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ɸʅʆʊɸʎɯʗ 

ʂʘʟʘʨʷʥ ɸ.ɻ. ʄʝʪʦʜʠ ʪʘ ʟʘʩʦʙʠ ʫʧʨʘʚʣʽʥʥʷ ʩʠʩʪʝʤʦʶ çʨʦʟʫʤʥʦʛʦè ʙʫʜʠʥʢʫ ʟ 

ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʭʤʘʨʥʠʭ ʦʙʯʠʩʣʝʥʴ. 

ɼʠʩʝʨʪʘʮʽʷ ʥʘ ʟʜʦʙʫʪʪʷ ʥʘʫʢʦʚʦʛʦ ʩʪʫʧʝʥʷ ʜʦʢʪʦʨʘ ʬʽʣʦʩʦʬʽʾ ʟʘ ʩʧʝʮʽʘʣʴʥʽʩʪʶ 

122 çʂʦʤʧôʶʪʝʨʥʽ ʥʘʫʢʠè (ʛʘʣʫʟʴ ʟʥʘʥʴ 12 çɯʥʬʦʨʤʘʮʽʡʥʽ ʪʝʭʥʦʣʦʛʽʾè). - ʅʘʮʽʦʥʘʣʴʥʠʡ 

ʫʥʽʚʝʨʩʠʪʝʪ çʃʴʚʽʚʩʴʢʘ ʧʦʣʽʪʝʭʥʽʢʘè, ʃʴʚʽʚ, 2021. 

 ɼʠʩʝʨʪʘʮʽʶ ʧʨʠʩʚʷʯʝʥʦ ʧʽʜʚʠʱʝʥʥʶ ʝʬʝʢʪʠʚʥʦʩʪʽ ʨʦʙʦʪʠ ʩʠʩʪʝʤ ʫʧʨʘʚʣʽʥʥʷ 

ʧʨʠʣʘʜʘʤʠ ʙʫʜʠʥʢʫ ʟʘ ʜʦʧʦʤʦʛʦʶ ʚʠʢʦʨʠʩʪʘʥʥʷ ʭʤʘʨʥʠʭ ʦʙʯʠʩʣʝʥʴ, ʘʣʛʦʨʠʪʤʽʚ 

ʰʪʫʯʥʠʭ ʥʝʡʨʦʥʥʠʭ ʤʝʨʝʞ ʪʘ ʩʫʯʘʩʥʠʭ ʧʽʜʭʦʜʽʚ ʜʦ ʧʨʦʝʢʪʫʚʘʥʥʷ ʚʠʩʦʢʦʥʘʚʘʥʪʘʞʝʥʠʭ 

ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʩʠʩʪʝʤ. 

 ʋ ʚʩʪʫʧʽ ʦʙˇʨʫʥʪʦʚʘʥʦ ʘʢʪʫʘʣʴʥʽʩʪʴ ʪʝʤʠ ʜʠʩʝʨʪʘʮʽʡʥʦʾ ʨʦʙʦʪʠ, ʩʬʦʨʤʫʣʴʦʚʘʥʦ 

ʤʝʪʫ ʪʘ ʦʩʥʦʚʥʽ ʟʘʜʘʯʽ ʜʦʩʣʽʜʞʝʥʴ, ʚʠʟʥʘʯʝʥʦ ʥʘʫʢʦʚʫ ʥʦʚʠʟʥʫ ʨʦʙʦʪʠ ʽ ʧʨʘʢʪʠʯʥʝ 

ʟʥʘʯʝʥʥʷ ʦʪʨʠʤʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ, ʧʦʢʘʟʘʥʦ ʟʚ'ʷʟʦʢ ʨʦʙʦʪʠ ʟ ʥʘʫʢʦʚʠʤʠ ʪʝʤʘʤʠ. ʇʦʜʘʥʦ 

ʚʽʜʦʤʦʩʪʽ ʧʨʦ ʘʧʨʦʙʘʮʽʶ ʨʝʟʫʣʴʪʘʪʽʚ ʨʦʙʦʪʠ ʪʘ ʦʩʦʙʠʩʪʠʡ ʚʥʝʩʦʢ ʘʚʪʦʨʘ ʪʘ ʡʦʛʦ 

ʧʫʙʣʽʢʘʮʽʾ. 

 ʋ ʧʝʨʰʦʤʫ ʨʦʟʜʽʣʽ ʜʠʩʝʨʪʘʮʽʡʥʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ ʧʨʦʘʥʘʣʽʟʦʚʘʥʦ ʦʩʥʦʚʥʽ ʥʘʧʨʷʤʢʠ 

ʨʦʟʚʠʪʢʫ ʢʦʤʝʨʮʽʡʥʦʾ ʩʬʝʨʠ ʨʦʟʨʦʙʢʠ ʩʠʩʪʝʤ çʨʦʟʫʤʥʦʛʦè ʙʫʜʠʥʢʫ ʪʘ ʦʩʥʦʚʥʽ 

ʜʦʩʷʛʥʝʥʥʷ ʽ ʜʦʩʣʽʜʞʝʥʥʷ ʟ ʧʽʜʚʠʱʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʨʦʙʦʪʠ ʩʠʩʪʝʤ çʨʦʟʫʤʥʦʛʦè 

ʙʫʜʠʥʢʫ, ʱʦ ʦʧʫʙʣʽʢʦʚʘʥʽ ʥʘʫʢʦʚʦʶ ʩʧʽʣɹ ʥʦʪʦʶ ʟʘ ʦʩʪʘʥʥʽ ʨʦʢʠ. 

ʇʨʦʚʝʜʝʥʦ ʘʥʘʣʽʟ ʽʩʥʫʶʯʠʭ ʩʠʩʪʝʤ çʨʦʟʫʤʥʦʛʦè ʙʫʜʠʥʢʫ ʪʘ ʥʘʡʙʽʣʴʰ ʧʦʰʨʝʥʽ ʾʭʥʽ 

ʬʫʥʢʮʽʾ, ʘ ʩʘʤʝ: ʬʫʥʢʮʽʾ ʩʠʩʪʝʤʠ ʙʝʟʧʝʢʠ, ʦʧʪʠʤʽʟʘʮʽʾ ʝʥʝʨʛʦʚʠʪʨʘʪ, ʢʝʨʫʚʘʥʥʷ 

ʦʩʚʽʪʣʝʥʥʷʤ, ʪʝʨʤʦʨʝʛʫʣʷʮʽʾ.  

ʅʘ ʦʩʥʦʚʽ ʚʠʱʝʧʨʦʚʝʜʝʥʦʛʦ ʘʥʘʣʽʟʫ ʩʬʦʨʤʦʚʘʥʦ ʚʠʤʦʛʠ ʜʦ ʨʦʟʨʦʙʣʝʥʥʷ ʙʘʟʦʚʠʭ 

ʬʫʥʢʮʽʡ ʩʠʩʪʝʤ çʨʦʟʫʤʥʦʛʦè ʙʫʜʠʥʢʫ, ʘ ʩʘʤʝ: ʚʠʩʦʢʘ ʪʦʯʥʽʩʪʴ ʨʝʟʫʣʴʪʘʪʽʚ 

ʘʚʪʦʤʘʪʠʟʦʚʘʥʦʛʦ ʧʝʨʝʜʙʘʯʝʥʥʷ, ʤʦʞʣʠʚʽʩʪʴ ʦʙʨʦʙʢʠ ʚʝʣʠʢʠʭ ʦʙ'ʻʤʽʚ ʜʘʥʠʭ ʪʘ 

ʤʦʞʣʠʚʽʩʪʴ ʘʚʪʦʤʘʪʠʟʦʚʘʥʦʛʦ ʤʘʩʰʪʘʙʫʚʘʥʥʷ ʩʠʩʪʝʤʠ ʧʽʜ ʯʘʩ ʨʽʟʢʦʛʦ ʧʽʜʚʠʱʝʥʥʷ 

ʥʘʚʘʥʪʘʞʝʥʥʷ ʥʘ ʩʠʩʪʝʤʫ.  
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ʇʨʦʘʥʘʣʽʟʦʚʘʥʦ ʙʘʟʦʚʽ ʝʣʝʤʝʥʪʠ ʜʣʷ ʩʠʥʪʝʟʫ ʧʨʦʛʨʘʤʥʠʭ ʪʘ ʘʧʘʨʘʪʥʠʭ ʟʘʩʦʙʽʚ 

ʟʙʦʨʫ ʽ ʦʧʨʘʮʶʚʘʥʥʷ ʜʘʥʠʭ ʚ ʩʠʩʪʝʤʘʭ çʨʦʟʫʤʥʦʛʦè ʙʫʜʠʥʢʫ ʪʘ ʽʥʪʝʨʬʝʡʩʠ ʢʦʤʫʥʽʢʘʮʽʾ 

ʤʽʞ ʥʠʤʠ. ɺʠʟʥʘʯʝʥʦ ʾʭ ʧʝʨʝʚʘʛʠ ʽ ʥʝʜʦʣʽʢʠ ʪʘ ʦʩʦʙʣʠʚʦʩʪʽ ʾʭ ʧʨʘʢʪʠʯʥʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ. 

ʅʘ ʦʩʥʦʚʽ ʧʨʦʚʝʜʝʥʦʛʦ ʘʥʘʣʽʟʫ ʩʬʦʨʤʦʚʘʥʦ ʚʠʤʦʛʠ ʜʦ ʩʠʩʪʝʤʠ çʨʦʟʫʤʥʦʛʦè 

ʙʫʜʠʥʢʫ ʪʘ ʦʙˇʨʫʥʪʦʚʘʥʦ ʾʾ ʨʝʘʣʽʟʘʮʽʶ ʥʘ ʦʩʥʦʚʽ ʤʦʜʫʣʴʥʦʛʦ ʧʽʜʭʦʜʫ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ 

ʛʦʪʦʚʠʭ ʧʨʦʛʨʘʤʥʠʭ ʝʣʝʤʝʥʪʽʚ, ʱʦ ʢʦʤʙʽʥʫʶʪʴʩʷ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʧʦʩʪʘʚʣʝʥʠʭ ʜʣʷ 

ʚʠʨʽʰʝʥʥʷ ʚʠʤʦʛ ʽ ʙʘʟʦʚʠʭ ʧʨʦʝʢʪʥʠʭ ʨʽʰʝʥʴ ʪʘ ʪʘʢʠʭ ʧʨʠʥʮʠʧʽʚ: ʚʠʢʦʨʠʩʪʘʥʥʷ ʢʣʽʻʥʪ-

ʩʝʨʚʝʨʥʦʾ ʘʨʭʽʪʝʢʪʫʨʠ, ʟʘʩʪʦʩʫʚʘʥʥʷ ʰʘʙʣʦʥʽʚ ʦʙʨʦʙʢʠ ʚʝʣʠʢʠʭ ʧʦʪʦʢʽʚ ʜʘʥʠʭ, 

ʤʦʜʫʣʴʥʦʩʪʽ ʧʦʙʫʜʦʚʠ ʩʠʩʪʝʤʠ, ʚʽʜʢʨʠʪʦʩʪʽ ʪʘ ʩʫʤʽʩʥʦʩʪʽ ʧʨʦʛʨʘʤʥʦ-ʘʧʘʨʘʪʥʦʛʦ 

ʟʘʙʝʟʧʝʯʝʥʥʷ. ʅʘ ʦʩʥʦʚʽ ʧʨʦʚʝʜʝʥʦʛʦ ʘʥʘʣʽʟʫ ʩʬʦʨʤʦʚʘʥʦ ʟʘʚʜʘʥʥʷ ʜʠʩʝʨʪʘʮʽʡʥʦʛʦ 

ʜʦʩʣʽʜʞʝʥʥʷ. 

ʋ ʜʨʫʛʦʤʫ ʨʦʟʜʽʣʽ ʚʜʦʩʢʦʥʘʣʝʥʦ ʤʝʪʦʜ ʩʠʥʪʝʟʫ ʟʘʩʦʙʽʚ ʣʽʮʝʥʟʫʚʘʥʥʷ, ʨʦʟʛʦʨʪʘʥʥʷ, 

ʤʘʩʰʪʘʙʫʚʘʥʥʷ ʪʘ ʦʧʪʠʤʽʟʘʮʽʾ ʥʘʚʘʥʪʘʞʝʥʥʷ ʫ ʩʠʩʪʝʤʘʭ çʨʦʟʫʤʥʦʛʦè ʙʫʜʠʥʢʫ ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʟʘʧʨʦʚʘʜʞʝʥʥʷ ʭʤʘʨʥʠʭ ʦʙʯʠʩʣʝʥʴ.  

ʈʦʟʨʦʙʣʝʥʦ ʽʥʬʦʨʤʘʮʽʡʥʫ ʤʦʜʝʣʴ ʩʪʨʫʢʪʫʨ ʩʠʥʪʝʟʦʚʘʥʠʭ ʩʢʣʘʜʦʚʠʭ ʩʠʩʪʝʤʠ 

çʨʦʟʫʤʥʦʛʦè ʙʫʜʠʥʢʫ, ʷʢʘ ʙʘʟʫʻʪʴʩʷ ʥʘ ʧʨʠʥʮʠʧʘʭ ʢʣʽʻʥʪ-ʩʝʨʚʝʨʥʦʾ ʪʘ ʤʦʜʫʣʴʥʦʾ 

ʘʨʭʽʪʝʢʪʫʨʠ ʽ ʜʘʻ ʟʤʦʛʫ ʬʦʨʤʘʣʽʟʫʚʘʪʠ ʙʘʟʦʚʫ ʩʪʨʫʢʪʫʨʫ ʩʠʩʪʝʤʠ ʪʘ ʤʦʜʠʬʽʢʫʚʘʪʠ ʾʾ ʚ 

ʧʨʦʮʝʩʽ ʚʜʦʩʢʦʥʘʣʝʥʥʷ ʽ ʜʦʜʘʚʘʥʥʷ ʥʦʚʠʭ ʬʫʥʢʮʽʡ. 

ʈʦʟʨʦʙʣʝʥʦ ʟʘʩʦʙʠ ʝʬʝʢʪʠʚʥʦʛʦ ʪʘ ʰʚʠʜʢʦʛʦ ʦʧʨʘʮʶʚʘʥʥʷ ʚʝʣʠʢʠʭ ʦʙ'ʻʤʽʚ ʜʘʥʠʭ 

ʫ ʩʠʩʪʝʤʘʭ çʨʦʟʫʤʥʦʛʦè ʙʫʜʠʥʢʫ ʟ̔ ʟʘʩʪʦʩʫʚʘʥʥʷʤ ʘʨʭʽʪʝʢʪʫʨʥʦʛʦ ʰʘʙʣʦʥʫ Redux, ʱʦ 

ʟʘʙʝʟʧʝʯʫʻ ʰʚʠʜʢʦʜʽʶ ʪʘ ʥʘʜʽʡʥʽʩʪʴ ʨʦʙʦʪʠ ʩʠʩʪʝʤʠ çʨʦʟʫʤʥʦʛʦè ʙʫʜʠʥʢʫ ʧʽʜ ʯʘʩ 

ʧʽʢʦʚʠʭ ʥʘʚʘʥʪʘʞʝʥʴ ʟ ʨʽʟʢʠʤ ʟʙʽʣʴʰʝʥʥʷʤ ʚʭʽʜʥʦʛʦ ʧʦʪʦʢʫ ʜʘʥʠʭ ʜʣʷ ʦʧʨʘʮʶʚʘʥʥʷ.  

ʈʦʟʨʦʙʣʝʥʦ ʤʝʪʦʜ ʫʧʨʘʚʣʽʥʥʷ ʧʨʠʣʘʜʘʤʠ ʧʽʜôʻʜʥʘʥʠʭ ʜʦ ʩʠʩʪʝʤ çʨʦʟʫʤʥʦʛʦè 

ʙʫʜʠʥʢʫ ʥʘ ʦʩʥʦʚʽ ʨʦʙʦʪʠ ʘʣʛʦʨʠʪʤʽʚ ʰʪʫʯʥʦʛʦ ʽʥʪʝʣʝʢʪʫ, ʘ ʩʘʤʝ ʘʣʛʦʨʠʪʤʫ ʰʪʫʯʥʦʾ 

ʥʝʡʨʦʥʥʦʾ ʤʝʨʝʞʽ. ʈʦʟʨʦʙʣʝʥʦ ʘʣʛʦʨʠʪʤʠ ʚʠʙʦʨʫ ʦʧʪʠʤʘʣʴʥʦʛʦ ʪʠʧʫ ʰʪʫʯʥʦʾ ʥʝʡʨʦʥʥʦʾ 

ʤʝʨʝʞʽ ʪʘ ʚʠʙʦʨʫ ʦʧʪʠʤʘʣʴʥʦʾ ʩʪʨʫʢʫʪʨʠ ʚʥʫʪʨʽʰʥʽʭ ʰʘʨʽʚ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʧʦʩʪʘʚʣʝʥʦʾ 

ʜʣʷ ʚʠʨʽʰʝʥʥʷ ʟʘʜʘʯʽ.  
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ʈʦʟʨʦʙʣʝʥʦ ʤʦʜʝʣʽ ʫʧʨʘʚʣʽʥʥʷ ʧʨʠʣʘʜʘʤʠ ʩʠʩʪʝʤ çʨʦʟʫʤʥʦʛʦè ʙʫʜʠʥʢʫ ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʩʠʥʪʝʟʫ ʘʣʛʦʨʠʪʤʫ ʰʪʫʯʥʦʾ ʥʝʡʨʦʥʥʦʾ ʤʝʨʝʞʽ ʪʘ ʤʝʨʝʞ ʇʝʪʨʽ. 

ʋ ʪʨʝʪʴʦʤʫ ʨʦʟʜʽʣʽ ʨʦʟʨʦʙʣʝʥʦ ʤʝʪʦʜ ʝʤʫʣʷʮʽʾ ʨʦʙʦʪʠ ʩʠʩʪʝʤʠ çʨʦʟʫʤʥʦʛʦè 

ʙʫʜʠʥʢʫ ʫ ʧʦʤʝʰʢʘʥʥʽ ʟ ʧʣʘʥʫʚʘʥʥʷʤ ʧʨʠʤʽʱʝʥʴ, ʨʦʟʤʽʱʝʥʥʷʤ ʦʩʚʽʪʣʶʚʘʣʴʥʠʭ 

ʧʨʠʣʘʜʽʚ ʪʘ ʾʭ ʛʨʫʧʫʚʘʥʥʷʤ ʫ ʧʦʤʝʰʢʘʥʥʽ, ʨʦʟʤʽʱʝʥʥʷʤ ʝʣʝʢʪʨʠʯʥʠʭ ʨʦʟʝʪʦʢ ʪʘ ʾʭ 

ʛʨʫʧʫʚʘʥʥʷʤ, ʨʦʟʤʽʱʝʥʥʷ ʩʝʥʩʦʨʽʚ ʨʫʭʫ ʪʘ ʟʦʥʫʚʘʥʥʷʤ ʧʨʠʤʽʱʝʥʴ. 

ʈʦʟʨʦʙʣʝʥʦ ʤʦʜʝʣʽ ʨʦʙʦʪʠ ʧʨʠʣʘʜʽʚ ʙʫʜʠʥʢʫ ʥʘ ʦʩʥʦʚʽ ʤʝʨʝʞ ʇʝʪʨʽ, ʘ ʩʘʤʝ ʤʦʜʝʣʽ 

ʩʪʘʥʽʚ ʨʦʙʦʪʠ ʧʽʜʩʠʩʪʝʤʠ ʫʧʨʘʚʣʽʥʥʷ ʦʩʚʽʪʣʶʚʘʣʴʥʠʤʠ ʧʨʠʣʘʜʘʤʠ ʧʦʤʝʰʢʘʥʥʷ, ʤʦʜʝʣʽ 

ʩʪʘʥʽʚ ʨʦʙʦʪʠ ʧʽʜʩʠʩʪʝʤʠ ʤʦʥʽʪʦʨʠʥʛʫ ʨʫʭʫ ʫ ʧʦʤʝʰʢʘʥʥʽ, ʤʦʜʝʣʽ ʩʪʘʥʽʚ ʨʦʙʦʪʠ 

ʧʽʜʩʠʩʪʝʤʠ ʢʣʽʤʘʪ-ʢʦʥʪʨʦʣʶ ʫ ʧʦʤʝʰʢʘʥʥʽ.  

ʋ ʯʝʪʚʝʨʪʦʤʫ ʨʦʟʜʽʣʽ ʜʠʩʝʨʪʘʮʽʡʥʦʾ ʨʦʙʦʪʠ ʨʦʟʨʦʙʣʝʥʦ ʨʦʟʧʦʜʽʣʝʥʫ ʽʥʬʦʨʤʘʮʽʡʥʫ 

ʪʝʭʥʦʣʦʛʽʶ ʘʚʪʦʤʘʪʠʟʦʚʘʥʦʛʦ ʫʧʨʘʚʣʽʥʥʷ ʧʨʠʣʘʜʘʤʠ çʨʦʟʫʤʥʦʛʦè ʙʫʜʠʥʢʫ ʥʘ ʦʩʥʦʚʽ 

ʤʝʨʝʞ ʇʝʪʨʽ ʟ ʟʘʩʪʦʩʫʚʘʥʥʷʤ ʨʦʙʦʪʠ ʘʣʛʦʨʠʪʤʽʚ ʰʪʫʯʥʦʛʦ ʽʥʪʝʣʝʢʪʫ.  

ʈʦʟʨʦʙʣʝʥʘ ʩʪʨʫʢʪʫʨʘ ʤʦʜʫʣʽʚ ʪʘ ʘʨʭʽʪʝʢʪʫʨʘ ʧʨʦʛʨʘʤʥʦʾ ʨʝʘʣʽʟʘʮʽʾ ʽʥʬʦʨʤʘʮʽʡʥʦʾ 

ʪʝʭʥʦʣʦʛʽʾ, ʤʝʨʝʞʝʚʦʾ ʩʪʨʫʢʪʫʨʠ ʢʦʤʧʦʥʝʥʪ. 

ʈʦʟʨʦʙʣʝʥʦ ʧʨʦʛʨʘʤʥʝ ʪʘ ʽʥʬʦʨʤʘʮʽʡʥʝ ʟʘʙʝʟʧʝʯʝʥʥʷ ʩʠʥʪʝʟʫ ʝʣʝʤʝʥʪʽʚ ʩʠʩʪʝʤʠ 

ʫʧʨʘʚʣʽʥʥʷ ʧʨʠʣʘʜʘʤʠ ʙʫʜʠʥʢʫ, ʷʢʘ ʥʘʧʠʩʘʥʘ ʥʘ ʤʦʚʽ JavaScript ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ 

ʪʝʭʥʦʣʦʛʽʾ NodeJS. 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʽʥʬʦʨʤʘʮʽʡʥʘ ʪʝʭʥʦʣʦʛʽʷ, ʭʤʘʨʥʽ ʦʙʯʠʩʣʝʥʥʷ, ʘʣʛʦʨʠʪʤ ʰʪʫʯʥʦʾ 

ʥʝʡʨʦʥʥʦʾ ʤʝʨʝʞʽ, ʢʣʽʻʥʪ-ʩʝʨʚʝʨʥʘ ʘʨʭʽʪʝʢʪʫʨʘ, ʘʨʭʽʪʝʢʪʫʨʥʠʡ ʰʘʙʣʦʥ ʧʨʦʝʢʪʫʚʘʥʥʷ 

Redux, ʽʻʨʘʨʭʽʯʥʽ ʤʝʨʝʞʽ ʇʝʪʨʽ. 



5 
 

ʉʧʠʩʦʢ ʧʫʙʣʽʢʘʮʽʡ ʟʜʦʙʫʚʘʯʘ ʟʘ ʪʝʤʦʶ ʜʠʩʝʨʪʘʮʽʾ 

1. Teslyuk V., Kazarian A., Kryvinska N., Tsmots I. Optimal artificial neural network type 

selection method for usage in smart house systems. Sensors. 2021. Vol. 21, iss. 1. 47. 

2. Holovatyy A., Teslyuk V., Kryvinska N., Kazarian A. Development of microcontroller-

based system for background radiation monitoring. Sensors. 2020. Vol. 20, iss. 24. 7322. 

3. ʊʝʩʣʶʢ ɺ. ʄ., ʂʘʟʘʨʷʥ ɸ. ɻ. ɺʠʙʽʨ ʦʧʪʠʤʘʣʴʥʦʛʦ ʪʠʧʫ ʰʪʫʯʥʦʾ ʥʝʡʨʦʥʥʦʾ ʤʝʨʝʞʽ 

ʜʣʷ ʘʚʪʦʤʘʪʠʟʦʚʘʥʠʭ ʩʠʩʪʝʤ ñʨʦʟʫʤʥʦʛʦò ʙʫʜʠʥʢʫ. ʅʘʫʢʦʚʠʡ ʚʽʩʥʠʢ ʅʃʊʋ 

ʋʢʨʘʾʥʠ. ʊ. 30, ˉ 5. ʉ. 90ï93. 

4. ʂʘʟʘʨʷʥ ɸ. ɻ., ʊʝʩʣʶʢ ɺ. ʄ. ʈʦʟʨʦʙʢʘ ʤʦʜʝʣʽ ʢʝʨʫʚʘʥʥʷ ʧʨʠʣʘʜʘʤʠ ʩʠʩʪʝʤʠ 

"ʨʦʟʫʤʥʠʡ" ʙʫʜʠʥʦʢ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʤʝʨʝʞʽ ʇʝʪʨʽ ʪʘ ʘʣʛʦʨʠʪʤʫ ʰʪʫʯʥʦʾ 

ʥʝʡʨʦʥʥʦʾ ʤʝʨʝʞʽ. ʄʦʜʝʣʶʚʘʥʥʷ ʪʘ ʽʥʬʦʨʤʘʮʽʡʥʽ ʪʝʭʥʦʣʦʛʽʾ. 2019. ɺʠʧ. 86. ʉ. 

126ï135. 

5. ʊʝʩʣʶʢ ɺ. ʄ., ʂʘʟʘʨʷʥ ɸ. ɻ., ʂʘʟʠʤʠʨʘ ɯ. ʗ. ʆʧʨʘʮʶʚʘʥʥʷ ʜʘʥʠʭ ʫ ʩʠʩʪʝʤʘʭ 

"ʨʦʟʫʤʥʦʛʦò ʙʫʜʠʥʢʫ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʤʦʜʝʣʝʡ ʥʘ ʧʽʜʩʪʘʚʽ ʤʝʨʝʞ ʇʝʪʨʽ. ʅʘʫʢʦʚʠʡ 

ʚʽʩʥʠʢ ʅʃʊʋ ʋʢʨʘʾʥʠ. 2021. ʊ. 31, ˉ 1. ʉ. 131ï136. 

6. ʊʝʩʣʶʢ ɺ. ʄ., ʎʤʦʮʴ I. ɻ., ʂʘʟʘʨʷʥ ɸ. ɻ., ʊʝʩʣʶʢ ʊ. ɺ. ʄʝʪʦʜ ʧʨʦʝʢʪʫʚʘʥʥʷ ʩʠʩʪʝʤ 

ñʨʦʟʫʤʥʦʛʦò ʙʫʜʠʥʢʫ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʘʨʭʽʪʝʢʪʫʨʥʦʛʦ ʰʘʙʣʦʥʫ Redux. ʅʘʫʢʦʚʠʡ 

ʚʽʩʥʠʢ ʅʃʊʋ ʋʢʨʘʾʥʠ. 2019. ʊ. 29, ˉ 7. ʉ. 146ï150. 

7. Kazarian A., Beregovska K., Teslyuk V. Data analysis model and forms of cloud 

analytical functions for ñsmartò house systems. Information and innovation technologies 

in economics and administration : monograph / ed. by O. Chukurna, M. Gawron-

Ğapuszek. Katowice, 2019. P. 17ï27. 

8. Kazarian A., Teslyuk V., Tsmots I., Greguġ J. Development of a çsmartè home system 

based on the modular structure and architectural data flow pattern Redux. Procedia 

Computer Science. 2019. Vol. 155. P. 35ï42. 

9. Kazarian A., Teslyuk V., Tsmots I., Tykhan M. Implementation of the face recognition 

module for the ñsmartò home using remote server. Advances in Intelligent Systems and 

Computing. 2019. Vol. 871: Advances in Intelligent Systems and Computing III.  



6 
 

Selected papers from the International conference on computer science and information 

technologies, CSIT 2018, September 11-14, Lviv, Ukraine. P. 17ï27. 

10. ʂʘʟʘʨʷʥ ɸ. ɻ., ʊʝʩʣʶʢ ɺ. ʄ., ʄʘʰʝʚʩʴʢʘ ʄ. ɺ. ʈʦʟʨʦʙʣʝʥʥʷ ʩʠʩʪʝʤʠ ʢʝʨʫʚʘʥʥʷ 

ʙʘʟʦʶ ʜʘʥʠʭ ʩʠʩʪʝʤʠ "ʨʦʟʫʤʥʦʛʦ" ʙʫʜʠʥʢʫ. ʄʦʜʝʣʶʚʘʥʥʷ ʪʘ ʽʥʬʦʨʤʘʮʽʡʥʽ 

ʪʝʭʥʦʣʦʛʽʾ. 2018. ɺʠʧ. 84. ʉ. 184ï190. 

11. Kazarian A., Teslyuk V., Tykhan M., Mashevska M. Usage of SaaS software delivery 

model in intelligent house systems. PrzeglŃd elektrotechniczny. 2019. Vol. 95, Nr 7. S. 

38ï41. 

12. ʂʘʟʘʨʷʥ ɸ. ɻ., ʊʝʩʣʶʢ ɺ. ʄ., ʂʦʚʘʣʴ ɺ. ʗ. ɺʠʢʦʨʠʩʪʘʥʥʷ ʬʫʥʢʮʽʾ ʨʦʟʧʽʟʥʘʚʘʥʥʷ 

ʦʙʣʠʯ ʜʣʷ ʢʦʥʪʨʦʣʶ ʜʦʩʪʫʧʫ ʢʦʨʠʩʪʫʚʘʯʽʚ ʪʘ ʘʚʪʦʤʘʪʠʟʦʚʘʥʦʛʦ ʫʧʨʘʚʣʽʥʥʷ 

ʥʘʣʘʰʪʫʚʘʥʴ ʧʨʠʣʘʜʽʚ "ʨʦʟʫʤʥʦʛʦ" ʙʫʜʠʥʢʫ. ʄʦʜʝʣʶʚʘʥʥʷ ʪʘ ʽʥʬʦʨʤʘʮʽʡʥʽ 

ʪʝʭʥʦʣʦʛʽʾ. 2018. ɺʠʧ. 83. ʉ. 180ï185. 

13. Kazarian, V. Teslyuk, I. Tsmots and M. Mashevska, "Units and structure of automated 

ñsmartò house control system using machine learning algorithms," 2017 14th 

International Conference The Experience of Designing and Application of CAD Systems 

in Microelectronics (CADSM), Lviv, 2017, pp. 364-366, doi: 

10.1109/CADSM.2017.7916151. 

14. K. Artem and T. Vasyl, "Structure and model of the smart house security system using 

machine learning methods," 2017 2nd International Conference on Advanced 

Information and Communication Technologies (AICT), Lviv, 2017, pp. 105-108, doi: 

10.1109/AIACT.2017.8020076. 

15. K. Artem, T. Ivan and T. Vasyl, "Intelligent house as a service and its practical usage for 

home energy efficiency," 2017 12th International Scientific and Technical Conference 

on Computer Sciences and Information Technologies (CSIT), Lviv, 2017, pp. 220-223, 

doi: 10.1109/STC-CSIT.2017.8098773. 

16. ʂʘʟʘʨʷʥ ɸ. ɻ., ʊʝʩʣʶʢ ɺ. ʄ. ʈʦʟʨʦʙʢʘ ʧʨʦʛʨʘʤʥʦʛʦ ʷʜʨʘ ʩʧʝʮʽʘʣʽʟʦʚʘʥʠʭ ʩʠʩʪʝʤ 

ʽʥʪʝʣʝʢʪʫʘʣʴʥʦʛʦ ʫʧʨʘʚʣʽʥʥʷ ʧʨʠʣʘʜʘʤʠ // ʇʨʦʙʣʝʤʠ ʪʘ ʧʝʨʩʧʝʢʪʠʚʠ ʨʦʟʚʠʪʢʫ 

ʝʢʦʥʦʤʽʢʠ ʽ ʧʽʜʧʨʠʻʤʥʠʮʪʚʘ ʪʘ ʢʦʤʧ'ʶʪʝʨʥʠʭ ʪʝʭʥʦʣʦʛʽʡ ʚ ʋʢʨʘʾʥʽ : ʟʙʽʨʥʠʢ ʪʝʟ 



7 
 

ʜʦʧʦʚʽʜʝʡ ʍIV ʅʘʫʢʦʚʦ-ʧʨʘʢʪʠʯʥʦʾ ʢʦʥʬʝʨʝʥʮʽʾ (ʃʴʚʽʚ, 17-20 ʢʚʽʪʥʷ 2018 ʨ.). ï 

2018. ï C. 11ï12. 

17. K. Artem, N. Kunanets, R. Holoshchuk, V. Pasichnik and A. Rzheuskyi, "Information 

Support of the Virtual Research Community Activities Based on Cloud 

Computing," 2018 IEEE 13th International Scientific and Technical Conference on 

Computer Sciences and Information Technologies (CSIT), Lviv, 2018, pp. 199-202, doi: 

10.1109/STC-CSIT.2018.8526685. 

18. K. Artem, T. Vasyl and T. Ivan, "Development of Face Recognition Module for a ñSmart 

Homeò System Using a Remote Server," 2018 IEEE 13th International Scientific and 

Technical Conference on Computer Sciences and Information Technologies (CSIT), 

Lviv, 2018, pp. 25-28, doi: 10.1109/STC-CSIT.2018.8526642. 

19. Artem K., Holoshchuk R., Kunanets N., Shestakevysh T., Rzheuskyi A. (2019) 

Information Support of Scientific Researches of Virtual Communities on the Platform 

of Cloud Services. In: Shakhovska N., Medykovskyy M. (eds) Advances in Intelligent 

Systems and Computing III. CSIT 2018. Advances in Intelligent Systems and 

Computing, vol 871. Springer, Cham. https://doi.org/10.1007/978-3-030-01069-0_22 

20. Kazarian, A., Kunanets, N., Pasichnyk, V., Veretennikova, N., Rzheuskyi, A., Leheza, 

A., & Kunanets, O. (2019). Complex Information E-Science System Architecture based 

on Cloud Computing Model. CEUR Workshop Proceedings, 2019, 2362 

21. Teslyuk, V., Kazarian, A., Kryvinska, N., Tsmots, I., Teslyuk, T. Automated synthesis 

method of smart home systems based on the architectural pattern redux. CEUR 

Workshop Proceedings, 2019, 2533, pp. 58ï69 

22. A. Kazarian and V. Teslyuk, "Optimization of Neural Network Structure for Smart 

House Systems," 2019 IEEE 2nd Ukraine Conference on Electrical and Computer 

Engineering (UKRCON), Lviv, Ukraine, 2019, pp. 562-565, doi: 

10.1109/UKRCON.2019.8879772. 

  

https://www.scopus.com/authid/detail.uri?authorId=24315132000
https://www.scopus.com/authid/detail.uri?authorId=57208903404
https://www.scopus.com/authid/detail.uri?authorId=6507487726
https://www.scopus.com/authid/detail.uri?authorId=24484154400
https://www.scopus.com/authid/detail.uri?authorId=55817439200


8 
 

SUMMARY  

   

Kazarian A.G. Methods and tools for managing a "smart" home system using cloud 

computing.  

The dissertation for obtaining a scientific degree of the Doctor of Philosophy on the 

specialty 122 ñComputer scienceò (12 ï Information technologies). ï Lviv Polytechnic 

National University, Lviv, 2021.  

The dissertation is devoted to increase of efficiency of work of control systems of devices 

of the house by means of use of cloud computing, algorithms of artificial neural networks and 

modern approaches for designing of highly loaded information systems..  

The introduction substantiates the relevance of the topic of the dissertation, formulates 

the purpose and main objectives of research, identifies the scientific novelty of the work and 

the practical significance of the results, shows the relationship of work with scientific topics. 

Information on approbation of results of work and personal contribution of the author and his 

publication is given.  

The first section of the dissertation research analyzes the main directions of development 

of the commercial sphere of smart home systems development and the main achievements and 

research on improving the efficiency of "smart" home systems published by scientific 

community in recent years.  

The analysis of the existing systems of the "smart" house and their most common 

functions, namely: functions of the security system, optimization of energy consumption, 

lighting control, thermoregulation. Based on the above analysis, the requirements for the 

development of basic functions of smart home systems are formed, namely: high accuracy of 

automated prediction results, the ability to process large amounts of data and the ability to 

automatically scale the system during a sharp increase in system load.  

The basic elements for the synthesis of software and hardware for data collection and 

processing in "smart" home systems and communication interfaces between them are analyzed. 

Their advantages, disadvantages and features of practical use are determined. Based on the 
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analysis and research, the requirements for the system of "smart" house are formed and its 

implementation is justified on the basis of a modular approach using ready-made software 

elements that combine the requirements and basic design solutions and the following 

principles: usage of client-server architecture, application of templates for processing large data 

streams, modular construction of the system, openness and compatibility of software and 

hardware. 

On the basis of the conducted analysis the tasks of dissertation research are formed. The 

second section improves the method of synthesis of licensing, deployment, scaling and load 

optimization in smart home systems through the introduction of cloud computing.  

An information model of the structures of the synthesized components of the "smart" 

house system has been developed, which is based on the use of client-server and modular 

architecture and allows to formalize the basic structure of the system and modify it in the 

process of improving and adding new functions.  

Developed tools for efficient and fast processing of large amounts of data in "smart" 

home systems using the architectural template Redux, which provides speed and reliability of 

the "smart" home system during peak loads with a sharp increase in input data flow for 

processing.  

The method of control of devices of systems of "smart" house on the basis of work of 

algorithms of artificial intelligence, namely algorithm of an artificial neural network is 

developed.  

Algorithms for selecting the optimal type of artificial neural network and selecting the 

optimal structure of the inner layers in accordance with the problem to be solved have been 

developed.  

Models of control of devices of systems of "smart" house by means of synthesis of 

algorithm of an artificial neural network and Petri nets are developed. 

The third section develops a method of emulating the system of a "smart" house in the 

room with the layout of the premises, placement of lighting fixtures and their grouping in the 
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room, placement of electrical outlets and their grouping, placement of motion sensors and 

zoning.  

Models of house devices operation based on Petri nets have been developed, namely 

models of states of operation of subsystem of control of lighting devices of apartment, models 

of states of work of subsystem of monitoring of movement in room, models of states of work 

of subsystem of climate control in room.  

In the fourth section of the dissertation the distributed information technology of the 

automated devices control of the "smart" house on the basis of Petri nets with application of 

work of algorithms of artificial intelligence is developed.  

The structure of modules and architecture of information technology software 

implementation, network structure of components are developed.  

Software for the synthesis of elements of the home appliance control system, which is 

based on the MongoDB database and written in JavaScript using NodeJS technology, has been 

developed.  

Keywords: information technology, cloud computing, artificial neural network 

algorithm, client-server architecture, Redux architectural design template, hierarchical Petri 

nets. 
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ʇɽʈɽʃɯʂ ʋʄʆɺʅʀʍ ʉʂʆʈʆʏɽʅʔ 

ɹɼ ï ʙʘʟʘ ʜʘʥʠʭ  

ML  ï machine learning (ʤʘʰʠʥʥʝ ʥʘʚʯʘʥʥʷ) 

ʐʅʄ ï ʰʪʫʯʥʘ ʥʝʡʨʦʥʥʘ ʤʝʨʝʞʘ 

ʇɿ - ʧʨʦʛʨʘʤʥʝ ʟʘʙʝʟʧʝʯʝʥʥʷ 

UI  - user interface (ʽʥʪʝʨʬʝʡʩ ʢʦʨʠʩʪʫʚʘʯʘ) 

API  - application programming interface (ʧʨʠʢʣʘʜʥʠʡ ʧʨʦʛʨʘʤʥʠʡ ʽʥʪʝʨʬʝʡʩ) 

IoT  - internet of things (̔ʥʪʝʨʥʝʪ ʨʝʯʝʡ) 

AI  - artificial intelligence (h ʪʫʯʥʠʡ ʽʥʪʝʣʝʢʪ) 

ʐɯ - ʪhʫʯʥʠʡ ʽʥʪʝʣʝʢʪ 

SaaS - software as ʘ service (ʧʨʦʛʨʘʤʘ ʷʢ ʧʦʩʣʫʛʘ) 

DNS - domain name system (ʩʠʩʪʝʤʘ ʜʦʤʝʥʥʠʭ ʽʤʝʥ) 

CDN - content delivery network (ʤʝʨʝʞʘ ʨʦʟʧʦʚʩʶʜʞʝʥʥʷ ʢʦʥʪʝʥʪʫ) 

ʄɸʉ ï ʤʫʣʴʪʠʘʛʝʥʪʥʽ ʩʠʩʪʝʤʠ 
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ɺʉʊʋʇ 

 ɸʢʪʫʘʣʴʥʽʩʪʴ ʪʝʤʠ. ʉʝʨʝʜ ʛʦʪʦʚʠʭ ʧʨʦʛʨʘʤʥʠʭ ʧʨʦʜʫʢʪʽʚ ʫ ʩʬʝʨʽ ʫʧʨʘʚʣʽʥʥʷ 

ʧʨʠʣʘʜʘʤʠ ʙʫʜʠʥʢʫ ʧʝʨʝʚʘʞʘʶʪʴ ʨʦʟʨʦʙʢʠ ʜʣʷ ʢʝʨʫʚʘʥʥʷ ʧʨʠʣʘʜʘʤʠ ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʩʤʘʨʪʬʦʥʘ ʢʦʨʠʩʪʫʚʘʯʘʤʠ ʚʣʘʩʥʦʨʫʯ ʽ ʧʨʘʢʪʠʯʥʦ ʚʽʜʩʫʪʥʽ ʨʽʰʝʥʥʷ ʟ ʘʚʪʦʤʘʪʠʟʘʮʽʾ 

ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʴ ʫʧʨʘʚʣʽʥʥʷ ʪʝʭʥʽʢʦʶ, ʱʦ ʻ ʧʝʨʩʧʝʢʪʠʚʥʠʤ ʥʘʧʨʷʤʢʦʤ ʜʣʷ ʨʦʟʨʦʙʢʠ 

ʪʘ ʟʘʧʨʦʚʘʜʞʝʥʥʷ ʚʠʢʦʨʠʩʪʘʥʥʷ ʰʪʫʯʥʠʭ ʥʝʡʨʦʥʥʠʭ ʤʝʨʝʞ. ɿʚʽʜʩʠ ʚʠʥʠʢʘʻ ʧʦʪʨʝʙʘ ʫ 

ʟʘʩʦʙʘʭ, ʷʢʽ ʨʝʘʣʽʟʫʶʪ ɹ ʤʝʭʘʥʽʟʤ ʘʚʪʦʤʘʪʠʟʦʚʘʥʦʛʦ ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʴ ʩʠʩʪʝʤʘʤʠ 

çʨʦʟʫʤʥʦʛʦè ʙʫʜʠʥʢʫ ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʢʦʤʬʦʨʪʫ ʤʝʰʢʘʥʮʽʚ ʪʘ ʧʽʜʚʠʱʝʥʥʷ ʧʦʢʘʟʥʠʢʽʚ 

ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʦʩʪʽ ʙʝʟ ʚʪʨʫʯʘʥʥʷ ʢʦʨʠʩʪʫʚʘʯʽʚ ʩʠʩʪʝʤʠ. ɸʢʪʫʘʣʴʥʽʩʪʴ ʜʠʩʝʨʪʘʮʽʡʥʦʾ 

ʨʦʙʦʪʠ ʧʦʣʷʛʘʻ ʫ ʨʦʟʚʠʪʢʫ ʨʦʟʨʦʙʦʢ ʩʠʩʪʝʤ çʨʦʟʫʤʥʦʛʦè ʙʫʜʠʥʢʫ ʟ ʚʠʢʦʨʠʩʪʘʥʥʥʷʤ 

ʭʤʘʨʥʠʭ ʦʙʯʠʩʣʝʥʴ, ʱʦ ʟʘʙʝʟʧʝʯʫʶʪʴ ʤʦʞʣʠʚʽʩʪʴ ʰʠʨʦʢʦʛʦ ʤʘʩʰʪʘʙʫʚʘʥʥʷ ʪʘ 

ʟʤʝʥʰʝʥʥʷ ʚʠʪʨʘʪ ʥʘ ʟʘʧʨʦʚʘʜʞʝʥʥʷ ʨʦʟʨʦʙʣʝʥʠʭ ʩʠʩʪʝʤ ʫʧʨʘʚʣʽʥʥʷ.    

ɺ ʜʠʩʝʨʪʘʮʽʡʥʽʡ ʨʦʙʦʪʽ ʜʦʩʣʽʜʞʫʶʪʴʩʷ ʤʝʪʦʜʠ ʪʘ ʟʘʩʦʙʠ ʘʚʪʦʤʘʪʠʟʦʚʘʥʦʛʦ 

ʫʧʨʘʚʣʽʥʥʷ ʧʦʙʫʪʦʚʠʤʠ ʧʨʠʣʘʜʘʤʠ ʙʫʜʠʥʢʫ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʩʝʨʚʽʩʽʚ ʭʤʘʨʥʠʭ 

ʦʙʯʠʩʣʝʥʴ, ʘ ʪʘʢʦʞ ʟʘʩʪʦʩʫʚʘʥʥʷ ʘʣʛʦʨʠʪʤʽʚ ʰʪʫʯʥʠʭ ʥʝʡʨʦʥʥʠʭ ʤʝʨʝʞ ʜʣʷ 

ʘʪʦʤʘʪʠʟʦʚʘʥʦʛʦ ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʴ ʩʠʩʪʝʤʦʶ. ɺʠʟʥʘʯʘʶʪʴʩʷ ʪʘ ʘʥʘʣʽʟʫʶʪʴʩʷ ʤʝʪʦʜʠ 

ʧʦʰʫʢʫ ʦʧʪʠʤʘʣʴʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʪhʫʯʥʠʭ ʥʝʡʨʦʥʥʠʭ ʤʝʨʝʞ ʜʣʷ ʚʠʨʽʰʝʥʥʷ ʟʘʜʘʯ ʫ 

ʢʦʥʪʝʢʩʪʽ ʨʦʙʦʪʠ ʩʠʩʪʝʤ çʨʦʟʫʤʥʦʛʦè ʙʫʜʠʥʢʫ ʽ ʚʠʢʦʨʠʩʪʘʥʥʷ ʭʤʘʨʥʠʭ ʦʙʯʠʩʣʝʥʴ ʜʣʷ 

ʟʘʙʝʟʧʝʯʝʥʥʷ ʥʘʜʽʡʥʦʩʪʽ ʨʦʙʦʪʠ, ʤʘʩʰʪʘʙʦʚʘʥʦʩʪʽ ʪʘ ʟʤʝʥʰʝʥʥʷ ʚʠʪʨʘʪ ʥʘ ʢʦʨʠʩʪʫʚʘʥʥʷ 

ʨʦʟʨʦʙʣʝʥʦʶ ʩʠʩʪʝʤʦʶ çʨʦʟʫʤʥʦʛʦè ʙʫʜʠʥʢʫ.  

ɿʚôʷʟʦʢ ʨʦʙʦʪʠ ʟ ʥʘʫʢʦʚʠʤʠ ʧʨʦʛʨʘʤʘʤʠ, ʧʣʘʥʘʤʠ, ʪʝʤʘʤʠ. ʊʝʤʘ ʜʠʩʝʨʪʘʮʽʾ 

çʄʝʪʦʜʠ ʪʘ ʟʘʩʦʙʠ ʫʧʨʘʚʣʽʥʥʷ ʩʠʩʪʝʤʦʶ çʨʦʟʫʤʥʦʛʦè ʙʫʜʠʥʢʫ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ 

ʭʤʘʨʥʠʭ ʦʙʯʠʩʣʝʥʴè ʚʽʜʧʦʚʽʜʘʻ ʥʘʫʢʦʚʦʤʫ ʥʘʧʨʷʤʫ ʢʘʬʝʜʨʠ ʘʚʪʦʤʘʪʠʟʦʚʘʥʠʭ ʩʠʩʪʝʤ 

ʫʧʨʘʚʣʽʥʥʷ ʅʘʮʽʦʥʘʣʴʥʦʛʦ ʫʥʽʚʝʨʩʠʪʝʪʫ çʃʴʚʽʚʩʴʢʘ ʧʦʣʽʪʝʭʥʽʢʘè: çʄʝʪʦʜʠ, ʤʦʜʝʣʽ ʪʘ 

ʢʦʤʧʦʥʝʥʪʠ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʫʧʨʘʚʣʷʶʯʠʭ ʩʠʩʪʝʤ ʽ ʪʝʭʥʦʣʦʛʽʡè.  
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ɼʠʩʝʨʪʘʮʽʡʥʘ ʨʦʙʦʪʘ ʚʠʢʦʥʘʥʘ ʫ ʤʝʞʘʭ ʜʝʨʞʙʶʜʞʝʪʥʠʭ ʥʘʫʢʦʚʦ-ʜʦʩʣʽʜʥʠʭ ʨʦʙʽʪ 

ʅʘʮʽʦʥʘʣʴʥʦʛʦ ʫʥʽʚʝʨʩʠʪʝʪʫ ñʃʴʚʽʚʩʴʢʘ ʧʦʣʽʪʝʭʥʽʢʘò: 

¶ çɯʥʪʝʣʝʢʪʫʘʣʴʥʽ ʽʥʬʦʨʤʘʮʽʡʥʽ ʪʝʭʥʦʣʦʛʽʾ ʙʘʛʘʪʦʨʽʚʥʝʚʦʛʦ ʫʧʨʘʚʣʽʥʥʷ 

ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʽʩʪʶ ʨʝʛʽʦʥʫè (ʥʦʤʝʨ ʜʝʨʞʘʚʥʦʾ ʨʝʻʩʪʨʘʮʽʾ 0117U004450; ʪʝʨʤʽʥ 

ʚʠʢʦʥʘʥʥʷ ʨʦʙʦʪʠ: ʩʽʯʝʥʴ 2017 - ʛʨʫʜʝʥʴ 2018 ʨʨ.); 

¶ çʅʝʡʨʦʤʝʨʝʞʝʚʘ ʪʝʭʥʦʣʦʛʽʷ ʟʘʭʠʩʪʫ ʪʘ ʧʝʨʝʜʘʯʽ ʜʘʥʠʭ ʫ ʨʝʘʣʴʥʦʤʫ ʯʘʩʽ ʟ 

ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʰʫʤʦʧʦʜʽʙʥʠʭ ʢʦʜʽʚè (ʥʦʤʝʨ ʜʝʨʞʘʚʥʦʾ ʨʝʻʩʪʨʘʮʽʾ 0119U002256;  

ʪʝʨʤʽʥ ʚʠʢʦʥʘʥʥʷ ʨʦʙʦʪʠ: ʩʽʯʝʥʴ 2019 - ʛʨʫʜʝʥʴ 2020 ʨʨ.). 

ʄʝʪʘ ʽ ʟʘʚʜʘʥʥʷ ʜʦʩʣʽʜʞʝʥʥʷ. ʄʝʪʦʶ ʜʠʩʝʨʪʘʮʽʡʥʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ ʻ ʨʦʟʚʠʪʦʢ 

ʤʝʪʦʜʽʚ ʪʘ ʟʘʩʦʙʽʚ ʨʦʟʨʦʙʢʠ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʪʝʭʥʦʣʦʛʽʡ ʫʧʨʘʚʣʽʥʥʷ ʧʨʠʣʘʜʘʤʠ ʙʫʜʠʥʢʫ ʟ 

ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʭʤʘʨʥʠʭ ʦʙʯʠʩʣʝʥʴ ʪʘ ʰʪʫʯʥʠʭ ʥʝʡʨʦʥʥʠʭ ʤʝʨʝʞ. 

ɼʣʷ ʜʦʩʷʛʥʝʥʥʷ ʧʦʩʪʘʚʣʝʥʦʾ ʤʝʪʠ ʚʠʨʽʰʝʥʦ ʪʘʢʽ ʟʘʚʜʘʥʥʷ: 

Å ʇʨʦʚʝʩʪʠ ʘʥʘʣʽʟ ʽʩʥʫʶʯʠʭ ʤʝʪʦʜʽʚ, ʤʦʜʝʣʝʡ ʪʘ ʟʘʩʦʙʽʚ ʫʧʨʘʚʣʽʥʥʷ ʧʨʠʣʘʜʘʤʠ 

çʨʦʟʫʤʥʦʛʦè ʙʫʜʠʥʢʫ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʭʤʘʨʥʠʭ ʦʙʯʠʩʣʝʥʴ ʪʘ ʘʣʛʦʨʠʪʤʫ ʰʪʫʯʥʠʭ 

ʥʝʡʨʦʥʥʠʭ ʤʝʨʝʞ. 

Å ʈʦʟʨʦʙʠʪʠ ʤʝʪʦʜ ʦʧʨʘʮʶʚʘʥʥʷ ʚʝʣʠʢʠʭ ʦʙʩʷʛʽʚ ʜʘʥʠʭ ʜʣʷ ʩʠʩʪʝʤ çʨʦʟʫʤʥʦʛʦè 

ʙʫʜʠʥʢʫ ʥʘ ʦʩʥʦʚʽ ʘʨʭʽʪʝʢʪʫʨʥʦʛʦ ʰʘʙʣʦʥʫ Redux. 

Å ʈʦʟʨʦʙʠʪʠ ʪʘ ʟʘʧʨʦʚʘʜʠʪʠ ʤʦʜʝʣʴ ʧʦʰʠʨʝʥʥʷ ʧʨʦʛʨʘʤʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ ʜʣʷ 

ʩʠʩʪʝʤ çʨʦʟʫʤʥʦʛʦè ʙʫʜʠʥʢʫ, ʱʦ ʛʨʫʥʪʫʻʪʴʩʷ ʥʘ ʚʠʢʦʨʠʩʪʘʥʥʽ ʤʦʜʝʣʽ SaaS. 

Å ʈʦʟʨʦʙʠʪʠ ʤʝʪʦʜ ʩʠʥʪʝʟʫ ʩʪʨʫʢʪʫʨ ʐʅʄ ʜʣʷ ʫʧʨʘʚʣʽʥʥʷ ʩʠʩʪʝʤʦʶ çʨʦʟʫʤʥʦʛʦè 

ʙʫʜʠʥʢʫ, ʷʢʠʡ ʙʘʟʫʻʪʴʩʷ ʥʘ ʚʠʙʦʨʽ ʦʧʪʠʤʘʣʴʥʦʾ ʢʽʣʴʢʦʩʪʽ ʧʨʠʭʦʚʘʥʠʭ ʰʘʨʽʚ ʐʅʄ 

ʪʘ ʢʽʣʴʢʦʩʪʽ ʥʝʡʨʦʥʽʚ ʥʘ ʢʦʞʥʦʤʫ ʚʥʫʪʨʽʰʥʴʦʤʫ ʰʘʨʽ.  

Å ʇʦʙʫʜʫʚʘʪʠ ʤʦʜʝʣʴ ʦʧʨʘʮʶʚʘʥʥʷ ʜʘʥʠʭ ʚ ʩʠʩʪʝʤʽ çʨʦʟʫʤʥʦʛʦè ʙʫʜʠʥʢʫ ʥʘ ʦʩʥʦʚʽ 

ʽʻʨʘʨʭʽʯʥʠʭ ʪʘ ʢʦʣʴʦʨʦʚʠʭ ʤʝʨʝʞ ʇʝʪʨʽ.  

Å ʈʦʟʨʦʙʠʪʠ ʧʨʦʛʨʘʤʥʽ ʟʘʩʦʙʠ ʽʥʬʦʨʤʘʮʽʡʥʦʾ ʪʝʭʥʦʣʦʛʽʾ ʫʧʨʘʚʣʽʥʥʷ ʩʠʩʪʝʤʦʶ 

çʨʦʟʫʤʥʦʛʦè ʙʫʜʠʥʢʫ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʭʤʘʨʥʠʭ ʦʙʯʠʩʣʝʥʴ. 

ʆʙôʻʢʪʦʤ ʜʦʩʣʽʜʞʝʥʥʷ  ̒ʧʨʦʮʝʩ ʫʧʨʘʚʣʽʥʥʷ ʩʠʩʪʝʤʦʶ çʨʦʟʫʤʥʦʛʦè ʙʫʜʠʥʢʫ ʟ 

ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʪʝʭʥʦʣʦʛʽʡ ʭʤʘʨʥʠʭ ʦʙʯʠʩʣʝʥʴ ʪʘ ʰʪʫʯʥʠʭ ʥʝʡʨʦʥʥʠʭ ʤʝʨʝʞ.  
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ʇʨʝʜʤʝʪʦʤ ʜʦʩʣʽʜʞʝʥʥʷ  ̒ ʤʝʪʦʜʠ ʤʦʜʝʣʽ ʪʘ ʟʘʩʦʙʠ ʫʧʨʘʚʣʽʥʥʷ ʩʠʩʪʝʤʦʶ 

çʨʦʟʫʤʥʦʛʦè ʙʫʜʠʥʢʫ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʪʝʭʥʦʣʦʛʽʡ ʭʤʘʨʥʠʭ ʦʙʯʠʩʣʝʥʴ ʪʘ ʰʪʫʯʥʠʭ 

ʥʝʡʨʦʥʥʠʭ ʤʝʨʝʞ. 

ʄʝʪʦʜʠ ʜʦʩʣʽʜʞʝʥʥʷ. ɼʣʷ ʨʦʟʚôʷʟʘʥʥʷ ʩʬʦʨʤʫʣʴʦʚʘʥʠʭ ʟʘʜʘʯ ʟʘʩʪʦʩʦʚʘʥʦ 

ʤʝʪʦʜʠ: ʩʠʥʪʝʟʫ ʪʘ ʘʥʘʣʽʟʫ. ʄʝʪʦʜ ʩʠʥʪʝʟʫ ʪʘ ʘʥʘʣʽʟʫ ʚʠʢʦʨʠʩʪʘʥʦ ʜʣʷ ʧʦʙʫʜʦʚʠ 

ʘʨʭʽʪʝʢʪʫʨʠ ʪʘ ʧʨʦʛʨʘʤʥʦʾ ʨʝʘʣʽʟʘʮʽʾ ʨʦʟʧʦʜʣ̔ʝʥʦʾ ʩʠʩʪʝʤʠ çʨʦʟʫʤʥʦʛʦè ʙʫʜʠʥʢʫ ʟ 

ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʘʣʛʦʨʠʪʤʫ ʰʪʫʯʥʠʭ ʥʝʡʨʦʥʥʠʭ ʤʝʨʝʞ ʪʘ ʭʤʘʨʥʠʭ ʦʙʯʠʩʣʝʥʴ. 

ʅʘʫʢʦʚʘ ʥʦʚʠʟʥʘ ʦʪʨʠʤʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ. ʅʦʚʠʟʥʘ ʦʩʥʦʚʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ 

ʜʠʩʝʨʪʘʮʽʾ ʬʦʨʤʫʻʪʴʩʷ ʟʘʚʜʷʢʠ ʚʧʝʨʰʝ ʨʦʟʨʦʙʣʝʥʦʤʫ ʤʝʪʦʜʫ ʧʦʰʫʢʫ ʦʧʪʠʤʘʣʴʥʦʛʦ 

ʪʠʧʫ ʪʘ ʚʥʫʪʨʽʰʥʴʦʾ ʩʪʨʫʢʪʫʨʠ ʰʪʫʯʥʦʾ ʥʝʡʨʦʥʥʦʾ ʤʝʨʝʞʽ ʜʣʷ ʨʦʟʚôʷʟʘʥʥʷ ʦʢʨʝʤʠʭ ʟʘʜʘʯ 

ʩʬʝʨʠ ʨʦʙʦʪʠ ʩʠʩʪʝʤ çʨʦʟʫʤʥʦʛʦè ʙʫʜʠʥʢʫ ʽʥʪʝʛʨʦʚʘʥʦʤʫ ʫ ʭʤʘʨʥʝ ʦʙʯʠʩʣʶʚʘʣʴʥʝ 

ʩʝʨʝʜʦʚʠʱʝ. 

ɺʧʝʨʰʝ ʟʘʩʪʦʩʦʚʘʥʦ ʤʦʜʝʣʴ ʧʦʰʠʨʝʥʥʷ ʧʨʦʛʨʘʤʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ ʜʣʷ ʩʠʩʪʝʤ 

çʨʦʟʫʤʥʦʛʦè ʙʫʜʠʥʢʫ, ʱʦ ʛʨʫʥʪʫʻʪʴʩʷ ʥʘ ʚʠʢʦʨʠʩʪʘʥʥʽ ʤʦʜʝʣʽ SaaS, ʷʢʝ ʜʘʻ ʟʤʦʛʫ 

ʟʤʝʥʰʠʪʠ ʚʘʨʪʽʩʪʴ ʪʘ ʟʙʽʣʴʰʠʪʠ ʰʚʠʜʢʦʜʽʶ ʨʦʙʦʪʠ ʩʠʩʪʝʤ çʨʦʟʫʤʥʦʛʦè ʙʫʜʠʥʢʫ. 

ɺʧʝʨʰʝ ʨʦʟʨʦʙʣʝʥʦ ʤʝʪʦʜ ʦʧʨʘʮʶʚʘʥʥʷ ʚʝʣʠʢʠʭ ʦʙʩʷʛʽʚ ʜʘʥʠʭ ʜʣʷ ʩʠʩʪʝʤ 

çʨʦʟʫʤʥʦʛʦè ʙʫʜʠʥʢʫ ʥʘ ʦʩʥʦʚʽ ʘʨʭʽʪʝʢʪʫʨʥʦʛʦ ʰʘʙʣʦʥʫ Redux, ʱʦ ʧʨʠʰʚʠʜʰʫʻ ʪʘ 

ʟʙʽʣʴʰʫʻ ʥʘʜʽʡʥʽʩʪʴ ʦʧʨʘʮʶʚʘʥʥʷ ʧʦʜʽʡ ʫ ʩʠʩʪʝʤʽ.  

ɺʜʦʩʢʦʥʘʣʝʥʦ ʤʝʪʦʜ ʩʠʥʪʝʟʫ ʩʪʨʫʢʪʫʨ ʐʅʄ ʜʣʷ ʫʧʨʘʚʣʽʥʥʷ ʩʠʩʪʝʤʦʶ 

çʨʦʟʫʤʥʦʛʦè ʙʫʜʠʥʢʫ, ʷʢʠʡ ʙʘʟʫʻʪʴʩʷ ʥʘ ʚʠʙʦʨʽ ʦʧʪʠʤʘʣʴʥʦʾ ʢʽʣʴʢʦʩʪʽ ʧʨʠʭʦʚʘʥʠʭ ʰʘʨʽʚ 

ʐʅʄ ʪʘ ʢʽʣʴʢʦʩʪʽ ʥʝʡʨʦʥʽʚ ʥʘ ʢʦʞʥʦʤʫ ʚʥʫʪʨʽʰʥʴʦʤʫ ʰʘʨʽ. 

ɺʧʝʨʰʝ ʚʠʢʦʨʠʩʪʘʥʦ ʽʻʨʘʨʭʽʯʥʽ ʢʦʣʴʦʨʦʚʽ ʤʝʨʝʞʽ ʇʝʪʨʽ ʜʣʷ ʨʦʟʨʦʙʣʝʥʥʷ 

ʤʘʩʰʪʘʙʦʚʘʥʦʾ ʪʘ ʚʽʜʤʦʚʦʩʪʽʡʢʦʾ ʤʦʜʝʣʽ ʦʧʨʘʮʶʚʘʥʥʷ ʜʘʥʠʭ ʫ ʩʠʩʪʝʤʘʭ çʨʦʟʫʤʥʦʛʦè 

ʙʫʜʠʥʢʫ. 

ʇʨʘʢʪʠʯʥʝ ʟʥʘʯʝʥʥʷ ʦʪʨʠʤʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ ʜʠʩʝʨʪʘʮʽʡʥʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ 

ʧʦʣʷʛʘʻ ʫ ʪʦʤʫ, ʱʦ ʨʦʟʨʦʙʣʝʥʠʡ ʧʽʜʭʽʜ ʚʠʢʦʨʠʩʪʘʥʥʷ ʘʣʛʦʨʠʪʤʫ ʰʪʫʯʥʠʭ ʥʝʡʨʦʥʥʠʭ 

ʤʝʨʝʞ ʫ ʩʝʨʝʜʦʚʠʱʽ ʭʤʘʨʥʠʭ ʦʙʯʠʩʣʝʥʴ ʻ ʫʥʽʚʝʨʩʘʣʴʥʠʤ ʜʣʷ ʧʽʜʪʨʠʤʢʠ ʧʨʦʮʝʩʽʚ 
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ʘʚʪʦʤʘʪʠʟʦʚʘʥʦʛʦ ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʴ ʫ ʩʠʩʪʝʤʘʭ çʨʦʟʫʤʥʦʛʦè ʙʫʜʠʥʢʫ ʙʝʟ ʦʙʤʝʞʝʥʴ ʫ 

ʩʧʝʮʠʬʽʮʽ ʧʦʩʪʘʚʣʝʥʠʭ ʟʘʜʘʯ, ʪʘʢʠʭ ʷʢ ʙʝʟʧʝʢʘ, ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʽʩʪʴ, ʪʦʱʦ.  

ʆʩʦʙʠʩʪʠʡ ʚʥʝʩʦʢ ʟʜʦʙʫʚʘʯʘ. ɼʠʩʝʨʪʘʮʽʷ ʻ ʩʘʤʦʩʪʽʡʥʦʶ ʥʘʫʢʦʚʦʶ ʧʨʘʮʝʶ, ʚ ʷʢʽʡ 

ʘʚʪʦʨʦʤ ʦʩʦʙʠʩʪʦ ʨʦʟʨʦʙʣʝʥʦ ʥʦʚʽ ʥʘʫʢʦʚʽ ʽʜʝʾ ʪʘ ʨʝʟʫʣʴʪʘʪʠ, ʱʦ ʜʦʟʚʦʣʠʣʠ ʚʠʨʽʰʠʪʠ 

ʥʘʫʢʦʚʝ ʟʘʚʜʘʥʥʷ ʚʠʢʦʨʠʩʪʘʥʥʷ ʭʤʘʨʥʠʭ ʦʙʯʠʩʣʝʥʴ ʪʘ ʘʣʛʦʨʠʪʤʽʚ ʰʪʫʯʥʠʭ ʥʝʡʨʦʥʥʠʭ 

ʤʝʨʝʞ ʫ ʩʬʝʨʽ ʨʦʟʨʦʙʢʠ ʩʠʩʪʝʤ çʨʦʟʫʤʥʦʛʦè ʙʫʜʠʥʢʫ. 

ʈʦʙʦʪʘ ʤʽʩʪʠʪʴ ʪʝʦʨʝʪʠʯʥʽ ʽ ʧʨʠʢʣʘʜʥʽ ʧʦʣʦʞʝʥʥʷ ʪʘ ʚʠʩʥʦʚʢʠ, ʩʬʦʨʤʫʣʴʦʚʘʥʽ 

ʜʠʩʝʨʪʘʥʪʦʤ ʦʩʦʙʠʩʪʦ. ɯʜʝʾ, ʧʦʣʦʞʝʥʥʷ ʯʠ ʛʽʧʦʪʝʟʠ ʽʥʰʠʭ ʘʚʪʦʨʽʚ, ʷʢʽ ʧʨʠʩʫʪʥʽ ʚ 

ʜʠʩʝʨʪʘʮʽʾ, ʤʘʶʪʴ ʚʽʜʧʦʚʽʜʥʽ ʧʦʩʠʣʘʥʥʷ ʽ ʚʠʢʦʨʠʩʪʘʥʽ ʣʠʰʝ ʜʣʷ ʧʽʜʢʨʽʧʣʝʥʥʷ ʽʜʝʡ ʪʘ 

ʨʝʟʫʣʴʪʘʪʽʚ ʟʜʦʙʫʚʘʯʘ. 

ɸʧʨʦʙʘʮʽʷ ʨʝʟʫʣʴʪʘʪʽʚ ʜʠʩʝʨʪʘʮʽʾ. ʈʝʟʫʣʴʪʘʪʠ ʜʠʩʝʨʪʘʮʽʡʥʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ 

ʘʧʨʦʙʦʚʘʥʦ ʥʘ ʤʽʞʥʘʨʦʜʥʠʭ ʥʘʫʢʦʚʠʭ ʪʘ ʥʘʫʢʦʚʦ-ʧʨʘʢʪʠʯʥʠʭ ʢʦʥʬʝʨʝʥʮʽʷʭ: 

1. ɯʥʬʦʨʤʘʮʽʡʥʝ ʩʫʩʧʽʣʴʩʪʚʦ: ʪʝʥʜʝʥʮʽʾ ʨʝʛʽʦʥʘʣʴʥʦʛʦ ʨʦʟʚʠʪʢʫ (ISRDT-2016), ʃʴʚʽʚ, 

2016 

2. 2017 14th International Conference The Experience of Designing and Application of 

CAD Systems in Microelectronics (CADSM), Lviv, 2017. 

3. 2017 2nd International Conference on Advanced Information and Communication 

Technologies (AICT), Lviv, 2017. 

4. 2017 12th International Scientific and Technical Conference on Computer Sciences and 

Information Technologies (CSIT), Lviv, 2017 

5. 2018 IEEE 13th International Scientific and Technical Conference on Computer 

Sciences and Information Technologies (CSIT), Lviv, 2018. 

6. CEUR Workshop, 2019. 

7. 2019 IEEE 2nd Ukraine Conference on Electrical and Computer Engineering 

(UKRCON), Lviv, Ukraine, 2019. 

ʇʫʙʣʽʢʘʮʽʾ. ʋ 22 ʥʘʫʢʦʚʠʭ ʧʫʙʣʽʢʘʮʽʷʭ ʧʦʚʥʽʩʪʶ ʚʽʜʦʙʨʘʞʝʥʽ ʦʩʥʦʚʥʽ ʨʝʟʫʣʴʪʘʪʠ 

ʜʠʩʝʨʪʘʮʽʾ, ʟ ʥʠʭ ʦʪʨʠʤʘʥʦ ʚʘʛʦʤʠʡ ʥʘʫʢʦʚʠʡ ʜʦʨʦʙʦʢ ʘʩʧʽʨʘʥʪʘ ʫ ʚʠʛʣʷʜʽ ʦʧʫʙʣʽʢʦʚʘʥʠʭ  

5  ʩʪʘʪʝʡ ʫ ʥʘʫʢʦʚʠʭ ʬʘʭʦʚʠʭ ʚʠʜʘʥʥʷʭ ʋʢʨʘʾʥʠ;  1  ʩʪʘʪʪʽ ʫ ʥʘʫʢʦʚʦʤʫ ʬʘʭʦʚʦʤʫ ʚʠʜʘʥʥʽ 
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ʋʢʨʘʾʥʠ, ʱʦ ʚʢʣʶʯʝʥʝ ʜʦ ʥʘʫʢʦʤʝʪʨʠʯʥʠʭ ʙʘʟ ʜʘʥʠʭ;  6  ʩʪʘʪʝʡ ʫ ʥʘʫʢʦʚʠʭ ʧʝʨʽʦʜʠʯʥʠʭ 

ʚʠʜʘʥʥʷʭ ʽʥʰʠʭ ʜʝʨʞʘʚ, ʱʦ ʚʢʣʶʯʝʥʽ ʜʦ ʥʘʫʢʦʤʝʪʨʠʯʥʠʭ ʙʘʟ ʜʘʥʠʭ;  1  ʤʦʥʦʛʨʘʬʽʾ ʪʘ  9  

ʪʝʟʘʭ ʜʦʧʦʚʽʜʝʡ ʢʦʥʬʝʨʝʥʮʽʡ. 

ʉʪʨʫʢʪʫʨʘ ʡ ʦʙʩʷʛ ʜʠʩʝʨʪʘʮʽʾ. ɼʠʩʝʨʪʘʮʽʡʥʘ ʨʦʙʦʪʘ ʚʠʢʣʘʜʝʥʘ ʥʘ 194 ʩʪʦʨʽʥʢʘʭ ʪʘ 

ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʘʥʦʪʘʮʽʾ, ʟʤʽʩʪʫ, ʧʝʨʝʣʽʢʫ ʩʢʦʨʦʯʝʥʴ, ʚʩʪʫʧʫ, ʯʦʪʠʨʴʦʭ ʦʩʥʦʚʥʠʭ ʨʦʟʜʽʣʽʚ, 

ʚ ʷʢʠʭ ʤʽʩʪʠʪʴʩʷ 61 ʨʠʩʫʥʢʽʚ ʪʘ 14 ʪʘʙʣʠʮʴ, ʩʧʠʩʢʫ ʚʠʢʦʨʠʩʪʘʥʠʭ ʜʞʝʨʝʣ ʟ 130 

ʥʘʡʤʝʥʫʚʘʥʴ, ʘ ʪʘʢʦʞ 2 ʜʦʜʘʪʢʽʚ. ɿʘ ʩʪʨʫʢʪʫʨʦʶ, ʤʦʚʦʶ ʪʘ ʩʪʠʣʝʤ ʚʠʢʣʘʜʝʥʥʷ 

ʜʠʩʝʨʪʘʮʽʷ ʚʽʜʧʦʚʽʜʘʻ ʚʠʤʦʛʘʤ ʄʆʅ ʋʢʨʘʾʥʠ. ʈʦʙʦʪʘ ʥʘʧʠʩʘʥʘ ʛʨʘʤʦʪʥʦʶ ʫʢʨʘʾʥʩʴʢʦʶ 

ʤʦʚʦʶ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʩʫʯʘʩʥʦʾ ʥʘʫʢʦʚʦʾ ʪʝʨʤʽʥʦʣʦʛʽʾ, ʘ ʩʪʠʣʴ ʚʠʢʣʘʜʝʥʥʷ ʤʘʪʝʨʽʘʣʫ ʻ 

ʧʦʩʣʽʜʦʚʥʠʤ ʪʘ ʣʦʛʽʯʥʠʤ. 
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ʈʆɿɼɯʃ 1. ɸʅɸʃɯɿ ɯʉʅʋʖʏʀʍ ʄɽʊʆɼɯɺ, ʄʆɼɽʃɽʁ ʊɸ ɿɸʉʆɹɯɺ 

ʈɽɸʃɯɿɸʎɯɰ ʉʀʉʊɽʄ çʈʆɿʋʄʅʆɻʆè ɹʋɼʀʅʂʋ 

 

1.1  ɸʥʘʣʽʟ ʨʠʥʢʫ ʩʠʩʪʝʤ çʨʦʟʫʤʥʦʛʦè ʙʫʜʠʥʢʫ 

 

ʆʩʪʘʥʥʽʤʠ ʨʦʢʘʤʠ ʤʠ ʙʘʯʠʤʦ, ʷʢ ʟʘʚʜʷʢʠ ʪʦʤʫ, ʱʦ ʤʽʣʴʷʨʜʠ ʧʨʠʩʪʨʦʾʚ ʪʘ 

ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʩʠʩʪʝʤ ʧʦʯʠʥʘʶʪʴ ʙʫʪʠ ʟʚ'ʷʟʘʥʠʤʠ ʤʽʞ ʩʦʙʦʶ, ʣʶʜʠ ʦʪʨʠʤʫʶʪʴ ʙʽʣʴʰʫ 

ʢʦʨʠʩʪʴ ʫ ʩʚʦʻʤʫ ʧʦʚʩʷʢʜʝʥʥʦʤʫ ʞʠʪʪʽ, ʘ ʨʦʙʦʪʘ ʢʦʤʝʨʮʽʡʥʠʭ ʢʦʤʧʘʥʽʡ ʩʪʘʻ ʙʽʣʴʰ 

ʝʬʝʢʪʠʚʥʦʶ ʟʘʚʜʷʢʠ ʤʦʞʣʠʚʦʩʪʽ ʤʽʥʽʤʽʟʫʚʘʪʠ ʾʭ ʝʢʩʧʣʫʘʪʘʮʽʡʥʽ ʚʠʪʨʘʪʠ ʪʘ ʟʙʽʣʴʰʫʚʘʪʠ 

ʝʬʝʢʪʠʚʥʽʩʪʴ ʚʠʢʦʨʠʩʪʘʥʥʷ ʾʭʥʽʭ ʘʢʪʠʚʽʚ. IoT ʙʫʜʝ ʟʘʩʪʦʩʦʚʫʚʘʪʠʩʴ ʧʘʨʘʣʝʣʴʥʦ ʟ 

ʘʣʛʦʨʠʪʤʘʤʠ ʰʪʫʯʥʦʛʦ ʽʥʪʝʣʝʢʪʫ (AI) ʪʘʢ ʷʢ ʟôʻʜʥʘʥʥʷ ʤʝʨʝʞʝʶ ʦʢʨʝʤʠʭ ʧʨʠʩʪʨʦʾʚ 

ʟʤʽʱʫʻ ʬʦʢʫʩ ʨʦʟʨʦʙʢʠ ʩʠʩʪʝʤ «ʨʦʟʫʤʥʦʛʦ» ʙʫʜʠʥʢʫ ʦʩʪʘʥʥʽʭ ʨʦʢʽʚ ʚʽʜ ʮʝʥʪʨʘʣʽʟʦʚʘʥʠʭ 

ʭʤʘʨʥʠʭ ʦʙʯʠʩʣʝʥʴ ʜʦ ʜʝʮʝʥʪʨʘʣʽʟʦʚʘʥʦʛʦ. 

ʂʨʠʚʘ ʂʫʨʮʚʝʡʣʘ [1] ʧʝʨʝʜʙʘʯʘʻ ʝʢʩʧʦʪʝʥʮʽʡʥʝ ʟʨʦʩʪʘʥʥʷ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʤʘʰʠʥʥʦʛʦ ʽʥʪʝʣʝʢʪʫ ʽ ʦʯʽʢʫʻ ʧʦʷʚʫ ʧʝʨʝʜʦʚʠʭ ʦʙʯʠʩʣʶʚʘʣʴʥʠʭ ʧʣʘʪʬʦʨʤ ʜʣʷ ʨʦʙʦʪʠ 

ʰʪʫʯʥʦʛʦ ʽʥʪʝʣʝʢʪʫ ʨʽʚʥʦʛʦ ʣʶʜʩʴʢʦʤʫ ʤʦʟʢʫ ʧʨʦʪʷʛʦʤ ʜʝʩʷʪʠ ʨʦʢʽʚ. ʎʷ ʤʦʞʣʠʚʽʩʪʴ ʚ 

ʧʝʨʰʫ ʯʝʨʛʫ ʟʘʚʜʷʯʫʻ ʪʘʢʠʤ ʬʘʢʪʦʨʘʤ ʷʢ ʝʢʩʧʦʪʝʥʮʽʡʥʝ ʟʙʽʣʴʰʝʥʥʷ ʦʙôʻʤʫ ʜʘʥʠʭ, ʷʢʽ 

ʛʝʥʝʨʫʶʪʴʩʷ ʧʨʠʩʪʨʦʷʤʠ IoT, ʙʘʛʘʪʦʨʘʟʦʚʦʤʫ ʟʙʽʣʴʰʝʥʥʶ ʦʙʯʠʩʣʶʚʘʣʴʥʦʾ ʧʦʪʫʞʥʦʩʪʽ, 

ʚʜʦʩʢʦʥʘʣʝʥʥʶ ʘʣʛʦʨʠʪʤʽʚ ʰʪʫʯʥʦʛʦ ʽʥʪʝʣʝʢʪʫ, ʢʦʤʧʘʢʪʥʠʤ ʬʦʨʤ-ʬʘʢʪʦʨʘʤ ʧʨʠʣʘʜʽʚ 

IoT ʪʘ ʥʠʟʴʢʦʤʫ ʨʽʚʥʶ ʩʧʦʞʠʚʘʥʥʷ ʥʠʤʠ ʝʥʝʨʛʽʾ. ʉʫʢʫʧʥʽʩʪʴ ʮʠʭ ʬʘʢʪʦʨʽʚ ʧʽʜʚʠʱʫʻ 

ʤʦʞʣʠʚʽʩʪʴ ʚʠʢʦʨʠʩʪʘʥʥʷ ʘʣʛʦʨʠʪʤʽʚ ʰʪʫʯʥʦʛʦ ʽʥʪʝʣʝʢʪʫ ʫ ʙʘʛʘʪʴʦʭ ʢʘʪʝʛʦʨʽʷʭ 

ʧʨʠʩʪʦʨʾʚ IoT. 

ʆʯʽʢʫʻʪʴʩʷ, ʱʦ ʨʠʥʦʢ IoT ʩʪʘʙʽʣʴʥʦ ʟʨʦʩʪʘʪʠʤʝ ʪʦʤʫ, ʱʦ ʤʽʣʴʷʨʜʠ ʧʨʠʩʪʨʦʾʚ ʪʘ 

ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʩʠʩʪʝʤ ʩʪʘʶʪʴ ʟʚôʷʟʘʥʠʤʠ ʤʽʞ ʩʦʙʦʶ ʤʝʨʝʞʝʶ, ʚ ʦʩʥʦʚʥʦʤʫ ʟʘʚʜʷʢʠ ʚʩʝ 

ʙʽʣʴʰʦʤʫ ʧʦʰʠʨʝʥʥʶ ʜʝʰʝʚʠʭ ʜʘʪʯʠʢʽʚ, ʷʢʽ ʧʝʨʝʪʚʦʨʶʶʪʴ ʬʽʟʠʯʥʽ ʧʦʜʽʾ ʫ ʜʘʥʽ ʚ 

ʮʠʬʨʦʚʦʤʫ ʚʠʛʣʷʜʽ. ɺʠʢʦʨʠʩʪʘʥʥʷ ʧʨʠʣʘʜʽʚ IoT, ʷʢʽ ʨʦʟʨʦʙʣʝʥʽ ʜʣʷ ʝʢʦʥʦʤʽʾ ʚʠʪʨʘʪ 

ʧʘʣʴʥʦʛʦ, ʢʦʥʪʨʦʣʶ ʩʧʦʞʠʚʘʥʥʷ ʝʥʝʨʛʽʾ ʪʘ ʝʬʝʢʪʠʚʥʦʩʪʽ ʨʦʙʦʯʠʭ ʧʨʦʮʝʩʽʚ ʯʘʩʪʦ 

ʩʧʨʠʷʶʪʴ ʟʥʘʯʥʦʤʫ ʧʦʟʠʪʠʚʥʦʤʫ ʚʧʣʠʚʫ ʥʘ ʬʽʥʘʥʩʦʚʽ ʚʠʪʨʘʪʠ ʪʘ ʩʢʦʨʦʯʝʥʥʷ ʪʝʨʤʽʥʽʚ 
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ʦʢʫʧʥʦʩʪʽ ʙʽʟʥʝʩʽʚ, ʱʦ ʟʘʧʨʦʚʘʜʞʫʶʪʴ ʾʭ ʚʠʢʦʨʠʩʪʘʥʥʷ. ʋ   ʩʪʘʪʠʩʪʠʮʽ ʛʣʦʙʘʣʴʥʦʛʦ 

ʨʠʥʢʫ, ʦʯʽʢʫʻʪʴʩʷ, ʱʦ ʚʠʪʨʘʪʠ ʥʘ IoT ʙʫʜʫʪʴ ʱʦʨʽʯʥʦ ʟʨʦʩʪʘʪʠ [2].  

ɯʩʥʫʻ ʧʨʠʧʫʱʝʥʥʷ, ʱʦ ʧʨʠʩʪʨʦʾ IoT ʧʦ ʚʩʴʦʤʫ ʩʚʽʪʫ ʙʫʜʫʪʴ ʛʝʥʝʨʫʚʘʪʠ 90 

ʟʝʪʪʘʙʘʡʪ [3] ʜʘʥʠʭ ʜʦ 2025 ʨʦʢʫ. ɼʘʥʽ ʛʝʥʝʨʫʶʪʴʩʷ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʜʘʪʯʠʢʘʤʠ ʘʙʦ ʯʝʨʝʟ 

ʧʨʦʤʽʞʥʽ ʰʣʶʟʠ, ʱʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʜʣʷ ʦʙôʻʜʥʘʥʥʷ ʜʘʪʯʠʢʽʚ ʫ ʦʢʨʝʤʽ ʛʨʫʧʠ. ɼʘʣʽ 

ʟʛʝʥʝʨʦʚʘʥʽ ʜʘʥʽ ʧʝʨʝʩʠʣʘʶʪʴʩʷ ʜʦ ʮʝʥʪʨʘʣʽʟʦʚʘʥʠʭ ʧʣʘʪʬʦʨʤ, ʷʢʽ ʦʙ'ʻʜʥʫʶʪʴ, 

ʦʙʨʦʙʣʷʶʪʴ, ʟʙʝʨʽʛʘʶʪʴ, ʘʥʘʣʽʟʫʶʪʴ ʪʘ ʚʽʟʫʘʣʽʟʫʶʪʴ ʮʽ ʜʘʥʽ ʜʣʷ ʧʦʰʫʢʫ 

ʚʟʘʻʤʦʟʘʣʝʞʥʦʩʪʝʡ ʪʘ ʧʽʜʚʠʱʝʥʥʷ ʥʘ ʾʭ ʦʩʥʦʚʽ ʝʬʝʢʪʠʚʥʦʩʪʽ ʨʦʙʦʪʠ ʧʦʙʫʪʦʚʠʭ ʯʠ 

ʨʦʙʦʯʠʭ ʧʨʦʮʝʩʽʚ. ʎʝʥʪʨʘʣʽʟʦʚʘʥʘ ʘʨʭʽʪʝʢʪʫʨʘ ʥʘʜʘʻ ʤʦʞʣʠʚʽʩʪʴ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ 

ʚʝʣʠʢʦʥʘʚʘʥʪʘʞʝʥʽ ʦʙʯʠʩʣʝʥʥʷ ʪʘ ʮʝʥʪʨʘʣʽʟʦʚʘʥʝ ʟʙʝʨʽʛʘʥʥʷ ʜʘʥʠʭ, ʱʦ ʧʦʟʠʪʠʚʥʦ 

ʚʧʣʠʚʘʶʪʴ ʥʘ ʟʙʽʣʴʰʝʥʥʷ ʦʧʝʨʘʪʠʚʥʦʩʪʽ ʪʘ ʝʬʝʢʪʠʚʥʦʩʪʽ ʨʦʙʦʪʠ ʩʠʩʪʝʤ. ʆʜʥʘʢ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʮʝʥʪʨʘʣʽʟʦʚʘʥʦʾ ʘʨʭʽʪʝʢʪʫʨʠ ʟʙʽʣʴʰʫʻ ʟʘʪʨʠʤʢʫ ʤʽʞ ʧʨʦʮʝʩʘʤʠ ʦʙʤʽʥʫ 

ʜʘʥʠʤʠ, ʟʙʽʣʴʰʫʻ ʯʘʩ ʟʘʪʨʠʤʢʠ ʚʠʢʦʥʘʥʥʷ ʜʽʡ, ʻ ʤʝʥʰ ʩʪʽʡʢʠʤʠ ʜʦ ʝʢʦʣʦʛʽʯʥʠʭ 

ʢʘʪʘʩʪʨʦʬ ʪʘ ʙʽʣʴʰ ʚʨʘʟʣʠʚʠʤʠ ʜʦ ʭʘʢʝʨʩʴʢʠʭ ʘʪʘʢ. ʊʘʢʦʞ ʮʝʥʪʨʘʣʽʟʦʚʘʥʽ ʘʨʭʽʪʝʢʪʫʨʠ ʻ 

ʜʦʨʦʞʯʽ ʧʨʠ ʤʘʩʰʪʘʙʫʚʘʥʥʽ (ʥʘʧʨʠʢʣʘʜ, ʧʽʜ ʯʘʩ ʩʪʚʦʨʝʥʥʷ ʥʦʚʠʭ ʮʝʥʪʨʽʚ ʦʧʨʘʮʶʚʘʥʥʷ 

ʜʘʥʠʭ ʫ ʥʦʚʠʭ ʛʝʦʛʨʘʬʽʯʥʠʭ ʟʦʥʘʭ) ʽ ʟʘʟʚʠʯʘʡ ʨʦʟʨʦʙʣʷʶʪʴʩʷ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ 

ʦʙʣʘʜʥʘʥʥʷ, ʫ ʷʢʦʛʦ ʚʽʜʩʫʪʥʷ ʫʥʽʚʝʨʩʘʣʴʥʽʩʪʴ ʜʣʷ ʚʠʢʦʥʘʥʥʷ ʚʫʟʴʢʦʩʧʝʮʽʘʣʽʟʦʚʘʥʠʭ 

ʟʘʚʜʘʥʴ. ʎʽ ʥʝʜʦʣʽʢʠ ʩʧʨʠʷʶʪʴ ʝʚʦʣʶʮʽʾ ʦʙʯʠʩʣʶʚʘʣʴʥʠʭ  ʧʣʘʪʬʦʨʤ ʟ ʧʝʨʝʭʦʜʦʤ ʚʽʜ 

ʮʝʥʪʨʘʣʽʟʦʚʘʥʦʾ ʘʨʭʽʪʝʢʪʫʨʠ ʜʦ ʨʦʟʧʦʜʽʣʝʥʦʾ ʘʙʦ ʜʝʮʝʥʪʨʘʣʽʟʦʚʘʥʦʾ ʘʨʭʽʪʝʢʪʫʨʠ ʟ 

ʬʦʢʫʩʦʤ ʥʘ ʭʤʘʨʥʽ ʦʙʯʠʩʣʝʥʥʷ ʪʘ ʤʦʞʣʠʚʦʩʪʽ AI [3]. 

çʈʦʟʫʤʥʽè ʙʫʜʠʥʢʠ ʪʘ ʘʚʪʦʤʘʪʠʟʘʮʽʷ ʧʦʙʫʪʦʚʠʭ ʧʨʦʮʝʩʽʚ - ʥʝʦʜʥʦʟʥʘʯʥʽ ʪʝʨʤʽʥʠ, 

ʷʢʽ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʜʣʷ ʦʧʠʩʫ ʰʠʨʦʢʦʛʦ ʩʧʝʢʪʨʫ ʨʽʰʝʥʴ ʜʣʷ ʢʦʥʪʨʦʣʶ, ʤʦʥʽʪʦʨʠʥʛʫ 

ʪʘ ʘʚʪʦʤʘʪʠʟʘʮʽʾ ʧʨʦʮʝʩʽʚ ʫ ʙʫʜʠʥʢʫ. ɼʣʷ ʪʦʛʦ, ʱʦʙ ʥʘʟʠʚʘʪʠʩʷ çʨʦʟʫʤʥʠʤè ʟʘ 

ʚʠʟʥʘʯʝʥʥʷʤ ɹʝʨʛʘ ɯʥʩʘʡʪʘ ʚʽʜ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʩʠʩʪʝʤ ʚʠʤʘʛʘʻʪʴʩʷ ʤʘʪʠ ʜʦʜʘʪʦʢ ʜʣʷ 

ʩʤʘʨʪʬʦʥʽʚ ʘʙʦ ʚʝʙ-ʧʦʨʪʘʣ, ʱʦ ʟʘʩʪʦʩʦʚʫʚʘʪʠʤʝʪʴʩʷ ʷʢ ʢʦʨʠʩʪʫʚʘʮʴʢʠʡ ʽʥʪʝʨʬʝʡʩ 

ʩʠʩʪʝʤʠ. ʊʦʤʫ ʧʨʠʩʪʨʦʾ ʷʢʠʤʠ ʤʦʞʥʘ ʢʝʨʫʚʘʪʠ ʣʠʰʝ ʟʘ ʜʦʧʦʤʦʛʦʶ ʧʝʨʝʤʠʢʘʯʽʚ, 

ʪʘʡʤʝʨʠ, ʜʘʪʯʠʢʠ ʪʘ ʧʫʣʴʪʠ ʜʠʩʪʘʥʮʽʡʥʦʛʦ ʢʝʨʫʚʘʥʥʷ, ʟʛʽʜʥʦ ʮʽʡ ʚʠʤʦʟʽ ʥʝ ʚʭʦʜʷʪʴ ʜʦ 

ʛʨʫʧʠ çʨʦʟʫʤʥʠʭè ʧʨʠʣʘʜʽʚ. ʉʢʣʘʜʦʚʽ ʩʠʩʪʝʤʠ ʨʦʟʫʤʥʦʛʦ ʙʫʜʠʥʢʫ ʤʦʞʥʘ ʧʦʜ̔ ʣʠʪʠ ʥʘ 
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ʰʽʩʪʴ ʦʩʥʦʚʥʠʭ ʢʘʪʝʛʦʨʽʡ: ʩʠʩʪʝʤʠ ʙʝʟʧʝʢʠ ʪʘ ʢʦʥʪʨʦʣʶ ʜʦʩʪʫʧʫ; ʫʧʨʘʚʣʽʥʥʷ 

ʝʣʝʢʪʨʦʝʥʝʨʛʽʻʶ ʽ ʩʠʩʪʝʤʠ ʢʦʥʪʨʦʣʶ ʪʝʤʧʝʨʘʪʫʨʥʠʤ ʨʝʞʠʤʦʤ; ʘʫʜʽʦʚʽʟʫʘʣʴʥʽ ʪʘ 

ʨʦʟʚʘʞʘʣʴʥʽ ʩʠʩʪʝʤʠ; ʩʠʩʪʝʤʠ ʫʧʨʘʚʣʽʥʥʷ ʦʩʚʽʪʣʝʥʥʷʤ ʪʘ ʞʘʣʶʟʷʤʠ/ʰʪʦʨʘʤʠ; ʩʠʩʪʝʤʠ 

ʦʭʦʨʦʥʠ ʟʜʦʨʦʚ'ʷ; ʧʦʙʫʪʦʚʘ ʪʝʭʥʽʢʘ ʪʘ ʨʦʙʦʪʠʟʘʮʽʷ.  

ʈʠʥʦʢ çʨʦʟʫʤʥʠʭè ʙʫʜʠʥʢʽʚ ʇʽʚʥʽʯʥʦʾ ɸʤʝʨʠʢʠ ʟʘʬʽʢʩʫʚʘʚ ʩʠʣʴʥʝ ʟʨʦʩʪʘʥʥʷ 

ʧʨʦʪʷʛʦʤ ʦʩʪʘʥʥʽʭ ʜʝʢʽʣʴʢʦʭ ʨʦʢʽʚ. ʂʽʣʴʢʽʩʪʴ ʚʩʪʘʥʦʚʣʝʥʠʭ ʩʠʩʪʝʤ çʨʦʟʫʤʥʦʛʦè ʙʫʜʠʥʢʫ 

ʟʙʽʣʴʰʠʣʘʩʴ ʥʘ 51,1 ʚʽʜʩʦʪʦʢ ʜʦ 82,7 ʤʽʣʴʡʦʥʘ. ʇʨʠʙʣʠʟʥʦ 8,3 ʤʽʣʴʡʦʥʽʚ ʟ ʥʠʭ ʙʫʣʠ 

ʙʘʛʘʪʦʬʫʥʢʮʽʦʥʘʣʴʥʠʤʠ, ʘʙʦ ʢʦʤʧʣʝʢʩʥʠʤʠ ʩʠʩʪʝʤʘʤʠ, ʪʦʜʽ ʷʢ 74,4 ʤʽʣʴʡʦʥʠ ʷʚʣʷʣʠ 

ʩʦʙʦʶ ʣʦʢʘʣʴʥʽ ʨʽʰʝʥʥʷ, ʨʦʟʨʦʙʣʝʥʽ ʜʣʷ ʚʠʨʽʰʝʥʥʷ ʦʜʥʽʻʾ ʢʦʥʢʨʝʪʥʦʾ ʬʫʥʢʮʽʾ. ʊʘʢ ʷʢ ʫ 

ʜʝʷʢʠʭ ʙʫʜʠʥʢʘʭ ʤʦʞʝ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠʩʴ ʙʽʣʴʰʝ, ʥʽʞ ʦʜʥʘ çʨʦʟʫʤʥʘè ʩʠʩʪʝʤʘ, 

ʧʨʠʙʣʠʟʥʘ ʢʽʣʴʢʽʩʪʴ «ʨʦʟʫʤʥʠʭ» ʙʫʜʠʥʢʽʚ ʥʘ ʢʽʥʝʮʴ 2007 ʨʦʢʫ ʙʫʣʘ 22,3 ʤʽʣʴʡʦʥʘ. ʎʝ 

ʚʽʜʧʦʚʽʜʘʻ 15,9 ʚʽʜʩʦʪʢʘʤ ʚʩʽʭ ʜʦʤʘʰʥʽʭ ʛʦʩʧʦʜʘʨʩʪʚ ʇʽʚʥʽʯʥʦʾ ɸʤʝʨʠʢʠ, ʱʦ ʚʚʘʞʘʻʪʴʩʷ 

ʷʢ ʥʘʡʜʦʩʢʦʥʘʣʽʰʠʡ ʜʣʷ ʜʦʩʣʽʜʞʝʥʥʷ ʪʘ ʥʘʡʨʦʟʚʠʥʫʪʽʰʠʡ ʨʠʥʦʢ «ʨʦʟʫʤʥʠʭ» ʙʫʜʠʥʢʽʚ 

ʫ ʩʚʽʪʽ. ʇʝʨʝʜʙʘʯʘʻʪʴʩʷ, ʱʦ ʜʦ 2022 ʨʦʢʫ ʢʽʣʴʢʽʩʪʴ ʧʦʤʝʰʢʘʥʴ ʫ ʷʢʠʭ ʙʫʜʫʪʴ ʚʩʪʘʥʦʚʣʝʥʽ 

ʩʠʩʪʝʤʠ çʨʦʟʫʤʥʦʛʦè ʙʫʜʠʥʢʫ, ʟʨʦʩʪʘʪʠʤʝ ʟ ʨʽʯʥʠʤʠ ʪʝʤʧʦʤ 23,1 ʚʽʜʩʦʪʢʘ, ʫ ʨʝʟʫʣʴʪʘʪʽ 

ʯʦʛʦ  çʨʦʟʫʤʥʠʭè ʙʫʜʠʥʢʽʚ ʩʪʘʥʝ ʧʨʠʙʣʠʟʥʦ 63,0 ʤʽʣʴʡʦʥʘ. 

ɺ ʧʦʨʽʚʥʷʥʥʽ ʟ ʢʦʤʧʣʝʢʩʥʠʤʠ ʩʠʩʪʝʤʘʤʠ, ʣʦʢʘʣʴʥʽ ʨʽʰʝʥʥʷ ʛʝʥʝʨʫʶʪʴ 61 ʚʽʜʩʦʪʦʢ 

ʧʨʠʙʫʪʢʫ ʨʠʥʢʫ çʨʦʟʫʤʥʠʭè ʧʨʠʣʘʜʽʚ ʥʘ ʇʽʚʥʦʯʽ ɸʤʝʨʠʢʠ ʪʘ ʫ ɭʚʨʦʧʽ. ɿ ʪʦʯʢʠ ʟʦʨʫ 

ʧʨʦʜʘʞ, ʥʘʡʫʩʧʽʰʥʽʰʠʤʠ ʨʽʰʝʥʥʷʤʠ ʥʘ ʩʴʦʛʦʜʥʽ ʻ çʨʦʟʫʤʥʽè ʪʝʨʤʦʩʪʘʪʠ, çʨʦʟʫʤʥʽè 

ʣʘʤʧʠ, ʩʤʘʨʪ ʨʦʟʝʪʢʠ, ʤʝʨʝʞʝʚʽ ʢʘʤʝʨʠ, ʙʘʛʘʪʦʢʽʤʥʘʪʥʽ ʘʫʜʽʦʩʠʩʪʝʤʠ, ʘ ʪʘʢʦʞ ʢʝʨʦʚʘʥʽ 

ʛʦʣʦʩʦʤ ʨʦʟʫʤʥʽ ʢʦʣʦʥʢʠ. ʎʽ ʪʦʚʘʨʠ ʧʦʩʪʘʯʘʶʪʴ ʪʘʢʽ ʚʝʣʠʢʽ ʚʠʨʦʙʥʠʢʠ, ʷʢ Signify, 

Honeywell, Danfoss, Belkin, Chamberlain, ʂʚʽʢʩʝʪ, ʘ ʪʘʢʦʞ ʧʦʩʪʘʯʘʣʴʥʠʢʠ ʽʥʬʦʨʤʘʮʽʡʥʠʭ 

ʧʦʩʣʫʛ, ʪʘʢʽ ʷʢ Altice France ʪʘ Centrica [3].  ʅʦʚʠʤʠ ʫʯʘʩʥʠʢʘʤʠ ʨʠʥʢʫ çʨʦʟʫʤʥʠʭè 

ʧʦʙʫʪʦʚʠʭ ʪʝʭʥʦʣʦʛʽʡ ʻ ʪʘʢʽ ʢʦʤʧʘʥʽʾ ʪʘ ʩʪʘʨʪʘʧʠ ʷʢ Nest, Ecobee, Sonos, Canary, Proove, 

Netatmo, IKEA, Velux ʽ D-Link [3]. ʋ ʮʽʣʦʤʫ ʥʘ ʨʠʥʢʫ ʢʦʤʧʣʝʢʩʥʠʭ ʩʠʩʪʝʤ, ʪʨʘʜʠʮʽʡʥʽ 

ʚʠʨʦʙʥʠʢʠ ʩʠʩʪʝʤ ʘʚʪʦʤʘʪʠʟʘʮʽʾ ʧʦʙʫʪʦʚʠʭ ʧʨʦʮʝʩʽʚ, ʪʘʢʽ ʷʢ Crestron Electronic, 

Control4, Gira ʪʘ Jung ʩʪʠʢʘʶʪʴʩʷ ʟ ʧʦʪʫʞʥʦʶ ʢʦʥʢʫʨʝʥʮʽʻʶ ʟ ʙʦʢʫ ʢʦʤʧʘʥʽʡ ʩʫʤʽʞʥʠʭ 

ʛʘʣʫʟʝʡ, ʱʦ ʪʽʣʴʢʠ ʚʠʡʰʣʠ ʥʘ ʮʝʡ ʨʠʥʦʢ. ʇʦʩʪʘʯʘʣʴʥʠʢʠ ʧʦʩʣʫʛ ʟʚ'ʷʟʢʫ ʪʘ ʙʝʟʧʝʢʠ, ʪʘʢʽ 
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ʷʢ ADT, Vivint, Comcast, Brinks Home Security (ʨʘʥʽʰʝ MONI / Monitronics) ʪʘ AT&T 

ʩʪʘʣʠ ʥʘʡʙʽʣʴʰʠʤʠ ʧʦʩʪʘʯʘʣʴʥʠʢʘʤʠ ʨʽʰʝʥʴ ʫ ʇʽʚʥʽʯʥʽʡ ɸʤʝʨʠʮʽ. ʆʩʥʦʚʥʠʤʠ 

ʚʠʨʦʙʥʠʢʘʤʠ ʫ ɭʚʨʦʧʽ ʻ eQ-3, Deutsche Telekom, Verisure, Somfy, Innogy ʪʘ Loxone. 

«ʈʦʟʫʤʥʽ» ʢʦʣʦʥʢʠ ʽʟ ʚʙʫʜʦʚʘʥʠʤʠ ʛʦʣʦʩʦʚʠʤʠ ʧʦʤʽʯʥʠʢʘʤʠ ʩʪʚʦʨʠʣʠ ʚʝʣʠʢʠʡ ʚʧʣʠʚ ʥʘ  

ʛʘʣʫʟʴ «ʨʦʟʫʤʥʠʭ» ʙʫʜʠʥʢʽʚ. Amazon ʪʘ Google - ʮʝ ʥʘʡʙʽʣʴʰʽ ʧʦʩʪʘʯʘʣʴʥʠʢʠ ʮʠʭ 

ʧʨʠʩʪʨʦʾʚ, ʱʦ ʩʧʽʣʴʥʦ ʤʘʶʪʴ ʯʘʩʪʢʫ ʨʠʥʢʫ ʧʦʥʘʜ 90 ʚʽʜʩʦʪʢʽʚ. ʇʨʦʪʷʛʦʤ ʦʩʪʘʥʥʽʭ ʨʦʢʽʚ 

ʙʘʛʘʪʦ ʭʪʦ ʟ ʚʽʜʦʤʠʭ ʧʦʩʪʘʯʘʣʴʥʠʢʽʚ ʧʨʦʩʪʨʦʾʚ ʪʘ ʩʠʩʪʝʤ çʨʦʟʫʤʥʠʭè ʙʫʜʠʥʢʽʚ ʟʨʦʙʠʣʠ 

ʩʚʦʶ ʧʨʦʜʫʢʮʽʶ ʩʫʤʽʩʥʦʶ ʟ Amazon Alexa ʪʘ Google Assistant [4], ʪʦʤʫ ʚʩʝ ʙʽʣʴʰʝ ʽ 

ʙʽʣʴʰʝ ʩʧʦʞʠʚʘʯʽʚ ʙʘʯʘʪʴ ʧʝʨʝʚʘʛʠ ʪʘ ʟʨʫʯʥʽʩʪʴ ʚʠʢʦʨʠʩʪʘʥʥʷ ʩʤʘʨʪ-ʜʠʥʘʤʽʢʽʚ ʷʢ 

ʦʩʥʦʚʥʦʛʦ ʽʥʪʝʨʬʝʡʩʫ ʩʠʩʪʝʤ çʨʦʟʫʤʥʦʛʦè ʙʫʜʠʥʢʫ ʟʘʤʽʩʪʴ ʚʠʢʦʨʠʩʪʘʥʥʷ ʩʤʘʨʪʬʦʥʽʚ ʯʠ 

ʚʝʙ-ʽʥʪʝʨʬʝʡʩʽʚ. ʊʦʤʫ ʯʘʩʪʢʦʚʦ ʚʠʩʦʢʝ ʟʨʦʩʪʘʥʥʷ ʧʦʢʘʟʥʠʢʽʚ ʨʠʥʢʫ ʩʠʩʪʝʤ çʨʦʟʫʤʥʠʭè 

ʙʫʜʠʥʢʽʚ ʤʦʞʝ ʟʘʚʜʷʯʫʚʘʪʠ ʧʦʧʫʣʷʨʥʦʩʪʽ ʩʤʘʨʪ-ʢʦʣʦʥʦʢ. 

 ʆʪʞʝ, ʧʦʧʠʪ ʥʘ ʨʠʥʢʫ ʩʠʩʪʝʤ çʨʦʟʫʤʥʠʭè ʙʫʜʠʥʢʽʚ ʟʘʟʘʥʘʻ ʨʽʟʢʠʭ ʟʤʽʥ ʚʥʘʩʣʽʜʦʢ 

ʰʚʠʜʢʦʛʦ ʨʦʟʚʠʪʢʫ ʧʨʦʜʘʞʽʚ ʪʘ ʨʦʟʨʦʙʢʠ ʽ ʟʘʩʪʦʩʫʚʘʥʥʷ ʥʦʚʠʭ ʪʝʭʥʦʣʦʛʽʡ ʥʘ ʷʢʽ 

ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʚʝʣʠʢʠʡ ʧʦʧʠʪ ʩʧʦʞʠʚʘʯʽʚ, ʱʦ ʟʘʮʽʢʘʚʣʝʥʽ ʫ ʩʪʚʦʨʝʥʥʽ ʟ ʾʭ ʜʦʧʦʤʦʛʦʶ 

ʢʦʤʬʦʨʪʥʠʭ ʫʤʦʚ ʧʦʙʫʪʫ ʪʘ ʝʢʦʥʦʤʽʾ ʬʽʥʘʥʩʦʚʠʭ ʚʠʪʨʘʪ.      

 

1.2 ɸʥʘʣʽʟ ʽʩʥʫʶʯʠʭ ʤʦʜʝʣʝʡ ʪʘ ʤʝʪʦʜʽʚ ʩʠʩʪʝʤ çʨʦʟʫʤʥʦʛʦè ʙʫʜʠʥʢʫ ʟ 

ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʘʣʛʦʨʠʪʤʽʚ ʰʪʫʯʥʦʛʦ ʽʥʪʝʣʝʢʪʫ 

 

ɺ ʦʩʪʘʥʥʽ ʨʦʢʠ ʨʦʟʚʠʪʦʢ ʪʝʭʥʦʣʦʛʽʡ çʨʦʟʫʤʥʦʛʦè ʜʦʤʫ ʩʧʨʠʷʚ ʧʝʨʝʭʦʜʫ ʚʽʜ 

ʪʨʘʜʠʮʽʡʥʦʛʦ ʨʦʟʫʤʽʥʥʷ ʙʫʜʠʥʢʫ ʜʦ çʨʦʟʫʤʥʦʛʦè, ʧʽʜʢʣʶʯʝʥʦʛʦ ʜʦ ʛʣʦʙʘʣʴʥʦʾ ʤʝʨʝʞʽ 

ɯʥʪʝʨʥʝʪ. çʈʦʟʫʤʥʠʡè ʙʫʜʠʥʦʢ - ʮʝ ʦʩʝʣʷ, ʦʙʣʘʜʥʘʥʘ ʪʝʭʥʦʣʦʛʽʷʤʠ, ʷʢʽ ʚʢʣʶʯʘʶʪʴ 

ʜʘʪʯʠʢʠ, ʧʨʦʚʽʜʥʽ ʪʘ ʙʝʟʜʨʦʪʦʚʽ ʤʝʨʝʞʽ, ʘʢʪʶʘʪʦʨʠ ʪʘ ʽʥʪʝʣʝʢʪʫʘʣʴʥʽ ʩʠʩʪʝʤʠ [5, 6, 7, 8]. 

ɿʘʚʜʷʢʠ ʦʩʥʘʱʝʥʥʶ ʚʠʩʦʢʦʪʝʭʥʦʣʦʛʽʯʥʠʤʠ ʘʚʪʦʤʘʪʠʯʥʠʤʠ ʩʠʩʪʝʤʘʤʠ, «ʨʦʟʫʤʥʽ» 

ʙʫʜʠʥʢʠ ʤʦʞʫʪʴ ʤʦʥʽʪʦʨʠʪʠ ʪʘ ʢʦʥʪʨʦʣʶʚʘʪʠ ʘʢʪʠʚʥʽʩʪʴ ʫ ʙʫʜʠʥʢʫ ʜʣʷ ʟʨʫʯʥʦʩʪʽ 

ʤʝʰʢʘʥʮʽʚ, ʟʘʙʝʟʧʝʯʫʶʪʴ ʤʝʰʢʘʥʮʷʤ ʢʨʘʱʠʡ ʢʦʤʬʦʨʪ ʽ ʤʦʞʫʪʴ ʟʤʝʥʰʫʚʘʪʠ 

ʩʧʦʞʠʚʘʥʥʷ ʝʥʝʨʛʽʾ. ʊʝʭʥʦʣʦʛʽʾ çʨʦʟʫʤʥʦʛʦè ʙʫʜʠʥʢʫ ʟʙʠʨʘʶʪʴ ʪʘ ʘʥʘʣʽʟʫʶʪʴ ʜʘʥʽ 
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ʜʦʤʘʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ. ɺʦʥʠ ʪʘʢʦʞ ʧʝʨʝʜʘʶʪʴ ʢʦʨʠʩʥʫ ʽʥʬʦʨʤʘʮʽʶ ʢʦʨʠʩʪʫʚʘʯʘʤ ʪʘ 

ʨʦʟʰʠʨʶʶʪʴ ʤʦʞʣʠʚʦʩʪʽ ʫʧʨʘʚʣʽʥʥʷ ʨʽʟʥʠʤʠ ʜʦʤʘʰʥʽʤʠ ʩʠʩʪʝʤʘʤʠ [9]. ʐʪʫʯʥʠʡ 

ʽʥʪʝʣʝʢʪ ʟʘ ʜʦʧʦʤʦʛʦʶ ʙʫʜʴ-ʷʢʦʛʦ ʧʽʜôʻʜʥʘʥʦʛʦ ʧʨʠʩʪʨʦʶ, ʱʦ ʤʘʻ ʤʦʞʣʠʚʽʩʪʴ 

ʩʧʨʠʡʤʘʪʠ ʧʘʨʘʤʝʪʨʠ ʦʪʦʯʝʥʥʷ ʨʝʘʣʴʥʦʛʦ ʩʚʽʪʫ,   ʚʞʠʚʘʻ ʜʽʾ, ʷʢʽ ʤʘʢʩʠʤʽʟʫʶʪʴ ʰʘʥʩ ʥʘ 

ʫʩʧʽʰʥʝ ʜʦʩʷʛʥʝʥʥʷ ʧʦʩʪʘʚʣʝʥʠʭ ʧʝʨʝʜ ʥʠʤ ʨʦʟʨʦʙʥʠʢʘʤʠ ʮʽʣʝʡ ʫ ʧʦʙʫʪʦʚʦʤʫ ʧʣʘʥʽ [10, 

11]. ɯʜʝʘʣʴʥʠʡ ʨʽʚʝʥʴ ʨʦʟʚʠʪʢʫ ʰʪʫʯʥʦʛʦ ʽʥʪʝʣʝʢʪʫ ʜʦ ʷʢʦʛʦ ʥʘʤʘʛʘʶʪʴʩʷ ʜʽʡʪʠ 

ʨʦʟʨʦʙʥʠʢʠ ʩʠʩʪʝʤ çʨʦʟʫʤʥʦʛʦè ʙʫʜʠʥʢʫ ï ʮʝ ʤʠʩʣʝʥʥʷ ʥʘ ʨʽʚʥʽ ʣʶʜʠʥʠ, ʜʫʤʘʶʯʠ 

ʨʘʮʽʦʥʘʣʴʥʦ ʪʘ ʜʽʶʯʠ ʧʦ-ʣʶʜʩʴʢʠ. [11, 12]  

ʇʽʜ ʯʘʩ ʧʨʦʚʝʜʝʥʥʷ ʘʥʘʣʽʟʫ ʣʽʪʝʨʘʪʫʨʥʠʭ ʜʞʝʨʝʣ, ʙʫʣʦ ʟʥʘʡʜʝʥʦ ʜʝʢʽʣʴʢʘ 

ʚʠʯʝʨʧʥʠʭ ʥʘʫʢʦʚʠʭ ʩʪʘʪʝʡ ʱʦʜʦ ʟʘʩʪʦʩʫʚʘʥʥʷ ʪʝʭʥʦʣʦʛʽʾ AI ʫ ʩʠʩʪʝʤʘʭ çʨʦʟʫʤʥʠʭè 

ʙʫʜʠʥʢʽʚ. ɹʫʣʦ ʚʠʙʨʘʥʦ ʜʝʚ'ʷʪʴ ʤʦʥʦʛʨʘʬʽʡ, ʧʦʚ'ʷʟʘʥʠʭ ʟ ʽʥʪʝʣʝʢʪʫʘʣʴʥʠʤʠ ʩʠʩʪʝʤʘʤʠ 

ʩʧʦʩʪʝʨʝʞʝʥʥʷ ʫ çʨʦʟʫʤʥʦʤʫè ʙʫʜʠʥʢʫ [13], ʷʢʽ ʚʢʘʟʫʶʪʴ ʥʘ ʪʝ, ʱʦ ʙʘʛʘʪʦ ʜʦʩʣʽʜʥʠʢʽʚ 

ʚ ʦʙʣʘʩʪʽ ʦʙʨʦʙʢʠ ʟʦʙʨʘʞʝʥʴ ʪʘ AI-ʩʧʽʣʴʥʦʪʠ ʟʦʩʝʨʝʜʠʣʠʩʷ ʥʘ ʥʘʧʨʷʤʢʫ ʦʙʨʦʙʢʠ 

ʟʦʙʨʘʞʝʥʴ ʪʘ ʚʽʜʝʦ ʘʥʘʣʽʟʽ [11]. ɼʝʷʢ ̔ ʟ ʜʦʩʣʽʜʥʠʢʽʚ ʚʠʚʯʘʶʪʴ ʬʽʣʦʩʦʬʩʴʢʽ ʦʩʥʦʚʠ 

ʨʦʟʫʤʽʥʥʷ ʰʪʫʯʥʦʛʦ ʽʥʪʝʣʝʢʪʫ ʪʘ ʧʦʷʩʥʶʶʪ,ɹ ʷʢ ʮʝ ʨʦʟʫʤʽʥʥʷ ʤʦʞʝ ʜʦʧʦʤʘʛʘʪʠ 

ʥʘʫʢʦʚʮʷʤ ʩʧʽʚʧʨʘʮʶʚʘʪʠ ʟ ʽʥʞʝʥʝʨʘʤʠ ʧʦ ʨʦʟʨʦʙʮʽ çʨʦʟʫʤʥʠʭè ʙʫʜʠʥʢʽʚ, ʦʩʥʦʚʥʦʶ 

ʬʫʥʢʮʽʻʶ ʷʢʠʭ ʻ ʧʦʟʠʪʠʚʥʠʡ ʚʧʣʠʚ ʥʘ ʟʜʦʨʦʚôʷ ʢʦʨʠʩʪʫʚʘʯʽʚ [14]. ʋ ʟʛʘʜʘʥʽʡ ʨʦʙʦʪʽ ʙʫʣʠ 

ʨʦʟʛʣʷʥʫʪʽ ʪʠʧʠ ʩʠʩʪʝʤ ʜʦʤʘʰʥʴʦʾ ʘʚʪʦʤʘʪʠʟʘʮʽʾ, ʘ ʪʘʢʦʞ ʷʢ ʪʘʢʽ ʩʠʩʪʝʤʠ ʤʦʞʫʪʴ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʽʥʩʪʨʫʤʝʥʪʠ AI. ʋ ʽʥʰʠʭ ʜʦʩʣʽʜʞʝʥʥʷʭ ʩʧʽʚʘʚʪʦʨʠ ʚʠʟʥʘʯʠʣʠ ʦʩʥʦʚʥʽ 

ʩʬʝʨʠ ʟʘʩʪʦʩʫʚʘʥʥʷ ʩʠʩʪʝʤ çʨʦʟʫʤʥʦʛʦè ʙʫʜʠʥʢʫ, ʪʘʢʽ ʷʢ ʢʦʤʬʦʨʪ ʞʠʪʪʷ ʤʝʰʢʘʥʮʽʚ, 

ʚʽʜʜʘʣʝʥʝ ʫʧʨʘʚʣʽʥʥʷ ʧʦʙʫʪʦʚʠʤʠ ʧʨʠʣʘʜʘʤʠ, ʦʧʪʠʤʘʣʴʥʝ ʚʠʢʦʨʠʩʪʘʥʥʷ ʝʥʝʨʛʦʨʝʩʫʨʩʽʚ 

ʪʘ ʟʘʩʦʙʠ ʙʝʟʧʝʢʠ ʙʫʜʠʥʢʫ. ʋ çʨʦʟʫʤʥʠʭè ʩʠʩʪʝʤʘʭ ʨʦʣʴ AI ʚʠʢʦʥʫʻ ʙʘʟʘ ʜʘʥʠʭ ʟʥʘʥʴ ʽ 

ʧʨʘʚʠʣ, ʧʨʦʛʨʘʤʥʠʡ ʤʦʜʫʣʴ ʧʨʠʥʷʪʪʷ ʨʽʰʝʥʥʴ, ʪʘ ʢʦʥʪʨʦʣʣʝʨʠ ʧʨʠʩʪʨʦʾʚ [15]. ɯʩʥʫʶʪʴ 

ʜʝʷʢʽ ʧʫʙʣʽʢʘʮʽʾ, ʱʦ ʨʦʟʛʣʷʜʘʶʪʴ ʟʘʩʪʦʩʫʚʘʥʥʷ ʪʝʭʥʦʣʦʛʽʾ AI ʫ «ʨʦʟʫʤʥʠʭ» ʙʫʜʠʥʢʘʭ. 

ɯʩʥʫʶʪʴ ʜʦʩʣʽʜʞʝʥʥʷ ʫ ʷʢʠʭ ʨʦʟʛʣʷʥʫʪʦ ʽʥʪʝʛʨʘʮʽʷ ʤʽʢʨʦʢʦʥʪʨʦʣʣʝʨʘ Raspberry Pi ʫ 

ʚʟʫʪʪʻʚʫ ʰʘʬʫ, ʱʦ ʜʘʻ ʟʤʦʛʫ ʧʦʙʘʯʠʪʠ ʩʧʠʩʦʢ ʥʘʷʚʥʦʛʦ ʫ ʥʽʡ ʚʟʫʪʪʷ, ʘʚʪʦʤʘʪʠʯʥʦ 

ʢʝʨʫʚʘʪʠ ʟʙʝʨʽʛʘʥʥʷʤ ʚʟʫʪʪʷ, ʽ ʨʝʢʦʤʝʥʜʫʚʘʪʠ ʥʘʡʢʨʘʱʠʡ ʚʘʨʽʘʥʪ ʚʟʫʪʪʷ, ʱʦ ʧʽʜʭʦʜʠʪʴ 

ʜʣʷ ʨʽʟʥʠʭ ʚʠʟʥʘʯʝʥʠʭ ʟʘʟʜʘʣʝʛʽʜʴ ʧʦʜʽʡ. ʉʠʩʪʝʤʘ ʨʝʢʦʤʝʥʜʫʻ ʥʘʡʢʨʘʱʠʡ ʚʘʨʽʘʥʪ ʚʟʫʪʪʷ, 
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ʷʢʱʦ ʙʫʣʦ ʚʚʝʜʝʥʦ ʽʥʬʦʨʤʘʮʽʶ ʧʨʦ ʪʠʧ ʦʜʷʛʫ ʪʘ ʧʦʜʽʶ. ɸʚʪʦʤʘʪʠʯʥʝ ʟʙʝʨʽʛʘʥʥʷ ʚʟʫʪʪʷ 

ʙʫʣʦ ʨʝʘʣʽʟʦʚʘʥʦ ʟʘ ʜʦʧʦʤʦʛʦʶ ʦʪʨʠʤʘʥʥʷ ʜʘʥʠʭ ʚʽʜ ʩʝʥʩʦʨʘ ʪʘ  ʤʦʞʣʠʚʽʩʪʶ ʢʝʨʫʚʘʥʥʷ 

ʩʢʨʠʥʴʢʦʶ ʫ ʷʢʫ ʢʦʨʠʩʪʫʚʘʯʽ ʩʢʣʘʜʘʶʪʴ ʩʚʦʻ ʚʟʫʪʪʷ, ʘ ʪʘʢʦʞ ʽʥʪʝʛʨʦʚʘʥʠʤ Raspberry Pi 

[16]. ʊʘʢʦʞ, ʫ ʨʘʤʢʘʭ ʜʦʩʣʽʜʞʝʥʴ ʙʫʚ ʨʦʟʨʦʙʣʝʥʠʡ ʩʠʤʫʣʷʪʦʨ ʙʫʜʠʥʢʫ, ʷʢʠʡ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʚʩʷ ʷʢ "ʝʢʩʧʝʨʪʥʘ ʩʠʩʪʝʤʥʘ ʦʙʦʣʦʥʢʘ" ʜʣʷ ʥʘʜʘʥʥʷ ʨʝʢʦʤʝʥʜʘʮʽʡ ʱʦʜʦ 

ʢʨʘʱʦʛʦ ʫʧʨʘʚʣʽʥʥʷ ʝʥʝʨʛʽʻʶ ʪʘ ʾʾ ʟʙʝʨʝʞʝʥʥʷ ʫ çʨʦʟʫʤʥʠʭè ʙʫʜʠʥʢʘʭ ʟʘʚʜʷʢʠ 

ʚʧʨʦʚʘʜʞʝʥʥʶ ʪʘ ʥʘʣʘʰʪʫʚʘʥʥʶ ʘʣʛʦʨʠʪʤʫ ʤʦʥʽʪʦʨʠʥʛʫ, ʜʦʩʣʽʜʞʝʥʥʷ ʪʘ ʘʜʘʧʪʘʮʽʾ 

(OLA) [17].  

ʊʝʭʥʦʣʦʛʽʷ Al ʪʘʢʦʞ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʚ ʦʢʨʝʤʠʭ ʧʨʠʣʘʜʘʭ çʨʦʟʫʤʥʦʛʦè ʙʫʜʠʥʢʫ. 

AI ʫ «ʨʦʟʫʤʥʠʭ» ʙʫʜʠʥʢʘʭ ʧʦʜʽʣʷʶʪʴ ʥʘ ʰʽʩʪʴ ʦʩʥʦʚʥʠʭ ʛʨʫʧ ʬʫʥʢʮʽʡ, ʪʘʢʽ ʷʢ 

ʨʦʟʧʽʟʥʘʚʘʥʥʷ ʧʨʦʮʝʩʽʚ ʞʠʪʪʻʜʽʷʣʴʥʦʩʪʽ, ʦʧʨʘʮʶʚʘʥʥʷ ʟʽʙʨʘʥʠʭ ʜʘʥʠʭ, ʨʦʟʧʽʟʥʘʚʘʥʥʷ 

ʛʦʣʦʩʫ, ʨʦʟʧʽʟʥʘʚʘʥʥʷ ʟʦʙʨʘʞʝʥʴ, ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʴ ʪʘ ʧʨʦʛʥʦʟʫʚʘʥʥʷ. ɺ ʘʩʧʝʢʪʽ 

ʨʦʟʧʽʟʥʘʚʘʥʥʷ ʧʨʦʮʝʩʽʚ ʞʠʪʪʻʜʽʷʣʴʥʦʩʪʽ, çʨʦʟʫʤʥʽè ʧʨʠʩʪʨʦʾ ʫ ʜʦʤʽ ʤʦʞʫʪʴ ʨʦʟʧʽʟʥʘʚʘʪʠ 

ʚʠʜʠ ʜʽʷʣʴʥʦʩʪʽ ʣʶʜʠʥʠ ʟʘ ʜʦʧʦʤʦʛʦʶ ʐɯ. ɺʽʥ ʘʥʘʣʽʟʫʻ ʜʘʥʽ ʩʝʥʩʦʨʽʚ ʜʣʷ ʚʠʷʚʣʝʥʥʷ ʜʽʡ 

ʣʶʜʝʡ ʽ ʚʠʟʥʘʯʘʻ, ʢʦʣʠ ʚʽʜʙʫʚʘʻʪʴʩʷ ʥʝʦʯʽʢʫʚʘʥʘ ʘʢʪʠʚʥʽʩʪʴ ʫ ʙʫʜʠʥʢʫ. ʈʦʟʧʽʟʥʘʚʘʥʥʷ 

ʘʢʪʠʚʥʦʩʪʽ ʤʝʰʢʘʥʮʽʚ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʚ ʩʠʩʪʝʤʘʭ Hive Link and Essence Care@Home. 

ɿ ʪʦʯʢʠ ʟʦʨʫ ʦʧʨʘʮʶʚʘʥʥʷ ʜʘʥʠʭ, AI ʛʨʫʥʪʫʻʪʴʩʷ ʥʘ ʤʝʪʦʜʘʭ ʘʥʘʣʽʟʫ ʜʘʥʠʭ, ʟʙʦʨʫ 

ʽʥʬʦʨʤʘʮʽʾ ʟ ʨʽʟʥʠʭ ʜʞʝʨʝʣ ʜʘʥʠʭ ʪʘ ʚʠʷʚʣʝʥʥʷ ʚʥʫʪʨʽʰʥʽʭ ʚʟʘʻʤʦʟʚ'ʷʟʢʽʚ ʤʽʞ ʜʘʥʠʤʠ. 

ʆʙʨʦʙʢʘ ʜʘʥʠʭ ʟʘ ʜʦʧʦʤʦʛʦʶ ɸɯ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʫ ʩʠʩʪʝʤʘʭ August Smart Lock + 

Connect ʪʘ Nest Protect. ʈʦʟʧʽʟʥʘʚʘʥʥʷ ʛʦʣʦʩʫ ʟʘ ʜʦʧʦʤʦʛʦʶ AI ʜʦʟʚʦʣʷʻ ʣʶʜʷʤ 

ʚʟʘʻʤʦʜʽʷʪʠ ʟ ʩʠʩʪʝʤʘʤʠ, ʩʧʽʣʢʫʶʯʠʩʴ ʟʚʠʯʘʡʥʦʶ ʤʦʚʦʶ. ʅʘʧʨʠʢʣʘʜ ʮʝ ʥʘʜʘʻ 

ʤʦʞʣʠʚʽʩʪʴ, ʧʠʪʘʪʠ ʩʠʩʪʝʤʫ ʧʨʦ ʧʦʛʦʜʫ, ʟʘʤʦʚʣʷʪʠ ʪʦʚʘʨʠ ʚ ɯʥʪʝʨʥʝʪʽ ʘʙʦ ʚʠʢʣʠʢʘʪʠ 

ʪʘʢʩʽ. ʈʦʟʧʽʟʥʘʚʘʥʥʷ ʛʦʣʦʩʫ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʚ ʩʠʩʪʝʤʘʭ Amazon Alexa, Google Home, 

Ivee Sleek, Jibo, Athom Homey, Apple HomePod, Josh Micro, ʽ ʪ.ʜ [17]. ʈʦʟʧʽʟʥʘʚʘʥʥʷ 

ʟʦʙʨʘʞʝʥʴ ʟʘ ʜʦʧʦʤʦʛʦʶ AI ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʜʣʷ ʨʦʟʧʽʟʥʘʚʘʥʥʷ ʣʶʜʩʴʢʠʭ ʦʙʣʠʯ, 

ʨʦʟʧʽʟʥʘʚʘʥʥʷ ʝʤʦʮʽʡ ʪʘ ʙʽʦʤʝʪʨʠʢʠ. ʐʪʫʯʥʠʡ ʽʥʪʝʣʝʢʪ ʤʦʞʝ ʩʧʦʩʪʝʨʽʛʘʪʠ ʪʘ 

ʘʥʘʣʽʟʫʚʘʪʠ ʧʦʚʝʜʽʥʢʫ ʣʶʜʠʥʠ, ʘ ʪʘʢʦʞ ʬʽʟʠʯʥʽ ʘʩʧʝʢʪʠ ʙʫʜʦʚʠ ʪʘ ʬʦʨʤʠ ʪʽʣʘ. ʊʘʢʠʡ 

ʧʽʜʭʽʜ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʚ ʩʠʩʪʝʤʘʭ Lighthouse, Nest Cam, Honeywell Smart Home 
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Security System, Tend Secure Lynx Indoor Camera, Canary All-In-One, Netatmo Welcome 

Indoor Security Camera, ʪʦʱʦ [15]. ʂʝʨʫʶʯʠʩʴ ʧʦʢʘʟʥʠʢʘʤʠ ʜʘʚʘʯʽʚ ʨʦʟʪʘʰʦʚʘʥʠʭ ʫ 

ʧʨʠʤʽʱʝʥʥʷʭ, ʟʘʩʪʦʩʫʚʘʥʥʷ AI ʜʦʧʦʤʘʛʘʻ ʧʨʠʡʤʘʪʠ ʰʚʠʜʢʽ ʪʘ ʧʨʘʚʠʣʴʥʽ ʨʽʰʝʥʥʷ ʜʣʷ 

ʟʘʙʝʟʧʝʯʝʥʥʷ ʙʝʟʧʝʢʠ ʫ ʙʫʜʠʥʢʫ ʥʘʚʽʪʴ ʧʽʜ ʯʘʩ ʚʽʜʩʫʪʥʦʩʪʽ ʞʠʪʝʣʽʚ ʧʦʤʝʰʢʘʥʥʷ [15]. 

ʅʘʧʨʠʢʣʘʜ, ʫ ʩʠʩʪʝʤʽ ʽʥʪʝʣʝʢʪʫʘʣʴʥʦʾ ʙʝʟʧʝʢʠ, ʷʢʱʦ ʢʘʤʝʨʘ ʚʠʷʚʠʪʴ ʥʝʟʥʘʡʦʤʮʷ ʷʢʠʡ 

ʧʨʦʥʠʢʘʻ ʫ ʙʫʜʠʥʦʢ, ʩʠʩʪʝʤʘ ʩʧʨʘʮʴʦʚʫʻ ʛʫʯʥʠʤ ʩʠʛʥʘʣʦʤ ʽ ʥʘʜʩʠʣʘʻ ʦʧʦʚʽʱʝʥʥʷ ʥʘ 

ʪʝʣʝʬʦʥʠ ʢʦʨʠʩʪʫʚʘʯʽʚ, ʘʙʦ ʞ ʩʠʩʪʝʤʘ ʤʦʞʝ ʘʚʪʦʤʘʪʠʯʥʦ ʟʘʪʝʣʝʬʦʥʫʚʘʪʠ ʫ ʧʦʣʽʮʽʶ. 

ʊʘʢʽ ʩʠʩʪʝʤʠ ʧʦʚʠʥʥʽ ʙʫʪʠ ʜʦʩʠʪʴ ʰʚʠʜʢʠʤʠ ʟ ʪʦʯʢʠ ʟʦʨʫ ʨʝʘʢʮʽʾ ʨʝʘʛʫʚʘʥʥʷ ʪʘ ʾʭ 

ʝʬʝʢʪʠʚʥʦʩʪʽ. ʊʘʢʦʞ ʰʪʫʯʥʠʡ ʽʥʪʝʣʝʢʪ ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ ʫ ʜʣʷ ʢʝʨʫʚʘʥʥʷ ʞʘʣʶʟʷʤʠ ʪʘ 

ʬʽʨʘʥʢʘʤʠ Arlo Ultra, Ecobee4, VELUX ʪʦʱʦ [17, 18]. ʌʫʥʢʮʽʾ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʩʠʩʪʝʤ 

çʨʦʟʫʤʥʦʛʦè ʙʫʜʠʥʢʫ ʟʘ ʜʦʧʦʤʦʛʦʶ ʐɯ ʪʽʩʥʦ ʚʟʘʻʤʦʜʽʶʪʴ ʟ ʜʘʪʯʠʢʘʤʠ, ʷʢʽ ʙʝʟʧʝʨʝʨʚʥʦ 

ʛʝʥʝʨʫʶʪʴ ʜʘʥʽ, ʢʦʣʠ ʤʝʰʢʘʥʮʽ ʚʠʢʦʥʫʶʪʴ ʩʚʦʾ ʱʦʜʝʥʥʽ ʜʽʾ. ɼʘʥʽ ʚʽʜ ʜʘʪʯʠʢʘ 

ʧʝʨʝʜʘʶʪʴʩʷ ʤʝʨʝʞʝʶ ʪʘ ʟʙʝʨʽʛʘʶʪʴʩʷ ʫ ʙʘʟʽ ʜʘʥʠʭ, ʷʢʫ ʧʦʚʠʥʝʥ ʦʧʨʘʮʶʚʘʪʠ 

ʧʨʦʛʨʘʤʥʠʡ ʤʦʜʫʣʴ, ʱʦ ʦʧʝʨʫʻ ʢʦʨʠʩʥʠʤʠ ʟʥʘʥʥʷʤʠ, ʪʘʢʠʤʠ ʷʢ ʰʘʙʣʦʥʠ, ʧʨʦʛʥʦʟʠ ʪʘ 

ʪʝʥʜʝʥʮʽʾ. ʅʘ ʦʩʥʦʚʽ ʮʽʻʾ ʽʥʬʦʨʤʘʮʽʾ ʩʠʩʪʝʤʘ çʨʦʟʫʤʥʦʛʦè ʙʫʜʠʥʢʫ ʤʦʞʝ ʚʠʙʠʨʘʪʠ ʪʘ 

ʘʚʪʦʤʘʪʠʟʫʚʘʪʠ ʜʽʾ ʜʣʷ ʜʦʩʷʛʥʝʥʥʷ ʧʦʩʪʘʚʣʝʥʠʭ ʧʝʨʝʜ ʥʝʶ ʢʦʨʠʩʪʫʚʘʯʘʤʠ ʮʽʣʝʡ [19]. 

ʊʘʢʠʡ ʧʽʜʭʽʜ ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ ʚ ʪʝʨʤʦʩʪʘʪʽ Nest, Olly, Viaroom home ʪʦʱʦ. 

ʅʘ ʩʴʦʛʦʜʥʽʰʥʽʡ ʜʝʥʴ ʻ ʜʦʩʪʫʧʥʠʤʠ ʜʣʷ ʚʽʣʴʥʦʛʦ ʧʨʠʜʙʘʥʥʷ ʪʘ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʙʘʛʘʪʦ çʨʦʟʫʤʥʠʭè ʧʦʙʫʪʦʚʠʭ ʧʨʠʩʪʨʦʾʚ ʪʘ ʩʠʩʪʝʤ, ʘʣʝ ʫ ʙʽʣʴʰʦʩʪʽ ʚʦʥʠ 

ʭʘʨʘʢʪʝʨʠʟʫʶʪʴʩʷ ʥʠʟʴʢʠʤ ʨʽʚʥʝʤ ʢʦʤʧʣʝʢʩʥʦʾ ʽʥʪʝʛʨʘʮʽʾ ʫ ʩʠʩʪʝʤʠ çʨʦʟʫʤʥʦʛʦè 

ʙʫʜʠʥʢʫ, ʪʘʢ ʷʢ ʧʨʠʟʥʘʯʝʥʽ ʜʣʷ ʚʠʨʽʰʝʥʥʷ ʦʜʥʽʻʾ ʢʦʥʢʨʝʪʥʦʾ ʟʘʜʘʯʽ (ʚʠʟʥʘʯʝʥʥʷ ʦʜʥʦʛʦ 

ʧʘʨʘʤʝʪʨʘ ʩʝʨʝʜʦʚʠʱʘ, ʢʝʨʫʚʘʥʥʷ ʦʢʨʝʤʠʤ ʧʨʠʣʘʜʦʤ, ʪʦʱʦ) ʙʝʟ ʤʦʞʣʠʚʦʩʪʽ ʧʝʨʝʜʘʯʽ 

ʽʥʬʦʨʤʘʮʽʾ ʽ ʚʟʘʻʤʦʜʽʾ ʟ ʽʥʰʠʤʠ ʧʨʠʣʘʜʘʤʠ. ʆʜʥʘʢ, ʙʫʣʦ ʨʝʘʣʽʟʦʚʘʥʦ ʥʝʚʝʣʠʢʫ ʢʽʣʴʢʽʩʪʴ 

ʩʧʨʦʙ ʨʦʟʨʦʙʠʪʠ ʩʠʩʪʝʤʠ çʨʦʟʫʤʥʦʛʦè ʙʫʜʠʥʢʫ, ʨʽʚʝʥʴ ʘʚʪʦʤʘʪʠʟʘʮʽʾ ʧʨʦʮʝʩʽʚ ʷʢʠʭ 

ʚʽʜʧʦʚʽʜʘʚ ʙʠ ʨʽʚʥʶ ʚʠʢʦʥʘʥʥʷ ʘʥʘʣʦʛʽʯʥʠʭ ʟʘʚʜʘʥʴ ʣʶʜʠʥʦʶ [20, 21].  

ʗʢ ʤʠ ʙʘʯʠʤʦ ʟ ʈʠʩʫʥʢʘ 1.1, ʷʢʠʡ ʚʽʜʦʙʨʘʞʘʻ ʽʥʪʝʨʝʩ ʚʧʨʦʜʦʚʞ ʧʨʦʤʽʞʢʫ ʯʘʩʫ ʥʘ 

ʦʩʥʦʚʽ ʩʝʨʚʽʩʫ Google Trends, ʥʘ ʷʢʦʤʫ ʤʦʞʥʘ ʧʦʙʘʯʠʪʠ, ʱʦ ʨʦʟʨʦʙʢʘ ʩʠʩʪʝʤ 

çʨʦʟʫʤʥʦʛʦè ʙʫʜʠʥʢʫ - ʮʝ ʛʘʣʫʟʴ, ʷʢʘ ʧʦʢʘʟʫʻ ʰʚʠʜʢʝ ʪʘ ʩʪʘʙʽʣʴʥʝ ʟʨʦʩʪʘʥʥʷ.  
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ʈʠʩ. 1.1. ɻʨʘʬʽʢ ʧʦʧʫʣʷʨʥʦʩʪʽ ʧʦʰʫʢʦʚʠʭ ʟʘʧʠʪʽʚ 

 

ʐʪʫʯʥʠʡ ʽʥʪʝʣʝʢʪ ʤʦʞʝ ʧʦʻʜʥʫʚʘʪʠʩʷ ʟ ʪʝʭʥʦʣʦʛʽʻʶ çʨʦʟʫʤʥʦʛʦè ʙʫʜʠʥʢʫ, ʜʣʷ 

ʪʦʛʦ ʱʦʙ ʩʪʘʪʠ ʽʥʥʦʚʘʮʽʡʥʠʤ ʽʥʩʪʨʫʤʝʥʪʦʤ. ʆʜʥʘʢ ʪʽʣʴʢʠ ʫ ʢʽʣʴʢʦʭ ʜʦʩʣʽʜʞʝʥʥʷʭ 

ʨʦʟʛʣʷʜʘʶʪʴʩʷ ʧʦʻʜʥʘʥʥʷ ʪʝʭʥʦʣʦʛʽʾ AI ʪʘ ʪʝʭʥʦʣʦʛʽʾ «ʨʦʟʫʤʥʦʛʦ» ʙʫʜʠʥʢʫ, ʘ ʧʦʻʜʥʘʥʥʷ 

ʥʘʫʢʦʚʦʾ ʣʽʪʝʨʘʪʫʨʠ ʪʘ ʥʘʷʚʥʠʭ ʪʝʭʥʽʯʥʠʭ ʧʨʦʜʫʢʪʽʚ ʪʘʢʦʞ ʥʝ ʙʫʣʦ ʨʦʟʛʣʷʥʫʪʝ ʫ ʧʦʚʥʽʡ 

ʤʽʨʽ. çʈʦʟʫʤʥʽè ʙʫʜʠʥʢʠ ʪʘʢʦʞ ʧʦʪʨʽʙʥʦ ʨʦʟʛʣʷʜʘʪʠ ʟ ʪʦʯʢʠ ʟʦʨʫ ʘʨʭʽʪʝʢʪʫʨʠ. ʎʝʡ ʘʥʘʣʽʟ 

ʜʘʚ ʟʤʦʛʫ ʟôʷʩʫʚʘʪʠ ʪʝʥʜʝʥʮʽʾ ʪʝʭʥʦʣʦʛʽʡ ʪʘ ʧʨʦʜʫʢʪʽʚ çʨʦʟʫʤʥʦʛʦè ʙʫʜʠʥʢʫ, ʱʦ ʥʘ 

ʧʨʦʪʷʟʽ ʦʩʪʘʥʥʴʦʛʦ ʜʝʩʷʪʠʨʽʯʯʷ ʧʦʢʘʟʫʶʪʴ ʩʪʘʙʽʣʴʥʽ ʨʝʟʫʣʴʪʘʪʠ ʟʨʦʩʪʘʥʥʷ ʢʽʣʴʢʦʩʪʽ 

ʨʦʟʨʦʙʣʝʥʠʭ ʥʦʚʠʭ ʧʨʠʣʘʜʽʚ ʪʘ ʦʙôʻʤʽʚ ʾʭ ʧʨʦʜʘʞʽʚ.  ʊʘʢʦʞ, ʙʫʣʦ ʚʠʟʥʘʯʝʥʦ 

ʚʟʘʻʤʦʟʚôʷʟʦʢ ʤʽʞ ʥʘʫʢʦʚʠʤʠ ʨʦʙʦʪʘʤʠ, ʱʦ ʜʦʩʣʽʜʞʫʶʪʴ ʘʢʪʫʘʣʴʥʽʩʪʴ ʪʘ 

ʝʢʩʧʝʨʝʤʝʥʪʘʣʴʥʦ ʧʽʜʪʚʝʨʜʞʫʶʪʴ ʤʦʞʣʠʚʽʩʪʴ ʟʘʩʪʦʩʫʚʘʥʥʷ ʥʦʚʠʭ ʨʦʟʨʦʙʣʝʥʠʭ ʤʝʪʦʜʽʚ 

ʪʘ ʧʨʦʜʫʢʮʽʻʶ ʚ ʮʽʡ ʛʘʣʫʟʽ, ʨʦʟʨʦʙʥʠʢʠ ʷʢʠʭ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʥʘʫʢʦʚʫ ʩʢʣʘʜʦʚʫ 

ʜʦʩʣʽʜʞʝʥʴ ʫ ʤʝʭʘʥʽʟʤʘʭ ʨʦʙʦʪʠ ʩʪʚʦʨʝʥʠʭ ʧʨʦʜʫʢʪʽʚ ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʨʦʙʦʪʠ ʥʦʚʦʛʦ 

ʬʫʥʢʮʽʦʥʘʣʫ, ʷʢʠʡ ʻ ʢʦʨʠʩʥʠʤ ʪʘ ʮʽʢʘʚʠʤ ʢʽʥʮʝʚʠʤ ʢʦʨʠʩʪʫʚʘʯʘʤ.  

ʇʽʜ ʯʘʩ ʜʨʫʛʦʛʦ ʝʪʘʧʫ ʘʥʘʣʽʟʫ ʣʽʪʝʨʘʪʫʨʠ ʙʫʣʦ ʚʠʙʨʘʥʦ 20 ʧʫʙʣʽʢʘʮʽʡ ʟ ʜʝʢʽʣʴʢʦʭ 

ʦʙʣʘʩʪʝʡ ʟʘʩʪʦʩʫʚʘʥʥʷ «ʨʦʟʫʤʥʠʭ» ʙʫʜʠʥʢʽʚ. ɿ ʨʝʟʫʣʴʪʘʪʽʚ ʘʥʘʣʽʟʫ ʙʫʣʦ ʚʠʜʽʣʝʥʦ ʧôʷʪʴ 

ʦʩʥʦʚʥʠʭ ʦʙʣʘʩʪʝʡ ʟʘʩʪʦʩʫʚʘʥʥʷ ʩʠʩʪʝʤ çʨʦʟʫʤʥʦʛʦè ʙʫʜʠʥʢʫ: ʫʧʨʘʚʣʽʥʥʷ ʧʦʙʫʪʦʚʠʤʠ 

ʧʨʠʣʘʜʘʤʠ, ʢʦʥʪʨʦʣʴ ʩʧʦʞʠʚʘʥʥʷ ʝʥʝʨʛʽʾ, ʦʭʦʨʦʥʘ ʟʜʦʨʦʚ'ʷ, ʽʥʪʝʣʝʢʪʫʘʣʴʥʘ ʚʟʘʻʤʦʜʽʷ 

ʤʽʞ ʣʶʜʠʥʦʶ ʽ ʩʠʩʪʝʤʘʤʠ çʨʦʟʫʤʥʦʛʦè ʙʫʜʠʥʢʫ ʪʘ ʩʠʩʪʝʤʠ ʙʝʟʧʝʢʠ. 

ɿʘʚʜʷʢʠ ʧʨʦʛʨʝʩʫ ʪʝʭʥʦʣʦʛʽʡ, ʢʽʣʴʢʽʩʪʴ ʝʣʝʢʪʨʦʥʥʠʭ ʧʨʠʣʘʜʽʚ ʫ ʙʫʜʠʥʢʫ ʟʨʦʩʪʘʻ, ʘ 

ʩʮʝʥʘʨʽʾ ʨʦʙʦʪʠ ʩʪʘʶʪʴ ʚʩʝ ʙʽʣʴʰ ʩʢʣʘʜʥʠʤʠ. ʊʦʤʫ ʥʘʙʫʚʘʻ ʨʦʟʚʠʪʢʫ ʽʜʝʷ, ʢʦʣʠ AI ʟʤʦʞʝ 
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ʜʦʧʦʤʦʛʘʪʠ ʢʦʨʠʩʪʫʚʘʯʘʤ ʘʚʪʦʤʘʪʠʯʥʦ ʢʝʨʫʚʘʪʠ ʧʦʙʫʪʦʚʠʤʠ ʧʨʠʣʘʜʘʤʠ. ɼʝʷʢʽ 

ʜʦʩʣʽʜʥʠʢʠ ʚʧʨʦʚʘʜʞʫʚʘʣʠ ʤʝʪʦʜʠ ʰʪʫʯʥʦʛʦ ̔ ʥʪʝʣʝʢʪʫ ʫ ʩʠʩʪʝʤʠ çʨʦʟʫʤʥʦʛʦè ʙʫʜʠʥʢʫ 

ʜʣʷ ʢʦʥʪʨʦʣʶ ʪʘ ʫʧʨʘʚʣʽʥʥʷ ʧʨʠʣʘʜʘʤʠ ʜʣʷ ʦʪʨʠʤʘʥʥʷ ʦʧʪʠʤʘʣʴʥʠʭ ʧʦʢʘʟʥʠʢʽʚ 

ʝʬʝʢʪʠʚʥʦʩʪʽ ʚʠʢʦʨʠʩʪʘʥʥʷ ʦʩʚʽʪʣʶʚʘʣʴʥʠʭ ʧʨʠʣʘʜʽʚ, ʘ ʪʘʢʦʞ ʥʘʣʘʰʪʫʚʘʥʴ 

ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʨʝʞʠʤʫ [22]. ɯʥʪʝʣʝʢʪʫʘʣʴʥʠʡ ʢʦʥʪʨʦʣʴ ʫ ʩʠʩʪʝʤʽ çʨʦʟʫʤʥʦʛʦè ʙʫʜʠʥʢʫ 

ʪʘʢʦʞ ʤʦʞʥʘ ʨʝʘʣʽʟʫʚʘʪʠ, ʟʽʙʨʘʚʰʠ ʜʘʥʽ ʟ ʤʝʨʝʞʽ ʩʝʥʩʦʨʽʚ, ʧʨʦʘʥʘʣʽʟʫʚʘʚʰʠ ʧʦʧʝʨʝʜʥʶ 

ʧʦʚʝʜʽʥʢʫ ʢʦʨʠʩʪʫʚʘʯʽʚ [23], ʘʙʦ ʰʘʙʣʦʥʠ ʾʭʥʽʭ ʜʽʡ ʟʘʩʪʦʩʦʚʫʶʯʠ ʘʣʛʦʨʠʪʤ ʣʦʛʽʩʪʠʯʥʦʾ 

ʢʣʘʩʠʬʽʢʘʮʽʾ ʥʘ ʦʩʥʦʚʽ TensorFlow [24] ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ɸɯ. ʎʝʥʪʨʘʣʽʟʦʚʘʥʝ ʫʧʨʘʚʣʽʥʥʷ 

ʤʦʞʝ ʥʘʜʘʚʘʪʠ ʘʚʪʦʤʘʪʠʟʦʚʘʥʽ ʨʽʰʝʥʥʷ, ʱʦ ʚʽʜʥʦʩʷʪʴʩʷ ʜʦ ʤʦʥʽʪʦʨʠʥʛʫ, ʧʦʣʽʧʰʝʥʥʷ 

ʢʦʤʬʦʨʪʫ ʞʠʪʪʻʜʽʷʣʴʥʦʩʪʽ ʢʦʨʠʩʪʫʚʘʯʽʚ ʩʠʩʪʝʤʠ, ʥʘʣʘʰʪʫʚʘʥʥʶ ʦʧʪʠʤʘʣʴʥʠʭ ʫʤʦʚ 

ʞʠʪʪʷ ʪʘ ʥʘʜʘʥʥʷ ʥʝʦʙʭʽʜʥʦʾ ʽʥʬʦʨʤʘʮʽʾ ʢʦʨʠʩʪʫʚʘʯʘʤ [25]. 

ɿ ʪʦʯʢʠ ʟʦʨʫ çʨʦʟʫʤʥʦʛʦè ʢʝʨʫʚʘʥʥʷ ʩʧʦʞʠʚʘʥʥʷʤ ʝʥʝʨʛʽʾ ʫ ʙʫʜʠʥʢʫ, ʜʦʩʷʛʥʝʥʥʷ 

ʫ ʮʽʡ ʩʬʝʨʽ ʩʪʘʶʪʴ ʚʩʝ ʙʽʣʴʰ ʚʘʞʣʠʚʠʤʠ ʽ ʥʘʛʘʣʴʥʠʤʠ. ʃʶʜʠ ʟ ʨʽʟʥʠʭ ʛʘʣʫʟʝʡ 

ʥʘʧʦʣʝʛʣʠʚʦ ʧʨʘʮʶʶʪʴ ʥʘʜ ʩʧʦʩʦʙʘʤʠ ʽ ʤʝʪʦʜʘʤʠ ʟʥʠʞʝʥʥʷ ʨʽʚʥʷ ʩʧʦʞʠʚʘʥʥʷ ʝʥʝʨʛʽʾ ʪʘ 

ʧʽʜʚʠʱʝʥʥʷ ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʦʩʪʽ. ʂʦʦʨʜʠʥʫʶʯʠ ʥʘʣʘʰʪʫʚʘʥʥʷ ʧʨʠʣʘʜʽʚ ʫ ʩʠʩʪʝʤʘʭ 

çʨʦʟʫʤʥʦʛʦè ʙʫʜʠʥʢʫ ʤʦʞʥʘ ʜʦʩʷʛʪʠ ʙʽʣʴʰʦʾ ʝʬʝʢʪʠʚʥʦʩʪʽ ʩʧʦʞʠʚʘʥʥʷ ʝʥʝʨʛʽ ʾ [26]. 

ʐʘʙʣʦʥʠ ʩʧʦʞʠʚʘʥʥʷ ʝʥʝʨʛʽʾ ʪʘ ʾʭ ʚʟʘʻʤʦʟʚ'ʷʟʦʢ ʽʟ ʯʠʥʥʠʢʘʤʠ ʥʘʚʢʦʣʠʰʥʴʦʛʦ 

ʩʝʨʝʜʦʚʠʱʘ ʤʦʞʫʪʴ ʙʫʪʠ ʧʨʦʘʥʘʣʽʟʦʚʘʥʽ ʐɯ ʜʣʷ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʤʘʡʙʫʪʥʴʦʛʦ ʧʦʧʠʪʫ 

ʱʦʜʝʥʥʦʛʦ ʩʧʦʞʠʚʘʥʥʷ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ [27]. AI ʤʦʞʝ ʜʦʧʦʤʦʛʪʠ ʩʠʩʪʝʤʽ çʨʦʟʫʤʥʦʛʦè 

ʙʫʜʠʥʢʫ ʫ ʚʠʟʥʘʯʝʥʥʽ ʤʘʥʝʨʠ ʩʧʦʞʠʚʘʥʥʷ ʝʥʝʨʛʽʾ ʢʦʨʠʩʪʫʚʘʯʘʤʠ ʟ ʤʝʪʦʶ ʧʽʜʪʨʠʤʢʠ 

ʢʦʤʬʦʨʪʥʠʭ ʥʘʣʘʰʪʫʚʘʥʴ ʧʨʠʣʘʜʽʚ ʫ ʙʫʜʠʥʢʫ ʪʘ ʦʜʥʦʯʘʩʥʦʛʦ ʟʤʝʥʰʝʥʥʷ ʩʧʦʞʠʚʘʥʥʷ 

ʝʥʝʨʛʽʾ [28]. ʈʦʟʧʽʟʥʘʚʘʥʥʷ ʜʽʷʣʴʥʦʩʪʽ ʤʝʰʢʘʥʮʽʚ ʙʫʜʠʢʫ ʟʘ ʜʦʧʦʤʦʛʦʶ ʐɯ ʪʘʢʦʞ ʤʦʞʝ 

ʜʦʧʦʤʦʛʪʠ ʟʥʘʡʪʠ ʟʚôʷʟʢʠ ʤʽʞ ʜʽʷʤʠ ʢʦʨʠʩʪʫʚʘʯʽʚ ʪʘ ʩʧʦʞʠʚʘʥʥʷʤ ʝʥʝʨʛʽʾ ʧʦʙʫʪʦʚʦʶ 

ʪʝʭʥʽʢʦʶ, ʘ ʧʦʪʽʤ ʜʘʪʠ ʨʝʢʦʤʝʥʜʘʮʽʾ ʢʦʨʠʩʪʫʚʘʯʘʤ ʱʦʨʘʟʫ, ʢʦʣʠ ʙʫʜʝ ʚʠʷʚʣʷʣʝʥʝ 

ʥʝʝʬʝʢʪʠʚʥʝ ʚʠʢʦʨʠʩʪʘʥʥʷ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ [29]. 

ɿ ʪʦʯʢʠ ʟʦʨʫ ʽʥʪʝʣʝʢʪʫʘʣʴʥʦʛʦ ʜʦʛʣʷʜʫ ʟʘ ʟʜʦʨʦʚ'ʷʤ ʢʦʨʠʩʪʫʚʘʯʽʚ, ʟʘʚʜʷʢʠ 

ʧʦʩʪʫʧʦʚʦʤʫ ʟʙʽʣʴʰʝʥʥʶ ʪʨʠʚʘʣʦʩʪʽ ʞʠʪʪʷ ʣʶʜʝʡ, ʧʠʪʘʥʥʷ ʦʭʦʨʦʥʠ ʟʜʦʨʦʚ'ʷ ʤʝʰʢʘʥʮʽʚ 

ʧʦʭʠʣʦʛʦ ʚʽʢʫ ʩʪʘʶʪʴ ʚʩʝ ʙʽʣʴʰ ʚʘʞʣʠʚʠʤʠ. ɺʠʢʦʨʠʩʪʘʥʥʷ ʤʝʪʦʜʽʚ ʤʘʰʠʥʥʦʛʦ ʥʘʚʯʘʥʥʷ 
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ʪʘ ʰʪʫʯʥʦʛʦ ʽʥʪʝʣʝʢʪʫ ʫ ʧʦʻʜʥʘʥʥʽ ʟ ʜʘʥʠʤʠ ʩʝʥʩʦʨʽʚ ʫ ʙʫʜʠʥʢʫ ʜʦʟʚʦʣʷʶʪʴ 

ʚʽʜʩʪʝʞʫʚʘʪʠ ʪʘ ʚʠʷʚʣʷʪʠ ʟʤʽʥʠ ʫ ʧʦʚʝʜʽʥʮʽ ʤʝʰʢʘʥʮʽʚ ʪʘ ʟʤʽʥʠ ʚ ʾʭʥʴʦʤʫ ʩʧʦʩʦʙʽ ʞʠʪʪʷ 

[30]. ɿʘʩʪʦʩʦʚʫʚʘʚʰʠ ʘʣʛʦʨʠʪʤ ʢʣʘʩʪʝʨʠʟʘʮʽʾ, ʘʣʛʦʨʠʪʤ ʰʪʫʯʥʦʾ ʨʝʢʫʨʝʥʪʥʦʾ ʥʝʡʨʦʥʥʦʾ 

ʤʝʨʝʞʽ ʪʘ ʛʝʥʝʪʠʯʥʠʡ ʘʣʛʦʨʠʪʤ, ʩʠʩʪʝʤʠ AI ʤʦʞʫʪʴ ʧʦʩʪʽʡʥʦ ʤʦʥʽʪʦʨʠʪʠ ʧʦʚʝʜʽʥʢʫ 

ʣʶʜʝʡ ʧʦʭʠʣʦʛʦ ʚʽʢʫ ʚ çʨʦʟʫʤʥʠʭè ʙʫʜʠʥʢʘʭ ʪʘ ʚʽʜʧʨʘʚʣʷʪʠ ʧʦʚʽʜʦʤʣʝʥʥʷ ʾʭʥʽʤ 

ʦʧʽʢʫʥʘʤ ʟʘ ʥʘʷʚʥʦʩʪʽ ʙʫʜʴ-ʷʢʠʭ ʚʠʷʚʣʝʥʠʭ ʥʝʦʯʽʢʫʚʘʥʠʭ ʜʽʡ [31, 32]. ɼʣʷ ʤʦʞʣʠʚʦʩʪʽ 

ʜʦʧʦʤʦʛʪʠ ʜʦʨʦʩʣʠʤ ʟ ʢʦʛʥʽʪʠʚʥʠʤʠ ʧʦʨʫʰʝʥʥʷʤʠ ʩʘʤʦʩʪʽʡʥʦ ʟʜʽʡʩʥʶʚʘʪʠ ʜʽʷʣʴʥʽʩʪʴ ʫ 

ʧʦʚʩʷʢʜʝʥʥʦʤʫ ʞʠʪʪʽ, çʨʦʟʫʤʥʽè ʧʦʤʽʯʥʠʢʠ ʧʦʚʠʥʥʽ ʟʘʚʯʘʩʥʦ ʚʠʟʥʘʯʘʪʠ ʦʩʦʙʣʠʚʦʩʪʽ 

ʧʦʚʝʜʽʥʢʠ ʜʦʨʦʩʣʠʭ ʜʣʷ ʘʚʪʦʤʘʪʠʟʦʚʘʥʦʛʦ ʚʠʢʦʥʘʥʥʷ ʜʦʜʘʪʢʦʚʠʭ ʜʽʡ, ʱʦ ʥʝ ʤʦʞʫʪʴ 

ʙʫʪʠ ʚʠʢʦʥʘʥʠʤʠ ʤʝʰʢʘʥʮʷʤʠ ʙʫʜʠʥʢʫ ʦʩʦʙʠʩʪʦ ʯʝʨʝʟ ʬʽʟʠʯʥʽ ʦʙʤʝʞʝʥʥʷ [33]. 

ɿ ʪʦʯʢʠ ʟʦʨʫ ʽʥʪʝʣʝʢʪʫʘʣʴʥʦʾ ʚʟʘʻʤʦʜʽʾ ʨʦʟʫʤʥʦʛʦ ʙʫʜʠʥʢʫ ʽ ʣʶʜʠʥʠ, ʟʘʚʜʷʢʠ 

ʟʙʽʣʴʰʝʥʥʶ ʢʽʣʴʢʦʩʪʽ çʨʦʟʫʤʥʠʭè ʧʦʙʫʪʦʚʠʭ ʧʨʠʣʘʜʽʚ, ʙʽʣʴʰ ʝʬʝʢʪʠʚʥʘ ʽʥʪʝʣʝʢʪʫʘʣʴʥʘ 

ʚʟʘʻʤʦʜʽʷ ʤʦʞʝ ʜʦʧʦʤʦʛʪʠ ʢʦʨʠʩʪʫʚʘʯʘʤ ʚʽʜʯʫʚʘʪʠ ʩʝʙʝ ʢʦʤʬʦʨʪʥʽʰʝ ʧʽʜ ʯʘʩ 

ʧʝʨʝʙʫʚʘʥʥʷ ʫ ʙʫʜʠʥʢʫ. ɹʽʣʴʰʝ ʥʝ ʤʘʻ ʧʦʪʨʝʙʠ ʧʽʜʭʦʜʠʪʠ ʜʦ ʢʦʞʥʦʛʦ ʦʢʨʝʤʦʛʦ 

ʧʨʠʩʪʨʦʶ, ʱʦʙ ʟʤʽʥʠʪʠ ʡʦʛʦ ʥʘʣʘʰʪʫʚʘʥʥʷ ʚʨʫʯʥʫ. ɹʽʣʴʰʽʩʪʴ ʜʦʩʣʽʜʥʠʢʽʚ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠ ʘʣʛʦʨʠʪʤʠ ʰʪʫʯʥʦʾ ʥʝʡʨʦʥʥʦʾ ʤʝʨʝʞʽ ʜʣʷ ʢʣʘʩʠʬʽʢʘʮʽʾ ʚʭʽʜʥʠʭ ʜʘʥʠʭ, 

ʷʢʽ ʧʦʩʪʫʧʘʣʠ ʚʽʜ ʢʦʨʠʩʪʫʚʘʯʽʚ ʜʣʷ ʩʪʚʦʨʝʥʥʷ ʧʨʠʨʦʜʥʦʛʦ ʜʽʘʣʦʛʫ ʪʘ ʥʘʜʘʶʯʠ 

ʢʦʨʠʩʪʫʚʘʯʘʤ ʤʦʞʣʠʚʽʩʪʴ ʢʝʨʫʚʘʪʠ ʧʦʙʫʪʦʚʠʤʠ ʧʨʠʣʘʜʘʤʠ ʟʘ ʜʦʧʦʤʦʛʦʶ ʛʦʣʦʩʦʚʠʭ ʯʠ 

ʪʝʢʩʪʦʚʠʭ ʢʦʤʘʥʜ [34, 35]. ʈʦʟʧʽʟʥʘʚʘʥʥʷ ʛʦʣʦʩʫ ʥʘ ʦʩʥʦʚʽ AI ʟʘʙʝʟʧʝʯʫʻ ʬʫʥʢʮʽʾ 

ʚʟʘʻʤʦʜʽʾ ʟ ʩʠʩʪʝʤʘʤʠ ʨʦʟʫʤʥʦʛʦ ʙʫʜʠʥʢʫ, ʱʦ ʜʦʟʚʦʣʷʻ ʢʦʨʠʩʪʫʚʘʯʘʤ ʤʘʪʠ ʧʦʚʥʠʡ 

ʢʦʥʪʨʦʣʴ ʥʘʜ ʜʦʤʘʰʥʽʤ ʩʝʨʝʜʦʚʠʱʝʤ [36]. ʈʦʟʧʽʟʥʘʚʘʥʥʷ ʟʦʙʨʘʞʝʥʴ ʪʘʢʦʞ ʜʦʧʦʤʘʛʘʻ 

ʨʦʟʫʤʽʪʠ ʞʝʩʪʠ ʣʶʜʝʡ [37]. ɺʟʘʻʤʦʜʽʷ ʣʶʜʠʥʠ ʪʘ ʢʦʤʧ'ʶʪʝʨʘ ʥʘ ʦʩʥʦʚʽ ʞʝʩʪʽʚ ʻ 

ʧʨʠʨʦʜʥʠʤ ʽ ʽʥʪʫʾʪʠʚʥʦ ʟʨʦʟʫʤʽʣʠʤ ʩʧʦʩʦʙʦʤ ʢʦʤʤʫʥʽʢʘʮʽʾ. ʃʶʜʠ ʟ ʧʦʨʫʰʝʥʥʷʤʠ ʤʦʚʠ 

ʤʦʞʫʪʴ ʩʧʽʣʢʫʚʘʪʠʩʷ ʟ çʨʦʟʫʤʥʠʤʠè ʧʦʙʫʪʦʚʠʤʠ ʧʨʠʣʘʜʘʤʠ ʟʘ ʜʦʧʦʤʦʛʦʶ ʞʝʩʪʽʚ [38]. 

ɿ ʪʦʯʢʠ ʟʦʨʫ ʙʝʟʧʝʢʠ çʨʦʟʫʤʥʦʛʦè ʙʫʜʠʥʢʫ, ʟ ʤʝʪʦʶ ʟʘʭʠʩʪʫ ʚʣʘʩʥʦʩʪʽ ʪʘ ʦʩʦʙʠʩʪʦʾ 

ʙʝʟʧʝʢʠ ʤʝʰʢʘʥʮʽʚ, ʧʦʪʨʽʙʥʦ ʟʘʭʠʩʪʠʪʠ ʙʫʜʠʥʦʢ ʚʽʜ ʥʝʩʧʦʜʽʚʘʥʠʭ ʧʦʜʽʡ ʪʘ ʘʚʘʨʽʡ. 

ʐʪʫʯʥʠʡ ʽʥʪʝʣʝʢʪ ʜʣʷ ʨʦʟʧʽʟʥʘʚʘʥʥʷ ʟʦʙʨʘʞʝʥʴ ʤʦʞʝ ʨʦʟʧʽʟʥʘʪʠ ʟʣʦʚʤʠʩʥʠʢʘ ʪʘ 

ʧʦʧʝʨʝʜʠʪʠ ʚʣʘʩʥʠʢʘ ʙʫʜʠʥʢʫ [39, 40]. ʂʨʽʤ ʥʝʙʝʟʧʝʢ, ʱʦ ʧʨʠʭʦʜʠʪʴ ʟ ʙʦʢʫ ʟʣʦʯʠʥʮʽʚ, 
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ʽʩʥʫʶʪʴ ʪʘʢʦʞ ʥʝʙʝʟʧʝʢʘ ʚʽʜ ʚʠʜʽʣʝʥʥʷ CO2, ʧʦʞʝʞʽ ʪʦʱʦ. ʄʦʞʥʘ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ AI 

ʜʣʷ ʘʥʘʣʽʟʫ ʜʘʥʠʭ ʜʘʪʯʠʢʽʚ ʽ ʚʠʷʚʣʷʪʠ ʥʝʙʝʟʧʝʯʥʽ ʩʠʪʫʘʮʽʾ [41]. 

ʊʝʭʥʦʣʦʛʽʾ AI, ʩʠʩʪʝʤʠ çʨʦʟʫʤʥʠʭè ʙʫʜʠʥʢʽʚ ʪʘ ʢʦʨʠʩʪʫʚʘʯʽ ʤʘʶʪʴ ʨʽʟʥʽ ʤʦʜʝʣʽ 

ʚʟʘʻʤʦʜʽʾ, ʷʢʽ ʧʦʜʽʣʷʶʪʴʩʷ ʥʘ ʪʨʠ. ʇʝʨʰʘ ʤʦʜʝʣʴ, ʢʦʣʠ ʢʦʨʠʩʪʫʚʘʯʽ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʜʘʶʪʴ 

ʢʦʤʘʥʜʠ ʜʣʷ ʢʦʞʥʦʛʦ çʨʦʟʫʤʥʦʛʦè ʧʦʙʫʪʦʚʦʛʦ ʧʨʠʩʪʨʦʶ, ʘ ʰʪʫʯʥʠʡ ʽʥʪʝʣʝʢʪ 

ʚʙʫʜʦʚʘʥʠʡ ʫ ʢʦʞʝʥ ʦʢʨʝʤʠʡ ʧʨʠʩʪʨʽʡ. ʊʘʢʠʡ ʧʽʜʭʽʜ ʧʨʠʥʦʩʠʪʴ ʢʦʨʠʩʪʴ ʪʽʣʴʢʠ ʦʢʨʝʤʦʤʫ 

ʢʦʥʢʨʝʪʥʦʤʫ ʧʨʠʩʪʨʦʶ. çʈʦʟʫʤʥʝè ʫʧʨʘʚʣʽʥʥʷ ʙʫʜʠʥʢʦʤ, ʦʭʦʨʦʥʘ ʟʜʦʨʦʚ'ʷ ʪʘ ʧʠʪʘʥʥʷ 

ʙʝʟʧʝʢʠ ʥʘʜʘʶʪʴ ʧʝʨʝʚʘʛʫ ʮʴʦʤʫ ʧʽʜʭʦʜʫ. ɼʨʫʛʘ ʤʦʜʝʣʴ, ʢʦʣʠ ʢʦʨʠʩʪʫʚʘʯʽ ʟʘʜʘʶʪʴ 

ʽʥʩʪʨʫʢʮʽʾ AI, ʘ AI ʩʘʤʦʩʪʽʡʥʦ ʢʦʥʪʨʦʣʶʻ ʢʦʞʝʥ ʦʢʨʝʤʠʡ ʧʨʠʩʪʨʽʡ. ʋʧʨʘʚʣʽʥʥʷ 

ʧʦʙʫʪʦʚʠʤʠ ʧʨʠʣʘʜʘʤʠ ʫ ʩʠʩʪʝʤʘʭ çʨʦʟʫʤʥʦʛʦè ʙʫʜʠʥʢʫ ʧʝʨʝʚʘʞʥʦ ʧʨʘʮʶʻ ʟʘ ʮʽʻʶ 

ʩʭʝʤʦʶ. ɺ ʽʜʝʘʣʽ, ʩʠʩʪʝʤʘ ʧʦʚʠʥʥʘ ʟʘʙʝʟʧʝʯʫʚʘʪʠ ʧʦʩʪʽʡʥʠʡ ʧʨʦʮʝʩ ʥʘʚʯʘʥʥʷ ʟ 

ʫʨʘʭʫʚʘʥʥʷʤ ʤʦʞʣʠʚʦʩʪʝʡ ʟʤʽʥʠ ʧʦʚʝʜʽʥʢʠ ʢʦʨʠʩʪʫʚʘʯʽʚ. ɺ ʨʘʤʢʘʭ ʘʥʘʣʽʟʫ ʙʫʣʠ 

ʜʦʩʣʽʜʞʝʥʽ ʤʝʪʦʜʠ ʪʘ ʤʦʜʝʣ,̔ ʱʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʫ ʩʠʩʪʝʤʘʭ çʨʦʟʫʤʥʦʛʦè ʙʫʜʠʥʢʫ 

ʜʣʷ ʨʦʟʧʽʟʥʘʚʘʥʥʷ ʜʽʷʣʴʥʦʩʪʽ ʪʘ ʘʥʘʣʽʟʫ ʧʦʚʝʜʽʥʢʠ ʢʦʨʠʩʪʫʚʘʯʽʚ ʩʠʩʪʝʤʠ. 

ʄʝʪʦʜʠ ʪʘ ʤʦʜʝʣʽ AI, ʱʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʫ ʩʠʩʪʝʤʘʭ  çʨʦʟʫʤʥʦʛʦè ʙʫʜʠʥʢʫ 

ʤʦʞʥʘ ʧʦʜʽʣʠʪʠ ʥʘ ʪʨʠ ʪʠʧʠ: ʽʥʪʝʣʝʢʪʫʘʣʴʥʽ ʘʛʝʥʪʠ, ʥʝʯʽʪʢʘ ʣʦʛʽʢʘ ʪʘ ʤʘʰʠʥʥʝ ʥʘʚʯʘʥʥʷ.  

ɯʥʪʝʣʝʢʪʫʘʣʴʥʽ ʘʛʝʥʪʠ ʚʽʜʥʦʩʷʪʴʩʷ ʜʦ ʧʨʦʛʨʘʤʥʠʭ ʢʦʤʧ'ʶʪʝʨʥʠʭ ʩʠʩʪʝʤ, ʷʢʽ ʟʜʘʪʥʽ 

ʨʝʘʛʫʚʘʪʠ ʥʘ ʟʤʽʥʫ ʩʝʨʝʜʦʚʠʱʘ, ʤʘʶʪʴ ʟʜʽʙʥʦʩʪʽ ʢʦʦʧʝʨʘʮʽʾ ʟ ʽʥʰʠʤʠ ʘʛʝʥʪʘʤʠ ʪʘ  

ʧʨʠʜʘʪʥʽ ʜʣʷ ʜʝʪʘʣʴʥʦʛʦ ʤʦʥʽʪʦʨʠʥʛʫ ʫ ʩʠʩʪʝʤʘʭ «ʨʦʟʫʤʥʠʭ» ʙʫʜʠʥʢʽʚ [42, 43]. ɸʛʝʥʪ - 

ʮʝ ʧʨʦʛʨʘʤʥʠʡ ʤʦʜʫʣʴ ʘʙʦ ʧʨʠʩʪʨʽʡ, ʷʢʠʡ ʤʦʞʝ ʦʩʤʠʩʣʠʪʠ ʩʚʦʻ ʩʝʨʝʜʦʚʠʱʝ ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʩʝʥʩʦʨʽʚ. ʊʘʢʽ ʘʛʝʥʪʠ ʪʘʢʦʞ ʤʦʞʫʪʴ ʚʧʣʠʚʘʪʠ ʥʘ ʥʘʚʢʦʣʠʰʥʻ ʩʝʨʝʜʦʚʠʱʝ ʟ 

ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʜʦʧʦʤʽʞʥʠʭ ʧʨʠʩʪʨʦʾʚ [44].  

ʂʽʣʴʢʘ ʘʛʝʥʪʽʚ, ʱʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʨʘʟʦʤ, ʥʘʟʠʚʘʶʪʴʩʷ ʤʫʣʴʪʠʘʛʝʥʪʥʠʤʠ 

ʩʠʩʪʝʤʘʤʠ. ʄɸʉ ʟʜʘʪʥʽ ʦʙʤʽʥʶʚʘʪʠʩʴ ʽʥʬʦʨʤʘʮʽʻʶ ʦʜʠʥ ʟ ʦʜʥʠʤ ʪʘ ʩʪʚʦʨʶʚʘʪʠ 

çʛʨʫʧʦʚʽè ʪʘʢʪʠʢʠ ʧʦʚʝʜʽʥʢʠ ʜʣʷ ʚʠʨʽʰʝʥʥʷ ʦʜʥʽʻʾ ʩʧʽʣʴʥʦʾ ʟʘʜʘʯʽ [45, 46]. ɸʛʝʥʪʠ 

ʤʦʞʫʪʴ ʚʟʘʻʤʦʜʽʷʪʠ ʦʜʠʥ ʟ ʦʜʥʠʤ ʧʨʷʤʦ ʯʠ ʦʧʦʩʝʨʝʜʢʦʚʘʥʦ. ʅʝʧʨʷʤʦʶ ʚʟʘʻʤʦʜʽʻʶ 

ʤʦʞʝ ʙʫʪʠ ʚʧʣʠʚ ʥʘ ʥʘʚʢʦʣʠʰʥʻ ʩʝʨʝʜʦʚʠʱʝ, ʟʤʽʥʘ ʧʘʨʘʤʝʪʨʽʚ ʷʢʦʛʦ ʤʦʞʝ ʧʦʚʧʣʠʚʘʪʠ 

ʥʘ ʣʦʛʽʢʫ ʨʦʙʦʪʠ ʽʥʰʠʭ ʘʛʝʥʪʽʚ.  ɹʝʟʧʦʩʝʨʝʜʥʷ ʚʟʘʻʤʦʜʽʷ ʤʦʞʝ ʙʫʪʠ ʧʨʝʜʩʪʘʚʣʝʥʘ 
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ʰʣʷʭʦʤ ʧʨʷʤʦʛʦ ʩʧʽʣʢʫʚʘʥʥʷ ʘʛʝʥʪʽʚ ʤʽʞ ʩʦʙʦʶ ʟʘ ʜʦʧʦʤʦʛʦʶ ʢʦʤʘʥʜ. ʎʽʢʘʚʦʶ 

ʚʣʘʩʪʠʚʽʩʪʶ ʽʥʪʝʣʝʢʪʫʘʣʴʥʠʭ ʘʛʝʥʪʽʚ ʻ ʪʝ, ʱʦ ʘʛʝʥʪʠ ʤʦʞʫʪʴ ʚʠʙʨʘʪʠ ʪʘʢʪʠʢʫ ʩʧʽʚʧʨʘʮ ̔

ʟʘʜʣʷ ʚʟʘʻʤʥʦʾ ʚʠʛʦʜʠ ʘʙʦ ʢʦʥʢʫʨʫʚʘʪʠ ʜʣʷ ʜʦʩʷʛʥʝʥʥʷ ʮʽʣʝʡ ʢʦʞʥʦʛʦ ʦʢʨʝʤʦʛʦ ʘʛʝʥʪʫ 

[43]. 

 ɹʫʣʦ ʜʦʩʣʽʜʞʝʥʦ ʨʦʟʨʦʙʣʝʥʫ ʤʫʣʴʪʠʘʛʝʥʪʥʫ ʩʠʩʪʝʤʫ ʜʣʷ ʚʽʜʩʪʝʞʝʥʥʷ ʧʦʚʝʜʽʥʢʠ 

ʢʦʨʠʩʪʫʚʘʯʽʚ ʜʣʷ ʜʠʥʘʤʽʯʥʦʾ ʟʤʽʥʠ ʣʦʛʽʢʠ ʨʦʙʦʪʠ ʩʠʩʪʝʤʠ [47], ʨʝʟʫʣʴʪʘʪ ʨʦʙʦʪʠ ʷʢʦʾ 

ʧʨʦʜʝʤʦʥʩʪʨʫʚʘʚ ʫʩʧʽʰʥʫ ʽʜʝʥʪʠʬʽʢʘʮʽʶ ʜʽʷʣʴʥʦʩʪʽ ʤʝʰʢʘʥʮʽʚ ʥʘ ʧʨʦʪʷʟʽ ʨʽʟʥʠʭ 

ʪʨʠʚʘʣʦʩʪʝʡ ʤʦʥʽʪʦʨʠʥʛʫ. ʃʦʛʽʢʘ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ çʨʦʟʫʤʥʦʛʦè ʙʫʜʠʥʢʫ ʙʫʣʘ 

ʨʦʟʨʦʙʣʝʥʘ ʥʘ ʦʩʥʦʚʽ ʘʜʘʧʪʘʮʽʾ ʜʦ ʟʤʽʥ ʧʦʚʝʜʽʥʢʠ ʢʦʨʠʩʪʫʚʘʯʽʚ. ʉʠʩʪʝʤʘ ʟʜʘʪʥʘ 

ʘʜʘʧʪʫʚʘʪʠʩʷ ʜʦ ʟʤʽʥ ʣʶʜʠʥʠ ʫ ʚʠʷʚʣʝʥʠʭ ʩʠʪʫʘʮʽʷʭ, ʽ ʤʦʞʝ ʘʚʪʦʤʘʪʠʯʥʦ ʦʥʦʚʠʪʠ ʩʚʦʶ 

ʤʦʜʝʣʴ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʥʦʚʠʭ ʟʤʽʥ ʧʦʚʝʜʽʥʢʠ ʢʦʨʠʩʪʫʚʘʯʽʚ [48]. 

ʄʝʪʦʜ ʥʝʯʽʪʢʦ ʾʣʦʛʽʢʠ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʜʣʷ ʚʠʨʽʰʝʥʥʷ ʧʨʦʙʣʝʤ ʥʝʚʠʟʥʘʯʝʥʦʩʪʽ ʽ 

ʧʨʘʮʶʻ ʧʦʜʽʙʥʠʤ ʜʦ ʤʽʨʢʫʚʘʥʥʷ ʣʶʜʠʥʠ ʯʠʥʦʤ, ʜʝ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʥʝʧʦʚʥʽ ʘʙʦ 

ʥʝʪʦʯʥʽ ʜʘʥʽ [49]. ʅʝʯʽʪʢʘ ʣʦʛʽʢʘ ʢʝʨʫʻʪʴʩʷ ʤʝʭʘʥʽʟʤʦʤ ʣʦʛʽʯʥʦʛʦ ʚʠʩʥʦʚʢʫ, ʱʦ ʩʣʽʜʫʻ 

ʫʤʦʚʽ IF-THEN, ʷʢʽ ʚʠʟʥʘʯʘʶʪʴ ʟʘʣʝʞʥʦʩʪʽ ʤʽʞ ʥʝʯʽʪʢʠʤʠ ʚʭʦʜʘʤʠ ʽ ʚʠʭʦʜʘʤʠ ʩʠʩʪʝʤʠ 

[50]. 

ʇʨʠʢʣʘʜ ʧʨʘʚʠʣ IF-THEN ʥʘʚʝʜʝʥʦ ʫ ʧʨʦʘʥʘʣʽʟʦʚʘʥʡ̔ ʨʦʙʦʪʽ [51], ʜʝ ʨʦʟʛʣʷʥʫʪʦ 

ʨʦʟʨʦʙʣʝʥʫ ʩʠʩʪʝʤʫ ʘʜʘʧʪʠʚʥʦʛʦ ʥʝʯʽʪʢʦʛʦ ʫʧʨʘʚʣʽʥʥʷ ʜʣʷ «ʨʦʟʫʤʥʠʭ» ʙʫʜʠʥʢʽʚ. ʋ 

ʩʮʝʥʘʨʽʾ ʚ ʷʢʦʩʪʽ ʪʝʩʪʫ ʙʫʣʘ ʚʠʢʦʨʠʩʪʘʥʘ ʩʠʩʪʝʤʘ ʦʩʚʽʪʣʝʥʥʷ, ʜʝ ʧʨʠʢʣʘʜʦʤ ʫʤʦʚʠ ʻ 

ʥʘʩʪʫʧʥʝ ʧʨʘʚʠʣʦ: çʗʂʑʆ ʣʶʜʠʥʘ ʧʨʠʩʫʪʥʷ  ̔ ʈɯɺɽʅʔ ʟʦʚʥʽʰʥʴʦʛʦ ʦʩʚʽʪʣʝʥʥʷ 

ʊɽʄʅʀʁ, ʊʆɼɯ ʧʦʪʫʞʥʽʩʪʴ ʦʩʚʽʪʣʝʥʥʷ ʄɸʂʉʀʄʋʄ». 

ʊʘʢʦʞ, ʚʠʢʦʨʠʩʪʘʥʥʷ ʥʝʯʽʪʢʦ ʾ ʣʦʛʽʢʠ ʙʫʣʦ ʚʠʢʦʨʠʩʪʘʥʦ ʚ ʤʫʣʴʪʠʩʝʥʩʦʨʥʦʤʫ 

ʩʝʨʝʜʦʚʠʱʽ ʜʣʷ ʩʠʩʪʝʤʠ çʨʦʟʫʤʥʦʛʦè ʙʫʜʠʥʢʫ ʫ ʤʦʜʫʣʽ ʤʦʥʽʪʦʨʠʥʛʫ ʦʭʦʨʦʥʠ ʟʜʦʨʦʚôʷ 

[52]. ʉʠʩʪʝʤʘ ʩʢʣʘʜʘʻʪʩɹʷ ʟ ʤʫʣʴʪʠʤʦʜʫʣʴʥʦʾ ʧʣʘʪʬʦʨʤʠ ʟ ʜʘʪʯʠʢʘʤʠ ʚʩʪʘʥʦʚʣʝʥʠʤʠ ʧʦ 

ʚʩʴʦʤʫ ʙʫʜʠʥʢʫ ʜʣʷ ʟʙʦʨʫ ʜʘʥʠʭ. ɼʘʣʽ ʜʘʥʽ ʦʙʨʦʙʣʷʶʪʴʩʷ ʪʘ ʘʥʘʣʽʟʫʶʪʴʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʥʝʯʽʪʢʦ ʾ ʣʦʛʽʢʠ, ʱʦ ʜʦʟʚʦʣʷʻ ʛʥʫʯʢʦ ʟʤʽʥʶʚʘʪʠ ʤʦʜʫʣʴʥʽʩʪʴ ʘʙʦ ʜʦʜʘʚʘʪʠ ʙʽʣʴʰʝ 

ʜʘʪʯʠʢʽʚ.  
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ʇʝʨʝʚʘʛʘ ʚʠʢʦʨʠʩʪʘʥʥʷ ʥʝʯʽʪʢʦʾ ʣʦʛʽʢʠ ʧʦʣʷʛʘʻ ʚ ʪʦʤʫ, ʱʦ ʚʦʥʘ ʝʬʝʢʪʠʚʥʘ ʜʣʷ 

ʧʨʠʙʣʠʟʥʠʭ ʤʽʨʢʫʚʘʥʴ, ʧʨʦʪʝ ʾʡ ʙʨʘʢʫʻ ʟʜʽʙʥʦʩʪʽ ʜʦ ʥʘʚʯʘʥʥʷ ʪʘ ʘʜʘʧʪʘʮʽʡʥʠʭ 

ʤʦʞʣʠʚʦʩʪʝʡ [53]. 

ɺʝʣʠʢʦʶ ʧʝʨʝʚʘʛʦʶ ʤʘʰʠʥʥʦʛʦ ʥʘʚʯʘʥʥʷ ʻ ʪʝ, ʱʦ ʚʦʥʦ ʫʩʫʚʘʻ ʥʝʦʙʭʽʜʥʽʩʪʴ ʫ  

ʟʫʩʠʣʣʷʭ ʟ ʧʨʦʛʨʘʤʫʚʘʥʥʷ, ʜʦʟʚʦʣʷʶʯʠ ʢʦʤʧôʶʪʝʨʫ ʚʯʠʪʠʩʷ ʥʘ ʜʦʩʚʽʜʽ. ʄʘʰʠʥʥʝ 

ʥʘʚʯʘʥʥʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʤʝʪʦʜʫ ʦʧʦʨʥʠʭ ʚʝʢʪʦʨʽʚ ʦʩʥʦʚʘʥʝ ʥʘ ʥʘʚʯʘʥʥʽ ʜʣʷ ʢʣʘʩʠʬʽʢʘʮʽʾ 

ʦʙôʻʢʪʽʚ ʥʘ ʦʩʥʦʚʽ ʧʨʠʢʣʘʜʽʚ ʟ ʥʘʚʯʘʣʴʥʦʾ ʚʠʙʽʨʢʠ. ʄʝʪʦʜ ʦʧʦʨʥʠʭ ʚʝʢʪʦʨʽʚ ʫ ʩʠʩʪʝʤʽ 

çʨʦʟʫʤʥʦʛʦè ʙʫʜʠʥʢʫ ʚʠʢʦʨʠʩʪʘʥʠʡ ʜʣʷ ʤʦʥʽʪʦʨʠʥʛʫ (ʟʘ ʜʦʧʦʤʦʛʦʶ ʜʘʪʯʠʢʽʚ) 

ʘʢʪʠʚʥʦʩʪʽ ʣʶʜʝʡ ʧʦʭʠʣʦʛʦ ʚʽʢʫ ʚ ʙʫʜʠʥʢʫ, ʟ ʤʝʪʦʶ ʨʘʥʥʴʦʛʦ ʚʠʷʚʣʝʥʥʷ ʚʪʨʘʪʠ ʥʠʤʠ 

ʜʽʻʟʜʘʪʥʦʩʪʽ. ɼʘʥʽ, ʟʽʙʨʘʥʽ ʜʘʪʯʠʢʘʤʠ, ʧʽʟʥʽʰʝ ʙʫʣʠ ʧʨʦʘʥʘʣʽʟʦʚʘʥ ̔ʟʘ ʜʦʧʦʤʦʛʦʶ ʤʝʪʦʜʫ 

ʦʧʦʨʥʠʭ ʚʝʢʪʦʨʽʚ ʜʣʷ ʢʣʘʩʠʬʽʢʘʮʽʾ ʩʝʤʠ ʚʠʜʽʚ ʘʢʪʠʚʥʦʩʪʽ ʫ ʧʦʚʩʷʢʜʝʥʥʦʤʫ ʞʠʪʪ,̔ ʪʦʙʪʦ 

ʛʽʛʽʻʥʠ, ʧʨʠʡʦʤʫ ʾʞʽ, ʩʥʫ ʪʦʱʦ. ɽʢʩʧʝʨʠʤʝʥʪ ʙʫʚ ʧʨʦʪʝʩʪʦʚʘʥʠʡ ʟ 13 ʣʶʜʴʤʠ ʤʦʣʦʜʦʛʦ 

ʚʽʢʫ ʜʣʷ ʪʦʛʦ, ʱʦʙ ʟʥʘʡʪʠ ʨʽʟʥʽ ʤʦʜʝʣʽ ʘʢʪʠʚʥʦʩʪʽ, ʘ ʧʦʪʽʤ ʧʝʨʝʚʽʨʠʪʠ ʧʨʘʚʠʣʴʥʽʩʪʴ 

ʢʣʘʩʠʬʽʢʘʮʽ ʾʤʝʪʦʜʦʤ ʦʧʦʨʥʠʭ ʚʝʢʪʦʨʽʚ, ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ ʨʝʘʣʴʥʽ ʜʘʥʽ.   

ʋ ʨʦʟʨʦʙʮʽ ʩʠʩʪʝʤ çʨʦʟʫʤʥʦʛʦè ʙʫʜʠʥʢʫ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʤʘʨʢʦʚʩʴʢʽ ʤʦʜʝʣʽ, 

ʥʘʧʨʠʢʣʘʜ ʜʣʷ ʤʦʜʝʣʶʚʘʥʥʷ ʧʦʚʝʜʽʥʢʠ ʣʶʜʠʥʠ [54]. ɼʣʷ ʮʴʦʛʦ ʨʦʟʨʦʙʥʠʢʠ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʢʘʤʝʨʠ ʪʘ ʘʫʜʽʦʜʘʪʯʠʢʠ ʜʣʷ ʟʙʦʨʫ ʜʘʥʠʭ, ʘ ʧʦʪʽʤ ʤʦʜʝʣʽ ʄʘʨʢʦʚʘ 

ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ ʜʣʷ ʚʠʚʯʝʥʥʷ ʧʦʚʝʜʽʥʢʠ ʢʦʨʠʩʪʫʚʘʯʽʚ. ʊʘʢʦʞ, ʽʩʥʫʻ ʨʦʟʨʦʙʣʝʥʘ ʩʠʩʪʝʤʘ 

ʜʦʧʦʤʦʛʠ ʚ ʤʠʪʪʽ ʨʫʢ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʤʦʜʝʣ ̔ʄʘʨʢʦʚʘ [55]. ʉʠʩʪʝʤʘ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʢʘʤʝʨ 

ʜʣʷ ʚʽʜʩʪʝʞʝʥʥʷ ʪʘ ʟʘʩʪʦʩʫʚʘʥʥʷ ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʴ ʽʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʯʘʩʪʢʦʚʦ 

ʩʧʦʩʪʝʨʝʞʫʚʘʥʦʛʦ ʧʨʦʮʝʩʫ ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʴ ʄʘʨʢʦʚʘ. 

 

1.3 ɸʥʘʣʽʟ ʽʩʥʫʶʯʠʭ ʟʘʩʦʙʽʚ ʩʠʩʪʝʤ çʨʦʟʫʤʥʦʛʦè ʙʫʜʠʥʢʫ 

ʉʣʦʚʦ "ʨʦʟʫʤʥʠʡ" ʦʩʪʘʥʥʽʤ ʯʘʩʦʤ ʩʪʘʣʦ ʧʦʧʫʣʷʨʥʠʤ ʪʝʨʤʽʥʦʤ ʜʣʷ ʽʥʥʦʚʘʮʽʡʥʠʭ 

ʪʝʭʥʦʣʦʛʽʡ, ʷʢʽ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʤʦʞʣʠʚʦʩʪʽ ʰʪʫʯʥʦʛʦ ʽʥʪʝʣʝʢʪʫ. ʆʩʥʦʚʥʦʶ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʦʶ çʨʦʟʫʤʥʦʾè ʪʝʭʥʦʣʦʛʽʾ ʻ ʟʜʘʪʥʽʩʪʴ ʦʪʨʠʤʫʚʘʪʠ ʽʥʬʦʨʤʘʮʽʶ ʟ 

ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʪʘ ʨʝʘʛʫʚʘʪʠ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʦʪʨʠʤʘʥʠʭ ʜʘʥʠʭ [56, 57]. 

ɼʦʚʛʦʩʪʨʦʢʦʚʦʶ ʤʝʪʦʶ çʨʦʟʫʤʥʠʭè ʪʝʭʥʦʣʦʛʽʡ ʻ ʧʦʢʨʘʱʝʥʥʷ ʜʦʙʨʦʙʫʪʫ ʣʶʜʝʡ ʽ ʜʘʥʘ 
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ʤʝʪʘ ʩʪʘʣʘ ʦʩʥʦʚʦʶ ʽʥʥʦʚʘʮʽʡʥʦʾ ʢʦʥʮʝʧʮʽʾ çʨʦʟʫʤʥʦʛʦ ʜʦʤʫè [58, 59, 60, 61]. ʍʚʠʣʷ 

ʧʦʧʫʣʷʨʥʦʩʪʽ ʧʝʨʝʪʚʦʨʝʥʥʷ ʧʨʦʜʫʢʪʽʚ ʽ ʧʦʩʣʫʛ ʫ çʨʦʟʫʤʥʽè ʚʠʢʣʠʢʘʣʘ ʧʽʜʚʠʱʝʥʥʷ 

ʤʦʞʣʠʚʦʩʪʝʡ ʩʫʤʽʩʥʦʩʪʽ ʧʨʠʩʪʨʦʾʚ ʪʘ ʩʧʨʠʷʣʘ ʟʨʦʩʪʘʥʥʶ ʩʚʽʪʦʚʦʛʦ ʦʙʦʨʦʪʫ ʧʨʦʜʘʞʽʚ 

ʪʝʭʥʦʣʦʛʽʡ çʨʦʟʫʤʥʠʭè ʙʫʜʠʥʢʽʚ [62]. ʇʝʨʝʚʘʛʠ ʷʢʽ ʩʪʘʣʠ ʤʦʞʣʠʚʠʤʠ ʟʘʚʜʷʢʠ 

çʨʦʟʫʤʥʠʤè ʪʝʭʥʦʣʦʛʽʷʤ ʚʠʢʣʠʢʘʣʠ ʽʥʪʝʨʝʩ ʥʘʫʢʦʚʮʽʚ ʽ ʚʠʨʦʙʥʠʢʽʚ ʧʦʙʫʪʦʚʠʭ ʧʨʠʣʘʜʽʚ 

ʪʘ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʩʝʨʚʽʩʽʚ. ʅʘ ʩʴʦʛʦʜʥʽʰʥʽʡ ʜʝʥʴ, ʟʥʘʯʥʘ ʫʚʘʛʘ ʜʦʩʣʽʜʞʝʥʴ ʧʨʠʜʽʣʷʻʪʴʩʷ 

ʧʦʙʫʪʦʚʽʡ ʪʝʭʥʽʮʽ, ʜʝ çʨʦʟʫʤʥʽè ʪʝʭʥʦʣʦʛʽʾ ʩʪʘʣʠ ʽʥʪʝʥʩʠʚʥʦ ʚʠʚʯʘʪʠʩʴ ʽ ʧʨʘʢʪʠʯʥʦ 

ʟʘʩʪʦʩʦʚʫʚʘʪʠʩʴ [63]. 

 ʇʘʨʘʣʝʣʴʥʦ ʽʟ ʟʙʽʣʴʰʝʥʥʷʤ ʽʥʚʝʩʪʠʮʽʡ ʧʽʜʧʨʠʻʤʩʪʚ ʫ ʩʝʢʪʦʨ çʨʦʟʫʤʥʦʛʦè ʜʦʤʫ, 

ʘʢʘʜʝʤʽʯʥʝ ʩʧʽʚʪʦʚʘʨʠʩʪʚʦ ʘʢʪʠʚʽʟʫʚʘʣʦ ʩʚʦʾ ʟʫʩʠʣʣʷ ʟ ʚʠʚʯʝʥʥʷ ʢʦʥʮʝʧʮʽʾ çʨʦʟʫʤʥʦʛʦè 

ʙʫʜʠʥʢʫ, ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʤʦʞʣʠʚʦʩʪʝʡ, ʥʘʩʣʽʜʢʽʚ ʡʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʪʘ ʚʧʣʠʚʫ ʥʘ ʞʠʪʪʷ 

ʣʶʜʝʡ. ʆʧʫʙʣʽʢʦʚʘʥʦ ʨʷʜ ʥʘʫʢʦʚʠʭ ʨʦʙʽʪ, ʱʦ ʜʦʩʣʽʜʞʫʶʪʴ çʨʦʟʫʤʥʽè ʪʝʭʥʦʣʦʛʽʾ ʟ ʨʽʟʥʠʭ 

ʨʘʢʫʨʩʽʚ [64, 65, 66, 67, 68, 69, 70]. ʅʘʧʨʠʢʣʘʜ, ʽʩʥʫʻ ʜʦʩʣʽʜʞʝʥʥʷ ʫ ʷʢʦʤʫ ʚʠʚʯʘʣʠʩʴ 

ʧʠʪʘʥʥʷ ʦʭʦʨʦʥʠ ʟʜʦʨʦʚ'ʷ, ʨʦʙʣʷʯʠ ʬʦʢʫʩ ʥʘ ʩʪʘʨʽʥʥʷ ʥʘʩʝʣʝʥʥʷ [71]. ɸʚʪʦʨʠ 

ʚʽʜʟʥʘʯʠʣʠ, ʱʦ ʽʩʥʫʻ ʟʥʘʯʥʽ ʧʝʨʝʚʘʛʠ ʽʜʝʾ ʪʦʛʦ, ʱʦ ʢʦʥʮʝʧʮʽʷ ʦʭʦʨʦʥʠ ʟʜʦʨʦʚ'ʷ ʤʘʻ ʙʫʪʠ 

ʟʘʤʽʥʝʥʘ ʜʦʛʣʷʜʦʤ ʥʘ ʜʦʤʫ. ɺʠʢʦʨʠʩʪʘʥʥʷ ʩʠʩʪʝʤ çʨʦʟʫʤʥʠʭè ʙʫʜʠʥʢʽʚ ʜʣʷ ʧʽʜʪʨʠʤʢʠ 

ʟʜʦʨʦʚ'ʷ ʣʶʜʝʡ ʧʦʭʠʣʦʛʦ ʚʽʢʫ ʪʘʢʦʞ ʙʫʣʦ ʨʦʟʛʣʷʥʫʪʦ ʫ ʨʦʙʦʪʘʭ, ʷʢʽ ʧʽʜʪʨʠʤʘʣʠ ʽʜʝʶ 

ʟʤʽʥʠ ʧʦʛʣʷʜʽʚ ʚ ʛʘʣʫʟʽ ʦʭʦʨʦʥʠ ʟʜʦʨʦʚ'ʷ. ʆʜʥʘʢ ʮʽ ʨʦʙʦʪʠ ʥʘʛʦʣʦʰʫʶʪʴ, ʱʦ 

ʪʨʘʥʩʬʦʨʤʘʮʽʷ ʪʨʘʜʠʮʽʡʥʦʾ ʤʝʜʠʯʥʦʾ ʜʦʧʦʤʦʛʠ ʚ ʩʠʩʪʝʤʫ ʜʦʛʣʷʜʫ ʥʘ ʜʦʤʫ  ʚʽʜʙʫʣʘʩʴ ʥʘ 

ʨʘʥʥʴʦʤʫ ʝʪʘʧʽ ʽ ʽʩʥʫʻ ʧʦʪʨʝʙʘ ʚ ʦʮʽʥʮʽ ʥʦʚʦʾ ʪʝʥʜʝʥʮʽʾ ʟ ʪʦʯʢʠ ʟʦʨʫ ʩʧʨʠʡʥʷʪʪʷ ʣʶʜʝʡ. 

ʇʽʟʥʽʰʝ ʙʫʣʦ ʧʨʦʚʝʜʝʥʝ ʜʦʩʣʽʜʞʝʥʥʷ ʚʠʢʦʨʠʩʪʘʥʥʷ ʧʦʨʪʘʪʠʚʥʠʭ ʜʘʪʯʠʢʽʚ, ʷʢʽ ʥʦʩʠʣʠʩʴ 

ʣʽʪʥʽʤʠ ʣʶʜʴʤʠ ʫ ʤʝʞʘʭ çʨʦʟʫʤʥʦʛʦè ʞʠʪʪʻʚʦʛʦ ʩʝʨʝʜʦʚʠʱʘ. ɸʚʪʦʨʠ ʨʦʟʛʣʷʥʫʣʠ 

ʩʧʦʩʦʙʠ ʚʠʢʦʨʠʩʪʘʥʥʷ çʨʦʟʫʤʥʠʭè ʪʝʭʥʦʣʦʛʽʡ, ʧʽʜʢʨʝʩʣʠʚʰʠ ʧʝʨʝʚʘʛʠ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʥʦʩʠʤʠʭ ʧʦʨʪʘʪʠʚʥʠʭ ʜʘʪʯʠʢʽʚ ʫ ʨʘʤʢʘʭ ʜʦʩʣʽʜʞʝʥʥʷ ʝʢʦʥʦʤʽʯʥʦʾ ʜʦʮʽʣʴʥʦʩʪʽ ʧʝʨʝʭʦʜʫ 

ʥʘ ʪʝʥʜʝʥʮʽʶ ʜʦʛʣʷʜʫ ʥʘ ʜʦʤʫ. ɺʽʜʧʦʚʽʜʥʦ ʜʦ ʮʠʭ ʜʦʩʣʽʜʞʝʥʴ, ʙʫʣʠ ʧʝʨʝʛʣʷʥʫʪʽ ʦʩʪʘʥʥʽ 

ʪʝʥʜʝʥʮʽʾ ʩʬʝʨʠ çʨʦʟʫʤʥʠʭè ʙʫʜʠʥʢʽʚ ʫ ʢʦʥʪʝʢʩʪʽ ʩʬʝʨʠ ʦʭʦʨʦʥʠ ʟʜʦʨʦʚôʷ [65, 66]. 

ɸʥʘʣʦʛʽʯʥʦ, ʙʫʣʠ ʨʦʙʦʪʠ ʫ ʷʢʠʭ ʜʦʩʣʽʜʞʫʚʘʣʠ ʧʦʩʣʫʛʠ ʜʣʷ ʧʝʚʥʦʛʦ ʩʝʛʤʝʥʪʫ 

ʢʦʨʠʩʪʫʚʘʯʽʚ ʟ ʬʽʟʠʯʥʠʤʠ ʦʙʤʝʞʝʥʥʷʤʠ. ɸʚʪʦʨʠ ʧʨʝʜʩʪʘʚʠʣʠ ʦʛʣʷʜ ʧʨʠʩʪʨʦʾʚ, ʷʢʽ ʤʘʣʠ 
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ʧʦʪʝʥʮʽʘʣ ʜʣʷ ʧʨʦʜʦʚʞʝʥʥʷ ʩʘʤʦʩʪʽʡʥʦʛʦ ʞʠʪʪʷ ʞʠʪʝʣʽʚ ʣʽʪʥʴʦʛʦ ʚʽʢʫ. ɺʠʱʝʟʛʘʜʘʥʽ 

ʨʦʙʦʪʠ ʧʦʢʘʟʫʚʘʣʠ, ʷʢ ʟʨʦʩʪʘʶʯʘ ʧʦʧʫʣʷʨʥʽʩʪʴ ʜʦʩʣʽʜʞʝʥʴ ʧʨʦ ʩʬʝʨʫ ʟʘʩʪʦʩʫʚʘʥʥʷ 

çʨʦʟʫʤʥʠʭè ʜʦʤʘʰʥʽʭ ʪʝʭʥʦʣʦʛʽʡ ʣʽʪʥʽʤʠ ʢʦʨʠʩʪʫʚʘʯʘʤʠ, ʩʫʧʨʦʚʦʜʞʫʻʪʴʩʷ ʧʦʷʚʦʶ 

ʚʝʣʠʢʦʾ ʢʽʣʴʢʦʩʪʽ ʨʦʙʽʪ ʩʬʦʢʫʩʦʚʘʥʠʭ ʥʘ ʛʘʣʫʟʽ ʦʭʦʨʦʥʠ ʟʜʦʨʦʚ'ʷ. ʋ 2015 ʨʦʮʽ ʫ 

ʦʧʫʙʣʽʢʦʚʘʥʽʡ ʥʘʫʢʦʚʽʡ ʨʦʙʦʪʽ ʙʫʚ ʨʦʟʛʣʷʥʫʪʠʡ ʪʝʭʥʽʯʥʠʡ ʩʪʘʥ ʩʠʩʪʝʤ çʨʦʟʫʤʥʠʭè 

ʙʫʜʠʥʢʽʚ, ʨʦʟʛʣʷʜʘʣʠʩʴ ʜʘʪʯʠʢʠ, ʢʦʤʫʥʽʢʘʮʽʡʥʽ ʧʨʠʩʪʨʦʾ, ʧʨʦʪʦʢʦʣʠ ʪʘ ʘʣʛʦʨʠʪʤʠ, ʱʦ 

ʩʢʣʘʜʘʶʪʴ ʞʠʪʪʻʚʝ ʩʝʨʝʜʦʚʠʱʝ ʜʣʷ ʥʘʩʝʣʝʥʥʷ ʣʽʪʥɹ ʦʛʦ ʚʽʢʫ [70]. ɺʽʜʧʦʚʽʜʥʦ ʜʦ 

ʚʠʩʥʦʚʢʽʚ ʧʫʙʣʢ̔ʘʮʽʾ, ʘʚʪʦʨʠ ʦʩʪʘʥʥʽʤ ʯʘʩʦʤ ʚʠʨʦʙʠʣʠ ʽʥʪʝʨʝʩ ʜʦ ʩʠʩʪʝʤ 

ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʦʩʪʽ [72, 73, 74, 75, 76], ʪʘʢʦʞ ʟʦʩʝʨʝʜʞʫʶʯʠʩʴ ʥʘ ʘʣʛʦʨʠʪʤʘʭ ʪʘ 

ʧʨʠʩʪʨʦʷʭ, ʷʢʽ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠʩʴ ʜʣʷ ʤʦʥʽʪʦʨʠʥʛʫ ʪʘ ʢʦʥʪʨʦʣʶ ʩʧʦʞʠʚʘʥʥʷ ʝʥʝʨʛʽʾ. 

ʆʛʣʷʜ ʜʘʥʦʾ ʩʧʝʮʠʬʽʢʠ ʚʠʢʦʨʠʩʪʘʥʥʷ ʩʠʩʪʝʤ çʨʦʟʫʤʥʦʛʦè ʙʫʜʠʥʢʫ, ʦʧʫʙʣʽʢʦʚʘʥʠʡ ʫ 

2017 ʨʦʮʽ, ʥʘʜʘʚ ʯʽʪʢʫ ʢʘʨʪʠʥʫ ʧʦʩʣʫʛ ʜʣʷ ʢʦʥʪʨʦʣʶ ʩʧʦʞʠʚʘʥʥʷ ʝʥʝʨʛʽʾ, ʟʨʦʙʠʚʰʠ 

ʚʠʩʥʦʚʦʢ, ʱʦ ʪʝʭʥʦʣʦʛʽʾ çʨʦʟʫʤʥʦʛʦè ʜʦʤʫ ʧʨʦʧʦʥʫʶʪʴ ʥʝʦʙʭʽʜʥʽ ʤʦʞʣʠʚʦʩʪʽ ʜʣʷ 

ʧʽʜʚʠʱʝʥʥʷ ʩʪʘʙʽʣʴʥʦʩʪʽ ʪʘ ʝʬʝʢʪʠʚʥʦʩʪʽ ʢʝʨʫʚʘʥʥʷ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʨʝʩʫʨʩʽʚ  [73]. 

ʅʝʟʚʘʞʘʶʯʠ ʥʘ ʟʨʦʩʪʘʶʯʫ ʢʽʣʴʢʽʩʪʴ ʨʦʙʽʪ, ʜʦʩʣʽʜʞʝʥʥʷ ʚ ʮʽʡ ʛʘʣʫʟʽ ʦʙʤʝʞʝʥʽ 

ʪʨʴʦʤʘ ʪʝʤʘʤʠ. ʇʦ-ʧʝʨʰʝ, ʜʦʩʣʽʜʞʝʥʥʷ ʟʘʟʚʠʯʘʡ ʥʝ ʚʨʘʭʦʚʫʶʪʴ ʢʦʧʣʝʢʩʥʽʩʪʴ ʢʦʥʮʝʧʮʽʾ 

çʨʦʟʫʤʥʦʛʦè ʙʫʜʠʥʢʫ, ʥʘʩʣʽʜʢʦʤ ʯʦʛʦ ʻ ʦʜʥʦʙʽʯʥʝ ʧʨʝʜʩʪʘʚʣʝʥʥʷ ʡʦʛʦ ʤʦʞʣʠʚʦʩʪʝʡ ʪʘ 

ʩʝʛʤʝʥʪʽʚ ʢʦʨʠʩʪʫʚʘʯʽʚ [77]. ʋ 2008 ʨʦʮʽ ʙʫʣʦ ʟʘʧʨʦʧʦʥʦʚʘʥʝ ʜʦʩʣʽʜʞʝʥʥʷ ʩʪʘʥʫ ʩʬʝʨʠ 

ʩʠʩʪʝʤ çʨʦʟʫʤʥʠʭè ʙʫʜʠʥʢʽʚ, ʱʦ ʧʨʠʡʤʘʶʪʴ ʢʦʤʧʣʝʢʩʥʫ ʧʝʨʩʧʝʢʪʠʚʫ, ʘ ʥʝ 

ʟʦʩʝʨʝʜʞʫʶʪʴʩʷ ʥʘ ʢʦʥʢʨʝʪʥʽʡ ʮʽʣʴʦʚʽʡ ʘʫʜʠʪʦʨʽʾ, ʧʦʩʣʫʟʽ ʯʠ ʪʝʭʥʦʣʦʛʽʾ [56]. ɼʘʥʝ 

ʜʦʩʣʽʜʞʝʥʥʷ ʦʭʦʧʠʣʦ ʪʝʭʥʽʯʥʠʡ ʩʪʘʥ ʨʽʟʥʠʭ ʧʨʦʝʢʪʽʚ çʨʦʟʫʤʥʦʛʦè ʜʦʤʫ ʪʘ ʧʨʝʜʩʪʘʚʠʣʦ 

ʚʩʝʙʽʯʥʝ ʨʦʟʫʤʽʥʥʷ ʩʫʯʘʩʥʠʭ ʪʘ ʤʘʡʙʫʪʥʽʭ ʧʨʦʙʣʝʤ, ʷʢʽ ʚʠʨʽʰʫʶʪʴ çʨʦʟʫʤʥʽè ʙʫʜʠʥʢʠ 

ʪʘ çʨʦʟʫʤʥʽè ʪʝʭʥʦʣʦʛʽʾ. ɸʚʪʦʨʠ ʟʘʫʚʘʞʠʣʠ ʪʝʥʜʝʥʮʽʶ ʚ ʦʧʠʩʫʚʘʥʥʽ ʧʦʪʝʥʮʽʡʥʠʭ ʧʝʨʝʚʘʛ 

ʪʝʭʥʦʣʦʛʽʾ, ʘʣʝ ʽʛʥʦʨʫʶʯʠ ʪʦʯʢʠ ʟʦʨʫ ʽ ʚʽʜʛʫʢʠ ʢʦʨʠʩʪʫʚʘʯʽʚ ʪʘ ʜʦʪʨʠʤʫʶʯʠʩʴ ʩʫʪʦ 

ʧʨʦʜʫʢʪʦ-ʦʨʽʻʥʪʦʚʘʥʦʛʦ ʧʽʜʭʦʜʫ. ɿʘ ʾʭ ʩʣʦʚʘʤʠ, ʧʝʨʝʚʘʞʥʘ ʪʝʭʥʦʣʦʛʽʯʥʘ ʩʧʨʷʤʦʚʘʥʽʩʪʴ 

ʜʦʩʣʽʜʞʝʥʥʷ ʧʦʷʩʥʶʻ ʥʠʟʴʢʠʡ ʨʽʚʝʥʴ ʧʦʟʠʪʠʚʥʦʛʦ ʩʧʨʠʡʥʷʪʪʷ ʩʠʩʪʝʤ çʨʦʟʫʤʥʠʭè 

ʙʫʜʠʥʢʽʚ ʥʘ ʨʠʥʢʫ. ʇʦ-ʜʨʫʛʝ, ʙʽʣʴʰʽʩʪʴ ʥʘʫʢʦʚʮʽʚ ʧʨʘʛʥʫʪʴ ʜʦʩʣʽʜʞʫʚʘʪʠ çʨʦʟʫʤʥʽè 

ʙʫʜʠʥʢʠ ʫ ʤʝʞʘʭ ʪʝʭʥʽʯʥʦʾ ʨʝʘʣʽʟʘʮʽʾ, ʦʨʽʻʥʪʫʶʯʠʩʴ ʥʘ ʬʫʥʢʮʽʾ ʧʨʠʩʪʨʦʾʚ, 
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ʽʥʬʨʘʩʪʨʫʢʪʫʨʫ ʪʘ ʘʨʭʽʪʝʢʪʫʨʫ ʘʚʪʦʤʘʪʠʟʦʚʘʥʠʭ ʙʫʜʠʥʢʽʚ [78, 79]. ʇʦ-ʪʨʝʪʻ, ʙʽʣʴʰʽʩʪʴ 

ʜʦʩʣʽʜʞʝʥʴ ʦʙʛʦʚʦʨʶʶʪʴ ʧʦʪʝʥʮʽʡʥʽ ʧʝʨʝʚʘʛʠ, ʷʢʽ ʫ ʪʝʦʨʽʾ ʟʜʘʪʥʽ ʟʜʦʙʫʪʠ ʩʠʩʪʝʤʠ 

çʨʦʟʫʤʥʦʛʦè ʙʫʜʠʥʢʫ [80], ʥʘʜʘʶʯʠ, ʧʨʠ ʮʴʦʤʫ, ʤʘʣʦ ʝʤʧʽʨʠʯʥʠʭ ʜʦʢʘʟʽʚ ʱʦʜʦ 

ʟʘʜʦʚʦʣʝʥʥʷ ʧʦʪʨʝʙ ʢʦʨʠʩʪʫʚʘʯʽʚ ʪʘ ʧʝʨʝʚʘʛ ʚʠʢʦʨʠʩʪʘʥʥʷ ʩʠʩʪʝʤʠ çʨʦʟʫʤʥʦʛʦè 

ʙʫʜʠʥʢʫ ʫ ʟʚʠʯʘʡʥʦʤʫ ʧʦʙʫʪʦʚʦʤʫ ʞʠʪʪʽ.  

ʇʨʦʪʷʛʦʤ ʦʩʪʘʥʥʽʭ ʢʽʣʴʢʦʭ ʨʦʢʽʚ ʩʠʩʪʝʤʠ çʨʦʟʫʤʥʦʛʦè ʙʫʜʠʥʢʫ ʰʚʠʜʢʦ 

ʧʨʦʛʨʝʩʫʚʘʣʠ ʽ ʥʘʨʝʰʪʽ ʜʽʡʰʣʠ ʜʦ ʦʩʥʦʚʥʠʭ ʨʠʥʢʽʚ ʪʘ ʩʝʛʤʝʥʪʽʚ ʢʦʨʠʩʪʫʚʘʯʽʚ. ɿ ʦʛʣʷʜʫ 

ʥʘ ʚʠʱʝʟʘʟʥʘʯʝʥʽ ʦʙʤʝʞʝʥʥʷ ʪʘ ʪʦʡ ʬʘʢʪ, ʱʦ ʤʠʥʫʣʦ ʤʘʡʞʝ ʜʝʩʷʪʠʣʽʪʪʷ ʟ ʤʦʤʝʥʪʫ ʙʽʣʴʰ 

ʛʨʫʥʪʦʚʥʦʛʦ ʦʛʣʷʜʫ ʥʘʫʢʦʚʠʭ ʜʦʩʷʛʥʝʥʴ ʫ ʮʽʡ ʩʬʝʨʽ [56], ʽʩʥʫʻ ʛʦʩʪʨʘ ʧʦʪʨʝʙʘ  

ʧʝʨʝʛʣʷʥʫʪʠ ʩʫʯʘʩʥʠʡ ʩʪʘʥ ʜʦʩʣʽʜʞʝʥʴ.  

ʇʨʦʚʝʜʝʥʥʷ ʘʥʘʣʽʟʫ ʣʽʪʝʨʘʪʫʨʥʠʭ ʜʞʝʨʝʣ ʚʢʣʶʯʘʣʦ ʝʪʘʧ ʩʠʩʪʝʤʘʪʠʯʥʦʛʦ ʧʦʰʫʢʫ 

ʥʘ ʦʩʥʦʚʽ ʚʽʜʧʦʚʽʜʥʠʭ ʧʦʰʫʢʦʚʠʭ ʪʝʨʤʽʥʽʚ. ɹʫʣʦ ʦʙʨʘʥʦ ʝʣʝʢʪʨʦʥʥʫ ʙʘʟʫ ʜʘʥʠʭ Scopus, 

ʦʩʢʽʣʴʢʠ ʚʦʥʘ ʷʚʣʷʻ ʩʦʙʦʶ ʥʘʡʙʽʣʴʰʫ ʙʘʟʫ ʮʠʪʘʪ ʪʘ ʨʝʬʝʨʘʪʽʚ ʜʦʩʣʽʜʥʠʮʴʢʦʾ ʣʽʪʝʨʘʪʫʨʠ 

ʽ ʟʘʙʝʟʧʝʯʫʻ ʰʠʨʦʢʝ ʚʠʩʚʽʪʣʝʥʥʷ ʪʝʤʠ ʦʛʣʷʜʫ ʥʘʫʢʦʚʠʭ ʜʦʩʷʛʥʝʥʴ [81]. ɺʠʙʽʨ ʢʣʶʯʦʚʠʭ 

ʩʣʽʚ ʦʙʤʝʞʫʚʘʚʩʷ ʪʝʨʤʽʥʦʤ "ʨʦʟʫʤʥʠʡ ʙʫʜʠʥʦʢ". ɺʠʙʽʨ ʬʨʘʟʠ ʙʫʚ ʚʠʧʨʘʚʜʘʥʠʡ ʚʠʤʦʛʦʶ 

ʦʭʦʧʠʪʠ ʚʩʶ ʦʙʣʘʩʪʴ ʚʧʣʠʚʫ ʩʠʩʪʝʤ çʨʦʟʫʤʥʦʛʦè ʙʫʜʠʥʢʫ ʚʩʝʨʝʜʠʥʽ ʙʫʜʽʚʝʣʴ ʪʘ ʧʦʟʘ 

ʥʠʤʠ, ʘ ʪʘʢʦʞ ʪʘʢʽ ʘʩʧʝʢʪʠ, ʷʢ ʢʦʨʠʩʪʴ ʚʠʢʦʨʠʩʪʘʥʥʷ ʩʠʩʪʝʤ çʨʦʟʫʤʥʠʭè ʙʫʜʠʥʢʽʚ. 

ʌʦʨʤʫʣʶʚʘʥʥʷ ʢʣʶʯʦʚʠʭ ʩʣʽʚ ʧʦʯʘʣʦʩʷ ʟ ʙʽʣʴʰ ʰʠʨʦʢʦʛʦ ʨʦʟʫʤʽʥʥʷ ʽ ʙʫʣʦ ʟʚʫʞʝʥʝ ʜʦ 

ʙʽʣʴʰ ʢʦʥʢʨʝʪʥʠʭ ʪʝʨʤʽʥʽʚ (ʥʘʧʨʠʢʣʘʜ, ʨʦʟʫʤʥʠʡ ʜʽʤ, ʨʦʟʫʤʥʽ ʙʫʜʠʥʢʠ, ʨʦʟʫʤʥʝ 

ʙʫʜʽʚʥʠʮʪʚʦ, ʪʝʭʥʦʣʦʛʽʷ ʨʦʟʫʤʥʦʛʦ ʜʦʤʫ ʪʘ ʨʦʟʫʤʥʽ ʪʝʭʥʦʣʦʛʽʾ). ʇʦʯʘʪʢʦʚʠʤ ʤʦʤʝʥʪʦʤ 

ʙʫʚ ʧʝʨʝʛʣʷʜ ʨʝʟʫʣʴʪʘʪʽʚ ʥʘ ʦʩʥʦʚʽ ʚʠʱʝʟʘʟʥʘʯʝʥʦʛʦ ʧʦʰʫʢʫ ʟʘ ʢʣʶʯʦʚʠʤʠ ʩʣʦʚʘʤʠ. ʇʽʜ 

ʯʘʩ ʜʦʩʣʽʜʞʝʥʥʷ ʩʪʘʪʝʡ ʙʫʣʦ ʚʠʢʦʨʠʩʪʘʥʦ ʤʦʞʣʠʚʽʩʪʴ ʨʦʟʰʠʨʝʥʦʛʦ ʧʦʰʫʢʫ, ʱʦ 

ʨʦʟʰʠʨʚʁʘʣʦ ʨʝʟʫʣʴʪʘʪʠ ʧʫʙʣʽʢʘʮʽʡ ʫ ʬʦʨʤʽ çʩʪʘʪʝʡè, çʨʦʟʜʽʣʽʚ ʢʥʠʛè, çʦʛʣʷʜʽʚè ʪʘ 

çʩʪʘʪʝʡ ʫ ʧʨʝʩʽè, ʦʧʫʙʣʽʢʦʚʘʥʠʭ ʘʥʛʣʽʡʩʴʢʦʶ ʤʦʚʦʶ. ɿʘʩʪʦʩʦʚʫʚʘʣʦʩʷ ʦʙʤʝʞʝʥʥʷ 

ʢʨʠʪʝʨʽʾʚ ʧʦʰʫʢʫ ʜʦ ʧʫʙʣʽʢʘʮʽʡ, ʦʧʫʙʣʽʢʦʚʘʥʠʭ ʫ ʧʝʨʽʦʜ ʟ 2002 ʧʦ 2019 ʨʽʢ, ʧʦʩʠʣʘʶʯʠʩʴ 

ʥʘ ʧʝʨʽʦʜ, ʢʦʣʠ ʜʦʩʣʽʜʞʝʥʥʷ ʚ ʮʽʡ ʛʘʣʫʟʽ ʩʪʘʣʠ ʩʠʩʪʝʤʘʪʠʯʥʠʤʠ, ʱʦ ʚʽʜʦʙʨʘʞʘʻʪʴʩʷ 

ʨʽʟʢʠʤ ʟʙʽʣʴʰʝʥʥʷʤ ʢʽʣʴʢʦʩʪʽ ʧʫʙʣʽʢʘʮʽʡ ʫ 2002 ʨʦʮʽ ʧʦʨʽʚʥʷʥʦ ʟ ʩʭʦʞʠʤʠ 

ʜʦʩʣʽʜʞʝʥʥʷʤʠ, ʱʦ ʧʫʙʣʽʢʫʚʘʣʠʩʷ ʨʘʥʽʰʝ. ʇʨʝʜʤʝʪʥʘ ʦʙʣʘʩʪʴ ʧʦʰʫʢʫ ʙʫʣʘ ʦʙʤʝʞʝʥʘ 
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ʪʘʢʠʤʠ ʜʠʩʮʠʧʣʽʥʘʤʠ, ʷʢ "ʩʫʩʧʽʣʴʩʪʚʦʟʥʘʚʩʪʚʦ", "ʙʽʟʥʝʩ ʪʘ ʤʝʥʝʜʞʤʝʥʪ", "ʤʠʩʪʝʮʪʚʦ ʪʘ 

ʛʫʤʘʥʽʪʘʨʥʽ ʥʘʫʢʠ", "ʧʩʠʭʦʣʦʛʽʷ" ʪʘ "ʥʘʫʢʘ ʧʨʦ ʨʽʰʝʥʥʷ". ɺ ʨʝʟʫʣʴʪʘʪʽ ʧʦʰʫʢʫ ʙʫʣʦ 

ʚʠʷʚʣʝʥʦ 457 ʜʦʢʫʤʝʥʪʠ. ɿ ʦʛʣʷʜʫ ʥʘ ʤʝʪʫ ʮʴʦʛʦ ʘʥʘʣʽʟʫ, ʙʫʣʠ ʚʢʣʶʯʝʥʽ ʣʠʰʝ ʘʢʘʜʝʤʽʯʥʽ 

ʩʪʘʪʪʽ, ʱʦ ʩʪʦʩʫʶʪʴʩʷ ʩʠʩʪʝʤ çʨʦʟʫʤʥʠʭè ʙʫʜʠʥʢʽʚ, çʨʦʟʫʤʥʠʭè ʪʝʭʥʦʣʦʛʽʡ ʪʘ ʾʭ 

ʢʦʨʠʩʪʫʚʘʯʽʚ.  

ɼʣʷ ʟʙʽʣʴʰʝʥʥʷ ʢʽʣʴʢʦʩʪʽ ʜʦʩʣʽʜʞʝʥʴ, ʱʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠʩʴ ʫ ʘʥʘʣʽʟʽ 

ʚʠʢʦʨʠʩʪʘʥʦ ʧʦʰʫʢ ʟʚʦʨʦʪʥʴʦʛʦ ʮʠʪʫʚʘʥʥʷ [82].  ɿʚʦʨʦʪʥʝ ʮʠʪʫʚʘʥʥʷ ʻ ʤʝʪʦʜʦʤ 

ʦʪʨʠʤʘʥʥʷ ʛʣʠʙʰʠʭ ʟʥʘʥʴ ʧʨʦ ʪʝʤʫ ʧʦʰʫʢʫ, ʢʨʽʤ ʚʠʙʨʘʥʠʭ ʢʣʶʯʦʚʠʭ ʩʣʽʚ. ɺʦʥʦ 

ʚʠʟʥʘʯʘʻʪʴʩʷ ʷʢ ʧʨʦʮʝʩ ʟʥʘʭʦʜʞʝʥʥʷ ʪʘ ʜʦʩʣʽʜʞʝʥʥʷ ʧʦʩʠʣʘʥʴ, ʮʠʪʦʚʘʥʠʭ ʫ ʚʠʙʨʘʥʠʭ 

ʩʪʘʪʪʷʭ [83]. ɼʦʩʣʽʜʞʝʥʥʷ ʟʚʦʨʦʪʥʠʭ ʮʠʪʘʪ ʙʫʣʦ ʟʘʩʪʦʩʦʚʘʥʦ ʜʦ 42 ʚʠʙʨʘʥʠʭ ʩʪʘʪʝʡ, ʚ 

ʨʝʟʫʣʴʪʘʪʽ ʯʦʛʦ ʜʦ ʜʦʢʫʤʝʥʪʽʚ, ʟʘʚʘʥʪʘʞʝʥʠʭ ʽʟ ʙʘʟʠ ʜʘʥʠʭ, ʙʫʚ ʜʦʜʘʥʠʡ 101 ʜʦʢʫʤʝʥʪ. 

ʆʙôʻʜʥʘʚʰʠ ʨʦʙʦʪʠ, ʷʢʽ ʙʫʣʠ ʚʠʟʥʘʯʝʥʽ ʟʘ ʜʦʧʦʤʦʛʦʶ ʝʣʝʢʪʨʦʥʥʦʛʦ ʧʦʰʫʢʫ ʚ ʙʘʟʽ ʜʘʥʠʭ 

ʪʘ ʧʦʧʝʨʝʜʥʴʦʛʦ ʧʦʰʫʢʫ ʮʠʪʫʚʘʥʥʷ, ʜʣʷ ʦʛʣʷʜʫ ʙʫʣʦ ʟʘʚʘʥʪʘʞʝʥʦ 143 ʩʪʘʪʪʽ. 

ɼʣʷ ʧʦʷʩʥʝʥʥʷ ʪʝʨʤʽʥʫ çʨʦʟʫʤʥʦʛʦè ʙʫʜʠʥʢʫ ʙʫʣʠ ʚʠʢʦʨʠʩʪʘʥʽ ʨʽʟʥʽ ʚʠʟʥʘʯʝʥʥʷ. 

ʅʘʧʨʠʢʣʘʜ ʻ ʚʠʟʥʘʯʝʥʥʷ, ʱʦ ʚʠʩʚʽʪʣʶʚʘʣʠ ʧʨʠʨʦʜʫ ʨʦʟʫʤʥʠʭ ʙʫʜʠʥʢʽʚ [84]. ɸʚʪʦʨʠ 

ʚʠʟʥʘʯʠʣʠ ʪʝʨʤʽʥ çʨʦʟʫʤʥʠʡè ʙʫʜʠʥʦʢ, ʷʢ "ʙʫʜʽʚʣʶ, ʦʙʣʘʜʥʘʥʫ ʦʙʯʠʩʣʶʚʘʣʴʥʠʤʠ ʪʘ 

ʽʥʬʦʨʤʘʮʽʡʥʠʤʠ ʪʝʭʥʦʣʦʛʽʷʤʠ, ʷʢʘ ʧʝʨʝʜʙʘʯʘʻ  ʧʦʪʨʝʙʠ ʤʝʰʢʘʥʮʽʚ, ʧʨʘʮʶʶʯʠ ʥʘʜ 

ʧʽʜʚʠʱʝʥʥʷʤ ʾʭʥʴʦʛʦ ʢʦʤʬʦʨʪʫ ʞʠʪʪʷ, ʟʨʫʯʥʦʩʪʽ, ʙʝʟʧʝʢʠ ʪʘ ʨʦʟʚʘʛ ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʫʧʨʘʚʣʽʥʥʷ ʪʝʭʥʦʣʦʛʽʷʤʠ ʚ ʙʫʜʠʥʢʫ ʪʘ ʟʚôʷʟʢʦʤ ʟʽ ʩʚʽʪʦʤ ʟʘ ʡʦʛʦ ʤʝʞʘʤʠè. ɰʭʥʻ 

ʚʠʟʥʘʯʝʥʥʷ ʦʭʦʧʣʶʚʘʣʦ ʪʝʭʥʦʣʦʛʽʯʥʫ ʩʢʣʘʜʦʚʫ ʩʠʩʪʝʤʠ, ʧʦʩʣʫʛʠ ʪʘ ʬʫʥʢʮʽʾ, ʷʢʽ ʚʦʥʘ 

ʤʘʻ ʟʤʦʛʫ ʥʘʜʘʚʘʪʠ ʪʘ ʪʠʧʠ ʧʦʪʨʝʙ ʢʦʨʠʩʪʫʚʘʯʽʚ, ʷʢʽ ʨʦʟʨʦʙʥʠʢʠ ʧʨʘʛʥʫʪʴ ʟʘʜʦʚʦʣʴʥʠʪʠ 

ʟʘ ʜʦʧʦʤʦʛʦʶ çʨʦʟʫʤʥʠʭè ʙʫʜʠʥʢʽʚ. ɸʥʘʣʦʛʽʯʥʦʛʦ ʧʽʜʭʦʜʫ ʜʦʪʨʠʤʫʚʘʣʦʩʷ ʽʥʰʝ 

ʚʠʟʥʘʯʝʥʥʷ, ʷʢʝ ʦʧʠʩʫʻ çʨʦʟʫʤʥʽè ʙʫʜʠʥʢʠ ʷʢ çʽʥʪʝʛʨʘʮʽʶ ʨʽʟʥʠʭ ʩʣʫʞʙ ʫ ʙʫʜʠʥʢʫ, 

ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ ʟʘʛʘʣʴʥʫ ʩʠʩʪʝʤʫ ʢʦʤʤʫʥʽʢʘʮʽʾ. ʎʝ ʟʘʙʝʟʧʝʯʫʻ ʝʢʦʥʦʤʥʫ, ʙʝʟʧʝʯʥʫ ʪʘ 

ʢʦʤʬʦʨʪʥʫ ʝʢʩʧʣʫʘʪʘʮʽʶ ʙʫʜʠʥʢʫ ʪʘ ʚʢʣʶʯʘʻ ʚʠʩʦʢʠʡ ʨʽʚʝʥʴ ʽʥʪʝʣʝʢʪʫʘʣʴʥʦʾ 

ʬʫʥʢʮʽʦʥʘʣʴʥʦʩʪʽ ʪʘ ʛʥʫʯʢʦʩʪʽè. ʍʦʯʘ ʦʙʠʜʚʘ ʚʠʟʥʘʯʝʥʥʷ ʤʘʶʪʴ ʩʭʦʞʽ ʧʨʠʥʮʠʧʠ, ʚʦʥʠ 

ʚʽʜʨʽʟʥʷʶʪʴʩʷ ʤʽʞ ʩʦʙʦʶ ʟʘ ʬʫʥʢʮʽʷʤʠ, ʷʢʽ ʤʦʞʝ ʥʘʜʘʪʠ ʪʝʭʥʦʣʦʛʽʷ ʽ ʪʠʧʦʤ 

ʢʦʨʠʩʪʫʚʘʯʽʚ, ʷʢʽ ʚʦʥʘ ʤʘʻ ʥʘ ʤʝʪʽ ʟʘʜʦʚʦʣʴʥʠʪʠ. ɿʘʛʘʣʦʤ, ʙʽʣʴʰʽʩʪʴ ʥʘʫʢʦʚʮʽʚ ʧʨʠ 
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ʚʠʟʥʘʯʝʥʥʽ «ʨʦʟʫʤʥʠʭ» ʙʫʜʠʥʢʽʚ ʧʦʩʠʣʘʶʪʴʩʷ ʥʘ ʪʝʭʥʦʣʦʛʽʯʥʽ ʦʟʥʘʢʠ. ɼʝʷʢʽ ʜʦʩʣʽʜʥʠʢʠ 

ʚʠʟʥʘʯʘʶʪʴ, ʱʦ "ʨʦʟʫʤʥʠʡ ʜʽʤ - ʮʝ ʙʫʜʽʚʣʷ, ʦʙʣʘʜʥʘʥʘ ʚʠʩʦʢʦʪʝʭʥʦʣʦʛʽʯʥʦʶ ʤʝʨʝʞʝʶ, 

ʷʢʘ ʟʚ'ʷʟʫʻ ʜʘʪʯʠʢʠ ʪʘ ʧʦʙʫʪʦʚʽ ʧʨʠʩʪʨʦʾ,  ʷʢʠʤʠ ʤʦʞʥʘ ʚʽʜʜʘʣʝʥʦ ʢʦʥʪʨʦʣʶʚʘʪʠ, 

ʦʪʨʠʤʫʚʘʪʠ ʜʦʩʪʫʧ ʪʘ ʥʘʜʘʚʘʪʠ ʬʫʥʢʮʽʦʥʘʣ, ʱʦ ʚʽʜʧʦʚʽʜʘʻ ʧʦʪʨʝʙʘʤ ʡʦʛʦ ʤʝʰʢʘʥʮʽʚè 

[85]. ɯʥʰʽ ʜʦʩʣʽʜʞʝʥʥʷ ʜʦʪʨʠʤʫʚʘʣʠʩʴ ʘʥʘʣʦʛʽʯʥʦʛʦ ʧʽʜʭʦʜʫ ʙʝʟ ʢʦʥʢʨʝʪʠʟʘʮʽʾ ʪʝʭʥʽʯʥʠʭ 

ʝʣʝʤʝʥʪʽʚ çʨʦʟʫʤʥʠʭè ʙʫʜʠʥʢʽʚ [68]. ɸʚʪʦʨʠ ʢʦʥʩʪʘʪʫʚʘʣʠ, ʱʦ ʮʝ "ʜʦʤʘʰʥʻ 

ʩʝʨʝʜʦʚʠʱʝ, ʷʢʝ ʚʦʣʦʜʽʻ ʽʥʪʝʣʝʢʪʦʤ ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʪʘ ʤʦʞʣʠʚʽʩʪʶ 

ʘʚʪʦʤʘʪʠʯʥʦʛʦ ʢʝʨʫʚʘʥʥʷ, ʷʢʝ ʜʦʟʚʦʣʷʻ ʡʦʤʫ ʨʝʘʛʫʚʘʪʠ ʥʘ ʧʦʚʝʜʽʥʢʫ ʤʝʰʢʘʥʮʽʚ ʪʘ 

ʥʘʜʘʚʘʪʠ ʾʤ ʨʽʟʥʽ ʚʠʜʠ ʜʦʧʦʤʦʛʠ". ʈʦʟʛʣʷʥʫʪʽ ʚʠʟʥʘʯʝʥʥʷ [68, 85] ʧʦʜʽʣʷʶʪʴ ʽʜʝʶ 

ʟʜʘʪʥʦʩʪʽ ʨʝʘʛʫʚʘʪʠ ʥʘ ʧʦʪʨʝʙʠ ʤʝʰʢʘʥʮʽʚ ʟʘ ʜʦʧʦʤʦʛʦʶ ʘʚʪʦʤʘʪʠʟʦʚʘʥʠʭ ʪʝʭʥʽʯʥʠʭ 

ʨʽʰʝʥʴ. ʊʝʭʥʦʣʦʛʽʯʥʫ ʧʝʨʩʧʝʢʪʠʚʫ ʪʘʢʦʞ ʧʽʜʪʨʠʤʘʣʠ ʽʥʰʽ ʜʦʩʣʽʜʥʠʢʠ, ʷʢʽ ʦʧʠʩʘʣʠ ʾʾ ʷʢ 

ʩʠʩʪʝʤʫ, ʚʜʦʩʢʦʥʘʣʝʥʫ ʪʨʴʦʤʘ ʨʽʚʥʷʤʠ çʨʦʟʫʤʥʦʩʪʽè, ʘ ʩʘʤʝ çʨʦʟʫʤʥʠʤʠè ʧʨʠʣʘʜʘʤʠ, 

çʨʦʟʫʤʥʠʤè ʫʧʨʘʚʣʽʥʥʷʤ ʪʘ çʨʦʟʫʤʥʠʤʠè ʜʘʪʯʠʢʘʤʠ. ɯʥʪʝʛʨʘʮʽʷ ʪʘ ʩʧʽʚʧʨʘʮʷ ʮʠʭ ʪʨʴʦʭ 

ʢʦʤʧʦʥʝʥʪ ʩʪʚʦʨʶʻ çʨʦʟʫʤʥʝè ʧʦʙʫʪʦʚʝ ʩʝʨʝʜʦʚʠʱʝ ʫ ʙʫʜʠʥʢʫ. 

ʉʝʨʚʽʩʥʝ ʚʠʟʥʘʯʝʥʥʷ ʻ ʱʝ ʦʜʥʠʤ ʧʽʜʭʦʜʦʤ ʜʦ ʨʦʟʫʤʽʥʥʷ çʨʦʟʫʤʥʦʛʦè ʙʫʜʠʥʢʫ. ʋ 

ʜʝʷʢʠʭ ʧʦʛʣʷʜʘʭ ʜʦʩʣʽʜʥʠʢʽʚ, ʦʩʥʦʚʥʦʶ ʬʫʥʢʮʽʻʶ, ʷʢʫ ʚʧʨʦʚʘʜʞʫʻ «ʨʦʟʫʤʥʠʡ» ʜʽʤ, ʻ 

ʫʧʨʘʚʣʽʥʥʷ ʩʧʦʞʠʚʘʥʥʷʤ ʝʥʝʨʛʽʾ. ʊʘʢʝ ʙʘʯʝʥʥʷ ʧʦʣʷʛʘʻ ʫ ʪʦʤʫ, ʱʦ ʽʥʪʝʣʝʢʪʫʘʣʴʥʠʡ 

ʙʫʜʠʥʦʢ ʦʙʣʘʜʥʘʥʠʡ ʙʝʟʣʽʯʯʶ ʧʨʠʩʪʨʦʾʚ, ʷʢʽ ʩʧʽʚʧʨʘʮʶʶʪʴ ʦʜʠʥ ʟ ʦʜʥʠʤ ʷʢ ʦʜʥʦʨʽʜʥʘ 

ʩʠʩʪʝʤʘ, ʩʧʨʠʷʻ ʝʬʝʢʪʠʚʥʦʤʫ ʫʧʨʘʚʣʽʥʥʶ ʩʧʦʞʠʚʘʥʥʷʤ ʝʥʝʨʛʽʾ. ʊʘʢʦʞ ʙʫʣʦ ʚʠʟʥʘʯʝʥʦ, 

ʱʦ ʩʠʩʪʝʤʘ ʧʨʘʮʶʻ ʟʘʚʜʷʢʠ ʽʥʪʝʛʨʘʮʽʾ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʬʫʥʢʮʽʡ, ʪʘʢʠʭ ʷʢ «ʨʦʟʫʤʥʝ» 

ʦʧʘʣʝʥʥʷ ʪʘ «ʨʦʟʫʤʥʽ» ʣʽʯʠʣʴʥʠʢʠ. ʎʷ ʛʨʫʧʘ ʚʠʟʥʘʯʝʥʴ ʟʚʝʨʪʘʻ ʙʽʣʴʰʝ ʫʚʘʛʫ ʜʦ ʨʽʚʥʷ 

ʩʧʦʞʠʚʘʥʥʷ ʝʥʝʨʛʽʾ ʪʘ ʩʧʨʠʷʻ ʧʦʪʝʥʮʽʘʣʫ ʬʫʥʢʮʽʡ çʨʦʟʫʤʥʦʛʦè ʙʫʜʠʥʢʫ ʜʣʷ ʧʽʜʚʠʱʝʥʥʷ 

ʢʦʤʬʦʨʪʫ ʢʦʨʠʩʪʫʚʘʯʽʚ. ʆʨʽʻʥʪʫʶʯʠʩʴ ʥʘ ʽʥʰʠʡ ʢʦʥʪʝʢʩʪ, ʙʫʣʠ ʧʽʜʢʨʝʩʣʝʥʽ ʧʦʪʨʝʙʠ ʚ 

ʦʭʦʨʦʥʽ ʟʜʦʨʦʚ'ʷ ʟ ʧʦʛʣʷʜʫ ʣʶʜʝʡ ʧʦʭʠʣʦʛʦ ʚʽʢʫ. ʎʝ ʚʠʟʥʘʯʝʥʥʷ ʟʘʟʥʘʯʘʻ, ʱʦ "ʨʦʟʫʤʥʠʡ 

ʜʽʤ - ʮʝ ʙʫʜʠʥʦʢ, ʷʢʠʡ ʦʙʽʮʷʻ ʟʘʙʝʟʧʝʯʠʪʠ ʝʢʦʥʦʤʥʫ ʜʦʧʦʤʦʛʫ ʫ ʞʠʪʪʽʜʽʷʣʴʥʦʩʪʽ ʥʘ ʜʦʤʫ 

ʜʣʷ ʣʶʜʝʡ ʧʦʭʠʣʦʛʦ ʚʽʢʫ ʪʘ ʢʦʨʠʩʪʫʚʘʯʽʚ ʟ ʦʙʤʝʞʝʥʠʤʠ ʤʦʞʣʠʚʦʩʪʷʤʠ". ɯʩʥʫʻ ʨʷʜ ʽʥʰʠʭ 

ʧʦʷʩʥʝʥʴ, ʷʢʽ ʧʽʜʪʨʠʤʫʶʪʴ ʢʦʥʮʝʧʮʽʶ ʪʝʭʥʦʣʦʛʽʾ çʨʦʟʫʤʥʦʛʦè ʙʫʜʠʥʢʫ ʜʣʷ ʟʘʜʦʚʦʣʝʥʥʷ 

ʧʦʪʨʝʙ ʣʶʜʝʡ ʧʦʭʠʣʦʛʦ ʚʽʢʫ, ʧʽʜʚʠʱʝʥʥʷ ʷʢʦʩʪʽ ʞʠʪʪʷ ʪʘ ʩʧʨʠʷʥʥʷ ʥʝʟʘʣʝʞʥʦʤʫ ʞʠʪʪʶ 
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ʢʦʨʠʩʪʫʚʘʯʽʚ [70]. ɼʠʩʪʘʥʮʽʡʥʦ ʢʝʨʦʚʘʥʽ ʪʝʭʥʦʣʦʛʽʾ ʜʦʟʚʦʣʠʣʠ ʟʘʧʨʦʚʘʜʠʪʠ ʧʦʩʣʫʛʠ, ʷʢʽ 

ʙ ʚʽʜʧʦʚʽʜʘʣʠ ʧʦʪʨʝʙʘʤ ʥʘʩʝʣʝʥʥʷ ʣʽʪʥʴʦʛʦ ʚʽʢʫ. 

ʉʝʨʝʜ ʚʠʱʝʟʘʟʥʘʯʝʥʠʭ ʚʠʟʥʘʯʝʥʴ ʻ ʩʫʪʪʻʚʝ ʧʝʨʝʩʽʢʘʥʥʷ, ʷʢʝ ʚʠʜʽʣʷʻ ʪʨʠ ʩʧʽʣʴʥʽ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ: ʪʝʭʥʦʣʦʛʽʾ, ʬʫʥʢʮʽʾ ʪʘ ʤʦʞʣʠʚʽʩʪʴ ʟʘʜʦʚʦʣʝʥʥʷ ʧʦʪʨʝʙ ʢʦʨʠʩʪʫʚʘʯʽʚ. 

ʆʩʥʦʚʦʶ çʨʦʟʫʤʥʦʛʦè ʙʫʜʠʥʢʫ ʻ ʪʝʭʥʦʣʦʛʽʷ, ʷʢʘ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʘʧʘʨʘʪʥʠʭ ʪʘ ʧʨʦʛʨʘʤʥʠʭ 

ʢʦʤʧʦʥʝʥʪʽʚ, ʚʢʣʶʯʘʶʯʠ ʜʘʪʯʠʢʠ ʪʘ ʧʦʙʫʪʦʚʫ ʪʝʭʥʽʢʫ.  

ʇʨʝʜʩʪʘʚʣʝʥʽ ʫ ʚʠʛʣʷʜʽ ʧʨʝʜʤʝʪʽʚ ʯʠ ʝʣʝʢʪʨʦʥʥʠʭ ʧʨʠʩʪʨʦʾʚ, ʜʘʪʯʠʢʠ ʟʜʘʪʥʽ 

ʚʠʷʚʣʷʪʠ ʟʤʽʥʠ ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ [59]. ɼʘʪʯʠʢʠ ʽʥʪʝʛʨʦʚʘʥʽ ʫ ʧʦʙʫʪʦʚʫ 

ʪʝʭʥʽʢʫ ʟʘ ʜʦʧʦʤʦʛʦʶ ʙʝʟʜʨʦʪʦʚʠʭ ʪʘ ʜʨʦʪʦʚʠʭ ʩʠʩʪʝʤ, ʱʦ ʜʘʶʪʴ ʟʤʦʛʫ ʩʪʝʞʠʪʠ ʟʘ 

ʤʝʰʢʘʥʮʷʤʠ ʪʘ ʚʽʜʩʣʽʜʢʦʚʫʚʘʪʠ ʾʭ ʜʽʾ ʧʽʜ ʯʘʩ ʧʝʨʝʛʣʷʜʫ ʪʝʣʝʚʽʟʦʨʘ, ʧʨʠʛʦʪʫʚʘʥʥʷ ʾʞʽ, 

ʩʥʫ, ʧʨʠʙʠʨʘʥʥʷ ʪʘ ʧʨʦʚʝʜʝʥʥʷ ʨʷʜʫ ʽʥʰʠʭ ʟʘʥʷʪʴ. ʉʠʩʪʝʤʘ ʧʨʝʜʩʪʘʚʣʷʻ ʢʦʤʙʽʥʫʚʘʥʥʷ 

ʧʨʠʣʘʜʽʚ ʪʘ ʜʘʪʯʠʢʽʚ, ʷʢʽ ʥʘʜʘʶʪʴ ʨʽʟʥʦʤʘʥʽʪʪʷ ʬʫʥʢʮʽʡ ʩʠʩʪʝʤʠ, ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʧʦʪʨʝʙ 

ʤʝʰʢʘʥʮʽʚ. ɸʨʭʽʪʝʢʪʫʨʘ ʩʠʩʪʝʤʠ ʚʠʟʥʘʯʘʻ ʬʫʥʢʮʽʾ ʪʘ ʢʦʨʠʩʪʴ, ʷʢʫ ʤʦʞʝ ʥʘʜʘʪʠ 

çʨʦʟʫʤʥʠʡè ʙʫʜʠʥʦʢ [56]. ʑʦ ʩʪʦʩʫʻʪʴʩʷ ʧʽʜʪʨʠʤʢʠ ʢʦʤʬʦʨʪʥʦʛʦ ʩʧʦʩʦʙʫ ʞʠʪʪʷ, 

çʨʦʟʫʤʥʠʡè ʙʫʜʠʥʦʢ ʧʨʝʜʩʪʘʚʣʷʻ ʦʩʝʣʶ ʟ ʜʘʪʯʠʢʘʤʠ ʪʘ ʧʦʙʫʪʦʚʠʤʠ ʧʨʠʩʪʨʦʷʤʠ, 

ʧʦʚôʷʟʘʥʠʤʠ ʯʝʨʝʟ ʢʦʤʫʥʽʢʘʮʽʡʥʫ ʤʝʨʝʞʫ. ʎʝ ʜʘʻ ʤʦʞʣʠʚʽʩʪʴ ʢʦʨʠʩʪʫʚʘʯʘʤ ʜʠʩʪʘʥʮʽʡʥʦ 

ʢʝʨʫʚʘʪʠ ʧʦʙʫʪʦʚʠʤʠ ʧʨʠʣʘʜʘʤʠ ʪʘ ʟʤʝʥʰʫʚʘʪʠ ʪʷʛʘʨ ʧʦʚʩʷʢʜʝʥʥʦʾ ʧʦʙʫʪʦʚʦʾ 

ʜʽʷʣʴʥʦʩʪʽ ʥʘ ʤʝʰʢʘʥʮʽʚ [66]. ʇʽʜʢʣʶʯʝʥʽ ʧʨʠʩʪʨʦʾ ʜʘʶʪʴ ʤʦʞʣʠʚʽʩʪʴ ʤʝʰʢʘʥʮʷʤ 

çʨʦʟʫʤʥʦʛʦè ʙʫʜʠʥʢʫ ʝʬʝʢʪʠʚʥʦ ʢʝʨʫʚʘʪʠ ʩʧʦʞʠʚʘʥʥʷʤ ʝʥʝʨʛʽʾ, ʧʽʜʚʠʱʫʶʯʠ ʾʭ 

ʟʨʫʯʥʽʩʪʴ ʪʘ ʢʦʤʬʦʨʪ ʫ ʱʦʜʝʥʥʦʤʫ ʧʦʙʫʪʽ. ʇʦʚʥʽʩʪʶ ʘʚʪʦʤʘʪʠʟʦʚʘʥʽ ʧʨʠʩʪʨʦʾ ʤʘʶʪʴ 

ʤʦʞʣʠʚʦʩʪʽ ʜʣʷ ʧʦʢʨʘʱʝʥʥʷ ʷʢʦʩʪʽ ʞʠʪʪʷ ʪʘ ʟʘʦʭʦʯʝʥʥʷ ʜʦ ʩʘʤʦʩʪʽʡʥʦʛʦ ʞʠʪʪʷ 

ʤʝʰʢʘʥʮʽʚ, ʦʩʦʙʣʠʚʦ ʜʣʷ ʣʶʜʝʡ ʧʦʭʠʣʦʛʦ ʚʽʢʫ, ʟʘʚʜʷʢʠ ʧʦʩʪʽʡʥʦʤʫ ʢʦʥʪʨʦʣʶ ʟʘ 

ʟʜʦʨʦʚôʷʤ, ʘ ʪʘʢʦʞ ʤʦʞʣʠʚʦʩʪʽ ʥʘʜʘʚʘʪʠ ʚʽʨʪʫʘʣʴʥʫ ʤʝʜʠʯʥʫ ʜʦʧʦʤʦʛʫ ʫ ʚʠʧʘʜʢʘʭ 

ʧʦʪʨʝʙʠ. çʈʦʟʫʤʥʠʡè ʙʫʜʠʥʦʢ ʷʚʣʷʻ ʩʦʙʦʶ ʽʥʪʝʣʝʢʪʫʘʣʴʥʽ ʧʨʠʩʪʨʦʾ ʪʘ ʩʝʥʩʦʨʠ, 

ʽʥʪʝʛʨʦʚʘʥʽ ʚ ʽʥʪʝʣʝʢʪʫʘʣʴʥʫ ʩʠʩʪʝʤʫ, ʥʘʜʘʶʯʠ ʬʫʥʢʮʽʾ ʫʧʨʘʚʣʽʥʥʷ, ʤʦʥʽʪʦʨʠʥʛʫ, 

ʧʽʜʪʨʠʤʢʠ ʪʘ ʘʜʘʧʪʠʚʥʦʛʦ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʪʘ ʦʭʦʧʣʶʶʯʠ ʮʽʣʠʡ ʩʧʝʢʪʨ ʝʢʦʥʦʤʽʯʥʠʭ, 

ʩʦʮʽʘʣʴʥʠʭ, ʤʝʜʠʯʥʠʭ, ʝʤʦʮʽʡʥʠʭ ʪʘ ʦʭʦʨʦʥʥʠʭ ʧʝʨʝʚʘʛ. 
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ʌʫʥʢʮʽʾ, ʷʢʽ ʟʘʙʝʟʧʝʯʫʶʪʴ çʨʦʟʫʤʥʽè ʙʫʜʠʥʢʠ, ʧʦʜʽʣʷʶʪʴʩʷ ʥʘ ʪʨʠ ʪʠʧʠ: ʙʫʜʠʥʢʠ, 

ʱʦ ʥʘʜʘʶʪʴ ʜʦʛʣʷʜ ʟʘ ʣʶʜʴʤʠ ʣʽʪʥʴʦʛʦ ʚʽʢʫ, ʜʦʧʦʤʘʛʘʶʪʴ ʫ ʜʦʛʣʷʜʽ ʟʘ ʜʽʪʴʤʠ ʪʘ 

ʟʘʙʝʟʧʝʯʫʶʪʴ ʟʘʛʘʣʴʥʽ ʢʦʥʪʨʦʣʶʶʯʽ ʬʫʥʢʮʽʾ ʱʦʜʦ ʦʭʦʨʦʥʠ ʟʜʦʨʦʚ'ʷ ʣʶʜʝʡ. ɼʨʫʛʠʡ ʪʠʧ 

ʤʘʻ ʥʘ ʤʝʪʽ ʚʠʷʚʠʪʠ ʪʘ ʟʽʙʨʘʪʠ ʤʫʣʴʪʠʤʝʜʽʡʥʫ ʽʥʬʦʨʤʘʮʽʶ ʫ ʚʠʛʣʷʜʽ ʚʽʜʝʦ ʪʘ ʬʦʪʦ ʬʘʡʣʽʚ 

ʧʦʙʫʪʦʚʦʛʦ ʞʠʪʪʷ ʤʝʰʢʘʥʮʽʚ ʙʫʜʠʥʢʫ. ʎʝʡ ʪʠʧ ʢʦʥʮʝʧʮʽʾ «ʨʦʟʫʤʥʦʛʦ» ʙʫʜʠʥʢʫ ʤʦʞʝ 

ʚʠʢʣʠʢʘʪʠ ʟʘʥʝʧʦʢʦʻʥʥʷ ʱʦʜʦ ʢʦʥʬʽʜʝʥʮʽʡʥʦʩʪʽ ʪʘ ʚʽʜʯʫʪʪʷ ʚʪʦʨʛʥʝʥʥʷ ʫ ʧʨʠʚʘʪʥʠʡ 

ʧʨʦʩʪʽʨ. ʊʨʝʪʽʡ ʪʠʧ - "ʙʫʜʠʥʦʢ ʥʘʛʣʷʜʫ". ʁʦʛʦ ʬʫʥʢʮʽʾ ʩʧʨʷʤʦʚʘʥʽ ʥʘ ʦʧʨʘʮʶʚʘʥʥʷ ʜʘʥʠʭ 

ʜʣʷ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʪʘ ʧʦʧʝʨʝʜʞʝʥʥʷ ʤʝʰʢʘʥʮʽʚ ʫ ʨʘʟʽ ʤʘʡʙʫʪʥʽʭ ʧʨʠʨʦʜʥʠʭ ʢʘʪʘʩʪʨʦʬ 

ʘʙʦ ʟʘʛʨʦʟ ʾʭʥʽʡ ʙʝʟʧʝʮʽ. ʌʫʥʢʮʽ ʾʮʠʭ «ʨʦʟʫʤʥʠʭ» ʙʫʜʠʥʢʽʚ ʧʦʣʷʛʘʶʪʴ ʫ ʟʙʦʨʽ ʜʘʥʠʭ ʽʟ 

ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʜʣʷ ʚʠʷʚʣʝʥʥʷ ʪʘ ʽʥʬʦʨʤʫʚʘʥʥʷ ʣʶʜʝʡ ʧʨʦ ʟʘʛʨʦʟʫ 

ʚʪʦʨʛʥʝʥʥʷ ʫ ʧʦʤʝʰʢʘʥʥʷ. ɾʦʜʥʦʤʫ ʧʨʦʝʢʪʫ ʥʝ ʚʜʘʣʦʩʷ ʧʦʻʜʥʘʪʠ ʚʩʽ ʬʫʥʢʮʽʾ, ʷʢʽ ʻ 

ʧʝʨʝʜʙʘʯʝʥʠʤʠ ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʩʧʦʩʪʝʨʝʞʝʥʥʷ ʟʘ ʙʫʜʠʥʢʦʤ [68]. ɿʘʧʨʦʧʦʥʦʚʘʥʘ 

ʪʠʧʦʣʦʛʽʷ çʨʦʟʫʤʥʠʭè ʙʫʜʠʥʢʽʚ,  ʧʦʪʝʥʮʽʡʥʦ ʤʦʞʝ ʙʫʪʠ ʨʦʟʰʠʨʝʥʘ ʜʦʜʘʪʢʦʚʦʶ 

ʢʘʪʝʛʦʨʽʻʶ. ʈʷʜ ʥʘʫʢʦʚʮʽʚ ʚʠʟʥʘʣʠ, ʱʦ ʧʦʧʫʣʷʨʥʝ ʦʩʪʘʥʥʽʤ ʯʘʩʦʤ ʙʘʞʘʥʥʷ ʣʶʜʝʡ ʜʦ 

ʝʢʦʣʦʛʽʯʥʦʾ ʦʙʽʟʥʘʥʦʩʪʽ ʧʨʠʟʚʝʣʦ ʜʦ ʦʩʦʙʣʠʚʦʛʦ ʪʠʧʫ «ʨʦʟʫʤʥʦʛʦ» ʙʫʜʠʥʢʫ [57, 86,  87, 

88, 89]. ʎʽ «ʨʦʟʫʤʥʽ» ʙʫʜʠʥʢʠ ʤʘʶʪʴ ʥʘ ʤʝʪʽ ʧʦʟʠʪʠʚʥʦ ʚʧʣʠʚʘʪʠ ʥʘ ʝʢʦʣʦʛʽʶ, 

ʜʦʟʚʦʣʷʶʯʠ ʤʝʰʢʘʥʮʷʤ ʢʦʥʪʨʦʣʶʚʘʪʠ ʪʘ ʨʝʛʫʣʶʚʘʪʠ ʝʥʝʨʛʦʩʧʦʞʠʚʘʥʥʷ ʫ ʾʭʥʽʭ 

ʙʫʜʠʥʢʘʭ. ʊʘʢʦʞ ʫ ʜʝʷʢʠʭ ʥʘʫʢʦʚʠʭ ʨʦʙʦʪʘʭ ʧʨʝʜʩʪʘʚʣʝʥʠʡ çʨʦʟʫʤʥʠʡè ʙʫʜʠʥʦʢ ʷʢ ʥʦʚʝ 

ʪʘ ʛʨʫʥʪʦʚʥʝ ʨʽʰʝʥʥʷ ʜʣʷ ʟʤʝʥʰʝʥʥʷ ʨʽʚʥʷ ʩʧʦʞʠʚʘʥʥʷ ʝʥʝʨʛʽʾ ʪʘ ʧʦʟʠʪʠʚʥʦʤʫ ʚʧʣʠʚʫ 

ʥʘ ʝʢʦʣʦʛʽʶ [87, 93]. ʉʧʝʮʽʘʣʴʥʽ ʜʘʪʯʠʢʠ ʪʘ ʘʚʪʦʤʘʪʠʯʥʽ ʩʠʩʪʝʤʠ ʤʦʥʽʪʦʨʠʥʛʫ ʚ 

çʨʦʟʫʤʥʠʭè ʙʫʜʠʥʢʘʭ ʜʘʶʪʴ ʟʤʦʛʫ ʜʦʩʷʛʪʠ ʩʢʦʨʦʯʝʥʥʶ ʨʽʚʥʷ ʩʧʦʞʠʚʘʥʥʷ ʝʥʝʨʛʽʾ ʙʝʟ 

ʚʪʦʨʛʥʝʥʥʷ ʫ ʞʠʪʪʷ ʤʝʰʢʘʥʮʽʚ ʪʘ ʥʝʦʙʭʽʜʥʦʩʪʽ ʟʤʽʥʠ ʾʭʥʽʭ ʧʦʙʫʪʦʚʠʭ ʟʚʠʯʦʢ. 

ʇʽʩʣʷ ʽʥʰʠʭ ʧʨʦʚʝʜʝʥʠʭ ʜʦʩʣʽʜʞʝʥʴ, ʩʠʩʪʝʤʠ çʨʦʟʫʤʥʦʛʦè ʙʫʜʠʥʢʫ ʨʦʟʜʽʣʠʣʠ ʥʘ 

ʯʦʪʠʨʠ ʧʦʢʦʣʽʥʥʷ, ʱʦʜʦ ʨʽʚʥʷ ʾʭʥʴʦʾ ʪʝʭʥʦʣʦʛʽʯʥʦʾ ʜʦʩʢʦʥʘʣʦʩʪʽ [89]. ʊʘʢʠʡ ʧʦʜʽʣ 

ʜʦʟʚʦʣʠʚ ʧʦʙʘʯʠʪʠ ʝʚʦʣʶʮʽʶ ʩʠʩʪʝʤ çʨʦʟʫʤʥʦʛʦè ʙʫʜʠʥʢʫ. ʉʠʩʪʝʤʠ çʨʦʟʫʤʥʦʛʦè 

ʙʫʜʠʥʢʫ ʧʝʨʰʦʛʦ ʧʦʢʦʣʽʥʥʷ ʧʨʝʜʩʪʘʚʣʷʣʠ ʪʝʭʥʦʣʦʛʽʾ, ʥʝ ʽʥʪʝʛʨʦʚʘʥʽ ʟ ʰʪʫʯʥʠʤ 

ʽʥʪʝʣʝʢʪʦʤ, ʘ ʪʘʢʽ, ʱʦ ʘʢʪʠʚʦʚʫʚʘʣʠʩʴ ʤʝʰʢʘʥʮʷʤʠ ʚʨʫʯʥʫ. ʊʝʭʥʦʣʦʛʽʾ çʨʦʟʫʤʥʦʛʦè 

ʙʫʜʠʥʢʫ ʜʨʫʛʦʛʦ ʧʦʢʦʣʽʥʥʷ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠ ʝʣʝʤʝʥʪʘʨʥʽ ʧʨʠʩʪʨʦʾ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ AI. 
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ɺʦʥʠ ʙʫʣʠ ʨʦʟʨʦʙʣʝʥʽ ʜʣʷ ʚʠʷʚʣʝʥʥʷ ʟʤʽʥ ʫ ʥʘʚʢʦʣʠʰʥʴʦʤʫ ʩʝʨʝʜʦʚʠʱʽ ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʜʘʪʯʠʢʽʚ, ʜʣʷ ʢʦʥʪʨʦʣʶ ʟʘ ʩʪʘʥʦʤ ʟʜʦʨʦʚôʷ ʪʘ ʚʠʷʚʣʝʥʥʷ ʥʝʧʦʩʣʽʜʦʚʥʦʩʪʽ ʜʽʡ ʤʝʰʢʘʥʮʽʚ 

ʟʘ ʜʦʧʦʤʦʛʦʶ ʧʦʨʪʘʪʠʚʥʠʭ ʧʨʠʩʪʨʦʾʚ, ʘ ʪʘʢʦʞ ʜʣʷ ʥʘʜʘʥʥʷ ʜʦʧʦʤʦʛʠ ʫ ʱʦʜʝʥʥʠʭ 

ʜʦʤʘʰʥʽʭ ʩʧʨʘʚʘʭ ʟʘ ʜʦʧʦʤʦʛʦʶ ʧʦʙʫʪʦʚʠʭ ʧʨʠʣʘʜʽʚ ʽʟ ʚʙʫʜʦʚʘʥʠʤʠ ʬʫʥʢʮʽʦʥʘʣʴʥʠʤʠ 

ʧʨʦʛʨʘʤʘʤʠ. ʊʨʝʪʻ ʧʦʢʦʣʽʥʥʷ ʩʠʩʪʝʤ çʨʦʟʫʤʥʦʛʦè ʙʫʜʠʥʢʫ ʟʘʧʦʯʘʪʢʫʚʘʣʦ ʧʝʨʽʦʜ 

ʪʝʭʥʦʣʦʛʽʯʥʦʾ ʩʫʤʽʩʥʦʩʪʽ ʧʨʠʣʘʜʽʚ ʪʘ ʙʘʛʘʪʦʬʫʥʢʮʽʦʥʘʣʴʥʦʩʪʽ. ʎʝ ʩʪʘʣʦ ʤʦʞʣʠʚʠʤ 

ʟʘʚʜʷʢʠ ʚʧʨʦʚʘʜʞʝʥʥʶ ʛʦʣʦʩʦʚʦʛʦ ʫʧʨʘʚʣʽʥʥʷ ʪʘ ʟʚôʷʟʢʫ ʟ ʽʥʰʠʤʠ ʧʨʠʩʪʨʦʷʤʠ, ʱʦ ʫ 

ʩʚʦʶ ʯʝʨʛʫ ʜʘʣʦ ʤʦʞʣʠʚʽʩʪʴ ʦʪʨʠʤʫʚʘʪʠ, ʦʧʨʘʮʴʦʚʫʚʘʪʠ ʪʘ ʧʝʨʝʜʘʚʘʪʠ ʜʘʥʽ ʚʩʝʨʝʜʠʥʽ 

ʤʝʨʝʞʽ ʧʨʠʩʪʨʦʾʚ. ʆʯʽʢʫʻʪʴʩʷ, ʱʦ ʯʝʪʚʝʨʪʝ ʧʦʢʦʣʽʥʥʷ ʪʝʭʥʦʣʦʛʽʡ çʨʦʟʫʤʥʦʛʦè ʙʫʜʠʥʢʫ 

ʟʘʤʽʥʠʪʴ ʽʩʥʫʶʯʽ ʜʘʪʯʠʢʠ ʪʘʢʠʤʠ, ʱʦ ʙʫʜʫʪʴ ʚʙʫʜʦʚʘʥʽ ʧʽʜ ʰʢʽʨʫ. ʎʽ ʜʘʪʯʠʢʠ ʤʘʶʪʴ 

ʚʝʣʠʢʠʡ ʧʦʪʝʥʮʽʘʣ ʜʣʷ ʚʽʜʜʘʣʝʥʦʛʦ ʤʦʥʽʪʦʨʠʥʛʫ ʪʘ ʧʦʟʠʪʠʚʥʦʛʦ ʚʧʣʠʚʫ ʥʘ ʟʜʦʨʦʚôʷ 

ʤʝʰʢʘʥʮʽʚ. 

ʌʫʥʢʮʽʾ çʨʦʟʫʤʥʦʛʦè ʙʫʜʠʥʢʫ ʤʦʞʥʘ ʜʦʜʘʚʘʪʠ ʜʦ ʩʠʩʪʝʤ ʧʦʩʪʫʧʦʚʦ, ʝʬʝʢʪʠʚʥʦ 

ʩʪʚʦʨʶʶʯʠ ʩʧʝʢʪʨ ʚʽʜ çʪʨʘʜʠʮʽʡʥʦʛʦ ʙʫʜʠʥʢʫè ʜʦ çʧʦʚʥʽʩʪʶ ʨʦʟʫʤʥʦʛʦè [90]. 

ɺʨʘʭʦʚʫʶʯʠ ʮʝ, ʘʢʘʜʝʤʽʯʥʽ ʜʦʩʣʽʜʥʠʢʠ ʪʘ ʨʦʟʨʦʙʥʠʢʠ ʩʠʩʪʝʤ çʨʦʟʫʤʥʦʛʦè ʙʫʜʠʥʢʫ 

ʧʨʘʛʥʫʣʠ ʩʧʦʩʪʝʨʽʛʘʪʠ ʪʘ ʚʠʚʯʘʪʠ ʧʦʙʫʪʦʚʫ ʜʽʷʣʴʥʽʩʪʴ ʤʝʰʢʘʥʮʽʚ ʫ ʪʨʘʜʠʮʽʡʥʠʭ 

ʙʫʜʠʥʢʘʭ. ʐʣʷʭʦʤ ʧʨʘʢʪʠʯʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʪʘ ʧʨʦʝʢʪʽʚ çʨʦʟʫʤʥʦʛʦè ʙʫʜʠʥʢʫ ʚʯʝʥʽ 

ʥʘʜʘʚʘʣʠ ʨʝʢʦʤʝʥʜʘʮʽʾ ʱʦʜʦ ʨʦʟʚʠʪʢʫ ʪʝʭʥʦʣʦʛʽʡ çʨʦʟʫʤʥʦʛʦè ʙʫʜʠʥʢʫ, ʷʢʽ ʙ 

ʩʪʚʦʨʶʚʘʣʠ ʨʽʟʥʽ ʥʦʚʽ ʬʫʥʢʮʽʾ, ʜʣʷ ʧʦʢʨʘʱʝʥʥʷ ʨʽʚʥʷ ʞʠʪʪʷ ʤʝʰʢʘʥʮʽʚ. ɿ ʤʝʪʦʶ 

ʩʠʩʪʝʤʘʪʠʟʘʮʽʾ ʬʫʥʢʮʽʡ ʩʠʩʪʝʤ çʨʦʟʫʤʥʦʛʦè ʙʫʜʠʥʢʫ ʙʫʣʘ ʧʨʦʘʥʘʣʽʟʦʚʘʥʘ ʥʘʫʢʦʚʘ 

ʣʽʪʝʨʘʪʫʨʘ, ʱʦ ʜʘʣʦ ʟʤʦʛʫ ʢʣʘʩʠʬʽʢʫʚʘʪʠ ʩʠʩʪʝʤʠ ʥʘ ʦʩʥʦʚʽ «ʨʦʟʫʤʥʠʭ» ʧʨʠʩʪʨʦʾʚ, ʷʢʽ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠʩʴ ʨʦʟʛʣʷʥʫʪʠʤʠ ʩʠʩʪʝʤʘʤʠ ʪʘ ʬʫʥʢʮʽʡ, ʷʢʽ ʚʦʥʠ ʧʨʦʧʦʥʫʶʪʴ [91, 92]. 

ɹʽʣʴʰʽʩʪʴ ʨʦʟʛʣʷʥʫʪʠʭ ʩʪʘʪʝʡ ʦʧʠʩʫʚʘʣʠ ʬʫʥʢʮʽʾ, ʷʢʽ ʩʧʨʷʤʦʚʘʥʽ ʥʘ ʟʘʙʝʟʧʝʯʝʥʥʷ 

ʢʦʤʬʦʨʪʥʦʛʦ ʞʠʪʪʷ ʤʝʰʢʘʥʮʽʚ, 31 ʩʪʘʪʪʷ ʙʫʣʘ ʧʨʠʩʚʷʯʝʥʘ ʜʦʩʣʽʜʞʝʥʥʶ ʬʫʥʢʮʽʡ 

ʤʦʥʽʪʦʨʠʥʛʫ, ʤʝʥʰʘ ʢʽʣʴʢʽʩʪʴ ʩʪʘʪʝʡ ʙʫʣʘ ʟʦʩʝʨʝʜʞʝʥʘ ʥʘ ʣʽʢʫʚʘʣʴʥʽʡ ʪʝʨʘʧʽʾ ʪʘ 

ʬʫʥʢʮʽʷʭ ʤʦʥʽʪʦʨʠʥʛʫ ʟʜʦʨʦʚ'ʷ ʤʝʰʢʘʥʮʽʚ ʟʘ ʜʦʧʦʤʦʛʦʶ ʪʝʭʥʦʣʦʛʽʡ çʨʦʟʫʤʥʦʛʦè 

ʙʫʜʠʥʢʫ. ʃʠʰʝ ʜʚʽ ʩʪʘʪʪʽ ʨʦʟʛʣʷʜʘʣʠ ʬʫʥʢʮʽʶ ʘʚʪʦʤʘʪʠʟʦʚʘʥʠʭ ʨʝʢʦʤʝʥʜʘʮʽʡ, ʷʢʽ ʟʜʘʪʥʽ 

ʥʘʜʘʪʠ çʨʦʟʫʤʥʽè ʜʘʪʯʠʢʠ. 
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ʈʷʜ ʜʦʩʣʽʜʞʝʥʴ ʥʘʤʘʛʘʶʪʴʩʷ ʧʨʘʢʪʠʯʥʦ ʟʨʦʟʫʤʽʪʠ ʪʝʭʥʽʯʥʫ ʩʪʦʨʦʥʫ ʩʠʩʪʝʤ 

çʨʦʟʫʤʥʦʛʦè ʙʫʜʠʥʢʫ. ʇʨʦʪʷʛʦʤ ʙʘʛʘʪʴʦʭ ʨʦʢʽʚ ʩʧʦʩʪʝʨʽʛʘʚʩʷ ʧʦʩʪʫʧʦʚʠʡ ʨʦʟʚʠʪʦʢ ʚʽʜ 

ʚʠʚʯʝʥʥʷ ʪʝʭʥʽʯʥʦʾ ʩʪʦʨʦʥʠ ʩʠʩʪʝʤ çʨʦʟʫʤʥʠʭè ʙʫʜʠʥʢʽʚ ʜʦ ʾʭ ʚʠʚʯʝʥʥʷ ʟ ʧʝʨʩʧʝʢʪʠʚʠ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʢʦʨʠʩʪʫʚʘʯʘʤʠ. ʎʝ ʧʨʠʟʚʝʣʦ ʜʦ ʙʽʣʴʰ ʛʣʠʙʦʢʦʛʦ ʨʦʟʫʤʽʥʥʷ ʥʘʩʣʽʜʢʽʚ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʩʠʩʪʝʤ çʨʦʟʫʤʥʠʭè ʙʫʜʠʥʢʽʚ ʥʘ ʞʠʪʪʷ ʣʶʜʝʡ.  

ʋ ʥʘʫʢʦʚʠʭ ʨʦʙʦʪʘʭ ʦʙʛʦʚʦʨʶʶʪʴʩʷ ʧʦʪʝʥʮʽʡʥʽ ʪʘ ʽʩʥʫʶʯʽ ʧʝʨʝʚʘʛʠ, ʷʢʽ ʩʠʩʪʝʤʠ 

çʨʦʟʫʤʥʠʭè ʙʫʜʠʥʢʽʚ ʤʦʞʫʪʴ ʟʘʧʨʦʧʦʥʫʚʘʪʠ ʢʦʨʠʩʪʫʚʘʯʘʤ ʪʘ ʾʭ ʜʦʚʛʦʩʪʨʦʢʦʚʠʡ ʚʧʣʠʚ 

ʥʘ ʞʠʪʪʷ ʪʘ ʥʘʚʢʦʣʠʰʥʻ ʩʝʨʝʜʦʚʠʱʝ ʢʦʨʠʩʪʫʚʘʯʽʚ. ʈʦʙʦʪʠ, ʱʦ ʟʦʩʝʨʝʜʞʫʶʪʴʩʷ ʥʘ 

ʧʦʪʝʥʮʽʡʥʠʭ ʚʠʛʦʜʘʭ, ʨʦʟʛʣʷʜʘʶʪʴ ʤʦʞʣʠʚʽ ʧʦʟʠʪʠʚʥʽ ʨʝʟʫʣʴʪʘʪʠ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʪʝʭʥʦʣʦʛʽʡ ʨʦʟʫʤʥʦʛʦ ʜʦʤʫ ʢʦʨʠʩʪʫʚʘʯʘʤʠ [80, 94]. ɼʦʩʣʽʜʞʝʥʥʷ ʽʩʥʫʶʯʠʭ ʧʝʨʝʚʘʛ 

ʚʠʚʯʘʶʪʴ ʚʽʜʛʫʢʠ ʢʦʨʠʩʪʫʚʘʯʽʚ ʧʨʦ ʩʠʩʪʝʤʠ çʨʦʟʫʤʥʦʛʦè ʙʫʜʠʥʢʫ ʪʘ ʤʦʪʠʚʘʮʽʡʥʠʡ 

ʚʧʣʠʚ ʩʧʨʠʡʥʷʪʪʷ ʮʽʻʾ ʪʝʭʥʦʣʦʛʽʾ. ʇʦʨʽʚʥʷʥʥʷ ʽʩʥʫʶʯʠʭ ʪʘ ʧʦʪʝʥʮʽʡʥʠʭ ʧʝʨʝʚʘʛ ʚʠʷʚʣʷʻ 

ʨʦʟʙʽʞʥʦʩʪʽ ʤʽʞ ʜʚʦʤʘ ʧʝʨʩʧʝʢʪʠʚʘʤʠ. ɿ ʪʦʯʢʠ ʟʦʨʫ ʢʦʨʠʩʪʫʚʘʯʘ, ʤʦʞʥʘ ʟʨʦʟʫʤʽʪʠ 

ʬʘʢʪʦʨʠ, ʷʢʽ ʻ ʦʩʥʦʚʥʠʤʠ ʜʣʷ ʫʩʧʽʰʥʦʛʦ ʧʨʦʩʫʚʘʥʥʷ ʩʠʩʪʝʤ çʨʦʟʫʤʥʠʭè ʙʫʜʠʥʢʽʚ ʥʘ 

ʨʠʥʢʫ ʪʝʭʥʦʣʦʛʽʡ ʧʦʙʫʪʦʚʦʾ ʘʚʪʦʤʘʪʠʟʘʮʽʾ.  

ʉʠʩʪʝʤʠ çʨʦʟʫʤʥʠʭè ʙʫʜʠʥʢʽʚ ʤʦʞʫʪʴ ʜʦʧʦʤʘʛʘʪʠ ʣʶʜʷʤ ʧʦʭʠʣʦʛʦ ʚʽʢʫ, ʣʶʜʷʤ ʟ 

ʭʨʦʥʽʯʥʠʤʠ ʭʚʦʨʦʙʘʤʠ ʷʢ ʚʩʝʨʝʜʠʥʽ ʙʫʜʠʥʢʫ, ʪʘʢ ʽ ʧʦʟʘ ʥʠʤʠ [95]. ʂʦʨʠʩʪʴ ʜʣʷ ʟʜʦʨʦʚ'ʷ 

ʤʦʞʝ ʙʫʪʠ ʚʠʨʘʞʝʥʘ ʥʝ ʪʽʣʴʢʠ ʪʠʤ, ʢʦʣʠ ʩʠʩʪʝʤʘ ʚʠʢʦʥʫʻ ʬʫʥʢʮʽʾ ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ 

ʢʦʤʬʦʨʪʫ, ʤʦʥʽʪʦʨʠʥʛʫ ʪʘ ʘʚʪʦʤʘʪʠʟʦʚʘʥʦʛʦ ʫʧʨʘʚʣʽʥʥʷ ʧʦʙʫʪʦʚʠʤʠ ʧʨʠʣʘʜʘʤʠ, ʘ 

ʪʘʢʦʞ ʤʦʞʣʠʚʽʩʪʶ ʥʘʜʘʥʥʷ ʨʝʢʦʤʝʥʜʘʮʽʡ ʤʝʰʢʘʥʮʷʤ ʙʫʜʠʥʢʫ. ʆʩʥʦʚʥʠʤʠ ʧʝʨʝʚʘʛʘʤʠ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʪʘʢʦʾ ʩʠʩʪʝʤʠ ʜʣʷ ʣʶʜʝʡ ʟ ʧʨʦʙʣʝʤʘʤʠ ʟʽ ʟʜʦʨʦʚôʷʤ ʻ ʰʚʠʜʢʽʩʪʴ ʨʝʘʢʮʽʾ 

ʩʠʩʪʝʤʠ, ʩʪʘʙʽʣʴʥ̔ ʩʪʴ ʨʦʙʦʪʠ ʪʘ ʟʨʫʯʥʽʩʪʴ ʢʦʨʠʩʪʫʚʘʥʥʷ ʜʣʷ ʢʦʨʠʩʪʫʚʘʯʽʚ, ʱʦ ʧʦʟʠʪʠʚʥʦ 

ʚʧʣʠʚʘʻ ʥʘ ʷʢʽʩʪʴ ʤʝʜʠʯʥʦʛʦ ʜʦʛʣʷʜʫ. ɯʥʰʘ ʬʫʥʢʮʽʷ ʩʠʩʪʝʤ çʨʦʟʫʤʥʦʛʦè ʙʫʜʠʥʢʫ, ʱʦ 

ʩʪʦʩʫʻʪʴʩʷ ʟʜʦʨʦʚ'ʷ ʢʦʨʠʩʪʫʚʘʯʽʚ - ʮʝ ʤʦʥʽʪʦʨʠʥʛ ʪʘ ʢʦʥʪʨʦʣʴ ʟʘ ʭʚʦʨʦʙʘʤʠ. ʉʪʘʥ ʣʶʜʝʡ 

ʧʦʭʠʣʦʛʦ ʚʽʢʫ ʤʦʞʝ ʢʦʥʪʨʦʣʶʚʘʪʠʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ çʨʦʟʫʤʥʠʭè ʜʦʤʘʰʥʽʭ ʧʨʠʩʪʨʦʾʚ, ʷʢʽ 

ʤʦʞʫʪʴ ʧʦʧʝʨʝʜʠʪʠ ʢʦʨʠʩʪʫʚʘʯʽʚ ʫ ʨʘʟʽ ʙʫʜʴ-ʷʢʦʾ ʥʘʙʝʟʧʝʢʠ ʩʪʘʥʫ ʟʜʦʨʦʚôʷ [94]. ʎʽ 

ʽʥʥʦʚʘʮʽʡʥʽ ʜʽʾ ʜʘʶʪʴ ʟʤʦʛʫ ʣʽʢʘʨʷʤ ʚʽʜʜʘʣʝʥʦ ʢʦʥʪʨʦʣʶʚʘʪʠ ʩʪʘʥ ʟʜʦʨʦʚ'ʷ ʧʘʮʽʻʥʪʽʚ, 

ʚʠʷʚʣʷʪʠ ʟʤʽʥʠ, ʱʦ ʟʘʛʨʦʞʫʶʪʴ ʞʠʪʪʶ, ʥʘ ʨʘʥʥʽʡ ʩʪʘʜʽʾ ʪʘ ʧʨʠ ʥʝʦʙʭʽʜʥʦʩʪʽ ʥʘʚʽʪʴ 



44 
 

ʚʽʜʜʘʣʝʥʦ ʥʘʜʘʚʘʪʠ ʤʝʜʠʯʥʫ ʜʦʧʦʤʦʛʫ. ʄʦʥʽʪʦʨʠʥʛ ʭʨʦʥʽʯʥʠʭ ʟʘʭʚʦʨʶʚʘʥʴ, 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʟʘʧʠʩʽʚ ʧʨʦ ʩʪʘʥ ʟʜʦʨʦʚôʷ ʪʘ ʝʣʝʢʪʨʦʥʥʠʭ ʨʝʮʝʧʪʽʚ ʦʧʪʠʤʽʟʫʶʪʴ ʜʘʥʽ ʪʘ 

ʜʦʧʦʤʘʛʘʶʪʴ ʚʝʩʪʠ ʨʝʻʩʪʨ ʩʪʘʥʫ ʟʜʦʨʦʚôʷ, ʱʦ ʧʦʪʝʥʮʽʡʥʦ ʤʦʞʝ  ʟʤʝʥʰʠʪʠ ʢʽʣʴʢʽʩʪʴ 

ʤʝʜʠʯʥʠʭ ʧʦʤʠʣʦʢ [96]. ʊʘʢʦʞ, ʢʦʥʩʫʣʴʪʘʮʽʡʥʘ ʬʫʥʢʮʽʷ «ʨʦʟʫʤʥʠʭ» ʜʦʤʘʰʥʽʭ ʜʦʜʘʪʢʽʚ, 

ʨʝʘʣʽʟʦʚʘʥʘ ʟʘ ʜʦʧʦʤʦʛʦʶ ʚʽʨʪʫʘʣʴʥʠʭ ʤʝʜʠʯʥʠʭ ʚʽʟʠʪʽʚ, ʩʧʨʷʤʦʚʘʥʘ ʥʘ ʩʧʨʠʷʥʥʷ 

ʧʦʢʨʘʱʝʥʥʶ ʫʤʦʚ ʞʠʪʪʷ ʥʘʩʝʣʝʥʥʷ ʧʦʭʠʣʦʛʦ ʚʽʢʫ ʰʣʷʭʦʤ ʟʘʤʽʥʠ ʬʽʟʠʯʥʠʭ ʚʽʜʚʽʜʫʚʘʥʴ 

ʢʣʽʥʽʢʠ ʪʘ ʣʽʢʘʨʝʥʴ ʜʠʩʪʘʥʮʽʡʥʦʶ ʤʝʜʠʢʘʤʝʥʪʦʟʥʦʶ ʪʝʨʘʧʽʻʶ ʘʙʦ ʢʦʥʩʫʣʴʪʘʮʽʷʤʠ [94]. 

ɿ ʪʦʯʢʠ ʟʦʨʫ ʢʦʨʠʩʪʫʚʘʯʽʚ, ʧʦʩʣʫʛʠ, ʧʦʚ'ʷʟʘʥʽ ʟʽ ʟʜʦʨʦʚôʷʤ, ʚʽʜʜʘʣʝʥʠʤ 

ʢʦʥʩʫʣʴʪʫʚʘʥʥʷʤ ʪʘ ʤʦʥʽʪʦʨʠʥʛʦʤ, ʥʝ ʟʘʚʞʜʠ ʩʧʨʠʡʤʘʶʪʴʩʷ ʷʢ ʢʦʨʠʩʪʴ ʽ ʥʝʦʜʥʦʟʥʘʯʥʦ 

ʚʧʣʠʚʘʶʪʴ ʥʘ ʥʘʤʽʨʠ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʩʠʩʪʝʤʠ çʨʦʟʫʤʥʦʛʦè ʙʫʜʠʥʢʫ. ɿ ʦʜʥʦʛʦ ʙʦʢʫ, 

ʜʦʩʣʽʜʞʝʥʥʷ ʧʦʢʘʟʫʶʪʴ, ʱʦ ʨʝʩʧʦʥʜʝʥʪʠ ʟʘʛʘʣʦʤ ʧʦʟʠʪʠʚʥʦ ʩʪʘʚʣʷʪʴʩʷ ʜʦ ʪʝʭʥʦʣʦʛʽʾ 

«ʨʦʟʫʤʥʦʛʦ» ʜʦʤʫ, ʚʽʜʟʥʘʯʘʶʯʠ ʨʷʜ ʧʝʨʝʚʘʛ. ʉʝʨʝʜ ʧʝʨʝʚʘʛ, ʷʢʽ ʥʘʡʙʽʣʴʰʝ ʟʛʘʜʫʚʘʣʠ 

ʫʯʘʩʥʠʢʠ ʦʧʠʪʫʚʘʥʴ, ʙʫʣʠ ʤʦʞʣʠʚʽʩʪʴ ʙʽʣʴʰ ʝʬʝʢʪʠʚʥʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʚʣʘʩʥʦʛʦ ʯʘʩʫ 

ʪʘ ʝʢʦʥʦʤʽʷ ʚʠʪʨʘʪ ʟʘ ʜʦʧʦʤʦʛʦʶ ʬʫʥʢʮʽʡ, ʷʢʽ ʤʦʞʝ ʥʘʜʘʚʘʪʠ çʨʦʟʫʤʥʘè ʩʠʩʪʝʤʘ 

ʚʽʜʜʘʣʝʥʦ ʚ ʧʦʨʽʚʥʷʥʥʽ ʟ ʬʽʟʠʯʥʠʤʠ ʚʽʜʚʽʜʫʚʘʥʥʷʤʠ ʣʽʢʘʨʝʥʴ. ɼʦʩʣʽʜʞʝʥʥʷ ʂʝʨʙʣʝʨʘ, ʟ 

ʽʥʰʦʛʦ ʙʦʢʫ, ʚʠʷʚʠʣʦ, ʱʦ ʢʦʨʠʩʪʫʚʘʯʽ ʧʦʭʠʣʦʛʦ ʚʽʢʫ ʩʢʝʧʪʠʯʥʦ ʩʪʘʚʣʷʪʴʩʷ ʜʦ ʧʝʨʝʚʘʛ, 

ʷʢʽ ʤʦʞʫʪʴ ʧʨʠʥʝʩʪʠ ʩʠʩʪʝʤʠ çʨʦʟʫʤʥʦʛʦè ʙʫʜʠʥʢʫ. ʈʽʟʥʠʮʶ ʫ ʨʝʟʫʣʴʪʘʪʘʭ ʨʽʟʥʠʭ 

ʜʦʩʣʽʜʞʝʥʴ ʤʦʞʥʘ ʧʦʷʩʥʠʪʠ ʨʽʟʥʠʤʠ ʛʝʦʛʨʘʬʽʯʥʠʤʠ ʟʦʥʘʤʠ, ʜʝ ʧʨʦʚʦʜʠʣʠʩʷ 

ʜʦʩʣʽʜʞʝʥʥʷ, ʱʦ ʤʦʞʝ ʚʽʜʦʙʨʘʞʘʪʠ ʨʽʟʥʦʤʘʥʽʪʥʽʩʪʴ ʨʽʚʥʷ ʪʝʭʥʦʣʦʛʽʯʥʦʾ ʦʙʽʟʥʘʥʦʩʪʽ. ʎʽ 

ʬʘʢʪʦʨʠ ʤʦʞʫʪʴ ʧʦʪʝʥʮʽʡʥʦ ʧʦʤ'ʷʢʰʠʪʠ ʨʽʟʥʽ ʨʝʟʫʣʴʪʘʪʠ ʫ ʩʧʨʠʡʥʷʪʪʽ ʜʦʧʦʤʽʞʥʠʭ 

ʪʝʭʥʦʣʦʛʽʡ ʩʠʩʪʝʤ çʨʦʟʫʤʥʠʭè ʙʫʜʠʥʢʽʚ ʫ ʨʽʟʥʠʭ ʢʨʘʾʥʘʭ. 

ʉʠʩʪʝʤʠ çʨʦʟʫʤʥʠʭ» ʙʫʜʠʥʢʽʚ ʩʪʘʣʠ ʜʫʞʝ ʝʬʝʢʪʠʚʥʠʤʠ ʫ ʩʢʦʨʦʯʝʥʥʽ ʪʘ 

ʤʦʥ̔ʪʦʨʠʥʛʫ ʨʽʚʥʷ ʩʧʦʞʠʚʘʥʥʷ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ ʚ ʞʠʪʣʦʚʠʭ ʧʨʠʤʽʱʝʥʥʷʭ. ɿʨʦʩʪʘʶʯʽ 

ʟʘʛʨʦʟʠ, ʪʘʢʽ ʷʢ ʟʤʽʥʠ ʢʣʽʤʘʪʫ, ʛʣʦʙʘʣʴʥʝ ʧʦʪʝʧʣʽʥʥʷ ʪʘ ʧʽʜʚʠʱʝʥʥʷ ʮʽʥ ʥʘ 

ʝʣʝʢʪʨʦʝʥʝʨʛʽʶ, ʚʠʢʣʠʢʘʣʠ ʽʥʪʝʨʝʩ ʜʦ çʨʦʟʫʤʥʠʭè ʩʠʩʪʝʤ. ɺʠʢʦʨʠʩʪʘʥʥʷ 

ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʠʭ ʧʨʠʩʪʨʦʾʚ ʪʘ ʽʥʥʦʚʘʮʽʡʥʠʭ ʪʝʭʥʦʣʦʛʽʡ ʜʘʣʦ ʟʤʦʛʫ ʟʤʝʥʰʠʪʠ 

ʩʧʦʞʠʚʘʥʥʷ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ, ʱʦ ʻ ʞʠʪʪʻʚʦ ʚʘʞʣʠʚʠʤ ʜʣʷ ʟʘʜʦʚʦʣʝʥʥʷ ʟʨʦʩʪʘʶʯʦʛʦ 

ʧʦʧʠʪʫ ʥʘ ʚʠʢʦʨʠʩʪʘʥʥʷ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ [57, 88, 97]. 
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ɺʠʛʦʜʘ ʚʽʜ ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʦʩʪʽ ʩʪʘʣʘ ʤʦʞʣʠʚʦʶ ʟʘʚʜʷʢʠ ʚʧʨʦʚʘʜʞʝʥʥʶ ʯʦʪʠʨʴʦʭ 

ʬʫʥʢʮʽʡ: ʤʦʥʽʪʦʨʠʥʛ ʽʥʬʦʨʤʘʮʽʾ ʧʨʦ ʩʧʦʞʠʚʘʥʥʷ ʝʥʝʨʛʽʾ, ʢʦʥʪʨʦʣʴ ʰʘʙʣʦʥʽʚ 

ʩʧʦʞʠʚʘʥʥʷ ʯʝʨʝʟ ʚʽʜʜʘʣʝʥʽ ʧʨʠʩʪʨʦʾ, ʘʚʪʦʤʘʪʠʟʦʚʘʥʝ ʫʧʨʘʚʣʽʥʥʷ ʧʨʠʣʘʜʘʤʠ, 

ʩʧʨʷʤʦʚʘʥʝ ʥʘ ʜʦʩʷʛʥʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʪʘ ʦʧʪʠʤʽʟʘʮʽʾ ʪʘ ʥʘʜʘʥʥʷ ʘʚʪʦʤʘʪʠʟʦʚʘʥʠʭ 

ʨʝʢʦʤʝʥʘʮʽʡ ʢʦʨʠʩʪʫʚʘʯʘʤ [87]. ʋ ʟʘʛʘʣʴʥʦʜʝʨʞʘʚʥʦʤʫ ʤʘʩʰʪʘʙʽ ʙʽʣʴʰ ʚʠʩʦʢʠʡ 

ʢʦʥʪʨʦʣʴ ʥʘʜ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʝʥʝʨʛʽʾ ʤʦʞʝ ʟʤʝʥʰʠʪʠ ʚʠʢʠʜʠ ʚʫʛʣʝʮʶ ʪʘ ʧʨʠʟʚʝʩʪʠ ʜʦ 

ʧʝʨʝʪʚʦʨʝʥʥʷ ʪʨʘʜʠʮʽʡʥʠʭ ʝʥʝʨʛʝʪʠʯʥʠʭ ʩʠʩʪʝʤ ʫ ʚʽʜʥʦʚʣʶʚʘʥʽ ʜʞʝʨʝʣʘ ʚʠʨʦʙʥʠʮʪʚʘ 

ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ [86]. ɿʫʩʠʣʣʷ ʜʦʩʣʽʜʥʠʢʽʚ ʚʞʝ ʚʢʣʘʜʝʥʽ ʫ ʚʠʚʯʝʥʥʷ ʟʘʧʨʦʚʘʜʞʝʥʥʷ 

ʚʽʪʨʦʚʦʾ, ʩʦʥʷʯʥʦʾ ʪʘ ʛʝʦʪʝʨʤʘʣʴʥʦʾ ʝʥʝʨʛʽʾ ʚ ʝʥʝʨʛʝʪʠʯʥʠʭ ʩʠʩʪʝʤʘʭ çʨʦʟʫʤʥʦʛʦè 

ʙʫʜʠʥʢʫ. ɯʥʪʝʛʨʘʮʽʷ ʚʽʜʥʦʚʣʶʚʘʥʠʭ ʩʠʩʪʝʤ ʫ ʩʠʩʪʝʤʠ çʨʦʟʫʤʥʠʭè ʙʫʜʠʥʢʽʚ ʤʦʞʝ 

ʟʙʽʣʴʰʠʪʠ ʝʬʝʢʪʠʚʥʽʩʪʴ ʨʦʟʫʤʥʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ. 

ʅʝʟʚʘʞʘʶʯʠ ʥʘ ʧʦʩʪʽʡʥʝ ʦʙʛʦʚʦʨʝʥʥʷ ʨʦʣʽ ʩʠʩʪʝʤ çʨʦʟʫʤʥʦʛʦè ʙʫʜʠʥʢʫ ʫ ʩʬʝʨʽ 

ʟʘʭʠʩʪʫ ʝʢʦʣʦʛʽʾ, ʨʷʜ ʜʦʩʣʽʜʞʝʥʴ ʚʽʜʦʙʨʘʞʘʶʪʴ ʚʠʢʦʨʠʩʪʘʥʥʷ ʟ ʧʝʨʩʧʝʢʪʠʚʠ 

ʢʦʨʠʩʪʫʚʘʯʘ, ʨʦʟʤʝʞʦʚʫʶʯʠ ʽʩʥʫʶʯʽ ʧʝʨʝʚʘʛʠ ʚʽʜ ʧʦʪʝʥʮʽʡʥʠʭ. ʇʦʨʽʚʥʷʣʴʥʝ 

ʜʦʩʣʽʜʞʝʥʥʷ ʧʦʢʘʟʘʣʦ, ʱʦ ʩʝʨʝʜ ʢʦʨʠʩʪʫʚʘʯʽʚ ʨʽʟʥʠʭ ʢʨʘʾʥ ʩʽʣʴʩʴʢʽ ʪʘ ʤʽʩʴʢʽ ʨʘʡʦʥʠ 

ʤʘʶʪʴ ʨʽʟʥʝ ʩʪʘʚʣʝʥʥʷ ʜʦ ʟʘʭʠʩʪʫ ʝʢʦʣʦʛʽʾ. ɺʽʜʧʦʚʽʜʥʦ, ʚʧʣʠʚ ʮʴʦʛʦ ʬʘʢʪʦʨʫ ʥʘ ʥʘʤʽʨ 

ʧʝʨʝʡʪʠ ʥʘ ʪʝʭʥʦʣʦʛʽʶ «ʨʦʟʫʤʥʦʛʦ» ʜʦʤʫ ʨʽʟʥʠʪʴʩʷ. ɼʦʩʣʽʜʞʝʥʥʷ ʧʦʢʘʟʘʣʦ, ʱʦ ʟʘʭʠʩʪ 

ʝʢʦʣʦʛʽʾ ʩʪʘʚ ʙʽʣʴʰ ʚʘʞʣʠʚʠʤ ʬʘʢʪʦʨʦʤ ʜʣʷ ʢʦʨʠʩʪʫʚʘʯʽʚ ʫ ʩʽʣʴʩʴʢʽʡ ʤʽʩʮʝʚʦʩʪʽ. ʎʝʡ 

ʨʝʟʫʣʴʪʘʪ ʧʦʷʩʥʶʻʪʴʩʷ ʩʠʣʴʥʽʰʦʶ ʨʦʣʣʶ ʝʢʦʥʦʤʽʯʥʦʾ ʚʠʛʦʜʠ ʜʣʷ ʤʽʩʴʢʠʭ ʞʠʪʝʣʽʚ, ʷʢʘ 

ʧʝʨʝʞʠʚʘʻ ʟʘ ʝʢʦʣʦʛʽʯʥʫ ʧʨʦʙʣʝʤʘʪʠʢʫ. ʈʽʟʥʦʤʘʥʽʪʥʽʩʪʴ ʩʧʦʩʦʙʽʚ ʚʠʢʦʨʠʩʪʘʥʥʷ, 

ʩʪʘʚʣʝʥʥʷ ʪʘ ʮʽʥʥʦʩʪʝʡ ʧʦʪʝʥʮʽʡʥʦ ʤʦʞʝ ʙʫʪʠ ʧʦʷʩʥʝʥʦ ʨʽʟʥʦʤʘʥʽʪʥʠʤʠ ʬʘʢʪʦʨʘʤʠ, 

ʚʢʣʶʯʘʶʯʠ ʪʠʧ ʞʠʪʣʘ, ʜʦʩʪʫʧʥʽʩʪʴ ʧʦʩʣʫʛ, ʩʦʮʽʘʣʴʥʽ ʢʦʥʪʘʢʪʠ. 

ʌʽʥʘʥʩʦʚʽ ʚʠʛʦʜʠ ʟʘʩʪʦʩʫʚʘʥʥʷ ʩʠʩʪʝʤ çʨʦʟʫʤʥʠʭè ʙʫʜʠʥʢʽʚ, ʷʢ ʧʨʘʚʠʣʦ, ʧʦʚ'ʷʟʘʥʽ 

ʟ ʝʢʦʣʦʛʽʯʥʦʶ ʚʠʛʦʜʦʶ ʪʘ ʚʠʛʦʜʦʶ ʧʦʚ'ʷʟʘʥʦʶ ʟʽ ʟʜʦʨʦʚôʷʤ. ʍʦʯʘ ʚ ʜʦʚʛʦʩʪʨʦʢʦʚʽʡ 

ʧʝʨʩʧʝʢʪʠʚʽ ʚʠʢʦʨʠʩʪʘʥʥʷ ʝʥʝʨʛʦʟʙʝʨʽʛʘʶʯʠʭ ʧʨʠʩʪʨʦʾʚ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʧʦʢʨʘʱʝʥʥ ̫

ʝʢʦʣʦʛʽʾ, ʙʝʟʧʦʩʝʨʝʜʥʴʦʶ ʧʝʨʝʚʘʛʦʶ ʝʬʝʢʪʠʚʥʦʛʦ ʫʧʨʘʚʣʽʥʥʷ ʩʧʦʞʠʚʘʥʥʷʤ ʝʥʝʨʛʽʾ ʻ 

ʟʤʝʥʰʝʥʥʷ ʚʠʪʨʘʪ ʥʘ ʝʣʝʢʪʨʦʝʥʝʨʛʽʶ. ʌʽʥʘʥʩʦʚʽ ʚʠʛʦʜʠ ʤʦʞʫʪʴ ʙʫʪʠ ʨʝʘʣʽʟʦʚʘʥʽ ʜʚʦʤʘ 

ʩʧʦʩʦʙʘʤʠ. ʇʦ-ʧʝʨʰʝ, ʚʠʢʦʨʠʩʪʘʥʥʷ çʨʦʟʫʤʥʠʭè ʝʣʝʢʪʨʠʯʥʠʭ ʧʨʠʣʘʜʽʚ ʪʘ çʨʦʟʫʤʥʠʭè 
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ʣʽʯʠʣʴʥʠʢʽʚ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʧʽʜʚʠʱʝʥʥʷ ʦʙʽʟʥʘʥʦʩʪʽ ʱʦʜʦ ʟʚʠʯʦʢ ʩʧʦʞʠʚʘʥʥʷ ʰʣʷʭʦʤ 

ʨʝʛʫʣʷʨʥʦʛʦ ʤʦʥʽʪʦʨʠʥʛʫ ʚʠʢʦʨʠʩʪʘʥʥʷ ʝʥʝʨʛʽʾ. ʇʦ-ʜʨʫʛʝ, ʧʨʦʟʦʨʽʩʪʴ ʩʧʦʞʠʚʘʥʥʷ 

ʝʥʝʨʛʽʾ ʜʘʻ ʟʤʦʛʫ ʧʦʨʽʚʥʶʚʘʪʠ ʪʘʨʠʬʠ ʟ ʽʥʰʠʤʠ ʧʦʩʪʘʯʘʣʴʥʠʢʘʤʠ ʝʥʝʨʛʽʾ. ʅʘ ʚʽʜʤʽʥʫ ʚʽʜ 

ʧʦʪʝʥʮʽʡʥʠʭ ʚʠʛʦʜ, ʽʩʥʫʶʯʽ ʽ ʧʽʜʪʚʝʨʜʞʝʥʽ ʬʽʥʘʥʩʦʚʽ ʚʠʛʦʜʠ ʙʫʣʠ ʚʠʚʯʝʥʽ ʷʢ ʦʢʨʝʤʘ 

ʛʨʫʧʘ ʬʘʢʪʦʨʽʚ, ʱʦ ʧʽʜʪʨʠʤʫʶʪʴ ʤʦʪʠʚʘʮʽʶ ʢʦʨʠʩʪʫʚʘʯʽʚ ʪʘ ʥʘʤʽʨ ʧʝʨʝʡʪʠ ʚʽʜ 

ʪʨʘʜʠʮʽʡʥʠʭ ʧʦʙʫʪʦʚʠʭ ʧʨʠʣʘʜʽʚ ʜʦ çʨʦʟʫʤʥʠʭè. ʅʝʟʚʘʞʘʶʯʠ ʥʘ ʟʘʛʘʣʴʥʦʚʠʟʥʘʥʽ 

ʬʽʥʘʥʩʦʚʽ ʧʝʨʝʚʘʛʠ ʚʠʢʦʨʠʩʪʘʥʥʷ ʨʦʟʫʤʥʠʭ ʙʫʜʠʥʢʽʚ, ʜʦʩʣʽʜʞʝʥʥʷ ʚʽʜʥʦʰʝʥʥʷ 

ʩʧʦʞʠʚʘʯʽʚ ʥʝ ʧʽʜʪʚʝʨʜʠʣʠ ʮʝ ʧʨʠʧʫʱʝʥʥʷ. ʅʘʧʨʠʢʣʘʜ, ʯʝʨʝʟ ʨʦʟʤʽʨ ʚʠʪʨʘʪ ʥʘ 

ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʪʘ ʚʽʜʥʦʩʥʦ ʥʠʟʴʢʽ ʟʘʦʱʘʜʞʝʥʥʷ ʢʦʨʠʩʪʫʚʘʯʽ ʥʝ ʟʥʘʭʦʜʷʪʴ ʬʽʥʘʥʩʦʚʽ 

ʚʠʛʦʜʠ ʧʨʠʯʠʥʦʶ ʩʝʨʡʦʟʥʦʛʦ ʟʘʮʽʢʘʚʣʝʥʥʷ ʩʠʩʪʝʤʘʤʠ çʨʦʟʫʤʥʦʛʦè ʙʫʜʠʥʢʫ [85]. ʑʝ 

ʦʜʥʝ ʜʦʩʣʽʜʞʝʥʥʷ ʧʨʦ ʟʘʮʽʢʘʚʣʝʥʥʷ ʩʠʩʪʝʤʘʤʠ çʨʦʟʫʤʥʠʭè ʙʫʜʠʥʢʽʚ ʚʠʷʚʠʣʦ, ʱʦ 

ʢʦʨʠʩʪʫʚʘʯʽ, ʷʢ ʧʨʘʚʠʣʦ, ʟʘʮʽʢʘʚʣʝʥʽ ʫ ʧʨʠʜʙʘʥʥʽ ʩʠʩʪʝʤʠ çʨʦʟʫʤʥʦʛʦè ʜʦʤʫ, ʟʘʚʜʷʢʠ ʾʾ 

ʟʜʘʪʥʦʩʪʽ ʩʢʦʨʦʯʫʚʘʪʠ ʚʠʪʨʘʪʠ ʥʘ ʩʧʦʞʠʚʘʥʥʷ ʝʥʝʨʛʽʾ. ʆʜʥʘʢ ʜʫʤʢʘ, ʱʦ ʽʥʚʝʩʪʫʚʘʥʥʷ ʫ 

ʪʘʢʽ ʪʝʭʥʦʣʦʛʽʾ ʥʝ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʦʯʽʢʫʚʘʥʦʾ ʨʝʥʪʘʙʝʣʴʥʦʩʪʽ ʽʥʚʝʩʪʠʮʽʡ, ʧʽʜʢʨʝʩʣʶʻ 

ʥʝʙʘʞʘʥʥʷ ʢʦʨʠʩʪʫʚʘʯʽʚ ʚʧʨʦʚʘʜʞʫʚʘʪʠ ʩʠʩʪʝʤʠ çʨʦʟʫʤʥʦʛʦè ʙʫʜʠʥʢʫ ʫ ʚʣʘʩʥʠʭ 

ʧʦʤʝʰʢʘʥʥʷʭ [57, 85]. ʂʨʽʤ ʪʦʛʦ, ʩʠʣʘ ʤʦʪʠʚʘʮʽʾ  ʬʽʥʘʥʩʦʚʦʾ ʚʠʛʦʜʠ ʟʘʣʝʞʠʪʴ ʚʽʜ ʜʚʦʭ 

ʫʤʦʚ, ʥʘ ʷʢʽ ʧʦʪʨʽʙʥʦ ʟʚʝʨʥʫʪʠ ʫʚʘʛʫ ʧʨʠ ʘʥʘʣʽʟʽ ʩʧʨʠʡʥʷʪʪʷ ʣʶʜʴʤʠ ʬʽʥʘʥʩʦʚʠʭ ʚʠʛʦʜ 

ʧʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ ʩʠʩʪʝʤ çʨʦʟʫʤʥʠʭè ʙʫʜʠʥʢʽʚ: ʤʽʩʮʷ, ʜʝ ʚʧʨʦʚʘʜʞʫʻʪʴʩʷ ʪʝʭʥʦʣʦʛʽʷ ʪʘ 

ʚʘʞʣʠʚʦʩʪʽ ʽʥʰʠʭ ʤʦʪʠʚʽʚ [98]. ɻʝʦʛʨʘʬʽʯʥʽ ʚʽʜʤʽʥʥʦʩʪʽ ʢʦʨʠʩʪʫʚʘʯʽʚ ʤʦʞʫʪʴ ʤʘʪʠ 

ʧʦʟʠʪʠʚʥʠʡ ʟʚôʷʟʦʢ ʽʟ ʩʦʮʽʘʣʴʥʦ-ʝʢʦʥʦʤʽʯʥʠʤ ʩʪʘʪʫʩʦʤ, ʱʦ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʨʽʟʥʦʛʦ 

ʧʩʠʭʦʣʦʛʽʯʥʦʛʦ ʩʧʨʠʡʥʷʪʪʷ ʚʠʪʨʘʪ. ʅʘʧʨʠʢʣʘʜ, ʢʦʨʠʩʪʫʚʘʯʽ ʽʟ ʢʨʘʾʥ ʟ ʙʽʣʴʰ ʚʠʩʦʢʠʤ 

ʫʪʠʣʽʪʘʨʥʠʤ ʤʝʥʪʘʣʽʪʝʪʦʤ ʪʘ ʩʽʣʴʩʴʢʠʭ ʨʘʡʦʥʽʚ ʤʦʞʫʪʴ ʙʫʪʠ ʙʽʣʴʰ ʩʭʠʣʴʥʠʤʠ ʜʦ 

ʝʢʦʥʦʤʽʯʥʦʾ ʚʠʛʦʜʠ ʚʽʜ ʟʘʧʨʦʚʘʜʞʝʥʥʷ ʪʝʭʥʦʣʦʛʽʾ çʨʦʟʫʤʥʦʛʦè ʙʫʜʠʥʢʫ [85, 98]. 

ʉʪʦʩʦʚʥʦ ʽʥʰʠʭ ʚʠʛʦʜ, ʬʽʥʘʥʩʦʚʠʡ ʬʘʢʪʦʨ ʤʦʞʝ ʚʽʜʽʛʨʘʚʘʪʠ ʧʨʦʚʽʜʥʫ ʘʙʦ 

ʜʨʫʛʦʨʷʜʥʫ ʨʦʣʴ [57, 98]. ɿʨʫʯʥʽʩʪʴ ʢʦʨʠʩʪʫʚʘʥʥʷ ʩʠʩʪʝʤʦʶ ʪʘ ʩʫʤʽʩʥʽʩʪʴ ʩʠʩʪʝʤʠ ʚ 

ʜʝʷʢʠʭ ʚʠʧʘʜʢʘʭ ʤʦʞʫʪʴ ʧʝʨʝʚʘʞʘʪʠ ʟʘʮʽʢʘʚʣʝʥʽʩʪʴ ʬʽʥʘʥʩʦʚʦʶ ʚʠʛʦʜʦʶ. ʎʽ ʬʘʢʪʦʨʠ 

ʚʽʜʥʦʩʷʪʴʩʷ ʜʦ ʟʚ'ʷʟʢʫ ʩʠʩʪʝʤʠ çʨʦʟʫʤʥʦʛʦè ʙʫʜʠʥʢʫ ʟ ʽʥʰʠʤʠ ʢʦʤʧʦʥʝʥʪʘʤʠ ʙʫʜʠʥʢʫ, 

ʷʢʽ ʧʽʜʚʠʱʫʶʪʴ ʥʘʜʽʡʥʽʩʪʴ ʨʦʙʦʪʠ ʩʠʩʪʝʤʠ ʪʘ ʧʨʦʩʪʦʪʫ ʚʠʢʦʨʠʩʪʘʥʥʷ [57, 98]. 
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ʇʦʪʝʥʮʽʡʥʽ ʬʽʥʘʥʩʦʚʽ ʚʠʛʦʜʠ ʪʘʢʦʞ ʚʽʜʥʦʩʷʪʴʩʷ ʜʦ ʚʠʛʦʜ, ʧʦʚôʷʟʘʥʠʭ ʟʽ ʟʜʦʨʦʚôʷʤ, 

ʟʘʚʜʷʢʠ ʯʦʤʫ ʧʝʨʝʭʽʜ ʜʦ ʘʚʪʦʤʘʪʠʟʦʚʘʥʦʛʦ ʢʝʨʫʚʘʥʥʷ ʧʦʙʫʪʦʚʠʤʠ ʧʨʦʮʝʩʘʤʠ ʜʣʷ 

ʟʘʙʝʟʧʝʯʝʥʥʷ ʧʽʜʪʨʠʤʢʠ ʟʜʦʨʦʚ'ʷ ʤʝʰʢʘʥʮʽʚ ʤʦʞʝ ʧʨʠʟʚʝʩʪʠ ʜʦ ʝʢʦʥʦʤʽʾ ʯʘʩʫ ʪʘ ʛʨʦʰʝʡ 

ʢʦʨʠʩʪʫʚʘʯʽʚ ʩʠʩʪʝʤʠ [100]. ɺʽʜʟʥʘʯʘʶʯʠ ʟʨʦʩʪʘʶʯʠʡ ʽʥʪʝʨʝʩ ʜʦ ʦʙʛʦʚʦʨʝʥʥʷ 

ʝʬʝʢʪʠʚʥʦʩʪʽ ʚʠʪʨʘʪ ʥʘ ʜʦʛʣʷʜ ʟʘ ʣʶʜʴʤʠ ʚ ʜʦʤʘʰʥʽʭ ʫʤʦʚʘʭ ʧʦʨʽʚʥʷʥʦ ʟ ʪʨʘʜʠʮʽʡʥʦʶ 

ʤʝʜʠʯʥʦʶ ʜʦʧʦʤʦʛʦʶ, ʜʦʩʣʽʜʞʝʥʥʷ ʜʽʡʰʣʠ ʚʠʩʥʦʚʢʫ, ʱʦ ʝʬʝʢʪʠʚʥʽʩʪʴ ʚʠʪʨʘʪ ʟʘʣʝʞʠʪʴ 

ʚʽʜ ʩʪʘʥʫ ʟʜʦʨʦʚ'ʷ ʧʘʮʽʻʥʪʘ ʪʘ ʧʘʢʝʪʫ ʧʦʩʣʫʛ, ʷʢʽ ʚʽʥ ʧʦʚʠʥʝʥ ʦʪʨʠʤʘʪʠ. ʎʝʡ ʚʠʩʥʦʚʦʢ 

ʛʦʚʦʨʠʪʴ ʧʨʦ ʪʝ, ʱʦ ʬʽʥʘʥʩʦʚʘ ʚʠʛʦʜʘ ʻ ʬʘʢʪʦʨʦʤ, ʱʦ ʟʘʣʝʞʠʪʴ ʚʽʜ ʢʦʥʪʝʢʩʪʫ 

ʚʠʢʦʨʠʩʪʘʥʥʷ, ʷʢʠʡ ʤʦʞʝ ʚʧʣʠʚʘʪʠ ʥʘ ʨʽʰʝʥʥʷ ʧʨʦ ʧʝʨʝʚʘʛʠ ʚʠʢʦʨʠʩʪʘʥʥʷ ʪʝʭʥʦʣʦʛʽʾ. 

ʉʠʩʪʝʤʠ çʨʦʟʫʤʥʠʭè ʙʫʜʠʥʢʽʚ ʤʦʞʫʪʴ ʧʦʢʨʘʱʠʪʠ ʩʦʮʽʘʣʽʟʘʮʽʶ ʽ ʥʘʚʽʪʴ ʜʦʧʦʤʦʛʪʠ 

ʢʦʨʠʩʪʫʚʘʯʘʤ ʧʦʜʦʣʘʪʠ ʚʽʜʯʫʪʪʷ ʽʟʦʣʷʮʽʾ. ʎʴʦʛʦ ʤʦʞʥʘ ʜʦʩʷʛʪʠ ʟʘʚʜʷʢʠ ʚʧʨʦʚʘʜʞʝʥʥʶ 

ʬʫʥʢʮʽʡ, ʧʦʚôʷʟʘʥʠʭ ʽʟ ʜʦʤʘʰʥʽʤ ʜʦʛʣʷʜʦʤ. ʄʦʞʣʠʚʽʩʪʴ ʩʠʩʪʝʤʠ çʨʦʟʫʤʥʦʛʦè ʙʫʜʠʥʢʫ 

ʜʦʧʦʤʘʛʘʪʠ ʪʘ ʧʽʜʪʨʠʤʫʚʘʪʠ ʣʶʜʝʡ ʫ ʧʦʚʩʷʢʜʝʥʥʽʡ ʜʽʷʣʴʥʦʩʪʽ ʚʧʣʠʚʘʻ ʥʘ 

ʩʘʤʦʩʧʨʠʡʥʷʪʪʷ ʟ ʪʦʯʢʠ ʟʦʨʫ ʩʘʤʦʦʮʽʥʢʠ, ʘʜʘʧʪʦʚʘʥʦʩʪʽ ʪʘ ʢʦʤʧʝʪʝʥʪʥʦʩʪʽ. ʅʘʧʨʠʢʣʘʜ, 

ʢʦʨʠʩʪʫʚʘʯʽ ʤʦʞʫʪʴ ʥʝ ʙʘʞʘʪʠ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʜʦʧʦʤʽʞʥʽ ʪʝʭʥʦʣʦʛʽʾ ʯʝʨʝʟ 

ʧʦʙʦʶʚʘʥʥʷ, ʱʦ ʚʦʥʠ ʙʫʜʫʪʴ ʚʠʟʥʘʥʠʤʠ ʽʥʰʠʤʠ ʷʢ ʩʣʘʙʢʽ ʪʘ ʚʨʘʟʣʠʚʽ ʣʶʜʠ. ʂʨʽʤ ʪʦʛʦ, 

ʻ ʧʦʙʦʶʚʘʥʥʷ, ʱʦ ʩʠʩʪʝʤʠ çʨʦʟʫʤʥʦʛʦè ʙʫʜʠʥʢʫ ʤʦʞʫʪʴ ʥʝʛʘʪʠʚʥʦ ʚʧʣʠʥʫʪʠ ʥʘ ʾʭʥʻ 

ʩʦʮʽʘʣʴʥʝ ʞʠʪʪʷ, ʟʘʤʽʥʠʚʰʠ ʨʝʘʣʴʥʝ ʩʧʽʣʢʫʚʘʥʥʷ ʚʽʯ-ʥʘ-ʚʽʯ. ɯʟʦʣʷʮʽʷ ʚʽʜ ʩʦʮʽʘʣʴʥʦʾ ʪʘ 

ʬʽʟʠʯʥʦʾ ʚʟʘʻʤʦʜʽʾ ʤʦʞʝ ʙʫʪʠ ʥʘʩʣʽʜʢʦʤ ʧʦʩʠʣʝʥʥʷ ʙʘʞʘʥʥʷ ʣʶʜʝʡ ʧʦʭʠʣʦʛʦ ʚʽʢʫ ʪʘ 

ʢʦʨʠʩʪʫʚʘʯʽʚ ʟ ʬʽʟʠʯʥʠʤʠ ʦʙʤʝʞʝʥʥʷʤʠ ʙʫʪʠ ʥʝʟʘʣʝʞʥʠʤʠ ʚʽʜ ʜʦʧʦʤʦʛʠ ʟ 

ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʩʠʩʪʝʤ çʨʦʟʫʤʥʦʛʦè ʙʫʜʠʥʢʫ. ɺʠʱʝʟʛʘʜʘʥʽ ʨʝʟʫʣʴʪʘʪʠ ʩʚʽʜʯʘʪʴ ʧʨʦ ʪʝ, 

ʱʦ ʨʦʣʴ ʩʠʩʪʝʤ çʨʦʟʫʤʥʦʛʦè ʙʫʜʠʥʢʫ ʟ ʪʦʯʢʠ ʟʦʨʫ ʬʽʟʠʯʥʦʾ ʥʝʟʘʣʝʞʥʦʩʪʽ ʤʘʻ ʷʢ 

ʧʦʟʠʪʠʚʥʽ ʪʘ ʥʝʛʘʪʠʚʥʽ ʩʪʦʨʦʥʠ. 

ɼʝʷʢʽ ʜʦʩʣʽʜʥʠʢʠ [57] ʚʠʨʘʟʠʣʠ ʟʘʥʝʧʦʢʦʻʥʥʷ ʱʦʜʦ ʚʧʣʠʚʫ ʬʽʥʘʥʩʦʚʠʭ ʯʠʥʥʠʢʽʚ 

ʥʘ ʩʦʮʽʘʣʽʟʘʮʽʶ ʢʦʨʠʩʪʫʚʘʯʽʚ. ʅʘ ʜʫʤʢʫ ʮʠʭ ʘʚʪʦʨʽʚ, ʽʩʥʫʻ ʟʘʛʨʦʟʘ, ʱʦ ʣʠʰʝ ʢʦʨʠʩʪʫʚʘʯʽ 

ʟ ʙʽʣʴʰ ʚʠʩʦʢʠʤ ʨʽʚʥʝʤ ʜʦʭʦʜʫ ʤʦʞʫʪʴ ʦʪʨʠʤʘʪʠ ʢʦʨʠʩʪʴ ʚʽʜ ʩʠʩʪʝʤ çʨʦʟʫʤʥʦʛʦè 

ʙʫʜʠʥʢʫ ʪʘ ʚʽʜʯʫʪʠ çʚʢʣʶʯʝʥʥʷè ʫ ʩʫʩʧʽʣʴʩʪʚʦ ʚʣʘʩʥʠʢʽʚ ʨʦʟʢʽʰʥʠʭ ʽ ʜʦʨʦʛʠʭ 

ʪʝʭʥʦʣʦʛʽʡ. ʇʨʦʪʝ, ʚʨʘʭʦʚʫʶʯʠ ʰʚʠʜʢʠʡ ʧʨʦʛʨʝʩ ʪʝʭʥʦʣʦʛʽʡ ʪʘ ʦʨʽʻʥʪʘʮʽʶ ʚʠʨʦʙʥʠʢʽʚ 
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ʪʝʭʥʦʣʦʛʽʡ ʥʘ ʰʠʨʦʢʠʡ ʨʠʥʦʢ, ʦʯʽʢʫʻʪʴʩʷ, ʱʦ ʩʠʩʪʝʤʠ çʨʦʟʫʤʥʦʛʦè ʙʫʜʠʥʢʫ ʟ ʯʘʩʦʤ 

ʩʪʘʥʫʪʴ ʜʦʩʪʫʧʥʽʰʠʤʠ [62], ʽ ʮʝ ʤʦʞʝ ʥʝ ʩʪʘʪʠ ʧʨʦʙʣʝʤʦʶ ʚ ʤʘʡʙʫʪʥʴʦʤʫ. 

 

1.4 ʅʝʜʦʣʽʢʠ ʪʘ ʧʨʦʙʣʝʤʠ ʚʧʨʦʚʘʜʞʝʥʥʷ ʚʠʢʦʨʠʩʪʘʥʥʷ ʽʩʥʫʶʯʠʭ ʩʠʩʪʝʤ 

çʨʦʟʫʤʥʦʛʦè ʙʫʜʠʥʢʫ 

ʅʝʟʚʘʞʘʶʯʠ ʥʘ ʧʦʪʝʥʮʽʡʥʽ ʧʝʨʝʚʘʛʠ ʩʠʩʪʝʤ çʨʦʟʫʤʥʦʛʦè ʙʫʜʠʥʢʫ, ʨʽʚʝʥʴ ʾʭ 

ʩʧʨʠʡʥʷʪʪʷ, ʷʢ ʢʦʨʠʩʥʠʭ ʽ ʜʦʩʪʫʧʥʠʭ ʟʘʣʠʰʘʻʪʴʩʷ ʥʠʟʴʢʠʤ [101,  102]. ʊʦʤʫ ʚʘʞʣʠʚʦ 

ʚʠʚʯʠʪʠ ʚʽʜʥʦʰʝʥʥʷ ʜʦ ʩʠʩʪʝʤ çʨʦʟʫʤʥʦʛʦè ʙʫʜʠʥʢʫ ʪʘ ʧʦʛʣʷʜ ʢʦʨʠʩʪʫʚʘʯʽʚ ʥʘ 

ʧʨʦʙʣʝʤʠ, ʷʢʽ ʤʦʞʫʪʴ ʧʝʨʝʰʢʦʜʞʘʪʠ ʚʧʨʦʚʘʜʞʝʥʥʶ ʩʠʩʪʝʤ çʨʦʟʫʤʥʠʭè ʙʫʜʠʥʢʽʚ.  

ʊʝʭʥʦʣʦʛʽʯʥʘ ʚʽʜʧʦʚʽʜʥʽʩʪʴ ʻ ʥʘʡʚʘʞʣʠʚʽʰʠʤ ʬʘʢʪʦʨʦʤ ʜʣʷ ʚʠʨʽʰʝʥʥʷ ʧʠʪʘʥʴ 

ʨʦʟʚʠʪʢʫ ʩʠʩʪʝʤ çʨʦʟʫʤʥʦʛʦè ʙʫʜʠʥʢʫ [57]. ʎʝ ʤʦʞʥʘ ʦʭʘʨʘʢʪʝʨʠʟʫʚʘʪʠ ʷʢ ʩʧʨʠʡʥʷʪʪʷ 

ʢʦʨʠʩʪʫʚʘʯʘʤʠ ʩʫʤʽʩʥʦʩʪʽ ʪʝʭʥʦʣʦʛʽʾ, ʟʚôʷʟʥʦʩʪʽ ʪʘ ʥʘʜʽʡʥʦʩʪʽ ʩʠʩʪʝʤʠ. ʎʽ ʪʨʠ ʬʘʢʪʦʨʠ 

ʩʠʣʴʥʦ ʧʦʚ'ʷʟʘʥʽ ʽʟ ʚʽʜʥʦʰʝʥʥʷʤ ʜʦ ʢʦʨʠʩʪʽ ʚʠʢʦʨʠʩʪʘʥʥʷ ʪʝʭʥʦʣʦʛʽʾ [98, 101]. 

ɺʽʜʧʦʚʽʜʥʦ ʜʦ ʮʽʻʾ ʪʦʯʢʠ ʟʦʨʫ, ʜʦʩʣʽʜʞʝʥʥʷ ʱʦʜʦ ʚʧʨʦʚʘʜʞʝʥʥʷ ʩʠʩʪʝʤ çʨʦʟʫʤʥʦʛʦè 

ʙʫʜʠʥʢʫ ʧʦʩʪʫʧʦʚʦ ʧʦʩʠʣʶʶʪʴ ʩʚʦʶ ʫʚʘʛʫ ʥʘ ʦʩʦʙʣʠʚʦʩʪʷʭ ʩʠʩʪʝʤ, ʱʦ ʧʦʪʝʥʮʽʡʥʦ 

ʤʦʞʫʪʴ ʩʪʘʥʦʚʠʪʠ ʟʘʛʨʦʟʠ ʜʣʷ ʢʦʨʠʩʪʫʚʘʯʽʚ ʪʘ ʚʧʣʠʚʘʪʠ ʥʘ ʧʦʟʠʪʠʚʥʝ ʩʧʨʠʡʥʷʪʪʷ 

ʩʠʩʪʝʤ. 

ɸʚʪʦʤʘʪʠʟʘʮʽʷ ʪʝʭʥʦʣʦʛʽʡ, ʤʦʙʽʣʴʥʽʩʪʴ ʪʘ ʩʫʤʽʩʥʽʩʪʴ ʚʚʘʞʘʶʪʴʩʷ ʩʧʨʦʱʫʶʯʠʤʠ 

ʯʠʥʥʠʢʘʤʠ ʜʣʷ ʧʦʟʠʪʠʚʥʦʛʦ ʩʧʨʠʡʥʷʪʪʷ [98]. ɹʘʨ'ʻʨ ʫ ʚʠʢʦʨʠʩʪʘʥʥʽ, ʷʢʠʡ ʩʪʦʩʫʻʪʴʩʷ 

ʥʘʜʽʡʥʦʩʪʽ ʪʘ ʧʨʦʩʪʦʪʠ ʚʠʢʦʨʠʩʪʘʥʥʷ, ʚʽʜʽʛʨʘʻ ʚʠʨʽʰʘʣʴʥʫ ʨʦʣʴ ʫ ʩʧʨʠʡʥʷʪʪʽ ʩʠʩʪʝʤ 

çʨʦʟʫʤʥʦʛʦè ʙʫʜʠʥʢʫ, ʟʘʚʜʷʢʠ ʯʦʤʫ ʩʢʣʘʜʥʽʩʪʴ ʪʝʭʥʦʣʦʛʽʾ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʚʽʜʤʦʚ ʚʽʜ ʾʾ 

ʚʧʨʦʚʘʜʞʝʥʥʷ [103]. ʆʜʥʘʢ ʚʩʝʨʚ̔ʥʦ ʽʩʥʫʻ ʥʠʟʢʘ ʩʫʯʘʩʥʠʭ ʧʨʠʣʘʜʽʚ çʨʦʟʫʤʥʦʛʦè 

ʙʫʜʠʥʢʫ, ʷʢʽ ʻ ʜʫʞʝ ʩʢʣʘʜʥʽ ʫ ʚʠʢʦʨʠʩʪʘʥʥʽ. ʆʩʢʽʣʴʢʠ ʙʽʣʴʰʽʩʪʴ ʧʨʦʝʢʪʽʚ ʩʠʩʪʝʤ 

çʨʦʟʫʤʥʦʛʦè ʙʫʜʠʥʢʫ ʙʫʣʠ ʩʫʪʦ ʪʝʭʥʽʯʥʠʤʠ, ʧʦʛʣʷʜ ʥʘ ʧʨʦʩʪʦʪʫ ʚʠʢʦʨʠʩʪʘʥʥʷ ʙʫʚ 

ʥʝʜʦʩʪʘʪʥʴʦ ʜʦʩʣʽʜʞʝʥʠʡ. ʂʦʨʠʩʪʫʚʘʯʽ ʦʯʽʢʫʶʪʴ, ʱʦ ʩʠʩʪʝʤʠ çʨʦʟʫʤʥʦʛʦè ʙʫʜʠʥʢʫ 

ʚʠʟʥʘʯʘʪʴ ʾʭʥʽ ʧʦʪʨʝʙʠ ʪʘ ʥʘʜʘʜʫʪʴ ʽʥʜʠʚʽʜʫʘʣʴʥʫ ʜʦʧʦʤʦʛʫ. ʆʜʥʘʢ ʙʫʣʦ ʚʩʪʘʥʦʚʣʝʥʦ, 

ʱʦ ʣʶʜʠ ʚʟʘʛʘʣʽ ʩʢʝʧʪʠʯʥʦ ʩʪʘʚʣʷʪʴʩʷ ʜʦ ʥʘʜʽʡʥʦʩʪʽ ʧʨʦʜʫʢʪʽʚ çʨʦʟʫʤʥʠʭè ʙʫʜʠʥʢʽʚ. 

ɿʚʘʞʘʶʯʠ ʥʘ ʪʦʡ ʬʘʢʪ, ʱʦ ʩʠʩʪʝʤʠ çʨʦʟʫʤʥʦʛʦè ʙʫʜʠʥʢʫ ʧʦʯʘʣʠ ʨʫʭʘʪʠʩʷ ʜʦ ʤʘʩʦʚʦʛʦ 
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ʨʠʥʢʫ, ʨʦʟʨʦʙʣʷʶʯʠ ʬʫʥʢʮʽʾ ʜʣʷ ʧʦʪʝʥʮʽʡʥʠʭ ʢʦʨʠʩʪʫʚʘʯʽʚ ʚʘʞʣʠʚʦ ʟʘʙʝʟʧʝʯʠʪʠ 

ʥʘʜʽʡʥʽʩʪʴ. 

ɼʨʫʛʘ ʛʨʫʧʘ ʙʘʨ'ʻʨʽʚ ʚʢʣʶʯʘʻ ʬʽʥʘʥʩʦʚʽ, ʝʪʠʯʥʽ ʪʘ ʶʨʠʜʠʯʥʽ ʧʨʦʙʣʝʤʠ. ɼʦ 

ʬʽʥʘʥʩʦʚʠʭ ʬʘʢʪʦʨʽʚ ʥʘʣʝʞʘʪʴ ʮʽʥʘ ʩʠʩʪʝʤ ʪʘ ʚʘʨʪʽʩʪʴ ʚʩʪʘʥʦʚʣʝʥʥʷ, ʨʝʤʦʥʪʫ ʪʘ 

ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ, ʱʦ ʚʽʜʰʪʦʚʭʫʻ ʢʦʨʠʩʪʫʚʘʯʽʚ ʚʽʜ ʧʦʟʠʪʠʚʥʦʛʦ ʩʧʨʠʡʥʷʪʪʷ ʩʠʩʪʝʤ 

çʨʦʟʫʤʥʦʛʦè ʙʫʜʠʥʢʫ [56, 85]. ɼʝʷʢʽ ʣʶʜʠ ʚʠʨʘʞʘʣʠ ʥʝʨʦʟʫʤʽʥʥʷ ʪʦʛʦ, ʷʢ çʨʦʟʫʤʥʽè 

ʙʫʜʠʥʢʠ ʤʦʞʫʪʴ ʜʦʧʦʤʦʛʪʠ ʾʤ ʟʘʦʱʘʜʠʪʠ ʛʨʦʰʽ, ʱʦ ʚʠʢʣʠʢʘʻ ʥʝʜʦʚʽʨʫ ʜʦ ʪʝʭʥʦʣʦʛʽʾ 

[85]. ʅʘʫʢʦʚʽ ʨʦʙʦʪʠ ʚʢʘʟʫʶʪʴ ʥʘ ʪʝ, ʱʦ ʚʧʨʦʚʘʜʞʝʥʥʷ ʮʠʭ ʩʠʩʪʝʤ ʚ ʛʘʣʫʟʽ ʦʭʦʨʦʥʠ 

ʟʜʦʨʦʚ'ʷ ʻ ʟʘʪʨʘʪʥʠʤʠ. ɸʣʝ ʚʦʜʥʦʯʘʩ ʮʝʡ ʚʠʩʥʦʚʦʢ ʥʝ ʧʽʜʪʨʠʤʫʻ ʧʨʠʧʫʱʝʥʥʷ, ʱʦ 

ʜʦʧʦʤʽʞʥʽ ʧʨʠʩʪʨʦʾ ʜʣʷ ʜʦʤʫ ʤʦʞʫʪʴ ʬʽʥʘʥʩʦʚʦ ʧʨʠʥʝʩʪʠ ʢʦʨʠʩʪʴ ʷʢ ʢʦʨʠʩʪʫʚʘʯʘʤ, ʪʘʢ 

ʽ ʣʽʢʘʨʥʷʤ, ʟʘʤʽʥʠʚʰʠ ʪʨʘʜʠʮʽʡʥʝ ʚʽʜʚʽʜʫʚʘʥʥʷ ʚʽʨʪʫʘʣʴʥʦʶ ʪʝʨʘʧʽʻʶ [56]. ɼʝʷʢʽ 

ʜʦʩʣʽʜʥʠʢʠ ʩʪʚʝʨʜʞʫʚʘʣʠ, ʱʦ ʚʧʨʦʚʘʜʞʝʥʥʷ ʢʦʥʮʝʧʮʽʾ çʨʦʟʫʤʥʦʛʦè ʙʫʜʠʥʢʫ ʚ ʩʬʝʨʽ 

ʦʭʦʨʦʥʠ ʟʜʦʨʦʚ'ʷ ʧʦʪʨʝʙʫʚʘʪʠʤʝ ʚʝʣʠʢʠʭ ʚʢʣʘʜʝʥʴ, ʦʩʢʽʣʴʢʠ ʬʽʥʘʥʩʦʚʽ ʽʥʚʝʩʪʠʮʽʾ ʪʘ 

ʥʘʚʯʘʥʥʷ ʤʝʜʠʯʥʦʛʦ ʧʝʨʩʦʥʘʣʫ ʙʫʜʫʪʴ ʥʝʦʙʭʽʜʥʠʤʠ ʜʣʷ ʙʝʟʧʝʯʥʦʛʦ ʪʘ ʝʬʝʢʪʠʚʥʦʛʦ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʩʠʩʪʝʤ çʨʦʟʫʤʥʦʛʦè ʙʫʜʠʥʢʫ. 

ʄʦʞʣʠʚʽʩʪʴ ʩʠʩʪʝʤ çʨʦʟʫʤʥʦʛʦè ʙʫʜʠʥʢʫ ʟʙʠʨʘʪʠ ʪʘ ʟʙʝʨʽʛʘʪʠ ʚʝʣʠʯʝʟʥʫ ʢʽʣʴʢʽʩʪʴ 

ʧʨʠʚʘʪʥʠʭ ʜʘʥʠʭ ʚʠʢʣʠʢʘʻ ʝʪʠʯʥʽ ʧʨʦʙʣʝʤʠ, ʪʘʢʽ ʷʢ ʢʦʥʬʽʜʝʥʮʽʡʥʽʩʪʴ ʪʘ ʙʝʟʧʝʢʘ [102]. 

ʋ ʨʷʜʽ ʢʨʘʾʥ ʩʠʩʪʝʤʠ çʨʦʟʫʤʥʦʛʦè ʙʫʜʠʥʢʫ ʥʝ ʤʦʞʫʪʴ ʙʫʪʠ ʟʘʩʪʦʩʦʚʘʥʽ ʚ ʦʭʦʨʦʥʽ 

ʟʜʦʨʦʚ'ʷ ʙʝʟ ʟʛʦʜʠ ʧʘʮʽʻʥʪʘ, ʷʢʠʡ ʧʦʚʠʥʝʥ ʙʫʪʠ ʧʦʚʥʽʩʪʶ ʧʨʦʽʥʬʦʨʤʦʚʘʥʠʡ ʱʦʜʦ 

ʧʨʦʮʝʜʫʨʠ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ. ɼʦʩʣʽʜʞʝʥʥʷ ʩʚʽʜʯʠʪʴ ʧʨʦ ʧʝʨʝʚʘʞʥʫ ʥʝʜʦʚʽʨʫ 

ʢʦʨʠʩʪʫʚʘʯʽʚ, ʪʦʙʪʦ ʚʦʥʠ ʥʝ ʜʦʟʚʦʣʷʶʪʴ ʟʙʠʨʘʪʠ ʦʩʦʙʠʩʪʽ ʜʘʥʽ. ʈʠʟʠʢ ʚʪʦʨʛʥʝʥʥʷ ʚ 

ʧʨʠʚʘʪʥʝ ʞʠʪʪʷ ʚʠʩʪʫʧʘʻ ʛʦʣʦʚʥʠʤ ʙʘʨ'ʻʨʦʤ ʧʦʟʠʪʠʚʥʦʛʦ ʩʧʨʠʡʥʷʪʪʷ ʩʠʩʪʝʤ 

çʨʦʟʫʤʥʦʛʦè ʙʫʜʠʥʢʫ, ʱʦ ʧʽʜʪʚʝʨʜʞʫʻʪʴʩʷ ʨʷʜʦʤ ʜʦʩʣʽʜʞʝʥʴ [101, 102, 104]. 

ʇʦʨʫʰʝʥʥʷ ʢʦʥʬʽʜʝʥʮʽʡʥʦʩʪʽ ʞʠʪʪʷ ʢʦʨʠʩʪʫʚʘʯʽʚ ʤʦʞʝ ʩʪʘʪʠʩʷ ʚʥʘʩʣʽʜʦʢ ʥʝʙʘʞʘʥʦʛʦ 

ʨʦʟʢʨʠʪʪʷ ʽʥʬʦʨʤʘʮʽʾ ʪʘ ʥʝʤʦʞʣʠʚʦʩʪʽ ʢʦʥʪʨʦʣʶʚʘʪʠ ʚʪʨʫʯʘʥʥʷ ʩʠʩʪʝʤ ʘʚʪʦʤʘʪʠʟʘʮʽʾ ʚ 

ʧʨʠʚʘʪʥʝ ʞʠʪʪʷ [101]. ʑʦʜʦ ʩʧʨʠʡʥʷʪʪʷ ʨʠʟʠʢʫ ʢʦʥʬʽʜʝʥʮʽʡʥʦʩʪʽ ʪʘ ʙʝʟʧʝʢʠ, ʪʦ ʜʫʤʢʠ 

ʢʦʨʠʩʪʫʚʘʯʽʚ ʨʦʟʜʽʣʷʶʪʴʩʷ. ɼʝʷʢʽ ʣʶʜʠ, ʟʜʘʻʪʴʩʷ, ʟʤʦʛʣʠ ʚʠʢʦʨʠʩʪʘʪʠ ʧʝʨʝʚʘʛʠ 

ʪʝʭʥʦʣʦʛʽʾ, ʥʝ ʪʫʨʙʫʶʯʠʩʴ ʧʨʦʙʣʝʤʘʤʠ ʢʦʥʬʽʜʝʥʮʽʡʥʦʩʪʽ. ɯʥʰʽ ʙʘʯʠʣʠ, ʱʦ ʜʦʤʘʰʥʷ 
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ʘʚʪʦʤʘʪʠʟʘʮʽʷ ʪʘ ʜʠʩʪʘʥʮʽʡʥʝ ʫʧʨʘʚʣʽʥʥʷ ʤʦʞʫʪʴ ʩʪʚʦʨʶʚʘʪʠ ʟʘʛʨʦʟʫ ʙʝʟʧʝʮʽ ʧʨʠ 

ʨʦʟʢʨʠʪʪʽ ʪʘ ʚʠʢʦʨʠʩʪʘʥʥʽ ʾʭʥʽʭ ʜʘʥʠʭ ʪʨʝʪʽʤʠ ʩʪʦʨʦʥʘʤʠ. ɼʣʷ ʚʠʨʽʰʝʥʥʷ ʮʽʻʾ ʧʨʦʙʣʝʤʠ, 

ʨʦʟʨʦʙʢʘ ʪʘ ʚʧʨʦʚʘʜʞʝʥʥʷ ʩʢʣʘʜʥʠʭ ʧʨʦʪʦʢʦʣʽʚ ʙʝʟʧʝʢʠ ʤʘʻ ʥʘ ʤʝʪʽ ʫʩʫʥʫʪʠ ʨʠʟʠʢʠ 

ʰʘʭʨʘʡʩʴʢʦʛʦ ʚʪʦʨʛʥʝʥʥʷ ʪʘ ʥʝʧʨʘʚʠʣʴʥʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʪʝʭʥʦʣʦʛʽʡ ʫ ʩʠʩʪʝʤʘʭ 

çʨʦʟʫʤʥʦʛʦè ʙʫʜʠʥʢʫ.  

ʖʨʠʜʠʯʥʽ ʧʨʦʙʣʝʤʠ ʻ ʢʘʤʝʥʝʤ ʩʧʦʪʠʢʘʥʥʷ ʫ ʧʦʟʠʪʠʚʥʦʤʫ ʩʧʨʠʡʥʷʪʪʽ ʩʠʩʪʝʤ 

çʨʦʟʫʤʥʦʛʦè ʙʫʜʠʥʢʫ, ʦʩʦʙʣʠʚʦ ʫ ʛʘʣʫʟʷʭ ʤʝʜʠʯʥʦʾ ʪʘ ʩʦʮʽʘʣʴʥʦʾ ʜʦʧʦʤʦʛʠ. ʉʠʩʪʝʤʠ 

çʨʦʟʫʤʥʦʛʦè ʙʫʜʠʥʢʫ, ʚʢʣʶʯʘʶʯʠ ʢʦʥʮʝʧʮʽʶ ʝʣʝʢʪʨʦʥʥʦʛʦ ʟʜʦʨʦʚôʷ, ʻ ʚʽʜʥʦʩʥʦ ʥʦʚʦʶ 

ʜʠʩʮʠʧʣʽʥʦʶ ʟ ʚʽʜʩʫʪʥʽʩʪʶ ʧʠʩʴʤʦʚʠʭ ʧʨʘʚʦʚʠʭ ʥʦʨʤ ʱʦʜʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʮʠʭ 

ʪʝʭʥʦʣʦʛʽʡ. ɼʣʷ ʪʦʛʦ, ʱʦʙ ʟʘʙʝʟʧʝʯʠʪʠ ʰʠʨʦʢʝ ʩʧʨʠʡʥʷʪʪʷ ʮʽʻʾ ʪʝʭʥʦʣʦʛʽʾ, ʫʨʷʜʠ ʧʦʚʠʥʥʽ 

ʩʢʦʨʠʛʫʚʘʪʠ ʟʘʢʦʥʠ ʱʦʜʦ ʧʨʘʢʪʠʢʠ ʚʠʢʦʨʠʩʪʘʥʥʷ. ɺʨʘʭʦʚʫʶʯʠ ʨʦʟʨʠʚ ʫ ʟʘʢʦʥʦʜʘʚʩʪʚʽ, 

ʧʦʣʽʪʠʢʠ ʤʦʞʫʪʴ ʚʚʝʩʪʠ ʟʘʢʦʥʠ ʜʣʷ ʚʨʝʛʫʣʶʚʘʥʥʷ ʢʦʥʬʣʽʢʪʽʚ ʤʽʞ ʨʦʟʨʦʙʥʠʢʘʤʠ ʩʠʩʪʝʤ 

çʨʦʟʫʤʥʦʛʦè ʙʫʜʠʥʢʫ ʪʘ ʢʦʨʠʩʪʫʚʘʯʘʤʠ ʱʦʜʦ ʦʪʨʠʤʘʥʦʛʦ ʧʨʦʜʫʢʪʫ. ʇʦʣʽʪʠʢʘʤ ʪʘʢʦʞ 

ʧʦʪʨʽʙʥʦ ʜʦʪʨʠʤʫʚʘʪʠʩʷ ʟʘʢʦʥʫ ʧʨʦ ʢʦʥʬʽʜʝʥʮʽʡʥʽʩʪʴ, ʱʦʙ ʛʘʨʘʥʪʫʚʘʪʠ ʟʘʭʠʩʪ ʜʘʥʠʭ 

ʢʦʨʠʩʪʫʚʘʯʽʚ ʪʘ ʫʥʠʢʘʪʠ ʙʫʜʴ-ʷʢʠʭ ʥʘʚʤʠʩʥʠʭ ʯʠ ʚʠʧʘʜʢʦʚʠʭ ʧʦʨʫʰʝʥʴ ʟʘʢʦʥʫ ʧʨʦ 

ʢʦʥʬʽʜʝʥʮʽʡʥʽʩʪʴ. ʆʜʥʘʢ ʢʦʣʠ ʜʘʥʽ, ʧʦʚ'ʷʟʘʥʽ ʟʽ ʟʜʦʨʦʚôʷʤ ʢʦʨʠʩʪʫʚʘʯʽʚ ʩʠʩʪʝʤ 

çʨʦʟʫʤʥʦʛʦè ʙʫʜʠʥʢʫ, ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʣʽʢʘʨʥʝʶ ʘʙʦ ʦʢʨʝʤʠʤ ʣʽʢʘʨʝʤ, ʨʦʟʫʤʽʥʥʷ ʧʨʦ 

ʢʦʥʬʽʜʝʥʮʽʡʥʽʩʪʴ ʜʘʥʠʭ ʟʤʽʥʶʻʪʴʩʷ. ʊʦʤʫ ʚʘʞʣʠʚʦ ʚʠʟʥʘʯʠʪʠ ʤʝʞʽ ʤʽʞ ʚʪʦʨʛʥʝʥʥʷʤ ʫ 

ʢʦʥʬʽʜʝʥʮʽʡʥʽʩʪʴ ʪʘ ʟʘʭʠʩʪʦʤ ʜʘʥʠʭ, ʦʩʦʙʣʠʚʦ ʫ ʛʘʣʫʟʽ ʦʭʦʨʦʥʠ ʟʜʦʨʦʚ'ʷ. 

ʅʠʟʴʢʠʡ ʧʦʢʘʟʥʠʢ ʩʧʨʠʡʥʷʪʪʷ ʢʦʨʠʩʪʽ ʚʠʢʦʨʠʩʪʘʥʥʷ ʩʠʩʪʝʤ çʨʦʟʫʤʥʦʛʦè ʙʫʜʠʥʢʫ 

ʤʦʞʥʘ ʧʦʷʩʥʠʪʠ ʚʽʜʩʫʪʥʽʩʪʶ ʟʥʘʥʴ, ʜʦʚʽʨʠ ʪʘ ʜʦʩʚʽʜʫ ʚʠʢʦʨʠʩʪʘʥʥʷ ʮʽʻʾ ʪʝʭʥʦʣʦʛʽʾ. 

ʆʩʢʽʣʴʢʠ ʩʠʩʪʝʤʠ çʨʦʟʫʤʥʦʛʦè ʙʫʜʠʥʢʫ ʻ ʥʦʚʠʤʠ ʪʝʭʥʦʣʦʛʽʷʤʠ, ʣʶʜʠ ʥʝ ʧʦʚʥʽʩʪʶ 

ʫʩʚʽʜʦʤʣʶʶʪʴ ʩʚʦʾ ʬʫʥʢʮʽʾ ʫ ʙʫʜʠʥʢʫ, ʧʦʪʝʥʮʽʡʥʽ ʨʠʟʠʢʠ ʪʘ ʚʠʛʦʜʠ. ɺʽʜʩʫʪʥʽʩʪʴ ʟʥʘʥʴ 

ʱʦʜʦ ʩʠʩʪʝʤ çʨʦʟʫʤʥʦʛʦè ʙʫʜʠʥʢʫ ʧʝʨʝʰʢʦʜʞʘʻ ʙʽʣʴʰ ʰʠʨʦʢʽʡ ʨʝʘʣʽʟʘʮʽʾ ʜʘʥʠʭ ʩʠʩʪʝʤ 

ʥʘ ʤʘʩʦʚʦʤʫ ʨʠʥʢʫ. ʅʘʧʨʠʢʣʘʜ, ʜʦʩʣʽʜʞʝʥʥʷ, ʷʢʝ ʚʠʚʯʘʣʦ ʩʧʨʠʡʥʷʪʪʷ çʨʦʟʫʤʥʠʭè 

ʣʽʯʠʣʴʥʠʢʽʚ, ʧʦʢʘʟʘʣʦ, ʱʦ ʣʶʜʠ ʟʚʠʢʣʠ ʜʦ ʪʨʘʜʠʮʽʡʥʠʭ ʨʽʚʥʠʭ ʪʘʨʠʬʽʚ ʥʘ 

ʝʣʝʢʪʨʦʝʥʝʨʛʽʶ ʪʘ ʱʦ ʾʤ ʥʝʜʦʩʪʘʪʥʴʦ ʟʥʘʥʴ ʱʦʜʦ ʧʝʨʝʚʘʛ, ʷʢʽ ʤʦʛʣʠ ʙ ʩʪʚʦʨʠʪʠ ʨʦʟʫʤʥʽ 

ʪʝʭʥʦʣʦʛʽʾ. ʊʘʢʦʞ ʥʘ ʩʧʨʠʡʥʷʪʪʷ ʥʦʚʠʭ ʪʝʭʥʦʣʦʛʽʡ ʩʠʣʴʥʦ ʚʧʣʠʚʘʻ ʟʚʦʨʦʪʥʠʡ ʟʚ'ʷʟʦʢ 
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ʟʘʧʨʦʚʘʜʞʝʥʠʭ ʪʝʭʥʦʣʦʛʽʡ, ʱʦ ʤʦʞʝ ʥʝ ʟʘʚʞʜʠ ʙʫʪʠ ʧʦʟʠʪʠʚʥʠʤ. ʊʘʢʠʤ ʯʠʥʦʤ, 

ʥʝʜʦʩʪʘʪʥʷ ʦʙʽʟʥʘʥʽʩʪʴ ʢʦʨʠʩʪʫʚʘʯʽʚ ʫ ʧʦʻʜʥʘʥʥʽ ʟ ʧʦʛʘʥʠʤʠ ʥʘʩʣʽʜʢʘʤʠ ʨʦʙʦʪʠ ʤʦʞʝ 

ʟʽʛʨʘʪʠ ʥʝʛʘʪʠʚʥʫ ʨʦʣʴ ʫ ʩʧʨʠʡʥʷʪʪʽ ʩʠʩʪʝʤ çʨʦʟʫʤʥʦʛʦè ʙʫʜʠʥʢʫ ʧʦʪʝʥʮʽʡʥʠʤʠ 

ʢʦʨʠʩʪʫʚʘʯʘʤʠ [101]. 

ʅʘʫʢʦʚʮʽ [105] ʥʘʤʘʛʘʣʠʩʷ ʜʦʩʣʽʜʠʪʠ ʚʠʢʣʠʢʠ ʩʧʨʠʡʥʷʪʪʷ çʨʦʟʫʤʥʠʭè ʪʝʭʥʦʣʦʛʽʡ 

ʟʘ ʜʦʧʦʤʦʛʦʶ ʪʝʦʨʽʾ ʩʪʽʡʢʦʩʪʽ ʜʦ ʽʥʥʦʚʘʮʽʡ. ʈʝʟʫʣʴʪʘʪʠ ʚʠʱʝʟʘʟʥʘʯʝʥʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ 

ʛʦʚʦʨʷʪʴ ʧʨʦ ʪʝ, ʱʦ ʩʧʨʠʡʥʷʪʪʷ ʥʦʚʠʟʥʠ ʪʘ ʢʦʨʠʩʪʽ ʤʘʻ ʽʩʪʦʪʥʠʡ ʥʝʛʘʪʠʚʥʠʡ ʚʧʣʠʚ ʥʘ 

ʦʧʽʨ ʩʧʦʞʠʚʘʯʽʚ ʩʧʨʠʡʤʘʪʠ ʚʩʝʨʡʦʟ çʨʦʟʫʤʥʽè ʪʦʚʘʨʠ. ʋ ʚʽʜʧʦʚʽʜʥʦʩʪʽ ʟ ʮʠʤ ʚʠʩʥʦʚʢʦʤ 

ʽʥʰʝ ʜʦʩʣʽʜʞʝʥʥʷ ʧʽʜʪʚʝʨʜʠʣʦ, ʱʦ ʽʥʥʦʚʘʮʽʡʥʠʡ ʧʨʦʜʫʢʪ, ʷʢʠʡ ʥʝ ʚʽʜʧʦʚʽʜʘʻ ʨʘʥʽʰʝ 

ʽʩʥʫʶʯʦʤʫ ʩʝʨʝʜʦʚʠʱʫ ʪʘ ʚʠʤʘʛʘʻ ʟʤʽʥʠ ʩʧʦʩʦʙʫ ʞʠʪʪʷ ʪʘ ʧʦʚʝʜʽʥʢʠ ʢʦʨʠʩʪʫʚʘʯʽʚ, ʤʦʞʝ 

ʥʝ ʚʠʡʪʠ ʥʘ ʤʘʩʦʚʠʡ ʨʠʥʦʢ. ʂʦʨʠʩʪʫʚʘʯʽ ʙʽʣʴʰʝ ʚʽʜʜʘʶʪʴʩʷ ʩʪʘʨʠʤ ʟʚʠʯʢʘʤ ʽ ʨʽʰʫʯʝ 

ʧʨʦʪʠʩʪʦʷʪʴ ʟʤʽʥʘʤ ʩʚʦʾʭ ʟʚʠʯʦʢ ʪʘ ʩʪʠʣʶ ʞʠʪʪʷ. ʑʦʙ ʧʦʜʦʣʘʪʠ ʮʝʡ ʧʩʠʭʦʣʦʛʽʯʥʠʡ 

ʙʘʨ'ʻʨ, çʨʦʟʫʤʥʽè ʧʦʙʫʪʦʚʽ ʧʨʠʣʘʜʠ ʤʦʞʫʪʴ ʤʽʩʪʠʪʠ ʧʨʦʛʨʘʤʥʽ ʩʠʩʪʝʤʠ, ʷʢʽ 

ʧʽʜʣʘʰʪʦʚʫʶʪʴʩʷ ʧʽʜ  ʟʚʠʯʢʠ ʢʦʨʠʩʪʫʚʘʯʽʚ. 

ʇʝʨʩʧʝʢʪʠʚʠ ʽʟʦʣʷʮʽʾ ʪʘ ʚʽʜʩʫʪʥʦʩʪʽ ʣʶʜʩʴʢʦʾ ʚʟʘʻʤʦʜʽʾ ʤʦʞʝ ʩʪʘʪʠ ʚʠʢʣʠʢʦʤ ʜʣʷ 

ʩʧʨʠʡʥʷʪʪʷ ʩʠʩʪʝʤ çʨʦʟʫʤʥʦʛʦè. ʄʦʞʣʠʚʽ ʜʚʘ ʩʮʝʥʘʨʽʷ ʨʦʟʚʠʪʢʫ ʩʠʪʫʘʮʽʾ. ʋ ʧʝʨʰʦʤʫ 

ʪʝʭʥʦʣʦʛʽʷ ʟʘʤʽʥʶʻ ʚʟʘʻʤʦʜʽʶ ʣʶʜʠʥʠ ʚʽʨʪʫʘʣʴʥʠʤ ʩʧʽʣʢʫʚʘʥʥʷʤ, ʧʦʩʪʫʧʦʚʦ 

ʚʠʢʣʶʯʘʶʯʠ ʢʦʨʠʩʪʫʚʘʯʽʚ ʽʟ ʩʫʩʧʽʣʴʩʪʚʘ ʫ ʬʽʟʠʯʥʦʤʫ ʩʝʨʝʜʦʚʠʱʽ. ʋ ʜʨʫʛʦʤʫ - 

ʧʨʠʡʥʷʪʪʷ ʪʝʭʥʦʣʦʛʽʾ ʦʜʥʠʤ ʩʦʮʽʘʣʴʥʠʤ ʰʘʨʦʤ ʟʘʤʦʞʥʠʭ ʢʦʨʠʩʪʫʚʘʯʽʚ, ʱʦ ʜʦʟʚʦʣʠʣʦ ʙ 

ʚʠʢʣʶʯʠʪʠ ʥʘʩʝʣʝʥʥʷ, ʷʢʠʤ ʜʘʥʘ ʪʝʭʥʦʣʦʛʽʷ ʥʝ ʜʦʩʪʫʧʥʘ, ʧʫʙʣʽʯʥʦ ʚʠʟʥʘʯʠʚʰʠ ʾʭʥʽʡ 

ʥʠʞʯʠʡ ʩʦʮʽʘʣʴʥʦ-ʝʢʦʥʦʤʽʯʥʠʡ ʩʪʘʪʫʩ. ɼʚʽ ʪʦʯʢʠ ʟʦʨʫ ʩʫʧʝʨʝʯʣʠʚʽ, ʱʦ ʟʘʣʠʰʘʻ 

ʧʝʨʩʧʝʢʪʠʚʫ ʜʣʷ ʧʦʜʘʣʴʰʦʛʦ ʚʠʚʯʝʥʥʷ. 

ʅʝʟʚʘʞʘʶʯʠ ʥʘ ʯʠʩʣʝʥʥʽ ʧʦʪʝʥʮʽʡʥʽ ʧʝʨʝʚʘʛʠ ʩʠʩʪʝʤ çʨʦʟʫʤʥʦʛʦè ʙʫʜʠʥʢʫ, ʽʩʥʫʻ 

ʥʝʜʦʩʪʘʪʥʴʦ ʧʨʦʚʝʜʝʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʟ ʪʦʯʢʠ ʟʦʨʫ ʢʦʨʠʩʪʫʚʘʯʘ. ʎʝʡ ʨʦʟʨʠʚ ʙʫʣʦ 

ʧʦʢʘʟʘʥʦ ʫ ʙʽʣʴʰʦʩʪʽ ʜʦʩʣʽʜʞʝʥʴ ʥʘʫʢʦʚʠʭ ʧʫʙʣʽʢʘʮʽʡ. ʈʦʙʦʪʠ ʧʝʨʝʚʘʞʥʦ ʟʦʩʝʨʝʜʞʝʥʽ 

ʥʘ ʪʝʭʥʽʯʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʭ ʩʠʩʪʝʤ çʨʦʟʫʤʥʦʛʦè ʙʫʜʠʥʢʫ [98, 102], ʱʦ ʦʟʥʘʯʘʻ 

ʧʦʪʨʝʙʫ ʫ ʧʨʠʡʥʷʪʪʽ ʩʧʦʞʠʚʯʦʾ ʪʦʯʢʠ ʟʦʨʫ ʚ ʜʦʩʣʽʜʞʝʥʥʷʭ ʨʦʟʚʠʪʢʫ ʪʝʭʥʦʣʦʛʽʡ. 

ɺʘʞʣʠʚʦ ʚʠʚʯʠʪʠ ʪʘ ʟʨʦʟʫʤʽʪʠ ʨʦʣʴ ʨʽʟʥʠʭ ʟʘʮʽʢʘʚʣʝʥʠʭ ʩʪʦʨʽʥ, ʷʢʽ ʧʦʪʝʥʮʽʡʥʦ ʤʦʛʣʠ ʙ 
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ʚʟʷʪʠ ʫʯʘʩʪʴ ʫ ʨʦʟʚʠʪʢʫ ʩʠʩʪʝʤ çʨʦʟʫʤʥʦʛʦè ʙʫʜʠʥʢʫ. ʇʝʨʝʭʽʜ ʚʽʜ ʦʨʽʻʥʪʦʚʘʥʠʭ ʥʘ 

ʪʝʭʥʦʣʦʛʽʶ ʜʦʩʣʽʜʞʝʥʴ ʜʦ ʦʨʽʻʥʪʦʚʘʥʦʛʦ ʥʘ ʩʧʦʞʠʚʘʯʘ ʧʽʜʭʦʜʫ ʜʦʟʚʦʣʠʪʴ ʥʘʫʢʦʚʮʷʤ 

ʜʦʩʣʽʜʠʪʠ ʧʦʪʝʥʮʽʡʥʠʡ ʨʦʟʚʠʪʦʢ ʰʠʨʦʢʦʛʦ ʩʧʝʢʪʨʫ ʧʦʩʣʫʛ, ʱʦʙ ʟʘʜʦʚʦʣʴʥʠʪʠ ʙʽʣʴʰʽ 

ʩʝʛʤʝʥʪʠ ʢʦʨʠʩʪʫʚʘʯʽʚ ʪʘ ʦʭʦʧʠʪʠ ʚʩʽ ʧʦʪʝʥʮʽʡʥʽ ʧʝʨʝʚʘʛʠ ʩʠʩʪʝʤ çʨʦʟʫʤʥʦʛʦè ʙʫʜʠʥʢʫ. 

ɺʨʘʭʦʚʫʶʯʠ ʚʠʱʝʩʢʘʟʘʥʝ, ʤʘʡʙʫʪʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʤʦʞʫʪʴ ʟʦʩʝʨʝʜʠʪʠ ʫʚʘʛʫ ʥʘ ʬʫʥʢʮʽʷʭ 

ʩʠʩʪʝʤ çʨʦʟʫʤʥʦʛʦè ʙʫʜʠʥʢʫ ʟ ʪʦʯʢʠ ʟʦʨʫ ʦʩʥʦʚʥʠʭ ʢʦʨʠʩʪʫʚʘʯʽʚ. 

ʅʘʫʢʦʚʮʽ ʚ ʜʦʩʣʽʜʞʝʥʥʷʭ ʥʘʤʘʛʘʶʪʴʩʷ ʚʠʚʯʠʪʠ ʚʽʜʥʦʰʝʥʥʷ ʢʦʨʠʩʪʫʚʘʯʽʚ ʜʦ 

ʢʦʥʢʨʝʪʥʠʭ ʪʝʭʥʦʣʦʛʽʡ ʪʘ ʬʫʥʢʮʽʡ, ʱʦ ʩʪʚʦʨʶʻ ʱʝ ʦʜʥʫ ʰʠʨʦʢʦ ʦʙʛʦʚʦʨʶʚʘʥʫ 

ʧʝʨʩʧʝʢʪʠʚʫ, ʷʢʫ ʩʣʽʜ ʚʠʨʽʰʠʪʠ ʫ ʤʘʡʙʫʪʥʽʭ ʜʦʩʣʽʜʞʝʥʥʷʭ. ʅʘʧʨʠʢʣʘʜ, ʜʝʷʢʽ ʚʯʝʥʽ 

ʜʦʩʣʽʜʞʫʚʘʣʠ ʧʦʪʨʝʙʠ ʢʦʨʠʩʪʫʚʘʯʽʚ, ʟʨʫʯʥʽʩʪʴ ʚʠʢʦʨʠʩʪʘʥʥʷ ʪʘ ʩʧʨʠʡʥʷʪʪʷ ʦʢʨʝʤʠʭ 

ʧʨʠʩʪʨʦʾʚ, ʘ ʥʝ ʢʦʤʧʣʝʢʩʥʠʭ ʩʠʩʪʝʤ çʨʦʟʫʤʥʦʛʦè ʙʫʜʠʥʢʫ. ɿʦʩʝʨʝʜʞʝʥʽʩʪʴ ʥʘ ʦʜʥʦʤʫ 

ʧʨʠʩʪʨʦʾ ʤʦʞʝ ʥʝ ʜʘʪʠ ʧʦʚʥʦʾ ʥʘʣʝʞʥʦʾ ʢʘʨʪʠʥʠ ʨʦʟʫʤʽʥʥʷ. ʇʝʨʰ ʟʘ ʚʩʝ, ʪʘʢʘ 

ʧʝʨʩʧʝʢʪʠʚʘ ʥʝ ʚʽʜʧʦʚʽʜʘʻ ʝʚʦʣʶʮʽʡʥʦʤʫ ʝʪʘʧʫ, ʥʘ ʷʢʦʤʫ ʟʘʨʘʟ ʟʥʘʭʦʜʠʪʴʩʷ ʽʥʜʫʩʪʨʽʷ 

ʩʠʩʪʝʤ çʨʦʟʫʤʥʦʛʦè ʙʫʜʠʥʢʫ, ʱʦ ʚʽʜʦʙʨʘʞʘʻʪʴʩʷ ʟʦʩʝʨʝʜʞʝʥʽʩʪʶ ʥʘ ʩʫʤʽʩʥʦʩʪʽ ʪʘ 

ʙʘʛʘʪʦʬʫʥʢʮʽʦʥʘʣʴʥʦʩʪʽ ʧʨʠʩʪʨʦʾʚ. ʅʘ ʬʦʥʽ ʘʢʪʠʚʥʦʛʦ ʨʦʟʚʠʪʢʫ IoT ʪʘ ʽʥʪʝʛʨʦʚʘʥʠʭ 

ʨʦʟʚʘʞʘʣʴʥʠʭ ʩʠʩʪʝʤ ʪʘʢʽ ʢʦʤʧʘʥʽʾ, ʷʢ Apple ʪʘ Google, ʩʪʚʦʨʶʶʪʴ ʪʝʥʜʝʥʮʽʾ ʜʦ 

ʦʙôʻʜʥʘʥʥʷ ʚʩʽʭ ʤʦʞʣʠʚʠʭ ʧʨʠʣʘʜʽʚ (ʥʘʧʨʠʢʣʘʜ, ʛʦʜʠʥʥʠʢʽʚ, ʦʢʫʣʷʨʽʚ, ʘʚʪʦʤʦʙʽʣʽʚ, 

ʧʦʙʫʪʦʚʦʾ ʪʝʭʥʽʢʠ) ʥʘ ʦʩʥʦʚʽ ʧʣʘʪʬʦʨʤʠ IoT [61]. ʆʙôʻʜʥʘʥʥʷ ʨʘʥʽʰʝ ʚʽʜʦʢʨʝʤʣʝʥʠʭ 

ʧʨʠʩʪʨʦʾʚ ʩʪʠʨʘʻ ʬʽʟʠʯʥʽ ʤʝʞʽ ʙʫʜʠʥʢʽʚ ʽ ʧʝʨʝʦʩʤʠʩʣʶʻ ʢʦʥʮʝʧʮʽʶ ʩʠʩʪʝʤ çʨʦʟʫʤʥʦʛʦè 

ʙʫʜʠʥʢʫ ʪʘ ʛʘʣʫʟʝʡ ʚ ʮʽʣʦʤʫ. ʅʘʧʨʠʢʣʘʜ, Apple ʩʪʚʦʨʠʣʘ ʧʣʘʪʬʦʨʤʠ çCarPlayè ʪʘ çHome 

Kitè, ʱʦ ʜʦʟʚʦʣʷʶʪʴ ʢʦʨʠʩʪʫʚʘʯʘʤ ʢʦʥʪʨʦʣʶʚʘʪʠ ʜʦʤʘʰʥʽ ʧʦʙʫʪʦʚʽ ʧʨʠʩʪʨʦʾ ʧʽʜ ʯʘʩ 

ʨʫʭʫ ʢʦʨʠʩʪʫʚʘʯʘ ʚ ʘʚʪʦʤʦʙʽʣʽ. ʎʷ ʽʥʽʮʽʘʪʠʚʘ ʩʠʛʥʘʣʽʟʫʻ ʧʨʦ ʚʠʩʦʢʫ ʡʤʦʚʽʨʥʽʩʪʴ ʪʦʛʦ, ʱʦ 

ʢʦʤʧʘʥʽʾ ʨʽʟʥʠʭ ʛʘʣʫʟʝʡ ʤʦʞʫʪʴ ʚʠʡʪʠ ʥʘ ʨʠʥʦʢ ʩʠʩʪʝʤ çʨʦʟʫʤʥʦʛʦè ʙʫʜʠʥʢʫ. ʆʜʥʘʢ, 

ʥʝʟʚʘʞʘʶʯʠ ʥʘ ʧʦʩʪʽʡʥʽ ʨʦʟʨʦʙʢʠ, ʧʦʢʠ ʱʦ ʤʘʣʦ ʧʨʦʚʝʜʝʥʦ ʜʦʩʣʽʜʞʝʥʴ ʫ ʛʘʣʫʟʽ 

ʝʢʦʩʠʩʪʝʤ çʨʦʟʫʤʥʠʭè ʙʫʜʠʥʢʽʚ [61]. ɺʨʘʭʦʚʫʶʯʠ ʰʚʠʜʢʽ ʪʝʤʧʠ ʨʦʟʨʦʙʦʢ, ʜʦʩʣʽʜʞʝʥʥʷ 

ʧʦʚʠʥʥʽ ʧʝʨʝʢʣʶʯʠʪʠʩʴ ʟ ʦʢʨʝʤʠʭ ʧʨʠʩʪʨʦʾʚ ʥʘ ʢʦʤʧʣʝʢʩʥʽ ʽʥʪʝʛʨʦʚʘʥʽ ʩʠʩʪʝʤʠ. ʇʦ-

ʜʨʫʛʝ, ʜʦʩʣʽʜʞʝʥʥʷ ʦʢʨʝʤʠʭ ʧʨʠʩʪʨʦʾʚ ʪʦʨʢʥʫʣʠʩʷ ʜʫʞʝ ʚʫʟʴʢʦʛʦ ʧʘʢʝʪʫ ʬʫʥʢʮʽʡ ʪʘ 

ʧʦʩʣʫʛ. ʄʘʡʙʫʪʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʧʦʚʠʥʥʽ ʚʨʘʭʦʚʫʚʘʪʠ ʪʠʧʠ ʩʠʩʪʝʤ çʨʦʟʫʤʥʦʛʦè ʙʫʜʠʥʢʫ. 
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ʈʽʟʥʠʮʷ ʤʦʞʝ ʙʫʪʠ ʫ ʚʽʜʤʽʥʥʠʭ ʬʘʢʪʦʨʘʭ, ʷʢʽ ʤʘʶʪʴ ʧʨʦʷʚʣʷʪʠʩʷ ʚ ʧʨʦʮʝʩʽ ʩʧʨʠʡʥʷʪʪʷ 

ʩʠʩʪʝʤ ʢʦʨʠʩʪʫʚʘʯʘʤʠ. 

ʑʦʜʦ ʧʠʪʘʥʴ ʧʦʟʠʪʠʚʥʦʛʦ ʩʧʨʠʡʥʷʪʪʷ ʩʠʩʪʝʤ çʨʦʟʫʤʥʦʛʦè ʙʫʜʠʥʢʫ ʤʘʣʦ 

ʢʦʥʢʨʝʪʥʠʭ ʜʦʢʘʟʽʚ. ʊʘʢʽ ʜʦʩʣʽʜʞʝʥʥʷ ʤʦʞʫʪʴ ʜʘʚʘʪʠ ʧʦʪʝʥʮʽʡʥʦ ʨʽʟʥʽ ʧʦʛʣʷʜʠ ʟ ʦʛʣʷʜʫ 

ʥʘ ʩʝʨʝʜʦʚʠʱʝ, ʚ ʷʢʦʤʫ ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ ʩʠʩʪʝʤʘ. ʄʘʡʙʫʪʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʤʦʞʫʪʴ 

ʨʦʟʚʠʥʫʪʠ ʥʦʚʫ ʪʝʦʨʽʶ, ʷʢʘ ʩʪʦʩʫʚʘʪʠʤʝʪʴʩʷ ʷʢ ʧʩʠʭʦʣʦʛʽʯʥʠʭ, ʪʘʢ ʽ ʪʝʭʥʦʣʦʛʽʯʥʠʭ 

ʬʘʢʪʦʨʽʚ, ʱʦ ʤʦʞʫʪʴ ʧʨʠʟʚʝʩʪʠ ʜʦ ʨʦʟʚʠʪʢʫ ʚʠʢʦʨʠʩʪʘʥʥʷ ʩʠʩʪʝʤ çʨʦʟʫʤʥʦʛʦè ʙʫʜʠʥʢʫ.  

ɼʝʢʽʣʴʢʘ ʜʦʩʣʽʜʞʝʥʴ, ʷʢʽ ʟʘʩʪʦʩʫʚʘʣʠ ʧʝʨʩʧʝʢʪʠʚʫ ʟ ʩʪʦʨʦʥʠ ʢʦʨʠʩʪʫʚʘʯʘ ʩʠʩʪʝʤ, 

ʱʦʙ ʚʠʚʯʠʪʠ ʧʝʨʝʚʘʛʠ ʪʘ ʧʝʨʝʰʢʦʜʠ ʥʘ ʰʣʷʭʫ ʚʧʨʦʚʘʜʞʝʥʥʷ ʩʠʩʪʝʤ çʨʦʟʫʤʥʦʛʦè 

ʙʫʜʠʥʢʫ, ʜʘʣʠ ʩʫʧʝʨʝʯʣʠʚʽ ʨʝʟʫʣʴʪʘʪʠ [100, 103]. ʉʫʧʝʨʝʯʥʦʩʪʽ ʧʦʧʝʨʝʜʥʽʭ ʚʠʩʥʦʚʢʽʚ 

ʚʠʤʘʛʘʶʪʴ ʧʦʜʘʣʴʰʦʛʦ ʚʠʚʯʝʥʥʷ ʨʦʟʫʤʽʥʥʷ ʩʠʩʪʝʤ ʢʦʨʠʩʪʫʚʘʯʘʤʠ. ʄʘʡʙʫʪʥʽ 

ʜʦʩʣʽʜʞʝʥʥʷ ʤʦʞʫʪʴ ʜʦʩʣʽʜʠʪʠ ʝʤʦʮʽʡʥʽ, ʧʩʠʭʦʣʦʛʽʯʥʽ, ʬʫʥʢʮʽʦʥʘʣʴʥʽ ʪʘ ʬʽʥʘʥʩʦʚʽ 

ʧʝʨʝʜʫʤʦʚʠ, ʷʢʽ ʩʧʦʥʫʢʘʶʪʴ ʢʦʨʠʩʪʫʚʘʯʽʚ ʧʨʠʡʤʘʪʠ ʘʙʦ ʚʽʜʭʠʣʷʪʠ ʨʽʰʝʥʥʷ ʧʨʦ 

ʟʘʩʪʦʩʫʚʘʥʥʷ ʧʨʦʜʫʢʪʽʚ çʨʦʟʫʤʥʦʛʦè ʙʫʜʠʥʢʫ. ʂʨʽʤ ʪʦʛʦ, ʚʘʞʣʠʚʦ ʜʦʩʣʽʜʠʪʠ 

ʢʦʥʩʪʨʫʢʮʽʾ, ʷʢʽ ʧʽʜʢʨʝʩʣʶʶʪʴ ʮʽʥʥʽʩʥʝ ʩʧʨʠʡʥʷʪʪʷ ʢʦʨʠʩʪʫʚʘʯʽʚ, ʦʩʢʽʣʴʢʠ ʚʦʥʠ 

ʚʧʣʠʚʘʶʪʴ ʥʘ ʥʘʤʽʨ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʪʝʭʥʦʣʦʛʽʶ. ɯʥʜʠʚʽʜʫʘʣʴʥʽ ʪʘ ʬʽʥʘʥʩʦʚʽ ʬʘʢʪʦʨʠ 

ʤʦʞʫʪʴ ʚʠʟʥʘʯʘʪʠ ʚʽʜʥʦʩʥʫ ʚʘʞʣʠʚʽʩʪʴ ʧʝʨʝʚʘʛ ʟʘʩʪʦʩʫʚʘʥʥʷ ʩʠʩʪʝʤ çʨʦʟʫʤʥʦʛʦè 

ʙʫʜʠʥʢʫ ʜʣʷ ʧʝʚʥʦʾ ʛʨʫʧʠ ʢʦʨʠʩʪʫʚʘʯʽʚ, ʱʦ ʤʦʞʝ ʙʫʪʠ ʚʘʞʣʠʚʠʤ ʬʘʢʪʦʨʦʤ ʫ ʤʘʡʙʫʪʥʽʭ 

ʜʦʩʣʽʜʞʝʥʥʷʭ [63]. 

ʇʦ-ʜʨʫʛʝ, ʧʽʩʣʷ ʧʫʙʣʽʢʘʮʽʡ ʥʘʫʢʦʚʠʭ ʨʦʙʽʪ [105] ʨʦʣʴ ʧʩʠʭʦʣʦʛʽʯʥʦʛʦ ʦʧʦʨʫ ʻ 

ʚʘʞʣʠʚʠʤ ʬʘʢʪʦʨʦʤ ʜʣʷ ʜʦʩʣʽʜʞʝʥʥʴ. ʄʘʡʙʫʪʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʤʦʞʫʪʴ ʟʘʧʨʦʧʦʥʫʚʘʪʠ 

ʥʦʚʝ ʨʦʟʫʤʽʥʥʷ ʨʽʟʥʠʮʽ ʫ ʩʪʘʚʣʝʥʥʽ ʢʦʨʠʩʪʫʚʘʯʽʚ ʜʦ ʩʠʩʪʝʤ çʨʦʟʫʤʥʦʛʦè ʙʫʜʠʥʢʫ ʪʘ 

ʬʘʢʪʦʨʽʚ, ʷʢʽ ʧʽʜʢʨʝʩʣʶʶʪʴ ʦʧʽʨ ʧʦʟʠʪʠʚʥʦʛʦ ʩʧʨʠʡʥʷʪʪʷ ʥʦʚʠʭ ʪʝʭʥʦʣʦʛʽʡ. ʇʦ-ʪʨʝʪʻ, 

ʨʦʟʨʦʙʢʘ ʯʽʪʢʠʭ ʧʨʘʚʠʣ ʨʝʛʫʣʶʚʘʥʥʷ ʪʘ ʧʦʣʽʪʠʢʠ ʥʝ ʙʫʣʠ ʛʦʣʦʚʥʠʤʠ ʧʫʥʢʪʘʤʠ 

ʦʧʫʙʣʽʢʦʚʘʥʠʭ ʜʦʩʣʽʜʞʝʥʴ. ʆʜʥʘʢ ʫ ʨʷʜʽ ʜʦʩʣʽʜʞʝʥʴ, ʱʦ ʨʦʟʛʣʷʜʘʶʪʴ ʙʘʨ'ʻʨʠ 

ʩʧʨʠʡʥʷʪʪʷ ʩʠʩʪʝʤ çʨʦʟʫʤʥʦʛʦè ʙʫʜʠʥʢʫ ʥʘ ʨʠʥʢʫ, ʧʽʜʢʨʝʩʣʶʻʪʴʩʷ ʚʘʞʣʠʚʽʩʪʴ 

ʟʘʧʨʦʚʘʜʞʝʥʥʷ ʧʨʘʚʠʣ ʜʣʷ ʧʦʤôʷʢʰʝʥʥʷ ʝʪʠʯʥʠʭ ʧʨʦʙʣʝʤ.  
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ʑʦ ʩʪʦʩʫʻʪʴʩʷ ʤʝʪʦʜʦʣʦʛʽʡ, ʷʢʽ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʫ ʧʨʦʘʥʘʣʽʟʦʚʘʥʠʭ ʥʘʫʢʦʚʠʭ 

ʨʦʙʦʪʘʭ, ʪʦ ʫ ʥʠʭ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʷʢʽʩʥʽ ʤʝʪʦʜʦʣʦʛʽʾ, ʚʢʣʶʯʘʶʯʠ ʬʦʢʫʩ-ʛʨʫʧʠ, 

ʪʝʤʘʪʠʯʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʪʘ ʦʧʠʪʫʚʘʥʥʷ [57, 85]. ʅʘʜʘʣʽ ʢʽʣʴʢʽʩʥʠʡ ʧʽʜʭʽʜ ʪʘʢʦʞ ʤʦʞʝ ʙʫʪʠ 

ʚʠʢʦʨʠʩʪʘʥʠʡ ʜʣʷ ʚʠʚʯʝʥʥʷ ʩʪʘʚʣʝʥʥʷ ʪʘ ʩʧʨʠʡʥʷʪʪʷ ʧʝʨʝʚʘʛ ʩʧʦʞʠʚʘʯʽʚ. ɹʽʣʴʰʽʩʪʴ 

ʜʦʩʣʽʜʞʝʥʴ, ʷʢʽ ʙʫʣʠ ʧʨʦʚʝʜʝʥʽ ʫ ɺʝʣʠʢʦʙʨʠʪʘʥʽʾ ʪʘ ʉʐɸ ʦʧʠʩʫʚʘʣʠ, ʱʦ ʢʫʣʴʪʫʨʥʠʡ, 

ʝʢʦʥʦʤʽʯʥʠʡ ʪʘ ʛʝʦʧʦʣʽʪʠʯʥʠʡ ʢʦʥʪʝʢʩʪʠ ʚʧʣʠʚʘʶʪʴ ʥʘ ʥʦʨʤʠ, ʧʦʛʣʷʜʠ ʪʘ ʧʝʨʝʢʦʥʘʥʥʷ. 

ɺʦʥʠ ʤʦʞʫʪʴ ʚʠʷʚʠʪʠ ʥʦʚʽ ʟʤʽʥʥʽ, ʷʢʽ ʣʝʞʘʪʴ ʚ ʦʩʥʦʚʽ ʪʘ ʤʘʶʪʴ ʚʝʣʠʢʠʡ ʚʧʣʠʚ ʥʘ ʥʘʤʽʨ 

ʧʦʟʠʪʠʚʥʦʛʦ ʩʧʨʠʡʥʷʪʪʷ ʩʠʩʪʝʤ çʨʦʟʫʤʥʦʛʦè ʙʫʜʠʥʢʫ. ʑʦʙ ʧʝʨʝʚʽʨʠʪʠ ʢʦʥʪʝʢʩʪʥʫ 

ʟʘʣʝʞʥʽʩʪʴ ʩʧʨʠʡʥʷʪʪʷ ʧʝʨʝʚʘʛ ʪʘ ʧʦʩʣʫʛ ʷʢʽ ʥʘʜʘʶʪʴ ʩʠʩʪʝʤʠ çʨʦʟʫʤʥʦʛʦè ʙʫʜʠʥʢʫ, 

ʤʘʡʙʫʪʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʧʦʚʠʥʥʽ ʧʝʨʝʥʝʩʪʠ ʬʦʢʫʩ ʥʘ ʩʭʽʜʥʽ ʢʨʘʾʥʠ. 

1.5 ɺʠʩʥʦʚʢʠ ʜʦ ʨʦʟʜʽʣʫ 1 

ʇʨʦʚʝʜʝʥʠʡ ʘʥʘʣʽʟ ʥʘʫʢʦʚʠʭ ʧʫʙʣʽʢʘʮʽʡ ʧʦʢʘʟʫ ̒ʨʦʟʚʠʪʦʢ ʚʟʘʻʤʦʜʽʾ ʥʘʫʢʦʚʦʛʦ 

ʩʧʽʚʪʦʚʘʨʠʩʪʚʘ ʪʘ ʢʦʤʝʨʮʽʡʥʠʭ ʢʦʤʧʘʥʽʡ, ʱʦ ʨʦʟʨʦʙʣʷʶʪʴ ʝʣʝʢʪʨʦʥʥʽ ʧʨʠʣʘʜʠ ʫ 

ʩʧʽʣʴʥʦʤʫ ʟʘʮʽʢʘʚʣʝʥʥʽ ʚ ʨʦʟʚʠʪʢʫ ʩʬʝʨʠ ʨʦʟʨʦʙʢʠ ʩʠʩʪʝʤ çʨʦʟʫʤʥʦʛʦè ʙʫʜʠʥʢʫ. ɹʫʣʠ 

ʨʦʟʛʣʷʥʫʪʽ ʝʪʘʧʠ ʨʦʟʚʠʪʢʫ ʩʠʩʪʝʤ çʨʦʟʫʤʥʦʛʦè ʙʫʜʠʥʢʫ ʟ ʾʭʥʽʤʠ ʧʝʨʝʚʘʛʘʤʠ ʪʘ 

ʥʝʜʦʣʽʢʘʤʠ ʥʘ ʢʦʞʥʦʤʫ ʝʪʘʧʽ. ʅʘ ʩʴʦʛʦʜʥʽʰʥʽʡ ʜʝʥʴ ʨʦʟʨʦʙʢʠ ʮʠʭ ʩʠʩʪʝʤ ʘʢʪʠʚʦ 

ʟʘʣʫʯʘʶʪʴ ʤʦʞʣʠʚʦʩʪʽ ʰʪʫʯʥʦʛʦ ʽʥʪʝʣʝʢʪʫ ʪʘ ʘʣʛʦʨʠʪʤʽʚ ʤʘʰʠʥʥʦʛʦ ʥʘʚʯʘʥʥʷ, ʘʣʝ 

ʧʘʨʘʣʝʣʴʥʦ ʽʩʥʫʻ ʨʷʜ ʥʝ ʚʠʨʽʝhʥʠʭ ʟʘʚʜʘʥʴ, ʱʦ ʧʦʪʨʝʙʫʶʪʴ ʪʽʩʥʦʾ ʢʦʦʧʝʨʘʮʽʾ ʤʽʞ 

ʥʘʫʢʦʚʦ-ʜʦʩʣʽʜʥʠʤʠ ʽʥʩʪʠʪʫʪʘʤʠ ʪʘ ʢʦʤʝʨʮʽʡʥʠʤʠ ʜʦʩʣʽʜʥʠʮʴʢʠʤʠ ʮʝʥʪʨʘʤʠ ʚʝʣʠʢʠʭ 

ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʢʦʨʧʦʨʘʮʽʡ. ɼʦ ʪʘʢʠʭ ʟʘʚʜʘʥʴ ʚʽʜʥʦʩʷʪʴʩʷ ʧʠʪʘʥʥʷ ʧʽʜʚʠʱʝʥʥʷ ʙʝʟʧʝʢʠ 

ʧʝʨʩʦʥʘʣʴʥʠʭ ʜʘʥʠʭ ʢʦʨʠʩʪʫʚʘʯʽʚ ʩʠʩʪʝʤ çʨʦʟʫʤʥʦʛʦè ʙʫʜʠʥʢʫ, ʧʽʜʚʠʱʝʥʥʷ ʨʽʚʥʷ 

ʩʢʣʘʜʥʦʩʪʽ ʪʘ ʢʦʤʧʣʝʢʩʥʦʩʪʽ ʟʘʚʜʘʥʴ ʘʚʪʦʤʘʪʠʟʦʚʘʥʦʛʦ ʫʧʨʘʚʣʽʥʥʷ ʧʦʙʫʪʦʚʠʤʠ 

ʧʨʠʣʘʜʘʤʠ ʫ ʙʫʜʠʥʢʫ ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʢʦʤʬʦʨʪʥʠʭ ʫʤʦʚ ʧʨʦʞʠʚʘʥʥʷ ʤʝʰʢʘʥʮʽʚ 

ʙʫʜʠʥʢʫ ʙʝʟ ʟʘʣʫʯʝʥʥʷ ʜʽʡ ʟ ʙʦʢʫ ʣʶʜʠʥʠ ʪʘ ʟʘʚʜʘʥʥʷ ʟʤʝʥʰʝʥʥʷ ʚʘʨʪʦʩʪʽ ʨʦʟʨʦʙʢʠ ʪʘ 

ʧʽʜʪʨʠʤʢʠ ʩʠʩʪʝʤ çʨʦʟʫʤʥʦʛʦè ʙʫʜʠʥʢʫ ʜʣʷ ʧʦʰʠʨʝʥʥʷ ʜʘʥʠʭ ʩʠʩʪʝʤ ʥʘ ʤʘʩʦʚʽ ʨʠʥʢʠ 

ʪʘ ʨʦʟʰʠʨʝʥʥʷ ʥʘʙʦʨʫ ʛʘʣʫʟʝʡ ʜʣʷ ʾʭʥʴʦʛʦ ʘʢʪʠʚʥʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ. ʊʘʢʦʞ, ʘʥʘʣʽʟ 

ʣʽʪʝʨʘʪʫʨʥʠʭ ʜʞʝʨʝʣ ʜʘʻ ʟʤʦʛʫ ʧʦʙʘʯʠʪʠ ʩʪʨʽʤʢʫ ʪʝʥʜʝʥʮʽʶ ʟʙʽʣʴʰʝʥʥʷ ʧʦʪʨʝʙʠ 

ʢʦʨʠʩʪʫʚʘʯʽʚ ʫ ʦʜʥʦʯʘʩʥʽʡ ʤʦʞʣʠʚʦʩʪʽ ʚʠʢʦʨʠʩʪʘʥʥʷ ʰʪʫʯʥʦʛʦ ʽʥʪʝʣʝʢʪʫ ʫ 
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ʟʘʧʨʦʚʘʜʞʝʥʠʭ ʩʠʩʪʝʤʘʭ çʨʦʟʫʤʥʦʛʦè ʙʫʜʠʥʢʫ, ʚʦʜʥʦʯʘʩ ʟ ʦʙʤʝʞʝʥʥʷʤʠ çʩʚʦʙʦʜʠè 

ʡʦʛʦ ʨʦʙʦʪʠ ʟʘʚʜʷʢʠ ʩʪʚʦʨʝʥʥʶ ʤʝʭʘʥʽʟʤʽʚ ʨʝʛʫʣʶʚʘʥʥʷ, ʧʝʨʝʚʽʨʢʠ ʪʘ ʟʘʜʘʥʥʷ ʟʘʙʦʨʦʥ 

ʥʘ ʚʠʢʦʥʘʥʥʷ ʜʝʷʢʠʭ ʜʽʡ ʩʠʩʪʝʤʦʶ, ʥʘʚʽʪʴ ʧʨʠ ʨʝʢʦʤʝʥʜʘʮʽʾ ʮʠʭ ʟʤʽʥ ʰʪʫʯʥʠʤ 

ʽʥʪʝʣʝʢʪʦʤ. ʊʘʢʠʡ ʧʽʜʭʽʜ ʩʧʨʠʷʪʠʤʝ ʢʨʘʱ̔ ʡ ʽʥʪʝʛʨʘʮʽʾ ʩʠʩʪʝʤ çʨʦʟʫʤʥʦʛʦè ʙʫʜʠʥʢʫ ʫ 

ʧʦʚʩʷʢʜʝʥʥʝ ʞʠʪʪʷ ʣʶʜʝʡ ʪʘ ʧʽʜʚʠʱʝʥʥʶ ʟʘʛʘʣʴʥʦʛʦ ʨʽʚʥʷ ʩʧʨʠʡʥʷʪʪʷ ʥʦʚʦʾ ʪʝʭʥʦʣʦʛʽʾ.   

 ʇʨʦʚʝʜʝʥʠʡ ʘʥʘʣʽʟ ʦʩʦʙʣʠʚʦʩʪʝʡ ʨʠʥʢʫ ʩʠʩʪʝʤ çʨʦʟʫʤʥʦʛʦè ʙʫʜʠʥʢʫ ʜʘʻ ʟʤʦʛʫ 

ʩʪʚʝʨʜʞʫʚʘʪʠ, ʱʦ ʧʦʧʠʪ ʥʘ ʩʠʩʪʝʤʠ çʨʦʟʫʤʥʦʛʦè ʙʫʜʠʥʢʫ ʩʪʨʽʤʢʦ ʟʨʦʩʪʘʻ, ʪʠʤ ʩʘʤʠʤ 

ʩʪʠʤʫʣʶʶʯʠ ʨʦʟʨʦʙʥʠʢʽʚ ʚʠʧʫʩʢʘʪʠ ʥʦʚʽ ʧʨʦʜʫʢʪʠ ʟ ʥʦʚʠʤʠ ʬʫʥʢʮʽʦʥʘʣʴʥʠʤʠ 

ʤʦʞʣʠʚʦʩʪʷʤʠ. ʎʝ ʧʽʜʪʨʠʤʫʻ ʟʜʦʨʦʚʫ ʢʦʥʢʫʨʝʥʮʽʶ ʚʠʨʦʙʥʠʢʽʚ ʪʘ ʻ ʚʘʞʣʠʚʠʤ ʨʫʰʽʻʤ 

ʽʥʥʦʚʘʮʽʡ ʜʘʥʦʾ ʩʬʝʨʠ ʨʦʟʨʦʙʦʢ, ʙʦ ʦʜʥʦʯʘʩʥʦ ʟ ʨʦʟʚʠʪʢʦʤ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʨʽʚʥʷ 

ʧʨʝʜʩʪʘʚʣʝʥʠʭ ʧʨʦʜʫʢʪʽʚ, ʟʨʦʩʪʘʶʪʴ ʧʦʪʨʝʙʠ ʪʘ ʦʯʽʢʫʚʘʥʥʷ ʢʣʽʻʥʪʽʚ ʜʦ ʨʽʚʥʷ ʩʠʩʪʝʤ 

ʥʘʩʪʫʧʥʦʛʦ ʧʦʢʦʣʽʥʥʷ, ʷʢʽ ʢʦʨʠʩʪʫʚʘʯʽ ʛʦʪʦʚʽ ʧʨʠʜʙʘʪʠ. ʆʜʥʦʯʘʩʥʦ ʟ ʧʽʜʚʠʱʝʥʥʷʤ ʨʽʚʥʷ 

ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʦʩʥʘʱʝʥʥʷ ʩʠʩʪʝʤ çʨʦʟʫʤʥʦʛʦè ʙʫʜʠʥʢʫ, ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʧʦʩʪʫʧʦʚʝ 

ʟʥʠʞʝʥʷ ʮʽʥʠ ʥʘ ʩʠʩʪʝʤʠ, ʷʢʽ ʟʘʜʦʚʽʣʴʥʷʶʪʴ ʙʘʟʦʚʽ ʧʦʪʨʝʙʠ ʢʦʨʠʩʪʫʚʘʯʽʚ, ʱʦ ʨʦʙʠʪʴ 

ʽʥʪʝʛʨʘʮʽʶ ʩʠʩʪʝʤ ʜʘʥʦʛʦ ʪʠʧʫ ʫ ʞʠʪʪʻʜʽʷʣʴʥʽʩʪʴ ʣʶʜʝʡ ʚʩʝ ʙʽʣʴʰ ʜʦʩʪʫʧʥʦʶ.   

ɸʥʘʣʽʟ ʤʝʪʦʜʽʚ ʪʘ ʤʦʜʝʣʝʡ ʜʘʻ ʤʦʞʣʠʚʽʩʪʴ ʩʪʚʝʨʜʞʫʚʘʪʠ, ʱʦ ʦʩʥʦʚʥʠʤʠ ʤʝʪʦʜʘʤʠ 

ʪʘ ʤʦʜʝʣʷʤʠ, ʷʢʽ ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ ʧʽʜ ʯʘʩ ʨʦʟʨʦʙʢʠ ʩʠʩʪʝʤ çʨʦʟʫʤʥʦʛʦè ʙʫʜʠʥʢʫ ʻ 

ʽʥʪʝʣʝʢʪʫʘʣʴʥʽ ʘʛʝʥʪʠ, ʤʝʪʦʜʠ ʥʝʯʽʪʢʦʾ ʣʦʛʽʢʠ, ʤʘʰʠʥʥʝ ʥʘʚʯʘʥʥʷ ʪʘ ʤʦʜʝʣʽ ʄʘʨʢʦʚʘ. 

ʂʦʞʝʥ ʽʟ ʟʛʘʜʘʥʠʭ ʤʦʜʝʣʝʡ ʪʘ ʤʝʪʦʜʽʚ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʜʣʷ ʚʠʨʽʰʝʥʥʷ ʢʦʥʢʨʝʪʥʠʭ 

ʟʘʜʘʯ, ʷʢʽ ʜʦʧʦʤʘʛʘʶʪʴ ʘʥʘʣʽʟʫʚʘʪʠ ʧʦʚʝʜʽʥʢʫ ʢʦʨʠʩʪʫʚʘʯʽʚ ʪʘ ʧʨʠʡʤʘʪʠ ʨʽʰʝʥʥʷ ʜʣʷ 

ʚʠʢʦʥʘʥʥʷ ʜʽʡ, ʱʦ ʟʘʙʝʟʧʝʯʫʶʪʴ ʧʽʜʚʠʱʝʥʥʷ ʨʽʚʥʷ ʢʦʤʬʦʨʪʫ ʪʘ ʙʝʟʧʝʢʠ ʢʦʨʠʩʪʫʚʘʯʽʚ 

ʩʠʩʪʝʤ.   

ɸʥʘʣʽʟ ʽʩʥʫʶʯʠʭ ʩʠʩʪʝʤ çʨʦʟʫʤʥʦʛʦè ʙʫʜʠʥʢʫ ʜʘʻ ʟʤʦʛʫ ʩʪʚʝʨʜʞʫʚʘʪʠ, ʱʦ 

ʙʽʣʴʰʽʩʪʴ ʽʩʥʫʶʯʠʭ ʩʠʩʪʝʤ çʨʦʟʫʤʥʦʛʦè ʙʫʜʠʥʢʫ ʻ ʩʪʚʦʨʝʥʽ ʜʣʷ ʚʠʨʽʰʝʥʥʷ ʦʢʨʝʤʠʭ 

ʢʦʥʢʨʝʥʪʠʭ ʧʦʙʫʪʦʚʠʭ ʟʘʚʜʘʥʴ, ʧʽʜʚʠʱʝʥʥʷ ʨʽʚʥʷ ʙʝʟʧʝʢʠ ʪʘ ʤʦʥʽʪʦʨʠʥʛʫ ʧʦʢʘʟʥʠʢʽʚ 

ʟʜʦʨʦʚôʷ ʢʦʨʠʩʪʫʚʘʯʽʚ, ʪʦʱʦ. ɺʦʜʥʦʯʘʩ, ʽʩʥʫʻ ʙʨʘʢ ʢʦʤʧʣʝʢʩʥʠʭ ʩʠʩʪʝʤ, ʷʢʽ ʤʦʞʫʪʴ 

ʚʠʢʦʥʫʚʘʪʠ ʙʘʛʘʪʦ ʬʫʥʢʮʽʡ, ʱʦ ʟʘʜʦʚʽʣʴʥʷʶʪʴ ʙʽʣʴʰʽʩʪʴ ʧʦʪʨʝʙ ʢʦʨʠʩʪʫʚʘʯʽʚ 
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ʦʜʥʦʯʘʩʥʦ, ʧʘʨʘʤʝʪʨʠ ʤʦʥʽʪʦʨʠʥʛʫ ʽ ʜʽʾ ʷʢʠʭ ʤʦʞʫʪʴ ʙʫʪʠ ʚʟʘʻʤʦʟʘʣʝʞʥʠʤʠ ʪʘ 

ʩʪʦʩʫʶʪʴʩʷ ʜʝʢʽʣʴʢʦʭ ʩʬʝʨ ʞʠʪʪʻʜʽʷʣʴʥʦʩʪʽ ʣʶʜʠʥʠ.     

ʅʘ ʦʩʥʦʚʽ ʧʨʦʚʝʜʝʥʦʛʦ ʘʥʘʣʽʟʫ ʩʬʦʨʤʦʚʘʥʦ ʟʘʚʜʘʥʥʷ ʜʠʩʝʨʪʘʮʽʡʥʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ.   
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ʈʆɿɼɯʃ 2. ʈʆɿʈʆɹʂɸ ʄɽʊʆɼɯɺ, ʄʆɼɽʃɽʁ ʊɸ ɿɸʉʆɹɯɺ ʋʇʈɸɺʃɯʅʅʗ 

ɺʀʉʆʂʆʅɸɺɸʅʊɸɾɽʅʀʄʀ ʉʀʉʊɽʄɸʄʀ çʈʆɿʋʄʅʆɻʆè ɹʋɼʀʅʂʋ ʅɸ 

ʆʉʅʆɺɯ ʊɽʍʅʆʃʆɻɯʁ ʍʄɸʈʅʀʍ ʆɹʏʀʉʃɽʅʔ ʊɸ ɸʃɻʆʈʀʊʄɯɺ 

ʐʊʋʏʅʆɻʆ ɯʅʊɽʃɽʂʊʋ  

 

2.1  ʈʦʟʨʦʙʣʝʥʥʷ ʤʦʜʝʣʽ ʣʽʮʝʥʟʫʚʘʥʥʷ, ʨʦʟʛʦʨʪʘʥʥʷ, ʤʘʩʰʪʘʙʫʚʘʥʥʷ ʪʘ 

ʦʧʪʠʤʽʟʘʮʽʾ ʥʘʚʘʥʪʘʞʝʥʥʷ ʫ ʩʠʩʪʝʤʘʭ çʨʦʟʫʤʥʦʛʦè ʙʫʜʠʥʢʫ ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʟʘʧʨʦʚʘʜʞʝʥʥʷ ʭʤʘʨʥʠʭ ʦʙʯʠʩʣʝʥʴ 

ʅʘʡʙʽʣʴʰ ʨʦʟʧʦʚʩʶʜʞʝʥʦʶ ʤʦʜʝʣʣʶ ʧʦʰʠʨʝʥʥʷ ʧʨʦʛʨʘʤʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ ʻ 

ʤʦʜʝʣʴ ʣʽʮʝʥʟʫʚʘʥʥʷ ʧʨʦʛʨʘʤʥʠʭ ʧʨʦʜʫʢʪʽʚ. ʇʽʜ ʣʽʮʝʥʟʽʡʥʠʤ ʧʨʦʛʨʘʤʥʠʤ 

ʟʘʙʝʟʧʝʯʝʥʥʷʤ ʨʦʟʫʤʽʻʪʴʩʷ ʚʩʝ ʧʨʦʛʨʘʤʥʝ ʟʘʙʝʟʧʝʯʝʥʥʷ, ʷʢʝ ʥʘʣʝʞʠʪʴ ʙʫʜʴ-ʷʢʽʡ ʪʨʝʪʽʡ 

ʩʪʦʨʦʥʽ ʽ ʷʢʝ ʣʽʮʝʥʟʫʻʪʴʩʷ ʪʘ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʙʫʜʴ-ʷʢʦʶ ʽʥʰʦʶ ʢʦʤʧʘʥʽʻʶ ʯʠ 

ʬʽʟʠʯʥʦʶ ʦʩʦʙʦʶ ʫ ʚʝʜʝʥʥʽ ʚʣʘʩʥʦʛʦ ʙʽʟʥʝʩʫ ʯʠ ʦʩʦʙʠʩʪʠʭ ʧʦʪʨʝʙ [98].  ɺʠʢʦʨʠʩʪʘʥʥ ̫

ʜʘʥʦʾ ʤʦʜʝʣʽ ʥʘʜʘʻ ʤʦʞʣʠʚʽʩʪʴ ʨʦʟʨʦʙʥʠʢʘʤ ʧʨʦʛʨʘʤʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ ʟʘʭʠʩʪʠʪʠ ʧʨʘʚʘ 

ʥʘ ʽʪʝʣʝʢʪʫʘʣʴʥʫ ʚʣʘʩʥʽʩʪʴ ʯʝʨʝʟ ʧʦʰʠʨʝʥʽ ʩʧʦʩʦʙʠ ʧʽʨʘʪʩʪʚʘ ʪʘ ʦʪʨʠʤʘʪʠ ʚʠʥʘʛʦʨʦʜʫ ʟʘ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʾʭʥʴʦʛʦ ʧʨʦʛʨʘʤʥʦʛʦ ʧʨʦʜʫʢʪʫ. ɼʣʷ ʢʦʨʠʩʪʫʚʘʯʽʚ ʧʨʦʛʨʘʤʥʦʛʦ 

ʟʘʙʝʟʧʝʯʝʥʥʷ ʮʝ ʦʟʥʘʯʘʻ, ʱʦ ʟʘ ʦʙʨʘʥʠʡ ʧʨʦʜʫʢʪ ʧʦʪʨʽʙʥʦ ʟʘʧʣʘʪʠʪʠ ʢʦʰʪʠ ʜʣʷ 

ʦʪʨʠʤʘʥʥʷ ʧʨʘʚ ʥʘ ʡʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʥʘ ʧʨʦʪʷʟʽ ʚʠʟʥʘʯʝʥʦʛʦ ʪʝʨʤʽʥʫ ʜʽʾ ʣʽʮʝʥʟʽʾ, ʘʙʦ 

ʙʝʟʪʝʨʤʽʥʦʚʦ. ɼʣʷ ʚʠʢʦʨʠʩʪʘʥʥʷ ʜʘʥʦʾ ʤʦʜʝʣʽ ʫ ʩʬʝʨʽ ʩʠʩʪʝʤ çʨʦʟʫʤʥʠʭè ʙʫʜʠʥʢʽʚ ʮʝ ʻ 

ʩʫʪʪʻʚʠʤ ʥʝʛʘʪʠʚʥʠʤ ʬʘʢʪʦʨʦʤ, ʪʘʢ ʷʢ ʮʽʥʘ ʟʘ ʧʨʦʛʨʘʤʥʠʡ ʧʨʦʜʫʢʪ ʤʘʻ ʙʫʪʠ ʟʘʧʣʘʯʝʥʘ 

ʫ ʧʦʚʥʦʤʫ ʦʙʩʷʟʽ ʙʝʟ ʫʨʘʭʫʚʘʥʥʷ ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʧʦʜʘʣʴʰʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʧʦʢʫʧʮʝʤ, 

ʚʢʣʶʯʘʶʯʠ ʩʠʪʫʘʮʽʾ ʧʦʚʥʦʾ ʚʽʜʩʫʪʥʦʩʪʽ ʫ ʥʝʦʙʭʽʜʥʦʩʪʽ ʚʠʢʦʨʠʩʪʘʥʥʷ ʧʨʦʛʨʘʤʥʠʤ 

ʧʨʦʜʫʢʪʦʤ. ʇʨʠʢʣʘʜʘʤʠ ʪʘʢʠʭ ʩʠʪʫʘʮʽʡ ʻ ʟʤʽʥʘ ʥʘʧʨʷʤʢʫ ʨʦʟʚʠʪʢʫ ʙʽʟʥʝʩʫ ʜʣʷ ʷʢʦʛʦ 

ʙʫʣʘ ʟʘʧʨʦʚʘʜʞʝʥʘ ʩʠʩʪʝʤʘ çʨʦʟʫʤʥʦʛʦè ʙʫʜʠʥʢʫ, ʚʚʝʜʝʥʥʷ ʪʠʤʯʘʩʦʚʠʭ ʢʘʨʘʥʪʠʥʥʠʭ 

ʦʙʤʝʞʝʥʴ ʥʘ ʚʽʜʚʽʜʫʚʘʥʥʷ ʟʘʢʣʘʜʽʚ, ʱʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʧʨʠʣʘʜʠ ʽʥʪʝʨʥʝʪʫ ʨʝʯʝʡ ʜʣʷ 

ʝʬʝʢʪʠʚʥʦcʪʽ ʥʘʜʘʥʥʷ ʧʦʩʣʫʛ ʚʽʜʚʽʜʫʚʘʯʘʤ, ʘ ʪʘʢʦʞ ʩʠʪʫʘʮʽʷ ʧʨʦʩʪʦʶ ʦʨʝʥʜʥʠʭ 

ʧʨʠʤʽʱʝʥʴ ʟ ʚʩʪʘʥʦʚʣʝʥʠʤʠ ʩʠʩʪʝʤʘʤʠ ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʦʩʪʽ ʚ ʧʝʨʦ̔ʜ ʧʦʰʫʢʫ ʥʦʚʠʭ 

ʦʨʝʥʜʘʨʽʚ. ɿʛʽʜʥʦ ʫʤʦʚ ʢʦʨʠʩʪʫʚʘʥʥʷ ʙʽʣʴʰʦʩʪʽ ʣʽʮʝʥʟʦʚʘʥʦʛʦ ʧʨʦʛʨʘʤʥʦʛʦ 
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ʟʘʙʝʟʧʝʯʝʥʥʷ ʧʨʘʚʘ ʥʘ ʚʠʢʦʨʠʩʪʘʥʥʷ ʥʘʜʘʶʪʴʩʷ ʥʘ ʦʜʠʥ ʝʢʟʝʧʣʷʨ ʧʨʦʛʨʘʤʥʦʛʦ ʧʨʦʜʫʢʪʫ, 

ʱʦ ʤʦʞʝ ʙʫʪʠ ʚʩʪʘʥʦʚʣʝʥʠʡ ʪʽʣʴʢʠ ʥʘ ʦʜʠʥ ʢʦʤʧôʶʪʝʨ. ʎʝ ʚʠʢʣʠʢʘʻ ʩʠʪʫʘʮʽʶ, ʱʦ ʧʨʠ 

ʧʦʪʨʝʙʽ ʚʠʢʦʨʠʩʪʘʥʥʷ ʧʨʦʛʨʘʤʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ ʩʠʩʪʝʤʠ çʨʦʟʫʤʥʦʛʦè ʙʫʜʠʥʢʫ ʥʘ 

ʽʥʰʦʤʫ ʦʙʯʠʩʣʶʚʘʣʴʥʦʤʫ ʧʨʠʩʪʨʦʾ ʧʨʠ ʧʦʪʨʝʙʽ ʤʘʩʰʪʘʙʫʚʘʥʥʷ ʩʠʩʪʝʤʠ (ʧʦʙʫʜʦʚʘ 

ʥʦʚʦʛʦ ʦʢʨʝʤʦʩʪʦʷʯʦʛʦ ʩʢʣʘʜʫ ʚ ʷʢʦʤʫ ʧʝʨʝʜʙʘʯʘʻʪʴʩʷ ʚʠʢʦʨʠʩʪʘʥʥʷ ʬʫʥʢʮʽʡ 

ʝʥʝʨʛʦʟʙʝʨʝʞʝʥʥʷ ʩʠʩʪʝʤʠ) ʧʦʪʨʝʙʫʻ ʧʨʠʜʙʘʥʥʷ ʱʝ ʦʜʥʽʻʾ ʢʦʧʽʾ ʧʨʦʛʨʘʤʥʦʛʦ ʧʨʦʜʫʢʪʫ 

ʪʘ ʚʠʢʦʨʠʩʪʘʥʥʷ ʜʦʜʘʪʢʦʚʦʾ ʧʦʚʥʦʮʽʥʥʦʾ ʦʙʯʠʩʣʶʚʘʣʴʥʦʾ ʤʘʰʠʥʠ, ʷʢʘ ʚʽʜʧʦʚʽʜʘʪʠʤʝ 

ʤʽʥʽʤʘʣʴʥʠʤ ʪʝʭʥʽʯʥʠʤ ʚʠʤʦʛʘʤ ʜʣʷ ʚʩʪʘʥʦʚʣʝʥʦʛʦ ʝʢʟʝʤʧʣʷʨʫ ʧʨʦʛʨʘʤʥʦʛʦ ʧʨʦʜʫʢʪʫ. 

ʊʘʢʦʞ ʜʘʥʠʡ ʧʽʜʭʽʜ ʫʩʢʣʘʜʥʶʻ ʤʦʞʣʠʚʽʩʪʴ ʚʠʢʦʨʠʩʪʘʥʥʷ ʧʨʦʛʨʘʤʥʦʛʦ ʧʨʦʜʫʢʪʫ 

ʚʽʜʜʘʣʝʥʦ ʫ ʨʘʟʽ ʚʽʜʩʫʪʥʦʩʪʽ ʬʽʟʠʯʥʦ ʧʝʨʝʙʫʚʘʪʠ ʙʽʣʷ ʢʦʤʧôʶʪʝʨʘ ʟ ʚʩʪʘʥʦʚʣʝʥʠʤ 

ʣʽʮʝʥʟʦʚʘʥʠʤ ʧʨʦʛʨʘʤʥʠʤ ʟʘʙʝʟʧʝʯʝʥʥʷʤ. ʋ ʟʚôʷʟʢʫ ʟ ʰʚʠʜʢʠʤ ʨʦʟʚʠʪʢʦʤ ʪʝʭʥʦʣʦʛʽʡ 

ʩʬʝʨʠ çʨʦʟʫʤʥʦʛʦè ʙʫʜʠʥʢʫ ʪʘ ʚʠʨʦʙʥʠʮʪʚʦʤ ʥʦʚʠʭ çʨʦʟʫʤʥʠʭè ʧʦʙʫʪʦʚʠʭ ʧʨʠʣʘʜʽʚ ʪʘ 

ʜʘʪʯʠʢʽʚ, ʧʨʦʛʨʘʤʥʝ ʟʘʙʝʟʧʝʯʝʥʥʷ ʧʦʪʨʝʙʫʻ ʦʪʨʠʤʘʥʥʷ ʨʝʛʫʣʷʨʥʦʛʦ ʦʥʦʚʣʝʥʥʷ ʚʽʜ 

ʨʦʟʨʦʙʥʠʢʽʚ ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʘʢʪʫʘʣʴʥʦʩʪʽ ʬʫʥʢʮʽʦʥʘʣʫ ʩʠʩʪʝʤʠ ʪʘ ʧʽʜʪʨʠʤʢʠ 

ʤʝʭʘʥʽʟʤʽʚ ʙʝʟʧʝʢʠ ʟʘʚʜʷʢʠ ʫʩʫʥʝʥʥʶ ʟʥʘʡʜʝʥʠʭ ʚʨʘʟʣʠʚʦʩʪʝʡ ʧʨʦʛʨʘʤʥʦʛʦ 

ʟʘʙʝʟʧʝʯʝʥʥʷ. ʊʨʠʚʘʣʽʩʪʴ ʧʨʘʚʠʣʴʥʦʛʦ ʪʘ ʰʚʠʜʢʦʛʦ ʦʥʦʚʣʝʥʥʷ ʙʽʣʴʰʦʩʪʽ ʚʩʪʘʥʦʚʣʝʥʠʭ 

ʝʢʟʝʤʧʣʷʨʽʚ ʧʨʦʛʨʘʤʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ ʥʝ ʟʘʜʦʚʽʣʴʥʷʻ ʚʠʤʦʛʘʤ ʜʦ ʙʝʟʧʝʢʠ ʽ ʥʘʜʽʡʥʦʩʪʽ 

ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʙʘʛʘʪʴʦʭ ʢʦʨʠʩʪʫʚʘʯʽʚ ʩʠʩʪʝʤ çʨʦʟʫʤʥʦʛʦè ʙʫʜʠʥʢʫ. ʇʨʠ ʨʦʟʨʦʙʮʽ 

ʩʠʩʪʝʤ çʨʦʟʫʤʥʦʛʦè ʙʫʜʠʥʢʫ ʦʧʠʩʘʥʽ ʧʨʦʙʣʝʤʠ ʤʦʜʝʣʽ ʧʦʰʠʨʝʥʥʷ ʣʽʮʝʥʟʽʡʥʦʛʦ 

ʧʨʦʛʨʘʤʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ ʧʨʦʧʦʥʫʻʪʴʩʷ ʚʠʨʽʰʠʪʠ ʟʘʚʜʷʢʠ ʟʘʧʨʦʚʘʜʞʝʥʥʶ ʤʦʜʝʣʽ SaaS 

(software as a service) [99]. 

SaaS ʷʚʣʷʻʪʴʩʷ ʦʜʥʽʻʶ ʟ ʥʘʡʧʦʧʫʣʷʨʥʽʰʠʭ ʤʦʜʝʣʝʡ ʭʤʘʨʥʠʭ ʦʙʯʠʩʣʝʥʴ ʥʘ 

ʩʴʦʛʦʜʥʽ, ʦʩʥʦʚʥʦʶ ʽʜʝʻʶ ʷʢʦʾ ʻ ʪʝ, ʱʦ ʢʦʨʠʩʪʫʚʘʯʘʤ ʥʘʜʘʻʪʴʩʷ ʛʦʪʦʚʝ ʜʦ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʧʨʦʛʨʘʤʥʝ ʟʘʙʝʟʧʝʯʝʥʥʷ, ʷʢʝ ʧʦʚʥʽʩʪʶ ʦʙʩʣʫʛʦʚʫʻʪʴʩʷ ʧʨʦʚʘʡʜʝʨʦʤ. ʇʨʦʚʘʡʜʝʨ ʫ ʮʽʡ 

ʤʦʜʝʣʽ ʩʘʤʦʩʪʽʡʥʦ ʢʝʨʫʻ ʧʨʦʛʨʘʤʥʠʤ ʟʘʙʝʟʧʝʯʝʥʥʷʤ, ʥʘʜʘʶʯʠ ʢʦʨʠʩʪʫʚʘʯʘʤ ʜʦʩʪʫʧ ʜʦ 

ʬʫʥʢʮʽʡ ʟ ʢʣʽʻʥʪʩʴʢʠʭ ʧʨʠʩʪʨʦʾʚ. ʆʩʥʦʚʥʦʶ ʧʝʨʝʚʘʛʦʶ ʤʦʜʝʣʽ SaaS ʜʣʷ ʢʦʨʠʩʪʫʚʘʯʽʚ 

ʷʚʣʷʻʪʴʩʷ ʚʽʜʩʫʪʥʽʩʪʴ ʟʘʪʨʘʪ ʥʘ ʚʩʪʘʥʦʚʣʝʥʥʷ, ʦʥʦʚʣʝʥʥʷ ʪʘ ʧʽʜʪʨʠʤʢʫ ʨʦʙʦʪʠ 

ʧʨʦʛʨʘʤʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ [8]. ɿ ʙʦʢʫ ʨʦʟʨʦʙʥʠʢʘ ʪʘʢʘ ʤʦʜʝʣʴ ʥʘʜʘʥʥʷ ʧʦʩʣʫʛ ʜʘʻ ʟʤʦʛʫ 
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ʝʬʝʢʪʠʚʥʦ ʙʦʨʦʪʠʩʴ ʟ ʥʝʣʽʮʝʥʟʽʡʥʠʤ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʧʨʦʛʨʘʤʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ, ʟʘʚʜʷʢʠ 

ʪʦʤʫ, ʱʦ ʢʦʨʠʩʪʫʚʘʯʽ ʥʝ ʦʪʨʠʤʫʶʪʴ ʧʨʦʛʨʘʤʥʠʡ ʢʦʜ ʩʠʩʪʝʤʠ ʷʢ ʪʘʢʠʡ, ʘ ʪʽʣʴʢʠ ʢʽʥʮʝʚʽ 

ʪʦʯʢʠ ʚʭʦʜʫ ʽ ʚʠʭʦʜʫ ʬʫʥʢʮʽʡ ʧʨʠ ʽʥʢʘʧʩʫʣʴʦʚʘʥʽʡ ʪʘ ʧʨʠʭʦʚʘʥʽʡ ʨʝʘʣʽʟʘʮʽʾ ʜʘʥʠʭ 

ʬʫʥʢʮʽʡ, ʱʦ ʚʠʢʦʥʫʶʪʴʩʷ ʥʘ ʩʪʦʨʦʥʽ ʧʨʦʚʘʡʜʝʨʘ, ʢʦʪʨʠʡ ʥʘʜʘʻ ʧʨʦʛʨʘʤʥʝ ʟʘʙʝʟʧʝʯʝʥʥʷ 

[106]. ʊʘʢʦʞ ʜʘʥʘ ʢʦʥʮʝʧʮʽʷ ʜʘʻ ʟʤʦʛʫ ʟʤʝʥʰʠʪʠ ʟʘʪʨʘʪʠ ʥʘ ʨʦʟʛʦʨʪʘʥʥʷ ʪʘ ʽʥʪʝʛʨʘʮʽʶ 

ʪʝʭʥʽʯʥʦʾ ʯʘʩʪʠʥʠ ʩʠʩʪʝʤʠ ʪʘ ʾʾ ʧʽʜʪʨʠʤʢʠ. ʇʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ ʤʦʜʝʣʽ SaaS ʥʝʤʘʻ 

ʘʚʘʥʩʦʚʠʭ ʚʠʪʨʘʪ, ʧʦʚ'ʷʟʘʥʠʭ ʽʟ ʧʨʠʜʙʘʥʥʷʤ ʧʨʦʛʨʘʤʥʦʛʦ ʧʨʦʜʫʢʪʫ, ʦʩʢʽʣʴʢʠ ʧʣʘʪʘ ʟʘ 

ʣʽʮʝʥʟʽʶ ʥʝ ʧʦʪʨʽʙʥʘ. ʂʣʽʻʥʪʠ ʥʝ ʟʦʙʦʚôʷʟʘʥʽ ʢʫʧʫʚʘʪʠ ʮʽʣʠʡ ʧʘʢʝʪ ʜʦʩʪʫʧʥʦʛʦ 

ʬʫʥʢʮʽʦʥʘʣʫ, ʘ ʤʘʶʪʴ ʤʦʞʣʠʚʽʩʪʴ ʜʦʜʘʚʘʪʠ ʦʢʨʝʤʽ ʬʫʥʢʮʽʾ, ʷʢʠʭ ʜʽʡʩʥʦ ʧʦʪʨʝʙʫʶʪʴ 

(ʩʠʩʪʝʤʘ ʙʝʟʧʝʢʠ, ʩʠʩʪʝʤʘ ʤʦʥʽʪʦʨʠʥʛʫ ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʦʩʪʽ, ʧʘʢʝʪ ʧʽʜʚʠʱʝʥʥʷ 

ʢʦʤʬʦʨʪʫ ʧʨʦʞʠʚʘʥʥʷ ʤʝʰʢʘʥʮʽʚ, ʪʦʱʦ). ʗʢʱʦ ʢʦʨʠʩʪʫʚʘʯ ʧʦʪʨʝʙʫʻ ʧʨʦʛʨʘʤʥʦʛʦ 

ʟʘʙʝʟʧʝʯʝʥʥʷ ʧʨʦʪʷʛʦʤ ʦʙʤʝʞʝʥʦʛʦ ʧʝʨʽʦʜʫ ʘʙʦ ʟ ʜʝʢʽʣʴʢʦʤʘ ʬʫʥʢʮʽʷʤʠ, ʚʽʥ ʩʧʣʘʯʫʻ 

ʣʠʰʝ ʟʘ ʧʝʚʥʠʡ ʧʨʦʤʽʞʦʢ ʯʘʩʫ ʯʠ ʢʦʥʢʨʝʪʥʦ ʥʘʜʘʥʫ ʬʫʥʢʮʽʦʥʘʣʴʥʽʩʪʴ. ʇʽʜʧʠʩʢʠ 

ʟʘʟʚʠʯʘʡ ʤʦʞʥʘ ʧʨʠʧʠʥʠʪʠ ʚ ʙʫʜʴ-ʷʢʠʡ ʤʦʤʝʥʪ. ʌʽʥʘʥʩʦʚʠʡ ʨʠʟʠʢ ʢʦʨʠʩʪʫʚʘʯʽʚ ʧʨʠ 

ʚʠʢʦʨʠʩʪʘʥʥʽ ʟʘʧʨʦʧʦʥʦʚʘʥʦʾ ʤʦʜʝʣʽ ʟʤʝʥʰʫʻʪʴʩʷ ʜʦ ʤʽʥʽʤʫʤʫ. ɿʘʚʜʷʢʠ ʟʘʧʨʦʚʘʜʞʝʥʥʶ 

SaaS ʻ ʤʦʞʣʠʚʽʩʪʴ ʚ ʙʫʜʴ-ʷʢʠʡ ʯʘʩ ʦʪʨʠʤʘʪʠ ʜʦʩʪʫʧ ʜʦ ʧʨʦʛʨʘʤʥʦʛʦ ʧʨʦʜʫʢʪʫ ʟ ʙʫʜʴ-

ʷʢʠʭ ʧʨʠʩʪʨʦʾʚ, ʱʦ ʤʘʶʪʴ ɯʥʪʝʨʥʝʪ ʟ'ʻʜʥʘʥʥʷ, ʱʦ ʻ ʢʦʨʠʩʥʦʶ ʤʦʞʣʠʚʽʩʪʶ ʜʣʷ ʢʦʥʪʨʦʣʶ 

ʩʠʩʪʝʤʦʶ ʙʝʟʧʝʢʠ ʙʫʜʠʥʢʫ ʧʝʨʝʙʫʚʘʶʯʠ ʫ ʚʽʜʧʫʩʪʮʽ ʚ ʽʥʰʽʡ ʢʨʘʾʥʽ, ʘ ʪʘʢʦʞ ʜʣʷ 

ʥʘʣʘʰʪʫʚʘʥʥʷ ʧʦʙʫʪʦʚʠʭ ʧʨʠʣʘʜʽʚ ʪʘ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʨʝʞʠʤʫ ʧʽʜ ʯʘʩ ʜʦʨʦʛʠ ʜʦʜʦʤʫ ʟ 

ʨʦʙʦʪʠ. ʎʝ ʟʙʽʣʴʰʫʻ ʤʦʙʽʣʴʥʽʩʪʴ ʽ ʦʧʝʨʘʪʠʚʥʽʩʪʴ ʚ ʥʘʣʘʰʪʫʚʘʥʥʽ ʧʨʦʛʨʘʤʥʦʛʦ 

ʟʘʙʝʟʧʝʯʝʥʥʷ. ʇʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ ʭʤʘʨʥʦʛʦ ʧʨʦʛʨʘʤʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ, ʫʩʽ ʦʥʦʚʣʝʥʥʷ 

ʙʫʜʫʪʴ ʚʩʪʘʥʦʚʣʝʥʽ ʨʦʟʨʦʙʥʠʢʦʤ SaaS ʮʝʥʪʨʘʣʽʟʦʚʘʥʦ ʥʘ ʦʜʥʦʤʫ ʛʣʦʙʘʣʴʥʦʤʫ ʩʝʨʚʝʨʽ 

ʧʨʦʚʘʡʜʝʨʘ (ʘ ʥʝ ʥʘ ʩʦʪʥʷʭ, ʘʙʦ ʪʠʩʷʯʘʭ ʦʢʨʝʤʦ ʚʩʪʘʥʦʚʣʝʥʠʭ ʝʢʟʝʤʧʣʷʨʘʭ), ʱʦ 

ʟʘʙʝʟʧʝʯʫʻ ʙʽʣʴʰʫ ʰʚʠʜʢʽʩʪʴ ʦʪʨʠʤʘʥʥʷ ʚʠʧʨʘʚʣʝʥʴ ʚʨʘʟʣʠʚʦʩʪʝʡ ʧʨʦʛʨʘʤʥʦʛʦ 

ʟʘʙʝʟʧʝʯʝʥʥʷ [99]. ʂʦʨʠʩʪʫʚʘʯʘʤ ʩʠʩʪʝʤʠ ʥʝ ʧʦʪʨʽʙʥʦ ʩʘʤʦʩʪʽʡʥʦ ʟʘʚʘʥʪʘʞʫʚʘʪʠ ʪʘ 

ʚʩʪʘʥʦʚʣʶʚʘʪʠ ʧʘʪʯʽ ʜʣʷ ʩʚʦʾʭ ʜʦʜʘʪʢʽʚ, ʮʝ ʨʦʙʠʪʴʩʷ ʘʚʪʦʤʘʪʠʯʥʦ, ʱʦ ʟʥʠʞʫʻ ʧʦʨʽʛ 

ʚʭʦʜʫ ʪʝʭʥʽʯʥʦʾ ʦʙʽʟʥʘʥʦʩʪʽ ʜʣʷ ʢʦʨʠʩʪʫʚʘʯʽʚ ʩʠʩʪʝʤ çʨʦʟʫʤʥʦʛʦè ʙʫʜʠʥʢʫ. ʉʭʝʤʘ 

ʤʦʜʝʣʽ ʧʦʰʠʨʝʥʥʷ ʧʨʦʛʨʘʤʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ SaaS ʟʦʙʨʘʞʝʥʘ ʥʘ ʈʠʩʫʥʢʫ 2.1. 
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ʈʠʩ. 2.1. ʉʭʝʤʘ ʤʦʜʝʣʽ ʧʦʰʠʨʝʥʥʷ ʧʨʦʛʨʘʤʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ SaaS 

 

ɺʘʞʣʠʚʦʶ ʧʝʨʝʚʘʛʦʶ ʚʠʢʦʨʠʩʪʘʥʥʷ ʤʦʜʝʣʽ SaaS ʟ ʬʽʥʘʥʩʦʚʦʾ ʪʦʯʢʠ ʟʦʨʫ ʻ 

ʤʦʞʣʠʚʽʩʪʴ ʧʝʨʝʥʝʩʝʥʥʷ çʚʘʞʢʠʭè ʦʙʯʠʩʣʝʥʴ ʥʘ ʪʝʭʥʽʯʥʽ ʧʦʪʫʞʥʦʩʪʽ ʩʝʨʚʝʨʽʚ 

ʧʨʦʚʘʡʜʝʨʘ ʽ ʚʠʢʦʨʠʩʪʘʥʥʷ ʧʨʦʩʪʠʭ ʜʝʰʝʚʠʭ ʪʝʭʥʽʯʥʠʭ ʨʽʰʝʥʴ ʥʘ ʩʪʦʨʦʥʽ ʢʣʽʻʥʪʽʚ, ʱʦ 

ʟʘʩʪʦʩʦʚʫʚʘʪʠʤʫʪʴʩʷ ʜʣʷ ʧʝʨʝʜʘʯʽ ʚʭʽʜʥʠʭ ʜʘʥʠʭ ʪʘ ʦʪʨʠʤʘʥʥʷ ʦʙʯʠʩʣʝʥʠʭ ʧʦʪʫʞʥʠʤ 

ʩʝʨʚʝʨʦʤ ʨʝʟʫʣʴʪʘʪʽʚ ʨʦʙʦʪʠ ʦʢʨʝʤʠʭ ʬʫʥʢʮʽʡ ʩʠʩʪʝʤʠ çʨʦʟʫʤʥʦʛʦè ʙʫʜʠʥʢʫ [107, 108]. 

ɼʘʥʠʡ ʧʽʜʭʽʜ ʜʘʻ ʤʦʞʣʠʚʽʩʪʴ ʩʫʪʪʻʚʦ ʟʤʝʥʰʠʪʠ ʚʘʨʪʽʩʪʴ ʚʩʪʘʥʦʚʣʝʥʥʷ ʩʠʩʪʝʤ 

çʨʦʟʫʤʥʦʛʦè ʙʫʜʠʥʢʫ ʜʣʷ ʢʽʥʮʝʚʠʭ ʢʦʨʠʩʪʫʚʘʯʽʚ ʟʘʚʜʷʢʠ ʩʢʦʨʦʯʝʥʥʶ ʾʭʥʽʭ ʚʠʪʨʘʪ ʥʘ 

ʘʧʘʨʘʪʥʝ ʟʘʙʝʟʧʝʯʝʥʥʷ ʩʠʩʪʝʤʠ. 

 



61 
 

ɼʦ ʥʘʡʧʦʰʠʨʝʥʽʰʠʭ ʬʫʥʢʮʽʡ çʨʦʟʫʤʥʦʛʦè ʙʫʜʠʥʢʫ ʚʽʜʥʦʩʷʪʴ ʫʧʨʘʚʣʽʥʥʷ 

ʧʨʠʣʘʜʘʤʠ ʦʩʚʽʪʣʝʥʥʷ ʙʫʜʠʥʢʫ, ʚʢʣʶʯʘʶʯʠ ʢʝʨʫʚʘʥʥʷ ʦʢʨʝʤʠʤʠ ʛʨʫʧʘʤʠ ʧʨʠʣʘʜʽʚ 

ʦʩʚʽʪʣʝʥʥʷ, ʪʘʢ ʽ ʢʝʨʫʚʘʥʥʷ ʦʢʨʝʤʠʤʠ ʧʨʠʣʘʜʘʤʠ, ʚʩʪʘʥʦʚʣʝʥʥʷ ʚʽʜʧʦʚʽʜʥʦʛʦ ʨʽʚʥʷ 

ʦʩʚʽʪʣʝʥʥʷ ʚ ʦʢʨʝʤʠʭ ʯʘʩʪʠʥʘʭ ʙʫʜʠʥʢʫ, ʚʤʠʢʘʥʥʷ/ʚʠʤʠʢʘʥʥʷ ʦʩʚʽʪʣʝʥʥʷ ʚ ʟʘʣʝʞʥʦʩʪʽ 

ʚʽʜ ʤʽʩʮʝʟʥʘʭʦʜʞʝʥʥʷ ʤʝʰʢʘʥʮʽʚ ʙʫʜʠʥʢʫ [109]; ʢʝʨʫʚʘʥʥʷ ʞʘʣʶʟʷʤʠ ʪʘ ʰʪʦʨʘʤʠ ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʝʣʝʢʪʨʦʜʚʠʛʫʥʽʚ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʧʦʢʘʟʥʠʢʽʚ ʩʝʥʩʦʨʽʚ ʨʫʭʫ ʚʩʝʨʝʜʠʥʽ 

ʙʫʜʠʥʢʫ ʪʘ ʧʦʢʘʟʥʠʢʽʚ ʜʘʪʯʠʢʽʚ ʟʦʚʥʽʰʥʴʦʛʦ ʦʩʚʽʪʣʝʥʥʷ [110]; ʢʝʨʫʚʘʥʥʷ ʪʝʤʧʝʨʘʪʫʨʥʠʤ 

ʨʝʞʠʤʦʤ ʚ ʦʢʨʝʤʠʭ ʢʽʤʥʘʪʘʭ ʙʫʜʠʥʢʫ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʚʧʦʜʦʙʘʥʴ ʞʠʪʝʣʽʚ ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʢʝʨʫʚʘʥʥʷ ʧʨʠʣʘʜʘʤʠ ʦʙʽʛʨʽʚʫ, ʚʝʥʪʠʣʷʮʽʾ ʪʘ ʢʦʥʜʠʮʽʦʥʫʚʘʥʥʷ; ʢʝʨʫʚʘʥʥʷ ʤʝʜʽʘ 

ʧʨʠʩʪʨʦʷʤʠ ʫ ʙʫʜʠʥʢʫ, ʪʘʢʠʤʠ ʷʢ ʪʝʣʝʚʽʟʦʨ ʪʘ ʘʢʫʩʪʠʯʥʘ ʩʠʩʪʝʤʘ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ 

ʧʨʠʩʫʪʥʦʩʪʽ ʞʠʪʝʣʽʚ ʫ ʙʫʜʠʥʢʫ ʪʘ ʾʭʥʽʭ ʚʧʦʜʦʙʘʥʴ. ʊʘʢʦʞ ʯʘʩʪʦ ʜʦ ʬʫʥʢʮʽʡ çʨʦʟʫʤʥʦʛʦè 

ʙʫʜʠʥʢʫ ʚʢʣʶʯʘʶʪʴ ʩʠʩʪʝʤʫ ʙʝʟʧʝʢʠ, ʱʦ ʧʦʚʽʜʦʤʣʷʻ ʧʨʦ ʧʨʦʥʠʢʥʝʥʥʷ ʚ ʜʽʤ 

ʥʝʨʦʟʧʽʟʥʘʥʠʭ ʦʩʽʙ, ʟʘ ʜʦʧʦʤʦʛʦʶ ʜʘʪʯʠʢʽʚ ʨʫʭʫ ʚ ʙʫʜʠʥʢʫ ʪʘ ʢʘʤʝʨ ʩʧʦʩʪʝʨʝʞʝʥʥʷ ʟ 

ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʧʨʦʛʨʘʤʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ ʨʦʟʧʽʟʥʘʚʘʥʥʷ ʦʙʣʠʯ [111]. ʄʝʥʰ 

ʧʦʰʠʨʝʥʠʤʠ ʬʫʥʢʮʽʷʤʠ «ʨʦʟʫʤʥʦʛʦ» ʙʫʜʠʥʢʫ ʻ ʟʚʦʣʦʞʝʥʥʷ ʛʨʫʥʪʫ ʥʘʚʢʦʣʦ ʙʫʜʠʥʢʫ ʥʘ 

ʦʩʥʦʚʽ ʧʦʢʘʟʥʠʢʽʚ ʚʦʣʦʛʦʩʪʽ ʛʨʫʥʪʫ ʪʘ ʧʦʨʠ ʨʦʢʫ, ʘ ʪʘʢʦʞ ʫʧʨʘʚʣʽʥʥʷ ʧʽʜʽʛʨʽʚʦʤ ʚʘʥʥʠ 

ʯʠ ʙʘʩʝʡʥʫ ʪʘ ʨʽʚʥʷ ʾʭ ʥʘʧʦʚʥʝʥʦʩʪʽ. ɺʘʞʣʠʚʠʤ ʧʠʪʘʥʥʷʤ ʧʨʠ ʨʦʟʨʦʙʮʽ ʨʦʟʧʦʜʽʣʝʥʦʾ 

ʩʠʩʪʝʤʠ çʨʦʟʫʤʥʦʛʦè ʙʫʜʠʥʢʫ ʻ ʷʢʽ ʩʘʤʝ ʟ ʽʩʥʫʶʯʠʭ ʬʫʥʢʮʽʡ ʪʨʝʙʘ ʚʠʢʦʥʫʚʘʪʠ ʥʘ 

ʩʪʦʨʦʥʽ ʩʝʨʚʝʨʽʚ ʧʨʦʚʘʡʜʝʨʘ ʧʦʩʣʫʛ, ʘ ʷʢʽ ʚʠʢʦʥʫʚʘʪʠ ʥʘ ʩʪʦʨʦʥʽ ʣʦʢʘʣʴʥʦʛʦ ʘʧʘʨʘʪʥʦʛʦ 

ʟʘʙʝʟʧʝʯʝʥʥʷ ʢʣʽʻʥʪʽʚ [112]. 

ʋ ʩʬʝʨʽ çʨʦʟʫʤʥʠʭè ʙʫʜʠʥʢʽʚ ʧʦʚʥʝ ʧʝʨʝʥʝʩʝʥʥʷ ʚʩʴʦʛʦ ʬʫʥʢʮʽʦʥʘʣʫ ʩʠʩʪʝʤʠ ʥʘ 

ʤʦʜʝʣʴ SaaS ʻ ʥʝʜʦʮʽʣʴʥʦʶ, ʫ ʟʚôʷʟʢʫ ʟ ʩʧʝʮʠʬʽʢʦʶ ʜʘʥʦʾ ʩʬʝʨʠ, ʪʘʢ ʷʢ ʧʝʨʝʙʦʾ ʪʘ 

ʟʘʪʨʠʤʢʠ ʫ ʽʥʪʝʨʥʝʪ ʟôʻʜʥʘʥʥʽ ʤʦʞʫʪʴ ʧʨʠʟʚʝʩʪʠ ʜʦ ʧʦʤʠʣʦʢ ʚ ʦʪʨʠʤʘʥʥʽ ʚʽʜʧʦʚʽʜʥʠʭ 

ʢʦʤʘʥʜ ʜʣʷ ʚʠʢʦʥʘʥʥʷ. ʆʩʦʙʣʠʚʦ ʩʝʨʡʦʟʥʦʶ ʜʘʥʘ ʧʨʦʙʣʝʤʘ ʻ ʜʣʷ ʬʫʥʢʮʽʡ ʦʭʦʨʦʥʠ, 

ʧʦʞʝʞʦʛʘʩʽʥʥʷ ʪʘ ʤʦʥʽʪʦʨʠʥʛʫ ʧʦʢʘʟʥʠʢʽʚ ʟʜʦʨʦʚôʷ ʤʝʰʢʘʥʮʽʚ ʙʫʜʠʥʢʫ.  ʇʦʙʫʜʦʚʘ 

ʩʠʩʪʝʤ ʜʣʷ çʨʦʟʫʤʥʦʛʦè ʙʫʜʠʥʢʫ ʥʘ ʦʩʥʦʚʽ ʜʘʥʦʾ ʤʦʜʝʣʽ ʪʘʢʦʞ ʫʩʢʣʘʜʥʶʻʪʴʩʷ 

ʚʟʘʻʤʦʜʽʻʶ ʤʦʜʫʣʽʚ ʩʠʩʪʝʤʠ, ʱʦ ʚʽʜʧʦʚʽʜʘʶʪʴ ʟʘ ʦʢʨʝʤʽ ʯʽʪʢʦ ʚʠʟʥʘʯʝʥʽ ʬʫʥʢʮʽʾ, ʷʢʽ 

ʙʫʜʫʪʴ ʧʝʨʝʥʝʩʝʥʽ ʜʣʷ ʚʠʢʦʥʘʥʥʷ ʫ ʭʤʘʨʽ ʽ ʪʠʤʠ, ʱʦ ʙʫʜʫʪʴ ʚʠʢʦʥʫʚʘʪʠʩʴ ʣʦʢʘʣʴʥʦ ʥʘ 
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ʩʪʦʨʦʥʽ ʢʣʽʻʥʪʘ. ʈʦʟʧʦʜʽʣʝʥʥʷ ʬʫʥʢʮʽʦʥʘʣʫ ʥʘ ʜʚʽ ʪʘʢʽ ʛʨʫʧʠ ʚʽʜʙʫʚʘʻʪʴʩʷ ʟʘ ʢʨʠʪʝʨʽʷʤʠ 

ʚʘʞʣʠʚʦʩʪʽ ʦʪʨʠʤʘʥʥʷ ʰʚʠʜʢʦʛʦ ʨʝʘʛʫʚʘʥʥʷ ʩʠʩʪʝʤʠ. ʌʫʥʢʮʽʦʥʘʣʴʥʽʩʪʴ, ʱʦ ʧʦʪʨʝʙʫʻ 

ʚʠʩʦʢʦʾ ʰʚʠʜʢʦʩʪʽ ʨʝʘʛʫʚʘʥʥʷ ʽ ʥʝ ʧʦʪʨʝʙʫʻ ʚʝʣʠʢʠʭ ʪʝʭʥʽʯʥʠʭ ʨʝʩʫʨʩʽʚ ʤʘʻ 

ʚʠʢʦʥʫʚʘʪʠʩʴ ʥʘ ʢʣʽʻʥʪʩʴʢʽʡ ʩʪʦʨʦʥʽ (ʟʙʽʨ ʜʘʥʠʭ ʟ ʩʝʥʩʦʨʽʚ, ʬʫʥʢʮʽʾ ʦʭʦʨʦʥʠ ʪʘ 

ʧʦʞʝʞʦʛʘʩʽʥʥʷ, ʢʝʨʫʚʘʥʥʷ ʧʨʠʣʘʜʘʤʠ ʙʫʜʠʥʢʫ). ʌʫʥʢʮʽʦʥʘʣ, ʷʢʠʡ ʧʦʪʨʝʙʫʻ 

ʦʧʨʘʮʶʚʘʥʥʷ ʚʝʣʠʢʦʛʦ ʦʙôʻʤʫ ʜʘʥʠʭ, ʚʠʢʦʨʠʩʪʘʥʥʷ ʘʣʛʦʨʠʪʤʽʚ ʤʘʰʠʥʥʦʛʦ ʥʘʚʯʘʥʥʷ ʜʣʷ 

ʘʚʪʦʤʘʪʠʟʦʚʘʥʦʛʦ ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʥʷ ʪʘ ʥʝ ʚʠʤʘʛʘʻ ʚʠʩʦʢʦʾ ʰʚʠʜʢʦʜʽʾ (ʬʫʥʢʮʽʾ 

ʨʝʛʫʣʶʚʘʥʥʷ ʪʝʤʧʝʨʘʪʫʨʥʠʤ ʨʝʞʠʤʦʤ ʙʫʜʠʥʢʫ) ʤʦʞʝ ʙʫʪʠ ʧʝʨʝʥʝʩʝʥʠʡ ʥʘ ʪʝʭʥʽʯʥʫ 

ʩʪʦʨʦʥʫ ʧʨʦʚʘʡʜʝʨʘ ʧʦʩʣʫʛ. ʇʨʠ ʟʙʽʣʴʰʝʥʥʽ ʦʙôʻʤʽʚ ʦʧʨʘʮʴʦʚʫʚʘʥʠʭ ʜʘʥʠʭ, ʫʩʢʣʘʜʝʥʥʽ 

ʚʥʫʪʨʽʰʥʴʦʾ ʣʦʛʽʢʠ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʩʠʩʪʝʤʠ ʪʘ ʘʣʛʦʨʠʪʤʽʚ ʤʘʰʠʥʥʦʛʦ ʥʘʚʯʘʥʥʷ ʤʦʞʝ 

ʚʠʥʠʢʥʫʪʠ ʧʦʨʝʙʘ ʫ ʟʙʽʣʴʰʝʥʥʽ ʦʙʯʠʩʣʶʚʘʣʴʥʠʭ ʨʝʩʫʨʩʽʚ. ʄʦʜʝʣʴ SaaS ʜʦʟʚʦʣʷʻ ʣʝʛʢʦ 

ʤʘʩʰʪʘʙʫʚʘʪʠ ʨʦʟʨʦʙʣʝʥʫ ʩʠʩʪʝʤʫ ʟʘʚʜʷʢʠ ʜʦʜʘʚʘʥʥʶ ʥʦʚʠʭ ʩʝʨʚʝʨʽʚ, ʱʦ  

ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠʤʫʪʴʩʷ ʜʣʷ ʨʦʟʧʘʨʘʣʝʣʶʚʘʥʥʷ ʥʘʚʘʥʪʘʞʝʥʥʷ ʥʘ ʦʙʯʠʩʣʶʚʘʣʴʥʽ ʨʝʩʫʨʩʠ 

ʙʝʟ ʧʦʪʨʝʙʠ ʚʩʪʘʥʦʚʣʝʥʥʷ ʜʦʜʘʪʢʦʚʦʛʦ ʯʠ ʥʦʚʦʛʦ ʘʧʘʨʘʪʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ ʥʘ ʩʪʦʨʦʥʽ 

ʢʦʨʠʩʪʫʚʘʯʽʚ ʩʠʩʪʝʤʠ çʨʦʟʫʤʥʦʛʦè ʙʫʜʠʥʢʫ.  

ʈʦʟʧʦʜʽʣ ʬʫʥʢʮʽʦʥʘʣʫ ʤʽʞ ʢʣʽʻʥʪʩʴʢʦʶ ʯʘʩʪʠʥʦʶ ʪʘ ʪʝʭʥʽʯʥʠʤʠ ʧʦʪʫʞʥʦʩʪʷʤʠ 

ʧʨʦʚʘʡʜʝʨʘ ʥʘʜʘʻ ʪʘʢʽ ʧʝʨʝʚʘʛʠ, ʷʢ ʟʤʝʥʰʝʥʥʷ ʥʘʚʘʥʪʘʞʝʥʥʷ ʥʘ ʘʧʘʨʘʪʥʝ ʟʘʙʝʟʧʝʯʝʥʥʷ 

ʢʣʽʻʥʪʩʴʢʦʾ ʯʘʩʪʠʥʠ ʩʠʩʪʝʤʠ ʪʘ ʜʦʩʪʫʧ ʧʨʦʚʘʡʜʝʨʘ ʜʦ ʚʝʣʠʢʠʭ ʦʙôʻʤʽʚ ʨʝʘʣʴʥʠʭ ʜʘʥʠʭ. 

ɿʤʝʥʰʝʥʥʷ ʥʘʚʘʥʪʘʞʝʥʥʷ ʥʘ ʘʧʘʨʘʪʥʫ ʯʘʩʪʠʥʫ ʢʣʽʻʥʪʩʴʢʦʾ ʯʘʩʪʠʥʠ ʩʠʩʪʝʤʠ ʟʥʠʞʫʻ 

ʚʘʨʪʽʩʪʴ ʦʙʣʘʜʥʘʥʥʷ ʪʘ ʩʫʤʘʨʥʫ ʚʘʨʪʽʩʪʴ ʚʩʪʘʥʦʚʣʝʥʥʷ ʩʠʩʪʝʤʠ ʽʥʪʝʣʝʢʪʫʘʣʴʥʦʛʦ 

ʙʫʜʠʥʢʫ ʜʣʷ ʢʽʥʮʝʚʦʛʦ ʢʦʨʠʩʪʫʚʘʯʘ [113]. ɹʘʟʦʚʘ ʬʫʥʢʮʽʦʥʘʣʴʥʽʩʪʴ, ʱʦ ʥʝ ʚʠʤʘʛʘʻ 

ʚʝʣʠʢʦʾ ʪʝʭʥʽʯʥʦʾ ʧʦʪʫʞʥʦʩʪʽ ʤʦʞʝ ʙʫʪʠ ʨʝʘʣʽʟʦʚʘʥʘ ʥʘ ʙʘʟʽ ʧʦʧʫʣʷʨʥʠʭ 

ʤʽʢʨʦʢʦʤʧôʶʪʝʨʽʚ, ʪʘʢʠʭ ʷʢ Raspberry PI, Arduino, LattePanda ʪʘ ʽʥʰʠʭ [16, 114], ʱʦ 

ʭʘʨʘʢʪʝʨʠʟʫʶʪʴʩʷ ʤʘʣʠʤʠ ʛʘʙʘʨʠʪʘʤʠ ʪʘ ʥʠʟʴʢʦʶ ʮʽʥʦʶ. ʆʩʥʦʚʥʠʤʠ ʚʠʤʦʛʘʤʠ ʜʦ 

ʢʣʽʻʥʪʩʴʢʦʛʦ ʧʨʦʛʨʘʤʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ ʻ ʤʦʞʣʠʚʽʩʪʴ ʦʪʨʠʤʘʥʥʷ ʧʘʨʘʤʝʪʨʽʚ ʟ ʩʝʥʩʦʨʽʚ 

ʨʦʟʤʽʱʝʥʠʭ ʫ ʙʫʜʠʥʢʫ, ʽʥʪʝʨʬʝʡʩ ʧʽʜôʻʜʥʘʥʥʷ ʜʦ ʤʝʨʝʞʽ ʽʥʪʝʨʥʝʪ ʪʘ ʤʦʞʣʠʚʽʩʪʴ 

ʢʝʨʫʚʘʪʠ ʧʨʠʣʘʜʘʤʠ ʙʫʜʠʥʢʫ ʟʘ ʜʦʧʦʤʦʛʦʶ ʙʝʟʜʨʦʪʦʚʠʭ ʪʝʭʥʦʣʦʛʽʡ ʫʧʨʘʚʣʽʥʥʷ. 
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ʋ ʩʚʦʶ ʯʝʨʛʫ ʚʝʣʠʢʽ ʦʙôʻʤʠ ʨʝʘʣʴʥʠʭ ʜʘʥʠʭ ʤʦʞʫʪʴ ʙʫʪʠ ʚʠʢʦʨʠʩʪʘʥʽ ʜʣʷ 

ʧʦʢʨʘʱʝʥʥʷ ʘʥʘʣʽʟʫ ʪʘ ʫʩʫʥʝʥʥʷ ʧʦʤʠʣʦʢ ʨʦʙʦʪʠ ʩʠʩʪʝʤʠ, ʘ ʪʘʢʦʞ ʜʣʷ ʦʧʪʠʤʽʟʘʮʽʾ 

ʤʝʪʦʜʽʚ ʤʘʰʠʥʥʦʛʦ ʥʘʚʯʘʥʥʷ, ʱʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʜʣʷ ʘʚʪʦʤʘʪʠʟʦʚʘʥʦʛʦ ʧʨʠʡʥʷʪʪʷ 

ʨʽʰʝʥʴ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʩʠʩʪʝʤʠ. ɼʣʷ ʩʠʩʪʝʤ çʨʦʟʫʤʥʦʛʦè ʙʫʜʠʥʢʽʚ ʪʘʢʠʤʠ ʜʘʥʠʤʠ ʻ 

ʦʧʪʠʤʘʣʴʥʽ ʪʝʤʧʝʨʘʪʫʨʥʽ ʧʦʢʘʟʥʠʢʠ ʫ ʢʦʞʥʽʡ ʟ ʢʽʤʥʘʪ ʙʫʜʠʥʢʫ, ʱʦ ʟʘʣʝʞʘʪʴ ʚʽʜ 

ʧʘʨʘʤʝʪʨʽʚ ʧʨʠʩʫʪʥʦʩʪʽ ʣʶʜʝʡ ʫ ʙʫʜʠʥʢʫ, ʧʦʨʠ ʨʦʢʫ, ʯʘʩʫ ʜʥʷ, ʪʝʤʧʝʨʘʪʫʨʠ 

ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ. ɸʚʪʦʤʘʪʠʟʦʚʘʥʝ ʫʧʨʘʚʣʽʥʥʷ ʪʝʤʧʝʨʘʪʫʨʥʠʤ ʨʝʞʠʤʦʤ ʪʘ 

ʦʩʚʽʪʣʝʥʥʷʤ ʩʠʩʪʝʤʘʤʠ çʨʦʟʫʤʥʠʭè ʙʫʜʠʥʢʽʚ ʜʘʻ ʟʤʦʛʫ ʥʘʣʘʰʪʦʚʫʚʘʪʠ ʧʘʨʘʤʝʪʨʠ 

ʪʝʨʤʦʩʪʘʪʽʚ ʪʘ ʧʨʠʣʘʜʽʚ ʦʩʚʽʪʣʝʥʥʷ ʙʘʟʫʶʯʠʩʴ ʥʘ ʚʧʦʜʦʙʘʥʥʷʭ ʢʦʨʠʩʪʫʚʘʯʽʚ ʙʝʟ ʾʭʥʴʦʾ 

ʧʨʷʤʦʾ ʫʯʘʩʪʽ ʪʘ ʜʦʧʦʤʘʛʘʻ ʩʫʪʪʻʚʦ ʩʢʦʨʦʪʠʪʠ ʬʽʥʘʥʩʦʚʽ ʚʠʪʨʘʪʠ ʥʘ ʦʧʘʣʝʥʥʷ ʽ 

ʦʩʚʽʪʣʝʥʥʷ ʟʘʚʜʷʢʠ ʦʧʪʠʤʘʣʴʥʦʤʫ ʚʠʢʦʨʠʩʪʘʥʥʶ ʨʝʩʫʨʩʽʚ ʫ ʪʠʭ ʯʘʩʪʠʥʘʭ ʙʫʜʠʥʢʫ ʚ ʷʢʠʭ 

ʚʦʥʠ ʜʽʡʩʥʦ ʧʦʪʨʽʙʥʽ, ʦʜʥʦʯʘʩʥʦ ʟʙʝʨʽʛʘʶʯʠ ʮʽ ʨʝʩʫʨʩʠ ʫ ʥʝʧʦʪʨʽʙʥʠʭ ʥʘ ʜʘʥʠʡ ʤʦʤʝʥʪ 

ʯʘʩʪʠʥʘʭ ʙʫʜʠʥʢʫ [115]. ɼʘʥʘ ʬʫʥʢʮʽʦʥʘʣʴʥʽʩʪʴ ʛʨʫʥʪʫʻʪʴʩʷ ʥʘ ʘʣʛʦʨʠʪʤʘʭ ʤʘʰʠʥʥʦʛʦ 

ʥʘʚʯʘʥʥʷ ʜʣʷ ʷʢʠʭ ʧʦʯʘʪʢʦʚʦ ʧʦʪʨʽʙʥʽ ʥʘʚʯʘʣʴʥʽ ʜʘʥʽ, ʪʦʤʫ ʧʝʨʝʥʝʩʝʥʥʷ ʮʠʭ ʜʘʥʠʭ ʥʘ 

ʩʪʦʨʦʥʫ ʧʨʦʚʘʡʜʝʨʘ ʩʧʨʠʷʻ ʧʦʢʨʘʱʝʥʥʶ ʨʝʟʫʣʴʪʘʪʽʚ ʘʚʪʦʤʘʪʠʟʦʚʘʥʦʛʦ ʧʨʠʡʥʷʪʪʷ 

ʨʽʰʝʥʥʷ ʟʘʚʜʷʢʠ ʥʘʚʯʘʥʥʶ ʩʠʩʪʝʤʠ ʥʘ ʨʝʘʣʴʥʠʭ ʜʘʥʠʭ. ʉʭʝʤʘ ʨʦʟʧʦʜʽʣʫ ʣʦʢʘʣʴʥʠʭ 

ʬʫʥʢʮʽʡ ʪʘ ʬʫʥʢʮʽʡ ʫ ʭʤʘʨʽ ʟʦʙʨʘʞʝʥʘ ʥʘ ʈʠʩʫʥʢʫ 2.2. 

ʈʦʟʧʦʜʽʣ ʬʫʥʢʮʽʡ ʨʦʙʦʪʠ ʩʠʩʪʝʤʠ çʨʦʟʫʤʥʦʛʦè ʙʫʜʠʥʢʫ ʚʽʜʙʫʚʘʻʪʴʩʷ ʟʘ 

ʬʦʨʤʫʣʦʶ, ʷʢʘ ʚʨʘʭʦʚʫʻ ʟʥʘʯʝʥʥʷ ʧʘʨʘʤʝʪʨʽʚ ʦʙʯʠʩʣʶʚʘʣʴʥʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ ʥʘ 

ʘʧʘʨʘʪʥʫ ʯʘʩʪʠʥʫ (ʚʦʩʦʢʦʥʘʚʘʥʪʘʞʝʥʘ/ʥʠʟʴʢʦʥʘʚʘʥʪʘʞʝʥʘ), ʯʘʩ ʥʝʦʙʭʽʜʥʠʡ ʜʣʷ 

ʦʪʨʠʤʘʥʥʷ ʨʝʟʫʣʴʪʘʪʫ ʦʙʨʘʭʫʥʢʫ (ʪʝʨʤʽʥʦʚʘ/ʥʝʪʝʨʤʽʥʦʚʘ), ʢʨʠʪʠʯʥʽʩʪʴ ʚʽʜʤʦʚʠ ʨʦʙʦʪʠ 

ʢʦʥʢʨʝʪʥʦʾ ʬʫʥʢʮʽʾ ʜʣʷ ʧʦʚʥʦʮʽʥʥʦʾ ʨʦʙʦʪʠ ʩʠʩʪʝʤʠ (ʢʨʠʪʠʯʥʘ/ʥʝʢʨʠʪʠʯʥʘ), ʘ ʪʘʢʦʞ 

ʧʘʨʘʤʝʪʨ ʯʘʩʪʦʪʠ ʟʘʧʠʪʽʚ ʦʙʯʠʩʣʝʥʥʷ ʣʦʛʽʢʠ ʨʦʙʦʪʠ ʬʫʥʢʮʽʾ 

(ʚʠʩʦʢʦʯʘʩʪʦʪʥʘ/ʥʠʟʴʢʦʯʘʩʪʦʪʥʘ). ʂʦʞʝʥ ʟ ʧʘʨʘʤʝʪʨʽʚ ʧʨʝʜʩʪʘʚʣʝʥʠʡ ʢʦʝʬʽʮʽʻʥʪʦʤ 

ʚʘʞʣʠʚʦʩʪʽ ʧʨʝʜʩʪʘʚʣʝʥʠʡ ʫ ʊʘʙʣʠʮʽ 2.1. 
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ʈʠʩ. 2.2. ʉʭʝʤʘ ʨʦʟʧʦʜʽʣʫ ʣʦʢʘʣʴʥʠʭ ʬʫʥʢʮʽʡ ʪʘ ʬʫʥʢʮʽʡ ʫ ʭʤʘʨʽ 

ʊʘʙʣʠʮʷ 2.1.  

ɿʥʘʯʝʥʥʷ ʟʤʽʥʥʠʭ ʪʘ ʢʦʝʬʽʮʽʻʥʪʽʚ ʚʘʞʣʠʚʦʩʪʽ ʧʘʨʘʤʝʪʨʽʚ 

ʅʘʟʚʘ ʧʘʨʘʤʝʪʨʫ ɿʤʽʥʥʘ 

ʧʘʨʘʤʝʪʨʫ 

ʂʦʝʬʽʮʽʻʥʪ 

ʚʘʞʣʠʚʦʩʪʽ 

ʅʘʚʘʥʪʘʞʝʥʥʷ ʥʘ ʘʧʘʨʘʪʥʫ ʯʘʩʪʠʥʫ ʍ1 -2 

ʏʘʩ ʥʝʦʙʭʽʜʥʠʡ ʜʣʷ ʦʪʨʠʤʘʥʥʷ ʨʝʟʫʣʴʪʘʪʫ ʦʙʨʘʭʫʥʢʫ ʍ2 1 

ʂʨʠʪʠʯʥʽʩʪʴ ʚʽʜʤʦʚʠ ʨʦʙʦʪʠ ʢʦʥʢʨʝʪʥʦʾ ʬʫʥʢʮʽʾ ʍ3 1 

ʏʘʩʪʦʪʘ ʟʘʧʠʪʽʚ ʦʙʯʠʩʣʝʥʥʷ ʍ4 0.5 

 

ʇʘʨʘʤʝʪʨʠ ʤʥʦʞʘʪʴʩʷ ʥʘ ʟʥʘʯʝʥʥʷ ʢʦʝʬʽʮʽʻʥʪʫ ʚʘʞʣʠʚʦʩʪʽ ʪʘ ʩʫʤʫʶʪʴʩʷ:  

ʉ = ʍ1*( -2) + ʍ2*1 + ʍ3*1 + ʍ4*0.5   (2.1) 

ʗʢʱʦ ʦʪʨʠʤʘʥʝ ʟʥʘʯʝʥʥʷ C >= 0 ï ʬʫʥʢʮʽʷ ʚʠʢʦʥʫʚʘʪʠʤʝʪʴʩʷ ʥʘ ʩʪʦʨʦʥʽ ʢʣʽʻʥʪʘ; 

ʫ ʚʠʧʘʜʢʫ, ʢʦʣʠ C < 0 ï ʬʫʥʢʮʽʷ ʚʠʢʦʥʫʚʘʪʠʤʝʪʴʩʷ ʥʘ ʩʪʦʨʦʥʽ ʚʽʜʜʘʣʝʥʦʛʦ ʩʝʨʚʝʨʘ. 
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ʂʣʶʯʦʚʠʤ ʬʘʢʪʦʨʦʤ ʝʢʦʥʦʤʽʯʥʦʾ ʚʠʛʦʜʠ ʚʠʢʦʨʠʩʪʘʥʥʷ ʤʦʜʝʣʽ SaaS ʻ ʤʦʞʣʠʚʽʩʪʴ 

ʤʘʩʰʪʘʙʦʚʘʥʦʩʪʽ ʩʠʩʪʝʤʠ, ʱʦ ʙʘʟʫʻʪʴʩʷ ʥʘ ʜʘʥʽʡ ʤʦʜʝʣʽ. ʇʨʦʚʘʡʜʝʨ ʦʙʩʣʫʛʦʚʫʻ ʻʜʠʥʝ 

ʧʨʦʛʨʘʤʥʝ ʷʜʨʦ, ʷʢʝ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʢʣʽʻʥʪʠ, ʪʦʤʫ ʚʠʪʨʘʯʘʻ ʤʝʥʰʫ ʢʽʣʴʢʽʩʪʴ ʨʝʩʫʨʩʽʚ ʚ 

ʧʦʨʽʚʥʷʥʥʽ ʟ ʫʧʨʘʚʣʽʥʥʷʤ ʦʢʨʝʤʠʤʠ ʢʦʧʽʷʤʠ ʧʨʦʛʨʘʤʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ ʜʣʷ ʢʦʞʥʦʛʦ 

ʢʦʨʠʩʪʫʚʘʯʘ. ʂʨʽʤ ʪʦʛʦ, ʚʠʢʦʨʠʩʪʘʥʥʷ ʻʜʠʥʦʛʦ ʧʨʦʛʨʘʤʥʦʛʦ ʷʜʨʘ ʜʦʟʚʦʣʷʻ ʦʧʪʠʤʽʟʫʚʘʪʠ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʪʝʭʥʽʯʥʦʾ ʧʦʪʫʞʥʦʩʪʽ ʤʽʞ ʢʦʨʠʩʪʫʚʘʯʘʤʠ. ʎʝ ʜʘʻ ʟʤʦʛʫ ʩʫʪʪʻʚʦ ʟʥʠʞʫʚʘʪʠ 

ʚʘʨʪʽʩʪʴ ʝʢʩʧʣʫʘʪʘʮʽʾ ʧʨʦʛʨʘʤʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ, ʪʦʤʫ ʚʘʨʪʽʩʪʴ ʧʦʩʣʫʛ ʜʣʷ ʢʽʥʮʝʚʦʛʦ 

ʢʦʨʠʩʪʫʚʘʯʘ ʪʘʢʦʾ ʩʠʩʪʝʤʠ ʩʪʘʻ ʥʠʞʯʦʶ, ʥʽʞ ʧʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ ʢʣʘʩʠʯʥʦʾ ʤʦʜʝʣʽ 

ʣʽʮʝʥʟʫʚʘʥʥʷ. ʊʘʢʦʞ ʧʝʨʝʚʘʛʦʶ ʚʠʢʦʨʠʩʪʘʥʥʷ ʤʦʜʝʣʽ SaaS ʫ ʩʠʩʪʝʤʘʭ çʨʦʟʫʤʥʦʛʦè 

ʙʫʜʠʥʢʫ ʻ ʰʚʠʜʢʽʩʪʴ ʚʠʧʨʘʚʣʝʥʥʷ ʥʝʜʦʣʽʢʽʚ ʧʨʦʛʨʘʤʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ ʪʘ ʚʨʘʟʣʠʚʦʩʪʝʡ 

ʩʠʩʪʝʤʠ, ʟʘʚʜʷʢʠ ʪʦʤʫ, ʱʦ ʧʨʦʙʣʝʤʘ, ʷʢʘ ʚʠʥʠʢʣʘ ʫ ʦʢʨʝʤʦʛʦ ʢʦʨʠʩʪʫʚʘʯʘ, ʙʫʜʝ 

ʚʠʧʨʘʚʣʝʥʘ ʫ ʻʜʠʥʦʤʫ ʷʜʨʽ, ʱʦ ʧʦʧʝʨʝʜʠʪʴ ʧʦʪʝʥʮʽʡʥʝ ʚʠʥʠʢʥʝʥʥʷ ʜʘʥʦʾ ʧʨʦʙʣʝʤʠ ʫ 

ʨʝʰʪʠ ʢʦʨʠʩʪʫʚʘʯʽʚ ʙʝʟ ʧʦʪʨʝʙʠ ʫ ʚʩʪʘʥʦʚʣʝʥʥʽ ʚʽʜʧʦʚʽʜʥʠʭ ʦʥʦʚʣʝʥʴ ʜʣʷ ʢʦʞʥʦʛʦ 

ʦʢʨʝʤʦʛʦ ʝʢʟʝʤʧʣʷʨʫ ʧʨʦʛʨʘʤʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ ʚʩʪʘʥʦʚʣʝʥʦʛʦ ʥʘ ʘʧʘʨʘʪʥʽʡ ʯʘʩʪʠʥʽ 

ʢʦʨʠʩʪʫʚʘʯʽʚ. ʊʘʢʦʞ ʧʨʠ ʜʦʜʘʚʘʥʥʽ ʥʦʚʦʛʦ ʬʫʥʢʮʽʦʥʘʣʫ ʜʦ ʩʠʩʪʝʤʠ, ʦʥʦʚʣʝʥʥʷ ʩʠʩʪʝʤʠ 

ʙʫʜʝ ʜʦʩʪʫʧʥʝ ʦʜʥʦʯʘʩʥʦ ʚʩʽʤ ʢʦʨʠʩʪʫʚʘʯʘʤ. ʂʦʤʫʥʽʢʘʮʽʷ ʤʽʞ ʢʣʽʻʥʪʘʤʠ ʩʠʩʪʝʤʠ ʪʘ 

ʧʨʦʛʨʘʤʥʠʤ ʷʜʨʦʤ ʩʠʩʪʝʤʠ ʚʽʜʙʫʚʘʻʪʴʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʰʣʶʟʫ ʧʨʦʛʨʘʤʥʦʛʦ ʽʥʪʝʨʬʝʡʩʫ 

(ʈʠʩʫʥʦʢ 2.3). 

  

ʈʠʩ. 2.3. ʉʭʝʤʘ ʢʦʤʫʥʽʢʘʮʽʾ ʧʨʦʛʨʘʤʥʦʛʦ ʷʜʨʘ ʪʘ ʢʣʽʻʥʪʽʚ ʩʠʩʪʝʤʠ 
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ʄʦʞʣʠʚʽʩʪʴ ʮʝʥʪʨʘʣʽʟʦʚʘʥʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʜʘʥʠʭ, ʱʦ ʥʘʜʭʦʜʷʪʴ ʟ ʨʽʟʥʠʭ 

ʝʢʟʝʤʧʣʷʨʽʚ ʩʠʩʪʝʤ çʨʦʟʫʤʥʦʛʦè ʙʫʜʠʥʢʫ ʚʩʪʘʥʦʚʣʝʥʠʭ ʫ ʨʽʟʥʠʭ ʩʝʨʝʜʦʚʠʱʘʭ, ʟ ʨʽʟʥʠʤʠ 

ʚʠʜʘʤʠ ʘʢʪʠʚʥʦʩʪʽ ʪʘ ʨʽʚʥʝʤ ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʢʦʨʠʩʪʫʚʘʥʥʷ ʩʠʩʪʝʤʦʶ, ʩʫʪʪʻʚʦ ʟʙʽʣʴʰʫʻ ʪʘ 

ʫʨʽʟʥʦʤʘʥʽʪʥʶʻ ʥʘʚʯʘʣʴʥʫ ʚʠʙʽʨʢʫ ʜʣʷ ʚʠʢʦʨʠʩʪʘʥʥʷ ʘʣʛʦʨʠʪʤʘʤʠ ʤʘʰʠʥʥʦʛʦ 

ʥʘʚʯʘʥʥʷ, ʱʦ ʟʙʽʣʴʰʫʻ ʪʦʯʥʽʩʪʴ ʘʚʪʦʤʘʪʠʟʦʚʘʥʦʛʦ ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʴ ʫ ʩʠʪʫʘʮʽʷʭ, ʷʢʽ ʥʝ 

ʭʘʨʘʢʪʝʨʥʽ ʜʣʷ ʢʦʥʢʨʝʪʥʦʾ ʩʠʩʪʝʤʠ, ʘʣʝ ʚʠʥʠʢʘʣʘ ʫ ʩʠʩʪʝʤʘʭ ʽʥʰʠʭ ʢʦʨʠʩʪʫʚʘʯʽʚ [116]. 

ʇʦʨʷʜ ʟ ʬʘʢʪʦʨʘʤʠ, ʱʦ ʧʽʜʰʪʦʚʭʫʶʪʴ ʟʘʤʦʚʥʠʢʽʚ ʧʦʯʠʥʘʪʠ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ 

ʧʨʦʛʨʘʤʥʝ ʟʘʙʝʟʧʝʯʝʥʥʷ ʫ ʚʠʛʣʷʜʽ ʩʝʨʚʽʩʫ, ʘ ʨʦʟʨʦʙʥʠʢʽʚ ï ʽʥʚʝʩʪʫʚʘʪʠ ʨʝʩʫʨʩʠ ʫ ʡʦʛʦ 

ʩʪʚʦʨʝʥʥʷ, ʽʩʥʫʻ ʨʷʜ ʩʪʨʠʤʫʶʯʠʭ ʬʘʢʪʦʨʽʚ, ʱʦ ʦʙʤʝʞʫʻ ʚʠʢʦʨʠʩʪʘʥʥʷ ʜʘʥʦʾ ʤʦʜʝʣʽ. ʊʘʢ, 

ʷʢ ʦʩʥʦʚʥʘ ʝʢʦʥʦʤʽʷ ʨʝʩʫʨʩʽʚ Saas-ʧʨʦʚʘʡʜʝʨʽʚ ʜʦʩʷʛʘʻʪʴʩʷ ʟʘ ʨʘʭʫʥʦʢ ʤʘʩʰʪʘʙʫ, Saas-

ʤʦʜʝʣʽ ʥʝʝʬʝʢʪʠʚʥʽ ʜʣʷ ʩʠʩʪʝʤ, ʱʦ ʧʦʪʨʝʙʫʶʪʴ ʛʣʠʙʦʢʦʾ ʽʥʜʠʚʽʜʫʘʣʽʟʘʮʽʾ ʪʘ ʘʜʘʧʪʘʮʽʾ ʧʽʜ 

ʢʦʥʢʨʝʪʥʦʛʦ ʟʘʤʦʚʥʠʢʘ. ʊʘʢʦʞ, ʙʘʛʘʪʦ ʟʘʤʦʚʥʠʢʽʚ ʤʦʞʫʪʴ ʧʦʙʦʶʚʘʪʠʩʴ ʟʘʩʪʦʩʦʚʫʚʘʪʠ 

Saas ʤʦʜʝʣʴ ʟ ʪʦʯʢʠ ʟʦʨʫ ʧʠʪʘʥʥʷ ʙʝʟʧʝʢʠ ʽ ʧʦʪʝʥʮʽʡʥʦʛʦ ʚʠʪʦʢʫ ʽʥʬʦʨʤʘʮʽʾ ʟʽ ʩʪʦʨʦʥʠ 

ʧʦʩʪʘʯʘʣʴʥʠʢʘ Saas-ʧʦʩʣʫʛ. ʇʠʪʘʥʥʷ, ʧʦʚ'ʷʟʘʥʽ ʟ ʙʝʟʧʝʢʦʶ, ʦʙʤʝʞʫʶʪʴ ʚʠʢʦʨʠʩʪʘʥʥʷ 

SaaS-ʤʦʜʝʣʽ ʚ ʩʠʩʪʝʤʘʭ, ʚ ʷʢʠʭ ʦʧʨʘʮʴʦʚʫʻʪʴʩʷ ʢʦʥʬʽʜʝʥʮʽʡʥʘ ʽʥʬʦʨʤʘʮʽʷ, ʘ ʩʠʩʪʝʤʠ 

çʨʦʟʫʤʥʦʛʦè ʙʫʜʠʥʢʫ ʫ ʙʽʣʴʰʦʩʪʽ ʚʠʧʘʜʢʽʚ ʦʧʝʨʫʶʪʴ ʩʘʤʝ ʪʘʢʠʤʠ ʜʘʥʠʤʠ [117, 118]. ʑʝ 

ʦʜʥʠʤ ʢʨʠʪʠʯʥʠʤ ʬʘʢʪʦʨʦʤ, ʱʦ ʦʙʤʝʞʫʻ ʚʠʢʦʨʠʩʪʘʥʥʷ ʜʘʥʦʾ ʤʦʜʝʣʽ ʻ ʥʝʦʙʭʽʜʥʽʩʪʴ 

ʧʦʩʪʽʡʥʦ ʧʨʘʮʶʶʯʦʛʦ ʧʽʜʢʣʶʯʝʥʥʷ ʜʦ ʤʝʨʝʞʽ ʽʥʪʝʨʥʝʪ. ʏʘʩʪʢʦʚʠʤ ʚʠʨʽʰʝʥʥʷʤ ʮʽʻʾ 

ʧʨʦʙʣʝʤʠ ʻ ʚʠʢʦʨʠʩʪʘʥʥʷ ʥʘ ʩʪʦʨʦʥʽ ʢʣʽʻʥʪʽʚ ʜʦʜʘʪʢʦʚʠʭ ʧʨʦʛʨʘʤʥʠʭ ʤʦʜʫʣʽʚ ʜʣʷ 

ʘʚʪʦʥʦʤʥʦʾ ʨʦʙʦʪʠ, ʱʦ ʚʠʢʦʥʫʶʪʴ ʨʦʣʴ ʨʝʟʝʨʚʥʦʛʦ çʜʞʝʨʝʣʘè ʧʨʠʡʥʷʪʪʷ 

ʘʚʪʦʤʘʪʠʟʦʚʘʥʠʭ ʨʽʰʝʥʴ ʩʠʩʪʝʤʦʶ, ʘʣʝ ʟ ʩʧʨʦʱʝʥʦʶ ʣʦʛʽʢʦʶ ʪʽʣʴʢʠ ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ 

ʞʠʪʪʻʜʽʷʣʴʥʦʩʪʽ ʨʦʙʦʪʠ ʩʠʩʪʝʤʠ ʥʘ ʢʦʨʦʪʢʦʪʨʠʚʘʣʠʡ ʯʘʩ ʚʽʜ'ʻʜʥʘʥʥʷ ʚʽʜ ʩʝʨʚʝʨʽʚ 

ʧʨʦʚʘʡʜʝʨʘ ʧʦʩʣʫʛ.  

 

2.2 ʈʦʟʨʦʙʣʝʥʥʷ ʤʝʪʦʜʫ ʝʬʝʢʪʠʚʥʦʛʦ ʪʘ ʰʚʠʜʢʦʛʦ ʦʧʨʘʮʶʚʘʥʥʷ ʚʝʣʠʢʠʭ 

ʦʙ'ʻʤʽʚ ʜʘʥʠʭ ʫ ʩʠʩʪʝʤʘʭ çʨʦʟʫʤʥʦʛʦè ʙʫʜʠʥʢʫ 

Cʠʩʪʝʤʠ çʨʦʟʫʤʥʦʛʦè ʙʫʜʠʥʢʫ ʨʦʟʚʠʚʘʶʪʴʩʷ ʟ ʢʦʞʥʠʤ ʨʦʢʦʤ ʽ ʟ ʦʜʥʽʻʾ ʩʪʦʨʦʥʠ, 

ʟʨʦʩʪʘʻ ʨʽʚʝʥʴ ʽʥʪʝʣʝʢʪʫʘʣʽʟʘʮʽʾ ʬʫʥʢʮʽʡ, ʘ ʟ ʽʥʰʦʾ ï ʾʾ ʨʦʟʤʽʨʥʽʩʪʴ (ʢʽʣʴʢʽʩʪʴ ʩʢʣʘʜʦʚʠʭ: 
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ʜʘʚʘʯʽʚ, ʘʢʪʶʘʪʦʨʽʚ, ʤʽʢʨʦʢʦʥʪʨʦʣʝʨʽʚ, ʪʦʱʦ). ʈʦʟʨʦʙʣʝʥʥʷ ʪʘ ʘʥʘʣʽʟ ʪʘʢʠʭ ʩʠʩʪʝʤ 

ʥʝʤʦʞʣʠʚ ̔ ʙʝʟ ʩʫʯʘʩʥʠʭ ʪʝʭʥʦʣʦʛʽʡ ʧʨʦʝʢʪʫʚʘʥʥʷ. ɺʠʤʦʛʠ ʜʦ ʩʠʩʪʝʤ çʨʦʟʫʤʥʦʛʦè 

ʙʫʜʠʥʢʫ ʩʪʘʶʪʴ ʚʩʝ ʙʽʣʴʰ ʚʠʩʦʢʠʤʠ, ʫ ʪʦʡ ʯʘʩ, ʢʦʣʠ ʨʦʟʨʦʙʥʠʢʠ ʩʠʩʪʝʤ ʜʘʥʦʛʦ ʪʠʧʫ 

ʟʤʫʰʝʥʽ ʢʝʨʫʚʘʪʠ ʚʩʝ ʙʽʣʴʰʦʶ ʢʽʣʴʢʽʩʪʶ ʩʪʘʥʽʚ ʩʠʩʪʝʤʠ ʚ ʦʢʨʝʤʽ ʤʦʤʝʥʪʠ ʯʘʩʫ ʨʦʙʦʪʠ 

[113]. ʎʽ ʩʪʘʥʠ ʤʦʞʫʪʴ ʚʢʣʶʯʘʪʠ ʚ ʩʝʙʝ ʜʘʥʽ ʦʪʨʠʤʘʥʽ ʚʽʜ ʩʝʥʩʦʨʽʚ ʨʦʟʪʘʰʦʚʘʥʠʭ 

ʚʩʝʨʝʜʠʥʽ ʙʫʜʠʥʢʫ, ʟʙʝʨʝʞʝʥʠʭ ʽʩʪʦʨʠʯʥʠʭ ʜʘʥʠʭ ʧʦʢʘʟʥʠʢʽʚ ʩʝʥʩʦʨʽʚ, ʘ ʪʘʢʦʞ 

ʽʥʬʦʨʤʘʮʽʶ, ʟʛʝʥʝʨʦʚʘʥʫ ʚ ʧʨʦʮʝʩʽ ʨʦʙʦʪʠ ʩʠʩʪʝʤʠ, ʪʘʢʫ ʷʢ ʢʦʤʘʥʜʠ ʟʤʽʥʠ ʨʝʞʠʤʽʚ 

ʨʦʙʦʪʠ ʧʦʙʫʪʦʚʠʭ ʧʨʠʣʘʜʽʚ ʫ ʙʫʜʠʥʢʫ.  

ʅʘʧʠʩʘʥʥʷ ʣʦʛʽʢʠ ʢʝʨʫʚʘʥʥʷ ʩʪʘʥʘʤʠ ʩʠʩʪʝʤʠ, ʱʦ ʯʘʩʪʦ ʧʽʜʜʘʶʪʴʩʷ ʟʤʽʥʘʤ ï ʮʝ 

ʩʢʣʘʜʥʘ ʯʘʩʪʠʥʘ ʧʨʦʮʝʩʫ ʨʦʟʨʦʙʢʠ ʩʠʩʪʝʤ çʨʦʟʫʤʥʦʛʦè ʙʫʜʠʥʢʫ, ʱʦ ʚʠʤʘʛʘʻ ʚʠʩʦʢʠʭ 

ʯʘʩʦʚʠʭ ʪʘ ʬʽʥʘʥʩʦʚʠʭ ʚʠʪʨʘʪ. ʗʢʱʦ ʟʥʘʯʝʥʥʷ ʩʪʘʥʫ ʜʘʪʯʠʢʘ ʚʠʤʘʛʘʻ ʦʥʦʚʣʝʥʥʷ ʨʝʞʠʤʫ 

ʨʦʙʦʪʠ ʧʦʙʫʪʦʚʦʛʦ ʧʨʠʣʘʜʫ ʫ ʙʫʜʠʥʢʫ, ʱʦ ʫ ʩʚʦʶ ʯʝʨʛʫ ʤʦʞʝ ʟʤʽʥʠʪʠ ʟʥʘʯʝʥʥʷ ʩʪʘʥʫ 

ʽʥʰʦʛʦ ʜʘʪʯʠʢʘ, ʷʢʠʡ ʚʠʤʘʛʘʻ ʦʥʦʚʣʝʥʥʷ ʨʝʞʠʤʫ ʨʦʙʦʪʠ ʽʥʘʢʰʦʛʦ ʧʦʙʫʪʦʚʦʛʦ ʧʨʠʣʘʜʫ 

ʫ ʙʫʜʠʥʢʫ.  

ʉʪʘʥ ʩʠʩʪʝʤʠ ʬʦʨʤʫʻʪʴʩʷ ʟʘʧʠʩʘʤʠ ʧʘʨʘʤʝʪʨʽʚ ʫʩʽʭ ʜʘʚʘʯʽʚ ʧʽʜôʻʜʥʘʥʠʭ ʜʦ 

ʩʠʩʪʝʤʠ, ʚʥʫʪʨʽʰʥʽʤʠ ʟʤʽʥʥʠʤʠ ʣʦʛʽʢʠ ʨʦʙʦʪʠ ʪʘ ʟʥʘʯʝʥʥʷʤʠ ʥʘʣʘʰʪʫʚʘʥʴ ʧʨʠʣʘʜʽʚ, 

ʷʢʠʤʠ ʩʠʩʪʝʤʘ ʢʝʨʫʻ. ʇʨʠʢʣʘʜ ʜʘʥʠʭ, ʱʦ ʚʽʜʦʙʨʘʞʘʶʪʴ ʩʪʘʥ ʩʠʩʪʝʤʠ ʧʨʝʜʩʪʘʚʣʝʥʠʡ ʫ 

ʊʘʙʣʠʮʽ 2.2. 

ʊʘʙʣʠʮʷ 2.2.  

ɼʘʥʽ ʩʪʘʥʫ ʩʠʩʪʝʤʠ 

 ʅʘʟʚʘ ʧʘʨʘʤʝʪʨʫ ʊʠʧ ʧʘʨʘʤʝʪʨʫ ɿʥʘʯʝʥʥʷ 

ʧʘʨʘʤʝʪʨʫ 

ɿ
ʥ
ʘ
ʯ
ʝ
ʥ
ʥ
ʷ
 
ʜ
ʘ
ʚ
ʘ
ʯ
ʽ
ʚ

 ɿʥʘʯʝʥʥʷ ʜʝʪʝʢʪʦʨʘ ʨʫʭʫ ʃʦʛʽʯʥʠʡ ʪʠʧ (true/false) TRUE 

ɿʥʘʯʝʥʥʷ ʜʘʪʯʠʢʘ 

ʪʝʤʧʝʨʘʪʫʨʠ ʫ ʙʫʜʠʥʢʫ 

ɼʽʡʩʥʽ ʯʠʩʣʘ 21 

ɿʥʘʯʝʥʥʷ ʜʘʪʯʠʢʘ ʟʦʚʥʽʰʥʴʦʾ 

ʪʝʤʧʝʨʘʪʫʨʠ 

ɼʽʡʩʥʽ ʯʠʩʣʘ 12 
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ɿʥʘʯʝʥʥʷ ʜʘʪʯʠʢʘ ʦʩʚʽʪʣʝʥʥʷ ɼʽʡʩʥʽ ʯʠʩʣʘ 150 

ɿʥʘʯʝʥʥʷ ʜʘʪʯʠʢʘ ʚʽʜʢʨʠʪʪʷ 

ʚʽʢʥʘ 

ʃʦʛʽʯʥʠʡ ʪʠʧ (true/false) FALSE 

ɿʥʘʯʝʥʥʷ ʧʦʪʦʯʥʦʛʦ 

ʝʥʝʨʛʦʩʧʦʞʠʚʘʥʥʷ 

ɼʽʡʩʥʽ ʯʠʩʣʘ 1156 

ɿ
ʥ
ʘ
ʯ
ʝ
ʥ
ʥ
ʷ
 
ʧ
ʨ
ʠ
ʣ
ʘ
ʜ
ʽ
ʚ

 

ɿʥʘʯʝʥʥʷ ʦʩʚʽʪʣʶʚʘʣʴʥʦʛʦ 

ʧʨʠʣʘʜʫ 

ʃʦʛʽʯʥʠʡ ʪʠʧ (true/false) TRUE 

ɿʥʘʯʝʥʥʷ ʥʘʣʘʰʪʫʚʘʥʥʷ 

ʩʠʩʪʝʤʠ ʦʙʽʛʨʽʚʫ 

ʄʥʦʞʠʥʘ 

X={ 0,1,2,3,4,5} 

2 

ɿʥʘʯʝʥʥʷ ʨʝʞʠʤʫ 

ʢʦʥʜʠʮʽʦʥʝʨʫ 

ʄʥʦʞʠʥʘ 

X={ 0,1,2,3} 

0 

ɿʥʘʯʝʥʥʷ ʥʘʣʘʰʪʫʚʘʥʥʷ ʘʫʜʽʦ-

ʩʠʩʪʝʤʠ 

ʄʥʦʞʠʥʘ 

X={HIGHT,MEDIUM,LOW}  

MEDIUM 

ɿʥʘʯʝʥʥʷ ʥʘʣʘʰʪʫʚʘʥʥʷ 

ʩʠʩʪʝʤʠ ʙʝʟʧʝʢʠ 

ʃʦʛʽʯʥʠʡ ʪʠʧ (true/false) FALSE 

ɿ
ʥ
ʘ
ʯ
ʝ
ʥ
ʥ
ʷ
 

ʚ
ʥ
ʫ
ʪ
ʨ
ʽ
ʰ
ʥ
ʽ
ʭ
 

ʧ
ʘ
ʨ
ʘ
ʤ
ʝ
ʪ
ʨ
ʽ
ʚ

 ɿʥʘʯʝʥʥʷ ʩʪʘʥʫ ʨʦʙʦʪʠ 

ʩʠʩʪʝʤʠ 

ʄʥʦʞʠʥʘ 

X={ON,OFF} 

ON 

ɺʽʜʩʦʪʦʢ ʧʽʢʦʚʦʛʦ 

ʟʘʚʘʥʪʘʞʝʥʥʷ ʩʠʩʪʝʤʠ 

ʎʽʣʽ ʯʠʩʣʘ 86 

 

ʅʘ ʧʝʚʥʦʤʫ ʝʪʘʧʽ ʨʦʟʨʦʙʢʠ ʧʨʦʛʨʘʤʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ çʨʦʟʫʤʥʦʛʦè ʙʫʜʠʥʢʫ 

ʧʨʦʝʢʪʫʚʘʣʴʥʠʢʠ ʙʽʣʴʰʝ ʥʝ ʟʥʘʶʪʴ, ʱʦ ʚʽʜʙʫʚʘʻʪʴʩʷ ʫ ʩʝʨʝʜʠʥʽ ʣʦʛʽʢʠ ʨʦʙʦʪʠ ʩʠʩʪʝʤʠ 

ʪʘ ʙʽʣʴʰʝ ʥʝ ʤʦʞʫʪʴ ʢʦʥʪʨʦʣʶʚʘʪʠ ʢʦʣʠ, ʯʦʤʫ ʽ ʷʢ ʩʪʘʥʠ ʩʠʩʪʝʤʠ ʦʥʦʚʣʶʶʪʴʩʷ. ʊʘʢʘ 

ʩʠʪʫʘʮʽʷ, ʢʦʣʠ ʨʦʙʦʪʘ ʩʠʩʪʝʤʠ ʩʪʘʻ ʥʝʧʨʦʟʦʨʦʶ, ʥʝʩʝ ʚʝʣʠʯʝʟʥʽ ʨʠʟʠʢʠ ʟ ʪʦʯʢʠ ʟʦʨʫ 

ʥʘʜʽʡʥʦʩʪʽ ʨʦʙʦʪʠ ʩʠʩʪʝʤʠ, ʰʚʠʜʢʦʩʪʽ ʚʠʷʚʣʝʥʥʷ ʽ ʚʠʧʨʘʚʣʝʥʥʷ ʧʦʤʠʣʦʢ ʨʦʟʨʦʙʣʝʥʦʾ 

ʣʦʛʽʢʠ ʪʘ ʤʦʞʣʠʚʦʩʪʽ ʨʦʟʨʦʙʣʷʪʠ ʥʦʚʫ ʬʫʥʢʮʽʦʥʘʣʴʥʽʩʪʴ. ɼʘʥʘ ʩʢʣʘʜʥʽʩʪʴ ʚʠʥʠʢʘʻ ʯʝʨʝʟ 

ʪʝ, ʱʦ ʟʤʽʰʫʶʪʴʩʷ ʜʚʽ ʨʽʟʥʽ ʟʘ ʩʫʪʥʽʩʪʶ ʢʦʥʮʝʧʮʽʾ: ʟʤʽʥʠ ʽ ʘʩʠʥʭʨʦʥʥʽʩʪʴ. ʇʽʜ ʟʤʽʥʘʤʠ 
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ʚʚʘʞʘʶʪʴ ʧʦʪʽʢ ʛʝʥʝʨʦʚʘʥʠʭ ʫ ʨʝʞʠʤʽ ʨʝʘʣʴʥʦʛʦ ʯʘʩʫ ʧʦʢʘʟʥʠʢʽʚ ʜʘʥʠʭ ʜʘʪʯʠʢʽʚ, ʱʦ 

ʨʦʟʪʘʰʦʚʘʥʽ ʫ ʙʫʜʠʥʢʫ [119], ʷʢʽ ʚʧʣʠʚʘʶʪʴ ʥʘ ʟʤʽʥʠ ʥʘʣʘʰʪʫʚʘʥʴ ʧʦʙʫʪʦʚʠʭ ʧʨʠʣʘʜʽʚ 

ʫ ʙʫʜʠʥʢʫ. ʇʽʜ ʘʩʠʥʭʨʦʥʥʽʩʪʶ ʚʚʘʞʘʻʪʴʩʷ ʥʝʧʝʨʽʦʜʠʯʥʽʩʪʴ ʚʠʥʠʢʥʝʥʥʷ ʜʘʥʠʭ ʟʤʽʥ 

ʧʦʢʘʟʥʠʢʽʚ, ʪʦʙʪʦ ʟʤʽʥʘ ʧʘʨʘʤʝʪʨʫ ʜʘʪʯʠʢʘ ʚʽʜʙʫʚʘʻʪʴʩʷ ʧʦ ʬʘʢʪʫ ʚʠʥʠʢʥʝʥʥʷ ʧʦʜʽʡ ʫ 

ʙʫʜʠʥʢʫ (ʨʫʭ ʣʶʜʠʥʠ, ʟʤʽʥʘ ʪʝʤʧʝʨʘʪʫʨʠ ʫ ʢʽʤʥʘʪʽ), ʱʦ ʥʝ ʟʘʣʝʞʘʪʴ ʚʽʜ ʯʘʩʦʚʠʭ 

ʽʥʪʝʨʚʘʣʽʚ ʪʘ ʥʝ ʤʘʶʪʴ ʯʽʪʢʦʛʦ ʯʘʩʦʚʦʛʦ ʨʦʟʢʣʘʜʫ. ɼʣʷ ʚʠʨʽʰʝʥʥʷ ʜʘʥʦʾ ʧʨʦʙʣʝʤʠ 

ʧʨʦʧʦʥʫʻʪʴʩʷ ʚʠʢʦʨʠʩʪʘʪʠ ʘʨʭʽʪʝʢʪʫʨʥʠʡ ʰʘʙʣʦʥ Redux ʟ ʘʜʘʧʪʘʮʽʻʶ ʡʦʛʦ ʢʦʥʮʝʧʮʽʡ ʜʦ 

ʩʬʝʨʠ ʨʦʟʨʦʙʢʠ ʩʠʩʪʝʤ çʨʦʟʫʤʥʦʛʦè ʙʫʜʠʥʢʫ [120, 121]. 

ʇʨʦʙʣʝʤʠ ʰʚʠʜʢʦʜʽʾ ʨʦʙʦʪʠ ʩʠʩʪʝʤ, ʱʦ ʦʧʝʨʫʶʪʴ ʚʝʣʠʢʦʶ ʢʽʣʴʢʽʩʪʶ ʦʜʥʦʯʘʩʥʦ 

ʚʠʥʠʢʥʝʥʠʭ ʧʦʜʽʡ ʦʧʠʩʫʶʪʴʩʷ ʫ ʨʦʙʦʪʘʭ [122, 123, 124], ʱʦ ʧʨʦʧʦʥʫʶʪʴ ʧʨʠʢʣʘʜʠ ʪʘ 

ʧʦʨʽʚʥʷʥʥʷ ʚʠʢʦʨʠʩʪʘʥʥʷ ʤʦʥʦʣʽʪʥʦʾ, ʤʽʢʨʦʩʝʨʚʽʩʥʦʾ ʪʘ ʙʘʛʘʪʦʨʽʚʥʝʚʦʾ ʘʨʭʽʪʝʢʪʫʨ. ʋ 

ʩʬʝʨʽ ʨʦʟʨʦʙʢʠ ʚʽʟʫʘʣʴʥʠʭ ʽʥʪʝʨʬʝʡʩʽʚ ʢʦʨʠʩʪʫʚʘʯʘ ʧʨʦʙʣʝʤʘ ʦʧʨʘʮʶʚʘʥʥʷ ʚʝʣʠʢʠʭ 

ʤʘʩʠʚʽʚ ʧʦʜʽʡ ʚʠʨʽʰʫʻʪʴʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʚʠʢʦʨʠʩʪʘʥʥʷ Flux-ʧʦʜʽʙʥʠʭ ʘʨʭʽʪʝʢʪʫʨ, ʪʘʢʠʭ 

ʷʢ Redux, ʟʘʧʨʦʚʘʜʞʝʥʥʷ ʷʢʠʭ ʪʘʢʦʞ ʨʦʟʛʣʷʜʘʻʪʴʩʷ ʫ ʨʦʙʦʪʘʭ [125, 126], ʘʣʝ ʨʦʟʛʣʷʥʫʪʽ 

ʢʦʥʮʝʧʮʽʾ ʪʘ ʧʨʠʢʣʘʜʠ ʦʙʤʝʞʝʥʽ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʪʽʣʴʢʠ ʜʣʷ ʧʨʦʝʢʪʫʚʘʥʥʷ ʚʽʟʫʘʣʴʥʠʭ 

ʽʥʪʝʨʬʝʡʩʽʚ. 

ɼʣʷ ʨʦʟʨʦʙʣʝʥʥʷ ʚʠʩʦʢʦʥʘʚʘʥʪʘʞʝʥʠʭ ʪʘ ʤʘʩʰʪʘʙʦʚʘʥʠʭ ʩʠʩʪʝʤ, ʜʦ ʷʢʠʭ 

ʥʘʣʝʞʘʪʴ ʩʠʩʪʝʤʠ çʨʦʟʫʤʥʦʛʦè ʙʫʜʠʥʢʫ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʨʽʟʥʽ ʘʨʭʽʪʝʢʪʫʨʥʽ ʨʽʰʝʥʥʷ, ʷʢʽ 

ʩʧʦʯʘʪʢʫ ʟʘʩʪʦʩʦʚʫʚʘʣʠ ʫ ʩʠʩʪʝʤʘʭ ʟ ʽʥʰʠʭ ʩʬʝʨ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʪʝʭʥʦʣʦʛʽʡ. ɼʦ ʪʘʢʠʭ 

ʘʨʭʽʪʝʢʪʫʨʥʠʭ ʧʽʜʭʦʜʽʚ ʚʽʜʥʦʩʷʪʴ ʤʦʥʦʣʽʪʥʽ, ʤʽʢʨʦʩʝʨʚʽʩʥʽ, ʙʘʛʘʪʦʨʽʚʥʝʚʽ ʪʘ Flux 

ʘʨʭʽʪʝʢʪʫʨʠ [127, 128, 129]. ʂʦʞʝʥ ʘʨʭʽʪʝʢʪʫʨʥʠʡ ʧʽʜʭʽʜ ʤʘʻ ʥʝʜʦʣʽʢʠ ʪʘ ʧʝʨʝʚʘʛʠ ʚ 

ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʩʧʝʮʠʬʽʢʠ ʚʠʢʦʨʠʩʪʘʥʥʷ ʽʥʬʦʨʤʘʮʽʡʥʦʾ ʩʠʩʪʝʤʠ, ʱʦ 

ʚʽʜʨʽʟʥʷʶʪʴʩʷ  ʚʠʤʦʛʘʤʠ ʜʦ ʧʦʢʘʟʥʠʢʽʚ ʰʚʠʜʢʦʜʽʾ, ʥʘʜʽʡʥʦʩʪʽ ʪʘ ʤʘʩʰʪʘʙʦʚʘʥʦʩʪʽ. 

ʉʠʩʪʝʤʠ çʨʦʟʫʤʥʦʛʦè ʙʫʜʠʥʢʫ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴʩʷ ʚʝʣʠʢʦʶ ʢʽʣʴʢʽʩʪʶ ʦʜʥʦʯʘʩʥʦ 

ʚʠʥʠʢʥʝʥʠʭ ʧʦʜʽʡ, ʱʦ ʧʦʪʨʝʙʫʶʪʴ ʦʧʨʘʮʶʚʘʥʥʷ. ɼʣʷ ʚʠʙʦʨʫ ʦʧʪʠʤʘʣʴʥʦʛʦ ʨʽʰʝʥʥʷ 

ʱʦʜʦ ʧʨʦʝʢʪʫʚʘʥʥʷ ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʚʧʨʦʚʘʜʞʝʥʥʷ ʢʦʞʥʦʛʦ ʘʨʭʽʪʝʢʪʫʨʥʦʛʦ ʧʽʜʭʦʜʫ ʫ 

ʩʠʩʪʝʤʫ «ʨʦʟʫʤʥʦʛʦ» ʙʫʜʠʥʢʫ, ʱʦ ʧʨʘʮʶʻ ʥʘ ʦʩʥʦʚʽ ʦʜʥʘʢʦʚʦʾ ʚʠʙʽʨʢʠ ʪʝʩʪʦʚʠʭ ʜʘʥʠʭ, 

ʟʙʽʨ ʪʘ ʟʙʝʨʝʞʝʥʥʷ ʧʘʨʘʤʝʪʨʽʚ ʰʚʠʜʢʦʜʽʾ ʨʦʙʦʪʠ ʩʠʩʪʝʤʠ ʧʽʜ ʯʘʩ ʚʠʢʦʨʠʩʪʘʥʥʷ ʢʦʞʥʦʛʦ 
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ʨʦʟʛʣʷʥʫʪʦʛʦ ʨʽʰʝʥʥʷ ʟ ʧʦʜʘʣʴʰʠʤ ʘʥʘʣʽʟʦʤ ʦʪʨʠʤʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ ʪʘ ʚʠʙʦʨʦʤ 

ʦʧʪʠʤʘʣʴʥʦʛʦ ʨʽʰʝʥʥʷ ʧʨʦʝʢʪʫʚʘʥʥʷ. ɺʠʙʽʨ ʦʧʪʠʤʘʣʴʥʦʛʦ ʘʨʭʽʪʝʢʪʫʨʥʦʛʦ ʨʽʰʝʥʥʷ ʻ 

ʬʽʥʘʣʴʥʦʶ ʩʪʘʜʽʻʶ ʧʨʦʮʝʩʫ ʧʝʨʝʙʦʨʫ ʜʝʢʽʣʴʢʦʭ ʘʨʭʽʪʝʢʪʫʨʥʠʭ ʨʽʰʝʥʴ, ʟ ʧʦʨʽʚʥʷʥʥʷʤ 

ʧʘʨʘʤʝʪʨʽʚ ʰʚʠʜʢʦʜʽʾ ʨʦʙʦʪʠ ʩʠʩʪʝʤʠ. ʈʦʟʨʦʙʣʝʥʠʡ ʘʣʛʦʨʠʪʤ ʤʝʪʦʜʫ ʧʨʦʝʢʪʫʚʘʥʥʷ 

ʘʨʭʽʪʝʢʪʫʨʥʦʛʦ ʨʽʰʝʥʥʷ ʟʦʙʨʘʞʝʥʠʡ ʥʘ ʈʠʩʫʥʢʫ 2.4. 

 

ʈʠʩ. 2.4. ɸʣʛʦʨʠʪʤ ʚʠʙʦʨʫ ʘʨʭʽʪʝʢʪʫʨʥʦʛʦ ʨʽʰʝʥʥʷ ʚ ʧʨʦʮʝʩʽ ʩʠʥʪʝʟʫ ʩʠʩʪʝʤʠ 

ʅʘʡʰʚʠʜʰʽ ʧʦʢʘʟʥʠʢʠ ʰʚʠʜʢʦʜʽʾ ʨʦʙʦʪʠ ʩʠʩʪʝʤʠ ʦʪʨʠʤʘʥʽ ʧʽʜ ʯʘʩ ʟʘʧʨʦʚʘʜʞʝʥʥʷ 

ʫ ʩʠʩʪʝʤʽ Flux ʘʨʭʽʪʝʢʪʫʨʠ, ʘ ʩʘʤʝ ʘʨʭʽʪʝʢʪʫʨʥʦʛʦ ʰʘʙʣʦʥʫ Redux. ʅʘʡʧʦʚʽʣʴʥʽʰʝ 

ʩʠʩʪʝʤʘ ʧʨʘʮʶʚʘʣʘ ʧʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ ʤʦʥʦʣʽʪʥʦʾ ʘʨʭʽʪʝʢʪʫʨʠ. 
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Redux - ʮʝ ʘʨʭʽʪʝʢʪʫʨʥʠʡ ʰʘʙʣʦʥ ʫʧʨʘʚʣʽʥʥʷ ʩʪʘʥʦʤ ʜʘʥʠʭ ʟʘʧʦʯʘʪʢʦʚʘʥʠʡ ʫ ʩʬʝʨʽ 

ʨʦʟʨʦʙʣʝʥʥʷ ʚʝʙ-ʜʦʜʘʪʢʽʚ [130]. ɺʽʥ ʧʽʜʭʦʜʠʪʴ ʜʣʷ ʩʠʩʪʝʤ, ʚ ʷʢʠʭ ʫʧʨʘʚʣʽʥʥʷ ʩʪʘʥʦʤ 

ʤʦʞʝ ʟ ʯʘʩʦʤ ʩʪʘʪʠ ʩʢʣʘʜʥʠʤ ʪʘ ʟʘʧʣʫʪʘʥʠʤ. Redux ʥʝ ʧʦʚ'ʷʟʘʥʠʡ ʟ ʧʝʚʥʠʤ 

ʬʨʝʡʤʚʦʨʢʦʤ, ʭʦʯʘ ʨʦʟʨʦʙʣʷʚʩʷ ʜʣʷ ʙʽʙʣʽʦʪʝʢʠ ʨʦʟʨʦʙʢʠ ʚʽʟʫʘʣʴʥʠʭ ʽʥʪʝʨʬʝʡʩʽʚ React. 

Redux ʧʨʦʧʦʥʫʻ ʟʙʝʨʽʛʘʪʠ ʟʘʛʘʣʴʥʠʡ ʩʪʘʥ ʧʘʨʘʤʝʪʨʽʚ ʩʠʩʪʝʤʠ ʚ ʧʝʚʥʦʤʫ ʤʽʩʮʽ, 

ʥʘʟʚʘʥʦʤʫ çʩʭʦʚʠʱʝʤè. ʂʦʤʧʦʥʝʥʪʠ ʩʠʩʪʝʤʠ (ʩʝʥʩʦʨʠ ʪʘ ʧʦʙʫʪʦʚʽ ʧʨʠʣʘʜʠ) 

çʚʽʜʧʨʘʚʣʷʶʪʴè ʟʤʽʥʠ ʩʪʘʥʫ ʧʘʨʘʤʝʪʨʽʚ ʩʠʩʪʝʤʠ ʚ ʮʝʥʪʨʘʣʽʟʦʚʘʥʝ ʩʭʦʚʠʱʝ, ʘ ʥʝ 

ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʜʦ ʽʥʰʠʭ ʢʦʤʧʦʥʝʥʪʽʚ. ʊʘʢʝ ʨʽʰʝʥʥʷ ʜʦʧʦʤʘʛʘʻ ʟʘʧʦʙʽʛʘʥʥʶ ʧʣʫʪʘʥʠʥʠ 

ʟ ʜʞʝʨʝʣʘʤʠ ʚʽʜʧʨʘʚʢʠ ʜʘʥʠʭ ʪʘ ʜʘʥʠʤʠ ʚʽʜʧʨʘʚʣʝʥʠʤʠ ʭʠʙʥʠʤ ʰʣʷʭʦʤ ʫ ʟʚôʷʟʢʫ ʟ 

ʧʽʜʚʠʱʝʥʥʷʤ ʩʢʣʘʜʥʦʩʪʽ ʚʥʫʪʨʽʰʥʴʦʾ ʣʦʛʽʢʠ ʪʘ ʧʨʘʚʠʣ ʧʦʪʦʢʽʚ ʜʘʥʠʭ ʫ ʩʠʩʪʝʤʽ ʧʽʜ ʯʘʩ 

ʜʦʜʘʚʘʥʥʷ ʥʦʚʦʛʦ ʬʫʥʢʮʽʦʥʘʣʫ ʩʠʩʪʝʤʠ. ʂʦʤʧʦʥʝʥʪʠ, ʷʢʽ ʧʦʚʠʥʥʽ ʙʫʪʠ ʚ ʢʫʨʩʽ ʮʠʭ ʟʤʽʥ, 

çʧʽʜʧʠʩʫʶʪʴʩʷè ʥʘ ʩʭʦʚʠʱʝ. ʉʭʦʚʠʱʝ ʤʦʞʝ ʨʦʟʛʣʷʜʘʪʠʩʷ ʷʢ çʧʦʩʝʨʝʜʥʠʢè ʫ ʚʩʽʭ ʟʤʽʥʘʭ 

ʩʪʘʥʫ ʧʘʨʘʤʝʪʨʽʚ ʧʨʠʣʘʜʽʚ ʪʘ ʟʥʘʯʝʥʴ ʩʝʥʩʦʨʽʚ ʫ ʙʫʜʠʥʢʫ. ɿ Redux ʢʦʤʧʦʥʝʥʪʠ ʥʝ 

ʟʚ'ʷʟʫʶʪʴʩʷ ʦʜʠʥ ʟ ʦʜʥʠʤ ʙʝʟʧʦʩʝʨʝʜʥʴʦ, ʚʩʽ ʟʤʽʥʠ ʧʦʚʠʥʥʽ ʧʨʦʡʪʠ ʯʝʨʝʟ ʻʜʠʥʝ ʜʞʝʨʝʣʦ, 

ʪʦʙʪʦ ʯʝʨʝʟ ʩʭʦʚʠʱʝ. ɿ Redux ʚʩʽ ʢʦʤʧʦʥʝʥʪʠ ʦʪʨʠʤʫʶʪʴ ʩʚʦʾ ʩʪʘʥʠ ʟʽ ʩʭʦʚʠʱʘ. ʊʘʢʦʞ 

ʧʨʦʩʪʦ ʽ ʟʨʦʟʫʤʽʣʦ, ʢʫʜʠ ʢʦʤʧʦʥʝʥʪʘ ʧʦʚʠʥʥʘ ʚʽʜʧʨʘʚʠʪʠ ʽʥʬʦʨʤʘʮʽʶ ʧʨʦ ʟʤʽʥʫ ʩʪʘʥʫ ï 

ʚ ʻʜʠʥʝ ʤʽʩʮʝ ʟʙʝʨʽʛʘʥʥʷ ʜʘʥʠʭ, ʪʦʙʪʦ ʩʭʦʚʠʱʝ. ʂʦʞʝʥ ʦʢʨʝʤʠʡ ʢʦʤʧʦʥʝʥʪ ʩʠʩʪʝʤʠ 

ʪʽʣʴʢʠ ʽʥʽʮʽʶʻ ʟʤʽʥʫ ʽ ʥʝ ʧʽʢʣʫʻʪʴʩʷ ʧʨʦ ʩʪʘʥʠ ʽʥʰʠʭ ʢʦʤʧʦʥʝʥʪʽʚ ʩʠʩʪʝʤʠ, ʷʢʽ ʧʦʚʠʥʥʽ 

ʦʪʨʠʤʘʪʠ ʮʶ ʟʤʽʥʫ. 

ʆʪʞʝ, ʨʦʟʛʣʷʥʫʪʠʡ ʧʽʜʭʽʜ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʘʨʭʽʪʝʢʪʫʨʥʦʛʦ ʰʘʙʣʦʥʫ ʦʧʨʘʮʶʚʘʥʥʷ 

ʜʘʥʥʠʭ Redux ʨʦʙʠʪʴ ʧʦʪʽʢ ʜʘʥʠʭ ʟʨʦʟʫʤʽʣʠʤ ʜʣʷ ʧʦʜʘʣʴʰʦʛʦ ʦʧʨʘʮʶʚʘʥʥʷ ʚʽʜʧʦʚʽʜʥʦ 

ʜʦ ʨʝʘʣʽʟʦʚʘʥʦʾ ʣʦʛʽʢʠ ʧʨʦʛʨʘʤʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ ʩʠʩʪʝʤʠ çʨʦʟʫʤʥʦʛʦè ʙʫʜʠʥʢʫ.  

ɼʦ ʙʘʟʦʚʠʭ ʢʦʥʮʝʧʮʽʡ ʘʨʭʽʪʝʢʪʫʨʥʦʛʦ ʰʘʙʣʦʥʫ Redux ʚʽʜʥʦʩʷʪʴ ʧʦʜʽʾ, ʩʭʦʚʠʱʝ ʪʘ 

ʨʝʜʶʩʝʨ.  

ʇʦʜʽʾ - ʮʝ ʩʪʨʫʢʪʫʨʠ, ʷʢʽ ʧʝʨʝʜʘʶʪʴ ʜʘʥʽ ʫ ʩʭʦʚʠʱʝ. ɺʦʥʠ ʻ ʻʜʠʥʠʤʠ ʜʞʝʨʝʣʘʤʠ 

ʽʥʬʦʨʤʘʮʽʾ ʜʣʷ ʩʭʦʚʠʱʘ. ʋ ʦʙʣʘʩʪʽ ʨʦʟʨʦʙʢʠ çʨʦʟʫʤʥʠʭè ʙʫʜʠʥʢʽʚ ʧʽʜ ʧʦʜʽʻʶ ʨʦʟʫʤʽʶʪʴ 

ʩʪʨʫʢʪʫʨʫ ʜʘʥʠʭ, ʱʦ ʩʪʚʦʨʶʻʪʴʩʷ ʛʝʥʝʨʘʪʦʨʦʤ ʧʦʜʽʡ ʫ ʨʝʟʫʣʴʪʘʪʽ ʚʠʥʠʢʥʝʥʥʷ ʩʠʪʫʘʮʽʡ 

ʪʘʢʠʭ ʷʢ ʩʧʨʘʮʶʚʘʥʥʷ ʜʘʪʯʠʢʘ ʯʠ ʢʦʤʘʥʜʠ ʢʦʨʠʩʪʫʚʘʯʘ ʩʠʩʪʝʤʠ. ʇʦʜʽʷ ʤʘʻ ʦʙʦʚôʷʟʢʦʚʠʡ 
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ʩʪʨʽʯʢʦʚʠʡ ʧʘʨʘʤʝʪʨ ï ʫʥʽʢʘʣʴʥʫ ʥʘʟʚʫ ʧʦʜʽʾ, ʱʦ ʽʜʝʥʪʠʬʽʢʫʻ ʢʦʥʢʨʝʪʥʫ ʦʜʠʥʠʮʶ 

ʩʪʨʫʢʪʫʨʠ ʜʘʥʠʭ ʫ ʧʦʪʦʮʽ. ʇʨʠʢʣʘʜʦʤ ʪʘʢʦʛʦ ʧʘʨʘʤʝʪʨʫ ʤʦʞʝ ʙʫʪʠ çʉʧʨʘʮʶʚʘʥʥʷ 

ʜʘʚʘʯʘ ʨʫʭʫè ʧʨʠ ʬʽʢʩʫʚʘʥʥʽ ʩʠʩʪʝʤʦʶ ʨʫʭʫ ʫ ʚʽʪʘʣʴʥʽ. ʊʘʢʦʞ ʧʦʜʽʷ ʤʦʞʝ ʤʘʪʠ ʜʨʫʛʠʡ 

ʧʘʨʘʤʝʪʨ, ʱʦ ʤʽʩʪʠʪʴ ʜʦʜʘʪʢʦʚʫ ʢʦʨʠʩʥʫ ʽʥʬʦʨʤʘʮʽʶ ʩʪʦʩʦʚʥʦ ʧʦʜʽʾ, ʥʘʧʨʠʢʣʘʜ ʯʘʩ 

ʩʧʨʘʮʶʚʘʥʥʷ ʜʘʪʯʠʢʘ ʨʫʭʫ, ʪʦʱʦ. ʇʨʠʢʣʘʜ ʩʪʨʫʢʪʫʨʠ ʜʘʥʠʭ ʧʦʜʽʾ ʥʘʚʝʜʝʥʠʡ ʫ ʊʘʙʣʠʮʽ 

2.3. 

ʊʘʙʣʠʮʷ 2.3. ʇʨʠʢʣʘʜ ʩʪʨʫʢʪʫʨʠ ʧʦʜʽʾ 

ʅʘʟʚʘ ʧʦʜʽʾ ɯʥʬʦʨʤʘʮʽʷ ʧʦʜʽʾ 

çʉʧʨʘʮʶʚʘʥʥʷ ʜʘʪʯʠʢʘ ʨʫʭʫè 

   ʥʘʟʚʘʂʽʤʥʘʪʠ: ñɺʽʪʘʣʴʥʷò, 

   ̔ ʜʝʥʪʠʬʽʢʘʪʦʨʂʽʤʥʘʪʠ: 003, 

   ʜʘʪʘʉʧʨʘʮʶʚʘʥʥʷ:ñ19-03-2019ò, 

   ʯʘʩʉʧʨʘʮʶʚʘʥʥʷ: ñ17:03:15ò 

 

ʉʭʦʚʠʱʝ - ʮʝ ʦʙ'ʻʢʪ, ʷʢʠʡ ʟʙʝʨʽʛʘʻ ʩʪʘʥ ʩʠʩʪʝʤʠ, ʥʘʜʘʻ ʜʦʩʪʫʧ ʜʦ ʩʪʘʥʫ ʩʠʩʪʝʤʠ, 

ʤʘʻ ʤʦʞʣʠʚʽʩʪʴ ʦʥʦʚʣʶʚʘʪʠ ʩʪʘʥ ʩʠʩʪʝʤʠ ʪʘ ʜʘʻ ʟʤʦʛʫ ʨʝʻʩʪʨʫʚʘʪʠʩʴ ʫ ʨʦʣʽ çʩʣʫʭʘʯʘ» 

ʦʥʦʚʣʝʥʥʷ ʩʪʘʥʫ ʩʠʩʪʝʤʠ, ʱʦʙ ʦʪʨʠʤʫʚʘʪʠ ʥʦʚʽ ʧʘʨʘʤʝʪʨʠ ʩʪʘʥʫ ʩʠʩʪʝʤʠ ʧʽʩʣʷ 

ʧʨʦʚʝʜʝʥʠʭ ʟʤʽʥ. Redux ʚʠʢʦʨʠʩʪʦʚʫʻ ʪʽʣʴʢʠ ʦʜʥʝ ʩʭʦʚʠʱʝ ʜʣʷ ʚʩʴʦʛʦ ʩʪʘʥʫ ʧʘʨʘʤʝʪʨʽʚ 

ʩʠʩʪʝʤʠ. ʆʩʢʽʣʴʢʠ ʩʪʘʥ ʟʥʘʭʦʜʠʪʴʩʷ ʚ ʻʜʠʥʦʤʫ ʤʽʩʮʽ, ʡʦʛʦ ʥʘʟʠʚʘʶʪʴ ʻʜʠʥʠʤ ʜʞʝʨʝʣʦʤ 

ʽʩʪʠʥʠ. ʉʪʨʫʢʪʫʨʘ ʜʘʥʠʭ ʩʭʦʚʠʱʘ ʧʦʚʥʽʩʪʶ ʟʘʣʝʞʠʪʴ ʚʽʜ ʨʦʟʨʦʙʥʠʢʽʚ ʩʠʩʪʝʤʠ 

çʨʦʟʫʤʥʦʛʦè ʙʫʜʠʥʢʫ, ʘʣʝ ʜʣʷ ʨʝʘʣʴʥʦʛʦ ʟʘʩʪʦʩʫʚʘʥʥʷ ʮʝ, ʷʢ ʧʨʘʚʠʣʦ, ʦʙ'ʻʢʪ ʟ 

ʜʝʢʽʣʴʢʦʤʘ ʨʽʚʥʷʤʠ ʚʢʣʘʜʝʥʦʩʪʽ. ʉʭʦʚʠʱʝ ʩʪʘʥʫ ʩʠʩʪʝʤʠ ʟʙʝʨʽʛʘʻʪʴʩʷ ʫ ʙʘʟʽ ʜʘʥʠʭ 

ʨʦʟʨʦʙʣʝʥʦʾ ʩʠʩʪʝʤʠ ʪʘ ʥʝ ʟʘʣʝʞʠʪʴ ʚʽʜ ʪʠʧʫ ʤʦʜʝʣʽ ʚʠʢʦʨʠʩʪʘʥʦʾ ʙʘʟʠ ʜʘʥʠʭ 

(ʨʝʣʷʮʽʡʥʘ/ʥʝʨʝʣʷʮʽʡʥʘ) ʪʘ ʩʪʫʧʝʥʶ ʨʦʟʧʦʜʽʣʝʥʦʩʪʽ (ʮʝʥʪʨʘʣʽʟʦʚʘʥʘ/ʨʦʟʧʦʜʽʣʝʥʘ). 

ʆʩʥʦʚʥʦʶ ʚʠʤʦʛʦʶ ʜʦ ʩʭʦʚʠʱʘ ʻ ʥʘʜʘʥʥʷ ʩʪʘʥʜʘʨʪʠʟʦʚʘʥʦʛʦ ʽʥʪʝʨʬʝʡʩʫ ʚʟʘʻʤʦʜʽʾ, ʱʦ 

ʜʦʟʚʦʣʷʪʠʤʝ ʦʪʨʠʤʘʥʥʷ ʚʩʴʦʛʦ ʯʠ ʦʢʨʝʤʦʾ ʯʘʩʪʠʥʠ ʧʘʨʘʤʝʪʨʽʚ ʩʭʦʚʠʱʘ, ʦʥʦʚʣʝʥʥʷ 

ʩʪʘʥʫ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʚʠʥʠʢʥʝʥʠʭ ʧʦʜʽʡ, ʧʽʜʧʠʩʫʚʘʪʠʩʴ ʥʘ ʦʥʦʚʣʝʥʥʷ ʩʪʘʥʫ ʩʭʦʚʠʱʘ.  

 ʋ ʩʚʦʶ ʯʝʨʛʫ ʚʥʫʪʨʽʰʥʷ ʩʪʨʫʢʪʫʨʘ ʩʭʦʚʠʱʘ ʧʦʜʽʣʝʥʘ ʥʘ ʦʢʨʝʤʽ ʯʘʩʪʠʥʠ, ʱʦ 

ʥʘʟʠʚʘʶʪʴʩʷ ʛʨʫʧʘʤʠ. ɻʨʫʧʠ ʨʦʟʤʝʞʦʚʫʶʪʴ ʜʘʥʽ, ʱʦ ʟʙʝʨʽʛʘʶʪʴʩʷ ʫ ʩʭʦʚʠʱʽ  ʚʽʜʧʦʚʽʜʥʦ 
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ʜʦ ʨʽʟʥʠʭ ʪʠʧʽʚ ʜʘʥʠʭ ʪʘ ʣʦʛʽʯʥʠʭ ʛʨʫʧ ʜʘʥʠʭ. ʋ ʩʠʩʪʝʤʘʭ çʨʦʟʫʤʥʦʛʦè ʙʫʜʠʥʢʫ ʜʘʥʽ 

ʧʦʜʽʣʷʶʪʴʩʷ ʥʘ ʛʨʫʧʠ ʟʘ ʦʟʥʘʢʘʤʠ ʧʨʠʥʘʣʝʞʥʦʩʪʽ ʜʘʥʠʭ ʜʦ ʢʦʥʢʨʝʪʥʠʭ ʦʢʨʝʤʠʭ ʢʽʤʥʘʪ 

ʩʠʩʪʝʤʠ (ʫʩʽ ʧʦʢʘʟʥʠʢʠ ʩʝʥʩʦʨʽʚ ʪʘ ʨʝʞʠʤʽʚ ʧʦʙʫʪʦʚʠʭ ʧʨʠʣʘʜʽʚ ʫ ʢʦʥʢʨʝʪʥʽʡ ʢʽʤʥʘʪʽ), 

ʘʙʦ ʪʠʧʫ ʟʙʝʨʝʞʝʥʠʭ ʜʘʥʠʭ, ʪʘʢʠʭ ʷʢ ʜʘʥʽ ʪʝʤʧʝʨʘʪʫʨ, ʜʘʥʽ ʧʨʦ ʧʨʠʩʫʪʥʽʩʪʴ ʤʝʰʢʘʥʮʽʚ 

ʙʫʜʠʥʢʫ, ʜʘʥʽ ʧʦʪʦʯʥʠʭ ʨʝʞʠʤʽʚ ʧʦʙʫʪʦʚʠʭ ʧʨʠʣʘʜʽʚ ʪʘ ʽʥʰʝ.  

ʉʭʦʚʠʱʝ ʜʘʥʠʭ ʦʜʥʽʻʾ ʟ ʨʦʟʨʦʙʣʶʚʘʥʠʭ ʩʠʩʪʝʤ çʨʦʟʫʤʥʦʛʦè ʙʫʜʠʥʢʫ ʟʙʝʨʽʛʘʻ ʜʘʥʽ 

ʟʛʨʫʧʦʚʘʥʽ ʟʘ ʛʨʫʧʘʤʠ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʧʨʠʤʽʱʝʥʴ ʙʫʜʠʥʢʫ. ɼʣʷ ʧʨʠʢʣʘʜʫ ʚʽʟʴʤʝʤʦ 

ʩʭʦʚʠʱʝ ʩʧʨʦʝʢʪʦʚʘʥʝ ʜʣʷ ʪʨʴʦʭʢʽʤʥʘʪʥʦʛʦ ʙʫʜʠʥʢʫ, ʜʝ ʽʩʥʫʻ 5 ʛʨʫʧ ʫ ʩʭʦʚʠʰʽ ʜʘʥʠʭ 

ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʧʨʠʤʽʱʝʥʴ ʧʦʤʝʰʢʘʥʥʷ ʟ ʢʫʭʥʝʶ ʪʘ ʩʘʥʽʪʘʨʥʠʤ ʚʫʟʣʦʤ: ʚʽʪʘʣʴʥʷ, ʩʧʘʣʴʥʷ, 

ʢʘʙʽʥʝʪ, ʢʫʭʥʷ, ʩʘʥʚʫʟʦʣ. 

ʊʦʙʪʦ, ʛʨʫʧʧʦʶ ʩʭʦʚʠʱʘ ʚʠʩʪʫʧʘʻ ʦʩʦʙʣʠʚʽʩʪʴ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʦʢʨʝʤʦʛʦ 

ʧʨʠʤʽʱʝʥʥʷ, ʱʦ ʟʙʝʨʽʛʘʻ ʜʘʥʽ ʩʪʘʥʫ ʫ ʢʦʥʢʨʝʪʥʦʤʫ ʧʨʠʤʽʱʝʥʥʽ. ʂʦʞʥʘ ʛʨʫʧʘ ʤʽʩʪʠʪʴ 

ʥʘʩʪʫʧʥʠʡ ʥʘʙʽʨ ʜʘʥʠʭ:  

¶ ʪʝʤʧʝʨʘʪʫʨʘ ʫ ʧʨʠʤʽʱʝʥʥʽ (T); 

¶ ʚʦʣʦʛʽʩʪʴ (H); 

¶ ʧʨʠʩʫʪʥʽʩʪʴ ʤʝʰʢʘʥʮʽʚ ʫ ʧʨʠʤʽʱʝʥʥʽ (ʚʠʟʥʘʯʘʻʪʴʩʷ ʟʘ ʩʧʨʘʮʶʚʘʥʥʷʤ ʜʘʪʯʠʢʘ 

ʨʫʭʫ) (M); 

¶ ʦʩʚʽʪʣʝʥʥʷ ʧʨʠʤʽʱʝʥʥʷ (L); 

¶ ʩʧʠʩʦʢ ʧʨʠʩʫʪʥʽʭ ʧʦʙʫʪʦʚʠʭ ʧʨʠʣʘʜʽʚ ʫ ʧʨʠʤʽʱʝʥʥʽ (d1, d2, d3); 

¶ ʥʘʣʘʰʪʫʚʘʥʥʷ ʢʦʥʢʨʝʪʥʠʭ ʧʦʙʫʪʦʚʠʭ ʧʨʠʣʘʜʽʚ (d1s1, d1s2, d2s1, d3s1). 

ʄʘʪʝʤʘʪʠʯʥʦ ʥʘʙʽʨ ʜʘʥʠʭ, ʱʦ ʭʘʨʘʢʪʝʨʠʟʫʻ ʩʪʘʥ ʧʨʠʤʽʱʝʥʥʷ ʤʦʞʥʘ ʚʽʜʦʙʨʘʟʠʪʠ 

ʦʙôʻʜʥʘʥʥʷʤ ʤʥʦʞʠʥ: 

{T, H, M, L}  ᷾{d1, d2, d3}  ᷾{d1s1, d1s2, d2s1, d3s1} .  (2.2) 

ɺʥʫʪʨʽʰʥʷ ʩʪʨʫʢʪʫʨʘ ʩʭʦʚʠʱʘ ʜʘʥʠʭ ʧʦʜʽʣʝʥʘ ʟʘ ʛʨʫʧʘʤʠ ʪʘ ʟʦʙʨʘʞʝʥʘ ʥʘ  

ʈʠʩʫʥʢʫ 2.5. 
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ʈʠʩ. 2.5. ʈʦʟʨʦʙʣʝʥʘ ʩʪʨʫʢʪʫʨʘ ʩʭʦʚʠʱʘ ʜʘʥʠʭ 

Redux ʥʝ ʜʦʟʚʦʣʷʻ ʢʦʤʧʦʥʝʥʪʘʤ ʩʠʩʪʝʤʠ ʟʤʽʥʶʚʘʪʠ ʩʪʘʥ ʙʝʟʧʦʩʝʨʝʜʥʴʦ. ʇʦʜʽʾ 

ʦʧʠʩʫʶʪʴ, ʷʢʽ ʟʤʽʥʠ ʥʝʦʙʭʽʜʥʦ ʟʨʦʙʠʪʠ ʫ ʧʘʨʘʤʝʪʨʘʭ ʩʪʘʥʫ ʩʠʩʪʝʤʠ. ʆʙʨʦʙʥʠʢʠ, ʷʢʽ 

ʨʝʘʛʫʶʪʴ ʥʘ ʧʦʜʽʾ ʽ ʤʦʞʫʪʴ ʚʥʦʩʠʪʠ ʟʤʽʥʠ ʫ ʩʭʦʚʠʱʝ ʥʘʟʠʚʘʶʪʴ ʨʝʜʶʩʝʨʘʤʠ. ɺʭʽʜʥʠʤʠ 

ʧʘʨʘʤʝʪʨʘʤʠ ʨʝʜʴʶʩʝʨ ʦʙʦʚôʷʟʢʦʚʦ ʤʘʻ ʧʨʠʡʤʘʪʠ ʧʦʪʦʯʥʠʡ ʩʪʘʥ ʩʠʩʪʝʤʠ, ʘ ʪʘʢʦʞ 

ʧʦʜʽʶ. ɺʽʜʧʦʚʽʜʥʦ ʜʦ ʪʠʧʫ ʚʠʥʝʢʥʦʾ ʧʦʜʽʾ, ʱʦ ʤʘʻ ʫʥʽʢʘʣʴʥʫ ʥʘʟʚʫ ʨʝʜʶʩʝʨ ʚʠʢʦʥʫʻ 

ʣʦʛʽʯʥʽ ʜʽʾ ʥʘʜ ʧʘʨʘʤʝʪʨʘʤʠ ʦʪʨʠʤʘʥʦʛʦ ʩʪʘʥʫ ʪʘ ʧʦʚʝʨʪʘʻ ʥʘ ʚʠʭʽʜ ʟʤʽʥʝʥʠʡ ʩʪʘʥ 

ʩʠʩʪʝʤʠ. ʆʪʨʠʤʫʶʯʠ ʘʨʛʫʤʝʥʪʠ ʚʠʟʥʘʯʝʥʦʛʦ ʪʠʧʫ, ʨʝʜʶʩʝʨ ʧʦʚʠʥʝʥ ʦʙʯʠʩʣʶʚʘʪʠ ʥʦʚʫ 

ʚʝʨʩʽʶ ʩʪʘʥʫ ʽ ʧʝʨʝʜʘʚʘʪʠ ʾʾ ʩʭʦʚʠʱʫ ʜʘʥʠʭ. ɾʦʜʥʠʭ ʟʤʽʥ ʧʦʪʦʯʥʦʛʦ ʩʪʘʥʫ ʩʠʩʪʝʤʠ 

ʨʝʜʶʩʝʨ ʚʠʢʦʥʫʚʘʪʠ ʥʝ ʤʘʻ, ʱʦ ʟʘʙʝʟʧʝʯʫʻ ʯʽʪʢʝ ʨʦʟʤʝʞʫʚʘʥʥʷ ʬʫʥʢʮʽʡ ʨʝʜʶʩʝʨʘ ʪʘ 

ʩʭʦʚʠʱʘ ʜʘʥʠʭ. ʈʦʙʦʪʘ ʨʝʜʶʩʝʨʘ ʦʙʤʝʞʝʥʘ ʪʽʣʴʢʠ ʦʙʯʠʩʣʝʥʥʷʤ ʥʦʚʦʾ ʚʝʨʩʽʾ ʩʪʘʥʫ, ʱʦ 

ʧʝʨʝʟʘʧʠʩʫʻ ʧʦʪʦʯʥʠʡ ʩʪʘʥ ʩʠʩʪʝʤʠ ʫ ʩʭʦʚʠʱʽ. ʉʭʝʤʘ ʞʠʪʪʻʚʦʛʦ ʮʠʢʣʫ ʩʪʘʥʫ ʩʠʩʪʝʤʠ 

ʚʽʜʦʙʨʘʞʝʥʘ ʥʘ ʈʠʩʫʥʢʫ 2.6. 

ʆʪʨʠʤʫʶʯʠ ʥʘ ʚʭʽʜ ʚʠʥʠʢʥʝʥʫ ʧʦʜʽʶ, ʨʝʜʶʩʝʨ ʧʦʯʝʨʛʦʚʦ ʧʦʨʽʚʥʶʻ ʪʠʧ ʦʪʨʠʤʘʥʦʾ 

ʧʦʜʽʾ ʟ ʚʽʜʦʤʠʤʠ ʨʝʜʶʩʝʨʫ. ʇʨʠ ʩʧʽʚʧʘʜʽʥʥʽ ʪʠʧʽʚ ʨʝʜʶʩʝʨ ʨʦʙʠʪʴ ʟʘʧʠʪ ʧʦʪʦʯʥʦʛʦ ʩʪʘʥʫ 

ʩʠʩʪʝʤʠ ʪʘ ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ ʣʦʛʽʢʫ ʟʤʽʥʠ ʩʪʘʥʫ ʩʠʩʪʝʤʠ, ʱʦ ʚʽʜʧʦʚʽʜʘʻ ʢʦʥʢʨʝʪʥʦʤʫ 

ʪʠʧʫ ʧʦʜʽʾ ʧʨʦʚʦʜʠʪʴ ʟʤʽʥʠ ʧʘʨʘʤʝʪʨʽʚ ʩʪʘʥʫ. ɺʠʭʽʜʥʠʤ ʨʝʟʫʣʴʪʘʪʦʤ ʻ ʥʦʚʠʡ ʩʪʘʥ 

ʩʠʩʪʝʤʠ, ʱʦ ʟʙʝʨʽʛʘʻʪʴʩʷ ʫ ʩʭʦʚʠʰʽ ʜʘʥʠʭ ʟʘʤʽʥʶʶʯʠ ʧʦʧʝʨʝʜʥʽʡ.  

ʉʭʝʤʘ ʪʨʘʥʩʬʦʨʤʘʮʽʾ ʜʘʥʠʭ ʥʘ ʧʨʠʢʣʘʜʽ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʩʠʩʪʝʤʠ ʜʣʷ ʧʽʜʪʨʠʤʢʠ 

ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʨʝʞʠʤʫ ʥʘʚʝʜʝʥʘ ʥʘ ʈʠʩʫʥʢʫ 2.7.  
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ʈʠʩ. 2.6. ʉʭʝʤʘ ʞʠʪʪʻʚʦʛʦ ʮʠʢʣʫ ʩʪʘʥʫ ʩʠʩʪʝʤʠ çʨʦʟʫʤʥʦʛʦè ʙʫʜʠʥʢʫ 

 

 

ʈʠʩ. 2.7. ʉʭʝʤʘ ʪʨʘʥʩʬʦʨʤʘʮʽʾ ʜʘʥʠʭ 

 

ʇʨʠʢʣʘʜ ʘʣʛʦʨʠʪʤʫ ʨʦʙʦʪʠ ʨʝʜʶʩʝʨʘ, ʣʦʛʽʢʘ ʷʢʦʛʦ ʚʽʜʧʦʚʽʜʘʻ ʟʘ ʧʽʜʪʨʠʤʢʫ 

ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʨʝʞʠʤʫ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʦʪʨʠʤʘʥʠʭ ʜʘʥʠʭ ʚʽʜ ʩʝʥʩʦʨʘ ʪʝʤʧʝʨʘʪʫʨʠ ʪʘ ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʟʤʽʥʠ ʥʘʣʘʰʪʫʚʘʥʴ ʢʦʥʜʠʮʽʦʥʝʨʘ ʪʘ ʦʙʽʛʨʽʚʘʯʘ ʥʘʚʝʜʝʥʘ ʥʘ ʈʠʩʫʥʢʫ 2.8. 
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ʈʠʩ. 2.8. ʇʨʠʢʣʘʜ ʘʣʛʦʨʠʪʤʫ ʨʦʙʦʪʠ ʨʝʜʶʩʝʨʘ 

ʆʪʞʝ, ʨʦʟʨʦʙʢʘ ʩʠʩʪʝʤ çʨʦʟʫʤʥʦʛʦè ʙʫʜʠʥʢʫ ʟ ʘʜʘʧʪʘʮʽʻʶ ʢʦʥʮʝʧʮʽʡ 

ʘʨʭʽʪʝʢʪʫʨʥʦʛʦ ʰʘʙʣʦʥʫ Redux, ʜʘʻ ʟʤʦʛʫ ʝʬʝʢʪʠʚʥʦ ʪʘ ʣʝʛʢʦ ʤʘʩʰʪʘʙʫʚʘʪʠ ʩʠʩʪʝʤʫ ʜʣʷ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʟ ʙʽʣʴʰʦʶ ʢʽʣʴʢʽʩʪʶ ʧʨʠʤʽʱʻʥʴ ʫ ʙʫʜʠʥʢʫ, ʙʝʟ ʚʪʨʘʪ ʰʚʠʜʢʦʜʽʾ ʨʦʙʦʪʠ 

ʟʘʚʜʷʢʠ ʟʘʧʨʦʚʘʜʞʝʥʥʶ ʻʜʠʥʦʛʦ ʩʭʦʚʠʱʘ ʩʪʘʥʫ ʩʠʩʪʝʤʠ ʪʘ ʩʪʘʥʜʘʨʪʠʟʦʚʘʥʦʛʦ ʧʽʜʭʦʜʫ 

ʜʦ ʡʦʛʦ ʟʤʽʥʠ ʥʝʟʘʣʝʞʥʦ ʚʽʜ ʜʞʝʨʝʣʘ ʧʦʜʽʡ, ʱʦ ʚʠʥʠʢʘʶʪʴ ʫ ʙʫʜʠʥʢʫ. 

 

2.3 ʈʦʟʨʦʙʣʝʥʥʷ ʤʝʪʦʜʫ ʫʧʨʘʚʣʽʥʥʷ ʧʨʠʣʘʜʘʤʠ ʩʠʩʪʝʤ çʨʦʟʫʤʥʦʛʦè ʙʫʜʠʥʢʫ 

ʥʘ ʦʩʥʦʚʽ ʨʦʙʦʪʠ ʘʣʛʦʨʠʪʤʽʚ ʰʪʫʯʥʦʛʦ ʽʥʪʝʣʝʢʪʫ 

ʆʜʥʽʻʶ ʟ ʛʦʣʦʚʥʠʭ ʬʫʥʢʮʽʡ ʩʠʩʪʝʤ çʨʦʟʫʤʥʦʛʦè ʙʫʜʠʥʢʫ ʻ ʟʙʽʨ ʜʘʥʠʭ ʟ ʩʝʥʩʦʨʽʚ 

ʪʘ ʜʘʚʘʯʽʚ ʧʽʜ'ʻʜʥʘʥʠʭ ʜʦ ʩʠʩʪʝʤʠ, ʷʢʽ ʟʥʘʭʦʜʷʪʴʩʷ ʫ ʙʫʜʠʥʢʘʭ ʪʘ ʢʚʘʨʪʠʨʘʭ 
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ʢʦʨʠʩʪʫʚʘʯʽʚ. ɿʛʝʥʝʨʦʚʘʥʠʡ ʧʦʪʽʢ ʜʘʥʠʭ ʩʝʥʩʦʨʽʚ ʪʘ ʜʘʚʘʯʽʚ ʤʦʞʝ ʙʫʪʠ ʚʠʢʦʨʠʩʪʘʥʠʡ ʜʣʷ 

ʦʧʨʘʮʶʚʘʥʥʷ ʫ ʨʝʞʠʤʽ ʨʝʘʣʴʥʦʛʦ ʯʘʩʫ, ʘ ʪʘʢʦʞ ʫ ʤʘʡʙʫʪʥʽʡ ʦʙʨʦʙʮʽ ʚʝʣʠʢʠʭ ʦʙ'ʻʤʽʚ 

ʜʘʥʠʭ ʜʣʷ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʪʘ ʤʦʜʝʣʶʚʘʥʥʷ ʧʦʪʝʥʮʽʡʥʠʭ ʩʠʪʫʘʮʽʡ, ʷʢʽ ʚʠʤʘʛʘʪʠʤʫʪʴ ʜʽʡ ʟʽ 

ʩʪʦʨʦʥʠ ʩʠʩʪʝʤʠ, ʱʦ ʜʦʧʦʤʦʞʝ ʧʝʨʝʜʯʘʩʥʦ ʟʤʽʥʠʪʠ ʥʘʣʘʰʪʫʚʘʥʥʷ ʩʠʩʪʝʤʠ ʜʣʷ 

ʰʚʠʜʢʦʛʦ ʘʚʪʦʤʘʪʠʟʦʚʘʥʦʛʦ ʨʝʘʛʫʚʘʥʥʷ ʩʠʩʪʝʤʦʶ ʥʘ ʚʠʥʠʢʘʶʯʽ ʩʠʪʫʘʮʽʾ. ʇʽʜ ʯʘʩ ʨʦʙʦʪʠ 

ʧʦʜʽʙʥʠʭ ʩʠʩʪʝʤ ʫ ʞʠʪʣʦʚʠʭ ʙʫʜʠʥʢʘʭ ʜʦ ʪʘʢʠʭ ʩʠʪʫʘʮʽʡ ʤʦʞʫʪʴ ʙʫʪʠ ʚʽʜʥʝʩʝʥʽ ʪʘʢʽ ʷʢ, 

ʟʤʽʥʘ ʢʽʣʴʢʦʩʪʽ ʧʨʠʩʫʪʥʽʭ ʢʦʨʠʩʪʫʚʘʯʽʚ ʫ ʙʫʜʠʥʢʫ, ʟʤʽʥʘ ʢʣʽʤʘʪʠʯʥʠʭ ʫʤʦʚ ʟʘ ʤʝʞʘʤʠ 

ʙʫʜʠʥʢʫ, ʟʤʽʥʘ ʯʘʩʫ ʜʦʙʠ, ʚʽʜʢʣʶʯʝʥʥʷ ʝʥʝʨʛʦʧʦʩʪʘʯʘʥʥʷ, ʘ ʪʘʢʦʞ ʧʦʩʣʽʜʦʚʥʽʩʪʴ 

ʨʝʛʫʣʷʨʥʠʭ ʜʽʡ ʢʦʨʠʩʪʫʚʘʯʽʚ ʩʠʩʪʝʤʠ çʨʦʟʫʤʥʦʛʦè ʙʫʜʠʥʢʫ, ʱʦ ʚʠʤʘʛʘʻ ʘʚʪʦʤʘʪʠʟʘʮʽʾ 

ʟʤʽʥ ʫ ʥʘʣʘʰʪʫʚʘʥʥʷʭ ʧʦʙʫʪʦʚʠʭ ʧʨʠʣʘʜʽʚ ʙʫʜʠʥʢʫ ʟʘ ʜʦʧʦʤʦʛʦʶ ʘʣʛʦʨʠʪʤʽʚ ʟʘʢʣʘʜʝʥʠʭ 

ʫ ʨʦʟʨʦʙʣʝʥʽ ʩʠʩʪʝʤʠ. ʋ ʨʦʟʚ'ʷʟʘʥʥʽ ʟʘʜʘʯ ʧʦʜʽʙʥʦʛʦ ʪʠʧʫ ʯʘʩʪʦ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ 

ʘʣʛʦʨʠʪʤʠ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʰʪʫʯʥʠʭ ʥʝʡʨʦʥʥʠʭ ʤʝʨʝʞ, ʷʢʽ ʫ ʩʚʦʶ ʯʝʨʛʫ ʧʦʜʽʣʷʶʪʴʩʷ ʥʘ 

ʜʝʢʽʣʴʢʘ ʪʠʧʽʚ, ʱʦ ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ ʫ ʨʽʟʥʠʭ ʩʬʝʨʘʭ ʘʚʪʦʤʘʪʠʟʘʮʽʾ ʧʨʦʮʝʩʽʚ 

ʞʠʪʪʻʜʽʷʣʴʥʦʩʪʽ ʣʶʜʠʥʠ. ʇʨʠ ʩʪʚʦʨʝʥʥʽ ʢʦʤʧʣʝʢʩʥʦʛʦ ʨʽʰʝʥʥʷ, ʱʦ ʧʨʘʮʶʚʘʪʠʤʝ ʜʣʷ 

ʘʚʪʦʤʘʪʠʟʦʚʘʥʦʛʦ ʥʘʣʘʰʪʫʚʘʥʥʷ ʨʽʟʥʠʭ ʧʦʙʫʪʦʚʠʭ ʧʨʠʣʘʜʽʚ ʫ ʙʫʜʠʥʢʫ ʽʩʥʫʻ ʧʨʦʙʣʝʤʘ 

ʚʠʙʦʨʫ ʦʧʪʠʤʘʣʴʥʦʛʦ ʪʠʧʫ ʰʪʫʯʥʦʾ ʥʝʡʨʦʥʥʦʾ ʤʝʨʝʞʽ, ʷʢʘ ʦʜʥʦʯʘʩʥʦ ʟʘʙʝʟʧʝʯʠʪʴ 

ʥʘʡʢʨʘʱʽ ʨʝʟʫʣʴʪʘʪʠ ʨʦʙʦʪʠ ʧʽʜ ʯʘʩ ʥʘʣʘʰʪʫʚʘʥʥʷ ʦʧʪʠʤʘʣʴʥʦʛʦ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ 

ʨʝʞʠʤʫ, ʨʝʞʠʤʫ ʦʩʚʽʪʣʝʥʥʷ ʪʘ ʨʝʞʠʤʫ ʩʠʩʪʝʤʠ ʙʝʟʧʝʢʠ ʫ ʙʫʜʠʥʢʫ. ʊʘʢʦʞ, ʽʩʥʫʻ ʧʦʪʨʝʙʘ 

ʦʙʤʝʞʠʪʠ ʤʦʞʣʠʚʽʩʪʴ ʐʅʄ ʟʤʽʥʶʚʘʪʠ ʩʪʘʥʠ ʩʠʩʪʝʤʠ çʨʦʟʫʤʥʦʛʦè ʙʫʜʠʥʢʫ, ʢʝʨʫʶʯʠʩʴ 

ʩʠʩʪʝʤʦʶ ʯʽʪʢʠʭ ʚʘʨʽʘʥʪʽʚ ʟʤʽʥ ʩʪʘʥʽʚ, ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʩʪʘʙʽʣʴʥʦʩʪʽ ʨʦʙʦʪʠ ʩʠʩʪʝʤʠ ʫ 

ʨʘʟʽ ʭʠʙʥʦʛʦ ʨʦʟʨʘʭʫʥʢʫ ʨʝʟʫʣʴʪʘʪʫ ʧʽʜ ʯʘʩ ʨʦʙʦʪʠ ʐʅʄ. ɼʣʷ ʨʝʘʣʽʟʘʮʽʾ ʮʴʦʛʦ 

ʤʝʭʘʥʽʟʤʫ ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʧʨʝʜʩʪʘʚʠʪʠ ʩʠʩʪʝʤʫ ʜʦʧʫʩʪʠʤʠʭ ʟʤʽʥ ʩʪʘʥʽʚ ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʤʦʜʝʣʝʡ ʤʝʨʝʞ ʇʝʪʨʽ. ʉʪʘʥʠ ʨʦʟʨʦʙʣʝʥʠʭ ʤʝʨʝʞ ʇʝʪʨʽ ʚʽʜʧʦʚʽʜʘʶʪʴ ʤʦʞʣʠʚʠʤ ʩʪʘʥʘʤ 

ʩʠʩʪʝʤʠ çʨʦʟʫʤʥʦʛʦè ʙʫʜʠʥʢʫ, ʚ ʪʦʡ ʯʘʩ ʷʢ ʘʢʪʠʚʘʮʽʷ ʧʝʨʝʭʦʜʽʚ ʤʝʨʝʞʽ ʇʝʪʨʽ 

ʚʽʜʙʫʚʘʻʪʴʩʷ ʟʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʨʦʙʦʪʠ ʐʅʄ. ʊʘʢʠʤ ʯʠʥʦʤ ʜʦʩʷʛʘʻʪʴʩʷ ʤʦʞʣʠʚʽʩʪʴ 

ʧʨʝʜʩʪʘʚʠʪʠ ʥʘʣʘʰʪʫʚʘʥʥʷ ʩʠʩʪʝʤʠ çʨʦʟʫʤʥʦʛʦè ʙʫʜʠʥʢʫ ʫ ʚʠʛʣʷʜʽ ʯʽʪʢʦ ʚʠʟʥʘʯʝʥʦʾ 

ʟʘʢʨʠʪʦʾ ʩʠʩʪʝʤʠ ʩʪʘʥʽʚ, ʷʢʽ ʟʤʽʥʶʶʪʴʩʷ ʟʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʘʚʪʦʤʘʪʠʟʦʚʘʥʦʛʦ ʧʨʠʡʥʷʪʪʷ 

ʨʽʰʝʥʴ ʰʪʫʯʥʦʶ ʥʝʡʨʦʥʥʦʶ ʤʝʨʝʞʝʶ.   
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ʆʜʥʽʻʶ ʟ ʥʘʡʙʽʣʴʰ ʧʦʰʠʨʝʥʠʭ ʟʘʜʘʯ, ʱʦ ʚʠʨʽʰʫʶʪʴ ʩʠʩʪʝʤʠ «ʨʦʟʫʤʥʦʛʦ» 

ʙʫʜʠʥʢʫ ʻ ʘʚʪʦʤʘʪʠʟʘʮʽʷ ʟʤʽʥ ʥʘʣʘʰʪʫʚʘʥʴ ʧʦʙʫʪʦʚʠʭ ʧʨʠʣʘʜʽʚ, ʱʦ ʨʦʟʪʘʰʦʚʘʥʽ ʫ 

ʧʦʤʝʰʢʘʥʥʽ, ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʚʥʫʪʨʽʰʥʴʦʾ ʣʦʛʽʢʠ ʩʠʩʪʝʤʠ, ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʢʦʤʬʦʨʪʥʠʭ 

ʫʤʦʚ ʧʨʦʞʠʚʘʥʥʷ ʤʝʰʢʘʥʮʽʚ ʙʫʜʠʥʢʫ ʙʝʟ ʙʝʟʧʦʩʝʨʝʜʥʴʦʛʦ ʾʭ ʟʘʣʫʯʝʥʥʷ ʜʦ ʢʝʨʫʚʘʥʥʷ 

ʧʨʠʣʘʜʘʤʠ. ʉʬʦʨʤʦʚʘʥʦ ʟʘʜʘʯʫ ʨʦʟʨʦʙʠʪʠ ʩʠʩʪʝʤʫ çʨʦʟʫʤʥʦʛʦè ʙʫʜʠʥʢʫ ʟ 

ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʘʣʛʦʨʠʪʤʫ ʥʘ ʦʩʥʦʚʽ ʰʪʫʯʥʦʾ ʥʝʡʨʦʥʥʦʾ ʤʝʨʝʞʽ ʜʣʷ ʢʝʨʫʚʘʥʥʷ 

ʧʦʙʫʪʦʚʠʤʠ ʧʨʠʣʘʜʘʤʠ ʫ ʙʫʜʠʥʢʫ ʪʘ ʚʩʪʘʥʦʚʣʝʥʠʤ ʪʝʨʤʦʩʪʘʪʦʤ ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ 

ʦʧʪʠʤʘʣʴʥʦʛʦ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʨʝʞʠʤʫ, ʨʝʞʠʤʫ ʦʩʚʽʪʣʝʥʥʷ ʪʘ ʥʘʣʘʰʪʫʚʘʥʥʷ ʩʠʩʪʝʤʠ 

ʙʝʟʧʝʢʠ ʙʫʜʠʥʢʫ. ʊʦʙʪʦ, ʮʽʣʴʶ ʻ ʦʪʨʠʤʘʪʠ ʥʘʡʤʝʥʰʝ ʟʥʘʯʝʥʥʷ ʧʦʭʠʙʢʠ (æxʤʽʥ) ʤʽʞ 

ʟʥʘʯʝʥʥʷʤʠ ʧʘʨʘʤʝʪʨʽʚ ʥʘʣʘʰʪʫʚʘʥʴ ʧʨʠʣʘʜʽʚ ʫ ʙʫʜʠʥʢʫ ʨʦʟʨʘʭʦʚʘʥʠʤʠ ʟ 

ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʘʣʛʦʨʠʪʤʫ ʤʘʰʠʥʥʦʛʦ ʥʘʚʯʘʥʥʷ (xʘʚʪ) ʪʘ ʦʯʽʢʫʚʘʥʠʭ ʤʝʰʢʘʥʮʷʤʠ 

ʙʫʜʠʥʢʫ ʧʘʨʘʤʝʪʨʽʚ (xʦʯʽʢ). ɼʣʷ ʨʦʟʚ'ʷʟʘʥʥʷ ʧʦʩʪʘʚʣʝʥʦʾ ʟʘʜʘʯʽ ʙʫʣʦ ʧʨʦʚʝʜʝʥʦ 

ʜʦʩʣʽʜʞʝʥʥʷ ʚʠʢʦʨʠʩʪʘʥʥʷ ʜʝʢʽʣʴʢʦʭ (n) ʪʠʧʽʚ ʰʪʫʯʥʠʭ ʥʝʡʨʦʥʥʠʭ ʤʝʨʝʞ ʟ ʘʥʘʣʽʟʦʤ ʪʘ 

ʧʦʨʽʚʥʷʥʥʷʤ ʙʘʞʘʥʠʭ ʪʘ ʨʝʘʣʴʥʦ ʦʪʨʠʤʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ ʨʦʙʦʪʠ ʢʦʞʥʦʛʦ ʪʠʧʫ ʥʝʡʨʦʥʥʦʾ 

ʤʝʨʝʞʽ ʜʣʷ ʘʚʪʦʤʘʪʠʟʦʚʘʥʦʛʦ ʢʝʨʫʚʘʥʥʷ ʨʝʞʠʤʘʤʠ ʪʝʨʤʦʩʪʘʪʫ, ʦʩʚʽʪʣʶʚʘʣʴʥʠʭ 

ʧʨʠʣʘʜʽʚ ʪʘ ʩʠʛʥʘʣʽʟʘʮʽʾ ʦʢʨʝʤʦ ʜʣʷ ʢʦʞʥʦʾ ʟ ʧʦʩʪʘʚʣʝʥʠʭ ʟʘʜʘʯ: 

Ўὼ̍ ̨̎
В ȿ́̃̓ ̨̘̏ȿ̋

.    (2.3) 

ʇʨʠ ʧʨʦʚʝʜʝʥʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʙʫʚ ʚʠʙʨʘʥʠʡ ʥʘʙʽʨ ʽʩʪʦʨʠʯʥʠʭ ʜʘʥʠʭ, ʱʦ 

ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʟʘʧʠʩʽʚ ʧʘʨʘʤʝʪʨʽʚ ʩʝʥʩʦʨʽʚ ʪʘ ʧʨʠʣʘʜʽʚ ʫ ʙʫʜʠʥʢʫ ʟ ʜʚʦʤʘ ʧʨʠʤʽʱʝʥʥʷʤʠ. 

ɼʣʷ ʧʨʦʚʝʜʝʥʥʷ ʧʨʦʮʝʩʫ ʥʘʚʯʘʥʥʷ ʨʽʟʥʠʭ ʪʠʧʽʚ ʥʝʡʨʦʥʥʠʭ ʤʝʨʝʞ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʘʩʴ 

ʽʜʝʥʪʠʯʥʘ ʥʘʚʯʘʣʴʥʘ ʚʠʙʽʨʢʘ. ʊʘʢʠʡ ʧʽʜʭʽʜ ʚʠʢʣʶʯʘʻ ʚʧʣʠʚ ʥʘ ʨʝʟʫʣʴʪʘʪʠ ʨʦʙʦʪʠ 

ʘʣʛʦʨʠʪʤʫ ʰʪʫʯʥʦʾ ʥʝʡʨʦʥʥʦʾ ʤʝʨʝʞʽ ʩʧʝʮʠʬʽʢʠ ʜʘʥʠʭ, ʱʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠʩʴ ʫ ʧʨʦʮʝʩʽ 

ʪʨʝʥʫʚʘʥʥʷ. ʅʘʚʯʘʣʴʥʘ ʚʠʙʽʨʢʘ ʤʽʩʪʠʪʴ ʽʥʬʦʨʤʘʮʽʶ ʧʨʦ ʥʘʣʘʰʪʫʚʘʥʥʷ ʪʝʨʤʦʩʪʘʪʽʚ (ÁC) 

ʫ ʧʨʠʤʽʱʝʥʥʷʭ, ʩʪʘʥʠ ʦʩʚʽʪʣʶʚʘʣʴʥʠʭ ʧʨʠʣʘʜʽʚ (ʫʚʽʤʢʥʝʥʦ/ʚʠʤʢʥʝʥʦ) ʚ ʢʦʞʥʦʤʫ ʟ 

ʧʨʠʤʽʱʝʥʴ ʦʢʨʝʤʦ, ʥʘʣʘʰʪʫʚʘʥʥʷ ʩʠʩʪʝʤʠ ʙʝʟʧʝʢʠ (ʚʢʣ/ʚʠʢʣ ʩʠʛʥʘʣʽʟʘʮʽʷ) ʜʣʷ ʚʩʴʦʛʦ 

ʙʫʜʠʥʢʫ, ʽʥʬʦʨʤʘʮʽʶ ʧʨʦ ʧʨʠʩʫʪʥʽʩʪʴ ʞʠʪʝʣʽʚ ʙʫʜʠʥʢʫ (ʧʦʢʘʟʥʠʢʠ ʜʘʚʘʯʽʚ ʨʫʭʫ) ʚ 

ʢʦʞʥʦʤʫ ʧʨʠʤʽʱʝʥʥʽ ʦʢʨʝʤʦ ʪʘ ʯʘʩʦʚʽ ʤʽʪʢʠ ʤʦʤʝʥʪʫ ʟʙʝʨʝʞʝʥʥʷ ʜʘʥʠʭ ʥʘʣʘʰʪʫʚʘʥʴ 
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(ʤʩ. ʫ Linux ʬʦʨʤʘʪʽ). ʇʨʠʢʣʘʜ ʬʦʨʤʘʪʫ ʜʘʥʠʭ ʫ ʥʘʚʯʘʣʴʥʽʡ ʚʠʙʽʨʮʽ ʥʘʚʝʜʝʥʠʡ ʫ  

ʊʘʙʣʠʮʽ 2.4. 

ʊʘʙʣʠʮʷ 2.4.  

ʌʨʘʛʤʝʥʪ ʜʘʥʠʭ ʥʘʚʯʘʣʴʥʦʾ ʚʠʙʽʨʢʠ 

ʏʘʩʦʚʘ 

ʤʽʪʢʘ 

ʇʨʠʩʫʪ-

ʥʽʩʪʴ  

ʣʶʜʝʡ ʫ 

ʢʽʤʥʘʪʽ 1 

ʇʨʠʩʫʪ-

ʥʽʩʪʴ  

ʣʶʜʝʡ ʫ 

ʢʽʤʥʘʪʽ 2 

ʆʩʚʽʪʣʝ-

ʥʥʷ ʫ 

ʢʽʤʥʘʪʽ 

1 

ʆʩʚʽʪʣʝ-

ʥʥʷ ʫ 

ʢʽʤʥʘʪʽ 

2 

ʊʝʤʧ. 

ʨʝʞʠʤ 

ʫ ʢʽʤ.1 

ʊʝʤʧ. 

ʨʝʞʠʤ 

ʫ ʢʽʤ.2 

ʈʝʞʠʤ 

ʩʠʛʥ. 

1567519042 TRUE FALSE TRUE TRUE 21 18 FALSE 

1567523065 TRUE TRUE FALSE FALSE 20 18 FALSE 

1567535088 FALSE TRUE TRUE FALSE 20 20 FALSE 

1567560523 TRUE FALSE FALSE FALSE 22 21 TRUE 

... ... ... ... ... ... ... ... 

ɼʣʷ ʥʘʚʯʘʥʥʷ ʨʽʟʥʠʭ ʪʠʧʽʚ ʰʪʫʯʥʠʭ ʥʝʡʨʦʥʥʠʭ ʤʝʨʝʞ, ʱʦ ʟʘʩʪʦʩʦʚʫʚʘʪʠʤʫʪʴʩʷ 

ʜʣʷ ʨʦʟʚôʷʟʘʥʥʷ ʧʦʩʪʘʚʣʝʥʠʭ ʟʘʜʘʯ, ʥʘʚʯʘʣʴʥʘ ʚʠʙʽʨʢʘ ʧʦʜʽʣʷʻʪʴʩʷ ʥʘ ʧʘʨʘʤʝʪʨʠ, ʷʢʽ 

ʩʣʫʛʫʚʘʪʠʤʫʪʴ ʚʭʽʜʥʠʤʠ ʜʘʥʠʤʠ, ʷʢʽ ʧʦʜʘʚʘʪʠʤʫʪʴʩʷ ʥʘ ʚʭʽʜ ʥʝʡʨʦʥʥʦʾ ʤʝʨʝʞʽ ʪʘ 

ʧʘʨʘʤʝʪʨʠ, ʷʢʽ ʩʣʫʛʫʚʘʪʠʤʫʪʴ ʚʠʭʽʜʥʠʤʠ ʜʘʥʠʤʠ, ʱʦ ʤʘʶʪʴ ʙʫʪʠ ʨʝʟʫʣʴʪʘʪʦʤ ʨʦʙʦʪʠ 

ʥʝʡʨʦʥʥʦʾ ʤʝʨʝʞʽ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʚʭʽʜʥʠʭ ʧʘʨʘʤʝʪʨʽʚ. ʅʘʧʨʠʢʣʘʜ, ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʧʘʨʘʤʝʪʨʽʚ ʧʨʠʩʫʪʥʦʩʪʽ ʣʶʜʝʡ ʫ ʢʽʤʥʘʪʽ, ʫʚʽʤʢʥʝʥʠʭ ʯʠ ʚʠʤʢʥʝʥʠʭ ʦʩʚʽʪʣʶʚʘʣʴʥʠʭ 

ʧʨʠʣʘʜʘʭ ʫ ʢʽʤʥʘʪʘʭ, ʟʥʘʯʝʥʥ ̫ʧʦʨʠ ʨʦʢʫ ʪʘ ʯʘʩʫ ʜʦʙʠ ʤʦʞʥʘ ʚʠʟʥʘʯʠʪʠ ʦʧʪʠʤʘʣʴʥʝ 

ʟʥʘʯʝʥʥʷ ʥʘʣʘʰʪʫʚʘʥʴ ʩʠʩʪʝʤʠ ʢʣʽʤʘʪ-ʢʦʥʪʨʦʣʶ. 

ɿ ʥʘʙʦʨʫ ʽʩʪʦʨʠʯʥʠʭ ʜʘʥʠʭ, ʚʠʧʘʜʢʦʚʦ ʚʠʙʠʨʘʶʪʴʩʷ ʜʝʢʽʣʴʢʘ ʟʘʧʠʩʽʚ, ʷʢʽ 

ʚʠʜʘʣʷʶʪʴʩʷ ʟ ʥʘʙʦʨʫ ʪʘ ʥʝ ʧʨʠʡʤʘʶʪʴ ʫʯʘʩʪʽ ʫ ʥʘʚʯʘʣʴʥʽʡ ʚʠʙʽʨʮʽ, ʘ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ 

ʜʣʷ ʧʦʨʽʚʥʷʥʥʥʷ ʚʠʭʽʜʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʦʪʨʠʤʘʥʠʭ ʫ ʨʝʟʫʣʴʪʘʪʽ ʨʦʙʦʪʠ ʥʘʚʯʝʥʦʾ ʥʝʡʨʦʥʥʦʾ 

ʤʝʨʝʞʽ ʪʘ ʨʦʟʨʘʭʫʥʢʫ ʟʥʘʯʝʥʥʷ ʧʦʭʠʙʦʢ ʤʽʞ ʦʪʨʠʤʘʥʠʤʠ ʪʘ ʦʯʽʢʫʚʘʥʠʤʠ ʟʥʘʯʝʥʥʷʤʠ 

ʚʠʭʽʜʥʠʭ ʧʘʨʘʤʝʪʨʽʚ. ɺʠʜʘʣʝʥʥʷ ʜʘʥʠʭ ʟʘʧʠʩʽʚ ʟ ʥʘʙʦʨʫ ʥʘʚʯʘʣʴʥʦʾ ʚʠʙʽʨʢʠ ʟʘʧʦʙʽʛʘʻ 

ʧʦʷʚʽ ʩʠʪʫʘʮʽʾ, ʢʦʣʠ ʥʝʡʨʦʥʥʘ ʤʝʨʝʞʘ ʟʘʚʯʠʪʴ ʚʭʽʜʥʽ ʪʘ ʚʽʜʧʦʚʽʜʥʽ ʾʤ ʚʠʭʽʜʥʽ ʧʘʨʘʤʝʪʨʠ 

ʟʘʧʠʩʽʚ ʪʘ ʧʦʚʝʨʪʘʪʠʤʝ ʚʠʭʽʜʥʽ ʧʘʨʘʤʝʪʨʠ ʟ ʧʘʤôʷʪʽ, ʘ ʥʝ ʢʝʨʫʶʯʠʩʴ ʟʥʘʯʝʥʥʷʤʠ ʚʘʛʦʚʠʭ 
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ʢʦʝʬʽʮʽʻʥʪʽʚ, ʱʦ ʧʨʠʟʚʝʜʝ ʜʦ ʭʠʙʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ ʨʦʙʦʪʠ ʥʝʡʨʦʥʥʦʾ ʤʝʨʝʞʽ ʧʨʠ ʧʦʜʘʯʽ ʥʘ 

ʚʭʽʜ ʟʥʘʯʝʥʴ ʧʘʨʘʤʝʪʨʽʚ, ʷʢʽ ʥʝ ʙʫʣʠ ʧʨʠʩʫʪʥʽ ʫ ʥʘʚʯʘʣʴʥʽʡ ʚʠʙʽʨʮʽ. 

ʉʬʦʨʤʦʚʘʥʽ ʪʝʩʪʦʚʽ ʚʠʙʽʨʢʠ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠʤʫʪʴʩʷ ʜʣʷ ʥʘʚʯʘʥʥʷ ʘʣʛʦʨʠʪʤʽʚ 

ʰʪʫʯʥʦʾ ʥʝʡʨʦʥʥʦʾ ʤʝʨʝʞʽ ʨʽʟʥʠʭ ʪʠʧʽʚ ʜʣʷ ʘʚʪʦʤʘʪʠʟʘʮʽʾ ʧʨʦʮʝʩʫ ʢʝʨʫʚʘʥʥʷ 

ʧʦʙʫʪʦʚʠʤʠ ʧʨʠʣʘʜʘʤʠ çʨʦʟʫʤʥʦʛʦè ʙʫʜʠʥʢʫ ʪʘ ʚʩʪʘʥʦʚʣʝʥʠʤ ʪʝʨʤʦʩʪʘʪʦʤ ʜʣʷ 

ʟʘʙʝʟʧʝʯʝʥʥʷ ʦʧʪʠʤʘʣʴʥʦʛʦ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʨʝʞʠʤʫ, ʨʝʞʠʤʫ ʦʩʚʽʪʣʝʥʥʷ ʪʘ 

ʥʘʣʘʰʪʫʚʘʥʥʷ ʩʠʩʪʝʤʠ ʙʝʟʧʝʢʠ ʙʫʜʠʥʢʫ. 

ɽʬʝʢʪʠʚʥʽʩʪʴ ʨʦʙʦʪʠ ʘʣʦʨʠʪʤʫ ʰʪʫʯʥʦʾ ʥʝʡʨʦʥʥʦʾ ʤʝʨʝʞʽ ʟʘʣʝʞʠʪʴ ʚʽʜ ʾʾ ʪʠʧʫ ʪʘ 

ʚʥʫʪʨʽʰʥʴʦʾ ʩʪʨʫʢʪʫʨʠ, ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʟʘʜʘʯ ʨʽʟʥʦʾ ʩʧʝʮʠʬʽʢʠ. ʅʘʧʨʠʢʣʘʜ, ʜʣʷ 

ʨʦʟʚ'ʷʟʘʥʥʷ ʟʘʜʘʯ ʨʦʟʧʽʟʥʘʚʘʥʥʷ ʦʙʨʘʟʽʚ ʥʘ ʟʦʙʨʘʞʝʥʥʷʭ ʪʘ ʚʽʜʝʦʧʦʪʦʮʽ ʝʬʝʢʪʠʚʥʦ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʟʛʦʨʪʢʦʚʽ ʥʝʡʨʦʥʥʽ ʤʝʨʝʞʽ, ʘ ʜʣʷ ʧʝʨʝʢʣʘʜʫ ʪʝʢʩʪʽʚ, ʘʙʦ ʧʨʦʛʨʘʤʫʚʘʥʥʷ 

ʙʦʪʽʚ, ʱʦ ʚʝʜʫʪʴ ʜʽʘʣʦʛʠ ʟ ʣʶʜʠʥʦʶ ʦʧʪʠʤʘʣʴʥʠʤ ʚʠʙʦʨʦʤ ʻ ʨʝʢʫʨʝʥʪʥʽ ʥʝʡʨʦʥʥʽ 

ʤʝʨʝʞʽ. ʊʦʤʫ, ʧʦʩʪʘʻ ʧʠʪʘʥʥʷ ʚʠʙʦʨʫ ʦʧʪʠʤʘʣʴʥʦʾ ʩʪʨʫʢʪʫʨʠ ʰʪʫʯʥʦʾ ʥʝʡʨʦʥʥʦʾ ʤʝʨʝʞʽ, 

ʷʢʘ ʙʫʜʝ ʚʪʢʦʨʠʩʪʘʥʘ ʜʣʷ ʘʚʪʦʤʘʪʠʟʘʮʽʾ ʢʝʨʫʚʘʥʥʷ ʪʝʤʧʝʨʘʪʫʨʥʠʤ ʨʝʞʠʤʦʤ, ʩʠʩʪʝʤʦʶ 

ʙʝʟʧʝʢʠ ʪʘ ʦʩʚʽʪʣʝʥʥʷʤ ʫ ʙʫʜʠʥʢʫ. ʇʦʯʘʪʢʦʚʠʤ ʝʪʘʧʦʤ ʚʠʙʦʨʫ ʩʪʨʫʢʪʫʨʠ ʰʪʫʯʥʦʾ 

ʥʝʡʨʦʥʥʦʾ ʤʝʨʝʞʽ ʻ ʩʪʚʦʨʝʥʥʷ ʩʧʠʩʢʫ ʚʽʜʦʤʠʭ ʪʠʧʽʚ ʰʪʫʯʥʠʭ ʥʝʡʨʦʥʥʠʭ ʤʝʨʝʞ. ɼʦ 

ʪʘʢʦʛʦ ʩʧʠʩʢʫ ʫ ʨʦʟʛʣʷʥʫʪʦʤʫ ʧʨʠʢʣʘʜʽ ʚʽʜʥʦʩʷʪʴʩʷ: ʅʝʡʨʦʥʥʘ ʤʝʨʝʞʘ ʧʨʷʤʦʛʦ 

ʧʦʰʠʨʝʥʥʷ; ʈʝʢʫʨʝʥʪʥʘ ʥʝʡʨʦʥʥʘ ʤʝʨʝʞʘ; ɼʦʚʛʘ ʢʦʨʦʪʢʦʯʘʩʥʘ ʧʘʤ'ʷʪʴ; ɺʝʥʪʠʣʴʥʠʡ 

ʨʝʢʫʨʝʥʪʥʠʡ ʚʫʟʦʣ. ʅʘʩʪʫʧʥʠʤ ʢʨʦʢʦʤ ʤʝʪʦʜʫ ʻ ʛʝʥʝʨʫʚʘʥʥʷ ʥʘʚʯʘʣʴʥʦʾ ʚʠʙʽʨʢʠ, ʱʦ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠʤʝʪʴʩʷ ʜʣʷ ʥʘʚʯʘʥʥʷ ʰʪʫʯʥʠʭ ʥʝʡʨʦʥʥʠʭ ʤʝʨʝʞ ʨʦʟʛʣʷʥʫʪʠʭ ʪʠʧʽʚ. 

ʅʘʚʯʘʣʴʥʘ ʚʠʙʽʨʢʘ ʛʝʥʝʨʫʻʪʴʩʷ ʰʣʷʭʦʤ ʚʽʜʢʠʜʘʥʥʷ ʧ'ʷʪʴʦʭ ʟʘʧʠʩʽʚ, ʱʦ  ʫʪʚʦʨʶʶʪʴ 

ʪʝʩʪʦʚʫ ʚʠʙʽʨʢʫ, ʷʢʘ ʙʫʜʝ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠʩʴ ʚ ʧʦʜʘʣʴʰʦʤʫ ʜʣʷ ʨʦʟʨʘʭʫʥʢʫ ʧʦʤʠʣʢʠ 

ʨʦʙʦʪʠ ʘʣʛʦʨʠʪʤʫ ʰʪʫʯʥʦʾ ʥʝʡʨʦʥʥʦʾ ʤʝʨʝʞʽ ʚ ʧʦʨʽʚʥʷʥʥʽ ʟ ʦʯʽʢʫʚʘʥʠʤʠ ʜʘʥʠʤʠ. 

ʅʘʩʪʫʧʥʠʤ ʝʪʘʧʦʤ ʤʝʪʦʜʫ ʻ ʧʦʩʣʽʜʦʚʥʝ  ʥʘʚʯʘʥʥʷ ʪʘ ʚʠʢʦʨʠʩʪʘʥʥʷ ʢʦʞʥʦʛʦ ʟ ʪʠʧʽʚ 

ʰʪʫʯʥʦʾ ʥʝʡʨʦʥʥʦʾ ʤʝʨʝʞʽ ʪʘ ʘʥʘʣʽʟʫ ʦʪʨʠʤʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ.  ɺʠʙʨʘʚʰʠ ʯʝʨʛʦʚʠʡ ʪʠʧ 

ʰʪʫʯʥʦʾ ʥʝʡʨʦʥʥʦʾ ʤʝʨʝʞʽ ʧʨʦʚʦʜʠʪʴʩʷ ʧʨʦʮʝʩ ʥʘʚʯʘʥʥʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʩʪʚʦʨʝʥʦʾ 

ʥʘʚʯʘʣʴʥʦʾ ʚʠʙʽʨʢʠ.  ɼʘʣʽ ʚʽʜʙʫʚʘʻʪʴʩʷ ʟʘʧʫʩʢ ʥʘʚʯʝʥʦʾ ʰʪʫʯʥʦʾ ʥʝʡʨʦʥʥʦʾ ʤʝʨʝʞʽ ʟ 

ʧʦʜʘʯʝʶ ʥʘ ʚʭʽʜ ʧʘʨʘʤʝʪʨʽʚ ʪʝʩʪʦʚʦʾ ʚʠʙʽʨʢʠ ʪʘ ʟʙʝʨʝʞʝʥʥʷʤ ʦʪʨʠʤʘʥʠʭ ʚʠʭʽʜʥʠʭ 
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ʨʝʟʫʣʴʪʘʪʽʚ. ɼʣʷ ʢʦʞʥʦʛʦ ʚʠʭʽʜʥʦʛʦ ʧʘʨʘʤʝʪʨʫ ʨʦʟʨʘʭʦʚʫʻʪʴʩʷ ʟʥʘʯʝʥʥʷ ʧʦʭʠʙʢʠ ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʧʦʨʽʚʥʷʥʥʷ ʦʪʨʠʤʘʥʦʛʦ ʟʥʘʯʝʥʥʷ ʚʽʜʧʦʚʽʜʥʦʛʦ ʧʘʨʘʤʝʪʨʘ ʪʝʩʪʦʚʦʾ ʚʠʙʽʨʢʠ. 

ʉʝʨʝʜ ʦʪʨʠʤʘʥʠʭ ʟʥʘʯʝʥʴ ʧʦʭʠʙʦʢ ʢʦʞʥʦʛʦ ʚʠʭʽʜʥʦʛʦ ʧʘʨʘʤʝʪʨʘ ʨʦʟʨʘʭʦʚʫʻʪʴʩʷ 

ʩʝʨʝʜʥʻ ʟʥʘʯʝʥʥʷ, ʱʦ ʻ ʟʘʛʘʣʴʥʠʤ ʟʥʘʯʝʥʥʷʤ ʧʦʭʠʙʢʠ ʚʠʢʦʨʠʩʪʘʥʥʷ ʢʦʥʢʨʝʪʥʦʛʦ ʪʠʧʫ 

ʰʪʫʯʥʦʾ ʥʝʡʨʦʥʥʦʾ ʤʝʨʝʞʽ ʜʣʷ ʨʦʟʚôʷʟʘʥʥʷ ʧʦʩʪʘʚʣʝʥʠʭ ʟʘʜʘʯ.  ʇʽʩʣʷ ʨʦʟʨʘʭʫʥʢʫ 

ʩʝʨʝʜʥʴʦʛʦ ʟʥʘʯʝʥʥʷ ʧʦʭʠʙʢʠ, ʮʝ ʟʥʘʯʝʥʥʷ ʧʦʨʽʚʥʶʻʪʴʩʷ ʟ ʥʘʡʤʝʥʰʠʤ ʦʪʨʠʤʘʥʠʤ 

ʩʝʨʝʜʥʽʤ ʟʥʘʯʝʥʥʷʤ ʧʦʭʠʙʢʠ ʧʦʧʝʨʝʜʥʴʦ ʨʦʟʛʣʷʥʫʪʠʭ ʪʠʧʽʚ ʰʪʫʯʥʦʾ ʥʝʡʨʦʥʥʦʾ ʤʝʨʝʞʽ.  

ʋ ʨʘʟʽ ʷʢʱʦ ʜʘʥʝ ʟʥʘʯʝʥʥʷ ʻ ʤʝʥʰʠʤ ʟʘ ʧʦʧʝʨʝʜʥʻ -  ʧʦʪʦʯʥʘ ʰʪʫʯʥʘ ʥʝʡʨʦʥʥʘ ʤʝʨʝʞʘ 

ʟʙʝʨʽʛʘʻʪʴʩʷ ʷʢ ʥʘʡʦʧʪʠʤʘʣʴʥʽʰʘ ʜʣʷ ʨʦʟʚ'ʷʟʘʥʥʷ ʧʦʩʪʘʚʣʝʥʦʾ ʟʘʜʘʯʽ, ʘ ʩʝʨʝʜʥʻ ʟʥʘʯʝʥʥʷ 

ʧʦʭʠʙʢʠ ʟʙʝʨʽʛʘʻʪʴʩʷ ʷʢ ʥʘʡʦʧʪʠʤʘʣʴʥʽʰʝ ʥʘ ʢʦʥʢʨʝʪʥʠʡ ʤʦʤʝʥʪ ʜʦʩʣʽʜʞʝʥʥʷ. ʇʨʦʮʝʩ 

ʥʘʚʯʘʥʥʷ, ʟʘʧʫʩʢʫ ʪʘ ʘʥʘʣʽʟʫ ʚʠʭʽʜʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ ʨʦʙʦʪʠ ʰʪʫʯʥʦʾ ʥʝʡʨʦʥʥʦʾ ʤʝʨʝʞʽ 

ʧʦʩʣʽʜʦʚʥʦ ʧʨʦʚʦʜʠʪʴʩʷ ʜʣʷ ʢʦʞʥʦʛʦ ʪʠʧʫ ʰʪʫʯʥʦʾ ʥʝʡʨʦʥʥʦʾ ʤʝʨʝʞʽ ʟʽ ʩʧʠʩʢʫ, ʧʦʢʠ ʥʝ 

ʙʫʜʝ ʧʨʦʘʥʘʣʽʟʦʚʘʥʦ ʚʩʽ ʪʠʧʠ.  

ʋ ʧʨʝʜʩʪʘʚʣʝʥʦʤʫ ʜʦʩʣʽʜʞʝʥʥʽ ʧʦʙʫʜʦʚʘʥʠʡ ʤʝʪʦʜ ʧʦʰʫʢʫ ʦʧʪʠʤʘʣʴʥʦʛʦ ʪʠʧʫ 

ʰʪʫʯʥʦʾ ʥʝʡʨʦʥʥʦʾ ʤʝʨʝʞʽ  ʟʘ ʜʦʧʦʤʦʛʦʶ ʚʽʜʧʦʚʽʜʥʠʭ ʥʘʚʯʘʣʴʥʠʭ ʪʘ ʪʝʩʪʦʚʠʭ ʚʠʙʽʨʦʢ 

ʧʦʩʣʽʜʦʚʥʦ ʟʘʩʪʦʩʦʚʫʚʘʚʩʷ ʜʣʷ ʨʦʟʚôʷʟʘʥʥʷ ʟʘʜʘʯ  ʘʚʪʦʤʘʪʠʟʦʚʘʥʦʛʦ ʢʝʨʫʚʘʥʥʷ 

ʪʝʤʧʝʨʘʪʫʨʥʠʤ ʨʝʞʠʤʦʤ, ʨʝʞʠʤʦʤ ʦʩʚʽʪʣʝʥʥʷ ʪʘ ʥʘʣʘʰʪʫʚʘʥʥʷʤʠ ʩʠʩʪʝʤ ʙʝʟʧʝʢʠ. 

ʇʝʨʝʚʘʛʦʶ ʨʦʟʨʦʙʣʝʥʦʛʦ ʤʝʪʦʜʫ ʻ ʚʠʢʦʨʠʩʪʘʥʥʷ ʻʜʠʥʦʛʦ ʥʘʙʦʨʫ ʽʩʪʦʨʠʯʥʠʭ ʜʘʥʠʭ ʜʣʷ 

ʬʦʨʤʫʚʘʥʥʷ ʥʘʚʯʘʣʴʥʦʾ ʪʘ ʪʝʩʪʦʚʦʾ ʚʠʙʽʨʦʢ ʟʘ ʜʦʧʦʤʦʛʦʶ ʢʦʤʙʽʥʫʚʘʥʥʷ ʚʭʽʜʥʠʭ ʪʘ 

ʚʠʭʽʜʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʜʣʷ ʢʦʞʥʦʾ ʧʦʩʪʘʚʣʝʥʦʾ ʟʘʜʘʯʽ, ʱʦ ʚʠʢʣʶʯʘʻ ʚʧʣʠʚ ʥʘ ʨʝʟʫʣʴʪʘʪʠ 

ʨʦʙʦʪʠ ʘʣʛʦʨʠʪʤʫ ʰʪʫʯʥʦʾ ʥʝʡʨʦʥʥʦʾ ʤʝʨʝʞʽ ʩʧʝʮʠʬʽʢʠ ʜʘʥʠʭ, ʷʢʽ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠʩʴ ʫ 

ʧʨʦʮʝʩʽ ʪʨʝʥʫʚʘʥʥʷ. ɸʣʛʦʨʠʪʤ ʧʦʰʫʢʫ ʦʧʪʠʤʘʣʴʥʦʛʦ ʪʠʧʫ ʰʪʫʯʥʦʾ ʥʝʡʨʦʥʥʦʾ ʤʝʨʝʞʽ 

ʟʦʙʨʘʞʝʥʠʡ ʥʘ ʈʠʩʫʥʢʫ 2.9.  
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ʈʠʩ. 2.9. ɸʣʛʦʨʠʪʤ ʤʝʪʦʜʫ ʚʠʙʦʨʫ ʦʧʪʠʤʘʣʴʥʦʛʦ ʪʠʧʫ ʥʝʡʨʦʥʥʦʾ ʤʝʨʝʞʽ 

 

ʊʨʘʜʠʮʽʡʥʽ ʘʣʛʦʨʠʪʤʠ ʥʘʚʯʘʥʥʷ ʥʝʡʨʦʥʥʦʾ ʤʝʨʝʞʽ (ʥʘʧʨʠʢʣʘʜ, ʘʣʛʦʨʠʪʤ 

ʟʚʦʨʦʪʥʦʛʦ ʧʦʰʠʨʝʥʥʷ ʧʦʤʠʣʢʠ) ʦʩʥʦʚʘʥʽ ʥʘ ʟʥʘʭʦʜʞʝʥʥʽ ʥʘʡʢʨʘʱʠʭ ʢʦʝʬʽʮʽʻʥʪʽʚ 

ʟʚ'ʷʟʢʽʚ ʮʽʻʾ ʤʝʨʝʞʽ ʧʨʠ ʾʾ ʬʽʢʩʦʚʘʥʽʡ ʩʪʨʫʢʪʫʨʽ. ʇʨʦʙʣʝʤʘ ʚʠʙʦʨʫ ʚʽʜʧʦʚʽʜʥʦʾ ʩʪʨʫʢʪʫʨʠ 

ʥʝʡʨʦʥʥʦʾ ʤʝʨʝʞʽ ʧʨʠ ʪʘʢʦʤʫ ʧʽʜʭʦʜʽ ʣʝʞʠʪʴ ʥʘ ʧʣʝʯʘʭ ʨʦʟʨʦʙʥʠʢʘ ʽ ʙʘʛʘʪʦ ʚ ʯʦʤʫ 
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ʚʠʟʥʘʯʘʻ ʥʘʧʝʨʝʜ ʫʩʧʽʰʥʽʩʪʴ ʧʦʙʫʜʦʚʠ ʤʦʜʝʣʽ. ʂʨʽʤ ʮʴʦʛʦ, ʩʘʤʘ ʧʦ ʩʦʙʽ ʧʨʦʙʣʝʤʘ 

ʧʽʜʙʦʨʫ ʩʪʨʫʢʪʫʨʠ ʤʝʨʝʞʽ ʻ ʚʢʨʘʡ ʩʢʣʘʜʥʦʶ. ɼʣʷ ʩʧʨʦʱʝʥʥʷ ʧʦʙʫʜʦʚʠ ʥʝʡʨʦʥʥʠʭ ʤʝʨʝʞ 

ʥʘ ʜʘʥʠʡ ʯʘʩ ʽʩʥʫʻ ʙʘʛʘʪʦ ʤʝʪʦʜʽʚ ʽ ʘʣʛʦʨʠʪʤʽʚ. ɺʩʽ ʚʦʥʠ ʤʦʞʫʪʴ ʙʫʪʠ ʨʦʟʜʽʣʝʥʽ ʥʘ ʜʚʽ 

ʛʨʫʧʠ: ʤʝʪʦʜʠ ʪʘ ʘʣʛʦʨʠʪʤʠ ʥʘʨʦʱʫʚʘʥʥʷ ʩʪʨʫʢʪʫʨʠ ʤʝʨʝʞʽ ʽ ʤʝʪʦʜʠ ʪʘ ʘʣʛʦʨʠʪʤʠ 

ʩʧʨʦʱʝʥʥʷ ʩʪʨʫʢʪʫʨʠ ʤʝʨʝʞʽ. ʄʝʪʦʜʠ ʩʧʨʦʱʝʥʥʷ ʩʪʨʫʢʪʫʨʠ ʤʝʨʝʞʽ ʻ ʙʽʣʴʰ 

ʬʦʨʤʘʣʽʟʦʚʘʥʠʤʠ, ʧʨʦʪʝ ʚʦʥʠ ʧʦʚ'ʷʟʘʥʽ ʟʽ ʩʚʽʜʦʤʦ ʚʝʣʠʢʠʤʠ ʚʠʪʨʘʪʘʤʠ ʨʝʩʫʨʩʽʚ ʥʘ 

ʥʘʚʯʘʥʥʷ ʧʦʯʘʪʢʦʚʠʭ ʩʪʨʫʢʪʫʨ ʥʝʡʨʦʥʥʠʭ ʤʝʨʝʞ. ɸʣʛʦʨʠʪʤʠ ʥʘʨʦʱʫʚʘʥʥʷ ʩʪʨʫʢʪʫʨʠ 

ʤʝʨʝʞʽ, ʷʢ ʧʨʘʚʠʣʦ, ʩʧʠʨʘʶʪʴʩʷ ʥʘ ʝʤʧʽʨʠʯʥʽ ʜʘʥʽ ʧʨʦ ʧʦʣʽʧʰʝʥʥʷ ʩʪʫʧʝʥʷ ʥʘʚʯʘʥʥʷ 

ʥʝʡʨʦʥʥʦʾ ʤʝʨʝʞʽ ʧʨʠ ʥʘʨʦʱʫʚʘʥʥʽ ʾʾ ʩʪʨʫʢʪʫʨʠ. ɯʩʥʫʶʪʴ ʘʣʛʦʨʠʪʤʠ ʥʘʨʦʱʫʚʘʥʥʷ 

ʩʪʨʫʢʪʫʨʠ ʥʝʡʨʦʥʥʦʾ ʤʝʨʝʞʽ, ʟʘʩʥʦʚʘʥʽ ʥʘ ʦʜʥʦʯʘʩʥʦʤʫ ʦʙʤʝʞʝʥʥʽ ʯʠʩʣʘ ʧʨʠʭʦʚʘʥʠʭ 

ʰʘʨʽʚ ʤʝʨʝʞʽ ʪʘ ʧʦʩʣʽʜʦʚʥʦʤʫ ʟʘʧʦʚʥʝʥʥʽ ʧʨʠʭʦʚʘʥʠʭ ʰʘʨʽʚ ʤʝʨʝʞʽ ʥʝʡʨʦʥʘʤʠ ʜʦ ʩʪʘʥʫ 

ʥʘʩʠʯʝʥʥʷ, ʪʦʙʪʦ ʪʘʢʦʛʦ, ʢʦʣʠ ʧʨʠ ʜʦʜʘʚʘʥʥʽ ʥʦʚʦʛʦ ʥʝʡʨʦʥʘ ʚ ʜʘʥʠʡ ʰʘʨ, ʧʦʤʠʣʢʘ 

ʨʦʙʦʪʠ ʥʘʚʯʝʥʦʾ ʥʝʡʨʦʥʥʦʾ ʤʝʨʝʞʽ ʧʨʘʢʪʠʯʥʦ ʧʝʨʝʩʪʘʻ ʟʤʝʥʰʫʚʘʪʠʩʷ. ʋ ʪʘʢʠʭ 

ʘʣʛʦʨʠʪʤʘʭ ʚʽʜʩʫʪʥʷ ʞʦʨʩʪʢʘ ʬʽʢʩʘʮʽʷ ʯʠʩʣʘ ʧʨʠʭʦʚʘʥʠʭ ʰʘʨʽʚ, ʦʜʥʘʢ ʾʭ ʢʽʣʴʢʽʩʪʴ ʤʦʞʥʘ 

ʦʙʤʝʞʠʪʠ ʜʚʦʤʘ ʚʥʫʪʨʽʰʥʽʤʠ ʰʘʨʘʤʠ ʟ ʦʛʣʷʜʫ ʥʘ ʪʝ, ʱʦ ʪʝʦʨʝʪʠʯʥʦ ʜʦʚʝʜʝʥʘ 

ʜʦʩʪʘʪʥʽʩʪʴ ʦʜʥʦʛʦ ʚʥʫʪʨʽʰʥʴʦʛʦ ʰʘʨʫ, ʘ ʪʘʢʦʞ ʽʩʥʫʻ ʪʚʝʨʜʞʝʥʥʷ ʧʨʦ ʦʧʪʠʤʘʣʴʥʫ 

ʢʽʣʴʢʽʩʪʴ ʧʨʠʭʦʚʘʥʠʭ ʰʘʨʽʚ, ʱʦ ʜʦʨʽʚʥʶʻ ʜʚʦʤ. ɿʘʫʚʘʞʠʤʦ, ʱʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʥʝʡʨʦʥʥʠʭ 

ʤʝʨʝʞ ʟ ʚʝʣʠʢʦʶ ʢʽʣʴʢʽʩʪʶ ʚʥʫʪʨʽʰʥʽʭ ʰʘʨʽʚ ʤʦʞʝ ʧʨʠʚʝʩʪʠ ʜʦ ʦʪʨʠʤʘʥʥʷ ʟʘʜʦʚʽʣʴʥʠʭ 

ʨʝʟʫʣʴʪʘʪʽʚ ʥʘʚʯʘʥʥʷ ʤʝʨʝʞʽ ʧʨʠ ʤʝʥʰʠʭ ʾʾ ʨʦʟʤʽʨʘʭ ʚ ʜʝʷʢʠʭ ʦʢʨʝʤʠʭ ʢʦʥʢʨʝʪʥʠʭ 

ʧʨʠʢʣʘʜʘʭ, ʘʣʝ ʥʝ ʤʦʞʝ ʽʩʪʦʪʥʦ ʚʧʣʠʥʫʪʠ ʥʘ ʨʽʚʝʥʴ ʧʦʤʠʣʢʠ ʨʦʙʦʪʠ ʥʘʚʯʝʥʦʾ ʤʝʨʝʞʽ ʧʨʠ 

ʚʽʜʩʫʪʥʦʩʪʽ ʞʦʨʩʪʢʠʭ ʦʙʤʝʞʝʥʴ ʥʘ ʾʾ ʨʦʟʤʽʨ. ʅʘ ʦʩʥʦʚʽ ʮʴʦʛʦ ʪʚʝʨʜʞʝʥʥʷ ʤʦʞʥʘ 

ʧʦʙʫʜʫʚʘʪʠ ʘʣʛʦʨʠʪʤ ʘʜʘʧʪʘʮʽʾ ʩʪʨʫʢʪʫʨʠ ʥʝʡʨʦʥʥʦʾ ʤʝʨʝʞʽ, ʷʢʠʡ ʙʫʜʝ ʚʦʣʦʜʽʪʠ ʨʷʜʦʤ 

ʧʝʨʝʚʘʛ: ʟʥʘʭʦʜʠʪʠ ʦʧʪʠʤʘʣʴʥʝ ʯʠʩʣʦ ʚʥʫʪʨʽʰʥʽʭ ʧʨʠʭʦʚʘʥʠʭ ʰʘʨʽʚ ʥʝʡʨʦʥʥʦʾ ʤʝʨʝʞʽ, 

ʘ ʪʘʢʦʞ ʦʧʪʠʤʘʣʴʥʝ ʯʠʩʣʦ ʥʝʡʨʦʥʽʚ ʥʘ ʢʦʞʥʦʤʫ ʚʥʫʪʨʽʰʥʴʦʤʫ ʰʘʨʽ; ʚʨʘʭʦʚʫʚʘʪʠ 

ʤʦʞʣʠʚʽʩʪʴ ʟʤʽʥʠ ʟʥʘʯʝʥʥʷ ʨʽʚʥʷ ʥʘʩʠʯʝʥʦʩʪʽ ʧʨʠʭʦʚʘʥʠʭ ʰʘʨʽʚ ʥʝʡʨʦʥʥʦʾ ʤʝʨʝʞʽ ʧʨʠ 

ʥʘʨʦʱʝʥʥʽ ʩʪʨʫʢʪʫʨʠ ʽʥʰʠʭ ʧʨʠʭʦʚʘʥʠʭ ʰʘʨʽʚ; ʥʘ ʢʦʞʥʦʤʫ ʢʨʦʮʽ ʥʘʨʦʱʫʚʘʥʥʷ 

ʩʪʨʫʢʪʫʨʠ ʥʝʡʨʦʥʥʦʾ ʤʝʨʝʞʽ ʤʘʪʠ ʦʧʪʠʤʘʣʴʥʫ ʩʪʨʫʢʪʫʨʫ ʟ ʥʘʡʢʨʘʱʠʤ ʥʘʙʦʨʦʤ 
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ʚʥʫʪʨʽʰʥʽʭ ʧʨʠʭʦʚʘʥʠʭ ʰʘʨʽʚ ʪʘ ʢʽʣʴʢʦʩʪʝʡ ʾʭʥʽʭ ʥʝʡʨʦʥʽʚ, ʱʦ ʟʘʙʝʟʧʝʯʠʪʴ ʰʠʨʦʢʠʡ 

ʚʠʙʽʨ ʢʨʠʪʝʨʽʾʚ ʟʫʧʠʥʢʠ ʧʨʦʮʝʩʫ ʘʜʘʧʪʘʮʽʾ ʩʪʨʫʢʪʫʨʠ ʤʝʨʝʞʽ.   

ɼʘʥʠʡ ʘʣʛʦʨʠʪʤ ʤʦʞʥʘ ʨʦʟʛʣʷʜʘʪʠ ʷʢ ʛʝʥʝʪʠʯʥʠʡ, ʪʦʤʫ ʱʦ ʧʨʦʮʝʩ ʢʦʧʽʶʚʘʥʥʷ 

ʥʝʡʨʦʥʥʦʾ ʤʝʨʝʞʽ ʷʚʣʷʻ ʩʦʙʦʶ ʤʝʭʘʥʽʟʤ ʫʩʧʘʜʢʫʚʘʥʥʷ, ʝʪʘʧ ʨʽʟʥʦʾ ʤʦʜʠʬʽʢʘʮʽʾ ʢʦʞʥʦʾ 

ʥʝʡʨʦʥʥʦʾ ʤʝʨʝʞʽ - ʤʝʭʘʥʽʟʤ ʤʫʪʘʮʽʾ, ʘ ʧʦʜʘʣʴʰʠʡ ʚʠʙʽʨ ʥʘʡʢʨʘʱʦʾ ʥʝʡʨʦʥʥʦʾ ʤʝʨʝʞʽ - 

ʤʝʭʘʥʽʟʤ ʚʽʜʙʦʨʫ. ɭʜʠʥʠʤ ʥʘʢʣʘʜʝʥʠʤ ʜʦʜʘʪʢʦʚʠʤ ʦʙʤʝʞʝʥʥʷʤ ʥʘ ʨʦʟʤʽʨ ʥʝʡʨʦʥʥʦʾ 

ʤʝʨʝʞʽ, ʢʨʽʤ ʪʠʭ, ʱʦ ʚʭʦʜʷʪʴ ʚ ʢʨʠʪʝʨʽʡ ʟʫʧʠʥʢʠ ʥʘʚʯʘʥʥʷ ʻ ʦʙʤʝʞʝʥʥʷ ʥʘ ʤʘʢʩʠʤʘʣʴʥʫ 

ʢʽʣʴʢʽʩʪʴ ʥʝʡʨʦʥʽʚ ʥʘ ʚʥʫʪʨʽʰʥʴʦʤʫ ʰʘʨʽ, ʱʦ ʚʩʪʘʥʦʚʣʶʻʪʴʩʷ ʟʥʘʯʝʥʥʷʤ, ʷʢʝ ʥʘ 

ʦʜʠʥʠʮʶ ʤʝʥʰʝ ʧʦʜʚʦʻʥʦʾ ʢʽʣʴʢʦʩʪʽ ʥʝʡʨʦʥʽʚ ʥʘ ʚʭʽʜʥʦʤʫ ʰʘʨʽ.  

ʋ ʨʦʟʨʦʙʣʝʥʦʤʫ ʘʣʛʦʨʠʪʤʽ ʜʣʷ ʟʨʫʯʥʦʩʪʽ ʨʦʟʨʦʙʢʠ ʥʝʡʨʦʥʠ ʰʪʫʯʥʦʾ ʥʝʡʨʦʥʥʦʾ 

ʤʝʨʝʞʽ ʧʨʝʜʩʪʘʚʣʝʥʽ ʫ ʚʠʛʣʷʜʽ ʜʚʦʚʠʤʽʨʥʦʾ ʤʘʪʨʠʮʽ ʪʘ ʧʦʟʥʘʯʘʶʪʴʩʷ ʚʽʜʧʦʚʽʜʥʦ ʢʦʜʫ 

X.Y, ʜʝ X ï ʧʦʨʷʜʢʦʚʠʡ ʥʦʤʝʨ ʧʨʠʭʦʚʘʥʦʛʦ ʰʘʨʫ, ʘ Y ï ʧʦʨʷʜʢʦʚʠʡ ʥʦʤʝʨ ʥʝʡʨʦʥʫ. 

ʇʨʠʢʣʘʜ ʩʪʨʫʢʪʫʨʠ ʰʪʫʯʥʦʾ ʥʝʡʨʦʥʥʦʾ ʤʝʨʝʞʽ ʟ ʪʨʴʦʤʘ ʧʨʠʭʦʚʘʥʠʤʠ ʰʘʨʘʤʠ ʪʘ ʪʨʴʦʤʘ 

ʥʝʡʨʦʥʘʤʠ ʥʘ ʢʦʞʥʦʤʫ ʰʘʨʽ ʟ ʚʽʜʧʦʚʽʜʥʠʤ ʤʘʨʢʫʚʘʥʥʷʤ ʥʘʚʝʜʝʥʠʡ ʥʘ ʈʠʩʫʥʢʫ 2.10.   

 

ʈʠʩ. 2.10. ʉʪʨʫʢʪʫʨʘ ʰʪʫʯʥʦʾ ʥʝʡʨʦʥʥʦʾ ʤʝʨʝʞʽ ʟ  

ʚʽʜʧʦʚʽʜʥʠʤ ʤʘʨʢʫʚʘʥʥʷʤ ʥʝʡʨʦʥʽʚ 
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ɺʠʙʨʘʥʘ ʧʦʯʘʪʢʦʚʘ ʩʪʨʫʢʪʫʨʘ ʥʝʡʨʦʥʥʦʾ ʤʝʨʝʞʽ ʚʠʟʥʘʯʘʻ ʧʦʜʘʣʴʰʽ ʤʦʞʣʠʚʦʩʪʽ 

ʨʦʟʚʠʪʢʫ ʪʘ ʘʜʘʧʪʘʮʽʾ ʩʪʨʫʢʪʫʨʠ ʤʝʨʝʞʽ ʚ ʨʘʤʢʘʭ ʜʘʥʦʛʦ ʘʣʛʦʨʠʪʤʫ: ʥʘʡʙʽʣʴʰ 

ʚʘʞʣʠʚʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʻ ʢʽʣʴʢʽʩʪʴ ʚʥʫʪʨʽʰʥʽʭ ʰʘʨʽʚ ʤʝʨʝʞʽ ʽ ʥʘʷʚʥʽʩʪʴ ʘʙʦ 

ʚʽʜʩʫʪʥʽʩʪʴ ʟʚ'ʷʟʢʽʚ ʤʽʞ ʥʝʡʨʦʥʘʤʠ. ɸʣʛʦʨʠʪʤ ʤʦʞʝ ʧʦʯʘʪʠ ʧʨʘʮʶʚʘʪʠ ʟ ʙʫʜʴ-ʷʢʦʶ 

ʧʦʯʘʪʢʦʚʦʶ ʩʪʨʫʢʪʫʨʦʶ ʙʘʛʘʪʦʰʘʨʦʚʦʛʦ ʧʝʨʩʝʧʪʨʦʥʘ, ʦʜʥʘʢ ʧʦʯʘʪʢʦʚʘ ʤʝʨʝʞʘ 

ʤʽʩʪʠʪʠʤʝ ʥʘʩʪʫʧʥʫ ʩʪʨʫʢʪʫʨʫ: ʤʝʨʝʞʘ ʤʽʩʪʠʪʴ ʦʜʠʥ ʧʨʠʭʦʚʘʥʠʡ ʰʘʨ, ʱʦ ʤʽʩʪʠʪʴ ʦʜʠʥ 

ʥʝʡʨʦʥ. ɹʫʜʴ ʷʢʘ ʩʪʚʦʨʝʥʘ ʥʘ ʥʘʩʪʫʧʥʠʭ ʢʨʦʢʘʭ ʤʝʨʝʞʘ ʙʫʜʝ ʧʦʚʥʦʶ, ʪʦʙʪʦ ʢʦʞʝʥ 

ʥʝʡʨʦʥ i-ʛʦ ʰʘʨʫ ʧʦʚ'ʷʟʘʥʠʡ ʟ ʫʩʽʤʘ ʥʝʡʨʦʥʘʤʠ (ʽ + 1) -ʛʦ ʽ (i - 1) -ʛʦ ʰʘʨʽʚ. ʂʨʠʪʝʨʽʡ 

ʟʘʢʽʥʯʝʥʥʷ ʥʘʚʯʘʥʥʷ ʤʦʞʝ ʙʫʪʠ ʷʢ ʘʙʩʦʣʶʪʥʠʤ (ʧʦʜʦʣʘʥʥʷ ʨʽʚʥʷ ʧʦʤʠʣʢʠ ʤʝʨʝʞʽ 

ʜʝʷʢʦʛʦ ʧʦʨʦʛʦʚʦʛʦ ʟʥʘʯʝʥʥʷ), ʪʘʢ ʽ ʚʽʜʥʦʩʥʠʤ (ʟʤʝʥʰʝʥʥʷ ʧʦʤʠʣʢʠ ʤʝʨʝʞʽ ʧʨʠ 

ʥʘʨʦʱʫʚʘʥʥʽ ʩʪʨʫʢʪʫʨʠ ʤʝʨʝʞʽ ʧʨʠʧʠʥʠʣʦʩʷ ʘʙʦ ʩʧʦʚʽʣʴʥʠʣʦʩʷ). ʂʨʽʤ ʮʴʦʛʦ, ʥʝ ʤʦʞʥʘ 

ʟʘʙʫʚʘʪʠ ʧʨʦ ʦʙʤʝʞʝʥʥʷ ʥʘ ʨʦʟʤʽʨ ʥʝʡʨʦʥʥʦʾ ʤʝʨʝʞʽ, ʥʝ ʧʦʚ'ʷʟʘʥʠʭ ʟ ʨʽʚʥʝʤ ʾʾ ʧʦʤʠʣʢʠ 

- ʮʽ ʦʙʤʝʞʝʥʥʷ ʚʠʟʥʘʯʘʶʪʴʩʷ ʥʘʷʚʥʠʤʠ ʦʙʯʠʩʣʶʚʘʣʴʥʠʤʠ ʧʦʪʫʞʥʦʩʪʷʤʠ ʽ ʨʦʟʤʽʨʦʤ 

ʥʘʚʯʘʣʴʥʦʾ ʚʠʙʽʨʢʠ.  

ʅʘʩʪʫʧʥʠʡ ʢʨʦʢ ʚʠʟʥʘʯʘʻ ʚʩʽ ʤʦʞʣʠʚʽ ʢʦʥʬʽʛʫʨʘʮʽʾ ʩʪʨʫʢʪʫʨʠ ʧʨʠʭʦʚʘʥʠʭ ʰʘʨʽʚ 

ʰʪʫʯʥʦʾ ʥʝʡʨʦʥʥʦʾ ʤʝʨʝʞʽ, ʱʦ ʟʘʜʦʚʣ̔ʴʥʷʶʪʴ ʦʙʤʝʞʝʥʥʷʤ ʢʽʣʴʢʦʩʪʽ ʥʝʡʨʦʥʽʚ ʥʘ 

ʧʨʠʭʦʚʘʥʠʭ ʰʘʨʘʭ. ɺʽʜʧʦʚʽʜʥʦ ʩʪʚʦʨʝʥʠʤ ʢʦʥʬʽʛʫʨʘʮʽʷʤ ʩʪʚʦʨʶʪʴʩʷ ʝʢʟʝʤʧʣʷʨʠ 

ʰʪʫʯʥʠʭ ʥʝʡʨʦʥʥʠʭ ʤʝʨʝʞ. 

ɼʘʣʽ, ʚʽʜʙʫʚʘʻʪʴʩʷ ʧʨʦʮʝʩ ʪʨʝʥʫʚʘʥʥʷ ʢʦʞʥʦʾ ʩʪʚʦʨʝʥʦʾ ʰʪʫʯʥʦʾ ʥʝʡʨʦʥʥʦʾ 

ʤʝʨʝʞʽ.  

ʅʘʩʪʫʧʥʠʤ ʢʨʦʢʦʤ ʘʣʛʦʨʠʪʤʫ ʜʣʷ ʚʠʙʦʨʫ ʥʘʡʢʨʘʱʦʾ ʧʦ ʨʝʟʫʣʴʪʘʪʠʚʥʦʩʪʽ 

ʩʪʨʫʢʪʫʨʠ ʥʝʡʨʦʥʥʦʾ ʤʝʨʝʞʽ ʻ ʧʦʨʽʚʥʷʥʥʷ ʾʭ ʧʦʤʠʣʦʢ ʨʦʙʦʪʠ. ʄʝʨʝʞʘ ʟ ʥʘʡʤʝʥʰʦʶ 

ʧʦʤʠʣʢʦʶ ʟʙʝʨʽʛʘʻʪʴʩʷ. ʊʘʢʠʤ ʯʠʥʦʤ, ʤʦʜʠʬʽʢʘʮʽʷ, ʷʢʘ ʧʨʠʚʝʣʘ ʜʦ ʥʘʡʙʽʣʴʰʦʛʦ 

ʧʦʣʽʧʰʝʥʥʷ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʥʝʡʨʦʥʥʦʾ ʤʝʨʝʞʽ, ʧʨʠʡʤʘʻʪʴʩʷ ʟʘ ʾʾ çʙʘʟʦʚʫè ʩʪʨʫʢʪʫʨʫ.  

ʅʘʩʪʫʧʥʠʡ ʢʨʦʢ ʚʠʟʥʘʯʘʻ ʚʩʽ ʤʦʞʣʠʚʽ ʢʦʥʬʽʛʫʨʘʮʽʾ ʩʪʨʫʢʪʫʨʠ ʧʨʠʭʦʚʘʥʠʭ ʰʘʨʽʚ 

ʰʪʫʯʥʦʾ ʥʝʡʨʦʥʥʦʾ ʤʝʨʝʞʽ ʟ ʜʦʜʘʚʘʥʥʷʤ ʜʦʜʘʪʢʦʚʦʛʦ ʧʨʠʭʦʚʘʥʦʛʦ ʰʘʨʫ ʟ ʢʽʣʴʢʽʩʪʶ 

ʥʝʡʨʦʥʽʚ, ʱʦ ʟʘʜʦʚʣ̔ʴʥʷʻ ʦʙʤʝʞʝʥʥʷʤ ʢʽʣʴʢʦʩʪʽ ʥʝʡʨʦʥʽʚ ʥʘ ʧʨʠʭʦʚʘʥʠʭ ʰʘʨʘʭ. 
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ɼʘʣʽ, ʚʽʜʙʫʚʘʻʪʴʩʷ ʧʨʦʮʝʩ ʪʨʝʥʫʚʘʥʥʷ ʢʦʞʥʦʾ ʩʪʚʦʨʝʥʦʾ ʰʪʫʯʥʦʾ ʥʝʡʨʦʥʥʦʾ ʤʝʨʝʞʽ 

ʟ ʜʦʜʘʪʢʦʚʠʤ ʧʨʠʭʦʚʘʥʠʤ ʰʘʨʦʤ.  

ʅʘʩʪʫʧʥʠʤ ʢʨʦʢʦʤ ʘʣʛʦʨʠʪʤʫ ʜʣʷ ʚʠʙʦʨʫ ʥʘʡʢʨʘʱʦʾ ʧʦ ʨʝʟʫʣʴʪʘʪʠʚʥʦʩʪʽ 

ʥʝʡʨʦʥʥʦʾ ʤʝʨʝʞʽ ʻ ʧʦʨʽʚʥʷʥʥʷ ʾʭ ʧʦʤʠʣʦʢ ʨʦʙʦʪʠ. ʗʢʱʦ ʟ ʩʪʚʦʨʥʠʭ ʥʘ ʦʩʪʘʥʥʴʦʤʫ ʢʨʦʮʽ 

ʰʪʫʯʥʠʭ ʥʝʡʨʦʥʥʠʭ ʤʝʨʝʞ ʽʩʥʫʻ ʪʘʢʘ, ʧʦʭʠʙʢʘ ʚʠʭʽʜʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ ʷʢʘ ʻ ʥʠʞʯʦʶ, ʪʦ 

ʚʦʥʘ ʧʨʠʡʤʘʻʪʴʩʷ ʷʢ çʙʘʟʦʚʘè ʩʪʨʫʢʪʫʨʘ ʽ ʧʨʦʮʝʩ ʧʦʰʫʢʫ ʦʧʪʠʤʘʣʴʥʦʾ ʩʪʨʫʢʪʫʨʠ 

ʧʨʦʜʦʚʞʫʻʪʴʩʷ ʧʦʯʠʥʘʶʯʠ ʟ ʧʝʨʰʦʛʦ ʢʨʦʢʫ ʘʣʛʦʨʠʪʤʫ, ʘʣʝ ʟ ʥʦʚʦʶ çʙʘʟʦʚʦʶè 

ʩʪʨʫʢʪʫʨʦʶ.  

ʇʨʦʮʝʩ ʧʦʰʫʢʫ ʦʧʪʠʤʘʣʴʥʦʾ ʩʪʨʫʢʪʫʨʠ ʟʘʢʽʥʯʫʻʪʴʩʷ ʧʨʠ ʩʠʪʫʘʮʽʾ, ʢʦʣʠ ʜʦʜʘʚʘʥʥʷ 

ʜʦʜʘʪʢʦʚʦʛʦ ʧʨʠʭʦʚʘʥʦʛʦ ʰʘʨʫ ʥʝ ʩʪʚʦʨʶʻ ʩʠʪʫʘʮʽʶ ʟʤʝʥʰʝʥʥʷ ʧʦʭʠʙʢʠ ʚʠʭʽʜʥʠʭ 

ʜʘʥʠʭ ʤʝʨʝʞʽ. çɹʘʟʦʚʘè ʩʪʨʫʢʪʫʨʘ ʰʪʫʯʥʦʾ ʥʝʡʨʦʥʥʦʾ ʤʝʨʝʞʽ, ʱʦ ʟʙʝʨʝʞʝʥʘ ʫ ʮʝʡ 

ʤʦʤʝʥʪ ʧʨʠʡʤʘʻʪʴʩʷ ʷʢ ʥʘʡʝʬʝʢʪʠʚʥʽʰʘ ʩʪʨʫʢʪʫʨʘ ʤʝʨʝʞʽ. 

ʈʦʟʛʣʷʥʫʪʠʡ ʧʨʦʮʝʩ ʧʦʰʫʢʫ ʦʧʪʠʤʘʣʴʥʦʾ ʩʪʨʫʢʪʫʨʠ ʧʨʠʭʦʚʘʥʠʭ ʰʘʨʽʚ ʐʅʄ 

ʤʦʞʥʘ ʧʨʝʜʩʪʘʚʠʪʠ ʜʝʪʘʣʴʥʦ ʟʘ ʜʦʧʦʤʦʛʦʶ ʩʝʤʠ ʢʨʦʢʽʚ: 

ʂʨʦʢ 1. ɺʠʟʥʘʯʘʻʤʦ ʟʤʽʥʥʽ ʢʽʣʴʢʦʩʪʽ ʧʨʠʭʦʚʘʥʠʭ ʰʘʨʽʚ ʰʪʫʯʥʦʾ ʥʝʡʨʦʥʥʦʾ ʤʝʨʝʞʽ 

(L), ʢʽʣʴʢʦʩʪʽ ʥʝʡʨʦʥʽʚ ʥʘ ʢʦʞʥʦʤʫ ʰʘʨʽ (NL) ʪʘ ʾʭʥʽ ʧʦʯʘʪʢʦʚʽ ʧʦʪʦʯʥʽ ʟʥʘʯʝʥʥʷ: 

L = 1       (2.4) 

NL = 1       (2.5) 

ʂʨʦʢ 2. ʇʨʦʮʝʩ ʪʨʝʥʫʚʘʥʥʷ ʰʪʫʯʥʦʾ ʥʝʡʨʦʥʥʦʾ ʤʝʨʝʞʽ ʟ ʚʥʫʪʨʽʰʥʴʦʶ ʩʪʨʫʢʪʫʨʦʶ 

ʥʝʡʨʦʥʽʚ, ʱʦ ʚʽʜʧʦʚʽʜʘʻ ʧʦʪʦʯʥʠʤ ʟʥʘʯʝʥʥʷʤ ʢʽʣʴʢʦʩʪʽ ʧʨʠʭʦʚʘʥʠʭ ʰʘʨʽʚ ʰʪʫʯʥʦʾ 

ʥʝʡʨʦʥʥʦʾ ʤʝʨʝʞʽ L, ʢʽʣʴʢʦʩʪʽ ʥʝʡʨʦʥʽʚ ʥʘ ʢʦʞʥʦʤʫ ʰʘʨʽ NL.  

ʈʝʘʣʽʟʦʚʘʥʘ ʰʪʫʯʥʘ ʥʝʡʨʦʥʥʘ ʤʝʨʝʞʘ ʙʘʟʫʻʪʴʩʷ ʥʘ ʚʠʢʦʨʠʩʪʘʥʥʽ ʙʽʙʣʽʦʪʝʢʠ 

TensorFlow.js, ʱʦ ʨʝʘʣʽʟʫʻ ʧʨʦʛʨʘʤʥʫ ʧʣʘʪʬʦʨʤʫ ʜʣʷ ʩʪʚʦʨʝʥʥʷ ʤʦʜʝʣʝʡ ʤʘʰʠʥʥʦʛʦ 

ʥʘʚʯʘʥʥʷ TensorFlow ʥʘ ʤʦʚʽ ʧʨʦʛʨʘʤʫʚʘʥʥʷ JavaScript ʪʘ ʟʘʧʫʱʝʥʘ ʥʘ ʧʣʘʪʬʦʨʤʽ 

NodeJS.  

ɹʽʙʣʽʦʪʝʢʘ TensorFlow.js ʜʦʟʚʦʣʷʻ ʥʘʣʘʰʪʦʚʫʚʘʪʠ ʧʘʨʘʤʝʪʨʠ ʧʨʦʮʝʩʫ ʥʘʚʯʘʥʥʷ 

ʩʪʚʦʨʝʥʦʾ ʐʅʄ, ʪʘʢʽ ʷʢ ʜʦʧʫʩʪʠʤʠʡ ʧʦʨʽʛ ʧʦʤʠʣʢʠ ʜʣʷ ʥʘʚʯʘʣʴʥʦʾ ʚʠʙʽʨʢʠ, 

ʤʘʢʩʠʤʘʣʴʥʘ ʢʽʣʴʢʽʩʪʴ ʽʪʝʨʘʮʽʡ ʥʘʚʯʘʥʥʷ ʪʘ ʽʥʰʽ. ɼʣʷ ʨʦʟʨʦʙʣʶʚʘʥʦʾ ʩʠʩʪʝʤʠ 
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ʜʦʧʫʩʪʠʤʠʤ ʧʦʨʦʛʦʤ ʧʦʤʠʣʢʠ ʚʩʪʘʥʦʚʣʝʥʦ 0.015 (1.5%), ʘ ʤʘʢʩʠʤʘʣʴʥʦʶ ʢʽʣʴʢʽʩʪʶ 

ʽʪʝʨʘʮʽʡ ʥʘʚʯʘʥʥʷ 20 000. 

ʂʨʦʢ 3. ʇʝʨʝʚʽʨʢʘ ʨʝʟʫʣʴʪʘʪʽʚ ʨʦʙʦʪʠ ʐʅʄ: 

3.1. ɿʘʧʫʩʢ ʘʣʛʦʨʠʪʤʫ ʐʅʄ ʥʘ ʪʝʩʪʦʚʽʡ ʚʠʙʽʨʮʽ, ʢʦʣʠ ʥʘ ʚʭʽʜ ʧʦʜʘʻʪʴʩʷ ʟʥʘʯʝʥʥʷ 

ʨʝʘʣʴʥʠʭ ʽʩʪʦʨʠʯʥʠʭ ʜʘʥʠʭ (Xr) ʪʘ ʦʪʨʠʤʫʶʪʴʩʷ ʨʦʟʨʘʭʦʚʘʥʽ ʘʣʛʦʨʠʪʤʦʤ ʨʝʟʫʣʴʪʫʶʯʽ 

ʧʘʨʘʤʝʪʨʠ (Ycalc)   

3.2. ʈʦʟʨʘʭʫʥʦʢ % ʧʦʤʠʣʢʠ (ȹY) ʜʣʷ ʢʦʞʥʦʛʦ ʚʠʭʽʜʥʦʛʦ ʧʘʨʘʤʝʪʨʫ (ʟʥʘʯʝʥʴ 

ʝʥʝʨʛʦʩʧʦʞʠʚʘʥʥʷ ʪʘ ʯʘʩʫ ʨʦʙʦʪʠ): 

ȹYi = | Ycalc
i
 - Yr

i | / Yr
i
 .      (2.6) 

ʜʝ, i ï ʧʦʨʷʜʢʦʚʠʡ ʥʦʤʝʨ ʧʘʨʘʤʝʪʨʫ, Yr
i
 ï ʟʥʘʯʝʥʥʷ ʧʘʨʘʤʝʪʨʫ ʟ ʪʝʩʪʦʚʦʾ ʚʠʙʽʨʢʠ, Ycalc

i
 

ï ʟʥʘʯʝʥʥʷ ʚʠʭʽʜʥʦʛʦ ʧʘʨʘʤʝʪʨʫ ʨʦʟʨʘʭʦʚʘʥʦʛʦ ʘʣʛʦʨʠʪʤʦʤ. 

3.3. ɿʥʘʯʝʥʥʷʤ ʧʦʤʠʣʢʠ ʨʦʙʦʪʠ ʘʣʛʦʨʠʪʤʫ ʰʪʫʯʥʦʾ ʥʝʡʨʦʥʥʦʾ ʤʝʨʝʞʽ ʟ ʧʦʪʦʯʥʦʶ 

ʩʪʨʫʢʪʫʨʦʶ ʧʨʠʭʦʚʘʥʠʭ ʰʘʨʽʚ (Ў9 ) ʚʚʘʞʘʪʠʤʝʤʦ ʩʝʨʝʜʥʻ ʘʨʠʬʤʝʪʠʯʥʝ ʟʥʘʯʝʥʥʷ 

ʧʦʤʠʣʦʢ ʦʪʨʠʤʘʥʠʭ ʜʣʷ ʢʦʞʥʦʛʦ ʦʢʨʝʤʦʛʦ ʧʘʨʘʤʝʪʨʫ: 

Ў9
В Ў

 ,     (2.7) 

ʜʝ, n ï ʢʽʣʴʢʽʩʪʴ ʚʠʭʽʜʥʠʭ ʧʘʨʘʤʝʪʨʽʚ,  i ï ʧʦʨʷʜʢʦʚʠʡ ʥʦʤʝʨ ʧʘʨʘʤʝʪʨʫ, Ў9 ï 

ʚʽʜʩʦʪʢʦʚʝ ʟʥʘʯʝʥʥʷ ʧʦʤʠʣʢʠ ʨʦʟʨʘʭʦʚʘʥʦʛʦ ʜʣʷ ʧʦʪʦʯʥʦʛʦ ʧʘʨʘʤʝʪʨʫ.   

ʂʨʦʢ 4. ʈʘʥʞʫʚʘʥʥʷ ʩʪʚʦʨʝʥʠʭ ʩʪʨʫʢʪʫʨ ʟʘ ʝʬʝʢʪʠʚʥʽʩʪʶ ʨʦʙʦʪʠ. 

ʉʪʚʦʨʝʥʫ ʩʪʨʫʢʪʫʨʫ ʧʨʠʭʦʚʘʥʠʭ ʰʘʨʽʚ ʰʪʫʯʥʦʾ ʥʝʡʨʦʥʥʦʾ ʤʝʨʝʞʽ ʜʦʜʘʻʤʦ ʫ ʩʧʠʩʦʢ 

ʧʦʧʝʨʝʜʥʴʦ ʩʪʚʦʨʝʥʠʭ ʩʪʨʫʢʪʫʨ ʟ ʧʦʪʦʯʥʦʶ ʢʽʣʴʢʽʩʪʶ ʧʨʠʭʦʚʘʥʠʭ ʰʘʨʽʚ (L), 

ʚʽʜʩʦʨʪʦʚʘʥʠʡ ʟʘ ʟʥʘʯʝʥʥʷʤʠ ʧʦʤʠʣʢʠ ʨʦʙʦʪʠ ʘʣʛʦʨʠʪʤʫ ʧʦʯʠʥʘʶʯʠ ʚʽʜ ʥʘʡʤʝʥʰʦʛʦ.  

ʂʨʦʢ 5. ʇʝʨʝʚʽʨʢʘ ʫʤʦʚʠ ʜʦʜʘʚʘʥʥʷ ʥʦʚʦʛʦ ʥʝʡʨʦʥʫ ʜʦ ʧʦʪʦʯʥʦʛʦ ʧʨʠʭʦʚʘʥʦʛʦ ʰʘʨʫ. 

ʗʢʱʦ ʟʥʘʯʝʥʥʷ ʧʦʤʠʣʢʠ ʩʪʚʦʨʝʥʦʾ ʩʪʨʫʢʪʫʨʠ ʥʝ ʙʫʣʦ ʤʝʥʰʝ ʟʥʘʯʝʥʥʷ ʪʨʝʪʴʦʾ ʟʘ 

ʩʧʠʩʢʦʤ ʧʦʧʝʨʝʜʥʴʦ ʩʪʚʦʨʝʥʠʭ ʩʪʨʫʢʪʫʨ ʥʘ ʧʨʦʪʷʟʽ ʦʩʪʘʥʥʽʭ ʧôʷʪʠ ʽʪʝʨʘʮʽʡ ï 

ʧʝʨʝʭʦʜʠʤʦ ʜʦ ʥʘʩʪʫʧʥʦʛʦ ʢʨʦʢʫ ʘʣʛʦʨʠʪʤʫ (ʂʨʦʢ 6). ɯʥʘʢʰʝ, ʜʦʜʘʻʤʦ ʜʦ ʧʦʪʦʯʥʦʛʦ 

ʧʨʠʭʦʚʘʥʦʛʦ ʰʘʨʫ (Li)  ʜʦʜʘʪʢʦʚʠʡ ʥʝʡʨʦʥ: 

NL = NL + 1 ,      (2.8) 
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ʜʝ, NL ï ʢʽʣʴʢʽʩʪʴ ʥʝʡʨʦʥʽʚ ʥʘ ʧʨʠʭʦʚʘʥʦʤʫ ʰʘʨʽ L.    

ʇʽʩʣʷ ʜʦʜʘʚʘʥʥʷ ʜʦʜʘʪʢʦʚʦʛʦ ʥʝʡʨʦʥʫ ʫ ʦʩʪʘʥʥʽʡ ʰʘʨ ʐʅʄ, ʚʝʨʪʘʻʤʦʩʴ ʜʦ ʂʨʦʢʫ 2 

ʘʣʛʦʨʠʪʤʫ, ʪʦʙʪʦ ʜʦ ʪʨʝʥʫʚʘʥʥʷ ʐʅʄ ʟ ʥʦʚʦʩʪʚʦʨʝʥʦʶ ʩʪʨʫʢʪʫʨʦʶ ʧʨʠʭʦʚʘʥʠʭ ʰʘʨʽʚ. 

ʂʨʦʢ 6. ʇʝʨʝʚʽʨʢʘ ʫʤʦʚʠ ʟʘʚʝʨʰʝʥʥʷ ʨʦʙʦʪʠ ʘʣʛʦʨʠʪʤʫ. 

ʉʪʨʫʢʪʫʨʫ ʟ ʥʘʡʤʝʥʰʠʤ ʟʥʘʯʝʥʥʷʤ ʧʦʤʠʣʢʠ ʩʝʨʝʜ ʩʧʠʩʢʫ ʩʪʨʫʢʪʫʨ ʟ ʧʦʪʦʯʥʦʶ 

ʢʽʣʴʢʽʩʪʶ ʧʨʠʭʦʚʘʥʠʭ ʰʘʨʽʚ (L) ʜʦʜʘʻʤʦ ʫ ʟʘʛʘʣʴʥʠʡ ʩʧʠʩʦʢ ʩʪʚʦʨʝʥʠʭ 

ʥʘʡʦʧʪʠʤʘʣʴʥʽʰʠʭ ʩʪʨʫʢʪʫʨ, ʚʽʜʩʦʨʪʦʚʘʥʠʡ ʟʘ ʟʥʘʯʝʥʥʷʤʠ ʧʦʤʠʣʢʠ ʨʦʙʦʪʠ ʘʣʛʦʨʠʪʤʫ 

ʧʦʯʠʥʘʶʯʠ ʚʽʜ ʥʘʡʤʝʥʰʦʛʦ.  

ʗʢʱʦ ʟʥʘʯʝʥʥʷ ʧʦʤʠʣʢʠ ʜʦʜʘʥʦʾ ʫ ʩʧʠʩʦʢ ʩʪʨʫʢʪʫʨʠ ʥʝ ʙʫʣʦ ʤʝʥʰʝ ʟʥʘʯʝʥʥʷ ʪʨʝʪʴʦʾ 

ʟʘ ʩʧʠʩʢʦʤ ʟ ʧʦʧʝʨʝʜʥʴʦ ʜʦʜʘʥʠʭ ʩʪʨʫʢʪʫʨ ʥʘ ʧʨʦʪʷʟʽ ʦʩʪʘʥʥʽʭ ʧôʷʪʠ ʽʪʝʨʘʮʽʡ ï 

ʟʘʚʝʨʰʫʻʤʦ ʘʣʛʦʨʠʪʤ ʧʦʰʫʢʫ ʦʧʪʠʤʘʣʴʥʦʾ ʚʥʫʪʨʽʰʥʴʦʾ ʩʪʨʫʢʪʫʨʠ ʐʅʄ. ɿʘ 

ʥʘʡʝʬʝʢʪʠʚʥʽʰʫ ʩʪʨʫʢʪʫʨʫ ʚʚʘʞʘʻʪʴʩʷ ʧʝʨʰʘ ʫ ʩʧʠʩʢʫ ʩʪʨʫʢʪʫʨʘ ʟ ʥʘʡʤʝʥʰʠʤ 

ʩʝʨʝʜʥʴʦʘʨʠʬʤʝʪʠʯʥʠʤ ʟʥʘʯʝʥʥʷʤ ʧʦʭʠʙʢʠ ʚʩʽʭ ʘʚʪʦʤʘʪʠʟʦʚʘʥʦ ʚʠʟʥʘʯʝʥʠʭ ʚʠʭʽʜʥʠʭ 

ʧʘʨʘʤʝʪʨʽʚ ʰʪʫʯʥʦʾ ʥʝʡʨʦʥʥʦʾ ʤʝʨʝʞʽ. ɯʥʘʢʰʝ, ʧʝʨʝʭʦʜʠʤʦ ʜʦ ʂʨʦʢʫ 7 ʘʣʛʦʨʠʪʤʫ ʜʣʷ 

ʟʙʽʣʴʰʝʥʥʷ ʢʽʣʴʢʦʩʪʽ ʧʨʠʭʦʚʘʥʠʭ ʰʘʨʽʚ ʰʪʫʯʥʦʾ ʥʝʡʨʦʥʥʦʾ ʤʝʨʝʞʽ. 

ʂʨʦʢ 7. ɺʠʟʥʘʯʝʥʥʷ ʢʽʣʴʢʦʩʪʽ ʧʨʠʭʦʚʘʥʠʭ ʰʘʨʽʚ ʩʪʨʫʢʪʫʨʠ ʐʅʄ ʥʘʩʪʫʧʥʦʛʦ ʮʠʢʣʫ. 

ɼʦʜʘʻʤʦ ʜʦ ʥʘʡʝʬʝʢʪʠʚʥʽʰʦʾ ʩʪʚʦʨʝʥʦʾ ʥʘ ʧʦʪʦʯʥʠʡ ʤʦʤʝʥʪ ʩʪʨʫʢʪʫʨʠ ʰʪʫʯʥʦʾ 

ʥʝʡʨʦʥʥʦʾ ʤʝʨʝʞʽ ʜʦʜʘʪʢʦʚʠʡ ʧʨʠʭʦʚʘʥʠʡ ʰʘʨ ʟ ʦʜʥʠʤ ʥʝʡʨʦʥʦʤ: 

L = L +1 ,      (2.9) 

NL = 1 .           (2.10) 

ʇʽʩʣʷ ʜʦʜʘʚʘʥʥʷ ʜʦʜʘʪʢʦʚʦʛʦ ʧʨʠʭʦʚʘʥʦʛʦ ʰʘʨʫ ʐʅʄ ʟ ʦʜʥʠʤ ʧʦʯʘʪʢʦʚʠʤ 

ʥʝʡʨʦʥʦʤ, ʚʝʨʪʘʻʤʦʩʴ ʜʦ ʂʨʦʢʫ 2 ʘʣʛʦʨʠʪʤʫ, ʪʦʙʪʦ ʜʦ ʪʨʝʥʫʚʘʥʥʷ ʐʅʄ ʟ 

ʥʦʚʦʩʪʚʦʨʝʥʦʶ ʩʪʨʫʢʪʫʨʦʶ ʧʨʠʭʦʚʘʥʠʭ ʰʘʨʽʚ. 

 ʆʧʠʩʘʥʠʡ ʘʣʛʦʨʠʪʤ ʧʦʰʫʢʫ ʦʧʪʠʤʘʣʴʥʦʾ ʩʪʨʫʢʪʫʨʠ ʧʨʠʭʦʚʘʥʠʭ ʰʘʨʽʚ ʰʪʫʯʥʦʾ 

ʥʝʡʨʦʥʥʦʾ ʤʝʨʝʞʽ ʟʦʙʨʘʞʝʥʠʡ ʥʘ ʈʠʩʫʥʢʫ 2.11. 
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ʈʠʩ. 2.11. ɸʣʛʦʨʠʪʤ ʧʦʰʫʢʫ ʥʘʡʝʬʝʢʪʠʚʥʽʰʦʾ ʩʪʨʫʢʪʫʨʠ ʚʥʫʪʨʽʰʥʽʭ ʰʘʨʽʚ ʰʪʫʯʥʦʾ 

ʥʝʡʨʦʥʥʦʾ ʤʝʨʝʞʽ 

2.4 ʈʦʟʨʦʙʣʝʥʥʷ ʤʦʜʝʣʽ ʫʧʨʘʚʣʽʥʥʷ ʧʨʠʣʘʜʘʤʠ ʩʠʩʪʝʤ çʨʦʟʫʤʥʦʛʦè ʙʫʜʠʥʢʫ 

ʟʘ  ʜʦʧʦʤʦʛʦʶ ʩʠʥʪʝʟʫ ʘʣʛʦʨʠʪʤʫ ʰʪʫʯʥʦʾ ʥʝʡʨʦʥʥʦʾ ʤʝʨʝʞʽ ʪʘ ʤʝʨʝʞ ʇʝʪʨʽ 

ʆʨʛʘʥʽʟʘʮʽʷ ʫʧʨʘʚʣʽʥʥʷ ʩʢʣʘʜʥʠʤʠ ʪʝʭʥʽʯʥʠʤʠ ʩʠʩʪʝʤʘʤʠ ʧʝʨʝʜʙʘʯʘʻ, ʷʢ ʧʨʘʚʠʣʦ, 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʽʤʽʪʘʮʽʡʥʠʭ ʤʦʜʝʣʝʡ, ʷʢʽ ʜʦʟʚʦʣʷʶʪʴ ʧʦʧʝʨʝʜʥʴʦ ʜʦʩʣʽʜʞʫʚʘʪʠ ʩʠʩʪʝʤʫ ʽ 

ʚʠʷʚʣʷʪʠ ʾʾ ʦʩʥʦʚʥʽ ʚʣʘʩʪʠʚʦʩʪʽ. ɺʠʢʦʨʠʩʪʘʥʥʷ ʽʤʽʪʘʮʽʡʥʠʭ ʤʦʜʝʣʝʡ ʚ ʩʠʩʪʝʤʘʭ 

ʫʧʨʘʚʣʽʥʥʷ ʦʙʤʝʞʫʻʪʴʩʷ ʥʝʜʦʩʪʘʪʥʴʦʶ ʛʥʫʯʢʽʩʪʶ ʤʝʨʝʞ ʇʝʪʨʽ ʪʘ ʾʭ ʥʝʟʜʘʪʥʽʩʪʶ ʰʚʠʜʢʦ 
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ʚʨʘʭʦʚʫʚʘʪʠ ʫʤʦʚʠ ʟʦʚʥʽʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ, ʷʢʽ ʰʚʠʜʢʦ ʟʤʽʥʶʶʪʴʩʷ. ʊʠʧʦʚʠʡ ʤʝʪʦʜ 

ʦʧʪʠʤʽʟʘʮʽʾ  ʚʠʢʦʨʠʩʪʘʥʥʷ ʧʨʽʦʨʠʪʝʪʽʚ ʦʧʝʨʘʮʽʡ ʥʝ ʜʦʟʚʦʣʷʻ ʜʦʩʠʪʴ ʝʬʝʢʪʠʚʥʦ ʫʧʨʘʚʣʷʪʠ 

ʽʤʽʪʘʮʽʻʶ ʤʝʨʝʞʽ. ɺʠʭʦʜʷʯʠ ʟ ʮʴʦʛʦ, ʨʦʟʨʦʙʢʘ ʥʦʚʠʭ ʤʝʪʦʜʽʚ ʦʧʪʠʤʽʟʘʮʽʾ ʩʠʩʪʝʤ, 

ʧʨʝʜʩʪʘʚʣʝʥʠʭ ʤʝʨʝʞʘʤʠ ʇʝʪʨʽ, ʥʘ ʩʴʦʛʦʜʥʽʰʥʽʡ ʜʝʥʴ ʷʚʣʷʻʪʴʩʷ ʘʢʪʫʘʣʴʥʠʤ ʥʘʫʢʦʚʠʤ ʽ 

ʧʨʘʢʪʠʯʥʠʤ ʟʘʚʜʘʥʥʷʤ. 

ʄʝʨʝʞʽ ʇʝʪʨʽ ʻ ʟʨʫʯʥʠʤ ʽ ʜʦʩʠʪʴ ʫʥʽʚʝʨʩʘʣʴʥʠʤ ʟʘʩʦʙʦʤ ʧʨʝʜʩʪʘʚʣʝʥʥʷ ʪʝʭʥʽʯʥʠʭ 

ʩʠʩʪʝʤ. ʎʝ ʧʨʦʷʚʣʷʻʪʴʩʷ ʟʦʢʨʝʤʘ ʚ ʪʦʤʫ, ʱʦ ʚʦʥʠ ʜʦʟʚʦʣʷʶʪʴ ʬʦʨʤʫʚʘʪʠ ʤʦʜʝʣʽ ʟ 

ʥʝʦʙʭʽʜʥʠʤ ʩʪʫʧʝʥʝʤ ʜʝʪʘʣʽʟʘʮʽʾ. ʊʦʙʪʦ, ʜʣʷ ʦʧʠʩʫ ʨʦʙʦʪʠ ʩʠʩʪʝʤʠ çʨʦʟʫʤʥʦʛʦè 

ʙʫʜʠʥʢʫ ʚʮʽʣʦʤʫ ʤʦʞʥʘ ʚʠʢʦʨʠʩʪʘʪʠ ʫʟʘʛʘʣʴʥʝʥʫ ʤʝʨʝʞʫ ʇʝʪʨʽ, ʘ ʜʣʷ ʩʢʣʘʜʥʠʭ 

ʽʤʽʪʘʮʽʡʥʠʭ ʧʨʦʮʝʩʽʚ ʦʢʨʝʤʠʭ ʧʨʠʤʽʱʝʥʴ ʙʫʜʠʥʢʫ ʟʘʩʪʦʩʦʚʫʚʘʪʠʤʝʤʦ ʜʝʪʘʣʽʟʦʚʘʥʽ 

ʤʝʨʝʞʽ ʇʝʪʨʽ, ʱʦ ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ ʪʽʣʴʢʠ ʫ ʽʤʽʪʘʮʽʾ ʧʨʦʮʝʩʽʚ ʚ ʤʝʞʘʭ ʦʢʨʝʤʦ ʚʟʷʪʠʭ 

ʧʨʠʤʽʱʝʥʴ.  

ʂʦʞʥʘ ʦʢʨʝʤʘ ʧʽʜʩʠʩʪʝʤʘ "ʨʦʟʫʤʥʦʛʦ" ʙʫʜʠʥʢʫ, ʣʦʛʽʢʘ ʷʢʦʾ ʩʪʚʦʨʝʥʘ ʥʘ ʧʽʜʩʪʘʚʽ 

ʨʦʙʦʪʠ ʤʝʨʝʞʽ ʇʝʪʨʽ, ʟʘ ʜʦʧʦʤʦʛʦʶ ʜʽʡ ʩʠʩʪʝʤʠ (ʟʤʽʥʠ ʨʝʞʠʤʽʚ ʨʦʙʦʪʠ ʧʦʙʫʪʦʚʠʭ 

ʧʨʠʣʘʜʽʚ) ʫ ʥʘʩʣʽʜʦʢ ʩʧʨʘʮʶʚʘʥʥʷ ʧʝʨʝʭʦʜʽʚ ʪʘ ʟʤʽʥʠ ʩʪʘʥʽʚ ʩʠʩʪʝʤʠ (ʥʘʣʘʰʪʫʚʘʥʴ 

ʦʧʪʠʤʘʣʴʥʦʾ ʪʝʤʧʝʨʘʪʫʨʠ, ʥʘʣʘʰʪʫʚʘʥʴ ʦʩʚʽʪʣʝʥʥʷ, ʪʦʱʦ) ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʩʪʘʥʽʚ ʤʽʪʦʢ 

ʤʝʨʝʞʽ ʇʝʪʨʽ ʨʝʘʣʽʟʦʚʫʻʪʴʩʷ ʫ ʚʠʛʣʷʜʽ ʤʽʢʨʦʩʝʨʚʽʩʫ ʙʫʜʴ-ʷʢʦʛʦ ʧʨʦʚʘʡʜʝʨʘ ʭʤʘʨʥʠʭ 

ʦʙʯʠʩʣʝʥʴ, ʱʦ ʥʘʜʘʻ ʧʦʩʣʫʛʠ "ʙʝʟʩʝʨʚʝʨʥʠʭ" ʬʫʥʢʮʽʡ.  

ɺ ʥʘʡʧʨʦʩʪʽʰʦʤʫ ʚʠʧʘʜʢʫ ʤʦʜʝʣʴ ʩʠʩʪʝʤʠ ʤʦʞʥʘ ʧʦʜʘʪʠ ʧʨʦʩʪʦʶ ʤʝʨʝʞʝʶ ʇʝʪʨʽ: 

ὓ ὛȟὖȟὊȟὓ , 

ʜʝ S ï ʤʥʦʞʠʥʘ ʧʦʟʠʮʽʡ, P ï ʤʥʦʞʠʥʘ ʧʝʨʝʭʦʜʽʚ, F ï ʤʥʦʞʠʥʘ ʚʭʽʜʥʠʭ ʪʘ ʚʠʭʽʜʥʠʭ 

ʜʫʛ ʽ M0 ï ʧʦʯʘʪʢʦʚʝ ʤʘʨʢʫʚʘʥʥʷ. 

ʆʧʪʠʤʽʟʘʮʽʷ ʧʨʦʮʝʩʽʚ ʚ ʨʦʟʨʦʙʣʶʚʘʥʽʡ ʩʠʩʪʝʤʽ ʤʽʩʪʠʪʴ ʫ ʩʚʦʾʡ ʦʩʥʦʚʽ ʫʟʛʦʜʞʝʥʫ 

ʟʤʽʥʫ ʩʪʘʥʽʚ ʧʨʠʣʘʜʽʚ ʧʽʜôʻʜʥʘʥʠʭ ʜʦ ʩʠʩʪʝʤʠ çʨʦʟʫʤʥʦʛʦè ʙʫʜʠʥʢʫ ʫ ʚʽʜʧʦʚʽʜʥʦʩʪʽ ʜʦ 

ʜʽʡ ʤʝʰʢʘʥʮʽʚ ʙʫʜʠʥʢʫ ʪʘ ʥʝʟʘʣʝʞʥʠʭ ʧʦʜʽʡ. ɼʣʷ ʧʦʢʨʘʱʝʥʥʷ ʨʝʟʫʣʴʪʘʪʽʚ ʨʦʙʦʪʠ 

ʨʦʟʨʦʙʣʝʥʦʾ ʩʠʩʪʝʤʠ ʧʨʦʧʦʥʫʻʪʴʩʷ ʜʦʧʦʚʥʠʪʠ ʤʝʨʝʞʫ ʇʝʪʨʽ ʤʝʭʘʥʽʟʤʦʤ ʧʨʠʡʥʷʪʪʷ 

ʨʽʰʝʥʴ ʥʘ ʦʩʥʦʚʽ ʘʣʛʦʨʠʪʤʫ ʰʪʫʯʥʦʾ ʥʝʡʨʦʥʥʦʾ ʤʝʨʝʞʽ, ʷʢʘ ʜʦʟʚʦʣʠʪʴ ʧʨʠʡʤʘʪʠ ʨʽʰʝʥʥʷ 

ʧʨʦ ʚʠʙʽʨ ʧʝʨʝʭʦʜʽʚ ʤʝʨʝʞʽ, ʱʦ ʤʘʶʪʴ ʙʫʪʠ ʘʢʪʠʚʦʚʘʥʠʤʠ ʫ ʚʽʜʧʦʚʽʜʴ ʥʘ ʚʠʥʝʢʥʝʥʫ 
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ʧʦʜʽʶ ʯʠ ʟʤʽʥʫ ʧʘʨʘʤʝʪʨʽʚ ʩʠʩʪʝʤʠ. ʇʨʘʚʠʣʘ ʨʦʙʦʪʠ ʥʝʡʨʦʥʥʦʾ ʤʝʨʝʞʽ ʧʝʨʝʜʙʘʯʘʻʪʴʩʷ 

ʟʘʢʣʘʩʪʠ ʥʘ ʝʪʘʧʽ ʥʘʚʯʘʥʥʷ ʧʝʨʝʜ ʽʤʽʪʘʮʽʻʶ ʨʦʙʦʪʠ ʩʠʩʪʝʤʠ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʤʝʨʝʞʽ 

ʇʝʪʨʽ. 

ɽʤʧʽʨʠʯʥʦ ʜʦʚʝʜʝʥʦ, ʱʦ ʟʘʩʪʦʩʫʚʘʥʥʷ ʘʣʛʦʨʠʪʤʫ ʰʪʫʯʥʦʾ ʥʝʡʨʦʥʥʦʾ ʤʝʨʝʞʽ ʚ 

ʟʘʜʘʯʘʭ ʢʣʘʩʠʬʽʢʘʮʽʾ ʪʘ ʨʦʟʧʽʟʥʘʚʘʥʥʷ ʜʘʻ ʜʫʞʝ ʭʦʨʦʰʽ ʨʝʟʫʣʴʪʘʪʠ. ʇʦʩʪʘʚʣʝʥʝ ʜʣʷ 

ʚʠʨʽʰʝʥʥʷ ʟʘʚʜʘʥʥʷ ʧʦ ʩʫʪʽ ʻ ʘʥʘʣʦʛʽʯʥʠʤ, ʪʘʢ ʷʢ ʰʪʫʯʥʘ ʥʝʡʨʦʤʝʨʝʞʘ ʬʘʢʪʠʯʥʦ 

ʧʦʚʠʥʥʘ ʢʣʘʩʠʬʽʢʫʚʘʪʠ ʩʪʘʥ (ʤʘʨʢʫʚʘʥʥʷ ʤʝʨʝʞʽ ʘʙʦ ʽʥʰʽ ʟʤʽʥʥʽ), ʱʦ ʧʦʜʘʶʪʴʩʷ ʥʘ ʾʾ 

ʚʭʽʜ. ʎʝ ʜʦʟʚʦʣʷʻ ʦʪʨʠʤʫʚʘʪʠ ʧʨʦʛʥʦʟʦʚʘʥʽ ʪʘ ʦʯʽʢʫʚʘʥʽ ʨʝʟʫʣʴʪʘʪʠ ʟʘʩʪʦʩʫʚʘʥʥʷ 

ʘʣʛʦʨʠʪʤʫ ʰʪʫʯʥʦʾ ʥʝʡʨʦʥʥʦʾ ʤʝʨʝʞʽ ʜʣʷ ʜʘʥʦʛʦ ʟʘʚʜʘʥʥʷ. 

ʆʧʪʠʤʽʟʘʮʽʷ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʩʠʩʪʝʤ çʨʦʟʫʤʥʦʛʦè ʙʫʜʠʥʢʫ ʤʦʞʝ ʟʜʽʡʩʥʶʚʘʪʠʩʷ ʟʘ 

ʨʽʟʥʠʤʠ ʢʨʠʪʝʨʽʷʤʠ. ʅʘʡʙʽʣʴʰ ʯʘʩʪʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʥʠʤʠ ʢʨʠʪʝʨʽʷʤʠ ʻ: ʤʽʥʽʤʽʟʘʮʽʷ 

ʩʧʦʞʠʚʘʥʥʷ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ ʧʨʠʣʘʜʘʤʠ ʙʫʜʠʥʢʫ, ʤʽʥʽʤʽʟʘʮʽʷ ʝʥʝʨʛʦʚʠʪʨʘʪ ʥʘ ʦʧʘʣʝʥʥʷ ʪʘ 

ʚʝʥʪʠʣʷʮʽʶ ʜʣʷ ʧʽʜʚʠʱʝʥʥʷ ʧʦʢʘʟʥʠʢʽʚ ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʦʩʪʽ ʙʫʜʠʥʢʫ, ʤʘʢʩʠʤʽʟʘʮʽʷ 

ʪʦʯʥʦʩʪʽ ʩʧʨʘʮʶʚʘʥʥʷ ʩʠʩʪʝʤʠ ʙʝʟʧʝʢʠ ʪʘ ʽʥʰʽ.  

ʊʦʯʥʽʩʪʴ ʩʧʨʘʮʶʚʘʥʥʷ ʧʽʜʩʠʩʪʝʤ ʤʦʞʥʘ ʧʨʝʜʩʪʘʚʠʪʠ ʬʫʥʮʽʻʶ ʢʦʨʠʩʥʦʩʪʽ u(x), ʜʝ 

x ï ʚʝʢʪʦʨ ʘʣʴʪʝʨʥʘʪʠʚʥʠʭ ʥʘʣʘʰʪʫʚʘʥʴ ʩʠʩʪʝʤʠ, ʱʦ ʻ ʝʣʝʤʝʥʪʦʤ ʜʦʧʫʩʪʠʤʦʾ ʤʥʦʞʠʥʠ 

X. ɿʘʚʜʘʥʥʷ ʧʦʣʷʛʘʻ ʚ ʤʘʢʩʠʤʽʟʘʮʽʾ ʨʝʟʫʣʴʪʘʪʫ ʩʧʨʘʮʶʚʘʥʥʷ ʬʫʥʢʮʽʾ ʪʦʯʥʦʩʪʽ ʨʦʙʦʪʠ 

ʧʽʜʩʠʩʪʝʤ: 

όὼᴼ άὥὼ
ὼ ɴ ὢ

 .     (2.12) 

ɺʠʙʽʨ ʢʨʠʪʝʨʽʶ ʝʬʝʢʪʠʚʥʦʩʪʽ ʟʜʽʡʩʥʶʻʪʴʩʷ ʽʥʜʠʚʽʜʫʘʣʴʥʦ ʜʣʷ ʢʦʞʥʦʾ ʢʦʥʢʨʝʪʥʦʾ 

ʩʠʩʪʝʤʠ çʨʦʟʫʤʥʦʛʦè ʙʫʜʠʥʢʫ ʟʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʘʥʘʣʽʟʫ ʡʦʛʦ ʝʢʦʥʦʤʽʯʥʠʭ, 

ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʠʭ ʽ ʪʝʭʥʽʯʥʠʭ ʦʩʦʙʣʠʚʦʩʪʝʡ. ʋ ʷʢʦʩʪʽ ʢʨʠʪʝʨʽʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʥʘʡʙʽʣʴʰ 

ʯʘʩʪʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʤʽʥʽʤʽʟʘʮʽʶ ʩʧʦʞʠʚʘʥʥʷ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ ʧʨʠʣʘʜʘʤʠ ʙʫʜʠʥʢʫ. 

ʅʝʭʘʡ x ï ʚʝʢʪʦʨ ʙʘʟʦʚʠʭ ʥʘʣʘʰʪʫʚʘʥʴ ʧʨʠʣʘʜʽʚ, ʱʦ ʟʘʜʦʚʽʣʴʥʷʶʪʴ ʤʽʥʽʤʘʣʴʥʠʡ ʨʽʚʝʥʴ 

ʢʦʤʬʦʨʪʫ ʢʦʨʠʩʪʫʚʘʯʽʚ, ʱʦ ʻ ʝʣʝʤʝʥʪʦʤ ʜʦʧʫʩʪʠʤʦʾ ʤʥʦʞʠʥʠ X, u ï ʬʫʥʢʮʽʷ, ʷʢʦʶ 

ʤʦʞʥʘ ʨʦʟʨʘʭʫʚʘʪʠ ʨʽʚʝʥʴ ʢʦʤʬʦʨʪʫ ʤʝʰʢʘʥʮʽʚ, h ï ʥʘʙʽʨ ʥʘʣʘʰʪʫʚʘʥʴ ʧʨʠʣʘʜʽʚ, ʱʦ 

ʥʘʜʘʻ ʨʽʚʝʥʴ ʢʦʤʬʦʨʪʫ ʥʝ ʤʝʥʰʝ ʥʽʞ ʙʘʟʦʚʠʡ. ɿʘʚʜʘʥʥʷ ʧʦʣʷʛʘʻ ʫ ʤʽʥʽʤʽʟʘʮʽʾ 
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ʥʘʣʘʰʪʫʚʘʥʴ ʨʝʞʠʤʽʚ ʨʦʙʦʪʠ ʧʨʠʣʘʜʽʚ, ʧʨʠ ʫʤʦʚʽ ʱʦ ʨʽʚʝʥʴ ʢʦʤʬʦʨʪʫ ʙʫʜʝ ʥʝ ʤʝʥʰʠʤ 

ʥʽʞ ʧʨʠ ʙʘʟʦʚʦʤʫ ʥʘʙʦʨʽ ʥʘʣʘʰʪʫʚʘʥʴ: 

ὴὬ O άὭὲ

όὬ όὼ
Ὤ ɴ ὢ

 .      (2.13) 

ʆʙʤʝʞʝʥʥʷʤʠ ʨʦʟʚôʷʟʫʚʘʥʦʾ ʧʦʩʪʘʚʣʝʥʦʾ ʟʘʜʘʯʽ ʦʧʪʠʤʽʟʘʮʽʾ ʻ ʢʽʣʴʢʽʩʪʴ ʧʨʠʣʘʜʽʚ ʫ 

ʙʫʜʠʥʢʫ ʪʘ ʢʽʣʴʢʽʩʪʴ ʢʦʨʠʩʪʫʚʘʯʽʚ ʩʠʩʪʝʤʦʶ çʨʦʟʫʤʥʦʛʦè ʙʫʜʠʥʢʫ. 

ɺʘʞʣʠʚʽʩʪʴ ʢʦʞʥʦʛʦ ʟ ʢʨʠʪʝʨʽʾʚ ʧʦʜʘʥʦʛʦ ʫ ʥʘʚʯʘʣʴʥʠʭ ʧʨʠʢʣʘʜʘʭ ʧʦʚʠʥʥʘ ʙʫʪʠ 

ʚʨʘʭʦʚʘʥʘ ʚ ʟʥʘʯʝʥʥʷʭ ʚʭʽʜʥʠʭ ʜʘʥʠʭ. ɹʝʨʫʯʠ ʜʦ ʫʚʘʛʠ ʚʠʱʝʟʘʟʥʘʯʝʥʝ, ʜʣʷ ʨʦʟʚôʷʟʘʥʥʷ 

ʧʦʩʪʘʚʣʝʥʦʾ ʟʘʜʘʯʽ ʤʘʻ ʚʠʙʠʨʘʪʠʩʷ ʪʘʢʠʡ ʪʠʧ ʰʪʫʯʥʦʾ ʥʝʡʨʦʥʥʦʾ ʤʝʨʝʞʽ, ʷʢʠʡ 

ʧʝʨʝʜʙʘʯʘʻ ʥʘʚʯʘʥʥʷ ʟ ʚʯʠʪʝʣʝʤ. 

ʅʘ ʩʴʦʛʦʜʥʽʰʥʽʡ ʜʝʥʴ ʪʝʦʨʽʷ ʰʪʫʯʥʠʭ ʥʝʡʨʦʥʥʠʭ ʤʝʨʝʞ ʻ ʜʦʩʠʪʴ ʨʦʟʚʠʥʝʥʦʶ. ɼʣʷ 

ʚʠʨʽʰʝʥʥʷ ʨʽʟʥʠʭ ʟʘʚʜʘʥʴ ʨʦʟʨʦʙʣʝʥʽ ʨʽʟʥʽ ʪʠʧʠ ʥʝʡʨʦʤʝʨʝʞ. ʊʦʤʫ, ʧʝʨʰʠʤ ʢʨʦʢʦʤ ʻ 

ʚʠʙʽʨ ʪʠʧʫ ʥʝʡʨʦʤʝʨʝʞʽ. ɼʣʷ ʨʦʟʚôʷʟʘʥʥʷ ʧʦʩʪʘʚʣʝʥʦʾ ʟʘʜʘʯʽ ʚʠʙʝʨʝʤʦ ʥʘʡʙʽʣʴʰ 

ʧʦʰʠʨʝʥʠʡ ʪʠʧ ʰʪʫʯʥʦʾ ʥʝʡʨʦʥʥʦʾ ʤʝʨʝʞʽ - ʙʘʛʘʪʦʰʘʨʦʚʠʡ ʧʝʨʩʝʧʪʨʦʥ. ʌʦʨʤʫʚʘʥʥʷ 

ʩʪʨʫʢʪʫʨʠ ʰʪʫʯʥʦʾ ʥʝʡʨʦʥʥʦʾ ʤʝʨʝʞʽ ʻ ʩʢʣʘʜʥʠʤ ʪʘ ʽʪʝʨʘʮʽʡʥʠʤ ʟʘʚʜʘʥʥʷʤ.  

ʅʝʡʨʦʤʝʨʝʞʘ ʤʽʩʪʠʪʴ ʚʭʽʜʥʠʡ ʰʘʨ, ʚʠʭʽʜʥʠʡ ʽ ʯʦʪʠʨʠ ʧʨʠʭʦʚʘʥʽ ʰʘʨʠ. ʇʨʠʭʦʚʘʥʽ 

ʰʘʨʠ ʽʩʪʦʪʥʦ ʧʦʢʨʘʱʫʶʪʴ ʚʣʘʩʪʠʚʦʩʪʽ ʥʝʡʨʦʥʥʦʾ ʤʝʨʝʞʽ. ʂʽʣʴʢʽʩʪʴ ʥʝʡʨʦʥʽʚ ʚʭʽʜʥʦʛʦ 

ʰʘʨʫ ʚʽʜʧʦʚʽʜʘʻ ʯʠʩʣʫ ʯʠʥʥʠʢʽʚ, ʱʦ ʚʧʣʠʚʘʶʪʴ ʥʘ ʟʤʽʥʫ ʩʪʘʥʫ ʩʠʩʪʝʤʠ, ʪʘʢʽ ʷʢ ʨʫʭ, 

ʪʝʤʧʝʨʘʪʫʨʘ, ʘ ʪʘʢʦʞ ʟʥʘʯʝʥʥʷ ʜʘʪʠ ʪʘ ʛʦʜʠʥʠ. ʂʽʣʴʢʽʩʪʴ ʥʝʡʨʦʥʽʚ ʫ ʚʠʭʽʜʥʦʤʫ ʰʘʨʽ 

ʜʦʨʽʚʥʶʻ ʢʽʣʴʢʦʩʪʽ ʧʝʨʝʭʦʜʽʚ ʤʝʨʝʞʽ ʇʝʪʨʽ, ʷʢʽ ʫʧʨʘʚʣʷʶʪʴʩʷ ʥʝʡʨʦʤʝʨʝʞʝʶ. 

ʈʦʙʦʪʘ ʩʠʩʪʝʤʠ çʨʦʟʫʤʥʦʛʦè ʙʫʜʠʥʢʫ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʢʦʤʙʽʥʦʚʘʥʦʛʦ ʧʽʜʭʦʜʫ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʤʝʨʝʞ ʇʝʪʨʽ ʪʘ ʘʣʛʦʨʠʪʤʫ ʰʪʫʯʥʦʾ ʥʝʡʨʦʥʥʦʾ ʤʝʨʝʞʽ ʚʠʛʣʷʜʘʻ ʥʘʩʪʫʧʥʠʤ 

ʯʠʥʦʤ. ʇʨʠ ʟʤʽʥʽ ʩʪʘʥʫ ʩʠʩʪʝʤʠ (ʩʧʨʘʮʶʚʘʥʥʷ ʜʘʪʯʠʢʽʚ ʨʫʭʫ, ʟʤʽʥʘ ʪʝʤʧʝʨʘʪʫʨʠ, ʪʦʱʦ) 

ʰʪʫʯʥʘ ʥʝʡʨʦʥʥʘ ʤʝʨʝʞʘ ʦʪʨʠʤʫʻ ʥʘ ʚʭʽʜ ʧʦʪʦʯʥʽ ʧʘʨʘʤʝʪʨʠ ʩʠʩʪʝʤʠ. ɹʘʟʫʶʯʠʩʴ ʥʘ 

ʚʥʫʪʨʽʰʥʽʡ ʣʦʛʽʮʽ ʨʦʙʦʪʠ ʩʠʩʪʝʤʠ, ʷʢʘ ʩʬʦʨʤʦʚʘʥʘ ʧʽʜ ʯʘʩ ʧʨʦʮʝʩʫ ʥʘʚʯʘʥʥʷ ʥʘ 

ʽʩʪʦʨʠʯʥʽʡ ʚʠʙʽʨʮʽ ʜʘʥʠʭ, ʘʣʛʦʨʠʪʤ ʧʨʠʡʤʘʻ ʨʽʰʝʥʥʷ ʧʨʦ ʧʦʪʨʝʙʫ ʘʢʪʠʚʘʮʽʾ ʚʽʜʧʦʚʽʜʥʠʭ 

ʧʝʨʝʭʦʜʽʚ ʤʝʨʝʞʽ ʇʝʪʨʽ. ɼʘʥʽ ʧʝʨʝʭʦʜʽʚ ʤʝʨʝʞʽ ʇʝʪʨʽ, ʱʦ ʤʘʶʪʴ ʙʫʪʠ ʘʢʪʠʚʦʚʘʥʠʤʠ 
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ʧʦʩʪʫʧʘʶʪʴ ʥʘ ʚʠʭʽʜʥʠʡ ʰʘʨ ʰʪʫʯʥʦʾ ʥʝʡʨʦʥʥʦʾ ʤʝʨʝʞʽ. ʇʽʩʣʷ ʘʢʪʠʚʘʮʽʾ ʦʪʨʠʤʘʥʠʭ ʫ 

ʨʝʟʫʣʴʪʘʪʽ ʨʦʙʦʪʠ ʘʣʛʦʨʠʪʤʫ ʐʅʄ ʧʝʨʝʭʦʜʽʚ ʚʽʜʙʫʚʘʶʪʴʩʷ ʟʤʽʥʠ ʩʪʘʥʽʚ ʧʨʠʣʘʜʽʚ ʫ 

ʙʫʜʠʥʢʫ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʩʪʚʦʨʝʥʦʾ ʧʦʧʝʨʝʜʥʴʦ ʽʤʽʪʘʮʽʡʥʦʾ ʤʦʜʝʣʽ ʢʦʞʥʦʾ ʦʢʨʝʤʦʾ ʤʝʨʝʞʽ 

ʇʝʪʨʽ, ʱʦ ʚʽʜʧʦʚʽʜʘʶʪʴ ʟʘ ʦʢʨʝʤʽ ʬʫʥʢʮʽʦʥʘʣʴʥʽ ʚʠʤʦʛʠ ʪʘ ʦʢʨʝʤʽ ʧʨʠʤʽʱʝʥʥʷ ʙʫʜʠʥʢʫ. 

ʇʦʢʨʦʢʦʚʦ ʧʨʦʮʝʩ ʪʨʘʥʩʬʦʨʤʘʮʽʾ ʜʘʥʠʭ ʚʽʜ ʜʘʚʘʯʽʚ ʜʦ ʟʤʽʥʠ ʩʪʘʥʽʚ ʧʨʠʣʘʜʽʚ ʫ ʙʫʜʠʥʢʫ 

ʟʦʙʨʘʞʝʥʠʡ ʥʘ ʈʠʩʫʥʢʫ 2.12.  

 

ʈʠʩ. 2.12. ʉʭʝʤʘ ʧʨʦʮʝʩʫ ʟʤʽʥʠ ʩʪʘʥʽʚ ʧʨʠʣʘʜʽʚ ʫ ʚʽʜʧʦʚʽʜʴ ʥʘ ʟʤʽʥʫ ʟʥʘʯʝʥʴ ʜʘʚʘʯʽʚ  








































































































































































































