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ɸʅʆʊɸʎɯʗ 

 

 

ʈʘʜʽʚʽʣʦʚʘ ʊ. ɸ. ʄʦʜʝʣʽ ʪʘ ʤʝʪʦʜʠ ʟʘʙʝʟʧʝʯʝʥʥʷ ʙʝʟʧʝʢʠ ʪʘ ʷʢʦʩʪʽ 

ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʚ ʢʦʤʧôʶʪʝʨʥʠʭ ʩʠʩʪʝʤʘʭ ʽʟ ʩʘʤʦʧʦʜʽʙʥʠʤʠ ʽʥʬʦʨʤʘʮʽʡʥʠʤʠ 

ʧʦʪʦʢʘʤʠ. ï ʂʚʘʣʽʬʽʢʘʮʽʡʥʘ ʥʘʫʢʦʚʘ ʧʨʘʮʷ ʥʘ ʧʨʘʚʘʭ ʨʫʢʦʧʠʩʫ.  

ɼʠʩʝʨʪʘʮʽʷ ʥʘ ʟʜʦʙʫʪʪʷ ʥʘʫʢʦʚʦʛʦ ʩʪʫʧʝʥʷ ʜʦʢʪʦʨʘ ʪʝʭʥʽʯʥʠʭ ʥʘʫʢ ʟʘ 

ʩʧʝʮʽʘʣʴʥʽʩʪʶ 05.13.21 çʉʠʩʪʝʤʠ ʟʘʭʠʩʪʫ ʽʥʬʦʨʤʘʮʽʾè. ï ʍʘʨʢʽʚʩʴʢʠʡ 

ʥʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʨʘʜʽʦʝʣʝʢʪʨʦʥʽʢʠ. ï ɼʝʨʞʘʚʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ 

ʪʝʣʝʢʦʤʫʥʽʢʘʮʽʡ, ʤ. ʂʠʾʚ, 2021. 

ɾʠʪʪʷ ʩʫʯʘʩʥʦʛʦ ʩʫʩʧʽʣʴʩʪʚʘ ʟʘʣʝʞʠʪʴ ʚʽʜ ʢʦʤʧôʶʪʝʨʥʠʭ ʽʥʬʦʨʤʘʮʽʡʥʠʭ 

ʩʠʩʪʝʤ ʽ ʤʝʨʝʞ. ɹʝʟʧʝʢʘ ʽ ʷʢʽʩʪʴ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ (ʘʥʛʣ. Quality of service, QoS) ï 

ʮʝ ʜʚʘ ʢʨʠʪʠʯʥʽ ʤʝʨʝʞʥʽ ʩʝʨʚʽʩʠ ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʙʝʟʧʝʢʠ ʢʦʤʫʥʽʢʘʮʽʡ (ʟʛʽʜʥʦ ʟ 

ɼʝʨʞʘʚʥʠʤ ʉʪʘʥʜʘʨʪʦʤ ʋʢʨʘʾʥʠ ɼʉʊʋ ISO/IEC 27000:2017). ʗʢʽʩʪʴ ʻ 

ʢʣʶʯʦʚʦʶ ʧʦʪʨʝʙʦʶ, ʘ ʜʦʜʘʪʢʦʚʽ ʚʠʤʦʛʠ ʜʦ ʙʝʟʧʝʢʠ ʰʚʠʜʢʦ ʟʨʦʩʪʘʶʪʴ ʟ 

ʧʦʜʘʣʴʰʠʤ ʨʦʟʚʠʪʢʦʤ ʢʦʤʧôʶʪʝʨʥʠʭ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʩʠʩʪʝʤ ʪʘ ʤʝʨʝʞ. 

ʍʘʨʘʢʪʝʨʠʩʪʠʢʠ ʙʝʟʧʝʢʠ, ʨʽʚʥʽ ʧʦʩʣʫʛ, ʘ ʪʘʢʦʞ ʚʠʤʦʛʠ ʫʧʨʘʚʣʽʥʥʷ ʚʩʽʤʘ 

ʧʦʩʣʫʛʘʤʠ ʤʝʨʝʞʽ ʤʘʶʪʴ ʙʫʪʠ ʽʜʝʥʪʠʬʽʢʦʚʘʥʽ ʽ ʤʽʩʪʠʪʠʩʷ ʚ ʙʫʜʴ-ʷʢʽʡ ʫʛʦʜʽ ʱʦʜʦ 

ʧʦʩʣʫʛ ʤʝʨʝʞʽ. ɯʥʪʝʥʩʠʚʥʠʡ ʨʦʟʚʠʪʦʢ ʢʦʤʧôʶʪʝʨʥʠʭ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʩʠʩʪʝʤ ʽ 

ʤʝʨʝʞ ʟʙʽʣʴʰʫʻ ʫʨʘʟʣʠʚʽʩʪʴ ʩʠʩʪʝʤ ʽ ʧʨʠʤʥʦʞʫʻ ʡʤʦʚʽʨʥʽʩʪʴ ʢʽʙʝʨʘʪʘʢ. ʊʦʤʫ 

ʫʧʨʘʚʣʽʥʥʷ ʙʝʟʧʝʢʦʶ ʤʝʨʝʞʽ ʻ ʢʣʶʯʦʚʠʤ ʝʣʝʤʝʥʪʦʤ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ 

ʢʦʤʧôʶʪʝʨʥʠʭ ʩʠʩʪʝʤ ʽ ʤʝʨʝʞ.  

ʋʨʘʟʣʠʚʦʩʪʽ ʙʝʟʧʝʢʠ ʦʧʝʨʘʮʽʡʥʠʭ ʩʠʩʪʝʤ ʤʘʨʰʨʫʪʠʟʘʪʦʨʽʚ, 

ʙʘʣʘʥʩʫʚʘʣʴʥʠʢʽʚ, ʙʨʘʥʜʤʘʫʝʨʽʚ, ʘʪʘʢʠ ʪʠʧʫ çʚʽʜʤʦʚʘ ʚ ʜʦʩʪʫʧʽè, çʚʽʜʤʦʚʘ 

ʦʙʩʣʫʛʦʚʫʚʘʥʥʷè ʥʘ ʢʣʶʯʦʚʽ ʚʫʟʣʠ ʤʝʨʝʞʽ ʪʘ ʩʝʨʚʝʨʠ, ʚʪʦʨʛʥʝʥʥʷ ʚ 

ʤʘʨʰʨʫʪʠʟʘʪʦʨʠ ʟʽ ʟʤʽʥʦʶ ʧʘʨʘʤʝʪʨʽʚ ʪʦʱʦ, ʚʧʣʠʚʘʶʪʴ ʥʘ ʜʦʩʪʫʧʥʽʩʪʴ ʨʝʩʫʨʩʽʚ, 

ʷʢʽʩʪʴ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ. ʊʘʢʽ ʧʨʦʙʣʝʤʠ, ʷʢ ʟʘʙʝʟʧʝʯʝʥʥʷ ʢʨʠʪʠʯʥʦ ʚʘʞʣʠʚʠʭ 

ʧʘʨʘʤʝʪʨʽʚ QoS, ʟʘʭʠʩʪ ʧʘʢʝʪʽʚ ʜʘʥʠʭ, ʟʘʭʠʩʪ ʚʽʜ ʘʪʘʢ ʚʪʦʨʛʥʝʥʥʷ ʽ ʘʪʘʢ ʪʠʧʫ 
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çʚʽʜʤʦʚʘ ʚ ʦʙʩʣʫʛʦʚʫʚʘʥʥʽè ï ʮʝ ʣʠʰʝ ʜʝʷʢʽ ʟʘʜʘʯʽ, ʷʢʽ ʥʝʦʙʭʽʜʥʦ ʚʠʨʽʰʫʚʘʪʠ 

ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʙʝʟʧʝʯʥʦʛʦ ʨʦʟʧʦʜʽʣʫ ʨʝʩʫʨʩʽʚ, ʜʦʩʪʫʧʫ ʜʦ ʥʠʭ, ʙʝʟʧʝʯʥʦʛʦ 

ʰʣʷʭʫ ʧʝʨʝʜʘʯʽ, ʟʘʭʠʩʪʫ ʢʦʥʪʝʥʪʘ ʽ ʥʘʩʢʨʽʟʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ QoS. 

ʄʝʭʘʥʽʟʤʠ ʟʘʙʝʟʧʝʯʝʥʥʷ ʙʝʟʧʝʢʠ ʽ QoS ʥʝ ʻ ʥʝʟʘʣʝʞʥʠʤʠ. ɺʠʙʽʨ 

ʤʝʭʘʥʽʟʤʽʚ ʟʘʙʝʟʧʝʯʝʥʥʷ ʙʝʟʧʝʢʠ ʚʧʣʠʚʘʻ ʥʘ ʝʬʝʢʪʠʚʥʽʩʪʴ QoS ʽ ʥʘʚʧʘʢʠ. 

ɺʠʢʦʥʘʥʥʷ ʚʠʤʦʛ ʷʢʦʩʪʽ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʧʦʪʨʝʙʫʻ ʟʘʩʪʦʩʫʚʘʥʥʷ ʤʝʭʘʥʽʟʤʽʚ 

ʟʘʙʝʟʧʝʯʝʥʥʷ ʙʝʟʧʝʢʠ ʜʣʷ ʥʘʜʘʥʥʷ ʥʘʣʝʞʥʦʛʦ ʨʽʚʥʷ ʧʦʩʣʫʛ ʽ ʚʠʩʪʘʚʣʝʥʥʷ 

ʨʘʭʫʥʢʽʚ. ʅʝʢʦʨʝʢʪʥʠʡ ʧʽʜʙʽʨ ʤʝʭʘʥʽʟʤʽʚ ʙʝʟʧʝʢʠ ʤʦʞʝ ʟʤʝʥʰʠʪʠ 

ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ ʨʝʪʝʣʴʥʦ ʚʠʙʫʜʫʚʘʥʦʾ ʤʝʨʝʞʽ, ʘ ʥʝʥʘʣʝʞʥʠʡ ʚʠʙʽʨ ʨʽʚʥʷ ʩʝʨʚʽʩʫ 

ʤʦʞʝ ʧʨʠʟʚʝʩʪʠ ʜʦ ʚʠʪʦʢʫ ʽʥʬʦʨʤʘʮʽʾ. ʊʦʙʪʦ ʦʧʪʠʤʘʣʴʥʝ ʙʘʣʘʥʩʫʚʘʥʥʷ 

ʧʘʨʘʤʝʪʨʘʤʠ QoS ʤʦʞʝ ʜʦʧʦʤʦʛʪʠ ʟʤʝʥʰʠʪʠ ʚʠʪʽʢ ʽʥʬʦʨʤʘʮʽʾ. 

ɹʝʟ ʨʦʟʫʤʽʥʥʷ ʮʠʭ ʚʟʘʻʤʦʜʽʡ, ʥʝʷʢʽʩʥʠʡ ʚʠʙʽʨ ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ ʤʝʨʝʞʽ 

ʤʦʞʝ ʧʨʠʟʚʝʩʪʠ ʜʦ ʙʽʣʴʰ ʩʣʘʙʢʦʾ, ʥʽʞ ʦʯʽʢʫʚʘʣʦʩʷ, ʙʝʟʧʝʢʠ ʪʘ ʤʝʥʰ ʝʬʝʢʪʠʚʥʦʾ 

ʛʘʨʘʥʪʽʾ QoS. ʊʦʤʫ ʥʝʦʙʭʽʜʥʦ ʚʨʘʭʦʚʫʚʘʪʠ ʙʝʟʧʝʢʫ ʽ QoS ʨʘʟʦʤ ʧʽʜ ʯʘʩ ʨʦʟʨʦʙʢʠ 

ʪʘ ʨʝʘʣʽʟʘʮʽʾ ʤʝʨʝʞʥʦʾ ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ ʜʣʷ ʜʦʩʷʛʥʝʥʥʷ ʥʘʡʢʨʘʱʦʛʦ ʨʝʟʫʣʴʪʘʪʫ. 

ʋ ʜʠʩʝʨʪʘʮʽʡʥʽʡ ʨʦʙʦʪʽ ʨʦʟʛʣʷʜʘʶʪʴʩʷ ʘʚʪʦʤʘʪʠʟʦʚʘʥʽ ʩʠʩʪʝʤʠ ʢʣʘʩʫ ç3è ï 

ʨʦʟʧʦʜʽʣʝʥʠʡ ʙʘʛʘʪʦʤʘʰʠʥʥʠʡ ʙʘʛʘʪʦʢʦʨʠʩʪʫʚʘʣʴʥʠʮʴʢʠʡ ʢʦʤʧʣʝʢʩ, ʷʢʠʡ 

ʦʙʨʦʙʣʷʻ ʽʥʬʦʨʤʘʮʽʶ ʨʽʟʥʠʭ ʩʪʫʧʝʥʽʚ ʦʙʤʝʞʝʥʥʷ ʜʦʩʪʫʧʫ (ʟʛʽʜʥʦ ʟ ʅɼ ʊɿɯ 2.5-

005-99). 

ʆʜʥʠʤ ʽʟ ʬʘʢʪʦʨʽʚ, ʱʦ ʚʧʣʠʚʘʶʪʴ ʥʘ QoS ʽ ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ 

ʢʦʤʧôʶʪʝʨʥʠʭ ʩʠʩʪʝʤ (ʂʉ), ʻ ʚʣʘʩʪʠʚʦʩʪʽ ʚʭʽʜʥʦʛʦ ʪʨʘʬʽʢʫ. ʆʩʦʙʣʠʚʦʶ 

ʚʣʘʩʪʠʚʽʩʪʶ ʪʨʘʬʽʢʫ ʻ ʥʘʷʚʥʽʩʪʴ ʤʘʩʰʪʘʙʥʦʾ ʽʥʚʘʨʽʘʥʪʥʦʩʪʽ ï ʩʘʤʦʧʦʜʽʙʥʦʩʪʽ. 

ʆʜʥʠʤʠ ʟ ʧʨʠʯʠʥ ʩʘʤʦʧʦʜʽʙʥʦʩʪʽ ʪʨʘʬʽʢʘ ʻ ʥʝʦʜʥʦʨʽʜʥʽʩʪʴ ʨʝʩʫʨʩʽʚ ʩʠʩʪʝʤʠ ʪʘ 

ʧʦʚʝʜʽʥʢʘ ʢʦʨʠʩʪʫʚʘʯʽʚ ʚ ʤʝʨʝʞʽ. ʉʘʤʦʧʦʜʽʙʥʠʡ ʪʨʘʬʽʢ ʚʠʢʣʠʢʘʻ ʟʘʪʨʠʤʢʠ ʽ 

ʚʪʨʘʪʠ ʧʘʢʝʪʽʚ ʥʘ ʧʦʨʷʜʦʢ ʚʠʱʽ, ʥʽʞ ʟʚʠʯʘʡʥʠʡ ʪʨʘʬʽʢ. ʗʢ ʧʦʢʘʟʘʣʠ 

ʙʘʛʘʪʦʯʠʩʣʝʥʥʽ ʜʦʩʣʽʜʞʝʥʥʷ, ʩʘʤʦʧʦʜʽʙʥʠʡ ʪʠʧ ʪʨʘʬʽʢʘ ʟʘʟʚʠʯʘʡ ʧʨʝʚʘʣʶʻ ʚ 

ʙʽʣʴʰʦʩʪʽ ʩʫʯʘʩʥʠʭ ʤʝʨʝʞ ʧʘʢʝʪʥʦʾ ʧʝʨʝʜʘʯʽ ʜʘʥʠʭ. ʋ ʤʽʞʥʘʨʦʜʥʽʡ 

ʈʝʢʦʤʝʥʜʘʮʽʾ ITU-ʊ Q.3925 ʦʧʠʩʫʶʪʴʩʷ ʪʠʧʠ ʧʦʪʦʢʽʚ ʪʨʘʬʽʢʫ ʽʟ ʩʘʤʦʧʦʜʽʙʥʠʤʠ 
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ʚʣʘʩʪʠʚʦʩʪʷʤʠ, ʷʢʽ ʤʘʶʪʴ ʛʝʥʝʨʫʚʘʪʠʩʷ ʟ ʤʝʪʦʶ ʪʝʩʪʫʚʘʥʥʷ ʧʘʨʘʤʝʪʨʽʚ QoS ʜʣʷ 

ʧʝʨʝʜʘʯʽ ʤʦʚʠ, ʜʘʥʠʭ ʽ ʚʽʜʝʦʩʠʛʥʘʣʽʚ ʫ ʤʦʜʝʣʴʥʽʡ ʤʝʨʝʞʽ. ʊʘʢʠʤ ʯʠʥʦʤ, 

ʩʘʤʦʧʦʜʽʙʥʠʡ ʪʠʧ ʪʨʘʬʽʢʫ ʤʘʻ ʙʫʪʠ ʦʜʥʠʤ ʟ ʦʩʥʦʚʥʠʭ ʫ ʜʦʩʣʽʜʞʝʥʥʷʭ ʤʝʨʝʞ. 

ʆʜʥʘʢ ʽʩʥʫʶʯʽ ʤʦʜʝʣʽ ʪʘ ʤʝʪʦʜʠ ʟʘʙʝʟʧʝʯʝʥʥʷ ʷʢʦʩʪʽ ʪʘ ʙʝʟʧʝʢʠ ʨʝʩʫʨʩʽʚ 

ʢʦʤʧôʶʪʝʨʥʠʭ ʩʠʩʪʝʤ ʥʝ ʚʨʘʭʦʚʫʶʪʴ ʩʘʤʦʧʦʜʽʙʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʪʨʘʬʽʢʘ. 

ʊʘʢʠʤ ʯʠʥʦʤ, ʥʘ ʩʴʦʛʦʜʥʽ ʚ ʧʨʘʢʪʠʮʽ ʪʘ ʪʝʦʨʽʾ ʝʢʩʧʣʫʘʪʘʮʽʾ 

ʢʦʤʧôʶʪʝʨʥʠʭ ʩʠʩʪʝʤ ʟʘʛʦʩʪʨʠʣʦʩʷ ʦʙôʻʢʪʠʚʥʝ ʧʨʦʪʠʨʽʯʯʷ ʤʽʞ ʟʨʦʩʪʘʶʯʠʤʠ 

ʚʠʤʦʛʘʤʠ ʜʦ ʨʽʚʥʷ ʙʝʟʧʝʢʠ ʪʘ ʷʢʦʩʪʽ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʚ ʭʦʜʽ ʧʝʨʝʜʘʯʽ 

ʩʘʤʦʧʦʜʽʙʥʦʛʦ ʪʨʘʬʽʢʘ ʽ ʤʦʞʣʠʚʦʩʪʷʤʠ ʽʩʥʫʶʯʠʭ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʪʘ ʪʝʦʨʝʪʠʯʥʠʭ 

ʨʽʰʝʥʴ. ʗʢ ʥʘʩʣʽʜʦʢ, ʥʘʨʘʟʽ ʚʽʜʩʫʪʥʽ ʘʜʝʢʚʘʪʥʽ ʤʦʜʝʣʽ ʪʘ ʤʝʪʦʜʠ ʟʘʙʝʟʧʝʯʝʥʥʷ 

ʙʝʟʧʝʢʠ ʪʘ ʷʢʦʩʪʽ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ, ʷʢʽ ʚʨʘʭʦʚʫʶʪʴ ʩʘʤʦʧʦʜʽʙʥʽ ʚʣʘʩʪʠʚʦʩʪʽ 

ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʧʦʪʦʢʽʚ, ʚ ʫʤʦʚʘʭ ʥʘʷʚʥʦʩʪʽ ʚʪʦʨʛʥʝʥʴ ʪʘ ʢʽʙʝʨʘʪʘʢ. ɼʣʷ 

ʨʦʟʚôʷʟʘʥʥʷ ʚʢʘʟʘʥʦʛʦ ʧʨʦʪʠʨʽʯʯʷ ʚ ʜʠʩʝʨʪʘʮʽʡʥʽʡ ʨʦʙʦʪʽ ʩʬʦʨʤʫʣʴʦʚʘʥʦ 

ʘʢʪʫʘʣʴʥʫ ʥʘʫʢʦʚʦ-ʧʨʠʢʣʘʜʥʫ ʧʨʦʙʣʝʤʫ ʱʦʜʦ ʨʦʟʨʦʙʢʠ ʤʦʜʝʣʝʡ ʪʘ ʤʝʪʦʜʽʚ 

ʟʘʙʝʟʧʝʯʝʥʥʷ ʙʝʟʧʝʢʠ (ʜʦʩʪʫʧʥʦʩʪʽ, ʢʦʥʬʽʜʝʥʮʽʡʥʦʩʪʽ) ʪʘ ʷʢʦʩʪʽ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ 

ʚ ʢʦʤʧôʶʪʝʨʥʠʭ ʩʠʩʪʝʤʘʭ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʩʘʤʦʧʦʜʽʙʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ 

ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʧʦʪʦʢʽʚ ʚ ʫʤʦʚʘʭ ʥʘʷʚʥʦʩʪʽ ʚʪʦʨʛʥʝʥʴ ʪʘ ʢʽʙʝʨʘʪʘʢ. 

ɺʘʛʦʤʠʡ ʚʥʝʩʦʢ ʫ ʨʦʟʙʫʜʦʚʫ ʩʠʩʪʝʤʠ ʟʘʭʠʩʪʫ ʽʥʬʦʨʤʘʮʽʾ ʚʥʝʩʣʠ ʪʘʢʽ 

ʚʯʝʥʽ, ʷʢ ʆ. ɺ. ɹʘʨʘʙʘʰ, ɺ. ɹ. ɼʫʜʠʢʝʚʠʯ, ɯ. ɼ. ɻʦʨʙʝʥʢʦ, ʈ. ɺ. ɻʨʠʱʫʢ, 

ɼ. ɺ. ʃʘʥʜʝ, ɺ.ɸ. ʉʘʚʯʝʥʢʦ, ʆ. ɺ. ʉʻʚʻʨʽʥʦʚ, ɺ. ʆ ʍʦʨʦʰʢʦ, ɺ. ʌ. ʐʘʥʴʛʽʥ, 

W. Stallings, Qixun Zhao, Junghoon Lee, Y. Chen, C. Vincent, R. Shupak, K. Song, 

H. Gao, ʪʘ ʽʥ. ʊʘʢʦʞ ʽʩʥʫʻ ʟʥʘʯʥʘ ʢʽʣʴʢʽʩʪʴ ʧʫʙʣʽʢʘʮʽʡ, ʧʨʠʩʚʷʯʝʥʠʭ ʘʥʘʣʽʟʫ 

ʩʘʤʦʧʦʜʽʙʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʪʨʘʬʽʢʘ, ʷʢʽ ʙʫʣʠ ʚʠʷʚʣʝʥʽ ʚ ʣʦʢʘʣʴʥʠʭ ʽ ʛʣʦʙʘʣʴʥʠʭ 

ʤʝʨʝʞʘʭ. ɺʘʛʦʤʠʡ ʚʥʝʩʦʢ ʫ ʜʦʩʣʽʜʞʝʥʥʷ ʤʦʜʝʣʝʡ ʪʘ ʤʝʪʦʜʽʚ ʩʘʤʦʧʦʜʽʙʥʦʛʦ 

ʢʦʤʧôʶʪʝʨʥʦʛʦ ʪʨʘʬʽʢʘ ʚʥʝʩʣʠ ʃ. ʆ. ʂʽʨʽʯʝʥʢʦ, ɺ. ɺ. ʇʦʧʦʚʩʴʢʠʡ, 

ɹ. ʉ. ʎʠʙʘʢʦʚ, ɸ.ɯ. ʐʝʣʫʭʽʥ, K. Park, W. Willinger, P. Abry, M. Taqqu, I. Norros 

ʪʘ ʽʥ. ʅʝʟʚʘʞʘʶʯʠ ʥʘ ʟʥʘʯʥʫ ʢʽʣʴʢʽʩʪʴ ʧʫʙʣʽʢʘʮʽʡ, ʧʦʚôʷʟʘʥʠʭ ʽʟ ʢʽʙʝʨʙʝʟʧʝʢʦʶ 

ʪʘ ʩʘʤʦʧʦʜʽʙʥʠʤʠ ʚʣʘʩʪʠʚʦʩʪʷʤʠ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʧʦʪʦʢʽʚ, ʥʝ ʽʩʥʫʻ 
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ʫʥʽʚʝʨʩʘʣʴʥʠʭ ʤʝʪʦʜʽʚ ʟʘʙʝʟʧʝʯʝʥʥʷ ʙʝʟʧʝʢʠ ʢʦʤʧôʶʪʝʨʥʠʭ ʩʠʩʪʝʤ, ʷʢʽ 

ʚʨʘʭʦʚʫʶʪʴ ʩʘʤʦʧʦʜʽʙʥʽʩʪʴ ʪʨʘʬʽʢʘ.  

ɼʠʩʝʨʪʘʮʽʡʥʘ ʨʦʙʦʪʘ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʧʦʚôʷʟʘʥʘ ʽʟ ʨʝʘʣʽʟʘʮʽʻʶ ʧʦʣʦʞʝʥʴ ʪʘ 

ʧʦʛʦʜʞʫʻʪʴʩʷ ʟ ʢʦʥʮʝʧʮʽʷʤʠ ʪʘʢʠʭ ʜʦʢʫʤʝʥʪʽʚ: çʉʪʨʘʪʝʛʽʷ ʨʦʟʚʠʪʢʫ 

ʽʥʬʦʨʤʘʮʽʡʥʦʛʦ ʩʫʩʧʽʣʴʩʪʚʘ ʚ ʋʢʨʘʾʥʽè; çʉʪʨʘʪʝʛʽʷ ʢʽʙʝʨʙʝʟʧʝʢʠ ʋʢʨʘʾʥʠè ʚʽʜ 

15 ʙʝʨʝʟʥʷ 2016 ʨʦʢʫ ˉ 96/2016; çɼʦʢʪʨʠʥʘ ʽʥʬʦʨʤʘʮʽʡʥʦʾ ʙʝʟʧʝʢʠè ʚʽʜ 25 

ʣʶʪʦʛʦ 2017, ˉ 47/2017, ʫ ʢʦʥʪʝʢʩʪʽ ʧ.3.2 çʙʝʟʧʝʯʥʝ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʽ ʨʦʟʚʠʪʦʢ 

ʥʘʮʽʦʥʘʣʴʥʦʛʦ ʽʥʬʦʨʤʘʮʽʡʥʦʛʦ ʧʨʦʩʪʦʨʫ ʪʘ ʡʦʛʦ ʽʥʪʝʛʨʘʮʽʷ ʫ ʻʚʨʦʧʝʡʩʴʢʠʡ ʽ 

ʩʚʽʪʦʚʠʡ ʽʥʬʦʨʤʘʮʽʡʥʠʡ ʧʨʦʩʪʽʨè; çʉʪʨʘʪʝʛʽʷ ʥʘʮʽʦʥʘʣʴʥʦʾ ʙʝʟʧʝʢʠ ʋʢʨʘʾʥʠè ʚʽʜ 

26 ʪʨʘʚʥʷ 2015 ʨʦʢʫ ˉ 287/2015 ʫ ʢʦʥʪʝʢʩʪʽ ʧ. 4.12 çɿʘʙʝʟʧʝʯʝʥʥʷ ʢʽʙʝʨʙʝʟʧʝʢʠ 

ʽ ʙʝʟʧʝʢʠ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʨʝʩʫʨʩʽʚ, ʟʦʢʨʝʤʘ ʨʝʬʦʨʤʫʚʘʥʥʷ ʩʠʩʪʝʤʠ ʪʝʭʥʽʯʥʦʛʦ ʽ 

ʢʨʠʧʪʦʛʨʘʬʽʯʥʦʛʦ ʟʘʭʠʩʪʫ ʽʥʬʦʨʤʘʮʽʾ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʧʨʘʢʪʠʢʠ ʜʝʨʞʘʚ ʯʣʝʥʽʚ 

ʅɸʊʆ ʪʘ ɭʉè. 

ʈʝʟʫʣʴʪʘʪʠ ʜʠʩʝʨʪʘʮʽʡʥʦʾ ʨʦʙʦʪʠ ʚʠʢʦʨʠʩʪʘʥʽ ʚ ʭʦʜʽ ʚʠʢʦʥʘʥʥʷ ʥʘʫʢʦʚʦ-

ʜʦʩʣʽʜʥʠʭ ʨʦʙʽʪ ʍʘʨʢʽʚʩʴʢʦʛʦ ʥʘʮʽʦʥʘʣʴʥʦʛʦ ʫʥʽʚʝʨʩʠʪʝʪʫ ʨʘʜʽʦʝʣʝʢʪʨʦʥʽʢʠ 

(ʍʅʋʈɽ) ʫ ʤʝʞʘʭ ʜʦʛʦʚʦʨʫ ʟʘ ʟʘʤʦʚʣʝʥʥʷʤ ʄʽʥʽʩʪʝʨʩʪʚʘ ʦʩʚʽʪʠ ʽ ʥʘʫʢʠ ʋʢʨʘʾʥʠ 

ʅɼʈ ɼʈ ˉ01190U001405 çɸʚʪʦʤʘʪʠʟʦʚʘʥʘ ʦʧʪʠʯʥʘ ʽʥʬʦʨʤʘʮʽʡʥʦ-

ʚʠʤʽʨʶʚʘʣʴʥʘ ʩʠʩʪʝʤʘ ʜʣʷ ʧʦʣʽʛʦʥʥʠʭ ʚʠʧʨʦʙʫʚʘʥʴ ʢʝʨʦʚʘʥʠʭ ʪʘ ʥʝʢʝʨʦʚʘʥʠʭ 

ʨʘʢʝʪ, ʘʨʪʠʣʝʨʽʡʩʴʢʠʭ ʽ ʨʝʘʢʪʠʚʥʠʭ ʩʥʘʨʷʜʽʚè, ʱʦ ʚʠʢʦʥʫʻʪʴʩʷ ʟʘ 

ʜʝʨʞʟʘʤʦʚʣʝʥʥʷʤ; ʫʛʦʜʠ ʧʨʦ ʥʘʜʘʥʥʷ ʛʨʘʥʪʫ: S-LMAQM -18-GR-2301 

ɼʝʨʞʘʚʥʠʤ ʜʝʧʘʨʪʘʤʝʥʪʦʤ ʉʐɸ 2019 ʨ. çʋʢʨʘʾʥʩʴʢʘ ʦʙʽʟʥʘʥʽʩʪʴ ʫ ʩʬʝʨʽ 

ʢʽʙʝʨʙʝʟʧʝʢʠ: ʧʽʜʪʨʠʤʢʘ ʥʠʟʢʠ ʪʨʝʥʽʥʛʽʚ ʱʦʜʦ ʨʦʟʚʠʪʢʫ ʢʽʙʝʨʟʘʭʠʩʪʫ ʪʘ 

ʧʽʜʚʠʱʝʥʥʷ ʦʙʽʟʥʘʥʦʩʪʽ ʚ ʋʢʨʘʾʥʽè; ʧʨʦʝʢʪʫ ʊɽʄʇʋʉ 544455-TEMPUS-1-2013-

1-SE-TEMPUS-JPCR çʅʘʚʯʘʥʥʷ ʝʢʩʧʝʨʪʽʚ ʥʘʩʪʫʧʥʦʛʦ ʧʦʢʦʣʽʥʥʷ ʟ ʢʽʙʝʨʙʝʟʧʝʢʠ: 

ʥʦʚʘ ʚʠʟʥʘʥʘ ɭʉ ʧʨʦʛʨʘʤʘ ʤʘʛʽʩʪʨʘè ENGENSEC; ʧʨʦʝʢʪʫ 516935-TEMPUS-1-

2011-1-FITEMPUS-SMGR çTRUST ï çʅʘʟʫʩʪʨʽʯ ʥʘʜʽʡʥʽʡ ʝʢʦʩʠʩʪʝʤʽ 

ʟʘʙʝʟʧʝʯʝʥʥʷ ʷʢʦʩʪʽè (TRUST), ʚ ʷʢʠʭ ʟʜʦʙʫʚʘʯ ʚʠʩʪʫʧʘʚ ʚʠʢʦʥʘʚʮʝʤ. ʆʪʨʠʤʘʥʽ 

ʚ ʜʠʩʝʨʪʘʮʽʡʥʽʡ ʨʦʙʦʪʽ ʨʝʟʫʣʴʪʘʪʠ ʙʫʣʠ ʚʠʢʦʨʠʩʪʘʥʽ ʫ ʥʘʚʯʘʣʴʥʦʤʫ ʧʨʦʮʝʩʽ 
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ʢʘʬʝʜʨʠ ʽʥʬʦʢʦʤʫʥʽʢʘʮʽʡʥʦʾ ʽʥʞʝʥʝʨʽʾ ʽʤ. ɺ.ɺ. ʇʦʧʦʚʩʴʢʦʛʦ ʍʅʋʈɽ ʫ 

ʣʝʢʮʽʡʥʠʭ ʢʫʨʩʘʭ ʪʘ ʧʨʘʢʪʠʯʥʠʭ ʟʘʥʷʪʪʷʭ ʟ ʜʠʩʮʠʧʣʽʥ çɿʘʭʠʩʪ ʩʠʩʪʝʤ 

ʝʣʝʢʪʨʦʥʥʦʾ ʢʦʤʝʨʮʽʾè, çʉʠʩʪʝʤʠ ʽʥʬʦʨʤʘʮʽʡʥʦʾ ʙʝʟʧʝʢʠè ʧʽʜ ʯʘʩ ʧʽʜʛʦʪʦʚʢʠ 

ʩʪʫʜʝʥʪʽʚ ʩʧʝʮʽʘʣʴʥʦʩʪʽ çʂʽʙʝʨʙʝʟʧʝʢʘè, ʱʦ ʧʽʜʪʚʝʨʜʞʝʥʦ ʘʢʪʘʤʠ 

ʚʧʨʦʚʘʜʞʝʥʥʷ.  

ʄʝʪʦʶ ʜʠʩʝʨʪʘʮʽʡʥʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ ʻ ʧʽʜʚʠʱʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʤʝʪʦʜʽʚ 

ʟʘʙʝʟʧʝʯʝʥʥʷ ʙʝʟʧʝʢʠ ʪʘ ʷʢʦʩʪʽ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʚ ʢʦʤʧôʶʪʝʨʥʠʭ ʩʠʩʪʝʤʘʭ ʟʘ 

ʨʘʭʫʥʦʢ ʽʜʝʥʪʠʬʽʢʘʮʽʾ ʘʪʘʢ ʪʘ ʫʨʘʭʫʚʘʥʥʽ ʩʘʤʦʧʦʜʽʙʥʦʩʪʽ ʽʥʬʦʨʤʘʮʽʡʥʠʭ 

ʧʦʪʦʢʽʚ.  

ʅʘʫʢʦʚʘ ʥʦʚʠʟʥʘ ʦʪʨʠʤʘʥʠʭ ʥʘʫʢʦʚʠʭ ʧʦʣʦʞʝʥʴ ʽ ʨʝʟʫʣʴʪʘʪʽʚ ʧʦʣʷʛʘʻ ʫ 

ʥʘʩʪʫʧʥʦʤʫ:  

ɺʧʝʨʰʝ ʨʦʟʨʦʙʣʝʥʦ ʢʦʥʮʝʧʮʽʶ ʟʘʙʝʟʧʝʯʝʥʥʷ ʽʥʬʦʨʤʘʮʽʡʥʦʾ ʙʝʟʧʝʢʠ 

ʢʦʤʧôʶʪʝʨʥʠʭ ʩʠʩʪʝʤ ʽʟ ʩʘʤʦʧʦʜʽʙʥʠʤʠ ʽʥʬʦʨʤʘʮʽʡʥʠʤʠ ʧʦʪʦʢʘʤʠ, ʷʢʽ 

ʧʨʘʮʶʶʪʴ ʚ ʫʤʦʚʘʭ ʚʪʦʨʛʥʝʥʴ ʪʘ ʢʽʙʝʨʘʪʘʢ. ɼʘʥʘ ʢʦʥʮʝʧʮʽʷ ʙʘʟʫʻʪʴʩʷ ʥʘ ʤʦʜʝʣʽ 

ʨʦʟʧʦʜʽʣʝʥʦʾ ʢʦʤʧôʶʪʝʨʥʦʾ ʩʠʩʪʝʤʠ, ʷʢʘ ʚʢʣʶʯʘʻ ʢʦʤʧʦʥʝʥʪʠ ʟʘʙʝʟʧʝʯʝʥʥʷ 

ʙʝʟʧʝʢʠ ʪʘ ʫʧʨʘʚʣʽʥʥʷ ʩʘʤʦʧʦʜʽʙʥʠʤʠ ʽʥʬʦʨʤʘʮʽʡʥʠʤʠ ʧʦʪʦʢʘʤʠ, ʫ ʧʦʻʜʥʘʥʥʽ ʟ 

ʤʝʪʦʜʦʤ ʟʘʙʝʟʧʝʯʝʥʥʷ ʙʝʟʧʝʢʠ ʚ ʭʦʜʽ ʜʠʥʘʤʽʯʥʦʛʦ ʙʘʣʘʥʩʫʚʘʥʥʷ ʥʘʚʘʥʪʘʞʝʥʥʷ ʚ 

ʢʦʤʧôʶʪʝʨʥʠʭ ʩʠʩʪʝʤʘʭ ʪʘ ʚ ʩʠʩʪʝʤʘʭ ʚʠʷʚʣʝʥʥʷ ʚʪʦʨʛʥʝʥʴ ʟ ʫʨʘʭʫʚʘʥʥʷʤ 

ʤʫʣʴʪʠʬʨʘʢʪʘʣʴʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʪʨʘʬʽʢʘ; ʤʝʪʦʜʦʤ ʟʘʙʝʟʧʝʯʝʥʥʷ ʙʝʟʧʝʯʥʦʾ 

ʤʘʨʰʨʫʪʠʟʘʮʽʾ ʧʽʜ ʯʘʩ ʧʝʨʝʜʘʯʽ ʩʘʤʦʧʦʜʽʙʥʦʛʦ ʪʨʘʬʽʢʘ; ʤʝʪʦʜʦʤ ʚʠʷʚʣʝʥʥʷ 

ʚʪʦʨʛʥʝʥʴ, ʱʦ ʙʘʟʫʻʪʴʩʷ ʥʘ ʚʠʢʦʨʠʩʪʘʥʥʽ ʘʥʘʣʽʟʫ ʩʠʛʥʘʪʫʨ, ʘʥʘʣʽʟʫ ʘʥʦʤʘʣʽʡ 

ʧʦʚʝʜʽʥʢʠ ʤʝʨʝʞʽ ʪʘ ʝʥʪʨʦʧʽʡʥʦʤʫ ʘʥʘʣʽʟʽ ʧʨʦʪʦʢʦʣʽʚ. ʈʝʘʣʽʟʘʮʽʷ ʢʦʥʮʝʧʮʽʾ ʫ 

ʧʨʦʛʨʘʤʥʦʤʫ ʢʦʤʧʣʝʢʩʽ ʜʦʟʚʦʣʷʻ ʛʘʨʘʥʪʦʚʘʥʦ ʟʘʙʝʟʧʝʯʠʪʠ ʜʦʩʪʫʧʥʽʩʪʴ, 

ʢʦʥʬʽʜʝʥʮʽʡʥʽʩʪʴ ʪʘ ʷʢʽʩʪʴ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʚ ʢʦʤʧôʶʪʝʨʥʠʭ ʩʠʩʪʝʤʘʭ ʽʟ 

ʩʘʤʦʧʦʜʽʙʥʠʤʠ ʽʥʬʦʨʤʘʮʽʡʥʠʤʠ ʧʦʪʦʢʘʤʠ ʧʽʜ ʯʘʩ ʚʪʦʨʛʥʝʥʴ ʪʘ ʢʽʙʝʨʘʪʘʢ. 

ʋʜʦʩʢʦʥʘʣʝʥʦ ʤʦʜʝʣʴ ʨʦʟʧʦʜʽʣʝʥʦʾ ʢʦʤʧôʶʪʝʨʥʦʾ ʩʠʩʪʝʤʠ, ʷʢʘ ʥʘ 

ʚʽʜʤʽʥʫ ʚʽʜ ʽʩʥʫʶʯʠʭ ʚʢʣʶʯʘʻ ʢʦʤʧʦʥʝʥʪʠ ʟʘʙʝʟʧʝʯʝʥʥʷ ʙʝʟʧʝʢʠ ʪʘ ʫʧʨʘʚʣʽʥʥʷ 

ʚʭʽʜʥʠʤʠ ʽʥʬʦʨʤʘʮʽʡʥʠʤʠ ʧʦʪʦʢʘʤʠ ʟ ʤʫʣʴʪʠʬʨʘʢʪʘʣʴʥʠʤʠ ʚʣʘʩʪʠʚʦʩʪʷʤʠ, 
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ʦʙʤʝʞʝʥʥʷ ʥʘ ʥʘʙʽʨ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʤʝʨʝʞʽ ʜʣʷ ʨʽʟʥʠʭ ʢʣʘʩʽʚ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ, ʱʦ 

ʜʦʟʚʦʣʷʻ ʨʦʟʨʦʙʠʪʠ ʤʝʪʦʜʠ ʟʘʙʝʟʧʝʯʝʥʥʷ ʙʝʟʧʝʢʠ ʚ ʭʦʜʽ ʫʧʨʘʚʣʽʥʥʷ 

ʩʘʤʦʧʦʜʽʙʥʠʤ ʪʨʘʬʽʢʦʤ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʚʠʤʦʛ ʜʦ ʷʢʦʩʪʽ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ. 

ʋʜʦʩʢʦʥʘʣʝʥʦ ʤʝʪʦʜ ʟʘʙʝʟʧʝʯʝʥʥʷ ʙʝʟʧʝʢʠ ʤʝʨʝʞʽ ʧʨʠ ʜʠʥʘʤʽʯʥʦʤʫ 

ʙʘʣʘʥʩʫʚʘʥʥʽ ʥʘʚʘʥʪʘʞʝʥʥʷ ʟ ʩʘʤʦʧʦʜʽʙʥʠʤ ʪʨʘʬʽʢʦʤ, ʷʢʠʡ, ʥʘ ʚʽʜʤʽʥʫ ʚʽʜ 

ʽʩʥʫʶʯʠʭ, ʚʽʜʨʽʟʥʷʻʪʴʩʷ ʟʘʩʪʦʩʫʚʘʥʥʷʤ ʤʦʜʝʣʽ ʙʘʣʘʥʩʫʚʘʣʴʥʠʢʘ ʢʦʤʧôʶʪʝʨʥʦʾ 

ʤʝʨʝʞʽ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʧʘʨʘʤʝʪʨʽʚ ʙʝʟʧʝʢʠ ʨʦʟʧʦʜʽʣʫ ʪʨʘʬʽʢʘ ʽ 

ʤʫʣʴʪʠʬʨʘʢʪʘʣʴʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʪʨʘʬʽʢʘ. ʈʝʘʣʽʟʘʮʽʷ ʟʘʟʥʘʯʝʥʦʛʦ ʤʝʪʦʜʫ 

ʜʦʟʚʦʣʷʻ ʟʤʝʥʰʠʪʠ ʟʘʚʘʥʪʘʞʝʥʽʩʪʴ ʨʝʩʫʨʩʽʚ ʢʦʤʧôʶʪʝʨʥʦʾ ʩʠʩʪʝʤʠ ʟʘ ʨʘʭʫʥʦʢ 

ʩʧʨʷʤʫʚʘʥʥʷ ʙʝʟʧʝʯʥʠʭ ʥʝʦʜʥʦʨʽʜʥʠʭ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʧʦʪʦʢʽʚ ʥʘ ʙʝʟʧʝʯʥʽ ʪʘ 

ʤʝʥʰ ʟʘʚʘʥʪʘʞʝʥʽ ʨʝʩʫʨʩʠ. 

ɺʧʝʨʰʝ ʨʦʟʨʦʙʣʝʥʦ ʤʝʪʦʜ ʜʠʥʘʤʽʯʥʦʛʦ ʙʘʣʘʥʩʫʚʘʥʥʷ ʪʨʘʬʽʢʘ, ʷʢʠʡ 

ʙʘʟʫʻʪʴʩʷ ʥʘ ʤʦʜʝʣʽ ʤʝʨʝʞʥʦʾ ʩʠʩʪʝʤʠ ʚʠʷʚʣʝʥʥʷ ʚʪʦʨʛʥʝʥʴ, ʱʦ ʚʨʘʭʦʚʫʻ 

ʤʫʣʴʪʠʬʨʘʢʪʘʣʴʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʪʨʘʬʽʢʘ ʪʘ ʦʙʤʝʞʝʥʥʷ ʥʘ ʯʘʩ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ 

ʨʽʟʥʠʭ ʢʣʘʩʽʚ ʪʨʘʬʽʢʘ. ʈʝʘʣʽʟʘʮʽʷ ʤʝʪʦʜʫ ʜʠʥʘʤʽʯʥʦʛʦ ʙʘʣʘʥʩʫʚʘʥʥʷ ʪʨʘʬʽʢʘ 

ʟʤʝʥʰʫʻ ʯʘʩ ʦʙʨʦʙʢʠ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʧʦʪʦʢʽʚ ʟ ʤʝʪʦʶ ʚʠʷʚʣʝʥʥʷ ʚʪʦʨʛʥʝʥʴ ʪʘ ʾʭ 

ʨʦʟʧʦʜʽʣʝʥʥʷ ʥʘ ʤʝʥʰ ʟʘʚʘʥʪʘʞʝʥʽ ʨʝʩʫʨʩʠ ʩʠʩʪʝʤʠ.  

ɺʧʝʨʰʝ ʨʦʟʨʦʙʣʝʥʦ ʤʝʪʦʜ ʟʘʙʝʟʧʝʯʝʥʥʷ ʙʝʟʧʝʯʥʦʾ ʤʘʨʰʨʫʪʠʟʘʮʽʾ ʧʽʜ ʯʘʩ 

ʧʝʨʝʜʘʯʽ ʩʘʤʦʧʦʜʽʙʥʦʛʦ ʪʨʘʬʽʢʘ, ʷʢʠʡ ʙʘʟʫʻʪʴʩʷ ʥʘ ʤʫʣʴʪʠʬʨʘʢʪʘʣʴʥʠʭ 

ʚʣʘʩʪʠʚʦʩʪʷʭ ʪʨʘʬʽʢʘ ʪʘ ʧʘʨʘʤʝʪʨʘʭ ʷʢʦʩʪʽ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʨʽʟʥʦʧʨʽʦʨʠʪʝʪʥʦʛʦ 

ʪʨʘʬʽʢʘ, ʱʦ ʜʦʟʚʦʣʷʻ ʟʤʝʥʰʠʪʠ ʟʘʚʘʥʪʘʞʝʥʽʩʪʴ ʨʝʩʫʨʩʽʚ ʢʦʤʧôʶʪʝʨʥʦʾ ʩʠʩʪʝʤʠ 

ʟʘ ʨʘʭʫʥʦʢ ʩʧʨʷʤʫʚʘʥʥʷ ʙʝʟʧʝʯʥʠʭ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʧʦʪʦʢʽʚ ʨʽʟʥʦʛʦ ʢʣʘʩʫ 

ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʥʘ ʙʝʟʧʝʯʥʽ ʽ ʤʝʥʰ ʟʘʚʘʥʪʘʞʝʥʽ ʨʝʩʫʨʩʠ. 

ɺʧʝʨʰʝ ʨʦʟʨʦʙʣʝʥʦ ʢʦʤʧʣʝʢʩʥʠʡ ʤʝʪʦʜ ʚʠʷʚʣʝʥʥʷ ʚʪʦʨʛʥʝʥʴ, ʷʢʠʡ 

ʙʘʟʫʻʪʴʩʷ ʥʘ ʚʠʢʦʨʠʩʪʘʥʥʽ ʘʣʛʦʨʠʪʤʫ ʘʥʘʣʽʟʫ ʩʠʛʥʘʪʫʨ, ʘʥʘʣʽʟʫ ʘʥʦʤʘʣʽʡ 

ʧʦʚʝʜʽʥʢʠ ʤʝʨʝʞʽ ʪʘ ʝʥʪʨʦʧʽʡʥʦʤʫ ʘʥʘʣʽʟʽ ʧʨʦʪʦʢʦʣʽʚ ʟ ʫʨʘʭʫʚʘʥʥʷʤ 

ʡʤʦʚʽʨʥʦʩʪʽ ʚʠʷʚʣʝʥʥʷ ʚʪʦʨʛʥʝʥʴ. ʎʝ ʜʦʟʚʦʣʷʻ ʧʽʜʚʠʱʠʪʠ ʷʢ ʜʦʩʪʦʚʽʨʥʽʩʪʴ, ʪʘʢ ʽ 
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ʪʦʯʥʽʩʪʴ ʚʠʷʚʣʝʥʥʷ ʚʪʦʨʛʥʝʥʴ, ʪʘ ʫʤʦʞʣʠʚʣʶʻ ʨʘʥʥʻ ʚʠʷʚʣʝʥʥʷ ʚʪʦʨʛʥʝʥʴ ʚ 

ʰʠʨʦʢʦʤʫ ʜʽʘʧʘʟʦʥʽ ʢʽʙʝʨʘʪʘʢ ʥʘ ʩʠʩʪʝʤʫ. 

ʅʘʙʫʣʠ ʧʦʜʘʣʴʰʦʛʦ ʨʦʟʚʠʪʢʫ ʤʝʪʦʜʠ ʚʠʷʚʣʝʥʥʷ ʚʪʦʨʛʥʝʥʴ ʥʘ ʦʩʥʦʚʽ 

ʘʥʘʣʽʟʫ ʩʠʛʥʘʪʫʨ, ʷʢʠʡ ʚʨʘʭʦʚʫʻ ʜʘʥʽ ʛʣʠʙʦʢʦʛʦ ʘʥʘʣʽʟʫ ʧʘʢʝʪʽʚ ʪʘ 

ʨʝʡʪʠʥʛʫʚʘʥʥʷ ʙʘʟʠ ʩʠʛʥʘʪʫʨ; ʘʥʘʣʽʟʫ ʝʥʪʨʦʧʽʾ ʧʘʢʝʪʽʚ, ʷʢʠʡ ʙʘʟʫʻʪʴʩʷ ʥʘ 

ʨʦʟʨʘʭʫʥʢʫ ʫʤʦʚʥʦʾ ʝʥʪʨʦʧʽʾ ʪʘ ʩʪʘʪʠʩʪʠʯʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʭ ʜʘʥʠʭ ʧʘʢʝʪʽʚ; ʥʘ 

ʦʩʥʦʚʽ ʤʘʰʠʥʥʦʛʦ ʥʘʚʯʘʥʥʷ, ʷʢʽ ʙʘʟʫʶʪʴʩʷ ʥʘ ʤʫʣʴʪʠʬʨʘʢʪʘʣʴʥʠʭ ʪʘ 

ʨʝʢʫʨʝʥʪʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʭ ʪʨʘʬʽʢʘ, ʱʦ ʜʦʟʚʦʣʷʻ ʩʢʦʨʦʪʠʪʠ ʯʘʩ ʚʠʷʚʣʝʥʥʷ 

ʚʪʦʨʛʥʝʥʴ ʽ ʟʙʽʣʴʰʫʻ ʰʚʠʜʢʽʩʪʴ ʪʘ ʪʦʯʥʽʩʪʴ ʚʠʷʚʣʝʥʥʷ ʚʪʦʨʛʥʝʥʴ, ʫʤʦʞʣʠʚʣʶʻ 

ʚʠʷʚʣʝʥʥʷ ʚʪʦʨʛʥʝʥʥʷ ʧʨʠ ʥʠʟʴʢʦʤʫ ʨʽʚʥʽ ʢʽʙʝʨʘʪʘʢ. 

ʇʨʘʢʪʠʯʥʝ ʟʥʘʯʝʥʥʷ ʦʪʨʠʤʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ ʧʦʣʷʛʘʻ ʚ ʪʦʤʫ, ʱʦ ʦʪʨʠʤʘʥʽ 

ʪʝʦʨʝʪʠʯʥʽ ʧʦʣʦʞʝʥʥʷ ʪʘ ʤʝʪʦʜʠ ʜʦʮʽʣʴʥʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʜʣʷ ʨʦʟʨʦʙʢʠ ʽ 

ʚʧʨʦʚʘʜʞʝʥʥʷ ʝʬʝʢʪʠʚʥʠʭ ʽʥʩʪʨʫʤʝʥʪʘʣʴʥʠʭ ʟʘʩʦʙʽʚ ʫ ʚʠʛʣʷʜʽ ʧʨʦʛʨʘʤʥʠʭ ʘʙʦ 

ʧʨʦʛʨʘʤʥʦ-ʘʧʘʨʘʪʥʠʭ ʤʦʜʫʣʽʚ ʚʠʷʚʣʝʥʥʷ ʢʽʙʝʨʘʪʘʢ ʫ ʢʦʤʧôʶʪʝʨʥʠʭ ʩʠʩʪʝʤʘʭ, 

ʙʘʣʘʥʩʫʚʘʥʥʷ ʩʘʤʦʧʦʜʽʙʥʠʤʠ ʽʥʬʦʨʤʘʮʽʡʥʠʤʠ ʧʦʪʦʢʘʤʠ ʚ ʤʝʨʝʞʥʠʭ ʩʠʩʪʝʤʘʭ 

ʚʠʷʚʣʝʥʥʷ ʚʪʦʨʛʥʝʥʴ ʪʘ ʫʧʨʘʚʣʽʥʥʷ ʪʨʘʬʽʢʦʤ ʫ ʤʘʨʰʨʫʪʠʟʘʪʦʨʘʭ ʽ 

ʙʘʣʘʥʩʫʚʘʣʴʥʠʢʘʭ ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʢʦʥʬʽʜʝʥʮʽʡʥʦʩʪʽ, ʮʽʣʽʩʥʦʩʪʽ, ʜʦʩʪʫʧʥʦʩʪʽ ʪʘ 

ʷʢʦʩʪʽ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʚ ʫʤʦʚʘʭ ʥʝʦʜʥʦʨʽʜʥʠʭ ʧʦʪʦʢʽʚ ʪʘ ʦʙʤʝʞʝʥʦʩʪʽ ʨʝʩʫʨʩʽʚ 

ʢʦʤʧôʶʪʝʨʥʠʭ ʩʠʩʪʝʤ. 

ʉʪʚʦʨʝʥʦ ʧʨʦʛʨʘʤʥʫ ʨʝʘʣʽʟʘʮʽʶ ʢʦʤʧʣʝʢʩʥʦʛʦ ʤʝʪʦʜʫ ʚʠʷʚʣʝʥʥʷ 

ʢʽʙʝʨʘʪʘʢ ʫ ʢʦʤʧôʶʪʝʨʥʽʡ ʩʠʩʪʝʤʽ, ʷʢʫ ʟʘʩʥʦʚʘʥʦ ʥʘ ʧʦʚʝʜʽʥʢʦʚʦʤʫ, 

ʩʠʛʥʘʪʫʨʥʦʤʫ ʪʘ ʝʥʪʨʦʧʽʡʥʦʤʫ ʘʥʘʣʽʟʽ ʩʘʤʦʧʦʜʽʙʥʠʭ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʧʦʪʦʢʽʚ. ʎʝ 

ʜʦʟʚʦʣʷʻ ʧʽʜʚʠʱʠʪʠ ʪʦʯʥʽʩʪʴ, ʰʚʠʜʢʽʩʪʴ ʪʘ ʩʚʦʻʯʘʩʥʽʩʪʴ ʚʠʷʚʣʝʥʥʷ ʢʽʙʝʨʘʪʘʢ. 

ʉʪʚʦʨʝʥʦ ʧʨʠʢʣʘʜʥʝ ʧʨʦʛʨʘʤʥʝ ʟʘʙʝʟʧʝʯʝʥʥʷ ʜʣʷ ʙʘʣʘʥʩʫʚʘʥʥʷ 

ʥʘʚʘʥʪʘʞʝʥʥʷ ʚʫʟʣʽʚ ʤʝʨʝʞʥʦʾ ʩʠʩʪʝʤʠ ʚʠʷʚʣʝʥʥʷ ʚʪʦʨʛʥʝʥʴ, ʱʦ ʜʦʟʚʦʣʷʻ 

ʧʽʜʚʠʱʠʪʠ ʪʦʯʥʽʩʪʴ, ʰʚʠʜʢʽʩʪʴ ʪʘ ʩʚʦʻʯʘʩʥʽʩʪʴ ʽʜʝʥʪʠʬʽʢʘʮʽʾ ʢʽʙʝʨʘʪʘʢ ʪʘ 

ʟʥʠʟʠʪʠ ʟʘʚʘʥʪʘʞʝʥʥʷ ʚʫʟʣʽʚ. 
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ʈʦʟʨʦʙʣʝʥʦ ʩʧʝʮʽʘʣʽʟʦʚʘʥʝ ʧʨʦʛʨʘʤʥʝ ʟʘʙʝʟʧʝʯʝʥʥʷ, ʱʦ ʙʘʟʫʻʪʴʩʷ ʥʘ 

ʩʪʚʦʨʝʥʠʭ ʤʝʪʦʜʘʭ ʽ ʤʦʜʝʣʷʭ ʽʜʝʥʪʠʬʽʢʘʮʽʾ ʚʪʦʨʛʥʝʥʴ, ʷʢʝ ʜʦʟʚʦʣʠʣʦ ʧʽʜʚʠʱʠʪʠ 

ʟʘʭʠʱʝʥʽʩʪʴ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʨʝʩʫʨʩʽʚ ʪʘ ʧʽʜʚʠʱʠʪʠ ʷʢʽʩʪʴ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʚ 

ʢʦʤʧôʶʪʝʨʥʠʭ ʩʠʩʪʝʤʘʭ, ʱʦ ʧʽʜʪʚʝʨʜʞʫʻʪʴʩʷ ʘʢʪʘʤʠ ʚʧʨʦʚʘʜʞʝʥʥʷ ʫ ʜʽʷʣʴʥʽʩʪʴ 

ʍʘʨʢʽʚʩʴʢʦʛʦ ʜʝʨʞʘʚʥʦʛʦ ʨʝʛʽʦʥʘʣʴʥʦʛʦ ʥʘʫʢʦʚʦ-ʪʝʭʥʽʯʥʦʛʦ ʮʝʥʪʨʫ ʟ ʧʠʪʘʥʴ 

ʪʝʭʥʽʯʥʦʛʦ ʟʘʭʠʩʪʫ ʽʥʬʦʨʤʘʮʽʾ (ʘʢʪ ʚʧʨʦʚʘʜʞʝʥʥʷ ʚʽʜ 11.12.2019), ʇʨɸʪ ʌʘʨʣʝʧ-

ɯʥʚʝʩʪ (ʘʢʪ ʚʧʨʦʚʘʜʞʝʥʥʷ ʚʽʜ 10.12.2019), ʊʆɺ ɼʘʡʪʝʢʩ ʊʝʭʥʦʣʦʜʞʽʩ (ʘʢʪ 

ʚʧʨʦʚʘʜʞʝʥʥʷ ʚʽʜ 05.07.2019), ɸʊ ɹɸʅʂʆʄɿɺôʗɿʆʂ (ʘʢʪ ʚʧʨʦʚʘʜʞʝʥʥʷ ʚʽʜ 

25.06.2019), ʊʆɺ WorkNest (ʘʢʪ ʚʧʨʦʚʘʜʞʝʥʥʷ ʚʽʜ 20.06.2019), ʊʆɺ ɺʣʘʜʘʨʤʝʪ 

(ʘʢʪ ʚʧʨʦʚʘʜʞʝʥʥʷ ʚʽʜ 18.04.2019), ʊʆɺ ʉʪʨʽʪ ɺʝʡ ʍʦʣʽʜʝʡʟ (ʘʢʪ ʚʧʨʦʚʘʜʞʝʥʥʷ 

ʚʽʜ 05.07.2019), ʍʘʨʢʽʚʩʴʢʦʛʦ ʥʘʮʽʦʥʘʣʴʥʦʛʦ ʫʥʽʚʝʨʩʠʪʝʪʫ ʨʘʜʽʦʝʣʝʢʪʨʦʥʽʢʠ (ʘʢʪ 

ʚʧʨʦʚʘʜʞʝʥʥʷ ʚʽʜ 16.04.2019). 
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ABSTRACT 

 

 

Radivilova T.A. Models and methods of ensuring security and quality of 

service in computer systems with self-similar information flows. - Manuscript.  

Dissertation for the Doctor of Technical Sciences degree in the specialty 

05.13.21 çInformation security systemsè. ï Kharkiv National University of Radio 

Electronics. ï State University of Telecommunications, Kyiv, 2021. 

The life of modern society depends on computer information systems and 

networks. Security and Quality of service (QoS) are two critical network services to 

ensure the security of communications (according to the State Standard of Ukraine 

DSTU ISO / IEC 27000: 2017). Quality is a crucial requirement, and additional 

security requirements are rapidly growing with the subsequent development of 

computer information systems and networks. Characteristics of security, level of 

service, as well as requirements for management of all services must be identified and 

contained in any transaction on services. Intensive development of computer 

information systems and networks increases the vulnerability of systems and 

multiplies the probability of cyber attacks. Therefore, network security management is 

a key element in the functioning of computer systems and networks. 

Security vulnerabilities of operating systems of routers, balancers, firewalls, 

denial of access attacks, denial of service attacks on key network nodes and servers, 

router intrusion with parameter changes, etc., have effect on resource availability, 

service quality. Problems such as providing critical QoS parameters, data packet 

security, protection from intrusion attacks and denial of service attacks are just some 

of the tasks that need to be solved to ensure secure resource deployment, access to 

resources, secure transmission path, content security and end-to-end QoS support. 

Security and QoS mechanisms are not independent. The choice of security 

mechanisms influences the efficiency of QoS and vice versa. Compliance with quality 
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of service requirements requires the use of security mechanisms to provide the 

appropriate level of service and billing. Incorrect selection of security mechanisms 

can reduce performance of a carefully designed network, and inappropriate selection 

of service level can lead to information leakage. In other words, optimal balancing 

with QoS parameters can help reduce information leakage. 

Without understanding these interactions, inadequate network infrastructure 

selection can lead to worse than expected security and less effective QoS guarantee. 

Therefore, it is necessary to consider security and QoS together when designing and 

implementing the network infrastructure to achieve the best result. In the dissertation 

work are considered automated systems of class ç3è is a distributed multi-machine 

multi-user complex processing information of different degrees of access restriction 

(according to ND TZI 2.5-005-99). 

One of the factors that influence the QoS and performance of computer 

systems (CS), are the properties of incoming traffic. A special property of traffic is the 

presence of a scale invariance - self-similarity. One of the reasons for traffic self-

similarity is heterogeneity of system resources and user behavior in the network. Self-

similarity traffic causes delays and packet losses by an order above the usual traffic. 

As numerous studies have shown, the self-similarity type of traffic usually prevails in 

most modern packet data networks. nternational Recommendation ITU-T Q.3925 

describes the types of traffic flows with self-similar properties that are generated to 

test the parameters of QoS for speech, data and video signals in the model network. 

Thus, the self-similar type of traffic should be one of the main in network research. 

However, the existing models and methods of quality assurance and security of 

computer systems resources do not take into account the self-similar properties of 

traffic. 

As a result, in practice and theory of computer systems exploitation the 

objective contradiction between the growing requirements to the level of security and 

quality of service in the process of transfer of self-similar traffic and the possibilities 
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of existing technological and theoretical solutions has become more evident. As a 

consequence, there are currently no adequate models and methods to ensure security 

and service quality, taking into account the self-similar properties of information 

flows in the presence of intrusions and cyber attacks. To solve this contradiction, the 

thesis formulates an actual scientific and applied problem of developing models and 

methods of ensuring security (availability, confidentiality) and service quality in 

computer systems based on self-similar properties of information flows in the 

presence of intrusions and cyber attacks. 

A great contribution to the development of the information security system 

was made by such scientists as ɸ. V. Barabash, V. B. Dudikevich, I. D. Gorbenko, 

R. V. Hryshchuk, D. V. Lande, V. A. Savchenko, A. V. Severinov, V. V. Khoroshko, 

V. F. Shangin, W. Stallings, Qixun Zhao, Junghoon Lee, Yu. Chen, C. Vincent, 

R. Shupak, K. Song, H. Gao, and others.  

There are also a significant number of publications devoted to the analysis of 

self-similar properties of traffic, which were found in local and global networks. A 

great contribution to the research of models and methods of self-similar computer 

traffic was made by the following authors L. A. Kirichenko, V. V. Popovsky, 

B. S. Tsybakov, A. I. Shelukhin, K. Park, W. Willinger, P. Abry, M. Taqqu, I. Norros, 

and others. Despite a significant number of publications related to cybersecurity and 

self-similarity of information flows, there are no universal methods of ensuring 

security of computer systems that take into account the self-similarity of traffic. 

The thesis is directly related to the implementation of the regulations and 

agrees with the concepts of the following documents: çStrategy for the Development 

of Information Society in Ukraineè; çCyber Security Strategy of Ukraineè of 

March 15, 2016 ˉ 96/2016; çInformation Security Doctrineè of February 25, 2017, 

 ̄47/2017, in the context of paragraph 3.2 of the çsecure functioning and 

development of the national information space and its integration into the European 

and world information spaceè; çNational Security Strategy of Ukraineè of May 26, 



13 

 

2015 ˉ 287/2015 in the context of the paragraph 3.2. 4.12 çEnsuring cybersecurity 

and security of information resources, in particular reforming the system of technical 

and cryptographic protection of information, taking into account the practice of 

NATO and EU statesè. 

The results of the thesis were used in the process of research studies of the 

Kharkov National University of Radio Electronics (KNURE) under an agreement by 

order of the Ministry of Education and Science of Ukraine SRS GS  ̄01190U001405 

çAutomated optical information-measuring system for polygon tests of guided and 

unguided missiles, artillery and rocketsè, which is performed by government order; 

grant agreement: S-LMAQM -18-GR-2301 of the U.S. Department of State 2019 

çUkrainian Cyber Security Awareness: Support to a series of trainings on 

development of cyberdefense and awareness raising in Ukraineè; TEMPUS 544455-

TEMPUS-1-2013-1-SE-TEMPUS-JPCR project çTraining of Next Generation Cyber 

Security Experts: new EU recognized Master's programè ENGENSEC; project  

516 935-TEMPUS-1-2011-1-FITEMPUS-SMGR çTRUST - Towards a reliable 

ecosystem of qualityè (TRUST), in which the applicant acted as a performer. The 

results obtained in the thesis were used in the educational process of the Department 

of Infocommunication Engineering named V.V. Popovsky KhNURE in lecture 

courses and practical classes in the disciplines çProtection of e-commerce systemsè, 

çInformation security systemsè in the preparation of students of the specialty çCyber 

Securityè, which is confirmed by the implementation acts.  

The purpose of the dissertation research is to improve the effectiveness of 

methods to ensure security and quality of service in computer systems by identifying 

attacks and taking into account the self-similarity of information flows. 

The scientific novelty of the obtained scientific provisions and results is as 

follows: 

The concept of ensuring information security of computer systems with self-

similar information flows, which work in the conditions of intrusions and 



14 

 

cyberattacks, was developed. This concept is based on the distributed computer 

system model, which includes security and management components of self-similar 

information flows, in combination with the method of ensuring security during 

dynamic load balancing in computer systems and intrusion detection systems, taking 

into account multifractal properties of traffic; method of ensuring secure routing 

during the transmission of self-similar traffic; method of intrusion detection, based on 

the use of signature analysis, anomaly analysis, and anomaly analysis. 

Implementation of the concept in the software package allows to guarantee 

availability, confidentiality and quality of service in computer systems with self-

similar information flows during intrusions and cyberattacks. 

The model of distributed computer system has been improved, which, in 

contrast to the existing ones, includes components of security ensuring and 

management of input information flows with multifractal properties, limits on the set 

of network characteristics for different classes of service, allows to develop methods 

of security ensuring during the management of self-similar traffic taking into account 

the requirements to service quality. 

The method of ensuring network security in the course of dynamic load 

balancing with self-similar traffic has been improved, which, in contrast to the 

existing ones, differs in application of the computer network balancing model taking 

into account traffic distribution security parameters and multifractal traffic properties. 

Implementation of this method allows reducing computer system resource load by 

directing secure heterogeneous information flows to less loaded resources. 

The method of dynamic traffic balancing based on the network intrusion 

detection system model was developed. It takes into account multifractal properties of 

traffic and service limitations for different traffic classes. Implementation of the 

dynamic traffic balancing method reduces processing time of information flows in 

order to detect intrusions and allocate them to less loaded system resources. 
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The method of secure routing in case of transfer of self-similar traffic based 

on multifractal properties of traffic and quality of service parameters of priority traffic 

has been developed. It allows to reduce computer system resources load by directing 

secure information flows of different classes of service to safe and less loaded 

resources. 

The complex method of intrusion detection has been developed, based on the 

use of signature analysis algorithm, analysis of network behavior anomalies and 

entropy analysis of protocols taking into account the probability of intrusion 

detection. This improves both the reliability and accuracy of intrusion detection and 

makes early detection of intrusions in a wide range of system cyberattacks. 

Intrusion detection methods based on signature analysis have been further 

developed, taking into account data from deep packet analysis and signature database 

ranking; packet entropy analysis based on conditional entropy calculation and 

statistical characteristics of these packets; machine-based training based on 

multifractal and recursive traffic characteristics, which reduces the time of intrusion 

detection and increases the speed and accuracy of intrusion detection, making 

detections at low levels of cyberattacks. 

The practical significance of the obtained results lies in the fact that it is 

reasonable to use the obtained theoretical provisions and methods for the development 

and implementation of effective tools in the form of software or hardware modules of 

cyberattack detection in computer systems, balancing self-similar information flows 

in network intrusion detection and traffic management systems in routers and 

balancers to ensure confidentiality, integrity, availability and quality of service in 

conditions of heterogeneous flows and limited resources of computer systems. 

Software implementation of complex method of cyberattack detection in 

computer system based on behavioral, signature and entropic analysis of self-similar 

information flows was created. This allows improving accuracy, speed and timeliness 

of cyberattack detection. 
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Application software has been created to balance the load of nodes in the 

network intrusion detection system, which allows increasing the accuracy, speed and 

timeliness of identification of cyberattacks and reducing the load of nodes. 

The specialized software based on the created methods and models of 

intrusion identification was developed, which allowed to increase the security of 

information resources and improve the quality of service in computer systems, which 

is confirmed by the implementation acts of the Kharkiv State Regional Scientific and 

Technical Center on the technical protection of information (implementation act of 

11. 12.2019), Farlep-Invest LLC (implementation act of 10.12.2019), Daitex 

Technologies LLC (implementation act of 05.07.2019), BANKOMSVIAZ S.A. 

(implementation act of 25.06.2019), WorkNest LLC (implementation act of 20.06.). 

2019), Vladarmet LLC (implementation act of 18.04.2019), Street Way Holidays LLC 

(implementation act of 05.07.2019), Kharkiv National University of Radio Electronics 

(implementation act of 16.04.2019). 

Keywords: security, availability, intrusion detection systems, attacks, self-

similarity, traffic, flow, secure balancing, secure routing, quality of service, computer 

systems. 
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ɺʉʊʋʇ 

ɸʢʪʫʘʣʴʥʽʩʪʴ ʪʝʤʠ.  

ʂʦʤʧôʶʪʝʨʥʘ ʩʠʩʪʝʤʘ (ʂʉ) ʤʘʻ ʙʫʪʠ ʟʘʭʠʱʝʥʘ ʚʽʜ ʘʪʘʢ ʽ ʧʦʚʠʥʥʘ ʤʘʪʠ 

ʚʠʩʦʢʫ ʜʦʩʪʫʧʥʽʩʪʴ, ʥʘʣʝʞʥʠʡ ʯʘʩ ʚʽʜʛʫʢʫ, ʥʘʜʽʡʥʽʩʪʴ, ʮʽʣʽʩʥʽʩʪʴ, 

ʤʘʩʰʪʘʙʦʚʘʥʽʩʪʴ ʽ ʥʘʜʘʥʥʷ ʪʦʯʥʦʾ ʽʥʬʦʨʤʘʮʽʾ ʜʣʷ ʚʠʩʪʘʚʣʝʥʥʷ ʨʘʭʫʥʢʽʚ. ɹʝʟʧʝʢʘ 

ʥʝ ʤʘʻ ʙʫʪʠ ʨʝʘʣʽʟʦʚʘʥʘ ʦʢʨʝʤʦ ʜʣʷ ʢʦʞʥʦʛʦ ʧʨʦʜʫʢʪʫ ʘʙʦ ʧʦʩʣʫʛʠ, ʘʣʝ ʤʘʻ ʙʫʪʠ 

ʨʦʟʨʦʙʣʝʥʘ ʪʘʢ, ʱʦʙ ʩʧʨʠʷʪʠ ʚʟʘʻʤʦʜʽʾ ʟʘʭʦʜʽʚ ʙʝʟʧʝʢʠ ʚ ʟʘʛʘʣʴʥʠʭ ʥʘʩʢʨʽʟʥʠʭ 

ʨʽʰʝʥʥʷʭ ʙʝʟʧʝʢʠ. ɼʣʷ ʜʦʩʷʛʥʝʥʥʷ ʪʘʢʦʛʦ ʨʽʰʝʥʥʷ ʚ ʩʝʨʝʜʦʚʠʱʽ ʟ ʢʽʣʴʢʦʤʘ 

ʧʦʩʪʘʯʘʣʴʥʠʢʘʤʠ, ʙʝʟʧʝʢʘ ʩʠʩʪʝʤʠ ʤʘʻ ʨʦʟʨʦʙʣʷʪʠʩʷ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʧʘʨʘʤʝʪʨʽʚ 

ʷʢʦʩʪʽ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ (ʘʥʛʣ. Quality of service, QoS). ɼʣʷ ʙʽʣʴʰʦʩʪʽ 

ʢʦʨʠʩʪʫʚʘʯʽʚ ʽ ʜʦʜʘʪʢʽʚ ʙʝʟʧʝʢʘ ʥʝ ʤʦʞʝ ʙʫʪʠ ʜʦʩʷʛʥʫʪʘ ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʪʝʭʥʦʣʦʛʽʾ, ʷʢʘ ʟʥʠʞʫʻ ʟʨʫʯʥʽʩʪʴ ʚʠʢʦʨʠʩʪʘʥʥʷ.  

ʗʢ ʚʽʜʦʤʦ, ʙʝʟʧʝʢʘ ʽ ʷʢʽʩʪʴ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ï ʮʝ ʜʚʘ ʢʨʠʪʠʯʥʽ ʤʝʨʝʞʥʽ 

ʩʝʨʚʽʩʠ ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʙʝʟʧʝʢʠ ʢʦʤʫʥʽʢʘʮʽʡ (ʟʛʽʜʥʦ ʟ ɼʝʨʞʘʚʥʠʤ ʉʪʘʥʜʘʨʪʦʤ 

ʋʢʨʘʾʥʠ ɼʉʊʋ ISO/IEC 27000:2017). ʊʝʥʜʝʥʮʽʷ ʧʽʜʢʣʶʯʝʥʥʷ ʚʩʴʦʛʦ ʜʦ 

ɯʥʪʝʨʥʝʪʫ, ʚʽʜ ʧʨʠʥʪʝʨʽʚ ʜʦ ʩʠʩʪʝʤ ʮʝʥʪʨʘʣʴʥʦʛʦ ʦʧʘʣʝʥʥʷ, ʟʙʽʣʴʰʫʻ 

ʫʨʘʟʣʠʚʽʩʪʴ ʩʠʩʪʝʤ ʽ ʧʨʠʤʥʦʞʫʻ ʡʤʦʚʽʨʥʽʩʪʴ ʘʪʘʢ. ʊʦʤʫ ʘʢʪʫʘʣʴʥʠʤ ʥʘʧʨʷʤʢʦʤ 

ʻ ʧʦʩʠʣʝʥʥʷ ʙʝʟʧʝʢʠ ʢʦʤʧôʶʪʝʨʥʠʭ ʩʠʩʪʝʤ.  

ʋʨʘʟʣʠʚʦʩʪʽ ʙʝʟʧʝʢʠ ʦʧʝʨʘʮʽʡʥʠʭ ʩʠʩʪʝʤ ʤʘʨʰʨʫʪʠʟʘʪʦʨʽʚ, 

ʙʘʣʘʥʩʫʚʘʣʴʥʠʢʽʚ, ʙʨʘʥʜʤʘʫʝʨʽʚ, ʘʪʘʢʠ ʪʠʧʫ çʚʽʜʤʦʚʘ ʚ ʜʦʩʪʫʧʽè, çʚʽʜʤʦʚʘ 

ʦʙʩʣʫʛʦʚʫʚʘʥʥʷè ʥʘ ʢʣʶʯʦʚʽ ʚʫʟʣʠ ʤʝʨʝʞʽ ʪʘ ʩʝʨʚʝʨʠ, ʚʪʦʨʛʥʝʥʥʷ ʚ 

ʤʘʨʰʨʫʪʠʟʘʪʦʨʠ ʟʽ ʟʤʽʥʦʶ ʧʘʨʘʤʝʪʨʽʚ ʽ ʽʥʰʽ, ʚʧʣʠʚʘʶʪʴ ʥʘ ʜʦʩʪʫʧʥʽʩʪʴ 

ʨʝʩʫʨʩʽʚ, ʷʢʽʩʪʴ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ. ʊʘʢʽ ʧʨʦʙʣʝʤʠ, ʷʢ ʟʘʙʝʟʧʝʯʝʥʥʷ ʢʨʠʪʠʯʥʦ 

ʚʘʞʣʠʚʠʭ ʧʘʨʘʤʝʪʨʽʚ QoS, ʟʘʭʠʩʪ ʧʘʢʝʪʽʚ ʜʘʥʠʭ, ʟʘʭʠʩʪ ʚʽʜ ʘʪʘʢ ʚʪʦʨʛʥʝʥʥʷ ʽ 

ʘʪʘʢ ʪʠʧʫ çʚʽʜʤʦʚʘ ʚ ʦʙʩʣʫʛʦʚʫʚʘʥʥʽè ï ʮʝ ʣʠʰʝ ʜʝʷʢʽ ʟʘʜʘʯʽ, ʷʢʽ ʥʝʦʙʭʽʜʥʦ 
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ʚʠʨʽʰʫʚʘʪʠ ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʙʝʟʧʝʯʥʦʛʦ ʨʦʟʧʦʜʽʣʫ ʨʝʩʫʨʩʽʚ, ʜʦʩʪʫʧʫ ʜʦ ʥʠʭ, 

ʙʝʟʧʝʯʥʦʛʦ ʰʣʷʭʫ ʧʝʨʝʜʘʯʽ, ʟʘʭʠʩʪʫ ʢʦʥʪʝʥʪʘ ʽ ʥʘʩʢʨʽʟʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ QoS. 

ʗʢʱʦ ʪʘʢʽ ʤʝʭʘʥʽʟʤʠ ʙʝʟʧʝʢʠ, ʷʢ ʘʫʪʝʥʪʠʬʽʢʘʮʽʷ, ʢʦʥʪʨʦʣʴ ʜʦʩʪʫʧʫ, 

ʰʠʬʨʫʚʘʥʥʷ, ʢʦʥʪʨʦʣʴ ʟʘʙʦʨʦʥʠ ʜʦʩʪʫʧʫ, ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ ʧʽʜ ʯʘʩ ʫʩʪʘʥʦʚʢʠ 

QoS-ʟ'ʻʜʥʘʥʥʷ, ʮʴʦʛʦ ʤʘʻ ʙʫʪʠ ʜʦʩʪʘʪʥʴʦ ʜʣʷ ʙʝʟʧʝʯʥʦʛʦ ʨʦʟʧʦʜʽʣʫ ʚʠʤʦʛ QoS. 

ʗʢʱʦ ʤʝʭʘʥʽʟʤʠ ʽ ʧʦʣʽʪʠʢʠ ʙʝʟʧʝʢʠ ʥʘ ʤʘʨʰʨʫʪʠʟʘʪʦʨʘʭ, ʰʣʶʟʘʭ ʽ 

ʙʨʘʥʜʤʘʫʝʨʘʭ, ʪʘʢʽ ʷʢ ʚʠʷʚʣʝʥʥʷ ʚʪʦʨʛʥʝʥʴ, ʮʠʬʨʦʚʠʡ ʧʽʜʧʠʩ ʽ ʰʠʬʨʫʚʘʥʥʷ ʻ 

ʜʦʩʪʫʧʥʠʤʠ, ʮʝ ʤʦʞʝ ʟʘʙʝʟʧʝʯʠʪʠ ʙʝʟʧʝʯʥʠʡ ʰʣʷʭ ʧʝʨʝʜʘʯʽ, ʟʘʭʠʩʪ ʢʦʥʪʝʥʪʘ ʽ 

ʥʘʩʢʨʽʟʥʝ ʟʘʙʝʟʧʝʯʝʥʥʷ QoS. 

ʗʢʽʩʪʴ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʤʦʞʝ ʚʟʘʻʤʦʜʽʷʪʠ ʟ ʙʝʟʧʝʢʦʶ ʜʝʷʢʠʤʠ ʩʧʦʩʦʙʘʤʠ: 

- ʩʣʫʞʙʠ, ʷʢʽ ʧʦʪʨʝʙʫʶʪʴ ʛʘʨʘʥʪʦʚʘʥʦʾ ʜʦʩʪʘʚʢʠ, ʤʦʞʫʪʴ ʚʽʜʤʦʚʠʪʠ ʚ 

ʦʙʩʣʫʛʦʚʫʚʘʥʥʽ ʩʣʫʞʙʘʤ, ʷʢʽ ʻ ʢʨʠʪʠʯʥʦ ʚʘʞʣʠʚʠʤʠ ʟ ʪʦʯʢʠ ʟʦʨʫ ʙʝʟʧʝʢʠ (ʘʣʝ 

ʥʝ QoS), ʟʘʨʝʟʝʨʚʫʚʘʚʰʠ ʟʘʡʚʽ ʨʝʩʫʨʩʠ; 

- ʧʨʦʪʦʢʦʣʠ, ʱʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʜʣʷ ʧʝʨʝʛʦʚʦʨʽʚ ʟʘ ʫʛʦʜʘʤʠ ʧʨʦ QoS, 

ʤʦʞʫʪʴ ʧʽʜʜʘʚʘʪʠʩʷ ʘʪʘʢʘʤ ʘʙʦ ʚʪʨʫʯʘʥʥʶ ʟ ʙʦʢʫ ʪʨʝʪʽʭ ʩʪʦʨʽʥ; 

- ʩʣʫʞʙʠ ʙʝʟʧʝʢʠ, ʪʘʢʽ ʷʢ ʰʠʬʨʫʚʘʥʥʷ, ʤʦʞʫʪʴ ʟʘʧʦʙʽʛʪʠ ʚʠʢʦʥʘʥʥʶ 

ʚʠʤʦʛ ʱʦʜʦ ʟʘʪʨʠʤʦʢ ʰʣʷʭʦʤ ʚʚʝʜʝʥʥʷ ʜʦʜʘʪʢʦʚʠʭ ʟʘʪʨʠʤʦʢ; 

- ʘʣʛʦʨʠʪʤʠ, ʯʠʡ ʯʘʩ ʟʘʣʝʞʠʪʴ ʚʽʜ ʜʘʥʠʭ, ʪʘʢʦʞ ʤʦʞʫʪʴ ʚʚʝʩʪʠ ʜʦʜʘʪʢʦʚʠʡ 

ʜʞʠʪʪʝʨ; 

- ʩʣʫʞʙʠ ʙʝʟʧʝʢʠ ʤʦʞʫʪʴ ʩʢʦʨʠʩʪʘʪʠʩʷ ʧʝʨʝʚʘʛʘʤʠ ʟʘʭʦʜʽʚ QoS. ʊʽʻʶ ʞ 

ʤʽʨʦʶ, ʚ ʷʢʽʡ ʟʘʭʦʜʠ QoS ʦʙʤʝʞʫʶʪʴ ʟʘʪʨʠʤʢʫ ʽ ʜʞʠʪʪʝʨ, ʢʦʥʪʨʦʣʴ ʪʘʢʠʭ 

ʬʫʥʢʮʽʡ, ʷʢ ʧʨʠʭʦʚʘʥʘ ʩʠʛʥʘʣʽʟʘʮʽʷ, ʟʥʠʞʫʻʪʴʩʷ; 

- ʫ ʪʽʡ ʤʽʨʽ, ʚ ʷʢʽʡ QoS ʬʫʥʢʮʽʦʥʫʻ ʚ ʨʘʤʢʘʭ ʙʽʟʥʝʩ-ʤʦʜʝʣʽ, ʱʦ ʚʠʤʘʛʘʻ 

ʟʘʙʝʟʧʝʯʝʥʥʷ ʧʦʩʣʫʛ ʤʝʨʝʞʥʦʛʦ ʫʧʨʘʚʣʽʥʥʷ ʜʣʷ ʥʘʜʘʥʥʷ, ʘʫʜʠʪʫ ʪʘ ʚʠʩʪʘʚʣʝʥʥʷ 

ʨʘʭʫʥʢʽʚ, ʤʝʭʘʥʽʟʤʠ QoS ʮʽʣʢʦʤ ʤʦʞʫʪʴ ʩʢʦʨʠʩʪʘʪʠʩʷ ʧʝʨʝʚʘʛʘʤʠ ʽʩʥʫʶʯʠʭ 

ʩʣʫʞʙ ʙʝʟʧʝʢʠ ʤʝʨʝʞʽ. 

ʆʜʥʘʢ, ʜʣʷ ʧʦʚʥʦʾ ʨʝʘʣʽʟʘʮʽʾ ʧʝʨʝʚʘʛ ʽʥʬʦʨʤʘʮʽʡʥʦʛʦ ʩʫʩʧʽʣʴʩʪʚʘ 

ʥʝʦʙʭʽʜʥʦ, ʱʦʙ ʣʶʜʠ ʤʦʛʣʠ ʜʦʚʽʨʷʪʠ ʩʠʩʪʝʤʘʤ. ʆʩʴ ʯʦʤʫ ʙʝʟʧʝʢʘ ʩʪʘʻ ʪʘʢʠʤ 



36 

 

ʚʘʞʣʠʚʠʤ ʧʠʪʘʥʥʷʤ, ʘʣʝ ʜʣʷ ʢʽʥʮʝʚʦʛʦ ʢʦʨʠʩʪʫʚʘʯʘ ʚʩʝ ʤʦʞʥʘ ʧʦʚʝʨʥʫʪʠ ʥʘ 

ʦʜʥʝ ʩʣʦʚʦ ï ʷʢʽʩʪʴ. 

ʊʦʜʽ ʙʝʟʧʝʢʘ ʩʪʦʾʪʴ ʧʦʨʷʜ ʟ ʽʥʰʠʤʠ ʢʨʠʪʝʨʽʷʤʠ ʷʢʦʩʪʽ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ 

(QoS), ʪʘʢʠʤʠ ʷʢ ʰʚʠʜʢʽʩʪʴ, ʪʦʯʥʽʩʪʴ, ʜʦʩʪʫʧʥʽʩʪʴ, ʥʘʜʽʡʥʽʩʪʴ, ʧʨʦʩʪʦʪʘ ʽ 

ʛʥʫʯʢʽʩʪʴ. ʎʝ ʚʠʢʣʘʜʝʥʦ ʚ ʈʝʢʦʤʝʥʜʘʮʽʾ ITU-T. G.1000 (ʘʥʛʣ. International 

Telecommunication Union, ʄʽʞʥʘʨʦʜʥʠʡ ʩʦʶʟ ʝʣʝʢʪʨʦʟʚôʷʟʢʫ). ɺʽʜʧʦʚʽʜʥʦ ʜʦ 

ʮʽʻʾ ʨʝʢʦʤʝʥʜʘʮʽʾ ITU-T ʷʢʽʩʪʴ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʽ, ʦʪʞʝ, ʬʫʥʢʮʽʾ ʙʝʟʧʝʢʠ ʤʦʞʫʪʴ 

ʚʠʟʥʘʯʘʪʠ ʥʝ ʪʽʣʴʢʠ ʩʝʘʥʩ ʟʚô̫ ʟʢʫ (ʪʦʙʪʦ ʬʘʟʠ ʚʩʪʘʥʦʚʣʝʥʥʷ ʟô̒ ʜʥʘʥʥʷ, ʧʝʨʝʜʘʯʽ 

ʽʥʬʦʨʤʘʮʽʾ ʽ ʨʦʟôʻʜʥʘʥʥʷ), ʘ ʡ ʽʥʰʽ ʬʘʟʠ ʚʽʜʥʦʩʠʥ ʤʽʞ ʤʝʨʝʞʝʶ ʽ ʢʦʨʠʩʪʫʚʘʯʝʤ 

(ʪʦʙʪʦ ʧʨʦʜʘʞ, ʧʝʨʝʜʜʦʛʦʚʽʨʥʘ ʜʽʷʣʴʥʽʩʪʴ, ʩʝʨʚʽʩʥʘ ʧʽʜʪʨʠʤʢʘ, ʙʽʣʽʥʛ, ʢʦʥʪʨʦʣʴ 

ʤʝʨʝʞʽ / ʧʦʩʣʫʛʠ ʟ ʙʦʢʫ ʩʧʦʞʠʚʘʯʘ ʽ ʪ.ʽʥ.). 

ʋʨʘʟʣʠʚʦʩʪʽ ʙʝʟʧʝʢʠ ʦʧʝʨʘʮʽʡʥʠʭ ʩʠʩʪʝʤ ʤʘʨʰʨʫʪʠʟʘʪʦʨʽʚ, 

ʙʘʣʘʥʩʫʚʘʣʴʥʠʢʽʚ, ʙʨʘʥʜʤʘʫʝʨʽʚ, ʘʪʘʢʠ ʪʠʧʫ çʚʽʜʤʦʚʘ ʚ ʜʦʩʪʫʧʽè, çʚʽʜʤʦʚʘ 

ʦʙʩʣʫʛʦʚʫʚʘʥʥʷè ʥʘ ʢʣʶʯʦʚʽ ʚʫʟʣʠ ʤʝʨʝʞʽ ʪʘ ʩʝʨʚʝʨʠ, ʚʪʦʨʛʥʝʥʥʷ ʚ 

ʤʘʨʰʨʫʪʠʟʘʪʦʨʠ ʟʽ ʟʤʽʥʦʶ ʧʘʨʘʤʝʪʨʽʚ ʪʦʱʦ, ʚʧʣʠʚʘʶʪʴ ʥʘ ʜʦʩʪʫʧʥʽʩʪʴ ʨʝʩʫʨʩʽʚ, 

ʷʢʽʩʪʴ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ. ʊʘʢʽ ʧʨʦʙʣʝʤʠ, ʷʢ ʟʘʙʝʟʧʝʯʝʥʥʷ ʢʨʠʪʠʯʥʦ ʚʘʞʣʠʚʠʭ 

ʧʘʨʘʤʝʪʨʽʚ QoS, ʟʘʭʠʩʪ ʧʘʢʝʪʽʚ ʜʘʥʠʭ, ʟʘʭʠʩʪ ʚʽʜ ʘʪʘʢ ʚʪʦʨʛʥʝʥʥʷ ʽ ʘʪʘʢ ʪʠʧʫ 

çʚʽʜʤʦʚʘ ʚ ʦʙʩʣʫʛʦʚʫʚʘʥʥʽè ï ʮʝ ʣʠʰʝ ʜʝʷʢʽ ʟʘʜʘʯʽ, ʷʢʽ ʥʝʦʙʭʽʜʥʦ ʚʠʨʽʰʫʚʘʪʠ 

ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʙʝʟʧʝʯʥʦʛʦ ʨʦʟʧʦʜʽʣʫ ʨʝʩʫʨʩʽʚ, ʜʦʩʪʫʧʫ ʜʦ ʥʠʭ, ʙʝʟʧʝʯʥʦʛʦ 

ʰʣʷʭʫ ʧʝʨʝʜʘʯʽ, ʟʘʭʠʩʪʫ ʢʦʥʪʝʥʪʘ ʽ ʥʘʩʢʨʽʟʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ QoS. 

ʈʝʢʦʤʝʥʜʘʮʽʷ ITU-T. E.860 ʧʨʦʧʦʥʫʻ ʫʢʣʘʩʪʠ ʫʛʦʜʫ ʧʨʦ ʨʽʚʝʥʴ ʩʝʨʚʽʩʫ 

(ʘʥʛʣ.Service Level Agreement, SLA) ʤʽʞ ʦʧʝʨʘʪʦʨʦʤ ʟʚô̫ ʟʢʫ ʪʘ ʢʦʨʠʩʪʫʚʘʯʝʤ (ʘ 

ʪʘʢʦʞ ʤʽʞ ʦʧʝʨʘʪʦʨʘʤʠ ʟʚô̫ ʟʢʫ). ʄʝʪʦʶ ʫʛʦʜʠ ʧʨʦ ʨʽʚʝʥʴ ʩʝʨʚʽʩʫ ʻ ʚʠʟʥʘʯʝʥʥʷ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʨʦʧʦʥʦʚʘʥʦʾ ʧʦʩʣʫʛʠ, ʚʽʜʧʦʚʽʜʘʣʴʥʦʩʪʽ ʽ ʧʨʽʦʨʠʪʝʪʫ ʢʦʞʥʦʾ ʟʽ 

ʩʪʦʨʽʥ. ʈʝʢʦʤʝʥʜʫʻʪʴʩʷ, ʱʦʙ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʙʝʟʧʝʢʠ, ʱʦ ʥʘʜʘʶʪʴʩʷ ʢʦʞʥʦʶ ʽʟ 

ʩʪʦʨʽʥ, ʙʫʣʠ ʚʢʣʶʯʝʥʽ ʚ ʫʛʦʜʫ ʧʨʦ ʨʽʚʝʥʴ ʩʝʨʚʽʩʫ ʤʽʞ ʦʧʝʨʘʪʦʨʦʤ ʟʚô̫ ʟʢʫ ʪʘ 

ʢʦʨʠʩʪʫʚʘʯʝʤ. 
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ʄʝʭʘʥʽʟʤʠ ʟʘʙʝʟʧʝʯʝʥʥʷ ʙʝʟʧʝʢʠ ʽ QoS ʥʝ ʻ ʥʝʟʘʣʝʞʥʠʤʠ. ɺʠʙʽʨ 

ʤʝʭʘʥʽʟʤʽʚ ʟʘʙʝʟʧʝʯʝʥʥʷ ʙʝʟʧʝʢʠ ʚʧʣʠʚʘʻ ʥʘ ʝʬʝʢʪʠʚʥʽʩʪʴ QoS ʽ ʥʘʚʧʘʢʠ. 

ɺʠʢʦʥʘʥʥʷ ʚʠʤʦʛ ʷʢʦʩʪʽ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʧʦʪʨʝʙʫʻ ʟʘʩʪʦʩʫʚʘʥʥʷ ʤʝʭʘʥʽʟʤʽʚ 

ʟʘʙʝʟʧʝʯʝʥʥʷ ʙʝʟʧʝʢʠ ʜʣʷ ʥʘʜʘʥʥʷ ʥʘʣʝʞʥʦʛʦ ʨʽʚʥʷ ʧʦʩʣʫʛ ʽ ʚʠʩʪʘʚʣʝʥʥʷ 

ʨʘʭʫʥʢʽʚ. ʅʝʢʦʨʝʢʪʥʠʡ ʧʽʜʙʽʨ ʤʝʭʘʥʽʟʤʽʚ ʙʝʟʧʝʢʠ ʤʦʞʝ ʟʤʝʥʰʠʪʠ 

ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ ʨʝʪʝʣʴʥʦ ʚʠʙʫʜʫʚʘʥʦʾ ʤʝʨʝʞʽ, ʘ ʥʝʥʘʣʝʞʥʠʡ ʚʠʙʽʨ ʨʽʚʥʷ ʩʝʨʚʽʩʫ 

ʤʦʞʝ ʧʨʠʟʚʝʩʪʠ ʜʦ ʚʠʪʦʢʫ ʽʥʬʦʨʤʘʮʽʾ. ʊʦʙʪʦ ʦʧʪʠʤʘʣʴʥʝ ʙʘʣʘʥʩʫʚʘʥʥʷ 

ʧʘʨʘʤʝʪʨʘʤʠ QoS ʤʦʞʝ ʜʦʧʦʤʦʛʪʠ ʟʤʝʥʰʠʪʠ ʚʠʪʽʢ ʽʥʬʦʨʤʘʮʽʾ. 

ɹʝʟ ʨʦʟʫʤʽʥʥʷ ʮʠʭ ʚʟʘʻʤʦʜʽʡ, ʥʝʷʢʽʩʥʠʡ ʚʠʙʽʨ ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ ʤʝʨʝʞʽ 

ʤʦʞʝ ʧʨʠʟʚʝʩʪʠ ʜʦ ʙʽʣʴʰ ʩʣʘʙʢʦʾ, ʥʽʞ ʦʯʽʢʫʚʘʣʦʩʷ, ʙʝʟʧʝʢʠ ʪʘ ʤʝʥʰ ʝʬʝʢʪʠʚʥʦʾ 

ʛʘʨʘʥʪʽʾ QoS. ʊʦʤʫ, ʥʝʦʙʭʽʜʥʦ ʚʨʘʭʦʚʫʚʘʪʠ ʙʝʟʧʝʢʫ ʽ QoS ʨʘʟʦʤ ʧʽʜ ʯʘʩ 

ʨʦʟʨʦʙʢʠ ʪʘ ʨʝʘʣʽʟʘʮʽʾ ʤʝʨʝʞʥʦʾ ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ ʜʣʷ ʜʦʩʷʛʥʝʥʥʷ ʥʘʡʢʨʘʱʦʛʦ 

ʨʝʟʫʣʴʪʘʪʫ. ʋ ʜʠʩʝʨʪʘʮʽʡʥʽʡ ʨʦʙʦʪʽ ʨʦʟʛʣʷʜʘʶʪʴʩʷ ʘʚʪʦʤʘʪʠʟʦʚʘʥʽ ʩʠʩʪʝʤʠ 

ʢʣʘʩʫ ç3è ï ʨʦʟʧʦʜʽʣʝʥʠʡ ʙʘʛʘʪʦʤʘʰʠʥʥʠʡ ʙʘʛʘʪʦʢʦʨʠʩʪʫʚʘʣʴʥʠʮʴʢʠʡ 

ʢʦʤʧʣʝʢʩ, ʷʢʠʡ ʦʙʨʦʙʣʷʻ ʽʥʬʦʨʤʘʮʽʶ ʨʽʟʥʠʭ ʩʪʫʧʝʥʽʚ ʦʙʤʝʞʝʥʥʷ ʜʦʩʪʫʧʫ 

(ʟʛʽʜʥʦ ʟ ʅɼ ʊɿɯ 2.5-005-99). 

ʆʜʥʠʤ ʽʟ ʬʘʢʪʦʨʽʚ, ʱʦ ʚʧʣʠʚʘʶʪʴ ʥʘ QoS ʽ ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ 

ʢʦʤʧôʶʪʝʨʥʠʭ ʩʠʩʪʝʤ (ʂʉ), ʻ ʚʣʘʩʪʠʚʦʩʪʽ ʚʭʽʜʥʦʛʦ ʪʨʘʬʽʢʘ. ʆʩʦʙʣʠʚʦʶ 

ʚʣʘʩʪʠʚʽʩʪʶ ʪʨʘʬʽʢʘ ʻ ʥʘʷʚʥʽʩʪʴ ʤʘʩʰʪʘʙʥʦʾ ʽʥʚʘʨʽʘʥʪʥʦʩʪʽ ï ʩʘʤʦʧʦʜʽʙʥʦʩʪʽ. 

ʆʜʥʠʤʠ ʟ ʧʨʠʯʠʥ ʩʘʤʦʧʦʜʽʙʥʦʩʪʽ ʪʨʘʬʽʢʘ ʻ ʥʝʦʜʥʦʨʽʜʥʽʩʪʴ ʨʝʩʫʨʩʽʚ ʩʠʩʪʝʤʠ ʪʘ 

ʧʦʚʝʜʽʥʢʘ ʢʦʨʠʩʪʫʚʘʯʽʚ ʫ ʤʝʨʝʞʽ. ʉʘʤʦʧʦʜʽʙʥʠʡ ʪʨʘʬʽʢ ʚʠʢʣʠʢʘʻ ʟʘʪʨʠʤʢʠ ʽ 

ʚʪʨʘʪʠ ʧʘʢʝʪʽʚ ʥʘ ʧʦʨʷʜʦʢ ʚʠʱʽ, ʥʽʞ ʟʚʠʯʘʡʥʠʡ ʪʨʘʬʽʢ. ʗʢ ʧʦʢʘʟʘʣʠ 

ʙʘʛʘʪʦʯʠʩʣʝʥʥʽ ʜʦʩʣʽʜʞʝʥʥʷ, ʩʘʤʦʧʦʜʽʙʥʠʡ ʪʠʧ ʪʨʘʬʽʢʘ ʟʘʟʚʠʯʘʡ ʧʨʝʚʘʣʶʻ ʚ 

ʙʽʣʴʰʦʩʪʽ ʩʫʯʘʩʥʠʭ ʤʝʨʝʞ ʧʘʢʝʪʥʦʾ ʧʝʨʝʜʘʯʽ ʜʘʥʠʭ. ʋ ʤʽʞʥʘʨʦʜʥʽʡ 

ʈʝʢʦʤʝʥʜʘʮʽʾ ITU-ʊ Q.3925 ʦʧʠʩʫʶʪʴʩʷ ʪʠʧʠ ʧʦʪʦʢʽʚ ʪʨʘʬʽʢʘ ʽʟ ʩʘʤʦʧʦʜʽʙʥʠʤʠ 

ʚʣʘʩʪʠʚʦʩʪʷʤʠ, ʷʢʽ ʤʘʶʪʴ ʛʝʥʝʨʫʚʘʪʠʩʷ ʟ ʤʝʪʦʶ ʪʝʩʪʫʚʘʥʥʷ ʧʘʨʘʤʝʪʨʽʚ QoS ʜʣʷ 

ʧʝʨʝʜʘʯʽ ʤʦʚʠ, ʜʘʥʠʭ ʽ ʚʽʜʝʦʩʠʛʥʘʣʽʚ ʫ ʤʦʜʝʣʴʥʽʡ ʤʝʨʝʞʽ. ʊʘʢʠʤ ʯʠʥʦʤ, 

ʩʘʤʦʧʦʜʽʙʥʠʡ ʪʠʧ ʪʨʘʬʽʢʘ ʤʘʻ ʙʫʪʠ ʦʜʥʠʤ ʟ ʦʩʥʦʚʥʠʭ ʫ ʜʦʩʣʽʜʞʝʥʥʷʭ ʤʝʨʝʞ. 
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ʆʜʥʘʢ ʽʩʥʫʶʯʽ ʤʦʜʝʣʽ ʪʘ ʤʝʪʦʜʠ ʟʘʙʝʟʧʝʯʝʥʥʷ ʷʢʦʩʪʽ ʪʘ ʙʝʟʧʝʢʠ ʨʝʩʫʨʩʽʚ 

ʢʦʤʧôʶʪʝʨʥʠʭ ʩʠʩʪʝʤ ʥʝ ʚʨʘʭʦʚʫʶʪʴ ʩʘʤʦʧʦʜʽʙʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʪʨʘʬʽʢʘ. 

ʊʘʢʠʤ ʯʠʥʦʤ, ʥʘ ʩʴʦʛʦʜʥʽ ʚ ʧʨʘʢʪʠʮʽ ʪʘ ʪʝʦʨʽʾ ʝʢʩʧʣʫʘʪʘʮʽʾ ʢʦʤʧôʶʪʝʨʥʠʭ 

ʩʠʩʪʝʤ ʟʘʛʦʩʪʨʠʣʦʩʷ ʦʙôʻʢʪʠʚʥʝ ʧʨʦʪʠʨʽʯʯʷ ʤʽʞ ʟʨʦʩʪʘʶʯʠʤʠ ʚʠʤʦʛʘʤʠ ʜʦ ʨʽʚ-

ʥʷ ʙʝʟʧʝʢʠ ʪʘ ʷʢʦʩʪʽ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʚ ʭʦʜʽ ʧʝʨʝʜʘʯʽ ʩʘʤʦʧʦʜʽʙʥʦʛʦ ʪʨʘʬʽʢʘ ʽ 

ʤʦʞʣʠʚʦʩʪʷʤʠ ʽʩʥʫʶʯʠʭ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʪʘ ʪʝʦʨʝʪʠʯʥʠʭ ʨʽʰʝʥʴ. ʗʢ ʥʘʩʣʽʜʦʢ, 

ʥʘʨʘʟʽ ʚʽʜʩʫʪʥʽ ʘʜʝʢʚʘʪʥʽ ʤʦʜʝʣʽ ʪʘ ʤʝʪʦʜʠ ʟʘʙʝʟʧʝʯʝʥʥʷ ʙʝʟʧʝʢʠ ʪʘ ʷʢʦʩʪʽ 

ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ, ʷʢʽ ʚʨʘʭʦʚʫʶʪʴ ʩʘʤʦʧʦʜʽʙʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʽʥʬʦʨʤʘʮʽʡʥʠʭ 

ʧʦʪʦʢʽʚ, ʚ ʫʤʦʚʘʭ ʥʘʷʚʥʦʩʪʽ ʚʪʦʨʛʥʝʥʴ ʪʘ ʢʽʙʝʨʘʪʘʢ. ɼʣʷ ʨʦʟʚôʷʟʘʥʥʷ ʚʢʘʟʘʥʦʛʦ 

ʧʨʦʪʠʨʽʯʯʷ ʚ ʜʠʩʝʨʪʘʮʽʡʥʽʡ ʨʦʙʦʪʽ ʩʬʦʨʤʫʣʴʦʚʘʥʦ ʘʢʪʫʘʣʴʥʫ ʥʘʫʢʦʚʦ-ʧʨʠʢʣʘʜʥʫ 

ʧʨʦʙʣʝʤʫ ʱʦʜʦ ʨʦʟʨʦʙʢʠ ʤʦʜʝʣʝʡ ʪʘ ʤʝʪʦʜʽʚ ʟʘʙʝʟʧʝʯʝʥʥʷ ʙʝʟʧʝʢʠ (ʜʦʩʪʫʧʥʦʩʪʽ, 

ʢʦʥʬʽʜʝʥʮʽʡʥʦʩʪʽ) ʪʘ ʷʢʦʩʪʽ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʚ ʢʦʤʧôʶʪʝʨʥʠʭ ʩʠʩʪʝʤʘʭ ʟ 

ʫʨʘʭʫʚʘʥʥʷʤ ʩʘʤʦʧʦʜʽʙʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʧʦʪʦʢʽʚ ʚ ʫʤʦʚʘʭ 

ʥʘʷʚʥʦʩʪʽ ʚʪʦʨʛʥʝʥʴ ʪʘ ʢʽʙʝʨʘʪʘʢ. 

ɺʘʛʦʤʠʡ ʚʥʝʩʦʢ ʫ ʨʦʟʙʫʜʦʚʫ ʩʠʩʪʝʤʠ ʟʘʭʠʩʪʫ ʽʥʬʦʨʤʘʮʽʾ ʚʥʝʩʣʠ ʪʘʢʽ 

ʚʯʝʥʽ, ʷʢ ʆ. ɺ. ɹʘʨʘʙʘʰ, ɺ. ɹ. ɼʫʜʠʢʝʚʠʯ, ɯ. ɼ. ɻʦʨʙʝʥʢʦ, ʈ. ɺ. ɻʨʠʱʫʢ, 

ɼ. ɺ. ʃʘʥʜʝ, ɺ.ɸ. ʉʘʚʯʝʥʢʦ, ʆ. ɺ. ʉʻʚʻʨʽʥʦʚ, ɺ. ʆ ʍʦʨʦʰʢʦ, ɺ. ʌ. ʐʘʥʴʛʽʥ, 

W. Stallings, Qixun Zhao, Junghoon Lee, Y. Chen, C. Vincent, R. Shupak, K. Song, 

H. Gao, ʪʘ ʽʥ. ʊʘʢʦʞ ʽʩʥʫʻ ʟʥʘʯʥʘ ʢʽʣʴʢʽʩʪʴ ʧʫʙʣʽʢʘʮʽʡ, ʧʨʠʩʚʷʯʝʥʠʭ ʘʥʘʣʽʟʫ 

ʩʘʤʦʧʦʜʽʙʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʪʨʘʬʽʢʘ, ʷʢʽ ʙʫʣʠ ʚʠʷʚʣʝʥʽ ʚ ʣʦʢʘʣʴʥʠʭ ʽ ʛʣʦʙʘʣʴʥʠʭ 

ʤʝʨʝʞʘʭ. ɺʘʛʦʤʠʡ ʚʥʝʩʦʢ ʫ ʜʦʩʣʽʜʞʝʥʥʷ ʤʦʜʝʣʝʡ ʪʘ ʤʝʪʦʜʽʚ ʩʘʤʦʧʦʜʽʙʥʦʛʦ 

ʢʦʤʧôʶʪʝʨʥʦʛʦ ʪʨʘʬʽʢʘ ʚʥʝʩʣʠ ʃ. ʆ. ʂʽʨʽʯʝʥʢʦ, ɺ. ɺ. ʇʦʧʦʚʩʴʢʠʡ, 

ɹ. ʉ. ʎʠʙʘʢʦʚ, ɸ. ɯ. ʐʝʣʫʭʽʥ, K. Park, W. Willinger, P. Abry, M. Taqqu, I. Norros 

ʪʘ ʽʥ. ʅʝʟʚʘʞʘʶʯʠ ʥʘ ʟʥʘʯʥʫ ʢʽʣʴʢʽʩʪʴ ʧʫʙʣʽʢʘʮʽʡ, ʧʦʚôʷʟʘʥʠʭ ʽʟ ʢʽʙʝʨʙʝʟʧʝʢʦʶ 

ʪʘ ʩʘʤʦʧʦʜʽʙʥʠʤʠ ʚʣʘʩʪʠʚʦʩʪʷʤʠ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʧʦʪʦʢʽʚ, ʥʝ ʽʩʥʫʻ 

ʫʥʽʚʝʨʩʘʣʴʥʠʭ ʤʝʪʦʜʽʚ ʟʘʙʝʟʧʝʯʝʥʥʷ ʙʝʟʧʝʢʠ ʢʦʤʧôʶʪʝʨʥʠʭ ʩʠʩʪʝʤ, ʷʢʽ 

ʚʨʘʭʦʚʫʶʪʴ ʩʘʤʦʧʦʜʽʙʥʽʩʪʴ ʪʨʘʬʽʢʘ.  
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ɿʚôʷʟʦʢ ʨʦʙʦʪʠ ʟ ʥʘʫʢʦʚʠʤʠ ʧʨʦʛʨʘʤʘʤʠ, ʧʣʘʥʘʤʠ, ʪʝʤʘʤʠ. 

ɼʠʩʝʨʪʘʮʽʡʥʘ ʨʦʙʦʪʘ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʧʦʚôʷʟʘʥʘ ʽʟ ʨʝʘʣʽʟʘʮʽʻʶ ʧʦʣʦʞʝʥʴ ʪʘ 

ʧʦʛʦʜʞʫʻʪʴʩʷ ʟ ʢʦʥʮʝʧʮʽʷʤʠ ʪʘʢʠʭ ʜʦʢʫʤʝʥʪʽʚ: çʉʪʨʘʪʝʛʽʷ ʨʦʟʚʠʪʢʫ 

ʽʥʬʦʨʤʘʮʽʡʥʦʛʦ ʩʫʩʧʽʣʴʩʪʚʘ ʚ ʋʢʨʘʾʥʽè; çʉʪʨʘʪʝʛʽʷ ʢʽʙʝʨʙʝʟʧʝʢʠ ʋʢʨʘʾʥʠè ʚʽʜ 

15 ʙʝʨʝʟʥʷ 2016 ʨʦʢʫ ˉ 96/2016; çɼʦʢʪʨʠʥʘ ʽʥʬʦʨʤʘʮʽʡʥʦʾ ʙʝʟʧʝʢʠè ʚʽʜ 25 

ʣʶʪʦʛʦ 2017, ˉ 47/2017, ʫ ʢʦʥʪʝʢʩʪʽ ʧ.3.2 çʙʝʟʧʝʯʥʝ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʽ ʨʦʟʚʠʪʦʢ 

ʥʘʮʽʦʥʘʣʴʥʦʛʦ ʽʥʬʦʨʤʘʮʽʡʥʦʛʦ ʧʨʦʩʪʦʨʫ ʪʘ ʡʦʛʦ ʽʥʪʝʛʨʘʮʽʷ ʫ ʻʚʨʦʧʝʡʩʴʢʠʡ ʽ 

ʩʚʽʪʦʚʠʡ ʽʥʬʦʨʤʘʮʽʡʥʠʡ ʧʨʦʩʪʽʨè; çʉʪʨʘʪʝʛʽʷ ʥʘʮʽʦʥʘʣʴʥʦʾ ʙʝʟʧʝʢʠ ʋʢʨʘʾʥʠè ʚʽʜ 

26 ʪʨʘʚʥʷ 2015 ʨʦʢʫ ˉ 287/2015 ʫ ʢʦʥʪʝʢʩʪʽ ʧ. 4.12 çɿʘʙʝʟʧʝʯʝʥʥʷ ʢʽʙʝʨʙʝʟʧʝʢʠ 

ʽ ʙʝʟʧʝʢʠ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʨʝʩʫʨʩʽʚ, ʟʦʢʨʝʤʘ ʨʝʬʦʨʤʫʚʘʥʥʷ ʩʠʩʪʝʤʠ ʪʝʭʥʽʯʥʦʛʦ ʽ 

ʢʨʠʧʪʦʛʨʘʬʽʯʥʦʛʦ ʟʘʭʠʩʪʫ ʽʥʬʦʨʤʘʮʽʾ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʧʨʘʢʪʠʢʠ ʜʝʨʞʘʚ ʯʣʝʥʽʚ 

ʅɸʊʆ ʪʘ ɭʉè. 

ʈʝʟʫʣʴʪʘʪʠ ʜʠʩʝʨʪʘʮʽʡʥʦʾ ʨʦʙʦʪʠ ʚʠʢʦʨʠʩʪʘʥʦ ʚ ʭʦʜʽ ʚʠʢʦʥʘʥʥʷ ʥʘʫʢʦʚʦ-

ʜʦʩʣʽʜʥʠʭ ʨʦʙʽʪ ʍʘʨʢʽʚʩʴʢʦʛʦ ʥʘʮʽʦʥʘʣʴʥʦʛʦ ʫʥʽʚʝʨʩʠʪʝʪʫ ʨʘʜʽʦʝʣʝʢʪʨʦʥʽʢʠ 

(ʍʅʋʈɽ) ʫ ʤʝʞʘʭ ʜʦʛʦʚʦʨʫ ʟʘ ʟʘʤʦʚʣʝʥʥʷʤ ʄʽʥʽʩʪʝʨʩʪʚʘ ʦʩʚʽʪʠ ʽ ʥʘʫʢʠ ʋʢʨʘʾʥʠ 

ʅɼʈ ɼʈ ˉ01190U001405 çɸʚʪʦʤʘʪʠʟʦʚʘʥʘ ʦʧʪʠʯʥʘ ʽʥʬʦʨʤʘʮʽʡʥʦ-

ʚʠʤʽʨʶʚʘʣʴʥʘ ʩʠʩʪʝʤʘ ʜʣʷ ʧʦʣʽʛʦʥʥʠʭ ʚʠʧʨʦʙʫʚʘʥʴ ʢʝʨʦʚʘʥʠʭ ʪʘ ʥʝʢʝʨʦʚʘʥʠʭ 

ʨʘʢʝʪ, ʘʨʪʠʣʝʨʽʡʩʴʢʠʭ ʽ ʨʝʘʢʪʠʚʥʠʭ ʩʥʘʨʷʜʽʚè, ʱʦ ʚʠʢʦʥʫʻʪʴʩʷ ʟʘ 

ʜʝʨʞʟʘʤʦʚʣʝʥʥʷʤ; ʫʛʦʜʠ ʧʨʦ ʥʘʜʘʥʥʷ ʛʨʘʥʪʫ: S-LMAQM -18-GR-2301 

ɼʝʨʞʘʚʥʠʤ ʜʝʧʘʨʪʘʤʝʥʪʦʤ ʉʐɸ 2019 ʨ. çʋʢʨʘʾʥʩʴʢʘ ʦʙʽʟʥʘʥʽʩʪʴ ʫ ʩʬʝʨʽ 

ʢʽʙʝʨʙʝʟʧʝʢʠ: ʧʽʜʪʨʠʤʢʘ ʥʠʟʢʠ ʪʨʝʥʽʥʛʽʚ ʱʦʜʦ ʨʦʟʚʠʪʢʫ ʢʽʙʝʨʟʘʭʠʩʪʫ ʪʘ 

ʧʽʜʚʠʱʝʥʥʷ ʦʙʽʟʥʘʥʦʩʪʽ ʚ ʋʢʨʘʾʥʽè; ʧʨʦʝʢʪʫ ʊɽʄʇʋʉ 544455-TEMPUS-1-2013-

1-SE-TEMPUS-JPCR çʅʘʚʯʘʥʥʷ ʝʢʩʧʝʨʪʽʚ ʥʘʩʪʫʧʥʦʛʦ ʧʦʢʦʣʽʥʥʷ ʟ ʢʽʙʝʨʙʝʟʧʝʢʠ: 

ʥʦʚʘ ʚʠʟʥʘʥʘ ɭʉ ʧʨʦʛʨʘʤʘ ʤʘʛʽʩʪʨʘè ENGENSEC; ʧʨʦʝʢʪʫ 516935-TEMPUS- 1-

2011- 1-FITEMPUS- SMGR çTRUST ï çʅʘʟʫʩʪʨʽʯ ʥʘʜʽʡʥʽʡ ʝʢʦʩʠʩʪʝʤʽ 

ʟʘʙʝʟʧʝʯʝʥʥʷ ʷʢʦʩʪʽè (TRUST), ʚ ʷʢʠʭ ʟʜʦʙʫʚʘʯ ʚʠʩʪʫʧʘʚ ʚʠʢʦʥʘʚʮʝʤ. ʆʪʨʠʤʘʥʽ 

ʚ ʜʠʩʝʨʪʘʮʽʡʥʽʡ ʨʦʙʦʪʽ ʨʝʟʫʣʴʪʘʪʠ ʙʫʣʠ ʚʠʢʦʨʠʩʪʘʥʽ ʫ ʥʘʚʯʘʣʴʥʦʤʫ ʧʨʦʮʝʩʽ 

ʢʘʬʝʜʨʠ ʽʥʬʦʢʦʤʫʥʽʢʘʮʽʡʥʦʾ ʽʥʞʝʥʝʨʽʾ ʽʤ. ɺ.ɺ. ʇʦʧʦʚʩʴʢʦʛʦ ʍʅʋʈɽ ʫ 
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ʣʝʢʮʽʡʥʠʭ ʢʫʨʩʘʭ ʪʘ ʧʨʘʢʪʠʯʥʠʭ ʟʘʥʷʪʪʷʭ ʟ ʜʠʩʮʠʧʣʽʥ çɿʘʭʠʩʪ ʩʠʩʪʝʤ 

ʝʣʝʢʪʨʦʥʥʦʾ ʢʦʤʝʨʮʽʾè, çʉʠʩʪʝʤʠ ʽʥʬʦʨʤʘʮʽʡʥʦʾ ʙʝʟʧʝʢʠè ʧʽʜ ʯʘʩ ʧʽʜʛʦʪʦʚʢʠ 

ʩʪʫʜʝʥʪʽʚ ʩʧʝʮʽʘʣʴʥʦʩʪʽ çʂʽʙʝʨʙʝʟʧʝʢʘè, ʱʦ ʧʽʜʪʚʝʨʜʞʝʥʦ ʘʢʪʘʤʠ 

ʚʧʨʦʚʘʜʞʝʥʥʷ.  

ʄʝʪʘ ʽ ʟʘʚʜʘʥʥʷ ʜʦʩʣʽʜʞʝʥʴ. ʄʝʪʦʶ ʜʠʩʝʨʪʘʮʽʡʥʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ ʻ 

ʧʽʜʚʠʱʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʤʝʪʦʜʽʚ ʟʘʙʝʟʧʝʯʝʥʥʷ ʙʝʟʧʝʢʠ ʪʘ ʷʢʦʩʪʽ 

ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʚ ʢʦʤʧôʶʪʝʨʥʠʭ ʩʠʩʪʝʤʘʭ ʟʘ ʨʘʭʫʥʦʢ ʽʜʝʥʪʠʬʽʢʘʮʽʾ ʘʪʘʢ ʪʘ 

ʫʨʘʭʫʚʘʥʥ ̫ʩʘʤʦʧʦʜʽʙʥʦʩʪʽ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʧʦʪʦʢʽʚ.  

ɼʣʷ ʜʦʩʷʛʥʝʥʥʷ ʧʦʩʪʘʚʣʝʥʦʾ ʤʝʪʠ ʥʝʦʙʭʽʜʥʦ ʙʫʣʦ ʨʦʟʚôʷʟʘʪʠ ʪʘʢʽ ʦʩʥʦʚʥʽ 

ʟʘʜʘʯʽ:  

ï ʧʨʦʘʥʘʣʽʟʫʚʘʪʠ ʩʫʯʘʩʥʠʡ ʩʪʘʥ ʽ ʪʝʥʜʝʥʮʽʾ ʧʦʜʘʣʴʰʦʛʦ ʨʦʟʚʠʪʢʫ 

ʦʩʥʦʚʥʠʭ ʧʨʠʥʮʠʧʽʚ, ʢʦʥʮʝʧʮʽʡ, ʪʝʭʥʦʣʦʛʽʡ, ʧʨʦʛʨʘʤʥʠʭ ʨʽʰʝʥʴ, ʘ ʪʘʢʦʞ 

ʟʘʩʦʙʽʚ ʟʘʙʝʟʧʝʯʝʥʥʷ ʙʝʟʧʝʢʠ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʧʘʨʘʤʝʪʨʽʚ ʷʢʦʩʪʽ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ 

ʪʘ ʩʘʤʦʧʦʜʽʙʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʚʭʽʜʥʠʭ ʧʦʪʦʢʽʚ ʫ ʢʦʤʧôʶʪʝʨʥʠʭ ʩʠʩʪʝʤʘʭ; 

- ʨʦʟʨʦʙʠʪʠ ʢʦʥʮʝʧʮʽʶ ʟʘʙʝʟʧʝʯʝʥʥʷ ʽʥʬʦʨʤʘʮʽʡʥʦʾ ʙʝʟʧʝʢʠ 

ʢʦʤʧôʶʪʝʨʥʠʭ ʩʠʩʪʝʤ ʽʟ ʩʘʤʦʧʦʜʽʙʥʠʤʠ ʽʥʬʦʨʤʘʮʽʡʥʠʤʠ ʧʦʪʦʢʘʤʠ; 

ï ʨʦʟʨʦʙʠʪʠ ʤʦʜʝʣʴ ʪʘ ʤʝʪʦʜ ʙʝʟʧʝʯʥʦʾ ʤʘʨʰʨʫʪʠʟʘʮʽʾ ʚʭʽʜʥʠʭ 

ʩʘʤʦʧʦʜʽʙʥʠʭ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʧʦʪʦʢʽʚ ʨʽʟʥʦʛʦ ʢʣʘʩʫ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ, ʱʦ 

ʚʨʘʭʦʚʫʻ ʾʭʥʽ ʤʫʣʴʪʠʬʨʘʢʪʘʣʴʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʪʘ ʡʤʦʚʽʨʥʽʩʪʴ ʚʠʷʚʣʝʥʥʷ 

ʚʪʦʨʛʥʝʥʴ; 

ï ʨʦʟʨʦʙʠʪʠ ʤʝʪʦʜ ʙʝʟʧʝʯʥʦʛʦ ʙʘʣʘʥʩʫʚʘʥʥʷ ʚʭʽʜʥʠʭ ʩʘʤʦʧʦʜʽʙʥʠʭ 

ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʧʦʪʦʢʽʚ ʫ ʢʦʤʧôʶʪʝʨʥʠʭ ʩʠʩʪʝʤʘʭ; 

ï ʨʦʟʨʦʙʠʪʠ ʤʦʜʝʣʴ ʙʝʟʧʝʯʥʦʛʦ ʙʘʣʘʥʩʫʚʘʥʥʷ ʤʫʣʴʪʠʬʨʘʢʪʘʣʴʥʦʛʦ 

ʧʦʪʦʢʘ ʚ ʢʦʤʧôʶʪʝʨʥʽʡ ʩʠʩʪʝʤʽ, ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʧʘʨʘʤʝʪʨʽʚ ʙʝʟʧʝʢʠ; 

ï ʨʦʟʨʦʙʠʪʠ ʤʝʪʦʜʠ ʚʠʷʚʣʝʥʥʷ ʘʪʘʢ ʫ ʤʝʨʝʞʥʠʭ ʩʠʩʪʝʤʘʭ ʚʠʷʚʣʝʥʥʷ 

ʚʪʦʨʛʥʝʥʴ, ʱʦ ʟʘʩʥʦʚʘʥʽ ʥʘ ʩʠʛʥʘʪʫʨʥʦʤʫ ʘʥʘʣʽʟʽ ʧʘʢʝʪʽʚ, ʥʘ ʝʥʪʨʦʧʽʡʥʦʤʫ 

ʘʥʘʣʽʟʽ ʧʘʢʝʪʽʚ, ʥʘ ʦʩʥʦʚʽ ʤʝʪʦʜʽʚ ʤʘʰʠʥʥʦʛʦ ʥʘʚʯʘʥʥʷ; 
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ï ʨʦʟʨʦʙʠʪʠ ʢʦʤʧʣʝʢʩʥʠʡ ʤʝʪʦʜ ʚʠʷʚʣʝʥʥʷ ʘʪʘʢ ʫ ʢʦʤʧôʶʪʝʨʥʽʡ ʩʠʩʪʝʤʽ, 

ʱʦ ʙʘʟʫʻʪʴʩʷ ʥʘ ʧʦʚʝʜʽʥʢʦʚʦʤʫ, ʩʠʛʥʘʪʫʨʥʦʤʫ ʪʘ ʝʥʪʨʦʧʽʡʥʦʤʫ ʘʥʘʣʽʟʽ 

ʩʘʤʦʧʦʜʽʙʥʠʭ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʧʦʪʦʢʽʚ; 

ï ʨʦʟʨʦʙʠʪʠ ʤʦʜʝʣʴ ʽ ʤʝʪʦʜ ʙʘʣʘʥʩʫʚʘʥʥʷ ʚʭʽʜʥʠʭ ʧʦʪʦʢʽʚ ʫ ʤʝʨʝʞʥʠʭ 

ʩʠʩʪʝʤʘʭ ʚʠʷʚʣʝʥʥʷ ʚʪʦʨʛʥʝʥʴ; 

ï ʧʨʦʚʝʩʪʠ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʫ ʚʝʨʠʬʽʢʘʮʽʶ ʽ ʧʨʘʢʪʠʯʥʫ ʨʝʘʣʽʟʘʮʽʶ 

ʨʦʟʨʦʙʣʝʥʠʭ ʤʝʪʦʜʽʚ ʽ ʤʦʜʝʣʝʡ ʟ ʤʝʪʦʶ ʧʽʜʪʚʝʨʜʞʝʥʥʷ ʾʭʥʴʦʾ ʝʬʝʢʪʠʚʥʦʩʪʽ ʪʘ 

ʧʨʘʮʝʟʜʘʪʥʦʩʪʽ.  

ʆʙôʻʢʪ ʜʦʩʣʽʜʞʝʥʥʷ ï ʧʨʦʮʝʩʠ ʟʘʙʝʟʧʝʯʝʥʥʷ ʙʝʟʧʝʢʠ ʪʘ ʷʢʦʩʪʽ 

ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʚ ʢʦʤʧôʶʪʝʨʥʠʭ ʩʠʩʪʝʤʘʭ.  

ʇʨʝʜʤʝʪ ʜʦʩʣʽʜʞʝʥʥʷ ï ʤʦʜʝʣʽ ʪʘ ʤʝʪʦʜʠ ʟʘʙʝʟʧʝʯʝʥʥʷ 

ʢʦʥʬʽʜʝʥʮʽʡʥʦʩʪʽ, ʜʦʩʪʫʧʥʦʩʪʽ ʪʘ ʷʢʦʩʪʽ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʧʽʜ ʯʘʩ ʧʝʨʝʜʘʯʽ 

ʩʘʤʦʧʦʜʽʙʥʠʭ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʧʦʪʦʢʽʚ ʫ ʢʦʤʧôʶʪʝʨʥʠʭ ʩʠʩʪʝʤʘʭ. 

ʄʝʪʦʜʠ ʜʦʩʣʽʜʞʝʥʥʷ. ɼʣʷ ʚʠʨʽʰʝʥʥʷ ʧʦʩʪʘʚʣʝʥʠʭ ʟʘʚʜʘʥʴ ʫ ʨʦʙʦʪʽ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠʩʷ ʤʝʪʦʜʠ ʬʨʘʢʪʘʣʴʥʦʛʦ ʽ ʩʪʘʪʠʩʪʠʯʥʦʛʦ ʘʥʘʣʽʟʫ ʜʘʥʠʭ ʧʽʜ ʯʘʩ 

ʜʦʩʣʽʜʞʝʥʥʷ ʚʣʘʩʪʠʚʦʩʪʝʡ ʩʘʤʦʧʦʜʽʙʥʦʩʪʽ ʪʘ ʨʦʟʨʘʭʫʥʢʫ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 

ʤʝʨʝʞʥʦʛʦ ʪʨʘʬʽʢʘ ʪʘ ʡʦʛʦ ʤʦʜʝʣʴʥʠʭ ʘʥʘʣʦʛʽʚ; ʤʝʪʦʜʠ ʙʝʟʧʝʯʥʦʛʦ 

ʙʘʣʘʥʩʫʚʘʥʥʷ ʥʘʚʘʥʪʘʞʝʥʥʷ ʚ ʧʨʦʮʝʩʽ ʧʝʨʝʜʘʯʽ ʪʨʘʬʽʢʘ; ʤʝʪʦʜʠ ʙʝʟʧʝʯʥʦʾ 

ʤʘʨʰʨʫʪʠʟʘʮʽʾ ʜʣʷ ʧʝʨʝʜʘʯʽ ʪʨʘʬʽʢʘ ʚ ʢʦʤʧôʶʪʝʨʥʽʡ ʩʠʩʪʝʤʽ; ʤʝʪʦʜʠ 

ʢʣʘʩʠʬʽʢʘʮʽʾ ʜʣʷ ʚʠʷʚʣʝʥʥʷ ʚʪʦʨʛʥʝʥʴ; ʤʝʪʦʜʠ ʘʥʘʣʽʟʫ ʧʘʢʝʪʽʚ ʜʣʷ ʚʠʷʚʣʝʥʥʷ 

ʚʪʦʨʛʥʝʥʴ; ʤʝʪʦʜʠ ʝʥʪʨʦʧʽʡʥʦʛʦ ʘʥʘʣʽʟʫ; ʤʝʪʦʜʠ ʘʥʘʣʽʟʫ ʧʽʜʧʠʩʽʚ ʟ ʛʣʠʙʦʢʠʤ 

ʘʥʘʣʽʟʦʤ ʧʘʢʝʪʽʚ ʜʣʷ ʽʜʝʥʪʠʬʽʢʘʮʽʾ ʚʪʦʨʛʥʝʥʴ; ʽʤʽʪʘʮʽʡʥʝ ʤʦʜʝʣʶʚʘʥʥʷ ʜʣʷ 

ʨʦʟʨʦʙʢʠ ʤʝʪʦʜʽʚ ʟʘʙʝʟʧʝʯʝʥʥʷ ʢʦʥʬʽʜʝʥʮʽʡʥʦʩʪʽ, ʮʽʣʽʩʥʦʩʪʽ, ʜʦʩʪʫʧʥʦʩʪʽ ʽ 

ʟʘʧʦʙʽʛʘʥʥʷ ʧʝʨʝʚʘʥʪʘʞʝʥʥʶ ʩʠʩʪʝʤʽ, ʧʝʨʝʚʽʨʢʠ ʟʘʧʨʦʧʦʥʦʚʘʥʠʭ ʤʦʜʝʣʝʡ, ʜʣʷ 

ʘʥʘʣʽʟʫ ʪʘ ʧʝʨʝʚʽʨʢʠ ʜʦʩʪʦʚʽʨʥʦʩʪʽ ʦʪʨʠʤʘʥʠʭ ʪʝʦʨʝʪʠʯʥʠʭ ʧʦʣʦʞʝʥʴ.  

ʅʘʫʢʦʚʘ ʥʦʚʠʟʥʘ ʦʪʨʠʤʘʥʠʭ ʥʘʫʢʦʚʠʭ ʧʦʣʦʞʝʥʴ ʽ ʨʝʟʫʣʴʪʘʪʽʚ ʧʦʣʷʛʘʻ ʫ 

ʥʘʩʪʫʧʥʦʤʫ:  
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1. ɺʧʝʨʰʝ ʨʦʟʨʦʙʣʝʥʦ ʢʦʥʮʝʧʮʽʶ ʟʘʙʝʟʧʝʯʝʥʥʷ ʽʥʬʦʨʤʘʮʽʡʥʦʾ ʙʝʟʧʝʢʠ 

ʢʦʤʧôʶʪʝʨʥʠʭ ʩʠʩʪʝʤ ʽʟ ʩʘʤʦʧʦʜʽʙʥʠʤʠ ʽʥʬʦʨʤʘʮʽʡʥʠʤʠ ʧʦʪʦʢʘʤʠ, ʷʢʽ 

ʧʨʘʮʶʶʪʴ ʚ ʫʤʦʚʘʭ ʚʪʦʨʛʥʝʥʴ ʪʘ ʢʽʙʝʨʘʪʘʢ. ɼʘʥʘ ʢʦʥʮʝʧʮʽʷ ʙʘʟʫʻʪʴʩʷ ʥʘ ʤʦʜʝʣʽ 

ʨʦʟʧʦʜʽʣʝʥʦʾ ʢʦʤʧôʶʪʝʨʥʦʾ ʩʠʩʪʝʤʠ, ʷʢʘ ʚʢʣʶʯʘʻ ʢʦʤʧʦʥʝʥʪʠ ʟʘʙʝʟʧʝʯʝʥʥʷ 

ʙʝʟʧʝʢʠ ʪʘ ʫʧʨʘʚʣʽʥʥʷ ʩʘʤʦʧʦʜʽʙʥʠʤʠ ʽʥʬʦʨʤʘʮʽʡʥʠʤʠ ʧʦʪʦʢʘʤʠ, ʫ ʧʦʻʜʥʘʥʥʽ ʟ 

ʤʝʪʦʜʦʤ ʟʘʙʝʟʧʝʯʝʥʥʷ ʙʝʟʧʝʢʠ ʚ ʭʦʜʽ ʜʠʥʘʤʽʯʥʦʛʦ ʙʘʣʘʥʩʫʚʘʥʥʷ ʥʘʚʘʥʪʘʞʝʥʥʷ ʚ 

ʢʦʤʧôʶʪʝʨʥʠʭ ʩʠʩʪʝʤʘʭ ʪʘ ʚ ʩʠʩʪʝʤʘʭ ʚʠʷʚʣʝʥʥʷ ʚʪʦʨʛʥʝʥʴ ʟ ʫʨʘʭʫʚʘʥʥʷʤ 

ʤʫʣʴʪʠʬʨʘʢʪʘʣʴʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʪʨʘʬʽʢʘ; ʤʝʪʦʜʦʤ ʟʘʙʝʟʧʝʯʝʥʥʷ ʙʝʟʧʝʯʥʦʾ 

ʤʘʨʰʨʫʪʠʟʘʮʽʾ ʧʽʜ ʯʘʩ ʧʝʨʝʜʘʯʽ ʩʘʤʦʧʦʜʽʙʥʦʛʦ ʪʨʘʬʽʢʘ; ʤʝʪʦʜʦʤ ʚʠʷʚʣʝʥʥʷ 

ʚʪʦʨʛʥʝʥʴ, ʱʦ ʙʘʟʫʻʪʴʩʷ ʥʘ ʚʠʢʦʨʠʩʪʘʥʥʽ ʘʥʘʣʽʟʫ ʩʠʛʥʘʪʫʨ, ʘʥʘʣʽʟʫ ʘʥʦʤʘʣʽʡ 

ʧʦʚʝʜʽʥʢʠ ʤʝʨʝʞʽ ʪʘ ʝʥʪʨʦʧʽʡʥʦʤʫ ʘʥʘʣʽʟʽ ʧʨʦʪʦʢʦʣʽʚ. ʈʝʘʣʽʟʘʮʽʷ ʢʦʥʮʝʧʮʽʾ ʫ 

ʧʨʦʛʨʘʤʥʦʤʫ ʢʦʤʧʣʝʢʩʽ ʜʦʟʚʦʣʷʻ ʛʘʨʘʥʪʦʚʘʥʦ ʟʘʙʝʟʧʝʯʠʪʠ ʜʦʩʪʫʧʥʽʩʪʴ, 

ʢʦʥʬʽʜʝʥʮʽʡʥʽʩʪʴ ʪʘ ʷʢʽʩʪʴ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʚ ʢʦʤʧôʶʪʝʨʥʠʭ ʩʠʩʪʝʤʘʭ ʽʟ 

ʩʘʤʦʧʦʜʽʙʥʠʤʠ ʽʥʬʦʨʤʘʮʽʡʥʠʤʠ ʧʦʪʦʢʘʤʠ ʧʽʜ ʯʘʩ ʚʪʦʨʛʥʝʥʴ ʪʘ ʢʽʙʝʨʘʪʘʢ. 

2. ʋʜʦʩʢʦʥʘʣʝʥʦ ʤʦʜʝʣʴ ʨʦʟʧʦʜʽʣʝʥʦʾ ʢʦʤʧôʶʪʝʨʥʦʾ ʩʠʩʪʝʤʠ, ʷʢʘ ʥʘ 

ʚʽʜʤʽʥʫ ʚʽʜ ʽʩʥʫʶʯʠʭ ʚʢʣʶʯʘʻ ʢʦʤʧʦʥʝʥʪʠ ʟʘʙʝʟʧʝʯʝʥʥʷ ʙʝʟʧʝʢʠ ʪʘ ʫʧʨʘʚʣʽʥʥʷ 

ʚʭʽʜʥʠʤʠ ʽʥʬʦʨʤʘʮʽʡʥʠʤʠ ʧʦʪʦʢʘʤʠ ʟ ʤʫʣʴʪʠʬʨʘʢʪʘʣʴʥʠʤʠ ʚʣʘʩʪʠʚʦʩʪʷʤʠ, 

ʦʙʤʝʞʝʥʥʷ ʥʘ ʥʘʙʽʨ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʤʝʨʝʞʽ ʜʣʷ ʨʽʟʥʠʭ ʢʣʘʩʽʚ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ, ʱʦ 

ʜʦʟʚʦʣʷʻ ʨʦʟʨʦʙʠʪʠ ʤʝʪʦʜʠ ʟʘʙʝʟʧʝʯʝʥʥʷ ʙʝʟʧʝʢʠ ʚ ʭʦʜʽ ʫʧʨʘʚʣʽʥʥʷ 

ʩʘʤʦʧʦʜʽʙʥʠʤ ʪʨʘʬʽʢʦʤ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʚʠʤʦʛ ʜʦ ʷʢʦʩʪʽ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ. 

3. ʋʜʦʩʢʦʥʘʣʝʥʦ ʤʝʪʦʜ ʟʘʙʝʟʧʝʯʝʥʥʷ ʙʝʟʧʝʢʠ ʤʝʨʝʞʽ ʧʨʠ ʜʠʥʘʤʽʯʥʦʤʫ 

ʙʘʣʘʥʩʫʚʘʥʥʽ ʥʘʚʘʥʪʘʞʝʥʥʷ ʟ ʩʘʤʦʧʦʜʽʙʥʠʤ ʪʨʘʬʽʢʦʤ, ʷʢʠʡ, ʥʘ ʚʽʜʤʽʥʫ ʚʽʜ 

ʽʩʥʫʶʯʠʭ, ʚʽʜʨʽʟʥʷʻʪʴʩʷ ʟʘʩʪʦʩʫʚʘʥʥʷʤ ʤʦʜʝʣʽ ʙʘʣʘʥʩʫʚʘʣʴʥʠʢʘ ʢʦʤʧôʶʪʝʨʥʦʾ 

ʤʝʨʝʞʽ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʧʘʨʘʤʝʪʨʽʚ ʙʝʟʧʝʢʠ ʨʦʟʧʦʜʽʣʫ ʪʨʘʬʽʢʘ ʽ 

ʤʫʣʴʪʠʬʨʘʢʪʘʣʴʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʪʨʘʬʽʢʘ. ʈʝʘʣʽʟʘʮʽʷ ʟʘʟʥʘʯʝʥʦʛʦ ʤʝʪʦʜʫ 

ʜʦʟʚʦʣʷʻ ʟʤʝʥʰʠʪʠ ʟʘʚʘʥʪʘʞʝʥʽʩʪʴ ʨʝʩʫʨʩʽʚ ʢʦʤʧôʶʪʝʨʥʦʾ ʩʠʩʪʝʤʠ ʟʘ ʨʘʭʫʥʦʢ 

ʩʧʨʷʤʫʚʘʥʥʷ ʙʝʟʧʝʯʥʠʭ ʥʝʦʜʥʦʨʽʜʥʠʭ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʧʦʪʦʢʽʚ ʥʘ ʙʝʟʧʝʯʥʽ ʪʘ 

ʤʝʥʰ ʟʘʚʘʥʪʘʞʝʥʽ ʨʝʩʫʨʩʠ. 
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4. ɺʧʝʨʰʝ ʨʦʟʨʦʙʣʝʥʦ ʤʝʪʦʜ ʜʠʥʘʤʽʯʥʦʛʦ ʙʘʣʘʥʩʫʚʘʥʥʷ ʪʨʘʬʽʢʘ, ʷʢʠʡ 

ʙʘʟʫʻʪʴʩʷ ʥʘ ʤʦʜʝʣʽ ʤʝʨʝʞʥʦʾ ʩʠʩʪʝʤʠ ʚʠʷʚʣʝʥʥʷ ʚʪʦʨʛʥʝʥʴ, ʱʦ ʚʨʘʭʦʚʫʻ 

ʤʫʣʴʪʠʬʨʘʢʪʘʣʴʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʪʨʘʬʽʢʘ ʪʘ ʦʙʤʝʞʝʥʥʷ ʥʘ ʯʘʩ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ 

ʨʽʟʥʠʭ ʢʣʘʩʽʚ ʪʨʘʬʽʢʘ. ʈʝʘʣʽʟʘʮʽʷ ʤʝʪʦʜʫ ʜʠʥʘʤʽʯʥʦʛʦ ʙʘʣʘʥʩʫʚʘʥʥʷ ʪʨʘʬʽʢʘ 

ʟʤʝʥʰʫʻ ʯʘʩ ʦʙʨʦʙʢʠ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʧʦʪʦʢʽʚ ʟ ʤʝʪʦʶ ʚʠʷʚʣʝʥʥʷ ʚʪʦʨʛʥʝʥʴ ʪʘ ʾʭ 

ʨʦʟʧʦʜʽʣʝʥʥʷ ʥʘ ʤʝʥʰ ʟʘʚʘʥʪʘʞʝʥʽ ʨʝʩʫʨʩʠ ʩʠʩʪʝʤʠ.  

5. ɺʧʝʨʰʝ ʨʦʟʨʦʙʣʝʥʦ ʤʝʪʦʜ ʟʘʙʝʟʧʝʯʝʥʥʷ ʙʝʟʧʝʯʥʦʾ ʤʘʨʰʨʫʪʠʟʘʮʽʾ ʧʽʜ 

ʯʘʩ ʧʝʨʝʜʘʯʽ ʩʘʤʦʧʦʜʽʙʥʦʛʦ ʪʨʘʬʽʢʘ, ʷʢʠʡ ʙʘʟʫʻʪʴʩʷ ʥʘ ʤʫʣʴʪʠʬʨʘʢʪʘʣʴʥʠʭ 

ʚʣʘʩʪʠʚʦʩʪʷʭ ʪʨʘʬʽʢʘ ʪʘ ʧʘʨʘʤʝʪʨʘʭ ʷʢʦʩʪʽ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʨʽʟʥʦʧʨʽʦʨʠʪʝʪʥʦʛʦ 

ʪʨʘʬʽʢʘ, ʱʦ ʜʦʟʚʦʣʷʻ ʟʤʝʥʰʠʪʠ ʟʘʚʘʥʪʘʞʝʥʽʩʪʴ ʨʝʩʫʨʩʽʚ ʢʦʤʧôʶʪʝʨʥʦʾ ʩʠʩʪʝʤʠ 

ʟʘ ʨʘʭʫʥʦʢ ʩʧʨʷʤʫʚʘʥʥʷ ʙʝʟʧʝʯʥʠʭ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʧʦʪʦʢʽʚ ʨʽʟʥʦʛʦ ʢʣʘʩʫ 

ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʥʘ ʙʝʟʧʝʯʥʽ ʽ ʤʝʥʰ ʟʘʚʘʥʪʘʞʝʥʽ ʨʝʩʫʨʩʠ. 

6. ɺʧʝʨʰʝ ʨʦʟʨʦʙʣʝʥʦ ʢʦʤʧʣʝʢʩʥʠʡ ʤʝʪʦʜ ʚʠʷʚʣʝʥʥʷ ʚʪʦʨʛʥʝʥʴ, ʷʢʠʡ 

ʙʘʟʫʻʪʴʩʷ ʥʘ ʚʠʢʦʨʠʩʪʘʥʥʽ ʘʣʛʦʨʠʪʤʫ ʘʥʘʣʽʟʫ ʩʠʛʥʘʪʫʨ, ʘʥʘʣʽʟʫ ʘʥʦʤʘʣʽʡ 

ʧʦʚʝʜʽʥʢʠ ʤʝʨʝʞʽ ʪʘ ʝʥʪʨʦʧʽʡʥʦʤʫ ʘʥʘʣʽʟʽ ʧʨʦʪʦʢʦʣʽʚ ʟ ʫʨʘʭʫʚʘʥʥʷʤ 

ʡʤʦʚʽʨʥʦʩʪʽ ʚʠʷʚʣʝʥʥʷ ʚʪʦʨʛʥʝʥʴ. ʎʝ ʜʦʟʚʦʣʷʻ ʧʽʜʚʠʱʠʪʠ ʷʢ ʜʦʩʪʦʚʽʨʥʽʩʪʴ, ʪʘʢ ʽ 

ʪʦʯʥʽʩʪʴ ʚʠʷʚʣʝʥʥʷ ʚʪʦʨʛʥʝʥʴ, ʪʘ ʫʤʦʞʣʠʚʣʶʻ ʨʘʥʥʻ ʚʠʷʚʣʝʥʥʷ ʚʪʦʨʛʥʝʥʴ ʚ 

ʰʠʨʦʢʦʤʫ ʜʽʘʧʘʟʦʥʽ ʢʽʙʝʨʘʪʘʢ ʥʘ ʩʠʩʪʝʤʫ. 

7. ʅʘʙʫʣʠ ʧʦʜʘʣʴʰʦʛʦ ʨʦʟʚʠʪʢʫ ʤʝʪʦʜʠ ʚʠʷʚʣʝʥʥʷ ʚʪʦʨʛʥʝʥʴ ʥʘ ʦʩʥʦʚʽ 

ʘʥʘʣʽʟʫ ʩʠʛʥʘʪʫʨ, ʷʢʠʡ ʚʨʘʭʦʚʫʻ ʜʘʥʽ ʛʣʠʙʦʢʦʛʦ ʘʥʘʣʽʟʫ ʧʘʢʝʪʽʚ ʪʘ 

ʨʝʡʪʠʥʛʫʚʘʥʥʷ ʙʘʟʠ ʩʠʛʥʘʪʫʨ; ʘʥʘʣʽʟʫ ʝʥʪʨʦʧʽʾ ʧʘʢʝʪʽʚ, ʷʢʠʡ ʙʘʟʫʻʪʴʩʷ ʥʘ 

ʨʦʟʨʘʭʫʥʢʫ ʫʤʦʚʥʦʾ ʝʥʪʨʦʧʽʾ ʪʘ ʩʪʘʪʠʩʪʠʯʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʭ ʜʘʥʠʭ ʧʘʢʝʪʽʚ; ʥʘ 

ʦʩʥʦʚʽ ʤʘʰʠʥʥʦʛʦ ʥʘʚʯʘʥʥʷ, ʷʢʽ ʙʘʟʫʶʪʴʩʷ ʥʘ ʤʫʣʴʪʠʬʨʘʢʪʘʣʴʥʠʭ ʪʘ 

ʨʝʢʫʨʝʥʪʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʭ ʪʨʘʬʽʢʘ, ʱʦ ʜʦʟʚʦʣʷʻ ʩʢʦʨʦʪʠʪʠ ʯʘʩ ʚʠʷʚʣʝʥʥʷ 

ʚʪʦʨʛʥʝʥʴ ʽ ʟʙʽʣʴʰʫʻ ʰʚʠʜʢʽʩʪʴ ʪʘ ʪʦʯʥʽʩʪʴ ʚʠʷʚʣʝʥʥʷ ʚʪʦʨʛʥʝʥʴ, ʫʤʦʞʣʠʚʣʶʻ 

ʚʠʷʚʣʝʥʥʷ ʚʪʦʨʛʥʝʥʥʷ ʧʨʠ ʥʠʟʴʢʦʤʫ ʨʽʚʥʽ ʢʽʙʝʨʘʪʘʢ. 

ʇʨʘʢʪʠʯʥʝ ʟʥʘʯʝʥʥʷ ʦʪʨʠʤʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ ʧʦʣʷʛʘʻ ʚ ʪʦʤʫ, ʱʦ 

ʦʪʨʠʤʘʥʽ ʪʝʦʨʝʪʠʯʥʽ ʧʦʣʦʞʝʥʥʷ ʪʘ ʤʝʪʦʜʠ ʜʦʮʽʣʴʥʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʜʣʷ 
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ʨʦʟʨʦʙʢʠ ʽ ʚʧʨʦʚʘʜʞʝʥʥʷ ʝʬʝʢʪʠʚʥʠʭ ʽʥʩʪʨʫʤʝʥʪʘʣʴʥʠʭ ʟʘʩʦʙʽʚ ʫ ʚʠʛʣʷʜʽ 

ʧʨʦʛʨʘʤʥʠʭ ʘʙʦ ʧʨʦʛʨʘʤʥʦ-ʘʧʘʨʘʪʥʠʭ ʤʦʜʫʣʽʚ ʚʠʷʚʣʝʥʥʷ ʢʽʙʝʨʘʪʘʢ ʫ 

ʢʦʤʧôʶʪʝʨʥʠʭ ʩʠʩʪʝʤʘʭ, ʙʘʣʘʥʩʫʚʘʥʥʷ ʩʘʤʦʧʦʜʽʙʥʠʤʠ ʽʥʬʦʨʤʘʮʽʡʥʠʤʠ 

ʧʦʪʦʢʘʤʠ ʚ ʤʝʨʝʞʥʠʭ ʩʠʩʪʝʤʘʭ ʚʠʷʚʣʝʥʥʷ ʚʪʦʨʛʥʝʥʴ ʪʘ ʫʧʨʘʚʣʽʥʥʷ ʪʨʘʬʽʢʦʤ ʫ 

ʤʘʨʰʨʫʪʠʟʘʪʦʨʘʭ ʽ ʙʘʣʘʥʩʫʚʘʣʴʥʠʢʘʭ ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʢʦʥʬʽʜʝʥʮʽʡʥʦʩʪʽ, 

ʮʽʣʽʩʥʦʩʪʽ, ʜʦʩʪʫʧʥʦʩʪʽ ʪʘ ʷʢʦʩʪʽ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʚ ʫʤʦʚʘʭ ʥʝʦʜʥʦʨʽʜʥʠʭ ʧʦʪʦʢʽʚ 

ʪʘ ʦʙʤʝʞʝʥʦʩʪʽ ʨʝʩʫʨʩʽʚ ʢʦʤʧôʶʪʝʨʥʠʭ ʩʠʩʪʝʤ. 

ʇʨʘʢʪʠʯʥʘ ʮʽʥʥʽʩʪʴ ʧʦʣʷʛʘʻ ʫ ʥʘʩʪʫʧʥʦʤʫ: 

- ʩʪʚʦʨʝʥʦ ʧʨʦʛʨʘʤʥʫ ʨʝʘʣʽʟʘʮʽʶ ʢʦʤʧʣʝʢʩʥʦʛʦ ʤʝʪʦʜʫ ʚʠʷʚʣʝʥʥʷ 

ʢʽʙʝʨʘʪʘʢ ʫ ʢʦʤʧôʶʪʝʨʥʽʡ ʩʠʩʪʝʤʽ, ʷʢʫ ʟʘʩʥʦʚʘʥʦ ʥʘ ʧʦʚʝʜʽʥʢʦʚʦʤʫ, 

ʩʠʛʥʘʪʫʨʥʦʤʫ ʪʘ ʝʥʪʨʦʧʽʡʥʦʤʫ ʘʥʘʣʽʟʽ ʩʘʤʦʧʦʜʽʙʥʠʭ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʧʦʪʦʢʽʚ. ʎʝ 

ʜʦʟʚʦʣʷʻ ʧʽʜʚʠʱʠʪʠ ʪʦʯʥʽʩʪʴ, ʰʚʠʜʢʽʩʪʴ ʪʘ ʩʚʦʻʯʘʩʥʽʩʪʴ ʚʠʷʚʣʝʥʥʷ ʢʽʙʝʨʘʪʘʢ;  

- ʩʪʚʦʨʝʥʦ ʧʨʠʢʣʘʜʥʝ ʧʨʦʛʨʘʤʥʝ ʟʘʙʝʟʧʝʯʝʥʥʷ ʜʣʷ ʙʘʣʘʥʩʫʚʘʥʥʷ 

ʥʘʚʘʥʪʘʞʝʥʥʷ ʚʫʟʣʽʚ ʤʝʨʝʞʥʦʾ ʩʠʩʪʝʤʠ ʚʠʷʚʣʝʥʥʷ ʚʪʦʨʛʥʝʥʴ, ʱʦ ʜʦʟʚʦʣʷʻ 

ʧʽʜʚʠʱʠʪʠ ʪʦʯʥʽʩʪʴ, ʰʚʠʜʢʽʩʪʴ ʪʘ ʩʚʦʻʯʘʩʥʽʩʪʴ ʽʜʝʥʪʠʬʽʢʘʮʽʾ ʢʽʙʝʨʘʪʘʢ ʪʘ 

ʟʥʠʟʠʪʠ ʟʘʚʘʥʪʘʞʝʥʥʷ ʚʫʟʣʽʚ;  

ï ʨʦʟʨʦʙʣʝʥʦ ʩʧʝʮʽʘʣʽʟʦʚʘʥʝ ʧʨʦʛʨʘʤʥʝ ʟʘʙʝʟʧʝʯʝʥʥʷ, ʱʦ ʙʘʟʫʻʪʴʩʷ ʥʘ 

ʩʪʚʦʨʝʥʠʭ ʤʝʪʦʜʘʭ ʽ ʤʦʜʝʣʷʭ ʽʜʝʥʪʠʬʽʢʘʮʽʾ ʚʪʦʨʛʥʝʥʴ, ʷʢʝ ʜʦʟʚʦʣʠʣʦ ʧʽʜʚʠʱʠʪʠ 

ʟʘʭʠʱʝʥʽʩʪʴ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʨʝʩʫʨʩʽʚ ʪʘ ʧʽʜʚʠʱʠʪʠ ʷʢʽʩʪʴ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʚ 

ʢʦʤʧôʶʪʝʨʥʠʭ ʩʠʩʪʝʤʘʭ, ʱʦ ʧʽʜʪʚʝʨʜʞʫʻʪʴʩʷ ʘʢʪʘʤʠ ʚʧʨʦʚʘʜʞʝʥʥʷ ʫ ʜʽʷʣʴʥʽʩʪʴ 

ʍʘʨʢʽʚʩʴʢʦʛʦ ʜʝʨʞʘʚʥʦʛʦ ʨʝʛʽʦʥʘʣʴʥʦʛʦ ʥʘʫʢʦʚʦ-ʪʝʭʥʽʯʥʦʛʦ ʮʝʥʪʨʫ ʟ ʧʠʪʘʥʴ 

ʪʝʭʥʽʯʥʦʛʦ ʟʘʭʠʩʪʫ ʽʥʬʦʨʤʘʮʽʾ (ʘʢʪ ʚʧʨʦʚʘʜʞʝʥʥʷ ʚʽʜ 11.12.2019), ʇʨɸʪ ʌʘʨʣʝʧ-

ɯʥʚʝʩʪ (ʘʢʪ ʚʧʨʦʚʘʜʞʝʥʥʷ ʚʽʜ 10.12.2019), ʊʆɺ ɼʘʡʪʝʢʩ ʊʝʭʥʦʣʦʜʞʽʩ (ʘʢʪ 

ʚʧʨʦʚʘʜʞʝʥʥʷ ʚʽʜ 05.07.2019), ɸʊ ɹɸʅʂʆʄɿɺôʗɿʆʂ (ʘʢʪ ʚʧʨʦʚʘʜʞʝʥʥʷ ʚʽʜ 

25.06.2019), ʊʆɺ WorkNest (ʘʢʪ ʚʧʨʦʚʘʜʞʝʥʥʷ ʚʽʜ 20.06.2019), ʊʆɺ ɺʣʘʜʘʨʤʝʪ 

(ʘʢʪ ʚʧʨʦʚʘʜʞʝʥʥʷ ʚʽʜ 18.04.2019), ʊʆɺ ʉʪʨʽʪ ɺʝʡ ʍʦʣʽʜʝʡʟ (ʘʢʪ ʚʧʨʦʚʘʜʞʝʥʥʷ 

ʚʽʜ 05.07.2019), ʍʘʨʢʽʚʩʴʢʦʛʦ ʥʘʮ̔ʦʥʘʣʴʥʦʛʦ ʫʥʽʚʝʨʩʠʪʝʪʫ ʨʘʜʽʦʝʣʝʢʪʨʦʥʽʢʠ (ʘʢʪ 

ʚʧʨʦʚʘʜʞʝʥʥʷ ʚʽʜ 16.04.2019). 
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ʆʩʦʙʠʩʪʠʡ ʚʥʝʩʦʢ ʟʜʦʙʫʚʘʯʘ. ʋʩʽ ʦʩʥʦʚʥʽ ʧʦʣʦʞʝʥʥʷ ʽ ʨʝʟʫʣʴʪʘʪʠ 

ʜʠʩʝʨʪʘʮʽʡʥʦʾ ʨʦʙʦʪʠ, ʷʢʽ ʚʠʥʦʩʷʪʴʩʷ ʥʘ ʟʘʭʠʩʪ, ʦʪʨʠʤʘʥʦ ʟʜʦʙʫʚʘʯʝʤ ʦʩʦʙʠʩʪʦ 

ʪʘ ʦʧʫʙʣʽʢʦʚʘʥʦ ʚ ʨʦʙʦʪʘʭ [1-38]. ʋ ʥʘʫʢʦʚʠʭ ʧʨʘʮʷʭ, ʦʧʫʙʣʽʢʦʚʘʥʠʭ ʫ 

ʩʧʽʚʘʚʪʦʨʩʪʚʽ, ʟʜʦʙʫʚʘʯʫ ʥʘʣʝʞʘʪʴ ʪʘʢʽ ʨʝʟʫʣʴʪʘʪʠ: ʫ ʨʦʙʦʪʽ [1] ï ʧʨʦʚʝʜʝʥʦ 

ʜʦʩʣʽʜʞʝʥʥʷ ʦʮʽʥʢʠ ʧʦʢʘʟʥʠʢʘ ʍʝʨʩʪʘ ʨʽʟʥʠʤʠ ʤʝʪʦʜʘʤʠ ʪʘ ʡʦʛʦ ʩʪʘʪʠʩʪʠʯʥʠʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ; ʫ ʨʦʙʦʪʽ [2] ï ʧʨʦʚʝʜʝʥʦ ʜʦʩʣʽʜʞʝʥʥʷ ʨʦʙʦʪʠ ʧʨʦʪʦʢʦʣʽʚ 

ʩʽʤʝʡʩʪʚʘ ʊʉʈ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʩʘʤʦʧʦʜʽʙʥʦʩʪʽ ʪʨʘʬʽʢʘ ʧʨʠ ʢʨʠʪʠʯʥʠʭ ʨʝʞʠʤʘʭ 

ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʤʝʨʝʞʽ; ʫ ʩʪʘʪʪʽ [3] ï ʧʨʦʚʝʜʝʥʦ ʤʦʜʝʣʶʚʘʥʥʷ ʨʝʘʣʽʟʘʮʽʡ 

ʩʪʦʭʘʩʪʠʯʥʦʛʦ ʩʘʤʦʧʦʜʽʙʥʦʛʦ ʧʨʦʮʝʩʫ ʟ ʨʽʟʥʦʶ ʪʷʞʢʽʩʪʶ ʭʚʦʩʪʘ; ʫ ʨʦʙʦʪʽ [4] ï 

ʧʨʦʚʝʜʝʥʦ ʽʤʽʪʘʮʽʡʥʝ ʤʦʜʝʣʶʚʘʥʥʷ ʧʨʦʭʦʜʞʝʥʥʷ ʩʘʤʦʧʦʜʽʙʥʦʛʦ ʊʉʈ ʪʨʘʬʽʢʘ 

ʯʝʨʝʟ ʚʫʟʴʢʝ ʤʽʩʮʝ ʤʝʨʝʞʽ; ʫ ʩʪʘʪʪʽ [5] ï ʚʠʢʦʥʘʥʦ ʘʥʘʣʽʟ ʟʥʘʯʝʥʴ 

ʧʝʨʝʚʘʥʪʘʞʝʥʥʷ ʚʽʢʥʘ ʧʨʦʪʦʢʦʣʽʚ ʊʉʈ ʤʝʪʦʜʘʤʠ ʥʝʣʽʥʽʡʥʦʾ ʜʠʥʘʤʽʢʠ; ʫ ʨʦʙʦʪʽ 

[6] ï ʧʨʦʚʝʜʝʥʦ ʽʤʽʪʘʮʽʡʥʝ ʤʦʜʝʣʶʚʘʥʥʷ ʨʦʙʦʪʠ ʢʦʤʧôʶʪʝʨʥʦʾ ʤʝʨʝʞʽ ʜʣʷ 

ʨʽʟʥʠʭ ʤʝʪʦʜʽʚ ʤʘʨʰʨʫʪʠʟʘʮʽʾ ʪʘ ʧʫʘʩʩʦʥʽʚʩʴʢʦʛʦ ʽ ʩʘʤʦʧʦʜʽʙʥʦʛʦ ʪʨʘʬʽʢʘ; ʫ 

ʨʦʙʦʪʽ [7] ï ʚʠʢʦʥʘʥʦ ʘʥʘʣʽʟ ʤʝʪʦʜʽʚ ʧʽʜʚʠʱʝʥʥʷ ʷʢʦʩʪʽ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʚ 

ʢʦʤʧôʶʪʝʨʥʠʭ ʩʠʩʪʝʤʘʭ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʩʘʤʦʧʦʜʽʙʥʦʩʪʽ ʪʨʘʬʽʢʘ; ʫ ʩʪʘʪʪʽ [8] ï 

ʧʨʦʚʝʜʝʥʦ ʤʦʜʝʣʶʚʘʥʥʷ ʩʘʤʦʧʦʜʽʙʥʦʛʦ ʪʨʘʬʽʢʘ ʜʣʷ ʽʤʽʪʘʮʽʡʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ 

ʨʦʙʦʪʠ ʢʦʤʧôʶʪʝʨʥʦʾ ʩʠʩʪʝʤʽ; ʫ ʨʦʙʦʪʽ [9] ï ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʤʝʪʦʜ ʨʦʟʨʘʭʫʥʢʫ 

ʚʘʨʪʦʩʪʽ ʤʘʨʰʨʫʪʠʟʘʮʽʾ ʚ ʢʦʤʧôʶʪʝʨʥʽʡ ʩʠʩʪʝʤʽ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʬʨʘʢʪʘʣʴʥʠʭ 

ʚʣʘʩʪʠʚʦʩʪʝʡ ʪʨʘʬʽʢʘ; ʫ ʩʪʘʪʪʽ [10] ï ʧʨʦʚʝʜʝʥʦ ʧʦʧʝʨʝʜʥʻ ʜʦʩʣʽʜʞʝʥʥʷ ʚʧʣʠʚʫ 

ʧʘʨʘʤʝʪʨʽʚ ʩʘʤʦʧʦʜʽʙʥʦʩʪʽ ʥʘ ʷʢʽʩʪʴ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʟʘ ʨʽʟʥʠʭ ʤʝʪʦʜʽʚ 

ʫʧʨʘʚʣʽʥʥʷ ʨʝʩʫʨʩʘʤʠ ʢʦʤʧôʶʪʝʨʥʦʾ ʩʠʩʪʝʤʠ; ʫ ʨʦʙʦʪʽ [12] ï ʧʨʦʚʝʜʝʥʦ ʘʥʘʣʽʟ 

ʚʧʣʠʚʫ ʧʘʨʘʤʝʪʨʽʚ ʩʘʤʦʧʦʜʽʙʥʦʩʪʽ ʪʨʘʬʽʢʘ ʥʘ ʨʝʩʫʨʩʠ ʤʝʨʝʞʽ; ʫ ʨʦʙʦʪʽ [13] ï 

ʧʨʦʚʝʜʝʥʦ ʘʥʘʣʽʟ ʨʽʟʥʠʭ ʘʪʘʢ ʥʘ ʮʝʥʪʨʘʣʽʟʦʚʘʥʫ ʢʦʤʧôʶʪʝʨʥʫ ʩʠʩʪʝʤʫ ʪʘ ʤʝʪʦʜʽʚ 

ʟʘʭʠʩʪʫ; ʫ ʨʦʙʦʪʽ [14] ï ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʤʘʪʝʤʘʪʠʯʥʫ ʤʦʜʝʣʴ ʙʘʣʘʥʩʫʚʘʣʴʥʠʢʘ 

ʩʘʤʦʧʦʜʽʙʥʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ ʢʦʤʧôʶʪʝʨʥʦʾ ʤʝʨʝʞʽ; ʫ ʨʦʙʦʪʽ [15] ï ʜʦʩʣʽʜʞʝʥʦ 

ʤʦʜʝʣʴ ʙʘʣʘʥʩʫʚʘʣʴʥʠʢʘ ʧʨʠ ʤʫʣʴʪʠʬʨʘʢʪʘʣʴʥʦʤʫ ʥʘʚʘʥʪʘʞʝʥʥʽ; ʫ ʨʦʙʦʪʽ [16] ï 

ʧʨʦʚʝʜʝʥʦ ʤʦʜʝʣʶʚʘʥʥʷ ʨʦʙʦʪʠ ʙʘʣʘʥʩʫʚʘʣʴʥʠʢʘ ʨʦʟʧʦʜʽʣʝʥʦʾ ʩʠʩʪʝʤʠ ʧʨʠ 
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ʩʘʤʦʧʦʜʽʙʥʦʤʫ ʥʘʚʘʥʪʘʞʝʥʥʽ; ʫ ʨʦʙʦʪʽ [17] ï ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʤʝʪʦʜ ʦʮʽʥʢʠ 

ʟʘʚʘʥʪʘʞʝʥʥʷ ʚʫʟʣʽʚ ʢʦʤʧôʶʪʝʨʥʦʾ ʩʠʩʪʝʤʽ; ʫ ʨʦʙʦʪʽ [18] ï ʧʨʦʚʝʜʝʥʦ ʚʠʷʚʣʝʥʥʷ 

ʢʽʙʝʨʟʘʛʨʦʟ ʟʘ ʜʦʧʦʤʦʛʦʶ ʽʤʽʪʘʮʽʡʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ; ʫ ʨʦʙʦʪʽ [19] ï ʧʨʦʚʝʜʝʥʦ 

ʧʦʨʽʚʥʷʣʴʥʠʡ ʘʥʘʣʽʟ ʤʝʪʦʜʽʚ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʩʣʘʙʢʦ ʢʦʨʝʣʴʦʚʘʥʠʭ ʯʘʩʦʚʠʭ ʨʷʜʽʚ; 

ʫ ʨʦʙʦʪʽ [20] ï ʨʦʟʨʦʙʣʝʥʦ ʤʝʪʦʜʠ ʟʘʙʝʟʧʝʯʝʥʥʷ ʙʝʟʧʝʢʠ ʪʘ ʷʢʦʩʪʽ 

ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʚ ʢʦʤʧôʶʪʝʨʥʠʭ ʤʝʨʝʞʘʭ ʟ ʬʨʘʢʪʘʣʴʥʠʤ ʪʨʘʬʽʢʦʤ; ʫ ʨʦʙʦʪʽ 

[22] ï ʨʦʟʨʦʙʣʝʥʦ ʤʝʪʦʜʠ ʟʘʙʝʟʧʝʯʝʥʥʷ ʷʢʦʩʪʽ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʩʘʤʦʧʦʜʽʙʥʦʛʦ 

ʪʨʘʬʽʢʘ ʚ ʢʦʤʧôʶʪʝʨʥʠʭ ʩʠʩʪʝʤʘʭ; ʫ ʨʦʙʦʪʽ [23] ï ʧʨʦʚʝʜʝʥʦ ʧʦʨʽʚʥʷʣʴʥʠʡ 

ʘʥʘʣʽʟ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʯʘʩʦʚʠʭ ʨʷʜʽʚ; ʫ ʨʦʙʦʪʽ [24] ï ʜʦʩʣʽʜʞʝʥʦ ʬʨʘʢʪʘʣʴʥʽ 

ʚʣʘʩʪʠʚʦʩʪʽ ʯʘʩʦʚʠʭ ʨʷʜʽʚ ʥʘ ʧʨʠʢʣʘʜʽ ʪʨʘʬʽʢʽʚ; ʫ ʨʦʙʦʪʽ [25] ï ʧʨʦʚʝʜʝʥʦ 

ʬʨʘʢʪʘʣʴʥʠʡ ʘʥʘʣʽʟ ʽʥʬʦʢʦʤʫʥʽʢʘʮʽʡʥʠʭ ʜʘʥʠʭ; ʫ ʨʦʙʦʪʽ [26] ï ʧʨʦʚʝʜʝʥʦ 

ʦʮʽʥʶʚʘʥʥʷ ʤʫʣʴʪʠʬʨʘʢʪʘʣʴʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʽʥʬʦʢʦʤʫʥʽʢʘʮʽʡʥʠʭ ʜʘʥʠʭ; ʫ 

ʨʦʙʦʪʽ [27] ï ʜʦʩʣʽʜʞʝʥʦ ʤʝʪʦʜʠ ʘʥʘʣʽʟʫ ʧʦʢʘʟʥʠʢʘ ʍʝʨʩʪʘ ʥʝʩʪʘʮʽʦʥʘʨʥʠʭ 

ʯʘʩʦʚʠʭ ʨʷʜʽʚ; ʫ ʨʦʙʦʪʽ [28] ï ʜʦʩʣʽʜʞʝʥʦ ʤʝʪʦʜʠ ʘʥʘʣʽʟʫ ʧʦʢʘʟʥʠʢʘ ʍʝʨʩʪʘ 

ʩʪʘʮʽʦʥʘʨʥʠʭ ʯʘʩʦʚʠʭ ʨʷʜʽʚ; ʫ ʨʦʙʦʪʽ [29] ï ʜʦʩʣʽʜʞʝʥʦ ʤʝʪʦʜʠ ʜʝʨʝʚ ʨʽʰʝʥʴ ʚ 

ʟʘʜʘʯʘʭ ʢʣʘʩʠʬʽʢʘʮʽʾ; ʫ ʨʦʙʦʪʽ [30] ï ʜʦʩʣʽʜʞʝʥʦ ʬʨʘʢʪʘʣʴʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʘʪʘʢ; ʫ 

ʨʦʙʦʪʽ [31] ï ʧʨʦʚʝʜʝʥʦ ʢʣʘʩʪʝʨʠʟʘʮʽʶ ʯʘʩʦʚʠʭ ʨʷʜʽʚ; ʫ ʨʦʙʦʪʽ [32] ï ʧʨʦʚʝʜʝʥʦ 

ʢʣʘʩʠʬʽʢʘʮʽʶ ʘʪʘʢ ʪʘ ʾʭ ʚʠʷʚʣʝʥʥʷ ʤʝʪʦʜʘʤʠ ʤʘʰʠʥʥʦʛʦ ʥʘʚʯʘʥʥʷ; ʫ ʨʦʙʦʪʽ  

[33] ï ʧʨʦʚʝʜʝʥʦ ʧʨʘʢʪʠʯʥʠʡ ʘʥʘʣʽʟ ʚʧʣʠʚʫ ʩʘʤʦʧʦʜʽʙʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʪʨʘʬʽʢʘ 

ʥʘ ʷʢʽʩʪʴ ʨʦʙʦʪʠ ʢʦʤʧôʶʪʝʨʥʠʭ ʤʝʨʝʞ; ʫ ʨʦʙʦʪʽ [35] ï ʨʦʟʨʦʙʣʝʥʦ ʤʝʪʦʜʠ 

ʙʘʣʘʥʩʫʚʘʥʥʷ ʪʘ ʤʘʨʰʨʫʪʠʟʘʮʽʾ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʧʘʨʘʤʝʪʨʽʚ ʟʘʭʠʩʪʫ ʪʘ ʷʢʦʩʪʽ 

ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʢʦʤʧôʶʪʝʨʥʦʾ ʩʠʩʪʝʤʽ; ʫ ʨʦʙʦʪʽ [36] ï ʨʦʟʨʦʙʣʝʥʦ ʤʝʪʦʜ 

ʙʘʣʘʥʩʫʚʘʥʥʷ ʩʘʤʦʧʦʜʽʙʥʦʛʦ ʪʨʘʬʽʢʘ ʚ ʤʝʨʝʞʥʠʭ ʩʠʩʪʝʤʘʭ ʚʠʷʚʣʝʥʥʷ 

ʚʪʦʨʛʥʝʥʴ; ʫ ʨʦʙʦʪʽ [37] ï ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʢʦʤʧʣʝʢʩʥʠʡ ʤʝʪʦʜ ʚʠʷʚʣʝʥʥʷ 

ʚʪʦʨʛʥʝʥʴ ʚ ʢʦʤʧôʶʪʝʨʥʠʭ ʩʠʩʪʝʤʘʭ; ʫ ʨʦʙʦʪʽ [38] ï ʧʨʦʚʝʜʝʥʦ ʽʜʝʥʪʠʬʽʢʘʮʽʶ 

ʘʪʘʢ ʤʝʪʦʜʘʤʠ ʤʘʰʠʥʥʦʛʦ ʥʘʚʯʘʥʥʷ. 
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ɸʧʨʦʙʘʮʽʷ ʨʝʟʫʣʴʪʘʪʽʚ ʜʦʩʣʽʜʞʝʥʥʷ. ʆʩʥʦʚʥʽ ʨʝʟʫʣʴʪʘʪʠ ʜʠʩʝʨʪʘʮʽʾ 

ʜʦʧʦʚʽʜʘʣʠʩʷ ʪʘ ʙʫʣʠ ʩʭʚʘʣʝʥʽ ʥʘ 23 ʄʽʞʥʘʨʦʜʥʠʭ ʥʘʫʢʦʚʠʭ ʢʦʥʬʝʨʝʥʮʽʷʭ, 

ʬʦʨʫʤʘʭ ʽ ʩʝʤʽʥʘʨʘʭ, ʫ ʪʦʤʫ ʯʠʩʣʽ:  

- IEEE ʢʦʥʬʝʨʝʥʮʽʷʭ: Iɯ-ʡ ʄʽʞʥʘʨʦʜʥʽʡ ʥʘʫʢʦʚʦ-ʧʨʘʢʪʠʯʥʽʡ ʢʦʥʬʝʨʝʥʮʽʾ 

çɯʥʬʦʨʤʘʮʽʡʥʽ ʪʝʭʥʦʣʦʛʽʾ ʫ ʽʥʥʦʚʘʮʽʡʥʦʤʫ ʙʽʟʥʝʩʽè ITIB (ʍʘʨʢʽʚ, 2015); çModern 

problems of radio engineering, telecommunications, and computer scienceè TCSET 

(Lviv-Slavsko, 2016, 2018); çData Mining and Processingè DSMP (ʃʴʚʽʚ, 2016, 

2018); çComputer Science and Information Technologiesè CSIT (ʃʴʚʽʚ, 2015, 2017); 

çProblems of Infocommunications Science and Technologyè PICST (ʍʘʨʢʽʚ, 2015, 

2016, 2017, 2018); çThe Experience of Designing and Application of CAD Systems 

in Microelectronicsè CADSM (ʃʴʚʽʚ, 2017, 2019); çAdvanced Information and 

Communication Technologiesè AICT (ʃʴʚʽʚ, 2017); çInformation and 

Telecommunication Technologies and Radio Electronicsè UkrMiCo (ʆʜʝʩʘ, 2017, 

2018); çRadioelektronikaè RADIOELEKTRONIKA (ʇʨʘʛʘ, ʏʝʭʽʷ, 2018); 

çDependable Systems, Services and Technologiesè DESSERT (ʂʠʾʚ, 2018, 2020), 

14th International Conference on ICT in Education, Research and Industrial 

Applications. Integration, Harmonization and Knowledge Transfer (ʂʠʾʚ, 2018); 3rd 

International Conference on Computational Linguistics and Intelligent Systems 

(COLINS-2019) (ʍʘʨʢʽʚ, 2019); IEEE 8th International Conference of Advanced 

Optoelectronics and Lasers (Sozopol, 2019); IEEE International Conference on 

Advanced Trends in Information Theory (Kyiv, 2019);   

- ʤʽʞʥʘʨʦʜʥʠʭ ʢʦʥʬʝʨʝʥʮʽʷʭ: International Conference Knowledge ï 

Dialogue ï Solution, çKDSè (ʂʠʾʚ, 2011, 2012); International Workshop on Conflict 

Management in Global Information Networks (Kyiv, 2019); 3rd International 

Workshop on Computer Modeling and Intelligent Systems (Zaporizhzha, 2020). 

ʇʫʙʣʽʢʘʮʽʾ. ʆʩʥʦʚʥʽ ʨʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʥʷ ʚʠʢʣʘʜʝʥʽ ʫ 67 ʜʨʫʢʦʚʘʥʠʭ 

ʧʨʘʮʷʭ, ʫ ʪʦʤʫ ʯʠʩʣʽ 36 ʩʪʘʪʪʷʭ, ʩʝʨʝʜ ʷʢʠʭ 20 ʩʪʘʪʝʡ ʫ ʥʘʫʢʦʚʠʭ ʬʘʭʦʚʠʭ ʚʠ-



48 

 

ʜʘʥʥʷʭ ʋʢʨʘʾʥʠ ʪʘ 16 ʩʪʘʪʝʡ ʫ ʟʘʢʦʨʜʦʥʥʠʭ ʬʘʭʦʚʠʭ ʚʠʜʘʥʥʷʭ, ʟ ʷʢʠʭ ʯʦʪʠʨʠ 

ʩʪʘʪʪʽ ʽʥʜʝʢʩʫʶʪʴʩʷ ʥʘʫʢʦʤʝʪʨʠʯʥʠʤʠ ʙʘʟʘʤʠ Scopus / Web of Science. 

ʆʪʨʠʤʘʥʽ ʨʝʟʫʣʴʪʘʪʠ ʘʧʨʦʙʦʚʘʥʦ ʥʘ 23 ʄʽʞʥʘʨʦʜʥʠʭ ʥʘʫʢʦʚʠʭ 

ʢʦʥʬʝʨʝʥʮʽʷʭ ʪʘ ʬʦʨʫʤʘʭ, ʟ ʷʢʠʭ 22 ʥʘ ʢʦʥʬʝʨʝʥʮʽʷʭ, ʱʦ ʽʥʜʝʢʩʫʶʪʴʩʷ ʙʘʟʦʶ 

Scopus. ʈʝʟʫʣʴʪʘʪʠ ʧʦʜʘʥʦ ʫ ʜʚʦʭ ʤʦʥʦʛʨʘʬʽʷʭ, ʟ ʷʢʠʭ ʦʜʥʘ ï ʟʘʢʦʨʜʦʥʥʘ. 

ʉʪʨʫʢʪʫʨʘ ʡ ʦʙʩʷʛ ʜʠʩʝʨʪʘʮʽʡʥʦʾ ʨʦʙʦʪʠ. ɼʠʩʝʨʪʘʮʽʷ ʩʢʣʘʜʘʻʪʴʩʷ ʽʟ 

ʚʩʪʫʧʫ, ʰʝʩʪʠ ʨʦʟʜʽʣʽʚ, ʚʠʩʥʦʚʢʽʚ, ʜʦʜʘʪʢʽʚ, ʩʧʠʩʢʫ ʚʠʢʦʨʠʩʪʘʥʠʭ ʜʞʝʨʝʣ. ʋ 

ʨʦʙʦʪʽ 123 ʨʠʩʫʥʢʠ ʪʘ 41 ʪʘʙʣʠʮʷ. ɿʘʛʘʣʴʥʠʡ ʦʙʩʷʛ ʨʦʙʦʪʠ ʩʪʘʥʦʚʠʪʴ 403 

ʩʪʦʨʽʥʢʠ, ʫ ʪʦʤʫ ʯʠʩʣʽ 300 ʩʪʦʨʽʥʦʢ ʦʩʥʦʚʥʦʛʦ ʪʝʢʩʪʫ, 31 ʩʪʦʨʽʥʢʘ ʟ ʨʠʩʫʥʢʘʤʠ 

ʪʘ ʪʘʙʣʠʮʷʤʠ, ʘʥʦʪʘʮʽʾ ʥʘ 26 ʩʪʦʨʽʥʢʘʭ, ʜʦʜʘʪʢʠ ʥʘ 21 ʩʪʦʨʽʥʮʽ. ʉʧʠʩʦʢ 

ʚʠʢʦʨʠʩʪʘʥʠʭ ʜʞʝʨʝʣ ʤʽʩʪʠʪʴ 381 ʥʘʡʤʝʥʫʚʘʥʥʷ, ʚʠʢʣʘʜʝʥʠʭ ʥʘ 50 ʩʪʦʨʽʥʢʘʭ 
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ʈʆɿɼɯʃ 1 

ɸʅɸʃɯɿ ʊɽʆʈɽʊʀʏʅʀʍ ʊɸ ʊɽʍʅʆʃʆɻɯʏʅʀʍ ʈɯʐɽʅʔ ʑʆɼʆ 

ɿɸɹɽɿʇɽʏɽʅʅʗ ɹɽɿʇɽʂʀ ʂʆʄʇôʖʊɽʈʅʀʍ ʉʀʉʊɽʄ ɺ ʉʋʏɸʉʅʀʍ 

ʋʄʆɺɸʍ ɿʈʆʉʊɸʖʏʆɻʆ ʅɸɺɸʅʊɸɾɽʅʅʗ ʊɸ ɸʊɸʂ 

ʗʢ ʚʽʜʦʤʦ, ʽʥʪʝʨʥʝʪ ʻ ʛʣʦʙʘʣʴʥʦ  ʁʟʘʛʘʣʴʥʦʜʦʩʪʫʧʥʦ  ʁʤʝʨʝʞʝ,ʁ ʚ ʷʢʽʡ ʻ 

ʷʢ ʙʝʟʧʝʯʥʽ, ʪʘʢ ʽ ʰʢʽʜʣʠʚʽ ʢʦʨʠʩʪʫʚʘʯʽ. ʍʦʯʘ ʦʨʛʘʥʽʟʘʮʽʷ ʨʦʙʠʪʴ ʩʚʦʶ 

ʽʥʬʦʨʤʘʮʽʡʥʫ ʩʠʩʪʝʤʫ ʜʦʩʪʫʧʥʦʶ ʜʣʷ ʥʝʰʢʽʜʣʠʚʠʭ ʢʦʨʠʩʪʫʚʘʯʽʚ ɯʥʪʝʨʥʝʪʫ, 

ʚʦʜʥʦʯʘʩ ʽʥʬʦʨʤʘʮʽʷ ʪʘʢʦʞ ʜʦʩʪʫʧʥʘ ʽ ʟʣʦʚʤʠʩʥʠʢʘʤ. ʐʢʽʜʣʠʚʽ ʢʦʨʠʩʪʫʚʘʯʽ ʘʙʦ 

ʭʘʢʝʨʠ ʤʦʞʫʪʴ ʦʪʨʠʤʘʪʠ ʜʦʩʪʫʧ ʜʦ ʚʥʫʪʨʽʰʥʽʭ ʩʠʩʪʝʤ ʦʨʛʘʥʽʟʘʮʽʾ ʟ ʨʽʟʥʠʭ 

ʧʨʠʯʠʥ: ʧʦʤʠʣʢʠ ʧʨʦʛʨʘʤʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ, ʱʦ ʥʘʟʠʚʘʶʪʴʩʷ ʫʨʘʟʣʠʚʠʤʠ; 

ʧʨʦʛʘʣʠʥʠ ʚ ʘʜʤʽʥʽʩʪʨʫʚʘʥʥʽ; ʟʘʣʠʰʝʥʥʷ ʢʦʥʬʽʛʫʨʘʮʽʾ ʩʠʩʪʝʤ ʟʘ ʟʘʤʦʚʯʫʚʘʥʥʷʤ. 

ʐʢʽʜʣʠʚʽ ʢʦʨʠʩʪʫʚʘʯʽ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʨʽʟʥʽ ʤʝʪʦʜʠ, ʪʘʢʽ ʷʢ ʟʣʦʤ ʧʘʨʦʣʷ, 

ʧʨʦʩʣʫʭʦʚʫʚʘʥʥʷ, ʥʝʟʘʰʠʬʨʦʚʘʥʠʡ ʘʙʦ ʯʠʩʪʠʡ ʪʝʢʩʪʦʚʠʡ ʪʨʘʬʽʢ ʽ ʪ. ʽʥ. ʜʣʷ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʟʛʘʜʘʥʠʭ ʫʨʘʟʣʠʚʦʩʪʝʡ ʩʠʩʪʝʤʠ ʽ ʱʦʙ ʧʦʩʪʘʚʠʪʠ ʧʽʜ ʟʘʛʨʦʟʫ 

ʢʨʠʪʠʯʥʦ ʚʘʞʣʠʚʽ ʩʠʩʪʝʤʠ [ɯʣʴʢʦʚ, 2017]. ʊʦʤʫ ʥʝʦʙʭʽʜʥʦ ʟʘʙʝʟʧʝʯʠʪʠ ʧʝʚʥʠʡ 

ʨʽʚʝʥʴ ʟʘʭʠʩʪʫ ʧʨʠʚʘʪʥʠʭ ʨʝʩʫʨʩʽʚ ʦʨʛʘʥʽʟʘʮʽʾ ʷʢ ʟ ʟʦʚʥʽ, ʪʘʢ ʽ ʟʩʝʨʝʜʠʥʠ, 

ʦʩʢʽʣʴʢʠ, ʟʘ ʜʘʥʠʤʠ ʦʧʠʪʫʚʘʥʥʷ, 80% ʘʪʘʢ ʚʽʜʙʫʚʘʶʪʴʩʷ ʚʽʜ ʚʥʫʪʨʽʰʥʽʭ 

ʢʦʨʠʩʪʫʚʘʯʽʚ ʩʘʤʝ ʪʦʤʫ, ʱʦ ʚʦʥʠ ʟʥʘʶʪʴ ʩʠʩʪʝʤʠ ʥʘʙʘʛʘʪʦ ʢʨʘʱʝ, ʥʽʞ ʩʪʦʨʦʥʥʽ 

ʢʦʨʠʩʪʫʚʘʯʽ, ʽ ʜʦʩʪʫʧ ʜʦ ʽʥʬʦʨʤʘʮʽʾ ʜʣʷ ʥʠʭ ʧʨʦʩʪʽʰʝ. [ʃʘʧʪʻʚ, 2019; ʉʪʦʣʠʥʛʩ, 

2002; ʍʦʨʦʰʢʦ, 2003; ʍʦʨʦʰʢʦ, 2003-1; SANS, 2001]. 

ʈʽʟʥʽ ʦʨʛʘʥʽʟʘʮʽʾ ʚ ʫʩʴʦʤʫ ʩʚʽʪʽ ʨʦʟʛʦʨʪʘʶʪʴ ʙʨʘʥʜʤʘʫʝʨʠ, ʱʦʙ ʟʘʭʠʩʪʠʪʠ 

ʩʚʦʶ ʧʨʠʚʘʪʥʫ ʤʝʨʝʞʫ ʚʽʜ ʧʫʙʣʽʯʥʦʛʦ ʜʦʩʪʫʧʫ [ʉʘʚʯʝʥʢʦ, 2015]. ɸʣʝ, ʷʢʱʦ 

ʤʦʚʘ ʡʜʝ ʧʨʦ ʟʘʭʠʩʪ ʧʨʠʚʘʪʥʦʾ ʤʝʨʝʞʽ ʟ ɯʥʪʝʨʥʝʪʫ ʟʘ ʜʦʧʦʤʦʛʦʶ ʙʨʘʥʜʤʘʫʝʨʽʚ, 

ʞʦʜʥʘ ʤʝʨʝʞʘ ʥʝ ʤʦʞʝ ʙʫʪʠ ʩʪʦʚʽʜʩʦʪʢʦʚʦ ʟʘʭʠʱʝʥʦʶ. ʎʝ ʧʦʷʩʥʶʻʪʴʩʷ ʪʠʤ, ʱʦ 

ʙʽʟʥʝʩ ʚʠʤʘʛʘʻ ʧʝʚʥʦʛʦ ʜʦʩʪʫʧʫ ʜʦ ʣʦʢʘʣʴʥʠʭ ʩʠʩʪʝʤ ʜʣʷ ʢʦʨʠʩʪʫʚʘʯʽʚ ʟ ʟʦʚʥʽ 

[Stallings, 2012]. ɹʨʘʥʜʤʘʫʝʨ ʟʘʙʝʟʧʝʯʫʻ ʙʝʟʧʝʢʫ, ʥʘʜʘʶʯʠ ʯʝʨʝʟ ʥʴʦʛʦ ʣʠʰʝ 
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ʧʝʚʥʽ ʧʦʩʣʫʛʠ. ɹʨʘʥʜʤʘʫʝʨ ʨʝʘʣʽʟʫʻ ʧʦʣʽʪʠʢʫ ʱʦʜʦ ʜʦʟʚʦʣʫ ʘʙʦ ʟʘʙʦʨʦʥʠ 

ʟô̒ ʜʥʘʥʴ ʥʘ ʦʩʥʦʚʽ ʧʦʣʽʪʠʢʠ ʦʨʛʘʥʽʟʘʮʽʾ ʙʝʟʧʝʢʠ ʪʘ ʧʦʪʨʝʙ ʙʽʟʥʝʩʫ [ʉʦʣʦʚʡʦʚ, 

2015]. ɹʨʘʥʜʤʘʫʝʨ ʪʘʢʦʞ ʟʘʭʠʱʘʻ ʦʨʛʘʥʽʟʘʮʽʶ ʚʽʜ ʟʣʦʚʤʠʩʥʠʭ ʘʪʘʢ ʟ ɯʥʪʝʨʥʝʪʫ, 

ʩʢʠʜʘʶʯʠ ʟô̒ ʜʥʘʥʥʷ ʟ ʥʝʚʽʜʦʤʠʭ ʜʞʝʨʝʣ. 

ʉʠʩʪʝʤʘ ʚʠʷʚʣʝʥʥʷ ʚʪʦʨʛʥʝʥʴ ʜʦʧʦʚʥʶʻ ʙʝʟʧʝʢʫ ʙʨʘʥʜʤʘʫʝʨʘ. 

ɹʨʘʥʜʤʘʫʝʨ ʟʘʭʠʱʘʻ ʦʨʛʘʥʽʟʘʮʽʶ ʚʽʜ ʟʣʦʚʤʠʩʥʠʭ ʘʪʘʢ ʟ ɯʥʪʝʨʥʝʪʫ, ʘ ʩʠʩʪʝʤʘ 

ʚʠʷʚʣʝʥʥʷ ʚʪʦʨʛʥʝʥʴ ʚʠʷʚʣʷʻ, ʯʠ ʭʪʦʩʴ ʥʘʤʘʛʘʻʪʴʩʷ ʧʨʦʨʚʘʪʠʩʷ ʯʝʨʝʟ 

ʙʨʘʥʜʤʘʫʝʨ ʘʙʦ ʚʜʘʻʪʴʩʷ ʟʣʘʤʘʪʠ ʟʘʭʠʩʪ ʙʨʘʥʜʤʘʫʝʨʘ ʽ ʥʘʤʘʛʘʻʪʴʩʷ ʦʪʨʠʤʘʪʠ 

ʜʦʩʪʫʧ ʜʦ ʙʫʜʴ-ʷʢʦʾ ʩʠʩʪʝʤʠ ʥʘ ʥʘʜʽʡʥʽʡ ʩʪʦʨʦʥʽ ʪʘ ʧʦʧʝʨʝʜʞʘʻ ʩʠʩʪʝʤʫ 

ʘʜʤʽʥʽʩʪʨʘʪʦʨʘ ʫ ʚʠʧʘʜʢʫ ʧʦʨʫʰʝʥʥʷ ʙʝʟʧʝʢʠ [ʉʻʚʻʨʽʥʦʚ, 2011]. 

ɹʽʣʴʰʝ ʪʦʛʦ, ʙʨʘʥʜʤʘʫʝʨ ʜʫʞʝ ʜʦʙʨʝ ʩʧʨʘʚʣʷʻʪʴʩʷ ʟ ʬʽʣʴʪʨʫʚʘʥʥʷʤ 

ʚʭʽʜʥʦʛʦ ʪʨʘʬʽʢʘ ʟ ɯʥʪʝʨʥʝʪʫ, ʧʨʦʪʝ ʻ ʩʧʦʩʦʙʠ ʦʙʽʡʪʠ ʡʦʛʦ. ʅʘʧʨʠʢʣʘʜ, ʟʦʚʥʽʰʥʽ 

ʢʦʨʠʩʪʫʚʘʯʽ ʤʦʞʫʪʴ ʧʽʜʢʣʶʯʠʪʠʩʷ ʜʦ ɯʥʪʨʘʥʝʪʫ, ʥʘʙʨʘʚʰʠ ʥʦʤʝʨ ʯʝʨʝʟ ʤʦʜʝʤ, 

ʚʩʪʘʥʦʚʣʝʥʠʡ ʫ ʧʨʠʚʘʪʥʽʡ ʤʝʨʝʞʽ ʦʨʛʘʥʽʟʘʮʽʾ. ʎʝʡ ʚʠʜ ʜʦʩʪʫʧʫ ʥʝ 

ʨʦʟʛʣʷʜʘʪʠʤʝʪʴʩʷ ʙʨʘʥʜʤʘʫʝʨʦʤ. [ʉʪʦʣʠʥʛʩ, 2001; ʐʘʥʴʛʠʥ, 2019] 

ʊʘʢʠʤ ʯʠʥʦʤ, ʩʠʩʪʝʤʘ ʚʠʷʚʣʝʥʥʷ ʚʪʦʨʛʥʝʥʴ (ʉɺɺ) ï ʮʝ ʩʠʩʪʝʤʘ ʙʝʟʧʝʢʠ, 

ʷʢʘ ʢʦʥʪʨʦʣʶʻ ʢʦʤʧôʁ ʪʝʨʥʽ ʩʠʩʪʝʤʠ ʪʘ ʤʝʨʝʞʥʠʡ ʪʨʘʬʽʢ ʪʘ ʘʥʘʣʽʟʫʻ ʮʝʡ ʪʨʘʬʽʢ 

ʥʘ ʧʨʝʜʤʝʪ ʤʦʞʣʠʚʠʭ ʘʪʘʢ, ʱʦ ʥʘʜʭʦʜʷʪʴ ʟʟʦʚʥʽ ʤʝʞ ʦʨʛʘʥʽʟʘʮʽʾ, ʘ ʪʘʢʦʞ ʥʘ 

ʟʣʦʚʞʠʚʘʥʥʷ ʩʠʩʪʝʤʦʶ ʘʙʦ ʘʪʘʢʠ, ʱʦ ʧʦʭʦʜʷʪʴ ʟʩʝʨʝʜʠʥʠ ʦʨʛʘʥʽʟʘʮʽʾ. 

1.1. ɸʥʘʣʽʟ ʧʘʨʘʤʝʪʨʽʚ ʙʝʟʧʝʢʠ ʪʘ ʷʢʦʩʪʽ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʤʝʨʝʞʽ 

ʋ ʩʫʯʘʩʥʠʭ ʫʤʦʚʘʭ ʦʜʥʠʤ ʟ ʦʩʥʦʚʥʠʭ ʧʨʦʮʝʩʽʚ ʫʧʨʘʚʣʽʥʥʷ 

ʪʝʣʝʢʦʤʫʥʽʢʘʮʽʡʥʦʶ ʤʝʨʝʞʝʶ (ʊʂʄ) ʻ ʧʨʦʮʝʩ ʫʧʨʘʚʣʽʥʥʷ ʾʾ ʽʥʬʦʨʤʘʮʽʡʥʦʶ 

ʙʝʟʧʝʢʦʶ (ɯɹ). ɼʘʥʠʡ ʧʨʦʮʝʩ ʤʘʻ ʙʫʪʠ ʷʢ ʥʘ ʝʪʘʧʽ ʧʨʦʝʢʪʫʚʘʥʥʷ ʤʝʨʝʞʽ, ʪʘʢ ʽ ʥʘ 

ʝʪʘʧʽ ʾʾ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ, ʽ ʩʢʣʘʜʘʻʪʴʩʷ ʽʟ ʧʦʩʪʽʡʥʦʛʦ ʘʥʘʣʽʟʫ ʩʪʘʥʫ ʤʝʨʝʞʽ. ʅʘ 

ʨʝʘʣʽʟʘʮʽʶ ʜʘʥʦʛʦ ʧʨʦʮʝʩʫ ʟʥʘʯʥʦʶ ʤʽʨʦʶ ʚʧʣʠʚʘʻ ʤʦʞʣʠʚʽʩʪʴ ʟʤʽʥʠ ʩʪʨʫʢʪʫʨʠ, 

ʪʦʧʦʣʦʛʽʾ ʽ ʨʝʞʠʤʽʚ ʨʦʙʦʪʠ ʊʂʄ ʫ ʧʨʦʮʝʩʽ ʾʾ ʬʫʥʢʮʽʦʥʫʚʘʥʥ.̫ ʊʘʢʘ ʩʠʪʫʘʮʽʷ 
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ʤʦʞʝ ʤʘʪʠ ʤʽʩʮʝ ʚʥʘʩʣʽʜʦʢ ʜʦʜʘʚʘʥʥʷ ʥʦʚʠʭ ʧʨʠʩʪʨʦʾʚ ʫ ʤʝʨʝʞʫ ʘʙʦ ʟʤʽʥʠ 

ʥʘʣʘʰʪʫʚʘʥʴ ʚʞʝ ʜʽʶʯʠʭ ʤʝʭʘʥʽʟʤʽʚ, ʧʦʣʦʤʦʢ ʫʩʪʘʪʢʫʚʘʥʥʷ, ʥʝʧʨʘʚʠʣʴʥʠʭ ʜʽʡ 

ʘʜʤʽʥʽʩʪʨʘʪʦʨʽʚ ʤʝʨʝʞʽ, ʢʦʨʠʩʪʫʚʘʯʽʚ ʽ ʪ. ʽʥ. 

ʇ̔ ʜ ʯʘʩ ʘʥʘʣʽʟʫ ʩʪʘʥʫ ʤʝʨʝʞʽ ʦʩʥʦʚʥʠʤʠ ʟ ʦʮʽʥʶʚʘʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʻ 

ʡʤʦʚʽʨʥʽʩʪʴ ʘʪʘʢʠ, ʩʪʫʧʽʥʴ (ʡʤʦʚʽʨʥʽʩʪʴ) ʫʨʘʟʣʠʚʦʩʪʽ ʝʣʝʤʝʥʪʽʚ ʤʝʨʝʞʽ ʜʦ 

ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʘʪʘʢ. [ʐʘʥʴʛʠʥ, 2008] 

ɸʥʘʣʽʪʠʢʠ ʟ ʙʝʟʧʝʢʠ, ʷʢʽ ʧʝʨʝʚʽʨʷʶʪʴ ʨʝʟʫʣʴʪʘʪʠ ʨʦʙʦʪʠ ʉɺɺ, ʭʦʪʽʣʠ ʙ 

ʟʥʘʪʠ ʡʤʦʚʽʨʥʽʩʪʴ ʪʦʛʦ, ʱʦ ʟʘ ʧʝʚʥʠʭ ʚʠʜʽʚ ʘʪʘʢ ʟô̫ ʚʣʷʪʴʩʷ ʧʦʧʝʨʝʜʞʝʥʥʷ. 

ʅʘʨʝʰʪʽ, ʜʦʩʣʽʜʥʠʢʘʤ ʥʝʦʙʭʽʜʥʦ ʨʦʟʫʤʽʪʠ ʩʠʣʴʥʽ ʽ ʩʣʘʙʢʽ ʩʪʦʨʦʥʠ ʽʩʥʫʶʯʠʭ ʥʘ 

ʩʴʦʛʦʜʥʽ ʩʠʩʪʝʤ, ʱʦʙ ʚʦʥʠ ʤʦʛʣʠ ʝʬʝʢʪʠʚʥʦ ʩʬʦʢʫʩʫʚʘʪʠ ʜʦʩʣʽʜʥʠʮʴʢʽ ʟʫʩʠʣʣʷ 

ʥʘ ʚʜʦʩʢʦʥʘʣʝʥʥʽ ʩʠʩʪʝʤ ʽ ʚʠʤʽʨʶʚʘʪʠ ʾʭʥʽʡ ʧʨʦʛʨʝʩ. 

ʂʽʣʴʢʽʩʥʦ-ʚʠʤʽʨʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʉɺɺ. ʅʘʚʝʜʝʤʦ ʜʝʷʢʽ ʚʠʤʽʨʶʚʘʥʥʷ, 

ʷʢʽ ʤʦʞʫʪʴ ʙʫʪʠ ʚʠʢʦʥʘʥʽ ʫ ʉɺɺ [Mell, 2003]. ʆʩʦʙʣʠʚʫ ʫʚʘʛʫ ʤʠ ʧʨʠʜʽʣʷʻʤʦ 

ʢʽʣʴʢʽʩʥʠʤ ʚʠʤʽʨʘʤ, ʧʦʚô̫ ʟʘʥʠʭ ʟ ʪʦʯʥʽʩʪʶ ʚʠʷʚʣʝʥʥʷ. 

ʆʭʦʧʣʝʥʥʷ. ʎʝ ʚʠʤʽʨʶʚʘʥʥʷ ʚʠʟʥʘʯʘʻ, ʷʢʽ ʘʪʘʢʠ ʉɺɺ ʤʦʞʝ ʚʠʷʚʠʪʠ ʚ 

ʽʜʝʘʣʴʥʠʭ ʫʤʦʚʘʭ. ɼʣʷ ʩʠʩʪʝʤ, ʱʦ ʙʘʟʫʶʪʴʩʷ ʥʘ ʧʽʜʧʠʩʘʭ, ʮʝ ʙʫʣʦ ʙ ʧʨʦʩʪʦ 

ʧʽʜʨʘʭʫʚʘʪʠ ʢʽʣʴʢʽʩʪʴ ʧʽʜʧʠʩʽʚ ʪʘ ʟʽʩʪʘʚʠʪʠ ʾʭ ʟʘ ʩʪʘʥʜʘʨʪʥʦʶ ʩʭʝʤʦʶ 

ʽʤʝʥʫʚʘʥʥʷ. ɼʣʷ ʩʠʩʪʝʤ, ʱʦ ʥʝ ʙʘʟʫʶʪʴʩʷ ʥʘ ʧʽʜʧʠʩʘʭ, ʧʦʪʨʽʙʥʦ ʙʫʣʦ ʙ 

ʚʠʟʥʘʯʠʪʠ, ʷʢʽ ʘʪʘʢʠ ʟ ʥʘʙʦʨʫ ʚʩʽʭ ʚʽʜʦʤʠʭ ʘʪʘʢ ʤʦʞʫʪʴ ʙʫʪʠ ʚʠʷʚʣʝʥʽ ʧʝʚʥʦʶ 

ʤʝʪʦʜʠʢʦʶ. 

ɯʤʦʚʽʨʥʽʩʪʴ ʧʦʤʠʣʢʦʚʦʾ ʪʨʠʚʦʛʠ. ʎʝ ʚʠʤʽʨʶʚʘʥʥʷ ʚʠʟʥʘʯʘʻ ʯʘʩʪʦʪʫ 

ʧʦʤʠʣʢʦʚʠʭ ʩʧʨʘʮʴʦʚʫʚʘʥʴ ʉɺɺ ʫ ʜʘʥʦʤʫ ʩʝʨʝʜʦʚʠʱʽ ʧʨʦʪʷʛʦʤ ʧʝʚʥʦʛʦ 

ʧʝʨʽʦʜʫ ʯʘʩʫ. ʍʠʙʥʦʧʦʟʠʪʠʚʥʽ ʩʧʨʘʮʴʦʚʫʚʘʥʥʷ ʘʙʦ ʧʦʤʠʣʢʦʚʘ ʪʨʠʚʦʛʘ ï ʮʝ 

ʩʠʛʥʘʣ ʪʨʠʚʦʛʠ, ʚʠʢʣʠʢʘʥʠʡ ʟʚʠʯʘʡʥʠʤ ʙʝʟʧʝʯʥʠʤ ʬʦʥʦʚʠʤ ʪʨʘʬʽʢʦʤ. 

ɺʠʤʽʨʶʚʘʥʥʷ ʧʦʤʠʣʢʦʚʠʭ ʩʧʨʘʮʴʦʚʫʚʘʥʴ ʩʢʣʘʜʥʝ, ʦʩʢʽʣʴʢʠ ʉɺɺ ʤʦʞʝ ʤʘʪʠ 

ʨʽʟʥʫ ʯʘʩʪʦʪʫ ʧʦʤʠʣʢʦʚʠʭ ʩʧʨʘʮʴʦʚʫʚʘʥʴ ʚ ʢʦʞʥʦʤʫ ʤʝʨʝʞʥʦʤʫ ʩʝʨʝʜʦʚʠʱʽ ʽ ʥʝ 

ʽʩʥʫʻ çʩʪʘʥʜʘʨʪʥʦʾè ʤʝʨʝʞʽ. ʂʨʽʤ ʪʦʛʦ, ʚʘʞʢʦ ʚʠʟʥʘʯʠʪʠ ʘʩʧʝʢʪʠ ʤʝʨʝʞʥʦʛʦ 

ʪʨʘʬʽʢʘ ʘʙʦ ʘʢʪʠʚʥʦʩʪʽ ʭʦʩʪʘ, ʷʢʽ ʤʦʞʫʪʴ ʚʠʢʣʠʢʘʪʠ ʧʦʤʠʣʢʦʚʽ ʪʨʠʚʦʛʠ. 
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ʁʤʦʚʽʨʥʽʩʪʴ ʚʠʷʚʣʝʥʥʷ ʘʪʘʢ. ʎʝ ʚʠʤʽʨʶʚʘʥʥʷ ʚʠʟʥʘʯʘʻ ʯʘʩʪʢʫ ʘʪʘʢ, 

ʧʨʘʚʠʣʴʥʦ ʚʠʷʚʣʝʥʠʭ ʉɺɺ ʫ ʜʘʥʦʤʫ ʩʝʨʝʜʦʚʠʱʽ ʧʨʦʪʷʛʦʤ ʧʝʚʥʦʛʦ ʧʝʨʽʦʜʫ ʯʘʩʫ. 

ʊʨʫʜʥʦʱʽ ʚʠʤʽʨʶʚʘʥʥʷ ʩʪʫʧʝʥʷ ʚʠʷʚʣʝʥʥʷ ʧʦʣʷʛʘʶʪʴ ʫ ʪʦʤʫ, ʱʦ ʫʩʧʽʭ ʉɺɺ 

ʟʥʘʯʥʦ  ʁ ʤʽʨʦ  ʁ ʟʘʣʝʞʠʪʴ ʚʽʜ ʥʘʙʦʨʫ ʘʪʘʢ, ʷʢʽ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʧʽʜ ʯʘʩ 

ʪʝʩʪʫʚʘʥʥʷ. ʂʨʽʤ ʪʦʛʦ, ʡʤʦʚʽʨʥʽʩʪʴ ʚʠʷʚʣʝʥʥʷ ʨʽʟʥʠʪʴʩʷ ʟʘʣʝʞʥʦ ʚʽʜ ʯʘʩʪʦʪʠ 

ʭʠʙʥʦ-ʧʦʟʠʪʠʚʥʠʭ ʩʧʨʘʮʴʦʚʫʚʘʥʴ, ʽ ʉɺɺ ʤʦʞʝ ʙʫʪʠ ʥʘʣʘʰʪʦʚʘʥʘ ʥʘ ʢʦʨʠʩʪʴ 

ʤʦʞʣʠʚʦʩʪʽ ʚʠʷʚʣʝʥʥʷ ʘʪʘʢ ʘʙʦ ʟʚʝʜʝʥʥʷ ʜʦ ʤʽʥʽʤʫʤʫ ʭʠʙʥʦʧʦʟʠʪʠʚʥʠʭ 

ʩʧʨʘʮʴʦʚʫʚʘʥʴ. ʇʽʜ ʯʘʩ ʪʝʩʪʫʚʘʥʥ ̫ʥʘ ʥʘʷʚʥʽʩʪʴ ʧʦʤʠʣʢʦʚʠʭ ʩʧʨʘʮʴʦʚʫʚʘʥʴ ʽ 

ʯʘʩʪʦʪʫ ʧʦʧʘʜʘʥʴ ʩʣʽʜ ʟ ʦʙʝʨʝʞʥʽʩʪʶ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʦʜʥʫ ʽ ʪʫ ʩʘʤʫ 

ʢʦʥʬʽʛʫʨʘʮʽʶ. 

ʆʧʽʨ ʘʪʘʢʘʤ, ʥʘʧʨʘʚʣʝʥʠʭ ʥʘ ʉɺɺ. ʎʝ ʚʠʤʽʨʶʚʘʥʥʷ ʜʝʤʦʥʩʪʨʫʻ, 

ʥʘʩʢʽʣʴʢʠ ʩʪʽʡʢʘ ʉɺɺ ʜʦ ʩʧʨʦʙʠ ʟʣʦʚʤʠʩʥʠʢʘ ʧʦʨʫʰʠʪʠ ʧʨʘʚʠʣʴʥʫ ʨʦʙʦʪʫ ʉɺɺ. 

ɸʪʘʢʠ ʧʨʦʪʠ ʉɺɺ ʤʦʞʫʪʴ ʤʘʪʠ ʪʘʢʽ ʬʦʨʤʠ: 

1. ʅʘʜʩʠʣʘʥʥʷ ʚʝʣʠʢʦ ʾ ʢʽʣʴʢʦʩʪ̔ ʣʝʛʘʣʴʥʦʛʦ ʪʨʘʬʽʢʘ, ʦʙô̒ ʤ ʷʢʦʛʦ 

ʧʝʨʝʚʠʱʫʻ ʤʦʞʣʠʚʦʩʪʽ ʦʙʨʦʙʢʠ ʉɺɺ. ɿʘʥʘʜʪʦ ʙʘʛʘʪʦ ʪʨʘʬʽʢʘ ʜʣʷ ʦʙʨʦʙʢʠ, ʪʦ ʞ 

ʉɺɺ ʤʦʞʝ ʩʢʠʜʘʪʠ ʧʘʢʝʪʠ ʽ ʥʝ ʚ ʟʤʦʟʽ ʚʠʷʚʠʪʠ ʘʪʘʢʠ. 

2. ɺʽʜʧʨʘʚʣʝʥʥʷ ʣʝʛʘʣʴʥʠʭ ʧʘʢʝʪʽʚ ʥʘ ʉɺɺ, ʷʢʽ ʩʧʝʮʽʘʣʴʥʦ ʩʪʚʦʨʝʥʽ ʜʣʷ 

ʟʘʧʫʩʢʫ ʙʘʛʘʪʴʦʭ ʧʽʜʧʠʩʽʚ ʚʩʝʨʝʜʠʥʽ ʉɺɺ, ʪʠʤ ʩʘʤʠʤ ʧʝʨʝʧʦʚʥʶʶʯʠ ʩʠʩʪʝʤʫ 

ʩʧʦʚʽʱʝʥʥʷ ʭʠʙʥʦʧʦʟʠʪʠʚʥʠʤʠ ʩʧʨʘʮʴʦʚʫʚʘʥʥʷʤʠ ʉɺɺ ʘʙʦ ʟʙʦʻʤ ʽʥʩʪʨʫʤʝʥʪʽʚ 

ʜʣʷ ʦʙʨʦʙʢʠ ʘʙʦ ʚʠʚʝʜʝʥʥʷ ʩʧʦʚʽʱʝʥʴ. 

3. ɺʽʜʧʨʘʚʣʝʥʥʷ ʥʘ ʉɺɺ ʚʝʣʠʢʦʾ ʢʽʣʴʢʦʩʪʽ ʧʘʢʝʪʽʚ ʘʪʘʢ, ʧʨʠʟʥʘʯʝʥʠʭ ʜʣʷ 

ʚʽʜʚʦʣʽʢʘʥʥʷ ʘʜʤʽʥʽʩʪʨʘʪʦʨʘ ʤʝʨʝʞʽ ʚʽʜ ʉɺɺ, ʚ ʪʦʡ ʯʘʩ ʷʢ ʟʣʦʚʤʠʩʥʠʢ 

ʧʨʦʚʦʜʠʪʴ ʩʧʨʘʚʞʥʶ ʘʪʘʢʫ, ʧʨʠʭʦʚʘʥʫ ʧʽʜ çʜʠʤʦʚʠʤ ʝʢʨʘʥʦʤè, ʩʪʚʦʨʝʥʠʤ 

ʤʥʦʞʠʥʦʶ ʽʥʰʠʭ ʘʪʘʢ. 

4. ɺʽʜʧʨʘʚʣʝʥʥʷ ʧʘʢʝʪʽʚ ʫ ʉɺɺ, ʱʦ ʤʽʩʪʷʪʴ ʜʘʥʽ, ʷʢʽ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ 

ʫʨʘʟʣʠʚʽʩʪʴ ʚ ʘʣʛʦʨʠʪʤʘʭ ʦʙʨʦʙʢʠ ʉɺɺ. ʊʘʢʽ ʘʪʘʢʠ ʙʫʜʫʪʴ ʫʩʧʽʰʥʠʤʠ ʣʠʰʝ ʚ 

ʪʦʤʫ ʚʠʧʘʜʢʫ, ʷʢʱʦ ʉɺɺ ʤʽʩʪʠʪʴ ʚʽʜʦʤʫ ʧʦʤʠʣʢʫ ʢʦʜʫʚʘʥʥʷ, ʷʢʫ ʤʦʞʝ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʥʘʧʘʜʥʠʢ.  
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5. ʄʦʞʣʠʚʽʩʪʴ ʦʙʨʦʙʢʠ ʪʨʘʬʽʢʘ ʟ ʚʠʩʦʢʦ  ʁʽʥʪʝʥʩʠʚʥʩ̔ʪʁ ʪʨʘʬʽʢʘ. ʎʝ 

ʚʠʤʽʨʶʚʘʥʥʷ ʜʝʤʦʥʩʪʨʫʻ, ʥʘʩʢʽʣʴʢʠ ʜʦʙʨʝ ʉɺɺ ʬʫʥʢʮʽʦʥʫʚʘʪʠʤʝ ʟ ʚʝʣʠʢʠʤ 

ʦʙʩʷʛʦʤ ʪʨʘʬʽʢʘ. ɹʽʣʴʰʽʩʪʴ ʤʝʨʝʞʥʠʭ ʉɺɺ ʧʦʯʥʫʪʴ ʩʢʠʜʘʪʠ ʧʘʢʝʪʠ ʚ ʤʽʨʫ 

ʟʙʽʣʴʰʝʥʥʷ ʦʙʩʷʛʫ ʪʨʘʬʽʢʘ, ʪʠʤ ʩʘʤʠʤ ʟʤʫʰʫʶʯʠ ʉɺɺ ʧʨʦʧʫʩʪʠʪʠ ʜʝʷʢʠʡ 

ʚʽʜʩʦʪʦʢ ʘʪʘʢ. ʇʨʠ ʧʝʚʥʦʤʫ ʧʦʨʦʟʽ ʙʽʣʴʰʽʩʪʴ ʉɺɺ ʧʨʠʧʠʥʠʪʴ ʚʠʷʚʣʝʥʥʷ ʙʫʜʴ-

ʷʢʠʭ ʘʪʘʢ. ʎʝ ʚʠʤʽʨʶʚʘʥʥʷ ʤʘʡʞʝ ʽʜʝʥʪʠʯʥʝ çʚʠʤʽʨʶʚʘʥʥʶ ʩʪʽʡʢʦʩʪʽ ʜʦ 

ʚʽʜʤʦʚʠ ʚ ʦʙʩʣʫʛʦʚʫʚʘʥʥʽè, ʢʦʣʠ ʟʣʦʚʤʠʩʥʠʢ ʥʘʜʩʠʣʘʻ ʚʝʣʠʢʫ ʢʽʣʴʢʽʩʪʴ 

ʣʝʛ̔ʪʠʤʥʦʛʦ ʪʨʘʬʽʢʘ ʥʘ ʉɺɺ. ɭʜʠʥʘ ʚʽʜʤʽʥʥʽʩʪʴ ʫ ʪʦʤʫ, ʱʦ ʮʝ ʚʠʤʽʨʶʚʘʥʥʷ 

ʦʙʯʠʩʣʶʻ ʟʜʘʪʥʽʩʪʴ ʉɺɺ ʦʙʨʦʙʣʷʪʠ ʧʝʚʥʽ ʦʙʩʷʛʠ ʥʦʨʤʘʣʴʥʦʛʦ ʬʦʥʦʚʦʛʦ 

ʪʨʘʬʽʢʘ. 

6. ʄʦʞʣʠʚʽʩʪʴ ʩʧʽʚʚʽʜʥʦʩʠʪʠ ʧʦʜʽʾ. ʎʝ ʚʠʤʽʨʶʚʘʥʥʷ ʜʝʤʦʥʩʪʨʫʻ, 

ʥʘʩʢʽʣʴʢʠ ʜʦʙʨʝ ʉɺɺ ʢʦʨʝʣʶʻ ʧʦʜʽʾ ʘʪʘʢʠ. ʎʽ ʧʦʜʽʾ ʤʦʞʫʪʴ ʙʫʪʠ ʟʽʙʨʘʥʽ ʟ ʉɺɺ, 

ʤʘʨʰʨʫʪʠʟʘʪʦʨʽʚ, ʙʨʘʥʜʤʘʫʝʨʽʚ, ʞʫʨʥʘʣʽʚ ʜʦʜʘʪʢʽʚ ʘʙʦ ʟ ʤʥʦʞʠʥʠ ʽʥʰʠʭ 

ʧʨʠʩʪʨʦʾʚ. ʆʜʥʽʻʶ ʟ ʛʦʣʦʚʥʠʭ ʮʽʣʝʡ ʮʴʦʛʦ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʻ ʚʠʷʚʣʝʥʥʷ 

ʧʦʝʪʘʧʥʠʭ ʘʪʘʢ ʧʨʦʥʠʢʥʝʥʥʷ. ʅʘʨʘʟʽ ʉɺɺ ʤʘʶʪʴ ʣʠʰʝ ʦʙʤʝʞʝʥʽ ʤʦʞʣʠʚʦʩʪʽ ʫ 

ʮʽʡ ʛʘʣʫʟʽ. 

7. ɿʜʘʪʥʽʩʪʴ ʚʠʷʚʣʷʪʠ ʥʽʢʦʣʠ ʨʘʥʽʰʝ ʥʝ ʙʘʯʝʥʽ ʥʘʧʘʜʠ, ʘʪʘʢʠ çʥʫʣʴʦʚʦʛʦ 

ʜʥʷè. ʎʝ ʚʠʤʽʨʶʚʘʥʥʷ ʜʝʤʦʥʩʪʨʫʻ, ʥʘʩʢʽʣʴʢʠ ʜʦʙʨʝ ʉɺɺ ʤʦʞʝ ʚʠʷʚʣʷʪʠ ʥʘʧʘʜʠ, 

ʷʢʽ ʨʘʥʽʰʝ ʥʝ ʚʽʜʙʫʚʘʣʠʩʷ. ɼʣʷ ʢʦʤʝʨʮʽʡʥʠʭ ʩʠʩʪʝʤ, ʷʢ ʧʨʘʚʠʣʦ, ʥʝ ʢʦʨʠʩʥʦ 

ʧʨʦʚʦʜʠʪʠ ʮʝ ʚʠʤʽʨʶʚʘʥʥʷ, ʦʩʢʽʣʴʢʠ ʾʭʥ ̫ʪʝʭʥʦʣʦʛʽʷ ʥʘ ʦʩʥʦʚʽ ʧʽʜʧʠʩʫ ʤʦʞʝ 

ʚʠʷʚʣʷʪʠ ʥʘʧʘʜʠ, ʱʦ ʚʽʜʙʫʚʘʣʠʩʷ ʨʘʥʽʰʝ (ʟʘ ʢʽʣʴʢʦʤʘ ʚʠʥʷʪʢʘʤʠ). ʆʜʥʘʢ 

ʜʦʩʣʽʜʥʠʮʴʢʽ ʩʠʩʪʝʤʠ, ʟʘʩʥʦʚʘʥʽ ʥʘ ʚʠʷʚʣʝʥʥʽ ʘʥʦʤʘʣʽʾ ʘʙʦ ʥʘ ʦʩʥʦʚʽ 

ʩʧʝʮʠʬʽʢʘʮʽʾ, ʤʦʞʫʪʴ ʙʫʪʠ ʧʨʠʜʘʪʥʠʤʠ ʜʣʷ ʪʘʢʦʛʦ ʪʠʧʫ ʚʠʤʽʨʶʚʘʥʴ. ɿʘʟʚʠʯʘʡ 

ʩʠʩʪʝʤʠ ʚʠʷʚʣʝʥʥʷ ʘʪʘʢ çʥʫʣʴʦʚʦʛʦ ʜʥʷè, ʜʘʶʪʴ ʙʽʣʴʰʝ ʭʠʙʥʦʧʦʟʠʪʠʚʥʠʭ 

ʨʝʟʫʣʴʪʘʪʽʚ, ʥʽʞ ʪʽ, ʫ ʷʢʠʭ ʥʝʤʘʻ ʮʽʻʾ ʬʫʥʢʮʽʾ. 

8. ʄʦʞʣʠʚʽʩʪʴ ʽʜʝʥʪʠʬʽʢʘʮʽʾ ʘʪʘʢ. ʎʝ ʚʠʤʽʨʶʚʘʥʥʷ ʧʦʢʘʟʫʻ, ʥʘʩʢʽʣʴʢʠ 

ʜʦʙʨʝ ʉɺɺ ʤʦʞʝ ʽʜʝʥʪʠʬʽʢʫʚʘʪʠ ʘʪʘʢʫ, ʷʢʫ ʚʦʥʘ ʚʠʷʚʠʣʘ, ʧʦʟʥʘʯʘʶʯʠ ʢʦʞʥʫ 
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ʘʪʘʢʫ ʟʘʛʘʣʴʥʠʤ ʽʤʝʥʝʤ ʘʙʦ ʽʤʝʥʝʤ ʫʨʘʟʣʠʚʦʩʪʽ ʘʙʦ ʧʨʠʩʚʦʶʶʯʠ ʘʪʘʮʽ 

ʢʘʪʝʛʦʨʽʶ. 

9. ʄʦʞʣʠʚʽʩʪʴ ʚʠʟʥʘʯʝʥʥʷ ʫʩʧʽʭʫ ʚ ʘʪʘʮʽ. ʎʝ ʚʠʤʽʨʶʚʘʥʥʷ ʧʦʢʘʟʫʻ, ʯʠ 

ʤʦʞʝ ʉɺɺ ʚʠʟʥʘʯʘʪʠ ʫʩʧʽʭ ʘʪʘʢ ʟ ʚʽʜʜʘʣʝʥʠʭ ʩʘʡʪʽʚ, ʷʢʽ ʥʘʜʘʶʪʴ ʟʣʦʚʤʠʩʥʠʢʫ 

ʧʨʠʚʽʣʝʾ ʚʠʱʦʛʦ ʨʽʚʥʷ ʜʣʷ ʘʪʘʢʦʚʘʥʦʾ ʩʠʩʪʝʤʠ. ʋ ʩʫʯʘʩʥʠʭ ʤʝʨʝʞʥʠʭ 

ʩʝʨʝʜʦʚʠʱʘʭ ʙʘʛʘʪʦ ʚʽʜʜʘʣʝʥʠʭ ʘʪʘʢ (ʘʙʦ ʟʦʥʜʽʚ), ʷʢʽ ʦʪʨʠʤʫʶʪʴ ʧʨʠʚʽʣʝʾ, 

ʚʠʭʦʜʷʪʴ ʟ ʣʘʜʫ ʽ ʥʝ ʧʦʰʢʦʜʞʫʶʪʴ ʘʪʘʢʦʚʘʥʫ ʩʠʩʪʝʤʫ. ʆʜʥʘʢ ʙʘʛʘʪʦ ʉɺɺ ʥʝ 

ʚʽʜʨʽʟʥʷʶʪʴ ʥʝʚʜʘʣʽ ʚʽʜ ʫʩʧʽʰʥʠʭ ʘʪʘʢ. ɼʣʷ ʪʽʻʾ ʞ ʘʪʘʢʠ ʜʝʷʢʽ ʉɺɺ ʤʦʞʫʪʴ 

ʚʠʷʚʠʪʠ ʜʦʢʘʟʠ ʧʦʰʢʦʜʞʝʥʴ (ʫʩʧʽʭ ʥʘʧʘʜʫ), ʘ ʜʝʷʢʽ ʉɺɺ ʚʠʷʚʣʷʶʪʴ ʣʠʰʝ 

ʧʽʜʧʠʩ ʜʽʡ ʘʪʘʢʠ (ʙʝʟ ʚʢʘʟʽʚʢʠ, ʫʩʧʽʰʥʘ ʘʪʘʢʘ ʯʠ ʥʽ). ɿʜʘʪʥʽʩʪʴ ʚʠʟʥʘʯʘʪʠ ʫʩʧʽʭ 

ʘʪʘʢʠ ʻ ʚʘʞʣʠʚʦʶ ʜʣʷ ʘʥʘʣʽʟʫ ʢʦʨʝʣʷʮʽʾ ʘʪʘʢʠ ʪʘ ʩʮʝʥʘʨʽʶ ʘʪʘʢʠ; ʮʝ ʪʘʢʦʞ 

ʟʥʘʯʥʦ ʩʧʨʦʱʫʻ ʨʦʙʦʪʫ ʘʥʘʣʽʪʠʢʘ, ʨʦʟʨʽʟʥʷʶʯʠ ʙʽʣʴʰ ʚʘʞʣʠʚʽ ʫʩʧʽʰʥʽ ʘʪʘʢʠ ʪʘ, 

ʷʢ ʧʨʘʚʠʣʦ, ʤʝʥʰ ʟʛʫʙʥʽ ʥʝʚʜʘʣʽ ʘʪʘʢʠ. ɺʠʤʽʨʶʚʘʥʥʷ ʮʽʻʾ ʤʦʞʣʠʚʦʩʪʽ ʚʠʤʘʛʘʻ 

ʽʥʬʦʨʤʘʮʽʾ ʧʨʦ ʥʝʚʜʘʣʽ ʘʪʘʢʠ, ʘ ʪʘʢʦʞ ʧʨʦ ʫʩʧʽʰʥʽ ʘʪʘʢʠ. 

10. ʇʝʨʝʚʽʨʢʘ ʻʤʥʦʩʪʽ ʜʣʷ ʤʝʨʝʞʥʠʭ ʉɺɺ. ʄʝʨʝʞʥʘ ʉɺɺ ʚʠʤʘʛʘʻ 

ʧʦʽʥʬʦʨʤʦʚʘʥʦʩʪʽ ʧʨʦʪʦʢʦʣʽʚ ʚʠʱʦʛʦ ʨʽʚʥʷ, ʥʽʞ ʽʥʰʽ ʤʝʨʝʞʥʽ ʧʨʠʩʪʨʦʾ, ʪʘʢʽ ʷʢ 

ʢʦʤʫʪʘʪʦʨʠ ʪʘ ʤʘʨʰʨʫʪʠʟʘʪʦʨʠ; ʚʦʥʘ ʤʘʻ ʤʦʞʣʠʚʽʩʪʴ ʧʝʨʝʚʽʨʢʠ ʛʣʠʙʰʦʛʦ ʨʽʚʥʷ 

ʤʝʨʝʞʥʠʭ ʧʘʢʝʪʽʚ. ʊʦʤʫ ʚʘʞʣʠʚʦ ʚʠʤʽʨʷʪʠ ʟʜʘʪʥʽʩʪʴ ʤʝʨʝʞʥʦʾ ʉɺɺ 

ʟʘʭʦʧʣʶʚʘʪʠ, ʦʙʨʦʙʣʷʪʠ ʪʘ ʚʠʢʦʥʫʚʘʪʠ ʜʽʾ ʥʘ ʪʦʤʫ ʞ ʨʽʚʥʽ ʪʦʯʥʦʩʪʽ ʧʽʜ ʯʘʩ 

ʟʘʜʘʥʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥ ̫ ʤʝʨʝʞʽ, ʷʢ ʮʝ ʚʽʜʙʫʚʘʻʪʴʩʷ ʫ ʩʧʦʢʽʡʥʽʡ ʤʝʨʝʞʽ. 

ʅʘʧʨʠʢʣʘʜ, ʍʦʣʣ [Hall, 2001] ʟʘʧʨʦʧʦʥʫʚʘʚ ʤʝʪʦʜʦʣʦʛʽʶ ʪʝʩʪʫʚʘʥʥʷ ʪʘ 

ʧʦʢʘʟʥʠʢʠ ʪʨʘʬʽʢʘ ʜʣʷ ʩʪʘʥʜʘʨʪʠʟʦʚʘʥʦʾ ʦʮʽʥʢʠ ʧʦʪʝʥʮʽʘʣʫ ʱʦʜʦ ʤʝʨʝʞʥʦʾ 

ʉɺɺ. ʇʦʪʽʤ ʢʣʽʻʥʪʠ ʤʝʨʝʞʥʦʾ ʉɺɺ ʤʦʞʫʪʴ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʩʪʘʥʜʘʨʪʠʟʦʚʘʥʽ 

ʨʝʟʫʣʴʪʘʪʠ ʪʝʩʪʫʚʘʥʥʷ ʧʦʪʫʞʥʦʩʪʝʡ ʜʣʷ ʢʦʞʥʦʾ ʤʝʪʨʠʢʠ ʪʘ ʧʨʦʬʽʣʶ ʾʭʥʽʭ 

ʤʝʨʝʞ, ʱʦʙ ʚʠʟʥʘʯʠʪʠ, ʯʠ ʟʜʘʪʥʘ ʤʝʨʝʞʥʘ ʉɺɺ ʥʘʚʽʪʴ ʧʽʜʪʨʠʤʫʚʘʪʠ ʧʝʨʝʚʽʨʢʫ 

ʪʨʘʬʽʢʘ. 

11. ʇʨʦʜʫʢʪʠʚʥʽʩʪʴ. ʇʽʜ ʯʘʩ ʨʦʟʛʣʷʜʫ ʤʝʨʝʞʥʠʭ ʪʝʭʥʦʣʦʛʽʡ ʥʘʚʝʜʝʤʦ 

ʢʣʶʯʦʚʽ ʩʪʨʫʢʪʫʨʠ ʽ ʚʣʘʩʪʠʚʦʩʪʽ, ʧʦʚô̫ ʟʘʥʽ ʟ ʧʨʦʜʫʢʪʠʚʥʽʩʪʶ ʤʝʨʝʞʽ. 
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ʊʦʧʦʣʦʛʽʷ: ʽʩʥʫʶʪʴ ʬʽʟʠʯʥʽ ʪʘ ʣʦʛʽʯʥʽ ʪʦʧʦʣʦʛʽʾ. ʌʽʟʠʯʥʘ ʪʦʧʦʣʦʛʽʷ ï 

ʩʭʝʤʘ ʨʦʟʪʘʰʫʚʘʥʥʷ ʢʘʙʝʣʽʚ, ʤʝʨʝʞʥʠʭ ʧʨʠʩʪʨʦʾʚ ʽ ʢʽʥʮʝʚʠʭ ʩʠʩʪʝʤ. ʋ ʥʽʡ 

ʦʧʠʩʫʻʪʴʩʷ, ʷʢ ʤʝʨʝʞʥʽ ʧʨʠʩʪʨʦʾ ʟô̒ ʜʥʘʥʽ ʤʽʞ ʩʦʙʦʶ ʟʘ ʜʦʧʦʤʦʛʦʶ ʧʨʦʚʦʜʽʚ ʽ 

ʢʘʙʝʣʽʚ. ʃʦʛʽʯʥʘ ʪʦʧʦʣʦʛʽʷ ï ʮʝ ʰʣʷʭ, ʟʘ ʷʢʠʤ ʜʘʥʽ ʧʝʨʝʜʘʶʪʴʩʷ ʫ ʤʝʨʝʞʽ. ʋ ʥʽʡ 

ʦʧʠʩʫʻʪʴʩʷ, ʷʢ ʢʦʨʠʩʪʫʚʘʯʽ ʙʘʯʘʪʴ ʟô̒ ʜʥʘʥʥʷ ʤʝʨʝʞʥʠʭ ʧʨʠʩʪʨʦʾʚ. 

ʐʚʠʜʢʽʩʪʴ ï ʮʝ ʢʽʣʴʢʽʩʪʴ ʧʝʨʝʜʘʥʠʭ ʜʘʥʠʭ ʟʘ ʙʫʜʴ-ʷʢʠʤʠ ʢʘʥʘʣʘʤʠ 

ʤʝʨʝʞʽ, ʷʢʘ ʚʠʤʽʨʶʻʪʴʩʷ ʚ ʙʽʪʘʭ ʟʘ ʩʝʢʫʥʜʫ (ʙʽʪ/ʩ). 

ɺʘʨʪʽʩʪʴ ʚʢʘʟʫʻ ʟʘʛʘʣʴʥʽ ʚʠʪʨʘʪʠ ʥʘ ʧʨʠʜʙʘʥʥʷ ʢʦʤʧʦʥʝʥʪʽʚ ʤʝʨʝʞʽ, 

ʚʩʪʘʥʦʚʣʝʥʥʷ ʪʘ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʤʝʨʝʞʽ. 

ɹʝʟʧʝʢʘ ʚʢʘʟʫʻ ʥʘ ʩʪʫʧʽʥʴ ʟʘʭʠʱʝʥʦʩʪʽ ʤʝʨʝʞʽ, ʚ ʪʦʤʫ ʯʠʩʣʽ ʟʘʭʠʱʝʥʦʩʪʽ 

ʽʥʬʦʨʤʘʮʽʾ, ʱʦ ʧʝʨʝʜʘʻʪʴʩʷ ʚ ʤʝʨʝʞʽ. ʌʘʢʪʦʨ ʙʝʟʧʝʢʠ ʚʽʜʽʛʨʘʻ ʜʫʞʝ ʚʘʞʣʠʚʫ 

ʨʦʣʴ, ʪʦʤʫ ʪʝʭʥʦʣʦʛʽʾ ʪʘ ʤʝʪʦʜʠ ʟʘʙʝʟʧʝʯʝʥʥʷ ʙʝʟʧʝʢʠ ʧʦʩʪʽʡʥʦ ʨʦʟʚʠʚʘʶʪʴʩʷ. 

ɿʘ ʙʫʜʴ-ʷʢʠʭ ʜʽʡ, ʷʢʽ ʤʦʞʫʪʴ ʚʧʣʠʥʫʪʠ ʥʘ ʨʦʙʦʪʫ ʤʝʨʝʞʽ, ʥʝʦʙʭʽʜʥʦ ʟʚʝʨʪʘʪʠ 

ʫʚʘʛʫ ʥʘ ʟʘʙʝʟʧʝʯʝʥʥʷ ʙʝʟʧʝʢʠ. 

ɼʦʩʪʫʧʥʽʩʪʴ ʚʢʘʟʫʻ ʥʘ ʤʦʞʣʠʚʽʩʪʴ ʚʠʢʦʨʠʩʪʘʥʥʷ ʤʝʨʝʞʽ ʚ ʤʦʤʝʥʪ 

ʟʚʝʨʥʝʥʥʷ ʢʦʨʠʩʪʫʚʘʯʘ. 

ʄʘʩʰʪʘʙʦʚʘʥʽʩʪʴ ʧʦʢʘʟʫʻ, ʥʘʩʢʽʣʴʢʠ ʣʝʛʢʦ ʤʝʨʝʞʘ ʤʦʞʝ ʚʤʽʱʘʪʠ ʙʽʣʴʰʫ 

ʢʽʣʴʢʽʩʪʴ ʢʦʨʠʩʪʫʚʘʯʽʚ ʽ ʚʽʜʧʦʚʽʜʘʪʠ ʚʠʤʦʛʘʤ ʧʝʨʝʜʘʯʽ ʜʘʥʠʭ. ʗʢʱʦ ʧʨʦʝʢʪ 

ʤʝʨʝʞʽ ʦʧʪʠʤʽʟʦʚʘʥʠʡ ʪʽʣʴʢʠ ʜʣʷ ʚʠʢʦʥʘʥʥʷ ʧʦʪʦʯʥʠʭ ʟʘʚʜʘʥʴ, ʪʦ ʨʦʟʰʠʨʝʥʥʷ 

ʤʝʨʝʞʽ ʜʣʷ ʚʽʜʧʦʚʽʜʥʦʩʪʽ ʟʨʦʩʪʘʶʯʠʤ ʚʠʤʦʛʘʤ ʪʷʛʥʝ ʟʘ ʩʦʙʦʶ ʚʝʣʠʢʽ ʪʨʫʜʥʦʱʽ ʽ 

ʚʠʩʦʢʽ ʚʠʪʨʘʪʠ. 

ʅʘʜʽʡʥʽʩʪʴ ʚʢʘʟʫʻ ʥʘ ʩʪʫʧʽʥʴ ʙʝʟʚʽʜʤʦʚʥʦʩʪʽ ʢʦʤʧʦʥʝʥʪʽʚ, ʟ ʷʢʠʭ 

ʩʢʣʘʜʘʻʪʴʩʷ ʤʝʨʝʞʘ: ʤʘʨʰʨʫʪʠʟʘʪʦʨʽʚ, ʢʦʤʫʪʘʪʦʨʽʚ, ʢʦʤʧôʁ ʪʝʨʽʚ ʽ ʩʝʨʚʝʨʽʚ. 

ʅʘʜʽʡʥʽʩʪʴ ʯʘʩʪʦ ʚʠʤʽʨʶʻʪʴʩʷ ʷʢ ʡʤʦʚʽʨʥʽʩʪʴ ʟʙʦʶ ʘʙʦ ʷʢ ʩʝʨʝʜʥʽʡ ʯʘʩ 

ʙʝʟʚʽʜʤʦʚʥʦʾ ʨʦʙʦʪʠ. 

ʏʘʩʦʚʽ ʪʘ ʷʢʽʩʥʽ ʧʦʢʘʟʥʠʢʠ ʨʦʙʦʪʠ ʤʝʨʝʞʽ. 

ʎʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʽ ʚʣʘʩʪʠʚʦʩʪʽ ʟʘʙʝʟʧʝʯʫʶʪʴ ʩʧʦʩʦʙʠ ʜʣʷ ʧʦʨʽʚʥʷʥʥʷ 

ʨʽʟʥʠʭ ʤʝʨʝʞʥʠʭ ʨʽʰʝʥʴ. ɺ ʨʦʙʦʪʽ [Shan, 2018] ʧʦʢʘʟʥʠʢ ʤʝʨʝʞʥʦʾ ʙʝʟʧʝʢʠ 
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ʤʦʞʝ ʜʘʪʠ ʜʘʥʽ, ʷʢʽ ʧʽʜʜʘʶʪʴʩʷ ʢʽʣʴʢʽʩʥʽʡ ʦʮʽʥʮʽ ʪʘ ʷʢʽ ʜʦʧʦʤʦʞʫʪʴ ʬʘʭʽʚʮʷʤ ʟ 

ʙʝʟʧʝʢʠ ʟʘʙʝʟʧʝʯʠʪʠ ʙʝʟʧʝʢʫ ʢʦʤʧôʁ ʪʝʨʥʠʭ ʤʝʨʝʞ. ʆʜʥʘʢ ʜʦʩʣʽʜʞʝʥʥʷ 

ʧʦʢʘʟʥʠʢʽʚ ʙʝʟʧʝʢʠ, ʟʘʩʥʦʚʘʥʽ ʥʘ ʛʨʘʬʽ ʘʪʘʢ, ʥʝ ʟʘʩʪʦʩʦʚʥʽ ʜʦ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 

ʚʥʫʪʨʽʰʥʽʭ ʘʪʘʢ, ʪʦʤʫ ʘʚʪʦʨʠ ʧʨʦʧʦʥʫʶʪʴ ʤʝʪʦʜ ʚʠʤʽʨʶʚʘʥʥʷ ʙʝʟʧʝʢʠ 

ʚʥʫʪʨʽʰʥʴʦʾ ʤʝʨʝʞʽ, ʟʘʩʥʦʚʘʥʠʡ ʥʘ ʡʤʦʚʽʨʥʦʩʪʽ ʘʪʘʢʠ. ʇʝʨʝʚʘʛʠ ʾʭʥʴʦʛʦ ʧʽʜʭʦʜʫ 

ʧʦʣʷʛʘʶʪʴ ʫ ʪʦʤʫ, ʱʦ: ʧʝʨʝʜʙʘʯʝʥʠʡ ʤʝʪʦʜ ʩʧʨʦʱʝʥʥʷ ʛʨʘʬʽʢʘ ʘʪʘʢʠ ʟ 

ʤʦʥʽʪʦʨʠʥʛʦʤ ʚʫʟʣʘ ʧʦʜʽʡ, ʷʢʠʡ ʜʦʟʚʦʣʷʻ ʚʠʨʽʰʠʪʠ ʧʨʦʙʣʝʤʫ 

ʝʢʩʧʦʥʝʥʮʽʘʣʴʥʦʛʦ ʟʨʦʩʪʘʥʥʷ ʛʨʘʬʫ ʘʪʘʢʠ ʟʽ ʟʙʽʣʴʰʝʥʥʷʤ ʨʦʟʤʽʨʫ ʤʝʨʝʞʽ, 

ʦʜʥʦʯʘʩʥʦ ʟʥʠʞʫʶʯʠ ʤʘʩʢʫʚʘʥʥʷ ʚʥʫʪʨʽʰʥʽʭ ʘʪʘʢ ʽ ʧʽʜʚʠʱʫʶʯʠ ʝʬʝʢʪʠʚʥʽʩʪʴ 

ʚʩʴʦʛʦ ʤʝʪʦʜʫ; ʤʝʪʦʜ ʨʦʟʨʘʭʫʥʢʫ ʡʤʦʚʽʨʥʦʩʪʽ ʘʪʘʢʠ ʥʘ ʦʩʥʦʚʽ ʩʧʨʦʱʝʥʦʛʦ ʛʨʘʬʫ 

ʜʦʟʚʦʣʷʻ ʩʧʨʦʩʪʠʪʠ ʩʢʣʘʜʥʽʩʪʴ ʚʥʫʪʨʽʰʥʽʭ ʘʪʘʢ ʽ ʧʽʜʚʠʱʠʪʠ ʪʦʯʥʽʩʪʴ ʧʽʜʭʦʜʫ. 

ʈʝʟʫʣʴʪʘʪʠ ʧʨʦʚʝʜʝʥʦʛʦ ʘʥʘʣʽʟʫ ʧʦʢʘʟʘʣʠ, ʱʦ ʽʩʥʫʻ ʤʥʦʞʠʥʘ ʧʦʢʘʟʥʠʢʽʚ 

ʷʢʦʩʪʽ ʨʦʙʦʪʠ ʤʝʨʝʞʽ ʪʘ ʩʠʩʪʝʤ ʚʠʷʚʣʝʥʥʷ ʚʪʦʨʛʥʝʥʴ ʽ ʤʦʞʥʘ ʦʙʨʘʪʠ ʪʽ 

ʧʦʢʘʟʥʠʢʠ, ʷʢʽ ʥʘʡʢʨʘʱʝ ʧʽʜʭʦʜʷʪʴ ʜʣʷ ʢʦʞʥʦʛʦ ʤʝʪʦʜʫ ʫʧʨʘʚʣʽʥʥʷ 

ʩʘʤʦʧʦʜʽʙʥʠʤ ʪʨʘʬʽʢʦʤ ʪʘ ʉɺɺ [ʍʦʨʦʰʢʦ, 2012].  

1.2. ɸʥʘʣʽʟ ʤʝʪʦʜʽʚ ʙʝʟʧʝʯʥʦʾ ʤʘʨʰʨʫʪʠʟʘʮʽʾ  

ʋ ʩʫʯʘʩʥʠʭ ʫʤʦʚʘʭ ʚʠʙʽʨ ʤʘʨʰʨʫʪʽʚ ʧʝʨʝʜʘʯʽ ʽʥʬʦʨʤʘʮʽʾ ʚʠʟʥʘʯʘʻʪʴʩʷ 

ʚʠʤʦʛʘʤʠ ʚʠʨʽʰʝʥʥʷ ʟʘʚʜʘʥʴ ʟʙʘʣʘʥʩʫʚʘʥʥʷ ʥʘʚʘʥʪʘʞʝʥʥʷ ʪʝʣʝʢʦʤʫʥʽʢʘʮʽʡʥʠʭ 

ʤʝʨʝʞ (ʊʂʄ), ʟʘʜʘʯ ʟʘʙʝʟʧʝʯʝʥʥʷ ʛʘʨʘʥʪʽʡ ʷʢʦʩʪʽ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ï QoS (Quality 

of Service) ʽ ʽʥʬʦʨʤʘʮʽʡʥʦʾ ʙʝʟʧʝʢʠ. ʉʢʣʘʜʥʽʩʪʴ ʚʠʨʽʰʝʥʥʷ ʢʦʤʧʣʝʢʩʫ 

ʧʝʨʝʨʘʭʦʚʘʥʠʭ ʟʘʚʜʘʥʴ ʟʫʤʦʚʠʣʘ ʧʦʷʚʫ ʢʦʥʮʝʧʮʽʾ ʟʘʚʯʘʩʥʦʾ ʤʘʨʰʨʫʪʠʟʘʮʽʾ ʘʙʦ 

ʤʘʨʰʨʫʪʠʟʘʮʽʾ ʟ ʧʦʧʝʨʝʜʥʽʤ ʦʙʯʠʩʣʝʥʥʷʤ ʰʣʷʭʽʚ PR (Precomputation Routing) 

[ʇʦʧʦʚʩʢʠʡ, 2011]. ɺ ʭʦʜʽ PR ʥʘ ʧʝʨʰʦʤʫ ʢʨʦʮʽ ʧʦʧʝʨʝʜʥʴʦ ʦʙʯʠʩʣʶʻʪʴʩʷ 

ʤʥʦʞʠʥʘ ʰʣʷʭʽʚ ʤʽʞ ʤʥʦʞʠʥʦʶ ʧʘʨ ʚʫʟʣʽʚ, ʘ ʥʘ ʜʨʫʛʦʤʫ ï ʟʜʽʡʩʥʶʻʪʴʩʷ 

ʨʦʟʧʦʜʽʣ ʪʨʘʬʽʢʽʚ ʢʦʨʠʩʪʫʚʘʯʽʚ ʟʘ ʮʠʤʠ ʰʣʷʭʘʤʠ ʟ ʚʠʜʽʣʝʥʥʷʤ ʢʦʞʥʦʤʫ ʟ ʥʠʭ 

ʥʝʦʙʭʽʜʥʦʾ ʧʨʦʧʫʩʢʥʦʾ ʟʜʘʪʥʦʩʪʽ ʟ ʤʝʪʦʶ ʟʘʙʝʟʧʝʯʝʥʥʷ ʟʘʜʘʥʠʭ ʧʦʢʘʟʥʠʢʽʚ 
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ʷʢʦʩʪʽ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ. ʂʦʥʮʝʧʮʽʷ PR ʟʘʢʣʘʜʝʥʘ ʚ ʪʘʢ ʟʚʘʥʫ ʤʦʜʝʣʴ çʚʽʜ 

ʫʧʨʘʚʣʽʥʥʷè [ʇʦʧʦʚʩʢʠʡ, 2011; ʃʝʤʝʰʢʦ, 2012] ʧʽʜ ʯʘʩ ʚʠʨʽʰʝʥʥ ̫ʤʘʨʰʨʫʪʥʠʭ 

ʟʘʚʜʘʥʴ ʚ ʪʝʭʥʦʣʦʛʽʷʭ Tag Switching (Cisco Systems), IP Navigator 

(Ascend/Lucent) ʽ ARIS (IBM). ʂʦʥʮʝʧʮʽʷ PR ʚ ʜʘʥʠʡ ʯʘʩ ʦʪʨʠʤʫʻ ʚʝʣʠʢʝ 

ʧʦʰʠʨʝʥʥʷ ʚʥʘʩʣʽʜʦʢ ʩʚʦʾʭ ʧʝʨʝʚʘʛ ʧʝʨʝʜ ʽʥʰʠʤʠ ʪʝʭʥʦʣʦʛʽʷʤʠ ʤʘʨʰʨʫʪʠʟʘʮʽʾ 

[Chakryan, 2015-3]. 

ʆʩʦʙʣʠʚʽʩʪʶ ʩʫʯʘʩʥʠʭ ʧʨʦʮʝʩʽʚ ʤʘʨʰʨʫʪʠʟʘʮʽʾ ʻ ʥʘʷʚʥʽʩʪʴ ʚʝʣʠʢʦʾ 

ʢʽʣʴʢʦʩʪʽ ʟʘʛʨʦʟ ʽʥʬʦʨʤʘʮʽʡʥʽʡ ʙʝʟʧʝʮʽ, ʩʧʨʷʤʦʚʘʥʠʭ ʥʘ ʨʽʟʥʽ ʝʣʝʤʝʥʪʠ ʩʠʩʪʝʤʠ 

ʤʘʨʰʨʫʪʠʟʘʮʽʾ. ʊʘʢ, ʥʘʧʨʠʢʣʘʜ, ʟʛʽʜʥʦ ʟ ʜʦʩʣʽʜʞʝʥʥʷʤ [ʃʫʢʘʮʢʠʡ, 2018], ʚ 

ʤʝʨʝʞʽ ʤʦʞʣʠʚʠʡ ʥʝʘʚʪʦʨʠʟʦʚʘʥʠʡ ʜʦʩʪʫʧ ʟʣʦʚʤʠʩʥʠʢʽʚ ʜʦ ʪʨʘʬʽʢʘ ʯʝʨʝʟ ʚʟʷʪʪʷ 

ʥʠʤʠ ʧʽʜ ʢʦʥʪʨʦʣʴ ʚʫʟʣʽʚ ʤʝʨʝʞʽ. ʄʦʞʣʠʚʽ ʪʘʢʽ ʚʠʜʠ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʘʪʘʢ, ʷʢ 

ʢʦʤʧʨʦʤʝʪʘʮʽʷ ʧʨʠʩʪʨʦʾʚ ʧʦʩʪʘʯʘʣʴʥʠʢʘ ʧʦʩʣʫʛ, ʟʣʘʤ ʩʪʘʥʮʽʡ ʫʧʨʘʚʣʽʥʥʷ 

ʤʝʨʝʞʝʶ, ʘʪʘʢʠ ʥʘ ʪʨʘʥʟʠʪʥʽ ʧʨʠʩʪʨʦʶ ʤʽʞ ʧʨʦʚʘʡʜʝʨʘʤʠ ʽ ʪ. ʽʥ. ʅʝʦʙʭʽʜʥʦ 

ʟʘʟʥʘʯʠʪʠ, ʱʦ ʟʘʙʝʟʧʝʯʝʥʥʷ ʢʦʥʬʽʜʝʥʮʽʡʥʦʩʪʽ ʽʥʬʦʨʤʘʮʽʾ ʝʬʝʢʪʠʚʥʦ 

ʚʠʨʽʰʫʻʪʴʩʷ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʰʠʬʨʫʚʘʥʥʷ ʪʨʘʬʽʢʘ. ʆʜʥʘʢ ʚʽʜ ʮʴʦʛʦ ʩʧʦʩʦʙʫ 

ʟʘʭʠʩʪʫ ʯʘʩʪʦ ʚʽʜʤʦʚʣʷʶʪʴʩʷ ʟʘʨʘʜʠ ʝʢʦʥʦʤʽʾ ʽ ʧʨʦʩʪʦʪʠ ʘʜʤʽʥʽʩʪʨʫʚʘʥʥʷ 

ʚʽʨʪʫʘʣʴʥʦʾ ʧʨʠʚʘʪʥʦʾ ʤʝʨʝʞʽ [ʃʫʢʘʮʢʠʡ, 2018]. ʆʜʥʘʢ ʥʝ ʤʦʞʥʘ ʚʠʢʣʶʯʘʪʠ ʽ 

çʥʘʡʥʝʙʝʟʧʝʯʥʽʰʫ ʫʨʘʟʣʠʚʽʩʪʴè ʙʫʜʴ-ʷʢʠʭ ʩʫʯʘʩʥʠʭ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʩʠʩʪʝʤ ï 

ʣʶʜʠʥʫ, ʱʦ ʚʭʦʜʠʪʴ ʚ ʾʭʥ  ʁʩʠʩʪʝʤʫ ʫʧʨʘʚʣʽʥʥʷ. ʂʘʜʨʦʚʘ ʧʦʣʽʪʠʢʘ ʧʨʦʚʘʡʜʝʨʽʚ ʽ 

ʚʧʣʠʚ ʣʶʜʠʥʠ ʥʘ ʽʥʬʦʨʤʘʮʽʡʥʫ ʙʝʟʧʝʢʫ ʜʘʥʠʭ ʢʦʤʧʘʥʽʡ ʽ ʾʭ ʢʣʽʻʥʪʽʚ ʻ ʦʢʨʝʤʠʤ 

ʜʦʩʣʽʜʞʝʥʥʷʤ. ʆʜʥʘʢ ʥʘʚʽʪʴ ʧʦʚʝʨʭʥʝʚʠʡ ʘʥʘʣʽʟ ʩʫʯʘʩʥʦʛʦ ʩʪʘʥʫ ʮʽʻʾ ʪʝʤʠ 

ʧʦʢʘʟʫʻ ʥʘʷʚʥʽʩʪʴ ʚʝʣʠʯʝʟʥʦʾ ʢʽʣʴʢʦʩʪʽ ʧʨʦʙʣʝʤ [ʐʘʥʴʛʠʥ, 2017]. 

ʅʝʙʝʟʧʝʯʥʠʤʠ ʜʣʷ ʢʦʤʧôʁ ʪʝʨʥʦʾ ʤʝʨʝʞʽ ʻ DDoS-ʘʪʘʢʠ ʥʘ ʢʣʽʻʥʪʩʴʢʽ 

ʤʝʨʝʞʽ, ʧʽʜʢʣʶʯʝʥʽ ʜʦ ʪʘʢʦʾ ʤʝʨʝʞʽ. DDoS-ʘʪʘʢʘ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʟʨʦʩʪʘʥʥʷ 

ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʘʪʘʢʦʚʘʥʦʛʦ ʪʨʘʬʽʢʘ ʯʝʨʝʟ ʤʘʨʰʨʫʪʠʟʘʪʦʨʠ ʤʘʛʽʩʪʨʘʣʴʥʦʾ ʤʝʨʝʞʽ, 

ʾʭʥ ̒ ʧʝʨʝʚʘʥʪʘʞʝʥʥʷ, ʽ ʚʽʜʧʦʚʽʜʥʦ ʚʽʜʤʦʚʠ ʘʙʦ ʟʘʪʨʠʤʢʠ ʚ ʦʙʩʣʫʛʦʚʫʚʘʥʥʽ 

ʣʝʛʽʪʠʤʥʦʛʦ ʪʨʘʬʽʢʘ. ʉʢʣʘʜʥʽʩʪʴ ʙʦʨʦʪʴʙʠ ʟ ʪʘʢʠʤʠ ʘʪʘʢʘʤʠ ʧʦʣʷʛʘʻ ʫ ʪʦʤʫ, ʱʦ 

ʥʝ ʧʨʦʩʪʦ ʚʽʜʨʽʟʥʠʪʠ ʣʝʛʽʪʠʤʥʠʡ ʪʨʘʬʽʢ ʚʽʜ ʘʪʘʢʦʚʘʥʦʛʦ DDoS-ʪʨʘʬʽʢʘ. 
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ʋ ʮʠʭ ʫʤʦʚʘʭ ʘʢʪʫʘʣʴʥʠʤ ʟʘʚʜʘʥʥʷʤ ʫʧʨʘʚʣʽʥʥʷ ʪʨʘʬʽʢʦʤ ʻ ʚʠʙʽʨ ʪʘʢʠʭ 

ʤʘʨʰʨʫʪʽʚ ʧʝʨʝʜʘʯʽ ʪʨʘʬʽʢʘ, ʷʢʽ ʟʘʙʝʟʧʝʯʫʶʪʴ ʦʙʣʽʢ ʷʢ ʚʠʤʦʛ ʷʢʦʩʪʽ 

ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ (QoS), ʪʘʢ ʽ ʚʠʤʦʛ ʽʥʬʦʨʤʘʮʽʡʥʦʾ ʙʝʟʧʝʢʠ. ɼʣʷ ʨʦʟʨʘʭʫʥʢʫ 

ʢ̫ʦʩʪʽ ʤʘʨʰʨʫʪʫ ʚ ʩʫʯʘʩʥʠʭ ʊʂʄ ʤʦʞʫʪʴ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠʩʷ ʪʘʢʽ ʧʘʨʘʤʝʪʨʠ, ʷʢ 

ʟʘʪʨʠʤʢʘ ʽʥʬʦʨʤʘʮʽʾ, ʧʨʦʧʫʩʢʥʘ ʟʜʘʪʥʽʩʪʴ ʤʘʨʰʨʫʪʫ, ʟʘʚʘʥʪʘʞʝʥʽʩʪʴ ʽ 

ʥʘʜʽʡʥʽʩʪʴ ʢʘʥʘʣʽʚ ʟʚôʷʟʢʫ ʤʘʨʰʨʫʪʫ. ɼʣʷ ʦʙʣʽʢʫ ʽʥʬʦʨʤʘʮʽʡʥʦʾ ʙʝʟʧʝʢʠ 

ʤʘʨʰʨʫʪʫ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʧʦʢʘʟʥʠʢʠ ʨʠʟʠʢʫ ʽʥʬʦʨʤʘʮʽʡʥʦʾ ʙʝʟʧʝʢʠ ʚʫʟʣʽʚ 

ʤʘʨʰʨʫʪʫ, ʘʙʦ ʡʤʦʚʽʨʥʦʩʪʽ ʘʪʘʢʠ ʥʘ ʚʫʟʣʠ ʤʝʨʝʞʽ ʟʣʦʚʤʠʩʥʠʢʦʤ ʽ ʩʪʫʧʽʥʴ 

ʫʨʘʟʣʠʚʦʩʪʽ ʩʠʩʪʝʤʠ ʟʘʭʠʩʪʫ ʮʠʭ ʚʫʟʣʽʚ ʜʦ ʪʘʢʠʭ ʘʪʘʢ [ɿʘʤʫʣʘ, 2014; Asif, 2017]. 

ɺʠʢʦʨʠʩʪʘʥʥʷ ʮʠʭ ʧʦʢʘʟʥʠʢʽʚ ʜʦʟʚʦʣʷʻ ʚʠʙʨʘʪʠ ʤʘʨʰʨʫʪ ʧʝʨʝʜʘʯʽ ʧʘʢʝʪʽʚ ʟ 

ʙʽʣʴʰ ʥʠʟʴʢʦʶ ʡʤʦʚʽʨʥʽʩʪʶ ʧʦʨʫʰʝʥʥʷ ʢʦʥʬʽʜʝʥʮʽʡʥʦʩʪʽ ʪʘ ʮʽʣʽʩʥʦʩʪʽ 

ʽʥʬʦʨʤʘʮʽʾ, ʱʦ ʧʝʨʝʜʘʻʪʴʩʷ. ʆʜʥʘʢ ʦʙʣʽʢ ʚʠʤʦʛ ʟʘ ʦʜʥʠʤ ʧʦʢʘʟʥʠʢʦʤ ʧʨʠ ʚʠʙʦʨʽ 

ʤʘʨʰʨʫʪʫ ʙʝʟ ʫʨʘʭʫʚʘʥʥʷ ʧʦʢʘʟʥʠʢʽʚ ʷʢʦʩʪʽ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʤʦʞʝ ʧʨʠʟʚʝʩʪʠ ʜʦ 

ʥʝʧʨʠʧʫʩʪʠʤʦʛʦ ʧʦʛʽʨʰʝʥʥʷ ʷʢʦʩʪʽ ʨʦʙʦʪʠ ʤʝʨʝʞʽ. ʊʘʢ, ʥʘʧʨʠʢʣʘʜ, ʚʠʙʽʨ ʙʽʣʴʰ 

ʙʝʟʧʝʯʥʦʛʦ, ʟ ʪʦʯʢʠ ʟʦʨʫ ʟʘʙʝʟʧʝʯʝʥʥʷ ʢʦʥʬʽʜʝʥʮʽʡʥʦʩʪʽ ʽʥʬʦʨʤʘʮʽʾ, ʤʘʨʰʨʫʪʫ 

ʤʦʞʝ ʥʝ ʟʘʜʦʚʦʣʴʥʷʪʠ ʚʠʤʦʛʠ ʟʘ ʯʘʩʦʤ ʟʘʪʨʠʤʢʠ ʽʥʬʦʨʤʘʮʽʾ, ʱʦ ʢʨʠʪʠʯʥʦ, 

ʥʘʧʨʠʢʣʘʜ, ʜʣʷ ʪʨʘʬʽʢʘ ʩʝʨʚʽʩʽʚ ʨʝʘʣʴʥʦʛʦ ʯʘʩʫ (IP-ʪʝʣʝʬʦʥʽʷ, IPTV, ʚʽʜʝʦ ʟʘ 

ʟʘʧʠʪʦʤ, ʘʫʜʽʦ- ʪʘ ʚʽʜʝʦ - ʢʦʥʬʝʨʝʥʮʽʾ, VoIP ʽ ʽʥ.). 

ɼʦ ʦʩʥʦʚʥʠʭ ʧʨʠʯʠʥ ʧʦʛʽʨʰʝʥʥʷ ʧʘʨʘʤʝʪʨʽʚ ʷʢʦʩʪʽ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ 

ʥʘʣʝʞʠʪʴ  ʥʝʛʘʪʠʚʥʠʡ ʚʧʣʠʚ ʨʽʟʥʦʨʽʜʥʦʩʪʽ ʨʝʩʫʨʩʽʚ, ʱʦ ʧʨʠʟʚʦʜʠʪʴ ʜʦ 

ʚʠʥʠʢʥʝʥʥʷ ʚʫʟʴʢʠʭ ʤʽʩʮʴ ʤʝʨʝʞʽ, ʪʘ ʾʭ ʦʙʤʝʞʝʥʽʩʪʴ ʧʽʜ ʯʘʩ ʧʝʨʝʜʘʯʽ ʪʨʘʬʽʢʘ. 

ʎʝ ʤʦʞʝ ʙʫʪʠ ʚʠʨʘʞʝʥʦ ʚ ʪʠʤʯʘʩʦʚʦʤʫ ʟʥʠʞʝʥʥʽ ʰʚʠʜʢʦʩʪʽ ʧʝʨʝʜʘʯʽ ʧʘʢʝʪʽʚ, ʫ 

ʟʙʽʣʴʰʝʥʽ ʚʪʨʘʪ ʧʘʢʝʪʽʚ ʪʘ ʜʞʠʪʝʨʫ ʯʝʨʝʟ ʧʝʨʝʚʘʥʪʘʞʝʥʥʷ ʨʝʩʫʨʩʽʚ ʤʝʨʝʞʽ. 

ʄʝʪʦʜʠ ʟʘʙʝʟʧʝʯʝʥʥʷ QoS ʩʧʨʷʤʦʚʘʥʽ ʥʘ ʟʘʧʦʙʽʛʘʥʥʷ ʥʝʛʘʪʠʚʥʠʭ ʥʘʩʣʽʜʢʽʚ 

ʪʠʤʯʘʩʦʚʠʭ ʧʝʨʝʚʘʥʪʘʞʝʥʴ, ʱʦ ʚʠʥʠʢʘʶʪʴ ʚ ʤʝʨʝʞʘʭ ʟ ʢʦʤʫʪʘʮʽʻʶ ʧʘʢʝʪʽʚ.  

ʇʨʦʚʝʜʝʥʽ ʚ ʦʩʪʘʥʥʽ ʜʝʩʷʪʠʣʽʪʪʷ ʥʘʫʢʦʚʽ ʪʘ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ 

ʜʦʩʣʽʜʞʝʥʥʷ ʩʚʽʜʯʘʪʴ, ʱʦ ʪʨʘʬʽʢ ʫ ʢʦʤʧôʶʪʝʨʥʠʭ ʤʝʨʝʞʘʭ ʤʘʻ ʩʘʤʦʧʦʜʽʙʥʽ 

(ʬʨʘʢʪʘʣʴʥʽ) ʚʣʘʩʪʠʚʦʩʪʽ. ʎʝ ʦʙʫʤʦʚʣʝʥʦ ʦʩʦʙʣʠʚʦʩʪʷʤʠ ʨʦʟʧʦʜʽʣʫ ʬʘʡʣʽʚ ʧʦ 
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ʩʝʨʚʝʨʘʭ, ʾʭʥʽʭ ʨʦʟʤʽʨʘʭ, ʟʘ ʪʠʧʦʚʦʶ ʧʦʚʝʜʽʥʢʦʶ ʢʦʨʠʩʪʫʚʘʯʽʚ ʪʘ ʟʤʽʥʘʤʠ 

ʤʝʨʝʞʥʠʭ ʨʝʩʫʨʩʽʚ ʽ ʪʦʧʦʣʦʛʽʻ  ʁʤʝʨʝʞʽ. ʉʘʤʦʧʦʜʽʙʥʠʡ ʪʨʘʬʽʢ ʚʠʢʣʠʢʘʻ ʟʥʘʯʥʽ 

ʟʘʪʨʠʤʢʠ ʽ ʚʪʨʘʪʠ ʧʘʢʝʪʽʚ, ʥʘʚʽʪʴ ʷʢʱʦ ʩʫʤʘʨʥʘ ʽʥʪʝʥʩʠʚʥʽʩʪʴ ʚʩʽʭ ʧʦʪʦʢʽʚ 

ʜʘʣʝʢʘ ʚʽʜ ʤʘʢʩʠʤʘʣʴʥʦ ʜʦʧʫʩʪʠʤʠʭ ʟʥʘʯʝʥʴ. ɽʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʪʘ ʯʠʩʝʣʴʥʽ 

ʜʦʩʣʽʜʞʝʥʥʷ, ʧʨʦʚʝʜʝʥʽ ʚ ʦʩʪʘʥʥʽ ʜʝʩʷʪʠʨʽʯʯʷ, ʩʚʽʜʯʘʪʴ, ʱʦ ʪʨʘʬʽʢ ʫ ʙʘʛʘʪʴʦʭ 

ʢʦʤʧôʶʪʝʨʥʠʭ ʤʝʨʝʞʘʭ ʤʘʻ ʩʘʤʦʧʦʜʽʙʥʽ ʚʣʘʩʪʠʚʦʩʪʽ. ʉʘʤʦʧʦʜʽʙʥʠʡ ʪʨʘʬʽʢ 

ʚʠʢʣʠʢʘʻ ʟʥʘʯʥʽ ʟʘʪʨʠʤʢʠ ʽ ʚʪʨʘʪʠ ʧʘʢʝʪʽʚ, ʥʘʚʽʪʴ ʫ ʚʠʧʘʜʢʫ, ʷʢʱʦ ʩʫʤʘʨʥʘ 

ʽʥʪʝʥʩʠʚʥʽʩʪʴ ʫʩʽʭ ʧʦʪʦʢʽʚ ʜʘʣʝʢʘ ʚʽʜ ʤʘʢʩʠʤʘʣʴʥʦ ʜʦʧʫʩʪʠʤʠʭ ʟʥʘʯʝʥʴ. 

ʉʘʤʦʧʦʜʽʙʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʧʦʪʦʢʽʚ ʚʠʷʚʣʝʥʽ ʫ ʙʘʛʘʪʴʦʭ ʣʦʢʘʣʴʥʠʭ 

ʽ ʛʣʦʙʘʣʴʥʠʭ ʪʝʣʝʢʦʤʫʥʽʢʘʮʽʡʥʠʭ ʤʝʨʝʞʘʭ [Shelukhin, 2007; Riedi, 2002, 

Kantelhardt, 2012; ʇʦʧʦʚʩʴʢʠʡ, 2006]. ʋ ʟʚôʷʟʢʫ ʟ ʚʠʱʝʚʠʢʣʘʜʝʥʠʤ ʧʦʯʘʣʠ 

ʘʢʪʠʚʥʦ ʜʦʩʣʽʜʞʫʚʘʪʠʩʷ ʤʝʭʘʥʽʟʤʠ ʧʽʜʚʠʱʝʥʥʷ ʷʢʦʩʪʽ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʽ ʤʝʪʦʜʠ 

ʫʧʨʘʚʣʽʥʥʷ ʪʨʘʬʽʢʦʤ ʫ ʢʦʤʧôʶʪʝʨʥʠʭ ʤʝʨʝʞʘʭ, ʱʦ ʬʫʥʢʮʽʦʥʫʶʪʴ ʚ ʫʤʦʚʘʭ 

ʩʘʤʦʧʦʜʽʙʥʦʛʦ ʪʨʘʬʽʢʘ [ʐʝʣʫʭʠʥ, 2010].  

ɿʘʚʜʘʥʥʷʤ ʜʘʥʦʾ ʨʦʙʦʪʠ ʻ ʨʦʟʨʦʙʢʘ ʤʝʪʦʜʫ ʙʝʟʧʝʯʥʦʾ ʤʘʨʰʨʫʪʠʟʘʮʽʾ, 

ʷʢʠʡ ʟʘʩʥʦʚʘʥʠʡ ʥʘ ʫʨʘʭʫʚʘʥʥʽ ʩʘʤʦʧʦʜʽʙʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʪʨʘʬʽʢʘ ʪʘ ʚʠʷʚʣʝʥʥʽ 

ʚʪʦʨʛʥʝʥʴ ʜʣʷ ʟʤʝʥʰʝʥʥʷ ʟʘʪʨʠʤʢʠ ʧʘʢʝʪʽʚ ʫ ʤʝʨʝʞʽ ʪʘ ʧʝʨʝʜʘʯʽ ʣʝʛʽʪʠʤʥʦʛʦ 

ʪʨʘʬʽʢʫ ʟʘ ʥʘʡʢʦʨʦʪʰʠʤʠ ʰʣʷʭʘʤʠ. 

1.3. ɸʥʘʣʽʟ ʤʝʪʦʜʽʚ ʙʝʟʧʝʯʥʦʛʦ ʙʘʣʘʥʩʫʚʘʥʥʷ ʪʨʘʬʽʢʘ  

ʉʫʯʘʩʥʽ ʤʝʨʝʞʽ ʟʚôʷʟʢʫ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴʩʷ ʟʥʘʯʥʠʤʠ ʩʣʘʙʢʦ 

ʧʝʨʝʜʙʘʯʫʚʘʥʠʤʠ ʢʦʣʠʚʘʥʥʷʤʠ ʥʘʚʘʥʪʘʞʝʥʥʷ. ʊʨʘʬʽʢ ʩʫʯʘʩʥʦʾ ʛʣʦʙʘʣʴʥʦʾ 

ʤʝʨʝʞʽ ʚʠʷʚʣʷʻ ʝʢʩʧʦʥʝʥʮʽʘʣʴʥʝ ʟʨʦʩʪʘʥʥʷ, ʚʽʜʙʫʚʘʶʪʴʩʷ ʟʥʘʯʥʽ ʩʪʨʫʢʪʫʨʥʽ 

ʟʤʽʥʠ, ʚʩʝ ʙʽʣʴʰ ʚʽʜʯʫʪʥʠʤʠ ʩʪʘʶʪʴ ʩʣʘʙʢʦ ʧʝʨʝʜʙʘʯʫʚʘʥʽ ʢʦʣʠʚʘʥʥʷ 

ʥʘʚʘʥʪʘʞʝʥʴ. ʇʨʦʮʝʩʠ ʢʦʥʚʝʨʛʝʥʮʽʾ ʤʝʨʝʞ ʟʚôʷʟʢʫ ʧʨʠʟʚʝʣʠ ʜʦ ʜʦʤʽʥʫʚʘʥʥʷ 

ʧʨʦʪʦʢʦʣʫ IP ʫ ʷʢ ʫʥʽʚʝʨʩʘʣʴʥʠʡ ʜʣʷ ʫʩʽʭ ʚʠʜʽʚ ʜʘʥʠʭ, ʱʦ ʧʝʨʝʜʘʶʪʴʩʷ. ʆʜʥʘʢ 

ʚʽʜʩʫʪʥʽʩʪʴ ʚʙʫʜʦʚʘʥʠʭ ʤʝʭʘʥʽʟʤʽʚ ʽʥʞʠʥʽʨʠʥʛʫ ʪʨʘʬʽʢʘ ʩʪʘʚʠʪʴ ʧʠʪʘʥʥʷ ʧʨʦ 
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ʥʝʦʙʭʽʜʥʽʩʪʴ ʨʦʟʨʦʙʢʠ ʤʝʪʦʜʽʚ, ʱʦ ʜʦʟʚʦʣʷʶʪʴ ʙʽʣʴʰ ʝʬʝʢʪʠʚʥʦ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʤʦʞʣʠʚʦʩʪʽ ʥʘʷʚʥʦʾ ʤʝʨʝʞʥʦʾ ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ, ʘʣʝ ʥʝ 

ʧʦʪʨʝʙʫʶʪʴ ʟʤʽʥʠ ʦʩʥʦʚ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʛʣʦʙʘʣʴʥʦʾ ʤʝʨʝʞʽ. ʆʜʥʠʤ ʟ ʥʘʡʙʽʣʴʰ 

ʧʝʨʩʧʝʢʪʠʚʥʠʭ ʚʘʨʽʘʥʪʽʚ ʚʠʨʽʰʝʥʥʷ ʟʘʟʥʘʯʝʥʠʭ ʧʨʦʙʣʝʤ ʥʘ ʩʴʦʛʦʜʥʽʰʥʽʡ ʜʝʥʴ ʻ 

ʜʠʥʘʤʽʯʥʽ ʤʝʭʘʥʽʟʤʠ ʙʘʣʘʥʩʫʚʘʥʥʷ ʪʨʘʬʽʢʘ, ʱʦ ʚʠʢʣʠʢʘʶʪʴ ʧʠʣʴʥʠʡ ʽʥʪʝʨʝʩ 

ʥʘʫʢʦʚʦʾ ʩʧʽʣʴʥʦʪʠ. ɿʘʩʪʦʩʫʚʘʥʥʷ ʜʘʥʠʭ ʤʝʪʦʜʽʚ, ʱʦ ʨʝʘʛʫʶʪʴ ʥʘ ʟʤʽʥʠ 

ʤʝʨʝʞʥʠʭ ʥʘʚʘʥʪʘʞʝʥʴ ʚ ʨʝʞʠʤʽ, ʙʣʠʟʴʢʦʤʫ ʜʦ ʨʝʘʣʴʥʦʛʦ ʯʘʩʫ, ʜʣʷ ʣʦʢʘʣʴʥʦʛʦ 

ʧʦʤôʷʢʰʝʥʥʷ ʪʠʤʯʘʩʦʚʠʭ ʧʝʨʝʚʘʥʪʘʞʝʥʴ ʚ ʛʣʦʙʘʣʴʥʽʡ ʤʝʨʝʞʽ ʜʦʟʚʦʣʠʪʴ 

ʧʦʟʙʫʪʠʩʷ ʥʝʜʦʣʽʢʽʚ, ʱʦ ʤʘʶʪʴ ʽʩʥʫʶʯʽ ʤʝʨʝʞʽ. [Kurose, 2012; Wenhong Tian, 

2014; Hisao Kameda, 1997; Red Hat, 2015]. 

ɿʙʽʣʴʰʝʥʥʷ ʧʦʧʠʪʫ ʥʘ ʧʨʠʩʪʨʦʾ ʙʘʣʘʥʩʫʚʘʥʥʷ ʥʘʚʘʥʪʘʞʝʥʥʷ ʟ ʤʝʪʦʶ 

ʟʘʜʦʚʦʣʝʥʥʷ ʙʽʣʴʰ ʩʫʯʘʩʥʠʭ ʚʠʤʦʛ ʱʦʜʦ ʜʦʩʪʘʚʢʠ ʩʝʨʚʽʩʽʚ ʪʘ ʜʦʜʘʪʢʽʚ ʽ 

ʧʽʜʚʠʱʝʥʥʷ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ ʜʦʜʘʪʢʽʚ ʧʨʠʟʚʝʣʦ ʜʦ ʩʪʨʽʤʢʦʛʦ ʨʦʟʚʠʪʢʫ 

ʙʘʣʘʥʩʫʚʘʣʴʥʠʢʽʚ. 

ʗʢ ʚʽʜʦʤʦ, ʙʘʣʘʥʩʫʚʘʣʴʥʠʢʠ ï ʮʝ ʩʧʝʮʽʘʣʽʟʦʚʘʥʽ ʤʝʨʝʞʥʽ ʧʨʠʩʪʨʦʾ, 

ʧʨʠʟʥʘʯʝʥʽ ʜʣʷ ʧʽʜʚʠʱʝʥʥʷ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ, ʙʝʟʧʝʢʠ ʪʘ ʚʽʜʤʦʚʦʩʪʽʡʢʦʩʪʽ 

ʜʦʜʘʪʢʽʚ, ʱʦ ʜʦʩʪʘʚʣʷʶʪʴʩʷ ʧʦ ʤʝʨʝʞʽ. ɺʦʥʠ ʤʦʞʫʪʴ ʧʽʜʪʨʠʤʫʚʘʪʠ ʷʢ 

ʧʦʟʠʪʠʚʥʽ, ʪʘʢ ʽ ʥʝʛʘʪʠʚʥʽ ʤʦʜʝʣʽ ʙʝʟʧʝʢʠ. ʂʦʣʠ ʙʘʣʘʥʩʫʚʘʣʴʥʠʢ ʟʥʘʭʦʜʠʪʴʩʷ ʚ 

ʨʝʞʠʤʽ çʥʘʚʯʘʥʥʷè, ʚʽʥ ʤʦʞʝ ʘʥʘʣʽʟʫʚʘʪʠ ʪʨʘʬʽʢ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʭʘʨʘʢʪʝʨʫ 

ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ, ʷʢʠʡ ʚʢʘʟʫʻ ʥʘ ʥʦʨʤʘʣʴʥʫ ʧʦʚʝʜʽʥʢʫ. ʗʢʱʦ ʙʫʚ ʚʽʜʧʨʘʚʣʝʥʠʡ 

ʰʢʽʜʣʠʚʠʡ ʚʭʽʜʥʠʡ ʟʘʧʠʪ, ʥʘʧʨʠʢʣʘʜ, ʟʘ ʜʦʧʦʤʦʛʦʶ ʚʧʨʦʚʘʜʞʝʥʥʷ SQL ʘʙʦ 

ʤʽʞʩʘʡʪʦʚʦʛʦ ʩʢʨʠʧʪʠʥʛʘ, ʚʽʥ ʘʚʪʦʤʘʪʠʯʥʦ ʚʠʟʥʘʯʠʪʴ ʮʝʡ ʟʘʧʠʪ ʽ ʟʘʙʣʦʢʫʻ ʡʦʛʦ. 

ɺʽʥ ʪʘʢʦʞ ʤʦʞʝ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʟʘʭʠʩʪ ʥʘ ʦʩʥʦʚʽ ʩʠʛʥʘʪʫʨ ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʽʥʪʝʛʨʘʮʽʾ ʟʽ ʩʪʦʨʦʥʥʽʤʠ ʧʦʩʪʘʯʘʣʴʥʠʢʘʤʠ ʨʽʰʝʥʴ ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʙʝʟʧʝʢʠ, 

ʪʘʢʠʤʠ ʷʢ Qualys. ʆʙô̒ ʜʥʘʥʥʷ ʮʠʭ ʤʝʪʦʜʽʚ ʟʘʭʠʩʪʫ ʜʦʟʚʦʣʷʻ ʙʘʣʘʥʩʫʚʘʣʴʥʠʢʫ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʢʦʤʧʣʝʢʩʥʫ ʛʽʙʨʠʜʥʫ ʤʦʜʝʣʴ ʙʝʟʧʝʢʠ ʜʣʷ ʜʦʜʘʪʢʽʚ ʽ 

ʢʦʨʠʩʪʫʚʘʯʽʚ. 

http://www.amazon.com/James-F.-Kurose/e/B001IGQHKM/ref=ntt_athr_dp_pel_1
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ɹʘʣʘʥʩʫʚʘʥʥʷ ʥʘʚʘʥʪʘʞʝʥʥʷ ʰʠʨʦʢʦ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʚ ʢʦʨʧʦʨʘʪʠʚʥʠʭ 

ʩʠʩʪʝʤʘʭ ʟʘʭʠʩʪʫ, ʟʘʙʝʟʧʝʯʫʶʯʠ ʨʽʚʥʦʤʽʨʥʝ ʥʘʚʘʥʪʘʞʝʥʥʷ ʥʘ ʩʝʨʚʝʨʠ, ʜʣʷ 

ʟʘʭʠʩʪʫ ʚʝʙ-ʩʝʨʚʽʩʽʚ ʽ ʩʘʡʪʽʚ, ʫ ʩʠʩʪʝʤʘʭ ʬʽʣʴʪʨʘʮʽʾ ʚʝʙ-ʢʦʥʪʝʥʪʫ ʽ ʪ. ʽʥ. ʊʘʢʦʞ 

ʽʩʥʫʶʪʴ ʨʽʟʥʽ ʦʥʣʘʡʥ-ʩʝʨʚʽʩʠ ʟ ʦʨʛʘʥʽʟʘʮʽʾ ʙʘʣʘʥʩʫʚʘʥʥʷ ʟʘ ʧʝʚʥʠʤ ʤʝʪʦʜʦʤ. 

ʄʦʞʣʠʚʽʩʪʴ ʟʜʽʡʩʥʶʚʘʪʠ ʙʘʣʘʥʩʫʚʘʥʥʷ ʥʘʚʘʥʪʘʞʝʥʥʷ ʜʦʜʘʪʢʽʚ, ʱʦ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʧʨʦʪʦʢʦʣ HTTP/HTTPS, ʽ ʧʨʘʮʶʚʘʪʠ ʟ ʦʩʦʙʣʠʚʠʤʠ 

ʤʦʞʣʠʚʦʩʪʷʤʠ ʨʽʚʥʷ 7 ʘʙʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʙʘʣʘʥʩʫʚʘʥʥʷ ʥʘʚʘʥʪʘʞʝʥʥʷ ʩʫʚʦʨʦ 

ʥʘ 4 ʨʽʚʥʽ ʜʣʷ ʜʦʜʘʪʢʽʚ, ʷʢʽ ʧʨʘʮʶʶʪʴ ʟ ʧʨʦʪʦʢʦʣʘʤʠ TCP ʽ UDP. 

ɺʠʙʠʨʘʪʠ ʙʘʣʘʥʩʫʚʘʣʴʥʠʢ ʥʘʚʘʥʪʘʞʝʥʥʷ ʥʝʦʙʭʽʜʥʦ ʟʘʣʝʞʥʦ ʚʽʜ ʧʦʪʨʝʙ 

ʧʨʦʛʨʘʤʠ. ʗʢʱʦ ʧʦʪʨʽʙʥʝ ʛʥʫʯʢʝ ʫʧʨʘʚʣʽʥʥʷ ʜʦʜʘʪʢʦʤ, ʨʝʢʦʤʝʥʜʫʻʪʴʩʷ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʙʘʣʘʥʩʫʚʘʣʴʥʠʢ ʜʦʜʘʪʢʽʚ. ʗʢʱʦ ʜʣʷ ʧʨʦʛʨʘʤʠ ʧʦʪʨʽʙʥʘ ʜʫʞʝ 

ʚʠʩʦʢʘ ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ ʽ ʩʪʘʪʠʯʥʘ IP ʘʜʨʝʩʘ, ʨʝʢʦʤʝʥʜʫʻʪʴʩʷ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ 

ʤʝʨʝʞʥʠʡ ʙʘʣʘʥʩʫʚʘʣʴʥʠʢ [AWS, 2019]. ʇʦʨʽʚʥʷʥʥʷ ʙʘʣʘʥʩʫʚʘʣʴʥʠʢʽʚ ʟʘ 

ʧʦʢʘʟʥʠʢʘʤʠ ʥʘʚʝʜʝʥʦ ʚ ʪʘʙʣʠʮʽ 1.1. 

ʊʘʙʣʠʮʷ 1.1.  

ʇʦʨʽʚʥʷʥʥʷ ʙʘʣʘʥʩʫʚʘʣʴʥʠʢʽʚ 

ʄʦʞʣʠʚʦʩʪʽ 
ɹʘʣʘʥʩʫʚʘʣʴʥʠʢ 

ʜʦʜʘʪʢʽʚ 

ʄʝʨʝʞʥʠʡ 

ʙʘʣʘʥʩʫʚʘʣʴʥʠʢ 

ʂʣʘʩʠʯʥʠʡ 

ʙʘʣʘʥʩʫʚʘʣʴʥʠʢ 

ʇʨʦʪʦʢʦʣʠ HTTP, HTTPS TCP, UDP, TLS 
TCP, SSL/TLS, HTTP, 

HTTPS 

ʇʣʘʪʬʦʨʤʠ VPC VPC EC2-Classic, VPC 

ʇʝʨʝʚʽʨʢʘ ʧʨʘʮʝʟʜʘʪʥʦʩʪʽ + + + 

ʄʝʪʨʠʢʠ ʭʤʘʨ + + + 

ɺʝʜʝʥʥʷ ʞʫʨʥʘʣʽʚ + + + 

ɿʦʥʘʣʴʥʘ ʦʙʨʦʙʢʘ ʚʽʜʤʦʚ + + + 

ɹʘʣʘʥʩʫʚʘʥʥʷ 

ʥʘʚʘʥʪʘʞʝʥʥʷ ʤʽʞ 

ʜʝʢʽʣʴʢʦʤʘ ʧʦʨʪʘʤʠ 

ʦʜʥʦʛʦ ʽʥʩʪʘʥʩʘ 

+ + -  

ɿʘʭʠʩʪ ʚʽʜ ʚʠʜʘʣʝʥʥʷ 

ʙʘʣʘʥʩʫʚʘʣʴʥʠʢʘ 

ʥʘʚʘʥʪʘʞʝʥʥʷ 

+ + -  
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ʇʨʦʜʦʚʞʝʥʥʷ ʪʘʙʣʠʮʽ 1.1. 

ʄʦʞʣʠʚʦʩʪʽ 
ɹʘʣʘʥʩʫʚʘʣʴʥʠʢ 

ʜʦʜʘʪʢʽʚ 

ʄʝʨʝʞʥʠʡ 

ʙʘʣʘʥʩʫʚʘʣʴʥʠʢ 

ʂʣʘʩʠʯʥʠʡ 

ʙʘʣʘʥʩʫʚʘʣʴʥʠʢ 

ʅʘʩʪʨʦʶʚʘʥʠʡ ʪʘʡʤ ʘʫʪ 

ʥʝʘʢʪʠʚʥʦʛʦ ʟ'ʻʜʥʘʥʥʷ 
+ - + 

ɹʘʣʘʥʩʫʚʘʥʥʷ 

ʥʘʚʘʥʪʘʞʝʥʥʷ ʤʽʞ ʟʦʥʘʤʠ 
+ + + 

ɿʘʢʨʽʧʣʝʥʽ ʩʝʘʥʩʠ + - + 

ʉʪʘʪʠʯʥʘ IP ʘʜʨʝʩʘ - + - 

ʇʽʜʪʨʠʤʢʘ PrivateLink -  + (TCP, TLS)  -  

ʄʘʨʰʨʫʪʠʟʘʮʽʷ ʥʘ ʦʩʥʦʚʽ 

CIDR IP-ʘʜʨʝʩʠ ʜʞʝʨʝʣʘ 
+ - - 

ʈʽʚʝʥʴ 7 

ʄʘʨʰʨʫʪʠʟʘʮʽʷ ʥʘ ʦʩʥʦʚʽ 

ʰʣʷʭʫ 
+ -  -  

ʄʘʨʰʨʫʪʠʟʘʮʽʷ ʥʘ ʦʩʥʦʚʽ 

ʭʦʩʪʘ 
+ -  -  

ɺʙʫʜʦʚʘʥʘ ʧʽʜʪʨʠʤʢʘ 

HTTP / 2 
+ -  -  

ʇʝʨʝʥʘʧʨʘʚʣʝʥʥʷ + -  -  

ɹʝʟʧʝʢʘ 

ʈʦʟʚʘʥʪʘʞʝʥʥʷ SSL + + + 

Server Name 

Indication (SNI) 
+ + -  

ʐʠʬʨʫʚʘʥʥʷ ʜʣʷ 

ʚʥʫʪʨʽʰʥʴʦʛʦ ʩʝʨʚʝʨʘ 
+ + + 

ɸʫʪʝʥʪʠʬʽʢʘʮʽʷ 

ʢʦʨʠʩʪʫʚʘʯʽʚ 
+  -  - 

ɺʣʘʩʥʘ ʧʦʣʽʪʠʢʘ ʙʝʟʧʝʢʠ  - -  + 

 

ʅʘʜʽʡʥʠʡ ʤʦʥʽʪʦʨʠʥʛ ʽ ʘʫʜʠʪ. 

ʍʤʘʨʥʽ ʩʝʨʚʽʩʠ ʥʘʜʘʶʪʴ ʪʘʢʽ ʤʝʪʨʠʢʠ, ʷʢ ʢʽʣʴʢʽʩʪʴ ʘʢʪʠʚʥʠʭ ʧʦʪʦʢʽʚ, 

ʢʽʣʴʢʽʩʪʴ ʧʨʘʮʝʟʜʘʪʥʠʭ ʭʦʩʪʽʚ, ʢʽʣʴʢʽʩʪʴ ʥʦʚʠʭ ʧʦʪʦʢʽʚ, ʢʽʣʴʢʽʩʪʴ ʦʙʨʦʙʣʝʥʠʭ 

ʙʘʡʪ ʽ ʽʥʰʽ.  

ʈʦʟʰʠʨʝʥʝ ʚʝʜʝʥʥʷ ʞʫʨʥʘʣʫ. 

ɼʣʷ ʟʘʧʠʩʫ ʚʩʽʭ ʟʘʧʠʪʽʚ, ʚʽʜʧʨʘʚʣʝʥʠʭ ʙʘʣʘʥʩʫʚʘʣʴʥʠʢʫ ʥʘʚʘʥʪʘʞʝʥʥʷ, 

ʤʦʞʥʘ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʤʦʞʣʠʚʽʩʪʴ ʣʦʛʫʚʘʥʥʷ ʧʦʪʦʢʽʚ (Flow Logs). ʃʦʛʫʚʘʥʥʷ 
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ʧʦʪʦʢʽʚ ʟʘʭʦʧʣʶʻ ʽʥʬʦʨʤʘʮʽʶ ʧʨʦ IP-ʪʨʘʬʽʢ, ʱʦ ʡʜʝ ʜʦ ʤʝʨʝʞʥʠʭ ʽʥʪʝʨʬʝʡʩʽʚ ʫ 

VPC ʘʙʦ ʚʽʜ ʥʠʭ. ɼʘʥʽ ʞʫʨʥʘʣʽʚ ʧʦʪʦʢʽʚ ʟʙʝʨʽʛʘʶʪʴʩʷ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʣʦʛʽʚ. 

ʇʽʜ ʯʘʩ ʜʦʜʘʚʘʥʥ ̫TLS ʩʝʨʚʝʨʫ ʚ ʤʝʨʝʞʥʦʤʫ ʙʘʣʘʥʩʫʚʘʣʴʥʠʢʫ ʤʦʞʥʘ 

ʚʢʣʶʯʠʪʠ ʞʫʨʥʘʣʠ ʜʦʩʪʫʧʫ, ʷʢʽ ʤʽʩʪʷʪʴ ʜʘʥʽ ʧʨʦ ʢʦʞʥʝ ʧʽʜʢʣʶʯʝʥʥʷ TLS, ʱʦ 

ʦʪʨʠʤʫʻʪʴʩʷ ʩʝʨʚʝʨʦʤ, ʚʢʘʟʫʶʯʠ TLS-ʧʽʜʪʚʝʨʜʞʝʥʥʷ, ʷʢʽ ʙʫʣʠ ʚʠʢʦʥʘʥʽ ʷʢ 

ʫʩʧʽʰʥʦ, ʪʘʢ ʽ ʟ ʧʦʤʠʣʢʦʶ. 

ʋ ʟʚôʷʟʢʫ ʟ ʤʘʩʦʚʠʤ ʧʦʰʠʨʝʥʥʷʤ ʨʦʟʧʦʜʽʣʝʥʠʭ ʦʙʯʠʩʣʶʚʘʣʴʥʠʭ ʩʠʩʪʝʤ 

ʩʪʘʣʘ ʘʢʪʫʘʣʴʥʦʶ ʧʨʦʙʣʝʤʘ ʾʭʥʴʦʛʦ ʝʬʝʢʪʠʚʥʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ. ʆʜʥʠʤ ʟ 

ʘʩʧʝʢʪʽʚ ʜʘʥʦʾ ʧʨʦʙʣʝʤʠ ʻ ʝʬʝʢʪʠʚʥʝ ʧʣʘʥʫʚʘʥʥʷ ʽ ʨʦʟʧʦʜʽʣ ʟʘʚʜʘʥʴ ʫʩʝʨʝʜʠʥʽ 

ʨʦʟʧʦʜʽʣʝʥʠʭ ʦʙʯʠʩʣʶʚʘʣʴʥʠʭ ʩʠʩʪʝʤ ʟ ʤʝʪʦʶ ʦʧʪʠʤʽʟʘʮʽʾ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʨʝʩʫʨʩʽʚ ʪʘ ʩʢʦʨʦʯʝʥʥʷ ʯʘʩʫ ʦʙʯʠʩʣʝʥʥʷ. ɼʫʞʝ ʯʘʩʪʦ ʚʠʥʠʢʘʻ ʩʠʪʫʘʮʽʷ, ʟʘ ʷʢʦʾ 

ʯʘʩʪʠʥʘ ʦʙʯʠʩʣʶʚʘʣʴʥʠʭ ʨʝʩʫʨʩʽʚ ʧʨʦʩʪʦʶʻ, ʫ ʪʦʡ ʯʘʩ, ʷʢ ʽʥʰʘ ʯʘʩʪʠʥʘ ʨʝʩʫʨʩʽʚ 

ʧʝʨʝʚʘʥʪʘʞʝʥʘ ʽ ʚ ʯʝʨʟʽ  ̒ʚʝʣʠʢʘ ʢʽʣʴʢʽʩʪʴ ʟʘʜʘʯ, ʱʦ ʦʯʽʢʫʶʪʴ ʩʚʦʛʦ ʚʠʢʦʥʘʥʥʷ. 

ɼʣʷ ʦʧʪʠʤʽʟʘʮʽʾ ʚʠʢʦʨʠʩʪʘʥʥʷ ʨʝʩʫʨʩʽʚ, ʩʢʦʨʦʯʝʥʥʷ ʯʘʩʫ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ 

ʟʘʧʠʪʽʚ, ʛʦʨʠʟʦʥʪʘʣʴʥʦʛʦ ʤʘʩʰʪʘʙʫʚʘʥʥʷ (ʜʠʥʘʤʽʯʥʝ ʜʦʜʘʚʘʥʥʷ/ʚʠʜʘʣʝʥʥʷ 

ʧʨʠʩʪʨʦʾʚ), ʘ ʪʘʢʦʞ ʟʘʙʝʟʧʝʯʝʥʥʷ ʚʽʜʤʦʚʦʩʪʽʡʢʦʩʪʽ (ʨʝʟʝʨʚʫʚʘʥʥʷ) 

ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ ʤʝʪʦʜ ʨʽʚʥʦʤʽʨʥʦʛʦ ʨʦʟʧʦʜʽʣʫ ʟʘʚʜʘʥʴ ʤʽʞ ʜʝʢʽʣʴʢʦʤʘ 

ʤʝʨʝʞʥʠʤʠ ʧʨʠʩʪʨʦʷʤʠ (ʥʘʧʨʠʢʣʘʜ, ʩʝʨʚʝʨʘʤʠ), ʷʢʠʡ ʥʘʟʠʚʘʻʪʴʩʷ ʙʘʣʘʥʩʫʚʘʥʥʷ 

ʥʘʚʘʥʪʘʞʝʥʥʷ, ʘʙʦ ʚʠʨʽʚʥʶʚʘʥʥʷ ʥʘʚʘʥʪʘʞʝʥʥʷ (ʘʥʛʣ. Load Balancing). 

ɿ ʧʦʷʚʦ  ʁ ʥʦʚʠʭ ʟʘʚʜʘʥ ɹ ʧʨʦʛʨʘʤʥʝ ʟʘʙʝʟʧʝʯʝʥʥʷ, ʱʦ ʨʝʘʣʽʟʫʻ 

ʙʘʣʘʥʩʫʚʘʥʥʷ, ʤʘʻ ʧʨʠʡʥʷʪʠ ʨʽʰʝʥʥʷ ʧʨʦ ʪʝ, ʥʘ ʷʢʦʤʫ ʦʙʯʠʩʣʶʚʘʣʴʥʦʤʫ ʚʫʟʣʽ 

ʥʝʦʙʭʽʜʥʦ ʚʠʢʦʥʫʚʘʪʠ ʦʙʯʠʩʣʝʥʥʷ, ʧʦʚôʷʟʘʥʽ ʟ ʮʠʤ ʥʦʚʠʤ ʟʘʚʜʘʥʥʷʤ. ʆʢʨʽʤ 

ʪʦʛʦ, ʙʘʣʘʥʩʫʚʘʥʥʷ ʧʝʨʝʜʙʘʯʘʻ ʧʝʨʝʥʝʩʝʥʥʷ ʯʘʩʪʠʥʠ ʦʙʯʠʩʣʝʥʴ ʟ ʥʘʡʙʽʣʴʰ 

ʟʘʚʘʥʪʘʞʝʥʠʭ ʦʙʯʠʩʣʶʚʘʣʴʥʠʭ ʚʫʟʣʽʚ ʥʘ ʤʝʥʰ ʟʘʚʘʥʪʘʞʝʥʽ ʚʫʟʣʠ. ʇʽʜ ʯʘʩ 

ʚʠʢʦʥʘʥʥ ̫ ʟʘʚʜʘʥʴ ʧʨʦʮʝʩʦʨʠ ʦʙʤʽʥʶʶʪʴʩʷ ʤʽʞ ʩʦʙʦʶ ʢʦʤʫʥʽʢʘʮʽʡʥʠʤʠ 

ʧʦʚʽʜʦʤʣʝʥʥʷʤʠ. ʋ ʨʘʟʽ ʥʠʟʴʢʠʭ ʚʠʪʨʘʪ ʥʘ ʢʦʤʫʥʽʢʘʮʽʶ, ʜʝʷʢʽ ʧʨʦʮʝʩʦʨʠ 

ʤʦʞʫʪʴ ʧʨʦʩʪʦʶʚʘʪʠ, ʫ ʪʦʡ ʯʘʩ ʷʢ ʽʥʰʽ ʙʫʜʫʪʴ ʧʝʨʝʚʘʥʪʘʞʝʥʽ. ʊʘʢʦʞ ʙʫʜʫʪʴ 

ʥʝʜʦʮʽʣʴʥʠʤʠ ʚʝʣʠʢʽ ʚʠʪʨʘʪʠ ʥʘ ʢʦʤʫʥʽʢʘʮʽʶ. ʆʪʞʝ, ʩʪʨʘʪʝʛʽʷ ʙʘʣʘʥʩʫʚʘʥʥʷ ʤʘʻ 
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ʙʫʪʠ ʪʘʢʦʶ, ʱʦʙ ʦʙʯʠʩʣʶʚʘʣʴʥʽ ʚʫʟʣʠ ʙʫʣʠ ʟʘʚʘʥʪʘʞʝʥʽ ʜʦʩʠʪʴ ʨʽʚʥʦʤʽʨʥʦ, ʘʣʝ 

ʡ ʢʦʤʫʥʽʢʘʮʽʡʥʝ ʩʝʨʝʜʦʚʠʱʝ ʥʝ ʤʘʻ ʙʫʪʠ ʧʝʨʝʚʘʥʪʘʞʝʥʠʤ. 

ɿʘʜʘʯʽ ʙʘʣʘʥʩʫʚʘʥʥʷ ʦʙʯʠʩʣʶʚʘʣʴʥʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ ʫ ʨʦʟʧʦʜʽʣʝʥʠʭ 

ʩʠʩʪʝʤʘʭ. ʇʨʦʙʣʝʤʘ ʙʘʣʘʥʩʫʚʘʥʥʷ ʦʙʯʠʩʣʶʚʘʣʴʥʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ ʚʠʥʠʢʘʻ ʟʘ 

ʢʽʣʴʢʦʤʘ ʦʩʥʦʚʥʠʤʠ ʧʨʠʯʠʥʘʤʠ [Kurose, 2012; Hisao Kameda, 1997; Grama, 

2003; Performance, 1986]: ʩʪʨʫʢʪʫʨʘ ʨʦʟʧʦʜʽʣʝʥʦʛʦ ʜʦʜʘʪʢʘ ʻ ʥʝʦʜʥʦʨʽʜʥʦʶ, 

ʨʽʟʥʽ ʣʦʛʽʯʥʽ ʧʨʦʮʝʩʠ ʚʠʤʘʛʘʶʪʴ ʨʽʟʥʠʭ ʦʙʯʠʩʣʶʚʘʣʴʥʠʭ ʧʦʪʫʞʥʦʩʪʝʡ; 

ʩʪʨʫʢʪʫʨʘ ʨʦʟʧʦʜʽʣʝʥʦʾ ʩʠʩʪʝʤʠ ʪʘʢʦʞ ʻ ʥʝʦʜʥʦʨʽʜʥʦʶ, ʪʦʙʪʦ ʨʽʟʥʽ 

ʦʙʯʠʩʣʶʚʘʣʴʥʽ ʚʫʟʣʠ ʤʘʶʪʴ ʨʽʟʥʫ ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ; ʩʪʨʫʢʪʫʨʘ ʤʽʞʚʫʟʣʦʚʦʾ 

ʚʟʘ̒ʤʦʜʽʾ ʻ ʥʝʦʜʥʦʨʽʜʥʦʶ, ʪʦʤʫ ʱʦ ʣʽʥʽʾ ʟʚôʷʟʢʫ, ʱʦ ʧʦʻʜʥʫʶʪʴ ʚʫʟʣʠ, ʤʦʞʫʪʴ 

ʤʘʪʠ ʨʽʟʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʨʦʧʫʩʢʥʦʾ ʟʜʘʪʥʦʩʪʽ. 

ɿʘʣʝʞʥʦ ʚʽʜ ʧʦʩʪʘʚʣʝʥʦʛʦ ʟʘʚʜʘʥʥʷ ʤʦʞʥʘ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʩʪʘʪʠʯʥʝ ʘʙʦ 

ʜʠʥʘʤʽʯʥʝ ʙʘʣʘʥʩʫʚʘʥʥʷ [Kanungo, 2016; Wowza, 2015]. ʉʪʘʪʠʯʥʝ ʙʘʣʘʥʩʫʚʘʥʥʷ 

ʚʠʢʦʥʫʻʪʴʩʷ ʜʦ ʧʦʯʘʪʢʫ ʚʠʢʦʥʘʥʥʷ ʟʘʚʜʘʥʴ. ʆʜʥʘʢ ʧʦʧʝʨʝʜʥʻ ʨʦʟʤʽʱʝʥʥʷ 

ʣʦʛʽʯʥʠʭ ʧʨʦʮʝʩʽʚ ʟʘ ʧʨʦʮʝʩʦʨʘʤʠ (ʩʝʨʚʝʨʘʤʠ) ʥʝ ʜʘʻ ʧʦʪʨʽʙʥʦʛʦ ʝʬʝʢʪʫ. ʎʝ 

ʧʦʷʩʥʶʻʪʴʩʷ ʤʽʥʣʠʚʽʩʪʶ ʦʙʯʠʩʣʶʚʘʣʴʥʦʛʦ ʩʝʨʝʜʦʚʠʱʘ (ʚʫʟʦʣ ʤʦʞʝ ʚʠʡʪʠ ʟ 

ʣʘʜʫ), ʟʘʡʥʷʪʽʩʪʶ ʚʫʟʣʘ ʽʥʰʠʤʠ ʦʙʯʠʩʣʝʥʥʷʤʠ. ʊʘʢ ʯʠ ʽʥʘʢʰʝ, ʚʠʛʨʘʰ ʚʽʜ 

ʨʦʟʧʦʜʽʣʫ ʣʦʛʽʯʥʠʭ ʧʨʦʮʝʩʽʚ ʟʘ ʩʝʨʚʝʨʘʤʠ ʟ ʤʝʪʦʶ ʚʠʢʦʥʘʥʥʷ ʧʘʨʘʣʝʣʴʥʦʾ 

ʦʙʨʦʙʢʠ ʩʪʘʻ ʥʝʝʬʝʢʪʠʚʥʠʤ. ɼʠʥʘʤʽʯʥʝ ʙʘʣʘʥʩʫʚʘʥʥʷ ʧʝʨʝʜʙʘʯʘʻ ʨʦʟʧʦʜʽʣ 

ʦʙʯʠʩʣʶʚʘʣʴʥʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ ʥʘ ʚʫʟʣʠ ʧʽʜ ʯʘʩ ʚʠʢʦʥʘʥʥʷ ʟʘʚʜʘʥʴ. ʇʨʦʛʨʘʤʥʝ 

ʟʘʙʝʟʧʝʯʝʥʥʷ, ʱʦ ʨʝʘʣʽʟʫʻ ʜʠʥʘʤʽʯʥʝ ʙʘʣʘʥʩʫʚʘʥʥʷ, ʚʠʟʥʘʯʘʻ: ʟʘʚʘʥʪʘʞʝʥʥʷ 

ʦʙʯʠʩʣʶʚʘʣʴʥʠʭ ʚʫʟʣʽʚ; ʧʨʦʧʫʩʢʥʫ ʟʜʘʪʥʽʩʪʴ ʣʽʥʽʡ ʟʚôʷʟʢʫ; ʢʽʣʴʢʽʩʪʴ ʚʽʣʴʥʦʾ 

ʧʘʤôʷʪʽ; ʯʘʩʪʦʪʫ ʦʙʤʽʥʽʚ ʧʦʚʽʜʦʤʣʝʥʥʷʤʠ ʤʽʞ ʣʦʛʽʯʥʠʤʠ ʧʨʦʮʝʩʘʤʠ ʟʘʚʜʘʥʴ 

ʪʦʱʦ. ʅʘ ʧʽʜʩʪʘʚʽ ʟʽʙʨʘʥʠʭ ʜʘʥʠʭ ʧʨʦ ʟʘʚʜʘʥʥʷ ʪʘ ʦʙʯʠʩʣʶʚʘʣʴʥʝ ʩʝʨʝʜʦʚʠʱʝ 

ʧʨʠʡʤʘʻʪʴʩʷ ʨʽʰʝʥʥʷ ʧʨʦ ʨʦʟʧʦʜʽʣ ʟʘʚʜʘʥʴ ʤʽʞ ʚʫʟʣʘʤʠ ʤʝʨʝʞʽ. 

ʄʝʪʘ ʙʘʣʘʥʩʫʚʘʥʥʷ ʟʘʚʘʥʪʘʞʝʥʥʷ ʤʦʞʝ ʙʫʪʠ ʩʬʦʨʤʫʣʴʦʚʘʥʘ ʪʘʢ: 

ʚʠʭʦʜʷʯʠ ʟ ʥʘʙʦʨʫ ʟʘʚʜʘʥʴ, ʱʦ ʚʢʣʶʯʘʶʪʴ ʦʙʯʠʩʣʝʥʥʷ ʽ ʧʝʨʝʜʘʯʫ ʜʘʥʠʭ, ʪʘ 

ʤʝʨʝʞʽ ʩʝʨʚʝʨʽʚ ʧʝʚʥʦʾ ʪʦʧʦʣʦʛʽʾ, ʟʥʘʡʪʠ ʪʘʢʠʡ ʨʦʟʧʦʜʽʣ ʟʘʚʜʘʥʴ ʟʘ ʩʝʨʚʝʨʘʤʠ, 

http://www.amazon.com/James-F.-Kurose/e/B001IGQHKM/ref=ntt_athr_dp_pel_1
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ʷʢʠʡ ʟʘʙʝʟʧʝʯʠʪʴ ʧʨʠʙʣʠʟʥʦ ʨʽʚʥʝ ʦʙʯʠʩʣʶʚʘʣʴʥʝ ʟʘʚʘʥʪʘʞʝʥʥʷ ʩʝʨʚʝʨʽʚ ʽ 

ʤʽʥʽʤʘʣʴʥʽ ʚʠʪʨʘʪʠ ʥʘ ʧʝʨʝʜʘʯʫ ʜʘʥʠʭ. 

ɿʘʟʚʠʯʘʡ ʧʨʘʢʪʠʯʥʝ ʽ ʧʦʚʥʝ ʨʦʟʚôʷʟʘʥʥʷ ʟʘʜʘʯʽ ʙʘʣʘʥʩʫʚʘʥʥʷ 

ʟʘʚʘʥʪʘʞʝʥʥʷ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʯʦʪʠʨʴʦʭ ʝʪʘʧʽʚ [Cheng-Zhong Xu, 2017; Ling Zhuo, 

2017; Kanungo, 2016; ɺʦʝʚʦʜʠʥ, 2003]: 1) ʦʮʽʥʢʘ ʟʘʚʘʥʪʘʞʝʥʥʷ ʦʙʯʠʩʣʶʚʘʣʴʥʠʭ 

ʚʫʟʣʽʚ; 2) ʽʥʽʮʽʘʮʽʷ ʙʘʣʘʥʩʫʚʘʥʥʷ ʟʘʚʘʥʪʘʞʝʥʥʷ; 3) ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʴ ʧʨʦ 

ʙʘʣʘʥʩʫʚʘʥʥʷ; 4) ʨʦʟʧʦʜʽʣ ʟʘʚʜʘʥʴ. 

ʈʦʟʛʣʷʥʝʤʦ ʙʽʣʴʰ ʜʝʪʘʣʴʥʦ ʢʦʞʥʠʡ ʝʪʘʧ ʙʘʣʘʥʩʫʚʘʥʥʷ. 

1. ʆʮʽʥʢʘ ʟʘʚʘʥʪʘʞʝʥʥʷ ʩʠʩʪʝʤʠ. 

ʅʘ ʮʴʦʤʫ ʝʪʘʧʽ ʟʜʽʡʩʥʶʻʪʴʩʷ ʨʦʟʨʘʭʫʥʦʢ ʟʘʚʘʥʪʘʞʝʥʥʷ ʢʦʞʥʦʛʦ ʩʝʨʚʝʨʘ 

ʰʣʷʭʦʤ ʨʦʟʨʘʭʫʥʢʫ ʩʝʨʝʜʥʴʦʛʦ ʢʦʝʬʽʮʽʻʥʪʘ ʚʠʢʦʨʠʩʪʘʥʥʷ ʧʨʦʮʝʩʦʨʽʚ, ʧʘʤôʷʪʽ, 

ʧʨʦʧʫʩʢʥʦʾ ʟʜʘʪʥʦʩʪʽ ʤʝʨʝʞʽ -̔ʛʦ ʩʝʨʚʝʨʘ. ʆʪʨʠʤʘʥʘ ʽʥʬʦʨʤʘʮʽʷ ʧʨʦ 

ʟʘʚʘʥʪʘʞʝʥʥʷ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʜʣʷ ʧʨʦʮʝʩʫ ʙʘʣʘʥʩʫʚʘʥʥʷ, ʧʦ-ʧʝʨʰʝ, ʜʣʷ 

ʚʠʟʥʘʯʝʥʥʷ ʚʠʥʠʢʥʝʥʥʷ ʜʠʩʙʘʣʘʥʩʫ, ʧʦ-ʜʨʫʛʝ, ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʥʦʚʦʛʦ ʨʦʟʧʦʜʽʣʫ 

ʟʘʚʜʘʥʴ ʰʣʷʭʦʤ ʦʙʯʠʩʣʝʥʥʷ ʦʙʩʷʛʫ ʨʦʙʽʪ, ʥʝʦʙʭʽʜʥʦʛʦ ʜʣʷ ʧʝʨʝʤʽʱʝʥʥʷ 

ʟʘʚʜʘʥʴ. ʊʘʢʠʤ ʯʠʥʦʤ, ʷʢʽʩʪʴ ʨʦʙʦʪʠ ʙʘʣʘʥʩʫʚʘʥʥʷ ʟʘʚʘʥʪʘʞʝʥʥʷ ʙʝʟʧʦʩʝʨʝʜʥʴʦ 

ʟʘʣʝʞʠʪʴ ʚʽʜ ʪʦʯʥʦʩʪʽ ʽ ʧʦʚʥʦʪʠ ʽʥʬʦʨʤʘʮʽʾ. 

2. ɯʥʽʮʽʘʣʽʟʘʮʽʷ. 

ɿʘʥʘʜʪʦ ʯʘʩʪʝ ʚʠʢʦʥʘʥʥʷ ʙʘʣʘʥʩʫʚʘʥʥʷ ʥʘʚʘʥʪʘʞʝʥʥʷ ʤʦʞʝ ʧʨʠʟʚʝʩʪʠ ʜʦ 

ʪʦʛʦ, ʱʦ ʚʠʢʦʥʘʥʥʷ ʟʘʚʜʘʥʴ ʪʽʣʴʢʠ ʩʧʦʚʽʣʴʥʠʪʴʩʷ. ɺʠʪʨʘʪʠ ʥʘ ʩʘʤʝ 

ʙʘʣʘʥʩʫʚʘʥʥʷ ʤʦʞʫʪʴ ʧʝʨʝʚʝʨʰʠʪʠ ʤʦʞʣʠʚʫ ʚʠʛʦʜʫ ʚʽʜ ʡʦʛʦ ʧʨʦʚʝʜʝʥʥʷ. ʆʪʞʝ, 

ʜʣʷ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ ʙʘʣʘʥʩʫʚʘʥʥʷ ʥʝʦʙʭʽʜʥʦ ʷʢʠʤʦʩʴ ʯʠʥʦʤ ʚʠʟʥʘʯʘʪʠ ʤʦʤʝʥʪ 

ʡʦʛʦ ʽʥʽʮʽʘʣʽʟʘʮʽʾ. ɼʣʷ ʮʴʦʛʦ ʥʝʦʙʭʽʜʥʦ: ʚʠʟʥʘʯʠʪʠ ʤʦʤʝʥʪ ʚʠʥʠʢʥʝʥʥʷ 

ʜʠʩʙʘʣʘʥʩʫ ʥʘʚʘʥʪʘʞʝʥʥʷ; ʚʠʟʥʘʯʠʪʠ ʩʪʫʧʽʥʴ ʥʝʦʙʭʽʜʥʦʩʪʽ ʙʘʣʘʥʩʫʚʘʥʥʷ 

ʰʣʷʭʦʤ ʧʦʨʽʚʥʷʥʥʷ ʤʦʞʣʠʚʦʾ ʢʦʨʠʩʪʽ ʚʽʜ ʡʦʛʦ ʧʨʦʚʝʜʝʥʥʷ ʪʘ ʚʠʪʨʘʪ ʥʘ ʥʴʦʛʦ. 

ɼʠʩʙʘʣʘʥʩ ʥʘʚʘʥʪʘʞʝʥʥʷ ʤʦʞʝ ʚʠʟʥʘʯʘʪʠʩʷ ʩʠʥʭʨʦʥʥʦ ʽ ʘʩʠʥʭʨʦʥʥʦ. ɺ 

ʭʦʜʽ ʩʠʥʭʨʦʥʥʦʛʦ ʚʠʟʥʘʯʝʥʥ ̫ ʜʠʩʙʘʣʘʥʩʫ ʚʩʽ ʧʨʦʮʝʩʦʨʠ (ʩʝʨʚʝʨʠ ʤʝʨʝʞʽ) 

ʧʝʨʝʨʠʚʘʶʪʴ ʨʦʙʦʪʫ ʫ ʧʝʚʥʽ ʤʦʤʝʥʪʠ ʩʠʥʭʨʦʥʽʟʘʮʽʾ ʽ ʚʠʟʥʘʯʘʶʪʴ ʜʠʩʙʘʣʘʥʩ 

https://www.google.com.ua/search?tbo=p&tbm=bks&q=inauthor:%22Cheng-Zhong+Xu%22
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ʥʘʚʘʥʪʘʞʝʥʥʷ ʰʣʷʭʦʤ ʧʦʨʽʚʥʷʥʥʷ ʟʘʚʘʥʪʘʞʝʥʥʷ ʦʢʨʝʤʦʛʦ ʧʨʦʮʝʩʦʨʘ ʽʟ 

ʟʘʛʘʣʴʥʠʤ ʩʝʨʝʜʥʽʤ ʟʘʚʘʥʪʘʞʝʥʥʷʤ. ʋ ʭʦʜʽ ʘʩʠʥʭʨʦʥʥʦʛʦ ʚʠʟʥʘʯʝʥʥ ̫

ʜʠʩʙʘʣʘʥʩʫ ʢʦʞʝʥ ʩʝʨʚʝʨ ʟʙʝʨʽʛʘʻ ʽʩʪʦʨʽʶ ʩʚʦʛʦ ʟʘʚʘʥʪʘʞʝʥʥʷ. ʋ ʮʴʦʤʫ ʚʠʧʘʜʢʫ 

ʤʦʤʝʥʪ ʩʠʥʭʨʦʥʽʟʘʮʽʾ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʩʪʫʧʝʥʷ ʜʠʩʙʘʣʘʥʩʫ ʚʽʜʩʫʪʥʽʡ. 

ʆʙʯʠʩʣʝʥʥʷʤ ʦʙʩʷʛʫ ʜʠʩʙʘʣʘʥʩʫ ʟʘʡʤʘʻʪʴʩʷ ʬʦʥʦʚʠʡ ʧʨʦʮʝʩ, ʱʦ ʧʨʘʮʶʻ 

ʧʘʨʘʣʝʣʴʥʦ ʟ ʟʘʚʜʘʥʥʷʤʠ. 

3. ʇʨʠʡʥʷʪʪʷ ʨʽʰʝʥʴ ʫ ʧʨʦʮʝʩʽ ʙʘʣʘʥʩʫʚʘʥʥʷ. 

ɹʽʣʴʰʽʩʪʴ ʩʪʨʘʪʝʛʽʡ ʜʠʥʘʤʽʯʥʦʛʦ ʙʘʣʘʥʩʫʚʘʥʥʷ ʟʘʚʘʥʪʘʞʝʥʥʷ ʥʘʣʝʞʘʪʴ 

ʚʽʜʥʝʩʪʠ ʜʦ ʢʣʘʩʫ ʮʝʥʪʨʘʣʽʟʦʚʘʥʠʭ ʘʙʦ ʜʦ ʢʣʘʩʫ ʧʦʚʥʽʩʪʶ ʨʦʟʧʦʜʽʣʝʥʠʭ. 

ʇʨʠ ʮʝʥʪʨʘʣʽʟʦʚʘʥʽʡ ʩʪʨʘʪʝʛʽʾ ʙʘʣʘʥʩʫʚʘʣʴʥʠʢ ʟʙʠʨʘʻ ʛʣʦʙʘʣʴʥʫ 

ʽʥʬʦʨʤʘʮʽʶ ʧʨʦ ʩʪʘʥ ʚʩʽʻʾ ʦʙʯʠʩʣʶʚʘʣʴʥʦʾ ʩʠʩʪʝʤʠ ʽ ʧʨʠʡʤʘʻ ʨʽʰʝʥʥʷ ʧʨʦ 

ʧʝʨʝʤʽʱʝʥʥʷ ʟʘʜʘʯ ʜʣʷ ʢʦʞʥʦʛʦ ʟ ʩʝʨʚʝʨʽʚ. 

ʇʨʠ ʧʦʚʥʽʩʪʶ ʨʦʟʧʦʜʽʣʝʥʽʡ ʩʪʨʘʪʝʛʽʾ ʥʘ ʢʦʞʥʦʤʫ ʩʝʨʚʝʨʽ ʚʠʢʦʥʫʻʪʴʩʷ 

ʘʣʛʦʨʠʪʤ ʙʘʣʘʥʩʫʚʘʥʥʷ ʥʘʚʘʥʪʘʞʝʥʥʷ, ʩʝʨʚʝʨʠ ʦʙʤʽʥʶʶʪʴʩʷ ʤʽʞ ʩʦʙʦʶ 

ʽʥʬʦʨʤʘʮʽʻʶ ʧʨʦ ʾʭʥʽʡ ʩʪʘʥ. ʇʝʨʝʤʽʱʝʥʥʷ ʟʘʚʜʘʥʴ ʚʽʜʙʫʚʘʻʪʴʩʷ ʪʽʣʴʢʠ ʤʽʞ 

ʩʫʩʽʜʥʽʤʠ ʧʨʦʮʝʩʦʨʘʤʠ. 

4. ʈʦʟʧʦʜʽʣ ʟʘʚʜʘʥʴ. 

ɯʩʥʫʻ ʤʥʦʞʠʥʘ ʘʣʛʦʨʠʪʤʽʚ ʙʘʣʘʥʩʫʚʘʥʥʷ (ʨʦʟʧʦʜʽʣʫ ʟʘʚʜʘʥʴ). ʆʜʥʘʢ 

ʢʦʞʝʥ ʟ ʘʣʛʦʨʠʪʤʽʚ ʤʘʻ ʧʝʨʝʚʘʛʠ ʽ ʥʝʜʦʣʽʢʠ [Gupta, 2013; Kashyap, 2014]. 

ʅʘʡʯʘʩʪʽʰʝ ʚʠʢʦʨʠʩʪʦʚʫʚʘʥʠʤʠ ʘʣʛʦʨʠʪʤʘʤʠ ʙʘʣʘʥʩʫʚʘʥʥʷ ʥʘʚʘʥʪʘʞʝʥʥʷ ʻ 

ʪʘʢ̔: Round Robin Weight [Keshav, 1997; Ghuge, 2014; Rajwinder, 2014], 

Connection mechanism [Hu, 1998; Singhal, 2011; Katyal, 2013; Kashyap, 2014], 

Least Connection [Mishra, 2012; Kashyap, 2014] ʪʘ Compare and Balance [Hu, 1998; 

Gupta, 2013; Rajwinder, 2014] ʪʘ ʙʘʛʘʪʦ ʽʥʰʠʭ. ʄʦʞʥʘ ʦʙʨʘʪʠ ʥʘʡʙʽʣʴʰ 

ʚʽʜʧʦʚʽʜʥʠʡ ʟʘʣʝʞʥʦ ʚʽʜ ʧʦʩʪʘʚʣʝʥʠʭ ʟʘʚʜʘʥʴ ʪʘ ʩʪʨʫʢʪʫʨʠ ʢʦʤʧôʶʪʝʨʥʦʾ 

ʤʝʨʝʞʽ. 

ɿ ʧʦʷʚʦ  ʁ ʥʦʚʠʭ ʟʘʚʜʘʥʴ ʧʨʦʛʨʘʤʥʝ ʟʘʙʝʟʧʝʯʝʥʥʷ, ʱʦ ʨʝʘʣʽʟʫʻ 

ʙʘʣʘʥʩʫʚʘʥʥʷ, ʤʘʻ ʧʨʠʡʥʷʪʠ ʨʽʰʝʥʥʷ ʧʨʦ ʪʝ, ʥʘ ʷʢʦʤʫ ʦʙʯʠʩʣʶʚʘʣʴʥʦʤʫ ʚʫʟʣʽ 
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ʥʝʦʙʭʽʜʥʦ ʚʠʢʦʥʫʚʘʪʠ ʦʙʯʠʩʣʝʥʥʷ, ʧʦʚôʷʟʘʥʽ ʟ ʮʠʤ ʥʦʚʠʤ ʟʘʚʜʘʥʥʷʤ. ʂʨʽʤ ʪʦʛʦ, 

ʙʘʣʘʥʩʫʚʘʥʥʷ ʧʝʨʝʜʙʘʯʘʻ ʧʝʨʝʥʝʩʝʥʥʷ ʯʘʩʪʠʥʠ ʦʙʯʠʩʣʝʥʴ ʟ ʥʘʡʙʽʣʴʰ 

ʟʘʚʘʥʪʘʞʝʥʠʭ ʦʙʯʠʩʣʶʚʘʣʴʥʠʭ ʚʫʟʣʽʚ ʥʘ ʤʝʥʰ ʟʘʚʘʥʪʘʞʝʥʽ ʚʫʟʣʠ. ʇʽʜ ʯʘʩ 

ʚʠʢʦʥʘʥʥ ̫ ʟʘʚʜʘʥʴ ʧʨʦʮʝʩʦʨʠ ʦʙʤʽʥʶʶʪʴʩʷ ʤʽʞ ʩʦʙʦʶ ʢʦʤʫʥʽʢʘʮʽʡʥʠʤʠ 

ʧʦʚʽʜʦʤʣʝʥʥʷʤʠ. ʋ ʨʘʟʽ ʥʠʟʴʢʠʭ ʚʠʪʨʘʪ ʥʘ ʢʦʤʫʥʽʢʘʮʽʶ, ʜʝʷʢʽ ʧʨʦʮʝʩʦʨʠ 

ʤʦʞʫʪʴ ʧʨʦʩʪʦʶʚʘʪʠ, ʫ ʪʦʡ ʯʘʩ, ʷʢ ʽʥʰʽ ʙʫʜʫʪʴ ʧʝʨʝʚʘʥʪʘʞʝʥʽ. ʊʘʢʦʞ ʙʫʜʫʪʴ 

ʥʝʜʦʮʽʣʴʥʽ ʚʝʣʠʢʽ ʚʠʪʨʘʪʠ ʥʘ ʢʦʤʫʥʽʢʘʮʽʶ. ʆʪʞʝ, ʩʪʨʘʪʝʛʽʷ ʙʘʣʘʥʩʫʚʘʥʥʷ ʤʘʻ 

ʙʫʪʠ ʪʘʢʦʶ, ʱʦʙ ʦʙʯʠʩʣʶʚʘʣʴʥʽ ʚʫʟʣʠ ʙʫʣʠ ʟʘʚʘʥʪʘʞʝʥʽ ʜʦʩʠʪʴ ʨʽʚʥʦʤʽʨʥʦ, ʘʣʝ 

ʡ ʢʦʤʫʥʽʢʘʮʽʡʥʝ ʩʝʨʝʜʦʚʠʱʝ ʥʝ ʤʘʻ ʙʫʪʠ ʧʝʨʝʚʘʥʪʘʞʝʥʠʤ [Cardellini, 1999; 

ɻʫʨʝʚʠʯ, 2010; Ghuge, 2014; Red Hat, 2015]. 

ɺʝʣʠʢʘ ʫʚʘʛʘ ʫ ʥʘʫʢʦʚʽʡ ʣʽʪʝʨʘʪʫʨʽ ʧʨʠʜʽʣʷʻʪʴʩʷ ʧʠʪʘʥʥʷʤ ʫʧʨʘʚʣʽʥʥʷ 

ʥʘʚʘʥʪʘʞʝʥʥʷʤ ʫ ʨʦʟʧʦʜʽʣʝʥʠʭ ʩʠʩʪʝʤʘʭ. ʊʝʦʨʝʪʠʯʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʽ ʨʦʟʨʦʙʢʘ 

ʬʫʥʜʘʤʝʥʪʘʣʴʥʠʭ ʦʩʥʦʚ ʨʦʟʧʦʜʽʣʫ ʥʘʚʘʥʪʘʞʝʥʥʷ, ʩʪʚʦʨʝʥʥʷ ʤʘʪʝʤʘʪʠʯʥʦʛʦ 

ʘʧʘʨʘʪʫ, ʤʦʜʝʣʝʡ ʪʘ ʤʝʪʦʜʽʚ ʫʧʨʘʚʣʽʥʥʷ ʜʣʷ ʨʦʟʧʦʜʽʣʫ ʥʘʚʘʥʪʘʞʝʥʥʷ ʫ 

ʨʦʟʧʦʜʽʣʝʥʠʭ ʩʠʩʪʝʤʘʭ ʨʦʟʛʣʷʜʘʣʠʩʷ ʫ ʨʦʙʦʪʘʭ ʚʯʝʥʠʭ [Kameda, 1997; Cardellini, 

2001; Casalicchio, 2001; Hong, 2006; Randles, 2010; Mehta, 2011; Sran, 2013]. 

ʈʦʟʨʦʙʣʷʣʠʩʷ ʽ ʚʜʦʩʢʦʥʘʣʶʚʘʣʠʩʷ ʘʣʛʦʨʠʪʤʠ ʙʘʣʘʥʩʫʚʘʥʥʷ ʥʘʚʘʥʪʘʞʝʥʥʷ, 

ʟʘʣʝʞʥʽ ʚʽʜ ʯʘʩʫ ʟʘʚʝʨʰʝʥʥʷ ʟʘʚʜʘʥʥʷ ʥʘ ʤʘʰʠʥʽ, ʚ [Keshav, 1997; Elzeki, 2012], 

ʘʣʛʦʨʠʪʤʠ ʛʨʫʙʦʾ ʩʠʣʠ ʪʘ ʘʣʛʦʨʠʪʤʠ, ʟʘʩʥʦʚʘʥʽ ʥʘ ʩʪʘʪʠʩʪʠʯʥʠʭ ʜʘʥʠʭ, 

ʨʦʟʛʣʷʜʘʣʠʩʷ ʚ ʨʦʙʦʪʘʭ [Hu, 1998; Ghanbari, 2012; Chen, 2013; Liu, 2013], 

ʘʣʛʦʨʠʪʤʠ, ʟʘʩʥʦʚʘʥʽ ʥʘ ʙʽʦʣʦʛʽʯʥʠʭ ʬʝʥʦʤʝʥʘʭ, ʨʦʟʛʣʷʜʘʣʠʩʷ ʫ [Mishra,2012; 

Dhinesh, 2013], ʘ ʪʘʢʦʞ ʙʘʛʘʪʴʤʘ ʽʥʰʠʤʠ ʚʯʝʥʠʤʠ, ʷʢʽ ʧʨʘʮʶʶʪʴ ʥʘʜ 

ʧʨʦʙʣʝʤʘʤʠ ʨʦʟʧʦʜʽʣʫ ʥʘʚʘʥʪʘʞʝʥʥʷ. 

ʆʩʥʦʚʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʪʘ ʢʣʘʩʠʬʽʢʘʮʽʷ ʘʣʛʦʨʠʪʤʽʚ ʙʘʣʘʥʩʫʚʘʥʥʷ 

ʥʘʚʘʥʪʘʞʝʥʥʷ. 

ɸʣʛʦʨʠʪʤʠ ʙʘʣʘʥʩʫʚʘʥʥʷ ʥʘʚʘʥʪʘʞʝʥʥʷ ʤʦʞʫʪʴ ʙʫʪʠ ʢʣʘʩʠʬʽʢʦʚʘʥʽ ʟʘ 

ʢʽʣʴʢʦʤʘ ʪʠʧʘʤʠ [Gupta, 2013; Kashyap, 2014].  

ï ʅʘ ʦʩʥʦʚʽ ʧʦʪʦʯʥʦʛʦ ʩʪʘʥʫ ʩʠʩʪʝʤʠ. 
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ʉʪʘʪʠʯʥʠʡ ʘʣʛʦʨʠʪʤ. 

ʇʦʪʦʯʥʠʡ ʩʪʘʥ ʚʫʟʣʘ ʥʝ ʚʨʘʭʦʚʫʻʪʴʩʷ, ʧʦʪʨʽʙʥʘ ʧʦʧʝʨʝʜʥʷ ʙʘʟʘ ʟʥʘʥʴ ʧʨʦ 

ʩʪʘʪʠʩʪʠʢʫ ʢʦʞʥʦʛʦ ʚʫʟʣʘ ʽ ʚʠʤʦʛʠ ʢʦʨʠʩʪʫʚʘʯʘ, ʥʝ ʛʥʫʯʢʠʡ, ʥʝ ʤʘʩʰʪʘʙʫʻʪʴʩʷ, 

ʥʝ ʩʫʤʽʩʥʠʡ ʟ ʤʽʥʣʠʚʠʤʠ ʚʠʤʦʛʘʤʠ ʢʦʨʠʩʪʫʚʘʯʽʚ ʽ ʟʘʚʘʥʪʘʞʝʥʥʷ. 

ɺʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʚ ʦʜʥʦʨʽʜʥʦʤʫ ʩʝʨʝʜʦʚʠʱʽ. 

ɼʠʥʘʤʽʯʥʠʡ ʘʣʛʦʨʠʪʤ. 

ʎʝʡ ʪʠʧ ʘʣʛʦʨʠʪʤʫ ʧʨʘʮʶʻ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʜʠʥʘʤʽʯʥʠʭ ʟʤʽʥ ʩʪʘʥʫ ʚʫʟʣʽʚ, 

ʪʦʙʪʦ ʚʽʥ ʟʙʠʨʘʻ, ʟʙʝʨʽʛʘʻ ʽ ʘʥʘʣʽʟʫʻ ʽʥʬʦʨʤʘʮʽʶ ʧʨʦ ʩʪʘʥ ʩʠʩʪʝʤʠ. ʏʝʨʝʟ ʮʝ 

ʪʘʢʠʤ ʘʣʛʦʨʠʪʤʘʤ ʚʣʘʩʪʠʚʽ ʚʝʣʠʢʽ ʥʘʢʣʘʜʥʽ ʚʠʪʨʘʪʠ ʥʘ ʙʘʣʘʥʩʫʚʘʥʥʷ. ʅʝʦʙʭʽʜʥʦ 

ʚʨʘʭʦʚʫʚʘʪʠ ʨʦʟʪʘʰʫʚʘʥʥʷ ʧʨʦʮʝʩʦʨʘ, ʷʢʦʤʫ ʧʝʨʝʜʘʻʪʴʩʷ ʥʘʚʘʥʪʘʞʝʥʥʷ ʚʽʜ 

ʧʝʨʝʚʘʥʪʘʞʝʥʦʛʦ ʧʨʦʮʝʩʦʨʘ, ʦʮʽʥʢʫ ʥʘʚʘʥʪʘʞʝʥʥʷ, ʦʙʤʝʞʝʥʥʷ ʯʠʩʣʘ ʤʽʛʨʘʮʽʡ. 

ʗʢʱʦ ʷʢʠʡ-ʥʝʙʫʜʴ ʚʫʟʦʣ ʜʘʚ ʟʙʽʡ, ʮʝ ʥʝ ʟʫʧʠʥʠʪʴ ʨʦʙʦʪʫ ʚʩʽʻʾ ʤʝʨʝʞʽ, ʘʣʝ 

ʚʧʣʠʥʝ ʥʘ ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ ʩʠʩʪʝʤʠ. ɺʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʫ ʛʝʪʝʨʦʛʝʥʥʦʤʫ 

ʩʝʨʝʜʦʚʠʱʽ. 

ï ʅʘ ʦʩʥʦʚʽ ʽʥʽʮʽʘʪʦʨʘ ʘʣʛʦʨʠʪʤʫ. 

ɯʥʽʮʽʡʦʚʘʥʠʡ ʚʽʜʧʨʘʚʥʠʢʦʤ: ʚʽʜʧʨʘʚʥʠʢ ʚʠʟʥʘʯʘʻ, ʱʦ ʢʽʣʴʢʽʩʪʴ ʚʫʟʣʽʚ 

ʚʝʣʠʢʘ, ʡ ̔ʥʽʮʽʶʻ ʚʠʢʦʥʘʥʥʷ ʘʣʛʦʨʠʪʤʫ ʙʘʣʘʥʩʫʚʘʥʥʷ ʥʘʚʘʥʪʘʞʝʥʥʷ. 

ɯʥʽʮʽʡʦʚʘʥʠʡ ʦʜʝʨʞʫʚʘʯʝʤ: ʚʠʤʦʛʠ ʧʨʦ ʙʘʣʘʥʩʫʚʘʥʥʷ ʥʘʚʘʥʪʘʞʝʥʥʷ 

ʤʦʞʫʪʴ ʙʫʪʠ ʚʠʟʥʘʯʝʥʽ ʦʜʝʨʞʫʚʘʯʝʤ/ʩʝʨʚʝʨʦʤ ʫ ʭʤʘʨʽ, ʽ ʪʦʜʽ ʩʝʨʚʝʨ ʽʥʽʮʽʶʻ 

ʚʠʢʦʥʘʥʥʷ ʘʣʛʦʨʠʪʤʫ ʙʘʣʘʥʩʫʚʘʥʥʷ ʥʘʚʘʥʪʘʞʝʥʥʷ. 

ʉʠʤʝʪʨʠʯʥʠʡ: ʻ ʧʦʻʜʥʘʥʥʷʤ ʪʠʧʽʚ ʽʥʽʮʽʡʦʚʘʥʠʭ ʚʽʜʧʨʘʚʥʠʢʦʤ ʽ 

ʦʪʨʠʤʫʚʘʯʝʤ ʘʣʛʦʨʠʪʤʽʚ. 

ɼʠʥʘʤʽʯʥʠʡ ʧʽʜʭʽʜ ʙʘʣʘʥʩʫʚʘʥʥʷ ʥʘʚʘʥʪʘʞʝʥʥʷ ʧʦʜʽʣʷʻʪʴʩʷ ʥʘ ʜʚʘ ʪʠʧʠ: 

ʨʦʟʧʦʜʽʣʝʥʠʡ ʽ ʥʝʨʦʟʧʦʜʽʣʝʥʠʡ (ʮʝʥʪʨʘʣʽʟʦʚʘʥʠʡ) ʧʽʜʭʦʜʠ. ɺʦʥʠ ʚʠʟʥʘʯʘʶʪʴʩʷ 

ʪʘʢʠʤ ʯʠʥʦʤ: 

ï ʫ ʥʝʨʦʟʧʦʜʽʣʝʥʦʤʫ ʧʽʜʭʦʜʽ ʦʜʠʥ ʚʫʟʦʣ ʘʙʦ ʛʨʫʧʘ ʚʫʟʣʽʚ ʚʽʜʧʦʚʽʜʘʶʪʴ ʟʘ 

ʫʧʨʘʚʣʽʥʥʷ ʪʘ ʨʦʟʧʦʜʽʣ ʚʩʽʻʶ ʩʠʩʪʝʤʦʶ. ɯʥʰʽ ʚʫʟʣʠ ʥʝ ʨʦʟʧʦʜʽʣʷʶʪʴ ʟʘʚʜʘʥʥʷ ʽ 

ʥʝ ʚʠʢʦʥʫʶʪʴ ʢʝʨʫʶʯʽ ʬʫʥʢʮʽʾ, ʦʪʞʝ ʮʝʡ ʪʠʧ ʘʣʛʦʨʠʪʤʽʚ ʥʝ ʻ ʚʽʜʤʦʚʦʩʪʽʡʢʠʤ, ʫ 
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ʥʴʦʤʫ ʤʦʞʝ ʩʪʘʪʠʩʷ ʧʝʨʝʚʘʥʪʘʞʝʥʥʷ ʮʝʥʪʨʘʣʴʥʦʛʦ ʧʨʦʮʝʩʦʨʘ ʧʨʠʡʥʷʪʪʷ 

ʨʽʰʝʥʴ. ʂʦʨʠʩʥʽ ʚ ʥʝʚʝʣʠʢʠʭ ʤʝʨʝʞʘʭ ʟ ʥʠʟʴʢʠʤ ʥʘʚʘʥʪʘʞʝʥʥʷʤ; 

ï ʫ ʨʦʟʧʦʜʽʣʝʥʦʤʫ ʧʽʜʭʦʜʽ ʢʦʞʝʥ ʚʫʟʦʣ ʥʝʟʘʣʝʞʥʦ ʚʽʜ ʽʥʰʠʭ ʙʫʜʫʻ ʩʚʽʡ 

ʚʝʢʪʦʨ ʥʘʚʘʥʪʘʞʝʥʥʷ. ɺʩʽ ʧʨʦʮʝʩʦʨʠ ʫ ʤʝʨʝʞʽ ʚʽʜʧʦʚʽʜʘʣʴʥʽ ʟʘ ʨʦʟʧʦʜʽʣ 

ʥʘʚʘʥʪʘʞʝʥʥʷ ʽ ʥʘʧʦʚʥʝʥʥʷ ʚʣʘʩʥʦʾ ʣʦʢʘʣʴʥʦʾ ʙʘʟʠ ʜʘʥʠʭ ʜʣʷ ʧʨʠʡʥʷʪʪʷ 

ʝʬʝʢʪʠʚʥʠʭ ʨʽʰʝʥʴ ʙʘʣʘʥʩʫʚʘʥʥʷ. ʎʝ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʚʝʣʠʢʠʭ ʢʦʤʫʥʽʢʘʮʽʡʥʠʭ 

ʚʠʪʨʘʪ ʽ ʩʢʣʘʜʥʦʩʪʽ ʘʣʛʦʨʠʪʤʽʚ. ʂʦʨʠʩʥʽ ʫ ʚʝʣʠʢʠʭ ʽ ʛʝʪʝʨʦʛʝʥʥʠʭ ʤʝʨʝʞʘʭ. 

ɿ ʨʦʟʧʦʜʽʣʝʥʠʤ ʧʽʜʭʦʜʦʤ ʙʘʣʘʥʩʫʚʘʥʥʷ ʥʘʚʘʥʪʘʞʝʥʥʷ ʤʦʞʝ ʤʘʪʠ ʜʚʽ 

ʬʦʨʤʠ: ʢʦʦʧʝʨʘʪʠʚʥʫ ʽ ʥʝʢʦʦʧʝʨʘʪʠʚʥʫ. ʋ ʢʦʦʧʝʨʘʪʠʚʥʽʡ ʬʦʨʤʽ ʚʫʟʣʠ 

ʧʨʘʮʶʶʪʴ ʧʣʽʯ-ʦ-ʧʣʽʯ ʜʣʷ ʜʦʩʷʛʥʝʥʥʷ ʩʧʽʣʴʥʦʾ ʤʝʪʠ, ʥʘʧʨʠʢʣʘʜ, ʧʦʣʽʧʰʝʥʥʷ 

ʟʘʛʘʣʴʥʦʛʦ ʯʘʩʫ ʚʽʜʛʫʢʫ. ɿ ʥʝʢʦʦʧʝʨʘʪʠʚʥʠʤ ʧʽʜʭʦʜʦʤ ʙʘʣʘʥʩʫʚʘʥʥʷ ʚʫʟʦʣ 

ʧʨʘʮʶʻ ʥʝʟʘʣʝʞʥʦ ʚʽʜ ʤʝʪʠ, ʥʘʧʨʠʢʣʘʜ, ʧʦʣʽʧʰʝʥʥʷ ʯʘʩʫ ʚʠʢʦʥʘʥʥʷ ʤʽʩʮʝʚʦʛʦ 

ʟʘʚʜʘʥʥʷ. 

ɺʫʟʣʠ ʧʦʩʪʽʡʥʦ ʚʟʘʻʤʦʜʽʶʪʴ ʦʜʠʥ ʟ ʦʜʥʠʤ ʽ ʟ ʨʦʟʧʦʜʽʣʝʥʠʤ ʧʽʜʭʦʜʦʤ 

ʛʝʥʝʨʫʶʪʴ ʙʽʣʴʰʝ ʧʦʚʽʜʦʤʣʝʥʴ, ʥʽʞ ʟ ʥʝʨʦʟʧʦʜʽʣʝʥʠʤ. ʇʝʨʝʜʘʯʘ ʧʦʚʽʜʦʤʣʝʥʴ 

ʤʽʞ ʚʫʟʣʘʤʠ ʜʣʷ ʦʙʤʽʥʫ ʽʥʬʦʨʤʘʮʽʻʶ ʧʨʦ ʦʥʦʚʣʝʥʥʷ ʩʠʩʪʝʤʠ ʤʦʞʝ ʧʨʠʟʚʝʩʪʠ ʜʦ 

ʟʥʠʞʝʥʥʷ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ ʩʠʩʪʝʤʠ [Kameda, 1997]. ʆʜʠʥ ʚʫʟʦʣ ʘʙʦ ʛʨʫʧʘ ʚʫʟʣʽʚ 

ʚʠʨʽʰʫʻ ʟʘʚʜʘʥʥʷ ʙʘʣʘʥʩʫʚʘʥʥʷ ʥʘʚʘʥʪʘʞʝʥʥʷ ʟ ʥʝʨʦʟʧʦʜʽʣʝʥʠʤ ʧʽʜʭʦʜʦʤ, ʚʽʥ 

ʤʦʞʝ ʧʨʠʡʤʘʪʠ ʜʚʽ ʬʦʨʤʠ: ʮʝʥʪʨʘʣʽʟʦʚʘʥʦʾ ʪʘ ʥʘʧʽʚʨʦʟʧʦʜʽʣʝʥʦʾ. 

ʋ ʮʝʥʪʨʘʣʽʟʦʚʘʥʠʭ ʘʣʛʦʨʠʪʤʘʭ ʦʜʠʥ ʚʫʟʦʣ ʦʜʥʦʦʩʽʙʥʦ ʚʽʜʧʦʚʽʜʘʻ ʟʘ 

ʙʘʣʘʥʩʫʚʘʥʥʷ ʥʘʚʘʥʪʘʞʝʥʥʷ ʚʩʽʻʾ ʩʠʩʪʝʤʠ ʽ ʥʘʟʠʚʘʻʪʴʩʷ ʮʝʥʪʨʘʣʴʥʠʤ ʚʫʟʣʦʤ. 

ɺʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʫ ʥʝʚʝʣʠʢʠʭ ʤʝʨʝʞʘʭ. ʋ ʥʘʧʽʚʨʦʟʧʦʜʽʣʝʥʠʭ ʘʣʛʦʨʠʪʤʘʭ 

ʢʣʘʩʪʝʨ ʬʦʨʤʫʻʪʴʩʷ ʛʨʫʧʦʶ ʚʫʟʣʽʚ ʩʠʩʪʝʤʠ, ʙʘʣʘʥʩʫʚʘʥʥʷ ʥʘʚʘʥʪʘʞʝʥʥʷ 

ʚʽʜʙʫʚʘʻʪʴʩʷ ʫ ʢʦʞʥʦʤʫ ʢʣʘʩʪʝʨʽ ʟ ʮʝʥʪʨʘʣʽʟʦʚʘʥʦʛʦ ʪʠʧʫ. ʉʝʨʝʜ ʚʫʟʣʽʚ ʫ 

ʢʣʘʩʪʝʨʽ ʮʝʥʪʨʘʣʴʥʠʡ ʚʫʟʦʣ ʠʥʽʮʽʘʣʽʟʫʻ ʙʘʣʘʥʩʫʚʘʥʥʷ ʥʘʚʘʥʪʘʞʝʥʥʷ ʫ ʮʽʡ ʛʨʫʧʽ. 

ʅʘʧʽʚʨʦʟʧʦʜʽʣʝʥʽ ʘʣʛʦʨʠʪʤʠ ʦʙʤʽʥʶʶʪʴʩʷ ʚʝʣʠʢʦʶ ʢʽʣʴʢʽʩʪʶ ʧʦʚʽʜʦʤʣʝʥʴ 

ʧʦʨʽʚʥʷʥʦ ʟ ʮʝʥʪʨʘʣʽʟʦʚʘʥʠʤʠ. 
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ʂʣʘʩʠʬʽʢʘʮʽʷ ʘʣʛʦʨʠʪʤʽʚ ʙʘʣʘʥʩʫʚʘʥʥʷ ʥʘʚʘʥʪʘʞʝʥʥʷ ʥʘʚʝʜʝʥʘ ʥʘ 

ʨʠʩʫʥʢʫ 1.1 

 

ʈʠʩ. 1.1. ʂʣʘʩʠʬʽʢʘʮʽʷ ʘʣʛʦʨʠʪʤʽʚ ʙʘʣʘʥʩʫʚʘʥʥʷ ʥʘʚʘʥʪʘʞʝʥʥʷ 

ʇʦʢʘʟʥʠʢʠ ʝʬʝʢʪʠʚʥʦʩʪʽ ʘʣʛʦʨʠʪʤʽʚ ʙʘʣʘʥʩʫʚʘʥʥʷ. 

ɽʬʝʢʪʠʚʥʽʩʪʴ ʘʣʛʦʨʠʪʤʽʚ ʙʘʣʘʥʩʫʚʘʥʥʷ ʥʘʚʘʥʪʘʞʝʥʥʷ ʚʠʟʥʘʯʘʻʪʴʩʷ 

ʧʨʝʜʩʪʘʚʣʝʥʠʤʠ ʥʠʞʯʝ ʧʦʢʘʟʥʠʢʘʤʠ [Ghuge, 2014; Raghava, 2014].  

1. ʇʨʦʧʫʩʢʥʘ ʟʜʘʪʥʽʩʪʴ. 

ʎʝʡ ʧʦʢʘʟʥʠʢ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʜʣʷ ʦʮʽʥʢʠ ʟʘʛʘʣʴʥʦʾ ʢʽʣʴʢʦʩʪʽ ʟʘʚʜʘʥʴ, 

ʱʦ ʫʩʧʽʰʥʦ ʟʘʚʝʨʰʝʥʽ. ɺʠʩʦʢʘ ʧʨʦʧʫʩʢʥʘ ʟʜʘʪʥʽʩʪʴ ʥʝʦʙʭʽʜʥʘ ʜʣʷ ʟʘʛʘʣʴʥʦʾ 

ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ ʩʠʩʪʝʤʠ. 

2. ɺʠʪʨʘʪʠ. 

ɺʠʪʨʘʪʠ ʧʦʚôʷʟʘʥʽ ʟ ʨʦʙʦʪʦʶ ʙʫʜʴ-ʷʢʦʛʦ ʘʣʛʦʨʠʪʤʫ ʙʘʣʘʥʩʫʚʘʥʥʷ 

ʥʘʚʘʥʪʘʞʝʥʥʷ ʽ ʚʢʘʟʫʶʪʴ ʥʘ ʚʘʨʪʽʩʪʴ ʧʨʦʮʝʩʽʚ, ʱʦ ʙʝʨʫʪʴ ʫʯʘʩʪʴ ʫ ʚʠʨʽʰʝʥʥʽ 

ʟʘʜʘʯʽ, ʧʝʨʝʨʦʟʧʦʜʽʣʽ ʧʨʦʮʝʩʽʚ. ɺʦʥʠ ʤʘʶʪʴ ʙʫʪʠ ʷʢʦʤʦʛʘ ʥʠʞʯʝ. 

3. ɺʽʜʤʦʚʦʩʪʽʡʢʽʩʪʴ. 
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ʎʝʡ ʧʦʢʘʟʥʠʢ ʚʠʤʽʨʶʻ ʟʜʘʪʥʽʩʪʴ ʘʣʛʦʨʠʪʤʫ ʨʽʚʥʦʤʽʨʥʦ ʚʠʢʦʥʫʚʘʪʠ 

ʙʘʣʘʥʩʫʚʘʥʥʷ ʥʘʚʘʥʪʘʞʝʥʥʷ ʫ ʨʘʟʽ ʙʫʜʴ-ʷʢʦʛʦ ʟʙʦʶ ʚ ʨʦʙʦʪʽ. ɻʘʨʥʠʡ ʘʣʛʦʨʠʪʤ 

ʙʘʣʘʥʩʫʚʘʥʥʷ ʥʘʚʘʥʪʘʞʝʥʥʷ ʤʘʻ ʙʫʪʠ ʜʫʞʝ ʥʝʯʫʪʣʠʚʠʤ ʜʦ ʥʝʩʧʨʘʚʥʦʩʪʝʡ. 

4. ʏʘʩ ʤʽʛʨʘʮʽʾ. 

ɺʠʟʥʘʯʘʻʪʴʩʷ ʷʢ ʟʘʛʘʣʴʥʠʡ ʯʘʩ ʧʝʨʝʭʦʜʫ ʟʘʚʜʘʥʥʷ ʚʽʜ ʦʜʥʦʛʦ ʚʫʟʣʘ ʘʙʦ 

ʨʝʩʫʨʩʫ ʜʦ ʽʥʰʦʛʦ. ɺʽʥ ʧʦʚʠʥʝʥ ʙʫʪʠ ʟʚʝʜʝʥʠʤ ʜʦ ʤʽʥʽʤʫʤʫ. 

5. ʏʘʩ ʚʽʜʛʫʢʫ. 

ɺʠʤʽʨʶʻʪʴʩʷ ʷʢ ʽʥʪʝʨʚʘʣ ʯʘʩʫ ʤʽʞ ʚʽʜʧʨʘʚʣʝʥʥʷʤ ʟʘʧʠʪʫ ʡ ʦʜʝʨʞʘʥʥʷʤ 

ʚʽʜʧʦʚʽʜʽ. ɺʽʥ ʤʘʻ ʙʫʪʠ ʟʚʝʜʝʥʠʤ ʜʦ ʤʽʥʽʤʫʤʫ, ʱʦʙ ʧʽʜʚʠʱʠʪʠ ʟʘʛʘʣʴʥʫ 

ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ. 

6. ɺʠʢʦʨʠʩʪʘʥʥʷ ʨʝʩʫʨʩʽʚ. 

ʇʦʢʘʟʥʠʢ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʥʘʣʝʞʥʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʚʩʽʭ ʨʝʩʫʨʩʽʚ, ʷʢʽ ʚʢʣʶʯʝʥʽ ʚ ʩʠʩʪʝʤʫ. ɼʘʥʠʡ ʧʦʢʘʟʥʠʢ ʤʘʻ ʙʫʪʠ ʦʧʪʠʤʽʟʦʚʘʥʠʤ 

ʜʣʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʘʣʛʦʨʠʪʤʫ ʙʘʣʘʥʩʫʚʘʥʥʷ ʥʘʚʘʥʪʘʞʝʥʥʷ. 

7. ʄʘʩʰʪʘʙʦʚʘʥʽʩʪʴ. 

ʎʝ ʟʜʘʪʥʽʩʪʴ ʘʣʛʦʨʠʪʤʫ ʚʠʢʦʥʫʚʘʪʠ ʨʽʚʥʦʤʽʨʥʝ ʙʘʣʘʥʩʫʚʘʥʥʷ 

ʥʘʚʘʥʪʘʞʝʥʥʷ ʫ ʩʠʩʪʝʤʽ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʚʠʤʦʛ ʟʽ ʟʙʽʣʴʰʝʥʥʷʤ ʯʠʩʣʘ ʚʫʟʣʽʚ. 

ʂʨʘʱʠʤ ʻ ʘʣʛʦʨʠʪʤ ʟ ʚʠʩʦʢʦʶ ʤʘʩʰʪʘʙʦʚʘʥʽʩʪʶ. 

8. ʇʨʦʜʫʢʪʠʚʥʽʩʪʴ. 

ʄʦʞʝ ʙʫʪʠ ʚʠʟʥʘʯʝʥʘ ʷʢ ʝʬʝʢʪʠʚʥʽʩʪʴ ʩʠʩʪʝʤʠ. ɼʘʥʠʡ ʧʦʢʘʟʥʠʢ ʤʘʻ ʙʫʪʠ 

ʧʦʣʽʧʰʝʥʠʡ ʟʘ ʨʦʟʫʤʥʠʭ ʚʠʪʨʘʪ, ʥʘʧʨʠʢʣʘʜ, ʟʤʝʥʰʫʶʯʠ ʯʘʩ ʚʽʜʛʫʢʫ ʪʘ 

ʟʙʝʨʽʛʘʶʯʠ ʜʦʧʫʩʪʠʤʽ ʟʘʪʨʠʤʢʠ. 

ʇʨʦʚʝʜʝʥʦ ʘʥʘʣʽʟ ʽʩʥʫʶʯʠʭ ʘʣʛʦʨʠʪʤʽʚ ʙʘʣʘʥʩʫʚʘʥʥʷ ʪʘ ʧʦʢʘʟʥʠʢʽʚ ʷʢʦʩʪʽ 

ʙʘʣʘʥʩʫʚʘʥʥʷ, ʨʝʟʫʣʴʪʘʪʠ ʷʢʦʛʦ ʥʝʦʙʭʽʜʥʦ ʚʨʘʭʦʚʫʚʘʪʠ ʧʨʠ ʨʦʟʨʦʙʮʽ ʤʝʪʦʜʫ 

ʙʘʣʘʥʩʫʚʘʥʥʷ ʩʘʤʦʧʦʜʽʙʥʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ  
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1.4. ɸʥʘʣʽʟ ʤʝʪʦʜʽʚ ʙʘʣʘʥʩʫʚʘʥʥʷ ʪʨʘʬʽʢʘ ʚ ʩʠʩʪʝʤʘʭ ʚʠʷʚʣʝʥʥʷ 

ʚʪʦʨʛʥʝʥʴ 

ʂʦʤʧʦʥʝʥʪʠ ʩʠʩʪʝʤʠ ʚʠʷʚʣʝʥʥʷ ʚʪʦʨʛʥʝʥʴ. ʉʠʩʪʝʤʘ ʚʠʷʚʣʝʥʥʷ 

ʚʪʦʨʛʥʝʥʴ ʚʢʣʶʯʘʻ ʢʦʥʩʦʣʴ ʫʧʨʘʚʣʽʥʥʷ ʪʘ ʜʘʪʯʠʢʠ. ʂʦʥʩʦʣʴ ʫʧʨʘʚʣʽʥʥʷ ï 

ʢʦʥʩʦʣʴ ʫʧʨʘʚʣʽʥʥʷ ʪʘ ʟʚʽʪʥʦʩʪʽ. ɼʘʪʯʠʢʠ ï ʮʝ ʘʛʝʥʪʠ, ʷʢʽ ʢʦʥʪʨʦʣʶʶʪʴ ʭʦʩʪʠ 

ʘʙʦ ʤʝʨʝʞʽ ʚ ʨʝʞʠʤʽ ʨʝʘʣʴʥʦʛʦ ʯʘʩʫ. ʉʠʩʪʝʤʘ ʚʠʷʚʣʝʥʥʷ ʚʪʦʨʛʥʝʥʴ ʤʘʻ ʙʘʟʫ 

ʧʽʜʧʠʩʽʚ ʧʨʦ ʘʪʘʢʫ. ʇʽʜʧʠʩʠ ʘʪʘʢʠ ʻ ʟʨʘʟʢʘʤʠ ʨʽʟʥʠʭ ʪʠʧʽʚ ʨʘʥʽʰʝ ʚʠʷʚʣʝʥʠʭ 

ʘʪʘʢ. 

ʗʢʱʦ ʜʘʪʯʠʢʠ ʚʠʷʚʣʷʶʪʴ ʙʫʜ-ɹʷʢʫ ʰʢʽʜʣʠʚʫ ʘʢʪʠʚʥʽʩʪʴ, ʚʽʥ ʚʽʜʧʦʚʽʜʘʻ 

ʟʣʦʚʤʠʩʥʦʤʫ ʧʘʢʝʪʫ ʧʨʦʪʠ ʙʘʟʠ ʜʘʥʠʭ ʧʽʜʧʠʩʽʚ ʘʪʘʢʠ. ʋ ʨʘʟʽ ʚʠʷʚʣʝʥʥʷ 

ʚʽʜʧʦʚʽʜʥʦʩʪʽ ʜʘʪʯʠʢ ʧʦʚʽʜʦʤʣʷʻ ʧʨʦ ʰʢʽʜʣʠʚʫ ʘʢʪʠʚʥʽʩʪʴ ʥʘ ʢʦʥʩʦʣʽ 

ʫʧʨʘʚʣʽʥʥʷ. ɼʘʪʯʠʢ ʤʦʞʝ ʟʜʽʡʩʥʶʚʘʪʠ ʨʽʟʥʽ ʜʽʾ ʟʘʣʝʞʥʦ ʚʽʜ ʪʦʛʦ, ʷʢ ʚʦʥʠ 

ʥʘʣʘʰʪʦʚʘʥʽ. ʅʘʧʨʠʢʣʘʜ, ʜʘʪʯʠʢ ʤʦʞʝ ʩʢʠʥʫʪʠ TCP-ʟô̒ ʜʥʘʥʥʷ, ʥʘʜʽʩʣʘʚʰʠ TCP 

FIN, ʟʤʽʥʠʪʠ ʩʧʠʩʦʢ ʢʦʥʪʨʦʣʶ ʜʦʩʪʫʧʫ ʥʘ ʤʘʨʰʨʫʪʠʟʘʪʦʨʽ ʰʣʶʟʫ ʘʙʦ 

ʙʨʘʥʜʤʘʫʝʨʽ ʘʙʦ ʥʘʜʽʩʣʘʪʠ ʝʣʝʢʪʨʦʥʥʦʶ ʧʦʰʪʦʶ ʧʦʚʽʜʦʤʣʝʥʥʷ ʘʜʤʽʥʽʩʪʨʘʪʦʨʫ 

ʜʣʷ ʚʽʜʧʦʚʽʜʥʠʭ ʜʽʡ [ɺʦʝʚʦʜʠʥ, 2003]. 

ɺʠʜʠ ʩʠʩʪʝʤ ʚʠʷʚʣʝʥʥʷ ʚʪʦʨʛʥʝʥʴ. 

ɿʘʛʘʣʦʤ ʽʩʥʫʻ ʜʚʘ ʪʠʧʠ ʩʠʩʪʝʤ ʚʠʷʚʣʝʥʥʷ ʚʪʦʨʛʥʝʥʴ. ʎʝ ʩʠʩʪʝʤʘ 

ʚʠʷʚʣʝʥʥʷ ʚʪʦʨʛʥʝʥʴ, ʟʘʩʥʦʚʘʥʘ ʥʘ ʭʦʩʪʽ, ʪʘ ʤʝʨʝʞʥʘ ʩʠʩʪʝʤʘ ʚʠʷʚʣʝʥʥʷ 

ʚʪʦʨʛʥʝʥʴ. ʉʠʩʪʝʤʘ ʚʠʷʚʣʝʥʥʷ ʚʪʦʨʛʥʝʥʴ ʥʘ ʙʘʟʽ ʭʦʩʪʘ ʤʘʻ ʣʠʰʝ ʜʘʪʯʠʢʠ ʥʘ 

ʦʩʥʦʚʽ ʭʦʩʪʘ, ʘ ʤʝʨʝʞʥʘ ʩʠʩʪʝʤʘ ʚʠʷʚʣʝʥʥʷ ʚʪʦʨʛʥʝʥʴ ʤʘʻ ʤʝʨʝʞʥʠʡ ʩʝʥʩʦʨ, ʷʢ 

ʧʦʷʩʥʝʥʦ ʥʘ ʨʠʩʫʥʢʫ 1.2. 

ʗʢ ʟʦʙʨʘʞʝʥʦ ʥʘ ʨʠʩʫʥʢʫ 1.2, ʤʝʨʝʞʥʠʡ ʜʘʪʯʠʢ ʉɺɺ ʤʘʻ ʜʚʘ ʽʥʪʝʨʬʝʡʩʠ. 

ʆʜʠʥ ʽʟ ʽʥʪʝʨʬʝʡʩʽʚ ʻ ʢʝʨʦʚʘʥʠʤ. ʂʦʥʩʦʣʴ ʫʧʨʘʚʣʽʥʥʷ ʉɺɺ ʟʚôʷʟʫʻʪʴʩʷ ʟ 

ʜʘʪʯʠʢʦʤ ʯʝʨʝʟ ʽʥʪʝʨʬʝʡʩ ʫʧʨʘʚʣʽʥʥʷ. ɯʥʰʠʡ ʽʥʪʝʨʬʝʡʩ ʉɺɺ ʟʥʘʭʦʜʠʪʴʩʷ ʚ 

ʙʝʟʣʘʜʥʦʤʫ (ʧʨʦʩʣʫʭʦʚʫʚʘʣʴʥʦʤʫ) ʨʝʞʠʤʽ. ɼʦʩʪʫʧ ʜʦ ʮʴʦʛʦ ʽʥʪʝʨʬʝʡʩʫ ʥʝ 

ʤʦʞʥʘ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʯʝʨʝʟ ʤʝʨʝʞʫ ʪʘ ʥʝ ʢʝʨʫʚʘʪʠ ʥʠʤ. 
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ʈʠʩ. 1.2. ʈʦʟʛʦʨʪʘʥʥʷ ʜʘʪʯʠʢʽʚ ʉɺɺ ʪʘ ʢʦʥʩʦʣʽ ʫʧʨʘʚʣʽʥʥʷ ʚ ʤʝʨʝʞʽ 

ɯʥʪʝʨʬʝʡʩ ʤʦʥʽʪʦʨʠʥʛʫ ʧʽʜʢʣʶʯʝʥʴ ʜʦ ʤʝʨʝʞʥʦʛʦ ʩʝʛʤʝʥʪʘ, ʟʘ ʷʢʠʤ 

ʟʜʽʡʩʥʶʻʪʴʩʷ ʤʦʥʽʪʦʨʠʥʛ [ɻʝʪʴʤʘʥ, 2015]. ɼʘʪʯʠʢ ʚʠʚʯʘʻ ʢʦʞʝʥ ʧʘʢʝʪ, ʷʢʠʡ 

ʧʝʨʝʜʘʻʪʴʩʷ ʚ ʤʝʨʝʞʥʦʤʫ ʩʝʛʤʝʥʪʽ. ʉʝʥʩʦʨʠ ʥʘ ʦʩʥʦʚʽ ʤʝʨʝʞʽ ʟʘʩʪʦʩʦʚʫʶʪʴ 

ʟʘʟʜʘʣʝʛʽʜʴ ʚʠʟʥʘʯʝʥʽ ʧʽʜʧʠʩʠ ʘʪʘʢʠ ʜʦ ʢʦʞʥʦʛʦ ʢʘʜʨʫ, ʱʦʙ ʚʠʷʚʠʪʠ ʘʪʘʢʦʚʘʥʠʡ 

ʪʨʘʬʽʢ. ʗʢʱʦ ʚʽʥ ʟʥʘʡʜʝ ʟʙʽʛ ʟ ʙʫʜʴ-ʷʢʠʤ ʧʽʜʧʠʩʦʤ, ʚʽʥ ʧʦʚʽʜʦʤʣʷʻ ʢʦʥʩʦʣʴ 

ʫʧʨʘʚʣʽʥʥʷ. ɼʝʷʢʽ ʚʠʨʦʙʥʠʢʠ ʧʨʦʧʦʥʫʶʪʴ ʤʝʨʝʞʥʽ ʜʘʪʯʠʢʠ, ʱʦ ʧʨʘʮʶʶʪʴ ʥʘ 

ʨʦʙʦʯʦʤʫ ʤʽʩʮʽ. ɼʝʷʢʽ ʚʠʨʦʙʥʠʢʠ ʧʨʦʧʦʥʫʶʪʴ ʩʝʥʩʦʨʥʽ ʧʨʠʣʘʜʠ ʟ ʚʣʘʩʥʦʶ 

ʦʧʝʨʘʮʽʡʥʦʶ ʩʠʩʪʝʤʦʶ ʪʘ ʩʝʥʩʦʨʥʠʤ ʧʨʦʛʨʘʤʥʠʤ ʟʘʙʝʟʧʝʯʝʥʥʷʤ [ʍʦʨʦʰʢʦ, 

2012-1]. 

ʅʘ ʨʠʩʫʥʢʫ 1.2 ʽʥʪʝʨʬʝʡʩ ʧʫʥʢʪʠʨʥʦʾ ʣʽʥʽʾ ʥʘ ʢʦʞʥʦʤʫ ʤʝʨʝʞʥʦʤʫ 

ʜʘʪʯʠʢʫ ʉɺɺ (ʧʦʢʘʟʘʥʠʡ ʷʢ ʤʝʨʝʞʥʘ ʉɺɺ) ʻ ʽʥʪʝʨʬʝʡʩʦʤ ʫʧʨʘʚʣʽʥʥʷ, ʘ 

ʽʥʪʝʨʬʝʡʩ ʪʦʚʩʪʦʾ ʣʽʥʽʾ ï ʽʥʪʝʨʬʝʡʩʦʤ ʤʦʥʽʪʦʨʠʥʛʫ. 
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ʗʢ ʧʦʢʘʟʘʥʦ, ʽʥʪʝʨʬʝʡʩ ʫʧʨʘʚʣʽʥʥʷ ʧʽʜʢʣʶʯʘʻʪʴʩʷ ʜʦ VLAN ʫʧʨʘʚʣʽʥʥʷ 

(VLAN0). ʋ ʮʴʦʤʫ ʧʨʠʢʣʘʜʽ ʢʦʥʩʦʣʴ ʫʧʨʘʚʣʽʥʥʷ ʪʘʢʦʞ ʚʩʪʘʥʦʚʣʝʥʘ ʚ VLAN 

ʫʧʨʘʚʣʽʥʥʷ. ʂʦʥʩʦʣʴ ʫʧʨʘʚʣʽʥʥʷ ʤʦʞʝ ʙʫʪʠ ʧʽʜʢʣʶʯʝʥʘ ʜʦ ʙʫʜʴ-ʷʢʦʾ ʽʥʰʦʾ 

VLAN, ʘʣʝ ʚʦʥʘ ʧʦʚʠʥʥʘ ʤʘʪʠ ʤʦʞʣʠʚʽʩʪʴ ʩʧʽʣʢʫʚʘʪʠʩʷ ʟ ʽʥʰʠʤʠ VLAN, ʜʦ 

ʷʢʠʭ ʧʽʜʢʣʶʯʝʥʽ ʽʥʪʝʨʬʝʡʩʠ ʫʧʨʘʚʣʽʥʥʷ ʩʝʥʩʦʨʘʤʠ ʉɺɺ ʥʘ ʦʩʥʦʚʽ ʤʝʨʝʞʽ. 

ʈʝʢʦʤʝʥʜʫʻʪʴʩʷ ʧʽʜʢʣʶʯʠʪʠ ʽʥʪʝʨʬʝʡʩʠ ʫʧʨʘʚʣʽʥʥʷ ʤʝʨʝʞʥʦ ʾʉɺɺ ʪʘ ʢʦʥʩʦʣʽ 

ʫʧʨʘʚʣʽʥʥʷ ʜʦ ʪʽʻʾ ʞ VLAN. 

ɿ ʽʥʰʦʛʦ ʙʦʢʫ, ʩʠʩʪʝʤʠ ʚʠʷʚʣʝʥʥʷ ʚʪʦʨʛʥʝʥʴ ʥʘ ʦʩʥʦʚʽ ʭʦʩʪʘ ʧʨʘʮʶʶʪʴ ʟ 

ʭʦʩʪʘʤʠ. ɼʘʪʯʠʢ ʥʘ ʦʩʥʦʚʽ ʭʦʩʪʘ ï ʮʝ ʧʨʦʛʨʘʤʥʝ ʟʘʙʝʟʧʝʯʝʥʥʷ, ʷʢʝ ʧʨʘʮʶʻ ʥʘ 

ʭʦʩʪʽ, ʱʦ ʟʘʭʠʱʘʻʪʴʩʷ. ɺʽʥ ʢʦʥʪʨʦʣʶʻ ʩʠʩʪʝʤʥʠʡ ʘʫʜʠʪ ʪʘ ʞʫʨʥʘʣʠ ʧʦʜʽʡ. ʂʦʣʠ 

ʙʫʜʴ-ʷʢʠʡ ʟ ʮʠʭ ʬʘʡʣʽʚ ʟʤʽʥʶʻʪʴʩʷ, ʜʘʪʯʠʢ ʉɺɺ ʧʦʨʽʚʥʶʻ ʥʦʚʠʡ ʟʘʧʠʩ ʞʫʨʥʘʣʫ 

ʟ ʧʽʜʧʠʩʘʤʠ ʘʪʘʢʠ, ʱʦʙ ʧʦʙʘʯʠʪʠ, ʯʠ ʻ ʚʽʜʧʦʚʽʜʥʽʩʪʴ. ʋ ʨʘʟʽ ʚʠʷʚʣʝʥʥʷ 

ʚʽʜʧʦʚʽʜʥʦʩʪʽ ʜʘʪʯʠʢ ʧʦʚʽʜʦʤʣʷʻ ʢʦʥʩʦʣʴ ʫʧʨʘʚʣʽʥʥʷ. 

ɼʘʪʯʠʢʠ ʥʘ ʦʩʥʦʚʽ ʭʦʩʪʘ ʥʝ ʨʦʙʣʷʪʴ ʞʦʜʥʦʛʦ ʘʥʘʣʽʟʫ ʨʽʚʥʷ ʧʘʢʝʪʽʚ. 

ʅʘʪʦʤʽʩʪʴ ʚʦʥʠ ʢʦʥʪʨʦʣʶʶʪʴ ʜʽʷʣʴʥʽʩʪʴ ʥʘ ʨʽʚʥʽ ʩʠʩʪʝʤʠ. ʅʘʧʨʠʢʣʘʜ, 

ʥʝʩʘʥʢʮʽʦʥʦʚʘʥʠʡ ʢʦʨʠʩʪʫʚʘʯ (ʢʨʽʤ ʘʜʤʽʥʽʩʪʨʘʪʦʨʘ) ʟʤʽʥʶʻ ʬʘʡʣʠ ʨʝʻʩʪʨʫ ʚ 

ʩʠʩʪʝʤʽ Windows NT ʘʙʦ ʟʤʽʥʶʻ / etc / password ʘʙʦ / etc / shadow ʬʘʡʣ ʫ ʩʠʩʪʝʤʽ 

Unix, ʢʦʨʠʩʪʫʚʘʯ ʥʘʤʘʛʘʻʪʴʩʷ ʫʚʽʡʪʠ ʦ 19:00 ʚʝʯʦʨʘ, ʭʦʯʘ ʢʦʨʠʩʪʫʚʘʯ ʤʦʞʝ 

ʚʭʦʜʠʪʠ ʣʠʰʝ ʤʽʞ 9:00 ʪʘ 17:00. 

ɼʘʪʯʠʢʠ, ʱʦ ʙʘʟʫʶʪʴʩʷ ʥʘ ʭʦʩʪʽ, ʚʽʜʩʪʝʞʫʶʪʴ ʪʘʢʽ ʜʽʾ, ʽ ʷʢʱʦ ʚʦʥʠ 

ʚʠʷʚʣʷʶʪʴ ʘʥʦʤʘʣʽʶ, ʚʽʜʧʦʚʽʜʘʶʪʴ ʥʘ ʧʦʚʽʜʦʤʣʝʥʥʷ ʘʜʤʽʥʽʩʪʨʘʪʦʨʘ. 

ɯʜʝʥʪʠʬʽʢʘʪʦʨʠ, ʱʦ ʙʘʟʫʶʪʴʩʷ ʥʘ ʭʦʩʪʘʭ, ʟʨʦʩʪʘʣʠ ʟ ʨʦʢʘʤʠ. ɼʝʷʢʽ ʩʠʩʪʝʤʠ ʥʘ 

ʦʩʥʦʚʽ ʉɺɺ ʥʘ ʭʦʩʪʘʭ ʨʝʛʫʣʷʨʥʦ ʧʝʨʝʚʽʨʷʶʪʴ ʢʣʶʯʦʚʽ ʩʠʩʪʝʤʥʽ ʬʘʡʣʠ ʪʘ 

ʚʠʢʦʥʫʚʘʥʽ ʬʘʡʣʠ ʯʝʨʝʟ ʢʦʥʪʨʦʣʴʥʽ ʩʫʤʠ ʥʘ ʧʨʝʜʤʝʪ ʥʝʩʧʦʜʽʚʘʥʠʭ ʟʤʽʥ. ɼʝʷʢʽ 

ʧʨʦʜʫʢʪʠ ʩʣʫʭʘʶʪʴ ʜʽʷʣʴʥʽʩʪʴ ʥʘ ʦʩʥʦʚʽ ʧʦʨʪʫ ʪʘ ʧʦʧʝʨʝʜʞʘʶʪʴ ʘʜʤʽʥʽʩʪʨʘʪʦʨʽʚ 

ʧʨʦ ʜʦʩʪʫʧ ʜʦ ʧʝʚʥʠʭ ʧʦʨʪʽʚ. ʉʠʩʪʝʤʠ ʚʠʷʚʣʝʥʥʷ ʚʪʦʨʛʥʝʥʴ, ʟʘʩʥʦʚʘʥʽ ʥʘ 

ʤʝʨʝʞʽ, ʤʘʶʪʴ ʩʚʦʾ ʧʝʨʝʚʘʛʠ ʪʘ ʥʝʜʦʣʽʢʠ.  
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ʇʝʨʝʚʘʛʠ ʤʝʨʝʞʥʠʭ ʩʠʩʪʝʤ ʚʠʷʚʣʝʥʥʷ ʚʪʦʨʛʥʝʥʴ. 

1. ʅʠʟʴʢʘ ʚʘʨʪʽʩʪʴ ʚʦʣʦʜʽʥʥʷ: ʤʝʨʝʞʥʘ ʉɺɺ ʤʦʞʝ ʙʫʪʠ ʨʦʟʛʦʨʥʫʪʘ ʜʣʷ 

ʢʦʞʥʦʛʦ ʩʝʛʤʝʥʪʫ ʤʝʨʝʞʽ. ʉɺɺ ʚʽʜʩʪʝʞʫʻ ʤʝʨʝʞʥʠʡ ʪʨʘʬʽʢ, ʧʨʠʟʥʘʯʝʥʠʡ ʜʣʷ 

ʚʩʽʭ ʩʠʩʪʝʤ ʫ ʤʝʨʝʞʥʦʤʫ ʩʝʛʤʝʥʪʽ. ʎʝ ʩʢʘʩʦʚʫʻ ʚʠʤʦʛʫ ʟʘʚʘʥʪʘʞʝʥʥʷ 

ʧʨʦʛʨʘʤʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ ʥʘ ʨʽʟʥʠʭ ʭʦʩʪʘʭ ʫ ʤʝʨʝʞʥʦʤʫ ʩʝʛʤʝʥʪʽ. ʎʝ ʟʤʝʥʰʫʻ 

ʥʘʢʣʘʜʥʽ ʚʠʪʨʘʪʠ, ʦʩʢʽʣʴʢʠ ʥʝʤʘʻ ʥʝʦʙʭʽʜʥʦʩʪʽ ʧʽʜʪʨʠʤʫʚʘʪʠ ʩʝʥʩʦʨʥʝ 

ʧʨʦʛʨʘʤʥʝ ʟʘʙʝʟʧʝʯʝʥʥʷ ʥʘ ʨʽʚʥʽ ʭʦʩʪʘ. 

2. ʃʝʛʰʝ ʨʦʟʛʦʨʪʘʪʠ: ʤʝʨʝʞʥʽ ʉɺɺ ʣʝʛʰʝ ʨʦʟʛʦʨʪʘʪʠ, ʦʩʢʽʣʴʢʠ ʮʝ ʥʝ 

ʚʧʣʠʚʘʻ ʥʘ ʽʩʥʫʶʯʽ ʩʠʩʪʝʤʠ ʯʠ ʽʥʬʨʘʩʪʨʫʢʪʫʨʫ. ʄʝʨʝʞʥʽ ʩʠʩʪʝʤʠ ʉɺɺ ʥʝ 

ʟʘʣʝʞʘʪʴ ʚʽʜ ʦʧʝʨʘʮʽʡʥʦʾ ʩʠʩʪʝʤʠ. ɼʘʪʯʠʢ ʉɺɺ ʥʘ ʦʩʥʦʚʽ ʤʝʨʝʞʽ 

ʧʨʦʩʣʫʭʦʚʫʚʘʪʠʤʝ ʚʩʽ ʘʪʘʢʠ ʥʘ ʤʝʨʝʞʥʠʡ ʩʝʛʤʝʥʪ ʥʝʟʘʣʝʞʥʦ ʚʽʜ ʪʠʧʫ 

ʦʧʝʨʘʮʽʡʥʦʾ ʩʠʩʪʝʤʠ, ʥʘ ʷʢʽʡ ʧʨʘʮʶʻ ʮʽʣʴʦʚʠʡ ʭʦʩʪ. 

3. ɺʠʷʚʣʝʥʥʷ ʤʝʨʝʞʥʠʭ ʘʪʘʢ: ʤʝʨʝʞʥʽ ʉɺɺ-ʜʘʪʯʠʢʠ ʤʦʞʫʪʴ ʚʠʷʚʣʷʪʠ 

ʘʪʘʢʠ, ʷʢʽ ʜʘʪʯʠʢʘʤ ʥʘ ʦʩʥʦʚʽ ʭʦʩʪʘ ʥʝ ʚʜʘʻʪʴʩʷ ʚʠʷʚʠʪʠ. ʄʝʨʝʞʥʘ ʉɺɺ 

ʧʝʨʝʚʽʨʷʻ ʚʩʽ ʟʘʛʦʣʦʚʢʠ ʧʘʢʝʪʽʚ ʥʘ ʥʘʷʚʥʽʩʪʴ ʙʫʜʴ-ʷʢʦʾ ʰʢʽʜʣʠʚʦʾ ʘʪʘʢʠ. ɹʘʛʘʪʦ 

DoS-ʘʪʘʢ (denial of service) ʟʘʩʥʦʚʘʥʠʭ ʥʘ ɯʈ, ʪʘʢʠʭ ʷʢ ʘʪʘʢʘ TCP SYN, 

ʬʨʘʛʤʝʥʪʦʚʘʥʘ ʘʪʘʢʘ ʧʘʢʝʪʽʚ ʪʦʱʦ, ʤʦʞʥʘ ʽʜʝʥʪʠʬʽʢʫʚʘʪʠ ʣʠʰʝ ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʧʝʨʝʛʣʷʜʫ ʟʘʛʦʣʦʚʢʽʚ ʧʘʢʝʪʽʚ ʧʽʜ ʯʘʩ ʧʝʨʝʜʘʯʽ ʚ ʤʝʨʝʞʽ. 

4. ɿʙʝʨʽʛʘʥʥʷ ʜʦʢʘʟʽʚ: ʤʝʨʝʞʥʠʡ ʉɺɺ ʚʠʢʦʨʠʩʪʦʚʫʻ ʞʠʚʠʡ ʤʝʨʝʞʥʠʡ 

ʪʨʘʬʽʢ ʽ ʟʜʽʡʩʥʶʻ ʚʠʷʚʣʝʥʥʷ ʚʪʦʨʛʥʝʥʴ ʫ ʨʝʞʠʤʽ ʨʝʘʣʴʥʦʛʦ ʯʘʩʫ ʊʦʤʫ 

ʟʣʦʚʤʠʩʥʠʢ ʥʝ ʤʦʞʝ ʚʠʣʫʯʠʪʠ ʜʦʢʘʟʠ ʥʘʧʘʜʫ. ʎʽ ʜʘʥʽ ʤʦʞʫʪʴ ʙʫʪʠ ʚʠʢʦʨʠʩʪʘʥʽ 

ʜʣʷ ʢʨʠʤʽʥʘʣʽʩʪʠʯʥʦʛʦ ʘʥʘʣʽʟʫ. ɿ ʽʥʰʦʛʦ ʙʦʢʫ, ʭʦʩʪ-ʜʘʪʯʠʢ ʚʠʷʚʣʷʻ ʘʪʘʢʠ, 

ʧʝʨʝʛʣʷʜʘʶʯʠ ʬʘʡʣʠ ʩʠʩʪʝʤʥʦʛʦ ʞʫʨʥʘʣʫ. ɹʘʛʘʪʦ ʭʘʢʝʨʽʚ ʟʜʘʪʥʽ ʚʥʦʩʠʪʠ ʟʤʽʥʠ 

ʜʦ ʬʘʡʣʽʚ ʞʫʨʥʘʣʽʚ, ʱʦʙ ʚʠʣʫʯʠʪʠ ʙʫʜʴ-ʷʢʽ ʜʦʢʘʟʠ ʥʘʧʘʜʫ. 

5. ɺʠʷʚʣʝʥʥʷ ʚ ʨʝʘʣʴʥʦʤʫ ʯʘʩʽ ʪʘ ʰʚʠʜʢʝ ʨʝʘʛʫʚʘʥʥʷ: ʤʝʨʝʞʥʠʡ ʉɺɺ 

ʚʽʜʩʪʝʞʫʻ ʪʨʘʬʽʢ ʫ ʨʝʞʠʤʽ ʨʝʘʣʴʥʦʛʦ ʯʘʩʫ. ʊʘʢʠʤ ʯʠʥʦʤ, ʤʝʨʝʞʥʠʡ ʉɺɺ ʤʦʞʝ 

ʚʠʷʚʣʷʪʠ ʟʣʦʚʤʠʩʥʫ ʘʢʪʠʚʥʽʩʪʴ ʧʽʜ ʯʘʩ ʾʭʥʴʦʛʦ ʚʠʥʠʢʥʝʥʥʷ. ɺʠʭʦʜʷʯʠ ʟ 

ʥʘʣʘʰʪʫʚʘʥʥʷ ʜʘʪʯʠʢʘ, ʪʘʢʫ ʘʪʘʢʫ ʤʦʞʥʘ ʟʫʧʠʥʠʪʠ ʱʝ ʜʦ ʪʦʛʦ, ʷʢ ʚʦʥʠ ʟʤʦʞʫʪʴ 
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ʧʦʪʨʘʧʠʪʠ ʥʘ ʭʦʩʪ ʽ ʩʢʦʤʧʨʦʤʝʪʫʚʘʪʠ ʩʠʩʪʝʤʫ. ɿ ʽʥʰʦʛʦ ʙʦʢʫ, ʭʦʩʪ-ʩʠʩʪʝʤʠ 

ʚʠʷʚʣʷʶʪʴ ʘʪʘʢʠ, ʧʝʨʝʛʣʷʜʘʶʯʠ ʟʤʽʥʠ, ʚʥʝʩʝʥʽ ʜʦ ʩʠʩʪʝʤʥʠʭ ʬʘʡʣʽʚ. ɼʦ ʮʴʦʛʦ 

ʯʘʩʫ ʢʨʠʪʠʯʥʽ ʩʠʩʪʝʤʠ, ʤʦʞʣʠʚʦ, ʚʞʝ ʙʫʣʠ ʧʦʨʫʰʝʥʽ. 

6. ɺʠʷʚʣʝʥʥʷ ʥʝʚʜʘʣʠʭ ʘʪʘʢ: ʤʝʨʝʞʥʠʡ ʉɺɺ-ʜʘʪʯʠʢ, ʨʦʟʛʦʨʥʫʪʠʡ ʟʘ 

ʤʝʞʘʤʠ ʙʨʘʥʜʤʘʫʝʨʘ (ʷʢ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩʫʥʢʫ 1.2 ʚʠʱʝ), ʤʦʞʝ ʚʠʷʚʠʪʠ 

ʟʣʦʚʤʠʩʥʽ ʘʪʘʢʠ ʥʘ ʨʝʩʫʨʩʠ ʟʘ ʙʨʘʥʜʤʘʫʝʨʦʤ, ʥʘʚʽʪʴ ʷʢʱʦ ʙʨʘʥʜʤʘʫʝʨ ʤʦʞʝ 

ʚʽʜʭʠʣʷʪʠ ʮʽ ʩʧʨʦʙʠ. ʎʷ ʽʥʬʦʨʤʘʮʽʷ ʤʦʞʝ ʙʫʪʠ ʜʫʞʝ ʢʦʨʠʩʥʦʶ ʜʣʷ 

ʢʨʠʤʽʥʘʣʽʩʪʠʯʥʦʛʦ ʘʥʘʣʽʟʫ. ɼʘʪʯʠʢʠ, ʱʦ ʙʘʟʫʶʪʴʩʷ ʥʘ ʭʦʩʪʽ, ʥʝ ʙʘʯʘʪʴ 

ʚʽʜʭʠʣʝʥʠʭ ʘʪʘʢ, ʷʢʽ ʥʽʢʦʣʠ ʥʝ ʤʦʛʣʠ ʧʦʪʨʘʧʠʪʠ ʥʘ ʭʦʩʪ ʚʩʝʨʝʜʠʥʽ ʙʨʘʥʜʤʘʫʝʨʘ. 

ʇʨʦʙʣʝʤʠ ʚʠʷʚʣʝʥʥʷ ʚʪʦʨʛʥʝʥʴ. 

ʉʠʩʪʝʤʠ ʚʠʷʚʣʝʥʥʷ ʚʪʦʨʛʥʝʥʴ ʪʝʦʨʝʪʠʯʥʦ ʚʠʛʣʷʜʘʶʪʴ ʷʢ ʽʥʩʪʨʫʤʝʥʪ 

ʟʘʭʠʩʪʫ, ʷʢʠʡ ʧʦʪʨʝʙʫʻ ʢʦʞʥʘ ʦʨʛʘʥʽʟʘʮʽʷ. ʆʜʥʘʢ ʻ ʜʝʷʢʽ ʧʨʦʙʣʝʤʠ, ʟ ʷʢʠʤʠ 

ʩʪʠʢʘʶʪʴʩʷ ʦʨʛʘʥʽʟʘʮʽʾ ʧʽʜ ʯʘʩ ʨʦʟʛʦʨʪʘʥʥʷ ʩʠʩʪʝʤʠ ʚʠʷʚʣʝʥʥʷ ʚʪʦʨʛʥʝʥʴ. ɺʦʥʠ 

ʦʙʛʦʚʦʨʶʶʪʴʩʷ ʥʠʞʯʝ. 

1. ʉʘʤʘ ʪʝʭʥʦʣʦʛʽʷ ʉɺɺ ʟʘʟʥʘʻ ʚʜʦʩʢʦʥʘʣʝʥʴ. ʊʦʤʫ ʜʣʷ ʦʨʛʘʥʽʟʘʮʽʡ ʜʫʞʝ 

ʚʘʞʣʠʚʦ ʯʽʪʢʦ ʚʠʟʥʘʯʠʪʠ ʩʚʦʾ ʦʯʽʢʫʚʘʥʥʷ ʚʽʜ ʚʧʨʦʚʘʜʞʝʥʥʷ ʉɺɺ. ʊʝʭʥʦʣʦʛʽʷ 

ʉɺɺ ʥʝ ʜʦʩʷʛʣʘ ʪʘʢʦʛʦ ʨʽʚʥʷ, ʢʦʣʠ ʚʦʥʘ ʥʝ ʧʦʪʨʝʙʫʻ ʚʪʨʫʯʘʥʥʷ ʣʶʜʠʥʠ. 

ɿʘʟʚʠʯʘʡ, ʩʴʦʛʦʜʥʽʰʥʷ ʪʝʭʥʦʣʦʛʽʷ ʉɺɺ ʧʨʦʧʦʥʫʻ ʜʝʷʢʫ ʘʚʪʦʤʘʪʠʟʘʮʽʶ, ʷʢ 

ʩʧʦʚʽʱʝʥʥʷ ʘʜʤʽʥʽʩʪʨʘʪʦʨʘ ʫ ʨʘʟʽ ʚʠʷʚʣʝʥʥʷ ʟʣʦʚʤʠʩʥʦʾ ʘʢʪʠʚʥʦʩʪʽ, ʚʽʜʭʠʣʝʥʥʷ 

ʚʽʜ ʰʢʽʜʣʠʚʦʛʦ ʟôʻʜʥʘʥʥʷ ʧʨʦʪʷʛʦʤ ʧʝʚʥʦʛʦ ʧʝʨʽʦʜʫ ʯʘʩʫ, ʜʠʥʘʤʽʯʥʘ ʟʤʽʥʘ 

ʩʧʠʩʢʫ ʢʦʥʪʨʦʣʶ ʜʦʩʪʫʧʫ ʤʘʨʰʨʫʪʠʟʘʪʦʨʘ, ʱʦʙ ʟʫʧʠʥʠʪʠ ʟʣʦʚʤʠʩʥʝ ʟô̒ ʜʥʘʥʥʷ 

ʪʦʱʦ. 

ɸʣʝ ʚʩʝ ʱʝ ʜʫʞʝ ʚʘʞʣʠʚʦ ʨʝʛʫʣʷʨʥʦ ʢʦʥʪʨʦʣʶʚʘʪʠ ʞʫʨʥʘʣʠ ʉɺɺ, ʱʦʙ 

ʟʘʣʠʰʘʪʠʩʷ ʥʘ ʧʦʯʘʪʢʫ ʧʦʜʽʡ. ʑʦʜʝʥʥʠʡ ʤʦʥʽʪʦʨʠʥʛ ʞʫʨʥʘʣʽʚ ʥʝʦʙʭʽʜʥʠʡ ʜʣʷ 

ʘʥʘʣʽʟʫ ʚʠʜʫ ʰʢʽʜʣʠʚʠʭ ʜʽʡ, ʚʠʷʚʣʝʥʠʭ ʉɺɺ ʧʨʦʪʷʛʦʤ ʧʝʚʥʦʛʦ ʧʝʨʽʦʜʫ ʯʘʩʫ. 

ʉʴʦʛʦʜʥʽʰʥʽʡ ʉɺɺ ʱʝ ʥʝ ʜʦʩʷʛ ʨʽʚʥʷ, ʥʘ ʷʢʦʤʫ ʚʽʥ ʤʦʞʝ ʜʘʪʠ ʽʩʪʦʨʠʯʥʠʡ ʘʥʘʣʽʟ 

ʚʪʦʨʛʥʝʥʥʷ, ʚʠʷʚʣʝʥʦʛʦ ʟʘ ʧʝʚʥʠʡ ʧʨʦʤʽʞʦʢ ʯʘʩʫ. ʎʝ ʚʩʝ ʱʝ ʨʫʯʥʘ ʜʽʷʣʴʥʽʩʪʴ. 
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ʊʦʤʫ ʜʣʷ ʦʨʛʘʥʽʟʘʮʽʾ ʚʘʞʣʠʚʦ ʤʘʪʠ ʯʽʪʢʦ ʚʠʟʥʘʯʝʥʠʡ ʧʣʘʥ ʧʦʚʦʜʞʝʥʥʷ ʪʘ 

ʨʝʘʛʫʚʘʥʥʷ ʥʘ ʽʥʮʠʜʝʥʪʠ, ʷʢʱʦ ʚʪʨʫʯʘʥʥʷ ʚʠʷʚʣʝʥʦ ʽ ʧʦʚʽʜʦʤʣʷʻ ʉɺɺ. ʂʨʽʤ 

ʪʦʛʦ, ʦʨʛʘʥʽʟʘʮʽʷ ʧʦʚʠʥʥʘ ʤʘʪʠ ʢʚʘʣʽʬʽʢʦʚʘʥʠʡ ʧʝʨʩʦʥʘʣ ʟ ʙʝʟʧʝʢʠ, ʱʦʙ 

ʦʙʨʦʙʣʷʪʠ ʧʦʜʽʙʥʠʡ ʩʮʝʥʘʨʽʡ. 

2. ʋʩʧʽʭ ʚʧʨʦʚʘʜʞʝʥʥʷ ʉɺɺ ʟʥʘʯʥʦʶ ʤʽʨʦʶ ʟʘʣʝʞʠʪʴ ʚʽʜ ʪʦʛʦ, ʷʢ ʚʦʥʘ 

ʙʫʣʘ ʨʦʟʛʦʨʥʫʪʘ. ʅʘ ʝʪʘʧʽ ʧʨʦʝʢʪʫʚʘʥʥʷ, ʘ ʪʘʢʦʞ ʥʘ ʝʪʘʧʽ ʨʝʘʣʽʟʘʮʽʾ ʧʦʪʨʽʙʥʦ 

ʙʘʛʘʪʦ ʧʣʘʥʫ. ʋ ʙʽʣʴʰʦʩʪʽ ʚʠʧʘʜʢʽʚ ʙʘʞʘʥʦ ʨʝʘʣʽʟʫʚʘʪʠ ʛʽʙʨʠʜʥʝ ʨʽʰʝʥʥʷ 

ʤʝʨʝʞʥʦʛʦ ʽ ʭʦʩʪʦʚʦʛʦ ʉɺɺ, ʱʦʙ ʦʪʨʠʤʘʪʠ ʚʠʛʦʜʫ ʟ ʦʙʦʭ. ʅʘʩʧʨʘʚʜʽ ʦʜʥʘ 

ʪʝʭʥʦʣʦʛʽʷ ʜʦʧʦʚʥʶʻ ʽʥʰʫ. 

ʆʜʥʘʢ ʮʝ ʨʽʰʝʥʥʷ ʤʦʞʝ ʚʽʜʨʽʟʥʷʪʠʩʷ ʚʽʜ ʦʜʥʽʻʾ ʦʨʛʘʥʽʟʘʮʽʾ ʜʦ ʽʥʰʦʾ. 

ʄʝʨʝʞʥʠʡ ʉɺɺ ï ʮʝ ʙʝʟʧʦʩʝʨʝʜʥʽʡ ʚʠʙʽʨ ʜʣʷ ʙʘʛʘʪʴʦʭ ʦʨʛʘʥʽʟʘʮʽʡ ʯʝʨʝʟ ʡʦʛʦ 

ʟʜʘʪʥʽʩʪʴ ʢʦʥʪʨʦʣʶʚʘʪʠ ʜʝʢʽʣʴʢʘ ʩʠʩʪʝʤ, ʘ ʪʘʢʦʞ ʪʦʡ ʬʘʢʪ, ʱʦ ʚʽʥ ʥʝ ʚʠʤʘʛʘʻ 

ʟʘʚʘʥʪʘʞʝʥʥʷ ʧʨʦʛʨʘʤʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ ʫ ʚʠʨʦʙʥʠʯʫ ʩʠʩʪʝʤʫ ʥʘ ʚʽʜʤʽʥʫ ʚʽʜ 

ʭʦʩʪʘ ʉɺɺ. 

ɼʝʷʢʽ ʦʨʛʘʥʽʟʘʮʽʾ ʨʝʘʣʽʟʫʶʪʴ ʛʽʙʨʠʜʥʝ ʨʽʰʝʥʥʷ. ʆʨʛʘʥʽʟʘʮʽʷʤ, ʱʦ 

ʚʧʨʦʚʘʜʞʫʶʪʴ ʭʦʩʪ ʥʘ ʙʘʟʽ ʉɺɺ, ʩʣʽʜ ʧʘʤôʷʪʘʪʠ, ʱʦ ʧʨʦʛʨʘʤʥʝ ʟʘʙʝʟʧʝʯʝʥʥʷ 

ʉɺɺ, ʟʘʩʥʦʚʘʥʝ ʥʘ ʭʦʩʪʽ, ʻ ʧʨʦʮʝʩʦʨʦʤ ʪʘ ʧʘʤô̫ ʪʪʶ. ʊʦʤʫ ʜʫʞʝ ʚʘʞʣʠʚʦ ʤʘʪʠ 

ʜʦʩʪʘʪʥʶ ʢʽʣʴʢʽʩʪʴ ʜʦʩʪʫʧʥʠʭ ʨʝʩʫʨʩʽʚ ʫ ʩʠʩʪʝʤʽ, ʧʝʨʰ ʥʽʞ ʚʩʪʘʥʦʚʣʶʚʘʪʠ ʥʘ 

ʥʽʡ ʜʘʪʯʠʢ ʥʘ ʦʩʥʦʚʽ ʭʦʩʪʘ. 

3. ɺʘʞʣʠʚʦ ʧʦʜʙʘʪʠ ʧʨʦ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʜʘʪʯʠʢʘ ʪʘ ʤʝʥʝʜʞʝʨʘ. ɼʣʷ 

ʦʙʯʠʩʣʝʥʥʷ ʮʴʦʛʦ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʥʝ ʽʩʥʫʻ ʧʨʘʚʠʣʘ ʚʝʣʠʢʦʛʦ ʧʘʣʴʮʷ ʷʢ ʪʘʢʦʛʦ. 

ɿʥʘʯʥʦʶ ʤʽʨʦʶ ʮʝ ʟʘʣʝʞʠʪʴ ʚʽʜ ʪʦʛʦ, ʩʢʽʣʴʢʠ ʨʽʟʥʠʭ ʚʠʜʽʚ ʪʨʘʬʽʢʘ ʢʦʥʪʨʦʣʶʻʪʴʩʷ 

ʢʦʞʥʠʤ ʜʘʪʯʠʢʦʤ ʽ ʚ ʷʢʦʤʫ ʩʝʨʝʜʦʚʠʱʽ. ɹʘʛʘʪʦ ʦʨʛʘʥʽʟʘʮʽʡ ʟʘʩʪʦʩʦʚʫʶʪʴ 

ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ 10: 1. ɼʝʷʢʽ ʦʨʛʘʥʽʟʘʮʽʾ ʟʘʩʪʦʩʦʚʫʶʪʴ 20: 1, ʘ ʽʥʰʽ 15: 1. 

ɼʫʞʝ ʚʘʞʣʠʚʦ ʨʦʟʨʦʙʠʪʠ ʙʘʟʦʚʫ ʧʦʣʽʪʠʢʫ ʧʝʨʝʜ ʧʦʯʘʪʢʦʤ ʚʧʨʦʚʘʜʞʝʥʥʷ 

ʉɺɺ ʪʘ ʫʥʠʢʘʪʠ ʧʦʤʠʣʢʦʚʠʭ ʧʦʟʠʪʠʚʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ. ʅʝʧʨʘʚʠʣʴʥʦ 

ʥʘʣʘʰʪʦʚʘʥʠʡ ʜʘʪʯʠʢ ʉɺɺ ʤʦʞʝ ʥʘʜʩʠʣʘʪʠ ʥʘ ʢʦʥʩʦʣʴ ʙʘʛʘʪʦ ʧʦʤʠʣʢʦʚʠʭ 
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ʧʦʟʠʪʠʚʥʠʭ ʜʘʥʠʭ, ʽ ʥʘʚʽʪʴ 10: 1 ʘʙʦ ʥʘʚʽʪʴ ʢʨʘʱʝ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʜʘʪʯʠʢʘ ʜʦ 

ʢʦʥʩʦʣʽ ʤʦʞʝ ʙʫʪʠ ʥʝʜʦʩʪʘʪʥʽʤ. 

4. ʊʝʭʥʦʣʦʛʽʷ ʉɺɺ  ̒ʨʝʘʢʪʠʚʥʦʶ ʪʘ ʥʝ ʻ ʧʨʦʘʢʪʠʚʥʦʶ. ʊʝʭʥʦʣʦʛʽʷ ʉɺɺ 

ʧʨʘʮʶʻ ʥʘʜ ʧʽʜʧʠʩʘʤʠ ʘʪʘʢʠ. ʇʽʜʧʠʩʠ ʥʘʧʘʜʽʚ ï ʮʝ ʤʦʜʝʣʽ ʧʦʧʝʨʝʜʥʽʭ ʘʪʘʢ. ɹʘʟʫ 

ʜʘʥʠʭ ʧʽʜʧʠʩʽʚ ʧʦʪʨʽʙʥʦ ʦʥʦʚʣʶʚʘʪʠ ʱʦʨʘʟʫ, ʢʦʣʠ ʙʫʜʝ ʚʠʷʚʣʝʥʦ ʨʽʟʥʦʛʦ ʪʠʧʫ 

ʘʪʘʢʫ, ʽ ʟôʷʚʠʣʠʩʴ ʚʠʧʨʘʚʣʝʥʥʷ ʜʣʷ ʥʝʾ. ʏʘʩʪʦʪʘ ʦʥʦʚʣʝʥʥʷ ʧʽʜʧʠʩʽʚ ʟʤʽʥʶʻʪʴʩʷ 

ʚʽʜ ʧʦʩʪʘʯʘʣʴʥʠʢʘ ʜʦ ʧʦʩʪʘʯʘʣʴʥʠʢʘ. 

5. ʈʦʟʛʦʨʪʘʶʯʠ ʤʝʨʝʞʥʝ ʨʽʰʝʥʥʷ ʉɺɺ, ʚʘʞʣʠʚʦ ʧʘʤôʷʪʘʪʠ ʧʨʦ ʦʜʠʥ 

ʜʫʞʝ ʚʘʞʣʠʚʠʡ ʘʩʧʝʢʪ ʤʝʨʝʞʥʦʾ ʉɺɺ ʫ ʢʦʤʫʪʦʚʘʥʦʤʫ ʩʝʨʝʜʦʚʠʱʽ. ʅʘ ʚʽʜʤʽʥʫ 

ʚʽʜ ʤʝʨʝʞʽ ʥʘ ʙʘʟʽ HUB, ʜʝ ʭʦʩʪ ʥʘ ʦʜʥʦʤʫ ʧʦʨʪʫ ʤʦʞʝ ʙʘʯʠʪʠ ʪʨʘʬʽʢ ʧʦʟʘ ʙʫʜʴ-

ʷʢʠʤ ʽʥʰʠʤ ʧʦʨʪʦʤ HUB, ʫ ʢʦʤʫʪʦʚʘʥʽʡ ʤʝʨʝʞʽ, ʧʨʦʪʝ ʪʨʘʬʽʢ ʦʜʥʦʛʦ ʧʦʨʪʫ ʥʝ 

ʤʦʞʝ ʙʘʯʠʪʠ ʭʦʩʪ ʽʥʰʦʛʦ ʧʦʨʪʘ, ʦʩʢʽʣʴʢʠ ʚʦʥʠ ʟʥʘʭʦʜʷʪʴʩʷ ʚ ʨʽʟʥʠʭ ʦʙʣʘʩʪʷʭ 

ʟʽʪʢʥʝʥʥʷ. 

ɼʘʪʯʠʢ ʉɺɺ ʥʘ ʦʩʥʦʚʽ ʤʝʨʝʞʽ ʧʦʚʠʥʝʥ ʙʘʯʠʪʠ ʪʨʘʬʽʢ ʧʦʨʪʘ ʪʘ ʧʦʟʘ ʥʠʤ, 

ʱʦʙ ʚʠʷʚʠʪʠ ʙʫʜʴ-ʷʢʠʡ ʰʢʽʜʣʠʚʠʡ ʪʨʘʬʽʢ. ʋ ʧʝʨʝʢʣʶʯʝʥʦʤʫ ʩʝʨʝʜʦʚʠʱʽ ʜʣʷ 

ʜʦʩʷʛʥʝʥʥʷ ʮʴʦʛʦ ʧʦʪʨʽʙʥʝ ʜʟʝʨʢʘʣʴʥʝ ʚʽʜʦʙʨʘʞʝʥʥʷ ʘʙʦ ʧʨʦʢʨʫʯʫʚʘʥʥʷ ʧʦʨʪʽʚ. 

ʆʜʥʘ ʮʽʣʘ VLAN ʤʦʞʝ ʙʫʪʠ ʧʝʨʝʥʝʩʝʥʘ ʥʘ ʦʜʠʥ ʧʦʨʪ, ʥʘ ʷʢʦʤʫ ʚʩʪʘʥʦʚʣʝʥʠʡ 

ʤʝʨʝʞʥʠʡ ʜʘʪʯʠʢ ʉɺɺ. 

ɺʠʩʥʦʚʦʢ: ʉɺɺ ʩʪʘʶʪʴ ʣʦʛʽʯʥʠʤ ʥʘʩʪʫʧʥʠʤ ʢʨʦʢʦʤ ʜʣʷ ʙʘʛʘʪʴʦʭ 

ʦʨʛʘʥʽʟʘʮʽʡ ʧʽʩʣʷ ʨʦʟʛʦʨʪʘʥʥʷ ʪʝʭʥʦʣʦʛʽʾ ʙʨʘʥʜʤʘʫʝʨʘ ʚ ʤʝʨʝʞʥʦʤʫ ʧʝʨʠʤʝʪʨʽ. 

ʉɺɺ ʤʦʞʝ ʟʘʙʝʟʧʝʯʠʪʠ ʟʘʭʠʩʪ ʚʽʜ ʟʦʚʥʽʰʥʽʭ ʢʦʨʠʩʪʫʚʘʯʽʚ ʪʘ ʚʥʫʪʨʽʰʥʽʭ 

ʟʣʦʚʤʠʩʥʠʢʽʚ, ʢʦʣʠ ʪʨʘʬʽʢ ʚʟʘʛʘʣʽ ʥʝ ʧʨʦʭʦʜʠʪʴ ʯʝʨʝʟ ʙʨʘʥʜʤʘʫʝʨ. 

ʆʜʥʘʢ ʥʘʩʪʫʧʥʽ ʤʦʤʝʥʪʠ ʜʫʞʝ ʚʘʞʣʠʚʽ, ʱʦʙ ʟʘʚʞʜʠ ʧʘʤôʷʪʘʪʠ. ʗʢʱʦ ʚʩʽ 

ʮʽ ʧʫʥʢʪʠ ʥʝ ʜʦʪʨʠʤʘʥʽ, ʨʝʘʣʽʟʘʮʽʷ ʉɺɺ ʨʘʟʦʤ ʽʟ ʙʨʘʥʜʤʘʫʝʨʦʤ ʥʝ ʤʦʞʝ 

ʩʪʚʦʨʠʪʠ ʽʥʬʨʘʩʪʨʫʢʪʫʨʫ ʟ ʚʠʩʦʢʦʶ ʟʘʭʠʱʝʥʽʩʪʶ. 

ɸʥʘʣʽʟ ʤʝʪʦʜʽʚ ʙʘʣʘʥʩʫʚʘʥʥʷ ʥʘʚʘʥʪʘʞʝʥʥʷ ʚ ʉɺɺ. 

ɿʙʽʣʴʰʝʥʥʷ ʪʨʘʬʽʢʘ ʪʘ ʥʝʦʙʭʽʜʥʽʩʪʴ ʧʦʚʥʦʛʦ ʘʥʘʣʽʟʫ ʩʪʘʥʫ ʚʠʩʫʚʘʶʪʴ 

ʚʠʩʦʢʽ ʦʙʯʠʩʣʶʚʘʣʴʥʽ ʚʠʤʦʛʠ ʜʦ ʤʝʨʝʞʥʠʭ ʩʠʩʪʝʤ ʚʠʷʚʣʝʥʥʷ ʚʪʦʨʛʥʝʥʴ ʤʝʨʝʞʫ 
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(ʤʝʨʝʞʥʘ ʉɺɺ) ʪʘ ʤʦʪʠʚʫʶʪʴ ʧʦʪʨʝʙʫ ʨʦʟʧʦʜʽʣʝʥʠʭ ʘʨʭʽʪʝʢʪʫʨ ʟ ʜʝʢʽʣʴʢʦʤʘ 

ʜʘʪʯʠʢʘʤʠ. ɺ ʫʤʦʚʘʭ ʟʨʦʩʪʘʶʯʦʾ ʢʽʣʴʢʦʩʪʽ ʪʨʘʬʽʢʘ ʟ ʚʝʣʠʢʠʤʠ ʭʚʦʩʪʘʤʠ 

ʩʪʘʪʠʯʥʽ ʧʨʘʚʠʣʘ ʜʠʩʧʝʪʯʝʨʠʟʘʮʽʾ ʜʽʣʷʥʦʢ ʪʨʘʬʽʢʘ ʤʽʞ ʨʦʟʧʦʜʽʣʝʥʠʤʠ 

ʜʘʪʯʠʢʘʤʠ ʚʠʢʣʠʢʘʶʪʴ ʩʠʣʴʥʠʡ ʜʠʩʙʘʣʘʥʩ. ʆʪʞʝ, ʨʦʟʧʦʜʽʣʝʥʘ ʘʨʭʽʪʝʢʪʫʨʘ 

ʤʝʨʝʞʥʦ ʾ ʉɺɺ ʤʘʻ ʧʦʻʜʥʫʚʘʪʠʩʷ ʟ ʘʜʝʢʚʘʪʥʠʤʠ ʤʝʭʘʥʽʟʤʘʤʠ ʜʠʥʘʤʽʯʥʦʛʦ 

ʧʝʨʝʨʦʟʧʦʜʽʣʫ ʥʘʚʘʥʪʘʞʝʥʥʷ. ɺ ʨʦʙʦʪʽ [Andreolini, 2007] ʘʚʪʦʨʠ ʧʨʦʧʦʥʫʶʪʴ ʪʘ 

ʧʦʨʽʚʥʶʶʪʴ ʨʽʟʥʽ ʧʦʣʽʪʠʢʠ ʱʦʜʦ ʘʢʪʠʚʘʮʽʾ / ʜʝʘʢʪʠʚʘʮʽʾ ʜʠʥʘʤʽʯʥʦʛʦ 

ʙʘʣʘʥʩʫʚʘʣʴʥʠʢʘ ʥʘʚʘʥʪʘʞʝʥʥʷ. ɺʦʥʠ ʨʦʟʛʣʷʜʘʶʪʴ ʪʘ ʧʦʨʽʚʥʶʶʪʴ ʩʭʝʤʠ 

ʦʜʠʥʘʨʥʠʭ ʪʘ ʧʦʜʚʽʡʥʠʭ ʧʦʨʦʛʦʚʠʭ ʟʥʘʯʝʥʴ ʪʘ ʧʨʝʜʩʪʘʚʣʝʥʥʷ ʥʘʚʘʥʪʘʞʝʥʴ ʥʘ 

ʦʩʥʦʚʽ ʤʦʜʝʣʝʡ ʨʝʩʫʨʩʽʚ ʪʘ ʤʦʜʝʣʝʡ ʘʛʨʝʛʘʮʽʾ ʥʘʚʘʥʪʘʞʝʥʴ.  

ɼʣʷ ʦʪʨʠʤʘʥʥʷ ʮʽʣʢʦʤ ʥʘʜʽʡʥʦʛʦ ʘʥʘʣʽʟʫ ʉɺɺ ʤʘʻ ʚʽʜʩʪʝʞʫʚʘʪʠ, ʟʙʠʨʘʪʠ 

ʪʘ ʚʠʚʯʘʪʠ ʢʦʞʥʝ ʦʢʨʝʤʝ ʟô̒ ʜʥʘʥʥʷ ʟ ̔ʰʚʠʜʢʽʩʪʶ ʧʨʦʚʦʜʫ. ɹʫʜʴ-ʷʢʘ ʘʨʭʽʪʝʢʪʫʨʘ, 

ʱʦ ʙʘʟʫʻʪʴʩʷ ʣʠʰʝ ʥʘ ʦʜʥʦʤʫ ʜʘʪʯʠʢʫ ʨʫʭʫ, ʥʝ ʤʦʞʝ ʙʫʪʠ ʜʦʩʪʘʪʥʴʦʶ ʜʣʷ ʪʦʛʦ, 

ʱʦʙ ʩʪʠʢʘʪʠʩʷ ʟ ʤʝʨʝʞʘʤʠ, ʷʢʽ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴʩʷ ʧʦʩʪʽʡʥʠʤ ʟʙʽʣʴʰʝʥʥʷʤ 

ʧʦʪʫʞʥʦʩʪʝʡ ʪʘ ʪʨʘʬʽʢʘ. 

ʆʪʞʝ, ʨʦʟʧʦʜʽʣʝʥʽ ʘʨʭʽʪʝʢʪʫʨʠ ʟ ʜʝʢʽʣʴʢʦʤʘ ʜʘʪʯʠʢʘʤʠ ʻ ʥʘʡʙʽʣʴʰ 

ʝʬʝʢʪʠʚʥʠʤ ʨʽʰʝʥʥʷʤ ʜʣʷ ʤʘʩʰʪʘʙʦʚʘʥʦʛʦ ʘʥʘʣʽʟʫ ʪʨʘʬʽʢʘ ʥʠʥʽʰʥʽʭ ʪʘ 

ʤʘʡʙʫʪʥʽʭ ʰʚʠʜʢʽʩʥʠʭ ʤʝʨʝʞ. ʎʽ ʨʦʟʧʦʜʽʣʝʥʽ ʘʨʭʽʪʝʢʪʫʨʠ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴʩʷ 

ʥʘʙʦʨʦʤ ʜʝʢʽʣʴʢʦʭ ʟʨʽʟʽʚ, ʷʢʽ ʧʨʠʩʚʦʶʶʪʴ ʯʘʩʪʠʥʠ ʤʝʨʝʞʥʦʛʦ ʪʨʘʬʽʢʘ ʨʽʟʥʠʤ 

ʜʘʪʯʠʢʘʤ ʤʝʨʝʞʥʦ ʾʉɺɺ ʟʘ ʜʦʧʦʤʦʛʦʶ ʧʝʚʥʦʾ ʧʦʣʽʪʠʢʠ ʬʦʨʤʫʚʘʥʥʷ ʪʨʘʬʽʢʘ. 

ʂʦʞʝʥ ʜʘʪʯʠʢ ʤʝʨʝʞʥʦ ʾʉɺɺ (ʢʦʨʦʪʢʠʡ ʜʘʪʯʠʢ) ʘʥʘʣʽʟʫʻ ʦʪʨʠʤʘʥʠʡ ʪʨʘʬʽʢ ʥʘ 

ʧʨʠʩʫʪʥʽʩʪʴ ʥʝʟʘʢʦʥʥʠʭ ʤʝʨʝʞʥʠʭ ʜʽʡ ʽ ʧʨʠ ʥʝʦʙʭʽʜʥʦʩʪʽ ʛʝʥʝʨʫʻ ʩʧʦʚʽʱʝʥʥʷ. 

ʆʩʥʦʚʥʘ ʧʨʦʙʣʝʤʘ ʧʦʣʷʛʘʻ ʚ ʪʦʤʫ, ʱʦ ʚʭʽʜʥʠʡ ʪʨʘʬʽʢ, ʦʪʨʠʤʘʥʠʡ ʨʦʟʧʦʜʽʣʝʥʦʶ 

ʘʨʭʽʪʝʢʪʫʨʦʶ ʤʝʨʝʞʥʦʾ ʉɺɺ, ʤʘʻ ʚʝʣʠʢʽ ʭʚʦʩʪʦʚʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ [Kang, 2009; 

Akujuobi, 2007] ʪʘ ʤʥʦʞʠʥʫ ʩʧʣʝʩʢʽʚ [Jeong, 2017]. ʗʢʙʠ ʩʠʩʪʝʤʘ ʧʨʠʡʥʷʣʘ 

ʩʪʘʪʠʩʪʠʯʥʠʡ ʨʦʟʧʦʜʽʣ ʪʨʘʬʽʢʫ, ʢʽʣʴʢʽʩʪʴ ʪʨʘʬʽʢʘ, ʱʦ ʜʦʩʷʛʘʻ ʢʦʞʥʦʛʦ ʜʘʪʯʠʢʘ, 

ʙʫʣʘ ʙ ʥʘʜʟʚʠʯʘʡʥʦ ʤʽʥʣʠʚʦʶ ʽ ʩʧʨʠʯʠʥʠʣʘ ʙ ʩʝʨʡʦʟʥʽ ʩʠʪʫʘʮʽʾ ʟ 

ʥʝʚʨʽʚʥʦʚʘʞʝʥʠʤ ʥʘʚʘʥʪʘʞʝʥʥʷʤ, ʱʦ ʟʫʤʦʚʣʶʻ ʨʠʟʠʢʠ ʚʪʨʘʪ ʧʘʢʝʪʽʚ. ɿ ʮʽʻʾ 
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ʧʨʠʯʠʥʠ ʥʝʦʙʭʽʜʥʦ ʧʦʚʪʦʨʠʪʠ ʜʠʥʘʤʽʯʥʠʡ ʧʝʨʝʨʦʟʧʦʜʽʣ ʥʘʚʘʥʪʘʞʝʥʥʷ ʤʽʞ 

ʜʘʪʯʠʢʘʤʠ. ɿ ʮʽʻʶ ʤʝʪʦʶ ʚʚʦʜʠʪʴʩʷ ʢʦʦʨʜʠʥʘʪʦʨ, ʷʢʠʡ ʦʪʨʠʤʫʻ ʧʝʨʽʦʜʠʯʥʫ 

ʽʥʬʦʨʤʘʮʽʶ ʧʨʦ ʩʪʘʥ ʜʘʪʯʠʢʽʚ ʽ ʥʘ ʦʩʥʦʚʽ ʧʝʚʥʦʾ ʧʦʣʽʪʠʢʠ ʤʦʞʝ ʘʢʪʠʚʫʚʘʪʠ 

ʤʝʭʘʥʽʟʤ ʙʘʣʘʥʩʫʚʘʥʥʷ ʥʘʚʘʥʪʘʞʝʥʥʷ ʜʣʷ ʧʝʨʝʤʽʱʝʥʥʷ ʜʽʣʷʥʦʢ ʤʝʨʝʞʥʦʛʦ 

ʪʨʘʬʽʢʘ ʟ ʧʝʨʝʚʘʥʪʘʞʝʥʠʭ ʥʘ ʤʝʥʰ ʥʘʚʘʥʪʘʞʝʥʽ ʜʘʪʯʠʢʠ. 

ʋʤʦʚʠ ʟʘʚʘʥʪʘʞʝʥʥʷ ʢʦʞʥʦʛʦ ʜʘʪʯʠʢʘ ʟʘʟʚʠʯʘʡ ʦʮʽʥʶʶʪʴʩʷ ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʧʝʨʽʦʜʠʯʥʦʾ ʚʠʙʽʨʢʠ ʚʽʜʩʪʝʞʫʚʘʥʠʭ ʥʝʦʙʨʦʙʣʝʥʠʭ ʜʘʥʠʭ, ʷʢʽ 

ʥʘʟʠʚʘʶʪʴʩʷ ʨʝʩʫʨʩʥʠʤʠ ʟʘʭʦʜʘʤʠ ʘʙʦ ʟʨʘʟʢʘʤʠ. ʍʦʯʘ ʦʜʥʘ ʤʽʨʘ ʧʨʦʧʦʥʫʻ 

ʤʠʪʪʻʚʠʡ ʚʠʛʣʷʜ ʫʤʦʚ ʥʘʚʘʥʪʘʞʝʥʥʷ ʜʘʪʯʠʢʘ, ʮʝ ʥʝ ʜʦʧʦʤʘʛʘʻ ʩʠʩʪʝʤʽ 

ʚʽʜʨʽʟʥʠʪʠ ʨʝʘʣʴʥʽ ʫʤʦʚʠ ʧʝʨʝʚʘʥʪʘʞʝʥʥʷ ʚʽʜ ʧʝʨʝʭʽʜʥʠʭ ʧʽʢʽʚ. ʆʪʞʝ, ʚ ʫʤʦʚʘʭ 

ʤʫʣʴʪʠʬʨʘʢʪʘʣʴʥʦʛʦ ʪʨʘʬʽʢʘ ʟ ʥʝʩʧʦʜʽʚʘʥʠʤʠ ʩʧʣʝʩʢʘʤʠ ʪʘ ʩʧʣʝʩʢʘʤʠ 

ʥʘʜʭʦʜʞʝʥʥʷ ʜʘʥʠʭ ʚʢʨʘʡ ʚʘʞʢʦ ʚʠʟʥʘʯʠʪʠ ʥʘʡʢʨʘʱʫ ʧʦʣʽʪʠʢʫ ʨʽʰʝʥʥʷ ʱʦʜʦ 

ʘʢʪʠʚʘʮʽʾ ʪʘ ʘʣʛʦʨʠʪʤ ʧʝʨʝʨʦʟʧʦʜʽʣʫ ʟʘʚʘʥʪʘʞʝʥʥʷ ʜʣʷ ʧʨʦʮʝʩʫ ʟʙʘʣʘʥʩʫʚʘʥʥʷ 

ʥʘʚʘʥʪʘʞʝʥʥʷ. 

ʅʝʟʚʘʞʘʶʯʠ ʥʘ ʪʝ, ʱʦ ʻ ʙʘʛʘʪʦ ʜʦʩʷʛʥʝʥʴ ʫ ʩʪʚʦʨʝʥʥʽ ʢʨʘʱʦʛʦ 

ʦʙʣʘʜʥʘʥʥʷ ʜʣʷ ʉɺɺ, ʽʩʥʫʻ ʚʽʜʪʝʨʤʽʥʦʚʘʥʠʡ ʯʘʩ, ʧʝʨʰ ʥʽʞ ʤʝʨʝʞʽ ʤʦʞʫʪʴ 

ʦʪʨʠʤʘʪʠ ʢʦʨʠʩʪʴ ʚʽʜ ʮʴʦʛʦ ʥʘ ʧʨʘʢʪʠʮʽ. ʈʦʙʦʪʘ [Heorhiadi, 2012] ʜʦʧʦʚʥʶʻ 

ʽʩʥʫʶʯʽ ʜʦʩʣʽʜʞʝʥʥʷ ʱʦʜʦ ʤʘʩʰʪʘʙʫʚʘʥʥʷ ʘʧʘʨʘʪʥʠʭ ʟʘʩʦʙʽʚ ʤʝʨʝʞʥʦ ʾʉɺɺ ʜʣʷ 

ʢʨʘʱʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʪʘ ʨʦʟʰʠʨʝʥʥʷ ʽʩʥʫʶʯʠʭ ʨʦʟʛʦʨʪʘʥʴ ʤʝʨʝʞʥʦ ʾʉɺɺ. ɿ 

ʮʽʻʶ ʤʝʪʦʶ ʘʚʪʦʨʠ ʟʘʧʨʦʧʦʥʫʚʘʣʠ ʟʘʛʘʣʴʥʫ ʘʨʭʽʪʝʢʪʫʨʫ ʤʝʨʝʞʥʦ ʾʉɺɺ, ʱʦʙ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʪʨʠ ʤʦʞʣʠʚʦʩʪʽ: ʟʘʚʘʥʪʘʞʝʥʥʷ ʦʙʨʦʙʢʠ ʥʘ ʽʥʰʽ ʚʫʟʣʠ ʰʣʷʭʫ 

ʤʘʨʰʨʫʪʠʟʘʮʽʾ ʧʘʢʝʪʘ, ʨʝʧʣʽʢʘʮʽʶ ʪʨʘʬʽʢʫ ʥʘ ʚʫʟʣʠ, ʱʦ ʥʝ ʟʘʚʘʥʪʘʞʝʥʽ 

(ʥʘʧʨʠʢʣʘʜ, ʥʘ ʢʣʘʩʪʝʨʠ ʤʝʨʝʞʥʦ ʾ ʉɺɺ), ʪʘ ʘʛʨʝʛʘʮʽʶ ʜʣʷ ʨʦʟʜʽʣʝʥʥʷ 

ʢʦʰʪʦʚʥʠʭ ʟʘʚʜʘʥʴ ʤʝʨʝʞʥʦ ʾʉɺɺ. ʈʝʟʫʣʴʪʘʪʠ ʚʧʨʦʚʘʜʞʝʥʥʷ ʙʘʛʘʪʴʦʭ ʨʝʘʣʴʥʠʭ 

ʪʦʧʦʣʦʛʽʡ ʧʦʢʘʟʫʶʪʴ, ʱʦ ʮʷ ʘʨʭʽʪʝʢʪʫʨʘ ʟʥʘʯʥʦ ʟʤʝʥʰʫʻ ʤʘʢʩʠʤʘʣʴʥʝ 

ʥʘʚʘʥʪʘʞʝʥʥʷ ʥʘ ʦʙʯʠʩʣʝʥʥʷ, ʟʘʙʝʟʧʝʯʫʻ ʢʨʘʱʫ ʩʪʽʡʢʽʩʪʴ ʧʽʜ ʯʘʩ ʟʤʽʥʥʦʩʪʽ 

ʪʨʘʬʽʢʘ ʪʘ ʧʨʦʧʦʥʫʻ ʧʦʢʨʘʱʝʥʝ ʦʭʦʧʣʝʥʥʷ ʚʠʷʚʣʝʥʥʷ ʜʣʷ ʩʮʝʥʘʨʽʾʚ, ʱʦ 

ʧʦʪʨʝʙʫʶʪʴ ʧʝʨʝʛʣʷʜʫ ʚ ʤʝʨʝʞʽ. 
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ʇʨʠ ʰʚʠʜʢʦ ʟʨʦʩʪʘʶʯʠʭ ʰʚʠʜʢʦʩʪʷʭ ʤʝʨʝʞʽ ʻʤʥʽʩʪʴ ʜʘʪʯʠʢʘ ʤʝʨʝʞʥʦ ʾ

ʉɺɺ ʤʦʞʝ ʦʙʤʝʞʫʚʘʪʠ ʟʜʘʪʥʽʩʪʴ ʩʠʩʪʝʤʠ ʚʠʷʚʣʷʪʠ ʚʪʦʨʛʥʝʥʥʷ. ʇʘʨʘʣʝʣʴʥʘ 

ʘʨʭʽʪʝʢʪʫʨʘ ʤʝʨʝʞʥʦʾ ʉɺɺ, ʟʘʧʨʦʧʦʥʦʚʘʥʘ ʚ [Schaelicke, 2005], ʜʦʣʘʻ ʮʝ 

ʦʙʤʝʞʝʥʥʷ, ʨʦʟʧʦʜʽʣʷʶʯʠ ʥʘʚʘʥʪʘʞʝʥʥʷ ʥʘ ʤʝʨʝʞʥʠʡ ʪʨʘʬʽʢ ʯʝʨʝʟ ʤʘʩʠʚ 

ʩʝʥʩʦʨʥʠʭ ʚʫʟʣʽʚ. ʉʧʠʨʘʶʯʠʩʴ ʥʘ ʩʧʝʮʽʘʣʴʥʠʡ ʘʧʘʨʘʪʥʠʡ ʙʘʣʘʥʩʠʨ 

ʥʘʚʘʥʪʘʞʝʥʥʷ ʪʘ ʝʢʦʥʦʤʽʯʥʦ ʝʬʝʢʪʠʚʥʽ ʧʦʟʘʰʪʘʪʥʽ ʜʘʪʯʠʢʠ, ʩʠʩʪʝʤʘ 

ʚʠʢʦʨʠʩʪʦʚʫʻ ʥʦʚʽ ʝʚʨʠʩʪʠʢʠ ʟʙʘʣʘʥʩʫʚʘʥʥʷ ʥʘʚʘʥʪʘʞʝʥʥʷ ʙʝʟ ʩʪʘʥʫ, ʱʦʙ 

ʟʘʧʦʙʽʛʪʠ ʦʙʤʝʞʝʥʥʷʤ ʤʘʩʰʪʘʙʦʚʘʥʦʩʪʽ. ɺʽʥ ʪʘʢʦʞ ʚʠʢʦʨʠʩʪʦʚʫʻ ʜʠʥʘʤʽʯʥʠʡ 

ʟʚʦʨʦʪʥʠʡ ʟʚôʷʟʦʢ ʚʽʜ ʩʝʥʩʦʨʥʠʭ ʚʫʟʣʽʚ ʜʣʷ ʘʜʘʧʪʘʮʽʾ ʜʦ ʟʤʽʥ ʤʝʨʝʞʥʦʛʦ 

ʪʨʘʬʽʢʘ.  

ɺʠʭʦʜʷʯʠ ʟ ʧʨʦʚʝʜʝʥʦʛʦ ʘʥʘʣʽʟʫ ʟʘʜʘʯʘ ʙʘʣʘʥʩʫʚʘʥʥʷ ʥʘʚʘʥʪʘʞʝʥʥʷ ʚ 

ʉɺɺ ʻ ʘʢʪʫʘʣʴʥʦʶ ʪʘ ʧʦʪʨʝʙʫʻ ʚʠʨʽʰʝʥʥʷ. 

1.5. ɸʥʘʣʽʟ ʤʝʪʦʜʽʚ ʚʠʷʚʣʝʥʥʷ ʚʪʦʨʛʥʝʥʴ 

ɿ ʫʨʘʭʫʚʘʥʥʷʤ ʤʝʪʦʜʽʚ ʚʠʷʚʣʝʥʥʷ ʚʪʦʨʛʥʝʥʴ ʉɺɺ ʤʦʞʥʘ ʨʦʟʜʽʣʠʪʠ ʥʘ 

ʜʚʘ ʦʩʥʦʚʥʠʭ ʪʠʧʠ ʩʠʩʪʝʤ: ʥʘ ʦʩʥʦʚʽ ʩʠʛʥʘʪʫʨ ʽ ʘʥʦʤʘʣʽʡ [Jeong, 2017; 

Schaelicke, 2005; Heorhiadi, 2012].  

ʄʝʪʦʜ ʘʥʘʣʽʟʫ ʘʥʦʤʘʣʽʡ. ʉɺɺ ʥʘ ʦʩʥʦʚʽ ʘʥʦʤʘʣʽʡ ʩʪʚʦʨʶʶʪʴ ʧʨʦʬʽʣʴ, 

ʚʽʜʩʪʝʞʫʶʯʠ ʥʦʨʤʘʣʴʥʫ ʘʢʪʠʚʥʽʩʪʴ ʚ ʩʠʩʪʝʤʽ [Jeong, 2017]. ʎʝʡ ʧʨʦʬʽʣʴ 

ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ, ʱʦʙ ʟʥʘʡʪʠ ʚʽʜʭʠʣʝʥʥʷ ʩʧʦʩʪʝʨʝʞʫʚʘʥʠʭ ʜʽʡ ʚʽʜ ʥʦʨʤʘʣʴʥʦʾ 

ʧʦʚʝʜʽʥʢʠ ʩʠʩʪʝʤʠ ʽ ʧʦʚʽʜʦʤʠʪʠ ʧʨʦ ʥʠʭ ʷʢ ʧʨʦ ʘʥʦʤʘʣʽʾ. ʋ ʩʠʩʪʝʤʘʭ ʪʘʢʦʛʦ 

ʪʠʧʫ ʜʫʞʝ ʚʘʞʣʠʚʦ ʧʨʘʚʠʣʴʥʦ ʚʠʟʥʘʯʠʪʠ ʥʦʨʤʘʣʴʥʠʡ ʧʨʦʬʽʣʴ ʩʠʩʪʝʤʠ ʚ 

ʘʚʪʦʥʦʤʥʦʤʫ ʨʝʞʠʤʽ ʘʙʦ ʚ ʨʝʞʠʤʽ ʦʥʣʘʡʥ [Barracuda, 2019]. ɺ ʽʥʰʦʤʫ ʚʠʧʘʜʢʫ 

ʙʫʜʴ-ʷʢʘ ʘʢʪʠʚʥʽʩʪʴ, ʷʢʘ ʚʽʜʨʽʟʥʷʻʪʴʩʷ ʚʽʜ ʩʪʚʦʨʝʥʦʛʦ ʧʨʦʬʽʣʶ, ʤʦʞʝ ʙʫʪʠ 

ʽʜʝʥʪʠʬʽʢʦʚʘʥʘ ʷʢ ʚʪʦʨʛʥʝʥʥʷ, ʽ, ʦʪʞʝ, ʩʠʩʪʝʤʘ ʤʦʞʝ ʩʪʨʘʞʜʘʪʠ ʚʽʜ ʚʠʩʦʢʦʛʦ 

ʨʽʚʥʷ ʧʦʤʠʣʢʦʚʠʭ ʩʧʨʘʮʴʦʚʫʚʘʥʴ, ʷʢʠʡ ʚʠʢʣʠʢʘʥʠʡ ʤʘʨʢʫʚʘʥʥʷʤ ʙʫʜʴ-ʷʢʦʾ 
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ʥʝʽʥʪʨʫʟʠʚʥʦʾ ʥʝʥʦʨʤʘʣʴʥʦʾ ʧʦʚʝʜʽʥʢʠ ʷʢ ʰʢʽʜʣʠʚʦʾ. ʅʘ ʚʽʜʤʽʥʫ ʚʽʜ ʩʠʩʪʝʤ ʥʘ 

ʦʩʥʦʚʽ ʩʠʛʥʘʪʫʨ, ʩʠʩʪʝʤʠ ʥʘ ʦʩʥʦʚʽ ʘʥʦʤʘʣʽʡ ʟʜʘʪʥʽ ʚʠʷʚʣʷʪʠ ʥʦʚʽ ʪʠʧʠ ʘʪʘʢ. 

ʉʠʩʪʝʤʘ ʚʠʷʚʣʝʥʥʷ ʚʪʦʨʛʥʝʥʴ, ʷʢʘ ʚʠʢʦʨʠʩʪʦʚʫʻ ʤʝʪʦʜʠ ʚʠʷʚʣʝʥʥʷ 

ʘʥʦʤʘʣʽʡ ʜʣʷ ʚʠʷʚʣʝʥʥʷ ʟʣʦʚʤʠʩʥʠʭ ʜʽʡ, ʥʘʟʠʚʘʻʪʴʩʷ ʩʠʩʪʝʤʦʶ ʚʠʷʚʣʝʥʥʷ 

ʘʥʦʤʘʣʽʡ. ʉʠʩʪʝʤʠ ʚʠʷʚʣʝʥʥʷ ʘʥʦʤʘʣʽʡ ʧʦʙʫʜʦʚʘʥʽ ʥʘ ʦʩʥʦʚʽ ʧʨʠʧʫʱʝʥʥʷ, ʱʦ 

ʚʪʦʨʛʥʝʥʥʷ ʻ ʧʽʜʤʥʦʞʠʥʦʶ ʘʥʦʤʘʣʽʡ [Barracuda, 2019]. ɺ ʽʜʝʘʣʴʥʦʤʫ ʚʠʧʘʜʢʫ 

ʢʦʞʥʘ ʚʠʷʚʣʝʥʘ ʘʥʦʤʘʣʽʷ ʬʘʢʪʠʯʥʦ ʻ ʚʪʦʨʛʥʝʥʥʷʤ, ʱʦ ʦʟʥʘʯʘʻ ʚʽʜʩʫʪʥʽʩʪʴ ʚ 

ʩʠʩʪʝʤʽ ʧʦʤʠʣʢʦʚʠʭ ʩʧʨʘʮʴʦʚʫʚʘʥʴ. ɺʽʜʧʦʚʽʜʥʦ ʜʦ ʮʴʦʛʦ ʧʨʠʧʫʱʝʥʥʷ, ʩʠʩʪʝʤʠ 

ʚʠʷʚʣʝʥʥʷ ʘʥʦʤʘʣʽʡ ʟʜʘʪʥʽ ʚʠʷʚʣʷʪʠ ʥʘʚ'ʷʟʣʠʚʽ ʜʽʾ, ʥʘʚʽʪʴ ʷʢʱʦ ʘʪʘʢʠ 

ʟʘʧʫʩʢʘʶʪʴʩʷ ʟ ʟʘʢʦʥʥʦʛʦ ʦʙʣʽʢʦʚʦʛʦ ʟʘʧʠʩʫ ʢʦʨʠʩʪʫʚʘʯʘ. ʆʜʥʘʢ ʦʩʥʦʚʥʠʤ 

ʥʝʜʦʣʽʢʦʤ ʩʠʩʪʝʤ ʚʠʷʚʣʝʥʥʷ ʘʥʦʤʘʣʽʡ ʻ ʚʠʩʦʢʘ ʯʘʩʪʦʪʘ ʧʦʤʠʣʢʦʚʠʭ 

ʩʧʨʘʮʴʦʚʫʚʘʥʴ, ʱʦ ʚʠʥʠʢʘʶʪʴ ʧʽʜ ʯʘʩ ʩʧʦʩʪʝʨʝʞʝʥʥ ̫ʟʘ ʙʫʜʴ-ʷʢʦʶ ʟʘʢʦʥʥʦʶ 

ʥʝʥʦʨʤʘʣʴʥʦʶ ʘʢʪʠʚʥʽʩʪʶ ʚ ʢʦʥʪʨʦʣʴʦʚʘʥʽʡ ʩʠʩʪʝʤʽ ʘʙʦ ʤʝʨʝʞʽ. ʋ ʨʝʘʣʴʥʠʭ 

ʜʦʜʘʪʢʘʭ ʪʷʛʘʨ ʧʦʤʠʣʢʦʚʠʭ ʩʧʨʘʮʴʦʚʫʚʘʥʴ ʤʦʞʝ ʧʨʠʟʚʝʩʪʠ ʜʦ ʟʙʦʶ ʉɺɺ 

[Barracuda, 2019]. ɿ ʽʥʰʦʛʦ ʙʦʢʫ, ʚ ʭʦʜʽ ʚʠʷʚʣʝʥʥ ̫ʘʥʦʤʘʣʴʥʠʭ ʜʽʡ ʩʠʩʪʝʤʥʠʡ 

ʘʜʤʽʥʽʩʪʨʘʪʦʨ ʧʦʚʠʥʝʥ ʚʠʪʨʘʪʠʪʠ ʙʘʛʘʪʦ ʯʘʩʫ ʥʘ ʚʠʷʚʣʝʥʥʷ ʧʝʨʰʦʧʨʠʯʠʥʠ 

ʟʛʝʥʝʨʦʚʘʥʠʭ ʘʚʘʨʽʡʥʠʭ ʩʠʛʥʘʣʽʚ [Gagnon, 2009]. ɿʽ ʟʙʽʣʴʰʝʥʥʷʤ ʢʽʣʴʢʦʩʪʽ 

ʘʚʘʨʽʡʥʠʭ ʩʠʛʥʘʣʽʚ ʩʠʩʪʝʤʥʠʡ ʘʜʤʽʥʽʩʪʨʘʪʦʨ ʤʦʞʝ ʥʝ ʤʘʪʠ ʤʦʞʣʠʚʦʩʪʽ 

ʚʽʜʩʣʽʜʢʦʚʫʚʘʪʠ ʚʩʽ ʽʥʽʮʽʡʦʚʘʥʽ ʧʦʧʝʨʝʜʞʝʥʥʷ ʘʙʦ ʤʦʞʝ ʧʨʦʩʪʦ ʚʽʜʢʣʶʯʠʪʠ 

ʛʝʥʝʨʘʪʦʨ ʘʚʘʨʽʡʥʠʭ ʩʠʛʥʘʣʽʚ. ʆʪʞʝ, ʨʷʜ ʜʽʡʩʥʠʭ ʩʠʛʥʘʣʽʚ ʪʨʠʚʦʛʠ ʤʦʞʝ ʙʫʪʠ 

ʚʪʨʘʯʝʥʠʡ ʩʝʨʝʜ ʚʝʣʠʢʦʾ ʢʽʣʴʢʦʩʪʽ ʧʦʤʠʣʢʦʚʠʭ ʩʠʛʥʘʣʽʚ ʚ ʩʠʩʪʝʤʥʦʤʫ ʪʨʘʬʽʢʫ.  

ɿʘʛʘʣʴʥʠʡ ʧʨʦʮʝʩ ʩʠʩʪʝʤʠ ʚʠʷʚʣʝʥʥʷ ʘʥʦʤʘʣʽʡ ʤʦʞʥʘ ʨʦʟʜʽʣʠʪʠ ʥʘ ʜʚʽ 

ʬʘʟʠ: ʥʘʚʯʘʥʥʷ ʽ ʪʝʩʪʫʚʘʥʥʷ. ʅʘ ʝʪʘʧʽ ʥʘʚʯʘʥʥʷ ʥʦʨʤʘʣʴʥʠʡ ʧʨʦʬʽʣʴ ʩʠʩʪʝʤʠ 

ʙʫʜʫʻʪʴʩʷ ʉɺɺ. ʎʝʡ ʧʨʦʬʽʣʴ ʩʪʘʥʦʚʠʪʴ ʥʦʨʤʘʣʴʥʫ ʧʦʚʝʜʽʥʢʫ ʩʠʩʪʝʤʠ ʚ 

ʪʝʨʤʽʥʘʭ ʧʝʚʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʽ ʤʝʪʨʠʢ. ʅʘ ʝʪʘʧʽ ʪʝʩʪʫʚʘʥʥʷ ʉɺɺ ʚʽʜʩʪʝʞʫʻ 

ʧʦʪʦʯʥʽ ʜʽʾ ʩʠʩʪʝʤʠ ʘʙʦ ʤʝʨʝʞʽ ʽ ʥʘʤʘʛʘʻʪʴʩʷ ʟʥʘʡʪʠ ʚʽʜʭʠʣʝʥʥʷ, ʧʦʨʽʚʥʶʶʯʠ 

ʥʘʚʯʝʥʠʡ ʧʨʦʬʽʣʴ ʟ ʥʦʚʠʤʠ ʜʘʥʠʤʠ [Jabez, 2015]. ʉʠʩʪʝʤʠ ʚʠʷʚʣʝʥʥʷ ʘʥʦʤʘʣʽʡ 
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ʤʦʞʫʪʴ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʨʽʟʥʽ ʤʝʪʦʜʠ ʱʦʜʦ ʜʦʩʪʫʧʥʠʭ ʬʫʥʢʮʽʡ ʜʘʥʠʭ. ɼʦ ʥʠʭ 

ʥʘʣʝʞʘʪʴ ʤʝʪʦʜʠ ʥʘ ʦʩʥʦʚʽ ʩʪʘʪʠʩʪʠʢʠ ʽ ʤʘʰʠʥʥʦʛʦ ʥʘʚʯʘʥʥʷ.  

ʄʝʪʦʜ ʟʘʩʥʦʚʘʥʠʡ ʥʘ ʘʥʘʣʽʟʽ ʩʪʘʪʠʩʪʠʯʥʠʭ ʜʘʥʠʭ. ʋ ʤʝʪʦʜʘʭ, 

ʟʘʩʥʦʚʘʥʠʭ ʥʘ ʩʪʘʪʠʩʪʠʮʽ, ʩʠʩʪʝʤʘ ʧʽʜʪʨʠʤʫʻ ʜʚʘ ʧʨʦʬʽʣʽ ʜʣʷ ʥʦʨʤʘʣʴʥʦʾ ʽ 

ʧʦʪʦʯʥʦʾ ʧʦʚʝʜʽʥʢʠ ʩʠʩʪʝʤʠ ʘʙʦ ʤʝʨʝʞʽ. ʋ ʢʦʞʥʦʤʫ ʟ ʮʠʭ ʧʨʦʬʽʣʽʚ ʧʦʚʝʜʽʥʢʘ 

ʩʠʩʪʝʤʠ ʤʦʜʝʣʶʻʪʴʩʷ ʰʣʷʭʦʤ ʨʦʟʨʘʭʫʥʢʫ ʜʝʷʢʠʭ ʩʪʘʪʠʩʪʠʯʥʠʭ ʧʦʢʘʟʥʠʢʽʚ, 

ʪʘʢʠʭ ʷʢ ʩʝʨʝʜʥʻ ʟʥʘʯʝʥʥʷ, ʩʪʘʥʜʘʨʪʥʝ ʚʽʜʭʠʣʝʥʥʷ, ʨʦʟʧʦʜʽʣ ʜʘʥʠʭ ʽ ʪ. ʽʥ. 

[Jyothsna, 2019; Das, 2002]. ʂʦʣʠ ʚ ʩʠʩʪʝʤʽ ʘʙʦ ʤʝʨʝʞʽ ʟʘʧʫʩʢʘʻʪʴʩʷ ʥʦʚʠʡ ʥʘʙʽʨ 

ʜʽʡ, ʉɺɺ ʥʘʤʘʛʘʻʪʴʩʷ ʟʥʘʡʪʠ ʚʽʜʭʠʣʝʥʥʷ ʤʽʞ ʜʚʦʤʘ ʧʨʦʬʽʣʷʤʠ ʚʽʜʧʦʚʽʜʥʦ ʜʦ 

ʟʛʘʜʘʥʠʭ ʤʽʨ. ɺʠʢʦʨʠʩʪʦʚʫʶʯʠ ʜʝʷʢʽ ʩʪʘʪʠʩʪʠʯʥʽ ʪʝʩʪʠ, ʩʠʩʪʝʤʘ ʦʙʯʠʩʣʶʻ 

ʧʦʢʘʟʥʠʢ ʘʥʦʤʘʣʽʾ ʜʣʷ ʧʦʪʦʯʥʦʛʦ ʧʨʦʬʽʣʶ, ʷʢʠʡ ʧʦʢʘʟʫʻ ʩʪʫʧʽʥʴ ʚʽʜʭʠʣʝʥʥʷ ʚʽʜ 

ʥʦʨʤʠ. ʗʢʱʦ ʦʮʽʥʢʘ ʘʥʦʤʘʣʽʾ ʚʠʱʝ ʧʝʚʥʦʛʦ ʧʦʨʦʛʫ, ʩʠʩʪʝʤʘ ʚʠʢʣʠʢʘʻ ʪʨʠʚʦʛʫ 

ʷʢ ʦʟʥʘʢʫ ʘʥʦʤʘʣʽʾ [Jabez, 2015]. 

ʄʝʪʦʜʠ, ʟʘʩʥʦʚʘʥʽ ʥʘ ʩʪʘʪʠʩʪʠʮʽ, ʤʘʶʪʴ ʨʷʜ ʧʝʨʝʚʘʛ. ʇʦ-ʧʝʨʰʝ, ʚʦʥʠ ʥʝ 

ʤʘʶʪʴ ʧʦʪʨʝʙʠ ʚ ʙʫʜʴ-ʷʢʠʭ ʧʦʧʝʨʝʜʥʽʭ ʟʥʘʥʥʷʭ ʧʨʦ ʩʠʩʪʝʤʫ ʘʙʦ ʤʝʨʝʞʫ, 

ʦʩʢʽʣʴʢʠ ʥʦʨʤʘʣʴʥʠʡ ʧʨʦʬʽʣʴ ʤʦʞʝ ʙʫʪʠ ʩʪʚʦʨʝʥʠʡ ʪʽʣʴʢʠ ʰʣʷʭʦʤ 

ʩʧʦʩʪʝʨʝʞʝʥʥʷ ʟʘ ʜʽʷʤʠ ʚ ʩʠʩʪʝʤʽ ʧʨʦʪʷʛʦʤ ʧʝʚʥʦʛʦ ʧʝʨʽʦʜʫ ʯʘʩʫ. ʂʨʽʤ ʪʦʛʦ, 

ʦʩʢʽʣʴʢʠ ʮʽ ʧʽʜʭʦʜʠ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʩʪʘʪʠʩʪʠʯʥʽ ʤʦʜʝʣʽ, ʚʦʥʠ ʦʩʦʙʣʠʚʦ 

ʝʬʝʢʪʠʚʥʽ ʧʽʜ ʯʘʩ ʚʠʷʚʣʝʥʥ ̫ʘʪʘʢ, ʱʦ ʚʽʜʙʫʚʘʶʪʴʩʷ ʧʨʦʪʷʛʦʤ ʪʨʠʚʘʣʠʭ ʧʝʨʽʦʜʽʚ 

ʯʘʩʫ [Das, 2002; Lazarevic, 2013; Liu, 2016]. ɿ ʽʥʰʦʛʦ ʙʦʢʫ, ʟʘʩʥʦʚʘʥʽ ʥʘ 

ʩʪʘʪʠʩʪʠʮʽ ʧʽʜʭʦʜʠ, ʤʘʶʪʴ ʜʚʘ ʦʩʥʦʚʥʠʭ ʥʝʜʦʣʽʢʠ. ʋ ʮʠʭ ʤʝʪʦʜʘʭ ʟʣʦʚʤʠʩʥʠʢ 

ʤʦʞʝ ʥʘʚʯʠʪʠ ʩʠʩʪʝʤʫ, ʱʦʙ ʤʦʞʥʘ ʙʫʣʦ ʧʨʠʧʫʩʪʠʪʠ, ʱʦ ʥʘʚ'ʷʟʣʠʚʘ ʧʦʚʝʜʽʥʢʘ ʻ 

ʥʦʨʤʘʣʴʥʦʶ. ɹʽʣʴʰ ʪʦʛʦ, ʦʩʥʦʚʥʠʤ ʧʨʠʥʮʠʧʦʤ ʮʠʭ ʧʽʜʭʦʜʽʚ ʻ ʤʦʜʝʣʶʚʘʥʥʷ 

ʪʦʯʦʢ ʜʘʥʠʭ ʷʢ ʩʪʦʭʘʩʪʠʯʥʠʭ ʨʦʟʧʦʜʽʣʽʚ, ʷʢʽ ʧʝʨʝʜʙʘʯʘʶʪʴ ʢʚʘʟʽʩʪʘʮʽʦʥʘʨʥʠʡ 

ʧʨʦʮʝʩ [Tyralis, 2011].  

ʄʝʪʦʜʠ ʤʘʰʠʥʥʦʛʦ ʥʘʚʯʘʥʥʷ.  

ʋ ʧʽʜʭʦʜʘʭ, ʟʘʩʥʦʚʘʥʠʭ ʥʘ ʤʘʰʠʥʥʦʤʫ ʥʘʚʯʘʥʥʽ, ʩʠʩʪʝʤʘ ʥʘʤʘʛʘʻʪʴʩʷ 

ʚʠʚʯʠʪʠ ʰʘʙʣʦʥʠ ʜʘʥʠʭ ʽ ʧʦʙʫʜʫʚʘʪʠ ʤʦʜʝʣʴ ʜʣʷ ʢʣʘʩʠʬʽʢʘʮʽʾ ʘʥʘʣʽʟʦʚʘʥʠʭ 
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ʤʦʜʝʣʝʡ [Tyralis, 2014; Tyralis, 2018]. ɺʠʢʦʨʠʩʪʦʚʫʶʯʠ ʮʶ ʤʦʜʝʣʴ, ʩʠʩʪʝʤʠ 

ʚʠʷʚʣʝʥʥʷ ʘʥʦʤʘʣʽʡ, ʟʘʩʥʦʚʘʥʽ ʥʘ ʤʘʰʠʥʥʦʤʫ ʥʘʚʯʘʥʥʽ, ʤʦʞʫʪʴ ʧʦʣʽʧʰʠʪʠ ʩʚʦʾ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʧʦʧʝʨʝʜʥʽʭ ʨʝʟʫʣʴʪʘʪʽʚ. ʊʝʭʥʽʢʠ, ʟʘʩʥʦʚʘʥʽ ʥʘ 

ʤʘʰʠʥʥʦʤʫ ʥʘʚʯʘʥʥʽ [Arjunan, 2010; Breiman, 2001; Cielen, 2016; Kirichenko, 

2020; Kirichenko, 2019], ʤʦʞʫʪʴ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʥʘʚʯʘʥʥʷ ʧʽʜ ʥʘʛʣʷʜʦʤ ʘʙʦ ʙʝʟ 

ʥʴʦʛʦ. ʋ ʢʦʥʪʨʦʣʴʦʚʘʥʦʤʫ ʥʘʚʯʘʥʥʽ ʥʘʙʽʨ ʧʦʤʽʯʝʥʠʭ ʜʘʥʠʭ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ 

ʩʠʩʪʝʤʦʶ ʥʘ ʝʪʘʧʽ ʥʘʚʯʘʥʥʷ. ʂʦʞʝʥ ʷʨʣʠʢ ʻ ʢʣʘʩʦʤ ʜʽʡ, ʪʘʢʠʭ ʷʢ ʰʢʽʜʣʠʚʽ ʘʙʦ 

ʟʚʠʯʘʡʥʽ. ʇʽʩʣʷ ʩʪʚʦʨʝʥʥʷ ʤʦʜʝʣʽ ʥʘ ʦʩʥʦʚʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʜʘʥʠʭ ʽ ʚʽʜʧʦʚʽʜʥʠʭ 

ʾʤ ʤʽʪʦʢ ʩʠʩʪʝʤʘ ʟʜʘʪʥʘ ʨʦʙʠʪʠ ʧʨʦʛʥʦʟʠ ʜʣʷ ʢʣʘʩʠʬʽʢʘʮʽʾ ʥʦʚʠʭ ʜʘʥʠʭ, 

ʜʦʩʪʫʧʥʠʭ ʥʘ ʝʪʘʧʽ ʪʝʩʪʫʚʘʥʥʷ. 

ɿ ʽʥʰʦʛʦ ʙʦʢʫ, ʧʽʜ ʯʘʩ ʥʘʚʯʘʥʥ ̫ʙʝʟ ʫʯʠʪʝʣʷ ʜʦʩʪʫʧʥʠʡ ʥʘʙʽʨ ʜʘʥʠʭ ʥʝ 

ʧʦʟʥʘʯʘʻʪʴʩʷ. ʋ ʮʴʦʤʫ ʤʝʪʦʜʽ ʩʠʩʪʝʤʘ ʥʘʤʘʛʘʻʪʴʩʷ ʧʨʦʘʥʘʣʽʟʫʚʘʪʠ ʩʪʨʫʢʪʫʨʫ 

ʜʘʥʠʭ ʡ ʽʜʝʥʪʠʬʽʢʫʚʘʪʠ ʧʦʜʽʙʥʽ ʪʦʯʢʠ ʜʘʥʠʭ, ʱʦ ʨʦʙʠʪʴ ʡʦʛʦ ʜʦʩʠʪʴ 

ʝʬʝʢʪʠʚʥʠʤ ʫ ʚʠʨʽʰʝʥʥʽ ʧʨʦʙʣʝʤ ʢʣʘʩʪʝʨʠʟʘʮʽʾ [Kopelo, 2013; ʈʘʜʽʚʽʣʦʚʘ, 2017]. 

ʇʝʨʝʚʘʛʠ ʽ ʥʝʜʦʣʽʢʠ ʤʝʪʦʜʽʚ ʚʠʷʚʣʝʥʥʷ ʚʪʦʨʛʥʝʥʴ ʥʘʚʝʜʝʥʦ ʚ ʪʘʙʣʠʮʽ 1.2. 

ʊʘʙʣʠʮʷ 1.2. 

ʇʝʨʝʚʘʛʠ ʽ ʥʝʜʦʣʽʢʠ ʤʝʪʦʜʽʚ ʚʠʷʚʣʝʥʥʷ ʚʪʦʨʛʥʝʥʴ 

ɿʘʩʥʦʚʘʥʽ ʥʘ ʩʠʛʥʘʪʫʨʘʭ 

(ʟʘʩʥʦʚʘʥʽ ʥʘ ʟʥʘʥʥʷʭ) 

ɿʘʩʥʦʚʘʥʽ ʥʘ ʘʥʦʤʘʣʽʷʭ 

(ʟʘʩʥʦʚʘʥʽ ʥʘ ʧʦʚʝʜʽʥʮʽ) 

ɿʘʩʥʦʚʘʥʽ ʥʘ ʘʥʘʣʽʟʽ ʩʪʘʥʫ 

ʇʝʨʝʚʘʛʠ: 

ʅʘʡʧʨʦʩʪʽʰʠʡ ʽ ʝʬʝʢʪʠʚʥʠʡ 

ʤʝʪʦʜ ʚʠʷʚʣʝʥʥʷ ʚʽʜʦʤʠʭ 

ʥʘʧʘʜʽʚ. 

ɼʦʢʣʘʜʥʠʡ ʢʦʥʪʝʢʩʪʥʠʡ 

ʘʥʘʣʽʟ ʽ ʚʠʷʚʣʝʥʥʷ ʘʪʘʢ 

ʰʣʷʭʦʤ ʟʽʩʪʘʚʣʝʥʥʷ 

ʟʘʭʦʧʣʝʥʠʭ ʩʠʛʥʘʪʫʨ ʽʟ 

ʟʘʟʜʘʣʝʛʽʜʴ ʚʠʟʥʘʯʝʥʠʤʠ ʚ 

ʙʘʟʽ ʟʥʘʥʴ. 

ɺʠʩʦʢʘ ʪʦʯʥʽʩʪʴ ʚʠʷʚʣʝʥʥʷ 

ʚʽʜʦʤʠʭ ʘʪʘʢ. 

ʅʠʟʴʢʘ ʚʘʨʪʽʩʪʴ ʦʙʯʠʩʣʝʥʴ. 

ɼʫʞʝ ʥʠʟʴʢʘ ʯʘʩʪʦʪʘ 

ʧʦʤʠʣʢʦʚʠʭ ʩʧʨʘʮʴʦʚʫʚʘʥʴ. 

ʽʥʽʮʽʶʶʯʠ ʧʨʦʮʝʜʫʨʠ 

ʦʙʨʦʙʢʠ ʽʥʮʠʜʝʥʪʽʚ. 

ʇʝʨʝʚʘʛʠ: 

ɿʜʘʪʥʽʩʪʴ ʚʠʷʚʣʷʪʠ ʥʦʚʽ ʘʪʘʢʠ 

ʘʙʦ ʥʝʚʽʜʦʤʽ ʘʪʘʢʠ. 

ɺʠʷʚʣʷʻ ʥʦʚʽ ʽ ʥʝʧʝʨʝʜʙʘʯʝʥʽ 

ʫʨʘʟʣʠʚʦʩʪʽ. 

ʄʝʥʰʝ ʟʘʣʝʞʠʪʴ ʚʽʜ 

ʦʧʝʨʘʮʽʡʥʦʾ ʩʠʩʪʝʤʠ ʽ ʩʧʨʠʷʻ 

ʚʠʷʚʣʝʥʥʶ ʚʠʧʘʜʢʽʚ 

ʟʣʦʚʞʠʚʘʥʥʷ ʧʨʠʚʽʣʝʷʤʠ. 

ɺʠʢʦʨʠʩʪʦʚʫʻ ʩʪʘʪʠʩʪʠʯʥʠʡ 

ʪʝʩʪ ʥʘ ʟʽʙʨʘʥʫ ʧʦʚʝʜʽʥʢʫ ʜʣʷ 

ʚʠʷʚʣʝʥʥʷ ʚʪʦʨʛʥʝʥʥʷ. 

ʄʦʞʝ ʟʥʠʟʠʪʠ ʯʘʩʪʦʪʫ 

ʧʦʤʠʣʢʦʚʠʭ ʩʧʨʘʮʴʦʚʫʚʘʥʴ ʟʘ 

ʥʝʚʽʜʦʤʠʭ ʘʪʘʢ. 

ʙʝʟʧʝʢʠ. 

 

ʇʝʨʝʚʘʛʠ: 

ɿʥʘʪʠ ʽ ʚʽʜʩʪʝʞʫʚʘʪʠ ʩʪʘʥ 

ʧʨʦʪʦʢʦʣʫ. 

ɺʽʜʨʽʟʥʷʪʠ ʥʝʩʧʦʜʽʚʘʥʽ 

ʧʦʩʣʽʜʦʚʥʦʩʪʽ ʢʦʤʘʥʜ. 
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ʇʨʦʜʦʚʞʝʥʥʷ ʪʘʙʣʠʮʽ 1.2 

ɿʘʩʥʦʚʘʥʽ ʥʘ ʩʠʛʥʘʪʫʨʘʭ 

(ʟʘʩʥʦʚʘʥʽ ʥʘ ʟʥʘʥʥʷʭ) 

ɿʘʩʥʦʚʘʥʽ ʥʘ ʘʥʦʤʘʣʽʷʭ 

(ʟʘʩʥʦʚʘʥʽ ʥʘ ʧʦʚʝʜʽʥʮʽ) 

ɿʘʩʥʦʚʘʥʽ ʥʘ ʘʥʘʣʽʟʽ ʩʪʘʥʫ 

ʄʦʞʝ ʚʽʜʩʪʝʞʫʚʘʪʠ ʧʨʦʙʣʝʤʠ 

ʙʝʟʧʝʢʠ ʚ ʩʠʩʪʝʤʘʭ, 

ʅʝʤʘʻ ʥʝʦʙʭʽʜʥʦʩʪʽ ʘʧʨʽʦʨʽ 

ʟʥʘʪʠ ʧʨʦ ʥʝʜʦʣʽʢʠ ʚ ʩʠʩʪʝʤʽ. 

ʄʦʞʝ ʧʦʚʝʨʪʘʪʠʩʷ, ʱʦʙ 

ʚʠʟʥʘʯʠʪʠ ʩʠʛʥʘʪʫʨʠ ʜʣʷ 

ʥʝʧʨʘʚʠʣʴʥʠʭ ʜʝʪʝʢʪʦʨʽʚ. 

 

ʅʝʜʦʣʽʢʠ: 

ʅʝʤʦʞʣʠʚʦ ʚʠʷʚʠʪʠ ʥʦʚʽ 

ʘʪʘʢʠ, ʥʝʚʽʜʦʤʽ ʘʪʘʢʠ, 

ʫʭʠʣʝʥʥʷ ʚʽʜ ʘʪʘʢ, ʽ ʚʘʨʽʘʥʪʠ 

ʚʽʜʦʤʠʭ ʘʪʘʢ. 

ʅʝʚʝʣʠʢʝ ʨʦʟʫʤʽʥʥʷ ʧʨʦ ʩʪʘʥ 

ʽ ʧʨʦʪʦʢʦʣʠ. 

ʉʢʣʘʜʥʦ ʪʨʠʤʘʪʠ ʩʠʛʥʘʪʫʨʠ / 

ʩʭʝʤʠ ʚ ʘʢʪʫʘʣʴʥʦʤʫ ʩʪʘʥʽ. 

ʅʘ ʧʽʜʪʨʠʤʢʫ ʟʥʘʥʴ ʡʜʝ 

ʙʘʛʘʪʦ ʯʘʩʫ. 

ɺʠʩʦʢʘ ʯʘʩʪʦʪʘ ʧʦʤʠʣʢʦʚʠʭ 

ʩʧʨʘʮʴʦʚʫʚʘʥʴ ʟʘ ʥʝʚʽʜʦʤʠʭ 

ʘʪʘʢ ʽ ʪ.ʽʥ. 

ɺʠʷʚʣʝʥʥʷ ʪʽʣʴʢʠ ʪʠʭ ʘʪʘʢ, 

ʜʣʷ ʷʢʠʭ ʚʦʥʠ ʥʘʚʯʝʥʽ. 

ʇʦʪʨʽʙʥʽ ʧʦʥʦʚʣʝʥʥʷ ʟ 

ʩʠʛʥʘʪʫʨʥʠʤʠ ʘʪʘʢʘʤʠ. 

ʅʝʜʦʣʽʢʠ: 

ʉʣʘʙʢʘ ʪʦʯʥʽʩʪʴ ʧʨʦʬʽʣʽʚ 

ʯʝʨʝʟ ʧʦʩʪʽʡʥʽ ʟʤʽʥʠ ʧʦʜʽʡ, ʟʘ 

ʷʢʠʤʠ ʡʜʝ ʦʙʯʠʩʣʝʥʥʷ. 

ʅʝʜʦʩʪʫʧʥʽʩʪʴ ʧʽʜ ʯʘʩ 

ʚʽʜʥʦʚʣʝʥʥʷ ʧʨʦʬʽʣʽʚ 

ʧʦʚʝʜʽʥʢʠ. 

ʇʦʪʨʽʙʥʦ ʙʽʣʴʰʝ ʯʘʩʫ ʜʣʷ 

ʚʠʷʚʣʝʥʥʷ ʘʪʘʢ. 

ʊʦʯʥʽʩʪʴ ʚʠʷʚʣʝʥʥʷ ʟʘʣʝʞʠʪʴ 

ʚʽʜ ʢʽʣʴʢʦʩʪʽ ʟʽʙʨʘʥʦʾ 

ʽʥʬʦʨʤʘʮʽʾ (ʦʟʥʘʢ) ʱʦʜʦ 

ʧʦʚʝʜʽʥʢʠ. 

ɼʦʙʨʝ ʚʽʜʦʤʽ ʘʪʘʢʠ ʤʦʞʫʪʴ 

ʙʫʪʠ ʥʝ ʚʠʷʚʣʝʥʠʤʠ, ʷʢʱʦ 

ʚʦʥʠ ʚʽʜʧʦʚʽʜʘʶʪʴ 

ʚʩʪʘʥʦʚʣʝʥʠʤ ʢʦʨʠʩʪʫʚʘʯʝʤ. 

ʉʢʣʘʜʥʦ ʚʠʷʚʣʷʶʪʴʩʷ ʘʪʘʢʠ, 

ʷʢʽ ʧʦʚʽʣʴʥʦ ʟʤʽʥʶʶʪʴ 

ʧʦʚʝʜʽʥʢʦʚʠʡ ʧʨʦʬʽʣʴ ʟ 

ʯʘʩʦʤ. 

ɺʠʩʦʢʘ ʯʘʩʪʦʪʘ ʧʦʤʠʣʢʦʚʠʭ 

ʩʧʨʘʮʴʦʚʫʚʘʥʴ ʯʝʨʝʟ 

ʬʽʢʩʦʚʘʥʠʡ ʨʦʟʧʦʜʽʣ ʧʨʦʬʽʣʽʚ 

ʢʦʨʠʩʪʫʚʘʯʽʚ 

ɺʠʩʦʢʘ ʯʘʩʪʦʪʘ ʭʠʙʥʦ-

ʥʝʛʘʪʠʚʥʠʭ ʩʧʨʘʮʴʦʚʫʚʘʥʴ 

ʯʝʨʝʟ ʰʠʨʦʢʦ ʪʨʝʥʦʚʘʥʠʡ 

ʘʣʛʦʨʠʪʤ ʚʠʷʚʣʝʥʥʷ. 

ʄʝʥʰ ʝʬʝʢʪʠʚʥʠʡ ʚ 

ʜʠʥʘʤʽʯʥʦʤʫ ʩʝʨʝʜʦʚʠʱʽ. 

ʇʦʪʨʽʙʥʽ ʚʝʣʠʢʽ "ʪʨʝʥʫʚʘʣʴʥʽ 

ʢʦʤʧʣʝʢʪʠ" ʜʣʷ ʦʧʠʩʫ 

ʥʦʨʤʘʣʴʥʠʭ ʤʦʜʝʣʝʡ 

ʧʦʚʝʜʽʥʢʠ. 

ʅʝʜʦʣʽʢʠ: 

ʈʝʩʫʨʩʦʩʧʦʞʠʚʘʥʥʷ ʥʘ 

ʚʽʜʩʪʝʞʝʥʥʷ ʽ ʝʢʩʧʝʨʪʠʟʫ 

ʩʪʘʥʫ ʧʨʦʪʦʢʦʣʫ. 

ʅʝʤʦʞʣʠʚʦ ʧʝʨʝʚʽʨʠʪʠ ʘʪʘʢʠ, 

ʱʦ ʚʠʛʣʷʜʘʶʪʴ ʷʢ 

ʜʦʙʨʦʷʢʽʩʥʠʡ ʧʨʦʪʦʢʦʣ 

ʇʦʚʝʜʽʥʢʠ. 

ʄʦʞʝ ʙʫʪʠ ʥʝʩʫʤʽʩʥʠʡ ʟ 

ʚʠʜʽʣʝʥʠʤʠ ʦʧʝʨʘʮʽʡʥʠʤʠ 

ʩʠʩʪʝʤʘʤʠ / ʪʦʯʢʘʤʠ ʜʦʩʪʫʧʫ. 

 

ʊʘʢʠʤ ʯʠʥʦʤ ʚʩʽ ʥʘʚʝʜʝʥʽ ʤʝʪʦʜʠ ʫʧʨʘʚʣʽʥʥʷ ʪʨʘʬʽʢʦʤ ʽ ʉɺɺ ʤʦʞʥʘ 

ʦʙô̒ ʜʥʘʪʠ ʚ ʢʦʥʮʝʧʮʽʶ ʫʥʽʚʝʨʩʘʣʽʟʘʮʽʾ ʪʘ ʮʝʥʪʨʘʣʽʟʘʮʽʾ ʘʥʘʣʽʟʫ ʪʨʘʬʽʢʘ ʽ ʩʪʘʥʫ 
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ʤʝʨʝʞʽ ʧʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ ʉɺɺ ʰʣʷʭʦʤ ʨʦʟʚʠʪʢʫ ʟʘʩʦʙʽʚ DPI / DCI. ɼʘʥʘ 

ʢʦʥʮʝʧʮʽʷ ʤʦʞʝ ʙʫʪʠ ʧʦʟʥʘʯʝʥʘ ʷʢ çDPI ʷʢ ʩʝʨʚʽʩè ï ʧʽʜ ʮʽʻʶ ʥʘʟʚʦʶ ʚʦʥʘ ʙʫʣʘ 

ʥʘʚʝʜʝʥʘ ʚ ʨʦʙʦʪʽ [Guo, 2016]. ʉʫʪʴ ʢʦʥʮʝʧʮʽʾ ʚ ʪʦʤʫ, ʱʦ ʷʢʱʦ ʚ ʤʝʨʝʞʽ 

ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʚʝʣʠʢʘ ʢʽʣʴʢʽʩʪʴ ʨʽʟʥʠʭ ʟʘʩʦʙʽʚ, ʱʦ ʨʝʘʣʽʟʫʶʪʴ ʪʦʡ ʯʠ ʽʥʰʠʡ 

ʘʥʘʣʽʟ ʪʨʘʬʽʢʘ (ʤʽʞʤʝʨʝʞʥʽ ʝʢʨʘʥʠ, ʩʠʩʪʝʤʠ ʉɺɺ, ʦʧʪʠʤʽʟʘʪʦʨʠ ʪʨʘʬʽʢʫ ʽ ʽʥ.), ʪʦ 

ʻ ʩʝʥʩ ʚʠʥʝʩʪʠ ʚʝʩʴ ʘʥʘʣʽʟ ʚ ʦʢʨʝʤʠʡ ʧʨʠʩʪʨʽʡ. ʎʝʡ ʧʨʠʩʪʨʽʡ ʚʠʢʦʥʫʚʘʪʠʤʝ 

ʧʦʚʥʠʡ ʨʦʟʙʽʨ ʤʝʨʝʞʥʠʭ ʜʘʥʠʭ ʽ ʨʦʟʩʠʣʘʪʠʤʝ ʨʝʟʫʣʴʪʘʪʠ ʘʥʘʣʽʟʫ ʥʘ ʚʩʽ ʧʨʠʩʪʨʦʾ 

ʟʘʣʝʞʥʦ ʚʽʜ ʾʭʥʽʭ ʧʦʪʨʝʙ, ʘ ʪʽ, ʚ ʩʚʦʶ ʯʝʨʛʫ, ʨʝʘʣʽʟʦʚʫʚʘʪʠʤʫʪʴ ʪʽʣʴʢʠ ʨʝʘʢʮʽʶ 

ʥʘ ʜʘʥʽ, ʱʦ ʥʘʜʭʦʜʷʪʴ [ɻʝʪʴʤʘʥ, 2015]. ʇʝʨʝʭʽʜ ʜʦ ʮʽʻʾ ʢʦʥʮʝʧʮʽʾ ʚ ʯʦʤʫʩʴ 

ʘʥʘʣʦʛʽʯʥʠʡ ʧʝʨʝʭʦʜʫ ʜʦ ʧʨʦʛʨʘʤʥʦ-ʢʦʥʬʽʛʫʨʦʚʘʥʠʭ ʤʝʨʝʞ (Software Defined 

Networks, SDN) ʫ ʧʠʪʘʥʥʷʭ ʫʧʨʘʚʣʽʥʥʷ ʪʨʘʬʽʢʦʤ, ʟʘ ʷʢʦʛʦ ʚʩʽ ʨʽʰʝʥʥʷ ʱʦʜʦ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʥʠʭ ʘʣʛʦʨʠʪʤʽʚ ʤʘʨʰʨʫʪʠʟʘʮʽʾ ʽ ʨʽʚʥ ̫ ʾʭʥʴʦʛʦ ʚʠʢʦʥʘʥʥʷ 

ʧʝʨʝʭʦʜʷʪʴ ʚʽʜ ʢʦʥʢʨʝʪʥʠʭ ʤʘʨʰʨʫʪʠʟʘʪʦʨʽʚ ʜʦ ʚʠʜʽʣʝʥʠʭ ʧʨʠʩʪʨʦʾʚ ï SDN-

ʢʦʥʪʨʦʣʝʨʽʚ. ʊʘʢʽ ʧʽʜʭʦʜʠ ʩʧʨʦʱʫʶʪʴ ʤʘʩʰʪʘʙʫʚʘʥʥʷ ʩʠʩʪʝʤ ʽ ʜʦʟʚʦʣʷʶʪʴ 

ʝʬʝʢʪʠʚʥʦ ʨʦʟʰʠʨʶʚʘʪʠ ʬʫʥʢʮʽʦʥʘʣ ʙʝʟ ʜʦʜʘʪʢʦʚʠʭ ʨʦʙʽʪ ʟ ʽʥʪʝʛʨʘʮʽʾ ʽ 

ʧʝʨʝʥʘʩʪʨʦʶʚʘʥʥʷ ʜʦʜʘʪʢʽʚ. ʂʦʥʮʝʧʮʽʷ çDPI ʷʢ ʩʝʨʚʽʩè ʤʦʞʝ ʙʫʪʠ ʝʬʝʢʪʠʚʥʦ 

ʨʝʘʣʽʟʦʚʘʥʘ ʚ ʨʘʤʢʘʭ ʩʠʩʪʝʤ ʫʥʽʬʽʢʦʚʘʥʦʛʦ ʫʧʨʘʚʣʽʥʥʷ ʟʘʛʨʦʟʘʤʠ (Unified threat 

management, UTM) ʽ ʫʥʽʬʽʢʦʚʘʥʦʛʦ ʫʧʨʘʚʣʽʥʥʷ ʙʝʟʧʝʢʦʶ (Unified security 

management, USM). ʎʽ ʩʠʩʪʝʤʠ ʪʘʢʦʞ ʻ ʚʽʜʦʙʨʘʞʝʥʥʷʤ ʪʝʥʜʝʥʮʽʾ ʮʝʥʪʨʘʣʽʟʘʮʽʾ ʫ 

ʚʠʛʣʷʜʽ ʦʙôʻʜʥʘʥʥʷ ʬʫʥʢʮʽʦʥʘʣʫ ʤʽʞʤʝʨʝʞʥʠʭ ʝʢʨʘʥʽʚ, ʤʝʨʝʞʥʠʭ ʩʠʩʪʝʤ ʉɺɺ / 

ʉʇɺ, ʘʥʪʠʚʽʨʫʩʽʚ, VPN-ʩʝʨʚʝʨʽʚ, ʬʽʣʴʪʨʽʚ ʚʤʽʩʪʫ, ʙʘʣʘʥʩʫʚʘʥʥʷ ʥʘʚʘʥʪʘʞʝʥʥʷ ʽ 

ʟʘʧʦʙʽʛʘʥʥʷ ʚʠʪʦʢʽʚ ʜʘʥʠʭ ʫ ʨʘʤʢʘʭ ʻʜʠʥʦʾ ʩʠʩʪʝʤʠ. 

ʇʨʦʚʝʜʝʥʦ ʘʥʘʣʽʟ ʤʝʪʦʜʽʚ ʫʧʨʘʚʣʽʥʥʷ ʪʨʘʬʽʢʦʤ ʽ ʉɺɺ, ʷʢʠʡ ʧʦʢʘʟʘʚ ʱʦ ʾʭ 

ʤʦʞʥʘ ʦʙô̒ ʜʥʘʪʠ ʚ ʢʦʥʮʝʧʮʽʶ ʫʥʽʚʝʨʩʘʣʽʟʘʮʽʾ ʪʘ ʮʝʥʪʨʘʣʽʟʘʮʽʾ ʘʥʘʣʽʟʫ ʪʨʘʬʽʢʫ ʽ 

ʩʪʘʥʫ ʤʝʨʝʞʽ ʧʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ ʉɺɺ ʰʣʷʭʦʤ ʨʦʟʚʠʪʢʫ ʟʘʩʦʙʽʚ DPI / DCI. ɺ 

ʧʦʜʘʣʴʰʦʤʫ ʚʘʨʪʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʢʦʥʮʝʧʮʽ ʁDPI. 
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1.6. ɸʥʘʣʽʟ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʧʦʪʦʢʽʚ ʜʘʥʠʭ, ʱʦ ʤʘʶʪʴ ʬʨʘʢʪʘʣʴʥʽ 

ʚʣʘʩʪʠʚʦʩʪʽ   

ʏʠʩʣʝʥʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʧʨʦʮʝʩʽʚ ʚ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʤʝʨʝʞʘʭ ʧʦʢʘʟʘʣʠ, ʱʦ 

ʨʝʘʣʽʟʘʮʽʾ ʤʝʨʝʞʥʦʛʦ ʪʨʘʬʽʢʘ ʤʘʁʪʴ ʚʣʘʩʪʠʚʽʩʪʴ ʤʘʩʰʪʘʙʥʦʾ ʽʥʚʘʨʽʘʥʪʥʦʩʪʽ 

(ʩʘʤʦʧʦʜʽʙʥʽʩʪʽ). ʉʘʤʦʧʦʜʽʙʥʠʡ ʪʨʘʬʽʢ ʤʘʻ ʦʩʦʙʣʠʚʫ ʩʪʨʫʢʪʫʨʫ, ʱʦ ʟʙʝʨʽʛʘʻʪʴʩʷ 

ʥʘ ʙʘʛʘʪʴʦʭ ʤʘʩʰʪʘʙʘʭ ï ʚ ʨʝʘʣʽʟʘʮʽʾ ʟʘʚʞʜʠ ʧʨʠʩʫʪʥʷ ʜʝʷʢʘ ʢʽʣʴʢʽʩʪʴ ʜʫʞʝ 

ʚʝʣʠʢʠʭ ʚʠʢʠʜʽʚ ʟʘ ʚʽʜʥʦʩʥʦ ʥʝʚʝʣʠʢʦʛʦ ʩʝʨʝʜʥʴʦʛʦ ʨʽʚʥ ̫ʪʨʘʬʽʢʘ. ʎʽ ʚʠʢʠʜʠ 

ʚʠʢʣʠʢʘʶʪʴ ʟʥʘʯʥʽ ʟʘʪʨʠʤʢʠ ʪʘ ʚʪʨʘʪʠ ʧʘʢʝʪʽʚ, ʥʘʚʽʪʴ ʢʦʣʠ ʩʫʤʘʨʥʘ ʧʦʪʨʝʙʘ ʚʩʽʭ 

ʧʦʪʦʢʽʚ ʜʘʣʝʢʘ ʚʽʜ ʤʘʢʩʠʤʘʣʴʥʦ ʜʦʧʫʩʪʠʤʠʭ ʟʥʘʯʝʥʴ. 

ʉʘʤʦʧʦʜʽʙʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʧʦʪʦʢʽʚ ʚʠʷʚʣʝʥʽ ʚ ʙʘʛʘʪʴʦʭ 

ʣʦʢʘʣʴʥʠʭ ʽ ʛʣʦʙʘʣʴʥʠʭ ʪʝʣʝʢʦʤʫʥʽʢʘʮʽʡʥʠʭ ʤʝʨʝʞʘʭ [Leland, 1994; Willinger, 

1997; Ryu, 2001; Abry, 2002; ʉʪʦʣʣʠʥʛʩ, 2003; Sheluhin, 2007; ʐʝʣʫʭʽʥ, 2008]. ʋ 

ʟʚô̫ ʟʢʫ ʟ ʚʠʱʝʚʠʢʣʘʜʝʥʠʤ ʧʦʯʘʣʠ ʘʢʪʠʚʥʦ ʜʦʩʣʽʜʞʫʚʘʪʠʩʷ ʤʝʭʘʥʽʟʤʠ 

ʧʽʜʚʠʱʝʥʥʷ ʷʢʦʩʪʽ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʽ ʤʝʪʦʜʽʚ ʫʧʨʘʚʣʽʥʥʷ ʪʨʘʬʽʢʦʤ ʫ 

ʤʫʣʴʪʠʩʝʨʚʽʩʥʠʭ ʤʝʨʝʞʘʭ, ʱʦ ʬʫʥʢʮʽʦʥʫʶʪʴ ʚ ʫʤʦʚʘʭ ʩʘʤʦʧʦʜʽʙʥʦʛʦ ʽ 

ʤʫʣʴʪʠʬʨʘʢʪʘʣʴʥʦʛʦ ʪʨʘʬʽʢʘ [Vargas-Rosales, 2004; ʇʝʪʨʦʚ, 2004; De Carvalho, 

2005; ʋʨʴʝʚ, 2007; ɹʫʨʦʚ, 2009; ʐʝʣʫʭʽʥ, 2011; ʂʠʨʠʯʝʥʢʦ, 2011; ʂʠʨʠʯʝʥʢʦ, 

2011; ʂʦʤʽʩʘʨʽʚ, 2011]. 

ʆʩʥʦʚʥʽ ʧʦʥʷʪʪʷ ʽ ʚʠʟʥʘʯʝʥʥʷ ʩʘʤʦʧʦʜʽʙʥʠʭ ʚʠʧʘʜʢʦʚʠʭ ʧʨʦʮʝʩʽʚ, 

ʩʪʦʩʦʚʥʦ ʜʦ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʧʦʪʦʢʽʚ ʜʘʥʠʭ, ʙʫʣʠ ʥʘʚʝʜʝʥʽ ʚ ʨʦʙʦʪʘʭ [Abry, 2000; 

Crovella, 1998; ʐʝʣʫʭʠʥ, 2008; Riedi, 2002; ɻʦʨʦʜʝʮʢʠʡ, 2000].  

ʉʪʦʭʘʩʪʠʯʥʠʡ ʧʨʦʮʝʩ ( ),X t t RÍ  ʟ ʥʝʧʝʨʝʨʚʥʦʶ ʟʤʽʥʥʦʶ ʯʘʩʫ 

ʥʘʟʠʚʘʻʪʴʩʷ ʩʘʤʦʧʦʜʽʙʥʠʤ ʟ ʧʘʨʘʤʝʪʨʦʤ , 0 1H H< <, ʷʢʱʦ ʜʣʷ ʙʫʜʴ-ʷʢʦʛʦ 

ʜʽʡʩʥʦʛʦ ʟʥʘʯʝʥʥʷ 0a>  ʩʢʽʥʯʝʥʥʦʚʠʤʽʨʥʽ ʨʦʟʧʦʜʽʣʠ ʜʣʷ ( ),X at t RÍ  ʽʜʝʥʪʠʯʥʽ 

ʩʢʽʥʯʝʥʥʦʚʠʤʽʨʥʠʤ ʨʦʟʧʦʜʽʣʘʤ ( ),Ha X at t R- Í  , ʪʦʙʪʦ ʷʢʱʦ ʜʣʷ ʙʫʜʴ-ʷʢʠʭ  

1 21, , , ..., kk t t t R² Í  ʽ ʙʫʜʴ-ʷʢʠʭ  0a>  ʚʠʢʦʥʫʻʪʴʩʷ 
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 { } ( ){ }2 1 2Low ( ), ..., ( ) Low ( ), ( ), ..., ( )H H H

k kX t X t a X at a X at a X at- - -=  (1.1) 

ʂʦʨʦʪʢʦ ʨʽʚʥʷʥʥʷ (1.1) ʤʦʞʥʘ ʟʘʧʠʩʘʪʠ ʫ ʚʠʛʣʷʜʽ 

 { } { }Law ( ), Law ( ), .HX t t R a X at t R-Í = Í  (1.2) 

ʇʦʟʥʘʯʝʥʥʷ {}Law Ö ʦʟʥʘʯʘʻ ʩʢʽʥʯʝʥʥʦʚʠʤʽʨʥʽ ʟʘʢʦʥʠ ʨʦʟʧʦʜʽʣʫ 

ʚʠʧʘʜʢʦʚʦʛʦ ʧʨʦʮʝʩʫ. ʇʘʨʘʤʝʪʨ H , ʱʦ ʥʘʟʠʚʘ̒ ʪʴʩʷ ʧʘʨʘʤʝʪʨʦʤ ʍʝʨʩʪʘ,  ̒

ʤʽʨʦ  ʁʩʘʤʦʧʦʜʽʙʥʦʩʪʽ ʩʪʦʭʘʩʪʠʯʥʦʛʦ ʧʨʦʮʝʩʫ. 

ʇʦʯʘʪʢʦʚʽ ʤʦʤʝʥʪʠ ʩʘʤʦʧʦʜʽʙʥʦʛʦ ʚʠʧʘʜʢʦʚʦʛʦ ʧʨʦʮʝʩʫ ʤʦʞʥʘ ʚʠʨʘʟʠʪʠ  

 M ( ) M (1) M (1) ( )
qq qH qH qHX t t X t X C q tè øè ø è ø= = = Ö

é ùê ú ê úê ú
, (1.3) 

ʜʝ ʚʝʣʠʯʠʥʘ ( ) M (1)
q

C q Xè ø=
ê ú

. 

ʈʦʟʛʣʷʥʝʤʦ ʧʦʥʷʪʪʷ ʩʘʤʦʧʦʜʽʙʥʦʩʪʽ ʜʣʷ ʧʨʦʮʝʩʽʚ ʟ ʜʠʩʢʨʝʪʥʠʤ ʯʘʩʦʤ. 

ʅʝʭʘʡ 
1 2( , ,...)X X X=  ï ʚʽʜʨʽʟʦʢ ʩʪʘʮʽʦʥʘʨʥʦʛʦ ʚ ʰʠʨʦʢʦʤʫ ʩʝʥʩʽ ʚʠʧʘʜʢʦʚʦʛʦ 

ʧʨʦʮʝʩʫ ʟ ʜʠʩʢʨʝʪʥʠʤ ʯʘʩʦʤ {1,2,...}t NÍ = . ʇʨʠʧʫʩʪʠʤʦ, ʧʨʦʮʝʩ X  ʤʘʻ 

ʘʚʪʦʢʦʨʝʣʷʮʽʡʥʫ ʬʫʥʢʮʽʶ ʪʘʢʦʛʦ ʚʠʛʣʷʜʫ: 

 1( ) ~ ( ),r k k L kb-
 k­¤, (1.4) 

ʜʝ 0 1b< < ʽ 
1L  ï ʬʫʥʢʮʽʷ, ʱʦ ʧʦʚʽʣʴʥʦ ʟʤʽʥʶʻʪʴʩʷ ʥʘ ʥʝʩʢʽʥʯʝʥʥʦʩʪʽ, ʪʦʙʪʦ 

1

1

( )
lim 1

( )t

L tx

L t­¤
=  ʜʣʷ ʫʩʽʭ 0x> . 
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ʇʦʟʥʘʯʠʤʦ ʯʝʨʝʟ 
( ) ( ) ( )

1 2{ , ,...)m m mX X X=  ʫʩʝʨʝʜʥʝʥʠʡ ʧʦ ʙʣʦʢʘʭ ʜʦʚʞʠʥʠ 

m ʧʨʦʮʝʩ X, ʢʦʤʧʦʥʝʥʪʠ ʷʢʦʛʦ ʚʠʟʥʘʯʘʶʪʴʩʷ ʨʽʚʥʽʩʪʶ 

 ( )

1

1
( ... ),m

t tm m tmX X X
m

- += + +  ,m t NÍ . (1.5) 

ʊʘʢʠʡ ʨʷʜ ʥʘʟʠʚʘʻʪʴʩʷ ʘʛʨʝʛʦʚʘʥʠʤ. ʇʦʟʥʘʯʠʤʦ ʯʝʨʝʟ ( )mr k  ʽ 
mD  

ʢʦʝʬʽʮʽʻʥʪ ʢʦʨʝʣʷʮʽʾ ʽ ʜʠʩʧʝʨʩʽʶ ʧʨʦʮʝʩʫ 
( )mX  ʚʽʜʧʦʚʽʜʥʦ. ʇʨʦʮʝʩ X  

ʥʘʟʠʚʘʻʪʴʩʷ ʩʫʚʦʨʦ ʩʘʤʦʧʦʜʽʙʥʠʤ ʫ ʰʠʨʦʢʦʤʫ ʩʝʥʩʽ ʟ ʧʘʨʘʤʝʪʨʦʤ 

1 ( / 2), 0 1H b b= - < <, ʷʢʱʦ 

 ( ) ( ), ,mr k r k k Z+= Í  {2,3,...}mÍ ,  

ʪʦʙʪʦ, ʧʨʦʮʝʩ ʥʝ ʟʤʽʥʶʻ ʩʚʽʡ ʢʦʝʬʽʮʽʻʥʪ ʢʦʨʝʣʷʮʽʾ ʧʽʩʣʷ ʫʩʝʨʝʜʥʝʥʥʷ ʧʦ ʙʣʦʢʘʭ 

ʜʦʚʞʠʥʠ m. ɯʥʰʠʤʠ ʩʣʦʚʘʤʠ, X  ʻ ʩʘʤʦʧʦʜʽʙʥʠʤ ʫ ʰʠʨʦʢʦʤʫ ʩʝʥʩʽ, ʷʢʱʦ 

ʘʛʨʝʛʦʚʘʥʠʡ ʧʨʦʮʝʩ 
( )mX  ʥʝ ʚʽʜʨʽʟʥʷʻʪʴʩʷ ʚʽʜ ʚʠʭʽʜʥʦʛʦ ʧʨʦʮʝʩʫ ,X  ʱʦʜʦ 

ʩʪʘʪʠʩʪʠʯʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʜʨʫʛʦʛʦ ʧʦʨʷʜʢʫ. 

ʇʦʥʷʪʪʷ ʧʦʚʽʣʴʥʦ ʩʧʘʜʥʦʾ ʟʘʣʝʞʥʦʩʪʽ ʤʘʻ ʢʣʶʯʦʚʝ ʟʥʘʯʝʥʥʷ ʚ ʪʝʦʨʽʾ 

ʩʘʤʦʧʦʜʽʙʥʠʭ ʧʨʦʮʝʩʽʚ ʽ ʦʧʠʩʫʻ ʜʦʚʛʦʩʪʨʦʢʦʚʫ ʧʘʤ'ʷʪʴ ʧʨʦʮʝʩʫ. ʇʨʦʮʝʩ X  ʤʘʻ 

ʧʦʚʽʣʴʥʦ ʩʧʘʜʥʫ ʟʘʣʝʞʥʽʩʪʴ, ʷʢʱʦ ʚʠʢʦʥʫʻʪʴʩʷ ʚʽʜʥʦʰʝʥʥʷ (1.4). ʊʘʢʠʤ ʯʠʥʦʤ, 

ʧʨʦʮʝʩʠ ʟ ʧʦʚʽʣʴʥʦ ʩʧʘʜʥʦʶ ʟʘʣʝʞʥʽʩʪʶ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴʩʷ ʘʚʪʦʢʦʨʝʣʷʮʽʡʥʦʶ 

ʬʫʥʢʮʽʻʶ, ʷʢʘ ʩʧʘʜʘʻ ʛʽʧʝʨʙʦʣʽʯʥʦ (ʟʘ ʩʪʝʧʝʥʝʚʠʤ ʟʘʢʦʥʦʤ) ʚ ʭʦʜʽ ʟʙʽʣʴʰʝʥʥ ̫

ʯʘʩʦʚʦʾ ʟʘʪʨʠʤʢʠ. ʄʦʞʥʘ ʧʦʢʘʟʘʪʠ, ʱʦ ʟ (1.4) ʧʨʷʤʫʻ ʥʝʩʢʽʥʯʝʥʥʽʩʪʴ 

ʘʚʪʦʢʦʨʝʣʷʮʽʡʥʦʾ ʬʫʥʢʮʽʾ, ʪʦʙʪʦ ( )
k

r k =¤ä . ʅʘ ʚʽʜʤʽʥʫ ʚʽʜ ʧʨʦʮʝʩʽʚ ʟ ʧʦʚʽʣʴʥʦ 

ʩʧʘʜʥʦʶ ʟʘʣʝʞʥʽʩʪʶ, ʧʨʦʮʝʩʠ ʟ ʰʚʠʜʢʦ ʩʧʘʜʥʦʶ ʟʘʣʝʞʥʽʩʪʶ ʤʘʶʪʴ 

ʘʚʪʦʢʦʨʝʣʷʮʽʡʥʫ ʬʫʥʢʮʽʻʶ ʚʠʛʣʷʜʫ 
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 ( ) ~ , , 0 1kr k kr r­¤ < <,  

ʽ, ʷʢ ʥʘʩʣʽʜʦʢ, ʩʢʽʥʯʝʥʥʽʩʪʴ ʘʚʪʦʢʦʨʝʣʷʮʽʡʥʦʾ ʬʫʥʢʮʽʾ: 0 ( )
k

r k< <¤ä . 

ɼʦʚʛʦʩʪʨʦʢʦʚʘ ʟʘʣʝʞʥʽʩʪʴ ʤʘʻ ʥʘ ʫʚʘʟʽ ʚʣʘʩʪʠʚʽʩʪʴ ʩʘʤʦʧʦʜʽʙʥʦʩʪʽ ʚ 

ʰʠʨʦʢʦʤʫ ʩʝʥʩʽ ʟʽ ʟʥʘʯʝʥʥʷʤ ʧʦʢʘʟʥʠʢʘ 0.5H>  ʽ ʥʘʚʧʘʢʠ. ɹʽʣʴʰʽʩʪʴ ʧʨʦʮʝʩʽʚ, 

ʱʦ ʤʘʶʪʴ ʜʦʚʛʦʩʪʨʦʢʦʚʫ ʟʘʣʝʞʥʽʩʪʴ, ʤʘʶʪʴ ʚʘʞʢʽ ʭʚʦʩʪʠ ʦʜʥʦʚʠʤʽʨʥʦʾ ʬʫʥʢʮʽʾ 

ʨʦʟʧʦʜʽʣʫ ʡʤʦʚʽʨʥʦʩʪʝʡ. ɺʠʧʘʜʢʦʚʘ ʚʝʣʠʯʠʥʘ X  ʤʘʻ ʨʦʟʧʦʜʽʣ ʟ ʚʘʞʢʠʤ 

ʭʚʦʩʪʦʤ, ʷʢʱʦ 

 [ ] ,  P X x c xa-> ~ Ö  x­¤, (1.6) 

ʜʝ ʚʝʣʠʯʠʥʘ a, 0 2a< <, ʥʘʟʠʚʘʻʪʴʩʷ ʧʘʨʘʤʝʪʨʦʤ ʬʦʨʤʠ; 

c  ï ʜʝʷʢʘ ʧʦʟʠʪʠʚʥʘ ʢʦʥʩʪʘʥʪʘ.  

ʅʘ ʚʽʜʤʽʥʫ ʚʽʜ ʨʦʟʧʦʜʽʣʽʚ ʟ ʣʝʛʢʠʤʠ ʭʚʦʩʪʘʤʠ, ʪʘʢʠʤʠ ʷʢ 

ʝʢʩʧʦʥʝʥʮʽʘʣʴʥʝ ʘʙʦ ʛʘʫʩʩ̔ ʚʩʴʢʝ, ʷʢʽ ʤʘʶʪʴ ʝʢʩʧʦʥʝʥʮʽʘʣʴʥʝ ʩʧʘʜʘʥʥʷ ʭʚʦʩʪʘ, 

ʚʠʧʘʜʢʦʚʽ ʚʝʣʠʯʠʥʠ ʟ ʚʘʞʢʠʤ ʭʚʦʩʪʦʤ ʤʘʶʪʴ ʭʚʦʩʪʠ, ʱʦ ʩʧʘʜʘʶʪʴ ʟʘ 

ʩʪʝʧʝʥʝʚʠʤ (ʛʽʧʝʨʙʦʣʽʯʥʠʤ) ʟʘʢʦʥʦʤ. ʇʨʠ 0 2a< < ʚʠʧʘʜʢʦʚʽ ʚʝʣʠʯʠʥʠ ʤʘʶʪʴ 

ʥʝʩʢʽʥʯʝʥʥʫ ʜʠʩʧʝʨʩʽʶ, ʘ ʧʨʠ 0 1a< ¢ ʱʝ ʽ ʚʦʣʦʜʽʶʪʴ ʥʝʩʢʽʥʯʝʥʥʠʤ ʩʝʨʝʜʥʽʤ. 

ʆʩʥʦʚʥʘ ʚʣʘʩʪʠʚʽʩʪʴ ʚʠʧʘʜʢʦʚʦʾ ʚʝʣʠʯʠʥʠ, ʷʢʘ ʨʦʟʧʦʜʽʣʝʥʘ ʟ ʚʘʞʢʠʤ ʭʚʦʩʪʦʤ, ʚ 

ʪʦʤʫ, ʱʦ ʚʦʥʘ ʧʨʦʷʚʣʷʻ ʚʠʩʦʢʫ ʤʽʥʣʠʚʽʩʪʴ. ɯʥʰʠʤʠ ʩʣʦʚʘʤʠ, ʾʾ ʚʠʙʽʨʢʘ 

ʩʪʘʥʦʚʠʪʴ ʚ ʦʩʥʦʚʥʦʤʫ ʚʽʜʥʦʩʥʦ ʥʝʚʝʣʠʢʽ ʟʥʘʯʝʥʥʷ, ʧʨʦʪʝ ʪʘʢʦʞ ʤʽʩʪʠʪʴ ʽ 

ʜʦʩʪʘʪʥʶ ʢʽʣʴʢʽʩʪʴ ʜʫʞʝ ʚʝʣʠʢʠʭ ʟʥʘʯʝʥʴ. 

ʄʫʣʴʪʠʬʨʘʢʪʘʣʴʥʽʩʪʴ ï ʮʝ ʢʦʥʮʝʧʮʽʷ, ʷʢʘ, ʟ ʜʝʷʢʠʤʠ ʥʝʟʥʘʯʥʠʤʠ 

ʟʤʽʥʘʤʠ, ʤʦʞʝ ʙʫʪʠ ʜʦʙʨʝ ʟʘʩʪʦʩʦʚʘʥʘ ʜʦ ʬʫʥʢʮʽʡ ʽ ʤʽʨ, ʜʝʪʝʨʤʽʥʦʚʘʥʠʭ ʘʙʦ 

ʩʪʦʭʘʩʪʠʯʥʠʭ [ʄʘʥʜʝʣʴʙʨʦʪ, 2002; Veitch, 2005; ʐʝʣʫʭʠʥ 2011]. ʅʘ ʚʽʜʤʽʥʫ ʚʽʜ 

ʩʘʤʦʧʦʜʽʙʥʠʭ ʧʨʦʮʝʩʽʚ (1.2), ʤʫʣʴʪʠʬʨʘʢʪʘʣʴʥʽ ʧʨʦʮʝʩʠ ʤʘʶʪʴ ʙʽʣʴʰ 

ʨʽʟʥʦʤʘʥʽʪʥʫ ʩʢʝʡʣʽʥʛʦʚʫ ʧʦʚʝʜʽʥʢʫ: 
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 ()Law{ ( )} Law{ ( ) }X at M a X t= Ö , 0a> , (1.7) 

 ()( )Law{ ( )} Law{ }H aX at a X t= Ö , (1.8) 

ʜʝ ( )M a  ï ʥʝʟʘʣʝʞʥʘ ʚʽʜ ()X t  ʚʠʧʘʜʢʦʚʘ ʬʫʥʢʮʽʷ. ʋ ʨʘʟʽ ʩʘʤʦʧʦʜʽʙʥʦʛʦ 

ʧʨʦʮʝʩʫ ( ) HM a a= . ɿ ʮʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʚʠʧʣʠʚʘʻ ʚʠʟʥʘʯʘʣʴʥʘ ʚʣʘʩʪʠʚʽʩʪʴ 

ʤʫʣʴʪʠʬʨʘʢʪʘʣʴʥʠʭ ʧʨʦʮʝʩʽʚ [Riedi, 2002; Kantelhardt, 2002]: ʧʨʦʮʝʩ ()X t  ʻ 

ʤʫʣʴʪʠʬʨʘʢʪʘʣʴʥʠʤ, ʷʢʱʦ ʚʠʢʦʥʫʻʪʴʩʷ ʪʘʢʝ ʚʽʜʥʦʰʝʥʥʷ: 

 
( )M ( ) ( )

q qh qX t c q tè ø= Ö
ê ú

, t" ÍT, q Q" Í , (1.9) 

ʜʝ ( )c q  ï ʜʝʷʢʘ ʜʝʪʝʨʤʽʥʦʚʘʥʘ ʬʫʥʢʮʽʷ.  

ʄʝʪʦʜʠ ʦʮʽʥʶʚʘʥʥʷ ʬʨʘʢʪʘʣʴʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ. ɯʩʥʫʻ ʙʘʛʘʪʦ 

ʤʝʪʦʜʽʚ ʦʮʽʥʶʚʘʥʥʷ ʧʘʨʘʤʝʪʨʽʚ ʩʘʤʦʧʦʜʽʙʥʠʭ ʽ ʤʫʣʴʪʠʬʨʘʢʪʘʣʴʥʠʭ ʧʨʦʮʝʩʽʚ. ʋ 

ʭʦʜʽ ʦʮʽʥʶʚʘʥʥ ̫ʧʦʢʘʟʥʠʢʘ ʍʝʨʩʪʘ ʥʘ ʧʨʘʢʪʠʮʽ ʥʘʡʯʘʩʪʽʰʝ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ 

ʤʝʪʦʜʠ ʥʦʨʤʦʚʘʥʦʛʦ ʨʦʟʤʘʭʫ, ʟʤʽʥʠ ʜʠʩʧʝʨʩʽʾ ʨʷʜʫ, ʬʣʫʢʪʫʘʮʽʡʥʦʛʦ ʘʥʘʣʽʟʫ 

[Clegg, 2006; ʐʝʣʫʭʽʥ, 2007; ʂʠʨʠʯʝʥʢʦ, 2012]. ɺ ʭʦʜʽ ʦʮʽʥʶʚʘʥʥ ̫

ʤʫʣʴʪʠʬʨʘʢʪʘʣʴʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʥʘʡʙʽʣʴʰ ʟʘʪʨʝʙʫʚʘʥʠʤʠ ʻ ʤʝʪʦʜʠ 

ʤʫʣʴʪʠʬʨʘʢʪʘʣʴʥʦʛʦ ʜʝʪʨʝʥʜʦʚʘʥʦʛʦ ʬʣʫʢʪʫʘʮʽʡʥʦʛʦ ʘʥʘʣʽʟʫ ʽ ʤʝʪʦʜ 

ʤʘʢʩʠʤʫʤʽʚ ʤʦʜʫʣʽʚ ʙʝʟʧʝʨʝʨʚʥʦʛʦ ʚʝʡʚʣʝʪ-ʧʝʨʝʪʚʦʨʝʥʥʷ [Kantelhardt, 2008; 

ʂʠʨʠʯʝʥʢʦ, 2012; ʐʝʣʫʭʽʥ, 2011]. ʄʝʪʦʜ ʜʝʪʨʝʥʜʦʚʘʥʦʛʦ ʬʣʫʢʪʫʘʮʽʡʥʦʛʦ 

ʘʥʘʣʽʟʫ (ɼʌɸ) ʻ ʦʜʥʠʤ ʟ ʥʘʡʙʽʣʴʰ ʟʘʪʨʝʙʫʚʘʥʠʭ ʥʘ ʧʨʘʢʪʠʮʽ, ʦʩʢʽʣʴʢʠ ʜʦʩʠʪʴ 

ʪʦʯʥʠʡ, ʪʘ ʡʦʛʦ ʤʦʞʥʘ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʷʢ ʜʣʷ ʩʪʘʮʽʦʥʘʨʥʠʭ, ʪʘʢ ʽ ʜʣʷ 

ʥʝʩʪʘʮʽʦʥʘʨʥʠʭ ʯʘʩʦʚʠʭ ʨʷʜʽʚ [Kantelhardt, 2002]. 
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ʋ ʤʝʪʦʜʽ ɼʌɸ ʜʣʷ ʚʠʭʽʜʥʦʛʦ ʯʘʩʦʚʦʛʦ ʨʷʜʫ ( )x t  ʙʫʜʫʻʪʴʩʷ ʢʫʤʫʣʷʪʠʚʥʠʡ 

ʨʷʜ 
1

( ) ( )
t

i

y t x i
=

=ä , ʷʢʠʡ ʨʦʟʙʠʚʘʻʪʴʩʷ ʥʘ N  ʩʝʛʤʝʥʪʽʚ ʜʦʚʞʠʥʦʶ t, ʽ ʜʣʷ 

ʢʦʞʥʦʛʦ ʩʝʛʤʝʥʪʘ ( )y t  ʦʙʯʠʩʣʶʻʪʴʩʷ ʬʣʫʢʪʫʘʮʽʡʥʘ ʬʫʥʢʮʽʷ 

 
2 2

1

1
( ) ( ( ) ( ))m

t

F y t Y t
t

t
t=

= -ä , (1.10) 

ʜʝ ( )mY t  ï ʣʦʢʘʣʴʥʠʡ m-ʧʦʣʽʥʦʤʽʘʣʴʥʠʡ ʪʨʝʥʜ ʫ ʤʝʞʘʭ ʜʘʥʦʛʦ ʩʝʛʤʝʥʪʘ. 

ʌʫʥʢʮʽʷ ( )F t, ʫʩʝʨʝʜʥʝʥʘ ʧʦ ʚʩʴʦʤʫ ʨʷʜʫ ( )y t , ʤʘʻ ʩʢʝʡʣʽʥʛʦʚʫ 

ʟʘʣʝʞʥʽʩʪʴ ʚʽʜ ʜʦʚʞʠʥʠ ʩʝʛʤʝʥʪʘ ʨʷʜʫ: ( ) HF t t´ . ɻʨʘʬʽʢ ʟʘʣʝʞʥʦʩʪʽ log ( )F t 

ʚʽʜ logt ʫ ʧʝʚʥʦʤʫ ʜʽʘʧʘʟʦʥʽ ʟʥʘʯʝʥʴ ʙʫʜʝ ʧʨʷʤʦ  ʁʣʽʥʽʻ,ʁ ʱʦ ʘʧʨʦʢʩʠʤʦʚʘʥʦ 

ʤʝʪʦʜʦʤ ʥʘʡʤʝʥʰʠʭ ʢʚʘʜʨʘʪʽʚ. ʆʮʽʥʢʘ ʧʦʢʘʟʥʠʢʘ ʅ ʦʙʯʠʩʣʶʻʪʴʩʷ ʷʢ ʪʘʥʛʝʥʩ 

ʢʫʪʘ ʥʘʭʠʣʫ ʧʨʷʤʦʾ ʟʘʣʝʞʥʦʩʪʽ log ( )F t ʦʪ ()log t .  

ʇ̔ ʜ ʯʘʩ ʜʦʩʣʽʜʞʝʥʥ ̫ ʚʣʘʩʪʠʚʦʩʪʝʡ ʤʫʣʴʪʠʬʨʘʢʪʘʣʴʥʠʭ ʧʨʦʮʝʩʽʚ 

ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ ʤʫʣʴʪʠʬʨʘʢʪʘʣʴʥʠʡ ʬʣʫʢʪʫʘʮʽʡʥʠʡ ʘʥʘʣʽʟ (ʄʌɼʌɸ) 

[ʆʣʝʤʩʢʦʡ, 2008; Kantelhardt, 2002]. ʇʽʜ ʯʘʩ ʧʨʦʚʝʜʝʥʥʷ ʄʌɼʌɸ ʜʦʩʣʽʜʞʫʻʪʴʩʷ 

ʟʘʣʝʞʥʽʩʪʴ ʬʣʫʢʪʫʘʮʽʡʥʦʾ ʬʫʥʢʮʽʾ ( )qF s  ʚʽʜ ʧʘʨʘʤʝʪʨʘ q  

 

1

2 2

1

1
( ) [ ( )]

qN q

q

i

F s F s
N =

ë û
=ì ü
í ý
ä , (1.11) 

ʦʪʨʠʤʘʥʦʾ ʟʚʝʜʝʥʥʷʤ ʚʠʨʘʟʫ (1.10) ʚ ʩʪʫʧʽʥʴ q  ʽ ʧʦʜʘʣʴʰʠʤ ʫʩʝʨʝʜʥʝʥʥʷʤ ʟʘ 

ʚʩʽʤʘ ʩʝʛʤʝʥʪʘʤʠ. 
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ɿʤʽʥʶʶʯʠ ʯʘʩʦʚʫ ʰʢʘʣʫ s ʟ ʬʽʢʩʦʚʘʥʠʤ ʧʦʢʘʟʥʠʢʦʤ q, ʟʥʘʭʦʜʠʤʦ 

ʟʘʣʝʞʥʽʩʪʴ ( )qF s , ʧʦʜʘʶʯʠ ʾʾ ʚ ʧʦʜʚʽʡʥʠʭ ʣʦʛʘʨʠʬʤʽʯʥʠʭ ʢʦʦʨʜʠʥʘʪʘʭ. ʗʢʱʦ 

ʜʦʩʣʽʜʞʫʚʘʥʠʡ ʨʷʜ ʟʚʦʜʠʪʴʩʷ ʜʦ ʤʫʣʴʪʠʬʨʘʢʪʘʣʴʥʦʾ ʤʥʦʞʠʥʽ, ʷʢʘ ʚʠʷʚʣʷʻ 

ʜʦʚʛʦʩʪʨʦʢʦʚʽ ʟʘʣʝʞʥʦʩʪʽ, ʪʦ ʬʣʫʢʪʫʘʮʽʡʥʘ ʬʫʥʢʮʽʷ ( )qF s  ʧʦʜʘʻʪʴʩʷ 

ʩʪʝʧʝʥʝʚʦʶ ʟʘʣʝʞʥʽʩʪʶ 
( )( ) h q

qF s s´  ʟ ʬʫʥʢʮʽʻʶ ʫʟʘʛʘʣʴʥʝʥʦʛʦ ʧʦʢʘʟʥʠʢʘ 

ʍʝʨʩʪʘ ( )h q . ʇʨʠ 2q=  ʮʝʡ ʧʦʢʘʟʥʠʢ ʟʚʦʜʠʪʴʩʷ ʜʦ ʟʚʠʯʘʡʥʦʛʦ ʟʥʘʯʝʥʥʷ H. ɼʣʷ 

ʯʘʩʦʚʠʭ ʨʷʜʽʚ, ʷʢʽ ʚʽʜʧʦʚʽʜʘʶʪʴ ʤʦʥʦʬʨʘʢʪʘʣʴʥʽʡ ʤʥʦʞʠʥʽ, ʬʣʫʢʪʫʘʮʽʡʥʘ 

ʬʫʥʢʮʽʷ ( )qF s  ʦʜʥʘʢʦʚʘ ʜʣʷ ʚʩʽʭ ʩʝʛʤʝʥʪʽʚ, ʽ ʫʟʘʛʘʣʴʥʝʥʠʡ ʧʦʢʘʟʥʠʢ ʍʝʨʩʪʘ 

( )h q H=  ʥʝ ʟʘʣʝʞʠʪʴ ʚʽʜ ʧʘʨʘʤʝʪʨʘ 
q .  

ɼʝʷʢʽ ʢʣʘʩʠ ʤʦʜʝʣʝʡ ʬʨʘʢʪʘʣʴʥʦʛʦ ʪʨʘʬʽʢʘ. ʄʦʜʝʣʽ, ʟʘʩʥʦʚʘʥʽ ʥʘ 

ʬʨʘʢʪʘʣʴʥʦʤʫ ʙʨʦʫʥʽʚʩʴʢʦʤʫ ʨʫʩʽ. ʎʝʡ ʢʣʘʩ ʤʦʜʝʣʝʡ [Norros, 1995; ʐʝʣʫʭʠʥ, 

2003; Jeongy, 1998] ʨʦʟʛʣʷʜʘʻ ʘʛʨʝʛʦʚʘʥʠʡ ʪʨʘʬʽʢ ʷʢ ʚʠʧʘʜʢʦʚʠʡ ʧʨʦʮʝʩ 

ʜʠʩʢʨʝʪʥʦʛʦ ʯʘʩʫ { }tX , ʟʥʘʯʝʥʥʷʤʠ 
tX  ʷʢʦʛʦ ʻ ʯʠʩʣʦ ʘʙʦ ʩʫʤʘʨʥʠʡ ʦʙʩʷʛ 

ʧʘʢʝʪʽʚ, ʱʦ ʥʘʜʽʡʰʣʠ ʚʽʜ ʜʞʝʨʝʣʘ ʥʘ t -ʤʫ ʦʜʠʥʠʯʥʦʤʫ ʽʥʪʝʨʚʘʣʽ ʯʘʩʫ. ʆʩʥʦʚʦʶ 

ʪʘʢʠʭ ʤʦʜʝʣʝʡ ʻ ʬʨʘʢʪʘʣʴʥʠʡ ʛʘʫʩʩʽʚʩʴʢʠʡ ʰʫʤ. 

ɻʘʫʩʩʽʚʩʴʢʠʡ ʧʨʦʮʝʩ ( )X t  ʥʘʟʠʚʘʻʪʴʩʷ ʬʨʘʢʪʘʣʴʥʠʤ ʙʨʦʫʥʽʚʩʴʢʠʤ ʨʫʭʦʤ 

(ʌɹʈ) ʟ ʧʘʨʘʤʝʪʨʦʤ , 0 1H H< <, ʷʢʱʦ ʧʨʠʨʦʩʪʠ ʚʠʧʘʜʢʦʚʦʛʦ ʧʨʦʮʝʩʫ 

( ) ( ) ( )X X t X tt tD = + -  ʤʘʶʪʴ ʨʦʟʧʦʜʽʣ ʚʠʛʣʜ̫ʫ 
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2 2
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ê ú
ñ ,  

ʜʝ 
0s  ï ʢʦʝʬʽʮʽʻʥʪ ʜʠʬʫʟʽʾ. 
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ʌɹʈ ʟ ʧʘʨʘʤʝʪʨʦʤ 0,5H=  ʟʙʽʛʘʻʪʴʩʷ ʟ ʢʣʘʩʠʯʥʠʤ ʙʨʦʫʥʽʚʩʴʢʠʤ ʨʫʭʦʤ. 

ʇʨʠʨʦʩʪʠ ʌɹʈ ʥʘʟʠʚʘʶʪʴʩʷ ʬʨʘʢʪʘʣʴʥʠʤ ʛʘʫʩʩ̔ ʚʩʴʢʠʤ ʰʫʤʦʤ (ʌɻʐ), 

ʜʠʩʧʝʨʩʽʷ ʷʢʦʛʦ ʧʽʜʧʦʨʷʜʢʦʚʫʻʪʴʩʷ ʩʧʽʚʚʽʜʥʦʰʝʥʥʶ 
2 2

0[ ( ) ( )] HD X t X tt s t+ - = . 

ʆʩʥʦʚʥʦʶ ʤʦʜʝʣʣʶ, ʷʢʘ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʙʽʣʴʰʽʩʪʶ ʜʦʩʣʽʜʥʠʢʽʚ ʟ 

ʥʝʚʝʣʠʢʠʤʠ ʤʦʜʠʬʽʢʘʮʽʷʤʠ, ʻ ʬʨʘʢʪʘʣʴʥʠʡ ʙʨʦʫʥʽʚʩʴʢʠʡ ʪʨʘʬʽʢ, 

ʟʘʧʨʦʧʦʥʦʚʘʥʠʡ ʚ [Norros, 1995]. ʌʨʘʢʪʘʣʴʥʠʡ ʙʨʦʫʥʽʚʩʴʢʠʡ ʪʨʘʬʽʢ 

ʚʠʟʥʘʯʘʻʪʴʩʷ ʷʢ ʧʨʦʮʝʩ ʚʠʛʣʜ̫ʫ 

 / , ( , )
ut t tA mt amZ t= + Í -¤ ¤, 

ʜʝ t   ̒ʬʽʟʠʯʥʠʤ ʯʘʩʦʤ;  

ut  ï ʦʜʠʥʠʮʷ ʯʘʩʫ;  

m ʠ a  ï ʧʦʟʠʪʠʚʥʽ ʧʘʨʘʤʝʪʨʠ;  

tZ  ʻ ʬʨʘʢʪʘʣʴʥʠʤ ʙʨʦʫʥʽʚʩʴʢʠʤ ʨʫʭʦʤ.  

ʌʨʘʢʪʘʣʴʥʳʡ ʙʨʦʫʥʽʚʩʴʢʠʡ ʪʨʘʬʽʢ 
tA  ʤʘʻ ʪʨʠ ʧʘʨʘʤʝʪʨʠ: m (ʢʙʽʪ/ʩ) ï 

ʩʝʨʝʜʥʷ ʽʥʪʝʥʩʠʚʥʽʩʪʴ ʧʨʦʮʝʩʫ, a  ï ʢʦʝʬʽʮʽʻʥʪ ʜʠʩʧʝʨʩʽʾ ʟ ʨʦʟʤʽʨʥʽʩʪʶ ʙʽʪ/ʩ,  

H  ï ʧʦʢʘʟʥʠʢ ʍʝʨʩʪʘ. 

ʄʦʜʝʣʴ, ʟʘʩʥʦʚʘʥʘ ʥʘ ʝʢʩʧʦʥʝʥʮʽʘʣʴʥʦʤʫ ʧʝʨʝʪʚʦʨʝʥʥʽ ʌɻʐ. ʋ ʨʦʙʦʪʽ 

[ɼʝʡʥʝʢʦ, 2010] ʟʘʧʨʦʧʦʥʦʚʘʥʠʡ ʧʽʜʭʽʜ, ʷʢʠʡ ʙʘʟʫʻʪʴʩʷ ʥʘ ʬʫʥʢʮʽʦʥʘʣʴʥʦʤʫ 

ʧʝʨʝʪʚʦʨʝʥʥʽ ʌɻʐ: 

 ( ) Exp[ ( )]Y b k Xt t= Ö Ö , (1.12) 

ʜʝ ( )X t ï ʨʷʜ ʧʨʠʨʦʩʪʽʚ ʌɹʈ ʽʟ ʟʘʜʘʥʠʤ ʧʘʨʘʤʝʪʨʦʤ H  ʥʘ ʽʥʪʝʨʚʘʣʽ ʯʘʩʫ Ű;  

,b k  ï ʧʘʨʘʤʝʪʨʠ, ʱʦ ʨʝʛʫʣʶʶʪʴ ʯʘʩʪʦʪʫ ʽ ʚʝʣʠʯʠʥʫ ʩʧʣʝʩʢʽʚ ʜʘʥʠʭ. 
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ɼʘʥʝ ʧʝʨʝʪʚʦʨʝʥʥʷ ʟʙʝʨʽʛʘʻ ʜʦʚʛʦʩʪʨʦʢʦʚʫ ʟʘʣʝʞʥʽʩʪʴ ʚʠʧʘʜʢʦʚʦʛʦ 

ʧʨʦʮʝʩʫ ( )X t ʽ ʧʝʨʝʚʦʜʠʪʴ ʡʦʛʦ ʚ ʩʘʤʦʧʦʜʽʙʥʠʡ ʧʨʦʮʝʩ ʟ ʚʘʞʢʠʤʠ ʭʚʦʩʪʘʤʠ. 

ʆʩʢʽʣʴʢʠ ʧʨʠʨʦʩʪʠ ʌɹʈ ʤʘʶʪʴ ( )X t ʥʦʨʤʘʣʴʥʠʡ ʨʦʟʧʦʜʽʣ, ʪʦ ( )Yt ʤʘʻ 

ʣʦʛʘʨʠʬʤʽʯʥʦ ʥʦʨʤʘʣʴʥʠʡ ʨʦʟʧʦʜʽʣ. 

ɺʠʟʥʘʯʝʥʥʷ ʧʘʨʘʤʝʪʨʽʚ ,b k  ʤʦʜʝʣʴʥʦʛʦ ʧʨʦʮʝʩʫ ʟʘ ʨʝʘʣʽʟʘʮʽʻʶ 

ʨʝʘʣʴʥʦʛʦ ʪʨʘʬʽʢʘ ʟʜʽʡʩʥʶʻʪʴʩʷ ʪʘʢʠʤ ʩʧʦʩʦʙʦʤ: 

 / ( ) / ,b Y F Y Y= +  ( )ln ( ) / / ( )k F Y Y s t= + ,  

ʜʝ 
1

1
t

t

Y Y
t

t=

= ä  ï ʩʝʨʝʜʥʻ ʟʥʘʯʝʥʥʷ ʨʝʘʣʽʟʘʮʽʾ; 

2S
F

Y
=  ï ʚʽʜʥʦʰʝʥʥʷ ʩʝʨʝʜʥʴʦʛʦ ʢʚʘʜʨʘʪʠʯʥʦʛʦ ʚʽʜʭʠʣʝʥʥʷ ʜʦ 

ʩʝʨʝʜʥʴʦʛʦ ʟʥʘʯʝʥʥʷ; 

( )s tï ʩʝʨʝʜʥʻ ʚʽʜʭʠʣʝʥʥʷ ʌɻʐ. 

ʄʫʣʴʪʠʬʨʘʢʪʘʣʴʥʽ ʤʦʜʝʣʽ. ɺʠʢʦʨʠʩʪʘʥʥʷ ʤʫʣʴʪʠʬʨʘʢʪʘʣʽʚ ʜʣʷ 

ʤʦʜʝʣʶʚʘʥʥʷ ʪʝʣʝʢʦʤʫʥʽʢʘʮʽʡʥʦʛʦ ʪʨʘʬʽʢʘ ʜʦʩʠʪʴ ʥʦʚʝ, ʽ ʩʴʦʛʦʜʥʽ ʥʘ ʧʨʘʢʪʠʮʽ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʣʠʰʝ ʢʽʣʴʢʘ ʨʝʟʫʣʴʪʘʪʽʚ. ʋ ʨʦʙʦʪʘʭ [Crouse, 1999; Riedi, 

1999; ʐʝʣʫʭʠʥ, 2011] ʨʦʟʛʣʷʥʫʪʦ ʘʣʛʦʨʠʪʤʠ ʤʦʜʝʣʶʚʘʥʥʷ ʤʫʣʴʪʠʬʨʘʢʪʘʣʴʥʦʛʦ 

ʪʨʘʬʽʢʘ ʟʘ ʜʦʧʦʤʦʛʦʶ ʚʝʡʚʣʝʪʽʚ ʥʘ ʦʩʥʦʚʽ ʤʝʪʦʜʫ ʟʚʦʨʦʪʥʦʛʦ ʜʠʩʢʨʝʪʥʦʛʦ 

ʚʝʡʚʣʝʪ-ʧʝʨʝʪʚʦʨʝʥʥʷ. ɺʽʥ ʧʦʣʷʛʘʻ ʫ ʬʦʨʤʫʚʘʥʥʽ ʟʘ ʜʦʧʦʤʦʛʦʶ ʤʘʩʰʪʘʙʥʠʭ 

ʚʝʡʚʣʝʪ-ʢʦʝʬʽʮʽʻʥʪʽʚ ʜʠʩʢʨʝʪʥʦʛʦ ʯʘʩʦʚʦʛʦ ʨʷʜʫ, ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ ʬʫʥʢʮʽʾ 

ʜʝʪʘʣʽʟʘʮʽʾ ʨʽʟʥʦʛʦ ʤʘʩʰʪʘʙʫ. 

ɼʦ ʥʘʡʙʽʣʴʰ ʧʨʦʩʪʠʭ ʩʧʦʩʦʙʽʚ ʦʧʠʩʫ ʽ ʤʦʜʝʣʶʚʘʥʥʷ 

ʤʫʣʴʪʠʬʨʘʢʪʘʣʴʥʦʛʦ ʚʠʧʘʜʢʦʚʦʛʦ ʧʨʦʮʝʩʫ ʥʘʣʝʞʘʪʴ ʤʦʜʝʣʽ, ʟʘʩʥʦʚʘʥʽ ʥʘ 

ʚʣʘʩʪʠʚʦʩʪʷʭ ʙʽʥʘʨʥʠʭ ʤʫʣʴʪʠʧʣʽʢʘʪʠʚʥʠʭ ʤʫʣʴʪʠʬʨʘʢʪʘʣʴʥʠʭ ʢʘʩʢʘʜʽʚ, ʷʢʽ 

ʙʫʣʠ ʚʧʝʨʰʝ ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʷʢ ʤʫʣʴʪʠʬʨʘʢʪʘʣʴʥʽ ʤʦʜʝʣʽ ʜʣʷ ʪʨʘʬʽʢʘ [Riedi, 
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2002]. ʎʝʡ ʢʣʘʩ ʤʦʜʝʣʝʡ ʜʦ ʩʠʭ ʧʽʨ ʻ ʥʘʡʧʦʧʫʣʷʨʥʽʰʠʤ ʜʣʷ 

ʤʫʣʴʪʠʬʨʘʢʪʘʣʴʥʦʛʦ ʪʨʘʬʽʢʘ [Veitch, 2005; ʐʝʣʫʭʽʥ, 2011; Kirichenko, 2012]. 

ʆʛʣʷʜ ʜʦʩʣʽʜʞʝʥʴ, ʧʨʠʩʚʷʯʝʥʠʭ ʚʠʚʯʝʥʥʶ ʚʧʣʠʚʫ ʩʘʤʦʧʦʜʽʙʥʠʭ 

ʚʣʘʩʪʠʚʦʩʪʝʡ ʪʨʘʬʽʢʘ ʥʘ ʷʢʽʩʪʴ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʤʝʨʝʞʽ. ʌʨʘʢʪʘʣʴʥʠʡ ʪʨʘʬʽʢ 

ʤʘʻ ʦʩʦʙʣʠʚʫ ʩʪʨʫʢʪʫʨʫ, ʱʦ ʟʙʝʨʽʛʘʻʪʴʩʷ ʥʘ ʙʘʛʘʪʴʦʭ ʤʘʩʰʪʘʙʘʭ,  ʫ ʨʝʘʣʽʟʘʮʽʾ 

ʟʘʚʞʜʠ ʧʨʠʩʫʪʥʷ ʜʝʷʢʘ ʢʽʣʴʢʽʩʪʴ ʜʫʞʝ ʚʝʣʠʢʠʭ ʚʠʢʠʜʽʚ ʟ ʚʽʜʥʦʩʥʦ ʥʝʚʝʣʠʢʠʤ 

ʩʝʨʝʜʥʤ̔ ʨʽʚʥʝʤ ʪʨʘʬʽʢʘ. ʎʽ ʚʠʢʠʜʠ ʚʠʢʣʠʢʘʶʪʴ ʟʥʘʯʥʽ ʟʘʪʨʠʤʢʠ ʽ ʚʪʨʘʪʠ 

ʧʘʢʝʪʽʚ, ʥʘʚʽʪʴ ʢʦʣʠ ʩʫʤʘʨʥʘ ʧʦʪʨʝʙʘ ʚʩʽʭ ʧʦʪʦʢʽʚ ʜʘʣʝʢʘ ʚʽʜ ʤʘʢʩʠʤʘʣʴʥʦ 

ʜʦʧʫʩʪʠʤʠʭ ʟʥʘʯʝʥʴ. 

ɹʽʣʴʰʽʩʪʴ ʚʠʢʦʨʠʩʪʦʚʫʚʘʥʠʭ ʤʝʨʝʞ ʟʘʩʪʦʩʦʚʫʻ ʧʘʢʝʪʥʫ ʧʝʨʝʜʘʯʫ ʜʘʥʠʭ, 

ʟʘ ʷʢʦ ʾʜʘʥʽ ʧʝʨʝʜʘʶʪʴʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʟʙʝʨʽʛʘʥʥʷ ʽ ʚʽʜʩʠʣʘʥʥʷ ʽʥʬʦʨʤʘʮʽʾ ʚʽʜ 

ʚʫʟʣʘ ʜʦ ʚʫʟʣʘ, ʚʽʜ ʙʫʬʝʨʘ ʜʦ ʙʫʬʝʨʫ. ʋ ʢʣʘʩʠʯʥʦʤʫ ʚʠʧʘʜʢʫ ʜʣʷ 

ʧʫʘʩʩʦʥʽʚʩʴʢʦʛʦ ʚʭʽʜʥʦʛʦ ʧʦʪʦʢʫ ʙʫʜʝ ʜʦʩʪʘʪʥʴʦ ʙʫʬʝʨʽʚ ʧʦʤʽʨʥʦʛʦ ʨʦʟʤʽʨʫ: 

ʯʝʨʛʘ ʤʦʞʝ ʫʪʚʦʨʠʪʠʩʷ ʚ ʢʦʨʦʪʢʦʩʪʨʦʢʦʚʽʡ ʧʝʨʩʧʝʢʪʠʚʽ, ʘʣʝ ʟʘ ʜʦʚʛʠʡ ʧʝʨʽʦʜ 

ʯʘʩʫ ʙʫʬʝʨʠ ʦʯʠʩʪʷʪʴʩʷ. ʆʜʥʘʢ, ʧʨʠ ʩʘʤʦʧʦʜʽʙʥʦʤʫ ʥʘʚʘʥʪʘʞʝʥʥʽ ʫʪʚʦʨʶʶʪʴʩʷ 

ʯʝʨʛʠ ʥʘʙʘʛʘʪʦ ʙʽʣʴʰʦʾ ʜʦʚʞʠʥʠ. 

ɿʘʛʘʣʴʥʠʭ ʘʥʘʣʽʪʠʯʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ ʚʠʚʯʝʥʥʷ ʚʧʣʠʚʫ ʩʘʤʦʧʦʜʽʙʥʦʩʪʽ ʽ 

ʜʦʚʛʦʪʨʠʚʘʣʦʾ ʟʘʣʝʞʥʦʩʪʽ ʪʨʘʬʽʢʫ ʥʘ ʷʢʽʩʪʴ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʩʝʨʚʽʩʽʚ (QoS) 

ʩʴʦʛʦʜʥʽ ʥʝ ʽʩʥʫʻ [ʐʝʣʫʭʠʥ, 2011]. ɺʽʜʦʤʽ ʣʠʰʝ ʦʢʨʝʤʽ ʘʥʘʣʽʪʠʯʥʽ ʨʝʟʫʣʴʪʘʪʠ 

ʜʣʷ ʦʢʨʝʤʠʭ ʚʠʧʘʜʢʽʚ, ʥʘʧʨʠʢʣʘʜ, [ʎʳʙʘʢʦʚ, 1999]. 

ʅʘʡʙʽʣʴʰ ʝʬʝʢʪʠʚʥʠʤ ʩʧʦʩʦʙʦʤ ʦʮʽʥʢʠ ʨʦʙʦʪʠ ʪʝʣʝʢʦʤʫʥʽʢʘʮʽʡʥʠʭ 

ʤʝʨʝʞ ʻ ʤʝʪʦʜʠ ʽʤʽʪʘʮʽʡʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ. ʉʘʤʝ ʟ ʮʠʭ ʧʦʟʠʮʽʡ ʙʫʣʠ ʨʦʟʛʣʷʥʫʪʽ 

ʧʠʪʘʥʥʷ ʚʧʣʠʚʫ ʩʪʫʧʝʥʷ ʩʘʤʦʧʦʜʽʙʥʦʩʪʽ ʪʨʘʬʽʢʘ ʥʘ ʝʬʝʢʪʠʚʥʽʩʪʴ 

ʪʝʣʝʢʦʤʫʥʽʢʘʮʽʡʥʠʭ ʩʠʩʪʝʤ ʫ ʨʦʙʦʪʘʭ [ʉʪʦʣʠʥʛʩ, 2000; ʇʝʪʨʦʚ, 2004; ʐʝʣʫʭʠʥ, 

2008]. ʋ ʮʠʭ ʨʦʙʦʪʘʭ ʦʩʥʦʚʥʘ ʫʚʘʛʘ ʧʨʠʜʽʣʝʥʘ ʦʮʽʥʮʽ ʚʧʣʠʚʫ ʩʘʤʦʧʦʜʽʙʥʦʩʪʽ ʥʘ 

ʧʦʙʫʜʦʚʫ ʯʝʨʛ ʽ ʡʤʦʚʽʨʥʦʩʪʽ ʚʪʨʘʪʠ ʧʘʢʝʪʽʚ. ɺʧʣʠʚ ʤʫʣʴʪʠʬʨʘʢʪʘʣʴʥʠʭ 

ʚʣʘʩʪʠʚʦʩʪʝʡ ʪʨʘʬʽʢʘ ʥʘ ʧʦʙʫʜʦʚʫ ʯʝʨʛ ʽ ʚʪʨʘʪʫ ʜʘʥʠʭ ʚʠʚʯʝʥʦ ʚ ʥʘʙʘʛʘʪʦ 

ʤʝʥʰʦʤʫ ʩʪʫʧʝʥʽ [Crouse, 1999; Riedi, 1999; ʐʝʣʫʭʠʥ, 2011; ʋʨʴʝʚ, 2007]. 
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ʆʜʥʦʯʘʩʥʦ ʟ ʚʠʱʝ ʧʝʨʝʨʘʭʦʚʘʥʠʤ ʚ ʦʩʪʘʥʥʽ ʨʦʢʠ ʧʦʯʘʣʠ ʘʢʪʠʚʥʦ 

ʜʦʩʣʽʜʞʫʚʘʪʠʩʷ ʤʝʪʦʜʠ ʫʧʨʘʚʣʽʥʥʷ ʬʨʘʢʪʘʣʴʥʠʤ ʪʨʘʬʽʢʦʤ ʜʣʷ ʧʦʣʽʧʰʝʥʥʷ 

ʢ̫ʦʩʪʽ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʤʝʨʝʞʽ. ɺ ʨʦʙʦʪʽ [ʋʨʴʝʚ, 2007] ʧʨʦʚʝʜʝʥʦ ʜʦʩʣʽʜʞʝʥʥʷ 

ʬʨʘʢʪʘʣʴʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʪʨʘʬʽʢʘ ʨʝʘʣʴʥʦʛʦ ʯʘʩʫ ʽ ʦʮʽʥʢʘ ʚʧʣʠʚʫ ʤʦʥʦ- ʽ 

ʤʫʣʴʪʠʬʨʘʢʪʘʣʴʥʦʛʦ ʪʨʘʬʽʢʘ ʥʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʪʝʣʝʢʦʤʫʥʽʢʘʮʽʡʥʦʾ ʩʠʩʪʝʤʠ ʟ 

ʤʝʪʦʶ ʟʘʙʝʟʧʝʯʝʥʥʷ ʟʘʜʘʥʦʾ ʷʢʦʩʪʽ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ QoS. ʋ ʜʠʩʝʨʪʘʮʽʡʥʽʡ ʨʦʙʦʪʽ 

[ɹʫʨʦʚ, 2009] ʜʦʩʣʽʜʞʝʥʦ ʚʧʣʠʚ ʤʝʪʦʜʽʚ ʤʘʨʰʨʫʪʠʟʘʮʽʾ ʥʘ ʷʢʽʩʪʴ 

ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʚ ʤʫʣʴʪʠʩʝʨʚʽʩʥʠʭ ʤʝʨʝʞʘʭ ʟʚô̫ ʟʢʫ, ʱʦ ʬʫʥʢʮʽʦʥʫʶʪʴ ʚ 

ʝʢʩʪʨʝʤʘʣʴʥʠʭ ʫʤʦʚʘʭ ʟ ʩʘʤʦʧʦʜʽʙʥʠʤ ʭʘʨʘʢʪʝʨʦʤ ʪʨʘʬʽʢʘ. ɺ ʨʦʙʦʪʽ [ɻʘʣʢʠʥ, 

2008] ʧʨʦʚʝʜʝʥʦ ʘʥʘʣʽʟ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʪʨʘʬʽʢʘ ʚ ʤʝʨʝʞʘʭ Metro Ethernet ʽ 

ʜʦʩʣʽʜʞʝʥʥʷ ʧʨʦʪʦʢʦʣʽʚ ʧʦʙʫʜʦʚʠ ʤʘʨʰʨʫʪʽʚ ʜʣʷ ʩʘʤʦʧʦʜʽʙʥʦʛʦ ʪʨʘʬʽʢʘ. ɺ 

ʨʦʙʦʪʽ [ɻʘʡʥʫʣʠʥ, 2009] ʜʦʩʣʽʜʞʝʥʦ ʘʣʛʦʨʠʪʤʠ ʫʧʨʘʚʣʽʥʥʷ ʨʝʩʫʨʩʘʤʠ 

ʚʠʩʦʢʦʰʚʠʜʢʽʩʥʠʭ ʙʝʟʜʨʦʪʦʚʠʭ ʤʝʨʝʞ ʚ ʫʤʦʚʘʭ ʩʘʤʦʧʦʜʽʙʥʦʛʦ ʪʨʘʬʽʢʫ. ɺ 

ʨʦʙʦʪʽ [ʂʦʤʠʩʘʨʦʚ, 2011] ʟʘʧʨʦʧʦʥʦʚʘʥʠʡ ʤʝʪʦʜ ʘʜʘʧʪʠʚʥʦʾ ʤʘʨʰʨʫʪʠʟʘʮʽʾ, ʱʦ 

ʜʦʟʚʦʣʷʻ ʟʤʝʥʰʠʪʠ ʟʘʪʨʠʤʢʫ ʧʘʢʝʪʽʚ ʫ ʤʝʨʝʞʽ ʥʘ ʦʩʥʦʚʽ ʧʨʦʛʥʦʟʫ ʽʥʪʝʥʩʠʚʥʦʩʪʽ 

ʩʘʤʦʧʦʜʽʙʥʦʛʦ ʪʨʘʬʽʢʘ.  

ʋ ʨʦʙʦʪʘʭ [Casellas, 2002; Lˇopez, 2008; Czarkowski, 2013; Kyryk, 2013] 

ʧʨʦʚʝʜʝʥʦ ʜʦʩʣʽʜʞʝʥʥʷ ʚʧʣʠʚʫ ʩʪʫʧʝʥʷ ʩʘʤʦʧʦʜʽʙʥʦʩʪʽ ʪʨʘʬʽʢʫ ʥʘ ʟʙʽʞʥʽʩʪʴ 

ʤʝʨʝʞʽ ʚ ʭʦʜʽ ʫʧʨʘʚʣʽʥʥ ̫ʪʨʘʬʽʢʦʤ ʟ ʨʽʟʥʠʤ QoS. ʋ ʨʦʙʦʪʘʭ [Barreto, 2005; 

Carvalho, 2005; Acharya, 2013; Czarkowski, 2016] ʨʦʟʛʣʷʥʫʪʦ ʟʘʣʝʞʥʦʩʪʽ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ QoS, ʪʘʢʽ ʷʢ ʟʘʪʨʠʤʢʠ, ʜʞʠʪʝʨ ʽ ʚʪʨʘʪʠ ʧʘʢʝʪʽʚ ʚʽʜ ʧʘʨʘʤʝʪʨʽʚ 

ʩʘʤʦʧʦʜʽʙʥʦʩʪʽ ʚʭʽʜʥʦʛʦ ʪʨʘʬʽʢʘ. ʇʦʢʘʟʘʥʦ, ʱʦ ʦʩʥʦʚʥʠʡ ʚʧʣʠʚ ʥʘ ʧʦʛʽʨʰʝʥʥʷ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ QoS ʥʘʜʘʶʪʴ ʚʝʣʠʢʽ ʟʥʘʯʝʥʥʷ ʧʦʢʘʟʥʠʢʘ ʍʝʨʩʪʘ, ʷʢ ʩʪʫʧʝʥʷ 

ʩʘʤʦʧʦʜʽʙʥʦʩʪʽ ʽ ʢʦʝʬʽʮʽʻʥʪʘ ʜʠʩʧʝʨʩʽʾ, ʱʦ ʚʠʟʥʘʯʘʻ ʨʽʚʝʥʴ ʩʧʣʝʩʢʽʚ ʪʨʘʬʽʢʘ. 

ʅʘ ʩʴʦʛʦʜʥʽ ʨʦʟʛʣʷʜʘʻʪʴʩʷ ʢʽʣʴʢʘ ʧʽʜʭʦʜʽʚ, ʩʧʨʷʤʦʚʘʥʠʭ ʥʘ ʟʤʝʥʰʝʥʥʷ 

ʚʧʣʠʚʫ ʩʘʤʦʧʦʜʽʙʥʦʩʪʽ ʧʦʪʦʢʽʚ ʚ ʽʥʬʦʢʦʤʫʥʽʢʘʮʽʡʥʠʭ ʤʝʨʝʞʘʭ. ʋ ʨʦʙʦʪʘʭ [Kyu-

Seek, 2006; Donghyuk Han, 2014; Wei Ni, 2015] ʧʨʦʧʦʥʫʶʪʴʩʷ ʧʽʜʭʦʜʠ ʜʦ 

ʩʢʦʨʦʯʝʥʥʷ ʢʽʣʴʢʦʩʪʽ ʟʘʧʘʩʥʦʾ ʧʨʦʧʫʩʢʥʦʾ ʟʜʘʪʥʦʩʪʽ ʽ ʟʘʛʘʣʴʥʦʾ ʚʘʨʪʦʩʪʽ ʤʝʨʝʞʽ. 
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ɺ ʭʦʜʽ ʚʠʟʥʘʯʝʥʥ ̫ʰʣʷʭʫ ʜʣʷ ʧʝʨʝʜʘʯʽ ʪʨʘʬʽʢʘ ʽ ʥʝʦʙʭʽʜʥʦʾ ʧʨʦʧʫʩʢʥʦʾ ʟʜʘʪʥʦʩʪʽ 

ʚʨʘʭʦʚʫʶʪʴʩʷ ʧʘʨʘʤʝʪʨʠ ʩʘʤʦʧʦʜʽʙʥʦʛʦ ʪʨʘʬʽʢʘ. ʅʝʦʙʭʽʜʥʘ ʧʨʦʧʫʩʢʥʘ ʟʜʘʪʥʽʩʪʴ 

ʢʘʥʘʣʫ ʟʤʽʥʶʻʪʴʩʷ ʟʘʣʝʞʥʦ ʚʽʜ ʟʥʘʯʝʥʴ ʧʦʢʘʟʥʠʢʘ ʍʝʨʩʪʘ ʽ ʢʦʝʬʽʮʽʻʥʪʘ 

ʜʠʩʧʝʨʩʽʾ, ʽ ʢʽʣʴʢʽʩʪʴ ʟʘʨʝʟʝʨʚʦʚʘʥʦʾ ʧʨʦʧʫʩʢʥʦʾ ʟʜʘʪʥʦʩʪʽ ʢʘʥʘʣʽʚ ʟʤʝʥʰʫʻʪʴʩʷ. 

ʊʘʢʠʤ ʯʠʥʦʤ, ʟ ʟʘʙʝʟʧʝʯʝʥʥʷʤ ʷʢʦʩʪʽ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʽʥʬʦʨʤʘʮʽʾ ʚ 

ʢʦʤʧôʶʪʝʨʥʠʭ ʩʠʩʪʝʤʘʭ ʚʠʥʠʢʘʻ ʧʨʦʙʣʝʤʘ ʟʘʙʝʟʧʝʯʝʥʥʷ ʾʾ ʙʝʟʧʝʢʠ ʚ ʫʤʦʚʘʭ 

ʥʘʷʚʥʦʩʪʽ ʢʽʙʝʨʘʪʘʢ, ʷʢʘ ʙʝʟʫʤʦʚʥʦ ʻ ʘʢʪʫʘʣʴʥʦʶ ʥʘʫʢʦʚʦ ʁʧʨʦʙʣʝʤʦʶ.  

1.7. ʇʦʩʪʘʥʦʚʢʘ ʥʘʫʢʦʚʦ-ʧʨʠʢʣʘʜʥʦʾ ʧʨʦʙʣʝʤʠ ʪʘ ʟʘʚʜʘʥʴ 

ʜʦʩʣʽʜʞʝʥʥʷ 

ɸʥʘʣʽʟ ʙʝʟʧʝʢʠ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʢʦʤʧôʶʪʝʨʥʠʭ ʩʠʩʪʝʤ ʧʦʢʘʟʘʚ, ʱʦ 

ʧʨʦʙʣʝʤʘ ʧʦʙʫʜʦʚʠ ʙʝʟʧʝʯʥʠʭ ʪʘ ʷʢʽʩʥʠʭ ʢʦʤʧôʶʪʝʨʥʠʭ ʩʠʩʪʝʤ ʻ ʜʫʞʝ 

ʰʠʨʦʢʦʶ ʪʘ ʙʘʛʘʪʦʛʨʘʥʥʦʶ. ʅʘʨʽʚʥʽ ʟ ʜʦʪʨʠʤʘʥʥʷʤ ʚʠʤʦʛ ʷʢʦʩʪʽ 

ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʜʦʩʪʫʧʥʦʩʪʽ ʪʘ ʢʦʥʬʽʜʝʥʮʽʡʥʦʩʪʽ ʽʥʬʦʨʤʘʮʽʾ ʻ 

ʥʝʦʙʭʽʜʥʠʤ ʽ ʧʝʨʰʦʯʝʨʛʦʚʠʤ ʟʘʚʜʘʥʥʷʤ. 

ʉʴʦʛʦʜʥʽ ʫʜʦʩʢʦʥʘʣʝʥʥʷ ʩʠʩʪʝʤ ʟʘʙʝʟʧʝʯʝʥʥʷ ʙʝʟʧʝʢʠ ʽʥʬʦʨʤʘʮʽʾ ʚ 

ʢʦʤʧôʶʪʝʨʥʠʭ ʩʠʩʪʝʤʘʭ ʟ ʦʙʤʝʞʝʥʠʤʠ ʨʝʩʫʨʩʘʤʠ ʙʘʟʫʻʪʴʩʷ ʥʘ ʪʘʢʠʭ 

ʥʘʧʨʷʤʢʘʭ: 

- ʫʜʦʩʢʦʥʘʣʝʥʥʷ ʢʨʠʧʪʦʛʨʘʬʽʯʥʠʭ ʩʠʩʪʝʤ ʟ ʤʝʪʦʶ ʟʘʙʝʟʧʝʯʝʥʥʷ 

ʢʦʥʬʽʜʝʥʮʽʡʥʦʩʪʽ ʽʥʬʦʨʤʘʮʽʾ; 

- ʚʠʢʦʨʠʩʪʘʥʥʷ ʥʦʚʠʭ ʧʨʠʥʮʠʧʽʚ ʟʘʙʝʟʧʝʯʝʥʥʷ ʮʽʣʽʩʥʦʩʪʽ ʽʥʬʦʨʤʘʮʽʾ, 

ʟʘʩʥʦʚʘʥʠʭ ʥʘ ʤʝʪʦʜʘʭ ʾʾ ʙʝʟʧʝʯʥʦʾ ʧʝʨʝʜʘʯʽ ʚ ʢʦʤʧôʶʪʝʨʥʠʭ ʩʠʩʪʝʤʘʭ; 

- ʟʘʩʪʦʩʫʚʘʥʥʷ ʫʜʦʩʢʦʥʘʣʝʥʠʭ ʧʨʠʥʮʠʧʽʚ ʚʠʷʚʣʝʥʥʷ ʢʽʙʝʨʘʪʘʢ ʪʘ 

ʚʪʦʨʛʥʝʥʴ ʚ ʢʦʤʧôʶʪʝʨʥʽ ʩʠʩʪʝʤʠ, ʟʘʩʥʦʚʘʥʠʭ ʥʘ ʫʨʘʭʫʚʘʥʥʽ ʚʣʘʩʪʠʚʦʩʪʝʡ 

ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʧʦʪʦʢʽʚ;  
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- ʨʦʟʨʦʙʢʘ ʤʝʪʦʜʽʚ ʚʠʷʚʣʝʥʥʷ ʘʥʦʤʘʣʴʥʦʾ ʧʦʚʝʜʽʥʢʠ ʚ ʭʦʜʽ 

ʬʫʥʢʮʽʦʥʫʚʘʥʥ ̫ ʢʦʤʧôʶʪʝʨʥʠʭ ʩʠʩʪʝʤ ʟ ʤʝʪʦʶ ʧʽʜʚʠʱʝʥʥʷ ʪʦʯʥʦʩʪʽ 

ʽʜʝʥʪʠʬʽʢʘʮʽʾ ʚʪʦʨʛʥʝʥʴ ʪʘ ʘʪʘʢ. 

ʇʨʦʚʝʜʝʥʠʡ ʘʥʘʣʽʟ ʧʨʦʮʝʩʫ ʟʘʙʝʟʧʝʯʝʥʥʷ ʜʦʩʪʫʧʥʦʩʪʽ ʪʘ 

ʢʦʥʬʽʜʝʥʮʽʡʥʦʩʪʽ ʽʥʬʦʨʤʘʮʽʾ ʟ ʜʦʪʨʠʤʘʥʥʷʤ ʨʽʚʥʷ ʷʢʦʩʪʽ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ 

ʜʦʟʚʦʣʷʻ ʟʨʦʙʠʪʠ ʪʘʢʽ ʚʠʩʥʦʚʢʠ: 

1. ʆʩʪʘʪʦʯʥʦ ʥʝ ʚʠʨʽʰʝʥʘ ʧʨʦʙʣʝʤʘ ʱʦʜʦ ʟʘʙʝʟʧʝʯʝʥʥʷ ʙʝʟʧʝʢʠ ʟ 

ʜʦʪʨʠʤʘʥʥʷʤ ʨʽʚʥʷ ʷʢʦʩʪʽ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ. 

2. ʅʝ ʨʦʟʚôʷʟʘʥʘ ʧʨʦʙʣʝʤʘ ʟʘʧʦʙʽʛʘʥʥʷ ʢʽʙʝʨʘʪʘʢʘʤ, ʾʭʥ ̫ʽʜʝʥʪʠʬʽʢʘʮʽʷ ʪʘ 

ʬʦʨʤʫʚʘʥʥʷ ʧʨʦʧʦʟʠʮʽʡ ʽʟ ʧʨʦʪʠʜʽʾ ʾʤ. 

3. ʈʦʟʨʦʙʢʘ ʤʝʪʦʜʽʚ ʚʠʷʚʣʝʥʥʷ ʚʪʦʨʛʥʝʥʴ ʫ ʢʦʤʧôʶʪʝʨʥʠʭ ʩʠʩʪʝʤʘʭ 

ʧʦʪʨʝʙʫʻ ʫʜʦʩʢʦʥʘʣʝʥʥʷ. 

4. ɯʩʥʫʶʯʽ ʤʦʜʝʣʽ ʪʘ ʤʝʪʦʜʠ ʟʘʙʝʟʧʝʯʝʥʥʷ ʷʢʦʩʪʽ ʪʘ ʙʝʟʧʝʯʥʦʛʦ 

ʫʧʨʘʚʣʽʥʥʷ ʨʝʩʫʨʩʘʤʠ ʢʦʤʧ'ʶʪʝʨʥʠʭ ʩʠʩʪʝʤ ʥʝ ʚʨʘʭʦʚʫʶʪʴ ʩʘʤʦʧʦʜʽʙʥʽ 

ʚʣʘʩʪʠʚʦʩʪʽ ʪʨʘʬʽʢʘ. 

ɺʠʭʦʜʷʯʠ ʟ ʧʨʦʚʝʜʝʥʦʛʦ ʘʥʘʣʽʟʫ, ʚʠʥʠʢʘʻ ʘʢʪʫʘʣʴʥʘ ʥʘʫʢʦʚʦ-ʧʨʠʢʣʘʜʥʘ 

ʧʨʦʙʣʝʤʘ ʱʦʜʦ ʨʦʟʨʦʙʢʠ ʤʦʜʝʣʝʡ ʪʘ ʤʝʪʦʜʽʚ ʟʘʙʝʟʧʝʯʝʥʥʷ ʙʝʟʧʝʢʠ 

(ʜʦʩʪʫʧʥʦʩʪʽ, ʢʦʥʬʽʜʝʥʮʽʡʥʦʩʪʽ) ʪʘ ʷʢʦʩʪʽ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʚ ʢʦʤʧôʶʪʝʨʥʠʭ 

ʩʠʩʪʝʤʘʭ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʩʘʤʦʧʦʜʽʙʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʧʦʪʦʢʽʚ ʚ 

ʫʤʦʚʘʭ ʥʘʷʚʥʦʩʪʽ ʚʪʦʨʛʥʝʥʴ ʪʘ ʢʽʙʝʨʘʪʘʢ. 

ʅʘ ʩʴʦʛʦʜʥʽ ʽʩʥʫʻ ʨʷʜ ʤʝʪʦʜʽʚ, ʷʢʽ ʥʘʧʨʘʚʣʝʥʽ ʥʘ ʟʘʙʝʟʧʝʯʝʥʥʷ ʙʝʟʧʝʢʠ ʪʘ 

ʷʢʦʩʪʽ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ, ʫ ʪʦʤʫ ʯʠʩʣʽ ʤʝʪʦʜʠ ʙʝʟʧʝʯʥʦʛʦ ʙʘʣʘʥʩʫʚʘʥʥʷ, 

ʤʘʨʰʨʫʪʠʟʘʮʽʾ. ʊʘʢʦʞ ʨʦʟʨʦʙʣʝʥʦ ʨʷʜ ʤʝʪʦʜʽʚ ʙʘʣʘʥʩʫʚʘʥʥʷ ʽʥʬʦʨʤʘʮʽʡʥʠʤʠ 

ʧʦʪʦʢʘʤʠ, ʜʦ ʦʩʥʦʚʥʠʭ ʟ ʷʢʠʭ ʥʘʣʝʞʘʪʴ: 

-ʤʝʪʦʜ, ʟʘʩʥʦʚʘʥʠʡ ʥʘ ʚʠʢʦʨʠʩʪʘʥʥʽ ʜʠʥʘʤʽʯʥʠʭ ʘʣʛʦʨʠʪʤʽʚ ʫʨʘʭʫʚʘʥʥʷ 

ʩʪʘʥʫ ʩʠʩʪʝʤʠ, ʷʢʠʡ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʚ ʙʘʣʘʥʩʫʚʘʣʴʥʠʢʘʭ ʪʘʢʠʭ ʬʽʨʤ ʷʢ: 

Barracuda, AWS, F5 ʪʘ ʽʥ.; 
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-ʤʝʪʦʜ, ʟʘʩʥʦʚʘʥʠʡ ʥʘ ʚʭʽʜʥʠʭ ʩʧʦʚʽʱʝʥʥʷʭ [Andreolini, 2007; AWS, 

2019; Chen, 2013; Ghuge, 2014; Heorhiadi, 2012; Hu, 1998]. 

ʇʨʦʪʝ ʮʽ ʤʝʪʦʜʠ ʤʘʶʪʴ ʜʫʞʝ ʩʫʪʪʻʚʽ ʥʝʜʦʣʽʢʠ ʚ ʭʦʜʽ ʜʠʩʙʘʣʘʥʩʫ ʨʦʙʦʪʠ 

ʩʠʩʪʝʤʠ ʪʘ ʥʘʷʚʥʦʩʪʽ ʚʪʦʨʛʥʝʥʴ ʽ ʩʧʣʝʩʢʽʚ ʪʨʘʬʽʢʫ. ʋ ʙʘʛʘʪʴʦʭ ʚʠʧʘʜʢʘʭ ʮʽ 

ʥʝʜʦʣʽʢʠ ʤʦʞʫʪʴ ʙʫʪʠ ʫʩʫʥʝʥʽ ʰʣʷʭʦʤ ʫʨʘʭʫʚʘʥʥʷ ʩʘʤʦʧʦʜʽʙʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ 

ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʧʦʪʦʢʽʚ ʪʘ ʡʤʦʚʽʨʥʦʩʪʽ ʚʠʷʚʣʝʥʥʷ ʚʪʦʨʛʥʝʥʴ. 

ɺ ʧʨʦʮʝʩʽ ʤʘʨʰʨʫʪʠʟʘʮʽʾ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʧʦʪʦʢʽʚ ʧʠʪʘʥʥʷ ʙʝʟʧʝʢʠ 

ʨʦʟʛʣʷʜʘʶʪʴʩʷ ʧʝʨʝʚʘʞʥʦ ʟʽ ʩʪʦʨʦʥʠ ʦʮʽʥʶʚʘʥʥʷ ʨʠʟʠʢʫ ʫʨʘʟʣʠʚʦʩʪʝʡ ʨʝʩʫʨʩʽʚ 

[Snihurov, 2013; Snihurov, 2015] ʘʙʦ ʥʘʜʽʡʥʦʩʪʽ ʪʘ ʞʠʚʫʯʦʩʪʽ [Lemeshko, 2016]. 

ʇʨʠ ʮʴʦʤʫ ʚʣʘʩʪʠʚʦʩʪʽ ʩʪʨʫʢʪʫʨʠ ʪʨʘʬʽʢʘ ʥʝ ʚʨʘʭʦʚʫʶʪʴʩʷ. ʎʝ ʧʦʚôʷʟʘʥʦ ʟ 

ʚʽʜʩʫʪʥʽʩʪʶ ʘʜʝʢʚʘʪʥʠʭ ʤʦʜʝʣʝʡ ʩʘʤʦʧʦʜʽʙʥʦʛʦ ʪʨʘʬʽʢʘ ʪʘ ʢʦʤʧôʶʪʝʨʥʠʭ 

ʩʠʩʪʝʤ ʟ ʪʦʯʢʠ ʟʦʨʫ ʤʫʣʴʪʠʬʨʘʢʪʘʣʴʥʦʾ ʩʪʨʫʢʪʫʨʠ ʪʨʘʬʽʢʘ ʪʘ ʡʦʛʦ ʩʪʘʪʠʩʪʠʯʥʠʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ.  

ʊʘʢʠʤ ʯʠʥʦʤ, ʧʽʜ ʯʘʩ ʨʦʟʨʦʙʢʠ ʥʦʚʠʭ ʪʘ ʤʦʜʝʨʥʽʟʘʮʽʾ ʽʩʥʫʶʯʠʭ ʤʦʜʝʣʝʡ 

ʢʦʤʧôʶʪʝʨʥʠʭ ʩʠʩʪʝʤ  ̔ʤʝʪʦʜʽʚ ʫʧʨʘʚʣʽʥʥʷ ʪʨʘʬʽʢʦʤ, ʘʢʪʫʘʣʴʥʠʤ ʻ ʟʘʚʜʘʥʥʷ ʚ 

ʭʦʜʽ ʤʘʨʰʨʫʪʠʟʘʮʽʾ ʪʘ ʙʘʣʘʥʩʫʚʘʥʥ ̫ʪʨʘʬʽʢʘ ʟʘʙʝʟʧʝʯʫʚʘʪʠ ʙʝʟʧʝʯʥʫ ʧʝʨʝʜʘʯʫ 

ʧʦʪʦʢʽʚ ʰʣʷʭʦʤ ʫʨʘʭʫʚʘʥʥʷ ʡʤʦʚʽʨʥʦʩʪʽ ʚʠʷʚʣʝʥʥʷ ʘʥʦʤʘʣʴʥʦʾ ʧʦʚʝʜʽʥʢʠ ʚ 

ʢʦʤʧôʶʪʝʨʥʽʡ ʩʠʩʪʝʤʽ ʪʘ ʽʥʬʦʨʤʘʮʽʡʥʦʤʫ ʧʦʪʦʮʽ ʪʘ ʚʣʘʩʪʠʚʦʩʪʝʡ ʡʦʛʦ 

ʩʘʤʦʧʦʜʽʙʥʦʩʪʽ.  

ɯʩʥʫʶʯʽ ʤʝʪʦʜʠ ʚʠʷʚʣʝʥʥʷ ʚʪʦʨʛʥʝʥʴ ʚ ʙʽʣʴʰʦʩʪʽ ʥʘʧʨʘʚʣʝʥʽ ʥʘ 

ʚʠʷʚʣʝʥʥʷ ʽʥʪʝʥʩʠʚʥʠʭ ʘʪʘʢ, ʥʝ ʚʨʘʭʦʚʫʶʪʴ ʙʝʟʧʝʯʥʽʩʪʴ ʨʝʩʫʨʩʽʚ ʢʦʤʧôʶʪʝʨʥʠʭ 

ʩʠʩʪʝʤ  ̔ʩʘʤʦʧʦʜʽʙʥʽʩʪʴ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʧʦʪʦʢʽʚ. ʊʦʙʪʦ, ʚʽʜ ʩʘʤʦʛʦ ʧʦʯʘʪʢʫ ʚʞʝ 

ʽʩʥʫʶʪʴ ʥʘʢʣʘʜʝʥʽ ʦʙʤʝʞʝʥʥʷ ʥʘ ʤʥʦʞʠʥʫ ʚʠʷʚʣʝʥʠʭ ʘʪʘʢ ʪʘ ʩʪʨʫʢʪʫʨʫ 

ʽʥʬʦʨʤʘʮʽʡʥʦʛʦ ʧʦʪʦʢʫ. ʎʝ ʦʙʤʝʞʫʻ ʤʦʞʣʠʚʽʩʪʴ ʩʚʦʻʯʘʩʥʦ ʚʠʷʚʠʪʠ ʘʥʦʤʘʣʽʾ ʚ 

ʢʦʤʧôʶʪʝʨʥʠʭ ʩʠʩʪʝʤʘʭ ʪʘ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʧʦʪʦʢʘʭ.  

ʊʦʤʫ ʚʠʥʠʢʘʻ ʧʦʪʨʝʙʘ ʟʘʩʪʦʩʦʚʫʚʘʪʠ ʢʦʤʧʣʝʢʩʥʠʡ ʧʽʜʭʽʜ ʜʦ ʨʦʟʨʦʙʢʠ 

ʤʝʪʦʜʫ ʚʠʷʚʣʝʥʥʷ ʚʪʦʨʛʥʝʥʴ, ʷʢʠʡ ʦʜʥʦʯʘʩʥʦ ʚʨʘʭʦʚʫʻ ʩʘʤʦʧʦʜʽʙʥʽ ʪʘ 

ʩʪʘʪʠʩʪʠʯʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʪʨʘʬʽʢʘ, ʛʣʠʙʦʢʠʡ ʘʥʘʣʽʟ ʧʘʢʝʪʽʚ ʪʘ ʯʘʩ, ʥʝʦʙʭʽʜʥʠʡ 
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ʜʣʷ ʦʙʨʦʙʢʠ ʽʥʬʦʨʤʘʮʽʾ, ʪʘ ʟʘʩʪʦʩʦʚʫʚʘʪʠ ʤʝʪʦʜʠ ʙʝʟʧʝʯʥʦʛʦ ʫʧʨʘʚʣʽʥʥʷ 

ʽʥʬʦʨʤʘʮʽʡʥʠʤʠ ʧʦʪʦʢʘʤʠ. ʌʫʥʢʮʽʦʥʘʣʴʥʽ ʤʦʞʣʠʚʦʩʪʽ, ʝʨʛʦʥʦʤʽʯʥʽ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʽ ʨʦʟʨʦʙʢʘ ʧʨʦʛʨʘʤʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ ʢʦʥʮʝʧʮʽʾ ʚʠʷʚʣʝʥʥʷ 

ʚʪʦʨʛʥʝʥʴ ʪʘ ʙʝʟʧʝʯʥʦʛʦ ʫʧʨʘʚʣʽʥʥʷ ʪʨʘʬʽʢʦʤ ʻ ʥʘʡʙʽʣʴʰ ʘʢʪʫʘʣʴʥʠʤʠ ʥʘ 

ʩʴʦʛʦʜʥʽ ʜʣʷ ʋʢʨʘʾʥʠ ʚ ʫʤʦʚʘʭ ʛʣʦʙʘʣʽʟʘʮʽʾ ʽʥʬʦʨʤʘʮʽʡʥʦʛʦ ʧʨʦʩʪʦʨʫ ʪʘ 

ʢʽʙʝʨʚʽʡʥʠ.  

ʊʘʢʠʤ ʯʠʥʦʤ, ʥʘ ʩʴʦʛʦʜʥʽ ʚ ʧʨʘʢʪʠʮʽ ʪʘ ʪʝʦʨʽʾ ʝʢʩʧʣʫʘʪʘʮʽʾ 

ʢʦʤʧôʶʪʝʨʥʠʭ ʩʠʩʪʝʤ ʟʘʛʦʩʪʨʠʣʦʩʷ ʦʙôʻʢʪʠʚʥʝ ʧʨʦʪʠʨʽʯʯʷ ʤʽʞ ʟʨʦʩʪʘʶʯʠʤʠ 

ʚʠʤʦʛʘʤʠ ʜʦ ʨʽʚʥʷ ʙʝʟʧʝʢʠ ʪʘ ʷʢʦʩʪʽ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʧʽʜ ʯʘʩ ʧʝʨʝʜʘʯʽ 

ʩʘʤʦʧʦʜʽʙʥʦʛʦ ʪʨʘʬʽʢʘ ʽ ʤʦʞʣʠʚʦʩʪʷʤʠ ʽʩʥʫʶʯʠʭ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʪʘ ʪʝʦʨʝʪʠʯʥʠʭ 

ʨʽʰʝʥʴ. ʗʢ ʥʘʩʣʽʜʦʢ, ʥʘʨʘʟʽ ʚʽʜʩʫʪʥʽ ʘʜʝʢʚʘʪʥʽ ʤʦʜʝʣʽ ʪʘ ʤʝʪʦʜʠ ʟʘʙʝʟʧʝʯʝʥʥʷ 

ʙʝʟʧʝʢʠ ʪʘ ʷʢʦʩʪʽ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ, ʷʢʽ ʚʨʘʭʦʚʫʶʪʴ ʩʘʤʦʧʦʜʽʙʥʽ ʚʣʘʩʪʠʚʦʩʪʽ 

ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʧʦʪʦʢʽʚ, ʚ ʫʤʦʚʘʭ ʥʘʷʚʥʦʩʪʽ ʚʪʦʨʛʥʝʥʴ ʪʘ ʢʽʙʝʨʘʪʘʢ. ɼʣʷ 

ʨʦʟʚôʷʟʘʥʥʷ ʚʢʘʟʘʥʦʛʦ ʧʨʦʪʠʨʽʯʯʷ ʚ ʜʠʩʝʨʪʘʮʽʡʥʽʡ ʨʦʙʦʪʽ ʩʬʦʨʤʫʣʴʦʚʘʥʦ 

ʘʢʪʫʘʣʴʥʫ ʥʘʫʢʦʚʦ-ʧʨʠʢʣʘʜʥʫ ʧʨʦʙʣʝʤʫ ʱʦʜʦ ʨʦʟʨʦʙʢʠ ʤʦʜʝʣʝʡ ʪʘ ʤʝʪʦʜʽʚ 

ʟʘʙʝʟʧʝʯʝʥʥʷ ʙʝʟʧʝʢʠ (ʜʦʩʪʫʧʥʦʩʪʽ, ʢʦʥʬʽʜʝʥʮʽʡʥʦʩʪʽ) ʪʘ ʷʢʦʩʪʽ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ 

ʚ ʢʦʤʧôʶʪʝʨʥʠʭ ʩʠʩʪʝʤʘʭ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʩʘʤʦʧʦʜʽʙʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ 

ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʧʦʪʦʢʽʚ ʚ ʫʤʦʚʘʭ ʥʘʷʚʥʦʩʪʽ ʚʪʦʨʛʥʝʥʴ ʪʘ ʢʽʙʝʨʘʪʘʢ. 

ʄʝʪʦʶ ʜʠʩʝʨʪʘʮʽʡʥʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ ʻ ʧʽʜʚʠʱʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ 

ʤʝʪʦʜʽʚ ʟʘʙʝʟʧʝʯʝʥʥʷ ʙʝʟʧʝʢʠ ʪʘ ʷʢʦʩʪʽ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʚ ʢʦʤʧôʶʪʝʨʥʠʭ 

ʩʠʩʪʝʤʘʭ ʟʘ ʨʘʭʫʥʦʢ ʽʜʝʥʪʠʬʽʢʘʮʽʾ ʘʪʘʢ ʪʘ ʫʨʘʭʫʚʘʥʥʽ ʩʘʤʦʧʦʜʽʙʥʦʩʪʽ 

ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʧʦʪʦʢʽʚ.  

ɺ̔ ʜʧʦʚʽʜʥʦ ʜʦ ʧʦʩʪʘʚʣʝʥʦʾ ʤʝʪʠ, ʜʣʷ ʚʠʨʽʰʝʥʥʷ ʥʘʫʢʦʚʦ-ʧʨʠʢʣʘʜʥʦʾ 

ʧʨʦʙʣʝʤʠ, ʚ ʨʦʙʦʪʽ ʩʬʦʨʤʫʣʴʦʚʘʥʦ ʪʘʢʽ ʟʘʚʜʘʥʥʷ:  

ï ʧʨʦʘʥʘʣʽʟʫʚʘʪʠ ʩʫʯʘʩʥʠʡ ʩʪʘʥ ʪʘ ʪʝʥʜʝʥʮʽʾ ʧʦʜʘʣʴʰʦʛʦ ʨʦʟʚʠʪʢʫ 

ʦʩʥʦʚʥʠʭ ʧʨʠʥʮʠʧʽʚ, ʢʦʥʮʝʧʮʽʡ, ʪʝʭʥʦʣʦʛʽʡ, ʧʨʦʛʨʘʤʥʠʭ ʨʽʰʝʥʴ, ʘ ʪʘʢʦʞ 

ʟʘʩʦʙʽʚ ʟʘʙʝʟʧʝʯʝʥʥʷ ʙʝʟʧʝʢʠ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʧʘʨʘʤʝʪʨʽʚ ʷʢʦʩʪʽ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ 

ʪʘ ʩʘʤʦʧʦʜʽʙʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʚʭʽʜʥʠʭ ʧʦʪʦʢʽʚ ʫ ʢʦʤʧôʶʪʝʨʥʠʭ ʩʠʩʪʝʤʘʭ; 
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ï ʨʦʟʨʦʙʠʪʠ ʢʦʥʮʝʧʮʽʶ ʟʘʙʝʟʧʝʯʝʥʥʷ ʽʥʬʦʨʤʘʮʽʡʥʦʾ ʙʝʟʧʝʢʠ 

ʢʦʤʧôʶʪʝʨʥʠʭ ʩʠʩʪʝʤ ʽʟ ʩʘʤʦʧʦʜʽʙʥʠʤʠ ʽʥʬʦʨʤʘʮʽʡʥʠʤʠ ʧʦʪʦʢʘʤʠ; 

ï ʨʦʟʨʦʙʠʪʠ ʤʦʜʝʣʴ ʪʘ ʤʝʪʦʜ ʙʝʟʧʝʯʥʦʾ ʤʘʨʰʨʫʪʠʟʘʮʽʾ ʚʭʽʜʥʠʭ 

ʩʘʤʦʧʦʜʽʙʥʠʭ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʧʦʪʦʢʽʚ ʨʽʟʥʦʛʦ ʢʣʘʩʫ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ, ʱʦ 

ʚʨʘʭʦʚʫʻ ʾʭʥ ̔ ʤʫʣʴʪʠʬʨʘʢʪʘʣʴʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʪʘ ʡʤʦʚʽʨʥʽʩʪʴ ʚʠʷʚʣʝʥʥʷ 

ʚʪʦʨʛʥʝʥʴ; 

ï ʨʦʟʨʦʙʠʪʠ ʤʝʪʦʜ ʙʝʟʧʝʯʥʦʛʦ ʙʘʣʘʥʩʫʚʘʥʥʷ ʚʭʽʜʥʠʭ ʩʘʤʦʧʦʜʽʙʥʠʭ 

ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʧʦʪʦʢʽʚ ʫ ʢʦʤʧôʶʪʝʨʥʠʭ ʩʠʩʪʝʤʘʭ; 

ï ʨʦʟʨʦʙʠʪʠ ʤʦʜʝʣʴ ʙʝʟʧʝʯʥʦʛʦ ʙʘʣʘʥʩʫʚʘʥʥʷ ʤʫʣʴʪʠʬʨʘʢʪʘʣʴʥʠʭ 

ʧʦʪʦʢʽʚ ʚ ʢʦʤʧôʶʪʝʨʥʽʡ ʩʠʩʪʝʤʽ, ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʧʘʨʘʤʝʪʨʽʚ ʙʝʟʧʝʢʠ; 

ï ʨʦʟʨʦʙʠʪʠ ʤʝʪʦʜʠ ʚʠʷʚʣʝʥʥʷ ʘʪʘʢ ʫ ʤʝʨʝʞʥʠʭ ʩʠʩʪʝʤʘʭ ʚʠʷʚʣʝʥʥʷ 

ʚʪʦʨʛʥʝʥʴ, ʱʦ ʟʘʩʥʦʚʘʥʽ ʥʘ ʩʠʛʥʘʪʫʨʥʦʤʫ ʘʥʘʣʽʟʽ ʧʘʢʝʪʽʚ, ʥʘ ʝʥʪʨʦʧʽʡʥʦʤʫ 

ʘʥʘʣʽʟʽ ʧʘʢʝʪʽʚ, ʥʘ ʦʩʥʦʚʽ ʤʝʪʦʜʽʚ ʤʘʰʠʥʥʦʛʦ ʥʘʚʯʘʥʥʷ; 

ï ʨʦʟʨʦʙʠʪʠ ʢʦʤʧʣʝʢʩʥʠʡ ʤʝʪʦʜ ʚʠʷʚʣʝʥʥʷ ʘʪʘʢ ʫ ʢʦʤʧôʶʪʝʨʥʽʡ ʩʠʩʪʝʤʽ, 

ʱʦ ʙʘʟʫʻʪʴʩʷ ʥʘ ʧʦʚʝʜʽʥʢʦʚʦʤʫ, ʩʠʛʥʘʪʫʨʥʦʤʫ ʪʘ ʝʥʪʨʦʧʽʡʥʦʤʫ ʘʥʘʣʽʟʽ 

ʩʘʤʦʧʦʜʽʙʥʠʭ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʧʦʪʦʢʽʚ; 

ï ʨʦʟʨʦʙʠʪʠ ʤʦʜʝʣʴ ʽ ʤʝʪʦʜ ʙʘʣʘʥʩʫʚʘʥʥʷ ʚʭʽʜʥʠʭ ʧʦʪʦʢʽʚ ʫ ʤʝʨʝʞʥʠʭ 

ʩʠʩʪʝʤʘʭ ʚʠʷʚʣʝʥʥʷ ʚʪʦʨʛʥʝʥʴ; 

ï ʧʨʦʚʝʩʪʠ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʫ ʚʝʨʠʬʽʢʘʮʽʶ ʽ ʧʨʘʢʪʠʯʥʫ ʨʝʘʣʽʟʘʮʽʶ 

ʨʦʟʨʦʙʣʝʥʠʭ ʤʝʪʦʜʽʚ ʽ ʤʦʜʝʣʝʡ ʟ ʤʝʪʦʶ ʧʽʜʪʚʝʨʜʞʝʥʥʷ ʾʭʥʴʦʾ ʝʬʝʢʪʠʚʥʦʩʪʽ ʪʘ 

ʧʨʘʮʝʟʜʘʪʥʦʩʪʽ. 

ɺʠʨʽʰʝʥʥʶ ʟʘʛʘʣʴʥʦʾ ʥʘʫʢʦʚʦ-ʧʨʠʢʣʘʜʥʦʾ ʧʨʦʙʣʝʤʠ ʽ ʯʘʩʪʢʦʚʠʤ 

ʥʘʫʢʦʚʠʤ ʟʘʚʜʘʥʥʷʤ ʽ ʧʨʠʩʚʷʯʝʥʘ ʜʘʥʘ ʜʠʩʝʨʪʘʮʽʡʥʘ ʨʦʙʦʪʘ. 

ɺʠʩʥʦʚʢʠ ʜʦ ʨʦʟʜʽʣʫ 1 

1. ʇʨʦʚʝʜʝʥʠʡ ʘʥʘʣʽʟ ʧʨʦʮʝʩʫ ʟʘʙʝʟʧʝʯʝʥʥʷ ʜʦʩʪʫʧʥʦʩʪʽ ʪʘ 

ʢʦʥʬʽʜʝʥʮʽʡʥʦʩʪʽ ʽʥʬʦʨʤʘʮʽʾ ʧʨʠ ʜʦʪʨʠʤʘʥʥʽ ʨʽʚʥʷ ʷʢʦʩʪʽ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ 
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ʜʦʟʚʦʣʷʻ ʟʨʦʙʠʪʠ ʚʠʩʥʦʚʢʠ, ʱʦ ʦʩʪʘʪʦʯʥʦ ʥʝ ʚʠʨʽʰʝʥʘ ʧʨʦʙʣʝʤʘ ʱʦʜʦ 

ʟʘʙʝʟʧʝʯʝʥʥʷ ʙʝʟʧʝʢʠ ʧʨʠ ʜʦʪʨʠʤʘʥʥʽ ʨʽʚʥʷ ʷʢʦʩʪʽ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ; ʨʦʟʨʦʙʢʘ 

ʤʝʪʦʜʽʚ ʚʠʷʚʣʝʥʥʷ ʚʪʦʨʛʥʝʥʴ ʚ ʢʦʤʧôʶʪʝʨʥʠʭ ʩʠʩʪʝʤʘʭ ʧʦʪʨʝʙʫʻ 

ʫʜʦʩʢʦʥʘʣʝʥʥʷ; ʽʩʥʫʶʯʽ ʤʦʜʝʣʽ ʪʘ ʤʝʪʦʜʠ ʟʘʙʝʟʧʝʯʝʥʥʷ ʷʢʦʩʪʽ ʪʘ ʙʝʟʧʝʯʥʦʛʦ 

ʫʧʨʘʚʣʽʥʥʷ ʨʝʩʫʨʩʘʤʠ ʢʦʤʧ'ʶʪʝʨʥʠʭ ʩʠʩʪʝʤ ʥʝ ʚʨʘʭʦʚʫʶʪʴ ʩʘʤʦʧʦʜʽʙʥʽ 

ʚʣʘʩʪʠʚʦʩʪʽ ʪʨʘʬʽʢʘ. 

2. ʅʘ ʧʽʜʩʪʘʚʽ ʧʨʦʚʝʜʝʥʦʛʦ ʘʥʘʣʽʟʫ ʽʩʥʫʶʯʠʭ ʤʝʪʦʜʽʚ, ʷʢʽ ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ 

ʧʽʜ ʯʘʩ ʟʘʙʝʟʧʝʯʝʥʥ ̫ʜʦʩʪʫʧʥʦʩʪʽ, ʢʦʥʬʽʜʝʥʮʽʡʥʦʩʪʽ ʪʘ ʷʢʦʩʪʽ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʚ 

ʢʦʤʧôʶʪʝʨʥʠʭ ʩʠʩʪʝʤʘʭ, ʚʠʷʚʣʝʥʦ ʧʨʦʪʠʨʽʯʯʷ ʤʽʞ ʟʨʦʩʪʘʶʯʠʤʠ ʚʠʤʦʛʘʤʠ ʜʦ 

ʨʽʚʥʷ ʙʝʟʧʝʢʠ ʪʘ ʷʢʦʩʪʽ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʚ ʭʦʜʽ ʧʝʨʝʜʘʯʽ ʩʘʤʦʧʦʜʽʙʥʦʛʦ ʪʨʘʬʽʢʘ ʽ 

ʤʦʞʣʠʚʦʩʪʷʤʠ ʽʩʥʫʶʯʠʭ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʪʘ ʪʝʦʨʝʪʠʯʥʠʭ ʨʽʰʝʥʴ. 

3. ʅʘ ʩʴʦʛʦʜʥʽ ʽʩʥʫʻ ʨʷʜ ʤʝʪʦʜʽʚ, ʷʢʽ ʥʘʧʨʘʚʣʝʥʽ ʥʘ ʟʘʙʝʟʧʝʯʝʥʥʷ ʙʝʟʧʝʢʠ 

ʪʘ ʷʢʦʩʪʽ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ. ʇʨʦʘʥʘʣʽʟʦʚʘʥʦ ʨʷʜ ʤʝʪʦʜʽʚ ʙʘʣʘʥʩʫʚʘʥʥʷ 

ʽʥʬʦʨʤʘʮʽʡʥʠʤʠ ʧʦʪʦʢʘʤʠ, ʘʣʝ ʚʦʥʠ ʤʘʶʪɹ ʜʫʞʝ ʩʫʪʪʻʚʽ ʥʝʜʦʣʽʢʠ ʧʨʠ 

ʜʠʩʙʘʣʘʥʩʽ ʨʦʙʦʪʠ ʩʠʩʪʝʤʠ ʪʘ ʥʘʷʚʥʦʩʪʽ ʚʪʦʨʛʥʝʥʴ ʽ ʩʧʣʝʩʢʽʚ ʪʨʘʬʽʢʫ, ʷʢʽ 

ʤʦʞʫʪʴ ʙʫʪʠ ʫʩʫʥʝʥʽ ʰʣʷʭʦʤ ʫʨʘʭʫʚʘʥʥʷ ʩʘʤʦʧʦʜʽʙʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ 

ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʧʦʪʦʢʽʚ ʪʘ ʡʤʦʚʽʨʥʦʩʪʽ ʚʠʷʚʣʝʥʥʷ ʚʪʦʨʛʥʝʥʴ. ʇ̔ ʜ ʯʘʩ 

ʤʘʨʰʨʫʪʠʟʘʮʽʾ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʧʦʪʦʢʽʚ ʧʠʪʘʥʥʷ ʙʝʟʧʝʢʠ ʨʦʟʛʣʷʜʘʶʪʴʩʷ 

ʦʜʥʦʙʦʢʦ, ʘ ʚʣʘʩʪʠʚʦʩʪʽ ʩʪʨʫʢʪʫʨʠ ʪʨʘʬʽʢʫ ʥʝ ʚʨʘʭʦʚʫʶʪʴʩʷ. ʊʘʢʠʤ ʯʠʥʦʤ, ʧʽʜ 

ʯʘʩ ʨʦʟʨʦʙʢʠ ʥʦʚʠʭ ʪʘ ʤʦʜʝʨʥʽʟʘʮʽʾ ʽʩʥʫʶʯʠʭ ʤʦʜʝʣʝʡ ʢʦʤʧôʶʪʝʨʥʠʭ ʩʠʩʪʝʤ ʪʘ 

ʤʝʪʦʜʽʚ ʫʧʨʘʚʣʽʥʥʷ ʪʨʘʬʽʢʦʤ, ʘʢʪʫʘʣʴʥʠʤ ʻ ʟʘʚʜʘʥʥʷ ʟʘʙʝʟʧʝʯʫʚʘʪʠ ʙʝʟʧʝʯʥʫ 

ʧʝʨʝʜʘʯʫ ʧʦʪʦʢʽʚ ʰʣʷʭʦʤ ʫʨʘʭʫʚʘʥʥʷ ʡʤʦʚʽʨʥʦʩʪʽ ʚʠʷʚʣʝʥʥʷ ʘʥʦʤʘʣʴʥʦʾ 

ʧʦʚʝʜʽʥʢʠ ʚ ʢʦʤʧôʶʪʝʨʥʽʡ ʩʠʩʪʝʤʽ ʪʘ ʽʥʬʦʨʤʘʮʽʡʥʦʤʫ ʧʦʪʦʮʽ ʪʘ ʡʦʛʦ 

ʩʘʤʦʧʦʜʽʙʥʩ̔ʪɹ.  

4. ɯʩʥʫʶʯʽ ʤʝʪʦʜʠ ʚʠʷʚʣʝʥʥʷ ʚʪʦʨʛʥʝʥʴ ʚ ʙʽʣʴʰʦʩʪʽ ʥʘʧʨʘʚʣʝʥʥʽ ʥʘ 

ʚʠʷʚʣʝʥʥʷ ʽʥʪʝʥʩʠʚʥʠʭ ʘʪʘʢ, ʥʝ ʚʨʘʭʦʚʫʶʪʴ ʙʝʟʧʝʯʥʽʩʪʴ ʨʝʩʫʨʩʽʚ ʢʦʤʧôʶʪʝʨʥʠʭ 

ʩʠʩʪʝʤ ʪʘ ʩʘʤʦʧʦʜʽʙʥʽʩʪʴ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʧʦʪʦʢʽʚ. ʊʦʤʫ ʚʠʥʠʢʘʻ ʧʦʪʨʝʙʘ 

ʟʘʩʪʦʩʦʚʫʚʘʪʠ ʢʦʤʧʣʝʢʩʥʠʡ ʧʽʜʭʽʜ ʜʦ ʨʦʟʨʦʙʢʠ ʤʝʪʦʜʫ ʚʠʷʚʣʝʥʥʷ ʚʪʦʨʛʥʝʥʴ, 
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ʷʢʠʡ ʦʜʥʦʯʘʩʥʦ ʚʨʘʭʦʚʫʻ ʩʘʤʦʧʦʜʽʙʥʽ ʪʘ ʩʪʘʪʠʩʪʠʯʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʪʨʘʬʽʢʫ, 

ʛʣʠʙʦʢʠʡ ʘʥʘʣʽʟ ʧʘʢʝʪʽʚ ʪʘ ʯʘʩ, ʥʝʦʙʭʽʜʥʠʡ ʜʣʷ ʦʙʨʦʙʢʠ ʽʥʬʦʨʤʘʮʽʾ, ʪʘ 

ʟʘʩʪʦʩʦʚʫʚʘʪʠ ʤʝʪʦʜʠ ʙʝʟʧʝʯʥʦʛʦ ʫʧʨʘʚʣʽʥʥʷ ʽʥʬʦʨʤʘʮʽʡʥʠʤʠ ʧʦʪʦʢʘʤʠ.  

5. ɺʠʭʦʜʷʯʠ ʟ ʧʨʦʚʝʜʝʥʦʛʦ ʘʥʘʣʽʟʫ, ʚʠʥʠʢʘʻ ʥʘʫʢʦʚʦ-ʧʨʠʢʣʘʜʥʘ ʧʨʦʙʣʝʤʘ 

ʱʦʜʦ ʨʦʟʨʦʙʢʠ ʤʦʜʝʣʝʡ ʪʘ ʤʝʪʦʜʽʚ ʟʘʙʝʟʧʝʯʝʥʥʷ ʙʝʟʧʝʢʠ (ʜʦʩʪʫʧʥʦʩʪʽ, 

ʢʦʥʬʽʜʝʥʮʽʡʥʦʩʪʽ) ʪʘ ʷʢʦʩʪʽ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʚ ʢʦʤʧôʶʪʝʨʥʠʭ ʩʠʩʪʝʤʘʭ ʟ 

ʫʨʘʭʫʚʘʥʥʷʤ ʩʘʤʦʧʦʜʽʙʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʧʦʪʦʢʽʚ ʚ ʫʤʦʚʘʭ 

ʥʘʷʚʥʦʩʪʽ ʚʪʦʨʛʥʝʥʴ ʪʘ ʢʽʙʝʨʘʪʘʢ. 

6. ʋ ʨʘʤʢʘʭ ʩʬʦʨʤʫʣʴʦʚʘʥʦʾ ʥʘʫʢʦʚʦ-ʧʨʠʢʣʘʜʥʦʾ ʧʨʦʙʣʝʤʠ ʧʦʩʪʘʚʣʝʥʽ 

ʯʘʩʪʢʦʚʽ ʥʘʫʢʦʚʽ ʟʘʚʜʘʥʥʷ ʟ ʨʦʟʨʦʙʢʠ ʤʦʜʝʣʽ ʪʘ ʤʝʪʦʜʘ ʙʝʟʧʝʯʥʦʾ ʤʘʨʰʨʫʪʠʟʘʮʽʾ 

ʚʭʽʜʥʠʭ ʩʘʤʦʧʦʜʽʙʥʠʭ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʧʦʪʦʢʽʚ ʨʽʟʥʦʛʦ ʢʣʘʩʫ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ, 

ʨʦʟʨʦʙʢʠ ʤʝʪʦʜʘ ʙʝʟʧʝʯʥʦʛʦ ʙʘʣʘʥʩʫʚʘʥʥʷ ʚʭʽʜʥʠʭ ʩʘʤʦʧʦʜʽʙʥʠʭ 

ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʧʦʪʦʢʽʚ ʫ ʢʦʤʧôʶʪʝʨʥʠʭ ʩʠʩʪʝʤʘʭ ʪʘ ʉɺɺ, ʱʦ ʚʨʘʭʦʚʫʻ ʾʭʥʽ 

ʤʫʣʴʪʠʬʨʘʢʪʘʣʴʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʪʘ ʡʤʦʚʽʨʥʽʩʪʴ ʚʠʷʚʣʝʥʥʷ ʚʪʦʨʛʥʝʥʴ, ʨʦʟʨʦʙʢʠ 

ʢʦʤʧʣʝʢʩʥʦʛʦ ʤʝʪʦʜʘ ʚʠʷʚʣʝʥʥʷ ʘʪʘʢ ʫ ʢʦʤʧôʶʪʝʨʥʽʡ ʩʠʩʪʝʤʽ, 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʾʚʝʨʠʬʽʢʘʮʽ ʾʽ ʧʨʘʢʪʠʯʥʦ ʾʨʝʘʣʽʟʘʮʽ ʾʨʦʟʨʦʙʣʝʥʠʭ ʤʝʪʦʜʽʚ ʽ 

ʤʦʜʝʣʝʡ ʟ ʤʝʪʦʶ ʧʽʜʪʚʝʨʜʞʝʥʥʷ ʾʭʥʴʦʾ ʝʬʝʢʪʠʚʥʦʩʪʽ ʪʘ ʧʨʘʮʝʟʜʘʪʥʦʩʪʽ. 
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ʈʆɿɼɯʃ 2 

ʈʆɿʈʆɹʂɸ ʄɽʊʆɼʋ ɹɽɿʇɽʏʅʆɰ ʄɸʈʐʈʋʊʀɿɸʎɯɰ 

ʉɸʄʆʇʆɼɯɹʅʆɻʆ ʊʈɸʌɯʂʋ ɺ ʂʆʄʇôʖʊɽʈʅʀʍ ʄɽʈɽɾɸʍ 

ʄʘʨʰʨʫʪʠʟʘʪʦʨ ʻ ʩʢʣʘʜʥʠʤ ʙʘʛʘʪʦʬʫʥʢʮʽʦʥʘʣʴʥʠʤ ʧʨʠʩʪʨʦʻʤ, ʜʦ 

ʟʘʚʜʘʥʴ ʷʢʦʛʦ ʥʘʣʝʞʠʪʴ: ʧʦʙʫʜʦʚʘ ʪʘʙʣʠʮʴ ʤʘʨʰʨʫʪʠʟʘʮʽʾ, ʚʠʟʥʘʯʝʥʥʷ 

ʤʘʨʰʨʫʪʫ ʥʘ ʾʾ ʦʩʥʦʚʽ, ʙʫʬʝʨʠʟʘʮʽʷ, ʬʨʘʛʤʝʥʪʘʮʽʷ ʽ ʬʽʣʴʪʨʘʮʽʷ ʧʘʢʝʪʽʚ, ʱʦ 

ʥʘʜʭʦʜʷʪʴ, ʧʽʜʪʨʠʤʢʘ ʤʝʨʝʞʥʠʭ ʽʥʪʝʨʬʝʡʩʽʚ [Asif, 2017; ʇʦʧʦʚʩʢʠʡ, 2011; Clark, 

2010; https://studfiles.net/preview/2610385/]. 

ʗʢ ʚʽʜʦʤʦ, ʤʘʨʰʨʫʪʠʟʘʪʦʨ (router) ̒  ʧʨʠʩʪʨʦʻʤ ʟʚô̫ ʟʢʫ, ʷʢʠʡ ʟʜʽʡʩʥʶʻ 

ʧʝʨʝʜʘʯʫ ʢʘʜʨʽʚ ʟʘ ʚʠʟʥʘʯʝʥʠʤ ʧʨʦʪʦʢʦʣʦʤ. ʄʘʨʰʨʫʪʠʟʘʪʦʨʠ, ʘʥʘʣʽʟʫʶʯʠ ʣʠʰʝ 

ʘʜʨʝʩʦʚʘʥʽ ʾʤ ʢʘʜʨʠ, ʥʘʧʨʘʚʣʷʶʪʴ ʾʭ ʫ ʟʘʟʥʘʯʝʥʽ ʤʝʨʝʞʥʽ ʢʘʥʘʣʠ ʟʘ ʦʧʪʠʤʘʣʴʥʠʤ 

ʤʘʨʰʨʫʪʦʤ, ˇʨʫʥʪʫʶʯʠʩʴ ʥʘ ʽʥʬʦʨʤʘʮʽʾ ʧʨʦ ʚʽʜʥʦʩʥʫ ʝʬʝʢʪʠʚʥʽʩʪʴ ʪʘ ʥʘʜʽʡʥʽʩʪʴ 

ʨʽʟʥʠʭ ʰʣʷʭʽʚ ʤʽʞ ʚʫʟʣʘʤʠ ʜʞʝʨʝʣʘ ʽ ʦʜʝʨʞʫʚʘʯʘ. ɺʦʥʠ ʟʘʙʝʟʧʝʯʫʶʪʴ ʟ'ʻʜʥʘʥʥʷ 

ʥʘ ʤʝʨʝʞʥʦʤʫ ʨʽʚʥʽ ʝʪʘʣʦʥʥʦʾ ʤʦʜʝʣʽ OSI. 

ʅʘʡʚʘʞʣʠʚʽʰʠʤ ʟʘʚʜʘʥʥʷʤ ʤʝʨʝʞʥʦʛʦ ʨʽʚʥʷ ʻ ʤʘʨʰʨʫʪʠʟʘʮʽʷ ï ʧʝʨʝʜʘʯʘ 

ʧʘʢʝʪʽʚ ʤʽʞ ʜʚʦʤʘ ʢʽʥʮʝʚʠʤʠ ʚʫʟʣʘʤʠ ʫ ʨʦʟʧʦʜʽʣʝʥʽʡ ʤʝʨʝʞʽ. 

ʄʘʨʰʨʫʪʠʟʘʪʦʨʠ ʤʘʶʪʴ ʢʽʣʴʢʘ ʧʦʨʪʽʚ (ʤʽʥʽʤʫʤ ʜʚʘ), ʜʦ ʷʢʠʭ 

ʧʨʠʻʜʥʫʶʪʴʩʷ ʤʝʨʝʞʽ. ʂʦʞʥʠʡ ʧʦʨʪ ʤʘʨʰʨʫʪʠʟʘʪʦʨʘ ʤʦʞʥʘ ʨʦʟʛʣʷʜʘʪʠ ʷʢ 

ʦʢʨʝʤʠʡ ʚʫʟʦʣ ʤʝʨʝʞʽ: ʚʽʥ ʤʘʻ ʚʣʘʩʥʫ ʤʝʨʝʞʥʫ ʘʜʨʝʩʫ ʽ ʚʣʘʩʥʫ ʣʦʢʘʣʴʥʫ ʘʜʨʝʩʫ 

ʚ ʪʽʡ ʧʽʜʤʝʨʝʞʽ, ʷʢʘ ʜʦ ʥʴʦʛʦ ʧʽʜʢʣʶʯʝʥʘ. ʊʘʢʠʤ ʯʠʥʦʤ, ʤʘʨʰʨʫʪʠʟʘʪʦʨ ʤʦʞʥʘ 

ʨʦʟʛʣʷʜʘʪʠ ʷʢ ʩʫʢʫʧʥʽʩʪʴ ʜʝʢʽʣʴʢʦʭ ʚʫʟʣʽʚ, ʢʦʞʥʠʡ ʟ ʷʢʠʭ ʚʭʦʜʠʪʴ ʚ ʩʚʦʶ 

ʤʝʨʝʞʫ. ʗʢ ʻʜʠʥʠʡ ʧʨʠʩʪʨʽʡ ʤʘʨʰʨʫʪʠʟʘʪʦʨ ʥʝ ʤʘʻ ʥʽ ʦʢʨʝʤʦʾ ʤʝʨʝʞʥʦʾ ʘʜʨʝʩʠ, 

ʥʽ ʙʫʜʴ-ʷʢʦʾ ʣʦʢʘʣʴʥʦʾ ʘʜʨʝʩʠ. [Czarkowski, 2016; Donghyuk, 2014; Gu, 2011; 

Jensen, 2006; Kirichenko, 2012-1; ] 

ʋ ʩʢʣʘʜʥʠʭ ʨʦʟʧʦʜʽʣʝʥʠʭ ʤʝʨʝʞʘʭ ʤʘʡʞʝ ʟʘʚʞʜʠ ʽʩʥʫʻ ʢʽʣʴʢʘ 

ʘʣʴʪʝʨʥʘʪʠʚʥʠʭ ʤʘʨʰʨʫʪʽʚ ʜʣʷ ʧʝʨʝʜʘʯʽ ʧʘʢʝʪʽʚ ʤʽʞ ʜʚʦʤʘ ʢʽʥʮʝʚʠʤʠ ʚʫʟʣʘʤʠ. 
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ʗʢ ʚʽʜʦʤʦ, ʤʘʨʰʨʫʪ ï ʮʝ ʧʦʩʣʽʜʦʚʥʽʩʪʴ ʤʘʨʰʨʫʪʠʟʘʪʦʨʽʚ, ʷʢʽ ʧʘʢʝʪ ʤʘʻ ʧʨʦʡʪʠ 

ʚʽʜ ʚʽʜʧʨʘʚʥʠʢʘ ʜʦ ʧʫʥʢʪʫ ʧʨʠʟʥʘʯʝʥʥʷ. ɿʘʚʜʘʥʥʷ ʚʠʙʦʨʫ ʤʘʨʰʨʫʪʫ ʟ ʜʝʢʽʣʴʢʦʭ 

ʤʦʞʣʠʚʠʭ ʚʠʨʽʰʫʶʪʴ ʤʘʨʰʨʫʪʠʟʘʪʦʨʠ, ʘ ʪʘʢʦʞ ʢʽʥʮʝʚʽ ʚʫʟʣʠ. ʄʘʨʰʨʫʪ 

ʦʙʠʨʘʻʪʴʩʷ ʥʘ ʧʽʜʩʪʘʚʽ ʥʘʷʚʥʦʾ ʫ ʮʠʭ ʧʨʠʩʪʨʦʾʚ ʽʥʬʦʨʤʘʮʽʾ ʧʨʦ ʧʦʪʦʯʥʫ 

ʢʦʥʬʽʛʫʨʘʮʽʶ ʤʝʨʝʞʽ, ʘ ʪʘʢʦʞ ʥʘ ʧʽʜʩʪʘʚʽ ʟʘʟʥʘʯʝʥʦʛʦ ʢʨʠʪʝʨʽʶ ʚʠʙʦʨʫ 

ʤʘʨʰʨʫʪʫ. ɿʘʟʚʠʯʘʡ ʷʢ ʢʨʠʪʝʨʽʡ ʚʠʩʪʫʧʘʻ ʟʘʪʨʠʤʢʘ ʧʨʦʭʦʜʞʝʥʥʷ ʤʘʨʰʨʫʪʫ 

ʦʢʨʝʤʠʤ ʧʘʢʝʪʦʤ ʘʙʦ ʩʝʨʝʜʥʷ ʧʨʦʧʫʩʢʥʘ ʟʜʘʪʥʽʩʪʴ ʤʘʨʰʨʫʪʫ ʜʣʷ ʧʦʩʣʽʜʦʚʥʦʩʪʽ 

ʧʘʢʝʪʽʚ. ʏʘʩʪʦ ʪʘʢʦʞ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʜʦʩʠʪʴ ʧʨʦʩʪʠʡ ʢʨʠʪʝʨʽʡ, ʱʦ ʚʨʘʭʦʚʫʻ 

ʣʠʰʝ ʢʽʣʴʢʽʩʪʴ ʧʨʦʤʽʞʥʠʭ ʤʘʨʰʨʫʪʠʟʘʪʦʨʽʚ, ʷʢʽ ʙʫʣʠ ʧʨʦʡʜʝʥʽ ʚ ʤʘʨʰʨʫʪʽ 

[Lemeshko, 2016; Mehdi, 2018; Radivilova, 2017-1; Samreen, 2015]. 

2.1. ʆʮʽʥʢʘ ʨʦʙʦʪʠ ʘʣʛʦʨʠʪʤʽʚ ʤʘʨʰʨʫʪʠʟʘʮʽʾ 

ɿʘʚʜʘʥʥʷ ʤʘʨʰʨʫʪʠʟʘʮʽʾ ʚʠʨʽʰʫʻʪʴʩʷ ʥʘ ʦʩʥʦʚʽ ʘʥʘʣʽʟʫ ʪʘʙʣʠʮʴ 

ʤʘʨʰʨʫʪʠʟʘʮʽʾ, ʨʦʟʤʽʱʝʥʠʭ ʚ ʫʩʽʭ ʤʘʨʰʨʫʪʠʟʘʪʦʨʘʭ ʽ ʢʽʥʮʝʚʠʭ ʚʫʟʣʘʭ ʤʝʨʝʞʽ. 

ʆʩʥʦʚʥʘ ʨʦʙʦʪʘ ʟʽ ʩʪʚʦʨʝʥʥʷ ʪʘʙʣʠʮʴ ʤʘʨʰʨʫʪʠʟʘʮʽʾ ʚʠʢʦʥʫʻʪʴʩʷ ʘʚʪʦʤʘʪʠʯʥʦ, 

ʘʣʝ, ʷʢ ʧʨʘʚʠʣʦ, ʧʝʨʝʜʙʘʯʘʻʪʴʩʷ ʪʘʢʦʞ ʽ ʤʦʞʣʠʚʽʩʪʴ ʚʨʫʯʥʫ ʩʢʦʨʝʛʫʚʘʪʠ ʘʙʦ 

ʜʦʧʦʚʥʠʪʠ ʪʘʙʣʠʮʶ. [Samreen, 2015; Xia, 2012; ʂʠʨʠʯʝʥʢʦ, 2010-5] 

ɼʣʷ ʘʚʪʦʤʘʪʠʯʥʦʾ ʧʦʙʫʜʦʚʠ ʪʘʙʣʠʮʴ ʤʘʨʰʨʫʪʠʟʘʮʽʾ ʤʘʨʰʨʫʪʠʟʘʪʦʨʠ 

ʦʙʤʽʥʶʶʪʴʩʷ ʩʣʫʞʙʦʚʦʶ ʽʥʬʦʨʤʘʮʽʻʶ ʧʨʦ ʪʦʧʦʣʦʛʽʶ ʨʦʟʧʦʜʽʣʝʥʦʾ ʤʝʨʝʞʽ 

ʟʛʽʜʥʦ ʟʽ ʩʧʝʮʽʘʣʴʥʠʤ ʩʣʫʞʙʦʚʠʤ ʧʨʦʪʦʢʦʣʦʤ. ʇʨʦʪʦʢʦʣʠ ʮʴʦʛʦ ʪʠʧʫ ʥʘʟʠʚʘʶʪʴ 

ʧʨʦʪʦʢʦʣʘʤʠ ʤʘʨʰʨʫʪʠʟʘʮʽʾ. ʇʨʦʪʦʢʦʣʠ ʤʘʨʰʨʫʪʠʟʘʮʽʾ (ʥʘʧʨʠʢʣʘʜ RIP, OSPF, 

NLSP) ʩʣʽʜ ʚʽʜʨʽʟʥʷʪʠ ʚʽʜ ʚʣʘʩʥʝ ʤʝʨʝʞʥʠʭ ʧʨʦʪʦʢʦʣʽʚ (ʥʘʧʨʠʢʣʘʜ, IP, IPX). ɯ ʪʽ 

ʡ ʽʥʰʽ ʚʠʢʦʥʫʶʪʴ ʬʫʥʢʮʽʾ ʤʝʨʝʞʥʦʛʦ ʨʽʚʥʷ ʤʦʜʝʣʽ OSI ï ʧʨʠʡʤʘʶʪʴ ʫʯʘʩʪʴ ʫ 

ʜʦʩʪʘʚʮʽ ʧʘʢʝʪʘ ʘʜʨʝʩʘʪʫ ʯʝʨʝʟ ʨʽʟʥʦʨʽʜʥʫ ʨʦʟʧʦʜʽʣʝʥʫ ʤʝʨʝʞʫ. ɸʣʝ ʚ ʪʦʡ ʯʘʩ ʷʢ 

ʧʝʨʰʽ ʟʙʠʨʘʶʪʴ ʽ ʧʝʨʝʜʘʶʪʴ ʧʦ ʤʝʨʝʞʽ ʚʠʢʣʶʯʥʦ ʩʣʫʞʙʦʚʫ ʽʥʬʦʨʤʘʮʽʶ, ʜʨʫʛʽ 

ʧʨʠʟʥʘʯʝʥʽ ʜʣʷ ʧʝʨʝʜʘʯʽ ʜʘʥʠʭ ʢʦʨʠʩʪʫʚʘʯʘ, ʷʢ ʮʝ ʨʦʙʣʷʪʴ ʧʨʦʪʦʢʦʣʠ 

ʢʘʥʘʣʴʥʦʛʦ ʨʽʚʥʷ. ʇʨʦʪʦʢʦʣʠ ʤʘʨʰʨʫʪʠʟʘʮʽʾ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʧʨʦʪʦʢʦʣʠ 
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ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʨʽʚʥʷ ʷʢ ʪʨʘʥʩʧʦʨʪʥʠʡ ʟʘʩ̔ʙ [ʂʠʨʠʯʝʥʢʦ, 2010-8; ʂʠʨʠʯʝʥʢʦ, 

2011; ʂʠʨʠʯʝʥʢʦ, 2012; ʈʘʜʽʚʽʣʦʚʘ, 2015-2]. ʇʽʜ ʯʘʩ ʦʙʤʽʥʫ ʤʘʨʰʨʫʪʥʦʶ 

ʽʥʬʦʨʤʘʮʽʻʶ ʧʘʢʝʪʠ ʧʨʦʪʦʢʦʣʫ ʤʘʨʰʨʫʪʠʟʘʮʽʾ ʨʦʟʤʽʱʫʶʪʴ ʫ ʧʦʣʽ ʜʘʥʠʭ ʧʘʢʝʪʽʚ 

ʤʝʨʝʞʥʦʛʦ ʨʽʚʥʷ, ʪʦʤʫ ʟ ʧʦʛʣʷʜʫ ʚʢʣʘʜʝʥʦʩʪʽ ʧʘʢʝʪʽʚ ʧʨʦʪʦʢʦʣʠ ʤʘʨʰʨʫʪʠʟʘʮʽʾ 

ʩʣʽʜ ʙʫʣʦ ʙ ʚʽʜʥʝʩʪʠ ʜʦ ʙʽʣʴʰ ʚʠʩʦʢʦʛʦ ʨʽʚʥʷ, ʥʽʞ ʤʝʨʝʞʥʠʡ. 

ʋ ʪʦʤʫ, ʱʦ ʤʘʨʰʨʫʪʠʟʘʪʦʨʠ ʜʣʷ ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʥʷ ʱʦʜʦ ʧʝʨʝʜʘʯʽ 

ʧʘʢʝʪʘ ʟʚʝʨʪʘʶʪʴʩʷ ʜʦ ʘʜʨʝʩʥʠʭ ʪʘʙʣʠʮʴ, ʤʦʞʥʘ ʧʦʙʘʯʠʪʠ ʾʭ ʜʝʷʢʫ ʩʭʦʞʽʩʪʴ ʟ 

ʤʦʩʪʘʤʠ ʽ ʢʦʤʫʪʘʪʦʨʘʤʠ. ɸʜʨʝʩʥʽ ʪʘʙʣʠʮ,̔ ʷʢʽ ʚʦʥʠ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ, ʩʠʣʴʥʦ 

ʨʦʟʨʽʟʥʷʶʪʴʩʷ ʚʽʜ ʪʘʙʣʠʮʴ ʤʦʩʪʽʚ ʽ ʢʦʤʫʪʘʪʦʨʽʚ. ʋ ʪʘʙʣʠʮʷʭ ʤʘʨʰʨʫʪʠʟʘʮʽʾ 

ʟʘʤʽʩʪʴ MAC-ʘʜʨʝʩ ʚʢʘʟʫʶʪʴ ʥʦʤʝʨʠ ʤʝʨʝʞ, ʷʢʽ ʦʙô̒ʜʥʫʶʪʴʩʷ ʚ ʽʥʪʝʨʤʝʨʝʞʫ. 

ʊʘʢʦ ʁʚʽʜʤʽʥʥʽʩʪʶ ʘʜʨʝʩʥʠʭ ʪʘʙʣʠʮʴ ʤʦʩʪʽʚ ʚʽʜ ʪʘʙʣʠʮʴ ʤʘʨʰʨʫʪʠʟʘʮʽʾ ʻ ʩʧʦʩʽʙ 

ʾʭʥʴʦʛʦ ʩʪʚʦʨʝʥʥʷ. ʋ ʪʦʡ ʯʘʩ ʷʢ ʤʽʩʪ ʙʫʜʫʻ ʪʘʙʣʠʮʶ, ʧʘʩʠʚʥʦ ʩʧʦʩʪʝʨʽʛʘʶʯʠ ʟʘ 

ʪʨʘʬʽʢʦʤ, ʱʦ ʧʝʨʝʜʘʻʪʴʩʷ ʤʽʞ ʢʽʥʮʝʚʠʤʠ ʚʫʟʣʘʤʠ, ʤʘʨʰʨʫʪʠʟʘʪʦʨʠ ʟʘ ʩʚʦʻʶ 

ʽʥʽʮʽʘʪʠʚʦʶ ʦʙʤʽʥʶʶʪʴʩʷ ʩʧʝʮʽʘʣʴʥʠʤʠ ʩʣʫʞʙʦʚʠʤʠ ʧʘʢʝʪʘʤʠ, ʚ ʷʢʠʭ ʻ 

ʽʥʬʦʤʨʘʮʽʷ ʧʨʦ ʤʝʨʝʞʽ, ʚʽʜʦʤʽ ʾʤ ʚ ʽʥʪʝʨʤʝʨʝʞʽ, ʽʩʥʫʶʯ ̔ʤʘʨʰʨʫʪʠʟʘʪʦʨʠ ʽ ʧʨʦ 

ʟʚô̫ ʟʢʠ ʤʝʨʝʞ ʟ ʤʘʨʰʨʫʪʠʟʘʪʦʨʘʤʠ. ʊʘʢʦʞ ʚʨʘʭʦʚʫʶʪʴʩʷ ʪʦʧʦʣʦʛʽʾ ʟʚô̫ ʟʢʽʚ, ʾʭʥ ̫

ʧʨʦʧʫʩʢʥʘ ʟʜʘʪʥʽʩʪʴ ʽ ʩʪʘʥ. ʎʝ ʜʦʟʚʦʣʷʻ ʤʘʨʰʨʫʪʠʟʘʪʦʨʘʤ ʰʚʠʜʰʝ ʘʜʘʧʪʫʚʘʪʠʩʷ 

ʜʦ ʟʤʽʥ ʢʦʥʬʽʛʫʨʘʮʽʾ ʤʝʨʝʞʽ, ʘ ʪʘʢʦʞ ʧʨʘʚʠʣʴʥʦ ʧʝʨʝʜʘʚʘʪʠ ʧʘʢʝʪʠ ʚ ʤʝʨʝʞʘʭ ʟ 

ʜʦʚʽʣʴʥʦʶ ʪʦʧʦʣʦʛʽʻʶ, ʷʢʘ ʜʦʧʫʩʢʘʻ ʥʘʷʚʥʽʩʪʴ ʟʘʤʢʥʫʪʠʭ ʢʦʥʪʫʨʽʚ. 

ɿʘ ʜʦʧʦʤʦʛʦʶ ʧʨʦʪʦʢʦʣʽʚ ʤʘʨʰʨʫʪʠʟʘʮʽʾ ʤʘʨʰʨʫʪʠʟʘʪʦʨʠ ʩʢʣʘʜʘʶʪʴ 

ʢʘʨʪʫ ʟʚô̫ ʟʢʽʚ ʤʝʨʝʞʽ ʟ ʪʠʤ ʯʠ ʽʥʰʠʤ ʩʪʫʧʝʥʝʤ ʜʝʪʘʣʽʟʘʮʽʾ. ʅʘ ʧʽʜʩʪʘʚʽ ʮʽʻʾ 

ʽʥʬʦʨʤʘʮʽʾ ʜʣʷ ʢʦʞʥʦʾ ʤʝʨʝʞʽ ʧʨʠʡʤʘʻʪʴʩʷ ʨʽʰʝʥʥʷ ʧʨʦ ʪʝ, ʷʢʦʤʫ ʥʘʩʪʫʧʥʦʤʫ 

ʤʘʨʰʨʫʪʠʟʘʪʦʨʫ ʪʨʝʙʘ ʧʝʨʝʜʘʚʘʪʠ ʧʘʢʝʪʠ, ʱʦ ʥʘʧʨʘʚʣʷʶʪʴʩʷ ʚ ʮʶ ʤʝʨʝʞʫ, ʱʦʙ 

ʤʘʨʰʨʫʪ ʚʠʷʚʠʚʩʷ ʨʘʮʽʦʥʘʣʴʥʠʤ [ʃʝʤʝʰʢʦ, 2020; ʄʽʥʫʭʽʥ, 2008; ʇʦʧʦʚʩʢʠʡ, 

2011; ʇʦʧʦʚʩʢʠʡ, 2015]. ʈʝʟʫʣʴʪʘʪʠ ʮʠʭ ʨʽʰʝʥʴ ʟʘʥʦʩʷʪʴʩʷ ʚ ʪʘʙʣʠʮʶ 

ʤʘʨʰʨʫʪʠʟʘʮʽʾ. ʇʽʜ ʯʘʩ ʟʤʽʥʠ ʢʦʥʬʽʛʫʨʘʮʽʾ ʤʝʨʝʞʽ ʜʝʷʢʽ ʟʘʧʠʩʠ ʚ ʪʘʙʣʠʮʽ ʩʪʘʶʪʴ 

ʥʝʜʽʡʩʥʠʤʠ. ʋ ʪʘʢʠʭ ʚʠʧʘʜʢʘʭ ʧʘʢʝʪʠ, ʚʽʜʧʨʘʚʣʝʥʽ ʟʘ ʧʦʤʠʣʢʦʚʠʤʠ 

ʤʘʨʰʨʫʪʘʤʠ, ʤʦʞʫʪʴ ʟʘʮʠʢʣʶʚʘʪʠʩʷ ʽ ʟʘʛʫʙʠʪʠʩʷ. ɺʽʜ ʪʦʛʦ, ʥʘʩʢʽʣʴʢʠ ʰʚʠʜʢʦ 
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ʧʨʦʪʦʢʦʣ ʤʘʨʰʨʫʪʠʟʘʮʽʾ ʧʨʠʟʚʦʜʠʪʴ ʫ ʚʽʜʧʦʚʽʜʥʽʩʪʴ ʚʤʽʩʪ ʪʘʙʣʠʮʽ ʨʝʘʣʴʥʦʤʫ 

ʩʪʘʥʫ ʤʝʨʝʞʽ, ʟʘʣʝʞʠʪʴ ʷʢʽʩʪʴ ʨʦʙʦʪʠ ʚʩʽʻʾ ʤʝʨʝʞʽ. 

ʇʨʦʪʦʢʦʣʠ ʤʘʨʰʨʫʪʠʟʘʮʽʾ ʤʦʞʫʪʴ ʙʫʪʠ ʧʦʙʫʜʦʚʘʥʽ ʥʘ ʦʩʥʦʚʽ ʨʽʟʥʠʭ 

ʘʣʛʦʨʠʪʤʽʚ, ʱʦ ʚʽʜʨʽʟʥʷʶʪʴʩʷ ʟʘ ʩʧʦʩʦʙʘʤʠ ʧʦʙʫʜʦʚʠ ʪʘʙʣʠʮʴ ʤʘʨʰʨʫʪʠʟʘʮʽʾ, 

ʩʧʦʩʦʙʘʤʠ ʚʠʙʦʨʫ ʥʘʡʢʨʘʱʦʛʦ ʤʘʨʰʨʫʪʫ ʪʘ ʽʥʰʠʤʠ ʦʩʦʙʣʠʚʦʩʪʷʤʠ ʩʚʦʻʾ 

ʨʦʙʦʪʠ. ɺ ʭʦʜʽ ʚʠʙʦʨʫ ʦʧʪʠʤʘʣʴʥʦʛʦ ʤʘʨʰʨʫʪʫ ʚʠʟʥʘʯʘʻʪʴʩʷ ʪʽʣʴʢʠ ʥʘʩʪʫʧʥʠʡ 

(ʥʘʡʙʣʠʞʯʠʡ) ʤʘʨʰʨʫʪʠʟʘʪʦʨ, ʘ ʥʝ ʚʩʷ ʧʦʩʣʽʜʦʚʥʽʩʪʴ ʤʘʨʰʨʫʪʠʟʘʪʦʨʽʚ ʚʽʜ 

ʧʦʯʘʪʢʦʚʦʛʦ ʜʦ ʢʽʥʮʝʚʦʛʦ ʚʫʟʣʘ. ɺʽʜʧʦʚʽʜʥʦ ʜʦ ʮʴʦʛʦ ʧʽʜʭʦʜʫ ʤʘʨʰʨʫʪʠʟʘʮʽʷ 

ʚʠʢʦʥʫʻʪʴʩʷ ʟʘ ʨʦʟʧʦʜʽʣʝʥʦʶ ʩʭʝʤʦʶ ï ʢʦʞʝʥ ʤʘʨʰʨʫʪʠʟʘʪʦʨ ʚʽʜʧʦʚʽʜʘʻ ʟʘ 

ʚʠʙʽʨ ʣʠʰʝ ʦʜʥʦʛʦ ʢʨʦʢʫ ʤʘʨʰʨʫʪʫ, ʘ ʦʩʪʘʪʦʯʥʠʡ ʤʘʨʰʨʫʪ ʧʦʣʷʛʘʻ ʚ ʨʝʟʫʣʴʪʘʪʽ 

ʨʦʙʦʪʠ ʚʩʽʭ ʤʘʨʰʨʫʪʠʟʘʪʦʨʽʚ, ʯʝʨʝʟ ʷʢʽ ʧʨʦʭʦʜʠʪʴ ʜʘʥʠʡ ʧʘʢʝʪ. ʊʘʢʽ ʘʣʛʦʨʠʪʤʠ 

ʤʘʨʰʨʫʪʠʟʘʮʽʾ ʥʘʟʠʚʘʶʪʴ ʦʜʥʦʢʨʦʢʦʚʠʤʠ.  

ɯʩʥʫʻ ʽ ʧʨʷʤʦ ʧʨʦʪʠʣʝʞʥʠʡ, ʙʘʛʘʪʦʢʨʦʢʦʚʠʡ ʧʽʜʭʽʜ ï ʤʘʨʰʨʫʪʠʟʘʮʽʷ ʚʽʜ 

ʜʞʝʨʝʣʘ (Source Routing). ɺʽʜʧʦʚʽʜʥʦ ʜʦ ʥʴʦʛʦ ʚʫʟʦʣ-ʜʞʝʨʝʣʦ ʟʘʜʘʻ ʚ ʧʘʢʝʪʽ, 

ʥʘʧʨʘʚʣʝʥʦʤʫ ʚ ʤʝʨʝʞʫ, ʧʦʚʥʠʡ ʤʘʨʰʨʫʪ ʡʦʛʦ ʧʨʷʤʫʚʘʥʥʷ ʯʝʨʝʟ ʚʩʽ ʧʨʦʤʽʞʥʽ 

ʤʘʨʰʨʫʪʠʟʘʪʦʨʠ. ʇʽʜ ʯʘʩ ʚʠʢʦʨʠʩʪʘʥʥ ̫ ʙʘʛʘʪʦʢʨʦʢʦʚʦʾ ʤʘʨʰʨʫʪʠʟʘʮʽʾ ʥʝʤʘʻ 

ʥʝʦʙʭʽʜʥʦʩʪʽ ʙʫʜʫʚʘʪʠ ʽ ʘʥʘʣʽʟʫʚʘʪʠ ʪʘʙʣʠʮʽ ʤʘʨʰʨʫʪʠʟʘʮʽʾ. ʎʝ ʧʨʠʩʢʦʨʶʻ 

ʧʨʦʭʦʜʞʝʥʥʷ ʧʘʢʝʪʘ ʚ ʤʝʨʝʞʽ, ʨʦʟʚʘʥʪʘʞʫʻ ʤʘʨʰʨʫʪʠʟʘʪʦʨʠ, ʘʣʝ ʧʨʠ ʮʴʦʤʫ 

ʚʝʣʠʢʝ ʥʘʚʘʥʪʘʞʝʥʥʷ ʧʦʢʣʘʜʘʻʪʴʩʷ ʥʘ ʢʽʥʮʝʚʽ ʚʫʟʣʠ. ʎʷ ʩʭʝʤʘ ʚ 

ʦʙʯʠʩʣʶʚʘʣʴʥʠʭ ʤʝʨʝʞʘʭ ʩʴʦʛʦʜʥʽ ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ ʥʘʙʘʛʘʪʦ ʨʽʜʰʝ, ʥʽʞ ʩʭʝʤʘ 

ʨʦʟʧʦʜʽʣʝʥʦʾ ʦʜʥʦʢʨʦʢʦʚʦʾ ʤʘʨʰʨʫʪʠʟʘʮʽʾ. ʆʜʥʘʢ ʫ ʥʦʚʽʡ ʚʝʨʩʽʾ ʧʨʦʪʦʢʦʣʫ IP 

ʧʦʨʷʜ ʟ ʢʣʘʩʠʯʥʦʶ ʦʜʥʦʢʨʦʢʦʚʦʶ ʤʘʨʰʨʫʪʠʟʘʮʽʻʶ ʙʫʜʝ ʜʦʟʚʦʣʝʥʘ ʽ 

ʤʘʨʰʨʫʪʠʟʘʮʽʷ ʚʽʜ ʜʞʝʨʝʣʘ. 

ɿʘʣʝʞʥʦ ʚʽʜ ʬʦʨʤʫʚʘʥʥʷ ʪʘʙʣʠʮʴ ʤʘʨʰʨʫʪʠʟʘʮʽʾ ʦʜʥʦʢʨʦʢʦʚʽ ʘʣʛʦʨʠʪʤʠ 

ʧʦʜʽʣʷʶʪʴʩʷ ʥʘ ʪʨʠ ʢʣʘʩʠ: 

ï ʘʣʛʦʨʠʪʤʠ ʬʽʢʩʦʚʘʥʦʾ (ʘʙʦ ʩʪʘʪʠʯʥʦʾ) ʤʘʨʰʨʫʪʠʟʘʮʽʾ; 

ï ʘʣʛʦʨʠʪʤʠ ʧʨʦʩʪʦʾ ʤʘʨʰʨʫʪʠʟʘʮʽʾ; 

ï ʘʣʛʦʨʠʪʤʠ ʘʜʘʧʪʠʚʥʦʾ (ʘʙʦ ʜʠʥʘʤʽʯʥʦʾ) ʤʘʨʰʨʫʪʠʟʘʮʽʾ. 



109 

 

ɺ ʘʣʛʦʨʠʪʤʘʭ ʬʽʢʩʦʚʘʥʦʾ ʤʘʨʰʨʫʪʠʟʘʮʽʾ ʚʩʽ ʟʘʧʠʩʠ ʚ ʪʘʙʣʠʮʽ 

ʤʘʨʰʨʫʪʠʟʘʮʽʾ ʻ ʩʪʘʪʠʯʥʠʤʠ. ɸʜʤʽʥʽʩʪʨʘʪʦʨ ʤʝʨʝʞʽ ʩʘʤ ʚʠʨʽʰʫʻ, ʥʘ ʷʢʽ 

ʤʘʨʰʨʫʪʠʟʘʪʦʨʠ ʪʨʝʙʘ ʧʝʨʝʜʘʚʘʪʠ ʧʘʢʝʪʠ ʟ ʪʠʤʠ ʯʠ ʽʥʰʠʤʠ ʘʜʨʝʩʘʤʠ, ʽ ʚʨʫʯʥʫ 

(ʥʘʧʨʠʢʣʘʜ, ʟʘ ʜʦʧʦʤʦʛʦʶ ʫʪʠʣʽʪʠ route ʆʉ Unix ʘʙʦ Windows NT) ʟʘʥʦʩʠʪʴ 

ʚʽʜʧʦʚʽʜʥʽ ʟʘʧʠʩʠ ʚ ʪʘʙʣʠʮʶ ʤʘʨʰʨʫʪʠʟʘʮʽʾ. ʊʘʙʣʠʮʷ, ʷʢ ʧʨʘʚʠʣʦ, ʩʪʚʦʨʶʻʪʴʩʷ ʚ 

ʧʨʦʮʝʩʽ ʟʘʚʘʥʪʘʞʝʥʥʷ, ʚ ʧʦʜʘʣʴʰʦʤʫ ʚʦʥʘ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʙʝʟ ʟʤʽʥ ʜʦ ʪʦʛʦ 

ʯʘʩʫ, ʧʦʢʠ ʾʾ ʟʤʽʩʪ ʥʝ ʙʫʜʝ ʟʤʽʥʝʥʦ ʚʨʫʯʥʫ. ʊʘʢʽ ʚʠʧʨʘʚʣʝʥʥʷ ʤʦʞʫʪʴ 

ʟʥʘʜʦʙʠʪʠʩʷ, ʥʘʧʨʠʢʣʘʜ, ʷʢʱʦ ʚ ʤʝʨʝʞʽ ʚʽʜʤʦʚʣʷʻ ʙʫʜʴ- ʢ̫ʠʡ ʤʘʨʰʨʫʪʠʟʘʪʦʨ ʽ 

ʡʦʛʦ ʬʫʥʢʮʽʾ ʧʦʢʣʘʜʘʶʪʴʩʷ ʥʘ ʽʥʰʠʡ ʤʘʨʰʨʫʪʠʟʘʪʦʨ. ʈʦʟʨʽʟʥʷʶʪʴ 

ʦʜʥʦʤʘʨʰʨʫʪʥʽ ʪʘʙʣʠʮʽ, ʚ ʷʢʠʭ ʜʣʷ ʢʦʞʥʦʛʦ ʘʜʨʝʩʘʪʘ ʟʘʜʘʥʦ ʦʜʠʥ ʰʣʷʭ, ʽ 

ʙʘʛʘʪʦʤʘʨʰʨʫʪʥʽ ʪʘʙʣʠʮʽ, ʱʦ ʚʠʟʥʘʯʘʶʪʴ ʢʽʣʴʢʘ ʘʣʴʪʝʨʥʘʪʠʚʥʠʭ ʰʣʷʭʽʚ ʜʣʷ 

ʢʦʞʥʦʛʦ ʘʜʨʝʩʘʪʘ. ʋ ʙʘʛʘʪʦʤʘʨʰʨʫʪʥʠʭ ʪʘʙʣʠʮʷʭ ʤʘʻ ʙʫʪʠ ʟʘʜʘʥʦ ʧʨʘʚʠʣʦ 

ʚʠʙʦʨʫ ʦʜʥʦʛʦ ʟ ʤʘʨʰʨʫʪʽʚ. ʅʘʡʯʘʩʪʽʰʝ ʦʜʠʥ ʰʣʷʭ ʻ ʦʩʥʦʚʥʠʤ, ʘ ʨʝʰʪʘ ï 

ʨʝʟʝʨʚʥʠʤʠ. ɿʨʦʟʫʤʽʣʦ, ʱʦ ʘʣʛʦʨʠʪʤ ʬʽʢʩʦʚʘʥʦʾ ʤʘʨʰʨʫʪʠʟʘʮʽʾ ʟ ʨʫʯʥʠʤ 

ʩʧʦʩʦʙʦʤ ʬʦʨʤʫʚʘʥʥʷ ʪʘʙʣʠʮʴ ʤʘʨʰʨʫʪʠʟʘʮʽʾ ʧʨʠʡʥʷʪʥʠʡ ʪʽʣʴʢʠ ʚ ʥʝʚʝʣʠʢʠʭ 

ʤʝʨʝʞʘʭ ʟ ʧʨʦʩʪʦʶ ʪʦʧʦʣʦʛʽʻʶ. ʆʜʥʘʢ ʮʝʡ ʘʣʛʦʨʠʪʤ ʤʦʞʝ ʙʫʪʠ ʝʬʝʢʪʠʚʥʦ 

ʚʠʢʦʨʠʩʪʘʥʠʡ ʽ ʜʣʷ ʨʦʙʦʪʠ ʥʘ ʤʘʛʽʩʪʨʘʣʷʭ ʚʝʣʠʢʠʭ ʤʝʨʝʞ, ʪʦʤʫ ʱʦ ʩʘʤʘ 

ʤʘʛʽʩʪʨʘʣʴ ʤʦʞʝ ʤʘʪʠ ʧʨʦʩʪʫ ʩʪʨʫʢʪʫʨʫ ʟ ʦʯʝʚʠʜʥʠʤʠ ʥʘʡʢʨʘʱʠʤʠ ʰʣʷʭʘʤʠ 

ʧʨʦʭʦʜʞʝʥʥʷ ʧʘʢʝʪʽʚ ʜʦ ʧʽʜʤʝʨʝʞ, ʧʨʠʻʜʥʘʥʠʭ ʜʦ ʤʘʛʽʩʪʨʘʣʽ. 

ɺ ʘʣʛʦʨʠʪʤʘʭ ʧʨʦʩʪʦʾ ʤʘʨʰʨʫʪʠʟʘʮʽʾ ʪʘʙʣʠʮʷ ʤʘʨʰʨʫʪʠʟʘʮʽʾ ʘʙʦ ʟʦʚʩʽʤ 

ʥʝ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ, ʘʙʦ ʙʫʜʫʻʪʴʩʷ ʙʝʟ ʫʯʘʩʪʽ ʧʨʦʪʦʢʦʣʽʚ ʤʘʨʰʨʫʪʠʟʘʮʽʾ. 

ɺʠʜʽʣʷʶʪʴ ʪʨʠ ʪʠʧʠ ʧʨʦʩʪʦʾ ʤʘʨʰʨʫʪʠʟʘʮʽʾ: 

ï ʚʠʧʘʜʢʦʚʘ ʤʘʨʰʨʫʪʠʟʘʮʽʷ, ʢʦʣʠ ʧʘʢʝʪ, ʱʦ ʥʘʜʽʡʰʦʚ, ʥʘʜʩʠʣʘʻʪʴʩʷ ʚ 

ʧʝʨʰʦʤʫ ʚʠʧʘʜʢʦʚʦʤʫ ʥʘʧʨʷʤʢʫ, ʢʨʽʤ ʚʠʭʽʜʥʦʛʦ; 

ï ʣʘʚʠʥʥʘ ʤʘʨʰʨʫʪʠʟʘʮʽʷ, ʢʦʣʠ ʧʘʢʝʪ ʰʠʨʦʢʦʤʦʚʥʦ ʥʘʜʩʠʣʘʻʪʴʩʷ ʟʘ 

ʚʩʽʤʘ ʤʦʞʣʠʚʠʤʠ ʥʘʧʨʷʤʘʤʠ, ʢʨʽʤ ʚʠʭʽʜʥʦʛʦ (ʘʥʘʣʦʛʽʯʥʦ ʦʙʨʦʙʮʽ ʤʦʩʪʘʤʠ 

ʢʘʜʨʽʚ ʟ ʥʝʚʽʜʦʤʦʶ ʘʜʨʝʩʦʶ). ʑʦʙ ʚʠʢʣʶʯʠʪʠ ʙʝʟʤʝʞʥʝ ʨʦʟʤʥʦʞʝʥʥʷ ʧʘʢʝʪʽʚ, 

ʜʦ ʟʘʛʦʣʦʚʢʘ ʚʚʦʜʠʪʴʩʷ ʧʦʣʝ-ʣʽʯʠʣʴʥʠʢ ʯʠʩʣʘ ʢʨʦʢʽʚ. ʋ ʢʦʞʥʦʤʫ ʚʫʟʣʽ ʚʤʽʩʪ 
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ʧʦʣʷ ʟʤʝʥʰʫʻʪʴʩʷ ʥʘ ʦʜʠʥʠʮʶ. ʂʦʣʠ ʟʥʘʯʝʥʥʷ ʧʦʣʷ ʩʪʘʻ ʨʽʚʥʠʤ ʥʫʣʶ, ʧʘʢʝʪ 

ʣʽʢʚʽʜʫʻʪʴʩʷ. ʇʦʯʘʪʢʦʚʝ ʟʥʘʯʝʥʥʷ ʣʽʯʠʣʴʥʠʢʘ ʚʠʟʥʘʯʘʻʪʴʩʷ ʨʦʟʤʽʨʦʤ ʧʽʜʤʝʨʝʞ. 

ɺʞʠʚʘʶʪʴʩʷ ʩʧʝʮʽʘʣʴʥʽ ʟʘʭʦʜʠ ʧʨʦʪʠ ʤʦʞʣʠʚʦʛʦ ʟʘʮʠʢʣʝʥʥʷ ʧʘʢʝʪʽʚ; 

ï ʤʘʨʰʨʫʪʠʟʘʮʽʷ ʟʘ ʧʦʧʝʨʝʜʥʽʤ ʜʦʩʚʽʜʦʤ, ʢʦʣʠ ʚʠʙʽʨ ʤʘʨʰʨʫʪʫ 

ʟʜʽʡʩʥʶʻʪʴʩʷ ʟʘ ʪʘʙʣʠʮʝʶ, ʘʣʝ ʪʘʙʣʠʮʷ ʙʫʜʫʻʪʴʩʷ ʟʘ ʧʨʠʥʮʠʧʦʤ ʤʦʩʪʘ ʰʣʷʭʦʤ 

ʘʥʘʣʽʟʫ ʘʜʨʝʩʥʠʭ ʧʦʣʽʚ ʧʘʢʝʪʽʚ, ʱʦ ʟ'ʷʚʣʷʶʪʴʩʷ ʥʘ ʚʭʽʜʥʠʭ ʧʦʨʪʘʭ. 

ɹʽʣʴʰʽʩʪʴ ʘʣʛʦʨʠʪʤʽʚ ʚʨʘʭʦʚʫʶʪʴ ʪʦʧʦʣʦʛʽʶ ʟʚô̫ ʟʢʽʚ, ʘ ʥʝ ʾʭʥ  ʁʷʢʽʩʪʴ 

(ʧʨʦʧʫʩʢʥʫ ʟʜʘʪʥʽʩʪʴ, ʟʘʚʘʥʪʘʞʝʥʥʷ ʪʘ ʽʥ.). ɸʣʝ ʽʩʥʫʶʪʴ ʧʽʜʭʦʜʠ ʜʦ ʚʠʨʽʰʝʥʥʷ 

ʧʨʦʙʣʝʤʠ ʩʪʘʪʠʯʥʦʾ ʤʘʨʰʨʫʪʠʟʘʮʽʾ, ʱʦ ʚʨʘʭʦʚʫʶʪʴ ʷʢ ʪʦʧʦʣʦʛʽʶ, ʪʘʢ ʽ 

ʟʘʚʘʥʪʘʞʝʥʥʷ (flow-based routing). ʋ ʜʝʷʢʠʭ ʤʝʨʝʞʘʭ ʧʦʪʦʢʠ ʤʽʞ ʚʫʟʣʘʤʠ 

ʚ̔ ʜʥʦʩʥʦ ʩʪʘʙʽʣʴʥʽ ʽ ʧʝʨʝʜʙʘʯʫʚʘʥʽ. ʋ ʮʴʦʤʫ ʚʠʧʘʜʢʫ ʟ'ʷʚʣʷʻʪʴʩʷ ʤʦʞʣʠʚʽʩʪʴ 

ʦʙʯʠʩʣʠʪʠ ʦʧʪʠʤʘʣʴʥʫ ʩʭʝʤʫ ʤʘʨʰʨʫʪʽʚ ʟʘʟʜʘʣʝʛʽʜʴ. ʊʫʪ ʥʘ ʦʩʥʦʚʽ ʪʝʦʨʽʾ 

ʤʘʩʦʚʦʛʦ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʧʨʦʚʦʜʠʪʴʩʷ ʦʮʽʥʢʘ ʩʝʨʝʜʥʴʦʾ ʟʘʪʨʠʤʢʠ ʜʦʩʪʘʚʢʠ ʜʣʷ 

ʢʦʞʥʦʛʦ ʟʚ'ʷʟʢʫ. ʊʦʧʦʣʦʛʽʷ ʤʘʨʰʨʫʪʽʚ ʦʧʪʠʤʽʟʫʻʪʴʩʷ ʟʘ ʟʥʘʯʝʥʥʷʤ ʟʘʪʨʠʤʢʠ 

ʜʦʩʪʘʚʢʠ ʧʘʢʝʪʘ. 

ʅʘʡʧʦʰʠʨʝʥʽʰʠʤʠ ʻ ʘʣʛʦʨʠʪʤʠ ʘʜʘʧʪʠʚʥʦʾ (ʘʙʦ ʜʠʥʘʤʽʯʥʦʾ) 

ʤʘʨʰʨʫʪʠʟʘʮʽʾ. ʎʽ ʘʣʛʦʨʠʪʤʠ ʟʘʙʝʟʧʝʯʫʶʪʴ ʘʚʪʦʤʘʪʠʯʥʝ ʦʥʦʚʣʝʥʥʷ ʪʘʙʣʠʮʴ 

ʤʘʨʰʨʫʪʠʟʘʮʽʾ ʧʽʩʣʷ ʟʤʽʥʠ ʢʦʥʬʽʛʫʨʘʮʽʾ ʤʝʨʝʞʽ. ʇʨʦʪʦʢʦʣʠ, ʧʦʙʫʜʦʚʘʥʽ ʥʘ 

ʦʩʥʦʚʽ ʘʜʘʧʪʠʚʥʠʭ ʘʣʛʦʨʠʪʤʽʚ, ʜʦʟʚʦʣʷʶʪʴ ʚʩʽʤ ʤʘʨʰʨʫʪʠʟʘʪʦʨʘʤ ʟʙʠʨʘʪʠ 

ʽʥʬʦʨʤʘʮʽʶ ʧʨʦ ʪʦʧʦʣʦʛʽʶ ʟʚô̫ ʟʢʽʚ ʫ ʤʝʨʝʞʽ, ʦʧʝʨʘʪʠʚʥʦ ʚʽʜʧʨʘʮʴʦʚʫʶʯʠ ʚʩʽ 

ʟʤʽʥʠ ʢʦʥʬʽʛʫʨʘʮʽʾ ʟʚô̫ ʟʢʽʚ. ʋ ʪʘʙʣʠʮʷʭ ʤʘʨʰʨʫʪʠʟʘʮʽʾ ʧʽʜ ʯʘʩ ʟʘʩʪʦʩʫʚʘʥʥʷ 

ʘʜʘʧʪʠʚʥʦʾ ʤʘʨʰʨʫʪʠʟʘʮʽʾ ʟʘʟʚʠʯʘʡ ʻ ʽʥʬʦʨʤʘʮʽʷ ʧʨʦ ʽʥʪʝʨʚʘʣ ʯʘʩʫ, ʧʨʦʪʷʛʦʤ 

ʷʢʦʛʦ ʜʘʥʠʡ ʤʘʨʰʨʫʪ ʟʘʣʠʰʠʪʴʩʷ ʜʽʡʩʥʠʤ. ʎʝʡ ʯʘʩ ʥʘʟʠʚʘʻʪʴʩʷ ʯʘʩʦʤ ʞʠʪʪʷ 

ʤʘʨʰʨʫʪʫ (Time To Live, TTL). 

ɸʜʘʧʪʠʚʥʽ ʘʣʛʦʨʠʪʤʠ ʟʘʟʚʠʯʘʡ ʤʘʶʪʴ ʨʦʟʧʦʜʽʣʝʥʠʡ ʭʘʨʘʢʪʝʨ, ʷʢʠʡ 

ʚʠʨʘʞʘʻʪʴʩʷ ʚ ʪʦʤʫ, ʱʦ ʚ ʤʝʨʝʞʽ ʚʽʜʩʫʪʥʽ ʙʫʜʴ-ʷʢʽ ʚʠʜʽʣʝʥʽ ʤʘʨʰʨʫʪʠʟʘʪʦʨʠ, ʷʢʽ 

ʟʙʠʨʘʣʠ ʙ ʽ ʫʟʘʛʘʣʴʥʶʚʘʣʠ ʪʦʧʦʣʦʛʽʯʥʫ ʽʥʬʦʨʤʘʮʽʶ: ʮʷ ʨʦʙʦʪʘ ʨʦʟʧʦʜʽʣʝʥʘ ʤʽʞ 

ʫʩʽʤʘ ʤʘʨʰʨʫʪʠʟʘʪʦʨʘʤʠ. ɸʣʝ ʥʝʦʙʭʽʜʥʦ ʟʘʟʥʘʯʠʪʠ, ʱʦ ʦʩʪʘʥʥʽʤ ʯʘʩʦʤ 
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ʥʘʤʽʪʠʣʘʩʷ ʪʝʥʜʝʥʮʽʷ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʪʘʢ ʟʚʘʥʽ ʩʝʨʚʝʨʠ ʤʘʨʰʨʫʪʽʚ. ʉʝʨʚʝʨ 

ʤʘʨʰʨʫʪʽʚ ʟʙʠʨʘʻ ʤʘʨʰʨʫʪʥʫ ʽʥʬʦʨʤʘʮʽʶ, ʘ ʧʦʪʽʤ ʨʦʟʜʘʻ ʾʾ ʟʘ ʟʘʧʠʪʘʤʠ 

ʤʘʨʰʨʫʪʠʟʘʪʦʨʽʚ, ʷʢʽ ʟʚʽʣʴʥʷʶʪʴʩʷ ʚ ʮʴʦʤʫ ʚʠʧʘʜʢʫ ʚʽʜ ʬʫʥʢʮʽʾ ʩʪʚʦʨʝʥʥʷ 

ʪʘʙʣʠʮʴ ʤʘʨʰʨʫʪʠʟʘʮʽʾ, ʘʙʦ ʩʪʚʦʨʶʶʪʴ ʪʽʣʴʢʠ ʯʘʩʪʠʥʠ ʮʠʭ ʪʘʙʣʠʮʴ. ɿ'ʷʚʠʣʠʩʷ 

ʩʧʝʮʽʘʣʴʥʽ ʧʨʦʪʦʢʦʣʠ ʚʟʘʻʤʦʜʽʾ ʤʘʨʰʨʫʪʠʟʘʪʦʨʽʚ ʟ ʩʝʨʚʝʨʘʤʠ ʤʘʨʰʨʫʪʽʚ, 

ʥʘʧʨʠʢʣʘʜ, Next Hop Resolution Protocol (NHRP). 

ɸʜʘʧʪʠʚʥʽ ʘʣʛʦʨʠʪʤʠ ʤʘʨʰʨʫʪʠʟʘʮʽʾ ʤʘʶʪʴ ʚʽʜʧʦʚʽʜʘʪʠ ʢʽʣʴʢʦʤ 

ʚʘʞʣʠʚʠʤ ʚʠʤʦʛʘʤ. ʇʦ-ʧʝʨʰʝ, ʚʦʥʠ ʤʘʶʪʴ ʟʘʙʝʟʧʝʯʫʚʘʪʠ ʷʢʱʦ ʥʝ 

ʦʧʪʠʤʘʣʴʥʽʩʪʴ, ʪʦ ʭʦʯʘ ʙ ʨʘʮʽʦʥʘʣʴʥʽʩʪʴ ʤʘʨʰʨʫʪʫ. ʇʦ-ʜʨʫʛʝ, ʘʣʛʦʨʠʪʤʠ ʤʘʶʪɹ 

ʙʫʪʠ ʜʦʩʠʪʴ ʧʨʦʩʪʠʤʠ, ʱʦʙ ʧʽʜ ʯʘʩ ʾʭʥʴʦʾ ʨʝʘʣʽʟʘʮʽʾ ʥʝ ʚʠʪʨʘʯʘʚʩʷ ʟʘʥʘʜʪʦ 

ʚʝʣʠʢʠʡ ʦʙʩʷʛ ʦʙʯʠʩʣʝʥʴ ʽ ʥʝ ʧʦʨʦʜʞʫʚʘʚʩʷ ʽʥʪʝʥʩʠʚʥʠʡ ʩʣʫʞʙʦʚʠʡ ʪʨʘʬʽʢ.  

ʇʦ-ʪʨʝʪʻ, ʘʣʛʦʨʠʪʤʠ ʤʘʨʰʨʫʪʠʟʘʮʽʾ ʧʦʚʠʥʥʽ ʤʘʪʠ ʚʣʘʩʪʠʚʽʩʪʴ ʟʙʽʞʥʦʩʪʽ, ʪʦʙʪʦ 

ʟʘʚʞʜʠ ʧʨʠʚʦʜʠʪʠ ʜʦ ʦʜʥʦʟʥʘʯʥʦʛʦ ʨʝʟʫʣʴʪʘʪʫ ʟʘ ʧʨʠʡʥʷʪʥʠʡ ʯʘʩ. 

ɸʜʘʧʪʠʚʥʽ ʧʨʦʪʦʢʦʣʠ ʦʙʤʽʥʫ ʤʘʨʰʨʫʪʥʦʶ ʽʥʬʦʨʤʘʮʽʻʶ, ʱʦ 

ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ ʚ ʜʘʥʠʡ ʯʘʩ ʚ ʦʙʯʠʩʣʶʚʘʣʴʥʠʭ ʤʝʨʝʞʘʭ, ʫ ʩʚʦʶ ʯʝʨʛʫ ʜʽʣʷʪʴʩʷ 

ʥʘ ʜʚʽ ʛʨʫʧʠ, ʢʦʞʥʘ ʟ ʷʢʠʭ ʧʦʚ'ʷʟʘʥʘ ʟ ʦʜʥʠʤ ʟ ʪʘʢʠʭ ʪʠʧʽʚ ʘʣʛʦʨʠʪʤʽʚ: 

ï ʜʠʩʪʘʥʮʽʡʥʦ-ʚʝʢʪʦʨʥʽ ʘʣʛʦʨʠʪʤʠ (Distance Vector Algorithms, DVA); 

ï ʘʣʛʦʨʠʪʤʠ ʩʪʘʥʫ ʟʚô̫ ʟʢʽʚ (Link State Algorithms, LSA). 

ɺ ʜʠʩʪʘʥʮʽʡʥʦ-ʚʝʢʪʦʨʥʠʭ ʘʣʛʦʨʠʪʤʘʭ ʢʦʞʝʥ ʤʘʨʰʨʫʪʠʟʘʪʦʨ ʧʝʨʽʦʜʠʯʥʦ 

ʽ ʰʠʨʦʢʦʤʦʚʥʦ ʨʦʟʩʠʣʘʻ ʚ ʤʝʨʝʞʽ ʚʝʢʪʦʨ, ʢʦʤʧʦʥʝʥʪʘʤʠ ʷʢʦʛʦ ʻ ʚʽʜʩʪʘʥʽ ʚʽʜ 

ʜʘʥʦʛʦ ʤʘʨʰʨʫʪʠʟʘʪʦʨʘ ʜʦ ʚʩʽʭ ʚʽʜʦʤʠʭ ʡʦʤʫ ʤʝʨʝʞ. ʇʽʜ ʚʽʜʩʪʘʥʥʶ ʟʘʟʚʠʯʘʡ 

ʨʦʟʫʤʽʪʁʴ ʯʠʩʣʦ ʭʦʧʽʚ. ʄʦʞʣʠʚʘ ʡ ʽʥʰʘ ʤʝʪʨʠʢʘ, ʱʦ ʚʨʘʭʦʚʫʻ ʥʝ ʣʠʰʝ 

ʢʽʣʴʢʽʩʪʴ ʧʨʦʤʽʞʥʠʭ ʤʘʨʰʨʫʪʠʟʘʪʦʨʽʚ, ʘʣʝ ʯʘʩ ʧʨʦʭʦʜʞʝʥʥʷ ʧʘʢʝʪʘ ʚ ʤʝʨʝʞʽ 

ʤʽʞ ʩʫʩʽʜʥʽʤʠ ʤʘʨʰʨʫʪʠʟʘʪʦʨʘʤʠ. ʇʽʜ ʯʘʩ ʦʪʨʠʤʘʥʥʷ ʚʝʢʪʦʨʘ ʚʽʜ ʩʫʩʽʜʘ, 

ʤʘʨʰʨʫʪʠʟʘʪʦʨ ʟʙʽʣʴʰʫʻ ʚʽʜʩʪʘʥʴ ʜʦ ʟʘʟʥʘʯʝʥʠʭ ʫ ʚʝʢʪʦʨʽ ʤʝʨʝʞ ʥʘ ʚʽʜʩʪʘʥʴ ʜʦ 

ʜʘʥʦʛʦ ʩʫʩʽʜʘ. ʆʪʨʠʤʘʚʰʠ ʚʝʢʪʦʨ ʚʽʜ ʩʫʩʽʜʥʴʦʛʦ ʤʘʨʰʨʫʪʠʟʘʪʦʨʘ, ʢʦʞʝʥ 

ʤʘʨʰʨʫʪʠʟʘʪʦʨ ʜʦʜʘʻ ʜʦ ʥʴʦʛʦ ʽʥʬʦʨʤʘʮʽʶ ʧʨʦ ʚʽʜʦʤʽ ʡʦʤʫ ʽʥʰʽ ʤʝʨʝʞʽ, ʧʨʦ ʷʢʽ 

ʚʽʥ ʜʽʟʥʘʚʩʷ ʙʝʟʧʦʩʝʨʝʜʥʴʦ (ʷʢʱʦ ʚʦʥʠ ʧʽʜʢʣʶʯʝʥʽ ʜʦ ʡʦʛʦ ʧʦʨʪʽʚ) ʘʙʦ ʟ 



112 

 

ʘʥʘʣʦʛʽʯʥʠʭ ʦʛʦʣʦʰʝʥʴ ʽʥʰʠʭ ʤʘʨʰʨʫʪʠʟʘʪʦʨʽʚ, ʘ ʧʦʪʽʤ ʟʥʦʚʫ ʨʦʟʩʠʣʘʻ ʥʦʚʝ 

ʟʥʘʯʝʥʥʷ ʚʝʢʪʦʨʘ ʚ ʤʝʨʝʞʽ. ɿʨʝʰʪʦʶ, ʢʦʞʝʥ ʤʘʨʰʨʫʪʠʟʘʪʦʨ ʚʟʥʘʻ ʽʥʬʦʨʤʘʮʽʶ 

ʧʨʦ ʚʩʽ ʤʝʨʝʞʽ, ʥʘʷʚʥʽ ʚ ʽʥʪʝʨʤʝʨʝʞʽ, ʽ ʧʨʦ ʚʽʜʩʪʘʥʴ ʜʦ ʥʠʭ ʯʝʨʝʟ ʩʫʩʽʜʥʽ 

ʤʘʨʰʨʫʪʠʟʘʪʦʨʠ. 

ɼʠʩʪʘʥʮʽʡʥʦ-ʚʝʢʪʦʨʥʽ ʘʣʛʦʨʠʪʤʠ ʜʦʙʨʝ ʧʨʘʮʶʶʪʴ ʪʽʣʴʢʠ ʚ ʥʝʚʝʣʠʢʠʭ 

ʤʝʨʝʞʘʭ. ʋ ʚʝʣʠʢʠʭ ʤʝʨʝʞʘʭ ʚʦʥʠ ʟʘʩʤʽʯʫʶʪʴ ʣʽʥʽʾ ʟʚô̫ ʟʢʫ ʽʥʪʝʥʩʠʚʥʠʤ 

ʰʠʨʦʢʦʤʦʚʥʠʤ ʪʨʘʬʽʢʦʤ, ʜʦ ʪʦʛʦ ʞ ʟʤʽʥʠ ʢʦʥʬʽʛʫʨʘʮʽʾ ʤʦʞʫʪʴ 

ʚʽʜʧʨʘʮʴʦʚʫʚʘʪʠʩʷ ʟʘ ʮʠʤ ʘʣʛʦʨʠʪʤʦʤ ʥʝ ʟʘʚʞʜʠ ʢʦʨʝʢʪʥʦ ʯʝʨʝʟ ʪʝ, ʱʦ 

ʤʘʨʰʨʫʪʠʟʘʪʦʨʠ ʥʝ ʤʘʶʪʴ ʪʦʯʥʦʛʦ ʫʷʚʣʝʥʥʷ ʧʨʦ ʪʦʧʦʣʦʛʽʶ ʤʝʨʝʞʽ, ʘ ʚʦʣʦʜʽʶʪʴ 

ʣʠʰʝ ʫʟʘʛʘʣʴʥʝʥʦʶ ʽʥʬʦʨʤʘʮʽʻʶ ï ʚʝʢʪʦʨʦʤ ʜʠʩʪʘʥʮʽʡ, ï ʜʦ ʪʦʛʦ ʞ ʦʪʨʠʤʘʥʫ 

ʯʝʨʝʟ ʧʦʩʝʨʝʜʥʠʢʽʚ. ʈʦʙʦʪʘ ʤʘʨʰʨʫʪʠʟʘʪʦʨʘ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʜʠʩʪʘʥʮʽʡʥʦ-

ʚʝʢʪʦʨʥʦʛʦ ʧʨʦʪʦʢʦʣʫ ʥʘʛʘʜʫʻ ʨʦʙʦʪʫ ʤʦʩʪʘ, ʪʦʤʫ ʱʦ ʪʦʯʥʦʾ ʪʦʧʦʣʦʛʽʯʥʦʾ 

ʢʘʨʪʠʥʠ ʤʝʨʝʞʽ ʪʘʢʠʡ ʤʘʨʰʨʫʪʠʟʘʪʦʨ ʥʝ ʤʘʻ. 

ʅʘʡʙʽʣʴʰ ʧʦʰʠʨʝʥʠʤ ʧʨʦʪʦʢʦʣʦʤ, ʟʘʩʥʦʚʘʥʠʤ ʥʘ ʜʠʩʪʘʥʮʽʡʥʦ-

ʚʝʢʪʦʨʥʦʤʫ ʘʣʛʦʨʠʪʤʽ, ʻ ʧʨʦʪʦʢʦʣ RIP, ʷʢʠʡ ʧʦʰʠʨʝʥʠʡ ʚ ʜʚʦʭ ʚʝʨʩʽʷʭ ï RIP IP, 

ʱʦ ʧʨʘʮʶʻ ʟ ʧʨʦʪʦʢʦʣʦʤ IP, ʪʘ RIP IPX, ʱʦ ʧʨʘʮʶʻ ʟ ʧʨʦʪʦʢʦʣʦʤ IPX. 

ɸʣʛʦʨʠʪʤʠ ʩʪʘʥʫ ʟʚô̫ ʟʢʽʚ ʟʘʙʝʟʧʝʯʫʶʪʴ ʢʦʞʝʥ ʤʘʨʰʨʫʪʠʟʘʪʦʨ 

ʽʥʬʦʨʤʘʮʽʻʶ, ʜʦʩʪʘʪʥʴʦʶ ʜʣʷ ʧʦʙʫʜʦʚʠ ʪʦʯʥʦʛʦ ʛʨʘʬʘ ʟʚô̫ ʟʢʽʚ ʤʝʨʝʞʽ. ɺʩʽ 

ʤʘʨʰʨʫʪʠʟʘʪʦʨʠ ʧʨʘʮʶʶʪʴ ʥʘ ʧʽʜʩʪʘʚʽ ʦʜʥʘʢʦʚʠʭ ʛʨʘʬʽʚ, ʱʦ ʨʦʙʠʪʴ ʧʨʦʮʝʩ 

ʤʘʨʰʨʫʪʠʟʘʮʽʾ ʩʪʽʡʢʽʰʠʤ ʜʦ ʟʤʽʥ ʢʦʥʬʽʛʫʨʘʮʽʾ. çʐʠʨʦʢʦʤʦʚʥʘè ʨʦʟʩʠʣʢʘ (ʪʦʙʪʦ 

ʧʝʨʝʜʘʯʘ ʧʘʢʝʪʘ ʚʩʽʤ ʙʝʟʧʦʩʝʨʝʜʥʽʤ ʩʫʩʽʜʘʤ ʤʘʨʰʨʫʪʠʟʘʪʦʨʘ) ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ 

ʪʫʪ ʣʠʰʝ ʧʨʠ ʟʤʽʥʘʭ ʩʪʘʥʫ ʟʚô̫ ʟʢʽʚ, ʱʦ ʚʽʜʙʫʚʘʻʪʴʩʷ ʚ ʥʘʜʽʡʥʠʭ ʤʝʨʝʞʘʭ ʥʝ ʪʘʢ 

ʯʘʩʪʦ. ɺʝʨʰʠʥʘʤʠ ʛʨʘʬʘ ʻ ʷʢ ʤʘʨʰʨʫʪʠʟʘʪʦʨʠ, ʪʘʢ ʽ ʤʝʨʝʞʽ, ʷʢʽ ʚʦʥʠ 

ʦʙ'ʻʜʥʫʶʪʴ. ɯʥʬʦʨʤʘʮʽʷ, ʱʦ ʧʦʰʠʨʶʻʪʴʩʷ ʚ ʤʝʨʝʞʽ, ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʦʧʠʩʫ ʟʚô̫ ʟʢʽʚ 

ʨʽʟʥʠʭ ʪʠʧʽʚ: ʤʘʨʰʨʫʪʠʟʘʪʦʨ-ʤʘʨʰʨʫʪʠʟʘʪʦʨ, ʤʘʨʰʨʫʪʠʟʘʪʦʨ-ʤʝʨʝʞʘ. 

ʑʦʙ ʟʨʦʟʫʤʽʪʠ, ʚ ʷʢʦʤʫ ʩʪʘʥʽ ʟʥʘʭʦʜʷʪʴʩʷ ʣʽʥʽʾ ʟʚ'ʷʟʢʫ, ʧʽʜʢʣʶʯʝʥʽ ʜʦ 

ʡʦʛʦ ʧʦʨʪʽʚ, ʤʘʨʰʨʫʪʠʟʘʪʦʨ ʧʝʨʽʦʜʠʯʥʦ ʦʙʤʽʥʶʻʪʴʩʷ ʢʦʨʦʪʢʠʤʠ ʧʘʢʝʪʘʤʠ 

HELLO ʟʽ ʩʚʦʾʤʠ ʥʘʡʙʣʠʞʯʠʤʠ ʩʫʩʽʜʘʤʠ. ʎʝʡ ʩʣʫʞʙʦʚʠʡ ʪʨʘʬʽʢ ʪʘʢʦʞ ʟʘʩʤʽʯʫʻ 
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ʤʝʨʝʞʫ, ʘʣʝ ʥʝ ʚ ʪʘʢʽʡ ʤʽʨʽ ʷʢ, ʥʘʧʨʠʢʣʘʜ, RIP-ʧʘʢʝʪʠ, ʪʦʤʫ ʱʦ ʧʘʢʝʪʠ HELLO 

ʤʘʶʪʴ ʥʘʙʘʛʘʪʦ ʤʝʥʰʠʡ ʦʙʩʷʛ. ʇʨʦʪʦʢʦʣʘʤʠ, ʟʘʩʥʦʚʘʥʠʤʠ ʥʘ ʘʣʛʦʨʠʪʤʽ ʩʪʘʥʫ 

ʟʚô̫ ʟʢʽʚ, ʻ ʧʨʦʪʦʢʦʣʠ IS-IS (Internet System to Internet System) ʩʪʝʢʘ OSI, OSPF 

(Open Shortest Path First) ʩʪʝʢʘ TCP/IP ʽ ʥʝʱʦʜʘʚʥʦ ʨʝʘʣʽʟʦʚʘʥʠʡ ʧʨʦʪʦʢʦʣ NLSP 

ʩʪʝʢʘ Novell, IEGRP Cisco. 

ɼʠʩʪʘʥʮʽʡʥʦ-ʚʝʢʪʦʨʥʽ ʘʣʛʦʨʠʪʤʠ ʜʦʙʨʝ ʧʨʘʮʶʶʪʴ ʪʽʣʴʢʠ ʚ ʥʝʚʝʣʠʢʠʭ 

ʤʝʨʝʞʘʭ. ʋ ʚʝʣʠʢʠʭ ʤʝʨʝʞʘʭ ʚʦʥʠ ʟʘʩʤʽʯʫʶʪʴ ʣʽʥʽʾ ʟʚ'ʷʟʢʫ ʽʥʪʝʥʩʠʚʥʠʤ 

ʰʠʨʦʢʦʤʦʚʥʠʤ ʪʨʘʬʽʢʦʤ. ɸ ʧʨʠ ʨʦʙʦʪʽ ʘʣʛʦʨʠʪʤʽʚ ʩʪʘʥʫ ʟʚôʷʟʢʽʚ ʢʦʞʝʥ 

ʤʘʨʰʨʫʪʠʟʘʪʦʨ ʟʘʙʝʟʧʝʯʫʶʪʴ ʽʥʬʦʨʤʘʮʽʻʶ, ʜʦʩʪʘʪʥʴʦʶ ʜʣʷ ʧʦʙʫʜʦʚʠ ʪʦʯʥʦʛʦ 

ʛʨʘʬʘ ʟʚôʷʟʢʽʚ ʤʝʨʝʞʽ. ɺʩʽ ʤʘʨʰʨʫʪʠʟʘʪʦʨʠ ʧʨʘʮʶʶʪʴ ʥʘ ʧʽʜʩʪʘʚʽ ʦʜʥʘʢʦʚʠʭ 

ʛʨʘʬʽʚ, ʱʦ ʨʦʙʠʪʴ ʧʨʦʮʝʩ ʤʘʨʰʨʫʪʠʟʘʮʽʾ ʩʪʽʡʢʽʰʠʤ ʜʦ ʟʤʽʥ ʢʦʥʬʽʛʫʨʘʮʽʾ. ʆʜʥʘʢ 

ʚʩʽ ʘʣʛʦʨʠʪʤʠ ʤʘʶʪʴ ʫʨʘʟʣʠʚʦʩʪʽ, ʚʧʣʠʚ ʷʢʠʭ ʥʝʦʙʭʽʜʥʦ ʧʨʦʘʥʘʣʽʟʫʚʘʪʠ ʜʣʷ 

ʟʘʙʝʟʧʝʯʝʥʥʷ ʙʝʟʧʝʯʥʦʾ ʤʘʨʰʨʫʪʠʟʘʮʽʾ. 

2.2. ɼʦʩʣʽʜʞʝʥʥʷ ʚʧʣʠʚʫ ʫʨʘʟʣʠʚʦʩʪʝʡ ʪʘ ʘʪʘʢ ʧʨʠ ʙʝʟʧʝʯʥʽʡ 

ʤʘʨʰʨʫʪʠʟʘʮʽʾ   

ʆʩʦʙʣʠʚʽʩʪʶ ʩʫʯʘʩʥʠʭ ʧʨʦʮʝʩʽʚ ʤʘʨʰʨʫʪʠʟʘʮʽʾ ʻ ʥʘʷʚʥʽʩʪʴ ʚʝʣʠʢʦʾ 

ʢʽʣʴʢʦʩʪʽ ʟʘʛʨʦʟ ʽʥʬʦʨʤʘʮʽʡʥʦʾ ʙʝʟʧʝʢʠ, ʩʧʨʷʤʦʚʘʥʠʭ ʥʘ ʨʽʟʥʽ ʝʣʝʤʝʥʪʠ ʩʠʩʪʝʤʠ 

ʤʘʨʰʨʫʪʠʟʘʮʽʾ. ʊʘʢ, ʥʘʧʨʠʢʣʘʜ, ʟʛʽʜʥʦ ʟ ʜʦʩʣʽʜʞʝʥʥʷʤ [ʂʠʨʠʯʝʥʢʦ, 2010-5], ʚ 

ʤʝʨʝʞʽ ʤʦʞʣʠʚʠʡ ʥʝʘʚʪʦʨʠʟʦʚʘʥʠʡ ʜʦʩʪʫʧ ʟʣʦʚʤʠʩʥʠʢʽʚ ʜʦ ʪʨʘʬʽʢʘ ʯʝʨʝʟ ʪʝ, ʱʦ 

ʚʦʥʠ ʙʝʨʫʪʴ ʧʽʜ ʢʦʥʪʨʦʣʴ ʚʫʟʣʠ ʤʝʨʝʞʽ. ʄʦʞʣʠʚʽ ʪʘʢʽ ʚʠʜʠ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʘʪʘʢ, 

ʷʢ ʢʦʤʧʨʦʤʝʪʘʮʽʷ ʧʨʠʩʪʨʦʾʚ ʧʦʩʪʘʯʘʣʴʥʠʢʘ ʧʦʩʣʫʛ, ʟʣʦʤ ʩʪʘʥʮʽʡ ʫʧʨʘʚʣʽʥʥʷ 

ʤʝʨʝʞʝʶ, ʘʪʘʢʠ ʥʘ ʪʨʘʥʟʠʪʥʽ ʧʨʠʩʪʨʦʾ ʤʽʞ ʧʨʦʚʘʡʜʝʨʘʤʠ ʽ ʪ.ʜ. ʅʝʦʙʭʽʜʥʦ 

ʚʽʜʟʥʘʯʠʪʠ, ʱʦ ʟʘʙʝʟʧʝʯʝʥʥʷ ʢʦʥʬʽʜʝʥʮʽʡʥʦʩʪʽ ʽʥʬʦʨʤʘʮʽʾ ʝʬʝʢʪʠʚʥʦ 

ʚʠʨʽʰʫʻʪʴʩʷ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʰʠʬʨʫʚʘʥʥʷ ʪʨʘʬʽʢʘ. ʆʜʥʘʢ ʚʽʜ ʮʴʦʛʦ ʩʧʦʩʦʙʫ 

ʟʘʭʠʩʪʫ ʯʘʩʪʦ ʚʽʜʤʦʚʣʷʶʪʴʩʷ ʟʘʨʘʜʠ ʝʢʦʥʦʤʽʾ ʽ ʧʨʦʩʪʦʪʠ ʘʜʤʽʥʽʩʪʨʫʚʘʥʥʷ 

ʚʽʨʪʫʘʣʴʥʦʾ ʧʨʠʚʘʪʥʦʾ ʤʝʨʝʞʽ [Snihurov, 2015]. ʋ ʟʚô̫ ʟʢʫ ʟ ʮʠʤ ʥʘʡʙʽʣʴʰ 
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ʥʝʙʝʟʧʝʯʥʘ ʫʨʘʟʣʠʚʽʩʪʴ ʩʫʯʘʩʥʠʭ ʢʦʤʧôʶʪʝʨʥʠʭ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʩʠʩʪʝʤ ï 

ʣʶʜʠʥʘ. ʂʘʜʨʦʚʘ ʧʦʣʽʪʠʢʘ ʧʨʦʚʘʡʜʝʨʽʚ, ʦʨʛʘʥʽʟʘʮʽʡ ʽ ʚʧʣʠʚ ʾʾ ʥʘ ʽʥʬʦʨʤʘʮʽʡʥʫ 

ʙʝʟʧʝʢʫ ʜʘʥʠʭ ʦʨʛʘʥʽʟʘʮʽʡ ʽ ʾʭ ʢʣʽʻʥʪʽʚ ʻ ʦʢʨʝʤʠʤ ʜʦʩʣʽʜʞʝʥʥʷʤ. ʆʜʥʘʢ ʥʘʚʽʪʴ 

ʧʦʚʝʨʭʥʝʚʠʡ ʘʥʘʣʽʟ ʩʫʯʘʩʥʦʛʦ ʩʪʘʥʫ ʮʽʻʾ ʪʝʤʠ ʧʦʢʘʟʫʻ ʥʘʷʚʥʽʩʪʴ ʧʨʦʙʣʝʤ. 

[ʉʥʝʛʫʨʦʚ, 2013].   

ʅʝʙʝʟʧʝʯʥʠʤʠ ʜʣʷ ʢʦʤʧôʶʪʝʨʥʦʾ ʩʠʩʪʝʤʠ ʤʦʞʫʪʴ ʙʫʪʠ ʘʪʘʢʠ, ʪʘʢʽ ʷʢ 

DDoS ʥʘ ʢʣʽʻʥʪʩʴʢʽ ʤʝʨʝʞʽ, ʧʽʜʢʣʶʯʝʥʥʷ ʜʦ ʪʘʢʦʾ ʤʝʨʝʞʽ. DDoS-ʘʪʘʢʘ 

ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʟʨʦʩʪʘʥʥʷ ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʥʝʣʝʛʽʪʠʤʥʦʛʦ ʪʨʘʬʽʢʘ ʯʝʨʝʟ 

ʤʘʨʰʨʫʪʠʟʘʪʦʨʠ ʤʝʨʝʞ,̔ ʾʭ ʧʝʨʝʚʘʥʪʘʞʝʥʥʷ ʽ ʚʽʜʤʦʚʠ ʘʙʦ ʟʘʪʨʠʤʢʠ ʚ 

ʦʙʩʣʫʛʦʚʫʚʘʥʥʽ ʣʝʛʽʪʠʤʥʦʛʦ ʪʨʘʬʽʢʘ. ʉʢʣʘʜʥʽʩʪʴ ʙʦʨʦʪʴʙʠ ʟ ʪʘʢʠʤʠ ʘʪʘʢʘʤʠ 

ʧʦʣʷʛʘʻ ʚ ʚʠʷʚʣʝʥʥʽ ʥʘʷʚʥʦʩʪʽ ʘʪʘʢ.  

ɿʘ ʮʠʭ ʫʤʦʚ ʘʢʪʫʘʣʴʥʠʤ ʟʘʚʜʘʥʥʷʤ ʫʧʨʘʚʣʽʥʥʷ ʪʨʘʬʽʢʦʤ ʻ ʚʠʙʽʨ ʪʘʢʠʭ 

ʤʘʨʰʨʫʪʽʚ ʧʝʨʝʜʘʯʽ ʪʨʘʬʽʢʘ, ʷʢʽ ʙ ʟʘʙʝʟʧʝʯʫʚʘʣʠ ʷʢ ʚʠʤʦʛʠ ʷʢʦʩʪʽ 

ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ (QoS), ʪʘʢ ʽ ʚʠʤʦʛʠ ʽʥʬʦʨʤʘʮʽʡʥʦʾ ʙʝʟʧʝʢʠ. ɺ ʩʫʯʘʩʥʠʭ ʊʂʉ 

ʤʦʞʫʪʴ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠʩʷ ʪʘʢʽ ʧʦʢʘʟʥʠʢʠ ʷʢʦʩʪʽ ʤʘʨʰʨʫʪʫ, ʷʢ ʟʘʪʨʠʤʢʘ 

ʽʥʬʦʨʤʘʮʽʾ, ʧʨʦʧʫʩʢʥʘ ʟʜʘʪʥʽʩʪʴ ʤʘʨʰʨʫʪʫ, ʟʘʚʘʥʪʘʞʝʥʽʩʪʴ ʽ ʥʘʜʽʡʥʽʩʪʴ ʢʘʥʘʣʽʚ 

ʟʚô̫ ʟʢʫ ʤʘʨʰʨʫʪʫ. ɺ ʨʦʙʦʪʽ [Snigurov, 2013] ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʽʥʬʦʨʤʘʮʽʡʥʦʾ 

ʙʝʟʧʝʢʠ ʤʘʨʰʨʫʪʫ ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʧʦʢʘʟʥʠʢ ʨʠʟʠʢʫ 

ʽʥʬʦʨʤʘʮʽʡʥʦʾ ʙʝʟʧʝʢʠ ʚʫʟʣʽʚ ʤʘʨʰʨʫʪʫ, ʱʦ ʟʘʣʝʞʠʪʴ ʚʽʜ ʡʤʦʚʽʨʥʦʩʪʽ ʘʪʘʢʠ ʥʘ 

ʚʫʟʣʠ ʤʝʨʝʞʽ ʟʣʦʚʤʠʩʥʠʢʦʤ ʽ ʩʪʫʧʽʥʴ ʫʨʘʟʣʠʚʦʩʪʽ ʩʠʩʪʝʤʠ ʟʘʭʠʩʪʫ ʮʠʭ ʚʫʟʣʽʚ 

ʚʽʜ ʪʘʢʠʭ ʘʪʘʢ. ɺʠʢʦʨʠʩʪʘʥʥʷ ʜʘʥʦʛʦ ʧʦʢʘʟʥʠʢʘ ʜʦʟʚʦʣʷʻ ʚʠʙʨʘʪʠ ʤʘʨʰʨʫʪ 

ʧʝʨʝʜʘʯʽ ʧʘʢʝʪʽʚ ʟ ʙʽʣʴʰ ʥʠʟʴʢʠʤ ʨʠʟʠʢʦʤ ʧʦʨʫʰʝʥʥʷ ʢʦʥʬʽʜʝʥʮʽʡʥʦʩʪʽ 

ʽʥʬʦʨʤʘʮʽʾ, ʱʦ ʧʝʨʝʜʘʻʪʴʩʷ. ʆʜʥʘʢ ʚʨʘʭʫʚʘʥʥʷ ʚʠʤʦʛ ʧʨʠ ʚʠʙʦʨʽ ʤʘʨʰʨʫʪʫ ʟʘ 

ʦʜʥʠʤ ʧʦʢʘʟʥʠʢʦʤ ʤʦʞʝ ʧʨʠʟʚʝʩʪʠ ʜʦ ʥʝʧʨʠʧʫʩʪʠʤʦʛʦ ʧʦʛʽʨʰʝʥʥʷ ʷʢʦʩʪʽ 

ʨʦʙʦʪʠ ʩʠʩʪʝʤʠ, ʱʦ ʦʮʽʥʶʻʪʴʩʷ ʟʘ ʽʥʰʠʤʠ ʧʦʢʘʟʥʠʢʘʤʠ. ʊʘʢ, ʥʘʧʨʠʢʣʘʜ, ʚʠʙʽʨ 

ʙʽʣʴʰ ʙʝʟʧʝʯʥʦʛʦ, ʟ ʪʦʯʢʠ ʟʦʨʫ ʟʘʙʝʟʧʝʯʝʥʥʷ ʢʦʥʬʽʜʝʥʮʽʡʥʦʩʪʽ ʽʥʬʦʨʤʘʮʽʾ, 

ʤʘʨʰʨʫʪʫ ʤʦʞʝ ʥʝ ʟʘʜʦʚʦʣʴʥʷʪʠ ʚʠʤʦʛʠ ʟʘ ʯʘʩʦʤ ʟʘʪʨʠʤʢʠ ʽʥʬʦʨʤʘʮʽʾ. 



115 

 

ʊʦʤʫ ʚʘʞʣʠʚʠʤ ʟʘʚʜʘʥʥʷʤ ʻ ʨʦʟʨʦʙʢʘ ʤʘʪʝʤʘʪʠʯʥʦʾ ʤʦʜʝʣʽ 

ʢʦʤʧôʶʪʝʨʥʦʾ ʩʠʩʪʝʤʠ ʧʝʨʝʜʘʯʽ ʧʘʢʝʪʽʚ, ʷʢʘ ʜʦʟʚʦʣʠʪʴ ʦʪʨʠʤʘʪʠ ʡʤʦʚʽʨʥʩ̔ʥʦ-

ʯʘʩʦʚʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʨʦʮʝʩʫ ʧʝʨʝʜʘʯʽ ʧʘʢʝʪʽʚ ʧ̔ ʜ ʯʘʩ ʚʠʙʦʨʫ ʤʘʨʰʨʫʪʽʚ ʟ 

ʨʽʟʥʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ ʪʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ. ʊʘʢʠʤʠ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʤʦʞʫʪʴ ʙʫʪʠ ʜʦʚʞʠʥʘ ʤʘʨʰʨʫʪʽʚ, ʢʽʣʴʢʽʩʪʴ ʤʘʨʰʨʫʪʠʟʘʪʦʨʽʚ 

ʥʘ ʢʦʞʥʦʤʫ ʟ ʤʘʨʰʨʫʪʽʚ ʽ ʾʭʥ ̫ ʝʬʝʢʪʠʚʥʽʩʪʴ ʨʦʙʦʪʠ (ʧʨʦʧʫʩʢʥʘ ʟʜʘʪʥʽʩʪʴ), 

ʽʥʪʝʥʩʠʚʥʽʩʪʴ ʪʨʘʬʽʢʘ ʥʘ ʤʘʨʰʨʫʪʘʭ, ʫʤʦʚʠ ʽʥʬʦʨʤʘʮʽʡʥʦʾ ʙʝʟʧʝʢʠ ʪʨʘʬʽʢʘ, ʱʦ 

ʧʝʨʝʜʘʻʪʴʩʷ ʟʘ ʨʽʟʥʠʤʠ ʤʘʨʰʨʫʪʘʤʠ. 

ʋ ʩʪʘʪʪʽ [ʉʥʝʛʫʨʦʚ, 2013] ʜʣʷ ʚʠʨʽʰʝʥʥʷ ʜʘʥʦʛʦ ʟʘʚʜʘʥʥʷ ʧʨʦʧʦʥʫʻʪʴʩʷ 

ʥʘʧʽʚʤʘʨʢʽʚʩʴʢʘ ʤʦʜʝʣʴ ʧʨʦʮʝʩʫ ʧʝʨʝʜʘʯʽ ʧʘʢʝʪʽʚ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʬʘʢʪʫ 

ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʥʷ ʱʦʜʦ ʤʘʨʰʨʫʪʫ ʚ ʩʠʩʪʝʤʽ ʤʘʨʰʨʫʪʠʟʘʮʽʾ. ɺʠʢʦʨʠʩʪʘʥʥʷ 

ʥʘʧʽʚʤʘʨʢʽʚʩʴʢʦʾ ʤʦʜʝʣʽ ʜʦʟʚʦʣʷʻ ʫʷʚʠʪʠ ʜʠʥʘʤʽʢʫ ʧʨʦʮʝʩʫ ʧʝʨʝʜʘʯʽ ʧʘʢʝʪʽʚ ʚ 

ʫʤʦʚʘʭ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʘʪʘʢ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʡʦʛʦ ʡʤʦʚʽʨʥʩ̔ʥʦ-ʯʘʩʦʚʠʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ. 

ɼʦʩʣʽʜʞʝʥʥʷ ʧʨʦʮʝʩʫ ʤʘʨʰʨʫʪʠʟʘʮʽʾ ʚ ʫʤʦʚʘʭ ʥʘʷʚʥʦʩʪʽ ʟʘʛʨʦʟ 

ʽʥʬʦʨʤʘʮʽʡʥʦʾ ʙʝʟʧʝʢʠ ʤʘʻ ʙʫʪʠ ʙʘʛʘʪʦʨʽʚʥʝʚʠʤ, ʟʘ ̫ʢʦʛʦ ʢʦʞʝʥ ʟ ʨʽʚʥʽʚ 

ʚʠʟʥʘʯʘʻʪʴʩʷ ʤʘʩʰʪʘʙʦʤ ʧʨʦʮʝʩʽʚ, ʱʦ ʨʦʟʛʣʷʜʘʶʪʴʩʷ (ʪʘʙʣ.2.1). ʊʘʢʠʡ ʧʽʜʭʽʜ 

ʜʦʟʚʦʣʷʻ ʟʜʽʡʩʥʠʪʠ ʜʝʢʦʤʧʦʟʠʮʽʶ ʧʨʦʮʝʩʫ ʤʘʨʰʨʫʪʠʟʘʮʽʾ ʚʠʩʦʢʦʛʦ ʽʻʨʘʨʭʽʯʥʦʛʦ 

ʨʽʚʥʷ ʥʘ ʡʦʛʦ ʩʢʣʘʜʦʚ ̔[ʉʥʝʛʫʨʦʚ, 2013]. 

ʅʘ ʧʝʨʰʦʤʫ ʨʽʚʥʽ ʜʝʪʘʣʽʟʘʮʽʾ ʧʨʦʚʦʜʠʪʴʩʷ ʘʥʘʣʽʟ ʧʨʦʮʝʩʽʚ ʽ ʧʨʦʪʦʢʦʣʽʚ 

ʤʘʨʰʨʫʪʠʟʘʮʽʾ, ʤʝʪʨʠʢ ʦʮʽʥʢʠ ʷʢʦʩʪʽ ʤʘʨʰʨʫʪʫ, ʱʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ, ʦʙʣʽʢ ʜʽʾ 

ʩʠʩʪʝʤʠ ʤʘʨʰʨʫʪʠʟʘʮʽʾ ʽ ʟʣʦʚʤʠʩʥʠʢʽʚ, ʚʠʙʽʨ ʥʠʤʠ ʨʝʬʣʝʢʩʽʾ ʨʽʟʥʦʛʦ ʨʽʚʥʷ, 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʟʣʦʚʤʠʩʥʠʢʘʤʠ ʚʪʦʨʛʥʝʥʴ ʪʘ ʘʪʘʢ ʯʝʨʝʟ ʨʽʟʥʽ ʢʘʥʘʣʠ ʚʧʣʠʚʫ ʽ ʪ.ʽʥ. 

ʅʘ ʜʘʥʦʤʫ ʝʪʘʧʽ ʘʥʘʣʽʟʫʶʪʴʩʷ ʚʩʽ ʫʨʘʟʣʠʚʽ ʤʽʩʮʷ ʚ ʩʠʩʪʝʤʽ ʤʘʨʰʨʫʪʠʟʘʮʽʾ ʊʂʉ, 

ʚʩʽ ʤʦʞʣʠʚʽ ʟʘʩʦʙʠ ʽ ʤʝʪʦʜʠ ʥʘʧʘʜʫ, ʷʢʽ ʤʦʞʝ ʦʙʨʘʪʠ ʟʣʦʚʤʠʩʥʠʢ. 
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ʊʘʙʣʠʮʷ 2.1. 

ɸʥʘʣʽʟ ʧʨʦʮʝʩʫ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʩʠʩʪʝʤʠ ʤʘʨʰʨʫʪʠʟʘʮʽʾ ʚ ʫʤʦʚʘʭ ʥʘʷʚʥʦʩʪʽ 

ʟʘʛʨʦʟ ɯɹ 

ʈʽʚʝʥʴ ʧʨʦʮʝʩʫ  ʉʫʪʥʽʩʪʴ 

ʧʨʦʮʝʩʫ  

ʆʧʠʩ ʧʨʦʮʝʩʫ 

1. ʌʫʥʢʮʽʦʥʫʚʘʥʥʷ ʩʠʩʪʝʤʠ 

ʤʘʨʰʨʫʪʠʟʘʮʽʾ ʚ ʫʤʦʚʘʭ 

ʟʘʛʨʦʟ ɯɹ 

ʇʨʦʮʝʩ 

ʤʘʨʰʨʫʪʠʟʘʮʽʾ 

ʇʝʨʝʜʘʯʘ ʧʘʢʝʪʽʚ, ʦʮʽʥʢʘ ʪʘ ʚʠʙʽʨ 

ʤʘʨʰʨʫʪʽʚ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʚʠʤʦʛ QoS ʽ 

ɯɹ, ʦʮʽʥʢʘ ʨʠʟʠʢʫ ɯɹ ʩʠʩʪʝʤʠ 

ʤʘʨʰʨʫʪʠʟʘʮʽʾ 

2. ʌʫʥʢʮʽʦʥʫʚʘʥʥʷ ʟʘʩʦʙʽʚ 

(ʧʽʜʩʠʩʪʝʤ) ʩʠʩʪʝʤʠ 

ʤʘʨʰʨʫʪʠʟʘʮʽʾ ʚ ʫʤʦʚʘʭ 

ʟʘʛʨʦʟ ɯɹ 

ʇʨʦʮʝʩ 

ʧʨʦʪʠʙʦʨʩʪʚʘ 

ʟʘʩʦʙʽʚ ʟʘʭʠʩʪʫ 

ʤʘʨʰʨʫʪʠʟʘʪʦʨʽʚ 

(ʪʨʘʬʽʢʫ) ʚʽʜ 

ʚʽʜʧʦʚʽʜʥʠʭ 

ʟʘʛʨʦʟ ɯɹ 

ʈʝʘʣʽʟʘʮʽʷ DDʦS-ʘʪʘʢ ʽ ʟʘʭʠʩʪ ʚʽʜ ʥʠʭ, 

ʚʪʦʨʛʥʝʥʥʷ ʚ ʤʘʨʰʨʫʪʠʟʘʪʦʨʠ ʪʘ ʟʘʭʠʩʪ 

ʤʘʨʰʨʫʪʠʟʘʪʦʨʽʚ ʽʩʥʫʶʯʠʤʠ ʟʘʩʦʙʘʤʠ 

(ʉɺɺ, IPS, ʽ ʪ.ʽʥ.), ʢʨʠʧʪʦʛʨʘʬʽʯʥʠʡ 

ʟʘʭʠʩʪ ʪʨʘʬʽʢʫ ʽ ʢʨʠʧʪʦʘʥʘʣʽʟ, ʜʽʷ 

ʟʘʩʦʙʽʚ ʨʘʜʽʦʝʣʝʢʪʨʦʥʥʦʾ ʙʦʨʦʪʴʙʠ 

ʯʝʨʝʟ ʙʝʟʧʨʦʚʦʜʦʚʽ ʊʂʉ ʽ ʟʘʭʠʩʪ ʚʽʜ 

ʥʠʭ ʽ ʪ.ʽʥ. 

3. ʌʫʥʢʮʽʦʥʫʚʘʥʥʷ ʦʢʨʝʤʠʭ 

ʧʨʦʮʝʩʽʚ ʧʽʜʩʠʩʪʝʤ (ʟʘʩʦʙʽʚ) 

ʩʠʩʪʝʤʠ ʤʘʨʰʨʫʪʠʟʘʮʽʾ ʽ 

ʟʘʩʦʙʽʚ ʽʥʬʦʨʤʘʮʽʡʥʦʛʦ 

ʥʘʧʘʜʫ 

ʉʠʩʪʝʤʥʽ 

ʧʨʦʮʝʩʠ 

ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ 

ʤʘʨʰʨʫʪʠʟʘʪʦʨʽʚ 

ʽ ʟʘʩʦʙʽʚ 

ʽʥʬʦʨʤʘʮʽʡʥʦʛʦ 

ʥʘʧʘʜʫ 

ɺʠʷʚʣʝʥʥʷ ʥʘʧʘʜʫ, ʨʦʟʧʽʟʥʘʚʘʥʥʷ 

ʟʘʛʨʦʟʠ, ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʥʷ ʱʦʜʦ 

ʟʘʩʪʦʩʫʚʘʥʥʷ ʤʝʪʦʜʽʚ ʟʘʭʠʩʪʫ, ʧʝʨʝʜʘʯʘ 

ʽʥʬʦʨʤʘʮʽʾ ʧʨʦ ʚʠʷʚʣʝʥʥʷ ʟʘʛʨʦʟʠ ʽ ʪ.ʽʥ. 

 

ʅʘ ʜʨʫʛʦʤʫ ʨʽʚʥʽ ʜʝʪʘʣʽʟʘʮʽʾ ʟʜʽʡʩʥʶʻʪʴʩʷ ʨʦʟʛʣʷʜ ʧʨʦʮʝʩʫ ʧʨʦʪʠʙʦʨʩʪʚʘ 

ʢʦʥʢʨʝʪʥʠʭ ʟʘʩʦʙʽʚ (ʧʽʜʩʠʩʪʝʤ) ʥʘʧʘʜʫ ʽ ʟʘʭʠʩʪʫ, ʥʘʧʨʠʢʣʘʜ, ʨʦʟʧʦʚʩʶʜʞʝʥʥʷ 

ʰʢʽʜʣʠʚʠʭ ʧʨʦʛʨʘʤ ï ʘʥʪʠʚʽʨʫʩʥʽ ʧʘʢʝʪʠ, ʟʘʩʦʙʠ ʧʨʦʥʠʢʥʝʥʥʷ ʚ ʊʂʉ ï ʩʠʩʪʝʤʘ 

ʚʠʷʚʣʝʥʥʷ ʚʪʦʨʛʥʝʥʥʷ ʽ ʪ.ʜ.  

ʊʨʝʪʽʡ ʨʽʚʝʥʴ ʜʝʪʘʣʽʟʘʮʽʾ ʥʝʦʙʭʽʜʥʠʡ ʜʣʷ ʦʪʨʠʤʘʥʥʷ ʟʥʘʯʝʥʴ ʡʤʦʚʽʨʥʩ̔ʥʦ-

ʯʘʩʦʚʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʦʢʨʝʤʠʭ ʧʨʦʮʝʩʽʚ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʟʘʩʦʙʽʚ (ʧʽʜʩʠʩʪʝʤ) 

ʩʠʩʪʝʤʠ ʤʘʨʰʨʫʪʠʟʘʮʽʾ. 

ɺ ʭʦʜʽ ʤʘʨʰʨʫʪʠʟʘʮʽʾ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʧʨʦʪʦʢʦʣ ɯʈv4 ʪʘ IPv6. 

ʈʦʟʛʣʷʥʝʤʦ ʟʘʛʨʦʟʠ ʪʘ ʘʪʘʢʠ ʥʘ ʮʽ ʧʨʦʪʦʢʦʣʠ.  

ɿʘʛʨʦʟʠ ʽʥʬʦʨʤʘʮʽʡʥʦʾ ʙʝʟʧʝʢʠ ʩʪʝʢʘ ʧʨʦʪʦʢʦʣʽʚ IPv6. ɿ 2006 ʨʦʢʫ 

IPv6 ʧʨʦʪʦʢʦʣ ʧʝʨʝʡʰʦʚ ʫ ʬʘʟʫ ʘʢʪʠʚʥʦʛʦ ʚʧʨʦʚʘʜʞʝʥʥʷ ʧʽʩʣʷ ʧʨʦʭʦʜʞʝʥʥʷ 

ʪʝʩʪʽʚ ʽ ʥʝʦʙʭʽʜʥʠʭ ʧʝʨʝʚʽʨʦʢ [Arkko, 2005]. ɿʘʨʘʟ ʮʠʬʨʦʚʠʡ ʩʚʽʪ ʟʥʘʭʦʜʠʪʴʩʷ ʫ 
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ʩʪʘʥʽ, ʢʦʣʠ IPv6 ʩʪʘʚ ʥʝʚʽʜ'ʻʤʥʦʶ ʯʘʩʪʠʥʦʶ ʪʝʣʝʢʦʤʫʥʽʢʘʮʽʡʥʠʭ ʤʝʨʝʞ. 

[ʉʥʝʛʫʨʦʚ, 2015] 

ɿô̫ʚʠʣʠʩʷ ʥʦʚʽ ʫʨʘʟʣʠʚʦʩʪʽ, ʷʢʽ ʧʦʚôʷʟʘʥʽ ʽʟ ʟʤʽʥʘʤʠ ʧʨʘʚʠʣ ʚʟʘʻʤʦʜʽʾ ʪʘ 

ʜʦʜʘʚʘʥʥʷʤ ʥʦʚʦʛʦ ʬʫʥʢʮʽʦʥʘʣʫ. ɺ ʧʨʦʪʦʢʦʣʽ IPv6 ʟʥʘʯʥʠʡ ʘʢʮʝʥʪ ʩʪʘʚʠʚʩʷ ʥʘ 

ʙʝʟʧʝʢʫ, ʱʦ ʧʨʠʟʚʝʣʦ ʜʦ ʧʦʷʚʠ ʥʦʚʠʭ ʤʝʭʘʥʽʟʤʽʚ ʟʘʭʠʩʪʫ ʚʽʜ ʨʽʟʥʠʭ ʘʪʘʢ, ʷʢʽ 

ʨʝʘʣʽʟʦʚʘʥʦ ʥʘ ʤʝʨʝʞʥʦʤʫ ʨʽʚʥʽ ʤʦʜʝʣʽ OSI. ʅʝʦʙʭʽʜʥʦ ʟʘʟʥʘʯʠʪʠ, ʱʦ ʧʦʜʽʙʥʽ 

ʤʝʭʘʥʽʟʤʠ ʙʝʟʧʝʢʠ ʦʧʠʩʘʥʦ ʚ RFC ʱʝ ʧʦʯʠʥʘʶʯʠ ʟ 2005 ʨʦʢʫ, ʧʨʦʪʝ ʚ ʧʨʦʪʦʢʦʣʽ 

IPv4 ʚʦʥʠ ʥʝ ʟʘʩʪʦʩʦʚʫʚʘʣʠʩʷ ʽ ʨʦʟʨʦʙʣʷʣʠʩʷ ʚʠʢʣʶʯʥʦ ʜʣʷ ʧʨʦʪʦʢʦʣʫ IPv6 

[ʉʥʝʛʫʨʦʚ, 2014]. 

ɸʪʘʢʠ ʥʘ ʩʪʝʢ ʧʨʦʪʦʢʦʣʽʚ IPv6 ʫ ʣʦʢʘʣʴʥʽʡ ʤʝʨʝʞʽ. ɼʣʷ ʢʦʥʪʨʦʣʶ 

ʧʨʦʮʝʩʫ ʚʩʪʘʥʦʚʣʝʥʥʷ ʥʦʚʠʭ ʥʘʣʘʰʪʫʚʘʥʴ IP ʥʘ ʢʽʥʮʝʚʦʤʫ ʧʨʠʩʪʨʦʾ 

ʟʣʦʚʤʠʩʥʠʢʫ ʜʦʩʪʘʪʥʴʦ ʧʝʨʝʭʦʧʠʪʠ ʧʦʚʽʜʦʤʣʝʥʥ ̫RA, RS, NA, NS. ʋʨʘʟʣʠʚʦʩʪʽ 

NDP ʤʦʞʫʪʴ ʙʫʪʠ ʚʠʢʦʨʠʩʪʘʥʽ ʪʘʢʦʞ ʜʣʷ ʟʜʽʡʩʥʝʥʥʷ DoS ʘʪʘʢ, ʫ ʪʦʤʫ ʯʠʩʣʽ ʘʪʘʢ 

ʥʘ ʧʨʦʮʝʩ ʧʝʨʝʚʽʨʢʠ ʜʫʙʣʶʶʯʦʾ ʘʜʨʝʩʠ ʚ ʤʝʨʝʞʽ. 

ʆʢʨʽʤ ʧʦʰʠʨʝʥʠʭ ʘʪʘʢ ʥʘ NDP ʧʨʦʪʦʢʦʣ, IPv6 ʤʦʞʝ ʙʫʪʠ ʘʪʘʢʦʚʘʥʠʡ ʽ ʟ 

ʙʘʛʘʪʴʦʭ ʽʥʰʠʭ ʩʪʦʨʽʥ. ɸ ʤʝʭʘʥʽʟʤʠ ʙʝʟʧʝʢʠ, ʷʢʽ ʧʦʚʠʥʥʽ ʟʥʠʟʠʪʠ ʨʠʟʠʢʠ 

ʝʢʩʧʣʫʘʪʘʮʽʾ ʩʪʝʢʘ ʧʨʦʪʦʢʦʣʽʚ IPv6, ʥʘʜʘʶʪʴ ʟʣʦʚʤʠʩʥʠʢʫ ʥʦʚʽ ʤʦʞʣʠʚʦʩʪʽ ʜʣʷ 

ʘʪʘʢʠ. ʈʦʟʛʣʷʥʝʤʦ ʘʪʘʢʠ, ʷʢʽ ʤʦʞʣʠʚʦ ʨʝʘʣʽʟʫʚʘʪʠ ʚ ʤʝʞʘʭ ʣʦʢʘʣʴʥʦʾ ʤʝʨʝʞʽ. 

ɸʪʘʢʠ ʥʘ ʧʨʦʮʝʩ ʚʠʟʥʘʯʝʥʥʷ ʤʘʨʰʨʫʪʠʟʘʪʦʨʘ. 

ɺ IPv6 ʟʘ ʚʠʟʥʘʯʝʥʥʷ ʤʘʨʰʨʫʪʠʟʘʪʦʨʘ ʚ ʤʝʨʝʞʽ ʚʽʜʧʦʚʽʜʘʻ ʧʨʦʪʦʢʦʣ 

ICMPv6. ʂʣʽʻʥʪ ʟʜʽʡʩʥʶʻ ʧʦʰʫʢ ʰʣʷʭʦʤ ʚʽʜʧʨʘʚʢʠ RS ʧʦʚʽʜʦʤʣʝʥʥʷ ʚ ʤʝʨʝʞʫ 

ʥʘ ʘʜʨʝʩʫ ʛʨʫʧʦʚʦʛʦ ʨʦʟʩʠʣʘʥʥʷ ʤʘʨʰʨʫʪʠʟʘʪʦʨʽʚ. ʗʢ ʰʣʶʟ ʙʫʜʝ ʦʙʨʘʥʠʡ ʪʦʡ 

ʤʘʨʰʨʫʪʠʟʘʪʦʨ, ʷʢʠʡ ʧʝʨʰʠʤ ʚʽʜʧʦʚʽʚ RA ʧʦʚʽʜʦʤʣʝʥʥʷʤ. ɿʣʦʚʤʠʩʥʠʢ, 

ʧʝʨʝʭʦʧʠʚʰʠ ʮʝʡ ʽʥʬʦʨʤʘʮʽʡʥʠʡ ʦʙʤʽʥ, ʤʦʞʝ ʚʽʜʧʨʘʚʠʪʠ ʧʽʜʨʦʙʣʝʥʫ RA 

ʚʽʜʧʦʚʽʜʴ, ʚʢʘʟʘʚʰʠ ʷʢ ʰʣʶʟ ʩʝʙʝ. ʊʘʢʠʤ ʯʠʥʦʤ, ʚʝʩʴ ʪʨʘʬʽʢ, ʩʧʨʷʤʦʚʘʥʠʡ ʚ 

ʟʦʚʥʽʰʥʽ ʤʝʨʝʞʽ, ʧʨʦʭʦʜʠʪʠʤʝ ʯʝʨʝʟ ʧʨʠʩʪʨʽʡ ʟʣʦʚʤʠʩʥʠʢʘ. ʂʦʤʧôʁ ʪʝʨ 

ʘʪʘʢʫʶʯʦʛʦ, ʚ ʪʘʢʦʤʫ ʚʠʧʘʜʢʫ, ʚʠʩʪʫʧʘʪʠʤʝ ʷʢ ʧʨʦʢʩʽ-ʩʝʨʚʝʨ. 
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ʄʝʭʘʥʽʟʤ ʟʜʽʡʩʥʝʥʥʷ ʜʘʥʦʾ ʘʪʘʢʠ ʚ ʥʘʡʧʨʦʩʪʽʰʦʤʫ ʚʘʨʽʘʥʪʽ ʥʘʚʝʜʝʥʠʡ ʥʘ 

ʨʠʩ. 2.1. ɼʘʥʘ ʘʪʘʢʘ ʤʦʞʝ ʙʫʪʠ ʤʦʜʠʬʽʢʦʚʘʥʘ ʰʣʷʭʦʤ ʚʽʜʧʨʘʚʢʠ ʥʘ ʪʨʝʪʴʦʤʫ 

ʢʨʦʮʽ ʧʽʜʨʦʙʣʝʥʦʛʦ RA ʧʘʢʝʪʘ, ʚ ʷʢʦʤʫ ʚʢʘʟʘʥʦ ʩʧʨʘʚʞʥʶ MAC ʘʜʨʝʩʫ 

ʤʘʨʰʨʫʪʠʟʘʪʦʨʘ ʽ ʯʘʩ ʞʠʪʪʷ ʟʘʧʠʩʫ, ʱʦ ʜʦʨʽʚʥʶʻ ʜʝʢʽʣʴʢʦʤ ʛʦʜʠʥʘʤ. ʊʘʢʠʤ 

ʯʠʥʦʤ, ʢʣʽʻʥʪ ʯʝʨʝʟ ʧʨʠʟʥʘʯʝʥʠʡ ʯʘʩ ʚʠʜʘʣʠʪʴ ʟʘʧʠʩ ʟʽ ʩʚʦʻʾ ʪʘʙʣʠʮʽ, ʘ 

ʟʣʦʚʤʠʩʥʠʢ ʧʝʨʝʜʘʩʪʴ ʚʞʝ ʧʽʜʨʦʙʣʝʥʠʡ RA ʧʘʢʝʪ ʟʽ ʩʚʦʻʶ MAC ʘʜʨʝʩʦʶ. 

ʇʦʜʽʙʥʘ ʘʪʘʢʘ ʤʦʞʝ ʙʫʪʠ ʧʨʦʚʝʜʝʥʘ ʚ ʪʦʤʫ ʚʠʧʘʜʢʫ, ʷʢʱʦ ʥʘ ʢʣʽʻʥʪʽ ʚʞʝ 

ʚʩʪʘʥʦʚʣʝʥʦ ʢʦʨʝʢʪʥʠʡ ʰʣʶʟ, ʘʙʦ ʜʣʷ ʦʙʭʦʜʫ ʜʝʷʢʠʭ ʤʝʭʘʥʽʟʤʽʚ ʙʝʟʧʝʢʠ. 

 

ʈʠʩ. 2.1. ʄʝʭʘʥʽʟʤ ʘʪʘʢʠ ʥʘ ʧʨʦʮʝʩ ʚʠʷʚʣʝʥʥʷ ʤʘʨʰʨʫʪʠʟʘʪʦʨʘ ʚ IPv6 

ɸʪʘʢʘ ʥʘ SLAAC. 

ɼʣʷ ʪʦʛʦ, ʱʦʙ ʘʚʪʦʤʘʪʠʯʥʦ ʥʘʣʘʰʪʫʚʘʪʠ IPv6 ʘʜʨʝʩʫ (ʨʠʩ. 2.1) ʢʣʽʻʥʪ 

ʩʧʦʯʘʪʢʫ ʟʚʝʨʪʘʻʪʴʩʷ ʜʦ ʤʘʨʰʨʫʪʠʟʘʪʦʨʽʚ ʤʝʨʝʞʽ, ʚʽʜʧʨʘʚʣʷʶʯʠ RS 

ʧʦʚʽʜʦʤʣʝʥʥʷ ʥʘ ʘʜʨʝʩʫ ʛʨʫʧʦʚʦʛʦ ʨʦʟʩʠʣʘʥʥʷ ʤʘʨʰʨʫʪʠʟʘʪʦʨʽʚ. 

ʄʘʨʰʨʫʪʠʟʘʪʦʨ ʘʙʦ ʚʠʜʘʻ ʥʘʣʘʰʪʫʚʘʥʥʷ, ʘʙʦ ʚʽʜʧʨʘʚʣʷʻ ʢʣʽʻʥʪʘ ʟʘ ʦʪʨʠʤʘʥʥʷʤ 

ʥʘʣʘʰʪʫʚʘʥʴ ʜʦ DHCPv6 ʩʝʨʚʝʨʘ, ʥʘʜʩʠʣʘʶʯʠ ʡʦʤʫ ʚʽʜʧʦʚʽʜʴ ʫ RA 

ʧʦʚʽʜʦʤʣʝʥʥʽ. ʇʝʨʝʭʦʧʠʚʰʠ RS ʟʘʧʠʪ ʢʣʽʻʥʪʘ, ʟʣʦʚʤʠʩʥʠʢ ʤʦʞʝ ʧʽʜʤʽʥʠʪʠ RA 

ʚʽʜʧʦʚʽʜʴ ʤʘʨʰʨʫʪʠʟʘʪʦʨʘ ʽ ʚʢʘʟʘʪʠ ʫ ʚʽʜʧʦʚʽʜʽ ʧʽʜʨʦʙʣʝʥʽ ʥʘʣʘʰʪʫʚʘʥʥʷ. ʗʢ 

ʰʣʶʟ ʟʘ ʟʘʤʦʚʯʫʚʘʥʥʷʤ ʟʣʦʚʤʠʩʥʠʢ ʚʢʘʟʫʻ ʩʚʽʡ ʧʨʠʩʪʨʽʡ ʽ ʚʝʩʴ ʪʨʘʬʽʢ ʢʣʽʻʥʪʘ, 

ʷʢʠʡ ʧʝʨʝʜʘʻʪʴʩʷ ʫ ʟʦʚʥʽʰʥ ʁʤʝʨʝʞʫ, ʧʨʦʭʦʜʠʪʠʤʝ ʯʝʨʝʟ ʟʣʦʚʤʠʩʥʠʢʘ. ʗʢ ʽ ʚ 
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ʘʪʘʮʽ ʥʘ ʧʨʦʮʝʩ ʚʠʟʥʘʯʝʥʥʷ ʤʘʨʰʨʫʪʠʟʘʪʦʨʘ, ʧʨʠʩʪʨʽʡ ʟʣʦʚʤʠʩʥʠʢʘ ʚʠʩʪʫʧʘʻ ʷʢʽ 

ʧʨʦʢʩʽ-ʩʝʨʚʝʨ ʤʽʞ ʢʣʽʻʥʪʦʤ ʽ ʟʦʚʥʽʰʥʽʤʠ ʤʝʨʝʞʘʤʠ. 

DoS ʘʪʘʢʘ ʰʣʷʭʦʤ ʟʤʽʥʠ Current Hop Limit. 

ɺ IPv6 ʤʝʨʝʞʽ ʤʘʨʰʨʫʪʠʟʘʪʦʨ ʤʦʞʝ ʚʽʜʧʨʘʚʠʪʠ ʭʦʩʪʘʤ RA ʧʦʚʽʜʦʤʣʝʥʥʷ 

ʟ ʚʠʩʪʘʚʣʝʥʠʤ ʟʥʘʯʝʥʥʷʤ ʫ ʧʦʣʽ Current Hop Limit (ʮʝ ʧʦʣʝ ʚʢʘʟʫʻ, ʷʢʝ ʟʥʘʯʝʥʥʷ 

ʭʦʩʪʠ ʚ ʣʦʢʘʣʴʥʽʡ ʤʝʨʝʞʽ ʤʘʶʪʴ ʚʢʘʟʫʚʘʪʠ ʚ ʧʦʣʽ Hop Limit ʢʦʞʥʦʛʦ IPv6-

ʧʘʢʝʪʘ). ɺ IPv6 ʧʘʢʝʪʽ ʧʦʣʝ Hop Limit ʚʽʜʽʛʨʘʻ ʪʫ ʞ ʨʦʣʴ, ʱʦ ʽ ʧʦʣʝ TTL ʚ IPv4 

ʧʘʢʝʪʽ, ʽ ʚʢʘʟʫʻ ʥʘ ʪʝ, ʩʢʽʣʴʢʠ ʩʪʨʠʙʢʽʚ ʤʦʞʝ ʟʨʦʙʠʪʠ ʟʘʜʘʥʠʡ ʧʘʢʝʪ (ʩʢʽʣʴʢʠ 

ʧʨʠʩʪʨʦʾʚ ʨʽʚʥʷ L3 ʧʘʢʝʪ ʤʦʞʝ ʧʨʦʡʪʠ) ʜʦ ʪʦʛʦ, ʷʢ ʚʽʥ ʙʫʜʝ ʚʽʜʢʠʥʫʪʠʡ. ʂʦʞʥʠʡ 

L3 ʧʨʠʩʪʨʽʡ ʟʘʙʠʨʘʻ ʚʽʜ ʜʘʥʦʛʦ ʧʦʣʷ 1 ʧʝʨʝʜ ʡʦʛʦ ʚʽʜʧʨʘʚʢʦʶ. ʂʦʣʠ ʧʦʣʝ Hop 

Limit ʩʪʘʻ ʨʽʚʥʠʤ ʥʫʣʶ, ʧʘʢʝʪ ʚʽʜʢʠʜʘʻʪʴʩʷ. ɿʣʦʚʤʠʩʥʠʢ ʤʦʞʝ ʚʢʘʟʘʪʠ ʜʫʞʝ 

ʤʘʣʠʡ Current Hop Limit ʽ ʮʝ ʧʨʠʟʚʝʜʝ ʜʦ ʪʦʛʦ, ʱʦ ʧʘʢʝʪʠ ʟ ʤʘʣʠʤ Hop Limit 

ʚʽʜʢʠʜʘʪʠʤʫʪʴʩʷ ʰʚʠʜʰʝ, ʥʽʞ ʜʦʩʷʛʥʫʪʴ ʢʽʥʮʝʚʦʛʦ ʚʫʟʣʘ-ʦʜʝʨʞʫʚʘʯʘ. ɼʣʷ 

ʟʜʽʡʩʥʝʥʥʷ ʜʘʥʦʾ ʘʪʘʢʠ ʟʣʦʚʤʠʩʥʠʢʫ ʥʝʦʙʭʽʜʥʦ ʷʢʠʤʦʩʴ ʯʠʥʦʤ ʦʨʛʘʥʽʟʫʚʘʪʠ 

ʘʪʘʢʫ ʣʶʜʠʥʘ-ʧʦ-ʩʝʨʝʜʠʥʽ, ʷʢʘ ʤʦʞʝ ʙʫʪʠ ʟʜʽʡʩʥʝʥʘ ʧʽʜ ʯʘʩ ʚʠʢʦʨʠʩʪʘʥʥ ̫

ʥʝʟʘʭʠʱʝʥʦʛʦ NDP ʧʨʦʪʦʢʦʣʫ. 

ɺʠʭʦʜʷʯʠ ʟ ʘʥʘʣʽʟʫ ʙʫʜʴ-ʷʢʠʭ ʘʪʘʢ, ʫ ʪʦʤʫ ʯʠʩʣʽ ʽ ʘʙʩʦʣʶʪʥʦ ʥʦʚʠʭ 

ʩʧʦʩʦʙʽʚ ʢʦʤʧʨʦʤʝʪʘʮʽʾ, ʷʢʽ ʟô̫ ʚʠʣʠʩʷ ʟ ʧʨʦʪʦʢʦʣʦʤ IPv6, ʤʦʞʥʘ ʟʨʦʙʠʪʠ 

ʚʠʩʥʦʚʦʢ ʧʨʦ ʡʦʛʦ ʥʝʜʦʩʪʘʪʥʶ ʟʘʭʠʱʝʥʽʩʪʴ ʙʝʟ ʟʘʩʪʦʩʫʚʘʥʥʷ ʩʧʝʮʽʘʣʴʥʠʭ 

ʟʘʭʠʩʥʠʭ ʪʝʭʥʦʣʦʛʽʡ. ʊʘʢʦʞ ʩʣʽʜ ʟʘʟʥʘʯʠʪʠ, ʱʦ ʚ ʤʝʨʝʞʽ ɯʥʪʝʨʥʝʪ ʟô̫ ʚʠʣʘʩʷ 

ʚʝʣʠʢʘ ʢʽʣʴʢʽʩʪʴ ʨʽʟʥʠʭ ʫʪʠʣʽʪ, ʷʢʽ ʤʦʞʫʪʴ ʙʫʪʠ ʚʠʢʦʨʠʩʪʘʥʽ ʜʣʷ ʢʦʤʧʨʦʤʝʪʘʮʽʾ 

ʧʨʦʪʦʢʦʣʫ IPv6. ʉʣʽʜ ʪʘʢʦʞ ʚʨʘʭʦʚʫʚʘʪʠ ʽ ʪʦʡ ʬʘʢʪ, ʱʦ ʜʘʥʽ ʧʨʦʛʨʘʤʠ ʩʪʘʶʪʴ 

ʚʩʝ ʧʨʦʩʪʽʰʠʤʠ ʚ ʝʢʩʧʣʫʘʪʘʮʽʾ, ʱʦ ʨʦʙʠʪʴ ʤʦʞʣʠʚʦʶ ʨʝʘʣʽʟʘʮʽʶ ʘʪʘʢʠ ʥʘʚʽʪʴ 

ʘʪʘʢʫʶʯʠʤ ʟ ʙʘʟʦʚʠʤ ʨʽʚʥʝʤ ʟʥʘʥʴ ʽ ʥʘʚʠʯʦʢ. 

ɺʩʽ ʧʝʨʝʨʘʭʦʚʘʥʽ ʚʠʱʝ ʬʘʢʪʦʨʠ ʚʢʘʟʫʶʪʴ ʥʘ ʪʝ, ʱʦ ʩʽʤʝʡʩʪʚʦ ʧʨʦʪʦʢʦʣʽʚ 

IPv6 ʧʦʪʨʝʙʫʻ ʜʦʜʘʪʢʦʚʠʭ ʤʝʭʘʥʽʟʤʽʚ ʟʘʙʝʟʧʝʯʝʥʥʷ ʽʥʬʦʨʤʘʮʽʡʥʦʾ ʙʝʟʧʝʢʠ, ʚ 

ʪʦʤʫ ʯʠʩʣʽ ʽ ʢʘʨʜʠʥʘʣʴʥʦ ʥʦʚʠʭ, ʪʦʤʫ ʱʦ ʧʨʦʪʦʢʦʣ IPv6 ʤʘʻ ʙʘʛʘʪʦ ʫʥʽʢʘʣʴʥʠʭ 

ʦʩʦʙʣʠʚʦʩʪʝʡ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ. 
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ʊʘʢʠʤ ʯʠʥʦʤ ʧʨʦʚʝʜʝʥʦ ʘʥʘʣʽʟ ʙʝʟʧʝʢʠ ʧʨʦʪʦʢʦʣʽʚ IPv4 ʪʘ IPv6, ʘʪʘʢ ʥʘ ʮʽ 

ʧʨʦʪʦʢʦʣʠ ʪʘ ʚʽʜʧʦʚʽʜʥʦ ʧʽʜʭʦʜʽʚ ʟʘʙʝʟʧʝʯʝʥʥʷ ʙʝʟʧʝʢʠ ʧʨʠ ʬʫʥʢʮʽʦʥʫʚʘʥʥʽ 

ʢʦʤʧôʶʪʝʨʥʠʭ ʩʠʩʪʝʤ ʪʘ ʤʝʨʝʞ. ɼʣʷ ʨʝʘʣʽʟʘʮʽʾ ʧʽʜʭʦʜʽʚ ʥʝʦʙʭʽʜʥʦ ʨʦʟʨʦʙʠʪʠ 

ʢʦʥʮʝʧʮʽʶ ʟʘʙʝʟʧʝʯʝʥʥʷ ʽʥʬʦʨʤʘʮʽʡʥʦʾ ʙʝʟʧʝʢʠ ʢʦʤʧôʶʪʝʨʥʠʭ ʩʠʩʪʝʤ ʽʟ 

ʩʘʤʦʧʦʜʽʙʥʠʤʠ ʽʥʬʦʨʤʘʮʽʡʥʠʤʠ ʧʦʪʦʢʘʤʠ. 

2.3. ʈʦʟʨʦʙʢʘ ʢʦʥʮʝʧʮʽʾ ʟʘʙʝʟʧʝʯʝʥʥʷ ʽʥʬʦʨʤʘʮʽʡʥʦʾ ʙʝʟʧʝʢʠ 

ʢʦʤʧôʶʪʝʨʥʠʭ ʩʠʩʪʝʤ ʽʟ ʩʘʤʦʧʦʜʽʙʥʠʤʠ ʽʥʬʦʨʤʘʮʽʡʥʠʤʠ ʧʦʪʦʢʘʤʠ  

ɿ ʤʝʪʦʶ ʨʦʟʨʦʙʢʠ ʢʦʥʮʝʧʮʽʾ ʟʘʙʝʟʧʝʯʝʥʥʷ ʽʥʬʦʨʤʘʮʽʡʥʦʾ ʙʝʟʧʝʢʠ 

ʢʦʤʧôʶʪʝʨʥʠʭ ʩʠʩʪʝʤ ʩʬʦʨʤʫʣʶʻʤʦ ʟʘʚʜʘʥʥʷ ʜʣʷ ʨʦʟʨʦʙʢʠ ʤʦʜʝʣʝʡ ʪʘ ʤʝʪʦʜʽʚ 

ʟʘʙʝʟʧʝʯʝʥʥʷ ʙʝʟʧʝʢʠ ʪʘ ʷʢʦʩʪʽ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ, ʷʢʽ ʚʽʜʧʦʚʽʜʘʶʪʴ ʩʫʯʘʩʥʦʤʫ 

ʯʘʩʫ. ɼʣʷ ʮʴʦʛʦ ʩʪʠʩʣʦ ʩʬʦʨʤʫʣʶʻʤʦ ʥʝʜʦʣʽʢʠ, ʷʢʽ ʻ ʚ ʩʫʯʘʩʥʠʭ ʤʦʜʝʣʷʭ ʪʘ 

ʤʝʪʦʜʘʭ ʪʘ ʚʠʟʥʘʯʠʤʦ ʰʣʷʭʠ ʾʭ ʫʩʫʥʝʥʥʷ.  

ʆʩʥʦʚʥʠʤʠ ʥʝʜʦʣʽʢʘʤʠ ʩʫʯʘʩʥʠʭ ʤʦʜʝʣʝʡ ʪʘ ʤʝʪʦʜʽʚ ʟʘʙʝʟʧʝʯʝʥʥʷ 

ʙʝʟʧʝʢʠ ʪʘ ʷʢʦʩʪʽ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʢʦʤʧôʶʪʝʨʥʠʭ ʩʠʩʪʝʤ ʻ: 

- ʚʽʜʩʫʪʥʽʩʪʴ ʢʦʤʧʦʥʝʥʪʽʚ ʫʧʨʘʚʣʽʥʥʷ ʚʭʽʜʥʠʤʠ ʽʥʬʦʨʤʘʮʽʡʥʠʤʠ 

ʧʦʪʦʢʘʤʠ ʪʘ ʟʘʙʝʟʧʝʯʝʥʥʷ ʙʝʟʧʝʢʠ; 

- ʧʨʦʛʨʘʤʥʽ ʪʘ ʘʧʘʨʘʪʥʽ ʩʠʩʪʝʤʠ ʚʠʷʚʣʝʥʥʷ ʚʪʦʨʛʥʝʥʴ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ 

ʘʙʦ ʩʠʛʥʘʪʫʨʥʠʡ, ʘʙʦ ʧʦʚʝʜʽʥʢʦʚʠʡ ʤʝʪʦʜ ʽʜʝʥʪʠʬʽʢʘʮʽʾ ʘʪʘʢ; 

- ʚʽʜʩʫʪʥʽʩʪʴ ʫʨʘʭʫʚʘʥʥʷ ʤʫʣʴʪʠʬʨʘʢʪʘʣʴʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ 

ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʧʦʪʦʢʽʚ ʨʽʟʥʠʭ ʢʣʘʩʽʚ ʷʢʦʩʪʽ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ, ʦʙʤʝʞʝʥʥʷ ʥʘ 

ʥʘʙʽʨ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʩʠʩʪʝʤʠ;  

- ʚʽʜʩʫʪʥʽʩʪʴ ʤʝʪʦʜʽʚ ʙʘʣʘʥʩʫʚʘʥʥʷ ʨʽʟʥʠʭ ʢʣʘʩʽʚ ʤʫʣʴʪʠʬʨʘʢʪʘʣʴʥʠʭ 

ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʧʦʪʦʢʽʚ ʟʘ ʦʙʤʝʞʝʥ ɹ ʥʘ ʯʘʩ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʚ ʩʠʩʪʝʤʘʭ 

ʚʠʷʚʣʝʥʥʷ ʚʪʦʨʛʥʝʥʴ.  
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ʊʦʤʫ ʘʢʪʫʘʣʴʥʠʤ ʟʘʚʜʘʥʥʷʤ ʻ ʨʦʟʨʦʙʢʘ ʢʦʥʮʝʧʮʽʾ ʟʘʙʝʟʧʝʯʝʥʥʷ 

ʽʥʬʦʨʤʘʮʽʡʥʦʾ ʙʝʟʧʝʢʠ ʢʦʤʧôʶʪʝʨʥʠʭ ʩʠʩʪʝʤ ʽʟ ʩʘʤʦʧʦʜʽʙʥʠʤʠ ʽʥʬʦʨʤʘʮʽʡʥʠʤʠ 

ʧʦʪʦʢʘʤʠ, ʷʢʽ ʧʨʘʮʶʶʪʴ ʚ ʫʤʦʚʘʭ ʚʪʦʨʛʥʝʥʴ ʪʘ ʢʽʙʝʨʘʪʘʢ. 

ʋ ʢʦʥʮʝʧʮʽʾ ʟʘʙʝʟʧʝʯʝʥʥʷ ʽʥʬʦʨʤʘʮʽʡʥʦʾ ʙʝʟʧʝʢʠ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ 

ʤʝʨʝʞʥʽ ʩʠʩʪʝʤʠ ʚʠʷʚʣʝʥʥʷ ʚʪʦʨʛʥʝʥʴ, ʜʘʪʯʠʢʠ ʷʢʠʭ ʧʨʠʡʤʘʶʪʴ ʽʥʬʦʨʤʘʮʽʡʥʠʡ 

ʧʦʪʽʢ ʜʣʷ ʚʠʷʚʣʝʥʥʷ ʚʪʦʨʛʥʝʥʴ ʚ ʢʦʤʧôʶʪʝʨʥʫ ʩʠʩʪʝʤʫ ʰʣʷʭʦʤ ʡʦʛʦ ʘʥʘʣʽʟʫ. 

ɼʣʷ ʦʧʪʠʤʘʣʴʥʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʨʝʩʫʨʩʽʚ ʉɺɺ ʪʘ ʟʤʝʥʰʝʥʥʷ ʯʘʩʫ ʦʙʨʦʙʢʠ 

ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʧʦʪʦʢʽʚ ʟ ʤʝʪʦʶ ʚʠʷʚʣʝʥʥʷ ʚʪʦʨʛʥʝʥʴ ʧʦʪʨʽʙʥʦ ʨʦʟʨʦʙʠʪʠ ʤʝʪʦʜ 

ʜʠʥʘʤʽʯʥʦʛʦ ʙʘʣʘʥʩʫʚʘʥʥʷ ʪʨʘʬʽʢʘ, ʷʢʠʡ ʙʘʟʫʻʪʴʩʷ ʥʘ ʤʦʜʝʣʽ ʉɺɺ ʪʘ ʚʨʘʭʦʚʫʻ 

ʤʫʣʴʪʠʬʨʘʢʪʘʣʴʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʪʨʘʬʽʢʘ ʪʘ ʦʙʤʝʞʝʥʥʷ ʥʘ ʯʘʩ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ 

ʨʽʟʥʠʭ ʢʣʘʩʽʚ ʽʥʬʦʨʤʘʮʽʡʥʦʛʦ ʧʦʪʦʢʫ. ʇʦʪʨʽʙʥʦ ʨʦʟʨʦʙʠʪʠ ʤʝʪʦʜ ʚʠʷʚʣʝʥʥʷ 

ʚʪʦʨʛʥʝʥʴ, ʱʦʙ ʧʽʜʚʠʱʠʪʠ ʜʦʩʪʦʚʽʨʥʽʩʪʴ ʽ ʪʦʯʥʽʩʪʴ ʚʠʷʚʣʝʥʥʷ ʚʪʦʨʛʥʝʥʴ, ʷʢʠʡ 

ʙʘʟʫʻʪʴʩʷ ʥʘ ʚʠʢʦʨʠʩʪʘʥʥʽ ʘʥʘʣʽʟʫ ʩʠʛʥʘʪʫʨ, ʘʥʘʣʽʟʫ ʘʥʦʤʘʣʽʡ ʧʦʚʝʜʽʥʢʠ ʤʝʨʝʞʽ 

ʪʘ ʝʥʪʨʦʧʽʡʥʦʤʫ ʘʥʘʣʽʟʽ ʧʨʦʪʦʢʦʣʽʚ.  

ʅʘʜʘʣʽ, ʫ ʢʦʥʮʝʧʮʽʾ  ʧʦʪʨʽʙʥʦ ʨʦʟʨʦʙʠʪʠ ʤʝʪʦʜ ʟʘʙʝʟʧʝʯʝʥʥʷ ʙʝʟʧʝʯʥʦʾ 

ʤʘʨʰʨʫʪʠʟʘʮʽʾ, ʷʢʠʡ ʙʘʟʫʻʪʴʩʷ ʥʘ ʤʫʣʴʪʠʬʨʘʢʪʘʣʴʥʠʭ ʚʣʘʩʪʠʚʦʩʪʷʭ ʪʨʘʬʽʢʘ ʪʘ 

ʧʘʨʘʤʝʪʨʘʭ ʷʢʦʩʪʽ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʧʨʽʦʨʠʪʝʪʥʦʛʦ ʪʨʘʬʽʢʘ, ʜʣʷ ʟʤʝʥʰʝʥʥʷ 

ʟʘʚʘʥʪʘʞʝʥʦʩʪʽ ʨʝʩʫʨʩʽʚ ʢʦʤʧôʶʪʝʨʥʦʾ ʩʠʩʪʝʤʠ ʟʘ ʨʘʭʫʥʦʢ ʩʧʨʷʤʫʚʘʥʥʷ 

ʙʝʟʧʝʯʥʠʭ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʧʦʪʦʢʽʚ ʨʽʟʥʦʛʦ ʢʣʘʩʫ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʥʘ ʙʝʟʧʝʯʥʽ ʽ 

ʤʝʥʰ ʟʘʚʘʥʪʘʞʝʥʽ ʨʝʩʫʨʩʠ. 

ʅʘʜʘʣʽ, ʫ ʢʦʥʮʝʧʮʽʾ ʥʝʦʙʭʽʜʥʦ ʨʦʟʨʦʙʠʪʠ ʤʝʪʦʜ ʟʘʙʝʟʧʝʯʝʥʥʷ ʙʝʟʧʝʢʠ 

ʤʝʨʝʞʽ ʚ ʭʦʜʽ ʜʠʥʘʤʽʯʥʦʛʦ ʙʘʣʘʥʩʫʚʘʥʥ ̫ ʥʘʚʘʥʪʘʞʝʥʥʷ ʟ ʩʘʤʦʧʦʜʽʙʥʠʤ 

ʪʨʘʬʽʢʦʤ, ʷʢʠʡ ʟʘʩʥʦʚʘʥʦ ʥʘ ʤʦʜʝʣʽ ʙʘʣʘʥʩʫʚʘʣʴʥʠʢʘ ʢʦʤʧôʶʪʝʨʥʦʾ ʤʝʨʝʞʽ ʟ 

ʫʨʘʭʫʚʘʥʥʷʤ ʧʘʨʘʤʝʪʨʽʚ ʙʝʟʧʝʢʠ ʨʦʟʧʦʜʽʣʫ ʪʨʘʬʽʢʘ ʽ ʤʫʣʴʪʠʬʨʘʢʪʘʣʴʥʠʭ 

ʚʣʘʩʪʠʚʦʩʪʝʡ ʪʨʘʬʽʢʫ, ʱʦ ʜʦʟʚʦʣʠʪʴ  ʟʤʝʥʰʠʪʠ ʟʘʚʘʥʪʘʞʝʥʽʩʪʴ ʨʝʩʫʨʩʽʚ 

ʢʦʤʧôʶʪʝʨʥʦʾ ʩʠʩʪʝʤʠ ʟʘ ʨʘʭʫʥʦʢ ʩʧʨʷʤʫʚʘʥʥʷ ʙʝʟʧʝʯʥʠʭ ʥʝʦʜʥʦʨʽʜʥʠʭ 

ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʧʦʪʦʢʽʚ ʥʘ ʤʝʥʰ ʟʘʚʘʥʪʘʞʝʥʽ ʨʝʩʫʨʩʠ. 
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ɺʠʭʦʜʷʯʠ ʟ ʚʠʱʝʚʠʢʣʘʜʝʥʦʛʦ, ʥʦʚʘ ʢʦʥʮʝʧʮʽʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʽʥʬʦʨʤʘʮʽʡʥʦʾ 

ʙʝʟʧʝʢʠ ʤʘʻ ʧʦʟʙʘʚʣʷʪʠ ʢʦʤʧôʶʪʝʨʥʽ ʩʠʩʪʝʤʠ ʽʩʥʫʶʯʠʭ ʥʝʜʦʣʽʢʽʚ ʪʘ ʧʝʨʝʚʝʨʰʫʻ 

ʾʭ ʟʘ ʪʘʢʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ:  

- ʪʦʯʥʦʩʪʽ ʚʠʷʚʣʝʥʥʷ ʚʪʦʨʛʥʝʥʴ, ʱʦ ʜʦʟʚʦʣʷʻ ʟʤʝʥʰʠʪʠ ʢʽʣʴʢʽʩʪʴ 

ʧʦʤʠʣʢʦʚʠʭ ʩʧʨʘʮʴʦʚʫʚʘʥʴ ʪʘ ʧʽʜʚʠʱʠʪʠ ʡʤʦʚʽʨʥʽʩʪʴ ʚʠʷʚʣʝʥʥʷ ʢʽʙʝʨʘʪʘʢ; 

- ʰʚʠʜʢʦʩʪʽ ʚʠʷʚʣʝʥʥʷ ʚʪʦʨʛʥʝʥʴ ʟʘ ʨʘʭʫʥʦʢ ʚʠʢʦʨʠʩʪʘʥʥʷ ʢʦʤʧʣʝʢʩʥʦʛʦ 

ʤʝʪʦʜʫ ʚʠʷʚʣʝʥʥʷ ʚʪʦʨʛʥʝʥʴ; 

- ʟʘʚʘʥʪʘʞʝʥʦʩʪ̔ ʨʝʩʫʨʩʽʚ ʉɺɺ ʟʘ ʨʘʭʫʥʦʢ ʜʠʥʘʤʽʯʥʦʛʦ ʙʘʣʘʥʩʫʚʘʥʥʷ 

ʽʥʬʦʨʤʘʮʽʡʥʦʛʦ ʧʦʪʦʢʫ; 

- ʰʚʠʜʢʦʩʪʽ ʦʙʨʦʙʢʠ ʽʥʬʦʨʤʘʮʽʡʥʦʛʦ ʧʦʪʦʢʫ, ʱʦ ʜʦʟʚʦʣʷʻ ʟʤʝʥʰʠʪʠ ʯʘʩ 

ʟʘʪʨʠʤʢʠ ʪʨʘʬʽʢʘ; 

- ʟʘʚʘʥʪʘʞʝʥʦʩʪ̔ ʨʝʩʫʨʩʽʚ ʢʦʤʧôʶʪʝʨʥʦʾ ʩʠʩʪʝʤʠ ʟʘ ʨʘʭʫʥʦʢ ʙʘʣʘʥʩʫʚʘʥʥʷ 

ʪʨʘʬʽʢʫ ʽʟ ʩʘʤʦʧʦʜʽʙʥʠʤʠ ʚʣʘʩʪʠʚʦʩʪʷʤʠ; 

- ʰʚʠʜʢʦʩʪ̔ ʧʝʨʝʜʘʯʽ ʽʥʬʦʨʤʘʮʽʾ ʟʘ ʨʘʭʫʥʦʢ ʙʣʦʢʫʚʘʥʥʷ ʘʪʘʢʦʚʘʥʦʛʦ 

ʪʨʘʬʽʢʘ ʚ ʭʦʜʽ ʙʝʟʧʝʯʥʦ ʾʤʘʨʰʨʫʪʠʟʘʮʽʾ. 

ʆʪʞʝ ʨʦʟʨʦʙʣʝʥʘ ʢʦʥʮʝʧʮʽʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʽʥʬʦʨʤʘʮʽʡʥʦʾ ʙʝʟʧʝʢʠ 

ʢʦʤʧôʶʪʝʨʥʠʭ ʩʠʩʪʝʤ, ʧʨʘʢʪʠʯʥʦ ʟʘ ʫʩʽʤʘ ʧʘʨʘʤʝʪʨʘʤʠ ʩʫʪʪʻʚʦ ʚʠʧʝʨʝʜʞʘʻ 

ʽʩʥʫʶʯʽ ʧʨʦʛʨʘʤʥʽ ʩʠʩʪʝʤʠ ʟʘʭʠʩʪʫ ʽʥʬʦʨʤʘʮʽʾ ʚ ʽʥʬʦʢʦʤʫʥʽʢʘʮʽʡʥʠʭ ʩʠʩʪʝʤʘʭ. 

2.4. ɸʥʘʣʽʟ ʧʽʜʭʦʜʽʚ ʱʦʜʦ ʟʘʙʝʟʧʝʯʝʥʥʷ ʙʝʟʧʝʯʥʦʾ ʤʘʨʰʨʫʪʠʟʘʮʽʾ ʚ 

ʢʦʤʧôʶʪʝʨʥʠʭ ʩʠʩʪʝʤʘʭ 

ɽʬʝʢʪʠʚʥʘ ʤʝʨʝʞʥʘ ʙʝʟʧʝʢʘ ʚʠʤʘʛʘʻ ʽʥʪʝʛʨʦʚʘʥʦʛʦ ʧʦʛʣʠʙʣʝʥʦʛʦ 

ʟʘʭʠʩʪʫ. ʇʝʨʰʠʡ ʨʽʚʝʥʴ ʟʘʭʠʩʪʫ ʧʦʣʷʛʘʻ ʚ ʟʘʙʝʟʧʝʯʝʥʥʽ ʜʦʪʨʠʤʘʥʥʷ 

ʦʩʥʦʚʦʧʦʣʦʞʥʠʭ ʝʣʝʤʝʥʪʽʚ ʤʝʨʝʞʥʦʾ ʙʝʟʧʝʢʠ. ʎʽ ʬʫʥʜʘʤʝʥʪʘʣʴʥʽ ʝʣʝʤʝʥʪʠ 

ʙʝʟʧʝʢʠ ʬʦʨʤʫʶʪʴ ʙʘʟʦʚʠʡ ʨʽʚʝʥʴ ʙʝʟʧʝʢʠ, ʩʪʚʦʨʶʶʯʠ ʤʽʮʥʫ ʦʩʥʦʚʫ, ʥʘ ʷʢʽʡ 

ʟʛʦʜʦʤ ʤʦʞʫʪʴ ʙʫʪʠ ʧʦʙʫʜʦʚʘʥʽ ʙʽʣʴʰ ʜʦʩʢʦʥʘʣʽ ʤʝʪʦʜʠ ʽ ʪʝʭʥʦʣʦʛʽʾ [Cisco, 

2008]. 
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ʆʜʥʘʢ ʨʦʟʨʦʙʢʘ ʪʘ ʨʦʟʛʦʨʪʘʥʥʷ ʙʘʟʦʚʦʾ ʣʽʥʽʾ ʙʝʟʧʝʢʠ ʤʦʞʝ ʙʫʪʠ 

ʧʨʦʙʣʝʤʘʪʠʯʥʦʶ ʫ ʟʚôʷʟʢʫ ʟ ʰʠʨʦʢʠʤ ʩʧʝʢʪʨʦʤ ʜʦʩʪʫʧʥʠʭ ʦʧʮʽʡ. ɹʘʟʦʚʘ ʣʽʥʽʷ 

ʤʝʨʝʞʥʦʾ ʙʝʟʧʝʢʠ ʧʨʠʟʥʘʯʝʥʘ ʜʣʷ ʥʘʜʘʥʥʷ ʜʦʧʦʤʦʛʠ ʰʣʷʭʦʤ ʦʧʠʩʫ ʪʠʭ 

ʢʣʶʯʦʚʠʭ ʝʣʝʤʝʥʪʽʚ ʙʝʟʧʝʢʠ, ʷʢʽ ʤʘʶʪʴ ʙʫʪʠ ʨʦʟʛʣʷʥʫʪʽ ʥʘ ʧʝʨʰʦʤʫ ʝʪʘʧʽ 

ʟʜʽʡʩʥʝʥʥʷ ʟʘʭʠʩʪʫ. ʆʩʥʦʚʥʘ ʫʚʘʛʘ ɹʘʟʦʚʦʾ ʣʽʥʽʾ ʤʝʨʝʞʥʦʾ ʙʝʟʧʝʢʠ ʥʘʧʨʘʚʣʝʥʘ ʥʘ 

ʟʘʙʝʟʧʝʯʝʥʥʷ ʙʝʟʧʝʢʠ ʤʝʨʝʞʥʦʾ ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ: ʧʣʦʱʠʥʠ ʫʧʨʘʚʣʽʥʥʷ ʽ 

ʢʦʥʪʨʦʣʶ, ʪʘ  ̒ʦʩʥʦʚʥʠʤʠ ʝʣʝʤʝʥʪʘʤʠ ʤʝʨʝʞʥʦʾ ʙʝʟʧʝʢʠ, ʷʢʽ ʻ ʢʣʶʯʦʚʠʤʠ ʜʣʷ 

ʨʦʟʨʦʙʢʠ ʥʘʜʽʡʥʦʾ ʙʘʟʦʚʦʾ ʣʽʥʽʾ ʤʝʨʝʞʥʦʾ ʙʝʟʧʝʢʠ, ʘ ʪʘʢʦʞ ʢʨʠʪʠʯʥʦ ʚʘʞʣʠʚʠʭ 

ʤʝʨʝʞʥʠʭ ʧʦʩʣʫʛ, ʽ ʨʦʟʛʣʷʜʘʶʪʴʩʷ ʪʘʢʽ ʢʣʶʯʦʚʽ ʦʙʣʘʩʪʽ ʙʘʟʦʚʦʾ ʙʝʟʧʝʢʠ: 

ï ʜʦʩʪʫʧ ʜʦ ʧʨʠʩʪʨʦʾʚ; 

ï ʩʪʽʡʢʽʩʪʴ ʽ ʥʘʜʽʡʥʽʩʪʴ ʧʨʠʩʪʨʦʶ; 

ï ʽʥʬʨʘʩʪʨʫʢʪʫʨʘ; 

ï ʟʘʩʪʦʩʫʚʘʥʥʷ ʤʝʨʝʞʥʠʭ ʧʦʣʽʪʠʢ; 

ï ʽʥʬʨʘʩʪʨʫʢʪʫʨʘ ʤʘʨʰʨʫʪʠʟʘʮʽʾ; 

ï ʪʝʣʝʤʝʪʨʽʷ ʤʝʨʝʞʽ; 

ï ʧʝʨʝʤʠʢʘʥʥʷ ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ. 

ʗʢʱʦ ʮʽ ʙʘʟʦʚʽ ʝʣʝʤʝʥʪʠ ʙʝʟʧʝʢʠ ʥʝ ʙʫʜʫʪʴ ʚʨʘʭʦʚʘʥʽ, ʜʦʜʘʪʢʦʚʽ 

ʪʝʭʥʦʣʦʛʽʾ ʽ ʬʫʥʢʮʽʾ ʙʝʟʧʝʢʠ ʥʝ ʧʨʠʥʝʩʫʪʴ ʢʦʨʠʩʪʽ.  

ɼʣʷ ʜʦʩʷʛʥʝʥʥʷ ʪʘʢʦʾ ʧʦʚʥʦʾ ʚʠʜʠʤʦʩʪʽ ʽ ʧʦʚʥʦʛʦ ʢʦʥʪʨʦʣʶ ʧʦ ʚʩʽʡ 

ʤʝʨʝʞʽ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʨʽʟʥʽ ʪʝʭʥʦʣʦʛʽʾ ʽ ʤʦʞʣʠʚʦʩʪʽ ʜʣʷ ʦʪʨʠʤʘʥʥʷ 

ʚʠʜʠʤʦʩʪʽ ʤʝʨʝʞʥʦʾ ʘʢʪʠʚʥʦʩʪʽ, ʚʧʨʦʚʘʜʞʝʥʥʷ ʤʝʨʝʞʥʠʭ ʧʦʣʽʪʠʢ ʽ ʘʜʨʝʩʘʮʽʾ 

ʘʥʦʤʘʣʴʥʦʛʦ ʪʨʘʬʽʢʘ. ɽʣʝʤʝʥʪʠ ʤʝʨʝʞʥʦʾ ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ, ʪʘʢʽ ʷʢ 

ʤʘʨʰʨʫʪʠʟʘʪʦʨʠ ʽ ʢʦʤʫʪʘʪʦʨʠ, ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʷʢ ʧʦʰʠʨʝʥ,̔ ʧʨʦʘʢʪʠʚʥ ̔

ʘʛʝʥʪʠ ʤʦʥʽʪʦʨʠʥʛʫ ʧʦʣʽʪʠʢʠ ʪʘ ʧʨʘʚʦʟʘʩʪʦʩʫʚʘʥʥʷ. 

ɿʘʭʠʩʪ ʤʝʨʝʞʥʦʾ ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ  ̒ ʢʨʠʪʠʯʥʦ ʚʘʞʣʠʚʠʤ ʜʣʷ ʟʘʛʘʣʴʥʦʾ 

ʤʝʨʝʞʥʦʾ ʙʝʟʧʝʢʠ, ʥʝʟʚʘʞʘʶʯʠ ʥʘ ʪʝ, ʯʠ ʮʝ ʤʘʨʰʨʫʪʠʟʘʪʦʨʠ, ʢʦʤʫʪʘʪʦʨʠ, 

ʩʝʨʚʝʨʠ ʘʙʦ ʽʥʰʽ ʧʨʠʩʪʨʦʾ ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ. ʆʜʥʠʤ ʟ ʢʣʶʯʦʚʠʭ ʝʣʝʤʝʥʪʽʚ ʮʴʦʛʦ ʻ 

ʙʝʟʧʝʢʘ ʫʧʨʘʚʣʽʥʥʷ ʜʦʩʪʫʧʦʤ ʜʦ ʮʠʭ ʽʥʬʨʘʩʪʨʫʢʪʫʨʥʠʭ ʧʨʠʩʪʨʦʾʚ. ʗʢʱʦ ʜʦʩʪʫʧ 
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ʜʦ ʧʨʠʩʪʨʦʶ ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ ʙʫʜʝ ʧʦʨʫʰʝʥʠʡ, ʙʝʟʧʝʢʘ ʽ ʫʧʨʘʚʣʽʥʥʷ ʚʩʽʻʶ 

ʤʝʨʝʞʝʶ ʙʫʜʝ ʧʦʩʪʘʚʣʝʥʘ ʧʽʜ ʟʘʛʨʦʟʫ. ʆʪʞʝ, ʚʘʞʣʠʚʦ ʚʩʪʘʥʦʚʠʪʠ ʚʽʜʧʦʚʽʜʥʽ 

ʟʘʭʦʜʠ ʢʦʥʪʨʦʣʶ ʜʣʷ ʟʘʧʦʙʽʛʘʥʥʷ ʥʝʩʘʥʢʮʽʦʥʦʚʘʥʦʤʫ ʜʦʩʪʫʧʫ ʜʦ 

ʽʥʬʨʘʩʪʨʫʢʪʫʨʥʠʭ ʧʨʠʩʪʨʦʾʚ. 

ʄʘʨʰʨʫʪʠʟʘʮʽʷ ʻ ʦʜʥʽʻʶ ʟ ʥʘʡʚʘʞʣʠʚʽʰʠʭ ʩʢʣʘʜʦʚʠʭ ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ, 

ʷʢʘ ʧʽʜʪʨʠʤʫʻ ʧʨʘʮʝʟʜʘʪʥʽʩʪʴ ʤʝʨʝʞʽ, ʽ ʪʦʤʫ ʚʢʨʘʡ ʚʘʞʣʠʚʦ ʚʞʠʪʠ ʚʩʽʭ 

ʥʝʦʙʭʽʜʥʠʭ ʟʘʭʦʜʽʚ ʜʣʷ ʾʾ ʟʘʭʠʩʪʫ. ɯʩʥʫʶʪʴ ʨʽʟʥʽ ʩʧʦʩʦʙʠ ʟʣʘʤʫ ʤʘʨʰʨʫʪʠʟʘʮʽʾ, 

ʚʽʜ ʚʧʨʦʚʘʜʞʝʥʥʷ ʥʝʟʘʢʦʥʥʠʭ ʦʥʦʚʣʝʥʴ ʜʦ DoS ʘʪʘʢ, ʩʧʝʮʽʘʣʴʥʦ ʨʦʟʨʦʙʣʝʥʠʭ 

ʜʣʷ ʧʦʨʫʰʝʥʥʷ ʤʘʨʰʨʫʪʠʟʘʮʽʾ. ɸʪʘʢʠ ʤʦʞʫʪʴ ʙʫʪʠ ʩʧʨʷʤʦʚʘʥʽ ʥʘ ʧʨʠʩʪʨʦʾ 

ʤʘʨʰʨʫʪʠʟʘʪʦʨʘ, ʧʨ̔ʠʥʛʦʚʽ ʩʝʩʽʾ ʪʘ/ʘʙʦ ʽʥʬʦʨʤʘʮʽʶ ʧʨʦ ʤʘʨʰʨʫʪʠʟʘʮʽʶ. ʊʘʢʽ 

ʧʨʦʪʦʢʦʣʠ, ʷʢ BGP, IS-IS, OSPF, EIGRP ʽ RIPv2, ʥʘʜʘʶʪʴ ʥʘʙʽʨ ʽʥʩʪʨʫʤʝʥʪʽʚ, ʷʢʽ 

ʜʦʧʦʤʘʛʘʶʪʴ ʟʘʭʠʩʪʠʪʠ ʽʥʬʨʘʩʪʨʫʢʪʫʨʫ ʤʘʨʰʨʫʪʠʟʘʮʽʾ. ʋ ʜʘʥʦʤʫ ʨʦʟʜʽʣʽ 

ʥʘʚʝʜʝʥʦ ʨʝʢʦʤʝʥʜʘʮʽʾ ʱʦʜʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʪʘʢʠʭ ʽʥʩʪʨʫʤʝʥʪʽʚ. 

ʆʩʥʦʚʥʽ ʬʫʥʢʮʽʾ ʤʘʨʰʨʫʪʠʟʘʪʦʨʘ ʧʦʣʷʛʘʶʪʴ ʫ ʚʠʚʯʝʥʥʽ ʽ ʧʦʰʠʨʝʥʥʽ 

ʤʘʨʰʨʫʪʥʦʾ ʽʥʬʦʨʤʘʮʽʾ ʪʘ ʧʝʨʝʩʠʣʘʥʥʽ ʧʘʢʝʪʽʚ ʟʘ ʚʽʜʧʦʚʽʜʥʠʤʠ ʚʠʤʦʛʘʤ 

ʰʣʷʭʘʤʠ. ʋʩʧʽʰʥʽ ʘʪʘʢʠ ʥʘ ʤʘʨʰʨʫʪʠʟʘʪʦʨʠ ʤʦʞʫʪʴ ʚʧʣʠʥʫʪʠ ʘʙʦ ʧʦʨʫʰʠʪʠ 

ʦʜʥʫ ʘʙʦ ʢʽʣʴʢʘ ʦʩʥʦʚʥʠʭ ʬʫʥʢʮʽʡ, ʩʢʦʤʧʨʦʤʝʪʫʚʘʚʰʠ ʩʘʤ ʤʘʨʰʨʫʪʠʟʘʪʦʨ, ʡʦʛʦ 

ʧ̔ʨʠʥʛʦʚʽ ʩʝʩʽʾ ʪʘ/ʘʙʦ ʤʘʨʰʨʫʪʥʫ ʽʥʬʦʨʤʘʮʽʶ. 

ʄʘʨʰʨʫʪʠʟʘʪʦʨʠ ʟʘʟʥʘʶʪʴ ʪʠʭ ʩʘʤʠʭ ʚʠʜʽʚ ʘʪʘʢ, ʩʧʨʷʤʦʚʘʥʠʭ ʥʘ ʟʣʦʤ 

ʭʦʩʪʽʚ ʽ ʩʝʨʚʝʨʽʚ, ʪʘʢʠʭ ʷʢ ʟʣʦʤ ʧʘʨʦʣʽʚ, ʧʽʜʚʠʱʝʥʥʷ ʧʨʠʚʽʣʝʾʚ, ʧʝʨʝʧʦʚʥʝʥʥʷ 

ʙʫʬʝʨʘ, ʩʦʮʽʘʣʴʥʘ ʽʥʞʝʥʝʨʽʷ ʽ.ʪ.ʽʥ. ʆʙô̒ ʢʪʘʤʠ ʘʪʘʢ ʪʘʢʦʞ ʩʪʘʶʪʴ ʧʨ̔ʠʥʛʦʚʽ 

ʚʽʜʥʦʩʠʥʠ. ɼʣʷ ʙʽʣʴʰʦʩʪʽ ʧʨʦʪʦʢʦʣʽʚ ʤʘʨʰʨʫʪʠʟʘʮʽʾ ʤʘʨʰʨʫʪʠʟʘʪʦʨʠ ʥʝ ʤʦʞʫʪʴ 

ʦʙʤʽʥʶʚʘʪʠʩʷ ʤʘʨʰʨʫʪʥʦʶ ʽʥʬʦʨʤʘʮʽʻʶ, ʣʠʰʝ ʷʢʱʦ ʚʦʥʠ ʥʝ ʚʩʪʘʥʦʚʣʶʶʪʴ 

ʧ̔ʨʠʥʛʦʚʽ ʚʽʜʥʦʩʠʥʠ, ʷʢʽ ʪʘʢʦʞ ʥʘʟʠʚʘʶʪʴʩʷ ʩʫʩʽʜʥʽʤʠ ʩʫʩʽʜʘʤʠ. ɼʝʷʢʽ ʘʪʘʢʠ 

ʥʘʤʘʛʘʶʪʴʩʷ ʟʽʨʚʘʪʠ ʚʩʪʘʥʦʚʣʝʥʽ ʩʝʘʥʩʠ, ʧʦʩʠʣʘʶʯʠ ʥʝʧʨʘʚʠʣʴʥʦ ʩʬʦʨʤʦʚʘʥʽ 

ʧʘʢʝʪʠ ʤʘʨʰʨʫʪʠʟʘʪʦʨʘ, ʩʢʠʜʘʶʯʠ TCP-ʟô̒ ʜʥʘʥʥʷ, ʩʧʦʞʠʚʘʶʯʠ ʨʝʩʫʨʩʠ 

ʤʘʨʰʨʫʪʠʟʘʪʦʨʘ ʽ ʪ.ʽʥ. ɸʪʘʢʠ ʤʦʞʫʪʴ ʪʘʢʦʞ ʟʘʧʦʙʽʛʪʠ ʫʪʚʦʨʝʥʥʶ ʩʫʩʽʜʥʽʭ 
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ʩʫʩʽʜʽʚ ʯʝʨʝʟ ʧʝʨʝʚʘʥʪʘʞʝʥʥʷ ʯʝʨʛ, ʧʘʤ'ʷʪʽ, ʧʨʦʮʝʩʦʨʘ ʪʘ ʽʥʰʠʭ ʨʝʩʫʨʩʽʚ 

ʤʘʨʰʨʫʪʠʟʘʪʦʨʘ. 

ʄʘʨʰʨʫʪʠʟʘʮʽʷ ʪʘʢʦʞ ʤʦʞʝ ʙʫʪʠ ʩʢʦʤʧʨʦʤʝʪʦʚʘʥʘ ʯʝʨʝʟ ʚʚʝʜʝʥʥʷ 

ʥʝʧʨʘʚʜʠʚʦʾ ʽʥʬʦʨʤʘʮʽʾ ʧʨʦ ʤʘʨʰʨʫʪ, ʘ ʪʘʢʦʞ ʟʤʽʥʦʶ ʘʙʦ ʚʠʜʘʣʝʥʥʷʤ ʟʘʢʦʥʥʦʾ 

ʽʥʬʦʨʤʘʮʽʾ ʤʘʨʰʨʫʪʫ. ɯʥʬʦʨʤʘʮʽʷ ʧʨʦ ʤʘʨʰʨʫʪ ʤʦʞʝ ʙʫʪʠ ʚʚʝʜʝʥʘ ʘʙʦ ʟʤʽʥʝʥʘ 

ʙʘʛʘʪʴʤʘ ʩʧʦʩʦʙʘʤʠ, ʧʦʯʠʥʘʶʯʠ ʟʽ ʚʩʪʘʚʢʠ ʦʢʨʝʤʠʭ ʧʦʤʠʣʢʦʚʠʭ ʦʥʦʚʣʝʥʴ 

ʤʘʨʰʨʫʪʫ ʽ ʟʘʢʽʥʯʫʶʯʠ ʫʩʪʘʥʦʚʢʦʶ ʬʽʢʪʠʚʥʠʭ ʤʘʨʰʨʫʪʠʟʘʪʦʨʽʚ ʚ 

ʽʥʬʨʘʩʪʨʫʢʪʫʨʫ ʤʘʨʰʨʫʪʠʟʘʮʽʾ. ʇʦʪʝʥʮʽʡʥʽ ʫʤʦʚʠ ʚʽʜʤʦʚʠ ʚ ʦʙʩʣʫʛʦʚʫʚʘʥʥʽ 

ʤʦʞʫʪʴ ʙʫʪʠ ʨʝʟʫʣʴʪʘʪʦʤ ʥʘʚʤʠʩʥʠʭ ʧʝʨʝʙʦʾʚ ʘʙʦ çʯʦʨʥʠʭ ʜʽʨʦʢè ʫ ʧʝʚʥʠʭ 

ʧʫʥʢʪʘʭ ʧʨʠʟʥʘʯʝʥʥʷ. ɿʣʦʚʤʠʩʥʠʢʠ ʤʦʞʫʪʴ ʪʘʢʦʞ ʥʘʤʘʛʘʪʠʩʷ ʧʝʨʝʥʘʧʨʘʚʠʪʠ 

ʪʨʘʬʽʢ ʟʘ ʥʝʙʝʟʧʝʯʥʠʤʠ ʤʘʨʰʨʫʪʘʤʠ, ʱʦʙ ʧʝʨʝʭʦʧʠʪʠ ʽ ʟʤʽʥʠʪʠ ʧʨʠʟʥʘʯʝʥʽ ʜʣʷ 

ʢʦʨʠʩʪʫʚʘʯʘ ʜʘʥʽ ʘʙʦ ʧʨʦʩʪʦ ʦʙʽʡʪʠ ʟʘʭʦʜʠ ʙʝʟʧʝʢʠ. ʊʘʢʠʤ ʯʠʥʦʤ, ʟʘʭʠʩʪ 

ʽʥʬʦʨʤʘʮʽʾ ʧʨʦ ʤʘʨʰʨʫʪʠ, ʟʘʭʠʩʪ ʩʘʤʠʭ ʤʘʨʰʨʫʪʠʟʘʪʦʨʽʚ ʽ ʟô̒ ʜʥʘʥʴ ʻ 

ʘʢʪʫʘʣʴʥʠʤ ʟʘʚʜʘʥʥʷʤ. 

ɼʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʢʦʤʧʣʝʢʩʥʦʛʦ ʨʽʰʝʥʥʷ ʧʨʠ ʨʦʟʨʦʙʮʽ ʙʘʟʦʚʦʾ ʣʽʥʽʾ 

ʤʝʨʝʞʥʦʾ ʙʝʟʧʝʢʠ ʚʘʨʪʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ Cisco Security Framework (CSF). ʋ 

CSF ʧʝʨʝʜʙʘʯʝʥʦ ʢʦʤʧʣʝʢʩʥʠʡ ʤʝʪʦʜ ʦʮʽʥʢʠ ʪʘ ʚʘʣʽʜʘʮʽʾ ʚʠʤʦʛ ʙʝʟʧʝʢʠ 

ʩʠʩʪʝʤʠ. ɹʘʟʦʚʘ ʣʽʥʽʷ ʤʝʨʝʞʥʦʾ ʙʝʟʧʝʢʠ ʚʢʣʶʯʘʻ ʱʝ ʜʝʷʢʽ ʤʝʪʦʜʠ ʙʝʟʧʝʢʠ, ʷʢʽ 

ʟʘʩʥʦʚʘʥʽ ʥʘ ʟʘʩʪʦʩʫʚʘʥʥʽ ʬʽʣʴʪʨʘʮʽʾ ʪʨʘʬʽʢʫ ʥʘ ʦʩʥʦʚʽ IP-ʘʜʨʝʩ. ɹʽʣʴʰ 

ʨʦʟʚʠʥʝʥʽ ʤʝʪʦʜʠ ʟʘʙʝʟʧʝʯʝʥʥʷ ʙʝʟʧʝʢʠ, ʷʢʽ ʟʛʦʜʦʤ ʤʦʞʫʪʴ ʙʫʪʠ ʜʦʜʘʥʽ ʚ ʷʢʦʩʪʽ 

ʜʦʜʘʪʢʦʚʦʛʦ ʨʽʚʥʷ ʙʝʟʧʝʢʠ, ʪʘʢʦʞ ʟʘʣʝʞʘʪʴ ʚʽʜ ʬʽʣʴʪʨʘʮʽʾ ʪʨʘʬʽʢʫ ʥʘ ʦʩʥʦʚʽ IP-

ʘʜʨʝʩ, ʥʘʧʨʠʢʣʘʜ, ʚʽʜ ʚʠʟʥʘʯʝʥʥʷ ʧʨʘʚʠʣ ʙʨʘʥʜʤʘʫʝʨʘ. 

Cisco Security Framework (CSF) ï ʮʝ ʦʧʝʨʘʮʽʡʥʘ ʤʦʜʝʣʴ ʧʨʦʮʝʩʫ 

ʟʘʙʝʟʧʝʯʝʥʥʷ ʙʝʟʧʝʢʠ, ʩʧʨʷʤʦʚʘʥʘ ʥʘ ʟʘʙʝʟʧʝʯʝʥʥʷ ʤʝʨʝʞʽ, ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ, 

ʜʦʩʪʫʧʥʦʩʪʽ ʪʘ ʙʝʟʧʝʨʝʨʚʥʦʩʪʽ ʙʽʟʥʝʩʫ. ɿʘʛʨʦʟʠ ʙʝʟʧʝʮʽ ï ʮʝ ʮʽʣʴ, ʱʦ ʧʦʩʪʽʡʥʦ 

ʟʤʽʥʶʻʪʴʩʷ, ʽ CSF ʧʨʠʟʥʘʯʝʥʠʡ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʧʦʪʦʯʥʠʭ ʚʝʢʪʦʨʽʚ ʟʘʛʨʦʟ, ʘ 

ʪʘʢʦʞ ʚʽʜʩʪʝʞʫʚʘʥʥʷ ʥʦʚʠʭ ʽ ʚʠʥʠʢʘʶʯʠʭ ʟʘʛʨʦʟ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʢʨʘʱʠʭ 

ʟʘʛʘʣʴʥʦʧʨʠʡʥʷʪʠʭ ʤʝʪʦʜʽʚ ʽ ʢʦʤʧʣʝʢʩʥʠʭ ʨʽʰʝʥʴ. 
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ʈʝʟʫʣʴʪʘʪʠ ʟʘʩʪʦʩʫʚʘʥʥʷ ʤʝʪʦʜʦʣʦʛʽʾ CSF ʥʘʚʝʜʝʥʽ ʚ ʪʘʙʣʠʮʽ 2.2 ʽ 

ʪʘʙʣʠʮʽ 2.3. ʋ ʪʘʙʣʠʮʷʭ ʧʦʢʘʟʘʥʦ ʪʝʭʥʦʣʦʛʽʾ ʽ ʬʫʥʢʮʽʾ, ʽʜʝʥʪʠʬʽʢʦʚʘʥʽ ʜʣʷ 

ʟʘʙʝʟʧʝʯʝʥʥʷ ʙʝʟʧʝʢʠ ʧʣʦʱʠʥʽ ʤʘʨʰʨʫʪʠʟʘʮʽʾ ʡ ʽʥʪʝʛʨʦʚʘʥʽ ʚ ʙʘʟʦʚʫ ʣʽʥʽʶ 

ʤʝʨʝʞʥʦʾ ʙʝʟʧʝʢʠ.  

ʊʘʙʣʠʮʷ 2.2. 

ɯʥʬʨʘʩʪʨʫʢʪʫʨʘ ʤʘʨʰʨʫʪʠʟʘʮʽʾ ï ʧʦʚʥʘ ʚʠʜʠʤʽʩʪʴ 

ɯʜʝʥʪʠʬʽʢʘʮʽʷ ʂʦʥʪʨʦʣʴ 

ï ʘʫʪʝʥʪʠʬʽʢʘʮʽʷ ʩʫʩʽʜʽʚ  

ï ɺʠʟʥʘʯʝʥʥʷ ʦʜʥʦʨʘʥʛʦʚʦʾ 

ʤʘʨʰʨʫʪʠʟʘʮʽʾ 

ï ʌʽʣʴʪʨʘʮʽʷ ʧʝʨʝʨʦʟʧʦʜʽʣʫ 

ʤʘʨʰʨʫʪʽʚ 

ï ʈʝʻʩʪʨʘʮʽʷ ʩʫʩʽʜʽʚ  

ï ʃʦʛʫʚʘʥʥʷ: 

   ï Syslog, 

   ï SNMP 

 

 

ʊʘʙʣʠʮʷ 2.3. 

ɯʥʬʨʘʩʪʨʫʢʪʫʨʘ ʤʘʨʰʨʫʪʠʟʘʮʽʾ ï ʧʦʚʥʠʡ ʢʦʥʪʨʦʣʴ 

ɸʧʘʨʘʪʥʘ ʯʘʩʪʠʥʘ ʟʘʙʝʟʧʝʯʫʚʘʪʠ ʜʦʪʨʠʤʘʥʥʷ 

ï ʇʘʩʠʚʥʠʡ ʽʥʪʝʨʬʝʡʩ ʟʘ 

ʟʘʤʦʚʯʫʚʘʥʥʷʤ 

ï ʇʝʨʝʚʽʨʢʘ ʙʝʟʧʝʢʠ BGP TTL 

ï ʈʝʟʝʨʚʥʽ ʽʥʪʝʨʬʝʡʩʠ 

ï ʈʝʟʝʨʚʥʽ ʧʨʠʩʪʨʦʾ 

ï ʈʝʟʝʨʚʫʚʘʥʥʷ ʝʣʝʤʝʥʪʽʚ 

ï ʊʦʧʦʣʦʛʽʯʥʘ ʥʘʜʤʽʨʥʽʩʪʴ  

ï ʧʨʝʬʽʢʩʥʘ ʬʽʣʴʪʨʘʮʽʷ 

ï ʄʘʢʩʠʤʘʣʴʥʘ ʬʽʣʴʪʨʘʮʽʷ ʧʨʝʬʽʢʩʽʚ 

ï ʌʽʣʴʪʨʘʮʽʷ ʧʝʨʝʨʦʟʧʦʜʽʣʫ ʤʘʨʰʨʫʪʽʚ 

ï ʟʘʛʣʫʰʢʘ ʤʘʨʰʨʫʪʠʟʘʮʽʾ 

ï iACL 

ï RACL 

ï ɿʘʭʠʩʪ ʧʣʦʱʠʥʽ ʫʧʨʘʚʣʽʥʥʷ 

ï ʆʙʤʝʞʝʥʥʷ ʧʣʦʱʠʥʠ ʫʧʨʘʚʣʽʥʥʷ  

 

ʇʝʨʝʜ ʚʽʜʧʨʘʚʢʦʶ ʚʽʜʥʦʚʣʝʥʥʷ ʤʘʨʰʨʫʪʠʟʘʮʽʾ ʢʦʞʝʥ ʤʘʨʰʨʫʪʠʟʘʪʦʨ 

ʧʦʚʠʥʝʥ ʧʽʜʧʠʩʘʪʠ ʡʦʛʦ ʟʘʟʜʘʣʝʛʽʜʴ ʚʠʟʥʘʯʝʥʠʤ ʩʝʢʨʝʪʥʠʤ ʢʣʶʯʝʤ ʽ ʚʢʣʶʯʠʪʠ 

ʦʪʨʠʤʘʥʫ ʩʠʛʥʘʪʫʨʫ ʚ ʧʦʚʽʜʦʤʣʝʥʥʷ ʧʨʦ ʦʥʦʚʣʝʥʥʷ. ʅʘʨʝʰʪʽ, ʦʥʦʚʣʝʥʥʷ 

ʧʝʨʝʚʽʨʷʻʪʴʩʷ ʩʫʩʽʜʥʽʤ ʦʜʝʨʞʫʚʘʯʝʤ, ʱʦʙ ʜʦʚʝʩʪʠ ʡʦʛʦ ʩʧʨʘʚʞʥʽʩʪʴ ʽ ʮʽʣʽʩʥʽʩʪʴ. 

ɸʫʪʝʥʪʠʬʽʢʘʮʽʷ ʟʘ ʩʫʩʽʜʩʪʚʦʤ ʧʽʜʪʨʠʤʫʻʪʴʩʷ ʜʣʷ BGP, IS-IS, OSPF, RIPv2 ʽ 

EIGRP. 

ɸʫʪʝʥʪʠʬʽʢʘʮʽʷ ʟʘ ʩʫʩʽʜʩʪʚʦʤ ʻ ʬʫʥʢʮʽʻʶ, ʜʦʩʪʫʧʥʦʶ ʙʽʣʴʰʦʩʪʽ 

ʧʨʦʪʦʢʦʣʽʚ ʤʘʨʰʨʫʪʠʟʘʮʽʾ, ʽ ʛʘʨʘʥʪʫʻ, ʱʦ ʤʘʨʰʨʫʪʠʟʘʪʦʨ ʦʪʨʠʤʫʻ ʪʽʣʴʢʠ 

ʜʦʩʪʦʚʽʨʥʫ ʽʥʬʦʨʤʘʮʽʶ ʱʦʜʦ ʤʘʨʰʨʫʪʠʟʘʮʽʾ ʽ ʪʽʣʴʢʠ ʚʽʜ ʜʦʚʽʨʝʥʠʭ ʩʫʩʽʜʽʚ. 
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ʎʴʦʛʦ ʤʦʞʥʘ ʜʦʩʷʛʪʠ ʟʘ ʨʘʭʫʥʦʢ ʩʝʨʪʠʬʽʢʘʮʽʾ ʘʚʪʝʥʪʠʯʥʦʩʪʽ ʢʦʞʥʦʛʦ ʩʫʩʽʜʘ ʽ 

ʮʽʣʽʩʥʦʩʪʽ ʦʥʦʚʣʝʥʴ ʤʘʨʰʨʫʪʠʟʘʮʽʾ. ʊʝʭʥʽʯʥʦ ʢʦʞʝʥ ʤʘʨʰʨʫʪʠʟʘʪʦʨ ʩʧʦʯʘʪʢʫ 

ʥʘʣʘʰʪʦʚʫʻʪʴʩʷ ʟʘ ʟʘʛʘʣʴʥʠʤ ʩʝʢʨʝʪʥʠʤ ʢʣʶʯʝʤ, ʷʢʠʡ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʜʣʷ 

ʧʝʨʝʚʽʨʢʠ ʢʦʞʥʦʛʦ ʦʥʦʚʣʝʥʥʷ ʤʘʨʰʨʫʪʠʟʘʮʽʾ. 

ɸʫʪʝʥʪʠʬʽʢʘʮʽʷ ʟʘ ʩʫʩʽʜʩʪʚʦʤ ʜʦʧʦʤʘʛʘʻ ʟʘʭʠʩʪʠʪʠ ʧʨ̔ʠʥʛʦʚʽ ʩʝʘʥʩʠ ʚʽʜ 

ʪʘʢʠʭ ʘʪʘʢ, ʷʢ ʩʧʨʦʙʠ ʩʢʠʜʘʥʥʷ ʩʝʘʥʩʫ ʽ ʚʩʪʘʚʢʠ ʥʝʩʘʥʢʮʽʦʥʦʚʘʥʠʭ 

ʤʘʨʰʨʫʪʠʟʘʪʦʨʽʚ. ɸʫʪʝʥʪʠʬʽʢʘʮʽʷ ʟʘ ʩʫʩʽʜʩʪʚʦʤ ʪʘʢʦʞ ʜʦʧʦʤʘʛʘʻ ʟʘʭʠʩʪʠʪʠ ʜʘʥʽ 

ʤʘʨʰʨʫʪʠʟʘʮʽʾ ʚʽʜ ʚʧʨʦʚʘʜʞʝʥʥʷ ʧʦʤʠʣʢʦʚʠʭ ʤʘʨʰʨʫʪʽʚ ʽ ʚʠʣʫʯʝʥʥʷ ʘʙʦ ʟʤʽʥʠ 

ʣʝʛʽʪʠʤʥʦʾ ʽʥʬʦʨʤʘʮʽʾ ʧʨʦ ʤʘʨʰʨʫʪʠʟʘʮʽʶ ʚʽʜ ʥʝʩʘʥʢʮʽʦʥʦʚʘʥʠʭ ʢʦʨʠʩʪʫʚʘʯʽʚ. 

ʆʜʥʘʢ ʩʣʽʜ ʟʘʟʥʘʯʠʪʠ, ʱʦ ʘʫʪʝʥʪʠʬʽʢʘʮʽʷ ʟʘ ʩʫʩʽʜʩʪʚʦʤ ʥʝ ʧʝʨʝʰʢʦʜʞʘʻ 

ʟʘʧʨʦʚʘʜʞʝʥʥʶ ʥʝʧʨʘʚʠʣʴʥʠʭ ʜʘʥʠʭ ʤʘʨʰʨʫʪʠʟʘʮʽʾ ʜʽʡʩʥʠʤ ʤʘʨʰʨʫʪʠʟʘʪʦʨʦʤ, 

ʷʢʠʡ ʙʫʚ ʟʣʘʤʘʥʠʡ ʜʦʚʽʨʝʥʠʤ ʤʘʨʰʨʫʪʠʟʘʪʦʨʦʤ. ʅʘ ʱʘʩʪʷ, ʪʘʢʽ ʩʮʝʥʘʨʽʾ ʘʪʘʢ 

ʤʦʞʥʘ ʧʦʤô̫ ʢʰʠʪʠ ʟʘ ʜʦʧʦʤʦʛʦʶ ʬʽʣʴʪʨʘʮʽʾ ʤʘʨʰʨʫʪʽʚ, ʷʢ ʙʫʜʝ ʧʦʢʘʟʘʥʦ ʥʠʞʯʝ 

ʚ ʮʴʦʤʫ ʨʦʟʜʽʣʽ. 

ʋ EIGRP MD5 ʘʫʪʝʥʪʠʬʽʢʘʮʽʷ ʚʢʣʶʯʝʥʘ ʥʘ ʨʽʚʥʽ ʽʥʪʝʨʬʝʡʩʫ ʘʙʦ 

ʧʽʜʽʥʪʝʨʬʝʡʩʽʚ. ʗʢ ʪʽʣʴʢʠ ʘʫʪʝʥʪʠʬʽʢʘʮʽʷ EIGRP MD5 ʚʤʠʢʘʻʪʴʩʷ ʥʘ ʽʥʪʝʨʬʝʡʩʽ 

ʘʙʦ ʧʽʜʽʥʪʝʨʬʝʡʩʘʭ, ʤʘʨʰʨʫʪʠʟʘʪʦʨ ʧʨʠʧʠʥʷʻ ʦʙʨʦʙʢʫ ʧʦʚʽʜʦʤʣʝʥʴ 

ʤʘʨʰʨʫʪʠʟʘʮʽʾ, ʦʪʨʠʤʘʥʠʭ ʚʽʜ ʮʴʦʛʦ ʽʥʪʝʨʬʝʡʩʫ ʘʙʦ ʧʽʜʽʥʪʝʨʬʝʡʩʽʚ, ʧʦʢʠ ʧʽʨʠ 

ʪʘʢʦʞ ʥʝ ʙʫʜʫʪʴ ʥʘʣʘʰʪʦʚʘʥʽ ʥʘ ʘʫʪʝʥʪʠʬʽʢʘʮʽʶ ʧʦʚʽʜʦʤʣʝʥʴ. ʎʝ ʧʝʨʝʨʠʚʘʻ 

ʤʘʨʰʨʫʪʠʟʘʮʽʶ ʢʦʤʫʥʽʢʘʮʽʡ ʚ ʤʝʨʝʞʽ. 

ʊʽ ʞ ʩʘʤʽ ʤʝʭʘʥʽʟʤʠ ʜʠʥʘʤʽʯʥʦʛʦ ʚʠʷʚʣʝʥʥʷ ʪʠʤʯʘʩʦʚʠʭ ʧʨʠʩʪʨʦʾʚ, ʷʢʽ 

ʧʦʣʝʛʰʫʶʪʴ ʨʦʟʛʦʨʪʘʥʥʷ ʽ ʥʘʣʘʰʪʫʚʘʥʥʷ ʤʘʨʰʨʫʪʠʟʘʪʦʨʽʚ, ʤʦʞʫʪʴ ʙʫʪʠ 

ʚʠʢʦʨʠʩʪʘʥʽ ʜʣʷ ʚʩʪʘʚʢʠ ʧʽʜʨʦʙʣʝʥʠʭ ʤʘʨʰʨʫʪʠʟʘʪʦʨʽʚ ʚ ʽʥʬʨʘʩʪʨʫʢʪʫʨʫ 

ʤʘʨʰʨʫʪʠʟʘʮʽʾ. ʎʶ ʧʨʦʙʣʝʤʫ ʤʦʞʥʘ ʧʦʧʝʨʝʜʠʪʠ, ʚʽʜʢʣʶʯʠʚʰʠ ʪʘʢʽ ʤʝʭʘʥʽʟʤʠ, 

ʩʪʘʪʠʯʥʦ ʥʘʣʘʰʪʫʚʘʚʰʠ ʩʧʠʩʦʢ ʜʦʚʽʨʝʥʠʭ ʩʫʩʽʜʽʚ ʟ ʚʽʜʦʤʠʤʠ IP-ʘʜʨʝʩʘʤʠ. ʁʦʛʦ 

ʤʦʞʥʘ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʚ ʧʦʻʜʥʘʥʥʽ ʟ ʽʥʰʠʤʠ ʬʫʥʢʮʽʷʤʠ ʙʝʟʧʝʢʠ 

ʤʘʨʰʨʫʪʠʟʘʮʽʾ, ʪʘʢʠʤʠ ʷʢ ʩʫʩʽʜʩʴʢʘ ʘʫʪʝʥʪʠʬʽʢʘʮʽʷ ʽ ʬʽʣʴʪʨʘʮʽʷ ʤʘʨʰʨʫʪʽʚ. 
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ʋ ʨʘʟʽ EIGRP, ʟʘ ʟʘʤʦʚʯʫʚʘʥʥʷʤ, ʙʽʣʴʰʽʩʪʴ ʚʽʪʘʥʴ, ʦʥʦʚʣʝʥʴ ʽ ʟʘʧʠʪʽʚ 

ʚʽʜʧʨʘʚʣʷʶʪʴʩʷ ʫ ʙʘʛʘʪʦʘʜʨʝʩʦʚʠʭ ʧʘʢʝʪʘʭ ʥʘ ʰʠʨʦʢʦʤʦʚʥʠʭ ʽʥʪʝʨʬʝʡʩʘʭ, 

ʪʘʢʠʭ ʷʢ Ethernet. ʊʘʢʫ ʧʦʚʝʜʽʥʢʫ ʟʘ ʟʘʤʦʚʯʫʚʘʥʥʷʤ ʤʦʞʥʘ ʟʤʽʥʠʪʠ, 

ʥʘʣʘʰʪʫʚʘʚʰʠ ʩʪʘʪʠʯʥʦʛʦ ʩʫʩʽʜʘ, ʧʽʩʣʷ ʯʦʛʦ ʚʩʽ ʧʦʚʽʜʦʤʣʝʥʥʷ ʤʘʨʰʨʫʪʠʟʘʮʽʾ 

ʚ̔ ʜʧʨʘʚʣʷʪʠʤʫʪʴʩʷ ʚ ʦʜʥʦʘʜʨʝʩʥʠʭ ʧʘʢʝʪʘʭ. ʂʨʽʤ ʪʦʛʦ, ʧʽʩʣʷ ʥʘʣʘʰʪʫʚʘʥʥʷ 

ʧʝʨʰʦʛʦ ʩʪʘʪʠʯʥʦʛʦ ʩʫʩʽʜʘ, ʤʘʨʰʨʫʪʠʟʘʪʦʨ ʧʨʠʡʤʘʻ ʣʠʰʝ EIGRP-ʧʘʢʝʪʠ ʚʽʜ 

ʧʽʨʽʚ, ʷʢʽ ʷʚʥʦ ʥʘʣʘʰʪʦʚʘʥʽ ʥʘ ʚʠʢʦʨʠʩʪʘʥʥʷ ʦʧʝʨʘʪʦʨʘ ʩʫʩʽʜʘ. ʆʪʞʝ, ʚʩʽ 

ʧʦʚʽʜʦʤʣʝʥʥʷ, ʱʦ ʥʘʜʭʦʜʷʪʴ ʟ ʤʘʨʰʨʫʪʠʟʘʪʦʨʽʚ ʙʝʟ ʚʽʜʧʦʚʽʜʥʦʛʦ ʟʘʪʚʝʨʜʞʝʥʥʷ 

ʩʫʩʽʜʘ, ʚʽʜʢʠʜʘʶʪʴʩʷ. 

ʊʦʡ ʬʘʢʪ, ʱʦ ʤʘʨʰʨʫʪʠʟʘʪʦʨ ʚʽʜʢʠʜʘʻ ʙʫʜʴ-ʷʢʽ ʧʦʚʽʜʦʤʣʝʥʥʷ, ʱʦ 

ʥʘʜʭʦʜʷʪʴ ʟ ʙʫʜʴ-ʷʢʦʛʦ ʤʘʨʰʨʫʪʠʟʘʪʦʨʘ, ʥʝ ʥʘʣʘʰʪʦʚʘʥʦʛʦ ʷʢ ʩʫʩʽʜʥʽʡ, 

ʜʦʧʦʤʘʛʘʻ ʟʘʧʦʙʽʛʪʠ ʜʦʜʘʚʘʥʥʶ ʥʝʩʘʥʢʮʽʦʥʦʚʘʥʠʭ ʧʽʨʽʚ ʤʘʨʰʨʫʪʠʟʘʮʽʾ. 

ɺʦʜʥʦʯʘʩ, ʧʝʨʝʭʽʜ ʟ ʙʘʛʘʪʦʘʜʨʝʩʥʦʾ ʥʘ ʦʜʥʦʘʜʨʝʩʥʫ ʧʝʨʝʜʘʯʫ ʫʩʢʣʘʜʥʶʻ 

ʥʝʩʘʥʢʮʽʦʥʦʚʘʥʝ ʧʝʨʝʭʦʧʣʝʥʥʷ ʜʘʥʠʭ ʤʘʨʰʨʫʪʠʟʘʮʽʾ, ʥʝ ʜʦʟʚʦʣʷʶʯʠ 

ʧʦʪʝʥʮʽʡʥʦʤʫ ʟʣʦʚʤʠʩʥʠʢʫ ʜʽʟʥʘʪʠʩʷ ʪʦʧʦʣʦʛʽʯʥʫ ʽʥʬʦʨʤʘʮʽʶ, ʷʢʘ ʤʦʞʝ ʙʫʪʠ 

ʚʠʢʦʨʠʩʪʘʥʘ ʜʣʷ ʟʜʽʡʩʥʝʥʥʷ ʤʘʡʙʫʪʥʽʭ ʘʪʘʢ. ʉʣʽʜ ʟʘʟʥʘʯʠʪʠ ʦʜʥʘʢ, ʱʦ, ʦʩʢʽʣʴʢʠ 

ʩʪʘʪʠʯʥʽ ʩʫʩʽʜʠ ʨʦʟʧʽʟʥʘʶʪʴʩʷ ʟʘ ʾʭʥʽʤʠ IP-ʘʜʨʝʩʘʤʠ, ʽʩʥʫʻ ʤʦʞʣʠʚʽʩʪʴ ʧʽʜʨʦʙʢʠ 

IP-ʘʜʨʝʩ ʥʘ ʮʠʭ ʩʫʩʽʜʽʚ. ɿʣʦʚʤʠʩʥʠʢ, ʚʦʣʦʜʽʶʯʠ ʜʦʩʪʘʪʥʽʤʠ ʟʥʘʥʥʷʤʠ, ʤʦʞʝ 

ʧʽʜʨʦʙʠʪʠ IP-ʘʜʨʝʩʫ ʜʽʡʩʥʦʛʦ ʩʪʘʪʠʯʥʦʛʦ ʩʫʩʽʜʘ. ɸʫʪʝʥʪʠʬʽʢʘʮʽʷ ʟʘ ʩʫʩʽʜʩʪʚʦʤ 

ʟʘʙʝʟʧʝʯʫʻ ʜʨʫʛʠʡ ʨʽʚʝʥʴ ʟʘʭʠʩʪʫ, ʱʦ ʜʦʟʚʦʣʷʻ ʟʥʠʟʠʪʠ ʡʤʦʚʽʨʥʽʩʪʴ ʧʽʜʤʽʥʠ  

IP-ʘʜʨʝʩ. ʇʽʜ ʯʘʩ ʚʠʢʦʨʠʩʪʘʥʥʷ ʘʫʪʝʥʪʠʬʽʢʘʮʽʾ ʟʘ ʩʫʩʽʜʩʪʚʦʤ, ʩʝʩʽʾ ʽ ʦʥʦʚʣʝʥʥʷ 

ʧʨʠʡʤʘʶʪʴʩʷ ʪʽʣʴʢʠ ʚʽʜ ʩʫʩʽʜʽʚ, ʷʢʽ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʚʽʜʧʦʚʽʜʥʽ ʩʝʢʨʝʪʥʽ ʢʣʶʯʽ. 

ɺ ʨʝʟʫʣʴʪʘʪʽ, ʩʧʨʦʙʘ ʧʽʜʨʦʙʢʠ ʥʝ ʙʫʜʝ ʫʩʧʽʰʥʦʶ ʜʦ ʪʦʛʦ ʯʘʩʫ, ʜʦʢʠ ʩʝʢʨʝʪʥʽ 

ʢʣʶʯʽ ʙʫʜʫʪʴ ʥʝʚʽʜʦʤʽ ʟʣʦʚʤʠʩʥʠʢʦʚʽ. 

ʉʣʽʜ ʪʘʢʦʞ ʟʘʟʥʘʯʠʪʠ, ʱʦ ʩʪʘʪʠʯʥʽ ʩʫʩʽʜʠ ʥʝ ʧʝʨʝʰʢʦʜʞʘʶʪʴ ʚʚʝʜʝʥʥʶ 

ʥʝʢʦʨʝʢʪʥʠʭ ʜʘʥʠʭ ʤʘʨʰʨʫʪʠʟʘʮʽʾ ʟʣʘʤʘʥʠʤ ʜʦʚʽʨʝʥʠʤ ʤʘʨʰʨʫʪʠʟʘʪʦʨʦʤ. ʅʘ 

ʱʘʩʪʷ, ʪʘʢʽ ʩʮʝʥʘʨʽʾ ʘʪʘʢ ʤʦʞʥʘ ʧʦʤ'ʷʢʰʠʪʠ ʟʘ ʜʦʧʦʤʦʛʦʶ ʬʽʣʴʪʨʘʮʽʾ 

ʤʘʨʰʨʫʪʽʚ, ʷʢ ʙʫʜʝ ʧʦʢʘʟʘʥʦ ʥʠʞʯʝ ʚ ʮʴʦʤʫ ʨʦʟʜʽʣʽ. 
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ɺʠʟʥʘʯʝʥʥʷ ʩʪʘʪʠʯʥʠʭ ʩʫʩʽʜʽʚ ʻ ʨʝʢʦʤʝʥʜʦʚʘʥʦʶ ʧʨʘʢʪʠʢʦʶ ʜʣʷ ʚʩʽʭ 

ʤʘʨʰʨʫʪʠʟʘʪʦʨʽʚ, ʘʣʝ ʦʩʦʙʣʠʚʦ ʜʣʷ ʪʠʭ, ʷʢʽ ʟʥʘʭʦʜʷʪʴʩʷ ʥʘ ʤʝʞʽ ɯʥʪʝʨʥʝʪʫ ʘʙʦ 

ʩʪʠʢʘʶʪʴʩʷ ʟ ʽʥʰʠʤʠ ʟʦʚʥʽʰʥʽʤʠ ʤʝʨʝʞʘʤʠ. 

ʗʢ ʽ ʩʧʠʩʢʠ ʢʦʥʪʨʦʣʶ ʜʦʩʪʫʧʫ (ACL), ʢʘʨʪʠ ʤʘʨʰʨʫʪʽʚ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʜʣʷ ʨʽʟʥʠʭ ʮʽʣʝʡ, ʚʢʣʶʯʘʶʯʠ, ʘʣʝ ʥʝ ʦʙʤʝʞʫʶʯʠʩʴ, 

ʢʣʘʩʠʬʽʢʘʮʽʶ ʧʘʢʝʪʽʚ, ʤʘʨʰʨʫʪʠʟʘʮʽʶ ʧʦʣʽʪʠʢ, ʧʝʨʝʪʚʦʨʝʥʥʷ ʘʜʨʝʩ ʽ ʬʽʣʴʪʨʘʮʽʶ 

ʤʘʨʰʨʫʪʽʚ. ʗʢ ʽ ACL, ʢʘʨʪʠ ʤʘʨʰʨʫʪʽʚ ʜʦʟʚʦʣʷʶʪʴ ʚʠʟʥʘʯʘʪʠ ʢʨʠʪʝʨʽʾ 

ʚʽʜʧʦʚʽʜʥʦʩʪʽ ʧʘʢʝʪʽʚ ʘʙʦ ʤʘʨʰʨʫʪʽʚ ʨʘʟʦʤ ʟ ʧʨʠʤʫʩʦʚʠʤʠ ʜʽʷʤʠ. ɸʣʝ ʥʘ ʚʽʜʤʽʥʫ 

ʚʽʜ ACL, ʷʢʽ ʪʽʣʴʢʠ ʧʽʜʩʠʣʶʶʪʴ ʜʦʟʚʽʣ ʽ ʟʘʙʦʨʦʥʷʶʪʴ ʜʽʾ, ʢʘʨʪʠ ʤʘʨʰʨʫʪʽʚ 

ʜʦʟʚʦʣʷʶʪʴ ʟʤʽʥʶʚʘʪʠ ʰʠʨʦʢʠʡ ʩʧʝʢʪʨ ʧʘʨʘʤʝʪʨʽʚ ʫ ʧʘʢʝʪʘʭ ʽ ʤʘʨʰʨʫʪʘʭ, ʪʘʢʠʭ 

ʷʢ next-hop, community, metric ʽ ʪ.ʜ. ʋ ʮʽʣʦʤʫ, ʢʘʨʪʠ ʤʘʨʰʨʫʪʽʚ ʟʘʙʝʟʧʝʯʫʶʪʴ 

ʙʽʣʴʰʫ ʛʥʫʯʢʽʩʪʴ ʽ ʜʝʪʘʣʽʟʘʮʽʶ ʧʦʣʽʪʠʢʠ, ʥʽʞ ʢʘʨʪʠ ACL. ʆʩʢʽʣʴʢʠ ʽʥʪʝʨʝʩ ʮʴʦʛʦ 

ʜʦʢʫʤʝʥʪʘ ʧʦʣʷʛʘʻ ʫ ʬʽʣʴʪʨʘʮʽʾ ʤʘʨʰʨʫʪʽʚ, ʫ ʜʘʥʦʤʫ ʨʦʟʜʽʣʽ ʦʩʥʦʚʥʘ ʫʚʘʛʘ ʙʫʜʝ 

ʧʨʠʜʽʣʝʥʘ ʚʠʢʦʨʠʩʪʘʥʥʶ ʢʘʨʪ ʤʘʨʰʨʫʪʽʚ ʜʣʷ ʪʠʤʯʘʩʦʚʦʾ ʬʽʣʴʪʨʘʮʽʾ ʤʘʨʰʨʫʪʽʚ ʽ 

ʨʦʟʧʦʜʽʣʫ ʤʘʨʰʨʫʪʽʚ. 

ʋ ʪʘʙʣʠʮʽ 2.4 ʥʘʚʝʜʝʥʦ ʧʨʠʢʣʘʜʠ ʧʝʨʝʜʦʚʦʾ ʧʨʘʢʪʠʢʠ ʽ ʧʝʨʝʣʽʯʝʥʽ 

ʟʘʛʨʦʟʠ, ʷʢʽ ʚʦʥʠ ʜʦʧʦʤʘʛʘʶʪʴ ʧʦʤô̫ ʢʰʠʪʠ. 

ʊʘʙʣʠʮʷ 2.4. 

ʇʽʜʩʫʤʦʢ ʢʨʘʱʠʭ ʧʨʘʢʪʠʢ ʙʝʟʧʝʯʥʦʾ ʧʣʦʱʠʥʠ ʤʘʨʰʨʫʪʠʟʘʮʽʾ 

ʏʣʝʥʩʪʚʦ ʚ ʧʨʦʪʦʢʦʣʽ 

ʦʙʤʝʞʝʥʦʾ 

ʤʘʨʰʨʫʪʠʟʘʮʽʾ 

ʄʘʨʰʨʫʪʠʟʘʪʦʨ ʇʽʨʠʥʛʦʚʘ ʩʝʩʽʷ  ɼʘʥʽ 

ʤʘʨʰʨʫʪʠʟʘʮʽʾ  

ɸʫʪʝʥʪʠʬʽʢʘʮʽʷ ʩʫʩʽʜʽʚ  ʇʝʨʝʟʘʚʘʥʪʘʞʝʥʥʷ 

ʩʝʩʽʾ, 

ʥʝʩʘʥʢʮʽʦʥʦʚʘʥʠʡ 

ʧʽʨʠʥʛ 

ɺʚʝʜʝʥʥʷ 

ʧʦʤʠʣʢʦʚʠʭ 

ʤʘʨʰʨʫʪʽʚ, 

ʚʠʜʘʣʝʥʥʷ ʘʙʦ 

ʤʦʜʠʬʽʢʘʮʽʷ 

ʤʘʨʰʨʫʪʽʚ 

ʄʘʨʰʨʫʪʠʟʘʮʽʷ 

ʦʜʥʦʨʘʥʛʦʚʦʛʦ 

ʚʠʟʥʘʯʝʥʥʷ 

 ʅʝʩʘʥʢʮʽʦʥʦʚʘʥʠʡ 

ʧʽʨʠʥʛ 

ʇʝʨʝʭʦʧʣʝʥʥʷ 

ʽʥʬʦʨʤʘʮʽʾ ʧʨʦ 

ʤʘʨʰʨʫʪʠʟʘʮʽʶ 

ʇʘʩʠʚʥʠʡ ʽʥʪʝʨʬʝʡʩ ʟʘ 

ʟʘʤʦʚʯʫʚʘʥʥʷʤ 

ɺʽʜʤʦʚʘ ʚ 

ʦʙʩʣʫʛʦʚʫʚʘʥʥʽ 

(DoS) 

ʅʝʩʘʥʢʮʽʦʥʦʚʘʥʠʡ 

ʧʽʨʠʥʛ 
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ʇʨʦʜʦʚʞʝʥʥʷ ʪʘʙʣʠʮʽ 2.4 

ʏʣʝʥʩʪʚʦ ʚ ʧʨʦʪʦʢʦʣʽ 

ʦʙʤʝʞʝʥʦʾ 

ʤʘʨʰʨʫʪʠʟʘʮʽʾ 

ʄʘʨʰʨʫʪʠʟʘʪʦʨ ʇʽʨʠʥʛʦʚʘ ʩʝʩʽʷ  ɼʘʥʽ 

ʤʘʨʰʨʫʪʠʟʘʮʽʾ  

ʇʝʨʝʚʽʨʢʘ ʙʝʟʧʝʢʠ BGP 

TTL 

DoS ʇʝʨʝʟʘʚʘʥʪʘʞʝʥʥʷ 

ʩʝʩʽʾ, 

ʥʝʩʘʥʢʮʽʦʥʦʚʘʥʠʡ 

ʧʽʨʠʥʛ 

 

iACLs ʅʝʩʘʥʢʮʽʦʥʦʚʘʥʠʡ 

ʜʦʩʪʫʧ, 

ʥʝʧʨʘʚʠʣʴʥʝ 

ʜʞʝʨʝʣʦ / DoS 

ʧʨʦʪʦʢʦʣʫ 

ʇʝʨʝʟʘʚʘʥʪʘʞʝʥʥʷ 

ʩʝʩʽʾ, 

ʥʝʩʘʥʢʮʽʦʥʦʚʘʥʠʡ 

ʧʽʨʠʥʛ 

 

rACLs ʅʝʩʘʥʢʮʽʦʥʦʚʘʥʠʡ 

ʜʦʩʪʫʧ, 

ʥʝʧʨʘʚʠʣʴʥʝ 

ʜʞʝʨʝʣʦ / DoS 

ʧʨʦʪʦʢʦʣʫ 

ʇʝʨʝʟʘʚʘʥʪʘʞʝʥʥʷ 

ʩʝʩʽʾ, 

ʥʝʩʘʥʢʮʽʦʥʦʚʘʥʠʡ 

ʧʽʨʠʥʛ 

 

ʆʙʤʝʞʝʥʥʷ ʧʣʦʱʠʥʠ 

ʫʧʨʘʚʣʽʥʥʷ 

ʅʝʩʘʥʢʮʽʦʥʦʚʘʥʠʡ 

ʜʦʩʪʫʧ, ʥʝʜʽʡʩʥʠʡ 

/ ʜʽʡʩʥʠʡ DoS, 

ʥʘʩʠʯʝʥʽ ʯʝʨʛʠ 

ʤʘʨʰʨʫʪʠʟʘʪʦʨʘ 

ʇʝʨʝʟʘʚʘʥʪʘʞʝʥʥʷ 

ʩʝʩʽʾ, 

ʥʝʩʘʥʢʮʽʦʥʦʚʘʥʠʡ 

ʧʽʨʠʥʛ 

 

ɿʘʭʠʩʪ ʧʣʦʱʠʥʽ 

ʫʧʨʘʚʣʽʥʥʷ 

ʅʝʩʘʥʢʮʽʦʥʦʚʘʥʠʡ 

ʜʦʩʪʫʧ, ʥʝʜʽʡʩʥʠʡ 

/ ʜʽʡʩʥʠʡ DoS, 

ʥʘʩʠʯʝʥʽ ʯʝʨʛʠ 

ʤʘʨʰʨʫʪʠʟʘʪʦʨʘ  

ʇʝʨʝʟʘʚʘʥʪʘʞʝʥʥʷ 

ʩʝʩʽʾ, 

ʥʝʩʘʥʢʮʽʦʥʦʚʘʥʠʡ 

ʧʽʨʠʥʛ 

 

ʄʘʨʰʨʫʪʥʘ ʬʽʣʴʪʨʘʮʽʷ ʄʘʨʰʨʫʪʠʟʘʪʦʨ  ʇʽʨʠʥʛʦʚʘ ʩʝʩʽʷ  ɼʘʥʽ 

ʤʘʨʰʨʫʪʠʟʘʮʽʾ  

ʌʽʣʴʪʨʘʮʽʷ ʟʘ 

ʦʜʥʦʨʘʥʛʦʚʠʤʠ 

ʤʘʨʰʨʫʪʘʤʠ 

DoS ʥʘ ʦʩʥʦʚʽ 

ʽʥʬʦʨʤʘʮʽʾ ʧʨʦ 

ʤʘʨʰʨʫʪʠʟʘʮʽʶ  

 ɺʚʝʜʝʥʥʷ 

ʧʦʤʠʣʢʦʚʠʭ 

ʤʘʨʰʨʫʪʽʚ 

ʄʘʢʩʠʤʘʣʴʥʘ ʬʽʣʴʪʨʘʮʽʷ 

ʧʨʝʬʽʢʩʽʚ 

DoS ʥʘ ʦʩʥʦʚʽ 

ʽʥʬʦʨʤʘʮʽʾ ʧʨʦ 

ʤʘʨʰʨʫʪʠʟʘʮʽʶ 

 ɺʚʝʜʝʥʥʷ 

ʧʦʤʠʣʢʦʚʠʭ 

ʤʘʨʰʨʫʪʽʚ 

EIGRP Stub Routing DoS ʥʘ ʦʩʥʦʚʽ 

ʽʥʬʦʨʤʘʮʽʾ ʧʨʦ 

ʤʘʨʰʨʫʪʠʟʘʮʽʶ 

 ɺʚʝʜʝʥʥʷ 

ʧʦʤʠʣʢʦʚʠʭ 

ʤʘʨʰʨʫʪʽʚ, 

ʚʠʜʘʣʝʥʥʷ ʘʙʦ 

ʤʦʜʠʬʽʢʘʮʽʷ 

ʤʘʨʰʨʫʪʽʚ 

ʇʝʨʝʨʦʟʧʦʜʽʣ ʤʘʨʰʨʫʪʽʚ DoS ʥʘ ʦʩʥʦʚʽ 

ʽʥʬʦʨʤʘʮʽʾ ʧʨʦ 

ʤʘʨʰʨʫʪʠʟʘʮʽʶ 

 ɺʚʝʜʝʥʥʷ 

ʧʦʤʠʣʢʦʚʠʭ 

ʤʘʨʰʨʫʪʽʚ, 

ʚʠʜʘʣʝʥʥʷ ʘʙʦ 

ʤʦʜʠʬʽʢʘʮʽʷ 

ʤʘʨʰʨʫʪʽʚ 
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ʄʘʨʰʨʫʪʠʟʘʪʦʨ ʽ ʢʦʤʫʪʘʪʦʨʠ ʤʦʞʫʪʴ ʧʽʜʜʘʚʘʪʠʩʷ ʘʪʘʢʘʤ, ʩʧʨʷʤʦʚʘʥʠʤ 

ʥʘ ʜʦʩʪʫʧʥʽʩʪʴ ʤʝʨʝʞʽ ʘʙʦ ʧʦʙʽʯʥʦ ʚʧʣʠʚʘʶʯʠʤ ʥʘ ʥʝʾ. ʄʦʞʣʠʚʽ ʘʪʘʢʠ 

ʚʢʣʶʯʘʶʪʴ DoS ʥʘ ʦʩʥʦʚʽ ʥʝʩʘʥʢʮʽʦʥʦʚʘʥʠʭ ʽ ʘʚʪʦʨʠʟʦʚʘʥʠʭ ʧʨʦʪʦʢʦʣʽʚ, 

ʨʦʟʧʦʜʽʣʝʥʽ DoS, ʘʪʘʢʠ ʬʣʫʜʫ, ʨʦʟʚʽʜʢʫ, ʥʝʩʘʥʢʮʽʦʥʦʚʘʥʠʡ ʜʦʩʪʫʧ ʽ ʙʘʛʘʪʦ 

ʽʥʰʦʛʦ. ʋ ʮʴʦʤʫ ʨʦʟʜʽʣʽ ʧʦʜʘʥʦ ʧʽʜʙʽʨʢʫ ʢʨʘʱʠʭ ʤʝʪʦʜʠʢ, ʧʨʠʟʥʘʯʝʥʠʭ ʜʣʷ 

ʟʙʝʨʝʞʝʥʥʷ ʥʘʜʽʡʥʦʩʪʽ ʪʘ ʚʽʜʤʦʚʦʩʪʽʡʢʦʩʪʽ ʤʘʨʰʨʫʪʠʟʘʪʦʨʽʚ ʽ ʢʦʤʫʪʘʪʦʨʽʚ, ʷʢʽ 

ʜʦʧʦʤʘʛʘʶʪʴ ʧʽʜʪʨʠʤʫʚʘʪʠ ʜʦʩʪʫʧʥʽʩʪʴ ʤʝʨʝʞʽ ʥʘʚʽʪʴ ʧʽʜ ʯʘʩ ʘʪʘʢʠ. 

Control Plane Policing (CoPP) ï ʬʫʥʢʮʽʷ ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ ʙʝʟʧʝʢʠ, ʷʢʘ 

ʟʘʭʠʱʘʻ ʧʣʦʱʠʥʫ ʫʧʨʘʚʣʽʥʥʷ ʤʘʨʰʨʫʪʠʟʘʪʦʨʽʚ ʽ ʢʦʤʫʪʘʪʦʨʽʚ, ʟʘʩʪʦʩʦʚʫʶʯʠ 

ʧʦʣʽʪʠʢʠ QoS, ʷʢʽ ʨʝʛʫʣʶʶʪʴ ʪʨʘʬʽʢ, ʱʦ ʦʙʨʦʙʣʷʻʪʴʩʷ ʮʝʥʪʨʘʣʴʥʠʤ ʧʨʦʮʝʩʦʨʦʤ 

ʩʠʩʪʝʤʠ (ʧʨʦʮʝʩʦʨʦʤ ʤʘʨʰʨʫʪʠʟʘʮʽʾ ʘʙʦ ʢʦʤʫʪʘʮʽʾ). ʋ CoPP ʮʽ ʧʦʣʽʪʠʢʠ QoS 

ʥʘʣʘʰʪʦʚʫʶʪʴʩʷ ʥʘ ʜʦʟʚʽʣ, ʙʣʦʢʫʚʘʥʥʷ ʘʙʦ ʦʙʤʝʞʝʥʥʷ ʰʚʠʜʢʦʩʪʽ ʧʘʢʝʪʽʚ, ʷʢʽ 

ʦʙʨʦʙʣʷʶʻ ʛʦʣʦʚʥʠʡ ʧʨʦʮʝʩʦʨ. ʎʝ ʜʦʧʦʤʘʛʘʻ ʟʘʭʠʩʪʠʪʠ ʧʣʦʱʠʥʫ ʫʧʨʘʚʣʽʥʥʷ 

ʤʘʨʰʨʫʪʠʟʘʪʦʨʘʤʠ ʽ ʢʦʤʫʪʘʪʦʨʘʤʠ ʚʽʜ ʮʽʣʦʛʦ ʨʷʜʫ ʘʪʘʢ, ʚʢʣʶʯʘʶʯʠ ʨʦʟʚʽʜʢʫ ʪʘ 

ʧʨʷʤʽ DoS. 

CoPP ʚʠʢʦʨʠʩʪʦʚʫʻ ʤʦʜʫʣʴʥʠʡ ʽʥʪʝʨʬʝʡʩ ʢʦʤʘʥʜʥʦʛʦ ʨʷʜʢʘ QoS (MQC) 

ʜʣʷ ʥʘʣʘʰʪʫʚʘʥʥʷ ʧʦʣʽʪʠʢʠ. MQC ʜʦʟʚʦʣʷʻ ʨʦʟʜʽʣʠʪʠ ʪʨʘʬʽʢ ʥʘ ʢʣʘʩʠ ʽ ʜʦʟʚʦʣʷʻ 

ʢʦʨʠʩʪʫʚʘʯʫ ʚʠʟʥʘʯʘʪʠ ʽ ʟʘʩʪʦʩʦʚʫʚʘʪʠ ʨʽʟʥʽ ʧʦʣʽʪʠʢʠ QoS ʜʦ ʢʦʞʥʦʛʦ ʢʣʘʩʫ. 

ʇʦʣʽʪʠʢʠ QoS ʤʦʞʫʪʴ ʙʫʪʠ ʥʘʣʘʰʪʦʚʘʥʽ ʥʘ ʜʦʟʚʽʣ ʫʩʽʭ ʧʘʢʝʪʽʚ, ʩʢʠʜʘʥʥʷ ʚʩʽʭ 

ʧʘʢʝʪʽʚ ʘʙʦ ʩʢʠʜʘʥʥʷ ʣʠʰʝ ʪʠʭ ʧʘʢʝʪʽʚ, ʷʢʽ ʧʝʨʝʚʠʱʫʶʪʴ ʧʝʚʥʫ ʤʝʞʫ ʰʚʠʜʢʦʩʪʽ. 

CoPP ʜʦʩʪʫʧʥʠʡ ʥʘ ʰʠʨʦʢʦʤʫ ʩʧʝʢʪʨʽ ʧʣʘʪʬʦʨʤ Cisco, ʷʢʽ ʟʘʙʝʟʧʝʯʫʶʪʴ 

ʦʜʥʘʢʦʚʫ ʙʘʟʦʚʫ ʬʫʥʢʮʽʦʥʘʣʴʥʽʩʪʴ. ʇʨʦʪʝ, CoPP ʙʫʚ ʚʜʦʩʢʦʥʘʣʝʥʠʡ ʥʘ ʜʝʷʢʠʭ 

ʧʣʘʪʬʦʨʤʘʭ, ʱʦʙ ʤʘʢʩʠʤʘʣʴʥʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʧʝʨʝʚʘʛʠ ʦʢʨʝʤʠʭ ʘʧʘʨʘʪʥʠʭ 

ʘʨʭʽʪʝʢʪʫʨ. ʋ ʨʝʟʫʣʴʪʘʪʽ, ʜʝʷʢʽ ʧʣʘʪʬʦʨʤʠ ʟʘʙʝʟʧʝʯʫʶʪʴ ʚʜʦʩʢʦʥʘʣʝʥʽ ʬʦʨʤʠ 

CoPP. ʅʝʨʦʟʧʦʜʽʣʝʥʽ ʧʣʘʪʬʦʨʤʠ ʨʝʘʣʽʟʫʶʪʴ ʮʝʥʪʨʘʣʽʟʦʚʘʥʫ ʧʨʦʛʨʘʤʥʫ ʤʦʜʝʣʴ 

CoPP, ʚ ʪʦʡ ʯʘʩ ʷʢ ʜʝʷʢʽ ʨʦʟʧʦʜʽʣʝʥʽ ʧʣʘʪʬʦʨʤʠ ʥʘʜʘʶʪʴ ʨʦʟʰʠʨʝʥʽ ʚʝʨʩʽʾ CoPP: 

ʨʦʟʧʦʜʽʣʝʥʽ ʽ ʘʧʘʨʘʪʥʽ. ʂʨʽʤ ʪʦʛʦ, ʯʝʨʝʟ ʘʧʘʨʘʪʥʽ ʚʽʜʤʽʥʥʦʩʪʽ ʧʽʜʪʨʠʤʢʘ 

ʧʨʦʪʦʢʦʣʫ CoPP ʤʦʞʝ ʚʘʨʽʶʚʘʪʠʩʷ ʟʘʣʝʞʥʦ ʚʽʜ ʧʣʘʪʬʦʨʤʠ.  
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ʌʫʥʢʮʽʦʥʘʣʴʥʦ CoPP ʚʩʪʫʧʘʻ ʚ ʛʨʫ ʚʽʜʨʘʟʫ ʧʽʩʣʷ ʢʦʤʫʪʘʮʽʾ ʘʙʦ ʨʽʰʝʥʥʷ 

ʧʨʦ ʤʘʨʰʨʫʪʠʟʘʮʽʶ, ʘ ʪʘʢʦʞ ʧʝʨʝʜ ʚʽʜʧʨʘʚʢʦʶ ʪʨʘʬʽʢʘ ʥʘ ʧʣʦʱʠʥʫ ʫʧʨʘʚʣʽʥʥʷ. 

ʂʦʣʠ CoPP ʚʢʣʶʯʝʥʠʡ, ʥʘ ʚʠʩʦʢʦʤʫ ʨʽʚʥʽ ʧʦʩʣʽʜʦʚʥʽʩʪʴ ʧʦʜʽʡ ʚʠʛʣʷʜʘʻ ʪʘʢʠʤ 

ʯʠʥʦʤ: 

ʂʨʦʢ 1. ʇʘʢʝʪ ʚʭʦʜʠʪʴ ʫ ʤʘʨʰʨʫʪʠʟʘʪʦʨ/ʢʦʤʫʪʘʪʦʨ, ʥʘʣʘʰʪʦʚʘʥʠʡ ʟʘ 

ʜʦʧʦʤʦʛʦʶ CoPP ʥʘ ʚʭʽʜʥʦʤʫ ʧʦʨʪʫ. 

ʂʨʦʢ 2. ʇʦʨʪ ʚʠʢʦʥʫʻ ʚʩʽ ʚʭʽʜʥʽ ʧʦʨʪʠ ʽ ʩʣʫʞʙʠ QoS, ʱʦ ʤʦʞʫʪʴ 

ʟʘʩʪʦʩʫʚʘʪʠʩʷ. 

ʂʨʦʢ 3. ʇʘʢʝʪ ʧʝʨʝʩʠʣʘʻʪʴʩʷ ʥʘ ʧʨʦʮʝʩʦʨ ʤʘʨʰʨʫʪʠʟʘʪʦʨʘ/ʢʦʤʫʪʘʪʦʨʘ. 

ʂʨʦʢ 4. ʇʨʦʮʝʩʦʨ ʤʘʨʰʨʫʪʠʟʘʪʦʨʘ/ʢʦʤʫʪʘʪʦʨʘ ʧʨʠʡʤʘʻ ʨʽʰʝʥʥʷ ʧʨʦ 

ʤʘʨʰʨʫʪʠʟʘʮʽʶ/ʢʦʤʫʪʘʮʽʶ, ʚʠʟʥʘʯʘʶʯʠ, ʯʠ ʧʨʠʟʥʘʯʝʥʠʡ ʧʘʢʝʪ ʜʣʷ ʧʣʦʱʠʥʽ 

ʫʧʨʘʚʣʽʥʥʷ, ʯʠ ʥʽ. 

ʂʨʦʢ 5. ʇʘʢʝʪʠ, ʧʨʠʟʥʘʯʝʥʽ ʜʣʷ ʧʣʦʱʠʥʽ ʫʧʨʘʚʣʽʥʥʷ, ʦʙʨʦʙʣʷʶʪʴʩʷ CoPP 

ʽ ʧʝʨʝʜʘʶʪʴʩʷ ʥʘ ʧʣʦʱʠʥʫ ʫʧʨʘʚʣʽʥʥʷ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʧʦʣʽʪʠʢʠ ʢʦʞʥʦʛʦ ʢʣʘʩʫ 

ʪʨʘʬʽʢʘ. ʇʘʢʝʪʠ, ʷʢʽ ʤʘʶʪʴ ʽʥʰʽ ʧʫʥʢʪʠ ʧʨʠʟʥʘʯʝʥʥʷ, ʧʝʨʝʩʠʣʘʶʪʴʩʷ ʥʦʨʤʘʣʴʥʦ. 

ʇʦʨʽʚʥʷʥʦ ʟ RACL, ʟʜʘʪʥʽʩʪʴ CoPP ʦʙʤʝʞʫʚʘʪʠ ʰʚʠʜʢʽʩʪʴ ʨʦʙʠʪʴ ʡʦʛʦ 

ʙʽʣʴʰ ʝʬʝʢʪʠʚʥʠʤ ʧʨʠ DoS-ʘʪʘʢʘʭ ʥʘ ʨʽʚʥʽ ʫʧʨʘʚʣʽʥʥʷ, ʟʦʢʨʝʤʘ, ʟʘʩʥʦʚʘʥʠʭ ʥʘ 

ʜʦʟʚʦʣʝʥʠʭ ʧʨʦʪʦʢʦʣʘʭ ʽ ʜʞʝʨʝʣʘʭ. rACL ʜʦʟʚʦʣʷʻ ʘʙʦ ʟʘʙʦʨʦʥʷʻ ʣʠʰʝ ʪʨʘʬʽʢ, 

ʪʘʢʦʞ ʽʩʥʫʶʪʴ ʩʮʝʥʘʨʽʾ, ʚ ʷʢʠʭ ʪʘʢʦʾ ʧʦʜʚʽʡʥʦʾ ʚʽʜʧʦʚʽʜʽ ʥʝʜʦʩʪʘʪʥʴʦ. 

ʅʘʧʨʠʢʣʘʜ, ICMP ʝʭʦ-ʟʘʧʠʪʠ (pings) ʟʘʟʚʠʯʘʡ ʜʦʟʚʦʣʝʥʽ ʜʣʷ ʜʽʘʛʥʦʩʪʠʯʥʠʭ 

ʮʽʣʝʡ ʽ ʤʘʶʪʴ ʙʫʪʠ ʜʦʟʚʦʣʝʥʽ ʚ ʭʦʜʽ ʾʭʥʴʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥ ̫ʟʘ ʧʨʠʟʥʘʯʝʥʥʷʤ. 

ʆʜʥʘʢ ʚʝʣʠʢʘ ʢʽʣʴʢʽʩʪʴ ʝʭʦ-ʟʘʧʠʪʽʚ ICMP ʤʦʞʝ ʧʝʨʝʚʘʥʪʘʞʠʪʠ RP ʽ ʩʪʘʪʠ 

ʯʘʩʪʠʥʦʶ DoS-ʘʪʘʢʠ. CoPP ʤʦʞʝ ʝʬʝʢʪʠʚʥʦ ʩʧʨʘʚʣʷʪʠʩʷ ʟ ʧʦʜʽʙʥʠʤʠ 

ʩʠʪʫʘʮʽʷʤʠ, ʟʘʩʪʦʩʦʚʫʶʯʠ ʧʦʣʽʪʠʢʠ ʦʙʤʝʞʝʥʥʷ ʰʚʠʜʢʦʩʪʽ ʜʣʷ ʢʦʞʥʦʛʦ ʢʣʘʩʫ 

ʪʨʘʬʽʢʘ. ʅʘʧʨʠʢʣʘʜ, ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ MQC, ʚʠ ʤʦʞʝʪʝ ʚʠʟʥʘʯʠʪʠ ʢʣʘʩ ʪʨʘʬʽʢʘ 

ʜʣʷ ʚʢʣʶʯʝʥʥʷ ʝʭʦ-ʟʘʧʠʪʽʚ ICMP, ʘ ʧʦʪʽʤ ʧʨʦʧʫʩʢʘʪʠ ʧʘʢʝʪʠ, ʱʦ ʧʝʨʝʚʠʱʫʶʪʴ 

ʟʘʟʥʘʯʝʥʠʡ ʣʽʤʽʪ ʰʚʠʜʢʦʩʪʽ ʜʣʷ ʜʘʥʦʛʦ ʢʣʘʩʫ ʪʨʘʬʽʢʫ. 
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ɺ ʮʽʣʦʤʫ, CoPP ʨʝʢʦʤʝʥʜʫʻʪʴʩʷ ʥʘ ʚʩʽʭ ʤʘʨʰʨʫʪʠʟʘʪʦʨʘʭ ʽ ʢʦʤʫʪʘʪʦʨʘʭ, 

ʘʣʝ ʦʩʦʙʣʠʚʦ ʥʘ ʤʘʨʰʨʫʪʠʟʘʪʦʨʘʭ, ʧʽʜʢʣʶʯʝʥʠʭ ʜʦ ɯʥʪʝʨʥʝʪʫ ʘʙʦ ʽʥʰʠʭ 

ʟʦʚʥʽʰʥʽʭ ʤʝʨʝʞ. ɼʝʷʢʽ ʢʦʨʠʩʪʫʚʘʯʽ ʚʩʝ ʱʝ ʚʦʣʽʶʪʴ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ rACL ʜʣʷ 

ʧʨʦʩʪʦʪʠ ʘʙʦ ʷʢ ʧʝʨʰʠʡ ʢʨʦʢ ʜʦ ʚʧʨʦʚʘʜʞʝʥʥʷ CoPP. ɯʥʩʪʨʫʢʮʽʾ ʱʦʜʦ ʧʝʨʝʭʦʜʫ 

ʟ rACL ʥʘ CoPP ʜʠʚ. ʚ ʨʦʟʜʽʣʽ ɿʘʭʠʩʪ ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ ʥʘ ʧʨʦʛʨʘʤʥʠʭ 

ʧʣʘʪʬʦʨʤʘʭ Cisco IOS ʥʘ ʙʘʟʽ ʧʨʦʛʨʘʤʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ IOS ʟʘ ʘʜʨʝʩʦʶ URL, 

ʚʢʘʟʘʥʦʶ ʥʠʞʯʝ. 

ʂʣʘʩʠʬʽʢʘʮʽʷ ʪʨʘʬʽʢʫ ʟʘ CoPP. ʆʩʢʽʣʴʢʠ CoPP ʬʽʣʴʪʨʫʻ ʪʨʘʬʽʢ, ʜʫʞʝ 

ʚʘʞʣʠʚʦ ʦʪʨʠʤʘʪʠ ʘʜʝʢʚʘʪʥʠʡ ʨʽʚʝʥʴ ʨʦʟʫʤʽʥʥʷ ʣʝʛʠʪʠʤʥʦʛʦ ʪʨʘʬʽʢʘ, 

ʧʨʠʟʥʘʯʝʥʦʛʦ ʜʣʷ RP ʘʙʦ SP, ʜʦ ʨʦʟʛʦʨʪʘʥʥʷ. ʇʦʣʽʪʠʢʠ CoPP, ʧʦʙʫʜʦʚʘʥʽ ʙʝʟ 

ʥʘʣʝʞʥʦʛʦ ʨʦʟʫʤʽʥʥʷ ʧʨʦʪʦʢʦʣʽʚ, ʧʨʠʩʪʨʦʾʚ ʘʙʦ ʥʝʦʙʭʽʜʥʠʭ ʰʚʠʜʢʦʩʪʝʡ 

ʪʨʘʬʽʢʘ, ʤʦʞʫʪʴ ʙʣʦʢʫʚʘʪʠ ʢʨʠʪʠʯʥʠʡ ʪʨʘʬʽʢ. ʎʝ ʤʦʞʝ ʧʨʠʟʚʝʩʪʠ ʜʦ 

ʚʠʥʠʢʥʝʥʥʷ ʫʤʦʚʠ ʚʽʜʤʦʚʠ ʚ ʦʙʩʣʫʛʦʚʫʚʘʥʥʽ (DoS). ɺʠʟʥʘʯʠʪʠ ʪʦʯʥʠʡ ʧʨʦʬʽʣʴ 

ʪʨʘʬʽʢʘ, ʥʝʦʙʭʽʜʥʦʛʦ ʜʣʷ ʧʦʙʫʜʦʚʠ ʧʦʣʽʪʠʢ CoPP, ʤʦʞʝ ʙʫʪʠ ʩʢʣʘʜʥʦ ʚ ʜʝʷʢʠʭ 

ʤʝʨʝʞʘʭ. ɿ ʮʽʻʾ ʧʨʠʯʠʥʠ ʚ ʜʘʥʦʤʫ ʜʦʢʫʤʝʥʪʽ ʦʧʠʩʫʻʪʴʩʷ ʢʦʥʩʝʨʚʘʪʠʚʥʘ 

ʤʝʪʦʜʦʣʦʛʽʷ ʨʦʟʛʦʨʪʘʥʥʷ CoPP ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʽʪʝʨʘʪʠʚʥʠʭ ʢʦʥʬʽʛʫʨʘʮʽʡ ACL 

ʜʣʷ ʽʜʝʥʪʠʬʽʢʘʮʽʾ ʪʘ ʧʦʩʪʫʧʦʚʦʾ ʬʽʣʴʪʨʘʮʽʾ ʪʨʘʬʽʢʘ. 

ʇʝʨʰ ʥʽʞ ʨʦʟʨʦʙʣʷʪʠ ʬʘʢʪʠʯʥʫ ʧʦʣʽʪʠʢʫ CoPP, ʥʝʦʙʭʽʜʥʦ ʚʠʟʥʘʯʠʪʠ 

ʥʝʦʙʭʽʜʥʠʡ ʪʨʘʬʽʢ ʽ ʨʦʟʜʽʣʠʪʠ ʡʦʛʦ ʥʘ ʨʽʟʥʽ ʢʣʘʩʠ. ʄʦʞʥʘ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ 

ʢʽʣʴʢʘ ʩʭʝʤ ʢʣʘʩʠʬʽʢʘʮʽʾ, ʘʣʝ ʦʜʥʘ ʟ ʨʝʢʦʤʝʥʜʦʚʘʥʠʭ ʤʝʪʦʜʦʣʦʛʽʡ ʚʢʣʶʯʘʻ 

ʢʣʘʩʠʬʽʢʘʮʽʶ ʪʨʘʬʽʢʘ ʥʘ ʨʽʟʥʽ ʛʨʫʧʠ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʚʽʜʥʦʩʥʦʾ ʚʘʞʣʠʚʦʩʪʽ ʽ 

ʪʠʧʫ ʪʨʘʬʽʢʘ. ɺ ʜʘʥʦʤʫ ʨʦʟʜʽʣʽ ʥʘʚʝʜʝʥʦ ʧʨʠʢʣʘʜ, ʟʘʩʥʦʚʘʥʠʡ ʥʘ ʜʝʩʷʪʠ ʨʽʟʥʠʭ 

ʢʣʘʩʘʭ, ʷʢʠʡ ʟʘʙʝʟʧʝʯʫʻ ʙʽʣʴʰʫ ʜʝʪʘʣʽʟʘʮʽʶ ʽ ʧʽʜʭʦʜʠʪʴ ʜʣʷ ʨʝʘʣʴʥʠʭ ʫʤʦʚ. 

ɺʘʞʣʠʚʦ ʟʘʟʥʘʯʠʪʠ, ʱʦ, ʥʘʚʽʪʴ ʷʢʱʦ ʚʠ ʤʦʞʝʪʝ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʮʝʡ ʧʨʠʢʣʘʜ, 

ʬʘʢʪʠʯʥʘ ʢʽʣʴʢʽʩʪʴ ʽ ʪʠʧ ʢʣʘʩʽʚ, ʥʝʦʙʭʽʜʥʠʭ ʜʣʷ ʜʘʥʦʾ ʤʝʨʝʞʽ, ʤʦʞʫʪʴ 

ʚʽʜʨʽʟʥʷʪʠʩʷ ʽ ʤʘʶʪʴ ʙʫʪʠ ʦʙʨʘʥʽ ʟʘʣʝʞʥʦ ʚʽʜ ʤʽʩʮʝʚʠʭ ʚʠʤʦʛ, ʧʦʣʽʪʠʢ ʙʝʟʧʝʢʠ ʽ 

ʨʝʪʝʣʴʥʦʛʦ ʘʥʘʣʽʟʫ ʙʘʟʦʚʦʛʦ ʪʨʘʬʽʢʫ. 
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ʄʘʨʰʨʫʪʠʟʘʪʦʨʠ Cisco ʪʘʢʦʞ ʧʽʜʪʨʠʤʫʶʪʴ ʧʨʦʪʦʢʦʣʠ ʥʘʜʤʽʨʥʦʩʪʽ First 

Hop Redundancy Protocol, ʪʘʢʽ ʷʢ HSRP, VRRP ʽ GLBP. ʎʽ ʧʨʦʪʦʢʦʣʠ ʧʨʠʟʥʘʯʝʥʽ 

ʜʣʷ ʧʨʦʟʦʨʦʛʦ ʦʙʭʦʜʫ ʚʽʜʤʦʚʠ ʥʘ ʧʝʨʰʦʤʫ IP-ʤʘʨʰʨʫʪʠʟʘʪʦʨʽ. ɿʘ ʜʦʧʦʤʦʛʦʶ 

ʮʠʭ ʧʨʦʪʦʢʦʣʽʚ ʜʚʘ ʘʙʦ ʙʽʣʴʰʝ ʤʘʨʰʨʫʪʠʟʘʪʦʨʽʚ ʚʩʪʘʥʦʚʣʶʶʪʴʩʷ ʨʘʟʦʤ ʫ ʛʨʫʧʽ, 

ʨʦʟʜʽʣʷʶʯʠ ʦʜʥʫ IP-ʘʜʨʝʩʫ, ʚʽʨʪʫʘʣʴʥʫ IP-ʘʜʨʝʩʫ. ɺʽʨʪʫʘʣʴʥʘ IP-ʘʜʨʝʩʘ 

ʥʘʣʘʰʪʦʚʫʻʪʴʩʷ ʥʘ ʨʦʙʦʯʽʡ ʩʪʘʥʮʽʾ ʢʦʞʥʦʛʦ ʢʽʥʮʝʚʦʛʦ ʢʦʨʠʩʪʫʚʘʯʘ ʷʢ ʘʜʨʝʩʘ 

ʰʣʶʟʫ ʽ ʢʝʰʫʻʪʩʷ ʚ ARP-ʢʝʰʽ ʭʦʩʪʘ. ʗʢ ʘʢʪʠʚʥʠʡ ʤʘʨʰʨʫʪʠʟʘʪʦʨ ʚʠʙʠʨʘʻʪʴʩʷ 

ʦʜʠʥ ʟ ʤʘʨʰʨʫʪʠʟʘʪʦʨʽʚ ʫ ʛʨʫʧʽ, ʷʢʠʡ ʚʽʜʧʦʚʽʜʘʻ ʟʘ ʦʙʨʦʙʢʫ ʚʩʴʦʛʦ ʪʨʘʬʽʢʘ, ʱʦ 

ʧʝʨʝʜʘʻʪʴʩʷ ʥʘ ʚʽʨʪʫʘʣʴʥʫ IP-ʘʜʨʝʩʫ. ʋ ʨʘʟʽ ʚʽʜʤʦʚʠ ʘʢʪʠʚʥʦʛʦ ʤʘʨʰʨʫʪʠʟʘʪʦʨʘ, 

ʦʜʠʥ ʟ ʨʝʟʝʨʚʥʠʭ ʤʘʨʰʨʫʪʠʟʘʪʦʨʽʚ ʚ ʛʨʫʧʽ ʧʝʨʝʭʦʜʠʪʴ ʥʘ ʨʝʟʝʨʚʥʠʡ. 

ʆʧʠʰʝʤʦ ʧʨʦʪʦʢʦʣʠ ʥʘʜʤʽʨʥʦʩʪʽ ʧʝʨʰʦʛʦ ʭʦʧʫ. 

ʇʨʦʪʦʢʦʣ ʛʘʨʷʯʦʛʦ ʨʝʟʝʨʚʫʚʘʥʥʷ ʤʘʨʰʨʫʪʠʟʘʪʦʨʘ (HSRP)-HSRP 

ʟʘʙʝʟʧʝʯʫʻ ʚʠʩʦʢʫ ʜʦʩʪʫʧʥʽʩʪʴ ʤʝʨʝʞʽ, ʨʝʟʝʨʚʫʚʘʥʥʷ ʤʘʨʰʨʫʪʠʟʘʮʽʾ ʚ ʧʝʨʰʦʤʫ 

ʨʷʜʫ ʜʣʷ IP ʭʦʩʪʽʚ ʚ Ethernet, FDDI, BVI, LANE ʘʙʦ ʤʝʨʝʞʽ ʪʠʧʫ Token Ring ʟ  

IP-ʘʜʨʝʩʦʶ ʦʩʥʦʚʥʦʛʦ ʰʣʶʟʫ. HSRP ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʚ ʛʨʫʧʽ ʤʘʨʰʨʫʪʠʟʘʪʦʨʽʚ 

ʜʣʷ ʚʠʙʦʨʫ ʘʢʪʠʚʥʦʛʦ ʽ ʨʝʟʝʨʚʥʦʛʦ ʤʘʨʰʨʫʪʠʟʘʪʦʨʽʚ. ʋ ʛʨʫʧʽ ʽʥʪʝʨʬʝʡʩʽʚ 

ʤʘʨʰʨʫʪʠʟʘʪʦʨʘ ʘʢʪʠʚʥʠʡ ʤʘʨʰʨʫʪʠʟʘʪʦʨ ʻ ʢʨʘʱʠʤ ʤʘʨʰʨʫʪʠʟʘʪʦʨʦʤ ʜʣʷ 

ʤʘʨʰʨʫʪʠʟʘʮʽʾ ʧʘʢʝʪʽʚ; ʨʝʟʝʨʚʥʠʡ ʤʘʨʰʨʫʪʠʟʘʪʦʨ ï ʮʝ ʤʘʨʰʨʫʪʠʟʘʪʦʨ, ʷʢʠʡ 

ʧʨʠʡʤʘʻ ʥʘ ʩʝʙʝ ʬʫʥʢʮʽʾ ʟʘ ʚʽʜʤʦʚʠ ʘʢʪʠʚʥʦʛʦ ʤʘʨʰʨʫʪʠʟʘʪʦʨʘ ʘʙʦ ʟ 

ʜʦʪʨʠʤʘʥʥʷʤ ʚʩʪʘʥʦʚʣʝʥʠʭ ʫʤʦʚ. 

ʇʨʦʪʦʢʦʣ VRRP (Virtual Router Redundancy Protocol ï ʧʨʦʪʦʢʦʣ 

ʥʘʜʤʽʨʥʦʩʪʽ ʚʽʨʪʫʘʣʴʥʠʭ ʤʘʨʰʨʫʪʠʟʘʪʦʨʽʚ) ï ʧʨʦʪʦʢʦʣ ʚʽʜʦʙʨʘʞʝʥʥʷ, ʷʢʠʡ 

ʜʠʥʘʤʽʯʥʦ ʧʨʠʟʥʘʯʘʻ ʚʽʜʧʦʚʽʜʘʣʴʥʽʩʪʴ ʟʘ ʦʜʠʥ ʘʙʦ ʢʽʣʴʢʘ ʚʽʨʪʫʘʣʴʥʠʭ 

ʤʘʨʰʨʫʪʠʟʘʪʦʨʽʚ ʤʘʨʰʨʫʪʠʟʘʪʦʨʘʤ VRRP ʫ ʣʦʢʘʣʴʥʽʡ ʤʝʨʝʞʽ, ʜʦʟʚʦʣʷʶʯʠ 

ʢʽʣʴʢʦʤ ʤʘʨʰʨʫʪʠʟʘʪʦʨʘʤ ʚ ʣʽʥʽʾ ʤʫʣʴʪʠʜʦʩʪʫʧʫ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʦʜʥʫ 

ʚʽʨʪʫʘʣʴʥʫ IP ʘʜʨʝʩʫ. ʄʘʨʰʨʫʪʠʟʘʪʦʨ VRRP ʥʘʣʘʰʪʦʚʘʥʠʡ ʥʘ ʨʦʙʦʪʫ ʟ 

ʧʨʦʪʦʢʦʣʦʤ VRRP ʚ ʧʦʻʜʥʘʥʥʽ ʟ ʦʜʥʠʤ ʘʙʦ ʜʝʢʽʣʴʢʦʤʘ ʽʥʰʠʤʠ 

ʤʘʨʰʨʫʪʠʟʘʪʦʨʘʤʠ, ʧʽʜʢʣʶʯʝʥʠʤʠ ʜʦ ʣʦʢʘʣʴʥʦʾ ʤʝʨʝʞʽ. 
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ʇʨʦʪʦʢʦʣ ʙʘʣʘʥʩʫʚʘʥʥʷ ʥʘʚʘʥʪʘʞʝʥʥʷ ʰʣʶʟʫ (GLBP)-GLBP ʟʘʙʝʟʧʝʯʫʻ 

ʘʚʪʦʤʘʪʠʯʥʝ ʨʝʟʝʨʚʥʝ ʢʦʧʽʶʚʘʥʥʷ ʤʘʨʰʨʫʪʠʟʘʪʦʨʘ ʜʣʷ IP-ʭʦʩʪʽʚ, ʥʘʣʘʰʪʦʚʘʥʠʭ 

ʟʘ ʜʦʧʦʤʦʛʦʶ ʦʜʥʦʛʦ ʰʣʶʟʫ ʚ ʣʦʢʘʣʴʥʽʡ ʤʝʨʝʞʽ IEEE 802.3. ʂʽʣʴʢʘ 

ʤʘʨʰʨʫʪʠʟʘʪʦʨʽʚ ʧʝʨʰʦʛʦ ʩʪʨʠʙʢʘ ʚ ʣʦʢʘʣʴʥʽʡ ʤʝʨʝʞʽ ʦʙô̒ ʜʥʫʶʪʴʩʷ, ʱʦʙ 

ʟʘʧʨʦʧʦʥʫʚʘʪʠ ʦʜʠʥ ʚʽʨʪʫʘʣʴʥʠʡ IP-ʤʘʨʰʨʫʪʠʟʘʪʦʨ ʧʝʨʰʦʛʦ ʩʪʨʠʙʢʘ ʚ ʭʦʜʽ 

ʧʦʜʽʣʫ ʥʘʚʘʥʪʘʞʝʥʥʷ ʧʝʨʝʘʜʨʝʩʘʮʽʾ ʧʘʢʝʪʽʚ IP. ɯʥʰʽ ʤʘʨʰʨʫʪʠʟʘʪʦʨʠ ʚ ʣʦʢʘʣʴʥʽʡ 

ʤʝʨʝʞʽ ʤʦʞʫʪʴ ʧʨʘʮʶʚʘʪʠ ʷʢ ʨʝʟʝʨʚʥʽ GLBP-ʤʘʨʰʨʫʪʠʟʘʪʦʨʠ, ʷʢʽ ʩʪʘʶʪʴ 

ʘʢʪʠʚʥʠʤʠ ʚ ʨʘʟʽ ʚʽʜʤʦʚʠ ʙʫʜʴ-ʷʢʦʛʦ ʟ ʽʩʥʫʶʯʠʭ ʤʘʨʰʨʫʪʠʟʘʪʦʨʽʚ ʧʝʨʝʘʜʨʝʩʘʮʽʾ. 

GLBP ʚʠʢʦʥʫʻ ʜʣʷ ʢʦʨʠʩʪʫʚʘʯʘ ʬʫʥʢʮʽʾ, ʘʥʘʣʦʛʽʯʥʽ HSRP ʽ VRRP. HSRP ʽ VRRP 

ʜʦʟʚʦʣʷʶʪʴ ʜʝʢʽʣʴʢʦʤ ʤʘʨʰʨʫʪʠʟʘʪʦʨʘʤ ʙʨʘʪʠ ʫʯʘʩʪʴ ʫ ʚʽʨʪʫʘʣʴʥʽʡ ʛʨʫʧʽ 

ʤʘʨʰʨʫʪʠʟʘʪʦʨʽʚ, ʥʘʣʘʰʪʦʚʘʥʠʭ ʥʘ ʚʽʨʪʫʘʣʴʥʫ IP-ʘʜʨʝʩʫ. HSRP ʽ VRRP ʪʘʢʦʞ 

ʜʦʟʚʦʣʷʣʠ ʙʘʣʘʥʩʫʚʘʪʠ ʥʘʚʘʥʪʘʞʝʥʥʷ, ʥʘʣʘʰʪʦʚʫʶʯʠ ʢʽʣʴʢʘ ʛʨʫʧ ʚʽʨʪʫʘʣʴʥʠʭ 

ʤʘʨʰʨʫʪʠʟʘʪʦʨʽʚ ʽ ʨʽʟʥʽ ʰʣʶʟʠ ʟʘ ʟʘʤʦʚʯʫʚʘʥʥʷʤ ʥʘ ʢʣʽʻʥʪʘʭ LAN. ʅʘ ʚʽʜʤʽʥʫ 

ʚʽʜ HSRP ʽ VRRP, GLPB ʜʦʟʚʦʣʷʻ ʙʘʣʘʥʩʫʚʘʪʠ ʥʘʚʘʥʪʘʞʝʥʥʷ ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʦʜʥʽʻʾ ʚʽʨʪʫʘʣʴʥʦʾ IP ʘʜʨʝʩʠ, ʙʝʟ ʥʝʦʙʭʽʜʥʦʩʪʽ ʥʘʣʘʰʪʫʚʘʥʥʷ ʨʽʟʥʠʭ ʰʣʶʟʽʚ ʟʘ 

ʟʘʤʦʚʯʫʚʘʥʥʷʤ. ɿ ʮʽʻʶ ʤʝʪʦʶ ʦʜʥʘ ʚʽʨʪʫʘʣʴʥʘ IP-ʘʜʨʝʩʘ ʘʩʦʮʽʶʻʪʴʩʷ ʟ ʢʽʣʴʢʦʤʘ 

ʚʽʨʪʫʘʣʴʥʠʤʠ MAC-ʘʜʨʝʩʘʤʠ. ʇʝʨʝʘʜʨʝʩʘʮʽʷ ʥʘʚʘʥʪʘʞʝʥʥʷ ʨʦʟʧʦʜʽʣʷʻʪʴʩʷ ʤʽʞ 

ʫʩʽʤʘ ʤʘʨʰʨʫʪʠʟʘʪʦʨʘʤʠ ʚ ʛʨʫʧʽ GLBP, ʘ ʥʝ ʦʙʨʦʙʣʷʻʪʴʩʷ ʦʜʥʠʤ ʰʣʶʟʦʤ, ʚ ʪʦʡ 

ʯʘʩ ʷʢ ʽʥʰʽ ʤʘʨʰʨʫʪʠʟʘʪʦʨʠ ʧʨʦʩʪʦʶʶʪʴ. ʂʦʞʝʥ ʚʫʟʦʣ ʤʘʻ ʦʜʥʫ ʽ ʪʫ ʩʘʤʫ 

ʚʽʨʪʫʘʣʴʥʫ IP-ʘʜʨʝʩʫ, ʽ ʚʩʽ ʤʘʨʰʨʫʪʠʟʘʪʦʨʠ ʚʽʨʪʫʘʣʴʥʦʾ ʛʨʫʧʠ ʤʘʨʰʨʫʪʠʟʘʪʦʨʽʚ 

ʙʝʨʫʪʴ ʫʯʘʩʪʴ ʫ ʧʝʨʝʘʜʨʝʩʘʮʽʾ ʧʘʢʝʪʽʚ. ʏʣʝʥʠ GLBP ʩʧʽʣʢʫʶʪʴʩʷ ʦʜʠʥ ʟ ʦʜʥʠʤ ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʧʨʠʚʽʪʘʥʴ, ʱʦ ʚʽʜʧʨʘʚʣʷʶʪʴʩʷ ʢʦʞʥʽ 3 ʩʝʢʫʥʜʠ ʥʘ ʧʦʨʪ 3222 

ʧʨʦʪʦʢʦʣʫ UDP (ʜʞʝʨʝʣʦ ʽ ʧʨʠʟʥʘʯʝʥʥʷ) ʟʘ ʙʘʛʘʪʦʘʜʨʝʩʥʦʶ ʘʜʨʝʩʦʶ 

224.0.0.102. ʂʨʽʤ ʪʦʛʦ, GLBP ʧʽʜʪʨʠʤʫʻ ʘʫʪʝʥʪʠʬʽʢʘʮʽʶ ʟʘ ʘʣʛʦʨʠʪʤʦʤ MD5 ʜʣʷ 

ʟʘʭʠʩʪʫ ʚʽʜ ʧʽʜʨʦʙʢʠ. 

ʋ ʪʘʙʣʠʮʽ 2.5 ʥʘʚʝʜʝʥʦ ʧʨʠʢʣʘʜʠ ʧʝʨʝʜʦʚʦʾ ʧʨʘʢʪʠʢʠ ʽ ʧʝʨʝʨʘʭʦʚʘʥʽ 

ʟʘʛʨʦʟʠ, ʷʢʽ ʚʦʥʠ ʜʦʧʦʤʘʛʘʶʪʴ ʧʦʤô̫ ʢʰʠʪʠ. 
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ʊʘʙʣʠʮʷ 2.5. 

ɿʚʝʜʝʥʽ ʜʘʥʽ ʱʦʜʦ ʚʽʜʤʦʚʦʩʪʽʡʢʦʩʪʽ ʽ ʚʠʞʠʚʘʥʥʷ ʧʨʠʩʪʨʦʾʚ 

ʆʩʦʙʣʠʚʽʩʪʴ ʙʝʟʧʝʢʠ / 

ʪʝʭʥʽʢʘ ʙʝʟʧʝʢʠ  
ɸʪʘʢʠ ʧʦʤô̫ ʢʰʝʥʽ ʅʘʡʢʨʘʱʝ 

ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʚ  
ɺʽʜʢʣʶʯʝʥʥʷ 

ʥʝʧʦʪʨʽʙʥʠʭ ʧʦʩʣʫʛ 

ʅʝʩʘʥʢʮʽʦʥʦʚʘʥʠʡ ʜʦʩʪʫʧ, ʨʦʟʚʽʜʢʘ, 

DoS ʥʘ ʦʩʥʦʚʽ ʥʝʩʘʥʢʮʽʦʥʦʚʘʥʠʭ 

ʧʨʦʪʦʢʦʣʽʚ, ʘʪʘʢʠ ʟ ʧʦʩʠʣʝʥʥʷʤ, ʦʙʭʽʜ 

ʢʦʥʪʨʦʣʶ ʜʦʩʪʫʧʫ 

ɺʩʽ ʤʘʨʰʨʫʪʠʟʘʪʦʨʠ ʪʘ 

ʢʦʤʫʪʘʪʦʨʠ 

iACL  ʅʝʩʘʥʢʮʽʦʥʦʚʘʥʠʡ ʜʦʩʪʫʧ, ʨʦʟʚʽʜʢʘ, 

DoS ʥʘ ʦʩʥʦʚʽ ʥʝʩʘʥʢʮʽʦʥʦʚʘʥʠʭ 

ʧʨʦʪʦʢʦʣʽʚ 

ɯʥʪʝʨʥʝʪ ʪʘ ʽʥʰʽ 

ʧʨʠʢʦʨʜʦʥʥʽ ʤʝʨʝʞʽ, 

ʘʜʤʽʥʽʩʪʨʘʪʠʚʥʽ 

ʧʨʠʢʦʨʜʦʥʥʽ ʤʝʨʝʞʽ  

rACL ʅʝʩʘʥʢʮʽʦʥʦʚʘʥʠʡ ʜʦʩʪʫʧ, ʨʦʟʚʽʜʢʘ, 

DoS ʥʘ ʦʩʥʦʚʽ ʥʝʩʘʥʢʮʽʦʥʦʚʘʥʠʭ 

ʧʨʦʪʦʢʦʣʽʚ 

ʋʩʽ ʤʘʨʰʨʫʪʠʟʘʪʦʨʠ, ʚ 

ʧʝʨʰʫ ʯʝʨʛʫ, ʚ ɯʥʪʝʨʥʝʪʽ, 

ʧʨʠʢʦʨʜʦʥʥʠʭ ʤʝʨʝʞʘʭ. 

rACL ʧʨʦʩʪʦʪʘ 

ʚʽʜʜʘʻʪʴʩʷ ʧʝʨʝʚʘʛʘ ʥʘʜ 

CoPP.  

CoPP ʅʝʩʘʥʢʮʽʦʥʦʚʘʥʠʡ ʜʦʩʪʫʧ, ʨʦʟʚʽʜʢʘ, 

DoS ʥʘ ʦʩʥʦʚʽ ʥʝʘʚʪʦʨʠʟʦʚʘʥʠʭ 

ʧʨʦʪʦʢʦʣʽʚ, DoS ʥʘ ʦʩʥʦʚʽ 

ʘʚʪʦʨʠʟʦʚʘʥʠʭ ʧʨʦʪʦʢʦʣʽʚ, ʨʦʟʧʦʜʽʣʝʥʘ 

DoS 

ʋʩʽ ʧʨʠʩʪʨʦʾ, ʱʦ 

ʧʨʦʧʦʥʫʶʪʴ ʘʧʘʨʘʪʥʝ 

ʟʘʙʝʟʧʝʯʝʥʥʷ CoPP 

ɿʘʭʠʩʪ ʧʣʦʱʠʥʠ 

ʫʧʨʘʚʣʽʥʥʷ 

ʅʝʩʘʥʢʮʽʦʥʦʚʘʥʠʡ ʜʦʩʪʫʧ, ʨʦʟʚʽʜʢʘ, 

DoS ʥʘ ʦʩʥʦʚʽ ʥʝʘʚʪʦʨʠʟʦʚʘʥʠʭ 

ʧʨʦʪʦʢʦʣʽʚ, DoS ʥʘ ʦʩʥʦʚʽ 

ʘʚʪʦʨʠʟʦʚʘʥʠʭ ʧʨʦʪʦʢʦʣʽʚ, ʈʦʟʧʦʜʽʣʝʥʘ 

DoS 

ʇʨʦʛʨʘʤʥʝ ʟʘʙʝʟʧʝʯʝʥʥʷ 

ʣʠʰʝ ʧʨʠʩʪʨʦʾʚ IOS 

ʅʘʜʤʽʨʥʽʩʪʴ DoS, ʨʦʟʧʦʜʽʣʝʥʘ DoS ʂʨʠʪʠʯʥʽ 

ʤʘʨʰʨʫʪʠʟʘʪʦʨʠ ʪʘ 

ʢʦʤʫʪʘʪʦʨʠ 

 

ʊʝʣʝʤʝʪʨʽʷ ʤʝʨʝʞʽ. 

ɼʣʷ ʪʦʛʦ ʱʦʙ ʟʘʙʝʟʧʝʯʠʪʠ ʧʨʘʮʝʟʜʘʪʥʽʩʪʴ ʽ ʜʦʩʪʫʧʥʽʩʪʴ ʤʝʨʝʞʽ, ʚʢʨʘʡ 

ʚʘʞʣʠʚʦ ʤʘʪʠ ʚʠʜʠʤʽʩʪʴ ʽ ʦʙʽʟʥʘʥʽʩʪʴ ʧʨʦ ʪʝ, ʱʦ ʚʽʜʙʫʚʘʻʪʴʩʷ ʚ ʤʝʨʝʞʽ ʚ ʙʫʜʴ-

ʷʢʠʡ ʤʦʤʝʥʪ ʯʘʩʫ [ɹʘʨʘʙʘʰ, 2010]. ʊʝʣʝʤʝʪʨʽʷ ʤʝʨʝʞʽ ʥʘʜʘʻ ʰʠʨʦʢʽ ʽ ʢʦʨʠʩʥʽ 

ʤʦʞʣʠʚʦʩʪʽ ʚʠʷʚʣʝʥʥʷ, ʷʢʽ ʤʦʞʫʪʴ ʙʫʪʠ ʦʙ'ʻʜʥʘʥʽ ʟʽ ʩʧʝʮʽʘʣʽʟʦʚʘʥʠʤʠ 

ʩʠʩʪʝʤʘʤʠ ʘʥʘʣʽʟʫ ʜʣʷ ʟʙʦʨʫ, ʘʥʘʣʽʟʫ ʪʝʥʜʝʥʮʽʡ ʽ ʢʦʨʝʣʷʮʽʾ ʘʢʪʠʚʥʦʩʪʽ, ʱʦ 

ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ. 
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ʊʝʣʝʤʝʪʨʽʷ ʙʘʟʦʚʦʾ ʤʝʨʝʞʽ ʥʝʜʦʨʦʛʘ ʽ ʚʽʜʥʦʩʥʦ ʧʨʦʩʪʘ ʫ ʨʝʘʣʽʟʘʮʽʾ. ʋ 

ʮʴʦʤʫ ʨʦʟʜʽʣʽ ʨʦʟʛʣʷʜʘʶʪʴʩʷ ʙʘʟʦʚʽ ʬʦʨʤʠ ʪʝʣʝʤʝʪʨʽʾ, ʨʝʢʦʤʝʥʜʦʚʘʥʽ ʜʣʷ 

ʧʨʠʩʪʨʦʾʚ ʤʝʨʝʞʥʦʾ ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ, ʚ ʪʦʤʫ ʯʠʩʣʽ: 

ï ʩʠʥʭʨʦʥʽʟʘʮʽʷ ʯʘʩʫ; 

ï ʩʪʘʪʠʩʪʠʢʘ ʪʨʘʬʽʢʘ ʣʦʢʘʣʴʥʠʭ ʧʨʠʩʪʨʦʾʚ; 

ï ʽʥʬʦʨʤʘʮʽʷ ʧʨʦ ʩʪʘʥ ʩʠʩʪʝʤʠ; 

ï ʢʨʘʱʽ ʟʨʘʟʢʠ ʧʝʨʝʜʦʚʦʾ ʧʨʘʢʪʠʢʠ ʂʇʈ; 

ï ʩʠʩʪʝʤʥʽ ʣʦʛʠ; 

ï SNMP; 

ï ACL Logging; 

ï ʘʫʜʠʪ ʦʙʣʽʢʫ; 

ï ʞʫʨʥʘʣ ʟʤʽʥ ʢʦʥʬʽʛʫʨʘʮʽʾ ʘʨʭʽʚʫ; 

ï ʟʘʭʦʧʣʝʥʥʷ ʧʘʢʝʪʽʚ. 

ʈʝʟʫʣʴʪʘʪʠ ʟʘʩʪʦʩʫʚʘʥʥʷ ʤʝʪʦʜʦʣʦʛʽʾ CSF ʜʣʷ ʪʝʣʝʤʝʪʨʽʾ ʙʘʟʦʚʦʾ ʤʝʨʝʞʽ 

ʥʘʚʝʜʝʥʦ ʚ ʪʘʙʣʠʮʽ 2.6 ʽ ʧʦʢʘʟʫʶʪʴ ʪʝʭʥʦʣʦʛʽʾ ʪʘ ʦʩʦʙʣʠʚʦʩʪʽ, ʽʜʝʥʪʠʬʽʢʦʚʘʥʽ ʪʘ 

ʽʥʪʝʛʨʦʚʘʥʽ ʚ ɹʘʟʦʚʫ ʣʽʥʽʶ ʤʝʨʝʞʥʦʾ ʙʝʟʧʝʢʠ. 

ʊʘʙʣʠʮʷ 2.6. 

ʄʝʪʦʜʦʣʦʛʽʯʥʘ ʦʮʽʥʢʘ-CSF ʚʠʜʠʤʽʩʪʴ ʽ ʦʙʽʟʥʘʥʽʩʪʴ 

ɯʜʝʥʪʠʬʽʢʘʮʽʷ ʂʦʥʪʨʦʣʴ 

ÅCDP  

ÅSNMP  

ÅSyslog  

NTP/ 

ʉʪʘʪʠʩʪʠʢʘ ʣʦʢʘʣʴʥʠʭ ʧʨʠʩʪʨʦʾʚ/ 

ɯʥʬʦʨʤʘʮʽʷ ʧʨʦ ʩʪʘʥ ʩʠʩʪʝʤʠ/ 

ʇʘʤ'ʷʪʴ / ʎʇ / ʧʨʦʮʝʩʠ: 

ï CPU ʽ ʧʦʚʽʜʦʤʣʝʥʥʷ ʧʨʦ ʧʦʨʦʛʠ ʧʘʤ'ʷʪʽ 

ï CDP ʢʨʘʱʽ ʨʦʟʧʦʚʩʶʜʞʝʥʥʽ ʧʨʘʢʪʠʢʠ 

ʃʦʛʫʚʘʥʥʷ: 

ï syslog 

ï SNMP 

ï ʟʚʽʪʥʽʩʪʴ 

ɯʥʬʦʨʤʘʮʽʷ ʧʨʦ ʟʤʽʥʫ ʢʦʥʬʽʛʫʨʘʮʽʾ ʽ ʚʝʜʝʥʥʷ ʞʫʨʥʘʣʫ 

ï ʟʘʭʦʧʣʝʥʥʷ ʧʘʢʝʪʘ 

ï SPAN / RSPAN 

ï ʂʦʧʽʶʚʘʥʥʷ / ʟʘʭʦʧʣʝʥʥʷ VACLs 
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ʃʦʢʘʣʴʥʘ ʩʪʘʪʠʩʪʠʢʘ ʧʨʠʩʪʨʦʾʚ ʻ ʥʘʡʙʽʣʴʰ ʙʘʟʦʚʦʶ ʽ ʧʦʰʠʨʝʥʦʶ 

ʬʦʨʤʦʶ ʪʝʣʝʤʝʪʨʽʾ. ɺʦʥʠ ʥʘʜʘʶʪʴ ʙʘʟʦʚʫ ʽʥʬʦʨʤʘʮʽʶ, ʪʘʢʫ ʷʢ ʧʨʦʧʫʩʢʥʘ 

ʟʜʘʪʥʽʩʪʴ ʽʥʪʝʨʬʝʡʩʫ ʽ ʩʪʘʪʠʩʪʠʢʫ ʧʨʦʧʫʩʢʥʦʾ ʟʜʘʪʥʦʩʪʽ, ʚʢʣʶʯʝʥʽ ʬʫʥʢʮʽʾ ʽ 

ʛʣʦʙʘʣʴʥʫ ʩʪʘʪʠʩʪʠʢʫ ʪʨʘʬʽʢʫ ʟʘ ʢʦʞʥʠʤ ʧʨʦʪʦʢʦʣʦʤ. 

ɺ Cisco IOS ʜʦʩʪʫʧ ʜʦ ʮʽʻʾ ʽʥʬʦʨʤʘʮʽʾ ʟʜʽʡʩʥʶʻʪʴʩʷ ʯʝʨʝʟ ʽʥʪʝʨʬʝʡʩ 

ʢʦʤʘʥʜʥʦʛʦ ʨʷʜʢʘ (CLI). ʌʦʨʤʘʪ ʚʠʚʝʜʝʥʥʷ ʢʦʤʘʥʜʠ, ʘ ʪʘʢʦʞ ʩʘʤʘ ʢʦʤʘʥʜʘ ʽ ʾʾ 

ʧʘʨʘʤʝʪʨʠ ʟʘʣʝʞʘʪʴ ʚʽʜ ʧʣʘʪʬʦʨʤʠ. ɺʘʞʣʠʚʦ ʧʨʦʘʥʘʣʽʟʫʚʘʪʠ ʽ ʟʨʦʟʫʤʽʪʠ ʮʽ 

ʚʽʜʤʽʥʥʦʩʪʽ. ʂʦʤʘʥʜʠ, ʱʦ ʥʘʡʯʘʩʪʽʰʝ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ, ʤʦʞʫʪʴ ʤʘʪʠ 

ʧʩʝʚʜʦʥʽʤʠ ʜʣʷ ʙʽʣʴʰʦʾ ʧʨʦʩʪʦʪʠ ʚʠʢʦʨʠʩʪʘʥʥʷ. 

ɺ Cisco IOS ʛʣʦʙʘʣʴʥʘ ʩʪʘʪʠʩʪʠʢʘ IP ʥʘʜʘʻ ʙʘʛʘʪʦ ʢʦʨʠʩʥʦʾ ʽʥʬʦʨʤʘʮʽʾ, 

ʚʢʣʶʯʘʶʯʠ ʧʽʜʨʘʭʫʥʦʢ ʢʽʣʴʢʦʩʪʽ ʧʨʦʪʦʢʦʣʽʚ ʜʣʷ ICMP, TCP, UDP ʽ 

ʙʘʛʘʪʦʘʜʨʝʩʥʦʛʦ ʪʨʘʬʽʢʘ. 

ʂʦʣʠ ʤʝʨʝʞʘ ʨʦʟʛʦʨʥʫʪʘ ʚ ʩʝʨʝʜʦʚʠʱʽ, ʜʝ ʧʨʠʩʫʪʥʽ ʘʪʘʢʠ, ʨʽʟʥʽ ʰʣʷʭʠ 

ʤʽʞ ʚʫʟʣʘʤʠ ʤʦʞʫʪʴ ʟʘʙʝʟʧʝʯʠʪʠ ʨʽʟʥʠʡ ʨʽʚʝʥʴ ʩʪʽʡʢʦʩʪʽ ʜʦ ʘʪʘʢ. ʊʦʤʫ ʜʣʷ ʪʦʛʦ, 

ʱʦʙ ʛʘʨʘʥʪʫʚʘʪʠ ʩʚʦʻʯʘʩʥʽʩʪʴ ʽ ʙʝʟʧʝʢʫ ʤʝʨʝʞʥʠʭ ʩʣʫʞʙ, ʫ ʭʦʜʽ ʚʠʙʦʨʫ 

ʤʘʨʰʨʫʪʫ ʥʝʦʙʭʽʜʥʦ ʚʨʘʭʦʚʫʚʘʪʠ ʷʢ ʫʨʘʟʣʠʚʽʩʪʴ, ʪʘʢ ʽ ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ 

ʤʘʨʰʨʫʪʫ. ʇʨʦʪʝ, ʽʩʥʫʶʯʽ ʧʨʦʪʦʢʦʣʠ ʤʘʨʰʨʫʪʠʟʘʮʽʾ ʥʝ ʚʨʘʭʦʚʫʶʪʴ ʩʪʽʡʢʽʩʪʴ 

ʧʨʦʤʽʞʥʠʭ ʣʘʥʦʢ, ʘ ʬʦʢʫʩʫʶʪʴʩʷ ʥʘ ʦʧʪʠʤʽʟʘʮʽʾ ʚʠʢʦʨʠʩʪʘʥʥʷ ʤʝʨʝʞʥʠʭ 

ʨʝʩʫʨʩʽʚ. ʋ ʮʽʡ ʨʦʙʦʪʽ ʧʨʦʧʦʥʫʻʪʴʩʷ ʤʝʪʦʜ ʙʝʟʧʝʯʥʦʾ ʧʨʦʪʦʢʦʣʽʚ ʤʘʨʰʨʫʪʠʟʘʮʽʾ 

ʟ ʧʦʩʠʣʝʥʦʶ ʚʽʜʤʦʚʦʩʪʽʡʢʽʩʪʶ, ʷʢʠʡ ʚʢʣʶʯʘ ̒ ʙʝʟʧʝʢʫ ʨʝʩʫʨʩʽʚ ʧʨʠ ʚʠʙʦʨʽ 

ʤʘʨʰʨʫʪʫ ʪʘ ʙʝʟʧʝʢʫ ʽʥʬʦʨʤʘʮʽʡʥʦʛʦ ʧʦʪʦʢʫ. ɼʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʤʦʞʣʠʚʦʩʪʽ 

ʚʠʙʦʨʫ ʰʣʷʭʫ ʧʝʨʝʜʘʯʽ ʧʦʚʠʥʝʥ ʙʫʪʠ ʩʧʽʣʴʥʠʡ ʧʦʢʘʟʥʠʢ ʝʬʝʢʪʠʚʥʦʩʪʽ ʽ 

ʫʨʘʟʣʠʚʦʩʪʽ, ʷʢʠʡ ʢʽʣʴʢʽʩʥʦ ʚʠʟʥʘʯʘʻ ʚʘʨʪʽʩʪʴ ʢʘʥʘʣʫ ʟʚ'ʷʟʢʫ ʥʘ ʦʩʥʦʚʽ 

ʧʦʢʘʟʥʠʢʽʚ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ ʽ ʫʨʘʟʣʠʚʦʩʪʽ, ʱʦʙ ʥʘʡʢʦʨʦʪʰʽ ʰʣʷʭʠ, ʚʠʙʨʘʥʽ ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʮʴʦʛʦ ʧʦʢʘʟʥʠʢʘ, ʙʫʣʠ ʦʜʥʦʯʘʩʥʦ ʝʬʝʢʪʠʚʥʠʤʠ ʽ ʩʪʽʡʢʠʤʠ ʜʦ ʘʪʘʢ 

[Clark, 2010]. 
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2.5. ɺʠʙʽʨ ʢʨʠʪʝʨʽʾʚ ʷʢʦʩʪʽ ʤʘʨʰʨʫʪʠʟʘʮʽʾ ʚ ʢʦʤʧôʶʪʝʨʥʠʭ ʤʝʨʝʞʘʭ 

ʆʧʝʨʘʪʦʨ ʧʦʚʠʥʝʥ ʟʘʙʝʟʧʝʯʠʪʠ ʢʣʽʻʥʪʫ ʚʢʘʟʘʥʠʡ ʚ ʜʦʛʦʚʦʨʽ ʨʽʚʝʥʴ ʷʢʦʩʪʽ 

ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ, ʚʠʪʨʘʪʠʚʰʠ ʧʨʠ ʮʴʦʤʫ ʤʽʥʽʤʫʤ ʚʣʘʩʥʠʭ ʢʦʰʪʽʚ. ɯʩʥʫʻ ʢʣʘʩ 

ʩʠʩʪʝʤ, ʟʘ ʜʦʧʦʤʦʛʦʶ ʷʢʠʭ ʚʽʥ ʤʦʞʝ ʚʽʜʧʦʚʽʜʥʠʤ ʯʠʥʦʤ ʥʘʩʪʨʦʾʪʠ ʩʚʦʶ ʤʝʨʝʞʫ, 

ʮʝ ʪʘʢ ʟʚʘʥʽ ʩʠʩʪʝʤʠ ʤʘʨʰʨʫʪʠʟʘʮʽʾ ʟʘ ʢʨʠʪʝʨʽʻʤ ʥʘʡʤʝʥʰʦʾ ʚʘʨʪʦʩʪʽ (Least Cost 

Routing, LCR). 

ʂʨʠʪʝʨʽʻʤ ʦʧʪʠʤʘʣʴʥʦʩʪʽ ʧʽʜ ʯʘʩ ʨʦʟʨʘʭʫʥʢʫ ʤʘʨʰʨʫʪʽʚ ʩʣʫʞʠʪʴ ʚʠʤʦʛʘ 

ʟʘʙʝʟʧʝʯʠʪʠ ʟʘʜʘʥʫ ʷʢʽʩʪʴ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʟ ʤʽʥʽʤʘʣʴʥʦ  ʁʚʘʨʪʩ̔ʪʁ. 

ɺʽʜʦʤʦ, ʱʦ ʝʬʝʢʪʠʚʥʽʩʪʴ ʧʨʦʪʦʢʦʣʽʚ ʤʘʨʰʨʫʪʠʟʘʮʽʾ, ʽ ʚ ʪʦʤʫ ʯʠʩʣʽ 

ʤʝʭʘʥʽʟʤʽʚ ʙʘʣʘʥʩʫʚʘʥʥʷ ʥʘʚʘʥʪʘʞʝʥʥʷ, ʙʘʛʘʪʦ ʚ ʯʦʤʫ ʟʘʣʝʞʠʪʴ ʚʽʜ 

ʤʘʪʝʤʘʪʠʯʥʠʭ ʤʦʜʝʣʝʡ, ʷʢʽ ʧʦʢʣʘʜʝʥʽ ʚ ʾʭ ʦʩʥʦʚʫ [Lemeshko, 2016]. ɺ ʦʩʥʦʚʫ 

ʽʩʥʫʶʯʠʭ ʧʨʦʪʦʢʦʣʽʚ ʤʘʨʰʨʫʪʠʟʘʮʽʾ ʧʦʢʣʘʜʝʥʽ ʧʝʨʝʚʘʞʥʦ ʛʨʘʬʦʚʽ ʤʦʜʝʣʽ. 

ʆʜʥʘʢ, ʧ̔ ʜ ʯʘʩ ʚʠʨʽʰʝʥʥ ̫ ʟʘʜʘʯʽ ʤʘʨʰʨʫʪʠʟʘʮʽʾ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʪʝʥʜʝʥʮʽʷ 

ʧʝʨʝʭʦʜʫ ʚʽʜ ʛʨʘʬʦʚʠʭ ʤʦʜʝʣʝʡ ʜʦ ʧʦʪʦʢʦʚʠʭ, ʷʢʽ ʜʦʟʚʦʣʷʶʪʴ ʚʨʘʭʦʚʫʚʘʪʠ 

ʦʩʦʙʣʠʚʦʩʪʽ ʩʫʯʘʩʥʦʛʦ ʪʨʘʬʽʢʘ, ʱʦ ʮʠʨʢʫʣʶʻ ʫ ʊʂʉ: ʡʦʛʦ ʤʫʣʴʪʠʤʝʜʽʡʥʽʩʪʴ ʽ 

ʧʦʪʦʢʦʚʠʡ ʭʘʨʘʢʪʝʨ. ɼʦʩʣʽʜʞʝʥʥʷ ʽ ʧʦʜʘʣʴʰʠʡ ʨʦʟʚʠʪʦʢ ʤʘʨʰʨʫʪʠʟʘʮʽʾ ʟ 

ʙʘʣʘʥʩʫʚʘʥʥʷʤ ʥʘʚʘʥʪʘʞʝʥʥʷ ʥʝʤʦʞʣʠʚʦ ʙʝʟ ʦʙˇʨʫʥʪʦʚʘʥʦʾ ʽ ʝʬʝʢʪʠʚʥʦʾ 

ʤʘʪʝʤʘʪʠʯʥʦʾ ʤʦʜʝʣʽ. ʇʨʦʚʝʜʝʥʦ ʘʥʘʣʽʟ ʤʘʪʝʤʘʪʠʯʥʠʭ ʤʦʜʝʣʝʡ, ʚ ʨʝʟʫʣʴʪʘʪʽ 

ʯʦʛʦ ʟʨʦʙʣʝʥʦ ʚʠʩʥʦʚʦʢ, ʱʦ ʽʩʥʫʶʯʽ ʤʦʜʝʣʽ ʤʘʨʰʨʫʪʠʟʘʮʽʾ ʟ ʙʘʣʘʥʩʫʚʘʥʥʷʤ 

ʥʘʚʘʥʪʘʞʝʥʥʷ ʥʝʜʦʩʢʦʥʘʣʽ ʽ ʤʘʶʪʴ ʨʷʜ ʥʝʜʦʣʽʢʽʚ. ʋ ʨʝʟʫʣʴʪʘʪʽ ʜʦʩʣʽʜʞʝʥʴ ʙʫʣʦ 

ʨʦʟʨʦʙʣʝʥʦ ʤʘʪʝʤʘʪʠʯʥʫ ʤʦʜʝʣʴ ʤʘʨʰʨʫʪʠʟʘʮʽʾ, ʚ ʾʾ ʦʩʥʦʚʫ ʷʢʦʾ ʧʦʢʣʘʜʝʥʦ 

ʢʨʠʪʝʨʽʾ, ʷʢʽ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʧʦʚ'ʷʟʘʥʽ ʟ ʧʦʢʘʟʥʠʢʘʤʠ ʝʬʝʢʪʠʚʥʦʩʪʽ 

(ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ, ʥʘʜʽʡʥʽʩʪʴ ʽ ʙʝʟʧʝʢʘ) ʷʢʦʩʪʽ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ (ʯʘʩʦʚʠʤʠ, 

ʰʚʠʜʢʽʩʥʠʤʠ). 

ɺ ʭʦʜʽ ʟʘʙʝʟʧʝʯʝʥʥ ̫ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʤʝʪʦʜʠ 

ʟʘʙʝʟʧʝʯʝʥʥʷ ʷʢʦʩʪʽ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ (Quality of Service, QoS), ʷʢʽ ʟʘʙʝʟʧʝʯʫʶʪʴ 

ʩʪʘʙʽʣʴʥʫ ʨʦʙʦʪʫ ʩʫʯʘʩʥʠʭ ʩʝʨʚʽʩʽʚ: IP-ʪʝʣʝʬʦʥʽʾ, ʚʽʜʝʦ- ʽ ʨʘʜʽʦʤʦʚʣʝʥʥʷ, 



140 

 

ʽʥʪʝʨʘʢʪʠʚʥʝ ʜʠʩʪʘʥʮʽʡʥʝ ʥʘʚʯʘʥʥʷ ʪʘ ʽʥ. ʄʝʪʦʜʠ ʟʘʙʝʟʧʝʯʝʥʥʷ QoS ʩʧʨʷʤʦʚʘʥʽ 

ʥʘ ʧʦʣʽʧʰʝʥʥʷ ʨʦʙʦʯʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ, ʥʘʜʽʡʥʦʩʪʽ ʤʝʨʝʞʽ, ʟʤʝʥʰʝʥʥʷ ʟʘʪʨʠʤʢʠ 

ʪʘ ʚʪʨʘʪʠ ʧʘʢʝʪʽʚ ʚ ʧʝʨʽʦʜʠ ʧʝʨʝʚʘʥʪʘʞʝʥʥʷ ʤʝʨʝʞʽ.  

ɼʦ ʦʩʥʦʚʥʠʭ ʧʨʠʯʠʥ ʧʦʛʽʨʰʝʥʥʷ ʧʘʨʘʤʝʪʨʽʚ ʷʢʦʩʪʽ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ 

ʥʘʣʝʞʠʪʴ ʥʝʛʘʪʠʚʥʠʡ ʚʧʣʠʚ ʨʽʟʥʦʨʽʜʥʦʩʪʽ ʨʝʩʫʨʩʽʚ, ʱʦ ʧʨʠʟʚʦʜʠʪʴ ʜʦ 

ʚʠʥʠʢʥʝʥʥʷ ʚʫʟʴʢʠʭ ʤʽʩʮʴ ʤʝʨʝʞʽ, ʪʘ ʾʭ ʦʙʤʝʞʝʥʽʩʪʴ ʧʽʜ ʯʘʩ ʧʝʨʝʜʘʯʽ ʪʨʘʬʽʢʘ. 

ʎʝ ʤʦʞʝ ʙʫʪʠ ʚʠʨʘʞʝʥʠʤ ʫ ʪʠʤʯʘʩʦʚʦʤʫ ʟʥʠʞʝʥʥʽ ʰʚʠʜʢʦʩʪʽ ʧʝʨʝʜʘʯʽ ʧʘʢʝʪʽʚ, 

ʫ ʟʙʽʣʴʰʝʥʽ ʚʪʨʘʪ ʧʘʢʝʪʽʚ ʪʘ ʜʞʠʪʝʨʘ ʯʝʨʝʟ ʧʝʨʝʚʘʥʪʘʞʝʥʥʷ ʨʝʩʫʨʩʽʚ ʤʝʨʝʞʽ. 

ʄʝʪʦʜʠ ʟʘʙʝʟʧʝʯʝʥʥʷ QoS ʩʧʨʷʤʦʚʘʥʽ ʥʘ ʟʘʧʦʙʽʛʘʥʥʷ ʥʝʛʘʪʠʚʥʠʭ ʥʘʩʣʽʜʢʽʚ 

ʪʠʤʯʘʩʦʚʠʭ ʧʝʨʝʚʘʥʪʘʞʝʥʴ, ʱʦ ʚʠʥʠʢʘʶʪʴ ʚ ʤʝʨʝʞʘʭ ʟ ʢʦʤʫʪʘʮʽʻʶ ʧʘʢʝʪʽʚ.  

ɽʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʪʘ ʯʠʩʣʦʚʽ ʜʦʩʣʽʜʞʝʥʥʷ, ʧʨʦʚʝʜʝʥʽ ʚ ʦʩʪʘʥʥʽ 

ʜʝʩʷʪʠʣʽʪʪʷ, ʧʦʢʘʟʫʶʪʴ, ʱʦ ʪʨʘʬʽʢ ʫ ʤʫʣʴʪʠʩʝʨʚʽʩʥʠʭ ʤʝʨʝʞʘʭ ʤʘʻ ʩʘʤʦʧʦʜʽʙʥʽ 

ʚʣʘʩʪʠʚʦʩʪʽ. ʉʘʤʦʧʦʜʽʙʥʠʡ ʪʨʘʬʽʢ, ʷʢʠʡ ʤʘʻ ʟʥʘʯʥʽ ʚʠʢʠʜʠ, ʟʘʟʥʘʻ ʟʥʘʯʥʠʭ 

ʟʘʪʨʠʤʦʢ ʽ ʚʪʨʘʪʠ ʧʘʢʝʪʽʚ, ʥʘʚʽʪʴ ʷʢʱʦ ʟʘʛʘʣʴʥʘ ʽʥʪʝʥʩʠʚʥʽʩʪʴ ʚʩʽʭ ʧʦʪʦʢʽʚ 

ʜʘʣʝʢʘ ʚʽʜ ʤʘʢʩʠʤʘʣʴʥʦ ʜʦʧʫʩʪʠʤʠʭ ʟʥʘʯʝʥʴ. ʂʨʽʤ ʪʦʛʦ, ʚʝʣʠʢʦʶ ʧʨʦʙʣʝʤʦʶ 

ʜʣʷ ʧʦʩʪʘʯʘʣʴʥʠʢʽʚ ʧʦʩʣʫʛ ʻ ʟʘʙʝʟʧʝʯʝʥʥʷ QoS ʟʘ ʫʤʦʚʠ ʥʘʷʚʥʦʩʪʽ 

ʣʘʚʠʥʦʧʦʜʽʙʥʦʛʦ ʪʨʘʬʽʢʘ ʚʪʦʨʛʥʝʥʴ. ʎʝʡ ʪʠʧ ʧʦʚʝʜʽʥʢʠ ʧʦʚôʷʟʘʥʠʡ ʟ ʪʘʢʠʤʠ 

ʧʦʛʨʦʟʘʤʠ, ʷʢ ʨʦʟʧʦʜʽʣʝʥʽ ʘʪʘʢʠ ʥʘ ʚʽʜʤʦʚʫ ʚ ʦʙʩʣʫʛʦʚʫʚʘʥʥʽ (DDoS), ʽʥʪʝʨʥʝʪ-

ʯʝʨʚôʷʢʠ, ʚʽʨʫʩʠ, ʩʧʘʤ ʝʣʝʢʪʨʦʥʥʦʾ ʧʦʰʪʠ ʪʘ ʽʥ. ʆʙʩʷʛ ʪʨʘʬʽʢʘ, ʷʢʠʡ ʛʝʥʝʨʫʻʪʴʩʷ 

ʜʣʷ ʧʨʦʚʝʜʝʥʥʷ ʘʪʘʢ ʪʘ ʯʝʨʝʟ ʟʘʨʘʞʝʥʥʷ, ʤʦʞʝ ʧʦʨʫʰʠʪʠ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ 

ʤʝʨʝʞʽ ʽ ʩʪʚʦʨʠʪʠ ʜʦʜʘʪʢʦʚʠʡ ʨʠʟʠʢ ʜʣʷ ʤʝʨʝʞʥʠʭ ʧʨʠʩʪʨʦʾʚ (ʤʘʨʰʨʫʪʠʟʘʪʦʨʽʚ, 

ʢʦʤʫʪʘʪʦʨʽʚ). ɹʝʟʧʝʢʘ ʩʪʘʻ ʢʨʠʪʠʯʥʦ ʚʘʞʣʠʚʦʶ ʭʘʨʘʢʪʝʨʠʩʪʠʢʦʶ ʫʩʽʭ ʩʝʨʚʽʩʽʚ ʽ 

ʚʽʜʽʛʨʘʻ ʚʠʨʽʰʘʣʴʥʫ ʨʦʣʴ ʚ ʧʨʠʙʫʪʢʦʚʦʩʪʽ ʧʦʩʪʘʯʘʣʴʥʠʢʽʚ ʧʦʩʣʫʛ. 

ɿʘʚʜʘʥʥʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʙʝʟʧʝʢʠ ʤʝʨʝʞʽ ʚʠʟʥʘʯʘʻ, ʷʢ ʧʦʩʪʘʯʘʣʴʥʠʢ ʤʦʞʝ 

ʝʬʝʢʪʠʚʥʦ ʧʨʦʧʦʥʫʚʘʪʠ ʙʽʣʴʰʠʡ ʦʙʩʷʛ ʧʦʩʣʫʛ ʟ ʙʽʣʴʰ ʚʠʩʦʢʦʶ ʝʬʝʢʪʠʚʥʽʩʪʶ ʟ 

ʙʽʣʴʰʠʤ ʩʪʫʧʝʥʝʤ ʢʝʨʦʚʘʥʦʩʪʽ ʪʨʘʬʽʢʦʤ ʪʘ ʨʝʩʫʨʩʘʤʠ ʤʝʨʝʞʽ.  

ʈʦʟʛʣʷʥʝʤʦ ʤʦʜʝʣʴ ʙʝʟʧʝʯʥʦʾ ʤʘʨʰʨʫʪʠʟʘʮʽʾ, ʥʘ ʦʩʥʦʚʽ ʷʢʦʾ ʨʦʟʨʦʙʣʝʥʦ 

ʤʝʪʦʜ ʙʝʟʧʝʯʥʦʾ ʤʘʨʰʨʫʪʠʟʘʮʽʾ, ʷʢʠʡ ʟʘʩʥʦʚʘʥʠʡ ʥʘ ʫʨʘʭʫʚʘʥʥʽ 
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ʤʫʣʴʪʠʬʨʘʢʪʘʣʴʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʪʨʘʬʽʢʘ ʪʘ ʚʠʷʚʣʝʥʥʽ ʚʪʦʨʛʥʝʥʴ ʜʣʷ 

ʟʤʝʥʰʝʥʥʷ ʟʘʪʨʠʤʢʠ ʧʘʢʝʪʽʚ ʫ ʤʝʨʝʞʽ ʪʘ ʧʝʨʝʜʘʯʽ ʣʝʛʽʪʠʤʥʦʛʦ ʪʨʘʬʽʢʘ ʟʘ 

ʥʘʡʢʦʨʦʪʰʠʤʠ ʰʣʷʭʘʤʠ. 

2.6. ʈʦʟʨʦʙʢʘ ʤʦʜʝʣʽ ʤʘʨʰʨʫʪʠʟʘʮʽʾ ʩʘʤʦʧʦʜʽʙʥʦʛʦ ʪʨʘʬʽʢʫ ʚ 

ʢʦʤʧôʶʪʝʨʥʽʡ ʩʠʩʪʝʤʽ 

ɼʦ ʩʢʣʘʜʫ ʽʥʬʦʢʦʤʫʥʽʢʘʮʽʡʥʦʾ ʤʝʨʝʞʽ ʚʭʦʜʠʪʴ ʤʥʦʞʠʥʘ ʚʫʟʣʽʚ, ʟôʻʜʥʘʥʘ 

ʤʽʞ ʩʦʙʦʶ ʢʘʥʘʣʘʤʠ ʟʚôʷʟʢʫ. ɺʩʽ ʚʫʟʣʠ ʤʝʨʝʞʽ ʧʽʜʪʨʠʤʫʶʪʴ ʬʫʥʢʮʽʶ 

ʤʘʨʰʨʫʪʠʟʘʮʽʾ. ɺ ʢʦʞʥʦʤʫ ʛʨʘʥʠʯʥʦʤʫ ʚʫʟʣʽ ʚʩʪʘʥʦʚʣʶʻʪʴʩʷ ʜʝʪʝʢʪʦʨ ʩʠʩʪʝʤʠ 

ʚʠʷʚʣʝʥʥʷ ʚʪʦʨʛʥʝʥʴ ʜʣʷ ʧʝʨʝʚʽʨʢʠ ʚʭʽʜʥʦʛʦ ʪʨʘʬʽʢʘ ʥʘ ʥʘʷʚʥʽʩʪʴ ʟʘʛʨʦʟ. 

ɺʩʝʨʝʜʠʥʽ ʤʝʨʝʞʽ ʦʜʠʥ ʽʟ ʚʫʟʣʽʚ ʻ ʮʝʥʪʨʘʣʴʥʠʤ ʽ ʚʠʢʦʥʫʻ ʟʙʽʨ ʩʪʘʪʠʩʪʠʯʥʦʾ 

ʽʥʬʦʨʤʘʮʽʾ ʧʨʦ ʩʪʘʥ ʤʝʨʝʞʽ ʪʘ ʪʨʘʬʽʢʘ. ʅʘ ʦʩʥʦʚʽ ʮʠʭ ʜʘʥʠʭ ʚʽʥ ʦʙʯʠʩʣʶʻ 

ʥʝʦʙʭʽʜʥʽ ʟʥʘʯʝʥʥʷ ʧʘʨʘʤʝʪʨʽʚ ʤʫʣʴʪʠʬʨʘʢʪʘʣʴʥʦʩʪʽ, ʨʽʚʥʷ ʟʘʛʨʦʟ, ʷʢʦʩʪʽ 

ʚʠʷʚʣʝʥʥʷ ʘʪʘʢ ʪʦʱʦ ʪʘ ʥʘʜʩʠʣʘʻ ʮʶ ʽʥʬʦʨʤʘʮʽʶ ʥʘ ʚʩʽ ʚʫʟʣʠ ʤʝʨʝʞʽ. ɺ ʤʝʨʝʞʫ 

ʥʘʜʭʦʜʠʪʴ ʩʘʤʦʧʦʜʽʙʥʠʡ ʪʨʘʬʽʢ, ʷʢʠʡ ʫ ʨʘʤʢʘʭ ʮʴʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ ʧʦʜʽʣʷʻʪʴʩʷ 

ʟʘ ʢʣʘʩʘʤʠ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʟʛʽʜʥʦ ʟ ̔ʥʬʦʨʤʘʮʽʻ,ʁ ʷʢʘ ʤʽʩʪʠʪʴʩʷ ʫ ʚʽʜʧʦʚʽʜʥʦʤʫ 

ʧʦʣʽ ʟʘʛʦʣʦʚʢʫ ʧʘʢʝʪʘ.  

ɼʣʷ ʢʦʞʥʦʛʦ ʢʘʥʘʣʫ ʟʚôʷʟʢʫ l ij ʤʽʞ ʩʫʤʽʞʥʠʤʠ ʚʫʟʣʘʤʠ ia  ʪʘ ja  

ʧʨʠʟʥʘʯʘʻʪʴʩʷ ʤʝʪʨʠʢʘ ijʩ, ʷʢʘ ʟʘʣʝʞʠʪʴ ʚʽʜ ʪʘʢʠʭ ʧʘʨʘʤʝʪʨʽʚ, ʷʢ ʥʘʜʽʡʥʽʩʪʴ ʪʘ 

ʧʨʦʧʫʩʢʥʘ ʟʜʘʪʥʽʩʪʴ ʢʘʥʘʣʫ ʟʚôʷʟʢʫ, ʟʘʪʨʠʤʢʘ ʜʦ ʩʫʤʽʞʥʦʛʦ ʚʫʟʣʘ. ɺ ʢʦʞʥʦʤʫ 

ʚʫʟʣʽ ʤʝʨʝʞʽ 
xa  ʜʣʷ ʢʦʞʥʦʛʦ ʚʫʟʣʘ ï ʦʪʨʠʤʫʚʘʯʘ 

ka  ʪʘ ʢʣʘʩʫ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ qs 

ʚʠʟʥʘʯʘʻʪʴʩʷ ʤʥʦʞʠʥʘ ʤʘʨʰʨʫʪʽʚ ʚʽʜ ʧʦʪʦʯʥʦʛʦ ʚʫʟʣʘ ʜʦ ʚʫʟʣʘ ï ʦʪʨʠʤʫʚʘʯʘ 

{ },( ) ( )qs qs

xk xk mt tpP = , ʜʝ m ʮʝ ʽʥʜʝʢʩ ʝʣʝʤʝʥʪʫ ʤʥʦʞʠʥʠ, ʧʨʠ ʮʴʦʤʫ ʤʘʨʰʨʫʪʠ 

ʨʘʥʞʫʶʪʴʩʷ ʟʛʽʜʥʦ ʾʭ ʚʘʨʪʦʩʪʽ.  

ʄʘʨʰʨʫʪʠʟʘʪʦʨ ʤʽʩʪʠʪʴ n ʚʭʽʜʥʠʭ ʽʥʪʝʨʬʝʡʩʽʚ, ʥʘ ʷʢʽ ʥʘʜʭʦʜʠʪʴ ʪʨʘʬʽʢ 

ʚʽʜ ʩʫʤʽʞʥʠʭ ʚʫʟʣʽʚ ʤʝʨʝʞʽ. ʇʨʠ ʮʴʦʤʫ ʧʘʢʝʪʠ ʟ ʚʭʽʜʥʦʛʦ ʽʥʪʝʨʬʝʡʩʫ 
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ʧʝʨʝʜʘʶʪʴʩʷ ʥʘ ʚʠʭʽʜʥʠʡ ʽʥʪʝʨʬʝʡʩ ʟʛʽʜʥʦ ʟ ʪʘʙʣʠʮʝ  ʁʤʘʨʰʨʫʪʠʟʘʮʽʾ, ʦʙʠʨʘʶʯʠ 

ʤʘʨʰʨʫʪ ʤʽʥʽʤʘʣʴʥʦʾ ʚʘʨʪʦʩʪʽ ʜʣʷ ʚʽʜʧʦʚʽʜʥʦʛʦ ʢʣʘʩʫ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ. ɼʣʷ 

ʟʘʙʝʟʧʝʯʝʥʥʷ ʨʦʟʚôʷʟʘʥʥʷ ʟʘʜʘʯʽ ʤʘʨʰʨʫʪʠʟʘʮʽʾ ʤʽʞ ʤʘʨʰʨʫʪʠʟʘʪʦʨʘʤʠ 

ʟʜʽʡʩʥʶʻʪʴʩʷ ʦʙʤʽʥ ʩʣʫʞʙʦʚʦʶ ʽʥʬʦʨʤʘʮʽʻʶ ʧʨʦ ʩʪʘʥ ʢʘʥʘʣʽʚ ʟʚôʷʟʢʫ. 

ʊʨʘʬʽʢ, ʷʢʠʡ ʧʝʨʝʜʘʻʪʴʩʷ ʚ ʩʠʩʪʝʤʽ, ʤʦʞʝ ʙʫʪʠ ʘʪʘʢʦʶ ʘʙʦ ʤʽʩʪʠʪʠ 

ʰʢʽʜʣʠʚʽ ʜʘʥʽ. ʗʢ ʤʦʜʝʣ ɹ ʧʦʪʦʢʫ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʧʨʦʩʪʘ ʤʦʜʝʣʴ 

ʤʫʣʴʪʠʬʨʘʢʪʘʣʴʥʦʛʦ ʧʨʦʮʝʩʫ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʌɻʐ, ʧʨʝʜʩʪʘʚʣʝʥʘ ʚ ʨʦʙʦʪʽ 

[Kirichenko, 2013]. ɺ ʮʴʦʤʫ ʚʠʧʘʜʢʫ ʤʫʣʴʪʠʬʨʘʢʪʘʣʴʥʠʡ ʯʘʩʦʚʠʡ ʨʷʜ ʦʪʨʠʤʘʥʠʡ 

ʥʘ ʦʩʥʦʚʽ ʝʢʩʧʦʥʝʥʮʽʘʣʴʥʦʛʦ ʧʝʨʝʪʚʦʨʝʥʥʷ (1.12) 

 ( ) Exp[ * ( )]Y t k X t= ,   

ʜʝ ( )X t  ï ʯʘʩʦʚʠʡ ʨʷʜ ʬʨʘʢʪʘʣʴʥʦʛʦ ʛʘʫʩʩ̔ ʚʩʢʦʛʦ ʰʫʤʫ ʽʟ ʟʘʜʘʥʠʤ ʧʦʢʘʟʥʠʢʦʤ 

ʍʝʨʩʪʘ H; k  ï ʧʝʚʥʠʡ ʢʦʝʬʽʮʽʻʥʪ, ʱʦ ʚʧʣʠʚʘʻ ʥʘ ʩʪʫʧʽʥʴ ʡʦʛʦ 

ʤʫʣʴʪʠʬʨʘʢʪʘʣʴʥʦʛʦ ʨʷʜʫ ( )Y t ; H ï ʧʘʨʘʤʝʪʨ ʍʝʨʩʪʘ. ʊʨʘʬʽʢ ʽʥʪʝʥʩʠʚʥʦʩʪʽ l 

ʧʝʨʝʜʘʻʪʴʩʷ ʟʘ ʣʽʥʽʷʤʠ ʟʚôʷʟʢʫ ( ),x k  ʟ ʧʨʦʧʫʩʢʥʦʶ ʟʜʘʪʥʽʩʪʶʴ xkc . 

ɺʠʢʦʨʠʩʪʦʚʫʶʯʠ ʬʦʨʤʫʣʫ ʃʠʪʪʣʘ, ʩʝʨʝʜʥʽʡ ʯʘʩ ʟʘʪʨʠʤʢʠ ʧʘʢʝʪʫ ʚ 

ʩʠʩʪʝʤʽ ʦʙʯʠʩʣʶʻʪʴʩʷ ʟʘ ʬʦʨʤʫʣʦʶ: 

 
( )

( )
( )( )

( )
( )

2 1
1 2 1

2 1

1
1 1

1
1

f
f xk
xk f

xk

f f
xk xk

H
H

f f ff fN N H
xk xk xk xkxk xk

cp H H
f fx k xk xk

xk xk xk

n cn
T

c c c n

l ll

l

-
-

-

-
= =ä

è øå õ
Ö Öé ùæ ö

= +é ùæ ö
L é ùæ ö- Ö

é ùç ÷ê ú

ää , (2.1) 

ʜʝ äL  - ʧʦʚʥʠʡ ʽʥʬʦʨʤʘʮʽʡʥʠʡ ʧʦʪʽʢ, ʱʦ ʥʘʜʭʦʜʠʪʴ ʥʘ ʚʭʽʜ ʩʠʩʪʝʤʠ, ʜʣʷ 

ʚʠʟʥʘʯʝʥʥʷ ʷʢʦʛʦ ʥʝʦʙʭʽʜʥʦ ʟʥʘʡʪʠ ʩʫʤʠ ʽʥʪʝʥʩʠʚʥʦʩʪʝʡ ʽʥʬʦʨʤʘʮʽʡʥʠʭ 

ʧʦʪʦʢʽʚ. ʊʘʢʠʤ ʯʠʥʦʤ ()äää
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í
ì
ë

=>
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µµ

µ

),,(),(,0

);,(),(,02
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cc

T

klrs

ʩʨ
, ʘ ʤʽʥʽʤʘʣʴʥʝ ʟʥʘʯʝʥʥʷ ʩʝʨʝʜʥʴʦʛʦ ʯʘʩʫ ʟʘʪʨʠʤʢʠ 

ʽʥʬʦʨʤʘʮʽʾ ʚ ʤʝʨʝʞʽ e<
-
t

-tt

cp

1

cpcp

T

TT
. 

ɺ ʜʠʩʝʨʪʘʮʽʡʥʽʡ ʨʦʙʦʪʽ ʨʦʟʛʣʷʜʘʻʪʴʩʷ ʤʝʨʝʞʥʘ ʩʠʩʪʝʤʘ ʚʠʷʚʣʝʥʥʷ 

ʚʪʦʨʛʥʝʥʴ, ʷʢʘ ʟʙʠʨʘʻ ʪʘ ʘʥʘʣʽʟʫʻ ʪʨʘʬʽʢ, ʱʦ ʡʜʝ ʯʝʨʝʟ ʤʘʨʰʨʫʪʠʟʘʪʦʨ, ʜʣʷ ʯʦʛʦ 

ʚ ʤʘʨʰʨʫʪʠʟʘʪʦʨʽ ʻ SPAN ʧʦʨʪ, ʟ ʷʢʦʛʦ ʪʨʘʬʽʢ ʧʝʨʝʥʘʧʨʘʚʣʷʻʪʴʩʷ ʚ ʉɺɺ. 

ɼʦ ʩʢʣʘʜʫ ʉɺɺ ʥʘʣʝʞʠʪʴ ʢʣʘʩʠʬʽʢʘʪʦʨ, ʷʢʠʡ ʟʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʘʥʘʣʽʟʫ 

ʧʘʨʘʤʝʪʨʽʚ ʪʨʘʬʽʢʘ, ʧʨʠʡʤʘʻ ʨʽʰʝʥʥʷ ʯʠ ʮʝʡ ʪʨʘʬʽʢ ʻ ʣʝʛʽʪʠʤʥʠʤ, ʯʠ ʘʪʘʢʦʶ. ɺ 

ʨʘʤʢʘʭ ʮʴʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ ʢʣʘʩʠʬʽʢʘʪʦʨ ʙʫʚ ʧʦʙʫʜʦʚʘʥʠʡ ʥʘ ʙʘʟʽ ʘʣʛʦʨʠʪʤʫ 

ʤʘʰʠʥʥʦʛʦ ʥʘʚʯʘʥʥʷ (ʘʥʛʣ. Machine Learning). ʆʩʢʽʣʴʢʠ ʢʣʘʩʠʬʽʢʘʪʦʨ, ʷʢʠʡ 

ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ, ʻ ʧʨʠʢʣʘʜʦʤ ʙʽʥʘʨʥʦʾ ʢʣʘʩʠʬʽʢʘʮʽʾ (ʪʨʘʬʽʢ ʻ ʣʝʛʽʪʠʤʥʠʤ ʯʠ 

ʘʪʘʢʦʶ) ʟʘʣʝʞʥʦ ʚʽʜ ʪʦʛʦ ʯʠ ʧʨʦʡʰʣʘ ʢʣʘʩʠʬʽʢʘʮʽʷ ʧʨʘʚʠʣʴʥʦ ʯʠ ʥʽ, ʤʦʞʣʠʚʽ 

ʪʘʢ̔ ʚʠʧʘʜʢʠ: 

ï ʽʩʪʠʥʥʦ ʧʦʟʠʪʠʚʥʝ ʨʽʰʝʥʥʷ (ʘʥʛʣ. True positive), ʮʝ ʚʠʧʘʜʦʢ, ʢʦʣʠ 

ʪʨʘʬʽʢ, ʷʢʠʡ ʥʘʩʧʨʘʚʜʽ ʻ ʘʪʘʢʦʶ, ʫʩʧʽʰʥʦ ʢʣʘʩʠʬʽʢʫʻʪʴʩʷ ʷʢ ʘʪʘʢʘ; 

ï ʭʠʙʥʦ ʧʦʟʠʪʠʚʥʝ ʨʽʰʝʥʥʷ (ʘʥʛʣ. False Positive), ʣʝʛʽʪʠʤʥʠʡ ʪʨʘʬʽʢ 

ʢʣʘʩʠʬʽʢʫʻʪʴʩʷ ʷʢ ʘʪʘʢʘ; 

ï ʽʩʪʠʥʥʦ ʥʝʛʘʪʠʚʥʝ ʨʽʰʝʥʥʷ (ʘʥʛʣ. True Negative), ʮʝ ʚʠʧʘʜʦʢ, ʢʦʣʠ 

ʣʝʛʽʪʠʤʥʠʡ ʪʨʘʬʽʢ ʧʨʘʚʠʣʴʥʦ ʢʣʘʩʠʬʽʢʫʻʪʴʩʷ ʷʢ ʣʝʛʽʪʠʤʥʠʡ; 

ï ʭʠʙʥʦ ʥʝʛʘʪʠʚʥʠʡ (ʘʥʛʣ. False negative): ʪʨʘʬʽʢ, ʷʢʠʡ ʥʘʩʧʨʘʚʜʽ ʻ 

ʘʪʘʢʦʶ ʧʦʤʠʣʢʦʚʦ ʢʣʘʩʠʬʽʢʫʻʪʴʩʷ ʷʢ ʣʝʛʽʪʠʤʥʠʡ. 

ɺʚʝʜʝʤʦ ʧʦʟʥʘʯʝʥʥʷ: ʊʈ ï True positive, FP ï False Positive, TN ï True 

Negative, FN ï False negative, ʷʢʽ ʚʽʜʧʦʚʽʜʘʶʪʴ ʢʽʣʴʢʦʩʪʽ ʨʝʘʣʽʟʘʮʽʡ ʪʨʘʬʽʢʘ, 

ʱʦʜʦ ʷʢʠʭ ʢʣʘʩʠʬʽʢʘʪʦʨʦʤ ʙʫʣʠ ʧʨʠʡʥʷʪ ̔ʽʩʪʠʥʥʦ ʧʦʟʠʪʠʚʥʽ, ʭʠʙʥʦ ʧʦʟʠʪʠʚʥʽ, 

ʽʩʪʠʥʥʦ ʥʝʛʘʪʠʚʥʽ ʪʘ ʭʠʙʥʦ ʥʝʛʘʪʠʚʥʽ ʨʽʰʝʥʥʷ ʚʽʜʧʦʚʽʜʥʦ. ʎʽ ʧʘʨʘʤʝʪʨʠ 

ʫʪʚʦʨʶʶʪʴ ʤʘʪʨʠʮʶ ʧʦʤʠʣʦʢ ʢʣʘʩʠʬʽʢʘʮʽʾ (2.2) 



144 

 

 
TP FP

Confusion matrix
FN TN

è ø
=é ù
ê ú

. (2.2) 

ʗʢʽʩʪʴ ʧʨʦʮʝʜʫʨʠ ʢʣʘʩʠʬʽʢʘʮʽʾ ʚʪʦʨʛʥʝʥʴ ʪʘʢʦʞ ʤʦʞʥʘ ʦʭʘʨʘʢʪʝʨʠʟʫʚʘʪʠ 

ʪʦʯʥʽʩʪʶ ʪʘ ʧʦʚʥʦʪʦʶ, ʜʝ 

ï ʪʦʯʥʽʩʪʴ (precision) ʧʦʢʘʟʫʻ ʷʢʫ ʯʘʩʪʢʫ ʦʙôʻʢʪʽʚ, ʨʦʟʧʽʟʥʘʥʠʭ ʷʢ ʦʙôʻʢʪʠ 

ʧʦʟʠʪʠʚʥʦʛʦ ʢʣʘʩʫ, ʤʠ ʧʝʨʝʜʙʘʯʠʣʠ ʧʨʘʚʠʣʴʥʦ ( )P Prec Tisio Tn P FP= + ;  

ï ʧʦʚʥʦʪʘ (recall) ʧʦʢʘʟʫʻ, ʷʢʫ ʯʘʩʪʢʫ ʦʙôʻʢʪʽʚ, ʷʢʽ ʨʝʘʣʴʥʦ ʥʘʣʝʞʘʪʴ ʜʦ 

ʧʦʟʠʪʠʚʥʦʛʦ ʢʣʘʩʫ, ʤʠ ʧʝʨʝʜʙʘʯʠʣʠ ʧʨʘʚʠʣʴʥʦ ( )Recall TP TP FN= + . 

ʊʘʢʦʞ ʤʦʞʥʘ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʘʛʨʝʛʦʚʘʥʠʡ ʢʨʠʪʝʨʽʡ ʷʢʦʩʪʽ ʚʠʷʚʣʝʥʥʷ 

ʘʪʘʢ 
2

2

(1 )
( )( )

TP
F

TP FP TP FNb

b
b

+
=

+ +
, ʜʝ ɓɴ(0,Ð), ʧʨʠ 0b­  ʦʪʨʠʤʫʻʤʦ 

ʪʦʯʥʽʩʪʴ, ʧʨʠ ɓ=1 ï ʥʝʧʘʨʘʤʝʪʨʠʯʥʫ F-ʤʽʨʫ, ʧʨʠ b­¤ ï ʧʦʚʥʦʪʫ. 

ʗʢ ʝʣʝʤʝʥʪʠ ʤʘʪʨʠʮʽ ʧʦʤʠʣʦʢ ʧʽʜ ʯʘʩ ʧʨʦʚʝʜʝʥʥʷ ʜʦʩʣʽʜʞʝʥʥʷ 

ʧʨʠʡʤʘʶʪʴʩʷ ʚʽʜʧʦʚʽʜʥʽ ʟʥʘʯʝʥʥʷ ʚʠʭʽʜʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʘʣʛʦʨʠʪʤʫ ʤʘʰʠʥʥʦʛʦ 

ʥʘʚʯʘʥʥʷ ʟʘ ʨʝʟʫʣʴʪʘʪʦʤ ʚʠʢʦʥʘʥʥʷ ʢʣʘʩʠʬʽʢʘʮʽʾ, ʦʧʠʩʘʥʦʛʦ ʚ [Liu, 2016; ¥zg¿r, 

2016; Arjunan, 2010; Brieman, 1996]. 

ɿʘʟʚʠʯʘʡ, ʚ ʉɺɺ ʢʽʣʴʢʽʩʪʴ ʭʠʙʥʦ ʧʦʟʠʪʠʚʥʠʭ ʚʠʷʚʣʝʥʴ ʜʫʞʝ ʚʝʣʠʢʘ, ʱʦ ʻ 

ʦʩʥʦʚʥʦʶ ʩʢʣʘʜʥʽʩʪʶ ʜʣʷ ʧʦʙʫʜʦʚʠ ʮʠʭ ʩʠʩʪʝʤ, ʷʢʘ ʟʤʝʥʰʫʻ ʾʭʥ  ʁ

ʝʬʝʢʪʠʚʥʽʩʪʴ. ɸ ʩʘʤʝ, ʚʠʩʦʢʝ ʟʥʘʯʝʥʥʷ FP ʧʨʠʟʚʝʜʝ ʜʦ ʤʝʥʰ ʝʬʝʢʪʠʚʥʦʛʦ 

ʚʠʷʚʣʝʥʥʷ, ʘ ʚʠʩʦʢʝ ʟʥʘʯʝʥʥʷ FN ʟʨʦʙʠʪʴ ʩʠʩʪʝʤʫ ʫʨʘʟʣʠʚʦʶ ʜʣʷ ʚʪʦʨʛʥʝʥʴ. 

ʊʘʢʠʤ ʯʠʥʦʤ, ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʥʝʦʙʭʽʜʥʦʾ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ ʩʠʩʪʝʤʠ ʚʠʷʚʣʝʥʥʷ 

ʚʪʦʨʛʥʝʥʴ, FP ʽ FN ʤʘʶʪʴ ʙʫʪʠ ʤʽʥʽʤʽʟʦʚʘʥʽ ʟ ʟʘʙʝʟʧʝʯʝʥʥʷʤ ʥʝʦʙʭʽʜʥʦʾ ʪʦʯʥʦʩʪʽ 

ʚʠʷʚʣʝʥʥʷ [Brieman, 1996]. ɺʩʽ ʧʽʜʭʦʜʠ, ʟʘʧʨʦʧʦʥʦʚʘʥʽ ʜʣʷ ʟʤʝʥʰʝʥʥʷ 

ʧʦʤʠʣʢʦʚʠʭ ʩʧʨʘʮʴʦʚʫʚʘʥʴ, ʥʝʜʦʩʪʘʪʥʴʦ ʝʬʝʢʪʠʚʥʽ, ʦʩʢʽʣʴʢʠ ʚʦʥʠ ʦʨʽʻʥʪʦʚʘʥʽ 

ʪʽʣʴʢʠ ʥʘ ʟʤʝʥʰʝʥʥʷ ʧʦʤʠʣʢʦʚʠʭ ʩʧʨʘʮʴʦʚʫʚʘʥʴ. ɺ ʭʦʜʽ ʨʦʙʦʪʠ ʙʫʣʦ 

ʚʠʢʦʨʠʩʪʘʥʦ ʤʝʪʦʜ, ʷʢʠʡ ʦʧʠʩʘʥʦ ʚ [Quinlan, 1993], ʱʦ ʜʦʟʚʦʣʷʻ ʦʜʥʦʯʘʩʥʦ 
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ʟʤʝʥʰʠʪʠ ʷʢ FN ʪʘʢ ʽ FP, ʟʙʝʨʽʛʘʶʯʠ ʪʦʯʥʽʩʪʴ ʥʘ ʟʘʜʘʥʦʤʫ ʨʽʚʥʽ ʘʙʦ ʟʙʽʣʴʰʫʶʯʠ 

ʾʾ. ʊʘʢʦʞ ʥʝʦʙʭʽʜʥʦ ʚʨʘʭʦʚʫʚʘʪʠ ʩʘʤʦʧʦʜʽʙʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʧʦʪʦʢʫ. 

2.7. ʆʮʽʥʢʘ ʩʘʤʦʧʦʜʽʙʥʠʭ ʪʘ ʤʫʣʴʪʠʬʨʘʢʪʘʣʴʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ 

ʪʨʘʬʽʢʘ 

ɺ ʽʥʬʦʢʦʤʫʥʽʢʘʮʽʡʥʠʭ ʤʝʨʝʞʘʭ ʪʨʘʬʽʢ ʤʦʞʝ ʨʦʟʛʣʷʜʘʪʠʩʷ ʷʢ ʚʠʧʘʜʢʦʚʠʡ 

ʧʨʦʮʝʩ. ʇʨʠʢʣʘʜʦʤ ʪʘʢʦʛʦ ʚʠʧʘʜʢʦʚʦʛʦ ʧʨʦʮʝʩʫ (ʷʢʠʡ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʫ ʮʽʡ 

ʨʦʙʦʪʽ) ʻ ʟʘʣʝʞʥʽʩʪʴ ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʪʨʘʬʽʢʘ ʚʽʜ ʯʘʩʫ. ʊʘʢʠʤ ʯʠʥʦʤ, ʪʨʘʬʽʢ, ʷʢʠʡ 

ʤʦʞʥʘ ʦʧʠʩʘʪʠ ʩʘʤʦʧʦʜʽʙʥʠʤ ʚʠʧʘʜʢʦʚʠʤ ʧʨʦʮʝʩʦʤ, ʥʘʟʠʚʘʻʪʴʩʷ 

ʩʘʤʦʧʦʜʽʙʥʠʤ. 

ʉʪʦʭʘʩʪʠʯʥʠʡ ʧʨʦʮʝʩ ʙʝʟʧʝʨʝʨʚʥʦʛʦ ʯʘʩʫ ( )X t  ʻ ʩʘʤʦʧʦʜʽʙʥʠʤ ʟ 

ʧʘʨʘʤʝʪʨʦʤ ,H  ʷʢʱʦ ʧʨʦʮʝʩ ( )Ha X at-
, ʜʝ a ï ʢʦʥʩʪʘʥʪʘ, ʦʧʠʩʫʻʪʴʩʷ ʪʠʤʠ ʞ 

ʟʘʢʦʥʘʤʠ ʩʢʽʥʯʝʥʥʦʚʠʤʽʨʥʠʭ ʨʦʟʧʦʜʽʣʽʚ, ʱʦ ʽ ( )X t : 

 { (a )} { ( )}, a 0HLaw a X t Law X t- = " > (2.3) 

ʜʝ ʧʘʨʘʤʝʪʨ , 0 1H H< < ʩʪʘʥʦʚʠʪʴ ʩʪʫʧʽʥʴ ʩʘʤʦʧʦʜʽʙʥʦʩʪʽ ʧʨʦʮʝʩʫ ʽ 

ʥʘʟʠʚʘʻʪʴʩʷ ʧʘʨʘʤʝʪʨʦʤ ʍʝʨʩʪʘ. ʎʝ ʦʟʥʘʯʘʻ, ʱʦ ʷʢʱʦ ʯʘʩʦʚʠʡ ʨʷʜ ʧʨʦʪʷʛʦʤ 

ʷʢʦʛʦʩʴ ʯʘʩʫ ʟʨʦʩʪʘʚ (ʫʙʫʚʘʚ), ʪʦ ʟ ʡʤʦʚʽʨʥʽʩʪʶ, ʙʣʠʟʴʢʦʶ ʜʦ ʧʦʢʘʟʥʠʢʘ ʍʝʨʩʪʘ, 

ʨʷʜ ʟʙʝʨʝʞʝ ʮʶ ʪʝʥʜʝʥʮʽʶ ʧʨʦʪʷʛʦʤ ʘʥʘʣʦʛʽʯʥʦʛʦ ʧʨʦʤʽʞʢʫ ʯʘʩʫ [Kirichenko, 

2020; Kirichenko, 2018-3]. ɼʣʷ ʩʘʤʦʧʦʜʽʙʥʦʛʦ ʚʠʧʘʜʢʦʚʦʛʦ ʧʨʦʮʝʩʫ ʙʫʜʝ 

ʩʧʨʘʚʝʜʣʠʚʠʤ ʪʘʢʠʡ ʚʠʨʘʟ ʤʘʪʝʤʘʪʠʯʥʦʛʦ ʦʯʽʢʫʚʘʥʥʷ M ( ) ( )
q qHX t C q tè ø= Ö

ê ú
, ʜʝ 

ʟʥʘʯʝʥʥʷ ( ) M (1)
q

C q Xè ø=
ê ú

, ʘ ʧʘʨʘʤʝʪʨ q  ʧʨʠʡʤʘʻ ʜʽʡʩʥʽ ʟʥʘʯʝʥʥʷ. 

ʄʫʣʴʪʠʬʨʘʢʪʘʣʴʥʠʡ ʪʨʘʬʽʢ ʤʦʞʥʘ ʚʠʟʥʘʯʠʪʠ ʷʢ ʨʦʟʰʠʨʝʥʥʷ 

ʩʘʤʦʧʦʜʽʙʥʦʛʦ ʪʨʘʬʽʢʘ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʤʘʩʰʪʘʙʦʚʘʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ 
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ʩʪʘʪʠʩʪʠʯʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʜʨʫʛʦʛʦ ʪʘ ʙʽʣʴʰ ʚʠʩʦʢʦʛʦ ʧʦʨʷʜʢʽʚ. ɼʣʷ 

ʤʫʣʴʪʠʬʨʘʢʪʘʣʴʥʠʭ ʧʨʦʮʝʩʽʚ ʚʠʢʦʥʫʻʪʴʩʷ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ 

( )M ( ) ( )
q qh qX t c q tè ø= Ö

ê ú
, ʜʝ ( )c q  ï ʜʝʷʢʘ ʜʝʪʝʨʤʽʥʦʚʘʥʘ ʬʫʥʢʮʽʷ; ( )h q  ʻ 

ʫʟʘʛʘʣʴʥʝʥʠʤ ʽʥʜʝʢʩʦʤ ʍʝʨʩʪʘ, ʷʢʠʡ ʻ ʥʝʣʽʥʽʡʥʦ ʁ ʬʫʥʢʮʽʻʶ ʚ ʟʘʛʘʣʴʥʦʤʫ 

ʚʠʧʘʜʢʫ. ɿʥʘʯʝʥʥʷ ( )h q  ʧʨʠ 2q=  ʩʧʽʚʧʘʜʘʻ ʟʽ ʟʥʘʯʝʥʥʷʤ ʩʪʫʧʝʥʷ 

ʩʘʤʦʧʦʜʽʙʥʦʩʪʽ H . 

ʄʫʣʴʪʠʬʨʘʢʪʘʣʴʥʠʡ ʪʨʘʬʽʢ ʤʘʻ ʦʩʦʙʣʠʚʫ ʩʪʨʫʢʪʫʨʫ, ʷʢʘ ʟʙʝʨʽʛʘʻʪʴʩʷ ʚ 

ʙʘʛʘʪʴʦʭ ʤʘʩʰʪʘʙʘʭ: ʟʘʚʞʜʠ ʻ ʢʽʣʴʢʘ ʜʫʞʝ ʚʝʣʠʢʠʭ ʩʧʣʝʩʢʽʚ ʟ ʚʽʜʥʦʩʥʦ 

ʥʝʚʝʣʠʢʠʤ ʩʝʨʝʜʥʽʤ ʨʽʚʥʝʤ ʪʨʘʬʽʢʫ. ɺ ʨʘʤʢʘʭ ʜʦʩʣʽʜʞʝʥʥʷ, ʱʦ ʧʨʦʚʦʜʠʪʴʩʷ, 

ʤʫʣʴʪʠʬʨʘʢʪʘʣʴʥʠʡ ʪʨʘʬʽʢ ʦʜʥʦʟʥʘʯʥʦ ʦʧʠʩʫʶʪʴ ʥʘʩʪʫʧʥʠʤʠ ʩʪʘʪʠʩʪʠʯʥʠʤʠ 

ʧʘʨʘʤʝʪʨʘʤʠ: ʽʥʪʝʥʩʠʚʥʽʩʪʴ ʪʨʘʬʽʢʫ l, ʢʦʝʬʽʮʽʝʥʪ ʚʘʨʽʘʮʽʾ 
vars , ʧʘʨʘʤʝʪʨ 

ʍʝʨʩʪʘ H  ʽ ʜʽʘʧʘʟʦʥ ʫʟʘʛʘʣʴʥʝʥʦʛʦ ʽʥʜʝʢʩʫ ʍʝʨʩʪʘ 
min max( ) ( )h h q h qD = - . ɼʣʷ 

ʤʦʥʦʬʨʘʢʪʘʣʴʥʠʭ ʧʨʦʮʝʩʽʚ ʫʟʘʛʘʣʴʥʝʥʠʡ ʽʥʜʝʢʩ ʍʝʨʩʪʘ ʥʝ ʟʘʣʝʞʠʪʴ ʚʽʜ 

ʧʘʨʘʤʝʪʨʘ q : ( )h q H= , 0hD =. ɹʽʣʴʰ ʚʝʣʠʢʘ ʛʝʪʝʨʦʛʝʥʥʽʩʪʴ ʧʨʦʮʝʩʫ, ʚʝʣʠʢʽ 

ʩʧʣʝʩʢʠ ʪʨʘʬʽʢʘ, ʧʨʠʟʚʦʜʷʪʴ ʜʦ ʙʽʣʴʰʦʛʦ ʜʽʘʧʘʟʦʥʫhD. ʂʦʝʬʽʮʽʻʥʪ ʚʘʨʽʘʮʽʾ 
vars  

ʤʦʞʥʘ ʨʦʟʛʣʷʜʘʪʠ ʷʢ ʥʘʡʧʨʦʩʪʽʰʫ ʢʽʣʴʢʽʩʥʫ ʭʘʨʘʢʪʝʨʠʩʪʠʢʫ ʨʦʟʧʦʜʽʣʫ ʭʚʦʩʪʽʚ 

var[ ( )] / [ ( )]X t M X ts , ʜʝ s - ʩʝʨʝʜʥʻ ʢʚʘʜʨʘʪʠʯʥʝ ʚʽʜʭʠʣʝʥʥʷ ʧʨʦʮʝʩʫ X(t) 

[Kirichenko, 2018-2; Kirichenko, 2018-3]. 

ʊʘʢʠʤ ʯʠʥʦʤ ʧʨʦʚʝʜʝʥʦ ʘʥʘʣʽʟ ʤʦʜʝʣʝʡ ʩʘʤʦʧʦʜʽʙʥʠʭ ʽʥʬʦʨʤʘʮʽʡʥʠʭ 

ʧʦʪʦʢʽʚ, ʤʝʪʦʜʽʚ ʦʙʯʠʩʣʝʥʥʷ ʧʘʨʘʤʝʪʨʽʚ ʤʫʣʴʪʠʬʨʘʢʪʘʣʴʥʦʩʪʽ. ʅʘ ʦʩʥʦʚʽ 

ʚʠʱʝʥʘʚʝʜʝʥʠʭ ʧʽʜʭʦʜʽʚ, ʭʘʨʘʢʪʝʨʠʩʪʠʢ, ʤʦʜʝʣʝʡ ʪʘ ʤʝʪʦʜʽʚ ʤʦʞʥʘ ʨʦʟʨʦʙʠʪʠ 

ʤʝʪʦʜ ʙʝʟʧʝʯʥʦʾ ʤʘʨʰʨʫʪʠʟʘʮʽʾ ʪʨʘʬʽʢʫ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʡʦʛʦ ʤʫʣʴʪʠʬʨʘʢʪʘʣʴʥʠʭ 

ʚʣʘʩʪʠʚʦʩʪʝʡ. 
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2.8. ʈʦʟʨʦʙʢʘ ʤʝʪʦʜʫ ʙʝʟʧʝʯʥʦʾ ʤʘʨʰʨʫʪʠʟʘʮʽʾ ʧʨʠ ʧʝʨʝʜʘʯʽ 

ʤʫʣʴʪʠʬʨʘʢʪʘʣʴʥʦʛʦ ʪʨʘʬʽʢʫ 

ɼʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ QoS ʧʦʪʨʽʙʝʥ ʚʠʙʽʨ ʤʘʨʰʨʫʪʽʚ ʥʘ ʦʩʥʦʚʽ ʢʣʘʩʽʚ 

ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ, ʚʦʜʥʦʯʘʩ ʨʽʟʥʽ ʧʦʪʦʢʠ, ʷʢʽ ʚʽʜʧʨʘʚʣʷʶʪʴʩʷ ʦʜʥʦʤʫ ʦʜʝʨʞʫʚʘʯʫ, 

ʤʦʞʫʪʴ ʙʫʪʠ ʥʘʧʨʘʚʣʝʥʽ ʨʽʟʥʠʤʠ ʤʘʨʰʨʫʪʘʤʠ. ʂʨʽʤ ʪʦʛʦ, ʚ ʨʘʟʽ ʧʝʨʝʚʘʥʪʘʞʝʥʥʷ 

ʘʙʦ ʢʦʤʧʨʦʤʝʪʘʮʽʾ ʰʣʷʭʽʚ ʘʙʦ ʚʫʟʣʽʚ ʤʦʞʫʪʴ ʙʫʪʠ ʟʤʽʥʝʥʽ ʤʘʨʰʨʫʪʠ ʧʝʨʝʜʘʯʽ 

ʧʦʪʦʢʽʚ [Lemeshko, 2015]. ʄʘʨʰʨʫʪʠ ʤʽʞ ʚʫʟʣʘʤʠ ʤʝʨʝʞʽ ʚʠʟʥʘʯʘʶʪʴʩʷ 

ʘʣʛʦʨʠʪʤʘʤʠ ʪʘ ʧʨʦʪʦʢʦʣʘʤʠ ʤʘʨʰʨʫʪʠʟʘʮʽʾ [Lemeshko, 2016]. ʈʦʟʛʣʷʥʝʤʦ 

ʤʝʪʦʜ ʙʝʟʧʝʯʥʦʾ ʤʘʨʰʨʫʪʠʟʘʮʽʾ ʧʨʠ ʧʝʨʝʜʘʯʽ ʤʫʣʴʪʠʬʨʘʢʪʘʣʴʥʦʛʦ ʪʨʘʬʽʢʘ. 

ʆʧʠʰʝʤʦ ʤʘʪʝʤʘʪʠʯʥʫ ʤʦʜʝʣʴ ʽʥʬʦʢʦʤʫʥʽʢʘʮʽʡʥʦʾ ʤʝʨʝʞʽ, ʷʢʘ 

ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʚ ʜʦʩʣʽʜʞʝʥʥʽ. ɼʦ ʩʢʣʘʜʫ ʤʝʨʝʞʽ ʥʘʣʝʞʠʪʴ ʤʥʦʞʠʥʘ ʚʫʟʣʽʚ 

{}iA a= , ʷʢʘ ʟôʻʜʥʘʥʘ ʤʽʞ ʩʦʙʦʶ ʤʥʦʞʠʥʦʶ ʢʘʥʘʣʽʚ ʟʚôʷʟʢʫ {}ijL l= , ʜʝ ijl  ʢʘʥʘʣ 

ʟʚôʷʟʢʫ ʤʽʞ ʚʫʟʣʘʤʠ 
ia  ʪʘ ja , ʜʝ ,i ja a AÍ . ɼʦ ʤʝʨʝʞʽ ʥʘʜʭʦʜʠʪʴ ʤʥʦʞʠʥʘ 

ʧʦʪʦʢʽʚ { }lkB b= , ʜʝ 
lkb  ï ʮʝ ʧʦʪʽʢ ʚʽʜ ʚʫʟʣʘ 

la  ʜʦ ʚʫʟʣʘ 
ka , ʜʝ ,l ka a AÍ . 

ʇʦʪʦʢʠ, ʱʦ ʥʘʜʭʦʜʷʪʴ ʜʦ ʤʝʨʝʞʽ, ʧʦʜʽʣʷʶʪʴʩʷ ʟʘ ʤʥʦʞʠʥʦʶ ʢʣʘʩʽʚ 

ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ { }qsZ z= . ʂʦʞʥʠʡ ʟ ʧʦʪʦʢʽʚ, ʷʢʠʡ ʧʝʨʝʜʘʻʪʴʩʷ ʚ ʤʝʨʝʞʽ, 

ʦʧʠʩʫʻʪʴʩʷ ʥʘʙʦʨʦʤ ʧʘʨʘʤʝʪʨʽʚ var( , , , , , , , )qs qs qs qs qs qs

lk l k qs lk lk lk lkb a a z H h Fbl s= D , ʜʝ 
qs

lkl  ï 

ʮʝ ʽʥʪʝʥʩʠʚʥʽʩʪʴ ʪʨʘʬʽʢʘ qs ʢʣʘʩʫ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ, ʱʦ ʧʝʨʝʜʘʻʪʴʩʷ ʚʽʜ ʚʫʟʣʘ 
la  

ʜʦ ʚʫʟʣʘ 
ka ; 

qs

lkH  ï ʮʝ ʧʦʢʘʟʥʠʢ ʍʝʨʩʪʘ ʪʨʘʬʽʢʘ qs ʢʣʘʩʫ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ, ʱʦ 

ʧʝʨʝʜʘʻʪʴʩʷ ʚʽʜ ʚʫʟʣʘ 
la  ʜʦ ʚʫʟʣʘ 

ka ; 
qs

lkhD  ï ʮʝ ʜʽʘʧʘʟʦʥ ʫʟʘʛʘʣʴʥʝʥʦʛʦ ʽʥʜʝʢʩʫ 

ʍʝʨʩʪʘ ʪʨʘʬʽʢʘ qs ʢʣʘʩʫ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ, ʱʦ ʧʝʨʝʜʘʻʪʴʩʷ ʚʽʜ ʚʫʟʣʘ 
la  ʜʦ ʚʫʟʣʘ 

ka ; var

qs

lks  ï ʮʝ ʢʦʝʬʽʮʽʻʥʪ ʚʘʨʽʘʮʽʾ ʪʨʘʬʽʢʘ qs ʢʣʘʩʫ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ, ʱʦ 

ʧʝʨʝʜʘʻʪʴʩʷ ʚʽʜ ʚʫʟʣʘ 
la  ʜʦ ʚʫʟʣʘ 

ka ; 
qsFb  ï ʮʝ ʘʛʨʝʛʦʚʘʥʠʡ ʢʨʠʪʝʨʽʡ ʷʢʦʩʪʽ 
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ʚʠʷʚʣʝʥʥʷ ʘʪʘʢ ʚ ʪʨʘʬʽʢʫ qs ʢʣʘʩʫ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ, ʱʦ ʧʝʨʝʜʘʻʪʴʩʷ ʚʽʜ ʚʫʟʣʘ 
la  

ʜʦ ʚʫʟʣʘ 
ka . 

ɺʠʟʥʘʯʘʻʪʴʩʷ 
qsFb  ʜʣʷ ʢʦʞʥʦʛʦ ʧʦʪʦʢʫ ʪʨʘʬʽʢʫ qs ʢʣʘʩʫ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ 

ʷʢ ʫʟʘʛʘʣʴʥʝʥʝ ʟʥʘʯʝʥʥʷ Fb ʥʘ ʦʩʥʦʚʽ ʤʥʦʞʠʥʠ ʧʨʦʚʝʜʝʥʠʭ ʝʢʩʧʝʨʠʤʝʥʪʽʚ ʪʘ 

ʨʝʟʫʣʴʪʘʪʽʚ ʧʦʜʘʣʴʰʦʛʦ ʚʠʷʚʣʝʥʥʷ ʚʪʦʨʛʥʝʥʴ ʙʫʜʴ-ʷʢʠʤ ʤʝʪʦʜʦʤ ʚʠʷʚʣʝʥʥʷ 

ʚʪʦʨʛʥʝʥʴ ʪʘ/ʘʙʦ ʘʥʘʣʽʟʘʪʦʨʦʤ ʪʨʘʬʽʢʫ ʥʘ ʦʩʥʦʚʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʪʨʘʬʽʢʫ.  

ɿʘʧʨʦʧʦʥʦʚʘʥʠʡ ʚ ʩʪʘʪʪʽ ʤʝʪʦʜ ʙʘʟʫʻʪʴʩʷ ʥʘ ʘʣʛʦʨʠʪʤʽ ʤʘʨʰʨʫʪʠʟʘʮʽʾ ʟʘ 

ʩʪʘʥʦʤ ʢʘʥʘʣʽʚ ʟ ʤʦʜʠʬʽʢʘʮʽʻʶ ʩʧʦʩʦʙʫ ʚʠʟʥʘʯʝʥʥʷ ʚʘʨʪʦʩʪʽ ʤʘʨʰʨʫʪʫ. ɼʣʷ 

ʢʦʞʥʦʛʦ ʢʘʥʘʣʫ ʟʚôʷʟʢʫ l ij ʤʽʞ ʩʫʤʽʞʥʠʤʠ ʚʫʟʣʘʤʠ ia  ʪʘ ja  ʧʨʠʟʥʘʯʘʻʪʴʩʷ 

ʤʝʪʨʠʢʘ ijʩ, ʷʢʘ ʟʘʣʝʞʠʪʴ ʚʽʜ ʪʘʢʠʭ ʧʘʨʘʤʝʪʨʽʚ, ʷʢ ʥʘʜʽʡʥʽʩʪʴ ʪʘ ʧʨʦʧʫʩʢʥʘ 

ʟʜʘʪʥʽʩʪʴ ʢʘʥʘʣʫ ʟʚôʷʟʢʫ, ʟʘʪʨʠʤʢʘ ʜʦ ʩʫʤʽʞʥʦʛʦ ʚʫʟʣʘ. ɺ ʢʦʞʥʦʤʫ ʚʫʟʣʽ ʤʝʨʝʞʽ 

xa  ʜʣʷ ʢʦʞʥʦʛʦ ʚʫʟʣʘ ï ʦʪʨʠʤʫʚʘʯʘ 
ka  ʪʘ ʢʣʘʩʫ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ qs 

ʚʠʟʥʘʯʘʻʪʴʩʷ ʤʥʦʞʠʥʘ ʤʘʨʰʨʫʪʽʚ ʚʽʜ ʧʦʪʦʯʥʦʛʦ ʚʫʟʣʘ ʜʦ ʚʫʟʣʘ ï ʦʪʨʠʤʫʚʘʯʘ 

{ },( ) ( )qs qs

xk xk mt tpP = , ʜʝ m ʮʝ ʽʥʜʝʢʩ ʝʣʝʤʝʥʪʫ ʤʥʦʞʠʥʠ, ʧʨʠ ʮʴʦʤʫ ʤʘʨʰʨʫʪʠ 

ʨʘʥʞʫʶʪʴʩʷ ʟʛʽʜʥʦ ʟ ʾʭʥʴʦʶ ʚʘʨʪʩ̔ʪʁ. ɺʘʨʪʽʩʪʴ ʢʦʞʥʦʛʦ ʤʘʨʰʨʫʪʫ ʜʦʨʽʚʥʶʻ 

ʩʫʤʽ ʤʝʪʨʠʢ ʢʘʥʘʣʽʚ ʟʚ'ʷʟʢʫ ʫʟʜʦʚʞ ʤʘʨʰʨʫʪʫ 

,

,

( )

( ) ( )
qs

ij xk m

qs

xk m ij

l t

ʉ t ʩ t
pÍ

= ä .  

ɺ [Lemeshko, 2016; ʇʦʧʦʧʩʴʢʠʡ 2012] ʧʦʢʘʟʘʥʦ, ʱʦ ʧʨʠ ʩʝʨʝʜʥʴʦʤʫ 

ʥʘʚʘʥʪʘʞʝʥʥʽ 0,6r> ʟʥʘʯʝʥʥʷʭ 0,5H>  ʪʘ 
var 3s ²  (ʱʦ ʧʨʠʙʣʠʟʥʦ ʚʽʜʧʦʚʽʜʘʻ 

ʟʥʘʯʝʥʥʷʤ 1hD >) ʘʙʦ ʧʨʠ 0,9H²  ʢʦʝʬʽʮʽʻʥʪ ʚʪʨʘʪ ʩʪʘʥʦʚʠʪʴ ʙʽʣʴʰʝ, ʥʽʞ 

5-10%. ʊʘʢʦʞ ʩʣʽʜ ʚʽʜʤʽʪʠʪʠ, ʱʦ ʧʝʨʝʜʘʯʘ ʪʨʘʬʽʢʘ ʟ ʙʽʣʴʰʠʤʠ ʟʥʘʯʝʥʥʷʤʠ ʅ, ʟʘ 

ʫʤʦʚʠ ʟʙʝʨʝʞʝʥʥʷ ʚʠʤʦʛ ʱʦʜʦ ʷʢʦʩʪʽ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʚʠʤʘʛʘʻ ʟʙʽʣʴʰʝʥʥʷ 

ʧʨʦʧʫʩʢʥʠʭ ʟʜʘʪʥʦʩʪʝʡ ʢʘʥʘʣʽʚ ʟʚôʷʟʢʫ ʤʝʨʝʞʽ. ɿʛʘʜʘʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʪʨʘʬʽʢʘ 

ʥʝʦʙʭʽʜʥʦ ʙʫʣʦ ʚʨʘʭʫʚʘʪʠ ʚ ʤʝʪʦʜʽ, ʱʦ ʧʨʦʧʦʥʫʻʪʴʩʷ, ʰʣʷʭʦʤ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʤʘʨʰʨʫʪʽʚ ʟ ʤʝʥʰʦʶ ʚʘʨʪʽʩʪʶ ʜʣʷ ʧʝʨʝʜʘʯʽ ʧʦʪʦʢʽʚ ʟ ʚʝʣʠʢʠʤʠ ʟʥʘʯʝʥʥʷʤʠ ʅ ʫ 
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ʪʦʡ ʯʘʩ, ʷʢ ʧʦʪʦʢʠ ʟ ʥʝʚʝʣʠʢʠʤʠ ʟʥʘʯʝʥʥʷʤʠ ʅ, ʧʝʨʝʜʘʶʪʴʩʷ ʤʘʨʰʨʫʪʘʤʠ ʟ 

ʙʽʣʴʰʦʶ ʚʘʨʪʽʩʪʶ. 

ʗʢʱʦ ʫ ʚʫʟʣʽ ʤʝʨʝʞʽ ʙʫʣʦ ʚʠʷʚʣʝʥʦ, ʱʦ ʧʦʪʽʢ, ʷʢʠʡ ʧʝʨʝʜʘʻʪʴʩʷ, ʟ 

ʚʝʣʠʢʦʶ ʡʤʦʚʽʨʥʽʩʪʶ ʤʽʩʪʠʪʴ ʟʣʦʚʤʠʩʥʠʡ ʪʨʘʬʽʢ (ʤʘʻ ʤʘʣʝ ʟʥʘʯʝʥʥʷ ʊʈ), ʪʦ ʚʽʥ 

ʟʛʽʜʥʦ ʟ ʤʝʪʦʜʦʤ, ʱʦ ʧʨʦʧʦʥʫʻʪʴʩʷ, ʧʝʨʝʜʘʻʪʴʩʷ ʟʘ ʤʘʨʰʨʫʪʦʤ ʟ ʙʽʣʴʰʦʶ 

ʚʘʨʪʽʩʪʶ. 

ʄʝʪʦʜ ʙʝʟʧʝʯʥʦʾ ʤʘʨʰʨʫʪʠʟʘʮʽʾ ʧʦʣʷʛʘʻ ʚ ʧʝʨʽʦʜʠʯʥʦʤʫ ʧʝʨʝʨʘʭʫʥʢʫ 

ʤʘʨʰʨʫʪʽʚ (ʟ ʧʝʨʽʦʜʦʤ TD ) ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʩʪʘʥʜʘʨʪʥʠʭ ʘʣʛʦʨʠʪʤʽʚ 

ʤʘʨʰʨʫʪʠʟʘʮʽʾ ʟ ʤʦʜʠʬʽʢʦʚʘʥʠʤʠ ʟʥʘʯʝʥʥʷʤʠ ʚʘʨʪʦʩʪʽ ʤʘʨʰʨʫʪʽʚ. ʇʨʠ ʮʴʦʤʫ ʥʘ 

ʢʦʞʥʽʡ ʟ ʽʪʝʨʘʮʽʡ ʟʜʽʡʩʥʶʶʪʴʩʷ ʪʘʢʽ ʦʧʝʨʘʮʽʾ: 

1. ɺ ʮʝʥʪʨʘʣʴʥʦʤʫ ʚʫʟʣʽ ʟʜʽʡʩʥʶʻʪʴʩʷ ʘʥʘʣʽʟ ʪʨʘʬʽʢʘ, ʱʦ ʥʘʜʭʦʜʠʪʴ ʜʦ 

ʤʘʨʰʨʫʪʠʟʘʪʦʨʘ, ʚ ʽʥʪʝʨʚʘʣʽ 
0[ , )t T t- , ʜʝ 

0T  ï ʪʨʠʚʘʣʽʩʪʴ ʽʥʪʝʨʚʘʣʫ. 

2. ʈʦʟʨʘʭʦʚʫʻʪʴʩʷ ʥʘ ʽʥʪʝʨʚʘʣʽ ʘʥʘʣʽʟʫ 
0T  ʽʥʪʝʥʩʠʚʥʽʩʪʴ ʚʭʽʜʥʦʛʦ ʪʨʘʬʽʢʘ 

qs

xkl, ʚʠʙʽʨʢʦʚʝ ʟʥʘʯʝʥʥʷ ʬʫʥʢʮʽʾ ʫʟʘʛʘʣʴʥʝʥʦʛʦ ʧʦʢʘʟʥʠʢʘ ʍʝʨʩʪʘ ( )qs

xkh q , 

ʟʥʘʯʝʥʥʷ ʧʘʨʘʤʝʪʨʘ ʍʝʨʩʪʘ (2)qs qs

xk xkH h= , ʜʽʘʧʘʟʦʥ ʟʥʘʯʝʥʴ ʫʟʘʛʘʣʴʥʝʥʦʛʦ 

ʧʦʢʘʟʥʠʢʘ ʍʝʨʩʪʘ min max( ) ( )qs qs qs

xk xk xkh h q h qD = - , ʜʝ 
min max5, 5q q=- = ʪʘ ʘʛʨʝʛʦʚʘʥʠʡ 

ʢʨʠʪʝʨʽʡ ʷʢʦʩʪʽ ʚʠʷʚʣʝʥʥʷ ʘʪʘʢ 
2

2

(1 )
( )( )

qs
qs

qs qs qs qs

TP
F

TP FP TP FNb

b
b

+
=

+ +
 

ʜʣʷ ʜʽʣʷʥʢʠ ʪʨʘʬʽʢʘ ʚ ʽʥʪʝʨʚʘʣʽ 
0[ , )t T t- . 

3. ɼʣʷ ʧʦʪʦʯʥʦʾ ʤʥʦʞʠʥʠ ʤʘʨʰʨʫʪʽʚ { },( ) ( )qs qs

xk xk mt tpP = , ʷʢʽ ʽʩʥʫʶʪʴ ʫ 

ʤʝʨʝʞʽ, ʟʜʽʡʩʥʶʻʤʦ ʨʦʟʨʘʭʫʥʦʢ ʟʥʘʯʝʥʴ , ( )qs

xk mʉ t. 

4. ɼʣʷ ʤʥʦʞʠʥʠ ʤʘʨʰʨʫʪʽʚ { }, ( ) , 1...qs

xk m qst m mp = , ʜʝ qsm  ï ʮʝ ʢʽʣʴʢʽʩʪʴ 

ʤʘʨʰʨʫʪʽʚ, ʱʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʜʣʷ ʧʝʨʝʜʘʯʽ ʪʨʘʬʽʢʘ, ʦʙʯʠʩʣʶʻʤʦ ʧʦʪʦʯʥʽ 

ʟʥʘʯʝʥʥʷ ʤʝʪʨʠʢʠ ʰʣʷʭʽʚ , ( )qs

xk mʉ t¡ , ʷʢʽ ʦʥʦʚʣʶʶʪʴʩʷ ʯʝʨʝʟ ʨʝʛʫʣʷʨʥʽ ʧʨʦʤʽʞʢʠ 
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ʯʘʩʫ TD  ʽ ʨʦʟʨʘʭʦʚʫʻʪʴʩʷ ʟʘ ʪʘʢʦʶ ʬʦʨʤʫʣʦʶ ʜʣʷ ʢʦʞʥʦʛʦ qs-ʛʦ ʢʣʘʩʫ ʪʨʘʬʽʢʘ 

ʥʘ ʦʩʥʦʚʽ ʤʫʣʴʪʠʬʨʘʢʪʘʣʴʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʪʨʘʬʽʢʘ: 

, var

, 0 var

,

, var 0 var

( ), 0,9ʘʙʦ 0,5, 3 ʘʙʦ 0,7;

( ) ( 0,5) , 0,5 0,9, 1 3ʘʙʦ0,6 0,7;
( )

( ) ( 0,5)2 , 0,5 0,9, 1,ʘʙʦ0,5

qs qs qs qs qs

xk m xk xk xk

qs qs qs qs qs

xk m xk xk xkqs

xk m qs qs qs qs qs

xk m xk xk xk xk

C t H H F

C t H C H F
C t

C t H C H

b

b

s

s

s s

² > ² >

+ - < < < < < <
¡ =

+ - < < ¢ <

, 0

0,6;

( ) , 0,5 ʘʙʦ 0,5,

qs

qs qs qs

xk m xk

F

C t C H F

b

b

ë
î
î
ì

<î
î + = <í

 (2.4) 

ʜʝ ʟʥʘʯʝʥʥʷ 
0C  ʦʙʠʨʘʻʪʴʩʷ ʤʝʨʝʞʥʠʤ ʘʜʤʽʥʽʩʪʨʘʪʦʨʦʤ. ɺʘʨʪʽʩʪʴ ʰʣʷʭʫ ʥʝ 

ʟʤʽʥʶʻʪʴʩʷ , ,( ) ( )qs qs

xk m xk mC t C t¡ = , ʷʢʱʦ ʪʨʘʬʽʢ ʤʘʻ ʟʥʘʯʝʥʥʷ 0,9H²  ʘʙʦ 

var0,5, 3qs qs

xk xkH s> ²  ʘʙʦ 0,7qsFb > . ʗʢʱʦ ʟʥʘʯʝʥʥʷ 0,5 0,9qs

xkH< < , 

var1 3ʘʙʦ0,6 0,7qs qs

xk Fbs< < < <, ʪʦ ʟʥʘʯʝʥʥʷ , ( )qs

xk mC t¡  ʟʙʽʣʴʰʫʻʪʴʩʷ ʧʨʦʧʦʨʮʽʡʥʦ 

ʟʥʘʯʝʥʥʷʤ ʧʦʢʘʟʥʠʢʘ ʍʝʨʩʪʘ. ɺʘʨʪʽʩʪʴ ʟ ʤʘʢʩʠʤʘʣʴʥʠʤ ʟʥʘʯʝʥʥʷʤ , 0( )qs

xk mC t C+  

ʦʙʯʠʩʣʶʻʪʴʩʷ ʧʨʠ Ὄ=0,5 ʪʘ ʧʨʠ 0,5qsFb <  ʜʣʷ ʤʦʞʣʠʚʦʩʪʽ ʜʦʜʘʪʢʦʚʦʛʦ ʘʥʘʣʽʟʫ 

ʪʨʘʬʽʢʘ ʜʣʷ ʚʠʷʚʣʝʥʥʷ ʚʪʦʨʛʥʝʥʴ. ʇʽʩʣʷ ʧʝʨʝʨʘʭʫʥʢʫ ʧʦʚʽʜʦʤʣʝʥʥʷ ʧʨʦ ʩʪʘʥ ʪʘ 

ʚʘʨʪʽʩʪʴ ʫʩʽʭ ʰʣʷʭʽʚ ʚʽʜʧʨʘʚʣʷʻʪʴʩʷ ʥʘ ʽʥʰʽ ʤʘʨʰʨʫʪʠʟʘʪʦʨʠ. 

ʋ ʤʘʨʰʨʫʪʽʚ, ʷʢʽ ʥʝ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ { }, ( ) , 1 ( )qs qs

xk m qs xkt m m tp = + P , 

ʚʘʨʪʽʩʪʴ ʥʝ ʟʤʽʥʶʻʪʴʩʷ.  

5. ʇʝʨʝʨʘʭʦʚʘʥʽ ʚʘʨʪʦʩʪʽ ʤʘʨʰʨʫʪʽʚ ʟʘʧʠʩʫʶʪʴʩʷ ʚ ʪʘʙʣʠʮʶ 

ʤʘʨʰʨʫʪʠʟʘʮʽʾ. ɼʘʣʽ ʤʘʨʰʨʫʪʠʟʘʪʦʨ ʚʠʢʦʨʠʩʪʦʚʫʻ ʮʽ ʟʥʘʯʝʥʥʷ ʜʣʷ 

ʤʘʨʰʨʫʪʠʟʘʮʽʾ ʪʨʘʬʽʢʘ ʫ ʤʝʞʘʭ ʢʦʞʥʦʛʦ ʢʣʘʩʫ ʧʦʪʦʢʫ, ʱʦ ʥʘʜʭʦʜʠʪʴ ʜʦ ʥʴʦʛʦ.  

ʆʩʥʦʚʥʘ ʽʜʝʷ ʮʴʦʛʦ ʧʽʜʭʦʜʫ ʧʦʣʷʛʘʻ ʚ ʪʦʤʫ, ʱʦ ʚʚʝʜʝʥʥʷ ʰʪʨʘʬʥʠʭ 

ʜʦʜʘʪʢʽʚ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʪʦʛʦ, ʱʦ ʪʨʘʬʽʢ ʟ ʙʽʣʴʰʦʶ ʡʤʦʚʽʨʥʽʩʪʶ ʘʪʘʢʠ 

ʧʝʨʝʜʘʻʪʴʩʷ ʟʘ ʤʘʨʰʨʫʪʦʤ ʟ ʙʽʣʴʰʦʶ ʚʘʨʪʽʩʪʶ. ʊʝ ʩʘʤʝ ʻ ʩʧʨʘʚʝʜʣʠʚʠʤ ʜʣʷ 

ʪʨʘʬʽʢʫ ʙʝʟ ʚʣʘʩʪʠʚʦʩʪʝʡ ʩʘʤʦʧʦʜʽʙʥʦʩʪʽ (ʪʦʙʪʦ ʩʘʤʦʧʦʜʽʙʥʠʡ ʪʨʘʬʽʢ 



151 

 

ʧʝʨʝʜʘʻʪʴʩʷ ʟʘ ʤʘʨʰʨʫʪʦʤ ʟ ʥʠʟʴʢʦʶ ʚʘʨʪʽʩʪʶ). ʗʢʱʦ ʪʨʘʬʽʢ ʟ ʚʝʣʠʢʦʶ 

ʡʤʦʚʽʨʥʽʩʪʶ ʘʪʘʢʠ ʪʘ ʤʘʻ ʚʝʣʠʢʽ ʟʥʘʯʝʥʥʷ ʩʘʤʦʧʦʜʦʙʠ, ʪʦ ʚʽʥ ʧʝʨʝʜʘʚʘʪʠʤʝʪʴʩʷ 

ʟʘ ʤʘʨʰʨʫʪʦʤ ʟ ʚʝʣʠʢʦʶ ʚʘʨʪʽʩʪʶ. 

ɿʘʧʨʦʧʦʥʦʚʘʥʠʡ ʤʝʪʦʜ ʙʝʟʧʝʯʥʦʾ ʤʘʨʰʨʫʪʠʟʘʮʽʾ ʧʨʠ ʧʝʨʝʜʘʯʽ 

ʤʫʣʴʪʠʬʨʘʢʪʘʣʴʥʦʛʦ ʪʨʘʬʽʢʘ ʟʘʙʝʟʧʝʯʫʻ ʙʝʟʧʝʯʥʫ ʤʘʨʰʨʫʪʠʟʘʮʽʶ, ʚʠʩʦʢʽ 

ʧʦʢʘʟʥʠʢʠ ʧʨʦʧʫʩʢʥʦʾ ʟʜʘʪʥʦʩʪʽ, ʚʽʜʤʦʚʦʩʪʽʡʢʦʩʪʽ (ʘʚʪʦʤʘʪʠʯʥʦ ʟʥʘʭʦʜʷʯʠ ʟʙʦʾ 

ʚʫʟʣʽʚ ʪʘ ʧʝʨʝʨʦʟʧʦʜʽʣʷʶʯʠ ʧʦʪʽʢ ʜʘʥʠʭ ʩʝʨʝʜ ʪʠʭ, ʱʦ ʟʘʣʠʰʠʣʠʩʷ) ʪʘ ʥʠʟʴʢʠʡ 

ʯʘʩ ʚʽʜʛʫʢʫ, ʢʽʣʴʢʽʩʪʴ ʚʪʨʘʯʝʥʠʭ ʜʘʥʠʭ.  

2.9. ʈʝʟʫʣʴʪʘʪʠ ʤʦʜʝʣʶʚʘʥʥʷ ʪʘ ʧʨʘʢʪʠʯʥʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʤʝʪʦʜʫ 

ʙʝʟʧʝʯʥʦʾ ʤʘʨʰʨʫʪʠʟʘʮʽʾ   

ɺ ʭʦʜʽ ʽʤʽʪʘʮʽʡʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ʙʫʣʘ ʧʨʦʚʝʜʝʥʘ ʧʝʨʝʚʽʨʢʘ ʨʦʙʦʪʠ 

ʟʘʧʨʦʧʦʥʦʚʘʥʦʛʦ ʤʝʪʦʜʫ, ʜʣʷ ʯʦʛʦ ʙʫʣʠ ʨʦʟʨʦʙʣʝʥʽ ʧʨʦʛʨʘʤʥʽ ʤʦʜʫʣʽ ʟ 

ʚʠʢʦʨʠʩʪʘʥʥʷʤ Python. ʋ ʧʨʦʮʝʩʽ ʤʦʜʝʣʶʚʘʥʥʷ ʙʫʣʦ ʟʛʝʥʝʨʦʚʘʥʦ ʪʨʘʬʽʢ ʽʟ 

ʟʘʜʘʥʠʤʠ ʬʨʘʢʪʘʣʴʥʠʤʠ ʚʣʘʩʪʠʚʦʩʪʷʤʠ ʟ ʧʘʨʘʤʝʪʨʘʤʠ, ʱʦ ʘʥʘʣʦʛʽʯʥʽ 

ʨʝʘʣʴʥʦʤʫ ʪʨʘʬʽʢʫ [Kirichenko, 2010-1; Kirichenko, 2012-2], ʷʢʠʡ ʧʝʨʝʜʘʚʘʚʩʷ ʚʽʜ 

ʚʽʜʧʨʘʚʥʠʢʘ ʜʦ ʦʜʝʨʞʫʚʘʯʘ. ʊʘʢʦʞ, ʛʝʥʝʨʫʚʘʣʠʩʴ ʘʪʘʢʠ ʟ ʚʣʘʩʪʠʚʦʩʪʷʤʠ, ʱʦ 

ʘʥʘʣʦʛʽʯʥʽ ʪʨʘʬʽʢʫ ʨʝʘʣʴʥʠʭ ʘʪʘʢ. ʎʽ ʘʪʘʢʠ ʜʦʜʘʚʘʣʠʩʴ ʜʦ ʟʛʝʥʝʨʦʚʘʥʦʛʦ ʪʨʘʬʽʢʘ 

ʫ ʚʠʧʘʜʢʦʚʽ ʤʦʤʝʥʪʠ ʯʘʩʫ. ʉʫʤʘʨʥʘ ʽʥʪʝʥʩʠʚʥʽʩʪʴ ʜʦʜʘʥʠʭ ʘʪʘʢ ʟʤʽʥʶʚʘʣʘʩʷ ʚʽʜ 

10 ʜʦ 40% ʚʽʜ ʟʘʛʘʣʴʥʦʾ ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʪʨʘʬʽʢf. ʎʝ ʧʦʚôʷʟʘʥʦ ʟ ʪʠʤ, ʱʦ ʘʪʘʢʠ ʟ 

ʽʥʪʝʥʩʠʚʥʽʩʪ ,ʁ ʤʝʥʰʦʶ ʟʘ 10%, ʩʣʘʙʢʦ ʚʧʣʠʚʘʶʪʴ ʥʘ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʤʝʨʝʞʽ, ʘ 

ʘʪʘʢʠ ʟ ʽʥʪʝʥʩʠʚʥʽʩʪʶ, ʙʽʣʴʰʦʶ ʟʘ 40%, ʽʜʝʥʪʠʬʽʢʫʶʪʴʩʷ ʟ ʡʤʦʚʽʨʥʽʩʪʶ 

ʙʣʠʟʴʢʦʶ ʜʦ 100%. ɯʥʪʝʥʩʠʚʥʽʩʪʴ ʪʨʘʬʽʢʘ ʟʤʽʥʶʚʘʣʘʩʴ ʚʽʜ 10 ʜʦ 100 ɻʙʽʪ/ʩ. 

ɯʤʽʪʘʮʽʡʥʝ ʤʦʜʝʣʶʚʘʥʥʷ ʧʨʦʚʦʜʠʣʦʩʴ ʜʣʷ ʤʝʨʝʞ ʟ ʨʽʟʥʦʶ ʩʪʨʫʢʪʫʨʦʶ, 

ʢʽʣʴʢʽʩʪʶ ʤʘʨʰʨʫʪʠʟʘʪʦʨʽʚ, ʾʭʥʴʦʶ ʟʚôʷʟʥʽʩʪʶ, ʧʨʦʧʫʩʢʥʦʶ ʟʜʘʪʥʽʩʪʶ ʢʘʥʘʣʽʚ, 

ʢʽʣʴʢʽʩʪʶ ʪʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʧʦʪʦʢʽʚ.  
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ɼʣʷ ʥʘʦʯʥʦʩʪʽ ʨʦʟʛʣʷʥʝʤʦ ʨʦʙʦʪʫ ʤʝʪʦʜʫ ʥʘ ʧʨʠʢʣʘʜʽ ʤʝʨʝʞʽ, ʩʪʨʫʢʪʫʨʘ 

ʷʢʦʾ ʥʘʚʝʜʝʥʘ ʥʘ ʨʠʩ. 2.2, ʷʢʘ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʜʝʩʷʪʠ ʤʘʨʰʨʫʪʠʟʘʪʦʨʽʚ 
1 10{ , }a a  ʪʘ 

ʯʦʪʠʨʥʘʜʮʷʪʠ ʢʘʥʘʣʽʚ ʟʚôʷʟʢʫ. ʅʘ ʚʭʽʜ ʧʦʜʘʻʪʴʩʷ ʪʨʠ ʧʦʪʦʢʠ ʽʥʪʝʥʩʠʚʥʽʩʪʶ 

1 200l=  1/ʩ, 
2 200l=  1/ʩ, 

3 200l=  1/ʩ. ʋ ʨʦʟʨʠʚʘʭ ʢʘʥʘʣʽʚ ʟʚôʷʟʢʫ ʧʦʜʘʥʦ ʜʨʽʙ: ʫ 

ʯʠʩʝʣʴʥʠʢʫ ʥʘʚʝʜʝʥʦ ʽʥʪʝʥʩʠʚʥʽʩʪʴ ʧʦʪʦʢʫ, ʱʦ ʧʨʦʪʽʢʘʻ ʚ ʜʘʥʦʤʫ ʢʘʥʘʣʽ, ʘ ʚ 

ʟʥʘʤʝʥʥʠʢʫ ï ʡʦʛʦ ʧʨʦʧʫʩʢʥʘ ʟʜʘʪʥʽʩʪʴ (1/ʩ).  

ʇʽʜ ʯʘʩ ʝʢʩʧʝʨʠʤʝʥʪʫ ʚʠʤʽʨʶʚʘʣʠʩʴ ʪʘʢ̔ ʧʘʨʘʤʝʪʨʠ: ʫʪʠʣʽʟʘʮʽʷ ʢʘʥʘʣʽʚ, 

ʚʝʣʠʯʠʥʘ ʚʪʨʘʪ ʜʘʥʠʭ, ʜʞʠʪʝʨ, ʚʽʜʩʦʪʦʢ ʟʘʙʣʦʢʦʚʘʥʦʛʦ ʘʪʘʢʦʚʘʥʦʛʦ ʪʨʘʬʽʢʘ, 

ʟʘʪʨʠʤʢʘ ʜʘʥʠʭ ʫ ʤʝʨʝʞʽ. ʇʘʨʘʤʝʪʨʠ QoS, ʫʟʘʛʘʣʴʥʝʥʽ ʜʣʷ ʚʩʽʻʾ ʤʝʨʝʞʽ (ʩʝʨʝʜʥʻ 

ʤʝʨʝʞʥʝ ʟʥʘʯʝʥʥʷ), ʷʢʽ ʦʪʨʠʤʘʥʽ ʧʽʜ ʯʘʩ ʝʢʩʧʝʨʠʤʝʥʪʽʚ, ʥʘʚʝʜʝʥʦ ʚ ʪʘʙʣʠʮʽ 2.7. 

 

ʈʠʩ. 2.2. ʉʪʨʫʢʪʫʨʘ ʽʥʬʦʢʦʤʫʥʽʢʘʮʽʡʥʦʾ ʤʝʨʝʞʽ ʜʣʷ ʤʘʨʰʨʫʪʠʟʘʮʽʾ 

ʇ̔ ʜ ʯʘʩ ʚʠʢʦʨʠʩʪʘʥʥ ̫ʟʘʧʨʦʧʦʥʦʚʘʥʦʛʦ ʤʝʪʦʜʫ ʢʦʝʬʽʮʽʻʥʪ ʚʪʨʘʪ ʧʘʢʝʪʽʚ 

ʩʘʤʦʧʦʜʽʙʥʦʛʦ ʪʨʘʬʽʢʘ ʚʠʱʝ, ʥʽʞ ʧʽʜ ʯʘʩ ʚʠʢʦʨʠʩʪʘʥʥ ̫ʩʪʘʥʜʘʨʪʥʦʛʦ ʤʝʪʦʜʫ 

ʤʘʨʰʨʫʪʠʟʘʮʽʾ ʟʘ ʩʪʘʥʦʤ ʢʘʥʘʣʽʚ, ʪʦʤʫ ʱʦ ʜʝʷʢʽ ʜʘʥʽ ʚʪʨʘʯʘʶʪʴʩʷ ʧʽʜ ʯʘʩ 

ʧʨʦʭʦʜʞʝʥʥ ̫ ʟʘ ʤʘʨʰʨʫʪʦʤ ʟ ʚʝʣʠʢʦʶ ʚʘʨʪʽʩʪʶ. ɿʙʽʣʴʰʝʥʥʷ ʚʽʜʩʦʪʢʘ 
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ʟʘʙʣʦʢʦʚʘʥʦʛʦ ʘʪʘʢʦʚʘʥʦʛʦ ʪʨʘʬʽʢʘ ʧʦʚôʷʟʘʥʦ ʽʟ ʽʜʝʥʪʠʬʽʢʘʮʽʻʶ ʘʪʘʢ, ʷʢʝ 

ʟʜʽʡʩʥʶʻʪʴʩʷ ʚʫʟʣʘʤʠ ʤʝʨʝʞʥʦʾ ʩʠʩʪʝʤʠ ʚʠʷʚʣʝʥʥʷ ʚʪʦʨʛʥʝʥʴ. 

ʊʘʙʣʠʮʷ 2.7. 

ɿʥʘʯʝʥʥʷ ʧʘʨʘʤʝʪʨʽʚ ʷʢʦʩʪʽ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʤʝʨʝʞʽ 

ʄʝʪʦʜʠ 
ɼʞʠʪʝʨ, 

ʤʩ 

ʉʪʫʧʽʥʴ 

ʫʪʠʣʽʟʘʮʽʾ 

ʢʘʥʘʣʽʚ, % 

ɺʪʨʘʯʝʥʽ 

ʜʘʥʽ, %  

ɿʘʙʣʦʢʦʚʘʥʠʡ 

ʘʪʘʢʦʚʘʥʠʡ 

ʪʨʘʬʽʢ, %  

ɿʘʪʨʠʤʢʘ 

ʜʘʥʠʭ ʫ 

ʤʝʨʝʞʽ, ʤʩ 

ʄʝʪʦʜ ʙʝʟʧʝʯʥʦʾ 

ʤʘʨʰʨʫʪʠʟʘʮʽʾ ʫ 

ʤʝʨʝʞʽ 

15 0,65 1,48 10 72 

ʉʪʘʥʜʘʨʪʥʠʡ 

ʤʝʪʦʜ 

ʤʘʨʰʨʫʪʠʟʘʮʽʾ ʟʘ 

ʩʪʘʥʦʤ ʢʘʥʘʣʽʚ 

19 0,7 1,5 1,2 67 

 

ɹʫʣʦ ʚʠʷʚʣʝʥʦ ʟʤʝʥʰʝʥʥʷ ʜʞʠʪʝʨʘ ʪʘ ʟʘʚʘʥʪʘʞʝʥʦʩʪʽ ʢʘʥʘʣʽʚ ʟʚôʷʟʢʫ. 

ɿʘʪʨʠʤʢʘ ʜʘʥʠʭ ʫ ʤʝʨʝʞʽ ʟʙʽʣʴʰʫʻʪʴʩʷ ʟʘ ʨʘʭʫʥʦʢ ʧʝʨʝʥʘʧʨʘʚʣʝʥʥʷ 

ʧʽʜʦʟʨʶʚʘʥʠʭ ʧʦʪʦʢʽʚ ʜʣʷ ʽʜʝʥʪʠʬʽʢʘʮʽʾ ʘʪʘʢ. ʊʘʢʠʤ ʯʠʥʦʤ, ʦʪʨʠʤʘʥʽ ʜʘʥʽ 

ʩʚʽʜʯʘʪʴ ʧʨʦ ʪʝ, ʱʦ ʟʘʧʨʦʥʦʚʘʥʠʡ ʤʝʪʦʜ ʙʝʟʧʝʯʥʦʾ ʤʘʨʰʨʫʪʠʟʘʮʽʾ ʻ ʝʬʝʢʪʠʚʥʠʤ 

ʱʦʜʦ ʟʘʙʝʟʧʝʯʝʥʥʷ ʙʝʟʧʝʢʠ ʪʘ ʷʢʦʩʪʽ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ. 

ɺʠʩʥʦʚʢʠ ʜʦ ʨʦʟʜʽʣʫ 2 

1. ʈʦʟʨʦʙʣʝʥʦ ʢʦʥʮʝʧʮʽʶ ʟʘʙʝʟʧʝʯʝʥʥʷ ʽʥʬʦʨʤʘʮʽʡʥʦʾ ʙʝʟʧʝʢʠ 

ʢʦʤʧôʶʪʝʨʥʠʭ ʩʠʩʪʝʤ ʽʟ ʩʘʤʦʧʦʜʽʙʥʠʤʠ ʽʥʬʦʨʤʘʮʽʡʥʠʤʠ ʧʦʪʦʢʘʤʠ, ʷʢʽ 

ʧʨʘʮʶʶʪʴ ʚ ʫʤʦʚʘʭ ʚʪʦʨʛʥʝʥʴ ʪʘ ʢʽʙʝʨʘʪʘʢ. ɼʘʥʘ ʢʦʥʮʝʧʮʽʷ ʙʘʟʫʻʪʴʩʷ ʥʘ ʤʦʜʝʣʽ 

ʨʦʟʧʦʜʽʣʝʥʦʾ ʢʦʤʧôʶʪʝʨʥʦʾ ʩʠʩʪʝʤʠ, ʷʢʘ ʚʢʣʶʯʘʻ ʢʦʤʧʦʥʝʥʪʠ ʟʘʙʝʟʧʝʯʝʥʥʷ 

ʙʝʟʧʝʢʠ ʪʘ ʫʧʨʘʚʣʽʥʥʷ ʩʘʤʦʧʦʜʽʙʥʠʤʠ ʽʥʬʦʨʤʘʮʽʡʥʠʤʠ ʧʦʪʦʢʘʤʠ, ʫ ʧʦʻʜʥʘʥʥʽ ʟ 

ʤʝʪʦʜʦʤ ʟʘʙʝʟʧʝʯʝʥʥʷ ʙʝʟʧʝʢʠ ʚ ʭʦʜʽ ʜʠʥʘʤʽʯʥʦʛʦ ʙʘʣʘʥʩʫʚʘʥʥʷ ʥʘʚʘʥʪʘʞʝʥʥʷ ʚ 

ʢʦʤʧôʶʪʝʨʥʠʭ ʩʠʩʪʝʤʘʭ ʪʘ ʚ ʩʠʩʪʝʤʘʭ ʚʠʷʚʣʝʥʥʷ ʚʪʦʨʛʥʝʥʴ ʟ ʫʨʘʭʫʚʘʥʥʷʤ 

ʤʫʣʴʪʠʬʨʘʢʪʘʣʴʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʪʨʘʬʽʢʘ; ʤʝʪʦʜʦʤ ʟʘʙʝʟʧʝʯʝʥʥʷ ʙʝʟʧʝʯʥʦʾ 

ʤʘʨʰʨʫʪʠʟʘʮʽʾ ʧʽʜ ʯʘʩ ʧʝʨʝʜʘʯʽ ʩʘʤʦʧʦʜʽʙʥʦʛʦ ʪʨʘʬʽʢʘ; ʤʝʪʦʜʦʤ ʚʠʷʚʣʝʥʥʷ 
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ʚʪʦʨʛʥʝʥʴ, ʱʦ ʙʘʟʫʻʪʴʩʷ ʥʘ ʚʠʢʦʨʠʩʪʘʥʥʽ ʘʥʘʣʽʟʫ ʩʠʛʥʘʪʫʨ, ʘʥʘʣʽʟʫ ʘʥʦʤʘʣʽʡ 

ʧʦʚʝʜʽʥʢʠ ʤʝʨʝʞʽ ʪʘ ʝʥʪʨʦʧʽʡʥʦʤʫ ʘʥʘʣʽʟʽ ʧʨʦʪʦʢʦʣʽʚ. ʈʝʘʣʽʟʘʮʽʷ ʢʦʥʮʝʧʮʽʾ ʫ 

ʧʨʦʛʨʘʤʥʦʤʫ ʢʦʤʧʣʝʢʩʽ ʜʦʟʚʦʣʷʻ ʛʘʨʘʥʪʦʚʘʥʦ ʟʘʙʝʟʧʝʯʠʪʠ ʜʦʩʪʫʧʥʽʩʪʴ, 

ʢʦʥʬʽʜʝʥʮʽʡʥʽʩʪʴ ʪʘ ʷʢʽʩʪʴ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʚ ʢʦʤʧôʶʪʝʨʥʠʭ ʩʠʩʪʝʤʘʭ ʽʟ 

ʩʘʤʦʧʦʜʽʙʥʠʤʠ ʽʥʬʦʨʤʘʮʽʡʥʠʤʠ ʧʦʪʦʢʘʤʠ ʧʽʜ ʯʘʩ ʚʪʦʨʛʥʝʥʴ ʪʘ ʢʽʙʝʨʘʪʘʢ. 

2. ʈʦʟʨʦʙʣʝʥʦ ʤʦʜʝʣʴ ʨʦʟʧʦʜʽʣʝʥʦʾ ʢʦʤʧôʶʪʝʨʥʦʾ ʩʠʩʪʝʤʠ, ʷʢʘ ʥʘ ʚʽʜʤʽʥʫ 

ʚʽʜ ʽʩʥʫʶʯʠʭ ʚʢʣʶʯʘʻ ʢʦʤʧʦʥʝʥʪʠ ʟʘʙʝʟʧʝʯʝʥʥʷ ʙʝʟʧʝʢʠ ʪʘ ʫʧʨʘʚʣʽʥʥʷ 

ʚʭʽʜʥʠʤʠ ʽʥʬʦʨʤʘʮʽʡʥʠʤʠ ʧʦʪʦʢʘʤʠ ʟ ʤʫʣʴʪʠʬʨʘʢʪʘʣʴʥʠʤʠ ʚʣʘʩʪʠʚʦʩʪʷʤʠ, 

ʦʙʤʝʞʝʥʥʷ ʥʘ ʥʘʙʽʨ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʤʝʨʝʞʽ ʜʣʷ ʨʽʟʥʠʭ ʢʣʘʩʽʚ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ, ʱʦ 

ʜʦʟʚʦʣʷʻ ʨʦʟʨʦʙʠʪʠ ʤʝʪʦʜʠ ʟʘʙʝʟʧʝʯʝʥʥʷ ʙʝʟʧʝʢʠ ʚ ʭʦʜʽ ʫʧʨʘʚʣʽʥʥʷ 

ʩʘʤʦʧʦʜʽʙʥʠʤ ʪʨʘʬʽʢʦʤ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʚʠʤʦʛ ʜʦ ʷʢʦʩʪʽ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ. 

3. ʅʘ ʦʩʥʦʚʽ ʨʦʟʨʦʙʣʝʥʦʾ ʤʦʜʝʣʽ ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʤʝʪʦʜ ʟʘʙʝʟʧʝʯʝʥʥʷ 

ʙʝʟʧʝʯʥʦʾ ʤʘʨʰʨʫʪʠʟʘʮʽʾ ʧʽʜ ʯʘʩ ʧʝʨʝʜʘʯʽ ʤʫʣʴʪʠʬʨʘʢʪʘʣʴʥʦʛʦ ʪʨʘʬʽʢʘ, ʷʢʠʡ 

ʙʘʟʫʻʪʴʩʷ ʥʘ ʡʦʛʦ ʤʫʣʴʪʠʬʨʘʢʪʘʣʴʥʠʭ ʚʣʘʩʪʠʚʦʩʪʷʭ ʪʘ ʧʘʨʘʤʝʪʨʘʭ ʷʢʦʩʪʽ 

ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʧʨʽʦʨʠʪʝʪʥʦʛʦ ʪʨʘʬʽʢʘ, ʱʦ ʜʦʟʚʦʣʷʻ ʟʤʝʥʰʠʪʠ ʟʘʚʘʥʪʘʞʝʥʽʩʪʴ 

ʨʝʩʫʨʩʽʚ ʢʦʤʧôʶʪʝʨʥʦʾ ʩʠʩʪʝʤʠ ʟʘ ʨʘʭʫʥʦʢ ʩʧʨʷʤʫʚʘʥʥʷ ʙʝʟʧʝʯʥʠʭ 

ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʧʦʪʦʢʽʚ ʨʽʟʥʦʛʦ ʢʣʘʩʫ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʥʘ ʙʝʟʧʝʯʥʽ ʽ ʤʝʥʰ 

ʟʘʚʘʥʪʘʞʝʥʽ ʨʝʩʫʨʩʠ. 

4. ɿʘʩʪʦʩʫʚʘʥʥʷ ʤʝʪʦʜʫ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʪʦʛʦ, ʱʦ ʣʝʛʽʪʠʤʥʠʡ ʪʨʘʬʽʢ 

ʧʝʨʝʜʘʻʪʴʩʷ ʟʘ ʥʘʡʢʦʨʦʪʰʠʤʠ ʤʘʨʰʨʫʪʘʤʠ, ʘ ʧʽʜʦʟʨʶʚʘʥʠʡ ʥʘ ʘʪʘʢʫ ʪʨʘʬʽʢ 

ʥʘʧʨʘʚʣʷʻʪʴʩʷ ʟʘ ʙʽʣʴʰ ʜʦʚʛʠʤʠ ʤʘʨʰʨʫʪʘʤʠ ʜʣʷ ʧʨʦʚʝʜʝʥʥʷ ʙʽʣʴʰ ʜʝʪʘʣʴʥʦʛʦ 

ʡʦʛʦ ʘʥʘʣʽʟʫ. ɺʘʨʪʽʩʪʴ ʰʣʷʭʫ ʥʝ ʟʤʽʥʶʻʪʴʩʷ, ʷʢʱʦ ʪʨʘʬʽʢ ʤʘʻ ʚʠʩʦʢʝ ʟʥʘʯʝʥʥʷ 

ʩʘʤʦʧʦʜʽʙʥʦʩʪʽ. ʄʘʢʩʠʤʘʣʴʥʝ ʟʥʘʯʝʥʥʷ ʚʘʨʪʦʩʪʽ ʤʘʨʰʨʫʪʫ ʥʘʜʘʻʪʴʩʷ ʜʣʷ 

ʪʨʘʬʽʢʘ ʟ ʥʠʟʴʢʠʤ ʟʥʘʯʝʥʥʷʤ ʩʘʤʦʧʦʜʽʙʥʦʩʪʽ.  

5. ɿʘʧʨʦʧʦʥʦʚʘʥʠʡ ʤʝʪʦʜ ʧʨʠ ʧʝʨʝʜʘʯʽ ʬʨʘʢʪʘʣʴʥʦʛʦ ʪʨʘʬʽʢʫ ʟʘʙʝʟʧʝʯʫʻ 

ʙʝʟʧʝʯʥʫ ʤʘʨʰʨʫʪʠʟʘʮʽʶ ʟʘ ʨʘʭʫʥʦʢ ʙʣʦʢʫʚʘʥʥʷ ʘʪʘʢʦʚʘʥʦʛʦ ʪʨʘʬʽʢʘ ʚ 9 ʨʘʟ 

ʙʽʣʴʰʦʾ ʢʽʣʴʢʦʩʪʽ ʥʽʞ ʧʨʠ ʨʦʙʦʪʽ ʩʪʘʥʜʘʨʪʥʦʛʦ ʤʝʪʦʜʫ ʤʘʨʰʨʫʪʠʟʘʮʽʾ, ʟʤʝʥʰʫʻ 

ʜʞʠʪʝʨ ʥʘ 21%.  
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ʈʆɿɼɯʃ 3 

ʈʆɿʈʆɹʂɸ ʄɽʊʆɼʋ ɹɽɿʇɽʏʅʆɻʆ ɹɸʃɸʅʉʋɺɸʅʅʗ 

ʌʈɸʂʊɸʃʔʅʆɻʆ ʊʈɸʌɯʂʋ ɺ ʂʆʄʇôʖʊɽʈʅʀʍ ʉʀʉʊɽʄɸʍ 

ʇʨʦʮʝʩʠ ʢʦʥʚʝʨʛʝʥʮʽʾ ʤʝʨʝʞ ʟʚôʷʟʢʫ ʧʨʠʟʚʝʣʠ ʜʦ ʜʦʤʽʥʫʚʘʥʥʷ ʧʨʦʪʦʢʦʣʫ 

IP ʷʢ ʫʥʽʚʝʨʩʘʣʴʥʠʡ ʜʣʷ ʚʩʽʭ ʚʠʜʽʚ ʧʝʨʝʜʘʥʠʭ ʜʘʥʠʭ. ʆʜʥʘʢ ʚʽʜʩʫʪʥʽʩʪʴ 

ʚʙʫʜʦʚʘʥʠʭ ʤʝʭʘʥʽʟʤʽʚ ʽʥʞʠʥʽʨʠʥʛʫ ʪʨʘʬʽʢʘ ʩʪʘʚʠʪʴ ʧʠʪʘʥʥʷ ʧʨʦ ʥʝʦʙʭʽʜʥʽʩʪʴ 

ʨʦʟʨʦʙʢʠ ʤʝʪʦʜʽʚ, ʱʦ ʜʦʟʚʦʣʷʶʪʴ ʙʽʣʴʰ ʝʬʝʢʪʠʚʥʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ 

ʤʦʞʣʠʚʦʩʪʽ ʥʘʷʚʥʦʾ ʤʝʨʝʞʥʦʾ ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ, ʘʣʝ ʷʢʽ ʥʝ ʧʦʪʨʝʙʫʶʪʴ ʟʤʽʥʠ 

ʦʩʥʦʚ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʛʣʦʙʘʣʴʥʦʾ ʤʝʨʝʞʽ. ʆʜʥʠʤ ʟ ʥʘʡʙʽʣʴʰ ʧʝʨʩʧʝʢʪʠʚʥʠʭ 

ʚʘʨʽʘʥʪʽʚ ʚʠʨʽʰʝʥʥʷ ʟʘʟʥʘʯʝʥʠʭ ʧʨʦʙʣʝʤ ʥʘ ʩʴʦʛʦʜʥʽʰʥʽʡ ʜʝʥʴ ʻ ʜʠʥʘʤʽʯʥʽ 

ʤʝʭʘʥʽʟʤʠ ʙʘʣʘʥʩʫʚʘʥʥʷ ʪʨʘʬʽʢʫ, ʱʦ ʚʠʢʣʠʢʘʶʪʴ ʧʠʣʴʥʠʡ ʽʥʪʝʨʝʩ ʥʘʫʢʦʚʦʾ 

ʩʧʽʣʴʥʦʪʠ. ʅʘʡʙʽʣʴʰ ʚʽʜʦʤʠʤʠ ʜʦʩʣʽʜʞʝʥʥʷʤʠ ʚ ʦʙʣʘʩʪʽ ʙʘʣʘʥʩʫʚʘʥʥʷ, 

ʪʝʦʨʝʪʠʯʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʽ ʨʦʟʨʦʙʢʠ ʬʫʥʜʘʤʝʥʪʘʣʴʥʠʭ ʦʩʥʦʚ ʨʦʟʧʦʜʽʣʫ 

ʥʘʚʘʥʪʘʞʝʥʥʷ, ʚ ʩʪʚʦʨʝʥʥʽ ʤʘʪʝʤʘʪʠʯʥʦʛʦ ʘʧʘʨʘʪʫ, ʤʦʜʝʣʝʡ ʽ ʤʝʪʦʜʽʚ 

ʫʧʨʘʚʣʽʥʥʷ ʜʣʷ ʨʦʟʧʦʜʽʣʫ ʥʘʚʘʥʪʘʞʝʥʥʷ ʚ ʨʦʟʧʦʜʽʣʝʥʠʭ ʩʠʩʪʝʤʘʭ ʻ ʪʘʢʽ 

[ʀʛʥʘʪʝʥʢʦ, 2011; ɻʫʨʝʚʠʯ, 2010; ɼʦʨʪ-ɻʦʣʴʮ, 2014; ʏʞʦʫ, 2000; Lewis, 2009; 

Andreolini, 2007; Arian, 2017; Chen, 2013], ʘ ʪʘʢʦʞ ʽʥʰʽ ʨʦʙʦʪʠ, ʚ ʷʢʠʭ ʦʧʠʩʘʥʦ 

ʚʠʨʽʰʝʥʥʷ ʧʨʦʙʣʝʤʠ ʨʦʟʧʦʜʽʣʫ ʥʘʚʘʥʪʘʞʝʥʥʷ. 

ʆʜʥʠʤ ʟ ʤʝʭʘʥʽʟʤʽʚ ʟʘʙʝʟʧʝʯʝʥʥʷ QoS (Quality of service) ʻ ʙʘʣʘʥʩʫʚʘʥʥʷ 

ʥʘʚʘʥʪʘʞʝʥʥʷ [Cardellini, 1999; Dhinesh, 2013; Ghuge, 2014]. ʉʠʩʪʝʤʘ 

ʙʘʣʘʥʩʫʚʘʥʥʷ ʥʘʚʘʥʪʘʞʝʥʥʷ ʚʠʨʽʰʫʻ ʟʘʚʜʘʥʥʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʷʢʦʩʪʽ 

ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʽ ʧʽʜʚʠʱʝʥʥʷ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ ʨʦʟʧʦʜʽʣʝʥʠʭ ʩʠʩʪʝʤ ʟʘ ʨʘʭʫʥʦʢ 

ʦʧʪʠʤʘʣʴʥʦʛʦ ʨʦʟʧʦʜʽʣʫ ʟʘʚʜʘʥʴ ʤʽʞ ʚʫʟʣʘʤʠ ʦʙʯʠʩʣʶʚʘʣʴʥʦʾ ʩʠʩʪʝʤʠ.  

ɿʘʚʜʘʥʥʷ ʙʘʣʘʥʩʫʚʘʥʥʷ ʟʘʚʘʥʪʘʞʝʥʥʷ ʧʦʣʷʛʘʻ ʚ ʪʦʤʫ, ʱʦʙ ʚʠʭʦʜʷʯʠ ʟ 

ʢʦʤʧʣʝʢʪʫ ʟʘʚʜʘʥʴ, ʷʢʽ ʚʢʣʶʯʘʶʪʴ ʦʙʯʠʩʣʝʥʥʷ ʽ ʧʝʨʝʜʘʯʫ ʜʘʥʠʭ, ʽ ʩʠʩʪʝʤʠ 

ʩʝʨʚʝʨʽʚ ʨʽʟʥʦʾ ʨʝʩʫʨʩʦʻʤʥʦʩʪʽ, ʟʥʘʡʪʠ ʪʘʢʠʡ ʨʦʟʧʦʜʽʣ ʟʘʚʜʘʥʴ ʧʦ ʩʝʨʚʝʨʘʭ, ʷʢʝ 
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ʟʘʙʝʟʧʝʯʫʻ ʧʨʠʙʣʠʟʥʦ ʨʽʚʥʝ ʦʙʯʠʩʣʶʚʘʣʴʥʝ ʟʘʚʘʥʪʘʞʝʥʥʷ ʢʦʞʥʦʛʦ ʩʝʨʚʝʨʘ ʽ 

ʤʽʥʽʤʘʣʴʥʽ ʚʠʪʨʘʪʠ ʥʘ ʧʝʨʝʜʘʯʫ ʜʘʥʠʭ. ɼʣʷ ʚʠʢʦʥʘʥʥʷ ʮʴʦʛʦ ʟʘʚʜʘʥʥʷ ʤʦʞʫʪʴ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠʩʷ ʨʽʟʥʽ ʘʣʛʦʨʠʪʤʠ ʙʘʣʘʥʩʫʚʘʥʥʷ ʥʘʚʘʥʪʘʞʝʥʥʷ, ʷʢʽ ʚʨʘʭʦʚʫʶʪʴ 

ʦʮʽʥʢʠ ʟʘʚʘʥʪʘʞʝʥʥʷ ʦʙʯʠʩʣʶʚʘʣʴʥʦʛʦ ʚʫʟʣʘ. ɸʣʝ ʩʣʽʜ ʧʘʤôʷʪʘʪʠ ʧʨʦ ʪʝ, ʱʦ 

ʪʨʘʬʽʢ ʫ ʢʦʤʧôʶʪʝʨʥʠʭ ʩʠʩʪʝʤʘʭ ʤʘʻ ʬʨʘʢʪʘʣʴʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʪʘ ʥʘʷʚʥʽʩʪʴ ʫ 

ʧʝʨʝʜʘʥʠʭ ʢʣʽʻʥʪʘʤʠ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʧʦʪʦʢʽʚ ʚʣʘʩʪʠʚʦʩʪʝʡ ʩʘʤʦʧʦʜʽʙʥʦʩʪʽ ʜʫʞʝ 

ʚʧʣʠʚʘʻ ʥʘ ʝʬʝʢʪʠʚʥʽʩʪʴ ʨʦʙʦʪʠ ʨʦʟʧʦʜʽʣʝʥʠʭ ʩʠʩʪʝʤ [Taqqu, 1995; Riedi, 2002;  

Qingyun, 2016; W. Willinger, Ageyev, 2008; Das, 2016]. ʆʩʦʙʣʠʚʦ ʚʘʞʣʠʚʫ ʨʦʣʴ 

ʮʝ ʚʽʜʽʛʨʘʻ ʜʣʷ ʨʦʙʦʪʠ ʩʝʨʚʽʩʽʚ, ʱʦ ʟʘʙʝʟʧʝʯʫʶʪʴ ʧʝʨʝʜʘʯʫ ʤʫʣʴʪʠʤʝʜʽʡʥʦʛʦ 

ʪʨʘʬʽʢʘ ʽ ʪʨʘʬʽʢʘ ʨʝʘʣʴʥʦʛʦ ʯʘʩʫ.  

3.1. ɼʦʩʣʽʜʞʝʥʥʷ ʤʝʪʦʜʽʚ ʙʝʟʧʝʯʥʦʛʦ ʙʘʣʘʥʩʫʚʘʥʥʷ ʚ ʢʦʤʧôʶʪʝʨʥʠʭ 

ʩʠʩʪʝʤʘʭ 

ɼʣʷ ʢʦʨʧʦʨʘʪʠʚʥʠʭ ʤʝʨʝʞ ʟ ʚʠʩʦʢʠʤʠ ʚʠʤʦʛʘʤʠ ʷʢʦʩʪʽ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ 

ʧʦʪʨʽʙʝʥ ʙʘʣʘʥʩʫʚʘʣʴʥʠʢ ʥʘʚʘʥʪʘʞʝʥʥʷ, ʷʢʠʡ ʦʧʪʠʤʽʟʫʻ ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ, 

ʦʜʥʦʯʘʩʥʦ ʟʘʙʝʟʧʝʯʫʶʯʠ ʟʘʭʠʩʪ ʚʽʜ ʧʦʩʪʽʡʥʦ ʨʦʟʰʠʨʶʶʁ ʯʦʛʦʩʷ ʩʧʠʩʢʫ 

ʚʪʦʨʛʥʝʥʴ ʽ ʘʪʘʢ [ʊʨʠʧʦʣʢʘ, 2014]. ɹʘʣʘʥʩʫʚʘʣʴʥʠʢ ʧʦʚʠʥʝʥ ʟʘʙʝʟʧʝʯʫʚʘʪʠ 

ʜʦʩʪʫʧʥʽʩʪʴ, ʧʨʠʩʢʦʨʝʥʥʷ ʽ ʢʦʥʪʨʦʣʴ ʜʦʜʘʪʢʽʚ, ʟʘʙʝʟʧʝʯʫʶʯʠ ʧʨʠ ʮʴʦʤʫ 

ʤʦʞʣʠʚʦʩʪʽ ʙʝʟʧʝʢʠ ʜʦʜʘʪʢʽʚ, ʘ ʪʘʢʦʞ ʨʦʟʰʠʨʝʥʝ ʙʘʣʘʥʩʫʚʘʥʥʷ ʥʘʚʘʥʪʘʞʝʥʥʷ 

ʈʽʚʥʷ 4 ʽ ʈʽʚʥʷ 7 ʟ ʨʦʟʚʘʥʪʘʞʝʥʥʷʤ (Offloading) SSL ʽ ʇʨʠʩʢʦʨʝʥʥʷʤ ʜʦʜʘʪʢʽʚ 

(Application Acceleration) [Barracuda, 2019]. ʊʘʢʠʤ ʯʠʥʦʤ, ʘʢʪʫʘʣʴʥʦʶ ʻ ʟʘʜʘʯʘ 

ʨʦʟʨʦʙʢʠ ʽ ʘʥʘʣʽʟʫ ʤʝʪʦʜʫ ʙʝʟʧʝʯʥʦʛʦ ʙʘʣʘʥʩʫʚʘʥʥʷ ʥʘʚʘʥʪʘʞʝʥʥʷ, ʷʢʠʡ 

ʚʨʘʭʦʚʫʻ ʩʘʤʦʧʦʜʽʙʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʪʨʘʬʽʢʘ ʽ ʟʘʚʘʥʪʘʞʝʥʥʷ ʢʦʞʥʦʛʦ ʚʫʟʣʘ ʽ ʚʩʽʻʾ 

ʨʦʟʧʦʜʽʣʝʥʦʾ ʩʠʩʪʝʤʠ. 

ʄʦʜʫʣʴ Security ʟʘʙʝʟʧʝʯʫʻ ʢʦʤʧʣʝʢʩʥʠʡ ʟʘʭʠʩʪ ʪʨʘʬʽʢʘ ʽ ʜʦʜʘʪʢʽʚ, ʫ 

ʪʦʤʫ ʯʠʩʣʽ ʚʽʜ ʘʪʘʢ OWASP Top 10 ʽ Application DDoS, ʘ ʪʘʢʦʞ ʚʽʜʩʪʝʞʫʻ 

ʚʠʭʽʜʥʠʡ ʪʨʘʬʽʢ ʜʣʷ ʟʘʧʦʙʽʛʘʥʥʷ ʚʪʨʘʪʠ ʜʘʥʠʭ. ʊʘʢʦʞ ʮʝʡ ʤʦʜʫʣʴ ʚʽʜʩʪʝʞʫʻ 
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ʧʦʨʫʰʝʥʥʷ ʜʦʩʪʫʧʫ ʜʦ ʚʝʙ-ʜʦʜʘʪʢʽʚ, ʽ ʟʜʽʡʩʥʶʻ ʟʘʭʠʩʪ ʚʽʜ DDoS ʘʪʘʢ, ʪʦʙʪʦ 

ʟʘʙʝʟʧʝʯʫʻ ʢʦʥʬʽʜʝʥʮʽʡʥʽʩʪʴ. 

ʌʫʥʢʮʽʾ ʄʦʜʫʣʷ Security: OWASP 10 ʥʘʡʢʨʘʱʠʭ ʟʘʭʠʩʪʽʚ; ʟʘʭʠʩʪ ʚʽʜ 

ʧʦʰʠʨʝʥʠʭ ʘʪʘʢ, SQL-ʽʥ'ʻʢʮʽʡ, ʤʽʞʩʘʡʪʦʚʦʛʦ ʩʢʨʠʧʪʠʥʛʘ, ʬʘʡʣʽʚ cookie ʘʙʦ 

ʟʣʦʤʫ ʬʦʨʤ; ʧʝʨʝʚʽʨʢʘ ʤʝʪʘʜʘʥʠʭ ʧʦʣʷ ʬʦʨʤʠ; ʘʜʘʧʪʠʚʥʘ ʙʝʟʧʝʢʘ; ʤʘʩʢʫʚʘʥʥʷ 

ʩʘʡʪʫ; ʰʠʬʨʫʚʘʥʥʷ URL; ʢʦʥʪʨʦʣʴ ʨʝʘʛʫʚʘʥʥʷ; ʟʘʭʠʩʪ ʚ̔ ʜ ʢʨʘʜʽʞʢʠ ʚʠʭʽʜʥʠʭ 

ʜʘʥʠʭ; ʥʦʤʝʨʠ ʢʨʝʜʠʪʥʠʭ ʢʘʨʪ; ʟʽʩʪʘʚʣʝʥʥʷ ʢʦʨʠʩʪʫʚʘʯʘ ʟʽ ʟʨʘʟʢʦʤ (ʨʝʛʫʣʷʨʥʠʡ 

ʚʠʨʘʟ); ʜʝʪʘʣʴʥʘ ʧʦʣʽʪʠʢʘ ʜʣʷ ʝʣʝʤʝʥʪʽʚ HTML; ʧʝʨʝʚʽʨʢʘ ʦʙʤʝʞʝʥʴ ʧʨʦʪʦʢʦʣʫ; 

ʢʦʥʪʨʦʣʴ ʟʘʚʘʥʪʘʞʝʥʥʷ ʬʘʡʣʽʚ; DDoS-ʟʘʭʠʩʪ: ʙʘʟʘ ʜʘʥʠʭ  

IP-ʨʝʧʫʪʘʮʽʾ, ʝʚʨʠʩʪʠʯʥʘ ʽʜʝʥʪʠʬʽʢʘʮʽʷ; ʚʠʢʣʠʢʠ CAPTCHA; ʧʦʚʽʣʴʥʠʡ ʟʘʭʠʩʪ 

ʢʣʽʻʥʪʘ; Geo IP Anonymous Proxy; ʚʫʟʣʠ ʚʠʭʦʜʫ ToR; ʯʦʨʥʠʡ ʩʧʠʩʦʢ. 

ʇʽʜʪʨʠʤʫʚʘʥʽ ʚʝʙ-ʧʨʦʪʦʢʦʣʠ: HTTP / S 0,9 / 1,0 / 1,1; FTP / S XML; IPv4 / IPv6. 

ɸʫʪʝʥʪʠʬʽʢʘʮʽʷ ʽ ʘʚʪʦʨʠʟʘʮʽʷ: LDAP / RADIUS / Kerberos / ʣʦʢʘʣʴʥʘ ʙʘʟʘ 

ʜʘʥʠʭ ʢʦʨʠʩʪʫʚʘʯʽʚ; ʢʣʽʻʥʪʩʴʢʽ ʩʝʨʪʠʬʽʢʘʪʠ; ʻʜʠʥʘ ʪʦʯʢʘ ʚʭʦʜʫ; RSA SecurID; 

CA SiteMinder; SMS PASSCODE. 

ɹʝʟʧʝʯʥʘ ʜʦʩʪʘʚʢʘ ʜʦʜʘʪʢʽʚ (Secure Application Delivery) 

ɸʫʪʝʥʪʠʬʽʢʘʮʽʷ ʜʦʜʘʪʢʽʚ ʛʘʨʘʥʪʫʻ, ʱʦ ʪʽʣʴʢʠ ʘʚʪʦʨʠʟʦʚʘʥʽ ʢʦʨʠʩʪʫʚʘʯʽ 

ʤʦʞʫʪʴ ʦʪʨʠʤʘʪʠ ʜʦʩʪʫʧ ʜʦ ʢʨʠʪʠʯʥʦ ʚʘʞʣʠʚʠʭ ʜʦʜʘʪʢʽʚ. ʅʝʘʚʪʦʨʠʟʦʚʘʥʠʡ 

ʪʨʘʬʽʢ ʤʦʞʝ ʙʫʪʠ ʚʽʜʚʝʨʥʝʥʠʡ ʚʽʜ ʧʨʦʭʦʜʞʝʥʥʷ ʯʝʨʝʟ DMZ. ɹʝʟʧʝʢʘ ʜʦʜʘʪʢʽʚ 

ʟʘʙʝʟʧʝʯʫʻ ʯʫʜʦʚʠʡ ʟʘʭʠʩʪ ʚʽʜ ʚʪʨʘʪʠ ʜʘʥʠʭ, DDoS ʽ ʚʩʽʭ ʚʽʜʦʤʠʭ ʩʧʦʩʦʙʽʚ ʘʪʘʢʠ 

ʥʘ ʨʽʚʥʽ ʜʦʜʘʪʢʽʚ. ɸʚʪʦʤʘʪʠʯʥʽ ʦʥʦʚʣʝʥʥʷ ʟʘʙʝʟʧʝʯʫʶʪʴ ʚʩʝʙʽʯʥʫ ʙʝʟʧʝʢʫ ʜʣʷ 

ʽʩʥʫʶʯʠʭ ʽ ʚʠʥʠʢʘʶʯʠʭ ʟʘʛʨʦʟ ʨʽʚʥʷ 7, ʪʘʢʠʭ ʷʢ SQL ʽʥô̒ ʢʮʽʾ (SQLi), 

ʤʽʞʩʘʡʪʦʚʠʡ ʩʢʨʠʧʪʠʥʛ (XSS) ʡ ʽʥʰʽ ʘʪʘʢʠ OWASP Top 10. 

ɸʫʪʝʥʪʠʬʽʢʘʮʽʷ ʪʘ ʘʚʪʦʨʠʟʘʮʽʷ (Authentication and Authorization) 

ɹʘʣʘʥʩʫʚʘʣʴʥʠʢ ʧʦʚʥʽʩʪʶ ʽʥʪʝʛʨʫʻ Active Directory ʘʙʦ ʙʫʜʴ-ʷʢʽ ʽʥʰʽ 

ʩʣʫʞʙʠ ʘʫʪʝʥʪʠʬʽʢʘʮʽʾ, ʩʫʤʽʩʥʽ ʟ RADIUS ʘʙʦ LDAP. ʋ ʧʦʻʜʥʘʥʥʽ ʟ 

ʤʦʞʣʠʚʦʩʪʷʤʠ ʩʫʚʦʨʦʛʦ ʢʦʥʪʨʦʣʶ ʜʦʩʪʫʧʫ ʘʜʤʽʥʽʩʪʨʘʪʦʨʠ ʤʦʞʫʪʴ ʟʘʙʝʟʧʝʯʠʪʠ 

ʜʝʪʘʣʴʥʠʡ ʢʦʥʪʨʦʣʴ ʥʘʜ ʜʦʩʪʫʧʦʤ ʢʦʨʠʩʪʫʚʘʯʽʚ / ʛʨʫʧ ʜʦ ʨʝʩʫʨʩʽʚ. ʎʝ ʛʘʨʘʥʪʫʻ, 
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ʱʦ ʪʽʣʴʢʠ ʘʚʪʦʨʠʟʦʚʘʥʽ ʢʦʨʠʩʪʫʚʘʯʽ ʟʤʦʞʫʪʴ ʦʪʨʠʤʫʚʘʪʠ ʜʦʩʪʫʧ ʜʦ ʜʦʜʘʪʢʽʚ, 

ʛʘʨʘʥʪʫʶʯʠ, ʱʦ ʥʝʨʦʟʧʽʟʥʘʥʠʡ ʪʨʘʬʽʢ ʥʽʢʦʣʠ ʥʝ ʧʝʨʝʪʠʥʝ DMZ. 

ɸʪʘʢʘ ʜʦʜʘʪʢʽʚ ʪʘ ʟʘʭʠʩʪ ʚʽʜ DDoS 

ɹʘʣʘʥʩʫʚʘʣʴʥʠʢ ʟʘʙʝʟʧʝʯʫʻ ʣʽʜʠʨʫʶʯʠʡ ʟʘʭʠʩʪ ʫ ʛʘʣʫʟʽ, ʜʦʧʦʤʘʛʘʶʯʠ 

ʦʨʛʘʥʽʟʘʮʽʷʤ ʟʘʭʠʱʘʪʠ ʢʨʠʪʠʯʥʦ ʚʘʞʣʠʚʽ ʧʨʦʛʨʘʤʠ. ɺʽʥ ʟʘʭʠʱʘʻ ʚʽʜ ʘʪʘʢ 

OWASP Top 10, ʪʘʢʠʭ ʷʢ SQL-ʽʥô̒ ʢʮʽʷ, ʤʽʞʩʘʡʪʦʚʠʡ ʩʢʨʠʧʪʠʥʛ (XSS) ʽ ʧʽʜʨʦʙʢʘ 

ʤʽʞʩʘʡʪʦʚʠʭ ʟʘʧʠʪʽʚ (CSRF). ʂʨʽʤ ʪʦʛʦ, Load Balancer ʤʘʶʪʴ ʤʦʞʣʠʚʽʩʪʴ 

ʜʝʪʘʣʴʥʦ ʢʦʥʪʨʦʣʶʚʘʪʠ ʢʽʣʴʢʽʩʪʴ ʟʘʧʠʪʽʚ ʜʣʷ ʟʘʭʠʩʪʫ ʚʽʜ ʘʪʘʢ ʥʘ ʦʩʥʦʚʽ 

ʰʚʠʜʢʦʩʪʽ, ʪʘʢʠʭ ʷʢ ʚʽʜʤʦʚʘ ʚ ʦʙʩʣʫʛʦʚʫʚʘʥʥʽ (DoS) ʘʙʦ ʨʦʟʧʦʜʽʣʝʥʘ ʚʽʜʤʦʚʘ ʚ 

ʦʙʩʣʫʛʦʚʫʚʘʥʥʽ (DDoS). ɸʜʤʽʥʽʩʪʨʘʪʦʨʠ ʤʘʶʪʴ ʤʦʞʣʠʚʽʩʪʴ ʽʥʪʝʣʝʢʪʫʘʣʴʥʦ 

ʨʦʟʧʽʟʥʘʚʘʪʠ ʚʽʜʙʠʪʢʠ ʧʘʣʴʮʽʚ ʽ ʨʝʛʫʣʶʚʘʪʠ ʘʙʦ ʚʽʜʢʠʜʘʪʠ ʪʨʘʬʽʢ ʟʘʣʝʞʥʦ ʚʽʜ 

IP-ʘʜʨʝʩʠ ʘʙʦ ʢʣʽʻʥʪʘ. 

ɿʘʧʦʙʽʛʘʥʥʷ ʚʪʨʘʪʘʤ ʜʘʥʠʭ  

ɹʘʣʘʥʩʫʚʘʣʴʥʠʢ ʪʘʢʦʞ ʧʨʦʧʦʥʫʻ ʧʝʨʝʚʽʨʢʫ ʚʠʭʽʜʥʦʛʦ ʢʦʥʪʝʥʪʫ ʜʣʷ 

ʟʘʧʦʙʽʛʘʥʥʷ ʚʪʨʘʪʠ ʜʘʥʠʭ (DLP). ɺʽʥ ʟʘʧʦʙʽʛʘʻ ʚʠʪʦʢʫ ʜʘʥʠʭ, ʤʘʩʢʫʶʯʠ ʘʙʦ 

ʙʣʦʢʫʶʯʠ ʚʽʜʧʦʚʽʜʽ, ʷʢʽ ʤʽʩʪʷʪʴ ʢʦʥʬʽʜʝʥʮʽʡʥʫ ʽʥʬʦʨʤʘʮʽʶ, ʪʘʢʫ ʷʢ ʥʦʤʝʨʠ 

ʢʨʝʜʠʪʥʠʭ ʢʘʨʪ ʘʙʦ ʙʫʜʴ-ʷʢʽ ʽʥʰʽ ʰʘʙʣʦʥʠ ʜʘʥʠʭ. 

ɸʚʪʦʤʘʪʠʯʥʽ ʦʥʦʚʣʝʥʥʷ ʙʝʟʧʝʢʠ 

ʄʦʞʣʠʚʦʩʪʽ ʙʝʟʧʝʢʠ ʙʘʣʘʥʩʫʚʘʣʴʥʠʢʘ ʤʦʞʫʪʴ ʜʦʧʦʚʥʶʚʘʪʠʩʷ ʚʝʣʠʢʦʶ 

ʤʝʨʝʞʝʶ, ʱʦ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʪʠʩʷʯ ̔ ʜʘʪʯʠʢʽʚ, ʷʢʽ ʧʽʜʢʣʶʯʘʶʪʴʩʷ ʜʦ ʩʝʨʚʝʨʘ 

ʫʧʨʘʚʣʽʥʥʷ. ɼʘʪʯʠʢʠ ʥʘʜʘʶʪʴ ʮʽʥʥʫ ʽʥʬʦʨʤʘʮʽʶ ʜʣʷ ʜʦʩʣʽʜʥʠʮʴʢʦʾ ʛʨʫʧʠ ʟ 

ʙʝʟʧʝʢʠ, ʷʢʘ ʜʦʟʚʦʣʷʻ ʩʪʚʦʨʶʚʘʪʠ ʥʦʚʽ ʚʠʟʥʘʯʝʥʥʷ ʙʝʟʧʝʢʠ ʽ ʘʚʪʦʤʘʪʠʯʥʦ 

ʦʥʦʚʣʶʚʘʪʠ ʧʨʠʩʪʨʦʾ ʚ ʧʦʣʴʦʚʠʭ ʫʤʦʚʘʭ. ʄʦʞʣʠʚʽʩʪʴ ʟʘʩʪʦʩʫʚʘʥʥʷ ʥʦʚʠʭ 

ʚʠʟʥʘʯʝʥʴ ʽ çʚʽʨʪʫʘʣʴʥʦʛʦ ʚʠʧʨʘʚʣʝʥʥʷè ʟʘʙʝʟʧʝʯʫʻ ʥʘʡʚʠʱʠʡ ʨʽʚʝʥʴ ʙʝʟʧʝʢʠ 

ʜʣʷ ʢʨʠʪʠʯʥʦ ʚʘʞʣʠʚʠʭ ʜʦʜʘʪʢʽʚ. 

ɺ ʭʦʜʽ ʧʦʷʚʠ ʥʦʚʠʭ ʟʘʚʜʘʥʴ ʧʨʦʛʨʘʤʥʝ ʟʘʙʝʟʧʝʯʝʥʥʷ, ʱʦ ʨʝʘʣʽʟʫʻ 

ʙʘʣʘʥʩʫʚʘʥʥʷ, ʤʘʻ ʧʨʠʡʥʷʪʠ ʨʽʰʝʥʥʷ ʧʨʦ ʪʝ, ʥʘ ʷʢʦʤʫ ʦʙʯʠʩʣʶʚʘʣʴʥʦʤʫ ʚʫʟʣʽ 

ʩʣʽʜ ʚʠʢʦʥʫʚʘʪʠ ʦʙʯʠʩʣʝʥʥʷ, ʧʦʚ'ʷʟʘʥʽ ʟ ʮʠʤ ʥʦʚʠʤ ʟʘʚʜʘʥʥʷʤ. ʂʨʽʤ ʪʦʛʦ, 
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ʙʘʣʘʥʩʫʚʘʥʥʷ ʧʝʨʝʜʙʘʯʘʻ ʧʝʨʝʥʝʩʝʥʥʷ ʯʘʩʪʠʥʠ ʦʙʯʠʩʣʝʥʴ ʟ ʥʘʡʙʽʣʴʰ 

ʟʘʚʘʥʪʘʞʝʥʠʭ ʦʙʯʠʩʣʶʚʘʣʴʥʠʭ ʚʫʟʣʽʚ ʥʘ ʤʝʥʰ ʟʘʚʘʥʪʘʞʝʥʽ ʚʫʟʣʠ. ʇʽʜ ʯʘʩ 

ʚʠʢʦʥʘʥʥ̫ ʟʘʚʜʘʥʴ ʧʨʦʮʝʩʦʨʠ ʦʙʤʽʥʶʶʪʴʩʷ ʤʽʞ ʩʦʙʦʶ ʢʦʤʫʥʽʢʘʮʽʡʥʠʤʠ 

ʧʦʚʽʜʦʤʣʝʥʥʷʤʠ. ʋ ʨʘʟʽ ʥʠʟʴʢʠʭ ʚʠʪʨʘʪ ʥʘ ʢʦʤʫʥʽʢʘʮʽʶ, ʜʝʷʢʽ ʧʨʦʮʝʩʦʨʠ 

ʤʦʞʫʪʴ ʧʨʦʩʪʦʶʚʘʪʠ, ʚ ʪʦʡ ʯʘʩ ʷʢ ʽʥʰʽ ʙʫʜʫʪʴ ʧʝʨʝʚʘʥʪʘʞʝʥʽ. ʊʘʢʦʞ ʙʫʜʫʪʴ 

ʥʝʜʦʮʽʣʴʥʽ ʚʝʣʠʢʽ ʚʠʪʨʘʪʠ ʥʘ ʢʦʤʫʥʽʢʘʮʽʶ. ʆʪʞʝ, ʩʪʨʘʪʝʛʽʷ ʙʘʣʘʥʩʫʚʘʥʥʷ ʤʘʻ 

ʙʫʪʠ ʪʘʢʦʶ, ʱʦʙ ʦʙʯʠʩʣʶʚʘʣʴʥʽ ʚʫʟʣʠ ʙʫʣʠ ʟʘʚʘʥʪʘʞʝʥʽ ʜʦʩʠʪʴ ʨʽʚʥʦʤʽʨʥʦ, ʘʣʝ 

ʽ ʢʦʤʫʥʽʢʘʮʽʡʥʝ ʩʝʨʝʜʦʚʠʱʝ ʥʝ ʤʘʻ ʙʫʪʠ ʧʝʨʝʚʘʥʪʘʞʝʥʦ [Cardellini, 1999; 

ɻʫʨʝʚʠʯ, 2010 ʨʦʢʫ; Ghuge, 2014; Red Hat, 2015]. 

ɺʝʣʠʢʘ ʫʚʘʛʘ ʚ ʥʘʫʢʦʚʽʡ ʣʽʪʝʨʘʪʫʨʽ ʧʨʠʜʽʣʷʻʪʴʩʷ ʧʠʪʘʥʥʷʤ ʫʧʨʘʚʣʽʥʥʷ 

ʥʘʚʘʥʪʘʞʝʥʥʷʤ ʫ ʨʦʟʧʦʜʽʣʝʥʠʭ ʩʠʩʪʝʤʘʭ. ʊʝʦʨʝʪʠʯʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʽ ʨʦʟʨʦʙʢʘ 

ʬʫʥʜʘʤʝʥʪʘʣʴʥʠʭ ʦʩʥʦʚ ʨʦʟʧʦʜʽʣʫ ʥʘʚʘʥʪʘʞʝʥʥʷ, ʩʪʚʦʨʝʥʥʷ ʤʘʪʝʤʘʪʠʯʥʦʛʦ 

ʘʧʘʨʘʪʫ, ʤʦʜʝʣʝʡ ʽ ʤʝʪʦʜʽʚ ʫʧʨʘʚʣʽʥʥʷ ʜʣʷ ʨʦʟʧʦʜʽʣʫ ʥʘʚʘʥʪʘʞʝʥʥʷ ʚ 

ʨʦʟʧʦʜʽʣʝʥʠʭ ʩʠʩʪʝʤʘʭ ʨʦʟʛʣʷʜʘʣʠʩʷ ʚ ʨʦʙʦʪʘʭ ʚʯʝʥʠʭ [Kameda, 1997; Cardellini, 

2001; Casalicchio, 2001; Hong, 2006; Randles, 2010 ʨʦʢʫ; Mehta, 2011 ʨʦʢʫ; Sran, 

2013]. ʈʦʟʨʦʙʣʷʣʠ ʽ ʚʜʦʩʢʦʥʘʣʠʣʠ ʘʣʛʦʨʠʪʤʠ ʙʘʣʘʥʩʫʚʘʥʥʷ ʥʘʚʘʥʪʘʞʝʥʥʷ 

ʟʘʣʝʞʥʽ ʚʽʜ ʯʘʩʫ ʟʘʚʝʨʰʝʥʥʷ ʟʘʚʜʘʥʥʷ ʥʘ ʤʘʰʠʥʽ ʪʘʢʽ ʚʯʝʥʽ, ʷʢ [Keshav, 1997; 

Elzeki, 2012], ʘʣʛʦʨʠʪʤʠ ʛʨʫʙʦʾ ʩʠʣʠ ʽ ʟʘʩʥʦʚʘʥʽ ʥʘ ʩʪʘʪʠʩʪʠʯʥʠʭ ʜʘʥʠʭ 

ʨʦʟʛʣʷʜʘʣʠʩʷ ʚ ʨʦʙʦʪʘʭ ʪʘʢʠʭ ʚʯʝʥʠʭ, ʷʢ [Hu, 1998; Ghanbari, 2012; Chen, 2013; 

Liu, 2013], ʘʣʛʦʨʠʪʤʠ, ʟʘʩʥʦʚʘʥʽ ʥʘ ʙʽʦʣʦʛʽʯʥʠʭ ʬʝʥʦʤʝʥʘʭ, ʨʦʟʛʣʷʜʘʣʠʩʷ 

[Mishra, 2012; Dhinesh, 2013], ʘ ʪʘʢʦʞ ʙʘʛʘʪʦ ʽʥʰʠʭ ʜʦʩʣʽʜʥʠʢʽʚ, ʱʦ ʧʨʘʮʶʶʪʴ 

ʥʘʜ ʧʨʦʙʣʝʤʘʤʠ ʨʦʟʧʦʜʽʣʫ ʥʘʚʘʥʪʘʞʝʥʥʷ. 

ʊʘʢʠʤ ʯʠʥʦʤ ʚʘʞʣʠʚʦʶ ʟʘʜʘʯʝʶ ʻ ʦʧʠʩ ʤʘʪʝʤʘʪʠʯʥʦʾ ʤʦʜʝʣʽ 

ʨʦʟʧʦʜʽʣʝʥʦʾ ʩʠʩʪʝʤʠ ʙʘʣʘʥʩʫʚʘʥʥʷ ʥʘʚʘʥʪʘʞʝʥʥʷ, ʷʢʘ ʚʨʘʭʦʚʫʻ ʩʘʤʦʧʦʜʽʙʥʽ 

ʚʣʘʩʪʠʚʦʩʪʽ ʪʨʘʬʽʢʘ ʪʘ ʧʘʨʘʤʝʪʨʠ ʙʝʟʧʝʢʠ ʪʨʘʬʽʢʘ ʽ ʚʫʟʣʽʚ ʤʝʨʝʞʽ. ʅʘ ʦʩʥʦʚʽ 

ʤʘʪʝʤʘʪʠʯʥʦʾ ʤʦʜʝʣʽ ʚʘʞʣʠʚʦ ʨʦʟʨʦʙʠʪʠ ʤʝʪʦʜ ʙʝʟʧʝʯʥʦʛʦ ʙʘʣʘʥʩʫʚʘʥʥʷ 

ʥʘʚʘʥʪʘʞʝʥʥʷ ʚ ʢʦʤʧ'ʶʪʝʨʥʠʭ ʩʠʩʪʝʤʘʭ ʥʘ ʦʩʥʦʚʽ ʤʦʥʽʪʦʨʠʥʛʫ ʟʘʚʘʥʪʘʞʝʥʽʩʪʴ 

ʩʝʨʚʝʨʽʚ, ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʩʘʤʦʧʦʜʙ̔ʥʦʾ ʩʪʨʫʢʪʫʨʠ ʪʨʘʬʽʢʘ ʽ ʨʝʟʫʣʴʪʘʪʽʚ ʘʥʘʣʽʟʫ 
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ʦʩʥʦʚʥʠʭ ʘʣʛʦʨʠʪʤʽʚ ʙʘʣʘʥʩʫʚʘʥʥʷ ʥʘʚʘʥʪʘʞʝʥʥʷ ʨʦʟʧʦʜʽʣʝʥʠʭ ʩʠʩʪʝʤ ʟʘ 

ʨʽʟʥʠʤʠ ʧʦʢʘʟʥʠʢʘʤʠ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ. 

3.2. ʆʮʽʥʢʘ ʩʪʘʥʫ ʚʫʟʣʽʚ ʩʠʩʪʝʤʠ ʙʘʣʘʥʩʫʚʘʥʥʷ ʥʘʚʘʥʪʘʞʝʥʥʷ 

ɼʣʷ ʦʪʨʠʤʘʥʥʷ ʽʥʬʦʨʤʘʮʽʾ ʧʨʦ ʧʦʪʦʯʥʠʡ ʩʪʘʥ ʦʙʯʠʩʣʶʚʘʣʴʥʦʛʦ ʚʫʟʣʘ 

ʚʠʜʽʣʷʶʪʴ ʜʚʘ ʧʽʜʭʦʜʠ: ʟʦʚʥʽʰʥʽʡ ʤʦʥʽʪʦʨʠʥʛ ʩʪʘʥʫ ʦʙʯʠʩʣʶʚʘʣʴʥʠʭ ʚʫʟʣʽʚ 

ʨʦʟʧʦʜʽʣʝʥʦʾ ʩʠʩʪʝʤʠ ʽ ʚʥʫʪʨʽʰʥʽʡ ʤʦʥʽʪʦʨʠʥʛ. 

ɿʦʚʥʽʰʥʽʡ ʤʦʥʽʪʦʨʠʥʛ ʩʠʩʪʝʤʠ ʙʘʣʘʥʩʫʚʘʥʥʷ ʥʘʚʘʥʪʘʞʝʥʥʷ 

ʉʠʩʪʝʤʘ ʙʘʣʘʥʩʫʚʘʥʥʷ ʮʝʥʪʨʘʣʽʟʦʚʘʥʦ ʟʙʠʨʘʻ ʜʘʥʽ ʧʨʦ ʩʪʘʥ ʚʩʽʭ 

ʦʙʯʠʩʣʶʚʘʣʴʥʠʭ ʚʫʟʣʽʚ ʨʦʟʧʦʜʽʣʝʥʦʾ ʩʠʩʪʝʤʠ. ɯʩʥʫʻ ʢʽʣʴʢʘ ʤʝʪʦʜʽʚ ʟʦʚʥʽʰʥʴʦʛʦ 

ʤʦʥʽʪʦʨʽʥʛʫ. 

1. ʄʝʪʦʜ ʨʦʟʨʘʭʫʥʢʫ ʩʠʩʪʝʤʦʶ ʙʘʣʘʥʩʫʚʘʥʥʷ ʥʘʚʘʥʪʘʞʝʥʥʷ ʯʘʩʫ ʚʽʜʛʫʢʫ 

ʦʙʯʠʩʣʶʚʘʣʴʥʦʛʦ ʚʫʟʣʘ, ʜʣʷ ʯʦʛʦ ʚʦʥʘ ʩʧʨʷʤʦʚʫʻ ʥʘ ʚʫʟʦʣ ʟʘʧʠʪ ʥʘ ʧʦʩʣʫʛʫ ʽ 

ʟʘʤʽʨʷʻ ʯʘʩ ʚʽʜʧʦʚʽʜʽ (ʥʘʧʨʠʢʣʘʜ, ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ ʧʨʦʪʦʢʦʣ ʫʧʨʘʚʣʽʥʥʷ 

ʧʦʚʽʜʦʤʣʝʥʥʷʤʠ, ʘʥʛʣ. Internet Control ʄʝssage ʈʛʦtʦʩʦl ï ICMP). ɼʘʥʠʡ ʤʝʪʦʜ 

ʜʦʟʚʦʣʷʻ ʩʠʩʪʝʤʽ ʧʝʨʝʢʦʥʘʪʠʩʷ ʚ ʛʦʪʦʚʥʦʩʪʽ ʦʙʯʠʩʣʶʚʘʣʴʥʦʛʦ ʚʫʟʣʘ ʽ ʚʠʟʥʘʯʠʪʠ 

ʢʽʣʴʢʽʩʪʴ ʯʘʩʫ, ʥʝʦʙʭʽʜʥʠʡ ʜʣʷ ʧʝʨʝʜʘʯʽ ʜʘʥʠʭ ʥʘ ʦʙʯʠʩʣʶʚʘʣʴʥʠʡ ʚʫʟʦʣ ʚʽʜ 

ʩʠʩʪʝʤʠ ʙʘʣʘʥʩʫʚʘʥʥʷ ʥʘʚʘʥʪʘʞʝʥʥʷ ʽ ʥʘʚʧʘʢʠ. ʆʜʥʘʢ ʟʘʪʨʠʤʢʘ ʚ ʦʪʨʠʤʘʥʥʽ 

ʚʽʜʧʦʚʽʜʽ ʤʦʞʝ ʥʘʜʘʚʘʪʠʩʷ ʥʝʟʘʣʝʞʥʦ ʚʽʜ ʟʘʚʘʥʪʘʞʝʥʥʷ ʦʙʯʠʩʣʶʚʘʣʴʥʦʛʦ ʚʫʟʣʘ. 

ʊʫʪ ʟʘʪʨʠʤʢʫ ʤʦʞʝ ʚʥʦʩʠʪʠ ʩʝʨʝʜʦʚʠʱʝ ʧʝʨʝʜʘʯʽ ʜʘʥʠʭ. ʗʢʱʦ ʥʘʚʘʥʪʘʞʝʥʥʷ ʥʘ 

ʤʝʨʝʞʫ ʚ ʨʦʟʧʦʜʽʣʝʥʽʾ  ʩʠʩʪʝʤʽ ʥʝʨʽʚʥʦʤʽʨʥʝ, ʪʦ ʜʘʥʽ ʧʨʦ ʟʘʚʘʥʪʘʞʝʥʥʷ ʚʫʟʣʽʚ, 

ʟʘʩʥʦʚʘʥʽ ʥʘ ʯʘʩʽ ʚʽʜʧʦʚʽʜʽ ʚʫʟʣʘ, ʤʦʞʫʪʴ ʙʫʪʠ ʩʠʣʴʥʦ ʩʧʦʪʚʦʨʝʥʽ. 

2. ʄʝʪʦʜ, ʟʘʩʥʦʚʘʥʠʡ ʥʘ ʚʽʜʧʨʘʚʮ ̔ʩʣʫʞʙʦʚʠʭ ʧʘʢʝʪʽʚ ʧʽʜʢʦʥʪʨʦʣʴʥʠʭ 

ʚʫʟʣʽʚ ʟ ʤʝʪʦʶ ʦʪʨʠʤʘʥʥʷ ʙʽʣʴʰ ʜʝʪʘʣʴʥʦʾ ʽʥʬʦʨʤʘʮʽʾ ʧʨʦ ʟʘʚʘʥʪʘʞʝʥʥʷ 

ʦʙʯʠʩʣʶʚʘʣʴʥʦʛʦ ʚʫʟʣʘ (ʚʩʪʘʥʦʚʣʝʥʥʷ ʟô̒ ʜʥʘʥʥʷ ʟ ʦʙʯʠʩʣʶʚʘʣʴʥʠʤ ʚʫʟʣʦʤ ʟʘ 

ʧʨʦʪʦʢʦʣʦʤ ʊʉʈ). 
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3. ʄʝʪʦʜ, ʱʦ ʜʦʟʚʦʣʷʻ ʟʘʙʝʟʧʝʯʫʚʘʪʠ ʤʦʥʽʪʦʨʠʥʛ ʯʘʩʫ ʚʽʜʛʫʢʫ ʽ 

ʛʦʪʦʚʥʦʩʪʽ ʦʙʯʠʩʣʶʚʘʣʴʥʦʛʦ ʚʫʟʣʘ ʽ ʜʦʜʘʪʢʽʚ, ʱʦ ʧʨʘʮʶʶʪʴ ʥʘ ʥʴʦʤʫ [Zhihao, 

2013]. ʏʘʩ ʚʽʜʛʫʢʫ ʧʨʦʛʨʘʤʠ ʚʠʟʥʘʯʘʻʪʴʩʷ ʷʢ ʽʥʪʝʨʚʘʣ ʯʘʩʫ ʤʽʞ ʚʽʜʧʨʘʚʣʝʥʥʷʤ 

ʟʘʧʠʪʫ ʥʘ ʥʘʜʘʥʥʷ ʜʘʥʠʭ ʽ ʜʦ ʤʦʤʝʥʪʫ ʦʛʦʣʦʰʝʥʥʷ ʧʨʦ ʛʦʪʦʚʥʽʩʪʴ ʜʦ ʧʝʨʝʜʘʯʽ. 

ʆʩʥʦʚʥʦʶ ʧʝʨʝʚʘʛʦʶ ʜʘʥʦʛʦ ʧʽʜʭʦʜʫ ʻ ʤʦʞʣʠʚʽʩʪʴ ʚʨʘʭʦʚʫʚʘʪʠ 

ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ ʦʙʯʠʩʣʶʚʘʣʴʥʦʛʦ ʚʫʟʣʘ ʽ ʤʦʞʣʠʚʽʩʪʴ ʚʚʦʜʠʪʠ ʚʘʛʦʚʽ 

ʢʦʝʬʽʮʽʻʥʪʠ, ʷʢʽ ʤʦʞʥʘ ʜʠʥʘʤʽʯʥʦ ʟʤʽʥʶʚʘʪʠ ʚ ʧʨʦʮʝʩʽ ʨʦʙʦʪʠ ʩʠʩʪʝʤʠ 

ʙʘʣʘʥʩʫʚʘʥʥʷ, ʱʦ ʜʦʟʚʦʣʷʻ ʙʽʣʴʰ ʛʥʫʯʢʦ ʟʤʽʥʶʚʘʪʠ ʥʘʚʘʥʪʘʞʝʥʥʷ ʥʘ ʚʫʟʦʣ. 

ʅʝʜʦʣʽʢʠ: 

ʘ) ʜʘʥʽ ʧʨʦ ʟʘʚʘʥʪʘʞʝʥʥʷ ʚʫʟʣʘ ʚʠʨʘʞʘʶʪʴʩʷ ʪʽʣʴʢʠ ʯʘʩʦʤ ʚʽʜʧʦʚʽʜʽ ʥʘ 

ʟʘʧʠʪ ʩʠʩʪʝʤʠ ʙʘʣʘʥʩʫʚʘʥʥʷ, ʷʢʝ ʤʦʞʝ ʙʫʪʠ ʚʝʣʠʢʠʤ ʯʝʨʝʟ ʧʝʨʝʚʘʥʪʘʞʝʥʥʷ ʚ 

ʤʝʨʝʞʽ, ʘ ʥʝ ʟʘʚʘʥʪʘʞʝʥʥʷ ʩʘʤʦʛʦ ʚʫʟʣʘ; 

ʙ) ʚʽʜʩʫʪʥʽʩʪʴ ʜʘʥʠʭ ʧʨʦ ʩʪʘʥ ʧʨʦʮʝʩʦʨʘ, ʧʘʤô̫ ʪʽ, ʩʠʩʪʝʤʠ ʚʚʝʜʝʥʥʷ / 

ʚʠʩʥʦʚʢʠ ʽ ʪ.ʽʥ. 

ɺʥʫʪʨʽʰʥʽʡ ʤʦʥʽʪʦʨʠʥʛ ʩʠʩʪʝʤʠ ʙʘʣʘʥʩʫʚʘʥʥʷ ʥʘʚʘʥʪʘʞʝʥʥʷ 

ɺʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʜʣʷ ʦʪʨʠʤʘʥʥʷ ʙʽʣʴʰ ʜʝʪʘʣʴʥʦʾ ʽʥʬʦʨʤʘʮʽʾ ʧʨʦ ʩʪʘʥ 

ʦʙʯʠʩʣʶʚʘʣʴʥʦʛʦ ʚʫʟʣʘ. ɿ ʪʘʢʠʤ ʧʽʜʭʦʜʦʤ ʥʘ ʢʦʞʝʥ ʚʫʟʦʣ ʨʦʟʧʦʜʽʣʝʥʦʾ ʩʠʩʪʝʤʠ 

ʧʦʤʽʱʘʻʪʴʩʷ ʧʨʦʛʨʘʤʘ-ʘʛʝʥʪ, ʷʢʘ ʟʙʠʨʘʻ ʜʘʥʽ ʧʨʦ ʚʫʟʦʣ, ʥʘ ʷʢʦʤʫ ʚʦʥʘ 

ʟʥʘʭʦʜʠʪʴʩʷ. ɼʘʥʽ ʚʽʜ ʧʨʦʛʨʘʤ-ʘʛʝʥʪʽʚ ʤʦʞʫʪʴ ʧʝʨʝʜʘʚʘʪʠʩʷ ʥʘ ʙʘʣʘʥʩʫʚʘʣʴʥʠʢ 

ʘʙʦ ʧʽʩʣʷ ʟʘʧʠʪʫ ʮʝʥʪʨʘʣʴʥʦʾ (ʜʠʩʧʝʪʯʝʨʩʴʢʦʾ) ʯʘʩʪʠʥʠ ʩʠʩʪʝʤʠ ʙʘʣʘʥʩʫʚʘʥʥʷ 

ʥʘʚʘʥʪʘʞʝʥʥʷ, ʘʙʦ ʧʨʦʛʨʘʤʠ-ʘʛʝʥʪʠ ʤʦʞʫʪʴ ʩʘʤʦʩʪʽʡʥʦ ʧʝʨʝʜʘʚʘʪʠ ʚʽʜʦʤʦʩʪʽ 

ʧʨʦ ʟʘʚʘʥʪʘʞʝʥʥʷ ʧʽʜʢʦʥʪʨʦʣʴʥʦʛʦ ʚʫʟʣʘ ʥʘ ʮʝʥʪʨʘʣʴʥʠʡ ʚʫʟʦʣ ʯʝʨʝʟ ʧʝʚʥʠʡ 

ʽʥʪʝʨʚʘʣ ʯʘʩʫ. ɿ ʪʘʢʠʤ ʧʽʜʭʦʜʦʤ ʽʩʥʫʻ ʧʨʦʙʣʝʤʘ ʚʠʟʥʘʯʝʥʥʷ ʯʘʩʪʦʪʠ ʧʝʨʝʜʘʯʽ 

ʦʙʨʦʙʣʝʥʦʾ ʽʥʬʦʨʤʘʮʽʾ ʥʘ ʙʘʣʘʥʩʫʚʘʣʴʥʠʢ. ʇʝʨʰʠʡ ʤʝʪʦʜ ʜʦʟʚʦʣʷʻ ʟʘ ʟʘʧʠʪʦʤ 

ʮʝʥʪʨʘʣʴʥʦʛʦ ʚʫʟʣʘ ʦʪʨʠʤʫʚʘʪʠ ʜʘʥʽ ʚʽʜ ʚʩʽʭ ʚʫʟʣʽʚ ʫ ʪʦʡ ʤʦʤʝʥʪ, ʢʦʣʠ 

ʥʝʦʙʭʽʜʥʦ ʧʦʩʪʘʚʠʪʠ ʥʦʚʠʡ ʟʘʧʠʪ ʢʣʽʻʥʪʘ ʚ ʯʝʨʛʫ ʥʘ ʚʠʢʦʥʘʥʥʷ. ɼʨʫʛʠʡ ʤʝʪʦʜ 

ʜʦʟʚʦʣʷʻ ʧʦʩʪʽʡʥʦ ʤʘʪʠ ʘʢʪʫʘʣʴʥʽ ʜʘʥʽ ʧʨʦ ʟʘʚʘʥʪʘʞʝʥʥʷ ʦʙʯʠʩʣʶʚʘʣʴʥʠʭ 
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ʚʫʟʣʽʚ, ʘʣʝ ʧʨʠ ʮʴʦʤʫ ʧʽʜʚʠʱʫʻʪʴʩʷ ʥʘʚʘʥʪʘʞʝʥʥʷ ʥʘ ʤʝʨʝʞʫ ʯʝʨʝʟ ʧʦʩʪʽʡʥʫ 

ʧʝʨʝʜʘʯʫ ʩʣʫʞʙʦʚʠʭ ʜʘʥʠʭ. 

ʆʩʥʦʚʥʠʤ ʥʝʜʦʣʽʢʦʤ ʜʘʥʦʛʦ ʧʽʜʭʦʜʫ ʻ ʚʠʢʦʨʠʩʪʘʥʥʷ ʩʣʫʞʙʦʚʠʤʠ 

ʧʨʦʛʨʘʤʘʤʠ-ʘʛʝʥʪʘʤʠ ʧʝʚʥʦʾ ʢʽʣʴʢʦʩʪʽ ʨʝʩʫʨʩʽʚ ʚʫʟʣʘ. ʆʙʩʷʛ ʥʝʦʙʭʽʜʥʠʭ 

ʨʝʩʫʨʩʽʚ ʚʫʟʣʘ ʧʨʦʛʨʘʤʘʤʠ-ʘʛʝʥʪʘʤʠ ʟʘʣʝʞʠʪʴ ʚʽʜ ʪʦʛʦ, ʟʘ ʩʢʽʣʴʢʦʤʘ 

ʧʘʨʘʤʝʪʨʘʤʠ ʡʜʝ ʦʮʽʥʢʘ ʟʘʚʘʥʪʘʞʝʥʦʩʪʽ ʦʙʯʠʩʣʶʚʘʣʴʥʦʛʦ ʚʫʟʣʘ [Zheng, 2006; 

Roth, 2015], ʯʠ ʡʜʝ ʦʙʨʦʙʢʘ ʮʠʭ ʜʘʥʠʭ ʥʘ ʩʘʤʦʤʫ ʚʫʟʣʽ ʘʙʦ ʚʦʥʠ ʧʝʨʝʜʘʶʪʴʩʷ ʥʘ 

ʮʝʥʪʨʘʣʴʥʠʡ ʙʘʣʘʥʩʫʚʘʣʴʥʠʢ ʥʘʚʘʥʪʘʞʝʥʥʷ. ʊʦʤʫ ʧʽʜ ʯʘʩ ʨʦʟʨʦʙʢʠ ʩʠʩʪʝʤʠ 

ʙʘʣʘʥʩʫʚʘʥʥʷ ʥʘʚʘʥʪʘʞʝʥʥʷ ʚʘʞʣʠʚʠʤ ʧʠʪʘʥʥʷʤ ʻ ʚʠʟʥʘʯʝʥʥʷ ʢʨʠʪʝʨʽʾʚ 

ʟʘʚʘʥʪʘʞʝʥʥʷ ʦʙʯʠʩʣʶʚʘʣʴʥʦʛʦ ʚʫʟʣʘ. ɹʫʜʝ ʧʦʪʨʽʙʥʦ ʙʽʣʴʰʫ ʢʽʣʴʢʽʩʪʴ ʨʝʩʫʨʩʽʚ 

ʚʫʟʣʘ ʜʣʷ ʦʙʨʦʙʢʠ ʽʥʬʦʨʤʘʮʽʾ ʧʨʦ ʟʘʚʘʥʪʘʞʝʥʥʷ ʢʦʤʧʦʥʝʥʪʽʚ (ʧʨʦʮʝʩʦʨ, 

ʧʘʤ'ʷʪʴ) ʚʫʟʣʘ. ʆʜʥʘʢ, ʦʮʽʥʢʘ ʟʘʚʘʥʪʘʞʝʥʥʷ ʪʽʣʴʢʠ ʦʜʥʦʛʦ ʢʦʤʧʦʥʝʥʪʘ ʥʝ ʜʘʻ 

ʦʙ'ʻʢʪʠʚʥʠʭ ʜʘʥʠʭ ʧʨʦ ʩʪʘʥ ʚʩʴʦʛʦ ʚʫʟʣʘ. ʊʦʤʫ ʚ ʨʦʙʦʪʽ ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʢʨʠʪʝʨʽʾ, 

ʱʦ ʚʨʘʭʦʚʫʶʪʴ ʩʫʢʫʧʥʩ̔ʪɹ ʢʽʣʴʢʦʭ ʨʝʩʫʨʩʽʚ ʚʫʟʣʘ. 

ʉʠʩʪʝʤʘ ʙʘʣʘʥʩʫʚʘʥʥʷ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʘʢʪʠʚʥʦʛʦ ʙʘʣʘʥʩʫʚʘʣʴʥʠʢʘ, 

ʨʝʟʝʨʚʥʦʛʦ ʙʘʣʘʥʩʫʚʘʣʴʥʠʢʘ ʽ ʛʨʫʧʠ ʩʝʨʚʝʨʽʚ [AWS, 2019; Barracuda, 2019]. 

ʇʨʦʙʣʝʤʘ ʙʘʣʘʥʩʫʚʘʥʥʷ ʦʙʯʠʩʣʶʚʘʣʴʥʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ ʚʠʥʠʢʘʻ ʟʘ 

ʢʽʣʴʢʦʤʘ ʦʩʥʦʚʥʠʤʠ ʧʨʠʯʠʥʘʤʠ [Sran, 2013; Hong, 2006; Hu, 1998]: 

- ʩʪʨʫʢʪʫʨʘ ʨʦʟʧʦʜʽʣʝʥʦʛʦ ʜʦʜʘʪʢʘ ʥʝʦʜʥʦʨʽʜʥʘ, ʨʽʟʥʽ ʣʦʛʽʯʥʽ ʧʨʦʮʝʩʠ 

ʚʠʤʘʛʘʶʪʴ ʨʽʟʥʠʭ ʦʙʯʠʩʣʶʚʘʣʴʥʠʭ ʧʦʪʫʞʥʦʩʪʝʡ; 

- ʩʪʨʫʢʪʫʨʘ ʨʦʟʧʦʜʽʣʝʥʦʾ ʩʠʩʪʝʤʠ ʪʘʢʦʞ ʥʝʦʜʥʦʨʽʜʥʘ, ʪʦʙʪʦ ʨʽʟʥʽ 

ʦʙʯʠʩʣʶʚʘʣʴʥʽ ʚʫʟʣʠ ʚʦʣʦʜʽʶʪʴ ʨʽʟʥʦʶ ʧʨʦʜʫʢʪʠʚʥʽʩʪʶ; 

- ʩʪʨʫʢʪʫʨʘ ʤʝʞʫʟʣʦʚʦ ʾʚʟʘʻʤʦʜʽʾ ʥʝʦʜʥʦʨʽʜʥʘ, ʪʦʤʫ ʱʦ ʣʽʥʽʾ ʟʚô̫ ʟʢʫ, ʱʦ 

ʟô̒ ʜʥʫʶʪʴ ʚʫʟʣʠ, ʤʦʞʫʪʴ ʤʘʪʠ ʨʽʟʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʨʦʧʫʩʢʥʦʾ ʟʜʘʪʥʦʩʪʽ. 

ɿʘʣʝʞʥʦ ʚʽʜ ʧʦʩʪʘʚʣʝʥʦʛʦ ʟʘʚʜʘʥʥʷ ʤʦʞʥʘ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʩʪʘʪʠʯʥʝ ʘʙʦ 

ʜʠʥʘʤʽʯʥʝ ʙʘʣʘʥʩʫʚʘʥʥʷ [Hu, 1998; Li, 2008]. ʉʪʘʪʠʯʥʝ ʙʘʣʘʥʩʫʚʘʥʥʷ 

ʚʠʢʦʥʫʻʪʴʩʷ ʜʦ ʧʦʯʘʪʢʫ ʚʠʢʦʥʘʥʥʷ ʟʘʚʜʘʥʴ. ʆʜʥʘʢ ʧʦʧʝʨʝʜʥʻ ʨʦʟʤʽʱʝʥʥʷ 

ʣʦʛʽʯʥʠʭ ʧʨʦʮʝʩʽʚ ʧʦ ʧʨʦʮʝʩʦʨʘʭ (ʩʝʨʚʝʨʘʤ) ʥʝ ʜʘʻ ʝʬʝʢʪʫ. ʎʝ ʧʦʷʩʥʶʻʪʴʩʷ 
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ʤʽʥʣʠʚʽʩʪʶ ʦʙʯʠʩʣʶʚʘʣʴʥʦʛʦ ʩʝʨʝʜʦʚʠʱʘ (ʚʫʟʦʣ ʤʦʞʝ ʚʠʡʪʠ ʟ ʣʘʜʫ), ʟʘʡʥʷʪʽʩʪʶ 

ʚʫʟʣʘ ʽʥʰʠʤʠ ʦʙʯʠʩʣʝʥʥʷʤʠ. ʊʘʢ ʯʠ ʽʥʘʢʰʝ, ʚʠʛʨʘʰ ʚʽʜ ʨʦʟʧʦʜʽʣʫ ʣʦʛʽʯʥʠʭ 

ʧʨʦʮʝʩʽʚ ʧʦ ʩʝʨʚʝʨʘʭ ʟ ʤʝʪʦʶ ʚʠʢʦʥʘʥʥʷ ʧʘʨʘʣʝʣʴʥʦʾ ʦʙʨʦʙʢʠ ʩʪʘʻ 

ʥʝʝʬʝʢʪʠʚʥʠʤ. ɼʠʥʘʤʽʯʥʝ ʙʘʣʘʥʩʫʚʘʥʥʷ ʧʝʨʝʜʙʘʯʘʻ ʨʦʟʧʦʜʽʣ ʦʙʯʠʩʣʶʚʘʣʴʥʦʛʦ 

ʥʘʚʘʥʪʘʞʝʥʥʷ ʥʘ ʚʫʟʣʠ ʧʽʜ ʯʘʩ ʚʠʢʦʥʘʥʥʷ ʟʘʚʜʘʥʴ. ʇʨʦʛʨʘʤʥʝ ʟʘʙʝʟʧʝʯʝʥʥʷ, ʱʦ 

ʨʝʘʣʽʟʫʻ ʜʠʥʘʤʽʯʥʝ ʙʘʣʘʥʩʫʚʘʥʥʷ, ʚʠʟʥʘʯʘʻ: ʟʘʚʘʥʪʘʞʝʥʥʷ ʦʙʯʠʩʣʶʚʘʣʴʥʠʭ 

ʚʫʟʣʽʚ; ʧʨʦʧʫʩʢʥʫ ʟʜʘʪʥʽʩʪʴ ʣʽʥʽʡ ʟʚô̫ ʟʢʫ; ʢʽʣʴʢʽʩʪʴ ʚʽʣʴʥʦʾ ʧʘʤô̫ ʪʽ; ʯʘʩʪʦʪʫ 

ʦʙʤʽʥʽʚ ʧʦʚʽʜʦʤʣʝʥʥʷʤʠ ʤʽʞ ʣʦʛʽʯʥʠʤʠ ʧʨʦʮʝʩʘʤʠ ʟʘʚʜʘʥʴ ʽ ʽʥ. ʅʘ ʧʽʜʩʪʘʚʽ 

ʟʽʙʨʘʥʠʭ ʜʘʥʠʭ ʧʨʦ ʟʘʚʜʘʥʥʷ ʪʘ ʦʙʯʠʩʣʶʚʘʣʴʥʝ ʩʝʨʝʜʦʚʠʱʝ ʧʨʠʡʤʘʻʪʴʩʷ 

ʨʽʰʝʥʥʷ ʧʨʦ ʨʦʟʧʦʜʽʣ ʟʘʚʜʘʥʴ ʤʽʞ ʚʫʟʣʘʤʠ ʤʝʨʝʞʽ. 

ʄʝʪʘ ʙʘʣʘʥʩʫʚʘʥʥʷ ʥʘʚʘʥʪʘʞʝʥʥʷ ʤʦʞʝ ʙʫʪʠ ʩʬʦʨʤʫʣʴʦʚʘʥʘ ʪʘʢʠʤ 

ʯʠʥʦʤ: ʚʠʭʦʜʷʯʠ ʟ ʥʘʙʦʨʫ ʟʘʚʜʘʥʴ, ʱʦ ʚʢʣʶʯʘʶʪʴ ʦʙʯʠʩʣʝʥʥʷ ʽ ʧʝʨʝʜʘʯʫ ʜʘʥʠʭ, 

ʽ ʤʝʨʝʞʽ ʩʝʨʚʝʨʽʚ ʧʝʚʥʦʾ ʪʦʧʦʣʦʛʽʾ, ʟʥʘʡʪʠ ʪʘʢʠʡ ʨʦʟʧʦʜʽʣ ʟʘʚʜʘʥʴ ʧʦ ʩʝʨʚʝʨʘʭ, 

ʱʦ ʟʘʙʝʟʧʝʯʫʻ ʧʨʠʙʣʠʟʥʦ ʨʽʚʥʝ ʦʙʯʠʩʣʶʚʘʣʴʥʝ ʟʘʚʘʥʪʘʞʝʥʥʷ ʩʝʨʚʝʨʽʚ ʽ 

ʤʽʥʽʤʘʣʴʥʽ ʚʠʪʨʘʪʠ ʥʘ ʧʝʨʝʜʘʯʫ ʜʘʥʠʭ. 

ɿʘʟʚʠʯʘʡ ʧʨʘʢʪʠʯʥʝ ʽ ʧʦʚʥʝ ʨʦʟʚôʷʟʘʥʥʷ ʟʘʜʘʯʽ ʙʘʣʘʥʩʫʚʘʥʥʷ 

ʟʘʚʘʥʪʘʞʝʥʥʷ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʯʦʪʠʨʴʦʭ ʝʪʘʧʽʚ [Ignatenko, 2010; Ivanisenko, 2015-3, 

Ivanisenko, 2015-2]: 1) ʦʮʽʥʢʘ ʟʘʚʘʥʪʘʞʝʥʥʷ ʦʙʯʠʩʣʶʚʘʣʴʥʠʭ ʚʫʟʣʽʚ; 2) ʽʥʽʮʽʘʮʽʷ 

ʙʘʣʘʥʩʫʚʘʥʥʷ ʟʘʚʘʥʪʘʞʝʥʥʷ; 3) ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʴ ʧʨʦ ʙʘʣʘʥʩʫʚʘʥʥ ̫4) ʨʦʟʧʦʜʽʣ 

ʟʘʚʜʘʥʴ. 

ʆʧʠʰʝʤʦ ʙʽʣʴʰ ʜʝʪʘʣʴʥʦ ʢʦʞʥʠʡ ʝʪʘʧ ʙʘʣʘʥʩʫʚʘʥʥʷ. 

1. ʆʮʽʥʢʘ ʟʘʚʘʥʪʘʞʝʥʥʷ ʩʠʩʪʝʤʠ. ʅʘ ʮʴʦʤʫ ʝʪʘʧʽ ʟʜʽʡʩʥʶʻʪʴʩʷ 

ʨʦʟʨʘʭʫʥʦʢ ʟʘʚʘʥʪʘʞʝʥʥʷ ʢʦʞʥʦʛʦ ʩʝʨʚʝʨʘ ʰʣʷʭʦʤ ʨʦʟʨʘʭʫʥʢʫ ʩʝʨʝʜʥʴʦʛʦ 

ʢʦʝʬʽʮʽʻʥʪʘ ʚʠʢʦʨʠʩʪʘʥʥʷ ʧʨʦʮʝʩʦʨʘ, ʧʘʤô̫ ʪʽ, ʧʨʦʧʫʩʢʥʦʾ ʟʜʘʪʥʦʩʪʽ ʤʝʨʝʞʽ i-ʛʦ 

ʩʝʨʚʝʨʘ. ʆʪʨʠʤʘʥʘ ʽʥʬʦʨʤʘʮʽʷ ʧʨʦ ʟʘʚʘʥʪʘʞʝʥʥʷ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʜʣʷ ʧʨʦʮʝʩʫ 

ʙʘʣʘʥʩʫʚʘʥʥʷ, ʧʦ-ʧʝʨʰʝ, ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʚʠʥʠʢʥʝʥʥʷ ʜʠʩʙʘʣʘʥʩʫ, ʧʦ-ʜʨʫʛʝ, ʜʣʷ 

ʚʠʟʥʘʯʝʥʥʷ ʥʦʚʦʛʦ ʨʦʟʧʦʜʽʣʫ ʟʘʚʜʘʥʴ ʰʣʷʭʦʤ ʦʙʯʠʩʣʝʥʥʷ ʦʙʩʷʛʫ ʨʦʙʽʪ, 

ʥʝʦʙʭʽʜʥʦʛʦ ʜʣʷ ʧʝʨʝʤʽʱʝʥʥʷ ʟʘʚʜʘʥʴ. ʊʘʢʠʤ ʯʠʥʦʤ, ʷʢʽʩʪʴ ʨʦʙʦʪʠ 



164 

 

ʙʘʣʘʥʩʫʚʘʥʥʷ ʥʘʚʘʥʪʘʞʝʥʥʷ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʟʘʣʝʞʠʪʴ ʚʽʜ ʪʦʯʥʦʩʪʽ ʽ ʧʦʚʥʦʪʠ 

ʽʥʬʦʨʤʘʮʽʾ. 

2. ɯʥʽʮʽʘʮʽʷ. ɿʘʥʘʜʪʦ ʯʘʩʪʝ ʚʠʢʦʥʘʥʥʷ ʙʘʣʘʥʩʫʚʘʥʥʷ ʥʘʚʘʥʪʘʞʝʥʥʷ ʤʦʞʝ 

ʧʨʠʟʚʝʩʪʠ ʜʦ ʩʧʦʚʽʣʴʥʝʥʥʷ ʚʠʢʦʥʘʥʥʷ ʟʘʚʜʘʥʴ. ɺʠʪʨʘʪʠ ʥʘ ʩʘʤʝ ʙʘʣʘʥʩʫʚʘʥʥʷ 

ʤʦʞʫʪʴ ʧʝʨʝʙʽʣʴʰʠʪʠ ʤʦʞʣʠʚʫ ʚʠʛʦʜʫ ʚʽʜ ʡʦʛʦ ʧʨʦʚʝʜʝʥʥʷ. ʆʪʞʝ, ʜʣʷ 

ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ ʙʘʣʘʥʩʫʚʘʥʥʷ ʥʝʦʙʭʽʜʥʦ ʷʢʠʤʦʩʴ ʯʠʥʦʤ ʚʠʟʥʘʯʘʪʠ ʤʦʤʝʥʪ ʡʦʛʦ 

ʽʥʽʮʽʘʣʽʟʘʮʽʾ. ɼʣʷ ʮʴʦʛʦ ʩʣʽʜ: ʚʠʟʥʘʯʠʪʠ ʤʦʤʝʥʪ ʚʠʥʠʢʥʝʥʥʷ ʜʠʩʙʘʣʘʥʩʫ 

ʟʘʚʘʥʪʘʞʝʥʥʷ; ʚʠʟʥʘʯʠʪʠ ʩʪʫʧʽʥʴ ʥʝʦʙʭʽʜʥʦʩʪʽ ʙʘʣʘʥʩʫʚʘʥʥʷ ʰʣʷʭʦʤ 

ʧʦʨʽʚʥʷʥʥʷ ʤʦʞʣʠʚʦʾ ʢʦʨʠʩʪʽ ʚʽʜ ʡʦʛʦ ʧʨʦʚʝʜʝʥʥʷ ʪʘ ʚʠʪʨʘʪ ʥʘ ʥʴʦʛʦ. 

ɼʠʩʙʘʣʘʥʩ ʟʘʚʘʥʪʘʞʝʥʥʷ ʤʦʞʝ ʚʠʟʥʘʯʘʪʠʩʷ ʩʠʥʭʨʦʥʥʦ ʽ ʘʩʠʥʭʨʦʥʥʦ. ʇʽʜ 

ʯʘʩ ʩʠʥʭʨʦʥʥʦʛʦ ʚʠʟʥʘʯʝʥʥ ̫ ʜʠʩʙʘʣʘʥʩʫ ʚʩ ̔ ʧʨʦʮʝʩʦʨʠ (ʩʝʨʚʝʨʠ ʤʝʨʝʞʽ) 

ʧʝʨʝʨʠʚʘʶʪʴ ʨʦʙʦʪʫ ʚ ʧʝʚʥʽ ʤʦʤʝʥʪʠ ʩʠʥʭʨʦʥʽʟʘʮʽʾ ʽ ʚʠʟʥʘʯʘʶʪʴ ʜʠʩʙʘʣʘʥʩ 

ʟʘʚʘʥʪʘʞʝʥʥʷ ʰʣʷʭʦʤ ʧʦʨʽʚʥʷʥʥʷ ʟʘʚʘʥʪʘʞʝʥʥʷ ʦʢʨʝʤʦʛʦ ʧʨʦʮʝʩʦʨʘ ʽʟ 

ʟʘʛʘʣʴʥʠʤ ʩʝʨʝʜʥʽʤ ʥʘʚʘʥʪʘʞʝʥʥʷʤ. ʇʨʠ ʘʩʠʥʭʨʦʥʥʦʤʫ ʚʠʟʥʘʯʝʥʥʽ ʜʠʩʙʘʣʘʥʩʫ 

ʢʦʞʝʥ ʩʝʨʚʝʨ ʟʙʝʨʽʛʘʻ ʽʩʪʦʨʽʶ ʩʚʦʛʦ ʟʘʚʘʥʪʘʞʝʥʥʷ. ʋ ʮʴʦʤʫ ʚʠʧʘʜʢʫ ʤʦʤʝʥʪ 

ʩʠʥʭʨʦʥʽʟʘʮʽʾ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʩʪʫʧʝʥʷ ʜʠʩʙʘʣʘʥʩʫ ʚʽʜʩʫʪʥʽʡ. ʆʙʯʠʩʣʝʥʥʷʤ 

ʦʙʩʷʛʫ ʜʠʩʙʘʣʘʥʩʫ ʟʘʡʤʘʻʪʴʩʷ ʬʦʥʦʚʠʡ ʧʨʦʮʝʩ, ʱʦ ʧʨʘʮʶʻ ʧʘʨʘʣʝʣʴʥʦ ʽʟ 

ʟʘʚʜʘʥʥʷʤʠ. 

3. ʇʨʠʡʥʷʪʪʷ ʨʽʰʝʥʴ ʚ ʧʨʦʮʝʩʽ ʙʘʣʘʥʩʫʚʘʥʥʷ. ɹʽʣʴʰʽʩʪʴ ʩʪʨʘʪʝʛʽʡ 

ʜʠʥʘʤʽʯʥʦʛʦ ʙʘʣʘʥʩʫʚʘʥʥʷ ʟʘʚʘʥʪʘʞʝʥʥʷ ʤʦʞʫʪʴ ʥʘʣʝʞʘʪʠ ʜʦ ʢʣʘʩʫ 

ʮʝʥʪʨʘʣʽʟʦʚʘʥʠʭ ʘʙʦ ʜʦ ʢʣʘʩʫ ʧʦʚʥʽʩʪʶ ʨʦʟʧʦʜʽʣʝʥʠʭ. 

ɺ ʭʦʜʽ ʮʝʥʪʨʘʣʽʟʦʚʘʥʦ ʾ ʩʪʨʘʪʝʛʽʾ ʙʘʣʘʥʩʫʚʘʣʴʥʠʢ ʟʙʠʨʘʻ ʛʣʦʙʘʣʴʥʫ 

ʽʥʬʦʨʤʘʮʽʶ ʧʨʦ ʩʪʘʥ ʚʩʽʻʾ ʦʙʯʠʩʣʶʚʘʣʴʥʦʾ ʩʠʩʪʝʤʠ ʽ ʧʨʠʡʤʘʻ ʨʽʰʝʥʥʷ ʧʨʦ 

ʧʝʨʝʤʽʱʝʥʥʷ ʟʘʜʘʯ ʜʣʷ ʢʦʞʥʦʛʦ ʟ ʩʝʨʚʝʨʽʚ. ɿ ʧʦʚʥʽʩʪʶ ʨʦʟʧʦʜʽʣʝʥʦ  ʁʩʪʨʘʪʝʛʽʻ ʁ

ʥʘ ʢʦʞʥʦʤʫ ʩʝʨʚʝʨʽ ʚʠʢʦʥʫʻʪʴʩʷ ʘʣʛʦʨʠʪʤ ʙʘʣʘʥʩʫʚʘʥʥʷ ʥʘʚʘʥʪʘʞʝʥʥʷ, 

ʦʙʤʽʥʶʶʪʴʩʷ ʽʥʬʦʨʤʘʮʽʻʶ ʧʨʦ ʩʪʘʥ ʟ ʽʥʰʠʤʠ ʩʝʨʚʝʨʘʤʠ. ʇʝʨʝʤʽʱʝʥʥʷ ʟʘʚʜʘʥʴ 

ʚʽʜʙʫʚʘʻʪʴʩʷ ʪʽʣʴʢʠ ʤʽʞ ʩʫʩʽʜʥʽʤʠ ʧʨʦʮʝʩʦʨʘʤʠ. 
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4. ʈʦʟʧʦʜʽʣ ʟʘʚʜʘʥʴ. ɯʩʥʫʻ ʤʥʦʞʠʥʘ ʘʣʛʦʨʠʪʤʽʚ ʙʘʣʘʥʩʫʚʘʥʥʷ (ʨʦʟʧʦʜʽʣʫ 

ʟʘʚʜʘʥʴ). ʆʜʥʘʢ ʢʦʞʝʥ ʟ ʘʣʛʦʨʠʪʤʽʚ ʤʘʻ ʷʢ ʧʝʨʝʚʘʛʠ, ʪʘʢ ʽ ʥʝʜʦʣʽʢʠ [Ivanisenko, 

2015-1; Kameda, 1997; Kashyap, 2014]. ʅʘʡʙʽʣʴʰ ʯʘʩʪʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʥʠʤʠ 

ʘʣʛʦʨʠʪʤʘʤʠ ʙʘʣʘʥʩʫʚʘʥʥʷ ʥʘʚʘʥʪʘʞʝʥʥʷ ʻ ʪʘʢ̔: Round Robin Scheduling 

[Kashyap, 2014; Kaur, 2012;], Max-Min Algorithm [Kopparapu, 2008; Mishra, 

2012], Compare and Balance [Katyal, 2014; Mehta, 2011] ʪʘ ʽʥ. ʄʦʞʥʘ ʚʠʙʨʘʪʠ 

ʥʘʡʙʽʣʴʰ ʧʽʜʭʦʜʷʱʠʡ ʟʘʣʝʞʥʦ ʚʽʜ ʧʦʩʪʘʚʣʝʥʠʭ ʟʘʚʜʘʥʴ ʪʘ ʧʘʨʘʤʝʪʨʽʚ ʩʠʩʪʝʤʠ 

ʙʘʣʘʥʩʫʚʘʥʥʷ ʥʘʚʘʥʪʘʞʝʥʥʷ. 

3.3. ʆʮʽʥʢʘ ʧʨʦʮʝʩʽʚ ʩʠʩʪʝʤʠ ʙʘʣʘʥʩʫʚʘʥʥʷ ʥʘʚʘʥʪʘʞʝʥʥʷ 

ɺʞʝ ʟʛʘʜʘʥʘ ʩʠʩʪʝʤʘ ʙʘʣʘʥʩʫʚʘʥʥʷ ʥʘʚʘʥʪʘʞʝʥʥʷ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʛʨʫʧʠ 

ʩʝʨʚʝʨʽʚ ʽ ʙʘʣʘʥʩʫʚʘʣʴʥʠʢʘ ʥʘʚʘʥʪʘʞʝʥʥʷ [Li, 2008; Ignatenko, 2010; 

ɿʘʙʦʨʦʚʩʢʠʡ, 2013]. ʅʘʚʝʜʝʥʘ ʥʘ ʨʠʩ. 3.1 ʩʠʩʪʝʤʘ ʙʘʣʘʥʩʫʚʘʥʥʷ ʥʘʚʘʥʪʘʞʝʥʥʷ 

ʧʦʙʫʜʦʚʘʥʘ ʥʘ ʦʩʥʦʚʽ ʧʽʜʩʠʩʪʝʤʠ ʙʘʣʘʥʩʫʚʘʥʥʷ ʥʘʚʘʥʪʘʞʝʥʥʷ ʽ ʧʽʜʩʠʩʪʝʤʠ 

ʫʧʨʘʚʣʽʥʥʷ ʽ ʤʦʥʽʪʦʨʠʥʛʫ, ʷʢʽ ʪʽʩʥʦ ʚʟʘʻʤʦʜʽʶʪʴ ʤʽʞ ʩʦʙʦʶ: 

ï ʇʽʜʩʠʩʪʝʤʘ ʙʘʣʘʥʩʫʚʘʥʥʷ ʥʘʚʘʥʪʘʞʝʥʥʷ: ʘʣʛʦʨʠʪʤ ʙʘʣʘʥʩʫʚʘʥʥʷ 

ʥʘʚʘʥʪʘʞʝʥʥʷ, ʽʥʬʦʨʤʘʮʽʷ ʧʨʦ ʧʦʪʦʯʥʠʡ ʩʪʘʥ ʩʠʩʪʝʤʠ, ʛʥʫʯʢʽ ʥʘʩʪʨʦʡʢʠ QoS, 

ʜʠʥʘʤʽʯʥʠʡ ʨʦʟʧʦʜʽʣ ʪʨʘʬʽʢʘ ʧʦ ʨʽʟʥʠʭ ʢʘʥʘʣʘʭ ʟʚô̫ ʟʢʫ ʽ ʚʫʟʣʽʚ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ 

ʾʭʥʴʦʛʦ ʧʦʪʦʯʥʦʛʦ ʩʪʘʥʫ, ʩʪʫʧʝʥʷ ʟʘʚʘʥʪʘʞʝʥʥʷ, ʘʜʤʽʥʽʩʪʨʘʪʠʚʥʠʭ ʧʦʣʽʪʠʢ 

ʙʘʣʘʥʩʫʚʘʥʥʷ ʥʘʚʘʥʪʘʞʝʥʥʷ. 

ï ʇʽʜʩʠʩʪʝʤʘ ʫʧʨʘʚʣʽʥʥʷ ʪʘ ʤʦʥʽʪʦʨʠʥʛʫ: ʟʙʽʨ ʪʘ ʘʥʘʣʽʟ ʩʪʘʪʠʩʪʠʢʠ ʧʨʦ 

ʧʦʪʦʯʥʠʡ ʩʪʘʥ ʩʠʩʪʝʤʠ, ʚʠʟʥʘʯʝʥʥʷ ʤʫʣʴʪʠʬʨʘʢʪʘʣʴʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʚʭʽʜʥʦʛʦ 

ʧʦʪʦʢʫ ʜʘʥʠʭ, ʨʦʟʨʘʭʫʥʦʢ ʨʦʟʧʦʜʽʣʫ ʧʦʪʦʢʽʚ ʧʦ ʚʫʟʣʘʭ ʤʝʨʝʞʽ ʟ ʫʨʘʭʫʚʘʥʥʷʤ 

ʢʣʘʩʠʬʽʢʘʮʽʾ ʪʨʘʬʽʢʘ ʽ ʟʘʚʘʥʪʘʞʝʥʦʩʪʽ ʩʝʨʚʝʨʽʚ ʽ ʢʘʥʘʣʽʚ ʟʚô̫ ʟʢʫ. 
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ʈʠʩ. 3.1. ʉʠʩʪʝʤʘ ʙʘʣʘʥʩʫʚʘʥʥʷ ʥʘʚʘʥʪʘʞʝʥʥʷ 

ʇʨʦʧʦʥʦʚʘʥʠʡ ʤʝʪʦʜ ʙʝʟʧʝʯʥʦʛʦ ʙʘʣʘʥʩʫʚʘʥʥʷ ʥʘʚʘʥʪʘʞʝʥʥʷ ʟʘʩʥʦʚʘʥʠʡ 

ʥʘ ʚʠʢʦʨʠʩʪʘʥʥʽ ʢʦʤʧʣʝʢʩʫ ʤʝʪʦʜʽʚ ʚʥʫʪʨʽʰʥʴʦʛʦ ʽ ʟʦʚʥʽʰʥʴʦʛʦ ʤʦʥʽʪʦʨʠʥʛʫ 

[Kirichenko, 2016-1; Kirichenko, 2017]. ɺʠʢʦʨʠʩʪʘʥʥʷ ʟʦʚʥʽʰʥʴʦʛʦ ʤʦʥʽʪʦʨʠʥʛʫ 

ʩʠʩʪʝʤʠ ʜʦʟʚʦʣʷʻ ʧʝʨʽʦʜʠʯʥʦ ʪʝʩʪʫʚʘʪʠ ʤʝʨʝʞʫ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʥʘʡʙʽʣʴʰ 

ʟʘʚʘʥʪʘʞʝʥʠʭ ʩʝʛʤʝʥʪʽʚ. ɺʠʢʦʨʠʩʪʘʥʥʷ ʚʥʫʪʨʽʰʥʴʦʛʦ ʤʦʥʽʪʦʨʠʥʛʫ ʩʪʘʥʫ 

ʦʙʯʠʩʣʶʚʘʣʴʥʦʛʦ ʚʫʟʣʘ ʜʦʟʚʦʣʷʻ ʦʪʨʠʤʘʪʠ ʦʙô̒ ʢʪʠʚʥʫ ʢʘʨʪʠʥʫ ʟʘʚʘʥʪʘʞʝʥʥʷ 

ʚʫʟʣʘ ʽ ʜʘʥʽ ʧʨʦ ʟʘʚʘʥʪʘʞʝʥʥʷ ʦʢʨʝʤʠʭ ʢʦʤʧʦʥʝʥʪʽʚ ʚʫʟʣʘ. ʂʨʠʪʝʨʽʷʤʠ 

ʟʘʚʘʥʪʘʞʝʥʥʷ ʦʙʯʠʩʣʶʚʘʣʴʥʦʛʦ ʚʫʟʣʘ ʧʨʦʧʦʥʫʻʪʴʩʷ ʚʚʘʞʘʪʠ ʟʘʚʘʥʪʘʞʝʥʥʷ 

ʧʨʦʮʝʩʦʨʘ, ʧʘʤô̫ ʪʽ ʽ ʧʨʦʧʫʩʢʥʦʾ ʟʜʘʪʥʦʩʪʽ ʢʘʥʘʣʫ ʜʣʷ ʧʦʪʦʢʽʚ ʨʽʟʥʠʭ ʢʣʘʩʽʚ 

ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ. ʑʦʙ ʚʨʘʭʦʚʫʚʘʪʠ ʧʦʪʝʥʮʽʡʥʫ ʦʙʯʠʩʣʶʚʘʣʴʥʫ ʧʦʪʫʞʥʽʩʪʴ 

ʢʦʞʥʦʛʦ ʨʝʩʫʨʩʫ ʚʫʟʣʘ, ʧʨʦʧʦʥʫʻʪʴʩʷ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʚʘʛʦʚʽ ʢʦʝʬʽʮʽʻʥʪʠ. 

ɼʘʥʠʡ ʤʝʪʦʜ ʚʨʘʭʦʚʫʻ ʤʫʣʴʪʠʬʨʘʢʪʘʣʴʥ ̔ʚʣʘʩʪʠʚʦʩʪʽ ʚʭʽʜʥʦʛʦ ʽʥʬʦʨʤʘʮʽʡʥʦʛʦ 

ʧʦʪʦʢʫ. ɺʠʢʦʨʠʩʪʘʥʥʷ ʢʦʤʧʣʝʢʩʥʦʛʦ ʧʽʜʭʦʜʫ ʚ ʭʦʜʽ ʙʘʣʘʥʩʫʚʘʥʥ ̫ʥʘʚʘʥʪʘʞʝʥʥʷ 

ʜʦʟʚʦʣʠʪʴ ʜʦʩʷʛʪʠ ʟʙʽʣʴʰʝʥʥʷ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ ʨʦʟʧʦʜʽʣʝʥʦʾ ʦʙʯʠʩʣʶʚʘʣʴʥʦʾ 

ʩʠʩʪʝʤʠ. 
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ʉʠʩʪʝʤʘ ʙʘʣʘʥʩʫʚʘʥʥʷ ʥʘʚʘʥʪʘʞʝʥʥʷ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʢʦʤʧʦʥʝʥʪʽʚ, 

ʥʘʚʝʜʝʥʠʭ ʥʘ ʨʠcʫʥʢʫ 3.2. ɹʘʣʘʥʩʫʚʘʣʴʥʠʢ ʥʘʚʘʥʪʘʞʝʥʥʷ ʤʘʻ ʚʝʙ-ʽʥʪʝʨʬʝʡʩ ʜʣʷ 

ʚʽʜʩʪʝʞʝʥʥʷ, ʥʘʩʪʨʦʡʢʠ ʪʘ ʘʜʤʽʥʽʩʪʨʫʚʘʥʥʷ ʨʦʟʧʦʜʽʣʫ ʥʘʚʘʥʪʘʞʝʥʥʷ [ɯʛʥʘʪʝʥʢʦ, 

2011; Zhihao, 2013; Tian, 2014; Red Hat, 2015]. 

 

 

ʈʠʩ. 3.2. ʂʦʤʧʦʥʝʥʪʠ ʩʠʩʪʝʤʠ ʨʦʟʧʦʜʽʣʝʥʥʷ ʥʘʚʘʥʪʘʞʝʥʥʷ  

ʇʨʦʮʝʩ pulse ï ʮʝ ʢʝʨʫʶʯʠʡ ʧʨʦʮʝʩ, ʷʢʠʡ ʥʘ ʘʢʪʠʚʥʦʤʫ ʙʘʣʘʥʩʫʚʘʣʴʥʠʢʫ 

ʟʘʧʫʩʢʘʻ ʧʨʦʮʝʩ lvs, ʘ ʥʘ ʨʝʟʝʨʚʥʦʤʫ ʙʘʣʘʥʩʫʚʘʣʴʥʠʢʫ ï ʚʽʜʩʪʝʞʫ ̒ ʩʪʘʥ 

ʘʢʪʠʚʥʦʛʦ, ʧʝʨʽʦʜʠʯʥʦ ʦʧʠʪʫʶʯʠ ʡʦʛʦ. ʗʢʱʦ ʘʢʪʠʚʥʠʡ ʙʘʣʘʥʩʫʚʘʣʴʥʠʢ ʥʝ 

ʚ̔ ʜʧʦʚʽʜʘʻ ʧʨʦʪʷʛʦʤ ʟʘʜʘʥʦʛʦ ʧʝʨʽʦʜʫ ʯʘʩʫ, ʙʫʜʝ ʽʥʽʮʽʡʦʚʘʥʦ ʧʨʦʮʝʩ ʧʝʨʝʜʘʯʽ 

ʡʦʛʦ ʬʫʥʢʮʽʡ ʨʝʟʝʨʚʥʦʤʫ ʙʘʣʘʥʩʫʚʘʣʴʥʠʢʫ. ʇʨʠ ʮʴʦʤʫ pulse ʥʘ ʨʝʟʝʨʚʥʦʤʫ 
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ʙʘʣʘʥʩʫʚʘʣʴʥʠʢʫ ʚʽʜʧʨʘʚʣʷʻ ʧʨʦʮʝʩʫ pulse ʥʘ ʘʢʪʠʚʥʦʤʫ ʙʘʣʘʥʩʫʚʘʣʴʥʠʢʫ 

ʢʦʤʘʥʜʫ ʟʫʧʠʥʢʠ ʚʩʽʭ ʩʣʫʞʙ lvs, ʟʘʧʫʩʢʘʻ send_arp ʜʣʷ ʧʨʠʩʚʦʻʥʥʷ MAC-ʘʜʨʝʩʫ 

ʨʝʟʝʨʚʥʦʛʦ ʙʘʣʘʥʩʫʚʘʣʴʥʠʢʘ ʚʽʨʪʫʘʣʴʥʠʭ IP-ʘʜʨʝʩ ʽ ʟʘʧʫʩʢʘʻ ʧʨʦʮʝʩ lvs. ʇʨʦʮʝʩ 

send_arp ʨʦʟʩʠʣʘʻ ʰʠʨʦʢʦʤʦʚʥʽ ʧʘʢʝʪʠ ARP ʧʽʜ ʯʘʩ ʧʝʨʝʭʦʜʫ ʚʽʨʪʫʘʣʴʥʦ ʾ 

IP-ʘʜʨʝʩʠ ʚʽʜ ʦʜʥʦʛʦ ʚʫʟʣʘ ʽʥʰʦʤʫ. [Erl, 2015]. 

ʄʦʜʫʣʴ Sec ʟʘʙʝʟʧʝʯʫʻ ʢʦʤʧʣʝʢʩʥʠʡ ʟʘʭʠʩʪ ʪʨʘʬʽʢʘ ʽ ʜʦʜʘʪʢʽʚ, ʫ ʪʦʤʫ 

ʯʠʩʣʽ ʚʽʜ ʘʪʘʢ OWASP Top 10 ʽ Application DDoS, ʘ ʪʘʢʦʞ ʚʽʜʩʪʝʞʫʻ ʚʠʭʽʜʥʠʡ 

ʪʨʘʬʽʢ ʜʣʷ ʟʘʧʦʙʽʛʘʥʥʷ ʚʪʨʘʪʠ ʜʘʥʠʭ. ʊʘʢʦʞ ʮʝʡ ʤʦʜʫʣʴ ʚʽʜʩʪʝʞʫʻ ʧʦʨʫʰʝʥʥʷ 

ʜʦʩʪʫʧʫ ʜʦ ʚʝʙ-ʜʦʜʘʪʢʽʚ, ʽ ʟʜʽʡʩʥʶʻ ʟʘʭʠʩʪ ʚʽʜ DDoS-ʘʪʘʢ, ʪʦʙʪʦ ʟʘʙʝʟʧʝʯʫʻ 

ʢʦʥʬʽʜʝʥʮʽʡʥʽʩʪʴ. 

ʇʨʦʮʝʩ lvs ʟʘʧʫʩʢʘʻʪʴʩʷ ʥʘ ʘʢʪʠʚʥʦʤʫ ʙʘʣʘʥʩʫʚʘʣʴʥʠʢʫ ʟʘ ʚʠʢʣʠʢʦʤ 

pulse. ɺʽʥ ʚʠʢʣʠʢʘʻ ʩʣʫʞʙʫ ipadm ʜʣʷ ʩʪʚʦʨʝʥʥʷ, ʜʦʜʘʚʘʥʥʷ, ʟʤʽʥʠ ʽ ʚʠʜʘʣʝʥʥʷ 

ʟʘʧʠʩʽʚ ʚ ʪʘʙʣʠʮʽ ʤʘʨʰʨʫʪʠʟʘʮʽʾ IP. ʇʨʦʮʝʩ lvs ʟʘʧʫʩʢʘʻ ʧʨʦʮʝʩ status ʜʣʷ 

ʢʦʞʥʦʾ ʥʘʣʘʰʪʦʚʘʥʦʾ ʩʣʫʞʙʠ ʨʦʟʧʦʜʽʣʫ ʥʘʚʘʥʪʘʞʝʥʥʷ. ʗʢʱʦ status ʧʦʚʽʜʦʤʣʷʻ 

ʧʨʦ ʪʝ, ʱʦ ʨʝʘʣʴʥʠʡ ʩʝʨʚʝʨ ʚʽʜʢʣʶʯʝʥʠʡ, lvs ʟʤʫʩʠʪʴ ʫʪʠʣʽʪʫ ipadm ʚʠʜʘʣʠʪʠ 

ʮʝʡ ʩʝʨʚʝʨ ʟ ʪʘʙʣʠʮʽ IP. ʆʩʥʦʚʥʠʤ ʧʨʠʟʥʘʯʝʥʥʷʤ ʧʨʦʮʝʩʫ status, ʱʦ ʧʨʘʮʶʻ ʥʘ 

ʘʢʪʠʚʥʦʤʫ ʙʘʣʘʥʩʫʚʘʣʴʥʠʢʫ, ʻ ʩʧʦʩʪʝʨʝʞʝʥʥʷ ʟʘ ʥʘʚʘʥʪʘʞʝʥʥʷʤ ʩʝʨʚʝʨʽʚ, ʟʙʽʨ ʽ 

ʘʥʘʣʽʟ ʩʪʘʪʠʩʪʠʢʠ ʧʨʦ ʧʦʪʦʯʥʠʡ ʩʪʘʥ ʩʠʩʪʝʤʠ ʡ ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʪʨʘʬʽʢʘ. ʇʨʦʮʝʩ 

status ʧʝʨʝʜʘʻ ʦʙʨʦʙʣʝʥʫ ʽ ʧʨʦʘʥʘʣʽʟʦʚʘʥʫ ʽʥʬʦʨʤʘʮʽʶ ʚ ʧʽʜʩʠʩʪʝʤʫ 

ʙʘʣʘʥʩʫʚʘʥʥʷ ʥʘʚʘʥʪʘʞʝʥʥʷ ʧʨʦʮʝʩʫ inf_status. ʇʨʦʮʝʩ inf_status ʫ ʩʚʦʶ ʯʝʨʛʫ 

ʧʝʨʝʜʘʻ ʽʥʬʦʨʤʘʮʽʶ ʧʨʦ ʧʦʪʦʯʥʠʡ ʩʪʘʥ ʩʠʩʪʝʤʠ ʧʨʦʮʝʩʫ coun_parce. 

ʇʨʦʮʝʩ fractal ʧʨʦʚʦʜʠʪʴ ʨʦʟʨʘʭʫʥʦʢ ʤʫʣʴʪʠʬʨʘʢʪʘʣʴʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ 

ʢʦʞʥʦʛʦ ʚʭʽʜʥʦʛʦ ʧʦʪʦʢʫ ʜʘʥʠʭ ʽ ʧʝʨʝʜʘʻ ʮʶ ʽʥʬʦʨʤʘʮʽʶ ʧʨʦʮʝʩʫ coun_parce. 

ʇʨʦʮʝʩ algor ʚʠʙʠʨʘʻ ʘʣʛʦʨʠʪʤ ʙʘʣʘʥʩʫʚʘʥʥʷ ʥʘʚʘʥʪʘʞʝʥʥʷ ʽ ʪʘʢʦʞ ʧʝʨʝʜʘʻ ʮʶ 

ʽʥʬʦʨʤʘʮʽʶ ʧʨʦʮʝʩʫ coun_parce. ʇʨʦʮʝʩ coun_parce ʧʨʦʚʦʜʠʪʴ ʨʦʟʨʘʭʫʥʦʢ 

ʨʦʟʧʦʜʽʣʫ ʧʦʪʦʢʽʚ ʧʦ ʚʫʟʣʘʭ ʤʝʨʝʞʽ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʢʣʘʩʠʬʽʢʘʮʽʾ ʪʨʘʬʽʢʘ ʽ 

ʟʘʚʘʥʪʘʞʝʥʦʩʪʽ ʩʝʨʚʝʨʽʚ ʽ ʢʘʥʘʣʽʚ ʟʚô̫ ʟʢʫ. ʈʝʟʫʣʴʪʘʪʠ ʨʦʟʨʘʭʫʥʢʫ ʧʝʨʝʜʘʶʪʴʩʷ 

ʧʨʦʮʝʩʫ parce, ʷʢʠʡ ʟʜʽʡʩʥʶʻ ʜʠʥʘʤʽʯʥʠʡ ʨʦʟʧʦʜʽʣ ʪʨʘʬʽʢʘ ʧʦ ʨʽʟʥʠʭ ʢʘʥʘʣʘʭ 
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ʟʚ'ʷʟʢʫ ʽ ʚʫʟʣʘʭ ʟʘʣʝʞʥʦ ʚʽʜ ʾʭʥʴʦʛʦ ʧʦʪʦʯʥʦʛʦ ʩʪʘʥʫ. ʊʘʢʦʞ ʨʝʟʫʣʴʪʘʪʠ 

ʨʦʟʨʘʭʫʥʢʫ ʧʨʦʮʝʩʫ coun_parce ʧʝʨʝʜʘʶʪʴʩʷ ʧʨʦʮʝʩʫ qos ʜʣʷ ʛʥʫʯʢʦʛʦ 

ʥʘʣʘʰʪʫʚʘʥʥʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʷʢʦʩʪʽ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʤʝʪʦʜʽʚ 

ʫʧʨʘʚʣʽʥʥʷ ʪʨʘʬʽʢʦʤ (ʫʧʨʘʚʣʽʥʥʷ ʢʝʰ-ʧʘʤô̫ ʪʪʶ, ʧʨʦʧʫʩʢʥʦʶ ʟʜʘʪʥʽʩʪʶ ʧʘʤô̫ ʪʽ 

ʽ ʢʘʥʘʣʽʚ, ʧʨʦʜʫʢʪʠʚʥʽʩʪʶ ʧʨʦʮʝʩʦʨʽʚ), ʷʢʱʦ ʮʝ ʥʝʦʙʭʽʜʥʦ. ʋ ʨʘʟʽ ʟʘʩʪʦʩʫʚʘʥʥʷ 

ʤʝʪʦʜʽʚ ʫʧʨʘʚʣʽʥʥʷ ʪʨʘʬʽʢʦʤ ʧʨʦʮʝʩʦʤ qos, ʽʥʬʦʨʤʘʮʽʁ ʧʨʦ ʟʤʽʥʠ ʤʘʻ ʧʨʦʮʝʩ 

inf_status. 

ʊʘʢʠʤ ʯʠʥʦʤ ʧʨʦʚʝʜʝʥʦ ʘʥʘʣʽʟ ʧʨʦʮʝʩʽʚ ʚ ʩʠʩʪʝʤʽ ʙʘʣʘʥʩʫʚʘʥʥʷ 

ʩʘʤʦʧʦʜʽʙʥʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ. ʅʘ ʦʩʥʦʚʽ ʧʨʦʚʝʜʝʥʦʛʦ ʘʥʘʣʽʟʫ ʤʦʞʥʘ ʨʦʟʨʦʙʠʪʠ 

ʤʦʜʝʣʴ ʙʘʣʘʥʩʫʚʘʥʥʷ ʥʘʚʘʥʪʘʞʝʥʥʷ ʚ ʢʦʤʧôʶʪʝʨʥʠʭ ʩʠʩʪʝʤʘʭ.  

3.4. ʋʜʦʩʢʦʥʘʣʝʥʥʷ ʤʦʜʝʣʽ ʙʘʣʘʥʩʫʚʘʥʥʷ ʚ ʢʦʤʧôʶʪʝʨʥʠʭ ʩʠʩʪʝʤʘʭ 

ʋ ʢʦʞʝʥ ʤʦʤʝʥʪ t TÍ  ʥʘ ʙʘʣʘʥʩʫʚʘʣʴʥʠʢ LB ʥʘʜʭʦʜʠʪʴ ʪʨʘʬʽʢ 

ʽʥʪʝʥʩʠʚʥʽʩʪʶ 
1 2{ , ,..., }Nl l l l= , ʱʦ ʥʘʣʝʞʘʪʴ ʜʦ q -ʛʦ ʢʣʘʩʫ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ, 

ʷʢʠʡ ʥʝʦʙʭʽʜʥʦ ʜʦʩʪʘʚʠʪʠ ʥʘ ʩʝʨʚʝʨ 
kServ  ʜʣʷ ʦʙʨʦʙʢʠ, ʥʝ ʧʝʨʝʚʠʱʫʶʯʠ 

ʟʘʜʘʥʠʭ ʤʘʢʩʠʤʘʣʴʥʦ ʜʦʧʫʩʪʠʤʠʭ ʟʥʘʯʝʥʴ ʟʘʪʨʠʤʢʠ qt ʽ ʤʘʢʩʠʤʘʣʴʥʦ 

ʜʦʧʫʩʪʠʤʦʛʦ ʚʽʜʩʦʪʢʘ ʚʪʨʘʪ ql  ʟʘʣʝʞʥʦ ʚʽʜ ʾʭʥʴʦʛʦ ʧʦʪʦʯʥʦʛʦ ʟʘʚʘʥʪʘʞʝʥʥʷ ʽ 

ʨʝʘʣʴʥʦʾ ʧʨʦʧʫʩʢʥʦʾ ʟʜʘʪʥʦʩʪʽ ʚ ʢʦʥʢʨʝʪʥʠʡ ʤʦʤʝʥʪ ʯʘʩʫ. 

ʊʨʘʬʽʢ ʤʘʻ ʤʥʦʞʠʥʫ ʭʘʨʘʢʪʝʨʠʩʪʠʢ { , , }V hl m= , ʜʝ 
1 2{ , ,..., }Nl l l l=  ï 

ʧʦʪʦʢʠ ʟʘʷʚʦʢ (ʧʘʢʝʪʽʚ) ʨʽʟʥʦʾ ʽʥʪʝʥʩʠʚʥʦʩʪʽ; { , ( ), }h H h q h= D, ʜʝ ( )h q  - 

ʚʠʙʽʨʢʦʚʝ ʟʥʘʯʝʥʥʷ ʬʫʥʢʮʽʾ ʫʟʘʛʘʣʴʥʝʥʦʛʦ ʧʦʢʘʟʥʠʢʘ ʍʝʨʩʪʘ, (2)H h=  ï 

ʟʥʘʯʝʥʥʷ ʧʘʨʘʤʝʪʨʘ ʍʝʨʩʪʘ, 
max min( ) ( )h h q h qD = -  ï ʜʽʘʧʘʟʦʥ ʟʥʘʯʝʥʴ 

ʫʟʘʛʘʣʴʥʝʥʦʛʦ ʧʦʢʘʟʥʠʢʘ ʍʝʨʩʪʘ ʜʣʷ ʜʽʣʷʥʢʠ ʪʨʘʬʽʢʘ, m ï ʪʨʫʜʦʤʽʩʪʢʽʩʪʴ 

ʟʘʧʠʪʫ. ʊʨʫʜʦʤʽʩʪʢʽʩʪʴ ʟʘʧʠʪʫ ʚʠʟʥʘʯʘʻʪʴʩʷ ʷʢ ʚʝʢʪʦʨ ʥʝʦʙʭʽʜʥʠʭ ʨʝʩʫʨʩʽʚ ʜʣʷ 
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ʚʠʢʦʥʘʥʥʷ ʟʘʧʠʪʫ. ʂʦʞʥʦʤʫ qs-ʤʫ ʢʣʘʩʫ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʚʽʜʧʦʚʽʜʘʻ ʥʘʙʽʨ 

ʚʝʢʪʦʨʽʚ ʥʝʦʙʭʽʜʥʠʭ ʨʝʩʫʨʩʽʚ { , , }r iCPU Net RAMm= , 1,2,...r= . 

ɹʘʣʘʥʩʫʚʘʣʴʥʠʢ ʥʘʚʘʥʪʘʞʝʥʥʷ ʽ ʩʝʨʚʝʨʘ ʟô̒ ʜʥʘʥʽ ʤʽʞ ʩʦʙʦʶ 

ʜʚʦʩʪʦʨʦʥʥʽʤʠ ʤʝʨʝʞʥʠʤʠ ʟʚô̫ ʟʢʘʤʠ ʟ ʤʘʢʩʠʤʘʣʴʥʦʶ ʧʨʦʧʫʩʢʥʦʶ ʟʜʘʪʥʽʩʪʶ 

{ }i iLink L= , 1,2,...,i N= , ʷʢʽ ʤʘʶʪʴ ʜʦʩʪʫʧʥʫ ʧʨʦʧʫʩʢʥʫ ʟʜʘʪʥʽʩʪʴ ( ) { }i iNet t Net=  

ʚ ʤʦʤʝʥʪ ʯʘʩʫ t. ʂʦʞʝʥ ʩʝʨʚʝʨ kServ  ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʪʘʢʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ: 

( )iCPU t  ï ʦʙʩʷʛ ʚʽʣʴʥʦʛʦ ʎʇʋ i -ʛʦ ʩʝʨʚʝʨʘ ʚ ʤʦʤʝʥʪ ʯʘʩʫ t, ʷʢʠʡ ʦʙʯʠʩʣʶʻʪʴʩʷ 

ʷʢ 
1

( ) 1 /
j

i jCPU t LoadM j= -ä , ʜʝ jLoadM  ï ʟʘʚʘʥʪʘʞʝʥʥʷ ʢʦʞʥʦʛʦ ʷʜʨʘ 

1,2,...j=  ʚ ʢʦʞʥʦʤʫ ʧʨʦʮʝʩʦʨʽ 1,2,...M =  ʫ ʩʝʨʚʝʨʽ ʚ ʤʦʤʝʥʪ ʯʘʩʫ t , ( )kRAM t  ï 

ʦʙʩʷʛ ʚʽʣʴʥʦʾ ʦʧʝʨʘʪʠʚʥʦʾ ʧʘʤô̫ ʪʽ i -ʛʦ ʩʝʨʚʝʨʘ ʚ ʤʦʤʝʥʪ ʯʘʩʫ t . [Kirichenko, 

2017]. 

ʊʝ, ʷʢ ʷʜʨʘ ʨʦʟʧʦʜʽʣʝʥʽ ʧʦ ʧʨʦʮʝʩʦʨʘʭ ʚʚʘʞʘʪʠʤʝʤʦ ʥʝʚʘʞʣʠʚʠʤ. ɼʚʘ 

ʯʦʪʠʨʠʷʜʝʨʥʠʭ ʚʽʜʧʦʚʽʜʘʶʪʴ ʯʦʪʠʨʴʦʤ ʜʚʦʷʜʝʨʥʠʤ ʽ ʚʽʜʧʦʚʽʜʘʶʪʴ ʚʦʩʴʤʠ 

ʦʜʥʦʷʜʝʨʥʠʤ ʧʨʦʮʝʩʦʨʘʤ, ʪʦʙʪʦ ʤʘʻ ʟʥʘʯʝʥʥʷ ʣʠʰʝ ʟʘʛʘʣʴʥʝ ʯʠʩʣʦ ʷʜʝʨ. ʗʢʱʦ 

ʩʝʨʝʜʥʻ ʟʥʘʯʝʥʥʷ ʟʘʚʘʥʪʘʞʝʥʥʷ ʧʦʩʪʽʡʥʦ ʧʝʨʝʚʠʱʫʻ 0,70, ʩʣʽʜ ʟô̫ ʩʫʚʘʪʠ 

ʧʨʠʯʠʥʫ ʪʘʢʦʾ ʧʦʚʝʜʽʥʢʠ ʩʠʩʪʝʤʠ, ʱʦʙ ʫʥʠʢʥʫʪʠ ʧʨʦʙʣʝʤ ʫ ʤʘʡʙʫʪʥʴʦʤʫ. ʗʢʱʦ 

ʩʝʨʝʜʥʻ ʟʘʚʘʥʪʘʞʝʥʥʷ ʩʠʩʪʝʤʠ ʧʝʨʝʚʠʱʫʻ 1,00, ʥʝʦʙʭʽʜʥʦ ʪʝʨʤʽʥʦʚʦ ʟʥʘʡʪʠ 

ʧʨʠʯʠʥʫ ʽ ʫʩʫʥʫʪʠ ʾʾ. 

ʅʘ ʚʭʽʜ ʙʘʣʘʥʩʫʚʘʣʴʥʠʢʘ LB  ʥʘʚʘʥʪʘʞʝʥʥʷ ʥʘʜʭʦʜʷʪʴ ʢʽʣʴʢʘ 

ʥʝʟʘʣʝʞʥʠʭ ʤʫʣʴʪʠʬʨʘʢʪʘʣʴʥʠʭ ʧʦʪʦʢʽʚ ʧʘʢʝʪʽʚ ʨʽʟʥʦʾ ̔ ʥʪʝʥʩʠʚʥʦʩʪ̔ 

1 2{ , ,..., }Nl l l l= , ʢʦʞʝʥ ʟ ʷʢʠʭ ʚʽʜʧʨʘʚʣʷʻʪʴʩʷ ʚ ʯʝʨʛʫ 
iQ  ʦʙʤʝʞʝʥʦʾ ʻʤʥʦʩʪʽ. 

ʏʘʩ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʧʘʢʝʪʽʚ ʟʘʣʝʞʠʪʴ ʚʽʜ ʢʣʘʩʫ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ qs, ʪʦʙʪʦ 

ʚʨʘʭʦʚʫʻʪʴʩʷ ʧʨʽʦʨʠʪʝʪʥʽʩʪʴ ʧʘʢʝʪʽʚ (ʥʘʡʚʠʱʠʡ ʧʨʽʦʨʠʪʝʪ ï ʧʝʨʰʠʤ). ʇʦʢʠ ʚʩ ̔

ʧʨʽʦʨʠʪʝʪʥʽ ʧʘʢʝʪʠ ʥʘ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʥʝ ʙʫʜʫʪʴ ʦʙʨʦʙʣʝʥʽ, ʧʘʢʝʪʠ ʽʥʰʠʭ ʪʠʧʽʚ 

ʟʘʣʠʰʘʶʪʴʩʷ ʚ ʯʝʨʟʽ ʜʦ ʟʘʢʽʥʯʝʥʥʷ ʾʭʥʴʦʛʦ ʯʘʩʫ ʞʠʪʪʷ. ʇʨʽʦʨʠʪʝʪʥʽ ʟʘʧʠʪʠ, ʱʦ 

ʥʘʜʽʡʰʣʠ ʥʘʩʪʫʧʥʠʤʠ, ʧʝʨʝʨʠʚʘʶʪʴ ʦʙʨʦʙʢʫ ʥʝʧʨʽʦʨʠʪʝʪʥʠʭ ʽ ʟ ʡʤʦʚʽʨʥʽʩʪʶ, 

ʱʦ ʜʦʨʽʚʥʶʻ ʦʜʠʥʠʮʽ, ʚʠʪʽʩʥʷʶʪʴ ʾʭ ʫ ʥʘʢʦʧʠʯʫʚʘʯ (ʷʢʱʦ ʻ ʚʽʣʴʥʽ ʤʽʩʮʷ 
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ʦʯʽʢʫʚʘʥʥʷ), ʘʙʦ ʟʘ ʤʝʞʽ ʩʠʩʪʝʤʠ (ʷʢʱʦ ʚʽʣʴʥʠʭ ʤʽʩʮʴ ʥʝʤʘʻ). ɺʠʪʽʩʥʝʥʥ ̔ʟ 

ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʧʘʢʝʪʠ ʧʨʠʻʜʥʫʶʪʴʩʷ ʜʦ ʯʝʨʛʠ ʥʝʧʨʽʦʨʠʪʝʪʥʠʭ ʚʠʤʦʛ ʽ ʤʦʞʫʪʴ 

ʙʫʪʠ ʜʦʦʙʩʣʫʞʝʥ ̔ʧʽʩʣʷ ʚʩʽʭ ʧʨʽʦʨʠʪʝʪʥʠʭ. ʅʘʢʦʧʠʯʫʚʘʯʽ ʻ ʨʦʟʜʽʣʴʥʠʤʠ ʜʣʷ 

ʢʦʞʥʦʛʦ ʚʭʽʜʥʦʛʦ ʧʦʪʦʢʫ, ʚʽʣʴʥʽ ʤʽʩʮʷ ʦʯʽʢʫʚʘʥʥʷ ʧʦʚʥʦʜʦʩʪʫʧʥ ̔ʜʣʷ ʙʫʜʴ-ʷʢʦʛʦ 

ʥʘʜʭʦʜʞʝʥʥʷ ʟʘʧʠʪʫ. 

ʅʘ ʚʽʜʤʽʥʫ ʚʽʜ ʪʠʧʦʚʠʭ ʧʨʽʦʨʠʪʝʪʥʠʭ ʩʠʩʪʝʤ ʤʘʩʦʚʦʛʦ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ 

ʨʦʟʛʣʷʥʫʪʘ ʩʠʩʪʝʤʘ ʟʘʙʝʟʧʝʯʝʥʘ ʡʤʦʚʽʨʥʽʩʥʠʤ ʚʠʰʪʦʚʭʫʶʯʠʤ ʤʝʭʘʥʽʟʤʦʤ. 

ʇʨʽʦʨʠʪʝʪʥʠʡ ʧʘʢʝʪ, ʱʦ ʟʘʩʪʘʚ ʚʩ ̔ ʤʽʩʮʷ ʦʯʽʢʫʚʘʥʥʷ ʟʘʡʥʷʪʠʤʠ ʚ ʤʦʤʝʥʪ 

ʦʙʨʦʙʢʠ ʽʥʰʦʛʦ ʧʨʽʦʨʠʪʝʪʥʦʛʦ ʧʘʢʝʪʘ, ʽʟ ʟʘʜʘʥʦʶ ʡʤʦʚʽʨʥʽʩʪʶ ʚʠʪʽʩʥʷʻ ʟ 

ʥʘʢʦʧʠʯʫʚʘʯʘ ʦʜʠʥ ʟ ʤʝʥʰ ʧʨʽʦʨʠʪʝʪʥʠʭ ʧʘʢʝʪʽʚ ʽ ʟʘʡʤʘʻ ʡʦʛʦ ʤʽʩʮʝ. 

ɺʠʪʽʩʥʝʥʠʡ ʧʘʢʝʪ ʚʪʨʘʯʘʻʪʴʩʷ ʘʙʦ ʚʽʜʧʨʘʚʣʷʻʪʴʩʷ ʥʘʟʘʜ ʚ ʯʝʨʛʫ. ʇʽʜʩʠʩʪʝʤʘ 

ʙʘʣʘʥʩʫʚʘʥʥʷ ʥʘʚʘʥʪʘʞʝʥʥʷ LB, ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʟʘʢʣʘʜʝʥʦʛʦ ʚ ʥʝʾ ʘʣʛʦʨʠʪʤʫ, 

ʟʜʽʡʩʥʶʻ ʚʠʣʫʯʝʥʥʷ ʧʘʢʝʪʽʚ ʟ ʯʝʨʛ 
iQ  ʽ ʧʨʠʟʥʘʯʝʥʥʷ ʾʭ ʥʘ ʚʽʣʴʥʽ ʦʙʯʠʩʣʶʚʘʣʴʥʽ 

ʷʜʨʘ ʚʽʜʧʦʚʽʜʥʠʭ ʩʝʨʚʝʨʽʚ. 

ɼʣʷ ʦʧʠʩʫ ʤʝʭʘʥʽʟʤʫ ʚʠʚʽʣʴʥʝʥʥʷ ʟʘʡʥʷʪʠʭ ʪʨʘʬʽʢʦʤ ʤʝʨʝʞʥʠʭ ʨʝʩʫʨʩʽʚ 

ʧ̔ ʩʣʷ ʟʘʢʽʥʯʝʥʥ ̫ʧʝʨʝʜʘʯʽ ʪʨʘʬʽʢʫ qs-ʛʦ ʢʣʘʩʫ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ, (ʮʝ ʚʽʜʙʫʚʘʻʪʴʩʷ 

ʥʘ ʦʩʥʦʚʽ ʜʘʥʠʭ, ʱʦ ʥʘʜʭʦʜʷʪʴ ʚʽʜ ʧʨʦʪʦʢʦʣʫ ʤʘʨʰʨʫʪʠʟʘʮʽʾ, ʱʦ ʧʽʜʪʨʠʤʫʻ 

ʧʦʚʽʜʦʤʣʝʥʥʷ ʧʨʦ ʜʦʩʪʫʧʥʫ ʧʦʣʦʩʫ ʧʨʦʧʫʩʢʘʥʥʷ ʽ ʜʦʩʪʫʧʥ ̔ʨʝʩʫʨʩʠ ʥʘ ʩʝʨʚʝʨʽ, 

ʥʘʧʨʠʢʣʘʜ, CSPF, SNMP), ʚʚʝʜʝʤʦ ʟʤʽʥʥʫ 0,
( ) {0,1}

Li

q t

C te = , ̫ ʢʘ ʚʢʘʟʫʻ, ʱʦ ʚ ʤʦʤʝʥʪ 

t  ʥʘ ʩʝʨʚʝʨ ʧʝʨʝʩʪʘʚ ʥʘʜʭʦʜʠʪʠ ʪʨʘʬʽʢ ʢʣʘʩʫ ( 1)qse= , ʷʢʠʡ ʙʫʚ ʧʨʠʡʥʷʪʠʡ ʥʘ 

ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʚ ʤʦʤʝʥʪ 
0t  ʽ ʧʦʚʠʥʝʥ ʙʫʚ ʧʝʨʝʜʘʚʘʪʠʩʷ ʧʦ ʰʣʷʭʫ ( )iNet t  ʥʘ 

ʩʝʨʚʝʨ 
kServ. ɼʘʥʘ ʟʤʽʥʥʘ ʤʽʩʪʠʪʴ ʚʩʽ ʥʝʦʙʭʽʜʥʽ ʜʘʥʽ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʤʝʨʝʞʥʠʭ 

ʨʝʩʫʨʩʽʚ, ʱʦ ʧʽʜʣʷʛʘʶʪʴ ʚʠʚʽʣʴʥʝʥʥʶ. 

ɹʘʣʘʥʩʫʚʘʣʴʥʠʢ LB  ʫ t -ʡ ʤʦʤʝʥʪ ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʢʦʝʬʽʮʽʻʥʪʦʤ ʚʪʨʘʪ 

( )q

LBX t  ʽ ʩʝʨʝʜʥʽʤ ʯʘʩʦʤ ʦʯʽʢʫʚʘʥʥʷ ʧʘʢʝʪʘ ʚ ʯʝʨʟʽ ( )q

LBT t . ɿʤʽʥʥʘ ( )q

LBX t  

ʜʦʨʽʚʥʶʻ ʚʽʜʩʦʪʢʫ ʚʪʨʘʪ ʥʘ ʙʘʣʘʥʩʫʚʘʣʴʥʠʢʫ ʪʨʘʬʽʢʘ ʢʣʘʩʫ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ qs, 
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ʧʝʨʝʜʘʥʦʛʦ ʧʦ ʰʣʷʭʫ ( )iNet t  ʥʘ ʩʝʨʚʝʨ 
kServ  ʫ ʤʦʤʝʥʪ t. ʇʝʨʝʜʙʘʯʘʻʪʴʩʷ, ʱʦ 

ʡʤʦʚʽʨʥʽʩʪʶ ʚʪʨʘʪʠ ʧʘʢʝʪʘ ʚ ʪʨʘʢʪʽ ʤʦʞʥʘ ʟʥʝʭʪʫʚʘʪʠ ʽ ʚʪʨʘʪʠ ʚʽʜʙʫʚʘʶʪʴʩʷ 

ʚʠʢʣʶʯʥʦ ʚ ʙʘʣʘʥʩʫʚʘʣʴʥʠʢʫ ʯʝʨʝʟ ʧʝʨʝʧʦʚʥʝʥʥʷ ʙʫʬʝʨʘ. ia
Fb  ï ʟʥʘʯʝʥʥʷ 

ʘʛʨʝʛʦʚʘʥʦʛʦ ʢʨʽʪʝʨʽʶ ʷʢʦʩʪʽ ʚʠʷʚʣʝʥʥʷ ʘʪʘʢ ʥʘ ʚʫʟʦʣ 
ia . 

ʄʦʥʽʪʦʨʠʥʛ ʩʪʘʥʫ ʩʝʨʚʝʨʽʚ ʽ ʚʽʣʴʥʦʾ ʧʨʦʧʫʩʢʥʦʾ ʟʜʘʪʥʦʩʪʽ ʤʦʞʥʘ 

ʟʜʽʡʩʥʠʪʠ ʪʨʴʦʤʘ ʩʧʦʩʦʙʘʤʠ: ʧʽʩʣʷ ʢʦʞʥʦʛʦ ʟʘʧʠʪʫ, ʱʦ ʧʦʩʪʫʧʠʚ; ʫ ʬʽʢʩʦʚʘʥʽ 

ʧʨʦʤʽʞʢʠ ʯʘʩʫ, ʷʢʽ ʚʠʟʥʘʯʘʶʪʴʩʷ ʩʪʘʪʠʯʥʠʤ ʘʣʛʦʨʠʪʤʦʤ; ʫ ʥʝʬʽʢʩʦʚʘʥʽ 

ʧʨʦʤʽʞʢʠ ʯʘʩʫ, ʷʢʽ ʚʠʟʥʘʯʘʶʪʴʩʷ ʜʠʥʘʤʽʯʥʠʤ ʘʣʛʦʨʠʪʤʦʤ [Kirichenko, 2016]. 

ɯʥʬʦʨʤʘʮʽʷ, ʦʪʨʠʤʘʥʘ ʧʝʨʰʠʤ ʩʧʦʩʦʙʦʤ, ʻ ʥʘʡʙʽʣʴʰʦʶ ʟʘ ʦʙʩʷʛʦʤ, ʪʦʤʫ 

ʱʦ ʚʠʤʽʨʶʚʘʥʥʷ ʧʨʦʚʦʜʷʪʴʩʷ ʧʽʩʣʷ ʢʦʞʥʦʛʦ ʟʘʧʠʪʫ, ʱʦ ʧʦʩʪʫʧʠʚ. ɿ ʜʨʫʛʠʤ 

ʩʧʦʩʦʙʦʤ ʢʽʣʴʢʽʩʪʴ ʽʥʬʦʨʤʘʮʽʾ ʧʦʩʪʽʡʥʘ, ʘʣʝ ʥʝʦʙʭʽʜʥʦ ʚʠʟʥʘʯʠʪʠ ʽʥʪʝʨʚʘʣ 

ʟʥʽʤʘʥʥʷ ʽʥʬʦʨʤʘʮʽʾ, ʱʦʙ ʦʙʩʷʛ ʽʥʬʦʨʤʘʮʽʾ ʥʝ ʙʫʚ ʥʘʜʤʽʨʥʠʤ ʽ ʥʝʜʦʩʪʘʪʥʽʤ. ɿ 

ʪʨʝʪʽʤ ʩʧʦʩʦʙʦʤ ʢʽʣʴʢʽʩʪʴ ʽʥʬʦʨʤʘʮʽʾ ʟʘʣʝʞʠʪʴ ʚʽʜ ʯʘʩʪʦʪʠ ʽʥʪʝʨʚʘʣʽʚ ʢʦʥʪʨʦʣʶ, 

ʷʢʠʡ ʧʦʚʠʥʝʥ ʧʨʠʩʪʦʩʦʚʫʚʘʪʠʩʷ ʜʦ ʩʪʨʫʢʪʫʨʠ ʪʨʘʬʽʢʘ, ʱʦ ʥʘʜʭʦʜʠʪʴ, ʟ ʦʛʣʷʜʫ 

ʥʘ ʡʦʛʦ ʩʘʤʦʧʦʜʙ̔ʥʫ ʩʪʨʫʢʪʫʨʫ. 

ʏʝʨʛʠ ʽ ʚʪʨʘʪʠ, ʧʦʨʦʜʞʫʚʘʥʽ ʪʨʘʬʽʢʦʤ ʟ ʤʫʣʴʪʠʬʨʘʢʪʘʣʴʥʠʤʠ 

ʚʣʘʩʪʠʚʦʩʪʷʤʠ, ʟʘʣʝʞʘʪʴ ʚʽʜ ʤʫʣʴʪʠʬʨʘʢʪʘʣʴʥʦʾ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ: ʬʫʥʢʮʽʾ 

ʫʟʘʛʘʣʴʥʝʥʦʛʦ ʧʦʢʘʟʥʠʢʘ ʍʝʨʩʪʘ. ɼʽʘʧʘʟʦʥ ʟʥʘʯʝʥʴ ʫʟʘʛʘʣʴʥʝʥʦʛʦ ʧʦʢʘʟʥʠʢʘ 

ʍʝʨʩʪʘ ʚʽʜʧʦʚʽʜʘʻ ʩʪʫʧʝʥʶ ʥʝʦʜʥʦʨʽʜʥʦʩʪʽ ʪʨʘʬʽʢʘ, ʪʦʙʪʦ ʭʘʨʘʢʪʝʨʠʟʫʻ ʨʦʟʢʠʜ 

ʜʘʥʠʭ. ɿʥʘʯʝʥʥʷ ʟʚʠʯʘʡʥʦʛʦ ʧʘʨʘʤʝʪʨʘ ʍʝʨʩʪʘ, ʦʪʨʠʤʘʥʝ ʟ ʫʟʘʛʘʣʴʥʝʥʦʛʦ 

ʧʦʢʘʟʥʠʢʘ, ʚʽʜʧʦʚʽʜʘʻ ʩʪʫʧʝʥʶ ʜʦʚʛʦʩʪʨʦʢʦʚʦ ʾ ʟʘʣʝʞʥʦʩʪʽ ʨʝʘʣʽʟʘʮʽʾ ʽ 

ʭʘʨʘʢʪʝʨʠʟʫʻ ʢʦʨʝʣʷʮʽʡʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʪʨʘʬʽʢʫ. 

ɺʠʢʦʨʠʩʪʘʥʥʷ ʘʣʛʦʨʠʪʤʫ, ʱʦ ʜʠʥʘʤʽʯʥʦ ʟʤʽʥʶʻʪʴʩʷ, ʻ ʥʘʡʙʽʣʴʰ 

ʧʨʠʡʥʷʪʥʠʤ ʟ ʪʦʯʢʠ ʟʦʨʫ ʟʤʝʥʰʝʥʥʷ ʥʘʜʤʽʨʥʦʩʪʽ ʜʘʥʠʭ. ɿ ʪʘʢʠʤ ʩʧʦʩʦʙʦʤ 

ʯʘʩʪʦʪʘ ʤʦʥʽʪʦʨʠʥʛʫ ʟʘʣʝʞʘʪʠʤʝ ʚʽʜ ʟʥʘʯʝʥʴ ʫʟʘʛʘʣʴʥʝʥʦʛʦ ʧʦʢʘʟʥʠʢʘ ʍʝʨʩʪʘ 

( )h q  ʚʭʽʜʥʦʛʦ ʧʦʪʦʢʫ [Kirichenko, 2016]. ɯʥʪʝʨʚʘʣ ʤʦʥʽʪʦʨʠʥʛʫ ʤʘʻ ʯʘʩʪʽʰʘʪʠ, 

ʷʢʱʦ ʫ ʚʭʽʜʥʦʤʫ ʧʦʪʦʮʽ ʜʽʘʧʘʟʦʥ ʟʥʘʯʝʥ ɹ ʫʟʘʛʘʣʴʥʝʥʦʛʦ ʧʦʢʘʟʥʠʢʘ ʍʝʨʩʪʘ 
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ʧʨʠʡʤʘʻ ʟʥʘʯʝʥʥʷ, ʙʽʣʴʰʽ ʟʘʜʘʥʦʾ ʚʝʣʠʯʠʥʠ 
min max( ) ( ) MAXh h q h qD = - >D, ʽ ʟʽ 

ʟʥʘʯʝʥʥʷʤ ʧʦʢʘʟʥʠʢʘ ʍʝʨʩʪʘ ( 2) 0,8MAXH h q H= = > >. 

ʋʜʦʩʢʦʥʘʣʝʥʘ ʤʦʜʝʣʴ ʙʘʣʘʥʩʫʚʘʥʥʷ ʥʘʚʘʥʪʘʞʝʥʥʷ ʚʨʘʭʦʚʫʻ ʥʝ ʪʽʣʴʢʠ 

ʤʫʣʴʪʠʬʨʘʢʪʘʣʴʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʫ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʧʦʪʦʢʽʚ, ʘ ʽ ʧʘʨʘʤʝʪʨʠ 

ʙʝʟʧʝʢʠ ʨʝʩʫʨʩʽʚ ʩʠʩʪʝʤʠ ʪʘ ʽʜʝʥʪʠʬʽʢʘʮʾʾ ʘʪʘʢ. ʅʝʦʙʭʽʜʥʦ ʧʨʦʚʝʩʪʠ ʘʥʘʣʽʟ ʪʘ 

ʦʙʨʘʪʠ ʘʣʛʦʨʠʪʤ ʙʘʣʘʥʩʫʚʘʥʥʷ ʥʘʚʘʥʪʘʞʝʥʥʷ. 

3.5. ɼʦʩʣʽʜʞʝʥʥʷ ʘʣʛʦʨʠʪʤʽʚ ʙʘʣʘʥʩʫʚʘʥʥʷ ʥʘʚʘʥʪʘʞʝʥʥʷ 

ɸʣʛʦʨʠʪʤʠ ʙʘʣʘʥʩʫʚʘʥʥʷ ʥʘʚʘʥʪʘʞʝʥʥʷ ʤʦʞʫʪʴ ʙʫʪʠ ʢʣʘʩʠʬʽʢʦʚʘʥʽ ʟʘ 

ʢʽʣʴʢʦʤʘ ʪʠʧʘʤʠ [Gupta, 2013; Kashyap, 2014; Ivanisenko, 2015-1]. 

ï ʅʘ ʦʩʥʦʚʽ ʧʦʪʦʯʥʦʛʦ ʩʪʘʥʫ ʩʠʩʪʝʤʠ. 

ʉʪʘʪʠʯʥʠʡ ʘʣʛʦʨʠʪʤ. ʋ ʮʴʦʤʫ ʚʠʧʘʜʢʫ ʧʦʪʦʯʥʠʡ ʩʪʘʥ ʚʫʟʣʘ ʥʝ 

ʚʨʘʭʦʚʫʻʪʴʩʷ, ʧʦʪʨʽʙʥʘ ʧʦʧʝʨʝʜʥʷ ʙʘʟʘ ʟʥʘʥʴ ʧʨʦ ʩʪʘʪʠʩʪʠʢʫ ʢʦʞʥʦʛʦ ʚʫʟʣʘ ʽ 

ʧʨʠʟʥʘʯʝʥ ̔ ʜʣʷ ʢʦʨʠʩʪʫʚʘʯʘ ʚʠʤʦʛʠ. ɸʣʛʦʨʠʪʤʠ ʮʴʦʛʦ ʪʠʧʫ ʥʝ ʛʥʫʯʢʽ, ʥʝ 

ʤʘʩʰʪʘʙʫʪʁʴʩʷ, ʥʝ ʩʫʤʽʩʥ ̔ʟ ʤʽʥʣʠʚʠʤʠ ʚʠʤʦʛʘʤʠ ʢʦʨʠʩʪʫʚʘʯʽʚ ʽ ʟʘʚʘʥʪʘʞʝʥʥ,̫ 

ʚʠʢʦʨʠʩʪʦʚʫʪʁʴʩʷ ʚ ʦʜʥʦʨʽʜʥʦʤʫ ʩʝʨʝʜʦʚʠʱʽ. 

ɼʠʥʘʤʽʯʥʠʡ ʘʣʛʦʨʠʪʤ. ʎʝʡ ʪʠʧ ʘʣʛʦʨʠʪʤʽʚ ʧʨʘʮʶʻ ʚʽʜʧʦʚʽʜʥʦ ʜʦ 

ʜʠʥʘʤʽʯʥʠʭ ʟʤʽʥ ʩʪʘʥʫ ʚʫʟʣʽʚ, ʪʦʙʪʦ ʚʽʥ ʟʙʠʨʘʻ, ʟʙʝʨʽʛʘʻ ʽ ʘʥʘʣʽʟʫʻ ʽʥʬʦʨʤʘʮʽʶ 

ʧʨʦ ʩʪʘʥ ʩʠʩʪʝʤʠ. ʏʝʨʝʟ ʮʝ ʚʠʥʠʢʘʶʪʴ ʚʝʣʠʢʽ ʥʘʢʣʘʜʥʽ ʚʠʪʨʘʪʠ ʥʘ ʙʘʣʘʥʩʫʚʘʥʥʷ. 

ʅʝʦʙʭʽʜʥʦ ʚʨʘʭʦʚʫʚʘʪʠ ʨʦʟʪʘʰʫʚʘʥʥʷ ʧʨʦʮʝʩʦʨʘ, ʷʢʦʤʫ ʧʝʨʝʜʘʻʪʴʩʷ 

ʥʘʚʘʥʪʘʞʝʥʥʷ ʚʽʜ ʧʝʨʝʚʘʥʪʘʞʝʥʦʛʦ ʧʨʦʮʝʩʦʨʘ, ʦʮʽʥʢʫ ʥʘʚʘʥʪʘʞʝʥʥʷ, ʦʙʤʝʞʝʥʥʷ 

ʯʠʩʣʘ ʤʽʛʨʘʮʽʡ.  ɺʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʚ ʛʝʪʝʨʦʛʝʥʥʦʤʫ ʩʝʨʝʜʦʚʠʱʽ. 

ï ʅʘ ʦʩʥʦʚʽ ʽʥʽʮʽʘʪʦʨʘ ʘʣʛʦʨʠʪʤʫ. 

ɯʥʽʮʽʡʦʚʘʥʠʡ ʚʽʜʧʨʘʚʥʠʢʦʤ: ʚʽʜʧʨʘʚʥʠʢ ʚʠʟʥʘʯʘʻ, ʱʦ ʢʽʣʴʢʽʩʪʴ ʚʫʟʣʽʚ 

ʚʝʣʠʢʘ, ʽ ʚʽʜʧʨʘʚʥʠʢ ʽʥʽʮʽʶʻ ʚʠʢʦʥʘʥʥʷ ʘʣʛʦʨʠʪʤʫ ʙʘʣʘʥʩʫʚʘʥʥʷ ʥʘʚʘʥʪʘʞʝʥʥʷ. 
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ɯʥʽʮʽʡʦʚʘʥʠʡ ʦʜʝʨʞʫʚʘʯʝʤ: ʚʠʤʦʛʠ ʧʨʦ ʙʘʣʘʥʩʫʚʘʥʥ ̫ ʥʘʚʘʥʪʘʞʝʥʥʷ 

ʤʦʞʫʪʴ ʙʫʪʠ ʚʠʟʥʘʯʝʥʽ ʦʜʝʨʞʫʚʘʯʝʤ / ʩʝʨʚʝʨʦʤ ʚ ʭʤʘʨʽ, ʽ ʪʦʜʽ ʩʝʨʚʝʨ ʽʥʽʮʽʶʻ 

ʚʠʢʦʥʘʥʥʷ ʘʣʛʦʨʠʪʤʫ ʙʘʣʘʥʩʫʚʘʥʥʷ. 

ʉʠʤʝʪʨʠʯʥʠʡ: ʎʝ ʧʦʻʜʥʘʥʥʷ ʪʠʧʽʚ ʽʥʽʮʽʡʦʚʘʥʠʭ ʚʽʜʧʨʘʚʥʠʢʦʤ ʽ 

ʦʪʨʠʤʫʚʘʯʝʤ. 

ɼʠʥʘʤʽʯʥʠʡ ʧʽʜʭʽʜ ʙʘʣʘʥʩʫʚʘʥʥʷ ʥʘʚʘʥʪʘʞʝʥʥʷ ʧʽʜʨʦʟʜʽʣʷʻʪʴʩʷ ʥʘ 

ʜʚʘ ʪʠʧʠ: ʨʦʟʧʦʜʽʣʝʥʠʡ ʽ ʥʝʨʦʟʧʦʜʽʣʝʥʠʡ (ʮʝʥʪʨʘʣʽʟʦʚʘʥʠʡ) ʧʽʜʭʦʜʠ. ɺʦʥʠ 

ʚʠʟʥʘʯʘʪʁʴʩʷ ʪʘʢʠʤ ʯʠʥʦʤ: 

ï ʫ ʥʝʨʦʟʧʦʜʽʣʝʥʦʤʫ ʧʽʜʭʦʜʽ ʦʜʠʥ ʚʫʟʦʣ ʘʙʦ ʛʨʫʧʘ ʚʫʟʣʽʚ ʚʽʜʧʦʚʽʜʘʶʪʴ ʟʘ 

ʫʧʨʘʚʣʽʥʥʷ ʪʘ ʨʦʟʧʦʜʽʣ ʧʦ ʚʩʽʡ ʩʠʩʪʝʤʽ. ɯʥʰʽ ʚʫʟʣʠ ʥʝ ʨʦʟʧʦʜʽʣʷʶʪʴ ʟʘʚʜʘʥʥʷ ʽ 

ʥʝ ʚʠʢʦʥʫʶʪʴ ʢʝʨʫʶʯʽ ʬʫʥʢʮʽʾ, ʦʪʞʝ ʮʝʡ ʪʠʧ ʘʣʛʦʨʠʪʤʽʚ ʥʝ  ̒ʚʽʜʤʦʚʦʩʪʽʡʢʠʤ, 

ʤʦʞʝ ʩʪʘʪʠʩʷ ʧʝʨʝʚʘʥʪʘʞʝʥʥʷ ʮʝʥʪʨʘʣʴʥʦʛʦ ʧʨʦʮʝʩʦʨʘ ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʴ. 

ʂʦʨʠʩʥʽ ʚ ʥʝʚʝʣʠʢʠʭ ʤʝʨʝʞʘʭ ʟ ʥʠʟʴʢʠʤ ʥʘʚʘʥʪʘʞʝʥʥʷʤ. 

ï ʫ ʨʦʟʧʦʜʽʣʝʥʦʤʫ ʧʽʜʭʦʜʽ ʢʦʞʝʥ ʚʫʟʦʣ ʥʝʟʘʣʝʞʥʦ ʙʫʜʫʻ ʩʚʽʡ ʚʝʢʪʦʨ 

ʥʘʚʘʥʪʘʞʝʥʥʷ. ɺʩʽ ʧʨʦʮʝʩʦʨʠ ʚ ʤʝʨʝʞʽ ʚʽʜʧʦʚʽʜʘʶʪʴ ʟʘ ʨʦʟʧʦʜʽʣ ʥʘʚʘʥʪʘʞʝʥʥʷ ʽ 

ʥʘʧʦʚʥʝʥʥʷ ʚʣʘʩʥʦʾ ʣʦʢʘʣʴʥʦʾ ʙʘʟʠ ʜʘʥʠʭ ʜʣʷ ʧʨʠʡʥʷʪʪʷ ʝʬʝʢʪʠʚʥʠʭ ʨʽʰʝʥʴ 

ʙʘʣʘʥʩʫʚʘʥʥʷ. ʎʝ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʚʝʣʠʢʠʭ ʢʦʤʫʥʽʢʘʮʽʡʥʠʭ ʚʠʪʨʘʪ ʽ ʩʢʣʘʜʥʦʩʪʽ 

ʘʣʛʦʨʠʪʤʽʚ. ʂʦʨʠʩʥʽ ʚ ʚʝʣʠʢʠʭ ʽ ʛʝʪʝʨʦʛʝʥʥʠʭ ʤʝʨʝʞʘʭ. 

ɿ ʨʦʟʧʦʜʽʣʝʥʠʤ ʧʽʜʭʦʜʦʤ ʙʘʣʘʥʩʫʚʘʥʥʷ ʥʘʚʘʥʪʘʞʝʥʥʷ ʤʦʞʝ ʤʘʪʠ ʜʚʽ 

ʬʦʨʤʠ: ʢʦʦʧʝʨʘʪʠʚʥʫ ʽ ʥʝʢʦʦʧʝʨʘʪʠʚʥʫ. ʋ ʢʦʦʧʝʨʘʪʠʚʥʽʡ ʚʫʟʣʠ ʧʨʘʮʶʶʪʴ ʧʣʽʯ-

ʦ-ʧʣʽʯ ʜʣʷ ʜʦʩʷʛʥʝʥʥʷ ʩʧʽʣʴʥʦʾ ʤʝʪʠ, ʥʘʧʨʠʢʣʘʜ, ʧʦʣʽʧʰʝʥʥʷ ʟʘʛʘʣʴʥʦʛʦ ʯʘʩʫ 

ʚʽʜʛʫʢʫ. ɿ ʥʝʢʦʦʧʝʨʘʪʠʚʥʠʤ ʧʽʜʭʦʜʦʤ ʙʘʣʘʥʩʫʚʘʥʥʷ ʚʫʟʦʣ ʧʨʘʮʶʻ ʥʝʟʘʣʝʞʥʦ ʚʽʜ 

ʤʝʪʠ, ʥʘʧʨʠʢʣʘʜ, ʧʦʣʽʧʰʝʥʥʷ ʯʘʩʫ ʚʠʢʦʥʘʥʥʷ ʤʽʩʮʝʚʦʛʦ ʟʘʚʜʘʥʥʷ. 

ɺʫʟʣʠ ʧʦʩʪʽʡʥʦ ʚʟʘʻʤʦʜʽʶʪʴ ʦʜʠʥ ʟ ʦʜʥʠʤ ʽ ʟ ʨʦʟʧʦʜʽʣʝʥʠʤ ʧʽʜʭʦʜʦʤ 

ʛʝʥʝʨʫʶʪʴ ʙʽʣʴʰʝ ʧʦʚʽʜʦʤʣʝʥʴ, ʥʽʞ ʟ ʥʝʨʦʟʧʦʜʽʣʝʥʠʤ. ʇʝʨʝʜʘʯʘ ʧʦʚʽʜʦʤʣʝʥʴ 

ʤʽʞ ʚʫʟʣʘʤʠ ʜʣʷ ʦʙʤʽʥʫ ʽʥʬʦʨʤʘʮʽʻʶ ʧʨʦ ʦʥʦʚʣʝʥʥʷ ʩʠʩʪʝʤʠ ʤʦʞʝ ʧʨʠʟʚʝʩʪʠ ʜʦ 

ʟʥʠʞʝʥʥʷ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ ʩʠʩʪʝʤʠ [Kameda, 1997]. ʆʜʠʥ ʚʫʟʦʣ ʘʙʦ ʛʨʫʧʘ ʚʫʟʣʽʚ 
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ʚʠʨʽʰʫʻ ʟʘʚʜʘʥʥʷ ʙʘʣʘʥʩʫʚʘʥʥʷ ʥʘʚʘʥʪʘʞʝʥʥʷ ʟ ʥʝʨʦʟʧʦʜʽʣʝʥʠʤ ʧʽʜʭʦʜʦʤ, ʚʽʥ 

ʤʦʞʝ ʧʨʠʡʤʘʪʠ ʜʚʽ ʬʦʨʤʠ ʮʝʥʪʨʘʣʽʟʦʚʘʥʦʾ ʽ ʥʘʧʽʚʨʦʟʧʦʜʽʣʝʥʦ.ʾ 

ʋ ʮʝʥʪʨʘʣʽʟʦʚʘʥʠʭ ʘʣʛʦʨʠʪʤʘʭ ʦʜʠʥ ʚʫʟʦʣ ʦʜʥʦʦʩʽʙʥʦ ʚʽʜʧʦʚʽʜʘʻ ʟʘ 

ʙʘʣʘʥʩʫʚʘʥʥʷ ʥʘʚʘʥʪʘʞʝʥʥʷ ʚʩʽʻʾ ʩʠʩʪʝʤʠ ʽ ʥʘʟʠʚʘʻʪʴʩʷ ʮʝʥʪʨʘʣʴʥʠʤ ʚʫʟʣʦʤ. 

ɺʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʚ ʥʝʚʝʣʠʢʠʭ ʤʝʨʝʞʘʭ. ʋ ʥʘʧʽʚʨʦʟʧʦʜʽʣʝʥʠʭ ʘʣʛʦʨʠʪʤʘʭ 

ʢʣʘʩʪʝʨ ʬʦʨʤʫʻʪʴʩʷ ʛʨʫʧʦʶ ʚʫʟʣʽʚ ʩʠʩʪʝʤʠ, ʙʘʣʘʥʩʫʚʘʥʥʷ ʥʘʚʘʥʪʘʞʝʥʥʷ 

ʚʽʜʙʫʚʘʻʪʴʩʷ ʚ ʢʦʞʥʦʤʫ ʢʣʘʩʪʝʨʽ ʟ ʮʝʥʪʨʘʣʽʟʦʚʘʥʦʛʦ ʪʠʧʫ. ʉʝʨʝʜ ʚʫʟʣʽʚ ʫ 

ʢʣʘʩʪʝʨʽ ʮʝʥʪʨʘʣʴʥʠʡ ʚʫʟʦʣ ʥ̔̔ʮ̔ʘʣ̔ʟʫ̒ ʙʘʣʘʥʩʫʚʘʥʥʷ ʥʘʚʘʥʪʘʞʝʥʥʷ ʚ ʮʽʡ ʛʨʫʧʽ. 

ʅʘʧʽʚʨʦʟʧʦʜʽʣʝʥʽ ʘʣʛʦʨʠʪʤʠ ʦʙʤʽʥʶʶʪʴʩʷ ʚʝʣʠʢʦʶ ʢʽʣʴʢʽʩʪʶ ʧʦʚʽʜʦʤʣʝʥʴ 

ʧʦʨʽʚʥʷʥʦ ʟ ʮʝʥʪʨʘʣʽʟʦʚʘʥʠʤʠ. [ʄʝʪʦʜʳ ʢʣʘʩʪʝʨʥʦʛʦ ʘʥʘʣʠʟʘ] 

ɿʘʟʚʠʯʘʡ ʜʠʥʘʤʽʯʥʠʡ ʘʣʛʦʨʠʪʤ ʙʘʣʘʥʩʫʚʘʥʥʷ ʤʽʩʪʠʪʴ ʯʦʪʠʨʠ ʝʣʝʤʝʥʪʠ: 

ʧʦʣʽʪʠʢʫ ʙʘʣʘʥʩʫʚʘʥʥʷ (transfer policy); ʘʣʛʦʨʠʪʤ ʚʠʙʦʨʫ ʧʘʨʪʥʝʨʘ (location 

policy); ʘʣʛʦʨʠʪʤ ʚʠʙʦʨʫ ʟʘʚʜʘʥʥʷ ʜʣʷ ʧʝʨʝʜʘʯʽ (selection policy); ʤʝʭʘʥʽʟʤ ʟʙʦʨʫ 

ʥʝʦʙʭʽʜʥʦʾ ʽʥʬʦʨʤʘʮʽʾ ʧʨʦ ʩʪʘʥ ʩʠʩʪʝʤʠ (information policy). 

ʇʦʣʽʪʠʢʘ ʙʘʣʘʥʩʫʚʘʥʥʷ ʚʠʟʥʘʯʘʻ, ʯʠ ʻ ʚʫʟʦʣ ʦʙô̒ ʢʪʦʤ ʙʘʣʘʥʩʫʚʘʥʥʷ 

[Kaur, 2014]. ʈʽʟʥʽ ʚʠʜʠ ʧʦʣʽʪʠʢ ʙʘʣʘʥʩʫʚʘʥʥʷ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʧʦʨʦʛʦʚʽ 

ʟʥʘʯʝʥʥʷ ʟʘʚʘʥʪʘʞʝʥʦʩʪʽ ʚʫʟʣʽʚ, ʚʽʜʭʠʣʝʥʥʷ ʚʝʣʠʯʠʥʠ ʥʘʚʘʥʪʘʞʝʥʥʷ ʚʫʟʣʘ ʚʽʜ 

ʩʝʨʝʜʥʴʦʛʦ ʟʥʘʯʝʥʥʷ ʫ ʩʠʩʪʝʤʽ ʽ ʽʥʰʽ ʤʝʪʦʜʠ. ɸʣʛʦʨʠʪʤ ʚʠʙʦʨʫ ʟʘʚʜʘʥʥʷ 

ʚʠʟʥʘʯʘʻ, ʷʢʝ ʟʘʚʜʘʥʥʷ ʥʝʦʙʭʽʜʥʦ ʧʝʨʝʜʘʪʠ. ɿ ʚʠʙʦʨʦʤ ʟʘʚʜʘʥʥʷ ʜʣʷ ʚʽʜʧʨʘʚʢʠ 

ʘʣʛʦʨʠʪʤ ʤʦʞʝ ʚʨʘʭʦʚʫʚʘʪʠ, ʱʦ ʥʘʢʣʘʜʥʽ ʚʠʪʨʘʪʠ, ʧʦʚô̫ ʟʘʥʽ ʟ ʧʝʨʝʩʠʣʢʦʶ 

ʟʘʚʜʘʥʥʷ, ʤʘʶʪʴ ʙʫʪʠ ʤʽʥʽʤʘʣʴʥʽ, ʩʢʣʘʜʥʽʩʪʴ ʚʠʢʦʥʘʥʥʷ ʟʘʚʜʘʥʥʷ ʤʘʻ ʙʫʪʠ 

ʚʝʣʠʢʦʶ, ʢʽʣʴʢʽʩʪʴ ʟʚô̫ ʟʢʽʚ ʫ ʟʘʚʜʘʥʥ ̔ ʟ ʣʦʢʘʣʴʥʠʤʠ ʨʝʩʫʨʩʘʤʠ ʤʘʻ ʙʫʪʠ 

ʤʽʥʽʤʘʣʴʥʦ .ʁ ɸʣʛʦʨʠʪʤ ʚʠʙʦʨʫ ʧʘʨʪʥʝʨʘ ʚʽʜʧʦʚʽʜʘʻ ʟʘ ʚʠʙʽʨ ʚʽʜʧʦʚʽʜʥʦʛʦ ʚʫʟʣʘ 

ʜʣʷ ʦʧʝʨʘʮʽʾ ʙʘʣʘʥʩʫʚʘʥʥʷ. ʇʦʰʠʨʝʥʦʶ ʪʝʭʥʽʢʦʶ ʚ ʨʦʟʧʦʜʽʣʝʥʠʭ ʘʣʛʦʨʠʪʤʘʭ ʻ 

ʦʧʠʪʫʚʘʥʥʷ (polling) ʚʫʟʣʽʚ. ʆʧʠʪʫʚʘʥʥʷ ʤʦʞʝ ʙʫʪʠ ʧʦʩʣʽʜʦʚʥʠʤ ʘʙʦ 

ʧʘʨʘʣʝʣʴʥʠʤ, ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʨʝʟʫʣʴʪʘʪʠ ʧʦʧʝʨʝʜʥʽʭ ʦʧʠʪʫʚʘʥʴ. ʋ 

ʮʝʥʪʨʘʣʽʟʦʚʘʥʠʭ ʘʣʛʦʨʠʪʤʘʭ ʚʫʟʦʣ ʟʚʝʨʪʘʻʪʴʩʷ ʜʦ ʩʧʝʮʽʘʣʽʟʦʚʘʥʦʛʦ 

ʢʦʦʨʜʠʥʘʪʦʨʘ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʚʽʜʧʦʚʽʜʥʦʛʦ ʧʘʨʪʥʝʨʘ ʜʣʷ ʙʘʣʘʥʩʫʚʘʥʥʷ. 
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ʂʦʦʨʜʠʥʘʪʦʨ ʟʙʠʨʘʻ ʽ ʧʽʜʪʨʠʤʫʻ ʚ ʘʢʪʫʘʣʴʥʦʤʫ ʩʪʘʥʽ ʽʥʬʦʨʤʘʮʽʶ ʧʨʦ 

ʟʘʚʘʥʪʘʞʝʥʽʩʪʴ ʚʫʟʣʽʚ ʩʠʩʪʝʤʠ, ʘ ʘʣʛʦʨʠʪʤ ʧʦʰʫʢʫ ʧʘʨʪʥʝʨʘ ʚʠʢʦʨʠʩʪʦʚʫʻ ʮʽ 

ʜʘʥʽ. 

ʄʝʭʘʥʽʟʤ ʟʙʦʨʫ ʽʥʬʦʨʤʘʮʽʾ ʧʨʦ ʟʘʚʘʥʪʘʞʝʥʽʩʪʴ ʩʠʩʪʝʤʠ ʚʠʟʥʘʯʘʻ 

ʜʞʝʨʝʣʦ ʽʥʬʦʨʤʘʮʽʾ, ʯʘʩ ʟʙʦʨʫ ʜʘʥʠʭ ʧʨʦ ʟʘʚʘʥʪʘʞʝʥʽʩʪʴ, ʤʽʩʮʝ ʟʙʝʨʽʛʘʥʥʷ 

ʽʥʬʦʨʤʘʮʽʾ. ɯʩʥʫʻ ʢʽʣʴʢʘ ʢʣʘʩʽʚ ʤʝʭʘʥʽʟʤʽʚ ʟʙʦʨʫ ʽʥʬʦʨʤʘʮʽʾ. 

1. ɿʙʽʨ ʜʘʥʠʭ ʟʘ ʥʝʦʙʭʽʜʥʩ̔ʪʁ. ʋ ʜʘʥʦʤʫ ʢʣʘʩʽ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ 

ʨʦʟʧʦʜʽʣʝʥʽ ʘʣʛʦʨʠʪʤʠ, ʷʢʽ ʟʙʠʨʘʶʪʴ ʽʥʬʦʨʤʘʮʽʶ ʧʨʦ ʟʘʚʘʥʪʘʞʝʥʽʩʪʴ, ʢʦʣʠ 

ʚʫʟʦʣ ʧʦʪʨʝʙʫʻ ʙʘʣʘʥʩʫʚʘʥʥ ̫ʥʘʚʘʥʪʘʞʝʥʥʷ. 

2. ʇʝʨʽʦʜʠʯʥʠʡ ʟʙʽʨ ʜʘʥʠʭ. ɸʣʛʦʨʠʪʤʠ ʜʘʥʦʛʦ ʢʣʘʩʫ ʤʦʞʫʪʴ ʙʫʪʠ ʷʢ 

ʮʝʥʪʨʘʣʽʟʦʚʘʥʠʤʠ, ʪʘʢ ʽ ʨʦʟʧʦʜʽʣʝʥʠʤʠ. ɿʘʣʝʞʥʦ ʚʽʜ ʟʽʙʨʘʥʠʭ ʜʘʥʠʭ, ʘʣʛʦʨʠʪʤ 

ʽʥʽʮʽʶʻ ʙʘʣʘʥʩʫʚʘʥʥʷ ʥʘʚʘʥʪʘʞʝʥʥʷ. 

3. ɿʙʽʨ ʜʘʥʠʭ ʱʦʜʦ ʟʤʽʥʠ ʩʪʘʥʫ. ʋ ʩʠʩʪʝʤʘʭ, ʱʦ ʨʝʘʣʽʟʫʶʪʴ ʘʣʛʦʨʠʪʤʠ 

ʜʘʥʦʛʦ ʢʣʘʩʫ, ʚʫʟʣʠ ʩʘʤʽ ʧʦʰʠʨʶʶʪʴ ʽʥʬʦʨʤʘʮʽʶ ʧʨʦ ʟʤʽʥʫ ʟʘʚʘʥʪʘʞʝʥʦʩʪʽ ʚ 

ʭʦʜʽ ʟʤʽʥʠ ʚʥʫʪʨʽʰʥʴʦʛʦ ʩʪʘʥʫ. ʋ ʨʘʟʽ ʨʦʟʧʦʜʽʣʝʥʠʭ ʘʣʛʦʨʠʪʤʽʚ ʜʘʥʽ 

ʥʘʧʨʘʚʣʷʶʪʴʩʷ ʩʫʩʽʜʥʽʤ ʚʫʟʣʘʤ, ʫ ʨʘʟʽ ʮʝʥʪʨʘʣʽʟʦʚʘʥʠʭ ʘʣʛʦʨʠʪʤʽʚ ʜʘʥʽ 

ʥʘʧʨʘʚʣʷʶʪʴʩʷ ʢʦʦʨʜʠʥʘʪʦʨʫ. 

ʂʣʘʩʠʬʽʢʘʮʽʷ ʘʣʛʦʨʠʪʤʽʚ ʙʘʣʘʥʩʫʚʘʥʥʷ ʥʘʚʘʥʪʘʞʝʥʥʷ ʩʭʝʤʘʪʠʯʥʦ 

ʥʘʚʝʜʝʥʘ ʥʘ ʨʠʩ. 3.3. 

ɹʘʣʘʥʩʫʚʘʣʴʥʠʢʠ ʥʘʚʘʥʪʘʞʝʥʥʷ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʨʽʟʥʽ ʘʣʛʦʨʠʪʤʠ ʜʣʷ 

ʫʧʨʘʚʣʽʥʥʷ ʪʨʘʬʽʢʦʤ ʟ ʤʝʪʦʶ ʨʦʟʧʦʜʽʣʫ ʥʘʚʘʥʪʘʞʝʥʥʷ ʽ / ʘʙʦ ʤʘʢʩʠʤʘʣʴʥʦʛʦ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʚʩʽʭ ʩʝʨʚʝʨʽʚ ʚ ʢʣʘʩʪʝʨʽ. 

ɸʥʘʣʽʟ ʷʢʦʩʪʽ ʘʣʛʦʨʠʪʤʽʚ ʙʘʣʘʥʩʫʚʘʥʥʷ ʥʘʚʘʥʪʘʞʝʥʥʷ. 

ɿʘʚʜʷʢʠ ʘʣʛʦʨʠʪʤʘʤ ʙʘʣʘʥʩʫʚʘʥʥʷ ʜʦʩʷʛʘʻʪʴʩʷ ʙʽʣʴʰ ʚʠʩʦʢʘ ʧʨʦʧʫʩʢʥʘ 

ʟʜʘʪʥʽʩʪʴ ʽ ʧʦʣʽʧʰʫʻʪʴʩʷ ʯʘʩ ʚʽʜʛʫʢʫ ʚ ʨʦʟʧʦʜʽʣʝʥʠʭ ʩʠʩʪʝʤʘʭ. ʆʜʥʘʢ ʢʦʞʝʥ ʟ 

ʘʣʛʦʨʠʪʤʽʚ ʤʘʻ ʷʢ ʧʝʨʝʚʘʛʠ, ʪʘʢ ʽ ʥʝʜʦʣʽʢʠ [Gupta, 2013; Kashyap, 2014]. 

ʈʦʟʛʣʷʥʝʤʦ ʦʩʥʦʚʥʽ ʘʣʛʦʨʠʪʤʠ ʙʘʣʘʥʩʫʚʘʥʥʷ ʥʘʚʘʥʪʘʞʝʥʥʷ. 
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ʈʠʩ. 3.3. ʂʣʘʩʠʬʽʢʘʮʽʷ ʘʣʛʦʨʠʪʤʽʚ ʙʘʣʘʥʩʫʚʘʥʥʷ ʥʘʚʘʥʪʘʞʝʥʥʷ 

1. ɺ Round Robin Scheduling [Keshav, 1997; Ghuge, 2014; Rajwinder, 2014] 

(ʫʧʨʘʚʣʽʥʥʷ ʟʘʚʜʘʥʥʷʤʠ ʚ ʩʠʩʪʝʤʘʭ ʟ ʨʦʟʧʦʜʽʣʦʤ ʯʘʩʫ) ʘʣʛʦʨʠʪʤ ʚʠʟʥʘʯʘʻ ʢʽʣʴʮʝ 

ʷʢ ʯʝʨʛʘ ʽ ʢʚʘʥʪ ʬʽʢʩʦʚʘʥʦʛʦ ʯʘʩʫ. ʂʦʞʥʝ ʟʘʚʜʘʥʥʷ ʤʦʞʝ ʙʫʪʠ ʚʠʢʦʥʘʥʦ ʪʽʣʴʢʠ ʚ 

ʮʝʡ ʢʚʘʥʪ ʯʘʩʫ ʽ ʚ ʩʚʦʶ ʯʝʨʛʫ. ʗʢʱʦ ʟʘʚʜʘʥʥʷ ʥʝ ʤʦʞʝ ʙʫʪʠ ʟʘʚʝʨʰʝʥʦ ʧʨʦʪʷʛʦʤ 

ʦʜʥʦʛʦ ʢʚʘʥʪʘ, ʚʦʥʦ ʧʦʚʝʨʥʝʪʴʩʷ ʚ ʯʝʨʛʫ ʥʘ ʦʯʽʢʫʚʘʥʥʷ ʥʘʩʪʫʧʥʦʛʦ ʢʦʣʘ. ʆʜʥʘʢ 

ʽʩʥʫʻ ʧʨʦʙʣʝʤʘ ʚʠʟʥʘʯʝʥʥʷ ʚʽʜʧʦʚʽʜʥʦʛʦ ʢʚʘʥʪʘ ʯʘʩʫ. ʂʦʣʠ ʢʚʘʥʪ ʯʘʩʫ ʜʫʞʝ 

ʚʝʣʠʢʠʡ, ʪʦ RR ʘʣʛʦʨʠʪʤ ʧʣʘʥʫʚʘʥʥʷ ʧʨʘʮʶʻ ʪʘʢ ʩʘʤʦ, ʷʢ FCFS Scheduling. ɸ 

ʢʦʣʠ ʢʚʘʥʪ ʯʘʩʫ ʜʫʞʝ ʤʘʣʠʡ, ʪʦ Round Robin Scheduling ʚʽʜʦʤʠʡ ʷʢ Processor 

Sharing ʘʣʛʦʨʠʪʤ. 

2. Max-Min Algorithm [Elzeki, 2012; Katyal, 2013; Ghuge, 2014; Kashyap, 

2014; Rajwinder, 2014]: ʫ ʮʴʦʤʫ ʘʣʛʦʨʠʪʤʽ ʨʦʟʨʘʭʫʚʘʚʰʠ ʤʽʥʽʤʘʣʴʥʠʡ ʯʘʩ 

ʚʠʢʦʥʘʥʥʷ ʟʘʚʜʘʥʴ, ʚʠʙʠʨʘʻʪʴʩʷ ʤʘʢʩʠʤʘʣʴʥʠʡ ʯʘʩ ʩʝʨʝʜ ʚʩʽʭ ʟʘʚʜʘʥʴ ʥʘ ʚʩʽʭ 

ʨʝʩʫʨʩʘʭ. ɼʘʣʽ ʟʘʚʜʘʥʥʷ ʟʽ ʟʥʘʡʜʝʥʠʤ ʤʘʢʩʠʤʘʣʴʥʠʤ ʯʘʩʦʤ ʧʨʠʟʥʘʯʘʻʪʴʩʷ ʜʣʷ 

ʚʠʢʦʥʘʥʥʷ ʥʘ ʢʦʥʢʨʝʪʥʦ ʦʙʨʘʥʠʡ ʚʫʟʦʣ. ʇʦʪʽʤ ʧʝʨʝʨʘʭʦʚʫʻʪʴʩʷ ʯʘʩ ʚʠʢʦʥʘʥʥʷ 

ʚʩʽʭ ʟʘʚʜʘʥʴ ʥʘ ʮʴʦʤʫ ʚʫʟʣʽ ʰʣʷʭʦʤ ʜʦʜʘʚʘʥʥʷ ʯʘʩʫ ʚʠʢʦʥʘʥʥʷ ʧʦʩʪʘʚʣʝʥʦʛʦ 
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ʟʘʚʜʘʥʥʷ ʜʦ ʯʘʩʫ ʚʠʢʦʥʘʥʥʷ ʽʥʰʠʭ ʟʘʚʜʘʥʴ ʥʘ ʮʴʦʤʫ ʚʫʟʣʽ. ʇʦʪʽʤ ʧʦʩʪʘʚʣʝʥʘ 

ʟʘʜʘʯʘ ʚʠʣʫʯʘʻʪʴʩʷ ʟʽ ʩʧʠʩʢʫ ʩʠʩʪʝʤʠ. 

3. ɸʣʛʦʨʠʪʤ Compare and Balance [Hu, 1998; Gupta, 2013; Rajwinder, 

2014] ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʜʣʷ ʜʦʩʷʛʥʝʥʥʷ ʨʽʚʥʦʚʘʞʥʦʛʦ ʩʪʘʥʫ ʽ ʫʧʨʘʚʣʽʥʥʷ 

ʥʝʟʙʘʣʘʥʩʦʚʘʥʠʤ ʥʘʚʘʥʪʘʞʝʥʥʷʤ ʩʠʩʪʝʤʠ. ʅʘ ʦʩʥʦʚʽ ʡʤʦʚʽʨʥʦʩʪʽ (ʥʦʤʝʨ 

ʚʽʨʪʫʘʣʴʥʦʾ ʤʘʰʠʥʠ, ʟʘʧʫʱʝʥʦʾ ʥʘ ʧʦʪʦʯʥʦʤʫ ʭʦʩʪʽ ʽ ʚʩʽʻʾ ʭʤʘʨʥʦʾ ʩʠʩʪʝʤʠ), 

ʧʦʪʦʯʥʠʡ ʭʦʩʪ ʚʠʧʘʜʢʦʚʠʤ ʯʠʥʦʤ ʚʠʙʠʨʘʻ ʭʦʩʪ ʽ ʧʦʨʽʚʥʶʻ ʾʭ ʥʘʚʘʥʪʘʞʝʥʥʷ. 

ʗʢʱʦ ʥʘʚʘʥʪʘʞʝʥʥʷ ʧʦʪʦʯʥʦʛʦ ʭʦʩʪʘ ʙʽʣʴʰʝ ʦʙʨʘʥʦʛʦ ʭʦʩʪʘ, ʚʽʥ ʧʝʨʝʜʘʻ 

ʜʦʜʘʪʢʦʚʝ ʥʘʚʘʥʪʘʞʝʥʥʷ ʥʘ ʮʝʡ ʢʦʥʢʨʝʪʥʠʡ ʚʫʟʦʣ. ʇʦʪʽʤ ʢʦʞʝʥ ʚʫʟʦʣ ʩʠʩʪʝʤʠ 

ʚʠʢʦʥʫʻ ʪʫ ʞ ʧʨʦʮʝʜʫʨʫ. ʎʝʡ ʘʣʛʦʨʠʪʤ ʙʘʣʘʥʩʫʚʘʥʥʷ ʥʘʚʘʥʪʘʞʝʥʥʷ ʪʘʢʦʞ 

ʨʦʟʨʦʙʣʝʥʠʡ ʽ ʨʝʘʣʽʟʦʚʘʥʠʡ ʜʣʷ ʟʤʝʥʰʝʥʥʷ ʯʘʩʫ ʤʽʛʨʘʮʽʾ ʚʽʨʪʫʘʣʴʥʠʭ ʤʘʰʠʥ. 

ʉʧʽʣʴʥʘ ʧʘʤô̫ ʪʴ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʜʣʷ ʟʤʝʥʰʝʥʥʷ ʯʘʩʫ ʤʽʛʨʘʮʽʾ ʚʽʨʪʫʘʣʴʥʠʭ 

ʤʘʰʠʥ. 

4. Ant Colony Optimization [Mishra, 2012; Dhinesh, 2013; Katyal, 2013; 

Rajwinder, 2014]: ʮʝ ʨʦʟʧʦʜʽʣʝʥʠʡ ʘʣʛʦʨʠʪʤ. ʋ ʮʴʦʤʫ ʘʣʛʦʨʠʪʤʽ, ʽʥʬʦʨʤʘʮʽʷ ʧʨʦ 

ʨʝʩʫʨʩʠ ʜʠʥʘʤʽʯʥʦ ʦʥʦʚʣʶʻʪʴʩʷ ʟ ʢʦʞʥʠʤ ʨʫʭʦʤ ʤʫʨʘʭ. ʄʥʦʞʠʥʥʽ ʢʦʣʦʥʽʾ 

ʤʫʨʘʭ ʦʧʠʩʫʶʪʴʩʷ ʪʘʢʠʤ ʯʠʥʦʤ, ʱʦ ʚʫʟʦʣ ʧʦʩʠʣʘʻ ʢʦʣʴʦʨʦʚʽ ʢʦʣʦʥʽʾ ʧʦ ʚʩʽʡ 

ʤʝʨʝʞʽ. ʈʦʟʬʘʨʙʦʚʘʥʽ ʢʦʣʦʥʽʾ ʤʫʨʘʭ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʜʣʷ ʟʘʧʦʙʽʛʘʥʥʷ ʨʫʭʫ 

ʤʫʨʘʭ ʟ ʦʜʥʦʛʦ ʛʥʽʟʜʘ ʥʘʩʪʫʧʥʠʭ ʦʜʥʠʤ ʤʘʨʰʨʫʪʦʤ, ʘ ʪʘʢʦʞ ʟʘʙʝʟʧʝʯʝʥʥʷ 

ʾʭʥʴʦʛʦ ʨʦʟʧʦʜʽʣʫ ʧʦ ʚʩʽʭ ʚʫʟʣʘʭ ʫ ʩʠʩʪʝʤʽ, ʜʝ ʢʦʞʥʘ ʤʫʨʘʭʘ ʜʽʻ ʷʢ ʤʦʙʽʣʴʥʠʡ 

ʘʛʝʥʪ, ʷʢʠʡ ʥʝʩʝ ʦʥʦʚʣʝʥʫ ʽʥʬʦʨʤʘʮʽʶ ʙʘʣʘʥʩʫʚʘʥʥʷ ʚ ʥʘʩʪʫʧʥʠʡ ʚʫʟʦʣ. 

5. ɺ ʘʣʛʦʨʠʪʤʽ Shortest Response Time First [Singhal, 2011 ʨʦʢʫ; Liu, 2013; 

Kashyap, 2014] ʛʦʣʦʚʥʦʶ ʽʜʝʻʶ ʻ ʧʨʷʤʘ ʧʝʨʝʘʜʨʝʩʘʮʽʷ. ʂʦʞʥʦʤʫ ʧʨʦʮʝʩʫ 

ʧʨʠʟʥʘʯʘʻʪʴʩʷ ʧʨʽʦʨʠʪʝʪ ʜʣʷ ʡʦʛʦ ʟʘʧʫʩʢʫ. ʋ ʧʨʦʮʝʩʠ ʟ ʨʽʚʥʠʤʠ ʧʨʽʦʨʠʪʝʪʘʤʠ 

ʧʣʘʥʫʻʪʴʩʷ ʚ FCFS ʧʦʨʷʜʢʫ. ʗʢʱʦ ʩʧʣʝʩʢ ʧʨʦʮʝʩʦʨʘ ʟʙʽʣʴʰʫʻʪʴʩʷ, ʪʦ ʧʨʽʦʨʠʪʝʪ 

ʟʥʠʞʫʻʪʴʩʷ. ʋ ʮʴʦʤʫ ʘʣʛʦʨʠʪʤʽ ʢʦʨʦʪʢʽ ʟʘʚʜʘʥʥʷ ʚʠʢʦʥʫʶʪʴʩʷ ʧʝʨʝʜ ʜʦʚʛʠʤʠ 

ʟʘʚʜʘʥʥʷʤʠ. ʋ SJF ʜʫʞʝ ʚʘʞʣʠʚʦ ʟʥʘʪʠ ʯʘʩ ʦʙʨʦʙʢʠ ʢʦʞʥʦʛʦ ʟʘʚʜʘʥʥʷ, ʱʦ ʻ 

ʛʦʣʦʚʥʦʶ ʡʦʛʦ ʧʨʦʙʣʝʤʦʶ. 
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6. Active Clustering load balancing Algorithm [Hu, 1998; Singhal, 2011 ʨʦʢʫ; 

Katyal, 2013]. ɸʣʛʦʨʠʪʤ ʩʘʤʦʘʛʨʝʛʘʮʽ ʾʦʧʪʠʤʽʟʫʻ ʟʘʚʜʘʥʥʷ, ʧʽʜʢʣʶʯʠʚʰʠ ʩʭʦʞʽ 

ʧʦʩʣʫʛʠ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʣʦʢʘʣʴʥʦʛʦ ʧʝʨʝʧʨʠʟʥʘʯʝʥʥʷ. ʇʨʘʮʶʻ ʥʘ ʦʩʥʦʚʽ 

ʛʨʫʧʫʚʘʥʥʷ ʩʭʦʞʠʭ ʚʫʟʣʽʚ. ʈʝʬʝʨʽ ʚʫʟʦʣ ʫʪʚʦʨʶʻ ʟô̒ ʜʥʘʥʥʷ ʤʽʞ ʩʫʩʽʜʘʤʠ, ʷʢʝ 

ʧʦʜʽʙʥʦ ʽʥʽʮʽʘʣʽʟʦʘʥʦʤʫ ʚʫʟʣʫ. ʇʦʪʽʤ ʨʝʬʝʨʽ ʚʫʟʦʣ ʨʦʟʨʠʚʘʻ ʟô̒ ʜʥʘʥʥʷ ʤʽʞ 

ʩʦʙʦʶ ʽ ʧʦʯʘʪʢʦʚʠʤ ʚʫʟʣʦʤ. ɼʘʣʽ ʩʫʢʫʧʥʽʩʪʴ ʧʨʦʮʝʩʽʚ ʟʥʦʚʫ ʽ ʟʥʦʚʫ 

ʧʦʚʪʦʨʶʻʪʴʩʷ. ʇʨʦʜʫʢʪʠʚʥʽʩʪʴ ʩʠʩʪʝʤʠ ʟʨʦʩʪʘʻ ʥʘ ʦʩʥʦʚʽ ʚʠʩʦʢʦʾ ʜʦʩʪʫʧʥʦʩʪʽ 

ʨʝʩʫʨʩʽʚ, ʯʝʨʝʟ ʮʝ ʧʨʦʧʫʩʢʥʘ ʟʜʘʪʥʽʩʪʴ ʪʘʢʦʞ ʟʙʽʣʴʰʫʻʪʴʩʷ. 

7. ACCLB [Singhal, 2011]: ʤʝʪʦʜʠʢʘ ʙʘʣʘʥʩʫʚʘʥʥʷ ʟʘʚʘʥʪʘʞʝʥʥʷ, 

ʟʘʩʥʦʚʘʥʘ ʥʘ ʤʫʨʘʰʠʥʽʡ ʢʦʣʦʥʽʾ ʽ ʪʝʦʨʽʾ ʩʢʣʘʜʥʦʾ ʤʝʨʝʞʽ (ACCLB) ʫ ʚʽʜʢʨʠʪʠʭ 

ʭʤʘʨʥʠʭ ʦʙʯʠʩʣʝʥʥʷʭ. ɺʦʥʘ ʚʠʢʦʨʠʩʪʦʚʫʻ ʥʠʟʴʢʦʨʽʚʥʝʚʽ ʽ ʥʝʤʘʩʰʪʘʙʦʚʘʥʽ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʩʢʣʘʜʥʦʾ ʤʝʨʝʞʽ, ʱʦʙ ʜʦʤʦʛʪʠʩʷ ʢʨʘʱʦʛʦ ʨʦʟʧʦʜʽʣʫ 

ʥʘʚʘʥʪʘʞʝʥʥʷ. ʎʷ ʤʝʪʦʜʠʢʘ ʜʦʟʚʦʣʷʻ ʧʦʜʦʣʘʪʠ ʥʝʦʜʥʦʨʽʜʥʽʩʪʴ, ʻ ʘʜʘʧʪʠʚʥʦ ʁʜʦ 

ʜʠʥʘʤʽʯʥʦʛʦ ʩʝʨʝʜʦʚʠʱʘ, ʯʫʜʦʚʘ ʟʘ ʩʪʽʡʢʩ̔ʪʁ ʜʦ ʧʦʤʠʣʦʢ ʽ ʤʘʻ ʛʘʨʥʫ 

ʤʘʩʰʪʘʙʦʚʘʥʽʩʪʴ, ʦʪʞʝ, ʜʦʧʦʤʘʛʘʻ ʚ ʧʦʣʽʧʰʝʥʥʽ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ ʩʠʩʪʝʤʠ. 

8. Join-Idle-Queue [Singhal, 2011, Gupta, 2013]: ʘʣʛʦʨʠʪʤ ʙʘʣʘʥʩʫʚʘʥʥʷ 

ʥʘʚʘʥʪʘʞʝʥʥʷ ʜʣʷ ʜʠʥʘʤʽʯʥʦ ʤʘʩʰʪʘʙʦʚʘʥʠʭ ʚʝʙ-ʩʝʨʚʽʩʽʚ, ʟʘʙʝʟʧʝʯʫʻ 

ʤʘʩʰʪʘʙʥʝ ʙʘʣʘʥʩʫʚʘʥʥʷ ʥʘʚʘʥʪʘʞʝʥʥʷ ʧʦ ʨʦʟʧʦʜʽʣʝʥʠʭ ʚʽʜʧʨʘʚʥʠʢʘʭ. 

ʉʧʦʯʘʪʢʫ ʦʙʯʠʩʣʶʻ ʜʦʩʪʫʧʥʽʩʪʴ ʧʨʦʩʪʦʶʶʯʠʭ ʧʨʦʮʝʩʦʨʽʚ ʫ ʢʦʞʥʦʛʦ 

ʚʽʜʧʨʘʚʥʠʢʘ, ʘ ʧʦʪʽʤ ʧʨʠʟʥʘʯʘʻ ʟʘʚʜʘʥʥʷ ʧʨʦʮʝʩʦʨʘʤ ʜʣʷ ʟʤʝʥʰʝʥʥʷ ʩʝʨʝʜʥʴʦʾ 

ʜʦʚʞʠʥʠ ʯʝʨʛʠ ʚ ʢʦʞʥʦʤʫ ʧʨʦʮʝʩʦʨʽ. ɺ ʭʦʜʽ ʚʠʣʫʯʝʥʥʷ ʟʘʚʜʘʥʴ ʙʘʣʘʥʩʫʚʘʥʥʷ 

ʥʘʚʘʥʪʘʞʝʥʥʷ ʟ ʢʨʠʪʠʯʥʦʛʦ ʰʣʷʭʫ ʦʙʨʦʙʢʠ ʟʘʧʠʪʫ ʚʽʥ ʝʬʝʢʪʠʚʥʦ ʟʥʠʞʫʻ 

ʥʘʚʘʥʪʘʞʝʥʥʷ ʩʠʩʪʝʤʠ, ʥʝ ʥʝʩʝ ʥʽʷʢʦʛʦ ʢʦʤʫʥʽʢʘʮʽʡʥʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ ʥʘ 

ʥʦʚʦʧʨʠʙʫʣʽ ʟʘʚʜʘʥʥʷ ʽ ʥʝ ʟʙʽʣʴʰʫʻ ʬʘʢʪʠʯʥʠʡ ʯʘʩ ʚʽʜʛʫʢʫ. 

9. Central queuing [Rajwinder, 2014]. ʎʝʡ ʘʣʛʦʨʠʪʤ ʧʨʘʮʶʻ ʟʘ ʧʨʠʥʮʠʧʦʤ 

ʜʠʥʘʤʽʯʥʦʛʦ ʨʦʟʧʦʜʽʣʫ. ʂʦʞʥʘ ʥʦʚʘ ʟʘʜʘʯʘ ʧʨʠʙʫʚʘʻ ʜʦ ʤʝʥʝʜʞʝʨʘ ʯʝʨʛ ʽ ʩʪʘʻ ʚ 

ʯʝʨʛʫ. ʂʦʣʠ ʟʘʧʠʪ ʜʣʷ ʚʠʢʦʥʘʥʥʷ ʟʘʚʜʘʥʥʷ ʧʨʠʡʤʘʻʪʴʩʷ ʤʝʥʝʜʞʝʨʦʤ ʯʝʨʛ, ʚʽʥ 

ʚʠʜʘʣʷʻ ʧʝʨʰʝ ʟʘʚʜʘʥʥʷ ʟ ʯʝʨʛʠ ʽ ʧʝʨʝʜʘʻ ʡʦʛʦ ʟʘʧʠʪʫʶʯʽʡ ʩʪʦʨʦʥʠ. ʗʢʱʦ ʚ 
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ʯʝʨʟʽ ʥʝʤʘʻ ʛʦʪʦʚʠʭ ʟʘʚʜʘʥʴ, ʪʦ ʟʘʧʠʪ ʙʫʬʝʨʠʟʫʻʪʴʩʷ, ʜʦʢʠ ʥʦʚʘ ʟʘʜʘʯʘ ʥʝ ʙʫʜʝ 

ʜʦʩʪʫʧʥʘ. ɸʣʝ ʚ ʨʘʟʽ ʟʘʧʠʩʫ ʥʦʚʦʛʦ ʟʘʚʜʘʥʥʷ ʚ ʯʝʨʛʫ, ʧʦʢʠ ʻ ʧʨʦʧʫʱʝʥʽ ʟʘʧʠʪʠ ʚ 

ʯʝʨʟʽ, ʧʝʨʰʠʡ ʪʘʢʠʡ ʟʘʧʠʪ ʚʠʜʘʣʷʻʪʴʩʷ ʟ ʯʝʨʛʠ, ʘ ʥʦʚʝ ʟʘʚʜʘʥʥʷ ʩʪʘʚʠʪʴʩʷ ʧʝʨʝʜ 

ʥʝʶ. ʂʦʣʠ ʟʘʚʘʥʪʘʞʝʥʥʷ ʧʨʦʮʝʩʦʨʘ ʧʘʜʘʻ ʥʠʞʯʝ ʧʦʨʦʛʦʚʦʛʦ ʟʥʘʯʝʥʥʷ, ʪʦ 

ʣʦʢʘʣʴʥʠʡ ʤʝʥʝʜʞʝʨ ʟʘʚʘʥʪʘʞʝʥʥʷ ʥʘʜʩʠʣʘʻ ʟʘʧʠʪ ʥʘ ʥʦʚʫ ʟʘʜʘʯʫ ʮʝʥʪʨʘʣʴʥʦʤʫ 

ʤʝʥʝʜʞʝʨʫ ʟʘʚʘʥʪʘʞʝʥʥʷ. ʇʦʪʽʤ ʮʝʥʪʨʘʣʴʥʠʡ ʤʝʥʝʜʞʝʨ ʚʽʜʧʦʚʽʜʘʻ ʥʘ ʟʘʧʠʪ, 

ʷʢʱʦ ʟʥʘʡʜʝʥʦ ʛʦʪʦʚʝ ʟʘʚʜʘʥʥʷ, ʚ ʽʥʰʦʤʫ ʚʠʧʘʜʢʫ ʜʦʪʨʠʤʫʻʪʴʩʷ ʯʝʨʛʦʚʽʩʪʴ 

ʟʘʧʠʪʽʚ ʜʦ ʥʘʜʭʦʜʞʝʥʥʷ ʥʦʚʦʛʦ ʟʘʚʜʘʥʥʷ. 

10. Connection mechanism [Ray, 2012; Gupta, 2013; Liu, 2013]: ʘʣʛʦʨʠʪʤ 

ʙʘʣʘʥʩʫʚʘʥʥʷ ʥʘʚʘʥʪʘʞʝʥʥʷ ʟʘʩʥʦʚʘʥʠʡ ʥʘ ʤʝʭʘʥʽʟʤʽ ʥʘʡʤʝʥʰʦʾ ʢʽʣʴʢʦʩʪʽ 

ʟô̒ ʜʥʘʥʴ, ʷʢʠʡ ʻ ʯʘʩʪʠʥʦʶ ʜʠʥʘʤʽʯʥʦʛʦ ʘʣʛʦʨʠʪʤʫ ʧʣʘʥʫʚʘʥʥʷ. ɺʽʥ ʥʝʦʙʭʽʜʥʠʡ 

ʜʣʷ ʧʽʜʨʘʭʫʥʢʫ ʢʽʣʴʢʦʩʪʽ ʟô̒ ʜʥʘʥʴ ʜʣʷ ʢʦʞʥʦʛʦ ʩʝʨʚʝʨʘ ʽ ʜʠʥʘʤʽʯʥʦʾ ʦʮʽʥʢʠ 

ʥʘʚʘʥʪʘʞʝʥʥʷ. ɹʘʣʘʥʩʫʚʘʣʴʥʠʢ ʥʘʚʘʥʪʘʞʝʥʥʷ ʟʘʧʠʩʫʻ ʢʽʣʴʢʽʩʪʴ ʟô̒ ʜʥʘʥʴ 

ʢʦʞʥʦʛʦ ʩʝʨʚʝʨʘ, ʷʢʝ ʟʙʽʣʴʰʫʻʪʴʩʷ, ʢʦʣʠ ʥʦʚʝ ʟô̒ ʜʥʘʥʥʷ ʚʽʜʧʨʘʚʣʷʻʪʴʩʷ ʜʦ 

ʩʝʨʚʝʨʘ, ʽ ʟʤʝʥʰʫʻʪʴʩʷ, ʢʦʣʠ ʟô̒ ʜʥʘʥʥʷ ʟʘʚʝʨʰʫʻʪʴʩʷ ʘʙʦ ʚʽʜʙʫʚʘʻʪʴʩʷ ʡʦʛʦ 

ʧʝʨʝʨʠʚʘʥʥʷ. 

11. Least connections [Mishra, 2012; Kashyap, 2014]. ɸʣʛʦʨʠʪʤ ʤʽʥʽʤʫʤʫ 

ʟ'ʻʜʥʘʥʴ ʧʦʩʠʣʘʻ ʟʘʧʠʪʠ ʥʘ ʩʝʨʚʝʨ, ʷʢʠʡ ʚ ʜʘʥʠʡ ʯʘʩ ʦʙʩʣʫʛʦʚʫʻ ʥʘʡʤʝʥʰʫ 

ʢʽʣʴʢʽʩʪʴ ʧʽʜʢʣʶʯʝʥʴ. ɹʘʣʘʥʩʫʚʘʣʴʥʠʢ ʥʘʚʘʥʪʘʞʝʥʥʷ ʚʽʜʩʪʝʞʫʚʘʪʠʤʝ ʢʽʣʴʢʽʩʪʴ 

ʟô̒ ʜʥʘʥʴ ʩʝʨʚʝʨʽʚ ʽ ʚʽʜʧʨʘʚʠʪʴ ʥʘʩʪʫʧʥʠʡ ʟʘʧʠʪ ʜʦ ʩʝʨʚʝʨʘ ʟ ʤʽʥʽʤʫʤʦʤ ô'ʻʜʥʘʥʴ. 

ɽʬʝʢʪʠʚʥʽʩʪʴ ʘʣʛʦʨʠʪʤʽʚ ʙʘʣʘʥʩʫʚʘʥʥʷ ʥʘʚʘʥʪʘʞʝʥʥʷ ʚʠʟʥʘʯʘʻʪʴʩʷ 

ʜʝʢʽʣʴʢʦʤʘ ʧʦʢʘʟʥʠʢʘʤʠ, ʷʢʽ ʧʦʜʘʥʦ ʥʠʞʯʝ [Ghuge, 2014; Raghava, 2014]. 

ï ʇʨʦʧʫʩʢʥʘ ʟʜʘʪʥʽʩʪʴ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʜʣʷ ʦʮʽʥʢʠ ʟʘʛʘʣʴʥʦʾ ʢʽʣʴʢʦʩʪʽ 

ʟʘʚʜʘʥʴ, ʷʢʽ ʫʩʧʽʰʥʦ ʟʘʚʝʨʰʝʥʽ. ɺʠʩʦʢʘ ʧʨʦʧʫʩʢʥʘ ʟʜʘʪʥʽʩʪʴ ʥʝʦʙʭʽʜʥʘ ʜʣʷ 

ʟʘʛʘʣʴʥʦʾ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ ʩʠʩʪʝʤʠ. 

ï ʏʘʩ ʤʽʛʨʘʮʽʾ ʚʠʟʥʘʯʘʻʪʴʩʷ ʷʢ ʟʘʛʘʣʴʥʠʡ ʯʘʩ ʧʝʨʝʭʦʜʫ ʟʘʚʜʘʥʥʷ ʚʽʜ 

ʦʜʥʦʛʦ ʚʫʟʣʘ ʘʙʦ ʨʝʩʫʨʩʫ ʜʦ ʽʥʰʦʛʦ. ɺʥ̔ ʤʘʻ ʙʫʪʠ ʟʚʝʜʝʥʠʡ ʜʦ ʤʽʥʽʤʫʤʫ. 
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ï ʏʘʩ ʚʽʜʛʫʢʫ ʚʠʤʽʨʶʻʪʴʩʷ ʷʢ ʽʥʪʝʨʚʘʣ ʯʘʩʫ ʤʽʞ ʚʽʜʧʨʘʚʣʝʥʥʷʤ ʟʘʧʠʪʫ ʡ 

ʦʜʝʨʞʘʥʥʷʤ ʚʽʜʧʦʚʽʜʽ. ɺʥ̔ ʤʘʻ ʙʫʪʠ ʟʚʝʜʝʥʠʡ ʜʦ ʤʽʥʽʤʫʤʫ, ʱʦʙ ʧʽʜʚʠʱʠʪʠ 

ʟʘʛʘʣʴʥʫ ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ. 

ï ɺʽʜʤʦʚʦʩʪʽʡʢʽʩʪʴ ʚʠʤʽʨʶʻ ʟʜʘʪʥʽʩʪʴ ʘʣʛʦʨʠʪʤʫ ʨʽʚʥʦʤʽʨʥʦ ʚʠʢʦʥʫʚʘʪʠ 

ʙʘʣʘʥʩʫʚʘʥʥʷ ʥʘʚʘʥʪʘʞʝʥʥʷ ʚ ʨʘʟʽ ʙʫʜʴ-ʷʢʦʛʦ ʟʙʦʶ. ɻʘʨʥʠʡ ʘʣʛʦʨʠʪʤ 

ʙʘʣʘʥʩʫʚʘʥʥʷ ʥʘʚʘʥʪʘʞʝʥʥʷ ʤʘʻ ʙʫʪʠ ʥʝʯʫʪʣʠʚʠʤ ʜʦ ʥʝʩʧʨʘʚʥʦʩʪʝʡ. 

ï ɺʠʪʨʘʪʠ ʧʦʚô̫ ʟʘʥʽ ʟ ʨʦʙʦʪʦʶ ʙʫʜʴ-ʷʢʦʛʦ ʘʣʛʦʨʠʪʤʫ ʙʘʣʘʥʩʫʚʘʥʥʷ 

ʥʘʚʘʥʪʘʞʝʥʥʷ ʽ ʚʢʘʟʫʶʪʴ ʥʘ ʚʘʨʪʽʩʪʴ ʧʨʦʮʝʩʽʚ, ʱʦ ʙʝʨʫʪʴ ʫʯʘʩʪʴ ʫ ʚʠʨʽʰʝʥʥʽ 

ʟʘʜʘʯʽ, ʧʝʨʝʨʦʟʧʦʜʽʣʽ ʧʨʦʮʝʩʽʚ. ɺʦʥʠ ʤʘʶʪʴ ʙʫʪʠ ʷʢʦʤʦʛʘ ʤʝʥʰʝ. 

ï ʈʝʩʫʨʩʠ ʚʠʢʦʨʠʩʪʦʚʫʪʁʴʩʷ ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʥʘʣʝʞʥʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʚʩʽʭ ʨʝʩʫʨʩʽʚ, ʷʢʽ ʚʢʣʶʯʝʥʽ ʚ ʩʠʩʪʝʤʫ. ɼʘʥʠʡ ʧʦʢʘʟʥʠʢ ʤʘʻ ʙʫʪʠ ʦʧʪʠʤʽʟʦʚʘʥʠʡ 

ʜʣʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʘʣʛʦʨʠʪʤʫ ʙʘʣʘʥʩʫʚʘʥʥʷ ʥʘʚʘʥʪʘʞʝʥʥʷ. 

ï ʄʘʩʰʪʘʙʦʚʘʥʽʩʪʴ ï ʟʜʘʪʥʽʩʪʴ ʘʣʛʦʨʠʪʤʫ ʚʠʢʦʥʫʚʘʪʠ ʨʽʚʥʦʤʽʨʥʝ 

ʙʘʣʘʥʩʫʚʘʥʥʷ ʥʘʚʘʥʪʘʞʝʥʥʷ ʚ ʩʠʩʪʝʤʽ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʚʠʤʦʛ ʟʽ ʟʙʽʣʴʰʝʥʥʷʤ ʯʠʩʣʘ 

ʚʫʟʣʽʚ. ʂʨʘʱʠʤ ʻ ʘʣʛʦʨʠʪʤ ʟ ʚʠʩʦʢʦʶ ʤʘʩʰʪʘʙʦʚʘʥʽʩʪ.ʁ 

ï ʇʨʦʜʫʢʪʠʚʥʽʩʪʴ ʤʦʞʝ ʙʫʪʠ ʚʠʟʥʘʯʝʥʘ ʷʢ ʝʬʝʢʪʠʚʥʽʩʪʴ ʩʠʩʪʝʤʠ. ɼʘʥʠʡ 

ʧʦʢʘʟʥʠʢ ʤʘʻ ʙʫʪʠ ʧʦʣʽʧʰʝʥʠʡ ʧʨʠ ʨʦʟʫʤʥʠʭ ʚʠʪʨʘʪʘʭ, ʥʘʧʨʠʢʣʘʜ, ʟʤʝʥʰʫʶʯʠ 

ʯʘʩ ʚʽʜʛʫʢʫ, ʟʙʝʨʽʛʘʶʯʠ ʜʦʧʫʩʪʠʤʽ ʟʘʪʨʠʤʢʠ [ʈʘʜʠʚʠʣʦʚʘ, 2012-1]. 

ʋ ʪʘʙʣ. 3.1 ʥʘʚʝʜʝʥʦ ʧʦʨʽʚʥʷʥʥʷ ʨʦʟʛʣʷʥʫʪʠʭ ʘʣʛʦʨʠʪʤʽʚ ʙʘʣʘʥʩʫʚʘʥʥʷ 

ʥʘʚʘʥʪʘʞʝʥʥʷ ʟʘ ʤʦʞʣʠʚʩ̔ʪʁ ʾʭʥʴʦʛʦ ʦʮʽʥʶʚʘʥʥʷ ʟʘ ʨʽʟʥʠʤʠ ʧʦʢʘʟʥʠʢʘʤʠ 

ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ. 

3.6. ʆʮʽʥʢʘ ʨʽʚʥʷ ʜʠʩʙʘʣʘʥʩʫ ʢʦʤʧôʶʪʝʨʥʦʾ ʩʠʩʪʝʤʠ 

ʇʝʨʝʜ ʪʠʤ ʷʢ ʦʧʠʩʘʪʠ ʩʪʨʘʪʝʛʽʶ ʙʘʣʘʥʩʫʚʘʥʥʷ ʥʘʚʘʥʪʘʞʝʥʥʷ, ʷʢʘ 

ʚʢʣʶʯʘʻ ʚ ʩʝʙʝ ʢʦʤʧʣʝʢʩʥʝ ʚʠʤʽʨʶʚʘʥʥʷ ʟʘʛʘʣʴʥʦʛʦ ʨʽʚʥʷ ʜʠʩʙʘʣʘʥʩʫ ʩʠʩʪʝʤʠ 

(ʩʪʫʧʝʥʷ ʨʽʚʥʦʤʽʨʥʦʩʪʽ ʨʦʟʧʦʜʽʣʫ ʥʘʚʘʥʪʘʞʝʥʥʷ ʤʽʞ ʩʝʨʚʝʨʘʤʠ), ʥʝʦʙʭʽʜʥʦ 

ʚʚʝʩʪʠ ʜʝʷʢʽ ʧʦʥʷʪʪʷ ʽ ʚʠʟʥʘʯʝʥʥʷ. 
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ʊʘʙʣʠʮʷ 3.1. 

ʇʦʨʽʚʥʷʣʴʥʠʡ ʘʥʘʣʽʟ ʘʣʛʦʨʠʪʤʽʚ ʟʘ ʧʦʢʘʟʥʠʢʘʤʠ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ 

ɸʣʛʦʨʠʪʤ / ʄʝʪʨʠʢʘ 

ʇ
ʨ
ʦ
ʧ
ʫ
ʩ
ʢ
ʥ
ʘ
 
ʟ
ʜ
ʘ
ʪ
ʥ
ʽ
ʩ
ʪ
ʴ

 

ʏ
ʘ
ʩ
 
ʤ
ʽ
ʛ
ʨ
ʘ
ʮ
ʽ
ʾ

 

ʏ
ʘ
ʩ
 
ʚ
ʽ
ʜ
ʛ
ʫ
ʢ
ʫ

 

ɺ
ʽ
ʜ
ʤ
ʦ
ʚ
ʦ
ʩ
ʪ
ʽ
ʡ
ʢ
ʽ
ʩ
ʪ
ʴ

 

ɺ
ʠ
ʪ
ʨ
ʘ
ʪ
ʠ

 

ɺ
ʠ
ʢ
ʦ
ʨ
ʠ
ʩ
ʪ
ʘ
ʥ
ʥ
ʷ
 

ʨ
ʝ
ʩ
ʫ
ʨ
ʩ
ʽ
ʚ

 

ʄ
ʘ
ʩ
ʰ
ʪ
ʘ
ʙ
ʦ
ʚ
ʘ
ʥ
ʽ
ʩ
ʪ
ʴ

 

ʇ
ʨ
ʦ
ʜ
ʫ
ʢ
ʪ
ʠ
ʚ
ʥ
ʽ
ʩ
ʪ
ʴ

 

Round Robin Sheduling  ʪʘʢ - ʪʘʢ - ʪʘʢ ʪʘʢ - ʪʘʢ 

Max-Min  ʪʘʢ - ʪʘʢ - ʪʘʢ ʪʘʢ - ʪʘʢ 

Compare and Balance  ʪʘʢ ʪʘʢ ʪʘʢ ʪʘʢ ʪʘʢ - ʪʘʢ ʪʘʢ 

Ant Colony Optimization  ʪʘʢ - - - ʪʘʢ ʪʘʢ ʪʘʢ ʪʘʢ 

Shortest Response Time 

First  

- ʪʘʢ ʪʘʢ - ʪʘʢ ʪʘʢ - ʪʘʢ 

Active Clustering  - ʪʘʢ - - ʪʘʢ ʪʘʢ - - 

ACCLB  ʪʘʢ - - - ʪʘʢ ʪʘʢ ʪʘʢ ʪʘʢ 

Join-Idle-Queue  ʪʘʢ ʪʘʢ ʪʘʢ - ʪʘʢ - ʪʘʢ ʪʘʢ 

Central queuing  - ʪʘʢ ʪʘʢ - ʪʘʢ ʪʘʢ - ʪʘʢ 

Connection mechanism  ʪʘʢ - - ʪʘʢ ʪʘʢ ʪʘʢ ʪʘʢ - 

Least connections - - - ʪʘʢ ʪʘʢ - - - 

 

ʇʽʜ ʪʝʨʤʽʥʦʤ çʯʘʩʪʢʘè ʨʦʟʫʤʽʪʠʤʝʤʦ ʯʘʩʪʠʥʫ ʨʝʩʫʨʩʽʚ ʧʨʦʮʝʩʦʨʘ, 

ʚʠʜʽʣʝʥʠʭ ʜʣʷ ʟʘʜʘʯʽ. ʗʢʱʦ ʟʘʚʜʘʥʥʶ ʚʠʜʽʣʷʻʪʴʩʷ ʙʽʣʴʰʘ ʯʘʩʪʢʘ ʧʨʦʮʝʩʫ, ʥʽʞ 

ʽʥʰʠʤ ʟʘʚʜʘʥʥʷʤ, ʪʘʢʝ ʟʘʚʜʘʥʥʷ ʦʪʨʠʤʫʻ ʙʽʣʴʰʝ ʧʨʦʮʝʩʦʨʥʠʭ ʨʝʩʫʨʩʽʚ ʚʽʜ 

ʧʣʘʥʫʚʘʣʴʥʠʢʘ ʧʘʡʦʚʦʛʦ ʨʦʟʧʦʜʽʣʫ. ʏʘʩʪʢʠ ʧʨʦʮʝʩʦʨʘ ʥʝ ʝʢʚʽʚʘʣʝʥʪʥʽ ʚʽʜʩʦʪʢʘʤ 

ʨʝʩʫʨʩʽʚ ʧʨʦʮʝʩʦʨʘ. ʏʘʩʪʢʠ ʜʦʟʚʦʣʷʶʪʴ ʚʠʟʥʘʯʠʪʠ ʚʘʞʣʠʚʽʩʪʴ ʨʦʙʦʯʠʭ 

ʥʘʚʘʥʪʘʞʝʥʴ ʧʦ ʚʽʜʥʦʰʝʥʥʶ ʜʦ ʽʥʰʠʭ ʨʦʙʦʯʠʭ ʥʘʚʘʥʪʘʞʝʥʴ. ʇʽʜ ʯʘʩ 

ʧʨʠʟʥʘʯʝʥʥ ̫ ʟʘʚʜʘʥʥʶ ʯʘʩʪʢʠ ʧʨʦʮʝʩʦʨʘ ʥʘʡʙʽʣʴʰ ʚʘʞʣʠʚʠʤ ʻ ʥʝ ʢʽʣʴʢʽʩʪʴ 

ʯʘʩʪʦʢ, ʚʠʜʽʣʝʥʠʭ ʟʘʜʘʯʽ. ʅʘʙʘʛʘʪʦ ʚʘʞʣʠʚʽʰʝ ʟʥʘʪʠ, ʩʢʽʣʴʢʠ ʯʘʩʪʦʢ ʚʠʜʽʣʝʥʦ 

ʟʘʜʘʯʽ ʧʦʨʽʚʥʷʥʦ ʟ ʽʥʰʠʤʠ ʟʘʚʜʘʥʥʷʤʠ. ʉʣʽʜ ʪʘʢʦʞ ʚʨʘʭʦʚʫʚʘʪʠ, ʱʦ ʙʘʛʘʪʦ ʷʢʽ ʟ 

ʽʥʰʠʭ ʟʘʚʜʘʥʴ ʢʦʥʢʫʨʫʚʘʪʠʤʫʪʴ ʟ ʮʠʤ ʟʘʚʜʘʥʥʷʤ ʟʘ ʨʝʩʫʨʩʠ ʧʨʦʮʝʩʦʨʘ. 

ɿʘʚʘʥʪʘʞʝʥʥʷ ʧʨʦʮʝʩʦʨʘ, ʧʘʤô̫ ʪʽ ʽ ʢʘʥʘʣʫ ʨʦʟʛʣʷʜʘʪʠʤʝʤʦ ʷʢ ʙʝʟʨʦʟʤʽʨʥʽ 

ʚʝʣʠʯʠʥʠ, ʟʥʘʯʝʥʥʷ ʷʢʠʭ ʥʦʨʤʦʚʘʥʽ ʽ ʣʝʞʘʪʴ ʚ ʜʽʘʧʘʟʦʥʽ [0, 1]. ɿʘʛʘʣʴʥʦʚʠʟʥʘʥʦ, 

ʱʦ ʷʢʱʦ ʩʝʨʝʜʥʻ ʟʥʘʯʝʥʥʷ ʟʘʚʘʥʪʘʞʝʥʥʷ ʧʦʩʪʽʡʥʦ ʧʝʨʝʚʠʱʫʻ 0,70, ʩʣʽʜ 
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ʟô̫ ʩʫʚʘʪʠ ʧʨʠʯʠʥʫ ʪʘʢʦʾ ʧʦʚʝʜʽʥʢʠ ʩʠʩʪʝʤʠ, ʱʦʙ ʫʥʠʢʥʫʪʠ ʧʨʦʙʣʝʤ ʫ 

ʤʘʡʙʫʪʥʴʦʤʫ; ʷʢʱʦ ʞ ʩʝʨʝʜʥʻ ʟʘʚʘʥʪʘʞʝʥʥʷ ʩʠʩʪʝʤʠ ʙʣʠʟʴʢʦ ʜʦ ʦʜʠʥʠʮʽ, ʪʦ 

ʥʝʦʙʭʽʜʥʦ ʪʝʨʤʽʥʦʚʦ ʟʥʘʡʪʠ ʧʨʠʯʠʥʫ ʽ ʫʩʫʥʫʪʠ ʾʾ. 

ʂʦʤʧʣʝʢʩʥʝ ʚʠʤʽʨʶʚʘʥʥʷ ʜʠʩʙʘʣʘʥʩʫ ʩʠʩʪʝʤʠ. 

ɿ ʦʛʣʷʜʫ ʥʘ ʧʝʨʝʚʘʛʠ ʽ ʥʝʜʦʣʽʢʠ ʽʩʥʫʶʯʠʭ ʤʝʪʨʠʢ ʜʣʷ ʧʣʘʥʫʚʘʥʥʷ 

ʨʝʩʫʨʩʽʚ [ʀʚʘʥʠʩʝʥʢʦ, 2016-1], ʨʦʟʨʦʙʣʝʥʦ ʤʝʪʦʜʠʢʫ ʢʦʤʧʣʝʢʩʥʦʛʦ 

ʚʠʤʽʨʶʚʘʥʥʷ ʟʘʛʘʣʴʥʦʛʦ ʨʽʚʥʷ ʜʠʩʙʘʣʘʥʩʫ ʩʠʩʪʝʤʠ, ʘ ʪʘʢʦʞ ʩʝʨʝʜʥʴʦʛʦ ʨʽʚʥʷ 

ʜʠʩʙʘʣʘʥʩʫ ʢʦʞʥʦʛʦ ʩʝʨʚʝʨʘ. ʈʦʟʛʣʷʥʫʪʦ ʪʘʢʽ ʢʨʠʪʝʨʽʾ: 

1. ʉʝʨʝʜʥʻ ʟʘʚʘʥʪʘʞʝʥʥʷ ʢʦʞʥʦʛʦ u -ʛʦ ʧʨʦʮʝʩʦʨʘ ( )u

iCPU T  i -ʛʦ ʩʝʨʚʝʨʘ 

ʚʠʟʥʘʯʘʻʪʴʩʷ ʷʢ ʩʝʨʝʜʥʻ ʟʘʚʘʥʪʘʞʝʥʥʷ ʧʨʦʮʝʩʦʨʘ ʧʨʦʪʷʛʦʤ ʩʧʦʩʪʝʨʝʞʫʚʘʥʦʛʦ 

ʧʝʨʽʦʜʫ. ʅʘʧʨʠʢʣʘʜ, ʷʢʱʦ ʧʝʨʽʦʜ ʩʧʦʩʪʝʨʝʞʝʥʴ ʩʪʘʥʦʚʠʪʴ 1 ʭʚ., ʘ ʟʘʚʘʥʪʘʞʝʥʥʷ 

ʧʨʦʮʝʩʦʨʘ ʟʘʧʠʩʫʻʪʴʩʷ ʯʝʨʝʟ ʢʦʞʥʽ 10 ʩʝʢʫʥʜ, ʪʦʙʪʦ 
u

iCPU  ï ʮʝ ʩʝʨʝʜʥʻ 

ʟʥʘʯʝʥʥʷ ʟ ʰʝʩʪʠ ʟʘʧʠʩʘʥʠʭ ʟʥʘʯʝʥʴ i -ʛʦ ʩʝʨʚʝʨʘ. 

ɸʥʘʣʦʛʽʯʥʦ ʚʠʟʥʘʯʘʻʪʴʩʷ ʩʝʨʝʜʥʻ ʟʘʚʘʥʪʘʞʝʥʥʷ ʢʦʞʥʦʾ r -  ʾ ʧʘʤô̫ ʪʽ 

( )r

iRAM T  i -ʛʦ ʩʝʨʚʝʨʘ ʡ ʩʝʨʝʜʥʻ ʟʘʚʘʥʪʘʞʝʥʥʷ k -ʛʦ ʢʘʥʘʣʫ ( )k

iNet T  i -ʛʦ 

ʩʝʨʚʝʨʘ ʧʨʦʪʷʛʦʤ ʩʧʦʩʪʝʨʝʞʫʚʘʥʦʛʦ ʧʝʨʽʦʜʫ. 

2. ʆʩʢʽʣʴʢʠ ʚʠʤʽʨʶʚʘʥʝ ʟʘʚʘʥʪʘʞʝʥʥʷ ʧʨʦʮʝʩʦʨʘ, ʚʠʢʦʨʠʩʪʘʥʥʷ ʧʘʤô̫ ʪʽ ʽ 

ʢʘʥʘʣʫ ʧʦʪʦʢʦʤ ʢʣʘʩʫ qs ʚʽʜʨʽʟʥʷʻʪʴʩʷ ʚʽʜ ʩʝʨʝʜʥʴʦʛʦ ʟʘʚʘʥʪʘʞʝʥʥʷ ʧʨʦʮʝʩʦʨʘ 

qs

iCPU , ʧʘʤô̫ ʪʽ 
qs

iRAM  ʽ ʢʘʥʘʣʫ 
qs

iNet  ʧʦʪʦʢʦʤ ʢʣʘʩʫ qs ʚʽʜʩʫʪʥʽʩʪʶ ʯʘʩʫ 

ʨʦʙʦʪʠ ʦʧʝʨʘʮʽʡʥʦʾ ʩʠʩʪʝʤʠ ʽ ʧʝʨʝʤʠʢʘʥʥʷʤ ʤʽʞ ʟʘʚʜʘʥʥʷʤʠ, ʪʦ ʤʦʞʥʘ ʚʚʝʩʪʠ 

ʚʝʣʠʯʠʥʠ 
qsv

iCPU , 
qsv

iRAM  ʽ ʢʘʥʘʣʫ 
qsv

iNet , ʷʢʽ ʧʦʟʥʘʯʘʶʪʴ ʟʘʚʘʥʪʘʞʝʥʥʷ 

ʧʨʦʮʝʩʦʨʘ, ʧʘʤô̫ ʪʽ ʡ ʢʘʥʘʣʫ ʧʦʪʦʢʘʤʠ ʢʣʘʩʫ qs, ʚʠʤʽʨʷʥʫ ʩʠʩʪʝʤʦʶ ʦʙʣʽʢʫ ʘʙʦ 

ʤʦʥʽʪʦʨʦʤ ʦʧʝʨʘʮʽʡʥʦʾ ʩʠʩʪʝʤʠ. 

ɿʘʚʘʥʪʘʞʝʥʥʷ ʧʨʦʮʝʩʦʨʘ ʧʦʪʦʢʦʤ ʢʣʘʩʫ qs ʦʙʯʠʩʣʶʻʪʴʩʷ ʟʘ ʬʦʨʤʫʣʦʶ: 
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qs u qs

i i CPUCPU CPU f= ³ ,  (3.1) 

ʜʝ 
qs

CPUf  ï ʯʘʩʪʢʘ ʩʫʤʘʨʥʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ u -ʛʦ ʧʨʦʮʝʩʦʨʘ, ʷʢʘ ʥʘʣʝʞʠʪʴ ʢʣʘʩʫ 

qs. ʇʘʨʘʤʝʪʨ 
qs

CPUf  ʦʙʯʠʩʣʶʻʪʴʩʷ ʪʘʢʠʤ ʯʠʥʦʤ: 

 
qsvqs qsv

CPU i qs i
f CPU CPU

"
= ä  . 

ɸʥʘʣʦʛʽʯʥʦ ʨʦʟʨʘʭʦʚʫʶʪʴʩʷ ʟʥʘʯʝʥʥʷ ʟʘʚʘʥʪʘʞʝʥʥʷ ʧʘʤô̫ ʪʽ ʽ ʧʨʦʧʫʩʢʥʦʾ 

ʟʜʘʪʥʦʩʪʽ ʤʝʨʝʞʽ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʢʣʘʩʽʚ ʧʦʪʦʢʽʚ. ɿʘʚʘʥʪʘʞʝʥʥʷ ʧʘʤô̫ ʪʽ ʧʦʪʦʢʦʤ 

ʢʣʘʩʫ qs ʦʙʯʠʩʣʶʻʪʴʩʷ ʟʘ ʬʦʨʤʫʣʦʶ: 

 
qs r qs

i i RAMRAM RAM f= ³ ,  (3.2) 

ʜʝ 
qs

RAMf  ï ʯʘʩʪʢʘ ʩʫʤʘʨʥʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ r -  ʾʧʘʤô̫ ʪʽ, ʷʢʘ ʤʦʞʝ ʥʘʣʝʞʘʪʠ ʢʣʘʩʫ 

qs. ʇʘʨʘʤʝʪʨ 
qs

RAMf  ʦʙʯʠʩʣʶʻʪʴʩʷ ʪʘʢ: 

 
qsvqs qsv

RAM i qs i
f RAM RAM

"
= ä  . 

ɿʘʚʘʥʪʘʞʝʥʥʷ ʢʘʥʘʣʫ ʧʦʪʦʢʦʤ ʢʣʘʩʫ qs ʦʙʯʠʩʣʶʻʪʴʩʷ ʟʘ ʬʦʨʤʫʣʦʶ: 

 
qs k qs

i i NetNet Net f= ³    ,  (3.3) 

ʜʝ 
qs

Netf  ï ʯʘʩʪʢʘ ʩʫʤʘʨʥʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ k -ʛʦ ʢʘʥʘʣʫ, ʷʢʘ ʤʦʞʝ ʥʘʣʝʞʘʪʠ ʜʦ 

ʢʣʘʩʫ qs. ʇʘʨʘʤʝʪʨ 
qs

Netf  ʦʙʯʠʩʣʶʻʪʴʩʷ ʪʘʢ: 
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qsvqs qsv

Net i qs i
f Net Net

"
= ä . 

3. ɺʚʝʜʝʤʦ ʩʝʨʝʜʥʽʡ ʢʦʝʬʽʮʽʻʥʪ ʚʠʢʦʨʠʩʪʘʥʥʷ ʚʩʽʭ ʧʨʦʮʝʩʦʨʽʚ ʫ ʩʠʩʪʝʤʽ. 

ʅʝʭʘʡ in

iCPU  ʩʝʨʝʜʥʻ ʟʘʚʘʥʪʘʞʝʥʥʷ ʎʇʋ i -ʛʦ ʩʝʨʚʝʨʘ, 

 
i

i

N nu

i iAll i
u N n

ii

CPU CPU
CPU

CPU
=
ä
ä

,  (3.4) 

ʜʝ N  ï ʟʘʛʘʣʴʥʘ ʢʽʣʴʢʽʩʪʴ ʬʽʟʠʯʥʠʭ ʩʝʨʚʝʨʽʚ ʚ ʩʠʩʪʝʤʽ, 
in  ï ʢʽʣʴʢʽʩʪʴ ʎʇʋ ʥʘ i -

ʤʫ ʩʝʨʚʝʨʽ. ɸʥʘʣʦʛʽʯʥʠʤ ʯʠʥʦʤ, ʩʝʨʝʜʥʽʡ ʢʦʝʬʽʮʽʻʥʪ ʚʠʢʦʨʠʩʪʘʥʥʷ ʧʘʤô̫ ʪʽ 

im

iRAM , ʧʨʦʧʫʩʢʥʦʾ ʟʜʘʪʥʦʩʪʽ ʣʽʥʽʾ ʟʚ'ʷʟʢʫ ik

iNet  i -ʛʦ ʩʝʨʚʝʨʘ, ʚʩʷ ʧʘʤ'ʷʪʴ 
All

rRAM

, ʽ ʚʩʷ ʧʨʦʧʫʩʢʥʘ ʟʜʘʪʥʽʩʪʴ ʤʝʨʝʞʽ ʚ ʩʠʩʪʝʤʽ 
All

kNet  ʤʦʞʝ ʙʫʪʠ ʚʠʟʥʘʯʝʥʘ. 

 
i

i

N mr

i iAll i
r N m

ii

RAM RAM
RAM

RAM
=
ä
ä

,  (3.5) 

 
i

i

N kk

i iAll i
k N k

ii

Net Net
Net

Net
=
ä
ä

.  (3.6) 

4. ɿʥʘʯʝʥʥʷ ʜʠʩʙʘʣʘʥʩʫ ʚʩʽʭ ʧʨʦʮʝʩʦʨʽʚ. ɺʠʢʦʨʠʩʪʦʚʫʶʯʠ ʬʦʨʤʫʣʫ 

ʜʠʩʧʝʨʩʽʾ, ʟʥʘʯʝʥʥʷ ʜʠʩʙʘʣʘʥʩʫ ʚʩʽʭ ʧʨʦʮʝʩʦʨʽʚ ʚ ʩʠʩʪʝʤʽ ʚʠʟʥʘʯʘʻʪʴʩʷ ʷʢ 

 2( )
N u All

CPU i ui
ISL CPU CPU= -ä . (3.7) 
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ɸʥʘʣʦʛʽʯʥʦ ʤʦʞʫʪʴ ʙʫʪʠ ʨʦʟʨʘʭʦʚʘʥʽ ʟʥʘʯʝʥʥʷ ʜʠʩʙʘʣʘʥʩʫ ʧʘʤô̫ ʪʽ ʽ 

ʧʨʦʧʫʩʢʥʦʾ ʟʜʘʪʥʦʩʪʽ ʤʝʨʝʞʽ. 

 2( )
N r All

RAM i ri
ISL RAM RAM= -ä ,  (3.8) 

 2( )
N k All

Net i ki
ISL Net Net= -ä .  (3.9) 

5. ɺʚʝʜʝʤʦ ʢʦʤʧʣʝʢʩʥʝ ʟʥʘʯʝʥʥʷ ʜʠʩʙʘʣʘʥʩʫ ʥʘʚʘʥʪʘʞʝʥʥʷ 
iSIL  i -ʛʦ 

ʩʝʨʚʝʨʘ, ʱʦ ʚʨʘʭʦʚʫʻ ʚʩʽ ʪʨʠ ʨʝʩʫʨʩʠ ʩʝʨʚʝʨʘ. ɺʠʢʦʨʠʩʪʦʚʫʶʯʠ ʬʦʨʤʫʣʫ 

ʨʦʟʨʘʭʫʥʢʫ ʜʠʩʧʝʨʩʽʾ ʷʢ ʤʽʨʠ ʥʝʨʽʚʥʦʤʽʨʥʦʩʪʽ, ʽʥʪʝʛʨʦʚʘʥʝ ʟʥʘʯʝʥʥʷ ʜʠʩʙʘʣʘʥʩʫ 

ʥʘʚʘʥʪʘʞʝʥʥʷ i -ʛʦ ʩʝʨʚʝʨʘ ʤʦʞʥʘ ʚʠʟʥʘʯʠʪʠ ʷʢ: 

 
2 2 2( ) ( ) ( )u All r All k All

i i u i r i kSIL a CPU CPU b RAM RAM c Net Net= - + - + - .  (3.10) 

ʇʘʨʘʤʝʪʨʠ , ,a b c ʧʦʟʥʘʯʘʶʪʴ ʚʘʛʦʚʽ ʢʦʝʬʽʮʽʻʥʪʠ ʜʣʷ ʧʨʦʮʝʩʦʨʘ, ʧʘʤô̫ ʪʽ ʽ 

ʧʨʦʧʫʩʢʥʦʾ ʟʜʘʪʥʦʩʪʽ ʤʝʨʝʞʽ, ʚʽʜʧʦʚʽʜʥʦ, ʷʢʽ ʚʠʙʠʨʘʶʪʴʩʷ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʤ 

ʰʣʷʭʦʤ ʪʘʢʠʤ ʯʠʥʦʤ, ʱʦ 1a b c+ + =, ʟʘʣʝʞʥʦ ʚʽʜ ʨʦʟʚô̫ ʟʫʚʘʥʠʭ ʟʘʚʜʘʥʴ ʽ 

ʩʪʨʫʢʪʫʨʠ ʩʠʩʪʝʤʠ. 

iSIL  ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ ʜʣʷ ʧʦʟʥʘʯʝʥʥʷ ʨʽʚʥʷ ʜʠʩʙʘʣʘʥʩʫ ʥʘʚʘʥʪʘʞʝʥʥʷ 

ʰʣʷʭʦʤ ʧʦʨʽʚʥʷʥʥʷ ʢʦʝʬʽʮʽʻʥʪʽʚ ʚʠʢʦʨʠʩʪʘʥʥʷ ʧʨʦʮʝʩʦʨʘ, ʧʘʤô̫ ʪʽ ʽ ʧʨʦʧʫʩʢʥʦʾ 

ʟʜʘʪʥʦʩʪʽ ʤʝʨʝʞʽ. 

ʊʦʜʽ ʩʫʤʘʨʥʽ ʟʥʘʯʝʥʥʷ ʜʠʩʙʘʣʘʥʩʫ ʚʩʽʭ ʩʝʨʚʝʨʽʚ ʫ ʩʠʩʪʝʤʽ ʟʘʧʠʩʫʻʪʴʩʷ ʷʢ: 

 
1 N

tot ii
ISL SIL

N
= ä .  (3.11) 
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6. ʉʝʨʝʜʥʷ ʪʨʠʚʘʣʽʩʪʴ ʨʦʙʦʪʠ ʟ ʦʜʥʘʢʦʚʦ  ʁʢʽʣʴʢʩ̔ʪʁ ʟʘʚʜʘʥʴ ʜʦʟʚʦʣʷʻ 

ʧʦʨʽʚʥʶʚʘʪʠ ʨʽʟʥʽ ʘʣʛʦʨʠʪʤʠ ʧʣʘʥʫʚʘʥʥʷ. 

7. ʇʝʨʽʦʜ ʦʙʨʦʙʢʠ ʥʘ i -ʤʫ ʩʝʨʚʝʨʽ ʚʠʟʥʘʯʘʻʪʴʩʷ ʷʢ ʤʘʢʩʠʤʘʣʴʥʝ 

ʥʘʚʘʥʪʘʞʝʥʥʷ ʥʘ i -ʤʫ ʩʝʨʚʝʨʽ. ʇʝʨʽʦʜ ʦʙʨʦʙʢʠ ʚ ʩʠʩʪʝʤʽ ʚʠʟʥʘʯʘʻʪʴʩʷ ʷʢ 

ʩʝʨʝʜʥʻ ʟʘʚʘʥʪʘʞʝʥʥʷ ʥʘ ʚʩʽʭ ʩʝʨʚʝʨʘʭ. 

8. ɽʬʝʢʪʠʚʥʽʩʪʴ ʚʠʢʦʨʠʩʪʘʥʥʷ ʚʠʟʥʘʯʘʻʪʴʩʷ ʷʢ ʩʝʨʝʜʥʻ ʥʘʚʘʥʪʘʞʝʥʥʷ ʥʘ 

ʙʫʜʴ-ʷʢʦʤʫ ʩʝʨʚʝʨʽ. 

ʊʘʢʠʤ ʯʠʥʦʤ, ʜʣʷ ʧʣʘʥʫʚʘʥʥʷ ʨʝʩʫʨʩʽʚ ʙʫʣʘ ʨʦʟʨʦʙʣʝʥʘ ʤʝʪʦʜʠʢʘ 

ʢʦʤʧʣʝʢʩʥʦʛʦ ʚʠʤʽʨʶʚʘʥʥʷ ʟʘʛʘʣʴʥʦʛʦ ʨʽʚʥʷ ʜʠʩʙʘʣʘʥʩʫ ʩʠʩʪʝʤʠ, ʘ ʪʘʢʦʞ 

ʩʝʨʝʜʥʴʦʛʦ ʨʽʚʥʷ ʜʠʩʙʘʣʘʥʩʫ ʢʦʞʥʦʛʦ ʩʝʨʚʝʨʘ. 

3.7. ʈʦʟʨʦʙʢʘ ʤʝʪʦʜʫ ʙʝʟʧʝʯʥʦʛʦ ʙʘʣʘʥʩʫʚʘʥʥʷ ʥʘʚʘʥʪʘʞʝʥʥʷ ʟ 

ʫʨʘʭʫʚʘʥʥʷʤ ʤʫʣʴʪʠʬʨʘʢʪʘʣʴʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʪʨʘʬʽʢʘ 

ʏʝʨʛʠ ʽ ʚʪʨʘʪʠ, ʧʦʨʦʜʞʫʚʘʥʽ ʪʨʘʬʽʢʦʤ ʟ ʤʫʣʴʪʠʬʨʘʢʪʘʣʴʥʠʤʠ 

ʚʣʘʩʪʠʚʦʩʪʷʤʠ, ʟʘʣʝʞʘʪʴ ʚʽʜ ʤʫʣʴʪʠʬʨʘʢʪʘʣʴʥʦʾ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ: ʬʫʥʢʮʽʾ 

ʫʟʘʛʘʣʴʥʝʥʦʛʦ ʧʦʢʘʟʥʠʢʘ ʍʝʨʩʪʘ. ɼʽʘʧʘʟʦʥ ʟʥʘʯʝʥʴ ʫʟʘʛʘʣʴʥʝʥʦʛʦ ʧʦʢʘʟʥʠʢʘ 

ʍʝʨʩʪʘ ʚʽʜʧʦʚʽʜʘʻ ʩʪʫʧʝʥʶ ʥʝʦʜʥʦʨʽʜʥʦʩʪʽ ʪʨʘʬʽʢʘ, ʪʦʙʪʦ ʭʘʨʘʢʪʝʨʠʟʫʻ ʨʦʟʢʠʜ 

ʜʘʥʠʭ. ɿʥʘʯʝʥʥʷ ʟʚʠʯʘʡʥʦʛʦ ʧʘʨʘʤʝʪʨʘ ʍʝʨʩʪʘ, ʦʪʨʠʤʘʥʝ ʟ ʫʟʘʛʘʣʴʥʝʥʦʛʦ 

ʧʦʢʘʟʥʠʢʘ, ʚʽʜʧʦʚʽʜʘʻ ʩʪʫʧʝʥʶ ʜʦʚʛʦʩʪʨʦʢʦʚʦʾ ʟʘʣʝʞʥʦʩʪʽ ʨʝʘʣʽʟʘʮʽʾ ʽ 

ʭʘʨʘʢʪʝʨʠʟʫʻ ʢʦʨʝʣʷʮʽʡʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʪʨʘʬʽʢʘ. 

ɺʠʢʦʨʠʩʪʘʥʥʷ ʜʠʥʘʤʽʯʥʦ ʟʤʽʥʶʚʘʥʦʛʦ ʘʣʛʦʨʠʪʤʫ ʻ ʥʘʡʙʽʣʴʰ 

ʧʨʠʡʥʷʪʥʠʤ ʟ ʪʦʯʢʠ ʟʦʨʫ ʟʤʝʥʰʝʥʥʷ ʥʘʜʤʽʨʥʦʩʪʽ ʜʘʥʠʭ. ɿ ʪʘʢʠʤ ʩʧʦʩʦʙʦʤ 

ʯʘʩʪʦʪʘ ʤʦʥʽʪʦʨʠʥʛʫ ʟʘʣʝʞʘʪʠʤʝ ʚʽʜ ʟʥʘʯʝʥʴ ʫʟʘʛʘʣʴʥʝʥʦʛʦ ʧʦʢʘʟʥʠʢʘ ʍʝʨʩʪʘ 

( )h q  ʚʭʽʜʥʦʛʦ ʧʦʪʦʢʫ. ɯʥʪʝʨʚʘʣ ʤʦʥʽʪʦʨʠʥʛʫ ʤʘʻ ʯʘʩʪʽʰʘʪʠ, ʷʢʱʦ ʫ ʚʭʽʜʥʦʤʫ 

ʧʦʪʦʮʽ ʜʽʘʧʘʟʦʥ ʟʥʘʯʝʥ ɹ ʫʟʘʛʘʣʴʥʝʥʦʛʦ ʧʦʢʘʟʥʠʢʘ ʍʝʨʩʪʘ ʧʨʠʡʤʘʻ ʟʥʘʯʝʥʥʷ, 
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ʙʽʣʴʰʽ ʟʘʜʘʥʦʾ ʚʝʣʠʯʠʥʠ 
min max( ) ( ) MAXh h q h qD = - >D, ʽ ʟʽ ʟʥʘʯʝʥʥʽʤ ʧʦʢʘʟʥʠʢʘ 

ʍʝʨʩʪʘ ( 2) 0.8MAXH h q H= = > >. 

ɸʣʛʦʨʠʪʤ ʨʦʙʦʪʠ ʤʝʪʦʜʫ ʙʝʟʧʝʯʥʦʛʦ ʙʘʣʘʥʩʫʚʘʥʥʷ ʥʘʚʘʥʪʘʞʝʥʥʷ. 

ʅʘ ʦʩʥʦʚʽ ʤʫʣʴʪʠʬʨʘʢʪʘʣʴʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʚʭʽʜʥʦʛʦ ʪʨʘʬʽʢʘ ʪʘ ʟʘʜʘʯʽ 

ʟʘʙʝʟʧʝʯʝʥʥʷ ʙʝʟʧʝʢʠ ʢʦʤʧôʶʪʝʨʥʦʾ ʩʠʩʪʝʤʠ ʧʨʦʧʦʥʫʻʪʴʩʷ ʜʠʥʘʤʽʯʥʠʡ ʤʝʪʦʜ 

ʙʘʣʘʥʩʫʚʘʥʥʷ ʪʨʘʬʽʢʘ. ɿʘʣʝʞʥʦ ʚʽʜ ʟʤʽʥ ʧʘʨʘʤʝʪʨʽʚ ʚʭʽʜʥʦʛʦ ʧʦʪʦʢʫ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʨʽʟʥʽ ʤʝʪʦʜʠ ʫʧʨʘʚʣʽʥʥʷ ʪʨʘʬʽʢʦʤ.  

ʅʘʚʝʜʝʤʦ ʧʦʢʨʦʢʦʚʠʡ ʦʧʠʩ ʤʝʪʦʜʫ ʟʘʙʝʟʧʝʯʝʥʥʷ ʙʝʟʧʝʢʠ ʚ ʭʦʜʽ 

ʜʠʥʘʤʽʯʥʦʛʦ ʙʘʣʘʥʩʫʚʘʥʥ ̫ʩʘʤʦʧʦʜʽʙʥʦʛʦ ʪʨʘʬʽʢʫ: 

1. ʅʘ ʚʭʽʜ ʙʘʣʘʥʩʫʚʘʣʴʥʠʢʘ ʥʘʜʭʦʜʷʪʴ ʧʦʪʦʢʠ ʜʘʥʠʭ ʽʥʪʝʥʩʠʚʥʦʩʪʽ 

1 2[ , ,.., ]sl l l l= , ʷʢʽ ʥʘʣʝʞʘʪʴ ʜʦ qs-ʢʣʘʩʫ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ. ʇʦʪʦʢʠ ʤʘʶʪʴ 

ʤʥʦʞʠʥʫ ʭʘʨʘʢʪʝʨʠʩʪʠʢ { , , }tV h Sl=  ʽ ʦʙʦʚ'ʷʟʢʦʚʦ ʤʽʩʪʷʪʴ ʪʠʧ ʧʨʦʪʦʢʦʣʫ 

(ʧʨʦʪʦʢʦʣ ʫʧʨʘʚʣʽʥʥʷ ʧʝʨʝʜʘʯʝʶ ï TCP, ʧʨʦʪʦʢʦʣ ʧʨʠʟʥʘʯʝʥʠʭ ʜʣʷ ʢʦʨʠʩʪʫʚʘʯʘ 

ʜʝʡʪʘʛʨʘʤ ï UDP ʽ ʪ. ɼ.) ʪʘ ʽʥʬʦʨʤʘʮʽʶ ʚ ʟʘʛʦʣʦʚʢʘʭ ʧʘʢʝʪʽʚ. 

2. ɺʭʽʜʥʽ ʧʘʢʝʪʠ ʜʘʥʠʭ ʦʙʨʦʙʣʷʶʪʴʩʷ ʧʨʦʮʝʜʫʨʦʶ ʧʦʜʽʣʫ, ʷʢʘ ʢʣʘʩʠʬʽʢʫʻ 

ʾʭ ʥʘ ʧʦʪʦʢʠ ʪʠʧʽʚ ʜʘʥʠʭ ʰʣʷʭʦʤ ʽʜʝʥʪʠʬʽʢʘʮʽʾ ʟʘʛʦʣʦʚʢʽʚ ʧʘʢʝʪʽʚ, ʱʦ ʥʘʜʽʡʰʣʠ. 

ɼʣʷ ʢʦʞʥʦʛʦ ʢʣʘʩʫ ʧʦʪʦʢʫ ʧʨʦʪʷʛʦʤ ʧʝʚʥʦʛʦ ʧʝʨʽʦʜʫ ʯʘʩʫ ʊ ʨʦʟʨʘʭʦʚʫʶʪʴʩʷ 

1 2[ , ,.., ]sl l l l= , ʤʫʣʴʪʠʬʨʘʢʪʘʣʴʥʽ ʧʘʨʘʤʝʪʨʠ 
min max( ) ( )h h q h qD = - , H , 

qsFb  ï 

ʘʛʨʝʛʦʚʘʥʠʡ ʢʨʽʪʝʨʽʡ ʷʢʦʩʪʽ ʚʠʷʚʣʝʥʥʷ ʘʪʘʢ ʫ ʪʨʘʬʽʢʫ qs ʢʣʘʩʫ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ, 

ʱʦ ʧʝʨʝʜʘʻʪʴʩʷ ʚʽʜ ʚʫʟʣʘ 
la  ʜʦ ʚʫʟʣʘ 

ka . 

3. ʅʘ ʙʘʣʘʥʩʫʚʘʣʴʥʠʢ ʫ ʤʦʤʝʥʪ ʯʘʩʫ t  ʧʨʠʭʦʜʷʪʴ ʜʘʥʽ ʧʨʦ ʜʦʩʪʫʧʥ ̔

ʧʨʦʧʫʩʢʥ ̔ ʟʜʘʪʥʦʩʪʽ ( )iNet t  ʢʦʞʥʦʛʦ ʢʘʥʘʣʫ, ʩʪʘʥ ʩʝʨʚʝʨʽʚ ( )iCPU t  ï ʦʙʩʷʛ 

ʚʽʣʴʥʦʛʦ ʎʇʋ ʽ ( )iRAM t  ï ʦʙʩʷʛ ʚʽʣʴʥʦʾ ʦʧʝʨʘʪʠʚʥʦʾ ʧʘʤô̫ ʪʽ i -ʛʦ ʩʝʨʚʝʨʘ, 

ʟʥʘʯʝʥʥʷ ʜʠʩʙʘʣʘʥʩʫ ʥʘʚʘʥʪʘʞʝʥʥʷ i -ʛʦ ʩʝʨʚʝʨʘ iSIL, ʘʛʨʝʛʦʚʘʥʠʡ ʢʨʽʪʝʨʽʡ 

ʷʢʦʩʪʽ ʚʠʷʚʣʝʥʥʷ ʘʪʘʢ ia
Fb  ʥʘ ʚʫʟʦʣ 

ia . 
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4. ʅʘ ʦʩʥʦʚʽ ʤʫʣʴʪʠʬʨʘʢʪʘʣʴʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʪʨʘʬʽʢʘ, ʟʥʘʯʝʥʴ 

ʜʠʩʙʘʣʘʥʩʘ ʥʘʚʘʥʪʘʞʝʥʥʷ i -ʛʦ ʩʝʨʚʝʨʘ, ʪʨʫʜʦʤʽʩʪʢʦʩʪʽ ʟʘʧʠʪʽʚ ʦʙʯʠʩʣʶʻʤʦ 

ʥʘʙʽʨ ʚʝʢʪʦʨʽʚ ʥʝʦʙʭʽʜʥʠʭ ʨʝʩʫʨʩʽʚ ( , , )new

qs CPU Net RAMv =  ʜʣʷ ʢʦʞʥʦʛʦ qs-ʛʦ 

ʢʣʘʩʫ ʪʨʘʬʽʢʘ. 
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ʜʝ qsv  ʚʠʟʥʘʯʘʻʪʴʩʷ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʢʣʘʩʫ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʪʘ ʥʝʦʙʭʽʜʥʠʤʠ 

ʨʝʩʫʨʩʘʤʠ, ʟʥʘʯʝʥʥʷ 
0v  ʦʙʠʨʘʻʪʴʩʷ ʘʜʤʽʥʽʩʪʨʘʪʦʨʦʤ ʤʝʨʝʞʽ ʟ ʫʨʘʭʫʚʘʥʥʷʤ 

ʩʪʘʥʫ ʤʝʨʝʞʽ. ʑʦʙ ʚʽʜʦʙʨʘʟʠʪʠ ʟʤʽʥʫ ʤʫʣʴʪʠʬʨʘʢʪʘʣʴʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʧʦʪʦʢʽʚ 

ʪʘ ʜʠʩʙʘʣʘʥʩʫ ʩʝʨʚʝʨʽʚ, ʚʝʢʪʦʨʠ ʧʦʪʨʽʙʥʠʭ ʨʝʩʫʨʩʽʚ 
new

qsv  ʦʥʦʚʣʶʶʪʴʩʷ ʫ 

ʨʝʛʫʣʷʨʥʽ ʧʨʦʤʽʞʢʠ ʯʘʩʫ ʪʘ ʧʝʨʝʨʘʭʦʚʫʶʪʴʩʷ ʟʘ ʬʦʨʤʫʣʦʶ.  

ʂʽʣʴʢʽʩʪʴ ʧʦʪʨʽʙʥʠʭ ʨʝʩʫʨʩʽʚ ʥʝ ʟʤʽʥʶʻʪʴʩʷ (
new

qs qsv v= ), ʷʢʱʦ ʪʨʘʬʽʢ ʻ 

ʟʚʠʯʘʡʥʠʤ ʧʫʘʩʩʦʥʽʚʩʴʢʠʤ ʧʦʪʦʢʦʤ (0.5H= ) ʘʙʦ ʤʘʻ ʘʥʪʠʧʝʨʩʠʩʪʝʥʪʥʽ 

ʚʣʘʩʪʠʚʦʩʪʽ (0.5H< ). ɿʽ ʟʥʘʯʝʥʥʷʤ 0.5 0.9H< <  ʪʘ ʤʘʣʠʤ ʨʦʟʢʠʜʦʤ ʜʘʥʠʭ 

( 0.4hD ¢ )  ʟʥʘʯʝʥʥʷ qsv  ʟʙʽʣʴʰʫʻʪʴʩʷ ʧʨʦʧʦʨʮʽʡʥʦ ʟʥʘʯʝʥʥʶ ʧʦʢʘʟʥʠʢʘ 

ʍʝʨʩʪʘ. ɿ ̔ ʟʥʘʯʝʥʥʷʤ ʧʦʢʘʟʥʠʢʘ ʍʝʨʩʪʘ 0.5 0.9H< <  ʪʘ ʚʝʣʠʢʠʤ ʨʦʟʢʠʜʦʤ 

ʜʘʥʠʭ ( 0.4 1h<D <) ʟʥʘʯʝʥʥʷ qsv  ʟʙʽʣʴʰʫʻʪʴʩʷ ʧʨʦʧʦʨʮʽʡʥʦ ʦʙʦʤ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤ. ʂʽʣʴʢʽʩʪʴ ʧʦʪʨʽʙʥʠʭ ʨʝʩʫʨʩʽʚ ʟ ʤʘʢʩʠʤʘʣʴʥʠʤ ʟʥʘʯʝʥʥʷʤ 

0qsv v+  ʦʪʨʠʤʫʻʪʴʩʷ ʟʽ ʟʥʘʯʝʥʥʷʤ 0.9H²  ʘʙʦ ʧʨʠ ʧʝʨʩʠʩʪʝʥʪʥʦʤʫ ʪʨʘʬʽʢʫ  

( 0.5H> ) ʟ ʜʽʘʧʘʟʦʥʦʤ ʟʥʘʯʝʥʴ ʫʟʘʛʘʣʴʥʝʥʦʛʦ ʧʦʢʘʟʥʠʢʘ ʍʝʨʩʪʘ 1hD ².  
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5. ʅʘ ʧʽʜʩʪʘʚʽ ʦʙʯʠʩʣʝʥʦʛʦ ʚʝʢʪʦʨʘ ʥʝʦʙʭʽʜʥʠʭ ʨʝʩʫʨʩʽʚ ʜʣʷ ʢʦʞʥʦʛʦ 

ʧʦʪʦʢʫ qs-ʢʣʘʩʫ ʙʘʣʘʥʩʫʚʘʣʴʥʠʢ ʨʦʟʨʘʭʦʚʫʻ ʨʦʟʧʦʜʽʣ ʮʠʭ ʧʦʪʦʢʽʚ ʤʽʞ 

ʩʝʨʚʝʨʘʤʠ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʟʘʚʘʥʪʘʞʝʥʥʷ ʢʦʞʥʦʛʦ i -ʛʦ ʩʝʨʚʝʨʘ, ʢʨʠʪʝʨʽʷʤʠ 

ʚʠʷʚʣʝʥʥʷ ʘʪʘʢ ʫ ʪʨʘʬʽʢʫ ʽ ʚʫʟʣʘʭ ʤʝʨʝʞʽ. 
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qsu  ʢʦʤʙʽʥʘʮʽʷ ʨʦʟʧʦʜʽʣʫ ʧʦʪʦʢʽʚ ʤʽʞ ʩʝʨʚʝʨʘʤʠ ʟʘ ʥʘʷʚʥʦʩʪʽ ʨʝʩʫʨʩʽʚ ʥʘ 

ʢʦʞʥʦʤʫ ʩʝʨʚʝʨʽ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʦʙʨʘʥʦʛʦ ʘʣʛʦʨʠʪʤʫ ʙʘʣʘʥʩʫʚʘʥʥʷ ʟ ʜʠʩʙʘʣʘʥʩʦʤ 

ʥʘ ʢʦʞʥʦʤʫ ʩʝʨʚʝʨʽ 0,6iSIL ¢ , ʟʽ ʟʥʘʯʝʥʥʷʤ ʘʛʨʝʛʦʚʘʥʦʛʦ ʢʨʠʪʝʨʽʶ ʷʢʦʩʪʽ 

ʚʠʷʚʣʝʥʥʷ ʘʪʘʢ ʚ ʪʨʘʬʽʢʫ qs ʢʣʘʩʫ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ, ʱʦ ʧʝʨʝʜʘʻʪʴʩʷ ʚʽʜ ʚʫʟʣʘ 
la  

ʜʦ ʚʫʟʣʘ 
ka  0,7qsFb ¢  ʪʘ ʟʽ ʟʥʘʯʝʥʥʷʤ ʘʛʨʝʛʦʚʘʥʦʛʦ ʢʨʠʪʝʨʽʶ ʷʢʦʩʪʽ ʚʠʷʚʣʝʥʥʷ 

ʘʪʘʢ ʥʘ ʚʫʟʦʣ 
ia  0,7ia

Fb ¢ . 
0u ï ʥʝʦʙʭʽʜʥʽ ʜʽʾ ʘʜʤʽʥʽʩʪʨʘʪʦʨʘ, 0

delu  ï ʥʝʦʙʭʽʜʥʘ 

ʧʝʨʝʚʽʨʢʘ ʧʦʪʦʢʫ ʘʙʦ ʚʫʟʣʘ ʤʝʨʝʞʽ ʥʘ ʥʘʷʚʥʽʩʪʴ ʘʪʘʢ, ʟʤʝʥʰʝʥʥʷ ʜʠʩʙʘʣʘʥʩʫ 

ʩʝʨʚʝʨʘ. 

6. ʈʦʟʧʦʜʽʣʷʻʤʦ ʪʨʘʬʽʢ ʧʦ ʩʝʨʚʝʨʘʭ, ʟʛʽʜʥʦ ʟ ʘʣʛʦʨʠʪʤʦʤ ʙʘʣʘʥʩʫʚʘʥʥʷ ʚ 

ʤʝʞʘʭ ʢʦʞʥʦʛʦ ʢʣʘʩʫ ʧʦʪʦʢʫ. 

7. ɺʠʢʦʥʫʻʤʦ ʨʦʟʨʘʭʫʥʢʠ ʧ.2ï6 ʜʣʷ ʧʝʨʽʦʜʫ ʯʘʩʫ T T+D. 

ʈʦʟʨʦʙʣʶʚʘʥʠʡ ʤʝʪʦʜ ʟʘʙʝʟʧʝʯʝʥʥʷ ʙʝʟʧʝʢʠ ʟ ʜʠʥʘʤʽʯʥʠʤ 

ʙʘʣʘʥʩʫʚʘʥʥʷʤ ʥʘʚʘʥʪʘʞʝʥʥʷ ʤʘʻ ʟʘʙʝʟʧʝʯʫʚʘʪʠ ʩʪʘʪʠʩʪʠʯʥʦ ʨʽʚʥʦʤʽʨʥʠʡ 

ʨʦʟʧʦʜʽʣ ʙʝʟʧʝʯʥʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ ʥʘ ʙʝʟʧʝʯʥʠʭ ʩʝʨʚʝʨʘʭ, ʚʠʩʦʢʽ ʧʦʢʘʟʥʠʢʠ 

ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ, ʧʨʦʧʫʩʢʥʦʾ ʟʜʘʪʥʦʩʪʽ, ʚʽʜʤʦʚʦʩʪʽʡʢʦʩʪʽ (ʘʚʪʦʤʘʪʠʯʥʦ 

ʚʠʷʚʣʷʶʯʠ ʟʙʦʾ ʚʫʟʣʽʚ ʽ ʧʝʨʝʨʦʟʧʦʜʽʣʷʶʯʠ ʧʦʪʽʢ ʜʘʥʠʭ ʩʝʨʝʜ ʨʝʰʪʠ) ʽ ʥʠʟʴʢʠʡ 

ʯʘʩ ʚʽʜʛʫʢʫ, ʢʽʣʴʢʽʩʪʴ ʩʣʫʞʙʦʚʦʾ ʽʥʬʦʨʤʘʮʽʾ, ʢʽʣʴʢʽʩʪʴ ʚʪʨʘʯʝʥʠʭ ʜʘʥʠʭ. 
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ɸʣʛʦʨʠʪʤ ʙʘʣʘʥʩʫʚʘʥʥʷ ʤʘʻ ʨʦʟʧʦʜʽʣʷʪʠ ʟʘʧʠʪʠ ʧʦ ʩʝʨʚʝʨʘʭ ʪʘʢ, ʱʦʙ 

ʚʽʜʭʠʣʝʥʥʷ ʟʘʚʘʥʪʘʞʝʥʦʩʪʽ ʩʝʨʚʝʨʽʚ ʚʽʜ ʩʝʨʝʜʥʴʦʛʦ ʟʥʘʯʝʥʥʷ ʙʫʣʦ ʤʽʥʽʤʘʣʴʥʠʤ. 

3.8. ʈʝʟʫʣʴʪʘʪʠ ʤʦʜʝʣʶʚʘʥʥʷ ʤʝʪʦʜʫ ʙʝʟʧʝʯʥʦʛʦ ʙʘʣʘʥʩʫʚʘʥʥʷ 

ʥʘʚʘʥʪʘʞʝʥʥʷ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʤʫʣʴʪʠʬʨʘʢʪʘʣʴʥʦʛʦ ʚʣʘʩʪʠʚʦʩʪʝʡ ʪʨʘʬʽʢʫ 

ɹʫʚ ʨʦʟʨʦʙʣʝʥʠʡ ʧʨʦʛʨʘʤʥʠʡ ʧʨʦʜʫʢʪ, ʷʢʠʡ ʜʦʟʚʦʣʷʻ ʧʨʦʚʦʜʠʪʠ 

ʽʤʽʪʘʮʽʡʥʝ ʤʦʜʝʣʶʚʘʥʥʷ ʨʦʙʦʪʠ ʩʠʩʪʝʤʠ ʙʘʣʘʥʩʫʚʘʥʥʷ ʥʘʚʘʥʪʘʞʝʥʥʷ ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʨʽʟʥʠʭ ʘʣʛʦʨʠʪʤʽʚ ʙʘʣʘʥʩʫʚʘʥʥʷ, ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ ʟʘʧʨʦʧʦʥʦʚʘʥʠʡ 

ʤʝʪʦʜ. ʈʦʟʛʣʷʥʫʪʦ ʪʨʠ ʦʩʥʦʚʥʠʭ ʘʣʛʦʨʠʪʤʠ ʙʘʣʘʥʩʫʚʘʥʥʷ ʥʘʚʘʥʪʘʞʝʥʥʷ: Round 

Robin, Round Robin Weight ʽ Compare Balance. ɸʣʛʦʨʠʪʤ Round Robin 

(ʢʨʫʛʦʚʦʛʦ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ),  ̒ʧʝʨʝʙʦʨʦʤ ʟʘ ʢʨʫʛʦʚʠʤ ʮʠʢʣʦʤ: ʧʝʨʰʘ ʟʘʜʘʯʘ 

ʧʝʨʝʜʘʻʪʴʩʷ ʦʜʥʦʤʫ ʚʫʟʣʫ, ʧʦʪʽʤ ʥʘʩʪʫʧʥʘ ʟʘʜʘʯʘ ʧʝʨʝʜʘʻʪʴʩʷ ʽʥʰʦʤʫ ʽ ʪʘʢ ʜʦ 

ʜʦʩʷʛʥʝʥʥʷ ʦʩʪʘʥʥʴʦʛʦ ʚʫʟʣʘ, ʘ ʧʦʪʽʤ ʚʩʝ ʧʦʯʠʥʘʻʪʴʩʷ ʩʧʦʯʘʪʢʫ. ɺ ʘʣʛʦʨʠʪʤʽ 

Round Robin Weight ʢʦʞʥʦʤʫ ʚʫʟʣʫ ʧʨʠʩʚʦʶʻʪʴʩʷ ʚʘʛʦʚʠʡ ʢʦʝʬʽʮʽʻʥʪ 

ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʡʦʛʦ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ ʽ ʧʦʪʫʞʥʦʩʪ̔. ʎʝ ʜʦʧʦʤʘʛʘʻ ʨʦʟʧʦʜʽʣʷʪʠ 

ʥʘʚʘʥʪʘʞʝʥʥʷ ʙʽʣʴʰ ʛʥʫʯʢʦ, ʦʩʢʽʣʴʢʠ ʚʫʟʣʠ ʟ ʚʝʣʠʢʦʶ ʚʘʛʦʶ ʦʙʨʦʙʣʷʶʪʴ 

ʙʽʣʴʰʝ ʟʘʧʠʪʽʚ. ɸʣʛʦʨʠʪʤ Compare Balance ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʜʣʷ ʜʦʩʷʛʥʝʥʥʷ 

ʨʽʚʥʦʚʘʞʥʦʛʦ ʩʪʘʥʫ ʽ ʫʧʨʘʚʣʽʥʥʷ ʥʝʟʙʘʣʘʥʩʦʚʘʥʦʾ ʥʘʚʘʥʪʘʞʝʥʥʷʤ ʩʠʩʪʝʤʠ. ʋ 

ʮʴʦʤʫ ʘʣʛʦʨʠʪʤʽ ʙʘʣʘʥʩʫʚʘʣʴʥʠʢ ʚʠʧʘʜʢʦʚʠʤ ʯʠʥʦʤ ʚʠʙʠʨʘʻ ʩʝʨʚʝʨʠ ʽ ʧʦʨʽʚʥʶʻ 

ʾʭʥ ̔ʥʘʚʘʥʪʘʞʝʥʥʷ, ʧʽʩʣʷ ʯʦʛʦ ʚʽʜʧʨʘʚʣʷʻ ʟʘʷʚʢʫ ʥʘ ʦʙʨʦʙʢʫ ʩʝʨʚʝʨʘ ʟ ʤʝʥʰʠʤ 

ʟʘʚʘʥʪʘʞʝʥʥʷʤ. 

ɼʣ̫ ʘʥʘʣʽʟʫ ʨʦʙʦʪʠ ʘʣʛʦʨʠʪʤʽʚ ʙʘʣʘʥʩʫʚʘʥʥʷ ʧʨʦʚʝʜʝʥʦ ʯʠʩʝʣʴʥʽ 

ʜʦʩʣʽʜʞʝʥʥʷ ʨʦʙʦʪʠ ʩʠʩʪʝʤʠ ʙʘʣʘʥʩʫʚʘʥʥʷ ʟʘ ʨʽʟʥʠʭ ʟʥʘʯʝʥ ɹʥʘʚʘʥʪʘʞʝʥʥʷ, ʟ 

ʢʽʣʴʢʩ̔ʪʁ ʩʝʨʚʝʨʽʚ ʽ ʧʘʨʘʤʝʪʨʽʚ ʤʫʣʴʪʠʬʨʘʢʪʘʣʴʥʦʛʦ ʪʨʘʬʽʢʫ. ʅʘ ʨʠʩ. 3.4, 3.5 

ʧʦʢʘʟʘʥʦ ʟʤʽʥʫ ʜʠʩʙʘʣʘʥʩʫ ʧʨʦʮʝʩʦʨʽʚ, ʧʘʤô̫ ʪʽ ʽ ʧʨʦʧʫʩʢʥʦʾ ʟʜʘʪʥʦʩʪʽ ʢʘʥʘʣʽʚ 

(3.7-3.9) ʚ ʨʘʟʽ ʜʚʦʭ ʩʝʨʚʝʨʽʚ, ʘ ʪʘʢʦʞ ʢʦʤʧʣʝʢʩʥʝ ʟʥʘʯʝʥʥʷ ʜʠʩʙʘʣʘʥʩʫ 

ʥʘʚʘʥʪʘʞʝʥʥʷ ʢʦʞʥʦʛʦ ʩʝʨʚʝʨʘ (3.10) ʧʽʜ ʯʘʩ ʨʦʙʦʪʠ ʘʣʛʦʨʠʪʤʫ ʙʘʣʘʥʩʫʚʘʥʥʷ 
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Compare Balance. ʇʘʨʘʤʝʪʨʠ , ,a b c, ʷʢʽ ʧʦʟʥʘʯʘʶʪʴ ʚʘʛʦʚʽ ʢʦʝʬʽʮʽʻʥʪʠ ʜʣʷ 

ʧʨʦʮʝʩʦʨʘ, ʧʘʤô̫ ʪʽ ʽ ʧʨʦʧʫʩʢʥʦʾ ʟʜʘʪʥʦʩʪʽ ʤʝʨʝʞʽ, ʙʫʣʠ ʦʙʨʘʥʽ ʨʽʚʥʦʟʥʘʯʥʠʤʠ. 

 

ʈʠʩ. 3.4. ɼʠʩʙʘʣʘʥʩ ʩʠʩʪʝʤʠ ʧʨʠ ʧʘʨʘʤʝʪʨʘʭ ʪʨʘʬʽʢʘ 0,6H=  ʽ 1,5hD = . 

 

ʈʠʩ. 3.5. ɼʠʩʙʘʣʘʥʩ ʩʠʩʪʝʤʠ ʧʨʠ ʧʘʨʘʤʝʪʨʘʭ ʪʨʘʬʽʢʘ 0,9H=  ʽ 1,5hD =  
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ʋ ʧʝʨʰʦʤʫ ʚʠʧʘʜʢʫ (ʨʠʩ. 3.2) ʥʘ ʙʘʣʘʥʩʫʚʘʣʴʥʠʢ ʥʘʜʭʦʜʠʪʴ 

ʟʛʝʥʝʨʦʚʘʥʠʡ ʪʨʘʬʽʢ ʟ ʧʘʨʘʤʝʪʨʦʤ 0,6H=  ʽ ʜʽʘʧʘʟʦʥʦʤ ʫʟʘʛʘʣʴʥʝʥʦʛʦ 

ʧʦʢʘʟʥʠʢʘ ʍʝʨʩʪʘ 1,5hD = . ʈʠʩ. 3.5 ʜʝʤʦʥʩʪʨʫʻ ʜʠʩʙʘʣʘʥʩ ʩʠʩʪʝʤʠ ʜʣʷ ʪʨʘʬʽʢʘ ʟ 

ʙʽʣʴʰ ʩʠʣʴʥʦʶ ʜʦʚʛʦʩʪʨʦʢʦʚʦ  ʁʟʘʣʝʞʥʽʩʪʶ (0,9H= ) ʽ ʪʽʻʾ ʞ ʥʝʦʜʥʦʨʽʜʥʽʩʪʶ, 

ʱʦ ʽ ʚ ʧʝʨʰʦʤʫ ʚʠʧʘʜʢʫ. ʅʘ ʨʠʩ. 3.6 ʥʘʚʝʜʝʥʦ ʨʝʟʫʣʴʪʘʪʠ ʤʦʜʝʣʶʚʘʥʥʷ ʨʦʙʦʪʠ 

ʙʘʣʘʥʩʫʚʘʣʴʥʠʢʘ ʚ ʨʘʟʽ ʚʝʣʠʢʠʭ ʟʥʘʯʝʥʴ ʷʢ ʧʘʨʘʤʝʪʨʘ ʍʝʨʩʪʘ 0,9H= , ʪʘʢ ʽ 

ʜʽʘʧʘʟʦʥʫ ʫʟʘʛʘʣʴʥʝʥʦʛʦ ʧʦʢʘʟʥʠʢʘ ʍʝʨʩʪʘ 2,5hD = . 

ʊʘʙʣʠʮʷ 3.2. 

ɸʥʘʣʽʟ ʨʦʙʦʪʠ ʤʝʪʦʜʽʚ ʙʘʣʘʥʩʫʚʘʥʥʷ ʩʘʤʦʧʦʜʽʙʥʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ 

ʇʘʨʘʤʝʪʨʠ ʉʪʘʥʜʘʨʪʥʠʡ 

ʤʝʪʦʜ 

ʙʘʣʘʥʩʫʚʘʥʥʷ 

ɿ ʫʨʘʭʫʚʘʥʥʷʤ 

ʜʠʩʙʘʣʘʥʩʫ ʩʠʩʪʝʤʠ 

ʄʝʪʦʜ 

ʙʝʟʧʝʯʥʦʛʦ 

ʙʘʣʘʥʩʫʚʘʥʥʷ 

ɺʪʨʘʯʝʥʽ ʜʘʥʽ, % 1,98 1,65 0,98 

ʉʝʨʝʜʥʽʡ ʯʘʩ 

ʦʯʽʢʫʚʘʥʥʷ, ʤʩ 

5 4 6 

ʂʽʣʴʢʽʩʪʴ 

ʘʪʘʢʦʚʘʥʦʛʦ 

ʪʨʘʬʽʢʘ ʥʘ 

ʩʝʨʚʝʨʘʭ, % ʚʽʜ 

ʟʘʛʘʣʴʥʦʾ ʢʽʣʴʢʦʩʪʽ 

ʘʪʘʢ 

50 40 0,5 

ɼʠʩʙʘʣʘʥʩ 

ʩʠʩʪʝʤʠ, % 

0,7 0,65 0,5 

ʂʽʣʴʢʽʩʪʴ ʩʠʛʥʘʣʽʚ 

ʧʨʦ 

ʧʝʨʝʚʘʥʪʘʞʝʥʥʷ 

46 21 4 

 

ɼʦʩʣʽʜʞʝʥʥʷ ʧʦʢʘʟʘʣʠ, ʱʦ ʜʠʩʙʘʣʘʥʩ ʩʠʩʪʝʤʠ ʽʩʪʦʪʥʦ ʟʘʣʝʞʠʪʴ ʚʽʜ 

ʤʫʣʴʪʠʬʨʘʢʪʘʣʴʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʪʨʘʬʽʢʘ. ɿʘ ʥʝʚʝʣʠʢʠʭ ʟʥʘʯʝʥ ɹ H  ʽ 

ʥʝʚʝʣʠʢʦ ʾʥʝʦʜʥʦʨʽʜʥʦʩʪʽ ʩʠʩʪʝʤʘ ʙʘʣʘʥʩʫʚʘʥʥʷ ʧʨʠʭʦʜʠʪʴ ʚ ʨʽʚʥʦʚʘʞʥʠʡ ʩʪʘʥ ʽ 

ʟʥʘʯʝʥʥʷ ʜʠʩʙʘʣʘʥʩʫ ʧʨʘʛʥʝ ʜʦ ʥʫʣʷ. ɿ ̔ ʟʙʽʣʴʰʝʥʥʷʤ ʧʦʢʘʟʥʠʢʘ ʍʝʨʩʪʘ 

ʧʨʦʪʷʛʦʤ ʯʘʩʫ ʜʠʩʙʘʣʘʥʩ ʩʠʩʪʝʤʠ ʥʝ ʟʛʘʩʘʻ ʽ ʩʠʩʪʝʤʘ ʙʘʣʘʥʩʫʚʘʥʥʷ ʥʝ ʩʧʘʜʘʻ ʥʘ 

ʨʽʚʥʦʚʘʞʥʠʡ ʩʪʘʥ. ɿʘ ʚʝʣʠʢʠʭ ʟʥʘʯʝʥʴ ʧʦʢʘʟʥʠʢʘ ʍʝʨʩʪʘ ʽ ʚʝʣʠʢʦ ʾ

ʥʝʦʜʥʦʨʽʜʥʦʩʪʽ ʩʠʩʪʝʤʘ ʙʘʣʘʥʩʫʚʘʥʥʷ ʟʥʘʭʦʜʠʪʴʩʷ ʚ ʥʝʩʪʽʡʢʦʤʫ ʩʪʘʥʽ ʽ ʟʥʘʯʝʥʥʷ 
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ʜʠʩʙʘʣʘʥʩʫ ʟʤʽʥʶʻʪʴʩʷ ʚ ʢʽʣʴʢʘ ʨʘʟʽʚ, ʱʦ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʤʘʢʩʠʤʘʣʴʥʦʛʦ 

ʟʘʚʘʥʪʘʞʝʥʥʷ ʨʝʩʫʨʩʽʚ. ʋ ʪʘʙʣ. 3.2 ʥʘʚʝʜʝʥʽ ʟʥʘʯʝʥʥʷ ʢʽʣʴʢʦʩʪʽ ʚʪʨʘʯʝʥʠʭ ʜʘʥʠʭ 

ʽ ʩʝʨʝʜʥʽʡ ʯʘʩ ʦʯʽʢʫʚʘʥʥʷ ʟʘʷʚʦʢ ʫ ʩʠʩʪʝʤʽ ʧʽʜ ʯʘʩ ʨʦʙʦʪʠ ʘʣʛʦʨʠʪʤʽʚ 

ʙʘʣʘʥʩʫʚʘʥʥʷ Round Robin, Round Robin Weight ʽ Compare Balance. 

 

ʈʠʩ. 3.6. ɼʠʩʙʘʣʘʥʩ ʩʠʩʪʝʤʠ ʧʨʠ ʧʘʨʘʤʝʪʨʘʭ ʪʨʘʬʽʢʘ 0,9H=  ʽ 2,5hD =  

ʇʨʦʚʝʜʝʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʧʦʢʘʟʘʣʠ, ʱʦ ʟ ʪʨʴʦʭ ʨʦʟʛʣʷʥʫʪʠʭ ʘʣʛʦʨʠʪʤʽʚ 

ʥʘʡʢʨʘʱʠʤ ʻ ʘʣʛʦʨʠʪʤ Compare Balance. ʇʽʜ ʯʘʩ ʨʦʙʦʪʠ ʜʘʥʦʛʦ ʘʣʛʦʨʠʪʤʫ 

ʢʽʣʴʢʽʩʪʴ ʚʪʨʘʯʝʥʠʭ ʜʘʥʠʭ ʻ ʥʘʡʤʝʥʰʦ  ʁʽ, ʚʽʜʧʦʚʽʜʥʦ, ʟʘʙʝʟʧʝʯʫʻ ʥʘʡʢʨʘʱʫ 

ʷʢʽʩʪʴ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʜʣʷ ʯʫʪʣʠʚʦʛʦ ʜʦ ʚʪʨʘʪ ʪʨʘʬʽʢʘ. ʆʜʥʘʢ ʩʝʨʝʜʥʽʡ ʯʘʩ 

ʦʯʽʢʫʚʘʥʥʷ ʟʘʷʚʢʠ ʚ ʩʠʩʪʝʤʽ ʻ ʥʘʡʙʽʣʴʰʠʤ ʫ ʘʣʛʦʨʠʪʤʘ Compare Balance, ʱʦ 

ʚʽʜʙʫʚʘʻʪʴʩʷ ʯʝʨʝʟ ʫʨʘʭʫʚʘʥʥʷ ʜʘʥʠʤʠ ʘʣʛʦʨʠʪʤʦʤ ʩʪʘʥʫ ʩʝʨʚʝʨʽʚ. 

ɺ ʨʦʙʦʪʽ ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʤʝʪʦʜ ʙʘʣʘʥʩʫʚʘʥʥʷ ʥʘʚʘʥʪʘʞʝʥʥʷ ʟ 

ʫʨʘʭʫʚʘʥʥʷʤ ʦʮʽʥʶʚʘʥʥʷ ʟʘʚʘʥʪʘʞʝʥʥʷ ʚʫʟʣʽʚ ʨʦʟʧʦʜʽʣʝʥʦʾ ʩʠʩʪʝʤʠ. ɺ ʭʦʜʽ 

ʦʮʽʥʶʚʘʥʥ ̫ ʟʘʚʘʥʪʘʞʝʥʥʷ ʚʫʟʣʽʚ ʨʦʟʨʘʭʦʚʫʻʪʴʩʷ ʩʝʨʝʜʥʻ ʟʘʚʘʥʪʘʞʝʥʥʷ 

ʧʨʦʮʝʩʦʨʘ, ʧʘʤô̫ ʪʽ ʽ ʧʨʦʧʫʩʢʥʦʾ ʟʜʘʪʥʦʩʪʽ ʢʘʥʘʣʫ ʥʘ ʦʩʥʦʚʽ ʟʘʚʘʥʪʘʞʝʥʥʷ, ʷʢʝ 

ʚʠʤʽʨʷʥʦ ʩʠʩʪʝʤʦʶ ʦʙʣʽʢʫ ʘʙʦ ʤʦʥʽʪʦʨʦʤ ʦʧʝʨʘʮʽʡʥʦʾ ʩʠʩʪʝʤʠ. ʎʝ ʜʦʟʚʦʣʷʻ 
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ʦʙʯʠʩʣʠʪʠ ʜʠʩʙʘʣʘʥʩ ʫʩʽʭ ʩʝʨʚʝʨʽʚ ʩʠʩʪʝʤʠ, ʩʝʨʝʜʥʶ ʪʨʠʚʘʣʽʩʪʴ ʨʦʙʦʪʠ ʪʘ 

ʝʬʝʢʪʠʚʥʽʩʪʴ ʚʠʢʦʨʠʩʪʘʥʥʷ ʨʝʩʫʨʩʽʚ ʩʠʩʪʝʤʠ ʟʘ ʨʽʟʥʠʤʠ ʘʣʛʦʨʠʪʤʘʤʠ 

ʙʘʣʘʥʩʫʚʘʥʥʷ. 

ɺ ʨʦʙʦʪʽ ʧʨʦʚʝʜʝʥʦ ʽʤʽʪʘʮʽʡʥʝ ʤʦʜʝʣʶʚʘʥʥʷ ʟʘʧʨʦʧʦʥʦʚʘʥʦʛʦ ʤʝʪʦʜʫ ʽ 

ʘʣʛʦʨʠʪʤʽʚ ʙʘʣʘʥʩʫʚʘʥʥʷ Round Robin, Round Robin Weight ʽ Compare Balance, 

ʷʢʝ ʧʦʢʘʟʘʣʦ, ʱʦ ʥʘʡʤʝʥʰʘ ʢʽʣʴʢʽʩʪʴ ʚʪʨʘʯʝʥʦʾ ʽʥʬʦʨʤʘʮʽʾ ʚʠʭʦʜʠʪʴ ʧʽʜ ʯʘʩ 

ʨʦʙʦʪʠ ʜʠʥʘʤʽʯʥʦʛʦ ʘʣʛʦʨʠʪʤʘ ʙʘʣʘʥʩʫʚʘʥʥʷ, ʘ ʥʘʡʤʝʥʰʠʡ ʯʘʩ ʚʽʜʛʫʢʫ ï ʧ̔ ʜ ʯʘʩ 

ʩʪʘʪʠʯʥʦʛʦ. ʈʝʟʫʣʴʪʘʪʠ ʤʦʜʝʣʶʚʘʥʥʷ ʧʦʢʘʟʘʣʠ, ʱʦ ʤʫʣʴʪʠʬʨʘʢʪʘʣʴʥ ̔

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʪʨʘʬʽʢʘ ʽʩʪʦʪʥʦ ʚʧʣʠʚʘʶʪʴ ʥʘ ʜʠʩʙʘʣʘʥʩ ʩʠʩʪʝʤʠ. ɿʘ ʥʝʚʝʣʠʢʠʭ 

ʟʥʘʯʝʥ ɹ ʧʦʢʘʟʥʠʢʘ ʍʝʨʩʪʘ ʽ ʥʝʚʝʣʠʢʦ ʾ ʥʝʦʜʥʦʨʽʜʥʦʩʪʽ ʪʨʘʬʽʢʘ ʟʥʘʯʝʥʥʷ 

ʜʠʩʙʘʣʘʥʩʫ ʧʨʘʛʥʝ ʜʦ ʥʫʣʷ ʽ ʩʠʩʪʝʤʘ ʙʘʣʘʥʩʫʚʘʥʥʷ ʧʨʠʭʦʜʠʪʴ ʚ ʨʽʚʥʦʚʘʞʥʠʡ 

ʩʪʘʥ. ɿʘ ʚʝʣʠʢʠʭ ʟʥʘʯʝʥʴ ʧʦʢʘʟʥʠʢʘ ʍʝʨʩʪʘ ʽ ʥʝʦʜʥʦʨʽʜʥʦʩʪʽ ʩʠʩʪʝʤʘ 

ʙʘʣʘʥʩʫʚʘʥʥʷ ʧʦʩʪʽʡʥʦ ʟʥʘʭʦʜʠʪʴʩʷ ʚ ʥʝʩʪʽʡʢʦʤʫ ʩʪʘʥʽ, ʱʦ ʧʨʠʟʚʦʜʠʪʴ ʜʦ 

ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʟʘʚʘʥʪʘʞʝʥʥʷ ʨʝʩʫʨʩʽʚ. ɺʠʢʦʨʠʩʪʘʥʥʷ ʟʘʧʨʦʧʦʥʦʚʘʥʦʛʦ ʤʝʪʦʜʫ ʚ 

ʭʦʜʽ ʙʘʣʘʥʩʫʚʘʥʥ ̫ʥʘʚʘʥʪʘʞʝʥʥʷ, ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʽʥʬʦʨʤʘʮʽʾ ʧʨʦ ʩʪʘʥ ʩʝʨʚʝʨʽʚ ʽ 

ʚʩʽʻʾ ʩʠʩʪʝʤʠ, ʜʦʟʚʦʣʷʻ ʙʘʣʘʥʩʫʚʘʣʴʥʠʢʫ ʚʠʜʽʣʠʪʠ ʩʝʨʚʝʨ, ʷʢʠʡ ʟʜʘʪʥʠʡ 

ʥʘʡʢʨʘʱʠʤ ʯʠʥʦʤ ʚʧʦʨʘʪʠʩʷ ʟ ʦʙʨʦʙʢʦʶ ʤʫʣʴʪʠʬʨʘʢʪʘʣʴʥʦʛʦ ʧʦʪʦʢʫ ʟʘʚʜʘʥʴ. 

ɺʠʩʥʦʚʢʠ ʜʦ ʨʦʟʜʽʣʫ 3 

1. ʈʦʟʨʦʙʣʝʥʦ ʤʦʜʝʣʴ ʙʘʣʘʥʩʫʚʘʣʴʥʠʢʘ ʢʦʤʧôʶʪʝʨʥʦʾ ʩʠʩʪʝʤʠ, ʷʢʘ 

ʚʨʘʭʦʚʫʻ ʤʫʣʴʪʠʬʨʘʢʪʘʣʴʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʩʘʤʦʧʦʜʽʙʥʦʛʦ ʪʨʘʬʽʢʘ, ʧʘʨʘʤʝʪʨʠ 

ʷʢʦʩʪʽ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʜʣʷ ʢʦʞʥʦʛʦ ʢʣʘʩʫ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʪʨʘʬʽʢʘ, ʧʘʨʘʤʝʪʨʠ 

ʙʝʟʧʝʢʠ ʨʦʟʧʦʜʽʣʫ ʪʨʘʬʽʢʘ. ɺʫʟʣʠ ʩʠʩʪʝʤʠ ʦʧʠʩʫʶʪʴʩʷ ʦʙôʻʤʦʤ ʎʇʋ ʪʘ 

ʦʧʝʨʘʪʠʚʥʦʾ ʧʘʤôʷʪʽ, ʧʨʦʧʫʩʢʥʦʶ ʟʜʘʪʥʽʩʪʶ ʢʘʥʘʣʽʚ ʟʚôʷʟʢʫ ʪʘ ʨʽʚʥʝʤ 

ʜʠʩʙʘʣʘʥʩʫ ʥʘʚʘʥʪʘʞʝʥʥʷ.  

2. ʋʜʦʩʢʦʥʘʣʝʥʦ ʤʝʪʦʜ ʟʘʙʝʟʧʝʯʝʥʥʷ ʙʝʟʧʝʢʠ ʤʝʨʝʞʽ ʧʨʠ ʜʠʥʘʤʽʯʥʦʤʫ 

ʙʘʣʘʥʩʫʚʘʥʥʽ ʥʘʚʘʥʪʘʞʝʥʥʷ ʟ ʩʘʤʦʧʦʜʽʙʥʠʤ ʪʨʘʬʽʢʦʤ, ʷʢʠʡ, ʥʘ ʚʽʜʤʽʥʫ ʚʽʜ 
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ʽʩʥʫʶʯʠʭ, ʚʽʜʨʽʟʥʷʻʪʴʩʷ ʟʘʩʪʦʩʫʚʘʥʥʷʤ ʤʦʜʝʣʽ ʙʘʣʘʥʩʫʚʘʣʴʥʠʢʘ ʢʦʤʧôʶʪʝʨʥʦʾ 

ʤʝʨʝʞʽ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʧʘʨʘʤʝʪʨʽʚ ʙʝʟʧʝʢʠ ʨʦʟʧʦʜʽʣʫ ʪʨʘʬʽʢʘ ʽ 

ʤʫʣʴʪʠʬʨʘʢʪʘʣʴʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʪʨʘʬʽʢʘ. ʈʝʘʣʽʟʘʮʽʷ ʟʘʟʥʘʯʝʥʦʛʦ ʤʝʪʦʜʫ 

ʜʦʟʚʦʣʷʻ ʟʤʝʥʰʠʪʠ ʟʘʚʘʥʪʘʞʝʥʽʩʪʴ ʨʝʩʫʨʩʽʚ ʢʦʤʧôʶʪʝʨʥʦʾ ʩʠʩʪʝʤʠ ʟʘ ʨʘʭʫʥʦʢ 

ʩʧʨʷʤʫʚʘʥʥʷ ʙʝʟʧʝʯʥʠʭ ʥʝʦʜʥʦʨʽʜʥʠʭ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʧʦʪʦʢʽʚ ʥʘ ʙʝʟʧʝʯʥʽ ʪʘ 

ʤʝʥʰ ʟʘʚʘʥʪʘʞʝʥʽ ʨʝʩʫʨʩʠ. 

3. ɿʘʧʨʦʧʦʥʦʚʘʥʠʡ ʤʝʪʦʜ ʜʦʟʚʦʣʷʻ ʨʦʟʨʘʭʦʚʫʚʘʪʠ ʟʘʚʘʥʪʘʞʝʥʥʷ 

ʧʨʦʮʝʩʦʨʘ, ʧʘʤô̫ ʪʽ ʽ ʧʨʦʧʫʩʢʥʦʾ ʟʜʘʪʥʦʩʪʽ ʢʘʥʘʣʫ ʧʦʪʦʢʘʤʠ ʨʽʟʥʠʭ ʢʣʘʩʽʚ 

ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʜʣʷ ʢʦʞʥʦʛʦ ʩʝʨʚʝʨʘ ʽ ʚʩʽʻʾ ʨʦʟʧʦʜʽʣʝʥʦʾ ʩʠʩʪʝʤʠ ʪʘ ʨʦʟʧʦʜʽʣʷʪʠ 

ʩʘʤʦʧʦʜʽʙʥʠʡ ʪʨʘʬʽʢ ʥʘ ʦʩʥʦʚʽ ʧʘʨʘʤʝʪʨʫ ʚʠʷʚʣʝʥʥʷ ʘʪʘʢ ʚ ʪʨʘʬʽʢʫ ʢʦʞʥʦʛʦ 

ʢʣʘʩʫ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʪʘ ʨʦʟʨʘʭʦʚʘʥʠʭ ʟʥʘʯʝʥʥʷʭ ʟʘʚʘʥʪʘʞʝʥʥʷ ʩʝʨʚʝʨʽʚ. 

4. ɿʘʧʨʦʧʦʥʦʚʘʥʠʡ ʤʝʪʦʜ ʙʘʣʘʥʩʫʚʘʥʥʷ ʥʘʚʘʥʪʘʞʝʥʥʷ ʟʘʚʜʷʢʠ ʘʥʘʣʽʟʫ ʪʘ 

ʫʨʘʭʫʚʘʥʥʶ ʬʨʘʢʪʘʣʴʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʪʘ ʘʛʨʝʛʦʚʘʥʦʛʦ ʢʨʠʪʝʨʽʶ ʷʢʦʩʪʽ 

ʚʠʷʚʣʝʥʥʷ ʘʪʘʢ ʚʭʽʜʥʦʛʦ ʪʨʘʬʠʢʘ ʟʘʙʝʟʧʝʯʫ ̒ ʟʥʠʞʝʥʥʷ ʚʜʚʽʯʽ ʢʽʣʴʢʦʩʪʽ 

ʚʪʨʘʯʝʥʠʭ ʜʘʥʠʭ, ʜʦʟʚʦʣʷʻ ʜʦ 9 ʨʘʟ ʟʥʠʟʠʪʠ ʢʽʣʴʢʽʩʪʴ ʘʪʘʢʦʚʘʥʦʛʦ ʪʨʘʬʽʢʘ ʥʘ 

ʩʝʨʚʝʨʘʭ, ʥʘ 16% ʟʥʠʟʠʪʠ ʜʠʩʙʘʣʘʥʩ ʟʘʚʘʥʪʘʞʝʥʥʷ ʩʠʩʪʝʤʠ.  
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ʈʆɿɼɯʃ 4 

ʈʆɿʈʆɹʂɸ ʄɽʊʆɼʋ ɹɸʃɸʅʉʋɺɸʅʅʗ ʌʈɸʂʊɸʃʔʅʆɻʆ ʊʈɸʌɯʂʋ ɺ 

ʄɽʈɽɾʅɯʁ ʉʀʉʊɽʄɯ ɺʀʗɺʃɽʅʅʗ ɺʊʆʈɻʅɽʅʔ 

ʗʢ ʚʽʜʦʤʦ, ʩʠʩʪʝʤʠ ʚʠʷʚʣʝʥʥʷ ʚʪʦʨʛʥʝʥʥʷ (ʉɺɺ, ʘʥʛʣ. Intrusion Detection 

System) ï ʮʝ ʩʠʩʪʝʤʠ, ʷʢʽ ʟʙʠʨʘʶʪʴ ʽʥʬʦʨʤʘʮʽʶ ʟ ʨʽʟʥʠʭ ʪʦʯʦʢ ʢʦʤʧôʁ ʪʝʨʥʦʾ 

ʩʠʩʪʝʤʠ, ʷʢʘ ʟʘʭʠʱʘʻʪʴʩʷ, ʽ ʘʥʘʣʽʟʫʶʪʴ ʮʶ ʽʥʬʦʨʤʘʮʽʶ ʜʣʷ ʚʠʷʚʣʝʥʥʷ ʷʢ ʩʧʨʦʙ 

ʧʦʨʫʰʝʥʥʷ, ʪʘʢ ʽ ʨʝʘʣʴʥʠʭ ʧʦʨʫʰʝʥʴ ʟʘʭʠʩʪʫ (ʚʪʦʨʛʥʝʥʴ) [Allen, 2000; 

ɻʦʨʦʜʝʮʢʠʡ, 2000; ʂʦʨʥʠʝʥʢʦ, 2009].  

4.1. ɼʦʩʣ̔ʜʞʝʥʥʷ ʩʠʩʪʝʤ ʚʠʷʚʣʝʥʥʷ ʚʪʦʨʛʥʝʥʴ 

ɯʩʥʫʻ ʢʣʘʩʠʯʥʠʡ ʨʦʟʧʦʜʽʣ ʉɺɺ ʥʘ ʪʘʢʽ [Sans1, 2001; ɸʨʪʝʤ, 2018]: 

ï ʉʠʩʪʝʤʠ ʨʽʚʥʷ ʤʝʨʝʞʽ, ʥʘ ʷʢʽ ʚʽʜʚʦʜʠʪʴʩʷ ʪʨʘʬʽʢ ʟ ʤʘʨʰʨʫʪʠʟʘʪʦʨʘ 

(Network-based). ʉʠʩʪʝʤʠ ʨʽʚʥʷ ʭʦʩʪʘ, ʷʢʽ ʚʠʷʚʣʷʶʪʴ ʟʤʽʥʠ ʥʘ ʦʢʨʝʤʦ ʚʟʷʪʽʡ 

ʤʘʰʠʥʽ, ʥʘʧʨʠʢʣʘʜ, ʘʥʘʣʽʟʫʶʯʠ ʞʫʨʥʘʣʠ ʘʙʦ ʤʝʨʝʞʥʫ ʘʢʪʠʚʥʽʩʪʴ (Host-based). 

ï ʉʠʩʪʝʤʠ, ʟʘʩʥʦʚʘʥʽ ʥʘ ʦʮʽʥʮʽ ʫʨʘʟʣʠʚʦʩʪʝʡ (Vulnerability-assessment). 

ʊʦʙʪʦ ʟʘʚʜʘʥʥʷ ʩʠʩʪʝʤʠ ʩʢʣʘʜʘʶʪʴʩʷ ʟ: ʦʪʨʠʤʘʥʥʷ ʜʘʥʠʭ; ʽʥʪʝʨʧʨʝʪʘʮʽʾ 

ʦʪʨʠʤʘʥʠʭ ʜʘʥʠʭ; ʧʦʜʘʥʥʷ ʨʝʟʫʣʴʪʘʪʫ. 

ɺʽʜʧʦʚʽʜʥʦ, ʚʩʽ ʩʠʩʪʝʤʠ ʤʦʞʥʘ ʧʦʟʠʮʽʦʥʫʚʘʪʠ ʟʘ ʟʥʘʯʝʥʥʷʤʠ ʪʘʢʠʭ 

ʦʟʥʘʢ: 

ï ʪʠʧ ʟʽʙʨʘʥʠʭ ʜʘʥʠʭ; 

ï ʤʝʪʦʜ ʦʪʨʠʤʘʥʥʷ ʜʘʥʠʭ; 

ï ʤʝʪʦʜ ʽʥʪʝʨʧʨʝʪʘʮʽʾ ʜʘʥʠʭ; 

ï ʤʝʪʦʜ ʧʦʜʘʥʥʷ ʨʝʟʫʣʴʪʘʪʫ. 

ʇʦʟʘʩʠʩʪʝʤʥʦʶ ʭʘʨʘʢʪʝʨʠʩʪʠʢʦʶ ʚʚʘʞʘʻʪʴʩʷ ʪʠʧ ʨʝʘʢʮʽʾ ʥʘ ʨʝʟʫʣʴʪʘʪ: 

ʽʥʬʦʨʤʘʮʽʡʥʠʡ ʽ ʘʢʪʠʚʥʠʡ. ʋ ʧʝʨʰʦʤʫ ʚʠʧʘʜʢʫ, ʧʨʦʚʦʜʠʪʴʩʷ ʽʥʬʦʨʤʫʚʘʥʥʷ 
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ʟʘʮʽʢʘʚʣʝʥʠʭ ʦʩʽʙ. ʋ ʜʨʫʛʦʤʫ ï ʘʢʪʠʚʥʽ ʜʽʾ, ʥʘʧʨʠʢʣʘʜ ʙʣʦʢʫʚʘʥʥʷ ʜʽʘʧʘʟʦʥʫ 

ʘʜʨʝʩ ʘʪʘʢʫʶʯʦʛʦ. ɿʘ ʮʽʻʶ ʦʟʥʘʢʦʶ ʜʘʥʽ ʩʠʩʪʝʤʠ ʟʘʟʚʠʯʘʡ ʰʪʫʯʥʦ ʧʦʜʽʣʷʶʪʴʩʷ 

ʥʘ ʉɺɺ ʽ ʩʠʩʪʝʤʠ ʟʘʧʦʙʽʛʘʥʥʷ ʚʪʦʨʛʥʝʥʥʴ (ʉɿɺ, ʘʥʛʣ. intrusion prevention 

system). ɹʫʜʴ-ʷʢʘ ʉɺɺ ʤʦʞʝ ʙʫʪʠ ʚʢʣʶʯʝʥʘ ʜʦ ʩʢʣʘʜʫ ʉɿɺ. 

ʆʧʠʩ ʪʠʧʦʚʦʾ ʘʨʭʽʪʝʢʪʫʨʠ ʉɺɺ. ʊʠʧʦʚʘ ʉɺɺ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʪʘʢʠʭ 

ʢʦʤʧʦʥʝʥʪʽʚ [Seok, 2016]: 

ï ɼʘʪʯʠʢʠ: 

- ʤʦʜʫʣʽ ʟʘʭʦʧʣʝʥʥʷ; 

- ʤʦʜʫʣʴ ʟʙʦʨʫ; 

- ʤʦʜʫʣʴ ʩʧʦʣʫʯʝʥʥʷ. 

ï ʇʽʜʩʠʩʪʝʤʘ ʘʥʘʣʽʟʫ: 

- ʤʦʜʫʣʽ ʜʝʢʦʜʫʚʘʥʥʷ; 

- ʤʦʜʫʣʽ ʚʠʷʚʣʝʥʥʷ. 

ï ʇʽʜʩʠʩʪʝʤʘ ʚʠʚʝʜʝʥʥʷ: 

- ʤʦʜʫʣʽ ʨʝʘʛʫʚʘʥʥʷ; 

- ʤʦʜʫʣʽ ʚʠʚʝʜʝʥʥʷ. 

ɼʘʪʯʠʢʽʚ ʫ ʩʫʯʘʩʥʠʭ ʉɺɺ, ʷʢ ʧʨʘʚʠʣʦ ʢʽʣʴʢʘ, ʽ ʚʦʥʠ ʤʦʞʫʪʴ ʙʫʪʠ 

ʨʦʟʧʦʜʽʣʝʥʽ ʧʦ ʤʘʰʠʥʘʭ ʢʦʨʠʩʪʫʚʘʯʘ. ʅʘʡʢʨʘʱʝ ʮʝ ʚʠʜʥʦ ʥʘ ʧʨʠʢʣʘʜʘʭ Prelude 

SIEM ʽ OSSIM. ɿʘʚʜʘʥʥʷʤ ʜʘʪʯʠʢʽʚ ʻ ʟʘʭʦʧʣʝʥʥʷ ʜʘʥʠʭ, ʾʭ ʥʘʢʦʧʠʯʝʥʥʷ ʽ 

ʚʽʜʧʨʘʚʢʘ ʮʝʥʪʨʘʣʴʥʽʡ ʩʠʩʪʝʤ.̔ 

ɼʘʪʯʠʢʠ ʧʦʜʽʣʷʶʪʴ ʥʘ: 

ï ʜʘʪʯʠʢʠ ʜʦʜʘʪʢʽʚ ï ʥʘʜʘʶʪʴ ʜʘʥʽ ʧʨʦ ʨʦʙʦʪʫ ʢʦʥʢʨʝʪʥʦʛʦ ʧʨʦʛʨʘʤʥʦʛʦ 

ʟʘʙʝʟʧʝʯʝʥʥʷ ʩʠʩʪʝʤʠ, ʱʦ ʟʘʭʠʱʘʻʪʴʩʷ; 

ï ʜʘʪʯʠʢʠ ʭʦʩʪʘ ï ʥʘʜʘʶʪʴ ʜʘʥʽ ʧʨʦ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʦʢʨʝʤʦʾ ʨʦʙʦʯʦʾ 

ʩʪʘʥʮʽʾ ʩʠʩʪʝʤʠ, ʱʦ ʟʘʭʠʱʘʻʪʴʩʷ; 

ï ʜʘʪʯʠʢʠ ʤʝʨʝʞʽ ï ʚʽʜʧʦʚʽʜʘʶʪʴ ʟʘ ʟʙʽʨ ʜʘʥʠʭ ʜʣʷ ʦʮʽʥʢʠ ʤʝʨʝʞʥʦʛʦ 

ʪʨʘʬʽʢʘ; 
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ï ʤʽʞʤʝʨʝʞʥʽ ʜʘʪʯʠʢʠ ï ʤʽʩʪʷʪʴ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʜʘʥʠʭ, ʱʦ ʮʠʨʢʫʣʶʶʪʴ 

ʤʽʞ ʤʝʨʝʞʘʤʠ. 

ʆʪʨʠʤʘʥʘ ʚʽʜ ʜʘʪʯʠʢʽʚ ʽʥʬʦʨʤʘʮʽʷ ʜʝʢʦʜʫʻʪʴʩʷ ʚ ʥʘʙʽʨ ʦʟʥʘʢ ʽ 

ʧʨʦʚʦʜʠʪʴʩʷ ʯʝʨʝʟ ʣʘʥʮʶʞʦʢ ʤʦʜʫʣʽʚ ʘʥʘʣʽʟʫ. 

ʄʦʜʫʣʴ ʘʥʘʣʽʟʫ ʧʨʠʡʤʘʻ ʽʥʬʦʨʤʘʮʽʶ ʟ ʜʞʝʨʝʣʘ ʜʘʥʠʭ ʽ ʘʥʘʣʽʟʫʻ ʜʘʥʽ ʥʘ 

ʥʘʷʚʥʽʩʪʴ ʦʟʥʘʢ ʘʪʘʢ ʘʙʦ ʧʦʨʫʰʝʥʴ ʧʦʣʽʪʠʢʠ ʙʝʟʧʝʢʠ. ɺʽʥ ʤʦʞʝ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠʩʷ ʷʢ ʜʣʷ ʚʠʷʚʣʝʥʥʷ ʚʪʦʨʛʥʝʥʴ, ʱʦ ʝʢʩʧʣʫʘʪʫʶʪʴ ʚʽʜʦʤʽ 

ʰʘʙʣʦʥʠ ʘʪʘʢ, ʪʘʢ ʽ ʜʣʷ ʚʠʷʚʣʝʥʥʷ ʘʥʦʤʘʣʴʥʦʾ ʘʢʪʠʚʥʦʩʪʽ. 

ɸʥʘʣʽʟʘʪʦʨʠ ʚʽʜʦʤʠʭ ʘʪʘʢ ʤʦʞʫʪʴ ʩʧʠʨʘʪʠʩʷ ʥʘ ʦʥʦʚʣʶʚʘʥʫ ʙʘʟʫ 

ʩʠʛʥʘʪʫʨ, ʘʙʦ ʙʫʪʠ ʨʝʘʣʽʟʦʚʘʥʽ ʥʘ ʦʩʥʦʚʽ ʤʝʨʝʞʽ ʧʨʷʤʦʛʦ ʧʦʰʠʨʝʥʥʷ, ʥʘʚʯʝʥʦʾ 

ʥʘ ʧʨʠʢʣʘʜʘʭ ʘʪʘʢ. 

ɸʥʘʣʽʟʘʪʦʨʠ ʘʥʦʤʘʣʽʡ ʤʦʞʫʪʴ ʚʨʘʭʦʚʫʚʘʪʠ ʥʝ ʪʽʣʴʢʠ ʩʪʘʥ ʜʘʪʯʠʢʽʚ, ʘ ʡ 

ʨʝʟʫʣʴʪʘʪʠ ʨʦʙʦʪʠ ʧʦʧʝʨʝʜʥʽʭ ʘʥʘʣʽʟʘʪʦʨʽʚ. 

ʇʽʩʣʷ ʪʦʛʦ, ʷʢ ʘʥʘʣʽʟʘʪʦʨʠ ʚʽʜʧʨʘʮʶʚʘʣʠ, ʚ ʪʦʤʫ ʯʠ ʽʥʰʦʤʫ ʚʠʛʣʷʜʽ 

ʚʠʚʦʜʠʪʴʩʷ ʾʭ ʩʫʢʫʧʥʠʡ ʨʝʟʫʣʴʪʘʪ. ʎʝ ʤʦʞʝ ʙʫʪʠ, ʷʢ ʚʠʚʝʜʝʥʥʷ ʜʘʥʠʭ 

ʢʦʨʠʩʪʫʚʘʯʫ ʯʝʨʝʟ ʦʜʠʥ ʟ ʽʥʪʝʨʬʝʡʩʽʚ, ʟʘ ʱʦ ʚʽʜʧʦʚʽʜʘʶʪʴ ʤʦʜʫʣʽ ʚʠʚʝʜʝʥʥʷ, ʪʘʢ 

ʽ ʚʢʘʟʽʚʢʘ ʤʝʪʠ ʘʢʪʠʚʥʦʾ ʩʠʩʪʝʤʽ ʟʘʭʠʩʪʫ (ʥʘʧʨʠʢʣʘʜ, ʙʨʘʥʜʤʘʫʝʨ ʥʘ ʙʣʦʢʫʚʘʥʥʷ 

ʟô̒ ʜʥʘʥʥʷ), ʟʘ ʱʦ ʚʽʜʧʦʚʽʜʘʶʪʴ ʤʦʜʫʣʽ ʨʝʘʛʫʚʘʥʥʷ. ʂʦʨʦʪʢʦ ʮʝ ʚʠʛʣʷʜʘʻ ʪʘʢ, ʷʢ 

ʟʦʙʨʘʞʝʥʦ ʥʘ ʨʠʩʫʥʢʫ 4.1. 

 

 

ʈʠʩ. 4.1. ʂʦʤʧʦʥʝʥʪʠ ʪʘ ʧʨʦʮʝʩʠ ʉɺɺ 
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ʂʦʜ ʜʘ̔ʛʨʘʤʠ. 

ɼʘʪʯʠʢʠ -> çʇʽʜʩʠʩʪʝʤʘ ʟʙʦʨʫ ʜʘʥʠʭè: ɿʙʽʨ ʜʘʥʠʭ 

"ʇʽʜʩʠʩʪʝʤʘ ʟʙʦʨʫ ʜʘʥʠʭ" -> çʇʽʜʩʠʩʪʝʤʘ ʘʥʘʣʽʟʫè: ʌʽʣʴʪʨʘʮʽʷ \ Nʀ 

ʥʦʨʤʘʣʽʟʘʮʽʷ ʜʘʥʠʭ 

çʇʽʜʩʠʩʪʝʤʘ ʘʥʘʣʽʟʫè-> çɸʥʘʣʽʟʘʪʦʨʠè: ɺʠʜʽʣʝʥʥʷ ʦʟʥʘʢ 

çɸʥʘʣʽʟʘʪʦʨʠè -> çʇʽʜʩʠʩʪʝʤʘ ʚʠʚʝʜʝʥʥʷè: ɸʥʘʣʽʟ ʦʟʥʘʢ \ Nʀ ʧʨʠʡʥʷʪʪʷ 

ʨʽʰʝʥʥʷ 

çʇʽʜʩʠʩʪʝʤʘ ʚʠʚʝʜʝʥʥʷè -> ʈʝʟʫʣʴʪʘʪ: ɺʠʚʝʜʝʥʥʷ ʨʝʟʫʣʴʪʘʪʫ 

ʋ ʩʫʯʘʩʥʠʭ ʩʠʩʪʝʤʘʭ ʚʠʷʚʣʝʥʥʷ ʚʪʦʨʛʥʝʥʴ ʣʦʛʽʯʥʦ ʚʠʜʽʣʷʶʪʴ ʪʘʢʽ 

ʦʩʥʦʚʥʽ ʝʣʝʤʝʥʪʠ: ʧʽʜʩʠʩʪʝʤʘ ʟʙʦʨʫ ʽʥʬʦʨʤʘʮʽʾ, ʧʽʜʩʠʩʪʝʤʘ ʘʥʘʣʽʟʫ ʽ ʤʦʜʫʣʴ 

ʧʨʝʜʩʪʘʚʣʝʥʥʷ ʜʘʥʠʭ, ʷʢʽ ʥʘʚʝʜʝʥʦ ʥʘ ʨʠʩʫʥʢʫ 4.2. [Schaelicke, 2005]. 

 

 

ʈʠʩ. 4.2. ʉʪʨʫʢʪʫʨʘ ʩʠʩʪʝʤʠ ʚʠʷʚʣʝʥʥʷ ʚʪʦʨʛʥʝʥʴ  
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ʇʽʜʩʠʩʪʝʤʘ ʟʙʦʨʫ ʽʥʬʦʨʤʘʮʽʾ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʜʣʷ ʟʙʦʨʫ ʧʝʨʚʠʥʥʦʾ 

ʽʥʬʦʨʤʘʮʽʾ ʧʨʦ ʨʦʙʦʪʫ ʩʠʩʪʝʤʠ, ʱʦ ʟʘʭʠʱʘʻʪʴʩʷ.  

ʇʽʜʩʠʩʪʝʤʘ ʘʥʘʣʽʟʫ (ʚʠʷʚʣʝʥʥʷ) ʟʜʽʡʩʥʶʻ ʧʦʰʫʢ ʘʪʘʢ ʽ ʚʪʦʨʛʥʝʥʴ ʚ 

ʩʠʩʪʝʤʫ, ʱʦ ʟʘʭʠʱʘʻʪʴʩʷ. 

ʇʽʜʩʠʩʪʝʤʘ ʧʦʜʘʥʥʷ ʜʘʥʠʭ (ʧʨʠʟʥʘʯʝʥʘ ʜʣʷ ʽʥʪʝʨʬʝʡʩʫ ʢʦʨʠʩʪʫʚʘʯʘ) 

ʜʦʟʚʦʣʷʻ ʢʦʨʠʩʪʫʚʘʯʫ (ʷʤ) ʉɺɺ ʩʪʝʞʠʪʠ ʟʘ ʩʪʘʥʦʤ ʩʠʩʪʝʤʠ, ʱʦ ʟʘʭʠʱʘʻʪʴʩʷ. 

ʇʽʜʩʠʩʪʝʤʘ ʟʙʦʨʫ ʽʥʬʦʨʤʘʮʽʾ ʘʢʫʤʫʣʶʻ ʜʘʥʽ ʧʨʦ ʨʦʙʦʪʫ ʩʠʩʪʝʤʠ, ʷʢʘ 

ʟʘʭʠʱʘʻʪʴʩʷ. ɼʣʷ ʟʙʦʨʫ ʽʥʬʦʨʤʘʮʽʾ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʘʚʪʦʥʦʤʥʽ ʤʦʜʫʣʽ ï 

ʜʘʪʯʠʢʠ. ʂʽʣʴʢʽʩʪʴ ʚʠʢʦʨʠʩʪʦʚʫʚʘʥʠʭ ʜʘʪʯʠʢʽʚ ʨʽʟʥʘ ʽ ʟʘʣʝʞʠʪʴ ʚʽʜ ʩʧʝʮʠʬʽʢʠ 

ʩʠʩʪʝʤʠ, ʱʦ ʟʘʭʠʱʘʻʪʴʩʷ. ɼʘʪʯʠʢʠ ʚ ʉɺɺ ʧʨʠʡʥʷʪʦ ʢʣʘʩʠʬʽʢʫʚʘʪʠ ʟʘ 

ʭʘʨʘʢʪʝʨʦʤ ʽʥʬʦʨʤʘʮʽʾ, ʱʦ ʟʙʠʨʘʻʪʴʩʷ. ɺʽʜʧʦʚʽʜʥʦ ʜʦ ʟʘʛʘʣʴʥʦʾ ʩʪʨʫʢʪʫʨʠ 

ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʩʠʩʪʝʤ ʚʠʜʽʣʷʶʪʴ ʪʘʢʽ ʪʠʧʠ: 

ï ʜʘʪʯʠʢʠ ʜʦʜʘʪʢʽʚ ï ʜʘʥʽ ʧʨʦ ʨʦʙʦʪʫ ʧʨʦʛʨʘʤʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ ʩʠʩʪʝʤʠ, 

ʱʦ ʟʘʭʠʱʘʻʪʴʩʷ; 

ï ʜʘʪʯʠʢʠ ʭʦʩʪʘ ï ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʨʦʙʦʯʦʾ ʩʪʘʥʮʽʾ ʩʠʩʪʝʤʠ, ʱʦ 

ʟʘʭʠʱʘʻʪʴʩʷ; 

ï ʜʘʪʯʠʢʠ ʤʝʨʝʞʽ ï ʟʙʽʨ ʜʘʥʠʭ ʜʣʷ ʦʮʽʥʢʠ ʤʝʨʝʞʥʦʛʦ ʪʨʘʬʽʢʫ; 

ï ʤʽʞʤʝʨʝʞʥʽ ʜʘʪʯʠʢʠ ï ʤʽʩʪʷʪʴ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʜʘʥʠʭ, ʱʦ ʮʠʨʢʫʣʶʶʪʴ 

ʤʽʞ ʤʝʨʝʞʘʤʠ. 

ʉʠʩʪʝʤʘ ʚʠʷʚʣʝʥʥʷ ʚʪʦʨʛʥʝʥʥ ɹʤʦʞʝ ʚʢʣʶʯʘʪʠ ʙʫʜʴ-ʷʢʫ ʢʦʤʙʽʥʘʮʽʶ ʟ 

ʥʘʚʝʜʝʥʠʭ ʪʠʧʽʚ ʜʘʪʯʠʢʽʚ. 

ʇʽʜʩʠʩʪʝʤʘ ʘʥʘʣʽʟʫ ʩʪʨʫʢʪʫʨʥʦ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʦʜʥʦʛʦ ʘʙʦ ʙʽʣʴʰʝ ʤʦʜʫʣʽʚ 

ʘʥʘʣʽʟʫ ï ʘʥʘʣʽʟʘʪʦʨʽʚ. ʅʘʷʚʥʽʩʪʴ ʜʝʢʽʣʴʢʦʭ ʘʥʘʣʽʟʘʪʦʨʽʚ ʧʦʪʨʽʙʥʘ ʜʣʷ 

ʧʽʜʚʠʱʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʚʠʷʚʣʝʥʥʷ. ʂʦʞʝʥ ʘʥʘʣʽʟʘʪʦʨ ʚʠʢʦʥʫʻ ʧʦʰʫʢ ʘʪʘʢ ʘʙʦ 

ʚʪʦʨʛʥʝʥʴ ʧʝʚʥʦʛʦ ʪʠʧʫ. ɺʭʽʜʥʠʤʠ ʜʘʥʠʤʠ ʜʣʷ ʘʥʘʣʽʟʘʪʦʨʘ ʻ ʽʥʬʦʨʤʘʮʽʷ ʟ 

ʧʽʜʩʠʩʪʝʤʠ ʟʙʦʨʫ ʽʥʬʦʨʤʘʮʽʾ ʘʙʦ ʚʽʜ ʽʥʰʦʛʦ ʘʥʘʣʽʟʘʪʦʨʘ. ʈʝʟʫʣʴʪʘʪ ʨʦʙʦʪʠ 

ʧʽʜʩʠʩʪʝʤʠ ï ʽʥʜʠʢʘʮʽʷ ʧʨʦ ʩʪʘʥ ʩʠʩʪʝʤʠ, ʱʦ ʟʘʭʠʱʘʻʪʴʩʷ. ʋ ʨʘʟʽ, ʢʦʣʠ 

ʘʥʘʣʽʟʘʪʦʨ ʧʦʚʽʜʦʤʣʷʻ ʧʨʦ ʚʠʷʚʣʝʥʥʷ ʥʝʩʘʥʢʮʽʦʥʦʚʘʥʠʭ ʜʽʡ, ʥʘ ʡʦʛʦ ʚʠʭʦʜʽ 
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ʤʦʞʝ ʟô̫ ʚʣ̫ʪʠʩʷ ʜʝʷʢʘ ʜʦʜʘʪʢʦʚʘ ʽʥʬʦʨʤʘʮʽʷ. ɿʘʟʚʠʯʘʡ ʮʷ ʽʥʬʦʨʤʘʮʽʷ ʤʽʩʪʠʪʴ 

ʚʠʩʥʦʚʢʠ, ʱʦ ʧʽʜʪʚʝʨʜʞʫʶʪʴ ʬʘʢʪ ʥʘʷʚʥʦʩʪʽ ʚʪʦʨʛʥʝʥʥʷ ʘʙʦ ʘʪʘʢʠ. 

ʇʽʜʩʠʩʪʝʤʘ ʧʦʜʘʥʥʷ ʜʘʥʠʭ ʥʝʦʙʭʽʜʥʘ ʜʣʷ ʽʥʬʦʨʤʫʚʘʥʥʷ ʟʘʮʽʢʘʚʣʝʥʠʭ 

ʦʩʽʙ ʧʨʦ ʩʪʘʥ ʩʠʩʪʝʤʠ, ʱʦ ʟʘʭʠʱʘʻʪʴʩʷ. ʋ ʜʝʷʢʠʭ ʩʠʩʪʝʤʘʭ ʧʝʨʝʜʙʘʯʘʻʪʴʩʷ 

ʥʘʷʚʥʽʩʪʴ ʛʨʫʧ ʢʦʨʠʩʪʫʚʘʯʽʚ, ʢʦʞʥʘ ʟ ʷʢʠʭ ʢʦʥʪʨʦʣʶʻ ʧʝʚʥʽ ʧʽʜʩʠʩʪʝʤʠ ʩʠʩʪʝʤʠ, 

ʱʦ ʟʘʭʠʱʘʻʪʴʩʷ. ʊʦʤʫ ʚ ʪʘʢʠʭ ʉɺɺ ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ ʨʦʟʤʝʞʫʚʘʥʥʷ ʜʦʩʪʫʧʫ, 

ʛʨʫʧʦʚʽ ʧʦʣʽʪʠʢʠ, ʧʦʚʥʦʚʘʞʝʥʥʷ ʽ ʪ.ʽʥ. 

ʂʣʘʩʠ ʪʠʧʫ ʜʘʥʠʭ, ʱʦ ʟʙʠʨʘʶʪʴʩʷ. 

ɼʦʪʨʠʤʫʶʯʠʩʴ ʢʣʘʩʠʯʥʦʛʦ ʧʦʜʽʣʫ, ʽʩʥʫʻ ʪʨʠ ʪʠʧʠ ʜʘʥʠʭ, ʱʦ ʟʙʠʨʘʶʪʴʩʷ 

[ɸʨʪʝʤ, 2018; Sans, 2001; Sans1, 2001]: ʜʘʥʽ, ʱʦ ʟʙʠʨʘʶʪʴʩʷ ʧʨʦ ʚʫʟʦʣ ʤʝʨʝʞʽ; 

ʜʘʥʽ, ʱʦ ʟʙʠʨʘʶʪʴʩʷ ʧʨʦ ʚʩʶ ʤʝʨʝʞʫ; ʛʽʙʨʠʜʥʘ ʩʠʩʪʝʤʘ. 

ʊʠʧʠ ʜʘʥʠʭ, ʱʦ ʟʙʠʨʘʶʪʴʩʷ ʧʨʦ ʚʫʟʦʣ ʤʝʨʝʞʽ ï ʮʝ ʜʘʥʽ, ʷʢʽ ʩʪʦʩʫʶʪʴʩʷ 

ʪʽʣʴʢʠ ʦʜʥʦʛʦ ʚʫʟʣʘ ʽ ʯʘʩʪʢʦʚʦ ʪʠʭ, ʭʪʦ ʟ ʥʠʤ ʚʟʘʻʤʦʜʽʻ. 

ɸʥʘʣʽʟ ʪʘʢʠʭ ʜʘʥʠʭ ʜʦʟʚʦʣʷʻ ʚʠʷʚʠʪʠ ʘʪʘʢʫ ʥʘ ʜʘʥʠʡ ʭʦʩʪ. ʗʢ ʧʨʘʚʠʣʦ, 

ʟʨʫʯʥʽʰʝ ʟʙʠʨʘʪʠ ʮʽ ʜʘʥʽ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʥʘ ʚʫʟʣʽ, ʘʣʝ ʮʝ ʥʝ ʦʙʦʚô̫ ʟʢʦʚʦ. 

ʅʘʧʨʠʢʣʘʜ, ʤʝʨʝʞʥʽ ʩʢʘʥʝʨʠ ʤʦʞʫʪʴ ʦʪʨʠʤʘʪʠ ʩʧʠʩʦʢ ʚʽʜʢʨʠʪʠʭ ʧʦʨʪʽʚ ʥʘ 

ʢʦʥʢʨʝʪʥʦʤʫ ʚʫʟʣʽ ʟʟʦʚʥʽ, ʥʝ ʤʘʶʯʠ ʤʦʞʣʠʚʦʩʪʽ ʟʘʧʫʩʢʘʪʠ ʪʘʤ ʢʦʜ. ʎʝʡ ʢʣʘʩ 

ʚʢʣʶʯʘʻ ʜʘʥʽ ʪʘʢʠʭ ʪʠʧʽʚ (ʜʦ ʢʦʞʥʦʛʦ ʟ ʷʢʠʭ ʥʘʣʝʞʘʪʴ ʢʦʥʢʨʝʪʥʽ ʧʦʢʘʟʥʠʢʠ, ʱʦ 

ʟʙʠʨʘʶʪʴʩʷ): ʤʝʨʝʞʥʘ ʘʢʪʠʚʥʽʩʪʴ ʚʫʟʣʘ; ʤʝʨʝʞʥʽ ʥʘʣʘʰʪʫʚʘʥʥʷ ʚʫʟʣʘ; ʜʘʥʽ ʧʨʦ 

ʬʘʡʣʠ (ʩʧʠʩʢʠ ʽ ʢʦʥʪʨʦʣʴʥʽ ʩʫʤʠ, ʤʝʪʘʜʘʥʽ, ʜʽʾ ʟ ʬʘʡʣʘʤʠ ʽ ʪ.ʽʥ.); ʜʘʥʽ ʧʨʦ 

ʧʨʦʮʝʩʠ. ʇʨʠ ʮʴʦʤʫ, ʚʫʟʣʠ ʤʦʞʫʪʴ ʙʫʪʠ ʷʢ ʨʦʙʦʯʠʤʠ ʩʪʘʥʮʽʷʤʠ, ʱʦ ʥʝ 

ʧʝʨʝʜʙʘʯʘʶʪʴ ʾʭʥʴʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʷʢ ʩʝʨʚʝʨʠ, ʱʦ ʥʘʜʘʶʪʴ ʩʣʫʞʙʠ, ʪʘʢ ʽ 

ʩʝʨʚʝʨʘʤʠ. ʍʦʩʪʠ ʧʦʜʽʣʷʶʪʴʩʷ ʥʘ ʪʠʧʠ ʟ ʤʝʪʦʶ ʚʠʚʯʝʥʥʷ ʤʝʪʦʜʽʚ ʘʪʘʢ (ʫ ʪʦʤʫ 

ʯʠʩʣʽ ʜʦʥʘʚʯʘʥʥʷ ʤʝʪʦʜʽʚ ʤʘʰʠʥʥʦʛʦ ʥʘʚʯʘʥʥʷ) ʪʘ ʚʠʷʚʣʝʥʥʷ ʘʪʘʢʫʶʯʠʭ ʚʫʟʣʽʚ. 

ʄʦʞʥʘ ʧʨʠʧʫʩʪʠʪʠ, ʱʦ ʙʫʜʴ-ʷʢʘ ʚʟʘʻʤʦʜʽʷ ʟ ʜʘʥʠʤ ʚʫʟʣʦʤ ʙʫʜʝ ʩʧʨʦʙʦʶ ʘʪʘʢʠ. 

ɼʘʥʽ, ʱʦ ʟʙʠʨʘʶʪʴʩʷ ʧʨʦ ʤʝʨʝʞʫ ï ʮʝ ʮʽʣʽʩʥʘ ʢʘʨʪʠʥʘ ʤʝʨʝʞʥʦʾ 

ʚʟʘʻʤʦʜʽʾ. ʗʢ ʧʨʘʚʠʣʦ, ʧʦʚʥʽ ʤʝʨʝʞʥʽ ʜʘʥʽ ʥʝ ʟʙʠʨʘʶʪʴʩʷ, ʪʦʤʫ ʱʦ ʮʝ 

ʨʝʩʫʨʩʦʟʘʪʨʘʪʥʦ ʽ ʚʚʘʞʘʻʪʴʩʷ, ʱʦ ʧʦʨʫʰʥʠʢ ʚʟʘʻʤʦʜʽʻ ʟ WAN. ʊʘʢʠʤ ʯʠʥʦʤ, 
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ʉɺɺ ʘʥʘʣʽʟʫʻ ʪʨʘʬʽʢ, ʱʦ ʡʜʝ ʯʝʨʝʟ ʤʘʨʰʨʫʪʠʟʘʪʦʨ, ʜʣʷ ʯʦʛʦ ʚ ʤʘʨʰʨʫʪʠʟʘʪʦʨʽ ʻ 

SPAN ʧʦʨʪ, ʟ ʷʢʦʛʦ ʪʨʘʬʽʢ ʧʝʨʝʥʘʧʨʘʚʣʷʻʪʴʩʷ ʚ ʉɺɺ. 

ʂʣʘʩʠ ʤʝʪʦʜʽʚ ʦʪʨʠʤʘʥʥʷ ʜʘʥʠʭ: 

ï ʧʘʩʠʚʥʠʡ ï ʩʠʩʪʝʤʘ ʥʝ ʚʧʣʠʚʘʻ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʥʘ ʧʨʘʮʝʟʜʘʪʥʽʩʪʴ 

ʤʝʨʝʞʽ, ʚʦʥʘ ʧʨʦʩʪʦ ʨʦʙʠʪʴ ʘʥʘʣʽʟ ʪʨʘʬʽʢʘ; 

ï ʘʢʪʠʚʥʠʡ ï ʩʠʩʪʝʤʘ ʥʘʤʘʛʘʻʪʴʩʷ ʧʨʦʚʝʩʪʠ çʨʦʟʚʽʜʢʫ ʙʦʻʤè, ʘʢʪʠʚʥʦ 

ʚʧʣʠʚʘʶʯʠ ʥʘ ʤʝʨʝʞʫ, ʥʘʧʨʠʢʣʘʜ ʟ ʤʝʪʦʶ ʟʥʘʡʪʠ ʟʥʘʡʦʤʽ ʩʠʛʥʘʪʫʨʠ ʚ 

ʚʽʜʧʦʚʽʜʥʦʤʫ ʪʨʘʬʽʢʘ; 

ï ʟʤʽʰʘʥʠʡ ï ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʦʙʠʜʚʘ ʚʠʱʝʚʢʘʟʘʥʠʭ ʢʣʘʩʠ. 

ɺ ʭʦʜʽ ʧʘʩʠʚʥʦʛʦ ʚʠʷʚʣʝʥʥ,̫ ʩʠʩʪʝʤʘ ʧʨʦʩʪʦ ʩʧʦʩʪʝʨʽʛʘʻ ʟʘ ʦʙʩʪʘʥʦʚʢʦʶ. 

ɹʽʣʴʰʽʩʪʴ ʉɺɺ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʜʘʥʠʡ ʢʣʘʩ ʤʝʪʦʜʽʚ. ʉʠʩʪʝʤʠ ʨʽʚʥʷ ʭʦʩʪʘ ʪʘʢʦʞ, 

ʟʘʟʚʠʯʘʡ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʜʘʥʠʡ ʢʣʘʩ ʤʝʪʦʜʽʚ. ʅʘʧʨʠʢʣʘʜ, ʚʦʥʠ ʥʝ ʥʘʤʘʛʘʶʪʴʩʷ 

ʚʠʣʫʯʠʪʠ ʩʠʩʪʝʤʥʠʡ ʬʘʡʣ ʟ ʧʽʜ ʢʦʨʠʩʪʫʚʘʯʘ ʽ ʧʝʨʝʚʽʨʠʪʠ, ʱʦ ʚʽʥ ʙʫʚ ʚʠʣʫʯʝʥʠʡ, 

ʘ ʧʨʦʩʪʦ ʦʮʽʥʶʶʪʴ ʚʽʜʧʦʚʽʜʥʽʩʪʴ ʧʨʘʚ ʥʘ ʜʘʥʠʡ ʬʘʡʣ ʰʘʙʣʦʥʦʤ ʫ ʙʘʟʽ, ʽ ʷʢʱʦ 

ʚʽʜʧʦʚʽʜʥʽʩʪʴ ʥʝ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ, ʚʠʜʘʶʪʴ ʧʦʧʝʨʝʜʞʝʥʥʷ. 

ɺ ʢʣʘʩʽ ʤʝʪʦʜʽʚ ʘʢʪʠʚʥʦʛʦ ʧʦʰʫʢʫ ʫʨʘʟʣʠʚʦʩʪʝʡ ʧʦʤʠʣʢʠ ʧʨʦʚʦʢʫʶʪʴʩʷ 

ʰʣʷʭʦʤ ʜʝʷʢʠʭ ʜʽʡ ʷʢ ʚʽʜʦʤʠʭ, ʪʘʢ ʽ ʥʝʚʽʜʦʤʠʭ. ʇʽʩʣʷ ʮʴʦʛʦ, ʟʘ ʙʘʟʦʶ 

ʘʥʘʣʽʟʫʻʪʴʩʷ ʨʝʘʢʮʽʷ ʥʘ ʜʘʥʽ ʜʽʾ. ɼʘʥʠʡ ʢʣʘʩ ʤʝʪʦʜʽʚ ʭʘʨʘʢʪʝʨʥʠʡ ʜʣʷ ʩʢʘʥʝʨʽʚ 

ʫʨʘʟʣʠʚʦʩʪʝʡ. ɼʣʷ ʽʥʪʝʨʧʨʝʪʘʮʽʾ ʨʝʟʫʣʴʪʘʪʽʚ ʟʘʩʪʦʩʦʚʥʽ ʦʙʠʜʚʘ ʢʣʘʩʠ ʤʝʪʦʜʽʚ: 

ï ɭ ʚʘʨʽʘʥʪ ʘʥʘʣʽʟʫ ʚʽʜʧʦʚʽʜʝʡ ʧʦ ʙʘʟʽ (ʥʘʧʨʠʢʣʘʜ, ʭʘʨʘʢʪʝʨʥʽ ʚʽʜʧʦʚʽʜʽ ʥʘ 

ʪʠʧʦʚʽ ʰʘʙʣʦʥʠ SQL ʽʥô̒ ʢʮʽʡ), ʘʙʦ ʧʦʚʝʜʽʥʢʦʚʠʡ ʘʥʘʣʽʟ (ʷʢ ʤʝʪʘ ʩʪʘʣʘ ʧʽʩʣʷ 

ʮɹ ʦʛʦ ʩʝʙʝ ʚʝʩʪʠ ʽ ʷʢ ʚʽʜʧʦʚʽʜʘʻ ʥʘ ʪʘʢʽ ʟʘʧʠʪʠ). ʅʘʧʨʠʢʣʘʜ, ʧʦʩʠʣʢʘ ʥʝʢʦʨʝʢʪʥʦ 

ʩʢʣʘʜʝʥʦʛʦ IP ʧʘʢʝʪʘ ʤʘʻ ʧʨʠʟʚʝʩʪʠ ʜʦ ʧʘʜʽʥʥʷ ʫʨʘʟʣʠʚʦʛʦ ʩʝʨʚʝʨʘ, ʧʽʩʣʷ ʯʦʛʦ 

ʚʽʥ ʧʝʨʝʩʪʘʥʝ ʚʽʜʧʦʚʽʜʘʪʠ. 

ï ɭ ʚʘʨʽʘʥʪ ʚʠʷʚʣʝʥʥʷ ʘʥʦʤʘʣʴʥʦʾ ʘʢʪʠʚʥʦʩʪʽ. ʅʘʧʨʠʢʣʘʜ, ʷʢʱʦ ʧʽʩʣʷ 

ʥʘʜʩʠʣʘʥʥʷ ICMP ʧʘʢʝʪʘ ʨʦʟʤʽʨʦʤ 777 ʙʘʡʪ ʽʟ ʟʘʧʦʚʥʝʥʥʷʤ 0xDEADBEEF, ʚ 

ʤʝʨʝʞʽ ʨʽʟʢʦ ʟʨʦʩʪʘʻ ʨʽʚʝʥʴ ʤʝʨʝʞʥʦʾ ʘʢʪʠʚʥʦʩʪʽ, ʘ ʧʦʪʽʤ ʧʘʜʘʻ ï ʮʝ ʘʥʦʤʘʣʽʷ 

(ʥʦʨʤʘʣʴʥʘ ʩʠʪʫʘʮʽʷ ï ʨʽʚʝʥʴ ʤʝʨʝʞʥʦʾ ʘʢʪʠʚʥʦʩʪʽ ʥʝ ʟʤʽʥʶʻʪʴʩʷ). 
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ʇʝʨʝʚʘʛʠ ʦʯʝʚʠʜʥʽ: ʧʨʝʚʝʥʪʠʚʥʝ ʚʠʷʚʣʝʥʥʷ ʚʪʦʨʛʥʝʥʴ; ʙʫʜʴ-ʷʢʘ ʘʪʘʢʘ 

ʤʦʞʝ ʞʦʜʥʦʛʦ ʨʘʟʫ ʥʝ ʚʽʜʙʫʪʠʩʷ, ʘʣʝ ʤʝʨʝʞʘ ʟʘʣʠʰʘʪʠʤʝʪʴʩʷ ʜʦ ʥʝʾ ʫʨʘʟʣʠʚʦʶ; 

ʜʘʥʠʡ ʢʣʘʩ ʤʝʪʦʜʽʚ ʚʠʷʚʠʪʴ ʧʦʪʝʥʮʽʡʥʽ ʫʨʘʟʣʠʚʦʩʪʽ; ʧʝʨʝʚʽʨʢʘ ʤʝʨʝʞʽ 

ʘʥʘʣʦʛʽʯʥʦ ʘʪʘʢʫʶʯʦʤʫ, ʱʦ ʧʽʜʚʠʱʫʻ ʰʘʥʩʠ ʚʠʷʚʠʪʠ ʫʨʘʟʣʠʚʦʩʪʽ. 

ʅʝʜʦʣʽʢʠ: ʜʦʜʘʪʢʦʚʝ ʥʘʚʘʥʪʘʞʝʥʥʷ ʥʘ ʤʝʨʝʞʫ; ʤʦʞʣʠʚʽʩʪʴ ʨʝʘʣʽʟʫʚʘʪʠ 

ʫʩʧʽʰʥʫ ʘʪʘʢʫ ʚ ʧʨʦʮʝʩʽ ʩʢʘʥʫʚʘʥʥʷ, ʥʘʧʨʠʢʣʘʜ, DoS ʜʝʷʢʠʭ ʩʝʨʚʽʩʽʚ; ʷʢ 

ʧʨʘʚʠʣʦ, ʟʘʣʝʞʥʽʩʪʴ ʚʽʜ ʙʘʟʠ ʘʪʘʢ, ʷʢʘ ʩʪʘʨʽʻ; ʽʣʶʟʽʷ ʙʝʟʧʝʢʠ, ʟʘ ʷʢʦ ʾʨʠʟʠʢʠ 

ʩʧʨʷʤʦʚʘʥʠʭ ʘʪʘʢ ʚʩʝ ʦʜʥʦ ʟʘʣʠʰʘʶʪʴʩʷ.  

ʇʨʦʚʝʜʝʥʦ ʘʥʘʣʽʟ ʽʩʥʫʶʯʠʭ ʉɺɺ, ʧʽʜʭʦʜʽʚ, ʷʢʽ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʥʠʤʠ 

ʜʣʷ ʚʠʷʚʣʝʥʥʷ ʚʪʦʨʛʥʝʥʴ, ʾʭʥʽ ʥʝʜʦʣʽʢʠ ʪʘ ʧʝʨʝʚʘʛʠ. ʅʝʦʙʭʽʜʥʦ ʧʨʦʘʥʘʣʽʟʫʚʘʪʠ 

ʪʘ ʦʙʨʘʪʠ ʤʝʪʦʜʠ ʚʠʷʚʣʝʥʥʷ ʚʪʦʨʛʥʝʥʴ ʚ ʉɺɺ.  

4.2. ɼʦʩʣʽʜʞʝʥʥʷ ʤʝʪʦʜʽʚ ʚʠʷʚʣʝʥʥʷ ʚʪʦʨʛʥʝʥʴ ʚ ʩʠʩʪʝʤʘʭ 

ʚʠʷʚʣʝʥʥʷ ʚʪʦʨʛʥʝʥʴ 

ʉʝʨʝʜ ʤʝʪʦʜʽʚ, ʚʠʢʦʨʠʩʪʦʚʫʚʘʥʠʭ ʫ ʧʽʜʩʠʩʪʝʤʽ ʘʥʘʣʽʟʫ ʩʫʯʘʩʥʠʭ ʉɺɺ, 

ʤʦʞʥʘ ʚʠʜʽʣʠʪʠ ʜʚʘ ʥʘʧʨʷʤʢʠ: ʦʜʠʥ ʩʧʨʷʤʦʚʘʥʠʡ ʥʘ ʚʠʷʚʣʝʥʥʷ ʘʥʦʤʘʣʽʡ ʫ 

ʩʠʩʪʝʤʽ, ʱʦ ʟʘʭʠʱʘʻʪʴʩʷ, ʘ ʽʥʰʠʡ ï ʥʘ ʧʦʰʫʢ ʟʣʦʚʞʠʚʘʥʴ [Melnick, 2018; 

Phoenixnap, 2019]. ʂʦʞʥʠʡ ʟ ʮʠʭ ʥʘʧʨʷʤʢʽʚ ʤʘʻ ʩʚʦʾ ʧʝʨʝʚʘʛʠ ʽ ʥʝʜʦʣʽʢʠ, ʪʦʤʫ ʚ 

ʙʽʣʴʰʦʩʪʽ ʽʩʥʫʶʯʠʭ ʉɺɺ ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ ʢʦʤʙʽʥʦʚʘʥʽ ʨʽʰʝʥʥʷ, ʟʘʩʥʦʚʘʥʽ ʥʘ 

ʩʠʥʪʝʟʽ ʚʽʜʧʦʚʽʜʥʠʭ ʤʝʪʦʜʽʚ. ɯʜʝʷ ʤʝʪʦʜʽʚ, ʚʠʢʦʨʠʩʪʦʚʫʚʘʥʠʭ ʜʣʷ ʚʠʷʚʣʝʥʥʷ 

ʘʥʦʤʘʣʽʡ, ʧʦʣʷʛʘʻ ʚ ʪʦʤʫ, ʱʦʙ ʨʦʟʧʽʟʥʘʪʠ, ʯʠ ʻ ʧʨʦʮʝʩ, ʱʦ ʚʠʢʣʠʢʘʚ ʟʤʽʥʠ ʚ 

ʨʦʙʦʪʽ ʩʠʩʪʝʤʠ, ʜʽʷʤʠ ʟʣʦʚʤʠʩʥʠʢʘ. ʄʝʪʦʜʠ ʧʦʰʫʢʫ ʘʥʦʤʘʣʽʡ ʥʘʚʝʜʝʥʽ ʚ 

ʪʘʙʣʠʮʷʭ 4.1 ʽ 4.2. 

ɺʠʜʽʣʷʶʪʴʩʷ ʜʚʽ ʛʨʫʧʠ ʤʝʪʦʜʽʚ: ʟ ʢʦʥʪʨʦʣʴʦʚʘʥʠʤ ʥʘʚʯʘʥʥʷʤ (çʥʘʚʯʘʥʥʷ 

ʟ ʚʯʠʪʝʣʝʤè), ʽ ʟ ʥʝʢʦʥʪʨʦʣʴʦʚʘʥʠʤ ʥʘʚʯʘʥʥʷʤ (çʥʘʚʯʘʥʥʷ ʙʝʟ ʚʯʠʪʝʣʷè). 

ʆʩʥʦʚʥʘ ʚʽʜʤʽʥʥʽʩʪʴ ʤʽʞ ʥʠʤʠ ʧʦʣʷʛʘʻ ʚ ʪʦʤʫ, ʱʦ ʤʝʪʦʜʠ ʢʦʥʪʨʦʣʴʦʚʘʥʦʛʦ 

ʥʘʚʯʘʥʥʷ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʬʽʢʩʦʚʘʥʠʡ ʥʘʙʽʨ ʧʘʨʘʤʝʪʨʽʚ ʦʮʽʥʢʠ ʽ ʷʢʽʩʴ ʘʧʨʽʦʨʥʽ 
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ʚʽʜʦʤʦʩʪʽ ʧʨʦ ʟʥʘʯʝʥʥʷ ʧʘʨʘʤʝʪʨʽʚ ʦʮʽʥʢʠ. ʏʘʩ ʥʘʚʯʘʥʥʷ ʬʽʢʩʦʚʘʥʠʡ. ʋ 

ʥʝʢʦʥʪʨʦʣʴʦʚʘʥʦʤʫ ʞ ʥʘʚʯʘʥʥʽ ʤʥʦʞʠʥʘ ʧʘʨʘʤʝʪʨʽʚ ʦʮʽʥʢʠ ʤʦʞʝ ʟʤʽʥʶʚʘʪʠʩʷ 

ʧʨʦʪʷʛʦʤ ʯʘʩʫ, ʘ ʧʨʦʮʝʩ ʥʘʚʯʘʥʥʷ ʚʽʜʙʫʚʘʻʪʴʩʷ ʧʦʩʪʽʡʥʦ. 

ʊʘʙʣʠʮʷ 4.1. 

ɺʠʷʚʣʝʥʥʷ ʘʥʦʤʘʣʽʾ - ʢʦʥʪʨʦʣʴʦʚʘʥʝ ʥʘʚʯʘʥʥʷ ( çʥʘʚʯʘʥʥʷ ʟ ʫʯʠʪʝʣʝʤè) 

ʄʝʪʦʜʠ 

ʚʠʷʚʣʝʥʥʷ  

ɺʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʚ 

ʩʠʩʪʝʤʘʭ   

ʆʧʠʩ ʤʝʪʦʜʫ  

ʄʦʜʝʣʶʚʘʥʥʷ 

ʧʨʘʚʠʣ 

W&S ʉʠʩʪʝʤʘ ʚʠʷʚʣʝʥʥʷ ʧʨʦʪʷʛʦʤ ʧʨʦʮʝʩʫ ʥʘʚʯʘʥʥʷ 

ʬʦʨʤʫʻ ʥʘʙʽʨ ʧʨʘʚʠʣ, ʱʦ ʦʧʠʩʫʶʪʴ ʥʦʨʤʘʣʴʥʫ 

ʧʦʚʝʜʽʥʢʫ ʩʠʩʪʝʤʠ. ʅʘ ʩʪʘʜʽʾ ʧʦʰʫʢʫ 

ʥʝʩʘʥʢʮʽʦʥʦʚʘʥʠʭ ʜʽʡ ʩʠʩʪʝʤʘ ʟʘʩʪʦʩʦʚʫʻ ʦʪʨʠʤʘʥʽ 

ʧʨʘʚʠʣʘ ʽ ʚ ʨʘʟʽ ʥʝʜʦʩʪʘʪʥʴʦʾ ʚʽʜʧʦʚʽʜʥʦʩʪʽ 

ʩʠʛʥʘʣʽʟʫʻ ʧʨʦ ʚʠʷʚʣʝʥʥʷ ʘʥʦʤʘʣʽʾ. 

ʆʧʠʩʦʚʘ 

ʩʪʘʪʠʩʪʠʢʘ 

IDES, NIDES, 

EMERLAND, JiNao, 

HayStack 

ʅʘʚʯʘʥʥʷ ʧʦʣʷʛʘʻ ʚ ʟʙʦʨʽ ʧʨʦʩʪʦʾ ʦʧʠʩʦʚʦʾ 

ʩʪʘʪʠʩʪʠʢʠ ʤʥʦʞʠʥʠ ʧʦʢʘʟʥʠʢʽʚ ʩʠʩʪʝʤʠ, ʱʦ 

ʟʘʭʠʱʘʻʪʴʩʷ,  ʚ ʩʧʝʮʽʘʣʴʥʫ ʩʪʨʫʢʪʫʨʫ. ɼʣʷ ʚʠʷʚʣʝʥʥʷ 

ʘʥʦʤʘʣʽʡ ʦʙʯʠʩʣʶʻʪʴʩʷ çʚʽʜʩʪʘʥʴè ʤʽʞ ʜʚʦʤʘ 

ʚʝʢʪʦʨʘʤʠ ʧʦʢʘʟʥʠʢʽʚ ï ʧʦʪʦʯʥʠʤʠ ʽ ʟʙʝʨʝʞʝʥʠʤʠ 

ʟʥʘʯʝʥʥʷʤʠ. ʉʪʘʥ ʫ ʩʠʩʪʝʤʽ ʚʚʘʞʘʻʪʴʩʷ ʘʥʦʤʘʣʴʥʠʤ, 

ʷʢʱʦ ʦʪʨʠʤʘʥʘ ʚʽʜʩʪʘʥʴ ʜʦʩʠʪʴ ʚʝʣʠʢʘ. 

ʅʝʡʨʦʥʥʽ 

ʤʝʨʝʞʽ 

Hyperview ʉʪʨʫʢʪʫʨʘ ʟʘʩʪʦʩʦʚʫʚʘʥʠʭ ʥʝʡʨʦʥʥʠʭ ʤʝʨʝʞ ʨʽʟʥʘ. 

ɸʣʝ ʫ ʚʩʽʭ ʚʠʧʘʜʢʘʭ ʥʘʚʯʘʥʥʷ ʚʠʢʦʥʫʻʪʴʩʷ ʜʘʥʠʤʠ, 

ʱʦ ʩʪʘʥʦʚʣʷʪʴ ʥʦʨʤʘʣʴʥʫ ʧʦʚʝʜʽʥʢʫ ʩʠʩʪʝʤʠ. 

ʆʪʨʠʤʘʥʘ ʥʘʚʯʝʥʘ ʥʝʡʨʦʥʥʘ ʤʝʨʝʞʘ ʧʦʪʽʤ 

ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʜʣʷ ʦʮʽʥʢʠ ʘʥʦʤʘʣʴʥʦʩʪ ̔ʩʠʩʪʝʤʠ. 

ɺʠʭʽʜ ʥʝʡʨʦʥʥʦʾ ʤʝʨʝʞʽ ʛʦʚʦʨʠʪʴ ʧʨʦ ʥʘʷʚʥʽʩʪʴ 

ʘʥʦʤʘʣʽʾ. 

 

ʊʘʙʣʠʮʷ 4.2. 

ɺʠʷʚʣʝʥʥʷ ʘʥʦʤʘʣʽʾ ï ʥʝʢʦʥʪʨʦʣʴʦʚʘʥʝ ʥʘʚʯʘʥʥʷ (çʥʘʚʯʘʥʥʷ ʙʝʟ ʚʯʠʪʝʣʷè) 

ʄʝʪʦʜʠ 

ʚʠʷʚʣʝʥʥʷ  

ɺʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʚ 

ʩʠʩʪʝʤʘʭ   

ʆʧʠʩ ʤʝʪʦʜʫ  

ʄʦʜʝʣʶʚʘʥʥʷ 

ʤʥʦʞʠʥʠ ʩʪʘʥʽʚ 

DPEM, JANUS, Bro ʅʦʨʤʘʣʴʥʘ ʧʦʚʝʜʽʥʢʘ ʩʠʩʪʝʤʠ ʦʧʠʩʫʻʪʴʩʷ ʫ 

ʚʠʛʣʷʜʽ ʥʘʙʦʨʫ ʬʽʢʩʦʚʘʥʠʭ ʩʪʘʥʽʚ ʽ ʧʝʨʝʭʦʜʽʚ ʤʽʞ 

ʥʠʤʠ, ʜʝ ʩʪʘʥ ʻ ʥʝ ʱʦ ʽʥʰʝ ʷʢ ʚʝʢʪʦʨ ʧʝʚʥʠʭ 

ʟʥʘʯʝʥʴ ʧʘʨʘʤʝʪʨʽʚ ʚʠʤʽʨʶʚʘʥʴ ʩʠʩʪʝʤʠ. 

ʆʧʠʩʦʚʘ 

ʩʪʘʪʠʩʪʠʢʘ 

MIDAS, NADIR, 

Haystack, NSM 

ɸʥʘʣʦʛʽʯʥʠʡ ʚʽʜʧʦʚʽʜʥʦʤʫ ʤʝʪʦʜʫ ʚ 

ʢʦʥʪʨʦʣʴʦʚʘʥʦʤʫ ʥʘʚʯʘʥʥʽ. 
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ʊʘʙʣʠʮʷ 4.3. 

ɺʠʷʚʣʝʥʥʷ ʟʣʦʚʞʠʚʘʥʴ ï ʢʦʥʪʨʦʣʴʦʚʘʥʝ ʥʘʚʯʘʥʥʷ (çʥʘʚʯʘʥʥʷ ʟ ʫʯʠʪʝʣʝʤè) 

ʄʝʪʦʜʠ 

ʚʠʷʚʣʝʥʥʷ  

ɺʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʚ 

ʩʠʩʪʝʤʘʭ   

ʆʧʠʩ ʤʝʪʦʜʫ  

ʄʦʜʝʣʶʚʘʥʥʷ 

ʩʪʘʥʽʚ  

USTAT, IDIOT ɺʪʦʨʛʥʝʥʥʷ ʧʨʝʜʩʪʘʚʣʷʻʪʴʩʷ ʷʢ ʧʦʩʣʽʜʦʚʥʽʩʪʴ ʩʪʘʥʽʚ, 

ʜʝ ʩʪʘʥ ï ʚʝʢʪʦʨ ʟʥʘʯʝʥʥʷ ʧʘʨʘʤʝʪʨʽʚ ʦʮʽʥʢʠ ʩʠʩʪʝʤʠ, 

ʱʦ ʟʘʭʠʱʘʻʪʴʩʷ. ʅʝʦʙʭʽʜʥʘ ʽ ʜʦʩʪʘʪʥʷ ʫʤʦʚʘ 

ʥʘʷʚʥʦʩʪʽ ʚʪʦʨʛʥʝʥʥʷ ï ʧʨʠʩʫʪʥʽʩʪʴ ʮʽʻʾ 

ʧʦʩʣʽʜʦʚʥʦʩʪʽ. ɺʠʜʽʣʷʶʪʴ ʜʚʘ ʦʩʥʦʚʥʠʭ ʩʧʦʩʦʙʠ 

ʧʦʜʘʥʥʷ ʩʮʝʥʘʨʽʶ ʚʪʦʨʛʥʝʥʴ: 1) ʫ ʚʠʛʣʷʜʽ ʧʨʦʩʪʦʛʦ 

ʣʘʥʮʶʞʢʘ ʧʦʜʽʡ; 2) ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʤʝʨʝʞ ʇʝʪʨʽ, ʜʝ 

ʚʫʟʣʠ ï ʧʦʜʽʾ. 

ʝʢʩʧʝʨʪʥʽ 

ʩʠʩʪʝʤʠ 

NIDES, 

EMERLAND, 

MIDAS, Dʉɺɺ  

ɽʢʩʧʝʨʪʥʽ ʩʠʩʪʝʤʠ ʧʨʝʜʩʪʘʚʣʷʶʪʴ ʧʨʦʮʝʩ ʚʪʦʨʛʥʝʥʥʷ 

ʫ ʚʠʛʣʷʜʽ ʨʽʟʥʦʛʦ ʥʘʙʦʨʫ ʧʨʘʚʠʣ. ɼʫʞʝ ʯʘʩʪʦ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʧʨʦʜʫʢʮʽʡʥʽ ʩʠʩʪʝʤʠ. 

ʄʦʜʝʣʶʚʘʥʥʷ 

ʧʨʘʚʠʣ 

NADIR, HayStack, 

JiNao, ASAX, Bro 

ʇʨʦʩʪʠʡ ʚʘʨʽʘʥʪ ʝʢʩʧʝʨʪʥʠʭ ʩʠʩʪʝʤ. 

ʉʠʥʪʘʢʩʠʯʥʠʡ 

ʘʥʘʣʽʟ 

NSM ʉʠʩʪʝʤʦʶ ʚʠʷʚʣʝʥʥʷ ʚʠʢʦʥʫʻʪʴʩʷ ʩʠʥʪʘʢʩʠʯʥʠʡ 

ʨʦʟʙʽʨ ʟ ʤʝʪʦʶ ʚʠʷʚʣʝʥʥʷ ʧʝʚʥʦʾ ʢʦʤʙʽʥʘʮʽʾ ʩʠʤʚʦʣʽʚ, 

ʱʦ ʧʝʨʝʜʘʶʪʴʩʷ ʤʽʞ ʧʽʜʩʠʩʪʝʤʘʤʠ ʽ ʩʠʩʪʝʤʘʤʠ 

ʢʦʤʧʣʝʢʩʫ, ʱʦ ʟʘʭʠʱʘʻʪʴʩʷ.  

 

ʄʝʪʘ ʜʨʫʛʦʛʦ ʥʘʧʨʷʤʢʫ (ʚʠʷʚʣʝʥʥʷ ʚʪʦʨʛʝʥʴ) ï ʧʦʰʫʢ ʧʦʩʣʽʜʦʚʥʦʩʪʝʡ 

ʧʦʜʽʡ, ʚʠʟʥʘʯʝʥʠʭ (ʘʜʤʽʥʽʩʪʨʘʪʦʨʦʤ ʙʝʟʧʝʢʠ ʘʙʦ ʝʢʩʧʝʨʪʦʤ ʧʽʜ ʯʘʩ ʥʘʚʯʘʥʥʷ 

ʉɺɺ) ʷʢ ʝʪʘʧʠ ʨʝʘʣʽʟʘʮʽʾ ʚʪʦʨʛʥʝʥʥʷ. ʄʝʪʦʜʠ ʧʦʰʫʢʫ ʟʣʦʚʞʠʚʘʥʴ ʥʘʚʝʜʝʥʽ ʚ 

ʪʘʙʣʠʮʽ 4.3. ʉʴʦʛʦʜʥʽ ʚʠʜʽʣʷʶʪʴʩʷ ʣʠʰʝ ʤʝʪʦʜʠ ʟ ʢʦʥʪʨʦʣʴʦʚʘʥʠʤ ʥʘʚʯʘʥʥʷʤ. 

[ʂʦʨʥʠʝʥʢʦ, 2009; ɼʫʜʠʢʝʚʠʯ, 2018] 

ʈʝʘʣʽʟʦʚʘʥʽ ʩʴʦʛʦʜʥʽ ʫ ʉɺɺ ʤʝʪʦʜʠ ʟʘʩʥʦʚʘʥʽ ʥʘ ʟʘʛʘʣʴʥʠʭ ʫʷʚʣʝʥʥʷʭ 

ʪʝʦʨʽʾ ʨʦʟʧʽʟʥʘʚʘʥʥʷ ʦʙʨʘʟʽʚ. ɺʽʜʧʦʚʽʜʥʦ ʜʦ ʥʠʭ ʜʣʷ ʚʠʷʚʣʝʥʥʷ ʘʥʦʤʘʣʽʾ ʥʘ 

ʦʩʥʦʚʽ ʝʢʩʧʝʨʪʥʦʾ ʦʮʽʥʢʠ ʬʦʨʤʫʻʪʴʩʷ ʦʙʨʘʟ ʥʦʨʤʘʣʴʥʦʛʦ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ 

ʽʥʬʦʨʤʘʮʽʡʥʦʾ ʩʠʩʪʝʤʠ. ʎʝʡ ʦʙʨʘʟ ʚʠʩʪʫʧʘʻ ʷʢ ʩʫʢʫʧʥʽʩʪʴ ʟʥʘʯʝʥʴ ʧʘʨʘʤʝʪʨʽʚ 

ʦʮʽʥʢʠ. ʁʦʛʦ ʟʤʽʥʘ ʚʚʘʞʘʻʪʴʩʷ ʧʨʦʷʚʦʤ ʘʥʦʤʘʣʴʥʦʛʦ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʩʠʩʪʝʤʠ. 

ʇʽʩʣʷ ʚʠʷʚʣʝʥʥʷ ʘʥʦʤʘʣʽʾ ʽ ʦʮʽʥʢʠ ʾʾ ʩʪʫʧʝʥʷ ʬʦʨʤʫʻʪʴʩʷ ʩʫʜʞʝʥʥʷ ʧʨʦ ʧʨʠʨʦʜʫ 

ʟʤʽʥ: ʯʠ ʻ ʚʦʥʠ ʥʘʩʣʽʜʢʦʤ ʚʪʦʨʛʥʝʥʥʷ ʘʙʦ ʜʦʧʫʩʪʠʤʠʤ ʚʽʜʭʠʣʝʥʥʷʤ. ɼʣʷ 

ʚʠʷʚʣʝʥʥʷ ʟʣʦʚʞʠʚʘʥʴ ʪʘʢʦʞ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʦʙʨʘʟ (ʩʠʛʥʘʪʫʨʘ), ʦʜʥʘʢ ʪʫʪ ʚʽʥ 

ʚʽʜʦʙʨʘʞʘʻ ʟʘʟʜʘʣʝʛʽʜʴ ʚʽʜʦʤʽ ʜʽʾ ʘʪʘʢʫʶʯʦʛʦ. 
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ʂʣʘʩʠʬʽʢʘʮʽʷ ʤʝʪʦʜʽʚ ʚʠʷʚʣʝʥʥʷ ʚʪʦʨʛʥʝʥʴ ʥʘʚʝʜʝʥʘ ʥʘ ʨʠʩ.4.3. ʅʘʚʝʜʝʥʽ 

ʤʝʪʦʜʠ ʚʧʨʦʚʘʜʞʫʶʪʴʩʷ ʪʘ ʬʫʥʢʮʽʦʥʫʶʪʴ ʚ ʉɺɺ. ʇʨʦʮʝʩʠ, ʷʢʽ ʧʨʦʭʦʜʷʪʴ ʚ ʉɺɺ 

ʧʨʦʪʷʛʦʤ ʧʦʰʫʢʫ ʚʪʦʨʛʥʝʥʴ, ʥʘʚʝʜʝʥʦ ʥʘ ʨʠʩ.4.4. ʆʩʢʽʣʴʢʠ ʪʨʘʬʽʢ, ʷʢʠʡ 

ʧʨʦʭʦʜʠʪʴ ʚ ʢʦʤʧôʶʪʝʨʥʠʭ ʩʠʩʪʝʤʘʭ, ʤʘʻ ʩʧʣʝʩʢʠ ʪʘ ʩʘʤʦʧʦʜʽʙʥʽ ʚʣʘʩʪʠʚʦʩʪʽ, 

ʱʦ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʧʝʨʝʚʘʥʪʘʞʝʥʥʷ ʚʫʟʣʽʚ ʉɺɺ, ʪʦ ʩʪʘʻ ʘʢʪʫʘʣʴʥʦʶ ʟʘʜʘʯʘ 

ʙʘʣʘʥʩʫʚʘʥʥʷ ʥʘʚʘʥʪʘʞʝʥʥʷ ʚ ʉɺɺ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʤʫʣʴʪʠʬʨʘʢʪʘʣʴʥʠʭ 

ʚʣʘʩʪʠʚʦʩʪʝʡ. ʉʭʝʤʘ ʙʘʣʘʥʩʫʚʘʥʥʷ ʥʘʚʝʜʝʥʘ ʥʘ ʨʠʩ.4.5. 

 

ʈʠʩ. 4.3. ʂʣʘʩʠʬʽʢʘʮʽʷ ʤʝʪʦʜʽʚ ʚʠʷʚʣʝʥʥʷ ʚʪʦʨʛʥʝʥʴ 
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ʈʠʩ. 4.4. ʄʦʜʝʣʴ ʧʨʦʮʝʩʽʚ ʫ ʤʝʨʝʞʥʽʡ ʉɺɺ 

4.3. ʆʮʽʥʢʘ ʤʝʪʦʜʽʚ ʚʠʷʚʣʝʥʥʷ ʘʥʦʤʘʣʽʡ 

ʄʝʪʦʜʠ ʚʠʷʚʣʝʥʥʷ ʘʥʦʤʘʣʽʡ ʩʧʨʷʤʦʚʘʥʽ ʥʘ ʚʠʷʚʣʝʥʥʷ ʥʝʚʽʜʦʤʠʭ ʘʪʘʢ ʽ 

ʚʪʦʨʛʥʝʥʴ. ɼʣʷ ʩʠʩʪʝʤʠ, ʱʦ ʟʘʭʠʱʘʻʪʴʩ,ʷ ʉɺɺ ʥʘ ʦʩʥʦʚʽ ʩʫʢʫʧʥʦʩʪʽ ʧʘʨʘʤʝʪʨʽʚ 

ʦʮʽʥʢʠ ʬʦʨʤʫʻ çʦʙʨʘʟè ʥʦʨʤʘʣʴʥʦʛʦ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ. ɺ ʩʫʯʘʩʥʠʭ ʉɺɺ 

ʚʠʜʽʣʷʶʪʴ ʢʽʣʴʢʘ ʩʧʦʩʦʙʽʚ ʧʦʙʫʜʦʚʠ çʦʙʨʘʟʫè: 

1) ʥʘʢʦʧʠʯʝʥʥʷ ʥʘʡʙʽʣʴʰ ʭʘʨʘʢʪʝʨʥʦ ʾ ʩʪʘʪʠʩʪʠʯʥʦʾ ʽʥʬʦʨʤʘʮʽʾ ʜʣʷ 

ʢʦʞʥʦʛʦ ʧʘʨʘʤʝʪʨʘ ʦʮʽʥʢʠ; 
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2) ʥʘʚʯʘʥʥʷ ʥʝʡʨʦʥʥʠʭ ʤʝʨʝʞ ʟʥʘʯʝʥʥʷʤʠ ʧʘʨʘʤʝʪʨʽʚ ʦʮʽʥʢʠ; 

3) ʧʦʜʽʻʚʝ ʫʷʚʣʝʥʥʷ. 

 

 

ʈʠʩ. 4.5. ʉʭʝʤʘ ʙʘʣʘʥʩʫʚʘʥʥʷ ʥʘʚʘʥʪʘʞʝʥʥʷ ʚ ʩʠʩʪʝʤʽ ʚʠʷʚʣʝʥʥʷ ʚʪʦʨʛʥʝʥʴ, ʷʢʘ 

ʚʨʘʭʦʚʫʻ ʤʫʣʴʪʠʬʨʘʢʪʘʣʴʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʪʨʘʬʽʢʘ 

ʃʝʛʢʦ ʧʦʤʽʪʠʪʠ, ʱʦ ʫ ʚʠʷʚʣʝʥʥʽ ʜʫʞʝ ʟʥʘʯʥʫ ʨʦʣʴ ʚʽʜʽʛʨʘʻ ʤʥʦʞʠʥʘ 

ʧʘʨʘʤʝʪʨʽʚ ʦʮʽʥʢʠ. ʊʦʤʫ, ʫ ʚʠʷʚʣʝʥʥʽ ʘʥʦʤʘʣʽʡ ʦʜʥʠʤ ʽʟ ʛʦʣʦʚʥʠʭ ʟʘʚʜʘʥʴ ʻ 

ʚʠʙʽʨ ʦʧʪʠʤʘʣʴʥʦʾ ʤʥʦʞʠʥʠ ʧʘʨʘʤʝʪʨʽʚ ʦʮʽʥʢʠ. 
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ɯʥʰʠʤ, ʥʝ ʤʝʥʰ ʚʘʞʣʠʚʠʤ ʟʘʚʜʘʥʥʷʤ ʻ ʚʠʟʥʘʯʝʥʥʷ ʟʘʛʘʣʴʥʦʛʦ ʧʦʢʘʟʥʠʢʘ 

ʘʥʦʤʘʣʴʥʦʩʪʽ. ʉʢʣʘʜʥʽʩʪʴ ʫ ʪʦʤʫ, ʱʦ ʮʷ ʚʝʣʠʯʠʥʘ ʤʘʻ ʭʘʨʘʢʪʝʨʠʟʫʚʘʪʠ 

ʟʘʛʘʣʴʥʠʡ ʩʪʘʥ çʘʥʦʤʘʣʴʥʽʩʪʴè ʫ ʩʠʩʪʝʤʽ, ʱʦ ʟʘʭʠʱʘʻʪʴʩʷ. 

ɺʠʙʽʨ ʦʧʪʠʤʘʣʴʥʦʾ ʩʫʢʫʧʥʦʩʪʽ ʦʟʥʘʢ ʦʮʽʥʢʠ ʩʠʩʪʝʤʠ, ʱʦ 

ʟʘʭʠʱʘʻʪʴʩʷ. 

ʉʴʦʛʦʜʥʽ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʝʚʨʠʩʪʠʯʥʝ ʚʠʟʥʘʯʝʥʥʷ (ʚʠʙʽʨ) ʤʥʦʞʠʥʠ 

ʧʘʨʘʤʝʪʨʽʚ ʚʠʤʽʨʶʚʘʥʴ ʩʠʩʪʝʤʠ, ʱʦ ʟʘʭʠʱʘʻʪʴʩʷ, ʚʠʢʦʨʠʩʪʘʥʥʷ ʷʢʦʛʦ ʤʘʻ ʜʘʪʠ 

ʥʘʡʙʽʣʴʰ ʝʬʝʢʪʠʚʥʝ ʽ ʪʦʯʥʝ ʨʦʟʧʽʟʥʘʚʘʥʥʷ ʚʪʦʨʛʥʝʥʴ. ʉʢʣʘʜʥʽʩʪʴ ʚʠʙʦʨʫ 

ʤʥʦʞʠʥʠ ʤʦʞʥʘ ʧʦʷʩʥʠʪʠ ʪʠʤ, ʱʦ ʩʢʣʘʜʦʚʽ ʾʾ ʧʽʜʤʥʦʞʠʥʠ ʟʘʣʝʞʘʪʴ ʚʽʜ ʪʠʧʽʚ 

ʚʪʦʨʛʥʝʥʴ, ʱʦ ʚʠʷʚʣʷʶʪʴʩʷ. ʊʦʤʫ ʦʜʥʘ ʽ ʪʘ ʞ ʩʫʢʫʧʥʽʩʪʴ ʮʽʻʾ ʫʩʪʘʥʦʚʢʠ ʥʝ ʙʫʜʝ 

ʘʜʝʢʚʘʪʥʦʶ ʜʣʷ ʚʩʽʭ ʪʠʧʽʚ ʚʪʦʨʛʥʝʥʴ. 

ɹʫʜʴ-ʷʢʫ ʩʠʩʪʝʤʫ, ʱʦ ʩʢʣʘʜʘʻʪʴʩʷ ʟʽ ʟʚʠʯʥʠʭ ʘʧʘʨʘʪʥʠʭ ʽ ʧʨʦʛʨʘʤʥʠʭ 

ʟʘʩʦʙʽʚ, ʤʦʞʥʘ ʨʦʟʛʣʷʜʘʪʠ ʷʢ ʫʥʽʢʘʣʴʥʠʡ ʢʦʤʧʣʝʢʩ ʟʽ ʩʚʦʾʤʠ ʦʩʦʙʣʠʚʦʩʪʷʤʠ. ʎʝ 

ʻ ʧʦʷʩʥʝʥʥʷʤ ʤʦʞʣʠʚʦʩʪʽ ʧʨʦʧʫʩʢʫ ʩʧʝʮʠʬʽʯʥʠʭ ʚʪʦʨʛʥʝʥʴ ʜʣʷ ʩʠʩʪʝʤʠ, ʱʦ 

ʟʘʭʠʱʘʻʪʴʩʷ ʉɺɺ, ʪʘ ̫ʢʽ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʦʜʠʥ ʽ ʪʦʡ ʩʘʤʠʡ ʥʘʙʽʨ ʧʘʨʘʤʝʪʨʽʚ 

ʦʮʽʥʢʠ. ʅʘʡʙʽʣʴʰ ʧʝʨʝʚʘʞʥʝ ʨʽʰʝʥʥʷ ï ʚʠʟʥʘʯʝʥʥʷ ʥʝʦʙʭʽʜʥʠʭ ʧʘʨʘʤʝʪʨʽʚ 

ʦʮʽʥʢʠ ʚ ʧʨʦʮʝʩʽ ʨʦʙʦʪʠ. ʊʨʫʜʥʦʱʽ ʝʬʝʢʪʠʚʥʦʛʦ ʜʠʥʘʤʽʯʥʦʛʦ ʬʦʨʤʫʚʘʥʥʷ 

ʧʘʨʘʤʝʪʨʽʚ ʦʮʽʥʢʠ ʚ ʪʦʤʫ, ʱʦ ʨʦʟʤʽʨ ʦʙʣʘʩʪʽ ʧʦʰʫʢʫ ʝʢʩʧʦʥʝʥʮʽʘʣʴʥʦ ʟʘʣʝʞʠʪʴ 

ʚʽʜ ʧʦʪʫʞʥʦʩʪʽ ʧʦʯʘʪʢʦʚʦ ʾʤʥʦʞʠʥʠ. ʗʢʱʦ ʻ ʧʦʯʘʪʢʦʚʠʡ ʩʧʠʩʦʢ ʟ N ʧʘʨʘʤʝʪʨʽʚ, 

ʘʢʪʫʘʣʴʥʠʭ ʜʣʷ ʽʜʝʥʪʠʬʽʢʘʮʽʾ ʚʪʦʨʛʥʝʥʴ, ʪʦ ʢʽʣʴʢʽʩʪʴ ʧʽʜʤʥʦʞʠʥ ʮʴʦʛʦ ʩʧʠʩʢʫ 

ʩʪʘʥʦʚʠʪʴ 2N. ʊʦʤʫ ʥʝ  ̒ ʤʦʞʣʠʚʠʤ ʚʠʢʦʨʠʩʪʘʥʥʷ ʘʣʛʦʨʠʪʤʽʚ ʧʝʨʝʙʦʨʫ ʜʣʷ 

ʟʥʘʭʦʜʞʝʥʥʷ ʦʧʪʠʤʘʣʴʥʦ ʾʤʥʦʞʠʥʠ. ʆʜʥʝ ʟ ʤʦʞʣʠʚʠʭ ʨʽʰʝʥʴ ï ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʛʝʥʝʪʠʯʥʦʛʦ ʘʣʛʦʨʠʪʤʫ [Xia, 2016]. 

ʆʪʨʠʤʘʥʥʷ ʻʜʠʥʦʾ ʦʮʽʥʢʠ ʩʪʘʥʫ ʩʠʩʪʝʤʠ, ʱʦ ʟʘʭʠʱʘʻʪʴʩʷ. 

ɿʘʛʘʣʴʥʘ ʦʮʽʥʢʘ ʘʥʦʤʘʣʴʥʦʩʪʽ ʤʘʻ ʚʠʟʥʘʯʘʪʠʩʷ ʟ ʨʦʟʨʘʭʫʥʢʫ ʤʥʦʞʠʥʠ 

ʧʘʨʘʤʝʪʨʽʚ ʦʮʽʥʢʠ. ʗʢʱʦ ʮʷ ʤʥʦʞʠʥʘ ʬʦʨʤʫʻʪʴʩʷ ʪʘʢ, ʷʢ ʙʫʣʦ ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʚ 

ʧʦʧʝʨʝʜʥʴʦʤʫ ʧʘʨʘʛʨʘʬʽ, ʪʦ ʦʪʨʠʤʘʥʥʷ ʻʜʠʥʦʾ ʦʮʽʥʢʠ ʻ ʜʦʩʠʪʴ ʥʝʧʨʦʩʪʠʤ 

ʟʘʚʜʘʥʥʷʤ. ʆʜʠʥ ʟ ʤʦʞʣʠʚʠʭ ʤʝʪʦʜʽʚ ï ʚʠʢʦʨʠʩʪʘʥʥʷ ʩʪʘʪʠʩʪʠʢʠ ɹʘʡʩ̒ʘ. ɯʥʰʠʡ 
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ʩʧʦʩʽʙ, ʷʢʠʡ ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ ʚ ʉɺɺ, ʟʘʩʥʦʚʘʥʠʡ ʥʘ ʚʠʢʦʨʠʩʪʘʥʥʽ ʢʦʚʘʨʽʘʥʪʥʠʭ 

ʤʘʪʨʠʮʴ [Schaelicke, 2005; Kopparapu, 2008; Heorhiadi, 2012; Ageyev, 2018]. 

ɼʘʥʽ, ʱʦ ʟʙʠʨʘʶʪʴʩʷ ʥʘ ʚʫʟʣʘʭ ʪʘ ʚ ʤʝʨʝʞʽ. 

ʆʩʢʽʣʴʢʠ ʽʩʥʫʶʯʽ ʘʪʘʢʠ ʚʠʢʣʠʢʘʶʪʴ ʚʽʜʭʠʣʝʥʥʷ ʫ ʚʠʢʦʨʠʩʪʘʥʥʽ ʨʝʩʫʨʩʽʚ, 

ʥʘ ʚʫʟʣʘʭ ʪʘ ʚ ʤʝʨʝʞʽ ʟʙʠʨʘʶʪʴʩʷ ʪʘʢʽ ʧʘʨʘʤʝʪʨʠ, ʷʢʽ ʦʙô̒ ʜʥʫʶʪʴʩʷ ʫ ʚʝʢʪʦʨ: 

ï ʟʘʚʘʥʪʘʞʝʥʥʷ CPU (ʚʽʜʩʦʪʢʽʚ); 

ï ʜʠʩʢʦʚʽ IO ʦʧʝʨʘʮʽʾ (ʦʧʝʨʘʮʽʡ ʟʘ ʩʝʢʫʥʜʫ); 

ï ʩʧʦʞʠʚʘʥʥʷ ʧʘʤ'ʷʪʽ (ʫ ʚʽʜʩʦʪʢʘʭ); 

ï ʤʝʨʝʞʥʘ ʘʢʪʠʚʥʽʩʪʴ (ʄʙʽʪ ʟʘ ʩʝʢʫʥʜʫ). 

ɺ ʨʦʙʦʪʽ [¥zg¿r, 2016] ʧʨʦʧʦʥʫʻʪʴʩʷ ʟʙʠʨʘʪʠ ʪʘʢʽ ʤʝʨʝʞʥʽ ʧʘʨʘʤʝʪʨʠ: 

ï ʧʦʩʣʽʜʦʚʥʽʩʪʴ TCP ʧʘʢʝʪʽʚ, ʧʨʘʧʦʨʮ,̔ ʥʦʤʝʨʠ ʧʦʨʪʽʚ ʚʽʜʧʨʘʚʥʠʢʘ ʽ 

ʦʜʝʨʞʫʚʘʯʘ ʽ IP ʘʜʨʝʩʠ ʚʽʜʧʨʘʚʥʠʢʘ; 

ï ʧʦʩʣʽʜʦʚʥʽʩʪʴ ICMP ʧʘʢʝʪʽʚ, IP ʘʜʨʝʩʠ ʚʽʜʧʨʘʚʥʠʢʘ, ICMP_ID; 

ï IP ʘʜʨʝʩʠ ʜʞʝʨʝʣʘ, ʜʦʚʞʠʥʫ ʧʘʢʝʪʘ ʽ UDP ʧʦʨʪʠ ʜʞʝʨʝʣʘ ʽ ʦʜʝʨʞʫʚʘʯʘ. 

ɺ ʨʦʙʦʪʽ [Al-kasassbeh, 2016] ʥʘʚʝʜʝʥʦ ʦʧʠʩ ʜʘʪʘʩʝʪʫ ʪʨʘʬʽʢʘ, ʷʢʠʡ 

ʤʽʩʪʠʪʴ ʘʪʘʢʠ ʪʘ ʤʘʻ ʚʝʣʠʢʠʡ ʩʧʠʩʦʢ ʧʘʨʘʤʝʪʨʽʚ, ʯʘʩʪʠʥʘ ʟ ʷʢʠʭ ʥʘʜʘʣʽ ʙʫʜʝ 

ʚʠʢʦʨʠʩʪʘʥʘ ʷʢ ʦʟʥʘʢʠ. ʇʘʨʘʤʝʪʨʠ ʪʨʘʬʽʢʫ ʪʘ ʘʪʘʢ ʥʘʚʝʜʝʥʦ ʥʠʞʯʝ: 

duration ï ʪʨʠʚʘʣʽʩʪʴ ʟô̒ ʜʥʘʥʥʷ ʚ ʩʝʢʫʥʜʘʭ; 

protocol_type ï ʪʠʧ ʚʠʢʦʨʠʩʪʦʚʫʚʘʥʦʛʦ ʧʨʦʪʦʢʦʣʫ: TCP, UDP ʪʘ ʽʥ.; 

service ï ʪʠʧ ʚʠʢʦʨʠʩʪʦʚʫʚʘʥʦʛʦ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ: HTTP, FTP,  

TELNET ʽ ʽʥ.; 

flag ï ʧʨʘʧʦʨʝʮʴ ʟô̒ ʜʥʘʥʥʷ: ʥʦʨʤʘ ʘʙʦ ʧʦʤʠʣʢʘ; 

scr_bytes ï ʢʽʣɹʢʽʩʪʴ ʙʘʡʪ ʜʘʥʠʭ ʚʽʜ ʜʞʝʨʝʣʘ ʜʦ ʦʜʝʨʞʫʚʘʯʘ; 

dst_bytes ï ʢʽʣʴʢʽʩʪʴ ʙʘʡʪ ʜʘʥʠʭ ʚʽʜ ʦʜʝʨʞʫʚʘʯʘ ʜʦ ʜʞʝʨʝʣʘ; 

land ï 1 ʷʢʱʦ ʟô̒ ʜʥʘʥʥʷ ʟ / ʥʘ ʪʘʢʦʤʫ ʩʘʤʦʤʫ ʭʦʩʪʽ / ʧʦʨʪ;̔ 

wrong_fragments ï ʢʽʣʴʢʽʩʪʴ çʥʝʚʽʨʥʠʭè ʬʨʘʛʤʝʥʪʽʚ; 

urgent ï ʢʽʣʴʢʽʩʪʴ ʪʝʨʤʽʥʦʚʠʭ (urgent) ʧʘʢʝʪʽʚ; 

hot ï ʢʽʣʴʢʽʩʪʴ çʛʘʨʷʯʠʭè ʽʥʜʠʢʘʪʦʨʽʚ; 
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num_failed_logins ï ʢʽʣʴʢʽʩʪʴ ʧʦʤʠʣʢʦʚʠʭ ʩʧʨʦʙ ʚʭʦʜʫ; 

logged_in - 1 ï ʫʩʧʽʰʥʠʡ ʚʭʽʜ, 0 ʚ ʽʥʰʦʤʫ ʚʠʧʘʜʢʫ; 

num_compromised ï ʢʽʣʴʢʽʩʪʴ ʩʢʦʤʧʨʦʤʝʪʦʚʘʥʠʭ ʫʤʦʚ; 

root_shell ï 1 ï ʷʢʱʦ ʦʪʨʠʤʘʥʘ ʢʦʨʝʥʝʚʘ ʦʙʦʣʦʥʢʘ, 0 ï ʚ ʽʥʰʦʤʫ ʚʠʧʘʜʢʫ; 

su_attempted ï 1 ï ʷʢʱʦ ʙʫʣʘ ʩʧʨʦʙʘ ʚʠʢʦʥʘʪʠ çsu rootè, 0 ï ʚ ʽʥ. ʚʠʧʘʜʢʫ; 

num_root ï ʯʠʩʣʦ ʜʦʩʪʫʧʽʚ ʪʠʧʫ çrootè; 

num_file_creations ï ʢʽʣʴʢʽʩʪʴ ʦʧʝʨʘʮʽʡ ʩʪʚʦʨʝʥʥʷ ʬʘʡʣʫ; 

num_shells ï ʢʽʣʴʢʽʩʪʴ çʧʽʜʢʘʟʦʢ ʦʙʦʣʦʥʢʠè; 

num_access_files ï ʯʠʩʣʦ ʦʪʨʠʤʘʥʴ ʜʦʩʪʫʧʫ ʜʦ ʢʦʥʪʨʦʣʶ ʥʘʜ ʬʘʡʣʘʤʠ; 

num_outbound_cmds ï ʢʽʣʴʢʽʩʪʴ ʚʠʭʽʜʥʠʭ ʢʦʤʘʥʜ ʯʝʨʝʟ ftp ʩʝʩʽʶ; 

is_host_login ï 1 ï ʷʢʱʦ ʣʦʛʽʥ ʥʘʣʝʞʠʪʴ ʜʦ çhostè ʩʧʠʩʢʫ; 

is_quest_login ï 1 ï ʷʢʱʦ ʧʽʜʢʣʶʯʝʥʥʷ ʪʠʧʫ çʛʽʩʪʴè; 

count ï ʢʽʣʴʢʽʩʪ ɹʧʽʜʢʣʶʯʝʥʴ ʜʦ ʮʴʦʛʦ ʭʦʩʪɸ ʟʘ ʦʩʪʘʥʥʽ 2 ʩʝʢʫʥʜʠ; 

srv_count ï ʢʽʣʴʢʽʩʪʴ ʧʽʜʢʣʶʯʝʥʴ ʜʦ ʮʴʦʛʦ ʩʝʨʚʽʩʫ ʟʘ ʦʩʪʘʥʥʽ 2 ʩʝʢʫʥʜʠ; 

serror_rate ï ʚʽʜʩʦʪʦʢ ʧʽʜʢʣʶʯʝʥʴ ʟ syn ʧʦʤʠʣʢʘʤʠ; 

srv_serror_rate ï ʚʽʜʩʦʪʦʢ ʧʽʜʢʣʶʯʝʥʴ ʜʦ ʩʝʨʚʽʩʫ ʟ syn ʧʦʤʠʣʢʘʤʠ; 

rerror_rate ï ʚʽʜʩʦʪʦʢ ʧʽʜʢʣʶʯʝʥʴ ʟ rej ʧʦʤʠʣʢʘʤʠ; 

srv_rerror_rate ï ʚʽʜʩʦʪʦʢ ʧʽʜʢʣʶʯʝʥʴ ʜʦ ʩʝʨʚʽʩʫ ʟ rej ʧʦʤʠʣʢʘʤʠ; 

same_srv_rate ï ʚʽʜʩʦʪʦʢ ʧʽʜʢʣʶʯʝʥʴ ʜʦ ʪʘʢʦʛʦ ʩʝʨʚʽʩʫ; 

diff_srv_rate ï ʚʽʜʩʦʪʦʢ ʧʽʜʢʣʶʯʝʥʴ ʜʦ ʨʽʟʥʠʭ ʩʝʨʚʽʩʽʚ; 

srv_diff_hast_rate ï ʚʽʜʩʦʪʦʢ ʧʽʜʢʣʶʯʝʥʴ ʜʦ ʨʽʟʥʠʭ ʭʦʩʪʽʚ; 

dst_host_count ï ʢʽʣʴʢʽʩʪʴ ʟô̒ ʜʥʘʥʴ ʜʦ ʣʦʢʘʣʴʥʦʛʦ ʭʦʩʪʫ, ʚʩʪʘʥʦʚʣʝʥʠʭ 

ʚʽʜʜʘʣʝʥʦʶ ʩʪʦʨʦʥʦʶ; 

dst_host_srv_count ï ʢʽʣʴʢʽʩʪʴ ʟô̒ ʜʥʘʥʴ ʜʦ ʣʦʢʘʣʴʥʦʛʦ ʭʦʩʪʘ, 

ʚʩʪʘʥʦʚʣʝʥʠʭ ʚʽʜʜʘʣʝʥʦʶ ʩʪʦʨʦʥʦʶ ʪʘ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʦʜʥʫ ʽ ʪʫ ʩʘʤʫ ʩʣʫʞʙʫ; 

dst_host_same_srv_rate ï ʧʨʦʮʝʥʪʥʘ ʢʽʣʴʢʽʩʪʴ ʟô̒ ʜʥʘʥʴ ʜʦ ʣʦʢʘʣʴʥʦʛʦ 

ʭʦʩʪʘ, ʚʩʪʘʥʦʚʣʝʥʠʭ ʚʽʜʜʘʣʝʥʦʶ ʩʪʦʨʦʥʦʶ ʪʘ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʦʜʥʫ ʽ ʪʫ ʩʘʤʫ 

ʩʣʫʞʙʫ; 
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dst_host_diff_srv_rate ï ʧʨʦʮʝʥʪʥʘ ʢʽʣʴʢʽʩʪʴ ʟô̒ ʜʥʘʥʴ ʜʦ ʣʦʢʘʣʴʥʦʛʦ 

ʭʦʩʪʘ, ʚʩʪʘʥʦʚʣʝʥʠʭ ʚʽʜʜʘʣʝʥʦʶ ʩʪʦʨʦʥʦʶ ʪʘ ʷʢʽ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʨʽʟʥʽ ʩʣʫʞʙʠ; 

dst_host_same_src_port_rate ï ʧʨʦʮʝʥʪʥʘ ʢʽʣʴʢʽʩʪʴ ʟô̒ ʜʥʘʥʴ ʜʦ ʜʘʥʦʛʦ 

ʭʦʩʪʘ ʧʨʠ ʧʦʪʦʯʥʦʤʫ ʥʦʤʝʨʽ ʧʦʨʪʘ ʜʞʝʨʝʣʘ. 

dst_host_srv_diff_host_rate ï ʧʨʦʮʝʥʪʥʘ ʢʽʣʴʢʽʩʪ ɹ ʟô̒ ʜʥʘʥʴ ʜʦ ʩʣʫʞʙʠ 

ʨʽʟʥʠʭ ʭʦʩʪʽʚ; 

dst_host_serror_rate ï ʧʨʦʮʝʥʪʥʘ ʢʽʣʴʢʽʩʪʴ ʟô̒ ʜʥʘʥʴ ʟ ʧʦʤʠʣʢʦʶ ʪʠʧʫ syn 

ʜʣʷ ʜʘʥʦʛʦ ʭʦʩʪʘ-ʧʨʠʡʤʘʯʘ; 

dst_host_srv_serror_rate ï ʧʨʦʮʝʥʪʥʘ ʢʽʣʴʢʽʩʪʴ ʟô̒ ʜʥʘʥʴ ʟ ʧʦʤʠʣʢʦʶ ʪʠʧʫ 

syn ʜʣʷ ʜʘʥʦʾ ʩʣʫʞʙʠ ʧʨʠʡʤʘʯʘ; 

dst_host_rerror_rate ï ʧʨʦʮʝʥʪʥʘ ʢʽʣʴʢʽʩʪʴ ʟô̒ ʜʥʘʥʴ ʟ ʧʦʤʠʣʢʦʶ ʪʠʧʫ rej 

ʜʣʷ ʜʘʥʦʛʦ ʭʦʩʪʘ-ʧʨʠʡʤʘʯʘ; 

dst_host_srv_rerror_rate ï ʧʨʦʮʝʥʪʥʘ ʢʽʣʴʢʽʩʪʴ ʟô̒ ʜʥʘʥʴ ʟ ʧʦʤʠʣʢʦʶ ʪʠʧʫ 

rej ʜʣʷ ʜʘʥʦʾ ʩʣʫʞʙʠ ʧʨʠʡʤʘʯʘ. 

ʆʟʥʘʢʠ ʤʦʞʫʪʴ ʦʙʠʨʘʪʠʩʷ ʘʜʤʽʥʽʩʪʨʘʪʦʨʦʤ ʤʝʨʝʞʽ. ʅʦʤʝʨ ʧʦʨʪʫ 

ʚʽʜʧʨʘʚʥʠʢʘ, ʷʢ ʧʨʘʚʠʣʦ, ʥʝ ʤʘʻ ʩʝʥʩʫ ʚʨʘʭʦʚʫʚʘʪʠ, ʦʩʢʽʣʴʢʠ ʚʽʥ ʛʝʥʝʨʫʻʪʴʩʷ 

ʘʚʪʦʤʘʪʠʯʥʦ. 

ʇ̔ ʜ ʯʘʩ ʨʦʟʨʦʙʢʠ ʢʦʥʮʝʧʪʫ ʪʘ ʤʝʪʦʜʽʚ ʟʘʙʝʟʧʝʯʝʥʥʷ ʙʝʟʧʝʢʠ ʪʘ ʚʠʷʚʣʝʥʥʷ 

ʚʪʦʨʛʥʝʥʴ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʘʩʷ ʙʘʟʘ MIB ʜʣʷ ʝʤʫʣʷʮʽʾ ʤʝʨʝʞʥʦʾ ʘʢʪʠʚʥʦʩʪʽ, 

ʦʩʢʽʣʴʢʠ ʟ ʥʝʶ ʟʨʫʯʥʦ ʧʨʘʮʶʚʘʪʠ. ɺʽʜʧʦʚʽʜʥʦ, ʧʘʨʘʤʝʪʨʠ ʚʟʷʪʦ ʟʚʽʜʪʠ. ʋ 

ʨʝʘʣʴʥʽʡ ʞʝ ʩʠʩʪʝʤʽ, ʷʢ ʚʠʧʣʠʚʘʻ ʟ ʦʛʣʷʜʫ, ʙʘʞʘʥʦ ʜʝʪʘʣʴʥʦ ʨʦʟʙʠʨʘʪʠ ʧʘʢʝʪʠ 

ʧʨʠʢʣʘʜʥʠʭ ʧʨʦʪʦʢʦʣʽʚ. 

ɹʫʣʦ ʦʙʨʘʥʦ ʪʘʢʽ ʧʘʨʘʤʝʪʨʠ: 

duration ï ʪʨʠʚʘʣʽʩʪʴ ʟ'ʻʜʥʘʥʥʷ; 

protocol_type ï ʪʠʧ ʧʨʦʪʦʢʦʣʫ (TCP, UDP, ʽ ʽʥ.); 

service ï ʤʝʨʝʞʥʘ ʩʣʫʞʙʘ ʦʜʝʨʞʫʚʘʯʘ (HTTP, TELNET ʽ ʽʥ.); 

flag ï ʩʪʘʥ ʟô̒ ʜʥʘʥʥʷ; 

src_bytes ï ʢʽʣʴʢʽʩʪʴ ʙʘʡʪʽʚ ʧʝʨʝʜʘʥʠʭ ʚʽʜ ʜʞʝʨʝʣʘ ʦʜʝʨʞʫʚʘʯʫ. 
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dst_bytes ï ʯʠʩʣʦ ʙʘʡʪʽʚ ʧʝʨʝʜʘʥʠʭ ʚʽʜ ʦʜʝʨʞʫʚʘʯʘ ʜʞʝʨʝʣʫ; 

land ï 1 ï ʷʢʱʦ ʟô̒ ʜʥʘʥʥʷ ʧʦ ʽʜʝʥʪʠʯʥʠʭ ʧʦʨʪʘ; 0 ï ʚ ʽʥʰʠʭ ʚʠʧʘʜʢʘʭ; 

wrong_fragment ï ʢʽʣʴʢʽʩʪʴ çʥʝʧʨʘʚʠʣʴʥʠʭè ʧʘʢʝʪʽʚ; 

urgent ï ʢʽʣʴʢʽʩʪʴ ʧʘʢʝʪʽʚ ʟ ʧʨʘʧʦʨʦʤ URG; 

ʩount ï ʢʽʣʴʢʽʩʪʴ ʧʽʜʢʣʶʯʝʥʴ ʜʦ ʮʴʦʛʦ ʭʦʩʪʫ ʟʘ ʦʩʪʘʥʥʽ 2 ʩʝʢʫʥʜʠ; 

srv_count ï ʢʽʣʴʢʽʩʪʴ ʧʽʜʢʣʶʯʝʥʴ ʜʦ ʮʴʦʛʦ ʩʝʨʚʽʩʫ ʟʘ ʦʩʪʘʥʥʽ 2 ʩʝʢʫʥʜʠ; 

serror_rate ï ʚʽʜʩʦʪʦʢ ʧʽʜʢʣʶʯʝʥʴ ʟ syn ʧʦʤʠʣʢʘʤʠ; 

diff_srv_rate ï ʚʽʜʩʦʪʦʢ ʧʽʜʢʣʶʯʝʥʴ ʜʦ ʨʽʟʥʠʭ ʩʝʨʚʽʩʽʚ; 

srv_diff_host_rate ï ʚʽʜʩʦʪʦʢ ʧʽʜʢʣʶʯʝʥʴ ʜʦ ʨʽʟʥʠʭ ʭʦʩʪʽʚ; 

dst_host_srv_count ï ʢʽʣʴʢʽʩʪʴ ʟô̒ ʜʥʘʥʴ ʜʦ ʣʦʢʘʣʴʥʦʛʦ ʭʦʩʪʫ, 

ʚʩʪʘʥʦʚʣʝʥʠʭ ʚʽʜʜʘʣʝʥʦʶ ʩʪʦʨʦʥʦʶ ʪʘ ʷʢʽ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʦʜʥʫ ʽ ʪʫ ʩʘʤʫ 

ʩʣʫʞʙʫ. 

ʇʨʦʚʝʜʝʥʦ ʘʥʘʣʽʟ ʤʥʦʞʠʥʠ ʽʩʥʫʶʯʠʭ ʧʘʨʘʤʝʪʨʽʚ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ 

ʩʠʩʪʝʤʠ ʪʘ ʤʝʨʝʞʽ, ʷʢʠʡ ʧʦʢʘʟʘʚ, ʱʦ ʙʘʞʘʥʦ ʟʤʝʥʰʠʪʠ ʢʽʣʴʢʽʩʪʴ ʚʭʽʜʥʠʭ 

ʟʤʽʥʥʠʭ ʷʢ ʜʣʷ ʟʥʠʞʝʥʥʷ ʦʙʯʠʩʣʶʚʘʣʴʥʦʾ ʚʘʨʪʦʩʪʽ ʤʦʜʝʣʽ, ʪʘʢ ʽ ʜʣʷ ʧʽʜʚʠʱʝʥʥʷ 

ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ ʤʦʜʝʣʽ. ʄʝʪʦʜʠ ʚʠʙʦʨʫ ʬʫʥʢʮʽʡ, ʟʘʩʥʦʚʘʥʽ ʥʘ ʩʪʘʪʠʩʪʠʮʽ, 

ʧʨʠʧʫʩʢʘʶʪʴ ʦʮʽʥʢʫ ʟʚô̫ ʟʢʫ ʤʽʞ ʢʦʞʥʦʶ ʚʭʽʜʥʦʶ ʟʤʽʥʥʦʶ ʪʘ ʮʽʣʴʦʚʦʶ ʟʤʽʥʥʦʶ 

ʟʘ ʜʦʧʦʤʦʛʦʶ ʩʪʘʪʠʩʪʠʢʠ ʽ ʚʠʙʽʨ ʪʠʭ ʚʭʽʜʥʠʭ ʟʤʽʥʥʠʭ, ʷʢʽ ʤʘʶʪʴ ʥʘʡʪʽʩʥʽʰʠʡ 

ʟʚô̫ ʟʦʢ ʟ ʮʽʣʴʦʚʦʶ ʟʤʽʥʥʦʶ. ʎʽ ʤʝʪʦʜʠ ʤʦʞʫʪʴ ʙʫʪʠ ʰʚʠʜʢʠʤʠ ʽ ʝʬʝʢʪʠʚʥʠʤʠ, 

ʭʦʯʘ ʚʠʙʽʨ ʩʪʘʪʠʩʪʠʯʥʠʭ ʟʘʭʦʜʽʚ ʟʘʣʝʞʠʪʴ ʚʽʜ ʪʠʧʫ ʜʘʥʠʭ ʷʢ ʚʭʽʜʥʠʭ, ʪʘʢ ʽ 

ʚʠʭʽʜʥʠʭ ʟʤʽʥʥʠʭ. ʊʘʢʠʤ ʯʠʥʦʤ, ʧʨʠ ʚʠʙʦʨʽ ʬʫʥʢʮʽʡ, ʟʘʩʥʦʚʘʥʠʭ ʥʘ ʬʽʣʴʪʨʘʮʽʾ, 

ʙʫʣʦ ʦʙʨʘʥʦ ʥʘʙʽʨ ʦʟʥʘʢ ʜʣʷ ʨʦʟʨʦʙʢʠ ʤʝʪʦʜʽʚ ʤʦʥʽʪʦʨʠʥʛʫ ʪʘ ʚʠʷʚʣʝʥʥʷ 

ʚʪʦʨʛʥʝʥʴ. 
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4.4. ʇʨʦʝʢʪʫʚʘʥʥʷ ʧʽʜʭʦʜʽʚ ʜʦ ʙʘʣʘʥʩʫʚʘʥʥʷ ʥʘʚʘʥʪʘʞʝʥʥʷ ʚ 

ʩʠʩʪʝʤʘʭ ʚʠʷʚʣʝʥʥʷ ʚʪʦʨʛʥʝʥʴ 

ʇʦʚʥʽʩʪʶ ʙʝʟʧʝʯʥʠʡ ʪʘ ʥʘʜʽʡʥʠʡ ʘʥʘʣʽʟ ʤʝʨʝʞʥʦʛʦ ʪʨʘʬʽʢʘ ʚʠʤʘʛʘʻ, ʱʦʙ 

Cɺɺ ʙʫʣʠ ʟʜʘʪʥʽ ʚʧʦʨʘʪʠʩʷ ʟ ʧʦʩʪʽʡʥʦ ʟʨʦʩʪʘʶʯʠʤʠ ʤʦʞʣʠʚʦʩʪʷʤʠ ʩʫʯʘʩʥʠʭ ʪʘ 

ʤʘʡʙʫʪʥʽʭ ʤʝʨʝʞʥʠʭ ʪʝʭʥʦʣʦʛʽʡ. ʋ ʮʴʦʤʫ ʢʦʥʪʝʢʩʪʽ ʨʦʟʧʦʜʽʣʝʥʽ ʘʨʭʽʪʝʢʪʫʨʠ ʟ 

ʜʝʷʢʠʤʠ ʧʽʜʭʦʜʷʱʠʤʠ ʤʝʭʘʥʽʟʤʘʤʠ ʬʦʨʤʫʚʘʥʥʷ ʪʨʘʬʽʢʘ ʪʘ ʚʨʽʚʥʦʚʘʞʝʥʥʷ 

ʥʘʚʘʥʪʘʞʝʥʥʷ  ̒ʥʘʡʮʽʥʥʽʰʠʤ ʨʽʰʝʥʥʷʤ ʜʣʷ ʘʥʘʣʽʟʫ ʰʚʠʜʢʦʩʪʽ ʨʫʭʫ ʰʚʠʜʢʦʩʪʽ 

ʯʝʨʝʟ ʾʭʥ  ʁʚʥʫʪʨʽʰʥʶ ʤʘʩʰʪʘʙʦʚʘʥʽʩʪʴ. ʆʜʥʘʢ, ʚ ʫʤʦʚʘʭ ʚʝʣʠʢʦʛʦ ʪʨʘʬʽʢʘ ʟ 

ʚʝʣʠʢʠʤʠ ʭʚʦʩʪʦʚʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ, ʚʨʽʚʥʦʚʘʞʝʥʥʷ ʥʘʚʘʥʪʘʞʝʥʥʷ ï ʮʝ 

ʥʝʪʨʠʚʽʘʣʴʥʘ ʟʘʜʘʯʘ, ʷʢʘ ʚʠʤʘʛʘʻ ʘʜʝʢʚʘʪʥʠʭ ʨʽʰʝʥʴ ʥʘ ʨʽʚʥʽ ʤʝʭʘʥʽʟʤʽʚ 

ʘʢʪʠʚʘʮʽʾ ʪʘ ʧʦʜʘʥʥʷ ʥʘʚʘʥʪʘʞʝʥʥʷ. ɸʚʪʦʨʠ [Andreolini, 2007] ʧʦʢʘʟʘʣʠ, ʱʦ 

ʟʘʭʦʜʠ ʧʨʷʤʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʨʝʩʫʨʩʽʚ ʧʨʦʧʦʥʫʶʪʴ ʤʠʪʪʻʚʽ ʚʠʜʠ ʥʘʚʘʥʪʘʞʝʥʥʷ, 

ʘʣʝ ʚʦʥʠ ʤʘʣʦ ʜʦʧʦʤʘʛʘʶʪʴ ʚʽʜʨʽʟʥʠʪʠ ʫʤʦʚʠ ʧʝʨʝʚʘʥʪʘʞʝʥʥʷ ʚʽʜ ʧʝʨʝʭʽʜʥʠʭ 

ʧʽʢʽʚ, ʟʘʚʜʷʢʠ ʯʦʤʫ ʧʨʦʮʝʩ ʙʘʣʘʥʩʫʚʘʥʥʷ ʥʘʚʘʥʪʘʞʝʥʥʷ ʘʢʪʠʚʘʮʽʾ / ʜʝʘʢʪʠʚʘʮʽʾ ʻ 

ʥʘʜʟʚʠʯʘʡʥʦ ʥʝʩʪʘʙʽʣʴʥʠʤ. ɺʦʥʠ ʧʨʦʧʦʥʫʶʪʴ ʪʘ ʚʧʨʦʚʘʜʞʫʶʪʴ ʨʽʟʥʽ ʣʽʥʽʡʥʽ 

ʤʦʜʝʣʽ ʜʣʷ ʘʛʨʝʛʫʚʘʥʥʷ ʟʨʘʟʢʽʚ, ʷʢʽ ʟʤʝʥʰʫʶʪʴ ʥʝʨʽʚʥʦʤʽʨʥʽʩʪʴ ʧʨʝʜʩʪʘʚʣʝʥʥʷ 

ʥʘʚʘʥʪʘʞʝʥʥʷ ʪʘ ʧʦʢʨʘʱʫʶʪʴ ʧʨʦʮʝʩ ʟʙʘʣʘʥʩʫʚʘʥʥʷ ʥʘʚʘʥʪʘʞʝʥʥʷ. ɺʦʥʠ 

ʧʦʢʘʟʘʣʠ, ʱʦ ʥʘʚʽʪʴ ʧʨʦʩʪʽ, ʣʽʥʽʡʥʽ ʘʛʨʝʛʘʮʽʾ ʤʦʞʫʪʴ ʧʨʠʟʚʝʩʪʠ ʜʦ ʧʦʩʣʽʜʦʚʥʦʛʦ 

ʧʦʣʽʧʰʝʥʥʷ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ ʚʩʽʻʾ ʨʦʟʧʦʜʽʣʝʥʦʾ ʘʨʭʽʪʝʢʪʫʨʠ Cɺɺ. ɭ ʜʚʘ ʦʩʥʦʚʥʽ 

ʥʘʩʣʽʜʢʠ ʧʦʢʨʘʱʝʥʦʛʦ ʙʘʣʘʥʩʫ ʥʘʚʘʥʪʘʞʝʥʥʷ ʥʘ ʩʝʥʩʦʨ: ʟʤʝʥʰʝʥʥʷ ʘʢʪʠʚʘʮʽʾ 

ʤʝʭʘʥʽʟʤʽʚ ʜʠʥʘʤʽʯʥʦʛʦ ʚʨʽʚʥʦʚʘʞʝʥʥʷ ʪʘ ʟʤʝʥʰʝʥʥʷ ʚʪʨʘʪ ʧʘʢʝʪʽʚ, ʷʢʽ 

ʟʘʟʥʘʶʪʴ ʜʘʪʯʠʢʠ Cɺɺ. 

ɺʠʷʚʣʝʥʥʷ ʚʪʦʨʛʥʝʥʴ ʫ ʢʦʤʧôʶʪʝʨʥʽʡ ʩʠʩʪʝʤʽ ʻ ʦʜʥʠʤ ʽʟ ʜʝʢʽʣʴʢʦʭ 

ʚʘʞʣʠʚʠʭ ʟʘʭʦʜʽʚ ʙʝʟʧʝʢʠ, ʷʢʽ ʟʘʟʚʠʯʘʡ ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ ʜʣʷ ʟʘʭʠʩʪʫ ʢʨʠʪʠʯʥʠʭ 

ʜʘʥʠʭ [ɻʦʨʙʫʣʽʥ, 2009]. ɿʽ ʟʙʽʣʴʰʝʥʥʷʤ ʰʚʠʜʢʦʩʪʽ ʤʝʨʝʞʽ ʧʨʦʧʫʩʢʥʘ ʟʜʘʪʥʽʩʪʴ 

ʧʣʘʪʬʦʨʤʠ Cɺɺ ʩʪʘʻ ʚʫʟʴʢʠʤ ʤʽʩʮʝʤ, ʷʢʝ ʤʦʞʝ ʧʦʛʽʨʰʠʪʠ ʝʬʝʢʪʠʚʥʽʩʪʴ ʚʩʽʻʾ 
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ʩʠʩʪʝʤʠ. ʇʘʨʘʣʝʣʴʥʽ ʧʣʘʪʬʦʨʤʠ Cɺɺ ï ʮʝ ʞʠʪʪʻʟʜʘʪʥʝ ʨʽʰʝʥʥʷ ʜʣʷ ʚʠʨʽʰʝʥʥʷ 

ʮʽʻʾ ʧʨʦʙʣʝʤʠ. 

ʋ [Schaelicke, 2005] ʨʦʟʛʣʷʜʘʶʪʴʩʷ ʫʥʽʢʘʣʴʥʽ ʚʠʤʦʛʠ ʜʦ ʧʣʘʪʬʦʨʤʠ 

ʚʠʷʚʣʝʥʥʷ ʧʘʨʘʣʝʣʴʥʦʾ ʤʝʨʝʞʽ, ʘ ʧʦʪʽʤ ʦʧʠʩʫʻʪʴʩʷ ʝʢʦʥʦʤʽʯʥʦ ʚʠʛʽʜʥʝ, ʘʣʝ 

ʤʘʩʰʪʘʙʦʚʘʥʝ ʨʽʰʝʥʥʷ. ʂʦʨʠʩʪʫʚʘʣʴʥʠʮʴʢʠʡ ʙʘʣʘʥʩʫʚʘʣʴʥʠʢ ʥʘʚʘʥʪʘʞʝʥʥʷ 

Cɺɺ ʨʦʟʧʦʜʽʣʷʻ ʥʘʚʘʥʪʘʞʝʥʥʷ ʥʘ ʦʙʨʦʙʢʫ ʯʝʨʝʟ ʤʘʩʠʚ ʩʝʥʩʦʨʥʠʭ ʚʫʟʣʽʚ, ʱʦʙ 

ʤʽʥʽʤʽʟʫʚʘʪʠ ʚʪʨʘʪʠ ʧʘʢʝʪʽʚ. ɺʽʥ ʚʠʢʦʨʠʩʪʦʚʫʻ ʤʘʩʰʪʘʙʦʚʘʥʠʡ ʙʘʛʘʪʦʨʽʚʥʝʚʠʡ 

ʭʝʰ-ʤʝʪʦʜ, ʱʦʙ ʤʽʥʽʤʽʟʫʚʘʪʠ ʫʨʘʟʣʠʚʦʩʪʽ Cɺɺ ʪʘ ʥʘʣʘʰʪʫʚʘʪʠ ʥʘ ʟʤʽʥʫ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʤʝʨʝʞʥʦʛʦ ʪʨʘʬʽʢʘ. ʆʩʥʦʚʥʠʤ ʚʥʝʩʢʦʤ ʮʴʦʛʦ ʩʧʦʩʦʙʫ ʻ ʨʦʟʨʦʙʢʘ 

ʧʽʜʭʦʜʫ, ʱʦ ʧʽʜʪʨʠʤʫʻ ʙʘʣʘʥʩʫʚʘʥʥʷ ʥʘʚʘʥʪʘʞʝʥʥʷ, ʷʢʠʡ ʥʝ ʧʽʜʪʨʠʤʫʻ ʩʪʘʥ 

ʧʽʜʢʣʶʯʝʥʥʷ, ʘʣʝ ʧʨʠ ʮʴʦʤʫ ʧʽʜʪʨʠʤʫʻ ʩʪʘʥ ʚʠʷʚʣʝʥʥʷ ʚʪʦʨʛʥʝʥʴ ʥʘ ʦʩʥʦʚʽ 

ʧʦʪʦʢʫ. ʂʨʽʤ ʪʦʛʦ, ʫ ʧʝʨʝʜʘʚʘʯʽ ʥʘʚʘʥʪʘʞʝʥʥʷ ʚʙʫʜʦʚʘʥʠʡ ʜʠʥʘʤʽʯʥʠʡ 

ʟʚʦʨʦʪʥʠʡ ʟʚô̫ ʟʦʢ ʚʽʜ ʜʘʪʯʠʢʽʚ, ʱʦ ʧʽʜʣʘʰʪʦʚʫʶʪʴʩʷ ʧʽʜ ʟʤʽʥʠ ʤʝʨʝʞʥʦʛʦ 

ʪʨʘʬʽʢʘ ʪʘ ʥʘʚʘʥʪʘʞʝʥʥʷ ʥʘ ʦʙʨʦʙʢʫ, ʪʠʤ ʩʘʤʠʤ ʜʦʜʘʪʢʦʚʦ ʤʽʥʽʤʽʟʫʶʯʠ ʚʪʨʘʪʠ 

ʧʘʢʝʪʽʚ. 

ʈʝʟʫʣʴʪʘʪʠ ʦʮʽʥʶʚʘʥʥʷ ʜʝʤʦʥʩʪʨʫʶʪʴ ʧʦʪʝʥʮʽʘʣ ʝʬʝʢʪʠʚʥʦʩʪʽ ʪʘʢʦʛʦ 

ʧʽʜʭʦʜʫ. ʅʘʡʢʨʘʱʠʡ ʝʚʨʠʩʪʠʯʥʠʡ ʙʘʣʘʥʩ ʥʘʚʘʥʪʘʞʝʥʥʷ ʟʘʣʝʞʠʪʴ ʥʝ ʪʽʣʴʢʠ ʚʽʜ 

ʰʚʠʜʢʦʩʪʽ ʚʪʨʘʪ ʧʘʢʝʪʫ, ʘʣʝ ʽ ʚʽʜ ʢʽʣʴʢʦʩʪʽ ʦʧʝʨʘʮʽʡ ʟ ʙʘʣʘʥʩʫʚʘʥʥʷ 

ʥʘʚʘʥʪʘʞʝʥʥʷ, ʥʝʦʙʭʽʜʥʠʭ ʜʣʷ ʜʦʩʷʛʥʝʥʥʷ ʮʽʻʾ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ, ʦʩʢʽʣʴʢʠ ʢʦʞʥʝ 

ʨʝʛʫʣʶʚʘʥʥʷ ʧʦʪʝʥʮʽʡʥʦ ʧʦʨʫʰʫʻ ʤʝʨʝʞʥʽ ʧʦʪʦʢʠ ʟ ʪʦʯʢʠ ʟʦʨʫ ʜʘʪʯʠʢʽʚ. 

ʅʝʟʚʘʞʘʶʯʠ ʥʘ ʚʝʣʠʯʝʟʥʽ ʽʥʚʝʩʪʠʮʽʾ ʚ ʪʝʭʥʦʣʦʛʽʶ Cɺɺ, ʥʘ ʩʴʦʛʦʜʥʽʰʥʽʡ 

ʜʝʥʴ ʥʝ ʽʩʥʫʻ ʚʩʝʦʩʷʞʥʦʾ ʪʘ ʥʘʫʢʦʚʦ ʩʫʚʦʨʦʾ ʤʝʪʦʜʦʣʦʛʽʾ ʜʣʷ ʧʝʨʝʚʽʨʢʠ 

ʝʬʝʢʪʠʚʥʦʩʪʽ ʮʠʭ ʩʠʩʪʝʤ. ɼʝʷʢʽ ʤʦʞʫʪʴ ʟʚʠʥʫʚʘʯʫʚʘʪʠ ʩʧʦʞʠʚʘʯʽʚ ʫ ʪʦʤʫ, ʱʦ 

ʚʦʥʠ ʥʝ ʚʠʤʘʛʘʶʪʴ ʪʘʢʠʭ ʟʘʭʦʜʽʚ ʝʬʝʢʪʠʚʥʦʩʪʽ ʧʝʨʝʜ ʧʨʠʜʙʘʥʥʷʤ Cɺɺ. ɼʝʷʢʽ 

ʪʘʢʦʞ ʤʦʞʫʪʴ ʟʚʠʥʫʚʘʯʫʚʘʪʠ ʩʫʙô̒ ʢʪʠ, ʷʢʽ ʬʽʥʘʥʩʫʶʪʴ ʥʘʫʢʦʚʽ ʜʦʩʣʽʜʞʝʥʥʷ, ʱʦ 

ʥʝ ʚʢʣʘʜʘʶʪʴ ʙʽʣʴʰʝ ʛʨʦʰʝʡ ʫ ʮʶ ʩʬʝʨʫ. DARPA, ʷʢʘ ʬʽʥʘʥʩʫʻ ʜʦʩʣʽʜʞʝʥʥʷ 

ʤʝʪʦʜʽʚ ʚʠʤʽʨʶʚʘʥʴ, ʻ ʚʠʥʷʪʢʦʤ. ʆʜʥʘʢ ʢʽʣʴʢʽʩʥʽ ʚʠʤʽʨʶʚʘʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ 

ʉɺɺ ʥʝ ʜʦʩʪʫʧʥʽ, ʦʩʢʽʣʴʢʠ ʽʩʥʫʶʪʴ ʪʨʫʜʥʦʱʽ ʜʦʩʣʽʜʞʝʥʥʷ, ʷʢʽ ʥʝʦʙʭʽʜʥʦ 
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ʧʦʜʦʣʘʪʠ, ʧʝʨʰ ʥʽʞ ʩʪʚʦʨʠʪʠ ʪʘʢʽ ʪʝʩʪʠ [Andreolini, 2007]. ʋ ʩʪʘʪʪʽ [Mell, 2003] 

ʚʠʢʣʘʜʝʥʦ ʥʝʦʙʭʽʜʥʽ ʢʽʣʴʢʽʩʥʽ ʚʠʤʽʨʶʚʘʥʥʷ, ʧʝʨʝʰʢʦʜʠ, ʷʢʽ ʧʝʨʝʰʢʦʜʞʘʶʪʴ 

ʧʨʦʛʨʝʩʫ ʚ ʨʦʟʨʦʙʮʽ ʮʠʭ ʚʠʤʽʨʶʚʘʥʴ, ʪʘ ʽʜʝʾ ʘʚʪʦʨʽʚ ʱʦʜʦ ʜʦʩʣʽʜʞʝʥʥʷ 

ʤʝʪʦʜʦʣʦʛʽʾ ʚʠʤʽʨʶʚʘʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ Cɺɺ ʜʣʷ ʧʦʜʦʣʘʥʥʷ ʮʠʭ ʧʝʨʝʰʢʦʜ.  

ʈʦʟʧʦʜʽʣʝʥʽ ʉɺɺ ʪʘ ʤʝʪʦʜʠ ʙʘʣʘʥʩʫʚʘʥʥʷ ʚ ʥʠʭ ʟʥʘʯʥʦ ʜʝʰʝʚʰʽ ʫ 

ʚʠʢʦʨʠʩʪʘʥʥʽ ʨʝʩʫʨʩʽʚ, ʘ ʤʦʞʣʠʚʽʩʪʴ ʽʩʥʫʚʘʥʥʷ ʻʜʠʥʦʾ ʪʦʯʢʠ ʚʽʜʤʦʚʠ ʪʘʢʦʞ 

ʟʥʠʞʫʻʪʴʩʷ. ɹʽʣʴʰʽʩʪʴ ʧʨʦʧʦʥʦʚʘʥʠʭ ʧʨʦʛʨʘʤ Cɺɺ ʙʫʣʠ ʧʦʚô̫ ʟʘʥʽ ʟ ʨʦʟʧʦʜʽʣʦʤ 

ʚʭʽʜʥʦʛʦ ʪʨʘʬʽʢʘ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʜʝʢʽʣʴʢʦʭ ʜʘʪʯʠʢʽʚ ʚʠʷʚʣʝʥʥʷ ʚʪʦʨʛʥʝʥʴ 

[Schaelicke, 2005; Kopparapu, 2008; Heorhiadi, 2012; Ageyev, 2018; Arian, 2017] 

ʎʽʣʽ ʽ ʧʝʨʝʚʘʛʠ ʙʘʣʘʥʩʫʚʘʥʥʷ ʥʘʚʘʥʪʘʞʝʥʥʷ ʤʦʞʥʘ ʨʦʟʜʽʣʠʪʠ ʥʘ ʪʨʠ 

ʛʨʫʧʠ: ʤʘʩʰʪʘʙʦʚʘʥʽʩʪʴ; ʙʝʟʧʝʢʘ; ʩʧʦʞʠʚʘʥʥʷ ʝʥʝʨʛʽʾ ʽ ʨʝʩʫʨʩʽʚ. 

ɿ ʪʦʯʢʠ ʟʦʨʫ ʨʦʟʛʣʷʥʫʪʠʭ ʤʝʨʝʞʥʠʭ ʨʽʚʥʽʚ, ʩʠʩʪʝʤʠ ʙʘʣʘʥʩʫʚʘʥʥʷ 

ʥʘʚʘʥʪʘʞʝʥʥʷ ʤʦʞʥʘ ʨʦʟʜʽʣʠʪʠ ʥʘ ʜʚʽ ʛʨʫʧʠ.  

ɹʘʣʘʥʩʫʚʘʣʴʥʠʢ ʥʘʚʘʥʪʘʞʝʥʥʷ ʚ ʤʝʨʝʞʥʠʭ ʚʝʨʭʥʽʭ ʨʽʚʥʷʭ [Arian, 2017]: 

ʎʽ ʪʠʧʠ ʙʘʣʘʥʩʫʚʘʣʴʥʠʢʽʚ, ʷʢʽ ʘʢʪʠʚʥʽ ʚ ʨʽʚʥʷʭ ʚʽʜ 4 ʜʦ 7 ʫ ʤʝʨʝʞʽ, ʟʘʟʚʠʯʘʡ 

ʤʘʶʪʴ ʩʧʝʮʠʬʽʯʥʠʡ ʧʽʜʭʽʜ ʜʦ ʨʦʟʧʦʜʽʣʫ ʪʨʘʬʽʢʘ ʽ ʟʘʧʠʪʽʚ ʤʽʞ ʩʝʨʚʝʨʘʤʠ. 

ʈʦʟʧʦʜʽʣ ʥʘʚʘʥʪʘʞʝʥʥʷ ʟʜʽʡʩʥʶʻʪʴʩʷ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʜʘʥʠʭ ʧʨʠʢʣʘʜʥʠʭ 

ʧʨʦʛʨʘʤ, ʚʠʢʦʥʘʥʠʭ ʪʘʢʠʤʠ ʚʠʢʦʥʘʚʮʷʤʠ ʢʦʨʠʩʪʫʚʘʯʽʚ. ʇʨʦʮʝʩ ʙʘʣʘʥʩʫʚʘʥʥʷ 

ʥʘʚʘʥʪʘʞʝʥʥʷ ʻ ʦʜʥʠʤ ʟ ʥʦʚʽʪʥʽʭ ʧʽʜʭʦʜʽʚ ʜʦ ʝʬʝʢʪʠʚʥʦʛʦ ʨʦʟʧʦʜʽʣʫ ʟʘʷʚʦʢ. 

ɼʘʥʠʡ ʤʝʪʦʜ ʜʦʟʚʦʣʷʻ ʨʦʟʩʠʣʘʪʠ ʟʘʧʠʪʠ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʪʠʧʫ ʟʘʧʠʪʫ. 

ʅʘʧʨʠʢʣʘʜ, ʜʘʥʽ ʚ ʟʘʛʦʣʦʚʢʫ HTTP-ʟʘʧʠʪʫ ʤʦʞʥʘ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʜʣʷ ʚʠʙʦʨʫ 

ʩʝʨʚʝʨʘ, ʥʘʧʨʠʢʣʘʜ, ʜʣʷ ʧʝʨʝʥʘʧʨʘʚʣʝʥʥʷ ʤʫʣʴʪʠʤʝʜʽʡʥʠʭ ʟʘʧʠʪʽʚ ʥʘ ʧʝʚʥʠʡ 

ʩʝʨʚʝʨ. 

ɹʘʣʘʥʩʫʚʘʣʴʥʠʢ ʥʘʚʘʥʪʘʞʝʥʥʷ ʚ ʥʠʟʴʢʠʭ ʨʽʚʥʷʭ ʤʝʨʝʞʽ: ʮʝʡ ʪʠʧ 

ʙʘʣʘʥʩʫʚʘʣʴʥʠʢʽʚ ʟʘʟʚʠʯʘʡ ʧʨʠʡʤʘʻ ʨʽʰʝʥʥʷ, ˇʨʫʥʪʫʶʯʠʩʴ ʥʘ ʥʘʩʪʫʧʥʠʭ 

ʧʨʠʥʮʠʧʘʭ ʩʧʝʮʠʬʽʢʘʮʽʾ ʥʠʞʥʽʭ ʨʽʚʥʽʚ ʤʝʨʝʞʽ. ɺʦʥʠ, ʷʢ ʧʨʘʚʠʣʦ, ʤʘʶʪʴ ʙʽʣʴʰ 

ʥʠʟʴʢʫ ʷʢʽʩʪʴ ʱʦʜʦ ʬʫʥʢʮʽʦʥʘʣʴʥʦʩʪʽ ʽ ʛʥʫʯʢʦʩʪ̔, ʥʽʞ ʫ ʙʘʣʘʥʩʫʚʘʣʴʥʠʢʘʭ 

ʚʠʩʦʢʠʭ ʨʽʚʥʽʚ. ʅʘʧʨʠʢʣʘʜ, ʨʦʟʧʦʜʽʣ ʤʦʞʝ ʟʜʽʡʩʥʶʚʘʪʠʩʷ ʥʘ ʦʩʥʦʚʽ ʥʘʩʪʫʧʥʠʭ 
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ʢʨʠʪʝʨʽʾʚ: IP-ʘʜʨʝʩʘ ʚʽʜʧʨʘʚʥʠʢʘ, ʘʙʦ ʦʜʝʨʞʫʚʘʯʘ, ʘʙʦ ʾʭ ʢʦʤʙʽʥʘʮʽʷ [Kopparapu, 

2008; Heorhiadi, 2012; Ageyev, 2018]. 

ɹʘʣʘʥʩʫʚʘʥʥʷ ʥʘʚʘʥʪʘʞʝʥʥʷ ʜʣʷ ʜʘʪʯʠʢʽʚ Cɺɺ ʫ ʢʦʥʪʝʢʩʪʽ ʭʤʘʨʠ ʤʦʞʝ 

ʧʨʷʤʫʚʘʪʠ ʟʘ ʜʚʦʤʘ ʦʩʥʦʚʥʠʤʠ ʧʽʜʭʦʜʘʤʠ [Schaelicke, 2005]: 

1. ʇʝʨʚʠʥʥʠʡ ʨʦʟʧʦʜʽʣ ʟʘʧʠʪʽʚ ʧʽʜ ʯʘʩ ʚʭʦʜʫ: ʚʽʜʧʦʚʽʜʥʠʡ ʜʘʪʯʠʢ 

ʚʠʙʠʨʘʻʪʴʩʷ ʧʽʜ ʯʘʩ ʚʚʝʜʝʥʥʷ ʟʘʧʠʪʫ, ʽ ʟʘʧʠʪ ʧʨʠʟʥʘʯʘʻʪʴʩʷ ʮʴʦʤʫ ʜʘʪʯʠʢʫ. 

2. ɺʪʦʨʠʥʥʠʡ ʨʦʟʧʦʜʽʣ ʟʘʧʠʪʽʚ ʥʘ ʦʩʥʦʚʽ ʩʪʘʥʫ ʜʘʪʯʠʢʽʚ: ʩʧʦʯʘʪʢʫ ʟʘʧʠʪʠ 

ʨʦʟʧʦʜʽʣʷʶʪʴʩʷ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʧʨʝʟʫʤʧʮʽʾ ʩʪʘʥʽʚ ʜʘʪʯʠʢʽʚ. ʅʘ ʧʽʜʩʪʘʚʽ 

ʚʠʚʯʝʥʥʷ ʩʪʘʥʫ ʜʘʪʯʠʢʽʚ ʧʽʜ ʯʘʩ ʣʝʛʢʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ ʟʘʧʠʪʠ ʨʦʟʧʦʜʽʣʷʶʪʴʩʷ 

ʟʘ ʚʽʜʧʦʚʽʜʥʠʤʠ ʜʘʪʯʠʢʘʤʠ. 

ʆʙʨʘʥʠʡ ʧʽʜʭʽʜ ʟʘʣʝʞʘʪʠʤʝ ʚʽʜ ʮʽʣʝʡ ʽ ʢʨʠʪʝʨʽʾʚ ʙʘʞʘʥʦʾ ʝʬʝʢʪʠʚʥʦʩʪʽ. 

ʊʝʤʘ ʨʦʟʧʦʜʽʣʫ ʥʘʚʘʥʪʘʞʝʥʥʷ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ Cɺɺ ʻ ʦʜʥʽʻʶ ʟ ʦʩʪʘʥʥʽʭ 

ʧʨʦʙʣʝʤ ʚ ʭʤʘʨʥʠʭ ʢʦʥʪʝʢʩʪʘʭ, ʽ ʚ ʦʩʪʘʥʥʽ ʨʦʢʠ ʙʫʣʠ ʧʨʝʜʩʪʘʚʣʝʥʽ ʨʽʟʥʽ ʤʝʪʦʜʠ 

ʜʣʷ ʾʾ ʧʦʣʽʧʰʝʥʥʷ. ʄʝʪʦʜʠ ʤʦʞʥʘ ʨʦʟʜʽʣʠʪʠ ʥʘ ʪʘʢ̔ ʛʨʫʧʠ: 

1. ɿʘʧʠʪʫʚʘʪʠ ʤʝʪʦʜʠ ʽʥʪʝʛʨʘʮʽʾ, ʟʘʩʥʦʚʘʥʽ ʥʘ ʧʦʪʦʯʥʠʭ ʩʪʘʥʘʭ. ɿʘʧʠʪʘʤʠ 

ʤʝʪʦʜʽʚ ʽʥʪʝʛʨʘʮʽʾ ʟʘʟʚʠʯʘʡ ʥʘʤʘʛʘʶʪʴʩʷ ʧʦʣʽʧʰʠʪʠ ʙʘʣʘʥʩʫʚʘʥʥʷ ʥʘʚʘʥʪʘʞʝʥʥʷ 

ʟʘ ʜʦʧʦʤʦʛʦʶ ʧʦʪʦʯʥʠʭ ʧʨʦʮʝʩʽʚ ʫʧʨʘʚʣʽʥʥʷ ʽ ʪʦʧʦʣʦʛʽʡ ʤʝʨʝʞʽ. ʎʽ ʤʝʪʦʜʠ 

ʟʘʟʚʠʯʘʡ ʙʫʜʫʪʴ ʩʫʤʽʩʥʽ ʟ ʘʨʭʽʪʝʢʪʫʨʦʶ çʧʨʦʛʨʘʤʥʠʭ ʤʝʨʝʞè. 

2. ʄʝʪʦʜʠ ʟʚʘʞʫʚʘʥʥʷ ʪʘ ʢʣʘʩʠʬʽʢʘʮʽʾ ʚʭʽʜʥʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ. 

ɺʠʢʦʨʠʩʪʘʥʥʷ ʧʨʦʮʝʩʫ ʨʦʟʪʘʰʫʚʘʥʥʷ ʧʨʽʦʨʠʪʝʪʽʚ ʽ ʟʚʘʞʫʚʘʥʥʷ ʪʨʘʬʽʢʘ ʻ ʦʜʥʠʤ 

ʽʟ ʟʘʟʚʠʯʘʡ ʚʠʢʦʨʠʩʪʦʚʫʚʘʥʠʭ ʤʝʪʦʜʽʚ. ʋ ʮʽʣʦʤʫ, ʢʦʨʠʩʥʠʡ ʤʝʪʦʜ ʱʝ ʥʝ ʙʫʚ 

ʧʦʜʘʥʠʡ ʜʣʷ ʚʠʢʦʨʠʩʪʘʥʥʷ Cɺɺ ʚ ʦʙʣʘʩʪʽ ʙʘʣʘʥʩʫʚʘʥʥʷ ʥʘʚʘʥʪʘʞʝʥʥʷ. 

3. ɼʦʜʘʚʘʥʥʷ ʥʘʜʣʠʰʢʦʚʦʛʦ ʘʧʘʨʘʪʥʦʛʦ ʘʙʦ ʧʨʦʛʨʘʤʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ 

ʙʝʟʧʝʢʠ: ʚ ʮʴʦʤʫ ʤʝʪʦʜʽ ʧʦʰʫʢ ʧʦʣʽʧʰʝʥʴ ʝʬʝʢʪʠʚʥʦʩʪʽ Cɺɺ ʟʜʽʡʩʥʶʻʪʴʩʷ ʟ 

ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʽʥʰʠʭ ʽʥʩʪʨʫʤʝʥʪʽʚ ʙʝʟʧʝʢʠ, ʪʘʢʠʭ ʷʢ honeypot [Dhinesh, 2013]. 

ʂʦʞʥʘ ʟ ʮʠʭ ʢʣʘʩʠʬʽʢʘʮʽʡ ʤʦʞʝ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠʩʷ ʜʣʷ ʽʩʥʫʶʯʦʛʦ 

ʩʮʝʥʘʨʽʶ. ɺʘʣʶʪʥʽ ʤʝʪʦʜʠ ʟʘʟʚʠʯʘʡ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʚ ʭʤʘʨʘʭ, ʷʢʽ 
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ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʤʝʨʝʞʥʠʡ ʧʨʦʪʦʢʦʣ ʽ ʚʽʨʪʫʘʣʴʥʽ ʢʦʤʫʪʘʪʦʨʠ ʟ ʚʽʜʧʦʚʽʜʥʠʤʠ 

ʤʦʞʣʠʚʦʩʪʷʤʠ. ɸʧʘʨʘʪʥʽ ʤʝʪʦʜʠ ʧʦʪʨʝʙʫʶʪʴ ʟʘʩʦʙʽʚ ʟʘʭʠʩʪʫ [Ageyev, 2018]. 

ʊʫʪ ʤʝʪʦʜʠ ʟʚʘʞʫʚʘʥʥʷ ʽ ʚʠʟʥʘʯʝʥʥʷ ʧʨʽʦʨʠʪʝʪʽʚ ʚʭʽʜʥʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ 

ʜʘʪʯʠʢʽʚ ʙʫʜʫʪʴ ʥʘʡʢʨʘʱʠʤʠ ʟ ʪʦʯʢʠ ʟʦʨʫ ʽʩʥʫʶʯʠʭ ʨʦʟʨʘʭʫʥʢʽʚ ʩʢʣʘʜʥʦʩʪʽ ʽ 

ʚʠʪʨʘʪ, ʦʩʢʽʣʴʢʠ ʥʠʤʠ ʤʦʞʥʘ ʫʧʨʘʚʣʷʪʠ ʥʝʟʘʣʝʞʥʦ. ʂʨʽʤ ʪʦʛʦ, ʤʝʪʦʜʠ 

ʟʚʘʞʫʚʘʥʥʷ ʤʘʪʠʤʫʪʴ ʢʨʘʱʫ ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ ʟʘʚʜʷʢʠ ʜʠʥʘʤʽʯʥʦʩʪʽ ʩʝʨʝʜʦʚʠʱʘ, 

ʩʠʪʫʘʪʠʚʥʽʡ ʟʤʽʥʽ ʘʢʪʠʚʥʠʭ ʜʘʪʯʠʢʽʚ ʽ ʢʦʣʠʚʘʥʴ ʚʭʽʜʥʦʛʦ ʪʨʘʬʽʢʘ. ʅʘ ʚʽʜʤʽʥʫ ʚʽʜ 

ʤʝʪʦʜʽʚ, ʟʘʩʥʦʚʘʥʠʭ ʥʘ ʦʙʤʽʥʽ, ʥʝʤʘʻ ʥʝʦʙʭʽʜʥʦʩʪʽ ʧʝʨʽʦʜʠʯʥʦ ʢʦʨʠʛʫʚʘʪʠ 

ʩʧʝʮʠʬʽʢʘʮʽʾ. ʊʘʢʦʞ, ʧʦʜʽʙʥʦ ʜʦ ʘʧʘʨʘʪʥʠʭ ʤʝʪʦʜʽʚ, ʥʝʤʘʻ ʥʘʜʣʠʰʢʦʚʠʭ 

ʩʣʫʞʙʦʚʠʭ ʟʘʩʦʙʽʚ ʟʘʭʠʩʪʫ [Kopparapu, 2008; Heorhiadi, 2012; Ageyev, 2018]. 

ɼʣʷ ʦʮʽʥʢʠ ʝʬʝʢʪʠʚʥʦʩʪʽ ʨʦʟʧʦʜʽʣʝʥʦʾ Cɺɺ ʤʦʞʥʘ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʜʚʘ ʤʝʪʦʜʠ. 

ʆʜʠʥ ʟ ʥʠʭ ʧʦʚ'ʷʟʘʥʠʡ ʟ ʦʮʽʥʢʦʶ ʝʬʝʢʪʠʚʥʦʩʪʽ ʧʨʦʮʝʩʫ ʙʘʣʘʥʩʫʚʘʥʥʷ 

ʥʘʚʘʥʪʘʞʝʥʥʷ, ʘ ʽʥʰʠʡ ï ʟ ʦʮʽʥʢʦʶ ʝʬʝʢʪʠʚʥʦʩʪʽ Cɺɺ. ʊʦʤʫ ʢʨʠʪʝʨʽʾ ʟʨʫʯʥʦʩʪʽ 

ʝʢʩʧʣʫʘʪʘʮʽʾ ʤʦʞʫʪʴ ʙʫʪʠ ʟʘʩʥʦʚʘʥʽ ʥʘ ʮʠʭ ʜʚʦʭ ʤʝʪʦʜʘʭ ʦʮʽʥʢʠ.  

ʂʨʠʪʝʨʽʾ ʦʮʽʥʢʠ ʝʬʝʢʪʠʚʥʦʩʪʽ Cɺɺ: 

ʆʮʽʥʢʘ Cɺɺ ʟʘʟʚʠʯʘʡ ʧʨʦʚʦʜʠʪʴʩʷ ʟ ʪʦʯʢʠ ʟʦʨʫ ʚʠʷʚʣʝʥʥʷ ʧʦʪʝʥʮʽʡʥʠʭ 

ʘʪʘʢ ʽ ʩʪʫʧʝʥʷ ʾʭʥʴʦʾ ʧʦʰʠʨʝʥʦʩʪʽ. ʊʘʢʦʞ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ 

ʱʦʜʦ ʚʠʜʘʥʠʭ ʧʦʧʝʨʝʜʞʝʥ.ɹ ɿ ʮʽʻʶ ʤʝʪʦʶ ʜʣʷ ʚʩʽʭ ʜʦʜʘʪʢʽʚ Cɺɺ ʤʦʞʥʘ 

ʚʠʟʥʘʯʠʪʠ ʯʦʪʠʨʠ ʪʠʧʠ ʧʦʧʝʨʝʜʞʝʥʴ [Gagnon, 2009]: 

1) ʽʩʪʠʥʦʧʦʟʠʪʠʚʥʠʡ: ʧʦʜʘʻʪʴʩʷ ʩʠʛʥʘʣ ʪʨʠʚʦʛʠ, ʽ ʬʘʢʪʠʯʥʦ ʙʫʣʠ 

ʟʜʽʡʩʥʝʥʽ ʚʽʜʧʦʚʽʜʥʽ ʘʪʘʢʠ; 

2) ʭʠʙʥʦʧʦʟʠʪʠʚʥʠʡ ʨʝʟʫʣʴʪʘʪ: ʩʧʨʘʮʴʦʚʫʻ ʪʨʠʚʦʛʘ ʉʆʅʇ, ʘʣʝ ʘʪʘʢʘ ʥʝ 

ʚʽʜʙʫʣʘʩʷ; 

3) ʭʠʙʥʦʥʝʛʘʪʠʚʥʠʡ: ʥʘʧʘʜ ʙʫʣʦ ʩʢʦʻʥʦ, ʘʣʝ ʩʠʛʥʘʣʽʟʘʮʽʷ Cɺɺ ʥʝ 

ʛʝʥʝʨʫʻʪʴʩʷ; 

4) ʽʩʪʠʥʦʥʝʛʘʪʠʚʥʠʡ: ʧʦʜʽʷ, ʢʦʣʠ ʥʝ ʙʫʣʦ ʟʜʽʡʩʥʝʥʦ ʞʦʜʥʦʾ ʘʪʘʢʠ ʽ ʥʝ 

ʚʠʷʚʣʝʥʦ. 
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ɯʩʪʠʥʥʦ ʧʦʟʠʪʠʚʥʫ ʯʘʩʪʦʪʫ ʤʦʞʥʘ ʪʘʢʦʞ ʥʘʟʚʘʪʠ çh ʚʠʜʢʽʩʪʶ 

ʚʠʷʚʣʝʥʥʷè. ʂʦʝʬʽʮʽʻʥʪ ʭʠʙʥʦʧʦʟʠʪʠʚʥʠʭ ʩʧʨʘʮʴʦʚʫʚʘʥʴ ʪʘʢʦʞ ʚʽʜʦʤʠʡ ʷʢ 

çʭʠʙʥʘ ʪʨʠʚʦʛʘè. ɿ ʧʽʜʚʠʱʝʥʦʶ ʰʚʠʜʢʽʩʪʶ ʚʠʷʚʣʝʥʥʷ ʘʪʘʢ ʽ ʟʥʠʞʝʥʦʶ 

ʯʘʩʪʦʪʦʶ ʧʦʤʠʣʢʦʚʠʭ ʩʧʨʘʮʴʦʚʫʚʘʥʴ, ʙʫʜʝ ʧʦʢʨʘʱʝʥʦ ʚʽʜʧʦʚʽʜʥʫ ʷʢʽʩʪʴ Cɺɺ 

[Gagnon, 2009]. 

ʂʨʠʪʝʨʽʾ ʦʮʽʥʢʠ ʝʬʝʢʪʠʚʥʦʩʪʽ ʨʦʟʧʦʜʽʣʫ ʥʘʚʘʥʪʘʞʝʥʥʷ 

ʇʨʦʮʝʩ ʦʮʽʥʢʠ ʙʘʣʘʥʩʫʚʘʣʴʥʠʢʘ ʟʘʟʚʠʯʘʡ ʚʠʟʥʘʯʘʻʪʴʩʷ ʰʣʷʭʦʤ ʚʠʚʯʝʥʥʷ 

ʩʪʘʥʫ ʽ ʩʧʝʮʠʬʽʢʘʮʽʡ ʨʝʩʫʨʩʽʚ. ʂʨʠʪʝʨʽʾ, ʱʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʚ ʮʽʡ ʦʙʣʘʩʪʽ, 

ʚʢʣʶʯʘʶʪʴ: 

1. ʉʪʫʧʽʥʴ ʜʠʩʙʘʣʘʥʩʫ. ʎʝʡ ʢʨʠʪʝʨʽʡ ʚʠʟʥʘʯʘʻʪʴʩʷ ʜʣʷ ʦʮʽʥʢʠ ʙʘʣʘʥʩʫ 

ʯʘʩʫ ʪʘ ʨʝʩʫʨʩʽʚ (ʧʘʤ'ʷʪʴ, ʧʨʦʧʫʩʢʥʘ ʟʜʘʪʥʽʩʪʴ ʽ ʚʠʢʦʨʠʩʪʘʥʥʷ ʧʨʦʮʝʩʦʨʘ) 

[Kirichenko, 2016]. 

 max minIDS
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T T
T

T

-
=   (4.1) 

ɿʛʽʜʥʦ ʟ (4.1), ʟʥʘʯʝʥʥʷ 
maxT  ʽ 

minT  ʧʦʢʘʟʫʻ ʤʘʢʩʠʤʘʣʴʥʠʡ ʽ ʤʽʥʽʤʘʣʴʥʠʡ 

ʯʘʩ ʚʠʢʦʥʘʥʥʷ ʟʘʚʜʘʥʥʷ, ʘ ʩʘʤʝ ʩʝʨʝʜ ʚʩʽʭ ʟʘʧʠʪʽʚ (
iT), ʷʢʽ ʙʫʣʠ ʚʠʢʦʥʘʥʽ ʥʘ 

ʨʝʩʫʨʩʘʭ. ʂʨʽʤ ʪʦʛʦ, avgT  ʜʘʻ ʩʝʨʝʜʥʽʡ ʯʘʩ ʚʠʢʦʥʘʥʥʷ ʚʩʽʭ ʟʘʧʠʪʽʚ ʥʘ ʚʩʽʭ 

ʨʝʩʫʨʩʘʭ. ɿʽ ʟʤʝʥʰʝʥʠʤ ʟʥʘʯʝʥʥʷʤ DI ʤʦʞʥʘ ʦʪʨʠʤʘʪʠ ʢʨʘʱʝ ʙʘʣʘʥʩʫʚʘʥʥʷ 

ʥʘʚʘʥʪʘʞʝʥʥʷ. 

2. ʄʝʪʨʠʢʘ ʙʘʣʘʥʩʫʚʘʥʥʷ ʥʘʚʘʥʪʘʞʝʥʥʷ [Kirichenko, 2016]. ʎʝʡ ʢʨʠʪʝʨʽʡ 

ʧʦʢʘʟʫʻ ʩʪʫʧʽʥʴ ʙʘʣʘʥʩʫʚʘʥʥʷ ʥʘʚʘʥʪʘʞʝʥʥʷ ʨʝʩʫʨʩʽʚ, ʽ ʟʘʟʚʠʯʘʡ ʚʠʟʥʘʯʘʻʪʴʩʷ ʚ 

ʨʘʤʢʘʭ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ ʧʨʦʮʝʩʦʨʘ ʢʦʞʥʦʛʦ ʩʝʨʚʝʨʘ. ʋ ʮʽʡ ʬʦʨʤʫʣʽ ʟʥʘʯʝʥʥʷ 

ʥʘʚʘʥʪʘʞʝʥʥʷ ʢʦʞʥʦʛʦ ʜʘʪʯʠʢʘ çiè ʚʠʟʥʘʯʘʻʪʴʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʪʝʩʪʫ çjè 

(ʩʝʨʝʜ çmè ʚʠʢʦʥʘʥʠʭ ʪʝʩʪʽʚ), ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ ʩʠʤʚʦʣ ,i jload . ʂʨʽʤ ʪʦʛʦ, 
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ʤʘʢʩʠʤʘʣʴʥʝ ʟʥʘʯʝʥʥʷ ʥʘʚʘʥʪʘʞʝʥʥʷ ʩʝʨʝʜ ʫʩʽʭ ʨʝʩʫʨʩʽʚ ʫ ʪʝʩʪʽ çjè 

ʟʘʟʥʘʯʘʻʪʴʩʷ ʷʢ _ jp load , LBM ʨʦʟʨʘʭʦʚʫʻʪʴʩʷ ʷʢ:  
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ɿʥʘʯʝʥʥʷ LBM ʚʘʨʽʶʻʪʴʩʷ ʚʽʜ 1 ʜʦ ʢʽʣʴʢʦʩʪʽ ʨʝʩʫʨʩʽʚ (n). ʄʝʥʰʽ 

ʟʥʘʯʝʥʥʷ LBM ʚʢʘʟʫʶʪʴ ʥʘ ʙʽʣʴʰ ʚʽʜʧʦʚʽʜʥʝ ʚʨʽʚʥʦʚʘʞʝʥʥʷ ʥʘʚʘʥʪʘʞʝʥʥʷ. 

3. ʇʨʦʜʫʢʪʠʚʥʽʩʪʴ [Kirichenko, 2016]. ʎʝʡ ʢʨʠʪʝʨʽʡ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʚʠʚʯʘʻ 

ʯʘʩ ʚʠʢʦʥʘʥʥʷ ʢʦʞʥʦʛʦ ʟʘʧʠʪʫ, ʽ ʡʦʛʦ ʟʥʘʯʝʥʥʷ ʚʠʭʦʜʠʪʴ ʽʟ ʟʘʧʠʪʫʚʘʥʠʭ 

ʨʝʩʫʨʩʽʚ ʪʘ ʽʩʥʫʶʯʦʛʦ ʦʙʩʷʛʫ ʦʙʨʦʙʢʠ. ʏʘʩ ʚʠʢʦʥʘʥʥʷ ʟʘʧʠʪʫ çiè ʥʘ ʨʝʩʫʨʩʘʭ  

çjè ʧʦʟʥʘʯʘʻʪʴʩʷ ʧʘʨʘʤʝʪʨʦʤ ijCT, ʧʨʠ ʮʴʦʤʫ ʧʘʨʘʤʝʪʨ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ 

ʚʠʟʥʘʯʘʻʪʴʩʷ ʷʢ: 

 { }max | , 1,2,..., , , 1,2,...,ijDT CT i T i n j Vm j m= Í = Í =   (4.3) 

ʅʘʡʤʝʥʰʽ ʟʥʘʯʝʥʥʷ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ ʚʢʘʟʫʶʪʴ ʥʘ ʙʽʣʴʰ ʚʽʜʧʦʚʽʜʥʝ 

ʚʨʽʚʥʦʚʘʞʝʥʥʷ ʚʽʜʧʦʚʽʜʥʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ 

ʄʝʪʦʜʠ ʙʘʣʘʥʩʫʚʘʥʥʷ ʥʘʚʘʥʪʘʞʝʥʥʷ 

ʉʢʣʘʜʥʦʶ ʧʨʦʙʣʝʤʦʶ ʻ ʙʘʣʘʥʩʫʚʘʥʥʷ ʥʘʚʘʥʪʘʞʝʥʥʷ ʪʨʘʬʽʢʘ ʩʭʠʣʴʥʦʛʦ 

ʜʦ ʩʠʣʴʥʠʭ ʢʦʣʠʚʘʥʴ ʥʘ ʢʽʣʴʢʘ ʜʘʪʯʠʢʽʚ. ʄʝʭʘʥʽʟʤ ʢʦʤʧʝʥʩʘʮʽʾ ʥʘʚʘʥʪʘʞʝʥʥʷ 

ʤʦʞʝ ʭʘʨʘʢʪʝʨʠʟʫʚʘʪʠʩʷ ʜʝʢʽʣʴʢʦʤʘ ʘʣʴʪʝʨʥʘʪʠʚʘʤʠ, ʪʘʢʠʤʠ ʷʢ: ʩʪʨʘʪʝʛʽʷ 

ʘʢʪʠʚʘʮʽʾ, ʷʢʘ ʟʘʧʫʩʢʘʻ ʧʨʦʮʝʩ ʢʦʤʧʝʥʩʘʮʽʾ ʥʘʚʘʥʪʘʞʝʥʥʷ, ʧʦʣʽʪʠʢʘ ʚʠʙʦʨʫ, ʷʢʘ 

ʚʠʙʠʨʘʻ ʦʙʩʷʛ ʪʨʘʬʽʢʘ, ʷʢʠʡ ʧʝʨʝʤʽʱʘʪʠʤʝʪʴʩʷ ʟ ʦʜʥʦʛʦ ʜʘʪʯʠʢʘ ʥʘ ʽʥʰʠʡ, 

ʧʦʣʽʪʠʢʘ ʨʦʟʪʘʰʫʚʘʥʥʷ, ʷʢʘ ʚʠʟʥʘʯʘʻ ʥʦʚʠʡ ʮʽʣʴʦʚʠʡ ʜʘʪʯʠʢ (ʜʘʪʯʠʢʠ), 

ʩʪʨʘʪʝʛʽʷ ʜʝʘʢʪʠʚʘʮʽʾ, ʷʢʘ ʟʫʧʠʥʷʻ ʧʨʦʮʝʩ ʢʦʤʧʝʥʩʘʮʽʾ ʥʘʚʘʥʪʘʞʝʥʥʷ ʽ 
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ʥʘʚʘʥʪʘʞʝʥʥʷ ʜʘʪʯʠʢʘ, ʷʢʘ ʤʦʞʝ ʙʫʪʠ ʦʮʽʥʝʥʘ ʫ ʚʠʛʣʷʜʽ ʦʜʥʦʛʦ ʘʙʦ ʜʝʢʽʣʴʢʦʭ 

ʨʽʟʥʠʭ ʨʝʩʫʨʩʽʚ, ʧʦʢʘʟʥʠʢʠ ʚʠʨʦʙʥʠʯʦʩʪʽ ʽ ʤʦʞʣʠʚʽ ʘʛʨʝʛʘʮʽʾ ʟʨʘʟʢʽʚ ʨʝʩʫʨʩʽʚ. 

ɸʣʴʪʝʨʥʘʪʠʚʥʽ ʧʦʣʽʪʠʢʠ. 

ʅʘʡʧʨʦʩʪʽʰʘ ʩʭʝʤʘ ʘʢʪʠʚʘʮʽʾ / ʜʝʘʢʪʠʚʘʮʽʾ ʟʘʩʥʦʚʘʥʘ ʥʘ ʦʜʥʦʤʫ 

ʧʦʨʦʛʦʚʦʤʫ ʟʥʘʯʝʥʥʽ: ʜʽʷ ʙʘʣʘʥʩʫʚʘʥʥʷ ʥʘʚʘʥʪʘʞʝʥʥʷ ʩʧʨʘʮʴʦʚʫʻ ʱʦʨʘʟʫ, ʢʦʣʠ 

ʦʩʪʘʥʥʷ ʽʥʬʦʨʤʘʮʽʷ ʧʨʦ ʥʘʚʘʥʪʘʞʝʥʥʷ, ʚʠʢʦʨʠʩʪʦʚʫʚʘʥʘ ʢʦʦʨʜʠʥʘʪʦʨʦʤ, 

ʧʝʨʝʚʠʱʫʻ ʩʪʘʪʠʯʥʠʡ ʧʦʨʽʛ. ʄʦʜʝʣʴ ʟ ʦʜʥʠʤ ʛʨʘʥʠʯʥʠʤ ʟʥʘʯʝʥʥʷʤ ʙʫʣʘ ʰʠʨʦʢʦ 

ʧʨʠʡʥʷʪʘ, ʽ ʾʾ ʢʦʣʠʚʘʣʴʥʽ ʨʠʟʠʢʠ ʙʝʟʧʝʨʝʨʚʥʦʾ ʘʢʪʠʚʘʮʽʾ ʽ ʜʝʘʢʪʠʚʘʮʽʾ ʜʦʙʨʝ 

ʚʽʜʦʤʽ, ʦʩʦʙʣʠʚʦ ʚ ʩʠʣʴʥʦ ʤʽʥʣʠʚʠʭ ʫʤʦʚʘʭ, ʧʦʜʽʙʥʠʭ ʜʦ ʪʠʭ, ʷʢʽ ʨʦʟʛʣʷʜʘʶʪʴʩʷ 

ʚ ʜʘʥʽʡ ʨʦʙʦʪʽ. 

ʈʠʟʠʢ ʧʦʤʠʣʢʦʚʠʭ ʩʧʨʘʮʴʦʚʫʚʘʥʴ ʤʦʞʝ ʙʫʪʠ ʟʥʠʞʝʥʠʡ ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʜʝʢʽʣʴʢʦʭ ʩʭʝʤ, ʥʘʧʨʠʢʣʘʜ, ʩʠʛʥʘʣʽʟʘʮʽʾ ʪʨʠʚʦʛʠ ʪʽʣʴʢʠ ʪʦʜʽ, ʢʦʣʠ ʢʽʣʴʢʘ ʟʨʘʟʢʽʚ 

ʧʝʨʝʚʠʱʫʶʪʴ ʧʦʨʦʛʦʚʝ ʟʥʘʯʝʥʥʷ ʘʙʦ ʟʙʽʣʴʰʫʶʪʴ ʧʝʨʽʦʜ ʩʧʦʩʪʝʨʝʞʝʥʥʷ. ʋ ʜʘʥʽʡ 

ʩʪʘʪʪʽ ʤʠ ʨʦʟʛʣʷʥʝʤʦ ʱʝ ʦʜʥʫ ʧʦʧʫʣʷʨʥʫ ʩʭʝʤʫ, ʟʘʩʥʦʚʘʥʫ ʥʘ ʧʦʜʚʽʡʥʦʤʫ 

ʧʦʨʦʟʽ, ʢʦʣʠ ʙʘʣʘʥʩʫʚʘʣʴʥʠʢ ʥʘʚʘʥʪʘʞʝʥʥʷ ʘʢʪʠʚʫʻʪʴʩʷ, ʢʦʣʠ ʥʘʚʘʥʪʘʞʝʥʥʷ 

ʧʨʠʥʘʡʤʥʽ ʦʜʥʦʛʦ ʜʘʪʯʠʢʘ ʧʝʨʝʚʠʱʫʻ ʚʠʩʦʢʠʡ ʧʦʨʽʛ, ʷʢʠʡ ʩʪʘʥʦʚʠʪʴ ʧʦʨʽʛ 

ʘʢʪʠʚʘʮʽʾ. ʅʠʟʴʢʠʡ ʧʦʨʽʛ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʜʣʷ ʧʦʜʚʽʡʥʦʾ ʤʝʪʠ, ʦʩʢʽʣʴʢʠ ʚʽʥ 

ʧʦʟʥʘʯʘʻ ʧʦʨʽʛ ʜʝʘʢʪʠʚʘʮʽʾ ʽ ʜʘʪʯʠʢʠ Cɺɺ, ʷʢʽ ʧʽʜʭʦʜʷʪʴ ʜʣʷ ʧʨʠʡʦʤʫ 

ʬʨʘʛʤʝʥʪʽʚ ʪʨʘʬʽʢʘ ʚʽʜ ʧʝʨʝʚʘʥʪʘʞʝʥʠʭ ʜʘʪʯʠʢʽʚ. 

ʇʽʩʣʷ ʘʢʪʠʚʘʮʽʾ ʙʘʣʘʥʩʫʚʘʣʴʥʠʢʘ ʽʩʥʫʻ ʙʝʟʣʽʯ ʤʦʞʣʠʚʠʭ ʚʘʨʽʘʥʪʽʚ ʚʠʙʦʨʫ 

ʽ ʨʦʟʤʽʱʝʥʥʷ. ʂʦʣʠ ʤʝʭʘʥʽʟʤ ʙʘʣʘʥʩʫʚʘʥʥʷ ʥʘʚʘʥʪʘʞʝʥʥʷ ʘʢʪʠʚʦʚʘʥʠʡ, ʤʠ 

ʚʠʙʠʨʘʻʤʦ ʧʝʨʝʤʽʱʝʥʥʷ ʦʜʥʦʛʦ ʬʨʘʛʤʝʥʪʘ ʪʨʘʬʽʢʘ ʦʜʥʦʛʦ ʚʫʟʣʘ ʚʥʫʪʨʽʰʥʴʦʾ 

ʤʝʨʝʞʽ ʟ ʧʝʨʝʚʘʥʪʘʞʝʥʦʛʦ ʜʘʪʯʠʢʘ ʥʘ ʽʥʰʠʡ ʯʝʨʝʟ ʘʣʛʦʨʠʪʤ ʦʙʭʦʜʫ. ʈʦʟʛʣʷʥʝʤʦ 

ʮʶ ʧʨʦʩʪʫ, ʘʣʝ ʩʪʘʙʽʣʴʥʫ ʽ ʝʬʝʢʪʠʚʥʫ ʧʦʣʽʪʠʢʫ, ʷʢʘ ʤʽʥʽʤʽʟʫʻ ʥʘʢʣʘʜʥʽ ʚʠʪʨʘʪʠ 

ʥʘ ʦʙʯʠʩʣʝʥʥʷ ʚ ʧʨʦʮʝʩʽ ʙʘʣʘʥʩʫʚʘʥʥʷ ʥʘʚʘʥʪʘʞʝʥʥʷ. ɺʽʜʢʨʠʪʦʶ ʧʨʦʙʣʝʤʦʶ ʻ 

ʪʝ, ʱʦ ʙʫʜʴ-ʷʢʠʡ ʤʝʭʘʥʽʟʤ ʙʘʣʘʥʩʫʚʘʥʥʷ ʥʘʚʘʥʪʘʞʝʥʥʷ ʚʠʤʘʛʘʻ ʚʽʜʦʙʨʘʞʝʥʥʷ 

ʥʘʚʘʥʪʘʞʝʥʥʷ ʜʘʪʯʠʢʘ. ɺʠʙʽʨ ʛʘʨʥʦʛʦ ʫʷʚʣʝʥʥʷ ʩʘʤʝ ʧʦ ʩʦʙʽ ʻ ʧʨʦʙʣʝʤʦʶ, 

ʦʩʢʽʣʴʢʠ ʥʘ ʢʦʞʥʦʤʫ ʚʫʟʣʽ ʜʘʪʯʠʢʘ ʻ ʤʥʦʞʠʥʘ ʢʨʠʪʠʯʥʠʭ ʘʧʘʨʘʪʥʠʭ ʽ 
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ʧʨʦʛʨʘʤʥʠʭ ʨʝʩʫʨʩʽʚ (ʧʨʦʮʝʩʦʨ, ʜʠʩʢ, ʤʝʨʝʞʘ, ʧʘʤô̫ ʪʴ, ʜʝʩʢʨʠʧʪʦʨʠ ʚʽʜʢʨʠʪʠʭ 

ʬʘʡʣʽʚ ʽ ʩʦʢʝʪʽʚ). ʗʢ ʧʨʘʚʠʣʦ, ʦʪʨʠʤʘʥʥʷ ʘʙʦ ʩʪʘʥ ʨʝʩʫʨʩʫ ʤʦʞʝ ʙʫʪʠ ʚʠʤʽʨʷʥʦ 

ʟʘ ʜʦʧʦʤʦʛʦʶ ʜʝʢʽʣʴʢʦʭ ʩʠʩʪʝʤʥʠʭ ʤʦʥʽʪʦʨʽʚ (ʥʘʧʨʠʢʣʘʜ, sysstat, ʷʢʠʡ ʚʠʜʘʻ 

ʤʠʪʪʻʚʽ ʚʠʤʽʨʶʚʘʥʥʷ ʟʘʚʘʥʪʘʞʝʥʥʷ ʧʨʦʮʝʩʦʨʘ, ʜʠʩʢʘ ʽ ʧʨʦʧʫʩʢʥʦʾ ʟʜʘʪʥʦʩʪʽ 

ʤʝʨʝʞʽ ʯʝʨʝʟ ʨʝʛʫʣʷʨʥʽ ʧʨʦʤʽʞʢʠ ʯʘʩʫ). ʋ ʜʘʥʽʡ ʨʦʙʦʪʽ ʥʘʚʘʥʪʘʞʝʥʥʷ ʜʘʪʯʠʢʘ 

ʚʠʤʽʨʶʻʪʴʩʷ ʚ ʪʝʨʤʽʥʘʭ ʧʨʠʡʥʷʪʦʛʦ ʤʝʨʝʞʥʦʛʦ ʪʨʘʬʽʢʘ (ʚ ʄʙʽʪ/ʩ), ʱʦ ʻ 

ʧʦʰʠʨʝʥʠʤ ʨʽʰʝʥʥʷʤ ʫ ʢʦʥʪʝʢʩʪʽ ʨʦʟʧʦʜʽʣʝʥʠʭ ʩʠʩʪʝʤ Cɺɺ [Kopelo, 2013; 

Akujuobi, 2007; SANS, 2001]. ʊʘʢʦʞ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʟʥʘʯʝʥʥʷ ʜʠʩʙʘʣʘʥʩʫ 

ʥʘʚʘʥʪʘʞʝʥʥʷ ʤʽʞ ʜʘʪʯʠʢʘʤʠ.  

ʇʨʦʚʝʜʝʥʠʡ ʘʥʘʣʽʟ ʧʦʢʘʟʘʚ, ʱʦ ʚʘʞʣʠʚʦʶ ʟʘʜʘʯʝʶ ʻ ʨʦʟʨʦʙʢʘ ʤʦʜʝʣʽ ʪʘ 

ʤʝʪʦʜʫ ʜʠʥʘʤʽʯʥʦʛʦ ʨʦʟʧʦʜʽʣʫ ʩʘʤʦʧʦʜʽʙʥʠʭ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʧʦʪʦʢʽʚ 

ʥʘʚʘʥʪʘʞʝʥʥʷ ʤʽʞ ʜʘʪʯʠʢʘʤʠ ʉɺɺ. 

4.5. ʋʜʦʩʢʦʥʘʣʝʥʥʷ ʤʦʜʝʣʽ ʙʘʣʘʥʩʫʚʘʥʥʷ ʚ ʩʠʩʪʝʤʘʭ ʚʠʷʚʣʝʥʥʷ 

ʚʪʦʨʛʥʝʥʴ 

ʋ ʢʦʞʝʥ ʤʦʤʝʥʪ ʯʘʩʫ t TÍ  ʥʘ ʚʭʽʜ Cɺɺ ʥʘʜʭʦʜʠʪʴ ʤʫʣʴʪʠʬʨʘʢʪʘʣʴʥʠʡ 

ʪʨʘʬʽʢ ʽʥʪʝʥʩʠʚʥʽʩʪʶ 
1 2[ , ,.., ]sl l l l= , ʱʦ ʥʘʣʝʞʠʪʴ ʜʦ qs-ʛʦ ʢʣʘʩʫ 

ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ, ʷʢʠʡ ʥʝʦʙʭʽʜʥʦ ʜʦʩʪʘʚʠʪʠ ʥʘ i -ʡ ʚʫʟʦʣ iNids  ʜʣʷ ʦʙʨʦʙʢʠ ʘʙʦ 

ʧʦʜʘʣʴʰʦʾ ʧʝʨʝʜʘʯʽ, ʥʝ ʧʝʨʝʚʠʱʫʶʯʠ ʟʘʜʘʥʠʭ ʤʘʢʩʠʤʘʣʴʥʦ ʜʦʧʫʩʪʠʤʠʭ ʟʥʘʯʝʥʴ 

ʟʘʪʨʠʤʢʠ qst  ʽ ʤʘʢʩʠʤʘʣʴʥʦ ʜʦʧʫʩʪʠʤʦʛʦ ʚʽʜʩʦʪʢʘ ʚʪʨʘʪ qsl  ʟʘʣʝʞʥʦ ʚʽʜ 

ʧʦʪʦʯʥʦʛʦ ʟʘʚʘʥʪʘʞʝʥʥʷ ʚʫʟʣʽʚ ʽ ʨʝʘʣʴʥʦʾ ʧʨʦʧʫʩʢʥʦʾ ʟʜʘʪʥʦʩʪʽ ʚ ʢʦʥʢʨʝʪʥʠʡ 

ʤʦʤʝʥʪ ʯʘʩʫ [ʈʘʜʽʚʽʣʦʚʘ, 2017]. 

ʊʨʘʬʽʢ ʤʘʻ ʤʥʦʞʠʥʫ ʭʘʨʘʢʪʝʨʠʩʪʠʢ { , , }tV h Sl= , ʜʝ 
1 2[ , ,.., ]sl l l l=  ï 

ʽʥʪʝʥʩʠʚʥʽʩʪʴ ʚʭʽʜʥʠʭ ʧʦʪʦʢʽʚ ʟʘʷʚʦʢ (ʧʘʢʝʪʽʚ); [ , ( ), ]h H h q h= D, ʜʝ ( )h q  ï 

ʚʠʙʽʨʢʦʚʝ ʟʥʘʯʝʥʥʷ ʬʫʥʢʮʽʾ ʫʟʘʛʘʣʴʥʝʥʦʛʦ ʧʦʢʘʟʥʠʢʘ ʍʝʨʩʪʘ, (2)H h=  ï 

ʟʥʘʯʝʥʥʷ ʧʘʨʘʤʝʪʨʘ ʍʝʨʩʪʘ, 
min max( ) ( )h h q h qD = -  ï ʜʽʘʧʘʟʦʥ ʟʥʘʯʝʥʴ 
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ʫʟʘʛʘʣʴʥʝʥʦʛʦ ʧʦʢʘʟʥʠʢʘ ʍʝʨʩʪʘ ʜʣʷ ʜʽʣʷʥʢʠ ʪʨʘʬʽʢʘ; 
var( )Ts  ï ʧʨʦʩʪʘ ʢʽʣʴʢʽʩʥʘ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʭʚʦʩʪʘ ʨʦʟʧʦʜʽʣʫ ʪʨʘʬʽʢʘ. ɺʭʽʜʥʽ ʜʘʥʽ ʤʘʶʪʴ ʤʥʦʞʠʥʫ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ { , , }tV h Sl=  ʽ ʦʙʦʚô̫ ʟʢʦʚʦ ʤʽʩʪʷʪʴ ʪʠʧ ʧʨʦʪʦʢʦʣʫ ʽ ʚʣʘʩʪʠʚʽʩʪʴ 

ʧʨʦʪʦʢʦʣʫ. ʊʠʧʠ ʧʨʦʪʦʢʦʣʽʚ ʜʘʥʠʭ ʚʢʣʶʯʘʶʪʴ ʚ ʩʝʙʝ ʇʨʦʪʦʢʦʣ ʫʧʨʘʚʣʽʥʥʷ 

ʧʝʨʝʜʘʯʝʶ (TCP), ʧʨʦʪʦʢʦʣ ʧʨʠʟʥʘʯʝʥʠʭ ʜʣʷ ʢʦʨʠʩʪʫʚʘʯʘ ʜʝʡʪʘʛʨʘʤ (UDP), 

ʧʨʦʪʦʢʦʣ ʫʧʨʘʚʣʽʥʥʷ ʧʦʪʦʢʦʚʦ ʁʧʝʨʝʜʘʯʝʶ (STCP), ʧʨʦʪʦʢʦʣ ʜʦʟʚʦʣʫ ʘʜʨʝʩ 

(ARP), ʧʨʦʪʦʢʦʣ ʫʧʨʘʚʣʽʥʥʷ ʜʦʩʪʫʧʦʤ ʜʦ ɯʥʪʝʨʥʝʪʫ (ICMP), ʧʨʦʪʦʢʦʣ 

ʫʧʨʘʚʣʽʥʥʷ ʛʨʫʧʘʤʠ ɯʥʪʝʨʥʝʪʫ (IGMP ) ʪʘ ʽʥ. ɺʣʘʩʪʠʚʦʩʪʽ ʧʨʦʪʦʢʦʣʫ ʧʘʢʝʪʽʚ 

ʜʘʥʠʭ ʤʽʩʪʷʪʴ IP-ʘʜʨʝʩʫ ʜʞʝʨʝʣʘ, ʧʦʨʪ ʜʞʝʨʝʣʘ, IP-ʘʜʨʝʩʫ ʧʨʠʟʥʘʯʝʥʥʷ ʽ ʧʦʨʪ 

ʧʨʠʟʥʘʯʝʥʥʷ. 

ʅʝʭʘʡ ʤʥʦʞʠʥʘ 
1{ ,..., }t hS st st=   ̒ ʽʥʬʦʨʤʘʮʽʻʁ , ʷʢʘ ʟʙʠʨʘʻʪʴʩʷ ʧʨʦ 

ʤʝʨʝʞʥʠʡ ʪʨʘʬʽʢ Cɺɺ, ʜʝ 
ist  ʤʦʞʝ ʚʽʜʧʦʚʽʜʘʪʠ ʤʝʨʝʞʥʘ ʘʜʨʝʩʘ, 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʥʠʡ ʧʦʨʪ, ʟʥʘʯʝʥʥʷ ʧʦʣʽʚ ʤʝʨʝʞʥʦʛʦ ʧʘʢʝʪʘ, ʘʧʘʨʘʪʥʘ ʘʜʨʝʩʘ 

ʧʨʠʩʪʨʦʶ, ʽʜʝʥʪʠʬʽʢʘʪʦʨʠ ʧʨʦʪʦʢʦʣʽʚ, ʧʦʩʣʽʜʦʚʥʽʩʪʴ ʢʦʤʘʥʜ ʧʨʦʪʦʢʦʣʽʚ, ʨʦʟʤʽʨ 

ʧʦʣʽʚ ʧʘʢʝʪʫ ʽ ʪ.ʽʥ. 

ɼʣʷ ʦʧʠʩʫ ʥʘʙʦʨʫ ʚʠʢʦʨʠʩʪʦʚʫʚʘʥʠʭ ʩʠʛʥʘʪʫʨ ʚʚʝʜʝʤʦ ʤʥʦʞʠʥʫ 

1 2{ , ,.., }nSg Sg Sg Sg= , ʜʝ 
iSg  ï ʝʣʝʤʝʥʪʠ ʤʥʦʞʠʥʠ ʩʠʛʥʘʪʫʨ ʟ ʙʘʟʠ ʜʘʥʠʭ 

ʩʠʛʥʘʪʫʨ Cɺɺ. ʊʦʜʽ ʙʝʟʣʽʯ ʧʨʘʚʠʣ ʨʝʘʛʫʚʘʥʥʷ Cɺɺ ʥʘ ʧʝʨʝʜʙʘʯʫʚʘʥʽ ʚʪʦʨʛʥʝʥʥʷ 

1 2{ , ,.., }nR R R R= , ʜʝ 
iR  ï ʧʨʘʚʠʣʦ ʜʦʟʚʦʣʫ / ʟʘʙʦʨʦʥʠ ʨʝʘʛʫʚʘʥʥʷ ʥʘ ʧʝʚʥʦʛʦ 

ʚʠʜʫ ʚʪʦʨʛʥʝʥʥʷ ʤʦʞʥʘ ʨʦʟʜʽʣʠʪʠ ʥʘ ʜʚʽ ʯʘʩʪʠʥʠ. ʇʨʘʚʠʣʘ, ʷʢʽ ʜʦʟʚʦʣʷʶʪʴ 

ʧʨʦʭʦʜʞʝʥʥʷ ʧʘʢʝʪʽʚ ʪʠʧʫ 1 2{ , ,.., }kR R R R+= , ʚʽʜʧʦʚʽʜʥʦʛʦ ʩʠʛʥʘʪʫʨʘʤ ʟ 

ʧʽʜʤʥʦʞʠʥʠ 1 2{ , ,.., }kSg Sg Sg Sg+=  ʤʥʦʞʠʥʠ Sg, ʽ ʧʨʘʚʠʣʘ, ʱʦ ʟʘʙʦʨʦʥʷʶʪʴ 

ʧʨʦʭʦʜʞʝʥʥʷ ʧʘʢʝʪʽʚ ʪʠʧʫ 1 2{ , ,.., }sR R R R-= , ʚʽʜʧʦʚʽʜʥʦʛʦ ʩʠʛʥʘʪʫʨʘʤ ʟ 

ʧʽʜʤʥʦʞʠʥʠ 1 2{ , ,.., }sSg Sg Sg Sg-=  ʤʥʦʞʠʥʠ Sg, ʧʨʠʯʦʤʫ R R+ -Æ =Å ʽ 

Sg Sg+ -Æ =Å. 
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ʉʠʩʪʝʤʘ Cɺɺ ʤʽʩʪʠʪʴ N  ( 1,i N= ) ʚʫʟʣʽʚ, ʢʦʞʝʥ ʟ ʷʢʠʭ ʤʘʻ ʩʚʦʶ ʯʝʨʛʫ, ʘ 

ʪʘʢʦʞ ʦʜʥʫ ʚʭʽʜʥʫ ʯʝʨʛʫ. ɼʣʷ ʚʠʟʥʘʯʝʥʥʷ ʩʪʘʥʫ ʥʘʚʘʥʪʘʞʝʥʥʷ Cɺɺ ʥʝʦʙʭʽʜʥʦ 

ʟʽʙʨʘʪʠ ʩʪʘʪʠʩʪʠʢʫ ʯʝʨʛʠ ʧʘʢʝʪʽʚ ʫ ʧʝʨʽʦʜ ʯʘʩʫ 
0 0[ , ]t t T+ . ɺʚʘʞʘʻʤʦ, ʱʦ P  

ʧʘʢʝʪʽʚ ʥʘʜʽʡʰʣʦ ʚ ʯʝʨʛʫ; Q  ʧʘʢʝʪʽʚ ʚʠʭʦʜʠʪʴ ʟ ʯʝʨʛʠ; ʯʝʨʛʘ ʤʘʻ Np ʧʘʢʝʪʽʚ 

ʧʨʦʪʷʛʦʤ ʧʝʨʽʦʜʫ ʯʘʩʫ ʊ; 
ip  ï ʙʘʡʪʠ ʧʘʢʝʪʘ ʜʘʥʠʭ 

iN , ʱʦ ʥʘʜʽʡʰʣʠ ʚ ʯʝʨʛʫ; 

jq  ï ʮʝ ʙʘʡʪʠ ʧʘʢʝʪʘ ʜʘʥʠʭ jN , ʱʦ ʚʠʡʰʣʠ ʟ ʯʝʨʛʠ; 
kn  ï ʮʝ ʙʘʡʪʠ ʧʘʢʝʪʘ ʜʘʥʠʭ 

kN  ʫ ʯʝʨʟʽ. 

ɺ ʧʝʨʽʦʜ ʯʘʩʫ T  ʚʭʽʜʥʽ ʙʘʡʪʠ ʯʝʨʛʠ 
in 1

p

ti
B p

=
=ä ; ʚʠʭʽʜʥʽ ʙʘʡʪʠ ʯʝʨʛʠ 

1

Q

out jj
B q

=
=ä ; ʧʨʦʧʫʩʢʥʘ ʟʜʘʪʥʽʩʪʴ ʩʠʩʪʝʤʠ ʟʘ ʦʜʠʥʠʮʶ ʯʘʩʫ ʜʦʨʽʚʥʶʻ 

 ( )in 1 1
( )

Q p

out j ij i
C B B T q p T

= =
= - = -ä ä . (4.4) 

ɹʘʡʪʠ ʚ ʯʝʨʟʽ ʚ ʤʦʤʝʥʪ ʯʘʩʫ T  
1

N

T kk
B n

=
=ä , ʩʝʨʝʜʥʽʡ ʨʦʟʤʽʨ ʧʘʢʝʪʘ 

Tb B N= , ʜʦʚʞʠʥʘ ʯʝʨʛʠ 
Tl N= .  

ɿʛʽʜʥʦ ʟ ʥʘʚʝʜʝʥʦʶ ʚʠʱʝ ʽʥʬʦʨʤʘʮʽʻʶ, ʧʝʨʝʜʙʘʯʘʻʤʦ, ʱʦ ʨʦʟʤʽʨ ʯʝʨʛʠ ʚ 

ʙʘʡʪʘʭ ʫ ʤʦʤʝʥʪ ʯʘʩʫ t  ʜʦʨʽʚʥʶʻ ( )t TB B C t T= + -, ʜʦʚʞʠʥʘ ʯʝʨʛʠ ʜʦʨʽʚʥʶʻ 

 [ ] ( )1 1 1
( ) 1 ( )

Q P N

t t T j i kj i k
l B b B C t T b N q p t T T n

= = =

è ø= = + - == + - -
é ùê úä ä ä ,  (4.5) 

tBl  ï ʚʽʜʥʦʰʝʥʥʷ ʜʦʚʞʠʥʠ ʧʘʢʝʪʘ ʜʘʥʠʭ, ʷʢʝ ʟʘʡʤʘʻ ʟʘʛʘʣʴʥʫ ʜʦʚʞʠʥʫ 

ʯʝʨʛʠ ʜʝʪʝʢʪʦʨʘ ʚ ʤʦʤʝʥʪ ʯʘʩʫ t ; iQ  ï ʟʘʛʘʣʴʥʘ ʜʦʚʞʠʥʘ ʯʝʨʛʠ, ʪʦʜʽ  

 
t t iBl l Q= ,  (4.6) 
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in

iCPU  ï ʩʝʨʝʜʥʷ ʟʘʚʘʥʪʘʞʝʥʽʩʪʴ ʎʇʋ i -ʛʦ ʚʫʟʣʘ Cɺɺ. ɸʥʘʣʦʛʽʯʥʠʤ 

ʯʠʥʦʤ, ʩʝʨʝʜʥʽʡ ʢʦʝʬʽʮʽʻʥʪ ʚʠʢʦʨʠʩʪʘʥʥʷ ʧʘʤôʷʪʽ im

iRAM , ʧʨʦʧʫʩʢʥʘ ʟʜʘʪʥʽʩʪʴ 

ʣʽʥʽʾ ʟʚôʷʟʢʫ ik

iNet  i -ʛʦ ʚʫʟʣʘ Cɺɺ.  

ʊʦʜʽ ʩʫʤʘʨʥʽ ʟʥʘʯʝʥʥʷ ʜʠʩʙʘʣʘʥʩʫ ʫʩʽʭ ʚʫʟʣ̔ʚ Cɺɺ ʟʘʧʠʩʫʶʪʴ ʷʢ 

 
1 N

tot ii
IMB IMB

N
= ä , 

ʜʝ 
2 2 2( ) ( ) ( )u All r All k All

i c i u r i r n i kIMB K CPU CPU K RAM RAM K Net Net= - + - + - , 

All

uCPU

 

 ï cʝʨʝʜʥʽʡ ʢʦʝʬʽʮʽʻʥʪ ʚʠʢʦʨʠʩʪʘʥʥʷ ʫʩʽʭ ʧʨʦʮʝʩʦʨʽʚ ʫ ʩʠʩʪʝʤʽ, ʫʩʷ 

ʧʘʤôʷʪʴ 
All

rRAM  ʽ ʚʩʷ ʧʨʦʧʫʩʢʥʘ ʟʜʘʪʥʽʩʪʴ ʤʝʨʝʞʽ ʫ ʩʠʩʪʝʤʽ 
All

kNet , N  ï 

ʟʘʛʘʣʴʥʘ ʢʽʣʴʢʽʩʪʴ ʬʽʟʠʯʥʠʭ ʚʫʟʣʽʚ ʉɺɺ, 
in  ï ʢʽʣʴʢʽʩʪʴ ʎʇʋ ʥʘ i -ʤʫ ʉɺɺ, 

ʧʘʨʘʤʝʪʨʠ , ,c r nK K K  ʦʟʥʘʯʘʶʪʴ ʚʘʛʦʚʽ ʢʦʝʬʽʮʽʻʥʪʠ ʜʣʷ ʧʨʦʮʝʩʦʨʘ, ʧʘʤôʷʪʽ ʪʘ 

ʧʨʦʧʫʩʢʥʦʾ ʟʜʘʪʥʦʩʪʽ ʤʝʨʝʞʽ ʚʽʜʧʦʚʽʜʥʦ, ʷʢʽ ʦʙʠʨʘʶʪʴʩʷ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʤ 

ʰʣʷʭʦʤ ʪʘʢ, ʱʦ 1c r nK K K+ + =, ʟʘʣʝʞʥʦ ʚʽʜ ʚʠʨʽʰʫʚʘʥʠʭ ʟʘʜʘʯ ʪʘ ʩʪʨʫʢʪʫʨʠ 

ʩʠʩʪʝʤʠ. 

ʗʢ ʧʨʘʚʠʣʦ, Cɺɺ ʜʦʟʚʦʣʷʻ ʨʦʟʧʦʜʽʣʷʪʠ ʦʜʥʘʢʦʚʫ ʢʽʣʴʢʽʩʪʴ ʧʘʢʝʪʽʚ ʜʣʷ 

ʢʦʞʥʦʛʦ ʷʜʨʘ. ɯʥʰʠʤʠ ʩʣʦʚʘʤʠ, ʩʧʦʩʽʙ ʨʦʟʧʦʜʽʣʫ ʧʘʢʝʪʽʚ ʧʨʠ ʧʘʨʥʽʡ ʰʚʠʜʢʦʩʪʽ 

ʥʘʜʭʦʜʞʝʥʥʷ ʧʘʢʝʪʘ ʜʣʷ ʢʦʞʥʦʛʦ ʷʜʨʘ ʧʦʩʠʣʘʻʪʴʩʷ ʥʘ ʩʧʦʩʽʙ ʨʦʟʧʦʜʽʣʫ 

ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʰʚʠʜʢʦʩʪʽ ʧʨʠʙʫʪʪʷ ʧʘʢʝʪʘ. ʗʢ ʧʨʘʚʠʣʦ, ʧʘʢʝʪʠ ʤʦʞʫʪʴ 

ʧʦʩʣʽʜʦʚʥʦ ʨʦʟʧʦʜʽʣʷʪʠʩʷ ʚ ʧʦʨʷʜʢʫ ʾʭʥʴʦʛʦ ʥʘʜʭʦʜʞʝʥʥʷ ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʮʠʢʣʽʯʥʦʛʦ ʧʣʘʥʫʚʘʥʥʷ, ʪʘʢ ʱʦ ʧʘʢʝʪʠ ʤʦʞʫʪʴ ʙʫʪʠ ʨʦʟʧʦʜʽʣʝʥʽ ʧʦ ʢʦʞʥʦʤʫ 

ʷʜʨʫ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʰʚʠʜʢʦʩʪʽ ʧʨʠʙʫʪʪʷ ʧʘʢʝʪʘ. 

ʏʘʩ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ 
servT  ʧʘʢʝʪʘ ʥʘʣʝʞʠʪʴ ʜʦ ʯʘʩʫ ʦʧʝʨʘʮʽʾ, ʧʨʦʪʷʛʦʤ 

ʷʢʦʛʦ ʧʨʦʚʦʜʠʪʴʩʷ ʧʦʨʽʚʥʷʥʥʷ ʤʽʞ ʩʠʛʥʘʪʫʨʘʤʠ 
1 2{ , ,.., }nSg Sg Sg Sg=  ʽ ʦʜʥʠʤ ʘʙʦ 
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ʜʝʢʽʣʴʢʦʤʘ ʧʘʢʝʪʘʤʠ ʜʣʷ ʚʠʷʚʣʝʥʥʷ ʚʪʦʨʛʥʝʥʴ 
1 2{THR ,THR ,..,THR }kTHR= . 

ʂʦʞʥʝ ʷʜʨʦ ʧʦʨʽʚʥʶʻ ʢʦʞʝʥ ʘʙʦ ʢʽʣʴʢʘ ʧʘʢʝʪʽʚ ʟ ʦʜʥʽʻ ʁ ʘʙʦ ʜʝʢʽʣʴʢʦʤʘ 

ʩʠʛʥʘʪʫʨʘʤʠ 
iSg. ʏʠʤ ʙʽʣʴʰʝ ʧʽʜʧʠʩʽʚ ʧʨʠʩʫʪʥʴʦ ʜʣʷ ʧʦʨʽʚʥʷʥʥʷ, ʪʠʤ ʙʽʣʴʰʝ 

ʯʘʩʫ 
servT  ʥʝʦʙʭʽʜʥʦ ʜʣʷ ʘʥʘʣʽʟʫ. ɯʥʰʠʤʠ ʩʣʦʚʘʤʠ, ʯʘʩ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʧʘʢʝʪʘ 

ʧʨʦʧʦʨʮʽʡʥʠʡ ʢʽʣʴʢʦʩʪʽ ʧʽʜʧʠʩʽʚ, ʷʢʽ ʤʘʶʪʴ ʙʫʪʠ ʩʧʽʚʩʪʘʚʣʝʥʽ ʟ ʧʘʢʝʪʦʤ. 

ʉʪʘʚʣʝʥʥʷ ʯʘʩʫ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʧʘʢʝʪʘ ʚ ʦʜʥʦʤʫ ʷʜʨʽ ʜʦ ʟʘʛʘʣʴʥʦʛʦ ʯʘʩʫ 

ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʧʘʢʝʪʘ ʜʣʷ ʦʧʝʨʘʮʽʾ ʥʘ ʚʩʽʭ ʷʜʨʘʭ ʥʘʟʠʚʘʻʪʴʩʷ ʰʚʠʜʢʽʩʪʶ 

ʧʝʨʝʜʘʯʽ ʧʘʢʝʪʽʚ. 

ʉʝʨʝʜʥʽʡ ʯʘʩ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ Cɺɺ ï ʮʝ ʯʘʩ, ʥʝʦʙʭʽʜʥʠʡ Cɺɺ ʟ 

ʢʦʥʬʽʛʫʨʘʮʽʻʶ ʧʨʘʚʠʣ, ʜʣʷ ʫʩʧʽʰʥʦʛʦ ʚʠʟʥʘʯʝʥʥʷ ʜʦʟʚʦʣʫ / ʟʘʙʦʨʦʥʠ 

ʨʝʘʛʫʚʘʥʥʷ ʥʘ ʧʝʚʥʠʡ ʪʠʧ ʚʪʦʨʛʥʝʥʥʷ. ʉʝʨʝʜʥʽʡ ʯʘʩ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ Cɺɺ 

ʚʠʟʥʘʯʘʻʪʴʩʷ ʪʘʢʠʤ ʯʠʥʦʤ [Schaelicke, 2005; Ulvila, 2003]: 

 ( )1 1 1 1
(i) (s)R (s) 1 (i) (i)R (i),

N N N NIDS

serv serv servi s i i
T P T P T- +

= = = =
è ø= + - ³
ê úä ä ä ä  (4.7) 

ʜʝ (i)P  ï ʮʝ ʡʤʦʚʽʨʥʽʩʪʴ ʙʣʦʢʫʚʘʥʥʷ ʧʨʘʚʠʣʘ 
iR; ʢʦʞʥʝ ʧʨʘʚʠʣʦ sR  

ʚʽʜʧʦʚʽʜʘʻ ʪʽʣʴʢʠ ʟʘ ʦʜʠʥ ʪʠʧ ʰʢʽʜʣʠʚʦʾ ʧʦʜʽʾ. 

ʇʦʨʽʚʥʷʥʦ ʟ ʤʦʜʝʣʷʤʠ ʙʘʣʘʥʩʫʚʘʥʥʷ ʥʘʚʘʥʪʘʞʝʥʥʷ ʥʘ ʦʩʥʦʚʽ ʧʨʠʡʦʤʫ 

ʧʘʢʝʪʽʚ, ʷʢʽ ʟʘʟʚʠʯʘʡ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ, ʤʦʜʝʣʴ ʚʠʟʥʘʯʝʥʥʷ ʥʘʚʘʥʪʘʞʝʥʥʷ, ʱʦ 

ʧʽʜʪʨʠʤʫʻ ʯʘʩ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ, ʟʙʽʣʴʰʫʻ ʢʽʣʴʢʽʩʪʴ ʧʨʠʡʥʷʪʠʭ ʽ ʦʙʨʦʙʣʶʚʘʥʠʭ 

ʧʘʢʝʪʽʚ ʙʘʛʘʪʦʷʜʝʨʥʠʤʠ Cɺɺ, ʘ ʪʘʢʦʞ ʟʤʝʥʰʫʻ ʢʽʣʴʢʽʩʪʴ ʧʘʢʝʪʽʚ, ʱʦ 

ʚʽʜʢʠʜʘʶʪʴʩʷ [Ulvila, 2003]. 

ʊʘʢʠʤ ʯʠʥʦʤ, ʤʝʪʦʜ ʚʠʟʥʘʯʝʥʥʷ ʥʘʚʘʥʪʘʞʝʥʥʷ, ʱʦ ʧʽʜʪʨʠʤʫʻ ʯʘʩ 

ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ, ʤʦʞʝ ʰʚʠʜʢʦ ʚʠʷʚʣʷʪʠ ʚʪʦʨʛʥʝʥʥʷ ʥʘʚʽʪʴ ʚ ʭʦʜʽ ʘʪʘʢʠ ʟ 

ʜʦʤʽʥʫʶʯʠʤ ʪʨʘʬʽʢʦʤ ʽ ʚʝʣʠʢʦʶ ʢʽʣʴʢʽʩʪʶ ʧʽʜʧʠʩʽʚ, ʱʦ ʧʨʠʟʚʦʜʠʪʴ ʜʦ 

ʰʚʠʜʢʦʛʦ ʟʙʽʣʴʰʝʥʥʷ ʤʦʞʣʠʚʦʩʪʝʡ ʙʘʛʘʪʦʷʜʝʨʥʠʭ Cɺɺ. ʆʜʥʘʢ ʟʙʽʣʴʰʝʥʥʷ 

ʚʘʨʽʘʮʽʡ ʧʘʢʝʪʽʚ ʚʪʦʨʛʥʝʥʴ ʽ ʧʨʦʧʫʩʢʥʦʾ ʟʜʘʪʥʦʩʪʽ ʤʝʨʝʞʽ ʫʩʢʣʘʜʥʶʻ ʦʙʨʦʙʢʫ ʚ 
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ʨʝʞʠʤʽ ʨʝʘʣʴʥʦʛʦ ʯʘʩʫ ʚʝʣʠʢʦʾ ʢʽʣʴʢʦʩʪʽ ʪʨʘʬʽʢʘ. ʇʨʦʙʣʝʤʠ ʜʣʷ ʚʧʨʦʚʘʜʞʝʥʥʷ 

ʚʠʩʦʢʦʰʚʠʜʢʽʩʥʠʭ Cɺɺ ʤʦʞʫʪʴ ʙʫʪʠ ʪʠʧʦʚʦ ʨʦʟʙʠʪʽ ʥʘ: 1) ʛʣʠʙʦʢʫ ʧʝʨʝʚʽʨʢʫ 

ʧʘʢʝʪʽʚ (DPI) ʜʣʷ ʚʠʩʦʢʦʰʚʠʜʢʽʩʥʦʛʦ ʫʟʛʦʜʞʝʥʥʷ ʧʽʜʧʠʩʫ; ʽ 2) ʩʧʦʩʽʙ 

ʧʘʨʘʣʝʣʴʥʦʾ ʦʙʨʦʙʢʠ ʚʝʣʠʢʦʾ ʢʽʣʴʢʦʩʪʽ ʪʨʘʬʽʢʘ. 

ʄʝʪʦʜ ʚʠʟʥʘʯʝʥʥʷ ʥʘʚʘʥʪʘʞʝʥʥʷ, ʱʦ ʧʽʜʪʨʠʤʫʻ ʯʘʩ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ, 

ʚʠʢʦʨʠʩʪʦʚʫʻ ʯʘʩ DPI Cɺɺ, ʫ ʷʢʦʤʫ ʟʚô̫ ʟʦʢ ʤʽʞ ʪʨʘʬʽʢʦʤ ʽ ʩʠʛʥʘʪʫʨʦʶ 

ʘʥʘʣʽʟʫʻʪʴʩʷ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʨʦʟʨʘʭʫʥʢʦʚʦʛʦ ʯʘʩʫ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʧʘʢʝʪʘ. ʏʘʩ 

DPI ʜʣʷ ʦʜʥʦʛʦ ʧʘʢʝʪʘ ʚʠʟʥʘʯʘʻʪʴʩʷ ʢʽʣʴʢʽʩʪʶ ʧʽʜʧʠʩʽʚ, ʚʽʜʧʦʚʽʜʥʠʭ ʧʘʢʝʪʫ. ʗʢ 

ʧʨʘʚʠʣʦ, ʫ ʤʽʨʫ ʟʙʽʣʴʰʝʥʥʷ ʢʽʣʴʢʦʩʪʽ ʧʽʜʧʠʩʽʚ, ʚʽʜʧʦʚʽʜʥʠʭ ʦʜʠʥʠʯʥʦʤʫ ʧʘʢʝʪʫ, 

ʯʘʩ DPI ʟʙʽʣʴʰʫʻʪʴʩʷ, ʘ ʟʽ ʟʤʝʥʰʝʥʥʷʤ ʢʽʣʴʢʦʩʪʽ ʧʽʜʧʠʩʽʚ, ʯʘʩ DPI ʟʤʝʥʰʫʻʪʴʩʷ. 

ʆʜʥʘʢ ʯʘʩ DPI ʟʘʣʝʞʠʪʴ ʥʝ ʪʽʣʴʢʠ ʚʽʜ ʢʽʣʴʢʦʩʪʽ ʧʽʜʧʠʩʽʚ. ʅʘ ʯʘʩ DPI ʤʦʞʝ 

ʚʧʣʠʚʘʪʠ ʪʠʧ ʧʘʢʝʪʘ ʘʙʦ ʩʪʘʥ ʘʙʦ ʩʪʨʫʢʪʫʨʘ ʤʝʨʝʞʽ. 

ɺʽʜʧʦʚʽʜʥʦ, ʧʨʠʩʪʨʽʡ ʙʘʣʘʥʩʫʚʘʥʥʷ ʥʘʚʘʥʪʘʞʝʥʥʷ ʦʮʽʥʶʻ ʩʝʨʝʜʥʽʡ ʯʘʩ 

DPI ʧʘʢʝʪʘ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʚʧʣʠʚʫ ʩʠʛʥʘʪʫʨ ʽ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʪʨʘʬʽʢʘ. 

ʈʦʟʨʘʭʫʥʢʦʚʠʡ ʩʝʨʝʜʥʽʡ ʯʘʩ DPI ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ 

ʦʧʪʠʤʘʣʴʥʦʛʦ ʧʨʘʚʠʣʘ ʙʘʣʘʥʩʫʚʘʥʥʷ ʥʘʚʘʥʪʘʞʝʥʥʷ, ʷʢʝ ʤʘʢʩʠʤʽʟʫʻ ʽ / ʘʙʦ 

ʟʙʽʣʴʰʫʻ ʢʽʣʴʢʽʩʪʴ ʧʘʢʝʪʽʚ, ʷʢʽ ʦʙʨʦʙʣʷʶʪʴʩʷ Cɺɺ ʧʨʦʮʝʩʦʨʘʤʠ. 

ɿʙʽʨ ʧʽʜʧʠʩʫ ʨʽʜʢʦ ʟʤʽʥʶʻʪʴʩʷ ʧʽʜ ʯʘʩ ʚʠʷʚʣʝʥʥʷ ʚʪʦʨʛʥʝʥʴ ʽ ʚʘʨʽʶʻʪʴʩʷ 

ʧʨʠ ʧʝʨʽʦʜʠʯʥʦʤʫ ʦʥʦʚʣʝʥʥʽ ʙʘʟʠ ʩʠʛʥʘʪʫʨ. ʆʜʥʘʢ ʩʘʤ ʪʨʘʬʽʢ ʤʦʞʝ ʙʫʪʠ ʟʥʘʯʥʦ 

ʟʤʽʥʝʥʠʡ ʧʽʜ ʯʘʩ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ, ʘ ʧʨʘʚʠʣʦ ʙʘʣʘʥʩʫʚʘʥʥʷ ʥʘʚʘʥʪʘʞʝʥʥʷ ʤʘʻ 

ʚʘʨʽʶʚʘʪʠʩʷ ʟʘʣʝʞʥʦ ʚʽʜ ʚʽʜʥʦʰʝʥʥʷ ʤʽʞ ʩʠʛʥʘʪʫʨʦʶ ʽ ʪʨʘʬʽʢʦʤ. ʊʫʪ ʪʨʘʬʽʢ 

ʚʠʟʥʘʯʘʻʪʴʩʷ ʥʘʙʦʨʦʤ ʧʘʢʝʪʽʚ, ʱʦ ʥʘʜʭʦʜʷʪʴ, ʽ ʟʘʟʚʠʯʘʡ ʧʦʜʘʻʪʴʩʷ ʫ ʚʠʛʣʷʜʽ 

ʢʽʣʴʢʦʩʪʽ ʜʘʥʠʭ ʜʦ ʯʘʩʫ (ʥʘʧʨʠʢʣʘʜ, ʢɹ/ʩ ʘʙʦ Mɹ/ʩ). ʗʢʱʦ ʢʽʣʴʢʽʩʪʴ ʚʭʽʜʥʠʭ 

ʧʘʢʝʪʽʚ ʟʙʽʣʴʰʫʻʪʴʩʷ, ʪʨʘʬʽʢ ʪʘʢʦʞ ʟʙʽʣʴʰʫʻʪʴʩʷ. ɼʣʷ ʧʨʠʩʢʦʨʝʥʥʷ ʦʙʨʦʙʢʠ 

ʧʘʢʝʪʽʚ, ʱʦ ʧʨʠʭʦʜʷʪʴ, ʽ ʨʦʟʧʦʜʽʣʫ ʧʘʢʝʪʽʚ ʧʦ ʧʦʪʦʢʘʭ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ 

cʪʘʪʠʯʥʠʡ ʭʝʰ ʧʦʪʦʢʫ. ʉʪʘʪʠʯʥʽ ʩʭʝʤʠ ʭʝʰʫʚʘʥʥʷ ʜʣʷ ʘʥʘʣʽʟʫ ʧʦʣʽʚ ʟʘʛʦʣʦʚʢʘ 

ʤʝʨʝʞʥʦʛʦ ʽ ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʨʽʚʥʽʚ ʚʠʟʥʘʯʘʶʪʴ ʚʫʟʣʠ Cɺɺ ʜʣʷ ʧʝʨʝʩʠʣʘʥʥʷ 

ʧʘʢʝʪʽʚ.  
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ɺʩʽ ʨʦʟʛʣʷʥʫʪʽ ʧʽʜʭʦʜʠ ʩʪʚʦʨʝʥʽ ʜʣʷ ʧʨʠʩʢʦʨʝʥʥʷ ʦʙʨʦʙʢʠ ʪʨʘʬʽʢʫ ʚ 

ʉɺɺ. ʊʘʢʠʤ ʯʠʥʦʤ, ʚʘʞʣʠʚʦʶ ʟʘʜʘʯʝʶ ʻ ʨʦʟʨʦʙʢʘ ʤʝʪʦʜʫ ʙʘʣʘʥʩʫʚʘʥʥʷ 

ʥʘʚʘʥʪʘʞʝʥʥʷ ʚ ʤʝʨʝʞʥʽʡ Cɺɺ, ʱʦ ʚʨʘʭʦʚʫʻ ʩʘʤʦʧʦʜʽʙʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʚʭʽʜʥʦʛʦ 

ʪʨʘʬʽʢʫ, ʯʘʩ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʪʘ ʟʘʩʥʦʚʘʥʠʡ ʥʘ ʘʥʘʣʽʟʽ ʩʠʛʥʘʪʫʨ. 

4.6. ʈʦʟʨʦʙʢʘ ʤʝʪʦʜʫ ʜʠʥʘʤʽʯʥʦʛʦ ʙʘʣʘʥʩʫʚʘʥʥʷ ʩʘʤʦʧʦʜʽʙʥʦʛʦ 

ʪʨʘʬʽʢʫ ʚ ʤʝʨʝʞʥʽʡ ʩʠʩʪʝʤʽ ʚʠʷʚʣʝʥʥʷ ʚʪʦʨʛʥʝʥʴ 

ʄʝʪʦʜ ʙʝʟʧʝʯʥʦʛʦ ʙʘʣʘʥʩʫʚʘʥʥʷ ʚ ʉɺɺ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʪʘʢʠʭ ʦʧʝʨʘʮʽʡ: 

1. ʊʨʘʬʽʢ, ʱʦ ʥʘʜʭʦʜʠʪʴ ʜʦ ʉɺɺ 
1 2[ , ,.., ]sl l l l= , ʦʙʨʦʙʣʷʻʪʴʩʷ 

ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʧʨʦʮʝʜʫʨʠ ʨʦʟʜʽʣʝʥʥʷ, ʷʢʘ ʢʣʘʩʠʬʽʢʫʻ ʡʦʛʦ ʫ ʧʦʪʦʢʠ ʜʘʥʠʭ ʟʘ qs-

ʤʠ ʪʠʧʘʤʠ ʧʦʩʣʫʛ.  

2. ɼʣʷ ʢʦʞʥʦʛʦ ʧʦʪʦʢʫ ʦʙʯʠʩʣʶʶʪʴʩʷ ʤʫʣʴʪʠʬʨʘʢʪʘʣʴʥʽ ʧʘʨʘʤʝʪʨʠ 

min max( ) ( )h h q h qD = - , H, ʚʽʜʥʦʰʝʥʥʷ ʢʽʣʴʢʦʩʪʽ ʧʽʜʧʠʩʽʚ ʜʣʷ ʢʦʞʥʦʛʦ qs-ʛʦ 

ʪʠʧʫ ʧʦʪʦʢʫ ʜʦ ʟʘʛʘʣʴʥʦ ʾʢʽʣʴʢʦʩʪʽ ʧʽʜʧʠʩʽʚ Sg; ʚʽʜʥʦʰʝʥʥʷ ʢʽʣʴʢʦʩʪʽ ʧʘʢʝʪʽʚ 

ʢʦʞʥʦʛʦ qs-ʛʦ ʪʠʧʫ ʜʦ ʟʘʛʘʣʴʥʦʾ ʢʽʣʴʢʦʩʪʽ ʧʘʢʝʪʽʚ ʫ ʚʠʟʥʘʯʝʥʠʡ ʧʝʨʽʦʜ ʯʘʩʫ ʊ; 

ʦʮʽʥʶʻʪʴʩʷ ʯʘʩ ʧʦʨʽʚʥʷʥʥʷ ʧʘʢʝʪʽʚ ʟ ʧʽʜʧʠʩʦʤ 
servT .  

3. ʈʦʟʨʘʭʦʚʫʻʪʴʩʷ ʩʝʨʝʜʥʽʡ ʯʘʩ DPI ʧʝʨʝʚʽʨʢʠ ʧʘʢʝʪʽʚ qs-ʛʦ ʢʣʘʩʫ 
qs

newT  ʟʘ 

ʬʦʨʤʫʣʦʶ:  

 

(qs), 0,5;

(qs) ( 0,5) , 0,5 0,9; 0,4;

(qs) ( 0,5)( 0,4) , 0,5 0,9; 0,4 1;

(qs) , 0,9 or 0,5, 1,

IDS

serv

IDS

qs serv serv

new IDS

serv serv

IDS

serv serv

T H

T H T H h
T

T H h T H h

T T H H h

ë =
î

+ - < < D ¢î
=ì

+ - D - < < <D <î
î + ² > D ²í

  (4.8) 
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ʜʝ (qs)IDS

servT  ʤʦʞʝ ʚʠʟʥʘʯʘʪʠʩʷ (4.7) ʜʣʷ ʢʦʞʥʦʛʦ ʢʣʘʩʫ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʪʘ 

ʟʘ ʥʝʦʙʭʽʜʥʠʤʠ ʨʝʩʫʨʩʘʤʠ. ʆʮʽʥʢʘ ʩʝʨʝʜʥʴʦʛʦ ʯʘʩʫ ʧʝʨʝʚʽʨʢʠ ʧʘʢʝʪʽʚ ʥʝ 

ʟʤʽʥʶʻʪʴʩʷ ((qs)qs IDS

new servT T= ), ʷʢʱʦ ʪʨʘʬʽʢ ʥʝ ʤʘʻ ʜʦʚʛʦʩʪʨʦʢʦʚʦʾ ʟʘʣʝʞʥʦʩʪʽ 

0,5H= . ɯʟ ʟʥʘʯʝʥʥʷʤʠ 0,5 0,9H< <  ʪʘ ʤʘʣʠʤʠ ʟʥʘʯʝʥʥʷʤʠ ( 0,4hD ¢ ) ʟʥʘʯʝʥʥʷ 

qs

newT  ʟʙʽʣʴʰʫʻʪʴʩʷ ʧʨʦʧʦʨʮʽʡʥʦ ʽʥʜʝʢʩʫ ʍʝʨʩʪʘ. ʗʢʱʦ ʪʨʘʬʽʢ ʻ ʧʝʨʩʠʩʪʝʥʪʥʠʤ  

(0,5 0,9H< < ) ʪʘ ʽʩʥʫʻ ʚʝʣʠʢʘ ʜʠʩʧʝʨʩʽʷ ʜʘʥʠʭ (0,4 1h<D <), ʪʦ ʚʝʣʠʯʠʥʘ 
qs

newT  

ʟʙʽʣʴʰʫʶʪʴʩʷ ʧʨʦʧʦʨʮʽʡʥʦ ʦʙʦʤ ʧʘʨʘʤʝʪʨʘʤ ,h HD . ʆʮʽʥʢʘ 
qs

newT  ʤʘʻ 

ʤʘʢʩʠʤʘʣʴʥʝ ʟʥʘʯʝʥʥʷ (qs)IDS

serv servT T+ , ʷʢʱʦ ʟʥʘʯʝʥʥʷ 0,9H²  ʘʙʦ ʜʣʷ 

ʧʝʨʩʠʩʪʝʥʪʥʦʛʦ ʪʨʘʬʽʢʘ ( 0,5H> ) ʟ ʜʽʘʧʘʟʦʥʦʤ ʟʥʘʯʝʥʴ ʫʟʘʛʘʣʴʥʝʥʦʛʦ 

ʧʦʢʘʟʥʠʢʘ ʍʝʨʩʪʘ 1hD ².  

4. ʅʘ ʦʩʥʦʚʽ ʦʮʽʥʢʠ (qs)IDS

servT  ʩʪʚʦʨʶʻʪʴʩʷ ʥʦʚʝ ʧʨʘʚʠʣʦ ʙʘʣʘʥʩʫʚʘʥʥʷ 

ʥʘʚʘʥʪʘʞʝʥʥʷ ( ,H, h)qs

T newLoad T D , ʟʛʽʜʥʦ ʟ ʷʢʠʤ ʩʪʚʦʨʶʻʪʴʩʷ ʩʧʠʩʦʢ ʧʦʪʦʢʽʚ qs-

ʛʦ ʪʠʧʫ, ʜʣʷ ʷʢʠʭ 
qs

new levT T²  ʪʘ ʩʧʠʩʦʢ ʧʦʪʦʢʽʚ qs-ʛʦ ʪʠʧʫ, ʜʣʷ ʷʢʠʭ 
qs

new levT T< , ʜʝ 

levT  ï ʚʠʟʥʘʯʝʥʦ ʉɺɺ ʟʥʘʯʝʥʥʷ ʯʘʩʫ ʦʙʨʦʙʣʝʥʥʷ ʧʘʢʝʪʽʚ, ʷʢʽ ʧʨʠʟʥʘʯʘʶʪʴʩʷ ʜʣʷ 

ʦʙʨʦʙʢʠ ʨʽʟʥʠʤ ʢʦʤʧʦʥʝʥʪʘʤ ʉɺɺ.  

5. ɹʘʣʘʥʩʫʚʘʥʥʷ ʧʘʢʝʪʽʚ, ʱʦ ʥʘʜʽʡʰʣʠ, ʟʜʽʡʩʥʶʻʪʴʩʷ ʚ ʥʘʩʪʫʧʥʦʤʫ 

ʚʩʪʘʥʦʚʣʝʥʦʤʫ ʧʝʨʽʦʜʽ ʯʘʩʫ T T+  ʥʘ ʢʦʤʧʦʥʝʥʪʘʭ ʉɺɺ, ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ 

ʥʦʚʦʩʪʚʦʨʝʥʝ ʧʨʘʚʠʣʦ ʙʘʣʘʥʩʫʚʘʥʥʷ. 

6. ʇʨʦʜʦʚʞʫʻʤʦ ʙʘʣʘʥʩʫʚʘʥʥʷ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʧ. 1-5. 

ʊʘʢʠʤ ʯʠʥʦʤ, ʫ ʮʽʡ ʨʦʙʦʪʽ ʥʘʚʝʜʝʥʦ ʤʝʪʦʜ ʙʘʣʘʥʩʫʚʘʥʥʷ ʥʘʚʘʥʪʘʞʝʥʥʷ ʚ 

ʤʝʨʝʞʥʽʡ Cɺɺ, ʱʦ ʚʨʘʭʦʚʫʻ ʩʘʤʦʧʦʜʽʙʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʚʭʽʜʥʦʛʦ ʪʨʘʬʽʢʘ, ʯʘʩ 

ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʪʘ ʟʘʩʥʦʚʘʥʠʡ ʥʘ ʘʥʘʣʽʟʽ ʩʠʛʥʘʪʫʨ. ɿʘʧʨʦʧʦʥʦʚʘʥʠʡ ʤʝʪʦʜ 

ʜʦʟʚʦʣʷʻ ʚʠʨʽʰʫʚʘʪʠ ʪʘʢ̔ ʟʘʜʘʯʽ: ʦʪʨʠʤʘʥʥʷ ʜʘʥʠʭ ʧʨʦ ʧʝʨʝʚʘʥʪʘʞʝʥʥʷ ʽ 
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ʢʨʠʪʠʯʥ ̔ʨʝʞʠʤʠ ʨʦʙʦʪʠ ʤʝʨʝʞʽ, ʚʠʷʚʣʝʥʥʷ ʧʨʦʙʣʝʤ ʟ ʤʝʨʝʞʝʶ ʽ ʟʙʦʾʚ ʫ ʨʦʙʦʪʽ 

ʤʝʨʝʞʽ.  

4.7. ʈʝʟʫʣʴʪʘʪʠ ʤʦʜʝʣʶʚʘʥʥʷ ʨʦʙʦʪʠ ʤʝʪʦʜʫ ʜʠʥʘʤʽʯʥʦʛʦ 

ʙʘʣʘʥʩʫʚʘʥʥʷ ʩʘʤʦʧʦʜʽʙʥʦʛʦ ʪʨʘʬʽʢʘ ʚ ʤʝʨʝʞʥʽʡ ʩʠʩʪʝʤʽ ʚʠʷʚʣʝʥʥʷ 

ʚʪʦʨʛʥʝʥʴ 

ʄʦʜʝʣʶʚʘʥʥʷ ʧʨʦʚʦʜʠʣʠ ʚ ʧʨʦʛʨʘʤʽ, ʥʘʧʠʩʘʥʽʡ ʥʘ Python, ʱʦʙ 

ʧʝʨʝʚʽʨʠʪʠ ʦʙˇʨʫʥʪʦʚʘʥʽʩʪʴ ʟʘʧʨʦʧʦʥʦʚʘʥʦʛʦ ʤʝʪʦʜʫ. ʇʽʜ ʯʘʩ ʤʦʜʝʣʶʚʘʥʥʷ 

ʧʨʠʟʥʘʯʘʚʩʷ ʨʽʚʥʠʡ ʯʘʩ ʦʙʨʦʙʢʠ ʜʣʷ ʚʩʽʭ ʧʨʘʚʠʣ (ʦʜʥʘ ʦʜʠʥʠʮʷ ʯʘʩʫ). ʅʘ ʚʭʽʜ 

ʩʠʩʪʝʤʠ ʥʘʜʭʦʜʠʚ ʛʝʥʝʨʦʚʘʥʠʡ ʤʫʣʴʪʠʬʨʘʢʪʘʣʴʥʠʡ ʪʨʘʬʽʢ, ʦʧʠʩʘʥʠʡ ʫ ʨʦʙʦʪʘʭ 

[ʂʠʨʠʯʝʥʢʦ, 2011-4; Kirichenko, 2012, Radivilova, 2020].  

ɺ ʭʦʜʽ ʚʠʢʦʥʘʥʥʷ ʤʦʜʝʣʶʚʘʥʥʷ ʧʨʠʟʥʘʯʘʚʩʷ ʨʽʚʥʠʡ ʯʘʩ ʦʙʨʦʙʢʠ ʜʣʷ ʚʩʽʭ 

ʧʨʘʚʠʣ (ʦʜʥʘ ʦʜʠʥʠʮʷ ʯʘʩʫ), ʜʦʧʫʩʢʘʣʘʩʷ ʯʘʩʪʢʘ ʟʘʛʨʦʟʠ ʨʽʚʥʦʤʽʨʥʦ 

ʨʦʟʧʦʜʽʣʝʥʦʶ (i) / N,i 1,...,NH = , ʚʩʪʘʥʦʚʣʶʻʪʴʩʷ ʡʤʦʚʽʨʥʽʩʪʴ ʟʘʛʨʦʟʠ 0,5THRP =

. ɼʘʥʽ, ʱʦ ʥʘʜʭʦʜʷʪʴ ʽʟ ʟʦʚʥʽʰʥʴʦʾ ʤʝʨʝʞʽ, ʩʪʚʦʨʶʶʪʴ ʘʜʠʪʠʚʥʠʡ 

ʤʫʣʴʪʠʬʨʘʢʪʘʣʴʥʠʡ ʪʨʘʬʽʢ, ʷʢʠʡ ʤʽʩʪʠʪʴ ʤʘʨʢʝʨʠ ʟʘʛʨʦʟʠ. ʎʽ ʜʘʥʽ ʥʘʜʩʠʣʘʶʪʴʩʷ 

ʚ ʙʘʣʘʥʩʫʚʘʣʴʥʠʢ, ʷʢʠʡ ʨʝʛʫʣʶʻ ʧʦʪʽʢ ʜʘʥʠʭ ʟʘ ʜʦʧʦʤʦʛʦʶ ʦʙʨʘʥʦʾ ʧʦʣʽʪʠʢʠ 

ʙʘʣʘʥʩʫʚʘʥʥʷ ʪʘ ʥʘʜʩʠʣʘʻʪʴʩʷ ʜʦ ʚʫʟʣʽʚ Cɺɺ. 

ɼʣʷ ʘʥʘʣʽʟʫ ʟʘʧʨʦʧʦʥʦʚʘʥʦʛʦ ʤʝʪʦʜʫ ʙʘʣʘʥʩʫʚʘʥʥʷ ʙʫʣʦ ʧʨʦʚʝʜʝʥʦ 

ʯʠʩʣʝʥʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʩʠʩʪʝʤʠ ʙʘʣʘʥʩʫʚʘʥʥʷ Cɺɺ ʜʣʷ ʨʽʟʥʠʭ ʟʥʘʯʝʥʴ 

ʧʘʨʘʤʝʪʨʽʚ ʤʫʣʴʪʠʬʨʘʢʪʘʣʴʥʦʛʦ ʪʨʘʬʽʢʘ: ʜʽʘʧʘʟʦʥ ʟʥʘʯʝʥʴ ʫʟʘʛʘʣʴʥʝʥʦʛʦ 

ʧʦʢʘʟʥʠʢʘ ʍʝʨʩʪʘ 1,5 6h¢D ¢, ʟʥʘʯʝʥʥʷ ʧʘʨʘʤʝʪʨʘ ʍʝʨʩʪʘ 0,6 0,9H¢ ¢  ʪʘ 

ʽʥʪʝʥʩʠʚʥʽʩʪʴ ʧʦʪʦʢʫ 0,5 1l¢ ¢. ʋ ʪʘʙʣʠʮʽ 4.4 ʥʘʚʝʜʝʥʦ ʟʥʘʯʝʥʥʷ ʧʦʢʘʟʥʠʢʽʚ 

ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ ʜʣʷ ʩʪʘʥʜʘʨʪʥʦʛʦ ʤʝʪʦʜʫ ʙʘʣʘʥʩʫʚʘʥʥʷ ʥʘʚʘʥʪʘʞʝʥʥʷ (SM) ʪʘ 

ʟʘʧʨʦʧʦʥʦʚʘʥʦʛʦ ʤʝʪʦʜʫ (PM) ʜʣʷ ʨʽʟʥʠʭ ʟʥʘʯʝʥʴ ʧʘʨʘʤʝʪʨʽʚ 

ʤʫʣʴʪʠʬʨʘʢʪʘʣʴʥʦʩʪʽ ʚʭʽʜʥʦʛʦ ʪʨʘʬʽʢʘ. 
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ʊʘʙʣʠʮʷ 4.4. 

ɿʤʽʥʘ ʟʥʘʯʝʥʴ ʧʦʢʘʟʥʠʢʽʚ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ ʟʘʣʝʞʥʦ ʚʽʜ ʧʘʨʘʤʝʪʨʽʚ 

ʤʫʣʴʪʠʬʨʘʢʪʘʣʴʥʦʩʪʽ 

ʇʘʨʘʤʝʪʨʠ ʪʨʘʬʽʢʘ  ɺʪʨʘʯʝʥʽ ʜʘʥʽ ɿʥʘʯʝʥʥʷ ʜʠʩʙʘʣʘʥʩʫ ʅʝʧʨʦʘʥʘʣʽʟʦʚʘʥʽ 

ʧʘʢʝʪʠ  

SM PM SM PM SM PM 

ʅ=0,6, æh=2 3.4 1.9 0.28 0.21 8.9 7.8 

ʅ=0,6, æh=6 6.6 6.3 0.66 0.57 20 17.2 

ʅ=0,7, æh=2 4.6 4 0.42 0.34 12.4 10.3 

ʅ=0,7, æh=6 11 9.8 0.7 0.62 24.5 22 

ʅ=0,8, æh=2 7.6 7.1 0.51 0.44 16 16 

ʅ=0,8, æh=6 16.6 15.9 0.81 0.72 32.4 28 

ʅ=0,9, æh=2 12.1 11.2 0.5 0.46 19 19 

ʅ=0,9, æh=6 23.1 22 0.99 0.92 39.7 35.1 

 

ɼʦʩʣʽʜʞʝʥʥʷ ʧʦʢʘʟʘʣʠ, ʱʦ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʤʫʣʴʪʠʬʨʘʢʪʘʣʴʥʦʩʪʽ ʪʨʘʬʽʢʘ 

ʩʫʪʪʻʚʦ ʚʧʣʠʚʘʶʪʴ ʥʘ ʜʠʩʙʘʣʘʥʩ ʩʠʩʪʝʤʠ, ʟʙʽʣʴʰʫʻʪʴʩʷ ʢʽʣʴʢʽʩʪʴ 

ʥʝʧʨʦʘʥʘʣʽʟʦʚʘʥʠʭ ʧʘʢʝʪʽʚ ʪʘ ʚʪʨʘʯʝʥʠʭ ʜʘʥʠʭ, ʷʢ ʮʝ ʧʦʢʘʟʘʥʦ ʚ ʪʘʙʣʠʮʽ 4.5.  ɺ 

ʪʘʙʣʠʮʽ 4.5 ʥʘʚʝʜʝʥʦ ʧʦʨʽʚʥʷʣʴʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʨʦʙʦʪʠ ʩʪʘʥʜʘʨʪʥʦʛʦ ʤʝʪʦʜʘ 

ʙʘʣʘʥʩʫʚʘʥʥʷ ʚ ʉɺɺ ʪʘ ʟʘʧʨʦʧʦʥʦʚʘʥʦʛʦ ʤʝʪʦʜʫ ʙʘʣʘʥʩʫʚʘʥʥʷ ʪʨʘʬʽʢʫ ʚ 

ʤʝʨʝʞʥʽʡ ʩʠʩʪʝʤʽ ʚʠʷʚʣʝʥʥʷ ʚʪʦʨʛʥʝʥʴ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʤʫʣʴʪʠʬʨʘʢʪʘʣʴʥʠʭ 

ʚʣʘʩʪʠʚʦʩʪʝʡ ʪʨʘʬʽʢʫ 

ʊʘʙʣʠʮʷ 4.5. 

ɸʥʘʣʽʟ ʨʦʙʦʪʠ ʤʝʪʦʜʽʚ ʙʘʣʘʥʩʫʚʘʥʥʷ ʩʘʤʦʧʦʜʽʙʥʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ ʚ ʉɺɺ 

ʇʘʨʘʤʝʪʨʠ ʉʪʘʥʜʘʨʪʥʠʡ ʤʝʪʦʜ 

ʙʘʣʘʥʩʫʚʘʥʥʷ ʉɺɺ 

ʄʝʪʦʜ ʙʘʣʘʥʩʫʚʘʥʥʷ ʚ ʉɺɺ 

ʟ ʬʨʘʢʪʘʣʴʥʽʩʪʶ 

ʇʨʦʘʥʘʣʽʟʦʚʘʥʽ ʜʘʥʽ, % 68 88 

ʉʝʨʝʜʥʽʡ ʯʘʩ ʦʯʽʢʫʚʘʥʥʷ, ʤʩ 0,7 0,5 

ɺʽʜʩʦʪʦʢ ʚʠʷʚʣʝʥʠʭ ʘʪʘʢ ʤʝʪʦʜʦʤ 

ʩʠʛʥʘʪʫʨ, %  

67 81 

 

ɿʘ ʥʠʟʴʢʠʭ ʟʥʘʯʝʥ ɹʅ ʪʘ ʥʠʟʴʢʦ ʾʥʝʦʜʥʦʨʽʜʥʦʩʪʽ ʙʘʣʘʥʩʫʶʯʘ ʩʠʩʪʝʤʘ 

ʧʨʠʭʦʜʠʪʴ ʫ ʩʪʘʥ ʨʽʚʥʦʚʘʛʠ ʪʘ ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ Cɺɺ ʻ ʟʘʜʦʚʦʣʴʥʦʶ, ʘ ʟʥʘʯʝʥʥʷ 
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ʜʠʩʙʘʣʘʥʩʫ ʤʘʻ ʪʝʥʜʝʥʮʽʶ ʜʦ ʥʫʣʷ. ɿʘ ʚʝʣʠʢʠʭ ʟʥʘʯʝʥ ɹ ʽʥʜʝʢʩʫ ʍʝʨʩʪʘ ʪʘ 

ʚʝʣʠʢʦ ʾʥʝʦʜʥʦʨʽʜʥʦʩʪʽ, ʩʠʩʪʝʤʘ ʙʘʣʘʥʩʫʚʘʥʥʷ ʧʝʨʝʙʫʚʘʻ ʫ ʥʝʩʪʘʙʽʣʴʥʦʤʫ ʩʪʘʥʽ, 

ʘ ʚʝʣʠʯʠʥʘ ʜʠʩʙʘʣʘʥʩʫ ʟʤʽʥʶʻʪʴʩʷ ʚ ʢʽʣʴʢʘ ʨʘʟʽʚ, ʱʦ ʧʨʠʟʚʦʜʠʪʴ ʜʦ 

ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ ʨʝʩʫʨʩʽʚ, ʘ ʦʪʞʝ, ʜʦ ʟʥʘʯʥʦʛʦ ʟʙʽʣʴʰʝʥʥʷ 

ʢʽʣʴʢʦʩʪʽ ʥʝʧʨʦʘʥʘʣʽʟʦʚʘʥʠʭ ʧʘʢʝʪʽʚ  ̔ʚʪʨʘʯʝʥʠʭ ʜʘʥʠʭ. 

ʊʘʢʠʤ ʯʠʥʦʤ ʚʠʢʦʨʠʩʪʘʥʥʷ ʨʦʟʨʦʙʣʝʥʦʛʦ ʤʝʪʦʜʫ ʙʘʣʘʥʩʫʚʘʥʥʷ 

ʥʘʚʘʥʪʘʞʝʥʥʷ Cɺɺ ʟʥʘʯʥʦ ʧʽʜʚʠʱʫʻ ʢʽʣʴʢʽʩʪʴ ʧʨʦʘʥʘʣʽʟʦʚʘʥʠʭ ʧʘʢʝʪʽʚ ʽ ʟʥʠʞʫʻ 

ʢʽʣʴʢʽʩʪʴ ʚʪʨʘʯʝʥʠʭ ʜʘʥʠʭ. 

ɺʠʩʥʦʚʢʠ ʜʦ ʨʦʟʜʽʣʫ 4 

1. ʈʦʟʨʦʙʣʝʥʦ ʤʦʜʝʣʴ ʤʝʨʝʞʥʦʾ ʩʠʩʪʝʤʠ ʚʠʷʚʣʝʥʥʷ ʚʪʦʨʛʥʝʥʴ, ʜʦ 

ʧʘʨʘʤʝʪʨʽʚ ʷʢʦʾ ʥʘʣʝʞʘʪʴ ʤʫʣʴʪʠʬʨʘʢʪʘʣʴʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʪʨʘʬʽʢʘ, 

ʦʙʤʝʞʝʥʥʷ ʥʘ ʯʘʩ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʨʽʟʥʠʭ ʢʣʘʩʽʚ ʪʨʘʬʽʢʘ. ʎʝ ʜʦʟʚʦʣʷʻ ʨʦʟʨʦʙʠʪʠ 

ʤʝʪʦʜʠ ʙʘʣʘʥʩʫʚʘʥʥʷ ʪʨʘʬʽʢʘ ʤʽʞ ʜʝʪʝʢʪʦʨʘʤʠ ʚʠʷʚʣʝʥʥʷ ʚʪʦʨʛʥʝʥʴ ʟ 

ʫʨʘʭʫʚʘʥʥʷʤ ʚʠʤʦʛ ʷʢʦʩʪʽ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ. 

2. ʋʜʦʩʢʦʥʘʣʝʥʦ ʤʝʪʦʜ ʟʘʙʝʟʧʝʯʝʥʥʷ ʙʝʟʧʝʢʠ ʤʝʨʝʞʽ ʧʨʠ ʜʠʥʘʤʽʯʥʦʤʫ 

ʙʘʣʘʥʩʫʚʘʥʥʽ ʥʘʚʘʥʪʘʞʝʥʥʷ ʟ ʩʘʤʦʧʦʜʽʙʥʠʤ ʪʨʘʬʽʢʦʤ, ʷʢʠʡ, ʥʘ ʚʽʜʤʽʥʫ ʚʽʜ 

ʽʩʥʫʶʯʠʭ, ʚʽʜʨʽʟʥʷʻʪʴʩʷ ʟʘʩʪʦʩʫʚʘʥʥʷʤ ʤʦʜʝʣʽ ʙʘʣʘʥʩʫʚʘʣʴʥʠʢʘ ʢʦʤʧôʶʪʝʨʥʦʾ 

ʤʝʨʝʞʽ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʧʘʨʘʤʝʪʨʽʚ ʙʝʟʧʝʢʠ ʨʦʟʧʦʜʽʣʫ ʪʨʘʬʽʢʘ ʽ 

ʤʫʣʴʪʠʬʨʘʢʪʘʣʴʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʪʨʘʬʽʢʘ. ʈʝʘʣʽʟʘʮʽʷ ʟʘʟʥʘʯʝʥʦʛʦ ʤʝʪʦʜʫ 

ʜʦʟʚʦʣʷʻ ʟʤʝʥʰʠʪʠ ʟʘʚʘʥʪʘʞʝʥʽʩʪʴ ʨʝʩʫʨʩʽʚ ʢʦʤʧôʶʪʝʨʥʦʾ ʩʠʩʪʝʤʠ ʟʘ ʨʘʭʫʥʦʢ 

ʩʧʨʷʤʫʚʘʥʥʷ ʙʝʟʧʝʯʥʠʭ ʥʝʦʜʥʦʨʽʜʥʠʭ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʧʦʪʦʢʽʚ ʥʘ ʙʝʟʧʝʯʥʽ ʪʘ 

ʤʝʥʰ ʟʘʚʘʥʪʘʞʝʥʽ ʨʝʩʫʨʩʠ. 

3. ɺʠʢʦʨʠʩʪʘʥʥʷ ʟʘʧʨʦʧʦʥʦʚʘʥʦʛʦ ʤʝʪʦʜʫ ʙʘʣʘʥʩʫʚʘʥʥʷ ʥʘʚʘʥʪʘʞʝʥʥʷ 

ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʟʙʽʣʴʰʝʥʥʷ ʢʽʣʴʢʦʩʪʽ ʧʨʦʘʥʘʣʽʟʦʚʘʥʠʭ ʧʘʢʝʪʽʚ ʥʘ 21%, ʟʘ ʨʘʭʫʥʦʢ 

ʯʦʛʦ ʚʽʜʩʦʪʦʢ ʚʠʷʚʣʝʥʠʭ ʘʪʘʢ ʟʙʽʣʴʰʠʚʩʷ ʥʘ 14%, ʟʤʝʥʰʫʻʪʴʩʷ ʩʝʨʝʜʥʽʡ ʯʘʩ 

ʦʯʽʢʫʚʘʥʥʷ ʧʘʢʝʪʽʚ ʥʘ 16%.    
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ʈʆɿɼɯʃ 5 

ʈʆɿʈʆɹʂɸ ʄɽʊʆɼɯɺ ɺʀʗɺʃɽʅʅʗ ɺʊʆʈɻʅɽʅʔ ʅɸ ʆʉʅʆɺɯ 

ʉʀɻʅɸʊʋʈʅʆɻʆ ʊɸ ɽʅʊʈʆʇɯʁʅʆɻʆ ɸʅɸʃɯɿʋ ʇʈʆʊʆʂʆʃɯɺ   

ɺ ʦʙʣʘʩʪʽ ʤʝʨʝʞʥʦʾ ʙʝʟʧʝʢʠ ʚʪʦʨʛʥʝʥʥʷ ʚʠʟʥʘʯʘʻʪʴʩʷ ʷʢ ʥʘʙʽʨ 

ʟʣʦʚʤʠʩʥʠʭ ʜʽʡ ʧʨʦʪʠ ʮʽʣʽʩʥʦʩʪʽ, ʢʦʥʬʽʜʝʥʮʽʡʥʦʩʪʽ ʪʘ ʜʦʩʪʫʧʥʦʩʪʽ ʽʥʬʦʨʤʘʮʽʾ ʚ 

ʩʠʩʪʝʤʽ ʘʙʦ ʤʝʨʝʞʽ, ʷʢʽ ʨʦʙʣʷʪʴ ʾʾ ʫʨʘʟʣʠʚʦʶ ʜʣʷ ʤʘʡʙʫʪʥʽʭ ʘʪʘʢ [ɺʦʣʢʦʚ, 2016; 

Barabash, 2019; ɹʫʰʤʘʥʦʚ, 2013; ʊʨʠʧʦʣʢʘ, 2014; ʂʠʨʠʯʝʥʢʦ, 2017-2; ʉʻʚʻʨʽʥʦʚ, 

2015; ʍʦʨʦʰʢʦ, 2012]. ɼʣʷ ʧʨʦʪʠʜʽʾ ʪʘʢʠʤ ʟʘʛʨʦʟʘʤ ʨʦʟʛʦʨʪʘʶʪʴʩʷ ʩʠʩʪʝʤʠ 

ʚʠʷʚʣʝʥʥʷ ʚʪʦʨʛʥʝʥʴ ʜʣʷ ʚʠʷʚʣʝʥʥʷ ʪʘ ʽʜʝʥʪʠʬʽʢʘʮʽʾ ʩʧʨʦʙ ʚʪʦʨʛʥʝʥʥʷ ʚ 

ʩʠʩʪʝʤʫ ʘʙʦ ʤʝʨʝʞʫ [ɼʫʜʠʢʝʚʠʯ, 2020; ʍʦʨʦʰʢʦ, 2013; ʂʠʨʠʯʦʢ, 2020]. 

ɺʠʢʦʨʠʩʪʦʚʫʶʯʠ ʥʘʙʽʨ ʘʧʘʨʘʪʥʠʭ ʽ ʧʨʦʛʨʘʤʥʠʭ ʨʝʩʫʨʩʽʚ, ʉɺɺ ʥʘʤʘʛʘʻʪʴʩʷ 

ʚʠʷʚʠʪʠ ʚʪʦʨʛʥʝʥʥʷ, ʚʽʜʩʪʝʞʫʶʯʠ ʜʘʥʽ, ʟʽʙʨʘʥʽ ʟ ʦʜʥʦʛʦ ʭʦʩʪʘ ʘʙʦ ʤʝʨʝʞʽ, ʽ 

ʛʝʥʝʨʫʚʘʪʠ ʪʨʠʚʦʛʫ ʚ ʨʘʟʽ ʚʠʷʚʣʝʥʥʷ ʩʧʨʦʙ ʚʪʦʨʛʥʝʥʥʷ [ɻʨʠʱʫʢ, 2014; 

ɼʫʜʠʢʝʚʠʯ, 2019; ʐʘʥʴʛʠʥ, 2019; Korobiichuk, 2019; Hryshchuk, 2019]. ʉʠʩʪʝʤʠ 

ʚʠʷʚʣʝʥʥʷ ʚʪʦʨʛʥʝʥʴ ʤʦʞʥʘ ʨʦʟʜʽʣʠʪʠ ʥʘ ʨʽʟʥʽ ʢʘʪʝʛʦʨʽʾ ʟʘʣʝʞʥʦ ʚʽʜ ʜʞʝʨʝʣʘ 

ʽʥʬʦʨʤʘʮʽʾ ʽ ʪʝʭʥʽʢʠ ʚʠʷʚʣʝʥʥʷ. 

ʐʚʠʜʢʠʡ ʨʦʟʚʠʪʦʢ ʢʦʤʧ'ʶʪʝʨʥʠʭ ʤʝʨʝʞ ʪʘ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʪʝʭʥʦʣʦʛʽʡ 

ʧʦʨʦʜʞʫʻ ʨʷʜ ʧʨʦʙʣʝʤ, ʧʦʚ'ʷʟʘʥʠʭ ʟ ʙʝʟʧʝʢʦʶ ʤʝʨʝʞʥʠʭ ʨʝʩʫʨʩʽʚ, ʷʢʽ 

ʚʠʤʘʛʘʶʪʴ ʥʦʚʠʭ ʧʽʜʭʦʜʽʚ. ʉʴʦʛʦʜʥʽ ʧʠʪʘʥʥʷ ʧʦʙʫʜʦʚʠ ʩʠʩʪʝʤ ʚʠʷʚʣʝʥʥʷ ʘʪʘʢ ʻ 

ʘʢʪʫʘʣʴʥʦʶ ʪʝʥʜʝʥʮʽʻʶ ʚ ʦʙʣʘʩʪʽ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʪʝʭʥʦʣʦʛʽʡ [Korobiichuk, 2017; 

Korobiichuk, 2018; Mikhin, 2020; ɼʦʜʦʥʦʚ, 2013; ɼʦʜʦʥʦʚ, 2014; ʉʪʘʩʶʢ, 2018]. 

ɭ ʙʘʛʘʪʦ ʨʦʙʽʪ, ʧʨʠʩʚʷʯʝʥʠʭ ʪʝʤʽ ʚʠʷʚʣʝʥʥʷ ʽ ʢʣʘʩʠʬʽʢʘʮʽʾ ʘʪʘʢ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ 

ʨʽʟʥʠʭ ʤʝʪʦʜʽʚ, ʷʢʽ ʚʢʣʶʯʘʶʪʴ ʪʨʘʜʠʮʽʡʥʽ ʧʽʜʭʦʜʠ, ʟʘʩʥʦʚʘʥʽ ʥʘ ʚʽʜʧʦʚʽʜʥʽʩʪʴ 

ʰʘʙʣʦʥʘʤʠ ʩʠʛʥʘʪʫʨ ʽ ʘʜʘʧʪʠʚʥʠʤ ʤʦʜʝʣʷʤ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʤʝʪʦʜʽʚ 

ʽʥʪʝʣʝʢʪʫʘʣʴʥʦʛʦ ʘʥʘʣʽʟʫ ʜʘʥʠʭ [Coelho, 2014; Kirichenko, 2019]. 
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5.1. ʇʦʨʽʚʥʷʥʥʷ ʥʘʙʦʨʽʚ ʜʘʥʠʭ ʜʘʪʘʩʝʪʽʚ ʪʘ ʾʭʥ ̫ʦʙʨʦʙʢʘ 

ʆʩʥʦʚʥʦʶ ʧʨʦʙʣʝʤʦʶ ʚ ʭʦʜʽ ʪʝʩʪʫʚʘʥʥ ̫ʤʦʞʣʠʚʦʩʪʝʡ ʉɺɺ ʻ ʧʦʪʨʝʙʘ ʚ 

ʨʝʧʨʝʟʝʥʪʘʪʠʚʥʦʤʫ ʩʪʘʥʜʘʨʪʥʦʤʫ ʥʘʙʦʨʽ ʜʘʥʠʭ, ʷʢʠʡ ʜʦʟʚʦʣʷʻ ʧʦʨʽʚʥʶʚʘʪʠ 

ʨʽʟʥʽ ʤʝʪʦʜʠ [Al-kasassbeh, 2016]. MIT Lincoln Lab ʚ 90-ʭ ʨʦʢʘʭ ʚʠʧʫʩʪʠʣʘ ʜʦʙʨʝ 

ʚʽʜʦʤʽ ʥʘʙʦʨʠ ʜʘʥʠʭ DARPA'98 ʽ DARPA'99. ɹʘʛʘʪʦ ʽʥʰʠʭ ʜʦʩʣʽʜʥʠʢʽʚ ʽ ʧʨʦʝʢʪʠ 

ʟ ʪʠʭ ʧʽʨ ʥʘʤʘʛʘʣʠʩʷ ʥʘʜʘʪʠ ʧʦʣʽʧʰʝʥʽ ʚʝʨʩʽʾ ʮʠʭ ʥʘʙʦʨʽʚ ʜʘʥʠʭ, ʥʘʧʨʠʢʣʘʜ, 

NSL-KDD, ʘʙʦ ʩʪʚʦʨʝʥʥʷ ʥʦʚʠʭ ʥʘʙʦʨʽʚ ʜʘʥʠʭ. ʆʜʥʘʢ ʚʩʽ ʥʘʙʦʨʠ ʜʘʥʠʭ ʤʘʶʪʴ 

ʜʝʷʢʽ ʦʙʤʝʞʝʥʥʷ, ʪʘʢʽ ʷʢ ʥʘʷʚʥʽʩʪʴ ʜʫʙʣʴʦʚʘʥʠʭ ʟʘʧʠʩʽʚ, ʥʝʟʙʘʣʘʥʩʦʚʘʥʽ ʟʨʘʟʢʠ 

ʘʪʘʢ ʽ ʥʦʨʤʘʣʴʥʠʭ ʟô̒ ʜʥʘʥʴ, ʘ ʪʘʢʦʞ ʚʣʘʩʪʠʚʽ ʦʙʤʝʞʝʥʥʷ ʜʣʷ ʨʦʟʛʣʷʜʫ 

ʩʠʥʪʝʪʠʯʥʦʛʦ ʪʨʘʬʽʢʘ, ʚʽʜʩʫʪʥʽʩʪʴ ʨʝʘʣʴʥʦʛʦ ʪʨʘʬʽʢʫ, ʦʥʦʚʣʝʥʠʭ ʩʪʨʘʪʝʛʽʡ ʘʪʘʢ, 

ʦʙʤʝʞʝʥʥʷ, ʧʦʚôʷʟʘʥʝ ʟ ʪʨʠʚʘʣʽʩʪʶ ʟʘʧʠʩʫ ʜʘʥʠʭ [Al-kasassbeh, 2016]. 

ʅʘʙʦʨʠ ʜʘʥʠʭ. 

ʈʦʟʛʣʷʜʘʪʠʤʝʤʦ ʪʽʣʴʢʠ ʪʽ ʥʘʙʦʨʠ ʜʘʥʠʭ, ʷʢʽ ʤʽʩʪʷʪʴ ʤʽʪʢʠ, ʱʦ ʚʢʘʟʫʶʪʴ, 

ʧʨʠʩʫʪʥʽ ʘʪʘʢʠ ʯʠ ʥʽ. ɯʩʥʫʶʪʴ ʽʥʰʽ ʥʝʤʘʨʢʦʚʘʥʽ ʥʘʙʦʨʠ ʜʘʥʠʭ ʪʨʘʬʽʢʘ, ʷʢʽ 

ʰʠʨʦʢʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʜʣʷ ʽʥʰʠʭ ʮʽʣʝʡ, ʥʘʧʨʠʢʣʘʜ, ʥʘʙʦʨʠ ʜʘʥʠʭ CAIDA, 

ʘʣʝ ʾʭʥ ̒ʟʘʩʪʦʩʫʚʘʥʥʷ ʚ ʦʙʣʘʩʪʽ ʦʮʽʥʢʠ ʉɺɺ ʦʙʤʝʞʝʥʦ. 

ʅʘʙʦʨʠ ʜʘʥʠʭ DARPA. ʗʢ ʟʘʟʥʘʯʘʣʦʩʷ ʨʘʥʽʰʝ, ʧʝʨʰʘ ʩʧʨʦʙʘ ʩʪʚʦʨʠʪʠ 

ʥʘʙʽʨ ʜʘʥʠʭ ʜʣʷ ʦʮʽʥʢʠ ʉɺɺ ʙʫʣʘ ʟʨʦʙʣʝʥʘ ʣʘʙʦʨʘʪʦʨʽʻʶ MIT Lincoln Lab. ʎʽ 

ʥʘʙʦʨʠ ʜʘʥʠʭ ʚʽʜʦʤʽ ʷʢ ʥʘʙʦʨʠ ʜʘʥʠʭ DARPA: DARPA'98 ʽ DARPA'99. 

DARPA'98 ʩʢʣʘʜʘʻʪʴʩʷ ʟ 4 ɻɹ ʩʪʠʩʣʠʭ ʥʝʦʙʨʦʙʣʝʥʠʭ (ʜʦʚʽʯʥʠʭ) ʜʘʥʠʭ 

tcpdump, ʷʢʽ ʦʭʦʧʣʶʶʪʴ 7 ʪʠʞʥʽʚ ʩʠʥʪʝʪʠʯʥʦʛʦ ʤʝʨʝʞʥʦʛʦ ʪʨʘʬʽʢʘ ʟ 5 ʄɹ 

ʟʘʧʠʩʽʚ ʟô̒ ʜʥʘʥʴ. ʊʝʩʪʦʚʽ ʜʘʥʽ ʚʢʣʶʯʘʶʪʴ ʚ ʩʝʙʝ ʜʚʘ ʪʠʞʥʽ ʪʨʘʬʽʢʫ ʽ ʙʣʠʟʴʢʦ 

ʜʚʦʭ ʤʽʣʴʡʦʥʽʚ ʟʘʧʠʩʽʚ ʧʨʦ ʟô̒ ʜʥʘʥʥʷ. DARPA'99 ʤʽʩʪʠʪʴ 5 ʪʠʞʥʽʚ ʬʘʡʣʽʚ 

ʤʝʨʝʞʥʦʛʦ ʪʨʘʬʽʢʘ tcpdump, ʚʠʷʚʣʝʥʠʭ ʚ ʜʚʦʭ ʨʽʟʥʠʭ ʪʦʯʢʘʭ ʩʠʥʪʝʪʠʯʥʦʾ ʤʝʨʝʞʽ 

(ʦʜʥʘ ʚʩʝʨʝʜʠʥʽ ʤʝʨʝʞʽ, ʘ ʽʥʰʘ ʟʦʚʥʽ). ɼʘʥʽ ʘʫʜʠʪʫ ʥʘ ʦʩʥʦʚʽ ʭʦʩʪʘ ʪʘʢʦʞ 

ʟʙʠʨʘʶʪʴʩʷ ʟ ʯʦʪʠʨʴʦʭ ʩʠʩʪʝʤ-ʞʝʨʪʚ. 
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ʅʘʙʽʨ ʜʘʥʠʭ KDDCup'99. ʎʝʡ ʥʘʙʽʨ ʜʘʥʠʭ ʙʫʚ ʧʽʜʛʦʪʦʚʣʝʥʠʡ [Stolfo, 

1998; Al -kasassbeh, 2016] ʜʣʷ ʢʦʥʢʫʨʩʫ KDD'99. ɺʽʥ ʧʦʙʫʜʦʚʘʥʠʡ ʥʘ ʦʩʥʦʚʽ 

ʥʘʙʦʨʫ ʜʘʥʠʭ DARPA'98 ʽ ʩʢʣʘʜʘʻʪʴʩʷ ʟ 4,9 ʤʣʥ. ʦʜʠʥʦʯʥʠʭ ʚʝʢʪʦʨʽʚ 

ʧʽʜʢʣʶʯʝʥʥʷ, ʢʦʞʝʥ ʟ ʷʢʠʭ ʤʘʻ 41 ʬʫʥʢʮʽʦʥʘʣʴʥʽʩʪʴ, ʧʦʟʥʘʯʝʥʫ ʷʢ ʥʦʨʤʘʣʴʥʘ 

ʘʙʦ ʘʪʘʢʫʶʯʘ ʟ ʦʜʥʽʻ ʁʟ ʪʘʢʠʭ ʢʘʪʝʛʦʨʽʡ: DoS, root-ʢʦʨʠʩʪʫʚʘʯ (U2R), ʫʜʘʣʝʥʠʡ 

(ʣʦʢʘʣʴʥʠʡ) (R2L) ʽ ʟʦʥʜʫʚʘʥʥʷ ʘʪʘʢʠ. ɯʩʥʫʻ 24 ʪʠʧʠ ʪʨʝʥʫʚʘʣʴʥʠʭ ʘʪʘʢ ʟ 

ʜʦʜʘʪʢʦʚʠʤ ʥʘʙʦʨʦʤ ʟ 14 ʨʽʟʥʠʭ ʘʪʘʢ, ʷʢʽ ʚʽʜʦʙʨʘʞʘʶʪʴʩʷ ʪʽʣʴʢʠ ʚ ʜʘʥʠʭ ʪʝʩʪʫ. 

ʆʩʦʙʣʠʚʦʩʪʽ, ʚʠʜʽʣʝʥʽ [Stolfo, 1998], ʙʫʣʠ ʦʪʨʠʤʘʥʽ ʷʢ ʢʽʣʴʢʘ ʢʣʘʩʽʚ: ʘ) ʦʩʥʦʚʥʽ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ TCP-ʟô̒ ʜʥʘʥʴ (ʥʘʧʨʠʢʣʘʜ, ʪʨʠʚʘʣʽʩʪʴ, # ʙʘʡʪʠ, ʧʨʘʧʦʨʮ ̔ TCP, 

ʥʦʤʝʨ ʧʦʨʪʫ ʽ ʪ.ʽʥ.); ʙ) ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʪʨʘʬʽʢʫ, ʦʪʨʠʤʘʥʽ ʟ ʢʦʚʟʘʶʯʦʛʦ ʚʽʢʥʘ 

ʯʘʩʫ ʜʦʚʞʠʥʦʶ ʜʚʽ ʩʝʢʫʥʜʠ, ʽ ʚʨʘʭʦʚʫʶʪʴ ʟô̒ ʜʥʘʥʥʷ, ʩʧʨʷʤʦʚʘʥʽ ʥʘ ʦʜʠʥ ʽ ʪʦʡ 

ʩʘʤʠʡ ʭʦʩʪ ʘʙʦ ʪʫ ʩʘʤʫ ʧʦʩʣʫʛʫ (ʥʘʧʨʠʢʣʘʜ, # ʟô̒ ʜʥʘʥʥʷ ʜʦ ʪʦʛʦ ʩʘʤʦʛʦ ʭʦʩʪʫ, 

ʱʦ ʽ ʧʦʪʦʯʥʝ ʟô̒ ʜʥʘʥʥʷ ʚ ʦʩʪʘʥʥʽ ʜʚʽ ʩʝʢʫʥʜʠ); ʚ) ʦʩʦʙʣʠʚʦʩʪʽ ʢʦʥʪʝʥʪʫ, 

ʚʠʪʷʛʥʫʪʽ ʟ ʽʥʬʦʨʤʘʮʽʾ ʢʦʨʠʩʥʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ, ʥʘʧʨʠʢʣʘʜ, ʢʽʣʴʢʽʩʪʴ ʥʝʚʜʘʣʠʭ 

ʩʧʨʦʙ ʚʭʦʜʫ ʚ ʩʠʩʪʝʤʫ. 

ʇʦʢʨʘʱʝʥʥʷ ʚ ʥʘʙʦʨʘʭ ʜʘʥʠʭ DARPA. McHugh ʪʘ ʡʦʛʦ ʢʦʣʝʛʠ ʧʨʦʚʝʣʠ 

ʚʝʣʠʢʠʡ ʘʥʘʣʽʟ ʥʘʙʦʨʽʚ ʜʘʥʠʭ DARPA, ʟʨʦʙʠʚʰʠ ʚʠʩʥʦʚʦʢ, ʱʦ ʜʘʥʽ ʧʨʦ ʪʨʘʬʽʢ 

ʥʝ ʤʘʶʪʴ ʩʪʘʪʠʩʪʠʯʥʠʭ ʜʦʢʘʟʽʚ ʧʦʜʽʙʥʦʩʪʽ ʟ ʪʠʧʦʚʠʤ ʤʝʨʝʞʥʠʤ ʪʨʘʬʽʢʦʤ ɺɺʉ, 

ʥʠʟʴʢʠʤʠ ʰʚʠʜʢʦʩʪʷʤʠ ʪʨʘʬʽʢʘ, ʚʽʜʥʦʩʥʦ ʨʽʚʥʦʤʽʨʥʠʤ ʨʦʟʧʦʜʽʣʦʤ ʯʦʪʠʨʴʦʭ 

ʦʩʥʦʚʥʠʭ ʢʘʪʝʛʦʨʽʡ ʘʪʘʢ, ʩʧʦʪʚʦʨʝʥʠʭ ʨʦʟʧʦʜʽʣʦʤ ʭʦʩʪʽʚ-ʞʝʨʪʚ ʽ ʪʦʧʦʣʦʛʽʻʶ 

ʧʣʦʩʢʦʶ ʤʝʨʝʞʽ. 

ɸʚʪʦʨʠ ʨʦʙʦʪʠ [Al -kasassbeh, 2016] ʟʘʷʚʠʣʠ, ʱʦ ʥʘʙʽʨ ʜʘʥʠʭ DARPA'99 

ʩʪʘʥʦʚʠʪʴ ʩʪʘʪʠʩʪʠʯʥʽ ʧʨʦʙʣʝʤʠ, ʪʦʙʪʦ ʚʦʥʠ ʚʠʷʚʠʣʠ ʥʘʷʚʥʽʩʪʴ ʘʨʪʝʬʘʢʪʽʚ, ʷʢʽ 

ʤʦʞʫʪʴ ʜʦʟʚʦʣʠʪʠ ʩʠʩʪʝʤʽ ʚʠʷʚʣʝʥʥʷ ʤʝʨʝʞʥʠʭ ʘʥʦʤʘʣʽʡ ʚʠʷʚʣʷʪʠ ʜʝʷʢʽ ʥʦʚʽ 

ʚʪʦʨʛʥʝʥʥʷ, ʟʘʩʥʦʚʘʥʽ ʥʘ ʽʜʽʦʩʠʥʢʨʘʟʽ ʾʙʘʟʦʚʦʾ ʨʝʘʣʽʟʘʮʽʾ ʤʦʜʝʣʶʚʘʥʥʷ, ʟ ʰʪʫʯʥʦ 

ʥʠʟʴʢʠʤ ʭʠʙʥʠʤ ʨʽʚʥʝʤ ʪʨʠʚʦʛʠ. ʅʘ ʦʩʥʦʚʽ ʮʠʭ ʜʦʩʣʽʜʞʝʥʴ ʩʪʚʦʨʝʥʦ ʥʘʙʽʨ 

ʜʘʥʠʭ NSL-KDD [¥zg¿r, 2016]. ɿ ʚʠʭʽʜʥʦʛʦ ʥʘʙʦʨʫ ʜʘʥʠʭ ʚʦʥʠ ʚʠʢʣʶʯʠʣʠ 

ʚʝʣʠʯʝʟʥʫ ʢʽʣʴʢʽʩʪʴ ʥʘʜʣʠʰʢʦʚʠʭ ʟʘʧʠʩʽʚ, ʧʨʠʩʫʪʥʽʭ ʫ ʚʠʭʽʜʥʠʭ ʜʘʥʠʭ, ʽ 
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ʟʘʩʪʦʩʫʚʘʣʠ ʤʝʪʦʜʦʣʦʛʽʶ ʜʣʷ ʧʽʜʚʠʱʝʥʥʷ ʨʽʚʥʷ ʩʢʣʘʜʥʦʩʪʽ ʟʘʧʠʩʽʚ ʫ ʥʘʙʦʨʽ 

ʜʘʥʠʭ. ɯʥʰʽ ʘʚʪʦʨʠ ʪʘʢʦʞ ʟʘʧʨʦʧʦʥʫʚʘʣʠ ʜʦʜʘʪʢʦʚʽ ʨʦʟʰʠʨʝʥʥʷ, ʜʝ ʥʘʙʽʨ ʜʘʥʠʭ 

gureKDDCup ʙʫʚ ʧʦʙʫʜʦʚʘʥʠʡ ʷʢ ʨʦʟʰʠʨʝʥʥʷ KDDCup '99, ʚ ʷʢʦʤʫ ʽʥʬʦʨʤʘʮʽʷ 

ʧʨʦ ʟô̒ ʜʥʘʥʥʷ, ʧʦʚô̫ ʟʘʥ ̔ ʟ ʢʦʨʠʩʥʠʤ ʥʘʚʘʥʪʘʞʝʥʥʷʤ, ʙʫʣʘ ʦʙʨʦʙʣʝʥʘ ʟ 

DARPA'98 ʽ ʚʢʣʶʯʝʥʘ ʚ ʥʘʙʽʨ ʜʘʥʠʭ [¥zg¿r, 2016]. 

ʍʦʯʘ ʙʘʛʘʪʦ ʧʦʪʦʯʥʠʭ ʜʦʩʣʽʜʞʝʥ ɹʚ ʦʙʣʘʩʪʽ ʉɺɺ ʚʩʝ ʱʝ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ 

ʮʽ ʮʠʪʦʚʘʥʽ ʥʘʙʦʨʠ ʝʪʘʣʦʥʥʠʭ ʜʘʥʠʭ, ʯʝʨʝʟ ʢʨʠʪʠʢʽʚ ʽ ʚʞʝ ʟʛʘʜʘʥ ̔ʧʨʦʙʣʝʤʠ, 

ʙʘʛʘʪʦ ʽʥʰʠʭ ʜʦʩʣʽʜʥʠʢʽʚ ʩʪʚʦʨʠʣʠ ʥʦʚʽ ʦʥʦʚʣʝʥʽ ʥʘʙʦʨʠ ʜʘʥʠʭ. ʆʩʥʦʚʥʠʤʠ 

ʤʦʪʠʚʘʤʠ ʚ ʮʠʭ ʥʘʙʦʨʘʭ ʜʘʥʠʭ ʻ ʘʙʦ ʥʘʜʘʥʥʷ ʨʽʟʥʠʭ ʪʠʧʽʚ ʜʘʥʠʭ, ʥʘʧʨʠʢʣʘʜ, 

ʜʘʥʽ, ʱʦ ʥʘʣʝʞʘʪʴ ʜʦ ʙʽʣʴʰ ʦʥʦʚʣʝʥʠʭ ʟʘʛʨʦʟ, ʪʘʢʠʤ ʷʢ ʙʦʪ-ʤʝʨʝʞʽ, ʘʙʦ ʜʦ ʟʙʦʨʫ 

ʪʨʘʬʽʢʘ, ʷʢʠʡ ʙʽʣʴʰ ʨʝʘʣʽʩʪʠʯʥʠʡ ʚ ʩʫʯʘʩʥʠʭ ʤʝʨʝʞʘʭ, ʫ ʨʘʤʢʘʭ ʛʽʧʦʪʝʟʠ ʧʨʦ ʪʝ, 

ʱʦ ʬʫʥʢʮʽʾ ʪʨʘʬʽʢʘ ʚ ʧʦʪʦʯʥʦʤʫ ɯʥʪʝʨʥʝʪʽ ʝʚʦʣʶʮʽʦʥʫʚʘʣʠ ʟ ʯʘʩʽʚ ʟʙʦʨʫ ʥʘʙʦʨʽʚ 

ʜʘʥʠʭ DARPA. 

ɼʝʷʢʽ ʥʘʙʦʨʠ ʜʘʥʠʭ ʩʪʚʦʨʝʥʽ ʧʨʦʪʷʛʦʤ ʦʩʪʘʥʥʽʭ ʨʦʢʽʚ, ʫ ʭʨʦʥʦʣʦʛʽʯʥʦʤʫ 

ʧʦʨʷʜʢʫ ʥʘʚʝʜʝʥʦ ʥʠʞʯʝ. 

ʉʧʝʨʦʪʪʦ. ʇʦʪʦʯʥʠʡ ʥʘʙʽʨ ʜʘʥʠʭ 2008 ʨʦʢʫ ʙʫʚ ʩʪʚʦʨʝʥʠʡ [Sperotto, 

2008]. ʅʘʙʽʨ ʜʘʥʠʭ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʧʦʟʥʘʯʝʥʦʛʦ ʥʝʩʠʥʪʝʪʠʯʥʦʛʦ ʪʨʘʬʽʢʘ. ʁʦʛʦ 

ʦʩʥʦʚʥʝ ʦʙʤʝʞʝʥʥʷ ʚ ʪʦʤʫ, ʱʦ ʦʙʩʷʛ ʟʽʙʨʘʥʦʛʦ ʪʨʘʬʽʢʘ ʟʤʝʥʰʫʻʪʴʩʷ, ʘ 

ʪʦʧʦʣʦʛʽʷ ʜʫʞʝ ʩʧʨʦʱʝʥʘ, ʚ ʦʩʥʦʚʥʦʤʫ ʯʝʨʝʟ ʪʝ, ʱʦ ʟ ʧʨʠʯʠʥ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ 

ʚʦʥʠ ʢʦʥʪʨʦʣʶʶʪʴ ʦʜʠʥ ʭʦʩʪ (honeypot), ʧʽʜʢʣʶʯʝʥʠʡ ʜʦ ʤʝʨʝʞʽ ʫʥʽʚʝʨʩʠʪʝʪʫ. 

ɸʚʪʦʨʠ ʩʪʚʝʨʜʞʫʶʪʴ, ʱʦ ʨʦʟʤʽʨʫ ʥʘʙʦʨʫ ʜʦʩʪʘʪʥʴʦ, ʘʣʝ ʚʽʥ ʪʨʠʚʘʻ ʚʩʴʦʛʦ ʰʽʩʪʴ 

ʜʥʽʚ, ʱʦ ʥʝ ʜʦʟʚʦʣʷʻ ʪʝʩʪʫʚʘʪʠ ʘʣʛʦʨʠʪʤʠ, ʟʘʩʥʦʚʘʥʽ ʥʘ ʜʦʙʦʚʠʭ ʽ ʪʠʞʥʝʚʠʭ 

ʩʭʝʤʘʭ ʟʤʽʥʠ ʪʨʘʬʽʢʘ. ʄʘʨʢʫʚʘʥʥʷ ʚ ʮʴʦʤʫ ʥʘʙʦʨʽ ʜʘʥʠʭ ʚʠʢʦʥʫʻʪʴʩʷ ʥʘ ʦʩʥʦʚʽ 

ʞʫʨʥʘʣʽʚ ʟ ʩʠʩʪʝʤʠ honeypot, ʱʦ ʨʦʙʠʪʴ ʡʦʛʦ ʟʘʣʝʞʥʠʤ ʚʽʜ ʢʦʥʬʽʛʫʨʘʮʽʾ 

ʩʠʩʪʝʤʠ ʚʠʷʚʣʝʥʥʷ ʪʘ ʦʙʨʦʙʢʠ ʞʫʨʥʘʣʽʚ. ʅʘʙʽʨ ʜʘʥʠʭ ʜʦʩʪʫʧʥʠʡ ʪʽʣʴʢʠ ʥʘ 

ʚʠʤʦʛʫ ʧʦʰʪʦʶ ʘʚʪʦʨʘʤ. 

ʅʘʙʽʨ ʜʘʥʠʭ ʨʦʙʦʯʦʾ ʣʘʙʦʨʘʪʦʨʽʾ MAWI. ʎʝʡ ʥʘʙʽʨ ʜʘʥʠʭ [Al-

kasassbeh, 2016] ʙʫʣʦ ʜʦʜʘʥʦ ʟ 2010 ʨʦʢʫ ʢ̫ ʤʘʨʢʦʚʘʥʘ ʚʝʨʩʽ ̫ʘʨʭʽʚʥʦʛʦ ʟʨʘʟʢʘ 
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MAWI (ʚʠʤʽʨʶʚʘʥʥʷ ʪʘ ʘʥʘʣʽʟ ʚ ɯʥʪʝʨʥʝʪʽ) ʜʣʷ ʚʫʟʣʽʚ ʤʝʨʝʞ.̔ ʋ ʘʨʭʽʚʽ ʤʽʩʪʷʪʴʩʷ 

ʱʦʜʝʥʥʽ ʪʨʘʩʫʚʘʥʥʷ tcpdump ʧʨʦʪʷʛʦʤ 15 ʭʚʠʣʠʥ, ʦʪʨʠʤʘʥʽ ʟʽ ʟô̒ ʜʥʘʥʥ ̫ʤʽʞ 

ʗʧʦʥʽʻʶ ʽ ʉʧʦʣʫʯʝʥʠʤʠ ʐʪʘʪʘʤʠ. ʍʦʯʘ ʘʨʭʽʚ ʤʽʩʪʠʪʴ ʪʨʘʬʽʢ ʟ 2001 ʨʦʢʫ, 

ʧʦʟʥʘʯʝʥʠʡ ʪʽʣʴʢʠ ʪʨʘʬʽʢ ʟ 2007 ʨʦʢʫ. ʄʽʪʢʠ ʛʝʥʝʨʫʶʪʴʩʷ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ 

ʢʦʤʙʽʥʘʮʽʾ ʜʝʢʽʣʴʢʦʭ ʢʣʘʩʠʬʽʢʘʪʦʨʽʚ ʚʠʷʚʣʝʥʥʷ ʘʥʦʤʘʣʽʡ. ʎʝʡ ʥʘʙʽʨ ʜʘʥʠʭ 

ʜʽʡʩʥʦ ʚʝʣʠʢʠʡ ʽ ʜʦʟʚʦʣʷʻ ʧʨʦʚʦʜʠʪʠ ʘʥʘʣʽʟ ʧʨʦʪʷʛʦʤ ʜʫʞʝ ʪʨʠʚʘʣʦʛʦ ʧʝʨʽʦʜʫ. 

ʆʩʥʦʚʥʠʤ ʦʙʤʝʞʝʥʥʷʤ ʻ ʪʝ, ʱʦ ʪʨʘʩʫʚʘʥʥʷ ʚʠʭʦʜʠʪʴ ʪʽʣʴʢʠ ʧʨʦʪʷʛʦʤ 15-

ʭʚʠʣʠʥʥʦʛʦ ʧʝʨʽʦʜʫ ʚ ʜʝʥʴ. ʂʨʽʤ ʪʦʛʦ, ʤʘʨʢʫʚʘʥʥʷ ʟʘʣʝʞʠʪʴ ʚʽʜ ʢʣʘʩʠʬʽʢʘʪʦʨʽʚ, 

ʷʢʽ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠʩʷ ʚ ʧʨʦʮʝʩʽ, ʽ ʚʽʜ ʾʭʴʦʾ ʛʝʥʝʨʘʮʽʾ ʧʦʤʠʣʢʦʚʠʭ 

ʩʧʨʘʮʴʦʚʫʚʘʥʴ. 

UNB ISCX 2012. ʎʝʡ ʥʘʙʽʨ ʜʘʥʠʭ ʙʫʚ ʩʪʚʦʨʝʥʠʡ Shiravi ʪʘ ʡʦʛʦ 

ʢʦʣʝʛʘʤʠ. ʅʘʡʙʽʣʴʰ ʟʥʘʯʫʱʠʤ ʚʥʝʩʢʦʤ ʮʽʻʾ ʨʦʙʦʪʠ ʻ ʚʠʢʦʨʠʩʪʘʥʥʷ ʧʨʦʬʽʣʽʚ ʜʣʷ 

ʛʝʥʝʨʘʮʽʾ ʪʨʘʬʽʢʫ. ɸʚʪʦʨʠ ʚʠʟʥʘʯʘʶʪʴ ʧʨʦʬʽʣʽ ʜʣʷ ʪʨʘʬʽʢʘ ʘʪʘʢʠ ʽ ʧʨʦʬʽʣʽ ʜʣʷ 

ʬʦʥʦʚʦʛʦ ʪʨʘʬʽʢʫ. ɺʦʥʠ ʨʝʘʣʽʟʫʶʪʴ ʩʚʦʶ ʧʨʦʧʦʟʠʮʽʶ ʚ ʤʝʨʝʞʽ ʟ 17 ʩʪʘʥʮʽʷʤʠ 

Windows XP ʽ ʦʜʥʠʤ ʢʦʤʧôʁ ʪʝʨʦʤ ʟ Windows 7, ʟʙʠʨʘʶʯʠ ʜʘʥʽ ʧʨʦʪʷʛʦʤ 7 ʜʥʽʚ. 

ʉʴʦʛʦʜʥʽ ʦʩʥʦʚʥʠʤʠ ʥʝʜʦʣʽʢʘʤʠ ʮʴʦʛʦ ʥʘʙʦʨʫ ʜʘʥʠʭ ʻ ʡʦʛʦ ʪʨʠʚʘʣʽʩʪʴ, 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʷʢʠʭʦʩʴ ʩʪʘʨʠʭ ʦʧʝʨʘʮʽʡʥʠʭ ʩʠʩʪʝʤ (Windows XP) ʽ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʩʠʥʪʝʪʠʯʥʦʛʦ ʪʨʘʬʽʢʘ. 

CTU-13. ʎʝʡ ʥʘʙʽʨ ʜʘʥʠʭ ʩʢʣʘʜʘʻʪʴʩʷ ʟ 13 ʨʽʟʥʠʭ ʟʘʭʦʧʣʝʥʴ ʰʢʽʜʣʠʚʠʭ 

ʧʨʦʛʨʘʤ ʫ ʨʝʘʣʴʥʦʤʫ ʤʝʨʝʞʥʦʤʫ ʩʝʨʝʜʦʚʠʱʽ, ʚʢʣʶʯʘʶʯʠ ʧʦʟʥʘʯʝʥʠʡ ʙʦʪʥʝʪ, 

ʟʚʠʯʘʡʥʠʡ ʽ ʬʦʥʦʚʠʡ ʪʨʘʬʽʢ, ʜʝ ʬʦʥ ʦʟʥʘʯʘʻ, ʱʦ ʘʚʪʦʨʠ ʥʝ ʤʦʞʫʪʴ ʚ ʜʽʡʩʥʦʩʪʽ 

ʚʠʟʥʘʯʠʪʠ, ʯʠ ʻ ʚʽʥ ʰʢʽʜʣʠʚʠʤ ʯʠ ʥʽ. ʑʦʜʦ ʚʠʜʫ ʥʘʜʘʥʦʾ ʽʥʬʦʨʤʘʮʽʾ, ʪʨʘʩʫʚʘʥʥʷ 

ʧʦʪʦʢʫ ʜʦʩʪʫʧʥʽ ʚ ʜʝʢʽʣʴʢʦʭ ʬʦʨʤʘʪʘʭ. ɿ ʤʽʨʢʫʚʘʥʴ ʢʦʥʬʽʜʝʥʮʽʡʥʦʩʪʽ ʬʘʡʣʠ 

pcap ʧʨʦʧʦʥʫʶʪʴʩʷ ʪʽʣʴʢʠ ʚ ʪʦʤʫ ʚʠʧʘʜʢʫ, ʷʢʱʦ ʽʥʬʦʨʤʘʮʽʷ ʧʨʦ ʤʝʨʝʞʫ 

ʚʽʜʩʫʪʥʷ, ʥʘʧʨʠʢʣʘʜ, ʦʜʠʥ ʭʦʩʪ ʟ ʩʠʥʪʝʪʠʯʥʠʤ ʪʨʘʬʽʢʦʤ. ɯʩʥʫʻ ʙʘʛʘʪʦ ʨʽʟʥʠʭ 

ʢʦʨʦʪʢʦʯʘʩʥʠʭ ʟʘʭʦʧʣʝʥʴ, ʷʢʽ ʦʭʦʧʣʶʶʪʴ ʧʝʨʽʦʜ ʟ 2013 ʧʦ 2016 ʨʽʢ, ʭʦʯʘ ʻʜʠʥʠʡ 

ʥʘʙʽʨ ʜʘʥʠʭ, ʷʢʠʡ ʜʦʙʨʝ ʜʦʢʫʤʝʥʪʦʚʘʥʠʡ, ʚʽʜʧʦʚʽʜʘʻ 2013 ʨʦʢʫ. ʆʩʥʦʚʥʝ 

ʦʙʤʝʞʝʥʥʷ ʧʦʣʷʛʘʻ ʚ ʢʦʨʦʪʢʽʡ ʪʨʠʚʘʣʦʩʪʽ ʪʨʘʬʽʢʫ, ʱʦ ʧʝʨʝʰʢʦʜʞʘʻ ʧʦʙʫʜʦʚʽ 
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ʤʦʜʝʣʝʡ, ʷʷʢʽ ʚʨʘʭʦʚʫʶʪʴ ʮʠʢʣʦʩʪʘʮʽʦʥʘʨʥʫ ʝʚʦʣʶʮʽʶ. ɯʥʰʝ ʦʙʤʝʞʝʥʥʷ 

ʩʪʦʩʫʻʪʴʩʷ ʬʦʥʦʚʦʛʦ ʪʨʘʬʽʢʘ. ɸʚʪʦʨʠ ʢʘʞʫʪʴ, ʱʦ ʚʽʥ ʦʪʨʠʤʘʥʠʡ ʟ 

ʫʥʽʚʝʨʩʠʪʝʪʩʴʢʦʛʦ ʨʦʫʪʝʨʘ, ʘʣʝ ʥʽʷʢʠʭ ʧʦʜʨʦʙʠʮʴ ʱʦʜʦ ʪʦʧʦʣʦʛʽʾ ʘʙʦ ʧʦʩʣʫʛʠ 

ʥʘʜʘʥʦ ʥʝ ʙʫʣʦ. ʑʦ ʩʪʦʩʫʻʪʴʩʷ ʪʨʘʬʽʢʫ ʘʪʘʢʠ, ʮʝʡ ʥʘʙʽʨ ʜʘʥʠʭ ʦʨʽʻʥʪʦʚʘʥʠʡ ʥʘ 

ʧʦʚʝʜʽʥʢʫ 13 ʩʮʝʥʘʨʽʾʚ ʙʦʪʥʝʪʽʚ, ʜʝ ʰʢʽʜʣʠʚʽ ʧʨʦʛʨʘʤʠ ʟʥʘʭʦʜʷʪʴʩʷ ʥʘ 

ʢʦʤʧôʁ ʪʝʨʘʭ ʟ Windows XP. ʅʝʟʚʘʞʘʶʯʠ ʥʘ ʮʽ ʧʨʦʙʣʝʤʠ, ʮʝʡ ʥʘʙʽʨ ʜʘʥʠʭ ʻ 

ʜʽʡʩʥʦ ʛʘʨʥʠʤ ʜʣʷ ʟʘʭʦʧʣʝʥʥʷ ʨʝʘʣʴʥʦʛʦ ʪʨʘʬʽʢʘ, ʭʦʯʘ ʡʦʛʦ ʟʘʩʪʦʩʫʚʘʥʥʷ 

ʟʚʫʞʫʻʪʴʩʷ ʜʦ ʚʠʟʥʘʯʝʥʥʷ ʧʦʚʝʜʽʥʢʠ ʙʦʪʥʝʪʫ. 

ADFA-LD12 (2013). ɺ ʮʴʦʤʫ ʥʘʙʦʨ̔ ʜʘʥʠʭ ʦʩʥʦʚʥʘ ʫʚʘʛʘ ʧʨʠʜʽʣʷʻʪʴʩʷ 

ʩʠʩʪʝʤ ̔ ʚʠʷʚʣʝʥʥʷ ʚʪʦʨʛʥʝʥʴ ʭʦʩʪʘ (Hʉɺɺ). ʂʽʣʴʢʘ ʘʪʘʢ ʨʦʙʣʷʪʴʩʷ ʥʘ 

ʢʦʤʧôʁ ʪʝʨ ʟ ʆʉ Linux (Ubuntu 11.04), ʥʘʧʨʠʢʣʘʜ, ʟʣʦʤ ʧʘʨʦʣʽʚ ʱʦʜʦ FTP ʽ SSH, 

ʘʪʘʢ ʥʘ ʩʪʦʨʦʥʽ ʢʣʽʻʥʪʘ, ʢʦʨʠʩʥʠʭ ʥʘʚʘʥʪʘʞʝʥʴ ʥʘ ʦʩʥʦʚʽ Java, ʘʪʘʢ ʥʘ php RFI ʽ 

ʪ.̔ʥ. ʂʨʽʤ ʪʦʛʦ, ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʩʫʯʘʩʥʽ ʤʝʪʦʜʠʢʠ ʟʣʦʤʫ, ʚ ʪʦʤʫ ʯʠʩʣʽ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʪʘʢʠʭ ʩʝʨʝʜʦʚʠʱ ʘʪʘʢ, ʷʢ Metasploit. ʊʨʘʬʽʢ ʟʙʠʨʘʪ̒ʴʩʷ ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʽʥʩʪʨʫʤʝʥʪʫ ʘʫʜʠʪʫ Unix. ʆʩʥʦʚʥʘ ʧʨʦʙʣʝʤʘ ʟ ʮʠʤ ʥʘʙʦʨʦʤ ʜʘʥʠʭ 

ʧʦʚô̫ ʟʘʥʘ ʟ ʥʦʨʤʘʣʴʥʦʶ ʧʦʚʝʜʽʥʢʦʶ. ʊʫʪ ʨʦʟʛʣʷʜʘʻʪʴʩʷ ʪʽʣʴʢʠ ʦʜʠʥ ʢʦʤʧôʁ ʪʝʨ 

(ʟ ʆʉ Linux), ʽ ʚʟʘʛʘʣʽ ʥʝʤʘʻ ʦʧʠʩʫ ʚʩʪʘʥʦʚʣʝʥʠʭ ʩʣʫʞʙ ʽ ʧʨʦʛʨʘʤʥʦʛʦ 

ʟʘʙʝʟʧʝʯʝʥʥʷ. ʊʘʢʠʤ ʯʠʥʦʤ, ʥʝʤʦʞʣʠʚʦ ʚʟʷʪʠ ʡʦʛʦ ʟʘ ʦʩʥʦʚʫ, ʱʦʙ ʫʟʘʛʘʣʴʥʠʪʠ 

ʧʦʚʝʜʽʥʢʫ ʽʥʰʠʭ ʤʘʰʠʥ ʚ ɯʥʪʝʨʥʝʪʽ. 

UNSW-NB15. ɸʚʪʦʨʠ ʮʴʦʛʦ ʥʘʙʦʨʫ ʜʘʥʠʭ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠ ʽʥʩʪʨʫʤʝʥʪ 

ʘʚʪʦʤʘʪʠʯʥʦʾ ʛʝʥʝʨʘʮʽʾ ʘʪʘʢ ʧʽʜ ʥʘʟʚʦʶ IXIA PerfectStorm ʜʣʷ ʨʝʘʣʽʟʘʮʽʾ ʜʝʚô̫ ʪʠ 

ʪʠʧʽʚ ʨʝʘʣʴʥʠʭ ʽ ʦʥʦʚʣʝʥʠʭ ʘʪʘʢ ʥʘ ʢʽʣʴʢʘ ʩʝʨʚʝʨʽʚ. ɺʦʥʠ ʟʽʙʨʘʣʠ tcpdump ʜʘʥʽ 

ʤʝʨʝʞʥʦʛʦ ʪʨʘʬʽʢʫ, ʟʘʛʘʣʴʥʦʶ ʪʨʠʚʘʣʽʩʪʶ 31 ʛʦʜʠʥʫ ʥʘ ʧʦʯʘʪʢʫ 2015 ʨʦʢʫ (2M 

ʧʦʪʦʢʽʚ). ɿ ʮʠʭ ʜʘʥʠʭ ʙʫʚ ʧʦʙʫʜʦʚʘʥʠʡ ʥʘʙʽʨ ʜʘʥʠʭ ʟ 49 ʦʙô̒ ʢʪʽʚ ʜʣʷ ʢʦʞʥʦʛʦ 

ʧʦʪʦʢʫ. ʆʩʥʦʚʥʘ ʧʨʦʙʣʝʤʘ ʟ ʮʠʤ ʥʘʙʦʨʦʤ ʜʘʥʠʭ ï ʩʠʥʪʝʪʠʯʥʘ ʛʝʥʝʨʘʮʽʷ ʪʨʘʬʽʢʘ, 

ʷʢʘ ʧʦʚô̫ ʟʘʥʘ ʟ ʪʝʦʨʝʪʠʯʥʦ ,ʁ ʘ ʥʝ ʟ ʨʝʘʣʽʩʪʠʯʥʦʶ ʧʦʚʝʜʽʥʢʦʶ ʚ ɯʥʪʝʨʥʝʪʽ. 

ʅʘʙʦʨʠ ʜʘʥʠʭ ʜʣʷ ʢʦʥʢʨʝʪʥʦʛʦ ʜʦʜʘʪʢʘ.  
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UGRô16 [UGR, 2016]. ɼʣ̫ ʥʘʙʦʨʫ ʜʘʥʠʭ, ʟ ʷʢʠʤ ʧʨʘʮʶʻʰ,ɹ ʦʩʦʙʣʠʚʦ 

ʚʘʞʣʠʚʦ ʤʘʪʠ ʷʢ ʨʝʘʣʽʩʪʠʯʥʠʡ ʬʦʥ, ʪʘʢ ʽ ʪʨʘʬʽʢ ʘʪʘʢʠ. ʊʨʠʚʘʣʽʩʪʴ ʥʘʙʦʨʫ ʜʘʥʠʭ 

ʜʦʩʪʘʪʥʷ ʜʣʷ ʥʘʚʯʘʥʥʷ ʤʦʜʝʣʝʡ, ʱʦ ʚʨʘʭʦʚʫʶʪʴ ʥʝʩʪʘʮʽʦʥʘʨʥʽ ʧʝʨʽʦʜʠ. ɼʣʷ 

ʜʦʪʨʠʤʘʥʥʷ ʚʠʤʦʛ ʢʦʥʬʽʜʝʥʮʽʡʥʦʩʪʽ ʜʘʥʽ ʥʘʜʘʶʪʴʩʷ ʚ ʘʥʦʥʽʤʥʦʤʫ ʬʦʨʤʘʪʽ. 

ɺʠʤʦʛʠ ʜʦ ʥʘʙʦʨʽʚ ʜʘʥʠʭ ʜʣʷ ʦʮʽʥʢʠ ʉɺɺ. 

ʆʩʥʦʚʥʽ ʥʘʙʦʨʠ ʜʘʥʠʭ ʙʫʣʠ ʧʨʦʘʥʘʣʽʟʦʚʘʥ ̔ʚ ʨʦʙʦʪʘʭ [Al-kasassbeh, 2016; 

¥zg¿r, 2016; ɼʫʜʠʢʝʚʠʯ, 2012] ʽ ʚʠʟʥʘʯʝʥʽ ʥʘʙʦʨʠ ʙʘʞʘʥʠʭ ʦʩʦʙʣʠʚʦʩʪʝʡ ʜʣʷ 

ʽʜʝʘʣʴʥʦʛʦ ʥʘʙʦʨʫ ʜʘʥʠʭ ʜʣʷ ʦʮʽʥʢʠ ʉɺɺ. ʊʘʢʠʤ ʯʠʥʦʤ ʽʩʥʫʶʪʴ ʪʘʢʽ ʚʠʤʦʛʠ: 

1. ʆʟʥʘʢʠ: ʥʘʙʦʨʠ ʜʘʥʠʭ ʤʦʞʫʪʴ ʚʢʣʶʯʘʪʠ ʚ ʩʝʙʝ ʤʝʨʝʞʥʽ ʽ / ʘʙʦ ʭʦʩʪ-

ʬʫʥʢʮʽʾ. ʄʝʨʝʞʥʽ ʬʫʥʢʮʽʾ ʟʘʟʚʠʯʘʡ ʧʽʜʩʫʤʦʚʫʶʪʴʩʷ ʜʣʷ ʢʦʞʥʦʛʦ ʧʦʪʦʢʫ ʽ 

ʚʢʣʶʯʘʶʪʴ ʪʘʢʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ, ʷʢ ʪʨʠʚʘʣʽʩʪʴ ʧʦʪʦʢʫ, ʯʘʩʦʚʽ ʤʽʪʢʠ, ʢʽʣʴʢʽʩʪʴ 

ʙʘʡʪʽʚ ʽ ʧʘʢʝʪʽʚ, ʧʨʘʧʦʨʮ,̔ IP-ʘʜʨʝʩʠ ʽ ʥʦʤʝʨʠ ʧʦʨʪʽʚ, ʩʝʨʝʜʥʽʡ ʯʘʩ ʤʽʞ ʧʘʢʝʪʘʤʠ 

ʽ ʪ.ʽʥ. ʑʦ ʩʪʦʩʫʻʪʴʩʷ ʬʫʥʢʮʽʡ ʭʦʩʪʘ, ʜʝʷʢʽ ʧʨʠʢʣʘʜʠ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʚ 

ʧʦʧʝʨʝʜʥʽʭ ʥʘʙʦʨʘʭ ʜʘʥʠʭ: ʯʠʩʣʦ ʥʝʚʜʘʣʠʭ ʩʧʨʦʙ ʚʭʦʜʫ ʚ ʩʠʩʪʝʤʫ ʘʙʦ 

ʧʨʘʧʦʨʮ̔ ʚ, ʱʦ ʚʢʘʟʫʶʪʴ ʥʘ ʧʝʚʥʽ ʫʤʦʚʠ, ʥʘʧʨʠʢʣʘʜ, ʷʢʱʦ ʦʪʨʠʤʘʥʘ ʢʦʨʝʥʝʚʘ 

ʦʙʦʣʦʥʢʘ ʘʙʦ, ʷʢʱʦ ʟʣʦʚʤʠʩʥʠʢ ʫʩʧʽʰʥʦ ʫʚʽʡʰʦʚ ʚ ʩʠʩʪʝʤʫ. ɼʣʷ ʥʘʚʯʘʥʥʷ 

ʘʥʦʤʘʣʽʡ ʤʝʨʝʞʥʦʾ ʉɺɺ ʥʝʦʙʭʽʜʥʽ ʤʝʨʝʞʥʽ ʦʟʥʘʢʠ, ʚ ʪʦʡ ʯʘʩ ʷʢ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ʭʦʩʪʘ ʟʘʟʚʠʯʘʡ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʜʣʷ ʥʘʚʯʘʥʥʷ ʘʥʦʤʘʣʽʡ ʭʦʩʪʘ. ɼʝʷʢʽ ʥʘʙʦʨʠ 

ʜʘʥʠʭ ʚʢʣʶʯʘʶʪʴ ʦʙʠʜʚʘ ʥʘʙʦʨʫ ʦʟʥʘʢ, ʱʦ ʜʦʟʚʦʣʷʻ ʥʘʚʯʘʪʠ ʦʙʠʜʚʘ ʪʠʧʠ ʉɺɺ. 

ʆʙʨʘʥʠʡ ʥʘʙʽʨ ʜʘʥʠʭ ʤʘʻ ʤʽʩʪʠʪʠ ʚʽʜʧʦʚʽʜʥʽ ʦʟʥʘʢʠ ʜʣʷ ʪʠʧʫ ʉɺɺ, ʱʦ ʧʽʜʣʷʛʘʻ 

ʥʘʚʯʘʥʥʶ ʪʘ ʪʝʩʪʫʚʘʥʥʶ. ʋ ʙʫʜʴ-ʷʢʦʤʫ ʚʠʧʘʜʢʫ ʙʘʞʘʥʦ, ʱʦʙ ʜʘʥʽ ʧʝʨʝʜʘʚʘʣʠʩʷ 

ʚ ʥʝʦʙʨʦʙʣʝʥʦʤʫ ʬʦʨʤʘʪʽ ʚ ʤʽʨʫ ʾʭ ʦʪʨʠʤʘʥʥʷ ʟ ʤʝʨʝʞʽ. ʊʘʢʠʤ ʯʠʥʦʤ, 

ʜʦʩʣʽʜʥʠʢʠ ʤʦʞʫʪʴ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʩʚʦʾ ʚʣʘʩʥʽ ʦʟʥʘʢʠ ʟʘ ʙʘʞʘʥʥʷʤ. 

2. ʈʝʘʣʴʥʠʡ ʬʦʥʦʚʠʡ ʪʨʘʬʽʢ: ʥʘʙʽʨ ʜʘʥʠʭ ʤʘʻ ʤʽʩʪʠʪʠ ʨʝʘʣʴʥʠʡ ʪʨʘʬʽʢ. 

ʎʝ ʦʩʦʙʣʠʚʦ ʚʘʞʣʠʚʦ ʜʣʷ ʬʦʥʦʚʦʛʦ ʪʨʘʬʽʢʘ, ʦʩʢʽʣʴʢʠ ʩʠʥʪʝʪʠʯʥʝ ʛʝʥʝʨʫʚʘʥʥʷ 

ʤʝʨʝʞʥʦʛʦ ʪʨʘʬʽʢʘ ʤʦʞʝ ʧʨʠʟʚʝʩʪʠ ʜʦ ʥʝʧʨʘʚʠʣʴʥʠʭ ʤʦʜʝʣʝʡ ʥʦʨʤʘʣʴʥʦ ʾ

ʧʦʚʝʜʽʥʢʠ ʽ ʥʝʢʦʨʝʢʪʥʦʛʦ ʧʦʚʦʜʞʝʥʥʷ. 
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3. ʆʥʦʚʣʝʥʠʡ ʪʨʘʬʽʢ ʘʪʘʢʠ: ʥʘʙʦʨʠ ʜʘʥʠʭ ʜʣʷ ʦʮʽʥʢʠ ʉɺɺ ʤʘʶʪʴ ʤʽʩʪʠʪʠ 

ʨʝʘʣʽʩʪʠʯʥʽ ʝʢʟʝʤʧʣʷʨʠ ʘʪʘʢʠ, ʦʥʦʚʣʝʥʽ ʟʘ ʜʦʧʦʤʦʛʦʶ ʥʘʡʩʫʯʘʩʥʽʰʠʭ ʤʝʪʦʜʽʚ ʪʘ 

ʽʥʩʪʨʫʤʝʥʪʽʚ ʘʪʘʢʠ. 

4. ʄʘʨʢʫʚʘʥʥʷ: ʚ ʽʜʝʘʣʽ ʨʽʟʥʽ ʟʘʧʠʩʠ ʚ ʥʘʙʦʨʽ ʜʘʥʠʭ ʧʦʚʠʥʥʽ ʙʫʪʠ 

ʧʨʘʚʠʣʴʥʦ ʧʦʟʥʘʯʝʥʽ ʷʢ ʰʢʽʜʣʠʚʽ ʯʠ ʥʽ. ʋ ʨʘʟʽ ʟʘʧʠʩʽʚ ʧʨʦ ʘʪʘʢʠ ʪʘʢʦʞ 

ʥʝʦʙʭʽʜʥʠʡ ʪʠʧ ʘʪʘʢʠ. ʗʢ ʚʢʘʟʘʥʦ ʜʘʣʽ, ʧʨʦʮʝʩ ʤʘʨʢʫʚʘʥʥʷ ʩʪʘʥʦʚʠʪʴ ʙʘʛʘʪʦ 

ʪʨʫʜʥʦʱʽʚ [Park, 2017]. 

5. ʊʨʠʚʘʣʽʩʪʴ: ʥʘʙʦʨʠ ʜʘʥʠʭ ʤʘʶʪʴ ʦʭʦʧʣʶʚʘʪʠ ʢʽʣʴʢʘ ʮʠʢʣʽʚ ʥʘʚʯʘʥʥʷ 

(ʜʥʽ ʘʙʦ ʪʠʞʥʽ), ʱʦʙ ʤʦʞʥʘ ʙʫʣʦ ʚʨʘʭʦʚʫʚʘʪʠ ʮʠʢʣʦʩʪʘʮʽʦʥʘʨʥʫ ʝʚʦʣʶʮʽʶ ʨʫʭʫ 

ʚ ʜʝʥʥʠʡ / ʥʽʯʥʠʡ ʯʘʩ, ʘ ʪʘʢʦʞ ʫ ʙʫʜʥʽ / ʚʠʭʽʜʥʽ ʜʥʽ ʽ ʥʘʚʽʪʴ ʚ ʨʽʟʥʽ ʤʽʩʷʮʽ. 

6. ɼʦʢʫʤʝʥʪʘʮʽʷ: ʜʦʢʣʘʜʥʠʡ ʦʧʠʩ ʥʘʙʦʨʫ ʜʘʥʠʭ ʥʝʦʙʭʽʜʥʠʡ ʜʣʷ 

ʨʦʟʫʤʽʥʥʷ ʡʦʛʦ ʦʙʤʝʞʝʥʴ ʽ ʤʦʞʣʠʚʦʩʪʝʡ. ɼʝʷʢʽ ʟ ʦʧʫʙʣʽʢʦʚʘʥʠʭ ʥʘʙʦʨʽʚ ʜʘʥʠʭ 

ʥʝ ʥʘʜʘʶʪʴ ʜʦʩʠʪʴ ʧʦʚʥʦ ʾʽʥʬʦʨʤʘʮʽ.ʾ 

7) ʌʦʨʤʘʪ: ʥʘʙʦʨʠ ʜʘʥʠʭ ʟʘʟʚʠʯʘʡ ʚʢʣʶʯʘʶʪʴ ʽʥʬʦʨʤʘʮʽʶ ʫ ʬʦʨʤʘʪʽ 

pcap (tcpdump), csv ʘʙʦ flow (netflow). ʌʦʨʤʘʪ pcap ʜʦʟʚʦʣʷʻ ʙʽʣʴʰ ʚʩʝʙʽʯʥʦ 

ʦʮʽʥʠʪʠ ʉɺɺ, ʛʦʣʦʚʥʠʤ ʯʠʥʦʤ ʟʘʚʜʷʢʠ ʪʦʤʫ, ʱʦ ʚ ʽʥʬʦʨʤʘʮʽʶ ʚʢʣʶʯʝʥʽ ʢʦʨʠʩʥʽ 

ʜʘʥʽ. ʋ ʬʦʨʤʘʪʽ csv, ʟ ʽʥʰʦʛʦ ʙʦʢʫ, ʻ ʧʦʧʝʨʝʜʥʷ ʦʙʨʦʙʢʘ ʽʥʬʦʨʤʘʮʽʾ pcap ʽ ʚʠʪʷʛ 

ʚʽʜʧʦʚʽʜʥʠʭ ʟʘʧʠʩʽʚ ʜʣʷ ʨʽʟʥʠʭ ʬʫʥʢʮʽʡ. ɺʢʣʶʯʝʥʥʷ ʽʥʬʦʨʤʘʮʽʾ ʧʨʦ ʢʦʨʠʩʥʝ 

ʥʘʚʘʥʪʘʞʝʥʥʷ ʟʘʟʚʠʯʘʡ ʤʘʻ ʥʘ ʫʚʘʟʽ ʧʨʦʙʣʝʤʫ ʟ ʪʦʯʢʠ ʟʦʨʫ ʢʦʥʬʽʜʝʥʮʽʡʥʦʩʪʽ, 

ʦʩʢʽʣʴʢʠ ʩʢʣʘʜʥʦ ʥʘʜʽʡʥʦ ʘʥʦʥʽʤʽʟʫʚʘʪʠ ʪʨʘʩʫʚʘʥʥʷ. ɿ ʮʽʻʾ ʧʨʠʯʠʥʠ ʽʥʬʦʨʤʘʮʽʷ 

ʧʨʦ ʧʦʪʽʢ, ʥʘʧʨʠʢʣʘʜ, ʬʦʨʤʘʪ netflow ʽʥʦʜʽ ʢʨʘʱʠʡ ʧʽʜ ʯʘʩ ʨʦʙʦʪʠ ʟ ʨʝʘʣʴʥʠʤ 

ʪʨʘʬʽʢʦʤ, ʪʦʜʽ ʷʢ ʬʦʨʤʘʪʠ pcap / csv ʥʘʜʘʶʪʴʩʷ ʚ ʥʘʙʦʨʘʭ ʜʘʥʠʭ ʽʤʽʪʦʚʘʥʦʛʦ / 

ʩʠʥʪʝʪʠʯʥʦʛʦ ʪʨʘʬʽʢʘ. ʅʘʨʝʰʪʽ, ʦʙʩʷʛ ʜʘʥʠʭ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʧʦʚô̫ ʟʘʥʠʡ ʟ 

ʬʦʨʤʘʪʦʤ. ʆʪʞʝ, ʬʦʨʤʘʪ ʧʦʪʦʢʫ ʟʜʘʻʪʴʩʷ ʙʽʣʴʰ ʚʽʜʧʦʚʽʜʥʠʤ ʜʣʷ ʥʘʙʦʨʽʚ ʜʘʥʠʭ 

ʟ ʚʝʣʠʢʦʶ ʪʨʠʚʘʣʽʩʪʶ, ʦʩʢʽʣʴʢʠ ʬʦʨʤʘʪ pcap ʛʝʥʝʨʫʚʘʪʠʤʝ ʚʝʣʠʯʝʟʥʠʡ ʦʙʩʷʛ 

ʜʘʥʠʭ ʫ ʮʴʦʤʫ ʚʠʧʘʜʢʫ. 
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ʇʦʨʽʚʥʷʥʥʷ ʽʩʥʫʶʯʠʭ ʥʘʙʦʨʽʚ ʜʘʥʠʭ. 

ʊʘʙʣʠʮʷ 5.1 ʤʽʩʪʠʪʴ ʧʦʨʽʚʥʷʥʥʷ ʨʽʟʥʠʭ ʥʘʙʦʨʽʚ ʜʘʥʠʭ, ʨʦʟʛʣʷʥʫʪʠʭ ʚʠʱʝ. 

ʊʫʪ ʘʥʘʣʽʟʫʶʪʴʩʷ ʨʽʟʥʽ ʚʠʤʦʛʠ, ʦʧʠʩʘʥʽ ʨʘʥʽʰʝ, ʽ ʦʮʽʥʶʻʪʴʩʷ, ʯʠ ʚʽʜʧʦʚʽʜʘʶʪʴ ʾʤ 

ʨʽʟʥʽ ʥʘʙʦʨʠ ʜʘʥʠʭ. ʇʦ-ʧʝʨʰʝ, ʥʝʦʙʭʽʜʥʦ ʧʦʩʪʽʡʥʦ ʦʥʦʚʣʶʚʘʪʠ ʷʢ ʬʦʥʦʚʠʡ, ʪʘʢ ʽ 

ʘʪʘʢʫʶʯʠʡ ʪʨʘʬʽʢ, ʽ ʪʦʤʫ ʧʝʨʽʦʜʠʯʥʦ ʧʦʪʨʽʙʥʽ ʥʦʚʽ ʥʘʙʦʨʠ ʜʘʥʠʭ.  

ʊʘʙʣʠʮʷ 5.1. 

ʇʦʨʽʚʥʷʥʥʷ ʜʘʪʘʩʝʪʽʚ ʜʣʷ ʉɺɺ 

 ʉɺɺ 

ʄ:ʤʝʨʝʞʥʘ 

ʍ:ʭʦʩʪʘ 

ɿʘʩʥʦʚʘʥʦ 

ʥʘ 

ʨʝʘʣʴʥʦʤʫ 

ʪʨʘʬʽʢʫ 

ʆʥʦʚʣʶʚʘʣʴʥʽ 

ʘʪʘʢʠ 

ʄʘʨʢʫʚʘʥʥʷ ʊʨʠʚʘʣʽʩʪʴ 

guretKDDCupô08 ʄ - - + + 

NSL-KDDô09 ʄ - - + + 

Darpaô98/99 ʄ - - + + 

KDDcup99 ʄ - - + + 

Sperottoô2008 ʄ +- + + - 

MAWILabô2010 ʄ + + +- + 

UNB ISCXô2012 ʄ - + + + 

ADFA-2013 ʍ +- + + + 

CTU-2013 ʄ +- + +- +- 

UNSW-NB15 ʄ - + + + 

UGRô16 ʄ + + +- + 

 

ʇʨʦʪʝ, ʽʩʥʫʻ ʨʽʰʝʥʥʷ ʟʘʩʥʦʚʘʥʝ ʥʘ ʧʦʙʫʜʦʚʽ ʤʦʜʝʣʝʡ ʪʨʘʬʽʢʘ, ʽ ʥʝʤʘʻ 

ʥʽʷʢʠʭ ʛʘʨʘʥʪʽʡ, ʱʦ ʨʝʘʣʴʥʠʡ ʪʨʘʬʽʢ ʫ ʥʘʡʙʣʠʞʯʦʤʫ ʤʘʡʙʫʪʥʴʦʤʫ ʩʣʽʜʫʚʘʪʠʤʝ 

ʮʠʤʠ ʤʦʜʝʣʷʤʠ. ʎʝ ʦʟʥʘʯʘʻ, ʱʦ ʝʪʘʣʦʥʥʽ ʥʘʙʦʨʠ ʜʘʥʠʭ, ʷʢʽ ʙʫʣʠ ʜʽʡʩʥʦ ʢʦʨʠʩʥʽ 

ʧʨʦʪʷʛʦʤ ʙʘʛʘʪʴʦʭ ʨʦʢʽʚ, ʙʽʣʴʰʝ ʥʝ ʜʽʡʩʥʽ. ʇʦ-ʜʨʫʛʝ, ʚʠʜʥʦ, ʱʦ ʚ ʦʩʪʘʥʥʽʭ 

ʥʘʙʦʨʘʭ ʜʘʥʠʭ ʙʫʣʠ ʟʨʦʙʣʝʥʽ ʚʝʣʠʢʽ ʟʫʩʠʣʣʷ ʜʣʷ ʨʦʟʛʦʨʪʘʥʥʷ ʨʝʘʣʽʩʪʠʯʥʠʭ 

ʜʘʥʠʭ ʧʨʦ ʘʪʘʢʠ, ʚ ʦʩʥʦʚʥʦʤʫ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʧʦʪʫʞʥʠʭ ʭʘʢʝʨʩʴʢʠʭ ʩʝʨʝʜʦʚʠʱ 

ʽ ʩʪʘʥʜʘʨʪʥʠʭ ʽʥʩʪʨʫʤʝʥʪʽʚ. ʅʘʚʧʘʢʠ, ʥʝʜʦʩʪʘʪʥʽ ʟʫʩʠʣʣʷ ʙʫʣʠ ʟʨʦʙʣʝʥʽ ʜʣʷ 

ʟʘʙʝʟʧʝʯʝʥʥʷ ʨʝʘʣʽʩʪʠʯʥʦʛʦ ʬʦʥʦʚʦʛʦ ʪʨʘʬʽʢʘ. 

ʆʩʥʦʚʥʠʤ ʦʙʤʝʞʝʥʥʷʤ ʪʫʪ ʻ ʧʨʦʙʣʝʤʘ ʢʦʥʬʽʜʝʥʮʽʡʥʦʩʪʽ. ɿ ʮʽʻʾ ʧʨʠʯʠʥʠ 

ʜʝʷʢʽ ʥʘʙʦʨʠ ʜʘʥʠʭ, ʷʢʽ ʚʽʜʩʪʝʞʫʶʪʴ ʨʝʘʣʴʥʠʡ ʪʨʘʬʽʢ, ʥʘʧʨʠʢʣʘʜ, CTU-13, ʥʘʜʘʻ 

ʪʽʣʴʢʠ ʽʥʬʦʨʤʘʮʽʶ ʧʨʦ ʧʦʪʽʢ ʽ ʧʨʠʭʦʚʫʻ ʢʦʨʠʩʥʽ ʜʘʥʽ. ʅʘʨʝʰʪʽ, ʦʩʥʦʚʥʘ 
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ʧʨʦʙʣʝʤʘ ʦʩʪʘʥʥʽʭ ʥʘʙʦʨʽʚ ʜʘʥʠʭ ʟ ʪʦʯʢʠ ʟʦʨʫ ʪʚʝʨʜʞʝʥʴ, ʷʢʽ ʤʠ ʨʦʙʠʤʦ, 

ʧʦʚ'ʷʟʘʥʘ ʟ ʪʨʠʚʘʣʽʩʪʶ ʩʣʽʜʽʚ. ʗʢʱʦ ʧʨʦʚʦʜʠʪʠ ʦʮʽʥʢʫ ʉɺɺ, ʷʢʘ ʙʫʜʫʻ ʤʦʜʝʣʽ 

ʥʦʨʤʘʣʴʥʦʩʪʽ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʝʚʦʣʶʮʽʾ ʪʨʘʬʽʢʘ ʚ ʥʝʩʪʘʮʽʦʥʘʨʥʽ ʧʝʨʽʦʜʠ (ʜʝʥʴ / 

ʥʽʯ, ʙʫʜʥʽ / ʚʠʭʽʜʥʽ ʘʙʦ ʥʘʚʽʪʴ ʚ ʨʽʟʥʽ ʤʽʩʷʮʽ), ʽʩʥʫʶʯʽ ʥʘʙʦʨʠ ʜʘʥʠʭ ʥʘʜʘʶʪʴ 

ʪʽʣʴʢʠ ʜʫʞʝ ʦʙʤʝʞʝʥʫ ʽʥʬʦʨʤʘʮʽʶ. 

ɼʣʷ ʥʘʙʦʨʫ ʜʘʥʠʭ, ʷʢʠʡ ʦʧʠʩʘʥʠʡ ʚ [Al-kasassbeh, 2016], ʙʫʣʦ ʦʩʦʙʣʠʚʦ 

ʚʘʞʣʠʚʦ ʟʽʙʨʘʪʠ ʨʝʘʣʽʩʪʠʯʥʠʡ ʬʦʥ, ʪʘʢ ʽ ʪʨʘʬʽʢ ʘʪʘʢʠ. ɼʣʷ ʤʘʨʢʫʚʘʥʥʷ 

ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʤʦʜʠʬʽʢʦʚʘʥʠʡ ʧʽʜʭʽʜ, ʱʦʙ ʟʙʝʨʝʛʪʠ ʙʘʣʘʥʩ ʤʽʞ 

ʟʘʙʝʟʧʝʯʝʥʥʷʤ ʧʦʚʥʦʛʦ ʤʘʨʢʫʚʘʥʥʷ ʩʠʥʪʝʪʠʯʥʠʤ ʪʨʘʬʽʢʦʤ ʽ ʨʝʘʣʽʩʪʠʯʥʠʤ 

ʪʨʘʬʽʢʦʤ. ʊʨʠʚʘʣʦʩʪʽ ʥʘʙʦʨʫ ʜʘʥʠʭ ʜʦʩʪʘʪʥʴʦ ʜʣʷ ʥʘʚʯʘʥʥʷ ʤʦʜʝʣʝʡ, ʱʦ 

ʚʨʘʭʦʚʫʶʪʴ ʥʝʩʪʘʮʽʦʥʘʨʥʽ ʧʝʨʽʦʜʠ. ɼʣʷ ʜʦʪʨʠʤʘʥʥʷ ʚʠʤʦʛ ʢʦʥʬʽʜʝʥʮʽʡʥʦʩʪʽ 

ʜʘʥʽ ʥʘʜʘʶʪʴʩʷ ʚ ʘʥʦʥʽʤʽʟʦʚʘʥʦʤʫ ʬʦʨʤʘʪʽ. 

5.2. ʄʦʜʝʣʶʚʘʥʥʷ ʘʪʘʢʦʚʘʥʦʛʦ ʪʨʘʬʽʢʘ ʪʘ ʜʦʩʣʽʜʞʝʥʥʷ ʬʨʘʢʪʘʣʴʥʠʭ 

ʚʣʘʩʪʠʚʦʩʪʝʡ ʘʪʘʢ ʽ ʘʪʘʢʦʚʘʥʠʭ ʪʨʘʬʽʢʽʚ 

ʆʩʪʘʥʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʧʦʢʘʟʫʶʪʴ, ʱʦ ʤʝʨʝʞʥʠʡ ʪʨʘʬʽʢ ʤʘʻ ʬʨʘʢʪʘʣʴʥʽ 

ʚʣʘʩʪʠʚʦʩʪʽ ʽ ʨʷʜ ʤʝʪʦʜʽʚ ʢʣʘʩʠʬʽʢʘʮʽʾ ʙʘʟʫʻʪʴʩʷ ʥʘ ʟʤʽʥʽ ʬʨʘʢʪʘʣʴʥʦʾ ʩʪʨʫʢʪʫʨʠ 

ʪʨʘʬʽʢʘ [Deka, 2016; Kaur, 2017; Kirichenko, 2018-4; Korobiichuk, 2017]. ʊʦʤʫ 

ʦʜʥʽʻʶ ʟ ʧʝʨʩʧʝʢʪʠʚʥʠʭ ʛʘʣʫʟʝʡ ʘʥʘʣʽʟʫ ʽ ʢʣʘʩʠʬʽʢʘʮʽʾ ʤʝʨʝʞʥʦʛʦ ʪʨʘʬʽʢʘ ʻ 

ʨʦʟʨʦʙʢʘ ʤʝʪʦʜʽʚ ʢʣʘʩʠʬʽʢʘʮʽʾ ʯʘʩʦʚʠʭ ʨʷʜʽʚ ʥʘ ʦʩʥʦʚʽ ʤʘʰʠʥʥʦʛʦ ʥʘʚʯʘʥʥʷ ʜʣʷ 

ʩʘʤʦʧʦʜʽʙʥʠʭ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʧʦʪʦʢʽʚ. [[Deka, 2016; Kaur, 2017; Kirichenko, 

2018-4]. ʋ ʙʘʛʘʪʴʦʭ ʚʠʧʘʜʢʘʭ ʜʣʷ ʨʦʟʨʦʙʢʠ ʤʝʪʦʜʽʚ ʤʘʰʠʥʥʦʛʦ ʥʘʚʯʘʥʥʷ 

ʥʝʦʙʭʽʜʥʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʤʦʜʝʣʴʥʽ ʜʘʥʽ. ɯʩʥʫʻ ʤʥʦʞʠʥʘ ʤʦʜʝʣʝʡ 

ʩʘʤʦʧʦʜʽʙʥʦʛʦ ʪʨʘʬʽʢʘ, ʟʥʘʯʥʘ ʯʘʩʪʠʥʘ ʷʢʠʭ ʟʘʩʥʦʚʘʥʘ ʥʘ ʬʨʘʢʪʘʣʴʥʦʤʫ 

ʙʨʦʫʥʽʚʩʴʢʦʤʫ ʨʫʩʽ [Sheluchin, 2007]. 

ʉʘʤʦʧʦʜʽʙʥʽʩʪʴ ʚʠʧʘʜʢʦʚʠʭ ʧʨʦʮʝʩʽʚ ʧʦʣʷʛʘʻ ʚ ʟʙʝʨʝʞʝʥʥʽ ʩʪʘʪʠʩʪʠʯʥʠʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʫ ʭʦʜʽ ʟʤʽʥʠ ʤʘʩʰʪʘʙʫ ʯʘʩʫ. ʉʪʦʭʘʩʪʠʯʥʠʡ ʧʨʦʮʝʩ ( )X t  ʻ 
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ʩʘʤʦʧʦʜʽʙʥʠʤ ʟ ʧʘʨʘʤʝʪʨʦʤ H, ʷʢʱʦ ʧʨʦʮʝʩ ( )Ha X at-
 ʦʧʠʩʫʻʪʴʩʷ ʪʠʤʠ ʞ 

ʟʘʢʦʥʘʤʠ ʩʢʽʥʯʝʥʥʦʚʠʤʽʨʥʠʭ ʨʦʟʧʦʜʽʣʽʚ, ʱʦ ʽ ( )X t . ʇʘʨʘʤʝʪʨ , 0 1H H< <, ʱʦ 

ʥʘʟʠʚʘʻʪʩʴʷ ʧʦʢʘʟʥʠʢʦʤ ʍʝʨʩʪʘ,  ̒ ʩʪʫʧʝʥʝʤ ʩʘʤʦʧʦʜʽʙʥʦʩʪʽ ʧʨʦʮʝʩʫ. 

ʄʫʣʴʪʠʬʨʘʢʪʘʣʴʥ ̔ ʦʙô̒ ʢʪʠ ʻ ʩʪʘʪʠʩʪʠʯʥʦ ʥʝʦʜʥʦʨʽʜʥʠʤʠ ʩʘʤʦʧʦʜʽʙʥʠʤʠ 

ʦʙô̒ ʢʪʘʤʠ ʽ ʚʠʷʚʣʷʶʪʴ ʙʽʣʴʰ ʩʢʣʘʜʥʫ ʩʢʝʡʣʽʥʛʦʚʫ ʧʦʚʝʜʽʥʢʫ. 
( )( )

q qh qE X t tè ǿ
ê ú

, 

ʜʝ ( )h q  ï ʫʟʘʛʘʣʴʥʝʥʠʡ ʧʦʢʘʟʥʠʢ ʍʝʨʩʪʘ, ʷʢʠʡ ʚ ʜʘʥʦʤʫ ʚʠʧʘʜʢʫ ʻ ʥʝʣʽʥʽʡʥʦʶ 

ʬʫʥʢʮʽʻʶ. ɿʥʘʯʝʥʥʷ ( )h q  ʧʨʠ 2q=  ʟʙʽʛʘʶʪʴʩʷ ʟʽ ʟʥʘʯʝʥʥʷʤʠ ʩʪʫʧʝʥʷ 

ʩʘʤʦʧʦʜʽʙʥʦʩʪʽ H. ɼʣʷ ʤʦʥʦʬʨʘʢʪʘʣʴʥʠʭ ʧʨʦʮʝʩʽʚ ʫʟʘʛʘʣʴʥʝʥʠʡ ʧʦʢʘʟʥʠʢ 

ʍʝʨʩʪʘ ʥʝ ʟʘʣʝʞʠʪʴ ʚʽʜ ʧʘʨʘʤʝʪʨʘ: q : ( )h q H= .  

ʆʜʥʽʻʶ ʟ ʥʘʡʙʽʣʴʰ ʚʽʜʦʤʠʭ ʽ ʧʨʦʩʪʠʭ ʤʦʜʝʣʝʡ ʩʪʦʭʘʩʪʠʯʥʦʾ ʜʠʥʘʤʽʢʠ, 

ʱʦ ʤʘʻ ʬʨʘʢʪʘʣʴʥʽ ʚʣʘʩʪʠʚʦʩʪʽ, ʻ ʬʨʘʢʪʘʣʴʥʠʡ ʙʨʦʫʥʽʚʩʴʢʠʡ ʨʫʭ (ʌɹʈ), ʷʢʠʡ 

ʟʥʘʡʰʦʚ ʰʠʨʦʢʝ ʟʘʩʪʦʩʫʚʘʥʥʷ ʫ ʬʽʟʠʮʽ, ʭʽʤʽʾ, ʙʽʦʣʦʛʽʾ, ʝʢʦʥʦʤʽʮʽ ʪʘ ʪʝʦʨʽʾ 

ʤʝʨʝʞʥʦʛʦ ʪʨʘʬʽʢʘ. 

ɺʠʧʘʜʢʦʚʠʡ ʧʨʦʮʝʩ ( )X t  ʥʘʟʠʚʘʻʪʴʩʷ ʬʨʘʢʪʘʣʴʥʠʤ ʙʨʦʫʥʽʚʩʴʢʠʤ ʨʫʭʦʤ 

ʟ ʧʘʨʘʤʝʪʨʦʤ , 0 1H H< <, ʷʢʱʦ ʡʦʛʦ ʧʨʠʨʦʱʝʥʥʷ ( ) ( ) ( )X X t X tt tD = + -  

ʤʘʶʪʴ ʥʦʨʤʘʣʴʥʠʡ ʨʦʟʧʦʜʽʣ ʟ ʥʫʣʴʦʚʠʤ ʤʘʪʝʤʘʪʠʯʥʠʤ ʦʯʽʢʫʚʘʥʥʷʤ ʽ 

ʜʠʩʧʝʨʩʽʻʶ, ʜʝ 
0s  ï ʢʦʝʬʽʮʽʻʥʪ ʜʠʬʫʟʽʾ . 

ʇʨʠʨʦʱʝʥʥʷ ʌɹʈ ʥʘʟʠʚʘʶʪʴʩʷ ʬʨʘʢʪʘʣʴʥʠʤ ʛʘʫʩʩ̔ ʚʩʴʢʠʤ ʰʫʤʦʤ 

(ʌɻʐ). ɯʩʥʫʻ ʢʽʣʴʢʘ ʤʝʪʦʜʽʚ ʧʦʙʫʜʦʚʠ ʌɹʈ ʜʣʷ ʚʠʧʘʜʢʫ ʜʠʩʢʨʝʪʥʦʛʦ ʯʘʩʫ [Rea, 

2009; ʂʠʨʠʯʝʥʢʦ, 2010-7]. ʇʨʦʩʪʘ ʤʦʜʝʣʴ ʤʫʣʴʪʠʬʨʘʢʪʘʣʴʥʦʛʦ ʧʨʦʮʝʩʫ ʟ 

ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʌɻʐ ʧʦʜʘʥʘ ʚ ʨʦʙʦʪʽ [Kirichenko, 2013]. ɺ ʮʴʦʤʫ ʚʠʧʘʜʢʫ 

ʤʫʣʴʪʠʬʨʘʢʪʘʣʴʥʠʡ ʯʘʩʦʚʠʡ ʨʷʜ ʦʪʨʠʤʘʥʠʡ ʥʘ ʦʩʥʦʚʽ ʝʢʩʧʦʥʝʥʮʽʘʣʴʥʦʛʦ 

ʧʝʨʝʪʚʦʨʝʥʥʷ 

 ( ) Exp[ * ( )]Y t k X t= ,  (5.1) 
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ʜʝ ( )X t  ï ʯʘʩʦʚʠʡ ʨʷʜ ʬʨʘʢʪʘʣʴʥʦʛʦ ʛʘʫʩʩʽʚʩʢʦʛʦ ʰʫʤʫ ʽʟ ʟʘʜʘʥʠʤ 

ʧʦʢʘʟʥʠʢʦʤ ʍʝʨʩʪʘ H , k  ï ʧʝʚʥʠʡ ʢʦʝʬʽʮʽʻʥʪ, ʱʦ ʚʧʣʠʚʘʻ ʥʘ ʩʪʫʧʽʥʴ 

ʤʫʣʴʪʠʬʨʘʢʪʘʣʴʥʦʩʪʽ ʡʦʛʦ ʨʷʜʫ ( )Y t . ɿʘ ʜʦʧʦʤʦʛʦʶ ʧʝʨʝʪʚʦʨʝʥʥʷ (5.1) 

ʦʪʨʠʤʫʻʤʦ ʤʫʣʴʪʠʬʨʘʢʪʘʣʴʥ ̔ ʨʝʘʣʽʟʘʮʽʾ ʟ ʟʘʜʘʥʠʤʠ ʬʨʘʢʪʘʣʴʥʠʤʠ 

ʚʣʘʩʪʠʚʦʩʪʷʤʠ, ʟʦʢʨʝʤʘ ʟ̔ ʟʘʜʘʥʠʤ ʧʦʢʘʟʥʠʢʦʤ ʍʝʨʩʪʘ. 

ʈʝʘʣʽʟʘʮʽʷ ʪʨʘʬʽʢʘ ʧʽʜ ʜʽʻʶ DDoS ʘʪʘʢʠ ʻ ʩʫʤʦ  ʁʪʨʘʬʽʢʘ ʽ ʨʝʘʣʽʟʘʮʽʾ 

ʦʜʥʦʛʦ ʟ ʚʠʜʽʚ ʘʪʘʢʠ. ʊʘʢʘ ʘʜʠʪʠʚʥʘ ʨʝʘʣʽʟʘʮʽʷ ʤʘʻ ʬʨʘʢʪʘʣʴʥʽ ʚʣʘʩʪʠʚʦʩʪʽ, ʷʢʽ 

ʚʽʜʨʽʟʥʷʶʪʴʩʷ ʚʽʜ ʚʣʘʩʪʠʚʦʩʪʝʡ ʬʨʘʢʪʘʣʴʥʠʭ ʨʷʜʽʚ, ʱʦ ʩʫʤʫʶʪʴʩʷ [Ivanisenko, 

2015 15; Kirichenko, 2016-2]. 

ʈʽʟʥʽ ʤʦʜʝʣʴʥʽ ʨʝʘʣʽʟʘʮʽʾ ʘʪʘʢʦʚʘʥʦʛʦ ʪʨʘʬʽʢʘ ʤʦʞʥʘ ʦʪʨʠʤʘʪʠ ʚʘʨʽʶʶʯʠ 

ʨʽʚʝʥʴ ʘʪʘʢʠ (ʚʽʜʥʦʰʝʥʥʷ ʩʝʨʝʜʥʴʦʛʦ ʟʥʘʯʝʥʥʷ ʨʝʘʣʽʟʘʮʽʾ ʘʪʘʢʠ ʜʦ ʨʝʘʣʽʟʘʮʽʾ 

ʪʨʘʬʽʢʫ), ʤʦʤʝʥʪʫ ʧʦʯʘʪʢʫ ʘʪʘʢʠ ʽ ʾʾ ʪʨʠʚʘʣʽʩʪʴ. 

ʅʘ ʨʠʩʫʥʢʘʭ 5.2 ï 5.4 ʧʦʢʘʟʘʥʦ ʤʦʜʝʣʴʥʽ ʨʝʘʣʟ̔ʘʮʽʾ ʪʨʘʬʽʢʘ ʧʽʜ ʜʽʻʶ ʘʪʘʢʠ 

ʟ ʨʽʟʥʠʤ ʨʽʚʥʝʤ ʘʪʘʢʠ. 

 

ʈʠʩ. 5.2. ʈʝʘʣʽʟʘʮʽʷ ʪʨʘʬʽʢʘ ʧʽʜ ʜʽʻʶ DDoS-ʘʪʘʢʠ ʟ ʨʽʚʥʝʤ ʘʪʘʢʠ=10% 
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ʈʠʩ. 5.3. ʈʝʘʣʽʟʘʮʽʷ ʪʨʘʬʽʢʘ ʧʽʜ ʜʽʻʶ DDoS-ʘʪʘʢʠ ʟ ʨʽʚʥʝʤ ʨʽʚʥʝʤ ʘʪʘʢʠ=30% 

 

ʈʠʩ. 5.4. ʈʝʘʣʽʟʘʮʽʷ ʪʨʘʬʽʢʘ ʧʽʜ ʜʽʻʶ DDoS-ʘʪʘʢʠ ʟ ʨʽʚʥʝʤ ʘʪʘʢʠ=50% 
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ɼʦʩʣʽʜʞʝʥʥʷ ʬʨʘʢʪʘʣʴʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʘʪʘʢ ʽ ʘʪʘʢʦʚʘʥʠʭ ʪʨʘʬʽʢʽʚ. 

ɼʣʷ ʦʪʨʠʤʘʥʥʷ ʤʦʜʝʣʴʥʠʭ ʨʝʘʣʽʟʘʮʽʡ ʘʥʦʤʘʣʴʥʦʛʦ ʪʨʘʬʽʢʘ (ʪʨʘʬʽʢʘ ʧʽʜ 

ʜʽʻʶ ʘʪʘʢʠ) ʙʫʣʦ ʚʠʢʦʨʠʩʪʘʥʦ ʨʽʟʥʽ ʨʝʘʣʽʟʘʮʽʾ DDoS-ʘʪʘʢ ʟ ʧʝʨʰʦʛʦ ʥʘʙʦʨʫ 

ʜʘʥʠʭ, ʦʪʨʠʤʘʥʠʭ ʽ ʟʘʧʨʦʧʦʥʦʚʘʥʠʭ ʚ ʨʦʙʦʪʽ [Kirichenko, 2016-2, Kirichenko, 

2018-4]. ʅʘ ʨʠʩʫʥʢʫ 5.5 ʟʦʙʨʘʞʝʥʽ ʤʦʜʝʣʴʥʽ ʨʝʘʣʽʟʘʮʽʾ ʘʪʘʢ, ʘ ʥʘ ʨʠʩʫʥʢʫ 5.6 

ʟʦʙʨʘʞʝʥʦ ʤʦʜʝʣʴʥʫ ʨʝʘʣʽʟʘʮʽ ʁʪʨʘʬʽʢʘ, ʷʢʠʡ ʤʽʩʪʠʪʴ ʘʪʘʢʫ. 

 

 

ʈʠʩ. 5.5. ʄʦʜʝʣʴʥʘ ʨʝʘʣʽʟʘʮʽʷ DDos-ʘʪʘʢʠ  

 

ʈʠʩ. 5.6. ʄʦʜʝʣʴʥʘ ʨʝʘʣʽʟʘʮʽʷ ʪʨʘʬʽʢʘ, ʷʢʠʡ ʤʽʩʪʠʪʴ DDos-ʘʪʘʢʫ 
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ʅʘ ʨʠʩʫʥʢʫ 5.7 ʥʘʚʝʜʝʥʦ ʪʠʧʦʚʠʡ ʯʘʩʦʚʠʡ ʨʷʜ DDoS-ʘʪʘʢʠ ʙʣʝʢʣʽʩʪʘ 

[Kirichenko, 2018-4; Kirichenko, 2019]. 

 

ʈʠʩ. 5.7. ʊʠʧʦʚʘ ʨʝʘʣʽʟʘʮʽʷ ʯʘʩʦʚʦʛʦ ʨʷʜʫ DDoS-ʘʪʘʢʠ ʙʣʝʢʣʽʩʪʘ  

ɺ ʭʦʜʽ ʨʦʙʦʪʠ ʧʨʦʚʝʜʝʥʦ ʝʢʩʧʝʨʠʤʝʥʪʠ ʱʦʜʦ ʦʙʯʠʩʣʝʥʥʷ ʟʤʽʥʠ 

ʫʟʘʛʘʣʴʥʦʛʦ ʧʦʢʘʟʥʠʢʘ ʍʝʨʩʪʘ, DDoS ʘʪʘʢʠ ʜʣʷ ʜʘʥʠʭ ʟ ʦʙʦʭ ʥʘʙʦʨʽʚ ʜʘʥʠʭ. 

ɼʦʩʣʽʜʞʝʥʥʷ ʧʦʢʘʟʘʣʠ ʥʘʷʚʥʽʩʪʴ ʤʫʣʴʪʠʬʨʘʢʪʘʣʴʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʜʣʷ 

ʙʽʣʴʰʦʩʪʽ ʯʘʩʦʚʠʭ ʨʷʜʽʚ DDoS-ʘʪʘʢ, ʧʦʜʘʥʠʭ ʫ ʥʘʙʦʨʽ ʜʘʥʠʭ ʟ ʘʪʘʢʦʚʘʥʠʤʠ 

ʪʨʘʬʢ̔ʘʤʠ [Kirichenko, 2018-2; Kirichenko, 2018-4 Kirichenko, 2019]. ʋ ʪʘʙʣʠʮʽ 

5.2 ʥʘʚʝʜʝʥʦ ʫʟʘʛʘʣʴʥʝʥʽ ʟʥʘʯʝʥʥʷ ʧʦʢʘʟʥʠʢʘ ʍʝʨʩʪʘ h (0,1), h (5) ʽ h (q = 2) ʜʣʷ 

ʜʝʷʢʠʭ ʜʦʩʣʽʜʞʝʥʠʭ ʘʪʘʢ. 

ʊʘʙʣʠʮʷ 5.2. 

ʋʟʘʛʘʣʴʥʝʥʽ ʟʥʘʯʝʥʥʷ ʧʦʢʘʟʥʠʢʘ ʍʝʨʩʪʘ 

 (0,1)h
 

(5)h
 

(2)h ʅ=
 

( )h qD
 

1. 2,2 0.4 0.47 1.8 

2. 1,78 0.24 0.51 1.54 

3. 1,9 0.35 0.75 1.55 

4. 1,8 0.2 0.53 1.27 

5. 2,15 0.33 0.64 1.82 
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ʅʘ ʨʠʩʫʥʢʫ 5.8 ʧʦʢʘʟʘʥʽ ʤʫʣʴʪʠʬʨʘʢʪʘʣʴʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʨʽʟʥʠʭ ʘʪʘʢ ʟ 

ʧʝʨʰʦʛʦ (ʘ) ʽ ʜʨʫʛʦʛʦ ʥʘʙʦʨʫ ʜʘʥʠʭ (ʙ) ʚʽʜʧʦʚʽʜʥʦ. ʗʢ ʚʠʜʥʦ ʟ ʛʨʘʬʽʢʘ 

ʫʟʘʛʘʣʴʥʝʥʠʡ ʧʦʢʘʟʥʠʢ ʍʝʨʩʪʘ ʟʤʝʥʰʫʻʪʴʩʷ ʟʽ ʟʙʽʣʴʰʝʥʥʷʤ ʧʘʨʘʤʝʪʨʘ q . 

 

(ʘ) 

 

(ʙ) 

ʈʠʩ. 5.8. ʄʫʣɹʪʠʬʨʘʢʪʘʣʴʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʨʽʟʥʠʭ ʘʪʘʢ ʜʣʷ  

ʘ) ʧʝʨʰʦʛʦ ʥʘʙʦʨʫ ʜʘʥʠʭ; ʙ) ʜʨʫʛʦʛʦ ʥʘʙʦʨʫ ʜʘʥʠʭ 
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ʊʘʙʣʠʮʷ 5.3 ʧʦʢʘʟʫʻ ʜʽʘʧʘʟʦʥ ʫʟʘʛʘʣʴʥʝʥʦʛʦ ʧʦʢʘʟʥʠʢʘ ʍʝʨʩʪʘ ȹh (q) ʜʣʷ 

ʜʝʷʢʠʭ ʪʠʧʦʚʠʭ ʘʪʘʢ ʯʦʨʥʦʛʦ ʩʧʠʩʢʫ ʽ ʥʦʨʤʘʣʴʥʦʛʦ ʪʨʘʬʽʢʘ ʟ [Kirichenko, 2018-

4]. ʋ ʙʽʣʴʰʦʩʪʽ ʚʠʧʘʜʢʽʚ ʘʪʘʢʠ ʤʘʶʪʴ ʙʽʣʴʰ ʚʠʩʦʢʠʡ ʧʦʢʘʟʥʠʢ ʍʝʨʩʪʘ ʪʘ 

ʩʠʣʴʥʽʰʽ ʤʫʣʴʪʠʬʨʘʢʪʘʣʴʥʽ ʚʣʘʩʪʠʚʦʩʪʽ. ʎʝ ʜʦʟʚʦʣʷʻ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ 

ʬʨʘʢʪʘʣʴʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʷʢ ʦʟʥʘʢʠ ʜʣʷ ʚʠʷʚʣʝʥʥʷ ʘʪʘʢ. 

ʊʘʙʣʠʮʷ 5.3. 

ʌʨʘʢʪʘʣʴʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

 ɸʪʘʢʠ ʅʦʨʤʘʣʴʥʠʡ ʪʨʘʬʽʢ 

 H ȹh H ȹh 

1 0,87 1,81 0,65 0,8 

2 0,81 1,54 0,72 1,13 

3 0,75 1,55 0,85 0,77 

4 0,78 1,82 0,64 0,82 

 

ʅʘ ʨʠʩʫʥʢʫ 5.9 ʥʘʚʝʜʝʥʦ ʟʤʽʥʫ ʤʫʣʴʪʠʬʨʘʢʪʘʣʴʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʪʨʘʬʽʢʘ 

ʜʣʷ DDoS-ʘʪʘʢ ʨʽʟʥʦʾ ʽʥʪʝʥʩʠʚʥʦʩʪʽ. 

ʗʢ ʚʠʜʥʦ ʟ ʛʨʘʬʽʢʘ ʫʟʘʛʘʣʴʥʝʥʠʡ ʧʦʢʘʟʥʠʢ ʍʝʨʩʪʘ ʜʣʷ ʪʨʘʬʽʢʘ, ʱʦ ʥʝ 

ʤʽʩʪʠʪʴ ʘʪʘʢʠ ʧʦʚʽʣʴʥʽʰʝ ʟʤʝʥʰʫʻʪʴʩʷ ʟʽ ʟʙʽʣʴʰʝʥʥʷʤ ʧʘʨʘʤʝʪʨʘ q. ɸ ʧʽʜ ʯʘʩ 

ʙʽʣʴʰ ʽʥʪʝʥʩʠʚʥʦ ʾ DDoS-ʘʪʘʢʠ ʩʧʘʜʘʥʥʷ ʫʟʘʛʘʣʴʥʝʥʦʛʦ ʧʦʢʘʟʥʠʢʘ ʍʝʨʩʪʘ 

ʚʽʜʙʫʚʘʻʪʴʩʷ ʱʝ ʙʽʣʴʰ ʧʦʚʽʣʴʥʽʰʝ. 

ʊʘʢʠʤ ʯʠʥʦʤ, ʧʨʦʚʝʜʝʥʦ ʤʦʜʝʣʶʚʘʥʥʷ ʘʪʘʢʦʚʘʥʦʛʦ ʪʨʘʬʽʢʘ ʜʣʷ ʨʽʟʥʠʭ 

ʪʠʧʽʚ ʘʪʘʢ. ʈʝʘʣʽʟʘʮʽʷ ʪʨʘʬʽʢʫ ʧʽʜ ʜʽʻʶ DDoS ʘʪʘʢʠ ʷʚʣʷʻ ʩʦʙʦʶ ʩʫʤʫ ʪʨʘʬʽʢʫ ʽ 

ʨʝʘʣʽʟʘʮʽʾ ʦʜʥʦʛʦ ʟ ʚʠʜʽʚ ʘʪʘʢʠ. ʊʘʢʘ ʘʜʠʪʠʚʥʘ ʨʝʘʣʽʟʘʮʽʷ ʤʘʻ ʬʨʘʢʪʘʣʴʥʽ 

ʚʣʘʩʪʠʚʦʩʪʽ, ʷʢʽ ʚʽʜʨʽʟʥʷʶʪʴʩʷ ʚʽʜ ʚʣʘʩʪʠʚʦʩʪʝʡ ʬʨʘʢʪʘʣʴʥʠʭ ʨʷʜʽʚ, ʱʦ 

ʩʫʤʫʶʪʴʩʷ. 
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ʈʠʩ. 5.9. ʄʫʣʴʪʠʬʨʘʢʪʘʣʴʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʪʨʘʬʽʢʫ ʜʣʷ DDoS-ʘʪʘʢ ʨʽʟʥʦʾ 

ʽʥʪʝʥʩʠʚʥʦʩʪʽ  

ʇʨʦʚʝʜʝʥʦ ʜʦʩʣʽʜʞʝʥʥʷ ʬʨʘʢʪʘʣʴʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʘʪʘʢ ʽ ʘʪʘʢʦʚʘʥʠʭ 

ʪʨʘʬʽʢʽʚ, ʷʢʝ ʧʦʢʘʟʘʣʦ, ʱʦ ʫʟʘʛʘʣʴʥʝʥʠʡ ʧʦʢʘʟʥʠʢ ʍʝʨʩʪʘ ʜʣʷ ʪʨʘʬʽʢʫ ʱʦ ʥʝ 

ʤʽʩʪʠʪʴ ʘʪʘʢʠ ʧʦʚʽʣʴʥʽʰʝ ʟʤʝʥʰʫʻʪʴʩʷ ʟʽ ʟʙʽʣʴʰʝʥʥʷʤ ʧʘʨʘʤʝʪʨʘ q. ɸ ʧʽʜ ʯʘʩ 
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ʙʽʣʴʰ ʽʥʪʝʥʩʠʚʥʦ ʾ DDoS-ʘʪʘʢʠ ʩʧʘʜʘʥʥʷ ʫʟʘʛʘʣʴʥʝʥʦʛʦ ʧʦʢʘʟʥʠʢʘ ʍʝʨʩʪʘ 

ʫʧʦʚʽʣʴʥʶʻʪʴʩʷ. ʅʘ ʦʩʥʦʚʽ ʟʤʦʜʝʣʴʦʚʘʥʠʭ ʨʝʘʣʽʟʘʮʽʡ ʘʪʘʢʦʚʘʥʦʛʦ ʪʨʘʬʽʢʫ ʪʘ 

ʘʥʘʣʽʟʫ ʡʦʛʦ ʤʫʣʴʪʠʬʨʘʢʪʘʣʴʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʪʝʧʝʨ ʤʦʞʥʘ ʧʨʦʚʝʩʪʠ ʦʮʽʥʢʫ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʝʬʝʢʪʠʚʥʦʩʪʽ ʚʠʷʚʣʝʥʥʷ ʚʪʦʨʛʥʝʥʴ. 

5.3. ʆʮʽʥʢʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʝʬʝʢʪʠʚʥʦʩʪʽ ʚʠʷʚʣʝʥʥʷ ʚʪʦʨʛʥʝʥʴ 

ʂʣʘʩʠ ʤʝʪʦʜʽʚ ʽʥʪʝʨʧʨʝʪʘʮʽʾ ʜʘʥʠʭ. ʄʦʞʥʘ ʚʠʜʽʣʠʪʠ ʪʘʢʽ ʢʣʘʩʠ, ʢʦʞʝʥ 

ʟ ʷʢʠʭ ʤʦʞʝ ʚʢʣʶʯʘʪʠ ʢʽʣʴʢʘ ʤʝʪʦʜʽʚ: 

ï ʤʝʪʦʜʠ ʚʠʷʚʣʝʥʥʷ ʚʽʜʦʤʠʭ ʧʦʨʫʰʝʥʴ; 

ï ʤʝʪʦʜʠ ʚʠʷʚʣʝʥʥʷ ʘʥʦʤʘʣʽʡ; 

ï ʟʤʽʰʘʥʠʡ ʤʝʪʦʜ, ʱʦ ʚʢʣʶʯʘʻ ʦʙʠʜʚʘ ʚʠʱʝʥʘʟʚʘʥʽ. 

ʄʝʪʦʜʠ ʚʠʷʚʣʝʥʥʷ ʚʽʜʦʤʠʭ ʧʦʨʫʰʝʥʴ ʟʚʦʜʷʪʴʩʷ ʜʦ ʧʦʰʫʢʫ ʦʟʥʘʢ ʚʞʝ 

ʚʽʜʦʤʠʭ ʘʪʘʢ. ʇʝʨʝʚʘʛʠ: ʤʝʪʦʜʠ ʤʘʡʞʝ ʥʝ ʩʭʠʣʴʥʽ ʜʦ ʧʦʤʠʣʢʦʚʠʭ 

ʩʧʨʘʮʴʦʚʫʚʘʥʴ; ʤʝʪʦʜʠ, ʨʝʘʣʽʟʦʚʘʥʽ ʷʢ ʟʽʩʪʘʚʣʝʥʥʷ ʟʽ ʟʨʘʟʢʦʤ, ʷʢ ʧʨʘʚʠʣʦ 

ʚʠʢʦʥʫʶʪʴʩʷ ʜʦʩʠʪʴ ʰʚʠʜʢʦ ʽ ʥʝ ʚʠʤʘʛʘʶʪʴ ʚʝʣʠʢʠʭ ʚʠʪʨʘʪ ʨʝʩʫʨʩʽʚ. ʅʝʜʦʣʽʢʦʤ 

ʮʠʭ ʤʝʪʦʜʽʚ ʻ ʥʝʤʦʞʣʠʚʽʩʪʴ ʚʠʷʚʣʷʪʠ ʥʝʚʽʜʦʤʽ ʩʠʩʪʝʤʽ ʘʪʘʢʠ. 

ʋ ʢʣʘʩʠʯʥʦʤʫ ʚʘʨʽʘʥʪʽ ʨʝʘʣʽʟʘʮʽʷ ʧʝʨʝʜʙʘʯʘʻ ʧʦʨʽʚʥʷʥʥʷ ʩʠʛʥʘʪʫʨ 

ʧʘʢʝʪʽʚ ʟ ʩʠʛʥʘʪʫʨʘʤʠ ʚ ʙʘʟʽ. ʇʦʨʽʚʥʷʥʥʷ ʤʦʞʝ ʙʫʪʠ, ʷʢ ʪʦʯʥʝ, ʪʘʢ ʽ ʟ ʰʘʙʣʦʥʦʤ 

ʘʙʦ ʟʘ ʨʝʛʫʣʷʨʥʠʤ ʚʠʨʘʟʦʤ. ɹʽʣʴʰʽʩʪʴ ʚʽʜʦʤʠʭ ʉɺɺ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʤʝʪʦʜʠ 

ʜʘʥʦʛʦ ʢʣʘʩʫ. ʉʶʜʠ ʞ ʥʘʣʝʞʘʪʴ ʤʝʪʦʜʠ ʥʝʯʽʪʢʦʛʦ ʧʦʨʽʚʥʷʥʥʷ: ʥʘʚʯʝʥʠʡ 

ʧʝʨʮʝʧʪʨʦʥ; ʤʝʪʦʜʠ ʧʦʨʽʚʥʷʥʥʷ ʟ ʥʝʯʽʪʢʦʶ ʣʦʛʽʢʦʶ. 

ɺʠʷʚʣʝʥʥʷ ʘʥʦʤʘʣʽʡ. ʉʫʪʴ ʚ ʪʦʤʫ, ʱʦʙ ʟʘʧʠʩʘʪʠ ʰʘʙʣʦʥ ʥʦʨʤʘʣʴʥʦʾ 

ʘʢʪʠʚʥʦʩʪʽ ʤʝʨʝʞʽ ʪʘ ʨʝʘʛʫʚʘʪʠ ʥʘ ʚʽʜʭʠʣʝʥʥʷ ʚʽʜ ʮʴʦʛʦ ʰʘʙʣʦʥʫ. 

ʄʦʞʣʠʚʠʡ ʚʘʨʽʘʥʪ ʨʝʘʣʽʟʘʮʽʾ ʫ ʚʠʛʣʷʜʽ ʙʘʟʠ ʩʠʛʥʘʪʫʨ "ʥʦʨʤʘʣʴʥʠʭ" 

ʧʘʢʝʪʽʚ ʫ ʤʝʨʝʞʽ ʽ ʩʪʘʪʠʩʪʠʯʥʦʾ ʩʠʩʪʝʤʠ ʚʠʷʚʣʝʥʥʷ ʚʽʜʭʠʣʝʥʴ, ʢʦʣʠ ʘʥʘʣʽʟʘʪʦʨ 

ʰʫʢʘʻ ʷʢʽʩʴ ʨʽʜʢʽʩʥʽ ʜʽʾ, ʘʙʦ ʘʢʪʠʚʥʦʩʪʽ. ʇʦʜʽʾ ʚ ʩʠʩʪʝʤʽ ʜʦʩʣʽʜʞʫʶʪʴʩʷ 

ʩʪʘʪʠʩʪʠʯʥʦ, ʱʦʙ ʟʥʘʡʪʠ ʪʽ ʟ ʥʠʭ, ʧʨʦʷʚ ʷʢʠʭ ʚʠʛʣʷʜʘʻ ʘʥʦʤʘʣʴʥʠʤ. 
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ʄʝʪʦʜʠ ʧʨʝʜʩʪʘʚʣʝʥʥʷ ʨʝʟʫʣʴʪʘʪʫ. ʗʢ ʧʦʢʘʟʘʚ ʘʥʘʣʽʟ ʽʩʥʫʶʯʠʭ ʨʽʰʝʥʴ, 

ʟʘʟʚʠʯʘʡ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʜʚʘ ʪʠʧʠ ʤʝʪʦʜʽʚ: 

ï ɼʚʦʢʣʘʩʦʚʠʡ (ʙʽʥʘʨʥʠʡ). ʉʠʩʪʝʤʘ ʚʽʜʧʦʚʽʜʘʻ ʥʘ ʟʘʧʠʪʘʥʥʷ çʏʠ ʻ 

ʧʨʦʙʣʝʤʠ?è, ɺʽʜʧʦʚʽʜʜʶ çʪʘʢ / ʥʽè. ɼʘʥʠʡ ʩʧʦʩʽʙ ʭʘʨʘʢʪʝʨʥʠʡ ʜʣʷ ʘʢʘʜʝʤʽʯʥʠʭ 

ʩʪʘʪʝʡ ʽ ʜʦʩʣʽʜʞʝʥʴ, ʘʣʝ ʚʽʥ ʤʦʞʝ ʙʫʪʠ ʟʘʩʪʦʩʦʚʥʠʡ ʜʣʷ ʥʘʧʠʩʘʥʥʷ ʤʦʜʫʣʽʚ ʘʙʦ 

ʜʘʪʯʠʢʽʚ ʨʝʘʣʴʥʠʭ ʉɺɺ. 

ï ɹʘʛʘʪʦʢʣʘʩʦʚʠʡ. ʉʠʩʪʝʤʘ ʚʽʜʧʦʚʽʜʘʻ ʥʘ ʟʘʧʠʪʘʥʥʷ çʗʢʽ ʟʘʨʘʟ ʻ 

ʧʨʦʙʣʝʤʠ?è. ʗʢʱʦ ʧʨʦʙʣʝʤ ʥʝʤʘʻ, ʪʦ çʥʽʷʢʽè. ʈʝʟʫʣʴʪʘʪ ʪʘʢʦʞ ʤʦʞʝ ʙʫʪʠ 

ʧʦʜʘʥʠʡ ʟ ʧʝʚʥʠʤ ʨʽʚʥʝʤ ʜʦʩʪʦʚʽʨʥʦʩʪʽ. ɯ ʙʫʜʴ-ʷʢʘ ʥʝʡʨʦʤʝʨʝʞʘ ʥʘʜʘʻ 

ʨʝʟʫʣʴʪʘʪ, ʥʝ ʷʢ çʪʘʢè ʘʙʦ çʥè̔, ʘ ʷʢ ʤʥʦʞʠʥʫ ʡʤʦʚʽʨʥʦʩʪʝʡ ʨʝʟʫʣʴʪʘʪʽʚ. ɺ 

ʽʩʥʫʶʯʠʭ ʧʽʜʭʦʜʘʭ ʡʤʦʚʽʨʥʽʩʪʴ ʘʧʨʦʢʩʠʤʫʻʪʴʩʷ ʜʦ ʦʜʠʥʠʯʥʦʾ ʘʙʦ ʥʫʣʴʦʚʦ ʾ

(ʥʘʧʨʠʢʣʘʜ, ʟ ʫʩʽʭ ʤʦʞʣʠʚʠʭ ʘʪʘʢ ʥʘ ʚʠʭʦʜʽ ʤʝʨʝʞʽ, ʚʠʙʠʨʘʻʪʴʩʷ ʧʝʨʰʘ ʟ 

ʥʘʡʚʠʱʦʶ ʡʤʦʚʽʨʥʽʩʪʶ) ʽ ʥʽʜʝ ʜʘʣʽ ʥʝ ʚʨʘʭʦʚʫʻʪʴʩʷ. 

ʆʧʠʩ ʧʨʦʙʣʝʤʠ ʦʮʽʥʢʠ ʉɺɺ. 

ɺ ʫʤʦʚʘʭ ʝʚʦʣʶʮʽʾ ʩʫʯʘʩʥʦʛʦ ʩʚʽʪʫ ʢʽʙʝʨʙʝʟʧʝʢʠ ʨʦʟʛʦʨʪʘʥʥʷ ʩʠʩʪʝʤ 

ʚʠʷʚʣʝʥʥʷ ʚʪʦʨʛʥʝʥʴ ʩʪʘʣʦ ʢʨʠʪʠʯʥʠʤ ʟʘʚʜʘʥʥʷʤ. ɯʟ ʟʙʽʣʴʰʝʥʥʷʤ ʢʽʣʴʢʦʩʪʽ 

ʟʘʛʨʦʟ ʙʝʟʧʝʢʠ ʨʦʟʨʦʙʢʘ ʘʜʘʧʪʠʚʥʠʭ ʨʽʰʝʥʴ ʜʣʷ ʚʠʷʚʣʝʥʥʷ ʚʪʦʨʛʥʝʥʴ ʩʪʘʻ 

ʩʝʨʡʦʟʥʦʶ ʧʨʦʙʣʝʤʦʶ. ʅʝʟʚʘʞʘʶʯʠ ʥʘ ʨʽʟʥʦʤʘʥʽʪʥʽʩʪʴ ʧʽʜʭʦʜʽʚ ʱʦʜʦ 

ʚʠʷʚʣʝʥʥʷ ʚʪʦʨʛʥʝʥʴ, ʟʘʧʨʦʧʦʥʦʚʘʥʠʭ ʚ ʦʩʪʘʥʥʽ ʨʦʢʠ, ʚ ʮʽʡ ʦʙʣʘʩʪʽ ʥʝʦʙʭʽʜʥʦ 

ʚʠʨʽʰʠʪʠ ʨʷʜ ʧʨʦʙʣʝʤ. ɺ ʢʦʥʪʝʢʩʪʽ ʚʠʷʚʣʝʥʥʷ ʚʪʦʨʛʥʝʥʴ, ʧʨʘʚʠʣʴʥʠʡ ʚʠʙʽʨ 

ʤʝʪʦʜʫ ʚʠʷʚʣʝʥʥʷ ʻ ʧʨʝʜʤʝʪʦʤ ʦʙʛʦʚʦʨʝʥʥʷ. ʍʦʯʘ ʤʝʪʦʜʠ ʥʘ ʦʩʥʦʚʽ ʩʠʛʥʘʪʫʨ 

ʟʘʙʝʟʧʝʯʫʶʪʴ ʚʠʩʦʢʫ ʯʘʩʪʦʪʫ ʚʠʷʚʣʝʥʥʷ ʜʦʙʨʝ ʚʽʜʦʤʠʭ ʘʪʘʢ, ʚʦʥʠ ʥʝ ʟʜʘʪʥʽ 

ʚʠʷʚʣʷʪʠ ʥʦʚʽ. ʍʦʯʘ ʙʽʣʴʰʽʩʪʴ ʢʦʤʝʨʮʽʡʥʠʭ ʩʠʩʪʝʤ ʚʠʷʚʣʝʥʥʷ ʚʪʦʨʛʥʝʥʴ ʚ 

ʦʩʥʦʚʥʦʤʫ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʤʝʪʦʜʠ ʥʘ ʦʩʥʦʚʽ ʩʠʛʥʘʪʫʨ [Almutairi, 2017; 

Gaikwad, 2012; Gorbenko, 2016; Holm, 2014; Patel, 2018; Udin, 2012], ʽ ʧʦʩʪʽʡʥʦ 

ʟô̫ ʚʣʷʶʪʴʩʷ ʥʦʚʽ ʪʠʧʠ ʘʪʘʢ, ʮʷ ʚʽʜʩʫʪʥʷ ʟʜʘʪʥʽʩʪʴ ʥʝʛʘʪʠʚʥʦ ʧʦʟʥʘʯʘʻʪʴʩʷ ʥʘ 

ʚʠʢʦʨʠʩʪʘʥʥʽ ʮʠʭ ʩʠʩʪʝʤ ʫ ʙʘʛʘʪʴʦʭ ʜʦʜʘʪʢʘʭ. 
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ɿ ʽʥʰʦʛʦ ʙʦʢʫ, ʤʝʪʦʜʠ, ʟʘʩʥʦʚʘʥʽ ʥʘ ʘʥʦʤʘʣʽʷʭ, ʟʘʙʝʟʧʝʯʫʶʪʴ ʤʦʞʣʠʚʽʩʪʴ 

ʚʠʷʚʣʝʥʥʷ ʥʝʚʽʜʦʤʠʭ ʘʪʘʢ ʘʙʦ ʘʪʘʢ çʥʫʣʴʦʚʦʛʦ ʜʥʷè ʰʣʷʭʦʤ ʚʽʜʩʪʝʞʝʥʥʷ 

ʧʦʚʝʜʽʥʢʠ ʩʠʩʪʝʤʠ ʘʙʦ ʤʝʨʝʞʽ ʽ ʧʦʨʽʚʥʷʥʥʷ ʾʾ ʟ ʯʽʪʢʦ ʚʠʟʥʘʯʝʥʠʤ ʥʦʨʤʘʣʴʥʠʤ 

ʧʨʦʬʽʣʝʤ. ʆʜʥʘʢ, ʦʩʥʦʚʥʠʤ ʥʝʜʦʣʽʢʦʤ ʮʠʭ ʤʝʪʦʜʽʚ ʻ ʚʠʩʦʢʘ ʯʘʩʪʦʪʘ ʧʦʤʠʣʢʦʚʠʭ 

ʩʧʨʘʮʴʦʚʫʚʘʥʴ, ʷʢʘ ʚʧʣʠʚʘʻ ʥʘ ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ ʉɺɺ ʽ ʩʪʚʦʨʶʻ ʪʨʫʜʥʦʱʽ ʜʣʷ 

ʘʜʤʽʥʽʩʪʨʘʪʦʨʽʚ, ʱʦʙ ʚʠʟʥʘʯʠʪʠ ʦʩʥʦʚʥʫ ʧʨʠʯʠʥʫ ʩʧʨʘʮʴʦʚʫʚʘʥʴ. ʆʪʞʝ, 

ʟʘʙʝʟʧʝʯʝʥʥʷ ʘʜʘʧʪʠʚʥʦʛʦ ʧʽʜʭʦʜʫ ʜʣʷ ʟʥʠʞʝʥʥʷ ʡʤʦʚʽʨʥʦʩʪʽ ʧʦʤʠʣʢʦʚʠʭ 

ʩʧʨʘʮʴʦʚʫʚʘʥʴ ʤʦʞʝ ʨʦʟʛʣʷʜʘʪʠʩʷ ʷʢ ʢʣʶʯʦʚʘ ʚʠʤʦʛʘ ʧʽʜ ʯʘʩ ʨʦʟʨʦʙʢʠ 

ʝʬʝʢʪʠʚʥʦʛʦ ʨʽʰʝʥʥʷ ʜʣʷ ʚʠʷʚʣʝʥʥʷ ʚʪʦʨʛʥʝʥʴ. 

ɺʽʜʩʫʪʥʽʩʪʴ ʥʘʙʦʨʫ ʧʦʤʽʯʝʥʠʭ ʜʘʥʠʭ ʜʣʷ ʥʘʚʯʘʥʥʷ ʽ ʦʮʽʥʢʠ ʩʠʩʪʝʤ 

ʚʠʷʚʣʝʥʥʷ ʚʪʦʨʛʥʝʥʴ ʻ ʱʝ ʦʜʥʽʻʶ ʩʝʨʡʦʟʥʦʶ ʧʨʦʙʣʝʤʦʶ ʚ ʨʝʘʣʴʥʠʭ ʜʦʜʘʪʢʘʭ. 

ʎʝ ʦʩʦʙʣʠʚʦ ʧʦʤʽʪʥʦ ʚ ʤʝʨʝʞʥʠʭ ʩʠʩʪʝʤʘʭ ʚʠʷʚʣʝʥʥʷ ʚʪʦʨʛʥʝʥʴ. ʆʩʢʽʣʴʢʠ ʚ 

ʙʘʛʘʪʴʦʭ ʢʨʘʾʥʘʭ ʚʠʜʘʶʪʴʩʷ ʩʫʚʦʨʽ ʟʘʢʦʥʠ ʧʨʦ ʟʙʝʨʝʞʝʥʥʷ ʢʦʥʬʽʜʝʥʮʽʡʥʦʩʪʽ, 

ʩʧʽʣʴʥʝ ʚʠʢʦʨʠʩʪʘʥʥʷ ʩʣʽʜʽʚ ʤʝʨʝʞʥʦʛʦ ʪʨʘʬʽʢʘ ʢʦʨʠʩʪʫʚʘʯʽʚ ʜʣʷ ʟʘʛʘʣʴʥʦʛʦ 

ʢʦʨʠʩʪʫʚʘʥʥʷ ʟʘʙʦʨʦʥʝʥʦ. ɺ ʨʝʟʫʣʴʪʘʪʽ, ʦʩʢʽʣʴʢʠ ʤʘʨʢʦʚʘʥʽ ʜʘʥʽ ʤʝʨʝʞʽ 

ʥʝʜʦʩʪʫʧʥʽ ʜʣʷ ʥʘʚʯʘʥʥʷ ʉɺɺ, ʚʠʢʦʨʠʩʪʘʥʥʷ ʢʦʥʪʨʦʣʴʦʚʘʥʠʭ ʤʝʪʦʜʽʚ ʥʘʚʯʘʥʥʷ 

ʩʪʘʣʦ ʜʫʞʝ ʦʙʤʝʞʝʥʠʤ. ʎʝ ʨʦʙʠʪʴ ʥʝʢʦʥʪʨʦʣʴʦʚʘʥʽ ʤʝʪʦʜʠ ʥʘʚʯʘʥʥʷ 

ʚʽʜʧʦʚʽʜʥʠʤ ʚʠʙʦʨʦʤ ʜʣʷ ʩʠʩʪʝʤ ʚʠʷʚʣʝʥʥʷ ʚʪʦʨʛʥʝʥʴ [ɹʻʨʢʦʚʩʴʢʠʡ, 2017; 

ʈʘʜʽʚʽʣʦʚʘ, 2018-6; ʍʦʨʦʰʢʦ, 2012], ʦʩʢʽʣʴʢʠ ʚʦʥʠ ʥʝ ʚʠʤʘʛʘʶʪʴ ʧʦʧʝʨʝʜʥʴʦʛʦ 

ʤʘʨʢʫʚʘʥʥʷ ʥʘʙʦʨʫ ʜʘʥʠʭ. ʇʨʦʪʝ, ʥʘʚʽʪʴ ʧʽʜ ʯʘʩ ʥʘʚʯʘʥʥ ̫ʙʝʟ ʥʘʛʣʷʜʫ ʩʠʩʪʝʤʥʽ 

ʨʽʰʝʥʥʷ ʤʘʶʪʴ ʢʦʥʪʨʦʣʶʚʘʪʠʩʷ ʽ ʦʮʽʥʶʚʘʪʠʩʷ ʝʢʩʧʝʨʪʘʤʠ ʟ ʙʝʟʧʝʢʠ. 

ʆʮʽʥʢʘ ʩʠʩʪʝʤ ʚʠʷʚʣʝʥʥʷ ʚʪʦʨʛʥʝʥʴ ʻ ʢʨʠʪʠʯʥʦ ʚʘʞʣʠʚʦʶ ʟʘʜʘʯʝʶ. ʋ 

ʢʦʞʥʽʡ ʩʠʩʪʝʤʽ ʚʠʷʚʣʝʥʥʷ ʚʪʦʨʛʥʝʥʴ ʨʽʰʝʥʥʷ, ʱʦ ʧʨʠʡʤʘʶʪʴʩʷ ʩʠʩʪʝʤʦʶ, 

ʤʘʶʪʴ ʧʝʨʝʚʽʨʷʪʠʩʷ ʝʢʩʧʝʨʪʘʤʠ ʟ ʙʝʟʧʝʢʠ. ʎʷ ʧʝʨʝʚʽʨʢʘ ʧʦʣʷʛʘʻ ʚ ʧʝʨʝʚʽʨʮʽ ʚʩʽʭ 

ʩʠʩʪʝʤʥʠʭ ʨʽʰʝʥʴ ʪʘ ʩʧʦʩʦʙʘʭ ʫʩʫʥʝʥʥʷ ʤʦʞʣʠʚʠʭ ʧʦʤʠʣʦʢ ʫ ʢʣʘʩʠʬʽʢʘʮʽʾ 

ʜʘʥʠʭ. ʋ ʨʝʘʣʴʥʠʭ ʩʠʩʪʝʤʘʭ ʮʷ ʦʮʽʥʢʘ ʤʘʻ ʚʠʢʦʥʫʚʘʪʠʩʷ ʚʨʫʯʥʫ. ʆʪʞʝ, ʮʝ 

ʪʨʫʜʦʤʽʩʪʢʘ ʟʘʜʘʯʘ, ʱʦ ʚʠʤʘʛʘʻ ʚʝʣʠʢʠʭ ʣʶʜʩʴʢʠʭ ʟʫʩʠʣʴ. ʅʘʣʝʞʥʝ ʨʽʰʝʥʥʷ ʜʣʷ 
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ʚʠʷʚʣʝʥʥʷ ʚʪʦʨʛʥʝʥʴ ʤʘʻ ʟʘʙʝʟʧʝʯʫʚʘʪʠ ʤʝʭʘʥʽʟʤ, ʱʦ ʩʧʨʦʱʫʻ ʟʘʚʜʘʥʥʷ ʦʮʽʥʢʠ ʽ 

ʟʥʠʞʫʻ ʡʤʦʚʽʨʥʽʩʪʴ ʣʶʜʩʴʢʠʭ ʧʦʤʠʣʦʢ. 

ʆʩʢʽʣʴʢʠ ʚ ʩʚʽʪʽ ʢʽʙʝʨʟʣʦʯʠʥʽʚ ʟô̫ ʚʣʷʶʪʴʩʷ ʥʦʚʽ ʰʘʙʣʦʥʠ ʽ ʢʣʘʩʠ ʘʪʘʢ, 

ʽʩʪʦʪʥʦ  ʁ ʚʠʤʦʛʦʶ ʩʪʘʣʦ ʦʥʦʚʣʝʥʥʷ ʽʩʥʫʶʯʠʭ ʩʠʩʪʝʤ ʚʠʷʚʣʝʥʥʷ ʚʪʦʨʛʥʝʥʴ 

ʟʛʽʜʥʦ ʟ ʥʦʚʠʤʠ ʰʘʙʣʦʥʘʤʠ ʜʘʥʠʭ. ʊʘʢʝ ʦʥʦʚʣʝʥʥʷ ʚʠʤʘʛʘʻ ʧʝʨʝʧʽʜʛʦʪʦʚʢʠ ʉɺɺ 

ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʥʦʚʦʛʦ ʥʘʙʦʨʫ ʜʘʥʠʭ ʧʦʨʫʯ ʟʽ ʩʪʘʨʠʤ ʽʩʥʫʶʯʠʤ. ʗʢ 

ʦʙʛʦʚʦʨʶʚʘʣʦʩʷ ʚ ʧʦʧʝʨʝʜʥʽʭ ʨʦʟʜʽʣʘʭ, ʥʘʚʯʘʥʥʷ ʉɺɺ ʻ ʜʦʨʦʛʦʶ ʦʧʝʨʘʮʽʻʶ ʟ 

ʪʦʯʢʠ ʟʦʨʫ ʦʙʯʠʩʣʶʚʘʣʴʥʦʛʦ ʯʘʩʫ ʽ ʨʝʩʫʨʩʽʚ. 

ʆʪʞʝ, ʚʠʢʦʥʘʥʥʷ ʪʘʢʠʭ ʜʦʨʦʛʠʭ ʦʥʦʚʣʝʥʴ ʥʝʙʘʞʘʥʦ ʜʣʷ ʩʠʩʪʝʤʥʠʭ 

ʘʜʤʽʥʽʩʪʨʘʪʦʨʽʚ, ʭʦʯʘ ʚʦʥʦ ʤʘʻ ʚʝʣʠʢʠʡ ʚʧʣʠʚ ʥʘ ʘʜʘʧʪʠʚʥʽʩʪʴ ʨʦʟʨʦʙʣʝʥʦʛʦ 

ʨʽʰʝʥʥʷ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʥʦʚʠʭ ʪʝʥʜʝʥʮʽʡ ʢʽʙʝʨʘʪʘʢ. ɿ ʦʛʣʷʜʫ ʥʘ ʮʝʡ ʬʘʢʪ, 

ʟʘʙʝʟʧʝʯʝʥʥʷ ʩʚʦʻʯʘʩʥʦʛʦ ʽ ʝʢʦʥʦʤʽʯʥʦ ʝʬʝʢʪʠʚʥʦʛʦ ʤʝʭʘʥʽʟʤʫ ʧʦʥʦʚʣʝʥʥʷ 

ʤʦʞʝ ʙʫʪʠ ʟʘʟʥʘʯʝʥʦ ʷʢ ʢʨʠʪʠʯʥʘ ʚʠʤʦʛʘ ʧʽʜ ʯʘʩ ʨʦʟʨʦʙʢʠ ʩʠʩʪʝʤ ʚʠʷʚʣʝʥʥʷ 

ʚʪʦʨʛʥʝʥʴ. 

ʂʨʠʪʝʨʽʾ ʦʮʽʥʢʠ. 

ʆʮʽʥʢʘ ʩʠʩʪʝʤ ʚʠʷʚʣʝʥʥʷ ʚʪʦʨʛʥʝʥʴ ʻ ʩʢʣʘʜʥʠʤ ʟʘʚʜʘʥʥʷʤ. ʍʦʯʘ ʚ ʮʽʡ 

ʛʘʣʫʟʽ ʙʫʣʦ ʧʨʦʚʝʜʝʥʦ ʚʝʣʠʢʫ ʢʽʣʴʢʽʩʪʴ ʜʦʩʣʽʜʞʝʥʴ, ʥʝ ʽʩʥʫʻ 

ʟʘʛʘʣʴʥʦʧʨʠʡʥʷʪʦʛʦ ʧʦʢʘʟʥʠʢʘ ʜʣʷ ʚʠʤʽʨʶʚʘʥʥʷ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ ʩʠʩʪʝʤ 

ʚʠʷʚʣʝʥʥʷ ʚʪʦʨʛʥʝʥʴ. ʗʢ ʧʨʘʚʠʣʦ, ʤʝʪʦʜʠ ʦʮʽʥʢʠ ʩʠʩʪʝʤ ʚʠʷʚʣʝʥʥʷ ʚʪʦʨʛʥʝʥʴ 

ʤʦʞʥʘ ʨʦʟʜʽʣʠʪʠ ʥʘ ʜʚʽ ʢʘʪʝʛʦʨʽʾ ʘʚʪʦʥʦʤʥʦʾ ʽ ʦʥʣʘʡʥ-ʦʮʽʥʢʠ. ʇʽʜ ʯʘʩ 

ʘʚʪʦʥʦʤʥʦʾ ʦʮʽʥʢʠ ʩʠʩʪʝʤʘ ʪʝʩʪʫʻʪʴʩʷ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʽʩʥʫʶʯʦʛʦ ʥʘʙʦʨʫ 

ʜʘʥʠʭ, ʷʢʠʡ ʽʤʽʪʫʻ ʧʦʚʝʜʽʥʢʫ ʨʝʘʣʴʥʠʭ ʩʠʩʪʝʤ ʘʙʦ ʤʝʨʝʞ. ɿ ʽʥʰʦʛʦ ʙʦʢʫ, ʚ ʭʦʜʽ 

ʦʥʣʘʡʥ-ʦʮʽʥʢʠ ʩʠʩʪʝʤʘ ʚʠʷʚʣʝʥʥʷ ʚʪʦʨʛʥʝʥʴ ʤʦʞʝ ʙʫʪʠ ʧʨʦʪʝʩʪʦʚʘʥʘ ʟ 

ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʨʝʘʣʴʥʦʛʦ ʪʨʘʬʽʢʘ ʤʝʨʝʞʽ, ʱʦ ʤʽʩʪʠʪʴ ʷʢ ʟʚʠʯʘʡʥʽ, ʪʘʢ ʽ 

ʰʢʽʜʣʠʚʽ ʜʽʾ, ʚ ʨʝʞʠʤʽ ʨʝʘʣʴʥʦʛʦ ʯʘʩʫ. ʋ ʪʦʡ ʯʘʩ ʷʢ ʦʥʣʘʡʥ-ʦʮʽʥʢʘ ʟʘʙʝʟʧʝʯʫʻ 

ʙʽʣʴʰ ʨʝʘʣʽʩʪʠʯʥʠʡ ʪʝʩʪʦʚʠʡ ʩʮʝʥʘʨʽʡ, ʥʘʩʪʨʦʡʢʘ ʪʘʢʦʾ ʦʮʽʥʢʠ ʻ ʩʢʣʘʜʥʠʤ 

ʟʘʚʜʘʥʥʷʤ, ʦʩʢʽʣʴʢʠ ʜʣʷ ʥʝʾ ʧʦʪʨʽʙʥʝ ʪʘʢʝ ʩʘʤʝ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʝ ʩʝʨʝʜʦʚʠʱʝ, 

ʷʢ ʚ ʨʝʘʣʴʥʠʭ ʤʝʨʝʞʘʭ. 
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ʆʮʽʥʢʘ ʦʙʯʠʩʣʶʚʘʣʴʥʦʛʦ ʯʘʩʫ.  

ʆʩʥʦʚʥʘ ʫʚʘʛʘ ʚ ʮʽʡ ʦʮʽʥʮʽ ʧʨʠʜʽʣʷʻʪʴʩʷ ʚʠʚʯʝʥʥʶ ʦʙʯʠʩʣʶʚʘʣʴʥʦʛʦ 

ʯʘʩʫ, ʥʝʦʙʭʽʜʥʦʛʦ ʜʣʷ ʦʥʦʚʣʝʥʥʷ ʩʠʩʪʝʤʠ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʥʦʚʦʾ ʽʥʬʦʨʤʘʮʽ,ʾ 

ʜʦʩʪʫʧʥʦ ʾ ̫ ʢ ʚʭʽʜʥ ̔ʜʘʥ̔. ʋ ʮʴʦʤʫ ʜʦʩʣʽʜʞʝʥʥʽ ʰʚʠʜʢʽʩʪʴ ʤʝʭʘʥʽʟʤʫ ʧʦʥʦʚʣʝʥʥʷ 

ʧʨʦʧʦʥʦʚʘʥʦʾ ʩʠʩʪʝʤʠ ʧʦʨʽʚʥʶʻʪʴʩʷ ʟ ʽʩʥʫʶʯʠʤ ʨʽʰʝʥʥʷʤ, ʜʝ ʩʠʩʪʝʤʘ ʤʦʞʝ 

ʧʦʚʥʽʩʪʶ ʧʝʨʝʥʘʚʯʠʪʠʩʷ. ʎʝ ʧʦʨʽʚʥʷʥʥʷ ʚʠʢʦʥʫʻʪʴʩʷ ʰʣʷʭʦʤ ʦʮʽʥʢʠ ʯʘʩʫ 

ʦʙʯʠʩʣʝʥʴ ʢʦʞʥʦʛʦ ʤʝʪʦʜʫ ʧʽʜ ʯʘʩ ʟʤʽʥʠ ʧʘʨʘʤʝʪʨʽʚ ʢʦʥʪʝʢʩʪʫ ʧʨʦʙʣʝʤʠ, ʪʘʢʠʭ 

ʷʢ ʨʦʟʤʽʨ ʽʩʥʫʶʯʠʭ ʜʘʥʠʭ, ʢʽʣʴʢʽʩʪʴ ʢʣʘʩʽʚ ʪʨʘʬʽʢʫ ʽ ʪ. ʜ. ʎʝʡ ʢʨʠʪʝʨʽʡ 

ʚʘʞʣʠʚʠʡ, ʦʩʢʽʣʴʢʠ ʦʜʥʽʻʶ ʟ ʥʝʦʙʭʽʜʥʠʭ ʚʠʤʦʛ ʩʠʩʪʝʤʠ ʻ ʾʾ ʦʧʝʨʘʪʠʚʥʘ ʨʦʙʦʪʘ. 

ʆʮʽʥʢʘ ʪʦʯʥʦʩʪʽ. 

ʋ ʮʽʡ ʦʮʽʥʮʽ ʚʠʚʯʘʻʪʴʩʷ ʪʦʯʥʽʩʪʴ ʨʽʰʝʥʴ, ʧʨʠʡʥʷʪʠʭ ʧʨʦʧʦʥʦʚʘʥʦ  ʁʉɺɺ. 

ʑʦʙ ʚʠʤʽʨʷʪʠ ʪʘʢʫ ʪʦʯʥʽʩʪʴ, ʨʷʜ ʤʝʪʨʠʢ ʤʦʞʝ ʙʫʪʠ ʧʨʠʡʥʷʪʠʡ ʜʦ ʫʚʘʛʠ. 

ʅʘʡʙʽʣʴʰ ʯʘʩʪʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʥʽ ʧʦʢʘʟʥʠʢʠ ʦʮʽʥʢʠ ʚ ʦʙʣʘʩʪʽ ʚʠʷʚʣʝʥʥʷ 

ʚʪʦʨʛʥʝʥʴ ï ʮʝ ʨʽʚʝʥʴ ʚʠʷʚʣʝʥʥʷ ʽ ʨʽʚʝʥʴ ʧʦʤʠʣʢʦʚʠʭ ʩʧʨʘʮʴʦʚʫʚʘʥʴ, ʷʢʽ ʤʦʞʥʘ 

ʚʠʟʥʘʯʠʪʠ ʷʢ 

ʏʘʩʪʦʪʘ ʚʠʷʚʣʝʥʥʷ = ʂʽʣʴʢʽʩʪʴ ʚʠʷʚʣʝʥʠʭ ʚʪʦʨʛʥʝʥʴ / ɿʘʛʘʣʴʥʘ 

ʢʽʣʴʢʽʩʪʴ ʚʚʝʜʝʥʠʭ ʚʪʦʨʛʥʝʥʴ. 

ʍʠʙʥʦʧʦʟʠʪʠʚʥʠʡ ʧʦʢʘʟʥʠʢ = ʢʽʣʴʢʽʩʪʴ ʥʦʨʤʘʣʴʥʠʭ ʧʘʪʝʨʥʽʚ, 

ʢʣʘʩʠʬʽʢʦʚʘʥʠʭ ʷʢ ʚʪʦʨʛʥʝʥʥʷ / ɿʘʛʘʣʴʥʘ ʢʽʣʴʢʽʩʪʴ ʥʦʨʤʘʣʴʥʠʭ ʧʘʪʝʨʥʽʚ. 

ʋ ʢʦʥʪʝʢʩʪʽ ʚʠʷʚʣʝʥʥʷ ʚʪʦʨʛʥʝʥʥʷ ʝʬʝʢʪʠʚʥʘ ʩʠʩʪʝʤʘ ʧʦʚʠʥʥʘ ʤʘʪʠ 

ʚʠʩʦʢʫ ʯʘʩʪʦʪʫ ʚʠʷʚʣʝʥʥʷ ʧʨʠ ʥʠʟʴʢʽʡ ʯʘʩʪʦʪʽ ʧʦʤʠʣʢʦʚʠʭ ʩʧʨʘʮʴʦʚʫʚʘʥʴ. 

ɺʠʢʦʨʠʩʪʦʚʫʶʯʠ ʮʽ ʜʚʽ ʤʝʪʨʠʢʠ ʦʮʽʥʢʠ ʪʦʯʥʦʩʪʽ, ʚʠʚʯʘʻʪʴʩʷ ʘʜʘʧʪʠʚʥʽʩʪʴ 

ʧʨʦʧʦʥʦʚʘʥʦʾ ʩʠʩʪʝʤʠ ʜʦ ʥʦʚʠʭ ʪʝʥʜʝʥʮʽʡ ʚʭʽʜʥʠʭ ʜʘʥʠʭ. 

ʉɺɺ ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʪʦʯʥʽʩʪʶ ʤʝʪʨʠʢ, ʨʽʚʥʝʤ ʚʠʷʚʣʝʥʥʷ (DR) ʽ ʨʽʚʥʝʤ 

ʧʦʤʠʣʢʦʚʠʭ ʩʧʨʘʮʴʦʚʫʚʘʥʴ (FPR). ʂʦʞʥʘ ʟ ʤʝʪʨʠʢ ʟʘʣʝʞʠʪʴ ʚʽʜ ʩʪʘʥʫ ʧʘʢʝʪʽʚ, 

ʷʢʽ ʧʨʦʡʰʣʠ ʯʝʨʝʟ ʉɺɺ, ʮʽ ʩʪʘʥʠ ʚʠʟʥʘʯʘʶʪʴʩʷ ʷʢ ʪʝʨʤʽʥʠ ʽʩʪʠʥʥʦʧʦʟʠʪʠʚʥʠʡ 

(TP), ʽʩʪʠʥʥʦʥʝʛʘʪʠʚʥʠʡ (TN), ʭʠʙʥʦʧʦʟʠʪʠʚʥʠʡ (FP) ʽ ʭʠʙʥʦʥʝʛʘʪʠʚʥʠʡ (FN). 

ʇʘʢʝʪ ʢʣʘʩʠʬʽʢʫʻʪʴʩʷ ʷʢ TP, ʷʢʱʦ ʮʝ ʧʘʢʝʪ ʘʪʘʢʠ, ʷʢʠʡ ʧʨʘʚʠʣʴʥʦ 
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ʽʜʝʥʪʠʬʽʢʦʚʘʥʠʡ, ʽ, ʪʘʢʠʤ ʯʠʥʦʤ, TP ï ʮʝ ʟʘʛʘʣʴʥʘ ʢʽʣʴʢʽʩʪʴ ʢʣʘʩʠʬʽʢʦʚʘʥʠʭ 

ʧʘʢʝʪʽʚ TP. TN ï ʮʝ ʟʘʛʘʣʴʥʘ ʢʽʣʴʢʽʩʪʴ ʧʘʢʝʪʽʚ, ʷʢʽ ʉɺɺ ʧʨʘʚʠʣʴʥʦ ʢʣʘʩʠʬʽʢʫʻ ʷʢ 

ʟʚʠʯʘʡʥʠʡ ʪʨʘʬʽʢ. 

FP ʚʽʜʥʦʩʠʪʴʩʷ ʜʦ ʯʠʩʣʘ ʧʘʢʝʪʽʚ, ʷʢʽ ʻ ʥʦʨʤʘʣʴʥʠʤʠ, ʧʨʦʪʝ ʙʫʣʠ 

ʢʣʘʩʠʬʽʢʦʚʘʥʽ ʷʢ ʘʪʘʢʠ ʉɺɺ. FN ï ʮʝ ʢʽʣʴʢʽʩʪʴ ʧʘʢʝʪʽʚ ʘʪʘʢʠ, ʷʢʽ ʉɺɺ 

ʥʝʧʨʘʚʠʣʴʥʦ ʢʣʘʩʠʬʽʢʫʻ ʷʢ ʟʚʠʯʘʡʥʠʡ ʪʨʘʬʽʢ. ʄʝʪʨʠʢʠ ʉɺɺ ʨʦʟʨʘʭʦʚʫʶʪʴʩʷ ʷʢ 

ʬʫʥʢʮʽʾ ʮʠʭ ʯʣʝʥʽʚ. 

ʐʚʠʜʢʽʩʪʴ ʚʠʷʚʣʝʥʥʷ ʽ ʪʦʯʥʽʩʪʴ. 

ʊʦʯʥʽʩʪʴ ï ʮʝ ʤʽʨʘ ʪʦʛʦ, ʩʢʽʣʴʢʠ ʜʽʡʩʥʦ ʨʝʣʝʚʘʥʪʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ 

ʦʪʨʠʤʘʥʦ ʟ ʫʩʽʭ ʚʠʧʘʜʢʽʚ [Gu, 2006]. ʎʝʡ ʧʦʢʘʟʥʠʢ, ʪʘʢʦʞ ʚʽʜʦʤʠʡ ʷʢ ʯʘʩʪʦʪʘ 

ʚʠʷʚʣʝʥʥʷ ʚ ʉɺɺ, ʚʠʤʽʨʶʻ, ʥʘʩʢʽʣʴʢʠ ʜʦʙʨʝ ʩʠʩʪʝʤʘ ʽʜʝʥʪʠʬʽʢʫʻ ʘʪʘʢʫ ʘʙʦ 

ʥʦʨʤʘʣʴʥʠʡ ʪʨʘʬʽʢ. ɺʠʩʦʢʠʡ ʨʽʚʝʥʴ ʚʠʷʚʣʝʥʥʷ ʤʘʻ ʙʫʪʠ ʚʠʤʦʛʦʶ ʜʣʷ ʥʘʜʽʡʥʦʩʪʽ 

ʩʠʩʪʝʤʠ ʚʠʷʚʣʝʥʥʷ ʚʪʦʨʛʥʝʥʴ. 

ʐʚʠʜʢʽʩʪʴ ʚʠʷʚʣʝʥʥʷ ʥʦʨʤʘʣʴʥʦʛʦ ʪʨʘʬʽʢʫ = TP / (TP + FP).  

ʐʚʠʜʢʽʩʪʴ ʚʠʷʚʣʝʥʥʷ ʘʪʘʢʫʶʯʦʛʦ ʪʨʘʬʽʢʫ = TN / (TN + FN).  

ʇʦʤʠʣʢʦʚʽ ʪʨʠʚʦʛʠ ʽ ʧʦʤʠʣʢʦʚʽ ʩʧʨʘʮʴʦʚʫʚʘʥʥʷ. 

ʈʽʚʝʥʴ ʧʦʤʠʣʢʦʚʠʭ ʩʧʨʘʮʴʦʚʫʚʘʥʴ ʥʘʤʘʛʘʻʪʴʩʷ ʦʮʽʥʠʪʠ ʚʽʜʩʦʪʦʢ 

ʰʢʽʜʣʠʚʦʛʦ ʪʨʘʬʽʢʘ, ʚʠʷʚʣʝʥʦʛʦ ʷʢ ʥʦʨʤʘʣʴʥʠʡ. ʏʘʩʪʦʪʘ ʧʦʤʠʣʢʦʚʠʭ 

ʩʧʨʘʮʴʦʚʫʚʘʥʴ (ʨʽʚʝʥʴ ʧʦʤʠʣʢʦʚʠʭ ʥʝʛʘʪʠʚʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ) ï ʮʝ ʨʽʚʝʥʴ 

ʥʦʨʤʘʣʴʥʦ ʾʧʦʚʝʜʽʥʢʠ, ʱʦ ʚʠʟʥʘʯʘʻʪʴʩʷ ʷʢ ʘʪʘʢʘ, ʷʢʘ ʚʠʢʣʠʢʘʻ ʥʝʙʘʞʘʥʽ ʜʽʾ. 

ɹʘʛʘʪʦ ʘʣʛʦʨʠʪʤʽʚ ʚʠʷʚʣʝʥʥʷ ʘʥʦʤʘʣʽʡ ʩʪʨʘʞʜʘʶʪʴ ʚʽʜ ʚʝʣʠʢʦʾ ʢʽʣʴʢʦʩʪʽ 

ʧʦʤʠʣʢʦʚʠʭ ʩʧʨʘʮʴʦʚʫʚʘʥʴ ʽ ʧʦʤʠʣʢʦʚʠʭ ʪʨʠʚʦʛ. ɺʠʩʦʢʘ ʯʘʩʪʦʪʘ ʧʦʤʠʣʢʦʚʠʭ 

ʪʨʠʚʦʛ ʥʝʛʘʪʠʚʥʦ ʚʧʣʠʚʘʻ ʥʘ ʥʘʜʽʡʥʽʩʪʴ ʤʦʜʝʣʽ ʉɺɺ, ʽ ʢʦʨʠʩʪʫʚʘʯʽ ʧʝʨʝʩʪʘʶʪʴ 

ʚʽʜʧʦʚʽʜʘʪʠ ʥʘ ʢʦʞʥʠʡ ʧʦʤʠʣʢʦʚʠʡ ʧʨʘʧʦʨʝʮ,ɹ ʷʢʠʡ ʚʠʜʘʻ ʩʠʩʪʝʤʘ. ɺʠʩʦʢʠʡ 

ʨʽʚʝʥʴ ʧʦʤʠʣʢʦʚʠʭ ʩʧʨʘʮʴʦʚʫʚʘʥʴ ʪʘʢʦʞ ʥʝʙʝʟʧʝʯʥʠʡ, ʦʩʢʽʣʴʢʠ ʧʦʢʘʟʫʻ, ʱʦ 

ʉɺɺ ʥʝ ʤʦʞʝ ʚʠʷʚʠʪʠ ʰʢʽʜʣʠʚʠʡ ʪʨʘʬʽʢ. ɺ ʽʜʝʘʣʴʥʽʡ ʉɺɺ ʧʦʤʠʣʢʦʚʽ 

ʩʧʨʘʮʴʦʚʫʚʘʥʥʷ ʤʘʶʪʴ ʜʦʨʽʚʥʶʚʘʪʠ ʥʫʣʶ, ʽ ʩʠʩʪʝʤʘ ʧʦʧʝʨʝʜʞʘʻ, ʢʦʣʠ 

ʚʽʜʙʫʚʘʶʪʴʩʷ ʪʽʣʴʢʠ ʩʧʨʘʚʞʥʽ ʘʪʘʢʠ. 
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ʏʘʩʪʦʪʘ ʧʦʤʠʣʢʦʚʠʭ ʩʧʨʘʮʴʦʚʫʚʘʥʴ = FN / (TP + FN).  

ʍʠʙʥʦʧʦʟʠʪʠʚʥʠʡ ʧʦʢʘʟʥʠʢ ʪʨʘʬʽʢʘ ʘʪʘʢʠ = FP / (FP + TN).  

ʄʽʨʘ ʪʦʯʥʦʩʪʽ (precision) ʭʘʨʘʢʪʝʨʠʟʫʻ, ʩʢʽʣʴʢʠ ʦʪʨʠʤʘʥʠʭ ʚʽʜ 

ʢʣʘʩʠʬʽʢʘʪʦʨʘ ʧʦʟʠʪʠʚʥʠʭ ʚʽʜʧʦʚʽʜʝʡ ʻ ʧʨʘʚʠʣʴʥʠʤʠ. ʏʠʤ ʙʽʣʴʰʝ ʪʦʯʥʽʩʪʴ, ʪʠʤ 

ʤʝʥʘh ʢʽʣʴʢʽʩʪʴ ʧʦʤʠʣʢʦʚʠʭ ʚʣʫʯʝʥʴ. 

( )Precision TP TP FP= + . 

ʄʽʨʘ ʪʦʯʥʦʩʪʽ, ʦʜʥʘʢ, ʥʝ ʜʘʻ ʫʷʚʣʝʥʥʷ ʧʨʦ ʪʝ, ʯʠ ʚʩʽ ʧʨʘʚʠʣʴʥʽ ʚʽʜʧʦʚʽʜʽ 

ʧʦʚʝʨʥʫʚ ʢʣʘʩʠʬʽʢʘʪʦʨ. ɼʣʷ ʮʴʦʛʦ ʽʩʥʫʻ ʪʘʢ ʟʚʘʥʘ ʤʽʨʘ ʧʦʚʥʦʪʠ. 

ʄʽʨʘ ʧʦʚʥʦʪʠ (recall) ʭʘʨʘʢʪʝʨʠʟʫʻ ʟʜʘʪʥʽʩʪʴ ʢʣʘʩʠʬʽʢʘʪʦʨʘ çʚʛʘʜʫʚʘʪʠè 

ʷʢʦʤʦʛʘ ʙʽʣʴʰʝ ʯʠʩʣʦ ʧʦʟʠʪʠʚʥʠʭ ʚʽʜʧʦʚʽʜʝʡ ʟ ʦʯʽʢʫʚʘʥʠʭ. ɿʘʫʚʘʞʠʤʦ, ʱʦ 

ʭʠʙʥʦʧʦʟʠʪʠʚʥʽ ʚʽʜʧʦʚʽʜʽ ʥʽʷʢ ʥʝ ʚʧʣʠʚʘʶʪʴ ʥʘ ʮʶ ʤʝʪʨʠʢʫ. 

( )Recall TP TP FN= + . 

ʄʽʨʘ ʧʦʚʥʦʪʠ ʧʦʢʘʟʫʻ, ʷʢʫ ʯʘʩʪʢʫ ʦʙô̒ ʢʪʽʚ, ʱʦ ʜʽʡʩʥʦ ʥʘʣʝʞʠʪʴ ʜʦ 

ʧʦʟʠʪʠʚʥʦʛʦ ʢʣʘʩʫ, ʤʠ ʧʝʨʝʜʙʘʯʠʣʠ ʚʽʨʥʦ. 

ɸʛʨʝʛʦʚʘʥʠʡ ʢʨʠʪʝʨʽʡ ʷʢʦʩʪʽ: F-ʤʽʨʘ. 

ʊʦʯʥʽʩʪʴ ʽ ʧʦʚʥʦʪʘ ʜʦʙʨʝ ʦʮʽʥʶʶʪʴ ʷʢʽʩʪʴ ʢʣʘʩʠʬʽʢʘʪʦʨʘ ʜʣʷ ʟʘʜʘʯ ʟʽ 

ʟʤʽʱʝʥʦʶ ʘʧʨʽʦʨʥʦ ʁ ʡʤʦʚʽʨʥʽʩʪʶ, ʘʣʝ ʷʢʱʦ ʥʘʚʯʠʣʠ ʤʦʜʝʣʴ ʟ ʚʠʩʦʢʦʶ 

ʪʦʯʥʽʩʪʶ, ʪʦ ʤʦʞʝ ʩʪʘʪʠʩʷ ʪʘʢ, ʱʦ ʧʦʚʥʦʪʘ ʫ ʪʘʢʦʛʦ ʢʣʘʩʠʬʽʢʘʪʦʨʘ ʥʠʟʴʢʘ ʽ 

ʥʘʚʧʘʢʠ. 

ɼʣʷ ʚʩʪʘʥʦʚʣʝʥʥʷ ʚʘʞʣʠʚʦʩʪʽ ʢʦʥʢʨʝʪʥʦʾ ʤʝʪʨʠʢʠ ʨʦʟʛʣʷʜʘʻʤʦ 

ʧʘʨʘʤʝʪʨʠʯʥʫ F-ʤʽʨʫ: 

2

2
(1 ) ,

Precision Recall
F

Precision Recall
b b

b

Ö
= +

+
 

ʜʝ ɓɴ[0,Ð), ʧʨʠ ɓ=0 ʦʪʨʠʤʫʻʤʦ ʪʦʯʥʽʩʪʴ, ʧʨʠ ɓ<1 ʧʝʨʝʚʘʛʘ ʚʽʜʜʘʻʪʴʩʷ ʪʦʯʥʦʩʪʽ, 

ʧʨʠ ɓ=1 ï ʥʝʧʘʨʘʤʝʪʨʠʯʥʽʡ F-ʤʽʨʽ, ʧʨʠ ɓ=Ð ï ʧʦʚʥʦʪʽ. 



259 

 

ʑʦʙ ʟʚô̫ ʟʘʪʠ ʪʦʯʥʽʩʪʴ ʟ ʧʦʚʥʦʪʦʶ ʚʚʦʜʷʪʴ F-ʤʽʨʫ ʷʢ ʩʝʨʝʜʥʻ ʛʘʨʤʦʥʽʡʥʝ 

ʪʦʯʥʦʩʪʽ ʽ ʧʦʚʥʦʪʠ: 

Fmeasure=2PrecisionẗRecall/(Precision+Recall). 

F-ʤʽʨʘ ʜʦʩʷʛʘʻ ʤʘʢʩʠʤʫʤʫ ʧʨʠ ʧʦʚʥʦʪʽ ʽ ʪʦʯʥʦʩʪʽ ʨʽʚʥʠʤʠ ʦʜʠʥʠʮʽ, ʽ 

ʙʣʠʟʴʢʘ ʜʦ ʥʫʣʷ, ʷʢʱʦ ʦʜʠʥ ʟ ʘʨʛʫʤʝʥʪʽʚ ʙʣʠʟʴʢʠʡ ʜʦ ʥʫʣʷ. 

ʇʨʦʚʝʜʝʥʦ ʜʦʩʣʽʜʞʝʥʥʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʚʠʷʚʣʝʥʥʷ ʚʪʦʨʛʥʝʥʴ. ʅʘʚʝʜʝʥʦ ʾʭ 

ʤʥʦʞʠʥʫ ʪʘ ʩʧʦʩʦʙʠ ʾʭ ʚʠʢʦʨʠʩʪʘʥʥʷ. ʅʘ ʮʽʡ ʦʩʥʦʚʽ ʥʘʚʝʜʝʥʦ ʘʨʛʫʤʝʥʪʘʮʽʶ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢ Fmeasure, ʤʽʨʠ ʧʦʚʥʦʪʠ ʪʘ ʤʽʨʠ ʪʦʯʥʦʩʪʽ. ʊʝʧʝʨ 

ʤʦʞʥʘ ʧʨʦʚʝʩʪʠ ʜʦʩʣʽʜʞʝʥʥʷ ʤʝʪʦʜʽʚ ʚʠʷʚʣʝʥʥʷ ʚʪʦʨʛʥʝʥʴ. 

5.4. ɼʦʩʣʽʜʞʝʥʥʷ ʤʝʪʦʜʽʚ ʘʥʘʣʽʟʫ ʝʥʪʨʦʧʽʾ ʧʨʦʪʦʢʦʣʽʚ 

ɸʥʘʣʽʟ ʤʝʨʝʞʥʠʭ ʧʘʢʝʪʽʚ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʩʪʘʥʫ ʧʦʪʦʢʽʚ. ʂʦʥʮʝʧʮʽʷ 

ʘʥʘʣʽʟʫ ʧʨʦʪʦʢʦʣʫ ʟ ʚʽʜʩʪʝʞʝʥʥʷʤ ʩʪʘʥʫ ʧʨʦʩʪʘ: ʜʦʜʘʪʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʟ 

ʘʥʘʣʽʟʦʤ ʩʪʘʥʫ ʚ ʘʥʘʣʽʟ ʟʚʠʯʘʡʥʦʛʦ ʧʨʦʪʦʢʦʣʫ. ʂʦʣʠ ʚʠʢʦʥʫʻʪʴʩʷ ʘʥʘʣʽʟ 

ʧʨʦʪʦʢʦʣʫ, ʧʝʨʝʚʽʨʷʶʪʴʩʷ ʢʦʨʠʩʥʽ ʥʘʚʘʥʪʘʞʝʥʥʷ TCP ʽ UDP, ʷʢʽ ʤʽʩʪʷʪʴ ʪʘʢʽ 

ʧʨʦʪʦʢʦʣʠ, ʷʢ DNS, FTP, HTTP ʽ SMTP. ɼʘʪʯʠʢʠ ʉɺɺ, ʷʢʽ ʚʠʢʦʥʫʶʪʴ ʘʥʘʣʽʟ 

ʧʨʦʪʦʢʦʣʫ, ʨʦʟʫʤʽʶʪʴ, ʷʢ ʧʦʚʠʥʝʥ ʧʨʘʮʶʚʘʪʠ ʢʦʞʝʥ ʧʨʦʪʦʢʦʣ, ʛʨʫʥʪʫʶʯʠʩʴ ʥʘ 

RFC ʽ ʨʝʘʣʴʥʠʭ ʨʝʘʣʽʟʘʮʽʷʭ ʮʠʭ ʧʨʦʪʦʢʦʣʽʚ. ʊʘʢʠʤ ʯʠʥʦʤ, ʜʘʪʯʠʢ ʉɺɺ ʤʦʞʝ 

ʚʠʷʚʠʪʠ ʙʘʛʘʪʦ ʧʽʜʦʟʨʽʣʠʭ ʟʥʘʯʝʥʴ ʚ ʢʦʨʠʩʥʠʭ ʥʘʚʘʥʪʘʞʝʥʥʷʭ ʜʦʜʘʪʢʽʚ 

ʧʨʦʪʦʢʦʣʫ. ʉʠʛʥʘʪʫʨʠ ʘʥʘʣʽʟʫ ʧʨʦʪʦʢʦʣʽʚ ʪʘʢʦʞ ʤʦʞʫʪʴ ʙʫʪʠ ʨʦʟʨʦʙʣʝʥʽ ʜʣʷ 

ʧʦʜʦʣʘʥʥʷ ʩʧʨʦʙ ʟʣʦʚʤʠʩʥʠʢʽʚ ʧʨʠʭʦʚʘʪʠ ʩʚʦʾ ʜʽʾ. ʅʘʧʨʠʢʣʘʜ, ʰʽʩʪʥʘʜʮʷʪʢʦʚʝ 

ʢʦʜʫʚʘʥʥʷ ʤʦʞʝ ʙʫʪʠ ʚʠʢʦʨʠʩʪʘʥʦ ʜʣʷ ʥʝʚʝʣʠʢʦʾ ʟʤʽʥʠ URL-ʘʜʨʝʩ, ʱʦʙ ʚʦʥʠ 

ʚʠʛʣʷʜʘʣʠ ʜʣʷ ʥʘʩ ʨʽʟʥʠʤʠ, ʘʣʝ ʤʘʣʠ ʦʜʥʘʢʦʚʝ ʟʥʘʯʝʥʥʷ ʜʣʷ ʚʝʙ-ʩʝʨʚʝʨʽʚ. ɺʝʙ-

ʩʝʨʚʝʨʠ Microsoft IIS ʚʠʢʦʥʫʶʪʴ ʜʚʽ ʦʧʝʨʘʮʽʾ ʰʽʩʪʥʘʜʮʷʪʠʨʽʯʥʦʛʦ ʜʝʢʦʜʫʚʘʥʥʷ 

URL-ʘʜʨʝʩ ʧʝʨʝʜ ʾʭʥʴʶ ʦʙʨʦʙʢʦʶ: ʥʘʙʽʨ ʩʠʛʥʘʪʫʨ ʜʣʷ ʘʥʘʣʽʟʫ ʧʨʦʪʦʢʦʣʫ HTTP, 

ʷʢʠʡ ʰʫʢʘʻ ʩʧʨʦʙʠ IIS, ʤʘʻ ʪʘʢʦʞ ʚʠʢʦʥʘʪʠ ʜʚʽ ʦʧʝʨʘʮʽʾ ʰʽʩʪʥʘʜʮʷʪʢʦʚʦʛʦ 
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ʜʝʢʦʜʫʚʘʥʥʷ, ʱʦʙ ʚʽʥ ʧʝʨʝʚʽʨʷʚ ʪʫ ʩʘʤʫ URL-ʘʜʨʝʩʫ, ʷʢʫ ʧʦʙʘʯʠʪʴ ʚʝʙ- ʩʝʨʚʝʨ 

IIS [Mai, 2005; Das, 2002; Jyothsna, 2019]. 

ɺ ʨʘʤʢʘʭ SPI ʧʽʜʭʦʜʫ, ʧʨʦʛʨʘʤʘ ʘʙʦ ʧʨʠʩʪʨʽʡ, ʷʢʠʡ ʡʦʛʦ ʨʝʘʣʽʟʫʻ, ʚ 

ʤʦʤʝʥʪ ʚʽʜʢʨʠʪʪʷ ʥʦʚʦʛʦ ʟô̒ ʜʥʘʥʥʷ ʧʝʨʝʚʽʨʷʻ ʡʦʛʦ ʥʘ ʚʽʜʧʦʚʽʜʥʽʩʪʴ ʟʘʜʘʥʽʡ 

ʧʦʣʽʪʠʮʽ ʙʝʟʧʝʢʠ ʽ ʜʦ ʟʘʢʨʠʪʪʷ ʟʙʝʨʽʛʘʻ ʧʘʨʘʤʝʪʨʠ ʮʴʦʛʦ ʟô̒ ʜʥʘʥʥʷ ʚ ʧʘʤô̫ ʪʽ. ɿʘ 

ʜʦʧʦʤʦʛʦʶ ʪʘʢʠʭ ʨʽʰʝʥʴ, ʟʦʢʨʝʤʘ, ʟʜʽʡʩʥʶʻʪʴʩʷ ʧʝʨʝʚʽʨʢʘ ʢʦʨʝʢʪʥʦʩʪʽ 

ʟô̒ ʜʥʘʥʥʷ, ʥʘʧʨʠʢʣʘʜ, ʚʽʜʩʫʪʥʽʩʪʴ ʧʘʢʝʪʽʚ ʥʘ ʚʽʜʢʨʠʪʦʤʫ ʤʝʨʝʞʥʦʤʫ ʧʦʨʪ ̔ʧʽʩʣʷ 

ʟʘʚʝʨʰʝʥʥʷ ʟô̒ ʜʥʘʥʥʷ. ʈʝʘʣʽʟʘʮʽʾ SPI ʤʽʩʪʷʪʴʩʷ ʚ ʙʽʣʴʰʦʩʪʽ ʩʫʯʘʩʥʠʭ 

ʤʘʨʰʨʫʪʠʟʘʪʦʨʽʚ ʫ ʚʠʛʣʷʜʽ SPI-ʙʨʘʥʜʤʘʫʝʨʽʚ. ʊʘʢʦʞ ʮʷ ʪʝʭʥʦʣʦʛʽʷ 

ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʚ ʧʨʦʛʨʘʤʥʠʭ ʤʽʞʤʝʨʝʞʥʠʭ ʝʢʨʘʥʘʭ, ʷʢʽ ʚʨʘʭʦʚʫʶʪʴ ʩʪʘʥ 

(stateful firewalls), ʢʦʤʧʘʥʽʾ CheckPoint ʽ ʨʷʜʽ ʉɺɺ / ʉɿɺ ʩʠʩʪʝʤ [ɻʝʪʴʤʘʥ, 2015]. 

ɿ ʮʠʤ ʧʽʜʭʦʜʦʤ ʚʽʜʩʣʽʜʢʦʚʫʶʪʴʩʷ ʥʝ ʪʽʣʴʢʠ ʚʭʽʜʥʽ ʽ ʚʠʭʽʜʥʽ ʧʘʢʝʪʠ, ʘʣʝ ʽ 

ʩʪʘʥ ʦʢʨʝʤʠʭ ʟô̒ ʜʥʘʥʴ, ʷʢʠʡ ʟʙʝʨʽʛʘʻʪʴʩʷ ʚ ʜʠʥʘʤʽʯʥʠʭ ʪʘʙʣʠʮʷʭ, ʷʢ ʮʝ 

ʟʦʙʨʘʞʝʥʦ ʥʘ ʨʠʩ. 5.10. ɿʘʚʜʷʢʠ ʮʴʦʤʫ ʧʽʜ ʯʘʩ ʘʥʘʣʽʟʫ ʥʘʩʪʫʧʥʦʛʦ ʧʘʢʝʪʘ 

ʤʦʞʫʪʴ ʚʨʘʭʦʚʫʚʘʪʠʩʷ ʥʝ ʪʽʣʴʢʠ ʟʘʜʘʥʽ ʧʨʘʚʠʣʘ ʽ ʧʦʣʽʪʠʢʠ ʧʦ ʚʽʜʥʦʰʝʥʥʶ ʜʦ 

ʘʜʨʝʩ ʽ ʚʤʽʩʪʫ ʧʘʢʝʪʽʚ, ʘ ʡ ʩʪʘʥ ʟô̒ ʜʥʘʥʥʷ, ʜʦ ʷʢʦʛʦ ʥʘʣʝʞʠʪʴ ʧʘʢʝʪ ʽ ʧʦʧʝʨʝʜʥʽʭ 

ʧʘʢʝʪʽʚ, ʷʢʽ ʜʦ ʥʴʦʛʦ ʚʽʜʥʦʩʷʪʴʩʷ, ʘ ʪʘʢʦʞ ʽ ʽʥʰʠʭ, ʧʦʚô̫ ʟʘʥʠʭ ʟ ʜʘʥʠʤʠ, 

ʟô̒ ʜʥʘʥʴ. ʂʣʘʩʠʯʥʠʡ ʧʨʠʢʣʘʜ ʧʝʨʝʚʘʛʠ ʙʨʘʥʜʤʘʫʝʨʘ ʧʽʜʪʨʠʤʫʻ ʩʪʘʥ ʧʦʪʦʢʫ ʚ 

ʧʦʨʽʚʥʷʥʥʽ ʟ ʤʽʞʤʝʨʝʞʥʠʤʠ ʝʢʨʘʥʘʤʠ ʙʝʟ ʪʘʢʦʾ ʧʽʜʪʨʠʤʢʠ - ʦʙʨʦʙʢʘ FTP 

ʧʨʦʪʦʢʦʣʫ [ɻʝʪʴʤʘʥ, 2015]. 

ʍʦʯʘ ʘʥʘʣʽʟ ʧʨʦʪʦʢʦʣʫ ʩʘʤ ʧʦ ʩʦʙʽ ʻ ʜʫʞʝ ʧʦʪʫʞʥʠʤ ʤʝʪʦʜʦʤ, ʚʽʥ 

ʦʙʤʝʞʫʻʪʴʩʷ ʨʦʟʛʣʷʜʦʤ ʦʜʥʦʛʦ ʟʘʧʠʪʫ ʘʙʦ ʚʽʜʧʦʚʽʜʽ. ɿʘʟʚʠʯʘʡ, ʙʘʛʘʪʦ ʘʪʘʢ ʥʝ 

ʤʦʞʫʪʴ ʙʫʪʠ ʚʠʷʚʣʝʥʽ ʧʨʠ ʧʝʨʝʛʣʷʜʽ ʦʜʥʦʛʦ ʟʘʧʠʪʫ ï ʘʪʘʢʘ ʤʦʞʝ ʚʢʣʶʯʘʪʠ 

ʩʝʨʽʶ ʟʘʧʠʪʽʚ. ʂʨʘʱʠʡ ʩʧʦʩʽʙ ʚʠʷʚʠʪʠ ʪʘʢʽ ʘʪʘʢʠ ï ʜʦʜʘʪʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʩʪʘʥʫ 

ʚ ʘʥʘʣʽʟ ʧʨʦʪʦʢʦʣʫ. 
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ʈʠʩ. 5.10. ʄʝʪʦʜ ʘʥʘʣʽʟʫ ʧʨʦʪʦʢʦʣʫ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʩʪʘʥʫ  

ʂʦʣʠ ʚʠʢʦʥʫʻʪʴʩʷ ʘʥʘʣʽʟ ʧʨʦʪʦʢʦʣʫ ʟ ʚʽʜʩʪʝʞʝʥʥʷʤ ʩʪʘʥʫ, ʚʽʜʩʪʝʞʫʶʪʴʩʷ 

ʽ ʘʥʘʣʽʟʫʶʪʴʩʷ ʚʩʽ ʧʦʜʽʾ ʚ ʟô̒ ʜʥʘʥʥʽ ʘʙʦ ʩʝʘʥʩʽ. ɼʘʪʯʠʢ ʉɺɺ ʤʦʞʝ 

çʟʘʧʘʤô̫ ʪʦʚʫʚʘʪʠè ʟʥʘʯʫʱʽ ʧʦʜʽʾ ʽ ʜʘʥʽ ʥʘ ʯʘʩ ʩʝʘʥʩʫ. ʎʝ ʜʦʟʚʦʣʷʻ ʜʘʪʯʠʢʫ 

ʟʥʘʭʦʜʠʪʠ ʢʦʨʝʣʷʮʽʾ ʤʽʞ ʨʽʟʥʠʤʠ ʧʦʜʽʷʤʠ ʧʨʦʪʷʛʦʤ ʩʝʘʥʩʫ, ʽʜʝʥʪʠʬʽʢʫʶʯʠ 

ʘʪʘʢʠ ʟ ʢʽʣʴʢʦʤʘ ʢʦʤʧʦʥʝʥʪʘʤʠ, ʷʢʽ ʽʥʘʢʰʝ ʥʝ ʤʦʞʫʪʴ ʙʫʪʠ ʚʠʷʚʣʝʥʽ. ɹʝʟ 

ʤʦʞʣʠʚʦʩʪʽ ʟʙʝʨʽʛʘʪʠ ʩʪʘʥ ʤʠ ʤʦʞʝʤʦ ʪʽʣʴʢʠ ʧʝʨʝʚʽʨʷʪʠ ʢʦʞʝʥ ʧʘʢʝʪ, ʟʘʧʠʪ ʘʙʦ 

ʚʽʜʧʦʚʽʜʴ ʩʘʤʦʩʪʽʡʥʦ, ʧʦʚʥʽʩʪʶ ʥʝʟʘʣʝʞʥʦ ʚʽʜ ʽʥʰʦʾ ʯʘʩʪʠʥʠ ʩʝʘʥʩʫ. 

ʇʨʠʢʣʘʜ ʘʥʘʣʽʟʫ ʧʨʦʪʦʢʦʣʽʚ ʟ ʚʽʜʩʪʝʞʝʥʥʷʤ ʩʪʘʥʫ. 

ʇʦʥʷʪʪʷ ʘʥʘʣʽʟʫ ʧʨʦʪʦʢʦʣʽʚ ʟ ʚʽʜʩʪʝʞʝʥʥʷʤ ʩʪʘʥʫ ʥʘʡʢʨʘʱʝ ʧʦʷʩʥʠʪʠ, 

ʨʦʟʛʣʷʥʫʚʰʠ ʢʽʣʴʢʘ ʧʨʠʢʣʘʜʽʚ. ɭ ʢʽʣʴʢʘ ʩʧʦʩʦʙʽʚ ʜʫʤʘʪʠ ʧʨʦ çʩʪʘʥè ʫ ʟʚô̫ ʟʢʫ. 

ʆʜʥʘ ʟ ʥʘʡʧʨʦʩʪʽʰʠʭ ʬʦʨʤ ʩʪʘʥʫ ï ʮʝ ʤʦʞʣʠʚʽʩʪʴ ʟʚô̫ ʟʘʪʠ ʟʘʧʠʪ ʟ ʚʽʜʧʦʚʽʜʥʦ  ʁ

ʚʽʜʧʦʚʽʜʜʶ. ʆʩʢʽʣʴʢʠ ʜʘʪʯʠʢ ʉɺɺ, ʷʢʠʡ ʚʠʢʦʥʫʻ ʘʥʘʣʽʟ ʧʨʦʪʦʢʦʣʫ ʟ 

ʚʽʜʩʪʝʞʝʥʥʷʤ ʩʪʘʥʫ, ʤʦʞʝ ʧʦʩʣʽʜʦʚʥʦ ʚʽʜʩʪʝʞʫʚʘʪʠ ʢʦʞʝʥ ʟʘʧʠʪ ʽ ʚʽʜʧʦʚʽʜʴ ʚ 

ʩʝʘʥʩʽ, ʚʽʥ ʣʝʛʢʦ ʤʦʞʝ ʟʽʩʪʘʚʠʪʠ ʚʽʜʧʦʚʽʜʴ ʽʟ ʟʘʧʠʪʦʤ, ʷʢʠʡ ʡʦʛʦ ʟʛʝʥʝʨʫʚʘʚ. ʋ 

ʙʘʛʘʪʴʦʭ ʚʠʧʘʜʢʘʭ ʮʝ ʥʘʜʟʚʠʯʘʡʥʦ ʮʽʥʥʦ, ʦʩʢʽʣʴʢʠ ʙʘʛʘʪʦ ʚʽʜʧʦʚʽʜʝʡ ʤʽʩʪʷʪʴ 
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ʷʢʠʡʩʴ ʽʥʜʠʢʘʪʦʨ ʩʪʘʥʫ, ʷʢʠʡ ʧʦʚʽʜʦʤʣʷʻ ʥʘʤ, ʷʢʠʡ ʙʫʚ ʨʝʟʫʣʴʪʘʪ ʟʘʧʠʪʫ. 

1) ʅʘʧʨʠʢʣʘʜ: ʧʽʜ ʯʘʩ ʚʠʢʦʥʘʥʥ ̫ʢʦʤʘʥʜʠ FTP ʚʽʜʧʦʚʽʜʴ ʩʝʨʚʝʨʘ ʧʦʯʠʥʘʻʪʴʩʷ ʟ 

ʪʨʠʟʥʘʯʥʦʛʦ ʢʦʜʫ. ʂʦʜ ʩʪʘʥʫ, ʷʢʠʡ ʧʦʯʠʥʘʻʪʴʩʷ ʟ ç2è, ʚʢʘʟʫʻ ʥʘ ʪʝ, ʱʦ ʢʦʤʘʥʜʘ 

ʙʫʣʘ ʫʩʧʽʰʥʦʶ, ʘ ç5è ʚʢʘʟʫʻ ʥʘ ʟʙʽʡ. 

ɼʘʪʯʠʢʠ ʉɺɺ ʤʦʞʫʪʴ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʮʶ ʽʥʬʦʨʤʘʮʽʶ ʜʝʢʽʣʴʢʦʤʘ 

ʩʧʦʩʦʙʘʤʠ. 

ʅʘʡʙʽʣʴʰ ʦʯʝʚʠʜʥʠʡ ʩʧʦʩʽʙ ï ʚʠʟʥʘʯʠʪʠ, ʯʠ ʙʫʣʠ ʧʝʚʥʽ ʘʪʘʢʠ ʫʩʧʽʰʥʠʤʠ 

ʘʙʦ ʥʝʚʜʘʣʠʤʠ. ʗʢʱʦ ʟʣʦʚʤʠʩʥʠʢ ʥʘʤʘʛʘʻʪʴʩʷ ʦʪʨʠʤʘʪʠ ʢʦʥʬʽʜʝʥʮʽʡʥʠʡ ʬʘʡʣ, ʽ 

ʚʠʜʥʦ, ʱʦ ʢʦʜ ʩʪʘʥʫ ʫ ʚʽʜʧʦʚʽʜʽ ʧʦʯʠʥʘʻʪʴʩʷ ʟ ç2è, ʪʦ ʩʧʨʦʙʘ ʙʫʣʘ ʫʩʧʽʰʥʦʶ. 

ʆʩʢʽʣʴʢʠ ʤʦʞʥʘ ʽʜʝʥʪʠʬʽʢʫʚʘʪʠ ʢʦʞʝʥ ʥʝʚʜʘʣʠʡ ʟʘʧʠʪ ʽ ʚʽʜʩʣʽʜʢʦʚʫʚʘʪʠ, 

ʩʢʽʣʴʢʠ ʟʘʧʠʪʽʚ ʥʝ ʙʫʣʦ ʚʠʢʦʥʘʥʦ ʚ ʩʝʘʥʩʽ, ʤʦʞʥʘ ʰʫʢʘʪʠ ʚʝʣʠʢʫ ʢʽʣʴʢʽʩʪʴ ʟʙʦʾʚ. 

ʎʝ ʜʫʞʝ ʢʦʨʠʩʥʦ ʚ ʭʦʜʽ ʚʠʷʚʣʝʥʥ ̫ʘʪʘʢ ʤʝʪʦʜʦʤ çʛʨʫʙʦʾ ʩʠʣʠè, ʪʘʢʠʭ ʷʢ ʘʪʘʢʠ ʟ 

ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʧʘʨʦʣʽʚ. 

ɹʽʣʴʰ ʩʢʣʘʜʥʝ ʚʠʢʦʨʠʩʪʘʥʥʷ ʚ ʪʦʤʫ, ʱʦʙ ʽʜʝʥʪʠʬʽʢʫʚʘʪʠ ʚʠʧʘʜʢʠ, ʢʦʣʠ 

ʟʘʧʠʪ ʥʝ ʤʘʻ ʚʽʜʧʦʚʽʜʥʦʾ ʚʽʜʧʦʚʽʜʽ. ɼʝʷʢʽ ʘʪʘʢʠ ʚʢʣʶʯʘʶʪʴ ʰʚʠʜʢʫ ʚʽʜʧʨʘʚʢʫ 

ʦʜʥʽʻʾ ʽ ʪʽʻʾ ʞ ʢʦʤʘʥʜʠ ʥʘ ʩʝʨʚʝʨ ʩʦʪʥʽ ʘʙʦ ʪʠʩʷʯʽ ʨʘʟʽʚ. ʋ ʮʠʭ ʚʠʧʘʜʢʘʭ ʜʘʪʯʠʢ 

ʉɺɺ ʤʦʞʝ ʧʦʙʘʯʠʪʠ ʙʘʛʘʪʦ ʟʘʧʠʪʽʚ ʚʽʜ ʢʣʽʻʥʪʘ, ʧʝʨʰ ʥʽʞ ʧʦʙʘʯʠʪʠ ʦʜʠʥ ʫ 

ʚʽʜʧʦʚʽʜʴ ʚʽʜ ʩʝʨʚʝʨʘ. 

ʊʘʢʠʤ ʯʠʥʦʤ, ʧʨʦʩʪʘ ʤʦʞʣʠʚʽʩʪʴ ʟʘʧʘʤ'ʷʪʘʪʠ ʦʩʪʘʥʥʶ ʢʦʤʘʥʜʫ ʽ ʟʚô̫ ʟʘʪʠ 

ʾʾ ʟ ʚʽʜʧʦʚʽʜʜʶ ʜʘʻ ʥʘʤ ʤʦʞʣʠʚʽʩʪʴ ʽʜʝʥʪʠʬʽʢʫʚʘʪʠ ʢʽʣʴʢʘ ʪʠʧʽʚ ʘʪʘʢ. ʆʜʥʘʢ ʥʝ 

ʽʩʥʫʻ ʦʙʤʝʞʝʥʴ ʱʦʜʦ ʟʘʧʘʤô̫ ʪʦʚʫʚʘʥʥʷ ʧʦʧʝʨʝʜʥʴʦʾ ʢʦʤʘʥʜʠ; ʤʦʞʥʘ ʧʘʤô̫ ʪʘʪʠ 

ʧʦʧʝʨʝʜʥʽ ʢʦʤʘʥʜʠ ʽ ʚʽʜʧʦʚʽʜʽ. ʅʘʙʘʛʘʪʦ ʙʽʣʴʰ ʡʤʦʚʽʨʥʦ, ʱʦ ʤʦʞʥʘ ʧʨʦʩʪʦ 

ʚʠʪʷʛʥʫʪʠ ʚʘʞʣʠʚʽ ʜʘʥʽ ʟ ʧʝʚʥʠʭ ʢʦʤʘʥʜ ʽ ʚʽʜʧʦʚʽʜʝʡ ʽ ʟʙʝʨʝʛʪʠ ʮʽ ʜʘʥʽ ʜʣʷ 

ʤʘʡʙʫʪʥʴʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ. 

2. ʇʨʠʢʣʘʜ ʟʙʝʨʝʞʝʥʥʷ ʜʘʥʠʭ ʟ ʩʝʘʥʩʫ ʜʣʷ ʜʘʪʯʠʢʘ ʉɺɺ, ʷʢʠʡ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠʤʝʪʴʩʷ ʚ ʦʩʪʘʥʥʽʡ ʯʘʩʪʠʥʽ ʩʝʘʥʩʫ. ʂʦʨʠʩʪʫʚʘʯ FTP ʚʭʦʜʠʪʴ ʚ 

ʩʠʩʪʝʤʫ, ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ ʯʦʪʠʨʠ ʝʪʘʧʠ: 
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ʂʦʨʠʩʪʫʚʘʯ ʚʽʜʧʨʘʚʣʷʻ çUSER kkentè ʥʘ FTP-ʩʝʨʚʝʨ, ʜʝ kkent ï̔ ʤô̫  

ʢʦʨʠʩʪʫʚʘʯʘ. 

FTP-ʩʝʨʚʝʨ ʚʽʜʧʦʚʽʜʘʻ ç331 ʅʘʜʽʩʣʘʪʠ ʧʘʨʦʣʴè. 

ʂʦʨʠʩʪʫʚʘʯ ʚʽʜʧʨʘʚʣʷʻ çPASS foobarè ʥʘ FTP-ʩʝʨʚʝʨ. 

FTP-ʩʝʨʚʝʨ ʧʽʜʪʚʝʨʜʞʫʻ, ʱʦ ʧʘʨʦʣʴ ʧʨʘʚʠʣʴʥʠʡ, ʽ ʚʽʜʧʦʚʽʜʘʻ ç230 

ʂʦʨʠʩʪʫʚʘʯ ʫʚʽʡʰʦʚ ʚ ʩʠʩʪʝʤʫè. 

ɼʘʪʯʠʢ ʉɺɺ ʚʠʷʚʣʷʻ ʢʦʤʘʥʜʫ USER ʽ ʟʙʝʨʽʛʘʻ çkkentè ʚ ʷʢʦʩʪʽ 

ʧʦʧʝʨʝʜʥʴʦʛʦ ʽʤʝʥʽ ʢʦʨʠʩʪʫʚʘʯʘ ʜʣʷ ʮʴʦʛʦ ʩʝʘʥʩʫ FTP. ʇʦʪʽʤ ʚʽʥ ʦʯʽʢʫʻ 

ʢʦʤʘʥʜʫ PASS, ʷʢʘ ʤʘʻ ʚʽʜʧʦʚʽʜʴ ʟ ʢʦʜʦʤ ʩʪʘʥʫ, ʷʢʠʡ ʧʦʯʠʥʘʻʪʴʩʷ ʟ 2, ʱʦ ʚʢʘʟʫʻ 

ʥʘ ʫʩʧʽʰʥʽʩʪʴ ʘʫʪʝʥʪʠʬʽʢʘʮʽʾ. ɼʘʪʯʠʢ ʉɺɺ ʪʘʢʦʞ ʚʽʜʩʪʝʞʫʻ ʽʥʰʫ ʢʦʤʘʥʜʫ 

USER, ʷʢʘ ʚʢʘʟʫʻ, ʱʦ ʢʦʨʠʩʪʫʚʘʯ ʥʘʤʘʛʘʻʪʴʩʷ ʟʥʦʚʫ ʘʫʪʝʥʪʠʬʽʢʫʚʘʪʠʩʷ. ʗʢ 

ʪʽʣʴʢʠ ʫʩʧʽʰʥʘ ʘʫʪʝʥʪʠʬʽʢʘʮʽʷ ʙʫʣʘ ʚʠʷʚʣʝʥʘ, ʜʘʪʯʠʢ ʉɺɺ ʟʥʘʻ, ʱʦ ʩʝʘʥʩ, ʷʢʠʡ 

ʚʽʥ ʚʽʜʩʪʝʞʫʻ, ʻ ʩʝʘʥʩʦʤ ʽʤʝʥʽ ʢʦʨʠʩʪʫʚʘʯʘ kkent. 

ʎʷ ʽʥʬʦʨʤʘʮʽʷ ʢʦʨʠʩʥʘ ʜʚʦʤʘ ʦʩʥʦʚʥʠʤʠ ʩʧʦʩʦʙʘʤʠ. ʇʦ-ʧʝʨʰʝ, ʷʢʱʦ 

ʘʪʘʢʘ ʚʽʜʙʫʚʘʻʪʴʩʷ ʧʽʜ ʯʘʩ ʮʴʦʛʦ ʩʝʘʥʩʫ, ʉɺɺ ʤʦʞʝ ʧʦʚʽʜʦʤʠʪʠ, ʱʦ ʽʤô̫  

ʢʦʨʠʩʪʫʚʘʯʘ kkent ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʦʩʷ ʜʣʷ ʮʴʦʛʦ ʩʝʘʥʩʫ. ʎʷ ʽʥʬʦʨʤʘʮʽʷ ʤʦʞʝ 

ʙʫʪʠ ʥʘʜʟʚʠʯʘʡʥʦ ʢʦʨʠʩʥʘ ʧʨʠ ʨʦʟʩʣʽʜʫʚʘʥʥʽ ʽʥʮʠʜʝʥʪʫ. ʇʦ-ʜʨʫʛʝ, ʷʢɦʦ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʦʩʷ ʽʤôʷ çrootè ʘʙʦ çadministratorè. ɸʥʘʣʽʟʫʶʯʠ ʚʩʽ ʟʘʧʠʪʠ ʽ 

ʚʽʜʧʦʚʽʜʽ, ʧʦʚô̫ ʟʘʥʽ ʟ ʘʫʪʝʥʪʠʬʽʢʘʮʽʻʶ, ʜʘʪʯʠʢ ʉɺɺ ʤʦʞʝ ʚʠʷʚʣʷʪʠ ʩʧʨʦʙʠ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʪʘʢʽ ʦʙʣʽʢʦʚʽ ʟʘʧʠʩʠ, ʘ ʪʘʢʦʞ ʟʘʧʠʩʫʚʘʪʠ, ʯʠ ʙʫʣʠ ʫʩʧʽʰʥʠʤʠ 

ʚʩ̔ ʩʧʨʦʙʠ ʯʠ ʥʽ. 

3. ʇʨʠʢʣʘʜ ʬʘʟʠ ʩʝʘʥʩʫ FTP, ʱʦʙ ʢʨʘʱʝ ʟʨʦʟʫʤʽʪʠ ʧʝʨʝʚʘʛʠ ʚʽʜʩʪʝʞʝʥʥʷ 

ʩʪʘʥʫ. 

ɿ'ʻʜʥʘʥʥʷ: FTP-ʢʣʽʻʥʪ ʚʩʪʘʥʦʚʣʶʻ TCP-ʟô̒ ʜʥʘʥʥʷ ʟ FTP-ʧʦʨʪʦʤ ʩʝʨʚʝʨʘ 

(TCP-ʧʦʨʪ 21). 

ɸʫʪʝʥʪʠʬʽʢʘʮʽʷ: ʢʦʨʠʩʪʫʚʘʯ FTP-ʢʣʽʻʥʪʘ ʘʙʦ ʚʽʜʧʨʘʚʣʷʻ ʽʤô̫ ʢʦʨʠʩʪʫʚʘʯʘ 

ʽ ʧʘʨʦʣʴ, ʘʙʦ çʘʥʦʥʽʤʥʠʡè ʣʦʛʽʥ ʥʘ FTP-ʩʝʨʚʝʨ. ʂʦʨʠʩʪʫʚʘʯ ʟʘʣʠʰʘʻʪʴʩʷ ʚ 
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ʮʴʦʤʫ ʩʪʘʥʽ ʜʦ ʪʠʭ ʧʽʨ, ʜʦʢʠ ʘʫʪʝʥʪʠʬʽʢʘʮʽʷ ʥʝ ʙʫʜʝ ʫʩʧʽʰʥʦʶ ʘʙʦ ʟô̒ ʜʥʘʥʥʷ ʥʝ 

ʙʫʜʝ ʨʦʟʽʨʚʘʥʦ. 

ʊʨʘʥʟʘʢʮʽʷ. ʗʢ ʪʽʣʴʢʠ ʢʦʨʠʩʪʫʚʘʯ ʧʨʦʡʰʦʚ ʘʫʪʝʥʪʠʬʽʢʘʮʽʶ, ʚʽʥ ʤʦʞʝ 

ʚʠʜʘʚʘʪʠ ʢʦʤʘʥʜʠ ʥʘ FTP-ʩʝʨʚʝʨ. ʗʢʱʦ ʙʫʜʴ-ʷʢʘ ʟ ʮʠʭ ʢʦʤʘʥʜ ʚʠʢʣʠʢʘʻ 

ʧʝʨʝʜʘʯʫ ʜʘʥʠʭ, ʪʘʢʠʭ ʷʢ ʬʘʡʣʠ, ʩʢʦʧʽʡʦʚʘʥʽ ʤʽʞ ʢʣʽʻʥʪʦʤ ʽ ʩʝʨʚʝʨʦʤ, ʘʙʦ 

ʩʧʠʩʢʠ ʢʘʪʘʣʦʛʽʚ, ʜʣʷ ʢʦʞʥʦʾ ʧʝʨʝʜʘʯʽ ʚʩʪʘʥʦʚʣʶʻʪʴʩʷ ʦʢʨʝʤʝ ʥʝʜʦʚʛʦʚʽʯʥʝ 

TCP-ʟô̒ ʜʥʘʥʥʷ. 

ʅʘ ʝʪʘʧʽ ʪʨʘʥʟʘʢʮʽʾ FTP ʩʪʚʦʨʶʻʪʴʩʷ ʜʦʜʘʪʢʦʚʝ TCP-ʟô̒ʜʥʘʥʥʷ ʢʦʞʥʦʛʦ 

ʨʘʟʫ, ʢʦʣʠ ʜʘʥʽ FTP ʤʘʶʪʴ ʧʝʨʝʜʘʚʘʪʠʩʷ ʤʽʞ FTP-ʢʣʽʻʥʪʦʤ ʽ ʩʝʨʚʝʨʦʤ. ʇʝʨʝʜ 

ʚʩʪʘʥʦʚʣʝʥʥʷʤ ʟ'ʻʜʥʘʥʥʷ ʜʣʷ ʧʝʨʝʜʘʯʽ ʜʘʥʠʭ FTP ʢʣʽʻʥʪ ʽ ʩʝʨʚʝʨ FTP 

ʦʙʤʽʥʶʶʪʴʩʷ ʜʘʥʠʤʠ (ʟʘ ʜʦʧʦʤʦʛʦʶ ʢʦʤʘʥʜ ʽ ʚʽʜʧʦʚʽʜʝʡ) ʧʨʦ ʪʝ, ʷʢʫ IP-ʘʜʨʝʩʫ ʽ 

ʧʦʨʪ ʩʣʽʜ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ. ʗʢʱʦ ʢʣʽʻʥʪ FTP ʭʦʯʝ ʽʥʽʮʽʶʚʘʪʠ ʟô̒ ʜʥʘʥʥʷ ʜʣʷ 

ʧʝʨʝʜʘʯʽ ʜʘʥʠʭ ʟ ʩʝʨʚʝʨʦʤ (ʧʘʩʠʚʥʠʡ FTP), ʚʽʥ ʚʽʜʧʨʘʚʠʪʴ ʢʦʤʘʥʜʫ ʥʘ ʩʝʨʚʝʨ 

FTP ʪʘ ʦʯʽʢʫʚʘʪʠʤʝ, ʱʦ ʚʽʜʧʦʚʽʜʴ ʩʝʨʚʝʨʘ FTP ʙʫʜʝ ʤʽʩʪʠʪʠ ʥʦʤʝʨ ʧʦʨʪʫ. ʇʦʪʽʤ 

FTP-ʢʣʽʻʥʪ ʩʧʨʦʙʫʻ ʚʩʪʘʥʦʚʠʪʠ ʥʦʚʝ TCP-ʟô̒ ʜʥʘʥʥʷ ʟ ʮʠʤ ʧʦʨʪʦʤ ʥʘ ʩʝʨʚʝʨʽ. 

ɼʘʪʯʠʢ ʉɺɺ, ʷʢʠʡ ʚʠʢʦʨʠʩʪʦʚʫʻ ʘʥʘʣʽʟ ʧʨʦʪʦʢʦʣʫ ʟ ʚʽʜʩʪʝʞʝʥʥʷʤ ʩʪʘʥʫ, ʤʦʞʝ 

ʟʥʘʡʪʠ ʚʽʜʧʦʚʽʜʽ ʩʝʨʚʝʨʘ FTP, ʷʢʽ ʧʦʚʽʜʦʤʣʷʶʪʴ ʢʣʽʻʥʪʘʤ, ʷʢʽ ʥʦʤʝʨʠ ʧʦʨʪʽʚ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʜʣʷ ʟô̒ ʜʥʘʥʴ ʜʘʥʠʭ. ʂʦʣʠ ʚʽʥ ʙʘʯʠʪʴ ʧʽʜʢʣʶʯʝʥʥʷ ʟ 

ʚʠʢʦʨʠʩʪʘʥʥʷʤ FTP-ʩʝʨʚʝʨʘ, ʚʽʥ ʤʦʞʝ ʧʦʪʽʤ ʧʽʜʪʚʝʨʜʠʪʠ, ʯʠ ʻ ʚʦʥʠ ʟʘʢʦʥʥʠʤʠ 

FTP-ʟô̒ ʜʥʘʥʥʷʤʠ ʜʣʷ ʧʝʨʝʜʘʯʽ ʜʘʥʠʭ ʘʙʦ ʟʣʦʚʤʠʩʥʠʢ ʥʘʤʘʛʘʻʪʴʩʷ ʧʽʜʢʣʶʯʠʪʠʩʷ 

ʜʦ ʩʝʨʚʝʨʘ, ʱʦʙ ʦʪʨʠʤʘʪʠ ʥʝʩʘʥʢʮʽʦʥʦʚʘʥʠʡ ʜʦʩʪʫʧ ʜʦ ʜʘʥʠʭ. ʎʝ ʚʽʜʤʽʥʥʠʡ 

ʧʨʠʢʣʘʜ ʪʦʛʦ, ʷʢ ʚʽʜʩʪʝʞʝʥʥʷ ʩʪʘʥʫ ʤʦʞʝ ʽʜʝʥʪʠʬʽʢʫʚʘʪʠ ʘʪʘʢʠ, ʷʢʽ ʽʥʘʢʰʝ ʥʝ 

ʤʦʛʣʠ ʙ ʙʫʪʠ ʚʠʷʚʣʝʥʽ. 

4. ʇʨʠʢʣʘʜ ʧʝʨʝʚʽʨʢʠ ʧʦʩʣʽʜʦʚʥʦʩʪʽ ʢʦʤʘʥʜ. ʂʦʣʠ ʧʝʨʝʡʤʝʥʦʚʫʻʪʴʩʷ 

ʬʘʡʣ ʚ FTP, ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʜʚʽ ʢʦʤʘʥʜʠ. ʇʦ-ʧʝʨʰʝ, ʢʦʤʘʥʜʘ RNFR 

(ʧʝʨʝʡʤʝʥʫʚʘʪʠ ʟ) ʥʘʜʘʻ ʩʪʘʨʝ ʽʤʷ ʬʘʡʣʫ; ʧʽʩʣʷ ʦʪʨʠʤʘʥʥʷ ʧʦʟʠʪʠʚʥʦʾ ʚʽʜʧʦʚʽʜʽ 

ʩʝʨʚʝʨʘ ʥʘ ʮʶ ʢʦʤʘʥʜʫ ʤʘʻ ʙʫʪʠ ʚʠʢʦʥʘʥʘ ʢʦʤʘʥʜʘ RNTO (ʧʝʨʝʡʤʝʥʫʚʘʪʠ ʚ). ɭ 

ʘʪʘʢʠ, ʷʢʽ ʚʢʣʶʯʘʶʪʴ ʚ ʩʝʙʝ ʙʘʛʘʪʦ ʧʦʩʣʽʜʦʚʥʠʭ ʢʦʤʘʥʜ RNTO. ʆʩʢʽʣʴʢʠ 
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ʢʦʤʘʥʜʽ RNTO ʤʘʻ ʧʝʨʝʜʫʚʘʪʠ RNFR, ʪʦ ʻ ʧʽʜʦʟʨʽʣʠʤ, ʷʢʱʦ ʻ ʜʝʩʷʪʴ 

ʧʦʩʣʽʜʦʚʥʠʭ ʢʦʤʘʥʜ RNTO. ʈʦʟʰʠʨʝʥʽ ʧʽʜʧʠʩʠ, ʟʘʩʥʦʚʘʥʽ ʥʘ ʘʥʘʣʽʟʽ ʧʨʦʪʦʢʦʣʫ ʟ 

ʚʽʜʩʪʝʞʝʥʥʷʤ ʩʪʘʥʫ, ʤʦʞʫʪʴ ʧʽʜʨʘʭʦʚʫʚʘʪʠ, ʩʢʽʣʴʢʠ ʧʦʩʣʽʜʦʚʥʠʭ ʢʦʤʘʥʜ RNTO 

ʧʦʤʽʯʝʥʦ, ʘʙʦ ʚʦʥʠ ʤʦʞʫʪʴ ʧʘʤô̫ ʪʘʪʠ ʧʦʧʝʨʝʜʥʶ ʢʦʤʘʥʜʫ, ʽ ʢʦʣʠ RNTO 

ʚʠʜʘʻʪʴʩʷ, ʧʝʨʝʚʽʨʠʪʠ ʧʦʧʝʨʝʜʥʶ ʢʦʤʘʥʜʫ. 

ʊʘʢʠʤ ʯʠʥʦʤ ʟ ʧʨʦʚʝʜʝʥʦʛʦ ʘʥʘʣʽʟʫ ʚʠʜʥʦ, ʱʦ ʧʨʦʪʦʢʦʣ ʟ ʚʽʜʩʪʝʞʝʥʥʷʤ 

ʩʪʘʥʫ ʻ ʥʘʡʢʨʘʱʠʤ ʽ ʚ ʙʘʛʘʪʴʦʭ ʚʠʧʘʜʢʘʭ ʻʜʠʥʠʤ ʩʧʦʩʦʙʦʤ ʚʠʷʚʣʝʥʥʷ ʨʽʟʥʠʭ 

ʩʢʣʘʜʥʠʭ ʘʪʘʢ. 

ɺʠʷʚʣʝʥʥʷ ʘʥʦʤʘʣʽʡ ʚ ʧʨʦʪʦʢʦʣʽ ʥʘ ʦʩʥʦʚʽ ʝʥʪʨʦʧʽʡʥʦʛʦ ʘʥʘʣʽʟʫ. 

ɸʥʦʤʘʣʽʾ ʚ ʧʨʦʪʦʢʦʣʘʭ. ʉʠʩʪʝʤʠ ʚʠʷʚʣʝʥʥʷ ʡ ʟʘʧʦʙʽʛʘʥʥʷ ʚʪʦʨʛʥʝʥʴ ʥʘ 

ʦʩʥʦʚʽ ʘʥʦʤʘʣʽʡ (IDPS) ʟʘʭʠʱʘʶʪʴ ʚʽʜ ʘʥʦʤʘʣʽʡ, ʚʠʢʣʠʢʘʥʠʭ ʧʦʨʫʰʝʥʥʷʤ 

ʧʨʦʪʦʢʦʣʽʚ ʽ ʢʦʨʠʩʥʠʤ ʥʘʚʘʥʪʘʞʝʥʥʷʤ ʜʦʜʘʪʢʘ. ɺʽʥ ʪʘʢʦʞ ʟʘʭʠʱʘʻ ʚʽʜ ʘʪʘʢ ʪʠʧʫ 

çʚʽʜʤʦʚʘ ʚ ʦʙʩʣʫʛʦʚʫʚʘʥʥʽè ʽ ʘʪʘʢ ʟ ʧʝʨʝʧʦʚʥʝʥʥʷʤ ʙʫʬʝʨʘ. ʇʽʜ ʘʥʦʤʘʣʽʻʶ 

ʧʨʦʪʦʢʦʣʫ ʨʦʟʫʤʽʪʁʴ ʘʥʦʤʘʣʽ ʁʫ ʬʦʨʤʘʪʽ ʧʨʦʪʦʢʦʣʫ ʽ ʡʦʛʦ ʧʦʚʝʜʽʥʢʠ ʱʦʜʦ 

ʩʪʘʥʜʘʨʪʽʚ ʽ ʩʧʝʮʠʬʽʢʘʮʽʡ ɯʥʪʝʨʥʝʪʫ. ɭ ʙʘʛʘʪʦ ʘʩʧʝʢʪʽʚ ʫ ʧʨʦʪʦʢʦʣʘʭ TCP ʽ IP, 

ʷʢʽ ʥʝʦʙʭʽʜʥʦ ʚʽʜʩʪʝʞʫʚʘʪʠ, ʥʘʧʨʠʢʣʘʜ, ʨʽʟʥʽ ʧʨʘʧʦʨʮ,̔ SYN, ACK ʽ FIN ʽ ʾʭʥ ̒

ʧʦʻʜʥʘʥʥʷ ʚ ʟʘʛʦʣʦʚʢʫ TCP ʽ ʟʘʨʝʟʝʨʚʦʚʘʥʠʭ ʧʨʘʧʦʨʮʷʭ ʟʘʛʦʣʦʚʢʘ IP. ʈʝʘʣʽʟʘʮʽʷ 

ʬʨʘʛʤʝʥʪʘʮʽʾ ʽ ʧʦʚʪʦʨʥʦʛʦ ʩʢʣʘʜʘʥʥʷ IP ʟʜʽʡʩʥʶʻʪʴʩʷ ʟʛʽʜʥʦ ʟʽ ʩʪʘʥʜʘʨʪʘʤʠ. 

ʗʢʱʦ ʮ ʁʘʥʦʤʘʣʽ ʁʥʝ ʟʥʘʡʜʝʥʦ ʉɺɺ, ʢʽʥʮʝʚʠʡ ʭʦʩʪ ʤʦʞʝ ʥʝ ʦʙʨʦʙʣʷʪʠ ʮʽ 

ʥʝʪʨʘʜʠʮʽʡʥʽ ʧʘʢʝʪʠ, ʽ ʮʝ ʤʦʞʝ ʧʨʠʟʚʝʩʪʠ ʜʦ ʟʙʦʶ ʩʠʩʪʝʤʠ. ʅʘ ʨʽʚʥʽ ʜʦʜʘʪʢʘ 

IDPS ʧʦʚʠʥʝʥ ʚʤʽʪʠ ʚʠʢʦʥʫʚʘʪʠ ʛʣʠʙʦʢʠʡ ʘʥʘʣʽʟ ʧʨʦʪʦʢʦʣʫ, ʱʦʙ ʟʨʦʟʫʤʽʪʠ 

ʘʥʦʤʘʣʽʶ ʧʨʦʪʦʢʦʣʫ ʨʽʚʥʷ ʜʦʜʘʪʢʘ. ʎʝ ʪʘʢʦʞ ʚʠʤʘʛʘʻ ʛʣʠʙʦʢʦʛʦ ʨʦʟʫʤʽʥʥʷ 

ʩʝʤʘʥʪʠʢʠ ʜʦʜʘʪʢʘ, ʱʦʙ ʚʠʷʚʠʪʠ ʘʥʦʤʘʣʽʶ ʢʦʨʠʩʥʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ ʜʦʜʘʪʢʘ. 

ɼʝʷʢʽ ʽʥʰʽ ʧʨʠʢʣʘʜʠ ʚʢʣʶʯʘʶʪʴ ʚ ʩʝʙʝ: 

ï ʥʝʟʚʠʯʘʡʥʫ ʢʦʤʙʽʥʘʮʽʶ TCP-ʩʝʛʤʝʥʪʘʮʽʾ ʽ TCP-ʧʨʘʧʦʨʮ̔ ʚ; 

ï ʧʦʰʢʦʜʞʝʥʫ ʢʦʥʪʨʦʣʴʥʫ ʩʫʤʫ; 

ï ʥʝʧʨʘʚʠʣʴʥʽ ʧʨʘʧʦʨʮ ̔ʬʨʘʛʤʝʥʪʘʮʽʾ ʽ ʧʦʚʪʦʨʥʦʛʦ ʩʢʘʣʘʜʘʥʥʷ IP; 

ï ʧʦʤʠʣʢʦʚʽ ʥʦʤʝʨʠ ʧʦʨʪʽʚ ʜʞʝʨʝʣʘ ʽ ʧʨʠʟʥʘʯʝʥʥʷ; 
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ï ʥʝʧʨʠʧʫʩʪʠʤʽ ʢʦʤʘʥʜʠ ʧʨʦʪʦʢʦʣʫ ʽ ʾʭʥ ̒ʚʠʢʦʨʠʩʪʘʥʥʷ; 

ï ʟʘʧʫʩʢ ʧʨʦʪʦʢʦʣʫ ʟʘ ʥʝʩʪʘʥʜʘʨʪʥʠʤ ʧʦʨʪʦʤ; 

ï ʥʘʷʚʥʽʩʪʴ shell-ʢʦʜʫ ʚ ʥʝʩʧʦʜʽʚʘʥʠʭ ʧʦʣʷʭ ʧʨʦʪʦʢʦʣʫ ʜʦʜʘʪʢʘ; 

ï ʟʣʦʚʞʠʚʘʥʥʷ ʧʨʦʪʦʢʦʣʦʤ ʽ ʧʦʩʣʫʛʘʤʠ ʧʨʦʪʦʢʦʣʫ. 

ʄʝʪʦʜʠ ʚʠʷʚʣʝʥʥʷ ʘʥʦʤʘʣʽʡ ʟʘʩʥʦʚʘʥʽ ʥʘ ʚʠʢʦʨʠʩʪʘʥʥʽ ʽʥʬʦʨʤʘʮʽʾ ʧʨʦ 

ʥʦʨʤʘʣʴʥʫ ʧʦʚʝʜʽʥʢʫ ʩʠʩʪʝʤʠ ʪʘ ʾʾ ʧʦʨʽʚʥʷʥʥ ̫ʟ ʧʘʨʘʤʝʪʨʘʤʠ ʩʧʦʩʪʝʨʝʞʫʚʘʥʦ ʾ

ʧʦʚʝʜʽʥʢʠ [Tyralis, 2018; ʈʘʜʽʚʽʣʦʚʘ, 2019-3; Albin, 2011]. ɼʘʥʠʡ ʧʽʜʭʽʜ ʻ 

ʧʨʝʜʩʪʘʚʥʠʢʦʤ ʛʨʫʧʠ ʤʝʪʦʜʽʚ, ʩʧʨʷʤʦʚʘʥʠʭ ʥʘ ʧʦʙʫʜʦʚʫ ʤʦʜʝʣʽ ʨʝʛʫʣʷʨʥʦʛʦ 

ʘʙʦ ʥʦʨʤʘʣʴʥʦʛʦ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʩʠʩʪʝʤʠ ʘʙʦ ʢʦʨʠʩʪʫʚʘʯʘ. ɺ ʭʦʜʽ ʨʦʙʦʪʠ 

ʩʠʩʪʝʤʠ, ʱʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʮʝʡ ʧʽʜʭʽʜ, ʧʦʨʽʚʥʶʶʪʴ ʧʦʪʦʯʥʽ ʧʦʢʘʟʥʠʢʠ 

ʘʢʪʠʚʥʦʩʪʽ ʟ ʧʨʦʬʽʣʝʤ ʥʦʨʤʘʣʴʥʦʾ ʘʢʪʠʚʥʦʩʪʽ, ʽ ʚʠʧʘʜʦʢ ʟʥʘʯʥʠʭ ʚʽʜʭʠʣʝʥʴ 

ʤʦʞʝ ʨʦʟʛʣʷʜʘʪʠʩʷ ʷʢ ʩʚʽʜʯʝʥʥʷ ʥʘʧʘʜʫ. ʎʽ ʤʝʪʦʜʠ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴʩʷ ʥʘʷʚʥʽʩʪʶ 

ʚʝʣʠʢʦʾ ʢʽʣʴʢʦʩʪʽ ʧʦʤʠʣʢʦʚʠʭ ʩʧʨʘʮʴʦʚʫʚʘʥʴ, ʷʢʽ ʚ ʧʝʨʰʫ ʯʝʨʛʫ ʦʙʫʤʦʚʣʝʥʽ 

ʩʢʣʘʜʥʽʩʪʶ ʪʦʯʥʦʛʦ ʽ ʧʦʚʥʦʛʦ ʦʧʠʩʫ ʥʘʙʦʨʫ ʟʘʢʦʥʥʠʭ ʜʽʡ ʢʦʨʠʩʪʫʚʘʯʘ. ʂʨʽʤ 

ʪʦʛʦ, ʜʣʷ ʙʽʣʴʰʦʩʪʽ ʪʘʢʠʭ ʩʠʩʪʝʤ ʥʝʦʙʭʽʜʥʦ ʚʠʢʦʥʘʪʠ ʝʪʘʧ ʧʦʧʝʨʝʜʥʴʦʾ 

ʥʘʩʪʨʦʡʢʠ, ʧʽʜ ʯʘʩ ʷʢʦ ʾ ʩʠʩʪʝʤʘ ʚʯʠʪʴʩʷ ʩʪʚʦʨʶʚʘʪʠ ʤʦʜʝʣʴ ʥʦʨʤʘʣʴʥʦ ʾ

ʧʦʚʝʜʽʥʢʠ. ʊʨʠʚʘʣʽʩʪʴ ʮʴʦʛʦ ʽʥʪʝʨʚʘʣʫ ʜʣʷ ʟʙʦʨʫ ʜʘʥʠʭ ʤʦʞʝ ʟʘʡʥʷʪʠ ʚʽʜ 

ʜʝʢʽʣʴʢʦʭ ʪʠʞʥʽʚ ʜʦ ʜʝʢʽʣʴʢʦʭ ʤʽʩʷʮʽʚ. ʎʽ ʥʝʜʦʣʽʢʠ ʯʘʩʪʦ ʻ ʦʩʥʦʚʥʠʤʠ 

ʧʨʠʯʠʥʘʤʠ ʚʽʜʤʦʚʠ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʩʠʩʪʝʤʠ, ʟʘʩʥʦʚʘʥʽ ʥʘ ʤʝʪʦʜʘʭ ʘʥʦʤʘʣʽʡ, 

ʥʘ ʢʦʨʠʩʪʴ ʩʠʩʪʝʤ, ʷʢʽ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʪʦʯʥʝ ʫʷʚʣʝʥʥʷ ʧʨʦ ʧʦʨʫʰʝʥʥʷ ʙʝʟʧʝʢʠ 

ʚ ʤʝʨʝʞʽ (ʩʠʛʥʘʪʫʨʥʠʭ). 

ʋ ʟʚô̫ ʟʢʫ ʟ ʮʠʤ ʙʫʣʦ ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʘʣʛʦʨʠʪʤ ʚʠʷʚʣʝʥʥʷ DDoS-ʘʪʘʢ 

(ʥʘʧʨʠʢʣʘʜ, UDP-flood, TCP SYN flood, ARP ʽ HTTP-flood). ɺʽʥ ʩʢʘʥʫʻ ʚʭʽʜʥʠʡ 

ʪʨʘʬʽʢ, ʷʢʱʦ ʚʽʥ ʤʽʩʪʠʪʴ DDoS-ʘʪʘʢʫ, ʪʦ ʧʨʦʧʦʥʦʚʘʥʠʡ ʘʣʛʦʨʠʪʤ ʚʠʷʚʣʝʥʥʷ 

ʚʠʟʥʘʯʘʪʠʤʝ ʪʠʧʠ DDoS-ʘʪʘʢ, ʪʘʢʽ ʷʢ UDP-ʬʣʫʜ, TCP SYN, ARP ʽ HTTP-ʬʣʫʜ, 

ʥʘ ʦʩʥʦʚʽ ʧʦʚʝʜʽʥʢʠ ʘʪʘʢʠ. 

ɽʥʪʨʦʧʽʡʥʠʡ ʘʥʘʣʽʟ ʪʨʘʬʽʢʘ. ʆʮʽʥʢʘ ʤʘʢʩʠʤʘʣʴʥʦʾ ʝʥʪʨʦʧʽʾ ʻ ʦʩʥʦʚʦʶ 

ʜʣʷ ʦʪʨʠʤʘʥʥʷ ʧʘʨʘʤʝʪʨʠʯʥʦʾ ʤʦʜʝʣʽ ʨʦʟʧʦʜʽʣʫ ʡʤʦʚʽʨʥʦʩʪʝʡ ʟ ʥʘʚʯʘʣʴʥʠʭ 
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ʜʘʥʠʭ ʽ ʥʘʙʦʨʫ ʦʙʤʝʞʝʥʴ ʥʘ ʤʦʜʝʣʴ. ʆʮʽʥʢʘ ʤʘʢʩʠʤʘʣʴʥʦʾ ʝʥʪʨʦʧʽʾ ʜʘʻ ʤʦʜʝʣʴ ʟ 

ʥʘʡʙʽʣʴʰ çʨʽʚʥʦʤʽʨʥʠʤè ʨʦʟʧʦʜʽʣʦʤ ʤʽʞ ʫʩʽʤʘ ʨʦʟʧʦʜʽʣʘʤʠ, ʱʦ ʟʘʜʦʚʦʣʴʥʷʶʪʴ 

ʟʘʜʘʥʠʤ ʦʙʤʝʞʝʥʥʷʤ. ʄʘʪʝʤʘʪʠʯʥʦ ʁʤʝʪʨʠʢʦʶ ʦʜʥʦʨʽʜʥʦʩʪʽ ʜʝʷʢʦʾ ʚʠʧʘʜʢʦʚʦʾ 

ʚʝʣʠʯʠʥʠ ( )x w ʽʟ ʨʦʟʧʦʜʽʣʦʤ ʡʤʦʚʽʨʥʦʩʪʝʡ ( )Pw  ʻ ʝʥʪʨʦʧʽʷ, ʷʢʘ  ̒ ʤʽʨʦ  ʁ

ʥʝʚʧʦʨʷʜʢʦʚʘʥʦʩʪʽ ʩʠʩʪʝʤʠ: 

 
2logH P Pw wwÍY

=-ä . (5.2) 

ɽʥʪʨʦʧʽʡʥʠʡ ʘʥʘʣʽʟ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʜʣʷ ʚʠʷʚʣʝʥʥʷ ʘʪʘʢ, ʱʦʙ 

ʩʬʦʨʤʫʚʘʪʠ ʩʪʘʪʠʩʪʠʯʥʠʡ ʢʨʠʪʝʨʽʡ ʜʣʷ ʧʝʨʝʚʽʨʢʠ ʥʘʣʝʞʥʦʩʪʽ ʜʦʩʣʽʜʞʫʚʘʥʦʛʦ 

ʝʢʟʝʤʧʣʷʨʘ ʜʦ ʘʥʦʤʘʣʴʥʦʛʦ ʢʣʘʩʫ. ɽʥʪʨʦʧʽʷ ʪʨʘʬʽʢʘ ʟʘʣʝʞʠʪʴ ʚʽʜ ʡʤʦʚʽʨʥʦʩʪʽ 

ʧʦʷʚʠ ʧʘʢʝʪʽʚ w-ʛʦ ʪʠʧʫ ʧʽʜ ʯʘʩ ʾʭʥʴʦʾ ʧʝʨʝʜʘʯʽ. ʉʫʪʴ ʤʝʪʦʜʫ ʤʘʢʩʠʤʫʤʫ 

ʝʥʪʨʦʧʽʾ ʧʦʣʷʛʘʻ ʚ ʧʦʙʫʜʦʚʽ ʤʦʜʝʣʽ, ʷʢʘ ʤʘʢʩʠʤʽʟʫʻ ʟʥʘʯʝʥʥʷ ʝʥʪʨʦʧʽʾ. ʎʝ 

ʚʽʜʧʦʚʽʜʘʻ ʧʨʠʧʫʱʝʥʥʶ, ʱʦ ʟʽ ʟʙʽʣʴʰʝʥʥʷʤ ʢʽʣʴʢʦʩʪʽ ʫʥʽʢʘʣʴʥʠʭ ʟʘʧʠʩʽʚ ʚʦʥʠ 

ʨʽʚʥʦʤʽʨʥʦ ʨʦʟʧʦʜʽʣʷʶʪʴʩʷ ʤʽʞ ʦʙʨʘʥʠʤʠ ʢʣʘʩʘʤʠ ʤʥʦʞʠʥʠ X, ʱʦ ʧʨʠʟʚʦʜʠʪʴ 

ʜʦ ʟʙʽʣʴʰʝʥʥʷ ʝʥʪʨʦʧʽʾ. ɿ ʤʝʪʦʶ ʝʬʝʢʪʠʚʥʦʩʪʽ ʬʫʥʢʮʽʾ ʦʟʥʘʢ ʜʣʷ ʦʙʯʠʩʣʝʥʴ 

ʯʘʩʪʦ ʚʠʙʠʨʘʶʪʴʩʷ ʥʘʡʙʽʣʴʰ ʚʘʞʣʠʚʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʥʘʚʯʘʣʴʥʠʭ ʜʘʥʠʭ ʚ 

ʤʦʜʝʣʽ, ʽ, ʚ ʩʚʦʶ ʯʝʨʛʫ, ʤʦʜʝʣʴ ʚʠʩʣʦʚʣʶʻ ʝʤʧʽʨʠʯʥʠʡ ʨʦʟʧʦʜʽʣ ʟ ʥʘʡʤʝʥʰʦʶ 

ʢʽʣʴʢʽʩʪʶ ʬʫʥʢʮʽʡ ʦʟʥʘʢ ʽ ʚʣʘʩʪʠʚʦʩʪʝʡ. 

ɽʥʪʨʦʧʽʷ ʪʨʘʬʽʢʫ ʟʘʣʝʞʠʪʴ ʚʽʜ ʨʦʟʧʦʜʽʣʝʥʥʷ Pw ʧʘʢʝʪʽʚ w-ʛʦ ʢʣʘʩʫ ʧʽʜ 

ʯʘʩ ʾʭʥʴʦʾ ʧʝʨʝʜʘʯʽ  

 
2logH P Pw ww

=-ä . (5.3) 

ʋʤʦʚʥʘ ʝʥʪʨʦʧʽʷ ʧʦʢʘʟʫʻ ʨʽʟʥʠʮʶ ʤʽʞ ʨʦʟʧʦʜʽʣʦʤ ʢʣʘʩʽʚ ʧʘʢʝʪʽʚ ʫ 

ʧʦʪʦʯʥʦʤʫ ʤʝʨʝʞʥʦʤʫ ʪʨʘʬʽʢʫ ʪʘ ʙʘʟʦʚʠʤ ʨʦʟʧʦʜʽʣʦʤ. ʗʢʱʦ ʮʷ ʨʽʟʥʠʮʷ ʟʘʥʘʜʪʦ 

ʚʝʣʠʢʘ, ʮʝ ʩʣʫʞʠʪʴ ʚʢʘʟʽʚʢʦʶ ʥʘ ʥʘʷʚʥʽʩʪʴ ʘʥʦʤʘʣʽʾ ʫ ʤʝʨʝʞʥʦʤʫ ʪʨʘʬʽʢʫ. ʑʦʙ 
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ʽʜʝʥʪʠʬʽʢʫʚʘʪʠ ʘʥʦʤʘʣʽʾ ʤʝʪʦʜ ʤʘʢʩʠʤʫʤʫ ʝʥʪʨʦʧʽʾ ʩʧʦʯʘʪʢʫ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ 

ʜʣʷ ʩʪʚʦʨʝʥʥʷ ʥʦʨʤʘʣʴʥʦʾ ʤʦʜʝʣʽ, ʚ ʷʢʽʡ ʢʣʘʩʠ ʤʝʨʝʞʥʠʭ ʧʘʢʝʪʽʚ ʨʦʟʧʦʜʽʣʝʥʽ ʽ 

ʤʘʶʪʴ ʥʘʡʢʨʘʱʠʡ ʨʽʚʥʦʤʽʨʥʠʡ ʨʦʟʧʦʜʽʣ. ʇʦʪʽʤ ʫʤʦʚʥʘ ʝʥʪʨʦʧʽʷ ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ 

ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʚʽʜʤʽʥʥʦʩʪʝʡ ʤʽʞ ʨʦʟʧʦʜʽʣʦʤ ʢʣʘʩʽʚ ʧʘʢʝʪʽʚ ʚ ʧʦʪʦʯʥʦʤʫ 

ʪʨʘʬʽʢʫ ʚ ʧʦʨʽʚʥʷʥʥʽ ʟ ʨʦʟʧʦʜʽʣʦʤ, ʟʥʘʡʜʝʥʠʤ ʚ ʨʝʟʫʣʴʪʘʪʽ ʤʝʪʦʜʫ ʤʘʢʩʠʤʘʣʴʥʦʾ 

ʝʥʪʨʦʧʽʾ. 

ʅʝʭʘʡ Y ï ʮʝ ʥʘʙʽʨ ʢʣʘʩʽʚ ʧʘʢʝʪʽʚ. ɿ ʦʛʣʷʜʫ ʥʘ ʧʦʩʣʽʜʦʚʥʽʩʪʴ ʧʘʢʝʪʽʚ 

1 2{ , ,..., }nx x x  ʷʢ ʜʘʥʠʭ, ʝʤʧʽʨʠʯʥʠʡ ʨʦʟʧʦʜʽʣ ʫ Y ʚ ʮʠʭ ʜʘʥʠʭ ʩʢʣʘʜʘʻ: 

 
( )

( ) ,
iI x

P
n

w
w

Í
=
ä

 (5.4) 

ʜʝ ( )I x  ï ʮʝ ʬʫʥʢʮʽʷ ʽʥʜʠʢʘʪʦʨʘ, ʷʢʘ ʧʨʠʡʤʘʻ ʟʥʘʯʝʥʥʷ 1, ʷʢʱʦ x  ʽʩʪʠʥʥʦ, ʽ 0, 

ʷʢʱʦ ʥʝʤʘʻ, ( )Pw  ï ʝʤʧʽʨʠʯʥʘ ʡʤʦʚʽʨʥʽʩʪʴ ʧʦʷʚʠ ʧʘʢʝʪʘ w-ʛʦ ʪʠʧʫ; n ï ʟʘʛʘʣʴʥʘ 

ʢʽʣʴʢʽʩʪʴ ʧʘʢʝʪʽʚ ʪʨʘʬʽʢʫ. 

ɼʣʷ ʢʦʞʥʦʛʦ ʢʣʘʩʫ ʧʘʢʝʪʽʚ ʚʠʟʥʘʯʘʻʪʴʩʷ ʫʤʦʚʥʘ ʝʥʪʨʦʧʽ ̫

 
||

( )
( ) ( ) log

( )P P

P
D P

P

w
w w

w
= , (5.5) 

ʜʝ P ï ʙʘʟʦʚʠʡ ʨʦʟʧʦʜʽʣ, ʦʪʨʠʤʘʥʠʡ ʟ ʦʮʽʥʢʠ ʤʘʢʩʠʤʘʣʴʥʦʾ ʝʥʪʨʦʧʽʾ. ʎʝ ʜʘʻ 

ʢʽʣʴʢʽʩʥʝ ʟʥʘʯʝʥʥʷ, ʷʢʝ ʦʧʠʩʫʻ ʚʽʜʭʠʣʝʥʥʷ ʨʦʟʧʦʜʽʣʫ ʜʣʷ ʢʦʞʥʦʛʦ ʢʣʘʩʫ ʧʘʢʝʪʽʚ 

w ʚʽʜ ʨʦʟʧʦʜʽʣʫ ʙʘʟʦʚʦʾ ʣʽʥʽʾ.  

ʇʨʦʚʝʜʝʥʦ ʘʥʘʣʽʟ ʤʝʪʦʜʽʚ ʘʥʘʣʽʟʫ ʧʨʦʪʦʢʦʣʽʚ, ʱʦʜʦ ʽʥʬʦʨʤʘʮʽʾ ʷʢʫ ʤʦʞʥʘ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʧʨʠ ʚʠʷʚʣʝʥʥ ̔ʚʪʦʨʛʥʝʥʴ. ʇʨʦʚʝʜʝʥʦ ʘʥʘʣʽʟ ʤʝʪʦʜʽʚ ʘʥʘʣʽʟʫ 

ʝʥʪʨʦʧʽʾ ʪʘ ʩʧʦʩʦʙʠ ʾʭ ʚʠʢʦʨʠʩʪʘʥʥʷ ʧʨʠ ʘʥʘʣʽʟʽ ʧʨʦʪʦʢʦʣʽʚ ʜʣʷ ʚʠʷʚʣʝʥʥʷ 

ʚʪʦʨʛʥʝʥʴ ʚ ʢʦʤʧôʶʪʝʨʥʠʭ ʩʠʩʪʝʤʘʭ. 
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5.5. ʈʦʟʨʦʙʢʘ ʤʝʪʦʜʫ ʝʥʪʨʦʧʽʡʥʦʛʦ ʘʥʘʣʽʟʫ ʧʨʦʪʦʢʦʣʽʚ, ʷʢʠʡ ʚʨʘʭʦʚʫʻ 

ʨʝʡʪʠʥʛʫʚʘʥʥʷ ʙʘʟʠ ʜʘʥʠʭ ʫʨʘʟʣʠʚʦʩʪʝʡ 

ʅʘʰ ʧʽʜʭʽʜ ʚʠʢʦʨʠʩʪʦʚʫʻ ʽʜʝʶ ʚʠʷʚʣʝʥʥʷ ʘʥʦʤʘʣʽʡ ʧʦʚʝʜʽʥʢʠ. ʉʧʦʯʘʪʢʫ 

ʤʠ ʨʦʟʜʽʣʠʤʦ ʧʘʢʝʪʠ ʥʘ ʢʣʘʩʠ ʟʘ ʨʽʟʥʠʤʠ ʚʠʤʽʨʘʤʠ ʽ ʦʪʨʠʤʘʻʤʦ ʥʘʙʽʨ ʢʣʘʩʽʚ 

ʧʘʢʝʪʽʚ Y. ʄʘʢʩʠʤʘʣʴʥʠʡ ʙʘʟʦʚʠʡ ʝʥʪʨʦʧʽʡʥʠʡ ʨʦʟʧʦʜʽʣ ʧʘʢʝʪʽʚ ʢʣʘʩʽʚ ʚ 

ʥʝʰʢʽʜʣʠʚʦʤʫ ʪʨʘʬʽʢʫ ʚʠʟʥʘʯʘʻʪʴʩʷ ʰʣʷʭʦʤ ʦʪʨʠʤʘʥʥʷ ʨʦʟʧʦʜʽʣʝʥʥʷ Pw 

ʧʘʢʝʪʽʚ w-ʛʦ ʢʣʘʩʫ ʥʘ ʦʩʥʦʚʽ ʥʘʙʦʨʫ ʤʘʨʢʦʚʘʥʠʭ ʜʘʥʠʭ. ɽʤʧʽʨʠʯʥʠʡ ʨʦʟʧʦʜʽʣ 

ʩʧʦʩʪʝʨʝʞʫʚʘʥʠʭ ʢʣʘʩʽʚ ʧʘʢʝʪʽʚ ( )Pw  ʧʦʪʽʤ ʧʦʨʽʚʥʶʻʪʴʩʷ ʟ ʮʠʤ ʙʘʟʦʚʠʤ 

ʨʦʟʧʦʜʽʣʦʤ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʚʽʜʥʦʩʥʦʾ ʝʥʪʨʦʧʽʾ ʷʢ ʤʝʪʨʠʢʠ. 

ʅʘʰ ʧʽʜʭʽʜ ʜʽʣʠʪʴʩʷ ʥʘ ʜʚʘ ʝʪʘʧʠ. ʇʝʨʰʘ ʬʘʟʘ ʧʦʣʷʛʘʻ ʫ ʚʠʚʯʝʥʥʽ 

ʙʘʟʦʚʦʛʦ ʨʦʟʧʦʜʽʣʫ, ʘ ʜʨʫʛʘ ʬʘʟʘ ï ʫ ʚʠʷʚʣʝʥʥʽ ʘʥʦʤʘʣʽʡ ʚ ʩʧʦʩʪʝʨʝʞʫʚʘʥʦʤʫ 

ʪʨʘʬʽʢʫ. ʅʘ ʧʝʨʰʦʤʫ ʝʪʘʧʽ ʤʠ ʩʧʦʯʘʪʢʫ ʧʦʜʽʣʷʻʤʦ ʧʘʢʝʪʠ ʥʘ ʙʘʛʘʪʦʚʠʤʽʨʥʽ 

ʢʣʘʩʠ ʧʘʢʝʪʽʚ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʽʥʬʦʨʤʘʮʽʾ ʧʨʦʪʦʢʦʣʫ ʧʘʢʝʪʽʚ ʽ ʥʦʤʝʨʘʤʠ ʧʦʨʪʽʚ 

ʧʨʠʟʥʘʯʝʥʥʷ. ʎʽ ʢʣʘʩʠ ʧʘʢʝʪʽʚ ʩʣʫʞʘʪʴ ʜʦʤʝʥʦʤ ʧʨʦʩʪʦʨʫ ʡʤʦʚʽʨʥʦʩʪʝʡ. ʇʦʪʽʤ 

ʙʘʟʦʚʠʡ ʨʦʟʧʦʜʽʣ ʢʣʘʩʽʚ ʧʘʢʝʪʽʚ ʚʠʟʥʘʯʘʻʪʴʩʷ ʥʘ ʦʩʥʦʚʽ ʦʮʽʥʢʠ ʤʘʢʩʠʤʘʣʴʥʦʾ 

ʝʥʪʨʦʧʽʾ. 

ʅʘ ʜʨʫʛʦʤʫ ʝʪʘʧʽ ʚʽʜʩʪʝʞʫʻʪʴʩʷ ʪʨʘʩʫʚʘʥʥʷ ʤʝʨʝʞʥʦʛʦ ʪʨʘʬʽʢʘ ʷʢ ʚʭʜ̔. 

ɺʽʜʥʦʩʥʘ ʝʥʪʨʦʧʽʷ ʢʣʘʩʽʚ ʧʘʢʝʪʽʚ ʫ ʩʧʦʩʪʝʨʝʞʫʚʘʥʦʤʫ ʪʨʘʬʽʢʫ ʨʦʟʨʘʭʦʚʫʻʪʴʩʷ 

ʧʦ ʚʽʜʥʦʰʝʥʥʶ ʜʦ ʚʠʭʽʜʥʦʛʦ ʨʦʟʧʦʜʽʣʫ ʪʨʘʬʽʢʘ. ʇʘʢʝʪʥʽ ʢʣʘʩʠ, ʷʢʽ ʟʥʘʯʥʦ 

ʚʧʣʠʚʘʶʪʴ ʥʘ ʚʽʜʥʦʩʥʫ ʝʥʪʨʦʧʽʶ, ʨʝʻʩʪʨʫʶʪʴʩʷ. ʗʢʱʦ ʜʘʥʽ ʢʣʘʩʠ ʧʘʢʝʪʽʚ 

ʧʨʦʜʦʚʞʫʶʪʴ ʚʥʦʩʠʪʠ ʽʩʪʦʪʥʠʡ ʚʥʝʩʦʢ ʫ ʚʽʜʥʦʩʥʫ ʝʥʪʨʦʧʽʶ, ʚʠʜʘʶʪʴʩʷ 

ʧʦʧʝʨʝʜʞʝʥʥʷ ʧʨʦ ʘʥʦʤʘʣʽʾ, ʱʦ ʚʢʣʶʯʘʶʪʴ ʽʥʬʦʨʤʘʮʽʶ ʧʨʦ ʢʣʘʩʠ ʧʘʢʝʪʽʚ, 

ʧʨʦʪʦʢʦʣʠ ʽ ʥʦʤʝʨʠ ʧʦʨʪʽʚ ʧʨʠʟʥʘʯʝʥʥʷ, ʧʦʚô̫ ʟʘʥʽ ʟ ʘʥʦʤʘʣʽʷʤʠ. 

ɺ ʭʦʜʽ ʨʝʘʣʽʟʘʮʽʾ ʝʢʩʧʝʨʠʤʝʥʪʽʚ ʝʥʪʨʦʧʽʷ ʜʞʝʨʝʣʘ ʙʫʜʝ ʦʙʯʠʩʣʝʥʘ ʯʝʨʝʟ 

ʢʦʚʟʥʝ ʚʽʢʥʦ ʟ ʬʽʢʩʦʚʘʥʦʶ ʰʠʨʠʥʦʶ T. ɿʥʘʯʝʥʥʷ ʽʤʦʚʽʨʥʦʩʪʝʡ ( )Pw  ʚ 
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ʘʣʛʦʨʠʪʤʽ ʻ ʯʘʩʪʦʪʦʶ ʟʫʩʪʨʽʯʘʣʴʥʦʩʪʽ ʢʦʞʥʦʛʦ ʫʥʽʢʘʣʴʥʦʛʦ ʩʠʤʚʦʣʫ, ʧʦʜʽʣʝʥʦʛʦ 

ʥʘ ʟʘʛʘʣʴʥʫ ʢʽʣʴʢʽʩʪʴ ʩʠʤʚʦʣʽʚ ʫ ʚʠʙʽʨʮʽ.  

ʇʝʚʥʠʡ ʧʝʨʽʦʜ ʯʘʩʫ T, ʜʣʷ ʷʢʦʛʦ ʨʦʟʨʘʭʦʚʫʻʪʴʩʷ ʝʥʪʨʦʧʽʷ,  ̒

ʥʘʩʪʨʦʶʚʘʥʠʤ ʧʘʨʘʤʝʪʨʦʤ, ʷʢʠʡ ʢʦʥʪʨʦʣʶʻ, ʥʘʩʢʽʣʴʢʠ ʟʛʣʘʜʞʫʚʘʥʥʷ 

ʢʦʨʦʪʢʦʯʘʩʥʠʭ ʢʦʣʠʚʘʥʴ ʚʠʢʦʥʫʚʘʪʠʤʝʪʴʩʷ ʜʝʪʝʢʪʦʨʦʤ. ɿʙʽʣʴʰʝʥʥʷ ʮʴʦʛʦ 

ʧʝʨʽʦʜʫ ʟʤʝʥʰʠʪʴ ʚʽʜʭʠʣʝʥʥʷ ʚ ʝʥʪʨʦʧʽʾ ʽ ʤʦʞʝ ʟʤʝʥʰʠʪʠ ʰʚʠʜʢʽʩʪʴ 

ʧʦʤʠʣʢʦʚʠʭ ʧʦʟʠʪʠʚʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ, ʱʦ ʚʠʥʠʢʘʶʪʴ ʚʥʘʩʣʽʜʦʢ ʢʦʨʦʪʢʠʭ ʽ, 

ʤʘʙʫʪʴ, ʥʝʟʥʘʯʥʠʭ ʘʥʦʤʘʣʽʡ. ʊʠʤ ʥʝ ʤʝʥʰ, ʮʝʡ ʧʝʨʽʦʜ ʤʘʻ ʙʫʪʠ ʜʦʩʠʪʴ ʤʘʣʠʤ, 

ʱʦʙ ʘʪʘʢʠ ʙʫʣʠ ʚʠʷʚʣʝʥʽ ʰʚʠʜʢʦ. ɺʝʣʠʯʠʥʘ d  ʻ ʛʨʘʥʠʯʥʠʤ ʟʥʘʯʝʥʥʷʤ 

ʨʦʟʙʽʞʥʦʩʪʽ ʝʥʪʨʦʧʽʡ. [Radivilova, 2019-3] 

ʄʝʪʦʜ ʝʥʪʨʦʧʽʡʥʦʛʦ ʘʥʘʣʽʟʫ ʧʨʦʪʦʢʦʣʽʚ ʜʣʷ ʚʠʷʚʣʝʥʥʷ ʘʥʦʤʘʣʽʡ 

ʥʘʚʝʜʝʥʠʡ ʥʘ ʨʠʩ.5.11. 

 

ʈʠʩ. 5.11. ʄʝʪʦʜ ʝʥʪʨʦʧʽʡʥʦʛʦ ʘʥʘʣʽʟʫ ʧʨʦʪʦʢʦʣʽʚ 
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ʈʦʟʛʣʷʥʝʤʦ ʧʦʢʨʦʢʦʚʝ ʚʠʢʦʥʘʥʥʷ ʤʝʪʦʜʫ ʚʠʟʥʘʯʝʥʥʷ ʘʥʦʤʘʣʽʾ.  

1. ʈʦʟʜʽʣʠʪʠ ʧʘʢʝʪʠ ʥʘ ʢʣʘʩʠ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʽʥʬʦʨʤʘʮʽʾ ʧʨʦʪʦʢʦʣʫ ʧʘʢʝʪʽʚ 

ʽ ʥʦʤʝʨʘʤʠ ʧʦʨʪʽʚ ʧʨʠʟʥʘʯʝʥʥʷ. ʈʦʟʨʘʭʫʚʘʪʠ ʙʘʟʦʚʠʡ ʨʦʟʧʦʜʽʣ ( )Pw .  

2. ʈʦʟʨʘʭʫʚʘʪʠ ʝʤʧʽʨʠʯʥʠʡ ʨʦʟʧʦʜʽʣ ( )Pw .  

3. ɼʣʷ ʢʦʞʥʦʛʦ w-ʛʦ ʪʠʧʫ ʧʘʢʝʪʽʚ ʜʣʷ ʟʘʜʘʥʦʛʦ ʧʝʨʽʦʜʫ ʯʘʩʫ T  

ʨʦʟʨʘʭʫʚʘʪʠ ʝʥʪʨʦʧʽʶ ʟ ʧʦʩʠʣʘʥʥʷʤ ʥʘ ʢʦʥʢʨʝʪʥʠʡ ʧʘʨʘʤʝʪʨ ʧʘʢʝʪʘ ʚ̔ ʜʧʦʚʽʜʥʦ 

ʜʦ (5.2). 

4. ɼʣʷ ʢʦʞʥʦʛʦ ʧʘʢʝʪʫ w-ʛʦ ʪʠʧʫ ʨʦʟʨʘʭʫʚʘʪʠ 
||

( )
P P

D w  ʫ ʚʽʜʧʦʚʽʜʥʦʩʪʽ ʜʦ 

(5.5). 

4.1. ʗʢʱʦ ʜʣʷ ʧʝʚʥʦʛʦ ʪʠʧʫ ʧʘʢʝʪʽʚ w 
||

( )
P P

D dw >  ʧʨʦʪʷʛʦʤ ʧʝʚʥʦʛʦ 

ʧʝʨʽʦʜʫ ʯʘʩʫ T, ʪʦ ʧʽʜʥʽʤʘʻʪʴʩʷ ʩʠʛʥʘʣ ʪʨʠʚʦʛʠ ʪʘ ʪʨʘʬʽʢ ʚʽʜʧʨʘʚʣʷʻʪʴʩʷ ʜʦ 

ʧʽʜʩʠʩʪʝʤʠ ʨʝʘʛʫʚʘʥʥʷ ʥʘ ʘʪʘʢʠ (ʘʙʦ ʚʠʜʘʣʷʻʪʩʷ). ɯʥʬʦʨʤʘʮʽʷ ʧʨʦ ʮʝʡ ʪʨʘʬʽʢ ʪʘ 

ʧʦʜʽʶ ʟʘʧʠʩʫʻʪʴʩʷ ʚ ʙʘʟʫ ʜʘʥʠʭ ʘʪʘʢ. 

4.2. ʗʢʱʦ ʜʣʷ ʧʝʚʥʦʛʦ ʪʠʧʫ ʧʘʢʝʪʽʚ w 
||

( )
P P

D dw¢  ʧʨʦʪʷʛʦʤ ʧʝʚʥʦʛʦ 

ʧʝʨʽʦʜʫ ʯʘʩʫ T, ʪʦ ʪʨʘʬʽʢ ʙʝʟ ʚʩʷʢʠʭ ʜʦʜʘʪʢʦʚʠʭ ʧʝʨʝʚʽʨʦʢ ʚʽʜʧʨʘʚʣʷʻʪʴʩʷ ʜʘʣʽ 

ʚ ʤʝʨʝʞʫ.  

5. ɺʠʢʦʥʘʪʠ ʨʦʟʨʘʭʫʥʢʠ ʧ.2-4 ʜʣʷ ʧʝʨʽʦʜʫ ʯʘʩʫ T T+D ʪʘ ʚʽʜʧʦʚʽʜʥʽ ʜʘʥʽ 

ʟʘʧʠʩʘʪʠ ʚ ʙʘʟʫ ʜʘʥʠʭ ʘʪʘʢ. 

6. ʇʦʚʪʦʨʶʚʘʪʠ ʢʨʦʢʠ 2-5.  

7. ɺʠʢʦʨʠʩʪʦʚʫʶʯʠ ʟʥʘʯʝʥʥʷ, ʦʙʯʠʩʣʝʥʽ ʥʘ ʢʨʦʮʽ 5, ʜʦʜʘʪʠ ʜʚʘ ʪʝʨʤʽʥʠ, 

ʷʢʽ ʚʽʜʩʫʪʥʽ ʚ ʧʽʜʩʫʤʢʫ ʝʥʪʨʦʧʽʾ, ʽ ʧʦʨʽʚʥʷʪʠ ʮʝ ʥʦʚʝ ʟʥʘʯʝʥʥʷ ʝʥʪʨʦʧʽʾ ʟ 

ʧʦʧʝʨʝʜʥʽʤʠ ʦʙʯʠʩʣʝʥʥʷʤʠ ʝʥʪʨʦʧʽʾ (ʟʘʜʣʷ ʚʠʟʥʘʯʝʥʥʷ low DDoS ʘʪʘʢ). 

8. ʇʦʚʪʦʨʠʪʠ ʢʨʦʢʠ 2-7 ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʥʘʩʪʫʧʥʠʭ ʟʥʘʯʝʥʴ ʝʥʪʨʦʧʽʾ.  

ʅʘʚʝʜʝʥʦ ʤʝʪʦʜ ʘʥʘʣʽʟʫ ʝʥʪʨʦʧʽʾ ʧʨʦʪʦʢʦʣʽʚ ʜʣʷ ʚʠʷʚʣʝʥʥʷ ʚʪʦʨʛʥʝʥʴ ʪʘ 

ʜʝʪʝʢʪʫʚʘʥʥʷ ʘʪʘʢ. ʄʝʪʦʜ ʧʦʣʷʛʘʻ ʫ ʚʠʚʯʝʥʥʽ ʙʘʟʦʚʦʛʦ ʨʦʟʧʦʜʽʣʫ  ̔ʧʦʜʘʣʴʰʦʤʫ 

ʚʠʷʚʣʝʥʥʽ ʘʥʦʤʘʣʽʡ ʚ ʩʧʦʩʪʝʨʝʞʫʚʘʥʦʤʫ ʪʨʘʬʽʢʫ.  
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5.6. ʈʝʟʫʣʴʪʘʪʠ ʤʦʜʝʣʶʚʘʥʥʷ ʨʦʙʦʪʠ ʤʝʪʦʜʫ ʝʥʪʨʦʧʽʡʥʦʛʦ ʘʥʘʣʽʟʫ 

ʧʨʦʪʦʢʦʣʽʚ, ʷʢʠʡ ʚʨʘʭʦʚʫʻ ʨʝʡʪʠʥʛʫʚʘʥʥʷ ʙʘʟʠ ʜʘʥʠʭ ʫʨʘʟʣʠʚʦʩʪʝʡ 

ɼʘʥʠʡ ʤʝʪʦʜ ʙʫʚ ʧʨʦʪʝʩʪʦʚʘʥʠʡ ʟʘ ʥʘʙʦʨʦʤ ʨʝʘʣʴʥʠʭ ʜʘʥʠʭ ʪʨʘʬʽʢʘ. ɼʣʷ 

ʦʮʽʥʢʠ ʤʝʪʦʜʽʚ ʚʠʷʚʣʝʥʥʷ DDoS-ʘʪʘʢ ʫ ʨʝʘʣʴʥʠʭ ʫʤʦʚʘʭ ʙʫʣʦ ʨʦʟʛʦʨʥʫʪʦ 

ʩʝʨʚʝʨ, ʘ ʤʦʜʫʣʽ ʜʝʪʝʢʪʦʨʽʚ ʘʪʘʢ ʙʫʣʠ ʨʦʟʨʦʙʣʝʥʽ ʷʢ ʧʣʘʛʽʥ. ʅʘ ʜʦʜʘʪʦʢ ʜʦ 

ʤʦʥʽʪʦʨʠʥʛʫ ʪʨʘʬʽʢʘ ʚ ʨʝʘʣʴʥʦʤʫ ʯʘʩʽ, ʨʦʟʨʦʙʣʝʥʘ ʧʨʦʛʨʘʤʘ ʧʽʜʪʨʠʤʫʻ 

ʘʚʪʦʥʦʤʥʫ ʦʙʨʦʙʢʫ ʨʘʥʽʰʝ ʟʘʭʦʧʣʝʥʦʛʦ ʤʝʨʝʞʥʦʛʦ ʪʨʘʬʽʢʘ ʽ ʜʦʟʚʦʣʷʻ 

ʚʽʜʪʚʦʨʝʥʠʤ ʝʢʩʧʝʨʠʤʝʥʪʘʤ ʚʠʷʚʣʷʪʠ ʜʘʥʽ ʪʨʘʬʽʢʫ ʟ ʨʽʟʥʠʭ ʥʦʩʽʾʚ. ɼʝʪʝʢʪʦʨʠ 

ʝʥʪʨʦʧʽʾ ʙʫʣʠ ʧʦʙʫʜʦʚʘʥʽ ʷʢ ʬʫʥʢʮʽʾ, ʱʦ ʧʨʘʮʶʶʪʴ ʟ ʢʦʞʥʦʶ ʜʝʡʪʘʛʨʘʤʦʶ IP, 

ʦʪʨʠʤʘʥʦ ʁʟ ʚʽʜʢʨʠʪʦ ʾʙʽʙʣʽʦʪʝʢʠ WinCap, ʜʣʷ ʧʦʚʪʦʨʥʦʛʦ ʩʢʣʘʜʘʥʥʷ ʧʦʪʦʢʫ ʪʘ 

ʽʥʰʠʭ ʤʘʥʽʧʫʣʷʮʽʡ ʟ ʧʘʢʝʪʘʤʠ. ʅʘ ʜʦʜʘʪʦʢ ʜʦ ʚʠʜʘʯʽ ʧʦʚʽʜʦʤʣʝʥʴ ʮʽ ʧʣʘʛʽʥʠ 

ʟʘʧʠʩʫʶʪʴ ʜʘʥʽ ʫ ʬʘʡʣʠ ʞʫʨʥʘʣʽʚ ʜʝʪʝʢʪʦʨʘ ʝʥʪʨʦʧʽʾ. ʎʽ ʞʫʨʥʘʣʠ ʧʝʨʽʦʜʠʯʥʦ 

ʦʙʯʠʩʣʶʶʪʴ ʟʥʘʯʝʥʥʷ ʝʥʪʨʦʧʽʾ ʜʣʷ ʢʦʞʥʦʛʦ ʘʪʨʠʙʫʪʘ ʧʘʢʝʪʘ, ʟʘʟʥʘʯʝʥʦʛʦ ʫ 

ʬʘʡʣʽ ʽʥʽʮʽʘʣʽʟʘʮʽʾ (ʥʘʧʨʠʢʣʘʜ, IP-ʘʜʨʝʩʠ ʜʞʝʨʝʣʘ ʽ ʧʨʠʟʥʘʯʝʥʥʷ, ʧʦʨʪʠ TCP / 

UDP, ʜʦʚʞʠʥʘ ʜʘʪʘʛʨʘʤʠ ʽ ʨʦʟʤʽʨ ʚʽʢʥʘ TCP). ʎʽ ʜʘʥʽ ʤʦʞʫʪʴ ʙʫʪʠ ʢʦʨʠʩʥʽ ʜʣʷ 

ʨʫʯʥʦʾ ʘʙʦ ʘʚʪʦʤʘʪʠʯʥʦʾ ʥʘʩʪʨʦʡʢʠ ʜʝʪʝʢʪʦʨʘ ʽ ʫʩʪʘʥʦʚʢʠ ʧʦʧʝʨʝʜʞʫʚʘʣʴʥʦʾ 

ʩʠʛʥʘʣʽʟʘʮʽʾ. 

ɺ ʨʦʙʦʪʽ ʨʦʟʨʘʭʫʥʦʢ ʝʥʪʨʦʧʽʾ ʙʫʚ ʧʨʦʚʝʜʝʥʠʡ ʥʘ ʦʩʥʦʚʽ ʪʘʢʠʭ ʧʘʨʘʤʝʪʨʽʚ 

ʧʘʢʝʪʽʚ ʪʨʘʬʽʢʘ: 

ï duration ï ʪʨʠʚʘʣʽʩʪʴ ʟô̒ ʜʥʘʥʥʷ ʚ ʩʝʢʫʥʜʘʭ; 

ï protocol_type ï ʪʠʧ ʚʠʢʦʨʠʩʪʦʚʫʚʘʥʦʛʦ ʧʨʦʪʦʢʦʣʫ: TCP, UDP ʪʘ ʽʥʰʝ; 

ï service ï ʪʠʧ ʚʠʢʦʨʠʩʪʦʚʫʚʘʥʦʛʦ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ: HTTP, FTP, TELNET 

ʽ ʽʥʰʝ; 

ï flag ï ʧʨʘʧʦʨʝʮʴ ʟô̒ ʜʥʘʥʥʷ: ʥʦʨʤʘ ʘʙʦ ʧʦʤʠʣʢʘ; 

ï scr_bytes ï ʢʽʣʴʢʽʩʪʴ ʙʘʡʪ ʜʘʥʠʭ ʚʽʜ ʜʞʝʨʝʣʘ ʜʦ ʦʜʝʨʞʫʚʘʯʘ; 

ï dst_bytes ï ʢʽʣʴʢʽʩʪʴ ʜʘʥʠʭ ʚʽʜ ʦʜʝʨʞʫʚʘʯʘ ʜʦ ʜʞʝʨʝʣʘ; 

ï wrong_fragments ï ʢʽʣʴʢʽʩʪʴ çʥʝʧʨʘʚʠʣʴʥʠʭè ʬʨʘʛʤʝʥʪʽʚ; 
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ï urgent ï ʢʽʣʴʢʽʩʪʴ ʪʝʨʤʽʥʦʚʠʭ (urgent) ʧʘʢʝʪʽʚ; 

ï hot ï ʢʽʣʴʢʽʩʪʴ çʛʘʨʷʯʠʭè ʽʥʜʠʢʘʪʦʨʽʚ; 

ï num_failed_logins ï ʢʽʣʴʢʽʩʪʴ ʧʦʤʠʣʢʦʚʠʭ ʩʧʨʦʙ ʚʭʦʜʫ; 

ï logged_in ï 1 ï ʫʩʧʽʰʥʠʡ ʚʭʽʜ, 0 ʚ ʽʥʰʦʤʫ ʚʠʧʘʜʢʫ; 

ï num_compromised ï ʯʠʩʣʦ ʩʢʦʤʧʨʦʤʝʪʦʚʘʥʠʭ ʫʤʦʚ; 

ï root_shell ï 1 ï ʷʢʱʦ ʦʪʨʠʤʘʥʘ ʢʦʨʝʥʝʚʘ ʦʙʦʣʦʥʢʘ, 0 ï ʚ ʽʥʰʦʤʫ 

ʚʠʧʘʜʢʫ; 

ï su_attempted ï 1 ï ʷʢʱʦ ʙʫʣʘ ʩʧʨʦʙʘ ʚʠʢʦʥʘʪʠ çsu rootè, 0 ï ʚ ʽʥʰʦʤʫ 

ʚʠʧʘʜʢʫ; 

ï num_root ï ʢʽʣʴʢʽʩʪʴ ʜʦʩʪʫʧʽʚ ʪʠʧʫ çrootè; 

ï num_file_creations ï ʢʽʣʴʢʽʩʪʴ ʦʧʝʨʘʮʽʡ ʩʪʚʦʨʝʥʥʷ ʬʘʡʣʘ; 

ï num_shells ï ʢʽʣʴʢʽʩʪʴ çʧʽʜʢʘʟʦʢ ʦʙʦʣʦʥʢʠè; 

ï num_access_files ï ʢʽʣʴʢʽʩʪʴ ʦʪʨʠʤʘʥʴ ʜʦʩʪʫʧʫ ʜʦ ʢʦʥʪʨʦʣʶ ʥʘʜ 

ʬʘʡʣʘʤʠ; 

ï is_host_login ï 1 ï ʷʢʱʦ ʣʦʛʽʥ ʥʘʣʝʞʠʪʴ ʜʦ çhostè ʩʧʠʩʢʫ; 

ï is_quest_login ï 1 ï ʷʢʱʦ ʧʽʜʢʣʶʯʝʥʥʷ ʪʠʧʫ çʛʽʩʪʴè; 

ï count ï ʢʽʣʴʢʽʩʪʴ ʧʽʜʢʣʶʯʝʥʴ ʜʦ ʮʴʦʛʦ ʭʦʩʪʘ ʟʘ ʦʩʪʘʥʥʽ ʜʚʽ ʩʝʢʫʥʜʠ; 

ï srv_count ï ʢʽʣʴʢʽʩʪʴ ʧʽʜʢʣʶʯʝʥʴ ʜʦ ʮʴʦʛʦ ʩʝʨʚʽʩʫ ʟʘ ʦʩʪʘʥʥʽ ʜʚʽ 

ʩʝʢʫʥʜʠ; 

ï serror_rate ï ʚʽʜʩʦʪʦʢ ʧʽʜʢʣʶʯʝʥʴ ʟ syn ʧʦʤʠʣʢʘʤʠ. 

ʄʝʪʦʜ ʚʠʷʚʣʝʥʥʷ ʚʪʦʨʛʥʝʥʴ ʚʠʤʽʨʶʻ ʩʪʘʪʠʩʪʠʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʦʙʨʘʥʠʭ 

ʧʦʣʽʚ ʫ ʟʘʛʦʣʦʚʢʘʭ ʧʘʢʝʪʽʚ. ʅʘʧʨʠʢʣʘʜ, ʷʢʱʦ ʜʝʪʝʢʪʦʨ ʟʘʭʦʧʣʶʻ 1000 

ʧʦʩʣʽʜʦʚʥʠʭ ʧʘʢʝʪʽʚ ʫ ʪʦʯʮʽ ʧʽʨʽʥʛʘ ʽ ʦʙʯʠʩʣʶʻ ʯʘʩʪʦʪʫ ʟʫʩʪʨʽʯʽ ʢʦʞʥʦ ʾ

ʫʥʽʢʘʣʴʥʦ ʾIP-ʘʜʨʝʩʠ ʜʞʝʨʝʣʘ ʚ ʮʠʭ 1000 ʧʘʢʝʪʽʚ, ʪʦʜʽ ʜʝʪʝʢʪʦʨ ʤʘʪʠʤʝ ʤʦʜʝʣʴ 

ʨʦʟʧʦʜʽʣʫ ʘʜʨʝʩ ʜʞʝʨʝʣʘ. ʇʦʜʘʣʴʰʽ ʦʙʯʠʩʣʝʥʥʷ ʟ ʮʠʤ ʨʦʟʧʦʜʽʣʦʤ ʜʦʟʚʦʣʷʶʪʴ 

ʚʠʤʽʨʶʚʘʪʠ ʚʠʧʘʜʢʦʚʽʩʪʴ ʘʙʦ ʦʜʥʦʨʽʜʥʽʩʪʴ ʘʜʨʝʩ, ʘ ʪʘʢʦʞ çʢʦʝʬʽʮʽʻʥʪ ʷʢʦʩʪʽè 

ʨʦʟʧʦʜʽʣʫ ʧʦʨʽʚʥʷʥʦ ʟ ʧʦʧʝʨʝʜʥʽʤʠ ʚʠʤʽʨʘʤʠ. ʇʦʪʽʤ ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ ʫʤʦʚʥʘ 

ʝʥʪʨʦʧʽʷ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʚʽʜʤʽʥʥʦʩʪʝʡ ʤʽʞ ʨʦʟʧʦʜʽʣʦʤ ʢʣʘʩʽʚ ʧʘʢʝʪʽʚ ʫ 
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ʧʦʪʦʯʥʦʤʫ ʪʨʘʬʽʢʫ ʧʦʨʽʚʥʷʥʦ ʟ ʨʦʟʧʦʜʽʣʦʤ, ʟʥʘʡʜʝʥʠʤ ʫ ʨʝʟʫʣʴʪʘʪʽ ʤʝʪʦʜʫ 

ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʟʥʘʯʝʥʥʷ. 

ɼʣʷ ʘʥʘʣʽʟʫ ʤʝʪʦʜʫ ʝʥʪʨʦʧʽʾ ʙʫʣʦ ʨʦʟʛʣʷʥʫʪʦ ʧʦʥʘʜ 3 ʤʣʥ. ʇʘʢʝʪʽʚ ʟ 

ʥʘʙʦʨʫ ʜʘʥʠʭ MIB ʜʣʷ ʥʘʚʯʘʥʥʷ. ɸʣʛʦʨʠʪʤ ʦʮʽʥʢʠ ʤʘʢʩʠʤʘʣʴʥʦʾ ʝʥʪʨʦʧʽʾ 

ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʜʣʷ ʛʝʥʝʨʘʮʽʾ ʙʘʟʦʚʦʛʦ ʨʦʟʧʦʜʽʣʫ ʢʣʘʩʽʚ ʧʘʢʝʪʽʚ ʟ ʥʘʚʯʘʣʴʥʠʭ 

ʜʘʥʠʭ. ɼʘʪʘʩʝʪ ʤʽʩʪʠʚ ʥʦʨʤʘʣʴʥʠʡ ʪʨʘʬʽʢ ʪʘ ʘʪʘʢʠ DDoS, UDP-flood, ʧʦʪʦʢʽʚ 

TCP SYN, ARP ʘʪʘʢʠ ʪʘ HTTP flood. ɼʣʷ ʚʠʟʥʘʯʝʥʥʷ DDoS-ʘʪʘʢ ʧʦʜʘʚʘʣʠʩʷ 

ʜʘʥʽ ʘʪʘʢʠ, ʷʢʽ ʩʢʣʘʜʘʣʠ ʙʣʠʟʴʢʦ 25% ʚʩʽʭ ʧʘʢʝʪʽʚ ʪʨʘʬʽʢʫ. ɼʣʷ ʮʠʭ ʘʪʘʢ ʚʠʭʽʜʥʽ 

IP-ʘʜʨʝʩʠ ʙʫʣʠ ʚʠʧʘʜʢʦʚʦ ʦʙʨʘʥʽ ʟ ʨʽʚʥʦʤʽʨʥʦʛʦ ʨʦʟʧʦʜʽʣʫ. ʂʨʠʪʝʨʽʻʤ ʟʫʧʠʥʢʠ 

ʜʣʷ ʘʣʛʦʨʠʪʤʫ ʧʦʙʫʜʦʚʠ ʻ ʟʥʘʯʝʥʥʷ 
||

( ) 0.1
P P

D w< . ɹʫʣʦ ʚʠʷʚʣʝʥʦ, ʱʦ ʧʝʨʽʦʜ 

ʊ=10 ʩʝʢʫʥʜ ʻ ʨʦʟʫʤʥʠʤ ʢʦʤʧʨʦʤʽʩʦʤ ʫ ʤʝʨʝʞʥʠʭ ʩʝʨʝʜʦʚʠʱʘʭ, ʷʢʽ ʙʫʣʦ 

ʜʦʩʣʽʜʞʝʥʦ. 

ɿʘ ʜʦʧʦʤʦʛʦʶ ʝʢʩʧʝʨʠʤʝʥʪʽʚ ʙʫʣʦ ʚʠʷʚʣʝʥʦ, ʱʦ ʚ ʪʦʡ ʯʘʩ ʷʢ ʤʝʨʝʞʘ ʥʝ 

ʧʽʜʜʘʻʪʴʩʷ ʘʪʘʮʽ, ʟʥʘʯʝʥʥʷ ʝʥʪʨʦʧʽʾ ʜʣʷ ʨʽʟʥʠʭ ʧʦʣʽʚ ʟʘʛʦʣʦʚʢʽʚ ʧʘʜʘ ̒ʫ ʜʦʩʠʪʴ 

ʚʫʟʴʢʦʤʫ ʜʽʘʧʘʟʦʥʽ. ʋ ʪʦʡ ʯʘʩ ʷʢ ʤʝʨʝʞʘ ʟʥʘʭʦʜʠʪʴʩʷ ʧʽʜ ʘʪʘʢʦʶ, ʟʥʘʯʝʥʥʷ 

ʝʥʪʨʦʧʽʾ ʧʝʨʝʚʠʱʫʶʪʴ ʮʽ ʜʽʘʧʘʟʦʥʠ.  

ʅʘ ʨʠʩʫʥʢʫ 5.12 ʥʘʚʝʜʝʥʦ ʝʥʪʨʦʧʽ ʁ ʪʠʧʦʚʠʭ ʘʪʘʢ DoS ʽ flood  

ʘʪʘʢ(ʣʽʚʦʨʫʯ), ARP-spoofing (ʧʨʘʚʦʨʫʯ) ʪʘ ʥʘʚʝʜʝʥʦ ʟʤʽʥʫ ʟʥʘʯʝʥʴ ʝʥʪʨʦʧʽʡʥʦʛʦ 

ʜʝʪʝʢʪʦʨʘ, ʱʦ ʘʥʘʣʽʟʫʻ ʚʠʭʽʜʥʽ IP-ʘʜʨʝʩʠ ʷʢ ʘʪʨʠʙʫʪʠ ʧʘʢʝʪʘ ʧʨʦʪʷʛʦʤ 120 

ʩʝʢʫʥʜ. ʇʝʨʝʜ ʧʦʯʘʪʢʦʤ ʘʪʘʢʠ ʝʥʪʨʦʧʽʷ ʟʨʘʟʢʦʚʘ ʜʦʨʽʚʥʶʻ ʟʥʘʯʝʥʥʶ 2.0. ʇʽʜ ʯʘʩ 

ʘʪʘʢʠ ʝʥʪʨʦʧʽʷ ʟʤʝʥʰʫʻʪʴʩʷ ʽ ʧʨʘʛʥʝ ʜʦ ʥʫʣʷ. ʋ ʮʴʦʤʫ ʧʨʠʢʣʘʜʽ ʢʨʠʪʝʨʽʡ 

ʟʫʧʠʥʢʠ ʚʠʷʚʣʷʻ ʮʶ ʘʪʘʢʫ ʙʝʟ ʙʫʜʴ-ʷʢʠʭ ʭʠʙʥʦʧʦʟʠʪʠʚʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ. 
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ʈʠʩ.5.12. ɽʥʪʨʦʧʽʷ ʪʠʧʦʚʠʭ DoS ʽ flood (ʣʽʚʦʨʫʯ)ʘʪʘʢ, ARP spoofing ʘʪʘʢ 

(ʧʨʘʚʦʨʫʯ) 

ʊʘʢʠʤ ʯʠʥʦʤ, ʦʯʝʚʠʜʥʦ, ʱʦ ʥʘʷʚʥʽʩʪʴ ʘʪʘʢ ʤʦʞʥʘ ʥʝ ʪʽʣʴʢʠ ʚʠʷʚʠʪʠ, ʘʣʝ 

ʽ ʚʠʟʥʘʯʠʪʠ ʪʠʧ ʘʪʘʢʠ. ʊʘʢʦʞ ʚ ʭʦʜʽ ʝʢʩʧʝʨʠʤʝʥʪʫ ʧʨʦʚʦʜʠʣʘʩʷ ʽʜʝʥʪʠʬʽʢʘʮʽʷ ʥʝ 

ʪʽʣʴʢʠ DDoS ʘʪʘʢ, ʘʣʝ ʽ UDP-flood, HTTP flood, TCP SYN, ARP-spoofing ʘʪʘʢʠ. ɺ 

ʭʦʜʽ ʘʥʘʣʽʟʫ ʨʝʟʫʣʴʪʘʪʽʚ ʝʢʩʧʝʨʠʤʝʥʪʽʚ ʝʥʪʨʦʧʽʷ ʟʤʽʥʶʚʘʣʘʩʷ ʜʣʷ ʢʦʞʥʦʛʦ ʪʠʧʫ 

ʘʪʘʢʠ, ʱʦ ʧʦʢʘʟʘʥʦ ʚ ʪʘʙʣʠʮʽ 5.4. 

ɼʘʥʽ ʪʘʙʣʠʮʽ 5.4 ʩʚʽʜʯʘʪʴ ʧʨʦ ʪʝ, ʱʦ ʤʝʪʦʜ ʘʥʘʣʽʟʫ ʝʥʪʨʦʧʽʾ ʧʽʜʭʦʜʠʪʴ ʜʣʷ 

ʽʜʝʥʪʠʬʽʢʘʮʽʾ ʨʽʟʥʠʭ ʪʠʧʽʚ ʘʪʘʢ.  

ʊʘʙʣʠʮʷ 5.4. 

ɽʥʪʨʦʧʽʷ ʤʝʨʝʞʥʦʛʦ ʪʨʘʬʽʢʘ ʙʝʟ ʘʪʘʢ ʪʘ ʧʨʠ ʘʪʘʢʘʭ 

ʅ ʙʝʟ 

ʘʪʘʢʠ 

ʅ ʧʨʠ DDoS 

ʘʪʘʮʽ 

ʅ ʧʨʠ UDP-

flood ʘʪʘʮʽ 

ʅ ʧʨʠ TCP 

SYN ʘʪʘʮʽ 

ʅ ʧʨʠ ARP 

ʘʪʘʮʽ 

ʅ ʧʨʠ HTTP 

flood ʘʪʘʮʽ 

2,11 0,40 0,29 0,75 1,33 0,45 

2,10 0,42 0,21 0,74 1,18 0,41 

2,25 0,38 0,28 0,72 1,37 0,43 

2,22 0,43 0,30 0,77 1,36 0,47 

 

ɺ ʪʘʙʣʠʮʽ 5.5 ʧʨʝʜʩʪʘʚʣʝʥʽ ʟʥʘʯʝʥʥʷ ʷʢʦʩʪʽ ʚʠʷʚʣʝʥʥʷ ʘʪʘʢ ʤʝʪʦʜʦʤ 

ʝʥʪʨʦʧʽʡʥʦʛʦ ʘʥʘʣʽʟʫ ʧʨʦʪʦʢʦʣʽʚ ʜʣʷ ʨʽʟʥʠʭ ʪʠʧʽʚ ʘʪʘʢ. ɿʘʧʨʦʧʦʥʦʚʘʥʠʡ ʤʝʪʦʜ 

ʤʘʻ ʭʠʙʥʦʧʦʟʠʪʠʚʥʽ ʩʧʨʘʮʴʦʚʫʚʘʥʥʷ. ʎʝ ʤʦʞʝ ʚʽʜʙʫʚʘʪʠʩʷ ʯʝʨʝʟ ʚʠʩʦʢʫ 

ʰʚʠʜʢʽʩʪʴ ʪʨʘʬʽʢʘ (ʛʝʥʝʨʘʮʽʷ ʧʦʨʪʽʚ ʚʽʜʙʫʚʘʻʪʴʩʷ ʘʚʪʦʤʘʪʠʯʥʦ ʽ ʮʽ ʥʦʤʝʨʠ 

ʧʦʨʪʽʚ ʨʽʜʢʦ ʟʫʩʪʨʽʯʘʶʪʴʩʷ ʚ ʥʘʚʯʘʣʴʥʽʡ ʚʠʙʽʨʮʽ), ʯʝʨʝʟ ʦʙʤʝʞʝʥʥʷ ʽʥʬʦʨʤʘʮʽʾ 
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ʟʘʛʦʣʦʚʢʘ ʧʘʢʝʪʘ (ʟʘʰʠʬʨʦʚʘʥʽ ʜʘʥʽ) ʽ ʪ.ʽʥ. ʆʪʨʠʤʘʥʽ ʨʝʟʫʣʴʪʘʪʠ ʟʙʽʛʘʶʪʴʩʷ ʟ 

ʨʝʟʫʣʴʪʘʪʘʤʠ ʦʪʨʠʤʘʥʠʤʠ ʽʥʰʠʤʠ ʚʯʝʥʠʤʠ [Gu, 2005]. 

ʊʘʙʣʠʮʷ 5.5. 

ɿʥʘʯʝʥʥʷ ʪʦʯʥʦʩʪʽ ʚʠʷʚʣʝʥʥʷ ʘʪʘʢ ʜʣʷ ʜʝʷʢʠʭ ʪʠʧʽʚ ʘʪʘʢ 

ʊʠʧ ʘʪʘʢʠ Precision Recall F1 

DDoS 0,97 0,95 0,96 

UDP-flood 0,97 0,9 0,94 

TCP SYN 0,99 0,89 0,94 

ARP 0,96 0,93 0,95 

HTTP flood 0,98 0,88 0,93 

 

ɺ ʪʘʙʣʠʮʽ 5.6. ʥʘʚʝʜʝʥʦ ʨʝʟʫʣʴʪʘʪʠ ʧʦʨʽʥʷʣʴʥʦʛʦ ʘʥʘʣʽʟʫ, 

ʟʘʧʨʦʧʦʥʦʚʘʥʦʛʦ ʚ ʜʘʥʽʡ ʨʦʙʦʪʽ ʤʝʪʦʜʫ ʝʥʪʨʦʧʽʡʥʦʛʦ ʘʥʘʣʽʟʫ ʧʨʦʪʦʢʦʣʽʚ ʽʟ 

ʩʪʘʥʜʘʨʪʥʠʤ ʤʝʪʦʜʦʤ ʘʥʘʣʽʟʫ ʧʨʦʪʦʢʦʣʽʚ.  

ʊʘʙʣʠʮʷ 5.6. 

ʗʢʽʩʪʴ ʨʦʙʦʪʠ ʤʝʪʦʜʫ ʘʥʘʣʽʟʫ ʧʨʦʪʦʢʦʣʽʚ 

 % ʟʥʘʡʜʝʥʠʭ 

ʘʪʘʢ 

% 

ʥʝʚʠʷʚʣʝʥ

ʠʭ ʘʪʘʢ 

% 

ʚʪʨʘʯʝʥ

ʠʭ ʜʘʥʠʭ 

% 

ʧʦʤʠʣʢʦʚ

ʠʭ 

ʩʧʨʘʮʴʦʚʫ

ʚʘʥʴ 

F1 

ʤʽʨʘ 

ʏʘʩ ʨʦʙʦʪʠ ʫ 

ʚʽʢʥʽ W, ʤʩ 

ʂʣʘʩʠʯʥʠʡ 

ʤʝʪʦʜ 

ʘʥʘʣʽʟʫ 

ʧʨʦʪʦʢʦʣʽʚ  

91,4 6,5 5,3 10,4 0,94 0,41 

ɿʘʧʨʦʧʦʥʦʚʘ

ʥʠʡ ʤʝʪʦʜ 

94,01 5,9 3,3 9,2 0,96 0,35 

 

ʊʘʢʠʤ ʯʠʥʦʤ, ʧʨʦʧʦʥʦʚʘʥʠʡ ʘʣʛʦʨʠʪʤ ʚʠʷʚʣʝʥʥʷ ʚʪʦʨʛʥʝʥʴ ʥʘ ʦʩʥʦʚʽ 

ʝʥʪʨʦʧʽʡʥʦʛʦ ʘʥʘʣʽʟʫ ʧʨʦʪʦʢʦʣʽʚ ʧʦʢʘʟʘʚ ʚʠʩʦʢʽ ʟʥʘʯʝʥʥʷ ʪʦʯʥʦʩʪʽ ʚʠʷʚʣʝʥʥʷ 

ʘʪʘʢ (ʙʣʠʟʴʢʦ 94%) ʽ ʥʠʟʴʢʽ ʟʥʘʯʝʥʥʷ ʧʦʤʠʣʢʦʚʦʧʦʟʠʪʠʚʥʦʛʦ ʽʥʜʝʢʩʫ (ʙʣʠʟʴʢʦ 

10%). ʆʪʞʝ, ʤʝʪʦʜ ʝʥʪʨʦʧʽʡʥʦʛʦ ʘʥʘʣʽʟʫ ʧʘʢʝʪʽʚ ʤʦʞʝ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠʩʷ ʜʣʷ 

ʚʠʷʚʣʝʥʥʷ ʨʽʟʥʠʭ ʪʠʧʽʚ ʘʪʘʢ. 

ɼʘʥʠʡ ʧʽʜʭʽʜ ʤʘʻ ʢʽʣʴʢʘ ʧʝʨʝʚʘʛ. ʇʦ-ʧʝʨʰʝ, ʚʽʥ ʥʘʜʘʻ ʘʜʤʽʥʽʩʪʨʘʪʦʨʘʤ 

ʙʘʛʘʪʦʚʠʤʽʨʥʝ ʫʷʚʣʝʥʥʷ ʤʝʨʝʞʥʦʛʦ ʪʨʘʬʽʢʘ ʟʘ ʪʘʢʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ ʷʢ 
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ʢʣʘʩʠʬʽʢʘʮʽʷ ʧʘʢʝʪʽʚ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʥʘʙʦʨʫ ʘʪʨʠʙʫʪʽʚ, ʷʢʽ ʚʦʥʠ ʧʝʨʝʜʘʶʪʴ 

ʧʘʢʝʪʘʤʠ. ʇʦ-ʜʨʫʛʝ, ʚʽʥ ʚʠʷʚʣʷʻ ʘʥʦʤʘʣʽʾ, ʱʦ ʚʠʢʣʠʢʘʶʪʴ ʩʧʣʝʩʢʠ ʚ ʤʝʨʝʞʥʦʤʫ 

ʪʨʘʬʽʢʫ, ʘ ʪʘʢʦʞ ʟʤʽʥʠ, ʱʦ ʟʙʽʣʴʰʫʶʪʴ ʪʨʘʬʽʢ ʤʝʨʝʞʽ. ɿʥʘʯʥʽ ʚʽʜʭʠʣʝʥʥʷ ʚʽʜ 

ʙʘʟʦʚʦʛʦ ʨʦʟʧʦʜʽʣʫ ʤʦʞʫʪʴ ʙʫʪʠ ʚʠʢʣʠʢʘʥʽ ʪʽʣʴʢʠ ʧʘʢʝʪʘʤʠ, ʷʢʽ ʩʢʣʘʜʘʶʪʴ 

ʥʝʟʚʠʯʘʡʥʫ ʯʘʩʪʠʥʫ ʪʨʘʬʽʢʘ. ʗʢʱʦ ʚʽʜʙʫʚʘʻʪʴʩʷ ʘʥʦʤʘʣʽʷ, ʥʝʟʘʣʝʞʥʦ ʚʽʜ ʪʦʛʦ, 

ʷʢʠʤ ʯʠʥʦʤ ʧʦʚʽʣʴʥʦ ʟʙʽʣʴʰʫʻ ʩʚʽʡ ʪʨʘʬʽʢ, ʚʽʥ ʤʦʞʝ ʙʫʪʠ ʚʠʷʚʣʝʥʠʡ ʷʢ ʪʽʣʴʢʠ 

ʚʽʜʥʦʩʥʘ ʝʥʪʨʦʧʽʷ ʟʨʦʩʪʘʻ ʜʦ ʧʝʚʥʦʛʦ ʨʽʚʥʷ. ʇʦ-ʪʨʝʪʻ, ʚʽʥ ʧʝʨʝʜʙʘʯʘʻ 

ʽʥʬʦʨʤʘʮʽʶ ʧʨʦ ʪʠʧ ʚʠʷʚʣʝʥʦʾ ʘʥʦʤʘʣʽʾ. ɿʘʧʨʦʧʦʥʦʚʘʥʠʡ ʤʝʪʦʜ ʚʠʤʘʛʘʻ ʪʽʣʴʢʠ 

ʧʦʩʪʽʡʥʦʛʦ ʦʙʩʷʛʫ ʧʘʤ'ʷʪʽ ʽ ʩʢʣʘʜʘʻʪʴʩʷ ʚʠʢʣʶʯʥʦ ʟ ʧʽʜʨʘʭʫʥʢʫ ʧʘʢʝʪʽʚ ʚ 

ʪʨʘʬʽʢʫ, ʥʝ ʚʠʤʘʛʘʶʯʠ ʞʦʜʥʦʾ ʽʥʬʦʨʤʘʮʽʾ ʧʦ ʢʦʞʥʦʤʫ ʧʦʪʦʢʫ. 

5.7. ʈʦʟʨʦʙʢʘ ʤʝʪʦʜʫ ʘʥʘʣʽʟʫ ʩʠʛʥʘʪʫʨ ʟʘʩʥʦʚʘʥʦʛʦ ʥʘ ʩʘʤʦʧʦʜʽʙʥʠʭ 

ʚʣʘʩʪʠʚʦʩʪʽʭ ʪʨʘʬʽʢʘ ʪʘ ʛʣʠʙʦʢʦʤʫ ʘʥʘʣʽʟʽ ʧʘʢʝʪʽʚ 

ʉɺɺ ʥʘ ʦʩʥʦʚʽ ʩʠʛʥʘʪʫʨ ʥʘʤʘʛʘʶʪʴʩʷ ʽʜʝʥʪʠʬʽʢʫʚʘʪʠ ʰʢʽʜʣʠʚʽ ʜʽʾ ʚ 

ʩʠʩʪʝʤʽ, ʧʦʨʽʚʥʶʶʯʠ ʩʧʦʩʪʝʨʽʛʘʶʯʫ ʧʦʚʝʜʽʥʢʫ ʟ ʚʽʜʦʤʠʤʠ ʤʦʜʝʣʷʤʠ ʘʪʘʢ. ʋ 

ʩʠʩʪʝʤʘʭ ʪʘʢʦʛʦ ʪʠʧʫ ʙʘʟʘ ʜʘʥʠʭ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʜʣʷ ʟʙʝʨʽʛʘʥʥʷ ʧʦʚʝʜʽʥʢʠ 

ʨʘʥʽʰʝ ʚʽʜʦʤʠʭ ʘʪʘʢ, ʷʢʽ ʟʘʢʦʜʦʚʘʥʽ ʷʢ ʩʠʛʥʘʪʫʨʠ [Albin, 2011]. ʆʪʞʝ, ʮʽ ʩʠʩʪʝʤʠ 

ʟʜʘʪʥʽ ʚʠʷʚʣʷʪʠ ʘʪʘʢʠ, ʟʥʘʭʦʜʷʯʠ ʩʭʦʞʽ ʩʠʛʥʘʪʫʨʠ ʚ ʙʘʟʽ ʜʘʥʠʭ. [Guo, 2016] 

ʉɺɺ ʥʘ ʦʩʥʦʚʽ ʩʠʛʥʘʪʫʨ ʤʦʞʫʪʴ ʧʨʘʮʶʚʘʪʠ ʥʘʜʽʡʥʦ, ʢʦʣʠ 

ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʚʞʝ ʚʽʜʦʤʘ ʩʭʝʤʘ ʘʪʘʢʠ [Almutairi, 2017]. ɺ ʨʝʟʫʣʴʪʘʪʽ ʫ ʥʠʭ 

ʜʫʞʝ ʥʠʟʴʢʠʡ ʨʽʚʝʥʴ ʧʦʤʠʣʢʦʚʠʭ ʩʧʨʘʮʴʦʚʫʚʘʥʴ. ʆʜʥʘʢ ʚʽʜʩʫʪʥʽʩʪʴ ʟʜʘʪʥʦʩʪʽ 

ʚʠʷʚʣʷʪʠ ʥʝʚʽʜʦʤʽ ʘʪʘʢʠ ʻ ʦʩʥʦʚʥʠʤ ʥʝʜʦʣʽʢʦʤ ʩʠʩʪʝʤ ʪʘʢʦʛʦ ʪʠʧʫ, ʱʦ ʨʦʙʠʪʴ 

ʡʦʛʦ ʥʝʙʘʞʘʥʠʤ ʨʽʰʝʥʥʷʤ ʧʦʨʽʚʥʷʥʦ ʟ ʽʥʰʠʤʠ ʪʠʧʘʤʠ. 

ʈʦʟʛʣʷʥʝʤʦ ʢʽʣʴʢʘ ʧʨʠʢʣʘʜʽʚ ʪʘ ʜʝʷʢʠʭ ʤʝʪʦʜʽʚ, ʷʢʽ ʤʦʞʥʘ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʜʣʷ ʽʜʝʥʪʠʬʽʢʘʮʽʾ ʢʦʞʥʦʾ ʩʠʛʥʘʪʫʨʠ [ɻʝʪʴʤʘʥ, 2015; Guo, 2016; 

Gaikwad, 2012; Xia, 2016; Patel, 2018]: 
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- ʩʧʨʦʙʘ ʧʽʜʢʣʶʯʝʥʥʷ ʽʟ ʟʘʨʝʟʝʨʚʦʚʘʥʦʾ IP-ʘʜʨʝʩʠ ï ʮʝ ʣʝʛʢʦ ʚʠʟʥʘʯʠʪʠ, 

ʧʝʨʝʚʽʨʠʚʰʠ ʧʦʣʝ ʘʜʨʝʩʠ ʜʞʝʨʝʣʘ ʚ ʟʘʛʦʣʦʚʢʫ IP; 

- ʧʘʢʝʪ ʽʟ ʥʝʟʘʢʦʥʥʦʶ ʢʦʤʙʽʥʘʮʽʻʶ ʧʨʘʧʦʨʮ̔ ʚ TCP ï ʮʝ ʤʦʞʥʘ ʜʽʟʥʘʪʠʩʷ, 

ʧʦʨʽʚʥʷʚʰʠ ʧʨʘʧʦʨʮ,̔ ʚʩʪʘʥʦʚʣʝʥʽ ʚ ʟʘʛʦʣʦʚʢʫ TCP, ʟ ʚʽʜʦʤʠʤʠ ʛʘʨʥʠʤʠ ʘʙʦ 

ʧʦʛʘʥʠʤʠ ʢʦʤʙʽʥʘʮʽʷʤʠ ʧʨʘʧʦʨʮ̔ ʚ; 

- ʝʣʝʢʪʨʦʥʥʘ ʧʦʰʪʘ, ʱʦ ʤʽʩʪʠʪʴ ʧʝʚʥʠʡ ʚʽʨʫʩ ï ʉɺɺ ʤʦʞʝ ʧʦʨʽʚʥʶʚʘʪʠ 

ʪʝʤʘʪʠʢʫ ʢʦʞʥʦʛʦ ʝʣʝʢʪʨʦʥʥʦʛʦ ʣʠʩʪʘ ʟ ʪʝʤʦʶ, ʧʦʚôʷʟʘʥʦʶ ʟ ʝʣʝʢʪʨʦʥʥʦʶ 

ʧʦʰʪʦʶ, ʘʙʦ ʤʦʞʝ ʰʫʢʘʪʠ ʚʢʣʘʜʝʥʥʷ ʟ ʧʝʚʥʠʤ ʽʤʝʥʝʤ; 

- ʩʧʨʦʙʘ ʧʝʨʝʧʦʚʥʝʥʥʷ ʙʫʬʝʨʘ DNS, ʱʦ ʤʽʩʪʠʪʴʩʷ ʚ ʢʦʨʠʩʥʦʤʫ 

ʥʘʚʘʥʪʘʞʝʥʥʽ ʟʘʧʠʪʫ ï ʨʦʟʙʠʨʘʶʯʠ ʧʦʣʷ DNS ʽ ʧʝʨʝʚʽʨʷʶʯʠ ʜʦʚʞʠʥʫ ʢʦʞʥʦʛʦ ʟ 

ʥʠʭ, ʉɺɺ ʤʦʞʝ ʽʜʝʥʪʠʬʽʢʫʚʘʪʠ ʩʧʨʦʙʫ ʚʠʢʦʥʘʥʥʷ ʧʝʨʝʧʦʚʥʝʥʥʷ ʙʫʬʝʨʘ ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʧʦʣʷ DNS (ʽʥʰʠʤ ʤʝʪʦʜʦʤ ʙʫʣʦ ʙ ʰʫʢʘʪʠ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʧʦʩʣʽʜʦʚʥʦʩʪʝʡ shellcode ʫ ʢʦʨʠʩʥʦʤʫ ʥʘʚʘʥʪʘʞʝʥʥʽ); 

- ʚʽʜʤʦʚʘ ʚʽʜ ʩʝʨʚʽʩʥʦʾ ʘʪʘʢʠ ʥʘ ʩʝʨʚʝʨʽ POP3, ʚʠʢʣʠʢʘʥʘ ʚʠʜʘʯʝʶ ʦʜʥʽʻʾ ʽ 

ʪʽʻʾ ʞ ʢʦʤʘʥʜʠ ʪʠʩʷʯʽ ʨʘʟʽʚ ï ʦʜʥʠʤ ʧʽʜʧʠʩʦʤ ʜʣʷ ʮʽʻʾ ʘʪʘʢʠ ʙʫʣʦ ʙ 

ʚʽʜʩʪʝʞʫʚʘʪʠ, ʩʢʽʣʴʢʠ ʨʘʟʽʚ ʢʦʤʘʥʜʘ ʚʠʜʘʻʪʴʩʷ, ʽ ʧʦʧʝʨʝʜʞʫʚʘʪʠ, ʢʦʣʠ ʮʝ ʯʠʩʣʦ 

ʧʝʨʝʚʠʱʫʻ ʧʝʚʥʠʡ ʧʦʨʽʛ; 

- ʘʪʘʢʘ ʜʦʩʪʫʧʫ ʜʦ ʬʘʡʣʽʚ ʥʘ FTP-ʩʝʨʚʝʨʽ ʰʣʷʭʦʤ ʚʠʜʘʯʽ ʥʘ ʥʴʦʛʦ ʢʦʤʘʥʜ 

ʬʘʡʣʽʚ ʪʘ ʢʘʪʘʣʦʛʽʚ ʙʝʟ ʧʦʧʝʨʝʜʥʴʦʛʦ ʚʭʦʜʫ ʚ ʩʠʩʪʝʤʫ ï ʤʦʞʣʠʚʦ, ʙʫʜʝ 

ʨʦʟʨʦʙʣʝʥʠʡ ʧʽʜʧʠʩ ʚʽʜʩʪʝʞʝʥʥʷ ʩʪʘʥʫ, ʷʢʠʡ ʚʽʜʩʪʝʞʫʚʘʪʠʤʝ FTP-ʪʨʘʬʽʢ ʜʣʷ 

ʫʩʧʽʰʥʦʛʦ ʚʭʦʜʫ ʪʘ ʧʦʧʝʨʝʜʞʘʪʠʤʝ, ʷʢʱʦ ʧʝʚʥʽ ʢʦʤʘʥʜʠ ʙʫʣʠ ʚʠʜʘʥʽ ʜʦ ʪʦʛʦ, ʷʢ 

ʢʦʨʠʩʪʫʚʘʯ ʦʪʨʠʤʘʚ ʘʚʪʝʥʪʠʬʽʢʘʮʽʶ ʥʘʣʝʞʥʠʤ ʯʠʥʦʤ.  

ʂʣʘʩʠʬʽʢʘʮʽʷ ʧʘʢʝʪʽʚ ʥʘ ʦʩʥʦʚʽ ʢʦʨʠʩʥʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ ʚʢʣʶʯʘʻ 

ʜʦʩʣʽʜʞʝʥʥʷ ʢʦʨʠʩʥʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ ʧʘʢʝʪʽʚ, ʪʘʢʦʞ ʚʽʜʦʤʝ ʷʢ çɻʣʠʙʦʢʘ 

ʧʝʨʝʚʽʨʢʘ ʧʘʢʝʪʽʚè (DPI). ʇʨʘʚʠʣʦ (ʩʠʛʥʘʪʫʨʘ) ʢʦʨʠʩʥʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ 

ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʜʣʷ ʢʣʘʩʠʬʽʢʘʮʽʾ ʧʘʢʝʪʽʚ, ʷʢʽ ʤʦʞʫʪʴ ʜʘʪʠ ʪʦʯʥʽ ʨʝʟʫʣʴʪʘʪʠ. 

ʉʠʛʥʘʪʫʨʠ ï ʮʝ ʦʢʨʝʤʽ ʨʷʜʢʠ ʚ ʢʦʨʠʩʥʠʭ ʥʘʚʘʥʪʘʞʝʥʥʷʭ ʧʘʢʝʪʽʚ, ʷʢʽ ʤʦʞʥʘ 
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ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʜʣʷ ʾʭʥʴʦʾ ʜʠʬʝʨʝʥʮʽʘʮʽʾ. ʇʘʢʝʪʠ ʤʦʞʥʘ ʢʣʘʩʠʬʽʢʫʚʘʪʠ ʟʘ 

ʚʽʜʧʦʚʽʜʥʦʩʪʽ ʩʠʛʥʘʪʫʨ ʜʦ ʚʤʽʩʪʫ ʢʦʨʠʩʥʠʭ ʥʘʚʘʥʪʘʞʝʥʴ [Almutairi, 2017]. 

ɻʣʠʙʦʢʠʡ ʘʥʘʣʽʟ ʧʘʢʝʪʽʚ (ʘʥʛʣ. Deep Packet Inspection - DPI) ï ʪʝʭʥʦʣʦʛʽʷ 

ʥʘʢʦʧʠʯʝʥʥʷ ʩʪʘʪʠʩʪʠʯʥʠʭ ʜʘʥʠʭ, ʧʝʨʝʚʽʨʢʠ ʽ ʬʽʣʴʪʨʘʮʽʾ ʤʝʨʝʞʥʠʭ ʧʘʢʝʪʽʚ ʟʘ 

ʾʭʥʽʤ ʚʤʽʩʪʦʤ. Deep Packet Inspection ʘʥʘʣʽʟʫʻ ʥʝ ʪʽʣʴʢʠ ʟʘʛʦʣʦʚʢʠ ʧʘʢʝʪʽʚ, ʘ ʡ 

ʧʦʚʥʠʡ ʚʤʽʩʪ ʪʨʘʬʽʢʘ ʟ ʜʨʫʛʦʛʦ ʽ ʚʠʱʝ ʨʽʚʥʽʚ ʤʦʜʝʣʽ OSI. Deep Packet Inspection 

ʟʜʘʪʥʝ ʚʠʷʚʣʷʪʠ ʽ ʙʣʦʢʫʚʘʪʠ ʚʽʨʫʩʠ, ʬʽʣʴʪʨʫʚʘʪʠ ʽʥʬʦʨʤʘʮʽʶ, ʱʦ ʥʝ ʟʘʜʦʚʦʣʴʥʷʻ 

ʟʘʜʘʥʠʤ ʢʨʠʪʝʨʽʷʤ. [Hafeez, 2016; Guo, 2016] 

Deep Packet Inspection ʤʦʞʝ ʧʨʠʡʤʘʪʠ ʨʽʰʝʥʥʷ ʥʝ ʪʽʣʴʢʠ ʟʘ ʚʤʽʩʪʦʤ 

ʧʘʢʝʪʽʚ, ʘʣʝ ʽ ʟʘ ʥʝʧʨʷʤʠʤʠ ʦʟʥʘʢʘʤʠ, ʚʣʘʩʪʠʚʠʤ ʷʢʠʤʦʩʴ ʧʝʚʥʠʤ ʤʝʨʝʞʥʠʤ 

ʧʨʦʛʨʘʤʘʤ ʽ ʧʨʦʪʦʢʦʣʘʤ. ɼʣʷ ʮʴʦʛʦ ʤʦʞʝ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠʩʷ ʩʪʘʪʠʩʪʠʯʥʠʡ 

ʘʥʘʣʽʟ (ʥʘʧʨʠʢʣʘʜ ʩʪʘʪʠʩʪʠʯʥʠʡ ʘʥʘʣʽʟ ʯʘʩʪʦʪʠ ʟʫʩʪʨʽʯʽ ʧʝʚʥʠʭ ʩʠʤʚʦʣʽʚ, 

ʜʦʚʞʠʥʠ ʧʘʢʝʪʘ ʽ ʪ. ʽʥ.). 

DPI ʯʘʩʪʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʧʨʦʚʘʡʜʝʨʘʤʠ ʜʣʷ ʢʦʥʪʨʦʣʶ ʪʨʘʬʽʢʫ, ʘ 

ʽʥʦʜʽ ʽ ʜʣʷ ʙʣʦʢʫʚʘʥʥʷ ʜʝʷʢʠʭ ʧʨʦʪʦʢʦʣʽʚ, ʪʘʢʠʭ ʷʢ BitTorrent. ɿʘ ʜʦʧʦʤʦʛʦʶ 

DPI ʤʦʞʥʘ ʚʠʟʥʘʯʠʪʠ, ʷʢʘ ʧʨʦʛʨʘʤʘ ʛʝʥʝʨʫ ̒ʘʙʦ ʦʪʨʠʤʫʻ ʜʘʥʽ, ʽ ʥʘ ʧʽʜʩʪʘʚʽ 

ʮʴʦʛʦ ʟʨʦʙʠʪʠ ʙʫʜʴ-ʷʢʫ ʜʽʶ. ʂʨʽʤ ʙʣʦʢʫʚʘʥʥʷ, DPI ʤʦʞʝ ʟʙʠʨʘʪʠ ʜʝʪʘʣʴʥʫ 

ʩʪʘʪʠʩʪʠʢʫ ʟô̒ ʜʥʘʥʥʷ ʢʦʞʥʦʛʦ ʢʦʨʠʩʪʫʚʘʯʘ ʦʢʨʝʤʦ. ʊʘʢʦʞ, ʟʘ ʜʦʧʦʤʦʛʦʶ quality 

of service DPI ʤʦʞʝ ʫʧʨʘʚʣʷʪʠ ʰʚʠʜʢʽʩʪʶ ʧʝʨʝʜʘʯʽ ʦʢʨʝʤʠʭ ʧʘʢʝʪʽʚ, ʧʽʜʥʷʚʰʠ ʾʾ 

ʘʙʦ, ʥʘʚʧʘʢʠ, ʟʤʝʥʰʠʚʰʠ, ʟʤʽʥʶʚʘʪʠ ʧʨʽʦʨʠʪʝʪʠ ʧʝʨʝʜʘʯʽ ʨʽʟʥʠʭ ʪʠʧʽʚ ʜʘʥʠʭ, 

ʥʘʧʨʠʢʣʘʜ, ʧʨʠʩʢʦʨʶʶʯʠ ʚʽʜʢʨʠʪʪʷ ɯʥʪʝʨʥʝʪ ʩʪʦʨʽʥʦʢ ʟʘ ʨʘʭʫʥʦʢ ʟʤʝʥʰʝʥʥʷ 

ʰʚʠʜʢʦʩʪʽ ʟʘʚʘʥʪʘʞʝʥʥʷ ʚʝʣʠʢʠʭ ʬʘʡʣʽʚ. DPI ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʫ ʚʝʣʠʢʠʭ 

ʢʦʨʧʦʨʘʮʽʷʭ ʜʣʷ ʟʘʧʦʙʽʛʘʥʥʷ ʚʠʧʘʜʢʦʚʠʭ ʚʠʪʦʢʽʚ ʜʘʥʠʭ, ʘ ʪʘʢʦʞ ʜʣʷ ʟʘʭʠʩʪʫ ʚʽʜ 

ʚʽʜʧʨʘʚʢʠ ʧʦ e-mail ʚʥʫʪʨʽʰʥʽʭ ʟʘʭʠʱʝʥʠʭ ʬʘʡʣʽʚ. 

ʅʘʚʝʜʝʤʦ ʤʘʪʝʤʘʪʠʯʥʫ ʤʦʜʝʣʴ ʤʝʪʦʜʫ ʘʥʘʣʽʟʫ ʩʠʛʥʘʪʫʨ. 

ʄʝʨʝʞʥʘ ʉɺɺ ʟʙʠʨʘʻ ʽʥʬʦʨʤʘʮʽʶ ʧʨʦ ʪʨʘʬʽʢ ʤʝʨʝʞʽ ʚ ʥʘʙʽʨ, ʜʝ 
tst  

ʤʦʞʫʪʴ ʦʧʠʩʫʚʘʪʠ ʟʥʘʯʝʥʥʷ ʤʝʨʝʞʥʦʾ ʘʜʨʝʩʠ, ʧʦʨʪʫ, ʧʦʣʷ ʤʝʨʝʞʥʦʛʦ ʧʘʢʝʪʘ, 
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ʘʧʘʨʘʪʥʦ ʾʘʜʨʝʩʠ ʧʨʠʩʪʨʦʶ, ʽʜʝʥʪʠʬʽʢʘʪʦʨʽʚ ʧʨʦʪʦʢʦʣʫ, ʨʦʟʤʽʨʫ ʧʦʣʷ ʧʘʢʝʪʘ ʽ 

ʪ. ʽʥ. 

ɼʣʷ ʦʧʠʩʫ ʥʘʙʦʨʫ ʚʠʢʦʨʠʩʪʦʚʫʚʘʥʠʭ ʩʠʛʥʘʪʫʨ ʚʚʝʜʝʤʦ ʥʘʙʽʨ 

1 2{ , ,.., }nSg Sg Sg Sg= , ʜʝ jSg  ï ʝʣʝʤʝʥʪʠ ʥʘʙʦʨʫ ʩʠʛʥʘʪʫʨ ʟ ʙʘʟʠ ʜʘʥʠʭ ʩʠʛʥʘʪʫʨ 

ʤʝʨʝʞʥʦʾ ʉɺɺ, ʷʢʽ ʨʝʡʪʠʥʛʫʶʪʴʩʷ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʯʘʩʪʦʪʠ ʾʭ ʚʠʷʚʣʝʥʥʷ ʚ 

ʧʦʪʦʯʥʦʤʫ ʪʨʘʬʽʢʫ ʜʣʷ ʧʨʠʩʢʦʨʝʥʥʷ ʨʦʙʦʪʠ ʘʣʛʦʨʠʪʤʫ. ʊʘʢʦʞ ʥʘʙʽʨ ʧʨʘʚʠʣ 

ʨʝʘʛʫʚʘʥʥʷ ʚ ʤʝʨʝʞʥʽʡ ʉɺɺ ʫ ʭʦʜʽ ʚʠʷʚʣʝʥʥ ̫ʚʪʦʨʛʥʝʥʥʷ 
1 2{ , ,.., }nR R R R= , ʜʝ 

jR  ʮʝ ʧʨʘʚʠʣʦ, ʷʢʝ ʜʦʟʚʦʣʷʻ / ʟʘʙʦʨʦʥʷʻ ʨʝʘʛʫʚʘʥʥʷ ʥʘ ʧʝʚʥʠʡ ʪʠʧ ʚʪʦʨʛʥʝʥʥʷ, 

ʤʦʞʥʘ ʨʦʟʜʽʣʠʪʠ ʥʘ ʜʚʽ ʯʘʩʪʠʥʠ. 

ʇʨʘʚʠʣʘ, ʷʢʽ ʜʦʟʚʦʣʷʶʪʴ ʧʝʨʝʜʘʚʘʪʠ ʧʘʢʝʪʠ 1 2{ , ,.., }kR R R R+=  ʪʠʧʫ, 

ʚʽʜʧʦʚʽʜʥʦʛʦ ʩʠʛʥʘʪʫʨʘʤ ʟ ʧʽʜʤʥʦʞʠʥʠ ʥʘʙʦʨʫ 1 2{ , ,.., }kSg Sg Sg Sg+= , ʽ ʧʨʘʚʠʣʘ, 

ʷʢʽ ʟʘʙʦʨʦʥʷʶʪʴ ʧʝʨʝʜʘʚʘʪʠ ʧʘʢʝʪʠ 1 2{ , ,.., }sR R R R-=  ʪʠʧʫ, ʚʽʜʧʦʚʽʜʥʦʛʦ 

ʩʠʛʥʘʪʫʨʘʤ ʟ ʧʽʜʤʥʦʞʠʥʠ 1 2{ , ,.., }sSg Sg Sg Sg-=  ʥʘʙʦʨʫ Sg, R R+ -Æ =Å ʽ 

Sg Sg+ -Æ =Å. 

ʏʘʩ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʧʘʢʝʪʘ 
servT ʥʘʣʝʞʠʪʴ ʜʦ ʯʘʩʫ ʦʧʝʨʘʮʽʾ, ʧʨʦʪʷʛʦʤ 

ʷʢʦʛʦ ʚʠʢʦʥʫʻʪʴʩʷ ʧʦʨʽʚʥʷʥʥʷ ʤʽʞ ʩʠʛʥʘʪʫʨʘʤʠ 
1 2{ , ,.., }nSg Sg Sg Sg=  ʽ ʦʜʥʠʤ ʘʙʦ 

ʜʝʢʽʣʴʢʦʤʘ ʧʘʢʝʪʘʤʠ ʜʣʷ ʚʠʷʚʣʝʥʥʷ ʚʪʦʨʛʥʝʥʥʷ 
1 2{THR ,THR ,..,THR }kTHR= . 

ʂʦʞʝʥ ʚʫʟʦʣ ʧʦʨʽʚʥʶʻ ʢʦʞʝʥ ʘʙʦ ʢʽʣʴʢʘ ʧʘʢʝʪʽʚ ʟ ʦʜʥʽʻ ʁ ʘʙʦ ʜʝʢʽʣʴʢʦʤʘ 

ʩʠʛʥʘʪʫʨʘʤʠ jSg. ʏʠʤ ʙʽʣʴʰʝ ʧʽʜʧʠʩʽʚ ʧʨʠʩʫʪʥʴʦ ʜʣʷ ʧʦʨʽʚʥʷʥʥʷ, ʪʠʤ ʙʽʣʴʰʝ 

ʯʘʩʫ 
servT  ʧʦʪʨʽʙʥʦ ʜʣʷ ʘʥʘʣʽʟʫ. ɯʥʰʠʤʠ ʩʣʦʚʘʤʠ, ʯʘʩ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʧʘʢʝʪʘ 

ʧʨʦʧʦʨʮʽʡʥʦ ʢʽʣʴʢʦʩʪʽ ʧʽʜʧʠʩʽʚ, ʷʢʽ ʤʘʶʪʴ ʙʫʪʠ ʩʧʽʚʩʪʘʚʣʝʥʽ ʟ ʧʘʢʝʪʦʤ. 

ʉʪʘʚʣʝʥʥʷ ʯʘʩʫ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʧʘʢʝʪʘ ʚ ʦʜʥʦʤʫ ʚʫʟʣʽ ʜʦ ʟʘʛʘʣʴʥʦʛʦ ʯʘʩʫ 

ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʧʘʢʝʪʘ ʜʣʷ ʦʧʝʨʘʮʽʾ ʥʘ ʚʩʽʭ ʚʫʟʣʘʭ ʥʘʟʠʚʘʻʪʴʩʷ ʰʚʠʜʢʽʩʪʶ 

ʧʝʨʝʜʘʯʽ ʧʘʢʝʪʘ. 
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ʉʝʨʝʜʥʽʡ ʯʘʩ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʉɺɺ ï ʮʝ ʯʘʩ, ʥʝʦʙʭʽʜʥʠʡ ʉɺɺ ʧʽʜ ʯʘʩ 

ʥʘʣʘʰʪʫʚʘʥʥ ̫ ʧʨʘʚʠʣ jR  ʜʣʷ ʫʩʧʽʰʥʦʛʦ ʚʠʟʥʘʯʝʥʥʷ ʨʝʘʛʫʚʘʥʥʷ ʜʦʟʚʦʣʫ / 

ʟʘʙʦʨʦʥʠ ʥʘ ʧʝʚʥʠʡ ʪʠʧ ʚʪʦʨʛʥʝʥʥʷ. ʉʝʨʝʜʥʽʡ ʯʘʩ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʉɺɺ 

ʚʠʟʥʘʯʘʻʪʴʩʷ ʷʢ :  

( )1 1 1 1
( ) (s)R (s) 1 ( ) ( )R ( ),

N N N NIDS

serv serv servj s j j
T P j T P j T j j- +

= = = =
è ø= + - ³
ê úä ä ä ä   

ʜʝ ( )P j  ï ʮʝ ʡʤʦʚʽʨʥʽʩʪʴ ʧʨʘʚʠʣ ʙʣʦʢʫʚʘʥʥʷ jR , ʢʦʞʥʝ ʧʨʘʚʠʣʦ 
sR  ʚʽʜʧʦʚʽʜʘʻ 

ʪʽʣʴʢʠ ʟʘ ʦʜʠʥ ʪʠʧ ʰʢʽʜʣʠʚʦʾ ʧʦʜʽʾ. 

ʄʝʪʦʜ ʘʥʘʣʽʟʫ ʩʠʛʥʘʪʫʨ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʯʘʩʫ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ 

ʚʠʢʦʨʠʩʪʦʚʫʻ ʛʣʠʙʦʢʫ ʧʝʨʝʚʽʨʢʫ ʧʘʢʝʪʽʚ DPI ʚʫʟʣʘ Nʉɺɺ, ʚ ʷʢʦʤʫ ʟ'ʻʜʥʘʥʥʷ ʤʽʞ 

ʪʨʘʬʽʢʦʤ ʽ ʩʠʛʥʘʪʫʨʦʶ ʘʥʘʣʽʟʫʻʪʴʩʷ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʨʦʟʨʘʭʫʥʢʦʚʦʛʦ ʯʘʩʫ 

ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʧʘʢʝʪʽʚ ʽ ʚʠʢʦʨʠʩʪʦʚʫʻ ʜʝʰʠʬʨʫʚʘʥʥʷ TLS / SSL ʪʨʘʬʽʢʘ 

[Bakhdlaghi, 2017; Butler, 2013; D'Hoinne, 2013; Gigamon, 2017; Radivilova, 2018; 

Symantec, 2016; ʊʨʠʧʦʣʢʘ, 2014; ʈʘʜʽʚʽʣʦʚʘ, 2018-5; ʈʘʜʠʚʠʣʦʚʘ, 2017-2; 

Oliynykov, 2015]. ʏʘʩ DPI ʜʣʷ ʦʜʥʦʛʦ ʧʘʢʝʪʘ ʚʠʟʥʘʯʘʻʪʴʩʷ ʢʽʣʴʢʽʩʪʶ ʧʽʜʧʠʩʽʚ, 

ʚʽʜʧʦʚʽʜʥʠʭ ʧʘʢʝʪʫ. 

ʄʝʪʦʜ ʘʥʘʣʽʟʫ ʩʠʛʥʘʪʫʨ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʯʘʩʫ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʚʢʣʶʯʘʻ 

ʛʣʠʙʦʢʫ ʧʝʨʝʚʽʨʢʫ ʧʘʢʝʪʽʚ (DPI) ʽ ʜʝʰʠʬʨʫʚʘʥʥʷ. ɺʽʥ ʚʢʣʶʯʘʻ ʪʨʠ ʝʪʘʧʠ: 1) 

ʚʠʷʚʣʝʥʥʷ DPI; 2) ʜʝʰʠʬʨʫʚʘʥʥʷ ʽ ʘʥʘʣʽʟ DʈI; 3) ʰʠʬʨʫʚʘʥʥʷ ʽ ʟʚʦʨʦʪʥʠʡ 

ʟʚô̫ ʟʦʢ ʽ ʧʝʨʝʟʘʧʫʩʢ DPI [Guo, 2016; Holm, 2014]. 

ʉɺɺ ʥʘ ʦʩʥʦʚʽ ʘʥʘʣʽʟʫ ʩʠʛʥʘʪʫʨ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʪʘʢʠʭ ʦʩʥʦʚʥʠʭ 

ʢʦʤʧʦʥʝʥʪʽʚ [Bulajoul, 2015]: 

ï ʜʝʢʦʜʝʨ ʧʘʢʝʪʽʚ; 

ï ʧʨʝʧʨʦʮʝʩʦʨʠ; 

ï ʤʝʭʘʥʽʟʤ ʚʠʷʚʣʝʥʥʷ; 

ï ʩʠʩʪʝʤʘ ʨʝʻʩʪʨʘʮʽʾ ʪʘ ʦʧʦʚʽʱʝʥʥʷ; 

ï ʚʠʭʽʜʥʽ ʤʦʜʫʣʽ. 
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ʂʦʣʠ ʧʘʢʝʪ ʧʨʠʭʦʜʠʪʴ ʚ ʤʝʨʝʞʫ, ʜʝʪʝʢʪʦʨʠ ʩʣʫʭʘʶʪʴ ʽ ʟʘʭʦʧʣʶʶʪʴ 

ʧʘʢʝʪʠ. ʅʘ ʧʦʯʘʪʢʫ ʜʝʪʝʢʪʦʨʠ ʥʘʧʨʘʚʣʷʶʪʴ ʧʘʢʝʪʠ ʥʘ ʜʝʢʦʜʝʨ, ʷʢʠʡ ʦʨʛʘʥʽʟʦʚʫʻ 

ʪʘʢʽ ʧʘʢʝʪʠ ʜʣʷ ʧʦʧʝʨʝʜʥʴʦʾ ʦʙʨʦʙʢʠ ʟʘ ʜʦʧʦʤʦʛʦʶ ʤʝʭʘʥʽʟʤʫ ʚʠʷʚʣʝʥʥʷ. ɯʟ 

ʜʝʪʝʢʪʦʨʘ ʜʘʥʽ ʧʝʨʝʜʘʶʪʴʩʷ ʜʦ ʧʨʝʧʨʦʮʝʩʦʨʘ.  

ʌʽʣʴʪʨʠ ʧʨʝʧʨʦʮʝʩʦʨʘ ʰʚʠʜʢʦ ʦʨʛʘʥʽʟʫʶʪʴ ʽ ʤʦʜʠʬʽʢʫʶʪʴ ʧʘʢʝʪʠ ʜʘʥʠʭ 

ʧʝʨʝʜ ʾʭʥʴʦʶ ʧʝʨʝʜʘʯʝʶ ʚ ʤʝʭʘʥʽʟʤ ʚʠʷʚʣʝʥʥʷ. ʇʨʝʧʨʦʮʝʩʦʨ ʻ ʜʫʞʝ ʚʘʞʣʠʚʦʶ 

ʯʘʩʪʠʥʦʶ ʙʫʜʴ-ʷʢʦʛʦ ʪʠʧʫ ʉɺɺ ʜʣʷ ʧʽʜʛʦʪʦʚʢʠ ʧʘʢʝʪʽʚ ʜʘʥʠʭ ʜʣʷ ʘʥʘʣʽʟʫ 

ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʧʨʘʚʠʣ ʫ ʤʝʭʘʥʽʟʤʽ ʚʠʷʚʣʝʥʥʷ. ʉʭʝʤʫ ʨʦʙʦʪʠ ʤʝʪʦʜʫ ʘʥʘʣʽʟʫ 

ʩʠʛʥʘʪʫʨ ʟ ʛʣʠʙʦʢʦʶ ʧʝʨʝʚʽʨʢʦʶ ʧʘʢʝʪʽʚ ʥʘʚʝʜʝʥʦ ʥʘ ʨʠʩ.5.13. 

ʄʝʭʘʥʽʟʤ ʚʠʷʚʣʝʥʥʷ ʚʠʢʦʥʫʻ ʪʨʠ ʦʩʥʦʚʥʽ ʟʘʚʜʘʥʥʷ: ʧʝʨʝʭʦʧʣʝʥʥʷ, ʘʥʘʣʽʟ 

ʽ ʚʠʷʚʣʝʥʥʷ. ʄʝʭʘʥʽʟʤ ʚʠʷʚʣʝʥʥʷ ʤʦʞʥʘ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʜʣʷ ʚʠʢʦʥʘʥʥʷ ʙʫʜʴ-

ʷʢʦʛʦ ʟ ʪʨʴʦʭ ʟʘʚʜʘʥʴ. 

ʄʝʭʘʥʽʟʤ ʚʠʷʚʣʝʥʥʷ ʢʨʠʪʠʯʥʠʡ ʜʦ ʯʘʩʫ ʽ ʻ ʥʘʡʙʽʣʴʰ ʚʘʞʣʠʚʦʶ ʯʘʩʪʠʥʦʶ 

ʉɺɺ. ɺʽʥ ʚʠʢʦʨʠʩʪʦʚʫʻ ʨʽʟʥʠʡ ʯʘʩ ʦʙʨʦʙʢʠ ʟʘʣʝʞʥʦ ʚʽʜ ʜʦʚʞʠʥʠ ʧʘʢʝʪʘ, 

ʩʧʝʮʠʬʽʢʘʮʽʡ ʩʠʩʪʝʤʠ ʽ ʢʽʣʴʢʦʩʪʽ ʧʨʘʚʠʣ, ʚʠʟʥʘʯʝʥʠʭ ʫ ʩʠʩʪʝʤʽ. ʉɺɺ ʚʽʜʢʠʜʘʻ 

ʢʽʣʴʢʘ ʧʘʢʝʪʽʚ, ʪʦʤʫ ʱʦ ʚʦʥʘ ʧʨʘʮʶʻ ʚ ʨʝʞʠʤʽ ʨʝʘʣʴʥʦʛʦ ʯʘʩʫ, ʷʢʱʦ ʦʧʝʨʘʮʽʷ 

ʚʠʢʦʥʫʻʪʴʩʷ ʚ ʨʝʞʠʤʽ ʤʝʨʝʞʥʦʾ ʉɺɺ, ʷʢ ʧʨʠ ʽʥʪʝʥʩʠʚʥʦʤʫ ʽ ʦʙô̒ ʤʥʦʤʫ ʪʨʘʬʽʢʫ. 

ʄʦʜʫʣʽ ʚʠʚʝʜʝʥʥʷ (ʧʣʘʛʽʥʠ) ʟʜʘʪʥʽ ʚʠʢʦʥʫʚʘʪʠ ʢʽʣʴʢʘ ʦʧʝʨʘʮʽʡ ʟʘʣʝʞʥʦ ʚʽʜ 

ʨʝʟʫʣʴʪʘʪʽʚ, ʱʦ ʛʝʥʝʨʫʶʪʴʩʷ ʩʠʩʪʝʤʦʶ ʨʝʻʩʪʨʘʮʽʾ ʪʘ ʦʧʦʚʽʱʝʥʥʷ ʤʝʨʝʞʥʦʾ ʉɺɺ. 

ɿʘʛʘʣʦʤ, ʤʦʜʫʣʽ ʚʠʚʦʜʫ ʢʦʥʪʨʦʣʶʶʪʴ ʬʦʨʤʫ ʨʝʟʫʣʴʪʘʪʽʚ, ʩʪʚʦʨʶʚʘʥʠʭ 

ʩʠʩʪʝʤʦʶ ʨʝʻʩʪʨʘʮʽʾ ʪʘ ʦʧʦʚʽʱʝʥʥʷ. 
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ʈʠʩ. 5.13. ʉʭʝʤʘ ʨʦʙʦʪʠ ʤʝʪʦʜʫ ʘʥʘʣʽʟʫ ʩʠʛʥʘʪʫʨ  

ʄʝʪʦʜ ʘʥʘʣʽʟʫ ʩʠʛʥʘʪʫʨ ʟʘʩʥʦʚʘʥʦʛʦ ʥʘ ʛʣʠʙʦʢʦʤʫ ʘʥʘʣʽʟʽ ʧʘʢʝʪʽʚ ʪʘ 

ʨʝʡʪʠʥʛʫʚʘʥʥʽ ʙʘʟʠ ʩʠʛʥʘʪʫʨ. 

1. ʇʦʪʦʢʠ ʧʘʢʝʪʽʚ ʥʘʜʭʦʜʷʪʴ ʫ ʤʝʨʝʞʫ. ɼʝʪʝʢʪʦʨʠ ʤʝʨʝʞʥʦʾ ʉɺɺ 

ʧʨʦʩʣʫʭʦʚʫʶʪʴ ʽ ʧʝʨʝʭʦʧʣʶʶʪʴ ʧʘʢʝʪʠ. 
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2. ɼʝʢʦʜʝʨ ʧʘʢʝʪʽʚ ʧʨʠʡʤʘʻ ʧʘʢʝʪʠ ʚʽʜ ʜʝʢʽʣʴʢʦʭ ʤʝʨʝʞʥʠʭ ʽʥʪʝʨʬʝʡʩʽʚ, 

ʧʦʪʽʤ ʦʨʛʘʥʽʟʦʚʫʻ ʪʘʢʽ ʧʘʢʝʪʠ ʜʣʷ ʧʦʧʝʨʝʜʥʴʦʾ ʦʙʨʦʙʢʠ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ 

ʤʝʭʘʥʽʟʤʫ ʚʠʷʚʣʝʥʥʷ [Butler, 2013; Symantec, 2018]. 

3. ʌʽʣʴʪʨʠ ʧʨʝʧʨʦʮʝʩʦʨʘ ʜʣʷ ʢʦʞʥʦʛʦ qs-ʛʦ ʢʣʘʩʫ ʧʦʪʦʢʫ ʦʙʠʨʘʶʪʴ ʧʦʪʽʢ 

w-ʛʦ ʪʠʧʫ ʧʘʢʝʪʽʚ ʽ ʤʦʜʠʬʽʢʫʶʪʴ ʧʘʢʝʪʠ w-ʛʦ ʪʠʧʫ ʧʝʨʝʜ ʾʭʥʴʦʶ ʧʝʨʝʜʘʯʝʶ ʚ 

ʤʝʭʘʥʽʟʤ ʚʠʷʚʣʝʥʥʷ ʜʣʷ ʘʥʘʣʽʟʫ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʧʨʘʚʠʣ ʚ ʤʝʭʘʥʽʟʤʽ ʚʠʷʚʣʝʥʥʷ. 

4. ʇʦʪʦʢʠ ʧʘʢʝʪʽʚ w-ʛʦ ʪʠʧʫ ʧʦʜʽʣʷʶʪʴʩʷ ʥʘ ʟʘʰʠʬʨʦʚʘʥʽ ʽ 

ʥʝʟʘʰʠʬʨʦʚʘʥʽ: 

4.1. ɼʣʷ ʥʝʟʘʰʠʬʨʦʚʘʥʠʭ ʧʘʢʝʪʽʚ ʦʙʯʠʩʣʶʻʪʴʩʷ ʩʝʨʝʜʥʽʡ ʯʘʩ 

ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʉɺɺ 
IDS

servT , ʷʢʱʦ 
IDS d

serv servT T< , ʪʦ ʧʝʨʝʭʦʜʠʤʦ ʜʦ ʧ.5; ʷʢʱʦ 

IDS d

serv servT T> , ʪʦ ʤʝʭʘʥʽʟʤ ʚʠʷʚʣʝʥʥʷ ʧʨʦʧʫʩʢʘʻ ʢʽʣʴʢʘ ʧʘʢʝʪʽʚ ʽ ʧʽʩʣʷ ʮʴʦʛʦ 

ʧʝʨʝʭʦʜʠʪʴ ʜʦ ʧ.5, ʪʦʤʫ ʱʦ ʉɺɺ ʧʨʘʮʶʻ ʚ ʨʝʞʠʤʽ ʨʝʘʣʴʥʦʛʦ ʯʘʩʫ. 
d

servT  ï 

ʤʘʢʩʠʤʘʣʴʥʦ ʜʦʧʫʩʪʠʤʠʡ ʯʘʩ ʘʥʘʣʽʟʫ ʧʘʢʝʪʽʚ, ʟʘʜʘʻʪʴʩʷ ʘʜʤʽʥʽʩʪʨʘʪʦʨʦʤ. 

4.2. ɼʣʷ ʟʘʰʠʬʨʦʚʘʥʠʭ ʧʘʢʝʪʽʚ, ʷʢʱʦ ʚʢʣʶʯʝʥʘ ʧʦʣʽʪʠʢʘ SSL Inbound 

Inspection, ʚʝʩʴ ʟʘʰʠʬʨʦʚʘʥʠʡ ʪʨʘʬʽʢ SSL, TLS, SSH, VPV ʚʠʟʥʘʯʝʥʠʡ 

ʧʦʣʽʪʠʢʦʶ, ʜʝʰʠʬʨʫʻʪʴʩʷ ʜʣʷ ʘʥʘʣʽʟʫ ʪʨʘʬʽʢʘ (ʥʘ ʩʝʨʚʝʨʽ ʟʙʝʨʽʛʘʶʪʴʩʷ ʢʣʶʯʽ 

ʜʣʷ ʰʠʬʨʫʚʘʥʥʷ-ʜʝʰʠʬʨʫʚʘʥʥʷ ʪʨʘʬʽʢʘ). ɼʝʰʠʬʨʦʚʘʥʠʡ ʪʨʘʬʽʢ ʙʣʦʢʫʻʪʴʩʷ ʽ 

ʦʙʤʝʞʫʻʪʴʩʷ ʥʘ ʦʩʥʦʚʽ ʧʨʦʬʽʣʶ ʜʝʰʠʬʨʫʚʘʥʥʷ, ʧʨʠʢʨʽʧʣʝʥʦʛʦ ʜʦ ʧʦʣʽʪʠʢʠ 

ʟʘʭʠʩʪʫ, ʙʣʦʢʫʚʘʥʥʷ, ʬʽʣʴʪʨʘʮʽʾ. ɼʝʰʠʬʨʦʚʘʥʠʡ ʪʨʘʬʽʢ ʧʝʨʝʩʠʣʘʻʪʴʩʷ ʚ 

ʤʝʭʘʥʽʟʤ ʚʠʷʚʣʝʥʥʷ ʜʣʷ ʘʥʘʣʽʟʫ ʧ.5. 

5. ʄʝʭʘʥʽʟʤ ʚʠʷʚʣʝʥʥʷ ʧʨʦʚʦʜʠʪʴ ʛʣʠʙʦʢʫ ʧʝʨʝʚʽʨʢʫ ʧʘʢʝʪʽʚ. ɺʤʽʩʪ 

ʧʘʢʝʪʽʚ ʧʦʨʽʚʥʶʻʪʴʩʷ ʟ ʩʠʛʥʘʪʫʨʘʤʠ, ʷʢʽ ʨʝʡʪʠʥʛʫʶʪʴʩʷ ʚ ʤʽʨʫ ʥʘʨʦʜʞʝʥʥʷ ʜʣʷ 

ʢʦʞʥʦʛʦ ʪʠʧʫ ʧʘʢʝʪʽʚ. DPI ʜʽʻ ʜʣʷ ʥʝʟʘʰʠʬʨʦʚʘʥʦʛʦ ʪʨʘʬʽʢʘ ʽ ʚʽʜʦʤʠʭ 

ʧʨʦʪʦʢʦʣʽʚ. ʇʽʩʣʷ ʧʝʨʝʚʽʨʢʠ ʦʪʨʠʤʫʻʤʦ ʨʝʟʫʣʴʪʘʪ. ɺ ʭʦʜʽ ʚʠʷʚʣʝʥʥ ̫ʩʠʛʥʘʪʫʨʠ ʚ 

ʧʘʢʝʪʘʭ ʜʘʥʠʭ ʚʢʣʶʯʘʻʪʴʩʷ ʧʨʘʚʠʣʦ ʨʝʘʛʫʚʘʥʥʷ ʥʘ ʧʝʚʥʠʡ ʪʠʧ ʚʪʦʨʛʥʝʥʥʷ ʽ 

ʽʥʬʦʨʤʘʮʽʷ ʧʨʦ ʚʪʦʨʛʥʝʥʥʷ ʟʘʧʠʩʫʻʪʴʩʷ ʚ ʙʘʟʫ ʜʘʥʠʭ ʚʪʦʨʛʥʝʥʴ ʽ ʩʧʦʚʽʱʝʥʴ. 



285 

 

6. ɼʣʷ ʜʝʰʠʬʨʦʚʘʥʦʛʦ ʪʨʘʬʽʢʘ, ʷʢʱʦ ʘʪʘʢʠ ʽ ʚʪʦʨʛʥʝʥʥʷ ʥʝ ʚʠʷʚʣʝʥʽ, ʪʦ 

ʪʨʘʬʽʢ ʧʝʨʝʩʠʣʘʻʪʴʩʷ ʥʘ ʩʝʨʚʝʨ ʽ ʧʦʚʪʦʨʥʦ ʰʠʬʨʫʻʪʴʩʷ ʧʨʠ ʚʠʭʦʜʽ ʟ ʩʝʨʚʝʨʘ. 

7. ʇʦʚʪʦʨʠʪʠ ʢʨʦʢʠ 2-6 ʜʣʷ ʧʦʪʦʢʽʚ, ʷʢʽ ʥʘʜʽʡʰʣʠ. 

ʊʘʢʠʤ ʯʠʥʦʤ ʧʨʦʚʝʜʝʥʦ ʘʥʘʣʽʟ ʪʝʭʥʦʣʦʛʽʡ ʘʥʘʣʽʟʫ ʩʠʛʥʘʪʫʨ ʚ ʉɺɺ. 

ʇʨʦʚʝʜʝʥʦ ʘʥʘʣʽʟ ʪʝʭʥʦʣʦʛʽʾ ʛʣʠʙʦʢʦʛʦ ʘʥʘʣʽʟʫ ʧʘʢʝʪʽʚ. ʅʘ ʦʥʦʚʽ ʧʨʦʚʝʜʝʥʦʛʦ 

ʘʥʘʣʽʟʫ ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʪʝʭʥʦʣʦʛʽʶ ʛʣʠʙʦʢʦʛʦ ʘʥʘʣʽʟʫ ʧʘʢʝʪʽʚ 

ʪʘ ʩʝʨʝʜʥʽʡ ʯʘʩ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʉɺɺ ʧʨʠ ʘʥʘʣʽʟʽ ʩʠʛʥʘʪʫʨ. ɿʘʧʨʦʧʦʥʦʚʘʥʦ ʤʝʪʦʜ 

ʘʥʘʣʽʟʫ ʩʠʛʥʘʪʫʨ ʟʘʩʥʦʚʘʥʦʛʦ ʥʘ ʛʣʠʙʦʢʦʤʫ ʘʥʘʣʽʟʽ ʧʘʢʝʪʽʚ ʪʘ ʨʝʡʪʠʥʛʫʚʘʥʥʽ 

ʙʘʟʠ ʩʠʛʥʘʪʫʨ. ɼʣʷ ʧʝʨʝʚʽʨʢʠ ʡʦʛʦ ʝʬʝʢʪʠʚʥʦʩʪʽ ʥʝʦʙʭʽʜʥʦ ʧʨʦʚʝʩʪʠ 

ʤʦʜʝʣʶʚʘʥʥʥʷ ʡʦʛʦ ʨʦʙʦʪʠ. 

5.8. ʈʝʟʫʣʴʪʘʪʠ ʤʦʜʝʣʶʚʘʥʥʷ ʨʦʙʦʪʠ ʤʝʪʦʜʫ ʘʥʘʣʽʟʫ ʩʠʛʥʘʪʫʨ 

ʟʘʩʥʦʚʘʥʦʛʦ ʥʘ ʛʣʠʙʦʢʦʤʫ ʘʥʘʣʽʟʽ ʧʘʢʝʪʽʚ ʪʘ ʨʝʡʪʠʥʛʫʚʘʥʥʽ ʙʘʟʠ ʩʠʛʥʘʪʫʨ. 

ʆʧʠʩ ʉɺɺ ʥʘ ʦʩʥʦʚʽ ʩʠʛʥʘʪʫʨ Snort. 

Snort ʻ ʥʘʡʙʽʣʴʰ ʧʦʧʫʣʷʨʥʦʶ ʩʠʩʪʝʤʦʶ ʚʠʷʚʣʝʥʥʷ ʚʪʦʨʛʥʝʥʴ, ʱʦ 

ʟʘʩʥʦʚʘʥʘ ʥʘ ʩʠʛʥʘʪʫʨʘʭ [Hafeez, 2016]. Snort ʨʝʘʣʽʟʦʚʘʥʠʡ ʪʘʢ, ʱʦ ʚʝʩʴ 

ʤʝʨʝʞʥʠʡ ʪʨʘʬʽʢ ʧʨʦʭʦʜʠʪʴ ʯʝʨʝʟ ʥʴʦʛʦ ʽ ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ ʧʦʣʽʪʠʢʘ ʙʝʟʧʝʢʠ ʱʦʜʦ 

ʮʴʦʛʦ ʪʨʘʬʽʢʘ. ʇʦʣʽʪʠʢʘ ʨʝʘʣʽʟʫʻʪʴʩʷ ʰʣʷʭʦʤ ʩʪʚʦʨʝʥʥʷ ʧʨʘʚʠʣ Snort, ʷʢʽ 

ʚʽʜʧʦʚʽʜʘʶʪʴ ʟʤʽʩʪʫ, ʷʢʠʡ ʧʦʪʨʽʙʥʦ ʚʠʷʚʠʪʠ. ʗʢʱʦ Snort ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʣʠʰʝ 

ʜʣʷ ʤʝʨʝʞʥʠʭ ʉɺɺ, ʪʦ ʢʦʧʽʷ ʚʩʴʦʛʦ ʪʨʘʬʽʢʫ ʥʘʜʩʠʣʘʻʪʴʩʷ ʜʦ Snort. ʎʝʡ ʪʨʘʬʽʢ 

ʘʥʘʣʽʟʫʻʪʴʩʷ Snort ʽ ʚʽʜʧʦʚʽʜʥʦ ʛʝʥʝʨʫʶʪʴʩʷ ʨʝʟʫʣʴʪʘʪʠ. ɿʘʟʚʠʯʘʡ ʮʝ 

ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʣʠʰʝ ʜʣʷ ʦʧʦʚʽʱʝʥʥʷ ʪʘ ʩʪʘʪʠʩʪʠʢʠ ʤʝʨʝʞʥʦʛʦ ʪʨʘʬʽʢʫ, ʽ ʮʝ 

ʦʟʥʘʯʘʻ, ʱʦ ʚʠʷʚʣʝʥʥʷ ʚʪʦʨʛʥʝʥʴ ʥʝ ʻ ʧʨʦʬʽʣʘʢʪʠʢʦʶ. ɼʣʷ ʉɿɺ Snort 

ʨʝʘʣʽʟʦʚʘʥʠʡ ʪʘʢʠʤ ʯʠʥʦʤ, ʱʦ ʚʝʩʴ ʪʨʘʬʽʢ ʧʨʦʭʦʜʠʪʴ ʯʝʨʝʟ ʥʴʦʛʦ ʜʦ ʜʦʩʷʛʥʝʥʥʷ 

ʧʫʥʢʪʫ ʧʨʠʟʥʘʯʝʥʥʷ. ʉʝʨʚʝʨ Snort ʨʦʟʤʽʱʫʻʪʴʩʷ ʪʘʢʠʤ ʯʠʥʦʤ, ʱʦ ʚʝʩʴ ʪʨʘʬʽʢ 

ʧʨʦʭʦʜʠʪʴ ʯʝʨʝʟ ʥʴʦʛʦ ʜʦ ʜʦʩʷʛʥʝʥʥʷ ʚʥʫʪʨʽʰʥʴʦʾ ʤʝʨʝʞʽ. 
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ʉʝʨʚʝʨ Snort ï ʮʝ ʩʠʩʪʝʤʘ, ʥʘ ʷʢʽʡ ʚʩʪʘʥʦʚʣʝʥʦ ʪʘ ʥʘʣʘʰʪʦʚʘʥʦ Snort. 

ɼʣʷ ʾʭʥʴʦʾ ʨʝʘʣʽʟʘʮʽʾ ʜʚʘ ʽʥʪʝʨʬʝʡʩʠ Ethernet ʩʪʚʦʨʶʶʪʴʩʷ ʚ ʤʝʞʘʭ Snort ʷʢ 

ʤʦʩʪʦʚʘ ʤʝʨʝʞʘ. ɺʝʩʴ ʪʨʘʬʽʢ ʧʨʦʭʦʜʠʪʴ ʯʝʨʝʟ Snort, ʷʢʠʡ ʚʠʩʪʫʧʘʻ ʚ ʷʢʦʩʪʽ 

ʧʝʨʰʦʛʦ ʽʥʪʝʨʬʝʡʩʫ. ɺʽʥ ʦʙʨʦʙʣʷʻ ʤʝʨʝʞʥʠʡ ʪʨʘʬʽʢ ʟʛʽʜʥʦ ʟ ʧʨʘʚʠʣʘʤʠ, ʷʢʽ 

ʨʝʘʣʽʟʫʶʪʴʩʷ, ʽ ʚʞʠʚʘʻ ʚʽʜʧʦʚʽʜʥʠʭ ʜʽʡ. ʗʢʱʦ ʜʝʷʢʠʡ ʪʨʘʬʽʢ ʧʦʪʨʽʙʥʦ 

ʟʘʙʣʦʢʫʚʘʪʠ, ʚʽʥ ʩʢʠʜʘʻ ʮʝʡ ʪʨʘʬʽʢ ʽ ʥʝ ʜʘʻ ʡʦʤʫ ʧʨʦʡʪʠ. 

ʅʘ ʨʠʩʫʥʢʫ 5.14 ʧʦʢʘʟʘʥʦ ʦʩʥʦʚʥʽ ʬʫʥʢʮʽʦʥʘʣʴʥʽ ʤʦʞʣʠʚʦʩʪʽ Snort 

[Hafeez, 2016; White, 2013, Bakhdlaghi, 2017; Kang, 2009]. ʄʦʜʫʣʴ ʟʘʭʦʧʣʝʥʥʷ 

ʧʘʢʝʪʽʚ (PCAP) ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʜʣʷ ʟʡʦʤʢʠ ʚʭʽʜʥʠʭ ʧʘʢʝʪʽʚ ʪʨʘʬʽʢʫ. ɼʘʣʽ 

ʜʝʢʦʜʝʨ ʧʘʢʝʪʽʚ ʽʜʝʥʪʠʬʽʢʫʻ ʧʨʦʪʦʢʦʣ ʽ ʢʣʘʩʠʬʽʢʫʻ ʧʘʢʝʪ ʚʽʜʧʦʚʽʜʥʦ ʜʦ 

ʩʧʝʮʠʬʽʢʘʮʽʾ ʟʚô̫ ʟʢʫ ʧʘʢʝʪʘ ʜʘʥʠʭ. ʇʨʝʧʨʦʮʝʩʦʨʠ (ʥʘʧʨʠʢʣʘʜ, ʧʨʝʧʨʦʮʝʩʦʨ 

SMTP, ʧʨʝʧʨʦʮʝʩʦʨ POP, ʧʨʝʧʨʦʮʝʩʦʨ FTP/TELNET ʽ ʧʨʝʧʨʦʮʝʩʦʨ ʩʝʘʥʩʫ) 

ʛʦʪʫʶʪʴ ʧʘʢʝʪʠ ʜʣʷ ʦʙʨʦʙʢʠ ʜʚʠʛʫʥʦʤ ʚʠʷʚʣʝʥʥʷ. ʇʦ-ʧʝʨʰʝ, ʧʨʝʧʨʦʮʝʩʦʨʠ 

ʟʙʠʨʘʶʪʴ ʬʨʘʛʤʝʥʪʠ Internet Protocol (IP) ʪʘ ʧʦʪʦʢʠ ʧʨʦʪʦʢʦʣʫ ʫʧʨʘʚʣʽʥʥʷ 

ʧʝʨʝʜʘʯʝʶ (TCP). ʇʦʪʽʤ ʚʦʥʠ ʧʝʨʝʚʽʨʷʶʪʴ ʧʘʢʝʪʠ ʥʘ ʧʨʝʜʤʝʪ ʙʫʜʴ-ʷʢʦʛʦ 

ʪʨʘʬʽʢʫ, ʷʢʠʡ ʟʥʘʭʦʜʠʪʴʩʷ ʧʦʟʘ ʩʬʝʨʦʶ ʜʽʾ ʤʝʭʘʥʽʟʤʫ ʚʠʷʚʣʝʥʥʷ [Seok, 2016]. 

ʇʨʝʧʨʦʮʝʩʦʨʠ ʪʘʢʦʞ ʤʦʞʫʪʴ ʟʤʽʥʶʚʘʪʠ ʧʘʢʝʪʠ, ʱʦʙ ʜʚʠʛʫʥʫ ʚʠʷʚʣʝʥʥʷ ʙʫʣʦ 

ʣʝʛʰʝ ʦʙʨʦʙʣʷʪʠ ʧʘʢʝʪʠ. ʅʘʧʨʠʢʣʘʜ, ʘʥʦʤʘʣʽʾ TCP, ʪʘʢʽ ʷʢ ʜʘʥʽ, ʦʪʨʠʤʘʥʽ ʧʦʟʘ 

ʚʽʢʥʦʤ TCP, ʥʝ ʤʦʞʫʪʴ ʦʙʨʦʙʣʷʪʠ ʤʝʭʘʥʽʟʤ ʚʠʷʚʣʝʥʥʷ [Das, 2015]. ʇʨʝʧʨʦʮʝʩʦʨ 

ʩʝʘʥʩʫ ʤʦʞʝ ʚʠʷʚʠʪʠ ʮʽ ʚʽʜʩʫʪʥʽ ʜʘʥʽ ʪʘ ʟʤʽʥʠʪʠ ʧʘʢʝʪ, ʱʦʙ ʧʦʚʝʨʥʫʪʠ ʡʦʛʦ ʫ 

ʚʽʢʥʦ TCP, ʱʦʙ ʡʦʛʦ ʤʦʞʥʘ ʙʫʣʦ ʚʠʷʚʠʪʠ [Park, 2017; Hafeez, 2016]. ɼʚʠʛʫʥ 

ʚʠʷʚʣʝʥʥʷ ʚʠʷʚʣʷʻ ʤʝʨʝʞʥʠʡ ʪʨʘʬʽʢ ʥʘ ʦʩʥʦʚʽ ʥʘʙʦʨʫ ʚʠʟʥʘʯʝʥʠʭ ʧʨʘʚʠʣ [Shah, 

2018]. ʅʘʨʝʰʪʽ, ʟʚʽʪʠ ʛʝʥʝʨʫʶʪʴʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʚʠʭʽʜʥʠʭ ʧʣʘʛʽʥʽʚ. 
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ʈʠʩ. 5.14. ɸʣʛʦʨʠʪʤ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ Snort  

ɺ Snort ʨʝʘʣʽʟʦʚʘʥʦ ʧʨʘʚʠʣʦ, ʘ ʧʦʣʽʪʠʢʘ ʧʨʦʚʦʜʠʪʴʩʷ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʮʴʦʛʦ 

ʧʨʘʚʠʣʘ. Snort ʟʘʩʪʦʩʦʚʫʻ ʚʽʜʧʦʚʽʜʥ ̔ ʜʽ̔, ʢʦʣʠ ʧʨʘʚʠʣʦ ʚʽʜʧʦʚʽʜʘʻ ʽʥʪʝʨʥʝʪ-

ʪʨʘʬʽʢʫ. ʅʘ ʨʠʩʫʥʢʫ 5.15 ʧʦʢʘʟʘʥʘ ʦʩʥʦʚʥʘ ʩʪʨʫʢʪʫʨʘ ʧʨʘʚʠʣʘ Snort, ʷʢʘ 

ʩʢʣʘʜʘʻʪʴʩʷ ʟ̔ ʟʘʛʦʣʦʚʢʘ ʽ ʧʘʨʘʤʝʪʨʽʚ ʧʨʘʚʠʣʘ. 

ɿʘʛʦʣʦʚʦʢ Snort ʟʘʙʝʟʧʝʯʫʻ ʜʽʶ, ʷʢʫ ʩʣʽʜ ʟʘʩʪʦʩʫʚʘʪʠ ʟ ʘʜʨʝʩʦʶ ʚʢʘʟʘʥʦʛʦ 

ʤʝʨʝʞʥʦʛʦ ʪʨʘʬʽʢʘ. ʇʨʘʚʠʣʦ ʟʘʜʘʻʪʴʩʷ ʧʨʦʪʦʢʦʣʦʤ, ʘʜʨʝʩʦʶ ʜʞʝʨʝʣʘ, IP-

ʘʜʨʝʩʦʶ ʜʞʝʨʝʣʘ, ʥʘʧʨʷʤʦʤ ʧʦʪʦʢʫ ʪʨʘʬʽʢʫ, IP-ʘʜʨʝʩʦʶ ʧʫʥʢʪʫ ʧʨʠʟʥʘʯʝʥʥʷ ʪʘ 

ʧʦʨʪʦʤ ʧʨʠʟʥʘʯʝʥʥʷ [Shah, 2018]. ʅʘ ʨʠʩʫʥʢʫ 5.15 ʧʦʢʘʟʘʥʦ ʟʨʘʟʦʢ ʧʨʘʚʠʣʘ 

Snort. ɿʘʛʦʣʦʚʦʢ ʧʨʘʚʠʣʘ ʤʽʩʪʠʪʴ ʽʥʬʦʨʤʘʮʽʶ, ʷʢʘ ʤʦʞʝ ʥʘʜʩʠʣʘʪʠ 

ʧʦʧʝʨʝʜʞʝʥʥʷ ʜʣʷ ʧʘʢʝʪʫ ʚ ʧʦʪʦʮʽ TCP, ʜʞʝʨʝʣʦʤ IP-ʘʜʨʝʩʠ ʻ 192.168.1.1 ʟ 

ʙʫʜʴ-ʷʢʦʶ ʘʜʨʝʩʦʶ ʧʦʨʪʘ ʜʞʝʨʝʣʘ ʜʦ ʙʫʜʴ-ʷʢʦʛʦ IP-ʘʜʨʝʩʘʪʘ, ʱʦ ʤʘʻ ʥʦʤʝʨ 

ʧʦʨʪʫ 80. ʇʘʨʘʤʝʪʨʠ ʧʨʘʚʠʣʘ ʟʘʜʘʶʪʴ ʽʤô̫  ʧʨʘʚʠʣʘ ʪʘ ʽʜʝʥʪʠʬʽʢʘʪʦʨ ʧʨʘʚʠʣʘ 

ʨʘʟʦʤ ʽʟ ʚʤʽʩʪʦʤ, ʷʢʠʡ ʧʦʪʨʽʙʥʦ ʚʠʷʚʠʪʠ. Snort ʚʠʢʦʥʫʻ ʚʩʪʘʥʦʚʣʝʥʽ ʜʽʾ, ʢʦʣʠ 

ʟʘʛʦʣʦʚʦʢ ʽ ʧʘʨʘʤʝʪʨʠ ʧʨʘʚʠʣ ʚʽʜʧʦʚʽʜʘʶʪʴ ʟʤʽʩʪʫ ʧʘʢʝʪʘ. 
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ʈʠʩ. 5.15. ʇʨʠʢʣʘʜ ʧʨʘʚʠʣʘ ʚ Snort 

ʇʨʘʢʪʠʯʥʝ ʚʠʢʦʨʠʩʪʘʥʥʷ ʟʘʧʨʦʧʦʥʦʚʘʥʦʛʦ ʤʝʪʦʜʫ. 

ɼʣʷ ʧʨʦʚʝʜʝʥʥʷ ʝʢʩʧʝʨʠʤʝʥʪʽʚ ʙʫʣʦ ʦʙʨʘʥʦ ʩʠʩʪʝʤʫ Snort, ʚ ʷʢʫ 

ʧʽʜʢʣʶʯʘʚʩʷ ʤʦʜʫʣʴ ʨʦʙʦʪʠ ʟʘʧʨʦʧʦʥʦʚʘʥʦʛʦ ʘʣʛʦʨʠʪʤʫ ʘʥʘʣʽʟʫ ʩʠʛʥʘʪʫʨ ʟ 

ʛʣʠʙʦʢʦ ʁ ʧʝʨʝʚʽʨʢʦʶ ʧʘʢʝʪʽʚ ʽ ʜʝʰʠʬʨʫʚʘʥʥʤ̫. ʇʨʘʚʠʣʘ ʩʪʚʦʨʶʶʪʴʩʷ ʜʣʷ 

ʚʠʷʚʣʝʥʥʷ ʨʽʟʥʠʭ ʧʨʦʪʦʢʦʣʽʚ. ʎʽ ʧʨʘʚʠʣʘ ʧʦʜʘʶʪʴ ʩʧʦʚʽʱʝʥʥʷ, ʢʦʣʠ ʚʦʥʠ 

ʫʟʛʦʜʞʫʶʪʴʩʷ ʟ ʪʨʘʬʽʢʦʤ, ʱʦ ʧʨʦʭʦʜʠʪʴ ʯʝʨʝʟ Snort. ɼʣʷ ʩʪʚʦʨʝʥʥʷ ʧʨʘʚʠʣ 

ʧʦʪʨʽʙʥʦ ʟʙʠʨʘʪʠ ʜʘʥʽ, ʬʽʣʴʪʨʫʚʘʪʠ ʪʘ ʛʦʪʫʚʘʪʠ ʜʘʥʽ. ʎʷ ʤʝʪʦʜʦʣʦʛʽʷ ʟʦʙʨʘʞʝʥʘ 

ʥʘ ʜʽʘʛʨʘʤʽ, ʧʦʢʘʟʘʥʽʡ ʥʘ ʨʠʩʫʥʢʫ 5.16, ʽ ʜʝʪʘʣʴʥʦ ʨʦʟʛʣʷʜʘʻʪʴʩʷ ʥʠʞʯʝ ʥʘ 

ʧʨʠʢʣʘʜʽ.  

ʗʢ ʚʭʽʜʥʠʡ ʪʨʘʬʽʢ ʽ ʘʪʘʢʠ ʙʫʚ ʫʟʷʪʠʡ ʥʘʙʽʨ ʜʘʥʠʭ ʟ ʜʘʪʘʩʝʪʽʚ [UGR, 2016; 

Al -kasassbeh, 2016], ʷʢ ̔ʚʢʣʶʯʘʶʪʴ ʚ ʩʝʙʝ ʥʘʙʽʨ ʟʘʧʠʩʽʚ ʟô̒ ʜʥʘʥʴ, ʚ ʪʦʡ ʯʘʩ ʷʢ 

ʢʦʞʥʝ ʟô̒ ʜʥʘʥʥʷ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʥʘʙʦʨʫ ʧʘʢʝʪʽʚ, ʧʝʨʝʜʘʥʠʭ ʟ ʧʝʚʥʦ ʾʚʠʭʽʜʥʦ ʾIP-

ʘʜʨʝʩʠ ʥʘ ʮʽʣʴʦʚʫ IP-ʘʜʨʝʩʫ ʜʣʷ ʟʘʟʥʘʯʝʥʦʛʦ ʧʨʦʪʦʢʦʣʫ ʟʘ ʢʦʨʦʪʢʠʡ ʧʨʦʤʽʞʦʢ 

ʯʘʩʫ. ʅʘʚʯʘʣʴʥʠʡ ʥʘʙʽʨ ʽ ʥʘʙʽʨ ʪʝʩʪʫʚʘʥʥʷ ʩʢʣʘʜʘʶʪʴʩʷ ʟʽ ʟʚʠʯʘʡʥʠʭ ʽ 

ʘʪʘʢʫʶʯʠʭ ʟôʻʜʥʘʥʴ. 

ɿʚʠʯʘʡʥʽ ʟô̒ ʜʥʘʥʥʷ ʩʢʣʘʜʘʶʪʴʩʷ ʟ ʨʽʟʥʠʭ ʧʨʦʪʦʢʦʣʽʚ, ʪʘʢʠʭ ʷʢ TCP, UDP, 

ICMP ʽ ʪ.ʽʥ. ʂʨʽʤ ʪʦʛʦ, ʤʘʶʪʴ ʙʫʪʠ ʪʘʢʦʞ ʚʢʣʶʯʝʥʽ ʨʽʟʥʽ ʚʠʜʠ ʧʦʩʣʫʛ, 

ʥʘʧʨʠʢʣʘʜ, FTP, Telnet ʽ ʪ.ʜ. ʈʽʟʥʽ ʪʠʧʠ ʘʪʘʢ ʚʠʧʘʜʢʦʚʠʤ ʯʠʥʦʤ ʩʠʥʪʝʟʫʶʪʴʩʷ ʚ 

ʟʚʠʯʘʡʥʽ ʧʦʪʦʢʠ ʟô̒ ʜʥʘʥʴ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʡʤʦʚʽʨʥʽʩʪʽ. 
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ʈʠʩ. 5.16. ɸʣʛʦʨʠʪʤ ʨʦʙʦʪʠ Snort ʜʣʷ DPI 

ɺʩʴʦʛʦ ʚ ʜʘʪʘʩʝʪ ̔ ʻ ʩʦʨʦʢ ʦʜʠʥ ʧʘʨʘʤʝʪʨ. ɺʦʥʠ ʟʛʨʫʧʦʚʘʥʽ ʚ ʯʦʪʠʨʠ 

ʢʘʪʝʛʦʨʽʾ: ʦʩʥʦʚʥʽ ʧʘʨʘʤʝʪʨʠ, ʧʘʨʘʤʝʪʨʠ ʢʦʥʪʝʥʪʫ, ʧʘʨʘʤʝʪʨʠ ʪʨʘʬʽʢʘ ʥʘ ʦʩʥʦʚʽ 

ʯʘʩʫ ʽ ʧʘʨʘʤʝʪʨʠ ʪʨʘʬʽʢʘ ʥʘ ʦʩʥʦʚʽ ʭʦʩʪʘ. ɯʤô̫  ʪʘ ʚʽʜʧʦʚʽʜʥʠʡ ʥʦʤʝʨ (#) ʜʣʷ 

ʢʦʞʥʦʛʦ ʧʘʨʘʤʝʪʨʘ ʚʢʘʟʘʥʽ ʚ ʪʘʙʣ.5.7. 

ʆʩʥʦʚʥʽ ʧʘʨʘʤʝʪʨʠ ʚʠʟʥʘʯʘʶʪʴʩʷ ʟʘʛʦʣʦʚʢʘʤʠ ʧʘʢʝʪʽʚ ʙʝʟ ʥʝʦʙʭʽʜʥʦʩʪʽ 

ʧʝʨʝʚʽʨʢʠ DPI. ʇʘʨʘʤʝʪʨʠ ʢʦʥʪʝʥʪʫ ʤʽʩʪʷʪʴ ʽʥʬʦʨʤʘʮʽʶ ʜʣʷ ʧʝʨʝʚʽʨʢʠ ʚʤʽʩʪʫ 

ʢʦʨʠʩʥʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ ʚ ʧʘʢʝʪʘʭ TCP, ʥʘʧʨʠʢʣʘʜ, ʢʽʣʴʢʽʩʪʴ ʥʝʚʜʘʣʠʭ ʩʧʨʦʙ 

ʚʭʦʜʫ ʚ ʩʠʩʪʝʤʫ, ʟʥʘʥʥʷ ʽʥʬʦʨʤʘʮʽʾ ʧʨʦ ʜʦʤʝʥ ʽ ʪ. ʽʥ. ʇʘʨʘʤʝʪʨʠ ʪʨʘʬʽʢʘ ʥʘ 

ʦʩʥʦʚʽ ʯʘʩʫ ʦʧʠʩʫʶʪʴ ʚʣʘʩʪʠʚʦʩʪʽ ʚ ʜʚʦʩʝʢʫʥʜʥʦʤʫ ʯʘʩʦʚʦʤʫ ʚʽʢʥʽ, ʥʘʧʨʠʢʣʘʜ, 

ʢʽʣʴʢʽʩʪʴ ʟô̒ ʜʥʘʥʴ ʟ ʦʜʥʠʤ ʽ ʪʠʤ ʩʘʤʠʤ ʭʦʩʪʦʤ ʽ ʪ. ʜ. ʇʘʨʘʤʝʪʨʠ ʪʨʘʬʽʢʫ ʥʘ 

ʦʩʥʦʚʽ ʭʦʩʪʘ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʜʣʷ ʟʦʙʨʘʞʝʥʥʷ ʘʪʘʢ ʫ ʧʝʨʽʦʜ W ʟʘ ʢʽʣʴʢʽʩʪʶ 

ʟô̒ ʜʥʘʥʴ, ʘ ʥʝ ʚ ʯʘʩʦʚʦʤʫ ʽʥʪʝʨʚʘʣʽ, ʥʘʧʨʠʢʣʘʜ, ʚ ʢʽʣʴʢʦʩʪʽ ʮʽʣʴʦʚʠʭ ʭʦʩʪ-

ʩʝʨʚʽʩʽʚ. ʋ ʭʦʜʽ ʝʢʩʧʝʨʠʤʝʥʪʫ ʙʫʣʦ ʟʤʝʥʰʝʥʦ ʢʽʣʴʢʽʩʪʴ ʦʟʥʘʢ ʚ ʘʥʘʣʽʟʦʚʘʥʠʭ 

ʧʘʨʘʤʝʪʨʘʭ. 
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ʊʘʙʣʠʮʷ 5.7. 

ʆʧʠʩ ʦʟʥʘʢ ʜʘʪʘʩʝʪʽʚ 

ʂʘʪʝʛʦʨʽʾ ʅʘʡʤʝʥʫʚʘʥʥʷ ʦʟʥʘʢ  

ʆʩʥʦʚʥʽ ʦʟʥʘʢʠ Duration, Protocol_type, Service, Flag, Src_bytes, Dst_bytes, Land, 

Wrong_frangment, Urgent 

ʆʟʥʘʢʠ 

ʢʦʥʪʝʥʪʫ 

Hot, Num_failed logins, Logged_in, Num_compromised, Root_shell, 

Su_attemped, Num_root, Num_file_creation, Num_shells, 

Num_access_files, Num_otbound_cmds, Is_hot_logins, Is_guest_login 

ʆʟʥʘʢʠ ʪʨʘʬʽʢʘ, 

ʟʘʩʥʦʚʘʥʽ ʥʘ 

ʯʘʩʽ 

Count, Srv_count, error_rate, Srv_error_rate, Rerror_rate, Srv_rerror_rate, 

Same_srv_rate, Diff_srv_rate, Srv_diff_host_rate 

ʆʟʥʘʢʠ ʪʨʘʬʽʢʘ 

ʭʦʩʪʘ 

Dst_host_count, Dst_host_srv_count, Dst_host_same_srv_rate, 

Dst_host_diff_srv_rate, Dst_host_same_src_port_rate, 

Dst_host_srv_diff_host_rate, Dst_host_error_rate, Dst_host_srv_error_rate, 

Dst_host_rerror_rate, Dst_host_srv_rerror_rate 

 

ɺ ʪʘʙʣʠʮʽ 5.8 ʦʧʠʩʘʥʽ ʧʘʨʘʤʝʪʨʠ, ʷʢʽ ʧʨʠʡʥʷʪʽ ʷʢ ʦʟʥʘʢʠ ʜʣʷ ʚʠʷʚʣʝʥʥʷ 

ʚʪʦʨʛʥʝʥʴ. 

ʊʘʙʣʠʮʷ 5.8. 

ʆʙʨʘʥʽ ʦʟʥʘʢʠ 

ʂʘʪʝʛʦʨʽʾ ʅʘʡʤʝʥʫʚʘʥʥʷ ʦʟʥʘʢ  

ʆʩʥʦʚʥʽ ʦʟʥʘʢʠ Duration, Protocol_type, Service, Src_bytes, Dst_bytes, Num_failed logins, 

Logged_in, Root_shell, Num_root, Num_file_creation, Num_shells, 

Num_access_files, Num_otbound_cmds, Count, error_rate, 

Srv_rerror_rate, Same_srv_rate, Dst_host_srv_count, 

Dst_host_same_src_port_rate, Dst_host_rerror_rate 

 

ʇʝʨʝʚʽʨʝʥʽ ʧʨʘʚʠʣʘ ʨʝʘʣʽʟʫʶʪʴʩʷ ʥʘ ʤʝʨʝʞʥʦʤʫ ʽʥʪʝʨʬʝʡʩʽ ʜʣʷ 

ʩʪʚʦʨʝʥʥʷ ʩʧʦʚʽʱʝʥʴ ʧʨʦ ʪʨʘʬʽʢ ʫ ʨʝʞʠʤʽ ʨʝʘʣʴʥʦʛʦ ʯʘʩʫ. Snort ʘʥʘʣʽʟʫʻ ʚʭʽʜ ʽ 

ʚʠʭʽʜ ʪʨʘʬʽʢʘ ʥʘ ʤʝʨʝʞʥʠʡ ʽʥʪʝʨʬʝʡʩ. ɹʫʣʠ ʩʪʚʦʨʝʥʽ ʧʨʘʚʠʣʘ ʜʣʷ ʚʠʷʚʣʝʥʥʷ 

ʪʨʘʬʽʢʘ Facebook ʪʘ Gmail. Snort ʥʘʣʘʰʪʦʚʘʥʠʡ ʥʘ ʤʝʨʝʞʥʦʤʫ ʽʥʪʝʨʬʝʡʩʽ eth0. 

ʇʨʦʘʥʘʣʽʟʫʚʘʚʰʠ ʪʨʘʬʽʢ Facebook ʪʘ Gmail, Snort ʛʝʥʝʨʫʻ ʨʝʟʫʣʴʪʘʪʠ. Snort 

ʧʨʘʮʶʚʘʚ 1 ʭʚʠʣʠʥʫ ʽ 55 ʩʝʢʫʥʜ ʽ ʘʥʘʣʽʟʫʚʘʚ 37447 ʧʘʢʝʪʽʚ ʟʘ ʭʚʠʣʠʥʫ. ɿʘʛʘʣʴʥʘ 

ʢʽʣʴʢʽʩʪʴ ʦʪʨʠʤʘʥʠʭ ʧʘʢʝʪʽʚ ʩʪʘʥʦʚʠʪʴ 37794, ʘ Snort ʧʨʦʘʥʘʣʽʟʫʚʘʚ 37448 ʮʠʭ 

ʧʘʢʝʪʽʚ, ʱʦ ʩʪʘʥʦʚʠʪʴ 99,085%. ɿʘʣʠʰʦʢ ʟ 346 ʧʘʢʝʪʽʚ Snort ʥʝ ʘʥʘʣʽʟʫʚʘʚ ʯʝʨʝʟ 

ʧʦʤʠʣʢʠ ʚ ʩʪʨʫʢʪʫʨʘʭ ʧʘʢʝʪʽʚ. ʎʽ ʧʘʢʝʪʠ ʤʦʞʥʘ ʧʨʦʘʥʘʣʽʟʫʚʘʪʠ ʚʨʫʯʥʫ. 
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ʅʘ ʨʠʩʫʥʢʫ 5.17 ʥʘʚʝʜʝʥʦ ʨʦʟʙʠʪʪʷ ʧʨʦʘʥʘʣʽʟʦʚʘʥʦʛʦ ʪʨʘʬʽʢʘ ʟʘ 

ʧʨʦʪʦʢʦʣʘʤʠ. ʎʝ ʧʦʢʘʟʫʻ, ʱʦ 99,997% ʘʥʘʣʽʟʦʚʘʥʠʭ ʧʘʢʝʪʽʚ ï ʮʝ ʧʘʢʝʪʠ IPv4, ʘ 

0,003% ï ʧʘʢʝʪʠ IPv6. ʂʨʽʤ ʪʦʛʦ, 94,686% ʘʥʘʣʽʟʦʚʘʥʦʛʦ ʪʨʘʬʽʢʫ ʩʪʘʥʦʚʠʪʴ TCP, 

ʪʦʜʽ ʷʢ 5,285% ï ʮʝ UDP. ʅʘ ʨʠʩʫʥʢʘʭ 5.18 ʪʘ 5.19 ʧʦʢʘʟʘʥʘ ʩʪʘʪʠʩʪʠʢʘ 

ʩʧʦʚʽʱʝʥʴ, ʱʦ ʛʝʥʝʨʫʶʪʴʩʷ ʚ ʭʦʜʽ ʘʥʘʣʽʟʫ ʪʨʘʬʽʢʘ. ɺʽʥ ʪʘʢʦʞ ʧʦʢʘʟʫʻ ʜʽʾ, ʷʢʽ 

ʚʯʠʥʠʚ ʉɺɺ. Snort ʪʘʢʦʞ ʩʪʚʦʨʠʚ ʬʘʡʣ ʞʫʨʥʘʣʫ ʦʙʨʦʙʣʝʥʦʛʦ ʪʨʘʬʽʢʘ, ʷʢʠʡ 

ʤʦʞʝ ʙʫʪʠ ʚʠʢʦʨʠʩʪʘʥʠʡ ʫ ʽʜʝʥʪʠʬʽʢʘʪʦʨʽ ʚʽʜʢʨʠʪʦʛʦ ʜʦʜʘʪʢʘ ʜʣʷ ʦʙʯʠʩʣʝʥʥʷ 

ʧʨʦʧʫʩʢʥʦʾ ʟʜʘʪʥʦʩʪʽ, ʚʠʢʦʨʠʩʪʦʚʫʚʘʥʦʾ ʢʦʞʥʦʶ ʚʝʙ-ʧʨʦʛʨʘʤʦʶ. ɯʜʝʥʪʠʬʽʢʘʪʦʨ 

ʚʽʜʢʨʠʪʦʛʦ ʜʦʜʘʪʢʘ ʤʽʩʪʠʪʴ ʜʝʷʢʽ ʥʘʙʦʨʠ ʧʨʘʚʠʣ ʟʘ ʟʘʤʦʚʯʫʚʘʥʥʷʤ ʜʣʷ 

ʚʠʷʚʣʝʥʥʷ ʩʧʦʞʠʚʘʥʥʷ ʧʨʦʧʫʩʢʥʦʾ ʟʜʘʪʥʦʩʪʽ ʨʽʟʥʠʭ ʪʠʧʽʚ ʤʝʨʝʞʥʦʛʦ ʪʨʘʬʽʢʘ. 

ʁʦʛʦ ʤʦʞʥʘ ʚʽʜʢʣʶʯʠʪʠ, ʘʣʝ ʚ ʮʴʦʤʫ ʚʠʧʘʜʢʫ ʙʫʣʦ ʚʚʽʤʢʥʝʥʦ ʚʠʷʚʠʪʠ 

ʧʨʦʧʫʩʢʥʫ ʟʜʘʪʥʽʩʪʴ, ʩʧʦʞʠʚʘʥʫ ʢʦʞʥʦʶ ʚʝʙ-ʧʨʦʛʨʘʤʦʶ. ʆʪʨʠʤʘʥʥʷ 

ʩʪʘʪʠʩʪʠʢʠ ʱʦʜʦ ʢʦʞʥʦʛʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʥʦʛʦ ʚʝʙ-ʜʦʜʘʪʢʘ ʻ ʦʩʥʦʚʥʦʶ ʤʝʪʦʶ 

DPI. ʋ ʮʴʦʤʫ ʧʨʠʢʣʘʜʽ ʙʫʣʠ ʩʪʚʦʨʝʥʽ ʧʨʘʚʠʣʘ ʜʣʷ ʚʠʷʚʣʝʥʥʷ ʜʚʦʭ ʚʝʙ-ʜʦʜʘʪʢʽʚ. 

ʋ DPI ʧʨʘʚʠʣʘ ʤʦʞʫʪʴ ʩʪʚʦʨʶʚʘʪʠʩʷ ʪʘ ʦʥʦʚʣʶʚʘʪʠʩʷ ʜʣʷ ʚʠʷʚʣʝʥʥʷ ʢʦʞʥʦʾ 

ʚʝʙ-ʧʨʦʛʨʘʤʠ, ʱʦʙ ʥʝʚʽʜʦʤʠʡ ʪʨʘʬʽʢ ʤʦʞʥʘ ʙʫʣʦ ʤʽʥʽʤʽʟʫʚʘʪʠ. 

 

 

ʈʠʩ. 5.17. ʇʨʘʚʠʣʘ ʜʣʷ ʜʝʪʝʢʪʫʚʘʥʥʷ ʪʨʘʬʽʢʘ Facebook ʪʘ Gmail 

ʅʘ ʥʘʩʪʫʧʥʦʤʫ ʢʨʦʮʽ ʩʪʚʦʨʶʶʪʴʩʷ ʧʨʘʚʠʣʘ ʟ ʤʝʪʦʶ ʙʝʟʧʝʢʠ, ʱʦʙ 

ʫʥʠʢʥʫʪʠ ʟʘʛʦʚʦʨʫ ʧʨʦ ʪʝʨʦʨʠʟʤ. ʅʘ ʨʠʩʫʥʢʫ 5.20 ʧʦʢʘʟʘʥʦ ʜʚʘ ʧʨʘʚʠʣʘ, 

ʩʪʚʦʨʝʥʽ ʜʣʷ ʚʠʷʚʣʝʥʥʷ ʚʤʽʩʪʫ, ʧʦʚôʷʟʘʥʦʛʦ ʟ ʪʝʨʦʨʠʟʤʦʤ. ʊʦʙʪʦ ʩʠʛʥʘʪʫʨʘʤʠ 

ʚʠʩʪʫʧʘʶʪʴ ʩʣʦʚʘ: ʨʦʙʠʪʠ ʙʦʤʙʫ, ʢʫʧʫʚʘʪʠ ʧʽʩʪʦʣʝʪ ʽ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʧʽʩʪʦʣʝʪ. 

ʗʢʱʦ ʭʪʦʩʴ ʰʫʢʘʻ ʮʝʡ ʚʤʽʩʪ ʚ ɯʥʪʝʨʥʝʪʽ, Snort DPI ʛʝʥʝʨʫʻ ʧʦʧʝʨʝʜʞʝʥʥʷ ʟ 
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ʜʘʪʦʶ, ʯʘʩʦʤ, ʘʜʨʝʩʦʶ ʪʘ ʜʞʝʨʝʣʦʤ IP-ʘʜʨʝʩʠ. ʎʽ ɯʉ ʤʦʞʫʪʴ ʙʫʪʠ ʜʦʜʘʪʢʦʚʦ 

ʧʨʦʘʥʘʣʽʟʦʚʘʥʽ ʘʥʘʣʽʪʠʢʦʤ ʟ ʙʝʟʧʝʢʠ, ʱʦʙ ʟʤʝʥʰʠʪʠ ʙʫʜʴ-ʷʢʽ ʤʘʡʙʫʪʥʽ ʨʠʟʠʢʠ. 

 

 

ʈʠʩ. 5.18. ʇʘʢʝʪʠ ʦʙʨʦʙʣʝʥʽ Snort  

 

ʈʠʩ. 5.19. ʈʝʟʫʣʴʪʘʪʠ ʜʽʡ Snort  

ʅʘ ʨʠʩʫʥʢʫ 5.21 ʧʦʢʘʟʘʥʦ ʧʨʘʚʠʣʦ ʜʣʷ ʩʧʦʚʽʱʝʥʴ ʧʨʦ ʧʦʰʫʢ ʪʝʨʦʨʠʟʤʫ 

ʪʘ ʧʦʧʝʨʝʜʞʝʥʥʷ Gmail. ʅʘ ʨʠʩʫʥʢʫ 5.22 ʧʦʢʘʟʘʥʦ ʧʨʘʚʠʣʘ, ʩʪʚʦʨʝʥʽ ʜʣʷ 
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ʙʣʦʢʫʚʘʥʥʷ ʪʨʘʬʽʢʘ Facebook. ʆʩʥʦʚʥʘ ʚʽʜʤʽʥʥʽʩʪʴ ï ʩʣʦʚʦ drop ʟʘʤʽʩʪʴ 

ʧʦʧʝʨʝʜʞʝʥʥʷ ʫ ʧʨʘʚʠʣʽ Snort, ʪʦʤʫ ʚʦʥʦ ʩʢʠʥʝ ʚʠʷʚʣʝʥʠʡ ʚʤʽʩʪ. ʈʝʟʫʣʴʪʘʪʠ ʜʣʷ 

ʪʨʘʬʽʢʫ, ʟʘʙʣʦʢʦʚʘʥʦʛʦ Snort, ʧʦʢʘʟʘʥʽ ʥʘ ʨʠʩʫʥʢʫ 5.23. ɼʝʚô̫ ʪʴ ʩʧʦʚʽʱʝʥʴ ʙʫʣʠ 

ʩʪʚʦʨʝʥʽ Snort, ʽ Snort ʟʘʙʣʦʢʫʚʘʚ ʫʩʽ 3305 ʧʦʚô̫ ʟʘʥʠʭ ʧʘʢʝʪʽʚ. 

 

ʈʠʩ. 5.20. ʇʨʘʚʠʣʘ ʜʣʷ ʜʝʪʝʢʪʫʚʘʥʥʷ ʢʦʥʪʝʥʪʫ ʪʝʨʦʨʠʟʤʘ  

 

ʈʠʩ. 5.21. ʉʧʦʚʽʱʝʥʥʷ ʩʪʚʦʨʝʥʽ Snort ʧʨʠ ʜʝʪʝʢʪʫʚʘʥʥʽ ʢʦʥʪʝʥʪʫ ʪʝʨʦʨʠʟʤʘ 

 

ʈʠʩ. 5.22. ʇʨʘʚʠʣʘ ʙʣʦʢʫʚʘʥʥʷ ʪʨʘʬʽʢʘ Facebook  
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ʈʠʩ. 5.23. ʊʨʘʬʽʢ ʟʘʙʣʦʢʦʚʘʥʠʡ Snort  

ʋ ʪʘʙʣʠʮʽ 5.9 ʥʘʚʝʜʝʥʦ ʧʦʢʘʟʥʠʢʠ ʷʢʦʩʪʽ ʽʜʝʥʪʠʬʽʢʘʮʽʾ ʘʪʘʢ 

ʟʘʧʨʦʧʦʥʦʚʘʥʦʛʦ ʚ ʜʘʥʽʡ ʜʠʩʝʨʪʘʮʽʾ ʤʝʪʦʜʫ ʘʥʘʣʽʟʫ ʩʠʛʥʘʪʫʨ, ʟʘʩʥʦʚʘʥʦʛʦ ʥʘ 

ʛʣʠʙʦʢʦʤʫ ʘʥʘʣʽʟʽ ʧʘʢʝʪʽʚ ʽ ʯʘʩʫ ʧʦʨʽʚʥʷʥʥʷ ʧʘʢʝʪʽʚ ʟ̔ ʩʠʛʥʘʪʫʨʘʤʠ. 

ʊʘʙʣʠʮʷ 5.9. 

ʗʢʽʩʪʴ ʨʦʙʦʪʠ ʤʝʪʦʜʫ ʘʥʘʣʽʟʫ ʩʠʛʥʘʪʫʨ 

 % 

ʟʥʘʡʜʝʥʠʭ 

ʘʪʘʢ 

% 

ʥʝʚʠʷʚʣʝʥʠʭ 

ʘʪʘʢ 

% 

ʚʪʨʘʯʝʥʠʭ 

ʜʘʥʠʭ 

% 

ʧʦʤʠʣʢʦʚʠʭ 

ʩʧʨʘʮʴʦʚʫʚʘ

ʥ ɹ

F1 

ʤʽʨʘ 

ʏʘʩ ʨʦʙʦʪʠ ʫ 

ʚʽʢʥʽ W, ʤʩ 

Snort 92,5 7,5 6,8 8,4 0,93 0,5 

ʉʪʘʥʜʘʨʪ

ʥʠʡ 

ʘʥʘʣ̔ʟ 

ʩʠʛʥʘʪʫʨ 

93,01 6,9 6,2 7,9 0,93 0,53 
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ʄʝʪʦʜ ʘʥʘʣʽʟʫ ʩʠʛʥʘʪʫʨ, ʷʢʠʡ ʚʠʢʦʨʠʩʪʦʚʫʻ ʛʣʠʙʦʢʠʡ ʘʥʘʣʽʟ ʧʘʢʝʪʽʚ ʜʣʷ 

ʘʥʘʣʽʟʫ ʚʤʽʩʪʫ ʪʨʘʬʽʢʘ ʽʜʝʥʪʠʬʽʢʫʻ 93% ʘʪʘʢ, ʪʘʢʦʞ ʚʽʥ ʤʘʻ ʥʠʟʴʢʫ ʢʽʣʴʢʽʩʪʴ 

ʭʠʙʥʦʧʦʟʠʪʠʚʥʠʭ ʩʧʨʘʮʴʦʚʫʚʘʥʴ (ʤʝʥʰʝ 8%). 

ɺʠʩʥʦʚʢʠ ʜʦ ʨʦʟʜʽʣʫ 5 

1. ʅʘʙʫʚ ʧʦʜʘʣʴʰʦʛʦ ʨʦʟʚʠʪʢʫ ʤʝʪʦʜ ʚʠʷʚʣʝʥʥʷ ʚʪʦʨʛʥʝʥʴ ʥʘ ʦʩʥʦʚʽ 

ʘʥʘʣʽʟʫ ʝʥʪʨʦʧʽʾ ʧʘʢʝʪʽʚ, ʷʢʠʡ ʙʘʟʫʻʪʴʩʷ ʥʘ ʨʦʟʨʘʭʫʥʢʫ ʫʤʦʚʥʦʾ ʝʥʪʨʦʧʽʾ ʪʘ 

ʩʪʘʪʠʩʪʠʯʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʭ ʜʘʥʠʭ ʧʘʢʝʪʽʚ, ʱʦ ʜʦʟʚʦʣʷʻ ʩʢʦʨʦʪʠʪʠ ʯʘʩ 

ʚʠʷʚʣʝʥʥʷ ʚʪʦʨʛʥʝʥʴ ʪʘ ʽʜʝʥʪʠʬʽʢʫʚʘʪʠ ʨʘʥʽʰ ʥʝʚʽʜʦʤʽ ʘʪʘʢʠ. 

2. ʄʝʪʦʜ ʘʥʘʣʽʟʫ ʝʥʪʨʦʧʽʾ ʧʨʦʪʦʢʦʣʽʚ ʧʦʢʘʟʘʚ ʚʠʩʦʢʽ ʟʥʘʯʝʥʥʷ ʪʦʯʥʦʩʪʽ 

ʚʠʷʚʣʝʥʥʷ ʘʪʘʢ (ʙʣʠʟʴʢʦ 94%) ʽ ʥʠʟʴʢʽ ʟʥʘʯʝʥʥʷ ʭʠʙʥʦʧʦʟʠʪʠʚʥʦʛʦ ʽʥʜʝʢʩʫ 

(ʙʣʠʟʴʢʦ 10%) ʜʣʷ ʨʽʟʥʠʭ ʪʠʧʽʚ ʘʪʘʢ.  

3. ʅʘʙʫʚ ʧʦʜʘʣʴʰʦʛʦ ʨʦʟʚʠʪʢʫ ʤʝʪʦʜ ʚʠʷʚʣʝʥʥʷ ʚʪʦʨʛʥʝʥʴ ʥʘ ʦʩʥʦʚʽ 

ʘʥʘʣʽʟʫ ʩʠʛʥʘʪʫʨ, ʷʢʠʡ ʚʨʘʭʦʚʫʻ ʜʘʥʽ ʛʣʠʙʦʢʦʛʦ ʘʥʘʣʽʟʫ ʧʘʢʝʪʽʚ ʪʘ 

ʨʝʡʪʠʥʛʫʚʘʥʥʷ ʙʘʟʠ ʩʠʛʥʘʪʫʨ. 

4. ʄʝʪʦʜ ʘʥʘʣʽʟʫ ʩʠʛʥʘʪʫʨ, ʷʢʠʡ ʚʠʢʦʨʠʩʪʦʚʫʻ ʛʣʠʙʦʢʠʡ ʘʥʘʣʽʟ ʧʘʢʝʪʽʚ 

ʜʣʷ ʘʥʘʣʽʟʫ ʚʤʽʩʪʫ ʪʨʘʬʽʢʘ ʪʘ ʽʜʝʥʪʠʬʽʢʫʻ 93% ʘʪʘʢ, ʤʘʻ ʥʠʟʴʢʫ ʢʽʣʴʢʽʩʪʴ 

ʭʠʙʥʦʧʦʟʠʪʠʚʥʠʭ ʩʧʨʘʮʴʦʚʫʚʘʥʴ (ʤʝʥʰʝ 8%). 
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ʈʆɿɼɯʃ 6 

ʈʆɿʈʆɹʂɸ ʂʆʄʇʃɽʂʉʅʆɻʆ ʄɽʊʆɼʋ ɺʀʗɺʃɽʅʅʗ ɺʊʆʈɻʅɽʅʔ ʅɸ 

ʆʉʅʆɺɯ ɺʀʂʆʈʀʉʊɸʅʅʗ ʄɽʊʆɼɯɺ ʉʀɻʅɸʊʋʈʅʆɻʆ ɸʅɸʃɯɿʋ, 

ɸʅɸʃɯɿʋ ɸʅʆʄɸʃɯʁ ʊɸ ɽʅʊʈʆʇɯʁʅʆɻʆ ɸʅɸʃɯɿʋ ʇʈʆʊʆʂʆʃɯɺ 

ɺ ʦʙʣʘʩʪʽ ʤʝʨʝʞʥʦʾ ʙʝʟʧʝʢʠ ʚʪʦʨʛʥʝʥʥʷ ʚʠʟʥʘʯʘʻʪʴʩʷ ʷʢ ʥʘʙʽʨ 

ʟʣʦʚʤʠʩʥʠʭ ʜʽʡ ʧʨʦʪʠ ʮʽʣʽʩʥʦʩʪʽ, ʢʦʥʬʽʜʝʥʮʽʡʥʦʩʪʽ ʪʘ ʜʦʩʪʫʧʥʦʩʪʽ ʽʥʬʦʨʤʘʮʽʾ ʚ 

ʩʠʩʪʝʤʽ ʘʙʦ ʤʝʨʝʞʽ, ʷʢʽ ʨʦʙʣʷʪʴ ʾʾ ʫʨʘʟʣʠʚʦʶ ʜʣʷ ʤʘʡʙʫʪʥʽʭ ʘʪʘʢ [Hryshchuk, 

2019; ɻʦʨʙʝʥʢʦ, 2016;]. ɼʣʷ ʧʨʦʪʠʜʽʾ ʪʘʢʠʤ ʟʘʛʨʦʟʘʤ ʨʦʟʛʦʨʪʘʶʪʴʩʷ ʩʠʩʪʝʤʠ 

ʚʠʷʚʣʝʥʥʷ ʚʪʦʨʛʥʝʥʴ ʜʣʷ ʚʠʷʚʣʝʥʥʷ ʪʘ ʽʜʝʥʪʠʬʽʢʘʮʽʾ ʩʧʨʦʙ ʚʪʦʨʛʥʝʥʥʷ ʚ 

ʩʠʩʪʝʤʫ ʘʙʦ ʤʝʨʝʞʫ. ɺʠʢʦʨʠʩʪʦʚʫʶʯʠ ʥʘʙʽʨ ʘʧʘʨʘʪʥʠʭ ʽ ʧʨʦʛʨʘʤʥʠʭ ʨʝʩʫʨʩʽʚ, 

ʉɺɺ ʥʘʤʘʛʘʻʪʴʩʷ ʚʠʷʚʠʪʠ ʚʪʦʨʛʥʝʥʥʷ, ʚʽʜʩʪʝʞʫʶʯʠ ʜʘʥʽ, ʟʽʙʨʘʥʽ ʟ ʦʜʥʦʛʦ ʭʦʩʪʘ 

ʘʙʦ ʤʝʨʝʞʽ, ʽ ʛʝʥʝʨʫʚʘʪʠ ʪʨʠʚʦʛʫ ʚ ʨʘʟʽ ʚʠʷʚʣʝʥʥʷ ʩʧʨʦʙ ʚʪʦʨʛʥʝʥʥʷ. 

ʉʠʩʪʝʤʠ ʚʠʷʚʣʝʥʥʷ ʚʪʦʨʛʥʝʥʴ ʤʦʞʥʘ ʨʦʟʜʽʣʠʪʠ ʥʘ ʨʽʟʥʽ ʢʘʪʝʛʦʨʽʾ 

ʟʘʣʝʞʥʦ ʚʽʜ ʜʞʝʨʝʣʘ ʽʥʬʦʨʤʘʮʽʾ ʽ ʪʝʭʥʽʢʠ ʚʠʷʚʣʝʥʥʷ. ʂʦʞʥʘ ʟ ʮʠʭ ʢʘʪʝʛʦʨʽʡ 

ʢʦʨʦʪʢʦ ʦʧʠʩʘʥʘ ʚ ʥʘʩʪʫʧʥʠʭ ʧʽʜʨʦʟʜʽʣʘʭ. 

6.1. ɼʦʩʣʽʜʞʝʥʥʷ ʤʝʪʦʜʽʚ ʘʥʘʣʽʟʫ ʧʦʚʝʜʽʥʢʠ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ 

ʤʘʰʠʥʥʦʛʦ ʥʘʚʯʘʥʥʷ 

ʂʣʘʩʠʬʽʢʘʮʽʷ ʤʝʨʝʞʥʦʛʦ ʪʨʘʬʽʢʘ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʚ ʙʘʛʘʪʴʦʭ 

ʽʥʬʦʢʦʤʫʥʽʢʘʮʽʡʥʠʭ ʪʝʭʥʦʣʦʛʽʡ, ʪʘʢʠʭ ʷʢ ʟʘʙʝʟʧʝʯʝʥʥʷ ʷʢʦʩʪʽ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ 

[ʇʦʧʦʚʩʢʠʡ, 2015; ʃʝʤʝʰʢʦ, 2011], ʧʣʘʥʫʚʘʥʥʷ ʪʨʘʬʽʢʘ [ʂʠʨʠʯʝʥʢʦ, 2010-2] ʽ 

ʚʠʷʚʣʝʥʥʷ ʚʪʦʨʛʥʝʥʴ [ʍʦʨʦʰʢʦ, 2012-1; Kirichenko, 2019-2]. ʋʤʦʚʥʦ ʤʝʪʦʜʠ 

ʢʣʘʩʠʬʽʢʘʮʽʾ ʪʨʘʬʽʢʘ ʤʦʞʥʘ ʨʦʟʜʽʣʠʪʠ ʥʘ ʪʨʠ ʪʠʧʠ ʪʝʭʥʦʣʦʛʽʡ: ʟʘʩʥʦʚʘʥʽ ʥʘ 

ʧʘʢʝʪʘʭ, ʟʘʩʥʦʚʘʥʽ ʥʘ ʧʦʨʪʘʭ ʽ ʟʘʩʥʦʚʘʥʽ ʥʘ ʩʪʘʪʠʩʪʠʮʽ. ʉʪʘʪʠʩʪʠʯʥʘ ʪʝʭʥʦʣʦʛʽʷ ʻ 

ʥʘʡʙʽʣʴʰ ʚʠʢʦʨʠʩʪʦʚʫʚʘʥʦ ʁʦʩʪʘʥʥʽʤ ʯʘʩʦʤ. ʉʪʘʪʠʩʪʠʯʥʽ ʤʝʪʦʜʠ ʚʢʣʶʯʘʶʪʴ ʚ 



297 

 

ʩʝʙʝ ʪʨʠ ʝʪʘʧʠ: ʘʙʩʪʨʘʛʫʚʘʥʥʷ ʪʨʘʬʽʢʘ ʷʢ ʚʝʢʪʦʨʘ ʦʟʥʘʢ, ʦʮʽʥʢʫ ʩʪʘʪʠʩʪʠʯʥʦʛʦ 

ʨʦʟʧʦʜʽʣʫ ʚʝʢʪʦʨʘ ʦʟʥʘʢ ʽ ʨʦʟʧʽʟʥʘʚʘʥʥʷ ʚʠʙʽʨʢʠ [Arjunan, 2010; Ben, 2017; 

Coelho, 2014]. 

ʆʩʪʘʥʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʧʦʢʘʟʫʶʪʴ, ʱʦ ʤʝʨʝʞʥʠʡ ʪʨʘʬʽʢ ʤʘʻ ʬʨʘʢʪʘʣʴʥʽ 

ʚʣʘʩʪʠʚʦʩʪʽ ʽ ʨʷʜ ʤʝʪʦʜʽʚ ʢʣʘʩʠʬʽʢʘʮʽʾ ʙʘʟʫʻʪʴʩʷ ʥʘ ʟʤʽʥʽ ʬʨʘʢʪʘʣʴʥʦʾ ʩʪʨʫʢʪʫʨʠ 

ʪʨʘʬʽʢʘ [Deka, 2016; Kaur, 2017; Radivilova, 2019]. ʊʦʤʫ ʦʜʥʽʻʶ ʟ ʧʝʨʩʧʝʢʪʠʚʥʠʭ 

ʛʘʣʫʟʝʡ ʘʥʘʣʽʟʫ ʽ ʢʣʘʩʠʬʽʢʘʮʽʾ ʤʝʨʝʞʥʦʛʦ ʪʨʘʬʽʢʘ ʻ ʨʦʟʨʦʙʢʘ ʤʝʪʦʜʽʚ 

ʢʣʘʩʠʬʽʢʘʮʽʾ ʯʘʩʦʚʠʭ ʨʷʜʽʚ ʥʘ ʦʩʥʦʚʽ ʤʘʰʠʥʥʦʛʦ ʥʘʚʯʘʥʥʷ ʩʘʤʦʧʦʜʽʙʥʠʭ 

ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʧʦʪʦʢʽʚ. [Deka, 2016; Kaur, 2017; Melnick, 2018; Tsugawa, 2014; 

Radivilova, 2019; ʂʽʨʽʯʝʥʢʦ, 2019-1]. ʋ ʙʘʛʘʪʴʦʭ ʚʠʧʘʜʢʘʭ ʜʣʷ ʨʦʟʨʦʙʢʠ ʤʝʪʦʜʽʚ 

ʤʘʰʠʥʥʦʛʦ ʥʘʚʯʘʥʥʷ ʥʝʦʙʭʽʜʥʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʤʦʜʝʣʴʥʽ ʜʘʥʽ. ɯʩʥʫʻ ʙʘʛʘʪʦ 

ʤʦʜʝʣʝʡ ʩʘʤʦʧʦʜʽʙʥʦʛʦ ʪʨʘʬʽʢʘ, ʽʩʪʦʪʥʘ ʯʘʩʪʠʥʘ ʷʢʠʭ ʟʘʩʥʦʚʘʥʘ ʥʘ 

ʬʨʘʢʪʘʣʴʥʦʤʫ ʙʨʦʫʥʽʚʩʴʢʦʤʫ ʨʫʩʽ [Kirichenko, 2020-1; Sheluchin, 2007].  

ʇʨʦʚʝʜʝʥʦ ʘʥʘʣʽʟ ʝʪʘʧʽʚ ʜʣʷ ʨʦʙʦʪʠ ʤʝʪʦʜʽʚ ʘʥʘʣʽʟʫ ʧʦʚʝʜʽʥʢʠ. 

ʇʨʦʚʝʜʝʥʠʡ ʘʥʘʣʽʟ ʧʦʢʘʟʘʚ, ʱʦ ʜʣʷ ʨʦʙʦʪʠ ʤʝʪʦʜʽʚ ʤʘʰʠʥʥʦʛʦ ʥʘʚʯʘʥʥʷ ʜʣʷ 

ʘʥʘʣʽʟʫ ʧʦʚʝʜʽʥʢʠ ʥʝʦʙʭʽʜʥʦ ʧʝʨʰ ʟʘ ʚʩʝ ʧʨʦʚʝʩʪʠ ʚʠʙʽʨ ʽ ʦʮʽʥʢʫ ʦʟʥʘʢ, ʷʢʽ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʜʣʷ ʥʘʚʯʘʥʥʷ. 

6.2. ʆʮʽʥʢʘ ʦʟʥʘʢ, ʷʢʽ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʜʣʷ ʥʘʚʯʘʥʥʷ 

ʆʟʥʘʢʠ, ʚʠʢʦʨʠʩʪʦʚʫʚʘʥʽ ʜʣʷ ʥʘʚʯʘʥʥʷ ʤʦʜʝʣʽ, ʟʥʘʯʥʦ ʚʧʣʠʚʘʶʪʴ ʥʘ 

ʷʢʽʩʪʴ ʨʝʟʫʣʴʪʘʪʽʚ. ʅʝʽʥʬʦʨʤʘʪʠʚʥʽ ʘʙʦ ʩʣʘʙʢʦ ʽʥʬʦʨʤʘʪʠʚʥʽ ʦʟʥʘʢʠ ʤʦʞʫʪʴ 

ʽʩʪʦʪʥʦ ʧʦʛʽʨʰʠʪʠ ʷʢʽʩʪʴ ʨʦʙʦʪʠ ʤʦʜʝʣʽ ʽ ʫʧʦʚʽʣʴʥʠʪʠ ʾʾ ʨʦʙʦʪʫ. ʊʦʤʫ, ʚ 

ʙʽʣʴʰʦʩʪʽ ʚʠʧʘʜʢʽʚ ʧʝʨʝʜ ʚʠʨʽʰʝʥʥʷʤ ʟʘʚʜʘʥʥʷ ʢʣʘʩʠʬʽʢʘʮʽʾ ʥʝʦʙʭʽʜʥʦ ʚʠʙʨʘʪʠ 

ʪʽ ʦʟʥʘʢʠ, ʷʢʽ ʥʘʡʙʽʣʴʰ ʽʥʬʦʨʤʘʪʠʚʥʽ. ɺʽʜʙʽʨ ʦʟʥʘʢ ʟʘʙʝʟʧʝʯʫʻ ʪʨʠ ʥʘʩʪʫʧʥʠʭ 

ʧʝʨʝʚʘʛʠ: ʟʤʝʥʰʝʥʥʷ ʧʝʨʝʥʘʚʯʘʥʥʷ, ʧʽʜʚʠʱʝʥʥʷ ʪʦʯʥʦʩʪʽ ʽ ʩʢʦʨʦʯʝʥʥʷ ʯʘʩʫ 

ʥʘʚʯʘʥʥʷ. [Arjunan, 2010; AWS, 2019; Barracuda, 2019; Ben, 2017; Kirichenko, 

2019-3, Coelho, 2014] 
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ʇ̔ ʜ ʯʘʩ ʧʨʦʚʝʜʝʥʥ ̫ʝʢʩʧʝʨʠʤʝʥʪʫ ʜʣʷ ʢʣʘʩʠʬʽʢʘʮʽʾ ʙʫʣʦ ʚʠʢʦʨʠʩʪʘʥʦ 

ʢʽʣʴʢʘ ʪʠʧʽʚ ʦʟʥʘʢ, ʦʪʨʠʤʘʥʠʭ ʟʘ ʟʥʘʯʝʥʥʷʤʠ ʯʘʩʦʚʦʛʦ ʨʷʜʫ: 

- ʟʥʘʯʝʥʥʷ ʯʘʩʦʚʦʛʦ ʨʷʜʫ; 

- ʩʪʘʪʠʩʪʠʯʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʨʷʜʫ; 

- ʬʨʘʢʪʘʣʴʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʨʷʜʫ; 

- ʨʝʢʫʨʝʥʪʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ. 

ʋ ʨʦʙʦʪʘʭ [Bulakh, 2018; Kirichenko, 2019; Kirichenko, 2019-1] ʥʘʚʝʜʝʥʦ 

ʨʝʟʫʣʴʪʘʪʠ ʜʝʪʝʢʪʫʚʘʥʥʷ ʘʪʘʢ, ʢʦʣʠ ʥʘ ʚʭʽʜ ʢʣʘʩʠʬʽʢʘʪʦʨʘ ʧʦʜʘʚʘʣʠʩʷ ʟʥʘʯʝʥʥʷ 

ʪʨʘʬʽʢʘ (ʘʪʘʢʦʚʘʥʦʛʦ ʽ ʙʝʟ ʘʪʘʢʠ). ʊʦʙʪʦ, ʷʢ ʦʟʥʘʢʠ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠʩʷ ʪʽʣʴʢʠ 

ʩʘʤʽ ʟʥʘʯʝʥʥʷ ʯʘʩʦʚʦʛʦ ʨʷʜʫ. 

ʋ ʨʦʙʦʪʘʭ [Bulakh, 2018; Kirichenko, 2019; Radivilova, 2018; Kirichenko, 

2020; ʈʘʜʠʚʠʣʦʚʘ, 2019-3] ʧʽʜ ʯʘʩ ʧʨʦʚʝʜʝʥʥ ̫ʦʙʯʠʩʣʶʚʘʣʴʥʦʛʦ ʝʢʩʧʝʨʠʤʝʥʪʫ 

ʷʢ ʦʟʥʘʢʠ, ʱʦ ʧʦʜʘʚʘʣʠʩʷ ʥʘ ʚʭʽʜ, ʙʫʣʠ ʚʠʢʦʨʠʩʪʘʥʽ ʥʘʩʪʫʧʥʽ ʩʪʘʪʠʩʪʠʯʥʽ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʯʘʩʦʚʦʛʦ ʨʷʜʫ (ʘʪʘʢʦʚʘʥʦʛʦ ʪʨʘʬʽʢʘ ʽ ʙʝʟ ʘʪʘʢʠ): 

ʩʝʨʝʜʥʴʦʢʚʘʜʨʘʪʠʯʥʝ ʚʽʜʭʠʣʝʥʥʷ, ʤʘʢʩʠʤʘʣʴʥʝ ʽ ʤʽʥʽʤʘʣʴʥʝ ʟʥʘʯʝʥʥʷ , ʤʝʜʽʘʥʘ 

ʯʘʩʦʚʦʛʦ ʨʷʜʫ. 

ʋ ʨʦʙʦʪʘʭ [Bulakh, 2018; Kirichenko, 2018-3; Kirichenko, 2019; Radivilova, 

2018; Kirichenko, 2020; ʈʘʜʠʚʠʣʦʚʘ, 2019-3] ʦʟʥʘʢʘʤʠ ʙʫʣʠ ʬʨʘʢʪʘʣʴʥʽ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʯʘʩʦʚʦʛʦ ʨʷʜʫ, ʨʦʟʨʘʭʦʚʘʥʽ ʥʘ ʦʩʥʦʚʽ ʤʝʪʦʜʫ ʄʌɼʌɸ ï 

ʤʫʣʴʪʠʬʨʘʢʪʘʣʴʥʦʛʦ ʜʝʪʨʝʥʜʦʚʘʥʦʛʦ ʬʣʫʢʪʫʘʮʽʡʥʦʛʦ ʘʥʘʣʽʟʫ [ʂʽʨʽʯʝʥʢʦ, 2019-

1]. ʗʢ ʦʟʥʘʢʠ, ʥʘ ʦʩʥʦʚʽ ʷʢʠʭ ʧʨʦʚʦʜʠʣʘʩʴ ʢʣʘʩʠʬʽʢʘʮʽʷ, ʙʫʣʠ ʦʙʨʘʥʽ ʪʘʢʽ: 

ʩʝʨʝʜʥʻ ʟʥʘʯʝʥʥʷ ʫʟʘʛʘʣʴʥʝʥʦʛʦ ʧʦʢʘʟʥʠʢʘ ʍʝʨʩʪʘ, ʩʝʨʝʜʥʴʦʢʚʘʜʨʘʪʠʯʥʝ 

ʚʽʜʭʠʣʝʥʥʷ ʫʟʘʛʘʣʴʥʝʥʦʛʦ ʧʦʢʘʟʥʠʢʘ ʍʝʨʩʪʘ ( )h q , ʟʥʘʯʝʥʥʷ (1)h , (2)h H= ,  ̔ 

ʜʽʘʧʘʟʦʥ ʍʝʨʩʪʘ (0.1) (5)h h hD = - . ɺʠʙʽʨ ʟʘʟʥʘʯʝʥʠʭ ʟʥʘʯʝʥʴ ( )h q  ʦʙʫʤʦʚʣʝʥʠʡ 

ʪʠʤ, ʱʦ ʦʮʽʥʢʠ ʫʟʘʛʘʣʴʥʝʥʦʛʦ ʧʦʢʘʟʥʠʢʘ ʍʝʨʩʪʘ ( )h q  ʜʣʷ ʚʽʜô̒ ʤʥʠʭ ʟʥʘʯʝʥʴ 

ʧʘʨʘʤʝʪʨʘ ʤʘʶʪʴ ʥʘʙʘʛʘʪʦ ʙʽʣʴʰʫ ʜʠʩʧʝʨʩʽʶ. 
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ʇʦʨʽʚʥʷʥʦ ʥʦʚʠʤ ʤʝʪʦʜʦʤ ʜʦʩʣʽʜʞʝʥʥʷ ʯʘʩʦʚʠʭ ʨʷʜʽʚ ʻ ʧʦʙʫʜʦʚʘ 

ʨʝʢʫʨʝʥʪʥʠʭ ʜʽʘʛʨʘʤ (ʈɼ). ʈʝʢʫʨʝʥʪʥʠʡ ʘʥʘʣʽʟ ʙʘʟʫʻʪʴʩʷ ʥʘ ʬʫʥʜʘʤʝʥʪʘʣʴʥʽʡ 

ʚʣʘʩʪʠʚʦʩʪʽ ʜʠʩʠʧʘʪʠʚʥʠʭ ʜʠʥʘʤʽʯʥʠʭ ʩʠʩʪʝʤ ï ʨʝʢʫʨʝʥʪʥʦʩʪʽ (ʧʦʚʪʦʨʶʚʘʥʦʩʪʽ 

ʩʪʘʥʽʚ). ɼʘʥʠʡ ʤʝʪʦʜ ʘʥʘʣʽʟʫ, ʟʘʩʥʦʚʘʥʠʡ ʥʘ ʧʦʜʘʥʥʽ ʚʣʘʩʪʠʚʦʩʪʝʡ ʧʨʦʮʝʩʽʚ ʫ 

ʚʠʛʣʷʜʽ ʛʝʦʤʝʪʨʠʯʥʠʭ ʩʪʨʫʢʪʫʨ, ʻ ʽʥʩʪʨʫʤʝʥʪʦʤ ʜʣʷ ʚʠʷʚʣʝʥʥʷ ʧʨʠʭʦʚʘʥʠʭ 

ʟʘʣʝʞʥʦʩʪʝʡ ʚ ʩʧʦʩʪʝʨʝʞʫʚʘʥʠʭ ʯʘʩʦʚʠʭ ʨʷʜʘʭ. ʉʧʦʯʘʪʢʫ ʟʘʧʨʦʧʦʥʦʚʘʥʽ ʚ 

[Eckmann, 1987] ʤʝʪʦʜʠ ʨʝʢʫʨʝʥʪʥʦʛʦ ʘʥʘʣʽʟʫ ʜʦʟʚʦʣʷʶʪʴ ʧʨʘʮʶʚʘʪʠ ʟ ʨʷʜʘʤʠ 

ʨʽʟʥʠʭ ʪʠʧʽʚ. ɿʘ ʤʠʥʫʣʽ ʨʦʢʠ ʤʝʪʦʜ ʈɼ ʟʥʘʡʰʦʚ ʰʠʨʦʢʝ ʧʦʰʠʨʝʥʥʷ ʜʣʷ ʘʥʘʣʽʟʫ 

ʩʪʦʭʘʩʪʠʯʥʠʭ ʯʘʩʦʚʠʭ ʨʷʜʽʚ ʨʽʟʥʦʾ ʧʨʠʨʦʜʠ. ɹʫʣʠ ʨʦʟʨʦʙʣʝʥʽ ʢʽʣʴʢʽʩʥʽ ʤʽʨʠ 

ʩʢʣʘʜʥʦʩʪʽ ʩʪʨʫʢʪʫʨ ʈɼ [Marwan, 2007; Zbilut, 2002]. 

ɻʦʣʦʚʥʘ ʽʜʝʷ ʟʘʩʪʦʩʫʚʘʥʥʷ ʤʝʪʦʜʽʚ ʥʝʣʽʥʽʡʥʦʾ ʜʠʥʘʤʽʢʠ ʜʦ ʘʥʘʣʽʟʫ 

ʪʨʘʻʢʪʦʨʽʾ ʜʠʥʘʤʽʯʥʦʾ ʩʠʩʪʝʤʠ ʧʦʣʷʛʘʻ ʚ ʪʦʤʫ, ʱʦ ʦʩʥʦʚʥʘ ʩʪʨʫʢʪʫʨʘ, ʷʢʘ 

ʤʽʩʪʠʪʴ ʚ ʩʦʙʽ ʚʩʶ ʽʥʬʦʨʤʘʮʽʶ ʧʨʦ ʩʠʩʪʝʤʫ, ʘ ʩʘʤʝ, ʘʪʪʨʘʢʪʦʨ ʩʠʩʪʝʤʠ, ʤʦʞʝ 

ʙʫʪʠ ʚʽʜʥʦʚʣʝʥʘ ʯʝʨʝʟ ʚʠʤʽʨ ʪʽʣʴʢʠ ʦʜʥʽʻʾ ʢʦʤʧʦʥʝʥʪʠ ʮʽʻʾ ʩʠʩʪʝʤʠ [Takens, 

1981]. ʐʠʨʦʢʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʥʘ ʧʨʦʮʝʜʫʨʘ ʇʘʢʢʘʨʜʘ-ʊʘʢʝʥʩʘ ʜʦʟʚʦʣʷʻ 

ʚʽʜʥʦʚʠʪʠ ʬʘʟʦʚʫ ʪʨʘʻʢʪʦʨʽʶ ʜʠʥʘʤʽʯʥʦ ʾʩʠʩʪʝʤʠ ʟʘ ʦʜʥʽʻ  ʁʨʝʘʣʽʟʘʮʽʻ :ʁ 

 ( ) [ ( ), ( ),..., ( )],F t x t x t x t mt t= + +  (6.1) 

ʜʝ: ( )F t ï m-ʚʠʤʽʨʥʠʡ ʧʩʝʚʜʦʬʘʟʦʚʠʡ ʧʨʦʩʪʽʨ, ( )x t  ï ʯʘʩʦʚʘ ʨʝʘʣʽʟʘʮʽʷ 

ʩʠʩʪʝʤʠ, t ï ʧʝʨʽʦʜ ʟʘʧʽʟʥʶʚʘʥʥʷ.  

ʈʝʢʫʨʝʥʪʥʘ ʜʽʘʛʨʘʤʘ ʻ ʧʨʦʝʢʮʽʻʶ m-ʚʠʤʽʨʥʦʛʦ ʧʩʝʚʜʦʬʘʟʦʚʦʛʦ ʧʨʦʩʪʦʨʫ 

ʥʘ ʧʣʦʱʠʥʫ. ʅʝʭʘʡ ʪʦʯʢʘ 
ix  ʚʽʜʧʦʚʽʜʘʻ ʪʦʯʮʽ ʬʘʟʦʚʦʾ ʪʨʘʻʢʪʦʨʽʾ ( )x t , ʷʢʘ ʦʧʠʩʫʻ 

ʜʠʥʘʤʽʯʥʫ ʩʠʩʪʝʤʫ ʚ m-ʚʠʤʽʨʥʦʤʫ ʧʨʦʩʪʦʨʽ ʚ ʤʦʤʝʥʪ ʯʘʩʫ t i=, ʜʣʷ 1,...,i N= , 

ʪʦʜʽ ʨʝʢʫʨʝʥʪʥʘ ʜʽʘʛʨʘʤʘ RP ʻ ʤʘʩʠʚʦʤ ʪʦʯʦʢ, ʜʝ ʥʝʥʫʣʴʦʚʠʡ ʝʣʝʤʝʥʪ ʟ 

ʢʦʦʨʜʠʥʘʪʘʤʠ ( , )i j  ʚʽʜʧʦʚʽʜʘʻ ʚʠʧʘʜʢʫ, ʢʦʣʠ ʚʽʜʩʪʘʥʴ ʤʽʞ jx  ʽ 
ix  ʤʝʥʰʝ e: 
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 , ( || ||), , , , 1,... ,m

i j i j i JRP x x x x R i j Ne=Q - - Í =   

ʜʝ e ï ʨʦʟʤʽʨ ʦʢʦʣʫ ʪʦʯʢʠ 
ix ; 

i jx x-  ï ʚʽʜʩʪʘʥʴ ʤʽʞ ʪʦʯʢʘʤʠ; 

( )QÖ ï ʬʫʥʢʮʽʷ ʍʝʚʽʩʘʡʜʘ. 

ɸʥʘʣʽʟ ʪʦʧʦʣʦʛʽʾ ʜʽʘʛʨʘʤʠ ʜʦʟʚʦʣʷʻ ʢʣʘʩʠʬʽʢʫʚʘʪʠ ʧʨʦʮʝʩʠ, ʱʦ 

ʩʧʦʩʪʝʨʽʛʘʶʪʴʩʷ: ʚʠʟʥʘʯʘʪʠ ʦʜʥʦʨʽʜʥʽ ʧʨʦʮʝʩʠ ʟ ʥʝʟʘʣʝʞʥʠʤʠ ʚʠʧʘʜʢʦʚʠʤʠ 

ʟʥʘʯʝʥʥʷʤʠ; ʧʨʦʮʝʩʠ ʟ ʧʦʚʽʣʴʥʦ ʟʤʽʥʥʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ; ʧʝʨʽʦʜʠʯʥʽ ʘʙʦ 

ʦʩʮʠʣʶʶʯʽ ʧʨʦʮʝʩʠ, ʚʽʜʧʦʚʽʜʥʽ ʥʝʣʽʥʽʡʥʠʭ ʩʠʩʪʝʤ ʽ ʪ.ʽʥ. ʏʠʩʝʣʴʥʠʡ ʘʥʘʣʽʟ 

ʨʝʢʫʨʝʥʪʥʠʭ ʜʽʘʛʨʘʤ ʜʦʟʚʦʣʷʻ ʦʙʯʠʩʣʶʚʘʪʠ ʤʽʨʠ ʩʢʣʘʜʥʦʩʪʽ ʩʪʨʫʢʪʫʨ 

ʨʝʢʫʨʝʥʪʥʠʭ ʜʽʘʛʨʘʤ, ʪʘʢʽ ʷʢ ʤʽʨʘ ʨʝʢʫʨʝʥʪʥʦʩʪʽ, ʤʽʨʘ ʜʝʪʝʨʤʽʥʽʟʤʫ, ʤʽʨʘ 

ʝʥʪʨʦʧʽʾ ʽ ʪ.ʽʥ. [ʄʘʨʚʘʥ, 2002]. 

ɺ ʨʦʙʦʪʽ [Kirichenko, 2018-3] ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʪʘʢʽ 

ʢʣ̔ʴʢʽʩʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʨʝʢʫʨʝʥʪʥʠʭ ʜʽʘʛʨʘʤ ʷʢ ʦʟʥʘʢʠ ʜʣʷ ʢʣʘʩʠʬʽʢʘʮʽʾ 

ʯʘʩʦʚʠʭ ʨʷʜʽʚ ʟʘ ʜʦʧʦʤʦʛʦʶ ʤʘʰʠʥʥʦʛʦ ʥʘʚʯʘʥʥʷ. 

ʄʽʨʘ ʨʝʢʫʨʝʥʪʥʦʩʪʽ ,2 , 1

1 N

i ji j
RR RP

N

e

=
= ä , ʷʢʘ ʧʦʢʘʟʫʻ ʱʽʣʴʥʽʩʪʴ 

ʨʝʢʫʨʝʥʪʥʠʭ ʪʦʯʦʢ, ʪʦʙʪʦ ʡʤʦʚʽʨʥʽʩʪʴ ʟʥʘʭʦʜʞʝʥʥʷ ʨʝʢʫʨʝʥʪʥʦ ʾ ʪʦʯʢʠ ʚ ʈɼ 

(ʡʤʦʚʽʨʥʽʩʪʴ ʧʦʚʪʦʨʝʥʥʷ ʩʪʘʥʫ). 

ʅʘʩʪʫʧʥʘ ʤʽʨʘ ʨʦʟʛʣʷʜʘʻ ʜʽʘʛʦʥʘʣʴʥʽ ʣʽʥʽʾ. ʏʘʩʪʦʪʥʠʡ ʨʦʟʧʦʜʽʣ ʜʦʚʞʠʥ l  

ʜʽʘʛʦʥʘʣʴʥʠʭ ʣʽʥʽʡ ʚ RP, (){ }; 1...l lP l l i Ne = = , ʜʝ 
il  ï ʜʦʚʞʠʥʘ i -  ʾʜʽʘʛʦʥʘʣʴʥʦʾ 

ʣʽʥʽʾ, 
lN  ï ʢʽʣʴʢʽʩʪʴ ʜʽʘʛʦʥʘʣʴʥʠʭ ʣʽʥʽʡ (ʢʦʞʥʘ ʣʽʥʽʷ ʚʚʘʞʘʻʪʴʩʷ ʪʽʣʴʢʠ ʦʜʠʥ 

ʨʘʟ). ɺʽʜʥʦʰʝʥʥ̫  ʨʝʢʫʨʝʥʪʥʠʭ ʪʦʯʦʢ 
()

()
min

,,

N

l l

N

i ji j

l P l
DET

R l

e

e

=
=
ä

ä
 ʥʘʟʠʚʘʻʪʴʩʷ ʤʽʨʦʶ 

ʜʝʪʝʨʤʽʥʽʟʤʫ ʘʙʦ ʧʝʨʝʜʙʘʯʫʚʘʥʦʩʪʽ ʩʠʩʪʝʤʠ. 
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ɼʽʘʛʦʥʘʣʴʥʽ ʩʪʨʫʢʪʫʨʠ ʧʦʢʘʟʫʶʪʴ ʯʘʩ, ʧʨʦʪʷʛʦʤ ʷʢʦʛʦ ʜʽʣʷʥʢʘ ʪʨʘʻʢʪʦʨʽʾ 

ʧʽʜʭʦʜʠʪʴ ʜʦʩʠʪʴ ʙʣʠʟʴʢʦ ʜʦ ʽʥʰʦ ʾ ʜʽʣʷʥʢʠ ʪʨʘʻʢʪʦʨʽʾ. ʉʝʨʝʜʥʷ ʜʦʚʞʠʥʘ 

ʜʽʘʛʦʥʘʣʴʥʠʭ ʣʽʥʽʡ 
()

()
min

min

N

l l

N

l l

lP l
L

P l

e

e

=

=

=
ä

ä
 ï ʮʝ ʩʝʨʝʜʥʽʡ ʯʘʩ, ʧʨʦʪʷʛʦʤ ʷʢʦʛʦ ʜʚʽ 

ʜʽʣʷʥʢʠ ʪʨʘʻʢʪʦʨʽʾ ʧʨʦʭʦʜʷʪʴ ʙʣʠʟʴʢʦ ʦʜʥʘ ʜʦ ʦʜʥʦʾ, ʽ ʤʦʞʝ ʨʦʟʛʣʷʜʘʪʠʩʷ ʷʢ 

ʩʝʨʝʜʥʽʡ ʯʘʩ ʧʝʨʝʜʙʘʯʫʚʘʥʦʩʪʽ. 

ʄʽʨʘ ʝʥʪʨʦʧʽʾ ʩʧʽʚʚʽʜʥʦʩʠʪʴʩʷ ʟ ʝʥʪʨʦʧʽʻʶ ʐʝʥʥʦʥʘ (Shannon) 

ʯʘʩʪʦʪʥʦʛʦ ʨʦʟʧʦʜʽʣʫ ʜʦʚʞʠʥ ʜʽʘʛʦʥʘʣʴʥʠʭ ʣʽʥʽʡ () ()
min

ln
N

l l
ENTR p l p l

=
=-ä , ʜʝ 

()
()

()
min

N

l l

P l
p l

P l

e

e

=

=

ä
 ʽ ʚʽʜʦʙʨʘʞʘʻ ʩʢʣʘʜʥʽʩʪʴ ʜʝʪʝʨʤʽʥʽʩʪʩʴʢʦ ʾ ʩʢʣʘʜʦʚʦʾ ʚ 

ʩʠʩʪʝʤʽ. 

ʈʦʟʛʣʷʥʝʤʦ ʪʦʯʢʫ ʪʨʘʻʢʪʦʨʽʾ 
ix  ʽ ʤʥʦʞʠʥʫ ʧʦʚ'ʷʟʘʥʠʭ ʟ ʥʝʶ ʨʝʢʫʨʝʥʪʥʠʭ 

ʪʦʯʦʢ, ʷʢʽ ʬʦʨʤʫʶʪʴ ʚʝʨʪʠʢʘʣʴʥʽ ʩʪʨʫʢʪʫʨʠ ʥʘ RP. ʇʦʟʥʘʯʠʤʦ 

(){ }; 1,2,...,i kP k Kn n= =  ʤʥʦʞʠʥʫ ʜʦʚʞʠʥ ʚʝʨʪʠʢʘʣʴʥʠʭ ʩʪʨʫʢʪʫʨ ʽ ʚʠʟʥʘʯʠʤʦ 

ʨʦʟʧʦʜʽʣ ʜʦʚʞʠʥ ʚʝʨʪʠʢʘʣʴʥʠʭ ʣʽʥʽʡ ()Pen  ʜʣʷ ʚʩʽʻʾ RP ʫʮʽʣʦʤʫ. 

ʄʽʨʘ ʟʘʚʤʠʨʘʥʥʷ (laminarity, LAM ) 
()

min

,,

N

N

i ji j

P
LAM

RP

e

n n

e

n n
=

=
ä

ä
 ʚʠʟʥʘʯʘʻʪʴʩʷ 

ʚʽʜʥʦʰʝʥʥʷʤ ʢʽʣʴʢʦʩʪʽ ʟʚʦʨʦʪʥʠʭ ʪʦʯʦʢ, ʱʦ ʫʪʚʦʨʶʶʪʴ ʚʝʨʪʠʢʘʣʴʥʽ ʣʽʥʽʾ ʜʦ 

ʟʘʛʘʣʴʥʦʾ ʢʽʣʴʢʦʩʪʽ ʟʚʦʨʦʪʥʠʭ ʪʦʯʦʢ. ɺʝʣʠʯʠʥʘ LAM  ʭʘʨʘʢʪʝʨʠʟʫʻ ʥʘʷʚʥʽʩʪʴ 

ʩʪʘʥʽʚ ʟʘʚʤʠʨʘʥʥʷ ʩʠʩʪʝʤʠ (ʪʦʙʪʦ ʢʦʣʠ ʨʫʭ ʩʠʩʪʝʤʠ ʟʘ ʬʘʟʦʚʦ ʁʪʨʘʻʢʪʦʨʽʻ ʁ

ʟʫʧʠʥʷʻʪʴʩʷ ʘʙʦ ʧʨʦʩʫʚʘʻʪʴʩʷ ʜʫʞʝ ʧʦʚʽʣʴʥʦ). 
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ʉʝʨʝʜʥʷ ʜʦʚʞʠʥʘ ʚʝʨʪʠʢʘʣʴʥʠʭ ʩʪʨʫʢʪʫʨ 
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ʥʘʟʠʚʘʻʪʴʩʷ ʤʽʨʦʶ ʯʘʩʫ ʟʫʧʠʥʢʠ ʽ ʭʘʨʘʢʪʝʨʠʟʫʻ ʩʝʨʝʜʥʽʡ ʯʘʩ, ʷʢʠʡ ʩʠʩʪʝʤʘ ʤʦʞʝ 

ʧʨʦʚʝʩʪʠ ʚ ʦʪʦʯʝʥʥʽ ʧʝʚʥʦʛʦ ʩʪʘʥʫ. 

ʇʨʦʚʝʜʝʥʦ ʘʥʘʣʽʟ ʦʟʥʘʢ, ʧʦʢʘʟʘʥʦ, ʱʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʥʽ ʜʣʷ ʥʘʚʯʘʥʥʷ 

ʤʦʜʝʣʽ, ʟʥʘʯʥʦ ʚʧʣʠʚʘʶʪʴ ʥʘ ʷʢʽʩʪʴ ʨʝʟʫʣʴʪʘʪʽʚ. ɼʣʷ ʢʣʘʩʠʬʽʢʘʮʽʾ ʙʫʣʦ ʧʨʠʡʥʷʪʦ 

ʨʽʰʝʥʥʷ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʢʽʣʴʢʘ ʪʠʧʽʚ ʦʟʥʘʢ, ʦʪʨʠʤʘʥʠʭ ʟʘ ʟʥʘʯʝʥʥʷʤʠ ʯʘʩʦʚʦʛʦ 

ʨʷʜʫ: ʟʥʘʯʝʥʥʷ ʯʘʩʦʚʦʛʦ ʨʷʜʫ; ʩʪʘʪʠʩʪʠʯʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʨʷʜʫ; ʬʨʘʢʪʘʣʴʥʽ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʨʷʜʫ; ʨʝʢʫʨʝʥʪʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ. 

6.3. ʋʜʦʩʢʦʥʘʣʝʥʥʷ ʤʝʪʦʜʽʚ ʤʘʰʠʥʥʦʛʦ ʥʘʚʯʘʥʥ ̫

ʄʝʪʦʜ ʜʝʨʝʚ ʨʽʰʝʥʴ ʤʦʞʥʘ ʟʘʩʪʦʩʫʚʘʪʠ ʜʣʷ ʚʠʨʽʰʝʥʥʷ ʟʘʜʘʯ 

ʢʣʘʩʠʬʽʢʘʮʽʾ, ʱʦ ʚʠʥʠʢʘʶʪʴ ʚ ʥʘʡʨʽʟʥʦʤʘʥʽʪʥʽʰʠʭ ʦʙʣʘʩʪʷʭ, ʽ ʚʚʘʞʘʻʪʴʩʷ ʦʜʥʠʤ 

ʟ ʥʘʡʝʬʝʢʪʠʚʥʽʰʠʭ. 

ʄʝʪʦʜ ʜʝʨʝʚ ʨʽʰʝʥʴ ʜʣʷ ʟʘʚʜʘʥʥʷ ʢʣʘʩʠʬʽʢʘʮʽʾ ʘʙʦ ʧʨʦʛʥʦʟʫʚʘʥʥʷ 

ʧʦʣʷʛʘʻ ʚ ʪʦʤʫ, ʱʦʙ ʟʜʽʡʩʥʶʚʘʪʠ ʧʨʦʮʝʩ ʨʦʟʧʦʜʽʣʫ ʚʠʭʽʜʥʠʭ ʜʘʥʠʭ ʥʘ ʛʨʫʧʠ, 

ʧʦʢʠ ʥʝ ʙʫʜʫʪʴ ʦʪʨʠʤʘʥʽ ʦʜʥʦʨʽʜʥʽ (ʘʙʦ ʤʘʡʞʝ ʦʜʥʦʨʽʜʥʽ) ʾʭʥ ̔ʧʽʜʤʥʦʞʠʥʠ. 

ʉʫʢʫʧʥʽʩʪʴ ʧʨʘʚʠʣ, ʷʢʽ ʜʘʶʪʴ ʪʘʢʝ ʨʦʟʜʽʣʝʥʥʷ, ʜʦʟʚʦʣʷʻ ʧʦʪʽʤ ʨʦʙʠʪʠ ʧʨʦʛʥʦʟ, 

ʦʪʨʠʤʘʥʠʡ ʚ ʨʝʟʫʣʴʪʘʪʽ ʦʮʽʥʢʠ ʜʝʷʢʠʭ ʚʭʽʜʥʠʭ ʦʟʥʘʢ ʜʣʷ ʥʦʚʠʭ ʜʘʥʠʭ. 

ʄʝʪʦʜ ʜʝʨʝʚ ʨʽʰʝʥʴ ʜʣʷ ʟʘʚʜʘʥʥʷ ʢʣʘʩʠʬʽʢʘʮʽʾ ʘʙʦ ʧʨʦʛʥʦʟʫʚʘʥʥʷ 

ʧʦʣʷʛʘʻ ʚ ʪʦʤʫ, ʱʦʙ ʟʜʽʡʩʥʶʚʘʪʠ ʧʨʦʮʝʩ ʨʦʟʧʦʜʽʣʫ ʚʠʭʽʜʥʠʭ ʜʘʥʠʭ ʥʘ ʛʨʫʧʠ, 

ʧʦʢʠ ʥʝ ʙʫʜʫʪʴ ʦʪʨʠʤʘʥʽ ʦʜʥʦʨʽʜʥʽ (ʘʙʦ ʤʘʡʞʝ ʦʜʥʦʨʽʜʥʽ) ʾʭʥ ̔ʧʽʜʤʥʦʞʠʥʠ. 

ʉʫʢʫʧʥʽʩʪʴ ʧʨʘʚʠʣ, ʷʢʽ ʜʘʶʪʴ ʪʘʢʝ partition, ʜʦʟʚʦʣʷʻ ʧʦʪʽʤ ʨʦʙʠʪʠ ʧʨʦʛʥʦʟ, 

ʦʪʨʠʤʘʥʠʡ ʚ ʨʝʟʫʣʴʪʘʪʽ ʦʮʽʥʢʠ ʜʝʷʢʠʭ ʚʭʽʜʥʠʭ ʦʟʥʘʢ ʜʣʷ ʥʦʚʠʭ ʜʘʥʠʭ. 

ʗʢ ʚʽʜʦʤʦ, ʜʝʨʝʚʦ ʨʽʰʝʥʴ ï ʮʝ ʤʦʜʝʣʴ, ʷʢʘ ʻ ʩʫʢʫʧʥʽʩʪ ʁʧʨʘʚʠʣ ʜʣʷ 

ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʴ. ɻʨʘʬʽʯʥʦ ʾʾ ʤʦʞʥʘ ʫʷʚʠʪʠ ʫ ʚʠʛʣʷʜʽ ʜʝʨʝʚʘ, ʜʝ ʤʦʤʝʥʪʠ 
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ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʴ ʚʽʜʧʦʚʽʜʘʶʪʴ ʚʫʟʣʘʤ ʨʽʱʝʥʥʷ. ʋ ʚʫʟʣʘʭ ʚʽʜʙʫʚʘʻʪʴʩʷ 

ʨʦʟʛʘʣʫʞʝʥʥʷ (ʘʥʛʣ. branching) ʧʨʦʮʝʩʫ ʟʘʣʝʞʥʦ ʚʽʜ ʟʨʦʙʣʝʥʦʛʦ ʚʠʙʦʨʫ. 

ʊʝʨʤʽʥʘʣʴʥʽ ʚʫʟʣʠ ʥʘʟʠʚʘʶʪʴ ʣʠʩʪʘʤʠ ʚʫʟʣʽʚ. ʂʦʞʝʥ ʣʠʩʪ ï ʮʝ ʢʽʥʮʝʚʠʡ 

ʨʝʟʫʣʴʪʘʪ ʧʦʩʣʽʜʦʚʥʦʛʦ ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʴ. ɼʘʥʽ, ʱʦ ʧʽʜʣʷʛʘʶʪʴ ʢʣʘʩʠʬʽʢʘʮʽʾ, 

ʟʥʘʭʦʜʷʪʴʩʷ ʚ ʦʩʥʦʚʽ (ʘʥʛʣ. root) ʜʝʨʝʚʘ. ʂʦʞʝʥ ʣʠʩʪʦʢ  ̒ʟʥʘʯʝʥʥʷʤ ʮʽʣʴʦʚʦʾ 

ʟʤʽʥʥʦʾ, ʟʤʽʥʝʥʦʾ ʚ ʭʦʜʽ ʨʫʭʫ ʚʽʜ ʢʦʨʝʥʷ ʧʦ ʣʠʩʪʫ. ʂʦʞʝʥ ʚʥʫʪʨʽʰʥʽʡ ʚʫʟʦʣ 

ʚʽʜʧʦʚʽʜʘʻ ʦʜʥʽʡ ʟ ʚʭʽʜʥʠʭ ʟʤʽʥʥʠʭ. ɿʘʣʝʞʥʦ ʚʽʜ ʨʽʰʝʥʥʷ, ʧʨʠʡʥʷʪʦʛʦ ʚ ʚʫʟʣʘʭ, 

ʧʨʦʮʝʩ ʚʨʝʰʪʽ-ʨʝʰʪ ʟʫʧʠʥʷʻʪʴʩʷ ʚ ʦʜʥʦʤʫ ʟ ʣʠʩʪʢ̔ ʚ, ʜʝ ʟʤʽʥʥʽʡ ʚʽʜʛʫʢʫ 

ʧʨʠʩʚʦʶʻʪʴʩʷ ʪʝ ʯʠ ʽʥʰʝ ʟʥʘʯʝʥʥʷ. 

ɸʣʛʦʨʠʪʤ ʥʘʚʯʘʥʥʷ (ʘʙʦ ʬʦʨʤʫʚʘʥʥʷ) ʜʝʨʝʚʘ ʜʽʻ ʟʘ ʧʨʠʥʮʠʧʦʤ 

ʨʝʢʫʨʩʠʚʥʦʛʦ ʩʝʢʮʽʦʥʫʚʘʥʥʷ. ʉʝʢʮʽʦʥʫʚʘʥʥʷ ʥʘʙʦʨʫ ʜʘʥʠʭ (ʪʦʙʪʦ ʨʦʟʙʠʪʪʷ ʥʘ 

ʥʝʧʝʨʝʩʽʯʥʽ ʧʽʜʤʥʦʞʠʥʠ) ʟʜʽʡʩʥʶʻʪʴʩʷ ʥʘ ʦʩʥʦʚʽ ʚʠʢʦʨʠʩʪʘʥʥʷ ʥʘʡʙʽʣʴʰ 

ʧʽʜʭʦʜʷʱʦʛʦ ʜʣʷ ʮʽʻʾ ʦʟʥʘʢʠ. ʋ ʜʝʨʝʚʽ ʩʪʚʦʨʶʻʪʴʩʷ ʚʽʜʧʦʚʽʜʥʠʡ ʚʫʟʦʣ ʧʨʠʡʥʷʪʪʷ 

ʨʽʰʝʥʴ, ʽ ʧʨʦʮʝʩ ʪʨʠʚʘʻ ʨʝʢʫʨʩʠʚʥʦ ʜʦ ʪʠʭ ʧʽʨ, ʜʦʢʠ ʥʝ ʚʠʢʦʥʘʻʪʴʩʷ ʢʨʠʪʝʨʽʡ 

ʟʫʧʠʥʢʠ. 

ɯʩʥʫʶʪʴ ʨʽʟʥʽ ʯʠʩʝʣʴʥʽ ʘʣʛʦʨʠʪʤʠ ʧʦʙʫʜʦʚʠ ʜʝʨʝʚ ʨʽʰʝʥʴ. ʆʜʥʠʤ ʟ ʙʽʣʴʰ 

ʚʽʜʦʤʠʭ ʻ ʘʣʛʦʨʠʪʤ ʧʽʜ ʥʘʟʚʦʶ C5.0, ʨʦʟʨʦʙʣʝʥʠʡ ʧʨʦʛʨʘʤʽʩʪʦʤ J._Ross Quinlan. 

ʌʘʢʪʠʯʥʦ ʘʣʛʦʨʠʪʤ C5.0 ʻ ʩʪʘʥʜʘʨʪ ʧʨʦʮʝʜʫʨʠ ʧʦʙʫʜʦʚʠ ʜʝʨʝʚ ʨʽʰʝʥʴ. ʎʷ 

ʧʨʦʛʨʘʤʘ ʨʝʘʣʽʟʫʻʪʴʩʷ ʥʘ ʢʦʤʝʨʮʽʡʥʽʡ ʦʩʥʦʚʽ, ʘʣʝ ʚʝʨʩʽʷ, ʚʙʫʜʦʚʘʥʘ ʚ ʧʘʢʝʪ 

ʇʽʪʦʥ (ʽ ʜʝʷʢʽ ʽʥʰʽ ʧʘʢʝʪʠ) ʜʦʩʪʫʧʥʽ ʙʝʟʢʦʰʪʦʚʥʦ. 

ɸʣʛʦʨʠʪʤ ʨʝʘʣʽʟʫʻ ʧʨʠʥʮʠʧ ʨʝʢʫʨʩʠʚʥʦʛʦ ʧʦʜʽʣʫ (ʘʥʛʣ. recursive 

partitioning). ʈʦʙʦʪʘ ʘʣʛʦʨʠʪʤʫ ʧʦʯʠʥʘʻʪʴʩʷ ʟ ʧʦʨʦʞʥʴʦʛʦ ʜʝʨʝʚʘ ʽ ʧʦʚʥʦʛʦ 

ʥʘʙʦʨʫ ʜʘʥʠʭ. ʋ ʚʫʟʣʘʭ, ʧʦʯʠʥʘʶʯʠ ʟ ʢʦʨʝʥʝʚʦʛʦ, ʚʠʙʠʨʘʻʪʴʩʷ ʦʟʥʘʢʘ, ʟʥʘʯʝʥʥʷ 

ʷʢʦʾ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʜʣʷ ʨʦʟʙʠʪʪʷ ʚʩʽʭ ʜʘʥʠʭ ʥʘ ʜʚʘ ʢʣʘʩʠ. ʇʽʩʣʷ ʧʝʨʰʦʾ 

ʽʪʝʨʘʮʽʾ ʘʣʛʦʨʠʪʤʫ ʟ'ʷʚʣʷʻʪʴʩʷ ʜʝʨʝʚʦ ʟ ʦʜʥʠʤ ʚʫʟʣʦʤ, ʨʦʟʙʠʚʘʻ ʥʘʙʽʨ ʜʘʥʠʭ ʥʘ 

ʜʚʘ ʧʽʜʤʥʦʞʠʥʠ. ʇʽʩʣʷ ʮʴʦʛʦ ʜʘʥʠʡ ʧʨʦʮʝʩ ʤʦʞʝ ʙʫʪʠ ʚʠʢʦʥʘʥʠʡ ʧʦʚʪʦʨʥʦ, 

ʩʪʦʩʦʚʥʦ ʢʦʞʥʦʛʦ ʟ ʧʽʜʤʥʦʞʠʥ, ʜʣʷ ʩʪʚʦʨʝʥʥʷ ʧʽʜʜʝʨʝʚ. ɼʣʷ ʧʦʜʽʣʫ ʜʘʥʠʭ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʫʤʦʚʠ ʚʠʜʫ: x a< , x a> , ʜʝ x  ï ʟʥʘʯʝʥʥʷ ʬʘʢʪʦʨʘ, a  ï ʜʝʷʢʝ 
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ʬʽʢʩʦʚʘʥʝ ʯʠʩʣʦ. ʊʘʢʽ ʨʦʟʙʠʪʪʷ çaxis-parallel splitsè, ʪʦʙʪʦ çʨʦʟʙʠʪʪʷ ʟʘ 

ʧʘʨʘʣʝʣʴʥʠʤʠ ʦʩʷʤʠè. ʇʦ ʩʫʪʽ, ʧʽʜ ʯʘʩ ʢʦʞʥʦ ʾʧʝʨʝʚʽʨʢʠ ʫʤʦʚʠ ʚʽʜʙʫʚʘʻʪʴʩʷ 

ʩʦʨʪʫʚʘʥʥʷ ʚʠʙʽʨʦʢ ʜʘʥʠʭ ʪʘʢ, ʱʦ ʢʦʞʝʥ ʝʣʝʤʝʥʪ ʜʘʥʠʭ ʚʠʟʥʘʯʘʻʪʴʩʷ ʷʢ 

ʚʽʜʧʦʚʽʜʥʠʡ ʪʽʣʴʢʠ ʦʜʥʽʻʾ ʛʽʣʢʠ. ʂʨʠʪʝʨʽʾ ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʴ ʨʦʟʙʠʚʘʶʪʴ 

ʧʦʯʘʪʢʦʚʫ ʤʥʦʞʠʥʫ ʜʘʥʠʭ ʥʘ ʥʝʧʝʨʝʩʽʯʥʽ ʧʽʜʤʥʦʞʠʥʠ. ʇʨʦʮʝʩ ʪʨʠʚʘʻ ʜʦ ʪʠʭ 

ʧʽʨ, ʜʦʢʠ ʥʝ ʚʠʢʦʥʘʻʪʴʩʷ ʢʨʠʪʝʨʽʡ ʟʫʧʠʥʢʠ. 

ɼʣʷ ʧʦʙʫʜʦʚʠ ʜʝʨʝʚʘ ʨʽʰʝʥʴ ʥʝʦʙʭʽʜʥʦ ʚʠʟʥʘʯʠʪʠ ʦʟʥʘʢʠ, ʟʘ ʷʢʠʤʠ 

ʟʜʽʡʩʥʶʚʘʪʠʤʝʪʴʩʷ ʨʦʟʙʠʪʪʷ. ʋ ʨʘʟʽ ʢʣʘʩʠʬʽʢʘʮʽʾ ʚʠʙʽʨʦʢ ʜʘʥʠʭ ʮʠʤʠ ʦʟʥʘʢʘʤʠ 

ʤʦʞʫʪʴ ʚʠʩʪʫʧʘʪʠ ʩʘʤʽ ʟʥʘʯʝʥʥʷ ʚʠʙʽʨʢʠ. ɿ ʥʘʙʦʨʫ ʦʟʥʘʢ ʜʣʷ ʧʦʙʫʜʦʚʠ 

ʨʦʟʙʠʪʪʷ, ʧʦʪʨʽʙʥʦ ʚʠʙʨʘʪʠ ʪʘʢʽ, ʱʦ ʜʦʟʚʦʣʷʪʴ ʦʪʨʠʤʘʪʠ ʷʢʦʤʦʛʘ ʙʽʣʴʰʝ 

ʦʜʥʦʨʽʜʥʠʭ (ʯʠʩʪʠʭ) ʛʨʫʧ. ɸʣʛʦʨʠʪʤ C5.0 ʚʠʢʦʨʠʩʪʦʚʫʻ ʷʢ ʟʘʧʦʙʽʞʥʫ 

ʦʜʥʦʨʽʜʥʩ̔ʪɹ (ʯʠʩʪʦʪʫ) ʛʨʫʧʠ ʧʦʥʷʪʪʷ ʝʥʪʨʦʧʽʾ, ʷʢʘ ʻ ʤʽʨʦʶ ʥʝʚʧʦʨʷʜʢʦʚʘʥʦʩʪʽ 

ʜʘʥʠʭ. 

ɺʠʢʦʨʠʩʪʦʚʫʶʯʠ ʝʥʪʨʦʧʽʶ ʷʢ ʤʽʨʫ ʯʠʩʪʦʪʠ ʛʨʫʧ, ʷʢʽ ʻ ʨʝʟʫʣʴʪʘʪʦʤ 

ʨʦʟʙʠʪʪʷ, ʘʣʛʦʨʠʪʤ ʤʦʞʝ ʚʠʙʨʘʪʠ ʪʫ ʦʟʥʘʢʫ, ʨʦʟʙʠʪʪʷ ʟʘ ʷʢʦʁ ʜʘʩʪʴ ʥʘʡʯʠʩʪʽʰʫ 

ʛʨʫʧʫ (ʪʦʙʪʦ ʛʨʫʧʫ, ʱʦ ʤʘʻ ʥʘʡʤʝʥʰʫ ʝʥʪʨʦʧʽʶ). ʎʽ ʦʙʯʠʩʣʝʥʥʷ ʥʘʟʠʚʘʶʪʴʩʷ 

ʽʥʬʦʨʤʘʮʽʡʥʠʤ ʧʨʠʨʽʩʪʦʤ (ʘʥʛʣ. information gain). ʎʷ ʦʟʥʘʢʘ ʚʠʟʥʘʯʘʻʪʴʩʷ 

ʤʝʪʦʜʦʤ ʧʝʨʝʙʦʨʫ. ɼʣʷ ʢʦʞʥʦʾ ʦʟʥʘʢʠ F (ʘʥʛʣ. feature) ʟʥʘʯʝʥʥʷ ʽʥʬʦʨʤʘʮʽʡʥʦʛʦ 

ʧʨʠʨʦʩʪʫ ʦʙʯʠʩʣʶʻʪʴʩʷ ʷʢ ʨʽʟʥʠʮʷ ʝʥʪʨʦʧʽʡ ʛʨʫʧʠ (ʩʝʛʤʝʥʪʽʚ, ʘʥʛʣ.segment) ʜʦ 

ʨʦʟʙʠʪʪʷ ʽ ʧʽʩʣʷ ʥʴʦʛʦ. ʏʠʤ ʙʽʣʴʰʝ ʟʥʘʯʝʥʥʷ ʽʥʬʦʨʤʘʮʽʡʥʦʛʦ ʧʨʠʨʦʩʪʫ ʜʣ̫ 

ʚʠʙʨʘʥʦʾ ʦʟʥʘʢʠ, ʪʠʤ ʢʨʘʱʝ ʮʷ ʦʟʥʘʢʘ ʧʽʜʭʦʜʠʪʴ ʜʣʷ ʪʦʛʦ, ʱʦʙ ʧʨʦʚʝʩʪʠ ʟʘ ʥʝʶ  

ʨʦʟʙʠʪʪʷ, ʪʦʤʫ ʱʦ ʪʘʢʝ ʨʦʟʙʠʪʪʷ ʟʘʙʝʟʧʝʯʠʪʴ ʦʪʨʠʤʘʥʥʷ ʥʘʡʙʽʣʴʰ ʦʜʥʦʨʽʜʥʦʾ 

ʛʨʫʧʠ. ʗʢʱʦ ʜʣʷ ʚʠʙʨʘʥʦʾ ʦʟʥʘʢʠ ʟʥʘʯʝʥʥʷ ʽʥʬʦʨʤʘʮʽʡʥʦʛʦ ʧʨʠʨʦʩʪʫ ʙʣʠʟʴʢʝ ʜʦ 

ʥʫʣʷ, ʪʦ ʮʝ ʦʟʥʘʯʘʻ, ʱʦ ʨʦʟʙʠʪʪʷ ʟʘ ʮʽʻʶ ʦʟʥʘʢʦʶ ʙʝʟʧʝʨʩʧʝʢʪʠʚʥʦ, ʪʦʤʫ ʱʦ 

ʚʦʥʦ ʥʝ ʧʨʠʚʝʜʝ ʜʦ ʟʥʠʞʝʥʥʷ ʝʥʪʨʦʧʽʾ. ɿ ʽʥʰʦʛʦ ʙʦʢʫ, ʤʘʢʩʠʤʘʣʴʥʦ ʤʦʞʣʠʚʝ 

ʟʥʘʯʝʥʥʷ ʚʝʣʠʯʠʥʠ ʽʥʬʦʨʤʘʮʽʡʥʦʛʦ ʧʨʠʨʦʩʪʫ ʜʦʨʽʚʥʶʻ ʚʝʣʠʯʠʥʽ ʝʥʪʨʦʧʽʾ ʜʦ 

ʨʦʟʙʠʪʪʷ. ʎʝ ʦʟʥʘʯʘʻ, ʱʦ ʝʥʪʨʦʧʽʷ ʧʽʩʣʷ ʨʦʟʙʠʪʪʷ ʜʦʨʽʚʥʶʚʘʪʠʤʝ ʥʫʣʶ, ʪʦʙʪʦ 

ʦʪʨʠʤʘʥʽ ʚ ʨʝʟʫʣʴʪʘʪʽ ʨʦʟʙʠʪʪʷ ʛʨʫʧʠ ʙʫʜʫʪʴ ʧʦʚʥʽʩʪʶ ʦʜʥʦʨʽʜʥʠʤʠ (ʯʠʩʪʠʤʠ). 
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ʆʩʥʦʚʥʽ ʧʝʨʝʚʘʛʠ ʘʣʛʦʨʠʪʤʫ ʉ5.0 ʜʣʷ ʟʘʜʘʯ ʧʨʦʛʥʦʟʫʚʘʥʥʷ: ʚʽʥ ʻ 

ʫʥʽʚʝʨʩʘʣʴʥʠʤ, ʜʦʙʨʝ ʚʠʨʽʰʫʻ ʟʘʚʜʘʥʥʷ ʢʣʘʩʠʬʽʢʘʮʽʾ ʟ ʨʽʟʥʠʭ ʦʙʣʘʩʪʝʡ; ʜʣʷ 

ʧʦʙʫʜʦʚʠ ʜʝʨʝʚʘ ʨʽʰʝʥʴ ʚʠʙʠʨʘʻ ʟ ʙʝʟʣʽʯʽ ʦʟʥʘʢ ʪʽʣʴʢʠ ʪʽ, ʷʢʽ ʩʠʣʴʥʦ ʚʧʣʠʚʘʶʪʴ 

ʥʘ ʨʝʟʫʣʴʪʘʪ ʢʣʘʩʠʬʽʢʘʮʽʾ; ʚʠʤʘʛʘʻ ʚʽʜʥʦʩʥʦ ʥʝʚʝʣʠʢʦʛʦ ʦʙʩʷʛʫ ʥʘʚʯʘʣʴʥʦʾ 

ʚʠʙʽʨʢʠ. ʆʜʥʠʤ ʟ ʽʩʪʦʪʥʠʭ çʧʣʶʩʽʚè ʘʣʛʦʨʠʪʤʫ C5.0 ʻ ʡʦʛʦ ʟʜʘʪʥʽʩʪʴ 

ʟʜʽʡʩʥʶʚʘʪʠ ʧʽʩʣʷ ʦʙʨʽʟʢʠ (ʘʥʛʣ. post-pruning) ʧʦʙʫʜʦʚʘʥʦʛʦ ʜʝʨʝʚʘ ʨʽʰʝʥʴ, 

ʪʦʙʪʦ ʚʽʜʩʽʢʘʥʥʷ ʪʠʭ ʚʫʟʣʽʚ ʽ ʛʽʣʦʢ, ʚʠʢʦʨʠʩʪʘʥʥʷ ʷʢʠʭ ʤʘʣʦ ʚʧʣʠʚʘʻ ʥʘ 

ʨʝʟʫʣʴʪʘʪʠ ʧʨʦʛʥʦʟʫ. ɼʦ ʥʝʜʦʣʽʢʽʚ ʥʘʣʝʞʠʪʴ ʪʝ, ʱʦ ʘʣʛʦʨʠʪʤ çʪʷʛʦʪʽʻè ʜʦ 

ʨʦʟʙʠʪʪʷ ʟʘ ʦʟʥʘʢʘʤʠ ʟ ʚʝʣʠʢʦʶ ʢʽʣʴʢʽʩʪʶ ʨʽʚʥʽʚ (ʤʦʜʝʣʴ ʜʝʨʝʚ ʨʽʰʝʥʴ ʯʘʩʪʦ 

ʫʧʝʨʝʜʞʝʥʦ ʨʦʟʙʠʚʘʻʪʴʩʷ ʥʘ ʬʫʥʢʮʽʾ, ʱʦ ʤʘʶʪʴ ʚʝʣʠʢʫ ʢʽʣʴʢʽʩʪʴ ʨʽʚʥʽʚ); 

ʥʝʪʦʯʥʦʩʪʽ ʢʣʘʩʠʬʽʢʘʮʽʾ ʤʦʞʫʪʴ ʚʠʥʠʢʥʫʪʠ ʯʝʨʝʟ ʪʝ, ʱʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ 

ʪʽʣʴʢʠ çʧʘʨʘʣʝʣʴʥʽ ʦʩʷʤè ʨʦʟʙʠʪʪʷ; ʜʝʨʝʚʘ ʨʽʰʝʥʴ ʽʥʦʜʽ ʚʠʭʦʜʷʪʴ ʜʫʞʝ 

ʚʝʣʠʢʠʤʠ. 

ɸʥʩʘʤʙʣʽ ʜʝʨʝʚ. 

ʄʦʜʝʣʽ ʚʠʨʽʰʘʣʴʥʠʭ ʜʝʨʝʚ ʜʫʞʝ ʯʫʪʣʠʚʽ ʜʦ ʰʫʤʽʚ ʫ ʚʭʽʜʥʠʭ ʜʘʥʠʭ, ʚʩʷ 

ʤʦʜʝʣʴ ʤʦʞʝ ʢʘʨʜʠʥʘʣʴʥʦ ʟʤʽʥʠʪʠʩʷ, ʷʢʱʦ ʪʨʦʭʠ ʟʤʽʥʠʪʴʩʷ ʥʘʚʯʘʣʴʥʘ ʚʠʙʽʨʢʘ. 

ɯʥʰʠʤʠ ʩʣʦʚʘʤʠ, ʚʥʦʩʷʯʠ ʥʘʚʽʪʴ ʥʝʟʥʘʯʥʽ ʟʤʽʥʠ ʚ ʥʘʚʯʘʣʴʥʽ ʜʘʥʽ, ʤʠ ʟʘʚʞʜʠ 

ʦʪʨʠʤʫʚʘʪʠʤʝʤʦ ʽʥʰʫ ʤʦʜʝʣʴ. ɸʣʝ ʚʠʭʽʜʥʘ ʽ ʟʤʽʥʝʥʘ ʤʦʜʝʣʽ ʬʫʥʢʮʽʦʥʫʚʘʪʠʤʫʪʴ 

ʧʨʠʙʣʠʟʥʦ ʦʜʥʘʢʦʚʦ ʽ ʟ ʧʦʨʽʚʥʷʣʴʥʦʶ ʪʦʯʥʽʩʪʶ: ʥʝʟʥʘʯʥʽ ʟʤʽʥʠ ʚ ʥʘʚʯʘʣʴʥʠʭ 

ʜʘʥʠʭ ʥʝ ʧʨʠʟʚʝʜʫʪʴ ʜʦ ʟʤʽʥʠ ʦʩʥʦʚʥʠʭ ʟʘʢʦʥʦʤʽʨʥʦʩʪʝʡ. ʋ ʮʴʦʤʫ ʚʠʧʘʜʢʫ 

ʜʦʮʽʣʴʥʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʘʥʩʘʤʙʣʽ ʤʦʜʝʣʝʡ. ɸʥʩʘʤʙʣʴ ʤʦʜʝʣʝʡ ʚ ʮʽʣʦʤʫ ʤʦʞʝ 

ʨʦʟʛʣʷʜʘʪʠʩʷ ʷʢ ʩʢʣʘʜʥʘ, ʩʢʣʘʜʦʚʘ ʤʦʜʝʣʴ, ʱʦ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʦʢʨʝʤʠʭ ʙʘʟʦʚʠʭ 

ʤʦʜʝʣʝʡ. ʉʢʣʘʜʦʚʽ ʤʦʜʝʣʽ ʤʦʞʫʪʴ ʙʫʪʠ ʷʢ ʦʜʥʘʢʦʚʦʛʦ ʪʠʧʫ, ʪʘʢ ʽ ʨʽʟʥʠʭ. 

ʆʜʥʠʤ ʟ ʧʝʨʰʠʭ ʽ ʥʘʡʙʽʣʴʰ ʚʽʜʦʤʠʭ ʚʠʜʽʚ ʘʥʩʘʤʙʣʽʚ ʻ ʤʝʪʦʜ ʙʝʛʛʽʥʛ 

(ʘʥʛʣ.begging). ɺʽʥ ʙʫʚ ʨʦʟʨʦʙʣʝʥʠʡ ʃʝʦ ɹʨʝʡʤʘʥʦʤ ʚ 1994 ʨʦʮʽ ʽ ʟʘʩʥʦʚʘʥʠʡ ʥʘ 

ʩʪʘʪʠʩʪʠʯʥʦʤʫ ʤʝʪʦʜʽ ʙʫʪʩʪʨʝʧʘ. ɹʫʪʩʪʨʝʧ ʻ ʢʦʤʧôʁ ʪʝʨʥʠʤ ʤʝʪʦʜʦʤ 

ʜʦʩʣʽʜʞʝʥʥʷ ʨʦʟʧʦʜʽʣʫ ʩʪʘʪʠʩʪʠʢ ʽʤʦʚʽʨʥʽʩʥʠʭ ʨʦʟʧʦʜʽʣʽʚ, ʟʘʩʥʦʚʘʥʠʡ ʥʘ 

ʙʘʛʘʪʦʨʘʟʦʚʽʡ ʛʝʥʝʨʘʮʽʾ ʚʠʙʽʨʦʢ ʥʘ ʦʩʥʦʚʽ ʦʜʥʽʻʾ. 
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ɹʝʛʛʽʥʛ ï ʪʝʭʥʦʣʦʛʽʷ ʢʣʘʩʠʬʽʢʘʮʽʾ, ʜʝ ʚʩʝ ʝʣʝʤʝʥʪʘʨʥʽ ʢʣʘʩʠʬʽʢʘʪʦʨʠ 

ʥʘʚʯʘʶʪʴʩʷ ʽ ʧʨʘʮʶʶʪʴ ʥʝʟʘʣʝʞʥʦ ʦʜʠʥ ʚʽʜ ʦʜʥʦʛʦ. ɯʜʝʷ ʚ ʪʦʤʫ, ʱʦ 

ʢʣʘʩʠʬʽʢʘʪʦʨʠ ʥʝ ʚʠʧʨʘʚʣʷʶʪʴ ʧʦʤʠʣʢʠ ʦʜʠʥ ʦʜʥʦʛʦ, ʘ ʢʦʤʧʝʥʩʫʶʪʴ ʾʭ ʧʽʜ ʯʘʩ 

ʛʦʣʦʩʫʚʘʥʥ.̫ 

ɺ ʦʩʥʦʚʽ ʨʦʙʦʪʠ ʙʝʛʛʽʥʛʘ ʣʝʞʠʪʴ ʪʝʭʥʦʣʦʛʽʷ ʢʣʘʩʠʬʽʢʘʮʽʾ, ʱʦ ʦʪʨʠʤʘʣʘ 

ʥʘʟʚʫ çʦʙʫʨʝʥʥʷ ʽ ʢʦʤʙʽʥʫʚʘʥʥʷè [Brieman, 1996]. ʇʽʜ ʦʙʫʨʝʥʥʷʤ ʨʦʟʫʤʽʪʁɹ 

ʚʥʝʩʝʥʥʷ ʜʝʷʢʠʭ ʚʠʧʘʜʢʦʚʠʭ ʟʤʽʥ ʫ ʥʘʚʯʘʣʴʥʽ ʜʘʥʽ ʽ ʧʦʙʫʜʦʚʘ ʜʝʢʽʣʴʢʦʭ 

ʘʣʴʪʝʨʥʘʪʠʚʥʠʭ ʤʦʜʝʣʝʡ ʥʘ ʟʤʽʥʝʥʠʭ ʜʘʥʠʭ ʟ ʧʦʜʘʣʴʰʠʤ ʢʦʤʙʽʥʫʚʘʥʥʷʤ 

ʨʝʟʫʣʴʪʘʪʫ. ɿ ʦʜʥʽʻʾ ʥʘʚʯʘʣʴʥʦʾ ʤʥʦʞʠʥʠ ʰʣʷʭʦʤ ʩʝʤʧʣʽʶʚʘʥʥʷ ʚʠʪʷʛʫʻʪʴʩʷ 

ʢʽʣʴʢʘ ʧʽʜʚʠʙʽʨʦʢ, ʢʦʞʥʘ ʟ ʷʢʠʭ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʜʣʷ ʥʘʚʯʘʥʥʷ ʦʜʥʽʻʾ ʟ ʤʦʜʝʣʝʡ 

ʘʥʩʘʤʙʣʶ. ʗʢʱʦ ʘʥʩʘʤʙʣʴ ʙʫʜʫʻʪʴʩʷ ʥʘ ʦʩʥʦʚʽ ʤʦʜʝʣʝʡ ʨʽʟʥʠʭ ʪʠʧʽʚ, ʪʦ ʜʣʷ 

ʢʦʞʥʦʛʦ ʪʠʧʫ ʙʫʜʝ ʩʚʽʡ ʘʣʛʦʨʠʪʤ ʥʘʚʯʘʥʥʷ. 

ɿʘʟʚʠʯʘʡ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʪʘʢʽ ʩʧʦʩʦʙʠ ʢʦʤʙʽʥʫʚʘʥʥʷ: ʛʦʣʦʩʫʚʘʥʥʷ 

(ʚʠʙʠʨʘʻʪʴʩʷ ʪʦʡ ʢʣʘʩ, ʷʢʠʡ ʙʫʚ ʚʠʜʘʥʠʡ ʧʨʦʩʪʦʶ ʙʽʣʴʰʽʩʪʶ ʤʦʜʝʣʝʡ 

ʘʥʩʘʤʙʣʶ) ʘʙʦ ʫʩʝʨʝʜʥʝʥʥʷ, ʷʢʝ ʤʦʞʝ ʚʠʟʥʘʯʘʪʠʩʷ ʷʢ ʧʨʦʩʪʝ ʩʝʨʝʜʥʻ ʟʥʘʯʝʥʥʷ 

ʚʠʭʦʜʽʚ ʫʩʽʭ ʤʦʜʝʣʝʡ (ʷʢʱʦ ʧʨʦʚʦʜʠʪʴʩʷ ʟʚʘʞʝʥʝ ʫʩʝʨʝʜʥʝʥʥʷ, ʪʦ ʚʠʭʦʜʠ 

ʤʦʜʝʣʝʡ ʤʥʦʞʘʪʴʩʷ ʥʘ ʚʽʜʧʦʚʽʜʥʽ ʚʘʛʠ). ɽʬʝʢʪʠʚʥʽʩʪʴ ʙʝʛʛʽʥʛʘ ʜʦʩʷʛʘʻʪʴʩʷ 

ʟʘʚʜʷʢʠ ʪʦʤʫ, ʱʦ ʙʘʟʦʚʽ ʘʣʛʦʨʠʪʤʠ, ʷʢʽ ʧʨʦʡʰʣʠ ʥʘʚʯʘʥʥʷ ʟʘ ʨʽʟʥʠʤʠ 

ʧʽʜʚʠʙʽʨʢʘʤʠ, ʚʠʭʦʜʷʪʴ ʜʦʩʠʪʴ ʨʽʟʥʠʤʠ, ʽ ʾʭʥʽ ʧʦʤʠʣʢʠ ʚʟʘʻʤʥʦ ʢʦʤʧʝʥʩʫʶʪʴʩʷ 

ʧ̔ ʜ ʯʘʩ ʛʦʣʦʩʫʚʘʥʥ,̫ ʘ ʪʘʢʦʞ ʟʘ ʨʘʭʫʥʦʢ ʪʦʛʦ, ʱʦ ʦʙô̒ ʢʪʠ-ʚʠʢʠʜʠ ʤʦʞʫʪʴ ʥʝ 

ʧʦʪʨʘʧʣʷʪʠ ʜʦ ʜʝʷʢʠʭ ʥʘʚʯʘʣʴʥʠʭ ʧʽʜʚʠʙʽʨʢʦʢ. 

ɺʠʧʘʜʢʦʚʠʡ ʣʽʩ ʪʘʢʦʞ ʻ ʤʝʪʦʜʦʤ ʙʝʛʛʽʥʛʘ, ʘʣʝ ʥʘ ʚʽʜʤʽʥʫ ʚʽʜ ʡʦʛʦ 

ʦʩʥʦʚʥʦʾ ʚʝʨʩʽʾ ʚʠʧʘʜʢʦʚʠʡ ʣʽʩ ʜʦʜʘʻ ʢʽʣʴʢʘ ʦʩʦʙʣʠʚʦʩʪʝʡ [Breiman, 2001; Biau, 

2016]: 

1. ɺʠʢʦʨʠʩʪʦʚʫʻ ʚʩʝʨʝʜʠʥʽ ʩʝʙʝ ʘʥʩʘʤʙʣʴ ʪʽʣʴʢʠ ʨʝʛʨʝʩʽʡʥʠʭ ʘʙʦ 

ʢʣʘʩʠʬʽʢʫʶʯʠʭ ʜʝʨʝʚ ʨʽʰʝʥʴ. 

2. ɺ ʘʣʛʦʨʠʪʤʽ ʩʝʤʧʣʽʶʚʘʥʥʷ ʢʨʽʤ ʚʠʙʦʨʫ ʚʠʧʘʜʢʦʚʠʤ ʯʠʥʦʤ ʥʘʚʯʘʣʴʥʠʭ 

ʦʙô̒ ʢʪʽʚ, ʪʘʢʦʞ ʧʨʦʚʦʜʠʪʴʩʷ ʚʠʙʽʨ ʚʠʧʘʜʢʦʚʠʤ ʯʠʥʦʤ ʦʟʥʘʢ. 
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3. ɼʣʷ ʢʦʞʥʦʾ ʧʽʜʚʠʙʽʨʢʠ ʜʝʨʝʚʦ ʨʽʰʝʥʴ ʙʫʜʫʻʪʴʩʷ ʜʦ ʧʦʚʥʦʛʦ 

ʚʠʯʝʨʧʘʥʥʷ ʥʘʚʯʘʣʴʥʠʭ ʧʨʠʢʣʘʜʽʚ ʽ ʥʝ ʧʽʜʜʘʻʪʴʩʷ ʧʨʦʮʝʜʫʨʽ ʚʽʜʩʽʢʘʥʥʷ ʛʽʣʦʢ. 

ʄʝʪʦʜ ʥʝʡʨʦʥʥʠʭ ʤʝʨʝʞ. 

ʄʦʞʥʘ ʩʢʘʟʘʪʠ, ʱʦ ʙʫʜʴ-ʷʢʘ ʥʝʡʨʦʥʥʘ ʤʝʨʝʞʘ (ʅʄ) ʜʽʻ ʚ ʪʘʢʠʡ ʩʧʦʩʽʙ: 

ʽʪʝʨʘʮʽʷ ʟʘ ʽʪʝʨʘʮʽʻʶ ʜʝʬʦʨʤʫʻ ʚʝʢʪʦʨ ʚʭʽʜʥʠʭ ʜʘʥʠʭ ʪʘʢ, ʱʦʙ ʚ ʨʝʟʫʣʴʪʘʪʽ 

ʜʝʬʦʨʤʘʮʽʾ ʜʘʥʽ, ʷʢʽ ʤʠ ʜʘʣʠ ʥʘ ʚʭʦʜʽ, ʧʦʪʨʘʧʠʣʠ ʚ ʟʦʥʠ, ʜʝ ʤʠ ʦʯʽʢʫʻʤʦ ʾʭ 

ʧʦʙʘʯʠʪʠ ʥʝ ʚʠʭʦʜʽ. ʗʢʱʦ ʨʦʟʛʣʷʜʘʪʠ ʟʚʠʯʘʡʥʽ ʅʄ, ʪʦ, ʢʦʞʝʥ ʦʢʨʝʤʠʡ ʧʨʠʢʣʘʜ 

ʩʧʨʠʡʤʘʻʪʴʩʷ ʙʝʟ ʫʨʘʭʫʚʘʥʥʷ ʚʧʣʠʚʫ ʤʠʥʫʣʦ ʾ ʽʥʬʦʨʤʘʮʽʾ ʥʘ ʧʦʪʦʯʥʠʡ 

ʨʝʟʫʣʴʪʘʪ. 

ɼʣʷ ʚʠʨʽʰʝʥʥʷ ʮʽʻʾ ʧʨʦʙʣʝʤʠ ʙʫʣʠ ʨʦʟʨʦʙʣʝʥʽ ʨʝʢʫʨʨʝʥʪʥʽ ʥʝʡʨʦʥʥʽ 

ʤʝʨʝʞʽ (ʘʥʛʣ. Recurrent Neural Networks, RNN). ʎʝ ʤʝʨʝʞʽ, ʱʦ ʤʽʩʪʷʪʴ ʟʚʦʨʦʪʥʽ 

ʟʚ'ʷʟʢʠ ʽ ʜʦʟʚʦʣʷʶʪʴ ʚʨʘʭʦʚʫʚʘʪʠ ʧʦʧʝʨʝʜʥʽ ʽʪʝʨʘʮʽʾ. ʋ 80-ʭ ʨʨ. ʙʫʣʘ 

ʟʘʧʨʦʧʦʥʦʚʘʥʘ ʘʨʭʽʪʝʢʪʫʨʘ ʨʝʢʫʨʝʥʪʥʦʾ ʥʝʡʨʦʥʥʦʾ ʤʝʨʝʞʽ ɽʣʤʘʥʘ. ʈʝʢʫʨʝʥʪʥʫ 

ʤʝʨʝʞʫ ʤʦʞʥʘ ʨʦʟʛʣʷʜʘʪʠ, ʷʢ ʢʽʣʴʢʘ ʢʦʧʽʡ ʦʜʥʽʻʾ ʽ ʪʽʻʾ ʞ ʤʝʨʝʞʽ, ʢʦʞʥʘ ʟ ʷʢʠʭ 

ʧʝʨʝʜʘʻ ʽʥʬʦʨʤʘʮʽʶ ʧʦʜʘʣʴʰʦʾ ʢʦʧʽʾ. RNN ʥʘʛʘʜʫʶʪʴ ʣʘʥʮʶʞʦʢ, ʽ ʾʭ 

ʘʨʭʽʪʝʢʪʫʨʘ ʜʦʙʨʝ ʧʽʜʭʦʜʠʪʴ ʜʣʷ ʨʦʙʦʪʠ ʟ ʜʘʥʠʤʠ ʪʠʧʫ ʟ ʧʦʩʣʽʜʦʚʥʦʩʪʷʤʠ, 

ʩʧʠʩʢʘʤʠ ʽ ʪʠʤʯʘʩʦʚʠʤʠ ʨʷʜʘʤʠ. 

ʉʭʝʤʘ ʨʦʙʦʪʠ RNN ʚʠʛʣʷʜʘʻ ʪʘʢ: ʻ ʚʭʽʜʥʠʡ ʰʘʨ ʥʝʡʨʦʥʽʚ, ʷʢʠʡ 

ʧʨʦʝʢʪʫʻʪʴʩʷ ʥʘ ʧʨʠʭʦʚʘʥʠʡ ʰʘʨ (ʦʜʠʥ ʘʙʦ ʢʽʣʴʢʘ), ʚʠʭʦʜʠ ʧʨʠʭʦʚʘʥʦʛʦ ʰʘʨʫ 

ʧʝʨʝʜʘʶʪʴʩʷ ʥʘ ʚʠʭʽʜʥʠʡ ʰʘʨ, ʘ ʪʘʢʦʞ ʢʦʧʽʶʶʪʴʩʷ ʥʘ ʰʘʨ ʢʦʥʪʝʢʩʪʫ, ʷʢʠʡ ʥʘ 

ʥʘʩʪʫʧʥʽʡ ʽʪʝʨʘʮʽʾ ʩʧʨʠʡʤʘʻʪʴʩʷ ʨʘʟʦʤ ʟ ʚʭʽʜʥʠʤ ʰʘʨʦʤ ʽ ʟô̒ ʜʥʘʥʠʡ ʟ 

ʧʨʠʭʦʚʘʥʠʤ ʰʘʨʦʤ. ɺʽʜʧʦʚʽʜʥʦ ʤʠ ʦʪʨʠʤʫʻʤʦ ʮʠʢʣ: ʧʨʠʭʦʚʘʥʠʡ ʰʘʨ ï ʰʘʨ 

ʢʦʥʪʝʢʩʪʫ ï ʧʨʠʭʦʚʘʥʠʡ ʰʘʨ. ʋ ʧʨʦʮʝʩʽ ʨʦʙʦʪʠ ʚ RNN ʥʘʜʭʦʜʠʪʠʤʫʪʴ ʥʦʚʽ 

ʧʨʠʢʣʘʜʠ, ʷʢʽ ʟʤʽʥʶʚʘʪʠʤʫʪʴ ʢʦʥʪʝʢʩʪ ʽ ʢʦʥʪʝʢʩʪ, ʷʢʠʡ ʮʠʨʢʫʣʶʻ ʚʩʝʨʝʜʠʥʽ 

ʤʝʨʝʞʽ, ʟʙʝʨʝʞʝ ʮʶ ʽʥʬʦʨʤʘʮʽʶ, ʷʢʘ ʚʧʣʠʥʝ ʥʘ ʧʦʪʦʯʥʫ ʢʣʘʩʠʬʽʢʘʮʽʶ. 

ɿʘ ʦʩʪʘʥʥʽ ʢʽʣʴʢʘ ʨʦʢʽʚ RNN ʟ ʫʩʧʽʭʦʤ ʟʘʩʪʦʩʫʚʘʣʠ ʜʦ ʮʽʣʦʛʦ ʨʷʜʫ 

ʟʘʚʜʘʥʴ: ʨʦʟʧʽʟʥʘʚʘʥʥʷ ʤʦʚʠ, ʤʦʚʥʝ ʤʦʜʝʣʶʚʘʥʥʷ, ʧʝʨʝʢʣʘʜ, ʨʦʟʧʽʟʥʘʚʘʥʥʷ 

ʟʦʙʨʘʞʝʥʴ. 
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ʆʩʥʦʚʥʠʡ ʥʝʜʦʣʽʢ ʢʣʘʩʠʯʥʠʭ RNN ï ʟʛʘʩʘʥʥʷ ʚʧʣʠʚʫ ʧʨʠʢʣʘʜʽʚ ʫ ʭʦʜʽ 

ʚʽʜʜʘʣʝʥʥ ̫ʫ ʯʘʩʽ. ʗʢ ʧʨʘʚʠʣʦ, ʤʘʢʩʠʤʘʣʴʥʠʡ ʚʧʣʠʚ ʥʘ ʚʽʜʧʦʚʽʜʴ ʥʘʰʦʾ ʅʄ ʥʘ 

ʧʝʚʥʽʡ ʽʪʝʨʘʮʽʾ ʤʘʶʪʴ ʧʨʠʢʣʘʜʠ, ʷʢʽ ʙʫʣʠ ʥʘ ʧʦʧʝʨʝʜʥʽʡ ʽʪʝʨʘʮʽʾ, ʥʘ ʜʚʦʭ 

ʽʪʝʨʘʮʽʷʭ ʥʘʟʘʜ ʽ ʪ.ʽʥ., ʽ ʯʠʤ ʜʘʣʽ, ʪʠʤ ʮʝʡ ʚʧʣʠʚ ʟʤʝʥʰʫʻʪʴʩʷ. ɺʦʜʥʦʯʘʩ, ʷʢ 

ʜʦʩʠʪʴ ʯʘʩʪʦ ʙʫʚʘʶʪʴ ʩʠʪʫʘʮʽʾ, ʢʦʣʠ ʽʥʬʦʨʤʘʮʽʷ, ʚʘʞʣʠʚʘ ʜʣʷ ʧʨʘʚʠʣʴʥʦʛʦ 

ʧʨʦʛʥʦʟʫʚʘʥʥʷ, ʟʥʘʭʦʜʠʪʴʩʷ ʥʝ ʥʘ ʥʘʡʙʣʠʞʯʠʭ ʧʨʠʢʣʘʜʘʭ, ʘ ʥʘ 10-20-30 ʽʪʝʨʘʮʽʡ 

ʥʘʟʘʜ. 

ʆʩʪʘʥʥʽʤ ʯʘʩʦʤ ʩʪʘʣʘ ʧʦʧʫʣʷʨʥʦʶ ʘʨʭʽʪʝʢʪʫʨʘ ʨʝʢʫʨʝʥʪʥʠʭ ʅʄ, ʷʢʽ 

ʥʘʟʠʚʘʶʪʴʩʷ ʥʝʡʨʦʥʥʘ ʤʝʨʝʞʘ ʜʦʚʛʦʾ ʢʦʨʦʪʢʦʩʪʨʦʢʦʚʦʾ ʧʘʤô̫ ʪʽ (ʘʥʛʣ. long short-

term memory neural networks ï LSTM). [Khan, 2019] ɯʜʝʷ ʚ ʪʦʤʫ, ʱʦ 

ʟʘʧʨʦʧʦʥʦʚʘʥʠʡ ʤʝʪʦʜ, ʷʢʠʡ ʧʝʚʥʠʤ ʝʣʝʤʝʥʪʘʤ ʚ ʢʦʥʪʝʢʩʪʽ ʚ ʧʦʧʝʨʝʜʥʽʭ 

ʽʪʝʨʘʮʽʷʭ ʥʘʜʘʻ ʙʽʣʴʰʠʡ ʚʧʣʠʚ ʥʘ ʨʝʟʫʣʴʪʘʪ, ʘ ʧʝʚʥʠʤ ï ʤʝʥʰʠʡ. ʋ LSTM ʅʄ 

ʧʨʦʧʦʥʫʻʪʴʩʷ ʨʦʟʰʠʨʠʪʠ ʢʣʘʩʠʯʥʫ ʩʭʝʤʫ ʨʝʢʫʨʝʥʪʥʦʾ ʅʄ ʪʘʢʠʤ ʧʦʥʷʪʪʷʤ, ʷʢ 

ʚʦʨʦʪʘ (ʘʥʛʣ. gate) ï ʝʣʝʤʝʥʪ ʚʩʝʨʝʜʠʥʽ ʅʄ, ʷʢʠʡ ʙʫʚʘʻ çʚʦʨʦʪʘ ʧʘʤôʷʪʽè 

(ʘʥʛʣ.memory gate) ʽ çʚʦʨʦʪʘ ʟʘʙʫʪʪʷè (ʘʥʛʣ. forget gate), ʽ ʷʢʠʡ ʚʠʟʥʘʯʘʻ, ʟ ʷʢʦʶ 

ʡʤʦʚʽʨʥʽʩʪʶ ʪʨʝʙʘ ʜʘʥʠʡ ʧʨʠʢʣʘʜ ʟʘʙʫʪʠ ʘʙʦ ʟʘʧʘʤ'ʷʪʘʪʠ ʜʣʷ ʥʘʩʪʫʧʥʠʭ 

ʽʪʝʨʘʮʽʡ. 

ɼʣʷ ʧʨʦʚʝʜʝʥʥʷ ʢʣʘʩʠʬʽʢʘʮʽʾ ʷʢ ʥʝʡʨʦʥʥʘ ʤʝʨʝʞʘ ʚʠʢʦʨʠʩʪʦʚʫʚʘʚʩʷ 

ʧʦʚʥʦʟʚô̫ ʟʥʠʡ ʙʘʛʘʪʦʰʘʨʦʚʠʡ ʧʝʨʝʩʝʧʪʨʦʥ. ʅʝʡʨʦʥʥʘ ʤʝʨʝʞʘ ʤʘʣʘ ʜʝʩʷʪʴ 

ʧʨʠʭʦʚʘʥʠʭ ʰʘʨʽʚ, ʧô̫ ʪʴ ʟ ʷʢʠʭ ʙʫʣʠ ʧʦʚʥʦʟʚô̫ ʟʥʠʤʠ ʰʘʨʘʤʠ ʟ ʩʽʛʤʦʾʜʘʣʴʥʦʶ 

ʬʫʥʢʮʽʻʶ ʘʢʪʠʚʘʮʽʾ ʥʝʡʨʦʥʘ. ɼʣʷ ʟʘʧʦʙʽʛʘʥʥʷ ʝʬʝʢʪʫ ʧʝʨʝʥʘʚʯʘʥʥʷ ʚ ʤʝʨʝʞʫ 

ʙʫʣʠ ʚʢʣʶʯʝʥʽ ʰʘʨʠ ʨʝʛʫʣʷʨʠʟʘʮʽʾ, ʧʦ ʦʜʥʦʤʫ ʰʘʨʫ ʧʽʩʣʷ ʢʦʞʥʦʛʦ 

ʧʦʚʥʦʟʚô̫ ʟʥʦʛʦ ʰʘʨʫ. ʗʢ ʤʝʪʦʜ ʨʝʛʫʣʷʨʠʟʘʮʽʾ ʙʫʚ ʚʠʢʦʨʠʩʪʘʥʠʡ ʤʝʪʦʜ 

ʥʦʨʤʘʣʽʟʘʮʽʾ ʧʘʨʪʽʾ (ʘʥʛʣ. batch normalization) [Ioffe, 2015]. ɼʘʥʠʡ ʤʝʪʦʜ 

ʜʦʟʚʦʣʷʻ ʧʽʜʚʠʱʠʪʠ ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ ʽ ʩʪʘʙʽʣʽʟʫʚʘʪʠ ʨʦʙʦʪʫ ʥʝʡʨʦʥʥʠʭ ʤʝʨʝʞ. 

ʅʦʨʤʘʣʽʟʘʮʽʷ ʚʭʽʜʥʦʛʦ ʰʘʨʫ ʅʄ ʟʘʟʚʠʯʘʡ ʚʠʢʦʥʫʻʪʴʩʷ ʰʣʷʭʦʤ ʤʘʩʰʪʘʙʫʚʘʥʥʷ 

ʜʘʥʠʭ, ʱʦ ʧʦʜʘʶʪʴʩʷ ʫ ʬʫʥʢʮʽʾ ʘʢʪʠʚʘʮʽʾ. ʅʦʨʤʘʣʽʟʘʮʽʶ ʜʘʥʠʭ ʤʦʞʥʘ ʚʠʢʦʥʘʪʠ ʽ 

ʫ ʧʨʠʭʦʚʘʥʠʭ ʰʘʨʘʭ ʥʝʡʨʦʥʥʠʭ ʤʝʨʝʞ. ʄʝʪʦʜ ʇʅ ʤʘʻ ʪʘʢʽ ʧʝʨʝʚʘʛʠ: ʟʤʝʥʰʫʻ 
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ʚʝʣʠʯʠʥʫ, ʥʘ ʷʢʫ ʟʤʽʱʫʶʪʴʩʷ ʟʥʘʯʝʥʥʷ ʚʫʟʣʽʚ ʚ ʧʨʠʭʦʚʘʥʠʭ ʰʘʨʘʭ (ʪ.ʟʚ. 

ʢʦʚʘʨʽʘʥʪʥʝ ʟʨʫʰʝʥʥʷ (ʘʥʛʣ. covariance shift)); ʜʦʩʷʛʘʻʪʴʩʷ ʙʽʣʴʰ ʰʚʠʜʢʘ 

ʟʙʽʞʥʽʩʪʴ ʤʦʜʝʣʝʡ, ʥʝʟʚʘʞʘʶʯʠ ʥʘ ʚʠʢʦʥʘʥʥʷ ʜʦʜʘʪʢʦʚʠʭ ʦʙʯʠʩʣʝʥʴ; ʧʘʢʝʪʥʘ 

ʥʦʨʤʘʣʽʟʘʮʽʷ ʜʦʟʚʦʣʷʻ ʢʦʞʥʦʤʫ ʰʘʨʫ ʤʝʨʝʞʽ ʥʘʚʯʘʪʠʩʷ ʙʽʣʴʰ ʥʝʟʘʣʝʞʥʦ ʚʽʜ 

ʽʥʰʠʭ ʰʘʨʽʚ; ʩʪʘʻ ʤʦʞʣʠʚʠʤ ʚʠʢʦʨʠʩʪʘʥʥʷ ʙʽʣʴʰ ʚʠʩʦʢʦʛʦ ʪʝʤʧʫ ʥʘʚʯʘʥʥʷ, 

ʦʩʢʽʣʴʢʠ ʧʘʢʝʪʥʘ ʥʦʨʤʘʣʽʟʘʮʽʷ ʛʘʨʘʥʪʫʻ, ʱʦ ʚʠʭʦʜʠ ʚʫʟʣʽʚ ʥʝʡʨʦʥʥʦʾ ʤʝʨʝʞʽ ʥʝ 

ʤʘʪʠʤʫʪʴ ʟʘʥʘʜʪʦ ʚʝʣʠʢʠʭ ʘʙʦ ʤʘʣʠʭ ʟʥʘʯʝʥʴ; ʚʠʢʦʥʫʻʪʴʩʷ ʤʝʭʘʥʽʟʤ 

ʨʝʛʫʣʷʨʠʟʘʮʽʾ; ʤʦʜʝʣʽ ʩʪʘʶʪʴ ʤʝʥʰ ʯʫʪʣʠʚʽ ʜʦ ʧʦʯʘʪʢʦʚʦʾ ʽʥʽʮʽʘʣʽʟʘʮʽʾ ʚʘʛ. 

ʗʢ ʤʝʪʦʜ ʥʘʚʯʘʥʥʷ ʙʫʚ ʦʙʨʘʥʠʡ ʤʝʪʦʜ ʩʪʦʭʘʩʪʠʯʥʦʾ ʦʧʪʠʤʽʟʘʮʽʾ Adam 

(Adaptive Moment Estimation). ɸʣʛʦʨʠʪʤ ʦʧʪʠʤʽʟʘʮʽʾ Adam ʻ ʨʦʟʰʠʨʝʥʥʷʤ 

ʤʝʪʦʜʫ ʩʪʦʭʘʩʪʠʯʥʦʛʦ ʛʨʘʜʽʻʥʪʥʦʛʦ ʩʧʫʩʢʫ ʟ ʽʪʝʨʘʪʠʚʥʠʤ ʦʥʦʚʣʝʥʥʷʤ ʚʘʛ 

ʤʝʨʝʞʽ ʥʘ ʦʩʥʦʚʽ ʥʘʚʯʘʣʴʥʠʭ ʜʘʥʠʭ. ʇʝʨʝʚʘʛʠ ʜʘʥʦʛʦ ʤʝʪʦʜʫ: ʚʽʥ ʧʨʦʩʪʠʡ ʜʣʷ 

ʨʝʘʣʽʟʘʮʽʾ; ʦʙʯʠʩʣʶʚʘʣʴʥʦ ʝʬʝʢʪʠʚʥʠʡ; ʥʝ ʚʠʤʘʛʘʻ ʚʝʣʠʢʦʛʦ ʦʙôʻʤʫ ʧʘʤô̫ ʪʽ; 

ʜʦʙʨʝ ʧʽʜʭʦʜʠʪʴ ʜʣʷ ʟʘʜʘʯ, ʷʢʽ ʻ ʚʝʣʠʢʠʤʠ ʟ ʪʦʯʢʠ ʟʦʨʫ ʜʘʥʠʭ ʽ / ʘʙʦ ʧʘʨʘʤʝʪʨʽʚ. 

ɺʽʥ ʧʦʻʜʥʫʻ ʚ ʩʦʙʽ ʽʜʝʶ ʥʘʢʦʧʠʯʝʥʥʷ ʨʫʭʫ  ̔ʽʜʝʶ ʩʣʘʙʰʦʛʦ ʧʦʥʦʚʣʝʥʥʷ ʚʘʛ ʜʣʷ 

ʪʠʧʦʚʠʭ ʦʟʥʘʢ. ʂʨʽʤ ʪʦʛʦ, ʚʽʥ ʧʦʢʘʟʫʻ ʯʘʩʪʦʪʫ ʟʤʽʥʶʚʘʥʦʩʪʽ ʛʨʘʜʽʻʥʪʘ. ɸʚʪʦʨʠ 

ʘʣʛʦʨʠʪʤʫ ʟʘʧʨʦʧʦʥʫʚʘʣʠ ʜʣʷ ʮʴʦʛʦ ʦʮʽʥʶʚʘʪʠ ʱʝ ʡ ʩʝʨʝʜʥʶ ʥʝʮʝʥʪʨʦʚʘʥʦʛʦ 

ʜʠʩʧʝʨʩʽʶ. 

ʈʦʟʨʦʙʣʝʥʘ ʥʝʡʨʦʥʥʘ ʤʝʨʝʞʘ ʩʫʤʘʨʥʦ ʚʦʣʦʜʽʣʘ 250 ʥʘʚʯʘʣʴʥʠʤʠ 

ʥʝʡʨʦʥʘʤʠ. ʅʘ ʚʭʽʜ ʤʝʨʝʞʽ ʧʦʜʘʚʘʚʩʷ ʚʝʢʪʦʨ ʦʟʥʘʢ: ʩʪʘʪʠʩʪʠʯʥʠʭ, ʬʨʘʢʪʘʣʴʥʠʭ 

ʪʘ ʨʝʢʫʨʝʥʪʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ, ʘ ʚʠʭʦʜʦʤ ʩʣʫʞʠʚ ʽʥʜʠʢʘʪʦʨ ʧʨʠʩʫʪʥʦʩʪʽ DDoS 

ʘʪʘʢʠ ʚ ʯʘʩʦʚʦʤʫ ʨʷʜʽ ʪʨʘʬʽʢʘ. 

ʊʘʢʠʤ ʯʠʥʦʤ, ʙʫʣʦ ʫʜʦʩʢʦʥʘʣʝʥʦ ʘʣʛʦʨʠʪʤʠ ʤʘʰʠʥʥʦʛʦ ʥʘʚʯʘʥʥʷ, ʷʢʽ 

ʤʦʞʥʘ ʟʘʩʪʦʩʫʚʘʪʠ ʜʣʷ ʚʠʨʽʰʝʥʥʷ ʟʘʜʘʯ ʢʣʘʩʠʬʽʢʘʮʽʾ, ʱʦ ʚʠʥʠʢʘʶʪʴ ʚ ʩʘʤʠʭ 

ʨʽʟʥʠʭ ʦʙʣʘʩʪʷʭ. ɹʫʣʦ ʦʙʨʘʥʦ ʪʘʢʽ ʥʘʡʝʬʝʢʪʠʚʥʽʰʽ ʘʣʛʦʨʠʪʤʠ: ʤʝʪʦʜ ʜʝʨʝʚ 

ʨʽʰʝʥʴ, ʘʥʩʘʤʙʣʽ ʜʝʨʝʚ ʪʘ ʤʝʪʦʜ ʥʝʡʨʦʥʥʠʭ ʤʝʨʝʞ. 
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6.4. ʈʝʟʫʣʴʪʘʪʠ ʤʦʜʝʣʶʚʘʥʥʷ ʨʦʙʦʪʠ ʤʝʪʦʜʽʚ ʤʘʰʠʥʥʦʛʦ ʥʘʚʯʘʥʥʷ 

ʂʣʘʩʠʬʽʢʘʮʽʷ ʤʝʪʦʜʦʤ ʜʝʨʝʚ ʨʽʰʝʥʴ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʬʨʘʢʪʘʣʴʥʠʭ 

ʦʟʥʘʢ. 

ʆʙô̒ ʢʪʘʤʠ ʙʫʣʠ ʤʦʜʝʣʴʥʽ ʨʝʘʣʽʟʘʮʽʾ ʪʨʘʬʽʢʽʚ, ʚ ʷʢʠʭ ʙʫʣʘ ʜʽʣʷʥʢʘ ʟ DDoS 

ʘʪʘʢʦʶ ʽ ʨʝʘʣʽʟʘʮʽʾ ʪʨʘʬʽʢʽʚ ʙʝʟ ʘʪʘʢʠ. ʄʝʪʦʜʦʤ ʢʣʘʩʠʬʽʢʘʮʽʾ (ʢʣʘʩʠ: ʻ ʘʪʘʢʘ ʯʠ 

ʥʝʤʘ ʘʪʘʢʠ) ʙʫʚ ʦʙʨʘʥʠʡ ʤʝʪʘ-ʘʣʛʦʨʠʪʤ ʥʘ ʦʩʥʦʚʽ ʜʝʨʝʚ ʨʽʰʝʥʴ ʚʠʧʘʜʢʦʛʦ ʣʽʩʫ ʟ 

ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʨʝʛʨʝʩʽʡʥʠʭ ʜʝʨʝʚ ʨʽʰʝʥʴ [Kirichenko, 2019; Radivilova, 2019-2; 

Kirichenko, 2020]. ʈʝʟʫʣʴʪʘʪʦʤ ʨʦʙʦʪʠ ʤʦʜʝʣʽ ʙʫʣʘ ʡʤʦʚʽʨʥʽʩʪʴ ʚʽʜʧʦʚʽʜʥʦʩʪʽ 

ʪʨʘʬʽʢʘ ʟʘʜʘʥʦʤʫ ʢʣʘʩʫ. 

ʈʝʘʣʽʟʘʮʽʷ ʪʨʘʬʽʢʘ ʧʽʜ ʜʽʻʶ DDoS ʘʪʘʢʠ  ̒ʩʫʤʦ  ʁʪʨʘʬʽʢʘ ʽ ʨʝʘʣʽʟʘʮʽʾ 

ʦʜʥʦʛʦ ʟ ʚʠʜʽʚ ʘʪʘʢʠ, ʦʧʠʩʘʥʠʭ ʨʘʥʽʰʝ. ʆʩʢʽʣʴʢʠ ʦʩʦʙʣʠʚʦ ʚʘʞʣʠʚʦ ʨʘʥʥʻ 

ʚʠʷʚʣʝʥʥʷ ʘʪʘʢʠ, ʚʽʜʥʦʰʝʥʥʷ ʩʝʨʝʜʥʴʦʛʦ ʟʥʘʯʝʥʥʷ ʨʝʘʣʽʟʘʮʽʾ ʪʨʘʬʽʢʘ ʜʦ 

ʩʝʨʝʜʥʴʦʛʦ ʟʥʘʯʝʥʥʷ ʪʨʘʬʽʢʘ ʙʫʣʦ ʚʟʷʪʦ ʚ ʜʽʘʧʘʟʦʥʽ ʙʣʠʟʴʢʦ 6: 4. ʅʘ ʨʠʩʫʥʢʫ 6.1 

ʧʦʢʘʟʘʥʦ ʨʝʘʣʽʟʘʮʽʾ ʪʨʘʬʽʢʘ ʽ ʘʪʘʢʠ ʽ ʩʫʤʘʨʥʘ ʨʝʘʣʽʟʘʮʽʷ. 

ɼʦʚʞʠʥʘ ʜʽʣʷʥʢʠ ʪʨʘʬʽʢʘ ʟ DDoS ʘʪʘʢʦʶ ʙʫʣʘ ʦʙʨʘʥʘ ʨʽʚʥʦ ʁı ʜʦʚʞʠʥʠ 

ʚʩʽʻʾ ʨʝʘʣʽʟʘʮʽʾ. ʇʦʣʦʞʝʥʥʷ ʜʽʣʷʥʢʠ ʪʨʘʬʽʢʘ ʟ ʘʪʘʢʦʶ ʚʠʙʠʨʘʣʦʩʷ ʚʠʧʘʜʢʦʚʠʤ 

ʯʠʥʦʤ. ʅʘ ʨʠʩʫʥʢʫ 6.2 ʧʦʢʘʟʘʥʠʡ ʧʨʠʢʣʘʜ, ʜʝ ʜʦʚʞʠʥʘ ʤʦʜʝʣʴʥʦʾ ʨʝʘʣʽʟʘʮʽʾ 

ʪʨʘʬʽʢʘ ʙʫʣʘ 4096 ʟʥʘʯʝʥʴ, ʜʦʚʞʠʥʘ ʜʽʣʷʥʢʠ ʪʨʘʬʽʢʘ ʟ ʘʪʘʢʦʶ ï 1024, ʽʥʪʝʨʚʘʣ 

ʜʽʣʷʥʢʠ ʟ ʘʪʘʢʦʶ ï 2433-3457. 

ɼʣʷ ʢʣʘʩʠʬʽʢʘʮʽʾ ʚʠʢʦʨʠʩʪʘʥʦ ʩʪʘʪʠʩʪʠʯʥʽ ʪʘ ʤʫʣʴʪʠʬʨʘʢʪʘʣʴʥʽ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ, ʦʪʨʠʤʘʥʽ ʟʘ ʟʥʘʯʝʥʥʷʤʠ ʯʘʩʦʚʦʛʦ ʨʷʜʫ: ʩʝʨʝʜʥʴʦʢʚʘʜʨʘʪʠʯʥʝ 

ʚʽʜʭʠʣʝʥʥʷ, ʤʘʢʩʠʤʘʣʴʥʝ ʟʥʘʯʝʥʥʷ ʽ ʤʝʜʽʘʥʘ ʨʝʘʣʽʟʘʮʽʾ ʪʨʘʬʽʢʘ, ʩʝʨʝʜʥʻ 

ʟʥʘʯʝʥʥʷ, ʩʝʨʝʜʥʴʦʢʚʘʜʨʘʪʠʯʥʝ ʚʽʜʭʠʣʝʥʥʷ ʽ ʜʽʘʧʘʟʦʥ ʫʟʘʛʘʣʴʥʝʥʦʛʦ ʧʦʢʘʟʥʠʢʘ 

ʍʝʨʩʪʘ, ʟʥʘʯʝʥʥʷ ʧʦʢʘʟʥʠʢʘ ʍʝʨʩʪʘ H . ʋ ʮʴʦʤʫ ʚʠʧʘʜʢʫ ʦʙô̒ ʢʪʘʤʠ ʙʫʣʠ ʯʘʩʦʚʽ 

ʢʘʩʢʘʜʥʽ ʨʷʜʠ, ʘ ʦʟʥʘʢʘʤʠ ï ʦʮʽʥʢʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢ, ʨʦʟʨʘʭʦʚʘʥʽ ʜʣʷ ʢʦʞʥʦʛʦ 

ʢʘʩʢʘʜʫ. 
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ɺ ʨʦʙʦʪʽ ʜʣʷ ʧʦʙʫʜʦʚʠ ʤʦʜʝʣʝʡ ʜʝʨʝʚ ʨʽʰʝʥʴ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʘʩʴ ʤʦʚʘ 

Python ʟ ʙʽʙʣʽʦʪʝʢʘʤʠ, ʱʦ ʨʝʘʣʽʟʫʶʪʴ ʤʝʪʦʜʠ ʤʘʰʠʥʥʦʛʦ ʥʘʚʯʘʥʥʷ [Cielen, 2016; 

Quinlan, 1993]. ʅʘʚʯʘʥʥʷ ʤʦʜʝʣʝʡ ʜʣʷ ʢʦʞʥʦʛʦ ʢʣʘʩʫ ʧʨʦʚʦʜʠʣʦʩʷ ʥʘ 500-ʭ 

ʧʨʠʢʣʘʜʘʭ ʯʘʩʦʚʠʭ ʨʷʜʽʚ ʥʘʚʯʘʥʥʷ ʽ ʧʝʨʝʚʽʨʷʣʦʩʷ ʥʘ 50 ʪʝʩʪʦʚʠʭ. ʂʣʘʩʠʬʽʢʘʮʽʷ 

ʧʨʦʚʦʜʠʣʘʩʷ ʜʣʷ ʯʘʩʦʚʠʭ ʨʷʜʽʚ ʟ ʨʽʟʥʦʶ ʜʦʚʞʠʥʦʶ, ʧʨʦʪʝ ʜʣʷ ʧʦʨʽʚʥʷʥʥʷ 

ʨʝʟʫʣʴʪʘʪʽʚ ʦʩʥʦʚʥʘ ʫʚʘʛʘ ʙʫʣʘ ʧʨʠʜʽʣʝʥʘ ʨʝʘʣʽʟʘʮʽʡ ʜʦʚʞʠʥʦʶ 4096 ʟʥʘʯʝʥʴ. 

 

 

ʈʠʩ. 6.1. ʄʦʜʝʣʴʥʠʡ ʯʘʩʦʚʠʡ ʨʷʜ (ʟʣʽʚʘ), ʯʘʩʦʚʠʡ ʨʷʜ ʘʪʘʢʠ (ʧʦʩʝʨʝʜʠʥʽ) ʽ 

ʩʫʤʘʨʥʠʡ ʯʘʩʦʚʠʡ ʨʷʜ (ʧʨʘʚʦʨʫʯ) 

 

ʈʠʩ. 6.2. ʄʦʜʝʣʴʥʘ ʨʝʘʣʽʟʘʮʽʷ ʪʨʘʬʽʢʘ, ʽʥʪʝʨʚʘʣ ʜʽʣʷʥʢʠ ʟ ʘʪʘʢʦʶ ï 2433-3457 

ʋ ʪʘʙʣʠʮʽ 6.1 ʥʘʚʝʜʝʥʦ ʩʝʨʝʜʥʽ ʡʤʦʚʽʨʥʦʩʪʽ ʚʠʟʥʘʯʝʥʥʷ ʘʪʘʢʠ ʽ 

ʚʽʜʩʫʪʥʦʩʪʽ ʘʪʘʢʠ ʟʘʣʝʞʥʦ ʚʽʜ ʟʥʘʯʝʥʥʷ ʧʦʢʘʟʥʠʢʘ ʍʝʨʩʪʘ ʜʣʷ ʤʦʜʝʣʴʥʠʭ 

ʨʝʘʣʽʟʘʮʽʡ ʪʨʘʬʽʢʘ. 
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ʊʘʙʣʠʮʷ 6.1. 

ʉʝʨʝʜʥʷ ʡʤʦʚʽʨʥʽʩʪʴ ʚʠʷʚʣʝʥʥʷ ʘʪʘʢʠ 

ʅ ʁʤʦʚʽʨʥʽʩʪʴ ʚʠʷʚʣʝʥʥʷ ʘʪʘʢʠ ʁʤʦʚʽʨʥʽʩʪʴ ʚʠʟʥʘʯʝʥʥʷ ʚʽʜʩʫʪʥʦʩʪʽ 

ʘʪʘʢʠ  

0.6 0.92 0.86 

0.7 0.86 0.94 

0.8 0.84 0.96 

0.9 0.76 0.9 

0.95 0.68 0.84 

 

ʆʪʨʠʤʘʥʽ ʨʝʟʫʣʴʪʘʪʠ ʩʚʽʜʯʘʪʴ ʧʨʦ ʪʝ, ʱʦ ʤʝʪʦʜʠ ʤʘʰʠʥʥʦʛʦ ʥʘʚʯʘʥʥʷ, 

ʟʦʢʨʝʤʘ ʤʝʪʦʜ ʚʠʧʘʜʢʦʛʦ ʣʽʩʫ ʤʦʞʫʪʴ ʫʩʧʽʰʥʦ ʟʘʩʪʦʩʦʚʫʚʘʪʠʩʷ ʜʣʷ ʚʠʷʚʣʝʥʥʷ 

DDoS-ʘʪʘʢ. ʁʤʦʚʽʨʥʽʩʪʴ ʚʠʷʚʣʝʥʥʷ ʘʪʘʢʠ ʽʩʪʦʪʥʦ ʟʘʣʝʞʠʪʴ ʚʽʜ ʟʥʘʯʝʥʥʷ 

ʧʦʢʘʟʥʠʢʘ ʍʝʨʩʪʘ ʽ ʟʤʝʥʰʫʻʪʴʩʷ ʟ ʡʦʛʦ ʟʨʦʩʪʘʥʥʷʤ. ʆʪʨʠʤʘʥʘ ʟʘʣʝʞʥʽʩʪʴ ʤʦʞʝ 

ʧʦʷʩʥʶʚʘʪʠʩʷ ʟʨʦʩʪʘʥʥʷʤ ʘʚʪʦʢʦʨʝʣʷʮʽʡʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʪʨʘʬʽʢʘ ʽ ʚʠʤʘʛʘʻ 

ʧʦʜʘʣʴʰʠʭ ʜʦʩʣʽʜʞʝʥʴ. ɯʤʦʚʽʨʥʽʩʪʴ ʚʠʟʥʘʯʝʥʥʷ ʚʽʜʩʫʪʥʦʩʪʽ ʘʪʘʢʠ ʥʝ ʤʘʻ ʷʚʥʦʾ 

ʪʝʥʜʝʥʮʽʾ, ʧʦʚô̫ ʟʘʥʦʾ ʟ ʧʦʢʘʟʥʠʢʦʤ ʍʝʨʩʪʘ, ʦʜʥʘʢ ʜʣʷ ʢʦʞʥʦʛʦ ʧʝʚʥʦʛʦ 

ʧʦʢʘʟʥʠʢʘ ʍʝʨʩʪʘ ʚʦʥʘ ʙʽʣʴʰʝ ʚʽʜʧʦʚʽʜʥʦʾ ʡʤʦʚʽʨʥʦʩʪʽ ʚʠʷʚʣʝʥʥʷ ʘʪʘʢʠ. 

ʂʣʘʩʠʬʽʢʘʮʽʷ ʤʝʪʦʜʦʤ ʜʝʨʝʚ ʨʽʰʝʥʴ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʩʪʘʪʠʩʪʠʯʥʠʭ, 

ʬʨʘʢʪʘʣʴʥʠʭ ʽ ʨʝʢʫʨʝʥʪʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʷʢ ʦʟʥʘʢ. 

ɽʢʩʧʝʨʠʤʝʥʪ  ̒ʪʨʝʥʫʚʘʥʥʷʤ ʽ ʦʮʽʥʢʦ  ʁʢʣʘʩʠʬʽʢʘʪʦʨʘ ʯʘʩʦʚʠʭ ʨʷʜʽʚ ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʤʘʰʠʥʥʦʛʦ ʥʘʚʯʘʥʥʷ. ʂʦʞʝʥ ʟ ʜʚʦʭ ʢʣʘʩʽʚ ʯʘʩʦʚʠʭ ʨʷʜʽʚ ʩʪʘʥʦʚʠʚ 

ʥʘʙʽʨ ʨʝʘʣʽʟʘʮʽʡ ʪʨʘʬʽʢʘ ʟʘ ʥʘʷʚʥʦʩʪʽ ʘʙʦ ʚʽʜʩʫʪʥʦʩʪʽ ʘʪʘʢʫʶʯʠʭ ʬʘʡʣʽʚ. 

ʆʙô̒ ʢʪʘʤʠ ʢʣʘʩʠʬʽʢʘʮʽʾ ʙʫʣʠ ʟʤʦʜʝʣʴʦʚʘʥʽ ʨʝʘʣʽʟʘʮʽʾ ʪʨʘʬʽʢʘ ʥʘ ʦʩʥʦʚʽ (5.1). 

ɸʪʘʢʦʚʘʥʠʡ ʪʨʘʬʽʢ ʤʽʩʪʠʚ ʩʝʛʤʝʥʪ ʟ DDoS-ʘʪʘʢʦʶ. 

ɺ ʨʘʤʢʘʭ ʯʠʩʝʣʴʥʦʛʦ ʝʢʩʧʝʨʠʤʝʥʪʫ ʙʫʣʠ ʟʤʦʜʝʣʴʦʚʘʥʽ ʥʘʚʯʘʣʴʥʽ ʪʘ 

ʪʝʩʪʦʚʽ ʟʨʘʟʢʠ ʯʘʩʦʚʠʭ ʨʷʜʽʚ ʪʨʘʬʽʢʫ ʟ ʨʽʟʥʠʤ ʧʦʢʘʟʥʠʢʦʤ ʍʝʨʩʪʘ. ʇʽʜ ʯʘʩ 

ʝʢʩʧʝʨʠʤʝʥʪʫ ʧʦʢʘʟʥʠʢ ʍʝʨʩʪʘ ʚʩʪʘʥʦʚʣʶʚʘʚʩʷ ʟ ʜʝʩʷʪʴʤʘ ʽʥʪʝʨʚʘʣʘʤʠ: 

[ ][ ] [ ]{ }0,525;0,575 , 0,575;0,625 ,..., 0,925;0,975HÍ . ʋ ʢʦʞʥʦʤʫ ʽʥʪʝʨʚʘʣʽ 
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ʧʦʢʘʟʥʠʢ ʍʝʨʩʪʘ ʚʠʙʠʨʘʚʩʷ ʚʠʧʘʜʢʦʚʠʤ ʯʠʥʦʤ ʟ ʨʽʚʥʦʤʽʨʥʠʤ ʟʘʢʦʥʦʤ 

ʨʦʟʧʦʜʽʣʫ. 

ɺʠʧʘʜʢʦʚʠʡ ʣʽʩ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʜʝʨʝʚ ʨʝʛʨʝʩʽʡʥʠʭ ʨʽʰʝʥʴ ʧʦʢʘʟʘʚ 

ʥʘʡʢʨʘʱʽ ʨʝʟʫʣʴʪʘʪʠ ʚ ʢʣʘʩʠʬʽʢʘʮʽʾ ʬʨʘʢʪʘʣʴʥʠʭ ʯʘʩʦʚʠʭ ʨʷʜʽʚ [Bulakh, 2018-1; 

Kirichenko, 2020; Kirichenko, 2018; Kirichenko, 2019] ʽ ʙʫʚ ʦʙʨʘʥʠʡ ʷʢ ʤʝʪʦʜ 

ʢʣʘʩʠʬʽʢʘʮʽʾ. ʈʝʟʫʣʴʪʘʪʦʤ ʘʣʛʦʨʠʪʤʫ ʙʫʣʘ ʡʤʦʚʽʨʥʽʩʪʴ ʟʙʽʛʫ ʪʨʘʬʽʢʘ ʟ ʜʘʥʠʤ 

ʢʣʘʩʦʤ (ʘʪʘʢʘ ʻ ʯʠ ʥʝʤʘ). 

ɹʫʣʦ ʚʠʢʦʨʠʩʪʘʥʦ ʜʘʥʽ ʟ ʜʘʪʘʩʝʪʽʚ [Al-kasassbeh, 2016] ʜʣʷ ʘʪʘʢ UDP ʽ 

HTTP, ʘ ʪʘʢʦʞ ʜʣʷ ʘʪʘʢ ʤʝʪʦʜʦʤ ʧʝʨʝʙʦʨʫ SSH, ʚʽʜʧʦʚʽʜʥʦ ʧʦʟʥʘʯʝʥʠʭ {1,2,3}. 

ʆʩʢʽʣʴʢʠ ʨʘʥʥʻ ʚʠʷʚʣʝʥʥʷ ʘʪʘʢʠ ʦʩʦʙʣʠʚʦ ʚʘʞʣʠʚʦ, ʨʽʚʝʥʴ ʘʪʘʢʠ ʚ ʝʢʩʧʝʨʠʤʝʥʪʽ 

ʙʫʚ ʦʙʨʘʥʠʡ ʨʽʚʥʠʤ 10, 15, 20 ʽ 25%. ʄʦʤʝʥʪ ʧʦʯʘʪʢʫ ʘʪʘʢʠ ʽ ʾʾ ʪʨʠʚʘʣʽʩʪʴ 

ʚʠʙʠʨʘʣʠʩʷ ʚʠʧʘʜʢʦʚʠʤ ʯʠʥʦʤ, ʱʦʙ ʩʝʛʤʝʥʪ ʘʪʘʢʠ ʙʫʚ ʥʝ ʙʽʣʴʰʠʡ, ʥʽʞ ʨʝʰʪʘ 

ʜʦʚʞʠʥʠ ʪʨʘʬʽʢʘ. ʅʘʚʯʘʥʥʷ ʧʨʦʚʦʜʠʣʦʩʷ ʜʣʷ ʜʝʢʽʣʴʢʦʭ ʪʠʧʽʚ ʘʪʘʢ, ʦʢʨʝʤʦ ʜʣʷ 

ʢʦʞʥʦʛʦ ʬʘʡʣʘ ʘʪʘʢʠ. 

ʆʟʥʘʢʘʤʠ, ʟʘ ʷʢʠʤʠ ʙʫʣʘ ʧʨʦʚʝʜʝʥʘ ʢʣʘʩʠʬʽʢʘʮʽʷ ʯʘʩʦʚʠʭ ʨʷʜʽʚ, ʙʫʣʠ 

ʦʮʽʥʢʠ ʩʪʘʪʠʩʪʠʯʥʠʭ, ʬʨʘʢʪʘʣʴʥʠʭ ʪʘ ʨʝʢʫʨʝʥʪʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ, ʨʦʟʨʘʭʦʚʘʥʠʭ 

ʜʣʷ ʢʦʞʥʦʛʦ ʯʘʩʦʚʦʛʦ ʨʷʜʫ. ɹʫʣʠ ʚʠʢʦʨʠʩʪʘʥʽ ʪʘʢʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ: ʩʪʘʪʠʩʪʠʯʥʽ, 

ʪʘʢʽ ʷʢ ʩʝʨʝʜʥʻ ʽ ʩʝʨʝʜʥʴʦʢʚʘʜʨʘʪʠʯʥʝ ʟʥʘʯʝʥʥʷ ʯʘʩʦʚʦʛʦ ʨʷʜʫ; ʬʨʘʢʪʘʣʴʥʽ, ʪʘʢʽ 

ʷʢ ʜʽʘʧʘʟʦʥ ʫʟʘʛʘʣʴʥʝʥʦʛʦ ʧʦʢʘʟʥʠʢʘ ʍʝʨʩʪʘ, ʟʥʘʯʝʥʥʷ ʧʦʢʘʟʥʠʢʘ ʍʝʨʩʪʘ, 

ʩʝʨʝʜʥʴʦʢʚʘʜʨʘʪʠʯʥʝ ʟʥʘʯʝʥʥʷ ʡ ʽʥʰʽ; ʧʝʨʽʦʜʠʯʥʽ, ʪʘʢʽ ʷʢ ʩʝʨʝʜʥʷ ʜʦʚʞʠʥʘ 

ʜʽʘʛʦʥʘʣʴʥʠʭ ʽ ʚʝʨʪʠʢʘʣʴʥʠʭ ʣʽʥʽʡ, ʤʽʨʘ ʜʝʪʝʨʤʽʥʽʟʤʫ, ʤʽʨʘ ʣʘʤʽʥʘʨʥʦʩʪʽ ʪʘ ʽʥ. 

[Kirichenko, 2020-1]. 

ʅʘʚʯʘʥʥʷ ʤʦʜʝʣʝʡ ʜʣʷ ʢʦʞʥʦʛʦ ʢʣʘʩʫ ʨʝʘʣʽʟʘʮʽʡ ʯʘʩʫ (ʘʪʘʢʘ ʻ ʯʠ ʥʽ) 

ʧʨʦʚʦʜʠʣʦʩʷ ʥʘ 500-ʭ ʧʨʠʢʣʘʜʘʭ ʯʘʩʦʚʠʭ ʨʷʜʽʚ ʥʘʚʯʘʥʥʷ ʽ ʙʫʣʦ ʧʨʦʪʝʩʪʦʚʘʥʦ ʥʘ 

50 ʪʝʩʪʦʚʠʭ ʧʨʠʢʣʘʜʘʭ. ɼʣʷ ʢʣʘʩʠʬʽʢʘʮʽʾ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠʩʷ ʯʘʩʦʚʽ ʨʷʜʠ ʨʽʟʥʦʾ 

ʜʦʚʞʠʥʠ, ʘʣʝ ʦʩʥʦʚʥʘ ʫʚʘʛʘ ʙʫʣʘ ʧʨʠʜʽʣʝʥʘ ʩʝʨʽʷʤ ʨʦʟʤʽʨʦʤ 1024 ʟʥʘʯʝʥʥʷ. ɼʣʷ 

ʢʣʘʩʠʬʽʢʘʮʽʾ ʽ ʟʘʩʪʦʩʫʚʘʥʥʷ ʘʣʛʦʨʠʪʤʫ ʚʠʧʘʜʢʦʚʦʛʦ ʣʽʩʫ ʚʠʢʦʨʠʩʪʦʚʫʚʘʚʩʷ 

Python ʟ ʚʽʜʧʦʚʽʜʥʠʤʠ ʙʽʙʣʽʦʪʝʢʘʤʠ ʤʝʪʦʜʽʚ ʤʘʰʠʥʥʦʛʦ ʥʘʚʯʘʥʥʷ. 
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ʂʣʘʩʠʬʽʢʘʮʽʷ ʨʝʘʣʽʟʘʮʽʡ ʪʨʘʬʽʢʘ ʧʨʦʚʦʜʠʣʘʩʷ ʟʘ ʨʽʟʥʠʤʠ ʟʥʘʯʝʥʥʷʤʠ 

ʧʦʢʘʟʥʠʢʘ ʍʝʨʩʪʘ, ʪʠʧʫ ʘʪʘʢʠ ʽ ʾʾ ʨʽʚʥʶ. ɼʣʷ ʧʦʨʽʚʥʷʥʥʷ ʨʝʟʫʣʴʪʘʪʽʚ 

ʢʣʘʩʠʬʽʢʘʮʽʾ ʦʩʥʦʚʥʘ ʫʚʘʛʘ ʙʫʣʘ ʧʨʠʜʽʣʝʥʘ ʪʘʢʠʤ ʧʦʢʘʟʥʠʢʘʤ: 

ʽʩʪʠʥʥʦʧʦʟʠʪʠʚʥʦʛʦ (True Positive ï TP), ʭʠʙʥʦʥʝʛʘʪʠʚʥʦʛʦ (False Negative ï FN) 

ʽ ʯʘʩʪʢʘ ʧʨʘʚʠʣʴʥʦ ʚʠʟʥʘʯʝʥʠʭ ʦʙô̒ ʢʪʽʚ ʦʙʦʭ ʢʣʘʩʽʚ (ʪʦʯʥʽʩʪʴ). 

ʈʝʟʫʣʴʪʘʪʠ ʢʣʘʩʠʬʽʢʘʮʽʾ ʜʣʷ ʜʝʷʢʠʭ ʟʥʘʯʝʥʴ ʧʦʢʘʟʥʠʢʘ ʍʝʨʩʪʘ, ʪʠʧʽʚ 

ʘʪʘʢʠ ʽ ʾʾ ʨʽʚʥʷ ʥʘʚʝʜʝʥʦ ʥʠʞʯʝ. ʂʣʘʩʠʬʽʢʘʮʽʷ ʧʨʦʚʦʜʠʣʘʩʷ ʜʣʷ ʯʘʩʦʚʠʭ ʨʷʜʽʚ 

ʨʽʟʥʦʾ ʜʦʚʞʠʥʠ (ʟʥʘʯʝʥʥʷ 1000-5000), ʘʣʝ ʨʝʟʫʣʴʪʘʪʠ ʩʫʪʪʻʚʦ ʥʝ ʚʽʜʨʽʟʥʷʶʪʴʩʷ, 

ʪʦʤʫ ʧʦʜʘʥʽ ʜʘʥʽ ʜʣʷ ʨʦʟʤʽʨʫ ʩʝʨʽʾ 1000 ʟʥʘʯʝʥʴ. 

ɽʢʩʧʝʨʠʤʝʥʪ ʧʦʢʘʟʘʚ, ʱʦ ʽʩʪʦʪʥʝ ʚʠʟʥʘʯʝʥʥʷ ʘʪʘʢʠ ʤʦʞʣʠʚʦ, ʢʦʣʠ ʨʽʚʝʥʴ 

ʘʪʘʢʠ ʧʝʨʝʚʠʱʫʻ 15%. ʋ ʪʘʙʣʠʮʽ 6.2 ʥʘʚʝʜʝʥʦ ʟʥʘʯʝʥʥʷ ʤʝʪʨʠʢ ʜʣʷ ʨʽʟʥʠʭ ʨʽʚʥʽʚ 

ʘʪʘʢʠ DDoS. ʋ ʮʴʦʤʫ ʚʠʧʘʜʢʫ ʤʦʜʝʣʶʶʪʴʩʷ ʨʝʘʣʽʟʘʮʽʾ ʪʨʘʬʽʢʫ, ʷʢʽ ʤʘʶʪʴ 

ʧʦʢʘʟʥʠʢ ʍʝʨʩʪʘ ʚ ʜʽʘʧʘʟʦʥʽ (0,725; 0,775). 

ʊʘʙʣʠʮʷ 6.2. 

ɿʘʣʝʞʥʽʩʪʴ ʤʝʪʨʠʢʠ ʚʽʜ ʨʽʚʥʷ ʘʪʘʢʠ 

Metric Level 

10%  

Level 

15% 

Level 20% Level 25% 

ʊP 0.567 0.653 0.727 0.867 

FN 0.36 0.347 0.307 0.08 

Accuracy 0.603 0.653 0.71 0.893 

 

ʉʣʽʜ ʟʘʟʥʘʯʠʪʠ, ʱʦ ʜʣʷ ʨʽʟʥʠʭ ʪʠʧʽʚ ʘʪʘʢ ʨʦʟʛʣʷʥʫʪʽ ʤʝʪʨʠʢʠ ʪʘʢʦʞ ʨʽʟʥʽ. 

ʊʘʙʣʠʮʷ 6.3 ʧʦʢʘʟʫʻ, ʷʢ ʪʦʯʥʽʩʪʴ ʚʠʷʚʣʝʥʥʷ ʘʪʘʢʠ ʟʘʣʝʞʠʪʴ ʚʽʜ ʪʠʧʫ ʘʪʘʢʠ ʜʣʷ 

ʨʝʘʣʽʟʘʮʽʾ ʪʨʘʬʽʢʘ ʟ ʜʽʘʧʘʟʦʥʦʤ ʧʦʢʘʟʥʠʢʘ ʍʝʨʩʪʘ (0,575, 0,625). ɼʣʷ ʽʥʰʠʭ 

ʟʥʘʯʝʥʴ ʧʦʢʘʟʥʠʢʘ ʍʝʨʩʪʘ ʮʽ ʟʥʘʯʝʥʥʷ ʟʜʝʙʽʣʴʰʦʛʦ ʚʽʜʨʽʟʥʷʶʪʴʩʷ. ʆʜʥʘʢ ʫ ʚʩʽʭ 

ʚʠʧʘʜʢʘʭ, ʢʦʣʠ ʨʽʚʝʥʴ ʘʪʘʢʠ ʧʝʨʝʚʠʱʫʻ 25%, ʪʦʯʥʽʩʪʴ ʩʪʘʻ ʙʽʣʴʰ 0,9. 

ɼʦʩʣʽʜʞʝʥʥʷ ʧʦʢʘʟʘʣʠ, ʱʦ ʚʠʟʥʘʯʝʥʥʷ ʘʪʘʢʠ ʽʩʪʦʪʥʦ ʟʘʣʝʞʠʪʴ ʚʽʜ 

ʟʥʘʯʝʥʥʷ ʧʦʢʘʟʥʠʢʘ ʍʝʨʩʪʘ ʘʪʘʢʦʚʘʥʦʛʦ ʪʨʘʬʽʢʘ ʽ ʧʦʢʘʟʥʠʢʘ ʍʝʨʩʪʘ ʜʣʷ 

ʨʝʘʣʽʟʘʮʽʾ ʘʪʘʢʠ. ʋ ʪʘʙʣʠʮʽ 6.4 ʧʨʝʜʩʪʘʚʣʝʥʽ ʟʥʘʯʝʥʥʷ ʪʦʯʥʦʩʪʽ ʢʣʘʩʠʬʽʢʘʮʽʾ 
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ʨʝʘʣʽʟʘʮʽʡ ʪʨʘʬʽʢʫ ʜʣʷ ʨʽʟʥʠʭ ʜʽʘʧʘʟʦʥʽʚ ʧʦʢʘʟʥʠʢʘ ʍʝʨʩʪʘ ʜʣʷ ʘʪʘʢ 1 ʽ 2. ʈʽʚʝʥʴ 

ʘʪʘʢʠ ʩʪʘʥʦʚʠʪʴ 15%. 

ʊʘʙʣʠʮʷ 6.3. 

ɿʘʣʝʞʥʽʩʪʴ ʪʦʯʥʦʩʪʽ ʚʽʜ ʪʠʧʫ ʘʪʘʢʠ 

ɸʪʘʢʘ ʈʽʚʝʥʴ 10%  ʈʽʚʝʥʴ 15% ʈʽʚʝʥʴ 20% ʈʽʚʝʥʴ 25% 

1 0.58 0.667 0.793 0.923 

2 0.707 0.85 0.923 0.973 

3 0.773 0.807 0.893 0.91 

 

ʊʘʙʣʠʮʷ 6.4. 

ɿʘʣʝʞʥʽʩʪʴ ʽʩʪʠʥʦʧʦʟʠʪʠʚʥʠʭ ʟʥʘʯʝʥʴ ʚʽʜ ʧʦʢʘʟʥʠʢʘ ʍʝʨʩʪʘ 

ɸʪʘʢʠ 
ɿʥʘʯʝʥʥʷ H  ʜʣʷ ʘʪʘʢʦʚʘʥʦʛʦ ʪʨʘʬʽʢʘ 

(0.525, 0.575) (0.625, 0.675) (0.725,0.775) (0.825,0.875 (0.925,0.975) 

1 0.62 0.613 0.653 0.633 0.627 

2 0.86 0.787 0.793 0.847 0.731 

 

ʌʨʘʢʪʘʣʴʥʠʡ ʘʥʘʣʽʟ ʨʝʘʣʽʟʘʮʽʡ ʘʪʘʢ 1 ʽ 2 ʧʦʢʘʟʘʚ, ʱʦ ʚʽʜʧʦʚʽʜʥʽ ʟʥʘʯʝʥʥʷ 

ʧʦʢʘʟʥʠʢʘ ʍʝʨʩʪʘ ʨʽʚʥʽ 0,64 ʽ 0,72. ɿ ʪʘʙʣʠʮʽ 6.3 ʚʠʜʥʦ, ʱʦ ʷʢ ʪʽʣʴʢʠ ʪʨʘʬʽʢ 

ʧʦʯʠʥʘʻ ʟʥʘʯʥʦ ʧʝʨʝʚʠʱʫʚʘʪʠ ʘʪʘʢʫ, ʡʤʦʚʽʨʥʽʩʪʴ ʚʠʷʚʣʝʥʥʷ ʘʪʘʢʠ ʧʦʯʠʥʘʻ 

ʟʤʝʥʰʫʚʘʪʠʩʷ. ʎʽ ʨʝʟʫʣʴʪʘʪʠ ʧʽʜʪʚʝʨʜʞʫʶʪʴ ʨʝʟʫʣʴʪʘʪʠ [Bulakh, 2018], 

ʦʪʨʠʤʘʥʽ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʽʥʰʠʭ ʤʦʜʝʣʝʡ. 

ʊʘʢʠʤ ʯʠʥʦʤ ʧʨʦʚʝʜʝʥʦ ʘʥʘʣʽʟ ʦʩʥʦʚʥʠʭ ʤʝʪʦʜʽʚ ʚʠʷʚʣʝʥʥʷ DDoS-ʘʪʘʢ 

ʟʘ ʨʝʘʣʽʟʘʮʽʷʤʠ ʤʝʨʝʞʥʦʛʦ ʪʨʘʬʽʢʘ. ʇʨʝʜʩʪʘʚʣʝʥʽ ʨʝʟʫʣʴʪʘʪʠ ʚʠʷʚʣʝʥʥʷ DDoS-

ʘʪʘʢ, ʦʪʨʠʤʘʥʠʭ ʟʘ ʜʦʧʦʤʦʛʦʶ ʤʘʰʠʥʥʦʛʦ ʥʘʚʯʘʥʥʷ. ʗʢ ʚʭʽʜʥ ̔ ʜʘʥ̔ ʙʫʣʠ 

ʟʤʦʜʝʣʴʦʚʘʥʽ ʨʝʘʣʽʟʘʮʽʾ ʥʦʨʤʘʣʴʥʦʛʦ ʽ ʘʪʘʢʦʚʘʥʦʛʦ ʤʝʨʝʞʥʦʛʦ ʪʨʘʬʽʢʘ. ɯʤʽʪʘʮʽʷ 

ʪʨʘʬʽʢʘ ʤʘʣʘ ʬʨʘʢʪʘʣʴʥʽ ʚʣʘʩʪʠʚʦʩʪʽ. 

ʈʝʟʫʣʴʪʘʪʠ ʧʦʢʘʟʫʶʪʴ, ʱʦ ʤʝʪʦʜʠ ʢʣʘʩʠʬʽʢʘʮʽʾ, ʟʦʢʨʝʤʘ ʚʠʧʘʜʢʦʚʠʡ ʣʽʩ, 

ʤʦʞʫʪʴ ʙʫʪʠ ʫʩʧʽʰʥʦ ʟʘʩʪʦʩʦʚʘʥʽ ʜʣʷ ʚʠʷʚʣʝʥʥʷ DDoS-ʘʪʘʢ. 

ʏʠʩʝʣʴʥʠʡ ʝʢʩʧʝʨʠʤʝʥʪ ʧʦʢʘʟʘʚ, ʱʦ ʚʠʷʚʣʝʥʥʷ ʘʪʘʢʠ ʤʦʞʣʠʚʦ ʥʘ ʨʘʥʥʽʡ 

ʩʪʘʜʽʾ, ʢʦʣʠ ʢʦʝʬʽʮʽʻʥʪ ʩʝʨʝʜʥʴʦʾ ʘʪʘʢʠ ʩʪʘʥʦʚʠʪʴ 15-20% ʚʽʜ ʩʝʨʝʜʥʴʦʛʦ 

ʪʨʘʬʽʢʫ. ʁʤʦʚʽʨʥʽʩʪʴ ʚʠʷʚʣʝʥʥʷ ʽʩʪʦʪʥʦ ʟʘʣʝʞʠʪʴ ʚʽʜ ʬʨʘʢʪʘʣʴʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ 
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ʪʨʘʬʽʢʫ ʽ ʘʪʘʢʠ: ʯʠʤ ʙʽʣʴʰʘ ʨʽʟʥʠʮʷ ʬʨʘʢʪʘʣʴʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ, ʪʠʤ ʙʽʣʴʰʘ 

ʡʤʦʚʽʨʥʽʩʪʴ ʚʠʷʚʣʝʥʥʷ. 

ʂʣʘʩʠʬʽʢʘʮʽʷ ʤʝʪʦʜʘʤʠ ʚʠʧʘʜʢʦʚʦʛʦ ʣʽʩʫ ʽ ʥʝʡʨʦʥʥʦʶ ʤʝʨʝʞʝʶ ʟ 

ʫʨʘʭʫʚʘʥʥʷʤ ʧʘʨʘʤʝʪʨʘ ʩʘʤʦʧʦʜʽʙʥʦʩʪʽ. 

ʂʣʘʩʠʬʽʢʘʮʽʷ ʧʨʦʚʦʜʠʣʘʩʷ ʜʚʦʤʘ ʨʽʟʥʠʤʠ ʤʝʪʦʜʘʤʠ: ʥʝʡʨʦʥʥʘ ʤʝʨʝʞʘ 

ʙʘʛʘʪʦʰʘʨʦʚʦʛʦ ʪʠʧʫ ʧʝʨʩʝʧʪʨʦʥʘ ʽ ʤʝʪʦʜ ʚʠʧʘʜʢʦʚʦʛʦ ʣʽʩʫ [Radivilova, 2019-4, 

Radivilova, 2019-5; Kirichenko, 2020-1]. ʇʽʩʣʷ ʩʝʨʽʾ ʝʢʩʧʝʨʠʤʝʥʪʽʚ ʙʫʣʘ ʦʙʨʘʥʘ 

ʩʪʨʫʢʪʫʨʘ ʥʝʡʨʦʥʥʦʾ ʤʝʨʝʞʽ, ʷʢʘ ʤʽʩʪʠʣʘ 10 ʧʨʠʭʦʚʘʥʠʭ ʰʘʨʽʚ ʽʟ ʟʘʛʘʣʴʥʦʶ 

ʢʽʣʴʢʽʩʪʶ 250 ʥʝʡʨʦʥʽʚ, ʽ 100 ʜʝʨʝʚ ʨʝʛʨʝʩʽʾ ʙʫʣʠ ʚʟʷʪʽ ʜʣʷ ʩʪʚʦʨʝʥʥʷ 

ʚʠʧʘʜʢʦʚʦʛʦ ʣʽʩʫ. 

ɼʣʷ ʢʣʘʩʠʬʽʢʘʮʽʾ ʙʫʣʠ ʟʛʝʥʝʨʦʚʘʥʽ ʜʚʘ ʟʨʘʟʢʠ: ʪʨʝʥʽʥʛ ʽ ʪʝʩʪ. ɺʦʥʠ 

ʩʢʣʘʜʘʣʠʩʷ ʟ ʨʝʘʣʽʟʘʮʽʡ ʪʨʘʬʽʢʘ, ʦɦ ʤʽʩʪʷʪʴ ʽ ʥʝ ʤʽʩʪʷʪʴ ʘʪʘʢʠ. ʄʦʜʝʣʴ ʪʨʘʬʽʢʘ 

ʙʫʣʘ ʧʦʙʫʜʦʚʘʥʘ ʥʘ ʦʩʥʦʚʽ ʝʢʩʧʦʥʝʥʮʽʘʣʴʥʦʛʦ ʧʝʨʝʪʚʦʨʝʥʥʷ (5.7). ʈʝʘʣʽʟʘʮʽʷ 

DDoS-ʘʪʘʢʠ ʙʫʣʘ ʜʦʜʘʥʘ ʜʦ ʚʠʧʘʜʢʦʚʦʾ ʧʦʟʠʮʽʾ ʪʨʘʬʽʢʫ ʚ ʜʽʘʧʘʟʦʥʽ ʚʽʜ 1 ʜʦ 1/2 

ʜʦʚʞʠʥʠ ʪʨʘʬʽʢʘ. 

ʉʪʘʪʠʩʪʠʯʥʽ, ʬʨʘʢʪʘʣʴʥʽ ʽ ʨʝʢʫʨʝʥʪʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ, ʨʦʟʨʘʭʦʚʘʥʽ ʟʘ 

ʯʘʩʦʚʠʤʠ ʨʷʜʘʤʠ, ʙʫʣʠ ʦʟʥʘʢʘʤʠ ʽ ʚʦʥʠ ʧʦʜʘʚʘʣʠʩʷ ʥʘ ʚʭʽʜ ʢʣʘʩʠʬʽʢʘʪʦʨʘ. 

ɺʠʭʽʜʥʠʤʠ ʜʘʥʠʤʠ ʙʫʣʠ ʟʥʘʯʝʥʥʷ 1 ʘʙʦ 0: ʥʘʷʚʥʽʩʪʴ ʘʙʦ ʚʽʜʩʫʪʥʽʩʪʴ DDoS-ʘʪʘʢʠ 

ʚ ʯʘʩʦʚʠʭ ʨʷʜʘʭ ʪʨʘʬʽʢʘ. 

ʅʘʚʯʘʥʥʷ ʢʣʘʩʠʬʽʢʘʪʦʨʽʚ ʧʨʦʚʦʜʠʣʦʩʷ ʜʣʷ ʨʽʟʥʠʭ ʪʠʧʽʚ DDoS-ʘʪʘʢ ʫ ʭʦʜʽ 

ʟʤʽʥʠ ʪʘʢʠʭ ʧʘʨʘʤʝʪʨʽʚ: 

ï ʧʦʢʘʟʥʠʢ ʍʝʨʩʪʘ ʤʦʜʝʣʴʥʦʛʦ ʪʨʘʬʽʢʫ, ʷʢʠʡ ʚʘʨʽʶʚʘʚʩʷ ʚʽʜ 0,5 ʜʦ 0,9 ʟ 

ʢʨʦʢʦʤ 0,05; 

ï ʨʽʚʝʥʴ ʘʪʘʢʠ, ʷʢʠʡ ʙʫʚ ʦʙʨʘʥʠʡ 10, 15, 20 ʽ 25%. 

ɼʣʷ ʨʝʘʣʽʟʘʮʽʾ ʤʝʪʦʜʽʚ ʢʣʘʩʠʬʽʢʘʮʽʾ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʘʩʴ ʤʦʚʘ Python, 

ʙʽʙʣʽʦʪʝʢʠ ʷʢʦʾ ʤʽʩʪʷʪʴ ʚʝʣʠʢʫ ʢʽʣʴʢʽʩʪʴ ʤʝʪʦʜʽʚ ʤʘʰʠʥʥʦʛʦ ʥʘʚʯʘʥʥʷ. ʏʠʩʝʣʴʥʽ 

ʝʢʩʧʝʨʠʤʝʥʪʠ ʧʨʦʚʦʜʠʣʠʩʷ ʜʣʷ ʤʦʜʝʣʴʥʦʛʦ ʪʨʘʬʽʢʘ ʨʽʟʥʦʾ ʜʦʚʞʠʥʠ ʽ 6 ʚʘʨʽʘʥʪʽʚ 

ʘʪʘʢ DDoss. ʅʠʞʯʝ ʥʘʚʝʜʝʥʦ ʨʝʟʫʣʴʪʘʪʠ ʜʣʷ ʯʘʩʦʚʠʭ ʨʷʜʽʚ ʜʦʚʞʠʥʦʶ 500 
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ʟʥʘʯʝʥʴ, ʱʦ ʜʦʩʠʪʴ ʜʣʷ ʦʙʨʦʙʢʠ ʜʘʥʠʭ ʫ ʨʝʘʣʴʥʦʤʫ ʯʘʩʽ ʽ ʦʜʥʦʛʦ ʪʠʧʫ ʘʪʘʢ, ʱʦ ʻ 

ʪʠʧʦʚʠʤ. 

ʋ ʪʘʙʣʠʮʽ 6.5 ʥʘʚʝʜʝʥʦ ʩʝʨʝʜʥʽ ʡʤʦʚʽʨʥʦʩʪʽ ʚʠʷʚʣʝʥʥʷ ʘʪʘʢʠ ʚ ʨʘʟʽ, ʷʢʱʦ 

ʨʽʚʝʥʴ ʘʪʘʢʠ ʩʪʘʥʦʚʠʪʴ 20%. ɿʥʘʯʝʥʥʷ True Positive ʚʽʜʧʦʚʽʜʘʻ ʡʤʦʚʽʨʥʦʩʪʽ 

ʧʨʘʚʠʣʴʥʦʛʦ ʚʠʷʚʣʝʥʥʷ ʘʪʘʢʠ, ʟʥʘʯʝʥʥʷ False negative ʚʽʜʧʦʚʽʜʘʻ ʧʦʤʠʣʢʦʚʦʤʫ 

ʚʠʷʚʣʝʥʥ ʁ ʥʦʨʤʘʣʴʥʦʛʦ ʪʨʘʬʽʢʫ ʷʢ ʘʪʘʢʦʚʘʥʦʛʦ, ʟʥʘʯʝʥʥʷ F-ʤʽʨʠ ʦʟʥʘʯʘʻ 

ʩʫʢʫʧʥʠʡ ʪʝʩʪ ʚʠʷʚʣʝʥʥʷ ʘʪʘʢʠ. ɿʥʘʯʝʥʥʷ ʧʦʢʘʟʥʠʢʘ ʍʝʨʩʪʘ ʧʦʜʘʥʦ ʚ ʜʽʘʧʘʟʦʥʽ 

0,65 0,9H= - , ʱʦ ʚʽʜʧʦʚʽʜʘʻ ʙʽʣʴʰʦʩʪʽ ʨʝʘʣʴʥʠʭ ʨʝʘʣʽʟʘʮʽʡ ʪʨʘʬʽʢʘ. ʗʢ ʽ 

ʦʯʽʢʫʚʘʣʦʩʷ, ʡʤʦʚʽʨʥʽʩʪʴ ʚʠʷʚʣʝʥʥʷ ʘʪʘʢʠ ʽʩʪʦʪʥʦ ʟʘʣʝʞʠʪʴ ʚʽʜ ʨʽʚʥʷ ʘʪʘʢʠ. ʋ 

ʪʘʙʣʠʮʽ 6.6 ʥʘʚʝʜʝʥʽ ʩʝʨʝʜʥʽ ʟʥʘʯʝʥʥʷ ʽʩʪʠʥʥʦʛʦʧʦʟʠʪʠʚʥʦʛʦ ʽ ʭʠʙʥʦʥʝʛʘʪʠʚʥʦʛʦ 

ʟʘʣʝʞʥʦ ʚʽʜ ʨʽʚʥʷ ʘʪʘʢʠ, ʦʪʨʠʤʘʥʽ ʜʣʷ ʟʥʘʯʝʥʥʷ ʧʘʨʘʤʝʪʨʘ ʍʝʨʩʪʘ 0,85H= . 

ʊʘʙʣʠʮʷ 6.5. 

ɿʥʘʯʝʥʥʷ ʽʩʪʠʥʥʦʧʦʟʠʪʠʚʥʦʛʦ, ʭʠʙʥʦʥʝʛʘʪʠʚʥʦʛʦ ʽ F-ʤʽʨʠ ʜʣʷ ʥʝʡʨʦʥʥʦʾ ʤʝʨʝʞʽ 

ʽ ʚʠʧʘʜʢʦʚʦʛʦ ʣʽʩʫ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʧʦʢʘʟʥʠʢʘ ʍʝʨʩʪʘ. 

ʁʤʦʚʽʨʥʽʩʪʴ 
ʇʦʢʘʟʥʠʢ ʍʝʨʩʪʘ 

0,65 0,7 0,75 0,8 0,85 0,9 

ɯʩʪʠʥʥʦʧʦʟʠʪʠʚʥʽ 

ɺʠʧʘʜʢʦʚʠʡ 

ʣʽʩ 
0,8 0,8 0,72 0,92 0,72 0,68 

ʅʝʡʨʦʥʥʘ 

ʤʝʨʝʞʘ 
0,8 0,68 0,72 0,76 0,8 0,64 

ʍʠʙʥʦʥʝʛʘʪʠʚʥʽ 

ɺʠʧʘʜʢʦʚʠʡ 

ʣʽʩ 
0,08 0,16 0,24 0,28 0,44 0,32 

ʅʝʡʨʦʥʥʘ 

ʤʝʨʝʞʘ 
0,08 0,04 0,08 0,08 0,2 0,36 

F ʤʽʨʘ  

ɺʠʧʘʜʢʦʚʠʡ 

ʣʽʩ 
0,868 0,824 0,745 0,8 0,609 0,68 

ʅʝʡʨʦʥʥʘ 

ʤʝʨʝʞʘ 
0,868 0,842 0,836 0,852 0,8 0,64 

 

ɿʥʘʯʝʥʥʷ F-ʤʽʨʠ ʟʘʣʝʞʥʦ ʚʽʜ ʧʦʢʘʟʥʠʢʘ ʍʝʨʩʪʘ ʥʘʚʝʜʝʥʽ ʚ ʪʘʙʣʠʮʽ 6.7. 

ʈʽʚʝʥʴ ʘʪʘʢʠ ʚ ʮʴʦʤʫ ʚʠʧʘʜʢʫ ʩʪʘʥʦʚʠʪʴ 20%. ʉʣʽʜ ʟʘʟʥʘʯʠʪʠ, ʱʦ ʡʤʦʚʽʨʥʽʩʪʴ 

ʚʠʷʚʣʝʥʥʷ ʘʪʘʢʠ ʽʩʪʦʪʥʦ ʟʘʣʝʞʠʪʴ ʚʽʜ ʟʥʘʯʝʥʥʷ ʧʘʨʘʤʝʪʨʘ ʍʝʨʩʪʘ. ʅʘʡʙʽʣʴʰʘ 

ʡʤʦʚʽʨʥʽʩʪʴ ʪʦʛʦ, ʱʦ ʟʥʘʯʝʥʥʷ ʧʦʢʘʟʥʠʢʘ ʍʝʨʩʪʘ ʜʣʷ ʥʦʨʤʘʣʴʥʦʛʦ ʪʨʘʬʽʢʘ 
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ʥʘʡʙʽʣʴʰʝ ʚʽʜʨʽʟʥʷʻʪʴʩʷ ʚʽʜ ʟʥʘʯʝʥʥʷ ʧʦʢʘʟʥʠʢʘ ʍʝʨʩʪʘ ʜʣʷ ʘʪʘʢʠ. ʆʩʢʽʣʴʢʠ 

ʘʪʘʢʠ ʤʘʶʪʴ ʚʠʩʦʢʽ ʟʥʘʯʝʥʥʷ H, ʡʤʦʚʽʨʥʽʩʪʴ ʨʦʟʧʽʟʥʘʚʘʥʥʷ ʘʪʘʢʠ ʤʘʢʩʠʤʘʣʴʥʘ 

ʜʣʷ ʪʨʘʬʽʢʘ ʟ ʥʝʚʝʣʠʢʠʤʠ ʟʥʘʯʝʥʥʷʤʠ ʧʦʢʘʟʥʠʢʘ H. ʇʦʜʽʙʥʽ ʟʘʫʚʘʞʝʥʥʷ ʣʝʛʢʦ 

ʟʨʦʙʠʪʠ ʧʽʜ ʯʘʩ ʘʥʘʣʽʟʫ ʪʘʙʣʠʮʽ 6.5. 

ʊʘʙʣʠʮʷ 6.6. 

ɿʥʘʯʝʥʥʷ ʽʩʪʠʥʥʦʧʦʟʠʪʠʚʥʦʛʦ ʽ ʭʠʙʥʦʥʝʛʘʪʠʚʥʦʛʦ ʜʣʷ ʥʝʡʨʦʥʥʦʾ ʤʝʨʝʞʽ ʽ 

ʚʠʧʘʜʢʦʚʦʛʦ ʣʽʩʫ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʨʽʚʥʷ ʘʪʘʢʠ (0,85H= ) 

ʈʽʚʝʥʴ ʘʪʘʢʠ (%) ʁʤʦʚʽʨʥʽʩʪʴ ɺʠʧʘʜʢʦʚʠʡ ʣʽʩ ʅʝʡʨʦʥʥʘ ʤʝʨʝʞʘ 

10 
ʽʩʪʠʥʥʦʧʦʟʠʪʠʚʥʝ 0,56 0,48 

ʭʠʙʥʦʥʝʛʘʪʠʚʥʝ 0,44 0,6 

15 
ʽʩʪʠʥʥʦʧʦʟʠʪʠʚʥʝ 0,68 0,64 

ʭʠʙʥʦʥʝʛʘʪʠʚʥʝ 0,2 0,28 

20 
ʽʩʪʠʥʥʦʧʦʟʠʪʠʚʥʝ 0,72 0,8 

ʭʠʙʥʦʥʝʛʘʪʠʚʥʝ 0,44 0,2 

25 
ʽʩʪʠʥʥʦʧʦʟʠʪʠʚʥʝ 0,88 0,84 

ʭʠʙʥʦʥʝʛʘʪʠʚʥʝ 0,28 0,24 

 

ʊʘʙʣʠʮʷ 6.7. 

ɿʥʘʯʝʥʥʷ F-ʤʽʨʠ ʜʣʷ ʥʝʡʨʦʥʥʦʾ ʤʝʨʝʞʽ ʽ ʚʠʧʘʜʢʦʚʦʛʦ ʣʽʩʫ ʟʘʣʝʞʥʦ ʚʽʜ ʧʦʢʘʟʥʠʢʘ 

ʍʝʨʩʪʘ. 

F-ʤʽʨʘ 
ʇʦʢʘʟʥʠʢ ʍʝʨʩʪʘ 

0,65 0,7 0,75 0,8 0,85 0,9 

ɺʠʧʘʜʢʦʚʠʡ ʣʽʩ 0,868 0,824 0,745 0,8 0,609 0,68 

ʅʝʡʨʦʥʥʘ ʤʝʨʝʞʘ 0,868 0,842 0,836 0,852 0,8 0,64 

 

ʇʨʦʚʝʜʝʥʦ ʧʦʨʽʚʥʷʣʴʥʠʡ ʘʥʘʣʽʟ ʙʽʥʘʨʥʦʾ ʢʣʘʩʠʬʽʢʘʮʽʾ ʬʨʘʢʪʘʣʴʥʠʭ 

ʯʘʩʦʚʠʭ ʨʷʜʽʚ ʤʝʪʦʜʘʤʠ ʤʘʰʠʥʥʦʛʦ ʥʘʚʯʘʥʥʷ. ʈʦʟʛʣʷʥʫʪʦ ʢʣʘʩʠʬʽʢʘʮʽʶ ʥʘ 

ʧʨʠʢʣʘʜʽ ʚʠʷʚʣʝʥʥʷ DDoS-ʘʪʘʢ ʫ ʨʝʘʣʽʟʘʮʽʷʭ ʪʨʘʬʽʢʘ. ʗʢ ʤʝʪʦʜʠ ʢʣʘʩʠʬʽʢʘʮʽʾ 

ʙʫʣʠ ʦʙʨʘʥʽ ʚʠʧʘʜʢʦʚʠʡ ʣʽʩ ʟ ʜʝʨʝʚʘʤʠ ʨʝʛʨʝʩʽʾ ʽ ʙʘʛʘʪʦʰʘʨʦʚʠʡ ʧʝʨʩʝʧʪʨʦʥ ʟ 

ʧʝʨʽʦʜʠʯʥʦʾ ʥʦʨʤʘʣʽʟʘʮʽʻʶ. ʈʝʘʣʽʟʘʮʽʷ ʪʨʘʬʽʢʘ ʟ ʘʪʘʢʘʤʠ ʙʫʣʘ ʦʪʨʠʤʘʥʘ ʰʣʷʭʦʤ 

ʧʽʜʩʫʤʦʚʫʚʘʥʥʷ ʩʠʤʫʣʴʦʚʘʥʦʛʦ ʤʫʣʴʪʠʬʨʘʢʪʘʣʴʥʦʛʦ ʪʨʘʬʽʢʘ ʽ ʨʝʘʣʽʟʘʮʽ ʾDDoS-

ʘʪʘʢʠ. ʈʝʟʫʣʴʪʘʪʠ ʢʣʘʩʠʬʽʢʘʮʽʾ ʧʦʢʘʟʘʣʠ, ʱʦ ʡʤʦʚʽʨʥʽʩʪʴ ʚʠʷʚʣʝʥʥʷ ʘʪʘʢʠ 

ʽʩʪʦʪʥʦ ʟʘʣʝʞʠʪʴ ʚʽʜ ʬʨʘʢʪʘʣʴʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʥʦʨʤʘʣʴʥʦʛʦ ʪʨʘʬʽʢʘ. ʎʝ 
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ʧʦʷʩʥʶʻʪʴʩʷ ʪʠʤ ʬʘʢʪʦʤ, ʱʦ ʟʘʟʚʠʯʘʡ ʨʝʘʣʽʟʘʮʽʾ ʘʪʘʢ DDos ʤʘʶʪʴ ʚʝʣʠʢʝ 

ʟʥʘʯʝʥʥʷ ʧʦʢʘʟʥʠʢʘ ʍʝʨʩʪʘ, ʽ ʯʠʤ ʙʽʣʴʰʝ ʬʨʘʢʪʘʣʴʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʥʦʨʤʘʣʴʥʦʛʦ 

ʪʨʘʬʽʢʘ ʽ ʨʝʘʣʽʟʘʮʽʡ ʘʪʘʢ ʚʽʜʨʽʟʥʷʶʪʴʩʷ, ʪʠʤ ʣʝʛʰʝ ʚʠʷʚʠʪʠ ʚʪʦʨʛʥʝʥʥʷ. 

ʁʤʦʚʽʨʥʽʩʪʴ ʚʠʷʚʣʝʥʥʷ ʘʪʘʢʠ ʟʘʣʝʞʠʪʴ ʚʽʜ ʨʽʚʥʷ ʘʪʘʢʠ ʧʦ ʚʽʜʥʦʰʝʥʥʶ ʜʦ 

ʪʨʘʬʽʢʘ ʽ ʚʘʨʽʶʻʪʴʩʷ ʚʽʜ 0,6 ʧʨʠ 15% ʜʦ 0,9 ʧʨʠ ʨʽʚʥʽ 20%. ʄʝʪʦʜ ʚʠʧʘʜʢʦʚʦʛʦ 

ʣʽʩʫ ʧʦʢʘʟʘʚ ʩʝʙʝ ʢʨʘʱʝ ʧʽʜ ʯʘʩ ʨʦʟʧʽʟʥʘʚʘʥʥ ̫ ʥʦʨʤʘʣʴʥʦʛʦ ʪʨʘʬʽʢʘ, ʥʽʞ 

ʥʝʡʨʦʥʥʘ ʤʝʨʝʞʘ, ʘʣʝ ʥʝʡʨʦʥʥʽ ʤʝʨʝʞʽ ʤʘʶʪʴ ʚʝʣʠʢʠʡ ʧʦʪʝʥʮʽʘʣ ʜʣʷ 

ʧʦʣʽʧʰʝʥʥʷ. 

6.5. ʈʦʟʨʦʙʢʘ ʢʦʤʧʣʝʢʩʥʦʛʦ ʤʝʪʦʜʫ ʚʠʷʚʣʝʥʥʷ ʚʪʦʨʛʥʝʥʴ, ʷʢʠʡ 

ʙʘʟʫʻʪʴʩʷ ʥʘ ʚʠʢʦʨʠʩʪʘʥʥʽ ʘʥʘʣʽʟʫ ʩʠʛʥʘʪʫʨ, ʘʥʘʣʽʟʫ ʘʥʦʤʘʣʽʡ ʧʦʚʝʜʽʥʢʠ 

ʤʝʨʝʞʽ ʪʘ ʝʥʪʨʦʧʽʡʥʦʤʫ ʘʥʘʣʽʟʽ ʧʨʦʪʦʢʦʣʽʚ 

ʂʦʞʝʥ ʟ ʤʝʪʦʜʽʚ ʜʝʪʝʢʪʫʚʘʥʥʷ ʘʪʘʢ, ʥʘʚʝʜʝʥʠʭ ʚ ʨʦʟʜʽʣʽ 5 ʽ ʧʫʥʢʪʽ 6.2 

ʮɹ ʦʛʦ ʨʦʟʜʽʣʫ, ʤʘʻ ʷʢ ʥʝʜʦʣʽʢʠ, ʪʘʢ ʽ ʧʝʨʝʚʘʛʠ. ɯʩʥʫʶʪʴ ʧʽʜʭʦʜʠ, ʷʢʽ ʧʨʦʧʦʥʫʶʪʴ 

ʢʦʤʙʽʥʦʚʘʥʝ ʚʠʢʦʨʠʩʪʘʥʥʷ ʜʝʷʢʠʭ ʤʝʪʦʜʽʚ ʜʣʷ ʧʦʣʽʧʰʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ 

ʜʝʪʝʢʪʫʚʘʥʥʷ ʘʪʘʢ. ʋ ʜʘʥʽʡ ʨʦʙʦʪʽ ʧʨʦʧʦʥʫʻʪʴʩʷ ʤʝʪʦʜ ʚʠʷʚʣʝʥʥʷ ʚʪʦʨʛʥʝʥʴ ʥʘ 

ʦʩʥʦʚ ̔ ʢʦʤʧʣʝʢʩʥʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʤʝʪʦʜʽʚ ʩʠʛʥʘʪʫʨʥʦʛʦ ʘʥʘʣʽʟʫ, ʘʥʘʣʽʟʫ 

ʘʥʦʤʘʣʽʡ ʪʘ ʧʨʦʪʦʢʦʣʽʚ ʽ ʘʥʘʣʽʟ ʨʝʟʫʣʴʪʘʪʽʚ ʡʦʛʦ ʨʦʙʦʪʠ. 

ɺ ʜʘʥʦʤʫ ʚʠʧʘʜʢʫ ʤʝʨʝʞʥʘ ʉɺɺ ʤʘʻ ʤʥʦʞʠʥʫ ʜʝʪʝʢʪʦʨʽʚ ʽ ʘʥʘʣʽʟʘʪʦʨ 

ʪʨʘʬʽʢʘ, ʦʧʠʩʘʥʽ ʚ ʨʦʟʜʽʣʽ 4. ʗʢʽʩʪʴ ʨʦʙʦʪʠ ʉɺɺ ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʪʦʯʥʽʩʪʶ 

ʤʝʪʨʠʢ, ʨʽʚʥʝʤ ʚʠʷʚʣʝʥʥʷ (DR) ʽ ʨʽʚʥʝʤ ʧʦʤʠʣʢʦʚʠʭ ʩʧʨʘʮʴʦʚʫʚʘʥʴ (FPR), 

ʊʦʯʥʽʩʪʶ ʽ ʇʦʚʥʦʪʦʶ, F-ʤʽʨʦʶ. ʅʝʭʘʡ ʧʦʢʘʟʫʻ ʡʤʦʚʽʨʥʽʩʪʴ ʚʠʷʚʣʝʥʥʷ ʚʪʦʨʛʥʝʥʴ 

ʧʽʜ ʯʘʩ ʨʦʙʦʪʠ ʤʝʪʦʜʫ ʧʦʚʝʜʽʥʢʠ. ɺ ʮʴʦʤʫ ʚʠʧʘʜʢʫ ï ʬʫʥʢʮʽʷ ʟʘʣʝʞʠʪʴ ʚʽʜ 

ʧʦʢʘʟʥʠʢʽʚ, ʷʢʽ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴ ʉɺɺ: 

 ( ), , , , .bP f Recall Precision F DR FPRb=  (6.2) 
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ʅʝʭʘʡ , 1,2,3,...i

bA i=  ʟʤʽʥʥʽ, ʱʦ ʧʦʟʥʘʯʘʶʪʴ ʜʝʷʢʽ ʧʦʨʦʛʦʚʽ ʡʤʦʚʽʨʥʦʩʪʽ 

ʚʠʷʚʣʝʥʥʷ ʚʪʦʨʛʥʝʥʴ. ɺʠʙʠʨʘʶʯʠ ʧʦʪʨʽʙʥʫ ʬʫʥʢʮʽʶ f  ʽ ʧʦʨʦʛʦʚʽ ʟʥʘʯʝʥʥʷ 

ʚʠʷʚʣʝʥʥʷ ʚʪʦʨʛʥʝʥʴ ʤʦʞʥʘ ʚʘʨʽʶʚʘʪʠ ʥʘʣʘʰʪʫʚʘʥʥʷ ʨʦʙʦʪʠ ʉɺɺ (ʢʽʣʴʢʽʩʪʴ 

ʧʨʘʚʠʣ ʪʨʠʚʦʛʠ, ʢʽʣʴʢʽʩʪʴ ʩʧʨʘʮʴʦʚʫʚʘʥʴ ʪʨʠʚʦʛʠ, ʨʽʚʝʥʴ ʩʧʨʘʮʴʦʚʫʚʘʥʴ 

ʪʨʠʚʦʛʠ, ʨʽʚʝʥʴ ʙʣʦʢʫʚʘʥʥʷ, ʨʝʘʛʫʚʘʥʥʷ ʥʘ ʘʪʘʢʫ ʪʦʱʦ). 

ʋ ʜʘʥʽʡ ʨʦʙʦʪʽ ʙʫʣʦ ʚʩʪʘʥʦʚʣʝʥʦ ʪʘʢʽ ʧʦʨʦʛʠ: 
1 0,9bA = , 

2 0,7bA = , 
3 0,5bA =

. ʎʝ ʧʦʚô̫ ʟʘʥʦ ʟ ʪʠʤ, ʱʦ ʥʘʰʽ ʜʦʩʣʽʜʞʝʥʥʷ ʪʘ ʽʥʰʠʭ ʚʯʝʥʠʭ [Cuadra-S§nchez, 

2015; Dromard 2017; Goldstein, 2016 ʨʦʢʫ; Lazarevic, 2013; Liu, 2016; Hu 2017; 

Nyalkalkar, 2011; Ndong, 2011 ʨʦʢʫ; Wang, 2013; ʐʝʣʫʭʽʥ, 2014; ʐʝʣʫʭʽʥ, 2013; 

Bulajoul, 2015] ʧʦʢʘʟʘʣʠ, ʱʦ ʡʤʦʚʽʨʥʽʩʪʴ ʚʠʷʚʣʝʥʥʷ ʚʪʦʨʛʥʝʥʴ ʙʽʣʴʰʝ 90% ʻ 

ʧʨʘʢʪʠʯʥʦ ʪʦʯʥʦʶ ʽʜʝʥʪʠʬʽʢʘʮʽʻʶ ʥʘʷʚʥʦʩʪʽ ʘʪʘʢʠ, 
2 0,7bA =  ʚʢʘʟʫʻ ʥʘ ʪʝ, ʱʦ 

ʥʝʦʙʭʽʜʥʠʡ ʜʦʜʘʪʢʦʚʠʡ ʘʥʘʣʽʟ ʪʨʘʬʽʢʘ. ʗʢʱʦ ʞ ʡʤʦʚʽʨʥʽʩʪʴ ʚʠʷʚʣʝʥʥʷ ʤʝʥʰʝ 

50%, ʪʦ ʮʝ ʟ ʚʝʣʠʢʦʶ ʯʘʩʪʢʦʶ ʡʤʦʚʽʨʥʦʩʪʽ ʚʢʘʟʫʻ ʥʘ ʚʽʜʩʫʪʥʽʩʪʴ ʘʪʘʢʠ 

[ʈʘʜʽʚʽʣʦʚʘ, 2020; Radivilova, 2020-1]. ʉʭʝʤʫ ʨʦʙʦʪʠ ʟʘʧʨʦʧʦʥʦʚʘʥʦʛʦ 

ʢʦʤʧʣʝʢʩʥʦʛʦ ʤʝʪʦʜʫ ʥʘʚʝʜʝʥʦ ʥʘ ʨʠʩʫʥʢʫ 6.3. ʈʦʟʛʣʷʥʝʤʦ ʨʦʙʦʪʫ 

ʢʦʤʧʣʝʢʩʥʦʛʦ ʤʝʪʦʜʫ ʙʽʣʴʰ ʜʦʢʣʘʜʥʦ. 

ʇʦʧʝʨʝʜʥʷ ʦʙʨʦʙʢʘ ʪʨʘʬʽʢʘ. ʅʘ ʚʭʽʜ ʜʝʪʝʢʪʦʨʽʚ ʥʘʜʭʦʜʠʪʴ ʪʨʘʬʽʢ, ʷʢʠʡ 

ʜʝʪʝʢʪʦʨʠ ʟʘʭʦʧʣʶʶʪʴ ʽ ʚʽʜʩʠʣʘʶʪʴ ʥʘ ʧʝʨʝʜʦʙʨʦʙʢʫ ʜʣʷ ʟʚʝʜʝʥʥʷ ʪʨʘʬʽʢʘ ʫ 

ʟʨʫʯʥʠʡ ʚʠʜ ʜʣʷ ʦʙʨʦʙʢʠ ʽ ʘʥʘʣʽʟʫ. 

ɼʘʣʽ ʪʨʘʬʽʢ ʘʥʘʣʽʟʫʻʪʴʩʷ, ʚʠʙʠʨʘʶʪʴʩʷ ʩʪʘʪʠʩʪʠʯʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ʪʨʘʬʽʢʘ, ʦʟʥʘʢʠ, ʟʘ ʷʢʠʤʠ ʪʨʘʬʽʢ ʢʣʘʩʠʬʽʢʫʚʘʪʠʤʝʪʴʩʷ. 

ʄʝʪʦʜ ʧʦʚʝʜʽʥʢʠ. ɼʘʣʽ ʪʨʘʬʽʢ ʚʽʜʩʠʣʘʻʪʴʩʷ ʥʘ ʘʥʘʣʽʟ ʤʝʪʦʜʦʤ 

ʧʦʚʝʜʽʥʢʠ, ʷʢʠʡ ʦʧʠʩʘʥʠʡ ʫ ʨʦʟʜʽʣʽ 6.2. 

1. ʇʨʠ 
1

b bP A>  ʤʝʪʦʜ ʧʦʚʝʜʽʥʢʠ ʚʽʜʧʨʘʚʣʷʻ ʪʨʘʬʽʢ ʫ ʧʽʜʩʠʩʪʝʤʫ 

ʨʝʘʛʫʚʘʥʥʷ ʥʘ ʘʪʘʢʠ (ʘʙʦ ʚʠʣʫʯʘʻ ʡʦʛʦ) ʽ ʟʘʧʠʩʫʻ ʜʘʥʽ ʧʨʦ ʘʪʘʢʫ ʚ ʙʘʟʫ ʜʘʥʠʭ 

ʘʪʘʢ.  
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2. ʇʨʠ
2 1

b b bA P A< <  ʪʨʘʬʢ̔ ʚʽʜʧʨʘʚʣʷʻʪʴʩʷ ʥʘ ʘʥʘʣʽʟ ʤʝʪʦʜʦʤ ʘʥʘʣʽʟʫ 

ʧʨʦʪʦʢʦʣʽʚ.  

3. ʇʨʠ 
3 2

b b bA P A< <  ʚʽʜʧʨʘʚʣʷʻʪʴʩʷ ʥʘ ʘʥʘʣʽʟ ʤʝʪʦʜʦʤ ʩʠʛʥʘʪʫʨʥʦʛʦ 

ʘʥʘʣʽʟʫ, ʤʠʥʘʶʯʠ ʤʝʪʦʜ ʘʥʘʣʽʟʫ ʧʨʦʪʦʢʦʣʽʚ. 

4. ʇʨʠ 
3

b bP A<  ʪʨʘʬʢ̔ ʙʝʟ ʙʫʜʴ-ʷʢʠʭ ʜʦʜʘʪʢʦʚʠʭ ʧʝʨʝʚʽʨʦʢ ʚʽʜʧʨʘʚʣʷʻʪʴʩʷ 

ʜʘʣʽ ʚ ʤʝʨʝʞʫ. 

 

ʈʠʩ. 6.3. ʉʭʝʤʘ ʨʦʙʦʪʠ ʢʦʤʧʣʝʢʩʥʦʛʦ ʤʝʪʦʜʫ ʚʠʷʚʣʝʥʥʷ ʚʪʦʨʛʥʝʥʴ 



322 

 

ʄʝʪʦʜ ʘʥʘʣʟ̔ʫ ʧʨʦʪʦʢʦʣʽʚ. ʊʨʘʬʽʢ, ʷʢʠʡ ʙʫʚ ʧʝʨʝʜʘʥʠʡ ʥʘ ʚʭʽʜ ʤʝʪʦʜʫ 

ʘʥʘʣʽʟʫ ʧʨʦʪʦʢʦʣʽʚ (ʦʧʠʩʘʥʠʡ ʚ ʨʦʟʜʽʣʽ 5), ʧʨʦʭʦʜʠʪʴ ʪʘʢ̔ ʢʨʦʢʠ: 

1. ʇʨʠ 
1

b bP A>  ʤʝʪʦʜ ʘʥʘʣʽʟʫ ʧʨʦʪʦʢʦʣʽʚ ʚʽʜʧʨʘʚʣʷʻ ʪʨʘʬʽʢ ʫ ʧʽʜʩʠʩʪʝʤʫ 

ʨʝʘʛʫʚʘʥʥʷ ʥʘ ʘʪʘʢʠ (ʘʙʦ ʚʠʣʫʯʘʻ ʡʦʛʦ) ʽ ʟʘʧʠʩʫʻ ʜʘʥʽ ʧʨʦ ʮʶ ʘʪʘʢʫ ʚ ʙʘʟʫ ʜʘʥʠʭ 

ʘʪʘʢ. 

2. ʇʨʠ 
2 1

b b bA P A< <  ʪʨʘʬʽʢ ʚʽʜʧʨʘʚʣʷʻʪʴʩʷ ʥʘ ʘʥʘʣʽʟ ʤʝʪʦʜʦʤ 

ʩʠʛʥʘʪʫʨʥʦʛʦ ʘʥʘʣʽʟʫ. 

3. ʇʨʠ 
2

b bP A<  ʪʨʘʬʽʢ ʙʝʟ ʚʩʷʢʠʭ ʜʦʜʘʪʢʦʚʠʭ ʧʝʨʝʚʽʨʦʢ ʚʽʜʧʨʘʚʣʷʻʪʴʩʷ 

ʜʘʣʽ ʚ ʤʝʨʝʞʫ. 

ʄʝʪʦʜ ʩʠʛʥʘʪʫʨʥʦʛʦ ʘʥʘʣʟ̔ʫ. ʊʨʘʬʽʢ, ʱʦ ʥʘʜʽʡʰʦʚ ʥʘ ʚʭʽʜ ʤʝʪʦʜʫ 

ʩʠʛʥʘʪʫʨʥʦʛʦ ʘʥʘʣʽʟʫ (ʦʧʠʩʘʥʠʡ ʚ ʨʦʟʜʽʣʽ 5), ʦʙʨʦʙʣʷʻʪʴʩʷ ʽ ʧʦʨʽʚʥʶʻʪʴʩʷ ʟ 

ʽʩʥʫʶʯʠʤʠ ʩʠʛʥʘʪʫʨʘʤʠ ʘʪʘʢ. 

1. ʇʨʠ 
1

b bP A>  ʤʝʪʦʜ ʘʥʘʣʽʟʫ ʧʨʦʪʦʢʦʣʽʚ ʚʽʜʧʨʘʚʣʷʻ ʪʨʘʬʽʢ ʫ ʧʽʜʩʠʩʪʝʤʫ 

ʨʝʘʛʫʚʘʥʥʷ ʥʘ ʘʪʘʢʠ (ʘʙʦ ʚʠʣʫʯʘʻ ʡʦʛʦ) ʽ ʟʘʧʠʩʫʻ ʜʘʥʽ ʧʨʦ ʮʶ ʘʪʘʢʫ ʚ ʙʘʟʫ ʜʘʥʠʭ 

ʘʪʘʢ. 

2. ʇʨʠ 
1

b bP A<  ʪʨʘʬʽʢ ʙʝʟ ʙʫʜʴ-ʷʢʠʭ ʜʦʜʘʪʢʦʚʠʭ ʧʝʨʝʚʽʨʦʢ ʚʽʜʧʨʘʚʣʷʻʪʴʩʷ 

ʜʘʣʽ ʚ ʤʝʨʝʞʫ. 

ɼʘʣʽ ʪʨʘʬʽʢ ʧʝʨʝʜʘʻʪʴʩʷ ʚʩʝʨʝʜʠʥʽ ʤʝʨʝʞʽ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʚʩʪʘʥʦʚʣʝʥʠʭ 

ʧʨʘʚʠʣ ʦʙʨʦʙʢʠ ʽ ʧʝʨʝʜʘʯʽ. 

ʈʦʟʨʦʙʣʝʥʦ ʢʦʤʧʣʝʢʩʥʠʡ ʤʝʪʦʜ ʚʠʷʚʣʝʥʥʷ ʚʪʦʨʛʥʝʥʴ, ʷʢʠʡ ʙʘʟʫʻʪʴʩʷ ʥʘ 

ʚʠʢʦʨʠʩʪʘʥʥʽ ʘʣʛʦʨʠʪʤʫ ʘʥʘʣʽʟʫ ʩʠʛʥʘʪʫʨ, ʘʥʘʣʽʟʫ ʘʥʦʤʘʣʽʡ ʧʦʚʝʜʽʥʢʠ ʤʝʨʝʞʽ ʪʘ 

ʝʥʪʨʦʧʽʡʥʦʤʫ ʘʥʘʣʽʟʽ ʧʨʦʪʦʢʦʣʽʚ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʡʤʦʚʽʨʥʦʩʪʽ ʚʠʷʚʣʝʥʥʷ 

ʚʪʦʨʛʥʝʥʴ. ɼʣʷ ʧʝʨʝʚʽʨʢʠ ʝʬʝʢʪʠʚʥʦʩʪʽ ʨʦʟʨʦʙʣʝʥʦʛʦ ʤʝʪʦʜʫ ʥʝʦʙʭʽʜʥʦ 

ʧʨʦʚʝʩʪʠ ʤʦʜʝʣʶʚʘʥʥʷ ʡʦʛʦ ʨʦʙʦʪʠ.  
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6.7. ʈʝʟʫʣʴʪʘʪʠ ʤʦʜʝʣʶʚʘʥʥʷ ʨʦʙʦʪʠ ʢʦʤʧʣʝʢʩʥʦʛʦ ʤʝʪʦʜʫ 

ʚʠʷʚʣʝʥʥʷ ʚʪʦʨʛʥʝʥʴ   

ʈʝʟʫʣʴʪʘʪʠ ʨʦʙʦʪʠ ʟʘʧʨʦʧʦʥʦʚʘʥʦʛʦ ʢʦʤʧʣʝʢʩʥʦʛʦ ʤʝʪʦʜʫ ʧʦʢʘʟʘʥʽ ʚ 

ʪʘʙʣ.6.8-6.11. ʈʝʟʫʣʴʪʘʪʠ ʨʦʙʦʪʠ ʢʦʞʥʦʛʦ ʤʝʪʦʜʫ ʦʢʨʝʤʦ ʽ ʢʦʤʧʣʝʢʩʥʦʛʦ ʤʝʪʦʜʫ 

ʟʙʽʛʘʶʪʴʩʷ ʟ ʨʝʟʫʣʴʪʘʪʘʤʠ, ʦʪʨʠʤʘʥʠʤʠ ʽʥʰʠʤʠ ʜʦʩʣʽʜʥʠʢʘʤʠ [Almutairi 2017; 

Shah, 2018; Gu, 2006; Bul'ajoul, 2013; Hu 2017; Khan, 2019; Ulvila, 2003; Park 

2017; Albin, 2011 ʨʦʢʫ; Jinug, 2016 ʨʦʢʫ; White, 2013]. 

ɼʣʷ ʧʨʦʚʝʜʝʥʥʷ ʝʢʩʧʝʨʠʤʝʥʪʽʚ ʚ ʤʝʨʝʞʫ ʚʽʜʧʨʘʚʣʷʚʩʷ ʪʨʘʬʽʢ ʢʦʞʥʽ 8 ʤʩ. 

ɼʘʣʽ ʮʝʡ ʩʘʤʠʡ ʪʨʘʬʽʢ ʚʽʜʧʨʘʚʣʷʚʩʷ ʟʙʽʣʴʰʫʶʯʠ ʽʥʪʝʥʩʠʚʥʽʩʪʴ, ʪʦʙʪʦ ʢʦʞʥʽ 

4 ʤʩ, ʽ ʜʘʣʽ ʢʦʞʥʫ 1 ʤʩ. ʋ ʪʘʙʣʠʮʽ 6.8 ʥʘʚʝʜʝʥʦ ʧʦʢʘʟʥʠʢʠ ʝʬʝʢʪʠʚʥʦʩʪʽ ʨʦʙʦʪʠ 

ʉɺɺ, ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ ʷʢʽ, ʤʦʞʥʘ ʧʨʦʘʥʘʣʽʟʫʚʘʪʠ ʟʘʧʨʦʧʦʥʦʚʘʥʽ ʤʝʪʦʜʠ 

ʽʜʝʥʪʠʬʽʢʘʮʽʾ ʘʪʘʢ. 

ʊʘʙʣʠʮʷ 6.8. 

ʇʦʢʘʟʥʠʢʠ ʝʬʝʢʪʠʚʥʦʩʪʽ ʉɺɺ 

ʇʦʢʘʟʥʠʢʠ ʝʬʝʢʪʠʚʥʦʩʪʽ ʆʧʠʩ 

ʦʪʨʠʤʘʥʽ ʧʘʢʝʪʠ ʂʽʣʴʢʽʩʪʴ ʦʪʨʠʤʘʥʠʭ ʧʘʢʝʪʽʚ 

ʧʨʦʘʥʘʣʽʟʦʚʘʥʽ ʧʘʢʝʪʠ ɺʽʜʩʦʪʦʢ ʧʨʦʘʥʘʣʽʟʦʚʘʥʠʭ ʧʘʢʝʪʽʚ ʚʽʜ ʟʘʛʘʣʴʥʦʛʦ ʯʠʩʣʘ 

ʦʪʨʠʤʘʥʠʭ ʧʘʢʝʪʽʚ 

ʚʽʜʢʠʥʫʪʽ ʧʘʢʝʪʠ ɺʽʜʩʦʪʦʢ ʚʽʜʢʠʥʫʪʠʭ ʧʘʢʝʪʽʚ ʚʽʜ ʟʘʛʘʣʴʥʦʛʦ ʯʠʩʣʘ 

ʦʪʨʠʤʘʥʠʭ ʧʘʢʝʪʽʚ 

ʚʽʜʬʽʣʴʪʨʦʚʘʥʽ ʧʘʢʝʪʠ  ɺʽʜʩʦʪʦʢ ʧʘʢʝʪʽʚ ʥʝ ʧʦʢʘʟʘʥʠʭ ʜʣʷ ʉɺɺ 

ʥʝʚʠʢʦʥʘʥʽ ʧʘʢʝʪʠ  ɺʽʜʩʦʪʦʢ ʧʘʢʝʪʽʚ, ʙʫʬʝʨʠʟʦʚʘʥʠʭ ʚ ʦʯʽʢʫʚʘʥʥʽ ʦʙʨʦʙʢʠ 

/ ʘʙʦ ʥʝ ʦʙʨʦʙʣʝʥʽ 

 

ʋ ʪʘʙʣʠʮʽ 6.9 ʥʘʚʝʜʝʥʦ ʨʝʟʫʣʴʪʘʪʠ ʨʦʙʦʪʠ ʟʘʧʨʦʧʦʥʦʚʘʥʠʭ ʫ ʜʘʥʽʡ 

ʜʠʩʝʨʪʘʮʽʾ ʤʝʪʦʜʽʚ ʽʜʝʥʪʠʬʽʢʘʮʽʾ ʘʪʘʢ ʽ ʽʩʥʫʶʯʦʾ ʉɺɺ Suricata ʚ ʭʦʜʽ ʟʤʽʥʠ 

ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʪʨʘʬʽʢʫ. ʋ ʪʘʙʣʠʮʽ 6.10 ʥʘʚʝʜʝʥʦ ʧʦʢʘʟʥʠʢʠ ʷʢʦʩʪʽ ʽʜʝʥʪʠʬʽʢʘʮʽʾ 

ʘʪʘʢ ʟʘʧʨʦʧʦʥʦʚʘʥʠʭ ʫ ʜʘʥʽʡ ʜʠʩʝʨʪʘʮʽʾ ʤʝʪʦʜʽʚ. ʋ ʪʘʙʣʠʮʽ 6.11 ʥʘʚʝʜʝʥʦ 

ʨʝʟʫʣʴʪʘʪʠ ʨʦʙʦʪʠ ʟʘʧʨʦʧʦʥʦʚʘʥʦʛʦ ʢʦʤʧʣʝʢʩʥʦʛʦ ʤʝʪʦʜʫ ʽ ʽʩʥʫʶʯʠʭ 

ʢʦʤʧʣʝʢʩʥʠʭ ʤʝʪʦʜʽʚ, ʟʘʧʨʦʧʦʥʦʚʘʥʠʭ ʽʥʰʠʤʠ ʜʦʩʣʽʜʥʠʢʘʤʠ. 
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ʊʘʙʣʠʮʷ 6.9. 

ʇʦʢʘʟʥʠʢʠ ʝʬʝʢʪʽʚʥʦʩʪʽ ʤʝʪʦʜʽʚ ʜʣʷ ʨʽʟʥʦʾ ʽʥʪʝʥʩʽʚʥʦʩʪʽ ʪʨʘʬʽʢʘ 

 ʊʨʘʬʽʢ ʊʨʠʚʘ-

ʣʽʩʪʴ 

ʧʝʨʝʜʘ-

ʚʘʥʥʷ 

ʧʘʢʝʪʽʚ  

Suricata ʄʝʪʦʜ 

ʧʦʚʝʜʽʥʢʠ 

ʄʝʪʦʜ 

ʝʥʪʨʦʧʽʡʥʦʛʦ

ʘʥʘʣʽʟʫ 

ʧʨʦʪʦʢʦʣʽʚ 

ʄʝʪʦʜ 

ʘʥʘʣʽʟʫ 

ʩʠʛʥʘʪʫʨ 

 

ʂʦʤʧʣʝʢʩ-

ʥʠʡ ʤʝʪʦʜ 

ʆʪʨʠʤʘʥʽ ʧʘʢʝʪʠ 8 ʤʩ 100% 100% 100% 100% 100% 

4 ʤʩ 100% 100% 100% 100% 100% 

1 ʤʩ 100% 100% 100% 100% 100% 

ʇʨʦʘʥʘʣʽʟʦʚʘʥʽ 

ʧʘʢʝʪʠ, % 

8 ʤʩ 99,99 100 97,78 98,86 100% 

4 ʤʩ 62,16 83,11 68,77 62,01 84,56 

1 ʤʩ 16,07 56,25 16,69 13,45 59,97 

ɺʽʜʢʠʥʫʪʽ ʧʘʢʝʪʠ, 

% 

8 ʤʩ 0 0 0 0 0 

4 ʤʩ 27,45 14,46 25,78 27,94 24,25 

1 ʤʩ 45,63 38,83 44,05 46,02 40,44 

ʅʝʧʨʦʘʥʘʣʽʟʦʚʘʥʽ 

ʧʘʢʝʪʠ, ;% 

8 ʤʩ 0,01 0 2,22 1,14 0 

4 ʤʩ 37,84 16,89 31,23 37,99 15,44 

1 ʤʩ 83,93 43,75 83,31 86,55 40,03 

 

ʊʘʙʣʠʮʷ 6.10. 

ʗʢʽʩʪʴ ʨʦʙʦʪʠ ʢʦʤʧʣʝʢʩʥʦʛʦ ʘʣʛʦʨʠʪʤʫ 

 
ʄʝʪʦʜ 

ʧʦʚʝʜʽʥʢʠ 

ʄʝʪʦʜ 

ʝʥʪʨʦʧʽʡʥʦʛʦ 

ʘʥʘʣʽʟʫ  

ʄʝʪʦʜ 

ʘʥʘʣʽʟʫ 

ʩʠʛʥʘʪʫʨ 

ʂʦʤʧʣʝʢʩʥʠʡ 

ʤʝʪʦʜ 

% ʚʠʷʚʣʝʥʠʭ ʘʪʘʢ 94,2 96,3 97,2 98 

%* ʥʝʚʠʷʚʣʝʥʠʭ ʘʪʘʢ 5,8 3,7 2,8 2 

% ʚʪʨʘʯʝʥʠʭ ʜʘʥʠʭ  3,1 5,4 6,2 3,2 

% ʧʦʤʠʣʢʦʚʠʭ 

ʩʧʨʘʮʴʦʚʫʚʘʥʴ  
2 15 0,7 0,5 

F1 ʤʽʨʘ 0,87 0,94 0,96 0,98 

ʏʘʩ ʨʦʙʦʪʠ ʚ ʧʝʨʽʦʜ W, ʤʩ 0,41 0,48 0,5 0,47 

 

ʇʦʨʽʚʥʷʣʴʥʠʡ ʘʥʘʣʽʟ ʨʦʙʦʪʠ ʢʦʤʧʣʝʢʩʥʦʛʦ ʤʝʪʦʜʘ ʧʦʢʘʟʘʚ ʚʠʩʦʢʫ 

ʪʦʯʥʽʩʪʴ ʽʜʝʥʪʠʬʽʢʘʮʽʾ ʘʪʘʢ ʧʨʠ ʨʽʟʥʽʡ ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʪʨʘʬʽʢʫ. ʂʦʤʧʣʝʢʩʥʠʡ 

ʤʝʪʦʜ ʧʦʢʘʟʘʚ ʙʽʣʴʰ ʚʠʩʦʢʫ ʪʦʯʥʽʩʪʴ ʽʜʝʥʪʠʬʽʢʘʮʽʾ ʘʪʘʢ (ʙʽʣʴʰʝ 98%) ʥʘ ʚʽʜʤʽʥʫ 

ʚʽʜ ʽʩʥʫʶʯʠʭ. ɿʘʣʝʞʥʦ ʚʽʜ ʥʝʦʙʭʽʜʥʦʛʦ ʨʽʚʥʷ ʽʜʝʥʪʠʬʽʢʘʮʽʾ ʘʪʘʢ ʤʦʞʥʘ 

ʧʨʠʩʢʦʨʠʪʠ ʨʦʙʦʪʫ ʢʦʤʧʣʝʢʩʥʦʛʦ ʤʝʪʦʜʫ ʰʣʷʭʦʤ ʟʤʽʥʠ ʧʦʨʦʛʦʚʠʭ ʟʥʘʯʝʥʴ 

ʚʠʷʚʣʝʥʥʷ. 
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ʊʘʙʣʠʮʷ 6.11. 

ʗʢʽʩʪʴ ʨʦʙʦʪʠ ʢʦʤʧʣʝʢʩʥʦʛʦ ʤʝʪʦʜʫ ʚʠʷʚʣʝʥʥʷ ʚʪʦʨʛʥʝʥʴ 

  Khan-2019 Shah-2018 Hu-2017 
ɿʘʧʨʦʧʦʥʦʚʘʥʠʡ 

ʢʦʤʧʣʝʢʩʥʠʡ ʤʝʪʦʜ 

% ʚʠʷʚʣʝʥʠʭ ʘʪʘʢ 97 97 95 98 

% ʥʝʚʠʷʚʣʝʥʠʭ ʘʪʘʢ 0.3 0.3 0.5 0.2 

% ʚʪʨʘʯʝʥʠʭ ʜʘʥʠʭ  7 3.2 9.8 3.2 

% ʧʦʤʠʣʢʦʚʠʭ 

ʩʧʨʘʮʴʦʚʫʚʘʥʴ  
0.71 3.2 1.7 1.6 

F1 ʤʽʨʘ 0.973 0.953 0.944 0.98 

 

ɼʣʷ ʧʨʦʚʝʜʝʥʥʷ ʧʦʨʽʚʥʷʥʥʷ ʟʘʧʨʦʧʦʥʦʚʘʥʠʭ ʫ ʜʠʩʝʨʪʘʮʽʡʥʽʡ ʨʦʙʦʪʽ 

ʤʝʪʦʜʽʚ ʟʘʙʝʟʧʝʯʝʥʥʷ ʙʝʟʧʝʢʠ (ɿʄ) ʟ ʽʩʥʫʶʯʠʤʠ (ɯʄ) ʙʫʣʦ ʚʠʟʥʘʯʝʥʦ ʥʘʙʽʨ 

ʧʘʨʘʤʝʪʨʽʚ, ʱʦ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴ ʟʘʙʝʟʧʝʯʝʥʥʷ ʙʝʟʧʝʢʠ, ʷʢʽʩʪʴ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʪʘ 

ʚʨʘʭʫʚʘʥʥʷ ʩʘʤʦʧʦʜʽʙʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʪʨʘʬʽʢʘ. ʊʘʢʦʞ ʚʠʟʥʘʯʝʥʦ ʥʠʟʢʫ 

ʧʘʨʘʤʝʪʨʽʚ, ʱʦ ʫʤʦʞʣʠʚʣʶʶʪʴ ʦʮʽʥʶʚʘʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʟʘʩʪʦʩʫʚʘʥʥʷ ʤʝʪʦʜʽʚ 

ʚʠʷʚʣʝʥʥʷ ʚʪʦʨʛʥʝʥʴ (ʢʽʙʝʨʘʪʘʢ). ʈʝʟʫʣʴʪʘʪʠ ʧʦʨʽʚʥʷʥʥʷ ʥʘʚʝʜʝʥʦ ʚ ʪʘʙʣ. 6.12, 

ʜʝ ʧʦʟʥʘʯʢʘ ç+è ʦʟʥʘʯʘʻ, ʱʦ ʜʘʥʠʡ ʤʝʪʦʜ ʚʨʘʭʦʚʫʻ ʚʢʘʟʘʥʠʡ ʧʘʨʘʤʝʪʨ, ʧʦʟʥʘʯʢʘ 

çïè ʦʟʥʘʯʘʻ, ʱʦ ʧʘʨʘʤʝʪʨ ʥʝ ʚʨʘʭʦʚʫʻʪʴʩʷ. 

 

ʊʘʙʣʠʮʷ 6.12 

ʈʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʥʷ ʽʩʥʫʶʯʠʭ ʤʝʪʦʜʽʚ ʟʘʙʝʟʧʝʯʝʥʥʷ ʙʝʟʧʝʢʠ ʽʥʬʦʨʤʘʮʽʾ ʧʽʜ 

ʯʘʩ ʾʾ ʧʝʨʝʜʘʯʽ ʪʘ ʟʘʧʨʦʧʦʥʦʚʘʥʠʭ 

ʄʝʪʦʜʠ 

ʉ
ʪ
ʫ
ʧ
ʽ
ʥ
ʴ
 
ʫ
ʪ
ʠ
ʣ
ʽ
ʟ
ʘ
ʮ
ʽ
ʾ
 

ʢ
ʘ
ʥ
ʘ
ʣ
ʽ
ʚ
,
 
%

 

ʅ
ʘ
ʜ
ʽ
ʡ
ʥ
ʽ
ʩ
ʪ
ʴ
,
 
ʢ
ʦ
ʝ
ʬ
ʽ

-

ʮ
ʽ
ʻ
ʥ
ʪ
 
ʛ
ʦ
ʪ
ʦ
ʚ
ʥ
ʦ
ʩ
ʪ
ʽ
 
%

 

ɿ
ʘ
ʪ
ʨ
ʠ
ʤ
ʢ
ʠ
 
ʧ
ʘ
ʢ
ʝ
ʪ
ʽ
ʚ
,
 

ʤ
ʩ 

ɼ
ʞ
ʠ
ʪ
ʝ
ʨ
,
 
ʤ
ʩ

 

ɺ
ʪ
ʨ
ʘ
ʪ
ʠ
,
 
%

 

ʉ
ʘ
ʤ
ʦ
ʧ
ʦ
ʜ
ʽ
ʙ
ʥ
ʽ

ʩ
ʪ
ʴ
 

ʪ
ʨ
ʘ
ʬ
ʽ
ʢ
ʘ

 

ʂ
ʦ
ʥ
ʬ
ʽ
ʜ
ʝ
ʥ
ʮ
ʽ
ʡ
ʥ
ʽ
ʩ
ʪ
ʴ
 

 

ʎ
ʽ
ʣ
ʽ
ʩ
ʥ
ʽ
ʩ
ʪ
ʴ

 

ɼ
ʦ
ʩ
ʪ
ʫ
ʧ
ʥ
ʽ
ʩ
ʪ
ʴ

 

ɺ
ʠ
ʷ
ʚ
ʣ
ʝ
ʥ
ʥ
ʷ
 

ʚ
ʪ
ʦ
ʨ
ʛ
ʥ
ʝ
ʥ
ʴ
,
 
%

 

ɿ
ʘ
ʙ
ʣ
ʦ
ʢ
ʦ
ʚ
ʘ
ʥ
ʠ
ʡ
 

ʘ
ʪ
ʘ
ʢ
ʦ
ʚ
ʘ
ʥ
ʠ
ʡ
 
ʪ
ʨ
ʘ
ʬ
ʽ
ʢ
,
 

%
 

1 2 3 4  5 6 7 8 9 10 11 

ʄʝʪʦʜ 

ʙʘʣʘʥʩʫʚʘʥʥʷ 

ɯʄ 0,72 97 120 22 1,98 ï ï ï + ï 50 

ɿʄ 0,6 99,9 100 18 0,98 + ï ï + + 99,5 

ʄʝʪʦʜ 

ʤʘʰʨʫʪʠʟʘʮʽʾ 
ɯʄ 0,7 97 67 28 1,5 ï + ï + ï 1,2 

ɿʄ 0,65 99,9 88 21 1,68 + + ï + + 10 
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ʇʨʦʜʦʚʞʝʥʥʷ ʪʘʙʣʠʮʽ 6.12 

1 2 3 4  5 6 7 8 9 10 11 

ʄʝʪʦʜ 

ʙʘʣʘʥʩʫʚʘʥʥʷ ʉɺɺ 

ɯʄ 0,8 99 70 20 ï ï + + + ï 67 

ɿʄ 0,7 99,9 50 17 ï + + + + ï 81 

ʄʝʪʦʜ 

ʩʠʛʥʘʪʫʨʥʦʛʦ 

ʘʥʘʣʽʟʫ  

ɯʄ ï ï 110 ï 6,8 ï + + + 98 98 

ɿʄ ï ï 96 ï 6,2 ï + + + 97 97 

ʄʝʪʦʜ 

ʝʥʪʨʦʧʽʡʥʦʛʦ 

ʘʥʘʣʽʟʫ ʧʨʦʪʦʢʦʣʽʚ 

ɯʄ ï ï 48 ï ï ï + + + 87 87 

ɿʄ ï ï 56 ï ï ï + + + 96 96 

ʄʝʪʦʜ ʤʘʰʠʥʥʦʛʦ 

ʥʘʚʯʘʥʥ ̫

ɯʄ ï ï 51 ï ï ï + + + 94 94 

ɿʄ ï ï 41 ï ï + + + + 95 95 

ʂʦʤʧʣʝʢʩʥʠʡ 

ʤʝʪʦʜ ʚʠʷʚʣʝʥʥʷ 

ʚʪʦʨʛʥʝʥʴ 

ɯʄ ï ï 72 ï ï ï + + + 97 97 

ɿʄ ï ï 68 ï ï + + + + 99 99 

 

ˆʨʫʥʪʫʶʯʠʩʴ ʥʘ ʨʝʟʫʣʴʪʘʪʘʭ ʘʥʘʣʽʟʫ, ʥʘʚʝʜʝʥʠʭ ʚ ʪʘʙʣ. 6.12, ʤʦʞʥʘ 

ʟʨʦʙʠʪʠ ʥʘʩʪʫʧʥʽ ʚʠʩʥʦʚʢʠ. ɯʩʥʫʶʯʽ ʤʝʪʦʜʠ ʙʘʣʘʥʩʫʚʘʥʥʷ ʥʘʚʘʥʪʘʞʝʥʥʷ ʪʘ 

ʤʘʨʰʨʫʪʠʟʘʮʽʾ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʧʦʪʦʢʽʚ ʫ ʢʦʤʧôʶʪʝʨʥʠʭ ʩʠʩʪʝʤʘʭ ʙʘʟʫʶʪʴʩʷ ʥʘ 

ʧʘʨʘʤʝʪʨʘʭ ʷʢʦʩʪʽ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ, ʘʣʝ ʥʝ ʚʨʘʭʦʚʫʶʪʴ ʧʘʨʘʤʝʪʨʠ ʙʝʟʧʝʢʠ ʪʘ 

ʚʠʷʚʣʝʥʥʷ ʚʪʦʨʛʥʝʥʴ. ɿʘʧʨʦʧʦʥʦʚʘʥʽ ʤʝʪʦʜʠ ʙʝʟʧʝʯʥʦʛʦ ʙʘʣʘʥʩʫʚʘʥʥʷ ʪʘ 

ʙʝʟʧʝʯʥʦʾ ʤʘʨʰʨʫʪʠʟʘʮʽʾ ʚʨʘʭʦʚʫʶʪʴ ʩʘʤʦʧʦʜʽʙʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʪʨʘʬʽʢʘ ʪʘ 

ʧʘʨʘʤʝʪʨʠ ʙʝʟʧʝʢʠ, ʟʘ ʨʘʭʫʥʦʢ ʯʦʛʦ ʤʘʶʪʴ ʢʨʘʱʫ ʷʢʽʩʪʴ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʪʘ 

ʟʘʙʝʟʧʝʯʫʶʪʴ ʥʝʦʙʭʽʜʥʠʡ ʨʽʚʝʥʴ ʙʝʟʧʝʢʠ. ɿʘʧʨʦʧʦʥʦʚʘʥʽ ʤʝʪʦʜʠ ʚʠʷʚʣʝʥʥʷ 

ʚʪʦʨʛʥʝʥʴ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʛʣʠʙʦʢʫ ʧʝʨʝʚʽʨʢʫ ʧʘʢʝʪʽʚ, ʝʥʪʨʦʧʽʡʥʠʡ ʘʥʘʣʽʟ 

ʧʨʦʪʦʢʦʣʽʚ, ʤʝʪʦʜʠ ʤʘʰʠʥʥʦʛʦ ʥʘʚʯʘʥʥʷ ʪʘ ʚʨʘʭʦʚʫʶʪʴ ʩʘʤʦʧʦʜʽʙʥʽ ʚʣʘʩʪʠʚʦʩʪʽ 

ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʧʦʪʦʢʽʚ, ʱʦ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʙʽʣʴʰ ʝʬʝʢʪʠʚʥʦʛʦ ʚʠʷʚʣʝʥʥʷ 

ʚʪʦʨʛʥʝʥʴ, ʥʽʞ ʚ ʽʩʥʫʶʯʠʭ ʤʝʪʦʜʘʭ.  

ɺʠʩʥʦʚʢʠ ʜʦ ʨʦʟʜʽʣʫ 6 

1. ʈʦʟʨʦʙʣʝʥʦ ʩʠʤʫʣʷʪʦʨ ʘʪʘʢʦʚʘʥʦʛʦ ʪʨʘʬʽʢʘ, ʷʢʠʡ ʜʦʟʚʦʣʷʻ ʩʪʚʦʨʶʚʘʪʠ 

ʤʦʜʝʣʴʥʫ ʘʜʠʪʠʚʥʫ ʨʝʘʣʽʟʘʮʽʶ ʪʨʘʬʽʢʘ ʽ ʘʪʘʢʠ, ʟ̔ ʟʘʜʘʥʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ ʷʢ 

ʪʨʘʬʽʢʘ, ʪʘʢ ʽ ʘʪʘʢʠ. ʈʝʘʣʽʟʘʮʽʾ ʘʪʘʢ ʚʽʜʧʦʚʽʜʘʶʪʴ ʚʽʜʦʤʠʤ ʽʩʥʫʶʯʠʤ ʘʪʘʢʘʤ 
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ʨʽʟʥʠʭ ʪʠʧʽʚ. ʆʪʨʠʤʘʥʠʡ ʰʪʫʯʥʠʤ ʰʣʷʭʦʤ ʪʨʘʬʽʢ ʘʪʘʢʠ, ʨʘʟʦʤ ʟ ʨʝʘʣʴʥʠʤ 

ʪʨʘʬʽʢʦʤ ʟ ʜʘʪʘʩʝʪʘ, ʙʫʚ ʚʠʢʦʨʠʩʪʘʥʠʡ ʜʣʷ ʧʨʦʚʝʜʝʥʥʷ ʤʘʰʠʥʥʦʛʦ ʥʘʚʯʘʥʥʷ. 

2. ʅʘʙʫʣʠ ʧʦʜʘʣʴʰʦʛʦ ʨʦʟʚʠʪʢʫ ʤʝʪʦʜʠ ʚʠʷʚʣʝʥʥʷ ʚʪʦʨʛʥʝʥʴ ʥʘ ʦʩʥʦʚʽ 

ʤʘʰʠʥʥʦʛʦ ʥʘʚʯʘʥʥʷ, ʷʢʽ ʙʘʟʫʶʪʴʩʷ ʥʘ ʤʫʣʴʪʠʬʨʘʢʪʘʣʴʥʠʭ ʪʘ ʨʝʢʫʨʝʥʪʥʠʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʭ ʪʨʘʬʽʢʘ, ʱʦ ʜʦʟʚʦʣʷʻ ʩʢʦʨʦʪʠʪʠ ʯʘʩ ʚʠʷʚʣʝʥʥʷ ʚʪʦʨʛʥʝʥʴ ʽ 

ʟʙʽʣʴʰʫʻ ʰʚʠʜʢʽʩʪʴ ʪʘ ʪʦʯʥʽʩʪʴ ʚʠʷʚʣʝʥʥʷ ʚʪʦʨʛʥʝʥʴ, ʫʤʦʞʣʠʚʣʶʻ ʚʠʷʚʣʝʥʥʷ 

ʚʪʦʨʛʥʝʥʥʷ ʧʨʠ ʥʠʟʴʢʦʤʫ ʨʽʚʥʽ ʢʽʙʝʨʘʪʘʢ. ʗʢ ʤʝʪʦʜʠ ʢʣʘʩʠʬʽʢʘʮʽʾ ʦʙʨʘʥʦ 

ʤʝʪʦʜʠ ʜʝʨʝʚ ʨʽʰʝʥʴ ʽ ʥʝʡʨʦʥʥʽ ʤʝʨʝʞʽ. ʗʢ ʦʟʥʘʢʠ ʚʠʢʦʨʠʩʪʘʥʦ ʩʪʘʪʠʩʪʠʯʥʽ, 

ʬʨʘʢʪʘʣʴʥʽ ʽ ʨʝʢʫʨʝʥʪʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʪʨʘʬʽʢʫ. 

3. ʄʝʪʦʜʠ ʘʥʘʣʽʟʫ ʧʦʚʝʜʽʥʢʠ ʪʨʘʬʽʢʫ ʟʘ ʜʦʧʦʤʦʛʦʶ ʤʘʰʠʥʥʦʛʦ ʥʘʚʯʘʥʥʷ 

ʧʦʢʘʟʘʣʠ ʚʠʩʦʢʫ ʪʦʯʥʽʩʪʴ ʽʜʝʥʪʠʬʽʢʘʮʽʾ ʨʽʟʥʠʭ ʘʪʘʢ ʧʨʠ ʟʤʽʥʽ ʨʽʚʥʷ ʘʪʘʢʠ. 

ʈʝʟʫʣʴʪʘʪʠ ʢʣʘʩʠʬʽʢʘʮʽʾ ʧʦʢʘʟʘʣʠ, ʱʦ ʡʤʦʚʽʨʥʽʩʪʴ ʚʠʷʚʣʝʥʥʷ ʘʪʘʢʠ ʽʩʪʦʪʥʦ 

ʟʘʣʝʞʠʪʴ ʚʽʜ ʬʨʘʢʪʘʣʴʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʪʨʘʬʽʢʘ, ʨʽʚʥʷ ʘʪʘʢʠ ʧʦ ʚʽʜʥʦʰʝʥʥʶ ʜʦ 

ʪʨʘʬʽʢʘ ʽ ʚʘʨʽʶʻʪʴʩʷ ʚʽʜ 0,7 ʜʦ 0,98. 

4. ʈʦʟʨʦʙʣʝʥʦ ʢʦʤʧʣʝʢʩʥʠʡ ʤʝʪʦʜ ʚʠʷʚʣʝʥʥʷ ʚʪʦʨʛʥʝʥʴ, ʷʢʠʡ ʙʘʟʫʻʪʴʩʷ 

ʥʘ ʚʠʢʦʨʠʩʪʘʥʥʽ ʘʣʛʦʨʠʪʤʫ ʘʥʘʣʽʟʫ ʩʠʛʥʘʪʫʨ, ʘʥʘʣʽʟʫ ʘʥʦʤʘʣʽʡ ʧʦʚʝʜʽʥʢʠ ʤʝʨʝʞʽ 

ʪʘ ʝʥʪʨʦʧʽʡʥʦʤʫ ʘʥʘʣʽʟʽ ʧʨʦʪʦʢʦʣʽʚ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʡʤʦʚʽʨʥʦʩʪʽ ʚʠʷʚʣʝʥʥʷ 

ʚʪʦʨʛʥʝʥʴ. ʎʝ ʜʦʟʚʦʣʷʻ ʧʽʜʚʠʱʠʪʠ ʷʢ ʜʦʩʪʦʚʽʨʥʽʩʪʴ, ʪʘʢ ʽ ʪʦʯʥʽʩʪʴ ʚʠʷʚʣʝʥʥʷ 

ʚʪʦʨʛʥʝʥʴ, ʪʘ ʫʤʦʞʣʠʚʣʶʻ ʨʘʥʥʻ ʚʠʷʚʣʝʥʥʷ ʚʪʦʨʛʥʝʥʴ ʚ ʰʠʨʦʢʦʤʫ ʜʽʘʧʘʟʦʥʽ 

ʢʽʙʝʨʘʪʘʢ ʥʘ ʩʠʩʪʝʤʫ.  

5 ʇʨʦʚʝʜʝʥʦ ʧʦʨʽʚʥʷʣʴʥʠʡ ʘʥʘʣʽʟ ʨʦʙʦʪʠ ʢʦʤʧʣʝʢʩʥʦʛʦ ʤʝʪʦʜʫ, ʷʢʠʡ 

ʧʦʢʘʟʘʚ ʚʠʩʦʢʫ ʪʦʯʥʽʩʪʴ ʽʜʝʥʪʠʬʽʢʘʮʽʾ ʘʪʘʢ ʧʨʠ ʨʽʟʥʽʡ ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʪʨʘʬʽʢʘ. 

ʂʦʤʧʣʝʢʩʥʠʡ ʤʝʪʦʜ ʧʦʢʘʟʘʚ ʙʽʣʴʰ ʚʠʩʦʢʫ ʪʦʯʥʽʩʪʴ ʽʜʝʥʪʠʬʽʢʘʮʽʾ ʘʪʘʢ (ʙʽʣʴʰʝ 

98%), ʥʘ ʚʽʜʤʽʥʫ ʚʽʜ ʽʩʥʫʶʯʠʭ. ɿʘʣʝʞʥʦ ʚʽʜ ʥʝʦʙʭʽʜʥʦʛʦ ʨʽʚʥʷ ʽʜʝʥʪʠʬʽʢʘʮʽʾ ʘʪʘʢ 

ʤʦʞʥʘ ʧʨʠʩʢʦʨʠʪʠ ʨʦʙʦʪʫ ʢʦʤʧʣʝʢʩʥʦʛʦ ʤʝʪʦʜʫ ʰʣʷʭʦʤ ʟʤʽʥʠ ʧʦʨʦʛʦʚʠʭ 

ʟʥʘʯʝʥʴ ʚʠʷʚʣʝʥʥʷ.  
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ɺʀʉʅʆɺʂʀ  

ʋ ʨʝʟʫʣʴʪʘʪʽ ʜʠʩʝʨʪʘʮʽʡʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʚʠʨʽʰʝʥʦ ʚʘʞʣʠʚʫ ʥʘʫʢʦʚʦ-

ʧʨʠʢʣʘʜʥʫ ʧʨʦʙʣʝʤʫ ʱʦʜʦ ʨʦʟʨʦʙʢʠ ʤʦʜʝʣʝʡ ʪʘ ʤʝʪʦʜʽʚ ʟʘʙʝʟʧʝʯʝʥʥʷ ʙʝʟʧʝʢʠ 

(ʜʦʩʪʫʧʥʦʩʪʽ, ʢʦʥʬʽʜʝʥʮʽʡʥʦʩʪʽ) ʪʘ ʷʢʦʩʪʽ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʚ ʢʦʤʧôʶʪʝʨʥʠʭ 

ʩʠʩʪʝʤʘʭ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʩʘʤʦʧʦʜʽʙʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʧʦʪʦʢʽʚ ʚ 

ʫʤʦʚʘʭ ʥʘʷʚʥʦʩʪʽ ʚʪʦʨʛʥʝʥʴ ʪʘ ʢʽʙʝʨʘʪʘʢ, ʷʢʘ ʻ ʚʥʝʩʢʦʤ ʫ ʨʦʟʚʠʪʦʢ ʤʝʪʦʜʽʚ ʽ 

ʟʘʩʦʙʽʚ ʚʠʷʚʣʝʥʥʷ ʚʪʦʨʛʥʝʥʴ, ʙʝʟʧʝʯʥʦʾ ʤʘʨʰʨʫʪʠʟʘʮʽʾ ʪʘ ʙʘʣʘʥʩʫʚʘʥʥʷ 

ʩʘʤʦʧʦʜʽʙʥʠʭ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʧʦʪʦʢʽʚ, ʟʘʙʝʟʧʝʯʝʥʥʷ ʟʘʭʠʩʪʫ ʽʥʬʦʨʤʘʮʽʾ ʧʽʜ ʯʘʩ 

ʾʾ ʟʙʝʨʽʛʘʥʥʷ, ʦʙʨʦʙʢʠ ʡ ʧʝʨʝʜʘʯʽ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʩʫʯʘʩʥʠʭ ʤʘʪʝʤʘʪʠʯʥʠʭ 

ʤʝʪʦʜʽʚ, ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʪʝʭʥʦʣʦʛʽʡ ʪʘ ʪʝʭʥʽʯʥʠʭ ʟʘʩʦʙʽʚ. ʆʪʨʠʤʘʥʽ ʥʘʫʢʦʚʽ 

ʨʝʟʫʣʴʪʘʪʠ ʤʘʶʪʴ ʬʫʥʜʘʤʝʥʪʘʣʴʥʝ ʪʝʦʨʝʪʠʯʥʝ ʽ ʧʨʠʢʣʘʜʥʝ ʧʨʘʢʪʠʯʥʝ ʟʥʘʯʝʥʥʷ 

ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʙʝʟʧʝʢʠ ʪʘ ʷʢʦʩʪʽ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʚ ʢʦʤʧôʶʪʝʨʥʠʭ ʩʠʩʪʝʤʘʭ ʽʟ 

ʩʘʤʦʧʦʜʽʙʥʠʤʠ ʽʥʬʦʨʤʘʮʽʡʥʠʤʠ ʧʦʪʦʢʘʤʠ ʧʨʠ ʚʪʦʨʛʥʝʥʥʷʭ ʪʘ ʢʽʙʝʨʘʪʘʢʘʭ. 

ɺʽʜʩʫʪʥʽʩʪʴ ʟʘʧʨʦʧʦʥʦʚʘʥʠʭ ʫ ʜʘʥʽʡ ʨʦʙʦʪʽ ʘʥʘʣʦʛʽʯʥʠʭ ʨʽʰʝʥʴ ʫ ʥʘʰʽʡ ʢʨʘʾʥʽ ʪʘ 

ʟʘ ʢʦʨʜʦʥʦʤ ʨʦʙʠʪʴ ʨʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʴ ʧʨʽʦʨʠʪʝʪʥʠʤʠ. ʋ ʭʦʜʽ ʨʦʟʚôʷʟʘʥʥʷ 

ʧʦʩʪʘʚʣʝʥʠʭ ʟʘʜʘʯ ʦʪʨʠʤʘʥʦ ʪʘʢʽ ʦʩʥʦʚʥʽ ʥʘʫʢʦʚʽ ʪʘ ʧʨʘʢʪʠʯʥʽ ʨʝʟʫʣʴʪʘʪʠ:  

1. ʅʘ ʧʽʜʩʪʘʚʽ ʧʨʦʚʝʜʝʥʦʛʦ ʘʥʘʣʽʟʫ ʽʩʥʫʶʯʠʭ ʤʝʪʦʜʽʚ ʟʘʙʝʟʧʝʯʝʥʥʷ ʟʘʭʠʩʪʫ 

ʽʥʬʦʨʤʘʮʽʾ ʪʘ ʷʢʦʩʪʽ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʧʽʜ ʯʘʩ ʾʾ ʧʝʨʝʜʘʯʽ ʫ ʢʦʤʧôʶʪʝʨʥʠʭ 

ʩʠʩʪʝʤʘʭ, ʘ ʪʘʢʦʞ ʤʝʪʦʜʽʚ ʚʠʷʚʣʝʥʥʷ ʚʪʦʨʛʥʝʥʴ ʪʘ ʢʽʙʝʨʘʪʘʢ, ʚʠʟʥʘʯʝʥʦ, ʱʦ 

ʧʨʦʙʣʝʤʘ ʟʘʙʝʟʧʝʯʝʥʥʷ ʙʝʟʧʝʢʠ ʪʘ ʷʢʦʩʪʽ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʚ ʢʦʤʧôʶʪʝʨʥʠʭ 

ʩʠʩʪʝʤʘʭ ʻ ʦʜʥʽʻʶ ʟ ʥʘʡʙʽʣʴʰ ʥʘʛʘʣʴʥʠʭ ʜʣʷ ʋʢʨʘʾʥʠ ʚ ʫʤʦʚʘʭ ʛʣʦʙʘʣʽʟʘʮʽʾ 

ʽʥʬʦʨʤʘʮʽʡʥʦʛʦ ʧʨʦʩʪʦʨʫ ʪʘ ʢʽʙʝʨʚʽʡʥʠ. ɿʘʩʪʦʩʫʚʘʥʥʷ ʽʩʥʫʶʯʠʭ ʤʝʪʦʜʽʚ 

ʟʘʙʝʟʧʝʯʝʥʥʷ ʙʝʟʧʝʢʠ ʪʘ ʷʢʦʩʪʽ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʥʘʡʯʘʩʪʽʰʝ ʥʝ ʚʨʘʭʦʚʫʶʪʴ 

ʩʘʤʦʧʦʜʽʙʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʧʦʪʦʢʽʚ. ʊʘʢʠʤ ʯʠʥʦʤ, ʽʩʥʫʻ ʦʙôʻʢʪʠʚʥʝ 

ʧʨʦʪʠʨʽʯʯʷ ʤʽʞ ʟʨʦʩʪʘʶʯʠʤʠ ʚʠʤʦʛʘʤʠ ʜʦ ʨʽʚʥʷ ʙʝʟʧʝʢʠ ʪʘ ʷʢʦʩʪʽ 

ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʧʽʜ ʯʘʩ ʧʝʨʝʜʘʯʽ ʩʘʤʦʧʦʜʽʙʥʦʛʦ ʪʨʘʬʽʢʘ ʽ ʤʦʞʣʠʚʦʩʪʷʤʠ 
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ʽʩʥʫʶʯʠʭ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʽ ʪʝʦʨʝʪʠʯʥʠʭ ʨʽʰʝʥʴ. ʗʢ ʥʘʩʣʽʜʦʢ, ʥʘʨʘʟʽ ʚʽʜʩʫʪʥʽ 

ʘʜʝʢʚʘʪʥʽ ʤʦʜʝʣʽ ʪʘ ʤʝʪʦʜʠ ʟʘʙʝʟʧʝʯʝʥʥʷ ʙʝʟʧʝʢʠ ʪʘ ʷʢʦʩʪʽ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ, ʷʢʽ 

ʚʨʘʭʦʚʫʶʪʴ ʩʘʤʦʧʦʜʽʙʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʧʦʪʦʢʽʚ, ʟʘ ʥʘʷʚʥʦʩʪʽ 

ʚʪʦʨʛʥʝʥʴ ʪʘ ʢʽʙʝʨʘʪʘʢ. ɼʣʷ ʨʦʟʚôʷʟʘʥʥʷ ʚʢʘʟʘʥʦʛʦ ʧʨʦʪʠʨʽʯʯʷ ʫ ʜʠʩʝʨʪʘʮʽʡʥʽʡ 

ʨʦʙʦʪʽ ʩʬʦʨʤʫʣʴʦʚʘʥʦ ʘʢʪʫʘʣʴʥʫ ʥʘʫʢʦʚʦ-ʧʨʠʢʣʘʜʥʫ ʧʨʦʙʣʝʤʫ ʱʦʜʦ ʨʦʟʨʦʙʢʠ 

ʤʦʜʝʣʝʡ ʪʘ ʤʝʪʦʜʽʚ ʟʘʙʝʟʧʝʯʝʥʥʷ ʙʝʟʧʝʢʠ (ʜʦʩʪʫʧʥʦʩʪʽ, ʢʦʥʬʽʜʝʥʮʽʡʥʦʩʪʽ) ʪʘ 

ʷʢʦʩʪʽ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʚ ʢʦʤʧôʶʪʝʨʥʠʭ ʩʠʩʪʝʤʘʭ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʩʘʤʦʧʦʜʽʙʥʠʭ 

ʚʣʘʩʪʠʚʦʩʪʝʡ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʧʦʪʦʢʽʚ ʧʨʠ ʚʪʦʨʛʥʝʥʥʷʭ ʪʘ ʢʽʙʝʨʘʪʘʢʘʭ. 

2. ɺʧʝʨʰʝ ʨʦʟʨʦʙʣʝʥʦ ʢʦʥʮʝʧʮʽʶ ʟʘʙʝʟʧʝʯʝʥʥʷ ʽʥʬʦʨʤʘʮʽʡʥʦʾ ʙʝʟʧʝʢʠ 

ʢʦʤʧôʶʪʝʨʥʠʭ ʩʠʩʪʝʤ ʽʟ ʩʘʤʦʧʦʜʽʙʥʠʤʠ ʽʥʬʦʨʤʘʮʽʡʥʠʤʠ ʧʦʪʦʢʘʤʠ, ʷʢʽ 

ʧʨʘʮʶʶʪʴ ʚ ʫʤʦʚʘʭ ʚʪʦʨʛʥʝʥʴ ʪʘ ʢʽʙʝʨʘʪʘʢ. ɼʘʥʘ ʢʦʥʮʝʧʮʽʷ ʙʘʟʫʻʪʴʩʷ ʥʘ ʤʦʜʝʣʽ 

ʨʦʟʧʦʜʽʣʝʥʦʾ ʢʦʤʧôʶʪʝʨʥʦʾ ʩʠʩʪʝʤʠ, ʷʢʘ ʚʢʣʶʯʘʻ ʢʦʤʧʦʥʝʥʪʠ ʟʘʙʝʟʧʝʯʝʥʥʷ 

ʙʝʟʧʝʢʠ ʪʘ ʫʧʨʘʚʣʽʥʥʷ ʩʘʤʦʧʦʜʽʙʥʠʤʠ ʽʥʬʦʨʤʘʮʽʡʥʠʤʠ ʧʦʪʦʢʘʤʠ, ʫ ʧʦʻʜʥʘʥʥʽ ʟ 

ʤʝʪʦʜʦʤ ʟʘʙʝʟʧʝʯʝʥʥʷ ʙʝʟʧʝʢʠ ʚ ʭʦʜʽ ʜʠʥʘʤʽʯʥʦʛʦ ʙʘʣʘʥʩʫʚʘʥʥʷ ʥʘʚʘʥʪʘʞʝʥʥʷ ʚ 

ʢʦʤʧôʶʪʝʨʥʠʭ ʩʠʩʪʝʤʘʭ ʪʘ ʚ ʩʠʩʪʝʤʘʭ ʚʠʷʚʣʝʥʥʷ ʚʪʦʨʛʥʝʥʴ ʟ ʫʨʘʭʫʚʘʥʥʷʤ 

ʤʫʣʴʪʠʬʨʘʢʪʘʣʴʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʪʨʘʬʽʢʘ; ʤʝʪʦʜʦʤ ʟʘʙʝʟʧʝʯʝʥʥʷ ʙʝʟʧʝʯʥʦʾ 

ʤʘʨʰʨʫʪʠʟʘʮʽʾ ʧʽʜ ʯʘʩ ʧʝʨʝʜʘʯʽ ʩʘʤʦʧʦʜʽʙʥʦʛʦ ʪʨʘʬʽʢʘ; ʤʝʪʦʜʦʤ ʚʠʷʚʣʝʥʥʷ 

ʚʪʦʨʛʥʝʥʴ, ʱʦ ʙʘʟʫʻʪʴʩʷ ʥʘ ʚʠʢʦʨʠʩʪʘʥʥʽ ʘʥʘʣʽʟʫ ʩʠʛʥʘʪʫʨ, ʘʥʘʣʽʟʫ ʘʥʦʤʘʣʽʡ 

ʧʦʚʝʜʽʥʢʠ ʤʝʨʝʞʽ ʪʘ ʝʥʪʨʦʧʽʡʥʦʤʫ ʘʥʘʣʽʟʽ ʧʨʦʪʦʢʦʣʽʚ. ʈʝʘʣʽʟʘʮʽʷ ʢʦʥʮʝʧʮʽʾ ʫ 

ʧʨʦʛʨʘʤʥʦʤʫ ʢʦʤʧʣʝʢʩʽ ʜʦʟʚʦʣʷʻ ʛʘʨʘʥʪʦʚʘʥʦ ʟʘʙʝʟʧʝʯʠʪʠ ʜʦʩʪʫʧʥʽʩʪʴ, 

ʢʦʥʬʽʜʝʥʮʽʡʥʽʩʪʴ ʪʘ ʷʢʽʩʪʴ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʚ ʢʦʤʧôʶʪʝʨʥʠʭ ʩʠʩʪʝʤʘʭ ʽʟ 

ʩʘʤʦʧʦʜʽʙʥʠʤʠ ʽʥʬʦʨʤʘʮʽʡʥʠʤʠ ʧʦʪʦʢʘʤʠ ʧʽʜ ʯʘʩ ʚʪʦʨʛʥʝʥʴ ʪʘ ʢʽʙʝʨʘʪʘʢ. 

3. ʋʜʦʩʢʦʥʘʣʝʥʦ ʤʦʜʝʣʴ ʨʦʟʧʦʜʽʣʝʥʦʾ ʢʦʤʧôʶʪʝʨʥʦʾ ʩʠʩʪʝʤʠ, ʷʢʘ ʥʘ 

ʚʽʜʤʽʥʫ ʚʽʜ ʽʩʥʫʶʯʠʭ ʚʢʣʶʯʘʻ ʢʦʤʧʦʥʝʥʪʠ ʟʘʙʝʟʧʝʯʝʥʥʷ ʙʝʟʧʝʢʠ ʪʘ ʫʧʨʘʚʣʽʥʥʷ 

ʚʭʽʜʥʠʤʠ ʽʥʬʦʨʤʘʮʽʡʥʠʤʠ ʧʦʪʦʢʘʤʠ ʟ ʤʫʣʴʪʠʬʨʘʢʪʘʣʴʥʠʤʠ ʚʣʘʩʪʠʚʦʩʪʷʤʠ, 

ʦʙʤʝʞʝʥʥʷ ʥʘ ʥʘʙʽʨ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʤʝʨʝʞʽ ʜʣʷ ʨʽʟʥʠʭ ʢʣʘʩʽʚ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ, ʱʦ 

ʜʦʟʚʦʣʷʻ ʨʦʟʨʦʙʠʪʠ ʤʝʪʦʜʠ ʟʘʙʝʟʧʝʯʝʥʥʷ ʙʝʟʧʝʢʠ ʚ ʭʦʜʽ ʫʧʨʘʚʣʽʥʥʷ 

ʩʘʤʦʧʦʜʽʙʥʠʤ ʪʨʘʬʽʢʦʤ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʚʠʤʦʛ ʜʦ ʷʢʦʩʪʽ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ. 
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4. ʋʜʦʩʢʦʥʘʣʝʥʦ ʤʝʪʦʜ ʟʘʙʝʟʧʝʯʝʥʥʷ ʙʝʟʧʝʢʠ ʤʝʨʝʞʽ ʧʨʠ ʜʠʥʘʤʽʯʥʦʤʫ 

ʙʘʣʘʥʩʫʚʘʥʥʽ ʥʘʚʘʥʪʘʞʝʥʥʷ ʟ ʩʘʤʦʧʦʜʽʙʥʠʤ ʪʨʘʬʽʢʦʤ, ʷʢʠʡ, ʥʘ ʚʽʜʤʽʥʫ ʚʽʜ 

ʽʩʥʫʶʯʠʭ, ʚʽʜʨʽʟʥʷʻʪʴʩʷ ʟʘʩʪʦʩʫʚʘʥʥʷʤ ʤʦʜʝʣʽ ʙʘʣʘʥʩʫʚʘʣʴʥʠʢʘ ʢʦʤʧôʶʪʝʨʥʦʾ 

ʤʝʨʝʞʽ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʧʘʨʘʤʝʪʨʽʚ ʙʝʟʧʝʢʠ ʨʦʟʧʦʜʽʣʫ ʪʨʘʬʽʢʘ ʽ 

ʤʫʣʴʪʠʬʨʘʢʪʘʣʴʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʪʨʘʬʽʢʘ. ʈʝʘʣʽʟʘʮʽʷ ʟʘʟʥʘʯʝʥʦʛʦ ʤʝʪʦʜʫ 

ʜʦʟʚʦʣʷʻ ʟʤʝʥʰʠʪʠ ʟʘʚʘʥʪʘʞʝʥʽʩʪʴ ʨʝʩʫʨʩʽʚ ʢʦʤʧôʶʪʝʨʥʦʾ ʩʠʩʪʝʤʠ ʟʘ ʨʘʭʫʥʦʢ 

ʩʧʨʷʤʫʚʘʥʥʷ ʙʝʟʧʝʯʥʠʭ ʥʝʦʜʥʦʨʽʜʥʠʭ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʧʦʪʦʢʽʚ ʥʘ ʙʝʟʧʝʯʥʽ ʪʘ 

ʤʝʥʰ ʟʘʚʘʥʪʘʞʝʥʽ ʨʝʩʫʨʩʠ. 

5. ɺʧʝʨʰʝ ʨʦʟʨʦʙʣʝʥʦ ʤʝʪʦʜ ʜʠʥʘʤʽʯʥʦʛʦ ʙʘʣʘʥʩʫʚʘʥʥʷ ʪʨʘʬʽʢʘ, ʷʢʠʡ 

ʙʘʟʫʻʪʴʩʷ ʥʘ ʤʦʜʝʣʽ ʤʝʨʝʞʥʦʾ ʩʠʩʪʝʤʠ ʚʠʷʚʣʝʥʥʷ ʚʪʦʨʛʥʝʥʴ, ʱʦ ʚʨʘʭʦʚʫʻ 

ʤʫʣʴʪʠʬʨʘʢʪʘʣʴʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʪʨʘʬʽʢʘ ʪʘ ʦʙʤʝʞʝʥʥʷ ʥʘ ʯʘʩ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ 

ʨʽʟʥʠʭ ʢʣʘʩʽʚ ʪʨʘʬʽʢʘ. ʈʝʘʣʽʟʘʮʽʷ ʤʝʪʦʜʫ ʜʠʥʘʤʽʯʥʦʛʦ ʙʘʣʘʥʩʫʚʘʥʥʷ ʪʨʘʬʽʢʘ 

ʟʤʝʥʰʫʻ ʯʘʩ ʦʙʨʦʙʢʠ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʧʦʪʦʢʽʚ ʟ ʤʝʪʦʶ ʚʠʷʚʣʝʥʥʷ ʚʪʦʨʛʥʝʥʴ ʪʘ ʾʭ 

ʨʦʟʧʦʜʽʣʝʥʥʷ ʥʘ ʤʝʥʰ ʟʘʚʘʥʪʘʞʝʥʽ ʨʝʩʫʨʩʠ ʩʠʩʪʝʤʠ.  

6. ɺʧʝʨʰʝ ʨʦʟʨʦʙʣʝʥʦ ʤʝʪʦʜ ʟʘʙʝʟʧʝʯʝʥʥʷ ʙʝʟʧʝʯʥʦʾ ʤʘʨʰʨʫʪʠʟʘʮʽʾ ʧʽʜ 

ʯʘʩ ʧʝʨʝʜʘʯʽ ʩʘʤʦʧʦʜʽʙʥʦʛʦ ʪʨʘʬʽʢʘ, ʷʢʠʡ ʙʘʟʫʻʪʴʩʷ ʥʘ ʤʫʣʴʪʠʬʨʘʢʪʘʣʴʥʠʭ 

ʚʣʘʩʪʠʚʦʩʪʷʭ ʪʨʘʬʽʢʘ ʪʘ ʧʘʨʘʤʝʪʨʘʭ ʷʢʦʩʪʽ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʨʽʟʥʦʧʨʽʦʨʠʪʝʪʥʦʛʦ 

ʪʨʘʬʽʢʘ, ʱʦ ʜʦʟʚʦʣʷʻ ʟʤʝʥʰʠʪʠ ʟʘʚʘʥʪʘʞʝʥʽʩʪʴ ʨʝʩʫʨʩʽʚ ʢʦʤʧôʶʪʝʨʥʦʾ ʩʠʩʪʝʤʠ 

ʟʘ ʨʘʭʫʥʦʢ ʩʧʨʷʤʫʚʘʥʥʷ ʙʝʟʧʝʯʥʠʭ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʧʦʪʦʢʽʚ ʨʽʟʥʦʛʦ ʢʣʘʩʫ 

ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʥʘ ʙʝʟʧʝʯʥʽ ʽ ʤʝʥʰ ʟʘʚʘʥʪʘʞʝʥʽ ʨʝʩʫʨʩʠ. 

7. ɺʧʝʨʰʝ ʨʦʟʨʦʙʣʝʥʦ ʢʦʤʧʣʝʢʩʥʠʡ ʤʝʪʦʜ ʚʠʷʚʣʝʥʥʷ ʚʪʦʨʛʥʝʥʴ, ʷʢʠʡ 

ʙʘʟʫʻʪʴʩʷ ʥʘ ʚʠʢʦʨʠʩʪʘʥʥʽ ʘʣʛʦʨʠʪʤʫ ʘʥʘʣʽʟʫ ʩʠʛʥʘʪʫʨ, ʘʥʘʣʽʟʫ ʘʥʦʤʘʣʽʡ 

ʧʦʚʝʜʽʥʢʠ ʤʝʨʝʞʽ ʪʘ ʝʥʪʨʦʧʽʡʥʦʤʫ ʘʥʘʣʽʟʽ ʧʨʦʪʦʢʦʣʽʚ ʟ ʫʨʘʭʫʚʘʥʥʷʤ 

ʡʤʦʚʽʨʥʦʩʪʽ ʚʠʷʚʣʝʥʥʷ ʚʪʦʨʛʥʝʥʴ. ʎʝ ʜʦʟʚʦʣʷʻ ʧʽʜʚʠʱʠʪʠ ʷʢ ʜʦʩʪʦʚʽʨʥʽʩʪʴ, ʪʘʢ ʽ 

ʪʦʯʥʽʩʪʴ ʚʠʷʚʣʝʥʥʷ ʚʪʦʨʛʥʝʥʴ, ʪʘ ʫʤʦʞʣʠʚʣʶʻ ʨʘʥʥʻ ʚʠʷʚʣʝʥʥʷ ʚʪʦʨʛʥʝʥʴ ʚ 

ʰʠʨʦʢʦʤʫ ʜʽʘʧʘʟʦʥʽ ʢʽʙʝʨʘʪʘʢ ʥʘ ʩʠʩʪʝʤʫ. 

8. ʅʘʙʫʣʠ ʧʦʜʘʣʴʰʦʛʦ ʨʦʟʚʠʪʢʫ ʤʝʪʦʜʠ ʚʠʷʚʣʝʥʥʷ ʚʪʦʨʛʥʝʥʴ ʥʘ ʦʩʥʦʚʽ 

ʘʥʘʣʽʟʫ ʩʠʛʥʘʪʫʨ, ʷʢʠʡ ʚʨʘʭʦʚʫʻ ʜʘʥʽ ʛʣʠʙʦʢʦʛʦ ʘʥʘʣʽʟʫ ʧʘʢʝʪʽʚ ʪʘ 
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ʨʝʡʪʠʥʛʫʚʘʥʥʷ ʙʘʟʠ ʩʠʛʥʘʪʫʨ; ʘʥʘʣʽʟʫ ʝʥʪʨʦʧʽʾ ʧʘʢʝʪʽʚ, ʷʢʠʡ ʙʘʟʫʻʪʴʩʷ ʥʘ 

ʨʦʟʨʘʭʫʥʢʫ ʫʤʦʚʥʦʾ ʝʥʪʨʦʧʽʾ ʪʘ ʩʪʘʪʠʩʪʠʯʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʭ ʜʘʥʠʭ ʧʘʢʝʪʽʚ; ʥʘ 

ʦʩʥʦʚʽ ʤʘʰʠʥʥʦʛʦ ʥʘʚʯʘʥʥʷ, ʷʢʽ ʙʘʟʫʶʪʴʩʷ ʥʘ ʤʫʣʴʪʠʬʨʘʢʪʘʣʴʥʠʭ ʪʘ 

ʨʝʢʫʨʝʥʪʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʭ ʪʨʘʬʽʢʘ, ʱʦ ʜʦʟʚʦʣʷʻ ʩʢʦʨʦʪʠʪʠ ʯʘʩ ʚʠʷʚʣʝʥʥʷ 

ʚʪʦʨʛʥʝʥʴ ʽ ʟʙʽʣʴʰʫʻ ʰʚʠʜʢʽʩʪʴ ʪʘ ʪʦʯʥʽʩʪʴ ʚʠʷʚʣʝʥʥʷ ʚʪʦʨʛʥʝʥʴ, ʫʤʦʞʣʠʚʣʶʻ 

ʚʠʷʚʣʝʥʥʷ ʚʪʦʨʛʥʝʥʥʷ ʧʨʠ ʥʠʟʴʢʦʤʫ ʨʽʚʥʽ ʢʽʙʝʨʘʪʘʢ. 

9. ʉʪʚʦʨʝʥʦ ʧʨʠʢʣʘʜʥʝ ʧʨʦʛʨʘʤʥʝ ʟʘʙʝʟʧʝʯʝʥʥʷ ʜʣʷ ʙʘʣʘʥʩʫʚʘʥʥʷ 

ʥʘʚʘʥʪʘʞʝʥʥʷ ʚʫʟʣʽʚ ʤʝʨʝʞʥʦʾ ʩʠʩʪʝʤʠ ʚʠʷʚʣʝʥʥʷ ʚʪʦʨʛʥʝʥʴ, ʱʦ ʜʦʟʚʦʣʷʻ 

ʧʽʜʚʠʱʠʪʠ ʪʦʯʥʽʩʪʴ, ʰʚʠʜʢʽʩʪʴ ʪʘ ʩʚʦʻʯʘʩʥʽʩʪʴ ʽʜʝʥʪʠʬʽʢʘʮʽʾ ʢʽʙʝʨʘʪʘʢ ʪʘ 

ʟʥʠʟʠʪʠ ʟʘʚʘʥʪʘʞʝʥʥʷ ʚʫʟʣʽʚ ʪʘ ʧʨʠʢʣʘʜʥʝ ʧʨʦʛʨʘʤʥʝ ʟʘʙʝʟʧʝʯʝʥʥʷ ʩʠʩʪʝʤʠ 

ʚʠʷʚʣʝʥʥʷ ʚʪʦʨʛʥʝʥʴ ʥʘ ʦʩʥʦʚʽ ʢʦʤʧʣʝʢʩʥʦʛʦ ʤʝʪʦʜʫ, ʷʢʠʡ ʟʘʩʥʦʚʘʥʦ ʥʘ 

ʧʦʚʝʜʽʥʢʦʚʦʤʫ, ʩʠʛʥʘʪʫʨʥʦʤʫ ʪʘ ʝʥʪʨʦʧʽʡʥʦʤʫ ʘʥʘʣʽʟʽ ʩʘʤʦʧʦʜʽʙʥʠʭ 

ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʧʦʪʦʢʽʚ. 

10. ʈʝʘʣʽʟʘʮʽʷ ʟʘʧʨʦʧʦʥʦʚʘʥʠʭ ʤʦʜʝʣʝʡ ʪʘ ʤʝʪʦʜʽʚ ʟʘʙʝʟʧʝʯʝʥʥʷ ʙʝʟʧʝʢʠ 

ʪʘ ʷʢʦʩʪʽ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʚ ʢʦʤʧôʶʪʝʨʥʠʭ ʩʠʩʪʝʤʘʭ ʽʟ ʩʘʤʦʧʦʜʽʙʥʠʤʠ 

ʽʥʬʦʨʤʘʮʽʡʥʠʤʠ ʧʦʪʦʢʘʤʠ ʜʦʟʚʦʣʷʻ ʟʘʙʝʟʧʝʯʠʪʠ ʙʝʟʧʝʯʥʫ ʤʘʨʰʨʫʪʠʟʘʮʽʶ ʟʘ 

ʨʘʭʫʥʦʢ ʙʣʦʢʫʚʘʥʥʷ ʘʪʘʢʦʚʘʥʦʛʦ ʪʨʘʬʽʢʘ ʫ 8 ʨʘʟ ʙʽʣʴʰʦʾ ʢʽʣʴʢʦʩʪʽ, ʥʽʞ ʧʽʜ ʯʘʩ 

ʨʦʙʦʪʠ ʩʪʘʥʜʘʨʪʥʦʛʦ ʤʝʪʦʜʫ ʤʘʨʰʨʫʪʠʟʘʮʽʾ, ʟʤʝʥʰʠʪʠ ʜʞʠʪʝʨ ʥʘ 20%; 

ʟʘʙʝʟʧʝʯʠʪʠ ʙʝʟʧʝʯʥʝ ʙʘʣʘʥʩʫʚʘʥʥʷ ʩʘʤʦʧʦʜʽʙʥʠʭ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʧʦʪʦʢʽʚ ʟʽ 

ʟʥʠʞʝʥʥʷʤ ʫʜʚʽʯʽ ʢʽʣʴʢʦʩʪʽ ʚʪʨʘʯʝʥʠʭ ʜʘʥʠʭ, ʫ 9 ʨʘʟʽʚ ʟʥʠʟʠʪʠ ʢʽʣʴʢʽʩʪʴ 

ʘʪʘʢʦʚʘʥʦʛʦ ʪʨʘʬʽʢʘ ʥʘ ʩʝʨʚʝʨʘʭ, ʥʘ 16% ʟʥʠʟʠʪʠ ʜʠʩʙʘʣʘʥʩ ʟʘʚʘʥʪʘʞʝʥʥʷ 

ʩʠʩʪʝʤʠ; ʟʘʙʝʟʧʝʯʠʪʠ ʙʘʣʘʥʩʫʚʘʥʥʷ ʥʘʚʘʥʪʘʞʝʥʥʷ ʚ ʤʝʨʝʞʥʠʭ ʩʠʩʪʝʤʘʭ 

ʚʠʷʚʣʝʥʥʷ ʚʪʦʨʛʥʝʥʴ ʟʽ ʟʙʽʣʴʰʝʥʥʷʤ ʢʽʣʴʢʦʩʪʽ ʧʨʦʘʥʘʣʽʟʦʚʘʥʠʭ ʧʘʢʝʪʽʚ ʥʘ 21%, 

ʟʘ ʨʘʭʫʥʦʢ ʯʦʛʦ ʚʽʜʩʦʪʦʢ ʚʠʷʚʣʝʥʠʭ ʘʪʘʢ ʟʙʽʣʴʰʠʚʩʷ ʥʘ 14% ʪʘ ʟʤʝʥʰʠʚʩʷ 

ʩʝʨʝʜʥʽʡ ʯʘʩ ʦʯʽʢʫʚʘʥʥʷ ʧʘʢʝʪʽʚ ʥʘ 16%; ʟʙʽʣʴʰʠʪʠ ʡʤʦʚʽʨʥʽʩʪʴ ʚʠʷʚʣʝʥʥʷ 

ʚʪʦʨʛʥʝʥʴ ʜʦ 98%, ʟʤʝʥʰʠʪʠ ʚʽʜʩʦʪʦʢ ʥʝʚʠʷʚʣʝʥʠʭ ʘʪʘʢ ʥʘ 11%, ʦʪʨʠʤʘʪʠ 

ʥʠʟʴʢʫ ʢʽʣʴʢʽʩʪʴ ʭʠʙʥʦʧʦʟʠʪʠʚʥʠʭ ʩʧʨʘʮʴʦʚʫʚʘʥʴ (ʤʝʥʰʝ 8%) ʪʘ ʟʤʝʥʰʠʪʠ 

ʢʽʣʴʢʽʩʪʴ ʚʪʨʘʯʝʥʠʭ ʜʘʥʠʭ ʥʘ 32% ʧʦʨʽʚʥʷʥʦ ʟ ʘʥʘʣʦʛʽʯʥʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ 
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ʽʩʥʫʶʯʠʭ ʩʠʩʪʝʤ ʟʘʙʝʟʧʝʯʝʥʥʷ ʜʦʩʪʫʧʥʦʩʪʽ, ʢʦʥʬʽʜʝʥʮʽʡʥʦʩʪʽ ʪʘ ʷʢʦʩʪʽ 

ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ.  

13. ɼʦʩʪʦʚʽʨʥʽʩʪʴ ʦʪʨʠʤʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ ʧʽʜʪʚʝʨʜʞʫʻʪʴʩʷ ʢʦʨʝʢʪʥʠʤ 

ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʤʘʪʝʤʘʪʠʯʥʦʛʦ ʘʧʘʨʘʪʫ, ʦʙˇʨʫʥʪʦʚʘʥʠʤʠ ʪʝʦʨʝʪʠʯʥʠʤʠ 

ʪʚʝʨʜʞʝʥʥʷʤʠ, ʘʧʨʦʙʘʮʽʻʶ ʤʘʪʝʤʘʪʠʯʥʠʭ ʤʦʜʝʣʝʡ ʪʘ ʤʝʪʦʜʽʚ ʥʘ ʪʝʩʪʦʚʠʭ 

ʧʨʠʢʣʘʜʘʭ, ʟʽʩʪʘʚʣʝʥʥʷʤ ʦʪʨʠʤʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ ʟ ʚʽʜʦʤʠʤʠ; ʜʦʩʪʘʪʥʴʦʶ 

ʟʙʽʞʥʽʩʪʶ ʘʥʘʣʽʪʠʯʥʠʭ ʪʘ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʦʩʣʽʜʞʝʥʴ; ʚʧʨʦʚʘʜʞʝʥʥʷʤʠ.   

14. ʈʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʴ ʧʨʠʡʥʷʪʽ ʜʦ ʚʧʨʦʚʘʜʞʝʥʥʷ ʫ ʜʽʷʣʴʥʽʩʪʴ 

ʍʘʨʢʽʚʩʴʢʦʛʦ ʜʝʨʞʘʚʥʦʛʦ ʨʝʛʽʦʥʘʣʴʥʦʛʦ ʥʘʫʢʦʚʦ-ʪʝʭʥʽʯʥʦʛʦ ʮʝʥʪʨʫ ʟ ʧʠʪʘʥʴ 

ʪʝʭʥʽʯʥʦʛʦ ʟʘʭʠʩʪʫ ʽʥʬʦʨʤʘʮʽʾ (ʘʢʪ ʚʧʨʦʚʘʜʞʝʥʥʷ ʚʽʜ 11.12.2019), ʇʨɸʪ ʌʘʨʣʝʧ-

ɯʥʚʝʩʪ (ʘʢʪ ʚʧʨʦʚʘʜʞʝʥʥʷ ʚʽʜ 10.12.2019), ʊʆɺ ɼʘʡʪʝʢʩ ʊʝʭʥʦʣʦʜʞʽʩ (ʘʢʪ 

ʚʧʨʦʚʘʜʞʝʥʥʷ ʚʽʜ 05.07.2019), ɸʊ ɹɸʅʂʆʄɿɺôʗɿʆʂ (ʘʢʪ ʚʧʨʦʚʘʜʞʝʥʥʷ ʚʽʜ 

25.06.2019), ʊʆɺ WorkNest (ʘʢʪ ʚʧʨʦʚʘʜʞʝʥʥʷ ʚʽʜ 20.06.2019), ʊʆɺ ɺʣʘʜʘʨʤʝʪ 

(ʘʢʪ ʚʧʨʦʚʘʜʞʝʥʥʷ ʚʽʜ 18.04.2019), ʊʆɺ ʉʪʨʽʪ ɺʝʡ ʍʦʣʽʜʝʡʟ (ʘʢʪ ʚʧʨʦʚʘʜʞʝʥʥʷ 

ʚʽʜ 05.07.2019), ʍʘʨʢʽʚʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʨʘʜʽʦʝʣʝʢʪʨʦʥʽʢʠ (ʘʢʪ 

ʚʧʨʦʚʘʜʞʝʥʥʷ ʚʽʜ 16.04.2019). 

15. ʄʝʪʘ ʜʦʩʣʽʜʞʝʥʴ ʱʦʜʦ ʧʽʜʚʠʱʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʤʝʪʦʜʽʚ ʟʘʙʝʟʧʝʯʝʥʥʷ 

ʜʦʩʪʫʧʥʦʩʪʽ, ʢʦʥʬʽʜʝʥʮʽʡʥʦʩʪʽ ʪʘ ʷʢʦʩʪʽ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʚ ʢʦʤʧôʶʪʝʨʥʠʭ 

ʩʠʩʪʝʤʘʭ ʟʘ ʨʘʭʫʥʦʢ ʽʜʝʥʪʠʬʽʢʘʮʽʾ ʘʪʘʢ ʪʘ ʫʨʘʭʫʚʘʥʥ ̫ ʩʘʤʦʧʦʜʽʙʥʦʩʪʽ 
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