʨʦʚʘʥʠʝʤ ʠ ʜʝʢʦʜʠʨʦʚʘʥʠʝʤ ʧʨʠʟʥʘʢʦʚ (M-W&E), ʩʭʝʤʘ ʢʦʪʦʨʦʡ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ 

ʨʠʩʫʥʢʝ 1.12, ʠʤ ʫʜʘʣʦʩʴ ʜʦʙʠʪʴʩʷ 92,5 % ʪʦʯʥʦʩʪʠ ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʩʝʡʩʤʠʯʝʩʢʠʭ ʩʠʛʥʘʣʦʚ 

ʚ ʦʪʜʝʣʴʥʳʭ ʠʩʩʣʝʜʫʝʤʳʭ ʛʨʫʧʧʘʭ.  

ʆʪʜʝʣʴʥʦʛʦ ʚʥʠʤʘʥʠʷ ʟʘʩʣʫʞʠʚʘʝʪ ʠʩʧʦʣʴʟʦʚʘʥʥʳʡ ʘʚʪʦʨʘʤʠ ʤʝʪʦʜ ʚʠʟʫʘʣʠʟʘʮʠʠ 

ʜʘʥʥʳʭ, ʥʘʟʳʚʘʝʤʳʡ ʩʪʦʭʘʩʪʠʯʝʩʢʠʤ ʚʣʦʞʝʥʠʝʤ ʩʦʩʝʜʝʡ ʩ t-ʨʘʩʧʨʝʜʝʣʝʥʠʝʤ (t-SNE). 

ɼʘʥʥʳʡ ʘʣʛʦʨʠʪʤ ʧʦʟʚʦʣʷʝʪ ʩʥʠʟʠʪʴ ʨʘʟʤʝʨʥʦʩʪʴ ʜʘʥʥʳʭ, ʦʧʠʩʳʚʘʝʤʳʭ ʙʦʣʴʰʠʤ 

ʢʦʣʠʯʝʩʪʚʦʤ ʧʨʠʟʥʘʢʦʚ, ʠ ʧʨʝʜʩʪʘʚʠʪʴ ʠʭ ʚ ʜʚʫʭʤʝʨʥʦʤ ʠʣʠ ʪʨʝʭʤʝʨʥʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ, ʢʘʢ 

ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩʫʥʢʝ 1.13. 
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ʈʠʩʫʥʦʢ 1.12 ï ɹʣʦʢ-ʩʭʝʤʘ ʤʝʪʦʜʘ ʩʣʠʷʥʠʷ ʧʨʠʟʥʘʢʦʚ (M-W&E) 

 

 
ʈʠʩʫʥʦʢ 1.13 ï ʂʘʨʪʘ ʩʥʠʞʝʥʠʷ ʨʘʟʤʝʨʥʦʩʪʠ ʧʦʩʣʝ ʠʟʚʣʝʯʝʥʠʷ ʨʘʟʣʠʯʥʳʭ ʧʨʠʟʥʘʢʦʚ: (ʘ) -

ʙʝʟ ʦʙʨʘʙʦʪʢʠ; (b) ï ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʵʥʝʨʛʠʠ ʚʝʡʚʣʝʪ-ʧʘʢʝʪʘ; (c) ï

ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʧʨʠʟʥʘʢʦʚ ʦʙʲʝʢʪʦʚ EMD_SVD; (d) ï ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʦʙʲʝʢʪʦʚ ʤʦʜʝʣʠ M-

W&E 
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ɺ ʨʘʙʦʪʝ ʬʨʘʥʮʫʟʩʢʠʭ ʠ ʘʤʝʨʠʢʘʥʩʢʠʭ ʢʦʣʣʝʛ ʜʣʷ ʢʣʘʩʪʝʨʠʟʘʮʠʠ ʥʝʧʨʝʨʳʚʥʳʭ 

ʩʝʡʩʤʠʯʝʩʢʠʭ ʜʘʥʥʳʭ ʦʪ ʟʝʤʣʝʪʨʷʩʝʥʠʡ ʠ ʰʫʤʦʚ ʧʨʠʤʝʥʷʣʩʷ ʤʝʪʦʜ ʛʣʫʙʦʢʦʛʦ ʦʙʫʯʝʥʠʷ 

[128]. ʇʦʜʭʦʜ, ʦʩʥʦʚʘʥʥʳʡ ʥʘ ʩʚʝʨʪʦʯʥʳʭ ʥʝʡʨʦʥʥʳʭ ʩʝʪʷʭ, ʧʦʟʚʦʣʠʣ ʠʤ ʦʪʜʝʣʠʪʴ ʰʫʤ ʦʪ 

ʧʦʣʝʟʥʳʭ ʩʠʛʥʘʣʦʚ, ʠʜʝʥʪʠʬʠʮʠʨʦʚʘʚ ʧʦʪʝʥʮʠʘʣʴʥʦ ʦʧʘʩʥʳʝ ʫʯʘʩʪʢʠ. ʇʨʠʤʝʥʷʝʤʳʡ ʤʝʪʦʜ 

ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʣ ʚʳʩʦʢʫʶ ʪʦʯʥʦʩʪʴ ʚ ʨʘʟʣʠʯʝʥʠʠ ʨʘʟʥʳʭ ʪʠʧʦʚ ʩʠʛʥʘʣʦʚ ʠ ʧʦʟʚʦʣʠʣ ʠʤ 

ʩʦʟʜʘʪʴ ʥʘʜʝʞʥʫʶ ʘʚʪʦʤʘʪʠʯʝʩʢʫʶ ʩʠʩʪʝʤʫ ʨʘʥʥʝʛʦ ʦʙʥʘʨʫʞʝʥʠʷ ʩʝʡʩʤʠʯʝʩʢʦʡ 

ʘʢʪʠʚʥʦʩʪʠ ʥʘ ʦʩʥʦʚʝ ʚʳʜʝʣʝʥʥʳʭ ʢʣʘʩʪʝʨʦʚ ʩʝʡʩʤʠʯʝʩʢʠʭ ʩʦʙʳʪʠʡ (ʨʠʩ. 1.14). 

 

ʈʠʩʫʥʦʢ 1.14 ï ʐʠʨʦʢʦʧʦʣʦʩʥʘʷ ʩʝʡʩʤʦʛʨʘʤʤʘ, ʟʘʧʠʩʘʥʥʘʷ ʩʪʘʥʮʠʝʡ NUUG, 

ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʚʝʨʭʥʝʤ ʛʨʘʬʠʢʝ. ʇʦʯʘʩʦʚʘʷ ʩʢʦʨʦʩʪʴ ʦʙʥʘʨʫʞʝʥʠʷ ʚʥʫʪʨʠ ʢʣʘʩʪʝʨʘ 

ʧʨʝʜʩʪʘʚʣʝʥʘ ʜʣʷ ʢʘʞʜʦʛʦ ʠʟ 4 ʢʣʘʩʪʝʨʦʚ (ʦʪ A ʜʦ D). ɺʩʪʘʚʢʠ ʩ ʧʨʘʚʦʡ ʩʪʦʨʦʥʳ 

ʧʦʢʘʟʳʚʘʶʪ ʦʪʥʦʩʠʪʝʣʴʥʳʡ ʨʘʟʤʝʨ ʧʦʧʫʣʷʮʠʠ ʢʘʞʜʦʛʦ ʢʣʘʩʪʝʨʘ. ʅʘʠʙʦʣʴʰʘʷ 

ʢʦʨʨʝʣʠʨʫʶʱʘʷ ʤʠʢʨʦʩʝʡʩʤʠʯʝʩʢʘʷ ʵʥʝʨʛʠʷ ʙʳʣʘ ʟʘʬʠʢʩʠʨʦʚʘʥʘ ʥʘ ʚʝʨʰʠʥʘʭ ʢʣʘʩʪʝʨʦʚ 

C ʠ D, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʧʦʙʝʨʝʞʴʶ ʛʦʨʦʜʘ ʅʫʫʛʘʩʪʠʘʢ ʚ ɻʨʝʥʣʘʥʜʠʠ ʠ ʮʝʥʪʨʘʣʴʥʦʡ 

ʯʘʩʪʠ ʉʝʚʝʨʥʦʡ ɸʪʣʘʥʪʠʢʠ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ 

 

ɺ ʮʝʣʦʤ, ʩʪʦʠʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʩʫʱʝʩʪʚʫʝʪ ʤʥʦʞʝʩʪʚʦ ʨʘʙʦʪ, ʧʦʟʚʦʣʷʶʱʠʭ 

ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʪʴ ʦʧʨʝʜʝʣʝʥʠʝ ʪʠʧʘ ʠʩʪʦʯʥʠʢʘ ʩʝʡʩʤʦʘʢʫʩʪʠʯʝʩʢʠʭ ʩʠʛʥʘʣʦʚ. ʆʜʥʘʢʦ 

ʢʦʥʢʨʝʪʥʦʝ ʨʝʰʝʥʠʝ ʜʦʣʞʥʦ ʚʳʙʠʨʘʪʴʩʷ ʧʦʜ ʩʧʝʮʠʬʠʢʫ ʠʩʧʦʣʴʟʫʝʤʳʭ ʩʠʩʪʝʤ 

ʤʦʥʠʪʦʨʠʥʛʘ ʠ ʨʝʛʠʩʪʨʠʨʫʝʤʳʝ ʩ ʠʭ ʧʦʤʦʱʴʶ ʜʘʥʥʳʝ. 

ɼʨʫʛʘʷ ʟʘʜʘʯʘ, ʪʨʝʙʫʶʱʘʷ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʚ ʪʘʢʠʭ ʩʠʩʪʝʤʘʭ ʩʝʡʩʤʦʘʢʫʩʪʠʯʝʩʢʦʛʦ 

ʤʦʥʠʪʦʨʠʥʛʘ ʢʘʢ çPrognoz-ADSè ï ʵʪʦ ʦʙʲʝʜʠʥʝʥʠʝ ʣʦʮʠʨʦʚʘʥʥʳʭ ʩʦʙʳʪʠʡ ʚ ʛʨʫʧʧʳ, 
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ʥʘʟʳʚʘʝʤʳʝ ʪʘʢʞʝ ʘʢʫʩʪʠʯʝʩʢʠ ʘʢʪʠʚʥʳʤʠ ʟʦʥʘʤʠ. ʆʙʲʝʜʠʥʝʥʠʝ ʩʝʡʩʤʦʘʢʫʩʪʠʯʝʩʢʠʭ 

ʩʦʙʳʪʠʡ ʚ ʛʨʫʧʧʳ ʧʦʟʚʦʣʷʝʪ ʥʘʙʣʶʜʘʪʴ ʠ ʘʥʘʣʠʟʠʨʦʚʘʪʴ ʜʠʥʘʤʠʢʫ ʠʟʣʫʯʝʥʠʷ ʘʢʫʩʪʠʯʝʩʢʦʡ 

ʵʤʠʩʩʠʠ, ʚ ʩʦʦʪʚʝʪʩʪʚʠʝ ʩ ʨʘʟʣʠʯʥʳʤʠ ʵʪʘʧʘʤʠ ʵʚʦʣʶʮʠʠ ʪʨʝʱʠʥʦʦʙʨʘʟʦʚʘʥʠʷ ʚ ʤʘʩʩʠʚʝ 

ʛʦʨʥʳʭ ʧʦʨʦʜ [129]. 

ɺʳʜʝʣʝʥʠʝ ʠ ʨʘʟʚʠʪʠʝ ʘʢʫʩʪʠʯʝʩʢʠ ʘʢʪʠʚʥʳʭ ʟʦʥ ʚ ʩʝʡʩʤʦʣʦʛʠʠ ʥʝʨʝʜʢʦ 

ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʥʘ ʦʩʥʦʚʝ ʨʝʟʫʣʴʪʘʪʦʚ ʢʣʘʩʪʝʨʥʦʛʦ ʘʥʘʣʠʟʘ ʠ, ʚ ʦʩʦʙʝʥʥʦʩʪʠ, ʩ 

ʧʨʠʤʝʥʝʥʠʝʤ ʘʣʛʦʨʠʪʤʘ DBSCAN.  ʇʦ ʵʪʦʤʫ ʥʘʧʨʘʚʣʝʥʠʶ ʠʥʪʝʨʝʩ ʧʨʝʜʩʪʘʚʣʷʝʪ ʨʘʙʦʪʘ, 

ʛʜʝ ʘʚʪʦʨʳ ʜʣʷ ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʠ ʘʥʘʣʠʟʘ ʘʢʫʩʪʠʯʝʩʢʠ ʘʢʪʠʚʥʳʭ ʟʦʥ ʚʦʩʧʦʣʴʟʦʚʘʣʠʩʴ 

ʢʦʤʙʠʥʘʮʠʝʡ ʤʝʪʦʜʦʚ ʥʘ ʦʩʥʦʚʝ DBSCAN ʠ ʚʝʡʚʣʝʪ-ʧʨʝʦʙʨʘʟʦʚʘʥʠʡ [130].  

ɼʨʫʛʠʝ ʫʯʸʥʳʝ ʧʨʠʤʝʥʠʣʠ ʘʣʛʦʨʠʪʤ DBSCAN ʜʣʷ ʜʚʫʭʵʪʘʧʥʦʡ ʢʣʘʩʪʝʨʠʟʘʮʠʠ [131]. 

ʅʘ ʧʝʨʚʦʤ ʵʪʘʧʝ ʦʥʠ ʧʨʦʚʝʣʠ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʫʶ ʢʣʘʩʪʝʨʠʟʘʮʠʶ ʜʣʷ ʩʝʡʩʤʠʯʝʩʢʠʭ ʜʘʥʥʳʭ 

ʧʦ ʟʝʤʣʝʪʨʷʩʝʥʠʷʤ, ʚʳʜʝʣʠʚ ʤʠʢʨʦʢʣʘʩʪʝʨʳ. ʅʘ ʚʪʦʨʦʤ ï ʨʘʟʜʝʣʠʣʠ ʧʦʣʫʯʝʥʥʳʝ ʦʙʣʘʩʪʠ 

ʧʦ ʚʨʝʤʝʥʥʳʤ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤ, ʧʦʣʫʯʠʚ ʩʝʡʩʤʠʯʝʩʢʠʝ ʟʦʥʳ (ʨʠʩ. 1.15).  

 

ʈʠʩʫʥʦʢ 1.15 ï ʄʠʢʨʦʢʣʘʩʪʝʨʳ ʠ ʛʣʦʙʘʣʴʥʳʝ ʢʣʘʩʪʝʨʳ (ʩʝʡʩʤʠʯʝʩʢʠʝ ʟʦʥʳ), ʚʳʜʝʣʝʥʥʳʝ 

ʜʣʷ ʂʘʣʠʬʦʨʥʠʠ (a, c) ʠ ʜʣʷ ʛʣʦʙʘʣʴʥʦʛʦ ʢʘʪʘʣʦʛʘ ʟʝʤʣʝʪʨʷʩʝʥʠʡ (b, d) 

 

 ʂ ʨʘʙʦʪʘʤ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʘʣʛʦʨʠʪʤʘ DBSCAN ʤʦʞʥʦ ʪʘʢʞʝ ʦʪʥʝʩʪʠ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʫʯʸʥʳʭ ʠʟ ʍʦʨʚʘʪʠʠ [132] ʠ ɽʛʠʧʪʘ [133]. ɺ ʯʘʩʪʥʦʩʪʠ, ʧʦʩʣʝʜʥʠʝ ʚʳʜʝʣʠʣʠ 6 ʢʣʘʩʪʝʨʦʚ ʠ 

ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʣʠ ʠʭ ʩʝʡʩʤʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ (ʨʠʩ. 1.16).  
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ʈʠʩʫʥʦʢ 1.16 ï (a) ʂʘʨʪʦʛʨʘʬʠʯʝʩʢʦʝ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʨʘʟʣʠʯʥʳʭ ʢʣʘʩʪʝʨʦʚ, ʧʦʣʫʯʝʥʥʳʭ ʩ 

ʧʦʤʦʱʴʶ ʘʣʛʦʨʠʪʤʘ ʢʣʘʩʪʝʨʠʟʘʮʠʠ DBSCAN ʩ Ů=0,6 ʠ n = 35; (b) ʇʘʨʥʳʡ ʛʨʘʬʠʢ 

ʘʥʘʣʠʟʠʨʫʝʤʦʡ ʩʝʡʩʤʠʯʥʦʩʪʠ ʩ ʦʮʝʥʢʦʡ ʧʣʦʪʥʦʩʪʠ ʷʜʨʘ (KDE) ʢʘʞʜʦʡ ʩʝʡʩʤʠʯʝʩʢʦʡ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ, ʥʘʥʝʩʝʥʥʦʡ ʥʘ ʛʣʘʚʥʫʶ ʜʠʘʛʦʥʘʣʴ 

 

ɺ ʨʷʜʝ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʨʦʙʣʝʤʳ ʢʨʘʪʢʦʩʨʦʯʥʦʛʦ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʫʜʘʨʦʦʧʘʩʥʦʩʪʠ ʥʘ 

ʦʩʥʦʚʝ ʤʝʪʦʜʦʚ ʤʘʰʠʥʥʦʛʦ ʦʙʫʯʝʥʠʷ ʨʘʟʨʘʙʘʪʳʚʘʶʪ ʤʦʜʝʣʴ, ʮʝʣʴʶ ʢʦʪʦʨʦʡ ʷʚʣʷʝʪʩʷ 

ʦʧʨʝʜʝʣʝʥʠʝ ʫʨʦʚʥʷ ʨʠʩʢʘ [134, 135]. ʆʜʥʦʡ ʠʟ ʪʘʢʠʭ ʢʣʘʩʩʠʬʠʢʘʮʠʡ ʷʚʣʷʝʪʩʷ   

ʧʨʝʜʣʦʞʝʥʥʘʷ Feng ʠ Chen ʩʠʩʪʝʤʘ ʫʨʦʚʥʝʡ, ʧʨʝʜʩʪʘʚʣʝʥʥʘʷ ʚ ʪʘʙʣʠʮʝ 1.3 [136, 137]. 

 

ʊʘʙʣʠʮʘ 1.3 ï ʂʣʘʩʩʠʬʠʢʘʮʠʷ ʫʨʦʚʥʝʡ ʨʠʩʢʘ 
ʋʨʦʚʝʥʴ ʨʠʩʢʘ ʆʧʠʩʘʥʠʝ 

ʅʝʪ ʆʪʩʫʪʩʪʚʠʝ ʷʚʥʦʛʦ ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʥʘʨʫʰʝʥʠʷ 

ʅʝʟʥʘʯʠʪʝʣʴʥʳʡ 

ʅʝʟʥʘʯʠʪʝʣʴʥʦʝ ʚʳʢʨʘʰʠʚʘʥʠʝ ʠʣʠ ʨʘʩʩʣʘʠʚʘʥʠʝ; ʨʘʟʤʝʨ ʬʨʘʛʤʝʥʪʘ 10-30 

ʩʤ; ʩʣʘʙʳʡ ʟʚʫʢ ʨʘʩʪʨʝʩʢʠʚʘʥʠʷ; ʛʣʫʙʠʥʘ ʨʘʩʪʨʝʩʢʠʚʘʥʠʷ ʤʝʥʝʝ 0,5 ʤ; 

ʩʠʩʪʝʤʘ ʢʨʝʧʣʝʥʠʷ ʥʝ ʧʦʚʨʝʞʜʝʥʘ 

ʋʤʝʨʝʥʥʳʡ 

ʉʠʣʴʥʦʝ ʨʘʩʪʨʝʩʢʠʚʘʥʠʝ; ʨʘʟʤʝʨ ʚʳʙʨʦʰʝʥʥʦʛʦ ʦʙʣʦʤʢʘ ʧʦʨʦʜʳ ï 30-80 ʩʤ; 

ʪʨʝʩʢ, ʧʦʭʦʞʠʡ ʥʘ ʚʟʨʳʚ ʜʝʪʦʥʘʪʦʨʘ; ʛʣʫʙʠʥʘ ʨʘʟʨʫʰʝʥʠʷ 0,5-1,0 ʤ; 

ʧʦʚʨʝʞʜʝʥʘ ʙʝʪʦʥʥʘʷ ʦʙʜʝʣʢʘ ʤʝʞʜʫ ʘʥʢʝʨʥʳʤʠ ʙʦʣʪʘʤʠ 

ʀʥʪʝʥʩʠʚʥʳʡ 

ɹʦʣʴʰʦʡ ʦʙʲʸʤ ʚʳʙʨʦʰʝʥʥʦʡ ʛʦʨʥʦʡ ʤʘʩʩʳ; ʚʳʙʨʦʰʝʥʥʳʡ ʬʨʘʛʤʝʥʪ 

ʧʦʨʦʜʳ ʠʤʝʝʪ ʨʘʟʤʝʨ ï 80-150 ʩʤ; ʩʚʝʞʠʝ ʧʣʦʩʢʦʩʪʠ ʨʘʟʨʫʰʝʥʠʷ ʚ ʟʦʥʝ 

ʨʘʟʨʫʰʝʥʠʷ; ʧʨʦʜʦʣʞʠʪʝʣʴʥʳʡ ʟʚʫʢ, ʧʦʭʦʞʠʡ ʥʘ ʚʟʨʳʚ ʩ ʫʜʘʨʥʦʡ ʚʦʣʥʦʡ; 

ʛʣʫʙʠʥʘ ʨʘʟʨʫʰʝʥʠʷ 1,0-3,0 ʤ; ʨʘʟʨʫʰʝʥʠʝ ʢʨʝʧʠ 

 

ɸʚʪʦʨʳ ʥʝʩʢʦʣʴʢʠʭ ʨʘʙʦʪ ʧʨʦʚʝʣʠ ʤʘʩʰʪʘʙʥʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʧʦ ʘʥʘʣʠʟʫ ʠ ʦʮʝʥʢʝ 

ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʨʠʩʢʘ ʩ ʧʦʤʦʱʴʶ ʪʘʢ ʥʘʟʳʚʘʝʤʳʭ ʘʥʩʘʤʙʣʝʚʳʭ ʤʝʪʦʜʦʚ 

[138, 139]. ʉʫʪʴ ʪʘʢʠʭ ʤʝʪʦʜʦʚ ʩʦʩʪʦʠʪ ʚ ʦʙʲʝʜʠʥʝʥʠʠ ʤʥʦʞʝʩʪʚʘ ʜʨʫʛʠʭ ʙʘʟʦʚʳʭ ʤʦʜʝʣʝʡ 

ʩ ʮʝʣʴʶ ʧʦʚʳʰʝʥʠʷ ʠʭ ʩʫʤʤʘʨʥʦʡ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ. ʀʩʭʦʜʥʳʝ ʜʘʥʥʳʝ ʙʳʣʠ ʧʦʣʫʯʝʥʳ 

ʠʩʩʣʝʜʦʚʘʪʝʣʷʤʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʠʩʪʝʤʳ ʤʠʢʨʦʩʝʡʩʤʠʯʝʩʢʦʛʦ ʤʦʥʠʪʦʨʠʥʛʘ.  ɺ ʢʘʯʝʩʪʚʝ 
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ʧʨʠʟʥʘʢʦʚ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʪʘʢʠʝ ʧʦʢʘʟʘʪʝʣʠ, ʢʘʢ ʩʫʤʤʘʨʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʩʦʙʳʪʠʡ, ʣʦʛʘʨʠʬʤ 

ʠʭ ʵʥʝʨʛʠʠ, ʯʘʩʪʦʪʘ ʩʦʙʳʪʠʡ, ʠʥʢʫʙʘʮʠʦʥʥʦʝ ʚʨʝʤʷ ʠ ʥʝʢʦʪʦʨʳʝ ʜʨʫʛʠʝ. ʊʘʢʞʝ 

ʦʩʦʙʝʥʥʦʩʪʴʶ ʠʭ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʪʦ, ʯʪʦ ʠʤ ʫʜʘʣʦʩʴ ʚʳʷʚʠʪʴ ʚʟʘʠʤʦʩʚʷʟʴ ʤʝʞʜʫ 

ʢʦʥʢʨʝʪʥʳʤʠ ʧʨʠʟʥʘʢʘʤʠ ʠ ʥʘʙʦʨʘʤʠ ʜʘʥʥʳʭ. ʕʪʦ ʧʦʟʚʦʣʠʣʦ ʠʤ ʚ ʨʷʜʝ ʩʣʫʯʘʝʚ ʩʦʢʨʘʪʠʪʴ 

ʢʦʣʠʯʝʩʪʚʦ ʚʭʦʜʥʳʭ ʧʘʨʘʤʝʪʨʦʚ, ʧʦʚʳʩʠʚ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʤʦʜʝʣʝʡ. 

ʅʘ ʨʠʩʫʥʢʝ 1.17 ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʵʪʦʡ ʨʘʙʦʪʳ ʥʘ ʦʩʥʦʚʝ ʘʥʩʘʤʙʣʝʚʳʭ 

ʤʦʜʝʣʝʡ ʤʘʰʠʥʥʦʛʦ ʦʙʫʯʝʥʠʷ ʩ ʨʘʟʣʠʯʥʳʤʠ ʥʘʙʦʨʘʤʠ ʜʘʥʥʳʭ ʜʣʷ ʠʥʪʝʥʩʠʚʥʦʛʦ ʫʨʦʚʥʷ 

ʧʨʦʷʚʣʝʥʠʷ ʛʦʨʥʦʛʦ ʜʘʚʣʝʥʠʷ. 

 
ʈʠʩʫʥʦʢ 1.17 ï F-ʤʝʨʘ ʢʣʘʩʩʠʬʠʢʘʪʦʨʦʚ ʧʦ ʨʘʟʥʳʤ ʥʘʙʦʨʘʤ ʜʘʥʥʳʭ ʜʣʷ ʠʥʪʝʥʩʠʚʥʦʛʦ 

ʫʨʦʚʥʷ ʨʠʩʢʘ 

 

ɿʘʪʝʤ ʘʚʪʦʨʳ ʧʨʠʤʝʥʠʣʠ ʨʘʟʨʘʙʦʪʘʥʥʳʝ ʤʦʜʝʣʠ ʜʣʷ ʧʨʘʢʪʠʯʝʩʢʦʡ ʟʘʜʘʯʠ, ʘ ʠʤʝʥʥʦ 

ʜʣʷ ʧʨʝʜʩʢʘʟʘʥʠʷ ʨʠʩʢʘ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʛʦʨʥʦʛʦ ʫʜʘʨʘ ʚ ʦʜʥʦʤ ʠʟ ʪʦʥʥʝʣʝʡ 

ʛʠʜʨʦʵʣʝʢʪʨʦʩʪʘʥʮʠʠ ʎʟʠʥʧʠʥʴ 2. ʆʩʥʦʚʥʦʡ ʧʦʨʦʜʦʡ ʪʘʤ ʷʚʣʷʝʪʩʷ ʤʨʘʤʦʨ, ʦʙʣʘʜʘʶʱʠʡ 

ʚʳʩʦʢʦʡ ʧʨʦʯʥʦʩʪʴʶ ʠ ʭʨʫʧʢʦʩʪʴʶ. ɻʣʫʙʠʥʘ ʟʘʣʝʛʘʥʠʷ ʪʦʥʥʝʣʝʡ ʩʦʩʪʘʚʣʷʝʪ ʚ ʩʨʝʜʥʝʤ 1700 

ʤ, ʘ ʤʘʢʩʠʤʘʣʴʥʘʷ ʜʦʩʪʠʛʘʝʪ 2525 ʤ. ɼʦ 2015 ʛ ʚ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʤ ʪʦʥʥʝʣʝ ʙʳʣʦ 

ʟʘʬʠʢʩʠʨʦʚʘʥʦ ʜʚʘ ʩʠʣʴʥʳʭ ʛʦʨʥʳʭ ʫʜʘʨʘ. ʀʩʩʣʝʜʦʚʘʪʝʣʠ ʚʟʷʣʠ ʦʙʫʯʝʥʥʳʝ ʤʦʜʝʣʠ ʜʣʷ 1-

ʛʦ ʠ 4-ʛʦ ʥʘʙʦʨʦʚ ʜʘʥʥʳʭ, ʪʘʢ ʢʘʢ ʦʥʠ ʧʦʢʘʟʘʣʠ ʥʘʠʣʫʯʰʠʝ ʨʝʟʫʣʴʪʘʪʳ ʠ ʠʩʧʦʣʴʟʦʚʘʣʠ ʠʭ 

ʜʣʷ ʵʪʠʭ ʜʚʫʭ ʩʣʫʯʘʝʚ. ʇʨʝʜʩʢʘʟʘʥʥʳʝ ʚʝʨʦʷʪʥʦʩʪʠ ʙʦʣʴʰʠʥʩʪʚʘ ʤʦʜʝʣʝʡ ʧʦʜʪʚʝʨʜʠʣʠ 

ʚʳʩʦʢʠʡ ʠ ʠʥʪʝʥʩʠʚʥʳʡ ʫʨʦʚʥʠ ʨʠʩʢʘ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʷʚʣʝʥʠʡ ʪʝʭʥʦʛʝʥʥʦʡ ʩʝʡʩʤʠʯʥʦʩʪʠ. 

ɽʱʸ ʦʜʥʘ ʨʘʙʦʪʘ ʙʳʣʘ ʪʘʢʞʝ ʧʨʝʜʩʪʘʚʣʝʥʘ ʢʠʪʘʡʩʢʠʤʠ ʫʯʸʥʳʤʠ. ʆʥʠ ʧʨʠʤʝʥʠʣʠ 

ʛʠʙʨʠʜʥʳʡ ʤʝʪʦʜ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʛʦʨʥʳʭ ʫʜʘʨʦʚ ʥʘ ʫʛʦʣʴʥʳʭ ʰʘʭʪʘʭ, ʢʦʪʦʨʳʡ ʩʦʯʝʪʘʣ ʚ 

ʩʝʙʝ ʥʝʡʨʦʥʥʳʝ ʩʝʪʠ ʠ ʵʣʝʤʝʥʪʳ ʥʝʯʸʪʢʦʡ ʣʦʛʠʢʠ [140]. ɼʣʷ ʘʥʘʣʠʟʘ ʦʥʠ ʚʳʙʨʘʣʠ 10 

ʧʘʨʘʤʝʪʨʦʚ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʭ ʫʛʦʣʴʥʫʶ ʰʘʭʪʫ. ɼʣʷ ʛʨʫʧʧʳ ʥʝʧʨʝʨʳʚʥʳʭ ʚʝʣʠʯʠʥ ʦʥʠ 

ʠʩʧʦʣʴʟʦʚʘʣʠ ʘʥʘʣʠʪʠʯʝʩʢʠʝ ʚʳʨʘʞʝʥʠʷ, ʩ ʧʦʤʦʱʴʶ ʢʦʪʦʨʳʭ ʦʧʨʝʜʝʣʠʣʠ ʚʟʘʠʤʦʩʚʷʟʴ 

ʤʝʞʜʫ ʟʥʘʯʝʥʠʷʤʠ ʧʘʨʘʤʝʪʨʦʚ ʠ ʧʨʠʥʘʜʣʝʞʥʦʩʪʴʶ ʢ ʦʧʨʝʜʝʣʝʥʥʦʤʫ ʫʨʦʚʥʶ ʨʠʩʢʘ; ʜʣʷ 

ʜʠʩʢʨʝʪʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ï ʩʪʝʧʝʥʴ ʦʪʥʝʩʝʥʠʷ ʢ ʫʨʦʚʥʶ ʨʠʩʢʘ, ʠʩʧʦʣʴʟʫʷ ʤʝʪʦʜ ʵʢʩʧʝʨʪʥʳʭ 

ʦʮʝʥʦʢ.  
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ɼʘʣʝʝ ʘʚʪʦʨʳ ʨʘʟʨʘʙʦʪʘʣʠ ʥʝʡʨʦʥʥʫʶ ʩʝʪʴ, ʩʦʩʪʦʷʱʫʶ ʠʟ ʯʝʪʳʨʸʭ ʩʣʦʝʚ ʠ 

ʦʙʫʯʝʥʥʫʶ ʥʘ ʧʨʠʟʥʘʢʘʭ 15 ʩʣʫʯʘʝʚ ʛʦʨʥʳʭ ʫʜʘʨʦʚ. ʈʝʟʫʣʴʪʘʪʦʤ ʨʘʙʦʪʳ ʥʝʡʨʦʥʥʦʡ ʩʝʪʠ 

ʷʚʣʷʣʦʩʴ ʟʥʘʯʝʥʠʝ ʚʝʨʦʷʪʥʦʩʪʠ ʜʣʷ ʢʘʞʜʦʛʦ ʫʨʦʚʥʷ ʨʠʩʢʘ, ʪ. ʝ. ʚʩʝʛʦ 4 ʟʥʘʯʝʥʠʷ.  ʅʘ 

ʟʘʚʝʨʰʘʶʱʝʤ ʵʪʘʧʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʫʯʸʥʳʝ ʧʨʠʤʝʥʠʣʠ ʦʙʫʯʝʥʥʫʶ ʥʝʡʨʦʥʥʫʶ ʩʝʪʴ ʢ 

ʨʝʘʣʴʥʳʤ ʫʩʣʦʚʠʷʤ ʫʛʦʣʴʥʦʡ ʰʘʭʪʳ ʉʘʥʭʵʮʟʷʥʴ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʚ 8 ʠʟ 10 ʩʣʫʯʘʷʭ 

ʥʝʡʨʦʩʝʪʝʚʘʷ ʤʦʜʝʣʴ ʧʦʜʪʚʝʨʜʠʣʘ ʚʳʩʦʢʠʡ ʠ ʠʥʪʝʥʩʠʚʥʳʡ ʫʨʦʚʥʠ ʨʠʩʢʘ. 

ɺ ʮʝʣʦʤ ʩʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʙʦʣʴʰʠʥʩʪʚʦ ʨʘʙʦʪ ʢʠʪʘʡʩʢʠʭ ʠ ʠʥʜʠʡʩʢʠʭ ʫʯʸʥʳʭ 

ʧʦ ʜʘʥʥʦʡ ʧʨʦʙʣʝʤʘʪʠʢʝ, ʥʘʧʨʘʚʣʝʥʳ ʥʘ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʝ ʫʜʘʨʦʦʧʘʩʥʦʩʪʠ ʚ ʫʛʦʣʴʥʳʭ 

ʰʘʭʪʘʭ ʠ ʧʦʜʟʝʤʥʳʭ ʪʦʥʥʝʣʝʡ [141-145]. 

ʈʷʜ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʭ ʨʘʙʦʪ ʥʘʧʨʘʚʣʝʥ ʥʘ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʩʝʡʩʤʠʯʝʩʢʠʭ ʜʘʥʥʳʭ ʜʣʷ 

ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʟʝʤʣʝʪʨʷʩʝʥʠʡ [146, 147]. ʂ ʪʘʢʠʤ ʨʘʙʦʪʘʤ ʤʦʞʥʦ ʦʪʥʝʩʪʠ ʠʩʩʣʝʜʦʚʘʥʠʝ 

ʤʝʞʜʫʥʘʨʦʜʥʦʛʦ ʢʦʣʣʝʢʪʠʚʘ ʘʚʪʦʨʦʚ ʧʦ ʘʥʘʣʠʟʫ ʩʝʡʩʤʠʯʥʦʩʪʠ ʥʘ ʂʠʧʨʝ ʩ ʧʨʠʤʝʥʝʥʠʝʤ 

ʤʦʜʝʣʠ ʤʘʰʠʥʥʦʛʦ ʦʙʫʯʝʥʠʷ [148]. 

ʇʦʜʚʦʜʷ ʠʪʦʛ, ʩʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʢʘʞʜʘʷ ʨʘʙʦʪʘ ʧʦ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʡ ʪʝʤʘʪʠʢʝ 

ʦʙʣʘʜʘʝʪ ʩʚʦʠʤʠ ʦʩʦʙʝʥʥʦʩʪʷʤʠ. ʄʦʞʥʦ ʟʘʢʣʶʯʠʪʴ, ʯʪʦ ʦʪʩʫʪʩʪʚʠʝ ʝʜʠʥʦʛʦ 

ʫʥʠʚʝʨʩʘʣʴʥʦʛʦ ʧʦʜʭʦʜʘ ʦʙʫʩʣʦʚʣʝʥʦ ʫʥʠʢʘʣʴʥʳʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʠʩʩʣʝʜʫʝʤʳʭ 

ʦʙʲʝʢʪʦʚ ʠ ʜʘʥʥʳʭ, ʧʦʣʫʯʘʝʤʳʭ ʚ ʧʨʦʮʝʩʩʝ ʤʦʥʠʪʦʨʠʥʛʘ [149]. ʉʚʦʡ ʚʢʣʘʜ ʚ ʨʘʟʥʦʦʙʨʘʟʠʝ 

ʧʨʠʤʝʥʷʝʤʳʭ ʧʦʜʭʦʜʦʚ ʠ ʤʝʪʦʜʦʚ ʚʥʦʩʠʪ ʰʠʨʦʢʠʡ ʩʧʝʢʪʨ ʪʝʭʥʠʯʝʩʢʠʭ ʩʨʝʜʩʪʚ ʠ 

ʘʣʛʦʨʠʪʤʦʚ ʦʙʨʘʙʦʪʢʠ ʜʘʥʥʳʭ. ʇʦʵʪʦʤʫ ʜʣʷ ʨʝʰʝʥʠʷ ʧʦʩʪʘʚʣʝʥʥʳʭ ʟʘʜʘʯ ʧʦ 

ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʶ ʩʝʡʩʤʦʘʢʫʩʪʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ ʥʝʦʙʭʦʜʠʤʦ ʥʘ ʦʩʥʦʚʝ ʩʫʱʝʩʪʚʫʶʱʠʭ 

ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʭ ʨʘʙʦʪ ʚʳʙʨʘʪʴ ʠ ʧʨʦʪʝʩʪʠʨʦʚʘʪʴ ʩʦʙʩʪʚʝʥʥʳʡ ʥʘʙʦʨ ʤʝʪʦʜʦʚ ʠ ʩʨʝʜʩʪʚ, 

ʢʦʪʦʨʳʡ ʧʦʟʚʦʣʠʪ ʫʯʝʩʪʴ ʦʩʦʙʝʥʥʦʩʪʠ ʢʦʥʢʨʝʪʥʦʛʦ ʫʜʘʨʦʦʧʘʩʥʦʛʦ ʦʙʲʝʢʪʘ, ʩʠʩʪʝʤʳ 

ʛʝʦʤʝʭʘʥʠʯʝʩʢʦʛʦ ʤʦʥʠʪʦʨʠʥʛʘ ʠ ʨʝʛʠʩʪʨʠʨʫʝʤʳʭ ʜʘʥʥʳʭ. 

 

1.5 ʎʝʣʴ ʠ ʟʘʜʘʯʠ ʠʩʩʣʝʜʦʚʘʥʠʷ 

 

ʅʘ ʧʨʦʪʷʞʝʥʠʠ ʤʥʦʛʠʭ ʣʝʪ ʥʘʙʣʶʜʘʝʪʩʷ ʪʝʥʜʝʥʮʠʷ ʢ ʫʚʝʣʠʯʝʥʠʶ ʛʣʫʙʠʥʳ ʠ 

ʫʩʣʦʞʥʝʥʠʶ ʛʦʨʥʦ-ʛʝʦʣʦʛʠʯʝʩʢʠʭ ʫʩʣʦʚʠʡ ʧʦ ʦʪʨʘʙʦʪʢʝ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʧʦʣʝʟʥʳʭ 

ʠʩʢʦʧʘʝʤʳʭ. ɺ ʩʦʚʦʢʫʧʥʦʩʪʠ ʩ ʪʝʭʥʦʛʝʥʥʳʤ ʚʦʟʜʝʡʩʪʚʠʝʤ, ʧʨʦʷʚʣʷʶʱʠʤʩʷ ʚ ʤʘʩʩʦʚʳʭ 

ʙʫʨʦʚʟʨʳʚʥʳʭ ʨʘʙʦʪʘʭ ʠ ʫʚʝʣʠʯʝʥʠʠ ʦʙʲʝʤʘ ʚʳʨʘʙʦʪʘʥʥʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ, ʵʪʦ ʧʨʠʚʦʜʠʪ ʢ 

ʧʦʚʳʰʝʥʠʶ ʛʦʨʥʦʛʦ ʜʘʚʣʝʥʠʷ ʚ ʢʨʘʝʚʳʭ ʫʯʘʩʪʢʘʭ ʧʦʨʦʜʥʦʛʦ ʤʘʩʩʠʚʘ ʠ ʨʦʩʪʫ ʢʦʣʠʯʝʩʪʚʘ 

ʫʜʘʨʦʦʧʘʩʥʳʭ ʷʚʣʝʥʠʡ.  

ʈʘʩʩʤʦʪʨʝʥʠʝ ʩʦʚʨʝʤʝʥʥʳʭ ʤʝʪʦʜʦʚ ʦʮʝʥʢʠ ʠ ʢʦʥʪʨʦʣʷ ʛʝʦʤʝʭʘʥʠʯʝʩʢʦʛʦ ʩʦʩʪʦʷʥʠʷ 

ʧʦʨʦʜʥʦʛʦ ʤʘʩʩʠʚʘ ʧʦʢʘʟʘʣ, ʯʪʦ ʦʜʥʠʤ ʠʟ ʦʩʥʦʚʦʧʦʣʘʛʘʶʱʠʭ ʧʨʠʥʮʠʧʦʚ ʠʭ ʨʘʟʚʠʪʠʷ 

ʷʚʣʷʝʪʩʷ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʝ ʧʨʦʛʨʘʤʤʥʦ-ʤʝʪʦʜʠʯʝʩʢʠʭ ʩʨʝʜʩʪʚ ʧʦ ʦʙʨʘʙʦʪʢʝ ʠ ʘʥʘʣʠʟʫ 
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ʨʝʛʠʩʪʨʠʨʫʝʤʳʭ ʜʘʥʥʳʭ. ʇʨʠ ʵʪʦʤ ʚʩʝ ʙʦʣʴʰʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʧʦʣʫʯʘʶʪ ʤʝʪʦʜʳ 

ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʦʛʦ ʘʥʘʣʠʟʘ, ʧʦʟʚʦʣʷʶʱʠʝ ʚ ʟʥʘʯʠʪʝʣʴʥʦʡ ʩʪʝʧʝʥʠ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʪʴ ʠ 

ʧʦʚʳʩʠʪʴ ʦʙʲʝʢʪʠʚʥʦʩʪʴ ʤʥʦʛʠʭ ʵʪʘʧʦʚ ʤʦʥʠʪʦʨʠʥʛʘ ʛʝʦʤʝʭʘʥʠʯʝʩʢʦʛʦ ʩʦʩʪʦʷʥʠʷ. 

ʂ ʧʝʨʝʜʦʚʳʤ ʩʨʝʜʩʪʚʘʤ ʢʦʥʪʨʦʣʷ ʛʝʦʤʝʭʘʥʠʯʝʩʢʦʛʦ ʩʦʩʪʦʷʥʠʷ ʦʪʥʦʩʷʪʩʷ 

ʩʝʡʩʤʦʘʢʫʩʪʠʯʝʩʢʠʝ ʩʠʩʪʝʤʳ, ʦʩʫʱʝʩʪʚʣʷʶʱʠʝ ʨʝʛʠʩʪʨʘʮʠʶ ʠ ʦʙʨʘʙʦʪʢʫ ʜʘʥʥʳʭ, 

ʚʳʟʚʘʥʥʳʭ ʜʝʬʦʨʤʘʮʠʦʥʥʳʤʠ ʧʨʦʮʝʩʩʘʤʠ ʚ ʧʦʨʦʜʥʦʤ ʤʘʩʩʠʚʝ. ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʘʥʘʣʠʟʘ 

ʩʦʚʨʝʤʝʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʙʳʣʠ ʚʳʜʝʣʝʥʳ ʦʩʥʦʚʥʳʝ ʥʘʧʨʘʚʣʝʥʠʷ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʷ 

ʩʝʡʩʤʦʘʢʫʩʪʠʯʝʩʢʠʭ ʩʠʩʪʝʤ, ʩʬʦʨʤʫʣʠʨʦʚʘʥʳ ʮʝʣʠ ʠ ʟʘʜʘʯʠ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʡ ʨʘʙʦʪʳ. 

ʎʝʣʴ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʡ ʨʘʙʦʪʳ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʨʘʟʨʘʙʦʪʢʝ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʦʡ 

ʩʠʩʪʝʤʳ ʧʨʦʛʨʘʤʤʥʦ-ʤʝʪʦʜʠʯʝʩʢʠʭ ʩʨʝʜʩʪʚ ʦʙʨʘʙʦʪʢʠ ʠ ʠʥʪʝʨʧʨʝʪʘʮʠʠ ʠʟʤʝʨʠʪʝʣʴʥʳʭ 

ʜʘʥʥʳʭ ʚ ʧʨʦʮʝʩʩʝ ʩʝʡʩʤʦʘʢʫʩʪʠʯʝʩʢʦʛʦ ʤʦʥʠʪʦʨʠʥʛʘ ʫʜʘʨʦʦʧʘʩʥʦʛʦ ʤʘʩʩʠʚʘ ʛʦʨʥʳʭ 

ʧʦʨʦʜ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʖʞʥʦʝ. 

ʀʜʝʷ ʜʠʩʩʝʨʪʘʮʠʠ ʩʦʩʪʦʠʪ ʚ ʧʨʠʤʝʥʝʥʠʠ ʤʝʪʦʜʦʚ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʦʛʦ ʘʥʘʣʠʟʘ 

ʠʟʤʝʨʠʪʝʣʴʥʳʭ ʩʝʡʩʤʦʘʢʫʩʪʠʯʝʩʢʠʭ ʜʘʥʥʳʭ ʜʣʷ ʧʦʚʳʰʝʥʠʷ ʥʘʜʸʞʥʦʩʪʠ ʚʳʷʚʣʝʥʠʷ 

ʟʘʢʦʥʦʤʝʨʥʦʩʪʝʡ ʬʦʨʤʠʨʦʚʘʥʠʷ ʦʧʘʩʥʳʭ ʦʯʘʛʦʚ ʨʘʟʨʫʰʝʥʠʡ ʠ ʧʨʦʛʥʦʟʘ ʜʠʥʘʤʠʯʝʩʢʠʭ 

ʧʨʦʷʚʣʝʥʠʡ ʛʦʨʥʦʛʦ ʜʘʚʣʝʥʠʷ ʚ ʧʨʦʮʝʩʩʝ ʩʝʡʩʤʦʘʢʫʩʪʠʯʝʩʢʦʛʦ ʤʦʥʠʪʦʨʠʥʛʘ 

ʨʘʟʨʘʙʘʪʳʚʘʝʤʦʛʦ ʫʜʘʨʦʦʧʘʩʥʦʛʦ ʤʝʩʪʦʨʦʞʜʝʥʠʷ. 

ɼʣʷ ʜʦʩʪʠʞʝʥʠʷ ʧʦʩʪʘʚʣʝʥʥʦʡ ʮʝʣʠ ʙʳʣʠ ʦʧʨʝʜʝʣʝʥʳ ʠ ʨʝʰʝʥʳ ʩʣʝʜʫʶʱʠʝ ʟʘʜʘʯʠ: 

- ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʪʴ ʧʨʠʟʥʘʢʦʚʦʝ ʧʨʦʩʪʨʘʥʩʪʚʦ ʨʝʛʠʩʪʨʠʨʫʝʤʳʭ 

ʩʝʡʩʤʦʘʢʫʩʪʠʯʝʩʢʠʭ ʜʘʥʥʳʭ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʭʘʨʘʢʪʝʨʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʩʠʛʥʘʣʦʚ, 

ʠʥʠʮʠʠʨʦʚʘʥʥʳʭ ʝʩʪʝʩʪʚʝʥʥʳʤʠ ʛʝʦʤʝʭʘʥʠʯʝʩʢʠʤʠ ʧʨʦʮʝʩʩʘʤʠ ʠ ʚʳʧʦʣʥʝʥʠʝʤ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʦʧʝʨʘʮʠʡ ʧʦ ʨʘʟʨʘʙʦʪʢʝ ʤʝʩʪʦʨʦʞʜʝʥʠʡ;  

- ʦʙʦʩʥʦʚʘʪʴ ʵʬʬʝʢʪʠʚʥʳʝ ʤʦʜʝʣʠ ʤʘʰʠʥʥʦʛʦ ʦʙʫʯʝʥʠʷ ʠ ʧʨʦʠʟʚʝʩʪʠ ʧʦʜʙʦʨ ʠʭ 

ʛʠʧʝʨʧʘʨʘʤʝʪʨʦʚ ʜʣʷ ʜʦʩʪʦʚʝʨʥʦʛʦ ʚʳʷʚʣʝʥʠʷ ʩʠʛʥʘʣʦʚ ʠ ʩʦʙʳʪʠʡ ʝʩʪʝʩʪʚʝʥʥʦʛʦ 

ʧʨʦʠʩʭʦʞʜʝʥʠʷ;   

- ʨʘʟʨʘʙʦʪʘʪʴ ʤʝʪʦʜʠʢʫ ʦʙʥʘʨʫʞʝʥʠʷ ʠ ʦʮʝʥʢʠ ʦʯʘʛʦʚ ʧʦʚʳʰʝʥʥʦʛʦ ʛʦʨʥʦʛʦ 

ʜʘʚʣʝʥʠʷ ʚ ʫʜʘʨʦʦʧʘʩʥʦʤ ʤʘʩʩʠʚʝ ʛʦʨʥʳʭ ʧʦʨʦʜ; 

- ʚʳʧʦʣʥʠʪʴ ʨʘʩʯʸʪ ʧʘʨʘʤʝʪʨʦʚ ʚʨʝʤʝʥʥʳʭ ʨʷʜʦʚ ʠ ʩʦʧʦʩʪʘʚʠʪʴ ʠʭ ʩ ʧʨʦʷʚʣʝʥʠʷʤʠ 

ʛʦʨʥʦʛʦ ʜʘʚʣʝʥʠʷ, ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʥʳʤʠ ʥʘ ʫʜʘʨʦʦʧʘʩʥʦʤ ʤʝʩʪʦʨʦʞʜʝʥʠʠ; 

- ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʩʝʡʩʤʦʘʢʫʩʪʠʯʝʩʢʠʭ ʜʘʥʥʳʭ ʨʘʟʨʘʙʦʪʘʪʴ ʵʬʬʝʢʪʠʚʥʳʝ ʤʦʜʝʣʠ 

ʤʘʰʠʥʥʦʛʦ ʦʙʫʯʝʥʠʷ ʜʣʷ ʥʘʜʝʞʥʦʛʦ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʫʜʘʨʦʦʧʘʩʥʦʩʪʠ. 
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2 ʈɸɿʈɸɹʆʊʂɸ ʇʈʆɻʈɸʄʄʅʆ-ʄɽʊʆɼʀʏɽʉʂʀʍ ʉʈɽɼʉʊɺ ɼʃʗ 

ʀɼɽʅʊʀʌʀʂɸʎʀʀ ʊʀʇɸ ʀʉʊʆʏʅʀʂɸ ɼɸʅʅʓʍ, ʈɽɻʀʉʊʈʀʈʋɽʄʓʍ 

ʉɽʁʉʄʆɸʂʋʉʊʀʏɽʉʂʆʁ ʉʀʉʊɽʄʆʁ ʂʆʅʊʈʆʃʗ ɻʆʈʅʆɻʆ ɼɸɺʃɽʅʀʗ 

 

2.1 ʍʘʨʘʢʪʝʨʠʩʪʠʢʘ ʦʙʲʝʢʪʘ ʠʩʩʣʝʜʦʚʘʥʠʷ ʠ ʦʙʱʠʝ ʩʚʝʜʝʥʠʷ ʦʙ 

ʫʩʪʘʥʦʚʣʝʥʥʦʡ ʩʠʩʪʝʤʝ ʩʝʡʩʤʦʘʢʫʩʪʠʯʝʩʢʦʛʦ ʥʘʙʣʶʜʝʥʠʷ 

 

ʆʙʲʝʢʪʦʤ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʡ ʨʘʙʦʪʝ ʷʚʣʷʝʪʩʷ ʛʝʦʤʝʭʘʥʠʯʝʩʢʦʝ 

ʩʦʩʪʦʷʥʠʝ ʧʦʨʦʜʥʦʛʦ ʤʘʩʩʠʚʘ ʫʜʘʨʦʦʧʘʩʥʦʛʦ ʧʦʣʠʤʝʪʘʣʣʠʯʝʩʢʦʛʦ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʖʞʥʦʝ, 

ʠʩʩʣʝʜʫʝʤʦʝ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʩʝʡʩʤʦʘʢʫʩʪʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ ʜʣʷ ʤʦʥʠʪʦʨʠʥʛʘ ʛʦʨʥʦʛʦ 

ʜʘʚʣʝʥʠʷ. ʄʝʩʪʦʨʦʞʜʝʥʠʝ ʖʞʥʦʝ, ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʨʘʟʨʘʙʘʪʳʚʘʝʤʦʝ ɸʆ çɻʄʂ 

çɼʘʣʴʧʦʣʠʤʝʪʘʣʣè ʚ ɺʦʩʪʦʯʥʦʤ ʇʨʠʤʦʨʴʝ (ʨʠʩ. 2.1), ʥʘ ʧʨʦʪʷʞʝʥʠʠ ʜʣʠʪʝʣʴʥʦʛʦ ʚʨʝʤʝʥʠ 

ʵʢʩʧʣʫʘʪʠʨʫʝʪʩʷ ʚ ʫʩʣʦʚʠʷʭ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʭʩʷ ʚʳʩʦʢʦʡ ʫʜʘʨʦʦʧʘʩʥʦʩʪʴʶ. ʉʣʦʞʥʳʝ 

ʛʝʦʤʝʭʘʥʠʯʝʩʢʠʝ ʫʩʣʦʚʠʷ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʧʨʠʚʝʣʠ ʢ ʤʥʦʞʝʩʪʚʝʥʥʳʤ ʩʣʫʯʘʷʤ 

ʜʠʥʘʤʠʯʝʩʢʠʭ ʧʨʦʷʚʣʝʥʠʡ ʛʦʨʥʦʛʦ ʜʘʚʣʝʥʠʷ, ʯʪʦ ʩʪʘʣʦ ʧʨʠʯʠʥʦʡ ʝʛʦ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʢʘʢ 

ʦʧʘʩʥʦʛʦ ʧʦ ʛʦʨʥʳʤ ʫʜʘʨʘʤ ʚ 1986 ʛ. ʩ ʛʣʫʙʠʥʳ ʥʠʞʝ ʛʦʨʠʟʦʥʪʘ +760 ʤ (ʛʣʫʙʠʥʘ ʦʪ 

ʧʦʚʝʨʭʥʦʩʪʠ ï 180 ʤ) [150]. ʉʦʛʣʘʩʥʦ ʩʧʝʮʠʘʣʴʥʳʤ ʞʫʨʥʘʣʘʤ ʫʯʸʪʘ ʥʘ ɻ ʪʦʤ ʤʝʩʪʦʨʦʞʜʝʥʠʠ 

ʟʘ ʧʦʩʣʝʜʥʠʝ 40 ʣʝʪ ʙʳʣʦ ʟʘʬʠʢʩʠʨʦʚʘʥʦ ʩʚʳʰʝ 2 ʪʳʩ. ʜʠʥʘʤʠʯʝʩʢʠʭ ʧʨʦʷʚʣʝʥʠʡ ʛʦʨʥʦʛʦ 

ʜʘʚʣʝʥʠʷ. 

 

ʈʠʩʫʥʦʢ. 2.1 ï ʉʭʝʤʘ ʨʘʩʧʦʣʦʞʝʥʠʷ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʖʞʥʦʝ 
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ʇʦʣʠʤʝʪʘʣʣʠʯʝʩʢʦʝ ʤʝʩʪʦʨʦʞʜʝʥʠʝ ʖʞʥʦʝ, ʥʘʭʦʜʷʱʝʝʩʷ ʚ ʂʨʘʩʥʦʨʝʯʝʥʩʢʦʤ 

ʨʫʜʥʦʤ ʧʦʣʝ ɼʘʣʴʥʝʛʦʨʩʢʦʛʦ ʧʦʷʩʘ, ʦʪʥʦʩʠʪʩʷ ʢ ʞʠʣʴʥʦʤʫ ʪʠʧʫ ʩ ʩʝʨʝʙʨʷʥʦ-ʩʚʠʥʮʦʚʦ-

ʮʠʥʢʦʚʦʡ ʤʠʥʝʨʘʣʠʟʘʮʠʝʡ. ʆʩʥʦʚʥʳʤ ʨʫʜʥʳʤ ʪʝʣʦʤ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʷʚʣʷʝʪʩʷ ʞʠʣʘ ˉ 4 

(ʨʠʩ. 2.2), ʢʦʪʦʨʘʷ ʧʨʝʜʩʪʘʚʣʝʥʘ ʤʘʩʩʠʚʥʳʤʠ ʧʦʣʦʩʯʘʪʳʤʠ ʩʫʣʴʬʠʜʥʳʤʠ ʠ ʢʘʨʙʦʥʘʪʥʦ-

ʩʫʣʴʬʠʜʥʳʤʠ ʨʫʜʘʤʠ. ʅʘ ʪʝʢʫʱʠʡ ʤʦʤʝʥʪ ʦʥʘ ʦʪʨʘʙʦʪʘʥʘ ʜʦ ʛʣʫʙʠʥʳ 520 ʤ ʠ 

ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʩʝʚʝʨʦ-ʚʦʩʪʦʯʥʳʤ ʧʨʦʩʪʠʨʘʥʠʝʤ (72Á) ʩ ʫʛʣʦʤ ʧʘʜʝʥʠʷ 45ï60Á. 

ʄʝʩʪʦʨʦʞʜʝʥʠʝ ʥʘʭʦʜʠʪʩʷ ʚ ʟʦʥʝ ʩʣʦʞʥʦʡ ʪʝʢʪʦʥʠʢʠ, ʦʧʨʝʜʝʣʷʝʤʦʡ ʨʝʛʠʦʥʘʣʴʥʳʤʠ 

ʩʜʚʠʛʦʚʳʤʠ ʧʝʨʝʤʝʱʝʥʠʷʤʠ. ʆʩʥʦʚʥʳʤʠ ʨʫʜʦʢʦʥʪʨʦʣʠʨʫʶʱʠʤʠ ʩʪʨʫʢʪʫʨʘʤʠ ʷʚʣʷʶʪʩʷ 

ʩʝʚʝʨʦ-ʚʦʩʪʦʯʥʳʝ ʨʘʟʣʦʤʳ, ʧʨʠʫʨʦʯʝʥʥʳʝ ʢ ʟʦʥʝ ʨʘʟʣʦʤʘ ʈʫʜʥʳʡ, ʘ ʪʘʢʞʝ ʩʝʚʝʨʦ-ʟʘʧʘʜʥʳʝ 

ʥʘʨʫʰʝʥʠʷ, ʩʚʷʟʘʥʥʳʝ ʩ ʨʝʛʠʦʥʘʣʴʥʳʤʠ ʨʘʟʣʦʤʘʤʠ. ʈʫʜʥʳʝ ʪʝʣʘ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ 

ʚʳʧʦʣʥʝʥʠʝʤ ʦʪʢʨʳʪʳʭ ʧʦʣʦʩʪʝʡ, ʙʝʟ ʚʳʨʘʞʝʥʥʦʛʦ ʤʝʪʘʩʦʤʘʪʦʟʘ, ʠ ʤʠʥʝʨʘʣʠʟʘʮʠʝʡ, 

ʧʨʝʜʩʪʘʚʣʝʥʥʦʡ ʛʘʣʝʥʠʪʦʤ, ʩʬʘʣʝʨʠʪʦʤ, ʜʞʝʤʩʦʥʠʪʦʤ, ʧʠʨʨʦʪʠʥʦʤ, ʘ ʪʘʢʞʝ ʞʠʣʴʥʳʤʠ 

ʤʠʥʝʨʘʣʘʤʠ, ʪʘʢʠʤʠ ʢʘʢ ʢʘʨʙʦʥʘʪʳ, ʢʚʘʨʮ ʠ ʘʢʩʠʥʠʪ. 

ʅʘ ʤʝʩʪʦʨʦʞʜʝʥʠʠ ʖʞʥʦʝ ʧʨʠʤʝʥʷʣʠʩʴ ʨʘʟʥʳʝ ʩʠʩʪʝʤʳ ʨʘʟʨʘʙʦʪʢʠ ʚ ʟʘʚʠʩʠʤʦʩʪʠ 

ʦʪ ʛʦʨʥʦʪʝʭʥʠʯʝʩʢʠʭ ʫʩʣʦʚʠʡ. ɼʦ 1986 ʛʦʜʘ ʠʩʧʦʣʴʟʦʚʘʣʘʩʴ ʩʠʩʪʝʤʘ ʩ ʧʦʜʵʪʘʞʥʳʤ 

ʤʘʛʘʟʠʥʠʨʦʚʘʥʠʝʤ ʨʫʜʳ, ʧʨʠ ʢʦʪʦʨʦʡ ʦʩʪʘʚʣʝʥʠʝ ʮʝʣʠʢʦʚ ʠ ʟʘʚʠʩʘʥʠʝ ʧʦʨʦʜ ʢʨʦʚʣʠ 

ʧʨʠʚʦʜʠʣʠ ʢ ʥʘʢʦʧʣʝʥʠʶ ʦʧʦʨʥʳʭ ʥʘʛʨʫʟʦʢ ʠ ʩʠʣʴʥʳʤ ʛʦʨʥʳʤ ʫʜʘʨʘʤ. ɺ ʨʝʟʫʣʴʪʘʪʝ 

ʤʝʩʪʦʨʦʞʜʝʥʠʝ ʥʘ ʛʣʫʙʠʥʘʭ ʥʠʞʝ ʛʦʨʠʟʦʥʪʘ 760 ʤ ʙʳʣʦ ʧʨʠʟʥʘʥʦ ʦʧʘʩʥʳʤ ʧʦ ʛʦʨʥʳʤ 

ʫʜʘʨʘʤ. 

 

ʈʠʩʫʥʦʢ 2.2 ï ʉʭʝʤʘ ʨʘʩʧʦʣʦʞʝʥʠʷ ʦʩʥʦʚʥʳʭ ʛʦʨʥʳʭ ʚʳʨʘʙʦʪʦʢ ʠ ʨʘʟʣʦʤʥʦʡ ʪʝʢʪʦʥʠʢʠ 

ʤʘʩʩʠʚʘ ʛʦʨʥʳʭ ʧʦʨʦʜ ʤʝʩʪʦʨʦʞʜʝʥʠʷ çʖʞʥʦʝè (ʚ ʧʨʦʝʢʮʠʠ ʥʘ ʨʫʜʥʫʶ ʞʠʣʫ ˉ 4): 

ʮʚʝʪʦʤ ʚʳʜʝʣʝʥʳ: ʢʨʘʩʥʳʡ ʨʦʤʙ ï ʤʝʩʪʘ ʛʦʨʥʳʭ ʫʜʘʨʦʚ; ʯʝʨʥʳʡ ʨʦʤʙ ï ʤʝʩʪʘ ʪʦʣʯʢʦʚ ʠ 

ʩʪʨʝʣʷʥʠʷ ʧʦʨʦʜ; ʟʝʣʝʥʳʡ ʢʨʫʛ ï ʨʘʩʧʦʣʦʞʝʥʠʝ ʜʘʪʯʠʢʦʚ ɸʉʂɻɼ çPrognoz-ADSè 
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ʉ 1986 ʛʦʜʘ ʜʣʷ ʩʥʠʞʝʥʠʷ ʫʜʘʨʦʦʧʘʩʥʦʩʪʠ ʚʥʝʜʨʠʣʠ ʩʠʩʪʝʤʫ ʧʦʜʵʪʘʞʥʳʭ ʰʪʨʝʢʦʚ 

ʩ ʦʪʨʘʙʦʪʢʦʡ ʩʚʝʨʭʫ ʚʥʠʟ ʠ ʫʩʪʨʘʥʝʥʠʝʤ ʤʝʞʵʪʘʞʥʳʭ ʮʝʣʠʢʦʚ, ʯʪʦ ʧʦʟʚʦʣʠʣʦ ʧʨʘʢʪʠʯʝʩʢʠ 

ʠʩʢʣʶʯʠʪʴ ʨʘʟʨʫʰʠʪʝʣʴʥʳʝ ʫʜʘʨʳ ʩ 1991 ʛʦʜʘ. ʆʜʥʘʢʦ ʨʦʩʪ ʧʣʦʱʘʜʠ ʦʪʨʘʙʦʪʘʥʥʦʛʦ 

ʧʨʦʩʪʨʘʥʩʪʚʘ ʠ ʦʪʩʫʪʩʪʚʠʝ ʦʙʨʫʰʝʥʠʷ ʧʦʨʦʜ ʧʨʠʚʝʣʠ ʢ ʘʢʪʠʚʠʟʘʮʠʠ ʛʣʫʙʠʥʥʳʭ ʪʦʣʯʢʦʚ. 

ɺ ʧʦʩʣʝʜʥʝʝ ʚʨʝʤʷ ʥʘ ʤʝʩʪʦʨʦʞʜʝʥʠʠ ʩʢʣʘʜʳʚʘʝʪʩʷ ʩʣʦʞʥʘʷ ʛʝʦʤʝʭʘʥʠʯʝʩʢʘʷ 

ʩʠʪʫʘʮʠʷ, ʧʨʦʷʚʣʷʶʱʘʷʩʷ ʚ ʪʦʤ, ʯʪʦ ʥʘʨʷʜʫ ʩ ʣʦʢʘʣʴʥʳʤʠ ʜʠʥʘʤʠʯʝʩʢʠʤʠ ʧʨʦʷʚʣʝʥʠʷʤʠ 

ʚʩʝ ʙʦʣʴʰʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʧʦʣʫʯʘʶʪ ʧʨʦʷʚʣʝʥʠʷ ʪʝʭʥʦʛʝʥʥʦʡ ʩʝʡʩʤʠʯʥʦʩʪʠ, ʚ ʨʷʜʝ 

ʩʣʫʯʘʝʚ ʩʦʧʨʦʚʦʞʜʘʶʱʠʝʩʷ ʨʘʟʨʫʰʝʥʠʷʤʠ ʛʦʨʥʳʭ ʚʳʨʘʙʦʪʦʢ [151]. ʋ ʚʳʨʘʙʦʪʦʢ, 

ʦʨʠʝʥʪʠʨʦʚʘʥʥʳʭ ʧʦ ʦʧʨʝʜʝʣʸʥʥʳʤ ʘʟʠʤʫʪʘʤ, ʥʘʙʣʶʜʘʶʪʩʷ ʜʝʬʦʨʤʘʮʠʠ ʢʨʦʚʣʠ, 

ʫʢʘʟʳʚʘʶʱʠʝ ʥʘ ʧʨʝʦʙʣʘʜʘʥʠʝ ʛʦʨʠʟʦʥʪʘʣʴʥʳʭ ʥʘʧʨʷʞʝʥʠʡ. ʀʩʩʣʝʜʦʚʘʥʠʷ ʧʦʢʘʟʘʣʠ, ʯʪʦ 

ʧʦʣʝ ʥʘʧʨʷʞʝʥʠʡ ʥʝʦʜʥʦʨʦʜʥʦ, ʩ ʧʨʝʦʙʣʘʜʘʥʠʝʤ ʩʫʙʛʦʨʠʟʦʥʪʘʣʴʥʳʭ ʩʞʠʤʘʶʱʠʭ 

ʥʘʧʨʷʞʝʥʠʡ, ʦʨʠʝʥʪʠʨʦʚʘʥʥʳʭ ʚ ʩʝʚʝʨʦ-ʚʦʩʪʦʯʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ, ʢʦʪʦʨʳʝ ʧʨʝʚʳʰʘʶʪ 

ʛʨʘʚʠʪʘʮʠʦʥʥʫʶ ʩʦʩʪʘʚʣʷʶʱʫʶ ʚ 1,6 ʨʘʟʘ (ʪʘʙʣʠʮʘ 2.1). ɼʘʥʥʳʝ GPS-ʥʘʙʣʶʜʝʥʠʡ 

ʧʦʜʪʚʝʨʞʜʘʶʪ ʜʚʠʞʝʥʠʝ ʪʝʢʪʦʥʠʯʝʩʢʠʭ ʙʣʦʢʦʚ ʩʦ ʩʢʦʨʦʩʪʴʶ 3,5-4 ʩʤ/ʛʦʜ ʚ ʶʛʦ-ʚʦʩʪʦʯʥʦʤ 

ʥʘʧʨʘʚʣʝʥʠʠ [152, 153]. 

 

ʊʘʙʣʠʮʘ 2.1 ï ʇʘʨʘʤʝʪʨʳ ʛʣʘʚʥʳʭ ʥʘʧʨʷʞʝʥʠʡ ʠ ʵʣʝʤʝʥʪʳ ʟʘʣʝʛʘʥʠʷ ʨʫʜʥʳʭ ʪʝʣ 

ʤʝʩʪʦʨʦʞʜʝʥʠʷ 

ʋʛʦʣ ʧʘʜʝʥʠʷ 

ʨʫʜʥʳʭ ʪʝʣ, ʛʨʘʜ. 

ɸʟʠʤʫʪ                  

ʧʨʦʩʪʠʨʘʥʠʷ 

ʨʫʜʥʳʭ ʪʝʣ, ʛʨʘʜ. 

ʇʘʨʘʤʝʪʨʳ ʛʣʘʚʥʳʭ ʥʘʧʨʷʞʝʥʠʡ (ʚ ʯʠʩʣʠʪʝʣʝ ï ʘʟʠʤʫʪ 

ʥʘʧʨʘʚʣʝʥʠʷ ʜʝʡʩʪʚʠʷ, ʚ ʟʥʘʤʝʥʘʪʝʣʝ ʚʝʣʠʯʠʥʘ ʥʘʧʨʷʞʝʥʠʡ) * 
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*g ï ʚʝʩ ʧʦʨʦʜ, ʢʛ/ʤ3; H ï ʛʣʫʙʠʥʘ ʦʪ ʧʦʚʝʨʭʥʦʩʪʠ, ʤ 

 

ʄʝʩʪʦʨʦʞʜʝʥʠʝ ʥʘʭʦʜʠʪʩʷ ʚ ʛʝʦʜʠʥʘʤʠʯʝʩʢʠ ʘʢʪʠʚʥʦʡ ʟʦʥʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ 

ʣʠʪʦʩʬʝʨʥʳʭ ʧʣʠʪ, ʯʪʦ ʜʦʧʦʣʥʠʪʝʣʴʥʦ ʫʩʣʦʞʥʷʝʪ ʫʩʣʦʚʠʷ ʚʝʜʝʥʠʷ ʨʘʙʦʪ. ɺʤʝʱʘʶʱʠʝ 

ʧʦʨʦʜʳ ʦʙʣʘʜʘʶʪ ʚʳʩʦʢʠʤʠ ʧʨʦʯʥʦʩʪʥʳʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ (ʪʘʙʣʠʮʘ 2.2) ʠ 

ʩʧʦʩʦʙʥʦʩʪʴʶ ʢ ʥʘʢʦʧʣʝʥʠʶ ʧʦʪʝʥʮʠʘʣʴʥʦʡ ʵʥʝʨʛʠʠ, ʯʪʦ ʧʦʚʳʰʘʝʪ ʨʠʩʢ ʜʠʥʘʤʠʯʝʩʢʦʛʦ 

ʨʘʟʨʫʰʝʥʠʷ. ʅʘ ʛʣʫʙʦʢʠʭ ʛʦʨʠʟʦʥʪʘʭ ʦʪʤʝʯʘʝʪʩʷ ʚʳʩʦʢʘʷ ʠʟʤʝʥʯʠʚʦʩʪʴ ʟʘʣʝʛʘʥʠʷ ʨʫʜʥʳʭ 

ʪʝʣ ʠ ʥʘʧʨʷʞʸʥʥʦʝ ʩʦʩʪʦʷʥʠʝ ʤʘʩʩʠʚʘ, ʯʪʦ ʩʦʟʜʘʸʪ ʫʩʣʦʚʠʷ ʜʣʷ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʪʦʣʯʢʦʚ ʠ 

ʛʦʨʥʳʭ ʫʜʘʨʦʚ. 

ʉ ʫʚʝʣʠʯʝʥʠʝʤ ʛʣʫʙʠʥʳ ʨʘʟʨʘʙʦʪʢʠ ʨʘʩʪʸʪ ʦʙʲʸʤ ʚʳʨʘʙʦʪʘʥʥʳʭ ʧʨʦʩʪʨʘʥʩʪʚ, ʯʪʦ 

ʫʩʠʣʠʚʘʝʪ ʛʝʦʤʝʭʘʥʠʯʝʩʢʠʝ ʠ ʛʝʦʜʠʥʘʤʠʯʝʩʢʠʝ ʧʨʦʮʝʩʩʳ [154-157]. ʀʩʩʣʝʜʦʚʘʥʠʷ 

ʧʦʜʪʚʝʨʜʠʣʠ ʫʜʘʨʦʦʧʘʩʥʦʩʪʴ ʥʠʞʥʝʡ ʯʘʩʪʠ ʤʝʩʪʦʨʦʞʜʝʥʠʷ (+480é+100 ʤ), ʛʜʝ ʩʦʩʪʦʷʥʠʝ 

ʤʘʩʩʠʚʘ ʚʘʨʴʠʨʫʝʪʩʷ ʦʪ ʫʩʪʦʡʯʠʚʦʛʦ ʜʦ ʥʝʫʩʪʦʡʯʠʚʦʛʦ. ʇʝʨʝʨʘʩʧʨʝʜʝʣʝʥʠʝ ʥʘʧʨʷʞʝʥʠʡ 
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ʧʨʠ ʦʪʨʘʙʦʪʢʝ ʙʣʦʢʦʚ ʚʳʟʳʚʘʝʪ ʠʭ ʣʦʢʘʣʴʥʦʝ ʫʚʝʣʠʯʝʥʠʝ ʚ 1,5ï2,5 ʨʘʟʘ, ʯʪʦ ʪʨʝʙʫʝʪ 

ʧʨʠʤʝʥʝʥʠʷ ʛʝʦʤʝʭʘʥʠʯʝʩʢʦʛʦ ʤʦʥʠʪʦʨʠʥʛʘ ʠ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʭ ʤʝʨ ʧʦ ʧʦʜʜʝʨʞʘʥʠʶ 

ʚʳʨʘʙʦʪʦʢ. 

 

ʊʘʙʣʠʮʘ 2.2 ï ʌʠʟʠʢʦ-ʤʝʭʘʥʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʨʫʜ ʠ ʚʤʝʱʘʶʱʠʭ ʧʦʨʦʜ 

ʃʠʪʦʣʦʛʠʯʝʩʢʠʝ 

ʥʘʠʤʝʥʦʚʘʥʠʷ 

ʨʫʜ, ʚʤʝʱʘʶʱʠʭ 

ʧʦʨʦʜ 

ʇʣʦʪʥʦʩʪʴ  
g , ʪ/ʤ3 

ʇʦʨʠʩʪʦʩʪʴ 

P , % 

ɼʝʬʦʨʤʘʮʠʦʥʥʳʝ ʩʚʦʡʩʪʚʘ 
ʇʨʦʯʥʦʩʪʴ 

ʥʘ ʩʞʘʪʠʝ 

ʩʞ
s , ʄʇʘ 

ʇʨʦʯʥʦʩʪʴ 

ʧʨʠ 

ʨʘʩʪʷʞʝʥʠʠ 

ʨ
s , ʄʇʘ 

ʂʦʵʬʬʠʮʠʝʥʪ 

ʫʜʘʨʦʦʧʘʩʥʦʩʪ

ʠ 
ʫ

ʂ , % 

ʄʦʜʫʣʴ                               

ʫʧʨʫʛʦʩʪʠ 

104E³ , 

ʄʇʘ 

ʂʦʵʬʬʠʮʠʝʥʪ 

ʇʫʘʩʩʦʥʘ m   

ʇʝʩʯʘʥʠʢʠ 

ʤʘʩʩʠʚʥʳʝ 
2,65 1,3 6,0 0,25 129,3 10,2 92 

ʇʝʩʯʘʥʠʢʠ ʩ 

ʧʨʦʩʣʦʷʤʠ 

ʘʣʝʚʨʦʣʠʪʦʚ 

2,70 1,5 5,9 0,26 80,3 9,0 78 

ɸʣʝʚʨʦʣʠʪʳ 

ʦʢʨʝʤʝʥʝʣʳʝ 
2,69 1,2 6,1 0,25 117,3 10,5 85 

ʂʚʘʨʮʝʚʳʝ 

ʜʠʦʨʠʪʳ 
2,70 2,5 6,5 0,24 160,5 15,0 87 

ʄʘʩʩʠʚʥʘʷ 

ʩʫʣʴʬʠʜʥʘʷ ʨʫʜʘ 
3,25 3,0 5,3 0,26 147,0 12,0 80 

ʂʚʘʨʮʝʚʦ-

ʢʘʨʙʦʥʘʪʥʦ-

ʩʫʣʴʬʠʜʥʘʷ ʨʫʜʘ 

3,10 2,8 4,9 0,28 62,8 7,0 75 

 

ʅʘ ʨʠʩʫʥʢʝ 2.3 ʦʪʨʘʞʝʥʘ ʩʪʘʪʠʩʪʠʢʘ ʩʣʫʯʘʝʚ ʜʠʥʘʤʠʯʝʩʢʠʭ ʧʨʦʷʚʣʝʥʠʡ ʛʦʨʥʦʛʦ 

ʜʘʚʣʝʥʠʷ ʥʘ ʤʝʩʪʦʨʦʞʜʝʥʠʠ ʖʞʥʦʝ ʟʘ ʧʦʩʣʝʜʥʠʝ ʥʝʩʢʦʣʴʢʦ ʜʝʩʷʪʢʦʚ ʣʝʪ. ʅʘʠʙʦʣʝʝ 

ʤʥʦʛʦʯʠʩʣʝʥʥʦʡ ʛʨʫʧʧʦʡ ʧʨʦʷʚʣʝʥʠʡ ʚʳʩʪʫʧʘʶʪ ʧʦʜʟʝʤʥʳʝ ʪʦʣʯʢʠ. ɸʥʘʣʠʟ ʧʨʦʷʚʣʝʥʠʡ 

ʧʦʢʘʟʘʣ, ʯʪʦ ʚʳʜʝʣʷʶʪʩʷ ʦʪʜʝʣʴʥʳʝ ʧʝʨʠʦʜʳ ʧʦ ʧʨʝʦʙʣʘʜʘʥʠʶ ʠʣʠ ʦʪʩʫʪʩʪʚʠʶ 

ʦʧʨʝʜʝʣʝʥʥʳʭ ʪʠʧʦʚ ʧʨʦʷʚʣʝʥʠʡ. ʊʘʢ, ʥʘʧʨʠʤʝʨ ʟʘ ʧʝʨʠʦʜ ʩ ʤʘʨʪʘ 2017 ʛ. ʧʦ ʤʘʨʪ 2018 ʛ. 

ʥʝ ʨʝʛʠʩʪʨʠʨʦʚʘʣʠʩʴ ʩʪʨʝʣʷʥʠʷ ʚ ʤʘʩʩʠʚʝ, ʘ ʩ ʤʘʨʪʘ 2018 ʛ. ʧʦ ʘʧʨʝʣʴ 2018 ʛ. ʙʳʣʠ 

ʟʘʬʠʢʩʠʨʦʚʘʥʳ ʪʦʣʴʢʦ ʟʘʢʦʣʦʦʙʨʘʟʦʚʘʥʠʷ ʠ ʩʪʨʝʣʷʥʠʷ. ʊʘʢʠʝ ʭʘʨʘʢʪʝʨʥʳʝ ʧʨʠʟʥʘʢʠ 

ʥʘʙʣʶʜʘʶʪʩʷ ʥʘ ʦʪʜʝʣʴʥʳʭ ʚʨʝʤʝʥʥʳʭ ʧʝʨʠʦʜʘʭ. ʇʨʠ ʘʥʘʣʠʟʝ ʦʪʜʝʣʴʥʳʭ ʪʠʧʦʚ 

ʧʨʦʷʚʣʝʥʠʡ ʟʘ ʧʦʩʣʝʜʥʠʝ ʥʝʩʢʦʣʴʢʦ ʣʝʪ ʙʳʣʦ ʟʘʤʝʯʝʥʦ, ʯʪʦ ʚʩʝ ʩʪʨʝʣʷʥʠʷ ʙʳʣʠ ʚʳʟʚʘʥʳ 

ʧʨʠʨʦʜʥʳʤʠ ʪʨʠʛʛʝʨʘʤʠ, ʘ ʦʢʦʣʦ ʪʨʝʪʠ ʪʦʣʯʢʦʚ ï ʚʟʨʳʚʥʳʤʠ ʨʘʙʦʪʘʤʠ. 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʤʝʩʪ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʜʠʥʘʤʠʯʝʩʢʠʭ ʩʦʙʳʪʠʡ ʚ 2021 ʠ 2022 ʛʛ. 

ʧʦʢʘʟʳʚʘʝʪ ʩʣʝʜʫʶʱʫʶ ʟʘʢʦʥʦʤʝʨʥʦʩʪʴ (ʨʠʩ. 2.4): ʥʘʠʙʦʣʴʰʝʝ ʢʦʣʠʯʝʩʪʚʦ 

ʟʘʬʠʢʩʠʨʦʚʘʥʥʳʭ ʩʣʫʯʘʝʚ ʦʪʤʝʯʝʥʦ ʥʘ ʛʣʫʙʠʥʘʭ 477 ʤ ʠ 471 ʤ, ʚ ʦʩʥʦʚʥʦʤ ʥʘ ʧʝʨʝʩʝʯʝʥʠʠ 

ʛʦʨʥʳʭ ʚʳʨʘʙʦʪʦʢ ʩ ʨʘʟʣʦʤʦʤ ʈʫʜʥʳʡ. ʄʠʥʠʤʘʣʴʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʩʦʙʳʪʠʡ 

ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʦ ʥʘ ʫʨʦʚʥʝ 450 ʤ. ʇʨʠ ʵʪʦʤ ʥʘʙʣʶʜʘʝʪʩʷ ʪʝʥʜʝʥʮʠʷ ʢ ʫʚʝʣʠʯʝʥʠʶ 

ʢʦʣʠʯʝʩʪʚʘ ʩʣʫʯʘʝʚ ʧʦ ʤʝʨʝ ʫʛʣʫʙʣʝʥʠʷ, ʥʘʯʠʥʘʷ ʩ ʦʪʤʝʪʢʠ 450 ʤ ʠ ʜʦ 477 ʤ. 
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ʈʠʩʫʥʦʢ 2.3 ï ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʢʦʣʠʯʝʩʪʚʘ ʜʠʥʘʤʠʯʝʩʢʠʭ ʧʨʦʷʚʣʝʥʠʡ ʥʘ ʤʝʩʪʦʨʦʞʜʝʥʠʠ 

ʖʞʥʦʝ ʟʘ 1997-2023 ʛʛ. 

 

 

ʈʠʩʫʥʦʢ 2.4 ï ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʥʳʭ ʪʦʣʯʢʦʚ ʥʘ ʤʝʩʪʦʨʦʞʜʝʥʠʠ ʖʞʥʦʝ ʚ 

2021-2022 ʛʛ. ʧʦ ʛʣʫʙʠʥʝ ʧʨʦʷʚʣʝʥʠʡ 

 

ʅʘʙʣʶʜʝʥʠʝ ʟʘ ʨʘʟʣʦʤʦʤ ʈʫʜʥʳʡ (ʨʠʩ. 2.5) ʧʨʦʚʦʜʠʣʦʩʴ ʩ ʧʨʠʤʝʥʝʥʠʝ ʨʝʧʝʨʥʳʭ 

ʩʪʘʥʮʠʡ. ɹʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ ʫʩʢʦʨʝʥʠʝ ʨʘʟʚʠʪʠʷ ʧʦʣʦʩʪʠ ʚʜʦʣʴ ʨʘʟʣʦʤʘ ʥʘ ʛʦʨʠʟʦʥʪʝ +480 

ʤ ʩ 2017 ʧʦ 2020 ʛʦʜʳ. ʕʪʦ ʫʢʘʟʳʚʘʝʪ ʥʘ ʫʩʠʣʝʥʠʝ ʜʝʬʦʨʤʘʮʠʦʥʥʳʭ ʧʨʦʮʝʩʩʦʚ, ʯʪʦ ʩʚʷʟʘʥʦ 

ʩ ʨʦʩʪʦʤ ʢʫʧʦʣʘ ʦʙʨʫʰʝʥʠʷ ʠ ʫʛʣʫʙʣʝʥʠʝʤ ʛʦʨʥʳʭ ʨʘʙʦʪ. ʊʘʢʞʝ ʙʳʣʠ ʦʙʥʘʨʫʞʝʥʳ 

ʨʘʟʣʠʯʠʷ ʚ ʢʦʣʝʙʘʥʠʷʭ ʙʣʦʢʦʚ ʧʦʨʦʜ ʧʨʘʚʦʛʦ ʠ ʣʝʚʦʛʦ ʙʝʨʝʛʦʚ ʨʘʟʣʦʤʘ, ʯʪʦ ʫʢʘʟʳʚʘʝʪ ʥʘ 

ʥʝʦʜʥʦʨʦʜʥʦʩʪʴ ʥʘʧʨʷʞʝʥʠʡ ʚ ʤʘʩʩʠʚʝ. ɼʣʷ ʧʨʘʚʦʛʦ ʙʝʨʝʛʘ ʭʘʨʘʢʪʝʨʥʳ ʩʠʥʬʘʟʥʳʝ 

ʢʦʣʝʙʘʥʠʷ, ʘ ʜʣʷ ʣʝʚʦʛʦ ï ʧʨʦʪʠʚʦʬʘʟʥʳʝ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʢ ʥʘʩʪʦʷʱʝʤʫ ʚʨʝʤʝʥʠ ʥʘ ʤʝʩʪʦʨʦʞʜʝʥʠʠ ʖʞʥʦʝ ʥʘʙʣʶʜʘʶʪʩʷ 

ʩʣʦʞʥʳʝ ʛʦʨʥʦ-ʛʝʦʣʦʛʠʯʝʩʢʠʝ ʫʩʣʦʚʠʷ, ʦʙʫʩʣʦʚʣʝʥʥʳʝ ʧʦʥʠʞʝʥʠʝʤ ʛʣʫʙʠʥʳ ʦʪʨʘʙʦʪʢʠ ʠ 
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ʥʘʢʦʧʣʝʥʠʝʤ ʟʥʘʯʠʪʝʣʴʥʦʛʦ ʦʙʲʝʤʘ ʥʝʧʦʛʘʰʝʥʥʦʛʦ ʚʳʨʘʙʦʪʘʥʥʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ, ʫʯʝʪ 

ʢʦʪʦʨʦʛʦ ʠʤʝʝʪ ʙʦʣʴʰʦʝ ʟʥʘʯʝʥʠʝ ʚ ʦʙʱʝʡ ʦʮʝʥʢʝ ʛʝʦʤʝʭʘʥʠʯʝʩʢʠʭ ʫʩʣʦʚʠʡ ʨʘʟʨʘʙʦʪʢʠ 

ʛʣʫʙʦʢʠʭ ʛʦʨʠʟʦʥʪʦʚ ʨʫʜʥʠʢʘ. ɹʝʟʦʧʘʩʥʦʩʪʴ ʠ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʛʦʨʥʳʭ ʨʘʙʦʪ ʚ ʧʦʜʦʙʥʳʭ 

ʫʩʣʦʚʠʷʭ ʚʦ ʤʥʦʛʦʤ ʟʘʚʠʩʷʪ ʦʪ ʩʚʦʝʚʨʝʤʝʥʥʦʛʦ ʧʨʦʛʥʦʟʘ ʟʦʥ ʦʧʘʩʥʳʭ ʢʦʥʮʝʥʪʨʘʮʠʡ 

ʥʘʧʨʷʞʝʥʠʡ, ʘ ʪʘʢʞʝ ʦʪ ʪʦʯʥʦʡ ʦʮʝʥʢʠ ʩʪʝʧʝʥʠ ʚʣʠʷʥʠʷ ʨʷʜʘ ʧʨʠʨʦʜʥʳʭ ʠ ʪʝʭʥʦʛʝʥʥʳʭ 

ʬʘʢʪʦʨʦʚ ʥʘ ʠʟʤʝʥʝʥʠʝ ʥʘʧʨʷʞʝʥʥʦ-ʜʝʬʦʨʤʠʨʦʚʘʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ (ʅɼʉ) ʢʦʥʩʪʨʫʢʪʠʚʥʳʭ 

ʵʣʝʤʝʥʪʦʚ ʧʨʠʤʝʥʷʝʤʦʡ ʩʠʩʪʝʤʳ ʨʘʟʨʘʙʦʪʢʠ.  

     
ʈʠʩʫʥʦʢ 2.5 ï ʌʦʨʤʠʨʦʚʘʥʠʝ ʧʦʣʦʩʪʠ ʚʜʦʣʴ ʨʘʟʣʦʤʘ çʈʫʜʥʳʡè ʥʘ ʛʦʨ. +480 ʤ ʚ 2017 ʛ. 

(ʚʝʨʭʥʠʝ ʬʦʪʦ) ʠ ʚ 2020 ʛ. (ʥʠʞʥʠʝ)  

 

ʇʨʘʢʪʠʢʘ ʛʦʨʥʳʭ ʨʘʙʦʪ ʧʦʢʘʟʘʣʘ, ʯʪʦ ʟʘʙʣʘʛʦʚʨʝʤʝʥʥʦ ʚʳʜʝʣʠʪʴ ʧʦʪʝʥʮʠʘʣʴʥʦ 

ʫʜʘʨʦʦʧʘʩʥʳʝ ʫʯʘʩʪʢʠ ʚ ʨʫʜʥʠʯʥʦʤ ʧʦʣʝ ʠ ʨʘʟʨʘʙʦʪʘʪʴ ʵʬʬʝʢʪʠʚʥʳʝ ʨʝʢʦʤʝʥʜʘʮʠʠ ʧʦ 

ʫʧʨʘʚʣʝʥʠʶ ʛʦʨʥʳʤ ʜʘʚʣʝʥʠʝʤ ʚʦʟʤʦʞʥʦ ʚ ʨʝʟʫʣʴʪʘʪʝ ʧʨʠʤʝʥʝʥʠʷ ʛʝʦʤʝʭʘʥʠʯʝʩʢʦʡ 

ʩʠʩʪʝʤʳ ʠʣʠ ʮʝʣʦʛʦ ʢʦʤʧʣʝʢʩʘ ʨʝʛʠʦʥʘʣʴʥʳʭ ʠ ʣʦʢʘʣʴʥʳʭ ʤʝʪʦʜʦʚ ʦʮʝʥʢʠ ʠ ʢʦʥʪʨʦʣʷ 

ʛʝʦʤʝʭʘʥʠʯʝʩʢʦʛʦ ʩʦʩʪʦʷʥʠʷ ʤʘʩʩʠʚʘ ʛʦʨʥʳʭ ʧʦʨʦʜ [158, 159]. ʇʨʠ ʵʪʦʤ ʚʘʞʥʳʤ ʫʩʣʦʚʠʝʤ 

ʷʚʣʷʝʪʩʷ ʜʣʠʪʝʣʴʥʦʩʪʴ ʠ ʙʝʩʧʝʨʝʙʦʡʥʦʩʪʴ ʦʩʫʱʝʩʪʚʣʝʥʠʷ ʤʦʥʠʪʦʨʠʥʛʘ ʪʘʢʠʤʠ ʩʠʩʪʝʤʘʤʠ, 

ʩ ʮʝʣʴʶ ʧʦʣʫʯʝʥʠʷ ʜʦʩʪʘʪʦʯʥʦʛʦ ʦʙʲʝʤʘ ʬʘʢʪʠʯʝʩʢʠʭ ʜʘʥʥʳʭ ʦ ʛʝʦʤʝʭʘʥʠʯʝʩʢʦʤ 

ʩʦʩʪʦʷʥʠʠ ʧʦʨʦʜʥʦʛʦ ʤʘʩʩʠʚʘ [160]. 

ʉʝʡʩʤʦʘʢʫʩʪʠʯʝʩʢʘʷ ʩʠʩʪʝʤʘ çPrognoz-ADSè ʙʳʣʘ ʫʩʪʘʥʦʚʣʝʥʘ ʥʘ ʫʯʘʩʪʢʝ 

çʖʞʥʳʡè ʨʫʜʥʠʢʘ ç2ʡ ʉʦʚʝʪʩʢʠʡè, ʦʪʨʘʙʘʪʳʚʘʶʱʝʛʦ ʤʝʩʪʦʨʦʞʜʝʥʠʝ ʖʞʥʦʝ, ʚ ʜʝʢʘʙʨʝ 

2022 ʛ. [161]. ʆʥʘ ʚʢʣʶʯʘʝʪ ʧʦʜʟʝʤʥʳʝ ʠ ʧʦʚʝʨʭʥʦʩʪʥʳʝ ʵʣʝʤʝʥʪʳ, ʠ ʩʦʩʪʦʠʪ ʠʟ ʩʝʪʠ 16 
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ʜʘʪʯʠʢʦʚ (ʤʦʜʝʣʴ 1V421TA) ʠ ʮʠʬʨʦʚʳʭ ʧʨʠʝʤʥʳʭ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʝʡ (ʎʇʇ RADCi40). 

ʇʦʜʢʣʶʯʝʥʠʝ ʚʩʝʭ ʢʦʤʧʦʥʝʥʪʦʚ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʯʝʨʝʟ ʢʦʤʤʫʪʘʮʠʦʥʥʳʡ ʫʟʝʣ, 

ʨʘʩʧʦʣʦʞʝʥʥʳʡ ʚ ʧʦʜʟʝʤʥʦʡ ʘʧʧʘʨʘʪʥʦʡ, ʘ ʢʦʥʪʨʦʣʴ ʠ ʦʙʨʘʙʦʪʢʘ ʜʘʥʥʳʭ ʧʨʦʚʦʜʷʪʩʷ ʚ 

ʮʝʥʪʨʝ ʫʧʨʘʚʣʝʥʠʷ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ (ʨʠʩ. 2.6). ʊʝʭʥʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ɸʉʂɻɼ ʥʘ 

ʤʝʩʪʦʨʦʞʜʝʥʠʠ ʖʞʥʦʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣʠʮʝ 2.3. 

 
ʈʠʩʫʥʦʢ 2.6 ï ʆʙʱʘʷ ʩʪʨʫʢʪʫʨʥʘʷ ʩʭʝʤʘ ɸʉʂɻɼ çPrognoz-ADSè ʥʘ ʤʝʩʪʦʨʦʞʜʝʥʠʠ 

ʖʞʥʦʝ (ʨʫʜʥʠʢ ç2ʡ ʉʦʚʝʪʩʢʠʡè, ʫʯʘʩʪʦʢ çʖʞʥʳʡè) 
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ʊʘʙʣʠʮʘ 2.3 ï ʊʝʭʥʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ɸʉʂɻɼ çPrognoz-ADSè, ʫʩʪʘʥʦʚʣʝʥʥʦʡ ʥʘ 

ʤʝʩʪʦʨʦʞʜʝʥʠʠ ʖʞʥʦʝ 

ʍʘʨʘʢʪʝʨʠʩʪʠʢʘ ɿʥʘʯʝʥʠʝ 

ʏʠʩʣʦ ʢʘʥʘʣʦʚ ʧʨʠʝʤʘ ʘʢʫʩʪʠʯʝʩʢʠʭ ʩʠʛʥʘʣʦʚ 4 

ʂʦʣʠʯʝʩʪʚʦ ʧʨʠʝʤʥʳʭ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʝʡ 1V421TA 16 

ʏʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ ʧʨʠʝʤʥʳʭ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʝʡ 1V421TA, V/g 10 

ʈʘʙʦʯʠʡ ʜʠʘʧʘʟʦʥ ʯʘʩʪʦʪ 1V421TA, ʢɻʮ ʦʪ 0,2 ʜʦ 12 

ɼʠʩʪʘʥʮʠʷ ʤʝʞʜʫ ʩʤʝʞʥʳʤʠ ʜʘʪʯʠʢʘʤʠ ʚ ʘʥʪʝʥʥʝ, ʤ 60 Ò 120 

ʄʦʱʥʦʩʪʴ ʧʦʪʨʝʙʣʝʥʠʷ RADCi40, ɺʪ Ò 3 

ʅʘʧʨʷʞʝʥʠʝ ʧʠʪʘʥʠʷ RADCi40, ɺ 24 

ɼʠʥʘʤʠʯʝʩʢʠʡ ʜʠʘʧʘʟʦʥ ʧʦ ʚʭʦʜʥʦʤʫ ʥʘʧʨʷʞʝʥʠʶ, ʜɹ 100 

ɼʠʘʧʘʟʦʥ ʵʥʝʨʛʠʠ ʨʝʛʠʩʪʨʠʨʫʝʤʳʭ ʠʩʪʦʯʥʠʢʦʚ, ɼʞ Ò 10ɽ5 

ʉʢʦʨʦʩʪʴ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ, ʂʙʠʪ/ʩ Ò 230,4 

ɼʠʩʪʘʥʮʠʷ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ ʯʝʨʝʟ ʤʦʜʝʤ, ʤ Ò 3500 

ʊʦʯʥʦʩʪʴ ʦʧʨʝʜʝʣʝʥʠʷ ʢʦʦʨʜʠʥʘʪ ʠʩʪʦʯʥʠʢʘ ɸʕ ʩʠʛʥʘʣʘ, ʤ Ò 10 

ʇʝʨʠʦʜ ʦʧʨʦʩʘ RADCi40, ʩ 10 

ʄʦʱʥʦʩʪʴ ʧʦʪʨʝʙʣʝʥʠʷ ɸʉʂɻɼ ʧʦʜʟʝʤʥʦʡ ʯʘʩʪʠ, ʢɺʪ Ò 1,5 

ɺʨʝʤʷ ʘʚʪʦʥʦʤʥʦʡ ʨʘʙʦʪʳ ʧʦʜʟʝʤʥʦʡ ʯʘʩʪʠ ɸʉʂɻɼ, ʯ Ò 12 

 

ʆʜʥʠʤ ʠʟ ʦʩʥʦʚʥʳʭ ʵʣʝʤʝʥʪʦʚ ʩʠʩʪʝʤʳ ʷʚʣʷʝʪʩʷ ʢʦʤʤʫʪʘʮʠʦʥʥʳʡ ʰʢʘʬ, 

ʦʩʥʘʱʝʥʥʳʡ ʠʩʪʦʯʥʠʢʘʤʠ ʧʠʪʘʥʠʷ ʎʇʇ PSUt1 ʩ ʩʠʥʭʨʦʥʠʟʘʪʦʨʦʤ ʚʨʝʤʝʥʠ, ʇʂ ʩ ʧʣʘʪʦʡ 

ʧʨʦʤʳʰʣʝʥʥʦʛʦ ʮʠʬʨʦʚʦʛʦ ʠʥʪʝʨʬʝʡʩʘ RS-485 (8 ʧʦʨʪʦʚ). ʕʣʝʢʪʨʦʧʠʪʘʥʠʝ ʦʩʥʦʚʥʦʛʦ 

ʙʣʦʢʘ ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ ʩʠʩʪʝʤʦʡ ʙʝʩʧʝʨʝʙʦʡʥʦʛʦ ʧʠʪʘʥʠʷ, ʩʦʩʪʦʷʱʝʡ ʠʟ ʪʨʘʥʩʬʦʨʤʘʪʦʨʘ, 

ʩʪʘʙʠʣʠʟʘʪʦʨʘ, ʘʢʢʫʤʫʣʷʪʦʨʥʳʭ ʙʘʪʘʨʝʡ, ʙʣʦʢʦʚ ʧʠʪʘʥʠʷ ʧʦʩʪʦʷʥʥʦʛʦ ʪʦʢʘ ʥʘ 12 ɺ ʠ 24 ɺ 

(ʨʠʩ. 2.7). ʆʧʝʨʘʪʦʨ ʩʠʩʪʝʤʳ ʦʪʩʣʝʞʠʚʘʝʪ ʜʘʥʥʳʝ ʠ ʫʧʨʘʚʣʷʝʪ ʵʣʝʤʝʥʪʘʤʠ ʤʦʥʠʪʦʨʠʥʛʘ 

ʯʝʨʝʟ ɸʈʄ, ʨʘʩʧʦʣʦʞʝʥʥʳʡ ʚ ʘʜʤʠʥʠʩʪʨʘʪʠʚʥʦʤ ʟʜʘʥʠʠ ʨʫʜʥʠʢʘ. 

 
ʈʠʩʫʥʦʢ 2.7 ï ʆʩʥʦʚʥʳʝ ʙʣʦʢʠ ɸʉʂɻɼ çPrognoz-ADSè ʚ ʧʦʜʟʝʤʥʦʡ ʘʧʧʘʨʘʪʥʦʡ ʖʞʥʦʛʦ 

ʤʝʩʪʦʨʦʞʜʝʥʠʷ 
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ʉʠʩʪʝʤʘ ʚʢʣʶʯʘʝʪ 4 ʢʘʥʘʣʘ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ, ʩʦʜʝʨʞʘʱʠʭ ʧʦ 4 ʜʘʪʯʠʢʘ. ʕʪʠ ʜʘʪʯʠʢʠ 

ʫʩʪʘʥʦʚʣʝʥʳ ʥʘ ʨʘʟʥʳʭ ʛʦʨʠʟʦʥʪʘʭ ʨʫʜʥʠʢʘ ʥʘ ʛʣʫʙʠʥʘʭ 465 ʤ, 440 ʤ, 427 ʤ ʠ 395 ʤ. ʊʘʢʠʤ 

ʦʙʨʘʟʦʤ ʪʝʢʫʱʘʷ ʢʦʥʬʠʛʫʨʘʮʠʷ ʧʨʠʸʤʥʦʡ ʘʥʪʝʥʥʳ ʜʣʷ ʫʩʣʦʚʠʡ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʖʞʥʦʝ 

ʩʦʩʪʦʠʪ ʠʟ 16 ʨʘʟʥʝʩʝʥʥʳʭ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ ʜʘʪʯʠʢʦʚ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʥʘ ʨʠʩʫʥʢʝ 2.8, ʯʪʦ 

ʧʦʟʚʦʣʷʝʪ ʩ ʟʘʧʘʜʥʦʡ ʩʪʦʨʦʥʳ ʦʪ ʪʝʢʪʦʥʠʯʝʩʢʠ ʘʢʪʠʚʥʦʛʦ ʨʘʟʣʦʤʘ çʕʣʴʜʦʨʘʜʦè ʫʚʝʨʝʥʥʦ 

ʢʦʥʪʨʦʣʠʨʦʚʘʪʴ ʦʪʨʘʙʦʪʢʫ ʙʣʦʢʦʚ 1 ʠ 2, ʘ ʪʘʢʞʝ ʯʘʩʪʴ ʙʣʦʢʘ 3 ʚ ʵʪʘʞʝ ʛʦʨ. 480 ʠ 387 ʤ, ʚ 

ʪʦʤ ʯʠʩʣʝ ʚʝʩʴ ʪʨʘʥʩʧʦʨʪʥʳʡ ʩʲʝʟʜ ʩ ʛʦʨʠʟʦʥʪʘ 480 ʜʦ 387 ʤ. 

 
ʈʠʩʫʥʦʢ 2.8 ï ʅʘʙʣʶʜʘʪʝʣʴʥʘʷ ʩʝʪʴ çPrognoz-ADSè ʥʘ ʤʝʩʪʦʨʦʞʜʝʥʠʠ ʖʞʥʦʝ 

 

ʄʝʪʦʜʳ ʠ ʘʣʛʦʨʠʪʤʳ, ʨʘʩʩʤʦʪʨʝʥʥʳʝ ʚ ʜʠʩʩʝʨʪʘʮʠʠ ʨʘʟʨʘʙʦʪʘʥʳ ʠ ʘʧʨʦʙʠʨʦʚʘʥʳ ʩ 

ʧʨʠʤʝʥʝʥʠʝʤ ʜʘʥʥʳʭ, ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʥʳʭ ʥʘ ʤʝʩʪʦʨʦʞʜʝʥʠʠ ʖʞʥʦʝ ʟʘ ʧʝʨʠʦʜ ʩ 3 ʜʝʢʘʙʨʷ 

2022 ʛ. ʧʦ 9 ʬʝʚʨʘʣʷ 2024 ʛ. ʅʝʩʤʦʪʨʷ ʥʘ ʠʥʜʠʚʠʜʫʘʣʴʥʳʝ ʦʩʦʙʝʥʥʦʩʪʠ ʦʪʜʝʣʴʥʳʭ 

ʫʜʘʨʦʦʧʘʩʥʳʭ ʦʙʲʝʢʪʦʚ, ʧʨʠʚʝʜʝʥʥʘʷ ʤʝʪʦʜʦʣʦʛʠʷ, ʧʦʜʭʦʜʳ ʠ ʨʘʟʨʘʙʦʪʘʥʥʳʝ ʜʣʷ 

ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʖʞʥʦʝ ʩʨʝʜʩʪʚʘ ʤʦʛʫʪ ʙʳʪʴ ʘʜʘʧʪʠʨʦʚʘʥʳ ʜʣʷ ʫʩʣʦʚʠʡ ʜʨʫʛʠʭ 

ʤʝʩʪʦʨʦʞʜʝʥʠʡ, ʩʢʣʦʥʥʳʭ ʠ ʦʧʘʩʥʳʭ ʧʦ ʛʦʨʥʳʤ ʫʜʘʨʘʤ. 

 

2.2 ɸʥʘʣʠʟ ʧʨʠʟʥʘʢʦʚʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ ʩʝʡʩʤʦʘʢʫʩʪʠʯʝʩʢʠʭ ʠʤʧʫʣʴʩʦʚ, 

ʨʝʛʠʩʪʨʠʨʫʝʤʳʭ ʚ ʫʩʣʦʚʠʷʭ ʘʢʪʠʚʥʦʛʦ ʚʝʜʝʥʠʷ ʛʦʨʥʳʭ ʨʘʙʦʪ 

 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʚʝʜʝʥʠʷ ʛʦʨʥʳʭ ʨʘʙʦʪ ʚ ʤʘʩʩʠʚʝ ʛʦʨʥʳʭ ʧʦʨʦʜ ʨʘʩʧʨʦʩʪʨʘʥʷʶʪʩʷ 

ʘʢʫʩʪʠʯʝʩʢʠʝ ʚʦʣʥʳ, ʢʦʪʦʨʳʝ ʨʝʛʠʩʪʨʠʨʫʶʪʩʷ ʧʨʠ ʧʦʤʦʱʠ ʩʝʪʠ ʜʘʪʯʠʢʦʚ (ʧʨʠʝʤʥʳʭ 

ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʝʡ). ʆʜʥʦʡ ʠʟ ʦʩʥʦʚʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʜʘʪʯʠʢʦʚ ʷʚʣʷʝʪʩʷ ʨʘʙʦʯʠʡ 

ʯʘʩʪʦʪʥʳʡ ʜʠʘʧʘʟʦʥ ʨʝʛʠʩʪʨʠʨʫʝʤʳʭ ʘʢʫʩʪʠʯʝʩʢʠʭ ʚʦʣʥ. ʇʨʠ ʙʦʣʝʝ ʥʠʟʢʦʤ ʯʘʩʪʦʪʥʦʤ 

ʜʠʘʧʘʟʦʥʝ ʜʘʪʯʠʢʠ ʨʝʛʠʩʪʨʠʨʫʶʪ ʙʦʣʝʝ ʚʳʩʦʢʦʵʥʝʨʛʝʪʠʯʝʩʢʠʝ ʚʦʣʥʳ, ʨʘʩʧʨʦʩʪʨʘʥʷʝʤʳʝ 
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ʥʘ ʙʦʣʴʰʝʝ ʨʘʩʩʪʦʷʥʠʝ. ʉ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ, ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʚʳʩʦʢʦʛʦ ʯʘʩʪʦʪʥʦʛʦ ʜʠʘʧʘʟʦʥʘ 

ʧʦʟʚʦʣʷʝʪ ʦʩʫʱʝʩʪʚʣʷʪʴ ʨʝʛʠʩʪʨʘʮʠʶ ʠ ʥʘʙʣʶʜʝʥʠʝ ʟʘ ʧʨʦʮʝʩʩʦʤ ʬʦʨʤʠʨʦʚʘʥʠʷ ʠ 

ʨʘʟʚʠʪʠʷ ʠʩʪʦʯʥʠʢʦʚ ʩʣʘʙʦʛʦ ʘʢʫʩʪʠʯʝʩʢʦʛʦ ʠʟʣʫʯʝʥʠʷ. 

ɺʘʞʥʳʤ ʘʩʧʝʢʪʦʤ ʧʨʠ ʘʥʘʣʠʟʝ ʘʢʫʩʪʠʯʝʩʢʠʭ ʩʠʛʥʘʣʦʚ ʷʚʣʷʝʪʩʷ ʠʜʝʥʪʠʬʠʢʘʮʠʷ ʪʠʧʘ 

ʠʟʣʫʯʘʪʝʣʷ, ʪ. ʝ. ʠʩʪʦʯʥʠʢʘ, ʚʳʟʚʘʚʰʝʛʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʚʦʣʥʳ ʧʦ ʤʘʩʩʠʚʫ ʛʦʨʥʳʭ ʧʦʨʦʜ. 

ɺʩʝ ʨʝʛʠʩʪʨʠʨʫʝʤʳʝ ʩʠʛʥʘʣʳ ʤʦʛʫʪ ʙʳʪʴ ʧʦʜʨʘʟʜʝʣʝʥʳ ʥʘ ʜʚʝ ʦʩʥʦʚʥʳʝ ʛʨʫʧʧʳ: 

ʝʩʪʝʩʪʚʝʥʥʳʝ (ʧʦʣʝʟʥʳʝ) ʩʠʛʥʘʣʳ, ʠʟʣʫʯʝʥʥʳʝ ʚ ʨʝʟʫʣʴʪʘʪʝ ʝʩʪʝʩʪʚʝʥʥʳʭ ʧʨʦʮʝʩʩʦʚ 

ʪʨʝʱʠʥʦʦʙʨʘʟʦʚʘʥʠʷ ʠʟ-ʟʘ ʧʝʨʝʨʘʩʧʨʝʜʝʣʝʥʠʷ ʥʘʧʨʷʞʝʥʠʡ ʚ ʧʦʨʦʜʥʦʤ ʤʘʩʩʠʚʝ, ʠ 

ʪʝʭʥʦʛʝʥʥʳʝ ʩʠʛʥʘʣʳ, ʚʳʟʚʘʥʥʳʝ ʨʘʟʣʠʯʥʳʤʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʤʠ ʦʧʝʨʘʮʠʷʤʠ, 

ʩʦʧʨʦʚʦʞʜʘʶʱʠʤʠ ʚʝʜʝʥʠʝ ʛʦʨʥʳʭ ʨʘʙʦʪ. 

ʅʘʫʯʥʫʶ ʠ ʧʨʘʢʪʠʯʝʩʢʫʶ ʟʥʘʯʠʤʦʩʪʴ ʚ ʙʦʣʴʰʝʡ ʩʪʝʧʝʥʠ ʧʨʝʜʩʪʘʚʣʷʶʪ ʠʤʝʥʥʦ 

ʝʩʪʝʩʪʚʝʥʥʳʝ ʘʢʫʩʪʠʯʝʩʢʠʝ ʩʠʛʥʘʣʳ, ʧʦʟʚʦʣʷʶʱʠʝ ʘʥʘʣʠʟʠʨʦʚʘʪʴ ʧʨʦʠʩʭʦʜʷʱʠʝ ʚ ʛʦʨʥʳʭ 

ʧʦʨʦʜʘʭ ʛʝʦʤʝʭʘʥʠʯʝʩʢʠʝ ʧʨʦʮʝʩʩʳ. ʆʩʥʦʚʥʘʷ ʮʝʣʴ ʪʘʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʟʘʢʣʶʯʘʝʪʩʷ ʚ 

ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʠ ʦʧʘʩʥʳʭ ʧʨʦʷʚʣʝʥʠʡ ʛʦʨʥʦʛʦ ʜʘʚʣʝʥʠʷ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʙʝʟʦʧʘʩʥʦʩʪʠ 

ʣʶʜʝʡ ʠ ʦʙʦʨʫʜʦʚʘʥʠʷ.  

ʂʘʢ ʫʧʦʤʠʥʘʣʦʩʴ ʨʘʥʝʝ, ʯʝʤ ʙʦʣʝʝ ʚʳʩʦʢʠʡ ʯʘʩʪʦʪʥʳʡ ʜʠʘʧʘʟʦʥ ʠʤʝʶʪ ʜʘʪʯʠʢʠ, ʪʝʤ 

ʙʦʣʝʝ ʥʠʟʢʦʵʥʝʨʛʝʪʠʯʝʩʢʠʝ ʘʢʫʩʪʠʯʝʩʢʠʝ ʩʠʛʥʘʣʳ ʦʥʠ ʧʦʟʚʦʣʷʶʪ ʨʝʛʠʩʪʨʠʨʦʚʘʪʴ. 

ʌʘʢʪʠʯʝʩʢʠ ɻ ʪʦ ʧʨʦʷʚʣʷʝʪʩʷ ʚ ʨʝʛʠʩʪʨʘʮʠʠ ʙʦʣʴʰʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʪʝʭʥʦʛʝʥʥʳʭ h ʫʤʦʚ, ʚʠʜʳ 

ʠʩʪʦʯʥʠʢʦʚ ʢʦʪʦʨʳʭ ʟʘʚʠʩʷʪ ʦʪ ʩʧʝʮʠʬʠʢʠ ʢʦʥʢʨʝʪʥʦʛʦ ʦʙʲʝʢʪʘ ʤʦʥʠʪʦʨʠʥʛʘ. ɺ ʢʘʯʝʩʪʚʝ 

ʦʩʥʦʚʥʳʭ ʠʩʪʦʯʥʠʢʦʚ ʪʘʢʠʭ ʩʠʛʥʘʣʦʚ ʚʳʜʝʣʷʶʪʩʷ: ʙʫʨʦʚʳʝ ʨʘʙʦʪʳ, ʚʟʨʳʚʥʳʝ ʨʘʙʦʪʳ, 

ʩʠʩʪʝʤʳ ʚʝʥʪʠʣʷʮʠʠ, ʢʦʣʝʩʥʳʡ, ʞʝʣʝʟʥʦʜʦʨʦʞʥʳʡ ʠ ʢʦʥʚʝʡʝʨʥʳʡ ʪʨʘʥʩʧʦʨʪ, ʥʘʩʦʩʥʦʝ 

ʦʙʦʨʫʜʦʚʘʥʠʝ, ʨʫʜʦʩʧʫʩʢʠ. 

ʆʙʲʸʤ ʨʝʛʠʩʪʨʠʨʫʝʤʳʭ ʪʝʭʥʦʛʝʥʥʳʭ ʩʠʛʥʘʣʦʚ (ʰʫʤʦʚ) ʚʘʨʴʠʨʫʝʪʩʷ ʚ ʟʘʚʠʩʠʤʦʩʪʠ 

ʦʪ ʦʙʲʝʢʪʘ ʤʦʥʠʪʦʨʠʥʛʘ ʠ, ʚ ʧʦʜʘʚʣʷʶʱʝʤ ʯʠʩʣʝ ʩʣʫʯʘʝʚ, ʧʨʝʚʳʰʘʝʪ ʢʦʣʠʯʝʩʪʚʦ ʧʦʣʝʟʥʳʭ 

ʩʠʛʥʘʣʦʚ. ʂʘʢ ʧʨʘʚʠʣʦ, ʥʘ ʧʦʜʟʝʤʥʳʭ ʛʦʨʥʳʭ ʦʙʲʝʢʪʘʭ, ʛʜʝ ʠʩʧʦʣʴʟʫʝʪʩʷ ʧʦʜʦʙʥʳʡ ʢʣʘʩʩ 

ʩʝʡʩʤʦʘʢʫʩʪʠʯʝʩʢʠʭ ʩʠʩʪʝʤ, ʙʦʣʴʰʫʶ ʯʘʩʪʴ ʰʫʤʦʚ ʩʦʩʪʘʚʣʷʶʪ ʩʠʛʥʘʣʳ ʦʪ ʙʫʨʦʚʳʭ ʠ 

ʚʟʨʳʚʥʳʭ ʨʘʙʦʪ [162]. ʇʦʵʪʦʤʫ ʦʩʥʦʚʥʦʡ ʟʘʜʘʯʝʡ ʧʨʠ ʬʠʣʴʪʨʘʮʠʠ ʰʫʤʦʚ ʚʳʩʪʫʧʘʝʪ 

ʠʜʝʥʪʠʬʠʢʘʮʠʷ ʠʤʝʥʥʦ ʵʪʠʭ ʜʚʫʭ ʚʠʜʦʚ ʪʝʭʥʦʛʝʥʥʳʭ ʧʦʤʝʭ. 

ʆʩʦʙʝʥʥʦʩʪʴʶ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚʳʩʦʢʦʯʘʩʪʦʪʥʳʭ ʜʘʪʯʠʢʦʚ ʷʚʣʷʝʪʩʷ ʙʦʣʴʰʦʝ 

ʢʦʣʠʯʝʩʪʚʦ ʨʝʛʠʩʪʨʠʨʫʝʤʳʭ ʜʘʥʥʳʭ, ʯʪʦ ʥʝ ʧʦʟʚʦʣʷʝʪ ʦʩʫʱʝʩʪʚʣʷʪʴ ʥʝʧʨʝʨʳʚʥʫʶ ʟʘʧʠʩʴ 

ʘʢʫʩʪʠʯʝʩʢʠʭ ʚʦʣʥ ʠʟ-ʟʘ ʘʧʧʘʨʘʪʥʳʭ ʦʛʨʘʥʠʯʝʥʠʡ ʦʙʦʨʫʜʦʚʘʥʠʷ. ʇʦ ʵʪʦʡ ʧʨʠʯʠʥʝ ʚ ʪʘʢʠʭ 

ʩʠʩʪʝʤʘʭ ʩʝʡʩʤʦʘʢʫʩʪʠʯʝʩʢʦʛʦ ʤʦʥʠʪʦʨʠʥʛʘ ʩʦʭʨʘʥʷʶʪʩʷ ʪʦʣʴʢʦ ʦʪʜʝʣʴʥʳʝ ʦʪʨʝʟʢʠ 

ʟʘʧʠʩʠ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʝ ʩʠʛʥʘʣʳ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʠʤʝʪʴ ʧʦʩʪʦʷʥʥʫʶ ʠʣʠ ʧʝʨʝʤʝʥʥʫʶ 

ʜʣʠʥʫ, ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʧʨʠʤʝʥʷʝʤʳʭ ʘʣʛʦʨʠʪʤʦʚ. ʊʘʢʠʝ ʦʪʨʝʟʢʠ ʟʘʧʠʩʠ ʥʘʟʳʚʘʶʪ 

ʩʠʛʥʘʣʦʛʨʘʤʤʦʡ ʠʣʠ ʚʦʣʥʦʚʦʡ ʬʦʨʤʦʡ ʩʠʛʥʘʣʦʚ ʠʣʠ ʠʤʧʫʣʴʩʦʚ, ʧʨʝʜʩʪʘʚʣʷʶʱʠʭ ʩʦʙʦʡ 
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ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʡ ʨʷʜ ʟʥʘʯʝʥʠʡ ʘʤʧʣʠʪʫʜ. ɻʨʘʬʠʯʝʩʢʠ ʩʠʛʥʘʣʦʛʨʘʤʤʘ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ 

ʨʠʩʫʥʢʝ 2.9. 

 
ʈʠʩʫʥʦʢ 2.9 ï ʉʠʛʥʘʣʦʛʨʘʤʤʘ ʘʢʫʩʪʠʯʝʩʢʦʛʦ ʠʤʧʫʣʴʩʘ 

 

ɼʨʫʛʠʤ ʩʧʦʩʦʙʦʤ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʩʠʛʥʘʣʘ ʷʚʣʷʝʪʩʷ ʝʛʦ ʧʝʨʝʚʦʜ ʚ ʯʘʩʪʦʪʥʫʶ ʦʙʣʘʩʪʴ 

ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʙʳʩʪʨʦʛʦ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʌʫʨʴʝ (ɹʇʌ). ʊʘʢʦʡ ʘʥʘʣʠʟ ʧʦʟʚʦʣʷʝʪ 

ʦʧʨʝʜʝʣʷʪʴ ʭʘʨʘʢʪʝʨʥʳʝ ʯʘʩʪʦʪʳ ʦʪʜʝʣʴʥʳʭ ʩʠʛʥʘʣʦʚ, ʚ ʪʦʤ ʯʠʩʣʝ ʩ ʮʝʣʴʶ ʦʧʨʝʜʝʣʝʥʠʷ 

ʪʠʧʘ ʠʩʪʦʯʥʠʢʘ. ʇʨʠʤʝʨ ʯʘʩʪʦʪʥʦʛʦ ʨʘʟʣʦʞʝʥʠʷ ʘʢʫʩʪʠʯʝʩʢʦʛʦ ʩʠʛʥʘʣʘ ʧʨʝʜʩʪʘʚʣʝʥ ʥʘ 

ʨʠʩʫʥʢʝ 2.10. 

 
ʈʠʩʫʥʦʢ 2.10 ï ʏʘʩʪʦʪʥʦʝ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʩʠʛʥʘʣʘ ʥʘ ʦʩʥʦʚʝ ɹʇʌ 

 

ɸʢʫʩʪʠʯʝʩʢʠʡ ʩʠʛʥʘʣ ʤʦʞʝʪ ʙʳʪʴ ʧʨʝʜʩʪʘʚʣʝʥ ʚ ʚʠʜʝ ʩʧʝʢʪʨʦʛʨʘʤʤʳ (ʪʝʧʣʦʚʦʡ 

ʢʘʨʪʳ), ʢʘʢ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩʫʥʢʝ 2.11. 

 
ʈʠʩʫʥʦʢ 2.11 ï ʉʧʝʢʪʨʦʛʨʘʤʤʘ ʩʠʛʥʘʣʘ ʥʘ ʦʩʥʦʚʝ ɹʇʌ 

 

ʈʘʩʩʤʦʪʨʝʥʥʳʝ ʬʦʨʤʳ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʩʠʛʥʘʣʦʚ ʚ ʩʦʚʦʢʫʧʥʦʩʪʠ ʩ 

ʤʘʢʨʦʧʘʨʘʤʝʪʨʘʤʠ, ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʤʠ ʜʘʣʝʝ, ʠʩʧʦʣʴʟʫʶʪʩʷ ʦʧʝʨʘʪʦʨʘʤʠ ʩʠʩʪʝʤ 
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ʩʝʡʩʤʦʘʢʫʩʪʠʯʝʩʢʦʛʦ ʤʦʥʠʪʦʨʠʥʛʘ ʜʣʷ ʘʥʘʣʠʟʘ ʨʝʛʠʩʪʨʠʨʫʝʤʳʭ ʜʘʥʥʳʭ ʠ ʦʧʨʝʜʝʣʝʥʠʷ 

ʪʠʧʘ ʠʟʣʫʯʘʪʝʣʷ. ʊʘʢʘʷ ʨʫʯʥʘʷ ʦʙʨʘʙʦʪʢʘ ʜʘʥʥʳʭ ʪʨʝʙʫʝʪ ʥʘʣʠʯʠʷ ʵʢʩʧʝʨʪʥʳʭ ʟʥʘʥʠʡ ʠ 

ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ ʩʘʤʳʭ ʪʨʫʜʦʝʤʢʠʭ ʧʨʦʮʝʩʩʦʚ ʦʙʨʘʙʦʪʢʠ ʩʝʡʩʤʦʘʢʫʩʪʠʯʝʩʢʠʭ ʜʘʥʥʳʭ. 

ʇʦʵʪʦʤʫ ʟʘʢʦʥʦʤʝʨʥʳʤ ʵʪʘʧʦʤ ʨʘʟʚʠʪʠʷ ʪʘʢʠʭ ʩʠʩʪʝʤ ʚʳʩʪʫʧʘʝʪ ʘʚʪʦʤʘʪʠʟʘʮʠʷ ʧʨʦʮʝʩʩʘ 

ʦʧʨʝʜʝʣʝʥʠʷ ʪʠʧʘ ʠʩʪʦʯʥʠʢʘ. 

ʆʙʱʘʷ ʠʥʬʦʨʤʘʮʠʷ ʧʦ ʵʢʩʧʣʫʘʪʘʮʠʠ ʩʠʩʪʝʤʳ ʥʘ ʤʝʩʪʦʨʦʞʜʝʥʠʠ ʖʞʥʦʝ [163] 

ʧʨʝʜʩʪʘʚʣʝʥʘ ʚ ʪʘʙʣʠʮʝ 2.4, ʘ ʢʦʣʠʯʝʩʪʚʝʥʥʳʝ ʧʘʨʘʤʝʪʨʳ ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʥʳʭ ʠʤʧʫʣʴʩʦʚ 

ʧʦ ʦʪʜʝʣʴʥʳʤ ʜʘʪʯʠʢʘʤ ʠ ʦʪ ʨʘʟʥʳʭ ʠʩʪʦʯʥʠʢʦʚ ʧʨʠʚʝʜʝʥʳ ʚ ʪʘʙʣʠʮʝ 2.5.  

 

ʊʘʙʣʠʮʘ 2.4 ï ʆʙʱʘʷ ʠʥʬʦʨʤʘʮʠʷ ʧʦ ʩʠʩʪʝʤʝ çPrognoz-ADSè, ʫʩʪʘʥʦʚʣʝʥʥʦʡ ʥʘ 

ʤʝʩʪʦʨʦʞʜʝʥʠʠ ʖʞʥʦʝ 

ʍʘʨʘʢʪʝʨʠʩʪʠʢʘ ɿʥʘʯʝʥʠʝ 

ʅʘʯʘʣʦ ʵʢʩʧʣʫʘʪʘʮʠʠ ʩʠʩʪʝʤʳ 03.12.2022 ʛ. 

ʂʦʣʠʯʝʩʪʚʦ ʜʘʪʯʠʢʦʚ 16 

ʂʦʣʠʯʝʩʪʚʦ ʜʠʥʘʤʠʯʝʩʢʠʭ ʷʚʣʝʥʠʡ ʩ 03.12.2022 ʛ. ʧʦ 09.02.2024 ʛ. 21 

ʂʦʣʠʯʝʩʪʚʦ ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʥʳʭ ʩʠʛʥʘʣʦʚ ʩ 03.12.2022 ʛ. ʧʦ 09.02.2024 ʛ. 2 435 183 

ʂʦʣʠʯʝʩʪʚʦ ʩʬʦʨʤʠʨʦʚʘʥʥʳʭ ʩʦʙʳʪʠʡ ʩ 03.12.2022 ʛ. ʧʦ 09.02.2024 ʛ. 10 821 

 

ʊʘʙʣʠʮʘ 2.5 ï ʂʦʣʠʯʝʩʪʚʝʥʥʳʝ ʧʦʢʘʟʘʪʝʣʠ ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʥʳʭ ʩʠʛʥʘʣʦʚ ʧʦ ʜʘʪʯʠʢʘʤ ʠ 

ʪʠʧʘʤ ʠʩʪʦʯʥʠʢʦʚ, ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʥʳʭ ʥʘ ʤʝʩʪʦʨʦʞʜʝʥʠʠ ʖʞʥʦʝ ʩ 3 ʜʝʢʘʙʨʷ 2022 ʛ. ʧʦ 9 

ʬʝʚʨʘʣʷ 2024 ʛ. 

ɼʘʪʯʠʢ 

(ʩʝʨʠʷ-

ʥʦʤʝʨ) 

ʂʦʣʠʯʝʩʪʚʦ ʠʤʧʫʣʴʩʦʚ ʧʦ ʪʠʧʘʤ ʠʩʪʦʯʥʠʢʦʚ 

ɽʩʪʝʩʪʚʝʥʥʘʷ 

ʘʢʫʩʪʠʯʝʩʢʘʷ 

ʵʤʠʩʩʠʷ (%) 

ʐʫʤ (%) 
ɺʟʨʳʚʥʳʝ 

ʨʘʙʦʪʳ (%) 

ɹʫʨʦʚʳʝ 

ʨʘʙʦʪʳ (%) 
ɹʝʟ ʪʠʧʘ (%) ɺʩʝ 

009-001 1016 (0,28) 227 (0,06) 1874 (0,52) 111 (0,03) 356402 (99,10) 359630 

009-002 1229 (0,30) 352 (0,09) 1935 (0,47) 164 (0,04) 404338 (99,10) 408018 

009-003 2899 (2,62) 892 (0,81) 2205 (1,99) 465 (0,42) 104186 (94,16) 110647 

009-004 1455 (5,62) 606 (2,34) 1496 (5,77) 344 (1,33) 22006 (84,94) 25907 

009-005 817 (0,37) 787 (0,36) 1084 (0,50) 139 (0,06) 215716 (98,71) 218543 

009-006 2428 (3,61) 768 (1,14) 1906 (2,83) 432 (0,64) 61710 (91,77) 67244 

009-007 985 (1,79) 381 (0,69) 1927 (3,50) 293 (0,53) 51529 (93,49) 55115 

009-009 2089 (1,08) 626 (0,32) 2148 (1,11) 202 (0,10) 188475 (97,38) 193540 

009-010 2429 (0,66) 816 (0,22) 2161 (0,59) 262 (0,07) 361070 (98,45) 366738 

009-011 1645 (1,00) 655 (0,40) 1855 (1,13) 382 (0,23) 159971 (97,24) 164508 

009-012 1318 (4,00) 428 (1,30) 1873 (5,68) 209 (0,63) 29124 (88,38) 32952 

009-013 0 (0) 0 (0) 0 (0) 0 (0) 2827 (100) 2827 

009-014 3 (0,14) 0 (0) 0 (0) 18 (0,84) 2131 (99,02) 2152 

009-015 4 (2,67) 0 (0) 0 (0) 9 (6,00) 137 (91,33) 150 

009-016 4 (2,67) 0 (0) 3 (2) 15 (10,00) 128 (85,33) 150 

009-017 2521 (0,59) 787 (0,18) 2152 (0,50) 237 (0,06) 421365 (98,67) 427062 

ɺʩʝʛʦ 20842 (0,86) 7325 (0,30) 22619 (0,93) 3282 (0,13) 2381115 (97,78) 2435183 
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ʊʠʧ ʠʩʪʦʯʥʠʢʘ ʘʢʫʩʪʠʯʝʩʢʦʛʦ ʠʟʣʫʯʝʥʠʷ ʜʣʷ ʜʘʥʥʳʭ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʚ ʪʘʙʣʠʮʝ 2.5, 

ʠʟʥʘʯʘʣʴʥʦ ʦʧʨʝʜʝʣʷʣʩʷ ʵʢʩʧʝʨʪʥʳʤ ʤʝʪʦʜʦʤ ʜʣʷ ʩʦʙʳʪʠʡ, ʘ ʟʘʪʝʤ ʙʳʣ ʧʨʠʤʝʥʸʥ ʢ 

ʩʠʛʥʘʣʘʤ, ʠʟ ʢʦʪʦʨʦʛʦ ʩʦʩʪʦʠʪ ʪʦ ʠʣʠ ʠʥʦʝ ʩʦʙʳʪʠʝ [164]. ʂʘʢ ʤʦʞʥʦ ʟʘʤʝʪʠʪʴ ʯʘʩʪʴ ʪʘʢʠʭ 

ʠʤʧʫʣʴʩʦʚ ʩ ʠʟʚʝʩʪʥʳʤ ʪʠʧʦʤ ʜʦʚʦʣʴʥʦ ʥʝʟʥʘʯʠʪʝʣʴʥʘ ʠ ʩʦʩʪʘʚʣʷʣʘ ʚʩʝʛʦ 2,22 % ʦʪ ʦʙʱʝʛʦ 

ʢʦʣʠʯʝʩʪʚʘ ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʥʳʭ ʘʢʫʩʪʠʯʝʩʢʠʭ ʩʠʛʥʘʣʦʚ. ʂʘʢ ʨʘʥʝʝ ʥʝʦʜʥʦʢʨʘʪʥʦ 

ʧʦʜʯʝʨʢʠʚʘʣʦʩʴ, ʵʪʦ ʩʚʷʟʘʥʦ ʩʦ ʩʣʦʞʥʦʩʪʴʶ ʠ ʪʨʫʜʦʸʤʢʦʩʪʴʶ ʨʫʯʥʦʡ ʦʙʨʘʙʦʪʢʠ ʜʘʥʥʳʭ 

ʦʧʝʨʘʪʦʨʘʤʠ ʩʠʩʪʝʤʳ. ʇʨʠ ʵʪʦʤ ʪʝʨʷʝʪʩʷ ʙʦʣʴʰʘʷ ʯʘʩʪʴ ʧʦʣʝʟʥʦʡ ʠʥʬʦʨʤʘʮʠʠ ʦ 

ʛʝʦʤʝʭʘʥʠʯʝʩʢʦʤ ʩʦʩʪʦʷʥʠʠ ʧʦʨʦʜʥʳʭ ʤʘʩʩʠʚʦʚ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʥʝʦʙʭʦʜʠʤʦʩʪʠ 

ʨʘʟʨʘʙʦʪʢʠ ʘʣʛʦʨʠʪʤʦʚ ʠ ʩʨʝʜʩʪʚ, ʧʦʚʳʰʘʶʱʠʭ ʘʚʪʦʤʘʪʠʟʘʮʠʶ ʠ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʧʨʦʮʝʩʩʘ 

ʪʠʧʠʟʘʮʠʠ. 

ʇʦ ʯʘʩʪʠ ʜʘʪʯʠʢʦʚ, ʘ ʠʤʝʥʥʦ ʧʦ 009-013, 009-014, 009-015 ʠ 009-016, ʥʘʭʦʜʷʱʠʭʩʷ ʚ 

ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʚ ʥʝʨʘʙʦʯʝʤ ʩʦʩʪʦʷʥʠʠ, ʜʘʥʥʳʭ ʙʳʣʦ ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʦ ʥʝʟʥʘʯʠʪʝʣʴʥʦʝ 

ʢʦʣʠʯʝʩʪʚʦ, ʠ ʦʥʠ ʥʝ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʚ ʨʘʤʢʘʭ ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ. ʉʦʚʦʢʫʧʥʦʝ 

ʢʦʣʠʯʝʩʪʚʦ ʜʘʪʯʠʢʦʚ ʩʦʩʪʘʚʠʣʦ 12 ʝʜʠʥʠʮ ʩ ʦʙʱʠʤ ʢʦʣʠʯʝʩʪʚʦʤ ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʥʳʭ 

ʩʠʛʥʘʣʦʚ ʦʢʦʣʦ 2,4 ʤʣʥ (ʨʠʩ. 2.12). 

 

ʈʠʩʫʥʦʢ 2.12 ï ɼʠʘʛʨʘʤʤʘ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʩʠʛʥʘʣʦʚ ʧʦ ʜʘʪʯʠʢʘʤ ʥʘ ʤʝʩʪʦʨʦʞʜʝʥʠʠ 

ʖʞʥʦʝ ʩ ʜʝʢʘʙʨʷ 2022 ʛ. ʜʦ 9 ʬʝʚʨʘʣʷ 2024 ʛ. 

 

ʇʨʠ ʘʥʘʣʠʟʝ ʩʠʛʥʘʣʦʚ ʠʩʧʦʣʴʟʫʶʪʩʷ ʧʘʨʘʤʝʪʨʳ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʙʳʪʴ ʨʘʟʜʝʣʝʥʳ ʥʘ ʜʚʝ 

ʛʨʫʧʧʳ: ʚʨʝʤʝʥʥʳʝ ʠ ʵʥʝʨʛʝʪʠʯʝʩʢʠʝ. ʏʘʩʪʴ ʠʟ ʥʠʭ ʨʘʩʩʯʠʪʳʚʘʝʪʩʷ ʥʘ ʵʪʘʧʝ ʨʝʛʠʩʪʨʘʮʠʠ, ʘ 

ʦʩʪʘʣʴʥʳʝ ʥʘ ʵʪʘʧʝ ʧʦʩʪʦʙʨʘʙʦʪʢʠ. ʆʩʥʦʚʥʳʝ ʧʘʨʘʤʝʪʨʳ ʩʠʛʥʘʣʦʚ ʠ ʠʭ ʢʨʘʪʢʘʷ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣʠʮʝ 2.6. ɺʩʝ ʧʨʝʜʩʪʘʚʣʝʥʥʳʝ ʚ ʪʘʙʣʠʮʝ 2.6 ʧʘʨʘʤʝʪʨʳ 

ʨʘʩʩʯʠʪʳʚʘʶʪʩʷ ʚ ʚʝʱʝʩʪʚʝʥʥʳʭ ʯʠʩʣʘʭ. 
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ʊʘʙʣʠʮʘ 2.6 ï ʍʘʨʘʢʪʝʨʠʩʪʠʢʘ ʧʘʨʘʤʝʪʨʦʚ ʩʠʛʥʘʣʦʚ ʩʠʩʪʝʤʳ ʢʦʥʪʨʦʣʷ ʛʦʨʥʦʛʦ ʜʘʚʣʝʥʠʷ 

çPrognoz-ADSè 

ʅʘʠʤʝʥʦʚʘʥʠʝ ʊʠʧ ʕʪʘʧ ʨʘʩʯʸʪʘ ʆʧʨʝʜʝʣʝʥʠʝ 

ɸʤʧʣʠʪʫʜʘ ʕʥʝʨʛʝʪʠʯʝʩʢʠʡ ʈʝʛʠʩʪʨʘʮʠʷ 

ʄʘʢʩʠʤʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ ʘʤʧʣʠʪʫʜʳ 

ʚ ʪʝʯʝʥʠʝ ʚʩʝʡ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʠ 

ʨʝʛʠʩʪʨʘʮʠʠ ʩʠʛʥʘʣʘ 

ɼʣʠʪʝʣʴʥʦʩʪʴ, 

ʤʩ 
ɺʨʝʤʝʥʥʦʡ ʈʝʛʠʩʪʨʘʮʠʷ 

ʇʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ ʩʠʛʥʘʣʘ 

ɼʣʠʪʝʣʴʥʦʩʪʴ 

ʬʨʦʥʪʘ, ʤʩ 
ɺʨʝʤʝʥʥʦʡ ʈʝʛʠʩʪʨʘʮʠʷ 

ʀʥʪʝʨʚʘʣ ʚʨʝʤʝʥʠ ʦʪ ʤʦʤʝʥʪʘ 

ʥʘʯʘʣʘ ʩʠʛʥʘʣʘ ʜʦ ʤʦʤʝʥʪʘ 

ʨʝʛʠʩʪʨʘʮʠʠ ʤʘʢʩʠʤʘʣʴʥʦʡ 

ʘʤʧʣʠʪʫʜʳ 

ʇʦʨʦʛ 

ʨʝʛʠʩʪʨʘʮʠʠ 
ʕʥʝʨʛʝʪʠʯʝʩʢʠʡ ʈʝʛʠʩʪʨʘʮʠʷ 

ʇʨʝʜʝʣ ʦʙʥʘʨʫʞʝʥʠʷ (ʘʜʘʧʪʠʚʥʳʡ 

ʧʦʨʦʛ ʥʘ ʦʩʥʦʚʝ STA/LTA) 

ʇʣʦʱʘʜʴ ʕʥʝʨʛʝʪʠʯʝʩʢʠʡ ʈʝʛʠʩʪʨʘʮʠʷ 

ʉʫʤʤʘ ʤʦʜʫʣʝʡ ʘʤʧʣʠʪʫʜ ʚ ʪʝʯʝʥʠʠ 

ʚʩʝʡ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʠ 

ʨʝʛʠʩʪʨʘʮʠʠ ʩʠʛʥʘʣʘ 

MARSE ʕʥʝʨʛʝʪʠʯʝʩʢʠʡ ʈʝʛʠʩʪʨʘʮʠʷ 

ʉʫʤʤʘ ʢʚʘʜʨʘʪʦʚ ʘʤʧʣʠʪʫʜ ʚ 

ʪʝʯʝʥʠʠ ʚʩʝʡ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʠ 

ʨʝʛʠʩʪʨʘʮʠʠ ʩʠʛʥʘʣʘ 

ʂʦʣʠʯʝʩʪʚʦ 

ʧʝʨʝʭʦʜʦʚ 

ʯʝʨʝʟ 0 (ZCR) 

ɺʨʝʤʝʥʥʦʡ ʇʦʩʪʦʙʨʘʙʦʪʢʘ 

ʏʠʩʣʦ ʠʟʤʝʥʝʥʠʡ ʟʥʘʢʘ ʩʠʛʥʘʣʘ, 

ʧʝʨʝʩʝʢʘʶʱʝʛʦ ʥʫʣʝʚʦʡ ʫʨʦʚʝʥʴ, ʟʘ 

ʦʧʨʝʜʝʣʸʥʥʳʡ ʠʥʪʝʨʚʘʣ ʚʨʝʤʝʥʠ 

ɺʨʝʤʷ ʜʦ 

ʙʣʠʞʘʡʰʝʛʦ 

ʩʠʛʥʘʣʘ, ʤʩ 

ɺʨʝʤʝʥʥʦʡ ʇʦʩʪʦʙʨʘʙʦʪʢʘ 

ʀʥʪʝʨʚʘʣ ʚʨʝʤʝʥʠ, ʨʘʚʥʳʡ 

ʥʘʠʤʝʥʴʰʝʤʫ ʟʥʘʯʝʥʠʶ ʩ ʤʦʤʝʥʪʘ 

ʦʢʦʥʯʘʥʠʷ ʧʨʝʜʳʜʫʱʝʛʦ ʩʠʛʥʘʣʘ ʜʦ 

ʤʦʤʝʥʪʘ ʥʘʯʘʣʘ ʪʝʢʫʱʝʛʦ, ʣʠʙʦ ʩ 

ʤʦʤʝʥʪʘ ʦʢʦʥʯʘʥʠʷ ʪʝʢʫʱʝʛʦ ʜʦ 

ʤʦʤʝʥʪʘ ʥʘʯʘʣʘ ʩʣʝʜʫʶʱʝʛʦ, 

ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʥʳʭ ʦʜʥʠʤ 

ʜʘʪʯʠʢʦʤ 

ɺʨʝʤʷ ʩʫʪʦʢ, 

ʤʩ 
ɺʨʝʤʝʥʥʦʡ ʇʦʩʪʦʙʨʘʙʦʪʢʘ 

ʀʥʪʝʨʚʘʣ ʚʨʝʤʝʥʠ ʦʪ ʥʘʯʘʣʘ ʩʫʪʦʢ ʜʦ 

ʤʦʤʝʥʪʘ ʚʩʪʫʧʣʝʥʠʷ ʩʠʛʥʘʣʘ 

 

ʇʦʩʣʝʜʥʠʝ ʜʚʘ ʧʘʨʘʤʝʪʨʘʤ ʚ ʪʘʙʣʠʮʝ 2.6, ʙʳʣʠ ʚʳʜʝʣʝʥʳ ʚ ʭʦʜʝ ʧʨʦʚʝʜʸʥʥʳʭ 

ʠʩʩʣʝʜʦʚʘʥʠʡ, ʪʘʢ ʢʘʢ ʠʭ ʘʥʘʣʠʟ ʭʦʨʦʰʦ ʟʘʨʝʢʦʤʝʥʜʦʚʘʣ ʩʝʙʷ ʧʨʠ ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʩʠʛʥʘʣʦʚ 

ʦʪ ʙʫʨʦʚʳʭ (ʚʨʝʤʷ ʜʦ ʙʣʠʞʘʡʰʝʛʦ ʩʠʛʥʘʣʘ) ʠ ʚʟʨʳʚʥʳʭ (ʚʨʝʤʷ ʩʫʪʦʢ) ʨʘʙʦʪ. ʇʨʠʤʝʨʳ 

ʢʦʥʮʝʥʪʨʘʮʠʠ ʧʘʨʘʤʝʪʨʦʚ ʩʠʛʥʘʣʦʚ ʦʪ ʙʫʨʦʚʳʭ ʠ ʚʟʨʳʚʥʳʭ ʨʘʙʦʪ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ 

ʨʠʩʫʥʢʘʭ 2.13 ʠ 2.14 ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. 
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ʈʠʩʫʥʦʢ 2.13 ï ʍʘʨʘʢʪʝʨʥʳʡ ʛʨʘʬʠʢ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʚʨʝʤʝʥʠ ʤʝʞʜʫ ʩʠʛʥʘʣʘʤʠ ʦʪ ʙʫʨʦʚʳʭ 

ʨʘʙʦʪ ʥʘ ʤʝʩʪʦʨʦʞʜʝʥʠʠ ʖʞʥʦʝ, ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʥʳʭ ʜʘʪʯʠʢʦʤ 009-010 8 ʬʝʚʨʘʣʷ 2024 ʛ. 

 

 
ʈʠʩʫʥʦʢ 2.14 ï ʍʘʨʘʢʪʝʨʥʳʡ ʛʨʘʬʠʢ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʧʘʨʘʤʝʪʨʘ ʚʨʝʤʝʥʠ ʩʫʪʦʢ ʜʣʷ ʩʠʛʥʘʣʦʚ 

ʦʪ ʚʟʨʳʚʥʳʭ ʨʘʙʦʪ ʧʦ ʚʩʝʤ ʜʘʪʯʠʢʘʤ ʥʘ ʤʝʩʪʦʨʦʞʜʝʥʠʠ ʖʞʥʦʝ 

 

ʇʨʠ ʩʦʚʤʝʩʪʥʦʤ ʘʥʘʣʠʟʝ ʧʘʨʘʤʝʪʨʦʚ ʩʠʛʥʘʣʦʚ, ʦʪʥʦʩʷʱʠʭʩʷ ʢ ʨʘʟʥʳʤ ʪʠʧʘʤ, ʫʜʦʙʥʦ 

ʚʦʩʧʦʣʴʟʦʚʘʪʴʩʷ ʧʦʧʘʨʥʳʤ ʨʘʩʧʨʝʜʝʣʝʥʠʝʤ ʵʪʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʤ ʥʘ 

ʨʠʩʫʥʢʝ 2.15. 
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ʈʠʩʫʥʦʢ 2.15 ï ʇʦʧʘʨʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʧʘʨʘʤʝʪʨʦʚ ʩʠʛʥʘʣʦʚ, ʪʠʧʠʟʠʨʦʚʘʥʥʳʭ ʥʘ ʦʩʥʦʚʝ 

ʵʢʩʧʝʨʪʥʦʛʦ ʤʝʪʦʜʘ 

 

ʀʟ ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʛʨʘʬʠʢʦʚ ʩʣʝʜʫʝʪ, ʯʪʦ ʜʠʘʧʘʟʦʥʳ ʠʟʤʝʥʝʥʠʷ ʟʥʘʯʝʥʠʡ 

ʧʘʨʘʤʝʪʨʦʚ ʜʦʚʦʣʴʥʦ ʰʠʨʦʢʠʝ ʠ ʚʟʘʠʤʥʦ ʧʝʨʝʩʝʢʘʶʪʩʷ. ʄʦʞʥʦ ʦʪʤʝʪʠʪʴ ʥʝʢʦʪʦʨʳʝ 

ʭʘʨʘʢʪʝʨʥʳʝ ʯʝʨʪʳ ʦʪʜʝʣʴʥʳʭ ʪʠʧʦʚ, ʪʘʢ, ʥʘʧʨʠʤʝʨ ʙʦʣʝʝ ʚʳʩʦʢʘʷ ʩʢʦʨʦʩʪʴ ʧʝʨʝʭʦʜʘ ʯʝʨʝʟ 

0 ʝʩʪʝʩʪʚʝʥʥʳʭ ʘʢʫʩʪʠʯʝʩʢʠʭ ʩʠʛʥʘʣʦʚ ʠʣʠ ʙʦʣʝʝ ʚʳʩʦʢʘʷ ʜʣʠʪʝʣʴʥʦʩʪʴ ʩʠʛʥʘʣʦʚ ʦʪ 

ʚʟʨʳʚʥʳʭ ʨʘʙʦʪ.  

ɼʨʫʛʠʤ ʧʦʜʪʚʝʨʞʜʝʥʠʝʤ ʩʣʦʞʥʦʛʦ ʭʘʨʘʢʪʝʨʘ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ 

ʘʢʫʩʪʠʯʝʩʢʠʭ ʩʠʛʥʘʣʦʚ ʤʦʛʫʪ ʩʣʫʞʠʪʴ ʛʨʘʬʠʢʠ, ʧʦʣʫʯʝʥʥʳʝ ʧʨʠ ʧʦʤʦʱʠ ʘʣʛʦʨʠʪʤʦʚ 

ʧʦʥʠʞʝʥʠʷ ʨʘʟʤʝʨʥʦʩʪʠ, ʥʘʧʨʠʤʝʨ ʪʘʢʠʭ, ʢʘʢ t-SNE ʠ UMAP [165]. ʆʥʠ ʧʦʟʚʦʣʷʶʪ 

ʩʚʝʨʥʫʪʴ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʝ ʧʨʠʟʥʘʢʦʚʦʝ ʧʨʦʩʪʨʘʥʩʪʚʦ ʜʦ ʜʚʫʭ- ʠʣʠ ʪʨʝʭʤʝʨʥʦʛʦ, ʘ ʪʘʢʞʝ 

ʨʘʩʧʦʣʦʞʠʪʴ ʙʦʣʝʝ çʧʦʭʦʞʠʝè ʧʦ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤ ʜʘʥʥʳʝ ʙʣʠʞʝ ʜʨʫʛ ʢ ʜʨʫʛʫ [166]. 

T-SNE ʷʚʣʷʝʪʩʷ ʤʝʪʦʜʦʤ ʥʝʣʠʥʝʡʥʦʛʦ ʩʥʠʞʝʥʠʷ ʨʘʟʤʝʨʥʦʩʪʠ [167]. ʆʥ ʧʨʝʦʙʨʘʟʫʝʪ 

ʜʘʥʥʳʝ ʠʟ ʚʳʩʦʢʦʡ ʨʘʟʤʝʨʥʦʩʪʠ ʚ ʥʠʟʢʦʨʘʟʤʝʨʥʦʝ ʧʨʦʩʪʨʘʥʩʪʚʦ (ʦʙʳʯʥʦ 2-ʭ ʠʣʠ 3-ʭ 

ʤʝʨʥʦʝ) ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʯʪʦʙʳ ʩʦʭʨʘʥʠʪʴ ʣʦʢʘʣʴʥʫʶ ʩʪʨʫʢʪʫʨʫ ʜʘʥʥʳʭ. 

ɸʣʛʦʨʠʪʤ ʠʩʧʦʣʴʟʦʚʘʥʠʷ t-SNE ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʨʷʜʝ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʭ ʵʪʘʧʦʚ: 
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1. ʀʥʠʮʠʘʣʠʟʘʮʠʷ ʢʦʦʨʜʠʥʘʪ ʪʦʯʝʢ ʚ ʥʠʟʢʦʨʘʟʤʝʨʥʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ ʩʣʫʯʘʡʥʳʤ 

ʦʙʨʘʟʦʤ; 

2. ʆʧʨʝʜʝʣʝʥʠʝ ʧʘʨʥʳʭ ʚʝʨʦʷʪʥʦʩʪʝʡ ʚ ʚʳʩʦʢʦʨʘʟʤʝʨʥʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ: 

- ʜʣʷ ʢʘʞʜʦʡ i -ʡ ʪʦʯʢʠ ʨʘʩʩʯʠʪʳʚʘʶʪʩʷ ʚʝʨʦʷʪʥʦʩʪʠ 
|j ip , ʢʦʪʦʨʳʝ ʦʪʨʘʞʘʶʪ 

ʚʝʨʦʷʪʥʦʩʪʴ ʪʦʛʦ, ʯʪʦ j-ʷ ʪʦʯʢʘ ʚʳʙʨʘʥʘ ʚ ʢʘʯʝʩʪʚʝ ʩʦʩʝʜʥʝʡ i -ʡ ʪʦʯʢʠ; 

- ʵʪʠ ʚʝʨʦʷʪʥʦʩʪʠ ʦʧʨʝʜʝʣʷʶʪʩʷ ʧʦ ʛʘʫʩʩʦʚʩʢʦʤʫ ʨʘʩʧʨʝʜʝʣʝʥʠʶ ʩ ʮʝʥʪʨʠʨʦʚʘʥʠʝʤ 

ʦʪʥʦʩʠʪʝʣʴʥʦ  i -ʡ ʪʦʯʢʠ ʠ ʰʠʨʠʥʦʡ, ʦʧʨʝʜʝʣʷʝʤʦʡ ʧʘʨʘʤʝʪʨʦʤ is : 

2

2

| 2

2

exp
2

exp
2

i j

i

j i

i k

k i i

x x

p
x x

s

s¸

å õ-
æ ö-
æ ö
ç ÷=
å õ-
-æ ö
æ ö
ç ÷

ä

,                                                  (2.1) 

ʛʜʝ ix , 
jx , 

jx ï ʢʦʦʨʜʠʥʘʪʳ ʪʦʯʝʢ ʜʘʥʥʳʭ ʩ ʥʘʙʦʨʦʤ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʚ ʚʳʩʦʢʦʨʘʟʤʝʨʥʦʤ 

ʧʨʦʩʪʨʘʥʩʪʚʝ; 

i jx x- , 
i kx x- , ï ʝʚʢʣʠʜʦʚʦ ʨʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʪʦʯʢʘʤʠ ix , 

jx , kx  ʚ ʠʩʭʦʜʥʦʤ 

ʚʳʩʦʢʦʨʘʟʤʝʨʥʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ, 

( )
2

1

D

i k id jd

d

x x x x
=

- = -ä ,                                               (2.2) 

D ï ʨʘʟʤʝʨʥʦʩʪʴ ʚʝʢʪʦʨʦʚ ix  ʠ
jx ; 

- ʩʠʤʤʝʪʨʠʯʥʳʝ ʚʝʨʦʷʪʥʦʩʪʠ 
ijp ʦʧʨʝʜʝʣʷʶʪʩʷ ʢʘʢ 

| |

2

j i i j

ij

p p
p

N

+
= ,       (2.3) 

ʛʜʝ N ï ʢʦʣʠʯʝʩʪʚʦ ʪʦʯʝʢ; 

3. ʆʧʨʝʜʝʣʝʥʠʝ ʧʘʨʥʳʭ ʚʝʨʦʷʪʥʦʩʪʝʡ ʚ ʥʠʟʢʦʨʘʟʤʝʨʥʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ: 

- ʚ ʥʠʟʢʦʨʘʟʤʝʨʥʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ ʠʩʧʦʣʴʟʫʝʪʩʷ t-ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʩ ʦʜʥʦʡ ʩʪʝʧʝʥʴʶ 

ʩʚʦʙʦʜʳ (ʉʪʴʶʜʝʥʪʘ), ʯʪʦʙʳ ʚʳʯʠʩʣʠʪʴ ʚʝʨʦʷʪʥʦʩʪʠ 
ijq : 

( )
( )

1
2

1
2

1

1

i j

ij

k l

k l

y y
q

y y

-

-

¸

+ -
=

+ -ä
,                                                   (2.4) 

ʛʜʝ iy ,
jy , ky , ly  ï ʢʦʦʨʜʠʥʘʪʳ ʪʦʯʝʢ ʚ ʥʠʟʢʦʨʘʟʤʝʨʥʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ; 

i jy y- , 
k ly y-  ï ʝʚʢʣʠʜʦʚʦ ʨʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʪʦʯʢʘʤʠ iy ,

jy , ky , ly  ʚ 

ʥʠʟʢʦʨʘʟʤʝʨʥʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ; 
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4. ʄʠʥʠʤʠʟʘʮʠʷ ʜʠʚʝʨʛʝʥʮʠʠ ʂʫʣʴʙʘʢʘ-ʃʝʡʙʣʝʨʘ: 

- ʮʝʣʴ t-SNE ï ʤʠʥʠʤʠʟʘʮʠʷ ʜʠʚʝʨʛʝʥʮʠʠ ʂʫʣʴʙʘʢʘ-ʃʝʡʙʣʝʨʘ ʤʝʞʜʫ 

ʨʘʩʧʨʝʜʝʣʝʥʠʷʤʠ P  ʠ Q : 

( )|| log
ij

ij

i j ij

p
KL P Q p

q¸

=ä ;                                                (2.5) 

- ʤʠʥʠʤʠʟʘʮʠʷ ʵʪʦʡ ʬʫʥʢʮʠʠ ʧʦʪʝʨʴ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʧʨʠ ʧʦʤʦʱʠ ʛʨʘʜʠʝʥʪʥʦʛʦ 

ʩʧʫʩʢʘ, ʛʨʘʜʠʝʥʪ ʬʫʥʢʮʠʠ ʧʦʪʝʨʴ ʧʦ ʢʦʦʨʜʠʥʘʪʘʤ ʪʦʯʢʠ iy ʦʧʨʝʜʝʣʷʝʪʩʷ ʢʘʢ 

( )
( )( ) ( )

1
2||

4 1ij ij i j i j

ji

KL P Q
p q y y y y

y

-µ
= - + - -

µ
ä ;                      (2.6) 

5. ʇʦʚʪʦʨ 3 ʠ 4 ʵʪʘʧʦʚ ʜʦ ʩʭʦʜʠʤʦʩʪʠ ʠʣʠ ʜʦʩʪʠʞʝʥʠʷ ʟʘʜʘʥʥʦʛʦ ʢʦʣʠʯʝʩʪʚʘ 

ʠʪʝʨʘʮʠʡ ʘʣʛʦʨʠʪʤʘ. 

UMAP ï ʵʪʦ ʘʣʛʦʨʠʪʤ ʩʥʠʞʝʥʠʷ ʨʘʟʤʝʨʥʦʩʪʠ, ʢʦʪʦʨʳʡ ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ 

ʚʠʟʫʘʣʠʟʘʮʠʠ ʠ ʢʣʘʩʪʝʨʠʟʘʮʠʠ ʜʘʥʥʳʭ [168, 169]. ʆʥ ʦʩʥʦʚʘʥ ʥʘ ʪʦʧʦʣʦʛʠʯʝʩʢʠʭ ʠ 

ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ ʧʨʠʥʮʠʧʘʭ ʠ ʟʘʯʘʩʪʫʶ ʜʘʝʪ ʣʫʯʰʠʝ ʨʝʟʫʣʴʪʘʪʳ ʧʦ ʩʨʘʚʥʝʥʠʷ ʩ t-SNE, 

ʦʩʦʙʝʥʥʦ ʥʘ ʙʦʣʴʰʠʭ ʥʘʙʦʨʘʭ ʜʘʥʥʳʭ. 

ɺʳʧʦʣʥʝʥʠʝ ʘʣʛʦʨʠʪʤʘ UMAP ʚʢʣʶʯʘʝʪ ʩʣʝʜʫʶʱʠʝ ʰʘʛʠ: 

1. ʇʦʩʪʨʦʝʥʠʝ ʛʨʘʬʘ ʚ ʚʳʩʦʢʦʨʘʟʤʝʨʥʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ: 

- ʚʳʯʠʩʣʝʥʠʝ ʜʣʷ ʢʘʞʜʦʡ ʪʦʯʢʠ ʚ ʠʩʭʦʜʥʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ ix  ʨʘʩʩʪʦʷʥʠʡ ʜʦ ʝʸ k-

ʙʣʠʞʘʡʰʠʭ ʩʦʩʝʜʝʡ ( ),i jd x x ; 

- ʚʳʯʠʩʣʝʥʠʝ ʜʣʷ ʢʘʞʜʦʡ ʪʦʯʢʠ ʚ ʠʩʭʦʜʥʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ ix  ʨʘʜʠʫʩʘ ʨʘʟʤʳʪʠʷ is , 

ʯʪʦʙʳ ʩʙʘʣʘʥʩʠʨʦʚʘʪʴ ʣʦʢʘʣʴʥʫʶ ʧʣʦʪʥʦʩʪʴ ʩʦʩʝʜʝʡ: 

( )
( )2

,
exp log

i j i

j i

d x x p
k

s

å õ-
æ ö- =
æ ö
ç ÷

ä ,                                   (2.7) 

ʛʜʝ ip ï ʤʠʥʠʤʘʣʴʥʦʝ ʨʘʩʩʪʦʷʥʠʝ ʜʦ ʙʣʠʞʘʡʰʝʛʦ ʩʦʩʝʜʘ ʩ ʫʩʣʦʚʠʝʤ ʧʦʣʦʞʠʪʝʣʴʥʦʛʦ 

ʟʥʘʯʝʥʠʷ ʵʢʩʧʦʥʝʥʪʳ; 

- ʦʧʨʝʜʝʣʝʥʠʝ ʚʝʨʦʷʪʥʦʩʪʝʡ 
ijp ʥʘ ʦʩʥʦʚʝ ʨʘʜʠʫʩʘ ʨʘʟʤʳʪʠʷ: 

( ),
exp

i j i

ij

i

d x x p
p

s

å õ-
æ ö= -
æ ö
ç ÷

;                                           (2.8) 

- ʧʨʠ ʵʪʦʤ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʩʠʤʤʝʪʨʠʟʘʮʠʷ ʛʨʘʬʘ: 

( ) ( ), ,
exp exp

2

i j i j i j

i j

ij ji

d x x p d x x p

p p
s s

å õ å õ- -
æ ö æ ö- + -
æ ö æ ö
ç ÷ ç ÷= = ;                   (2.9) 
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2. ʆʧʪʠʤʠʟʘʮʠʷ ʛʨʘʬʘ ʚ ʥʠʟʢʦʨʘʟʤʝʨʥʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ: 

- ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʤʝʪʦʜʘ ʛʨʘʜʠʝʥʪʥʦʛʦ ʩʧʫʩʢʘ ʜʣʷ ʦʧʪʠʤʠʟʘʮʠʠ ʢʦʦʨʜʠʥʘʪ ʪʦʯʝʢ ʚ 

ʥʠʟʢʦʨʘʟʤʝʨʥʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ; 

- ʦʧʪʠʤʠʟʘʮʠʷ ʬʫʥʢʮʠʠ ʧʦʪʝʨʴ, ʦʪʨʘʞʘʶʱʝʡ ʥʝʩʦʦʪʚʝʪʩʪʚʠʝ ʤʝʞʜʫ 

ʚʳʩʦʢʦʨʘʟʤʝʨʥʳʤ ʠ ʥʠʟʢʦʨʘʟʤʝʨʥʳʤ ʛʨʘʬʘʤʠ: 

( ) ( )( )log 1 log 1ij ij ij ij

i j

C p q p q
¸

= - - - -ä ,                                (2.10) 

ʛʜʝ 
ijq  ï ʚʝʨʦʷʪʥʦʩʪʴ ʚ ʥʠʟʢʦʨʘʟʤʝʨʥʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ, ʦʧʨʝʜʝʣʝʥʥʘʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʬʫʥʢʮʠʠ ʄʠʭʘʣʦʚʩʢʦʛʦ: 

( )
1

2

1
b

ij i jq a y y
-

= + - ,                                             (2.11) 

ʛʜʝ ʧʘʨʘʤʝʪʨʳ a  ʠ b  ʦʙʳʯʥʦ ʚʳʙʠʨʘʶʪʩʷ ʘʚʪʦʤʘʪʠʯʝʩʢʠ ʜʣʷ ʩʦʦʪʚʝʪʩʪʚʠʷ ʢʨʠʚʦʡ 

ʚʳʙʨʘʥʥʦʡ ʤʝʪʨʠʢʝ ʨʘʩʩʪʦʷʥʠʷ. 

ʉʚʝʨʪʢʘ ʧʘʨʘʤʝʪʨʦʚ ʩʠʛʥʘʣʦʚ, ʨʘʟʤʝʯʝʥʥʳʭ ʨʫʯʥʳʤ ʩʧʦʩʦʙʦʤ, ʧʨʠ ʧʦʤʦʱʠ 

ʘʣʛʦʨʠʪʤʘ t-SNE ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩʫʥʢʝ 2.16. 

ʇʨʠ ʙʦʣʝʝ ʜʝʪʘʣʴʥʦʤ ʨʘʩʩʤʦʪʨʝʥʠʠ ʛʨʫʧʧʳ ʙʫʨʦʚʳʭ ʩʠʛʥʘʣʦʚ ʩ ʘʥʘʣʠʟʦʤ ʚʨʝʤʝʥʠ 

ʤʝʞʜʫ ʩʦʩʝʜʥʠʤʠ ʠʤʧʫʣʴʩʘʤʠ ʙʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʦʥʘ ʚ ʧʦʣʥʦʡ ʤʝʨʝ ʥʝ ʦʪʚʝʯʘʝʪ 

ʚʳʷʚʣʝʥʥʳʤ ʟʘʢʦʥʦʤʝʨʥʦʩʪʷʤ ʠ ʧʦʵʪʦʤʫ ʷʚʣʷʝʪʩʷ ʥʝʜʦʩʪʦʚʝʨʥʦʡ. ɺ ʛʨʫʧʧʫ ʩʠʛʥʘʣʦʚ ʩ 

ʪʠʧʦʤ çʐʫʤè ʤʦʛʫʪ ʧʦʧʘʜʘʪʴ ʩʠʛʥʘʣʳ ʦʪ ʙʫʨʦʚʳʭ ʠ ʚʟʨʳʚʥʳʭ ʨʘʙʦʪ, ʧʦʵʪʦʤʫ ʚʚʠʜʫ 

ʦʪʩʫʪʩʪʚʠʷ ʭʘʨʘʢʪʝʨʥʳʭ ʯʝʨʪ ʩʠʛʥʘʣʦʚ ʛʨʫʧʧʳ çʐʫʤè, ʦʥʠ ʪʘʢʞʝ ʥʝ ʤʦʛʫʪ ʙʳʪʴ 

ʠʩʧʦʣʴʟʦʚʘʥʳ ʢʘʢ ʜʦʩʪʦʚʝʨʥʳʝ ʜʘʥʥʳʝ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤʠ ʟʘʢʣʶʯʝʥʠʷʤʠ ʙʳʣʦ ʧʨʠʥʷʪʦ 

ʨʝʰʝʥʠʝ ʦʪʢʘʟʘʪʴʩʷ ʦʪ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʵʪʠʭ ʜʚʫʭ ʛʨʫʧʧ ʩʠʛʥʘʣʦʚ ʚ ʠʟʥʘʯʘʣʴʥʦʤ ʚʠʜʝ ʧʨʠ 

ʨʘʟʨʘʙʦʪʢʝ ʢʣʘʩʩʠʬʠʢʘʮʠʦʥʥʦʡ ʤʦʜʝʣʠ, ʘ ʦʥʠ ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ ʠʥʪʝʨʧʨʝʪʠʨʦʚʘʣʠʩʴ ʢʘʢ 

ʩʠʛʥʘʣʳ ʙʝʟ ʪʠʧʘ. ʉ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ, ʢʦʣʠʯʝʩʪʚʦ ʩʠʛʥʘʣʦʚ ʚ ʵʪʠʭ ʜʚʫʭ ʛʨʫʧʧʘʭ ʷʚʣʷʝʪʩʷ 

ʥʝʟʥʘʯʠʪʝʣʴʥʳʤ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʛʨʫʧʧʘʤ ʝʩʪʝʩʪʚʝʥʥʳʭ ʘʢʫʩʪʠʯʝʩʢʠʭ ʩʠʛʥʘʣʦʚ ʠ ʩʠʛʥʘʣʦʚ 

ʦʪ ʚʟʨʳʚʥʳʭ ʨʘʙʦʪ, ʨʘʟʤʝʯʝʥʥʳʭ ʵʢʩʧʝʨʪʥʳʤ ʤʝʪʦʜʦʤ. 

ʈʘʥʝʝ ʫʢʘʟʳʚʘʣʦʩʴ, ʯʪʦ ʦʩʥʦʚʥʫʶ ʯʘʩʪʴ ʪʝʭʥʦʛʝʥʥʳʭ ʰʫʤʦʚ ʩʦʩʪʘʚʣʷʶʪ ʩʠʛʥʘʣʳ ʦʪ 

ʚʟʨʳʚʥʳʭ ʠ ʙʫʨʦʚʳʭ ʨʘʙʦʪ, ʧʦʵʪʦʤʫ ʙʝʟ ʵʪʠʭ ʛʨʫʧʧ ʨʘʟʨʘʙʦʪʢʘ ʧʦʣʥʦʮʝʥʥʦʡ 

ʢʣʘʩʩʠʬʠʢʘʮʠʦʥʥʦʡ ʤʦʜʝʣʠ, ʦʙʣʘʜʘʶʱʝʡ ʥʘʫʯʥʦʡ ʠ ʧʨʘʢʪʠʯʝʩʢʦʡ ʟʥʘʯʠʤʦʩʪʴʶ, ʥʝ 

ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʚʦʟʤʦʞʥʦʡ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ ʚʦʟʥʠʢʣʘ ʧʨʦʙʣʝʤʘ ʚʳʜʝʣʝʥʠʷ ʠʟ ʚʩʝʭ 

ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʥʳʭ ʜʘʥʥʳʭ ʯʘʩʪʠ ʩʠʛʥʘʣʦʚ, ʠʩʪʦʯʥʠʢʦʤ ʠʟʣʫʯʝʥʠʷ ʢʦʪʦʨʳʭ ʷʚʣʷʶʪʩʷ 

ʙʫʨʦʚʳʝ ʨʘʙʦʪʳ. 
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ʈʠʩʫʥʦʢ 2.16 ï ʉʚʝʨʪʢʘ ʧʘʨʘʤʝʪʨʦʚ ʘʢʫʩʪʠʯʝʩʢʠʭ ʩʠʛʥʘʣʦʚ, ʨʘʟʤʝʯʝʥʥʳʭ ʧʨʠ ʧʦʤʦʱʠ 

ʵʢʩʧʝʨʪʥʦʛʦ ʘʥʘʣʠʟʘ, ʧʦ ʘʣʛʦʨʠʪʤʫ t-SNE. ʇʨʠʟʥʘʢʠ: ʘʤʧʣʠʪʫʜʘ, ʜʣʠʪʝʣʴʥʦʩʪʴ, 

ʜʣʠʪʝʣʴʥʦʩʪʴ ʬʨʦʥʪʘ, ʧʣʦʱʘʜʴ, MARSE, ZCR; ʧʘʨʘʤʝʪʨ ʧʝʨʧʣʝʢʩʠʠ ï 30 

 

ɼʣʷ ʨʝʰʝʥʠʷ ʜʘʥʥʦʡ ʧʨʦʙʣʝʤʳ ʙʳʣ ʠʩʧʦʣʴʟʦʚʘʥ ʢʣʘʩʪʝʨʥʳʡ ʘʥʘʣʠʟ, ʘ ʠʤʝʥʥʦ 

ʨʘʟʨʘʙʦʪʘʥ ʘʣʛʦʨʠʪʤ, ʧʦʟʚʦʣʷʶʱʠʡ ʚʳʜʝʣʠʪʴ ʥʝʢʦʪʦʨʦʝ ʢʦʣʠʯʝʩʪʚʦ ʙʫʨʦʚʳʭ ʩʠʛʥʘʣʦʚ ʥʘ 

ʦʩʥʦʚʝ ʧʘʨʘʤʝʪʨʦʚ ʘʤʧʣʠʪʫʜʳ, ʚʨʝʤʝʥʠ ʤʝʞʜʫ ʩʦʩʝʜʥʠʤʠ ʩʠʛʥʘʣʘʤʠ ʠ ʚʨʝʤʝʥʠ 

ʨʝʛʠʩʪʨʘʮʠʠ [170]. ɼʘʥʥʳʡ ʘʣʛʦʨʠʪʤ ʷʚʣʷʝʪʩʷ ʤʦʜʠʬʠʢʘʮʠʝʡ ʤʝʪʦʜʘ ʢʣʘʩʪʝʨʠʟʘʮʠʠ 

DBSCAN, ʧʦʜʨʦʙʥʝʝ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʛʦ ʚ ʛʣʘʚʝ 3. ɸʣʛʦʨʠʪʤ ʦʧʪʠʤʠʟʠʨʦʚʘʥ ʜʣʷ ʨʝʰʝʥʠʷ 

ʧʦʩʪʘʚʣʝʥʥʦʡ ʟʘʜʘʯʠ ʠ ʢ ʝʛʦ ʦʩʥʦʚʥʳʤ ʦʩʦʙʝʥʥʦʩʪʷʤ ʦʪʥʦʩʷʪʩʷ: 

- ʨʘʟʜʝʣʝʥʠʝ ʚʭʦʜʥʳʭ ʜʘʥʥʳʭ ʥʘ ʜʚʝ ʛʨʫʧʧʳ ï ʮʝʣʝʚʫʶ ʠ ʰʫʤ; 

- ʢʵʰʠʨʦʚʘʥʠʝ ʜʘʥʥʳʭ ʧʦ ʨʘʩʯʸʪʫ ʝʚʢʣʠʜʦʚʳʭ ʨʘʩʩʪʦʷʥʠʡ, ʧʦʟʚʦʣʷʶʱʝʝ 

ʧʨʦʠʟʚʦʜʠʪʴ ʢʣʘʩʪʝʨʠʟʘʮʠʶ ʚ ʨʝʞʠʤʝ ʨʝʘʣʴʥʦʛʦ ʚʨʝʤʝʥʠ; 

- ʚʦʟʤʦʞʥʦʩʪʴ ʚʚʝʜʝʥʠʷ ʚʝʩʦʚʳʭ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʜʣʷ ʧʘʨʘʤʝʪʨʦʚ.  

ʉʭʝʤʘʪʠʯʝʩʢʠ ʘʣʛʦʨʠʪʤ ʧʨʝʜʩʪʘʚʣʝʥ ʥʘ ʨʠʩʫʥʢʝ 2.17. 
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ʈʠʩʫʥʦʢ 2.17 ï ʋʧʨʦʱʸʥʥʘʷ ʩʭʝʤʘ ʨʘʙʦʪʳ ʘʣʛʦʨʠʪʤʘ çʇʣʦʪʥʦʩʪʴè ʚ ʧʨʦʛʨʘʤʤʝ 

çGeoFiltrationè 

 

ɼʘʥʥʳʡ ʘʣʛʦʨʠʪʤ ʧʦʟʚʦʣʷʝʪ ʚ ʟʥʘʯʠʪʝʣʴʥʦʡ ʤʝʨʝ ʫʧʨʦʩʪʠʪʴ ʚʳʜʝʣʝʥʠʝ ʙʫʨʦʚʳʭ 

ʩʠʛʥʘʣʦʚ ʠʟ ʘʢʫʩʪʠʯʝʩʢʠʭ ʜʘʥʥʳʭ, ʥʦ ʜʣʷ ʩʣʫʯʘʷ ʙʦʣʴʰʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʠʥʬʦʨʤʘʮʠʠ, ʢʘʢ 

ʥʘʧʨʠʤʝʨ, ʜʣʷ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʖʞʥʦʝ, ʛʜʝ ʢʦʣʠʯʝʩʪʚʦ ʩʠʛʥʘʣʦʚ ʜʦʩʪʠʛʘʝʪ 2 ʤʣʥ, ʝʛʦ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʥʝ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʚʦʟʤʦʞʥʳʤ ʚʚʠʜʫ ʟʥʘʯʠʪʝʣʴʥʳʭ ʚʨʝʤʝʥʥʳʭ ʟʘʪʨʘʪ 

ʥʝʦʙʭʦʜʠʤʳʭ ʥʘ ʧʦʜʙʦʨ ʧʘʨʘʤʝʪʨʦʚ ʢʣʘʩʪʝʨʠʟʘʮʠʠ. ʊʘʢʞʝ ʝʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʦʩʣʦʞʥʷʝʪʩʷ 

ʥʝʢʦʪʦʨʳʤ ʢʦʣʠʯʝʩʪʚʦʤ ʣʦʞʥʦ ʢʣʘʩʪʝʨʠʟʦʚʘʥʥʳʭ ʩʠʛʥʘʣʦʚ, ʯʪʦ ʪʨʝʙʫʝʪ ʠʭ ʨʫʯʥʦʡ 

ʦʙʨʘʙʦʪʢʠ ʩ ʮʝʣʴʶ ʠʩʢʣʶʯʝʥʠʷ ʠʟ ʢʘʪʝʛʦʨʠʠ ʙʫʨʦʚʳʭ ʩʠʛʥʘʣʦʚ. ʇʦʵʪʦʤʫ ʙʳʣʦ ʧʨʠʥʷʪʦ 

ʨʝʰʝʥʠʝ ʚʳʙʨʘʪʴ ʧʝʨʠʦʜ ʨʝʛʠʩʪʨʘʮʠʠ, ʥʘ ʢʦʪʦʨʦʤ ʩʠʛʥʘʣʳ ʦʪ ʙʫʨʦʚʳʭ ʨʘʙʦʪ ʦʙʣʘʜʘʶʪ 

ʭʘʨʘʢʪʝʨʥʳʤʠ ʯʝʨʪʘʤʠ, ʪ. ʝ. ʟʥʘʯʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ ʘʤʧʣʠʪʫʜʳ ʠ ʯʘʩʪʦʪʳ ʠʭ ʨʝʛʠʩʪʨʘʮʠʠ 

ʢʦʥʮʝʥʪʨʠʨʫʶʪʩʷ ʚ ʦʛʨʘʥʠʯʝʥʥʦʤ ʠʥʪʝʨʚʘʣʝ ʟʥʘʯʝʥʠʡ. ʅʘʧʨʠʤʝʨ, ʪʘʢʠʤʠ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʦʙʣʘʜʘʝʪ ʧʝʨʠʦʜ ʚʨʝʤʝʥʠ ʩ 26 ʷʥʚʘʨʷ ʧʦ 9 ʬʝʚʨʘʣʷ 2024 ʛ. ʜʣʷ ʜʘʪʯʠʢʘ 

009-017. ʅʘ ʨʠʩʫʥʢʝ 2.18 ʧʨʝʜʩʪʘʚʣʝʥʳ ʵʪʠ ʜʘʥʥʳʝ. 

ʇʦʩʣʝ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʜʘʥʥʦʛʦ ʘʣʛʦʨʠʪʤʘ ʠ ʨʫʯʥʦʡ ʢʦʨʨʝʢʪʠʨʦʚʢʠ ʜʘʥʥʳʭ ʧʦ 

ʢʘʞʜʦʤʫ ʜʘʪʯʠʢʫ ʙʳʣʠ ʚʳʜʝʣʝʥʳ ʩʠʛʥʘʣʳ, ʦʪʥʦʩʷʱʠʝʩʷ ʢ ʙʫʨʦʚʳʤ ʨʘʙʦʪʘʤ, ʯʪʦ ʦʪʨʘʞʝʥʦ 

ʥʘ ʨʠʩʫʥʢʝ 2.19 ʜʣʷ ʜʘʪʯʠʢʘ 009-017.  
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ʈʠʩʫʥʦʢ 2.18 ï ɻʨʘʬʠʢ ʚʨʝʤʝʥʠ ʤʝʞʜʫ ʩʦʩʝʜʥʠʤʠ ʩʠʛʥʘʣʘʤʠ, ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʥʳʭ ʟʘ 

ʧʝʨʠʦʜ ʩ 26 ʷʥʚʘʨʷ ʧʦ 9 ʬʝʚʨʘʣʷ 2024 ʛ. ʥʘ ʤʝʩʪʦʨʦʞʜʝʥʠʠ ʖʞʥʦʝ ʧʦ ʜʘʪʯʠʢʫ 009-017 

 

 
ʈʠʩʫʥʦʢ 2.19ï ɻʨʘʬʠʢ ʚʨʝʤʝʥʠ ʤʝʞʜʫ ʩʦʩʝʜʥʠʤʠ ʩʠʛʥʘʣʘʤʠ ʩ ʚʳʜʝʣʝʥʥʳʤʠ ʩʠʛʥʘʣʘʤʠ ʦʪ 

ʙʫʨʦʚʳʭ ʨʘʙʦʪ, ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʥʳʭ ʟʘ ʧʝʨʠʦʜ ʩ 26 ʷʥʚʘʨʷ ʧʦ 9 ʬʝʚʨʘʣʷ 2024 ʛ. ʥʘ 

ʤʝʩʪʦʨʦʞʜʝʥʠʠ ʖʞʥʦʝ ʧʦ ʜʘʪʯʠʢʫ 009-017 
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ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʨʠʤʝʥʝʥʠʷ ʪʘʢʦʛʦ ʧʦʜʭʦʜʘ ʙʳʣʦ ʧʦʣʫʯʝʥʦ ʜʦʩʪʘʪʦʯʥʦʝ ʢʦʣʠʯʝʩʪʚʦ 

ʘʢʫʩʪʠʯʝʩʢʠʭ ʩʠʛʥʘʣʦʚ ʦʪ ʨʘʟʥʳʭ ʠʩʪʦʯʥʠʢʦʚ. ʀʪʦʛʦʚʦʝ ʢʦʣʠʯʝʩʪʚʦ ʩʠʛʥʘʣʦʚ ʨʘʟʥʳʭ ʪʠʧʦʚ, 

ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʥʳʭ ʦʪʜʝʣʴʥʳʤʠ ʜʘʪʯʠʢʘʤʠ, ʧʨʠʚʝʜʝʥʦ ʚ ʪʘʙʣʠʮʝ 2.7. 

 

ʊʘʙʣʠʮʘ 2.7 ï ʂʦʣʠʯʝʩʪʚʦ ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʥʳʭ ʩʠʛʥʘʣʦʚ ʧʦ ʜʘʪʯʠʢʘʤ ʠ ʪʠʧʘʤ ʠʩʪʦʯʥʠʢʦʚ, 

ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʥʳʭ ʥʘ ʤʝʩʪʦʨʦʞʜʝʥʠʠ ʖʞʥʦʝ ʩ 03.12.2022 ʛ. ʧʦ 09.02.2024 ʛ. 

ɼʘʪʯʠʢ 

(ʩʝʨʠʷ-

ʥʦʤʝʨ) 

ʂʦʣʠʯʝʩʪʚʦ ʠʤʧʫʣʴʩʦʚ ʧʦ ʪʠʧʘʤ ʠʩʪʦʯʥʠʢʦʚ 

ɽʩʪʝʩʪʚʝʥʥʘʷ 

ʘʢʫʩʪʠʯʝʩʢʘʷ 

ʵʤʠʩʩʠʷ (%) 

ɺʟʨʳʚʥʳʝ 

ʨʘʙʦʪʳ (%) 

ɹʫʨʦʚʳʝ 

ʨʘʙʦʪʳ (%) 
ɹʝʟ ʪʠʧʘ (%) ɺʩʝ ʪʠʧʳ 

009-001 1016 (0,28) 1874 (0,52) 9552 (2,66) 347188 (96,54) 359630 

009-002 1229 (0,30) 1935 (0,47) 14780 (3,62) 390074 (95,60) 408018 

009-003 2899 (2,62) 2205 (1,99) 1149 (1,04) 104394 (94,35) 110647 

009-004 1455 (5,62) 1496 (5,77) 5782 (22,32) 17174 (66,29) 25907 

009-005 817 (0,37) 1084 (0,50) 9803 (4,49) 206839 (94,64) 218543 

009-006 2428 (3,61) 1906 (2,83) 691 (1,03) 62219 (92,53) 67244 

009-007 985 (1,79) 1927 (3,50) 687 (1,25) 51516 (93,47) 55115 

009-009 2089 (1,08) 2148 (1,11) 5743 (2,97) 183560 (94,84) 193540 

009-010 2429 (0,66) 2161 (0,59) 26717 (7,29) 335431 (91,46) 366738 

009-011 1645 (1,00) 1855 (1,13) 4532 (2,75) 156476 (95,12) 164508 

009-012 1318 (4,00) 1873 (5,68) 7423 (22,53) 22338 (67,79) 32952 

009-017 2521 (0,59) 2152 (0,50) 126438 (29,61) 295951 (69,30) 427062 

ɺʩʝʛʦ 20842 (0,86) 22619 (0,93) 213297 (8,78) 2173160 (89,43) 2429904 

 

ʇʦʚʪʦʨʥʦ ʨʘʩʩʤʦʪʨʠʤ ʛʨʘʬʠʢʠ ʧʦʧʘʨʥʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʧʨʠʟʥʘʢʦʚ ʩʠʛʥʘʣʦʚ, 

ʪʠʧʠʟʠʨʦʚʘʥʥʳʭ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʨʘʟʨʘʙʦʪʘʥʥʦʛʦ ʘʣʛʦʨʠʪʤʘ ʢʣʘʩʪʝʨʥʦʛʦ ʘʥʘʣʠʟʘ. ʆʥʠ 

ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʨʠʩʫʥʢʝ 2.20. 

ʅʘ ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʛʨʘʬʠʢʘʭ ʙʦʣʝʝ ʯʸʪʢʦ ʧʨʦʷʚʣʷʶʪʩʷ ʦʩʦʙʝʥʥʦʩʪʠ ʩʠʛʥʘʣʦʚ 

ʨʘʟʣʠʯʥʳʭ ʪʠʧʦʚ. ʅʘʧʨʠʤʝʨ, ʟʘʤʝʪʥʳ ʨʘʟʣʠʯʠʷ ʤʝʞʜʫ ʩʠʛʥʘʣʘʤʠ ʝʩʪʝʩʪʚʝʥʥʦʛʦ 

ʪʨʝʱʠʥʦʦʙʨʘʟʦʚʘʥʠʷ ʠ ʩʠʛʥʘʣʘʤʠ ʦʪ ʚʟʨʳʚʥʳʭ ʨʘʙʦʪ ʥʘ ʛʨʘʬʠʢʝ ʟʘʚʠʩʠʤʦʩʪʠ ʘʤʧʣʠʪʫʜʳ 

ʦʪ ʢʦʣʠʯʝʩʪʚʘ ʧʝʨʝʭʦʜʦʚ ʯʝʨʝʟ 0. ʊʘʢʞʝ ʚʳʜʝʣʷʝʪʩʷ ʧʦʚʳʰʝʥʥʘʷ ʢʦʥʮʝʥʪʨʘʮʠʷ ʩʠʛʥʘʣʦʚ ʦʪ 

ʚʟʨʳʚʥʳʭ ʨʘʙʦʪ ʥʘ ʛʨʘʬʠʢʘʭ ʩ ʚʨʝʤʝʥʝʤ ʩʫʪʦʢ, ʯʪʦ ʩʚʷʟʘʥʦ ʩ ʧʝʨʠʦʜʠʯʥʦʩʪʴʶ ʜʘʥʥʦʛʦ ʚʠʜʘ 

ʨʘʙʦʪ.  

ɼʦʧʦʣʥʠʪʝʣʴʥʳʤ ʧʦʜʪʚʝʨʞʜʝʥʠʝʤ ʜʦʩʪʦʚʝʨʥʦʩʪʠ ʨʘʟʤʝʯʝʥʥʳʭ ʩʠʛʥʘʣʦʚ ʚʳʩʪʫʧʘʝʪ 

ʜʝʤʦʥʩʪʨʘʮʠʷ ʠʭ ʧʘʨʘʤʝʪʨʦʚ ʧʨʠ ʧʦʤʦʱʠ ʘʣʛʦʨʠʪʤʦʚ ʧʦʥʠʞʝʥʠʷ ʨʘʟʤʝʨʥʦʩʪʠ. ʅʘ 

ʨʠʩʫʥʢʘʭ 2.21 ʠ 2.22 ʚʠʜʥʦ, ʯʪʦ ʛʨʘʥʠʮʳ ʤʝʞʜʫ ʩʠʛʥʘʣʘʤʠ ʨʘʟʥʳʭ ʪʠʧʦʚ ʩʪʘʣʠ ʙʦʣʝʝ 

ʯʝʪʢʠʤʠ, ʠʭ ʛʦʨʘʟʜʦ ʧʨʦʱʝ ʧʨʦʚʝʩʪʠ. ʅʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʜʣʷ ʪʠʧʠʟʘʮʠʠ ʜʘʥʥʳʡ ʤʝʪʦʜ ʥʝ 

ʨʝʢʦʤʝʥʜʫʝʪʩʷ ʚʚʠʜʫ ʠʭ ʚʳʩʦʢʦʡ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ ʢ ʜʦʙʘʚʣʝʥʠʶ ʥʦʚʳʭ ʜʘʥʥʳʭ, ʯʪʦ 

ʧʦʪʨʝʙʫʝʪ ʪʨʫʜʦʝʤʢʦʛʦ ʧʦʜʙʦʨʘ ʧʘʨʘʤʝʪʨʦʚ ʠ ʟʘʪʨʘʪʥʳʭ ʚʳʯʠʩʣʝʥʠʡ. ɺ ʫʩʣʦʚʠʷʭ 

ʥʝʧʨʝʨʳʚʥʦʡ ʨʝʛʠʩʪʨʘʮʠʠ ʘʢʫʩʪʠʯʝʩʢʠʭ ʜʘʥʥʳʭ ï ɻ ʪʦ ̫ ʚʣʷʝʪʩʷ ʪʨʫʜʥʦʚʳʧʦʣʥʠʤʦʡ ʟʘʜʘʯʝʡ. 
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ʈʠʩʫʥʦʢ 2.20 ï ʇʦʧʘʨʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʧʨʠʟʥʘʢʦʚ ʩʠʛʥʘʣʦʚ, ʪʠʧʠʟʠʨʦʚʘʥʥʳʭ ʥʘ ʦʩʥʦʚʝ 

ʵʢʩʧʝʨʪʥʦʛʦ ʠ ʢʣʘʩʪʝʨʥʦʛʦ ʘʥʘʣʠʟʘ 

 

 
ʈʠʩʫʥʦʢ 2.21 ï ʉʚʝʨʪʢʘ ʧʘʨʘʤʝʪʨʦʚ ʩʠʛʥʘʣʦʚ, ʨʘʟʤʝʯʝʥʥʳʭ ʧʨʠ ʧʦʤʦʱʠ ʵʢʩʧʝʨʪʥʦʛʦ ʠ 

ʢʣʘʩʪʝʨʥʦʛʦ ʘʥʘʣʠʟʘ, ʧʦ ʘʣʛʦʨʠʪʤʫ UMAP. ʇʨʠʟʥʘʢʠ: ʘʤʧʣʠʪʫʜʘ, ʜʣʠʪʝʣʴʥʦʩʪʴ, 

ʜʣʠʪʝʣʴʥʦʩʪʴ ʬʨʦʥʪʘ, ʧʣʦʱʘʜʴ, MARSE, ʚʨʝʤʷ ʤʝʞʜʫ; ʧʘʨʘʤʝʪʨ ʤʠʥʠʤʘʣʴʥʦʛʦ 

ʨʘʩʩʪʦʷʥʠʷ ʤʝʞʜʫ ʪʦʯʢʘʤʠ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ ï 55; ʤʝʪʨʠʢʘ ʨʘʩʩʪʦʷʥʠʷ ï correlation 
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ʈʠʩʫʥʦʢ 2.22 ï ʉʚʝʨʪʢʘ ʧʘʨʘʤʝʪʨʦʚ ʘʢʫʩʪʠʯʝʩʢʠʭ ʩʠʛʥʘʣʦʚ, ʨʘʟʤʝʯʝʥʥʳʭ ʧʨʠ ʧʦʤʦʱʠ 

ʵʢʩʧʝʨʪʥʦʛʦ ʠ ʢʣʘʩʪʝʨʥʦʛʦ ʘʥʘʣʠʟʘ, ʧʦ ʘʣʛʦʨʠʪʤʫ t-SNE. ʇʨʠʟʥʘʢʠ: ʘʤʧʣʠʪʫʜʘ, 

ʜʣʠʪʝʣʴʥʦʩʪʴ ʬʨʦʥʪʘ, ʧʣʦʱʘʜʴ, MARSE, ZCR; ʧʘʨʘʤʝʪʨ ʧʝʨʧʣʝʢʩʠʠ ï 45 

 

2.3 ʇʨʦʝʢʪʠʨʦʚʘʥʠʝ ʘʨʭʠʪʝʢʪʫʨʳ ʥʝʡʨʦʩʝʪʝʚʦʡ ʤʦʜʝʣʠ, ʧʦʜʛʦʪʦʚʢʘ 

ʦʙʫʯʘʶʱʠʭ ʠ ʪʝʩʪʦʚʳʭ ʥʘʙʦʨʦʚ ʜʘʥʥʳʭ 

 

ʇʨʠ ʜʝʪʘʣʴʥʦʤ ʨʘʩʩʤʦʪʨʝʥʠʠ ʩʠʛʥʘʣʦʚ ʠ ʪʝʩʪʠʨʦʚʘʥʠʠ ʨʘʟʣʠʯʥʳʭ ʧʦʜʭʦʜʦʚ ʙʳʣ 

ʩʜʝʣʘʥ ʚʳʚʦʜ ʦ ʥʝʮʝʣʝʩʦʦʙʨʘʟʥʦʩʪʠ ʨʘʟʨʘʙʦʪʢʠ ʫʥʠʚʝʨʩʘʣʴʥʦʡ ʤʦʜʝʣʠ ʜʣʷ ʚʩʝʭ ʜʘʥʥʳʭ. 

ʄʦʜʝʣʠ, ʦʩʥʦʚʘʥʥʳʝ ʥʘ ʵʪʦʤ ʧʨʠʥʮʠʧʝ, ʦʢʘʟʳʚʘʣʠʩʴ ʤʘʣʦʵʬʬʝʢʪʠʚʥʳʤʠ ʩ ʥʠʟʢʦʡ 

ʪʦʯʥʦʩʪʴʶ ʧʨʝʜʩʢʘʟʘʥʠʡ.  

ʉ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ, ʙʦʣʝʝ ʚʳʩʦʢʦʝ ʢʘʯʝʩʪʚʦ ʧʨʝʜʩʢʘʟʘʥʠʡ ʜʝʤʦʥʩʪʨʠʨʦʚʘʣʠ ʤʦʜʝʣʠ, 

ʦʙʫʯʝʥʥʳʝ ʥʘ ʩʠʛʥʘʣʘʭ, ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʥʳʭ ʦʜʥʠʤ ʜʘʪʯʠʢʦʤ [171]. ʕʪʦ ʜʦʧʫʱʝʥʠʝ ʚʧʦʣʥʝ 

ʣʦʛʠʯʥʦ ʦʙʲʷʩʥʷʝʪʩʷ ʩʨʝʜʦʡ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʘʢʫʩʪʠʯʝʩʢʠʭ ʚʦʣʥ ʥʘ ʧʫʪʠ ʩʠʛʥʘʣʘ ʦʪ 

ʠʩʪʦʯʥʠʢʘ ʜʦ ʧʨʠʝʤʥʠʢʘ. ʅʘʠʙʦʣʝʝ ʥʘʛʣʷʜʥʦ ʵʪʦ ʤʦʞʥʦ ʥʘʙʣʶʜʘʪʴ ʧʨʠ ʩʚʝʨʪʢʝ ʧʘʨʘʤʝʪʨʦʚ 

ʩʠʛʥʘʣʦʚ, ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʥʳʭ ʨʘʟʥʳʤʠ ʜʘʪʯʠʢʘʤʠ, ʢʘʢ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩʫʥʢʝ 2.23. 

ɼʨʫʛʘʷ ʚʳʜʚʠʥʫʪʘʷ ʛʠʧʦʪʝʟʘ ʟʘʢʣʶʯʘʣʘʩʴ ʚ ʥʘʣʠʯʠʠ ʫʥʠʢʘʣʴʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʫ 

ʩʠʛʥʘʣʦʚ ʨʘʟʣʠʯʥʦʡ ʧʨʠʨʦʜʳ ʧʨʦʠʩʭʦʞʜʝʥʠʷ, ʯʪʦ ʤʦʞʥʦ ʥʘʙʣʶʜʘʪʴ ʥʘ ʨʘʩʩʤʦʪʨʝʥʥʳʭ 

ʨʘʥʝʝ ʛʨʘʬʠʢʘʭ (ʨʠʩ. 2.20). 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ ʵʪʠ ʧʨʝʜʧʦʣʦʞʝʥʠʷ ʧʨʠʚʝʣʠ ʢ ʨʘʟʨʘʙʦʪʢʝ ʮʝʣʦʛʦ ʘʥʩʘʤʙʣʷ ʙʠʥʘʨʥʳʭ 

ʢʣʘʩʩʠʬʠʢʘʮʠʦʥʥʳʭ ʤʦʜʝʣʝʡ, ʦʙʫʯʝʥʥʳʭ ʦʧʨʝʜʝʣʷʪʴ ʢʦʥʢʨʝʪʥʳʡ ʮʝʣʝʚʦʡ ʪʠʧ ʠʩʪʦʯʥʠʢʘ 

ʩʠʛʥʘʣʦʚ ʜʣʷ ʦʪʜʝʣʴʥʦʛʦ ʜʘʪʯʠʢʘ. ɼʣʷ ʙʘʟʳ ʜʘʥʥʳʭ ʩʠʛʥʘʣʦʚ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʖʞʥʦʝ 

ʩʦʚʦʢʫʧʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʤʦʜʝʣʝʡ ʚ ʘʥʩʘʤʙʣʝ ʩʦʩʪʘʚʠʣʦ 36 ʝʜʠʥʠʮ: ʧʦ 3 ʤʦʜʝʣʠ ʥʘ ʢʘʞʜʳʡ 

ʠʟ 12 ʜʘʪʯʠʢʦʚ.  
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ʈʠʩʫʥʦʢ 2.23 ï ɼʚʫʤʝʨʥʦʝ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʧʨʠʟʥʘʢʦʚ ʩʠʛʥʘʣʦʚ ʥʘ ʦʩʥʦʚʝ ʘʣʛʦʨʠʪʤʘ t-SNE, 

ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʥʳʭ ʨʘʟʣʠʯʥʳʤʠ ʜʘʪʯʠʢʘʤʠ: a) 009-003; ʙ) 009-004; ʚ) 009-005; ʛ) 009-009 
  

ɺ ʢʘʯʝʩʪʚʝ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʧʨʝʠʤʫʱʝʩʪʚ ʪʘʢʦʛʦ ʧʦʜʭʦʜʘ ʚʳʩʪʫʧʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ 

ʠʥʜʠʚʠʜʫʘʣʴʥʦʡ ʥʘʩʪʨʦʡʢʠ ʛʠʧʝʨʧʘʨʘʤʝʪʨʦʚ ʜʣʷ ʢʘʞʜʦʡ ʤʦʜʝʣʠ ʠ ʠʭ ʙʦʣʝʝ ʙʳʩʪʨʦʝ 

ʦʙʫʯʝʥʠʝ, ʩʚʷʟʘʥʥʦʝ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʙʠʥʘʨʥʦʡ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʠ ʧʨʦʩʪʦʡ ʘʨʭʠʪʝʢʪʫʨʳ. 

ɸʨʭʠʪʝʢʪʫʨʘ ʤʦʜʝʣʠ ʥʝʡʨʦʥʥʦʡ ʩʝʪʠ ʚ ʘʥʩʘʤʙʣʝ ʚʢʣʶʯʘʣʘ ʚʩʝʛʦ 2 ʩʢʨʳʪʳʭ ʩʣʦʷ ï 

ʧʦʣʥʦʩʚʷʟʥʳʡ ʠ ʩʣʦʡ ʨʝʛʫʣʷʨʠʟʘʮʠʠ. ʉʭʝʤʘʪʠʯʥʦʝ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʤʦʜʝʣʠ ʧʨʠʚʝʜʝʥʦ ʥʘ 

ʨʠʩʫʥʢʝ 2.24. 

ɺʳʭʦʜʳ ʩ ʧʦʩʣʝʜʥʝʛʦ ʧʦʣʥʦʩʚʷʟʥʦʛʦ ʩʣʦʷ ʥʝʡʨʦʥʥʦʡ ʩʝʪʠ ʩʛʣʘʞʠʚʘʣʠʩʴ ʧʨʠ 

ʧʦʤʦʱʠ ʬʫʥʢʮʠʠ ʣʦʛʠʩʪʠʯʝʩʢʦʛʦ ʩʠʛʤʦʠʜʘ ʩ ʮʝʣʴʶ ʧʦʣʫʯʝʥʠʷ ʚʝʨʦʷʪʥʦʩʪʠ ʦʪʥʝʩʝʥʠʷ 

ʩʠʛʥʘʣʘ ʢ ʮʝʣʝʚʦʤʫ ʢʣʘʩʩʫ:  

1
( )

1 x
f x

e-
=
+

,                                                         (2.12) 

ʛʜʝ e ï ʦʩʥʦʚʘʥʠʝ ʥʘʪʫʨʘʣʴʥʦʛʦ ʣʦʛʘʨʠʬʤʘ; 

x ï ʟʥʘʯʝʥʠʝ ʚʳʭʦʜʥʦʛʦ ʩʣʦʷ ʤʦʜʝʣʠ ʜʣʷ ʩʠʛʥʘʣʘ. 
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ʈʠʩʫʥʦʢ 2.24 ï ʉʭʝʤʘ ʥʝʡʨʦʥʥʦʡ ʩʝʪʠ ʩ ʜʠʘʧʘʟʦʥʘʤʠ ʧʦʜʙʠʨʘʝʤʳʭ ʛʠʧʝʨʧʘʨʘʤʝʪʨʦʚ 

 

ɸʣʛʦʨʠʪʤ ʧʦʜʛʦʪʦʚʢʠ ʦʙʫʯʘʶʱʠʭ ʠ ʪʝʩʪʦʚʳʭ ʜʘʪʘʩʝʪʦʚ (ʥʘʙʦʨʦʚ ʜʘʥʥʳʭ) 

ʟʘʢʣʶʯʘʣʩʷ ʚ ʚʳʙʦʨʝ ʩʠʛʥʘʣʦʚ ʦʪ ʦʜʥʦʛʦ ʧʨʠʸʤʥʠʢʘ ʠ ʨʝʜʘʢʪʠʨʦʚʘʥʠʠ ʤʝʪʢʠ ʪʠʧʘ ʪʘʢʠʤ 

ʦʙʨʘʟʦʤ, ʯʪʦ ʮʝʣʝʚʦʡ ʪʠʧ ʧʦʤʝʯʘʣʩʷ 1, ʘ ʜʚʘ ʜʨʫʛʠʭ ʪʠʧʘ ï 0. ʈʘʟʤʝʨ ʦʙʫʯʘʶʱʠʭ ʠ ʪʝʩʪʦʚʳʭ 

ʜʘʪʘʩʝʪʦʚ ʩʦʩʪʘʚʠʣ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ 85 ʠ 15%. ʅʝʦʪʲʝʤʣʝʤʦʡ ʯʘʩʪʴʶ ʧʦʜʛʦʪʦʚʢʠ ʜʘʥʥʳʭ 

ʚʳʩʪʫʧʘʣʘ ʤʠʥʠʤʘʣʴʥʦ-ʤʘʢʩʠʤʘʣʴʥʘʷ ʥʦʨʤʘʣʠʟʘʮʠʷ (min-max scaling), ʦʧʨʝʜʝʣʷʝʤʘʷ 

ʩʣʝʜʫʶʱʝʡ ʬʦʨʤʫʣʦʡ: 

min[ ]

max[ ] min[ ]

i
ʥi

x X
x

X X

-
=

-
,                                               (2.13) 

ʛʜʝ ix ï ʠʩʭʦʜʥʦʝ ʟʥʘʯʝʥʠʝ ʧʨʠʟʥʘʢʘ ʠʟ ʩʪʦʣʙʮʘ X  i -ʛʦ ʩʠʛʥʘʣʘ, ix XÍ ; 

min[ ]X ï ʤʠʥʠʤʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ ʧʨʠʟʥʘʢʘ; 

max[ ]X ï ʤʘʢʩʠʤʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ ʧʨʠʟʥʘʢʘ. 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʥʦʨʤʘʣʠʟʘʮʠʠ ʦʙʣʘʩʪʴ ʟʥʘʯʝʥʠʡ ʧʨʠʟʥʘʢʦʚʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ ʙʳʣʘ 

ʩʞʘʪʘ ʚ ʧʨʝʜʝʣʘʭ ʠʥʪʝʨʚʘʣʘ [0; 1], ʯʪʦ ʧʦʟʚʦʣʠʣʦ ʫʨʘʚʥʦʚʝʩʠʪʴ ʚʣʠʷʥʠʝ ʢʘʞʜʦʛʦ ʧʨʠʟʥʘʢʘ 

ʥʘ ʢʣʘʩʩʠʬʠʢʘʮʠʦʥʥʫʶ ʩʧʦʩʦʙʥʦʩʪʴ ʨʘʟʨʘʙʘʪʳʚʘʝʤʦʡ ʤʦʜʝʣʠ. 

ʂʦʣʠʯʝʩʪʚʦ ʩʠʛʥʘʣʦʚ ʦʪ ʨʘʟʣʠʯʥʳʭ ʠʩʪʦʯʥʠʢʦʚ ʚ ʠʪʦʛʦʚʳʭ ʜʘʪʘʩʝʪʘʭ ʙʳʣʦ 

ʩʙʘʣʘʥʩʠʨʦʚʘʥʦ ʩ ʮʝʣʴʶ ʠʭ ʙʦʣʝʝ ʨʘʚʥʦʤʝʨʥʦʛʦ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʚʦ ʚʩʝʭ ʛʨʫʧʧʘʭ: 

ʝʩʪʝʩʪʚʝʥʥʘʷ ʘʢʫʩʪʠʯʝʩʢʘʷ ʵʤʠʩʩʠʷ (ɽɸʕ), ʚʟʨʳʚʳ ʠ ʙʫʨʝʥʠʝ. ʀʪʦʛʦʚʳʡ ʩʦʩʪʘʚ ʦʙʫʯʘʶʱʠʭ 

ʠ ʪʝʩʪʦʚʳʭ ʜʘʪʘʩʝʪʦʚ ʧʨʝʜʩʪʘʚʣʝʥ ʚ ʪʘʙʣʠʮʝ 2.8. 
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ʊʘʙʣʠʮʘ 2.8 ï ʂʦʣʠʯʝʩʪʚʝʥʥʳʡ ʩʦʩʪʘʚ ʦʙʫʯʘʶʱʠʭ ʠ ʪʝʩʪʦʚʳʭ ʜʘʪʘʩʝʪʦʚ 
ɼʘʪʯʠʢ ʊʠʧ ʠʩʪʦʯʥʠʢʘ ʆʙʫʯʘʶʱʠʡ ʜʘʪʘʩʝʪ ʊʝʩʪʦʚʳʡ ʜʘʪʘʩʝʪ ɺʩʝʛʦ 

009-001 

ɺʩʝ 4046 714 4760 

ɽɸʕ 864 152 1016 

ɺʟʨʳʚ 1591 281 1872 

ɹʫʨʝʥʠʝ 1591 281 1872 

009-002 

ɺʩʝ 4332 765 5097 

ɽɸʕ 1044 185 1229 

ɺʟʨʳʚ 1644 290 1934 

ɹʫʨʝʥʠʝ 1644 290 1934 

009-003 

ɺʩʝ 5298 935 6233 

ɽɸʕ 2464 435 2899 

ɺʟʨʳʚ 1874 331 2205 

ɹʫʨʝʥʠʝ 960 169 1129 

009-004 

ɺʩʝ 3552 627 4179 

ɽɸʕ 1188 210 1398 

ɺʟʨʳʚ 1176 208 1384 

ɹʫʨʝʥʠʝ 1188 209 1397 

009-005 

ɺʩʝ 2533 447 2980 

ɽɸʕ 693 123 816 

ɺʟʨʳʚ 920 162 1082 

ɹʫʨʝʥʠʝ 920 162 1082 

009-006 

ɺʩʝ 4261 752 5013 

ɽɸʕ 2064 364 2428 

ɺʟʨʳʚ 1620 286 1906 

ɹʫʨʝʥʠʝ 577 102 679 

009-007 

ɺʩʝ 3049 539 3588 

ɽɸʕ 837 148 985 

ɺʟʨʳʚ 1636 289 1925 

ɹʫʨʝʥʠʝ 576 102 678 

009-009 

ɺʩʝ 5409 955 6364 

ɽɸʕ 1771 313 2084 

ɺʟʨʳʚ 1819 321 2140 

ɹʫʨʝʥʠʝ 1819 321 2140 

009-010 

ɺʩʝ 5944 1050 6994 

ɽɸʕ 2059 364 2423 

ɺʟʨʳʚ 1826 322 2148 

ɹʫʨʝʥʠʝ 2059 364 2423 

009-011 

ɺʩʝ 4544 803 5347 

ɽɸʕ 1398 247 1645 

ɺʟʨʳʚ 1573 278 1851 

ɹʫʨʝʥʠʝ 1573 278 1851 

009-012 

ɺʩʝ 4146 732 4878 

ɽɸʕ 1090 192 1282 

ɺʟʨʳʚ 1528 270 1798 

ɹʫʨʝʥʠʝ 1528 270 1798 

009-017 

ɺʩʝ 6101 1077 7178 

ɽɸʕ 2138 378 2516 

ɺʟʨʳʚ 1824 322 2146 

ɹʫʨʝʥʠʝ 2139 377 2516 
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