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ɺɺɽɼɽʅʀɽ 

 

ɸʢʪʫʘʣʴʥʦʩʪʴ ʪʝʤʳ ʜʠʩʩʝʨʪʘʮʠʠ. ʊʝʤʧʳ, ʩ ʢʦʪʦʨʳʤʠ ʨʘʟʚʠʚʘʝʪʩʷ 

ʩʦʚʨʝʤʝʥʥʘʷ ʩʬʝʨʘ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ, ʧʦʜʚʝʨʛʘʝʪ ʤʠʨʦʚʦʝ ʩʦʦʙʱʝʩʪʚʦ 

ʮʝʣʦʤʫ ʨʷʜʫ ʙʝʩʧʨʝʮʝʜʝʥʪʥʳʭ ʫʛʨʦʟ ʠ ʫʷʟʚʠʤʦʩʪʝʡ, ʢʦʪʦʨʳʝ ʟʣʦʫʤʳʰʣʝʥʥʠʢʫ 

ʦʪʢʨʳʚʘʶʪ ʚʦʟʤʦʞʥʦʩʪʠ ʢ ʨʝʘʣʠʟʘʮʠʠ ʢʦʤʧʴʶʪʝʨʥʳʭ ʘʪʘʢ. 

ʂʦʤʧʴʶʪʝʨʥʳʝ ʘʪʘʢʠ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʩʣʦʞʥʦʝ ʢʦʤʧʣʝʢʩʥʦʝ 

ʚʦʟʜʝʡʩʪʚʠʝ ʥʘ ʩʝʪʴ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʢʦʪʦʨʦʛʦ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʠʭ ʢʦʤʧʨʦʤʝʪʘʮʠʠ ʠ 

ʥʘʨʫʰʘʝʪʩʷ ʫʧʨʘʚʣʝʥʠʝ ʧʨʦʮʝʩʩʘʤʠ ʚ ʩʝʪʠ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ. ɿʘʯʘʩʪʫʶ ʵʪʦʤʫ 

ʧʨʝʜʰʝʩʪʚʫʝʪ ʜʦʣʛʘʷ ʠ ʢʨʦʧʦʪʣʠʚʘʷ ʨʘʙʦʪʘ: ʢʦʤʧʴʶʪʝʨʥʘʷ ʪʝʭʥʠʯʝʩʢʘʷ ʨʘʟʚʝʜʢʘ, 

ʧʦʠʩʢ ʭʘʨʘʢʪʝʨʥʳʭ ʫʷʟʚʠʤʦʩʪʝʡ ʠ ʟʘʭʚʘʪ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʘʢʪʠʚʦʚ. ɺʦʟʜʝʡʩʪʚʠʝ 

ʢʦʤʧʴʶʪʝʨʥʳʭ ʘʪʘʢ ʚʦʟʤʦʞʥʦ ʟʘ ʩʯʝʪ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʪʝʭʥʦʣʦʛʠʡ ʩʙʦʨʘ 

ʠʥʬʦʨʤʘʮʠʠ, ʤʘʣʦʵʬʬʝʢʪʠʚʥʳʭ ʤʝʭʘʥʠʟʤʦʚ ʟʘʱʠʪʳ, ʵʢʩʧʣʫʘʪʘʮʠʠ ʫʩʪʘʨʝʚʰʠʭ 

ʩʝʪʝʚʳʭ ʩʣʫʞʙ, ʧʨʦʪʦʢʦʣʦʚ ʠ ʦʧʝʨʘʮʠʦʥʥʳʭ ʩʠʩʪʝʤ.  

ʂ ʢʘʪʝʛʦʨʠʠ ʦʧʘʩʥʳʭ ʤʦʞʥʦ ʦʪʥʝʩʪʠ ʩʣʝʜʫʶʱʠʝ ʩʝʨʚʠʩʳ: ʩʝʨʚʠʩʳ ʜʦʩʪʫʧʘ 

ʢ ʬʘʡʣʦʚʦʡ ʩʠʩʪʝʤʝ; RPC; ʩʣʫʞʙʳ ʢʘʪʘʣʦʛʦʚ; ʧʨʠʥʪʝʨʳ; ʩʝʨʚʠʩʥʳʝ ʠʥʪʝʨʬʝʡʩʳ 

ʩʠʩʪʝʤ ʚʠʨʪʫʘʣʠʟʘʮʠʠ; VPN; ʩʧʝʮʠʬʠʯʥʳʝ ʜʣʷ ʩʝʪʝʡ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ ʩʠʩʪʝʤʳ; 

ʩʝʨʚʠʩʳ ʩʝʪʝʚʳʭ ʫʩʪʨʦʡʩʪʚ; Telnet; SSH; RDP; VNC ʠ ʪ.ʧ. ʂʨʦʤʝ ʪʦʛʦ, ʩʣʝʜʫʝʪ 

ʦʪʤʝʪʠʪʴ, ʯʪʦ ʥʝʜʦʩʪʘʪʢʠ ʟʘʱʠʪʳ ʩʣʫʞʝʙʥʳʭ ʧʨʦʪʦʢʦʣʦʚ, ʧʨʠʚʦʜʷʱʠʝ ʢ 

ʧʝʨʝʥʘʧʨʘʚʣʝʥʠʶ ʪʨʘʬʠʢʘ ʠ ʧʝʨʝʭʚʘʪʫ ʠʥʬʦʨʤʘʮʠʠ ʦ ʢʦʥʬʠʛʫʨʘʮʠʠ ʩʝʪʠ, 

ʥʝʜʦʩʪʘʪʢʠ ʟʘʱʠʪʳ ʧʨʦʪʦʢʦʣʦʚ NBNS ʠ LLMNR, ʘ ʪʘʢʞʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʦʪʢʨʳʪʳʭ 

(ʥʝʟʘʱʠʱʝʥʥʳʭ) ʧʨʦʪʦʢʦʣʦʚ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ ʚ ʩʦʚʨʝʤʝʥʥʳʭ ʩʝʪʷʭ ʧʝʨʝʜʘʯʠ 

ʜʘʥʥʳʭ ʠʤʝʶʪ ʚʳʩʦʢʠʡ ʫʨʦʚʝʥʴ ʨʠʩʢʘ. ʂʘʢ ʧʦʢʘʟʳʚʘʝʪ ʧʨʘʢʪʠʢʘ, ʧʦʜʘʚʣʷʶʱʝʝ 

ʙʦʣʴʰʠʥʩʪʚʦ ʫʩʧʝʰʥʳʭ ʢʦʤʧʴʶʪʝʨʥʳʭ ʘʪʘʢ ʦʩʥʦʚʘʥʳ ʥʘ ʵʢʩʧʣʫʘʪʘʮʠʠ 

ʫʷʟʚʠʤʦʩʪʝʡ ʢʘʢʠʭ-ʣʠʙʦ ʨʝʩʫʨʩʦʚ, ʢʦʪʦʨʳʝ ʥʝ ʜʦʣʞʥʳ ʙʳʪʴ ʜʦʩʪʫʧʥʳ ʥʘ ʩʝʪʝʚʦʤ 

ʧʝʨʠʤʝʪʨʝ. 

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʧʦʜʦʙʥʳʭ ʫʷʟʚʠʤʦʩʪʝʡ ʜʘʸʪ ʟʣʦʫʤʳʰʣʝʥʥʠʢʫ ʚʦʟʤʦʞʥʦʩʪʴ 

ʥʝʩʘʥʢʮʠʦʥʠʨʦʚʘʥʥʦ ʘʚʪʦʨʠʟʦʚʳʚʘʪʴʩʷ ʚ ʩʠʩʪʝʤʝ, ʧʦʚʳʰʘʪʴ ʧʦʣʴʟʦʚʘʪʝʣʴʩʢʠʝ 

ʧʨʠʚʠʣʝʛʠʠ, ʠʟʤʝʥʷʪʴ ʥʘʩʪʨʦʡʢʠ ʩʝʪʝʚʳʭ ʫʩʪʨʦʡʩʪʚ, ʧʨʦʩʣʫʰʠʚʘʪʴ ʠ 
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ʧʝʨʝʥʘʧʨʘʚʣʷʪʴ ʪʨʘʬʠʢ, ʙʣʦʢʠʨʦʚʘʪʴ ʩʝʪʝʚʦʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʠ ʥʘʨʫʰʘʪʴ 

ʠʥʬʦʨʤʘʮʠʦʥʥʳʡ ʦʙʤʝʥ ʚ ʩʝʪʷʭ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ. 

ʂʨʦʤʝ ʪʦʛʦ, ʥʝʦʙʭʦʜʠʤʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʥʝʜʦʩʪʘʪʢʠ ʟʘʱʠʪʳ ʩʣʫʞʝʙʥʳʭ 

ʧʨʦʪʦʢʦʣʦʚ, ʧʨʠʚʦʜʷʱʠʝ ʢ ʧʝʨʝʭʚʘʪʫ ʠʥʬʦʨʤʘʮʠʠ ʦ ʢʦʥʬʠʛʫʨʘʮʠʠ ʩʝʪʠ ʠ 

ʧʝʨʝʥʘʧʨʘʚʣʝʥʠʶ ʪʨʘʬʠʢʘ, ʚ ʩʦʚʨʝʤʝʥʥʳʭ ʩʝʪʷʭ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ ʠʤʝʶʪ ʚʳʩʦʢʠʡ 

ʫʨʦʚʝʥʴ ʨʠʩʢʘ.  

ɺʦʟʜʝʡʩʪʚʠʷ ʢʦʤʧʴʶʪʝʨʥʳʭ ʘʪʘʢ ʧʨʠʚʦʜʠʪ ʢ ʧʦʷʚʣʝʥʠʶ ʚ ʩʝʪʷʭ ʧʝʨʝʜʘʯʠ 

ʜʘʥʥʳʭ ʘʥʦʤʘʣʴʥʦʡ ʘʢʪʠʚʥʦʩʪʠ ʪʨʘʬʠʢʘ [1]. ɼʣʷ ʧʦʩʪʦʷʥʥʦʛʦ ʤʦʥʠʪʦʨʠʥʛʘ ʠ 

ʦʙʥʘʨʫʞʝʥʠʷ ʘʥʦʤʘʣʴʥʦʡ ʘʢʪʠʚʥʦʩʪʠ ʪʨʘʬʠʢʘ ʚ ʩʝʪʷʭ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ 

ʥʝʦʙʭʦʜʠʤʦ ʫʯʠʪʳʚʘʪʴ ʥʘʣʠʯʠʝ ʙʦʣʴʰʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʩʝʪʝʚʳʭ ʤʘʨʰʨʫʪʦʚ, ʥʘ 

ʢʦʪʦʨʳʭ ʧʝʨʠʦʜʠʯʝʩʢʠ ʚʦʟʥʠʢʘʶʪ ʨʝʟʢʠʝ ʢʦʣʝʙʘʥʠʷ, ʟʘʜʝʨʞʢʠ ʚ ʧʝʨʝʜʘʯʝ ʜʘʥʥʳʭ 

ʠ ʙʦʣʴʰʠʝ ʧʦʪʝʨʠ ʧʘʢʝʪʦʚ, ʧʦʷʚʣʝʥʠʝ ʥʦʚʳʭ ʩʚʦʡʩʪʚ ʩʝʪʝʚʦʛʦ ʪʨʘʬʠʢʘ, ʘ ʪʘʢʞʝ 

ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʦʙʝʩʧʝʯʝʥʠʷ ʚʳʩʦʢʦʛʦ ʢʘʯʝʩʪʚʘ ʦʙʩʣʫʞʠʚʘʥʠʷ ʧʨʠʣʦʞʝʥʠʡ. ɺʩʝ 

ʵʪʦ ʧʦʩʣʫʞʠʣʦ ʧʦʚʦʜʦʤ ʜʣʷ ʧʦʠʩʢʘ ʥʦʚʳʭ ʤʝʪʦʜʦʚ ʦʙʥʘʨʫʞʝʥʠʷ ʠ 

ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʢʦʤʧʴʶʪʝʨʥʳʭ ʘʪʘʢ, ʢ ʯʠʩʣʫ ʢʦʪʦʨʳʭ ʤʦʞʥʦ ʦʪʥʝʩʪʠ ʤʘʰʠʥʥʦʝ 

ʦʙʫʯʝʥʠʝ ʠ ʬʨʘʢʪʘʣʴʥʳʡ ʘʥʘʣʠʟ [2-3].  

ʅʘʣʠʯʠʝ ʬʨʘʢʪʘʣʴʥʳʭ ʩʚʦʡʩʪʚ ʚ ʩʝʪʝʚʦʤ ʪʨʘʬʠʢʝ ʙʳʣʦ ʦʙʥʘʨʫʞʝʥʦ  

ʥʝʩʢʦʣʴʢʦ ʜʝʩʷʪʠʣʝʪʠʡ ʥʘʟʘʜ, ʢʦʛʜʘ ʙʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʥʘ ʙʦʣʴʰʠʭ ʤʘʩʰʪʘʙʘʭ 

ʦʥ ʦʙʣʘʜʘʝʪ ʩʚʦʡʩʪʚʦʤ ʩʘʤʦʧʦʜʦʙʠʷ, ʪʦ ʝʩʪʴ ʚʳʛʣʷʜʠʪ ʢʘʯʝʩʪʚʝʥʥʦ ʦʜʠʥʘʢʦʚʦ ʧʨʠ 

ʜʦʩʪʘʪʦʯʥʦ ʙʦʣʴʰʠʭ ʤʘʩʰʪʘʙʘʭ ʚʨʝʤʝʥʥʦʡ ʦʩʠ ʠ ʧʨʦʷʚʣʷʝʪ ʜʦʣʛʦʚʨʝʤʝʥʥʫʶ 

ʟʘʚʠʩʠʤʦʩʪʴ. ɻʦʩʧʦʜʩʪʚʦʚʘʚʰʠʝ ʜʦ ʵʪʦʛʦ ʤʦʜʝʣʠ ʪʨʘʬʠʢʘ, ʦʩʥʦʚʘʥʥʳʝ ʥʘ 

ʄʘʨʢʦʚʩʢʠʭ ʧʨʦʮʝʩʩʘʭ, ʦʙʣʘʜʘʣʠ ʢʨʘʪʢʦʚʨʝʤʝʥʥʦʡ ʟʘʚʠʩʠʤʦʩʪʴʶ. ʆʥʠ ʙʳʣʠ 

ʟʘʠʤʩʪʚʦʚʘʥʳ ʠʟ ʪʝʣʝʬʦʥʥʳʭ ʩʝʪʝʡ ʠ, ʧʨʠʤʝʥʠʪʝʣʴʥʦ ʢ ʢʦʤʧʴʶʪʝʨʥʳʤ ʩʝʪʷʤ 

ʧʨʠʚʦʜʠʣʠ ʢ ʥʝʜʦʦʮʝʥʢʝ ʥʘʛʨʫʟʢʠ. 

ʌʨʘʢʪʘʣʴʥʳʡ ʘʥʘʣʠʟ, ʢʘʢ ʤʝʪʦʜ ʠʩʩʣʝʜʦʚʘʥʠʷ ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʤʥʦʞʝʩʪʚ 

ʨʘʟʣʠʯʥʦʡ ʧʨʠʨʦʜʳ, ʙʘʟʠʨʫʝʪʩʷ ʥʘ ʠʜʝʷʭ ʬʨʘʢʪʘʣʴʥʦʡ ʛʝʦʤʝʪʨʠʠ, ʨʘʟʨʘʙʦʪʘʥʥʦʡ 

ɹ. ʄʘʥʜʝʣʴʙʨʦʪʦʤ. ʅʘʯʠʥʘʷ ʩ 1973 ʛʦʜʘ, ʢʦʛʜʘ ʙʳʣʘ ʦʧʫʙʣʠʢʦʚʘʥʘ ʝʛʦ 

ʦʩʥʦʚʦʧʦʣʘʛʘʶʱʘʷ ʨʘʙʦʪʘ, ʤʝʪʦʜʳ ʬʨʘʢʪʘʣʴʥʦʛʦ ʘʥʘʣʠʟʘ ʥʘʰʣʠ ʰʠʨʦʢʦʝ 

ʧʨʠʤʝʥʝʥʠʝ ʚ ʨʘʟʣʠʯʥʳʭ ʦʙʣʘʩʪʷʭ ʬʠʟʠʢʠ, ʭʠʤʠʠ, ʙʠʦʣʦʛʠʠ. ɻʣʘʚʥʦʝ ʜʦʩʪʠʞʝʥʠʝ 

ʪʝʦʨʠʠ ʬʨʘʢʪʘʣʦʚ ʩʦʩʪʦʠʪ ʚ ʪʦʤ, ʯʪʦ ʦʥʘ ʜʘʸʪ ʧʨʦʩʪʳʝ ʩʧʦʩʦʙʳ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ 
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ʦʧʠʩʘʥʠʷ ʚʝʩʴʤʘ ʩʣʦʞʥʳʭ, ʥʦ ʦʯʝʥʴ ʰʠʨʦʢʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʭ ʚ ʧʨʠʨʦʜʝ, 

ʷʚʣʝʥʠʡ ʠ ʦʙʲʝʢʪʦʚ. ʌʨʘʢʪʘʣʴʥʳʡ ʘʥʘʣʠʟ ʷʚʣʷʝʪʩʷ ʩʪʦʣʴ ʞʝ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʤ 

ʤʘʪʝʤʘʪʠʯʝʩʢʠʤ ʘʧʧʘʨʘʪʦʤ ʜʣʷ ʦʧʠʩʘʥʠʷ ʬʠʟʠʯʝʩʢʦʡ ʨʝʘʣʴʥʦʩʪʠ, ʢʘʢ 

ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʝ ʫʨʘʚʥʝʥʠʷ, ʪʨʠʛʦʥʦʤʝʪʨʠʷ ʠʣʠ ʛʘʨʤʦʥʠʯʝʩʢʠʡ ʘʥʘʣʠʟ. 

ʆʜʥʘʢʦ, ʚ ʩʚʷʟʠ ʩ ʪʝʤ, ʯʪʦ ʦʥ ʙʳʣ ʦʪʢʨʳʪ ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʝʜʘʚʥʦ, ʦʥ ʝʱʝ ʥʝ ʟʘʥʷʣ 

ʧʦʜʦʙʘʶʱʝʛʦ ʤʝʩʪʘ ʚ ʫʤʘʭ ʫʯʝʥʳʭ ʠ ʠʥʞʝʥʝʨʦʚ [1-5].  

ɸʥʘʣʠʟ ʧʦʢʘʟʘʣ, ʯʪʦ ʥʘʠʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʳʤ ʤʝʪʦʜʦʤ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʠ 

ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʷʚʣʷʝʪʩʷ ʘʣʛʦʨʠʪʤ LSTM (long short-term memory)-ʥʝʡʨʦʥʥʦʡ 

ʩʝʪʠ (LSTM). ʉʚʦʡʩʪʚʦ ʨʝʢʫʨʨʝʥʪʥʦʩʪʠ ʧʦʟʚʦʣʷʝʪ ʠʩʢʫʩʩʪʚʝʥʥʦʡ ʥʝʡʨʦʥʥʦʡ ʩʝʪʠ 

(ʀʅʉ) çʦʙʨʘʱʘʪʴʩʷè ʢ ʨʝʟʫʣʴʪʘʪʘʤ ʩʚʦʝʡ ʨʘʙʦʪʳ ʚ ʧʨʦʰʣʦʤ, ʜʝʣʘʪʴ ʘʥʘʣʠʟ 

ʧʨʝʜʠʢʮʠʡ. ʊʝʤ ʩʘʤʳʤ ʢʦʥʪʝʢʩʪ ʨʝʰʝʥʠʡ ʧʦ ʚʳʨʘʙʦʪʢʝ ʤʝʨʦʧʨʠʷʪʠʡ ʧʦ ʟʘʱʠʪʝ 

ʦʪ ʢʦʤʧʴʶʪʝʨʥʳʭ ʘʪʘʢ ʚ ʙʫʜʫʱʝʤ ʙʫʜʝʪ ʟʘʚʠʩʝʪʴ ʥʝ ʪʦʣʴʢʦ ʦʪ ʧʝʨʚʠʯʥʦʛʦ 

ʛʣʫʙʦʢʦʛʦ ʦʙʫʯʝʥʠʷ LSTM, ʥʦ ʠ ʝʸ ʜʘʣʴʥʝʡʰʝʡ ʨʘʙʦʪʳ ʚ ʧʦʪʦʢʝ [6]. 

ʂʣʶʯʝʚʦʡ ʧʘʨʘʤʝʪʨ ʬʨʘʢʪʘʣʴʥʦʛʦ ʘʥʘʣʠʟʘ ï ʧʦʢʘʟʘʪʝʣʴ ʍʝʨʩʪʘ. ʕʪʫ ʤʝʨʫ 

ʠʩʧʦʣʴʟʫʶʪ ʧʨʠ ʘʥʘʣʠʟʝ ʚʨʝʤʝʥʥʳʭ ʨʷʜʦʚ. ʏʝʤ ʙʦʣʴʰʝ ʟʘʜʝʨʞʢʘ ʤʝʞʜʫ ʜʚʫʤʷ 

ʦʜʠʥʘʢʦʚʳʤʠ ʧʘʨʘʤʠ ʟʥʘʯʝʥʠʡ ʚʦ ʚʨʝʤʝʥʥʦʤ ʨʷʜʫ, ʪʝʤ ʤʝʥʴʰʝ ʢʦʵʬʬʠʮʠʝʥʪ 

ʍʝʨʩʪʘ (ʠʣʠ ʧʦʢʘʟʘʪʝʣʴ ʩʢʝʡʣʠʥʛʘ). ɼʣʷ ʥʘʭʦʞʜʝʥʠʷ ʵʪʦʛʦ ʧʘʨʘʤʝʪʨʘ ʥʝʦʙʭʦʜʠʤʦ 

ʟʥʘʪʴ, ʩʪʘʮʠʦʥʘʨʝʥ ʣʠ ʠʩʩʣʝʜʫʝʤʳʡ ʧʨʦʮʝʩʩ. ʆʪ ʵʪʦʛʦ ʟʘʚʠʩʠʪ ʚʳʙʦʨ ʘʣʛʦʨʠʪʤʘ 

ʜʣʷ ʜʘʣʴʥʝʡʰʝʛʦ ʚʳʯʠʩʣʝʥʠʷ ʩʢʝʡʣʠʥʛʘ [2, 5]. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʩ ʮʝʣʴʶ ʦʙʥʘʨʫʞʝʥʠʷ ʠ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʢʦʤʧʴʶʪʝʨʥʳʭ ʘʪʘʢ 

ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ ʥʝʦʙʭʦʜʠʤʦ ʦʧʨʝʜʝʣʠʪʴ, ʩʪʘʮʠʦʥʘʨʥʳʡ ʪʨʘʬʠʢ ʠʣʠ 

ʥʝʩʪʘʮʠʦʥʘʨʥʳʡ. ɼʘʣʝʝ ʩʣʝʜʫʝʪ ʨʘʩʩʯʠʪʘʪʴ ʧʦʢʘʟʘʪʝʣʴ ʍʝʨʩʪʘ (ʪ. ʝ. ʦʧʨʝʜʝʣʠʪʴ 

ʥʘʣʠʯʠʝ ʚ ʪʨʘʬʠʢʝ ʩʚʦʡʩʪʚʘ ʩʘʤʦʧʦʜʦʙʠʷ). ʅʘ ʟʘʢʣʶʯʠʪʝʣʴʥʦʤ ʵʪʘʧʝ ʧʨʦʠʩʭʦʜʠʪ 

ʦʙʥʘʨʫʞʝʥʠʝ ʘʥʦʤʘʣʠʡ ʠ ʩ ʧʨʠʤʝʥʝʥʠʝʤ LSTM ʚʳʨʘʙʦʪʘʪʴ ʤʝʨʦʧʨʠʷʪʠʷ ʧʦ 

ʟʘʱʠʪʝ ʩʝʪʠ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ. 

ɺʘʞʥʦʩʪʴ ʠ ʟʥʘʯʠʤʦʩʪʴ ʨʝʰʘʝʤʦʡ ʟʘʜʘʯʠ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʪʦʤ, ʯʪʦ ʥʘ ʦʩʥʦʚʝ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʚʦʟʤʦʞʥʦ ʦʙʦʩʥʦʚʘʪʴ ʥʘʠʣʫʯʰʠʡ ʤʝʪʦʜ 

ʦʧʨʝʜʝʣʝʥʠʷ ʩʘʤʦʧʦʜʦʙʠʷ ʜʣʷ ʥʝʩʪʘʮʠʦʥʘʨʥʳʭ ʠ ʩʪʘʮʠʦʥʘʨʥʳʭ ʚʨʝʤʝʥʥʳʭ ʨʷʜʦʚ, 

ʧʦʟʚʦʣʷʶʱʠʡ ʩ ʚʳʩʦʢʦʡ ʪʦʯʥʦʩʪʴʶ ʠ ʜʦʩʪʘʪʦʯʥʦ ʙʳʩʪʨʦ ʦʙʥʘʨʫʞʠʚʘʪʴ 

ʠʟʤʝʥʝʥʠʷ ʚ ʩʝʪʝʚʦʤ ʪʨʘʬʠʢʝ ʩʝʪʝʡ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ, ʘ ʪʘʢʞʝ ʦʧʨʝʜʝʣʠʪʴ 
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ʩʪʨʫʢʪʫʨʫ ʩʝʪʠ LSTM, ʧʦʟʚʦʣʷʶʱʫʶ ʩ ʚʳʩʦʢʦʡ ʪʦʯʥʦʩʪʴʶ ʠ ʜʦʩʪʘʪʦʯʥʦ ʙʳʩʪʨʦ 

ʧʨʦʛʥʦʟʠʨʦʚʘʪʴ ʬʘʢʪ ʚʦʟʜʝʡʩʪʚʠʷ ʢʦʤʧʴʶʪʝʨʥʳʭ ʘʪʘʢ, ʥʘ ʦʩʥʦʚʝ ʢʦʪʦʨʦʛʦ ʚ 

ʜʘʣʴʥʝʡʰʝʤ ʤʦʛʫʪ ʚʳʨʘʙʘʪʳʚʘʪʴʩʷ ʧʨʦʘʢʪʠʚʥʳʝ ʤʝʨʦʧʨʠʷʪʠʷ ʟʘʱʠʪʳ. 

ʉʪʝʧʝʥʴ ʨʘʟʨʘʙʦʪʘʥʥʦʩʪʠ ʪʝʤʳ. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʚʦʧʨʦʩʳ, ʩʚʷʟʘʥʥʳʝ ʩ 

ʠʟʫʯʝʥʠʝʤ ʩʘʤʦʧʦʜʦʙʥʳʭ ʩʚʦʡʩʪʚ ʚʨʝʤʝʥʥʳʭ ʨʷʜʦʚ ʠ ʠʭ ʧʨʘʢʪʠʯʝʩʢʠʤ 

ʧʨʠʤʝʥʝʥʠʝʤ ʚ ʨʘʟʣʠʯʥʳʭ ʩʠʩʪʝʤʘʭ ʤʦʥʠʪʦʨʠʥʛʘ, ʥʘʭʦʜʷʪʩʷ ʚ ʬʦʢʫʩʝ ʚʥʠʤʘʥʠʷ 

ʤʥʦʛʠʭ ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ. ʌʨʘʢʪʘʣʴʥʳʝ ʩʚʦʡʩʪʚʘ ʠʩʩʣʝʜʫʶʪʩʷ ʚʦ ʤʥʦʛʠʭ ʨʘʙʦʪʘʭ. 

ʊʘʢ, ʚ ʨʘʙʦʪʝ Raimundo M.S. ʤʝʪʦʜ R/S-ʘʥʘʣʠʟʘ ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʚʳʷʚʣʝʥʠʷ 

ʟʘʢʦʥʦʤʝʨʥʦʩʪʝʡ ʚʦ ʚʨʝʤʝʥʥʳʭ ʨʷʜʘʭ. ɺ ʨʘʙʦʪʝ Dang T.D. ʤʦʜʝʣʠʨʫʝʪʩʷ VoIP-

ʪʨʘʬʠʢ, ʘ ʪʘʢʞʝ ʠʩʩʣʝʜʫʶʪʩʷ ʝʛʦ ʬʨʘʢʪʘʣʴʥʳʝ ʩʚʦʡʩʪʚʘ. ɺ ʨʘʙʦʪʝ S§nchez-Granero 

M.J. ʠʟʫʯʘʣʩʷ ʥʝ ʪʦʣʴʢʦ ʧʦʢʘʟʘʪʝʣʴ ʍʝʨʩʪʘ, ʥʦ ʠ ʬʨʘʢʪʘʣʴʥʘʷ ʨʘʟʤʝʨʥʦʩʪʴ. ɺ 

ʨʘʙʦʪʝ Grillo D. ʘʚʪʦʨʳ ʦʙʲʷʩʥʷʶʪ, ʧʦʯʝʤʫ ʪʝʣʝʪʨʘʬʠʢ ʦʙʣʘʜʘʝʪ ʬʨʘʢʪʘʣʴʥʳʤʠ 

ʩʚʦʡʩʪʚʘʤʠ [5, 6].  

ʇʨʠ ʵʪʦʤ ʩʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʩʫʱʝʩʪʚʫʝʪ ʤʘʣʦ ʧʨʘʢʪʠʯʝʩʢʠʭ 

ʵʢʩʧʝʨʠʤʝʥʪʦʚ, ʥʘʧʨʘʚʣʝʥʥʳʭ ʥʘ ʠʟʫʯʝʥʠʝ ʬʨʘʢʪʘʣʴʥʳʭ ʩʚʦʡʩʪʚ ʩʝʪʝʚʦʛʦ ʪʨʘʬʠʢʘ 

ʪʝʣʝʢʦʤʤʫʥʠʢʘʮʠʦʥʥʳʭ ʩʠʩʪʝʤ. ʉʨʝʜʠ ʪʘʢʦʛʦ ʨʦʜʘ ʨʘʙʦʪ ʤʦʞʥʦ ʚʳʜʝʣʠʪʴ ʨʘʙʦʪʳ 

Strelkovskaya I. ʠ Carvalho P. ʆʜʥʘʢʦ, ʚ ʨʘʙʦʪʝ Strelkovskaya I.  ʪʨʘʬʠʢ 

ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʥʝ ʚ ʪʝʣʝʢʦʤʤʫʥʠʢʘʮʠʦʥʥʳʭ ʩʝʪʷʭ, ʘ ʚ ʨʘʜʠʦʚʦʣʥʘʭ, 

ʧʝʨʝʜʘʚʘʝʤʳʭ ʩʦʪʦʚʳʤʠ ʩʪʘʥʮʠʷʤʠ. ʂʨʦʤʝ ʪʦʛʦ, ʠʩʩʣʝʜʦʚʘʪʝʣʠ ʧʨʠʭʦʜʷʪ ʢ 

ʚʳʚʦʜʫ, ʯʪʦ ʜʚʠʞʝʥʠʝ ʩʘʤʦʧʦʜʦʙʥʦ, ʯʘʩʪʦ ʧʦʣʘʛʘʷʩʴ ʠʩʢʣʶʯʠʪʝʣʴʥʦ ʥʘ 

ʚʠʟʫʘʣʴʥʳʝ ʟʥʘʢʠ Carvalho P.; Abdalla H.; Soares A.; Solis P.; Tarchetti P. ʆʥʠ 

ʠʱʫʪ ʧʦʭʦʞʠʝ ʫʯʘʩʪʢʠ ʥʘ ʛʨʘʬʠʢʝ, ʚʳʜʘʚʘʷ ʠʭ ʟʘ ʩʘʤʦʧʦʜʦʙʥʳʝ ʧʨʦʮʝʩʩʳ. 

ʆʜʥʘʢʦ ʵʪʠ ʨʘʙʦʪʳ ʚ ʦʩʥʦʚʥʦʤ ʦʭʚʘʪʳʚʘʶʪ ʬʠʥʘʥʩʦʚʳʡ ʩʝʢʪʦʨ ʠ VoIP-

ʪʝʣʝʬʦʥʠʶ. 

ɺ ʪʦʞʝ ʚʨʝʤʷ ʙʦʣʴʰʦʝ ʚʥʠʤʘʥʠʝ ʚʦʧʨʦʩʘʤ ʧʨʦʪʠʚʦʜʝʡʩʪʚʠʷ ʢʦʤʧʴʶʪʝʨʥʳʤ 

ʘʪʘʢʘʤ, ʚʳʷʚʣʝʥʠʶ ʘʥʦʤʘʣʠʡ ʠ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʢʦʤʧʴʶʪʝʨʥʳʭ ʘʪʘʢ ʚ ʩʝʪʷʭ 

ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ ʫʜʝʣʷʝʪʩʷ ʪʘʢʠʤʠ ʠʩʩʣʝʜʦʚʘʪʝʣʷʤʠ ʢʘʢ ɼ.ɸ. ɻʫʙʘʥʦʚ, ʀ.ɺ. 

ʂʦʪʝʥʢʦ, ʄ.ɺ. ʃʠʪʚʠʥʝʥʢʦ, ɼ.ɸ. ʅʦʚʠʢʦʚ, ʀ.ɹ. ʉʘʝʥʢʦ, ɸ.ʃ. ʊʫʣʫʧʴʝʚ, ɼ.ʖ. 

ʊʫʨʜʘʢʦʚ, ɸ.ɸ. ʏʝʯʫʣʠʥ, ɸ.ɻ. ʏʭʘʨʪʠʰʚʠʣʠ, A.L. Barabasi, X. Zheng ʠ ʜʨ. ʈʘʙʦʪʳ 

ʉ.ɸ. ɹʫʜʥʠʢʦʚʘ, ʖ.ʃ. ʂʦʟʠʨʘʮʢʦʛʦ, ɺ.ɸ. ʃʠʧʘʪʥʠʢʦʚʘ, ʉ.ʀ. ʄʘʢʘʨʝʥʢʦ, ʉ.ʇ. 
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ʈʘʩʪʦʨʛʫʝʚʘ, ɼ.ɺ. ʉʘʭʘʨʦʚʘ ʠ ʜʨ. ʧʦʩʚʷʱʝʥʳ ʠʥʬʦʨʤʘʮʠʦʥʥʦʤʫ ʢʦʥʬʣʠʢʪʫ ʠ 

ʧʨʦʪʠʚʦʙʦʨʩʪʚʫ. ɺʦʧʨʦʩʳ ʠʥʬʦʨʤʘʪʠʟʘʮʠʠ ʧʨʦʮʝʩʩʦʚ ʠ ʦʮʝʥʠʚʘʥʠʷ 

ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʩʠʩʪʝʤ ʨʘʩʢʨʳʚʘʶʪʩʷ ʚ ʨʘʙʦʪʘʭ  

ʄ.ɺ. ɹʫʡʥʝʚʠʯʘ, ɺ.ʇ. ɿʘʙʦʣʦʪʩʢʦʛʦ, ɸ.ɸ. ʄʫʩʘʝʚʘ, ʇ.ʖ. ʌʠʣʷʢʘ, ʈ.ʄ. ʖʩʫʧʦʚʘ  

[7-13] 

ʋʯʠʪʳʚʘʷ ʪʨʝʙʦʚʘʥʠʷ ʥʦʨʤʘʪʠʚʥʦ-ʧʨʘʚʦʚʳʭ ʜʦʢʫʤʝʥʪʦʚ  

[14-30], ʘ ʪʘʢʞʝ ʥʝʩʤʦʪʨʷ ʥʘ ʩʜʝʣʘʥʥʳʡ ʫʯʝʥʳʤʠ ʩʫʱʝʩʪʚʝʥʥʳʡ ʟʘʜʝʣ, ʧʨʦʙʣʝʤʘ 

ʚʳʷʚʣʝʥʠʷ ʘʥʦʤʘʣʠʡ, ʨʘʥʥʝʛʦ ʦʙʥʘʨʫʞʝʥʠʷ ʠʟʚʝʩʪʥʳʭ ʠ ʥʝʠʟʚʝʩʪʥʳʭ 

ʢʦʤʧʴʶʪʝʨʥʳʭ ʘʪʘʢ ʚ ʩʝʪʷʭ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ, ʠʭ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʥʝ ʤʦʞʝʪ 

ʩʯʠʪʘʪʴʩʷ ʨʘʟʨʝʰʝʥʥʦʡ ʠ ʪʨʝʙʫʝʪ ʧʨʦʚʝʜʝʥʠʷ ʥʦʚʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʩʣʦʞʠʣʦʩʴ ʧʨʦʪʠʚʦʨʝʯʠʝ ʤʝʞʜʫ ʚʦʟʨʦʩʰʠʤʠ 

ʜʝʩʪʨʫʢʪʠʚʥʳʤʠ ʚʦʟʤʦʞʥʦʩʪʷʤʠ ʥʦʚʳʭ ʚʠʜʦʚ ʢʦʤʧʴʶʪʝʨʥʳʭ ʘʪʘʢ ʥʘ ʩʝʪʠ 

ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ, ʧʨʠʚʦʜʷʱʠʭ ʢ ʘʥʦʤʘʣʴʥʦʡ ʘʢʪʠʚʥʦʩʪʠ ʪʨʘʬʠʢʘ, ʠ ʫʩʪʘʨʝʚʰʠʤʠ 

ʧʦʜʭʦʜʘʤʠ ʢ ʠʭ ʚʳʷʚʣʝʥʠʶ ʚ ʩʝʪʷʭ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ, ʢʦʪʦʨʦʝ ʠ ʧʨʝʜʦʧʨʝʜʝʣʠʣʦ 

ʚʳʙʦʨ ʦʙʲʝʢʪʘ ʠ ʧʨʝʜʤʝʪʘ ʠʩʩʣʝʜʦʚʘʥʠ.̫ 

ʈʘʟʨʝʰʝʥʠʝ ʫʢʘʟʘʥʥʦʛʦ ʧʨʦʪʠʚʦʨʝʯʠʷ ʧʨʝʜʦʧʨʝʜʝʣʷʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʴ 

ʠʟʫʯʝʥʠʷ ʮʝʣʦʛʦ ʨʷʜʘ ʪʝʦʨʝʪʠʯʝʩʢʠʭ ʠ ʧʨʘʢʪʠʯʝʩʢʠʭ ʚʦʧʨʦʩʦʚ, 

ʫʜʦʚʣʝʪʚʦʨʠʪʝʣʴʥʦʝ ʨʝʰʝʥʠʝ ʧʦ ʢʦʪʦʨʳʤ ʜʦ ʥʘʩʪʦʷʱʝʛʦ ʚʨʝʤʝʥʠ ʥʝ ʧʦʣʫʯʝʥʦ, 

ʯʪʦ ʦʙʫʩʣʘʚʣʠʚʘʝʪ ʘʢʪʫʘʣʴʥʦʩʪʴ ʪʝʤʳ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʳ. 

ʎʝʣɹ ʠʩʩʣʝʜʦʚʘʥʠʷ. ʎʝʣʴʶ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʡ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʧʦʚʳʰʝʥʠʝ 

ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʚʳʷʚʣʝʥʠʷ ʘʥʦʤʘʣʠʡ ʠ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʢʦʤʧʴʶʪʝʨʥʳʭ ʘʪʘʢ ʚ 

ʩʝʪʝʚʦʤ ʪʨʘʬʠʢʝ ʩʝʪʠ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ.  

ʅʘʫʯʥʘʷ ʟʘʜʘʯʘ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʨʘʟʨʘʙʦʪʢʝ ʘʥʘʣʠʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʠ 

ʤʝʪʦʜʠʢ ʚʳʷʚʣʝʥʠʷ ʘʥʦʤʘʣʠʡ ʠ ʢʣʘʩʩʠʬʠʢʘʮʠʷ ʢʦʤʧʴʶʪʝʨʥʳʭ ʘʪʘʢ ʚ ʩʝʪʝʚʦʤ 

ʪʨʘʬʠʢʝ ʩʝʪʠ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ ʥʘ ʦʩʥʦʚʝ ʧʨʠʤʝʥʝʥʠʷ ʬʨʘʢʪʘʣʴʥʦʛʦ ʘʥʘʣʠʟʘ ʠ 

ʤʝʪʦʜʦʚ ʤʘʰʠʥʥʦʛʦ ʦʙʫʯʝʥʠʷ. 

ɼʣʷ ʜʦʩʪʠʞʝʥʠʷ ʜʘʥʥʦʡ ʮʝʣʠ ʚ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʡ ʨʘʙʦʪʝ ʧʦʩʪʘʚʣʝʥʳ ʠ 

ʨʝʰʝʥʳ ʩʣʝʜʫʶʱʠʝ ʯʘʩʪʥʳʝ ʟʘʜʘʯʠ: 

1) ʘʥʘʣʠʟ ʩʫʱʝʩʪʚʫʶʱʠʭ ʤʦʜʝʣʝʡ ʚʦʟʜʝʡʩʪʚʠʷ ʢʦʤʧʴʶʪʝʨʥʳʭ ʘʪʘʢ ʚ ʩʝʪʠ 

ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ; 
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2) ʘʥʘʣʠʟ ʩʫʱʝʩʪʚʫʶʱʠʭ ʘʣʛʦʨʠʪʤʦʚ ʚʳʷʚʣʝʥʠʷ ʢʦʤʧʴʶʪʝʨʥʳʭ ʘʪʘʢ, 

ʩʠʩʪʝʤ ʤʦʥʠʪʦʨʠʥʛʘ ʠ ʤʝʪʦʜʠʢ ʧʨʦʪʠʚʦʜʝʡʩʪʚʠʷ ʢʦʤʧʴʶʪʝʨʥʳʤ ʘʪʘʢʘʤ ʚ ʩʝʪʠ 

ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ; 

3) ʨʘʟʨʘʙʦʪʢʘ ʘʥʘʣʠʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʚʳʷʚʣʝʥʠʷ ʘʥʦʤʘʣʠʡ ʚ ʩʝʪʝʚʦʤ 

ʪʨʘʬʠʢʝ ʩʝʪʠ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ ʚ ʫʩʣʦʚʠʷʭ ʢʦʤʧʴʶʪʝʨʥʳʭ ʘʪʘʢ; 

4) ʨʘʟʨʘʙʦʪʢʘ ʤʝʪʦʜʠʢʠ ʨʘʥʥʝʛʦ ʦʙʥʘʨʫʞʝʥʠʷ ʘʥʦʤʘʣʠʡ ʚ ʩʝʪʝʚʦʤ ʪʨʘʬʠʢʝ 

ʩʝʪʠ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ; 

5) ʨʘʟʨʘʙʦʪʢʘ ʤʝʪʦʜʠʢʠ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʢʦʤʧʴʶʪʝʨʥʳʭ ʘʪʘʢ ʚ ʩʝʪʝʚʦʤ 

ʪʨʘʬʠʢʝ ʩʝʪʠ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ; 

6) ʨʘʟʨʘʙʦʪʢʘ ʘʨʭʠʪʝʢʪʫʨʳ ʠ ʧʨʦʛʨʘʤʤʥʳʭ ʧʨʦʪʦʪʠʧʦʚ ʢʦʤʧʦʥʝʥʪʦʚ 

ʩʠʩʪʝʤʳ ʨʘʥʥʝʛʦ ʦʙʥʘʨʫʞʝʥʠʷ ʠ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʢʦʤʧʴʶʪʝʨʥʳʭ ʘʪʘʢ ʚ ʩʝʪʝʚʦʤ 

ʪʨʘʬʠʢʝ ʩʝʪʠ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ, ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʘʷ ʠ ʪʝʦʨʝʪʠʯʝʩʢʘʷ ʦʮʝʥʢʘ 

ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʧʨʝʜʣʦʞʝʥʥʳʭ ʤʦʜʝʣʝʡ, ʤʝʪʦʜʠʢ ʠ ʘʨʭʠʪʝʢʪʫʨʳ. 

ʆʙʲʝʢʪʦʤ ʠʩʩʣʝʜʦʚʘʥʠʷ ʷʚʣʷʪʁʩʷ ʩʝʪʠ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ ʚ ʫʩʣʦʚʠʷʭ 

ʢʦʤʧʴʶʪʝʨʥʳʭ ʘʪʘʢ, ʘ ʧʨʝʜʤʝʪʦʤ ʠʩʩʣʝʜʦʚʘʥʠʷ ï ʤʦʜʝʣʠ, ʤʝʪʦʜʠʢʠ ʠ ʘʣʛʦʨʠʪʤʳ 

ʚʳʷʚʣʝʥʠʷ ʘʥʦʤʘʣʠʡ ʠ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʢʦʤʧʴʶʪʝʨʥʳʭ ʘʪʘʢ ʚ ʩʝʪʷʭ ʧʝʨʝʜʘʯʠ 

ʜʘʥʥʳʭ. 

ʅʘʫʯʥʘʷ ʥʦʚʠʟʥʘ ʨʝʟʫʣʴʪʘʪʦʚ ʠʩʩʣʝʜʦʚʘʥʠʷ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʪʦʤ, ʯʪʦ: 

ʨʘʟʨʘʙʦʪʘʥʥʘʷ ʘʥʘʣʠʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʚʳʷʚʣʝʥʠʷ ʘʥʦʤʘʣʠʡ ʚ ʩʝʪʝʚʦʤ 

ʪʨʘʬʠʢʝ ʩʝʪʝʡ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ ʚ ʫʩʣʦʚʠʷʭ ʢʦʤʧʴʶʪʝʨʥʳʭ ʘʪʘʢ, ʚ ʦʪʣʠʯʠʝ ʦʪ 

ʠʟʚʝʩʪʥʳʭ, ʦʧʠʩʳʚʘʝʪ ʥʝ ʪʦʣʴʢʦ ʩʪʘʮʠʦʥʘʨʥʳʡ, ʥʦ ʠ ʥʝʩʪʘʮʠʦʥʘʨʥʳʡ ʩʝʪʝʚʦʡ 

ʪʨʘʬʠʢ ʠ ʦʙʦʩʥʦʚʳʚʘʝʪ ʚʳʙʦʨ ʬʨʘʢʪʘʣʴʥʦʛʦ ʤʝʪʦʜʘ ʚʳʷʚʣʝʥʠʷ ʘʥʦʤʘʣʠʡ ʚ 

ʠʥʪʝʨʝʩʘʭ ʜʘʣʴʥʝʡʰʝʡ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʢʦʤʧʴʶʪʝʨʥʳʭ ʘʪʘʢ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʪʠʧʘ 

ʪʨʘʬʠʢʘ; 

ʨʘʟʨʘʙʦʪʘʥʥʘʷ ʤʝʪʦʜʠʢʘ ʨʘʥʥʝʛʦ ʦʙʥʘʨʫʞʝʥʠʷ ʘʥʦʤʘʣʠʡ ʚ ʩʝʪʝʚʦʤ ʪʨʘʬʠʢʝ 

ʩʝʪʝʡ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ, ʚ ʦʪʣʠʯʠʝ ʦʪ ʠʟʚʝʩʪʥʳʭ, ʩʧʦʩʦʙʥʘ ʧʨʦʚʦʜʠʪʴ 

ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʝ ʠ ʦʙʥʘʨʫʞʝʥʠʝ ʥʝ ʪʦʣʴʢʦ ʠʟʚʝʩʪʥʳʭ, ʥʦ ʠ ʥʝʠʟʚʝʩʪʥʳʭ 

ʢʦʤʧʴʶʪʝʨʥʳʭ ʘʪʘʢ ʥʘ ʨʘʥʥʝʤ ʵʪʘʧʝ ʠʭ ʧʨʦʷʚʣʝʥʠʷ ʙʣʘʛʦʜʘʨʷ ʩʦʚʤʝʩʪʥʦʤʫ 

ʧʨʠʤʝʥʝʥʠʶ ʤʝʪʦʜʦʚ ʬʨʘʢʪʘʣʴʥʦʛʦ ʘʥʘʣʠʟʘ ʠ ʠʩʢʫʩʩʪʚʝʥʥʦʡ ʥʝʡʨʦʥʥʦʡ ʩʝʪʠ 

LSTM-ʪʠʧʘ (ʨʝʢʫʨʨʝʥʪʥʳʝ ʥʝʡʨʦʥʥʳʝ ʩʝʪʠ ʩ ʜʦʣʛʦʡ ʢʨʘʪʢʦʩʨʦʯʥʦʡ ʧʘʤʷʪʴʶ), ʚ 
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ʨʝʟʫʣʴʪʘʪʝ ʯʝʛʦ ʩʫʱʝʩʪʚʝʥʥʦ ʩʦʢʨʘʱʘʝʪʩʷ ʚʨʝʤʷ ʚʳʷʚʣʝʥʠʷ ʘʥʦʤʘʣʠʡ ʠ 

ʫʤʝʥʴʰʘʝʪʩʷ ʢʦʣʠʯʝʩʪʚʦ ʣʦʞʥʳʭ ʩʨʘʙʘʪʳʚʘʥʠʡ; 

ʨʘʟʨʘʙʦʪʘʥʥʘʷ ʤʝʪʦʜʠʢʘ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʢʦʤʧʴʶʪʝʨʥʳʭ ʘʪʘʢ ʚ ʩʝʪʝʚʦʤ 

ʪʨʘʬʠʢʝ ʩʝʪʝʡ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ ʦʪʣʠʯʘʝʪʩʷ ʦʪ ʠʟʚʝʩʪʥʳʭ ʪʝʤ, ʯʪʦ ʚ ʥʝʡ 

ʦʙʥʘʨʫʞʝʥʠʝ ʢʦʤʧʴʶʪʝʨʥʳʭ ʘʪʘʢ ʧʨʦʠʟʚʦʜʠʪʩʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʛʝʥʝʨʘʪʠʚʥʦ-

ʩʦʩʪʷʟʘʪʝʣʴʥʦʡ ʩʝʪʠ, ʢʦʪʦʨʘʷ ʧʨʦʠʟʚʦʜʠʪ ʜʦʦʙʫʯʝʥʠʝ ʢʣʘʩʩʠʬʠʢʘʪʦʨʘ ʥʘ ʩʢʨʳʪʳʭ 

ʣʘʪʝʥʪʥʳʭ ʧʨʝʜʩʪʘʚʣʝʥʠʷʭ, ʧʦʣʫʯʝʥʥʳʭ ʘʚʪʦʢʦʜʠʨʦʚʱʠʢʦʤ, ʠʩʭʦʜʷ ʠʟ ʘʥʘʣʠʟʘ 

ʜʘʥʥʳʭ ʦ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʠ ʩʝʪʝʡ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ; 

ʧʨʝʜʣʦʞʝʥʥʘʷ ʘʨʭʠʪʝʢʪʫʨʘ ʠ ʧʨʦʛʨʘʤʤʥʳʝ ʧʨʦʪʦʪʠʧʳ ʢʦʤʧʦʥʝʥʪʦʚ 

ʩʠʩʪʝʤʳ ʨʘʥʥʝʛʦ ʦʙʥʘʨʫʞʝʥʠʷ ʠ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʢʦʤʧʴʶʪʝʨʥʳʭ ʘʪʘʢ ʚ ʩʝʪʷʭ 

ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ ʦʪʣʠʯʘʶʪʩʷ ʦʪ ʠʟʚʝʩʪʥʳʭ ʪʝʤ, ʯʪʦ ʦʥʠ ʦʨʠʝʥʪʠʨʦʚʘʥʳ ʥʘ ʨʘʥʥʝʝ 

ʦʙʥʘʨʫʞʝʥʠʝ ʢʘʢ ʠʟʚʝʩʪʥʳʭ, ʪʘʢ ʠ ʥʝʠʟʚʝʩʪʥʳʭ ʢʦʤʧʴʶʪʝʨʥʳʭ ʘʪʘʢ ʩ 

ʤʠʥʠʤʘʣʴʥʳʤ ʢʦʣʠʯʝʩʪʚʦʤ ʣʦʞʥʳʭ ʩʨʘʙʘʪʳʚʘʥʠʡ ʟʘ ʩʯʝʪ ʨʝʘʣʠʟʘʮʠʠ ʤʝʪʦʜʦʚ 

ʬʨʘʢʪʘʣʴʥʦʛʦ ʘʥʘʣʠʟʘ ʠ ʠʩʢʫʩʩʪʚʝʥʥʦʡ ʥʝʡʨʦʥʥʦʡ ʩʝʪʠ LSTM-ʪʠʧʘ. 

ʊʝʦʨʝʪʠʯʝʩʢʘʷ ʠ ʧʨʘʢʪʠʯʝʩʢʘʷ ʟʥʘʯʠʤʦʩʪʴ ʨʝʟʫʣʴʪʘʪʦʚ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʪʦʤ, ʯʪʦ ʨʘʟʨʘʙʦʪʘʥʥʳʝ ʘʥʘʣʠʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʠ ʤʝʪʦʜʠʢʠ 

ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʥʘʫʯʥʦ-ʤʝʪʦʜʠʯʝʩʢʫʶ ʦʩʥʦʚʫ, ʧʨʘʢʪʠʯʝʩʢʘʷ ʨʝʘʣʠʟʘʮʠʷ 

ʢʦʪʦʨʦʡ ʧʦʟʚʦʣʷʝʪ ʦʧʠʩʘʪʴ ʨʘʟʣʠʯʥʳʝ ʪʠʧʳ ʪʨʘʬʠʢʘ ʚ ʩʝʪʷʭ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ, 

ʦʧʨʝʜʝʣʷʪʴ ʘʥʦʤʘʣʴʥʳʝ ʘʢʪʠʚʥʦʩʪʠ, ʦʩʥʦʚʳʚʘʷʩʴ ʥʘ ʧʨʠʥʮʠʧʘʭ ʩʘʤʦʧʦʜʦʙʠʷ, ʠ, 

ʠʩʭʦʜʷ ʠʟ ʪʠʧʘ ʪʨʘʬʠʢʘ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʨʘʟʣʠʯʥʳʭ ʤʝʪʦʜʦʚ ʤʘʰʠʥʥʦʛʦ ʦʙʫʯʝʥʠʷ, 

ʚʳʷʚʣʷʪʴ ʢʦʤʧʴʶʪʝʨʥʳʝ ʘʪʘʢʠ. ʈʘʟʨʘʙʦʪʘʥʥʳʝ ʤʝʪʦʜʠʢʠ ʷʚʣʷʶʪʩʷ 

ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʦʩʥʦʚʦʡ ʩʠʩʪʝʤʳ ʨʘʥʥʝʛʦ ʦʙʥʘʨʫʞʝʥʠʷ ʢʦʤʧʴʶʪʝʨʥʳʭ ʘʪʘʢ, 

ʦʩʥʦʚʘʥʥʳʝ ʥʘ ʦʙʥʘʨʫʞʝʥʠʠ ʘʥʦʤʘʣʠʡ ʚ ʩʝʪʷʭ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ ʠ ʧʨʠʥʷʪʠʠ 

ʵʬʬʝʢʪʠʚʥʳʭ ʤʝʨʦʧʨʠʷʪʠʡ ʧʦ ʟʘʱʠʪʝ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʥʝʡʨʦʥʥʦʡ ʩʝʪʠ 

ʘʚʪʦʢʦʜʠʨʦʚʱʠʢʘ, ʩʦʩʪʦʷʱʝʡ ʠʟ ʷʯʝʝʢ ʩ ʜʦʣʛʦʡ ʢʨʘʪʢʦʩʨʦʯʥʦʡ ʧʘʤʷʪʴʶ ʠ 

ʫʧʨʘʚʣʷʶʱʠʤ ʨʝʢʫʨʨʝʥʪʥʳʤ ʙʣʦʢʦʤ. ʇʨʠ ʵʪʦʤ ʧʦʚʳʰʘʝʪʩʷ ʦʧʝʨʘʪʠʚʥʦʩʪʴ, 

ʪʦʯʥʦʩʪʴ ʠ ʧʦʣʥʦʪʘ ʚʳʷʚʣʝʥʠʷ ʘʥʦʤʘʣʠʡ ʚ ʩʝʪʷʭ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ 

ʥʘ ʧʨʘʢʪʠʢʝ ʵʬʬʝʢʪʠʚʥʦ ʧʨʠʤʝʥʷʪʴ ʨʘʟʨʘʙʦʪʘʥʥʳʡ ʧʦʜʭʦʜ ʚ ʩʠʩʪʝʤʘʭ ʛʣʫʙʦʢʦʡ 

ʧʨʦʚʝʨʢʠ ʩʝʪʝʚʳʭ ʧʘʢʝʪʦʚ ʚ ʩʝʪʷʭ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ. 
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ʄʝʪʦʜʦʣʦʛʠʷ ʠ ʤʝʪʦʜʳ ʠʩʩʣʝʜʦʚʘʥʠʷ. ɺ ʢʘʯʝʩʪʚʝ ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ 

ʧʦʣʦʞʝʥʠʡ ʠʩʩʣʝʜʦʚʘʥʠʷ ʠʩʧʦʣʴʟʦʚʘʥʳ: ʬʨʘʢʪʘʣʴʥʳʡ ʘʥʘʣʠʟ; ʤʝʪʦʜʳ ʤʘʰʠʥʥʦʛʦ 

ʦʙʫʯʝʥʠʷ; ʪʝʦʨʠʷ ʠ ʧʨʘʢʪʠʢʘ ʩʠʩʪʝʤ ʩʚʷʟʠ; ʪʝʦʨʠʷ ʠ ʧʨʘʢʪʠʢʘ ʧʨʦʚʝʜʝʥʠʷ 

ʪʝʩʪʠʨʦʚʘʥʠʷ ʥʘ ʧʨʦʥʠʢʥʦʚʝʥʠʝ; ʘʥʘʣʠʪʠʢʦ-ʩʪʘʪʠʩʪʠʯʝʩʢʠʝ ʤʝʪʦʜʳ. 

ʇʦʣʦʞʝʥʠʷ, ʚʳʥʦʩʠʤʳʝ ʥʘ ʟʘʱʠʪʫ: 

1. ɸʥʘʣʠʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʚʳʷʚʣʝʥʠʷ ʘʥʦʤʘʣʠʡ ʚ ʩʝʪʝʚʦʤ ʪʨʘʬʠʢʝ ʩʝʪʠ 

ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ ʚ ʫʩʣʦʚʠʷʭ ʢʦʤʧʴʶʪʝʨʥʳʭ ʘʪʘʢ. 

2. ʄʝʪʦʜʠʢʘ ʨʘʥʥʝʛʦ ʦʙʥʘʨʫʞʝʥʠʷ ʘʥʦʤʘʣʠʡ ʚ ʩʝʪʝʚʦʤ ʪʨʘʬʠʢʝ ʩʝʪʠ 

ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ. 

3. ʄʝʪʦʜʠʢʘ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʢʦʤʧʴʶʪʝʨʥʳʭ ʘʪʘʢ ʚ ʩʝʪʝʚʦʤ ʪʨʘʬʠʢʝ ʩʝʪʠ 

ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ. 

4. ɸʨʭʠʪʝʢʪʫʨʘ ʠ ʧʨʦʛʨʘʤʤʥʳʝ ʢʦʤʧʦʥʝʥʪʳ ʩʠʩʪʝʤʳ ʨʘʥʥʝʛʦ ʦʙʥʘʨʫʞʝʥʠʷ 

ʠ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʢʦʤʧʴʶʪʝʨʥʳʭ ʘʪʘʢ ʚ ʩʝʪʝʚʦʤ ʪʨʘʬʠʢʝ ʩʝʪʠ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ. 

ʉʦʦʪʚʝʪʩʪʚʠʝ ʜʠʩʩʝʨʪʘʮʠʠ ʧʘʩʧʦʨʪʫ ʥʘʫʯʥʦʡ ʩʧʝʮʠʘʣʴʥʦʩʪʠ. 

ʇʨʝʜʩʪʘʚʣʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʧʘʩʧʦʨʪʫ ʩʧʝʮʠʘʣʴʥʦʩʪʠ  

2.3.6 ï çʄʝʪʦʜʳ ʠ ʩʠʩʪʝʤʳ ʟʘʱʠʪʳ ʠʥʬʦʨʤʘʮʠʠ, ʠʥʬʦʨʤʘʮʠʦʥʥʘʷ ʙʝʟʦʧʘʩʥʦʩʪʴè. 

ʉʪʝʧʝʥʴ ʜʦʩʪʦʚʝʨʥʦʩʪʠ ʨʝʟʫʣʴʪʘʪʦʚ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʡ ʨʘʙʦʪʳ 

ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ ʨʝʟʫʣʴʪʘʪʘʤʠ ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ, ʠʭ ʩʨʘʚʥʝʥʠʝʤ ʩ 

ʨʝʟʫʣʴʪʘʪʘʤʠ ʜʨʫʛʠʭ ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ, ʧʨʘʢʪʠʯʝʩʢʦʡ ʘʧʨʦʙʘʮʠʝʡ ʨʘʟʨʘʙʦʪʘʥʥʳʭ 

ʤʦʜʝʣʠ ʠ ʤʝʪʦʜʠʢ, ʘ ʪʘʢʞʝ ʦʜʦʙʨʝʥʠʝʤ ʦʩʥʦʚʥʳʭ ʧʦʣʦʞʝʥʠʡ ʜʠʩʩʝʨʪʘʮʠʠ ʥʘ 

ʥʘʫʯʥʦ-ʪʝʭʥʠʯʝʩʢʠʭ ʢʦʥʬʝʨʝʥʮʠʷʭ, ʧʫʙʣʠʢʘʮʠʷʤʠ ʚ ʚʝʜʫʱʠʭ ʨʝʮʝʥʟʠʨʫʝʤʳʭ 

ʞʫʨʥʘʣʘʭ, ʚʥʝʜʨʝʥʠʝʤ ʨʝʟʫʣʴʪʘʪʦʚ ʨʘʙʦʪʳ. 

ɸʧʨʦʙʘʮʠʷ ʨʝʟʫʣʴʪʘʪʦʚ. ʆʩʥʦʚʥʳʝ ʥʘʫʯʥʳʝ ʠ ʧʨʘʢʪʠʯʝʩʢʠʝ ʨʝʟʫʣʴʪʘʪʳ 

ʨʘʙʦʪʳ ʜʦʢʣʘʜʳʚʘʣʠʩʴ ʠ ʦʙʩʫʞʜʘʣʠʩʴ ʥʘ 10 ʥʘʫʯʥʦ-ʪʝʭʥʠʯʝʩʢʠʭ ʠ ʥʘʫʯʥʦ-

ʧʨʘʢʪʠʯʝʩʢʠʭ ʢʦʥʬʝʨʝʥʮʠʷʭ ʩ 2017 ʧʦ 2022 ʛʛ., ʢ ʦʩʥʦʚʥʳʤ ʠʟ ʢʦʪʦʨʳʭ ʦʪʥʦʩʷʪʩʷ: 

ʄʝʞʜʫʥʘʨʦʜʥʘʷ ʥʘʫʯʥʦ-ʧʨʘʢʪʠʯʝʩʢʘʷ ʢʦʥʬʝʨʝʥʮʠʷ çʈʫʩʂʨʠʧʪʦè (ʄʦʩʢʦʚʩʢʘʷ 

ʦʙʣʘʩʪʴ, 2021 ʠ 2022); ʄʝʞʚʫʟʦʚʩʢʘʷ ʥʘʫʯʥʦ-ʧʨʘʢʪʠʯʝʩʢʘʷ ʢʦʥʬʝʨʝʥʮʠʷ 

çɸʢʪʫʘʣʴʥʳʝ ʧʨʦʙʣʝʤʳ ʦʙʝʩʧʝʯʝʥʠʷ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠè (ʉʘʤʘʨʘ, 

2017); ɼʚʝʥʘʜʮʘʪʘʷ ʦʙʱʝʨʦʩʩʠʡʩʢʘʷ ʤʦʣʦʜʝʞʥʘʷ ʥʘʫʯʥʦ-ʪʝʭʥʠʯʝʩʢʘʷ 

ʢʦʥʬʝʨʝʥʮʠʷ çʄʦʣʦʜʝʞʴ. ʊʝʭʥʠʢʘ. ʂʦʩʤʦʩ.è (ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛ, 2020); 
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ɺʩʝʨʦʩʩʠʡʩʢʘʷ ʥʘʫʯʥʦ-ʪʝʭʥʠʯʝʩʢʘʷ ʢʦʥʬʝʨʝʥʮʠʷ çʉʦʩʪʦʷʥʠʝ ʠ ʧʝʨʩʧʝʢʪʠʚʳ 

ʨʘʟʚʠʪʠʷ ʩʦʚʨʝʤʝʥʥʦʡ ʥʘʫʢʠ ʧʦ ʥʘʧʨʘʚʣʝʥʠʶ çʀʥʬʦʨʤʘʮʠʦʥʥʘʷ ʙʝʟʦʧʘʩʥʦʩʪʴèè 

(ɸʥʘʧʘ, 2021 ʠ 2020); ɺʩʝʨʦʩʩʠʡʩʢʘʷ ʥʘʫʯʥʦ-ʪʝʭʥʠʯʝʩʢʘʷ ʢʦʥʬʝʨʝʥʮʠʷ 

çʉʦʩʪʦʷʥʠʝ ʠ ʧʝʨʩʧʝʢʪʠʚʳ ʨʘʟʚʠʪʠʷ ʩʦʚʨʝʤʝʥʥʦʡ ʥʘʫʢʠ ʧʦ ʥʘʧʨʘʚʣʝʥʠʶ çɸʉʋ, 

ʠʥʬʦʨʤʘʮʠʦʥʥʦ-ʪʝʣʝʢʦʤʤʫʥʠʢʘʮʠʦʥʥʳʝ ʩʠʩʪʝʤʳèè (ɸʥʘʧʘ, 2021); ɺʩʝʨʦʩʩʠʡʩʢʘʷ 

ʥʘʫʯʥʦ-ʧʨʘʢʪʠʯʝʩʢʘʷ ʢʦʥʬʝʨʝʥʮʠʷ ʈɸʈɸʅ çɸʢʪʫʘʣʴʥʳʝ ʧʨʦʙʣʝʤʳ ʟʘʱʠʪʳ ʠ 

ʙʝʟʦʧʘʩʥʦʩʪʠè (ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛ, 2019); ʄʝʞʜʫʥʘʨʦʜʥʘʷ ʥʘʫʯʥʦ-ʪʝʭʥʠʯʝʩʢʘʷ ʠ 

ʥʘʫʯʥʦ-ʤʝʪʦʜʠʯʝʩʢʘʷ ʢʦʥʬʝʨʝʥʮʠʷ çɸʢʪʫʘʣʴʥʳʝ ʧʨʦʙʣʝʤʳ 

ʠʥʬʦʪʝʣʝʢʦʤʤʫʥʠʢʘʮʠʡ ʚ ʥʘʫʢʝ ʠ ʦʙʨʘʟʦʚʘʥʠʠè (ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛ, 2019); 

ɺʩʝʘʨʤʝʡʩʢʘʷ ʥʘʫʯʥʦ-ʧʨʘʢʪʠʯʝʩʢʘʷ ʢʦʥʬʝʨʝʥʮʠʷ çʀʥʥʦʚʘʮʠʦʥʥʘʷ ʜʝʷʪʝʣʴʥʦʩʪʴ ʚ 

ɺʦʦʨʫʞʝʥʥʳʭ ʉʠʣʘʭ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠè, (ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛ, 2017). 

ɺʥʝʜʨʝʥʠʝ ʠ ʨʝʘʣʠʟʘʮʠʷ ʨʝʟʫʣʴʪʘʪʦʚ ʠʩʩʣʝʜʦʚʘʥʠʷ. ʈʝʟʫʣʴʪʘʪʳ 

ʧʨʦʚʝʜʝʥʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʥʘʰʣʠ ʧʨʘʢʪʠʯʝʩʢʦʝ ʧʨʠʤʝʥʝʥʠʝ ʚ ʨʘʟʨʘʙʦʪʢʘʭ, ʚ 

ʢʦʪʦʨʳʭ ʘʚʪʦʨ ʧʨʠʥʠʤʘʣ ʣʠʯʥʦʝ ʫʯʘʩʪʠʝ. ʆ ʨʝʘʣʠʟʘʮʠʠ ʦʩʥʦʚʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ 

ʧʨʦʚʝʜʝʥʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʠʤʝʶʪʩʷ 3 ʘʢʪʘ ʦ ʨʝʘʣʠʟʘʮʠʠ ʚ ʅʀʈ çʂʦʨʚʝʪè, 

çʇʦʪʝʥʮʠʘʣ-2018è, çʉʚʝʨʪʢʘ-ʉʄè (ʌɻʂɺʆʋ ɺʆ çɺʦʝʥʥʘʷ ʦʨʜʝʥʦʚ ɾʫʢʦʚʘ ʠ 

ʃʝʥʠʥʘ ʂʨʘʩʥʦʟʥʘʤʝʥʥʘʷ ʘʢʘʜʝʤʠʷ ʩʚʷʟʠ ʠʤ. ʉ.ʄ. ɹʫʜʝʥʥʦʛʦè) ʠ 1 ʘʢʪ ʦ 

ʨʝʘʣʠʟʘʮʠʠ ʚ ʆʂʈ çʆʧʦʨʥʠʢè (ʇɸʆ çʀʥʬʦʨʤʘʮʠʦʥʥʳʝ ʠ ʪʝʣʝ-

ʢʦʤʤʫʥʠʢʘʮʠʦʥʥʳʝ ʪʝʭʥʦʣʦʛʠʠè. 

ʇʫʙʣʠʢʘʮʠʠ ʧʦ ʪʝʤʝ ʠʩʩʣʝʜʦʚʘʥʠʷ. ʇʦ ʪʝʤʘʪʠʢʝ ʜʠʩʩʝʨʪʘʮʠʠ 

ʦʧʫʙʣʠʢʦʚʘʥʳ ʩʝʤʥʘʜʮʘʪʴ ʨʘʙʦʪ, ʩʨʝʜʠ ʢʦʪʦʨʳʭ ʰʝʩʪʴ ʩʪʘʪʝʡ, ʠʥʜʝʢʩʠʨʫʝʤʳʝ ʚ 

ʤʝʞʜʫʥʘʨʦʜʥʳʭ ʙʘʟʘʭ ʜʘʥʥʳʭ Web of Science ʠ/ʠʣʠ Scopus; ʜʝʩʷʪʴ ʩʪʘʪʝʡ ʚ 

ʨʝʮʝʥʟʠʨʫʝʤʳʭ ʥʘʫʯʥʳʭ ʠʟʜʘʥʠʷʭ, ʚʭʦʜʷʱʠʭ ʚ ʧʝʨʝʯʝʥʴ ʨʝʮʝʥʟʠʨʫʝʤʳʭ ʥʘʫʯʥʳʭ 

ʠʟʜʘʥʠʡ, ʚ ʢʦʪʦʨʳʭ ʜʦʣʞʥʳ ʙʳʪʴ ʦʧʫʙʣʠʢʦʚʘʥʳ ʦʩʥʦʚʥʳʝ ʥʘʫʯʥʳʝ ʨʝʟʫʣʴʪʘʪʳ 

ʜʠʩʩʝʨʪʘʮʠʡ ʥʘ ʩʦʠʩʢʘʥʠʝ ʫʯʝʥʦʡ ʩʪʝʧʝʥʠ ʢʘʥʜʠʜʘʪʘ ʥʘʫʢ, ʥʘ ʩʦʠʩʢʘʥʠʝ ʫʯʝʥʦʡ 

ʩʪʝʧʝʥʠ ʜʦʢʪʦʨʘ ʥʘʫʢ; ʦʜʥʦ ʩʚʠʜʝʪʝʣʴʩʪʚʦ ʦ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʡ ʨʝʛʠʩʪʨʘʮʠʠ 

ʧʨʦʛʨʘʤʤʳ ʜʣʷ ʕɺʄ. 

ʆʧʫʙʣʠʢʦʚʘʥʳ ʩʪʘʪʴʠ ʚ ʩʣʝʜʫʶʱʠʭ ʞʫʨʥʘʣʘʭ ʠʟ çʧʝʨʝʯʥʷ ɺɸʂè: 

çʕʣʝʢʪʨʦʩʚʷʟʴè; çʀʟʚʝʩʪʠʷ ʊʫʣʴʩʢʦʛʦ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ. 

ʊʝʭʥʠʯʝʩʢʠʝ ʥʘʫʢʠè; çʅʘʫʢʦʝʤʢʠʝ ʪʝʭʥʦʣʦʛʠʠ ʚ ʢʦʩʤʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʷʭ 
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ɿʝʤʣʠè; çʈʦʙʦʪʦʪʝʭʥʠʢʘ ʠ ʪʝʭʥʠʯʝʩʢʘʷ ʢʠʙʝʨʥʝʪʠʢʘè; çʇʝʨʚʘʷ ʤʠʣʷè. ʇʦʣʥʳʡ 

ʧʝʨʝʯʝʥʴ ʧʫʙʣʠʢʘʮʠʡ ʠ ʧʨʠʨʘʚʥʝʥʥʳʭ ʢ ʥʠʤ ʨʘʙʦʪ ʧʨʝʜʩʪʘʚʣʝʥ ʚ ʧʨʠʣʦʞʝʥʠʠ ɸ 

ʜʠʩʩʝʨʪʘʮʠʠ. 

ʃʠʯʥʳʡ ʚʢʣʘʜ ʩʦʠʩʢʘʪʝʣʷ. ʈʝʟʫʣʴʪʘʪʳ ʧʦ ʧʦʣʦʞʝʥʠʷʤ, ʚʳʥʦʩʠʤʳʤ ʥʘ 

ʟʘʱʠʪʫ ʚ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʡ ʨʘʙʦʪʝ, ʧʦʣʫʯʝʥʳ ʘʚʪʦʨʦʤ ʩʘʤʦʩʪʦʷʪʝʣʴʥʦ, ʚ ʯʘʩʪʥʦʩʪʠ 

ʨʘʟʨʘʙʦʪʘʥʳ: ʤʦʜʝʣʴ ʚʳʷʚʣʝʥʠʷ ʘʥʦʤʘʣʠʡ ʚ ʩʝʪʝʚʦʤ ʪʨʘʬʠʢʝ ʩʝʪʝʡ ʧʝʨʝʜʘʯʠ 

ʜʘʥʥʳʭ ʚ ʫʩʣʦʚʠʷʭ ʢʦʤʧʴʶʪʝʨʥʳʭ ʘʪʘʢ; ʤʝʪʦʜʠʢʠ ʨʘʥʥʝʛʦ ʦʙʥʘʨʫʞʝʥʠʷ ʘʥʦʤʘʣʠʡ 

ʚ ʩʝʪʝʚʦʤ ʪʨʘʬʠʢʝ ʩʝʪʠ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ ʠ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʢʦʤʧʴʶʪʝʨʥʳʭ ʘʪʘʢ ʚ 

ʩʝʪʝʚʦʤ ʪʨʘʬʠʢʝ ʩʝʪʠ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ. ʈʘʟʨʘʙʦʪʘʥ ʠ ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥ ʚ 

ʫʩʪʘʥʦʚʣʝʥʥʦʤ ʧʦʨʷʜʢʝ ʧʨʦʛʨʘʤʤʥʳʡ ʢʦʤʧʦʥʝʥʪ ʦʙʥʘʨʫʞʝʥʠʷ ʘʥʦʤʘʣʠʡ ʩʝʪʝʚʦʛʦ 

ʪʨʘʬʠʢʘ ʥʘ ʦʩʥʦʚʝ ʧʨʠʥʮʠʧʦʚ ʬʨʘʢʪʘʣʴʥʦʛʦ ʘʥʘʣʠʟʘ ʜʘʥʥʳʭ, ʘ ʪʘʢʞʝ 

ʦʧʫʙʣʠʢʦʚʘʥʳ ʩʘʤʦʩʪʦʷʪʝʣʴʥʦ ʠ ʚ ʩʦʘʚʪʦʨʩʪʚʝ ʧʨʦʯʠʝ ʨʝʟʫʣʴʪʘʪʳ, ʧʨʠ ʵʪʦʤ ʚʢʣʘʜ 

ʩʦʠʩʢʘʪʝʣʷ ʚ ʩʦʚʤʝʩʪʥʳʭ ʧʫʙʣʠʢʘʮʠʷʭ ʙʳʣ ʨʝʰʘʶʱʠʤ. 

ʉʪʨʫʢʪʫʨʘ ʠ ʦʙʲʝʤ ʜʠʩʩʝʨʪʘʮʠʠ. ɼʠʩʩʝʨʪʘʮʠʦʥʥʘʷ ʨʘʙʦʪʘ ʩʦʩʪʦʠʪ ʠʟ 

ʚʚʝʜʝʥʠʷ, ʯʝʪʳʨʝʭ ʨʘʟʜʝʣʦʚ, ʟʘʢʣʶʯʝʥʠʷ, ʩʧʠʩʢʘ ʩʦʢʨʘʱʝʥʠʡ, ʩʧʠʩʢʘ ʣʠʪʝʨʘʪʫʨʳ. 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʥʘ 144 ʩʪʨʘʥʠʮʘʭ, ʚʳʧʦʣʥʝʥʥʳʭ ʧʝʯʘʪʥʳʤ ʩʧʦʩʦʙʦʤ, ʩʦʜʝʨʞʠʪ 

77 ʨʠʩʫʥʢʦʚ, 5 ʪʘʙʣʠʮ ʠ 4 ʧʨʠʣʦʞʝʥʠʷ.  

ʂʨʘʪʢʦʝ ʩʦʜʝʨʞʘʥʠʝ ʨʘʙʦʪʳ. 

ɺ ʧʝʨʚʦʤ ʨʘʟʜʝʣʝ ʧʨʦʚʝʜʸʥ ʘʥʘʣʠʟ ʩʦʩʪʦʷʥʠʷ ʩʝʪʝʡ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ ʠ 

ʨʘʩʩʤʦʪʨʝʥʳ ʪʨʝʙʦʚʘʥʠʷ, ʧʨʝʜʲʷʚʣʷʝʤʳʝ ʢ ʥʝʡ. ʇʨʦʚʝʜʸʥ ʘʥʘʣʠʟ 

ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʚʦʟʜʝʡʩʪʚʠʡ ʟʣʦʫʤʳʰʣʝʥʥʠʢʘ, ʢʘʢ ʦʜʥʦʛʦ ʠʟ ʦʩʥʦʚʥʳʭ 

ʬʘʢʪʦʨʦʚ, ʚʣʠʷʶʱʠʭ ʥʘ ʫʩʪʦʡʯʠʚʦʩʪʴ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʩʝʪʝʡ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ. 

ʈʘʩʩʤʦʪʨʝʥʳ ʩʫʱʝʩʪʚʫʶʱʠʝ ʩʨʝʜʩʪʚʘ ʠ ʩʧʦʩʦʙʳ ʟʘʱʠʪʳ ʩʝʪʝʡ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ. 

ʇʨʦʚʝʜʸʥ ʘʥʘʣʠʟ ʩʫʱʝʩʪʚʫʶʱʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʥʘʧʨʘʚʣʝʥʥʳʭ ʥʘ 

ʧʨʦʪʠʚʦʜʝʡʩʪʚʠʝ ʢʦʤʧʴʶʪʝʨʥʳʤ ʘʪʘʢʘʤ. ʆʧʨʝʜʝʣʝʥʳ ʠʭ ʜʦʩʪʦʠʥʩʪʚʘ, ʚʳʜʝʣʝʥʳ 

ʦʩʥʦʚʥʳʝ ʥʝʜʦʩʪʘʪʢʠ, ʟʘʪʨʫʜʥʷʶʱʠʝ ʧʨʦʪʠʚʦʜʝʡʩʪʚʠʝ ʢʦʤʧʴʶʪʝʨʥʳʤ ʘʪʘʢʘʤ. 

ʆʙʦʩʥʦʚʘʥʘ ʘʢʪʫʘʣʴʥʦʩʪʴ ʮʝʣʠ ʠʩʩʣʝʜʦʚʘʥʠʷ. ʇʨʝʜʣʦʞʝʥʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ 

ʤʝʪʦʜʠʢ, ʦʩʥʦʚʘʥʥʳʭ ʥʘ ʤʝʪʦʜʘʭ ʤʘʰʠʥʥʦʛʦ ʦʙʫʯʝʥʠʷ ʜʣʷ ʨʝʰʝʥʠʷ ʧʦʩʪʘʚʣʝʥʥʦʡ 

ʚ ʠʩʩʣʝʜʦʚʘʥʠʠ ʮʝʣʠ. ʀʪʦʛʦʤ ʧʨʦʚʝʜʝʥʥʦʛʦ ʘʥʘʣʠʟʘ ʷʚʣʷʝʪʩʷ ʬʦʨʤʘʣʴʥʘʷ 

ʧʦʩʪʘʥʦʚʢʘ ʟʘʜʘʯʠ ʠ ʦʧʨʝʜʝʣʝʥʠʝ ʢʨʠʪʝʨʠʝʚ ʜʣʷ ʦʮʝʥʢʠ ʵʬʬʝʢʪʠʚʥʦʩʪʠ. 
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ɺʦ ʚʪʦʨʦʤ ʨʘʟʜʝʣʝ ʨʘʟʨʘʙʦʪʘʥʘ ʘʥʘʣʠʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʚʳʷʚʣʝʥʠʷ ʘʥʦʤʘʣʠʡ 

ʚ ʩʝʪʝʚʦʤ ʪʨʘʬʠʢʝ ʩʝʪʝʡ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ ʚ ʫʩʣʦʚʠʷʭ ʢʦʤʧʴʶʪʝʨʥʳʭ ʘʪʘʢ, 

ʧʨʝʜʥʘʟʥʘʯʝʥʥʘʷ ʜʣʷ ʦʧʠʩʘʥʠʷ ʩʝʪʝʚʦʛʦ ʪʨʘʬʠʢʘ ʩʨʘʟʫ ʜʚʫʭ ʪʠʧʦʚ: ʩʪʘʮʠʦʥʘʨʥʦʛʦ 

ʠ ʥʝʩʪʘʮʠʦʥʘʨʥʦʛʦ. ɼʣʷ ʧʨʦʚʝʨʢʠ ʩʪʘʮʠʦʥʘʨʥʦʩʪʠ ʨʷʜʘ ʠʩʧʦʣʴʟʫʝʪʩʷ ʦʙʦʙʱʝʥʥʳʡ 

ʪʝʩʪ ɼʠʢʠ-ʌʫʣʣʝʨʘ. ʊʘʢʞʝ ʤʦʜʝʣʴ ʧʦʟʚʦʣʷʝʪ ʧʨʠʥʠʤʘʪʴ ʠ ʢʣʘʩʩʠʬʠʮʠʨʦʚʘʪʴ 

ʩʝʪʝʚʦʡ ʪʨʘʬʠʢ ʩʝʪʝʡ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ ʧʨʦʮʝʩʩʘ, ʫʯʘʩʪʚʫʶʱʠʡ ʚ ʦʙʤʝʥʝ ʜʘʥʥʳʤʠ 

ʠʟ ʩʝʪʠ ʀʥʪʝʨʥʝʪ. ɺ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʩʝʪʝʚʦʛʦ ʪʨʘʬʠʢʘ ʚʳʙʠʨʘʝʪʩʷ 

ʤʝʪʦʜʠʢʘ ʧʦ ʚʳʷʚʣʝʥʠʶ ʘʥʦʤʘʣʠʡ. 

ʉ ʮʝʣʴʶ ʦʧʨʝʜʝʣʝʥʠʷ ʘʥʦʤʘʣʴʥʦʡ ʘʢʪʠʚʥʦʩʪʠ ʚ ʩʝʪʷʭ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ 

ʧʨʠʤʝʥʷʶʪʩʷ: ʧʨʠʥʮʠʧʳ ʩʘʤʦʧʦʜʦʙʠʷ ʜʣʷ ʥʝʩʪʘʮʠʦʥʘʨʥʦʛʦ ʪʨʘʬʠʢʘ, ʢʦʪʦʨʳʡ 

ʥʘʨʫʰʘʝʪʩʷ ʧʨʠ ʚʦʟʥʠʢʥʦʚʝʥʠʠ ʘʥʦʤʘʣʴʥʦʡ ʘʢʪʠʚʥʦʩʪʠ ʚ ʩʝʪʠ; ʤʝʪʦʜʳ 

ʤʘʰʠʥʥʦʛʦ ʦʙʫʯʝʥʠʷ ʜʣʷ ʩʪʘʮʠʦʥʘʨʥʦʛʦ ʪʨʘʬʠʢʘ. ʇʨʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ 

ʧʨʦʚʝʨʢʝ ʨʘʟʨʘʙʦʪʘʥʥʦʡ ʤʦʜʝʣʠ ʜʣʷ ʥʘʭʦʞʜʝʥʠʷ ʧʦʢʘʟʘʪʝʣʷ ʍʝʨʩʪʘ 

ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ R/S ʘʥʘʣʠʟ ʠ ʤʝʪʦʜ DFA. 

ɺ ʪʨʝʪʴʝʤ ʨʘʟʜʝʣʝ ʨʘʟʨʘʙʦʪʘʥʘ ʤʝʪʦʜʠʢʘ ʨʘʥʥʝʛʦ ʦʙʥʘʨʫʞʝʥʠʷ ʘʥʦʤʘʣʠʡ ʚ 

ʩʝʪʝʚʦʤ ʪʨʘʬʠʢʝ ʩʝʪʝʡ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ, ʧʦʟʚʦʣʷʶʱʘʷ ʦʙʥʘʨʫʞʠʚʘʪʴ 

ʢʦʤʧʴʶʪʝʨʥʳʝ ʘʪʘʢʠ ʥʘ ʨʘʥʥʝʤ ʵʪʘʧʝ ʠʭ ʧʨʦʷʚʣʝʥʠʷ ʩ ʧʦʤʦʱʴʶ ʤʝʪʦʜʦʚ 

ʤʘʰʠʥʥʦʛʦ ʦʙʫʯʝʥʠʷ ʜʣʷ ʩʪʘʮʠʦʥʘʨʥʦʛʦ ʩʝʪʝʚʦʛʦ ʪʨʘʬʠʢʘ ʩʝʪʝʡ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ 

ʠ ʬʨʘʢʪʘʣʴʥʦʛʦ ʘʥʘʣʠʟʘ ʜʣʷ ʥʝʩʪʘʮʠʦʥʘʨʥʦʛʦ. ʄʝʪʦʜʠʢʘ ʩʦʩʪʦʠʪ ʠʟ ʩʣʝʜʫʶʱʠʭ 

ʵʪʘʧʦʚ: ʩʙʦʨ ʩʝʪʝʚʦʛʦ ʪʨʘʬʠʢʘ ʚ ʩʝʪʷʭ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ; ʧʨʦʚʝʨʢʘ ʥʘ 

ʩʪʘʮʠʦʥʘʨʥʦʩʪʴ; ʧʦʜʛʦʪʦʚʢʘ ʠʩʭʦʜʥʳʭ ʜʘʥʥʳʭ; ʬʨʘʢʪʘʣʴʥʳʡ ʘʥʘʣʠʟ ʜʣʷ 

ʥʝʩʪʘʮʠʦʥʘʨʥʦʛʦ ʩʝʪʝʚʦʛʦ ʪʨʘʬʠʢʘ ʩʝʪʝʡ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ; ʤʘʰʠʥʥʦʝ ʦʙʫʯʝʥʠʝ 

ʜʣʷ ʩʪʘʮʠʦʥʘʨʥʦʛʦ ʩʝʪʝʚʦʛʦ ʪʨʘʬʠʢʘ ʩʝʪʝʡ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ. ʇʨʦʚʝʜʝʥ 

ʵʢʩʧʝʨʠʤʝʥʪ ʧʦ ʥʘʭʦʞʜʝʥʠʶ ʦʧʪʠʤʘʣʴʥʦʛʦ ʯʠʩʣʘ ʧʘʢʝʪʦʚ, ʥʝʦʙʭʦʜʠʤʳʭ ʜʣʷ 

ʪʦʯʥʦʛʦ ʚʳʷʚʣʝʥʠʷ ʘʥʦʤʘʣʠʡ ʩ ʧʦʤʦʱʴʶ ʬʨʘʢʪʘʣʴʥʦʛʦ ʘʥʘʣʠʟʘ. ɼʣʷ ʦʙʥʘʨʫʞʝʥʠʷ 

ʘʥʦʤʘʣʠʡ ʚ ʩʪʘʮʠʦʥʘʨʥʦʤ ʪʨʘʬʠʢʝ ʨʘʟʨʘʙʦʪʘʥʘ ʤʦʜʝʣʴ ʘʚʪʦʢʦʜʠʨʦʚʱʠʢʘ, 

ʧʦʟʚʦʣʷʶʱʘʷ ʵʬʬʝʢʪʠʚʥʦ ʚʳʷʚʣʷʪʴ ʢʦʤʧʴʶʪʝʨʥʳʝ ʘʪʘʢʠ çʥʫʣʝʚʦʛʦ ʜʥʷè ʚ 

ʩʪʘʮʠʦʥʘʨʥʦʤ ʩʝʪʝʚʦʤ ʪʨʘʬʠʢʝ, ʩ ʤʠʥʠʤʘʣʴʥʳʤ ʢʦʣʠʯʝʩʪʚʦʤ ʣʦʞʥʳʭ 

ʩʨʘʙʘʪʳʚʘʥʠʡ. ʇʨʦʠʟʚʝʜʝʥʘ ʦʮʝʥʢʘ ʪʦʯʥʦʩʪʠ ʨʘʟʨʘʙʦʪʘʥʥʦʡ ʤʦʜʝʣʠ. ʇʨʦʚʝʜʝʥʘ 

ʦʮʝʥʢʘ ʚʦʟʤʦʞʥʦʩʪʠ ʨʘʥʥʝʛʦ ʦʙʥʘʨʫʞʝʥʠʷ ʢʦʤʧʴʶʪʝʨʥʳʭ ʘʪʘʢ ʚ ʩʝʪʷʭ ʧʝʨʝʜʘʯʠ 



15 

 

ʜʘʥʥʳʭ ʩ ʧʦʤʦʱʴʶ ʢʣʘʩʩʠʬʠʢʘʪʦʨʦʚ, ʤʝʪʦʜʦʚ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʩʪʘʪʠʩʪʠʢʠ ʠ 

ʘʚʪʦʢʦʜʠʨʦʚʱʠʢʘ, ʧʦʩʪʨʦʝʥʥʦʛʦ ʥʘ ʦʩʥʦʚʝ ʥʝʡʨʦʥʥʦʡ ʩʝʪʠ ʩ ʜʦʣʛʦʡ 

ʢʨʘʪʢʦʩʨʦʯʥʦʡ ʧʘʤʷʪʴʶ. 

ɺ ʯʝʪʚʝʨʪʦʤ ʨʘʟʜʝʣʝ ʨʘʟʨʘʙʦʪʘʥʘ ʤʝʪʦʜʠʢʘ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʢʦʤʧʴʶʪʝʨʥʳʭ 

ʘʪʘʢ ʚ ʩʝʪʝʚʦʤ ʪʨʘʬʠʢʝ ʩʝʪʝʡ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ, ʧʦʟʚʦʣʷʶʱʘʷ ʚʳʷʚʣʷʪʴ 

ʢʦʤʧʴʶʪʝʨʥʳʝ ʘʪʘʢʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʛʠʙʨʠʜʥʦʡ ʥʝʡʨʦʥʥʦʡ ʩʝʪʠ, ʩʦʩʪʦʷʱʝʡ ʠʟ 

ʢʣʘʩʩʠʬʠʢʘʪʦʨʘ ʠ ʘʚʪʦʢʦʜʠʨʦʚʱʠʢʘ, ʦʙʫʯʝʥʥʦʛʦ ʥʘ ʦʩʥʦʚʝ ʜʘʥʥʳʭ ʨʘʙʦʪʳ 

ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʩʝʪʝʡ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ, ʫʯʠʪʳʚʘʶʱʝʛʦ ʚʩʝ ʦʪʢʣʦʥʝʥʠʷ ʦʪ ʝʝ 

ʰʪʘʪʥʦʡ ʨʘʙʦʪʳ. ɺ ʧʨʦʮʝʩʩʝ ʨʘʙʦʪʳ ʢʣʘʩʩʠʬʠʢʘʪʦʨ ʜʦʧʦʣʥʠʪʝʣʴʥʦ ʦʙʫʯʘʝʪʩʷ ʥʘ 

ʩʢʨʳʪʳʭ ʣʘʪʝʥʪʥʳʭ ʧʨʝʜʩʪʘʚʣʝʥʠʷʭ ʧʦʣʫʯʝʥʥʳʭ ʘʚʪʦʢʦʜʠʨʦʚʱʠʢʦʤ, ʪ.ʝ. ʚ ʠʪʦʛʝ 

ʧʦʣʫʯʘʝʪʩʷ ʛʝʥʝʨʘʪʠʚʥʦ-ʩʦʩʪʷʟʘʪʝʣʴʥʘʷ ʩʝʪʴ, ʚ ʢʦʪʦʨʦʡ ʥʝʡʨʦʥʥʳʝ ʩʝʪʠ ʫʯʘʪʩʷ 

ʜʨʫʛ ʫ ʜʨʫʛʘ.  

ʊʘʢʞʝ ʧʨʝʜʩʪʘʚʣʝʥʘ ʘʨʭʠʪʝʢʪʫʨʘ ʠ ʧʨʦʛʨʘʤʤʥʳʡ ʧʨʦʪʦʪʠʧ ʢʦʤʧʦʥʝʥʪʦʚ 

ʩʠʩʪʝʤʳ ʨʘʥʥʝʛʦ ʦʙʥʘʨʫʞʝʥʠʷ ʠ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʢʦʤʧʴʶʪʝʨʥʳʭ ʘʪʘʢ ʚ ʩʝʪʝʚʦʤ 

ʪʨʘʬʠʢʝ ʩʝʪʝʡ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ, ʢʦʪʦʨʳʝ ʦʪʣʠʯʘʶʪʩʷ ʦʪ ʠʟʚʝʩʪʥʳʭ ʪʝʤ, ʯʪʦ 

ʦʨʠʝʥʪʠʨʦʚʘʥʳ ʥʘ ʤʛʥʦʚʝʥʥʦʝ ʦʙʥʘʨʫʞʝʥʠʝ ʢʘʢ ʠʟʚʝʩʪʥʳʭ, ʪʘʢ ʠ ʥʝʠʟʚʝʩʪʥʳʭ 

ʢʦʤʧʴʶʪʝʨʥʳʭ ʘʪʘʢ, ʠʭ ʢʣʘʩʩʠʬʠʢʘʮʠʶ ʠ ʚʳʙʦʨ ʜʦʩʪʫʧʥʳʭ ʢʦʥʪʨʤʝʨ ʩ 

ʤʠʥʠʤʘʣʴʥʳʤ ʯʠʩʣʦʤ ʣʦʞʥʳʭ ʩʨʘʙʘʪʳʚʘʥʠʡ.  

ɺ ʟʘʢʣʶʯʝʥʠʠ ʧʨʠʚʝʜʝʥʳ ʦʩʥʦʚʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʡ ʨʘʙʦʪʳ ʠ 

ʚʳʚʦʜʳ, ʦʧʠʩʘʥʳ ʚʦʟʤʦʞʥʳʝ ʩʮʝʥʘʨʠʠ ʧʨʠʤʝʥʝʥʠʷ ʨʘʥʥʝʛʦ ʦʙʥʘʨʫʞʝʥʠʷ 

ʢʦʤʧʴʶʪʝʨʥʳʭ ʘʪʘʢ ʚ ʩʝʪʝʚʦʤ ʪʨʘʬʠʢʝ ʩʝʪʝʡ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ, ʘ ʪʘʢʞʝ 

ʩʬʦʨʤʫʣʠʨʦʚʘʥʳ ʧʝʨʩʧʝʢʪʠʚʳ ʦʙʣʘʩʪʠ ʠʩʩʣʝʜʦʚʘʥʠʷ.  
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ʈɸɿɼɽʃ 1 ɸʅɸʃʀɿ ʉʆʉʊʆʗʅʀʗ ʉɽʊɽʁ ʇɽʈɽɼɸʏʀ ɼɸʅʅʓʍ 

1.1 ɸʥʘʣʠʟ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʩʝʪʠ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ 

ʉʝʪʠ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ (ʉʇɼ) ï ʢʦʤʧʣʝʢʩ ʨʘʩʧʨʝʜʝʣʝʥʥʦʡ ʢʦʤʧʴʶʪʝʨʥʦʡ 

ʪʝʭʥʠʢʠ, ʧʨʦʛʨʘʤʤʠʨʫʝʤʳʭ ʢʦʥʪʨʦʣʣʝʨʦʚ, ʫʩʪʨʦʡʩʪʚ ʚʚʦʜʘ-ʚʳʚʦʜʘ 

ʠʥʬʦʨʤʘʮʠʠ, ʩʦʝʜʠʥʝʥʥʳʭ ʤʝʞʜʫ ʩʦʙʦʡ ʩʠʩʪʝʤʦʡ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ, 

ʩʦʜʝʨʞʘʱʝʡ ʢʦʤʤʫʥʠʢʘʮʠʦʥʥʦʝ ʦʙʦʨʫʜʦʚʘʥʠʝ ʠ ʢʘʥʘʣʳ ʩʚʷʟʠ. 

ʂʣʘʩʩʠʬʠʢʘʮʠʷ ʉʇɼ: 

ʅʘʠʙʦʣʴʰʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʥʘ ʩʝʛʦʜʥʷ ʧʦʣʫʯʠʣʦ, ʨʘʟʜʝʣʝʥʠʝ 

ʢʦʤʧʴʶʪʝʨʥʳʭ ʩʝʪʝʡ ʧʦ ʧʨʠʟʥʘʢʫ ʪʝʨʨʠʪʦʨʠʘʣʴʥʦʛʦ ʨʘʟʤʝʱʝʥʠʷ. ʇʦ ʵʪʦʤʫ 

ʧʨʠʟʥʘʢʫ ʩʝʪʠ ʜʝʣʷʪʩʷ ʥʘ ʪʨʠ ʦʩʥʦʚʥʳʭ ʢʣʘʩʩʘ: 

1. LAN ï ʣʦʢʘʣʴʥʳʝ ʩʝʪʠ (Local Area Networks) ï ʢʦʤʤʫʥʠʢʘʮʠʦʥʥʘʷ 

ʩʠʩʪʝʤʘ, ʧʦʜʜʝʨʞʠʚʘʶʱʘʷ ʚ ʧʨʝʜʝʣʘʭ ʟʜʘʥʠʷ ʠʣʠ ʥʝʢʦʪʦʨʦʡ ʜʨʫʛʦʡ 

ʦʛʨʘʥʠʯʝʥʥʦʡ ʪʝʨʨʠʪʦʨʠʠ ʦʜʠʥ ʠʣʠ ʥʝʩʢʦʣʴʢʦ ʚʳʩʦʢʦʩʢʦʨʦʩʪʥʳʭ ʢʘʥʘʣʦʚ 

ʧʝʨʝʜʘʯʠ ʮʠʬʨʦʚʦʡ ʠʥʬʦʨʤʘʮʠʠ, ʧʨʝʜʦʩʪʘʚʣʷʝʤʳʭ ʧʦʜʢʣʶʯʝʥʥʳʤ 

ʫʩʪʨʦʡʩʪʚʘʤ ʜʣʷ ʢʨʘʪʢʦʚʨʝʤʝʥʥʦʛʦ ʤʦʥʦʧʦʣʴʥʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ. ʊʝʨʨʠʪʦʨʠʠ, 

ʦʭʚʘʪʳʚʘʝʤʳʝ ʃʉ, ʤʦʛʫʪ ʩʫʱʝʩʪʚʝʥʥʦ ʨʘʟʣʠʯʘʪʴʩʷ. ɼʣʠʥʘ ʣʠʥʠʡ ʩʚʷʟʠ ʜʣʷ 

ʥʝʢʦʪʦʨʳʭ ʩʝʪʝʡ ʤʦʞʝʪ ʙʳʪʴ ʥʝ ʙʦʣʝʝ 1000 ʤ, ʜʨʫʛʠʝ ʞʝ ʃʉ ʚ ʩʦʩʪʦʷʥʠʠ 

ʦʙʩʣʫʞʠʪʴ ʮʝʣʳʡ ʛʦʨʦʜ. ʆʙʩʣʫʞʠʚʘʝʤʳʤʠ ʪʝʨʨʠʪʦʨʠʷʤʠ ʤʦʛʫʪ ʙʳʪʴ ʢʘʢ 

ʟʘʚʦʜʳ, ʩʫʜʘ, ʩʘʤʦʣʝʪʳ, ʪʘʢ ʠ ʫʯʨʝʞʜʝʥʠʷ, ʫʥʠʚʝʨʩʠʪʝʪʳ, ʢʦʣʣʝʜʞʠ. ɺ ʢʘʯʝʩʪʚʝ 

ʧʝʨʝʜʘʶʱʝʡ ʩʨʝʜʳ, ʢʘʢ ʧʨʘʚʠʣʦ, ʠʩʧʦʣʴʟʫʶʪʩʷ ʢʦʘʢʩʠʘʣʴʥʳʝ ʢʘʙʝʣʠ, ʭʦʪʷ ʚʩʝ 

ʙʦʣʴʰʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʧʦʣʫʯʘʶʪ ʩʝʪʠ ʥʘ ʚʠʪʦʡ ʧʘʨʝ ʠ ʦʧʪʦʚʦʣʦʢʥʝ, ʘ ʚ 

ʧʦʩʣʝʜʥʝʝ ʚʨʝʤʷ ʪʘʢʞʝ ʩʪʨʝʤʠʪʝʣʴʥʦ ʨʘʟʚʠʚʘʝʪʩʷ ʪʝʭʥʦʣʦʛʠʷ ʙʝʩʧʨʦʚʦʜʥʳʭ 

ʣʦʢʘʣʴʥʳʭ ʩʝʪʝʡ, ʚ ʢʦʪʦʨʳʭ ʠʩʧʦʣʴʟʫʝʪʩʷ ʦʜʠʥ ʠʟ ʪʨʝʭ ʚʠʜʦʚ ʠʟʣʫʯʝʥʠʡ: 

ʰʠʨʦʢʦʧʦʣʦʩʥʳʝ ʨʘʜʠʦʩʠʛʥʘʣʳ, ʤʘʣʦʤʦʱʥʦʝ ʠʟʣʫʯʝʥʠʝ ʩʚʝʨʭʚʳʩʦʢʠʭ ʯʘʩʪʦʪ 

(ʉɺʏ ʠʟʣʫʯʝʥʠʝ) ʠ ʠʥʬʨʘʢʨʘʩʥʳʝ ʣʫʯʠ. ʅʝʙʦʣʴʰʠʝ ʨʘʩʩʪʦʷʥʠʷ ʤʝʞʜʫ ʫʟʣʘʤʠ 

ʩʝʪʠ, ʠʩʧʦʣʴʟʫʝʤʘʷ ʧʝʨʝʜʘʶʱʘʷ ʩʨʝʜʘ ʠ ʩʚʷʟʘʥʥʘʷ ʩ ʵʪʠʤ ʤʘʣʘʷ ʚʝʨʦʷʪʥʦʩʪʴ 

ʧʦʷʚʣʝʥʠʷ ʦʰʠʙʦʢ ʚ ʧʝʨʝʜʘʚʘʝʤʳʭ ʜʘʥʥʳʭ ʧʦʟʚʦʣʷʶʪ ʧʦʜʜʝʨʞʠʚʘʪʴ ʚʳʩʦʢʠʝ 

ʩʢʦʨʦʩʪʠ ʦʙʤʝʥʘ - ʦʪ 1 ʄʙʠʪ/ʩ ʜʦ 100 ʄʙʠʪ/ʩ (ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʫʞʝ ʝʩʪʴ 

ʧʨʦʤʳʰʣʝʥʥʳʝ ʦʙʨʘʟʮʳ ʃʉ ʩʦ ʩʢʦʨʦʩʪʷʤʠ ʧʦʨʷʜʢʘ 1 ɻʙʠʪ/ʩ). 
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2. MAN ï ʛʦʨʦʜʩʢʠʝ ʩʝʪʠ (Metropolitan Area Networks). ɻʦʨʦʜʩʢʠʝ 

ʩʝʪʠ, ʢʘʢ ʧʨʘʚʠʣʦ, ʦʭʚʘʪʳʚʘʶʪ ʛʨʫʧʧʫ ʟʜʘʥʠʡ ʠ ʨʝʘʣʠʟʫʶʪʩʷ ʥʘ 

ʦʧʪʦʚʦʣʦʢʦʥʥʳʭ ʠʣʠ ʰʠʨʦʢʦʧʦʣʦʩʥʳʭ ʢʘʙʝʣʷʭ. ʇʦ ʩʚʦʠʤ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤ ʦʥʠ 

ʷʚʣʷʶʪʩʷ ʧʨʦʤʝʞʫʪʦʯʥʳʤʠ ʤʝʞʜʫ ʣʦʢʘʣʴʥʳʤʠ ʠ ʛʣʦʙʘʣʴʥʳʤʠ ʩʝʪʷʤʠ. ɺ 

ʧʦʩʣʝʜʥʝʝ ʚʨʝʤʷ ʚ ʩʚʷʟʠ ʩ ʧʨʦʢʣʘʜʢʦʡ ʚʳʩʦʢʦʩʢʦʨʦʩʪʥʳʭ ʠ ʥʘʜʝʞʥʳʭ 

ʦʧʪʦʚʦʣʦʢʦʥʥʳʭ ʢʘʙʝʣʝʡ ʥʘ ʛʦʨʦʜʩʢʠʭ ʠ ʤʝʞʜʫʛʦʨʦʜʥʠʭ ʫʯʘʩʪʢʘʭ, ʘ ʥʦʚʳʝ 

ʧʝʨʩʧʝʢʪʠʚʥʳʝ ʩʝʪʝʚʳʝ ʧʨʦʪʦʢʦʣʳ, ʥʘʧʨʠʤʝʨ, ATM (Asynchronous Transfer 

Mode - ʨʝʞʠʤ ʘʩʠʥʭʨʦʥʥʦʡ ʧʝʨʝʜʘʯʠ), ʢʦʪʦʨʳʝ ʚ ʧʝʨʩʧʝʢʪʠʚʝ ʤʦʛʫʪ 

ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʢʘʢ ʚ ʣʦʢʘʣʴʥʳʭ, ʪʘʢ ʠ ʚ ʛʣʦʙʘʣʴʥʳʭ ʩʝʪʷʭ. 

3. WAN ï ʛʣʦʙʘʣʴʥʳʝ ʩʝʪʠ (Wide Area Networks). ɻʣʦʙʘʣʴʥʳʝ ʩʝʪʠ, ʚ 

ʦʪʣʠʯʠʝ ʦʪ ʣʦʢʘʣʴʥʳʭ, ʢʘʢ ʧʨʘʚʠʣʦ, ʦʭʚʘʪʳʚʘʶʪ ʟʥʘʯʠʪʝʣʴʥʦ ʙʦʣʴʰʠʝ 

ʪʝʨʨʠʪʦʨʠʠ ʠ ʜʘʞʝ ʙʦʣʴʰʠʥʩʪʚʦ ʨʝʛʠʦʥʦʚ ʟʝʤʥʦʛʦ ʰʘʨʘ (ʧʨʠʤʝʨʦʤ ʤʦʞʝʪ 

ʩʣʫʞʠʪʴ ʩʝʪʴ Internet). ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʚ ʢʘʯʝʩʪʚʝ ʧʝʨʝʜʘʶʱʝʡ ʩʨʝʜʳ ʚ 

ʛʣʦʙʘʣʴʥʳʭ ʩʝʪʷʭ ʠʩʧʦʣʴʟʫʶʪʩʷ ʘʥʘʣʦʛʦʚʳʝ ʠʣʠ ʮʠʬʨʦʚʳʝ ʧʨʦʚʦʜʥʳʝ ʢʘʥʘʣʳ, 

ʘ ʪʘʢʞʝ ʩʧʫʪʥʠʢʦʚʳʝ ʢʘʥʘʣʳ ʩʚʷʟʠ (ʦʙʳʯʥʦ ʜʣʷ ʩʚʷʟʠ ʤʝʞʜʫ ʢʦʥʪʠʥʝʥʪʘʤʠ). 

ʆʛʨʘʥʠʯʝʥʠʷ ʧʦ ʩʢʦʨʦʩʪʠ ʧʝʨʝʜʘʯʠ (ʜʦ 28,8 ʂʙʠʪ/ʩ ʥʘ ʘʥʘʣʦʛʦʚʳʭ ʢʘʥʘʣʘʭ ʠ ʜʦ 

64 ʂʙʠʪ/ʩ - ʥʘ ʧʦʣʴʟʦʚʘʪʝʣʴʩʢʠʭ ʫʯʘʩʪʢʘʭ ʮʠʬʨʦʚʳʭ ʢʘʥʘʣʦʚ) ʠ ʦʪʥʦʩʠʪʝʣʴʥʦ 

ʥʠʟʢʘʷ ʥʘʜʝʞʥʦʩʪʴ ʘʥʘʣʦʛʦʚʳʭ ʢʘʥʘʣʦʚ, ʪʨʝʙʫʶʱʘʷ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʥʘ ʥʠʞʥʠʭ 

ʫʨʦʚʥʷʭ ʧʨʦʪʦʢʦʣʦʚ ʩʨʝʜʩʪʚ ʦʙʥʘʨʫʞʝʥʠʷ ʠ ʠʩʧʨʘʚʣʝʥʠʷ ʦʰʠʙʦʢ ʩʫʱʝʩʪʚʝʥʥʦ 

ʩʥʠʞʘʶʪ ʩʢʦʨʦʩʪʴ ʦʙʤʝʥʘ ʜʘʥʥʳʤʠ ʚ ʛʣʦʙʘʣʴʥʳʭ ʩʝʪʷʭ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ 

ʣʦʢʘʣʴʥʳʤʠ. 

ɼʣʷ ʦʙʲʝʜʠʥʝʥʠʷ LAN ʧʨʠʤʝʥʷʶʪʩʷ ʤʦʩʪʳ, ʤʘʨʰʨʫʪʠʟʘʪʦʨʳ ʠʣʠ ʰʣʶʟʳ. 

ɻʣʦʙʘʣʴʥʳʝ ʢʦʤʧʴʶʪʝʨʥʳʝ ʩʝʪʠ (GAN) ʦʙʲʝʜʠʥʷʶʪ WAN, ʢʦʤʧʴʶʪʝʨʥʳʝ 

ʩʝʪʠ ʩʪʨʘʥ, ʤʘʪʝʨʠʢʦʚ. ʇʦʩʪʨʦʝʥʠʝ ʵʪʠʭ ʩʝʪʝʡ ʚʳʧʦʣʥʷʝʪʩʷ ʩʪʨʦʛʦ ʚ 

ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʤʝʞʜʫʥʘʨʦʜʥʳʤʠ ʩʪʘʥʜʘʨʪʘʤʠ [31]. 

ɺ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʪʨʝʙʦʚʘʥʠʡ, ʧʨʝʜʲʷʚʣʷʝʤʳʭ ʢ ʧʨʦʝʢʪʠʨʫʝʤʦʡ ʩʝʪʠ, 

ʩʦʩʪʘʚ ʦʙʦʨʫʜʦʚʘʥʠʷ, ʠʩʧʦʣʴʟʫʝʤʳʡ ʧʨʠ ʤʦʥʪʘʞʝ, ʤʦʞʝʪ ʚʘʨʴʠʨʦʚʘʪʴʩʷ. ʅʘ 

ʨʠʩʫʥʢʝ 1.1 ʧʨʝʜʩʪʘʚʣʝʥʘ ʦʙʦʙʱʝʥʥʘʷ ʩʭʝʤʘ ʫʟʣʘ ʩʚʷʟʠ (ʋʉ) ʉʇɼ.  
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ʈʠʩʫʥʦʢ 1.1 ï ʉʪʨʫʢʪʫʨʥʘʷ ʩʭʝʤʘ ʫʟʣʘ ʩʚʷʟʠ ʉʇɼ 

 

ʆʪʢʨʳʪʳʡ ʩʝʛʤʝʥʪ ʫʟʣʘ ʩʚʷʟʠ ʤʦʞʝʪ ʩʦʩʪʦʷʪʴ ʠʟ ʩʣʝʜʫʶʱʠʭ ʙʘʟʦʚʳʭ 

ʵʣʝʤʝʥʪʦʚ: 

ʤʘʨʰʨʫʪʠʟʘʪʦʨ; 

ʢʦʤʤʫʪʘʪʦʨ; 

ʢʦʨʧʦʨʘʪʠʚʥʳʡ ʩʝʨʚʝʨ (ʥʘ ʥʝʤ, ʢʘʢ ʧʨʘʚʠʣʦ, ʨʘʙʦʪʘʝʪ ʢʦʨʧʦʨʘʪʠʚʥʳʡ 

ʩʘʡʪ ʢʦʤʧʘʥʠʠ); 

ʣʦʢʘʣʴʥʘʷ ʚʳʯʠʩʣʠʪʝʣʴʥʘʷ ʩʝʪʴ (ʃɺʉ) ʠ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʳʝ ʨʘʙʦʯʠʝ 

ʤʝʩʪʘ (ɸʈʄ) ʦʪʢʨʳʪʦʛʦ ʩʝʛʤʝʥʪʘ; 

ʩʨʝʜʩʪʚʘ IP-ʪʝʣʝʬʦʥʠʠ ɸʊʉ (ʧʦ ʪʝʭʥʦʣʦʛʠʠ VoIP), ʩʦʧʨʷʛʘʝʤʦʡ ʩ 

ʚʥʝʰʥʠʤʠ ʨʝʩʫʨʩʘʤʠ (ʛʦʨʦʜʩʢʠʤʠ ʠ ʤʝʞʜʫʛʦʨʦʜʥʳʤʠ ʪʝʣʝʬʦʥʥʳʤʠ ʩʝʪʷʤʠ). 

ɺ ʩʦʩʪʘʚ ʦʙʦʨʫʜʦʚʘʥʠʷ ʟʘʢʨʳʪʦʛʦ ʩʝʛʤʝʥʪʘ ʤʦʛʫʪ ʚʭʦʜʠʪʴ: 

ʧʦʛʨʘʥʠʯʥʳʡ ʤʘʨʰʨʫʪʠʟʘʪʦʨ ʣʠʙʦ ʤʝʞʩʝʪʝʚʦʡ ʵʢʨʘʥ (ʝʩʣʠ ʥʝʦʙʭʦʜʠʤʦ 

ʤʘʨʰʨʫʪʠʟʠʨʦʚʘʪʴ ʪʨʘʬʠʢ ʚʦ ʚʥʝʰʥʶʶ ʩʝʪʴ, ʥʘʧʨʠʤʝʨ ʚ ʠʥʪʝʨʥʝʪ); 

ʢʨʠʧʪʦʤʘʨʰʨʫʪʠʟʘʪʦʨ; 

ʢʦʤʤʫʪʘʪʦʨ ʃɺʉ; 
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ʃɺʉ ʠ ɸʈʄ ʟʘʢʨʳʪʦʛʦ ʩʝʛʤʝʥʪʘ; 

ʩʨʝʜʩʪʚʘ IP-ʪʝʣʝʬʦʥʠʠ ʚʥʫʪʨʝʥʥʝʡ ʟʘʢʨʳʪʦʡ ɸʊʉ, ʩʦʧʨʷʛʘʝʤʦʡ ʩ 

ʚʥʝʰʥʠʤʠ ʨʝʩʫʨʩʘʤʠ, ʥʦ ʩ ʦʙʷʟʘʪʝʣʴʥʳʤ ʫʩʣʦʚʠʝʤ ʢʨʠʧʪʦʟʘʱʠʪʳ ʠ ʧʝʨʝʜʘʯʠ 

ʪʨʘʬʠʢʘ ʧʦ ʪʫʥʥʝʣʷʤ ʚʠʨʪʫʘʣʴʥʦʡ ʯʘʩʪʥʦʡ ʩʝʪʠ (VPN). 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ 

ʢʨʠʧʪʦʤʘʨʰʨʫʪʠʟʘʪʦʨ ʠ ʤʝʞʩʝʪʝʚʦʡ ʵʢʨʘʥ ʠʣʠ ʧʦʛʨʘʥʠʯʥʳʡ ʤʘʨʰʨʫʪʠʟʘʪʦʨ 

ʦʙʝʩʧʝʯʠʚʘʶʪ ʢʨʠʧʪʦʛʨʘʬʠʯʝʩʢʫʶ ʟʘʱʠʪʫ ʠʥʬʦʨʤʘʮʠʠ ʥʘ ʜʦʣʞʥʦʤ ʫʨʦʚʥʝ. 

ʆʜʥʘʢʦ ʵʪʦ ʥʝ ʜʘʩʪ ʩʪʦʧʨʦʮʝʥʪʥʦʡ ʟʘʱʠʪʳ ʦʪ ʢʦʤʧʴʶʪʝʨʥʳʭ ʘʪʘʢ ʜʦ ʪʝʭ ʧʦʨ, 

ʧʦʢʘ ʦʨʛʘʥʠʟʘʮʠʷ ʥʝ ʥʘʫʯʠʪʩʷ ʤʠʥʠʤʠʟʠʨʦʚʘʪʴ ʚʣʠʷʥʠʝ ʯʝʣʦʚʝʯʝʩʢʦʛʦ ʬʘʢʪʦʨʘ. 

ɼʘʞʝ ʝʩʣʠ ʧʝʨʝʚʝʩʪʠ ʚʩʝ ʫʟʣʳ ʩʚʷʟʠ ʚ ʨʝʞʠʤ ʪʦʪʘʣʴʥʦʡ ʘʚʪʦʤʘʪʠʟʘʮʠʠ, 

ʠʩʢʣʶʯʠʚ ʠʟ ʧʨʦʮʝʩʩʦʚ, ʩʚʷʟʘʥʥʳʭ ʩ ʦʙʩʣʫʞʠʚʘʥʠʝʤ ʉʇɼ, ʯʝʣʦʚʝʢʘ, ʫʩʪʨʘʥʠʪʴ 

ʨʠʩʢʠ, ʦʙʫʩʣʦʚʣʝʥʥʳʝ ʜʦʚʝʨʠʪʝʣʴʥʳʤʠ ʦʪʥʦʰʝʥʠʷʤʠ, ʚʥʫʪʨʝʥʥʠʤʠ 

ʥʘʨʫʰʠʪʝʣʷʤʠ, ʘʧʧʘʨʘʪʥʳʤʠ ʠʣʠ ʧʨʦʛʨʘʤʤʥʳʤʠ ʟʘʢʣʘʜʢʘʤʠ ʠ ʧʨʦʩʪʦ 

ʙʘʥʘʣʴʥʦʡ ʥʝʧʨʘʚʠʣʴʥʦʡ ʥʘʩʪʨʦʡʢʦʡ ʩʝʪʝʚʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ, ʥʝ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ 

ʚʦʟʤʦʞʥʳʤ.  

1.2 ʄʦʜʝʣʴ ʫʛʨʦʟ ʨʝʩʫʨʩʘʤ ʩʝʪʠ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ 

ʉʦʚʨʝʤʝʥʥʳʡ ʵʪʘʧ ʨʘʟʚʠʪʠʷ ʦʙʱʝʩʪʚʘ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʧʦʚʳʰʝʥʠʝʤ ʨʦʣʠ 

ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʩʬʝʨʳ, ʧʨʝʜʩʪʘʚʣʷʶʱʝʡ ʩʦʙʦʡ ʩʦʚʦʢʫʧʥʦʩʪʴ ʠʥʬʦʨʤʘʮʠʠ, 

ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ ʠ ʩʫʙʲʝʢʪʦʚ, ʦʩʫʱʝʩʪʚʣʷʶʱʠʭ ʩʙʦʨ, 

ʬʦʨʤʠʨʦʚʘʥʠʝ, ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʠ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʠʥʬʦʨʤʘʮʠʠ. ʂ ʯʠʩʣʫ 

ʥʘʠʙʦʣʝʝ ʟʘʤʝʪʥʦ ʥʘʨʘʩʪʘʶʱʠʭ ʫʛʨʦʟ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ 

ʢʨʠʪʠʯʝʩʢʠ ʚʘʞʥʦʛʦ ʦʙʲʝʢʪʘ ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ ʦʪʥʦʩʷʪʩʷ ʢʦʤʧʴʶʪʝʨʥʳʝ ʘʪʘʢʠ 

(ʂɸ) ʥʘ ʉʇɼ [32]. 

ʉʦʚʨʝʤʝʥʥʳʝ ʥʘʧʨʘʚʣʝʥʥʳʝ ʂɸ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʩʣʦʞʥʦʝ 

ʢʦʤʧʣʝʢʩʥʦʝ ʚʦʟʜʝʡʩʪʚʠʝ ʥʘ ʩʝʪʴ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʢʦʪʦʨʦʛʦ ʢʦʥʪʨʦʣʴ ʨʝʩʫʨʩʦʚ, 

ʚʟʣʦʤ ʠ ʟʘʨʘʞʝʥʠʝ ʉʇɼ ʥʝ ʧʨʦʠʩʭʦʜʷʪ çʚʜʨʫʛ ʠʟ ʥʠʯʝʛʦè. ɿʘʯʘʩʪʫʶ ʵʪʦʤʫ 

ʧʨʝʜʰʝʩʪʚʫʝʪ ʜʦʣʛʘʷ ʠ ʢʨʦʧʦʪʣʠʚʘʷ ʨʘʙʦʪʘ ʚ ʢʠʙʝʨʧʨʦʩʪʨʘʥʩʪʚʝ: ʨʘʟʚʝʜʢʘ, 

ʧʦʠʩʢ ʭʘʨʘʢʪʝʨʥʳʭ ʫʷʟʚʠʤʦʩʪʝʡ ʠ ʟʘʭʚʘʪ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʘʢʪʠʚʦʚ. 

ʄʝʥʷʶʱʠʡʩʷ ʣʘʥʜʰʘʬʪ ʫʛʨʦʟ, ʯʘʩʪʦʪʘ ʠʭ ʧʦʷʚʣʝʥʠʷ, ʩʣʦʞʥʦʩʪʴ ʠ ʮʝʣʝʚʦʡ 
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ʭʘʨʘʢʪʝʨ ʘʪʘʢ ï ʚʩʝ ʵʪʦ ʪʨʝʙʫʝʪ ʵʚʦʣʶʮʠʠ ʩʫʱʝʩʪʚʫʶʱʝʡ ʧʘʨʘʜʠʛʤʳ ʚ ʩʬʝʨʝ 

ʧʨʘʚʠʣ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ.  

ɼʣʷ ʤʠʥʠʤʠʟʘʮʠʠ ʧʦʪʝʥʮʠʘʣʴʥʦʛʦ ʫʱʝʨʙʘ ʚʘʞʝʥ ʧʝʨʝʭʦʜ ʢ ʩʦʯʝʪʘʥʠʶ 

ʪʝʭʥʦʣʦʛʠʡ ʧʨʝʜʦʪʚʨʘʱʝʥʠʷ, ʦʙʥʘʨʫʞʝʥʠʷ ʠ ʨʝʘʛʠʨʦʚʘʥʠʷ ʥʘ ʂɸ, ʦʜʥʘʢʦ 

ʩʝʛʦʜʥʷ ʘʥʘʣʠʟ ʠʥʮʠʜʝʥʪʘ ʧʨʦʠʩʭʦʜʠʪ ʚ ʦʩʥʦʚʥʦʤ çʧʦ ʬʘʢʪʫè, ʧʫʪʝʤ çʣʘʪʘʥʠʷ 

ʜʳʨè ʚ ʫʷʟʚʠʤʦʩʪʷʭ ʩʠʩʪʝʤ ʦʙʝʩʧʝʯʝʥʠʷ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ. 

ɹʦʣʴʰʠʥʩʪʚʦ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʭ ʠ ʯʘʩʪʥʳʭ ʦʨʛʘʥʠʟʘʮʠʡ ʠʤʝʶʪ ʩʨʝʜʩʪʚʘ ʜʣʷ 

ʦʙʥʘʨʫʞʝʥʠʷ ʠʟʚʝʩʪʥʳʭ ʘʪʘʢ, ʭʦʪʷ, ʢʘʢ ʧʦʢʘʟʳʚʘʝʪ ʧʨʘʢʪʠʢʘ, ʜʘʥʥʳʝ ʨʝʰʝʥʠʷ 

ʥʝ ʚʩʝʛʜʘ ʩʧʘʩʘʶʪ ʠʭ ʦʪ ʟʣʦʥʘʤʝʨʝʥʥʳʭ ʩʝʪʝʚʳʭ ʚʪʦʨʞʝʥʠʡ. ʉʘʤʦʝ ʩʣʦʞʥʦʝ ʚ 

ʜʝʣʝ ʟʘʱʠʪʳ ʢʦʥʬʠʜʝʥʮʠʘʣʴʥʳʭ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʨʝʩʫʨʩʦʚ ï ʦʩʪʘʥʦʚʠʪʴ 

ʥʝʠʟʚʝʩʪʥʳʝ ʘʪʘʢʠ, ʩʧʝʮʠʘʣʴʥʦ ʩʦʟʜʘʥʥʳʝ ʩ ʮʝʣʴʶ ʦʙʭʦʜʘ ʠʤʝʶʱʝʡʩʷ ʟʘʱʠʪʳ, 

ʠʩʧʦʣʴʟʫʶʱʠʝ ʠʟʤʝʥʝʥʠʷ ʩʠʛʥʘʪʫʨ ʠ ʰʘʙʣʦʥʦʚ ʧʦʚʝʜʝʥʠʷ. ʅʝʦʪʲʝʤʣʝʤʦʡ 

ʯʘʩʪʴʶ ʘʥʘʣʠʪʠʯʝʩʢʦʡ ʨʘʙʦʪʳ ʧʦ ʟʘʱʠʪʝ ʉʇɼ ʷʚʣʷʝʪʩʷ ʨʘʟʨʘʙʦʪʢʘ ʥʘʠʙʦʣʝʝ 

ʧʦʣʥʦʡ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʂɸ, ʩʦʟʜʘʶʱʠʭ ʫʛʨʦʟʳ ʜʣʷ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʨʝʩʫʨʩʦʚ. 

ʄʥʦʛʠʝ ʠʟʚʝʩʪʥʳʝ ʨʝʰʝʥʠʷ ʧʦ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʢʦʤʧʴʶʪʝʨʥʳʭ ʘʪʘʢ 

ʦʧʠʨʘʶʪʩʷ ʥʘ ʦʧʨʝʜʝʣʝʥʥʳʝ ʪʨʝʙʦʚʘʥʠʷ, ʪʘʢʠʝ ʢʘʢ: 

ʚʟʘʠʤʦʠʩʢʣʶʯʘʝʤʦʩʪʴ ï ʢʘʪʝʛʦʨʠʠ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʥʝ ʜʦʣʞʥʳ 

ʧʝʨʝʩʝʢʘʪʴʩʷ ʠ ʠʤʝʪʴ ʩʭʦʞʠʝ ʟʥʘʯʝʥʠʷ; 

ʠʩʯʝʨʧʳʚʘʝʤʦʩʪʴ ï ʢʣʘʩʩʠʬʠʢʘʮʠʷ ʜʦʣʞʥʘ ʚ ʧʦʣʥʦʡ ʤʝʨʝ ʨʘʩʢʨʳʚʘʪʴ 

ʦʧʠʩʳʚʘʝʤʫʶ ʦʙʣʘʩʪʴ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʤʘʢʩʠʤʘʣʴʥʦ ʦʭʚʘʪʳʚʘʪʴ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʡ ʂɸ; 

ʧʦʥʷʪʥʦʩʪʴ ï ʦʜʥʦʟʥʘʯʥʦʩʪʴ ʠ ʢʨʘʪʢʦʩʪʴ ʧʨʝʜʩʪʘʚʣʷʝʤʦʡ ʠʥʬʦʨʤʘʮʠʠ; 

ʥʝʜʚʫʩʤʳʩʣʝʥʥʦʩʪʴ ï ʩʪʨʦʛʦʝ ʨʘʟʜʝʣʝʥʠʝ ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʢʘʪʝʛʦʨʠʡ ʩ 

ʯʝʪʢʦ ʚʳʨʘʞʝʥʥʦʡ ʧʨʠʥʘʜʣʝʞʥʦʩʪʴʶ ʂɸ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʤʫ ʢʣʘʩʩʠʬʠʢʘʪʦʨʫ; 

ʧʦʣʝʟʥʦʩʪʴ ï ʚʦʟʤʦʞʥʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚ ʦʙʣʘʩʪʠ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ 

ʙʝʟʦʧʘʩʥʦʩʪʠ ʦʙʦʙʱʝʥʥʳʭ ʢʣʘʩʩʠʬʠʢʘʪʦʨʦʤ ʜʘʥʥʳʭ ʦ ʪʦʡ ʠʣʠ ʠʥʦʡ ʂɸ; 

ʧʨʠʝʤʣʝʤʦʩʪʴ ï ʧʦʩʪʨʦʝʥʠʝ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʥʘ ʦʩʥʦʚʝ ʘʥʘʣʠʟʘ 

ʩʫʱʝʩʪʚʫʶʱʝʡ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʚ ʦʙʣʘʩʪʠ ʠʩʩʣʝʜʦʚʘʥʠʷ [33, 34]. 

ʀʟʚʝʩʪʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚ ʦʙʣʘʩʪʠ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʂɸ ʤʦʞʥʦ ʨʘʟʜʝʣʠʪʴ 

ʥʘ ʜʚʝ ʢʨʫʧʥʳʝ ʛʨʫʧʧʳ. ʇʝʨʚʘʷ ʦʭʚʘʪʳʚʘʝʪ ʨʘʟʨʘʙʦʪʢʫ ʦʙʱʠʭ ʢʣʘʩʩʠʬʠʢʘʮʠʡ 
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ʧʦ ʢʦʤʧʴʶʪʝʨʥʳʤ ʘʪʘʢʘʤ, ʦʩʥʦʚʘʥʥʳʭ ʥʘ ʪʠʧʝ ʘʪʘʢʠ ʠʣʠ ʧʦʥʝʩʝʥʥʦʤ ʫʱʝʨʙʝ. 

ɺʪʦʨʘʷ ʛʨʫʧʧʘ ʨʘʙʦʪ ʠʟʫʯʘʝʪ ʦʧʨʝʜʝʣʝʥʥʳʝ ʢʦʤʧʴʶʪʝʨʥʳʝ ʘʪʘʢʠ, ʜʘʚʘʷ 

ʥʘʠʙʦʣʝʝ ʛʣʫʙʦʢʦʝ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʦ ʢʦʥʢʨʝʪʥʦʡ ʂɸ, ʠʩʧʦʣʴʟʫʝʤʳʭ ʝʶ 

ʫʟ̫ʚʠʤʦʩʪʷʭ, ʵʢʩʧʣʦʡʪʘʭ ʠ, ʢʘʢ ʧʨʘʚʠʣʦ, ʧʦʩʣʝʜʩʪʚʠʷʭ ʚʪʦʨʞʝʥʠʷ ʚ 

ʠʥʬʦʨʤʘʮʠʦʥʥʫʶ ʩʠʩʪʝʤʫ (ʀʉ) [35].  

ɺ ʦʙʱʠʭ ʢʣʘʩʩʠʬʠʢʘʮʠʷʭ ʘʢʮʝʥʪ ʜʝʣʘʝʪʩʷ ʣʠʙʦ ʥʘ ʨʘʟʜʝʣʝʥʠʝ ʂɸ ʧʦ 

ʤʝʪʦʜʘʤ ʧʨʦʚʝʜʝʥʠʷ ʘʪʘʢ [36-38], ʣʠʙʦ ʥʘ ʛʨʘʜʘʮʠʶ ʧʦ ʚʦʟʤʦʞʥʳʤ ʧʦʪʝʨʷʤ 

ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʘʢʪʠʚʦʚ ʚ ʨʝʟʫʣʴʪʘʪʝ ʘʪʘʢʠ [39-42]. 

ɺ ʨʘʙʦʪʝ [43] ʧʨʦʚʦʜʠʪʩʷ ʘʥʘʣʠʟ ʠʟʚʝʩʪʥʳʭ ʢʣʘʩʩʠʬʠʢʘʮʠʡ 

ʢʦʤʧʴʶʪʝʨʥʳʭ ʘʪʘʢ ʠ ʧʨʝʜʩʪʘʚʣʝʥʳ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʧʦ ʩʣʝʜʫʶʱʠʤ ʧʨʠʟʥʘʢʘʤ: 

ʮʝʣʴ, ʪʠʧ, ʤʦʜʝʣʴ OSI, ʦʧʝʨʘʮʠʦʥʥʘʷ ʩʠʩʪʝʤʘ (ʠ ʝʝ ʭʘʨʘʢʪʝʨʥʳʝ ʫʷʟʚʠʤʦʩʪʠ), 

ʤʝʩʪʦʧʦʣʦʞʝʥʠʝ ʘʪʘʢʫʶʱʝʛʦ, ʪʠʧ ʀʉ, ʘʪʘʢʫʝʤʳʡ ʩʝʨʚʠʩ, ʢʦʥʮʝʥʪʨʘʮʠʷ ʘʪʘʢʠ, 

ʥʘʣʠʯʠʝ ʦʙʨʘʪʥʦʡ ʩʚʷʟʠ, ʫʩʣʦʚʠʝ ʨʝʘʣʠʟʘʮʠʠ ʂɸ, ʪʠʧ ʚʦʟʜʝʡʩʪʚʠʷ, 

ʘʚʪʦʤʘʪʠʟʘʮʠʷ, ʠʩʪʦʯʥʠʢ ʠ ʢʦʣʠʯʝʩʪʚʦ ʩʦʝʜʠʥʝʥʠʡ. ʅʝʜʦʩʪʘʪʢʘʤʠ 

ʧʨʝʜʩʪʘʚʣʝʥʥʦʡ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʷʚʣʷʶʪʩʷ ʦʪʩʫʪʩʪʚʠʝ ʦʧʨʝʜʝʣʝʥʠʡ 

ʢʣʘʩʩʠʬʠʢʘʪʦʨʦʚ ʠ ʥʝʜʦʩʪʘʪʦʯʥʦʝ ʚʥʠʤʘʥʠʝ ʢ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤ ʪʦʯʢʠ 

ʚʦʟʜʝʡʩʪʚʠʷ, ʪ.ʝ. ʢ ʪʦʤʫ, ʥʘ ʢʘʢʠʝ ʢʣʶʯʝʚʳʝ ʫʟʣʳ ʀʉ ʜʝʡʩʪʚʫʝʪ ʪʘ ʠʣʠ ʠʥʘʷ ʂɸ. 

ɺ [44] ʧʨʠʚʦʜʠʪʩʷ ʙʦʣʝʝ 20 ʦʩʥʦʚʥʳʭ ʪʠʧʦʚ ʢʠʙʝʨʘʪʘʢ, ʠʩʧʦʣʴʟʫʝʤʳʭ ʜʣʷ 

ʚʥʝʜʨʝʥʠʷ ʚ ʠʥʬʦʨʤʘʮʠʦʥʥʳʝ ʨʝʩʫʨʩʳ ʉʇɼ; ʦʥʠ ʨʘʟʜʝʣʝʥʳ ʥʘ ʯʝʪʳʨʝ ʙʘʟʦʚʳʝ 

ʢʘʪʝʛʦʨʠʠ. ʈʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʤʘʪʝʤʘʪʠʯʝʩʢʠʝ ʤʦʜʝʣʠ ʜʣʷ ʢʘʞʜʦʡ ʢʘʪʝʛʦʨʠʠ, 

ʢʣʘʩʩʠʬʠʢʘʮʠʷ ʧʨʝʜʥʘʟʥʘʯʝʥʘ ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ ʜʣʷ ʠʥʞʝʥʝʨʥʦʛʦ ʧʝʨʩʦʥʘʣʘ, 

ʦʙʝʩʧʝʯʠʚʘʶʱʝʛʦ ʩʠʩʪʝʤʳ ʙʝʟʦʧʘʩʥʦʩʪʠ ʩʦʚʨʝʤʝʥʥʳʭ ʢʨʠʪʠʯʝʩʢʠ ʚʘʞʥʳʭ 

ʦʙʲʝʢʪʦʚ ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ ʉʇɼ. 

ɺ ʨʘʙʦʪʘʭ [45] ʘʚʪʦʨʳ ʨʫʢʦʚʦʜʩʪʚʫʶʪʩʷ ʧʷʪʴʶ ʦʩʥʦʚʥʳʤʠ 

ʢʣʘʩʩʠʬʠʢʘʪʦʨʘʤʠ: ʦʧʨʝʜʝʣʝʥʠʝ ʧʨʠʨʦʜʳ ʠ ʩʫʱʥʦʩʪʠ ʂɸ, ʮʝʣʠ, ʚʦʟʜʝʡʩʪʚʠʷ 

ʂɸ ʥʘ ʟʘʱʠʱʘʝʤʳʡ ʠʥʬʦʨʤʘʮʠʦʥʥʳʡ ʨʝʩʫʨʩ ʠ ʤʝʨʦʧʨʠʷʪʠʷʤʠ ʧʦ 

ʧʨʝʜʦʪʚʨʘʱʝʥʠʶ ʫʛʨʦʟ ʠ ʠʭ ʧʦʩʣʝʜʩʪʚʠʡ. ʆʪʣʠʯʠʪʝʣʴʥʦʡ ʦʩʦʙʝʥʥʦʩʪʴʶ 

ʧʨʝʜʩʪʘʚʣʷʝʤʦʛʦ ʢʣʘʩʩʠʬʠʢʘʪʦʨʘ ʷʚʣʷʝʪʩʷ ʨʘʩʰʠʨʝʥʥʦʝ, ʤʥʦʛʦʛʨʘʥʥʦʝ 

ʦʧʠʩʘʥʠʝ ʩʤʝʰʘʥʥʳʭ ʩʦʩʪʘʚʥʳʭ ʩʝʪʝʚʳʭ ʘʪʘʢ.  
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ʅʝʦʨʜʠʥʘʨʥʳʡ ʢʣʘʩʩʠʬʠʢʘʮʠʦʥʥʳʡ ʧʦʜʭʦʜ ʜʝʤʦʥʩʪʨʠʨʫʶʪ ʩʧʝʮʠʘʣʠʩʪʳ 

ʊʫʥʠʩʩʢʦʛʦ ʜʝʧʘʨʪʘʤʝʥʪʘ ʠʥʬʦʨʤʘʪʠʢʠ [46], ʧʨʝʜʣʦʞʠʚʰʠʝ ʛʠʙʨʠʜʥʫʶ 

ʧʷʪʠʤʝʨʥʫʶ ʤʦʜʝʣʴ ʫʛʨʦʟ ʀʉ, ʢʦʪʦʨʘʷ, ʚʦ-ʧʝʨʚʳʭ, ʩʦʯʝʪʘʝʪ ʚ ʩʝʙʝ 

ʢʣʘʩʩʠʬʠʢʘʮʠʦʥʥʳʝ ʤʝʪʦʜʳ, ʦʩʥʦʚʘʥʥʳʝ ʠ ʥʘ ʪʝʭʥʠʢʝ ʘʪʘʢ, ʠ ʥʘ ʚʦʟʜʝʡʩʪʚʠʠ 

ʫʛʨʦʟ, ʠ, ʚʦ-ʚʪʦʨʳʭ, ʟʘʪʨʘʛʠʚʘʝʪ ʚʦʟʤʦʞʥʳʝ ʠʩʪʦʯʥʠʢʠ ʨʝʘʣʠʟʘʮʠʠ ʫʛʨʦʟʳ, ʪʠʧ, 

ʤʦʪʠʚʘʮʠʶ, ʟʘʤʳʩʝʣ ʥʘʨʫʰʠʪʝʣʷ ʠ ʪʠʧ ʚʦʟʜʝʡʩʪʚʠʷ. 

ɺ ʨʘʙʦʪʝ [47] ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʥʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʝ ʂɸ ʧʦ 

ʦʙʰʠʨʥʦʤʫ ʥʘʙʦʨʫ ʢʣʘʩʩʠʬʠʢʘʪʦʨʦʚ ʠ ʧʨʝʜʣʘʛʘʶʪʩʷ ʦʥʪʦʣʦʛʠʯʝʩʢʠʝ ʦʩʥʦʚʳ 

ʜʣʷ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʢʣʘʩʩʠʬʠʢʘʮʠʠ: ʦʥʘ ʦʪʚʝʯʘʝʪ ʪʨʝʙʦʚʘʥʠʷʤ ʧʦʣʝʟʥʦʩʪʠ, 

ʚʟʘʠʤʦʠʩʢʣʶʯʝʥʠʷ ʧʫʥʢʪʦʚ ʢʣʘʩʩʠʬʠʢʘʪʦʨʘ, ʧʦʥʷʪʥʦʩʪʠ ʠʥʬʦʨʤʘʮʠʠ ʠ 

ʦʜʥʦʟʥʘʯʥʦʩʪʠ. ʆʜʥʘʢʦ ʨʘʙʦʪʘ [47] ʩʦʩʨʝʜʦʪʦʯʝʥʘ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʥʘ 

ʬʦʨʤʘʣʠʟʘʮʠʠ ʦʧʠʩʘʥʠʷ ʩʝʪʝʚʳʭ ʂɸ, ʦʩʦʙʝʥʥʦʩʪʝʡ ʠʭ ʧʦʜʛʦʪʦʚʢʠ ʠ 

ʧʨʦʚʝʜʝʥʠʷ. 

ɺ [48] ʧʨʝʜʣʦʞʝʥʘ ʢʣʘʩʩʠʬʠʢʘʮʠʷ ʤʝʪʦʜʦʚ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʠ 

ʧʨʦʬʠʣʠʨʦʚʘʥʠʷ ʂɸ, ʪʘʢʠʭ ʢʘʢ ʤʝʪʦʜ ʘʥʘʣʠʟʘ ʣʦʛʠʯʝʩʢʦʡ ʪʦʧʦʣʦʛʠʠ ʩʝʪʠ, 

ʤʝʪʦʜ ʩʢʨʳʪʳʭ ʤʘʨʢʦʚʩʢʠʭ ʤʦʜʝʣʝʡ, ʤʝʪʦʜʘʭ, ʦʩʥʦʚʘʥʥʳʭ ʥʘ ʥʝʯʝʪʢʦʡ ʣʦʛʠʢʝ, 

ʤʝʪʦʜʘʭ ʥʘ ʙʘʟʝ ʛʨʘʬʠʢʦʚ ʩʝʪʝʚʳʭ ʘʪʘʢ ʠ ʩʪʘʪʠʩʪʠʯʝʩʢʠʭ ʤʝʪʦʜʘʭ ʘʥʘʣʠʟʘ 

ʩʦʙʳʪʠʡ. ʅʝʩʤʦʪʨʷ ʥʘ ʤʥʦʛʦʯʠʩʣʝʥʥʳʡ ʥʘʙʦʨ ʢʣʘʩʩʠʬʠʢʘʮʠʦʥʥʳʭ ʧʨʠʟʥʘʢʦʚ, 

ʚʳʜʝʣʝʥʥʳʝ ʢʘʪʝʛʦʨʠʠ ʥʝ ʨʘʩʩʤʘʪʨʠʚʘʶʪ ʪʘʢʠʝ ʚʘʞʥʳʝ ʘʩʧʝʢʪʳ, ʢʘʢ ʫʨʦʚʝʥʴ 

ʵʪʘʣʦʥʥʦʡ ʤʦʜʝʣʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʦʪʢʨʳʪʳʭ ʩʠʩʪʝʤ (ʕʄɺʆʉ), ʩʝʪʝʚʳʝ 

ʫʩʪʨʦʡʩʪʚʘ, ʧʦʜʚʝʨʛʘʝʤʳʝ ʚʦʟʜʝʡʩʪʚʠʶ ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ, ʘ ʪʘʢʞʝ ʚʨʝʤʝʥʥʳʝ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʂɸ. 

ʂʣʘʩʩʠʬʠʢʘʮʠʷ ʘʪʘʢ, ʢʦʪʦʨʘʷ ʤʦʞʝʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʘ ʜʣʷ 

ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʚʦʟʤʦʞʥʳʭ ʚʪʦʨʞʝʥʠʡ ʚ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʝ ʩʠʩʪʝʤʳ 

ʤʦʥʠʪʦʨʠʥʛʘ ʠ ʫʧʨʘʚʣʝʥʠʷ ʜʘʥʥʳʤʠ, ʧʨʠʚʝʜʝʥʘ ʚ [49], ʪʘʢ ʠ ʚ ʨʘʙʦʪʝ ʚ [50]. 

ʂʣʘʩʩʠʬʠʢʘʪʦʨʳ ʠʜʝʥʪʠʬʠʮʠʨʫʶʪ ʘʪʘʢʠ ʥʘ ʦʩʥʦʚʥʳʝ ʫʟʣʳ ʩʝʪʝʚʦʛʦ 

ʦʙʦʨʫʜʦʚʘʥʠʷ, ʘʪʘʢʠ ʥʘ ʧʨʦʛʨʘʤʤʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ ʠ ʘʪʘʢʠ ʥʘ ʩʪʝʢʠ ʧʨʦʪʦʢʦʣʦʚ 

ʩʚʷʟʠ, ʚʳʜʝʣʝʥʥʳʝ ʦʪʜʝʣʴʥʦ ʚ ʩʧʝʮʠʬʠʢʝ SCADA-ʩʠʩʪʝʤ, ʪ.ʝ. ʚ ʦʙʣʘʩʪʠ 

ʧʨʠʤʝʥʝʥʠʷ ʜʠʩʧʝʪʯʝʨʩʢʦʛʦ ʢʦʥʪʨʦʣʷ, ʫʧʨʘʚʣʝʥʠʷ ʠ ʩʙʦʨʘ ʜʘʥʥʳʭ. 
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ʉʪʘʪʴʠ [51,52] ʨʘʩʩʤʘʪʨʠʚʘʶʪ ʢʣʘʩʩʠʬʠʢʘʮʠʦʥʥʳʝ ʧʨʠʟʥʘʢʠ ʂɸ, ʢʘʢ 

ʧʘʨʘʤʝʪʨʳ ʜʣʷ ʛʣʫʙʦʢʦʛʦ ʤʘʰʠʥʥʦʛʦ ʦʙʫʯʝʥʠʷ ʩʠʩʪʝʤ ʟʘʱʠʪʳ 

ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʩʠʩʪʝʤ, ʙʘʟʠʨʫʶʱʠʭʩʷ ʥʘ ʘʣʛʦʨʠʪʤʘʭ ʠʩʢʫʩʩʪʚʝʥʥʳʭ 

ʥʝʡʨʦʥʥʳʭ ʩʝʪʝʡ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʘʥʘʣʠʟ ʠʟʚʝʩʪʥʳʭ ʨʘʙʦʪ ʚ ʦʙʣʘʩʪʠ ʢʣʘʩʩʠʬʠʢʘʮʠʠ 

ʢʦʤʧʴʶʪʝʨʥʳʭ ʘʪʘʢ ʧʦʟʚʦʣʷʝʪ ʩʜʝʣʘʪʴ ʩʣʝʜʫʶʱʠʝ ʚʳʚʦʜʳ:  

ʧʨʠ ʨʘʟʨʘʙʦʪʢʝ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʂɸ ʥʝʦʙʭʦʜʠʤʦ ʨʫʢʦʚʦʜʩʪʚʦʚʘʪʴʩʷ 

ʥʘʠʙʦʣʝʝ ʦʙʱʠʤʠ ʧʨʠʥʮʠʧʘʤʠ ʧʦʩʪʨʦʝʥʠʷ ʢʣʘʩʩʠʬʠʢʘʮʠʡ, ʩʧʦʩʦʙʩʪʚʫʶʱʠʤʠ 

ʧʨʘʚʠʣʴʥʦʤʫ ʧʦʜʙʦʨʫ ʦʧʪʠʤʘʣʴʥʳʭ ʢʘʪʝʛʦʨʠʡ ʠ ʢʨʠʪʝʨʠʝʚ ʜʣʷ ʜʘʣʴʥʝʡʰʝʡ 

ʨʘʙʦʪʳ ʩ ʩʦʟʜʘʥʥʦʡ ʢʣʘʩʩʠʬʠʢʘʮʠʝʡ ʧʨʠʤʝʥʠʪʝʣʴʥʦ ʢ ʨʘʟʣʠʯʥʳʤ ʩʬʝʨʘʤ 

ʦʙʝʩʧʝʯʝʥʠʷ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ; 

ʧʨʠ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʂɸ ʧʨʝʜʧʦʯʪʝʥʠʝ ʩʣʝʜʫʝʪ ʦʪʜʘʚʘʪʴ ʙʦʣʝʝ ʦʙʱʠʤ, 

ʛʠʙʨʠʜʥʳʤ ʢʣʘʩʩʠʬʠʢʘʪʦʨʘʤ. ʂʣʘʩʩʠʬʠʢʘʮʠʠ, ʦʩʥʦʚʘʥʥʳʝ ʥʘ ʫʯʝʪʝ ʫʱʝʨʙʘ, 

ʧʦʣʫʯʝʥʥʦʛʦ ʠʥʬʦʨʤʘʮʠʦʥʥʳʤʠ ʘʢʪʠʚʘʤʠ, ʠ ʢʣʘʩʩʠʬʠʢʘʮʠʠ, ʩʦʩʨʝʜʦʪʦʯʝʥʥʳʝ 

ʥʘ ʦʧʨʝʜʝʣʝʥʥʳʭ ʪʠʧʘʭ ʘʪʘʢʠ, ʥʝ ʤʦʛʫʪ ʚ ʜʦʩʪʘʪʦʯʥʦʡ ʤʝʨʝ ʦʪʨʘʟʠʪʴ ʩʚʦʡʩʪʚʘ ʠ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʂɸ;  

ʨʘʟʨʘʙʘʪʳʚʘʝʤʳʝ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʜʦʣʞʥʳ ʚʦ ʚʩʝʡ ʧʦʣʥʦʪʝ ʦʪʚʝʯʘʪʴ ʥʘ 

ʩʣʝʜʫʶʱʠʝ ʚʦʧʨʦʩʳ: çʂʪʦ ʩʦʚʝʨʰʘʝʪ ʢʦʤʧʴʶʪʝʨʥʫʶ ʘʪʘʢʫ?è, çʎʝʣʴ 

ʢʦʤʧʴʶʪʝʨʥʦʡ ʘʪʘʢʠ?è, çʀʩʪʦʯʥʠʢ ʢʦʤʧʴʶʪʝʨʥʦʡ ʘʪʘʢʠ?è, çʂʘʢʦʚ ʤʝʪʦʜ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʘʪʘʢʠ ʠ ʢʘʢʦʚʳ ʝʝ ʧʦʩʣʝʜʩʪʚʠʷ ʜʣʷ ʞʝʨʪʚʳ ʧʦʩʣʝ 

ʠʥʮʠʜʝʥʪʘ?è. ʆʪʚʝʪʳ ʥʘ ʜʘʥʥʳʝ ʚʦʧʨʦʩʳ ʠʤʝʶʪ ʙʦʣʴʰʦʝ ʟʥʘʯʝʥʠʝ ʜʣʷ ʚʳʙʦʨʘ 

ʩʪʨʘʪʝʛʠʠ ʟʘʱʠʪʳ, ʧʨʝʜʫʧʨʝʞʜʝʥʠʷ ʠ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʘʪʘʢʠ, ʝʝ 

ʩʚʦʝʚʨʝʤʝʥʥʦʛʦ ʦʙʥʘʨʫʞʝʥʠʷ ʠ ʧʨʦʪʠʚʦʜʝʡʩʪʚʠʷ ʧʨʦʥʠʢʥʦʚʝʥʠʶ ʚ ʉʇɼ. 

ʈʘʩʩʤʦʪʨʝʥʥʳʝ ʚʳʰʝ ʧʦʜʭʦʜʳ ʥʝ ʚ ʧʦʣʥʦʡ ʤʝʨʝ ʦʪʚʝʯʘʶʪ ʚʩʝʤ ʵʪʠʤ 

ʪʨʝʙʦʚʘʥʠʷʤ. 

ɺ ʪʘʙʣʠʮʘʭ 1.2ï1.4 ʠ ɹ 1 ï ɹ 4 ʧʨʠʚʝʜʝʥʳ ʤʦʜʝʣʠ ʫʛʨʦʟ ʙʝʟʦʧʘʩʥʦʩʪʠ 

ʨʝʩʫʨʩʘʤ ʉʇɼ [35]. 
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ʊʘʙʣʠʮʘ 1.2 ï ʄʦʜʝʣʴ ʫʛʨʦʟ ʤʘʨʰʨʫʪʠʟʘʪʦʨʘ 
ʈʘʟʚʝʜʢʘ ʇʨʦʥʠʢʥʦʚʝʥʠʝ ɺʳʧʦʣʥʝʥʠʝ ɿʘʢʨʝʧʣʝʥʠʝ 

ʆʙʥʘʨʫʞʝʥʠʝ ʉʙʦʨ ʜʘʥʥʳʭ ʕʢʩʬʠʣʴʪʨʘʮʠʷ ʕʢʩʧʣʫʘʪʘʮʠʷ 
ɺʨʝʜʦʥʦʩʥʳʡ 

ʢʦʜ 

ʉʦʮʠʘʣʴʥʘʷ 

ʠʥʞʝʥʝʨʠʷ 
ʂʦʤʘʥʜʦʚʘʥʠʝ ʋʧʨʘʚʣʝʥʠʝ 

ʈʘʩʧʨʦʩʪ

ʨʘʥʝʥʠʝ ʉʢʨʳʪʠʝ 

 
ʉʢʘʥʠʨʦʚʘʥʠʝ 

ʩʝʪʝʚʳʭ ʩʝʨʚʠʩʦʚ 

 
ʆʙʥʘʨʫʞʝʥʠʝ 

ʧʝʨʠʬʝʨʠʡʥʳʭ 

ʫʩʪʨʦʡʩʪʚ 
 

ʆʙʥʘʨʫʞʝʥʠʝ 

ʧʘʨʘʤʝʪʨʦʚ 
ʢʦʥʬʠʛʫʨʘʮʠʠ 

ʩʝʪʠ 

ʇʨʦʩʣʫʰʠʚʘʥʠʝ 

ʩʝʪʠ 

ʕʢʩʬʠʣʴʪʨʘʮʠʷ 
ʯʝʨʝʟ 

ʘʣʴʪʝʨʥʘʪʠʚʥʳʡ 

ʧʨʦʪʦʢʦʣ 
 

ʕʢʩʬʠʣʴʪʨʘʮʠʷ 

ʯʝʨʝʟ ʢʘʥʘʣ 
ʫʧʨʘʚʣʝʥʠʷ C2 

 

ʕʢʩʬʠʣʴʪʨʘʮʠʷ 
ʯʝʨʝʟ 

ʘʣʴʪʝʨʥʘʪʠʚʥʫʶ 

ʩʝʪʝʚʫʶ ʩʨʝʜʫ 
 

ʕʢʩʬʠʣʴʪʨʘʮʠʷ 

ʯʝʨʝʟ 
ʘʣʴʪʝʨʥʘʪʠʚʥʫʶ 

ʬʠʟʠʯʝʩʢʫʶ ʩʨʝʜʫ 

 

 

ɺʥʝʰʥʠʝ 
ʫʜʘʣʝʥʥʳʝ 

ʩʝʨʚʠʩʳ 

 
ʄʝʪʦʜ ʛʨʫʙʦʡ 

ʩʠʣʳ ʠʣʠ ʧʦʣʥʳʡ 

ʧʝʨʝʙʦʨ 
 

- 

 

ʌʠʰʠʥʛʦʚʳ

ʡ ʧʦʨʪ 

 
Evil double 

SSH 

 
FTP 

 

 

 
ʇʦʜʢʣʶʯʝʥʠʝ 

ʯʝʨʝʟ ʧʨʦʢʩʠ 

 
ʉʦʙʩʪʚʝʥʥʳʡ 

ʢʨʠʧʪʦʛʨʘʬʠʯʝ

ʩʢʠʡ ʧʨʦʪʦʢʦʣ 
 

 

ʄʥʦʛʦʢʨʘʪʥʦʝ 
ʧʨʦʢʩʠʨʦʚʘʥʠʝ 

 

ʄʥʦʛʦʫʨʦʚʥʝʚ
ʦʝ ʰʠʬʨʦʚʘʥʠʝ 

 

ʉʨʝʜʩʪʚʘ 
ʫʜʘʣʝʥʥʦʛʦ 

ʜʦʩʪʫʧʘ 

ʇʨʦʙʨʦʩ 

ʧʦʨʪʦʚ 

ʉʢʨʳʪʠʝ ʢʦʥʝʯʥʦʛʦ 

ʘʜʨʝʩʘ ʩʦʝʜʠʥʝʥʠʷ 

 
ɿʘʧʘʩʥʳʝ ʢʘʥʘʣʳ 

 

ʄʥʦʛʦʩʪʫʧʝʥʯʘʪʳʝ 
ʢʘʥʘʣʳ 

ʆʧʝʨʘʪʠʚʥʘʷ ʧʘʤʷʪʴ 
ʆʙʥʘʨʫʞʝʥʠʝ 

ʧʨʦʮʝʩʩʦʚ 

 

Hash ʧʘʨʦʣʷ 

ʕʢʩʬʠʣʴʪʨʘʮʠʷ 

ʦʧʝʨʘʪʠʚʥʦʡ 

ʧʘʤʷʪʠ 

- ʈʘʤʢʠʪʳ - - - - - 

ʆʧʝʨʘʮʠʦʥʥʘʷ ʩʠʩʪʝʤʘ 

Bash History 

 

ʉʝʢʨʝʪʥʳʝ ʢʣʶʯʠ 
 

ʆʙʥʘʨʫʞʝʥʠʝ 

ʫʯʝʪʥʳʭ ʟʘʧʠʩʝʡ 
 

ʆʙʥʘʨʫʞʝʥʠʝ 

ʬʘʡʣʦʚ ʠ 
ʢʘʪʘʣʦʛʦʚ 

 

ʈʘʩʢʨʳʪʠʝ 
ʧʘʨʦʣʴʥʦʡ 

ʧʦʣʠʪʠʢʠ 

 
ʆʙʥʘʨʫʞʝʥʠʝ 

ʛʨʫʧʧ ʜʦʩʪʫʧʘ 

 
ʆʙʥʘʨʫʞʝʥʠʝ 

ʠʥʬʦʨʤʘʮʠʠ ʦ 
ʩʠʩʪʝʤʝ 

 

ɼʘʤʧʠʥʛ 
ʫʯʝʪʥʳʭ ʜʘʥʥʳʭ 

 

ɿʘʭʚʘʪ ʚʚʦʜʘ 
 

ɸʚʪʦʤʘʪʠʟʠʨʦʚʘ

ʥʥʳʡ ʩʙʦʨ 
 

 

ʕʢʩʧʣʦʡʪʳ ʜʣʷ 
ʧʦʣʫʯʝʥʠʷ ʫʯʝʪʥʳʭ 

ʜʘʥʥʳʭ 

 
ɸʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥ

ʘʷ ʵʢʩʬʠʣʴʪʨʘʮʠʷ 

 
 

ʇʘʙʣʠʢ-

ʵʢʩʧʣʦʡʪʳ 
 

0-Day 

ʈʫʪʢʠʪʳ 

 

 

- TTY 

ʋʜʘʣʝʥʥʳʝ 

ʩʝʨʚʠʩʳ 
 

ʉʚʷʟʴ ʯʝʨʝʟ 

ʩʲʝʤʥʳʝ 
ʥʦʩʠʪʝʣʠ 

 

ʉʦʟʜʘʥʠʝ 

ʫʯʝʪʥʳʭ 

ʟʘʧʠʩʝʡ 

ʉʢʨʳʪʳʝ ʬʘʡʣʳ ʠ 

ʧʘʧʢʠ 
 

Port Knocking 
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ʈʘʟʚʝʜʢʘ ʇʨʦʥʠʢʥʦʚʝʥʠʝ ɺʳʧʦʣʥʝʥʠʝ ɿʘʢʨʝʧʣʝʥʠʝ 

ʆʙʥʘʨʫʞʝʥʠʝ ʉʙʦʨ ʜʘʥʥʳʭ ʕʢʩʬʠʣʴʪʨʘʮʠʷ ʕʢʩʧʣʫʘʪʘʮʠʷ 
ɺʨʝʜʦʥʦʩʥʳʡ 

ʢʦʜ 

ʉʦʮʠʘʣʴʥʘʷ 

ʠʥʞʝʥʝʨʠʷ 
ʂʦʤʘʥʜʦʚʘʥʠʝ ʋʧʨʘʚʣʝʥʠʝ 

ʈʘʩʧʨʦʩʪ

ʨʘʥʝʥʠʝ ʉʢʨʳʪʠʝ 

ʇʨʦʛʨʘʤʤʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ 

ʉʝʢʨʝʪʥʳʝ ʢʣʶʯʠ 

 

 

ɼʘʤʧʠʥʛ 

ʫʯʝʪʥʳʭ ʜʘʥʥʳʭ 
 

MITM  

 
 

ʕʢʩʬʠʣʴʪʨʘʮʠʷ 

ʜʘʥʥʳʭ ʠʟ ʇʆ 

ʇʘʙʣʠʢ-

ʵʢʩʧʣʦʡʪʳ  

 
0-Day 

ʉʢʨʠʧʪʠʥʛ 

 

ʋʧʘʢʦʚʢʘ 
ʩʦʬʪʘ 

ɺʳʧʦʣʥʝʥʠʝ 
ʯʝʨʝʟ 

ʜʦʚʝʨʝʥʥʳʝ 

ʫʪʠʣʠʪʳ 
ʨʘʟʨʘʙʦʪʯʠʢ

ʦʚ ʩʦʬʪʘ 

- 
ʋʜʘʣʝʥʥʦʝ 
ʢʦʧʠʨʦʚʘʥʠʝ 

ʬʘʡʣʦʚ 

ɺʥʝʜʨʝʥʠʝ 

ʚ 

ʧʨʦʛʨʘʤʤʥ
ʳʡ ʢʦʜ 

 
ɼʝʦʙʬʫʩʢʘʮʠʷ/ 

ʜʝʰʠʬʨʦʚʢʘ ʬʘʡʣʦʚ 

ʠʣʠ ʠʥʬʦʨʤʘʮʠʠ 
 

ʆʙʬʫʩʢʘʮʠʷ ʬʘʡʣʦʚ 

ʠʣʠ ʠʥʬʦʨʤʘʮʠʠ 
 

 

ɸʧʧʘʨʘʪʥʘʷ ʩʦʩʪʘʚʣʷʶʱʘʷ 

ʆʙʥʘʨʫʞʝʥʠʝ 

ʬʘʡʣʦʚ ʩ 

ʠʥʬʦʨʤʘʮʠʝʡ ʦ 
ʩʠʩʪʝʤʝ 

ʉʢʘʥʠʨʦʚʘʥʠʝ 
ʘʧʧʘʨʘʪʥʳʭ 

ʢʦʤʧʦʥʝʥʪʦʚ 

ʕʢʩʬʠʣʴʪʨʘʮʬʠʷ 

ʜʘʥʥʳʭ ʦ ʩʠʩʪʝʤʝ 

ɸʧʧʘʨʘʪʥʳʝ 

ʟʘʢʣʘʜʢʠ, 
ʢʦʤʧʨʦʤʝʪʘʮʠʷ 

ʮʝʧʠ ʧʦʩʪʘʚʦʢ 

 

ɹʫʪʢʠʪʳ 

ɼʦʚʝʨʠʪʝʣʴʥ

ʳʝ 

ʦʪʥʦʰʝʥʠʷ 
 

ʏʝʨʝʟ 
ʘʧʧʘʨʘʪʥʳʝ 

ʟʘʢʣʘʜʢʠ 

ʏʝʨʝʟ ʙʫʪʢʠʪʳ  - ʈʝʟʝʨʚʥʳʡ ʜʦʩʪʫʧ 

 

ʊʘʙʣʠʮʘ 1.3 ï ʄʦʜʝʣʴ ʫʛʨʦʟ ʢʦʤʤʫʪʘʪʦʨʫ 
ʈʘʟʚʝʜʢʘ ʇʨʦʥʠʢʥʦʚʝʥʠʝ ɺʳʧʦʣʥʝʥʠʝ ɿʘʢʨʝʧʣʝʥʠʝ 

ʆʙʥʘʨʫʞʝʥʠʝ ʉʙʦʨ ʜʘʥʥʳʭ ʕʢʩʬʠʣʴʪʨʘʮʠʷ ʕʢʩʧʣʫʘʪʘʮʠʷ 
ɺʨʝʜʦʥʦʩ

ʥʳʡ ʢʦʜ 

ʉʦʮʠʘʣʴʥʘʷ 

ʠʥʞʝʥʝʨʠʷ 
ʂʦʤʘʥʜʦʚʘʥʠʝ ʋʧʨʘʚʣʝʥʠʝ 

ʈʘʩʧʨʦʩʪʨʘʥ

ʝʥʠʝ 
ʉʢʨʳʪʠʝ 

ʇʦʨʪʳ ʢʦʤʤʫʪʘʪʦʨʘ 

ʆʙʥʘʨʫʞʝʥʠʝ 
ʧʝʨʠʬʝʨʠʡʥʳʭ 

ʫʩʪʨʦʡʩʪʚ 

 

ʇʨʦʩʣʫʰʠʚʘʥʠʝ 

ʩʝʪʠ 

ʕʢʩʬʠʣʴʪʨʘʮʠʷ ʯʝʨʝʟ 
ʘʣʴʪʝʨʥʘʪʠʚʥʳʡ ʧʨʦʪʦʢʦʣ 

 

ʕʢʩʬʠʣʴʪʨʘʮʠʷ ʯʝʨʝʟ ʢʘʥʘʣ 
ʫʧʨʘʚʣʝʥʠʷ C2 

 

ʕʢʩʬʠʣʴʪʨʘʮʠʷ ʯʝʨʝʟ 
ʘʣʴʪʝʨʥʘʪʠʚʥʫʶ ʩʝʪʝʚʫʶ 

ʩʨʝʜʫ 

 
ʕʢʩʬʠʣʴʪʨʘʮʠʷ ʯʝʨʝʟ 

ʘʣʴʪʝʨʥʘʪʠʚʥʫʶ 

ʬʠʟʠʯʝʩʢʫʶ ʩʨʝʜʫ 

DOS-ʘʪʘʢʘ 

ʥʘ ʢʘʥʘʣʴʥʦʤ 
ʫʨʦʚʥʝ 

- - 
ʈʘʩʧʨʦʩʪʨʘʥʝʥʥʳʝ 

ʧʦʨʪʳ 

ʇʦʜʢʣʶʯʝʥʠʝ ʯʝʨʝʟ 

ʧʨʦʢʩʠ 
 

ʉʦʙʩʪʚʝʥʥʳʡ 

ʢʨʠʧʪʦʛʨʘʬʠʯʝʩʢʠʡ 
ʧʨʦʪʦʢʦʣ 

- 

ʇʦʜʤʝʥʘ 

MAC-
ʘʜʨʝʩʘ 

ɸʧʧʘʨʘʪʥʘʷ ʩʦʩʪʘʚʣʷʶʱʘʷ 

- 
ʉʥʠʬʠʥʛ 

ARP-spoofing 
- 

ɸʧʧʘʨʘʪʥʳʝ 
ʟʘʢʣʘʜʢʠ, 

ʢʦʤʧʨʦʤʝʪʘʮʠʷ 

ʮʝʧʠ ʧʦʩʪʘʚʦʢ 

- 
ɼʦʚʝʨʠʪʝʣʴʥʳʝ 

ʦʪʥʦʰʝʥʠʷ 
- - 

ʇʦʜʤʝʥʘ 

MAC-ʘʜʨʝʩʦʚ 

ʈʝʟʝʨʚʥʳʡ 

ʜʦʩʪʫʧ 
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1.2.1 ʄʦʜʝʣʴ ʫʛʨʦʟ ʤʘʨʰʨʫʪʠʟʘʪʦʨʫ 

ʄʘʨʰʨʫʪʠʟʘʪʦʨ: ʫʨʦʚʝʥʴ ʕʄɺʆʉ ï 3; ʩʫʙʵʣʝʤʝʥʪʳ ʤʘʨʰʨʫʪʠʟʘʪʦʨʘ ï 

ʧʦʨʪʳ ʩʝʪʝʚʳʭ ʩʣʫʞʙ ʤʘʨʰʨʫʪʠʟʘʪʦʨʘ, ʦʧʝʨʘʪʠʚʥʘʷ ʧʘʤʷʪʴ, ʦʧʝʨʘʮʠʦʥʥʘʷ 

ʩʠʩʪʝʤʘ, ʧʨʦʛʨʘʤʤʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ, ʘʧʧʘʨʘʪʥʘʷ ʩʦʩʪʘʚʣʷʶʱʘʷ 

ʄʘʨʰʨʫʪʠʟʘʪʦʨ ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ ʩʘʤʳʭ ʫʷʟʚʠʤʳʭ ʩʦʩʪʘʚʣʷʶʱʠʭ 

ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʛʦ ʦʙʲʝʢʪʘ: ʵʪʦ ʦʙʫʩʣʦʚʣʝʥʦ ʛʣʘʚʥʳʤ ʦʙʨʘʟʦʤ ʪʝʤ, ʯʪʦ ʦʥ 

ʩʦʜʝʨʞʠʪ ʪʘʙʣʠʮʫ ʤʘʨʰʨʫʪʠʟʘʮʠʠ. ʕʪʦ ʜʘʝʪ ʟʣʦʫʤʳʰʣʝʥʥʠʢʫ ʙʦʣʴʰʦʝ 

ʧʨʝʠʤʫʱʝʩʪʚʦ ʚ ʧʣʘʥʝ ʨʘʟʚʝʜʢʠ ʢʦʨʧʦʨʘʪʠʚʥʦʡ ʩʝʪʠ ʠʟʥʫʪʨʠ. ɿʘʭʚʘʪʠʚ 

ʤʘʨʰʨʫʪʠʟʘʪʦʨ, ʦʥ ʤʦʞʝʪ ʠʩʩʣʝʜʦʚʘʪʴ ʩʝʪʴ ʥʘ ʧʨʝʜʤʝʪ ʚʳʷʚʣʝʥʠʷ ʫʷʟʚʠʤʳʭ 

ʩʦʩʝʜʝʡ, ʯʪʦʙʳ, ʚʦʩʧʦʣʴʟʦʚʘʚʰʠʩʴ ʠʭ ʩʠʩʪʝʤʘʤʠ, ʧʨʦʙʨʦʩʠʪʴʩʷ ʚ ʩʝʪʴ ʛʣʫʙʞʝ.  

ʉʫʱʝʩʪʚʫʝʪ ʤʥʦʞʝʩʪʚʦ ʩʧʦʩʦʙʦʚ ʜʣʷ ʵʪʦʛʦ (ʪʘʙʣ. 1.2). ɺʩʝ ʟʘʚʠʩʠʪ ʦʪ 

ʢʦʥʢʨʝʪʥʦʡ ʩʠʪʫʘʮʠʠ ʠ ʪʠʧʘ ʤʘʨʰʨʫʪʠʟʠʨʫʶʱʝʛʦ ʫʩʪʨʦʡʩʪʚʘ. ɺ ʙʦʣʴʰʠʥʩʪʚʝ 

ʩʣʫʯʘʝʚ ʤʦʞʥʦ ʧʦʜʦʙʨʘʪʴ ʣʦʛʠʥ ʠ ʧʘʨʦʣʴ ʩʧʝʮʠʘʣʴʥʳʤʠ ʧʨʦʛʨʘʤʤʘʤʠ ʠʣʠ 

ʚʦʩʧʦʣʴʟʦʚʘʪʴʩʷ ʩʨʝʜʩʪʚʦʤ Evil double. 

ʇʨʠ ʦʪʩʫʪʩʪʚʠʠ ʧʦʪʝʥʮʠʘʣʴʥʳʭ ʞʝʨʪʚ, ʦʙʤʝʥʠʚʘʚʰʠʭʩʷ ʜʘʥʥʳʤʠ ʩ 

ʤʘʨʰʨʫʪʠʟʘʪʦʨʦʤ, ʟʣʦʫʤʳʰʣʝʥʥʠʢ ʤʦʞʝʪ ʥʘʤʝʪʠʪʴ ʥʦʚʳʝ ʚʝʢʪʦʨʳ ʘʪʘʢʠ, 

ʥʘʧʨʘʚʣʝʥʥʳʝ ʥʘ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʠ ʩʢʨʳʪʠʝ ʩʣʝʜʦʚ ʚʟʣʦʤʘ. 

ʇʦʩʢʦʣʴʢʫ ʤʘʨʰʨʫʪʠʟʘʪʦʨ ʦʙʤʝʥʠʚʘʝʪʩʷ ʠʥʬʦʨʤʘʮʠʝʡ ʩ ʜʨʫʛʠʤʠ 

ʫʯʘʩʪʥʠʢʘʤʠ ʩʝʪʠ, ʧʨʠ ʝʛʦ ʟʘʭʚʘʪʝ ʥʝ ʩʦʩʪʘʚʠʪ ʪʨʫʜʘ ʨʝʘʣʠʟʦʚʘʪʴ ʘʪʘʢʫ çʯʝʣʦʚʝʢ 

ʧʦʩʝʨʝʜʠʥʝè (MITM-ʘʪʘʢʫ), ʧʝʨʝʭʚʘʪʳʚʘʪʴ ʪʨʘʬʠʢ ʠʣʠ ʧʨʦʩʪʦ ʦʪʢʣʶʯʠʪʴ ʣʶʙʦʛʦ 

ʫʯʘʩʪʥʠʢʘ ʦʪ ʩʝʪʠ, ʚʳʧʦʣʥʠʪʴ ʧʨʦʙʨʦʩ ʧʦʨʪʦʚ ʠʣʠ ʚʳʥʫʜʠʪʴ ʘʜʤʠʥʠʩʪʨʘʪʦʨʘ 

ʧʦʚʪʦʨʥʦ ʚʚʝʩʪʠ ʫʯʝʪʥʳʝ ʜʘʥʥʳʝ ʩ ʮʝʣʴʶ ʠʭ ʧʝʨʝʭʚʘʪʘ ʠ ʧʨʠʤʝʥʝʥʠʷ ʚ ʜʨʫʛʦʤ 

ʫʟʣʝ ʩʝʪʠ. 

1.2.2 ʄʦʜʝʣʴ ʫʛʨʦʟ ʢʦʤʤʫʪʘʪʦʨʫ 

ʂʦʤʤʫʪʘʪʦʨ: ʫʨʦʚʝʥʴ ʕʄɺʆʉ ï 2; ʩʫʙʵʣʝʤʝʥʪʳ ʢʦʤʤʫʪʘʪʦʨʘ ï ʧʦʨʪʳ 

ʢʦʤʤʫʪʘʪʦʨʘ, ʘʧʧʘʨʘʪʥʘʷ ʩʦʩʪʘʚʣʷʶʱʘʷ 

ʂʦʤʤʫʪʘʪʦʨ ʷʚʣʷʝʪʩʷ ʩʘʤʳʤ ʧʨʠʤʠʪʠʚʥʳʤ ʫʩʪʨʦʡʩʪʚʦʤ ʦʙʲʝʢʪʘ ʉʇɼ. ɺ 

ʙʦʣʴʰʠʥʩʪʚʝ ʩʣʫʯʘʝʚ ʦʥ ʥʝ ʠʤʝʝʪ ʪʘʙʣʠʮʳ ʤʘʨʰʨʫʪʠʟʘʮʠʠ ʠ ʨʘʙʦʪʘʝʪ ʥʘ 

ʢʘʥʘʣʴʥʦʤ ʫʨʦʚʥʝ. ʇʦʵʪʦʤʫ ʚ ʪʘʙʣʠʮʝ ʦʪʩʫʪʩʪʚʫʶʪ ʢʦʣʦʥʢʠ, ʠʤʝʶʱʠʝ ʦʪʥʦʰʝʥʠʝ 

26 



27 

 

ʢ ʦʧʝʨʘʮʠʦʥʥʦʡ ʩʠʩʪʝʤʝ ʠ ʧʨʦʛʨʘʤʤʥʦʤʫ ʦʙʝʩʧʝʯʝʥʠʶ. ʂʦʤʤʫʪʘʪʦʨ ʫʷʟʚʠʤ ʢ 

ARP-ʘʪʘʢʘʤ, ʥʘʧʨʘʚʣʝʥʥʳʤ ʥʘ çʧʨʦʩʣʫʰʠʚʘʥʠʝè ʩʝʪʝʚʦʛʦ ʪʨʘʬʠʢʘ, ʘ ʪʘʢʞʝ ʢ DoS-

ʘʪʘʢʘʤ, ʥʘʮʝʣʝʥʥʳʤ ʥʘ ʢʘʥʘʣ ʩʚʷʟʠ (ʪʘʙʣ. 1.3). ɽʛʦ ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʜʣʷ 

ʧʦʣʫʯʝʥʠʷ ʠʥʬʦʨʤʘʮʠʠ ʦʙ ʵʣʝʤʝʥʪʘʭ (ʧʦʣʴʟʦʚʘʪʝʣʷʭ) ʩʤʝʞʥʳʭ ʩʝʪʠ. 

1.2.3 ʄʦʜʝʣʴ ʫʛʨʦʟ ʩʝʨʚʝʨʫ 

ʉʝʨʚʝʨ: ʫʨʦʚʝʥʴ ʕʄɺʆʉ ï 3; ʵʣʝʤʝʥʪ ʉʇɼ ï ʩʝʨʚʝʨ Windows/Linux; 

ʩʫʙʵʣʝʤʝʥʪʳ ʩʝʨʚʝʨʘ ï ʧʦʨʪʳ ʩʝʪʝʚʳʭ ʩʣʫʞʙ ʩʝʨʚʝʨʘ, ʙʣʦʢ ʫʧʨʘʚʣʝʥʠʷ ʩʝʨʚʝʨʘ 

ʙʘʟʘ ʜʘʥʥʳʭ, ʦʧʝʨʘʪʠʚʥʘʷ ʧʘʤʷʪʴ, ʦʧʝʨʘʮʠʦʥʥʘʷ ʩʠʩʪʝʤʘ. 

ɺ ʧʦʜʘʚʣʷʶʱʝʤ ʙʦʣʴʰʠʥʩʪʚʝ ʩʣʫʯʘʝʚ ʥʘ ʩʝʨʚʝʨʝ ʫʩʪʘʥʘʚʣʠʚʘʝʪʩʷ 

ʦʧʝʨʘʮʠʦʥʥʘʷ ʩʠʩʪʝʤʘ Linux ʠʣʠ Windows. ɺ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʦʧʝʨʘʮʠʦʥʥʦʡ 

ʩʠʩʪʝʤʳ, ʘ ʪʘʢʞʝ ʦʪ ʝʝ ʜʠʩʪʨʠʙʫʪʠʚʘ, ʢʦʥʬʠʛʫʨʘʮʠʷ ʩʝʨʚʝʨʘ, ʥʘʩʪʨʦʡʢʠ ʩʝʪʠ ʠ ʝʛʦ 

ʧʨʝʜʥʘʟʥʘʯʝʥʠʝ ʤʦʛʫʪ ʩʫʱʝʩʪʚʝʥʥʦ ʦʪʣʠʯʘʪʴʩʷ. ɼʘʥʥʘʷ ʦʩʦʙʝʥʥʦʩʪʴ ʩʢʘʟʳʚʘʝʪʩʷ 

ʥʘ ʚʳʙʦʨʝ ʚʘʨʠʘʥʪʘ ʘʪʘʢʠ. ɺ ʪʘʙʣʠʮʝ ɹ 1 ʧʨʠʣʦʞʝʥʠʷ ɹ ʨʘʩʩʤʦʪʨʝʥʳ ʫʛʨʦʟʳ ʜʣʷ 

ʦʙʝʠʭ ʦʧʝʨʘʮʠʦʥʥʳʭ ʩʠʩʪʝʤ. ʇʝʨʚʦʝ, ʥʘ ʯʪʦ ʥʫʞʥʦ ʦʙʨʘʪʠʪʴ ʚʥʠʤʘʥʠʝ, ʵʪʦ 

ʧʝʨʝʯʝʥʴ ʚʘʨʠʘʥʪʦʚ ʚʦʟʜʝʡʩʪʚʠʡ ʩ ʧʦʤʦʱʴʶ ʠʟʚʝʩʪʥʳʭ ʵʢʩʧʣʦʡʪʦʚ, ʜʦʩʪʫʧʥʳʭ 

ʣʶʙʦʤʫ ʦʙʳʚʘʪʝʣʶ. ʆʜʥʘʢʦ ʥʝ ʩʣʝʜʫʝʪ ʟʘʙʳʚʘʪʴ ʠ ʦ ʪʦʤ, ʯʪʦ ʩʝʨʚʝʨ ʥʘʭʦʜʠʪʩʷ 

ʚʥʫʪʨʠ ʩʝʪʠ. ʇʦʵʪʦʤʫ ʜʣʷ ʪʦʛʦ, ʯʪʦʙʳ ʝʛʦ ʘʪʘʢʦʚʘʪʴ, ʩʫʱʝʩʪʚʫʶʪ ʪʨʠ ʚʘʨʠʘʥʪʘ ʩʦ 

ʩʣʝʜʫʶʱʠʤʠ ʨʝʟʫʣʴʪʘʪʘʤʠ: 

ʟʘʭʚʘʯʝʥ ʤʘʨʰʨʫʪʠʟʘʪʦʨ, ʩ ʧʦʤʦʱʴʶ ʢʦʪʦʨʦʛʦ ʠ ʧʨʦʠʟʚʦʜʷʪʩʷ ʘʪʘʢʠ; 

ʥʘ ʩʝʨʚʝʨʝ ʟʘʧʫʱʝʥ ʩʘʡʪ, ʢʦʪʦʨʳʡ ʜʦʩʪʫʧʝʥ ʠʟ ʩʝʪʠ ʠʥʪʝʨʥʝʪ (ʩʘʤʳʡ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʡ ʚʘʨʠʘʥʪ); 

ʟʣʦʫʤʳʰʣʝʥʥʠʢ ʫʞʝ ʟʘʭʚʘʪʠʣ ʩʝʨʚʝʨ, ʥʦ ʝʛʦ ʧʨʘʚʘ ï ʧʦʣʴʟʦʚʘʪʝʣʴʩʢʠʝ. 

1.2.4 ʄʦʜʝʣʴ ʫʛʨʦʟ ʢʨʠʧʪʦʤʘʨʰʨʫʪʠʟʘʪʦʨʫ 

ʂʨʠʧʪʦʤʘʨʰʨʫʪʠʟʘʪʦʨ: ʫʨʦʚʝʥʴ ʕʄɺʆʉ ï 4; ʩʫʙʵʣʝʤʝʥʪ 

ʢʨʠʧʪʦʤʘʨʰʨʫʪʠʟʘʪʦʨʘ ï ʘʧʧʘʨʘʪʥʘʷ ʩʦʩʪʘʚʣʷʶʱʘʷ. 

ʂʨʠʧʪʦʤʘʨʰʨʫʪʠʟʘʪʦʨ ʠʤʝʝʪ ʩʦʙʩʪʚʝʥʥʫʶ ʦʧʝʨʘʮʠʦʥʥʫʶ ʩʠʩʪʝʤʫ, 

ʥʝʜʦʩʪʫʧʥʫʶ ʧʨʦʩʪʦʤʫ ʦʙʳʚʘʪʝʣʶ. ʀʟ-ʟʘ ʪʦʛʦ, ʯʪʦ ʦ ʥʝʤ ʥʠʢʪʦ ʥʠʯʝʛʦ ʥʝ ʟʥʘʝʪ, 

ʦʧʠʩʘʪʴ ʘʪʘʢʠ ʠ ʚʳʷʚʠʪʴ ʫʷʟʚʠʤʦʩʪʠ ʚ ʝʛʦ ʧʨʦʪʦʢʦʣʘʭ ʨʘʙʦʪʳ ʚʝʩʴʤʘ ʩʣʦʞʥʦ. 

ʉʣʘʙʳʤ ʤʝʩʪʦʤ ʢʨʠʧʪʦʤʘʨʰʨʫʪʠʟʘʪʦʨʘ ʤʦʞʝʪ ʦʢʘʟʘʪʴʩʷ ʥʝʧʨʘʚʠʣʴʥʘʷ ʥʘʩʪʨʦʡʢʘ 
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ʧʨʦʪʦʢʦʣʘ IPsec, ʘ ʵʪʦ ʰʘʛ ʢ ʜʘʣʴʥʝʡʰʝʡ ʨʘʩʰʠʬʨʦʚʢʝ ʠʥʬʦʨʤʘʮʠʠ ʧʨʠ ʥʘʣʠʯʠʠ 

ʢʣʶʯʝʡ ʰʠʬʨʦʚʘʥʠʷ ʦʪ ʜʨʫʛʦʛʦ ʧʨʦʪʦʢʦʣʘ, ʨʘʙʦʪʘʶʱʝʛʦ ʚ ʧʘʨʝ ʩ IPsec. ʂʨʦʤʝ 

ʪʦʛʦ, ʧʨʠ ʦʪʩʫʪʩʪʚʠʠ ʨʝʢʦʤʝʥʜʫʝʤʳʭ ʥʘʩʪʨʦʝʢ ʧʨʘʚʠʣ ʬʠʣʴʪʨʘʮʠʠ ʠʣʠ 

ʢʨʠʪʠʯʝʩʢʠʭ ʦʰʠʙʢʘʭ ʚ ʥʘʩʪʨʦʡʢʘʭ ʬʠʣʴʪʨʦʚ ʚʦʟʤʦʞʥʘ ʨʝʘʣʠʟʘʮʠʷ DoS-ʘʪʘʢ, 

ʥʘʧʨʘʚʣʝʥʥʳʭ ʥʘ ʥʘʨʫʰʝʥʠʝ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʠ ʢʨʠʧʪʦʤʘʰʨʫʪʠʟʘʪʦʨʘ. 

ɺ ʧʝʨʝʯʝʥʴ ʫʷʟʚʠʤʦʩʪʝʡ ʢʨʠʧʪʦʤʘʨʰʨʫʪʠʟʘʪʦʨʘ ʪʘʢʞʝ ʚʭʦʜʷʪ 

ʜʦʚʝʨʠʪʝʣʴʥʳʝ ʦʪʥʦʰʝʥʠʷ, ʚʥʫʪʨʝʥʥʠʡ ʥʘʨʫʰʠʪʝʣʴ ʠ ʘʧʧʘʨʘʪʥʳʝ ʟʘʢʣʘʜʢʠ 

(ʪʘʙʣ.  ɹ 2 ʧʨʠʣʦʞʝʥʠʷ ɹ).  

1.2.5 ʄʦʜʝʣʴ ʫʛʨʦʟ ʤʝʞʩʝʪʝʚʦʤʫ ʵʢʨʘʥʫ 

ʄʝʞʩʝʪʝʚʦʡ ʵʢʨʘʥ: ʫʨʦʚʝʥʴ ʕʄɺʆʉ ï 5; ʩʫʙʵʣʝʤʝʥʪʳ ʤʝʞʩʝʪʝʚʦʛʦ ʵʢʨʘʥʘ ï 

ʧʦʨʪʳ ʩʝʪʝʚʳʭ ʩʣʫʞʙ ʤʝʞʩʝʪʝʚʦʛʦ ʵʢʨʘʥʘ, ʦʧʝʨʘʪʠʚʥʘʷ ʧʘʤʷʪʴ, ʦʧʝʨʘʮʠʦʥʥʘʷ 

ʩʠʩʪʝʤʘ, ʧʨʦʛʨʘʤʤʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ, ʘʧʧʘʨʘʪʥʘʷ ʩʦʩʪʘʚʣʷʶʱʘʷ. 

ʄʝʞʩʝʪʝʚʦʡ ʵʢʨʘʥ ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ ʧʝʨʚʳʭ ʫʷʟʚʠʤʳʭ ʟʚʝʥʴʝʚ ʩʝʪʠ 

ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ, ʪ.ʢ. ʝʛʦ ʨʘʙʦʪʘ ʦʩʥʦʚʘʥʘ ʥʘ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʠʥʬʦʨʤʘʮʠʠ ʨʘʟʥʳʭ 

ʫʨʦʚʥʝʡ ʤʦʜʝʣʠ tcp/ip.  

ʅʘ ʢʘʥʘʣʴʥʦʤ ʫʨʦʚʥʝ ʧʨʠʤʝʥʷʶʪʩʷ çʫʧʨʘʚʣʷʝʤʳʝ ʢʦʤʤʫʪʘʪʦʨʳè, ʢʦʪʦʨʳʝ 

ʦʩʫʱʝʩʪʚʣʷʶʪ ʬʠʣʴʪʨʘʮʠʶ ʪʨʘʬʠʢʘ ʤʝʞʜʫ ʫʟʣʘʤʠ ʩʝʪʠ. 

ʅʘ ʩʝʪʝʚʦʤ ʠ ʪʨʘʥʩʧʦʨʪʥʦʤ ʫʨʦʚʥʷʭ ʧʨʠʤʝʥʷʶʪʩʷ çʧʘʢʝʪʥʳʝ ʬʠʣʴʪʨʳè, 

ʢʦʪʦʨʳʝ ʦʩʫʱʝʩʪʚʣʷʶʪ ʬʠʣʴʪʨʘʮʠʶ ʪʨʘʬʠʢʘ ʥʘ ʦʩʥʦʚʝ ʠʥʬʦʨʤʘʮʠʠ, 

ʩʦʜʝʨʞʘʱʝʡʩʷ ʚ ʟʘʛʦʣʦʚʢʝ ʧʘʢʝʪʦʚ. 

ʂ ʤʝʞʩʝʪʝʚʳʤ ʵʢʨʘʥʘʤ ʧʨʠʢʣʘʜʥʦʛʦ ʫʨʦʚʥʷ, ʦʪʥʦʩʷʪʩʷ çʬʘʡʨʚʦʣʳ ʚʝʙ-

ʧʨʠʣʦʞʝʥʠʡè (firewall, FW) ʠ çʙʨʘʥʜʤʘʫʵʨʳè, ʢʦʪʦʨʳʝ ʟʘʱʠʱʘʶʪ ʚʥʫʪʨʝʥʥʶʶ 

ʧʦʣʴʟʦʚʘʪʝʣʴʩʢʫʶ ʩʝʪʴ ʢʦʤʧʘʥʠʠ ʚ ʩʦʩʪʘʚʝ ʩʝʪʝʡ (ʠʥʪʝʨʥʝʪ, ʠʥʪʨʘʥʝʪ) ʩʪʳʢʘ 

ʧʨʦʪʦʢʦʣʦʚ TCP/IP ʦʪ ʩʣʫʯʘʡʥʦʛʦ ʠʣʠ ʮʝʣʝʚʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʠʟ ʚʥʝʰʥʝʡ ʩʝʪʠ. 

Firewall ʚʢʣʶʯʘʝʪʩʷ ʚ çʨʘʟʨʳʚè ʤʝʞʜʫ ʚʥʝʰʥʝʡ ʠ ʚʥʫʪʨʝʥʥʝʡ (ʟʘʱʠʱʘʝʤʦʡ) 

ʩʝʪʴʶ. 

ʋʛʨʦʟʳ ʤʝʞʩʝʪʝʚʦʤʫ ʵʢʨʘʥʫ ʧʦʣʥʦʩʪʴʶ ʘʥʘʣʦʛʠʯʥʳ ʨʘʥʝʝ 

ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʤ ʫʛʨʦʟʘʤ ʩʝʨʚʝʨʫ (ʩʤ. ʪʘʙʣ. ɹ 3 ʧʨʠʣʦʞʝʥʠʷ ɹ), ʟʘ ʪʝʤ 

ʠʩʢʣʶʯʝʥʠʝʤ, ʯʪʦ ʝʛʦ ʦʧʝʨʘʮʠʦʥʥʘʷ ʩʠʩʪʝʤʘ, ʢʘʢ ʧʨʘʚʠʣʦ, ʵʪʦ Linux. ʀʟʜʝʣʠʷ FW 
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ʠʤʝʶʪ ʨʘʟʣʠʯʥʳʝ ʧʨʦʛʨʘʤʤʥʦ-ʘʧʧʘʨʘʪʥʳʝ ʧʣʘʪʬʦʨʤʳ ʠ ʥʘʙʦʨʳ ʠʥʪʝʨʬʝʡʩʦʚ ʚ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʢʦʥʢʨʝʪʥʳʭ ʮʝʣʝʡ ʟʘʢʘʟʯʠʢʘ ʠ ʧʘʨʘʤʝʪʨʦʚ ʢʦʥʬʠʛʫʨʘʮʠʠ 

ʩʦʧʨʷʛʘʝʤʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ (ʤʘʨʰʨʫʪʠʟʘʪʦʨʦʚ, ʢʦʤʤʫʪʘʪʦʨʦʚ, ʩʝʨʚʝʨʦʚ ʠ ʪ.ʜ.). 

ʉʘʤ ʧʨʦʮʝʩʩ ʤʝʞʩʝʪʝʚʦʛʦ ʵʢʨʘʥʠʨʦʚʘʥʠʷ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʩʦʚʦʢʫʧʥʦʩʪʴ 

ʤʥʦʛʦʬʘʢʪʦʨʥʳʭ ʧʨʦʚʝʨʦʢ ʜʝʡʪʘʛʨʘʤʤ ʧʦ ʠʭ ʘʫʪʝʥʪʠʬʠʢʘʮʠʠ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ 

ʢʨʠʪʝʨʠʷʤʠ ʙʝʟʦʧʘʩʥʦʩʪʠ. ʆʜʥʘʢʦ, ʧʦʤʠʤʦ ʵʪʦʛʦ, FW ʚʳʧʦʣʥʷʝʪ ʨʷʜ ʬʠʩʢʘʣʴʥʦ-

ʢʦʥʪʨʦʣʴʥʳʭ ʬʫʥʢʮʠʡ: IP-ʬʠʣʴʪʨʘʮʠʷ, NAT-ʦʙʨʘʙʦʪʢʘ, ʪʫʥʥʝʣʠʨʦʚʘʥʠʝ, proxy-

ʩʝʨʚʝʨ, ʨʝʛʠʩʪʨʘʮʠʷ ʩʦʙʳʪʠʡ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, FW ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ 

ʢʦʤʧʣʝʢʩʥʳʡ ʥʘʙʦʨ ʠʥʩʪʨʫʤʝʥʪʦʚ ʧʨʝʜʫʧʨʝʞʜʝʥʠʷ ʠ ʟʘʱʠʪʳ ʚʥʫʪʨʝʥʥʝʡ 

ʣʦʢʘʣʴʥʦʡ ʚʳʯʠʩʣʠʪʝʣʴʥʦʡ ʩʝʪʠ (ʪʘʙʣ. 1.6). 

1.2.6 ʄʦʜʝʣʴ ʫʛʨʦʟ ʇʕɺʄ 

ʇʕɺʄ: ʫʨʦʚʝʥʴ ʕʄɺʆʉ ï 6; ʩʫʙʵʣʝʤʝʥʪʳ ʇʕɺʄ ï ʧʦʨʪʳ ʩʝʪʝʚʳʭ ʩʣʫʞʙ 

ʇʕɺʄ, ʦʧʝʨʘʪʠʚʥʘʷ ʧʘʤʷʪʴ, ʦʧʝʨʘʮʠʦʥʥʘʷ ʩʠʩʪʝʤʘ, ʧʨʦʛʨʘʤʤʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ, 

ʘʧʧʘʨʘʪʥʘʷ ʩʦʩʪʘʚʣʷʶʱʘʷ. 

ɼʦʩʪʠʛʥʫʚ ʦʢʦʥʝʯʥʦʛʦ ʫʟʣʘ ʩʝʪʠ ï ʇʕɺʄ, ʟʣʦʫʤʳʰʣʝʥʥʠʢ ʙʝʟ ʪʨʫʜʘ 

ʩʤʦʞʝʪ ʘʪʘʢʦʚʘʪʴ ʧʦʣʴʟʦʚʘʪʝʣʷ. ʋʛʨʦʟʳ ʇʕɺʄ ʧʦʣʥʦʩʪʴʶ ʘʥʘʣʦʛʠʯʥʳ ʨʘʥʝʝ 

ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʤ ʜʣʷ ʩʝʨʚʝʨʘ (ʩʤ. ʪʘʙʣ. 1.4).  

ɺ ʩʣʫʯʘʝ, ʝʩʣʠ ʟʣʦʫʤʳʰʣʝʥʥʠʢʫ ʥʝ ʫʜʘʩʪʩʷ ʧʨʦʥʠʢʥʫʪʴ ʚ ʟʘʢʨʳʪʳʡ ʩʝʛʤʝʥʪ 

ʩʝʪʠ ʠ, ʚʩʝʛʦ ʣʠʰʴ, çʟʘʢʨʝʧʠʚʰʠʩʴè ʥʘ ɸʈʄ ʦʪʢʨʳʪʦʛʦ ʩʝʛʤʝʥʪʘ, ʦʥ ʣʝʛʢʦ ʤʦʞʝʪ 

ʟʘʭʚʘʪʠʪʴ ʜʘʥʥʳʝ ʧʦʣʴʟʦʚʘʪʝʣʝʡ, ʩʨʝʜʠ ʢʦʪʦʨʳʭ, ʩ ʙʦʣʴʰʦʡ ʜʦʣʝʡ ʚʝʨʦʷʪʥʦʩʪʠ, 

ʙʫʜʫʪ ʧʘʨʦʣʠ ʘʜʤʠʥʠʩʪʨʘʪʦʨʦʚ ʩʝʪʠ. ʅʝ ʠʩʢʣʶʯʝʥʦ, ʯʪʦ ʵʪʠ ʧʘʨʦʣʠ ʧʦʜʦʡʜʫʪ ʜʣʷ 

ʵʣʝʤʝʥʪʦʚ ʉʇɼ ʟʘʢʨʳʪʦʛʦ ʩʝʛʤʝʥʪʘ (ʪʘʙʣ.  ɹ 4 ʧʨʠʣʦʞʝʥʠʷ ɹ). ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚ 

ʧʨʠʚʝʜʝʥʥʳʭ ʚʳʰʝ ʘʢʪʫʘʣʴʥʳʭ ʠʩʪʦʯʥʠʢʘʭ ʠʥʬʦʨʤʘʮʠʠ ʧʨʝʜʣʦʞʝʥʳ 

ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʂɸ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʩʣʫʞʠʪʴ ʦʩʥʦʚʦʡ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʩʚʦʡʩʪʚ 

ʘʪʘʢ ʠ ʩʨʝʜʩʪʚ ʧʨʦʪʠʚʦʜʝʡʩʪʚʠʷ ʠʤ. ʆʜʥʘʢʦ ʠʟʚʝʩʪʥʳʝ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʦʙʦʙʱʘʶʪ 

ʘʪʘʢʠ ʚ ʦʩʥʦʚʥʦʤ ʜʣʷ ʩʝʪʝʡ ʩʚʷʟʠ ʦʙʱʝʛʦ ʧʦʣʴʟʦʚʘʥʠʷ (ʉʉʆʇ) ʪʠʧʘ ʠʥʪʝʨʥʝʪʘ ʠ, 

ʢʘʢ ʧʨʘʚʠʣʦ, ʥʝʜʦʩʪʘʪʦʯʥʦ ʠʥʬʦʨʤʘʪʠʚʥʳ ʜʣʷ ʩʝʪʝʡ ʢʨʠʪʠʯʝʩʢʠ ʚʘʞʥʦʛʦ ʦʙʲʝʢʪʘ 

ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ, ʚ ʢʦʪʦʨʳʭ ʠʤʝʶʪʩʷ ʦʩʦʙʝʥʥʦʩʪʠ ʟʘʱʠʱʝʥʥʦʛʦ ʠʩʧʦʣʥʝʥʠʷ, ʭʦʪʷ 

ʧʨʝʜʲʷʚʣʷʝʤʳʝ ʢ ʥʠʤ ʪʨʝʙʦʚʘʥʠʷ ʞʝʩʪʯʝ, ʯʝʤ ʢ ʉʉʆʇ ʥʘ ʥʝʩʢʦʣʴʢʦ ʧʦʨʷʜʢʦʚ. 
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ʇʨʝʜʩʪʘʚʣʝʥ ʥʦʚʳʡ ʧʦʜʭʦʜ ʢ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʢʦʤʧʴʶʪʝʨʥʳʭ ʘʪʘʢ ʥʘ 

ʢʨʠʪʠʯʝʩʢʠ ʚʘʞʥʳʝ ʦʙʲʝʢʪʳ ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ, ʢʦʪʦʨʳʡ ʫʯʠʪʳʚʘʝʪ ʜʝʩʷʪʴ 

ʢʦʤʧʦʥʝʥʪʦʚ ʮʠʢʣʘ ʫʛʨʦʟʳ: ʦʪ ʢʦʤʧʣʝʢʩʥʦʛʦ ʠʟʫʯʝʥʠʷ ʦʙʲʝʢʪʘ ʚʦʟʜʝʡʩʪʚʠʷ ʜʦ 

ʨʝʘʣʠʟʘʮʠʠ ʘʪʘʢʠ. ʉʬʦʨʤʫʣʠʨʦʚʘʥʳ ʦʩʥʦʚʥʳʝ ʪʝʥʜʝʥʮʠʠ ʨʝʘʣʠʟʘʮʠʠ ʘʪʘʢ ʥʘ 

ʧʨʘʢʪʠʢʝ ï ʦʥʠ ʙʳʣʠ ʧʦʣʦʞʝʥʳ ʚ ʦʩʥʦʚʫ ʧʨʝʜʣʦʞʝʥʥʦʡ ʢʣʘʩʩʠʬʠʢʘʮʠʠ.  

1.3 ɸʥʘʣʠʟ ʩʫʱʝʩʪʚʫʶʱʠʭ ʩʨʝʜʩʪʚ ʟʘʱʠʪʳ ʩʝʪʠ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ 

ʂʦʤʧʣʝʢʩʥʘʷ ʟʘʱʠʪʘ ʉʇɼ ʦʪ ʂɸ ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ ʚʘʞʥʝʡʰʠʭ 

ʢʦʤʧʦʥʝʥʪʦʚ ʟʘʱʠʪʳ ʩʝʪʠ. ʂʦʤʧʣʝʢʩʥʘʷ ʟʘʱʠʪʘ ʉʇɼ - ʢʦʤʧʣʝʢʩ 

ʦʨʛʘʥʠʟʘʮʠʦʥʥʦ-ʪʝʭʥʠʯʝʩʢʠʭ ʤʝʨʦʧʨʠʷʪʠʡ (ʚ ʪ.ʯ. ʧʨʠʤʝʥʝʥʠʝ ʩʨʝʜʩʪʚ), 

ʥʘʧʨʘʚʣʝʥʥʳʭ ʥʘ ʦʩʫʱʝʩʪʚʣʝʥʠʝ ʟʘʱʠʪʳ ʠʥʬʦʨʤʘʮʠʠ. 

ʉʨʝʜʩʪʚʦ ʟʘʱʠʪʳ ʠʥʬʦʨʤʘʮʠʠ ï ʪʝʭʥʠʯʝʩʢʦʝ, ʢʨʠʧʪʦʛʨʘʬʠʯʝʩʢʦʝ, 

ʧʨʦʛʨʘʤʤʥʦʝ ʠʣʠ ʜʨʫʛʦʝ ʩʨʝʜʩʪʚʦ, ʧʨʝʜʥʘʟʥʘʯʝʥʥʦʝ ʜʣʷ ʟʘʱʠʪʳ ʠʥʬʦʨʤʘʮʠʠ, 

ʩʨʝʜʩʪʚʘ ʚ ʢʦʪʦʨʳʭ ʦʥʠ ʨʝʘʣʠʟʦʚʘʥʳ, ʘ ʪʘʢʞʝ ʩʨʝʜʩʪʚʘ ʢʦʥʪʨʦʣʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ 

ʟʘʱʠʪʳ ʠʥʬʦʨʤʘʮʠʠ [14]. 

ʄʝʨʦʧʨʠʷʪʠʷ ʧʦ ʟʘʱʠʪʝ ʠʥʬʦʨʤʘʮʠʠ ï ʩʦʚʦʢʫʧʥʦʩʪʴ ʜʝʡʩʪʚʠʡ ʧʦ 

ʨʘʟʨʘʙʦʪʢʝ ʠ ʧʨʘʢʪʠʯʝʩʢʦʤʫ ʧʨʠʤʝʥʝʥʠʶ ʤʝʨ ʠ ʩʨʝʜʩʪʚ ʟʘʱʠʪʳ ʠʥʬʦʨʤʘʮʠʠ. 

ʆʙʱʘʷ ʢʣʘʩʩʠʬʠʢʘʮʠʷ ʤʝʨ ʠ ʩʨʝʜʩʪʚ ʟʘʱʠʪʳ ʠʥʬʦʨʤʘʮʠʠ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ 

ʨʠʩʫʥʢʝ 1.2. 

ʄʝʨr ʠ ʩʨʝʜʩʪʚʘ ʟʘɦʠʪr

ʄʝʨr ʠ ʩʨʝʜʩʪʚʘ ʟʘɦʠʪr

ʄʝʨr ʠ ʩʨʝʜʩʪʚʘ ʟʘɦʠʪr

ʄʝʨr ʠ ʩʨʝʜʩʪʚʘ ʟʘɦʠʪr

ʄʝʨr ʠ ʩʨʝʜʩʪʚʘ ʟʘɦʠʪr

ʄʝʨr ʠ ʩʨʝʜʩʪʚʘ ʟʘɦʠʪr

 

ʈʠʩʫʥʦʢ 1.2 ï ʆʙʱʘʷ ʢʣʘʩʩʠʬʠʢʘʮʠʷ ʤʝʨ ʠ ʩʨʝʜʩʪʚ ʟʘʱʠʪʳ ʠʥʬʦʨʤʘʮʠʠ 
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ʆʨʛʘʥʠʟʘʮʠʦʥʥʳʝ (ʘʜʤʠʥʠʩʪʨʘʪʠʚʥʳʝ) ʤʝʨʳ ï ʵʪʦ ʤʝʨʳ, 

ʨʝʛʣʘʤʝʥʪʠʨʫʶʱʠʝ ʧʨʦʮʝʩʩʳ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʉʇɼ, ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʝʝ 

ʨʝʩʫʨʩʦʚ, ʜʝʷʪʝʣʴʥʦʩʪʴ ʧʝʨʩʦʥʘʣʘ, ʘ ʪʘʢʞʝ ʧʦʨʷʜʦʢ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʧʦʣʴʟʦʚʘʪʝʣʝʡ 

ʩ ʩʠʩʪʝʤʦʡ ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʯʪʦʙʳ ʚ ʥʘʠʙʦʣʴʰʝʡ ʩʪʝʧʝʥʠ ʟʘʪʨʫʜʥʠʪʴ ʠʣʠ 

ʠʩʢʣʶʯʠʪʴ ʚʦʟʤʦʞʥʦʩʪʴ ʨʝʘʣʠʟʘʮʠʠ ʂɸ. 

ʉʠʩʪʝʤʘ ʦʨʛʘʥʠʟʘʮʠʦʥʥʳʭ ʠ ʦʨʛʘʥʠʟʘʮʠʦʥʥʦ-ʪʝʭʥʠʯʝʩʢʠʭ ʤʝʨ ʚʢʣʶʯʘʝʪ ʚ 

ʩʝʙʷ: 

- ʨʘʟʦʚʳʝ (ʦʜʥʦʢʨʘʪʥʦ ʧʨʦʚʦʜʠʤʳʝ ʠ ʧʦʚʪʦʨʷʝʤʳʝ ʪʦʣʴʢʦ ʧʨʠ ʧʦʣʥʦʤ 

ʧʝʨʝʩʤʦʪʨʝ ʧʨʠʥʷʪʳʭ ʨʝʰʝʥʠʡ) ʤʝʨʦʧʨʠʷʪʠʷ; 

- ʤʝʨʦʧʨʠʷʪʠʷ, ʧʨʦʚʦʜʠʤʳʝ ʧʨʠ ʦʩʫʱʝʩʪʚʣʝʥʠʠ ʠʣʠ ʚʦʟʥʠʢʥʦʚʝʥʠʠ 

ʦʧʨʝʜʝʣʝʥʥʳʭ ʠʟʤʝʥʝʥʠʡ ʚ ʩʘʤʦʡ ʟʘʱʠʱʘʝʤʦʡ ʀʊʂʉ ɺʅ ʠʣʠ ʚʥʝʰʥʝʡ ʩʨʝʜʝ 

(ʧʨʦʚʦʜʠʤʳʝ ʧʦ ʥʝʦʙʭʦʜʠʤʦʩʪʠ); 

- ʤʥʦʛʦʢʨʘʪʥʦ ʧʨʦʚʦʜʠʤʳʝ ʤʝʨʦʧʨʠʷʪʠʷ (ʧʝʨʠʦʜʠʯʝʩʢʠʝ ʠʣʠ 

ʩʪʦʭʘʩʪʠʯʝʩʢʠʝ). 

ʂ ʦʨʛʘʥʠʟʘʮʠʦʥʥʳʤ ʤʝʨʘʤ ʦʪʥʦʩʷʪʩʷ ʦʙʲʝʜʠʥʝʥʠʷ ʤʝʪʦʜʠʢ ʠ ʧʨʦʮʝʜʫʨ 

ʦʙʝʩʧʝʯʝʥʠʷ ʙʝʟʦʧʘʩʥʦʩʪʠ ʩ ʜʝʡʩʪʚʠʷʤʠ ʧʝʨʩʦʥʘʣʘ. 

ʇʨʦʛʨʘʤʤʥʦ-ʪʝʭʥʠʯʝʩʢʠʝ ʤʝʨʳ ʟʘʱʠʪʳ ʀʊʂʉ ɺʅ ʩʦʦʪʚʝʪʩʪʚʫʶʪ 

ʘʧʧʘʨʘʪʥʦʤʫ, ʩʠʩʪʝʤʥʦʤʫ ʠ ʧʨʠʢʣʘʜʥʦʤʫ ʫʨʦʚʥʷʤ ʩʠʩʪʝʤʳ ʟʘʱʠʪʳ ʠʥʬʦʨʤʘʮʠʠ. 

ɺ ʧʨʦʮʝʩʩʝ ʝʝ ʨʘʟʨʘʙʦʪʢʠ ʚʳʧʦʣʥʷʶʪʩʷ ʩʣʝʜʫʶʱʠʝ ʛʨʫʧʧʳ ʜʝʡʩʪʚʠʡ 

(ʤʝʨʦʧʨʠʷʪʠʡ). 

ʅʘ ʘʧʧʘʨʘʪʥʦʤ ʫʨʦʚʥʝ (ʟʘʱʠʪʘ ʪʝʭʥʠʯʝʩʢʠʭ ʩʨʝʜʩʪʚ (ʊʉ) ʦʙʨʘʙʦʪʢʠ 

ʠʥʬʦʨʤʘʮʠʠ ʠ ʊʉ ʟʘʱʠʪʳ), ʧʨʝʜʩʪʘʚʣʝʥʥʦʤ ʥʘ ʨʠʩʫʥʢʝ 1.3, ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ: 

ʇʦ ʥʘʧʨʘʚʣʝʥʠʶ ʟʘʱʠʪʳ ʦʪ ʥʝʩʘʥʢʮʠʦʥʠʨʦʚʘʥʥʦʛʦ ʜʦʩʪʫʧʘ (ʅʉɼ): 

- ʨʘʟʨʘʙʦʪʢʘ ʪʝʭʥʦʣʦʛʠʡ ʦʙʨʘʙʦʪʢʠ ʠʥʬʦʨʤʘʮʠʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʭ ʩʝʨʚʝʨʦʚ ʩ ʦʛʨʘʥʠʯʝʥʥʳʤ ʥʘʙʦʨʦʤ ʬʫʥʢʮʠʡ ʠ 

ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʨʝʩʫʨʩʦʚ (ʩʝʨʚʝʨʳ ʙʘʟ ʜʘʥʥʳʭ, ʩʝʨʚʝʨʳ ʧʨʠʣʦʞʝʥʠʡ, ʩʝʨʚʝʨʳ 

ʜʦʩʪʫʧʘ, web-ʩʝʨʚʝʨʳ, ʧʦʯʪʦʚʳʝ ʩʝʨʚʝʨʳ, ʬʘʡʣ-ʩʝʨʚʝʨʳ ʠ ʪ.ʜ.); 

- ʧʣʘʥʠʨʦʚʘʥʠʝ ʤʠʥʠʤʠʟʘʮʠʠ ʯʠʩʣʘ ʫʩʪʨʦʡʩʪʚ ʢʦʧʠʨʦʚʘʥʠʷ ʜʘʥʥʳʭ ʥʘ 

ʚʥʝʰʥʠʝ ʥʦʩʠʪʝʣʠ (ʩʤʝʥʥʳʭ ʚʠʥʯʝʩʪʝʨʦʚ, ʦʧʪʠʯʝʩʢʠʭ ʜʠʩʢʦʚ, ʤʘʛʥʠʪʦʦʧʪʠʢʠ, 

ʧʨʠʥʪʝʨʦʚ ʠ ʪ.ʜ.) ʚ ʧʦʣʴʟʦʚʘʪʝʣʴʩʢʠʭ ʢʦʤʧʴʶʪʝʨʘʭ; 
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- ʨʘʟʨʘʙʦʪʢʘ ʩʭʝʤ ʧʨʠʤʝʥʝʥʠʷ ʊʉ ʨʘʟʛʨʘʥʠʯʝʥʠʷ ʜʦʩʪʫʧʘ ʢ ʵʣʝʤʝʥʪʘʤ 

ʀʊʂʉ ɺʅ (ʩʤʘʨʪ-ʢʘʨʪʳ, ʙʠʦʤʝʪʨʠʯʝʩʢʠʝ ʜʘʪʯʠʢʠ ʠ ʪ.ʧ.); 

- ʧʨʦʝʢʪʠʨʦʚʘʥʠʝ ʩʝʪʝʚʦʡ ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʭ ʫʩʪʨʦʡʩʪʚ ʨʘʟʜʝʣʝʥʠʷ ʜʦʩʪʫʧʘ ʠ ʪʨʘʬʠʢʘ (ʤʘʨʰʨʫʪʠʟʘʪʦʨʳ ʠ 

ʪ.ʜ.); 

- ʧʣʘʥʠʨʦʚʘʥʠʝ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʘʢʪʠʚʥʳʭ ʠ ʧʘʩʩʠʚʥʳʭ ʩʨʝʜʩʪʚ ʟʘʱʠʪʳ ʦʪ 

ʧʦʙʦʯʥʳʭ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʭ ʠʟʣʫʯʝʥʠʡ (ʇʕʄʀʅ) (ʟʘʟʝʤʣʝʥʠʝ, ʵʢʨʘʥʠʨʦʚʘʥʠʝ, 

ʛʝʥʝʨʘʪʦʨʳ ʰʫʤʘ). 

ɸʧʧʘʨʘʪʥrʡ ʫʨʦʚʝʥɹ

ʉʧʝʮʠʘʣʠʟʘʮʠ̫ ʩʝʨʚʝʨʦʚ
ɹʝʩʧʝʨʝʙʦʡʥʦʝ

ʣɻʝʢʪʨʦʧʠʪʘʥʠʝ

ʉʨʝʜʩʪʚʘ ʬʠʟʠʯʝʩʢʦʡ 

ʟʘɦʠʪr ʊʉ

ɼʫʙʣʠʨʦʚʘʥʠʝ ʠ ʤʦʥʠʪʦʨʠʥʛ

ʢʣʁʯʝʚrʭ ʧʦʜʩʠʩʪʝʤ

ʉʦʢʨʘɦʝʥʠʝ ʯʠʩʣʘ ʫʩʪʨʦʡʩʪʚ 

ʚʚʦʜʘ ʚrʚʦʜʘ

ʇʨʠʤʝʥʝʥʠʝ ʊʉ ʘʫʪʝʥʪʠʬʠʢʘʮʠʠ

ʀʩʧʦʣɹʟʦʚʘʥʠʝ ʤʘʨh ʨʫʪʠʟʘʪʦʨʦʚ 

ʠ ʙʨʘʥʜʤʘʫɻʨʦʚ

ʋʩʪʘʥʦʚʢʘ ʊʉ ʟʘɦʠʪr ʦʪ 

ʇʕʄʀʅ

ɿʘɦʠʪʘ ʦʪ ʅʉɼ ɿʘɦʠʪʘ ʮʝʣʦʩʪʥʦʩʪʠ

 

ʈʠʩʫʥʦʢ 1.3 ï ɸʧʧʘʨʘʪʥʳʡ ʫʨʦʚʝʥʴ ʩʠʩʪʝʤʳ ʤʝʨ ʟʘʱʠʪʳ 

 

ʇʦ ʥʘʧʨʘʚʣʝʥʠʶ ʟʘʱʠʪʳ ʮʝʣʦʩʪʥʦʩʪʠ: 

- ʧʨʦʝʢʪʠʨʦʚʘʥʠʝ ʩʠʩʪʝʤʳ ʙʝʩʧʝʨʝʙʦʡʥʦʛʦ ʵʣʝʢʪʨʦʧʠʪʘʥʠʷ; 

- ʧʣʘʥʠʨʦʚʘʥʠʝ ʫʩʪʘʥʦʚʢʠ ʜʫʙʣʠʨʫʶʱʠʭ ʵʣʝʤʝʥʪʦʚ ʠ ʜʘʪʯʠʢʦʚ ʨʘʙʦʯʠʭ 

ʧʘʨʘʤʝʪʨʦʚ ʚ ʢʣʶʯʝʚʳʭ ʠ ʥʘʠʙʦʣʝʝ ʫʷʟʚʠʤʳʭ ʊʉ (ʤʘʛʥʠʪʥʳʝ ʜʠʩʢʠ, ʠʩʪʦʯʥʠʢʠ 

ʧʠʪʘʥʠʷ ʚ ʩʝʨʚʝʨʘʭ, ʜʘʪʯʠʢʠ ʪʝʤʧʝʨʘʪʫʨʳ ʠ ʪ.ʜ.); 

- ʧʨʦʝʢʪʠʨʦʚʘʥʠʝ ʬʠʟʠʯʝʩʢʠʭ ʩʨʝʜʩʪʚ ʟʘʱʠʪʳ ʢʘʥʘʣʦʚ ʩʚʷʟʠ (ʩʪʘʣʴʥʳʝ 

ʪʨʫʙʳ, ʩʧʝʮʠʘʣʴʥʳʝ ʢʘʙʝʣʠ, ʢʦʨʦʙʘ ʠ ʪ.ʧ.). 

ʅʘ ʩʠʩʪʝʤʥʦʤ ʫʨʦʚʥʝ (ʩʨʝʜʩʪʚʘ ʟʘʱʠʪʳ ʩʝʪʝʚʳʭ ʆʉ ʠ ʩʠʩʪʝʤ ʫʧʨʘʚʣʝʥʠʷ 

ʙʘʟʘʤʠ ʜʘʥʥʳʭ (ʉʋɹɼ), ʘʜʤʠʥʠʩʪʨʘʪʦʨʩʢʠʝ ʥʘʜʩʪʨʦʡʢʠ ʥʘʜ ʥʠʤʠ), 

ʧʨʝʜʩʪʘʚʣʝʥʥʦʤ ʥʘ ʨʠʩʫʥʢʝ 1.4, ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ: 

ʇʦ ʥʘʧʨʘʚʣʝʥʠʶ ʟʘʱʠʪʳ ʦʪ ʅʉɼ: 

- ʧʣʘʥʠʨʦʚʘʥʠʝ ʧʦʣʠʪʠʢʠ ʘʫʪʝʥʪʠʬʠʢʘʮʠʠ ʧʦʣʴʟʦʚʘʪʝʣʝʡ; 
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- ʨʘʟʨʘʙʦʪʢʘ ʩʧʦʩʦʙʦʚ ʧʨʠʤʝʥʝʥʠʷ ʰʪʘʪʥʳʭ ʩʨʝʜʩʪʚ ʨʘʟʜʝʣʝʥʠʷ ʜʦʩʪʫʧʘ ʢ 

ʠʥʬʦʨʤʘʮʠʦʥʥʳʤ ʨʝʩʫʨʩʘʤ; 

- ʚʳʙʦʨ ʩʨʝʜʩʪʚ ʫʧʨʘʚʣʝʥʠʷ ʣʦʢʘʣʴʥʦʡ ʚʳʯʠʩʣʠʪʝʣʴʥʦʡ ʩʝʪʴʶ ʠ ʥʘʜʩʪʨʦʝʢ 

ʥʘʜ ʰʪʘʪʥʳʤʠ ʩʨʝʜʩʪʚʘʤʠ ʟʘʱʠʪʳ; 

- ʧʨʦʝʢʪʠʨʦʚʘʥʠʝ ʪʝʭʥʦʣʦʛʠʠ ʨʘʙʦʪʳ ʩ ʙʘʟʘʤʠ ʜʘʥʥʳʭ ʙʝʟ ʬʠʟʠʯʝʩʢʦʛʦ 

ʜʦʩʪʫʧʘ ʢ ʬʘʡʣʘʤ ʠ ʙʝʟ ʨʝʛʠʩʪʨʘʮʠʠ ʥʘ ʩʝʨʚʝʨʝ ʙʘʟ ʜʘʥʥʳʭ (ɹɼ) (çʢʣʠʝʥʪ-

ʩʝʨʚʝʨè); 

- ʧʣʘʥʠʨʦʚʘʥʠʝ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʰʪʘʪʥʳʭ ʩʨʝʜʩʪʚ ʉʋɹɼ ʜʣʷ ʨʘʟʜʝʣʝʥʠʷ 

ʜʦʩʪʫʧʘ ʧʦʣʴʟʦʚʘʪʝʣʝʡ ʢ ʬʫʥʢʮʠʷʤ, ʪʘʙʣʠʮʘʤ, ʩʪʦʣʙʮʘʤ ʠ ʪ.ʜ.; 

- ʧʣʘʥʠʨʦʚʘʥʠʝ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʰʠʬʨʘʮʠʠ ʟʘʧʠʩʝʡ ʚ ɹɼ ʠ ʧʘʨʦʣʝʡ, 

ʧʝʨʝʜʘʚʘʝʤʳʭ ʧʦ ʩʝʪʠ. 

ʉʠʩʪʝʤʥrʡ ʫʨʦʚʝʥɹ

ʈʘʟʜʝʣʝʥʠ̫ ʜʦʩʪʫʧʘ ʢ ʨʝʩʫʨʩʘʤ
ʉʨʝʜʩʪʚʘ ʚʦʩʩʪʘʥʦʚʣʝʥʠ̫ 

ʬʘʡʣʦʚ

ʉʨʝʜʩʪʚʘ ʟʘɦʠʪr ʆʉ ʦʪ 

ʨʘʟʨʫh ʝʥʠ̫

ɿʘɦʠʪʘ ʬʘʡʣʦʚ ʦʪ ʫʜʘʣʝʥʠ̫ɸʫʪʝʥʪʠʬʠʢʘʮʠ̫ ʧʦʣɹʟʦʚʘʪʝʣʝʡ

ʉʠʩʪʝʤʥrʡ ʘʫʜʠʪ

ɿʘɦʠʪʘ ʦʪ ʅʉɼ ɿʘɦʠʪʘ ʮʝʣʦʩʪʥʦʩʪʠ
ʉʝʪʝʚrʝ ʆʉ ʠ 

ʥʘʜʩʪʨʦʡʢʠ

ʉʋɹɼ

ʐʠʬʨʘʮʠ̫ ʟʘʧʠʩʝʡ ʠ ʧʘʨʦʣʝʡ

ʈʘʟʜʝʣʝʥʠʝ ʜʦʩʪʫʧʘ ʢ ʜʘʥʥrʤ

ʇʨʦʪʦʢʦʣʠʨʦʚʘʥʠʝ ʟʘʧʨʦʩʦʚ ʢ ɹɼ

ʈʘʙʦʪʘ ʚ ʨʝʞʠʤʝ çʢʣʠʝʥʪ-ʩʝʨʚʝʨè 

ʙʝʟ ʨʝʛʠʩʪʨʘʮʠʠ ʥʘ ʩʝʨʚʝʨʝè

ʄʝʭʘʥʠʟʤ ʚʦʩʩʪʘʥʦʚʣʝʥʠ̫ 

ʜʘʥʥrʭ

ʄʝʭʘʥʠʟʤ ʙʣʦʢʠʨʦʚʢʠ 

ʪʨʘʥʟʘʢʮʠʡ

ʀʥʩʪʨʫʤʝʥʪʘʨʠʡ ʪʝʩʪʠʨʦʚʘʥʠ̫ 

ɹɼ

ʈʘʟʜʝʣʝʥʠʝ ʧʨʘʚ ʚʦʟʜʝʡʩʪʚʠ̫ ʥʘ 

ɹɼ

ʀʥʬʦʨʤʠʨʦʚʘʥʠʝ ʦʙ ʦh ʠʙʢʘʭ

ʇʨʦʪʦʢʦʣʠʨʦʚʘʥʠʝ ʠʟʤʝʥʝʥʠʡ ʚ 

ɹɼ  

ʈʠʩʫʥʦʢ 1.4 - ʉʠʩʪʝʤʥʳʡ ʫʨʦʚʝʥʴ ʩʠʩʪʝʤʳ ʤʝʨ ʟʘʱʠʪʳ 

 

ʇʦ ʥʘʧʨʘʚʣʝʥʠʶ ʟʘʱʠʪʳ ʮʝʣʦʩʪʥʦʩʪʠ: 

- ʥʘʩʪʨʦʡʢʘ ʤʝʭʘʥʠʟʤʦʚ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʫʜʘʣʝʥʥʳʭ ʬʘʡʣʦʚ, ʟʘʱʠʪʳ 

ʬʘʡʣʦʚ ʦʪ ʫʜʘʣʝʥʠʷ, ʟʘʱʠʪʳ ʷʜʨʘ ʆʉ ʦʪ ʨʘʟʨʫʰʝʥʠʷ; 
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- ʧʣʘʥʠʨʦʚʘʥʠʝ ʨʘʟʜʝʣʝʥʠʷ ʧʨʘʚ ʚʦʟʜʝʡʩʪʚʠʷ ʧʦʣʴʟʦʚʘʪʝʣʝʡ ʥʘ ɹɼ 

(ʚʣʘʜʝʣʝʮ, ʘʜʤʠʥʠʩʪʨʘʪʦʨ, ʧʦʣʴʟʦʚʘʪʝʣʴ); 

- ʥʘʩʪʨʦʡʢʘ ʤʝʭʘʥʠʟʤʦʚ ʙʣʦʢʠʨʦʚʢʠ/ʦʪʢʘʪʘ ʪʨʘʥʟʘʢʮʠʡ ʠ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ 

ʜʘʥʥʳʭ (ʧʨʦʪʦʢʦʣʠʨʦʚʘʥʠʝ ʟʘʧʨʦʩʦʚ, ʩʨʝʜʩʪʚʘ ʘʨʭʠʚʘʮʠʠ ʜʘʥʥʳʭ); 

-  ʧʣʘʥʠʨʦʚʘʥʠʝ ʨʝʛʣʘʤʝʥʪʘ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʠʥʩʪʨʫʤʝʥʪʘʨʠʷ ʪʝʩʪʠʨʦʚʘʥʠʷ 

ɹɼ ʠ ʠʩʧʨʘʚʣʝʥʠʷ ʥʘʨʫʰʝʥʠʡ ʩʪʨʫʢʪʫʨʳ ʜʘʥʥʳʭ;  

- ʦʨʛʘʥʠʟʘʮʠʷ ʪʝʭʥʦʣʦʛʠʠ ʠʥʬʦʨʤʠʨʦʚʘʥʠʷ ʘʜʤʠʥʠʩʪʨʘʪʦʨʘ ʀʊʂʉ ɺʅ ʦ 

ʚʦʟʥʠʢʘʶʱʠʭ ʚ ʧʨʦʮʝʩʩʝ ʨʘʙʦʪʳ ʆʉ ʠ ʉʋɹɼ ʦʰʠʙʢʘʭ. 

ʅʘ ʧʨʠʢʣʘʜʥʦʤ ʫʨʦʚʥʝ (ʠʥʩʪʨʫʤʝʥʪʘʣʴʥʦʝ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ (ʇʆ) 

ʧʨʠʣʦʞʝʥʠʡ, ʧʦʣʴʟʦʚʘʪʝʣʴʩʢʠʝ ʠʥʪʝʨʬʝʡʩʳ, ʠʥʜʠʚʠʜʫʘʣʴʥʦʝ ʟʘʱʠʪʥʦʝ ʇʆ), 

ʧʨʝʜʩʪʘʚʣʝʥʥʦʤ ʥʘ ʨʠʩʫʥʢʝ 1.5 ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ: 

ʇʦ ʥʘʧʨʘʚʣʝʥʠʶ ʟʘʱʠʪʳ ʦʪ ʅʉɼ: 

- ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʥʘʜʝʞʥʦʡ ʠ ʟʘʱʠʱʝʥʥʦʡ ʧʦʜʩʠʩʪʝʤʳ ʘʫʪʝʥʪʠʬʠʢʘʮʠʠ 

ʧʦʣʴʟʦʚʘʪʝʣʝʡ; 

- ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʤʝʭʘʥʠʟʤʘ ʢʦʥʪʨʦʣʷ ʧʦʣʥʦʤʦʯʠʡ ʧʦʣʴʟʦʚʘʪʝʣʝʡ ʧʦ 

ʘʛʨʝʛʘʮʠʠ ʠʥʬʦʨʤʘʮʠʠ (ʧʨʠ ʩʙʦʨʢʝ ʦʪʯʝʪʦʚ ʠ ʪ.ʧ.); 

- ʧʨʠʤʝʥʝʥʠʝ ʛʠʙʢʦʡ ʤʥʦʛʦʫʨʦʚʥʝʚʦʡ ʩʠʩʪʝʤʳ ʟʘʜʘʥʠʷ ʦʛʨʘʥʠʯʝʥʠʡ ʥʘ 

ʜʦʩʪʫʧ ʢ ʢʦʥʢʨʝʪʥʳʤ ʵʣʝʢʪʨʦʥʥʳʤ ʜʦʢʫʤʝʥʪʘʤ (ʢʘʢ ʝʜʠʥʠʮʘʤ ʭʨʘʥʝʥʠʷ 

ʠʥʬʦʨʤʘʮʠʠ ʚ ʂʉ); 

- ʧʣʘʥʠʨʦʚʘʥʠʝ ʠ ʨʘʟʨʘʙʦʪʢʘ ʨʘʟʜʝʣʝʥʠʷ ʧʦʣʥʦʤʦʯʠʡ ʜʦʩʪʫʧʘ ʢ ʚʝʪʚʷʤ ʠ 

ʦʙʲʝʢʪʘʤ ʠʥʪʝʨʬʝʡʩʘ ʠ ʠʭ ʨʝʢʚʠʟʠʪʘʤ. 

ʇʦ ʥʘʧʨʘʚʣʝʥʠʶ ʟʘʱʠʪʳ ʮʝʣʦʩʪʥʦʩʪʠ: 

- ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʧʨʦʛʨʘʤʤ ʪʝʩʪʠʨʦʚʘʥʠʷ ɹɼ ʥʘ ʦʪʩʫʪʩʪʚʠʝ ʟʘʧʠʩʝʡ-ʜʫʙʣʝʡ, 

ʥʘ ʣʦʛʠʯʝʩʢʫʶ ʥʝʧʨʦʪʠʚʦʨʝʯʠʚʦʩʪʴ, ʥʘ ʦʪʩʫʪʩʪʚʠʝ ʦʰʠʙʦʢ ʠ ʪ.ʜ.; 

- ʧʨʠʤʝʥʝʥʠʝ ʩʨʝʜʩʪʚ ʜʫʙʣʠʨʫʶʱʝʛʦ ʧʨʦʪʦʢʦʣʠʨʦʚʘʥʠʷ ʚʦʟʜʝʡʩʪʚʠʡ 

ʧʦʣʴʟʦʚʘʪʝʣʝʡ ʥʘ ɹɼ; 

- ʚʳʙʦʨ ʠ ʧʨʠʤʝʥʝʥʠʝ ʩʨʝʜʩʪʚ ʘʚʪʦʨʠʟʘʮʠʠ ʚʚʦʜʠʤʳʭ ʚ ɹɼ ʜʘʥʥʳʭ, 

ʧʦʜʛʦʪʘʚʣʠʚʘʝʤʳʭ ʵʣʝʢʪʨʦʥʥʳʭ ʜʦʢʫʤʝʥʪʦʚ, ʦʪʧʨʘʚʣʷʝʤʳʭ ʩʦʦʙʱʝʥʠʡ (ʬʠʢʩʘʮʠʷ 

ʜʘʪʳ, ʘʜʨʝʩʘ ʠ ʧʦʣʴʟʦʚʘʪʝʣʷ), 

- ʧʣʘʥʠʨʦʚʘʥʠʝ ʦʛʨʘʥʠʯʝʥʠʡ ʧʨʘʚ ʧʦʣʴʟʦʚʘʪʝʣʝʡ ʥʘ ʫʜʘʣʝʥʠʝ ʠ ʢʦʨʨʝʢʮʠʶ 
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ʜʘʥʥʳʭ ʚ ʫʩʣʦʚʠʷʭ ʤʥʦʛʦʧʦʣʴʟʦʚʘʪʝʣʴʩʢʦʛʦ ʜʦʩʪʫʧʘ ʢ ʀʊʂʉ ɺʅ; 

- ʧʨʠʤʝʥʝʥʠʝ ʩʨʝʜʩʪʚ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʡ ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʠ ʢʦʥʪʨʦʣʷ 

ʢʦʨʨʝʢʪʥʦʩʪʠ ʚʚʦʜʠʤʳʭ ʜʘʥʥʳʭ [20]. 

ʇʨʠʢʣʘʜʥʦʡ ʫʨʦʚʝʥɹ

ɸʫʪʝʥʪʠʬʠʢʘʮʠ̫ ʧʦʣɹʟʦʚʘʪʝʣʝʡ
ʆʛʨʘʥʠʯʝʥʠʝ ʥʘ ʫʜʘʣʝʥʠʝ/ 

ʢʦʨʨʝʢʮʠʁ

ɸʚʪʦʨʠʟʘʮʠ̫ ʚʚʦʜʠʤr ʭ 

ʜʘʥʥrʭ

ʂʦʥʪʨʦʣɹ ʢʦʨʨʝʢʪʥʦʩʪʠ 

ʚʚʦʜʘ ʜʘʥʥrʭ

ʇʨʦʚʝʨʢʘ ʧʦʣʥʦʤʦʯʠʡ ʜʦʩʪʫʧʘ ʢ 

ʚʝʪʚ̫ʤ ʠ ʦʙ̡ʝʢʪʘʤ ʠʥʪʝʨʬʝʡʩʘ

ɾʫʨʥʘʣr ʨʘʙʦʪr ʧʦʣɹʟʦʚʘʪʝʣʝʡ

ɿʘɦʠʪʘ ʦʪ ʅʉɼ ɿʘɦʠʪʘ ʮʝʣʦʩʪʥʦʩʪʠ

ʀʜʝʥʪʠʬʠʢʘʮʠ̫ ʚʚʦʜʠʤr ʭ 

ʜʘʥʥrʭ

ʈʘʟʛʨʘʥʠʯʝʥʠʝ ʜʦʩʪʫʧʘ ʢ 

ʦʨʠʛʠʥʘʣɹʥrʤ ʜʦʢʫʤʝʥʪʘʤ

ʇʨʦʚʝʨʢʘ ʧʦʣʥʦʤʦʯʠʡ ʧʨʠ ʩʙʦʨʢʝ 

ʠ ʧʝʯʘʪʠ

ʐʠʬʨʘʮʠ̫ ʬʘʡʣʦʚ ʠ ʩʦʦʙɦ ʝʥʠʡ 

ʕʇ  

ʈʠʩʫʥʦʢ 1.5 - ʇʨʠʢʣʘʜʥʦʡ ʫʨʦʚʝʥʴ ʩʠʩʪʝʤʳ ʤʝʨ ʟʘʱʠʪʳ 

 

ʅʘ ʩʦʚʨʝʤʝʥʥʦʤ ʵʪʘʧʝ ʨʘʟʚʠʪʠʷ ʪʝʦʨʠʠ ʧʦʩʪʨʦʝʥʠʷ (ʨʘʟʨʘʙʦʪʢʠ) ʉʇɼ 

ʚʦʧʨʦʩʘʤ ʙʝʟʦʧʘʩʥʦʩʪʠ ʫʜʝʣʷʝʪʩʷ ʥʝʜʦʩʪʘʪʦʯʥʦʝ ʚʥʠʤʘʥʠʝ. ʅʦ ʧʨʠ ʵʪʦʤ ʵʪʠ 

ʚʦʧʨʦʩʳ ʩʪʘʚʷʪʩʷ ʚ ʢʦʥʮʝ ʮʠʢʣʘ ʨʘʟʨʘʙʦʪʢʠ, ʘ ʟʘʯʘʩʪʫʶ ʫʞʝ ʚ ʧʨʦʮʝʩʩʝ 

ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʩʠʩʪʝʤʳ.  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʦʣʫʯʘʝʪʩʷ, ʯʪʦ ʙʝʟʦʧʘʩʥʦʩʪʴ ʧʨʠʭʦʜʠʪʩʷ ʦʙʝʩʧʝʯʠʚʘʪʴ ʟʘ 

ʩʯʝʪ ʚʥʝʩʝʥʠʷ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʧʦʜʩʠʩʪʝʤ ʠ ʤʦʜʫʣʝʡ, ʢʦʪʦʨʳʝ ʜʦʣʞʥʳ ʫʯʠʪʳʚʘʪʴ 

ʩʪʨʫʢʪʫʨʫ, ʚʦʟʤʦʞʥʦʩʪʠ ʠ ʜʨʫʛʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʫʞʝ ʩʬʦʨʤʠʨʦʚʘʥʥʦʡ ʩʠʩʪʝʤʳ ʠ 

ʧʳʪʘʪʴʩʷ, ʢʘʢʠʤ-ʣʠʙʦ ʦʙʨʘʟʦʤ, ʧʦʜʩʪʨʦʠʪʴʩʷ ʧʦʜ ʥʝʝ. ʊʘʢʦʡ ʧʦʜʭʦʜ ʧʨʠʚʦʜʠʪ ʢ 

ʤʘʣʦʵʬʬʝʢʪʠʚʥʦʡ ʠ ʢʨʘʪʢʦʚʨʝʤʝʥʥʦʡ ʟʘʱʠʪʝ, ʜʘ ʢ ʪʦʤʫ ʞʝ ʩʥʠʞʘʝʪ ʢʘʯʝʩʪʚʦ 

ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʟʘʱʠʱʘʝʤʦʡ ʩʠʩʪʝʤʳ ʧʦ ʦʩʥʦʚʥʳʤ ʧʦʢʘʟʘʪʝʣʷʤ. ʅʝ ʤʘʣʦ 

ʚʘʞʥʳʤ ʘʩʧʝʢʪʦʤ ʪʘʢʦʛʦ ʧʦʜʭʦʜʘ ʷʚʣʷʶʪʩʷ ʟʘʪʨʘʪʳ ʨʝʩʫʨʩʦʚ ʥʘ ʨʝʘʣʠʟʘʮʠʶ ʠ 

ʧʦʩʪʦʷʥʥʦʝ çʣʘʪʘʥʠʝè ʟʘʱʠʱʘʝʤʦʡ ʩʠʩʪʝʤʳ. 

ʗʨʢʠʤ ʧʨʠʤʝʨʦʤ ʪʘʢʦʛʦ ʧʦʜʭʦʜʘ ʤʦʛʫʪ ʷʚʣʷʪʴʩʷ ʩʠʩʪʝʤʳ ʘʥʪʠʚʠʨʫʩʥʦʡ 

ʟʘʱʠʪʳ. ʇʨʠʤʝʥʝʥʠʝ ʘʥʪʠʚʠʨʫʩʥʳʭ ʧʨʦʛʨʘʤʤ ʧʦʟʚʦʣʷʝʪ ʟʘʱʠʪʠʪʴ ʢʦʤʧʴʶʪʝʨ ʦʪ 

ʢʦʥʢʨʝʪʥʦʛʦ (ʩʯʝʪʥʦʛʦ) ʥʘʙʦʨʘ ʚʠʨʫʩʦʚ ʥʘ ʢʦʨʦʪʢʦʤ ʧʨʦʤʝʞʫʪʢʝ ʚʨʝʤʝʥʠ (ʜʦ 

ʩʦʟʜʘʥʠʷ ʥʦʚʦʛʦ ʚʠʨʫʩʘ), ʧʦʩʣʝ ʯʝʛʦ ʪʨʝʙʫʝʪʩʷ ʦʙʥʦʚʣʝʥʠʝ ʙʘʟʳ ʠʟʚʝʩʪʥʳʭ 
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ʚʨʝʜʦʥʦʩʥʳʭ ʧʨʦʛʨʘʤʤ. ʈʘʙʦʪʘ ʘʥʪʠʚʠʨʫʩʥʳʭ ʧʨʦʛʨʘʤʤ ʚ ʨʝʞʠʤʝ ʨʝʘʣʴʥʦʛʦ 

ʚʨʝʤʝʥʠ ʦʪʙʠʨʘʝʪ ʫ ʦʧʝʨʘʮʠʦʥʥʦʡ ʩʠʩʪʝʤʳ ʟʥʘʯʠʪʝʣʴʥʳʡ ʨʝʩʫʨʩ, ʘ ʩʢʘʥʠʨʦʚʘʥʠʝ 

ʜʠʩʢʦʚʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ ʚʦʦʙʱʝ ʦʪʜʝʣʴʥʦʝ ʜʝʷʥʠʝ, ʚʦ ʚʨʝʤʷ ʢʦʪʦʨʦʛʦ ʥʝ 

ʨʝʢʦʤʝʥʜʫʝʪʩʷ ʧʨʦʠʟʚʦʜʠʪʴ ʢʘʢʠʝ-ʣʠʙʦ ʜʝʡʩʪʚʠʷ (ʚʳʧʦʣʥʝʥʠʝ ʦʩʥʦʚʥʳʭ 

ʬʫʥʢʮʠʡ). ɺʦʧʨʦʩʳ, ʩʚʷʟʘʥʥʳʝ ʩ ʟʘʱʠʪʦʡ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʳʭ ʩʠʩʪʝʤ ʦʪ ʂɸ 

ʥʝʦʙʭʦʜʠʤʦ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʥʘ ʵʪʘʧʝ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʠ ʩʪʨʦʠʪʴ ʩʠʩʪʝʤʫ ʩʦ 

ʩʪʨʫʢʪʫʨʦʡ, ʥʝ ʧʦʟʚʦʣʷʶʱʝʡ ʥʘ ʥʝʝ ʚʦʟʜʝʡʩʪʚʦʚʘʪʴ (ʚ ʠʜʝʘʣʝ) ʠʣʠ ʜʝʣʘʶʱʝʡ 

ʪʘʢʠʝ ʚʦʟʜʝʡʩʪʚʠʷ ʤʘʣʦʚʝʨʦʷʪʥʳʤʠ ʠ ʤʘʣʦʵʬʬʝʢʪʠʚʥʳʤʠ.  

ʉʫʱʝʩʪʚʫʶʱʠʝ ʪʝʭʥʦʣʦʛʠʠ ʦʙʥʘʨʫʞʝʥʠʷ ʘʪʘʢ ʨʝʰʘʶʪ ʩʣʝʜʫʶʱʠʝ ʟʘʜʘʯʠ:  

ʨʘʩʧʦʟʥʘʚʘʥʠʝ ʠʟʚʝʩʪʥʳʭ ʘʪʘʢ ʠ ʧʨʝʜʫʧʨʝʞʜʝʥʠʝ ʦ ʥʠʭ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ 

ʧʝʨʩʦʥʘʣʘ; 

çʧʦʥʠʤʘʥʠʝè ʟʘʯʘʩʪʫʶ ʥʝʧʦʥʷʪʥʳʭ ʠʩʪʦʯʥʠʢʦʚ ʠʥʬʦʨʤʘʮʠʠ ʦʙ ʘʪʘʢʘʭ; 

ʦʩʚʦʙʦʞʜʝʥʠʝ ʠʣʠ ʩʥʠʞʝʥʠʝ ʥʘʛʨʫʟʢʠ ʥʘ ʧʝʨʩʦʥʘʣ, ʦʪʚʝʯʘʶʱʠʡ ʟʘ 

ʙʝʟʦʧʘʩʥʦʩʪʴ, ʦʪ ʪʝʢʫʱʠʭ ʨʫʪʠʥʥʳʭ ʦʧʝʨʘʮʠʡ ʧʦ ʢʦʥʪʨʦʣʶ ʟʘ ʧʦʣʴʟʦʚʘʪʝʣʷʤʠ, 

ʩʠʩʪʝʤʘʤʠ ʠ ʩʝʪʷʤʠ, ʷʚʣʷʶʱʠʤʠʩʷ ʢʦʤʧʦʥʝʥʪʘʤʠ ʢʦʨʧʦʨʘʪʠʚʥʦʡ ʩʝʪʠ; 

ʚʦʟʤʦʞʥʦʩʪʴ ʫʧʨʘʚʣʝʥʠʷ ʩʨʝʜʩʪʚʘʤʠ ʟʘʱʠʪʳ çʥʝ ʵʢʩʧʝʨʪʘʤʠè ʚ ʦʙʣʘʩʪʠ 

ʙʝʟʦʧʘʩʥʦʩʪʠ; 

ʢʦʥʪʨʦʣʴ ʚʩʝʭ ʜʝʡʩʪʚʠʡ ʩʫʙʲʝʢʪʦʚ ʢʦʨʧʦʨʘʪʠʚʥʦʡ ʩʝʪʠ (ʧʦʣʴʟʦʚʘʪʝʣʝʡ, 

ʧʨʦʛʨʘʤʤ, ʧʨʦʮʝʩʩʦʚ ʠ ʪ.ʜ.). 

ʆʯʝʥʴ ʯʘʩʪʦ ʩʠʩʪʝʤʳ ʦʙʥʘʨʫʞʝʥʠʷ ʘʪʘʢ ʚʳʧʦʣʥʷʪʴ ʬʫʥʢʮʠʠ, ʩʫʱʝʩʪʚʝʥʥʦ 

ʨʘʩʰʠʨʷʶʱʠʝ ʩʧʝʢʪʨ ʠʭ ʧʨʠʤʝʥʝʥʠʷ. ʅʘʧʨʠʤʝʨ: 

ʢʦʥʪʨʦʣʴ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʤʝʞʩʝʪʝʚʳʭ ʵʢʨʘʥʦʚ; 

ʫʩʪʘʥʦʚʢʘ ʩʠʩʪʝʤʳ ʦʙʥʘʨʫʞʝʥʠʷ ʘʪʘʢ ʧʦʩʣʝ ʤʝʞʩʝʪʝʚʦʛʦ ʵʢʨʘʥʘ (ʚʥʫʪʨʠ 

ʢʦʨʧʦʨʘʪʠʚʥʦʡ ʩʝʪʠ) ʧʦʟʚʦʣʷʝʪ ʦʙʥʘʨʫʞʠʪʴ ʘʪʘʢʠ, ʧʨʦʧʫʩʢʘʝʤʳʝ ʄʉʕ ʠ, ʪʝʤ 

ʩʘʤʳʤ, ʦʧʨʝʜʝʣʠʪʴ ʥʝʜʦʩʪʘʶʱʠʝ ʧʨʘʚʠʣʘ ʥʘ ʤʝʞʩʝʪʝʚʦʤ ʵʢʨʘʥʝ; 

ʢʦʥʪʨʦʣʴ ʫʟʣʦʚ ʩʝʪʠ ʩ ʥʝʫʩʪʘʥʦʚʣʝʥʥʳʤʠ ʦʙʥʦʚʣʝʥʠʷʤʠ ʠʣʠ ʫʟʣʦʚ ʩ 

ʫʩʪʘʨʝʚʰʠʤ ʧʨʦʛʨʘʤʤʥʳʤ ʦʙʝʩʧʝʯʝʥʠʝʤ; 

ʙʣʦʢʠʨʦʚʘʥʠʝ ʠ ʢʦʥʪʨʦʣʴ ʜʦʩʪʫʧʘ ʢ ʦʧʨʝʜʝʣʝʥʥʳʤ ʫʟʣʘʤ Internet; 

ʢʦʥʪʨʦʣʴ ʵʣʝʢʪʨʦʥʥʦʡ ʧʦʯʪʳ.  
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ʉʫʱʝʩʪʚʫʝʪ ʙʦʣʴʰʦʝ ʯʠʩʣʦ ʨʘʟʣʠʯʥʳʭ ʢʣʘʩʩʠʬʠʢʘʮʠʡ ʩʠʩʪʝʤ ʦʙʥʘʨʫʞʝʥʠʷ 

ʘʪʘʢ, ʦʜʥʘʢʦ ʩʘʤʦʡ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʦʡ ʷʚʣʷʝʪʩʷ ʢʣʘʩʩʠʬʠʢʘʮʠʷ ʧʦ ʧʨʠʥʮʠʧʫ 

ʨʝʘʣʠʟʘʮʠʠ: 

host-based, ʪʦ ʝʩʪʴ ʦʙʥʘʨʫʞʠʚʘʶʱʠʝ ʘʪʘʢʠ, ʥʘʧʨʘʚʣʝʥʥʳʝ ʥʘ ʢʦʥʢʨʝʪʥʳʡ 

ʫʟʝʣ ʩʝʪʠ; 

network-based, ʪʦ ʝʩʪʴ ʦʙʥʘʨʫʞʠʚʘʶʱʠʝ ʘʪʘʢʠ, ʥʘʧʨʘʚʣʝʥʥʳʝ ʥʘ ʚʩʶ ʩʝʪʴ 

ʠʣʠ ʩʝʛʤʝʥʪ ʩʝʪʠ. 

ʉʠʩʪʝʤʳ ʦʙʥʘʨʫʞʝʥʠʷ ʘʪʘʢ, ʢʦʥʪʨʦʣʠʨʫʶʱʠʝ ʦʪʜʝʣʴʥʳʡ ʢʦʤʧʴʶʪʝʨ, ʢʘʢ 

ʧʨʘʚʠʣʦ, ʩʦʙʠʨʘʶʪ ʠ ʘʥʘʣʠʟʠʨʫʶʪ ʠʥʬʦʨʤʘʮʠʶ ʠʟ ʞʫʨʥʘʣʦʚ ʨʝʛʠʩʪʨʘʮʠʠ 

ʦʧʝʨʘʮʠʦʥʥʦʡ ʩʠʩʪʝʤʳ ʠ ʨʘʟʣʠʯʥʳʭ ʧʨʠʣʦʞʝʥʠʡ (Web-ʩʝʨʚʝʨ, ʉʋɹɼ ʠ ʪ.ʜ.). ʇʦ 

ʪʘʢʦʤʫ ʧʨʠʥʮʠʧʫ ʬʫʥʢʮʠʦʥʠʨʫʝʪ RealSecure OS Sensor. ʆʜʥʘʢʦ, ʚ ʧʦʩʣʝʜʥʝʝ 

ʚʨʝʤʷ ʩʪʘʣʠ ʧʦʣʫʯʘʪʴ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʩʠʩʪʝʤʳ, ʪʝʩʥʦ ʠʥʪʝʛʨʠʨʦʚʘʥʥʳʝ ʩ ʷʜʨʦʤ 

ʆʉ, ʪʝʤ ʩʘʤʳʤ, ʧʨʝʜʦʩʪʘʚʣʷʷ ʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʳʡ ʩʧʦʩʦʙ ʦʙʥʘʨʫʞʝʥʠʷ 

ʥʘʨʫʰʝʥʠʡ ʧʦʣʠʪʠʢʠ ʙʝʟʦʧʘʩʥʦʩʪʠ. ʇʨʠʯʝʤ ʪʘʢʘʷ ʠʥʪʝʛʨʘʮʠʷ ʤʦʞʝʪ ʙʳʪʴ 

ʨʝʘʣʠʟʦʚʘʥʦ ʜʚʦʷʢʦ. ɺʦ-ʧʝʨʚʳʭ, ʤʦʛʫʪ ʢʦʥʪʨʦʣʠʨʦʚʘʪʴʩʷ ʚʩʝ ʩʠʩʪʝʤʥʳʝ ʚʳʟʦʚʳ 

ʆʉ (ʪʘʢ ʨʘʙʦʪʘʝʪ Entercept) ʠʣʠ ʚʝʩʴ ʚʭʦʜʷʱʠʡ/ʠʩʭʦʜʷʱʠʡ ʩʝʪʝʚʦʡ ʪʨʘʬʠʢ (ʪʘʢ 

ʨʘʙʦʪʘʝʪ RealSecure Server Sensor). ɺ ʧʦʩʣʝʜʥʝʤ ʩʣʫʯʘʝ ʩʠʩʪʝʤʘ ʦʙʥʘʨʫʞʝʥʠʷ ʘʪʘʢ 

ʟʘʭʚʘʪʳʚʘʝʪ ʚʝʩʴ ʩʝʪʝʚʦʡ ʪʨʘʬʠʢ ʥʘʧʨʷʤʫʶ ʩ ʩʝʪʝʚʦʡ ʢʘʨʪʳ, ʤʠʥʫʷ ʦʧʝʨʘʮʠʦʥʥʫʶ 

ʩʠʩʪʝʤʫ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʫʤʝʥʴʰʠʪʴ ʟʘʚʠʩʠʤʦʩʪʴ ʦʪ ʥʝʝ ʠ ʪʝʤ ʩʘʤʳʤ ʧʦʚʳʩʠʪʴ 

ʟʘʱʠʱʝʥʥʦʩʪʴ ʩʠʩʪʝʤʳ ʦʙʥʘʨʫʞʝʥʠʷ ʘʪʘʢ. 

ʉʠʩʪʝʤʳ ʦʙʥʘʨʫʞʝʥʠʷ ʘʪʘʢ ʫʨʦʚʥʷ ʩʝʪʠ ʩʦʙʠʨʘʶʪ ʠʥʬʦʨʤʘʮʠʶ ʠʟ ʩʘʤʦʡ 

ʩʝʪʠ, ʪʦ ʝʩʪʴ ʠʟ ʩʝʪʝʚʦʛʦ ʪʨʘʬʠʢʘ. ɺʳʧʦʣʥʷʪʴʩʷ ʵʪʠ ʩʠʩʪʝʤʳ ʤʦʛʫʪ ʥʘ ʦʙʳʯʥʳʭ 

ʢʦʤʧʴʶʪʝʨʘʭ (ʥʘʧʨʠʤʝʨ, RealSecure Network Sensor), ʥʘ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʭ 

ʢʦʤʧʴʶʪʝʨʘʭ ʠʣʠ ʠʥʪʝʛʨʠʨʦʚʘʥʳ ʚ ʤʘʨʰʨʫʪʠʟʘʪʦʨʳ ʠʣʠ ʢʦʤʤʫʪʘʪʦʨʳ. ɺ ʧʝʨʚʳʭ 

ʜʚʫʭ ʩʣʫʯʘʷʭ ʘʥʘʣʠʟʠʨʫʝʤʘʷ ʠʥʬʦʨʤʘʮʠʷ ʩʦʙʠʨʘʝʪʩʷ ʧʦʩʨʝʜʩʪʚʦʤ ʟʘʭʚʘʪʘ ʠ 

ʘʥʘʣʠʟʘ ʧʘʢʝʪʦʚ, ʠʩʧʦʣʴʟʫʷ ʩʝʪʝʚʳʝ ʠʥʪʝʨʬʝʡʩʳ ʚ ʙʝʩʧʦʨʷʜʦʯʥʦʤ (promiscuous) 

ʨʝʞʠʤʝ. ɺ ʧʦʩʣʝʜʥʝʤ ʩʣʫʯʘʝ ʟʘʭʚʘʪ ʪʨʘʬʠʢʘ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʩ ʰʠʥʳ ʩʝʪʝʚʦʛʦ 

ʦʙʦʨʫʜʦʚʘʥʠʷ.  

ʆʙʥʘʨʫʞʝʥʠʝ ʘʪʘʢ ʪʨʝʙʫʝʪ ʚʳʧʦʣʥʝʥʠʷ ʦʜʥʦʛʦ ʠʟ ʜʚʫʭ ʫʩʣʦʚʠʡ - ʠʣʠ 

ʧʦʥʠʤʘʥʠʷ ʦʞʠʜʘʝʤʦʛʦ ʧʦʚʝʜʝʥʠʷ ʢʦʥʪʨʦʣʠʨʫʝʤʦʛʦ ʦʙʲʝʢʪʘ ʩʠʩʪʝʤʳ ʠʣʠ ʟʥʘʥʠʷ 
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ʚʩʝʭ ʚʦʟʤʦʞʥʳʭ ʘʪʘʢ ʠ ʠʭ ʤʦʜʠʬʠʢʘʮʠʡ. ɺ ʧʝʨʚʦʤ ʩʣʫʯʘʝ ʠʩʧʦʣʴʟʫʝʪʩʷ 

ʪʝʭʥʦʣʦʛʠʷ ʦʙʥʘʨʫʞʝʥʠʷ ʘʥʦʤʘʣʴʥʦʛʦ ʧʦʚʝʜʝʥʠʷ, ʘ ʚʦ ʚʪʦʨʦʤ ʩʣʫʯʘʝ - ʪʝʭʥʦʣʦʛʠʷ 

ʦʙʥʘʨʫʞʝʥʠʷ ʟʣʦʫʤʳʰʣʝʥʥʦʛʦ ʧʦʚʝʜʝʥʠʷ ʠʣʠ ʟʣʦʫʧʦʪʨʝʙʣʝʥʠʡ. ɺʪʦʨʘʷ 

ʪʝʭʥʦʣʦʛʠʷ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʦʧʠʩʘʥʠʠ ʘʪʘʢʠ ʚ ʚʠʜʝ ʰʘʙʣʦʥʘ ʠʣʠ ʩʠʛʥʘʪʫʨʳ ʠ ʧʦʠʩʢʘ 

ʜʘʥʥʦʛʦ ʰʘʙʣʦʥʘ ʚ ʢʦʥʪʨʦʣʠʨʫʝʤʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ (ʥʘʧʨʠʤʝʨ, ʩʝʪʝʚʦʤ ʪʨʘʬʠʢʝ 

ʠʣʠ ʞʫʨʥʘʣʝ ʨʝʛʠʩʪʨʘʮʠʠ). ʕʪʘ ʪʝʭʥʦʣʦʛʠʷ ʦʯʝʥʴ ʧʦʭʦʞʘ ʥʘ ʦʙʥʘʨʫʞʝʥʠʝ ʚʠʨʫʩʦʚ 

(ʘʥʪʠʚʠʨʫʩʥʳʝ ʩʠʩʪʝʤʳ ʷʚʣʷʶʪʩʷ ʷʨʢʠʤ ʧʨʠʤʝʨʦʤ ʩʠʩʪʝʤʳ ʦʙʥʘʨʫʞʝʥʠʷ ʘʪʘʢ), 

ʪ.ʝ. ʩʠʩʪʝʤʘ ʤʦʞʝʪ ʦʙʥʘʨʫʞʠʪʴ ʚʩʝ ʠʟʚʝʩʪʥʳʝ ʘʪʘʢʠ, ʥʦ ʦʥʘ ʤʘʣʦ ʧʨʠʩʧʦʩʦʙʣʝʥʘ 

ʜʣʷ ʦʙʥʘʨʫʞʝʥʠʷ ʥʦʚʳʭ, ʝʱʝ ʥʝʠʟʚʝʩʪʥʳʭ, ʘʪʘʢ. ʇʦʜʭʦʜ, ʨʝʘʣʠʟʦʚʘʥʥʳʡ ʚ ʪʘʢʠʭ 

ʩʠʩʪʝʤʘʭ, ʦʯʝʥʴ ʧʨʦʩʪ ʠ ʠʤʝʥʥʦ ʥʘ ʥʝʤ ʦʩʥʦʚʘʥʳ ʧʨʘʢʪʠʯʝʩʢʠ ʚʩʝ ʧʨʝʜʣʘʛʘʝʤʳʝ 

ʩʝʛʦʜʥʷ ʥʘ ʨʳʥʢʝ ʩʠʩʪʝʤʳ ʦʙʥʘʨʫʞʝʥʠʷ ʘʪʘʢ.  ʇʨʘʢʪʠʯʝʩʢʠ ʚʩʝ ʩʠʩʪʝʤʳ 

ʦʙʥʘʨʫʞʝʥʠʷ ʘʪʘʢ ʦʩʥʦʚʘʥʳ ʥʘ ʩʠʛʥʘʪʫʨʥʦʤ ʧʦʜʭʦʜʝ.  

ʂʦʤʤʫʪʘʮʠʷ ʧʦʟʚʦʣʷʝʪ ʫʧʨʘʚʣʷʪʴ ʢʨʫʧʥʦʤʘʩʰʪʘʙʥʳʤʠ ʩʝʪʷʤʠ, ʢʘʢ 

ʥʝʩʢʦʣʴʢʠʤʠ ʥʝʙʦʣʴʰʠʤʠ ʩʝʪʝʚʳʤʠ ʩʝʛʤʝʥʪʘʤʠ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʙʳʚʘʝʪ ʪʨʫʜʥʦ 

ʦʧʨʝʜʝʣʠʪʴ ʥʘʠʣʫʯʰʝʝ ʤʝʩʪʦ ʜʣʷ ʫʩʪʘʥʦʚʢʠ ʩʠʩʪʝʤʳ, ʦʙʥʘʨʫʞʠʚʘʶʱʝʡ ʘʪʘʢʠ ʚ 

ʩʝʪʝʚʦʤ ʪʨʘʬʠʢʝ. ʀʥʦʛʜʘ ʤʦʛʫʪ ʧʦʤʦʯʴ ʩʧʝʮʠʘʣʴʥʳʝ ʧʦʨʪʳ (span ports) ʥʘ 

ʢʦʤʤʫʪʘʪʦʨʘʭ, ʥʦ ʥʝ ʚʩʝʛʜʘ. ʆʙʥʘʨʫʞʝʥʠʝ ʘʪʘʢ ʥʘ ʫʨʦʚʥʝ ʢʦʥʢʨʝʪʥʦʛʦ ʫʟʣʘ 

ʦʙʝʩʧʝʯʠʚʘʝʪ ʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʫʶ ʨʘʙʦʪʫ ʚ ʢʦʤʤʫʪʠʨʫʝʤʳʭ ʩʝʪʷʭ, ʪʘʢ ʢʘʢ 

ʧʦʟʚʦʣʷʝʪ ʨʘʟʤʝʩʪʠʪʴ ʩʠʩʪʝʤʳ ʦʙʥʘʨʫʞʝʥʠʷ ʪʦʣʴʢʦ ʥʘ ʪʝʭ ʫʟʣʘʭ, ʥʘ ʢʦʪʦʨʳʭ ʵʪʦ 

ʥʝʦʙʭʦʜʠʤʦ.  

ʉʠʩʪʝʤʳ ʩʝʪʝʚʦʛʦ ʫʨʦʚʥʷ ʥʝ ʪʨʝʙʫʶʪ, ʯʪʦʙʳ ʥʘ ʢʘʞʜʦʤ ʭʦʩʪʝ 

ʫʩʪʘʥʘʚʣʠʚʘʣʦʩʴ ʧʨʦʛʨʘʤʤʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ ʩʠʩʪʝʤʳ ʦʙʥʘʨʫʞʝʥʠʷ ʘʪʘʢ. 

ʇʦʩʢʦʣʴʢʫ ʜʣʷ ʢʦʥʪʨʦʣʷ ʚʩʝʡ ʩʝʪʠ ʯʠʩʣʦ ʤʝʩʪ, ʚ ʢʦʪʦʨʳʭ ʫʩʪʘʥʦʚʣʝʥʳ IDS 

ʥʝʚʝʣʠʢʦ, ʪʦ ʩʪʦʠʤʦʩʪʴ ʠʭ ʵʢʩʧʣʫʘʪʘʮʠʠ ʚ ʩʝʪʠ ʧʨʝʜʧʨʠʷʪʠʷ ʥʠʞʝ, ʯʝʤ ʩʪʦʠʤʦʩʪʴ 

ʵʢʩʧʣʫʘʪʘʮʠʠ ʩʠʩʪʝʤ ʦʙʥʘʨʫʞʝʥʠʷ ʘʪʘʢ ʥʘ ʩʠʩʪʝʤʥʦʤ ʫʨʦʚʥʝ. ʂʨʦʤʝ ʪʦʛʦ, ʜʣʷ 

ʢʦʥʪʨʦʣʷ ʩʝʪʝʚʦʛʦ ʩʝʛʤʝʥʪʘ, ʥʝʦʙʭʦʜʠʤ ʪʦʣʴʢʦ ʦʜʠʥ ʩʝʥʩʦʨ, ʥʝʟʘʚʠʩʠʤʦ ʦʪ ʯʠʩʣʘ 

ʫʟʣʦʚ ʚ ʜʘʥʥʦʤ ʩʝʛʤʝʥʪʝ.  

ʉʝʪʝʚʦʡ ʧʘʢʝʪ, ʙʫʜʫʯʠ ʫʰʝʜʰʠʤ ʩ ʢʦʤʧʴʶʪʝʨʘ ʟʣʦʫʤʳʰʣʝʥʥʠʢʘ, ʫʞʝ ʥʝ 

ʤʦʞʝʪ ʙʳʪʴ ʚʦʟʚʨʘʱʝʥ ʥʘʟʘʜ. ʉʠʩʪʝʤʳ, ʬʫʥʢʮʠʦʥʠʨʫʶʱʠʝ ʥʘ ʩʝʪʝʚʦʤ ʫʨʦʚʥʝ, 

ʠʩʧʦʣʴʟʫʶʪ çʞʠʚʦʡè ʪʨʘʬʠʢ ʧʨʠ ʦʙʥʘʨʫʞʝʥʠʠ ʘʪʘʢ ʚ ʨʝʘʣʴʥʦʤ ʤʘʩʰʪʘʙʝ 
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ʚʨʝʤʝʥʠ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʟʣʦʫʤʳʰʣʝʥʥʠʢ ʥʝ ʤʦʞʝʪ ʫʜʘʣʠʪʴ ʩʣʝʜʳ ʩʚʦʝʡ 

ʥʝʩʘʥʢʮʠʦʥʠʨʦʚʘʥʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ. ɸʥʘʣʠʟʠʨʫʝʤʳʝ ʜʘʥʥʳʝ ʚʢʣʶʯʘʶʪ ʥʝ ʪʦʣʴʢʦ 

ʠʥʬʦʨʤʘʮʠʶ ʦ ʤʝʪʦʜʝ ʘʪʘʢʠ, ʥʦ ʠ ʠʥʬʦʨʤʘʮʠʶ, ʢʦʪʦʨʘʷ ʤʦʞʝʪ ʧʦʤʦʯʴ ʧʨʠ 

ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʟʣʦʫʤʳʰʣʝʥʥʠʢʘ ʠ ʜʦʢʘʟʘʪʝʣʴʩʪʚʝ ʚ ʩʫʜʝ. ʇʦʩʢʦʣʴʢʫ ʤʥʦʛʠʝ 

ʭʘʢʝʨʳ ʭʦʨʦʰʦ ʟʥʘʢʦʤʳ ʩ ʤʝʭʘʥʠʟʤʘʤʠ ʩʠʩʪʝʤʥʦʡ ʨʝʛʠʩʪʨʘʮʠʠ, ʦʥʠ ʟʥʘʶʪ, ʢʘʢ 

ʤʘʥʠʧʫʣʠʨʦʚʘʪʴ ʵʪʠʤʠ ʬʘʡʣʘʤʠ ʜʣʷ ʩʢʨʳʪʠʷ ʩʣʝʜʦʚ ʩʚʦʝʡ ʜʝʷʪʝʣʴʥʦʩʪʠ, ʩʥʠʞʘʷ 

ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʩʠʩʪʝʤ ʩʠʩʪʝʤʥʦʛʦ ʫʨʦʚʥʷ, ʢʦʪʦʨʳʤ ʪʨʝʙʫʝʪʩʷ ʵʪʘ ʠʥʬʦʨʤʘʮʠʷ 

ʜʣʷ ʪʦʛʦ, ʯʪʦʙʳ ʦʙʥʘʨʫʞʠʪʴ ʘʪʘʢʫ.  

ʉʠʩʪʝʤʳ, ʬʫʥʢʮʠʦʥʠʨʫʶʱʠʝ ʥʘ ʫʨʦʚʥʝ ʩʝʪʠ, ʦʙʥʘʨʫʞʠʚʘʶʪ 

ʧʦʜʦʟʨʠʪʝʣʴʥʳʝ ʩʦʙʳʪʠʷ ʠ ʘʪʘʢʠ ʧʦ ʤʝʨʝ ʪʦʛʦ, ʢʘʢ ʦʥʠ ʧʨʦʠʩʭʦʜʷʪ, ʠ ʧʦʵʪʦʤʫ 

ʦʙʝʩʧʝʯʠʚʘʶʪ ʛʦʨʘʟʜʦ ʙʦʣʝʝ ʙʳʩʪʨʦʝ ʫʚʝʜʦʤʣʝʥʠʝ ʠ ʨʝʘʛʠʨʦʚʘʥʠʝ, ʯʝʤ ʩʠʩʪʝʤʳ, 

ʘʥʘʣʠʟʠʨʫʶʱʠʝ ʞʫʨʥʘʣʳ ʨʝʛʠʩʪʨʘʮʠʠ. ʅʘʧʨʠʤʝʨ, ʭʘʢʝʨ, ʠʥʠʮʠʠʨʫʶʱʠʡ ʩʝʪʝʚʫʶ 

ʘʪʘʢʫ ʪʠʧʘ çʦʪʢʘʟ ʚ ʦʙʩʣʫʞʠʚʘʥʠʠè ʥʘ ʦʩʥʦʚʝ ʧʨʦʪʦʢʦʣʘ TCP, ʤʦʞʝʪ ʙʳʪʴ 

ʦʩʪʘʥʦʚʣʝʥ ʩʠʩʪʝʤʦʡ ʦʙʥʘʨʫʞʝʥʠʷ ʘʪʘʢ ʩʝʪʝʚʦʛʦ ʫʨʦʚʥʷ, ʧʦʩʳʣʘʶʱʝʡ TCP-ʧʘʢʝʪ 

ʩ ʫʩʪʘʥʦʚʣʝʥʥʳʤ ʬʣʘʛʦʤ Reset ʚ ʟʘʛʦʣʦʚʢʝ ʜʣʷ ʟʘʚʝʨʰʝʥʠʷ ʩʦʝʜʠʥʝʥʠʷ ʩ 

ʘʪʘʢʫʶʱʠʤ ʫʟʣʦʤ, ʧʨʝʞʜʝ ʯʝʤ ʘʪʘʢʘ ʚʳʟʦʚʝʪ ʨʘʟʨʫʰʝʥʠʷ ʠʣʠ ʧʦʚʨʝʞʜʝʥʠʷ 

ʘʪʘʢʫʝʤʦʛʦ ʫʟʣʘ. ʉʠʩʪʝʤʳ ʘʥʘʣʠʟʘ ʞʫʨʥʘʣʦʚ ʨʝʛʠʩʪʨʘʮʠʠ ʥʝ ʨʘʩʧʦʟʥʘʶʪ ʘʪʘʢʠ ʜʦ 

ʤʦʤʝʥʪʘ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʟʘʧʠʩʠ ʚ ʞʫʨʥʘʣ ʠ ʧʨʝʜʧʨʠʥʠʤʘʶʪ ʦʪʚʝʪʥʳʝ ʜʝʡʩʪʚʠʷ 

ʫʞʝ ʧʦʩʣʝ ʪʦʛʦ, ʢʘʢ ʙʳʣʘ ʩʜʝʣʘʥʘ ʟʘʧʠʩʴ. ʂ ʵʪʦʤʫ ʤʦʤʝʥʪʫ ʥʘʠʙʦʣʝʝ ʚʘʞʥʳʝ 

ʩʠʩʪʝʤʳ ʠʣʠ ʨʝʩʫʨʩʳ ʫʞʝ ʤʦʛʫʪ ʙʳʪʴ ʩʢʦʤʧʨʦʤʝʪʠʨʦʚʘʥʳ ʠʣʠ ʥʘʨʫʰʝʥʘ 

ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʴ ʩʠʩʪʝʤʳ, ʟʘʧʫʩʢʘʶʱʝʡ ʩʠʩʪʝʤʫ ʦʙʥʘʨʫʞʝʥʠʷ ʘʪʘʢ ʥʘ ʫʨʦʚʥʝ 

ʫʟʣʘ. ʋʚʝʜʦʤʣʝʥʠʝ ʚ ʨʝʘʣʴʥʦʤ ʤʘʩʰʪʘʙʝ ʚʨʝʤʝʥʠ ʧʦʟʚʦʣʷʝʪ ʙʳʩʪʨʦ ʩʨʝʘʛʠʨʦʚʘʪʴ 

ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʦʧʨʝʜʝʣʝʥʥʳʤʠ ʧʘʨʘʤʝʪʨʘʤʠ. ɼʠʘʧʘʟʦʥ ʵʪʠʭ 

ʨʝʘʢʮʠʡ ʠʟʤʝʥʷʝʪʩʷ ʦʪ ʨʘʟʨʝʰʝʥʠʷ ʧʨʦʥʠʢʥʦʚʝʥʠʷ ʚ ʨʝʞʠʤʝ ʥʘʙʣʶʜʝʥʠʷ ʜʣʷ 

ʪʦʛʦ, ʯʪʦʙʳ ʩʦʙʨʘʪʴ ʠʥʬʦʨʤʘʮʠʶ ʦʙ ʘʪʘʢʝ ʠ ʘʪʘʢʫʶʱʝʤ, ʜʦ ʥʝʤʝʜʣʝʥʥʦʛʦ 

ʟʘʚʝʨʰʝʥʠʷ ʘʪʘʢʠ.  

ʉʠʩʪʝʤʳ ʦʙʥʘʨʫʞʝʥʠʷ ʘʪʘʢ, ʬʫʥʢʮʠʦʥʠʨʫʶʱʠʝ ʥʘ ʩʝʪʝʚʦʤ ʫʨʦʚʥʝ, ʥʝ 

ʟʘʚʠʩʷʪ ʦʪ ʦʧʝʨʘʮʠʦʥʥʳʭ ʩʠʩʪʝʤ, ʫʩʪʘʥʦʚʣʝʥʥʳʭ ʚ ʢʦʨʧʦʨʘʪʠʚʥʦʡ ʩʝʪʠ, ʪʘʢ ʢʘʢ 

ʦʥʠ ʦʧʝʨʠʨʫʶʪ ʩʝʪʝʚʳʤ ʪʨʘʬʠʢʦʤ, ʢʦʪʦʨʳʤ ʦʙʤʝʥʠʚʘʶʪʩʷ ʚʩʝ ʫʟʣʳ ʚ 

ʢʦʨʧʦʨʘʪʠʚʥʦʡ ʩʝʪʠ. ʉʠʩʪʝʤʝ ʦʙʥʘʨʫʞʝʥʠʷ ʘʪʘʢ ʚʩʝ ʨʘʚʥʦ, ʢʘʢʘʷ ʆʉ 
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ʩʛʝʥʝʨʠʨʦʚʘʣʘ ʪʦʪ ʠʣʠ ʠʥʦʡ ʧʘʢʝʪ, ʝʩʣʠ ʦʥ ʚ ʩʦʦʪʚʝʪʩʪʚʠʝ ʩʦ ʩʪʘʥʜʘʨʪʘʤʠ, 

ʧʦʜʜʝʨʞʠʚʘʝʤʳʤʠ ʩʠʩʪʝʤʦʡ ʦʙʥʘʨʫʞʝʥʠʷ, ʥʦ ʝʩʣʠ ʦʥʠ ʦʙʱʘʶʪʩʷ ʤʝʞʜʫ ʩʦʙʦʡ ʧʦ 

ʧʨʦʪʦʢʦʣʫ IP, ʪʦ ʣʶʙʘʷ ʠʟ ʩʠʩʪʝʤ ʦʙʥʘʨʫʞʝʥʠʷ ʘʪʘʢ, ʧʦʜʜʝʨʞʠʚʘʶʱʘʷ ʵʪʦʪ 

ʧʨʦʪʦʢʦʣ, ʩʤʦʞʝʪ ʦʙʥʘʨʫʞʠʚʘʪʴ ʘʪʘʢʠ, ʥʘʧʨʘʚʣʝʥʥʳʝ ʥʘ ʵʪʠ ʆʉ.  

ɺ [20] ʦʧʨʝʜʝʣʝʥʳ ʦʩʥʦʚʥʳʝ ʫʩʣʫʛʠ ʠ ʤʝʭʘʥʠʟʤʳ ʟʘʱʠʪʳ, ʠʭ ʨʘʟʤʝʱʝʥʠʝ ʧʦ 

ʫʨʦʚʥʷʤ ʕʄɺʆʉ, ʘ ʠʤʝʥʥʦ: 

1. ʌʠʟʠʯʝʩʢʠʡ ʫʨʦʚʝʥʴ: 

ʘ) ʫʩʣʫʛʠ ʟʘʱʠʪʳ:  

ʢʦʥʬʠʜʝʥʮʠʘʣʴʥʦʩʪʴ ʚ ʨʝʞʠʤʝ ʩ ʫʩʪʘʥʦʚʣʝʥʠʝʤ ʩʦʝʜʠʥʝʥʠʷ;  

ʢʦʥʬʠʜʝʥʮʠʘʣʴʥʦʩʪʴ ʧʦʪʦʢʘ ʪʨʘʬʠʢʘ.  

ʙ) ʤʝʭʘʥʠʟʤʳ ʟʘʱʠʪʳ: 

ʤʝʭʘʥʠʟʤ ʧʦʣʥʦʛʦ ʰʠʬʨʦʚʘʥʠʷ ʧʦʪʦʢʘ ʜʘʥʥʳʭ (ʟʘʱʠʪʘ ʧʦ ʰʠʨʠʥʝ 

ʯʘʩʪʦʪʥʦʛʦ ʩʧʝʢʪʨʘ).  

2. ʂʘʥʘʣʴʥʳʡ ʫʨʦʚʝʥʴ: 

ʘ) ʫʩʣʫʛʠ ʟʘʱʠʪʳ:  

ʢʦʥʬʠʜʝʥʮʠʘʣʴʥʦʩʪʴ ʚ ʨʝʞʠʤʝ ʩ ʫʩʪʘʥʦʚʣʝʥʠʝʤ ʩʦʝʜʠʥʝʥʠʷ;  

ʢʦʥʬʠʜʝʥʮʠʘʣʴʥʦʩʪʴ ʚ ʨʝʞʠʤʝ ʙʝʟ ʫʩʪʘʥʦʚʣʝʥʠʷ ʩʦʝʜʠʥʝʥʠʷ.  

ʙ) ʤʝʭʘʥʠʟʤʳ ʟʘʱʠʪʳ: 

ʤʝʭʘʥʠʟʤ ʰʠʬʨʦʚʘʥʠʷ ʥʘ ʦʩʥʦʚʝ ʦʙʳʯʥʳʭ ʬʫʥʢʮʠʡ ʫʨʦʚʥʷ.  

3. ʌʠʟʠʯʝʩʢʠʡ ʠ ʪʨʘʥʩʧʦʨʪʥʳʡ ʫʨʦʚʝʥʴ: 

ʘ) ʫʩʣʫʛʠ ʟʘʱʠʪʳ:  

 ʘʫʪʝʥʪʠʬʠʢʘʮʠʷ ʨʘʚʥʦʧʨʘʚʥʦʛʦ ʣʦʛʠʯʝʩʢʦʛʦ ʦʙʲʝʢʪʘ;  

 ʘʫʪʝʥʪʠʬʠʢʘʮʠʷ ʦʪʧʨʘʚʠʪʝʣʷ ʜʘʥʥʳʭ;  

 ʫʩʣʫʛʘ ʫʧʨʘʚʣʝʥʠʷ ʜʦʩʪʫʧʦʤ;  

 ʢʦʥʬʠʜʝʥʮʠʘʣʴʥʦʩʪʴ ʚ ʨʝʞʠʤʝ ʩ ʫʩʪʘʥʦʚʣʝʥʠʝʤ ʩʦʝʜʠʥʝʥʠʷ;  

 ʢʦʥʬʠʜʝʥʮʠʘʣʴʥʦʩʪʴ ʚ ʨʝʞʠʤʝ ʙʝʟ ʫʩʪʘʥʦʚʣʝʥʠʷ ʩʦʝʜʠʥʝʥʠʷ;  

 ʢʦʥʬʠʜʝʥʮʠʘʣʴʥʦʩʪʴ ʧʦʪʦʢʘ ʪʨʘʬʠʢʘ; 

 ʮʝʣʦʩʪʥʦʩʪʴ ʜʘʥʥʳʭ ʚ ʨʝʞʠʤʝ ʩ ʫʩʪʘʥʦʚʣʝʥʠʝʤ ʩʦʝʜʠʥʝʥʠʷ ʙʝʟ 

ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ; 

 ʮʝʣʦʩʪʥʦʩʪʴ ʜʘʥʥʳʭ ʚ ʨʝʞʠʤʝ ʙʝʟ ʫʩʪʘʥʦʚʣʝʥʠʷ ʩʦʝʜʠʥʝʥʠʷ. 
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ʙ) ʤʝʭʘʥʠʟʤʳ ʟʘʱʠʪʳ: 

ʘʫʪʝʥʪʠʬʠʢʘʮʠʠ;  

ʟʘʱʠʪʳ ʧʘʨʦʣʷʤʠ;   

ʧʦʜʧʠʩʠ;  

ʰʠʬʨʦʚʘʥʠʝ;  

ʫʧʨʘʚʣʝʥʠʝ ʜʦʩʪʫʧʦʤ;   

ʫʧʨʘʚʣʝʥʠʝ ʤʘʨʰʨʫʪʠʟʘʮʠʝʡ;  

ʮʝʣʦʩʪʥʦʩʪʠ ʜʘʥʥʳʭ.  

4. ʉʝʘʥʩʦʚʳʡ, ʧʨʝʜʩʪʘʚʠʪʝʣʴʥʳʡ ʠ ʧʨʠʢʣʘʜʥʦʡ ʫʨʦʚʝʥʴ: 

ʘ) ʫʩʣʫʛʠ ʟʘʱʠʪʳ:  

ʢʦʥʬʠʜʝʥʮʠʘʣʴʥʦʩʪʴ ʚ ʨʝʞʠʤʝ ʩ ʫʩʪʘʥʦʚʣʝʥʠʝʤ ʩʦʝʜʠʥʝʥʠʷ;  

ʢʦʥʬʠʜʝʥʮʠʘʣʴʥʦʩʪʴ ʚ ʨʝʞʠʤʝ ʙʝʟ ʫʩʪʘʥʦʚʣʝʥʠʷ ʩʦʝʜʠʥʝʥʠʷ;  

ʢʦʥʬʠʜʝʥʮʠʘʣʴʥʦʩʪʴ ʚʳʙʨʘʥʥʳʭ ʧʦʣʝʡ;  

ʢʦʥʬʠʜʝʥʮʠʘʣʴʥʦʩʪʴ ʧʦʪʦʢʘ ʪʨʘʬʠʢʘ; 

ʘʫʪʝʥʪʠʬʠʢʘʮʠʷ ʨʘʚʥʦʧʨʘʚʥʦʛʦ ʣʦʛʠʯʝʩʢʦʛʦ ʦʙʲʝʢʪʘ;  

ʘʫʪʝʥʪʠʬʠʢʘʮʠʷ ʦʪʧʨʘʚʠʪʝʣʷ ʜʘʥʥʳʭ;  

ʮʝʣʦʩʪʥʦʩʪʴ ʚ ʨʝʞʠʤʝ ʩ ʫʩʪʘʥʦʚʣʝʥʠʝʤ ʩʦʝʜʠʥʝʥʠʷ c ʚʦʩʩʪʘʥʦʚʣʝʥʠʝʤ;  

ʮʝʣʦʩʪʥʦʩʪʴ ʚ ʨʝʞʠʤʝ ʩ ʫʩʪʘʥʦʚʣʝʥʠʝʤ ʩʦʝʜʠʥʝʥʠʷ ʙʝʟ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ; 

ʮʝʣʦʩʪʥʦʩʪʴ ʚʳʙʨʘʥʥʳʭ ʧʦʣʝʡ ʚ ʨʝʞʠʤʝ c ʫʩʪʘʥʦʚʣʝʥʠʝʤ ʩʦʝʜʠʥʝʥʠʷ;  

ʮʝʣʦʩʪʥʦʩʪʴ ʚ ʨʝʞʠʤʝ ʙʝʟ ʫʩʪʘʥʦʚʣʝʥʠʷ ʩʦʝʜʠʥʝʥʠʷ;  

ʮʝʣʦʩʪʥʦʩʪʴ ʚʳʙʨʘʥʥʳʭ ʧʦʣʝʡ ʚ ʨʝʞʠʤʝ ʙʝʟ ʫʩʪʘʥʦʚʣʝʥʠʷ ʩʦʝʜʠʥʝʥʠʷ; 

ʙʝʟʦʪʢʘʟʥʦʩʪʴ ʩ ʧʦʜʪʚʝʨʞʜʝʥʠʝʤ ʦʪʧʨʘʚʠʪʝʣʷ; 

ʙʝʟʦʪʢʘʟʥʦʩʪʴ ʩ ʧʦʜʪʚʝʨʞʜʝʥʠʝʤ ʜʦʩʪʘʚʢʠ. 

ʙ) ʤʝʭʘʥʠʟʤʳ ʟʘʱʠʪʳ: 

ʠʩʧʦʣʴʟʫʶʪʩʷ ʤʝʭʘʥʠʟʤʳ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʬʫʥʢʮʠʦʥʠʨʦʚʘʪʴ ʪʦʣʴʢʦ ʚ 

ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʧʨʘʚʠʣʘʤʠ ʢʦʜʠʨʦʚʘʥʠʷ ʜʘʥʥʳʭ ʥʘ ʦʩʥʦʚʝ ʩʠʥʪʘʢʩʠʩʘ 

ʧʝʨʝʜʘʯʠ, ʙʘʟʠʨʫʶʱʠʝʩʷ ʥʘ ʢʨʠʧʪʦʛʨʘʬʠʯʝʩʢʠʭ ʤʝʪʦʜʘʭ.  

ʇʨʠ ʪʘʢʦʤ ʧʝʨʝʯʥʝ ʤʝʭʘʥʠʟʤʦʚ ʟʘʱʠʪʳ ʥʝʦʙʭʦʜʠʤʘ ʩʠʩʪʝʤʘ ʫʧʨʘʚʣʝʥʠʷ.  

ɺ [53] ʧʨʝʜʣʦʞʝʥʘ ʩʠʩʪʝʤʘ ʦʙʝʩʧʝʯʝʥʠʷ ʢʠʙʝʨʙʝʟʦʧʘʩʥʦʩʪʠ (ʨʠʩʫʥʦʢ 1.6), 

ʢʦʪʦʨʘʷ ʚʢʣʶʯʘʝʪ: 
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ʉʠʩʪʝʤʘ ʦʙʝʩʧʝʯʝʥʠʷ ʢʠʙʝʨʙʝʟʦʧʘʩʥʦʩʪʠ

ʂʦʤʧʣʝʢʩʥʘʷ ʩʠʩʪʝʤʘ ʟʘʱʠʪʳ ʠʥʬʦʨʤʘʮʠʠ
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ʇʦʜʩʠʩʪʝʤʘ ʢʨʠʧʪʦʛʨʘʬʠʯʝʩʢʦʡ 

ʟʘʱʠʪʳ ʠʥʬʦʨʤʘʮʠʠʠ ʰʠʬʨʦʚʘʥʠʷ

ʇʦʜʩʠʩʪʝʤʘ ʧʨʦʛʨʘʤʤʥʦ-

ʘʧʧʘʨʘʪʥʳʭ ʩʨʝʜʩʪʚ ʟʘʱʠʪʳ ʦʪ ʅʉɼ

ʇʦʜʩʠʩʪʝʤʘ ʧʨʝʜʫʧʨʝʞʜʝʥʠʷ ʠ ʦʙʥʘʨʫʞʝʥʠʷ 

ʢʦʤʧʴʶʪʝʨʥʳʭ ʘʪʘʢ(ʉʇʆʂɸ)
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ʉʠʩʪʝʤʘ ʫʧʨʘʚʣʝʥʠʷ ʢʠʙʝʨʙʝʟʦʧʘʩʥʦʩʪʴʶ 

ʉʠʩʪʝʤʘ ʦʧʝʨʘʪʠʚʥʦʛʦ 

ʦʧʦʚʝʱʝʥʠʷ ʦ ʢʠʙʝʨʘʪʘʢʘʭ 

(ʢʠʙʝʨʫʛʨʦʟʘʭ)

ʉʠʩʪʝʤʘ ʘʢʪʠʚʥʦʛʦ 

ʧʨʦʪʠʚʦʜʝʡʩʪʚʠʷ ʢʠʙʝʨʘʪʘʢʘʤ

ʉʠʩʪʝʤʘ ʤʦʥʠʪʦʨʠʥʛʘ 

(ʨʘʟʚʝʜʢʠ) 

ʢʠʙʝʨʧʨʦʩʪʨʘʥʩʪʚʘ

ʎʂʆ

ʃɺʉ

ʉʇʆ

ʉʋɹɼ

ʆʉ

 

ʈʠʩʫʥʦʢ 1.6 ï ʉʠʩʪʝʤʘ ʦʙʝʩʧʝʯʝʥʠʷ ʢʠʙʝʨʙʝʟʦʧʘʩʥʦʩʪʠ 

1. ʉʠʩʪʝʤʫ ʤʦʥʠʪʦʨʠʥʛʘ ʠ ʨʘʟʚʝʜʢʠ ʢʠʙʝʨʧʨʦʩʪʨʘʥʩʪʚʘ. 

ʉʠʩʪʝʤʘ ʤʦʥʠʪʦʨʠʥʛʘ ʠ ʨʘʟʚʝʜʢʠ ʢʠʙʝʨʧʨʦʩʪʨʘʥʩʪʚʘ ï ʩʦʚʦʢʫʧʥʦʩʪʴ 

ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʭ ʘʧʧʘʨʘʪʥʦ-ʧʨʦʛʨʘʤʤʥʳʭ ʩʨʝʜʩʪʚ, ʧʨʝʜʥʘʟʥʘʯʝʥʥʳʭ ʜʣʷ: 

ʦʮʝʥʢʠ ʦʙʩʪʘʥʦʚʢʠ ʚ ʢʠʙʝʨʧʨʦʩʪʨʘʥʩʪʚʝ; 

ʩʠʩʪʝʤʘʪʠʯʝʩʢʦʛʦ ʩʙʦʨʘ ʠ ʦʙʨʘʙʦʪʢʠ ʠʥʬʦʨʤʘʮʠʠ ʦ ʚʦʟʤʦʞʥʳʭ ʫʛʨʦʟʘʭ 

ʢʠʙʝʨʙʝʟʦʧʘʩʥʦʩʪʠ ʉʇɼ (ʠʩʪʦʯʥʠʢʠ, ʭʘʨʘʢʪʝʨ, ʩʦʜʝʨʞʘʥʠʝ, ʤʘʩʰʪʘʙ ʠ ʚʨʝʤʷ);  

ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʚʦʟʤʦʞʥʳʭ ʚʘʨʠʘʥʪʦʚ ʠ ʪʝʭʥʦʣʦʛʠʡ ʨʝʘʣʠʟʘʮʠʠ ʂɸ ʠ 

ʧʦʪʝʥʮʠʘʣʴʥʦ ʦʧʘʩʥʳʭ ʦʙʲʝʢʪʦʚ, ʩʧʦʩʦʙʥʳʭ ʦʩʫʱʝʩʪʚʣʷʪʴ ʂɸ ʥʘ ʉʇɼ;  

ʚʳʷʚʣʝʥʠʷ ʧʨʠʟʥʘʢʦʚ ʂɸ ʥʘ ʠʥʬʦʨʤʘʮʠʦʥʥʳʝ ʦʙʲʝʢʪʳ ʉʇɼ; 

ʚʳʜʘʯʠ ʠʥʬʦʨʤʘʮʠʠ ʦ ʚʦʟʤʦʞʥʦʤ ʚʦʟʜʝʡʩʪʚʠʠ ʂɸ ʥʘ ʠʥʬʦʨʤʘʮʠʦʥʥʫʶ 

ʠʥʬʨʘʩʪʨʫʢʪʫʨʫ. 

ʅʘ ʩʠʩʪʝʤʫ ʤʦʥʠʪʦʨʠʥʛʘ ʠ ʨʘʟʚʝʜʢʠ ʢʠʙʝʨʧʨʦʩʪʨʘʥʩʪʚʘ ʚʦʟʣʘʛʘʝʪʩʷ ʬʫʥʢʮʠʷ 

ʦʙʝʩʧʝʯʝʥʠʝ ʬʦʨʤʠʨʦʚʘʥʠʷ ʠ ʚʝʜʝʥʠʷ ʙʘʟʳ ʜʘʥʥʳʭ ʧʦ ʚʩʢʨʳʪʳʤ (ʦʙʥʘʨʫʞʝʥʥʳʤ) 

ʨʘʟʣʠʯʥʳʤ ʚʠʜʘʤ ʠ ʠʩʪʦʯʥʠʢʘʤ ʫʛʨʦʟ. 

2. ʉʠʩʪʝʤʫ ʦʧʝʨʘʪʠʚʥʦʛʦ ʦʧʦʚʝʱʝʥʠʷ ʦ ʂɸ (ʫʛʨʦʟʘʭ). 

ʉʠʩʪʝʤʘ ʦʧʝʨʘʪʠʚʥʦʛʦ ʦʧʦʚʝʱʝʥʠʷ ʦ ʂɸ (ʫʛʨʦʟʘʭ) ï ʩʦʚʦʢʫʧʥʦʩʪʴ 

ʚʟʘʠʤʦʩʚʷʟʘʥʥʳʭ ʧʨʦʛʨʘʤʤʥʦ-ʘʧʧʘʨʘʪʥʳʭ ʠ ʪʝʣʝʢʦʤʤʫʥʠʢʘʮʠʦʥʥʳʭ ʩʨʝʜʩʪʚ, 

ʧʨʝʜʥʘʟʥʘʯʝʥʥʘʷ ʜʣʷ ʦʨʛʘʥʠʟʘʮʠʠ ʩʚʦʝʚʨʝʤʝʥʥʦʛʦ ʜʦʚʝʜʝʥʠʷ ʠʥʬʦʨʤʘʮʠʠ ʚ 
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ʨʝʞʠʤʝ ʨʝʘʣʴʥʦʛʦ ʚʨʝʤʝʥʠ ʜʦ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʩʫʙʲʝʢʪʦʚ ʫʧʨʘʚʣʝʥʠʷ ʦ 

ʚʦʟʤʦʞʥʳʭ (ʚʳʷʚʣʝʥʥʳʭ) ʂɸ (ʫʛʨʦʟʘʭ), ʠʭ ʩʫʱʥʦʩʪʠ ʠ ʧʘʨʘʤʝʪʨʘʭ, ʧʦʧʳʪʢʘʭ 

ʥʝʩʘʥʢʮʠʦʥʠʨʦʚʘʥʥʦʛʦ ʜʦʩʪʫʧʘ (ʅʉɼ) ʢ ʠʥʬʦʨʤʘʮʠʠ ʠ ʧʨʠʥʷʪʳʭ (ʥʝʦʙʭʦʜʠʤʳʭ) 

ʤʝʨʘʭ ʟʘʱʠʪʳ ʠ ʧʨʦʪʠʚʦʜʝʡʩʪʚʠʷ. 

3. ʉʠʩʪʝʤʫ ʫʧʨʘʚʣʝʥʠʷ ʢʠʙʝʨʙʝʟʦʧʘʩʥʦʩʪʴʶ.  

ʉʠʩʪʝʤʘ ʫʧʨʘʚʣʝʥʠʷ ʢʠʙʝʨʙʝʟʦʧʘʩʥʦʩʪʴʶ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʩʦʚʨʝʤʝʥʥʳʝ ʉɿʀ 

ʠ ʩʠʩʪʝʤʳ (ʩʨʝʜʩʪʚʘ) ʘʢʪʠʚʥʦʛʦ ʧʨʦʪʠʚʦʜʝʡʩʪʚʠʷ ʚʳʷʚʣʝʥʥʳʤ ʜʝʩʪʨʫʢʪʠʚʥʳʤ 

ʘʪʘʢʘʤ ʥʘ ʠʥʬʦʨʤʘʮʠʦʥʥʳʝ ʦʙʲʝʢʪʳ ʉʇɼ. 

ʉʠʩʪʝʤʳ ʠ ʩʨʝʜʩʪʚʘ ʟʘʱʠʪʳ ʠʥʬʦʨʤʘʮʠʠ ʉʇɼ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ 

ʩʦʚʦʢʫʧʥʦʩʪʴ ʪʝʭʥʠʯʝʩʢʠʭ, ʧʨʦʛʨʘʤʤʥʳʭ ʠ ʧʨʦʛʨʘʤʤʥʦ-ʪʝʭʥʠʯʝʩʢʠʭ ʩʨʝʜʩʪʚ 

ʟʘʱʠʪʳ ʠ ʩʨʝʜʩʪʚ ʢʦʥʪʨʦʣʷ ʝʝ ʵʬʬʝʢʪʠʚʥʦʩʪʠ. 

ɺ ʩʦʩʪʘʚ ʩʠʩʪʝʤʳ ʢʦʤʧʣʝʢʩʥʦʡ ʟʘʱʠʪʳ ʠʥʬʦʨʤʘʮʠʠ ʉʇɼ ʚʭʦʜʷʪ: 

ʧʦʜʩʠʩʪʝʤʘ ʧʨʝʜʫʧʨʝʞʜʝʥʠʷ ʠ ʦʙʥʘʨʫʞʝʥʠʷ ʢʦʤʧʴʶʪʝʨʥʳʭ ʘʪʘʢ (ʉʇʆʂɸ); 

ʧʦʜʩʠʩʪʝʤʘ ʧʨʦʛʨʘʤʤʥʦ-ʘʧʧʘʨʘʪʥʳʭ ʩʨʝʜʩʪʚ ʟʘʱʠʪʳ ʦʪ ʅʉɼ; 

ʧʦʜʩʠʩʪʝʤʘ ʢʨʠʧʪʦʛʨʘʬʠʯʝʩʢʦʡ ʟʘʱʠʪʳ ʠʥʬʦʨʤʘʮʠʠ ʠ ʰʠʬʨʦʚʘʥʠʷ; 

ʧʦʜʩʠʩʪʝʤʘ ʢʦʥʪʨʦʣʷ ʩʦʩʪʦʷʥʠʷ ʠ ʬʫʥʢʮʠʦʥʘʣʴʥʦʡ ʫʩʪʦʡʯʠʚʦʩʪʠ. 

ʇʦʜʩʠʩʪʝʤʘ ʧʨʝʜʫʧʨʝʞʜʝʥʠʷ ʠ ʦʙʥʘʨʫʞʝʥʠʷ ʢʦʤʧʴʶʪʝʨʥʳʭ ʘʪʘʢ (ʉʇʆʂɸ) - 

ʩʦʚʦʢʫʧʥʦʩʪʴ ʚʟʘʠʤʦʩʚʷʟʘʥʥʳʭ ʧʨʦʛʨʘʤʤʥʦ-ʘʧʧʘʨʘʪʥʳʭ ʩʨʝʜʩʪʚ, 

ʧʨʝʜʥʘʟʥʘʯʝʥʥʳʭ ʜʣʷ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʩʮʝʥʘʨʠʝʚ ʠ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʂɸ, 

ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʧʨʠʟʥʘʢʦʚ ʚʪʦʨʞʝʥʠʷ ʠ ʦʙʥʘʨʫʞʝʥʠʷ ʂɸ, ʘʥʘʣʠʟʘ ʫʷʟʚʠʤʦʩʪʝʡ ʠ 

ʢʦʥʪʨʦʣʷ ʪʝʭʥʠʯʝʩʢʠʭ ʠ ʧʨʦʛʨʘʤʤʥʳʭ ʩʨʝʜʩʪʚ, ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʩʠʩʪʝʤʳ ʠʣʠ 

ʩʝʪʠ ʩ ʮʝʣʴʶ ʧʨʝʜʫʧʨʝʞʜʝʥʠʷ ʦ ʚʦʟʤʦʞʥʦʤ ʚʪʦʨʞʝʥʠʠ, ʧʨʠʤʝʥʝʥʠʷ ʤʝʪʦʜʦʚ 

ʧʨʦʪʠʚʦʜʝʡʩʪʚʠʷ ʂɸ, ʦʮʝʥʢʠ ʠ ʦʙʝʩʧʝʯʝʥʠʷ ʬʫʥʢʮʠʦʥʘʣʴʥʦʡ ʫʩʪʦʡʯʠʚʦʩʪʠ 

ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʉʇɼ ʚ ʫʩʣʦʚʠʷʭ ʂɸ. 

4. ʇʦʜʩʠʩʪʝʤʫ ʧʨʝʜʫʧʨʝʞʜʝʥʠʷ ʠ ʦʙʥʘʨʫʞʝʥʠʷ ʢʦʤʧʴʶʪʝʨʥʳʭ ʘʪʘʢ 

(ʉʇʆʂɸ). 

ɸʨʭʠʪʝʢʪʫʨʘ ʉʇʆʂɸ ʚʢʣʶʯʘʝʪ: 

ʩʠʩʪʝʤʫ ʦʙʥʘʨʫʞʝʥʠʷ ʚʪʦʨʞʝʥʠʡ (ʉʆɺ) ʠ ʂɸ; 

ʧʦʜʩʠʩʪʝʤʫ ʥʘʢʦʧʣʝʥʠʷ ʠ ʠʟʚʣʝʯʝʥʠʷ ʥʘʢʦʧʣʝʥʥʳʭ ʟʥʘʥʠʡ; 
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ʧʦʜʩʠʩʪʝʤʫ ʤʘʩʢʠʨʦʚʢʠ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʦʙʲʝʢʪʦʚ ʠ ʢʨʠʪʠʯʝʩʢʠ ʚʘʞʥʳʭ 

ʩʝʛʤʝʥʪʦʚ ʉʇɼ; 

ʧʦʜʩʠʩʪʝʤʫ ʘʢʪʠʚʥʦʛʦ ʧʨʦʪʠʚʦʜʝʡʩʪʚʠʷ ʘʪʘʢʘʤ; 

ʧʦʜʩʠʩʪʝʤʫ ʩʦʟʜʘʥʠʷ ʣʦʞʥʳʭ ʮʝʣʝʡ; 

ʠʤʠʪʘʪʦʨ ʘʪʘʢ; 

ʧʦʜʩʠʩʪʝʤʫ ʩʙʦʨʘ ʠ ʬʠʢʩʘʮʠʠ ʬʘʢʪʦʚ ʠ ʨʝʟʫʣʴʪʘʪʦʚ ʂɸ.  

5. ʇʦʜʩʠʩʪʝʤʫ ʢʦʥʪʨʦʣʷ ʩʦʩʪʦʷʥʠʷ ʠ ʬʫʥʢʮʠʦʥʘʣʴʥʦʡ ʫʩʪʦʡʯʠʚʦʩʪʠ. 

ʇʦʜʩʠʩʪʝʤʘ ʢʦʥʪʨʦʣʷ ʩʦʩʪʦʷʥʠʷ ʠ ʬʫʥʢʮʠʦʥʘʣʴʥʦʡ ʫʩʪʦʡʯʠʚʦʩʪʠ 

ʧʨʝʜʥʘʟʥʘʯʝʥʘ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʥʝʧʨʝʨʳʚʥʦʛʦ ʢʦʥʪʨʦʣʷ ʩʦʩʪʦʷʥʠʷ ʠ 

ʬʫʥʢʮʠʦʥʘʣʴʥʦʡ ʫʩʪʦʡʯʠʚʦʩʪʠ ʉʇɼ ʠ ʝʝ ʩʠʩʪʝʤʳ ʟʘʱʠʪʳ ʩ ʚʳʜʘʯʝʡ ʠʥʬʦʨʤʘʮʠʠ 

ʠ ʨʝʢʦʤʝʥʜʘʮʠʡ ʚ ʩʠʩʪʝʤʫ ʫʧʨʘʚʣʝʥʠʷ ʢʠʙʝʨʙʝʟʦʧʘʩʥʦʩʪʴʶ ʩ ʧʨʠʥʷʪʠʝʤ 

ʘʜʝʢʚʘʪʥʳʭ ʤʝʨ ʧʦ ʢʦʨʨʝʢʪʠʨʦʚʢʝ ʨʘʙʦʪʳ ʉɿʀ ʜʣʷ ʙʦʨʴʙʳ ʩ ʪʝʢʫʱʠʤʠ ʫʛʨʦʟʘʤʠ ʠ 

ʂɸ, ʦʩʫʱʝʩʪʚʣʝʥʠʝ ʠʭ ʩʚʦʝʚʨʝʤʝʥʥʦʡ ʧʣʘʥʦʚʦʡ (ʚʥʝʧʣʘʥʦʚʦʡ) ʩʤʝʥʳ ʠ ʚʢʣʶʯʘʝʪ: 

ʩʠʩʪʝʤʫ ʤʦʥʠʪʦʨʠʥʛʘ, ʢʠʙʝʨʨʘʟʚʝʜʢʠ ʠ ʩʙʦʨʘ ʠʥʬʦʨʤʘʮʠʠ ʦ ʩʦʩʪʦʷʥʠʠ 

ʬʫʥʢʮʠʦʥʘʣʴʥʦʡ ʫʩʪʦʡʯʠʚʦʩʪʠ ʠ ʧʘʨʘʤʝʪʨʘʭ ʉʇɼ;  

ʩʨʝʜʩʪʚʘ ʘʥʘʣʠʟʘ ʠ ʦʮʝʥʢʠ ʢʦʣʠʯʝʩʪʚʝʥʥʳʭ ʧʦʢʘʟʘʪʝʣʝʡ ʫʨʦʚʥʷ 

ʟʘʱʠʱʝʥʥʦʩʪʠ ʉʇɼ ʠ ʝʝ ʉɿʀ ʦʪ ʅʉɼ; 

ʩʨʝʜʩʪʚʘ ʧʦʜʛʦʪʦʚʢʠ ʠ ʧʨʠʥʷʪʠʷ ʨʝʰʝʥʠʡ ʜʣʷ ʬʦʨʤʠʨʦʚʘʥʠʷ ʩʠʛʥʘʣʦʚ 

ʫʧʨʘʚʣʝʥʠʷ ʩʨʝʜʩʪʚ ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʧʘʨʘʤʝʪʨʦʚ ʉɿʀ ʉʇɼ (ʧʦʜʩʠʩʪʝʤʫ 

ʘʜʘʧʪʘʮʠʠ);  

ʩʨʝʜʩʪʚʘ ʮʝʥʪʨʘʣʠʟʦʚʘʥʥʦʛʦ ʧʝʨʝʭʦʜʘ ʢ ʥʦʚʳʤ ʥʘʩʪʨʦʡʢʘʤ ʉɿʀ. 

6. ʉʠʩʪʝʤʫ ʘʢʪʠʚʥʦʛʦ ʧʨʦʪʠʚʦʜʝʡʩʪʚʠʷ ʂɸ. 

ʉʠʩʪʝʤʘ ʘʢʪʠʚʥʦʛʦ ʧʨʦʪʠʚʦʜʝʡʩʪʚʠʷ ʂɸ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ: 

ʩʨʝʜʩʪʚʘ ʚʳʙʦʨʘ ʦʧʪʠʤʘʣʴʥʦʡ ʩʪʨʘʪʝʛʠʠ ʧʨʦʪʠʚʦʜʝʡʩʪʚʠʷ; 

ʩʨʝʜʩʪʚʘ ʘʢʪʠʚʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ʧʨʦʮʝʩʩ ʩʦʚʝʨʰʝʥʠʷ ʘʪʘʢʠ; 

ʩʨʝʜʩʪʚʘ ʧʣʘʥʠʨʦʚʘʥʠʷ ʠ ʚʝʜʝʥʠʷ ʫʧʨʝʞʜʘʶʱʠʭ ʘʪʘʢʫʶʱʠʭ ʜʝʡʩʪʚʠʡ; 

ʩʨʝʜʩʪʚʘ ʘʢʪʠʚʥʦʛʦ ʧʦʨʘʞʝʥʠʷ ʢʨʠʪʠʯʝʩʢʠ ʚʘʞʥʳʭ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ 

ʦʙʲʝʢʪʦʚ ʧʨʦʪʠʚʦʙʦʨʩʪʚʫʶʱʝʡ ʩʪʦʨʦʥʳ, ʚ ʦʩʦʙʝʥʥʦʩʪʠ ʚ ʫʛʨʦʞʘʝʤʳʡ ʧʝʨʠʦʜ ʠ ʚ 

ʧʝʨʠʦʜ ʚʝʜʝʥʠʷ ʙʦʝʚʳʭ ʜʝʡʩʪʚʠʡ. 

7. ʇʦʜʩʠʩʪʝʤʫ ʧʨʦʛʨʘʤʤʥʦ-ʘʧʧʘʨʘʪʥʳʭ ʩʨʝʜʩʪʚ ʟʘʱʠʪʳ ʦʪ ʅʉɼ.  
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ɺ ʩʦʩʪʘʚ ʧʦʜʩʠʩʪʝʤʳ ʚʭʦʜʷʪ: 

ʩʨʝʜʩʪʚʘ ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʠ ʘʫʪʝʥʪʠʬʠʢʘʮʠʠ ʧʦʣʴʟʦʚʘʪʝʣʝʡ; 

ʩʨʝʜʩʪʚʘ ʨʘʟʛʨʘʥʠʯʝʥʠʷ ʜʦʩʪʫʧʘ ʧʦʣʴʟʦʚʘʪʝʣʝʡ ʢ ʨʝʩʫʨʩʘʤ ʉʇɼ 

(ʧʨʦʛʨʘʤʤʥʦ-ʘʧʧʘʨʘʪʥʳʡ ʢʦʤʧʣʝʢʩ ʉɿʀ ʦʪ ʅʉɼ, ʚʢʣʶʯʘʶʱʠʝ ʚ ʩʚʦʡ ʩʦʩʪʘʚ 

ʧʨʦʛʨʘʤʤʥʳʝ ʩʨʝʜʩʪʚʘ ʟʘʱʠʪʳ ʠʥʬʦʨʤʘʮʠʠ ʦʪ ʅʉɼ); 

ʩʨʝʜʩʪʚʘ ʘʥʪʠʚʠʨʫʩʥʦʡ ʟʘʱʠʪʳ (ʘʥʪʠʚʠʨʫʩʥʳʡ ʢʦʤʧʣʝʢʩ); 

ʟʘʱʠʱʝʥʥʳʝ ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ ʙʘʟʘʤʠ ʜʘʥʥʳʭ; 

ʩʨʝʜʩʪʚʘ ʤʝʞʩʝʪʝʚʦʛʦ ʵʢʨʘʥʠʨʦʚʘʥʠʷ; 

ʩʨʝʜʩʪʚʘ ʬʦʨʤʠʨʦʚʘʥʠʷ ʠ ʧʨʦʚʝʨʢʠ  ʵʣʝʢʪʨʦʥʥʦʡ ʧʦʜʧʠʩʠ; 

ʘʧʧʘʨʘʪʥʦ-ʧʨʦʛʨʘʤʤʥʳʝ ʩʨʝʜʩʪʚʘ ʜʦʩʪʫʧʘ ʢ ʚʠʨʪʫʘʣʴʥʳʤ ʩʠʩʪʝʤʘʤ 

(çʟʘʱʠʱʝʥʥʦʝ ʦʙʣʘʢʦè);  

ʩʨʝʜʩʪʚʘ ʫʩʠʣʝʥʠʷ ʘʫʪʝʥʪʠʬʠʢʘʮʠʠ ʥʘ ʦʩʥʦʚʝ ʙʠʦʤʝʪʨʠʯʝʩʢʠʭ ʩʢʘʥʝʨʦʚ, 

ʪʦʢʝʥʦʚ ʠ ʨʘʜʠʦʤʝʪʦʢ; 

ʜʦʚʝʨʝʥʥʘʷ ʦʧʝʨʘʮʠʦʥʥʘʷ ʩʠʩʪʝʤʘ ʠ ʧʨʠʣʦʞʝʥʠʷ; 

ʩʨʝʜʩʪʚʘ ʟʘʱʠʪʳ ʠʥʬʦʨʤʘʮʠʠ ʦʪ ʫʪʝʯʢʠ ʠʟ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʳʭ ʩʠʩʪʝʤ 

(ʦʜʥʦʥʘʧʨʘʚʣʝʥʥʳʝ ʰʣʶʟʳ); 

ʩʨʝʜʩʪʚʘ ʧʨʝʜʦʪʚʨʘʱʝʥʠʷ ʫʪʝʯʢʠ ʠʥʬʦʨʤʘʮʠʠ ʠʟ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʳʭ 

ʩʠʩʪʝʤ  (DLP-ʩʠʩʪʝʤʳ); 

ʩʨʝʜʩʪʚʘ ʢʦʥʪʨʦʣʷ ʟʘʱʠʱʝʥʥʦʩʪʠ (ʩʢʘʥʝʨ ʟʘʱʠʱʝʥʥʦʩʪʠ); 

ʪʝʭʥʠʯʝʩʢʠʝ ʩʨʝʜʩʪʚʘ ʦʭʨʘʥʳ ʩʨʝʜʩʪʚ ʚʳʯʠʩʣʠʪʝʣʴʥʦʡ ʪʝʭʥʠʢʠ, 

ʦʙʨʘʙʘʪʳʚʘʶʱʠʭ ʢʨʠʪʠʯʝʩʢʠ ʚʘʞʥʫʶ ʠʥʬʦʨʤʘʮʠʶ; 

ʧʨʦʛʨʘʤʤʥʦ-ʘʧʧʘʨʘʪʥʳʝ ʉɿʀ ʪʝʭʥʦʣʦʛʠʠ çʪʦʥʢʠʡ ʢʣʠʝʥʪè; 

ʢʦʤʧʣʝʢʩʳ ʩʨʝʜʩʪʚ ʟʘʱʠʪʳ ʦʪ ʠʥʦʩʪʨʘʥʥʦʡ ʪʝʭʥʠʯʝʩʢʦʡ ʨʘʟʚʝʜʢʠ ʠ 

ʨʘʜʠʦʵʣʝʢʪʨʦʥʥʦʡ ʙʦʨʴʙʳ ʠ ʜʨ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʚ ʥʦʨʤʘʪʠʚʥʦ-ʧʨʘʚʦʚʳʭ ʘʢʪʘʭ ʦʧʨʝʜʝʣʝʥʳ 

ʤʝʭʘʥʠʟʤʳ ʠ ʫʩʣʫʛʠ ʟʘʱʠʪʳ ʠʥʬʦʨʤʘʮʠʠ ʥʘ ʚʩʝʭ ʫʨʦʚʥʷʭ ʕʄɺʆʉ. ʆʜʥʘʢʦ, 

ʘʥʘʣʠʟ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʚ ʙʦʣʴʰʠʥʩʪʚʝ ʩʣʫʯʘʷʭ ʚʳʙʦʨ ʤʝʩʪʦʧʦʣʦʞʝʥʠʷ ʩʨʝʜʩʪʚ 

ʟʘʱʠʪʳ ʦʩʥʦʚʳʚʘʝʪʩʷ ʪʦʣʴʢʦ ʥʘ ʧʨʠʥʮʠʧʝ çʤʠʥʠʤʠʟʘʮʠʠ ʟʘʪʨʘʪè. ɼʘʥʥʳʡ 

ʧʨʠʥʮʠʧ ʥʝ ʦʙʝʩʧʝʯʠʚʘʝʪ ʚʳʧʦʣʥʝʥʠʝ ʪʨʝʙʦʚʘʥʠʡ ʧʦ ʟʘʱʠʱʝʥʥʦʩʪʠ. ʇʦʵʪʦʤʫ 

ʥʝʦʙʭʦʜʠʤʦ ʦʧʨʝʜʝʣʷʪʴ ʯʠʩʣʦ, ʤʝʩʪʦʧʦʣʦʞʝʥʠʝ ʩʨʝʜʩʪʚ ʟʘʱʠʪʳ ʠ ʠʭ ʚʟʘʠʤʦʩʚʷʟʴ.  
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1.4 ʀʩʩʣʝʜʦʚʘʥʠʷ, ʧʦʩʚʷʱʝʥʥʳʝ ʚʳʷʚʣʝʥʠʶ ʘʥʦʤʘʣʠʡ ʚ ʩʝʪʷʭ ʧʝʨʝʜʘʯʠ 

ʜʘʥʥʳʭ ʠ ʫʧʨʘʚʣʝʥʠʶ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ 

ɺʦʧʨʦʩʳ, ʩʚʷʟʘʥʥʳʝ ʩ ʦʙʥʘʨʫʞʝʥʠʝʤ ʘʥʦʤʘʣʠʡ ʚ ʢʦʤʧʴʶʪʝʨʥʳʭ ʩʝʪʷʭ, 

ʠʥʪʝʨʝʩʫʶʪ ʩʧʝʮʠʘʣʠʩʪʦʚ ʚ ʦʙʣʘʩʪʠ ʢʦʤʧʴʶʪʝʨʥʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ ʜʦʩʪʘʪʦʯʥʦ 

ʜʘʚʥʦ. ʕʪʦʪ ʠʥʪʝʨʝʩ ʦʙʫʩʣʦʚʣʝʥ ʪʝʤ, ʯʪʦ, ʢʘʢ ʧʨʘʚʠʣʦ, ʚʦʟʜʝʡʩʪʚʠʝ ʨʘʟʣʠʯʥʦʛʦ 

ʪʠʧʘ ʘʪʘʢ ʥʘ ʢʦʤʧʴʶʪʝʨʥʳʝ ʩʝʪʠ ʧʨʠʚʦʜʠʪ ʢ ʧʦʷʚʣʝʥʠʶ ʘʥʦʤʘʣʠʡ ʚ ʩʝʪʝʚʦʤ 

ʪʨʘʬʠʢʝ. ʇʨʠ ʵʪʦʤ ʩʘʤʠ ʘʪʘʢʠ ʤʦʛʫʪ ʙʳʪʴ ʣʶʙʦʡ ʩʪʝʧʝʥʠ ʩʣʦʞʥʦʩʪʠ. ɺ ʨʝʟʫʣʴʪʘʪʝ 

ʠʥrʭ ʵʬʬʝʢʪʠʚʥʳʭ ʩʧʦʩʦʙʦʚ ʦʙʥʘʨʫʞʝʥʠʷ ʢʦʤʧʴʶʪʝʨʥʳʭ ʘʪʘʢ, ʯʝʤ 

ʜʝʪʝʢʪʠʨʦʚʘʥʠʝ ʧʦʷʚʣʷʶʱʠʭʩʷ ʧʦʩʣʝ ʠʭ ʨʝʘʣʠʟʘʮʠʠ ʘʥʦʤʘʣʠʡ, ʤʦʞʝʪ ʥʝ 

ʩʫʱʝʩʪʚʦʚʘʪʴ. ʇʦʵʪʦʤʫ ʤʥʦʛʠʝ ʨʘʙʦʪʳ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʧʦʩʚʷʱʝʥʳ ʦʙʟʦʨʫ state-

of-the-art ʚ ʜʝʪʝʢʪʠʨʦʚʘʥʠʠ ʘʥʦʤʘʣʠʡ [54-59]. ɺ ʥʠʭ ʧʨʝʜʣʘʛʘʶʪʩʷ ʨʘʟʣʠʯʥʳʝ 

ʩʭʝʤʳ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʢʘʢ ʩʘʤʠʭ ʘʪʘʢ, ʪʘʢ ʠ ʤʝʪʦʜʦʚ ʠ ʩʨʝʜʩʪʚ ʠʭ ʦʙʥʘʨʫʞʝʥʠʷ.  

ʅʝʩʤʦʪʨʷ ʥʘ ʪʦ, ʯʪʦ ʚʦ ʤʥʦʛʠʭ ʩʣʫʯʘʷʭ ʫʩʧʝʰʥʦ ʚʝʜʫʪ ʩʝʙʷ ʩʪʘʪʠʩʪʠʯʝʩʢʠʝ 

ʤʝʪʦʜʳ ʦʙʥʘʨʫʞʝʥʠʷ ʩʝʪʝʚʳʭ ʘʪʘʢ [60], ʙʦʣʴʰʠʥʩʪʚʦ ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ ʩʯʠʪʘʶʪ, 

ʯʪʦ ʥʘʠʙʦʣʴʰʝʡ ʵʬʬʝʢʪʠʚʥʦʩʪʴʶ ʧʦ ʦʙʥʘʨʫʞʝʥʠʶ ʘʥʦʤʘʣʠʡ ʚ ʩʦʚʨʝʤʝʥʥʳʭ 

ʢʦʤʧʴʶʪʝʨʥʳʭ ʩʝʪʷʭ, ʫʯʠʪʳʚʘʷ ʩʣʦʞʥʦʩʪʴ, ʨʘʩʧʨʝʜʝʣʝʥʥʦʩʪʴ ʠ 

ʠʥʪʝʛʨʠʨʦʚʘʥʥʦʩʪʴ ʬʦʨʤʠʨʫʝʤʳʭ ʥʘ ʠʭ ʦʩʥʦʚʝ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʠʥʬʨʘʩʪʨʫʢʪʫʨ, 

ʦʙʣʘʜʘʶʪ ʤʝʪʦʜʳ ʤʘʰʠʥʥʦʛʦ ʦʙʫʯʝʥʠʷ [61,62].  

ʄʝʪʦʜʳ ʤʘʰʠʥʥʦʛʦ ʦʙʫʯʝʥʠʷ ʤʦʛʫʪ ʩʫʱʝʩʪʚʝʥʥʦ ʧʦʚʳʩʠʪʴ ʵʬʬʝʢʪʠʚʥʦʩʪʴ 

ʠ ʩʥʠʟʠʪʴ ʪʨʫʜʦʝʤʢʦʩʪʴ ʨʝʰʝʥʠʷ ʟʘʜʘʯ ʢʠʙʝʨʙʝʟʦʧʘʩʥʦʩʪʠ ʚ ʩʦʚʨʝʤʝʥʥʳʭ 

ʢʦʤʧʴʶʪʝʨʥʳʭ ʩʝʪʷʭ [63]. ʊʘʢ, ʚ [64] ʧʦʢʘʟʘʥʦ, ʯʪʦ ʥʘʠʙʦʣʴʰʝʡ ʧʦʧʫʣʷʨʥʦʩʪʴʶ 

ʩʨʝʜʠ ʤʝʪʦʜʦʚ ʤʘʰʠʥʥʦʛʦ ʦʙʫʯʝʥʠʷ ʧʦ ʦʙʥʘʨʫʞʝʥʠʶ ʢʦʤʧʴʶʪʝʨʥʳʭ ʘʪʘʢ 

ʦʙʣʘʜʘʶʪ SVM (Support Vector Machine) ʘʣʛʦʨʠʪʤʳ. ʕʪʠ ʤʝʪʦʜʳ ʚ ʨʘʟʣʠʯʥʳʭ 

ʫʩʣʦʚʠʷʭ ʦʙʝʩʧʝʯʠʚʘʶʪ the accuracy ʚ ʜʠʘʧʘʟʦʥʝ ʦʪ 80 ʜʦ 99.6%. ɺʦʟʤʦʞʥʦʩʪʴ 

ʫʩʧʝʰʥʦʛʦ ʧʨʠʤʝʥʝʥʠʷ ʵʪʠʭ ʞʝ ʘʣʛʦʨʠʪʤʦʚ ʜʣʷ ʦʙʥʘʨʫʞʝʥʠʷ ʘʪʘʢ ʚ ʤʦʙʠʣʴʥʳʭ 

ʩʝʪʷʭ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʥʦ ʚ [65-67]. ɺ [68] ʧʨʝʜʣʦʞʝʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʤʝʪʦʜʳ 

ʤʘʰʠʥʥʦʛʦ ʦʙʫʯʝʥʠʷ ʜʣʷ ʦʙʥʘʨʫʞʝʥʠʷ ʘʥʦʤʘʣʠʡ ʚ ʉʇɼ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʚʳʷʚʣʷʪʴ 

ʩʧʝʮʠʬʠʯʝʩʢʠʝ ʘʪʘʢʠ ʚ ʤʦʙʠʣʴʥʳʭ ʫʩʪʨʦʡʩʪʚʘʭ, ʥʘʧʨʘʚʣʝʥʥʳʝ ʥʘ ʩʠʩʪʝʤʫ 

ʵʣʝʢʪʨʦʧʠʪʘʥʠʷ. ɺʦʟʤʦʞʥʦʩʪʴ ʫʩʧʝʰʥʦʛʦ ʧʨʠʤʝʥʝʥʠʷ ʤʝʪʦʜʦʚ ʤʘʰʠʥʥʦʛʦ 

ʦʙʫʯʝʥʠʷ ʜʣʷ ʦʙʥʘʨʫʞʝʥʠʷ ʘʪʘʢ ʚ ʩʝʪʷʭ ʀʥʪʝʨʥʝʪʘ ʚʝʱʝʡ ʧʦʢʘʟʘʥʘ ʚ [69]. 
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ʆʩʦʙʝʥʥʦʩʪʴʶ ʩʝʪʝʡ ʀʥʪʝʨʥʝʪ ʚʝʱʝʡ ʷʚʣʷʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʚ ʥʠʭ 

ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ ʩʨʝʜʩʪʚ ʥʝʙʦʣʴʰʦʡ ʤʦʱʥʦʩʪʠ. ʇʦʵʪʦʤʫ ʦʩʥʦʚʥʳʤ ʪʨʝʙʦʚʘʥʠʝʤ, 

ʧʨʝʜʲʷʚʣʷʝʤʳʤ ʢ ʤʝʪʦʜʘʤ ʤʘʰʠʥʥʦʛʦ ʦʙʫʯʝʥʠʷ, ʠʩʧʦʣʴʟʫʝʤʳʤ ʜʣʷ ʦʙʥʘʨʫʞʝʥʠʷ 

ʘʥʦʤʘʣʠʡ ʚ ʩʝʪʷʭ ʀʥʪʝʨʥʝʪʘ ʚʝʱʝʡ, ʷʚʣʷʝʪʩʷ ʥʠʟʢʘʷ ʨʝʩʫʨʩʦʝʤʢʦʩʪʴ.  

ʆʜʥʠʤ ʠʟ ʥʘʧʨʘʚʣʝʥʠʡ ʧʦʚʳʰʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʦʙʥʘʨʫʞʝʥʠʷ ʘʥʦʤʘʣʠʡ ʩ 

ʧʦʤʦʱʴʶ ʤʝʪʦʜʦʚ ʤʘʰʠʥʥʦʛʦ ʦʙʫʯʝʥʠʷ ʷʚʣʷʝʪʩʷ ʵʬʬʝʢʪʠʚʥʦʝ ʢʦʤʙʠʥʠʨʦʚʘʥʠʝ 

ʨʘʟʣʠʯʥʳʭ ʤʝʪʦʜʦʚ. ɺ [70,71] ʧʦʢʘʟʘʥʦ, ʯʪʦ ʢʦʤʙʠʥʠʨʦʚʘʥʠʝ ʤʝʪʦʜʦʚ, ʪʘʢʠʭ ʢʘʢ 

SVM, ʜʝʨʝʚʴʷ ʨʝʰʝʥʠʡ, ʥʘʠʚʥʳʡ ʙʘʡʝʩʦʚʩʢʠʡ ʢʣʘʩʩʠʬʠʢʘʪʦʨ, ʤʥʦʛʦʩʣʦʡʥʳʡ 

ʧʝʨʩʝʧʪʨʦʥ ʠ ʜʨʫʛʠʝ, ʧʨʠʚʦʜʠʪ ʢ ʩʥʠʞʝʥʠʶ ʚʨʝʤʝʥʠ ʦʙʫʯʝʥʠʷ ʢʣʘʩʩʠʬʠʢʘʪʦʨʦʚ ʠ 

ʚʨʝʤʝʥʠ ʘʥʘʣʠʟʘ ʩʝʪʝʚʦʛʦ ʪʨʘʬʠʢʘ, ʩ ʦʜʥʦʡ ʩʪʦʨʦʥʳ, ʠ ʪʦʯʥʦʩʪʠ ʦʙʥʘʨʫʞʝʥʠʷ 

ʘʥʦʤʘʣʠʡ ï ʩ ʜʨʫʛʦʡ.  

ɼʨʫʛʠʤ ʥʘʧʨʘʚʣʝʥʠʝʤ ʧʦʚʳʰʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʦʙʥʘʨʫʞʝʥʠʷ ʘʥʦʤʘʣʠʡ 

ʷʚʣʷʝʪʩʷ ʧʨʠʤʝʥʝʥʠʝ ʤʝʪʦʜʦʚ ʛʣʫʙʦʢʦʛʦ ʦʙʫʯʝʥʠʷ, ʦʩʥʦʚʘʥʥʳʭ ʥʘ ʠʩʧʦʣʴʟʦʚʘʥʠʠ 

ʨʘʟʣʠʯʥʳʭ ʨʘʟʥʦʚʠʜʥʦʩʪʝʡ ʠʩʢʫʩʩʪʚʝʥʥʳʭ ʥʝʡʨʦʥʥʳʭ ʩʝʪʝʡ. ʊʘʢ, [72,73] 

ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʣʠ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʧʨʠʤʝʥʝʥʠʷ ʢʦʤʙʠʥʠʨʦʚʘʥʥʳʭ ʥʝʡʨʦʥʥʳʭ 

ʩʝʪʝʡ ʜʣʷ ʦʙʥʘʨʫʞʝʥʠʷ ʚ ʢʦʤʧʴʶʪʝʨʥʳʭ ʩʝʪʷʭ ʘʥʦʤʘʣʠʡ ʠ ʚʳʷʚʣʝʥʠʷ ʠʥʮʠʜʝʥʪʦʚ 

ʙʝʟʦʧʘʩʥʦʩʪʠ. ɺ ʧʨʝʜʣʦʞʝʥʥʳʭ ʵʪʠʤʠ ʨʘʙʦʪʘʤʠ ʥʝʡʨʦʥʥʳʭ ʩʝʪʷʭ ʠʩʧʦʣʴʟʦʚʘʣʩʷ 

ʘʚʪʦʵʥʢʦʜʝʨ, ʧʦʟʚʦʣʷʶʱʠʡ ʩʥʠʟʠʪʴ ʨʘʟʤʝʨʥʦʩʪʴ ʚʭʦʜʥʳʭ ʜʘʥʥʳʭ. ʀʟʚʝʩʪʥʳ 

ʨʘʙʦʪʳ, ʚ ʢʦʪʦʨʳʭ ʜʣʷ ʦʙʥʘʨʫʞʝʥʠʷ ʘʥʦʤʘʣʠʡ ʫʩʧʝʰʥʦ ʧʨʠʤʝʥʷʶʪʩʷ 

ʩʘʤʦʦʨʛʘʥʠʟʫʶʱʠʝʩʷ ʢʘʨʪʳ ʠʣʠ ʢʘʨʪʳ ʂʦʭʦʥʝʥʘ [74-76]. ʇʦʩʣʝ ʦʙʫʯʝʥʠʷ ʪʘʢʠʝ 

ʩʝʪʠ ʛʨʫʧʧʠʨʫʶʪ ʚʭʦʜʥʳʝ ʚʝʢʪʦʨʳ ʩʦ ʩʭʦʞʠʤʠ ʧʨʠʟʥʘʢʘʤʠ ʚ ʦʪʜʝʣʴʥʳʝ ʢʣʘʩʪʝʨʳ.  

ʆʪʥʦʩʠʪʝʣʴʥʦ ʥʦʚʳʤ ʥʘʧʨʘʚʣʝʥʠʝʤ ʚ ʧʦʩʪʨʦʝʥʠʠ ʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ 

ʠʩʢʫʩʩʪʚʝʥʥʳʭ ʥʝʡʨʦʥʥʳʭ ʩʝʪʝʡ ʷʚʣʷʶʪʩʷ ʨʝʢʫʨʨʝʥʪʥʳʝ ʥʝʡʨʦʥʥʳʝ ʩʝʪʠ, 

ʢʦʪʦʨʳʝ ʩʧʦʩʦʙʥʳ ʤʦʜʝʣʠʨʦʚʘʪʴ ʵʣʝʤʝʥʪʳ ʧʘʤʷʪʠ [77,78]. ʇʨʝʠʤʫʱʝʩʪʚʦʤ ʪʘʢʠʭ 

ʩʝʪʝʡ ʷʚʣʷʝʪʩʷ ʠʭ ʚʳʩʦʢʘʷ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʚ ʟʘʜʘʯʘʭ ʧʨʝʜʩʢʘʟʘʥʠʷ. ʆʜʥʦʡ ʠʟ 

ʨʘʟʥʦʚʠʜʥʦʩʪʝʡ ʨʝʢʫʨʨʝʥʪʥʳʭ ʩʝʪʝʡ ʷʚʣʷʶʪʩʷ ʩʝʪʠ ʩ Long Term Short Memory 

(LTSM), ʧʦʣʫʯʠʚʰʠʝ ʧʦʧʫʣʷʨʥʦʩʪʴ ʟʘ ʩʯʝʪ ʩʚʦʝʡ ʧʨʦʩʪʦʪʳ ʨʝʘʣʠʟʘʮʠʠ ʠ ʚʳʩʦʢʦʡ 

ʵʬʬʝʢʪʠʚʥʦʩʪʠ. ʊʘʢ, [79] ʧʨʝʜʣʘʛʘʝʪ ʩʦʚʤʝʩʪʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʘʨʭʠʪʝʢʪʫʨʫ LSTM ʠ 

ʘʣʛʦʨʠʪʤʳ SVM, ʯʪʦʙʳ ʧʦʣʫʯʠʪʴ ʚʳʩʦʢʫʶ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʧʨʠ ʦʙʥʘʨʫʞʝʥʠʠ 

ʘʥʦʤʘʣʠʡ ʚ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʷʭ ʜʘʥʥʳʭ ʧʝʨʝʤʝʥʥʦʡ ʜʣʠʥʳ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ 
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ʘʚʪʦʵʥʢʦʜʝʨʘ, ʦʩʥʦʚʥʦʛʦ ʥʘ LTSM, ʠʩʩʣʝʜʦʚʘʥʦ ʚ [80], ʛʜʝ ʧʦʢʘʟʘʥʘ ʝʛʦ ʚʳʩʦʢʘʷ 

ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʜʣʷ ʦʙʥʘʨʫʞʝʥʠʷ ʘʥʦʤʘʣʠʡ ʚ ʥʝʧʝʨʠʦʜʠʯʝʩʢʠʭ ʚʨʝʤʝʥʥʳʭ ʨʷʜʘʭ. 

[81] ʧʨʝʜʣʘʛʘʝʪ ʦʩʥʦʚʘʥʥʳʡ ʥʘ LTSM ʜʝʪʝʢʪʦʨ ʘʥʦʤʘʣʠʡ, ʢʦʪʦʨʳʡ ʥʝ ʪʨʝʙʫʝʪʩʷ 

ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʦʙʫʯʘʪʴ. [82] ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʣʘ ʚʦʟʤʦʞʥʦʩʪʴ ʫʩʧʝʰʥʦʛʦ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ LTSM ʜʣʷ ʦʙʥʘʨʫʞʝʥʠʷ ʘʥʦʤʘʣʠʡ ʚ ʤʘʩʩʠʚʥʳʭ ʠ ʤʥʦʛʦʤʝʨʥʳʭ 

ʥʘʙʦʨʘʭ ʜʘʥʥʳʭ. 

ʊʘʢʞʝ, ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʚʦʧʨʦʩʳ, ʩʚʷʟʘʥʥʳʝ ʩ ʠʟʫʯʝʥʠʝʤ ʩʘʤʦʧʦʜʦʙʥʳʭ 

ʩʚʦʡʩʪʚ ʚʨʝʤʝʥʥʳʭ ʨʷʜʦʚ ʠ ʠʭ ʧʨʘʢʪʠʯʝʩʢʠʤ ʧʨʠʤʝʥʝʥʠʝʤ ʚ ʨʘʟʣʠʯʥʳʭ ʩʠʩʪʝʤʘʭ 

ʤʦʥʠʪʦʨʠʥʛʘ, ʥʘʭʦʜʷʪʩʷ ʚ ʬʦʢʫʩʝ ʚʥʠʤʘʥʠʷ ʤʥʦʛʠʭ ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ. ʌʨʘʢʪʘʣʴʥʳʝ 

ʩʚʦʡʩʪʚʘ ʠʩʩʣʝʜʫʶʪʩʷ ʚʦ ʤʥʦʛʠʭ ʨʘʙʦʪʘʭ [83, 84]. ʊʘʢ, ʚ ʨʘʙʦʪʝ [85] ʤʝʪʦʜ R/S-

ʘʥʘʣʠʟʘ ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʚʳʷʚʣʝʥʠʷ ʟʘʢʦʥʦʤʝʨʥʦʩʪʝʡ ʚʦ ʚʨʝʤʝʥʥʳʭ ʨʷʜʘʭ. ɺ 

ʨʘʙʦʪʝ [86] ʤʦʜʝʣʠʨʫʝʪʩʷ VoIP-ʪʨʘʬʠʢ, ʘ ʪʘʢʞʝ ʠʩʩʣʝʜʫʶʪʩʷ ʝʛʦ ʬʨʘʢʪʘʣʴʥʳʝ 

ʩʚʦʡʩʪʚʘ. ɺ ʨʘʙʦʪʝ [87] ʠʟʫʯʘʣʩʷ ʥʝ ʪʦʣʴʢʦ ʧʦʢʘʟʘʪʝʣʴ ʍʝʨʩʪʘ, ʥʦ ʠ ʬʨʘʢʪʘʣʴʥʘʷ 

ʨʘʟʤʝʨʥʦʩʪʴ. ɺ ʨʘʙʦʪʝ [88] ʘʚʪʦʨʳ ʦʙʲʷʩʥʷʶʪ, ʧʦʯʝʤʫ ʪʝʣʝʪʨʘʬʠʢ ʦʙʣʘʜʘʝʪ 

ʬʨʘʢʪʘʣʴʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ. ʆʜʥʘʢʦ ʵʪʠ ʨʘʙʦʪʳ ʚ ʦʩʥʦʚʥʦʤ ʦʭʚʘʪʳʚʘʶʪ 

ʬʠʥʘʥʩʦʚʳʡ ʩʝʢʪʦʨ ʠ VoIP-ʪʝʣʝʬʦʥʠʶ.  

ʇʨʠ ʵʪʦʤ ʩʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʩʫʱʝʩʪʚʫʝʪ ʤʘʣʦ ʧʨʘʢʪʠʯʝʩʢʠʭ 

ʵʢʩʧʝʨʠʤʝʥʪʦʚ, ʥʘʧʨʘʚʣʝʥʥʳʭ ʥʘ ʠʟʫʯʝʥʠʝ ʬʨʘʢʪʘʣʴʥʳʭ ʩʚʦʡʩʪʚ ʩʝʪʝʚʦʛʦ 

ʪʨʘʬʠʢʘ ʪʝʣʝʢʦʤʤʫʥʠʢʘʮʠʦʥʥʳʭ ʩʠʩʪʝʤ. ʉʨʝʜʠ ʪʘʢʦʛʦ ʨʦʜʘ ʨʘʙʦʪ ʤʦʞʥʦ 

ʚʳʜʝʣʠʪʴ ʨʘʙʦʪʳ [89-91]. ʆʜʥʘʢʦ, ʚ ʨʘʙʦʪʝ [89] ʪʨʘʬʠʢ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʥʝ ʚ 

ʪʝʣʝʢʦʤʤʫʥʠʢʘʮʠʦʥʥʳʭ ʩʝʪʷʭ, ʘ ʚ ʨʘʜʠʦʚʦʣʥʘʭ, ʧʝʨʝʜʘʚʘʝʤʳʭ ʩʦʪʦʚʳʤʠ 

ʩʪʘʥʮʠʷʤʠ. ʂʨʦʤʝ ʪʦʛʦ, ʠʩʩʣʝʜʦʚʘʪʝʣʠ ʧʨʠʭʦʜʷʪ ʢ ʚʳʚʦʜʫ, ʯʪʦ ʜʚʠʞʝʥʠʝ 

ʩʘʤʦʧʦʜʦʙʥʦ, ʯʘʩʪʦ ʧʦʣʘʛʘʷʩʴ ʠʩʢʣʶʯʠʪʝʣʴʥʦ ʥʘ ʚʠʟʫʘʣʴʥʳʝ ʟʥʘʢʠ [90,91]. ʆʥʠ 

ʠʱʫʪ ʧʦʭʦʞʠʝ ʫʯʘʩʪʢʠ ʥʘ ʛʨʘʬʠʢʝ, ʚʳʜʘʚʘʷ ʠʭ ʟʘ ʩʘʤʦʧʦʜʦʙʥʳʝ ʧʨʦʮʝʩʩʳ. 

ʆʜʥʦʡ ʠʟ ʧʝʨʚʳʭ ʨʘʙʦʪ, ʚ ʢʦʪʦʨʦʡ ʙʳʣʦ ʦʙʨʘʱʝʥʦ ʚʥʠʤʘʥʠʝ ʢ ʩʚʦʡʩʪʚʫ 

ʩʘʤʦʧʦʜʦʙʠʷ ʩʝʪʝʚʦʛʦ ʪʨʘʬʠʢʘ, ʷʚʣʷʝʪʩʷ ʨʘʙʦʪʘ [84]. ɺ ʥʝʡ ʩʫʱʝʩʪʚʝʥʥʦ 

ʠʟʤʝʥʠʣʠʩʴ ʩʫʱʝʩʪʚʫʶʱʠʝ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʦ ʧʨʦʮʝʩʩʘʭ, ʧʨʦʠʩʭʦʜʷʱʠʭ ʚ 

ʠʥʬʦʨʤʘʮʠʦʥʥʦ-ʪʝʣʝʢʦʤʤʫʥʠʢʘʮʠʦʥʥʳʭ ʩʝʪʷʭ. ʕʪʦ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʙʫʜʝʪ ʙʦʣʝʝ 

ʧʦʜʨʦʙʥʦ ʨʘʩʩʤʦʪʨʝʥʦ ʚ ʩʣʝʜʫʶʱʝʡ ʩʝʢʮʠʠ. ʊʘʢʞʝ ʩʣʝʜʫʝʪ ʚʳʜʝʣʠʪʴ ʨʷʜ ʨʘʙʦʪ, ʚ 

ʢʦʪʦʨʳʭ ʧʨʝʜʣʦʞʝʥʳ ʤʘʪʝʤʘʪʠʯʝʩʢʠʝ ʤʦʜʝʣʠ, ʦʧʠʩʳʚʘʶʱʠʝ ʧʦʩʚʷʱʝʥʳ 
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ʬʨʘʢʪʘʣʴʥʳʭ ʩʚʦʡʩʪʚʘ ʩʝʪʝʚʦʛʦ ʪʨʘʬʠʢʘ, ʥʘʧʨʠʤʝʨ, [92, 93]. ʆʜʥʘʢʦ ʦʥʠ ʥʝ ʙʳʣʠ 

ʦʨʠʝʥʪʠʨʦʚʘʥʳ ʥʘ ʦʙʥʘʨʫʞʝʥʠʝ ʢʠʙʝʨʘʪʘʢ, ʠ ʠʭ ʥʝʣʴʟʷ ʩʯʠʪʘʪʴ ʠʩʯʝʨʧʳʚʘʶʱʠʤʠ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʥʘʩʪʦʷʱʘʷ ʨʘʙʦʪʘ, ʩ ʦʜʥʦʡ ʩʪʦʨʦʥʳ, ʦʧʠʨʘʝʪʩʷ ʥʘ ʜʦʩʪʠʛʥʫʪʳʝ 

ʫʩʧʝʭʠ ʚ ʠʩʩʣʝʜʦʚʘʥʠʠ ʩʘʤʦʧʦʜʦʙʥʳʭ ʩʚʦʡʩʪʚ ʪʝʣʝʢʦʤʤʫʥʠʢʘʮʠʦʥʥʦʛʦ ʪʨʘʬʠʢʘ. 

ʉ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ, ʦʥʘ ʨʘʟʚʠʚʘʝʪ ʜʘʣʴʰʝ ʠʟʚʝʩʪʥʳʝ ʨʝʰʝʥʠʷ ʚ ʥʘʧʨʘʚʣʝʥʠʠ 

ʩʦʟʜʘʥʠʷ ʤʝʪʦʜʘ, ʧʦʟʚʦʣʷʶʱʝʛʦ ʦʙʥʘʨʫʞʠʚʘʪʴ ʘʥʦʤʘʣʠʠ ʩʝʪʝʚʦʛʦ ʪʨʘʬʠʢʘ, 

ʚʳʟʚʘʥʥʳʝ ʚʦʟʜʝʡʩʪʚʠʝʤ ʢʠʙʝʨʘʪʘʢ. 

ɺ ʪʦʞʝ ʚʨʝʤʷ ʚʩʝ ʫʛʨʦʟʳ ʙʝʟʦʧʘʩʥʦʩʪʠ ʉʇɼ ʚʦʟʤʦʞʥʦ ʦʭʘʨʘʢʪʝʨʠʟʦʚʘʪʴ 

ʜʚʫʤʷ ʧʘʨʘʤʝʪʨʘʤʠ: ʚʦ-ʧʝʨʚʳʭ, ʚʝʨʦʷʪʥʦʩʪʴʶ ʨʝʘʣʠʟʘʮʠʠ ʫʛʨʦʟʳ, ʠ, ʚʦ-ʚʪʦʨʳʭ, 

ʧʦʪʝʥʮʠʘʣʴʥʳʤ ʫʱʝʨʙʦʤ ʜʣʷ ʉʇɼ (ʦʨʛʘʥʠʟʘʮʠʠ, ʧʨʝʜʧʨʠʷʪʠʷ). ʀʩʧʦʣʴʟʦʚʘʥʠʝ 

ʵʪʠʭ ʧʘʨʘʤʝʪʨʦʚ ʜʣʷ ʚʳʙʦʨʘ ʤʦʜʝʣʠ ʫʛʨʦʟ ʨʝʩʫʨʩʘʤ ʉʇɼ ʧʦʟʚʦʣʷʝʪ ʥʘʭʦʜʠʪʴ 

çʟʦʣʦʪʫʶ ʩʝʨʝʜʠʥʫè ʧʨʠ ʧʦʩʪʨʦʝʥʠʠ ʩʠʩʪʝʤʳ ʟʘʱʠʪʳ, ʦʩʫʱʝʩʪʚʣʷʪʴ ʚʳʙʦʨʢʫ 

ʤʝʪʦʜʠʢ ʫʧʨʘʚʣʝʥʠʷ ʩʝʪʷʤʠ, ʧʨʠʥʠʤʘʪʴ ʨʝʰʝʥʠʷ ʧʦ ʤʠʥʠʤʠʟʘʮʠʠ ʨʠʩʢʦʚ. ʅʘ 

ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʩʫʱʝʩʪʚʫʝʪ ʦʛʨʦʤʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʨʘʟʥʦʦʙʨʘʟʥʳʭ ʠ ʚʝʩʴʤʘ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʭ ʤʝʪʦʜʠʢ ʫʧʨʘʚʣʝʥʠʷ ʩʠʩʪʝʤʘʤʠ ʙʝʟʦʧʘʩʥʦʩʪʠ ʉʇɼ, ʢʦʪʦʨʳʝ ʚ 

ʩʚʦʶ ʦʯʝʨʝʜʴ ʜʝʣʷʪʩʷ ʥʘ ʪʨʠ ʦʩʥʦʚʥʳʝ ʛʨʫʧʧʳ [91, 93]. 

ʇʝʨʚʘʷ ʛʨʫʧʧʘ [94 ï 98] ʦʙʦʙʱʘʝʪ ʤʝʪʦʜʠʢʠ, ʠʩʭʦʜʷ ʠʟ ʢʦʣʠʯʝʩʪʚʝʥʥʦʛʦ 

ʢʨʠʪʝʨʠʷ. ɿʘ ʤʝʨʫ ʨʘʥʞʠʨʦʚʘʥʠʷ ʤʦʜʝʣʝʡ ʫʛʨʦʟ (ʢʨʠʪʝʨʠʡ) ʧʨʠʥʠʤʘʝʪʩʷ 

ʜʦʧʫʩʪʠʤʳʡ ʫʨʦʚʝʥʴ ʚʦʟʤʦʞʥʦʛʦ ʫʱʝʨʙʘ ʦʪ ʠʥʬʦʨʤʘʮʠʦʥʥʦ-ʪʝʭʥʠʯʝʩʢʦʛʦ 

ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ʨʝʩʫʨʩʳ ʉʇɼ ʠ ʦʮʝʥʢʘ ʧʨʦʬʠʪ-ʬʘʢʪʦʨʘ ʦʪ ʠʥʚʝʩʪʠʮʠʡ ʚ ʟʘʱʠʪʥʳʝ 

ʤʝʨʳ. ʂʦʣʠʯʝʩʪʚʝʥʥʳʝ ʤʝʪʦʜʠʢʠ ʩʣʝʜʫʶʪ ʪʨʝʙʦʚʘʥʠʷʤ ISO 27001 ʠ 27002, NIST, ʘ 

ʪʘʢʞʝ COBIT IV. ʍʦʪʷ ʜʘʥʥʳʝ ʤʝʪʦʜʠʢʠ ʫʯʠʪʳʚʘʶʪ ʧʨʝʜʦʧʨʝʜʝʣʸʥʥʳʡ ʨʠʩʢ-

ʘʧʧʝʪʠʪ, ʦʥʠ ʥʝ ʨʘʩʩʤʘʪʨʠʚʘʶʪ ʚʘʨʠʘʪʠʚʥʦʩʪʴ ʧʦʩʪʨʦʝʥʠʷ ʩʠʩʪʝʤʳ ʟʘʱʠʪʳ ʉʇɼ. 

ʊʘʢʞʝ ʢ ʥʝʜʦʩʪʘʪʢʘʤ ʜʘʥʥʳʭ ʤʝʪʦʜʠʢ ʤʦʞʥʦ ʦʪʥʝʩʪʠ ʩʣʦʞʥʦʩʪʴ ʠʭ ʠʩʧʦʣʥʝʥʠʷ ʠ 

ʚʳʩʦʢʠʡ ʫʨʦʚʝʥʴ ʪʨʫʜʦʟʘʪʨʘʪ. ʉʣʦʞʥʦʩʪʴ ʢʦʣʠʯʝʩʪʚʝʥʥʳʭ ʤʝʪʦʜʠʢ ʪʘʢʞʝ ʩʦʩʪʦʠʪ 

ʚ ʪʦʤ, ʯʪʦ ʧʨʠʥʠʤʘʝʤʦʝ ʧʦ ʢʘʞʜʦʡ ʧʦʪʝʥʮʠʘʣʴʥʦʡ ʫʛʨʦʟʝ ʨʝʰʝʥʠʝ ʜʦʣʞʥʦ ʙʳʪʴ 

ʫʯʪʝʥʦ ʚ ʩʪʨʘʪʝʛʠʠ ʧʦ ʫʩʪʨʘʥʝʥʠʶ ʧʦʩʣʝʜʩʪʚʠʡ ʢʠʙʝʨʘʪʘʢʠ [99]. ʅʘʧʨʠʤʝʨ, ʚ 

ʨʘʙʦʪʝ [100] ʫʯʠʪʳʚʘʝʪʩʷ ʢʦʣʠʯʝʩʪʚʝʥʥʦʝ ʨʘʥʞʠʨʦʚʘʥʠʝ ʨʠʩʢʦʚ ʜʣʷ ʉʇɼ. ʆʜʥʘʢʦ 

ʠʥʪʝʨʝʩ ʧʨʝʜʩʪʘʚʣʷʝʪ ʨʘʩʩʤʘʪʨʠʚʘʝʤʘʷ ʚ ʵʪʦʡ ʨʘʙʦʪʝ ʤʝʪʦʜʠʢʘ ʫʧʨʘʚʣʝʥʠʷ 

ʩʠʩʪʝʤʦʡ ʟʘʱʠʪʳ ʯʝʨʝʟ ʩʝʨʚʠʩ ʦʙʣʘʯʥʳʭ ʚʳʯʠʩʣʝʥʠʡ. ʍʦʪʷ ʜʘʥʥʘʷ ʤʝʪʦʜʠʢʘ, 
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ʥʝʩʦʤʥʝʥʥʦ, ʧʨʝʜʩʪʘʚʣʷʝʪ ʠʥʪʝʨʝʩ, ʥʦ ʦʥʘ ʩʦʜʝʨʞʠʪ ʨʷʜ ʥʝʛʘʪʠʚʥʳʭ ʬʘʢʪʦʨʦʚ, 

ʩʚʷʟʘʥʥʳʭ ʩ ʧʨʦʙʣʝʤʘʪʠʢʦʡ ʦʙʣʘʯʥʳʭ ʨʝʩʫʨʩʦʚ.   

ɺʪʦʨʘʷ ʛʨʫʧʧʘ ʤʝʪʦʜʠʢ [101ï104] ʧʦʣʫʯʠʣʘ ʦʙʱʝʧʨʠʥʷʪʦʝ ʥʘʟʚʘʥʠʝ 

ʢʘʯʝʩʪʚʝʥʥʳʭ ʤʝʪʦʜʠʢ. ʄʝʪʦʜʠʢʠ ʵʪʦʡ ʛʨʫʧʧʳ ʫʯʠʪʳʚʘʶʪ ʫʛʨʦʟʳ ʙʝʟʦʧʘʩʥʦʩʪʠ 

ʨʝʩʫʨʩʘʤ ʉʇɼ ʧʦ ʢʘʯʝʩʪʚʝʥʥʦʤʫ ʢʨʠʪʝʨʠʶ. ʂʘʯʝʩʪʚʝʥʥʳʝ ʤʝʪʦʜʠʢʠ ʩʚʦʜʷʪʩʷ ʢ 

ʧʦʠʩʢʫ ʦʧʪʠʤʘʣʴʥʦʛʦ ʨʝʰʝʥʠʷ, ʙʘʣʘʥʩʘ ʤʝʞʜʫ ʟʘʪʨʘʪʘʤʠ ʥʘ ʧʦʩʪʨʦʝʥʠʝ ʩʠʩʪʝʤʳ 

ʟʘʱʠʪʳ ʠ ʧʦʣʫʯʘʝʤʳʤ ʵʬʬʝʢʪʦʤ (Cost/Benefit Analysis), ʪ.ʝ. ʢʘʯʝʩʪʚʦʤ ʩʠʩʪʝʤʳ 

ʟʘʱʠʪʳ. ʂʘʢ ʧʨʘʚʠʣʦ, ʚ ʤʝʪʦʜʠʢʘʭ ʠʩʧʦʣʴʟʫʝʪʩʷ ʤʘʪʝʤʘʪʠʯʝʩʢʠʡ ʘʧʧʘʨʘʪ ʪʝʦʨʠʠ 

ʠʛʨ (ʤʘʪʨʠʯʥʳʝ ʠʛʨʳ). ʂ ʥʝʜʦʩʪʘʪʢʘʤ ʢʘʯʝʩʪʚʝʥʥʳʭ ʤʝʪʦʜʠʢ ʤʦʞʥʦ ʦʪʥʝʩʪʠ 

ʚʳʩʦʢʫʶ ʩʣʦʞʥʦʩʪʴ ʚʳʯʠʩʣʝʥʠʷ ʨʝʟʫʣʴʪʘʪʦʚ ʘʥʘʣʠʟʘ ʨʠʩʢʦʚ ʜʣʷ ʬʠʥʘʥʩʦʚʦʛʦ 

ʦʙʦʩʥʦʚʘʥʠʷ ʮʝʣʝʩʦʦʙʨʘʟʥʦʩʪʠ ʠʥʚʝʩʪʠʮʠʡ ʚ ʨʝʘʣʠʟʘʮʠʶ ʩʠʩʪʝʤʳ ʟʘʱʠʪʳ ʉʇɼ 

ʧʦ ʪʦʡ ʠʣʠ ʠʥʦʡ ʤʦʜʝʣʠ ʫʛʨʦʟ, ʘ ʪʘʢʞʝ ʥʝʜʦʩʪʘʪʦʯʥʫʶ ʥʘʛʣʷʜʥʦʩʪʴ ʨʝʟʫʣʴʪʘʪʦʚ 

ʢʘʯʝʩʪʚʝʥʥʳʭ ʤʝʪʦʜʠʢ. ʄʝʪʦʜʠʢʠ, ʠʩʧʦʣʴʟʫʶʱʠʝ ʢʘʯʝʩʪʚʝʥʥʳʝ ʢʨʠʪʝʨʠʠ, ʩʭʦʞʠ 

ʧʦ ʩʚʦʝʡ ʩʫʪʠ ʩ ʤʝʪʦʜʠʢʦʡ FRAP [105, 106]. 

ʊʨʝʪʠʡ ʧʦʜʭʦʜ [107-110] ʷʚʣʷʝʪʩʷ ʢʦʤʧʣʝʢʩʥʳʤ. ʆʥ ʩʦʯʝʪʘʝʪ ʚ ʩʝʙʝ 

ʧʦʜʭʦʜʳ, ʠʩʧʦʣʴʟʫʝʤʳʝ ʢʘʢ ʚ ʧʝʨʚʦʡ ʛʨʫʧʧʝ ʤʝʪʦʜʠʢ, ʪʘʢ ʠ ʚʦ ʚʪʦʨʦʡ. ʏʘʱʝ ʚʩʝʛʦ 

ʢʦʤʧʣʝʢʩʥʳʝ ʤʝʪʦʜʠʢʠ ʠʩʧʦʣʴʟʫʶʪʩʷ ʚ ʥʝʙʦʣʴʰʠʭ ʉʇɼ. ʉʣʘʙʳʤʠ ʩʪʦʨʦʥʘʤʠ 

ʜʘʥʥʦʡ ʛʨʫʧʧʳ ʤʝʪʦʜʠʢ ʷʚʣʷʶʪʩʷ ʥʝʜʦʩʪʘʪʦʯʥʳʝ ʘʥʘʣʠʪʠʯʝʩʢʠʝ ʜʘʥʥʳʝ ʧʦ 

ʧʨʦʛʥʦʟʠʨʫʝʤʦʤʫ ʫʱʝʨʙʫ ʤʦʜʝʣʠ ʫʛʨʦʟ ʚʦʟʜʝʡʩʪʚʠʷ ʢʠʙʝʨʘʪʘʢ, ʘ ʪʘʢʞʝ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʤʠʥʠʤʘʣʴʥʦʛʦ ʥʘʙʦʨʘ ʬʘʢʪʦʨʦʚ ʧʨʠ ʦʮʝʥʢʝ ʨʠʩʢʘ.  

ʊʘʢ, ʚ ʨʘʙʦʪʘʭ [111 ï 114] ʧʨʝʜʩʪʘʚʣʝʥ ʩʪʨʫʢʪʫʨʠʨʦʚʘʥʥʳʡ ʧʦʜʭʦʜ ʢ ʦʮʝʥʢʝ 

ʤʦʜʝʣʠ ʫʛʨʦʟ ʠʥʬʦʨʤʘʮʠʦʥʥʦ-ʪʝʣʝʢʦʤʤʫʥʠʢʘʮʠʦʥʥʳʤ ʨʝʩʫʨʩʘʤ ʉʇɼ (ʤʝʪʦʜʠʢʠ 

çCRAMMè, çMEHARIè), ʚʳʧʦʣʥʷʝʪʩʷ ʠʥʪʝʛʨʠʨʦʚʘʥʥʦʝ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʧʘʨʘʤʝʪʨʘ 

ʫʛʨʦʟʳ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ, ʥʦ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ 

ʩʧʝʮʠʬʠʢʘ ʧʦʩʪʨʦʝʥʠʷ ʩʠʩʪʝʤʳ ʟʘʱʠʪʳ ʉʇɼ. 

ʄʝʪʦʜʠʢʘ ʫʧʨʘʚʣʝʥʠʷ ʩʠʩʪʝʤʦʡ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ Microsoft 

Security Assessment Tool (MSAT) [113, 114] ʠʥʪʝʨʝʩʥʘ ʥʝ ʪʦʣʴʢʦ ʩʚʦʝʡ ʩʠʩʪʝʤʦʡ 

ʨʘʥʞʠʨʦʚʘʥʠʷ ʤʦʜʝʣʝʡ ʫʛʨʦʟ, ʥʦ ʪʘʢʞʝ ʨʝʘʣʠʟʘʮʠʝʡ ʩʠʩʪʝʤʳ ʧʨʠʥʷʪʠʷ ʨʝʰʝʥʠʷ 

ʧʦ ʫʛʨʦʟʝ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ ʉʇɼ ʠ ʦʮʝʥʢʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ 

ʧʨʠʥʷʪʳʭ ʤʝʨ. ʆʜʥʘʢʦ ʦʥʘ ʦʙʳʯʥʦ ʨʝʘʣʠʟʫʝʪʩʷ ʥʘ ʣʦʢʘʣʴʥʳʭ ʉʇɼ. ʉʠʩʪʝʤʘ 
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MSAT ʙʘʟʠʨʫʝʪʩʷ ʥʘ ʤʘʪʝʨʠʘʣʘʭ çʈʫʢʦʚʦʜʩʪʚʘ ʧʦ ʫʧʨʘʚʣʝʥʠʶ ʨʠʩʢʘʤʠè [113]. 

ʆʥʘ ʚʳʧʦʣʥʷʝʪ ʩʣʝʜʫʶʱʠʝ ʬʫʥʢʮʠʠ: 1) ʦʮʝʥʢʘ ʨʠʩʢʦʚ; 2) ʧʦʜʜʝʨʞʢʘ ʧʨʠʥʷʪʠʷ 

ʨʝʰʝʥʠʡ; 3) ʨʝʘʣʠʟʘʮʠʷ ʢʦʥʪʨʦʣʷ; 4) ʦʮʝʥʢʘ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʧʨʦʛʨʘʤʤʳ. ʕʪʦ 

ʧʨʠʣʦʞʝʥʠʝ ʦʨʠʝʥʪʠʨʦʚʘʥʦ ʥʘ ʢʦʤʧʘʥʠʠ, ʠʤʝʶʱʠʝ ʢʦʣʠʯʝʩʪʚʦ ʩʦʪʨʫʜʥʠʢʦʚ 

ʤʝʥʝʝ 1000 ʯʝʣʦʚʝʢ, ʠ ʨʘʟʨʘʙʦʪʘʥʦ ʜʣʷ ʩʦʜʝʡʩʪʚʠʷ ʣʫʯʰʝʤʫ ʧʦʥʠʤʘʥʠʶ 

ʧʦʪʝʥʮʠʘʣʴʥʳʭ ʧʨʦʙʣʝʤ ʚ ʩʬʝʨʝ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ.  

1.5 ɺʳʚʦʜʳ ʧʦ ʧʝʨʚʦʤʫ ʨʘʟʜʝʣʫ 

1. ɺ ʧʝʨʚʦʤ ʨʘʟʜʝʣʝ ʜʘʥʘ ʦʙʱʘʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʉʇɼ, ʜʝʢʦʤʧʦʟʠʨʦʚʘʥʘ 

ʤʦʜʝʣʴ ʚʦʟʜʝʡʩʪʚʠʡ ʂɸ ʥʘ ʉʇɼ, ʨʘʟʨʘʙʦʪʘʥʥʘʷ ʥʘ ʦʩʥʦʚʝ ʘʥʘʣʠʟʘ ʩʦʦʪʚʝʪʩʪʚʠʷ 

ʤʝʞʜʫ ʦʩʥʦʚʥʳʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʵʣʝʤʝʥʪʦʚ ʉʇɼ, ʩʧʝʮʠʬʠʢʦʡ ʠʭ ʧʨʠʤʝʥʝʥʠʷ 

ʠ ʦʩʦʙʝʥʥʦʩʪʷʤʠ ʨʝʘʣʠʟʘʮʠʠ ʂɸ. ʄʦʜʝʣʴ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ 

ʩʠʩʪʝʤʘʪʠʟʠʨʦʚʘʥʥʳʡ ʧʝʨʝʯʝʥʴ ʂɸ, ʚʦʟʜʝʡʩʪʚʫʶʱʠʭ ʢʘʢ ʥʘ ʧʨʦʛʨʘʤʤʥʦʝ 

ʦʙʝʩʧʝʯʝʥʠʝ ʵʣʝʤʝʥʪʦʚ ʉʇɼ, ʪʘʢ ʠ ʥʘ ʩʫʙʵʣʝʤʝʥʪʳ. ʇʝʨʝʯʝʥʴ ʫʛʨʦʟ ʉʇɼ, 

ʧʨʝʜʩʪʘʚʣʝʥʥʳʡ ʚ ʚʠʜʝ ʪʘʙʣʠʮ, ʧʦʟʚʦʣʷʝʪ ʦʧʨʝʜʝʣʠʪʴ ʦʧʘʩʥʦʩʪʴ, ʘ ʪʘʢʞʝ ʫʛʨʦʟʫ 

ʜʣʷ ʢʘʞʜʦʛʦ ʵʣʝʤʝʥʪʘ ʩʝʪʠ.  

2. ɼʘʥʘ ʢʣʘʩʩʠʬʠʢʘʮʠʷ ʂɸ, ʢʦʪʦʨʘʷ ʛʘʨʤʦʥʠʯʥʦ ʜʦʧʦʣʥʷʝʪ ʙʘʟʦʚʫʶ ʤʦʜʝʣʴ 

ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ ʌʉʊʕʂ ʠ ʤʦʞʝʪ ʵʬʬʝʢʪʠʚʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʧʨʠ 

ʨʘʟʨʘʙʦʪʢʝ ʯʘʩʪʥʳʭ ʤʦʜʝʣʝʡ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ ʜʣʷ ʣʦʢʘʣʴʥʳʭ ʩʝʪʝʡ 

ʢʨʠʪʠʯʝʩʢʠ ʚʘʞʥʦʛʦ ʦʙʲʝʢʪʘ ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ. 

ɸʥʘʣʠʟ ʧʨʝʜʣʦʞʝʥʥʦʡ ʤʦʜʝʣʠ ʫʛʨʦʟ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʂɸ ʚ ʙʦʣʴʰʠʥʩʪʚʝ 

ʩʚʦʝʤ ʫʥʠʚʝʨʩʘʣʴʥʳ ʠ ʤʦʛʫʪ ʙʳʪʴ ʥʘ ʣʶʙʦʡ ʵʣʝʤʝʥʪ ʉʇɼ, ʘ ʠʭ ʚʦʟʜʝʡʩʪʚʠʷ 

ʩʚʷʟʘʥʳ ʩ ʧʨʝʜʥʘʤʝʨʝʥʥʳʤ ʥʘʨʫʰʝʥʠʝʤ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ ʠ 

ʠʥʬʦʨʤʘʮʠʠ. ʅʘʠʙʦʣʴʰʝʝ ʢʦʣʠʯʝʩʪʚʦ ʚʦʟʜʝʡʩʪʚʠʡ ʥʘʧʨʘʚʣʝʥʳ ʥʘ ʩʝʨʚʝʨʳ, 

ʇʕɺʄ, ʘ ʪʘʢʞʝ ʥʘ ʤʝʞʩʝʪʝʚʦʡ ʵʢʨʘʥ. 

3. ʇʨʦʚʝʜʝʥ ʦʙʱʠʡ ʦʙʟʦʨ ʩʦʚʨʝʤʝʥʥʳʭ ʤʝʪʦʜʦʚ ʦʙʝʩʧʝʯʝʥʠʷ ʙʝʟʦʧʘʩʥʦʩʪʠ 

ʉʇɼ, ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥʳ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʧʦʩʚʷʱʝʥʥʳʝ ʚʳʷʚʣʝʥʠʶ ʘʥʦʤʘʣʠʡ ʚ 

ʉʇɼ. ʀʩʭʦʜʷ ʠʟ ʘʥʘʣʠʟʘ ʩʦʚʨʝʤʝʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʠ ʢʦʤʤʝʨʯʝʩʢʠʭ ʨʝʰʝʥʠʡ, 

ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜ ʦ ʪʦʤ, ʯʪʦ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʦʪʩʫʪʩʪʚʫʶʪ ʢʦʤʧʣʝʢʩʥʳʝ 

ʧʦʜʭʦʜʳ, ʥʘʧʨʘʚʣʝʥʥʳʝ ʥʘ ʚʳʷʚʣʝʥʠʝ ʥʝʠʟʚʝʩʪʥʳʭ ʢʦʤʧʴʶʪʝʨʥʳʭ ʘʪʘʢ 
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ʊʘʢ ʢʘʢ ʚʦʟʜʝʡʩʪʚʠʷ ʂɸ ʧʨʠʚʦʜʠʪ ʢ ʧʦʷʚʣʝʥʠʶ ʚ ʉʇɼ ʘʥʦʤʘʣʴʥʦʡ 

ʘʢʪʠʚʥʦʩʪʠ ʪʨʘʬʠʢʘ, ʪʦ ʜʣʷ ʧʦʩʪʦʷʥʥʦʛʦ ʤʦʥʠʪʦʨʠʥʛʘ ʠ ʦʙʥʘʨʫʞʝʥʠʷ ʘʥʦʤʘʣʴʥʦʡ 

ʘʢʪʠʚʥʦʩʪʠ ʪʨʘʬʠʢʘ ʚ ʉʇɼ ʥʝʦʙʭʦʜʠʤʦ ʫʯʠʪʳʚʘʪʴ ʥʘʣʠʯʠʝ ʙʦʣʴʰʦʛʦ ʢʦʣʠʯʝʩʪʚʘ 

ʩʝʪʝʚʳʭ ʤʘʨʰʨʫʪʦʚ, ʥʘ ʢʦʪʦʨʳʭ ʧʝʨʠʦʜʠʯʝʩʢʠ ʚʦʟʥʠʢʘʶʪ ʨʝʟʢʠʝ ʢʦʣʝʙʘʥʠʷ 

ʟʘʜʝʨʞʢʠ ʚ ʧʝʨʝʜʘʯʝ ʜʘʥʥʳʭ ʠ ʙʦʣʴʰʠʝ ʧʦʪʝʨʠ ʧʘʢʝʪʦʚ, ʧʦʷʚʣʝʥʠʝ ʥʦʚʳʭ ʩʚʦʡʩʪʚ 

ʩʝʪʝʚʦʛʦ ʪʨʘʬʠʢʘ, ʘ ʪʘʢʞʝ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʦʙʝʩʧʝʯʝʥʠʷ ʚʳʩʦʢʦʛʦ ʢʘʯʝʩʪʚʘ 

ʦʙʩʣʫʞʠʚʘʥʠʷ ʧʨʠʣʦʞʝʥʠʡ.  

ɺʩʝ ʵʪʦ ʧʦʩʣʫʞʠʣʦ ʧʦʚʦʜʦʤ ʜʣʷ ʧʦʠʩʢʘ ʥʦʚʳʭ ʤʝʪʦʜʦʚ ʦʙʥʘʨʫʞʝʥʠʷ ʠ 

ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʂɸ, ʢ ʯʠʩʣʫ ʢʦʪʦʨʳʭ ʤʦʞʥʦ ʦʪʥʝʩʪʠ ʠ ʬʨʘʢʪʘʣʴʥʳʡ ʘʥʘʣʠʟ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜ ʦʙ ʦʙʲʝʢʪʠʚʥʦʡ ʥʝʦʙʭʦʜʠʤʦʩʪʠ 

ʨʘʟʨʘʙʦʪʢʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʤʝʪʦʜʦʚ ʜʣʷ ʫʩʪʨʘʥʝʥʠʷ ʚʳʰʝʦʧʠʩʘʥʥʳʭ 

ʥʝʜʦʩʪʘʪʢʦʚ. 
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ʈɸɿɼɽʃ 2 ɸʅɸʃʀʊʀʏɽʉʂɸʗ ʄʆɼɽʃʔ ɺʓʗɺʃɽʅʀʗ ɸʅʆʄɸʃʀʁ ɺ 

ʉɽʊɽɺʆʄ ʊʈɸʌʀʂɽ ʉɽʊʀ ʇɽʈɽɼɸʏʀ ɼɸʅʅʓʍ ɺ ʋʉʃʆɺʀʗʍ 

ʂʆʄʇʔʖʊɽʈʅʓʍ ɸʊɸʂ  

2.1 ʉʪʨʫʢʪʫʨʘ ʤʦʜʝʣʠ ʩʝʪʝʚʦʛʦ ʪʨʘʬʠʢʘ ʩʝʪʠ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ 

ɼʣʷ ʧʦʩʪʦʷʥʥʦʛʦ ʤʦʥʠʪʦʨʠʥʛʘ ʠ ʦʙʥʘʨʫʞʝʥʠʷ ʘʥʦʤʘʣʴʥʦʡ ʘʢʪʠʚʥʦʩʪʠ 

ʪʨʘʬʠʢʘ ʚ ʉʇɼ ʥʝʦʙʭʦʜʠʤʦ ʫʯʠʪʳʚʘʪʴ ʥʘʣʠʯʠʝ ʙʦʣʴʰʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʩʝʪʝʚʳʭ 

ʤʘʨʰʨʫʪʦʚ, ʥʘ ʢʦʪʦʨʳʭ ʧʝʨʠʦʜʠʯʝʩʢʠ ʚʦʟʥʠʢʘʶʪ ʨʝʟʢʠʝ ʢʦʣʝʙʘʥʠʷ ʟʘʜʝʨʞʢʠ ʚ 

ʧʝʨʝʜʘʯʝ ʜʘʥʥʳʭ ʠ ʙʦʣʴʰʠʝ ʧʦʪʝʨʠ ʧʘʢʝʪʦʚ, ʧʦʷʚʣʝʥʠʝ ʥʦʚʳʭ ʩʚʦʡʩʪʚ ʩʝʪʝʚʦʛʦ 

ʪʨʘʬʠʢʘ, ʘ ʪʘʢʞʝ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʦʙʝʩʧʝʯʝʥʠʷ ʚʳʩʦʢʦʛʦ ʢʘʯʝʩʪʚʘ ʦʙʩʣʫʞʠʚʘʥʠʷ 

ʧʨʠʣʦʞʝʥʠʡ [115]. ʀʤʝʥʥʦ ʧʦʵʪʦʤʫ ʥʘ ʧʝʨʚʦʥʘʯʘʣʴʥʦʤ ʵʪʘʧʝ ʚʘʞʥʦ ʦʧʨʝʜʝʣʠʪʴʩʷ 

ʩ ʤʦʜʝʣʴʶ, ʢʦʪʦʨʘʷ ʙʫʜʝʪ ʤʘʢʩʠʤʘʣʴʥʦ ʪʦʯʥʦ ʦʧʠʩʳʚʘʪʴ ʩʝʪʝʚʦʡ ʪʨʘʬʠʢ. 

ɼʣʷ ʩʦʟʜʘʥʠʷ ʘʜʝʢʚʘʪʥʦʡ ʤʦʜʝʣʠ ʪʨʝʙʫʝʪʩ ̫ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʥʘʠʙʦʣʝʝ 

ʧʦʜʭʦʜʷʱʝʛʦ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʘʧʧʘʨʘʪʘ. ʇʨʠʥʠʤʘʝʤʘʷ ʜʣʷ ʦʧʠʩʘʥʠʷ ʤʦʜʝʣʴ 

ʜʦʣʞʥʘ ʙʳʪʴ, ʧʦ ʚʦʟʤʦʞʥʦʩʪʠ, ʤʘʢʩʠʤʘʣʴʥʦ ʙʣʠʟʢʘ ʢ ʦʧʠʩʳʚʘʝʤʦʤʫ ʨʝʘʣʴʥʦʤʫ 

ʧʨʦʮʝʩʩʫ. ʆʮʝʥʠʪʴ ʩʪʝʧʝʥʴ ʙʣʠʟʦʩʪʠ ʤʦʜʝʣʠ ʠ ʨʝʘʣʴʥʦʛʦ ʧʨʦʮʝʩʩʘ ʥʝ ʚʩʝʛʜʘ 

ʚʦʟʤʦʞʥʦ, ʧʦʩʢʦʣʴʢʫ ʚ ʥʝʢʦʪʦʨʳʭ ʩʣʫʯʘʷʭ ʨʝʘʣʴʥʳʝ ʧʨʦʮʝʩʩʳ ʧʦʧʨʦʩʪʫ 

ʥʝʜʦʩʪʫʧʥʳ ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ ʠ ʥʘʙʣʶʜʝʥʠʡ. ɺ ʪʘʢʠʭ ʩʣʫʯʘʷʭ ʧʨʠʭʦʜʠʪʩʷ 

ʧʦʣʘʛʘʪʴʩʷ ʥʘ ʪʝ ʣʦʛʠʯʝʩʢʠʝ ʠ ʠʥʳʝ ʜʦʚʦʜʳ, ʢʦʪʦʨʳʝ ʧʨʠʥʠʤʘʶʪʩʷ ʧʨʠ ʚʳʙʦʨʝ 

ʦʧʨʝʜʝʣʝʥʥʦʡ ʤʦʜʝʣʠ ʠ ʝʝ ʧʘʨʘʤʝʪʨʦʚ. 

ʊʨʘʬʠʢ ʢʘʢ ʩʣʫʯʘʡʥʳʡ ʧʨʦʮʝʩʩ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʧʘʨʘʤʝʪʨʘʤʠ, ʢʦʪʦʨʳʝ 

ʦʧʨʝʜʝʣʷʶʪ ʝʛʦ ʦʩʥʦʚʥʳʝ, ʥʘʠʙʦʣʝʝ ʚʘʞʥʳʝ ʜʣʷ ʤʦʜʝʣʠʨʦʚʘʥʠʷ, ʩʚʦʡʩʪʚʘ. 

ʆʩʥʦʚʥʦʡ ʟʘʜʘʯʝʡ ʤʦʜʝʣʠ ʪʨʘʬʠʢʘ ʷʚʣʷʝʪʩʷ ʦʧʠʩʘʥʠʝ ʧʦʩʪʫʧʘʶʱʝʛʦ ʧʦʪʦʢʘ ʧʨʠ 

ʧʦʤʦʱʠ ʥʘʙʦʨʘ ʧʘʨʘʤʝʪʨʦʚ ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʯʪʦʙʳ ʵʪʠ ʚʳʙʨʘʥʥʳʝ ʟʥʘʯʝʥʠʷ 

ʧʘʨʘʤʝʪʨʦʚ ʤʦʞʥʦ ʙʳʣʦ ʙʳ ʧʨʠʤʝʥʠʪʴ ʜʣʷ ʥʘʭʦʞʜʝʥʠʷ ʘʥʦʤʘʣʠʡ ʠ ʚʨʝʜʦʥʦʩʥʦʡ 

ʘʢʪʠʚʥʦʩʪʠ ʚ ʩʝʪʠ. 

ʉʫʱʝʩʪʚʫʶʪ ʤʦʜʝʣʠ, ʢʦʪʦʨʳʝ ʦʧʠʩʳʚʘʶʪ ʩʝʪʝʚʦʡ ʪʨʘʬʠʢ ʩ ʧʦʤʦʱʴʶ 

ʤʝʪʦʜʦʚ ʪʝʦʨʠʠ ʚʝʨʦʷʪʥʦʩʪʝʡ ʠ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʩʪʘʪʠʩʪʠʢʠ, ʘ ʪʘʢʞʝ ʪʝʦʨʠʠ 

ʤʘʩʩʦʚʦʛʦ ʦʙʩʣʫʞʠʚʘʥʠʷ [115]. ʂʘʢ ʧʨʘʚʠʣʦ, ʪʘʢʠʝ ʧʨʦʮʝʩʩʳ ʦʙʣʘʜʘʶʪ ʩʚʦʡʩʪʚʦʤ 
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ʩʪʘʮʠʦʥʘʨʥʦʩʪʠ ï ʚʝʨʦʷʪʥʦʩʪʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ (ʩʨʝʜʥʝʝ ʟʥʘʯʝʥʠʝ ʠ 

ʜʠʩʧʝʨʩʠʷ) ʥʝ ʤʝʥʷʶʪʩʷ ʩ ʪʝʯʝʥʠʝʤ ʚʨʝʤʝʥʠ.  

ʅʘʠʙʦʣʝʝ ʧʨʦʩʪʦʡ, ʯʘʩʪʦ ʠʩʧʦʣʴʟʫʝʤʦʡ ʩʪʘʮʠʦʥʘʨʥʦʡ ʤʦʜʝʣʴʶ ʷʚʣʷʝʪʩʷ 

ʤʦʜʝʣʴ ʧʨʦʩʪʝʡʰʝʛʦ (ʩʪʘʮʠʦʥʘʨʥʦʛʦ ʧʫʘʩʩʦʥʦʚʩʢʦʛʦ) ʧʦʪʦʢʘ. ʆʩʥʦʚʥʳʤ 

ʩʚʦʡʩʪʚʦʤ ʧʦʪʦʢʘ ʷʚʣʷʝʪʩʷ ʪʦ, ʯʪʦ ʢʦʣʠʯʝʩʪʚʦ ʧʘʢʝʪʦʚ, ʧʦʩʪʫʧʘʶʱʠʭ ʟʘ ʟʘʜʘʥʥʳʡ 

ʠʥʪʝʨʚʘʣ ʚʨʝʤʝʥʠ, ʩʣʫʯʘʡʥʘʷ ʚʝʣʠʯʠʥʘ, ʢʦʪʦʨʘʷ ʧʦʜʯʠʥʷʝʪʩʷ ʨʘʩʧʨʝʜʝʣʝʥʠʶ 

ʇʫʘʩʩʦʥʘ, ʘ ʠʥʪʝʨʚʘʣʳ ʚʨʝʤʝʥʠ ʤʝʞʜʫ ʧʘʢʝʪʘʤʠ ʩʣʫʯʘʡʥʳ ʠ ʧʦʜʯʠʥʷʶʪʩʷ 

ʵʢʩʧʦʥʝʥʮʠʘʣʴʥʦʤʫ ʨʘʩʧʨʝʜʝʣʝʥʠʶ. ʄʦʜʝʣʴ ʧʨʦʩʪʝʡʰʝʛʦ ʧʦʪʦʢʘ ʯʘʩʪʦ 

ʧʨʠʤʝʥʷʝʪʩʷ ʜʣʷ ʦʧʠʩʘʥʠʷ ʪʨʘʬʠʢʘ, ʧʨʦʠʟʚʦʜʠʤʦʛʦ ʙʦʣʴʰʠʤ ʢʦʣʠʯʝʩʪʚʦʤ 

ʥʝʟʘʚʠʩʠʤʳʭ ʠʩʪʦʯʥʠʢʦʚ, ʥʘʧʨʠʤʝʨ, ʪʨʘʬʠʢʘ ʚ ʩʝʪʷʭ ʩ ʢʦʤʤʫʪʘʮʠʝʡ ʢʘʥʘʣʦʚ. 

ɺ ʩʝʪʷʭ ʩ ʢʦʤʤʫʪʘʮʠʝʡ ʧʘʢʝʪʦʚ ʩʚʦʡʩʪʚʘ ʧʦʪʦʢʦʚ ʥʝ ʚʩʝʛʜʘ ʤʦʛʫʪ ʙʳʪʴ 

ʦʧʠʩʘʥʳ ʨʘʩʧʨʝʜʝʣʝʥʠʝʤ ʇʫʘʩʩʦʥʘ [115, 116], ʚʚʠʜʫ ʥʝʩʪʘʮʠʦʥʘʨʥʦʩʪʠ ʧʦʪʦʢʘ.  

ʇʦʵʪʦʤʫ ʚʳʜʝʣʷʶʪ ʥʝʩʪʘʮʠʦʥʘʨʥʳʝ ʤʦʜʝʣʠ, ʩʧʦʩʦʙʥʳʝ ʙʦʣʝʝ ʢʦʨʨʝʢʪʥʦ, 

ʦʧʠʩʳʚʘʪʴ ʩʝʪʝʚʦʡ ʪʨʘʬʠʢ ʜʣʷ ʉʇɼ ʩ ʢʦʤʤʫʪʘʮʠʝʡ ʧʘʢʝʪʦʚ. ʊʘʢʠʝ ʤʦʜʝʣʠ 

ʦʩʥʦʚʳʚʘʶʪʩʷ ʥʘ ʬʨʘʢʪʘʣʴʥʦʤ ʘʥʘʣʠʟʝ ʠ ʨʘʩʩʤʘʪʨʠʚʘʶʪ ʩʝʪʝʚʦʡ ʪʨʘʬʠʢ, ʢʘʢ 

ʩʘʤʦʧʦʜʦʙʥʳʡ ʥʝʩʪʘʮʠʦʥʘʨʥʳʡ ʧʨʦʮʝʩʩ. ʇʦʜ ʩʘʤʦʧʦʜʦʙʠʝʤ ʧʦʥʠʤʘʝʪʩʷ ʩʚʦʡʩʪʚʦ 

ʩʝʪʝʚʦʛʦ ʪʨʘʬʠʢʘ ʩʦʭʨʘʥʷʪʴ ʩʚʦʡ ʭʘʨʘʢʪʝʨ ʧʨʠ ʠʟʤʝʥʝʥʠʠ ʤʘʩʰʪʘʙʘ ʚʨʝʤʝʥʠ.  

ɺʧʝʨʚʳʝ ʦ ʩʘʤʦʧʦʜʦʙʥʦʤ ʧʦʪʦʢʝ ʟʘʛʦʚʦʨʠʣʠ ʝʱʝ ʚ 1993 ʛʦʜʫ Leland, Taqqu, 

Willinger ʠ Wilson ʧʨʦʚʦʜʠʣʠ ʠʩʩʣʝʜʦʚʘʥʠʷ Ethernet-ʪʨʘʬʠʢʘ ʚ ʩʝʪʠ ʢʦʨʧʦʨʘʮʠʠ 

Bellcore ʠ ʧʨʠʰʣʠ ʢ ʚʳʚʦʜʫ, ʯʪʦ ʥʘ ʙʦʣʴʰʠʭ ʠʥʪʝʨʚʘʣʘʭ ʦʥ ʦʙʣʘʜʘʝʪ ʩʚʦʡʩʪʚʦʤ 

ʩʘʤʦʧʦʜʦʙʠʷ, ʪʦ ʝʩʪʴ ʚʳʛʣʷʜʠʪ ʢʘʯʝʩʪʚʝʥʥʦ ʦʜʠʥʘʢʦʚʦ ʧʨʠ ʣʶʙʳʭ ʤʘʩʰʪʘʙʘʭ 

ʚʨʝʤʝʥʥʦʡ ʦʩʠ. 

ʉʘʤʦʧʦʜʦʙʠʝ ʧʨʦʷʚʣʷʝʪʩʷ ʚ ʪʦʤ, ʯʪʦ ʠʤʝʝʪʩʷ ʤʝʜʣʝʥʥʦ ʫʙʳʚʘʶʱʘʷ 

ʟʘʚʠʩʠʤʦʩʪʴ ʤʝʞʜʫ ʚʝʣʠʯʠʥʘʤʠ ʪʨʘʬʠʢʘ ʚ ʨʘʟʥʳʝ ʤʦʤʝʥʪʳ ʚʨʝʤʝʥʠ, ʘ ʯʠʩʣʦ 

ʧʝʨʝʜʘʥʥʳʭ ʧʘʢʝʪʦʚ ʠʤʝʝʪ ʩʭʦʜʥʳʡ ʚʠʜ ʚ ʨʘʟʣʠʯʥʳʭ ʚʨʝʤʝʥʥʳʭ ʤʘʩʰʪʘʙʘʭ. 

ɼʨʫʛʠʤʠ ʩʣʦʚʘʤʠ, ʩʘʤʦʧʦʜʦʙʥʳʝ ʧʦʪʦʢʠ ʟʘʚʠʩʷʪ ʥʝ ʪʦʣʴʢʦ ʦʪ ʚʨʝʤʝʥʠ, ʥʦ ʠ ʦʪ 

ʧʨʝʜʳʜʫʱʠʭ ʩʦʙʳʪʠʡ.  

ʇʦʩʪʘʥʦʚʢʘ ʟʘʜʘʯʠ ʠʩʩʣʝʜʦʚʘʥʠʷ: ʧʨʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ ʩʠʩʪʝʤʳ ʟʘʱʠʪʳ 

ʥʝʦʙʭʦʜʠʤʦ ʫʯʝʩʪʴ ʚʩʝ ʚʳʰʝʧʝʨʝʯʠʩʣʝʥʥʦʝ ʠ ʨʘʟʨʘʙʦʪʘʪʴ ʤʦʜʝʣʴ ʚʳʷʚʣʝʥʠʷ 

ʘʥʦʤʘʣʠʡ ʚ ʩʝʪʝʚʦʤ ʪʨʘʬʠʢʝ ʩʝʪʠ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ ʚ ʫʩʣʦʚʠʷʭ ʢʦʤʧʴʶʪʝʨʥʳʭ 
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ʘʪʘʢ, ʢʦʪʦʨʘʷ ʦʧʠʩʳʚʘʝʪ ʩʝʪʝʚʦʡ ʪʨʘʬʠʢ ʩʨʘʟʫ ʜʚʫʭ ʪʠʧʦʚ: ʩʪʘʮʠʦʥʘʨʥʳʡ ʠ 

ʥʝʩʪʘʮʠʦʥʘʨʥʳʡ.  

 

ʈʠʩʫʥʦʢ 2.1 ï ʄʦʜʝʣʴ ʚʳʷʚʣʝʥʠʷ ʘʥʦʤʘʣʠʡ ʚ ʩʝʪʝʚʦʤ ʪʨʘʬʠʢʝ ʉʇɼ 

 

ʀʩʭʦʜʥʳʝ ʜʘʥʥʳʝ ʤʦʜʝʣʠ: 

Hurst ï ʧʦʢʘʟʘʪʝʣʴ ʍʝʨʩʪʘ; 

p ï ʧʦʨʷʜʦʢ ʘʚʪʦʨʝʛʨʝʩʩʠʠ (ʟʘʚʠʩʠʤʦʩʪʴ ʤʝʞʜʫ ʥʘʙʣʶʜʝʥʠʷʤʠ ʠ ʯʠʩʣʦ 

ʠʥʪʝʛʨʠʨʦʚʘʥʥʳʭ ʥʘʙʣʶʜʝʥʠʡ); 

q ï ʧʦʨʷʜʦʢ ʩʢʦʣʴʟʷʱʝʛʦ ʩʨʝʜʥʝʛʦ (ʟʘʚʠʩʠʤʦʩʪʴ ʤʝʞʜʫ ʥʘʙʣʶʜʝʥʠʷʤʠ ʠ 

ʦʩʪʘʪʢʘʤʠ ʧʨʠ ʧʨʠʤʝʥʝʥʠʠ ʤʦʜʝʣʠ ʢ ʠʥʪʝʛʨʠʨʦʚʘʥʥʳʤ ʥʘʙʣʶʜʝʥʠʷʤ); 

Z(t) ï ʨʝʘʣʴʥʳʡ ʩʝʪʝʚʦʡ ʪʨʘʬʠʢ; 

Y ï ʢʦʥʝʯʥʦʝ ʤʥʦʞʝʩʪʚʦ ʤʝʪʦʢ ʢʣʘʩʩʘ (ʘʥʦʤʘʣʠʷ, ʥʝ ʘʥʦʤʘʣʠʷ). 

ʅʘʟʥʘʯʝʥʠʝ ʠ ʮʝʣʴ:  

ʄʦʜʝʣʴ ʚʳʷʚʣʝʥʠʷ ʘʥʦʤʘʣʠʡ ʚ ʩʝʪʝʚʦʤ ʪʨʘʬʠʢʝ ʩʝʪʠ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ ʚ 

ʫʩʣʦʚʠʷʭ ʢʦʤʧʴʶʪʝʨʥʳʭ ʘʪʘʢ ʧʨʝʜʥʘʟʥʘʯʝʥʘ ʜʣʷ ʦʧʠʩʘʥʠʷ ʠ ʧʨʦʚʝʨʢʠ ʩʝʪʝʚʦʛʦ 

ʪʨʘʬʠʢʘ ʥʘ ʩʪʘʮʠʦʥʘʨʥʦʩʪʴ. ʇʦʩʣʝ ʧʨʦʚʝʨʢʠ ʚʳʙʠʨʘʝʪʩʷ ʤʝʪʦʜʠʢʘ, ʢʦʪʦʨʘʷ ʙʫʜʝʪ 

ʧʨʦʠʟʚʦʜʠʪʴ ʦʮʝʥʢʫ ʩʝʪʝʚʦʛʦ ʪʨʘʬʠʢʘ ʥʘ ʥʘʣʠʯʠʝ ʘʥʦʤʘʣʠʡ. 

ʇʦʩʪʘʥʦʚʢʘ ʟʘʜʘʯʠ: 

ʊʨʝʙʫʝʪʩʷ ʨʘʟʨʘʙʦʪʘʪʴ ʤʦʜʝʣʴ, ʢʦʪʦʨʘʷ ʙʫʜʝʪ ʤʘʢʩʠʤʘʣʴʥʦ ʪʦʯʥʦ ʦʧʠʩʳʚʘʪʴ 

ʩʝʪʝʚʦʡ ʪʨʘʬʠʢ ʚ ʫʟʣʘʭ ʉʇɼ, ʫʯʠʪʳʚʘʷ, ʢʘʢ ʩʣʫʯʘʡʥʳʡ ( )X t , ʪʘʢ ʠ ʩʪʘʮʠʦʥʘʨʥʳʡ 
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(ʜʝʪʝʨʤʠʥʠʨʦʚʘʥʥʳʡ) tx  ʧʨʦʮʝʩʩ. ʂʨʦʤʝ ʪʦʛʦ, ʤʦʜʝʣʴ ʜʦʣʞʥʘ ʧʨʦʠʟʚʦʜʠʪʴ 

ʧʨʦʚʝʨʢʫ ʥʘ ʩʪʘʮʠʦʥʘʨʥʦʩʪʴ 
1 : 1H a<  ʥʝ ʪʦʣʴʢʦ ʩʛʝʥʝʨʠʨʦʚʘʥʥʦʛʦ ʪʨʘʬʠʢʘ, ʥʦ ʠ 

ʨʝʘʣʴʥʦʛʦ ( )Z t , ʧʦʣʫʯʝʥʥʦʛʦ ʚ ʭʦʜʝ ʵʢʩʧʝʨʠʤʝʥʪʘ. ʊʘʢʞʝ ʤʦʜʝʣʴ ʜʦʣʞʥʘ 

ʧʨʠʥʠʤʘʪʴ ʨʝʰʝʥʠʝ ʧʦ ʚʳʙʦʨʫ ʘʣʛʦʨʠʪʤʘ, ʩ ʧʦʤʦʱʴʶ ʢʦʪʦʨʦʛʦ ʙʫʜʝʪ 

ʧʨʦʠʟʚʦʜʠʪʴʩʷ ʦʮʝʥʢʘ ʩʝʪʝʚʦʛʦ ʪʨʘʬʠʢʘ ʥʘ ʥʘʣʠʯʠʝ ʘʥʦʤʘʣʴʥʦʡ ʘʢʪʠʚʥʦʩʪʠ. ɺ 

ʩʣʫʯʘʝ ʥʝʩʪʘʮʠʦʥʨʘʥʦʩʪʠ 0 : 0H a=  ʩʝʪʝʚʦʛʦ ʪʨʘʬʠʢʘ, ʦʮʝʥʢʘ ʧʨʦʠʟʚʦʜʠʪʴʩʷ ʥʘ 

ʦʩʥʦʚʘʥʠʠ ʚʳʯʠʩʣʝʥʠʷ ʧʦʢʘʟʘʪʝʣʷ Hurst. ʇʨʠ 1 : 1H a<  ʩ ʧʦʤʦʱʴʶ ʤʝʪʦʜʦʚ 

ʤʘʰʠʥʥʦʛʦ ʦʙʫʯʝʥʠʷ, ʥʘʭʦʜʠʪʩʷ ʮʝʣʝʚʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ʤʝʞʜʫ ʘʥʦʤʘʣʠʷʤʠ ʠ 

ʧʨʠʟʥʘʢʘʤʠ ʩʝʪʝʚʳʭ ʬʨʝʡʤʦʚ [116-118]. 

ɺʳʭʦʜʥʳʝ ʜʘʥʥʳʝ ʤʦʜʝʣʠ: 

Hurst - ʧʦʢʘʟʘʪʝʣʴ ʍʝʨʩʪʘ; 

:A X Y­ ï ʢʣʘʩʩʠʬʠʢʘʮʠʷ ʦʙʲʝʢʪʦʚ x XÍ , ʛʜʝ ὢ ʤʥʦʞʝʩʪʚʦ ʩʝʪʝʚʳʭ 

ʬʨʝʡʤʦʚ. 

2.2 ʉʪʘʮʠʦʥʘʨʥʦʩʪʴ ʠ ʥʝʩʪʘʮʠʦʥʘʨʥʦʩʪʴ ʚʨʝʤʝʥʥʦʛʦ ʩʝʪʝʚʦʛʦ ʪʨʘʬʠʢʘ  

ʩʝʪʠ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ 

ʈʘʩʩʤʦʪʨʠʤ ʤʘʪʝʤʘʪʠʯʝʩʢʫʶ ʤʦʜʝʣʴ ʘʚʪʦʨʝʛʨʝʩʩʠʠ-ʩʢʦʣʴʟʷʱʝʛʦ ʩʨʝʜʥʝʛʦ 

ARMA: 

1 1
ű ɗ

p q

t i t i t i t i
i i

x C x- -
= =
ä ä= + +Í + Í 

(2.1) 

ʛʜʝ ű ,ɗ 0p q¸ - ʧʘʨʘʤʝʪʨʳ ʤʦʜʝʣʠ, C  - ʢʦʥʩʪʘʥʪʘ, tÍ- ʙʝʣʳʡ ʰʫʤ, p - 

ʧʦʨʷʜʦʢ ʘʚʪʦʨʝʛʨʝʩʩʠʠ, q - ʧʦʨʷʜʦʢ ʩʢʦʣʴʟʷʱʝʛʦ ʩʨʝʜʥʝʛʦ. 

ɼʘʥʥʘʷ ʤʦʜʝʣʴ ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʘʥʘʣʠʟʘ ʠ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʩʪʘʮʠʦʥʘʨʥʳʭ 

ʚʨʝʤʝʥʥʳʭ ʨʷʜʦʚ ʚ ʩʪʘʪʠʩʪʠʢʝ ʠ ʦʙʦʙʱʘʝʪ ʜʚʝ ʙʦʣʝʝ ʧʨʦʩʪʳʝ ʤʦʜʝʣʠ: ʤʦʜʝʣʴ 

ʘʚʪʦʨʝʛʨʝʩʩʠʠ (AR) ʠ ʤʦʜʝʣʴ ʩʢʦʣʴʟʷʱʝʛʦ ʩʨʝʜʥʝʛʦ (MA). 

ʇʨʦʠʥʪʝʨʧʨʝʪʠʨʦʚʘʪʴ ʤʦʜʝʣʴ ʤʦʞʥʦ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: ʪʝʢʫʱʝʝ 

ʟʥʘʯʝʥʠʝ ʟʘʚʠʩʠʪ ʦʪ ʧʨʦʰʣʳʭ ʟʥʘʯʝʥʠʡ ʜʦ ʣʘʛʘ p  ʠ ʦʪ ʪʝʢʫʱʝʛʦ ʠ ʧʨʦʰʣʳʭ 

ʚʥʝʰʥʠʭ ʰʦʢʦʚ ʜʦ ʣʘʛʘ q. ɿʘʧʠʰʝʤ ʘʚʪʦʨʝʛʨʝʩʩʠʦʥʥʳʡ ʧʨʦʮʝʩʩ ʠʩʧʦʣʴʟʫʷ 

ʣʘʛʦʚʳʡ ʦʧʝʨʘʪʦʨ L: 
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i

1 1

ű ɗ
p q

i i

t i t t t

i i

x C L x L
= =

= + +Í + Íä ä  (2.2) 

ʇʝʨʝʧʠʰʝʤ ʚ ʚʠʜʝ: 

1 1

1 ű 1 ɗ
p q

i i

i t i t

i i

L x C L
= =

å õ å õ
- = + + Íæ ö æ ö
ç ÷ ç ÷
ä ä  (2.3) 

ʊʝʧʝʨʴ ʚʚʝʜʝʤ ʜʚʘ ʤʥʦʛʦʯʣʝʥʘ ʩʪʝʧʝʥʠ p ʠ q: 

2

1 2

1

ű( ) 1 ű 1 ű ű ... ű
p

j p

j p

j

z z z z z
=

= - = - - - -ä  (2.4) 

2

1 2

1

ɗ( ) 1 ɗ 1 ɗ ɗ ... ɗ
q

j p

j p

j

z z z z z
=

= + = + + + +ä  (2.5) 

ʊʦʛʜʘ ʤʦʜʝʣʴ ʘʚʪʦʨʝʛʨʝʩʩʠʠ ʤʦʞʥʦ ʬʦʨʤʘʣʴʥʦ ʟʘʧʠʩʘʪʴ: 

ű( ) ɗ( )t tL x C L= + Í 
(2.6) 

ʛʜʝ ű( )L x - ʘʚʪʦʨʝʛʨʝʩʩʠʦʥʥʘʷ ʯʘʩʪʴ ʤʥʦʛʦʯʣʝʥʘ, ʘ ɗ( )tL Í - ʯʘʩʪʴ ʩʢʦʣʴʟʷʱʝʛʦ 

ʩʨʝʜʥʝʛʦ.  

1ű( ) 1 ű ... űp

pz z z= - - -  (2.7) 

ɺʨʝʤʝʥʥʦʡ ʨʷʜ ʷʚʣʷʝʪʩʷ ʩʪʘʮʠʦʥʘʨʥʳʤ ʝʩʣʠ ʚʩʝ ʢʦʨʥʠ ʘʚʪʦʨʝʛʨʝʩʩʠʦʥʥʦʛʦ 

ʤʥʦʛʦʯʣʝʥʘ (2.7) ʣʝʞʘʪ ʚʥʝ ʝʜʠʥʠʯʥʦʛʦ ʢʨʫʛʘ ʢʦʤʧʣʝʢʩʥʦʡ ʧʣʦʩʢʦʩʪʠ | | 1jz >  (ʪʦ 

ʝʩʪʴ ʧʦ ʤʦʜʫʣʶ ʩʪʨʦʛʦ ʙʦʣʴʰʝ 1).  

ɽʩʣʠ ʠʤʝʶʪʩʷ ʢʦʨʥʠ, ʨʘʚʥʳʝ ʧʦ ʤʦʜʫʣʶ ʝʜʠʥʠʮʝ | | 1jz =, ʪʦ 

ʘʚʪʦʨʝʛʨʝʩʩʠʦʥʥʳʡ ʧʨʦʮʝʩʩ ʷʚʣʷʝʪʩʷ ʥʝʩʪʘʮʠʦʥʘʨʥʳʤ. 

ʈʘʩʩʤʦʪʨʠʤ ʚʨʝʤʝʥʥʦʡ ʨʷʜ, ʦʧʠʩʳʚʘʝʤʳʡ ʤʦʜʝʣʴʶ ARMA ʧʨʠ 1p=   

(ʨʠʩ. 2.2): 

1
1

ɗ
q

t t i t i
i

x C x tj - -
=

= + +Í + Íä  (2.8) 

ʛʜʝ ű,ɗ 0q ¸ . 

ʊʦʛʜʘ ( ) 1z zj j= -  ʠ ʝʛʦ ʢʦʨʝʥʴ 0

1
z
j
= . 
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ʊʘʢ ʢʘʢ 0| | 1 | | 1z j> Ú <, ʪʦ ʵʪʦ ʠ ʙʫʜʝʪ ʫʩʣʦʚʠʝʤ ʩʪʘʮʠʦʥʘʨʥʦʩʪʠ ʜʣʷ ʵʪʦʛʦ 

ʨʷʜʘ. 

 

ʈʠʩʫʥʦʢ 2.2 ï ʉʪʘʮʠʦʥʘʨʥʳʡ ʚʨʝʤʝʥʥʦʡ ʨʷʜ 

 

ʂʨʦʤʝ ʪʦʛʦ, ʫ ʩʪʘʮʠʦʥʘʨʥʦʛʦ ʧʨʦʮʝʩʩʘ ʩʨʝʜʥʝʝ ʧʦʩʪʦʷʥʥʦ ʧʦ ʚʨʝʤʝʥʠ 

constxtE ¹ ʪ.ʝ ʚʨʝʤʝʥʥʦʡ ʨʷʜ ʥʝ ʠʤʝʝʪ ʪʨʝʥʜʘ, ʘ ʢʦʚʘʨʠʘʮʠʷ ʤʝʞʜʫ ʨʘʟʣʠʯʥʳʤʠ 

ʵʣʝʤʝʥʪʘʤʠ ʚʨʝʤʝʥʥʦʛʦ ʨʷʜʘ ʟʘʚʠʩʠʪ ʪʦʣʴʢʦ ʦʪ ʪʦʛʦ, ʥʘ ʩʢʦʣʴʢʦ ʩʠʣʴʥʦ ʦʥʠ 

ʦʪʜʘʣʝʥʳ ʜʨʫʛ ʦʪ ʜʨʫʛʘ ʧʦ ʚʨʝʤʝʥʠ. ɼʨʫʛʠʤʠ ʩʣʦʚʘʤʠ, ʢʦʚʘʨʠʘʮʠʷ ʟʘʚʠʩʠʪ ʪʦʣʴʢʦ 

ʦʪ ʣʘʛʘ h cov( , ) ɔ( )t t hx x h+ = . ɺʝʣʠʯʠʥʘ h, ʭʘʨʘʢʪʝʨʠʟʫʶʱʘʷ ʨʘʟʥʠʮʫ ʚʦ ʚʨʝʤʝʥʠ 

ʤʝʞʜʫ ʵʣʝʤʝʥʪʘʤʠ ʚʨʝʤʝʥʥʦʛʦ ʨʷʜʘ, ʥʘʟʳʚʘʝʪʩʷ ʣʘʛʦʚʦʡ ʧʝʨʝʤʝʥʥʦʡ ʠʣʠ 
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ʟʘʧʘʟʜʳʚʘʥʠʝʤ. ʊʘʢ ʢʘʢ ɔ(0) cov( , ) Va ( )t t tx x r x= = , ʪʦ ʜʠʩʧʝʨʩʠʷ ʩʪʘʮʠʦʥʘʨʥʦʛʦ 

ʚʨʝʤʝʥʥʦʛʦ ʨʷʜʘ ʪʘʢʞʝ ʥʝ ʤʝʥʷʝʪʩʷ ʩʦ ʚʨʝʤʝʥʝʤ.  

2.3 ʌʨʘʢʪʘʣʴʥʳʝ ʩʚʦʡʩʪʚʘ ʥʝʩʪʘʮʠʦʥʘʨʥʦʛʦ ʚʨʝʤʝʥʥʦʛʦ ʩʝʪʝʚʦʛʦ ʪʨʘʬʠʢʘ 

ʩʝʪʠ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ 

ʆʜʥʘ ʠʟ ʥʘʠʙʦʣʝʝ ʢʦʨʨʝʢʪʥʳʭ ʤʦʜʝʣʝʡ, ʦʧʠʩʳʚʘʶʱʠʭ ʧʦʚʝʜʝʥʠʝ 

ʥʝʩʪʘʮʠʦʥʘʨʥʦʛʦ ʩʝʪʝʚʦʛʦ ʪʨʘʬʠʢʘ ï ʚʨʝʤʝʥʥʦʛʦ ʨʷʜ, ʦʧʠʩʘʥʥʳʡ ʯʝʨʝʟ 

ʬʨʘʢʪʘʣʴʥʦʝ ʙʨʦʫʥʦʚʩʢʦʝ ʜʚʠʞʝʥʠʝ. 

ʇʨʦʮʝʩʩ X(t) ʥʘʟʳʚʘʝʪʩʷ ʬʨʘʢʪʘʣʴʥʳʤ ʙʨʦʫʥʦʚʩʢʠʤ ʜʚʠʞʝʥʠʝʤ ʩ 

ʧʘʨʘʤʝʪʨʦʤ H, 0 1H¢ ¢, ʝʩʣʠ ʧʨʠʨʘʱʝʥʠʷ ʩʣʫʯʘʡʥʦʛʦ ʧʨʦʮʝʩʩʘ 

 ʠʤʝʶʪ ʛʘʫʩʩʦʚʩʢʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ: 

 

(2.9) 

ʛʜʝ ɿð ʢʦʵʬʬʠʮʠʝʥʪ ʜʠʬʬʫʟʠʠ. 

ʇʨʦʮʝʩʩ ʥʝʩʪʘʮʠʦʥʘʨʝʥ, ʝʩʣʠ ʵʪʠ ʫʩʣʦʚʠʷ ʥʘʨʫʰʘʶʪʩʷ (ʨʠʩ. 2.3). 

( ) ( ) ( )X X t X tt tD = + -

2

2 2

00

1
( ) exp

2ŭ Ű2ˊŭ Ű

x

HH

z
P X x dz

-¤

D < = -ñ
è ø
é ù
ê ú
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ʈʠʩʫʥʦʢ 2.3 ï ʅʝʩʪʘʮʠʦʥʘʨʥʳʡ ʚʨʝʤʝʥʥʦʡ ʨʷʜ 

2.4 ʇʨʦʚʝʨʢʘ ʥʘ ʩʪʘʮʠʦʥʘʨʥʦʩʪʴ ʩʝʪʝʚʦʛʦ ʪʨʘʬʠʢʘ ʩʝʪʠ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ 

ɼʣʷ ʧʨʦʚʝʨʢʠ ʛʠʧʦʪʝʟʳ ʦ ʩʪʘʮʠʦʥʘʨʥʦʩʪʠ ʨʷʜʘ ʠʩʧʦʣʴʟʫʝʪʩʷ ʨʘʩʰʠʨʝʥʥʳʡ 

ʪʝʩʪ ɼʠʢʠ-ʌʫʣʣʝʨʘ.  

ʇʨʠ ʧʦʤʦʱʠ ʵʪʦʛʦ ʪʝʩʪʘ ʧʨʦʚʝʨʷʶʪ ʟʥʘʯʝʥʠʝ ʢʦʵʬʬʠʮʠʝʥʪʘ ʘʚʪʦʨʝʛʨʝʩʩʠʠ 

Ŭ ʚ ʘʚʪʦʨʝʛʨʝʩʩʠʦʥʥʦʤ ʫʨʘʚʥʝʥʠʠ AR. ʈʘʩʩʤʦʪʨʠʤ ʘʚʪʦʨʝʛʨʝʩʩʠʦʥʥʦʝ ʫʨʘʚʥʝʥʠʝ 

ʧʝʨʚʦʛʦ ʧʦʨʷʜʢʘ AR(1): 

1tt ty ya e-+= Ö  (2.10) 

ʛʜʝ ty -ʚʨʝʤʝʥʥʦʡ ʨʷʜ, ʘ e- ʙʝʣʳʡ ʰʫʤ, 1,...,t T= . 

1. ɽʩʣʠ 
1 : 1H a<, ʪʦ ʨʷʜ tyʙʫʜʝʪ ʩʪʘʮʠʦʥʘʨʥʳʤ, ~ (0)ty I ʠ OLS-ʦʮʝʥʢʘ 

Ĕa ʙʫʜʝʪ ʠʤʝʪʴ ʥʦʨʤʘʣʴʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʩ ʥʫʣʝʚʳʤ ʩʨʝʜʥʠʤ ʠ ʜʠʩʧʝʨʩʠʝʡ 
21 a-

. 
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ɼʣʷ ʪʝʩʪʠʨʦʚʘʥʠʷ ʛʠʧʦʪʝʟʳ ʝʜʠʥʠʯʥʦʛʦ ʢʦʨʥʷ ʩʪʨʦʠʪʩʷ OLS-ʦʮʝʥʢʘ Ĕa: 

1

1

2

1

1

Ĕ

T

t t

t

T

t

t

y y

y

a
-

=

-

=

=
ä

ä
 (2.11) 

ʀ ʩʦʦʪʚʝʪʩʪʚʫʶʱʘʷ ʝʡ t-ʩʪʘʪʠʩʪʠʢʘ 

2

1

1

Ĕ 1

/
T

t

t

t

S y

a

a

-

=

-
=

ä

 
(2.12) 

ʛʜʝ 2 1 2

1

1

Ĕ( )
T

t t

t

S T y ya-

-

=

= -ä - ʦʮʝʥʝʥʥʘʷ ʜʠʩʧʝʨʩʠʷ ʦʩʪʘʪʢʦʚ. 

ɽʩʣʠ 
5%

ʪʘʙʣt t
a
< - ʚʨʝʤʝʥʥʦʡ ʨʷʜ ʩʪʘʮʠʦʥʘʨʝʥ ʥʘ ʫʨʦʚʥʝ ʟʥʘʯʠʤʦʩʪʠ 5%.  

2. ɽʩʣʠ 0 : 1H a=, ʪʦ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʵʪʦʡ ʦʮʝʥʢʠ ʙʦʣʴʰʝ ʥʝ ʙʫʜʝʪ 

ʥʦʨʤʘʣʴʥʳʤ, ʠ ʧʨʦʮʝʩʩ tyʙʫʜʝʪ ʥʝʩʪʘʮʠʦʥʘʨʥʳʤ ʩ ʟʘʚʠʩʷʱʝʡ ʦʪ ʚʨʝʤʝʥʠ 

ʜʠʩʧʝʨʩʠʝʡ ~ (1)ty I . ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʜʣʷ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʜʠʥʘʤʠʢʠ ʪʘʢʦʛʦ ʨʷʜʘ 

ʥʝʦʙʭʦʜʠʤʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʝʛʦ ʧʝʨʚʫʶ ʨʘʟʥʦʩʪʴ 1t y ty y y-D = - . ʇʨʠ ʥʫʣʝʚʦʡ 

ʛʠʧʦʪʝʟʝ ʩʪʘʪʠʩʪʠʢʘ ʥʦʨʤʘʣʠʟʦʚʘʥʥʦʛʦ ʩʤʝʱʝʥʠʷ Ĕ( 1)T a-  ʠ t-ʩʪʘʪʠʩʪʠʢʘ ta

ʠʤʝʶʪ ʥʝʩʪʘʥʜʘʨʪʥʳʝ ʧʨʝʜʝʣʴʥʳʝ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ɼʠʢʠ-ʌʫʣʣʝʨʘ: 

1

0

1

2

0

( ) ( )

Ĕ( 1)

( )

W r dW r

T

W r dr

a- Ý
ñ

ñ

 (2.13) 

1

0

1

2

0

( ) ( )

( )

W r dW r

t

W r dr

aÝ
ñ

ñ

 (2.14) 

ʛʜʝ ( )W r  - ʩʪʘʥʜʘʨʪʥʳʡ ɺʠʥʝʨʦʚʩʢʠʡ ʧʨʦʮʝʩʩ (ɹʨʦʫʥʦʚʩʢʦʝ ʜʚʠʞʝʥʠʝ). 

ɽʩʣʠ 
5%

ʪʘʙʣt t
a
> - ʚʨʝʤʝʥʥʦʡ ʨʷʜ ʥʝʩʪʘʮʠʦʥʘʨʝʥ ʥʘ ʫʨʦʚʥʝ ʟʥʘʯʠʤʦʩʪʠ 5%. 
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2.5 ɺʳʯʠʩʣʝʥʠʝ ʠ ʦʮʝʥʢʘ ʧʦʢʘʟʘʪʝʣʷ ʍʝʨʩʪʘ ʩ ʧʦʤʦʱʴʶ R/S 

ɼʣʷ ʨʘʩʯʝʪʘ ʧʦʢʘʟʘʪʝʣʷ ʍʝʨʩʪʘ ʚ ʥʝʩʪʘʮʠʦʥʘʨʥʦʤ ʪʨʘʬʠʢʝ ʥʘ ʤʘʣʳʭ 

ʚʳʙʦʨʢʘʭ ʠʩʧʦʣʴʟʫʝʪʩʷ R/S ʘʥʘʣʠʟ. ʄʥʦʛʠʝ ʠʩʩʣʝʜʦʚʘʪʝʣʠ [116-118] ʧʨʠʤʝʥʷʶʪ 

R/S ʘʥʘʣʠʟ ʜʣʷ ʥʘʭʦʞʜʝʥʠʷ ʧʦʢʘʟʘʪʝʣʷ ʍʝʨʩʪʘ ʚ ʩʝʪʝʚʦʤ ʪʨʘʬʠʢʝ. ʆʜʥʦ ʠʟ 

ʦʩʥʦʚʥʳʭ ʧʨʝʠʤʫʱʝʩʪʚ R/S-ʘʥʘʣʠʟʘ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʪʦʤ, ʯʪʦ ʚ ʦʪʣʠʯʠʝ ʦʪ ʤʥʦʛʠʭ 

ʰʠʨʦʢʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʭ ʩʪʘʪʠʩʪʠʯʝʩʢʠʭ ʢʨʠʪʝʨʠʝʚ, ʦʥ ʥʝ ʦʩʥʦʚʘʥ ʥʘ ʢʘʢʠʭ ʙʳ 

ʪʦ ʥʠ ʙʳʣʦ ʧʨʝʜʧʦʣʦʞʝʥʠʷʭ ʦʙ ʦʨʛʘʥʠʟʘʮʠʠ ʠʩʭʦʜʥʳʭ ʜʘʥʥʳʭ (ʦ ʪʦʤ, ʢʘʢʦʤʫ 

ʟʘʢʦʥʫ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʦʥʠ ʧʦʜʯʠʥʷʶʪʩʷ). ʆʯʝʥʴ ʙʳʩʪʨʳʡ ʠ ʣʝʛʢʦ ʨʝʘʣʠʟʫʝʤʳʡ. 

ɸʣʛʦʨʠʪʤ R/S: 

( )
HR

aN
S
=  (2.15) 

ʦʪʢʫʜʘ  

log( / )

log( )

R S
H

aN
=  (2.16) 

ʛʜʝ Hï ʧʦʢʘʟʘʪʝʣʴ ʍʝʨʩʪʘ; 

S ï ʩʨʝʜʥʝʢʚʘʜʨʘʪʠʯʥʦʝ ʦʪʢʣʦʥʝʥʠʝ ʨʷʜʘ ʥʘʙʣʶʜʝʥʠʡ x; 

N ï ʯʠʩʣʦ ʧʝʨʠʦʜʦʚ ʥʘʙʣʶʜʝʥʠʡ; 

a - ʟʘʜʘʥʥʘʷ ʢʦʥʩʪʘʥʪʘ, ʧʦʣʦʞʠʪʝʣʴʥʦʝ ʯʠʩʣʦ. 

2

1

1
( )

N

i

i

S x x
N =

= -ä  (2.17) 

x - ʩʨʝʜʥʝʝ ʘʨʠʬʤʝʪʠʯʝʩʢʦʝ ʨʷʜʘ ʥʘʙʣʶʜʝʥʠʡ xʟʘ N ʧʝʨʠʦʜʦʚ 

1

1 N

i

i

x x
N =

= ä
 

(2.18) 

ʈʘʟʤʘʭ ʥʘʢʦʧʣʝʥʥʦʛʦ ʦʪʢʣʦʥʝʥʠʷ R ʵʪʦ ʨʘʟʥʦʩʪʴ ʤʝʞʜʫ ʤʘʢʩʠʤʘʣʴʥʳʤ ʠ 

ʤʠʥʠʤʘʣʴʥʳʤ ʥʘʢʦʧʣʝʥʥʳʤʠ ʦʪʢʣʦʥʝʥʠʷʤʠ: 

1 1

max minu u
u N u N

R Z Z
¢ ¢ ¢ ¢

= -  (2.19) 

ɻʜʝ 
uZ - ʥʘʢʦʧʣʝʥʥʦʝ ʦʪʢʣʦʥʝʥʠʝ ʨʷʜʘ xʦʪ ʩʨʝʜʥʝʛʦ x : 

1

( )
u

u i

i

Z x x
=

= -ä  (2.20) 
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ʀʟ ʬʦʨʤʫʣʳ ʚʠʜʥʦ, ʯʪʦ ʥʘ ʨʦʩʪ ʧʦʢʘʟʘʪʝʣʷ ʍʝʨʩʪʘ ʚʣʠʷʶʪ: 

ʫʚʝʣʠʯʝʥʠʝ ʨʘʟʤʘʭʘ ʢʦʣʝʙʘʥʠʡ R; 

ʫʤʝʥʴʰʝʥʠʝ ʩʨʝʜʥʝʢʚʘʜʨʘʪʠʯʥʦʛʦ ʦʪʢʣʦʥʝʥʠʷ S; 

ʫʤʝʥʴʰʝʥʠʝ ʢʦʣʠʯʝʩʪʚʘ ʥʘʙʣʶʜʝʥʠʡ N. 

ʇʨʠ 0,5 Ò ʅ Ò 1,0 ʤʳ ʥʘʙʣʶʜʘʝʤ ʧʝʨʩʠʩʪʝʥʪʥʳʝ, ʠʣʠ ʪʨʝʥʜʦʫʩʪʦʡʯʠʚʳʝ 

ʨʷʜʳ. ɽʩʣʠ ʨʷʜ ʚʦʟʨʘʩʪʘʝʪ (ʫʙʳʚʘʝʪ) ʚ ʧʨʝʜʳʜʫʱʠʡ ʧʝʨʠʦʜ, ʪʦ ʚʝʨʦʷʪʥʦ, ʯʪʦ ʦʥ 

ʙʫʜʝʪ ʩʦʭʨʘʥʷʪʴ ʵʪʫ ʪʝʥʜʝʥʮʠʶ ʝʱʝ ʢʘʢʦʝ-ʪʦ ʚʨʝʤʷ ʚ ʙʫʜʫʱʝʤ. ʅʘʙʣʶʜʝʥʠʷ ʥʝ 

ʷʚʣʷʶʪʩʷ ʥʝʟʘʚʠʩʠʤʳʤʠ. ʂʘʞʜʦʝ ʥʘʙʣʶʜʝʥʠʝ ʥʝʩʝʪ ʧʘʤʷʪʴ ʦʙʦ ʚʩʝʭ 

ʧʨʝʜʰʝʩʪʚʫʶʱʠʭ ʩʦʙʳʪʠʷʭ. ʇʨʦʮʝʩʩ ʦʙʣʘʜʘʝʪ ʜʣʠʪʝʣʴʥʦʡ ʧʘʤʷʪʴʶ. ʕʪʘ ʧʘʤʷʪʴ 

ʜʦʣʛʦʚʨʝʤʝʥʥʘʷ, ʪʝʦʨʝʪʠʯʝʩʢʠ ʦʥʘ ʩʦʭʨʘʥʷʝʪʩʷ ʥʘʚʩʝʛʜʘ. ʊʨʝʥʜʦʫʩʪʦʡʯʠʚʦʩʪʴ 

ʧʦʚʝʜʝʥʠʷ, ʠʣʠ ʩʠʣʘ ʧʝʨʩʠʩʪʝʥʪʥʦʩʪʠ, ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʧʨʠ ʧʨʠʙʣʠʞʝʥʠʠ ʅ ʢ 

ʝʜʠʥʠʮʝ. ʆʙʳʯʥʦ ʪʦʪ ʬʘʢʪ, ʯʪʦ 0.5     1ʅ< <, ʩʯʠʪʘʝʪʩʷ ʜʦʩʪʘʪʦʯʥʳʤ ʦʩʥʦʚʘʥʠʝʤ 

ʜʣʷ ʧʨʠʟʥʘʥʠʷ ʧʨʦʮʝʩʩʘ ʩʘʤʦʧʦʜʦʙʥʳʤ. 

ʇʨʠ 0.5H =  ʨʷʜ ʷʚʣʷʝʪʩʷ ʩʣʫʯʘʡʥʳʤ (ʧʦʩʣʝʜʫʶʱʠʝ ʟʥʘʯʝʥʠʷ ʚʨʝʤʝʥʥʦʛʦ 

ʨʷʜʘ ʥʝ ʩʚʷʟʘʥʳ ʩ ʝʛʦ ʧʨʝʜʳʜʫʱʠʤʠ ʟʥʘʯʝʥʠʷʤʠ).  

ʇʨʠ 0     0.5ʅ< <  ʨʷʜ ʷʚʣʷʝʪʩʷ ʘʥʪʠʧʝʨʩʠʩʪʝʥʪʥʳʤ (ʧʦʩʣʝʜʫʶʱʠʝ ʠʟʤʝʥʝʥʠʷ 

ʟʥʘʯʝʥʠʡ ʚʨʝʤʝʥʥʦʛʦ ʨʷʜʘ ʧʨʦʪʠʚʦʧʦʣʦʞʥʳ ʝʛʦ ʧʨʝʜʳʜʫʱʝʤʫ ʧʦʚʝʜʝʥʠʶ. 

 ɼʣʷ ʧʨʦʚʝʨʢʠ R/S ʩʬʦʨʤʠʨʦʚʘʥ ʜʘʪʘʩʝʪ ʩʦʩʪʦʷʱʠʡ ʠʟ ʣʝʛʠʪʠʤʥʦʛʦ (ʨʠʩ 2.4.) 

ʠ ʘʥʦʤʘʣʴʥʦʛʦ (ʨʠʩ 2.6.) ʩʝʪʝʚʳʭ ʪʨʘʬʠʢʦʚ.  

 

ʈʠʩʫʥʦʢ 2.4 ï ʃʝʛʠʪʠʤʥʳʡ ʩʝʪʝʚʦʡ ʪʨʘʬʠʢ   

 ʇʦʩʣʝ ʧʨʠʤʝʥʝʥʠʷ R/S ʘʥʘʣʠʟʘ ʜʣʷ ʣʝʛʠʪʠʤʥʦʛʦ ʪʨʘʬʠʢʘ, ʧʦʩʪʨʦʝʥʘ 

ʣʦʛʘʨʠʬʤʠʯʝʩʢʘʷ ʨʝʛʨʝʩʩʠʷ (ʨʠʩ. 2.5) ʠ ʚʳʯʠʩʣʝʥ ʧʦʢʘʟʘʪʝʣʴ ʍʝʨʩʪʘ ʨʘʚʥʳʡ 0.56. 
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ʈʠʩʫʥʦʢ 2.5 ï ɿʘʚʠʩʠʤʦʩʪʴ R/S ʦʪ ʚʨʝʤʝʥʠ ʚ ʣʦʛʘʨʠʬʤʠʯʝʩʢʦʡ ʰʢʘʣʝ  

(ʍʝʨʩʪʘ = 0.56)   

 ɼʘʣʝʝ R/S ʧʨʠʤʝʥʷʣʩʷ ʢ ʘʥʦʤʘʣʴʥʦʤʫ ʩʝʪʝʚʦʤʫ ʪʨʘʬʠʢʫ (ʨʠʩ. 2.6).  

 

ʈʠʩʫʥʦʢ 2.6 ï ɸʥʦʤʘʣʴʥʳʡ ʩʝʪʝʚʦʡ ʪʨʘʬʠʢ 

 ʇʨʠʤʝʥʠʚ R/S ʘʥʘʣʠʟ ʜʣʷ ʘʥʦʤʘʣʴʥʦʛʦ ʪʨʘʬʠʢʘ, ʧʦʩʪʨʦʝʥʘ ʣʦʛʘʨʠʬʤʠʯʝʩʢʘʷ 

ʨʝʛʨʝʩʩʠʷ (ʨʠʩ. 2.7) ʠ ʚʳʯʠʩʣʝʥ ʧʦʢʘʟʘʪʝʣʴ ʍʝʨʩʪʘ ʨʘʚʥʳʡ 1.378. 

 

ʈʠʩʫʥʦʢ 2.7 ï ɿʘʚʠʩʠʤʦʩʪʴ R/S ʦʪ ʚʨʝʤʝʥʠ ʚ ʣʦʛʘʨʠʬʤʠʯʝʩʢʦʡ ʰʢʘʣʝ  

(ʍʝʨʩʪʘ = 1.378) 

ʂʘʢ ʚʠʜʥʦ ʠʟ ʨʠʩʫʥʢʘ 2.7 ʧʦʢʘʟʘʪʝʣʴ ʍʝʨʩʪʘ ʧʨʝʚʳʰʘʝʪ ʤʘʢʩʠʤʘʣʴʥʦʝ 
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ʢʦʥʩʪʘʥʪʥʦʝ ʟʥʘʯʝʥʠʝ 1, ʯʪʦ ʧʦʜʪʚʝʨʞʜʘʝʪ ʥʘʣʠʯʠʝ ʘʥʦʤʘʣʠʡ ʚ ʩʝʪʝʚʦʤ ʪʨʘʬʠʢʝ.  

2.6 ɺʳʯʠʩʣʝʥʠʝ ʠ ʦʮʝʥʢʘ ʧʦʢʘʟʘʪʝʣʷ ʍʝʨʩʪʘ ʩ ʧʦʤʦʱʴʶ DFA 

ɼʣʷ ʨʘʩʯʝʪʘ ʧʦʢʘʟʘʪʝʣʷ ʍʝʨʩʪʘ ʚ ʥʝʩʪʘʮʠʦʥʘʨʥʦʤ ʪʨʘʬʠʢʝ ʥʘ ʟʘʰʫʤʣʝʥʥʳʭ 

ʠ ʙʦʣʴʰʠʭ ʦʙʲʝʤʘʭ ʜʘʥʥʳʭ, ʜʣʷ ʙʦʣʝʝ ʪʦʯʥʳʭ ʚʳʯʠʩʣʝʥʠʡ, ʧʨʝʜʧʦʯʪʠʪʝʣʴʥʝʝ 

ʠʩʧʦʣʴʟʦʚʘʪʴ DFA ʘʥʘʣʠʟ: 

1. ʇʨʝʦʙʨʘʟʦʚʘʥʠʝ ʚʨʝʤʝʥʥʦʛʦ ʨʷʜʘ ( )x t  ʚ ʬʫʥʢʮʠʶ ʢʫʤʫʣʷʪʠʚʥʳʭ 

ʩʫʤʤ (ʧʨʦʬʠʣʴ ʬʫʥʢʮʠʠ) ʧʫʪʝʤ ʩʫʤʤʠʨʦʚʘʥʠʷ ʟʥʘʯʝʥʠʡ ʚʨʝʤʝʥʥʦʛʦ ʨʷʜʘ: 

( )
1

( ) ( )
N

i

i

X t x t x
=

= -ä  (2.20) 

1

1
( )

N

i

i

x x t
N =

= ä  (2.21) 

2. ɺʨʝʤʝʥʥʦʡ ʨʷʜ, ʨʘʟʙʠʚʘʝʪʩʷ ʥʘ 
N

n
ʥʝʧʝʨʝʩʝʢʘʶʱʠʭʩʷ ʠʥʪʝʨʚʘʣʦʚ.  

3. ɺ ʧʨʝʜʝʣʘʭ ʢʘʞʜʦʛʦ ʠʥʪʝʨʚʘʣʘ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʣʠʥʝʡʥʘʷ 

ʘʧʧʨʦʢʩʠʤʘʮʠʷ ʨʷʜʘ ( )x t ʤʝʪʦʜʦʤ ʥʘʠʤʝʥʴʰʠʭ ʢʚʘʜʨʘʪʦʚ ï ʚʳʜʝʣʷʝʪʩʷ ʣʦʢʘʣʴʥʳʡ 

ʪʨʝʥʜ: ( )j j jy t a t b= +, ʛʜʝ ja  ʠ jb - ʢʦʥʩʪʘʥʪʳ ʜʣʷ ʢʘʞʜʦʛʦ ʠʥʪʝʨʚʘʣʘ. 

4. ɼʣʷ ʢʘʞʜʦʛʦ ʠʥʪʝʨʚʘʣʘ ʫʩʪʨʘʥʷʝʪʩʷ ʣʦʢʘʣʴʥʳʡ ʪʨʝʥʜ ʧʫʪʝʤ ʧʝʨʝʭʦʜʘ 

ʢ ʨʘʟʥʦʩʪʠ ( ) ( )jX t y t-  ʠ ʧʨʦʚʦʜʠʪʩʷ ʘʥʘʣʠʟ ʩʨʝʜʥʝʢʚʘʜʨʘʪʠʯʥʦʛʦ ʦʪʢʣʦʥʝʥʠʷ ʦʪ 

ʣʦʢʘʣʴʥʦʛʦ ʪʨʝʥʜʘ, ʪ.ʝ. ʚʳʯʠʩʣʷʝʪʩʷ ʬʫʥʢʮʠʷ: 

( )
2( 1)

2

1

1
( ) ( ) ( )

j n

j j

t jn

F n X t y t
n

+

= +

= -ä  (2.22) 

5. ɼʘʣʝʝ ʚʳʯʠʩʣʷʝʪʩʷ ʩʨʝʜʥʝʝ ʟʥʘʯʝʥʠʝ: 

1

2 2

0

( ) ( )

N

n

j

j

n
F n F n

N

-

=

= ä  (2.23) 

ɽʩʣʠ ʠʩʩʣʝʜʫʝʤʳʡ ʨʷʜ ʩʚʦʜʠʪʩʷ ʢ ʩʘʤʦʧʦʜʦʙʥʦʤʫ ʤʥʦʞʝʩʪʚʫ, 

ʧʨʦʷʚʣʷʶʱʝʤʫ ʜʘʣʴʥʦʜʝʡʩʪʚʫʶʱʠʝ ʢʦʨʨʝʣʷʮʠʠ, ʪʦ ʬʣʫʢʪʫʘʮʠʦʥʥʘʷ ʬʫʥʢʮʠʷ 

( )F n  ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʩʪʝʧʝʥʥʦʡ ʟʘʚʠʩʠʤʦʩʪʴʶ: 

 
(2.24) ( ) ~

H
F n n
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ʛʜʝ H ï ʧʦʢʘʟʘʪʝʣʴ ʍʝʨʩʪʘ. H ʤʦʞʝʪ ʙʳʪʴ ʚʳʯʠʩʣʝʥ ʩ ʧʦʤʦʱʴʶ ʤʝʪʦʜʘ 

ʥʘʠʤʝʥʴʰʠʭ ʢʚʘʜʨʘʪʦʚ ʢʘʢ ʫʛʣʦʚʦʡ ʢʦʵʬʬʠʮʠʝʥʪ ʧʨʷʤʦʡ, ʦʧʨʝʜʝʣʷʶʱʝʡ 

ʟʘʚʠʩʠʤʦʩʪʠ log ( )F n  ʦʪ log( )n . 

 ʉ ʧʦʤʦʱʴʶ ʘʣʛʦʨʠʪʤʘ DFA ʧʨʦʚʝʜʝʥ ʨʘʩʯʝʪ ʧʦʢʘʟʘʪʝʣʷ ʍʝʨʩʪʘ 

ʥʝʩʪʘʮʠʦʥʘʨʥʦʛʦ ʪʨʘʬʠʢʘ, ʦʧʠʩʳʚʘʝʤʦʛʦ ʤʦʜʝʣʴʶ ʩ ʟʘʨʘʥʝʝ ʟʘʜʘʥʥʳʤ 

ʧʦʢʘʟʘʪʝʣʝʤ ʍʝʨʩʪʘ = 0.5, ʯʪʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʟʘʰʫʤʣʝʥʥʦʤʫ ʚʨʝʤʝʥʥʦʤʫ ʨʷʜʫ (ʨʠʩ 

2.8).  

 

ʈʠʩʫʥʦʢ 2.8 ï ʌʨʘʢʪʘʣʴʥʦʝ ʙʨʦʫʥʦʚʩʢʦʝ ʜʚʠʞʝʥʠʝ ʧʨʠ H = 0.5 

ʉ ʧʦʤʦʱʴʶ DFA, ʧʦʩʪʨʦʝʥʘ ʣʦʛʘʨʠʬʤʠʯʝʩʢʘʷ ʨʝʛʨʝʩʩʠʷ ʠ ʥʘʡʜʝʥ 

ʧʦʢʘʟʘʪʝʣʴ ʍʝʨʩʪʘ, ʨʘʚʥʳʡ 0.49 (ʨʠʩ. 2.9). ʇʦʣʫʯʝʥʥʳʡ ʨʝʟʫʣʴʪʘʪ ʧʦʯʪʠ 

ʧʦʣʥʦʩʪʴʶ ʩʦʚʧʘʜʘʝʪ ʩ ʟʘʜʘʥʥʦʡ ʚʝʣʠʯʠʥʦʡ, ʯʪʦ ʧʦʜʪʚʝʨʞʜʘʝʪ ʵʬʬʝʢʪʠʚʥʦʩʪʴ 

ʪʝʢʫʱʝʛʦ ʤʝʪʦʜʘ ʥʘ ʟʘʰʫʤʣʝʥʥʳʭ ʨʷʜʘʭ. 

 

ʈʠʩʫʥʦʢ 2.9 ï ɿʘʚʠʩʠʤʦʩʪʴ F(n) ʦʪ ʚʨʝʤʝʥʠ ʚ ʣʦʛʘʨʠʬʤʠʯʝʩʢʦʡ ʰʢʘʣʝ  

(ʍʝʨʩʪ = 0.496) 
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ɸʥʘʣʠʟ ʧʦʢʘʟʘʣ, ʯʪʦ ʤʝʪʦʜ DFA ʠʩʢʣʶʯʘʝʪ ʣʠʥʝʡʥʳʡ ʪʨʝʥʜ ʠʟ ʢʘʞʜʦʛʦ 

ʘʥʘʣʠʟʠʨʫʝʤʦʛʦ ʬʨʘʛʤʝʥʪʘ ʚʨʝʤʝʥʥʦʛʦ ʨʷʜʘ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʧʦʚʳʩʠʪʴ ʪʦʯʥʦʩʪʴ ʚ 

ʫʩʣʦʚʠʷʭ ʥʠʟʢʦʯʘʩʪʦʪʥʳʭ ʧʦʤʝʭ ʠʣʠ ʥʘ ʙʦʣʴʰʠʭ ʦʙʲʝʤʘʭ ʜʘʥʥʳʭ. ɺ ʪʦʞʝ ʚʨʝʤʷ 

R/S ʷʚʣʷʝʪʩʷ ʙʦʣʝʝ ʙʳʩʪʨʳʤ ʘʣʛʦʨʠʪʤʦʤ ʚʳʯʠʩʣʝʥʠʷ ʧʦʢʘʟʘʪʝʣʷ ʍʝʨʩʪʘ, ʥʝ 

ʫʩʪʫʧʘʶʱʠʤ ʚ ʪʦʯʥʦʩʪʠ ʥʘ ʥʝʙʦʣʴʰʠʭ ʦʙʲʝʤʘʭ ʜʘʥʥʳʭ. ʇʦʵʪʦʤʫ R/S ʷʚʣʷʝʪʩʷ 

ʧʨʝʜʧʦʯʪʠʪʝʣʴʥʳʤ ʜʣʷ ʜʘʣʴʥʝʡʰʝʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ [118-120]. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʵʢʩʧʝʨʠʤʝʥʪʳ, ʧʨʦʚʝʜʝʥʥʳʝ ʥʘ ʵʪʘʣʦʥʥʳʭ ʚʳʙʦʨʢʘʭ, 

ʩʦʩʪʦʷʱʠʝ ʠʟ ʣʝʛʠʪʠʤʥʦʛʦ ʠ ʘʥʦʤʘʣʴʥʦʛʦ ʪʨʘʬʠʢʘ, ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʣʠ ʥʘʣʠʯʠʝ 

ʩʘʤʦʧʦʜʦʙʠʷ ʪʨʘʬʠʢʘ ʂʉ ʠ ʚʦʟʤʦʞʥʦʩʪʴ ʜʦʩʪʘʪʦʯʥʦ ʪʦʯʥʦʛʦ ʦʧʨʝʜʝʣʝʥʠʷ 

ʧʦʢʘʟʘʪʝʣʷ ʩʘʤʦʧʦʜʦʙʠʷ ʥʘ ʦʩʥʦʚʝ ʨʘʩʩʤʦʪʨʝʥʥʳʭ ʘʣʛʦʨʠʪʤʦʚ. 

2.7 ɺʳʚʦʜʳ ʧʦ ʚʪʦʨʦʤʫ ʨʘʟʜʝʣʫ 

1. ɺʦ ʚʪʦʨʦʤ ʨʘʟʜʝʣʝ ʧʨʦʚʝʜʝʥ ʘʥʘʣʠʟ ʩʫʱʝʩʪʚʫʶʱʠʭ ʧʦʜʭʦʜʦʚ ʢ 

ʧʨʦʝʢʪʠʨʦʚʘʥʠʶ ʤʦʜʝʣʝʡ ʦʧʠʩʳʚʘʶʱʠʭ ʩʝʪʝʚʦʡ ʪʨʘʬʠʢ ʉʇɼ ʠ ʘʣʛʦʨʠʪʤʦʚ ʧʦ 

ʦʮʝʥʢʝ ʩʚʦʡʩʪʚ ʩʘʤʦʧʦʜʦʙʠʷ ʚ ʥʝʩʪʘʮʠʦʥʘʨʥʦʤ ʩʝʪʝʚʦʤ ʪʨʘʬʠʢʝ ʚ ʉʇɼ. 

2. ʈʘʟʨʘʙʦʪʘʥʘ ʤʦʜʝʣʴ ʚʳʷʚʣʝʥʠʷ ʘʥʦʤʘʣʠʡ ʚ ʩʝʪʝʚʦʤ ʪʨʘʬʠʢʝ ʩʝʪʠ 

ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ ʚ ʫʩʣʦʚʠʷʭ ʢʦʤʧʴʶʪʝʨʥʳʭ ʘʪʘʢ, ʦʪʣʠʯʘʶʱʘʷʩʷ ʦʪ ʠʟʚʝʩʪʥʳʭ 

ʚʦʟʤʦʞʥʦʩʪʴʶ ʦʧʠʩʳʚʘʪʴ ʩʪʘʮʠʦʥʘʨʥʳʡ ʠ ʥʝʩʪʘʮʠʦʥʘʨʥʳʡ ʩʝʪʝʚʦʡ ʪʨʘʬʠʢ, 

ʢʣʘʩʩʠʬʠʮʠʨʦʚʘʪʴ ʝʛʦ ʠ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʪʠʧʘ ʪʨʘʬʠʢʘ ʦʙʦʩʥʦʚʘʪʴ ʤʝʪʦʜ ʧʦ 

ʚʳʷʚʣʝʥʠʶ ʘʥʦʤʘʣʠʡ. 

ʄʦʜʝʣʴ ʦʩʥʦʚʘʥʘ ʥʘ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʦʩʥʦʚʥʳʭ ʧʦʣʦʞʝʥʠʡ ʪʝʦʨʠʠ ʬʨʘʢʪʘʣʦʚ 

ʠ ʧʨʝʜʣʘʛʘʝʤʳʭ ʵʪʦʡ ʪʝʦʨʠʝʡ ʤʝʪʦʜʦʚ ʦʮʝʥʢʠ ʩʘʤʦʧʦʜʦʙʠʷ, R/S -ʘʥʘʣʠʟ ʠ ʤʝʪʦʜ 

DFA. ʇʨʠ ʪʝʩʪʠʨʦʚʘʥʠʠ ʬʨʘʢʪʘʣʴʥʳʭ ʤʝʪʦʜʦʚ, ʧʦʟʚʦʣʷʶʱʠʭ ʧʨʦʚʦʜʠʪʴ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʜʦʣʛʦʚʨʝʤʝʥʥʳʭ ʟʘʚʠʩʠʤʦʩʪʝʡ ʚ ʪʨʘʬʠʢʝ ʂʉ, ʤʝʪʦʜ DFA ʦʢʘʟʘʣʩʷ 

ʙʦʣʝʝ ʵʬʬʝʢʪʠʚʝʥ, ʯʝʤ R/S -ʘʥʘʣʠʟ ʥʘ ʟʘʰʫʤʣʝʥʥʳʭ ʜʘʥʥʳʭ ʠʣʠ ʙʦʣʴʰʠʭ 

ʚʳʙʦʨʢʘʭ, ʠʟ-ʟʘ ʠʩʢʣʶʯʝʥʠʷ ʣʠʥʝʡʥʦʛʦ ʪʨʝʥʜʘ ʠʟ ʢʘʞʜʦʛʦ ʘʥʘʣʠʟʠʨʫʝʤʦʛʦ 

ʬʨʘʛʤʝʥʪʘ ʚʨʝʤʝʥʥʦʛʦ ʨʷʜʘ. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, DFA ʧʦʟʚʦʣʷʝʪ ʦʙʥʘʨʫʞʠʚʘʪʴ 

ʢʦʨʨʝʣʷʮʠʠ ʥʘ ʙʦʣʴʰʠʝ ʨʘʩʩʪʦʷʥʠʷ, ʚʩʪʨʦʝʥʥʳʝ ʚ ʥʝʩʪʘʮʠʦʥʘʨʥʳʝ ʨʷʜʳ, ʯʪʦ 

ʭʘʨʘʢʪʝʨʥʦ ʜʣʷ ʂʉ, ʠʟʙʝʛʘʷ ʣʦʞʥʦʛʦ ʦʙʥʘʨʫʞʝʥʠʷ ʷʚʥʳʭ ʢʦʨʨʝʣʷʮʠʡ ʥʘ ʙʦʣʴʰʠʝ 

ʨʘʩʩʪʦʷʥʠʷ, ʢʦʪʦʨʳʝ ʷʚʣʷʶʪʩʷ ʘʨʪʝʬʘʢʪʘʤʠ ʥʝʩʪʘʮʠʦʥʘʨʥʦʩʪʠ. ʅʝʦʩʧʦʨʠʤʳʤ 
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ʧʨʝʠʤʫʱʝʩʪʚʦʤ R/S -ʘʥʘʣʠʟʘ ʷʚʣʷʶʪʩʷ ʙʦʣʝʝ ʙʳʩʪʨʳʝ ʚʳʯʠʩʣʝʥʠʷ ʧʦʢʘʟʘʪʝʣʷ 

ʍʝʨʩʪʘ, ʘ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʘʣʛʦʨʠʪʤʘ ʥʝ ʫʩʪʫʧʘʝʪ ʚ ʪʦʯʥʦʩʪʠ DFA, ʥʘ ʥʝʙʦʣʴʰʠʭ 

ʦʙʲʝʤʘʭ ʜʘʥʥʳʭ. 

3. ʇʦʚʝʜʝʥʳ ʵʢʩʧʝʨʠʤʝʥʪʳ, ʢʦʪʦʨʳʝ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʩʫʱʝʩʪʚʫʝʪ ʭʘʨʘʢʪʝʨʥʦʝ 

ʚʨʝʤʷ, ʧʦʩʣʝ ʢʦʪʦʨʦʛʦ ʧʦʢʘʟʘʪʝʣʴ ʍʝʨʩʪʘ ʨʝʟʢʦ ʤʝʥʷʝʪʩʷ. ʕʪʦ ʚʨʝʤʷ ʫʢʘʟʳʚʘʝʪ ʥʘ 

ʦʙʲʝʤ ʩʠʩʪʝʤʥʦʡ ʧʘʤʷʪʠ. ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʪʘʢʞʝ ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ 

ʦ ʪʦʤ, ʯʪʦ ʩʘʤʦʧʦʜʦʙʥʳʝ ʩʚʦʡʩʪʚʘ ʧʨʠʩʫʱʠ ʣʶʙʦʤʫ ʩʝʪʝʚʦʤʫ ʪʨʘʬʠʢʫ ʥʘ 

ʢʘʥʘʣʴʥʦʤ ʫʨʦʚʥʝ ʤʦʜʝʣʠ tcp/ip. ʇʨʠ ʧʦʷʚʣʝʥʠʠ ʩʝʪʝʚʳʭ ʘʥʦʤʘʣʠʡ, ʚʳʟʚʘʥʥʳʭ, 

ʥʘʧʨʠʤʝʨ, ʢʠʙʝʨʘʪʘʢʘʤʠ ʪʠʧʘ DDoS ʠ çʩʢʘʥʠʨʦʚʘʥʠʝ ʩʝʪʠ ʠ ʝʝ ʫʷʟʚʠʤʦʩʪʝʡè, 

ʭʘʨʘʢʪʝʨ ʵʪʠʭ ʩʚʦʡʩʪʚ ʥʘʯʠʥʘʝʪ ʩʫʱʝʩʪʚʝʥʥʦ ʦʪʣʠʯʘʪʴʩʷ ʦʪ ʥʦʨʤʘʣʴʥʦʛʦ ʪʨʘʬʠʢʘ. 

ʆʩʥʦʚʳʚʘʷʩʴ ʥʘ ʨʝʟʫʣʴʪʘʪʘʭ ʵʢʩʧʝʨʠʤʝʥʪʘ, ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜ, ʯʪʦ 

ʧʨʝʜʣʦʞʝʥʥʘʷ ʤʦʜʝʣʴ ʷʚʣʷʝʪʩʷ ʜʦʩʪʘʪʦʯʥʦ ʘʜʝʢʚʘʪʥʦʡ. 

4. ʈʝʘʣʠʟʦʚʘʥʳ ʧʨʦʛʨʘʤʤʥʳʝ ʤʦʜʫʣʠ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʩʪʘʮʠʦʥʘʨʥʦʩʪʠ 

ʩʝʪʝʚʦʛʦ ʪʨʘʬʠʢʘ ʩ ʧʦʤʦʱʴʶ ʨʘʩʰʠʨʝʥʥʦʛʦ ʪʝʩʪʘ ɼʠʢʠ-ʌʫʣʣʝʨʘ, ʘ ʪʘʢʞʝ 

ʚʳʯʠʩʣʝʥʠʷ ʠ ʦʮʝʥʢʠ ʧʦʢʘʟʘʪʝʣʷ ʍʝʨʩʪʘ ʩ ʧʦʤʦʱʴʶ R/S ʠ DFA.  

 

 

 

ʈɸɿɼɽʃ 3. ʄɽʊʆɼʀʂɸ ʈɸʅʅɽɻʆ ʆɹʅɸʈʋɾɽʅʀʗ ɸʅʆʄɸʃʀʁ  

ɺ ʉɽʊɽɺʆʄ ʊʈɸʌʀʂɽ ʉɽʊʀ ʇɽʈɽɼɸʏʀ ɼɸʅʅʓʍ 
 

ʉ ʮʝʣʴʶ ʧʦʚʳʰʝʥʠʷ ʧʦʣʥʦʪʳ ʠ ʪʦʯʥʦʩʪʠ ʚʳʷʚʣʝʥʠʷ ʘʥʦʤʘʣʠʡ ʚ ʩʝʪʝʚʦʤ 

ʪʨʘʬʠʢʝ ʚ ʫʩʣʦʚʠʷʭ ʢʦʤʧʴʶʪʝʨʥʳʭ ʘʪʘʢ ʨʘʟʨʘʙʦʪʘʥʘ ʤʝʪʦʜʠʢʘ (ʨʠʩ. 3.1), 

ʧʦʟʚʦʣʷʶʱʘʷ ʦʙʥʘʨʫʞʠʚʘʪʴ ʂɸ ʥʘ ʨʘʥʥʝʤ ʵʪʘʧʝ ʠʭ ʧʨʦʷʚʣʝʥʠʷ ʩ ʧʦʤʦʱʴʶ 

ʤʝʪʦʜʦʚ ʤʘʰʠʥʥʦʛʦ ʦʙʫʯʝʥʠʷ ʜʣʷ ʩʪʘʮʠʦʥʘʨʥʦʛʦ ʩʝʪʝʚʦʛʦ ʪʨʘʬʠʢʘ ʉʇɼ ʠ 

ʬʨʘʢʪʘʣʴʥʦʛʦ ʘʥʘʣʠʟʘ ʜʣʷ ʥʝʩʪʘʮʠʦʥʘʨʥʦʛʦ [121-129]. 
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ʈʠʩʫʥʦʢ 3.1 ï ɹʣʦʢ-ʩʭʝʤʘ ʤʝʪʦʜʠʢʠ ʨʘʥʥʝʛʦ ʦʙʥʘʨʫʞʝʥʠʷ ʂɸ  

ʚ ʩʝʪʝʚʦʤ ʪʨʘʬʠʢʝ ʉʇɼ 

 

ʄʝʪʦʜʠʢʘ ʩʦʩʪʦʠʪ ʠʟ ʩʣʝʜʫʶʱʠʭ ʵʪʘʧʦʚ: ʩʙʦʨ ʩʝʪʝʚʦʛʦ ʪʨʘʬʠʢʘ ʚ ʉʇɼ; 

ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʝʛʦ ʧʨʦʚʝʨʢʘ ʥʘ ʩʪʘʮʠʦʥʘʨʥʦʩʪʴ; ʧʦʜʛʦʪʦʚʢʘ ʠʩʭʦʜʥʳʭ ʜʘʥʥʳʭ; 

ʬʨʘʢʪʘʣʴʥʳʡ ʘʥʘʣʠʟ ʜʣʷ ʥʝʩʪʘʮʠʦʥʘʨʥʦʛʦ ʩʝʪʝʚʦʛʦ ʪʨʘʬʠʢʘ ʚ ʉʇɼ; ʤʘʰʠʥʥʦʝ 

ʦʙʫʯʝʥʠʝ ʜʣʷ ʩʪʘʮʠʦʥʘʨʥʦʛʦ ʩʝʪʝʚʦʛʦ ʪʨʘʬʠʢʘ ʚ ʉʇɼ. 

3.1 ʆʙʥʘʨʫʞʝʥʠʝ ʘʥʦʤʘʣʠʡ ʚ ʥʝʩʪʘʮʠʦʥʘʨʥʦʤ ʩʝʪʝʚʦʤ ʪʨʘʬʠʢʝ ʩʝʪʠ 

ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ ʩ ʧʦʤʦʱʴʶ ʬʨʘʢʪʘʣʴʥʦʛʦ ʘʥʘʣʠʟʘ 

ɼʣʷ ʚʳʷʚʣʝʥʠʷ ʘʥʦʤʘʣʠʡ ʚ ʥʝʩʪʘʮʠʦʥʘʨʥʦʤ ʩʝʪʝʚʦʤ ʪʨʘʬʠʢʝ ʉʇɼ, 

ʧʨʠʤʝʥʷʝʪʩʷ ʬʨʘʢʪʘʣʴʥʳʡ ʘʥʘʣʠʟ, ʢʦʪʦʨʳʡ ʛʣʘʚʥʳʤ ʦʙʨʘʟʦʤ ʙʘʟʠʨʫʝʪʩʷ ʥʘ 

ʚʳʯʠʩʣʝʥʠʠ ʠ ʦʮʝʥʢʠ ʧʦʢʘʟʘʪʝʣʷ ʍʝʨʩʪʘ. ʉ ʮʝʣʴʶ ʦʮʝʥʢʠ ʘʥʦʤʘʣʴʥʦʩʪʠ 

ʧʨʝʜʣʦʞʝʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʥʝ ʧʦʣʝʟʥʦʝ ʩʦʜʝʨʞʠʤʦʝ ʧʘʢʝʪʦʚ, ʘ ʚʟʷʪʴ ʟʘ ʦʩʥʦʚʫ 
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ʧʨʝʜʣʦʞʝʥʠʝ ʋʥʪʝʨʦʚʘ ɼ.ʉ. [130] ʦ ʪʦʤ, ʯʪʦ ʠʥʬʦʨʤʘʮʠʠ ʠʟ ʟʘʛʦʣʦʚʢʦʚ ʧʘʢʝʪʦʚ 

ʙʫʜʝʪ ʜʦʩʪʘʪʦʯʥʦ. ɺ ʢʘʯʝʩʪʚʝ ʪʘʢʦʡ ʠʥʬʦʨʤʘʮʠʠ ʙʫʜʝʤ ʠʩʧʦʣʴʟʦʚʘʪʴ 

ʢʦʣʠʯʝʩʪʚʝʥʥʳʝ ʟʥʘʯʝʥʠʷ ʧʝʨʝʜʘʚʘʝʤʳʭ ʬʣʘʛʦʚ (ʤʝʪʦʢ, ʫʢʘʟʳʚʘʶʱʠʭ ʥʘ ʪʠʧ 

ʧʘʢʝʪʘ). 

ʅʘ ʨʠʩʫʥʢʝ 3.2 ʧʨʝʜʩʪʘʚʣʝʥʘ ʙʣʦʢ-ʩʭʝʤʘ ʤʝʪʦʜʠʢʠ ʦʙʥʘʨʫʞʝʥʠʷ ʘʥʦʤʘʣʠʡ ʚ 

ʥʝʩʪʘʮʠʦʥʘʨʥʦʤ ʩʝʪʝʚʦʤ ʪʨʘʬʠʢʝ ʉʇɼ.  

 

ʈʠʩʫʥʦʢ 3.2 ï ɹʣʦʢ-ʩʭʝʤʘ ʤʝʪʦʜʠʢʠ ʦʙʥʘʨʫʞʝʥʠʷ ʘʥʦʤʘʣʠʡ ʚ ʥʝʩʪʘʮʠʦʥʘʨʥʦʤ 

ʩʝʪʝʚʦʤ ʪʨʘʬʠʢʝ ʉʇɼ 

ɸʥʘʣʠʟ [131-137] ʪʘʢʞʝ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʜʣʷ ʚʳʷʚʣʝʥʠʷ ʘʥʦʤʘʣʴʥʦʛʦ 

ʧʦʚʝʜʝʥʠʷ ʚ ʪʨʘʬʠʢʝ, ʜʦʩʪʘʪʦʯʥʦ ʘʥʘʣʠʟʠʨʦʚʘʪʴ ʝʛʦ ʦʩʥʦʚʥʳʝ ʧʘʨʘʤʝʪʨʳ ʠ ʥʝʪ 

ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʠʟʫʯʘʪʴ ʩʦʜʝʨʞʠʤʦʝ ʢʘʞʜʦʛʦ ʧʘʢʝʪʘ. ʇʨʠʤʝʨʘʤʠ ʘʥʦʤʘʣʠʡ, 

ʦʙʥʘʨʫʞʝʥʥʳʭ ʥʘ ʦʩʥʦʚʝ ʘʥʘʣʠʟʘ ʪʝʣʝʤʝʪʨʠʠ ʪʨʘʬʠʢʘ, ʷʚʣʷʝʪʩʷ ʚʥʝʟʘʧʥʦʝ 

ʫʚʝʣʠʯʝʥʠʝ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʪʨʘʬʠʢʘ ʦʪ ʨʘʙʦʯʝʡ ʩʪʘʥʮʠʠ ʠʣʠ ʠʟʤʝʥʝʥʠʝ ʩʪʨʫʢʪʫʨʳ 

ʚ ʩʨʘʚʥʝʥʠʠ ʩ ʦʙʳʯʥʳʤʠ ʝʞʝʜʥʝʚʥʳʤʠ ʧʦʢʘʟʘʪʝʣʷʤʠ ʜʣʷ ʜʘʥʥʦʡ ʩʝʪʠ ʫʩʪʨʦʡʩʪʚʘ. 

ʉʝʪʝʚʦʡ ʧʦʪʦʢ ʜʝʣʠʪʩʷ ʥʘ ʛʨʫʧʧʳ ʠ ʨʘʩʩʯʠʪʳʚʘʝʪʩʷ ʧʦʢʘʟʘʪʝʣʴ ʍʝʨʩʪʘ ʜʣʷ 

ʢʘʞʜʦʡ ʠʟ ʛʨʫʧʧ. ʉʝʪʝʚʳʝ ʧʘʢʝʪʳ ʧʦʤʝʯʘʶʪʩʷ ʘʥʦʤʘʣʴʥʳʤʠ ʚ ʪʦʤ ʩʣʫʯʘʝ, ʢʦʛʜʘ 
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ʥʘʨʫʰʘʝʪʩʷ ʩʚʦʡʩʪʚʦ ʩʘʤʦʧʦʜʦʙʠʷ ʚ ʠʩʩʣʝʜʫʝʤʦʡ ʛʨʫʧʧʝ. ɼʣʷ ʧʨʦʚʝʨʢʠ 

ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʧʨʝʜʣʦʞʝʥʥʦʛʦ ʧʦʜʭʦʜʘ, ʩʧʝʨʚʘ ʦʥ ʙʳʣ ʧʨʦʪʝʩʪʠʨʦʚʘʥ ʥʘ 

ʣʝʛʠʪʠʤʥʦʤ ʩʝʪʝʚʦʤ ʪʨʘʬʠʢʝ (ʨʠʩ. 3.3). 

 

ʈʠʩʫʥʦʢ 3.3 ï ɺʳʯʠʩʣʝʥʠʝ H ʤʝʪʦʜʦʤ ʬʨʘʢʪʘʣʴʥʦʛʦ ʘʥʘʣʠʟʘ ʣʝʛʠʪʠʤʥʦʛʦ UDP 

ʪʨʘʬʠʢʘ. ʈʘʟʙʠʝʥʠʝ 10000 ʪʦʯʝʢ ʥʘ 19 ʛʨʫʧʧ 

 

ʉʠʥʝʡ ʧʨʷʤʦʡ ʣʠʥʠʝʡ ʦʙʦʟʥʘʯʝʥ ʧʦʨʦʛ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʡ ʛʨʘʥʠʮʝ ʙʝʣʦʛʦ 

ʰʫʤʘ (Hurst = 0,5). ʊʦʯʢʠ ʥʘ ʚʪʦʨʦʤ ʛʨʘʬʠʢʝ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʥʦʤʝʨʘʤ ʛʨʫʧʧ 

ʧʘʢʝʪʦʚ (ʚʩʝʛʦ 30 ʪʦʯʝʢ). ʊʦʯʢʠ ʥʘ ʪʨʝʪʴʝʤ ʩʦʦʪʚʝʪʩʪʚʫʶʪ scales (ʚʩʝʛʦ 12 ʪʦʯʝʢ). 

ʂʦʣʠʯʝʩʪʚʦ scales ʚʣʠʷʝʪ ʥʘ ʪʦʯʥʦʩʪʴ ʠ ʥʘ ʜʣʠʪʝʣʴʥʦʩʪʴ ʨʘʙʦʪʳ ʘʣʛʦʨʠʪʤʘ. ʏʝʤ 

ʙʦʣʴʰʝ ʢʦʣʠʯʝʩʪʚʦ scales, ʪʝʤ ʚʳʰʝ ʪʦʯʥʦʩʪʴ, ʠ, ʥʘʦʙʦʨʦʪ, ʤʝʥʴʰʝ ʜʣʠʪʝʣʴʥʦʩʪʴ 

ʝʛʦ ʨʘʙʦʪʳ.  

ʂʘʢ ʚʠʜʥʦ ʠʟ ʨʠʩ. 3.3, ʤʝʨʘ ʬʨʘʢʪʘʣʴʥʦʩʪʠ ʜʣʷ ʚʩʝʭ ʛʨʫʧʧ ʧʘʢʝʪʦʚ 

ʧʦʣʥʦʩʪʴʶ ʣʝʞʠʪ ʚʳʰʝ ʦʪʤʝʪʢʠ 0.5. ʕʪʦ ʫʢʘʟʳʚʘʝʪ ʥʘ ʥʘʣʠʯʠʝ ʩʘʤʦʧʦʜʦʙʥʳʭ 

ʩʚʦʡʩʪʚ ʫ ʢʘʞʜʦʡ ʛʨʫʧʧʳ. ʂʨʦʤʝ ʪʦʛʦ, ʥʘ ʪʨʝʪʴʝʤ ʛʨʘʬʠʢʝ (ʣʦʛʘʨʠʬʤʠʯʝʩʢʦʡ 

ʨʝʛʨʝʩʩʠʠ) ʦʪʨʘʞʝʥ ʧʘʨʘʤʝʪʨ ʍʝʨʩʪʘ ʜʣʷ ʚʩʝʛʦ DataFrame, ʢʦʪʦʨʳʡ ʧʦʜʪʚʝʨʞʜʘʝʪ 

ʥʘʣʠʯʠʝ ʬʨʘʢʪʘʣʴʥʳʭ ʩʚʦʡʩʪʚ ʠ ʧʦʚʪʦʨʷʶʱʠʭʩʷ ʧʨʦʮʝʩʩʦʚ. ɼʘʣʝʝ ʧʨʦʚʦʜʠʣʦʩʴ 

ʪʝʩʪʠʨʦʚʘʥʠʝ ʘʥʦʤʘʣʴʥʦʛʦ ʩʝʪʝʚʦʛʦ ʪʨʘʬʠʢʘ, ʧʦʣʫʯʝʥʥʦʛʦ ʚʦ ʚʨʝʤʷ ʧʨʦʚʝʜʝʥʠʷ 
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DoS ʘʪʘʢʠ ʠ ʢʦʤʧʴʶʪʝʨʥʦ-ʪʝʭʥʠʯʝʩʢʦʡ ʨʘʟʚʝʜʢʠ. ʇʨʠ ʵʪʦʤ ʧʨʝʩʣʝʜʦʚʘʣʘʩʴ ʮʝʣʴ 

ʧʦʜʙʦʨʘ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʯʠʩʣʘ ʛʨʫʧʧ ʨʘʟʙʠʝʥʠʷ, ʧʨʠ ʢʦʪʦʨʦʤ ʦʮʝʥʠʚʘʝʤʳʡ 

ʧʘʨʘʤʝʪʨ H ʙʫʜʝʪ ʚʳʯʠʩʣʷʪʴʩʷ ʩ ʚʳʩʦʢʦʡ ʪʦʯʥʦʩʪʴʶ. 

 

ʈʠʩʫʥʦʢ 3.4 ï ɺʳʯʠʩʣʝʥʠʝ H ʤʝʪʦʜʦʤ ʬʨʘʢʪʘʣʴʥʦʛʦ ʘʥʘʣʠʟʘ ʘʥʦʤʘʣʴʥʦʛʦ UDP 

ʪʨʘʬʠʢʘ. ʈʘʟʙʠʝʥʠʝ 10000 ʪʦʯʝʢ ʥʘ 19 ʛʨʫʧʧ 

ʀʟ ʨʠʩʫʥʢʘ 3.4 ʚʠʜʥʦ, ʯʪʦ ʩʚʦʡʩʪʚʦ ʩʘʤʦʧʦʜʦʙʠʷ ʥʘʨʫʰʘʝʪʩʷ, ʪ.ʢ. 

ʧʦʢʘʟʘʪʝʣʴ ʍʝʨʩʪʘ, ʥʘ ʢʘʞʜʦʤ ʠʟ ʠʥʪʝʨʚʘʣʦʚ, ʤʝʥʴʰʝ ʧʦʨʦʛʦʚʦʛʦ ʟʥʘʯʝʥʠʷ 0.5. 

ʕʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʥʘʨʫʰʝʥʠʠ ʬʨʘʢʪʘʣʴʥʦʡ ʩʪʨʫʢʪʫʨʳ ʪʨʘʬʠʢʘ ʠ ʥʘʣʠʯʠʠ ʚ 

ʥʝʤ ʘʥʦʤʘʣʠʡ. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʧʨʝʜʣʘʛʘʝʤʳʡ ʧʦʜʭʦʜ ʩʧʦʩʦʙʝʥ ʦʙʥʘʨʫʞʠʚʘʪʴ 

ʘʥʦʤʘʣʠʠ ʚ ʠʥʪʝʨʚʘʣʘʭ (ʛʨʫʧʧʘʭ), ʩʦʩʪʦʷʱʠʭ ʠʟ 526 ʩʝʪʝʚʳʭ ʧʘʢʝʪʦʚ.  

ʋʚʝʣʠʯʠʚ ʢʦʣʠʯʝʩʪʚʦ ʛʨʫʧʧ ʜʦ 29, ʩʦʢʨʘʱʘʝʪʩʷ ʚʨʝʤʝʥʥʦʡ ʠʥʪʝʨʚʘʣ ʙʝʟ 

ʧʦʪʝʨʠ ʪʦʯʥʦʩʪʠ ʦʙʥʘʨʫʞʝʥʠʷ ʘʥʦʤʘʣʴʥʦʡ ʘʢʪʠʚʥʦʩʪʠ ʚ ʩʝʪʠ (ʨʠʩ. 3.5). 
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ʈʠʩʫʥʦʢ 3.5 ï ɺʳʯʠʩʣʝʥʠʝ H ʤʝʪʦʜʦʤ ʬʨʘʢʪʘʣʴʥʦʛʦ ʘʥʘʣʠʟʘ ʘʥʦʤʘʣʴʥʦʛʦ UDP 

ʪʨʘʬʠʢʘ. ʈʘʟʙʠʝʥʠʝ 10000 ʪʦʯʝʢ ʥʘ 29 ʛʨʫʧʧ 

ʇʨʠ ʘʥʘʣʠʟʝ 39 ʛʨʫʧʧ, ʢʘʞʜʘʷ ʠʟ ʢʦʪʦʨʳʭ ʩʦʩʪʦʠʪ ʠʟ 256 ʩʝʪʝʚʳʭ ʧʘʢʝʪʦʚ, 

ʥʘʙʣʶʜʘʝʪʩʷ ʧʨʦʷʚʣʝʥʠʝ ʩʚʦʡʩʪʚ ʩʘʤʦʧʦʜʦʙʠʷ ʥʘ ʥʝʢʦʪʦʨʳʭ ʫʯʘʩʪʢʘʭ (ʨʠʩ. 3.6). 
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ʈʠʩʫʥʦʢ 3.6 ï ɺ ʯrʠʩʣʝʥʠʝ H ʤʝʪʦʜʦʤ ʬʨʘʢʪʘʣʴʥʦʛʦ ʘʥʘʣʠʟʘ ʘʥʦʤʘʣʴʥʦʛʦ UDP 

ʪʨʘʬʠʢʘ. ʈʘʟʙʠʝʥʠʝ 10000 ʪʦʯʝʢ ʥʘ 39 ʛʨʫʧʧ 

ʊʘʢʦʝ ʧʦʚʝʜʝʥʠʝ ʫʢʘʟʳʚʘʝʪ ʥʘ ʫʭʫʜʰʝʥʠʝ ʪʦʯʥʦʩʪʠ ʠʟ-ʟʘ ʤʘʣʦʡ ʚʳʙʦʨʢʠ 

ʩʝʪʝʚʳʭ ʧʘʢʝʪʦʚ.  ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʪʘʢʦʝ ʨʘʟʙʠʝʥʠʝ ʷʚʣʷʝʪʩʷ ʥʝʧʨʠʝʤʣʝʤʳʤ. ɺ 

ʢʘʯʝʩʪʚʝ ʦʧʪʠʤʘʣʴʥʦʛʦ ʨʘʟʙʠʝʥʠʷ ʩʣʝʜʫʝʪ ʩʯʠʪʘʪʴ ʧʨʝʜʳʜʫʱʝʝ ʨʘʟʙʠʝʥʠʝ, 

ʩʦʩʪʦʷʱʝʝ ʠʟ 256 ʩʝʪʝʚʳʭ ʧʘʢʝʪʦʚ ʥʘ ʠʥʪʝʨʚʘʣ. ʊʘʢʦʝ ʢʦʣʠʯʝʩʪʚʦ ʧʘʢʝʪʦʚ 

ʦʙʨʘʙʘʪʳʚʘʝʪʩʷ ʟʘ 0.00125 ʩ, ʯʪʦ ʷʚʣʷʝʪʩʷ ʩʫʱʝʩʪʚʝʥʥʳʤ ʜʦʩʪʦʠʥʩʪʚʦʤ ʜʘʥʥʦʛʦ 

ʧʦʜʭʦʜʘ. 

3.2 ʆʙʥʘʨʫʞʝʥʠʝ ʘʥʦʤʘʣʠʡ  

ʚ ʩʪʘʮʠʦʥʘʨʥʦʤ ʩʝʪʝʚʦʤ ʪʨʘʬʠʢʝ ʩʝʪʠ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ 

3.2.1 ʆʙʥʘʨʫʞʝʥʠʝ ʘʥʦʤʘʣʠʡ ʩ ʧʦʤʦʱʴʶ ʤʝʪʦʜʦʚ ʤʘʰʠʥʥʦʛʦ ʦʙʫʯʝʥʠʷ 

ʉʫʱʝʩʪʚʫʝʪ ʤʥʦʞʝʩʪʚʦ ʩʧʦʩʦʙʦʚ, ʢʦʪʦʨʳʝ ʧʦʟʚʦʣʷʶʪ ʦʧʨʝʜʝʣʠʪʴ ʘʥʦʤʘʣʠʠ. 

ʅʘ ʨʠʩʫʥʢʘʭ 3.7-3.9 ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʥʘ ʨʘʙʦʪʘ ʥʘʠʙʦʣʝʝ ʧʦʧʫʣʷʨʥʳʭ 

ʘʣʛʦʨʠʪʤʦʚ ʤʘʰʠʥʥʦʛʦ ʦʙʫʯʝʥʠʷ, ʧʨʦʪʝʩʪʠʨʦʚʘʥʥʳʭ ʥʘ ʚʨʝʤʝʥʥʳʭ ʨʷʜʘʭ, 
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ʩʛʝʥʝʨʠʨʦʚʘʥʥʳʭ ʩ ʧʦʤʦʱʴʶ ʤʦʜʝʣʠ ʘʚʪʦʨʝʛʨʝʩʩʠʦʥʥʦʛʦ ʠʥʪʝʛʨʠʨʦʚʘʥʥʦʛʦ 

ʩʢʦʣʴʟʷʱʝʛʦ ʩʨʝʜʥʝʛʦ. 

 

 

 

ʈʠʩʫʥʦʢ 3.7 ï ʂʫʤʫʣʷʪʠʚʥʳʝ ʩʫʤʤʳ 

 

ʈʠʩʫʥʦʢ 3.8 ï ʄʝʪʦʜ ʦʧʦʨʥʳʭ ʚʝʢʪʦʨʦʚ 
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ʈʠʩʫʥʦʢ 3.10 ï ʀʟʦʣʠʨʦʚʘʥʥʳʡ ʣʝʩ 

ʂʘʢ ʚʠʜʥʦ ʠʟ ʨʠʩʫʥʢʦʚ, ʘʣʛʦʨʠʪʤʳ ʦʪʣʠʯʥʦ ʩʧʨʘʚʣʷʶʪʩʷ ʩ ʦʙʥʘʨʫʞʝʥʠʝʤ 

ʘʥʦʤʘʣʴʥʳʭ ʚʳʙʨʦʩʦʚ. ɺ ʪʘʢʦʤ ʩʣʫʯʘʝ, ʘʥʦʤʘʣʠʷ ʧʨʦʷʚʣʷʝʪʩʷ ʚ ʚʠʜʝ 

ʥʝʩʪʘʮʠʦʥʘʨʥʦʩʪʠ ʥʝʢʦʪʦʨʳʭ ʥʘʙʣʶʜʘʝʤʳʭ ʚʨʝʤʝʥʥʳʭ ʨʷʜʦʚ. ʕʪʦ ʥʝ ʪʦʣʴʢʦ 

ʤʛʥʦʚʝʥʥʳʝ ʩʢʘʯʢʠ ʘʤʧʣʠʪʫʜʳ ʠʟʤʝʨʝʥʠʡ, ʥʦ ʠ ʤʝʜʣʝʥʥʳʝ ʪʨʝʥʜʳ, ʧʨʘʢʪʠʯʝʩʢʠ 

ʥʝʚʠʜʠʤʳʝ ʟʘ ʚʨʝʤʷ ʥʘʙʣʶʜʝʥʠʡ. ʆʜʥʘʢʦ, ʧʨʠ ʪʝʩʪʠʨʦʚʘʥʠʠ ʚʳʰʝʫʢʘʟʘʥʥʳʭ 

ʘʣʛʦʨʠʪʤʦʚ ʥʘ ʨʝʘʣʴʥʦʤ ʩʝʪʝʚʦʤ ʪʨʘʬʠʢʝ, ʦʢʘʟʘʣʦʩʴ, ʯʪʦ ʥʝ ʚʩʝʛʜʘ ʚʳʙʨʦʩʳ 

ʷʚʣʷʶʪʩʷ ʘʥʦʤʘʣʴʥʳʤʠ. 

ʅʘ ʨʠʩʫʥʢʘʭ 3.10-3.13 ʠʟʦʙʨʘʞʝʥʳ ʧʨʦʪʦʢʦʣʳ ʩʝʪʝʚʦʛʦ ʪʨʘʬʠʢʘ ʉʇɼ. 

ɸʥʦʤʘʣʴʥʳʝ ʧʘʢʝʪʳ ʧʦʤʝʯʝʥʳ ʢʨʘʩʥʳʤʠ ʪʦʯʢʘʤʠ, ʘ ʣʝʛʠʪʠʤʥʳʝ ʧʘʢʝʪʳ ï 

ʟʝʣʝʥʳʤʠ. ʂʘʢ ʚʠʜʥʦ ʠʟ ʨʠʩʫʥʢʦʚ ʤʥʦʛʠʝ ʚʩʧʣʝʩʢʠ ʷʚʣʷʶʪʩʷ ʣʝʛʠʪʠʤʥʳʤʠ, ʘ 

ʦʪʩʫʪʩʪʚʫʶʱʠʝ ʚʩʧʣʝʩʢʠ ï ʘʥʦʤʘʣʴʥʳʝ. 

 

ʈʠʩʫʥʦʢ 3.10 ï ʆʪʧʨʘʚʣʝʥʥʳʝ ʧʘʢʝʪʳ ʧʦʚʪʦʨʥʦ ʧʝʨʝʜʘʥʳ ʠʣʠ ʦʪʙʨʦʰʝʥʳ  
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ʈʠʩʫʥʦʢ 3.11 ï ʂʦʣʠʯʝʩʪʚʦ ʧʦʜʢʣʶʯʝʥʠʡ ʢ ʩʝʨʚʝʨʫ 

 

ʈʠʩʫʥʦʢ 3.12 ï ʉʦʩʪʦʷʥʠʝ ʧʘʨʘʤʝʪʨʦʚ tcp ʟʘʛʦʣʦʚʢʘ ʟʘ ʚʨʝʤʷ ʞʠʟʥʠ  

ip-ʧʘʢʝʪʘ  

 

ʈʠʩʫʥʦʢ 3.13 - ʉʢʦʨʦʩʪʴ ʧʝʨʝʜʘʯʠ ʧʘʢʝʪʦʚ bit/ʩʝʢ 
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ʈʠʩʫʥʦʢ 3.14 ï ʄʘʪʨʠʮʘ ʢʦʨʨʝʣʷʮʠʠ 

ʆʜʥʘʢʦ, ʧʨʠ ʪʝʩʪʠʨʦʚʘʥʠʠ ʚʳʰʝʫʢʘʟʘʥʥʳʭ ʘʣʛʦʨʠʪʤʦʚ ʥʘ ʨʝʘʣʴʥʦʤ ʩʝʪʝʚʦʤ 

ʪʨʘʬʠʢʝ ʦʢʘʟʘʣʦʩʴ, ʯʪʦ ʥʝ ʚʩʝʛʜʘ ʚʳʙʨʦʩʳ ʷʚʣʷʶʪʩʷ ʘʥʦʤʘʣʴʥʳʤʠ; ʧʨʦʠʩʭʦʜʷʪ 

ʣʦʞʥʳʝ ʩʨʘʙʘʪʳʚʘʥʠʷ. 
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ʇʦʵʪʦʤʫ ʦʩʪʨʦ ʩʪʦʠʪ ʚʦʧʨʦʩ ʧʦ ʚʳʙʦʨʫ ʠʥʦʛʦ ʧʦʜʭʦʜʘ ʢ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʶ 

ʬʘʢʪʘ ʚʦʟʜʝʡʩʪʚʠʷ ʂɸ ʠ ʚʳʨʘʙʦʪʢʝ ʵʬʬʝʢʪʠʚʥʳʭ ʤʝʨʦʧʨʠʷʪʠʡ ʧʨʦʪʠʚʦʜʝʡʩʪʚʠʷ. 

3.2.2 ʆʙʥʘʨʫʞʝʥʠʝ ʘʥʦʤʘʣʠʡ ʚ ʩʝʪʝʚʦʤ ʪʨʘʬʠʢʝ ʩʝʪʠ ʧʝʨʝʜʘʯʠ ʜʳʥʥʳʭ 

 ʩ ʧʦʤʦʱʴʶ ʢʣʘʩʩʠʬʠʢʘʪʦʨʦʚ 

ʏʪʦʙʳ ʦʮʝʥʠʪʴ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʧʦʧʫʣʷʨʥʳʭ ʢʣʘʩʩʠʬʠʢʘʪʦʨʦʚ, ʬʦʨʤʠʨʫʝʪʩʷ 

ʥʦʚʳʡ ʜʘʪʘʩʝʪ, ʩʦʜʝʨʞʘʱʠʡ ʢʦʨʨʝʣʠʨʫʝʤʳʝ ʧʘʨʘʤʝʪʨʳ ʩ ʘʥʦʤʘʣʴʥʳʤʠ 

ʟʘʧʨʦʩʘʤʠ. ɼʣʷ ʵʪʦʛʦ ʩʪʨʦʠʪʩʷ ʤʘʪʨʠʮʘ ʢʦʨʨʝʣʷʮʠʠ (ʨʠʩ. 3.14). 

ʇʘʨʘʤʝʪʨ label ï ʠʥʜʠʢʘʪʦʨ, ʧʦʢʘʟʳʚʘʶʱʠʡ ʥʘʣʠʯʠʝ ʘʥʦʤʘʣʠʡ. ɼʣʷ 

ʫʜʦʙʩʪʚʘ ʚʳʙʨʘʥʦ 20 ʥʘʠʙʦʣʝʝ ʢʦʨʨʝʣʠʨʫʝʤʳʭ ʩ ʘʥʦʤʘʣʠʷʤʠ ʧʘʨʘʤʝʪʨʦʚ (ʨʠʩ. 

3.15). ʅʘʠʙʦʣʴʰʝʤʫ ʚʦʟʜʝʡʩʪʚʠʶ ʧʦʜʚʝʨʛʘʝʪʩʷ ʧʘʨʘʤʝʪʨ sttl (ʨʠʩ. 3.16). 

 

ʈʠʩʫʥʦʢ 3.15 ï ʉʘʤʳʝ ʢʦʨʨʝʣʠʨʫʝʤʳʝ ʧʘʨʘʤʝʪʨʳ 
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ʈʠʩʫʥʦʢ 3.16 ï ɺʨʝʤʷ ʞʠʟʥʠ ʧʘʢʝʪʘ ʦʪ ʠʩʪʦʯʥʠʢʘ ʢ ʦʪʧʨʘʚʠʪʝʣʶ 

ɺ ʢʘʯʝʩʪʚʝ ʢʣʘʩʩʠʬʠʢʘʪʦʨʦʚ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ: ʣʦʛʠʩʪʠʯʝʩʢʘʷ ʨʝʛʨʝʩʩʠʷ, 

ʤʝʪʦʜ k-ʙʣʠʞʘʡʰʠʭ ʩʦʩʝʜʝʡ, ʙʵʛʛʠʥʛ, ʛʨʘʜʠʝʥʪʥʳʡ ʙʫʩʪʠʥʛ, ʩʣʫʯʘʡʥʳʡ ʣʝʩ ʠ 

ʘʜʘʧʪʠʚʥʳʡ ʙʫʩʪʠʥʛ. ɼʣʷ ʢʘʞʜʦʡ ʤʦʜʝʣʠ ʧʦʜʙʠʨʘʣʠʩʴ ʛʠʧʝʨʧʘʨʘʤʝʪʨʳ ʚʣʠʷʶʱʠʝ 

ʥʘ ʪʦʯʥʦʩʪʴ ʢʣʘʩʩʠʬʠʢʘʮʠʠ (ʨʠʩ. 3.17). 

 

ʈʠʩʫʥʦʢ 3.17 ï ʇʦʜʙʦʨ ʛʠʧʝʨʧʘʨʘʤʝʪʨʦʚ 

ʅʘ ʨʠʩʫʥʢʝ 3.18 ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘʠʙʦʣʝʝ ʟʥʘʯʠʤʳʝ ʧʘʨʘʤʝʪʨʳ, ʚʣʠʷʶʱʠʝ ʥʘ 

ʪʦʯʥʦʩʪʴ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʠ ʦʮʝʥʢʘ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʦʙʥʘʨʫʞʝʥʠʷ ʘʥʦʤʘʣʠʡ 

ʢʣʘʩʩʠʬʠʢʘʪʦʨʘʤʠ. 
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ʈʠʩʫʥʦʢ 3.18 - ʉʨʘʚʥʝʥʠʝ ʪʦʯʥʦʩʪʠ ʢʣʘʩʩʠʬʠʢʘʪʦʨʦʚ 

ʅʝʩʤʦʪʨʷ ʥʘ ʚʳʩʦʢʫʶ ʪʦʯʥʦʩʪʴ ʦʙʥʘʨʫʞʝʥʠʷ ʂɸ, ʩʦʚʨʝʤʝʥʥʳʝ 

ʢʣʘʩʩʠʬʠʢʘʪʦʨʳ ʠʤʝʶʪ ʩʫʱʝʩʪʚʝʥʥʳʡ ʥʝʜʦʩʪʘʪʦʢ - ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʣʦʞʥʳʭ 

ʩʨʘʙʘʪʳʚʘʥʠʡ. ɺ ʵʪʦʤ ʣʝʛʢʦ ʫʙʝʜʠʪʴʩʷ, ʧʦʩʪʨʦʠʚ ʤʘʪʨʠʮʫ ʦʰʠʙʦʢ ʧʝʨʚʦʛʦ ʠ 

ʚʪʦʨʦʛʦ ʨʦʜʘ, ʧʦ ʢʦʪʦʨʦʡ ʦʧʨʝʜʝʣʷʣʘʩʴ ʥʝ ʪʦʣʴʢʦ ʪʦʯʥʦʩʪʴ, ʥʦ ʠ ʢʦʣʠʯʝʩʪʚʦ 

ʣʦʞʥʳʭ ʩʨʘʙʘʪʳʚʘʥʠʡ (ʨʠʩ. 3.19). 

 

ʈʠʩʫʥʦʢ 3.19 ï ʄʘʪʨʠʮʘ ʦʰʠʙʦʢ ʧʝʨʚʦʛʦ ʠ ʚʪʦʨʦʛʦ ʨʦʜʘ  

ʣʦʛʠʩʪʠʯʝʩʢʦʡ ʨʝʛʨʝʩʩʠʠ, ʩʣʫʯʘʡʥʦʛʦ ʣʝʩʘ ʠ ʜʝʨʝʚʘ ʨʝʰʝʥʠʡ 

 

ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʧʦʜʪʚʝʨʞʜʘʶʪ ʪʦʪ ʬʘʢʪ, ʯʪʦ ʧʨʦʙʣʝʤʦʡ 

ʩʦʚʨʝʤʝʥʥʳʭ ʢʣʘʩʩʠʬʠʢʘʪʦʨʦʚ ʷʚʣʷʝʪʩʷ ʧʣʦʭʘʷ ʩʧʦʩʦʙʥʦʩʪʴ ʨʘʩʧʦʟʥʘʚʘʪʴ 

ʥʝʠʟʚʝʩʪʥʳʝ ʘʥʦʤʘʣʠʠ (ʘʪʘʢʠ ʥʫʣʝʚʦʛʦ ʜʥʷ) [119-129]. 
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3.2.3 ʆʙʥʘʨʫʞʝʥʠʝ ʘʥʦʤʘʣʠʡ ʚ ʩʝʪʝʚʦʤ ʪʨʘʬʠʢʝ ʩʝʪʠ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ ʩ 

ʧʦʤʦʱʴʶ ʘʚʪʦʢʦʜʠʨʦʚʱʠʢʘ 

ɸʚʪʦʢʦʜʠʨʦʚʱʠʢʠ ï ʥʝʡʨʦʥʥʳʝ ʩʝʪʠ ʧʨʷʤʦʛʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ, ʢʦʪʦʨʳʝ 

ʚʦʩʩʪʘʥʘʚʣʠʚʘʶʪ ʚʭʦʜʥʦʡ ʩʠʛʥʘʣ ʥʘ ʚʳʭʦʜʝ. ɺʥʫʪʨʠ ʫ ʥʠʭ ʠʤʝʝʪʩʷ ʩʢʨʳʪʳʡ ʩʣʦʡ, 

ʢʦʪʦʨʳʡ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʢʦʜ, ʦʧʠʩʳʚʘʶʱʠʡ ʤʦʜʝʣʴ. ɸʚʪʦʢʦʜʠʨʦʚʱʠʢ 

ʩʦʩʪʦʠʪ ʠʟ ʜʚʫʭ ʯʘʩʪʝʡ ʢʦʜʠʨʦʚʱʠʢ ʠ ʜʝʢʦʜʠʨʦʚʱʠʢ. ʂʦʜʠʨʦʚʱʠʢ ʧʳʪʘʝʪʩʷ ʩʞʘʪʴ 

ʜʘʥʥʳʝ, ʘ ʟʘʪʝʤ ʚʦʩʩʪʘʥʦʚʠʪʴ ʩ ʧʦʤʦʱʴʶ ʜʝʢʦʜʠʨʦʚʱʠʢʘ. ɸʚʪʦʢʦʜʠʨʦʚʱʠʢʠ 

ʢʦʥʩʪʨʫʠʨʫʶʪʩʷ ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʯʪʦʙʳ ʠʤʝʪʴ ʚʦʟʤʦʞʥʦʩʪʴ ʪʦʯʥʦ ʩʢʦʧʠʨʦʚʘʪʴ 

ʚʭʦʜ ʥʘ ʚʳʭʦʜʝ (ʨʠʩ. 3.20). 

ʊʝʤ ʥʝ ʤʝʥʝʝ, ʚʭʦʜʥʦʡ ʩʠʛʥʘʣ ʚʦʩʩʪʘʥʘʚʣʠʚʘʝʪʩʷ ʩ ʦʰʠʙʢʘʤʠ ʠʟ-ʟʘ ʧʦʪʝʨʴ 

ʧʨʠ ʢʦʜʠʨʦʚʘʥʠʠ, ʠ ʜʣʷ ʪʦʛʦ, ʯʪʦʙʳ ʠʭ ʤʠʥʠʤʠʟʠʨʦʚʘʪʴ, ʩʝʪʴ ʚʳʥʫʞʜʝʥʘ ʫʯʠʪʴʩʷ 

ʦʪʙʠʨʘʪʴ ʥʘʠʙʦʣʝʝ ʚʘʞʥʳʝ ʧʨʠʟʥʘʢʠ. 

 

ʈʠʩʫʥʦʢ 3.20 ï ɸʚʪʦʢʦʜʠʨʦʚʱʠʢ 

ʀʜʝʷ ʩʦʩʪʦʠʪ ʚ ʪʦʤ, ʯʪʦʙʳ ʥʘʫʯʠʪʴ ʩʝʪʴ ʜʝʢʦʜʠʨʦʚʘʪʴ ʟʥʘʯʝʥʠʷ, ʢʦʪʦʨʳʝ 

ʦʥʘ ʚʠʜʝʣʘ, ʠʣʠ, ʜʨʫʛʠʤʠ ʩʣʦʚʘʤʠ, ʧʨʠʙʣʠʞʘʪʴ ʪʦʞʜʝʩʪʚʝʥʥʦʝ ʦʪʦʙʨʘʞʝʥʠʝ. ɽʩʣʠ 

ʦʙʫʯʝʥʥʳʡ ʘʚʪʦʢʦʜʠʨʦʚʱʠʢ ʚʩʪʨʝʯʘʝʪ ʘʥʦʤʘʣʴʥʳʡ ʦʙʨʘʟʝʮ, ʦʥ, ʚʝʨʦʷʪʥʦ, 

ʚʦʩʩʦʟʜʘʝʪ ʝʛʦ ʩ ʚʳʩʦʢʦʡ ʩʪʝʧʝʥʴʶ ʦʰʠʙʢʠ, ʧʨʦʩʪʦ ʧʦʪʦʤʫ, ʯʪʦ ʥʠʢʦʛʜʘ ʝʛʦ ʥʝ 

ʚʠʜʝʣ. 

ʅʘ ʨʠʩʫʥʢʝ 3.21 ʧʨʝʜʩʪʘʚʣʝʥʘ ʙʣʦʢ-ʩʭʝʤʘ ʤʝʪʦʜʠʢʠ ʦʙʥʘʨʫʞʝʥʠʷ ʘʥʦʤʘʣʠʡ 

ʚ ʩʪʘʮʠʦʥʘʨʥʦʤ ʩʝʪʝʚʦʤ ʪʨʘʬʠʢʝ ʉʇɼ, ʢʦʪʦʨʳʡ ʙʘʟʠʨʫʝʪʩʷ ʥʘ ʤʦʜʝʣʠ 

ʘʚʪʦʢʦʜʠʨʦʚʱʠʢʘ. 
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ʈʠʩʫʥʦʢ 3.21 ï ɹʣʦʢ-ʩʭʝʤʘ ʤʝʪʦʜʠʢʘ ʦʙʥʘʨʫʞʝʥʠʷ ʘʥʦʤʘʣʠʡ ʚ ʩʪʘʮʠʦʥʘʨʥʦʤ 

ʩʝʪʝʚʦʤ ʪʨʘʬʠʢʝ ʉʇɼ 

ʆʙʫʯʝʥʠʝ ʘʚʪʦʢʦʜʠʨʦʚʱʠʢʘ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʧʦ ʙʣʦʢ-ʩʭʝʤʝ, ʧʨʝʜʩʪʘʚʣʝʥʥʦʡ 

ʥʘ ʨʠʩʫʥʢʝ 3.22. 

 

ʈʠʩʫʥʦʢ 3.22 ï ɹʣʦʢ-ʩʭʝʤʘ ʦʙʫʯʝʥʠʷ ʘʚʪʦʢʦʜʠʨʦʚʱʠʢʘ 

ɸʣʛʦʨʠʪʤ ʦʙʫʯʝʥʠʷ ʘʚʪʦʢʦʜʠʨʦʚʱʠʢʘ: 

ʐʘʛ 1: ɺʭʦʜʥʳʝ ʜʘʥʥʳʝ nx ʧʦʜʘʶʪʩʷ ʥʘ ʚʭʦʜ ʥʝʡʨʦʥʥʦʡ ʩʝʪʠ. 

ʐʘʛ 2: ʂʦʜʠʨʦʚʱʠʢ ʢʦʜʠʨʫʝʪ ʚʭʦʜʥʦʡ ʚʝʢʪʦʨ nx  ʚ ʚʝʢʪʦʨ h  ʤʝʥʴʰʝʛʦ 

ʨʘʟʤʝʨʘ, ʯʝʤ ʚʭʦʜʥʦʡ: 
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( ) ( )d h hh e x f W x b= = Ö + (3.1) 

ɻʜʝ 
df - ʬʫʥʢʮʠʠ ʘʢʪʠʚʘʮʠʠ (ReLU, ʩʠʛʤʦʠʜʘʣʴʥʘʷ ʬʫʥʢʮʠʷ, 

ʛʠʧʝʨʙʦʣʠʯʝʩʢʠʡ ʪʘʥʛʝʥʩ) ʧʨʦʤʝʞʫʪʦʯʥʦʛʦ ʩʣʦʷ; 

 
hb - ɺʝʢʪʦʨ ʩʤʝʱʝʥʠʡ ʧʨʦʤʝʞʫʪʦʯʥʦʛʦ ʩʣʦʷ; 

hW - ʄʘʪʨʠʮʘ ʚʝʩʦʚ ʧʨʦʤʝʞʫʪʦʯʥʦʛʦ ʩʣʦʷ; 

ʐʘʛ 3: ɺʝʢʪʦʨ h  ʜʝʢʦʜʠʨʫʝʪʩʷ, ʯʪʦʙʳ ʚʦʩʩʦʟʜʘʪʴ ʚʚʦʜ: 

( ) ( )e y yy d h f W h b= = Ö + (3.2) 

ʇʘʨʘʤʝʪʨʳ 
ef , 

yW ,
yb ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʚʭʦʜʥʦʤʫ ʩʣʦʶ. 

ɺʳʭʦʜ ʙʫʜʝʪ ʪʘʢʦʛʦ ʞʝ ʨʘʟʤʝʨʘ, ʯʪʦ ʠ ʚʭʦʜ. 

ʐʘʛ 4: ʈʘʩʩʯʠʪʳʚʘʝʪʩʷ ʦʰʠʙʢʘ L : 

| ( ( )) | minL x d e x= - ­  (3.3) 

ʆʰʠʙʢʘ ʵʪʦ ʨʘʟʥʠʮʘ ʤʝʞʜʫ ʚʭʦʜʥʳʤ ʠ ʚʳʭʦʜʥʳʤ ʚʝʢʪʦʨʦʤ. ʎʝʣʴ ï 

ʤʠʥʠʤʠʟʠʨʦʚʘʪʴ ʦʰʠʙʢʫ, ʯʪʦʙʳ ʚʳʭʦʜʥʦʡ ʚʝʢʪʦʨ ʙʳʣ ʧʦʭʦʞ ʥʘ ʚʭʦʜʥʦʡ ʚʝʢʪʦʨ. 

ʐʘʛ 5: ʉ ʧʦʤʦʱʴʶ ʘʣʛʦʨʠʪʤʘ ʦʙʨʘʪʥʦʛʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʦʰʠʙʢʠ ʥʫʞʥʦ 

ʦʙʥʦʚʠʪʴ ʚʝʩʘ.  

ʐʘʛ 6: ʇʦʚʪʦʨʷʶʪʩʷ ʰʘʛʠ ʩ 1 ʧʦ 5 ʜʦ ʪʝʭ ʧʦʨ, ʧʦʢʘ ʦʰʠʙʢʘ ʥʝ ʩʥʠʟʠʪʩʷ ʜʦ 

ʧʨʠʝʤʣʝʤʦʛʦ ʨʝʟʫʣʴʪʘʪʘ.  

ʇʦʩʣʝ ʦʙʫʯʝʥʠʷ ʘʚʪʦʢʦʜʠʨʦʚʱʠʢ ʩʤʦʞʝʪ ʚʦʩʩʪʘʥʦʚʠʪʴ ʥʘʙʣʶʜʝʥʠʷ ʩ 

ʥʝʙʦʣʴʰʦʡ ʦʰʠʙʢʦʡ ʠʣʠ ʨʘʟʥʠʮʝʡ ʤʝʞʜʫ ʠʩʭʦʜʥʳʤʠ ʜʘʥʥʳʤʠ. 

ʆʜʥʘʢʦ, ʢʦʛʜʘ ʦʥ ʧʳʪʘʝʪʩʷ ʧʨʝʜʩʢʘʟʘʪʴ/ʨʝʢʦʥʩʪʨʫʠʨʦʚʘʪʴ ʘʥʦʤʘʣʴʥʦʝ 

ʥʘʙʣʶʜʝʥʠʝ, ʪʦ ʦʙʥʘʨʫʞʠʪ, ʯʪʦ ʥʠʢʦʛʜʘ ʥʝ ʚʠʜʝʣ ʪʘʢʠʭ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ ʚʦ 

ʚʨʝʤʷ ʦʙʫʯʝʥʠʷ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʦʰʠʙʢʘ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʤʝʞʜʫ ʠʩʭʦʜʥʳʤʠ ʠ 

ʚʦʩʩʪʘʥʦʚʣʝʥʥʳʤʠ ʜʘʥʥʳʤʠ ʙʫʜʝʪ ʚʳʰʝ ʜʣʷ ʘʥʦʤʘʣʴʥʳʭ ʜʘʥʥʳʭ, ʯʝʤ ʜʣʷ 

ʦʙʳʯʥʳʭ. 

ʋ ʧʨʝʜʣʦʞʝʥʥʦʛʦ ʧʦʜʭʦʜʘ (ʨʠʩ. 3.23) ʚ ʢʘʯʝʩʪʚʝ ʬʫʥʢʮʠʠ ʧʦʪʝʨʴ ʚʳʩʪʫʧʘʝʪ ï 

ʢʘʪʝʛʦʨʠʘʣʴʥʘʷ (ʧʝʨʝʢʨʝʩʥʘʷ) ʢʨʦʩʩʝʥʪʨʦʧʠʷ, ʢʦʪʦʨʘʷ ʯʘʩʪʦ ʠʩʧʦʣʴʟʫʝʪʩʷ ʚ 

ʟʘʜʘʯʘʭ ʢʣʘʩʩʠʬʠʢʘʮʠʠ: 
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2

1

( , ) log
M

i i

i

CCE y p y p
=

=- Öä  (3.4) 

ʛʜʝ pʧʨʦʛʥʦʟʠʨʫʝʤʘʷ ʚʝʨʦʷʪʥʦʩʪʴ ʚʳʭʦʜʥʦʡ ʤʝʪʢʠ y, ʘ M - ʢʦʣʠʯʝʩʪʚʦ 

ʢʣʘʩʩʦʚ. 

ʌʫʥʢʮʠʝʡ ʦʧʨʝʜʝʣʷʶʱʝʡ ʚʳʭʦʜʥʦʝ ʟʥʘʯʝʥʠʝ ʥʝʡʨʦʥʘ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ 

ʨʝʟʫʣʴʪʘʪʘ ʚʟʚʝʰʝʥʥʦʡ ʩʫʤʤʳ ʚʭʦʜʦʚ ʠ ʧʦʨʦʛʦʚʦʛʦ ʟʥʘʯʝʥʠʷ, ʷʚʣʷʝʪʩʷ softmax. 

ʆʥʘ ʷʚʣʷʝʪʩʷ ʦʙʦʙʱʝʥʥʦʡ ʣʦʛʠʩʪʠʯʝʩʢʦʡ ʬʫʥʢʮʠʝʡ ʜʣʷ ʤʥʦʛʦʤʝʨʥʦʛʦ ʩʣʫʯʘʷ: 

1

e
( )

e

i

j

p
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(3.5) 

ʇʨʦʛʨʘʤʤʥʘʷ ʨʝʘʣʠʟʘʮʠʷ ʤʦʜʝʣʠ ʘʚʪʦʢʦʜʠʨʦʚʱʠʢʘ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ 

ʨʠʩʫʥʢʝ 3.23.  ʅʝʡʨʦʥʥʘʷ ʩʝʪʴ ʧʨʦʝʢʪʠʨʦʚʘʣʘʩʴ ʥʘ Framework Keras (API 

TensorFlow). ɼʣʷ ʧʦʜʙʦʨʘ ʛʠʧʝʨʧʘʨʘʤʝʪʨʦʚ ʥʝʡʨʦʥʥʦʡ ʩʝʪʠ ʥʝ ʧʦʜʭʦʜʠʪ 

ʠʥʩʪʨʫʤʝʥʪʦʚ ʤʘʰʠʥʥʦʛʦ ʦʙʫʯʝʥʠʷ GridSearchCV (ʙʠʙʣʠʦʪʝʢʘ scikit-learn), ʪ.ʢ. ʦʥ 

ʦʙʨʘʱʘʝʪʩʷ ʢ KerasClassifier, ʢʦʪʦʨʳʡ ʥʝ ʨʘʙʦʪʘʝʪ c ʪʨʝʭʤʝʨʥʳʤʠ ʪʝʥʟʦʨʘʤʠ 

ʠʩʧʦʣʴʟʫʝʤʳʤʠ ʚ ʧʨʝʜʣʦʞʝʥʥʦʡ ʤʦʜʝʣʠ. 

 

ʈʠʩʫʥʦʢ 3.23 ï ɸʚʪʦʢʦʜʠʨʦʚʱʠʢ ʩ ʷʯʝʡʢʘʤʠ LSTM 

ʇʦʵʪʦʤʫ ʥʘ ʷʟʳʢʝ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ Python ʙʳʣ ʨʝʘʣʠʟʦʚʘʥ 

ʜʦʧʦʣʥʠʪʝʣʴʥʳʡ ʤʦʜʫʣʴ, ʧʨʝʜʥʘʟʥʘʯʝʥʥʳʡ ʜʣʷ ʧʦʜʙʦʨʘ learning rate (ʨʠʩ. 3.24).  
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ʈʠʩʫʥʦʢ 3.24 ï ɿʘʚʠʩʠʤʦʩʪʴ ʩʢʦʨʦʩʪʠ ʦʙʫʯʝʥʠʷ ʤʦʜʝʣʠ ʦʪ ʟʥʘʯʝʥʠʷ ʦʰʠʙʦʢ 

 

ʀʟ ʨʠʩʫʥʢʘ 3.24 ʧʨʦʩʣʝʞʠʚʘʝʪʩʷ ʢʦʨʨʝʣʷʮʠʷ ʤʝʞʜʫ ʩʢʦʨʦʩʪʴʶ ʦʙʫʯʝʥʠʷ ʠ 

ʟʥʘʯʝʥʠʷʤʠ ʬʫʥʢʮʠʠ ʧʦʪʝʨʴ. 

ʀʟ ʧʨʦʚʝʜʝʥʥʦʛʦ ʵʢʩʧʝʨʠʤʝʥʪʘ ʙʳʣʘ ʚʳʙʨʘʥʘ ʩʢʦʨʦʩʪʴ ʦʙʫʯʝʥʠʷ ʤʦʜʝʣʠ ʩ 

ʩʘʤʳʤ ʤʠʥʠʤʘʣʴʥʳʤ ʩʨʝʜʥʠʤ ʟʥʘʯʝʥʠʝʤ ʦʰʠʙʢʠ (ʨʠʩ. 3.25). 

 

ʈʠʩʫʥʦʢ 3.25 ï ʇʨʠʤʝʨ ʩʢʦʨʦʩʪʠ ʦʙʫʯʝʥʠʷ ʤʦʜʝʣʠ ʩ ʩʘʤʳʤ ʤʠʥʠʤʘʣʴʥʳʤ 

ʩʨʝʜʥʠʤ ʟʥʘʯʝʥʠʝʤ ʦʰʠʙʢʠ 

ɼʣʷ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʥʝʦʙʭʦʜʠʤʦ ʧʨʦʧʫʩʪʠʪʴ ʯʝʨʝʟ ʘʚʪʦʢʦʜʠʨʦʚʱʠʢ ʨʘʥʥʝʝ 

ʧʨʝʜʦʙʨʘʙʦʪʘʥʥʫʶ ʚʳʙʦʨʢʫ, ʠ ʦʙʫʯʘʪʴ ʤʦʜʝʣʴ ʜʦ ʟʥʘʯʠʪʝʣʴʥʦʛʦ ʩʥʠʞʝʥʠʷ 

ʦʰʠʙʢʠ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ (ʨʠʩ 3.26).  

 

ʈʠʩʫʥʦʢ 3.26 ï ʋʤʝʥʴʰʝʥʠʝ ʦʰʠʙʢʠ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʵʧʦʭ 

ʦʙʫʯʝʥʠʷ 
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ʇʦʩʣʝ ʦʙʫʯʝʥʠʷ, ʧʝʨʝʜ ʪʝʩʪʠʨʦʚʘʥʠʝʤ ʤʦʜʝʣʠ ʥʝʦʙʭʦʜʠʤʦ ʦʧʨʝʜʝʣʠʪʴ 

ʧʦʨʦʛʦʚʦʝ ʟʥʘʯʝʥʠʝ, ʧʨʝʦʜʦʣʝʚʘʷ ʢʦʪʦʨʦʝ, ʟʘʧʨʦʩʳ ʙʫʜʫʪ ʧʦʤʝʯʘʪʴʩʷ ʢʘʢ 

ʘʥʦʤʘʣʴʥʳʝ. ʇʦʨʦʛʦʚʦʝ ʟʥʘʯʝʥʠʝ, ʤʦʞʝʪ ʙʳʪʴ ʚʳʙʨʘʥʦ ʧʦ ʤʘʢʩʠʤʘʣʴʥʦʡ ʦʰʠʙʢʝ, 

ʚʦʟʥʠʢʘʶʱʝʡ ʧʨʠ ʦʙʫʯʝʥʠʠ ʘʚʪʦʢʦʜʠʨʦʚʱʠʢʘ, ʪ.ʝ. ʩ ʢʘʢʦʡ ʤʘʢʩʠʤʘʣʴʥʦʡ 

ʦʰʠʙʢʦʡ ʦʥ ʚʦʩʩʪʘʥʘʚʣʠʚʘʝʪ ʥʦʨʤʘʣʴʥʳʝ ʜʘʥʥʳʝ ʠ ʘʥʦʤʘʣʴʥʳʝ. ʅʦ ʪʘʢʦʡ ʨʝʞʠʤ 

ʨʘʙʦʪʳ ʙʫʜʝʪ ʷʚʣʷʪʴʩʷ ʘʛʨʝʩʩʠʚʥʳʤ. ʇʦʵʪʦʤʫ ʚ ʢʘʯʝʩʪʚʝ ʪʘʢʦʛʦ ʟʥʘʯʝʥʠʷ 

ʚʳʙʠʨʘʝʤ ʧʝʨʝʩʝʯʝʥʠʝ ʧʦʣʥʦʪʳ ʠ ʪʦʯʥʦʩʪʠ, ʯʪʦʙʳ ʧʦ ʤʘʢʩʠʤʫʤʫ ʦʭʚʘʪʠʪʴ 

ʘʥʦʤʘʣʠʠ ʠ ʠʩʢʣʶʯʠʪʴ ʣʦʞʥʳʝ ʩʨʘʙʘʪʳʚʘʥʠʷ. ʇʝʨʝʩʝʯʝʥʠʝ (ʢʨʘʩʥʘʷ ʚʝʨʪʠʢʘʣʴʥʘʷ 

ʣʠʥʠʷ) ʢʨʠʚʳʭ ʪʦʯʥʦʩʪʠ ʠ ʧʦʣʥʦʪʳ ʧʦʢʘʟʳʚʘʝʪ ʦʧʪʠʤʫʤ ʚ ʦʙʥʘʨʫʞʝʥʠʠ ʘʥʦʤʘʣʠʡ 

ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʯʪʦʙʳ ʥʝ ʙʣʦʢʠʨʦʚʘʣʠ ʣʝʛʠʪʠʤʥʳʝ ʟʘʧʨʦʩʳ (ʨʠʩ. 3.27). 

 

ʈʠʩʫʥʦʢ 3.27 ï ɺʳʙʦʨ ʧʦʨʦʛʦʚʦʛʦ ʟʥʘʯʝʥʠʷ ʧʦ ʧʝʨʝʩʝʯʝʥʠʶ ʪʦʯʥʦʩʪʠ ʠ ʧʦʣʥʦʪʳ  

ʌʠʟʠʯʝʩʢʠʤ ʩʤʳʩʣʦʤ ʪʦʯʥʦʩʪʠ ʠ ʧʦʣʥʦʪʳ ʷʚʣʷʶʪʩʷ ʦʰʠʙʢʠ ʧʝʨʚʦʛʦ ʠ 

ʚʪʦʨʦʛʦ ʨʦʜʘ. ʅʘ ʨʠʩʫʥʢʘʭ 3.28 ʠ 3.29 ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʥʘ ʨʘʙʦʪʘ 

ʘʚʪʦʢʦʜʠʨʦʚʱʠʢʘ ʥʘ ʚʳʙʦʨʢʝ, ʩʦʩʪʦʷʱʝʡ ʠʟ ʥʝʠʟʚʝʩʪʥʳʭ ʧʨʠ ʦʙʫʯʝʥʠʠ ʘʪʘʢʘʭ ï 

XSS. ɸʥʦʤʘʣʴʥʳʝ (ʢʨʘʩʥʳʤ ʮʚʝʪʦʤ) ʠ ʥʝʘʥʦʤʘʣʴʥʳʝ (ʩʠʥʠʤ ʮʚʝʪʦʤ) ʟʘʧʨʦʩʳ, 

ʢʦʪʦʨʳʝ ʦʪʜʝʣʝʥʳ ʧʦʨʦʛʦʚʳʤ ʟʥʘʯʝʥʠʝʤ (ʧʨʷʤʘʷ ʣʠʥʠʷ). 

ɸʥʘʣʠʟ ʧʦʢʘʟʘʣ, ʯʪʦ ʤʝʪʦʜʠʢʘ ʭʦʨʦʰʦ ʩʧʨʘʚʣʷʝʪʩʷ ʩ ʚʳʷʚʣʝʥʠʝʤ 

ʥʝʠʟʚʝʩʪʥʳʭ ʨʘʥʥʝʝ ʂɸ, ʧʨʠ ʵʪʦʤ ʧʦʨʦʛʦʚʦʝ ʟʥʘʯʝʥʠʝ ʤʦʞʥʦ ʦʪʨʝʛʫʣʠʨʦʚʘʪʴ, 

ʫʚʝʣʠʯʠʚ ʪʦʯʥʦʩʪʴ ʦʙʥʘʨʫʞʝʥʠʷ. ɼʣʷ ʦʮʝʥʢʠ ʪʦʯʥʦʩʪʠ ʘʣʛʦʨʠʪʤʘ ʧʦʩʪʨʦʝʥʘ ROC 

ʢʨʠʚʘʷ (ʨʠʩ 3.30), ʠ ʤʘʪʨʠʮʘ ʦʰʠʙʦʢ ʧʝʨʚʦʛʦ ʠ ʚʪʦʨʦʛʦ ʨʦʜʘ (ʨʠʩ 3.31). 
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ʈʠʩʫʥʦʢ 3.28 ï ʈʝʟʫʣʴʪʘʪ ʨʘʙʦʪʳ ʤʝʪʦʜʠʢʠ ʨʘʥʥʝʛʦ ʦʙʥʘʨʫʞʝʥʠʷ ʂɸ  

ʚ ʩʝʪʝʚʦʤ ʪʨʘʬʠʢʝ ʉʇɼ 

 

ʈʠʩʫʥʦʢ 3.29 ï ʈʝʟʫʣʴʪʘʪ ʨʘʙʦʪʳ ʤʝʪʦʜʠʢʠ ʨʘʥʥʝʛʦ ʦʙʥʘʨʫʞʝʥʠʷ ʂɸ  

ʚ ʩʝʪʝʚʦʤ ʪʨʘʬʠʢʝ ʉʇɼ 

 
ʈʠʩʫʥʦʢ 3.30 ï ROC-ʢʨʠʚʘʷ 
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ʈʠʩʫʥʦʢ 3.31 ï ʄʘʪʨʠʮʘ ʦʰʠʙʦʢ 

ROC-ʢʨʠʚʘʷ ʧʦʟʚʦʣʷʝʪ ʦʮʝʥʠʪʴ ʢʘʯʝʩʪʚʦ ʙʠʥʘʨʥʦʡ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʠ 

ʦʪʦʙʨʘʞʘʝʪ ʩʦʦʪʥʦʰʝʥʠʝ ʤʝʞʜʫ ʜʦʣʝʡ ʦʙʲʝʢʪʦʚ ʦʪ ʦʙʱʝʛʦ ʢʦʣʠʯʝʩʪʚʘ ʚʝʨʥʦ 

ʢʣʘʩʩʠʬʠʮʠʨʦʚʘʥʥʳʭ ʘʥʦʤʘʣʠʡ, ʠ ʣʝʛʠʪʠʤʥʳʭ ʟʘʧʨʦʩʦʚ, ʦʰʠʙʦʯʥʦ 

ʢʣʘʩʩʠʬʠʮʠʨʦʚʘʥʥʳʭ ʢʘʢ ʘʥʦʤʘʣʴʥʳʝ. ʄʘʪʨʠʮʘ ʦʰʠʙʦʢ ʠʥʪʝʨʧʨʝʪʠʨʫʝʪʩʷ 

ʩʦʛʣʘʩʥʦ ʪʘʙʣʠʮʝ 3.1.  

ʅʘ ʤʘʪʨʠʮʝ ʦʰʠʙʦʢ ʧʝʨʚʦʛʦ ʠ ʚʪʦʨʦʛʦ ʨʦʜʘ (ʨʠʩ 3.31) ʚʠʜʥʦ, ʯʪʦ ʘʣʛʦʨʠʪʤ 

ʨʘʩʧʦʟʥʘʣ 82% ʥʝʠʟʚʝʩʪʥʳʭ ʨʘʥʥʝʝ ʂɸ (ʘʪʘʢʠ ʥʫʣʝʚʦʛʦ ʜʥʷ), ʠ ʚʝʨʥʦ ʦʧʨʝʜʝʣʠʣ, 

ʯʪʦ 95% ʣʝʛʠʪʠʤʥʳʭ ʟʘʧʨʦʩʦʚ ʥʝ ʷʚʣʷʶʪʩʷ ʘʥʦʤʘʣʴʥʳʤʠ. ʇʨʠ ʵʪʦʤ ʢʦʣʠʯʝʩʪʚʦ 

ʣʦʞʥʳʭ ʩʨʘʙʘʪʳʚʘʥʠʡ ʩʦʩʪʘʚʠʣʦ 5%.  

ʊʘʙʣʠʮʘ 3.1 ï ʆʰʠʙʢʠ ʧʝʨʚʦʛʦ ʠ ʚʪʦʨʦʛʦ ʨʦʜʘ 

ʇʨʦʛʥʦʟ ʈʝʘʣʴʥʦʩʪʴ 

+ - 

+ True Positive (ʠʩʪʠʥʥʦ-ʧʦʣʦʞʠʪʝʣʴʥʦʝ 

ʨʝʰʝʥʠʝ): ʧʨʦʛʥʦʟ ʩʦʚʧʘʣ ʩ 

ʨʝʘʣʴʥʦʩʪʴʶ, ʨʝʟʫʣʴʪʘʪ 

ʧʦʣʦʞʠʪʝʣʴʥʳʡ ʧʨʦʠʟʦʰʝʣ, ʢʘʢ ʠ 

ʙʳʣʦ ʧʨʝʜʩʢʘʟʘʥʦ ʤʦʜʝʣʴʶ 

False Positive (ʣʦʞʥʦʧʦʣʦʞʠʪʝʣʴʥʦʝ 

ʨʝʰʝʥʠʝ): ʦʰʠʙʢʘ 1-ʛʦ ʨʦʜʘ, ʤʦʜʝʣʴ 

ʧʨʝʜʩʢʘʟʘʣʘ ʧʦʣʦʞʠʪʝʣʴʥʳʡ ʨʝʟʫʣʴʪʘʪ, 

ʘ ʥʘ ʩʘʤʦʤ ʜʝʣʝ ʦʥ ʦʪʨʠʮʘʪʝʣʴʥʳʡ 

- False Negative (ʣʦʞʥʦʦʪʨʠʮʘʪʝʣʴʥʦʝ 

ʨʝʰʝʥʠʝ): ʦʰʠʙʢʘ 2-ʛʦ ʨʦʜʘ ï ʤʦʜʝʣʴ 

ʧʨʝʜʩʢʘʟʘʣʘ ʦʪʨʠʮʘʪʝʣʴʥʳʡ ʨʝʟʫʣʴʪʘʪ, 

ʥʦ ʥʘ ʩʘʤʦʤ ʜʝʣʝ ʦʥ ʧʦʣʦʞʠʪʝʣʴʥʳʡ 

True Negative (ʠʩʪʠʥʥʦ-ʦʪʨʠʮʘʪʝʣʴʥʦʝ 

ʨʝʰʝʥʠʝ): ʨʝʟʫʣʴʪʘʪ ʦʪʨʠʮʘʪʝʣʴʥʳʡ, 

ʧʨʦʛʥʦʟ ʩʦʚʧʘʣ ʩ ʨʝʘʣʴʥʦʩʪʴʶ 
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3.3 ɺʳʚʦʜʳ ʧʦ ʪʨʝʪʴʝʤʫ ʨʘʟʜʝʣʫ 

1. ɺ ʪʨʝʪʴʝʤ ʨʘʟʜʝʣʝ ʨʘʟʨʘʙʦʪʘʥʘ ʤʝʪʦʜʠʢʘ ʨʘʥʥʝʛʦ ʦʙʥʘʨʫʞʝʥʠʷ ʘʥʦʤʘʣʠʡ 

ʚ ʩʝʪʝʚʦʤ ʪʨʘʬʠʢʝ ʉʇɼ, ʧʦʟʚʦʣʷʶʱʘʷ ʦʙʥʘʨʫʞʠʚʘʪʴ ʘʥʦʤʘʣʠʠ ʥʘ ʨʘʥʥʝʤ ʵʪʘʧʝ 

ʠʭ ʧʨʦʷʚʣʝʥʠʷ ʩ ʧʦʤʦʱʴʶ ʤʝʪʦʜʦʚ ʤʘʰʠʥʥʦʛʦ ʦʙʫʯʝʥʠʷ ʜʣʷ ʩʪʘʮʠʦʥʘʨʥʦʛʦ 

ʩʝʪʝʚʦʛʦ ʪʨʘʬʠʢʘ ʉʇɼ ʠ ʬʨʘʢʪʘʣʴʥʦʛʦ ʘʥʘʣʠʟʘ ʜʣʷ ʥʝʩʪʘʮʠʦʥʘʨʥʦʛʦ. ʇʨʦʚʝʜʝʥ 

ʵʢʩʧʝʨʠʤʝʥʪ ʧʦ ʥʘʭʦʞʜʝʥʠʶ ʨʘʮʠʦʥʘʣʴʥʦʛʦ ʯʠʩʣʘ ʧʘʢʝʪʦʚ, ʥʝʦʙʭʦʜʠʤʳʭ ʜʣʷ 

ʩʚʦʝʚʨʝʤʝʥʥʦʛʦ ʚʳʷʚʣʝʥʠʷ ʘʥʦʤʘʣʠʡ ʩ ʧʦʤʦʱʴʶ ʬʨʘʢʪʘʣʴʥʦʛʦ ʘʥʘʣʠʟʘ, ʩ ʮʝʣʴʶ 

ʜʦʩʪʠʞʝʥʠʷ ʩʚʦʝʚʨʝʤʝʥʥʦʩʪʠ ʠ ʧʦʣʥʦʪʳ ʧʨʠ ʦʙʥʘʨʫʞʝʥʠʠ ʘʥʦʤʘʣʠʡ ʚ 

ʥʝʩʪʘʮʠʦʥʘʨʥʦʤ ʪʨʘʬʠʢʝ. ɺʳʯʠʩʣʝʥʦ ʦʧʪʠʤʘʣʴʥʦʝ ʯʠʩʣʦ ʧʘʢʝʪʦʚ ʥʝʦʙʭʦʜʠʤʳʭ 

ʜʣʷ ʚʳʷʚʣʝʥʠʷ ʘʥʦʤʘʣʠʡ ʚ ʉʇɼ ʟʘ ʠʥʪʝʨʚʘʣ ʚʨʝʤʝʥʠ. 

2. ʇʨʦʚʝʜʝʥ ʘʥʘʣʠʟ ʘʣʛʦʨʠʪʤʦʚ ʤʘʰʠʥʥʦʛʦ ʦʙʫʯʝʥʠʷ ʠ ʢʣʘʩʩʠʬʠʢʘʪʦʨʦʚ, 

ʧʨʝʜʥʘʟʥʘʯʝʥʥʳʭ ʜʣʷ ʚʳʷʚʣʝʥʠʷ ʘʥʦʤʘʣʠʡ. ɺʳʷʚʣʝʥʳ ʠʭ ʥʝʜʦʩʪʘʪʢʠ, ʢʦʪʦʨʳʝ 

ʛʣʘʚʥʳʤ ʦʙʨʘʟʦʤ ʟʘʢʣʶʯʘʶʪʩʷ ʚ ʙʦʣʴʰʦʤ ʢʦʣʠʯʝʩʪʚʝ ʣʦʞʥʳʭ ʩʨʘʙʘʪʳʚʘʥʠʡ, ʘ 

ʪʘʢʞʝ ʦʪʩʫʪʩʪʚʠʠ ʚʦʟʤʦʞʥʦʩʪʠ ʦʙʥʘʨʫʞʝʥʠʷ ʂɸ çʥʫʣʝʚʦʛʦ ʜʥʷè.  

3. ʈʘʟʨʘʙʦʪʘʥʘ ʤʦʜʝʣʴ ʘʚʪʦʢʦʜʠʨʦʚʱʠʢʘ, ʧʦʟʚʦʣʷʶʱʘʷ ʚʳʷʚʣʷʪʴ ʂɸ 

çʥʫʣʝʚʦʛʦ ʜʥʷè ʚ ʩʪʘʮʠʦʥʘʨʥʦʤ ʩʝʪʝʚʦʤ ʪʨʘʬʠʢʝ, ʩ ʤʠʥʠʤʘʣʴʥʳʤ ʢʦʣʠʯʝʩʪʚʦʤ 

ʣʦʞʥʳʭ ʩʨʘʙʘʪʳʚʘʥʠʡ. ɻʣʘʚʥʳʤ ʜʦʩʪʦʠʥʩʪʚʦʤ ʤʦʜʝʣʠ ʷʚʣʷʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴ 

ʨʘʙʦʪʳ ʚ ʨʝʞʠʤʝ ʨʝʘʣʴʥʦʛʦ ʚʨʝʤʝʥʠ, ʘ ʪʘʢʞʝ ʚʦʟʤʦʞʥʦʩʪʴ ʨʘʙʦʪʳ ʩ ʣʶʙʳʤʠ 

ʚʠʜʘʤʠ ʪʨʘʬʠʢʘ. ɺʳʷʚʣʝʥʠʝ ʬʘʢʪʘ ʚʦʟʜʝʡʩʪʚʠʷ ʂɸ ʧʨʦʠʟʚʦʜʠʪʩʷ ʟʘ ʥʝʩʢʦʣʴʢʦ 

ʤʠʢʨʦʩʝʢʫʥʜ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʚʳʯʠʩʣʠʪʝʣʴʥʦʡ ʪʝʭʥʠʢʠ. ʂ 

ʯʠʩʣʫ ʜʨʫʛʠʭ ʜʦʩʪʦʠʥʩʪʚ ʵʪʦʛʦ ʧʦʜʭʦʜʘ ʩʣʝʜʫʝʪ ʦʪʥʝʩʪʠ ʥʝʪʨʝʙʦʚʘʪʝʣʴʥʦʩʪʴ ʢ 

ʩʠʩʪʝʤʥʳʤ ʨʝʩʫʨʩʘʤ.  
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ʈɸɿɼɽʃ 4 ʄɽʊʆɼʀʂɸ ʂʃɸʉʉʀʌʀʂɸʎʀʀ ʂʆʄʇʔʖʊɽʈʅʓʍ ɸʊɸʂ ɺ 

ʉɽʊɽɺʆʄ ʊʈɸʌʀʂɽ ʉɽʊʀ ʇɽʈɽɼɸʏʀ ɼɸʅʅʓʍ 

4.1 ʄʝʪʦʜʠʢʘ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʢʦʤʧʴʶʪʝʨʥʳʭ ʘʪʘʢ ʚ ʩʝʪʝʚʦʤ ʪʨʘʬʠʢʝ ʩʝʪʠ 

ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ 

ʉ ʮʝʣʴʶ ʧʦʩʪʦʷʥʥʦʛʦ ʤʦʥʠʪʦʨʠʥʛʘ ʠ ʦʙʥʘʨʫʞʝʥʠʷ ʘʥʦʤʘʣʴʥʦʡ ʘʢʪʠʚʥʦʩʪʠ 

ʪʨʘʬʠʢʘ ʚ ʉʇɼ ʧʨʠ ʂɸ, ʘ ʪʘʢʞʝ ʫʤʝʥʴʰʝʥʠʷ ʣʦʞʥʳʭ ʩʨʘʙʘʪʳʚʘʥʠʡ, ʥʝʦʙʭʦʜʠʤʦ 

ʫʯʠʪʳʚʘʪʴ ʥʘʣʠʯʠʝ ʙʦʣʴʰʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʩʝʪʝʚʳʭ ʤʘʨʰʨʫʪʦʚ, ʥʘ ʢʦʪʦʨʳʭ 

ʧʝʨʠʦʜʠʯʝʩʢʠ ʚʦʟʥʠʢʘʶʪ ʨʝʟʢʠʝ ʢʦʣʝʙʘʥʠʷ ʟʘʜʝʨʞʢʠ ʚ ʧʝʨʝʜʘʯʝ ʜʘʥʥʳʭ ʠ 

ʙʦʣʴʰʠʝ ʧʦʪʝʨʠ ʧʘʢʝʪʦʚ, ʧʦʷʚʣʝʥʠʝ ʥʦʚʳʭ ʩʚʦʡʩʪʚ ʩʝʪʝʚʦʛʦ ʪʨʘʬʠʢʘ, ʘ ʪʘʢʞʝ 

ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʦʙʝʩʧʝʯʝʥʠʷ ʚʳʩʦʢʦʛʦ ʢʘʯʝʩʪʚʘ ʦʙʩʣʫʞʠʚʘʥʠʷ ʧʨʠʣʦʞʝʥʠʡ. 

ɺʩʝ ʵʪʦ ʧʦʩʣʫʞʠʣʦ ʧʦʚʦʜʦʤ ʜʣʷ ʨʘʟʨʘʙʦʪʢʠ ʤʝʪʦʜʠʢʠ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʂɸ ʚ 

ʩʝʪʝʚʦʤ ʪʨʘʬʠʢʝ ʉʇɼ (ʨʠʩ. 4.1). 

ʉʙʦʨ ʜʘʥʥʳʭPython3 
manage.py
 runserver

ɿʘʧʫʩʢ Web 
ʧʨʠʣʦʞʝʥʠʷ

ʠʥʠʮʠʘʣʠʟʘʮʠʷ 
ʩʣʦʷ middleware

ʇʝʨʝʭʚʘʪ 
HTTP-ʪʨʘʬʠʢʘ

ɼʦʙʘʚʣʝʥʠʝ 
ʘʥʦʤʘʣʠʡ

ʌʠʣʴʪʨʘʮʠʷ
ʈʘʟʤʝʪʢʘ
 ʢʣʘʩʩʦʚ

ʇʨʝʜʦʨʘʙʦʪʢʘ

ʅʦʨʤʘʣʠʟʘʮʠʷ

ʊʦʢʝʥʠʟʘʮʠʷ

ʌʦʨʤʠʨʦʚʘʥʠʝ  
ʩʝʢʚʝʥʮʠʡ

ɻʠʙʨʠʜʥʘʷ ʥʝʡʨʦʥʥʘʷ ʩʝʪʴ

ʂʣʘʩʩʠʬʠʢʘʪʦʨ

ʇʨʦʛʥʦʟʠʨʦʚʘʥʠʝʈʘʩʯʝʪ ʦʰʠʙʢʠ

ɸʚʪʦʢʦʜʠʨʦʚʱʠʢ

ʇʦʜʩʪʨʦʡʢʘ 
ʚʝʩʦʚʳʭ 

ʢʦʵʬʬʠʮʠʝʥʪʦʚ

ʉʞʘʪʠʝ

ʆʙʫʯʘʶʱʘʷ 
ʚʳʙʦʨʢʘ

ɺʦʩʩʪʘʥʦʚʣʝʥʠʝʈʘʩʯʝʪ 
ʦʰʠʙʢʠ

ʇʦʜʩʪʨʦʡʢʘ 
ʚʝʩʦʚʳʭ 

ʢʦʵʬʬʠʮʠʝʥʪʦʚ

ʇʝʨʝʤʝʰʠʚʘʥʠʝ 
ʚʳʙʦʨʢʠ

ʕʧʦʭʘ 
ʦʙʫʯʝʥʠʷʀʥʠʮʠʘʣʠʟʘʮʠʷ 

ʧʘʨʘʤʝʪʨʦʚ

ʂʣʘʩʩʠʬʠʢʘʪʦʨ 
ʦʙʫʯʝʥ

 

ʈʠʩʫʥʦʢ 4.1 ï ʆʩʥʦʚʥʳʝ ʵʪʘʧʳ ʤʝʪʦʜʠʢʠ ʢʣʘʩʩʠʬʠʢʘʮʠʠ  

ʂɸ ʚ ʩʝʪʝʚʦʤ ʪʨʘʬʠʢʝ ʉʇɼ 
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ʄʝʪʦʜʠʢʘ ʧʦʟʚʦʣʷʝʪ ʚʳʷʚʣʷʪʴ ʂɸ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʛʠʙʨʠʜʥʦʡ ʥʝʡʨʦʥʥʦʡ 

ʩʝʪʠ, ʩʦʩʪʦʷʱʝʡ ʠʟ ʢʣʘʩʩʠʬʠʢʘʪʦʨʘ ʠ ʘʚʪʦʢʦʜʠʨʦʚʱʠʢʘ, ʦʙʫʯʝʥʥʦʛʦ ʥʘ ʦʩʥʦʚʝ 

ʜʘʥʥʳʭ ʨʘʙʦʪʳ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʉʇɼ, ʫʯʠʪʳʚʘʶʱʝʛʦ ʚʩʝ ʦʪʢʣʦʥʝʥʠʷ ʦʪ ʝʝ 

ʰʪʘʪʥʦʡ ʨʘʙʦʪʳ. 

ɺ ʧʨʦʮʝʩʩʝ ʨʘʙʦʪʳ ʢʣʘʩʩʠʬʠʢʘʪʦʨ ʜʦʧʦʣʥʠʪʝʣʴʥʦ ʦʙʫʯʘʝʪʩʷ ʥʘ ʩʢʨʳʪʳʭ 

ʣʘʪʝʥʪʥʳʭ ʧʨʝʜʩʪʘʚʣʝʥʠʷʭ ʧʦʣʫʯʝʥʥʳʭ ʘʚʪʦʢʦʜʠʨʦʚʱʠʢʦʤ, ʪ.ʝ. ʚ ʠʪʦʛʝ 

ʧʦʣʫʯʘʝʪʩʷ ʛʝʥʝʨʘʪʠʚʥʦ-ʩʦʩʪʷʟʘʪʝʣʴʥʘʷ ʩʝʪʴ, ʚ ʢʦʪʦʨʦʡ ʥʝʡʨʦʥʥʳʝ ʩʝʪʠ ʫʯʘʪʩʷ 

ʜʨʫʛ ʫ ʜʨʫʛʘ. 

ɼʘʥʥʘʷ ʤʝʪʦʜʠʢʘ ʙʘʟʠʨʫʝʪʩʷ ʥʘ ʨʘʩʩʤʦʪʨʝʥʥʦʡ ʚ ʪʨʝʪʴʝʤ ʨʘʟʜʝʣʝ ʤʝʪʦʜʠʢʝ 

ʩ ʠʟʤʝʥʝʥʥʳʤ ʵʪʘʧʦʤ ʦʙʥʘʨʫʞʝʥʠʷ ʂɸ ʚ ʩʪʘʮʠʦʥʘʨʥʦʤ ʪʨʘʬʠʢʝ. ɺ ʢʘʯʝʩʪʚʝ 

ʤʝʪʦʜʘ ʤʘʰʠʥʥʦʛʦ ʦʙʫʯʝʥʠʷ ʧʨʝʜʣʘʛʘʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʪʴ ʛʠʙʨʠʜʥʫʶ ʥʝʡʨʦʥʥʫʶ 

ʩʝʪʴ (ʨʠʩ. 4.2). 

 

ʈʠʩʫʥʦʢ 4.2 ï ɻʠʙʨʠʜʥʘʷ ʥʝʡʨʦʥʥʘʷ ʩʝʪʴ 
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ɼʣʷ ʚʳʯʠʩʣʝʥʠʷ ʚʳʭʦʜʥʦʛʦ ʟʥʘʯʝʥʠʷ ʩʠʛʥʘʣʦʚ ʥʝʡʨʦʥʥʦʡ ʩʝʪʠ, 

ʠʩʧʦʣʴʟʫʝʪʩʷ ʬʫʥʢʮʠʷ ʘʢʪʠʚʘʮʠʠ. 

ɸʢʪʠʚʘʮʠʦʥʥʦʡ ʥʘʟʳʚʘʝʪʩʷ ʬʫʥʢʮʠʷ, ʘʨʛʫʤʝʥʪʦʤ ʢʦʪʦʨʦʡ ʷʚʣʷʝʪʩʷ 

ʚʟʚʝʰʝʥʥʘʷ ʩʫʤʤʘ ʚʭʦʜʦʚ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʥʝʡʨʦʥʘ (4.1), ʘ ʟʥʘʯʝʥʠʝʤ ï ʚʳʭʦʜ 

ʥʝʡʨʦʥʘ (4.1): 

1

N

i i

i

p w x b
=

= -ä  (4.1) 

( )y f p=  
(4.2) 

ʛʜʝ p  ï ʚʟʚʝʰʝʥʥʘʷ ʩʫʤʤʘ ʚʭʦʜʦʚ ʥʝʡʨʦʥʘ, Nï ʯʠʩʣʦ ʚʭʦʜʦʚ ʥʝʡʨʦʥʘ, ix  ï 

ʚʭʦʜʥʦʡ ʩʠʛʥʘʣ,iw  ï ʚʝʩ ʚʭʦʜʥʦʛʦ ʥʝʡʨʦʥʘ, b  ï ʩʤʝʱʝʥʠʝ ʚʳʭʦʜʥʦʛʦ ʟʥʘʯʝʥʠʷ, 

( )f p  ï ʘʢʪʠʚʘʮʠʦʥʥʘʷ ʬʫʥʢʮʠʷ, y  ï ʚʳʭʦʜʥʦʝ ʟʥʘʯʝʥʠʝ ʥʝʡʨʦʥʘ. 

ɺ ʘʚʪʦʢʦʜʠʨʦʚʱʠʢʝ ʠ ʢʣʘʩʩʠʬʠʢʘʪʦʨʝ ʠʩʧʦʣʴʟʫʝʪʩʷ ʬʫʥʢʮʠʷ softmax, 

ʢʦʪʦʨʘʷ ʧʨʠʤʝʥʷʝʪʩʷ ʥʘ ʚʳʭʦʜʥʦʤ ʩʣʦʝ ʥʝʡʨʦʥʥʦʡ ʩʝʪʠ, ʜʣʷ ʨʝʰʝʥʠʷ ʟʘʜʘʯ 

ʤʥʦʞʝʩʪʚʝʥʥʦʡ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʠ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʣʦʛʠʩʪʠʯʝʩʢʫʶ ʬʫʥʢʮʠʶ, 

ʦʙʦʙʱʝʥʥʫʶ ʜʣʷ ʤʥʦʛʦʤʝʨʥʦʛʦ ʩʣʫʯʘʷ: 

1

e
( )

i

j

p

i M
p

j

f p

e
=

=

ä
 (4.3) 

ʛʜʝ M ï ʢʦʣʠʯʝʩʪʚʦ ʢʣʘʩʩʦʚ. 

ɺ ʪʘʢʦʤ ʩʣʫʯʘʝ ʚ ʢʘʯʝʩʪʚʝ ʬʫʥʢʮʠʠ ʧʦʪʝʨʴ ʠʩʧʦʣʴʟʫʝʪʩʷ ʢʘʪʝʛʦʨʠʘʣʴʥʘʷ 

ʢʨʦʩʩ ʵʥʪʨʦʧʠʷ, ʢʦʪʦʨʘʷ, ʚ ʩʣʫʯʘʝ ʤʫʣʴʪʠ-ʢʣʘʩʩʦʚʦʡ ʢʣʘʩʩʠʬʠʢʘʮʠʠ (M>2), 

ʨʘʩʩʯʠʪʳʚʘʝʪʩʷ, ʢʘʢ ʩʫʤʤʘ ʟʥʘʯʝʥʠʡ ʣʦʛʘʨʠʬʤʠʯʝʩʢʠʭ ʬʫʥʢʮʠʡ ʧʦʪʝʨʴ ʜʣʷ 

ʢʘʞʜʦʛʦ ʧʨʦʛʥʦʟʘ ʥʘʙʣʶʜʘʝʤʳʭ ʢʣʘʩʩʦʚ: 

2

1

( , ) log
M

i i

i

CCE y p y p
=

=- Öä  (4.4) 

ʛʜʝ y  ï ʠʩʪʠʥʥʦʝ ʟʥʘʯʝʥʠʝ ʢʣʘʩʩʘ, pï ʧʨʝʜʩʢʘʟʘʥʥʦʝ ʟʥʘʯʝʥʠʝ ʢʣʘʩʩʘ 

ʆʙʫʯʝʥʠʝ ʥʝʡʨʦʥʥʦʡ ʩʝʪʠ, ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʥʘ ʦʩʥʦʚʝ ʘʣʛʦʨʠʪʤʘ çʦʙʨʘʪʥʦʛʦ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷè, ʢʦʪʦʨʳʡ ʧʦʟʚʦʣʷʝʪ ʨʘʩʩʯʠʪʘʪʴ ʟʥʘʯʝʥʠʷ ʚʝʩʦʚʳʭ 

ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʯʪʦʙʳ ʦʰʠʙʢʘ ʩʝʪʠ ʙʳʣʘ ʤʠʥʠʤʘʣʴʥʘ. ɼʣʷ 
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ʤʠʥʠʤʠʟʘʮʠʠ ʦʰʠʙʢʠ ʥʝʦʙʭʦʜʠʤʦ ʠʟʤʝʥʷʪʴ ʚʝʩʘ ʚ ʥʘʧʨʘʚʣʝʥʠʠ 

ʧʨʦʪʠʚʦʧʦʣʦʞʥʦʤ ʛʨʘʜʠʝʥʪʫ. ʉʦʦʪʚʝʪʩʪʚʝʥʥʦ ʜʣʷ ʢʣʘʩʩʠʬʠʢʘʪʦʨʘ ʠ 

ʘʚʪʦʢʦʜʠʨʦʚʱʠʢʘ ʨʘʩʯʝʪ ʚʝʩʦʚ ʙʫʜʝʪ ʧʨʦʠʟʚʦʜʠʪʴʩʷ ʧʦ ʬʦʨʤʫʣʝ (4.5): 

dCCE
w

dw
aD =- Ö  (4.5) 

ʛʜʝ CCE ï ʬʫʥʢʮʠ ̫ʦʰʠʙʦʢ, wD  ï ʚʝʣʠʯʠʥʘ, ʥʘ ʢʦʪʦʨʫʶ ʥʝʦʙʭʦʜʠʤʦ ʠʟʤʝʥʠʪʴ 

ʟʥʘʯʝʥʠʝ w, a ï ʩʢʦʨʦʩʪʴ ʦʙʫʯʝʥʠʷ (learning rate). 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʜʣʷ ʤʠʥʠʤʠʟʘʮʠʠ ʦʰʠʙʢʠ ʥʝʦʙʭʦʜʠʤʦ ʠʟʤʝʥʷʪʴ w  ʚ 

ʥʘʧʨʘʚʣʝʥʠʠ ʧʨʦʪʠʚʦʧʦʣʦʞʥʦʤ ʛʨʘʜʠʝʥʪʫ [125, 126]. 

4.2 ʇʨʦʛʨʘʤʤʥʘʷ ʤʦʜʝʣʴ ʥʝʡʨʦʥʥʦʡ ʩʝʪʠ 

ʄʦʜʝʣʴ ʥʝʡʨʦʥʥʦʡ ʩʝʪʠ ʩʦʩʪʦʠʪ ʠʟ ʨʝʢʫʨʨʝʥʪʥʳʭ ʷʯʝʝʢ ï LSTM ʠ GRU. ʅʘ 

ʚʭʦʜ ʥʝʡʨʦʥʥʦʡ ʩʝʪʠ ʧʦʜʘʶʪʩʷ ʪʝʥʟʦʨʳ ʨʘʟʤʝʨʥʦʩʪʴʶ ʚ 120 ʚʝʢʪʦʨʥʳʭ 

ʧʨʠʟʥʘʢʦʚ. ɺʳʭʦʜʥʳʭ ʩʣʦʝʚ ʫ ʥʝʡʨʦʥʥʦʡ ʩʝʪʠ ʥʝʩʢʦʣʴʢʦ. ɺʳʭʦʜʥʦʡ ʩʣʦʡ ʫ 

ʘʚʪʦʢʦʜʠʨʦʚʱʠʢʘ ʠʤʝʝʪ ʪʦʯʥʦ ʪʘʢʫʶ ʞʝ ʨʘʟʤʝʨʥʦʩʪʴ, ʢʘʢ ʠ ʚʭʦʜʥʦʡ. ɺʳʭʦʜʥʦʡ 

ʩʣʦʡ ʢʣʘʩʩʠʬʠʢʘʪʦʨʘ 6. ʆʥ ʦʧʨʝʜʝʣʷʝʪ, ʷʚʣʷʝʪʩʷ ʣʠ ʟʘʧʨʦʩ ʘʥʦʤʘʣʴʥʳʤ ʠʣʠ 

ʣʝʛʠʪʠʤʥʳʤ. 

ʋ ʥʝʡʨʦʥʥʦʡ ʩʝʪʠ ʠʤʝʝʪʩʷ ʜʚʘ ʚʳʭʦʜʘ, ʧʦʵʪʦʤʫ ʦʥʘ ʥʘʟʳʚʘʝʪʩʷ ʛʠʙʨʠʜʥʦʡ. 

ʃʝʚʘʷ ʚʝʪʚʴ ʥʘ ʨʠʩʫʥʦʢ 4.3 ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʘʚʪʦʢʦʜʠʨʦʚʱʠʢʫ, ʘ ʧʨʘʚʘʷ ï 

ʢʣʘʩʩʠʬʠʢʘʪʦʨʫ. ɻʠʙʨʠʜʥʘʷ ʩʝʪʴ ʠʤʝʝʪ ʨʘʟʣʠʯʥʳʝ ʧʦ ʩʚʦʝʤʫ ʥʘʟʥʘʯʝʥʠʶ ʩʣʦʠ. 

ʅʘʠʙʦʣʝʝ ʩʧʝʮʠʬʠʯʥʳʤʠ ʩʣʦʷʤʠ ʷʚʣʷʶʪʩʷ ʩʣʝʜʫʶʱʠʝ: 

Dropout (ʦʪʩʝʠʚʘʪʴ) ï ʧʦʟʚʦʣʷʝʪ ʨʝʰʠʪʴ ʧʨʦʙʣʝʤʫ ʧʝʨʝʦʙʫʯʝʥʠʷ ʚ 

ʥʝʡʨʦʥʥʳʭ ʩʝʪʷʭ;  

Bidirectional (ʜʚʫʥʘʧʨʘʚʣʝʥʥʳʡ) ï ʩ ʧʦʤʦʱʴʶ ʵʪʦʡ ʬʦʨʤʳ ʛʝʥʝʨʘʪʠʚʥʦʛʦ 

ʛʣʫʙʦʢʦʛʦ ʦʙʫʯʝʥʠʷ ʚʳʭʦʜʥʦʡ ʩʣʦʡ ʤʦʞʝʪ ʦʜʥʦʚʨʝʤʝʥʥʦ ʧʦʣʫʯʘʪʴ ʠʥʬʦʨʤʘʮʠʶ 

ʠʟ ʧʨʦʰʣʦʛʦ (ʥʘʟʘʜ) ʠ ʙʫʜʫʱʝʛʦ (ʚʧʝʨʝʜ) ʩʦʩʪʦʷʥʠʡ;  

Bottleneck (ʫʟʢʦʝ ʤʝʩʪʦ) ï ʫʤʝʥʴʰʘʝʪ ʢʦʣʠʯʝʩʪʚʦ ʩʚʦʡʩʪʚ, ʘ ʟʥʘʯʠʪ ʠ 

ʦʧʝʨʘʮʠʡ ʚ ʢʘʞʜʦʤ ʩʣʦʝ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʩʦʭʨʘʥʠʪʴ ʥʘ ʚʳʩʦʢʦʤ ʫʨʦʚʥʝ ʩʢʦʨʦʩʪʴ 

ʧʦʣʫʯʝʥʠʷ ʨʝʟʫʣʴʪʘʪʘ. 
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ʈʠʩʫʥʦʢ 4.3 ï ɻʨʘʬ ʛʠʙʨʠʜʥʦʡ ʥʝʡʨʦʥʥʦʡ ʩʝʪʠ 

ɺʭʦʜʥʦʡ ʩʣʦʡ ʛʠʙʨʠʜʥʦʡ ʥʝʡʨʦʥʥʦʡ ʩʝʪʠ ʠʤʝʝʪ 120 ʥʝʡʨʦʥʦʚ, 

ʧʨʠʤʝʥʷʶʱʠʝʩʷ ʢʘʢ ʜʣʷ ʘʚʪʦʢʦʜʠʨʦʚʱʠʢʘ, ʪʘʢ ʠ ʜʣʷ ʢʣʘʩʩʠʬʠʢʘʪʦʨʘ. ɺ ʢʘʯʝʩʪʚʝ 

ʩʣʦʝʚ ʘʚʪʦʢʦʜʠʨʦʚʱʠʢʘ ʠʩʧʦʣʴʟʫʶʪʩʷ ʨʝʢʫʨʨʝʥʪʥʳʝ ʷʯʝʡʢʠ LSTM.  

ɺ ʢʘʯʝʩʪʚʝ ʩʣʦʝʚ ʘʚʪʦʢʦʜʠʨʦʚʱʠʢʘ, ʠʩʧʦʣʴʟʫʶʪʩʷ ʨʝʢʫʨʨʝʥʪʥʳʝ ʷʯʝʡʢʠ ʩ 

ʜʦʣʛʦʡ ʢʨʘʪʢʦʩʨʦʯʥʦʡ ʧʘʤʷʪʴʶ ï LSTM ʠ GRU.  

ʉʚʦʡʩʪʚʦ ʨʝʢʫʨʨʝʥʪʥʦʩʪʠ ʧʦʟʚʦʣʷʝʪ ʠʩʢʫʩʩʪʚʝʥʥʦʡ ʥʝʡʨʦʥʥʦʡ ʩʝʪʠ 

çʦʙʨʘʱʘʪʴʩʷè ʢ ʨʝʟʫʣʴʪʘʪʘʤ ʩʚʦʝʡ ʨʘʙʦʪʳ ʚ ʧʨʦʰʣʦʤ, ʜʝʣʘʪʴ ʘʥʘʣʠʟ ʧʨʝʜʠʢʮʠʡ. 

ʊʝʤ ʩʘʤʳʤ ʢʦʥʪʝʢʩʪ ʨʝʰʝʥʠʡ ʚ ʙʫʜʫʱʝʤ ʙʫʜʝʪ ʟʘʚʠʩʝʪʴ ʥʝ ʪʦʣʴʢʦ ʦʪ ʧʝʨʚʠʯʥʦʛʦ 

ʛʣʫʙʦʢʦʛʦ ʦʙʫʯʝʥʠʷ LSTM, ʥʦ ʠ ʝʸ ʜʘʣʴʥʝʡʰʝʡ ʨʘʙʦʪʳ ʚ ʧʦʪʦʢʝ. 

ʉʝʪʠ LSTM ʷʚʣʷʶʪʩʷ ʧʦʜʪʠʧʦʤ ʙʦʣʝʝ ʦʙʱʠʭ ʨʝʢʫʨʨʝʥʪʥʳʭ ʥʝʡʨʦʥʥʳʭ 

ʩʝʪʝʡ (RNN). ʂʣʶʯʝʚʳʤ ʘʪʨʠʙʫʪʦʤ ʧʦʚʪʦʨʷʶʱʠʭʩʷ ʥʝʡʨʦʥʥʳʭ ʩʝʪʝʡ ʷʚʣʷʝʪʩʷ ʠʭ 
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ʩʧʦʩʦʙʥʦʩʪʴ ʩʦʭʨʘʥʷʪʴ ʠʥʬʦʨʤʘʮʠʶ ʠʣʠ ʩʦʩʪʦʷʥʠʝ ʷʯʝʡʢʠ ʜʣʷ ʜʘʣʴʥʝʡʰʝʛʦ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚ ʩʝʪʠ. ʕʪʦ ʜʝʣʘʝʪ ʠʭ ʦʩʦʙʝʥʥʦ ʧʦʜʭʦʜʷʱʠʤʠ ʜʣʷ ʘʥʘʣʠʟʘ 

ʚʨʝʤʝʥʥʳʭ ʜʘʥʥʳʭ, ʢʦʪʦʨʳʝ ʤʝʥʷʶʪʩʷ ʩ ʪʝʯʝʥʠʝʤ ʚʨʝʤʝʥʠ. ʉʝʪʠ LSTM 

ʠʩʧʦʣʴʟʫʶʪʩʷ ʚ ʪʘʢʠʭ ʟʘʜʘʯʘʭ, ʢʘʢ ʨʘʩʧʦʟʥʘʚʘʥʠʝ ʨʝʯʠ, ʧʝʨʝʚʦʜ ʪʝʢʩʪʘ ʠ, ʚ 

ʜʘʥʥʦʤ ʩʣʫʯʘʝ, ʜʣʷ ʦʙʥʘʨʫʞʝʥʠʷ ʘʥʦʤʘʣʠʡ ʩʝʪʠ. 

LSTM ʤʦʞʝʪ ʫʜʘʣʷʪʴ ʠʥʬʦʨʤʘʮʠʶ ʠʟ ʩʦʩʪʦʷʥʠʷ ʷʯʝʡʢʠ; ʵʪʦʪ ʧʨʦʮʝʩʩ 

ʨʝʛʫʣʠʨʫʝʪʩʷ ʩʪʨʫʢʪʫʨʘʤʠ, ʥʘʟʳʚʘʝʤʳʤʠ ʬʠʣʴʪʨʘʤʠ (gates). ʌʠʣʴʪʨʳ ʧʦʟʚʦʣʷʶʪ 

ʧʨʦʧʫʩʢʘʪʴ ʠʥʬʦʨʤʘʮʠʶ ʥʘ ʦʩʥʦʚʘʥʠʠ ʥʝʢʦʪʦʨʳʭ ʫʩʣʦʚʠʡ. ʆʥʠ ʩʦʩʪʦʷʪ ʠʟ ʩʣʦʷ 

ʩʠʛʤʦʠʜʘʣʴʥʦʛʦ ʩʣʦʷ ʥʝʡʨʦʥʥʦʡ ʩʝʪʠ ʠ ʦʧʝʨʘʮʠʠ ʧʦʪʦʯʝʯʥʦʛʦ ʫʤʥʦʞʝʥʠʷ. 

ʉʠʛʤʦʠʜʘʣʴʥʳʡ ʩʣʦʡ ʚʦʟʚʨʘʱʘʝʪ ʯʠʩʣʘ ʦʪ ʥʫʣʷ ʜʦ ʝʜʠʥʠʮʳ, ʢʦʪʦʨʳʝ ʦʙʦʟʥʘʯʘʶʪ, 

ʢʘʢʫʶ ʜʦʣʶ ʢʘʞʜʦʛʦ ʙʣʦʢʘ ʠʥʬʦʨʤʘʮʠʠ ʩʣʝʜʫʝʪ ʧʨʦʧʫʩʪʠʪʴ ʜʘʣʴʰʝ ʧʦ ʩʝʪʠ. ʅʦʣʴ 

ʚ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʦʟʥʘʯʘʝʪ çʥʝ ʧʨʦʧʫʩʢʘʪʴ ʥʠʯʝʛʦè, ʝʜʠʥʠʮʘ ï çʧʨʦʧʫʩʪʠʪʴ ʚʩʝè. 

ɸʣʛʦʨʠʪʤ ʨʘʙʦʪʳ ʷʯʝʡʢʠ LSTM: 

ʆʧʨʝʜʝʣʷʝʪʩʷ ʠʥʬʦʨʤʘʮʠʷ, ʢʦʪʦʨʫʶ ʤʦʞʥʦ ʫʜʘʣʠʪʴ ʠʟ ʩʦʩʪʦʷʥʠʷ ʷʯʝʡʢʠ. 

ʕʪʦ ʨʝʰʝʥʠʝ ʧʨʠʥʠʤʘʝʪ ʩʠʛʤʦʠʜʘʣʴʥʳʡ ʩʣʦʡ, ʥʘʟʳʚʘʝʤʳʡ çʩʣʦʝʤ ʬʠʣʴʪʨʘ 

ʟʘʙʳʚʘʥʠʷè (forget gate layer). ʆʥ ʫʯʠʪʳʚʘʝʪ ʟʥʘʯʝʥʠʷ ʚʭʦʜʥʦʛʦ ʚʝʢʪʦʨʘ ( )L

t tx x RÍ  

ʠ ʚʳʭʦʜʥʦʛʦ ʚʝʢʪʦʨʘ1 1( )M

t th h R- -Í  ʠ ʚʦʟʚʨʘʱʘʝʪ ʯʠʩʣʦ ʦʪ 0 ʜʦ 1 ʜʣʷ ʢʘʞʜʦʛʦ ʯʠʩʣʘ 

ʠʟ ʩʦʩʪʦʷʥʠʷ ʷʯʝʡʢʠ 1tʉ-. 1 ʦʟʥʘʯʘʝʪ çʧʦʣʥʦʩʪʴʶ ʩʦʭʨʘʥʠʪʴè, ʘ 0 ï çʧʦʣʥʦʩʪʴʶ 

ʚʳʙʨʦʩʠʪʴè [124, 125].  

ʈʘʩʯʝʪ ʧʨʦʠʟʚʦʜʠʪʩʷ ʧʦ ʩʣʝʜʫʶʱʝʡ ʬʦʨʤʫʣʝ:  

( )
1t f t ff W x bU h

f t
s= ++

-  (4.6) 

ʛʜʝ 1 1( )M

t th h R- -Í  ï ʚʳʭʦʜʥʦʡ ʚʝʢʪʦʨ ʥʝʡʨʦʥʥʦʡ ʩʝʪʠ ʥʘ ( 1)t-  ʰʘʛʝ; ( )L

t tx x RÍ  ï 

ʚʭʦʜʥʦʡ ʚʝʢʪʦʨ ʥʝʡʨʦʥʥʦʡ ʩʝʪʠ ʥʘ t-ʤ ʰʘʛʝ; s ï ʬʫʥʢʮʠʷ ʘʢʪʠʚʘʮʠʠ;  

( )L K

f fW W R³Í  ï ʤʘʪʨʠʮʘ ʚʝʩʦʚ ʜʣʷ ʚʭʦʜʥʦʛʦ ʚʝʢʪʦʨʘ tx ; ( )K K

f fU U R ³Í  ï ʤʘʪʨʠʮʘ 

ʚʝʩʦʚ ʜʣʷ ʚʳʭʦʜʥʦʛʦ ʚʝʢʪʦʨʘ 1th-ʥʝʡʨʦʥʥʦʡ ʩʝʪʠ ʥʘ ( 1)t- ʰʘʛʝ; ( )K

f fb b RÍ  ï 

ʚʝʢʪʦʨ ʩʤʝʱʝʥʠʷ ʩʣʦʷ ʬʫʥʢʮʠʠ ʟʘʙʳʚʘʥʠʷ. 

1. ʇʨʠʥʠʤʘʝʪʩʷ ʨʝʰʝʥʠʝ ʦ ʪʦʤ, ʢʘʢʘʷ ʥʦʚʘʷ ʠʥʬʦʨʤʘʮʠʷ ʙʫʜʝʪ 

ʭʨʘʥʠʪʴʩʷ ʚ ʩʦʩʪʦʷʥʠʠ ʷʯʝʡʢʠ. ʕʪʦʪ ʵʪʘʧ ʩʦʩʪʦʠʪ ʠʟ ʜʚʫʭ ʯʘʩʪʝʡ.  
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a) ʉʥʘʯʘʣʘ ʩʠʛʤʦʠʜʘʣʴʥʳʡ ʩʣʦʡ ʧʦʜ ʥʘʟʚʘʥʠʝʤ çʩʣʦʡ ʚʭʦʜʥʦʛʦ 

ʬʠʣʴʪʨʘè (input layer gate) ʦʧʨʝʜʝʣʷʝʪ, ʢʘʢʠʝ ʟʥʘʯʝʥʠʷ ʩʣʝʜʫʝʪ ʦʙʥʦʚʠʪʴ:  

( )
1t i t ii W x bU h

i t
s= ++

-  (4.7) 

b) ɿʘʪʝʤ tanh-ʩʣʦʡ ʩʪʨʦʠʪ ʚʝʢʪʦʨ ʥʦʚʳʭ ʟʥʘʯʝʥʠʡ-ʢʘʥʜʠʜʘʪʦʚ, ʢʦʪʦʨʳʝ 

ʤʦʞʥʦ ʜʦʙʘʚʠʪʴ ʚ ʩʦʩʪʦʷʥʠʝ ʷʯʝʡʢʠ:  

Ĕ tanh( )
1C tʉ W x bU h

t C t C
= ++

-

  
 (4.8) 

2. ʆʙʥʦʚʣʝʥʠʝ ʩʪʘʨʦʛʦ ʟʥʘʯʝʥʠʷ ʩʦʩʪʦʷʥʠʷ 1tʉ-  ʷʯʝʡʢʠ ʥʘ ʥʦʚʦʝ 

ʩʦʩʪʦʷʥʠʝ
tʉ . 

1

Ĕ
t t t t tʉ f ʉ i ʉ-= Ö + Ö

  
 

(4.9) 

3. ɻʝʥʝʨʘʮʠʷ ʚʳʭʦʜʥʳʭ ʜʘʥʥʳʭ: 

a) ʉ ʧʦʤʦʱʴʶ ʩʠʛʤʦʠʜʘʣʴʥʦʛʦ ʩʣʦʷ ʦʧʨʝʜʝʣʷʝʪʩʷ, ʢʘʢʘʷ ʠʥʬʦʨʤʘʮʠʷ ʠʟ 

ʩʦʩʪʦʷʥʠʷ ʷʯʝʡʢʠ ʙʫʜʝʪ ʚʳʚʦʜʠʪʴʩʷ: 

( )
1t tW x bU h

o to oo s= ++
-  (4.10) 

b) ɿʥʘʯʝʥʠʷ ʩʦʩʪʦʷʥʠʷ ʷʯʝʡʢʠ ʧʨʦʭʦʜʷʪ ʯʝʨʝʟ tanh-ʩʣʦʡ, ʯʪʦʙʳ ʧʦʣʫʯʠʪʴ 

ʥʘ ʚʳʭʦʜʝ ʟʥʘʯʝʥʠʷ ʠʟ ʜʠʘʧʘʟʦʥʘ ʦʪ -1 ʜʦ 1, ʠ ʧʝʨʝʤʥʦʞʘʶʪʩʷ ʩ ʚʳʭʦʜʥʳʤʠ 

ʟʥʘʯʝʥʠʷʤʠ ʩʠʛʤʦʠʜʘʣʴʥʦʛʦ ʩʣʦʷ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʚʳʚʦʜʠʪʴ ʪʦʣʴʢʦ ʪʨʝʙʫʝʤʫʶ 

ʠʥʬʦʨʤʘʮʠʶ:  

* tanh( )t t th Co=  
(4.11) 

 

ʈʠʩʫʥʦʢ 4.4 ï ʗʯʝʡʢʘ LSTM 
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ɸʣʛʦʨʠʪʤ ʨʘʙʦʪʳ ʷʯʝʡʢʠ GRU: 

 ɺ ʫʧʨʘʚʣʷʝʤʦʤ ʨʝʢʫʨʨʝʥʪʥʦʤ ʙʣʦʢʝ ʠʩʧʦʣʴʟʫʝʪʩʷ ʬʫʥʢʮʠʷ ʦʙʥʦʚʣʝʥʠʷ ʠ 

ʬʫʥʢʮʠʷ ʩʙʨʦʩʘ. ʌʫʥʢʮʠʷ ʦʙʥʦʚʣʝʥʠʷ ʦʪʙʠʨʘʝʪ ʠʥʬʦʨʤʘʮʠʶ ʠʟ ʧʨʝʜʳʜʫʱʠʭ 

ʰʘʛʦʚ, ʢʦʪʦʨʘʷ ʜʦʣʞʥʘ ʙʳʪʴ ʧʝʨʝʜʘʥʘ ʜʘʣʴʰʝ, ʘ ʬʫʥʢʮʠʷ ʫʜʘʣʝʥʠʷ ʨʝʰʘʝʪ, ʢʘʢʫʶ 

ʠʥʬʦʨʤʘʮʠʶ ʠʟ ʧʨʝʜʳʜʫʱʠʭ ʰʘʛʦʚ ʩʣʝʜʫʝʪ ʫʜʘʣʠʪʴ. 

1. ɺʳʭʦʜʥʦʡ ʚʝʢʪʦʨ ( )K

t tz z RÍ ʬʫʥʢʮʠʠ ʦʙʥʦʚʣʝʥʠʷ ʦʧʨʝʜʝʣʷʝʪ, ʢʘʢʘʷ 

ʠʥʬʦʨʤʘʮʠʷ ʜʦʣʞʥʘ ʭʨʘʥʠʪʩʷ ʚ ʥʦʚʦʤ ʩʦʩʪʦʷʥʠʠ ʷʯʝʡʢʠ ( )K

t tʉ ʉ RÍ : 

1( )t z t z t zz W x U h bs -= + + (4.12) 

ʛʜʝ 
1 1( )M

t th h R- -Í  ï ʚʳʭʦʜʥʦʡ ʚʝʢʪʦʨ ʟʥʘʯʝʥʠʡ ʥʝʡʨʦʥʥʦʡ ʩʝʪʠ ʥʘ ʧʨʝʜʳʜʫʱʝʤ 

ʰʘʛʝ; tx  ï ʚʭʦʜʥʦʡ ʚʝʢʪʦʨ ʟʥʘʯʝʥʠʡ ʥʝʡʨʦʥʥʦʡ ʩʝʪʠ; s ï ʬʫʥʢʮʠʷ ʘʢʪʠʚʘʮʠʠ; 

( )LxK

z zW W RÍ  ï ʤʘʪʨʠʮʘ ʚʝʩʦʚ ʜʣʷ ʚʭʦʜʥʦʛʦ ʚʝʢʪʦʨʘ tx ;  

( )K K

z zU U R ³Í  ï ʤʘʪʨʠʮʘ ʚʝʩʦʚ ʜʣʷ ʚʳʭʦʜʥʦʛʦ ʚʝʢʪʦʨʘ 1th- ʥʝʡʨʦʥʥʦʡ ʩʝʪʠ ʥʘ 

( 1)t-  ʰʘʛʝ; ( )K

z zb b RÍ  ï ʚʝʢʪʦʨ ʩʤʝʱʝʥʠʷ ʩʣʦʷ ʬʫʥʢʮʠʠ ʦʙʥʦʚʣʝʥʠʷ. 

2. ɺʳʭʦʜʥʦʡ ʚʝʢʪʦʨ ( )K

t tr r RÍ  ʬʫʥʢʮʠʠ ʩʙʨʦʩʘ ʦʧʨʝʜʝʣʷʝʪ, ʢʘʢʫʶ ʯʘʩʪʴ 

ʠʥʬʦʨʤʘʮʠʠ ʥʝʦʙʭʦʜʠʤʦ ʫʜʘʣʠʪʴ: 

1( )t r t r t rr W x U h bs -= + + (4.13) 

ʛʜʝ 
1 1( )M

t th h R- -Í  ï ʚʳʭʦʜʥʦʡ ʚʝʢʪʦʨ ʟʥʘʯʝʥʠʡ ʥʝʡʨʦʥʥʦʡ ʩʝʪʠ ʥʘ ʧʨʝʜʳʜʫʱʝʤ 

ʰʘʛʝ; tx  ï ʚʭʦʜʥʦʡ ʚʝʢʪʦʨ ʟʥʘʯʝʥʠʡ ʥʝʡʨʦʥʥʦʡ ʩʝʪʠ; s ï ʬʫʥʢʮʠʷ ʘʢʪʠʚʘʮʠʠ; 

( )LxK

r rW W RÍ  ï ʤʘʪʨʠʮʘ ʚʝʩʦʚ ʜʣʷ ʚʭʦʜʥʦʛʦ ʚʝʢʪʦʨʘ tx ; ( )K K

r rU U R ³Í  ï ʤʘʪʨʠʮʘ 

ʚʝʩʦʚ ʜʣʷ ʚʳʭʦʜʥʦʛʦ ʚʝʢʪʦʨʘ 1th- ʥʝʡʨʦʥʥʦʡ ʩʝʪʠ ʥʘ ( 1)t-  ʰʘʛʝ; ( )K

r rb b RÍ  ï 

ʚʝʢʪʦʨ ʩʤʝʱʝʥʠʷ ʩʣʦʷ ʬʫʥʢʮʠʠ ʩʙʨʦʩʘ. 

3. ɼʣʷ ʚʳʯʠʩʣʝʥʠʷ ʚʳʭʦʜʥʦʛʦ ʚʝʢʪʦʨʘ ( )K

t th h RÍ ʥʝʡʨʦʥʥʦʡ ʩʝʪʠ 

ʥʝʦʙʭʦʜʠʤʦ: 

a) ʥʘʡʪʠ ʚʳʭʦʜʥʦʡ ʚʝʢʪʦʨ ' '( )K

t th h RÍ ʧʦʟʚʦʣʷʶʱʠʡ ʦʧʨʝʜʝʣʠʪʴ ʢʘʢʫʶ 

ʠʥʬʦʨʤʘʮʠʶ ʥʘ ( 1)t-  ʰʘʛʝ ʩʣʝʜʫʝʪ ʦʪʙʨʦʩʠʪʴ: 

'

1tanh( )t h t t h t hh W x r U h b-= + Ö + (4.14) 
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ʛʜʝ ( )K

t tr r RÍ  ï ʚʳʭʦʜʥʦʡ ʚʝʢʪʦʨ ʬʫʥʢʮʠʠ ʩʙʨʦʩʘ; 1 1( )M

t th h R- -Í  ï ʚʳʭʦʜʥʦʡ 

ʚʝʢʪʦʨ ʥʝʡʨʦʥʥʦʡ ʩʝʪʠ ʥʘ ( 1)t-  ʰʘʛʝ; ( )L K

h hW W R³Í  ï ʤʘʪʨʠʮʘ ʚʝʩʦʚ ʜʣʷ ʚʭʦʜʥʦʛʦ 

ʚʝʢʪʦʨʘ tx ; ( )K K

h hU U R ³Í  ï ʤʘʪʨʠʮʘ ʚʝʩʦʚ ʜʣʷ ʚʳʭʦʜʥʦʛʦ ʚʝʢʪʦʨʘ 1th-ʥʝʡʨʦʥʥʦʡ 

ʩʝʪʠ ʥʘ ( 1)t-  ʰʘʛʝ; ( )K

h hb b RÍ  ï ʚʝʢʪʦʨ ʩʤʝʱʝʥʠʷ ʩʣʦʷ tanh-ʩʣʦʷ. 

b) ʚʳʭʦʜʥʦʡ ʚʝʢʪʦʨ ʥʝʡʨʦʥʥʦʡ ʩʝʪʠ ʦʧʨʝʜʝʣʷʝʪʩʷ ʥʘ ʦʩʥʦʚʝ ʚʝʢʪʦʨʦʚ  

1 1( )M

t th h R- -Í , ' '( )M

t th h RÍ ʠ ʚʳʭʦʜʥʦʛʦ ʚʝʢʪʦʨʘ ( )K

t tz z RÍ ʬʫʥʢʮʠʠ ʦʙʥʦʚʣʝʥʠʷ ʢʘʢ: 

'

1(1 )t t t th z h z h-= - Ö + Ö (4.15) 

ʛʜʝ ( )K

t tz z RÍ  ï ʚʳʭʦʜʥʦʡ ʚʝʢʪʦʨ ʬʫʥʢʮʠʠ ʦʙʥʦʚʣʝʥʠʷ; 1 1( )M

t th h R- -Í  ï ʚʳʭʦʜʥʦʡ 

ʚʝʢʪʦʨ ʥʝʡʨʦʥʥʦʡ ʩʝʪʠ ʥʘ ( 1)t-  ʰʘʛʝ; ' '( )M

t th h RÍ  ï ʚʳʭʦʜʥʦʡ ʚʝʢʪʦʨ ʥʝʡʨʦʥʥʦʡ 

ʩʝʪʠ ʥʘ t-ʤ hʘʛʝ. 

 

ʈʠʩʫʥʦʢ 4.5 ï ʗʯʝʡʢʘ GRU 

 ʅʝʩʤʦʪʨʷ ʥʘ ʪʦ, ʯʪʦ GRU-ʩʝʪʴ ʵʬʬʝʢʪʠʚʥʝʝ ʚ ʚʳʯʠʩʣʠʪʝʣʴʥʦʤ ʧʣʘʥʝ ʠʟ-ʟʘ 

ʤʝʥʴʰʝʛʦ ʯʠʩʣʘ ʬʫʥʢʮʠʡ, ʦʥ ʚʩʝ ʨʘʚʥʦ ʩʪʦʠʪ ʥʘ ʚʪʦʨʦʤ ʤʝʩʪʝ ʧʦʩʣʝ LSTM ʚ ʧʣʘʥʝ 

ʠʩʧʦʣʥʝʥʠʷ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ GRU-ʩʝʪʴ ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʪʦʛʜʘ, ʢʦʛʜʘ 

ʥʝʦʙʭʦʜʠʤʦ ʙʳʩʪʨʦ ʦʙʫʯʠʪʴ ʤʦʜʝʣʴ ʧʨʠ ʥʝʭʚʘʪʢʝ ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ ʤʦʱʥʦʩʪʝʡ  

[125, 138]. 

4.3 ɸʨʭʠʪʝʢʪʫʨʘ ʩʠʩʪʝʤʳ ʨʘʥʥʝʛʦ ʦʙʥʘʨʫʞʝʥʠʷ ʠ ʢʣʘʩʩʠʬʠʢʘʮʠʠ 

ʢʦʤʧʴʶʪʝʨʥʳʭ ʘʪʘʢ ʚ ʩʝʪʝʚʦʤ ʪʨʘʬʠʢʝ ʩʝʪʠ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ 

ʅʘ ʦʩʥʦʚʘʥʠʠ ʧʨʦʚʝʜʝʥʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʨʝʰʝʥʠʡ ʤʠʨʦʚʳʭ 

ʧʨʦʠʟʚʦʜʠʪʝʣʝʡ ʚ ʦʙʣʘʩʪʠ ʨʘʟʨʘʙʦʪʦʢ ʩʠʩʪʝʤ ʨʘʥʥʝʛʦ ʦʙʥʘʨʫʞʝʥʠʷ ʠ 
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ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʂɸ ʚ ʩʝʪʝʚʦʤ ʪʨʘʬʠʢʝ, ʩʬʦʨʤʠʨʫʝʤ ʦʙʱʠʝ ʠ ʩʧʝʮʠʬʠʯʝʩʢʠʝ 

ʪʨʝʙʦʚʘʥʠʷ ʜʣʷ ʉʇɼ. 

ʆʙʱʠʝ ʪʨʝʙʦʚʘʥʠʷ: 

1. ɼʝʣʝʥʠʝ ʥʘ ʫʨʦʚʥʠ; 

2. ɼʝʣʝʥʠʝ ʥʘ ʢʦʤʧʦʥʝʥʪʳ; 

3. ɺʟʘʠʤʦʜʝʡʩʪʚʠʝ ʩ ʚʥʝʰʥʠʤʠ ʩʠʩʪʝʤʘʤʠ. 

ʉʧʝʮʠʬʠʯʝʩʢʠʝ ʪʨʝʙʦʚʘʥʠʷ: 

1. ɺʦʟʤʦʞʥʦʩʪʴ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʧʨʦʮʝʩʩʘ ʩʙʦʨʘ ʠʥʬʦʨʤʘʮʠʠ; 

2. ɺʦʟʤʦʞʥʦʩʪʴ ʧʨʦʮʝʩʩʘ ʘʥʘʣʠʟʘ ʩʝʪʝʚʦʛʦ ʪʨʘʬʠʢʘ ʠ ʚʳʷʚʣʝʥʠʷ ʘʥʦʤʘʣʠʡ; 

3. ʌʫʥʢʮʠʦʥʠʨʦʚʘʥʠʝ ʧʨʦʮʝʩʩʘ ʦʙʥʘʨʫʞʝʥʠʷ ʠ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʂɸ; 

4. ʇʦʜʜʝʨʞʢʘ ʧʨʦʮʝʩʩʦʚ ʬʦʨʤʠʨʦʚʘʥʠʷ ʠʩʭʦʜʥʳʭ ʜʘʥʥʳʭ, ʨʘʥʞʠʨʦʚʘʥʠʷ 

ʢʦʥʪʨʤʝʨ; 

5. ɺʦʟʤʦʞʥʦʩʪʴ ʚʳʙʦʨʘ ʠ ʨʝʘʣʠʟʘʮʠʠ ʩʨʝʜʩʪʚ ʧʨʦʪʠʚʦʜʝʡʩʪʚʠʷ. 

ʈʘʟʨʘʙʦʪʘʥʥʳʝ ʤʝʪʦʜʠʢʠ ʠ ʘʣʛʦʨʠʪʤʳ ʨʝʘʣʠʟʦʚʘʥʳ ʚ ʨʘʤʢʘʭ ʩʠʩʪʝʤʳ 

ʨʘʥʥʝʛʦ ʦʙʥʘʨʫʞʝʥʠʷ ʠ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʂɸ. ʇʨʝʜʣʘʛʘʝʤʘ ʘʨʭʠʪʝʢʪʫʨʘ ʜʘʥʥʦʡ 

ʩʠʩʪʝʤʳ ʚʢʣʶʯʘʝʪ ʪʨʠ ʫʨʦʚʥʷ ʠ ʚʦʩʝʤʴ ʢʦʤʧʦʥʝʥʪʦʚ (ʨʠʩ. 4.6): 

1. ʫʨʦʚʝʥʴ ʫʧʨʘʚʣʝʥʠʷ: 

1.1. ʢʦʤʧʦʥʝʥʪ ʩʙʦʨʘ ʠʥʬʦʨʤʘʮʠʠ,  

1.2. ʢʦʤʧʦʥʝʥʪ ʫʧʨʘʚʣʝʥʠʷ, 

1.3. ʢʦʤʧʦʥʝʥʪ ʦʪʦʙʨʘʞʝʥʠʷ; 

2. ʫʨʦʚʝʥʴ ʦʙʥʘʨʫʞʝʥʠʷ ʠ ʢʣʘʩʩʠʬʠʢʘʮʠʠ:  

2.1. ʢʦʤʧʦʥʝʥʪ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʪʨʘʬʠʢʘ,  

2.2. ʢʦʤʧʦʥʝʥʪ ʚʳʷʚʣʝʥʠʷ ʘʥʦʤʘʣʠʡ, 

2.3. ʢʦʤʧʦʥʝʥʪ ʦʙʥʘʨʫʞʝʥʠʷ ʠ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʂɸ;  

3. ʫʨʦʚʝʥʴ ʧʨʦʪʠʚʦʜʝʡʩʪʚʠʷ:  

3.1. ʢʦʤʧʦʥʝʥʪ ʚʳʙʦʨʘ ʩʨʝʜʩʪʚ ʧʨʦʪʠʚʦʜʝʡʩʪʚʠʷ, 

3.2. ʢʦʤʧʦʥʝʥʪ ʨʝʘʣʠʟʘʮʠʠ ʩʨʝʜʩʪʚ ʧʨʦʪʠʚʦʜʝʡʩʪʚʠʷ. 

ʉʪʨʫʢʪʫʨʘ ʩʠʩʪʝʤʳ ʜʝʣʠʪʩʷ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʫʨʦʚʥʷʤʠ ʠ ʢʦʤʧʦʥʝʥʪʘʤʠ: 

1. ʋʨʦʚʝʥʴ ʫʧʨʘʚʣʝʥʠʷ. 
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ʈʠʩʫʥʦʢ 4.6 ï ɸʨʭʠʪʝʢʪʫʨʘ ʩʠʩʪʝʤʳ ʨʘʥʥʝʛʦ ʦʙʥʘʨʫʞʝʥʠʷ 

 ʠ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʂɸ ʚ ʩʝʪʝʚʦʤ ʪʨʘʬʠʢʝ ʉʇɼ 

ʌʫʥʢʮʠʷ ʩʙʦʨʘ ʠʥʬʦʨʤʘʮʠʠ ʚʢʣʶʯʘʝʪ ʩʙʦʨ, ʬʠʣʴʪʨʘʮʠʶ ʠ ʧʨʝʜʦʙʨʘʙʦʪʢʫ 

ʩʝʪʝʚʦʛʦ ʪʨʘʬʠʢʘ ʩ ʧʦʤʦʱʴʶ ʙʠʙʣʠʦʪʝʢʠ libpcap. ʂʦʤʧʦʥʝʥʪ ʫʧʨʘʚʣʝʥʠʷ 

ʦʩʫʱʝʩʪʚʣʷʝʪ ʫʧʨʘʚʣʝʥʠʝ ʠ ʥʘʩʪʨʦʡʢʫ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ ʢʣʘʩʩʠʬʠʢʘʪʦʨʘ, ʘ ʪʘʢʞʝ 

ʢʦʣʠʯʝʩʪʚʦ ʧʘʢʝʪʦʚ, ʘʥʘʣʠʟʠʨʫʝʤʳʭ ʩ ʧʦʤʦʱʴʶ ʬʨʘʢʪʘʣʴʥʦʛʦ ʘʥʘʣʠʟʘ. ʌʫʥʢʮʠʷ 

ʦʪʦʙʨʘʞʝʥʠʷ ʦʩʫʱʝʩʪʚʣʷʝʪ ʤʦʥʠʪʦʨʠʥʛ ʠ ʦʪʦʙʨʘʞʝʥʠʝ ʠʥʬʦʨʤʘʮʠʠ ʦ ʩʠʩʪʝʤʝ ʠ 

ʤʝʪʨʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʚʩʝʭ ʢʦʤʧʦʥʝʥʪʦʚ ʩʠʩʪʝʤʳ (ʚʢʣʶʯʘʷ ʧʨʝʜʫʧʨʝʞʜʝʥʠʷ 

ʦ ʧʨʦʙʣʝʤʘʭ). 

2. ʋʨʦʚʝʥʴ ʦʙʥʘʨʫʞʝʥʠʷ ʠ ʢʣʘʩʩʠʬʠʢʘʮʠʠ. 

ʂʦʤʧʦʥʝʥʪ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʪʨʘʬʠʢʘ ʦʧʨʝʜʝʣʷʝʪ ʩʪʘʮʠʦʥʘʨʥʦʩʪʴ ʩʝʪʝʚʦʛʦ 

ʪʨʘʬʠʢʘ. ʌʫʥʢʮʠʷ ʚʳʷʚʣʝʥʠʷ ʘʥʦʤʘʣʠʡ ʦʙʨʘʙʘʪʳʚʘʝʪ ʥʝʩʪʘʮʠʦʥʘʨʥʳʡ ʩʝʪʝʚʦʡ 

ʪʨʘʬʠʢ ʩ ʧʦʤʦʱʴʶ ʬʨʘʢʪʘʣʴʥʦʛʦ ʘʥʘʣʠʟʘ. ʂʦʤʧʦʥʝʥʪ ʦʙʥʘʨʫʞʝʥʠʷ ʠ 
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ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʂɸ ʦʙʨʘʙʘʪʳʚʘʝʪ ʩʪʘʮʠʦʥʘʨʥʳʡ ʩʝʪʝʚʦʡ ʪʨʘʬʠʢ ʩ ʧʦʤʦʱʴʶ 

ʛʠʙʨʠʜʥʦʡ ʥʝʡʨʦʥʥʦʡ ʩʝʪʠ. 

3. ʋʨʦʚʝʥʴ ʧʨʦʪʠʚʦʜʝʡʩʪʚʠʷ. 

ɺ ʬʫʥʢʮʠʶ ʢʦʤʧʦʥʝʥʪʘ ʚʳʙʦʨʘ ʩʨʝʜʩʪʚ ʧʨʦʪʠʚʦʜʝʡʩʪʚʠʷ ʚʭʦʜʷʪ ʟʘʜʘʯʠ 

ʧʦʜʜʝʨʞʢʠ ʧʨʠʥʷʪʠʷ ʨʝʰʝʥʠʷ, ʬʦʨʤʠʨʦʚʘʥʠʝ ʮʝʣʝʡ ʠ ʩʨʝʜʩʪʚ ʧʨʦʪʠʚʦʜʝʡʩʪʚʠʷ, ʘ 

ʯʝʨʝʟ ʢʦʤʧʦʥʝʥʪ ʧʦʜʜʝʨʞʠʚʘʝʪʩʷ ʩʚʷʟʴ ʩ ʚʥʝʰʥʠʤʠ ʘʛʝʥʪʘʤʠ ʠ ʩʠʩʪʝʤʘʤʠ 

ʨʝʘʣʠʟʘʮʠʠ. 

4.3.1 ʇʨʦʛʨʘʤʤʥʳʝ ʧʨʦʪʦʪʠʧʳ ʢʦʤʧʦʥʝʥʪʦʚ 

ʇʨʦʛʨʘʤʤʥʳʝ ʧʨʦʪʦʪʠʧʳ ʢʦʤʧʦʥʝʥʪʦʚ ʩʠʩʪʝʤʳ ʨʘʥʥʝʛʦ ʦʙʥʘʨʫʞʝʥʠʷ 

ʕʣʝʤʝʥʪʳ ʘʨʭʠʪʝʢʪʫʨʳ ʨʝʘʣʠʟʦʚʘʥʳ ʚ ʢʘʯʝʩʪʚʝ ʧʨʦʛʨʘʤʤʥʳʭ ʧʨʦʪʦʪʠʧʦʚ: 

(1) ʧʨʦʛʨʘʤʤʥʳʡ ʧʨʦʪʦʪʠʧ ʢʦʤʧʦʥʝʥʪʘ ʩʙʦʨʘ ʠʥʬʦʨʤʘʮʠʠ ʩʝʪʝʚʦʛʦ ʪʨʘʬʠʢʘ, 

ʢʦʪʦʨʳʡ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʘʣʛʦʨʠʪʤ ʚʳʷʚʣʝʥʠʷ ʩʪʝʧʝʥʠ ʩʘʤʦʧʦʜʦʙʠʷ;  

(2) ʧʨʦʛʨʘʤʤʥʳʡ ʧʨʦʪʦʪʠʧ ʢʦʤʧʦʥʝʥʪʘ ʦʙʥʘʨʫʞʝʥʠʷ ʘʥʦʤʘʣʠʡ ʩʝʪʝʚʦʛʦ ʪʨʘʬʠʢʘ 

ʉʇɼ ʥʘ ʦʩʥʦʚʝ ʧʨʠʥʮʠʧʦʚ ʬʨʘʢʪʘʣʴʥʦʛʦ ʘʥʘʣʠʟʘ ʜʘʥʥʳʭ ʠ ʤʝʪʦʜʘʭ ʤʘʰʠʥʥʦʛʦ 

ʦʙʫʯʝʥʠʷ. 

ʇʨʦʛʨʘʤʤʥʳʡ ʧʨʦʪʦʪʠʧ ʢʦʤʧʦʥʝʥʪʘ ʩʙʦʨʘ ʠʥʬʦʨʤʘʮʠʠ ʩʝʪʝʚʦʛʦ ʪʨʘʬʠʢʘ 

ʂʦʤʧʦʥʝʥʪ ʩʦʩʪʦʠʪ ʠʟ ʥʝʩʢʦʣʴʢʠʭ ʩʚʷʟʘʥʥʳʭ ʚ ʢʦʤʧʣʝʢʩ ʘʣʛʦʨʠʪʤʦʚ: 

1. ɸʣʛʦʨʠʪʤ ʚʳʯʠʩʣʝʥʠʷ ʬʣʫʢʪʫʘʮʠʡ. 

2. ɸʣʛʦʨʠʪʤ ʦʮʝʥʢʠ ʚʣʠʷʥʠʷ ʩʪʝʧʝʥʠ ʩʘʤʦʧʦʜʦʙʠʷ ʥʘ ʩʠʩʪʝʤʫ ʨʘʥʥʝʛʦ 

ʦʙʥʘʨʫʞʝʥʠʷ. 

ʅʘ ʚʭʦʜ ʘʣʛʦʨʠʪʤʘ ʚʳʯʠʩʣʝʥʠʷ ʩʪʝʧʝʥʠ ʩʘʤʦʧʦʜʦʙʠʷ ʧʦʜʘʝʪʩʷ ʤʘʩʩʠʚ 

ʚʨʝʤʝʥʥʦʛʦ ʨʷʜʘ <data>, ʥʘ ʚʳʭʦʜʝ ï ʩʨʝʜʥʝʢʚʘʜʨʘʪʠʯʥʳʝ ʦʪʢʣʦʥʝʥʠʷ ʦʪ 

ʣʦʢʘʣʴʥʦʛʦ ʪʨʝʥʜʘ (ʬʣʫʢʪʫʘʮʠʠ), ʧʦ ʢʦʪʦʨʳʤ ʜʘʣʝʝ ʦʮʝʥʠʚʘʝʪʩʷ ʩʚʦʡʩʪʚʦ 

ʩʘʤʦʧʦʜʦʙʠʷ. ʌʨʘʛʤʝʥʪ ʢʦʜʘ ʘʣʛʦʨʠʪʤʘ ʧʨʝʜʩʪʘʚʣʝʥ ʚ ʣʠʩʪʠʥʛʝ ʥʘ ʨʠʩʫʥʢʝ 4.7. 

ʅʘ ʚʭʦʜ ʘʣʛʦʨʠʪʤʘ ʦʮʝʥʢʠ ʚʣʠʷʥʠʷ ʩʪʝʧʝʥʠ ʩʘʤʦʧʦʜʦʙʠʷ ʥʘ ʩʠʩʪʝʤʫ ʨʘʥʥʝʛʦ 

ʦʙʥʘʨʫʞʝʥʠʷ ʧʦʜʘʝʪʩʷ ʜʣʠʥʘ ʦʢʥʘ <scales>, ʚ ʢʦʪʦʨʦʤ ʙʫʜʝʪ ʚʳʯʠʩʣʷʪʴʩʷ 

ʩʨʝʜʥʝʢʚʘʜʨʘʪʠʯʥʦʝ ʟʥʘʯʝʥʠʝ ʠ ʬʣʫʢʪʫʘʮʠʠ <fluctuations>, ʥʘ ʚʳʭʦʜʝ ï ʦʮʝʥʢʘ 

ʚʣʠʷʥʠʷ ʩʪʝʧʝʥʠ ʩʘʤʦʧʦʜʠʷ <coef>. ʌʨʘʛʤʝʥʪ ʢʦʜʘ ʘʣʛʦʨʠʪʤʘ ʧʨʝʜʩʪʘʚʣʝʥ ʚ 

ʣʠʩʪʠʥʛʝ ʥʘ ʨʠʩ. 4.8. 
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ʈʠʩʫʥʦʢ 4.8 ï ʌʨʘʛʤʝʥʪ ʢʦʜʘ ʘʣʛʦʨʠʪʤʘ ʦʮʝʥʢʠ ʚʣʠʷʥʠʷ ʩʪʝʧʝʥʠ ʩʘʤʦʧʦʜʦʙʠʷ ʥʘ 

ʩʠʩʪʝʤʫ ʨʘʥʥʝʛʦ ʦʙʥʘʨʫʞʝʥʠʷ 

ʇʨʦʛʨʘʤʤʥʳʡ ʢʦʤʧʦʥʝʥʪ ʥʘʧʠʩʘʥ ʥʘ ʷʟʳʢʝ Python, ʚʝʨʩʠʷ 3.8. ɺ 

ʢʦʤʧʦʥʝʥʪʝ ʠʩʧʦʣʴʟʫʶʪʩʷ ʚʥʝʰʥʠʝ ʤʦʜʫʣʠ ʠʟ ʙʠʙʣʠʦʪʝʢ ʷʟʳʢʘ 

ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ: scikit-learn, numpy, ʘ ʪʘʢʞʝ ʢʦʤʧʦʥʝʥʪ ʨʝʘʣʠʟʦʚʘʥ ʩ ʧʦʤʦʱʴʶ 

framework Django. 

ʇʨʦʛʨʘʤʤʥʳʡ ʧʨʦʪʦʪʠʧ ʢʦʤʧʦʥʝʥʪʘ ʦʙʥʘʨʫʞʝʥʠʷ ʘʥʦʤʘʣʠʡ  

ʩʝʪʝʚʦʛʦ ʪʨʘʬʠʢʘ ʉʇɼ 

ʂʦʤʧʦʥʝʥʪ ʩʦʩʪʦʠʪ ʠʟ ʜʚʫʭ ʥʝʟʘʚʠʩʠʤʳʭ ʘʣʛʦʨʠʪʤʦʚ ʠ ʨʘʙʦʪʘʝʪ ʚ ʜʚʫʭ 

ʨʝʞʠʤʘʭ:  

1. ɸʣʛʦʨʠʪʤ ʬʨʘʢʪʘʣʴʥʦʛʦ ʘʥʘʣʠʟʘ ʜʘʥʥʳʭ ʠ ʥʝʡʨʦʥʥʦʡ ʛʠʙʨʠʜʥʦʡ ʩʝʪʠ; 

2. ɸʣʛʦʨʠʪʤ ʨʘʥʞʠʨʦʚʘʥʠʷ ʘʥʦʤʘʣʠʡ ʧʦ ʩʪʝʧʝʥʠ ʦʧʘʩʥʦʩʪʠ ʥʘ ʦʩʥʦʚʝ 

ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʠʥʪʝʣʣʝʢʪʘ. 

ɸʣʛʦʨʠʪʤ ʬʨʘʢʪʘʣʴʥʦʛʦ ʘʥʘʣʠʟʘ ʜʘʥʥʳʭ ʠ ʤʝʪʦʜʘʭ ʤʘʰʠʥʥʦʛʦ ʦʙʫʯʝʥʠʷ 

ʧʦʟʚʦʣʷʝʪ ʬʦʨʤʠʨʦʚʘʪʴ ʥʘʙʦʨʳ ʠʩʭʦʜʥʳʭ ʜʘʥʥʳʭ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʡ ʠ ʦʙʫʯʝʥʠʷ 

ʛʠʙʨʠʜʥʦʡ ʥʝʡʨʦʥʥʦʡ ʩʝʪʠ. ʌʨʘʛʤʝʥʪ ʢʦʜʘ ʘʣʛʦʨʠʪʤʘ ʧʨʝʜʩʪʘʚʣʝʥ ʚ ʣʠʩʪʠʥʛʝ ʥʘ 

ʨʠʩʫʥʢʝ 4.9. 
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ɸʣʛʦʨʠʪʤ ʨʘʥʞʠʨʦʚʘʥʠʷ ʘʥʦʤʘʣʠʡ ʚʳʷʚʣʷʝʪ ʠʟʚʝʩʪʥʳʝ ʠ ʥʝʠʟʚʝʩʪʥʳʝ ʂɸ ʚ 

ʨʝʘʣʴʥʦʤ ʤʘʩʰʪʘʙʝ ʚʨʝʤʝʥʠ, ʚʳʨʘʙʘʪʳʚʘʪʴ ʨʝʰʝʥʠʷ ʧʦ ʨʝʘʣʠʟʘʮʠʠ ʩʨʝʜʩʪʚ 

ʟʘʱʠʪʳ, ʫʚʝʜʦʤʣʷʪʴ ʘʜʤʠʥʠʩʪʨʘʪʦʨʘ ʦ ʩʪʝʧʝʥʠ ʦʧʘʩʥʦʩʪʠ ʂɸ. ʌʨʘʛʤʝʥʪ ʢʦʜʘ 

ʘʣʛʦʨʠʪʤʘ ʧʨʝʜʩʪʘʚʣʝʥ ʚ ʣʠʩʪʠʥʛʝ ʥʘ ʨʠʩʫʥʢʝ 4.10. 

 

ʈʠʩʫʥʦʢ 4.10 ï ʌʨʘʛʤʝʥʪ ʢʦʜʘ ʘʣʛʦʨʠʪʤʘ ʨʘʥʞʠʨʦʚʘʥʠʷ ʘʥʦʤʘʣʠʡ ʧʦ ʩʪʝʧʝʥʠ 

ʦʧʘʩʥʦʩʪʠ ʥʘ ʦʩʥʦʚʝ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʠʥʪʝʣʣʝʢʪʘ 

 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʦʛʨʘʤʤʥʳʡ ʧʨʦʪʦʪʠʧ ʢʦʤʧʦʥʝʥʪʘ ʦʙʥʘʨʫʞʝʥʠʷ ʘʥʦʤʘʣʠʡ 

ʩʝʪʝʚʦʛʦ ʪʨʘʬʠʢʘ ʉʇɼ, ʚʢʣʶʯʘʶʱʠʡ ʘʣʛʦʨʠʪʤ ʬʨʘʢʪʘʣʴʥʦʛʦ ʘʥʘʣʠʟʘ ʜʘʥʥʳʭ ʠ 

ʤʝʪʦʜʘʭ ʤʘʰʠʥʥʦʛʦ ʦʙʫʯʝʥʠʷ ʠ ʘʣʛʦʨʠʪʤ ʨʘʥʞʠʨʦʚʘʥʠʷ ʘʥʦʤʘʣʠʡ ʧʦ ʩʪʝʧʝʥʠ 

ʦʧʘʩʥʦʩʪʠ ʥʘ ʦʩʥʦʚʝ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʠʥʪʝʣʣʝʢʪʘ, ʧʦʟʚʦʣʷʝʪ ʩʬʦʨʤʠʨʦʚʘʪʴ ʩʧʠʩʦʢ 

ʘʥʦʤʘʣʠʡ ʧʦ ʩʪʝʧʝʥʠ ʦʧʘʩʥʦʩʪʠ, ʘ ʪʘʢʞʝ ʚʦʟʤʦʞʥʳʭ ʩʨʝʜʩʪʚ ʧʨʦʪʠʚʦʜʝʡʩʪʚʠʷ.  

ʇʨʦʛʨʘʤʤʥʳʡ ʢʦʤʧʦʥʝʥʪ ʪʘʢʞʝ ʥʘʧʠʩʘʥ ʥʘ ʷʟʳʢʝ Python 3.8. ɺ ʥʝʤ 

ʠʩʧʦʣʴʟʫʶʪʩʷ ʚʥʝʰʥʠʝ ʤʦʜʫʣʠ ʠʟ ʙʠʙʣʠʦʪʝʢ ʷʟʳʢʘ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ: numpy, 

tensorflow, keras, pandas [139]. 
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4.4 ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʘʷ ʠ ʪʝʦʨʝʪʠʯʝʩʢʘʷ ʦʮʝʥʢʘ ʤʝʪʦʜʠʢ ʦʙʥʘʨʫʞʝʥʠʷ 

ʘʥʦʤʘʣʠʡ ʠ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʢʦʤʧʴʶʪʝʨʥʳʭ ʘʪʘʢ 

 ʚ ʩʝʪʝʚʦʤ ʪʨʘʬʠʢʝ ʩʝʪʠ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ 

ɼʣʷ ʬʦʨʤʠʨʦʚʘʥʠʷ ʜʘʪʘʩʝʪʘ, ʢʦʪʦʨʳʡ ʛʦʜʠʣʩʷ ʙʳ ʜʣʷ ʦʙʫʯʝʥʠʷ 

ʧʨʝʜʣʦʞʝʥʥʦʡ ʘʨʭʠʪʝʢʪʫʨʳ ʥʝʡʨʦʥʥʦʡ ʩʝʪʠ ʠ ʦʮʝʥʢʠ ʝʝ ʚʦʟʤʦʞʥʦʩʪʠ 

ʦʙʥʘʨʫʞʠʚʘʪʴ ʘʥʦʤʘʣʠʠ, ʥʝʦʙʭʦʜʠʤʦ ʙʳʣʦ ʩʥʘʯʘʣʘ ʩʤʦʜʝʣʠʨʦʚʘʪʴ ʂɸ ʦʙʭʦʜʘ 

WAF.  

ʆʙʱʘʷ ʠʜʝʷ ʥʘʭʦʞʜʝʥʠʷ ʩʧʦʩʦʙʦʚ ʦʙʭʦʜʘ WAF ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʧʨʠʚʝʜʝʥʠʠ 

ʟʘʧʨʦʩʘ ʢ ʚʠʜʫ, ʚ ʢʦʪʦʨʦʤ ʦʥ ʦʩʪʘʝʪʩʷ ʧʦʥʷʪʥʳʤ ʜʣʷ ʘʪʘʢʫʝʤʦʛʦ ʚʝʙ-ʧʨʠʣʦʞʝʥʠʷ, 

ʥʦ ʧʨʠ ʵʪʦʤ ʷʚʣʷʝʪʩʷ ʥʝ ʧʦʥʷʪʥʳʤ ʠʣʠ ʢʘʞʝʪʩʷ ʙʝʟʦʙʠʜʥʳʤ ʜʣʷ WAF. ɼʣʷ ʵʪʦʡ 

ʮʝʣʠ ʤʦʛʫʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʨʘʟʣʠʯʥʳʝ ʩʧʝʮʩʠʤʚʦʣʳ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʥʘʨʫʰʘʪʴ 

ʣʦʛʠʢʫ ʨʘʙʦʪʳ WAF ʠ ʧʨʠ ʵʪʦʤ ʙʳʪʴ ʧʦʥʷʪʥʳʤʠ ʩʝʨʚʝʨʫ. 

ʅʘ ʨʠʩ. 4.11 ʧʨʝʜʩʪʘʚʣʝʥ ʧʨʠʤʝʨ ʦʙʳʯʥʦʛʦ ʟʘʧʨʦʩʘ ʠ ʦʪʚʝʪʘ ʥʘ ʥʝʛʦ ʩʝʨʚʝʨʘ. 

ɿʘʧʨʦʩ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʧʦʧʳʪʢʫ ʧʝʨʝʜʘʪʴ ʤʝʪʦʜʦʤ POST ʧʘʨʘʤʝʪʨ çselectè. 

ʇʝʨʝʭʚʘʪ ʟʘʧʨʦʩʦʚ ʦʩʫʱʝʩʪʚʣʷʣʩʷ ʩ ʧʦʤʦʱʴʶ ʧʨʦʛʨʘʤʤʳ Burp Suite, 

ʧʨʝʜʥʘʟʥʘʯʝʥʥʦʡ ʜʣʷ ʚʳʧʦʣʥʝʥʠʷ ʪʝʩʪʦʚ ʧʦ ʙʝʟʦʧʘʩʥʦʩʪʠ ʚʝʙ-ʧʨʠʣʦʞʝʥʠʡ [124].  

ʂʘʢ ʚʠʜʥʦ ʠʟ ʨʠʩ. 4.11 ʧʘʨʘʤʝʪʨ çselectè ʟʘʙʣʦʢʠʨʦʚʘʥ WAF. ʅʘ ʨʠʩ 4.12 

ʧʨʝʜʩʪʘʚʣʝʥ ʜʨʫʛʦʡ ʟʘʧʨʦʩ, ʚ ʢʦʪʦʨʦʤ ʧʘʨʘʤʝʪʨ çselectè ʟʘʢʦʜʠʨʦʚʘʥ 

ʩʧʝʮʩʠʤʚʦʣʘʤʠ, ʚʟʷʪʳʤʠ ʠʟ ʢʦʜʠʨʦʚʦʯʥʦʡ ʪʘʙʣʠʮʳ Unicode. 

 

ʈʠʩʫʥʦʢ 4.11 ï ʇʦʧʳʪʢʘ ʦʪʧʨʘʚʠʪʴ ʟʘʧʨʦʩ ʙʝʟ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʧʘʨʘʤʝʪʨʘ  
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ʈʠʩʫʥʦʢ 4.12 ï ʇʦʧʳʪʢʘ ʦʪʧʨʘʚʠʪʴ ʟʘʧʨʦʩ ʩ ʢʦʜʠʨʦʚʘʥʠʝʤ ʧʘʨʘʤʝʪʨʘ  

ʂʘʢ ʚʠʜʥʦ ʠʟ ʨʠʩ. 4.12, ʝʩʣʠ ʧʝʨʝʜʘʪʴ ʧʘʨʘʤʝʪʨ çselectè ʚ ʢʦʜʠʨʦʚʢʝ 

Unicode, ʪʦ WAF ʝʛʦ ʥʝ ʦʙʥʘʨʫʞʠʚʘʝʪ.  

ʇʝʨʝʜʘʜʠʤ ʪʝʧʝʨʴ ʥʘ ʩʝʨʚʝʨ ʪʘʢʠʤ ʞʝ ʩʧʦʩʦʙʦʤ (ʪʦ ʝʩʪʴ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʢʦʜʠʨʦʚʢʠ Unicode) ʧʘʨʘʤʝʪʨ çunion select sleep(10)#è (ʨʠʩ. 4.13). ɿʘʧʨʦʩ ʪʘʢʞʝ 

ʫʩʧʝʰʥʦ ʦʙʦʰʝʣ WAF ʠ ʧʦʩʪʫʧʠʣ ʥʘ ʦʙʨʘʙʦʪʢʫ ʥʘ ʩʝʨʚʝʨ.  

 

ʈʠʩʫʥʦʢ 4.13 ï ʇʨʠʤʝʨ ʦʙʭʦʜʘ WAF ʟʘʰʠʬʨʦʚʘʥʥʳʤ ʟʘʧʨʦʩʦʤ  

ɿʘʧʨʦʩ, ʢʦʪʦʨʳʡ ʙʳʣ ʥʘʧʨʘʚʣʝʥ ʥʘ ʦʙʨʘʙʦʪʢʫ ʥʘ ʩʝʨʚʝʨ, ʚʳʛʣʷʜʠʪ 

ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: 

SELECT note FROM notes WHERE assignee = çunion select sleep(10)#è.  

ʉʝʨʚʝʨ ʚʝʨʥʫʣ ʦʪʚʝʪ ʥʘ ʟʘʧʨʦʩ ʩ ʟʘʜʝʨʞʢʦʡ ʚ 10 ʩʝʢʫʥʜ. ʊʝʤ ʩʘʤʳʤ ʙʳʣʘ 

ʨʝʘʣʠʟʦʚʘʥʘ ʵʬʬʝʢʪʠʚʥʘʷ ʢʠʙʝʨʘʪʘʢʘ ʚʠʜʘ çtime base sql injectionè. ʇʨʠʤʝʨ 

ʨʝʘʣʠʟʘʮʠʠ ʵʪʦʡ ʢʠʙʝʨʘʪʘʢʠ, ʦʩʫʱʝʩʪʚʣʷʶʱʝʡ ʦʙʭʦʜ WAF, ʧʨʝʜʩʪʘʚʣʝʥ  

ʥʘ ʨʠʩ. 4.14. 
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ʈʠʩʫʥʦʢ 4.14 ï ʇʨʠʤʝʨ ʢʠʙʝʨʘʪʘʢʠ ʦʙʭʦʜʘ WAF  

ʉʫʱʝʩʪʚʫʶʪ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʝ WAF, ʦʩʥʦʚʘʥʥʳʝ ʥʘ ʤʝʪʦʜʘʭ ʤʘʰʠʥʥʦʛʦ 

ʦʙʫʯʝʥʠʷ, ʦʜʥʘʢʦ ʫ ʥʠʭ ʘʛʨʝʩʩʠʚʥʳʡ ʨʝʞʠʤ ʨʘʙʦʪʳ ʠ ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ 

ʣʦʞʥʳʭ ʩʨʘʙʘʪʳʚʘʥʠʡ [23].  

ʇʨʦʛʨʘʤʤʥʘʷ ʨʝʘʣʠʟʘʮʠʷ ʤʝʪʦʜʠʢʠ ʨʘʥʥʝʛʦ ʦʙʥʘʨʫʞʝʥʠʷ ʂɸ ʚ ʩʝʪʝʚʦʤ 

ʪʨʘʬʠʢʝ ʩʝʪʝʡ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ ʨʘʟʨʘʙʦʪʘʥʘ ʥʘ ʷʟʳʢʝ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ Python ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʙʠʙʣʠʦʪʝʢʠ Pandas, ʩ ʧʦʤʦʱʴʶ ʢʦʪʦʨʦʡ ʦʩʫʱʝʩʪʚʣʷʣʠʩʴ 

ʦʙʨʘʙʦʪʢʘ ʠ ʘʥʘʣʠʟʘ ʜʘʥʥʳʭ. ɹʠʙʣʠʦʪʝʢʘ Pandas ʥʘʧʠʩʘʥʘ ʥʘ ʷʟʳʢʘʭ 

ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ Cʠ, Cython, ʠ Python. ʆʥʘ ʜʝʣʘʝʪ Python ʤʦʱʥʳʤ 

ʠʥʩʪʨʫʤʝʥʪʦʤ ʜʣʷ ʘʥʘʣʠʟʘ ʜʘʥʥʳʭ ʠ ʜʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʥʘ ʚʳʩʦʢʦʤ ʫʨʦʚʥʝ 

ʩʪʨʦʠʪʴ ʩʚʦʜʥʳʝ ʪʘʙʣʠʮʳ, ʚʳʧʦʣʥʷʪʴ ʛʨʫʧʧʠʨʦʚʢʠ, ʧʨʝʜʦʩʪʘʚʣʷʪʴ ʫʜʦʙʥʳʡ 

ʜʦʩʪʫʧ ʢ ʪʘʙʣʠʯʥʳʤ ʜʘʥʥʳʤ. 

ʂʨʦʤʝ ʪʦʛʦ, ʢʨʦʤʝ ʙʠʙʣʠʦʪʝʢʠ Pandas ʠʩʧʦʣʴʟʦʚʘʣʘʩʴ ʙʠʙʣʠʦʪʝʢʘ NumPy, 

ʢʦʪʦʨʘʷ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʠʥʩʪʨʫʤʝʥʪ ʙʦʣʝʝ ʥʠʟʢʦʛʦ ʫʨʦʚʥʷ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʡ 

ʨʘʙʦʪʫ ʩ ʚʳʩʦʢʦʫʨʦʚʥʝʚʳʤʠ ʤʘʪʝʤʘʪʠʯʝʩʢʠʤʠ ʬʫʥʢʮʠʷʤʠ, ʘ ʪʘʢʞʝ ʩ 

ʤʥʦʛʦʤʝʨʥʳʤʠ ʤʘʩʩʠʚʘʤʠ (ʪʝʥʟʦʨʘʤʠ). 
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ɻʨʘʬʠʢʠ ʩʪʨʦʠʣʠʩʴ ʩ ʧʦʤʦʱʴʶ ʤʦʜʫʣʷ Matplotlib ʥʘ ʦʩʥʦʚʝ ʧʦʣʫʯʝʥʥʦʛʦ 

ʥʘʙʦʨʘ ʜʘʥʥʳʭ. ɺʩʝ ʨʘʩʯʝʪʳ ʧʨʦʠʟʚʦʜʠʣʠʩʴ ʚ ʠʥʪʝʛʨʠʨʦʚʘʥʥʦʡ ʩʨʝʜʝ ʨʘʟʨʘʙʦʪʢʠ 

Jupiter notebook. 

ʅʘ ʨʠʩʫʥʢʝ 4.15 ʠʟʦʙʨʘʞʝʥʘ ʙʣʦʢ-ʩʭʝʤʘ ʦʪʨʘʞʘʶʱʘʷ ʵʪʘʧʳ ʬʦʨʤʠʨʦʚʘʥʠʷ 

ʜʘʥʥʳʭ ʠ ʦʙʫʯʝʥʠʷ ʛʠʙʨʠʜʥʦʡ ʤʦʜʝʣʠ ʥʝʡʨʦʥʥʦʡ ʩʝʪʠ. 

ʇʝʨʝʭʚʘʪ HTTP-

ʪʨʘʬʠʢʘ

ʅʦʨʤʘʣʠʟʘʮʠʷ

ʀʥʠʮʠʘʣʠʟʘʮʠʷ 

ʩʣʦʷ middleware

ɿʘʧʫʩʢ Web ʧʨʠʣʦʞʝʥʠʷ

ʌʠʣʴʪʨʘʮʠʷ

python3 

manage.py 

runserver

POST /post/new HTTP/1.1

Host: 195.133.10.197

Content-Type: application/

x-www-form -urlencoded

Content-Length: 13

title=Hi&text=firest+text

POST /post/new/

title=Hi&text=first+text

POST /post/new/title='OR 1=1--

&text=first+text <username>'--

ʊʦʢʝʥʠʟʘʮʠʷ

ɻʝʥʝʨʘʮʠʷ 

ʧʘʜʘʩʝʢʚʝʥʮʠʡ

<START>POST /

post/new/title=Hi&

text=first+text<STO

P>

...

[24,4,2,5,6é,1,2]

é

[24,4,2,4,1é,8,7][24,4,2,5,6é,1,2,0,0,0]

é

[24,4,2,4,1é,8,7,0,0,0]

ʉʦʟʜʘʶʪʩʷ ʪʝʩʪʦʚʘʷ 

ʠ ʧʨʦʚʝʨʦʯʥʘʷ ʚʳʙʦʨʢʠ

X_train, y_train, 

X_test, Y_test

ʀʥʠʮʠʘʣʠʟʘʮʠʷ ʢʦʣʠʯʝʩʪʚʘ 

ʵʧʦʭ ʦʙʫʯʝʥʠʷ

ʀʥʠʮʠʘʣʠʟʘʮʠʷ ʨʘʟʤʝʨʘ 

ʙʣʦʢʦʚ ʦʙʫʯʝʥʠʷ

ʀʥʠʮʠʘʣʠʟʘʮʠʷ ʩʢʦʨʦʩʪʠ 

ʦʙʫʯʝʥʠʷ

ʀʥʠʮʠʘʣʠʟʘʮʠʷ 

ʦʧʪʠʤʠʟʘʪʦʨʘ ʚʝʩʦʚ

ʀʥʠʮʠʘʣʠʟʘʮʠʷ ʬʫʥʢʮʠʠ 

ʧʦʪʝʨʴ ʘʚʪʦʢʦʜʠʨʦʚʱʠʢʘ

Epochs=100

Batch=64

Learning_rate=0.0001

Optimizer=Adam

Loss=CategoryCrossEntropy

ʀʥʠʮʠʘʣʠʟʘʮʠʷ ʬʫʥʢʮʠʠ 

ʧʦʪʝʨʴ ʢʣʘʩʩʠʬʠʢʘʪʦʨʘ

W

ʂʣʘʩʩʠʬʠʢʘʪʦʨ 

ʦʙʫʯʝʥ

ɼʦʙʘʚʣʝʥʠʝ 

ʘʥʦʤʘʣʠʡ

<username>'--

' union select 1, '<user-

fieldname>', '<pass-

fieldname>' 1--

'OR 1=1--

ʈʘʟʤʝʪʢʘ 

ʢʣʘʩʩʦʚ

ʀʥʠʮʠʘʣʠʟʘʮʠʷ ʚʝʩʦʚ 

ʘʚʪʦʢʦʜʠʨʦʚʱʠʢʘ

ʀʥʠʮʠʘʣʠʟʘʮʠʷ ʚʝʩʦʚ 

ʢʣʘʩʩʠʬʠʢʘʪʦʨʘ

W

ʀʥʠʮʠʘʣʠʟʘʮʠʷ ʬʫʥʢʮʠʠ 

ʘʢʪʠʚʘʮʠʠ ʚʳʭʦʜʥʦʛʦ ʩʣʦʷ 

ʘʚʪʦʢʦʜʠʨʦʚʱʠʢʘ

ʀʥʠʮʠʘʣʠʟʘʮʠʷ ʬʫʥʢʮʠʠ 

ʘʢʪʠʚʘʮʠʠ ʚʳʭʦʜʥʦʛʦ ʩʣʦʷ 

ʢʣʘʩʩʠʬʠʢʘʪʦʨʘ

Epohs=[0...15]

ɸʚʪʦʢʦʜʠʨʦʚʱʠʢ

e(x)

d(e(x)) 2

1

( , ) log
M

i i

i

CCE y p y p
=

=- Öä

y p̧

1

e
( )

e

i

j

p

i M
p

j

f p

=

=

ä

15epohs=

15epohs<

ʇʝʨʝʤʝʰʠʚʘʥʠʝ

ʚʳʙʦʨʢʠ
{0,1}yÍ

dʉCE
w

dw
aD =- Ö

2

1

( , ) log
M

i i

i

CCE y p y p
=

=- Öä dʉCE
w

dw
aD =- Ö

1

e
( )

e

i

j

p

i M
p

j

f p

=

=

ä

Loss=CategoryCrossEntropy

1

e
( )

e

i

j

p

i M
p

j

f p

=

=

ä

 

ʈʠʩʫʥʦʢ 4.15 ï ɹʣʦʢ-ʩʭʝʤʘ ʵʪʘʧʦʚ ʦʙʫʯʝʥʠʷ ʛʠʙʨʠʜʥʦʡ ʥʝʡʨʦʥʥʦʡ ʩʝʪʠ  
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ɼʣʷ ʪʦʛʦ, ʯʪʦʙʳ ʩʬʦʨʤʠʨʦʚʘʪʴ ʜʘʪʘʩʝʪ ʜʘʥʥʳʭ ʧʨʝʜʥʘʟʥʘʯʝʥʥʳʭ ʜʣʷ 

ʦʙʫʯʝʥʠʷ ʥʝʡʨʦʥʥʦʡ ʩʝʪʠ, ʥʘ ʷʟʳʢʝ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ python ʨʝʘʣʠʟʦʚʘʥʦ web-

ʧʨʠʣʦʞʝʥʠʝ ʩʧʦʩʦʙʥʦʝ ʧʝʨʝʭʚʘʪʳʚʘʪʴ ʣʶʙʳʝ ʧʦʣʴʟʦʚʘʪʝʣʴʩʢʠʝ ʟʘʧʨʦʩʳ ʩ 

ʧʦʤʦʱʴʶ ʧʨʦʤʝʞʫʪʦʯʥʦʛʦ ʩʣʦʷ middleware. ʊʘʢʦʡ ʧʦʜʭʦʜ ʧʦʟʚʦʣʷʝʪ 

ʦʙʨʘʙʘʪʳʚʘʪʴ ʟʘʧʨʦʩʳ ʠʟ ʙʨʘʫʟʝʨʘ, ʧʨʝʞʜʝ ʯʝʤ ʦʥʠ, ʜʦʩʪʠʛʥʫʪ ʧʨʝʜʩʪʘʚʣʝʥʠʷ 

Django (ʩʝʨʚʝʨʘ), ʘ ʪʘʢʞʝ ʦʪʚʝʪʳ ʦʪ ʧʨʝʜʩʪʘʚʣʝʥʠʡ ʜʦ ʪʦʛʦ, ʢʘʢ ʦʥʠ ʚʦʟʚʨʘʱʘʶʪʩʷ 

ʚ ʙʨʘʫʟʝʨ.  

ʉʣʝʜʫʶʱʠʡ ʵʪʘʧ ʦʙʫʯʝʥʠʷ ʛʠʙʨʠʜʥʦʡ ʥʝʡʨʦʥʥʦʡ ʩʝʪʠ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ 

ʥʦʨʤʘʣʠʟʘʮʠʶ ʜʘʥʥʳʭ (ʨʠʩ. 4.16, 4.17). ɿʘʧʨʦʩʳ ʦʙʦʨʘʯʠʚʘʶʪʩʷ ʩʧʝʮʠʘʣʴʥʳʤʠ 

ʪʦʢʝʥʘʤʠ <START> ʠ <STOP>, ʯʪʦ ʟʘʜʘʸʪ ʚʝʨʥʦʝ ʚʝʨʦʷʪʥʦʩʪʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ 

ʥʘʜ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʷʤʠ ʨʘʟʥʦʡ ʜʣʠʥʳ [124, 140-146]. 

 

ʈʠʩʫʥʦʢ 4.16 ï ʈʘʩʧʨʝʜʝʣʝʥʠʷ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ ʨʘʟʥʳʭ ʜʣʠʥ ʜʦ 

ʥʦʨʤʘʣʠʟʘʮʠʠ 

 

ʈʠʩʫʥʦʢ 4.17 ï ʈʘʩʧʨʝʜʝʣʝʥʠʷ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ ʨʘʟʥʳʭ ʜʣʠʥ ʧʦʩʣʝ 

ʥʦʨʤʘʣʠʟʘʮʠʠ 
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ɺ [126] ʠʟʫʯʘʣʦʩʴ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʨʘʩʩʪʦʷʥʠʡ (ʪ.ʝ ʢʦʣʠʯʝʩʪʚʦ ʩʠʤʚʦʣʦʚ) 

ʤʝʞʜʫ ʦʜʠʥʘʢʦʚʳʤʠ ʙʫʢʚʘʤʠ ʚ ʪʝʢʩʪʝ. ʆʢʘʟʘʣʦʩʴ, ʯʪʦ ʵʪʦ ʢʚʘʟʠʩʪʘʮʠʦʥʘʨʥʳʡ 

ʨʷʜ, ʦʜʠʥʘʢʦʚʦ ʨʘʩʧʨʝʜʝʣʝʥʥʳʡ (ʧʦ ʛʘʤʤʘ-ʨʘʩʧʨʝʜʝʣʝʥʠʶ) ʜʣʷ ʣʶʙʦʡ ʙʫʢʚʳ 

ʘʣʬʘʚʠʪʘ, ʠ ʙʣʠʟʢʠʡ ʢ ʙʝʣʦʤʫ ʰʫʤʫ. ʀʩʭʦʜʷ ʠʟ ʵʪʦʛʦ, ʜʣʷ ʧʨʦʚʝʨʢʠ 

ʩʪʘʮʠʦʥʘʨʥʦʩʪʠ HTTP-ʪʨʘʬʠʢʘ, ʧʨʦʚʝʜʝʥ ʵʢʩʧʝʨʠʤʝʥʪ, ʢʦʪʦʨʳʡ ʟʘʢʣʶʯʘʣʩʷ ʚ 

ʧʦʩʪʨʦʝʥʠʠ ʛʨʘʬʠʢʘ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʜʣʠʥ ʤʝʞʜʫ ʜʚʫʤʷ ʦʜʠʥʘʢʦʚʳʤʠ ʩʠʤʚʦʣʘʤʠ 

(ʨʠʩ. 4.18) ʠ ʦʮʝʥʢʠ ʩʪʘʮʠʦʥʘʨʥʦʩʪʠ ʧʦʣʫʯʠʚʰʝʛʦʩʷ ʨʷʜʘ ʩ ʧʦʤʦʱʴʶ ʪʝʩʪʘ ɼʠʢʠ-

ʌʫʣʣʝʨʘ.  

 

ʈʠʩʫʥʦʢ 4.18 ï ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʜʣʠʥ ʣʝʛʠʪʠʤʥʳʭ ʟʘʧʨʦʩʦʚ 

 

ɼʘʣʝʝ ʧʨʦʠʟʚʝʜʝʥʘ ʧʨʝʜʦʙʨʘʙʦʪʢʘ ʠ ʥʦʨʤʘʣʠʟʘʮʠʷ ʧʦʣʫʯʠʚʰʝʡʩʷ ʚʳʙʦʨʢʠ. 

ʇʦʩʢʦʣʴʢʫ ʧʨʦʪʦʢʦʣ HTTP ï ʪʝʢʩʪʦʚʳʡ ʧʨʦʪʦʢʦʣ, ʠʩʧʦʣʴʟʦʚʘʣʦʩʴ ʚʝʢʪʦʨʥʦʝ 

ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʩʠʤʚʦʣʦʚ. ɼʣʷ ʵʪʦʛʦ ʩʧʝʨʚʘ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʟʘʤʝʥʘ ʩʠʤʚʦʣʦʚ, 

ʚʩʪʨʝʯʘʶʱʠʭʩʷ ʚ ʜʘʪʘʩʝʪʝ ʥʘ ʯʠʩʣʦʚʦʡ ʵʢʚʠʚʘʣʝʥʪ, ʢʦʪʦʨʳʡ ʥʝ ʠʤʝʝʪ 

ʩʘʤʦʩʪʦʷʪʝʣʴʥʦʛʦ ʩʤʳʩʣʘ/ʟʥʘʯʝʥʠʷ ʜʣʷ ʚʥʝʰʥʝʛʦ ʠʣʠ ʚʥʫʪʨʝʥʥʝʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 

(ʪʦʢʝʥʠʟʠʨʦʚʘʪʴ), ʘ ʟʘʪʝʤ ʧʝʨʝʚʦʜʷʪʩʷ ʩʣʦʚʘ ʚ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʩʝʢʚʝʥʮʠʡ 

(ʨʠʩ. 4.19), ʩ ʧʦʤʦʱʴʶ ʪʦʢʝʥʠʟʘʮʠʠ.  

 

ʈʠʩʫʥʦʢ 4.19 ï ʉʝʢʚʝʥʮʠʠ 
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ʇʨʠ ʵʪʦʤ, ʚʘʞʥʳʤ ʦʙʩʪʦʷʪʝʣʴʩʪʚʦʤ ʷʚʣʷʝʪʩʷ ʪʦ, ʯʪʦ ʚʩʝ ʩʝʢʚʝʥʮʠʠ ʜʦʣʞʥʳ 

ʙʳʪʴ ʦʜʥʦʡ ʜʣʠʥʳ. ɽʩʣʠ ʟʘʧʨʦʩ ʤʝʥʴʰʝ ʜʣʠʥʳ ʩʝʢʚʝʥʮʠʠ, ʪʦ ʦʩʪʘʚʰʠʝʩʷ ʩʠʤʚʦʣʳ 

ʟʘʧʦʣʥʷʶʪʩʷ ʥʫʣʷʤʠ. 

ɼʘʣʝʝ ʩʝʢʚʝʥʮʠʠ ʧʦʜʘʶʪʩʷ ʥʘ ʚʭʦʜ ʛʠʙʨʠʜʥʦʡ ʥʝʡʨʦʥʥʦʡ ʩʝʪʠ, ʠ 

ʧʦʜʙʠʨʘʶʪʩʷ ʛʠʧʝʨʧʘʨʘʤʝʪʨʳ. ʅʦ ʧʝʨʝʜ ʵʪʠʤ, ʥʝʦʙʭʦʜʠʤʦ ʥʘʩʪʨʦʠʪʴ ʩʨʝʜʫ 

ʚʳʧʦʣʥʝʥʠʷ ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʯʪʦʙʳ ʚʩʝ ʚʳʯʠʩʣʝʥʠʷ ʧʨʦʠʩʭʦʜʠʣʠ ʥʘ GPU. ɼʣʷ 

ʵʪʦʡ ʮʝʣʠ ʜʦʩʪʘʪʦʯʥʦ ʫʩʪʘʥʦʚʠʪʴ ʙʠʙʣʠʦʪʝʢʠ, ʩʪʨʦʛʦ ʦʧʨʝʜʝʣʝʥʥʳʭ ʚʝʨʩʠʡ: 

conda create --name tf python=3.8 

conda activate tf 

conda install cudatoolkit=10.0.130 

conda install cudnn=7.6.0=cuda10.0_0 

pip install --upgrade tensorflow-gpu 

sudo apt install libcudnn8 

ʇʦʜʙʦʨ ʧʘʨʘʤʝʪʨʦʚ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʯʪʦʙʳ ʬʫʥʢʮʠʷ ʧʦʪʝʨʴ 

ʧʨʠ ʦʙʫʯʝʥʠʠ ʘʚʪʦʢʦʜʠʨʦʚʱʠʢʘ ʫʤʝʥʴʰʘʣʘʩʴ, ʧʨʠ ʵʪʦʤ ʪʦʯʥʦʩʪʴ ʢʣʘʩʩʠʬʠʢʘʪʦʨʘ 

ʨʦʩʣʘ.  

 

ʈʠʩʫʥʦʢ 4.20 ï ʇʦʜʙʦʨ ʛʠʧʝʨʧʘʨʘʤʝʪʨʦʚ ʥʝʡʨʦʥʥʦʡ ʩʝʪʠ 

 

ɺ ʧʨʦʮʝʩʩʝ ʦʙʫʯʝʥʠʷ ʛʠʙʨʠʜʥʦʡ ʥʝʡʨʦʥʥʦʡ ʩʝʪʠ ʥʘ ʚʭʦʜʥʦʡ ʩʣʦʡ ʧʦʩʪʫʧʘʶʪ 

ʚʝʢʪʦʨʘ (ʨʠʩ. 4.21) (ʧʘʜʘʩʝʢʚʝʥʮʠʠ, ʩʝʢʚʝʥʮʠʠ ʠʣʠ ʵʤʙʝʜʜʠʥʛʠ) ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ 

ʨʝʘʣʠʟʘʮʠʠ.  
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ʉʝʢʚʝʥʮʠʷ ï ʧʨʦʥʫʤʝʨʦʚʘʥʥʳʡ ʥʘʙʦʨ ʦʙʲʝʢʪʦʚ, ʩʨʝʜʠ ʢʦʪʦʨʳʭ ʜʦʧʫʩʢʘʶʪʩʷ 

ʧʦʚʪʦʨʝʥʠʷ, ʧʨʠʯʸʤ ʧʦʨʷʜʦʢ ʦʙʲʝʢʪʦʚ ʠʤʝʝʪ ʟʥʘʯʝʥʠʝ. ʅʫʤʝʨʘʮʠʷ ʧʨʦʠʩʭʦʜʠʪ 

ʥʘʪʫʨʘʣʴʥʳʤʠ ʯʠʩʣʘʤʠ. ʇʘʜʘʩʝʢʚʝʥʮʠʷ ï ʬʫʥʢʮʠʷ ʙʠʙʣʠʦʪʝʢʠ Tensorflow, 

ʢʦʪʦʨʘʷ ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʪʦʛʦ, ʯʪʦʙʳ ʚʩʝ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʚ ʩʧʠʩʢʝ ʠʤʝʣʠ 

ʦʜʠʥʘʢʦʚʫʶ ʜʣʠʥʫ.  

 

ʈʠʩʫʥʦʢ 4.21 ï ɺʠʟʫʘʣʴʥʦʝ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʚʝʢʪʦʨʥʦʛʦ ʦʪʦʙʨʘʞʝʥʠʷ ʜʘʥʥʳʭ, 

ʧʦʜʘʚʘʝʤʳʭ ʥʘ ʚʭʦʜ ʛʠʙʨʠʜʥʦʡ ʥʝʡʨʦʥʥʦʡ ʩʝʪʠ 

 

ʇʦ ʫʤʦʣʯʘʥʠʶ ʵʪʦ ʜʝʣʘʝʪʩʷ ʧʫʪʝʤ ʜʦʙʘʚʣʝʥʠʷ 0 ʚ ʥʘʯʘʣʦ ʢʘʞʜʦʡ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ, ʧʦʢʘ ʢʘʞʜʘʷ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʥʝ ʙʫʜʝʪ ʠʤʝʪʴ ʪʫ ʞʝ 

ʜʣʠʥʫ, ʯʪʦ ʠ ʩʘʤʘʷ ʜʣʠʥʥʘʷ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ. ɸ ʜʣʷ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ 

ʧʦʣʦʞʠʪʝʣʴʥʳʭ ʮʝʣʳʭ ʯʠʩʝʣ (ʠʥʜʝʢʩʳ) ʚ ʧʣʦʪʥʳʝ (dense) ʚʝʢʪʦʨʳ 

ʬʠʢʩʠʨʦʚʘʥʥʦʛʦ ʨʘʟʤʝʨʘ ʧʨʠʤʝʥʷʝʪʩʷ ʧʝʨʚʳʡ ʩʣʦʡ ʥʝʡʨʦʥʥʦʡ ʩʝʪʠ - Embedding. 

ʕʢʩʧʝʨʠʤʝʥʪʳ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʥʘʠʣʫʯʰʠʡ ʨʝʟʫʣʴʪʘʪ ʜʘʶʪ ʵʤʙʝʜʜʠʥʛʠ, ʥʦ ʦʥʠ 

ʩʠʣʴʥʦ ʥʘʛʨʫʞʘʶʪ ʵʣʝʢʪʨʦʥʥʳʝ ʚʳʯʠʩʣʠʪʝʣʴʥʳʝ ʤʘʰʠʥʳ, ʧʦʵʪʦʤʫ ʜʣʷ ʙʳʩʪʨʳʭ 

ʚʳʯʠʩʣʝʥʠʡ ʚ ʠʩʩʣʝʜʦʚʘʥʠʷʭ ʧʨʠʤʝʥʷʣʠʩʴ ʧʘʜʦʩʝʢʚʝʥʮʠʠ ʜʣʠʥʦʡ 120 ʩʠʤʚʦʣʦʚ.  

ɺ ʩʝʨʝʜʠʥʝ ʛʠʙʨʠʜʥʦʡ ʥʝʡʨʦʥʥʦʡ ʩʝʪʠ ʯʠʩʣʦ ʥʝʡʨʦʥʦʚ ʫʤʝʥʴʰʘʝʪʩʷ ʜʦ 30. 

ʕʪʦ ʧʨʠʚʦʜʠʪ ʢ ʧʦʪʝʨʝ ʠʥʬʦʨʤʘʮʠʠ, ʪʘʢ ʢʘʢ ʠʟ 120 ʥʝʡʨʦʥʦʚ ʥʝ ʚʩʷ ʠʥʬʦʨʤʘʮʠʷ 

ʧʦʧʘʜʘʝʪ ʥʘ 30 ʥʝʡʨʦʥʦʚ. ʇʦʵʪʦʤʫ ʥʝʡʨʦʥʥʘʷ ʩʝʪʴ ʫʯʠʪʩʷ ʦʪʙʨʘʩʳʚʘʪʴ ʣʠʰʥʶʶ 

(ʠʟʙʳʪʦʯʥʫʶ) ʠʥʬʦʨʤʘʮʠʶ (ʰʫʤ), ʩʦʭʨʘʥʷʷ, ʧʦ ʝʝ ʤʥʝʥʠʶ, ʩʘʤʫʶ ʚʘʞʥʫʶ. 
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ʋ ʢʣʘʩʩʠʬʠʢʘʪʦʨʘ (ʧʨʘʚʘʷ ʚʝʪʚʴ) ʥʘ ʧʦʩʣʝʜʥʝʤ ʩʣʦʝ ʠʤʝʝʪʩʷ ʰʝʩʪʴ 

ʥʝʡʨʦʥʦʚ. ʆʥʠ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʰʝʩʪʠ ʨʘʟʤʝʯʝʥʥʳʤ ʢʣʘʩʩʘʤ, ʫʧʦʤʷʥʫʪʳʤ ʚʳʰʝ. ɺ 

ʩʣʫʯʘʝ ʝʩʣʠ ʢʣʘʩʩʠʬʠʢʘʪʦʨ ʥʝ ʤʦʞʝʪ ʦʪʥʝʩʪʠ ʜʘʥʥʳʝ ʥʠ ʢ ʦʜʥʦʤʫ ʠʟ ʢʣʘʩʩʦʚ ʩ 

ʚʝʨʦʷʪʥʦʩʪʴʶ ʙʦʣʴʰʝ 0.6, ʪʦ ʪʘʢʦʡ ʟʘʧʨʦʩ ʧʦʤʝʯʘʝʪʩʷ ʧʦʜʦʟʨʠʪʝʣʴʥʳʤ (ʩʯʠʪʘʝʪʩʷ 

ʘʪʘʢʦʡ ʥʫʣʝʚʦʛʦ ʜʥʷ). 

ʋ ʘʚʪʦʵʥʢʦʜʝʨʘ (ʣʝʚʘʷ ʚʝʪʚʴ) ʥʘ ʧʦʩʣʝʜʥʝʤ ʩʣʦʝ 120 ʥʝʡʨʦʥʦʚ (ʩʪʦʣʴʢʦ ʞʝ, 

ʩʢʦʣʴʢʦ ʠ ʥʘ ʚʭʦʜʥʦʤ). ʆʥ ʧʳʪʘʝʪʩʷ ʚʦʩʩʦʟʜʘʪʴ ʠʥʬʦʨʤʘʮʠʶ ʠʟ 30 ʥʝʡʨʦʥʦʚ ʢ 

ʧʝʨʚʦʥʘʯʘʣʴʥʦʤʫ ʚʠʜʫ (ʪʫ, ʯʪʦ ʙʳʣʘ ʥʘ 120 ʚʭʦʜʥʳʭ ʥʝʡʨʦʥʘʭ). ʂʘʞʜʳʡ ʨʘʟ ʚ 

ʧʨʦʮʝʩʩʝ ʦʙʫʯʝʥʠʷ ʫ ʘʚʪʦʢʦʜʠʨʦʚʱʠʢʘ ʧʦʣʫʯʘʝʪʩʷ ʜʝʣʘʪʴ ʵʪʦ ʚʩʝ ʣʫʯʰʝ ʠ ʣʫʯʰʝ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʫʤʝʥʴʰʘʝʪʩʷ ʦʰʠʙʢʘ, ʘ ʚ ʩʝʨʝʜʠʥʝ ʩʣʦʷ (ʪʘʤ, ʛʜʝ 30 

ʥʝʡʨʦʥʦʚ) ʩʦʭʨʘʥʷʝʪʩʷ ʪʦʣʴʢʦ ʩʘʤʘʷ ʚʘʞʥʘʷ ʠʥʬʦʨʤʘʮʠʷ, ʠʟ ʢʦʪʦʨʦʡ ʤʦʞʥʦ 

ʚʦʩʩʪʘʥʦʚʠʪʴ ʠʥʬʦʨʤʘʮʠʶ ʚ ʠʩʭʦʜʥʦʤ ʚʠʜʝ ï çʩʢʨʳʪʳʝ ʣʘʪʝʥʪʥʳʝ 

ʧʨʝʜʩʪʘʚʣʝʥʠʷè (ʨʠʩ. 4.22).  

 

ʈʠʩʫʥʦʢ 4.22 ï ʉʢʨʳʪʳʝ ʣʘʪʝʥʪʥʳʝ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʧʦʣʫʯʝʥʥʳʝ ʚ ʨʝʟʫʣʴʪʘʪʝ 

ʩʞʘʪʠʷ ʠʥʬʦʨʤʘʮʠʠ ʘʚʪʦʢʦʜʠʨʦʚʱʠʢʦʤ 

 

ʊʘʢʠʝ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʧʦʟʚʦʣʷʶʪ ʢʣʘʩʩʠʬʠʢʘʪʦʨʫ ʥʘʭʦʜʠʪʴ ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ 

ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ ʚ ʜʘʥʥʳʭ, ʯʪʦ ʩʫʱʝʩʪʚʝʥʥʦ ʫʤʝʥʴʰʘʝʪ ʣʦʞʥʳʝ ʩʨʘʙʘʪʳʚʘʥʠʷ ʠ 

ʧʦʚʳʰʘʝʪ ʚʝʨʦʷʪʥʦʩʪʴ ʦʙʥʘʨʫʞʝʥʠʷ ʘʪʘʢ ʥʫʣʝʚʦʛʦ ʜʥʷ. 

ɼʣʷ ʵʤʧʠʨʠʯʝʩʢʦʛʦ ʦʮʝʥʠʚʘʥʠʷ ʦʙʦʙʱʘʶʱʝʡ ʩʧʦʩʦʙʥʦʩʪʠ ʤʦʜʝʣʠ 
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ʥʝʡʨʦʥʥʦʡ ʩʝʪʠ, ʠʩʧʦʣʴʟʦʚʘʣʘʩʴ 10-ʢʨʘʪʥʳʡ ʩʪʨʘʪʠʬʠʮʠʨʦʚʘʥʥʳʡ ʢʨʦʩʩ-

ʚʘʣʠʜʘʪʦʨ K-Folds ʥʘ ʥʝʟʘʚʠʩʠʤʳʭ ʜʘʥʥʳʭ ʩ ʥʘʠʙʦʣʝʝ ʨʘʚʥʦʤʝʨʥʳʤ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʠʤʝʶʱʠʭʩʷ ʜʘʥʥʳʭ (ʨʠʩ. 4.23). 

 

ʈʠʩʫʥʦʢ 4.23 ð ʆʙʫʯʝʥʠʝ ʜʝʢʦʜʝʨʘ ʠ ʢʣʘʩʩʠʬʠʢʘʪʦʨʘ ʥʘ 15 ʵʧʦʭʘʭ ʚ 10 ʠʪʝʨʘʮʠʡ 

ʩ ʧʝʨʝʤʝʰʠʚʘʥʠʝʤ ʜʘʥʥʳʭ 

 

ʇʦʩʣʝ ʦʙʫʯʝʥʠʷ ʥʝʡʨʦʥʥʦʡ ʩʝʪʠ, ʙʳʣʘ ʧʨʦʚʝʜʝʥʘ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʘʷ ʦʮʝʥʢʘ 

ʪʦʯʥʦʩʪʠ ʠ ʧʦʣʥʦʪʳ (ʨʠʩ. 4.24) ʩ ʧʨʠʤʝʥʝʥʠʝʤ ROC-ʢʨʠʚʦʡ ʥʘ ʜʘʥʥʳʭ, ʥʝ 

ʫʯʘʩʪʚʫʶʱʠʭ ʚ ʦʙʫʯʝʥʠʠ ʤʦʜʝʣʠ. ɺʠʟʫʘʣʴʥʳʡ ʘʥʘʣʠʟ ʧʦʜʪʚʝʨʜʠʣ ʚʳʩʦʢʫʶ 

ʪʦʯʥʦʩʪʴ ʧʨʝʜʣʦʞʝʥʥʦʛʦ ʧʦʜʭʦʜʘ, ʩ ʤʠʥʠʤʘʣʴʥʳʤ ʯʠʩʣʦʤ ʣʦʞʥʳʭ ʩʨʘʙʘʪʳʚʘʥʠʡ. 

 

ʈʠʩʫʥʦʢ 4.24 ï ROC-ʢʨʠʚʘʷ ʜʣʷ ʤʫʣʴʪʠʢʣʘʩʩʦʚʦʡ ʢʣʘʩʩʠʬʠʢʘʮʠʠ 

ɼʣʷ ʙʦʣʝʝ ʢʘʯʝʩʪʚʝʥʥʦʡ ʦʮʝʥʢʠ ʚʳʜʝʣʝʥʳ ʛʣʘʚʥʳʝ ʤʝʪʨʠʢʠ ʢʣʘʩʩʠʬʠʢʘʮʠʠ 

(ʨʠʩ 4.25). 
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 ʀʟ ʨʠʩʫʥʢʘ 4.25 ʚʠʜʥʦ, ʯʪʦ ʘʣʛʦʨʠʪʤ ʥʝ ʪʦʣʴʢʦ ʩʧʨʘʚʣʷʝʪʩʷ ʩ 

ʢʣʘʩʩʠʬʠʢʘʮʠʝʡ ʂɸ, ʥʦ ʪʘʢʞʝ ʩ ʚʳʩʦʢʦʡ ʜʦʣʝʡ ʚʝʨʦʷʪʥʦʩʪʠ ʦʙʥʘʨʫʞʠʚʘʝʪ 

ʣʝʛʠʪʠʤʥʳʝ ʟʘʧʨʦʩʳ çno anomalyè.  

 

ʈʠʩʫʥʦʢ 4.25 ï ɻʣʘʚʥʳʝ ʤʝʪʨʠʢʠ ʢʣʘʩʩʠʬʠʢʘʮʠʡ 

 

ʕʪʦ ʩʘʤʦ ʧʦ ʩʝʙʝ ʷʚʣʷʝʪʩʷ ʤʠʥʠʤʠʟʘʮʠʝʡ ʣʦʞʥʳʭ ʩʨʘʙʘʪʳʚʘʥʠʡ (ʦʰʠʙʦʢ 

ʧʝʨʚʦʛʦ ʨʦʜʘ), ʩʚʷʟʘʥʥʳʭ ʩ ʦʪʥʝʩʝʥʠʝʤ ʣʝʛʠʪʠʤʥʳʭ ʟʘʧʨʦʩʦʚ ʢ ʂɸ ʠ ʥʘʦʙʦʨʦʪ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ ʢʣʘʩʩʠʬʠʢʘʮʠʷ ʂɸ ʧʦʜʪʚʝʨʞʜʘʝʪ ʦʪʩʫʪʩʪʚʠʝ ʣʦʞʥʳʭ 

ʩʨʘʙʘʪʳʚʘʥʠʡ ʧʨʠ ʤʫʣʴʪʠʢʣʘʩʩʦʚʦʡ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʘʥʦʤʘʣʠʡ.  

ʂʨʦʤʝ ʪʦʛʦ, ʜʣʷ ʦʮʝʥʢʠ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʪʝʢʫʱʝʛʦ ʧʦʜʭʦʜʘ ʧʨʦʚʝʜʝʥ 

ʩʨʘʚʥʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ ʛʠʙʨʠʜʥʦʡ ʥʝʡʨʦʥʥʦʡ ʩʝʪʠ ʩ ʤʝʪʦʜʘʤʠ ʤʘʰʠʥʥʦʛʦ 

ʦʙʫʯʝʥʠʷ, ʦʩʥʦʚʘʥʥʳʤʠ ʥʘ ʤʫʣʴʪʠʢʣʘʩʩʦʚʦʡ ʢʣʘʩʩʠʬʠʢʘʮʠʠ: ʣʦʛʠʩʪʠʯʝʩʢʘʷ 

ʨʝʛʨʝʩʩʠʷ, ʜʝʨʝʚʦ ʧʨʠʥʷʪʠʷ ʨʝʰʝʥʠʡ, ʛʨʘʜʠʝʥʪʥʳʡ ʙʫʩʪʠʥʛ, ʣʠʥʝʡʥʳʡ 

ʜʠʩʢʨʠʤʠʥʘʥʪʥʳʡ ʘʥʘʣʠʟ, ʠʩʢʫʩʩʪʚʝʥʥʝr ʥʝʡʨʦʥʥʳʝ ʩʝʪʠ, ʢʚʘʜʨʘʪʠʯʥʳʡ 

ʜʠʩʢʨʠʤʠʥʘʥʪʥʳʡ ʘʥʘʣʠʟ. 

ʆʮʝʥʢʘ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʤʝʪʦʜʦʚ ʤʘʰʠʥʥʦʛʦ ʦʙʫʯʝʥʠʷ ʧʨʦʠʟʚʦʜʠʣʘʩʴ ʩ 

ʧʦʤʦʱʴʶ ʪʨʝʭ ʤʝʪʨʠʢ: 

ʊʦʯʥʦʩʪʴ ï ʆʧʨʝʜʝʣʷʝʪ ʜʦʣʶ ʧʨʘʚʠʣʴʥʦ ʧʨʝʜʩʢʘʟʘʥʥʳʭ ʧʦʣʦʞʠʪʝʣʴʥʳʭ 

ʦʙʲʝʢʪʦʚ ʩʨʝʜʠ ʚʩʝʭ ʦʙʲʝʢʪʦʚ, ʧʨʝʜʩʢʘʟʘʥʥʳʭ ʧʦʣʦʞʠʪʝʣʴʥʳʤ ʢʣʘʩʩʦʤ. ʏʝʤ 

ʤʝʥʴʰʝ ʣʦʞʥʦʧʦʣʦʞʠʪʝʣʴʥʳʭ ʩʨʘʙʘʪʳʚʘʥʠʡ (ʦʰʠʙʢʘ ʧʝʨʚʦʛʦ ʨʦʜʘ) ʙʫʜʝʪ 

ʜʦʧʫʩʢʘʪʴ ʤʦʜʝʣʴ, ʪʝʤ ʙʦʣʴʰʝ ʙʫʜʝʪ ʪʦʯʥʦʩʪʴ. 

ʇʦʣʥʦʪʘ ï ʇʦʢʘʟʳʚʘʝʪ ʜʦʣʶ ʧʨʘʚʠʣʴʥʦ ʥʘʡʜʝʥʥʳʭ ʧʦʣʦʞʠʪʝʣʴʥʳʭ 

ʦʙʲʝʢʪʦʚ ʩʨʝʜʠ ʚʩʝʭ ʦʙʲʝʢʪʦʚ ʧʦʣʦʞʠʪʝʣʴʥʦʛʦ ʢʣʘʩʩʘ. ʏʝʤ ʤʝʥʴʰʝ ʣʦʞʥʦ 

ʦʪʨʠʮʘʪʝʣʴʥʳʭ ʩʨʘʙʘʪʳʚʘʥʠʡ (ʦʰʠʙʢʘ ʚʪʦʨʦʛʦ ʨʦʜʘ), ʪʝʤ ʚʳʰʝ ʧʦʣʥʦʪʘ ʤʦʜʝʣʠ. 
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F-ʤʝʨʘ ï ʩʨʝʜʥʝʝ ʛʘʨʤʦʥʠʯʥʦʝ ʩʢʦʤʧʦʥʦʚʘʥʥʦʡ ʧʘʨʳ ʪʦʯʥʦʩʪʴ-ʧʦʣʥʦʪʘ. 

ʃʦʛʠʩʪʠʯʝʩʢʘʷ ʨʝʛʨʝʩʩʠʷ ʥʝ ʩʧʨʘʚʣʷʝʪʩʷ ʩ ʨʘʩʧʦʟʥʘʚʘʥʠʝʤ ʠʥʲʝʢʮʠʡ 

ʚʥʝʰʥʠʭ ʩʫʱʥʦʩʪʝʡ XML ʠ ʫʷʟʚʠʤʦʩʪʷʤʠ Path Traversal, ʦʙ ʵʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ 

ʥʠʟʢʘʷ ʦʮʝʥʢʘ f1-score (ʨʠʩʫʥʦʢ 4.26).  

 

ʈʠʩʫʥʦʢ 4.26 ï ʆʮʝʥʢʘ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʤʝʪʦʜʘ ʤʘʰʠʥʥʦʛʦ ʦʙʫʯʝʥʠʷ 

çʃʦʛʠʩʪʠʯʝʩʢʘʷ ʨʝʛʨʝʩʩʠʷè ʧʨʠ ʨʘʩʧʦʟʥʘʚʘʥʠʠ ʨʘʟʣʠʯʥʳʭ ʂɸ 

ʂʨʦʤʝ ʪʦʛʦ, ʧʨʠ ʦʙʥʘʨʫʞʝʥʠʠ ʘʪʘʢ ʪʠʧʘ sql injection, ʫ ʣʦʛʠʩʪʠʯʝʩʢʦʡ 

ʨʝʛʨʝʩʩʠʠ ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʣʦʞʥʦ-ʦʪʨʠʮʘʪʝʣʴʥʳʭ ʩʨʘʙʘʪʳʚʘʥʠʡ (ʠʟ-ʟʘ 

ʤʘʣʝʥʴʢʦʛʦ ʟʥʘʯʝʥʠʷ ʧʦʣʥʦʪʳ). 

ɼʝʨʝʚʦ ʧʨʠʥʷʪʠʷ ʨʝʰʝʥʠʡ ʷʚʣʷʝʪʩʷ ʵʬʬʝʢʪʠʚʥʳʤ ʠʥʩʪʨʫʤʝʥʪʦʤ 

ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʦʛʦ ʘʥʘʣʠʟʘ ʜʘʥʥʳʭ ʠ ʧʨʝʜʩʢʘʟʘʪʝʣʴʥʦʡ ʘʥʘʣʠʪʠʢʠ. ʄʦʜʝʣʴ 

ʤʘʠhʥʥʦʛʦ ʦʙʫʯʝʥʠʷ ʛʦʨʘʟʜʦ ʣʫʯʰʝ ʩʧʨʘʚʠʣʘʩʴ ʩ ʨʘʩʧʦʟʥʘʚʘʥʠʝʤ ʢʦʤʧʴʶʪʝʨʥʳʭ 

ʘʪʘʢ (ʨʠʩ 4.27), ʯʝʤ ʣʦʛʠʩʪʠʯʝʩʢʘʷ ʨʝʛʨʝʩʩʠʷ.  

 

ʈʠʩʫʥʦʢ 4.27 ï ʆʮʝʥʢʘ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʤʝʪʦʜʘ ʤʘʰʠʥʥʦʛʦ ʦʙʫʯʝʥʠʷ çɼʝʨʝʚʦ 

ʧʨʠʥʷʪʠʷ ʨʝʰʝʥʠʡè ʧʨʠ ʨʘʩʧʦʟʥʘʚʘʥʠʠ ʨʘʟʣʠʯʥʳʭ ʂɸ 

ʆʜʥʘʢʦ ʫ ʜʘʥʥʦʛʦ ʧʦʜʭʦʜʘ ʩʦʭʨʘʥʷʝʪʩʷ ʚʳʩʦʢʠʡ ʫʨʦʚʝʥʴ ʚʦʟʥʠʢʥʦʚʝʥʠʷ 

ʦʰʠʙʦʢ ʚʪʦʨʦʛʦ ʨʦʜʘ ʧʨʠ ʦʙʥʘʨʫʞʝʥʠʠ XXE ʠ ʫʷʟʚʠʤʦʩʪʷʤʠ Path Traversal. 






















































































