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ɸʅʆʊɸʎɯʗ 

ʆʤʝʣʴʯʝʥʢʦ ɺ. ɺ. ɯʥʬʦʨʤʘʮʽʡʥʘ ʪʝʭʥʦʣʦʛʽʷ ʫʧʨʘʚʣʽʥʥʷ 

ʦʙʯʠʩʣʶʚʘʣʴʥʠʤʠ ʨʝʩʫʨʩʘʤʠ ʚ Kubernetes ʢʣʘʩʪʝʨʽ. ï ʂʚʘʣʽʬʽʢʘʮʽʡʥʘ ʥʘʫʢʦʚʘ 

ʧʨʘʮʷ ʥʘ ʧʨʘʚʘʭ ʨʫʢʦʧʠʩʫ. 

ɼʠʩʝʨʪʘʮʽʷ ʥʘ ʟʜʦʙʫʪʪʷ ʥʘʫʢʦʚʦʛʦ ʩʪʫʧʝʥʷ ʜʦʢʪʦʨʘ ʬʽʣʦʩʦʬʽʾ ʟʘ 

ʩʧʝʮʽʘʣʴʥʽʩʪʶ 126 ï ɯʥʬʦʨʤʘʮʽʡʥʽ ʩʠʩʪʝʤʠ ʪʘ ʪʝʭʥʦʣʦʛʽʾ ʚ ʛʘʣʫʟʽ ʟʥʘʥʴ 12 ï 

ɯʥʬʦʨʤʘʮʽʡʥʽ ʪʝʭʥʦʣʦʛʽʾ. ï ʅʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʋʢʨʘʾʥʠ 

çʂʠʾʚʩʴʢʠʡ ʧʦʣʽʪʝʭʥʽʯʥʠʡ ʽʥʩʪʠʪʫʪ ʽʤʝʥʽ ɯʛʦʨʷ ʉʽʢʦʨʩʴʢʦʛʦè, ʂʠʾʚ, 2025. 

ɼʠʩʝʨʪʘʮʽʡʥʘ ʨʦʙʦʪʘ ʧʨʠʩʚʷʯʝʥʘ ʚʠʨʽʰʝʥʥʶ ʧʨʦʙʣʝʤʠ ʘʚʪʦʤʘʪʠʟʘʮʽʾ 

ʫʧʨʘʚʣʽʥʥʷ ʦʙʯʠʩʣʶʚʘʣʴʥʠʤʠ ʨʝʩʫʨʩʘʤʠ ʚ ʢʣʘʩʪʝʨʘʭ Kubernetes. ʉʫʯʘʩʥʽ 

ʽʥʬʦʨʤʘʮʽʡʥʽ ʩʠʩʪʝʤʠ ʧʽʜʪʨʠʤʫʁ ʪʴ ʚʝʣʠʢʫ ʢʽʣʴʢʽʩʪʴ ʟʘʩʪʦʩʫʥʢʽʚ. ʆʜʥʠʤ ʽʟ 

ʚʘʞʣʠʚʠʭ ʬʘʢʪʦʨʽʚ ʜʣʷ ʧʽʜʪʨʠʤʘʥʥʷ ʟʘʜʘʥʦʛʦ ʨʽʚʥʷ ʷʢʦʩʪʽ ʧʦʩʣʫʛ ʻ 

ʟʘʙʝʟʧʝʯʝʥʥʷ ʢʦʤʧʦʥʝʥʪʽʚ ʽʥʬʦʨʤʘʮʽʡʥʦʾ ʩʠʩʪʝʤʠ ʜʦʩʪʘʪʥʽʤ ʦʙôʻʤʦʤ 

ʦʙʯʠʩʣʶʚʘʣʴʥʠʭ ʨʝʩʫʨʩʽʚ. ʆʙʯʠʩʣʶʚʘʣʴʥʽ ʪʘ ʬʽʥʘʥʩʦʚʽ ʨʝʩʫʨʩʠ ʻ 

ʦʙʤʝʞʝʥʠʤʠ, ʱʦ ʚʠʤʘʛʘʻ ʧʦʩʪʽʡʥʦʛʦ ʧʦʰʫʢʫ ʙʘʣʘʥʩʫ ʤʽʞ ʨʽʚʥʝʤ ʧʦʩʣʫʛ ʪʘ 

ʦʙôʻʤʦʤ ʨʝʩʫʨʩʽʚ. ɸʚʪʦʤʘʪʠʟʘʮʽʷ ʧʨʦʮʝʩʽʚ ʫʧʨʘʚʣʽʥʥʷ ɯʊ-ʽʥʬʨʘʩʪʨʫʢʪʫʨʦʶ 

ʜʦʟʚʦʣʷʻ ʧʽʜʚʠʱʠʪʠ ʝʬʝʢʪʠʚʥʽʩʪʴ ʚʠʢʦʨʠʩʪʘʥʥʷ ʦʙʯʠʩʣʶʚʘʣʴʥʠʭ ʨʝʩʫʨʩʽʚ 

ʢʣʘʩʪʝʨʘ ʧʨʠ ʜʦʪʨʠʤʘʥʥʽ ʥʝʦʙʭʽʜʥʦʛʦ ʨʽʚʥʷ ʷʢʦʩʪʽ ʧʦʩʣʫʛ, ʱʦ ʥʘʜʘʶʪʴʩʷ.    

ʇʨʦʚʝʜʝʥʦ ʘʥʘʣʽʟ ʽʩʥʫʶʯʠʭ ʤʝʪʦʜʽʚ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʯʘʩʦʚʠʭ ʨʷʜʽʚ ʚ 

ʢʦʥʪʝʢʩʪʽ ʨʦʙʦʯʠʭ ʥʘʚʘʥʪʘʞʝʥʴ ʥʘ ʜʦʮʽʣʴʥʩ̔ʪɹ ʾʭ ʚʠʢʦʨʠʩʪʘʥʥʷ ʜʣʷ 

ʧʨʦʘʢʪʠʚʥʦʛʦ ʤʘʩʰʪʘʙʫʚʘʥʥʷ. ɼʣʷ ʧʦʨʽʚʥʷʥʥʷ ʦʙʨʘʥʦ ʧʦʰʠʨʝʥʽ ʤʝʪʦʜʠ 

ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʜʣʷ ʯʘʩʦʚʠʭ ʨʷʜʽʚ ʟ ʚʨʘʭʫʚʘʥʥʷʤ ʩʝʟʦʥʥʦʩʪʝʡ, ʪʝʥʜʝʥʮʽʡ ʪʘ 

ʟʘʧʣʘʥʦʚʘʥʠʭ ʧʦʜʽʡ. ʇʨʦʚʝʜʝʥʽ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʦʮʽʥʢʠ 

ʪʦʯʥʦʩʪʽ ʦʙʨʘʥʠʭ ʤʝʪʦʜʽʚ ʥʘ ʪʠʧʦʚʠʭ ʰʘʙʣʦʥʘʭ ʨʦʙʦʯʠʭ ʥʘʚʘʥʪʘʞʝʥʴ ʥʘ 

ʦʩʥʦʚʽ ʽʩʪʦʨʠʯʥʠʭ ʜʘʥʠʭ ʨʽʟʥʦʾ ʜʦʚʞʠʥʠ. ʊʘʢʦʞ ʜʦʩʣʽʜʞʝʥʦ ʩʪʽʡʢʽʩʪʴ ʜʘʥʠʭ 

ʤʝʪʦʜʽʚ ʜʦ ʥʘʷʚʥʦʩʪʽ ʘʥʦʤʘʣʽʡ ʚ ʽʩʪʦʨʠʯʥʠʭ ʜʘʥʠʭ. ʅʘ ʦʩʥʦʚʽ ʧʨʦʚʝʜʝʥʠʭ 

ʝʢʩʧʝʨʠʤʝʥʪʽʚ ʦʙʨʘʥʦ ʤʥʦʞʠʥʫ ʤʝʪʦʜʽʚ ʜʣʷ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʨʦʙʦʯʠʭ 

ʥʘʚʘʥʪʘʞʝʥʴ ʚ ʧʨʦʘʢʪʠʚʥʦʤʫ ʤʘʩʰʪʘʙʫʚʘʥʥʽ.  
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ɿʘʧʨʦʧʦʥʦʚʘʥʦ ʤʝʪʦʜ ʢʦʤʙʽʥʦʚʘʥʦʛʦ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʟ ʧʦʻʜʥʘʥʥʷʤ 

ʢʦʤʧʦʥʝʥʪʽʚ ʜʦʚʛʦʩʪʨʦʢʦʚʦʛʦ ʪʘ ʢʦʨʦʪʢʦʩʪʨʦʢʦʚʦʛʦ ʧʝʨʝʜʙʘʯʝʥʥʷ. 

ʅʘʚʘʥʪʘʞʝʥʥʷ ʟʘʩʪʦʩʫʥʢʽʚ ʤʦʞʝ ʚʢʣʶʯʘʪʠ ʘʥʦʤʘʣʽʾ, ʱʦ ʧʨʠʟʚʦʜʠʪʴ ʜʦ 

ʥʝʢʦʨʝʢʪʥʦʛʦ ʨʦʟʧʦʜʽʣʫ ʦʙʯʠʩʣʶʚʘʣʴʥʠʭ ʨʝʩʫʨʩʽʚ ʧʨʠ ʧʨʦʘʢʪʠʚʥʦʤʫ 

ʫʧʨʘʚʣʽʥʥʽ. ʄʝʪʦʜ ʢʦʤʙʽʥʦʚʘʥʦʛʦ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʜʦʟʚʦʣʷʻ ʧʽʜʚʠʱʠʪʠ 

ʩʪʽʡʢʽʩʪʴ ʨʽʰʝʥʴ ʜʣʷ ʧʨʦʘʢʪʠʚʥʦʛʦ ʤʘʩʰʪʘʙʫʚʘʥʥʷ ʧʨʠ ʥʘʷʚʥʦʩʪʽ ʘʥʦʤʘʣʽʡ ʟ 

ʚʠʟʥʘʯʝʥʠʤ ʰʘʙʣʦʥʦʤ ʙʝʟ ʧʦʩʪʽʡʥʦʾ ʧʝʨʽʦʜʠʯʥʦʩʪʽ. ɼʦʚʛʦʩʪʨʦʢʦʚʝ 

ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʜʣʷ ʧʝʨʝʜʙʘʯʝʥʥʷ ʢʦʤʧʣʝʢʩʥʠʭ ʩʝʟʦʥʥʦʩʪʝʡ 

ʽ ʪʝʥʜʝʥʮʽʡ. ʂʦʨʦʪʢʦʩʪʨʦʢʦʚʝ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʚʽʜʧʦʚʽʜʘʻ ʟʘ ʽʜʝʥʪʠʬʽʢʘʮʽʶ 

ʘʥʦʤʘʣʽʡ ʚ ʧʦʪʦʯʥʦʤʫ ʥʘʚʘʥʪʘʞʝʥʥ ̔ʪʘ ʚʠʟʥʘʯʝʥʥʷ ʾʭ ʤʘʩʰʪʘʙʫ ʰʣʷʭʦʤ 

ʟʽʩʪʘʚʣʝʥʥʷ ʧʦʪʦʯʥʦʛʦ ʽ ʤʠʥʫʣʠʭ ʰʘʙʣʦʥʽʚ. ʂʦʤʙʽʥʫʚʘʥʥʷ ʧʨʦʛʥʦʟʽʚ ʜʚʦʭ 

ʤʝʪʦʜʽʚ ʚʽʜʙʫʚʘʻʪʴʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʚʘʛʦʚʠʭ ʢʦʝʬʽʮʽʻʥʪʽʚ, ʷʢʽ ʚʠʟʥʘʯʘʶʪʴʩʷ 

ʰʣʷʭʦʤ ʚʠʨʽʰʝʥʥʷ ʟʘʜʘʯʽ ʤʘʢʩʠʤʽʟʘʮʽʾ ʥʘ ʜʘʥʠʭ ʜʣʷ ʪʝʩʪʫʚʘʥʥʷ. ʇʨʦʚʝʜʝʥʦ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʝ ʜʦʩʣʽʜʞʝʥʥʷ ʟʘʧʨʦʧʦʥʦʚʘʥʦʛʦ ʤʝʪʦʜʫ. ʈʝʟʫʣʴʪʘʪʠ 

ʜʝʤʦʥʩʪʨʫʶʪʴ ʧʽʜʚʠʱʝʥʥʷ ʟʘʛʘʣʴʥʦʾ ʪʦʯʥʦʩʪʽ ʟ 91% ʜʦ 95% ʥʘ ʪʝʩʪʦʚʠʭ ʜʘʥʠʭ 

ʟʘ ʫʤʦʚʠ ʥʘʷʚʥʦʩʪʽ ʘʥʦʤʘʣʴʥʠʭ ʰʘʙʣʦʥʽʚ ʚ ʽʩʪʦʨʠʯʥʠʭ ʜʘʥʠʭ. ɺʠʢʦʨʠʩʪʘʥʥʷ 

ʟʘʧʨʦʧʦʥʦʚʘʥʦʛʦ ʢʦʤʙʽʥʦʚʘʥʦʛʦ ʤʝʪʦʜʫ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʚ ʨʽʰʝʥʥʷʭ ʜʣʷ 

ʧʨʦʘʢʪʠʚʥʦʛʦ ʤʘʩʰʪʘʙʫʚʘʥʥʷ ʤʦʞʝ ʧʽʜʚʠʱʠʪʠ ʝʬʝʢʪʠʚʥʽʩʪʴ ʫʧʨʘʚʣʽʥʥʷ 

ʦʙʯʠʩʣʶʚʘʣʴʥʠʤʠ ʨʝʩʫʨʩʘʤʠ. 

ɿʘʧʨʦʧʦʥʦʚʘʥʦ ʤʝʪʦʜ ʧʨʦʘʢʪʠʚʥʦʛʦ ʤʘʩʰʪʘʙʫʚʘʥʥʷ ʦʙʯʠʩʣʶʚʘʣʴʥʠʭ 

ʨʝʩʫʨʩʽʚ. ʇʨʦʘʢʪʠʚʥʽ ʤʝʪʦʜʠ ʤʘʩʰʪʘʙʫʚʘʥʥʷ ʜʦʟʚʦʣʷʶʪʴ ʥʘʜʘʚʘʪʠ 

ʢʦʥʩʠʩʪʝʥʪʥʠʡ ʨʽʚʝʥʴ ʷʢʦʩʪʽ ʧʦʩʣʫʛ ʧʨʠ ʝʬʝʢʪʠʚʥʦʤʫ ʚʠʢʦʨʠʩʪʘʥʥʽ 

ʦʙʯʠʩʣʶʚʘʣʴʥʠʭ ʨʝʩʫʨʩʽʚ. ʆʧʠʩʘʥʦ ʤʦʜʝʣʴ ʧʨʦʘʢʪʠʚʥʦʛʦ ʫʧʨʘʚʣʽʥʥʷ. 

ɿʘʧʨʦʧʦʥʦʚʘʥʦ ʘʨʭʽʪʝʢʪʫʨʫ ʤʦʜʫʣʷ ʧʨʦʘʢʪʠʚʥʦʛʦ ʤʘʩʰʪʘʙʫʚʘʥʥʷ, ʷʢʘ 

ʚʢʣʶʯʘʻ ʤʦʜʫʣʽ ʜʘʥʠʭ, ʧʨʦʛʥʦʟʫʚʘʥʥʷ, ʟʘʩʪʦʩʫʚʘʥʥʷ ʪʘ ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʴ. 

ʆʧʠʩʘʥʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʤʝʪʦʜʫ ʚ ʫʤʦʚʘʭ ʚʽʜʩʫʪʥʦʩʪʽ ʜʘʥʠʭ ʘʙʦ ʥʠʟʴʢʦʾ 

ʪʦʯʥʦʩʪʽ ʦʪʨʠʤʘʥʠʭ ʧʨʦʛʥʦʟʽʚ. ʅʘ ʦʩʥʦʚʽ ʧʨʦʚʝʜʝʥʦʛʦ ʘʥʘʣʽʟʫ ʤʝʪʦʜʽʚ 

ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʦʙʨʘʥʦ ʨʽʰʝʥʥʷ ʜʣʷ ʧʦʜʘʣʴʰʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʪʘ ʨʦʟʨʦʙʢʠ 

ʧʨʦʛʨʘʤʥʦʛʦ ʤʦʜʫʣʷ. ʈʝʘʣʽʟʦʚʘʥʦ ʧʨʦʛʨʘʤʥʠʡ ʤʦʜʫʣʴ ʜʣʷ ʛʦʨʠʟʦʥʪʘʣʴʥʦʛʦ 

ʧʨʦʘʢʪʠʚʥʦʛʦ ʤʘʩʰʪʘʙʫʚʘʥʥʷ ʚ Kubernetes ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʚʙʫʜʦʚʘʥʠʭ 
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ʽʥʩʪʨʫʤʝʥʪʽʚ. ʇʨʦʚʝʜʝʥʦ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʝ ʜʦʩʣʽʜʞʝʥʥʷ ʨʦʟʨʦʙʣʝʥʦʛʦ 

ʧʨʦʛʨʘʤʥʦʛʦ ʤʦʜʫʣʷ ʥʘ ʢʣʘʩʪʝʨʽ Kubernetes ʜʣ̫ ʧʦʨʽʚʥʷʥʥʷ ʟʽ ʩʪʘʪʠʯʥʠʤ ʪʘ 

ʨʝʘʢʪʠʚʥʠʤ ʧʽʜʭʦʜʘʤʠ ʤʘʩʰʪʘʙʫʚʘʥʥʷ. ʋ ʧʦʨʽʚʥʷʥʥʽ ʟ ʥʘʜʣʠʰʢʦʚʠʤ 

ʩʪʘʪʠʯʥʠʤ ʧʽʜʭʦʜʦʤ ʦʪʨʠʤʘʥʦ ʘʥʘʣʦʛʽʯʥʠʡ ʨʽʚʝʥʴ ʷʢʦʩʪʽ ʧʦʩʣʫʛ ʧʨʠ 

ʚʠʢʦʨʠʩʪʘʥʥʽ ʥʘ 46% ʤʝʥʰʦʛʦ ʦʙôʻʤʫ ʨʝʩʫʨʩʽʚ. ʋ ʧʦʨʽʚʥʷʥʥʽ ʟ ʨʝʘʢʪʠʚʥʠʤ 

ʧʽʜʭʦʜʦʤ ʩʝʨʝʜʥʽʡ ʯʘʩ ʚʽʜʧʦʚʽʜʽ ʟʘʩʪʦʩʫʥʢʫ ʟʤʝʥʰʠʚʩʷ ʟ 160 ʤʩ ʜʦ 23 ʤʩ. 

ɿʘʧʨʦʧʦʥʦʚʘʥʦ ʛʽʙʨʠʜʥʠʡ ʤʝʪʦʜ ʤʘʩʰʪʘʙʫʚʘʥʥʷ, ʱʦ ʚʢʣʶʯʘʻ 

ʨʝʘʢʪʠʚʥʠʡ ʽ ʧʨʦʘʢʪʠʚʥʠʡ ʢʦʤʧʦʥʝʥʪʠ. ʂʦʤʙʽʥʘʮʽʷ ʜʘʥʠʭ ʤʝʪʦʜʽʚ ʜʦʟʚʦʣʷʻ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʧʨʦʘʢʪʠʚʥʝ ʫʧʨʘʚʣʽʥʥʷ ʧʨʠ ʥʘʷʚʥʦʩʪʽ ʪʦʯʥʠʭ ʧʨʦʛʥʦʟʽʚ. ʇʨʠ 

ʚʠʥʠʢʥʝʥʥʽ ʘʥʦʤʘʣʽʡ ʥʘʚʘʥʪʘʞʝʥʥʷ ʽ ʥʝʤʦʞʣʠʚʦʩʪʽ ʪʦʯʥʦ ʦʮʽʥʠʪʠ ʾʭ ʤʘʩʰʪʘʙ, 

ʫʧʨʘʚʣʽʥʥʷ ʧʝʨʝʜʘʻʪʴʩʷ ʨʝʘʢʪʠʚʥʦʤʫ ʢʦʤʧʦʥʝʥʪʫ. ɿʘʧʨʦʧʦʥʦʚʘʥʦ ʽʥʜʠʢʘʪʦʨ 

ʧʝʨʝʭʦʜʫ ʤʽʞ ʧʨʦʘʢʪʠʚʥʠʤ ʽ ʨʝʘʢʪʠʚʥʠʤ ʫʧʨʘʚʣʽʥʥʷʤ ʥʘ ʦʩʥʦʚʽ ʧʦʨʽʚʥʷʥʥʷ 

ʚʽʜʧʦʚʽʜʥʦʩʪʽ ʦʪʨʠʤʘʥʠʭ ʧʨʦʛʥʦʟʽʚ ʜʦ ʧʦʪʦʯʥʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ ʥʘ ʟʘʩʪʦʩʫʥʦʢ. 

ʈʽʚʝʥʴ ʪʦʯʥʦʩʪʽ ʧʨʦʛʥʦʟʽʚ ʚʠʟʥʘʯʘʻʪʴʩʷ ʧʨʦʪʷʛʦʤ ʟʘʜʘʥʦʾ ʢʽʣʴʢʦʩʪʽ ʽʪʝʨʘʮʽʡ. 

ɼʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʦʧʝʨʘʪʠʚʥʦʾ ʧʝʨʝʜʘʯʽ ʫʧʨʘʚʣʽʥʥʷ ʟʘʙʝʟʧʝʯʫʻʪʴʩʷ ʨʦʙʦʪʘ 

ʦʙʦʭ ʢʦʤʧʦʥʝʥʪʽʚ ʥʝʟʘʣʝʞʥʦ ʚʽʜ ʧʦʪʦʯʥʦʛʦ ʩʪʘʥʫ. ʈʝʘʣʽʟʦʚʘʥʦ ʧʨʦʛʨʘʤʥʠʡ 

ʤʦʜʫʣʴ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʨʦʟʨʦʙʣʝʥʦʛʦ ʧʨʦʘʢʪʠʚʥʦʛʦ ʤʝʪʦʜʫ ʽ ʚʙʫʜʦʚʘʥʦʛʦ 

ʨʽʰʝʥʥʷ ʜʣʷ ʨʝʘʢʪʠʚʥʦʛʦ ʤʘʩʰʪʘʙʫʚʘʥʥʷ ʚ Kubernetes. ʇʨʦʚʝʜʝʥʦ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʝ ʜʦʩʣʽʜʞʝʥʥʷ ʨʦʟʨʦʙʣʝʥʦʛʦ ʧʨʦʛʨʘʤʥʦʛʦ ʤʦʜʫʣʷ. 

ʈʝʟʫʣʴʪʘʪʠ ʜʝʤʦʥʩʪʨʫʶʪʴ ʟʜʘʪʥʽʩʪʴ ʟʘʧʨʦʧʦʥʦʚʘʥʦʛʦ ʤʝʪʦʜʫ ʽʜʝʥʪʠʬʽʢʫʚʘʪʠ 

ʘʥʦʤʘʣʽʾ ʪʘ ʧʝʨʝʜʘʚʘʪʠ ʫʧʨʘʚʣʽʥʥʷ ʤʽʞ ʢʦʤʧʦʥʝʥʪʘʤʠ ʟʘ ʚʠʟʥʘʯʝʥʠʤʠ 

ʧʨʘʚʠʣʘʤʠ.  

ɿʘʧʨʦʧʦʥʦʚʘʥʦ ʛʽʙʨʠʜʥʠʡ ʤʝʪʦʜ ʤʘʩʰʪʘʙʫʚʘʥʥʷ, ʱʦ ʜʦʟʚʦʣʷʻ 

ʢʦʦʨʜʠʥʫʚʘʪʠ ʨʦʙʦʪʫ ʛʦʨʠʟʦʥʪʘʣʴʥʦʛʦ ʽ ʚʝʨʪʠʢʘʣʴʥʦʛʦ ʢʦʤʧʦʥʝʥʪʽʚ 

ʤʘʩʰʪʘʙʫʚʘʥʥʷ. ʄʝʪʦʜ ʜʦʟʚʦʣʷʻ ʧʽʜʚʠʱʠʪʠ ʝʬʝʢʪʠʚʥʽʩʪʴ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʦʙʯʠʩʣʶʚʘʣʴʥʠʭ ʨʝʩʫʨʩʽʚ ʢʣʘʩʪʝʨʘ ʧʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ ʛʦʨʠʟʦʥʪʘʣʴʥʦʛʦ 

ʤʘʩʰʪʘʙʫʚʘʥʥʷ. ɺʝʨʪʠʢʘʣʴʥʠʡ ʢʦʤʧʦʥʝʥʪ ʘʜʘʧʪʫʻ ʦʙôʻʤ ʦʙʯʠʩʣʶʚʘʣʴʥʠʭ 

ʨʝʩʫʨʩʽʚ ʜʦ ʧʦʪʦʯʥʠʭ ʧʦʪʨʝʙ ʚ ʤʝʞʘʭ ʦʜʥʦʛʦ ʝʢʟʝʤʧʣʷʨʫ ʜʣʷ ʪʠʧʽʚ 

ʦʙʯʠʩʣʶʚʘʣʴʥʠʭ ʨʝʩʫʨʩʽʚ, ʷʢʽ ʥʝ ʻ ʦʩʥʦʚʥʠʤʠ ʧʨʠ ʛʦʨʠʟʦʥʪʘʣʴʥʦʤʫ 

ʤʘʩʰʪʘʙʫʚʘʥʥʽ. ɿʘʧʨʦʧʦʥʦʚʘʥʦ ʤʦʜʫʣʴ ʢʦʦʨʜʠʥʘʮʽʾ ʜʣʷ ʫʟʛʦʜʞʝʥʥʷ 
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ʢʦʥʬʽʛʫʨʘʮʽʾ ʚʝʨʪʠʢʘʣʴʥʦʛʦ ʽ ʛʦʨʠʟʦʥʪʘʣʴʥʦʛʦ ʢʦʤʧʦʥʝʥʪʽʚ. ʈʦʟʨʦʙʣʝʥʦ 

ʧʨʦʛʨʘʤʥʠʡ ʤʦʜʫʣʴ ʜʣʷ ʨʦʙʦʪʠ ʚ Kubernetes, ʷʢʠʡ ʚʠʢʦʨʠʩʪʦʚʫʻ 

ʟʘʧʨʦʧʦʥʦʚʘʥʠʡ ʤʝʪʦʜ. ʈʝʟʫʣʴʪʘʪʠ ʧʨʦʚʝʜʝʥʠʭ ʝʢʩʧʝʨʠʤʝʥʪʽʚ ʜʝʤʦʥʩʪʨʫʶʪʴ 

ʟʤʝʥʰʝʥʥʷ ʟʙʠʪʢʦʚʦʛʦ ʨʝʟʝʨʚʫʚʘʥʥʷ ʦʙʯʠʩʣʶʚʘʣʴʥʠʭ ʨʝʩʫʨʩʽʚ ʥʘ 65% ʫ 

ʧʦʨʽʚʥʷʥʥʽ ʟʽ ʩʪʘʪʠʯʥʠʤ ʧʽʜʭʦʜʦʤ ʥʘ ʩʠʥʪʝʪʠʯʥʠʭ ʜʘʥʠʭ. 

ʉʪʚʦʨʝʥʦ ʽʥʬʦʨʤʘʮʽʡʥʫ ʪʝʭʥʦʣʦʛʽ ʁ ʫʧʨʘʚʣʽʥʥʷ ʦʙʯʠʩʣʶʚʘʣʴʥʠʤʠ 

ʨʝʩʫʨʩʘʤʠ ʚ ʢʣʘʩʪʝʨʽ.  ɿʘʧʨʦʧʦʥʦʚʘʥʦ ʟʜʽʡʩʥʶʚʘʪʠ ʜʝʢʦʤʧʦʟʠʮʽʶ 

ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʩʠʩʪʝʤ ʥʘ ʦʢʨʝʤʽ ʤʦʜʫʣʽ. ɺʠʟʥʘʯʝʥʦ ʬʫʥʢʮʽʦʥʘʣ ʢʦʞʥʦʛʦ 

ʤʦʜʫʣʷ ʽ ʢʦʤʫʥʽʢʘʮʽ ʁʤʽʞ ʤʦʜʫʣʷʤʠ ʪʘ ʢʣʘʩʪʝʨʦʤ. ʅʘ ʦʩʥʦʚʽ ʟʘʧʨʦʧʦʥʦʚʘʥʦʾ 

ʘʨʭʽʪʝʢʪʫʨʠ ʦʧʠʩʘʥʦ ʨʝʘʣʽʟʘʮʽʶ ʽʥʬʦʨʤʘʮʽʡʥʦʾ ʪʝʭʥʦʣʦʛʽʾ ʚ ʢʣʘʩʪʝʨʘʭ 

Kubernetes. ɿʘʧʨʦʧʦʥʦʚʘʥʦ ʟʜʽʡʩʥʶʚʘʪʠ ʽʥʪʝʛʨʘʮʽʶ ʚʙʫʜʦʚʘʥʠʭ ʽʥʩʪʨʫʤʝʥʪʽʚ 

ʜʣʷ ʤʦʥʽʪʦʨʠʥʛʫ ʩʪʘʥʫ, ʘʥʘʣʽʟʫ ʜʘʥʠʭ ʽ ʨʦʟʛʦʨʪʘʥʥʷ ʝʣʝʤʝʥʪʽʚ ʫʧʨʘʚʣʽʥʥʷ. 

ʆʧʠʩʘʥʦ ʧʨʦʮʝʩʠ ʫʧʨʘʚʣʽʥʥʷ ʦʙʯʠʩʣʶʚʘʣʴʥʠʤʠ ʨʝʩʫʨʩʘʤʠ.  ʈʝʘʣʽʟʦʚʘʥʘ 

ʽʥʬʦʨʤʘʮʽʡʥʘ ʩʠʩʪʝʤʘ ʚʠʢʦʨʠʩʪʦʚʫʻ ʽʥʪʝʛʨʘʮʽʶ ʨʦʟʨʦʙʣʝʥʠʭ ʤʝʪʦʜʽʚ ʜʣʷ 

ʧʨʦʘʢʪʠʚʥʦʛʦ ʪʘ ʛʽʙʨʠʜʥʦʛʦ ʤʘʩʰʪʘʙʫʚʘʥʥʷ. 

ʈʦʟʨʦʙʣʝʥʽ ʤʝʪʦʜʠ ʪʘ ʽʥʬʦʨʤʘʮʽʡʥʘ ʪʝʭʥʦʣʦʛʽʷ ʤʦʞʝ ʙʫʪʠ ʚʠʢʦʨʠʩʪʘʥʘ 

ʜʣʷ ʫʧʨʘʚʣʽʥʥʷ ʨʝʩʫʨʩʘʤʠ ʚ ʨʝʘʣʴʥʠʭ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʩʠʩʪʝʤʘʭ ʟ 

ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʧʣʘʪʬʦʨʤʠ Kubernetes ʘʙʦ ʧʦʜʽʙʥʠʭ ʧʣʘʪʬʦʨʤ ʦʨʢʝʩʪʨʘʮʽʾ 

ʢʦʥʪʝʡʥʝʨʠʟʦʚʘʥʠʭ ʟʘʩʪʦʩʫʥʢʽʚ ʜʣʷ ʘʚʪʦʤʘʪʠʟʘʮʽʾ ʧʨʦʮʝʩʽʚ ʫʧʨʘʚʣʽʥʥʷ 

ʦʙʯʠʩʣʶʚʘʣʴʥʠʤʠ ʨʝʩʫʨʩʘʤʠ. 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʽʥʬʦʨʤʘʮʽʡʥʽ ʩʠʩʪʝʤʠ, ʽʥʬʦʨʤʘʮʽʡʥʽ ʪʝʭʥʦʣʦʛʽʾ, 

ʚʽʨʪʫʘʣʽʟʘʮʽʷ, ʢʦʥʪʝʡʥʝʨʠʟʘʮʽʷ, Kubernetes, Docker, ʭʤʘʨʥʽ ʦʙʯʠʩʣʝʥʥʷ, 

ʫʧʨʘʚʣʽʥʥʷ ʨʝʩʫʨʩʘʤʠ, ʤʽʢʨʦʩʝʨʚʽʩʥʘ ʘʨʭʽʪʝʢʪʫʨʘ, ʚʝʙ-ʟʘʩʪʦʩʫʥʢʠ, ʨʦʟʧʦʜʽʣʝʥʽ 

ʩʠʩʪʝʤʠ, ʤʘʪʝʤʘʪʠʯʥʘ ʤʦʜʝʣʴ, ʧʨʦʛʥʦʟʫʚʘʥʥʷ, ʤʘʰʠʥʥʝ ʥʘʚʯʘʥʥʷ, ʧʨʦʛʨʘʤʥʝ 

ʟʘʙʝʟʧʝʯʝʥʥʷ. 
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ABSTRACT 

Omelchenko V. Information technology for computing resources management 

in Kubernetes cluster ï Manuscript. 

Thesis for the Doctor of Philosophy degree in the specialty 126 ï Information 

systems and technologies in the knowledge field 12 ï Information technologies. ï 

National Technical University of Ukraine «Ihor Sikorsky Kyiv Polytechnic 

Institute», Kyiv, 2025. 

The dissertation work is devoted to solving the problem of automating the 

management of computing resources in Kubernetes clusters. Modern information 

systems can include a large number of applications. One of the important factors in 

ensuring a given level of service quality is to provide the components of the 

information system with a sufficient amount of computing resources. Computing 

and financial resources are limited, which requires a constant search for a balance 

between the level of service quality and the amount of resources. Automation of 

management processes allows for an increase in the efficiency of using the cluster's 

computing resources while maintaining the required level of quality of services 

provided.    

The existing forecasting methods are analyzed for the feasibility of their use 

for proactive scaling. For comparison, modern forecasting methods for time series 

with complex seasonality, trends, and planned events were selected. Experimental 

studies of the accuracy of the selected methods were conducted on typical workload 

templates based on historical data of various lengths. The stability of these methods 

to the presence of anomalies in historical data was also investigated. Based on the 

experiments, a set of methods was selected for predicting workloads in proactive 

scaling. 

A hybrid forecasting method with a combination of long-term and short-term 

forecasting components is proposed. Application workloads may include anomalies, 

which leads to incorrect allocation of computing resources in proactive management. 

The combined forecasting method allows you to increase the stability of proactive 
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scaling solutions in the presence of anomalies with a defined pattern without a 

constant frequency. Long-term forecasting is used to predict complex seasonality 

and trends. Short-term forecasting is responsible for identifying anomalies in the 

current load and determining their scale by comparing current and past patterns. The 

forecasts of the two methods are combined using weighting coefficients, which are 

determined by solving a maximization problem on the test data. An experimental 

study of the proposed method was conducted. The results demonstrate an increase 

in overall accuracy from 91% to 95% on the test data, provided that there are 

anomalous patterns in the historical data. The use of the proposed combined 

forecasting method in proactive scaling solutions can improve the efficiency of 

computing resource management. 

A method for proactive scaling of computing resources is proposed. Proactive 

scaling methods allow to provide a consistent level of QoS while efficiently using 

computing resources. A model of proactive management is described. An 

architecture that includes data, forecasting, application, and decision-making 

modules is proposed. An approach for the method to work in the absence of data or 

low accuracy of the obtained forecasts is described. Based on the analysis of 

forecasting methods, a solution was selected for further use and development of a 

software module. A software module for horizontal proactive scaling was 

implemented in Kubernetes using built-in tools. An experimental study of the 

developed software module on a Kubernetes cluster was conducted to compare it 

with static and reactive scaling approaches. Compared to the redundant static 

approach, a similar level of service quality was obtained using 46% less resources. 

Compared to the reactive approach, the average application response time decreased 

from 160 ms to 23 ms. 

A hybrid scaling method is proposed that includes reactive and proactive 

components. The combination of these methods allows the use of proactive control 

in the presence of accurate forecasts. When load anomalies occur and it is impossible 

to accurately assess their scale, control is transferred to the reactive component. An 

indicator of the transition between proactive and reactive control is proposed based 
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on comparing the compliance of the obtained forecasts with the current load on the 

application. The level of accuracy of forecasts is determined within a given number 

of iterations. To ensure the prompt transfer of control, both components operate 

regardless of the current state. A software module was implemented using the 

developed proactive method and a built-in solution for reactive scaling in 

Kubernetes. An experimental study of the developed program module was carried 

out. The results demonstrate the ability of the proposed method to identify anomalies 

and transfer control between components according to certain rules.  

A hybrid scaling method is proposed that allows coordinating the work of 

horizontal and vertical scaling components. The method makes it possible to 

increase the efficiency of using the cluster's computing resources when using 

horizontal scaling. The vertical component adapts the amount of computing 

resources to the current needs within a single instance for resource types that are not 

the main ones in horizontal scaling. A coordination module is proposed to coordinate 

the configuration of the vertical and horizontal components. Based on the proposed 

method, a program module for working in Kubernetes was developed. The results 

of the experiments demonstrate a 65% reduction in unprofitable reservation of 

computing resources compared to the static approach on synthetic data. 

The information technology for managing computing resources in a cluster is 

described.  The decomposition of information systems into separate modules is 

proposed. The functionality of each module and communication between modules 

and the cluster are described. Based on the proposed architecture, the 

implementation of information technology in Kubernetes clusters is described. The 

integration of built-in tools for status monitoring, data analysis, and deployment of 

controls is proposed. The management processes are described.  The implemented 

information system integrates the developed methods for scaling. 

Keywords: information systems, information technology, virtualization, 

containerization, Kubernetes, Docker, cloud computing, resource management, 

microservice architecture, web applications, distributed systems, mathematical 

model, forecasting, machine learning, software.  
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ʇɽʈɽʃɯʂ ʋʄʆɺʅʀʍ ʇʆɿʅɸʏɽʅʔ ʊɸ ʉʂʆʈʆʏɽʅʔ 

ɺʄ ï ʚʽʨʪʫʘʣʴʥʘ ʤʘʰʠʥʘ 

ɯʉ ï ʽʥʬʦʨʤʘʮʽʡʥʘ ʩʠʩʪʝʤʘ 

IT ï ʽʥʬʦʨʤʘʮʽʡʥʽ ʪʝʭʥʦʣʦʛʽʾ 

ʇɿ ï ʧʨʦʛʨʘʤʥʝ ʟʘʙʝʟʧʝʯʝʥʥʷ 

ʉʂʂɿ ï ʩʠʩʪʝʤʠ ʢʝʨʫʚʘʥʥʷ ʢʦʥʪʝʡʥʝʨʠʟʦʚʘʥʠʤʠ ʟʘʩʪʦʩʫʥʢʘʤʠ 

ʉʋ ï ʩʠʩʪʝʤʘ ʫʧʨʘʚʣʽʥʥʷ 

ʉʋɯ ï ʩʠʩʪʝʤʘ ʫʧʨʘʚʣʽʥʥʷ ʽʥʬʨʘʩʪʨʫʢʪʫʨʦʶ 

ʆʈ ï ʦʙʯʠʩʣʶʚʘʣʴʥʽ ʨʝʩʫʨʩʠ 

ʆʉ ï ʦʧʝʨʘʮʽʡʥʘ ʩʠʩʪʝʤʘ 

API ï application programming interface ï ʧʨʠʢʣʘʜʥʠʡ ʧʨʦʛʨʘʤʥʠʡ ʽʥʪʝʨʬʝʡʩ 

CPU ï central processing unit ï ʮʝʥʪʨʘʣʴʥʠʡ ʧʨʦʮʝʩʦʨ 

ECS ï elastic container service ï ʩʝʨʚʽʩ ʢʦʥʪʝʡʥʝʨʠʟʦʚʘʥʠʭ ʟʘʩʪʦʩʫʥʢʽʚ 

GKE ï Google Kubernetes engine ï ʧʣʘʪʬʦʨʤʘ Kubernetes ʚʽʜ Google 

HPA ï horizontal pod autoscaler ï ʛʦʨʠʟʦʥʪʘʣʴʥʠʡ ʤʘʩʰʪʘʙʫʚʘʯ 

HTTP ï hyper-text transfer protocol ï ʧʨʦʪʦʢʦʣ ʧʝʨʝʜʘʯʽ ʛʽʧʝʨ-ʪʝʢʩʪʫ 

IaaS ï infrastructure as a service ï ʽʥʬʨʘʩʪʨʫʢʪʫʨʘ ʷʢ ʩʝʨʚʽʩ 

MAPE ï mean absolute percentage error ï ʩʝʨʝʜʥʷ ʘʙʩʦʣʶʪʥʝ ʚʽʜʭʠʣʝʥʥʷ ʫ 

ʚʽʜʩʦʪʢʘʭ 

OOM ï out-of-memory ï ʧʦʤʠʣʢʘ ʥʝʩʪʘʯʽ ʧʘʤôʷʪʽ 

PM ï pattern matching ï ʟʽʩʪʘʚʣʝʥʥʷ ʰʘʙʣʦʥʽʚ 

PaaS ï platform as a service ï ʧʣʘʪʬʦʨʤʘ ʷʢ ʩʝʨʚʽʩ 

QoS ï quality of service ï ʷʢʽʩʪʴ ʧʦʩʣʫʛ 

RAM ï random access memory ï ʧʘʤôʷʪʴ ʟ ʜʦʚʽʣʴʥʠʤ ʜʦʩʪʫʧʦʤ 

RMSE ï root mean square error ï ʩʝʨʝʜʥʴʦʢʚʘʜʨʘʪʠʯʥʝ ʚʽʜʭʠʣʝʥʥʷ 

SLA ï service-level agreement ï ʫʛʦʜʘ ʧʨʦ ʨʽʚʝʥʴ ʧʦʩʣʫʛ 

SLO ï service-level objectives ï ʮʽʣʽ ʨʽʚʥʽʚ ʧʦʩʣʫʛ 

SaaS ï software as a service ï ʧʨʦʛʨʘʤʥʝ ʟʘʙʝʟʧʝʯʝʥʥʷ ʷʢ ʩʝʨʚʽʩ 

VPA ï vertical pod autoscaler ï ʚʝʨʪʠʢʘʣʴʥʠʡ ʘʚʪʦʤʘʪʠʯʥʠʡ ʤʘʩʰʪʘʙʫʚʘʯ 



14 

ɺʉʊʋʇ 

ɸʢʪʫʘʣʴʥʽʩʪʴ ʪʝʤʠ. ɺ ʩʫʯʘʩʥʦʤʫ ʩʚʽʪʽ ʢʽʣʴʢʽʩʪʴ ʜʝʨʞʘʚʥʠʭ ʽ 

ʢʦʨʧʦʨʘʪʠʚʥʠʭ ʧʦʩʣʫʛ, ʱʦ ʜʦʩʪʫʧʥ ̔ʯʝʨʝʟ ʤʝʨʝʞʫ ɯʥʪʝʨʥʝʪ, ʟʙʽʣʴʰʫʻʪʩɹʷ 

ʢʦʞʥʦʛʦ ʜʥʷ. ɯʥʬʦʨʤʘʮʽʡʥʽ ʪʝʭʥʦʣʦʛʽʾ (ɯʊ) ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ ʧʦʚʩʶʜʥʦ ʽ ʾʭ 

ʢʽʣʴʢʽʩʪʴ ʪʘʢʦʞ ʧʦʩʪʽʡʥʦ ʟʙʽʣʴʰʫʻʪʴʩʷ. ɿʘʙʝʟʧʝʯʝʥʥʷ ʚʠʩʦʢʦʾ ʜʦʩʪʫʧʥʦʩʪʽ ʪʘ 

ʚʠʩʦʢʦʛʦ ʨʽʚʥʷ QoS ɯʊ-ʧʦʩʣʫʛ ̒  ʢʣʶʯʦʚʠʤ ʘʩʧʝʢʪʦʤ ʜʣʷ ̔ ʥʬʦʨʤʘʮʽʡʥʠʭ ʩʠʩʪʝʤ 

(ɯʉ), ʦʩʢʽʣʴʢʠ ʥʠʟʴʢʠʡ ʨʽʚʝʥʴ QoS ʘʙʦ ʚʽʜʤʦʚʘ ʚʽʜ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʤʦʞʝ 

ʧʨʠʟʚʝʩʪʠ ʜʦ ʢʨʠʪʠʯʥʠʭ ʬʽʥʘʥʩʦʚʠʭ, ʨʝʧʫʪʘʮʽʡʥʠʭ ʪʘ ʨʝʩʫʨʩʥʠʭ ʚʪʨʘʪ [1]. 

ʆʜʠʥ ʽʟ ʬʘʢʪʦʨʽʚ ʟʘʙʝʟʧʝʯʝʥʥʷ ʫʟʛʦʜʞʝʥʦʛʦ ʨʽʚʥʷ ʷʢʦʩʪʽ ʧʦʩʣʫʛ ʻ ʥʘʷʚʥʽʩʪʴ 

ʥʝʦʙʭʽʜʥʦʛʦ ʦʙôʻʤʫ ʦʙʯʠʩʣʶʚʘʣʴʥʠʭ ʨʝʩʫʨʩʽʚ (ʆʈ) ɯʊ-ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ [2]. ɿ 

ʽʥʰʦʛʦ ʙʦʢʫ, ʦʙʯʠʩʣʶʚʘʣʴʥʽ ʪʘ ʬʽʥʘʥʩʦʚʽ ʨʝʩʫʨʩʠ ʻ ʦʙʤʝʞʝʥʠʤʠ, ʯʝʨʝʟ ʱʦ 

ʚʠʥʠʢʘʻ ʧʨʦʙʣʝʤʘ ʧʽʜʪʨʠʤʘʥʥʷ ʨʽʚʥʷ QoS ʧʨʠ ʤʽʥʽʤʽʟʘʮʽʾ ʦʙôʻʤʫ ʆʈ, ʱʦ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ. 

ʉʫʯʘʩʥʽ ʢʣʘʩʪʝʨʠ ʦʙʨʦʙʢʠ ʜʘʥʠʭ ʤʦʞʫʪʴ ʚʢʣʶʯʘʪʠ ʚʝʣʠʢʫ ʢʽʣʴʢʽʩʪʴ 

ʨʽʟʥʦʤʘʥʽʪʥʠʭ ʟʘʩʪʦʩʫʥʢʽʚ, ʢʦʞʝʥ ʟ ʷʢʠʭ ʤʘʻ ʩʚʦʾ ʦʩʦʙʣʠʚʦʩʪʽ ʪʘ ʚʠʤʦʛʠ ʜʦ ʆʈ. 

ɸʚʪʦʤʘʪʠʟʘʮʽʷ ʧʨʦʮʝʩʽʚ ʫʧʨʘʚʣʽʥʥʷ ʆʈ ̒ ʢʨʠʪʠʯʥʦ ʚʘʞʣʠʚʠʤ ʘʩʧʝʢʪʦʤ 

ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʩʠʩʪʝʤ [3]. ʇʦʪʦʯʥʽ ʧʽʜʭʦʜʠ ʜʦ ʫʧʨʘʚʣʽʥʥʷ ʆʈ 

ʯʘʩʪʦ ʻ ʥʝʝʬʝʢʪʠʚʥʠʤʠ ʘʙʦ ʟ ʪʦʯʢʠ ʟʦʨʫ ʨʽʚʥʷ QoS, ʘʙʦ ʟ ʪʦʯʢʠ ʟʦʨʫ ʨʽʚʥʷ 

ʫʪʠʣʽʟʘʮʽʾ ʚʠʜʽʣʝʥʠʭ ʆʈ. ʊʦʤʫ ʜʘʥʘ ʨʦʙʦʪʘ ʧʨʠʩʚʷʯʝʥʘ ʨʦʟʨʦʙʮʽ ʝʬʝʢʪʠʚʥʠʭ 

ʤʝʪʦʜʽʚ ʘʚʪʦʤʘʪʠʟʘʮʽʾ ʫʧʨʘʚʣʽʥʥʷ ʆʈ ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʟʘʜʘʥʦʛʦ ʨʽʚʥʷ QoS ʧʨʠ 

ʤʽʥʽʤʘʣʴʥʦ ʥʝʦʙʭʽʜʥʦʤʫ ʦʙʩʷʟʽ ʆʈ. 

ɿʘʟʚʠʯʘʡ ʽʥʬʦʨʤʘʮʽʡʥʘ ʩʠʩʪʝʤʘ ʚʢʣʶʯʘʻ ʤʥʦʞʠʥʫ ʤʝʪʦʜʽʚ, ʧʨʦʛʨʘʤʥʠʭ 

ʽ ʪʝʭʥʽʯʥʠʭ ʟʘʩʦʙʽʚ, ʱʦ ʦʙôʻʜʥʘʥʽ ʟ ʤʝʪʦʶ ʘʚʪʦʤʘʪʠʟʘʮʽʾ ʚʥʫʪʨʽʰʥʽʭ ʧʨʦʮʝʩʽʚ, 

ʧʦʢʨʘʱʝʥʥʷ ʾʭ ʩʪʘʙʽʣʴʥʦʩʪʽ ʪʘ ʝʬʝʢʪʠʚʥʦʩʪʽ. ʋ ʨʦʙʦʪʽ ʚʠʨʽʰʝʥʥʷ ʟʘʜʘʯ 

ʫʧʨʘʚʣʽʥʥʷ ʆʈ ʨʦʟʛʣʷʜʘʻʪʴʩʷ ʢʦʤʧʣʝʢʩʥʦ, ʪʦʤʫ ʧʨʦʧʦʥʫʶʪʴʩʷ ʤʝʪʦʜʠ ʪʘ 

ʟʘʩʦʙʠ ʧʦʜʦʣʘʥʥʷ ʽʩʥʫʶʯʠʭ ʧʨʦʙʣʝʤ, ʷʢʽ ʽʥʪʝʛʨʫʶʪʴʩʷ ʟʘʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ 

ʮʽʣʽʩʥʦʛʦ ʧʽʜʭʦʜʫ ʜʦ ʫʧʨʘʚʣʽʥʥʷ ʆʈ, ʱʦ ʚʢʣʶʯʘʻ ʤʦʥʽʪʦʨʠʥʛ, ʘʥʘʣʽʟ ʜʘʥʠʭ, 

ʧʨʦʛʥʦʟʫʚʘʥʥʷ, ʦʙʨʦʙʢʫ ʧʦʤʠʣʦʢ, ʢʦʦʨʜʠʥʘʮʽ ʾʪʘ ʟʘʩʪʦʩʫʚʘʥʥʷ ʢʦʥʬʽʛʫʨʘʮʽʡ 

ʆʈ, ʱʦ ʥʝʦʙʭʽʜʥʽ ʜʣʷ ʨʦʙʦʪʠ ʟʘʩʪʦʩʫʥʢʽʚ ʪʘ ʚʢʣʶʯʘʶʪʴ ʧʨʦʮʝʩʦʨʥʠʡ ʯʘʩ, ʦʙʩʷʛ 
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ʦʧʝʨʘʪʠʚʥʦʾ ʧʘʤôʷʪ,̔ ʧʨʦʧʫʩʢʥʫ ʟʜʘʪʥʽʩʪʴ ʢʘʥʘʣʽʚ ʟʚôʷʟʢʫ, ʦʙʩʷʛʠ ʩʭʦʚʠʱʘ 

ʜʘʥʠʭ ʪʘ ʽʥʰ .̔ ɺ ʨʦʙʦʪʽ ʫʧʨʘʚʣʽʥʥʷ ʆʈ ʨʦʟʛʣʷʜʘʻʪʴʩʷ ʚ ʢʦʥʪʝʢʩʪʽ Kubernetes, 

ʡʦʛʦ ʤʦʞʣʠʚʦʩʪʝʡ ʪʘ ʦʙʤʝʞʝʥʴ, ʟ ʜʝʢʽʣʴʢʦʭ ʧʨʠʯʠʥ. ʇʦ-ʧʝʨʰʝ, Kubernetes ̒  

ʥʘʡʙʽʣʴʰ ʤʘʩʦʚʦʶ ʧʣʘʪʬʦʨʤʦʶ ʜʣʷ ʨʦʟʤʽʱʝʥʥʷ ʢʦʥʪʝʡʥʝʨʠʟʦʚʘʥʠʭ 

ʟʘʩʪʦʩʫʥʢʽʚ ʽ ʜʦʩʪʫʧʥʘ ʫ ʚʩʽʭ ʦʩʥʦʚʥʠʭ ʭʤʘʨʥʠʭ ʧʨʦʚʘʡʜʝʨʽʚ ʫ ʚʠʛʣʷʜʽ PaaS 

ʨʽʰʝʥʥʷ [4]. ʇʦ-ʜʨʫʛʝ, ʤʦʜʫʣʴʥʽʩʪʴ ʪʘ ʛʥʫʯʢʽʩʪʴ Kubernetes ʥʘʜʘʻ ʤʦʞʣʠʚʽʩʪʴ 

ʟʘʤʽʥʷʪʠ ʽʩʥʫʶʯʽ ʢʦʤʧʦʥʝʥʪʠ ʘʙʦ ʨʦʟʰʠʨʶʚʘʪʠ ʾʭ ʬʫʥʢʮʽʦʥʘʣ ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʚʣʘʩʥʠʭ ʧʨʦʛʨʘʤʥʠʭ ʤʦʜʫʣʽʚ [5]. ʇʦ-ʪʨʝʪʻ, ʝʢʦʩʠʩʪʝʤʘ ʜʘʥʦʾ ʧʣʘʪʬʦʨʤʘ 

ʚʢʣʶʯʘʻ ʚ ʩʝʙʝ ʛʦʪʦʚʽ ʢʦʤʧʦʥʝʥʪʠ ʜʣʷ ʫʧʨʘʚʣʽʥʥʷ ʆʈ, ʱʦ ʩʧʨʦʱʫʻ ʧʦʜʘʣʴʰʽ 

ʜʦʩʣʽʜʞʝʥʥʷ ʽ ʜʦʟʚʦʣʷʻ ʧʨʦʚʦʜʠʪʠ ʧʦʨʽʚʥʷʣʴʥʠʡ ʘʥʘʣʽʟ ʟʘʧʨʦʧʦʥʦʚʘʥʠʭ 

ʨʽʰʝʥʴ ʟ ʽʩʥʫʶʯʠʤʠ.  

ʆʙôʻʢʪʦʤ ʜʦʩʣʽʜʞʝʥʥʷ ʻ ʧʨʦʮʝʩ ʨʦʟʧʦʜʽʣʫ ʦʙʯʠʩʣʶʚʘʣʴʥʠʭ ʨʝʩʫʨʩʽʚ 

ʜʣʷ ʢʦʥʪʝʡʥʝʨʠʟʦʚʘʥʠʭ ʟʘʩʪʦʩʫʥʢʽʚ ʚ ɯʊ-ʽʥʬʨʘʩʪʨʫʢʪʫʨ ̔ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ 

Kubernetes. 

ʇʨʝʜʤʝʪʦʤ ʜʦʩʣʽʜʞʝʥʥʷ ʻ ʤʝʪʦʜʠ ʘʚʪʦʤʘʪʠʟʘʮʽʾ ʫʧʨʘʚʣʽʥʥʷ 

ʦʙʯʠʩʣʶʚʘʣʴʥʠʭ ʨʝʩʫʨʩʽʚ. 

ʄʝʪʘ ʨʦʙʦʪʠ ʧʦʣʷʛʘʻ ʚ ʟʘʙʝʟʧʝʯʝʥʥʽ ʧʽʜʪʨʠʤʘʥʥʷ ʥʘ ʫʟʛʦʜʞʝʥʦʤʫ ʨʽʚʥʽ 

ʷʢʦʩʪʽ ɯʊ-ʩʝʨʚʽʩʽʚ, ʱʦ ʥʘʜʘʻʪʴʩʷ ʟʘʩʪʦʩʫʥʢʘʤʠ ʢʦʨʠʩʪʫʚʘʯʘʤ, ʧʨʠ ʤʽʥʽʤʽʟʘʮʽʾ 

ʦʙôʻʤʽʚ ʚʠʜʽʣʝʥʠʭ ʦʙʯʠʩʣʶʚʘʣʴʥʠʭ ʨʝʩʫʨʩʽʚ. ɼʣʷ ʜʦʩʷʛʥʝʥʥʷ ʜʘʥʦʾ ʤʝʪʠ 

ʚʠʨʽʰʝʥʽ ʪʘʢʽ ʟʘʚʜʘʥʥʷ: 

ï  ʘʥʘʣʽʟ ʧʦʪʦʯʥʦʛʦ ʩʪʘʥʫ ʧʨʦʙʣʝʤʠ ʪʘ ʽʩʥʫʶʯʠʭ ʤʝʪʦʜʽʚ ʫʧʨʘʚʣʽʥʥʷ ʆʈ 

ʚ ɯʉ; 

ï  ʘʥʘʣʽʟ ʽ ʧʦʨʽʚʥʷʥʥʷ ʽʩʥʫʶʯʠʭ ʤʝʪʦʜʽʚ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʜʣʷ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʚ ʧʨʦʘʢʪʠʚʥʠʭ ʤʝʪʦʜʘʭ; 

ï  ʫʜʦʩʢʦʥʘʣʝʥʥʷ ʽʩʥʫʶʯʠʭ ʤʝʪʦʜʽʚ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʚ ʢʦʥʪʝʢʩʪʽ ʟʜʘʪʥʦʩʪʽ 

ʧʝʨʝʜʙʘʯʘʪʠ ʤʘʩʰʪʘʙ ʚʠʥʠʢʘʶʯʠʭ ʘʥʦʤʘʣʽʡ; 

ï  ʨʦʟʨʦʙʢʘ ʧʨʦʘʢʪʠʚʥʦʛʦ ʤʝʪʦʜʫ ʤʘʩʰʪʘʙʫʚʘʥʥʷ; 

ï ʨʦʟʨʦʙʢʘ ʢʦʤʙʽʥʦʚʘʥʦʛʦ ʤʝʪʦʜʫ ʤʘʩʰʪʘʙʫʚʘʥʥʷ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ 

ʧʨʦʘʢʪʠʚʥʦʛʦ ʽ ʨʝʘʢʪʠʚʥʦʛʦ ʢʦʤʧʦʥʝʥʪʽʚ; 
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ï ʨʦʟʨʦʙʢʘ ʤʝʪʦʜʫ ʧʦʻʜʥʘʥʥʷ ʛʦʨʠʟʦʥʪʘʣʴʥʦʛʦ ʽ ʚʝʨʪʠʢʘʣʴʥʦʛʦ 

ʤʘʩʰʪʘʙʫʚʘʥʥʷ. 

ʅʘʫʢʦʚʘ ʥʦʚʠʟʥʘ ʦʪʨʠʤʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ: 

ï  ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʤʝʪʦʜ ʧʨʦʘʢʪʠʚʥʦʛʦ ʚʝʨʪʠʢʘʣʴʥʦʛʦ ʪʘ ʛʦʨʠʟʦʥʪʘʣʴʥʦʛʦ 

ʤʘʩʰʪʘʙʫʚʘʥʥʷ ʦʙʯʠʩʣʶʚʘʣʴʥʠʭ ʨʝʩʫʨʩʽʚ, ʷʢʠʡ ʚʽʜʨʽʟʥʷʻʪʴʩʷ ʟʜʘʪʥʽʩʪʶ 

ʧʨʘʮʶʚʘʪʠ ʟ ʨʦʙʦʯʠʤʠ ʥʘʚʘʥʪʘʞʝʥʥʷʤʠ, ʷʢʽ ʤʽʩʪʷʪʴ ʢʦʤʧʣʝʢʩʥʽ ʩʝʟʦʥʥʦʩʪʽ ʪʘ 

ʪʝʥʜʝʥʮʽʾ, ʱʦ ʜʦʟʚʦʣʷʻ ʟʤʝʥʰʠʪʠ ʚʠʢʦʨʠʩʪʘʥʥʷ ʦʙʯʠʩʣʶʚʘʣʴʥʠʭ ʨʝʩʫʨʩʽʚ ʧʨʠ 

ʜʦʪʨʠʤʘʥʥʽ ʚʩʪʘʥʦʚʣʝʥʦʛʦ ʨʽʚʥʷ ʷʢʦʩʪʽ ʧʦʩʣʫʛ; 

ï ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʤʝʪʦʜ ʧʨʦʘʢʪʠʚʥʦ-ʨʝʘʢʪʠʚʥʦʛʦ ʤʘʩʰʪʘʙʫʚʘʥʥʷ, ʷʢʠʡ  

ʚʽʜʨʽʟʥʷʻʪʴʩʷ ʧʝʨʝʨʦʟʧʦʜʽʣʦʤ ʫʧʨʘʚʣʽʥʥʷʤ ʦʙʯʠʩʣʶʚʘʣʴʥʠʤʠ ʨʝʩʫʨʩʘʤʠ ʤʽʞ 

ʢʦʤʧʦʥʝʥʪʘʤʠ ʚʝʨʪʠʢʘʣʴʥʦʛʦ ʪʘ ʛʦʨʠʟʦʥʪʘʣʴʥʦʛʦ ʤʘʩʰʪʘʙʫʚʘʥʥʷ, ʱʦ 

ʜʦʟʚʦʣʷʻ ʟʘʙʝʟʧʝʯʫʚʘʪʠ ʚʩʪʘʥʦʚʣʝʥʠʡ ʨʽʚʝʥʴ ʷʢʦʩʪʽ ʧʦʩʣʫʛ ʫ ʨʘʟʽ ʚʽʜʩʫʪʥʦʩʪʽ 

ʽʩʪʦʨʠʯʥʠʭ ʜʘʥʠʭ, ʥʝʜʦʩʪʘʪʥʴʦʾ ʪʦʯʥʦʩʪʽ ʦʪʨʠʤʘʥʠʭ ʧʨʦʛʥʦʟʽʚ ʘʙʦ ʥʝʢʦʨʝʢʪʥʦʾ 

ʨʦʙʦʪʠ ʧʨʦʘʢʪʠʚʥʦʛʦ ʢʦʤʧʦʥʝʥʪʘ; 

ï ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʤʝʪʦʜ ʛʦʨʠʟʦʥʪʘʣʴʥʦ-ʚʝʨʪʠʢʘʣʴʥʦʛʦ ʤʘʩʰʪʘʙʫʚʘʥʥʷ, 

ʷʢʠʡ ʚʽʜʨʽʟʥʷʻʪʴʩʷ ʥʘʷʚʥʽʩʪʶ ʢʦʦʨʜʠʥʘʪʦʨʘ ʜʣʷ ʫʟʛʦʜʞʝʥʥʷ ʢʝʨʫʶʯʠʭ ʜʽʡ ʤʽʞ 

ʢʦʤʧʦʥʝʥʪʘʤʠ ʤʘʩʰʪʘʙʫʚʘʥʥʷ, ʱʦ ʜʦʟʚʦʣʷʻ ʟʤʝʥʰʠʪʠ ʟʙʠʪʢʦʚʝ ʨʝʟʝʨʚʫʚʘʥʥʷ 

ʦʙʯʠʩʣʶʚʘʣʴʥʠʭ ʨʝʩʫʨʩʽʚ ʧʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ ʛʦʨʠʟʦʥʪʘʣʴʥʦʛʦ ʤʘʩʰʪʘʙʫʚʘʥʥʷ 

ʜʣʷ ʧʨʦʘʢʪʠʚʥʦʛʦ ʪʘ ʨʝʘʢʪʠʚʥʦʛʦ ʫʧʨʘʚʣʽʥʥʷ; 

ï ʥʘʙʫʣʘ ʧʦʜʘʣʴʰʦʛʦ ʨʦʟʚʠʪʢʫ ʽʥʬʦʨʤʘʮʽʡʥʘ ʪʝʭʥʦʣʦʛʽʷ ʫʧʨʘʚʣʽʥʥʷ 

ʦʙʯʠʩʣʶʚʘʣʴʥʠʤ ʨʝʩʫʨʩʘʤʠ ɯʊ-ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ, ʷʢʘ ʚʽʜʨʽʟʥʷʻʪʴʩʷ ʥʘʷʚʥʽʩʪʶ 

ʧʨʦʘʢʪʠʚʥʦʛʦ ʪʘ ʛʽʙʨʠʜʥʦʛʦ ʤʘʩʰʪʘʙʫʚʘʥʥʷ, ʱʦ ʜʦʟʚʦʣʷʻ ʥʘʜʘʚʘʪʠ 

ʢʦʥʩʠʩʪʝʥʪʥʠʡ ʨʽʚʝʥʴ ʷʢʦʩʪʽ ʧʦʩʣʫʛ.  

ʇʨʘʢʪʠʯʥʝ ʟʥʘʯʝʥʥʷ ʦʪʨʠʤʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ. ʈʦʟʨʦʙʣʝʥʽ ʧʨʦʛʨʘʤʥʽ 

ʤʦʜʫʣʽ ʜʣʷ ʧʨʦʘʢʪʠʚʥʦʛʦ ʤʘʩʰʪʘʙʫʚʘʥʥʷ ʤʦʞʫʪʴ ʙʫʪʠ ʚʠʢʦʨʠʩʪʘʥʽ ʚ ʢʣʘʩʪʝʨʘʭ 

Kubernetes ʜʣʷ ʫʧʨʘʚʣʽʥʥʷ ʆʈ ʟʘʩʪʦʩʫʥʢʽʚ, ʷʢʽ ʤʘʶʪʴ ʯʽʪʢʫ ʢʦʤʧʣʝʢʩʥʫ 

ʩʝʟʦʥʥʽʩʪʴ, ʪʝʥʜʝʥʮʽʾ ʪʘ ʧʦʚʪʦʨʶʚʘʥʽ ʰʘʙʣʦʥʠ ʙʝʟ ʩʪʘʣʦʾ ʧʝʨʽʦʜʠʯʥʦʩʪʽ ʚ 

ʥʘʚʘʥʪʘʞʝʥʥ,̔ ʜʣʷ ʧʦʢʨʘʱʝʥʥʷ ʨʽʚʥʷ QoS ʫ ʧʦʨʽʚʥʷʥʥʽ ʟ ʧʦʰʠʨʝʥʠʤʠ 

ʨʝʘʢʪʠʚʥʠʤʠ ʨʽʰʝʥʥʷʤʠ ʪʘ ʧʽʜʚʠʱʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʫʪʠʣʽʟʘʮʽʾ ʆʈ ʫ 

ʧʦʨʽʚʥʷʥʥʽ ʟʽ ʩʪʘʪʠʯʥʠʤ ʧʽʜʭʦʜʦʤ. ɿʘʧʨʦʧʦʥʦʚʘʥʠʡ ʤʝʪʦʜ ʢʦʤʙʽʥʦʚʘʥʦʛʦ 
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ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʤʦʞʝ ʙʫʪʠ ʚʠʢʦʨʠʩʪʘʥʠʡ ʚ ɯʊ-ʽʥʬʨʘʩʪʨʫʢʪʫʨʘʭ, ʚ ʷʢʠʭ ʯʘʩʪʦ 

ʚʠʥʠʢʘʶʪʴ ʘʥʦʤʘʣʴʥʽ ʥʘʚʘʥʪʘʞʝʥʥʷ, ʱʦ ʧʦʚʪʦʨʶʶʪʴʩʷ, ʘʣʝ ʧʨʠ ʮʴʦʤʫ ʤʽʩʪʷʪʴ 

ʧʦʩʪʽʡʥ ̔ʩʝʟʦʥʥʦʩʪʽ ʪʘ ʪʝʥʜʝʥʮʽʾ. ɻʽʙʨʠʜʥʠʡ ʤʝʪʦʜ ʤʘʩʰʪʘʙʫʚʘʥʥʷ, ʱʦ ʤʽʩʪʠʪʴ 

ʨʝʘʢʪʠʚʥʠʡ ʪʘ ʧʨʦʘʢʪʠʚʥʠʡ ʢʦʤʧʦʥʝʥʪʠ, ʤʦʞʝ ʙʫʪʠ ʚʠʢʦʨʠʩʪʘʥʠʡ ʚ ɯʊ-

ʽʥʬʨʘʩʪʨʫʢʪʫʨʘʭ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ Kubernetes ʜʣʷ ʧʽʜʚʠʱʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ 

ʨʦʙʦʪʠ ʦʙʨʘʥʦʛʦ ʧʨʦʘʢʪʠʚʥʦʛʦ ʤʝʪʦʜʫ. ɻʽʙʨʠʜʥʠʡ ʤʝʪʦʜ ʤʘʩʰʪʘʙʫʚʘʥʥʷ, ʱʦ 

ʤʽʩʪʠʪʴ ʚʝʨʪʠʢʘʣʴʥʠʡ ʪʘ ʛʦʨʠʟʦʥʪʘʣʴʥʠʡ ʢʦʤʧʦʥʝʥʪʠ, ʤʦʞʫʪʴ ʙʫʪʠ 

ʚʠʢʦʨʠʩʪʘʥʽ ʚ ʽʩʥʫʶʯʠʭ ɯʊ-ʽʥʬʨʘʩʪʨʫʢʪʫʨʘʭ ʜʣʷ ʟʤʝʥʰʝʥʥʷ ʟʙʠʪʢʦʚʦʛʦ 

ʨʝʟʝʨʚʫʚʘʥʥʷ ʆʈ. 

ʈʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʴ, ʱʦ ʚʢʣʶʯʝʥʽ ʜʦ ʜʠʩʝʨʪʘʮʽʡʥʦʾ ʨʦʙʦʪʠ, 

ʜʦʧʦʚʽʜʘʣʠʩʴ ʽ ʦʙʛʦʚʦʨʶʚʘʣʠʩʴ ʥʘ ʢʦʥʬʝʨʝʥʮʽʷʭ: 

ï  ʄʽʞʥʘʨʦʜʥʘ ʢʦʥʬʝʨʝʥʮʽʷ çSecurity, Fault Tolerance, Intelligenceè, ʂʠʾʚ, 

29-30 ʣʠʧʥʷ, 2023; 

ï ʊʨʝʪʽʡ ʤʽʞʥʘʨʦʜʥʠʡ ʥʘʫʢʦʚʠʡ ʩʠʤʧʦʟʽʫʤ çIntelligent Solutions», 

ʂʠʾʚ - ʋʞʛʦʨʦʜ, 27-28 ʚʝʨʝʩʥʷ, 2023; 

ï  ʄʽʞʥʘʨʦʜʥʘ ʢʦʥʬʝʨʝʥʮʽʷ çProblems of Infocommunications. Science 

and Technologyè, ʍʘʨʢʽʚ, 5-7 ʞʦʚʪʥʷ, 2024. 

ɼʦʩʣʽʜʞʝʥʥʷ ʪʘ ʨʦʟʨʦʙʢʘ ʽʥʬʦʨʤʘʮʽʡʥʦʾ ʪʝʭʥʦʣʦʛʽʾ ʧʨʦʚʦʜʠʣʠʩʴ ʚ 

ʨʘʤʢʘʭ ʽʥʽʮʽʘʪʠʚʥʦʾ ʥʘʫʢʦʚʦ-ʜʦʩʣʽʜʥʠʮʴʢʦʾ ʨʦʙʦʪʠ çɯʥʪʝʣʝʢʪʫʘʣʴʥʽ 

ʚʠʩʦʢʦʧʨʦʜʫʢʪʠʚʥʽ ʪʝʭʥʦʣʦʛʽʾ ʫʧʨʘʚʣʽʥʥʷ ʪʝʭʥʽʯʥʠʤʠ ʩʠʩʪʝʤʘʤʠ» (ʜʝʨʞʘʚʥʠʡ 

ʨʝʻʩʪʨʘʮʽʡʥʠʡ ʥʦʤʝʨ ï 0121U110810). 

ʉʪʨʫʢʪʫʨʘ ʪʘ ʦʙʩʷʛ ʨʦʙʦʪʠ. 

ɼʠʩʝʨʪʘʮʽʡʥʘ ʨʦʙʦʪʘ ʩʢʣʘʜʘʻʪʴʩʷ ʽʟ ʚʩʪʫʧʫ, ʯʦʪʠʨʴʦʭ ʨʦʟʜʽʣʽʚ, 

ʚʠʩʥʦʚʢʽʚ, ʩʧʠʩʢʫ ʚʠʢʦʨʠʩʪʘʥʠʭ ʜʞʝʨʝʣ (83 ʥʘʡʤʝʥʫʚʘʥʥʷ) ʽ ʯʦʪʠʨʴʦʭ 

ʜʦʜʘʪʢʽʚ. ʆʩʥʦʚʥʠʡ ʟʤʽʩʪ ʚʠʢʣʘʜʝʥʠʡ ʥʘ 125 ʩʪʦʨʽʥʢʘʭ ʜʨʫʢʦʚʘʥʦʛʦ ʪʝʢʩʪʫ, 

ʤʽʩʪʠʪʴ 88 ʨʠʩʫʥʢʽʚ ʪʘ 8 ʪʘʙʣʠʮʴ. ɿʘʛʘʣʴʥʠʡ ʦʙʩʷʛ ʜʠʩʝʨʪʘʮʽʾ ï 154 ʩʪʦʨʽʥʢʠ.  



18 

1 ɸʅɸʃɯɿ ɸʈʍɯʊɽʂʊʋʈʀ ɯʅʌʆʈʄɸʎɯʁʅʀʍ ʉʀʉʊɽʄ ɿ 

ɺʀʂʆʈʀʉʊɸʅʅʗʄ ʂʃɸʉʊɽʈɯɺ ʋʇʈɸɺʃɯʅʅʗ ʈʆɿʇʆɼɯʃɽʅʀʄʀ 

ʂʆʅʊɽʁʅɽʈʀɿʆɺɸʅʀʄʀ ɿɸʉʊʆʉʋʅʂɸʄʀ 

1.1 ɸʥʘʣʽʟ ʧʦʪʦʯʥʦʛʦ ʩʪʘʥʫ ʽ ʪʨʝʥʜʽʚ ʢʝʨʫʚʘʥʥʷ ɯʊ-ʽʥʬʨʘʩʪʨʫʢʪʫʨʦʶ 

ʉʫʯʘʩʥʽ ɯʉ ʥʘʜʘʶʪʴ ʢʦʨʠʩʪʫʚʘʯʘʤ ʰʠʨʦʢʠʡ ʩʧʝʢʪʨ ʨʽʟʥʦʤʘʥʽʪʥʠʭ ɯʊ-

ʧʦʩʣʫʛ ʟ ʨʽʟʥʠʤʠ ʟʥʘʯʝʥʥʷʤʠ ʧʦʢʘʟʥʠʢʽʚ ʜʦʩʪʫʧʥʦʩʪʽ ʪʘ ʥʘʜʽʡʥʦʩʪʽ. ʎʝ ʚʠʤʘʛʘʻ 

ʜʝʢʦʤʧʦʟʠʮʽʾ ʤʦʥʦʣʽʪʥʠʭ ʟʘʩʪʦʩʫʥʢʽʚ ʥʘ ʥʝʚʝʣʠʢʽ ʬʫʥʢʮʽʦʥʘʣʴʥʽ ʢʦʤʧʦʥʝʥʪʠ 

[6]. ɿʘʙʝʟʧʝʯʝʥʥʷ ʚʠʩʦʢʦʾ ʜʦʩʪʫʧʥʦʩʪʽ ɯʊ-ʧʦʩʣʫʛ ʚʠʤʘʛʘʻ ʜʫʙʣʶʚʘʥʥʷ 

ʢʦʤʧʦʥʝʥʪʽʚ, ʱʦ ʾʭ ʥʘʜʘʶʪʴ, ʘ ʪʘʢʦʞ ʨʦʟʤʽʱʝʥʥʷ ʮʠʭ ʢʦʤʧʦʥʝʥʪʽʚ ʚ ʨʽʟʥʠʭ 

ʛʝʦʛʨʘʬʽʯʥʠʭ ʟʦʥʘʭ [7]. ʉʫʯʘʩʥʽ ɯʉ ʧʽʜʪʨʠʤʫʁ ʪʴ ʚʝʣʠʢʫ ʢʽʣʴʢʽʩʪʴ ʟʘʩʪʦʩʫʥʢʽʚ, 

ʢʦʞʝʥ ʟ ʷʢʠʭ ʨʦʟʛʦʨʪʘʻʪʴʩʷ ʚ ʜʝʷʢʽʡ ʢʽʣʴʢʦʩʪʽ ʝʢʟʝʤʧʣʷʨʽʚ. ɯʊ-ʽʥʬʨʘʩʪʨʫʢʪʫʨʘ, 

ʷʢʘ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʜʣʷ ʨʦʟʛʦʨʪʘʥʥʷ ɯʉ, ʤʽʩʪʠʪʴ ʚʝʣʠʢʫ ʢʽʣʴʢʽʩʪʴ ʬʽʟʠʯʥʠʭ 

ʩʝʨʚʝʨʽʚ, ʥʘ ʷʢʠʭ ʩʪʚʦʨʶʶʪʴʩʷ ʚʽʨʪʫʘʣʴʥʽ ʤʘʰʠʥʠ (ɺʄ) [4]. ʋʧʨʘʚʣʽʥʥʷ 

ʚʝʣʠʢʦʶ ʢʽʣʴʢʽʩʪʶ ʩʝʨʚʝʨʽʚ ʽ ʟʘʩʪʦʩʫʥʢʽʚ, ʱʦ ʨʦʟʤʽʱʫʶʪʴʩʷ ʥʘ ʥʠʭ, ʻ 

ʥʝʪʨʠʚʽʘʣʴʥʦʶ ʟʘʜʘʯʝʶ ʽ ʚʠʤʘʛʘʻ ʟʥʘʯʥʦʛʦ ʨʽʚʥʷ ʘʚʪʦʤʘʪʠʟʘʮʽʾ ʧʨʦʮʝʩʽʚ 

ʫʧʨʘʚʣʽʥʥʷ, ʟʦʢʨʝʤʘ, ʨʦʟʤʽʱʝʥʥʷ ʪʘ ʤʽʛʨʘʮʽʾ ɺʄ, ʩʪʚʦʨʝʥʥʷ ʝʢʟʝʤʧʣʷʨʽʚ 

ʟʘʩʪʦʩʫʥʢʽʚ, ʥʘʣʘʰʪʫʚʘʥʥʷ ʤʝʨʝʞʝʚʦʛʦ ʜʦʩʪʫʧʫ ʜʦ ʥʠʭ, ʨʝʟʝʨʚʫʚʘʥʥʷ 

ʥʝʦʙʭʽʜʥʦʛʦ ʜʣʷ ʾʭ ʨʦʙʦʪʠ ʦʙôʻʤʫ ʆʈ ʪʘ ʤʦʥʽʪʦʨʠʥʛʫ ʧʦʪʦʯʥʦʛʦ ʩʪʘʥʫ [8]. ɼʣʷ 

ʫʧʨʘʚʣʽʥʥʷ ɯʊ-ʽʥʬʨʘʩʪʨʫʢʪʫʨʦʶ ʨʦʟʨʦʙʣʷʶʪʴʩʷ ʪʘ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ 

ʨʽʟʥʦʤʘʥʽʪʥʽ ʩʠʩʪʝʤʠ ʫʧʨʘʚʣʽʥʥʷ, ʷʢ ʢʦʤʝʨʮʽʡʥ,̔ ʪʘʢ ʽ ʩʠʩʪʝʤʠ ʫʧʨʘʚʣʽʥʥʷ ɯʊ-

ʽʥʬʨʘʩʪʨʫʢʪʫʨʦʶ ʟ ʚʽʜʢʨʠʪʠʤ ʚʠʭʽʜʥʠʤ ʢʦʜʦʤ, ʜʦ ʷʢʠʭ ʚʽʜʥʦʩʷʪʴʩʷ ʩʠʩʪʝʤʠ 

ʢʝʨʫʚʘʥʥʷ ʢʦʥʪʝʡʥʝʨʠʟʦʚʘʥʠʤʠ ʟʘʩʪʦʩʫʥʢʘʤʠ (ʉʂʂɿ) ʘʙʦ ʩʠʩʪʝʤʠ 

ʦʨʢʝʩʪʨʘʮʽʾ. ʈʦʟʨʦʙʢʘ ʽ ʚʠʢʦʨʠʩʪʘʥʥʷ ʩʠʩʪʝʤ ʫʧʨʘʚʣʽʥʥʷ ʬʘʢʪʠʯʥʦ ʧʨʠʟʚʝʣʠ ʜʦ 

ʚʠʥʠʢʥʝʥʥʷ ʧʦʚʥʦʮʽʥʥʦʛʦ ʨʽʚʥʷ ʤʽʞ ʨʽʚʥʝʤ ʬʽʟʠʯʥʦʾ ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ ʽ ʨʽʚʥʝʤ 

ʩʝʨʚʽʩʽʚ ï ʨʽʚʝʥʴ ʧʣʘʪʬʦʨʤʠ, ʱʦ ʟʦʙʨʘʞʝʥʦ ʥʘ ʨʠʩ. 1.1  [9].  

ʆʩʥʦʚʥʠʤʠ ʟʘʜʘʯʘʤʠ ʨʽʚʥʷ ʧʣʘʪʬʦʨʤʠ ʻ ʨʦʟʛʦʨʪʘʥʥʷ ʽ ʫʧʨʘʚʣʽʥʥʷ 

ʞʠʪʪʻʚʠʤ ʮʠʢʣʦʤ ʟʘʩʪʦʩʫʥʢʽʚ. ɼʣʷ ʮʴʦʛʦ ʥʝʦʙʭʽʜʥʦ ʟʘʙʝʟʧʝʯʠʪʠ ʨʦʙʦʪʫ ʷʢ ʟ 

ʨʽʚʥʝʤ ʟʘʩʪʦʩʫʥʢʽʚ, ʪʘʢ ʽ ʟ ʨʽʚʥʝʤ ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ. ʂʨʽʤ ʮʴʦʛʦ, ʥʘ ʜʘʥʦʤʫ ʨʽʚʥʽ 

ʚʽʜʙʫʚʘʻʪʴʩʷ ʬʦʨʤʫʚʘʥʥʷ ʟʘʧʠʪʽʚ ʥʘ ʦʙôʻʤ ʆʈ ʟ ʤʝʪʦʶ ʧʽʜʪʨʠʤʘʥʥʷ ʷʢʦʩʪʽ 
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ʩʝʨʚʽʩʽʚ, ʱʦ ʥʘʜʘʶʪʴʩʷ ʟʘʩʪʦʩʫʥʢʘʤʠ ʥʘ ʫʟʛʦʜʞʝʥʦʤʫ ʨʽʚʥʽ. ʊʘʢʦʞ, ʥʘ ʨʽʚʥʽ 

ʧʣʘʪʬʦʨʤ ʨʝʘʣʽʟʫʻʪʴʩʷ ʧʨʦʮʝʩ ʤʦʥʽʪʦʨʠʥʛʫ, ʷʢʠʡ ʧʦʚôʷʟʫʻ ʥʠʟʴʢʦʨʽʚʥʝʚʽ 

ʽʥʬʨʘʩʪʨʫʢʪʫʨʥʽ ʤʝʪʨʠʢʠ ʟ ʚʠʩʦʢʦʨʽʚʥʝʚʠʤʠ ʤʝʪʨʠʢʘʤʠ ʟʘʩʪʦʩʫʥʢʽʚ, ʱʦ 

ʜʦʟʚʦʣʷʻ ʚ ʧʦʜʘʣʴʰʦʤʫ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʮʽ ʜʘʥʽ ʜʣʷ ʘʚʪʦʤʘʪʠʟʘʮʽʾ ʽʥʰʠʭ 

ʧʨʦʮʝʩʽʚ ɯʉ. 

 

ʈʠʩʫʥʦʢ 1.1 ï ɯʻʨʘʨʭʽʯʥʘ ʩʭʝʤʘ ɯʊ-ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ 

ɺʠʢʦʨʠʩʪʘʥʥʷ ʧʨʠ ʫʧʨʘʚʣʽʥʥʽ ʨʝʩʫʨʩʘʤʠ IT-ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ ʪʘʢʠʭ ʉʂʂɿ 

ʷʢ Kubernetes, Nomad ʪʘ ECS [3] ʜʦʟʚʦʣʷʻ ʟʥʘʯʥʦ ʩʧʨʦʩʪʠʪʠ ʙʘʛʘʪʦ ʘʩʧʝʢʪʽʚ 

ʨʦʟʛʦʨʪʘʥʥʷ ʪʘ ʢʝʨʫʚʘʥʥʷ ʟʘʩʪʦʩʫʥʢʘʤʠ ʚ ʭʤʘʨʥʠʭ ʩʝʨʝʜʦʚʠʱʘʭ, ʘ ʪʘʢʦʞ ʚ 

ʢʦʨʧʦʨʘʪʠʚʥʠʭ ɯʊ-ʽʥʬʨʘʩʪʨʫʢʪʫʨʘʭ. ɼʣʷ ʨʦʟʛʦʨʪʘʥʥʽ ʟʘʩʪʦʩʫʥʢʽʚ ʫ ʢʣʘʩʪʝʨʽ 

ʉʂʂɿ ʟʘʙʝʟʧʝʯʫʻ ʚʠʱʠʡ ʨʽʚʝʥʴ ʘʙʩʪʨʘʢʮʽʾ ʥʘʜ ʘʧʘʨʘʪʥʠʤʠ ʟʘʩʦʙʘʤʠ, 

ʚʽʨʪʫʘʣʽʟʘʮʽʻʶ ʪʘ ʆʉ, ʱʦ ʟʦʙʨʘʞʝʥʦ ʥʘ ʨʠʩ 1.2, ʱʦ ʜʦʟʚʦʣʷʻ ʽʟʦʣʶʚʘʪʠ 

ʩʢʣʘʜʥʽʩʪʴ ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ  ̔ʫʥʽʬʽʢʫʚʘʪʠ ʚʟʘʻʤʦʜʽʶ ʨʦʟʨʦʙʥʠʢʽʚ ʟʘʩʪʦʩʫʥʢʽʚ ʟ 

ʝʣʝʤʝʥʪʘʤʠ ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ . 
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ʈʠʩʫʥʦʢ 1.2 ï ɯʻʨʘʨʭʽʯʥʘ ʩʭʝʤʘ ɯʊ-ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ ʚʽʜʥʦʩʥʦ ʦʨʢʝʩʪʨʘʮʽʾ 

ʉʂʂɿ ʜʦʟʚʦʣʷʶʪʴ ʘʚʪʦʤʘʪʠʟʫʚʘʪʠ ʧʨʦʮʝʩʠ ʨʦʟʛʦʨʪʘʥʥʷ ʪʘ 

ʤʘʩʰʪʘʙʫʚʘʥʥʷ ʟʘʚʜʷʢʠ ʚʙʫʜʦʚʘʥʠʤ ʽʥʩʪʨʫʤʝʥʪʘʤ [10]. ʅʘʜʘʶʪʴ ʤʦʞʣʠʚʽʩʪʴ 

ʘʚʪʦʤʘʪʠʯʥʦʛʦ ʜʦʜʘʚʘʥʥʷ ʥʦʚʠʭ ʚʫʟʣʽʚ ʜʦ ʢʣʘʩʪʝʨʘ ʚ ʘʚʪʦʤʘʪʠʯʥʦʤʫ ʨʝʞʠʤʽ, 

ʱʦ ʚʢʣʶʯʘʻ ʥʘʣʘʰʪʫʚʘʥʥʷ ʤʦʥʽʪʦʨʠʥʛʫ, ʤʝʨʝʞʝʚʦʾ ʪʘ ʙʝʟʧʝʢʦʚʦʾ ʢʦʥʬʽʛʫʨʘʮʽʾ, 

ʻ ʢʨʠʪʠʯʥʠʤ ʘʩʧʝʢʪʦʤ ʩʫʯʘʩʥʦʾ ʤʘʩʰʪʘʙʦʚʘʥʦʾ ɯʉ ʚ ʢʦʥʪʝʢʩʪʽ ʧʦʩʪʽʡʥʦʛʦ 

ʤʘʩʰʪʘʙʫʚʘʥʥʷ [11]. 

ʉʂʂɿ ʟʘʙʝʟʧʝʯʫʶʪʴ ʚʠʩʦʢʠʡ ʨʽʚʝʥʴ ʜʦʩʪʫʧʥʦʩʪʽ ʰʣʷʭʦʤ ʚʽʜʩʪʝʞʫʚʘʥʥʷ 

ʟʙʦʾʚ ʫ ʟʘʩʪʦʩʫʥʢʘʭ ʪʘ ʾʭ ʘʚʪʦʤʘʪʠʯʥʝ ʚʽʜʥʦʚʣʝʥʥʷ. ʄʝʨʝʞʝʚʘ ʢʦʥʬʽʛʫʨʘʮʽʷ 

ʪʘʢʦʞ ʚʢʣʶʯʘʻ ʙʘʣʘʥʩʫʚʘʥʥʷ ʥʘʚʘʥʪʘʞʝʥʥʷ ʤʽʞ ʝʢʟʝʤʧʣʷʨʘʤʠ ʟʘʩʪʦʩʫʥʢʽʚ ʪʘ 

ʥʘʣʘʰʪʫʚʘʥʥʷ ʚʥʫʪʨʽʰʥʽʭ ʟôʻʜʥʘʥʴ ʜʣʷ ʢʦʤʧʦʥʝʥʪʽʚ ɯʉ [12]. ɺ ʢʦʥʪʝʢʩʪʽ 

ʫʧʨʘʚʣʽʥʥʷ ʆʈ, ʧʣʘʪʬʦʨʤʠ ʜʣʷ ʦʨʢʝʩʪʨʘʮʽʾ ʜʦʟʚʦʣʷʶʪʴ ʜʠʥʘʤʽʯʥʦ 

ʧʝʨʝʨʦʟʧʦʜʽʣʷʪʠ ʦʙôʻʤ ʚʠʜʽʣʝʥʠʭ ʆʈ ʜʣʷ ʢʦʥʪʝʡʥʝʨʽʚ, ʚ ʷʢʠʭ ʨʦʟʤʽʱʝʥʽ 

ʝʢʟʝʤʧʣʷʨʠ ʟʘʩʪʦʩʫʥʢʽʚ, ʰʣʷʭʦʤ ʚʥʝʩʝʥʥʷ ʟʤʽʥ ʚ ʢʦʥʬʽʛʫʨʘʮʽʶ ʟʘʧʠʪʽʚ ʆʈ ʘʙʦ 

ʢʽʣʴʢʦʩʪʽ ʝʢʟʝʤʧʣʷʨʽʚ [6]. 

ʂʽʣʴʢʽʩʪʴ ʦʙôʻʢʪʽʚ ʫʧʨʘʚʣʽʥʥʷ ʚ ɯʊ-ʽʥʬʨʘʩʪʨʫʢʪʫʨʘʭ ʚʠʤʽʨʶʻʪʴʩʷ 

ʪʠʩʷʯʘʤʠ, ʽʩʥʫʻ ʚʝʣʠʢʘ ʢʽʣʴʢʽʩʪʴ ʥʝʚʠʟʥʘʯʝʥʦʩʪʝʡ ʩʪʘʥʫ ʫʩʽʭ ʢʦʤʧʦʥʝʥʪʽʚ, 

ʢʦʤʧʦʥʝʥʪʠ ʤʦʞʫʪʴ ʧʨʘʮʶʚʘʪʠ ʚ ʨʽʟʥʠʭ ʨʝʞʠʤʘʭ, ʚʠʨʽʰʫʶʯʠ ʨʽʟʥʦʤʘʥʽʪʥʽ 

ʟʘʜʘʯʽ ʚ ʫʤʦʚʘʭ ʥʝʧʦʚʥʦʪʠ ʪʘ ʥʝʜʦʩʪʦʚʽʨʥʦʩʪʽ ʚʠʭʽʜʥʠʭ ʜʘʥʠʭ, ʥʘʷʚʥʦʩʪʽ 
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ʨʽʟʥʦʤʘʥʽʪʥʠʭ ʬʘʢʪʦʨʽʚ ʨʠʟʠʢʫ. ɿʘ ʪʘʢʠʭ ʫʤʦʚ ʩʠʩʪʝʤʫ ʫʧʨʘʚʣʽʥʥʷ 

ʽʥʬʨʘʩʪʨʫʢʪʫʨʦʶ (ʉʋɯ) ʜʦʮʽʣʴʥʦ ʧʨʦʻʢʪʫʚʘʪʠ ʷʢ ʽʻʨʘʨʭʽʯʥʫ ʜʚʦʨʽʚʥʝʚʫ 

ʩʠʩʪʝʤʫ ʫʧʨʘʚʣʽʥʥʷ ʟ ʢʦʦʨʜʠʥʘʪʦʨʦʤ [1, 13, 14], ʱʦ ʟʦʙʨʘʞʝʥʦ ʥʘ ʨʠʩ. 1.3.  

 

ʈʠʩʫʥʦʢ 1.3 ï ʉʪʨʫʢʪʫʨʘ ʜʚʦʨʽʚʥʝʚʦʾ ʉʋɯ 

ʋ ʪʘʢʡ̔ ʤʦʜʝʣʽ ʉʋɯ ʤʽʩʪʠʪʴ ʢʦʦʨʜʠʥʘʪʦʨ, ʷʢʠʡ ʨʦʟʪʘʰʦʚʘʥʠʡ ʥʘ 

ʚʝʨʭʥʴʦʤʫ ʨʽʚʥʽ, ʪʘ ʤʥʦʞʠʥʫ ʩʠʩʪʝʤ ʫʧʨʘʚʣʽʥʥʷ (ʉʋ), ʢʦʞʥʘ ʟ ʷʢʠʭ ʚʠʨʽʰʫʻ 

ʦʢʨʝʤʽ ʘʩʧʝʢʪʠ ʫʧʨʘʚʣʽʥʥʷ ɯʊ-ʽʥʬʨʘʩʪʨʫʢʪʫʨʦʶ. ʂʝʨʫʶʯʽ ʚʧʣʠʚʠ 

ʢʦʦʨʜʠʥʘʪʦʨʘ ʩʧʨʷʤʦʚʘʥʽ ʥʘ ʫʟʛʦʜʞʝʥʥʷ ʜʽʡ ʩʧʝʮʽʘʣʽʟʦʚʘʥʠʭ ʉʋ, ʱʦ 

ʨʦʟʪʘʰʦʚʘʥʽ ʥʘ ʥʠʞʥʴʦʤʫ ʨʽʚʥʽ ʽʻʨʘʨʭʽʾ. ʂʦʞʥʘ ʟ ʮʠʭ ʉʋ ʧʨʠʡʤʘʻ ʨʽʰʝʥʥʷ ʪʘ 

ʢʝʨʫʻ ʦʙôʻʢʪʘʤʠ ʫʧʨʘʚʣʽʥʥʷ ʫ ʩʚʦʾʡ ʟʦʥʽ ʚʽʜʧʦʚʽʜʘʣʴʥʦʩʪʽ. 

ʉʋ ʬʽʟʠʯʥʠʤʠ ʩʝʨʚʝʨʘʤʠ ʟʜʽʡʩʥʶʻ ʫʧʨʘʚʣʽʥʥʷ ʘʧʘʨʘʪʥʠʤʠ 

ʢʦʤʧʦʥʝʥʪʘʤʠ ɯʉ ʪʘ ʟʘʙʝʟʧʝʯʫ ̒ʢʦʥʬʽʛʫʨʫʚʘʥʥʷ ʥʦʚʠʭ ʩʝʨʚʝʨʽʚ ʜʣʷ ʚʢʣʶʯʝʥʥʷ 

ʚ ɯʉ, ʤʦʥʽʪʦʨʠʥʛ ʩʪʘʥʫ ʥʘʷʚʥʠʭ ʩʝʨʚʝʨʽʚ, ʦʥʦʚʣʝʥʥʷ ʾʭ ʧʨʦʛʨʘʤʥʦʛʦ 

ʟʘʙʝʟʧʝʯʝʥʥʷ (ʇɿ) ʪʘ ʚʽʜʥʦʚʣʝʥʥʷ ʫ ʚʠʧʘʜʢʫ ʥʝʧʦʣʘʜʦʢ. ʋ ʚʠʧʘʜʢʫ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʭʤʘʨʥʠʭ ʧʣʘʪʬʦʨʤ ʜʣʷ ʨʦʟʤʽʱʝʥʥʷ ɯʉ ʉʋ ʬʽʟʠʯʥʠʤʠ ʩʝʨʚʝʨʘʤʠ 

ʢʝʨʫʻ ɺʄ. 

ʉʋ ʜʘʥʠʤʠ ʚʽʜʧʦʚʽʜʘʻ ʟʘ ʨʦʟʤʽʱʝʥʥʷ, ʟʙʝʨʽʛʘʥʥʷ ʪʘ ʟʘʭʠʩʪ ʜʘʥʠʭ ʚ ɯʉ. 

ʎʷ ʉʋ ʢʝʨʫʻ ʜʦʩʪʫʧʦʤ ʜʦ ʜʘʥʠʭ, ʱʦ ʟʘʙʝʟʧʝʯʫʻʪʴʩʷ ʰʣʷʭʦʤ ʚʠʟʥʘʯʝʥʥʷ ʨʦʣʝʡ 

ʽ ʜʦʟʚʦʣʽʚ ʢʦʨʠʩʪʫʚʘʯʽʚ, ʚʠʢʦʨʠʩʪʘʥʥʷ ʚʽʜʧʦʚʽʜʥʠʭ ʧʨʦʪʦʢʦʣʽʚ ʘʫʪʝʥʪʠʬʽʢʘʮʽʾ. 
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ʌʫʥʢʮʽʦʥʘʣ ʮʠʭ ʉʋ ʤʽʩʪʠʪʴ ʦʨʛʘʥʽʟʘʮʽʶ ʨʦʙʦʪʠ ʨʝʣʷʮʽʡʥʠʭ ʪʘ ʥʝʨʝʣʷʮʽʡʥʠʭ 

ʙʘʟ ʜʘʥʠʭ, ʾʭ ʨʝʟʝʨʚʥʝ ʢʦʧʽʶʚʘʥʥʷ ʪʘ ʚʽʜʥʦʚʣʝʥʥʷ.  

ʉʋ ʤʝʨʝʞʝʶ ʧʽʜʪʨʠʤʫʻ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʤʝʨʝʞʝʚʦʾ ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ, ʾʾ 

ʝʬʝʢʪʠʚʥʫ ʨʦʙʦʪʫ, ʥʝʦʙʭʽʜʥʠʡ ʨʽʚʝʥʴ ʙʝʟʧʝʢʠ ʪʘ ʚʠʩʦʢʫ ʜʦʩʪʫʧʥʽʩʪʴ. 

ʋʧʨʘʚʣʽʥʥʷ ʤʝʨʝʞʝʚʦʶ ʽʥʬʨʘʩʪʨʫʢʪʫʨʦʶ ʚʢʣʶʯʘʻ ʧʦʙʫʜʦʚʫ ʪʦʧʦʣʦʛʽʾ ʤʝʨʝʞʽ 

ʪʘ ʾʾ ʨʝʢʦʥʬʽʛʫʨʘʮʽʶ ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʙʝʟʧʝʨʝʙʽʡʥʦʾ ʨʦʙʦʪʠ ʢʦʤʧʦʥʝʥʪʽʚ ɯʉ. 

ʄʦʥʽʪʦʨʠʥʛ ʤʝʨʝʞʽ, ʚ ʪʦʤʫ ʯʠʩʣʽ ʪʘʢʠʭ ʤʝʪʨʠʢ, ʷʢ ʧʨʦʧʫʩʢʥʘ ʟʜʘʪʥʽʩʪʴ, 

ʟʘʪʨʠʤʢʘ ʽ ʚʪʨʘʪʘ ʧʘʢʝʪʽʚ, ʻ ʥʝʦʙʭʽʜʥʠʤ ʘʩʧʝʢʪʦʤ ʟʘʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʚʠʩʦʢʦʛʦ 

ʨʽʚʥʷ QoS. ɺʠʢʦʨʠʩʪʘʥʥʷ ʚʽʨʪʫʘʣʴʥʠʭ ʤʝʨʝʞ ʧʽʜʚʠʱʫʻ ʨʽʚʝʥʴ ʙʝʟʧʝʢʠ ʪʘ 

ʜʦʟʚʦʣʷʻ ʢʦʥʪʨʦʣʶʚʘʥʥʷ ʜʦʩʪʫʧʠ ʚ ʩʝʨʝʜʠʥʽ ɯʉ. 

ʋʩʽ ʉʋ, ʷʢ̔ ʥʘʚʝʜʝʥʦ ʥʘ ʨʠʩ. 1.3, ʘ ʪʘʢʦʞ ʽʥʰ ̔ʉʋ, ʷʢ ̔ʥʘ ʨʠʩʫʥʢʫ ʥʝ 

ʧʦʢʘʟʘʥʦ, ʨʘʟʦʤ ʟ ʢʦʦʨʜʠʥʘʪʦʨʦʤ ʚʽʜʽʛʨʘʶʪʴ ʚʘʞʣʠʚʫ ʨʦʣ ɹʚ ʧʽʜʪʨʠʤʘʥʥʽ 

ʚʠʩʦʢʦʛʦ ʨʽʚʥʷ ʷʢʦʩʪʽ ʩʝʨʚʽʩʽʚ, ʱʦ ʥʘʜʘʶʪʴʩʷ ɯʉ. ɼʣʷ ʙʽʣʴʰʦʩʪʽ ʟ ʮʠʭ ʉʋ 

ʥʘʧʨʘʮʴʦʚʘʥʽ ʤʝʪʦʜʠ ʪʘ ʟʘʩʦʙʠ ʫʧʨʘʚʣʽʥʥʷ, ʽʩʥʫʶʪʴ ʚʽʜʧʦʚʽʜʥʽ ʩʪʘʥʜʘʨʪʠ ʪʘ 

ʩʧʝʮʠʬʽʢʘʮʽʾ. ʄʝʥʰ ʦʧʨʘʮʴʦʚʘʥʽ ʧʠʪʘʥʥʷ ʫʧʨʘʚʣʽʥʥʷ ʢʦʥʪʝʡʥʝʨʠʟʦʚʘʥʠʤʠ 

ʟʘʩʪʦʩʫʥʢʘʤʠ, ʷʢʽ ʻ ʟʦʥʦʶ ʚʽʜʧʦʚʽʜʘʣʴʥʦʩʪʽ ʉʂʂɿ, ʯʝʨʝʟ ʚʽʜʥʦʩʥʦ ʤʘʣʠʡ 

ʪʝʨʤʽʥ ʚʽʜ ʧʦʷʚʠ ʪʘ ʰʠʨʦʢʦʛʦ ʟʘʩʪʦʩʫʚʘʥʥʷ ʪʘʢʠʭ ʪʝʭʥʦʣʦʛʽʡ. ʊʦʤʫ ʚ ʨʦʙʦʪ ̔

ʦʩʥʦʚʥʘ ʫʚʘʛʘ ʩʢʦʥʮʝʥʪʨʦʚʘʥʘ ʩʘʤʝ ʥʘ ʫʧʨʘʚʣʽʥʥ ̔ ʦʙʯʠʩʣʶʚʘʣʴʥʠʤʠ 

ʨʝʩʫʨʩʘʤʠ. ʉʂʂɿ ʥʝ ʪʽʣʴʢʠ ʟʜʽʡʩʥʶʻ ʨʦʟʤʽʱʝʥʥʷ ʢʦʥʪʝʡʥʝʨʠʟʦʚʘʥʠʭ 

ʟʘʩʪʦʩʫʥʢʽʚ ʥʘ ʩʝʨʚʝʨʘʭ ɯʊ-ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ, ʘ ʡ ʢʝʨʫʻ ʤʘʩʰʪʘʙʫʚʘʥʥʷʤ ʆʈ, 

ʚʠʭʦʜʷʯʠ ʟ ʥʘʷʚʥʠʭ ʦʙʩʷʛʽʚ ʆʈ ʪʘ ʟ ʚʨʘʭʫʚʘʥʥʷʤ ʚʠʤʦʛ ʜʦ ʷʢʦʩʪʽ ʧʦʩʣʫʛ. 

1.2 ɸʥʘʣʽʟ ɯʊ-ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ ʪʘ ʾʾ ʝʣʝʤʝʥʪʽʚ ʷʢ ʦʙôʻʢʪʽʚ ʫʧʨʘʚʣʽʥʥʷ 

ɼʣʷ ʟôʷʩʫʚʘʥʥʷ ʘʢʪʫʘʣʴʥʠʭ ʧʨʦʙʣʝʤ ʫʧʨʘʚʣʽʥʥʷ ɯʊ-ʽʥʬʨʘʩʪʨʫʢʪʫʨʦʶ, 

ʪʨʝʥʜʽʚ ʪʘ ʧʝʨʩʧʝʢʪʠʚ ʨʦʟʚʠʪʢʫ ɯʊ-ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ ʥʘ ʙʘʟʽ ʢʦʥʪʝʡʥʝʨʠʟʘʮʽʾ 

ʥʝʦʙʭʽʜʥʦ ʧʨʦʘʥʘʣʽʟʫʚʘʪʠ ʧʦʪʦʯʥʠʡ ʩʪʘʥ, ʘʨʭʽʪʝʢʪʫʨʫ, ʙʘʟʦʚʫ ʤʦʜʝʣʴ ʪʘ 

ʦʩʥʦʚʥʽ ʢʦʥʮʝʧʮʽʾ ʧʦʙʫʜʦʚʠ ɯʊ-ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ ʪʘ ʾʾ ʫʧʨʘʚʣʽʥʥʷ. ɼʣʷ 

ʝʬʝʢʪʠʚʥʦʾ ʨʦʙʦʪʠ ɯʉ ʥʝʦʙʭʽʜʥʦ ʟʘʙʝʟʧʝʯʫʚʘʪʠ ʩʢʦʦʨʜʠʥʦʚʘʥʫ ʨʦʙʦʪʫ ʚʩʽʭ 

ʨʽʚʥʽʚ ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ, ʪʝʭʥʽʯʥʠʭ ʪʘ ʙʽʟʥʝʩ-ʩʝʨʚʽʩʽʚ [1]. ʊʘʢʘ ʢʦʦʨʜʠʥʘʮʽʷ 

ʟʘʙʝʟʧʝʯʫʻʪʴʩʷ ʰʣʷʭʦʤ ʚʠʢʦʨʠʩʪʘʥʥʷ ʽʥʪʝʛʨʦʚʘʥʦʶ ʉʋɯ, ʥʝʚʽʜôʻʤʥʦʶ 
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ʯʘʩʪʠʥʦʶ ʷʢʦʾ ʻ ʉʂʂɿ. ʉʋɯ ʚʠʢʦʨʠʩʪʦʚʫʻ ʚʠʩʦʢʠʡ ʨʽʚʝʥʴ ʘʙʩʪʨʘʢʮʽʾ ʜʣʷ 

ʨʦʟʛʦʨʪʘʥʥʷ ʩʝʨʚʽʩʽʚ ʪʘ ʧʽʜʪʨʠʤʢʠ ʥʝʦʙʭʽʜʥʦʛʦ ʨʽʚʥʷ QoS. 

ɼʣʷ ʧʽʜʪʨʠʤʢʠ ʚʠʩʦʢʦʛʦ ʨʽʚʥʷ ʷʢʦʩʪʽ ʧʦʩʣʫʛ ʉʂʂɿ ʤʘʻ ʚʠʢʦʥʫʚʘʪʠ ʪʘʢ̔ 

ʬʫʥʢʮʽʾ [6]: 

ï ʟʘʙʝʟʧʝʯʫʚʘʪʠ ʥʘʜʘʥʥʷ ʥʝʦʙʭʽʜʥʦʾ ʢʽʣʴʢʦʩʪʽ ʆʈ ʜʣʷ ʨʦʙʦʪʠ ʨʦʟʤʽʱʝʥʠʭ 

ʟʘʩʪʦʩʫʥʢʽʚ; 

ï ʨʦʟʤʽʱʫʚʘʪʠ ʟʘʩʪʦʩʫʥʢʠ ɦ ʽʣʴʥʦ ʜʣʷ ʤʘʢʩʠʤʽʟʘʮʽʾ ʫʪʠʣʽʟʘʮʽʾ ʜʦʩʪʫʧʥʠʭ 

ʆʈ; 

ï ʟʘʙʝʟʧʝʯʫʚʘʪʠ ʩʪʽʡʢʽʩʪʴ ʜʦ ʚʽʜʤʦʚ ʦʢʨʝʤʠʭ ʢʦʤʧʦʥʝʥʪʽʚ ʘʙʦ ʚʫʟʣʽʚ; 

ï ʛʘʨʘʥʪʫʚʘʪʠ, ʱʦ ʝʢʟʝʤʧʣʷʨʠ ʟʘʩʪʦʩʫʥʢʽʚ ̒  ʽʟʦʣʴʦʚʘʥʠʤʠ ʽ ʥʝ ʚʧʣʠʚʘʶʪʴ 

ʥʘ ʨʦʙʦʪʫ ʽʥʰʠʭ ʚ ʤʝʞʘʭ ʦʜʥʦʛʦ ʚʫʟʣʘ; 

ï ʦʙʨʦʙʣʷʪʠ ʚʭʽʜʥʽ ʟʘʧʠʪʠ ʘʙʦ ʟʘʜʘʯʽ ʪʘ ʨʦʟʧʦʜʽʣʷʪʠ ʾʭ ʤʽʞ ʚʩʽʤʘ 

ʝʢʟʝʤʧʣʷʨʘʤʠ ʟʘʩʪʦʩʫʥʢʫ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʚʩʪʘʥʦʚʣʝʥʠʭ ʧʦʣʽʪʠʢ ʙʘʣʘʥʩʫʚʘʥʥʷ; 

ï ʟʜʽʡʩʥʶʚʘʪʠ ʛʦʨʠʟʦʥʪʘʣʴʥʝ ʤʘʩʰʪʘʙʫʚʘʪʠʩʷ ʜʣʷ ʘʜʘʧʪʘʮʽʾ ʜʦ ʧʦʪʦʯʥʠʭ 

ʚʠʤʦʛ ʟʘʩʪʦʩʫʥʢʽʚ ï ʜʦʜʘʚʘʪʠ ʘʙʦ ʚʠʜʘʣʷʪʠ ʚʫʟʣʠ ʫ ʨʘʟʽ ʥʝʩʪʘʯʽ ʨʝʩʫʨʩʽʚ ʘʙʦ ʾʭ 

ʥʝʧʦʚʥʦʾ ʫʪʠʣʽʟʘʮʽʾ, ʚʽʜʧʦʚʽʜʥʦ. 

ʄʥʦʞʠʥʫ ʚʽʨʪʫʘʣʴʥʠʭ ʘʙʦ ʬʽʟʠʯʥʠʭ ʤʘʰʠʥ, ʷʢʽ ʦʙôʻʜʥʘʥʽ 

ʩʧʝʮʽʘʣʽʟʦʚʘʥʠʤ ʇɿ ʚ ʻʜʠʥʫ ʩʠʩʪʝʤʫ ʥʘʟʠʚʘʶʪʴ ʢʣʘʩʪʝʨʦʤ. ʂʣʘʩʪʝʨʠ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʜʣʷ ʝʬʝʢʪʠʚʥʦʛʦ ʨʦʟʧʦʜʽʣʫ ʜʦʩʪʫʧʥʠʭ ʆʈ ʤʽʞ 

ʟʘʩʪʦʩʫʥʢʘʤʠ, ʱʦ ʜʦʟʚʦʣʷʻ ʚʠʢʦʥʫʚʘʪʠ ʚʝʣʠʢʫ ʢʽʣʴʢʽʩʪʴ ʨʽʟʥʦʪʠʧʥʠʭ ʟʘʜʘʯ 

ʦʜʥʦʯʘʩʥʦ. 

1.2.1 ɿʘʛʘʣʴʥʘ ʤʦʜʝʣ ɹʢʣʘʩʪʝʨʘ 

ɼʣʷ ʬʦʨʤʫʣʶʚʘʥʥʷ ʟʘʜʘʯʽ ʨʦʟʤʽʱʝʥʥʷ ʟʘʩʪʦʩʫʥʢʽʚ ʫ ʢʣʘʩʪʝʨʽ ʥʝʦʙʭʽʜʥʦ 

ʬʦʨʤʘʣʽʟʫʚʘʪʠ ʚʩʽ ʧʘʨʘʤʝʪʨʠ, ʷʢʽ ʙʫʜʫʪʴ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠʩʷ ʧʨʠ ʧʦʙʫʜʦʚʽ 

ʤʦʜʝʣʽ ʉʂʂɿ. 

ʆʩʥʦʚʫ ʢʣʘʩʪʝʨʘ ʩʢʣʘʜʘʻ ʤʥʦʞʠʥʘ N={Ni}, ʜʝ i 1,   n=  ʚʫʟʣʽʚ ʥʘ ʬʽʟʠʯʥʠʭ 

ʘʙʦ ʚʽʨʪʫʘʣʴʥʠʭ ʩʝʨʚʝʨʘʭ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʪʠʧʫ ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ, ʢʽʣʴʢʽʩʪʴ ʷʢʠʭ 

ʜʦʨʽʚʥʶʻ n. 
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ɺ ʢʣʘʩʪʝʨʽ ʨʦʟʛʦʨʪʘʶʪʴʩʷ ʟʘʩʪʦʩʫʥʢʠ ʽʟ ʤʥʦʞʠʥʠ A={Al} ,   ,1,l m= ʜʝ m ï 

ʢʽʣʴʢʽʩʪʴ ʟʘʩʪʦʩʫʥʢʽʚ. ʂʦʞʝʥ ʟʘʩʪʦʩʫʥʦʢ ʚʢʣʶʯʘʻ ʤʥʦʞʠʥʫ ʝʢʟʝʤʧʣʷʨʽʚ I={ I lj} , 

1, l m= , 1,j k= , ʜʝ k ï ʢʽʣʴʢʽʩʪʴ ʝʢʟʝʤʧʣʷʨʽʚ ʟʘʩʪʦʩʫʥʢʫ I l. 

ʉʂʂɿ ʢʝʨʫʻ ʨʝʩʫʨʩʘʤʠ ʽʟ ʤʥʦʞʠʥʠ { }   
y

R R= ,   1  ,y h= , ʜʝ h ï ʢʽʣʴʢʽʩʪʴ 

ʪʠʧʽʚ ʨʝʩʫʨʩʽʚ ʜʣʷ ʫʧʨʘʚʣʽʥʥʷ. ʊʘʢʠʤʠ ʨʝʩʫʨʩʘʤʠ ʟʘʟʚʠʯʘʡ ʻ ï ʧʨʦʮʝʩʦʨʥʠʡ 

ʯʘʩ, ʦʧʝʨʘʪʠʚʥʘ ʧʘʤôʷʪʴ, ʧʨʦʧʫʩʢʥʘ ʟʜʘʪʥʽʩʪʴ ʤʝʨʝʞʽ, ʻʤʥʽʩʪʴ ʜʠʩʢʽʚ ʘʙʦ 

ʥʘʷʚʥʽʩʪʴ ʩʧʝʮʽʘʣʴʥʠʭ ʧʨʠʩʪʨʦʾʚ, ʟʦʢʨʝʤʘ, ʛʨʘʬʽʯʥʠʭ ʧʨʦʮʝʩʦʨʽʚ ʪʘ ʽʥ. 

ʂʦʞʝʥ i -ʡ ʚʫʟʦʣ ʢʣʘʩʪʝʨʘ ʤʘʻ ʟʘʜʘʥʠʡ ʦʙôʻʤ ʆʈ { }yi
V ,   1  ,y h= , i 1, n= , 

ʜʝ y  ï ʪʠʧ ʆʈ. ɼʘʥʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʚʠʟʥʘʯʘʻ ʧʦʪʫʞʥʽʩʪʴ i -ʛʦ ʚʫʟʣʘ. 

ʂʦʞʝʥ l -ʡ ʟʘʩʪʦʩʫʥʦʢ ʤʘʻ ʚʠʤʦʛʠ ʜʦ ʆʈ { }ly
X ,   1  ,y h= , ʜʝ h  ï ʢʽʣʴʢʽʩʪʴ 

ʪʠʧʽʚ ʨʝʩʫʨʩʽʚ ʜʣʷ ʫʧʨʘʚʣʽʥʥʷ, ʷʢʽ ʙʫʜʫʪʴ ʥʘʜʘʥʽ ʢʦʞʥʦʤʫ ʝʢʟʝʤʧʣʷʨʫ I lj, 

1,l m= , 1,j k= , ʜʝ k  ï ʢʽʣʴʢʽʩʪʴ ʝʢʟʝʤʧʣʷʨʽʚ ʟʘʩʪʦʩʫʥʢʫ 
l

I , ʧʨʠ ʨʦʟʤʽʱʝʥʥʽ ʥʘ 

ʚʫʟʣʘʭ ʢʣʘʩʪʝʨʘ. ʌʘʢʪʠʯʥʝ ʚʠʢʦʨʠʩʪʘʥʥʷ ʆʈ ʟʘʩʪʦʩʫʥʢʽʚ ʚʠʟʥʘʯʘʻʪʴʩʷ 

ʤʥʦʞʠʥʦʶ { }Ĕly
X , ʜʝ ʤʦʞʝ ʚʽʜʨʽʟʥʷʪʠʩʷ ʚʽʜ ʚʩʪʘʥʦʚʣʝʥʠʭ ʚʠʤʦʛ { }ly

X  ʚ 

ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʧʦʪʦʯʥʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ. 

ɻʦʣʦʚʥʫ ʤʝʪʫ ʫʧʨʘʚʣʽʥʥʷ ʆʈ ʤʦʞʥʘ ʬʦʨʤʘʣʽʟʫʚʘʪʠ ʫ ʪʘʢʠʡ ʩʧʦʩʽʙ: 
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ʜʝ 
l

Q  ʪʘ ĔlQ  ï ʬʘʢʪʠʯʥʝ ʽ ʮʽʣʴʦʚʝ ʟʥʘʯʝʥʥʷ ʤʝʪʨʠʢʠ ʷʢʦʩʪʽ ʧʦʩʣʫʛ ʜʣʷ l-ʛʦ 

ʟʘʩʪʦʩʫʥʢʫ,   ,1,l m=  ʜʝ m ï ʢʽʣʴʢʽʩʪʴ ʟʘʩʪʦʩʫʥʢʽʚ ʫ ʢʣʘʩʪʝʨʽ. 

ʊʘʢʠʤ ʯʠʥʦʤ, ʤʝʪʘ ʉʂʂɿ ʧʨʠ ʫʧʨʘʚʣʽʥʥ ̔ʆʈ ʧʦʣʷʛʘʻ ʚ ʧʽʜʪʨʠʤʘʥʥʽ 

ʚʩʪʘʥʦʚʣʝʥʦʛʦ ʨʽʚʥʷ ʷʢʦʩʪʽ ʧʦʩʣʫʛ ʧʨʠ ʤʽʥʽʤʽʟʘʮʽʾ ʟʙʠʪʢʦʚʦʛʦ ʨʝʟʝʨʚʫʚʘʥʥʷ 

ʆʈ, ̫ ʢ ʮʝ ʚʠʟʥʘʯʘʻʪʴʩʷ ʨʽʚʥʷʥʥʷʤ (1.1). 
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ʉʂʂɿ ʤʘʻ ʟʘʙʝʟʧʝʯʫʚʘʪʠ ʜʣʷ ʙʫʜʴ-ʷʢʦʛʦ ʝʢʟʝʤʧʣʷʨʘ I lj, ʥʘʷʚʥʽʩʪʴ ʥʘ ʚʫʟʣʽ 

ʨʦʟʤʽʱʝʥʥʷ ʜʦʩʪʘʪʥʴʦʾ ʢʽʣʴʢʦʩʪʽ ʆʈ Ry ʜʣʷ ʢʦʨʝʢʪʥʦʾ ʨʦʙʦʪʠ ʟʘʩʪʦʩʫʥʢʫ ʽ 

ʚʠʢʦʥʘʥʥʷ ʩʠʩʪʝʤʠ ʨʽʚʥʷʥʴ (1.1): 

 , 1, , 1, , 1, ,
lyi yi

X V l m y h i n¢ = = =ä  (1.2) 

ʜʝ Xlyi ï ʚʠʤʦʛʠ ʝʢʟʝʤʧʣʷʨʘ l-ʛʦ ʟʘʩʪʦʩʫʥʢʫ ʜʦ ʆʈ ʜʣʷ y-ʛʦ ʪʠʧʫ ʨʝʩʫʨʩʫ, ʱʦ 

ʨʦʟʤʽʰʫʻʪʴʩʷ ʥʘ i-ʪʦʤʫ ʚʫʟʣʽ; Vyi ï ʦʙôʻʤ ʆʈ ʜʦʩʪʫʧʥʠʡ ʜʣʷ i-ʛʦ ʚʫʟʣʘ ʜʣʷ y-ʛʦ 

ʪʠʧʫ ʨʝʩʫʨʩʫ. 

ʊʘʢʠʤ ʯʠʥʦʤ, ʥʝʨʽʚʥʽʩʪʴ (1.2) ʚʠʟʥʘʯʘʻ ʟʘʣʝʞʥʽʩʪʴ ʤʽʞ ʚʠʤʦʛʘʤʠ 

ʨʦʟʤʽʱʝʥʠʭ ʝʢʟʝʤʧʣʷʨʽʚ ʥʘ ʚʫʟʣʘʭ ʽ ʾʭ ʧʦʪʫʞʥʽʩʪʶ, ʘ ʩʘʤʝ, ʱʦ ʩʫʤʘʨʥʘ 

ʧʦʪʫʞʥʽʩʪʴ ʚʩʽʭ ʝʢʟʝʤʧʣʷʨʽʚ, ʨʦʟʤʽʱʝʥʠʭ ʥʘ i-ʤʫ ʚʫʟʣʽ, ʥʝ ʤʦʞʝ ʧʝʨʝʚʠʱʫʚʘʪʠ 

ʡʦʛʦ ʧʦʪʫʞʥʽʩʪʴ. ʇʽʜʪʨʠʤʘʥʥʷ ʜʘʥʦʾ ʥʝʨʽʚʥʦʩʪʽ ʛʘʨʘʥʪʫʻ, ʱʦ ʚʫʟʣʠ ʢʣʘʩʪʝʨʘ 

ʙʫʜʫʪʴ ʤʘʪʠ ʜʦʩʪʘʪʥʶ ʢʽʣʴʢʽʩʪʴ ʨʝʩʫʨʩʽʚ ʜʣʷ ʰʪʘʪʥʦʾ ʨʦʙʦʪʠ ʚʩʽʭ ʨʦʟʤʽʱʝʥʠʭ 

ʥʘ ʬʽʟʠʯʥʦʤʫ ʩʝʨʚʝʨʽ ʟʘʩʪʦʩʫʥʢʽʚ. 

1.2.2 ʉʪʨʫʢʪʫʨʘ ʢʣʘʩʪʝʨʘ 

ʉʪʨʫʢʪʫʨʘ ʉʂʂɿ ʥʘʚʝʜʝʥʘ ʥʘ ʨʠʩ. 1.4. ʋʧʨʘʚʣʽʥʥʷ ʢʣʘʩʪʝʨʦʤ ʟʜʽʡʩʥʶʻ 

ʉʂʂɿ. ɼʣʷ ʢʦʥʬʽʛʫʨʘʮʽʾ ʨʝʩʫʨʩʽʚ ʟ ʙʦʢʫ ʘʜʤʽʥʽʩʪʨʘʪʦʨʘ ʪʘ ʨʦʟʤʽʱʝʥʥʷ 

ʟʘʩʪʦʩʫʥʢʽʚ, ʉʂʂɿ ʤʽʩʪʠʪʴ ʽʥʪʝʨʬʝʡʩ ʜʣʷ ʚʟʘʻʤʦʜʽʾ ʟ ʘʜʤʽʥʽʩʪʨʘʪʦʨʦʤ. ʄʦʜʫʣʴ 

ʨʦʟʤʽʱʝʥʥʷ ʢʦʥʪʝʡʥʝʨʽʚ ʟʜʽʡʩʥʶʻ ʧʦʰʫʢ ʚʫʟʣʘ ʜʣʷ ʨʦʟʤʽʱʝʥʥʷ ʢʦʥʪʝʡʥʝʨʘ, 

ʚʠʢʦʨʠʩʪʦʚʫʯʁʠ ʜʘʥʽ ʤʦʜʫʣʷ ʤʦʥʽʪʦʨʠʥʛʫ ʢʦʥʪʝʡʥʝʨʽʚ. ɺʟʘʻʤʦʜʽʷ ʟ 

ʬʽʟʠʯʥʠʤʠ ʘʙʦ ʚʽʨʪʫʘʣʴʥʠʤʠ ʤʘʰʠʥʘʤʠ ʚʽʜʙʫʚʘʻʪʴʩʷ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʤʦʜʫʣʷ 

ʚʟʘʻʤʦʜʽʾ ʟ ʚʫʟʣʘʤʠ, ʷʢʠʡ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʨʦʟʤʽʰʫʻ ʟʘʩʪʦʩʫʥʢʠ ʚ ʢʦʥʪʝʡʥʝʨʘʭ 

ʥʘ ɺʄ. 

 

ʈʠʩʫʥʦʢ 1.4 ï ʉʪʨʫʢʪʫʨʘ ʉʂʂɿ 



26 

ʄʦʜʫʣʴ ʫʧʨʘʚʣʽʥʥʷ ʢʦʥʪʝʡʥʝʨʘʤʠ ʥʘ ʦʩʥʦʚʽ ʜʘʥʠʭ ʤʦʜʫʣʷ ʤʦʥʽʪʦʨʠʥʛʫ 

ʪʘ ʢʦʤʘʥʜ ʫʧʨʘʚʣʽʥʥʷ, ʦʪʨʠʤʘʥʠʭ ʚʽʜ ʘʜʤʽʥʽʩʪʨʘʪʦʨʽʚ ʢʣʘʩʪʝʨʘ, ʧʨʠʡʤʘʻ 

ʨʽʰʝʥʥʷ ʧʨʦ ʧʝʨʝʤʽʱʝʥʥʷ, ʧʝʨʝʩʪʚʦʨʝʥʥʷ ʯʠ ʚʠʜʘʣʝʥʥʷ ʢʦʥʪʝʡʥʝʨʽʚ. ʄʦʜʫʣʴ 

ʤʦʥʽʪʦʨʠʥʛʫ ʢʦʥʪʝʡʥʝʨʽʚ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʤʦʜʫʣʷ ʚʟʘʻʤʦʜʽʾ ʟ ʚʫʟʣʘʤʠ ʟʙʠʨʘʻ 

ʜʘʥʽ ʧʨʦ ʧʦʪʦʯʥʠʡ ʩʪʘʥ ʢʦʥʪʝʡʥʝʨʽʚ ʫ ʚʠʛʣʷʜʽ ʩʠʩʪʝʤʥʠʭ ʤʝʪʨʠʢ. 

ʅʘ ʦʩʥʦʚʽ ʟʘʧʨʦʧʦʥʦʚʘʥʦʾ ʩʪʨʫʢʪʫʨʠ ʉʂʂɿ ʤʦʞʥʘ ʚʠʟʥʘʯʠʪʠ 

ʘʨʭʽʪʝʢʪʫʨʫ ʢʣʘʩʪʝʨʘ. ʂʣʘʩʪʝʨ ʤʘʻ ʩʢʣʘʜʘʪʠʩʷ ʟ ʦʜʥʦʛʦ ʘʙʦ ʤʥʦʞʠʥʠ ʚʫʟʣʽʚ, 

ʷʢʽ ʻ ʬʽʟʠʯʥʠʤʠ ʘʙʦ ʚʽʨʪʫʘʣʴʥʠʤʠ ʤʘʰʠʥʘʤʠ. ʅʘ ʚʫʟʣʘʭ ʨʦʟʤʽʱʫʶʪʴʩʷ 

ʢʦʥʪʝʡʥʝʨʠʟʦʚʘʥʽ ʟʘʩʪʦʩʫʥʢʠ ʪʘ ʢʦʤʧʦʥʝʥʪʠ ʫʧʨʘʚʣʽʥʥʷ ʢʣʘʩʪʝʨʦʤ. ɼʣʷ 

ʟʘʙʝʟʧʝʯʝʥʥʷ ʚʟʘʻʤʦʜʽʾ ʚʫʟʣʘ ʟ ʽʥʰʠʤʠ ʢʦʤʧʦʥʝʥʪʘʤʠ ʫʧʨʘʚʣʽʥʥʷ ʚ ʢʣʘʩʪʝʨʽ 

ʚʩʪʘʥʦʚʣʶʻʪʴʩʷ ʘʛʝʥʪ [15]. 

ɸʛʝʥʪ ʥʘ ʨʠʩ. 1.5 ̒  ʧʨʦʛʨʘʤʥʠʤ ʤʦʜʫʣʝʤ, ʷʢʠʡ ʥʝʦʙʭʽʜʥʠʡ ʜʣʷ ʚʠʢʦʥʘʥʥʷ 

ʢʦʤʘʥʜ ʫʧʨʘʚʣʽʥʥʷ ʚʽʜ ʉʂʂɿ ʥʘ ʨʦʟʛʦʨʪʘʥʥʷ, ʤʦʥʽʪʦʨʠʥʛ ʪʘ ʚʠʜʘʣʝʥʥʷ 

ʢʦʥʪʝʡʥʝʨʽʚ. ʊʘʢʦʞ, ʘʛʝʥʪ ʤʦʞʝ ʚʽʜʧʦʚʽʜʘʪʠ ʟʘ ʤʝʨʝʞʝʚʫ ʢʦʥʬʽʛʫʨʘʮʽʶ ʚʫʟʣʘ 

ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʟôʻʜʥʘʥʥʷ ʤʽʞ ʨʦʟʤʽʱʝʥʠʤʠ ʢʦʥʪʝʡʥʝʨʘʤʠ ʪʘ ʽʥʰʠʤʠ 

ʢʦʤʧʦʥʝʥʪʘʤʠ ʢʣʘʩʪʝʨʘ.  

 

ʈʠʩʫʥʦʢ 1.5 ï ɸʨʭʽʪʝʢʪʫʨʘ ʚʫʟʣʘ ʢʣʘʩʪʝʨʘ  

ʇʨʠ ʦʪʨʠʤʘʥʥʽ ʢʦʤʘʥʜ ʫʧʨʘʚʣʽʥʥʷ ʥʘ ʨʦʟʛʦʨʪʘʥʥʷ ʥʦʚʦʛʦ ʢʦʥʪʝʡʥʝʨʫ, 

ʘʛʝʥʪ ʧʝʨʝʜʘʻ ʜʘʥʽ ʧʨʦ ʤʝʨʝʞʝʚʫ ʢʦʥʬʽʛʫʨʘʮʽʶ ʪʘ ʢʦʥʬʽʛʫʨʘʮʽʶ ʨʝʩʫʨʩʽʚ ʜʦ 

ʉʂʂɿ [16]. ʉʂʂɿ ʟʘ ʜʦʧʦʤʦʛʦʶ ʜʦʩʪʫʧʥʠʭ ʥʘ ʮʴʦʤʫ ʚʫʟʣʽ ʽʥʩʪʨʫʤʝʥʪʽʚ 

ʦʧʝʨʘʮʽʡʥʦʾ ʩʠʩʪʝʤʠ (ʆʉ) ʟʘʧʫʩʢʘʻ ʢʦʥʪʝʡʥʝʨ ʟ̔ ʟʘʜʘʥʦʶ ʢʦʥʬʽʛʫʨʘʮʽʻʶ 

ʟʘʙʝʟʧʝʯʫʶʯʠ ʚʢʘʟʘʥʠʡ ʦʙôʻʤ ʆʈ ʪʘ ʤʝʨʝʞʝʚʠʭ ʨʝʩʫʨʩʽʚ. ʉʂʂɿ ʟʜʽʡʩʥʶʻ 
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ʤʦʥʽʪʦʨʠʥʛ ʩʪʘʥʫ ʨʦʟʛʦʨʥʫʪʠʭ ʢʦʥʪʝʡʥʝʨʽʚ ʪʘ ʦʙôʻʤʫ ʆʈ, ʱʦ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ. ʋ ʨʘʟʽ ʧʝʨʝʚʠʱʝʥʥʷ ʦʙʩʷʛʽʚ ʨʝʩʫʨʩʽʚ, ʱʦ ʚʠʟʥʘʯʝʥʽ ʧʨʠ 

ʢʦʥʬʽʛʫʨʫʚʘʥʥʽ ʆʈ ʢʦʥʪʝʡʥʝʨ ʟʫʧʠʥʷʻʪʴʩʷ, ʘ ʘʛʝʥʪ ʦʪʨʠʤʫʻ ʽʥʬʦʨʤʘʮʽʶ ʧʨʦ 

ʧʦʜʽʶ, ʷʢʫ ʧʝʨʝʜʘʻ ʚ ʉʂʂɿ. 

ʂʣʘʩʪʝʨ ʥʘʜʘʻ ʧʨʠʢʣʘʜʥʠʡ ʧʨʦʛʨʘʤʥʠʡ ʽʥʪʝʨʬʝʡʩ (API) ʜʣʷ 

ʢʦʥʬʽʛʫʨʫʚʘʥʥʷ ʨʝʩʫʨʩʽʚ ʢʣʘʩʪʝʨʘ, ʱʦ ʚʽʜʧʦʚʽʜʘʻ ʽʥʪʝʨʬʝʡʩʫ ʚʟʘʻʤʦʜʽʾ ʉʂʂɿ. 

ɸʜʤʽʥʽʩʪʨʘʪʦʨʠ ʤʦʞʫʪʴ ʩʪʚʦʨʶʚʘʪʠ, ʦʥʦʚʣʶʚʘʪʠ ʪʘ ʚʠʜʘʣʷʪʠ ʢʦʥʬʽʛʫʨʘʮʽʾ 

ʨʝʩʫʨʩʽʚ ʰʣʷʭʦʤ ʥʘʜʩʠʣʘʥʥʷ ʢʦʤʘʥʜ ʥʘ API. 

ɹʘʟʘ ʜʘʥʠʭ ʥʝʦʙʭʽʜʥʘ ʜʣʷ ʦʙʤʽʥʫ ʜʘʥʠʤʠ ʪʘ ʢʦʤʘʥʜʘʤʠ ʫʧʨʘʚʣʽʥʥʷ ʤʽʞ 

ʢʦʤʧʦʥʝʥʪʘʤʠ ʉʋ ʪʘ ʻ ʯʘʩʪʠʥʦʶ ʨʝʘʣʽʟʘʮʽʾ ʤʦʜʫʣʽʚ ʉʂʂɿ. ʂʦʥʪʨʦʣʝʨ 

ʟʘʩʪʦʩʫʥʢʽʚ, ʱʦ ʚʽʜʧʦʚʽʜʘʻ ʤʦʜʫʣʶ ʫʧʨʘʚʣʽʥʥʷ ʢʦʥʪʝʡʥʝʨʘʤʠ, ʦʪʨʠʤʫʻ ʜʘʥʽ 

ʧʨʦ ʧʦʪʦʯʥʫ ʢʦʥʬʽʛʫʨʘʮʽʶ ʟʘʩʪʦʩʫʥʢʽʚ ʽ ʚʠʢʦʥʫʻ ʚʽʜʧʦʚʽʜʥʽ ʦʧʝʨʘʮʽʾ ʜʣʷ 

ʧʨʠʚʝʜʝʥʥʷ ʧʦʪʦʯʥʦʛʦ ʩʪʘʥʫ ʜʦ ʚʢʘʟʘʥʦʛʦ [17]. ʗʢʱʦ ʢʦʥʪʨʦʣʝʨ ʟʘʩʪʦʩʫʥʢʽʚ 

ʧʨʠʡʤʘʻ ʨʽʰʝʥʥʷ ʧʨʦ ʨʦʟʤʽʱʝʥʥʷ ʥʦʚʠʭ ʝʢʟʝʤʧʣʷʨʽʚ ʚ ʢʣʘʩʪʝʨʽ, ʪʦ ʯʝʨʝʟ 

ʟʙʝʨʝʞʝʥʥʷ ʚʽʜʧʦʚʽʜʥʦʾ ʟʘʜʘʯʽ ʚ ʙʘʟʽ ʜʘʥʠʭ ʧʝʨʝʜʘʻ ʟʘʧʠʪ ʜʦ ʧʣʘʥʫʚʘʣʴʥʠʢʘ.  

 

ʈʠʩʫʥʦʢ 1.6 ï ɸʨʭʽʪʝʢʪʫʨʘ ʢʣʘʩʪʝʨʘ 

ʇʣʘʥʫʚʘʣʴʥʠʢ ʨʦʟʤʽʱʫ ̒ʥʦʚʽ ʝʢʟʝʤʧʣʷʨʠ ʥʘ ʜʦʩʪʫʧʥʠʭ ʚʫʟʣʘʭ. ʇ̔ ʩʣʷ 

ʟʥʘʭʦʜʞʝʥʥʷ ʚʫʟʣʘ ʜʣʷ ʨʦʟʤʽʱʝʥʥʷ, ʧʣʘʥʫʚʘʣʴʥʠʢ ʟʚʝʨʪʘʻʪʴʩʷ ʜʦ ʘʛʝʥʪʘ, ʷʢʠʡ 

ʚʠʢʦʥʫʻ ʚʽʜʧʦʚʽʜʥʫ ʦʧʝʨʘʮʽʶ. ʇʽʩʣʷ ʨʦʟʤʽʱʝʥʥʷ ʝʢʟʝʤʧʣʷʨʫ ʨʝʟʫʣʴʪʘʪ 

ʦʧʝʨʘʮʽʾ ʟʙʝʨʽʛʘʻʪʴʩʷ ʚ ʙʘʟʽ ʜʘʥʠʭ. ʇʣʘʥʫʚʘʣʴʥʠʢ ʻ ʯʘʩʪʠʥʦʶ ʨʝʘʣʽʟʘʮʽʾ ʤʦʜʫʣʷ 

ʨʦʟʤʽʱʝʥʥʷ ʟʘʩʪʦʩʫʥʢʽʚ ʚ ʩʪʨʫʢʪʫʨʽ ʉʂʂɿ. 
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1.2.3 ʄʦʥʽʪʦʨʠʥʛ ʢʣʘʩʪʝʨʘ 

ʇʣʘʥʫʚʘʥʥʷ ʚʠʢʦʨʠʩʪʘʥʥʷ ʆʈ ʚʠʤʘʛʘʻ ʦʪʨʠʤʘʥʥʷ ʘʢʪʫʘʣʴʥʠʭ ʟʥʘʥ ɹʧʨʦ 

ʧʦʪʦʯʥʠʡ ʩʪʘʥ ɯʉ. ʉʫʯʘʩʥʽ ɯʉ ʤʦʞʫʪʴ ʚʢʣʶʯʘʪʠ ʪʠʩʷʯʽ ʚʫʟʣʽʚ, ʥʘ ʢʦʞʥʦʤʫ ʟ 

ʷʢʠʭ ʤʦʞʝ ʟʥʘʭʦʜʠʪʠʩʷ ʩʦʪʥʽ ʢʦʥʪʝʡʥʝʨʠʟʦʚʥʠʭ ʧʨʦʛʨʘʤ. ʊʦʤʫ ʜʣʷ 

ʝʬʝʢʪʠʚʥʦʛʦ ʫʧʨʘʚʣʽʥʥʷ ʆʈ ʚ ʢʣʘʩʪʝʨʽ ʥʝʦʙʭʽʜʥʝ ʨʽʰʝʥʥʷ ʜʣʷ ʟʙʦʨʫ ʜʘʥʠʭ ʧʨʦ 

ʧʦʪʦʯʥʠʡ ʩʪʘʥ ʢʦʤʧʦʥʝʥʪʽʚ ʪʘ ʢʣʘʩʪʝʨʘ ʚ ʮʽʣʦʤʫ ï ʤʦʜʫʣʴ ʤʦʥʽʪʦʨʠʥʛʫ. 

ʄʦʥʪ̔ʦʨʠʥʛ ʻ ʩʠʩʪʝʤʘʪʠʯʥʠʤ ʧʨʦʮʝʩʦʤ ʟʙʦʨʫ, ʘʥʘʣʽʟʫ ʪʘ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʽʥʬʦʨʤʘʮʽʾ ʧʨʦ ʩʪʘʥ ʪʘ ʝʬʝʢʪʠʚʥʽʩʪʴ ʚʥʫʪʨʽʰʥʽʭ ʩʝʨʚʽʩʽʚ ʪʘ ʨʦʟʤʽʱʝʥʠʭ 

ʟʘʩʪʦʩʫʥʢʽʚ ʫ ʢʣʘʩʪʝʨʽ. ʎʝʡ ʧʨʦʮʝʩ ʚʢʣʶʯʘʻ ʚʽʜʩʪʝʞʝʥʥʷ ʨʽʟʥʦʤʘʥʽʪʥʠʭ ʤʝʪʨʠʢ 

ʽ ʣʦʛʽʚ, ʷʢʽ ʤʦʞʫʪʴ ʥʘʜʘʚʘʪʠ ʜʘʥʽ ʧʨʦ ʧʦʪʦʯʥʫ ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ, ʜʦʩʪʫʧʥʽʩʪʴ ʪʘ 

ʙʝʟʧʝʢʫ ʩʠʩʪʝʤʠ. ʆʩʥʦʚʥʘ ʮʽʣʴ ʤʦʥʽʪʦʨʠʥʛʫ ï ʚʠʟʥʘʯʘʪʠ ʨʽʚʝʥʴ QoS ʪʘ 

ʧʝʨʝʚʽʨʷʪʠ ʜʦʪʨʠʤʘʥʥʷ ʚʩʪʘʥʦʚʣʝʥʠʭ ʚʠʤʦʛ SLA [18]. 

ɺ Kubernetes ʤʝʪʨʠʢʘ ï ʮʝ ʢʽʣʴʢʽʩʥʠʡ ʧʦʢʘʟʥʠʢ, ʷʢʠʡ ʦʧʠʩʫʻ ʩʪʘʥ 

ʢʦʤʧʦʥʝʥʪʘ ʚ ʜʝʷʢʠʡ ʤʦʤʝʥʪ ʯʘʩʫ ʚ ʦʜʥʦʤʫ ʚʠʤʽʨʽ. ʄʝʪʨʠʢʠ ʤʦʞʥʘ ʨʦʟʜʽʣʠʪʠ 

ʥʘ ʩʠʩʪʝʤʥʽ ʽ ʙʽʟʥʝʩ-ʤʝʪʨʠʢʠ. ʉʠʩʪʝʤʥʽ ʤʝʪʨʠʢʠ ʧʦʚô̫ ʟʘʥʽ ʟ ʨʦʙʦʪʦʶ 

ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ, ʘ ʩʘʤʝ ʘʧʘʨʘʪʥʦʾ ʯʘʩʪʠʥʠ ʪʘ ʆʉ. ʊʠʧʦʚʠʡ ʧʝʨʝʣʽʢ ʩʠʩʪʝʤʥʠʭ 

ʤʝʪʨʠʢ: 

ï ʤʝʪʨʠʢʠ ʫʪʠʣʽʟʘʮʽʷ ʆʈ ʥʘʜʘʻ ʤʦʞʣʠʚʽʩʪʴ ʦʮʽʥʠʪʠ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʨʝʩʫʨʩʫ CPU, RAM ʪʘ ʽʥʰʠʭ ʨʝʩʫʨʩʽʚ ʢʦʞʥʠʤ ʽʟ ʨʦʟʤʽʱʝʥʠʭ ʢʦʥʪʝʡʥʝʨʽʚ ʥʘ 

ʚʫʟʣʽ, ʘ ʪʘʢʦʞ ʦʙᾷʻʤ ʚʽʣʴʥʠʭ ʨʝʩʫʨʩʽʚ; 

ï ʤʝʪʨʠʢʠ ʤʝʨʝʞʝʚʦʾ ʘʢʪʠʚʥʦʩʪʽ ʜʦʟʚʦʣʷʶʪʴ ʦʮʽʥʠʪʠ ʧʦʪʦʯʥʝ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʤʝʨʝʞʝʚʦʛʦ ʢʘʥʘʣʫ, ʦʙᾷʻʤ ʚʭʽʜʥʦʛʦ ʽ ʚʠʭʽʜʥʦʛʦ ʪʨʘʬʽʢʫ; 

ï ʤʝʪʨʠʢʘ I/O ʥʘʜʘʻ ʽʥʬʦʨʤʘʮʽʶ ʧʨʦ ʢʽʣʴʢʽʩʪʴ ʦʧʝʨʘʮʽʡ ʚʚʦʜʫ-ʚʠʚʦʜʫ ʪʘ 

ʾʭ ʰʚʠʜʢʽʩʪʴ; 

ï ʤʝʪʨʠʢʘ ʧʦʤʠʣʦʢ ʜʦʟʚʦʣʷʻ ʧʨʦʘʥʘʣʽʟʫʚʘʪʠ ʥʘʷʚʥʽʩʪʴ ʢʨʠʪʠʯʥʠʭ 

ʩʠʪʫʘʮʽʡ ʚ ʨʦʙʦʪʽ ʷʜʨʘ ʆʉ ʘʙʦ ʘʧʘʨʘʪʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ. 

ʉʠʩʪʝʤʥʽ ʤʝʪʨʠʢʠ ʻ ʙʘʟʦʚʠʤ ʜʣʷ ʽʜʝʥʪʠʬʽʢʘʮʽʾ ʧʨʦʙʣʝʤ ʫ ʨʦʙʦʪʽ ʚʫʟʣʘ 

ʘʙʦ ʟʘʩʪʦʩʫʥʢʽʚ. ʂʨʽʤ ʪʦʛʦ, ʜʘʥʽ ʤʝʪʨʠʢʠ ʻ ʢʣʶʯʦʚʠʤʠ ʜʣʷ ʦʮʽʥʢʠ ʝʬʝʢʪʠʚʥʦʩʪʽ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʆʈ ʚʫʟʣʘ.  
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ɹʽʟʥʝʩ-ʤʝʪʨʠʢʠ ʻ ʙʽʣʴʰ ʚʠʩʦʢʦʨʽʚʥʝʚʠʤʠ ʽ ʚʽʜʦʙʨʘʞʘʶʪʴ ʩʪʘʥ 

ʢʦʤʧʦʥʝʥʪʽʚ ʟ ʪʦʯʢʠ ʟʦʨʫ ʜʦʩʷʛʥʝʥʥʷ ʙʽʟʥʝʩ-ʮʽʣʝʡ. ʇʝʨʝʣʽʢ ʪʠʧʦʚʠʭ ʤʝʪʨʠʢ 

ʜʘʥʦʛʦ ʚʠʜʫ: 

ï ʤʝʪʨʠʢʘ ʯʘʩʫ ʚʽʜʛʫʢʫ ʥʘʜʘʻ ʽʥʬʦʨʤʘʮʽʶ ʧʨʦ ʰʚʠʜʢʽʩʪʴ ʦʙʨʦʙʢʠ ʟʘʧʠʪʫ, 

ʷʢʘ ʯʘʩʪʦ ʻ ʛʦʣʦʚʥʠʤ ʧʦʢʘʟʥʠʢʦʤ QoS; 

ï ʤʝʪʨʠʢʘ ʧʨʦʧʫʩʢʥʦʾ ʟʜʘʪʥʦʩʪʽ ʜʦʟʚʦʣʷʻ ʦʮʽʥʠʪʠ ʢʽʣʴʢʽʩʪʴ ʦʙʨʦʙʣʝʥʠʭ 

ʟʘʧʠʪʽʚ ʟʘ ʦʜʠʥʠʮʶ ʯʘʩʫ; 

ï ʤʝʪʨʠʢʘ ʢʽʣʴʢʦʩʪʽ ʪʨʘʥʟʘʢʮʽʡ ʘʙʦ ʧʦʜʽʙʥʽ ʻ ʚʠʩʦʢʦʨʽʚʥʝʥʠʤʠ ʜʘʥʠʤʠ, 

ʷʢʽ ʤʦʞʫʪʴ ʟʙʠʨʘʪʠʩʷ ʟ ʟʘʩʪʦʩʫʥʢʽʚ. 

ɺ ʧʨʦʮʝʩʽ ʤʦʥʽʪʦʨʠʥʛʫ ʟʜʽʡʩʥʶʻʪʴʩʷ ʟʙʽʨ ʤʝʪʨʠʢ ʪʘ ʣʦʛʽʚ ʟ ʟʘʩʪʦʩʫʥʢʽʚ ʽ 

ʚʫʟʣʽʚ. ɿʽʙʨʘʥʽ ʜʘʥʽ ʤʘʶʪʴ ʙʫʪʠ ʘʛʨʝʛʦʚʘʥʽ ʪʘ ʟʙʝʨʝʞʝʥʽ ʚ ʮʝʥʪʨʘʣʽʟʦʚʘʥʝ 

ʩʭʦʚʠʱʝ ʜʣʷ ʾʭ ʧʦʜʘʣʴʰʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʘʚʪʦʤʘʪʠʟʦʚʘʥʠʤʠ ʢʦʤʧʦʥʝʥʪʘʤʠ 

ʉʋɯ ʘʙʦ ʧʝʨʩʦʥʘʣʦʤ. ʄʦʜʫʣʴ ʤʦʥʽʪʦʨʠʥʛʫ ʩʧʦʚʽʱʘ ̒ ʧʨʦ ʘʥʦʤʘʣʴʥʽ ʘʙʦ 

ʢʨʠʪʠʯʥʽ ʩʠʪʫʘʮʽʾ, ʥʘʧʨʠʢʣʘʜ, ʘʚʘʨʽʡʥʝ ʟʘʚʝʨʰʝʥʥʷ ʝʢʟʝʤʧʣʷʨʫ ʘʙʦ ʨʽʟʢʝ 

ʧʘʜʽʥʥʷ ʤʝʨʝʞʝʚʦʛʦ ʪʨʘʬʽʢʫ. ɺʽʟʫʘʣʽʟʘʮʽʷ ʻ ʚʘʞʣʠʚʦʶ ʯʘʩʪʠʥʦʶ ʤʦʥʽʪʦʨʠʥʛʫ, 

ʦʩʢʽʣʴʢʠ ʧʝʨʝʪʚʦʨʶʻ ʟʽʙʨʘʥʽ ʜʘʥʽ ʫ ʬʦʨʤʘʪ, ʷʢʠʡ ʟʨʦʟʫʤʽʣʠʡ ʜʣʷ ʢʦʨʠʩʪʫʚʘʯʽʚ 

ʢʣʘʩʪʝʨʘ. ʋ ʨʘʟʽ ʥʘʷʚʥʦʩʪʽ ʚʽʜʧʦʚʽʜʥʠʭ ʽʥʩʪʨʫʢʮʽʡ, ʤʦʜʫʣʴ ʤʦʥʽʪʦʨʠʥʛʫ 

ʟʘʧʫʩʢʘ ̒ʘʚʪʦʤʘʪʠʯʥʽ ʧʨʦʮʝʩʠ ʚʽʜʥʦʚʣʝʥʥʷ. 

 

ʈʠʩʫʥʦʢ 1.7 ï ʆʩʥʦʚʥʽ ʟʘʜʘʯ ̔ʤʦʥʽʪʦʨʠʥʛʫ 
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ɼʣʷ ʤʦʜʫʣ ̫ ʤʦʥʽʪʦʨʠʥʛʫ ʢʨʠʪʠʯʥʠʤ ʘʪʨʠʙʫʪʦʤ ʻ ʟʜʘʪʥʽʩʪʴ 

ʤʘʩʰʪʘʙʫʚʘʪʠʩʷ ʫ ʢʦʥʪʝʢʩʪʽ ʜʘʥʠʭ. ʆʩʢʽʣʴʢʠ ɯʉ ʤʦʞʫʪʴ ʚʢʣʶʯʘʪʠ ʚʝʣʠʢʫ 

ʢʽʣʴʢʽʩʪʴ ʢʦʤʧʦʥʝʥʪʽʚ, ʘ ʢʦʞʥʠʡ ʟ ʥʠʭ ʻ ʧʦʪʝʥʮʽʡʥʠʤ ʜʞʝʨʝʣʦʤ ʜʘʥʠʭ ʧʨʦ ʩʪʘʥ 

ʩʠʩʪʝʤʠ, ʪʦʤʫ ʤʦʜʫʣʴ ʤʦʥʽʪʦʨʠʥʛʫ ʤʘʻ ʟʙʠʨʘʪʠ, ʧʝʨʝʜʘʚʘʪʠ ʪʘ ʘʥʘʣʽʟʫʚʘʪʠ 

ʚʝʣʠʢʠʡ ʦʙʩʷʛ ʜʘʥʠʭ. ɹʽʣʴʰʽʩʪʴ ʤʝʪʦʜʽʚ ʤʦʥʽʪʦʨʠʥʛʫ ʙʘʟʫʶʪʴʩʷ ʥʘ ʧʨʠʥʮʠʧʽ 

ʨʦʟʧʦʜʽʣʝʥʥʷ, ʢʦʣʠ ʘʛʝʥʪʠ ʥʘ ʢʦʞʥʦʤʫ ʚʫʟʣʽ ʚʽʜʧʦʚʽʜʘʶʪʴ ʟʘ ʧʦʧʝʨʝʜʥʽʡ ʟʙʽʨ, 

ʬʽʣʴʪʨʘʮʽ ʁʽ ʘʛʨʝʛʘʮʽʶ ʜʘʥʠʭ [19, 20]. 

1.3.4 ʇʦʨʽʚʥʷʣʴʥʠʡ ʘʥʘʣʽʟ ʚʽʨʪʫʘʣʽʟʘʮʽʾ ʽ ʢʦʥʪʝʡʥʝʨʠʟʘʮʽʾ 

ʊʝʭʥʦʣʦʛʽʷ ʚʽʨʪʫʘʣʽʟʘʮʽʾ ʧʦʚʩʶʜʥʦ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʧʨʠ ʨʦʟʨʦʙʮ ̔

ʩʫʯʘʩʥʠʭ ɯʉ. ʌʘʢʪʠʯʥʦ IaaS ʧʦʚʥʽʩʪʶ ʟʘʣʝʞʠʪʴ ʚʽʜ ʜʘʥʦʾ ʪʝʭʥʦʣʦʛʽʾ, ʦʩʢʽʣʴʢʠ 

ʭʤʘʨʥʽ ʧʨʦʚʘʡʜʝʨʠ ʥʘʜʘʶʪʴ ʢʣʽʻʥʪʘʤ ʚ ʢʦʨʠʩʪʫʚʘʥʥʷ ʩʘʤʝ ʨʦʟʛʦʨʥʫʪʽ ʥʘ ʾʭ 

ʬʽʟʠʯʥʠʭ ʩʝʨʚʝʨʘʭ ʚʽʨʪʫʘʣʴʥʽ ʤʘʰʠʥʠ. ʂʨʽʤ ʪʦʛʦ, PaaS ʪʘ SaaS ʙʫʜʫʶʪʴʩʷ ʥʘ 

ʦʩʥʦʚʽ IaaS, ʱʦ ʦʟʥʘʯʘʻ, ʱʦ ʚʩʽ ʟʘʩʪʦʩʫʥʢʠ, ʙʘʟʠ ʜʘʥʠʭ ʪʘ ʽʥʰʽ ʩʝʨʚʽʩʠ ʪʘʢʦʞ 

ʟʘʧʫʩʢʘʶʪʴʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʪʝʭʥʦʣʦʛʽʾ ʚʽʨʪʫʘʣʽʟʘʮʽʾ [21]. 

ɺʽʨʪʫʘʣʽʟʘʮʽʷ ï ʮʝ ʪʝʭʥʦʣʦʛʽʷ ʩʪʚʦʨʝʥʥʷ ʜʦʜʘʪʢʦʚʦʛʦ ʨʽʚʥʷ ʘʙʩʪʨʘʢʮʽʾ 

ʤʽʞ ʬʽʟʠʯʥʠʤʠ ʆʈ ʪʘ ʾʭ ʣʦʛʽʯʥʦʶ ʨʝʧʨʝʟʝʥʪʘʮʽʻʶ ʚ ʰʪʫʯʥʦʤʫ ʩʝʨʝʜʦʚʠʱʽ. 

ɼʘʥʘ ʪʝʭʥʦʣʦʛʽʷ ʜʦʟʚʦʣʷʻ ʩʪʚʦʨʶʚʘʪʠ ɺʄ, ʷʢʽ ʧʦʚʦʜʷʪʴ ʩʝʙʝ ʷʢ ʧʦʚʥʦʮʽʥʥʽ 

ʬʽʟʠʯʥʽ ʩʝʨʚʝʨʠ. ʂʦʞʥʘ ʪʘʢʘ ɺʄ ʤʘʻ ʚʣʘʩʥʫ ʆʉ ʪʘ ʚʽʨʪʫʘʣʴʥʽ ʆʈ, ʱʦ ʜʦʟʚʦʣʷʻ 

ʟʘʧʫʩʢʘʪʠ ʜʝʢʽʣʴʢʘ ʩʝʨʝʜʦʚʠʱ ʚʠʢʦʥʘʥʥʷ ʧʨʦʛʨʘʤ ʥʘ ʦʜʥʦʤʫ ʬʽʟʠʯʥʦʤʫ 

ʩʝʨʚʝʨʽ. 

ɺʽʨʪʫʘʣʽʟʘʮʽʷ ʜʦʟʚʦʣʷʻ ʟʥʘʯʥʦ ʧʽʜʚʠʱʠʪʠ ʝʬʝʢʪʠʚʥʽʩʪʴ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʆʈ, ʟʥʠʟʠʪʠ ʬʽʥʘʥʩʦʚʽ ʚʠʪʨʘʪʠ ʥʘ ʝʣʝʢʪʨʦʝʥʝʨʛʽʶ ʪʘ ʩʧʨʦʩʪʠʪʠ 

ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʩʝʨʚʝʨʽʚ. ʂʦʞʥʘ ɺʄ ʽʟʦʣʴʦʚʘʥʘ ʚʽʜ ʽʥʰʠʭ ɺʄ, ʱʦ ʨʦʟʤʽʱʝʥʘ 

ʥʘ ʦʜʥʦʤʫ ʬʽʟʠʯʥʦʤʫ ʩʝʨʚʝʨʽ. ʎʝ ʟʘʙʝʟʧʝʯʫʻʪʴʩʷ ʰʣʷʭʦʤ ʦʙʤʝʞʝʥʥʷ ʜʦʩʪʫʧʫ 

ʜʦ ʧʘʤôʷʪʽ ʪʘ ʤʝʨʝʞʝʚʠʭ ʽʥʪʝʨʬʝʡʩʽʚ, ʘ ʪʘʢʦʞ ʩʪʚʦʨʝʥʥʷʤ ʚʣʘʩʥʦʾ ʬʘʡʣʦʚʦʾ 

ʩʠʩʪʝʤʠ. ɺʽʨʪʫʘʣʽʟʘʮʽʷ ʟʥʘʯʥʦ ʧʽʜʚʠʱʫʻ ʨʽʚʝʥʴ ʙʝʟʧʝʢʠ [22], ʦʩʢʽʣʴʢʠ 

ʰʢʽʜʣʠʚʝ ʇɿ ʥʘ ʦʜʥʽʡ ɺʄ ʥʝ ʤʦʞʝ ʚʧʣʠʚʘʪʠ ʥʘ ʨʦʙʦʪʫ ʽʥʰʠʭ ɺʄ ʟʘʩʦʙʘʤʠ 

ʆʉ. 

ɯʥʰʦʶ ʚʘʞʣʠʚʦʶ ʧʝʨʝʚʘʛʦʶ ʪʝʭʥʦʣʦʛʽʾ ʚʽʨʪʫʘʣʽʟʘʮʽʾ ʻ ʤʦʞʣʠʚʽʩʪʴ 

ʰʚʠʜʢʦ ʨʦʟʛʦʨʪʘʪʠ ʥʦʚʽ ʥʘʚʘʥʪʘʞʝʥʥʷ, ʦʩʢʽʣʴʢʠ ɺʄ h ʚʠʜʢʦ ʨʦʟʛʦʨʪʘʶʪʴʩʷ ʥʘ 
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ʽʩʥʫʶʯʠʭ ʬʽʟʠʯʥʠʭ ʩʝʨʚʝʨʘʭ, ʤʦʞʫʪʴ ʙʫʪʠ ʧʝʨʝʤʽʱʝʥʽ ʨʘʟʦʤ ʟ ʢʨʠʪʠʯʥʠʤʠ 

ʜʘʥʠʤʠ ʫ ʨʘʟʽ ʥʝʦʙʭʽʜʥʦʩʪʽ ʘʙʦ ʚʠʜʘʣʝʥʽ. ɺʽʨʪʫʘʣʽʟʘʮʽʷ ʜʘʻ ʤʦʞʣʠʚʽʩʪʴ 

ʨʦʟʨʦʙʥʠʢʘʤ ʇɿ ʦʪʨʠʤʫʚʘʪʠ ʫʥʽʬʽʢʦʚʘʥʫ ʧʣʘʪʬʦʨʤʫ ʜʣʷ ʨʦʟʨʦʙʢʠ, ʦʩʢʽʣʴʢʠ 

ʜʘʥʘ ʪʝʭʥʦʣʦʛʽʷ ʜʦʟʚʦʣʷʻ ʝʤʫʣʶʚʘʪʠ ʧʨʦʮʝʩʦʨʥʫ ʘʨʭʽʪʝʢʪʫʨʫ ɺʄ ʙʝʟ 

ʟʘʣʝʞʥʦʩʪʽ ʜʦ ʘʨʭʽʪʝʢʪʫʨʠ ʬʽʟʠʯʥʦʛʦ ʩʝʨʚʝʨʘ. 

ɺ ʢʦʥʪʝʢʩʪʽ ʫʧʨʘʚʣʽʥʥʷ ʆʈ, ʚʽʨʪʫʘʣʽʟʘʮʽʷ ʜʦʟʚʦʣʷʻ ʦʙʤʝʞʫʚʘʪʠ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʨʝʩʫʨʩʽʚ ʩʝʨʚʝʨʘ ʪʘ ʜʠʥʘʤʽʯʥʦ ʾʭ ʟʤʽʥʶʚʘʪʠ ʫ ʨʘʟʽ ʧʦʪʨʝʙʠ ʙʝʟ 

ʧʝʨʝʟʘʚʘʥʪʘʞʝʥʥʷ ʨʦʟʤʽʱʝʥʦʛʦ ʟʘʩʪʦʩʫʥʢʫ ʧʨʠ ʥʘʷʚʥʦʩʪʽ ʜʦʩʪʫʧʥʠʭ ʆʈ ʥʘ 

ʬʽʟʠʯʥʽʡ ʤʘʰʠʥʽ. 

ʅʝʟʚʘʞʘʶʯʠ ʥʘ ʟʥʘʯʥʽ ʧʝʨʝʚʘʛʠ ʚʽʨʪʫʘʣʽʟʘʮʽʾ, ʜʘʥʘ ʪʝʭʥʦʣʦʛʽʷ ʤʘʻ ʪʘʢʦʞ 

ʥʝʜʦʣʽʢʠ ʽ ʦʙʤʝʞʝʥʥʷ. ɿʦʢʨʝʤʘ, ʥʘʷʚʥʽʩʪʴ ʜʦʜʘʪʢʦʚʦʛʦ ʨʽʚʥʷ ʘʙʩʪʨʘʢʮʽʾ ʟʥʠʞʫ ̒

ʟʘʛʘʣʴʥʫ ʧʨʦʜʫʢʪʠʚʥʩ̔ʪɹ ʫ ʜʝʷʢʠʭ ʪʠʧʘʭ ʚʽʨʪʫʘʣʽʟʘʮʽʾ. ʎʝʡ ʥʝʜʦʣʽʢ ʤʦʞʝ ʙʫʪʠ 

ʢʨʠʪʠʯʥʠʤ ʜʣʷ ʨʝʩʫʨʩʦʻʤʥʠʭ ʟʘʩʪʦʩʫʥʢʽʚ, ʱʦ ʚʠʤʘʛʘʶʪʴ ʰʚʠʜʢʦʾ ʦʙʨʦʙʢʠ 

ʜʘʥʠʭ ʘʙʦ ʚʚʦʜʫ-ʚʠʚʦʜʫ [23]. 

ʅʝʟʚʘʞʘʶʯʠ ʥʘ ʪʝ, ʱʦ ʚʽʨʪʫʘʣʽʟʘʮʽʾ ʥʘʜʘʻ ʘʙʩʪʨʘʢʮʽʶ ʥʘʜ ʬʽʟʠʯʥʠʤ 

ʦʙʣʘʜʥʘʥʥʷʤ, ɺʄ ʚʩʝ ʱʝ ʻ ʟʘʣʝʞʥʠʤʠ ʚʽʜ ʧʽʜʣʝʛʣʠʭ ʧʣʘʪʬʦʨʤ ʪʘ ʾʭʥʽʭ 

ʤʦʞʣʠʚʦʩʪʝʡ. ʇʨʦʙʣʝʤʠ ʥʘ ʨʽʚʥʽ ʬʽʟʠʯʥʦʛʦ ʩʝʨʚʝʨʘ ʤʦʞʫʪʴ ʚʧʣʠʥʫʪʠ ʥʘ 

ʨʦʙʦʪʫ ʨʦʟʤʽʱʝʥʠʭ ʥʘ ʥʴʦʤʫ ɺʄ. ʂʨʽʤ ʪʦʛʦ, ʧʨʠ ʤʽʛʨʘʮʽʾ ɺʄ ʥʘ ʽʥʰʽ ʬʽʟʠʯʥʽ 

ʩʝʨʚʝʨʠ ʤʦʞʥʘ ʟʽʰʪʦʚʭʥʫʪʠʩʷ ʟ ʧʨʦʙʣʝʤʘʤʠ ʥʝʩʫʤʽʩʥʦʩʪʽ ʪʘ ʥʝʦʙʭʽʜʥʦʩʪʽ 

ʘʜʘʧʪʘʮʽʾ ʦʙʨʘʟʽʚ. ʅʝʟʚʘʞʘʶʯʠ ʥʘ ʚʠʩʦʢʠʡ ʨʽʚʝʥʴ ʽʟʦʣʷʮʽʾ ʪʘ ʙʝʟʧʝʢʠ, ʘʪʘʢʠ ʥʘ 

ʛʽʧʝʨʚʽʟʦʨ ʘʙʦ ʧʦʤʠʣʢʠ ʚ ʡʦʛʦ ʨʝʘʣʽʟʘʮʽʾ ʤʦʞʫʪʴ ʧʨʠʟʚʝʩʪʠ ʜʦ ʦʪʨʠʤʘʥʥʷ 

ʜʦʩʪʫʧʫ ʜʦ ʽʥʰʠʭ ɺʄ ʥʝʙʘʞʘʥʠʤʠ ʦʩʦʙʘʤʠ.  

ɯʩʥʫʻ ʢʽʣʴʢʘ ʤʝʪʦʜʽʚ ʚʽʨʪʫʘʣʽʟʘʮʽʾ, ʢʣʘʩʠʬʽʢʘʮʽʶ ʷʢʠʭ ʥʘʚʝʜʝʥʦ ʥʘ ʨʠʩ. 

1.8. ɺʽʨʪʫʘʣʽʟʘʮʽʷ ʥʘ ʨʽʚʥʽ ʆʉ, ʘʙʦ ʢʦʥʪʝʡʥʝʨʠʟʘʮʽʷ, ʟʘʙʝʟʧʝʯʫʻ ʽʟʦʣʴʦʚʘʥʽʩʪʴ 

ʟʘʧʫʱʝʥʠʭ ʟʘʩʪʦʩʫʥʢʽʚ ʰʣʷʭʦʤ ʚʠʢʦʨʠʩʪʘʥʥʷ ʩʧʝʮʽʘʣʽʟʦʚʘʥʠʭ ʚʙʫʜʦʚʘʥʠʭ 

ʽʥʩʪʨʫʤʝʥʪʽʚ ʆʉ. ʎʝʡ ʤʝʪʦʜ ʥʝ ʚʠʤʘʛʘʻ ʝʤʫʣʷʮʽʾ ʘʙʦ ʚʽʨʪʫʘʣʽʟʘʮʽʾ ʦʢʨʝʤʠʭ 

ʬʽʟʠʯʥʠʭ ʨʝʩʫʨʩʽʚ. ʅʘʪʦʤʽʩʪʴ ʧʨʦʮʝʩʠ ʽʟʦʣʶʶʪʴʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʧʨʦʩʪʦʨʫ 

ʽʤʝʥ ʪʘ ʢʝʨʫʚʘʥʥʷʤ ʨʝʩʫʨʩʘʤʠ ʥʘ ʨʽʚʥʽ ʆʉ, ʟʦʢʨʝʤʘ cgroups [24]. ʇʨʠʢʣʘʜʘʤʠ 

ʨʝʘʣʽʟʘʮʽʾ ʜʘʥʦʛʦ ʤʝʪʦʜʫ ʻ Docker ʪʘ containerd [25]. 
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ʈʠʩʫʥʦʢ 1.8 ï ʂʣʘʩʠʬʽʢʘʮʽʷ ʤʝʪʦʜʽʚ ʚʽʨʪʫʘʣʽʟʘʮʽʾ 

ʇʘʨʘʚʽʨʪʫʘʣʽʟʘʮʽʷ ʪʘʢʦʞ ʚʠʢʦʨʠʩʪʦʚʫʻ ʭʦʩʪʦʚʫ ʆʉ, ʘʣʝ ʧʨʠ ʮʴʦʤʫ 

ʚʠʤʘʛʘʻʪʴʩʷ ʤʦʜʠʬʽʢʘʮʽʷ ʷʜʨʘ ʜʣʷ ʚʠʢʦʨʠʩʪʘʥʥʷ ʩʧʝʮʽʘʣʽʟʦʚʘʥʦʛʦ API. ɼʘʥʠʡ 

ʤʝʪʦʜ ʜʦʟʚʦʣʷʻ ʟʥʠʟʠʪʠ ʥʘʢʣʘʜʥʽ ʚʠʪʨʘʪʠ, ʧʦʚôʷʟʘʥʽ ʟ ʝʤʫʣʷʮʽʻʶ ʘʧʘʨʘʪʥʦʛʦ 

ʟʘʙʝʟʧʝʯʝʥʥʷ, ʱʦ ʜʦʟʚʦʣʷʻ ʟʙʽʣʴʰʠʪʠ ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ ʫ ʧʦʨʽʚʥʷʥʥʽ ʟ ʤʝʪʦʜʦʤ 

ʘʧʘʨʘʪʥʦʾ ʚʽʨʪʫʘʣʽʟʘʮʽʾ. ʇʨʠʢʣʘʜʦʤ ʨʝʘʣʽʟʘʮʽʾ ʜʘʥʦʛʦ ʤʝʪʦʜʫ ʻ Xen [26]. 

ɸʧʘʨʘʪʥʘ ʚʽʨʪʫʘʣʽʟʘʮʽʷ ʧʦʚʥʽʩʪʶ ʝʤʫʣʶʻ ʘʧʘʨʘʪʥʝ ʟʘʙʝʟʧʝʯʝʥʥʷ, ʱʦ, ʟ 

ʦʜʥʦʛʦ ʙʦʢʫ, ʥʘʜʘʻ ʥʘʡʢʨʘʱʠʡ ʨʽʚʝʥʴ ʽʟʦʣʷʮʽʾ, ʘʣʝ ʟ ʽʥʰʦʛʦ ʧʨʠʟʚʦʜʠʪʴ ʜʦ 

ʟʥʘʯʥʠʭ ʚʪʨʘʪ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ. ɸʧʘʨʘʪʥʘ ʚʽʨʪʫʘʣʽʟʘʮʽʷ ʤʦʞʝ ʙʫʪʠ ʜʚʦʭ ʪʠʧʽʚ.  

ʇʨʠ ʧʝʨʰʦʤʫ ʪʠʧʽ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʘʧʘʨʘʪʥʠʡ ʛʽʧʝʨʚʽʟʦʨ, ʷʢʠʡ ʥʘʜʘʻ 

ʚʠʩʦʢʠʡ ʨʽʚʝʥʴ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ ʟʘʚʜʷʢʠ ʧʨʷʤʽʡ ʚʟʘʻʤʦʜʽʾ ʟ CPU, RAM ʪʘ 

ʧʨʠʩʪʨʦʷʤʠ ʚʚʦʜʫ-ʚʠʚʦʜʫ, ʱʦ ʧʨʠʙʠʨʘʻ ʥʘʢʣʘʜʥʽ ʚʠʪʨʘʪʠ ʢʦʤʫʥʽʢʘʮʽʾ ʟ ʆʉ. 

ʇʨʦʪʝ ʧʝʨʰʠʡ ʪʠʧ ʚʽʨʪʫʘʣʽʟʘʮʽʾ ʚʠʤʘʛʘʻ ʥʘʷʚʥʦʩʪʽ ʚʽʜʧʦʚʽʜʥʦʛʦ ʘʧʘʨʘʪʥʦʛʦ 

ʟʘʙʝʟʧʝʯʝʥʥʷ. 

ɺʽʨʪʫʘʣʽʟʘʮʽʷ ʜʨʫʛʦʛʦ ʪʠʧʫ ʚʠʢʦʨʠʩʪʦʚʫʻ ʧʨʦʛʨʘʤʥʠʡ ʛʽʧʝʨʚʽʟʦʨ. 

ɻʽʧʝʨʚʽʟʦʨʠ ʜʨʫʛʦʛʦ ʪʠʧʫ ʽʥʪʝʛʨʦʚʘʥʽ ʚ ʆʉ ʪʘ ʤʘʶʪʴ ʥʠʞʯʠʡ ʨʽʚʝʥʴ 

ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ ʫ ʧʦʨʽʚʥʷʥʥʽ ʟ ʘʧʘʨʘʪʥʦʶ ʚʽʨʪʫʘʣʽʟʘʮʽʻʶ ʯʝʨʝʟ ʥʘʷʚʥʽʩʪʴ 

ʜʦʜʘʪʢʦʚʦʾ ʢʦʤʫʥʽʢʘʮʽʾ ʥʘ ʨʽʚʥʽ ʆʉ. ʅʘ ʨʠʩ. 1.9 ʟʦʙʨʘʞʝʥʦ ʧʦʨʽʚʥʷʥʥʷ 

ʘʨʭʽʪʝʢʪʫʨʠ ʪʠʧʽʚ ʚʽʨʪʫʘʣʽʟʘʮʽʾ ʟ ʛʽʧʝʨʚʽʟʦʨʦʤ ʽ ʙʝʟ ʥʴʦʛʦ. 
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ʈʠʩʫʥʦʢ 1.9 ï ʇʦʨʽʚʥʷʥʥʷ ʘʨʭʽʪʝʢʪʫʨ ʚʽʨʪʫʘʣʽʟʘʮʽʾ ʽ ʢʦʥʪʝʡʥʝʨʠʟʘʮʽʾ  

ɺ ʉʂʂɿ ʜʦʮʽʣʴʥʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʚʽʨʪʫʘʣʽʟʘʮʽʶ ʨʽʚʥʷ ʆʉ ʯʝʨʝʟ ʥʠʟʢʫ 

ʧʨʠʯʠʥ. ɿʦʢʨʝʤʘ, ʢʦʥʪʝʡʥʝʨʠʟʘʮʽʷ ʤʘ̒ ʢʨʘʱʫ ʰʚʠʜʢʦʜʽʶ, ʤʝʥʰʽ ʥʘʢʣʘʜʥʽ 

ʚʠʪʨʘʪʠ ʪʘ ʰʚʠʜʰʝ ʨʦʟʛʦʨʪʘʪ̒ʴʩʷ, ʱʦ ʻ ʢʨʠʪʠʯʥʠʤʠ ʬʘʢʪʦʨʘʤʠ ʜʣʷ ɯʉ. 

ɸʙʩʦʣʶʪʥʘ ʙʽʣʴʰʽʩʪʴ ʢʦʥʪʝʡʥʝʨʽʚ ʙʘʟʫʻʪʴʩʷ ʥʘ ʚʠʢʦʨʠʩʪʘʥʥʽ ʆʉ Linux [27].  

ʇʨʦʛʨʘʤʠ, ʱʦ ʚʠʢʦʥʫʶʪʴʩʷ ʚ ʢʦʥʪʝʡʥʝʨʘʭ Linux, ʻ ʟʚʠʯʘʡʥʠʤʠ 

ʧʨʦʮʝʩʘʤʠ ʽ ʩʧʽʣʴʥʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʷʜʨʦ ʆʉ. ʊʘʢʽ ʧʨʦʮʝʩʠ ʚʠʢʦʥʫʶʪʴʩʷ ʚ 

ʦʢʨʝʤʠʭ ʧʨʦʩʪʦʨʘʭ ʽʤʝʥ ʷʜʨʘ ʆʉ, ʱʦ ʥʝ ʜʦʟʚʦʣʷʻ ʙʫʜʴ-ʷʢʦʤʫ ʧʨʦʮʝʩʫ 

ʦʪʨʠʤʘʪʠ ʜʦʩʪʫʧ ʜʦ ʽʥʰʠʭ ʧʨʦʮʝʩʽʚ. ʂʨʽʤ ʪʦʛʦ, ʢʦʞʥʘ ʢʦʥʪʝʡʥʝʨʠʟʦʚʘʥʘ 

ʧʨʦʛʨʘʤʘ ʤʘʻ ʚʣʘʩʥʠʡ ʧʨʦʩʪʽʨ ʬʘʡʣʦʚʦʾ ʩʠʩʪʝʤʠ, ʧʦʜʽʙʥʦ ʜʦ ʚʠʢʣʠʢʫ ʦʧʝʨʘʮʽʾ 

chroot ʚ Unix-ʧʦʜ̔ʙʥʠʭ ʆʉ. ɼʣʷ ʽʟʦʣʷʮʽʾ ʨʝʩʫʨʩʽʚ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʤʝʭʘʥʽʟʤ 

ʛʨʫʧ ʢʝʨʫʚʘʥʥʷ groups. ʆʜʥʠʤ ʽʟ ʥʝʜʦʣʽʢʽʚ ʜʘʥʦʛʦ ʤʝʭʘʥʽʟʤʫ ʻ ʪʝ, ʱʦ ʧʨʦʮʝʩʠ 

ʚʩʝʨʝʜʠʥʽ ʢʦʥʪʝʡʥʝʨʘ ʥʝ ʤʘʶʪʴ ʽʥʬʦʨʤʘʮʽʾ ʧʨʦ ʦʙʤʝʞʝʥʥʷ ʆʈ ï ʧʨʦʮʝʩ ʤʦʞʝ 

ʙʘʯʠʪʠ ʚʩʶ ʜʦʩʪʫʧʥʫ RAM, ʘʣʝ ʧʨʠ ʮʴʦʤʫ ʤʘʪʠ ʜʦʩʪʫʧ ʣʠʰʝ ʜʦ ʾʾ ʯʘʩʪʠʥʠ. 

ɯʥʰʠʤ ʥʝʜʦʣʽʢʦʤ ʻ ʥʝʤʦʞʣʠʚʽʩʪʴ ʟʤʽʥʠʪʠ ʚʩʪʘʥʦʚʣʝʥʽ ʣʽʤʽʪʠ ʆʈ ʙʝʟ 

ʟʘʚʝʨʰʝʥʥʷ ʨʦʙʦʪʠ ʧʨʦʮʝʩʫ, ʱʦ ʫʩʢʣʘʜʥʶʻ ɯʊ ʫʧʨʘʚʣʽʥʥʷ 

ʢʦʥʪʝʡʥʝʨʠʟʦʚʘʥʠʤʠ ʟʘʩʪʦʩʫʥʢʘʤʠ. 

ɺ ʨʦʙʦʪʽ [28] ʘʚʪʦʨʠ ʜʦʩʣʽʜʠʣʠ ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ ʚʠʢʦʥʘʥʥʷ Spark ʟʘʜʘʯ ʟ 

ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʢʦʥʪʝʡʥʝʨʠʟʘʮʽʾ ʽ ʚʽʨʪʫʘʣʽʟʘʮʽʾ, ʟ ʧʦʨʽʚʥʷʥʥʷʤ ʯʘʩʫ ʚʠʢʦʥʘʥʥʷ 

ʧʘʨʘʣʝʣʴʥʠʭ ʪʠʧʦʚʠʭ Spark ʟʘʜʘʯ. ʈʝʟʫʣʴʪʘʪʠ ʝʢʩʧʝʨʠʤʝʥʪʽʚ ʧʦʢʘʟʘʣʠ, ɦ ʦ ʧʨʠ 

ʟʨʦʩʪʘʥʥʽ ʢʽʣʴʢʦʩʪʽ ʢʦʥʪʝʡʥʝʨʽʚ ʢʨʠʚʘ ʯʘʩʫ ʚʠʢʦʥʘʥʥʷ ʟʨʦʩʪʘʻ ʟʥʘʯʥʦ 
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ʧʦʚʽʣʴʥʽʰʝ. ʂʨʽʤ ʪʦʛʦ, ʥʘ ʦʜʥʦʤʫ ʬʽʟʠʯʥʦʤʫ ʩʝʨʚʝʨʽ ʤʦʞʥʘ ʨʦʟʤʽʩʪʠʪʠ ʟʥʘʯʥʦ 

ʙʽʣʴʰʝ ʢʦʥʪʝʡʥʝʨʽʚ ʥʽʞ ɺʄ. ɺ ʽʥʰʦʤʫ ʝʢʩʧʝʨʠʤʝʥʪʽ ʜʦʩʣʽʜʞʫʚʘʣʦʩʷ 

ʚʠʢʦʨʠʩʪʘʥʥʷ CPU ʧʽʜ ʯʘʩ ʧʨʦʚʝʜʝʥʥʷ ʧʦʧʝʨʝʜʥʴʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ. ɿʨʦʙʣʝʥʦ 

ʚʠʩʥʦʚʦʢ, ʱʦ ʧʨʠ ʚʠʢʦʥʘʥʥʽ ʝʢʚʽʚʘʣʝʥʪʥʠʭ ʟʘʜʘʯ ʢʦʥʪʝʡʥʝʨʠʟʘʮʽʷ ʧʦʪʨʝʙʫʻ 

ʟʥʘʯʥʦ ʤʝʥʰʝ ʧʨʦʮʝʩʦʨʥʦʛʦ ʯʘʩʫ. 

ʏʝʨʝʟ ʟʥʠʞʝʥʽ ʥʘʢʣʘʜʥʽ ʚʠʪʨʘʪʠ ʫ ʧʦʨʽʚʥʷʥʥʽ ʟ ɺʄ, ʢʨʘʱʫ 

ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ ʽ ʥʘʷʚʥʽʩʪʴ ʚʽʜʧʦʚʽʜʥʦʛʦ ʨʽʚʥʷ ʽʟʦʣʷʮʽʾ ʟʘʙʝʟʧʝʯʫʻ 

ʢʦʥʪʝʡʥʝʨʠʟʘʮʽʷ. ʊʦʤʫ ʚʦʥʘ ʻ ʧʨʝʚʘʣʶʶʯʠʤ ʽʥʩʪʨʫʤʝʥʪʦʤ ʧʨʠ ʧʦʙʫʜʦʚʽ ɯʉ. 

ʐʚʠʜʢʽʩʪʴ ʨʦʟʛʦʨʪʘʥʥʷ ɺʄ ʥʘʧʨʷʤʫ ʚʧʣʠʚʘʻ ʥʘ ʤʦʞʣʠʚʽʩʪʴ ʜʠʥʘʤʽʯʥʦʛʦ 

ʤʘʩʰʪʘʙʫʚʘʥʥʷ ʟʘʩʪʦʩʫʥʢʽʚ, ʱʦ ʻ ʦʜʥʠʤ ʽʟ ʢʣʶʯʦʚʠʭ ʬʘʢʪʦʨʽʚ ʥʘʜʘʥʥʷ 

ʥʝʦʙʭʽʜʥʦʛʦ ʨʽʚʥʷ QoS ʪʘ ʚʠʢʦʥʘʥʥʷ ʫʤʦʚ (1.1). 

1.3 ʄʝʪʦʜʠ ʫʧʨʘʚʣʽʥʥʷ ʦʙʯʠʩʣʶʚʘʣʴʥʠʤʠ ʨʝʩʫʨʩʘʤʠ 

ʋʧʨʘʚʣʽʥʥʷ ʨʝʩʫʨʩʘʤʠ ʚ ɯʊ ʻ ʛʦʣʦʚʥʠʤ ʘʩʧʝʢʪʦʤ ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ 

ʝʬʝʢʪʠʚʥʦʩʪʽ, ʩʪʘʙʽʣʴʥʦʩʪʽ ʪʘ ʤʘʩʰʪʘʙʦʚʘʥʦʩʪʽ ɯʉ ʫ ʩʢʣʘʜʥʠʭ ʪʘ ʜʠʥʘʤʽʯʥʠʭ 

ʩʝʨʝʜʦʚʠʱʘʭ. ɺ ʫʤʦʚʘʭ, ʢʦʣʠ ʙʽʟʥʝʩ-ʧʨʦʮʝʩʠ ʪʽʩʥʦ ʧʦʚôʷʟʘʥʽ ʟ ɯʊ-

ʽʥʬʨʘʩʪʨʫʢʪʫʨʦʶ, ʚʽʜʧʦʚʽʜʥʝ ʢʝʨʫʚʘʥʥʷ ʆʈ ʻ ʚʠʨʽʰʘʣʴʥʠʤ ʬʘʢʪʦʨʦʤ ʜʣʷ 

ʜʦʩʷʛʥʝʥʥʷ ʩʪʨʘʪʝʛʽʯʥʠʭ ʙʽʟʥʝʩ-ʟʘʚʜʘʥʴ [1]. 

ʋʧʨʘʚʣʽʥʥʷ ʨʝʩʫʨʩʘʤʠ ʚ ɯʉ ʻ ʢʦʤʧʣʝʢʩʥʠʤ ʧʨʦʮʝʩʦʤ, ʷʢʠʡ ʚʢʣʶʯʘʻ 

ʧʣʘʥʫʚʘʥʥʷ, ʨʦʟʧʦʜʽʣ ʪʘ ʚʠʢʦʨʠʩʪʘʥʥʷ ʥʘʷʚʥʠʭ ʆʈ ʟʘʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ 

ʝʬʝʢʪʠʚʥʦʾ ʨʦʙʦʪʠ ɯʉ ʚ ʮʽʣʦʤʫ ʪʘ ʥʘʜʘʥʥʷ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʧʦʩʣʫʛ 

ʢʦʨʠʩʪʫʚʘʯʘʤ ʟ ʚʠʢʦʥʘʥʥʷʤ ʚʠʤʦʛ (1.1). 

ʋʧʨʘʚʣʽʥʥʷ ʆʈ ʚʽʜʽʛʨʘʻ ʢʣʶʯʦʚʫ ʨʦʣʴ ʫ ʜʦʪʨʠʤʘʥʥʽ ʚʠʤʦʛ SLA. 

ʅʘʧʨʠʢʣʘʜ, ʝʬʝʢʪʠʚʥʝ ʫʧʨʘʚʣʽʥʥʷ ʨʝʩʫʨʩʘʤʠ ʤʦʞʝ ʛʘʨʘʥʪʫʚʘʪʠ, ʱʦ ʧʽʜ ʯʘʩ 

ʧʽʢʦʚʠʭ ʥʘʚʘʥʪʘʞʝʥʴ ʟʘʩʪʦʩʫʥʢʠ ʙʫʜʫʪʴ ʥʘʣʝʞʥʠʤ ʯʠʥʦʤ ʤʘʩʰʪʘʙʦʚʘʥ ̔ʜʣʷ 

ʧʽʜʪʨʠʤʢʠ ʚʠʩʦʢʦʛʦ ʨʽʚʥʷ ʜʦʩʪʫʧʥʦʩʪʽ. ɺʦʜʥʦʯʘʩ, ʫ ʧʝʨʽʦʜʠ ʥʠʟʴʢʦʛʦ 

ʥʘʚʘʥʪʘʞʝʥʥʷ, ʩʠʩʪʝʤʘ ʤʘʩʰʪʘʙʫʪ̒ɹʩʷ ʚʥʠʟ, ʟʤʝʥʰʫʶʯʠ ʚʠʪʨʘʪʠ, ʘʣʝ ʧʨʠ 

ʮʴʦʤʫ ʟʘʣʠʰʘʶʯʠʩʴ ʫ ʤʝʞʘʭ ʧʦʢʘʟʥʠʢʽʚ QoS, ʱʦ ʟʘʬʽʢʩʦʚʘʥʽ ʚ SLA. 

ʅʝʢʦʨʝʢʪʥʝ ʫʧʨʘʚʣʽʥʥʷ ʨʝʩʫʨʩʘʤʠ ʷʢ ʽ ʡʦʛʦ ʚʽʜʩʫʪʥʽʩʪʴ ʧʨʠʟʚʦʜʠʪʴ ʜʦ 

ʧʦʨʫʰʝʥʴ ʚʠʤʦʛ SLA, ʬʽʥʘʥʩʦʚʠʭ ʪʘ ʨʝʧʫʪʘʮʽʡʥʠʭ ʚʪʨʘʪ. 
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ʉʫʯʘʩʥʽ ɯʉ ʻ ʙʘʛʘʪʦʬʫʥʢʮʽʦʥʘʣʴʥʠʤʠ ʽ ʤʦʞʫʪʴ ʥʘʜʘʚʘʪʠ ʩʦʪʥʽ ʨʽʟʥʠʭ 

ʩʝʨʚʽʩʽʚ ʢʦʨʠʩʪʫʚʘʯʘʤ, ʱʦ ʜʦʩʷʛʘʻʪʴʩʷ ʜʝʢʦʤʧʦʟʠʮʽʻʶ ʤʦʥʦʣʽʪʥʠʭ ʟʘʩʪʦʩʫʥʢʽʚ 

ʥʘ ʢʦʤʧʦʥʝʥʪʠ ʚ ʨʘʤʢʘʭ ʤʽʢʨʦʩʝʨʚʽʩʥʦʾ ʘʨʭʽʪʝʢʪʫʨʠ. ʎʝ, ʚ ʩʚʦʶ ʯʝʨʛʫ, ʦʟʥʘʯʘʻ, 

ʱʦ ɯʉ ʤʦʞʫʪʴ ʤʽʩʪʠʪʠ ʩʦʪʥʽ ʧʦʚôʷʟʘʥʠʭ ʤʽʞ ʩʦʙʦʶ ʟʘʩʪʦʩʫʥʢʽʚ ʟ ʫʥʽʢʘʣʴʥʠʤʠ 

ʦʩʦʙʣʠʚʦʩʪʷʤʠ ʨʦʙʦʪʠ ʽ ʧʦʪʨʝʙʘʤʠ ʜʣʷ ʢʦʞʥʦʛʦ ʟ ʥʠʭ. ɼʣʷ ʫʧʨʘʚʣʽʥʥʷ ʪʘʢʠʤʠ 

ɯʉ, ʘ ʪʘʢʦʞ ʤʦʞʣʠʚʽʩʪʶ ʤʘʩʰʪʘʙʫʚʘʪʠʩʷ ʚ ʤʘʡʙʫʪʥʴʦʤʫ, ʧʨʦʮʝʩʠ ʤʘʶʪʴ ʙʫʪʠ 

ʘʚʪʦʤʘʪʠʟʦʚʘʥʠʤʠ, ʦʩʢʽʣʴʢʠ ʣʶʜʩʴʢʠʡ ʬʘʢʪʦʨ ʤʦʞʝ ʟʥʘʯʥʦ ʦʙʤʝʞʫʚʘʪʠ ʪʘ 

ʩʧʦʚʽʣʴʥʶʚʘʪʠ ʧʨʦʮʝʩʠ ʫʧʨʘʚʣʽʥʥʷ. ʊʦʤʫ ʚ ʨʦʙʦʪʽ ʚʠʨʽʰʫʶʪʴʩʷ ʟʘʜʘʯʽ 

ʘʚʪʦʤʘʪʠʟʘʮʽ ʾʧʨʦʮʝʩʽʚ ʫʧʨʘʚʣʽʥʥʷ ʆʈ. 

1.3.1 ɸʥʘʣʽʟ ʤʝʪʦʜʽʚ ʫʧʨʘʚʣʽʥʥʷ ʦʙʯʠʩʣʶʚʘʣʴʥʠʤʠ ʨʝʩʫʨʩʘʤʠ 

ɼʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʜʦʪʨʠʤʘʥʥʷ SLA ʽ ʧʽʜʪʨʠʤʢʠ ʚʠʩʦʢʦʛʦ ʨʽʚʥʷ QoS ʚ ɯʉ, 

ʉʂʂɿ, ʟʦʢʨʝʤʘ Kubernetes, ʥʘʜʘʶʪʴ ʚʽʜʧʦʚʽʜʥʽ ʽʥʩʪʨʫʤʝʥʪʠ, ʷʢʽ ʜʦʟʚʦʣʷʶʪʴʩʷ 

ʛʥʫʯʢʦ ʢʝʨʫʚʘʪʠ ʦʩʥʦʚʥʠʤʠ ʘʩʧʝʢʪʘʤʠ ʨʦʟʧʦʜʽʣʝʥʥʷ ʽ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʧʦʪʫʞʥʦʩʪʝʡ ʢʣʘʩʪʝʨʘ [29].  

 

ʈʠʩʫʥʦʢ 1.10 ï ɯʥʩʪʨʫʤʝʥʪʠ ʫʧʨʘʚʣʽʥʥʷ ʆʈ 

ʄʘʩʰʪʘʙʫʚʘʥʥʷ ʻ ʧʨʦʮʝʩʦʤ ʟʙʽʣʴʰʝʥʥʷ ʘʙʦ ʟʤʝʥʰʝʥʥʷ ʦʙôʻʤʫ ʨʝʩʫʨʩʽʚ 

ʥʘʜʘʥʦʛʦ ʟʘʩʪʦʩʫʥʢʫ ʘʙʦ ʢʣʘʩʪʝʨʘ ʟʘʜʣʷ ʦʧʪʠʤʽʟʘʮʽʾ ʚʠʪʨʘʪ ʪʘ ʧʽʜʪʨʠʤʢʠ 

ʥʝʦʙʭʽʜʥʦʛʦ ʨʽʚʥʷ QoS. ʄʘʩʰʪʘʙʫʚʘʥʥʷ ʟʘʩʪʦʩʫʥʢʽʚ ʚʽʜʙʫʚʘʻʪʴʩʷ ʟʘʚʜʷʢʠ 

ʚʠʢʦʨʠʩʪʘʥʥʶ ʨʝʩʫʨʩʽʚ ʢʣʘʩʪʝʨʘ. ʗʢʱʦ ʦʙôʻʤ ʨʝʩʫʨʩʽʚ ʢʣʘʩʪʝʨʘ ʥʝʜʦʩʪʘʪʥʽʡ 

ʘʙʦ ʫʪʠʣʽʟʫʻʪʴʩʷ ʥʝ ʧʦʚʥʽʩʪʶ, ʢʣʘʩʪʝʨ ʪʘʢʦʞ ʤʦʞʝ ʙʫʪʠ ʤʘʩʰʪʘʙʦʚʘʥʠʡ. 

ʄʘʩʰʪʘʙʫʚʘʥʥʷ ʻ ʛʦʣʦʚʥʠʤ ʽʥʩʪʨʫʤʝʥʪʦʤ ʘʚʪʦʤʘʪʠʟʘʮʽʾ ʫʧʨʘʚʣʽʥʥʷ 

ʨʝʩʫʨʩʘʤʠ ʫ ʢʣʘʩʪʝʨʽ ʯʝʨʝʟ ʩʚʦʶ ʛʥʫʯʢʽʩʪʴ. 
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ɿʤʽʥʘ ʢʽʣʴʢʦʩʪʽ ʝʢʟʝʤʧʣʷʨʽʚ ʟʘʩʪʦʩʫʥʢʫ ʚʠʟʥʘʯʘʻʪʴʩʷ ʷʢ ʛʦʨʠʟʦʥʪʘʣʴʥʝ 

ʤʘʩʰʪʘʙʫʚʘʥʥʷ, ʘ ʦʙôʻʤʫ ʥʘʜʘʥʠʭ ʨʝʩʫʨʩʽʚ ʚ ʤʝʞʘʭ ʦʜʥʦʛʦ ʝʢʟʝʤʧʣʷʨʫ ï 

ʚʝʨʪʠʢʘʣʴʥʝ. ʄʘʩʰʪʘʙʫʚʘʥʥʷ ʤʦʞʝ ʚʽʜʙʫʚʘʪʠʩʷ ʚʛʦʨʫ ʧʨʠ ʟʨʦʩʪʘʥʥʽ 

ʥʘʚʘʥʪʘʞʝʥʥʽ, ʘʙʦ ʚʥʠʟ ï ʧʨʠ ʥʝʜʦʩʪʘʪʥʽʡ ʫʪʠʣʽʟʘʮʽʾ ʚʠʜʽʣʝʥʠʭ ʨʝʩʫʨʩʽʚ. 

ɻʽʙʨʠʜʥʠʡ ʪʠʧ ʤʘʩʰʪʘʙʫʚʘʥʥʷ ʥʘʜʘʻ ʤʦʞʣʠʚʽʩʪʴ ʤʘʩʰʪʘʙʫʚʘʪʠ ʟʘʩʪʦʩʫʥʢʠ ʷʢ 

ʚʝʨʪʠʢʘʣʴʥʦ, ʪʘʢ ʽ ʛʦʨʠʟʦʥʪʘʣʴʥʦ ʟʘʣʝʞʥʦ ʚʽʜ ʢʦʥʬʽʛʫʨʘʮʽʾ, ʱʦ ʥʘʜʘʻ ʧʝʨʝʚʘʛʠ 

ʦʙʦʭ ʧʽʜʭʦʜʽʚ. 

 

ʈʠʩʫʥʦʢ 1.11 ï ʂʣʘʩʠʬʽʢʘʮʽʷ ʤʘʩʰʪʘʙʫʚʘʥʥʷ ʟʘ ʪʠʧʦʤ ʨʦʟʧʦʜʽʣʝʥʥʷ ʆʈ 

ɿʘ ʪʠʧʦʤ ʽʥʽʮʽʘʮʽʾ ʤʘʩʰʪʘʙʫʚʘʥʥʷ ʤʦʞʝ ʙʫʪʠ ʨʝʘʢʪʠʚʥʠʤ, ʧʨʦʘʢʪʠʚʥʠʤ, 

ʟʘ ʨʦʟʢʣʘʜʦʤ ʪʘ ʛʽʙʨʠʜʥʠʤ [30]. ʆʩʥʦʚʥʘ ʧʨʦʙʣʝʤʘ ʧʨʠ ʘʚʪʦʤʘʪʠʟʘʮʽʾ 

ʤʘʩʰʪʘʙʫʚʘʥʥʷ ʻ ʦʪʨʠʤʘʥʥʷ ʚʽʜʧʦʚʽʜʝʡ ʥʘ ʧʠʪʘʥʥʷ çʢʦʣʠ ʤʘʩʰʪʘʙʫʚʘʪʠè ʽ 

çʷʢʫ ʢʽʣʴʢʽʩʪʴ ʨʝʩʫʨʩʽʚ ʥʝʦʙʭʽʜʥʦ ʥʘʜʘʪʠè [31]. 

 

ʈʠʩʫʥʦʢ 1.12 ï ʂʣʘʩʠʬʽʢʘʮʽʷ ʤʘʩʰʪʘʙʫʚʘʥʥʷ ʟʘ ʪʠʧʦʤ ʽʥʽʮʽʘʮʽʾ 

ʈʝʘʢʪʠʚʥʝ ʤʘʩʰʪʘʙʫʚʘʥʥʷ ʧʦʢʣʘʜʘʻʪʴʩʷ ʥʘ ʧʦʪʦʯʥʽ ʤʝʪʨʠʢʠ ʨʽʚʥʷ QoS 

ʪʘ ʫʪʠʣʽʟʘʮʽʾ ʨʝʩʫʨʩʽʚ. ʇʘʜʽʥʥʷ ʨʽʚʥʷ QoS, ʥʘʷʚʥʽʩʪʴ ʧʦʤʠʣʦʢ ʥʝʩʪʘʯʽ ʨʝʩʫʨʩʽʚ, 

ʪʨʦʪʣʽʥʛ ʘʙʦ ʟʘʥʘʜʪʦ ʚʠʩʦʢʠʡ ʨʽʚʝʥʴ ʫʪʠʣʽʟʘʮʽʾ ʻ ʩʠʛʥʘʣʘʤʠ ʜʦ ʟʙʽʣʴʰʝʥʥʷ 

ʢʽʣʴʢʦʩʪʽ ʝʢʟʝʤʧʣʷʨʽʚ ʟʘʩʪʦʩʫʥʢʫ. ʇʨʠ ʥʠʟʴʢʽʡ ʫʪʠʣʽʟʘʮʽʾ ʆʈ ʘʚʪʦʤʘʪʠʯʥʦ 
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ʟʜʽʡʩʥʶʻʪʴʩʷ ʤʘʩʰʪʘʙʫʚʘʥʥʷ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʧʦʪʦʯʥʠʭ ʧʦʪʨʝʙ. ʎʝʡ ʪʠʧ 

ʤʘʩʰʪʘʙʫʚʘʥʥʷ ʨʝʘʛʫʻ ʥʘ ʟʤʽʥʠ ʚ ʩʪʘʥʽ ʟʘʩʪʦʩʫʥʢʫ ʘʙʦ ʥʘʚʘʥʪʘʞʝʥʥʽ, 

ʟʘʙʝʟʧʝʯʫʶʯʠ ʦʧʝʨʘʪʠʚʥʝ ʫʩʫʥʝʥʥʷ ʚʠʥʠʢʘʶʯʠʭ ʧʨʦʙʣʝʤ, ʘʣʝ ʪʽʣʴʢʠ ʧʨʠ 

ʥʘʷʚʥʦʩʪʽ ʜʘʥʠʭ ʤʦʥʽʪʦʨʠʥʛʫ. ʈʝʘʢʪʠʚʥʝ ʤʘʩʰʪʘʙʫʚʘʥʥʷ ʻ ʧʨʦʩʪʠʤ ʫ 

ʚʧʨʦʚʘʜʞʝʥʥʽ, ʦʩʢʽʣʴʢʠ ʥʝ ʚʠʤʘʛʘʻ ʘʣʛʦʨʠʪʤʽʚ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʜʣʷ ʩʚʦʻʾ 

ʨʦʙʦʪʠ. ɻʦʣʦʚʥʠʡ ʥʝʜʦʣʽʢ ʨʝʘʢʪʠʚʥʦʛʦ ʤʘʩʰʪʘʙʫʚʘʥʥʷ ʮʝ ʟʘʪʨʠʤʢʘ ʤʽʞ 

ʧʦʷʚʦʶ ʩʠʛʥʘʣʫ ʽ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʨʦʟʛʦʨʪʘʥʥʷʤ ʥʦʚʠʭ ʝʢʟʝʤʧʣʷʨʽʚ, ʱʦ ʤʦʞʝ 

ʧʨʠʟʚʦʜʠʪʠ ʜʦ ʪʠʤʯʘʩʦʚʠʭ ʧʦʨʫʰʝʥʴ ʫ ʨʦʙʦʪʽ ʟʘʩʪʦʩʫʥʢʫ. ʈʝʘʢʪʠʚʥʝ 

ʤʘʩʰʪʘʙʫʚʘʥʥʷ ʥʘʡʢʨʘʱʝ ʧʽʜʭʦʜʠʪʴ ʜʣʷ ʟʘʩʪʦʩʫʥʢʽʚ ʽʟ ʧʣʘʚʥʠʤʠ ʪʘ 

ʩʪʘʪʠʯʥʠʤʠ ʥʘʚʘʥʪʘʞʝʥʥʷʤʠ, ʘʣʝ ʤʦʞʝ ʙʫʪʠ ʤʝʥʰ ʝʬʝʢʪʠʚʥʠʤ ʫ ʚʠʧʘʜʢʘʭ 

ʨʽʟʢʠʭ ʟʤʽʥ ʥʘʚʘʥʪʘʞʝʥʥʷ. ʈʝʘʢʪʠʚʥʝ ʤʘʩʰʪʘʙʫʚʘʥʥʷ ʻ ʚʘʞʣʠʚʦʶ ʯʘʩʪʠʥʦʶ 

ʉʋ ɯʊ-ʽʥʬʨʘʩʪʨʫʢʪʫʨʦʶ, ʟʘʙʝʟʧʝʯʫʶʯʠ ʙʘʟʦʚʫ ʘʚʪʦʤʘʪʠʟʘʮʽʶ ʫʧʨʘʚʣʽʥʥʷ 

ʨʝʩʫʨʩʘʤʠ [32]. 

ʊʘʙʣʠʮʷ 1.1 ï ʇʦʨʽʚʥʷʥʥʷ ʪʠʧʽʚ ʤʘʩʰʪʘʙʫʚʘʥʥʷ ʟʘ ʪʠʧʦʤ ʽʥʽʮʽʘʣʽʟʘʮʽʾ 

ʊʠʧ ʽʥʽʮʽʘʮʽʾ ʏʘʩ ʤʘʩʰʪʘʙʫʚʘʥʥʷ ʆʙôʻʤ ʥʘʜʘʥʠʭ ʨʝʩʫʨʩʽʚ 

ʈʝʘʢʪʠʚʥʝ 

ʆʜʨʘʟʫ ʧʨʠ ʧʦʛʽʨʰʝʥʥʽ 

ʨʽʚʥʷ QoS, ʥʝʜʦʩʪʘʪʥʽʡ 

ʫʪʠʣʽʟʘʮʽʾ, ʧʝʨʝʚʠʱʝʥʥʷ 

ʟʘʧʠʪʽʚ 

ɺʽʜʧʦʚʽʜʥʦ ʜʦ 

ʧʦʪʦʯʥʦʛʦ ʨʽʚʥʷ ʧʦʪʨʝʙ 

ʇʨʦʘʢʪʠʚʥʝ 

ɺʠʟʥʘʯʘʻʪʴʩʷ ʥʘ ʦʩʥʦʚʽ 

ʧʨʦʛʥʦʟʫʚʘʥʥʷ 

ʥʘʚʘʥʪʘʞʝʥʥʷ ʥʘ 

ʟʘʩʪʦʩʫʥʦʢ; ʚ 

ʧʨʦʛʥʦʟʦʚʘʥʽ ʤʦʤʝʥʪʠ 

ʟʤʽʥʠ ʥʘʚʘʥʪʘʞʝʥʥʷ 

ɺʠʟʥʘʯʘʻʪʴʩʷ ʚ 

ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʧʨʦʛʥʦʟʫ 

ʥʘʚʘʥʪʘʞʝʥʥʷ ʥʘ 

ʟʘʩʪʦʩʫʥʦʢ ʪʘ 

ʧʨʦʛʥʦʟʦʚʘʥʠʭ ʧʦʪʨʝʙ 

ɿʘ ʨʦʟʢʣʘʜʦʤ ɿʘ ʚʩʪʘʥʦʚʣʝʥʠʤʠ 

ʧʨʘʚʠʣʘʤʠ 

ɿʘ ʚʩʪʘʥʦʚʣʝʥʠʤʠ 

ʧʨʘʚʠʣʘʤʠ 

 

ʇʨʦʘʢʪʠʚʥʝ ʤʘʩʰʪʘʙʫʚʘʥʥʷ ʙʘʟʫʻʪʴʩʷ ʥʘ ʧʨʦʛʥʦʟʫʚʘʥʥʽ ʤʘʡʙʫʪʥʽʭ 

ʥʘʚʘʥʪʘʞʝʥʴ ʽ ʟʜʽʡʩʥʶʻʪʴʩʷ ʜʦ ʬʘʢʪʠʯʥʦʛʦ ʟʙʽʣʴʰʝʥʥʷ ʘʙʦ ʟʤʝʥʰʝʥʥʷ ʦʙôʻʤʽʚ 

ʥʝʦʙʭʽʜʥʠʭ ʜʣʷ ʨʦʙʦʪʠ ʟʘʩʪʦʩʫʥʢʽʚ ʨʝʩʫʨʩʽʚ [33]. ʎʝ ʜʦʟʚʦʣʷʻ ʧʽʜʛʦʪʫʚʘʪʠʩʷ 

ʜʦ ʟʤʽʥ ʟʘʟʜʘʣʝʛʽʜʴ, ʱʦ ʟʥʘʯʥʦ ʟʥʠʞʫʻ ʨʠʟʠʢ ʚʠʥʠʢʥʝʥʥʷ ʪʠʤʯʘʩʦʚʠʭ 

ʧʦʨʫʰʝʥʴ ʫ ʨʦʙʦʪʽ ʟʘʩʪʦʩʫʥʢʽʚ ʯʝʨʝʟ ʟʘʪʨʠʤʢʠ ʨʦʟʛʦʨʪʘʥʥʷ. ɺʦʜʥʦʯʘʩ 
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ʧʨʦʘʢʪʠʚʥʝ ʤʘʩʰʪʘʙʫʚʘʥʥʷ ʚʠʤʘʛʘʻ ʥʘʷʚʥʦʩʪʽ ʪʦʯʥʠʭ ʧʨʦʛʥʦʟʽʚ ʤʘʡʙʫʪʥʽʭ 

ʦʙôʻʤʽʚ ʨʝʩʫʨʩʽʚ ʽ ʧʨʠʧʫʩʢʘʻʪʴʩʷ, ʱʦ ʰʘʙʣʦʥ ʥʘʚʘʥʪʘʞʝʥʥʷ ʥʝ ʻ ʚʠʢʣʶʯʥʦ 

ʚʠʧʘʜʢʦʚʠʤ. ɺ ʪʘʙʣʠʮʽ 1.1 ʧʨʦʚʦʜʠʪʴʩʷ ʧʦʨʽʚʥʷʥʥʷ ʪʠʧʽʚ ʤʘʩʰʪʘʙʫʚʘʥʥʷ ʟʘ 

ʯʘʩʦʤ. 

ɸʚʪʦʤʘʪʠʟʘʮʽʷ ʫʧʨʘʚʣʽʥʥʷ ʨʝʩʫʨʩʘʤʠ ʤʦʞʝ ʙʫʪʠ ʦʧʠʩʘʥʘ ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʮʠʢʣʫ ʤʦʥʽʪʦʨʠʥʛ-ʘʥʘʣʽʟ-ʧʣʘʥʫʚʘʥʥʷ-ʟʘʩʪʦʩʫʚʘʥʥʷ [34], ʷʢ ʮʝ ʟʦʙʨʘʞʝʥʦ ʥʘ 

ʨʠʩ. 1.13. 

 

ʈʠʩʫʥʦʢ 1.13 ï ʎʠʢʣ ʘʚʪʦʤʘʪʠʟʦʚʘʥʦʛʦ ʫʧʨʘʚʣʽʥʥʷ ʨʝʩʫʨʩʘʤʠ 

ʄʦʥʽʪʦʨʠʥʛ ʚʢʣʶʯʘʻ ʟʙʽʨ ʩʠʩʪʝʤʥʠʭ ʪʘ ʚʠʩʦʢʦʨʽʚʥʝʚʠʭ ʤʝʪʨʠʢ, ʾʭ 

ʘʛʨʝʛʘʮʽʶ ʪʘ ʦʙʨʦʙʢʫ ʜʣʷ ʧʦʜʘʣʴʰʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ. ʅʘ ʝʪʘʧʽ ʘʥʘʣʽʟʫ 

ʧʨʦʚʦʜʠʪʴʩʷ ʘʥʘʣʽʟ ʧʦʪʦʯʥʦʛʦ ʩʪʘʥʫ ʟʘʩʪʦʩʫʥʢʫ ʥʘ ʦʩʥʦʚʽ ʦʙʨʦʙʣʝʥʥʷ ʟʽʙʨʘʥʠʭ 

ʤʝʪʨʠʢ, ʟʦʢʨʝʤʘ ï ʜʦʪʨʠʤʘʥʥʷ SLA, ʨʽʚʥ ̫ʫʪʠʣʽʟʘʮʽʾ ʆʈ, ̔ ʩʥʫʶʯʠʭ ʪʨʝʥʜʽʚ ʘʙʦ 

ʩʝʟʦʥʥʦʩʪʽ ʚ ʤʝʪʨʠʢʘʭ. ʅʘ ʦʩʥʦʚʽ ʘʥʘʣʽʟʫ ʟʜʽʡʩʥʶʻʪʴʩʷ ʧʣʘʥʫʚʘʥʥʷ, ʧʽʜ ʯʘʩ 

ʷʢʦʛʦ ʚʠʟʥʘʯʘʻʪʴʩʷ ʥʝʦʙʭʽʜʥʠʡ ʦʙôʻʤ ʨʝʩʫʨʩʽʚ ʜʣʷ ʧʦʜʘʣʴʰʦʾ ʨʦʙʦʪʠ ʪʘ ʯʘʩ 

ʟʘʩʪʦʩʫʚʘʥʥʷ ʥʦʚʦʾ ʢʦʥʬʽʛʫʨʘʮʽʾ ʆʈ. ʇʽʩʣʷ ʚʧʨʦʚʘʜʞʝʥʥʷ ʟʤʽʥ ʚ ʢʦʥʬʽʛʫʨʘʮʽʾ 

ʧʨʦʚʦʜʠʪʴʩʷ ʤʦʥʽʪʦʨʠʥʛ ʩʪʘʥʫ ɯʉ ʜʣʷ ʦʮʽʥʢʠ ʝʬʝʢʪʠʚʥʦʩʪʽ ʚʥʝʩʝʥʠʭ ʟʤʽʥ. ʇʨʠ 

ʧʨʦʘʢʪʠʚʥʦʤʫ ʤʘʩʰʪʘʙʫʚʘʥʥʽ ʝʪʘʧʠ ʘʥʘʣʽʟʫ ʽ ʧʣʘʥʫʚʘʥʥʷ ʚʢʣʶʯʘʶʪʴ ʚ ʩʝʙʝ 

ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʤʘʡʙʫʪʥʽʭ ʢʦʥʬʽʛʫʨʘʮʽʡ ʆʈ ʪʘ ʚʠʟʥʘʯʝʥʥʷ ʨʦʟʢʣʘʜʫ 

ʤʘʩʰʪʘʙʫʚʘʥʥʷ.  

ʉʝʨʝʜ ʽʥʩʪʨʫʤʝʥʪʽʚ ʫʧʨʘʚʣʽʥʥʷ ʆʈ ʤʦʞʥʘ ʚʠʜʽʣʠʪʠ ʚʩʪʘʥʦʚʣʝʥʥʷ ʣʽʤʽʪʽʚ 

ʥʘ ʆʈ ʜʦʜʘʪʢʦʚʦ ʜʦ ʟʘʧʠʪʽʚ. ʗʢʱʦ ʟʘʧʠʪʠ ʛʘʨʘʥʪʫʶʪʴ ʥʘʷʚʥʽʩʪʴ ʆʈ ʥʘ ʚʫʟʣʽ, 

ʪʦ ʣʽʤʽʪʠ ʜʦʟʚʦʣʷʶʪʴ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʚʽʣʴʥʽ ʦʙôʻʤʠ ʧʦʟʘ ʟʘʧʠʪʘʤʠ, ʱʦ ʤʦʞʝ 
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ʜʦʜʘʪʢʦʚʦ ʧʽʜʚʠʱʫʚʘʪʠ ʩʪʘʙʽʣʴʥʽʩʪʴ ʨʦʙʦʪʠ ʟʘʩʪʦʩʫʥʢʽʚ. ʇʨʠʢʣʘʜʦʤ ʪʘʢʦʾ 

ʨʝʘʣʽʟʘʮʽʾ ʻ ʤʝʭʘʥʽʟʤ requests ̔  limits ʚ Kubernetes. ʇʨʽʦʨʠʪʝʟʘʮʽʷ ʪʘʢʦʞ ʻ 

ʚʘʞʣʠʚʠʤ ʽʥʩʪʨʫʤʝʥʪʦʤ ʫʧʨʘʚʣʽʥʥʷ ʆʈ ʚ ɯʉ, ʦʩʢʽʣʴʢʠ ʜʦʟʚʦʣʷʻ ʚʠʟʥʘʯʠʪʠ ʷʢʽ 

ʟʘʩʪʦʩʫʥʢʠ ʘʙʦ ʩʝʨʚʽʩʠ ʤʦʞʫʪʴ ʙʫʪʠ ʟʛʦʨʥʫʪʽ ʘʙʦ ʚʠʜʘʣʝʥʽ ʚ ʧʝʨʰʫ ʯʝʨʛʫ ʧʨʠ 

ʥʝʜʦʩʪʘʪʥʴʦʤʫ ʦʙôʻʤʫ ʨʝʩʫʨʩʽʚ ʥʘ ʚʫʟʣʽ ʘʙʦ ʚ ʢʣʘʩʪʝʨʽ ʚ ʮʽʣʦʤʫ. 

1.3.2 ʆʩʦʙʣʠʚʦʩʪʽ ʛʦʨʠʟʦʥʪʘʣʴʥʦʛʦ ʤʘʩʰʪʘʙʫʚʘʥʥʷ 

ɻʦʨʠʟʦʥʪʘʣʴʥʝ ʤʘʩʰʪʘʙʫʚʘʥʥʷ ʻ ʦʩʥʦʚʥʠʤ ʤʝʪʦʜʦʤ ʫʧʨʘʚʣʽʥʥʷ 

ʨʝʩʫʨʩʘʤʠ ʚ ʭʤʘʨʥʠʭ ʦʙʯʠʩʣʝʥʥʷʭ, ʧʨʠ ʷʢʦʤʫ ʢʽʣʴʢʽʩʪʴ ʚʫʟʣʽʚ ʢʣʘʩʪʝʨʘ ʘʙʦ 

ʝʢʟʝʤʧʣʷʨʽʚ ʟʘʩʪʦʩʫʥʢʫ ʘʜʘʧʪʫʶʪʴʩʷ ʜʦ ʧʦʪʦʯʥʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ ʟʘʜʣʷ 

ʧʽʜʪʨʠʤʢʠ ʥʝʦʙʭʽʜʥʦʛʦ ʨʽʚʥʷ QoS ʪʘ ʫʪʠʣʽʟʘʮʽʾ ʟʘʨʝʟʝʨʚʦʚʘʥʠʭ ʆʈ. 

ɻʦʨʠʟʦʥʪʘʣʴʥʝ ʤʘʩʰʪʘʙʫʚʘʥʥʷ ʥʝ ʦʙʤʝʞʝʥʦ ʬʽʟʠʯʥʠʤʠ ʨʝʩʫʨʩʘʤʠ ʦʜʥʦʛʦ 

ʩʝʨʚʝʨʘ ʥʘ ʚʽʜʤʽʥʫ ʚʽʜ ʚʝʨʪʠʢʘʣʴʥʦʛʦ. ɸʣʝ ʥʝ ʚʩʽ ʟʘʩʪʦʩʫʥʢʠ ʤʦʞʫʪʴ 

ʧʽʜʪʨʠʤʫʚʘʪʠ ʮʝʡ ʤʝʪʦʜ ʤʘʩʰʪʘʙʫʚʘʥʥʷ, ʥʘʧʨʠʢʣʘʜ, ʙʘʟʠ ʜʘʥʠʭ, ʷʢʽ ʧʨʠʚôʷʟʘʥʽ 

ʜʦ ʜʠʩʢʫ ʥʘ ʬʽʟʠʯʥʽʡ ʤʘʰʠʥ. ʊʦʤʫ ʜʣʷ ʚʠʢʦʨʠʩʪʘʥʥʷ ʜʘʥʦʛʦ ʤʝʪʦʜʫ ʦʩʥʦʚʥʦʶ 

ʚʠʤʦʛʦʶ ʻ ʝʣʘʩʪʠʯʥʽʩʪʴ ʢʦʤʧʦʥʝʥʪʘ, ʱʦ ʤʘʩʰʪʘʙʫʻʪʴʩʷ, ʪʘ ʤʦʞʣʠʚʽʩʪʴ 

ʨʦʟʧʦʜʽʣʝʥʥʷ ʥʘʚʘʥʪʘʞʝʥʥʷ ʤʽʞ ʡʦʛʦ ʝʢʟʝʤʧʣʷʨʘʤʠ [35]. 

ɻʦʨʠʟʦʥʪʘʣʴʥʝ ʤʘʩʰʪʘʙʫʚʘʥʥʷ ʥʘʜʘʻ ʛʥʫʯʢʽʩʪʴ ʪʘ ʚʽʜʤʦʚʦʩʪʽʡʢʽʩʪʴ ɯʉ, 

ʦʩʢʽʣʴʢʠ ʜʦʟʚʦʣʷʻ ʨʦʟʧʦʜʽʣʷʪʠ ʥʘʚʘʥʪʘʞʝʥʥʷ ʤʽʞ ʙʘʛʘʪʴʤʘ ʩʝʨʚʝʨʘʤʠ ʘʙʦ 

ʝʢʟʝʤʧʣʷʨʘʤʠ. ʋ ʨʘʟʽ ʚʽʜʤʦʚʠ ʯʘʩʪʠʥʠ ʩʝʨʚʝʨʽʚ ʘʙʦ ʝʢʟʝʤʧʣʷʨʽʚ ʥʘʚʘʥʪʘʞʝʥʥʷ 

ʤʦʞʝ ʙʫʪʠ ʧʝʨʝʨʦʟʧʦʜʽʣʝʥʝ ʥʘ ʽʥʰʽ ʯʝʨʝʟ ʧʦʚʥʝ ʜʫʙʣʶʚʘʥʥʷ ʬʫʥʢʮʽʦʥʘʣʫ, ʱʦ 

ʟʘʙʝʟʧʝʯʫʻ ʚʠʩʦʢʠʡ ʨʽʚʝʥʴ ʜʦʩʪʫʧʥʦʩʪʽ ʧʦʩʣʫʛ ʜʣʷ ʢʦʨʠʩʪʫʚʘʯʽʚ. ʂʨʽʤ ʪʦʛʦ, 

ʪʘʢʽ ʢʦʤʧʦʥʝʥʪʠ ʤʦʞʫʪʴ ʙʫʪʠ ʰʚʠʜʢʦ ʟʘʤʽʱʝʥʽ ʙʝʟ ʟʤʽʥʠ ʢʦʥʬʽʛʫʨʘʮʽʾ ɯʉ. 

ʅʝʟʚʘʞʘʶʯʠ ʥʘ ʯʠʩʝʣʴʥʽ ʧʝʨʝʚʘʛʠ, ʛʦʨʠʟʦʥʪʘʣʴʥʝ ʤʘʩʰʪʘʙʫʚʘʥʥʷ 

ʟʙʽʣʴʰʫʻ ʩʢʣʘʜʥʽʩʪʴ ʫʧʨʘʚʣʽʥʥʷ ɯʉ, ʦʩʢʽʣʴʢʠ ʚʠʤʘʛʘʻ ʢʦʦʨʜʠʥʘʮʽʾ ʤʥʦʞʠʥʠ 

ʚʫʟʣʽʚ ʘʙʦ ʝʢʟʝʤʧʣʷʨʽʚ ʪʘ ʚʠʤʘʛʘʻ ʢʦʤʧʣʝʢʩʥʠʭ ʨʽʰʝʥʴ ʜʣʷ ʙʘʣʘʥʩʫʚʘʥʥʷ 

ʥʘʚʘʥʪʘʞʝʥʥʷ ʤʽʞ ʥʠʤʠ. ʂʨʽʤ ʪʦʛʦ, ʜʘʥʠʡ ʪʠʧ ʤʘʩʰʪʘʙʫʚʘʥʥʷ ʤʦʞʝ ʧʨʠʟʚʝʩʪʠ 

ʜʦ ʟʙʽʣʴʰʝʥʥʷ ʚʘʨʪʦʩʪʽ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ɯʉ ʯʝʨʝʟ ʥʝʦʙʭʽʜʥʽʩʪʴ ʧʽʜʪʨʠʤʢʠ 

ʙʽʣʴʰʦʾ ʢʽʣʴʢʦʩʪʽ ʘʧʘʨʘʪʥʠʭ ʟʘʩʦʙʽʚ.  
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ʈʠʩʫʥʦʢ 1.14 ï ɿʜʽʡʩʥʝʥʥʷ ʛʦʨʠʟʦʥʪʘʣʴʥʦʛʦ ʤʘʩʰʪʘʙʫʚʘʥʥʷ 

ɺʠʟʥʘʯʝʥʦ, ʱʦ Xly ʻ ʟʘʧʠʪʦʤ ʥʘ y-ʡ ʦʙʯʠʩʣʶʚʘʣʴʥʠʡ ʨʝʩʫʨʩ ʜʣʷ l-ʛʦ 

ʟʘʩʪʦʩʫʥʢʫ, ʜʝ 1,y h= , ʜʝ h  ï ʢʽʣʴʢʽʩʪʴ ʪʠʧʽʚ ʨʝʩʫʨʩʽʚ ʜʣʷ ʫʧʨʘʚʣʽʥʥʷ, ʘ , ,1l m=  

ʜʝ m ï ʢʽʣʴʢʽʩʪʴ ʟʘʩʪʦʩʫʥʢʽʚ ʫ ʢʣʘʩʪʝʨʽ. Ĕ  
lyj

X ʻ ʬʘʢʪʠʯʥʠʤ ʩʧʦʞʠʚʘʥʥʷʤ y-ʛʦ 

ʨʝʩʫʨʩʫ ʜʣʷ j-ʛʦ ʝʢʟʝʤʧʣʷʨʫ l-ʛʦ ʟʘʩʪʦʩʫʥʢʫ, ʜʝ 1,j k= , k  ï ʢʽʣʴʢʽʩʪʴ 

ʝʢʟʝʤʧʣʷʨʽʚ l-ʛʦ ʟʘʩʪʦʩʫʥʢʫ. ɼʣʷ ʟʨʫʯʥʦʩʪʽ ʚʽʜʦʙʨʘʞʝʥʥʷ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʯʘʩʫ 

ʥʘʜʘʣʽ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʬʫʥʢʮʽʾ ʯʘʩʫ ()ly
k t  ʪʘ ()Ĕ

lyj
X t , ʦʩʢʽʣʴʢʠ ʚʦʥʠ ʻ 

ʜʠʥʘʤʽʯʥʠʤʠ, ʘ Xly c ʢʦʥʩʪʘʥʪʥʠʤ ʧʨʠ ʛʦʨʠʟʦʥʪʘʣʴʥʦʤʫ ʤʘʩʰʪʘʙʫʚʘʥʥʽ. 

ɺʠʟʥʘʯʠʤʦ ʬʫʥʢʮʽʶ ʟʘʛʘʣʴʥʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ ()ly
W t  ʟʘʣʝʞʥʦ ʚʽʜ ʯʘʩʫ ʥʘ 

ʟʘʩʪʦʩʫʥʦʢ ʜʣʷ ʢʦʞʥʦʛʦ ʟ ʨʝʩʫʨʩʽʚ: 

 Ĕ( ) ( ), 1, , 1, , 1, .
ly lyj

W t X t l m y h j k= = = =ä  (1.3) 

ʋ ʙʫʜʴ-ʷʢʠʡ ʤʦʤʝʥʪ ʯʘʩʫ () ly
W t  ʜʦʨʽʚʥʶ ̒ʩʫʤʽ ʚʠʢʦʨʠʩʪʘʥʥʷ ʨʝʩʫʨʩʽʚ 

ʚʩʽʤʘ ʝʢʟʝʤʧʣʷʨʘʤʠ ʟʘʩʪʦʩʫʥʢʫ. ɺ ʪʘʢʦʤʫ ʚʠʧʘʜʢʫ ʢʽʣʴʢʽʩʪʴ ʝʢʟʝʤʧʣʷʨʽʚ 

ʟʘʩʪʦʩʫʥʢʫ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʨʝʩʫʨʩʫ ʚʠʟʥʘʯʘʻʪʴʩʷ ʥʘʩʪʫʧʥʦʶ ʨʽʚʥʽʩʪʶ: 

 
( )

( ) , 1, , 1, ,
ly

ly

ly

W t
k t l m y h

X

è ø
= = =é ù
é ùé ù

 (1.4) 

ʜʝ ()ly
k t  ̒  ʛʨʘʥʠʯʥʦʶ ʢʽʣʴʢʽʩʪʶ ʝʢʟʝʤʧʣʷʨʽʚ ʟʘʩʪʦʩʫʥʢʫ ʜʣʷ y-ʛʦ ʪʠʧʫ ʨʝʩʫʨʩʫ 

l-ʛʦ ʟʘʩʪʦʩʫʥʢʫ. ʊʘʢʠʤ ʯʠʥʦʤ ʧʨʠ ʛʦʨʠʟʦʥʪʘʣʴʥʦʤʫ ʤʘʩʰʪʘʙʫʚʘʥʥʷ ʥʝʦʙʭʽʜʥʦ 

ʚʨʘʭʦʚʫʚʘʪʠ ʧʦʪʨʝʙʠ ʧʦ ʢʦʞʥʦʤʫ ʟ ʥʘʷʚʥʠʭ ʨʝʩʫʨʩʽʚ: 

 ( ) max( ( )), 1, , 1, ,
l ly

k t k t l m y h= = =  (1.5) 
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ʜʝ () ly
k t ï ʛʨʘʥʠʯʥʦʶ ʢʽʣʴʢʽʩʪ ɹʝʢʟʝʤʧʣʷʨʽʚ l-ʛʦ ʟʘʩʪʦʩʫʥʢʫ ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ 

ʥʝʦʙʭʽʜʥʦʛʦ ʦʙôʻʤʫ ʚʩʽʭ ʆʈ. ɼʦʜʘʪʢʦʚʦ ʥʝʦʙʭʽʜʥʦ ʚʨʘʭʫʚʘʪʠ, ʱʦ ʬʫʥʢʮʽʷ 

ʥʘʚʘʥʪʘʞʝʥʥʷ () ly
W t  ʤʦʞʝ ʚʠʭʦʜʠʪʠ ʟʘ ʨʘʤʢʠ ʚʩʪʘʥʦʚʣʝʥʠʭ ʦʙôʻʤʽʚ, ʱʦ 

ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʧʘʜʽʥʥʷ ʨʽʚʥʷ QoS ʘʙʦ ʧʦʚʥʦʾ ʚʽʜʤʦʚʠ ʥʘʜʘʥʥʷ ʩʝʨʚʽʩʫ, ʪʦʤʫ ʜʣʷ 

ʦʙʨʦʙʢʠ ʪʘʢʠʭ ʩʠʪʫʘʮʽʡ ʥʝʦʙʭʽʜʥʦ ʥʘʜʘʚʘʪʠ ʨʝʟʝʨʚʥʠʡ ʦʙôʻʤ y
Ů ʢʦʞʥʦʛʦ y-ʛʦ 

ʪʠʧʫ ʨʝʩʫʨʩʫ: 

 
y

( ) max( ( ) ), 1, , 1, .Ů
l ly

k t k t l m y h= Ö = = (1.6) 

ʊʦʜʽ ʢʨʠʪʝʨʽʡ ʜʣʷ ʤʘʩʰʪʘʙʫʚʘʥʥʷ ʚʛʦʨʫ ʪʘ ʚʥʠʟ ʤʦʞʥʘ ʚʠʟʥʘʯʠʪʠ ʷʢ 

ʨʽʟʥʠʮʶ ʢʽʣʴʢʦʩʪʽ ʝʢʟʝʤʧʣʷʨʽʚ ʥʘ ʥʘʩʪʫʧʥʦʤʫ ʪʘ ʧʦʪʦʯʥʦʤʫ ʢʨʦʢʘʭ 

 ( 1) ( ), 1, ,
l l l

k k t k t l mD = + - = (1.7) 

ʜʝ 
l

kD , ʫ ʨʘʟʽ, ʷʢʱʦ ʡʦʛʦ ʟʥʘʯʝʥʥʷ ʥʝ ʜʦʨʽʚʥʶʻ 0, ʻ ʽʥʜʠʢʘʪʦʨʦʤ ʥʝʦʙʭʽʜʥʦʩʪʽ 

ʟʤʽʥʠ ʢʦʥʬʽʛʫʨʘʮʽʾ ʟʘʩʪʦʩʫʥʢʫ. ʇʨʠ 0 
l

kD >ʚʽʜʙʫʚʘʻʪʴʩʷ ʤʘʩʰʪʘʙʫʚʘʥʥʷ ʚʛʦʨʫ, 

ʘ ʧʨʠ  0 
l

kD <ï ʚʥʠʟ.  

ʅʝʦʙʭʽʜʥʦ ʟʘʟʥʘʯʠʪʠ, ʱʦ ʥʘʚʘʥʪʘʞʝʥʥʷ ʥʘ ʝʢʟʝʤʧʣʷʨʠ ʟʘʩʪʦʩʫʥʢʫ ʤʦʞʝ 

ʨʦʟʧʦʜʽʣʷʪʠʩʷ ʥʝʨʽʚʥʦʤʽʨʥʦ ʯʝʨʝʟ ʥʘʩʪʫʧʥʽ ʧʨʠʯʠʥʠ: 

ï ʥʝʢʦʨʝʢʪʥʘ ʨʦʙʦʪʘ ʙʘʣʘʥʩʫʚʘʣʴʥʠʢʘ, ʱʦ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʥʝʨʽʚʥʦʤʽʨʥʦʛʦ 

ʨʦʟʧʦʜʽʣʝʥʥʷ ʟʘʧʠʪʽʚ ʤʽʞ ʝʢʟʝʤʧʣʷʨʘʤʠ; 

ï ʥʝʢʦʨʝʢʪʥʦ ʦʙʨʘʥʠʡ ʘʣʛʦʨʠʪʤ ʨʦʙʦʪʠ ʙʘʣʘʥʩʫʚʘʣʴʥʠʢʘ, ʷʢʠʡ ʥʝ 

ʚʨʘʭʦʚʫʻ ʦʩʦʙʣʠʚʦʩʪʽ ʨʦʙʦʪʠ ʟʘʩʪʦʩʫʥʢʫ; 

ï ʨʽʟʥʘ ʢʦʥʬʽʛʫʨʘʮʽʷ ʚʫʟʣʽʚ, ʷʢʘ ʤʦʞʝ ʧʨʠʟʚʝʩʪʠ ʜʦ ʟʥʘʯʥʦʾ ʨʽʟʥʠʮʽ ʚ 

ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ ʧʨʠ ʦʙʨʦʙʮʽ ʟʘʧʠʪʽʚ, ʟʦʢʨʝʤʘ ʧʽʜʪʨʠʤʢʘ ʙʽʣʴʰ ʝʬʝʢʪʠʚʥʠʭ 

ʽʥʩʪʨʫʢʮʽʡ ʧʨʦʮʝʩʦʨʘ ʘʙʦ ʩʪʘʥʜʘʨʪʽʚ ʧʘʤôʷʪʽ; 

ï ʚʠʢʦʨʠʩʪʘʥʥʷ ʨʽʟʥʠʭ ʘʣʛʦʨʠʪʤʽʚ ʦʙʨʦʙʢʠ ʟʘʧʠʪʽʚ, ʢʦʣʠ ʩʭʦʞʽ ʟʘʜʘʯʽ 

ʤʦʞʫʪʴ ʟʥʘʯʥʦ ʚʽʜʨʽʟʥʷʪʠʩʷ ʚ ʯʘʩʽ ʦʙʨʦʙʢʠ. 

ʏʝʨʝʟ ʚʢʘʟʘʥʽ ʚʠʱʝ ʧʨʠʯʠʥʠ ʬʘʢʪʠʯʥʝ ʚʠʢʦʨʠʩʪʘʥʥʷ ʆʈ ()Ĕ
lyjX t  

ʝʢʟʝʤʧʣʷʨʘʤʠ ʦʜʥʦʛʦ ʽ ʪʦʛʦ ʩʘʤʦʛʦ ʟʘʩʪʦʩʫʥʢʫ ʤʦʞʝ ʚʽʜʨʽʟʥʷʪʠʩʷ. ɼʣʷ 

ʥʽʚʝʣʶʚʘʥʥʷ ʥʝʢʦʨʝʢʪʥʦʛʦ ʙʘʣʘʥʩʫʚʘʥʥʷ ʤʦʞʥʘ ʚʚʝʩʪʠ ʢʦʝʬʽʮʽʻʥʪ ʚʽʜʥʦʰʝʥʥʷ 

ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʽ ʩʝʨʝʜʥʴʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ: 
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y

max( ( ))
( ) max( ( ) ), 1, , 1, , 1, .

( ( ))
Ů

lyj

l ly

lyj

U t
k t k t l m y h j k

avg U t
= Ö Ö = = = (1.8) 

ʅʘʚʝʜʝʥʘ ʤʦʜʝʣʴ ʧʨʠ ʨʦʙʦʪʽ ʚʨʘʭʦʚʫʻ ʧʦʪʨʝʙʠ ʧʦ ʚʩʽʤ ʜʦʩʪʫʧʥʠʤ ʪʠʧʘʤ 

ʆʈ. ʇʨʦʪʝ ʜʝʷʢʽ ʪʠʧʠ ʻ ʜʨʫʛʦʨʷʜʥʠʤʠ ʽ ʤʦʞʫʪʴ ʽʛʥʦʨʫʚʘʪʠʩʷ ʧʨʠ ʦʙʯʠʩʣʝʥʥʽ 

ʢʽʣʴʢʦʩʪʽ ʝʢʟʝʤʧʣʷʨʽʚ. ʊʘʢʦʞ, ʤʘʩʰʪʘʙʫʚʘʥʥʷ ʤʦʞʝ ʚʽʜʙʫʚʘʪʠʩʷ ʪʽʣʴʢʠ ʧʦ 

ʦʜʥʦʤʫ ʟ ʆʈ, ʥʘʧʨʠʢʣʘʜ, targetCPUUtilizationPercentage ʚ HPA [36], ʜʝ 

ʦʙʯʠʩʣʝʥʥʷ ʢʽʣʴʢʦʩʪʽ ʝʢʟʝʤʧʣʷʨʽʚ ʚʽʜʙʫʚʘʻʪʴʩʷ ʣʠʰʝ ʟʘ ʩʝʨʝʜʥʽʤ ʟʥʘʯʝʥʥʷʤ 

ʫʪʠʣʽʟʘʮʽʾ ʧʨʦʮʝʩʦʨʥʦʛʦ ʯʘʩʫ. ʊʘʢʠʡ ʧʽʜʭʽʜ ʤʦʞʝ ʙʫʪʠ ʢʦʨʠʩʥʠʡ, ʥʘʧʨʠʢʣʘʜ, ʫ 

ʚʠʧʘʜʢʫ CPU-ʽʥʪʝʥʩʠʚʥʠʭ ʟʘʜʘʯ, ʢʦʣʠ ʩʘʤʝ ʧʨʦʮʝʩʦʨʥʠʡ ʯʘʩ ʻ ʦʙʤʝʞʫʶʯʠʤ 

ʨʝʩʫʨʩʦʤ [37]. ʂʨʠʪʠʯʥʽʩʪʴ ʢʦʞʥʦʛʦ ʪʠʧʫ ʨʝʩʫʨʩʫ ʚʽʜʦʤʘ ʨʦʟʨʦʙʥʠʢʘʤ 

ʟʘʩʪʦʩʫʥʢʫ ʪʘ ʚʠʟʥʘʯʘʻʪʩɹʷ ʥʘ ʦʩʥʦʚʽ ʧʦʪʨʝʙ ʟʘʩʪʦʩʫʥʢʫ ʪʘ ʜʦʩʪʫʧʥʠʭ ʨʝʩʫʨʩʽʚ 

ʫ ʢʣʘʩʪʝʨʽʚ. 

ɺʘʞʣʠʚʦ ʚʨʘʭʦʚʫʚʘʪʠ ʩʧʝʮʠʬʽʢʫ ʫʧʨʘʚʣʽʥʥʷ ʢʦʞʥʠʤ ʦʢʨʝʤʠʤ ʪʠʧʦʤ 

ʨʝʩʫʨʩʫ. ʅʝʜʦʩʪʘʪʥʽʡ ʦʙôʻʤ ʦʜʥʦʛʦ ʟ ʨʝʩʫʨʩʽʚ ʤʦʞʝ ʧʨʠʟʚʝʩʪʠ ʜʦ ʧʦʚʥʦʾ 

ʚʽʜʤʦʚʠ ʚʽʜ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ. ʅʘʧʨʠʢʣʘʜ, ʥʝʜʦʩʪʘʪʥʽʡ ʦʙôʻʤ RAM ʧʨʠ ʨʦʙʦʪʽ 

ʝʢʟʝʤʧʣʷʨʫ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʧʦʤʠʣʦʢ ʚʽʜʜʽʣʝʥʥʷ ʧʘʤôʷʪʽ. ɿ ʽʥʰʦʛʦ ʙʦʢʫ, ʧʨʠ 

ʥʝʜʦʩʪʘʪʥʴʦʤʫ ʦʙôʻʤʽ ʧʨʦʮʝʩʦʨʥʦʛʦ ʯʘʩʫ ʦʧʝʨʘʮʽʡʥʘ ʩʠʩʪʝʤʘ ʙʫʜʝ ʰʪʫʯʥʦ 

ʩʧʦʚʽʣʴʥʶʚʘʪʠ ʨʦʙʦʪʫ ʧʨʦʛʨʘʤʠ [37].  

ʈʦʟʛʦʨʪʘʥʥʷ ʥʦʚʦʛʦ ʝʢʟʝʤʧʣʷʨʫ ʚʠʤʘʛʘʻ ʟʜʽʡʩʥʝʥʥʷ ʥʘʩʪʫʧʥʠʭ ʦʧʝʨʘʮʽʡ: 

ï ʧʦʰʫʢ ʚʫʟʣʘ ʟ ʥʝʦʙʭʽʜʥʠʤ ʦʙôʻʤʦʤ ʆʈ ʪʘ ʨʝʟʝʨʚʫʚʘʥʥʷ ʆʈ ʚʽʜʧʦʚʽʜʥʦ 

ʜʦ ʟʘʜʘʥʦʾ ʢʦʥʬʽʛʫʨʘʮʽʾ; 

ï ʟʘʚʘʥʪʘʞʝʥʥʷ ʦʙʨʘʟʽʚ, ʟʘʣʝʞʥʦʩʪʝʡ ʪʘ ʢʦʜʫ ʟʘʩʪʦʩʫʥʢʫ ʜʣʷ ʧʦʜʘʣʴʰʦʾ 

ʽʥʽʮʽʘʣʽʟʘʮʽʾ ʢʦʥʪʝʡʥʝʨʘ; 

ï ʧʦʯʘʪʢʦʚʘ ʽʥʽʮʽʘʣʽʟʘʮʽʷ ʧʨʦʛʨʘʤʠ ï ʚʩʪʘʥʦʚʣʝʥʥʷ ʤʝʨʝʞʝʚʠʭ ʟôʻʜʥʘʥʴ, 

ʢʦʥʬʽʛʫʨʘʮʽʷ ʽʥʪʝʨʬʝʡʩʽʚ, ʧʦʯʘʪʢʦʚʝ ʢʝʰʫʚʘʥʥʷ ʜʘʥʠʭ ʥʝʦʙʭʽʜʥʠʭ ʜʣʷ ʨʦʙʦʪʠ 

ʟʘʩʪʦʩʫʥʢʫ. 

ʎ ̔ʦʧʝʨʘʮʽʾ ʤʦʞʫʪʴ ʟʘʡʤʘʪʠ ʟʥʘʯʥʠʡ ʯʘʩ ʧʝʨʝʜ ʧʦʯʘʪʢʦʤ ʙʝʟʧʦʩʝʨʝʜʥʴʦʾ 

ʨʦʙʦʪʠ ʝʢʟʝʤʧʣʷʨʫ, ʱʦ ʧʨʠʟʚʦʜʷʪʴ ʜʦ ʟʘʪʨʠʤʦʢ ʤʘʩʰʪʘʙʫʚʘʥʥʷ ʪʘ ʤʘʻ 

ʥʝʛʘʪʠʚʥʠʡ ʚʧʣʠʚ ʥʘ ʨʽʚʝʥʴ QoS ̔  ʜʦʪʨʠʤʘʥʥʷ SLA. 
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ʄʦʜʝʣʴ ʛʦʨʠʟʦʥʪʘʣʴʥʦʛʦ ʤʘʩʰʪʘʙʫʚʘʥʥʷ ʟ ʚʨʘʭʫʚʘʥʥʷʤ ʟʘʪʨʠʤʦʢ ʤʘʻ 

ʥʘʩʪʫʧʥʠʡ ʚʠʛʣʷʜ: 

 ( ) max( ( ɖ )), 1, , 1, ,
l ly

k t k t l m y h
¬

= + = = (1.9) 

ʜʝ ()ly
k t  ï ʢʽʣʴʢʽʩʪʶ ʝʢʟʝʤʧʣʷʨʽʚ l-ʛʦ ʟʘʩʪʦʩʫʥʢʫ ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ 

ʥʝʦʙʭʽʜʥʦʛʦ ʦʙôʻʤʫ ʚʩʽʭ ʆʈ ʟ ʚʨʘʭʫʚʘʥʥʷʤ ʤʘʡʙʫʪʥʽʭ ʧʦʪʨʝʙ, ɖ
¬
ï ʻ ʯʘʩ 

ʟʘʪʨʠʤʢʠ ʤʘʩʰʪʘʙʫʚʘʥʥʷ ʚʛʦʨʫ, ʱʦ ʚʠʟʥʘʯʘʻʪʴʩʷ ʷʢ: 

 ɖ ɖ ɖ ɖ ,
ʚʫʟʦʣ ʦʙʨʘʟ ʽʥʽʮʽʘʣʘʟʘʮʽʷ¬

= + +  (1.10) 

ʜʝ ɖʚʫʟʣʘ ï ʯʘʩ ʧʦʰʫʢʫ ʚʫʟʣʘ, ʱʦ ʤʦʞʝ ʚʢʣʶʯʘʪʠ ʚ ʩʝʙʝ ʜʦʜʘʚʘʥʥʷ ʥʦʚʦʛʦ ʚʫʟʣʘ 

ʚ ʢʣʘʩʪʝʨ ʚ ʨʘʟʽ ʥʝʦʙʭʽʜʥʦʩʪʽ, ɖ
ʦʙʨʘʟï ʯʘʩ ʜʦʩʪʘʚʢʠ ʟʘʣʝʞʥʦʩʪʝʡ ʽ ʢʦʜʫ 

ʟʘʩʪʦʩʫʥʢʫ ʟ ʨʝʻʩʪʨʽʚ ʥʘ ʚʫʟʦʣ, ɖ̔
ʥʽʮʽʘʣʘʟʘʮʽʷ

ï ʯʘʩ ʥʘ ʧʦʯʘʪʢʦʚʫ ʽʥʽʮʽʘʣʽʟʘʮʽʶ 

ʟʘʩʪʦʩʫʥʢʫ. 

ʇʨʠ ʤʘʩʰʪʘʙʫʚʘʥʥʽ ʚʥʠʟ ʜʘʥʘ ʟʘʪʨʠʤʢʘ ʨʦʟʛʦʨʪʘʥʥʷ ʝʢʟʝʤʧʣʷʨʽʚ ʥʝ 

ʚʨʘʭʦʚʫʻʪʴʩʷ, ʦʩʢʽʣʴʢʠ ʚʠʜʘʣʝʥʥʷ ʥʘʚʘʥʪʘʞʝʥʥʷ ʚʽʜʙʫʚʘʻʪʴʩʷ ʧʽʩʣʷ 

ʬʘʢʪʠʯʥʦʛʦ ʟʤʝʥʰʝʥʥʷ ʥʘʚʘʥʪʘʞʝʥʥʷ: 

 
max( ( ɖ )), ( ɖ ) ( )

( ) , 1, , 1, .
max( ( )), ( ɖ ) ( )

ly ly ly

l

ly ly ly

k t k t k t
k t l m y h

k t k t k t

¬ ¬

¬

+ + >ëî
= = =ì

+ ¢îí
 (1.11) 

ʈʝʘʣʽʟʘʮʽʷ ʜʘʥʦʾ ʤʦʜʝʣʽ ʤʦʞʣʠʚʘ ʣʠʰʝ ʧʨʠ ʧʨʦʘʢʪʠʚʥʦʤʫ 

ʤʘʩʰʪʘʙʫʚʘʥʥ,̔ ʦʩʢʽʣʴʢʠ ʚʢʣʶʯʘʻ ʚ ʩʝʙʝ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʤʘʡʙʫʪʥʽʭ 

ʥʘʚʘʥʪʘʞʝʥʴ ʥʘ ʝʢʟʝʤʧʣʷʨʠ ʟʘʩʪʦʩʫʥʢʫ. 

1.3.3 ʆʩʦʙʣʠʚʦʩʪʽ ʚʝʨʪʠʢʘʣʴʥʦʛʦ ʤʘʩʰʪʘʙʫʚʘʥʥʷ 

ʇʨʠ ʚʝʨʪʠʢʘʣʴʥʦʤʫ ʤʘʩʰʪʘʙʫʚʘʥʥʷ ʢʽʣʴʢʽʩʪʴ ʝʢʟʝʤʧʣʷʨʽʚ ʟʘʩʪʦʩʫʥʢʫ ʥʝ 

ʟʤʽʥʶʻʪʴʩʷ. ɸʜʘʧʪʘʮʽʷ ʟʘʛʘʣʴʥʦʛʦ ʦʙôʻʤʫ ʆʈ ʟʘʩʪʦʩʫʥʢʫ ʜʦ ʜʠʥʘʤʽʯʥʠʭ 

ʥʘʚʘʥʪʘʞʝʥʴ ʚʽʜʙʫʚʘʻʪʴʩʷ ʚʥʘʩʣʽʜʦʢ ʢʦʥʬʽʛʫʨʘʮʽʾ ʟʘʧʠʪʽʚ ʥʘ ʆʈ ʜʣʷ ʢʦʞʥʦʛʦ 

ʝʢʟʝʤʧʣʷʨʫ. ʊʘʢʝ ʤʘʩʰʪʘʙʫʚʘʥʥʷ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ, ʢʦʣʠ ʟʘʩʪʦʩʫʥʦʢ ʥʝ ʤʦʞʝ 

ʙʫʪʠ ʤʘʩʰʪʘʙʦʚʘʥʠʡ ʛʦʨʠʟʦʥʪʘʣʴʥʦ, ʟʦʢʨʝʤʘ, ʙʘʟʠ ʜʘʥʠʭ ʘʙʦ ʟʘʩʪʦʩʫʥʢʠ ʟ 

ʚʙʫʜʦʚʘʥʠʤ ʩʭʦʚʠʱʝʤ [32]. 
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ʈʠʩʫʥʦʢ 1.15 ï ɿʜʽʡʩʥʝʥʥʷ ʚʝʨʪʠʢʘʣʴʥʦʛʦ ʤʘʩʰʪʘʙʫʚʘʥʥʷ 

ʅʘ ʚʽʜʤʽʥʫ ʚʽʜ ʛʦʨʠʟʦʥʪʘʣʴʥʦʛʦ ʤʘʩʰʪʘʙʫʚʘʥʥʷ, ʚʝʨʪʠʢʘʣʴʥʝ 

ʦʙʤʝʞʫʻʪʴʩʷ ʦʙôʻʤʦʤ ʆʈ ʬʽʟʠʯʥʦʾ ʤʘʰʠʥʠ, ʥʘ ʷʢʦʤʫ ʨʦʟʤʽʱʫʻʪʴʩʷ ʝʢʟʝʤʧʣʷʨ 

ʟʘʩʪʦʩʫʥʢʫ. ʊʦʤʫ ʟʤʽʥʘ ʟʘʧʠʪʽʚ ʥʘ ʆʈ ʤʦʞʝ ʧʦʪʨʝʙʫʚʘʪʠ ʧʝʨʝʟʘʧʫʩʢʫ 

ʝʢʟʝʤʧʣʷʨʫ ʟʘʩʪʦʩʫʥʢʫ ʯʝʨʝʟ ʦʙʤʝʞʝʥʽʩʪʴ ʢʦʤʧʦʥʝʥʪʽʚ ʫʧʨʘʚʣʽʥʥʷ ʨʝʩʫʨʩʘʤʠ 

ʆʉ, ʥʘʧʨʠʢʣʘʜ, cgroups ʫ Linux, ʘʙʦ ʧʨʠ ʥʝʦʙʭʽʜʥʦʩʪʽ ʟʙʽʣʴʰʠʪʠ ʨʦʟʤʽʨ 

ʬʽʟʠʯʥʦʾ ʤʘʰʠʥʠ. 

ʅʘ ʚʽʜʤʽʥʫ ʚʽʜ ʛʦʨʠʟʦʥʪʘʣʴʥʦʛʦ ʤʘʩʰʪʘʙʫʚʘʥʥʷ, ʬʫʥʢʮʽʷ ʢʽʣʴʢʦʩʪʽ 

ʝʢʟʝʤʧʣʷʨʽʚ kl(t) ʜʣʷ l-ʛʦ ʟʘʩʪʦʩʫʥʢʫ ʤʘʻ ʧʦʩʪʽʡʥʝ ʟʥʘʯʝʥʥʷ. ʆʙôʻʤ 

ʟʘʨʝʟʝʨʚʦʚʘʥʦʛʦ y-ʛʦ ʪʠʧʫ ʨʝʩʫʨʩʫ ʻ ʬʫʥʢʮʽʻʶ Xly(t), ʷʢʘ ʚʠʟʥʘʯʘʻʪʴʩʷ 

ʥʘʩʪʫʧʥʠʤ ʯʠʥʦʤ: 

 
( )

( ) , 1, , 1, ,
ly

ly

ly

W t
X t l m y h

k

è ø
= = =é ù
é ùé ù

 (1.12) 

ʜʝ h ï ʢʽʣʴʢʽʩʪʴ ʪʠʧʽʚ ʨʝʩʫʨʩʽʚ ʜʣʷ ʫʧʨʘʚʣʽʥʥʷ, m ï ʢʽʣʴʢʽʩʪʴ ʟʘʩʪʦʩʫʥʢʽʚ ʫ 

ʢʣʘʩʪʝʨʽ, Wly(t) ï ʬʫʥʢʮʽʷ ʥʘʚʘʥʪʘʞʝʥʥʷ ʜʣʷ y-ʛʦ ʪʠʧʫ ʨʝʩʫʨʩʫ l-ʛʦ ʟʘʩʪʦʩʫʥʢʫ. 

ʇʨʠ ʥʘʷʚʥʦʩʪʽ ʢʽʣʴʢʦʭ ʝʢʟʝʤʧʣʷʨʽʚ ʟʘʩʪʦʩʫʥʢʫ ʜʣʷ ʷʢʠʭ ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ 

ʚʝʨʪʠʢʘʣʴʥʝ ʤʘʩʰʪʘʙʫʚʘʥʥʷ, ʥʝʦʙʭʽʜʥʦ ʚʨʘʭʦʚʫʚʘʪʠ ʤʘʢʩʠʤʘʣʴʥʝ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʢʦʞʥʦʛʦ ʪʠʧʫ ʆʈ, ʦʩʢʽʣʴʢʠ ʧʨʠ ʙʘʣʘʥʩʫʚʘʥʥʽ ʟʘʧʠʪʽʚ ʤʽʞ 

ʝʢʟʝʤʧʣʷʨʘʤʠ ʥʝ ʟʘʚʞʜʠ ʚʜʘʻʪʴʩʷ ʨʽʚʥʦʤʽʨʥʦ ʨʦʟʧʦʜʽʣʠʪʠ ʟʘʧʠʪʠ:  

 ( ) max( ( )), 1, , 1, , 1, ,
ly lyj

X t X t l m y h j k= = = = (1.13) 
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ʜʝ h ï ʢʽʣʴʢʽʩʪʴ ʪʠʧʽʚ ʨʝʩʫʨʩʽʚ ʜʣʷ ʫʧʨʘʚʣʽʥʥʷ, m ï ʢʽʣʴʢʽʩʪʴ ʟʘʩʪʦʩʫʥʢʽʚ ʫ 

ʢʣʘʩʪʝʨʽ, ʘ j ï ʢʽʣʴʢʽʩʪʴ ʝʢʟʝʤʧʣʷʨʽʚ l-ʛʦ ʟʘʩʪʦʩʫʥʢʫ. 

ʇʨʦʘʢʪʠʚʥʘ ʤʦʜʝʣʴ ʚʝʨʪʠʢʘʣʴʥʦʛʦ ʤʘʩʰʪʘʙʫʚʘʥʥʷ ʻ ʘʥʘʣʦʛʽʯʥʦʶ ʤʦʜʝʣʽ 

(1.11) ʛʦʨʠʟʦʥʪʘʣʴʥʦ ʤʘʩʰʪʘʙʫʚʘʥʥʷ ʪʘ ʚʠʟʥʘʯʘʻʪʴʩʷ ʥʘʩʪʫʧʥʠʤ ʯʠʥʦʤ: 
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 (1.14) 

ʜʝ h ï ʢʽʣʴʢʽʩʪʴ ʪʠʧʽʚ ʨʝʩʫʨʩʽʚ ʜʣʷ ʫʧʨʘʚʣʽʥʥʷ, m ï ʢʽʣʴʢʽʩʪʴ ʟʘʩʪʦʩʫʥʢʽʚ ʫ 

ʢʣʘʩʪʝʨʽ, j ï ʢʽʣʴʢʽʩʪʴ ʝʢʟʝʤʧʣʷʨʽʚ l-ʛʦ ʟʘʩʪʦʩʫʥʢʫ, ɖ
¬
ï ʯʘʩ ʟʘʪʨʠʤʢʠ 

ʤʘʩʰʪʘʙʫʚʘʥʥʷ ʚʛʦʨʫ. 

ʄʦʜʝʣʽ ʚʝʨʪʠʢʘʣʴʥʦʛʦ ʽ ʛʦʨʠʟʦʥʪʘʣʴʥʦʛʦ ʤʘʩʰʪʘʙʫʚʘʥʥʷ ʚ ʟʘʛʘʣʴʥʦʤʫ 

ʚʠʛʣʷʜʽ ʻ ʩʭʦʞʠʤʠ. ʊʦʤʫ ʟôʷʚʣʷʻʪʴʩʷ ʤʦʞʣʠʚʽʩʪʴ ʧʦʙʫʜʫʚʘʪʠ ʫʥʽʚʝʨʩʘʣʴʥʝ 

ʨʽʰʝʥʥʷ ʜʣʷ ʨʝʘʣʽʟʘʮʽʾ ʦʙʦʭ ʤʝʪʦʜʽʚ ʤʘʩʰʪʘʙʫʚʘʥʥʷ. 

1.4 ɸʥʘʣʽʟ ʟʘʜʘʯ ʫʧʨʘʚʣʽʥʥʷ ʦʙʯʠʩʣʶʚʘʣʴʥʠʤʠ ʨʝʩʫʨʩʘʤʠ ʧʨʠ ʫʧʨʘʚʣʽʥʥʽ 

ʷʢʽʩʪʶ ʧʦʩʣʫʛ 

1.4.1 ʆʙˇʨʫʥʪʫʚʘʥʥʷ ʥʝʦʙʭʜ̔ʥʦʩʪʽ ʜʦʩʣʽʜʞʝʥʥʷ ʪʘ ʨʦʟʨʦʙʢʠ ʤʝʪʦʜʽʚ 

ʤʘʩʰʪʘʙʫʚʘʥʥʷ 

ʇʨʠ ʘʥʘʣʽʟʽ ʟʘʜʘʯ ʫʧʨʘʚʣʽʥʥʷ ʆʈ ʩʧʦʯʘʪʢʫ ʥʝʦʙʭʽʜʥʦ ʩʬʦʨʤʫʣʶʚʘʪʠ 

ʢʦʥʪʝʢʩʪ, ʚ ʷʢʦʤʫ ʨʦʟʛʣʷʜʘʻʪʴʩʷ ʫʧʨʘʚʣʽʥʥʷ ʆʈ. ɺ ʥʝʟʘʣʝʞʥʦʩʪʽ ʚʽʜ 

ʧʨʠʟʥʘʯʝʥʥʷ ɯʉ ï ʙʽʟʥʝʩ, ʥʘʫʢʦʚʝ ʯʠ ʩʦʮʽʘʣʴʥʝ ʧʨʠʟʥʘʯʝʥʥʷ ï ʾʾ ʚʣʘʩʥʠʢʠ 

ʟʘʮʽʢʘʚʣʝʥʽ ʚ ʪʦʤʫ, ʱʦʙ ʥʘʜʘʚʘʪʠ ʥʘʣʝʞʥʠʡ ʨʽʚʝʥʴ QoS ʧʨʠ ʥʘʡʤʝʥʰʠʭ 

ʬʽʥʘʥʩʦʚʠʭ ʚʠʪʨʘʪʘʭ. ʊʦʤʫ ʧʨʠ ʚʠʨʽʰʝʥʥʽ ʟʘʜʘʯ, ʱʦ ʨʦʟʛʣʷʜʘʶʪʴʩʷ ʚ 

ʜʠʩʝʨʪʘʮʽʾ, ʚʨʘʭʦʚʫʻʪʴʩʷ ʢʨʠʪʝʨʽʡ ʟʘʙʝʟʧʝʯʝʥʥʷ ʩʪʘʙʽʣʴʥʦʛʦ ʨʽʚʥʷ ʷʢʦʩʪʽ 

ʩʝʨʚʽʩʽʚ ʧʨʠ ʤʽʥʽʤʽʟʘʮʽʾ ʦʙôʻʤʫ ʆʈ, ʱʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʟʘʩʪʦʩʫʥʢʘʤʠ. 

ʆʜʥʽʻʶ ʽʟ ʟʘʜʘʯ ʫʧʨʘʚʣʽʥʥʷ ʆʈ ʫ ʢʣʘʩʪʝʨʽ ʻ ʘʚʪʦʤʘʪʠʟʘʮʽʷ ʫʧʨʘʚʣʽʥʥʷ 

ʨʦʟʧʦʜʽʣʝʥʥʷʤ ʆʈ. ʆʩʥʦʚʥʠʤ ʽʥʩʪʨʫʤʝʥʪʦʤ ʫʧʨʘʚʣʽʥʥʷ ʆʈ, ʷʢʠʡ 

ʨʦʟʛʣʷʜʘʻʪʴʩʷ ʚ ʨʦʙʦʪʽ, ʻ ʤʘʩʰʪʘʙʫʚʘʥʥʷ ʟʘʩʪʦʩʫʥʢʽʚ. ʅʝʜʦʩʪʘʪʥʻ ʚʠʜʽʣʝʥʥʷ 

ʆʈ ʘʙʦ ʢʽʣʴʢʦʩʪʽ ʝʢʟʝʤʧʣʷʨʽʚ ʟʘʩʪʦʩʫʥʢʫ ʧʨʠʟʚʦʜʠʪ ɹ ʜʦ ʧʦʛʽʨʰʝʥʥʷ 

ʧʦʢʘʟʥʠʢʽʚ ʷʢʦʩʪʽ ʩʝʨʚʽʩʽʚ ʽ ʚ ʨʝʟʫʣʴʪʘʪʽ ʜʦ ʧʦʨʫʰʝʥʥʷ ʚʩʪʘʥʦʚʣʝʥʠʭ ʚʠʤʦʛ 
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SLA ɦ ʦʜʦ ʷʢʦʩʪʽ ɯʊ-ʧʦʩʣʫʛ, ʱʦ ʥʝʩʝ ʟʘ ʩʦʙʦʶ ʬʽʥʘʥʩʦʚʽ ʪʘ ʨʝʧʫʪʘʮʽʡʥʽ ʚʪʨʘʪʠ. 

ɺ ʪʦʡ ʞʝ ʯʘʩ, ʥʘʜʤʽʨʥʝ ʚʠʜʽʣʝʥʥʷ ʨʝʩʫʨʩʽʚ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʥʝʝʬʝʢʪʠʚʥʦʛʦ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʆʈ ʽ, ʷʢ ʥʘʩʣʽʜʦʢ, ʬʽʥʘʥʩʦʚʠʭ ʨʝʩʫʨʩʽʚ, ʷʢʽ ʤʦʞʥʘ ʙʫʣʦ ʙ 

ʚʠʢʦʨʠʩʪʘʪʠ ʜʣʷ ʚʠʨʽʰʝʥʥʷ ʽʥʰʠʭ ʦʙʯʠʩʣʶʚʘʣʴʥʠʭ ʟʘʜʘʯ. ʇʽʜʪʨʠʤʢʘ ʙʘʣʘʥʩʫ 

ʤʽʞ ʚʢʘʟʘʥʠʤʠ ʜʚʦʤʘ ʘʩʧʝʢʪʘʤʠ ʻ ʟʘʜʘʯʝʶ ʜʠʥʘʤʽʯʥʦʛʦ ʨʦʟʧʦʜʽʣʫ ʨʝʩʫʨʩʽʚ. 

ʉʫʯʘʩʥʽ ɯʉ ʤʦʞʫʪʴ ʚʢʣʶʯʘʪʠ ʪʠʩʷʯʽ ʨʽʟʥʠʭ ʟʘʩʪʦʩʫʥʢʽʚ, ʷʢʽ ʤʘʁʪʴ ʩʚʦʾ 

ʦʩʦʙʣʠʚʦʩʪʽ ʪʘ ʧʦʪʨʝʙʠ ʚ ʆʈ, ʱʦ ʟʥʘʯʥʦ ʫʩʢʣʘʜʥʶʻ ʚʠʨʽʰʝʥʥʷ ʟʘʜʘʯʽ 

ʫʧʨʘʚʣʽʥʥʷ ʆʈ. 

ʆʜʥʽʻʶ ʽʟ ʟʘʜʘʯ ʫʧʨʘʚʣʽʥʥʷ ʆʈ ʻ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʨʦʙʦʯʠʭ ʥʘʚʘʥʪʘʞʝʥʴ ʫ 

ʉʂʂɿ, ʦʩʢʽʣʴʢʠ ʥʘʷʚʥʽʩʪʴ ʜʘʥʠʭ ʧʨʦ ʤʘʡʙʫʪʥʽ ʥʘʚʘʥʪʘʞʝʥʥʷ ʥʘʜʘʻ ʤʦʞʣʠʚʽʩʪʴ 

ʟʥʘʯʥʦ ʝʬʝʢʪʠʚʥʽʰʝ ʧʣʘʥʫʚʘʪʠ ʨʦʟʧʦʜʽʣʝʥʥʷ ʆʈ ʜʣʷ ʟʘʩʪʦʩʫʥʢʽʚ ʪʘ ʟʘʛʘʣʴʥʠʡ 

ʦʙôʻʤ ʢʣʘʩʪʝʨʘ ʜʣʷ ʦʙʨʦʙʢʠ ʧʦʪʝʥʮʽʡʥʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ [38]. ʅʘʷʚʥʽʩʪʴ 

ʚʠʩʦʢʦʪʦʯʥʠʭ ʧʨʦʛʥʦʟʽʚ ʻ ʚʘʞʣʠʚʦʶ ʫʤʦʚʦʶ ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʥʝʦʙʭʽʜʥʦʛʦ 

ʨʽʚʥʷ QoS ʪʘ ʝʬʝʢʪʠʚʥʦʾ ʫʪʠʣʽʟʘʮʽʾ ʥʘʷʚʥʠʭ ʆʈ. ʈʦʙʦʯʽ ʥʘʚʘʥʪʘʞʝʥʥʷ ʤʘʶʪʴ 

ʦʜʥʫ ʘʙʦ ʜʝʢʽʣʴʢʘ ʩʝʟʦʥʥʦʩʪʝʡ ï ʰʘʙʣʦʥʽʚ ʥʘʚʘʥʪʘʞʝʥʴ, ʱʦ ʧʦʚʪʦʨʶʶʪʴʩʷ ʽʟ 

ʧʦʩʪʽʡʥʦʶ ʧʝʨʽʦʜʠʯʥʽʩʪʶ ʪʘ ʤʦʞʫʪʴ ʥʘʢʣʘʜʘʪʠʩʷ ï ʨʽʟʥʦʾ ʪʨʠʚʘʣʦʩʪʽ, ʪʝʥʜʝʥʮʽʾ 

ʟʨʦʩʪʘʥʥʷ ʘʙʦ ʟʤʝʥʰʝʥʥʷ ʪʘ ʽʥʰʽ ʦʩʦʙʣʠʚʦʩʪʽ [39]. ʅʘ ʦʩʥʦʚʽ ʘʥʘʣʽʟʫ ʯʘʩʦʚʠʭ 

ʨʷʜʽʚ ʤʦʞʥʘ ʧʨʦʛʥʦʟʫʚʘʪʠ ʢʽʣʴʢʽʩʪʴ ʟʘʧʠʪʽʚ ʢʦʨʠʩʪʫʚʘʯʽʚ ʽ, ʚʽʜʧʦʚʽʜʥʦ, 

ʤʘʡʙʫʪʥʽ ʧʦʪʨʝʙʠ ʟʘʩʪʦʩʫʥʢʽʚ ʚ ʆʈ. ɸʥʘʣʽʟ ʽʩʥʫʶʯʠʭ ʘʣʛʦʨʠʪʤʽʚ 

ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʪʘ ʾʭ ʘʜʘʧʪʘʮʽʷ ʜʦ ʫʧʨʘʚʣʽʥʥʷ ʦʙʩʷʛʘʤʠ ʆʈ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ 

ʨʦʙʦʯʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ ʫ ʢʣʘʩʪʝʨʽ ʻ ʦʜʥʽʻʶ ʟ ʧʽʜʟʘʜʘʯ ʜʘʥʦʾ ʜʠʩʝʨʪʘʮʽʾ. ɼʣʷ 

ʮʴʦʛʦ ʥʝʦʙʭʽʜʥʦ ʚʠʟʥʘʯʠʪʠ ʧʽʜʭʦʜʠ ʜʦ ʚʘʣʽʜʘʮʽʾ ʪʘ ʦʮʽʥʢʠ ʧʨʦʛʥʦʟʽʚ ʚ ʧʦʪʨʝʙʘʭ 

ʆʈ. 

ʊʘʢʦʞ ʥʝʦʙʭʽʜʥʦ ʨʦʟʛʣʷʥʫʪʠ ʟʘʜʘʯʫ ʽʜʝʥʪʠʬʽʢʘʮʽ ʾʘʥʦʤʘʣʽʡ ʨʦʙʦʯʠʭ 

ʥʘʚʘʥʪʘʞʝʥ ɹ ʫ ʢʣʘʩʪʝʨʽ. ʅʝʪʠʧʦʚʝ ʧʽʜʚʠʱʝʥʥʷ ʘʙʦ ʟʥʠʞʝʥʥʷ ʨʦʙʦʯʠʭ 

ʥʘʚʘʥʪʘʞʝʥʴ ʤʦʞʝ ʩʪʘʪʠʩʷ ʯʝʨʝʟ ʥʠʟʢʫ ʧʨʠʯʠʥ, ʟʦʢʨʝʤʘ, ʯʝʨʝʟ ʤʝʨʝʞʝʚʽ ʟʙʦʾ, 

ʚʽʜʤʦʚʠ ʚʽʜ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʢʦʤʧʦʥʝʥʪʽʚ ɯʉ, ʟʤʽʥʠ ʚ ʘʨʭʽʪʝʢʪʫʨʽ, ʩʝʟʦʥʥʽ 

ʢʦʣʠʚʘʥʥʷ ʘʙʦ ʩʚʷʪʘ. ʊʘʢ̔ ʧʦʜʽ ʾʟʜʝʙʽʣʴʰʦʛʦ ʥʝʤʦʞʣʠʚʦ ʧʝʨʝʜʙʘʯʠʪʠ, ʘ ʾʭ 

ʚʠʥʠʢʥʝʥʥʷ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʟʥʘʯʥʦʛʦ ʧʦʛʽʨʰʝʥʥʷ ʟʥʘʯʝʥʴ ʧʦʢʘʟʥʠʢʽʚ QoS ʫ 

ʧʝʨʽʦʜ ʨʝʘʛʫʚʘʥʥʷ ʉʋɯ ʘʙʦ ʜʦ ʟʥʘʯʥʦʾ ʟʙʠʪʢʦʚʦʩʪʽ ʨʝʟʝʨʚʫʚʘʥʥʷ ʆʈ. ʉʋɯ ʤʘʻ 
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ʰʚʠʜʢʦ ʨʝʘʛʫʚʘʪʠ ʥʘ ʘʥʦʤʘʣʴʥʽ ʧʦʜʽʾ ʪʘ ʚʽʜʧʦʚʽʜʥʦ ʽ ʘʜʘʧʪʫʚʘʪʠ ʦʙʩʷʛʠ ʆʈ ʜʦ 

ʧʦʪʦʯʥʠʭ ʧʦʪʨʝʙ. ɺʠʨʽʰʝʥʥʷ ʜʘʥʦʾ ʟʘʜʘʯʽ ʻ ʚʘʞʣʠʚʠʤ ʧʨʠ ʽʥʪʝʛʨʘʮʽʾ 

ʨʝʘʢʪʠʚʥʠʭ ʽ ʧʨʦʘʢʪʠʚʥʠʭ ʧʽʜʭʦʜʽʚ ʜʦ ʤʘʩʰʪʘʙʫʚʘʥʥʷ. ʆʜʥ̔ʻʶ ʽʟ ʟʘʜʘʯ ʜʘʥʦʾ 

ʜʠʩʝʨʪʘʮʽʾ  ̒ʧʦʰʫʢ ʨʽʰʝʥʴ, ʷʢʽ ʜʦʟʚʦʣʷʶʪʴ ʚʯʘʩʥʦ ʚʠʷʚʠʪʠ ʘʥʦʤʘʣʽʾ ʚ ʨʦʙʦʪʽ 

ʟʘʩʪʦʩʫʥʢʽʚ ʪʘ ʚʠʢʦʥʫʚʘʪʠ ʚʽʜʧʦʚʽʜʥʽ ʟʘʭʦʜʠ ʜʣʷ ʩʪʘʙʽʣʽʟʘʮʽʾ ʧʨʦʮʝʩʫ ʥʘʜʘʥʥʷ 

ɯʊ-ʧʦʩʣʫʛ ɯʉ. 

ʈʦʟʨʦʙʢʘ ʧʨʦʘʢʪʠʚʥʠʭ ʤʝʪʦʜʽʚ ʤʘʩʰʪʘʙʫʚʘʥʥʷ ʟʘʩʪʦʩʫʥʢʽʚ ̒  ʘʢʪʫʘʣʴʥʦʶ 

ʧʨʦʙʣʝʤʦʶ ʚ ʝʢʦʩʠʩʪʝʤʽ Kubernetes, ʦʩʢʽʣʴʢʠ ʩʪʘʥʜʘʨʪʥʽ ʽʥʩʪʨʫʤʝʥʪʠ ʥʝ 

ʥʘʜʘʶʪʴ ʪʘʢʦʾ ʤʦʞʣʠʚʦʩʪʽ [40], ʘ ʽʩʥʫʶʯʽ ʨʽʰʝʥʥʷ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʨʝʘʢʪʠʚʥʠʭ 

ʤʝʪʦʜʽʚ ʙʘʟʫʶʪʴʩʷ ʥʘ ʝʚʨʠʩʪʠʯʥʠʭ, ʪʦʤʫ ʥʝʪʦʯʥʠʭ ʘʣʛʦʨʠʪʤʘʭ. ʇʨʦʘʢʪʠʚʥʽ 

ʤʝʪʦʜʠ ʤʘʩʰʪʘʙʫʚʘʥʥʷ ʻ ʙʽʣʴʰ ʝʬʝʢʪʠʚʥʠʤʠ ʫ ʧʦʨʽʚʥʷʥʥʽ ʟ ʨʝʘʢʪʠʚʥʠʤ ʚ 

ʢʦʥʪʝʢʩʪʽ ʫʧʨʘʚʣʽʥʥʷ ʆʈ ʚ ɯʉ ʟ ʜʝʢʽʣʴʢʦʭ ʧʨʠʯʠʥ [33]. ʇʦ-ʧʝʨʰʝ, ʧʨʦʘʢʪʠʚʥʽ 

ʤʝʪʦʜʠ ʫʧʨʘʚʣʽʥʥʷ ʜʦʟʚʦʣʷʶʪʴ ʟʘʚʯʘʩʥʦ ʤʘʩʰʪʘʙʫʚʘʪʠ ʟʘʩʪʦʩʫʥʢʠ ʧʽʜ ʯʘʩ 

ʧʽʢʦʚʠʭ ʥʘʚʘʥʪʘʞʝʥʴ ʟʘʚʜʷʢʠ, ʥʘ ʧʨʠʢʣʘʜ, ʘʥʘʣʽʟʫ ʽʩʪʦʨʠʯʥʠʭ ʜʘʥʠʭ. ʎʝ 

ʜʦʟʚʦʣʷʻ ʟʥʘʯʥʦ ʟʤʝʥʰʠʪʠ ʨʠʟʠʢ ʧʦʛʽʨʰʝʥʥʷ ʧʦʢʘʟʥʠʢʽʚ QoS ʟʘ ʫʤʦʚ ʩʫʪʪʻʚʦʾ 

ʜʠʥʘʤʽʢʠ ʟʘʧʠʪʽʚ ʢʦʨʠʩʪʫʚʘʯʽʚ. ʇʦ-ʜʨʫʛʝ, ʮʝ ʜʦʟʚʦʣʷʻ ʟʥʘʯʥʦ ʟʤʝʥʰʠʪʠ 

ʥʘʜʤʽʨʥʝ ʨʝʟʝʨʚʫʚʘʥʥʷ ʆʈ ʟʘʚʜʷʢʠ ʧʨʦʛʥʦʟʫʚʘʥʥʶ ʥʝʦʙʭʽʜʥʦʛʦ ʦʙôʻʤʫ ʆʈ ʪʘ 

ʟʘʚʯʘʩʥʦʤʫ ʧʣʘʥʫʚʘʥʥʶ ʤʘʩʰʪʘʙʫʚʘʥʥʷ ʚʥʠʟ. ʈʝʘʢʪʠʚʥʝ ʤʘʩʰʪʘʙʫʚʘʥʥʷ 

ʚʚʝʨʭ ʟʜʽʡʩʥʶʻʪʴʩʷ ʟʘ ʬʘʢʪʦʤ ʧʦʷʚʠ ʥʘʜʤʽʨʥʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ. ɺʪʨʘʪʠ ʯʘʩʫ ʥʘ 

ʨʦʟʛʦʨʪʘʥʥʷ ʪʘ ʧʦʯʘʪʢʦʚʫ ʽʥʽʮʽʘʣʽʟʘʮʽʶ ʟʘʩʪʦʩʫʥʢʫ ʤʦʞʝ ʧʨʠʟʚʝʩʪʠ ʜʦ 

ʪʠʤʯʘʩʦʚʦʛʦ ʢʨʠʪʠʯʥʦʛʦ ʧʘʜʽʥʥʷ ʧʦʢʘʟʥʠʢʽʚ ʷʢʦʩʪʽ ɯʊ-ʧʦʩʣʫʛ, ʥʘʚʽʪʴ ʜʦ ʧʦʚʥʦʾ 

ʚʽʜʤʦʚʠ. ʇʨʦʘʢʪʠʚʥʠʡ ʧʽʜʭʽʜ, ʥʘ ʚʽʜʤʽʥʫ ʚʽʜ ʨʝʘʢʪʠʚʥʦʛʦ ʥʝ ʻ ʩʘʤʦʜʦʩʪʘʪʥʽʤ ʽ 

ʤʘʻ ʜʝʢʽʣʴʢʘ ʧʝʨʝʜʫʤʦʚ ʜʣʷ ʡʦʛʦ ʟʘʩʪʦʩʫʚʘʥʥʷ ï ʥʘʷʚʥʽʩʪʴ ʽʩʪʦʨʠʯʥʠʭ ʜʘʥʠʭ 

ʘʙʦ ʜʦʩʪʦʚʽʨʥʠʭ ʧʨʦʛʥʦʟʽʚ. ʋ ʪʘʢʠʭ ʚʠʧʘʜʢʘʭ ʢʦʨʝʢʪʥʘ ʨʦʙʦʪʘ ʟʘʩʪʦʩʫʥʢʽʚ ʟ 

ʝʬʝʢʪʠʚʥʠʤ ʚʠʢʦʨʠʩʪʘʥʥʷ ʆʈ ʤʦʞʝ ʙʫʪʠ ʟʘʙʝʟʧʝʯʝʥʘ ʰʣʷʭʦʤ ʽʥʪʝʛʨʘʮʽʾ 

ʧʨʦʘʢʪʠʚʥʦʛʦ ʽ ʨʝʘʢʪʠʚʥʦʛʦ ʤʝʪʦʜʽʚ ʤʘʩʰʪʘʙʫʚʘʥʥʷ. ɺʘʞʣʠʚʽʩʪʴ ʮʽʻʾ ʟʘʜʘʯʽ 

ʦʙʫʤʦʚʠʣʘ ʥʝʦʙʭʽʜʥʽʩʪʴ ʾʾ ʚʠʨʽʰʝʥʥʷ ʚ ʜʠʩʝʨʪʘʮʽʡʥʽʡ ʨʦʙʦʪʽ. 

ʇʨʠ ʥʘʷʚʥʦʩʪʽ ʚʠʩʦʢʦʪʦʯʥʠʭ ʧʨʦʛʥʦʟʽʚ ʧʨʦʘʢʪʠʚʥʽ ʤʝʪʦʜʠ ʜʦʟʚʦʣʷʶʪʴ 

ʟʘʚʯʘʩʥʦ ʢʝʨʫʚʘʪʠ ʦʙôʻʤʦʤ ʆʈ ʘʙʦ ʢʽʣʴʢʽʩʪ ʁ ʝʢʟʝʤʧʣʷʨʽʚ, ʱʦ ʜʦʟʚʦʣʷʻ 

ʦʧʝʨʘʪʠʚʥʦ ʨʝʘʛʫʚʘʪʠ ʥʘ ʜʠʥʘʤʽʯʥʽ ʟʤʽʥʠ ʥʘʚʘʥʪʘʞʝʥʴ. ʇʨʦʪʝ ʥʠʟʢʘ ʬʘʢʪʦʨʽʚ, 
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ʥʘʧʨʠʢʣʘʜ, ʘʥʦʤʘʣʴʥʽ ʥʘʚʘʥʪʘʞʝʥʥʷ, ʚʪʨʘʪʘ ʘʙʦ ʥʝʜʦʩʪʫʧʥʽʩʪʴ ʽʩʪʦʨʠʯʥʠʭ 

ʜʘʥʠʭ, ʟʤʽʥʠ ʢʦʥʬʽʛʫʨʘʮʽʾ ɯʊ-ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ, ʧʨʠʟʚʦʜʷʪʴ ʜʦ ʩʫʪʪʻʚʦʛʦ 

ʧʦʛʽʨʰʝʥʥʷ ʪʦʯʥʦʩʪʽ ʧʨʦʛʥʦʟʽʚ ʤʘʡʙʫʪʥʽʭ ʥʘʚʘʥʪʘʞʝʥʴ. ɺ ʪʘʢʠʭ ʚʠʧʘʜʢʘʭ 

ʨʝʘʢʪʠʚʥʽ ʤʝʪʦʜʠ ʜʦʟʚʦʣʷʶʪʴ ʩʪʘʙʽʣʽʟʫʚʘʪʠ ʩʠʩʪʝʤʫ ʜʦʪʠ, ʧʦʢʠ ʟʥʦʚ ʥʝ 

ʟôʷʚʣ̫ ʪʴʩʷ ʪʦʯʥʽ ʜʘʥʽ ʧʨʦ ʤʘʡʙʫʪʥʽ ʨʦʙʦʯʽ ʥʘʚʘʥʪʘʞʝʥʥʷ. ɻʽʙʨʠʜʥʠʡ ʤʝʪʦʜ, ʱʦ 

ʧʦʻʜʥʫʻ ʧʨʦʘʢʪʠʚʥʠʡ ʽ ʨʝʘʢʪʠʚʥʠʡ ʢʦʤʧʦʥʝʥʪʠ ʤʘʩʰʪʘʙʫʚʘʥʥʷ, ʟʘʚʜʷʢʠ 

ʢʦʤʙʽʥʫʚʘʥʥʷ, ʤʦʞʝ ʥʽʚʝʣʶʚʘʪʠ ʦʧʠʩʘʥʽ ʥʝʜʦʣʽʢʠ ʦʙʦʭ ʤʝʪʦʜʽʚ. ʆʩʥʦʚʥʦʶ 

ʟʘʜʘʯʝʶ ʜʣʷ ʨʝʘʣʽʟʘʮʽʾ ʢʦʤʙʽʥʦʚʘʥʦʛʦ ʧʽʜʭʦʜʫ ɯʊ ʫʧʨʘʚʣʽʥʥʷ ʨʝʩʫʨʩʘʤʠ ʻ 

ʨʦʟʨʦʙʢʘ ʤʝʪʦʜʫ ʚʠʟʥʘʯʝʥʥʷ ʥʝʦʙʭʽʜʥʦʩʪʽ ʟʤʽʥʠ ʨʝʞʠʤʫ ʫʧʨʘʚʣʽʥʥʷ ʚ ʉʂʂɿ. 

ʄʦʞʣʠʚʦʩʪʽ ʚʝʨʪʠʢʘʣʴʥʦʛʦ ʤʘʩʰʪʘʙʫʚʘʥʥʷ ʦʙʤʝʞʝʥʽ ʆʈ ʦʜʥʦʛʦ ʚʫʟʣʘ. 

ɻʦʨʠʟʦʥʪʘʣʴʥʝ ʤʘʩʰʪʘʙʫʚʘʥʥʷ ʧʦʟʙʘʚʣʝʥʦ ʮʴʦʛʦ ʥʝʜʦʣʽʢʘ. ʇʨʦʪʝ, 

ʚʝʨʪʠʢʘʣʴʥʠʡ ʪʠʧ ʤʘʩʰʪʘʙʫʚʘʥʥʷ ʤʦʞʝ ʙʫʪʠ ʢʦʨʠʩʥʠʤ ʜʣʷ ʧʽʜʪʨʠʤʘʥʥʷ 

ʥʝʦʙʭʽʜʥʦʾ ʧʨʦʧʦʨʮʽʾ ʆʈ, ʱʦ ʜʦʟʚʦʣʠʪʴ ʟʤʝʥʰʠʪʠ ʟʙʠʪʢʦʚʝ ʨʝʟʝʨʚʫʚʘʥʥʷ 

ʨʝʩʫʨʩʽʚ. ʂʨʽʤ ʪʦʛʦ, ʚʝʨʪʠʢʘʣʴʥʠʡ ʤʝʪʦʜ ʻ ʥʝʦʙʭʽʜʥʠʤ ʜʣʷ ʟʘʧʦʙʽʛʘʥʥʷ 

ʚʽʜʤʦʚʘʤ ʚʽʜ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʯʝʨʝʟ ʥʝʩʪʘʯʫ ʢʨʠʪʠʯʥʠʭ ʨʝʩʫʨʩʽʚ, ʟʦʢʨʝʤʘ, 

ʧʘʤôʷʪʽ ʪʘ OOM ʧʦʤʠʣʦʢ. ɼʘʥʘ ʟʘʜʘʯʘ ʧʦʣʷʛʘʻ ʚ ʢʦʦʨʜʠʥʫʚʘʥʥʽ 

ʛʦʨʠʟʦʥʪʘʣʴʥʦʛʦ ʪʘ ʚʝʨʪʠʢʘʣʴʥʦʛʦ ʤʘʩʰʪʘʙʫʚʘʥʥʷ ʜʣʷ ʟʙʽʣʴʰʝʥʥʷ 

ʝʬʝʢʪʠʚʥʦʩʪʽ ʚʠʢʦʨʠʩʪʘʥʥʷ ʆʈ ʽ ʦʧʝʨʘʪʠʚʥʦʛʦ ʫʩʫʥʝʥʥʷ ʧʦʤʠʣʦʢ ʥʝʩʪʘʯʽ ʆʈ. 

ʈʝʩʫʨʩʠ ʢʣʘʩʪʝʨʘ ʤʘʶʪʴ ʦʙʤʝʞʝʥʫ ʢʽʣʴʢʽʩʪʴ ʚʫʟʣʽʚ ʽ ʆʈ, ʱʦ ʥʝʦʙʭʽʜʥʦ 

ʚʨʘʭʦʚʫʚʘʪʠ ʧʨʠ ʧʣʘʥʫʚʘʥʥʽ ʚʠʢʦʨʠʩʪʘʥʥʷ ʆʈ. ʍʤʘʨʥʽ ʧʨʦʚʘʡʜʝʨʠ ʥʘʜʘʶʪʴ 

ʤʦʞʣʠʚʽʩʪʴ ʜʦʜʘʚʘʪʠ ʥʦʚʽ ʚʫʟʣʠ ʚ ʢʣʘʩʪʝʨ ʚ ʭʦʜʽ ʨʦʙʦʪʠ ʫ ʨʘʟʽ ʧʦʪʨʝʙʠ. 

ɺʠʢʦʨʠʩʪʦʚʫʶʯʠ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʨʦʙʦʯʠʭ ʥʘʚʘʥʪʘʞʝʥʴ, ʤʦʞʣʠʚʦ 

ʤʘʩʰʪʘʙʫʚʘʪʠ ʥʝ ʪʽʣʴʢʠ ʟʘʩʪʦʩʫʥʢʠ, ʘ ʪʘʢʦʞ ʢʣʘʩʪʝʨ. ʅʝʦʙʭʽʜʥʦ ʤʘʪʠ 

ʤʦʞʣʠʚʽʩʪʴ ʤʘʩʰʪʘʙʫʚʘʪʠʩʷ, ʢʦʣʠ ʧʦʪʦʯʥʠʭ ʨʝʩʫʨʩʽʚ ʢʣʘʩʪʝʨʘ ʥʝ ʚʠʩʪʘʯʘʻ ʜʣʷ 

ʟʘʙʝʟʧʝʯʝʥʥʷ ʚʩʽʭ ʥʝʦʙʭʽʜʥʠʭ ʨʦʙʦʯʠʭ ʥʘʚʘʥʪʘʞʝʥʴ, ʪʦʤʫ ʜʘʥʘ ʟʘʜʘʯʘ ʧʦʣʷʛʘʻ 

ʚ ʘʚʪʦʤʘʪʠʟʘʮʽʾ ʜʦʜʘʚʘʥʥʷ ʚʫʟʣʽʚ ʚ ʢʣʘʩʪʝʨ ʽʟ ʟʘʩʪʦʩʫʚʘʥʥʷʤ ʧʨʦʘʢʪʠʚʥʠʭ 

ʤʝʪʦʜʽʚ ʜʣʷ ʟʤʝʥʰʝʥʥʷ ʟʘʪʨʠʤʦʢ ʨʦʟʛʦʨʪʘʥʥʷ ʥʦʚʠʭ ʝʢʟʝʤʧʣʷʨʽʚ ʟʘʩʪʦʩʫʥʢʽʚ ̔  

ʧʽʜʪʨʠʤʘʥʥʷ ʥʝʦʙʭʽʜʥʠʭ QoS.  
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ʈʠʩʫʥʦʢ 1.16 ï ɼʽʘʛʨʘʤʘ ʟʘʜʘʯ ʫʧʨʘʚʣʽʥʥʷ ʆʈ ʫ ʢʣʘʩʪʝʨʽ 

ʅʘ ʨʠʩ. 1.16 ʟʦʙʨʘʞʝʥʦ ʜʽʘʛʨʘʤʫ ʧʦʩʣʽʜʦʚʥʦʩʪʽ ʚʠʨʽʰʝʥʥʷ ʟʘʜʘʯ. 

ɿʦʢʨʝʤʘ, ʜʣʷ ʨʦʟʨʦʙʢʠ ʧʨʦʘʢʪʠʚʥʠʭ ʤʝʪʦʜʽʚ ʥʝʦʙʭʽʜʥʦ ʩʧʦʯʘʪʢʫ ʤʘʪʠ ʤʦʜʝʣʽ 

ʧʨʦʛʥʦʟʽʚ ʥʘʚʘʥʪʘʞʝʥʥʷ, ʘ ʪʘʢʦʞ ʾʭʥʴʦʾ ʚʘʣʽʜʘʮʽʾ. ɯʥʰʽ ʟʘʜʘʯʽ ʻ ʢʦʤʙʽʥʘʮʽʻʶ 

ʜʚʦʭ ʤʝʪʦʜʽʚ ʜʣʷ ʧʦʢʨʘʱʝʥʥʷ ʩʫʤʘʨʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ, ʟʦʢʨʝʤʘ ʽʥʪʝʛʨʘʮʽʷ 

ʧʨʦʘʢʪʠʚʥʠʭ ʽ ʨʝʘʢʪʠʚʥʠʭ ʤʝʪʦʜʽʚ. 

1.4.2 ɺʠʟʥʘʯʝʥʥʷ ʬʫʥʢʮʽʦʥʘʣʫ ʨʽʰʝʥʴ ʜʣʷ ʫʧʨʘʚʣʽʥʥʷ ʨʝʩʫʨʩʘʤʠ 

ɸʢʪʫʘʣʴʥʽ ʨʽʰʝʥʥʷ ʜʣʷ ʫʧʨʘʚʣʽʥʥʷ ʆʈ ʚ ʢʣʘʩʪʝʨʽ ʻ ʢʦʤʧʣʝʢʩʥʠʤʠ 

ʩʠʩʪʝʤʘʤʠ, ʷʢʽ ʚʢʣʶʯʘʶʪʴ ʢʦʤʧʦʥʝʥʪʠ ʤʦʥʽʪʦʨʠʥʛʫ ʩʪʘʥʫ ʩʠʩʪʝʤʠ ʪʘ ʦʢʨʝʤʠʭ 

ʟʘʩʪʦʩʫʥʢʽʚ, ʘʥʘʣʽʟʫ ʝʬʝʢʪʠʚʥʦʩʪʽ ʫʪʠʣʽʟʘʮʽʾ ʨʝʩʫʨʩʽʚ, ʧʨʦʛʥʦʟʫʚʘʥʥʷ 

ʤʘʡʙʫʪʥʽʭ ʦʙôʻʤʽʚ ʥʘʚʘʥʪʘʞʝʥʴ, ʧʣʘʥʫʚʘʥʥʷ ʤʘʩʰʪʘʙʫʚʘʥʥʷ ʪʘ ʙʝʟʧʦʩʝʨʝʜʥʴʦ 

ʢʝʨʫʚʘʥʥʷ ʨʦʟʧʦʜʽʣʝʥʥʷʤ ʥʘʷʚʥʠʭ ʨʝʩʫʨʩʽʚ. ʆʩʥʦʚʥʽ ʟʘʜʘʯʽ ɯʊ ʪʘ ʉʂʂɿ ʻ 

ʥʘʩʪʫʧʥʠʤʠ: 

ï ʤʦʥʽʪʦʨʠʥʛ ʚʠʢʦʨʠʩʪʘʥʥʷ ʆʈ ʟʘʩʪʦʩʫʥʢʘʤʠ, ʟʘʧʠʪʽʚ ʥʘ ʆʈ, ʥʘʷʚʥʦʛʦ 

ʚʽʣʴʥʦʛʦ ʦʙôʻʤʫ ʆʈ ʪʘ ʧʨʘʮʝʟʜʘʪʥʦʩʪʽ ʢʦʤʧʦʥʝʥʪʽʚ, ʚ ʪʦʤʫ ʯʠʩʣʽ ʧʦʤʠʣʦʢ ʚ 

ʨʦʙʦʪʽ ʟʘʩʪʦʩʫʥʢʽʚ, ʱʦ ʚʠʢʣʠʢʘʥʽ ʥʝʢʦʨʝʢʪʥʠʤ ʨʦʟʧʦʜʽʣʝʥʥʷʤ ʆʈ; 

ï ʦʙʨʦʙʢʘ, ʘʛʨʝʛʘʮʽʷ ʪʘ ʟʙʝʨʽʛʘʥʥʷ ʜʘʥʠʭ ʤʦʥʽʪʦʨʠʥʛʫ ʟ ʤʝʪʦʶ 

ʧʦʜʘʣʴʰʦʛʦ ʘʥʘʣʽʟʫ ʧʨʠ ʧʣʘʥʫʚʘʥʥʽ ʨʦʟʧʦʜʽʣʝʥʥʷ ʆʈ ʤʽʞ ʟʘʩʪʦʩʫʥʢʘʤʠ 

ʢʣʘʩʪʝʨʘ; 
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ï ʚʽʜʩʪʝʞʫʚʘʥʥʷ ʨʽʚʥʷ QoS ʪʘ ʡʦʛʦ ʢʦʥʪʨʦʣʴ ʫ ʨʘʟʽ ʥʝʦʙʭʽʜʥʦʩʪʽ ʰʣʷʭʦʤ 

ʘʜʘʧʪʘʮʽʾ ʚʝʨʪʠʢʘʣʴʥʦʾ ʪʘ ʛʦʨʠʟʦʥʪʘʣʴʥʦʾ ʢʦʥʬʽʛʫʨʘʮʽʾ ʢʦʤʧʦʥʝʥʪʽʚ ʮʽʣʴʦʚʦʾ 

ʩʠʩʪʝʤʠ; 

ï ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʤʘʡʙʫʪʥʽʭ ʥʘʚʘʥʪʘʞʝʥʴ ʪʘ ʧʦʪʨʝʙ ʫ ʆʈ ʟ ʤʝʪʦʶ 

ʧʦʜʘʣʴʰʦʛʦ ʧʣʘʥʫʚʘʥʥʷ ʪʘ ʧʨʦʘʢʪʠʚʥʦʛʦ ʫʧʨʘʚʣʽʥʥʷ ʆʈ, ʧʨʦʛʥʦʟʫʚʘʥʥʷ 

ʧʦʪʝʥʮʽʡʥʠʭ ʢʨʠʪʠʯʥʠʭ ʩʪʘʥʽʚ ɯʉ; 

ï ʧʣʘʥʫʚʘʥʥʷ ʨʦʟʧʦʜʽʣʝʥʥʷ ʥʘʷʚʥʠʭ ʆʈ ʪʘ ʨʦʟʰʠʨʝʥʥʷ ʢʣʘʩʪʝʨʘ ʫ ʨʘʟʽ 

ʥʝʦʙʭʽʜʥʦʩʪʽ; 

ï ʫʧʨʘʚʣʽʥʥʷ ʨʦʟʧʦʜʽʣʝʥʥʷʤ ʆʈ ʰʣʷʭʦʤ ʚʝʨʪʠʢʘʣʴʥʦʛʦ ʪʘ 

ʛʦʨʠʟʦʥʪʘʣʴʥʦʛʦ ʤʘʩʰʪʘʙʫʚʘʥʥʷ ʽ ʧʨʽʦʨʠʪʝʟʘʮʽʻʶ ʢʦʤʧʦʥʝʥʪʽʚ; 

ï ʨʝʘʛʫʚʘʥʥʷ ʪʘ ʦʧʝʨʘʪʠʚʥʝ ʫʩʫʥʝʥʥʷ ʧʦʤʠʣʦʢ ʚ ʨʦʙʦʪʽ ʢʦʤʧʦʥʝʥʪʽʚ ɯʉ 

ʚʠʢʣʠʢʘʥʠʭ ʥʝʢʦʨʝʢʪʥʠʤ ʨʦʟʧʦʜʽʣʝʥʥʷʤ ʆʈ ʘʙʦ ʘʥʦʤʘʣʴʥʠʤ ʦʙôʻʤʦʤ 

ʥʘʚʘʥʪʘʞʝʥʥʷ; 

ï ʩʠʛʥʘʣʽʟʫʚʘʥʥʷ ʧʨʦ ʥʘʷʚʥʽ ʘʙʦ ʧʦʪʝʥʮʽʡʥʽ ʧʨʦʙʣʝʤʠ ʧʨʠ ʫʧʨʘʚʣʽʥʥʽ 

ʆʈ, ʷʢʽ ʥʝ ʤʦʞʫʪʴ ʙʫʪʠ ʫʩʫʥʝʥʽ ʚ ʘʚʪʦʤʘʪʠʯʥʦʤʫ ʨʝʞʠʤʽ. 

ʂʨʽʤ ʬʫʥʢʮʽʦʥʘʣʫ ɯʊ ʪʘ ʩʠʩʪʝʤʠ ʫʧʨʘʚʣʽʥʥʷ ʆʈ ʚʠʟʥʘʯʠʤʦ ʚʠʤʦʛʠ ʜʦ ɯʊ 

ʪʘ ʩʠʩʪʝʤʠ ʫʧʨʘʚʣʽʥʥʷ ʆʈ, ʷʢʽ ʦʙʫʤʦʚʣʶʶʪʴ ʾʾ ʟʜʘʪʥʽʩʪʴ ʧʨʘʮʶʚʘʪʠ ʚ ʫʤʦʚʘʭ 

ʩʫʯʘʩʥʠʭ ʧʘʨʘʜʠʛʤ ʥʘʜʘʥʥʷ ɯʊ-ʧʦʩʣʫʛ: 

ï ʟʜʘʪʥʽʩʪʴ ʧʨʘʮʶʚʘʪʠ ʥʝʟʘʣʝʞʥʦ ʚʽʜ ʘʨʭʽʪʝʢʪʫʨʠ ʪʘ ʚʠʨʦʙʥʠʢʘ 

ʧʨʦʮʝʩʦʨʘ, ʧʘʤôʷʪʽ ʪʘ ʽʥʰʠʭ ʪʠʧʽʚ ʨʝʩʫʨʩʽʚ, ʥʘʧʨʠʢʣʘʜ, ʧʽʜʪʨʠʤʢʘ ʷʢ X64 ʪʘ 

ARM, ʱʦ ʜʦʟʚʦʣʠʪʴ ʧʨʘʮʶʚʘʪʠ ʟ ʛʽʙʨʠʜʥʠʤʠ ʢʣʘʩʪʝʨʘʤʠ, ʷʢʽ ʚʢʣʶʯʘʶʪʴ ʨʽʟʥʽ 

ʪʝʭʥʦʣʦʛʽʾ, ʱʦ ʧʦʢʨʘʱʫʻ ʟʜʘʪʥʽʩʪʴ ʜʦ ʤʘʩʰʪʘʙʫʚʘʥʥʷ ʢʣʘʩʪʝʨʘ ʚ ʤʘʡʙʫʪʥʴʦʤʫ; 

ï ʨʦʟʧʦʜʽʣʝʥʽʩʪʴ ʪʘ ʜʫʙʣʶʚʘʥʥʷ ʢʦʤʧʦʥʝʥʪʽʚ ʩʠʩʪʝʤʠ ʫʧʨʘʚʣʽʥʥʷ ʆʈ ʜʣʷ 

ʧʽʜʚʠʱʝʥʥʷ ʥʘʜʽʡʥʦʩʪʽ, ʦʩʢʽʣʴʢʠ ʥʝʢʦʨʝʢʪʥʘ ʨʦʙʦʪʘ ʩʠʩʪʝʤʠ ʤʦʞʝ ʧʨʠʟʚʝʩʪʠ 

ʜʦ ʥʝʢʦʨʝʢʪʥʦʛʦ ʧʣʘʥʫʚʘʥʥʷ, ʚʽʜʤʦʚʠ ʚʽʜ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʘʙʦ ʧʦʛʽʨʰʝʥʥʷ 

ʨʽʚʥʷ QoS; 

ï ʚʠʩʦʢʘ ʰʚʠʜʢʽʩʪʴ ʨʝʘʛʫʚʘʥʥʷ ʥʘ ʧʦʛʽʨʰʝʥʥʷ ʨʽʚʥʷ QoS ʪʘ ʧʦʤʠʣʢʠ, ʱʦ 

ʚʠʥʠʢʘʶʪʴ; 

ï ʧʽʜʪʨʠʤʢʘ ʨʽʟʥʠʭ ʪʠʧʽʚ ʆʈ, ʥʘʧʨʠʢʣʘʜ, ʦʢʨʽʤ ʧʨʦʮʝʩʦʨʥʦʛʦ ʯʘʩʫ ʪʘ 

ʧʘʤôʷʪʽ, ʫʧʨʘʚʣʽʥʥʷ ʤʦʞʝ ʟʜʽʡʩʥʶʚʘʪʠʩʷ ʜʣʷ ʧʨʦʧʫʩʢʥʦʾ ʟʜʘʪʥʦʩʪʽ ʤʝʨʝʞʽ, 



51 

ʥʘʷʚʥʦʛʦ ʜʠʩʢʦʚʦʛʦ ʧʨʦʩʪʦʨʫ, ʩʧʝʮʽʘʣʴʥʠʭ ʧʨʠʩʪʨʦʾʚ, ʥʘʧʨʠʢʣʘʜ, ʛʨʘʬʽʯʥʠʭ 

ʧʨʦʮʝʩʦʨʽʚ; 

ï ʤʘʩʰʪʘʙʦʚʘʥʽʩʪʴ ʢʦʤʧʦʥʝʥʪʽʚ ʩʠʩʪʝʤʠ ʫʧʨʘʚʣʽʥʥʷ ʆʈ ʟ ʤʝʪʦʶ 

ʧʽʜʪʨʠʤʢʠ ʟʥʘʯʥʦʾ ʢʽʣʴʢʦʩʪʽ ʚʫʟʣʽʚ ʢʣʘʩʪʝʨʘ ʽ ʚʽʜʧʦʚʽʜʥʦ ʟʥʘʯʥʦʾ ʢʽʣʴʢʦʩʪʽ 

ʟʘʩʪʦʩʫʥʢʽʚ ʨʦʟʤʽʱʝʥʠʭ ʥʘ ʜʘʥʠʭ ʚʫʟʣʘʭ. 

ʅʘ ʦʩʥʦʚʽ ʚʠʟʥʘʯʝʥʠʭ ʬʫʥʢʮʽʦʥʘʣʴʥʠʭ ʪʘ ʥʝʬʫʥʢʮʽʦʥʘʣʴʥʠʭ ʚʠʤʦʛ 

ʤʦʞʝʤʦ ʚʠʟʥʘʯʘʪʠ ʩʪʨʫʢʪʫʨʫ ʩʠʩʪʝʤʠ ʫʧʨʘʚʣʽʥʥʷ ʆʈ. 

ɺʠʩʥʦʚʢʠ ʜʦ ʨʦʟʜʽʣʫ 1 

ʅʘ ʦʩʥʦʚʽ ʧʨʦʚʝʜʝʥʦʛʦ ʘʥʘʣʽʟʫ ʧʦʪʦʯʥʦʛʦ ʩʪʘʥʫ ʽ ʧʨʦʙʣʝʤ ʫʧʨʘʚʣʽʥʥʷ 

ʆʈ, ʘ ʪʘʢʦʞ ʦʩʦʙʣʠʚʦʩʪʝʡ ʫʧʨʘʚʣʽʥʥʷ ɯʊ-ʽʥʬʨʘʩʪʨʫʢʪʫʨʦʶ ʚ ʮʽʣʦʤʫ ʚʠʟʥʘʯʝʥʽ 

ʘʢʪʫʘʣʴʥʽ ʧʨʦʙʣʝʤʠ ʫʧʨʘʚʣʽʥʥʷ ʆʈ ʪʘ ʬʫʥʢʮʽʦʥʘʣ ɯʊ ʪʘ ʉʋ, ʱʦ ʾʭ ʚʠʨʽʰʫʶʪʴ. 

ʌʦʨʤʘʣʽʟʦʚʘʥʦ ʟʘʛʘʣʴʥʫ ʤʦʜʝʣʴ ʢʣʘʩʪʝʨʘ, ʚ ̫ʢ̔ʡ ʚʠʢʦʥʫʶʪʴʩʷ ʧʨʦʮʝʩʠ 

ʨʦʟʤʽʱʝʥʥʷ ʢʦʥʪʝʡʥʝʨʽʚ ʥʘ ʚʫʟʣʘʭ, ʦʥʦʚʣʝʥʥʷ ʢʦʥʬʽʛʫʨʘʮʽʾ ʨʝʩʫʨʩʽʚ, 

ʤʦʥʽʪʦʨʠʥʛʫ ʪʘ ʙʘʣʘʥʩʫʚʘʥʥʷ ʥʘʚʘʥʪʘʞʝʥʥʷ. ʅʘ ʦʩʥʦʚʽ ʤʦʜʝʣʽ ʚʠʟʥʘʯʝʥ ̔

ʦʙʤʝʞʝʥʥʷ ʪʘ ʽʥʩʪʨʫʤʝʥʪʠ, ʷʢʽ ʥʝʦʙʭʽʜʥʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʧʨʠ ʨʦʟʨʦʙʮʽ 

ʤʝʪʦʜʽʚ ʪʘ ʽʥʬʦʨʤʘʮʽʡʥʦʾ ʪʝʭʥʦʣʦʛʽʾ ʫʧʨʘʚʣʽʥʥʷ ʚ ʧʦʜʘʣʴʰʦʤʫ. 

ʇʨʦʚʝʜʝʥʦ ʧʦʨʽʚʥʷʣʴʥʠʡ ʘʥʘʣʽʟ ʚʽʨʪʫʘʣʽʟʘʮʽʾ ʪʘ ʢʦʥʪʝʡʥʝʨʠʟʘʮʽʾ. 

ɺʠʟʥʘʯʝʥʽ ʧʝʨʝʚʘʛʠ ʪʘ ʥʝʜʦʣʽʢʠ ʦʙʦʭ ʤʝʪʦʜʽʚ ʨʦʟʛʦʨʪʘʥʥʷ ʧʨʦʛʨʘʤʥʠʭ 

ʟʘʩʪʦʩʫʥʢʽʚ ʥʘ ʬʽʟʠʯʥʠʭ ʘʙʦ ʚʽʨʪʫʘʣʴʥʠʭ ʤʘʰʠʥʘʭ. ɸʥʘʣʽʟ ʜʦʟʚʦʣʠʚ 

ʦʙˇʨʫʥʪʫʚʘʪʠ ʚʠʢʦʨʠʩʪʘʥʥʷ ʩʘʤʝ ʪʝʭʥʦʣʦʛʽʾ ʢʦʥʪʝʡʥʝʨʠʟʘʮʽʾ ʜʣʷ ʰʚʠʜʢʦʛʦ ʽ 

ʛʥʫʯʢʦʛʦ ʫʧʨʘʚʣʽʥʥʷ ʨʦʟʛʦʨʪʘʥʥʷʤ ʟʘʩʪʦʩʫʥʢʽʚ. 

 ʈʦʟʛʣʷʥʫʪʦ ʽʩʥʫʶʯʽ ʟʘʩʦʙʠ ʜʣʷ ʫʧʨʘʚʣʽʥʥʷ ʆʈ ʚ ʢʣʘʩʪʝʨʘʭ. ɿʜʽʡʩʥʝʥʦ 

ʘʥʘʣʽʟ ʛʦʨʠʟʦʥʪʘʣʴʥʦʛʦ ʽ ʚʝʨʪʠʢʘʣʴʥʦʛʦ ʤʘʩʰʪʘʙʫʚʘʥʥʷ, ʾʭ ʧʝʨʝʚʘʛ, ʥʝʜʦʣʽʢʽʚ 

ʪʘ ʤʦʞʣʠʚʠʭ ʩʮʝʥʘʨʽʾʚ ʚʠʢʦʨʠʩʪʘʥʥʷ. ʆʧʠʩʘʥʦ ʘʥʘʣʽʪʠʯʥʫ ʤʦʜʝʣʴ 

ʤʘʩʰʪʘʙʫʚʘʥʥʷ. 
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2 ʈʆɿʈʆɹʂɸ ʇʈʆɸʂʊʀɺʅʀʍ ʄɽʊʆɼɯɺ ʄɸʉʐʊɸɹʋɺɸʅʅʗ 

ʇʨʦʘʢʪʠʚʥʝ ʤʘʩʰʪʘʙʫʚʘʥʥʷ ï ʤʝʪʦʜ ʫʧʨʘʚʣʽʥʥʷ ʆʈ ʚ ɯʉ ʟ 

ʧʨʦʛʥʦʟʫʚʘʥʥʷʤ ʤʘʡʙʫʪʥʴʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ ʥʘ ʟʘʩʪʦʩʫʥʦʢ ʪʘ ʧʦʧʝʨʝʜʥʴʦʾ 

ʧʽʜʛʦʪʦʚʢʠ ʜʦ ʟʙʽʣʴʰʝʥʥʷ ʨʝʩʫʨʩʽʚ, ʱʦ ʥʘʜʘʶʪʴʩʷ. ʄʝʪʦʜʠ ʧʨʦʘʢʪʠʚʥʦʛʦ 

ʤʘʩʰʪʘʙʫʚʘʥʥʷ ʥʝʦʙʭʽʜʥʽ ʫ ʢʦʥʪʝʢʩʪʽ ʜʦʪʨʠʤʘʥʥʷ ʚʠʤʦʛ SLA, ʥʘʧʨʠʢʣʘʜ, 

ʟʘʜʣʷ ʛʘʨʘʥʪʫʚʘʥʥʷ ʜʦʩʪʫʧʥʦʩʪʽ ʩʝʨʚʽʩʽʚ ʥʘ ʨʽʚʥʽ 99.99% ʯʘʩʫ ʢʘʣʝʥʜʘʨʥʦʛʦ 

ʨʦʢʫ. 

ʆʜʥʠʤ ʽʟ ʤʦʞʣʠʚʠʭ ʚʘʨʽʘʥʪʽʚ ʟʘʙʝʟʧʝʯʝʥʥʷ ʚʠʩʦʢʠʭ ʧʦʢʘʟʥʠʢʽʚ 

ʜʦʩʪʫʧʥʦʩʪʽ ʥʝʟʘʣʝʞʥʦ ʚʽʜ ʥʘʚʘʥʪʘʞʝʥʥʷ ʻ ʨʝʟʝʨʚʫʚʘʥʥʷ ʥʝʦʙʭʽʜʥʦʛʦ ʦʙôʻʤʫ 

ʆʈ ʧʨʦʪʷʛʦʤ ʚʩʴʦʛʦ ʯʘʩʫ ʨʦʙʦʪʠ. ʇʨʦʪʝ, ʚ ʪʘʢʦʤʫ ʚʠʧʘʜʢʫ ʥʝʦʙʭʽʜʥʦ 

ʚʨʘʭʦʚʫʚʘʪʠ ʚʠʩʦʢʽ ʬʽʥʘʥʩʦʚʽ ʚʠʪʨʘʪʠ. ʈʝʘʢʪʠʚʥʝ ʤʘʩʰʪʘʙʫʚʘʥʥʷ ʯʘʩʪʢʦʚʦ 

ʚʠʨʽʰʫʻ ʜʘʥʫ ʧʨʦʙʣʝʤʫ ʰʣʷʭʦʤ ʘʜʘʧʪʘʮʽʾ, ʘʣʝ ʚ ʪʦʡ ʞʝ ʯʘʩ ʤʦʞʝ ʧʨʠʟʚʦʜʠʪʠ 

ʜʦ ʪʠʤʯʘʩʦʚʠʭ ʧʘʜʽʥʴ ʨʽʚʥʷ QoS ʧʽʜ ʯʘʩ ʧʽʢʦʚʠʭ ʥʘʚʘʥʪʘʞʝʥʴ. ɻʦʣʦʚʥʠʤ 

ʥʝʜʦʣʽʢʦʤ ʨʝʘʢʪʠʚʥʦʛʦ ʧʽʜʭʦʜʫ ʻ ʜʦʜʘʪʢʦʚʠʡ ʯʘʩ ʥʘ ʤʘʩʰʪʘʙʫʚʘʥʥʷ ʚʛʦʨʫ 

ʯʝʨʝʟ ʪʘʢ ̔ʦʙʩʪʘʚʠʥʠ [32]: 

ï ʫ ʨʘʟʽ ʚʽʜʩʫʪʥʦʩʪʽ ʜʦʩʪʫʧʥʦʛʦ ʜʣʷ ʨʦʟʛʦʨʪʘʥʥʷ ʚʫʟʣʘ ʚ ʢʣʘʩʪʝʨʽ ʟ 

ʥʝʦʙʭʽʜʥʠʤ ʦʙôʻʤʦʤ ʆʈ ʟʜʽʡʩʥʶʻʪʴʩʷ ʟʘʧʠʪ ʥʘ ɺʄ ʚʽʜʧʦʚʽʜʥʦʛʦ ʨʽʚʥʷ ʜʦ 

ʭʤʘʨʥʦʛʦ ʧʨʦʚʘʡʜʝʨʘ, ʚʽʜʙʫʚʘʻʪʴʩʷ ʜʦʜʘʚʘʥʥʷ ʥʦʚʦʛʦ ʚʫʟʣʘ ʪʘ ʡʦʛʦ ʧʦʯʘʪʢʦʚʘ 

ʽʥʽʮʽʘʣʽʟʘʮʽʷ; 

ï ʽʥʩʪʘʣʷʮʽʷ ʥʘ ʚʫʟʣ ̔ʧʦʯʘʪʢʦʚʠʭ ʜʘʥʠʭ ʜʣʷ ʨʦʙʦʪʠ, ʟʦʢʨʝʤʘ, ʦʙʨʘʟʽʚ 

ʟʘʩʪʦʩʫʥʢʽʚ ʘʙʦ ʥʝʦʙʭʽʜʥʠʭ ʙʽʙʣʽʦʪʝʢ ʪʘ ʢʦʜʫ; 

ï ʧʦʯʘʪʢʦʚʘ ʽʥʽʮʽʘʣʽʟʘʮʽʷ ʟʘʩʪʦʩʫʥʢʫ, ʤʝʨʝʞʝʚʠʭ ʽʥʪʝʨʬʝʡʩʽʚ, ʦʪʨʠʤʘʥʥʷ 

ʢʝʰʦʚʘʥʠʭ ʜʘʥʠʭ. 

ʊʘʢʦʞ ʧʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ ʨʝʘʢʪʠʚʥʠʭ ʤʝʪʦʜʽʚ ʥʝʦʙʭʽʜʥʦ ʚʨʘʭʦʚʫʚʘʪʠ ʯʘʩ 

ʨʝʘʢʮʽʾ, ʦʩʢʽʣʴʢʠ ʟʙʽʨ ʪʘ ʦʙʨʦʙʢʘ ʩʠʩʪʝʤʥʠʭ ʯʠ ʽʥʰʠʭ ʤʝʪʨʠʢ ʟʘʡʤʘ ̒ʜʝʷʢʠʡ 

ʯʘʩ. ʇʨʦʘʢʪʠʚʥʽ ʤʝʪʦʜʠ ʜʦʟʚʦʣʷʶʪʴ ʫʥʠʢʥʫʪʠ ʮʠʭ ʧʨʦʙʣʝʤ ʨʝʘʢʪʠʚʥʠʭ 

ʤʝʪʦʜʽʚ, ʦʩʢ̔ ʣʴʢʠ ʧʨʦʮʝʩ ʜʦʜʘʚʘʥʥʷ ʦʙôʻʤʠ ʨʝʩʫʨʩʽʚ ʚʽʜʙʫʚʘʻʪʴʩʷ ʟ 

ʚʨʘʭʫʚʘʥʥʷʤ ʯʘʩʫ ʨʦʟʛʦʨʪʘʥʥʷ, ʱʦ ʚʘʞʣʠʚʦ ʜʣʷ ʧʽʜʪʨʠʤʘʥʥʷ QoS ʥʘ 

ʚʽʜʧʦʚʽʜʥʦʤʫ ʨʽʚʥʽ [33]. 



53 

2.1 ɸʥʘʣʽʟ ʦʩʦʙʣʠʚʦʩʪʝʡ ʧʨʦʘʢʪʠʚʥʦʛʦ ʤʘʩʰʪʘʙʫʚʘʥʥʷ 

ʆʩʥʦʚʥʦʶ ʧʝʨʝʚʘʛʦʶ ʧʨʦʘʢʪʠʚʥʦʛʦ ʤʘʩʰʪʘʙʫʚʘʥʥʷ  ̒ ʤʽʥʽʤʽʟʘʮʽʷ 

ʥʘʜʤʽʨʥʦʛʦ ʨʝʟʝʨʚʫʚʘʥʥʷ ʆʈ ʧʨʠ ʦʜʥʦʯʘʩʥʦʤʫ ʧʽʜʪʨʠʤʘʥʥʽ ʥʝʦʙʭʽʜʥʦʛʦ ʨʽʚʥʷ 

QoS. ɯʉ ʚʢʣʶʯʘ ̒ʟʥʘʯʥʫ ʢʽʣʴʢʽʩʪʴ ʟʘʩʪʦʩʫʥʢʽʚ, ʢʦʞʝʥ ʟ ʷʢʠʭ ʤʘʻ ʩʚʦʾ ʫʥʽʢʘʣʴʥʽ 

ʦʩʦʙʣʠʚʦʩʪʽ ʨʦʙʦʪʠ ʪʘ ʚʠʤʦʛʠ ʜʦ ʆʈ. ʇʨʦʘʢʪʠʚʥʝ ʤʘʩʰʪʘʙʫʚʘʥʥʷ, ʟ ʦʜʥʦʛʦ 

ʙʦʢʫ, ʜʦʟʚʦʣʷʻ ʟʥʘʯʥʦ ʧʦʢʨʘʱʠʪʠ ʧʦʢʘʟʥʠʢʠ QoS, ʘ ʟ ʽʥʰʦʛʦ ï ʧʽʜʚʠʱʠʪʠ 

ʝʬʝʢʪʠʚʥʽʩʪʴ ʚʠʢʦʨʠʩʪʘʥʥʷ ʆʈ [41]. 

ʆʩʥʦʚʥʦʶ ʧʝʨʝʜʫʤʦʚʦʶ ʟʘʩʪʦʩʫʚʘʥʥʷ ʧʨʦʘʢʪʠʚʥʦʛʦ ʤʘʩʰʪʘʙʫʚʘʥʥʷ ʻ 

ʥʘʷʚʥʽʩʪʴ ʤʝʪʦʜʫ ʧʨʦʛʥʦʟʫʚʘʥʥʷ, ʱʦ ʟʜʘʪʥʠʡ ʚʨʘʭʦʚʫʚʘʪʠ ʢʦʤʧʣʝʢʩʥʽ 

ʩʝʟʦʥʥʦʩʪʽ, ʪʝʥʜʝʥʮʽʾ ʪʘ ʻ ʩʪʽʡʢʠʤ ʜʦ ʥʝʪʠʧʦʚʠʭ ʩʠʪʫʘʮʽʡ ʚ ʽʩʪʦʨʠʯʥʠʭ ʜʘʥʠʭ 

[38]. ɺʽʜʧʦʚʽʜʥʦ ʥʘʷʚʥʽʩʪʴ ʽʩʪʦʨʠʯʥʠʭ ʜʘʥʠʭ ʻ ʥʝʦʙʭʽʜʥʦʶ ʫʤʦʚʦʶ 

ʟʘʩʪʦʩʫʚʘʥʥʷ ʜʘʥʦʛʦ ʤʝʪʦʜʫ. ɼʣʷ ʨʦʙʦʪʠ ʟ ʜʦʚʛʠʤʠ ʩʝʟʦʥʥʦʩʪʷʤʠ ʥʝʦʙʭʽʜʥʦ 

ʤʘʪʠ ʟʥʘʯʥʠʡ ʦʙôʻʤ ʜʘʥʠʭ, ʱʦ ʚʠʤʘʛʘʻ ʟʘʩʪʦʩʫʚʘʥʥʷ ʩʧʝʮʽʘʣʽʟʦʚʘʥʠʭ ʨʽʰʝʥʴ 

ʜʣʷ ʦʙʨʦʙʢʠ ʽ ʟʙʝʨʽʛʘʥʥʷ ʤʝʪʨʠʢ ʫʪʠʣʽʟʘʮʽʾ ʆʈ. ʊʘʢʦʞ ʥʝʦʙʭʽʜʥʦ ʤʘʪʠ ʜʘʥʽ ʧʨʦ 

ʯʘʩ ʨʦʟʛʦʨʪʘʥʥʷ ʝʢʟʝʤʧʣʷʨʽʚ ʟʘʩʪʦʩʫʥʢʫ, ʜʦʜʘʚʘʥʥʷ ʥʦʚʠʭ ʚʫʟʣʽʚ ʪʘ ʯʘʩʦʚʽ 

ʚʠʪʨʘʪʠ ʥʘ ʽʥʽʮʽʘʣʽʟʘʮʽʶ ʟʘʩʪʦʩʫʥʢʫ ʜʣʷ ʨʦʟʨʘʭʫʥʢʫ ʟʘʪʨʠʤʦʢ ʧʨʠ 

ʤʘʩʰʪʘʙʫʚʘʥʥʽ ʟʘʩʪʦʩʫʥʢʫ. 

ɼʦ ʥʝʜʦʣʽʢʽʚ ʧʨʦʘʢʪʠʚʥʠʭ ʤʝʪʦʜʽʚ ʤʦʞʥʘ ʚʽʜʥʝʩʪʠ ʥʝʦʙʭʽʜʥʽʩʪʴ 

ʨʦʟʛʦʨʪʘʥʥʷ ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ ʜʣʷ ʤʦʥʽʪʦʨʠʥʛʫ, ʟʙʝʨʽʛʘʥʥʷ ʪʘ ʦʙʨʦʙʢʠ ʟʥʘʯʥʠʭ 

ʦʙôʻʤʽʚ ʽʩʪʦʨʠʯʥʠʭ ʜʘʥʠʭ. ʂʨʽʤ ʪʦʛʦ, ʧʽʜ ʯʘʩ ʥʝʪʠʧʦʚʠʭ ʥʘʚʘʥʪʘʞʝʥʴ ʤʝʪʦʜʠ 

ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʤʦʞʫʪʴ ʙʫʪʠ ʥʝʝʬʝʢʪʠʚʥʠʤʠ [39]. ʊʦʤʫ ʧʨʦʘʢʪʠʚʥʠʡ ʤʝʪʦʜ 

ʥʝʜʦʮʽʣʴʥʦ ʟʘʩʪʦʩʦʚʫʚʘʪʠ ʜʣʷ ʟʘʩʪʦʩʫʥʢʽʚ, ʚ ʷʢʠʭ ʥʘʚʘʥʪʘʞʝʥʥʷ ʥʝ ʻ ʩʝʟʦʥʥʠʤ 

ʘʙʦ ʥʝ ʤʽʩʪʠʪʴ ʘhʙʣʦʥʽʚ. ʊʘʢʦʞ, ʜʝʷʢʽ ʧʘʨʘʤʝʪʨʠ ʜʘʥʠʭ ʤʝʪʦʜʽʚ 

ʥʘʣʘʰʪʦʚʫʶʪʴʩʷ ʚʨʫʯʥʫ, ʟʦʢʨʝʤʘ, ʩʝʟʦʥʥʦʩʪʽ ʥʝ ʟʘʚʞʜʠ ʤʦʞʫʪʴ ʙʫʪʠ ʢʦʨʝʢʪʥʦ 

ʽʜʝʥʪʠʬʽʢʦʚʘʥʽ ʚ ʽʩʥʫʶʯʠʭ ʜʘʥʠʭ. 

ɾʠʪʪʻʚʠʡ ʮʠʢʣ ʧʨʦʘʢʪʠʚʥʠʭ ʤʝʪʦʜʽʚ ʚʢʣʶʯʘʻ ʝʪʘʧʠ, ʱʦ ʟʦʙʨʘʞʝʥʥʦ ʥʘ 

ʨʠʩ. 2.1. ʈʦʙʦʪʘ ʧʦʯʠʥʘʻʪʴʩʷ ʟʽ ʟʙʦʨʫ ʜʘʥʠʭ ʤʦʥʽʪʦʨʠʥʛʫ ʧʦʪʦʯʥʦʛʦ ʩʪʘʥʫ ɯʉ ï 

ʩʠʩʪʝʤʥʠʭ ʤʝʪʨʠʢ ʚʠʢʦʨʠʩʪʘʥʥʷ ʨʝʩʫʨʩʽʚ ʘʙʦ ʚʠʩʦʢʦʨʽʚʥʝʚʠʭ ʤʝʪʨʠʢ, ʾʭ 

ʧʦʧʝʨʝʜʥʷ ʘʛʨʝʛʘʮʽʷ ʪʘ ʟʙʝʨʽʛʘʥʥʷ 
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ʈʠʩʫʥʦʢ 2.1 ï ɾʠʪʪʝʚʠʡ ʮʠʢʣ ʨʦʙʦʪʠ ʧʨʦʘʢʪʠʚʥʦʛʦ ʤʘʩʰʪʘʙʫʚʘʥʥʷ 

ʅʘ ʥʘʩʪʫʧʥʦʤʫ ʝʪʘʧʽ ʟʜʽʡʩʥʶʻʪʴʩʷ ʦʙʨʦʙʢʘ ʯʘʩʦʚʠʭ ʨʷʜʽʚ ʜʣʷ 

ʧʦʜʘʣʴʰʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʚ ʤʝʪʦʜʘʭ ʧʨʦʛʥʦʟʫʚʘʥʥʽ. ʇʽʩʣʷ ʮʴʦʛʦ ʚʽʜʙʫʚʘʻʪʴʩʷ 

ʧʨʦʛʥʦʟ ʥʘʚʘʥʪʘʞʝʥʥʷ ʥʘ ʦʩʥʦʚʽ ʦʪʨʠʤʘʥʠʭ ʜʘʥʠʭ. ɼʘʥʠʡ ʝʪʘʧ ʚʢʣʶʯʘʻ 

ʽʜʝʥʪʠʬʽʢʘʮʽʶ ʘʥʦʤʘʣʽʡ, ʰʘʙʣʦʥʽʚ, ʩʝʟʦʥʥʦʩʪʝʡ, ʪʨʝʥʜʽʚ, ʧʽʜʙʽʨ ʧʘʨʘʤʝʪʨʽʚ 

ʤʦʜʝʣʽ ʪʘ ʦʮʽʥʢʫ ʾʾ ʪʦʯʥʦʩʪʽ. ʅʘ ʝʪʘʧʽ ʚʘʣʽʜʘʮʽʾ ʧʨʠʡʤʘʻʪʴʩʷ ʨʽʰʝʥʥʷ ʧʨʦ 

ʜʦʮʽʣʴʥʽʩʪʴ ʚʠʢʦʨʠʩʪʘʥʥʷ ʦʪʨʠʤʘʥʠʭ ʧʨʦʛʥʦʟʽʚ. ʅʘ ʮʴʦʤʫ ʝʪʘʧʽ ʧʨʠʡʤʘʻʪʴʩʷ 

ʨʽʰʝʥʥʷ ʧʨʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʘʣʴʪʝʨʥʘʪʠʚʥʠʭ ʤʝʪʦʜʽʚ ʫʧʨʘʚʣʽʥʥʷ ʆʈ. ʋ ʨʘʟʽ 

ʫʩʧʽʰʥʦʾ ʚʘʣʽʜʘʮʽʾ ʧʨʦʛʥʦʟʽʚ ʚʽʜʙʫʚʘʻʪʴʩʷ ʟʘʩʪʦʩʫʚʘʥʥʷ ʥʦʚʠʭ ʢʦʥʬʽʛʫʨʘʮʽʡ. 

ʎʝʡ ʧʨʦʮʝʩ ʻ ʽʪʝʨʘʪʠʚʥʠʤ ʪʘ ʟʘʢʣʶʯʘʻʪʴʩʷ ʚ ʧʦʩʪʽʡʥʦʤʫ ʤʦʥʽʪʦʨʠʥʛʫ 

ʧʦʪʦʯʥʦʛʦ ʩʪʘʥʫ ɯʉ, ʚʽʜʧʦʚʽʜʥʦʩʪʽ QoS ʚʩʪʘʥʦʚʣʝʥʠʤ SLA ʪʘ ʘʜʘʧʪʘʮʽʾ 

ʢʦʥʬʽʛʫʨʘʮʽʾ ɯʉ ʜʦ ʧʦʪʦʯʥʠʭ ʫʤʦʚ. 

2.2 ɸʥʘʣʽʟ ʽʩʥʫʶʯʠʭ ʨʽʰʝʥʴ ʜʣʷ ʧʨʦʘʢʪʠʚʥʦʛʦ ʤʘʩʰʪʘʙʫʚʘʥʥʷ 

ʆʜʠʥ ʟ ʤʝʪʦʜʽʚ ʧʨʦʘʢʪʠʚʥʦʛʦ ʤʘʩʰʪʘʙʫʚʘʥʥʷ ʙʫʜʫʻʪʴʩʷ ʥʘ ʦʩʥʦʚʽ 

ʟʥʘʭʦʜʞʝʥʥʷ ʥʘʡʙʽʣʴʰ ʧʦʜʽʙʥʦʛʦ ʰʘʙʣʦʥʫ ʥʘʚʘʥʪʘʞʝʥʥʷ ʚ ʤʠʥʫʣʦʤʫ ʽ ʡʦʛʦ 

ʝʢʩʪʨʘʧʦʣʷʮʽʾ ʥʘ ʧʦʪʦʯʥʠʡ ʩʪʘʥ. ʅʘʧʨʠʢʣʘʜ, ʚ ʨʦʙʦʪʽ [42], ʘʚʪʦʨʠ ʧʨʦʧʦʥʫʶʪʴ 

ʨʽʰʝʥʥʷ, ʚ ʷʢʦʤʫ ʽʩʪʦʨʠʯʥʠʡ ʯʘʩʦʚʠʡ ʨʷʜ ʘʥʘʣʽʟʫʻʪʴʩʷ ʥʘ ʧʨʝʜʤʝʪ 

ʟʘʢʦʥʦʤʽʨʥʦʩʪʝʡ ʽ ʥʘ ʾʭ ʦʩʥʦʚʽ ʚʽʜʙʫʚʘʻʪʴʩʷ ʧʦʰʫʢ ʥʘʡʙʽʣʴʰ ʧʦʜʽʙʥʦʛʦ 

ʰʘʙʣʦʥʫ ʥʘʚʘʥʪʘʞʝʥʥʷ ʜʦ ʧʦʪʦʯʥʦʛʦ. ɺʠʷʚʣʝʥʽ ʟʘʢʦʥʦʤʽʨʥʦʩʪʽ ʤʦʞʫʪʴ 

ʚʽʜʨʽʟʥʷʪʠʩʷ ʟʘ ʤʘʩʰʪʘʙʦʤ, ʘʣʝ ʟʘ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷʤ ʤʽʞ ʝʣʝʤʝʥʪʘʤʠ 

ʽʜʝʥʪʠʬʽʢʦʚʘʥʦʛʦ ʰʘʙʣʦʥʫ ʪʘ ʧʦʪʦʯʥʦʛʦ ʰʘʙʣʦʥʦʤ ʤʘʶʪʴ ʙʫʪʠ ʧʦʜʽʙʥʠʤʠ. 

ʆʪʨʠʤʘʥʽ ʰʘʙʣʦʥʠ ʽʥʪʝʨʧʦʣʶʶʪʴʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʟʚʘʞʝʥʦʾ ʽʥʪʝʨʧʦʣʷʮʽʾ. 

ʅʘʡʙʽʣʴʰ ʧʦʜʽʙʥʽ ʰʘʙʣʦʥʠ ʤʘʶʪʴ ʥʘʡʙʽʣʴʰʫ ʚʘʛʫ ʚ ʨʝʟʫʣʴʪʫʶʯʦʤʫ ʯʘʩʦʚʦʤʫ 
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ʨʷʜʽ. ʇʦ ʩʫʪʽ, ʜʘʥʠʡ ʤʝʪʦʜ ʟʚʦʜʠʪʴʩʷ ʜʦ ʧʦʰʫʢʫ ʥʘʡʙʽʣʴʰ ʧʦʜʽʙʥʦʾ ʩʠʪʫʘʮʽʾ 

ʥʘʚʘʥʪʘʞʝʥʥʷ ʫ ʤʠʥʫʣʦʤʫ ʪʘ ʡʦʛʦ ʘʜʘʧʪʘʮʽʾ ʜʦ ʧʦʪʦʯʥʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ. 

ʇʝʨʝʚʘʛʦ  ʁʤʝʪʦʜʫ ʻ ʤʦʞʣʠʚʽʩʪʴ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʥʝʪʨʠʚʽʘʣʴʥʠʭ ʯʘʩʦʚʠʭ ʨʷʜʽʚ, 

ʚ ʷʢʠʡ ʚʽʜʩʫʪʥʷ ʙʫʜʴ-ʷʢʘ ʩʝʟʦʥʥʽʩʪʴ, ʘʣʝ ʚ ʚʠʧʘʜʢʦʚʽ ʤʦʤʝʥʪʠ ʯʘʩʫ ʤʦʞʫʪʴ 

ʚʽʜʙʫʚʘʪʠʩʷ ʪʠʧʦʚʽ ʜʣʷ ʜʘʥʦʛʦ ʦʪʦʯʝʥʥʷ ʚʽʜʨʽʟʢʠ ʥʘʚʘʥʪʘʞʝʥʥʷ. ʆʩʥʦʚʥʠʤ 

ʥʝʜʦʣʽʢʦʤ ʜʘʥʦʛʦ ʤʝʪʦʜʫ ʻ ʥʠʟʴʢʘ ʪʦʯʥʽʩʪʴ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʫ ʧʦʨʽʚʥʷʥʥʽ ʟ 

ʽʥʰʠʤʠ ʤʝʪʦʜʘʤʠ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʪʘ ʥʝʢʦʨʝʢʪʥʽʩʪʴ ʨʦʙʦʪʠ ʫ ʚʠʧʘʜʢʘʭ, ʢʦʣʠ 

ʰʘʙʣʦʥ ʥʘʚʘʥʪʘʞʝʥʥʷ ʥʝ ʟʫʩʪʨʽʯʘʻʪʴʩʷ ʚ ʽʩʪʦʨʠʯʥʠʭ ʜʘʥʠʭ [43]. 

ɺ ʨʦʙʦʪʽ [44] ʨʦʟʛʣʷʜʘʻʪʴʩʷ ʧʨʦʘʢʪʠʚʥʝ ʤʘʩʰʪʘʙʫʚʘʥʥʷ ʥʘ ʦʩʥʦʚʽ 

ARMA/ARIMA. ɸʚʪʦʨʠ ʧʨʦʧʦʥʫʶʪʴ ʤʝʪʦʜ, ʚ ʷʢʦʤʫ ʻ ʢʽʣʴʢʘ ʨʽʚʥʽʚ 

ʚʧʝʚʥʝʥʦʩʪʽ, ʷʢʽ ʦʙʠʨʘʶʪʴʩʷ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʦʩʦʙʣʠʚʦʩʪʝʡ ʟʘʩʪʦʩʫʥʢʫ. ʊʘʢʦʞ 

ʧʨʦʚʦʜʠʪʴʩʷ ʦʮʽʥʢʘ ʪʦʯʥʦʩʪʽ ʦʪʨʠʤʘʥʦʾ ʤʦʜʝʣʽ ʪʘ ʦʮʽʥʢʘ ʚʧʣʠʚʫ ʥʘ ʧʦʢʘʟʥʠʢʠ 

ʷʢʦʩʪʽ ʧʦʩʣʫʛ. ɺʘʨʪʦ ʟʘʟʥʘʯʠʪʠ, ʱʦ ʽʩʪʦʨʠʯʥʽ ʜʘʥʽ ʥʝ ʤʽʩʪʷʪʴ ʢʦʤʧʣʝʢʩʥʦʾ 

ʩʝʟʦʥʥʦʩʪʽ, ʚʽʜʧʦʚʽʜʥʦ ʦʮʽʥʢʘ ʚʽʜʙʫʚʘʻʪʴʩʷ ʥʘ ʧʨʦʩʪʦʤʫ ʯʘʩʦʚʦʤʫ ʨʷʜʽ. ʊʘʢʦʞ 

ʟʘʟʥʘʯʘʻʪʴʩʷ, ʱʦ ʟʥʘʭʦʜʞʝʥʥʷ ʢʦʝʬʽʮʽʻʥʪʫ ʧʦʨʷʜʢʫ ʘʚʪʦʨʝʛʨʝʩʽʾ, ʱʦ ʚʠʟʥʘʯʘʻ 

ʢʽʣʴʢʽʩʪʴ ʧʦʧʝʨʝʜʥʽʭ ʟʥʘʯʝʥʴ ʯʘʩʦʚʦʾ ʩʝʨʽʾ, ʷʢʽ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʜʣʷ 

ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʧʦʪʦʯʥʦʛʦ ʟʥʘʯʝʥʥʷ, ʪʘ ʢʦʝʬʽʮʽʻʥʪʫ ʧʦʨʷʜʢʫ ʢʦʚʟʥʦʛʦ 

ʩʝʨʝʜʥʴʦʛʦ, ʜʣʷ ʜʘʥʦʛʦ ʤʝʪʦʜʫ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʻ ʥʝʪʨʠʚʽʘʣʴʥʦʶ ʟʘʜʘʯʝʶ ʟ 

ʪʦʯʢʠ ʚ ʢʦʥʪʝʢʩʪʽ ʯʘʩʫ ʦʙʯʠʩʣʝʥʥʷ ʪʘ ʦʙôʻʤʫ ʆʈ. 

ɺ ʨʦʙʦʪʽ [45], ʘʚʪʦʨʠ ʟʘʧʨʦʧʦʥʫʚʘʣʠ ʜʚʦʢʦʤʧʦʥʝʥʪʥʠʡ ʜʠʟʘʡʥ PRESS 

ʜʣʷ ʧʨʦʘʢʪʠʚʥʦʛʦ ʤʘʩʰʪʘʙʫʚʘʥʥʷ. ʇʝʨʰʠʡ ʢʦʤʧʦʥʝʥʪ ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ ʜʣʷ 

ʰʘʙʣʦʥʽʚ ʥʘʚʘʥʪʘʞʝʥʴ, ʷʢʽ ʤʽʩʪʷʪʴ ʧʨʠʢʣʘʜʠ ʥʘʚʘʥʪʘʞʝʥʴ, ʱʦ ʧʦʚʪʦʨʶʶʪʴʩʷ. 

ɼʣʷ ʦʙʨʦʙʢʠ ʪʘʢʦʛʦ ʪʠʧʫ ʰʘʙʣʦʥʽʚ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʰʚʠʜʢʽ ʧʝʨʝʪʚʦʨʝʥʥʷ 

ʌʫʨôʻ, ʘ ʜʣʷ ʧʦʨʽʚʥʷʥʥʷ ʩʭʦʞʦʩʪʽ ʧʦʪʦʯʥʠʭ ʽ ʤʠʥʫʣʠʭ ʧʨʠʢʣʘʜʽʚ ʢʨʠʪʝʨʽʡ 

ʇʽʨʩʦʥʘ. ʗʢʱʦ ʢʨʠʪʝʨʽʡ ʥʝ ʜʘʻ ʥʝʦʙʭʽʜʥʦʛʦ ʧʦʢʘʟʥʠʢʘ ʩʭʦʞʦʩʪʽ, ʪʦ 

ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʜʨʫʛʠʡ ʢʦʤʧʦʥʝʥʪ «ʥʘ ʦʩʥʦʚʽ ʩʪʘʥʫ». ɼʣʷ ʮʴʦʛʦ ʢʦʤʧʦʥʝʥʪʘ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʣʘʥʮʶʛʠ ʄʘʨʢʦʚʘ, ʜʝ ʚʩʽ ʤʦʞʣʠʚʽ ʚʘʨʽʘʥʪʠ ʨʽʚʥʦʤʽʨʥʦ 

ʨʦʟʧʦʜʽʣʷʶʪʴʩʷ ʩʝʨʝʜ ʟʘʜʘʥʦʾ ʢʽʣʴʢʦʩʪʽ ʢʦʨʟʠʥ. ʇʽʩʣʷ ʮʴʦʛʦ ʙʫʜʫʻʪʴʩʷ ʛʨʘʬ 

ʤʦʞʣʠʚʠʭ ʩʪʘʥʽʚ ʽ ʤʘʪʨʠʮʷ ʚʽʨʦʛʽʜʥʦʩʪʝʡ. ɸʚʪʦʨʠ ʩʪʚʝʨʜʞʫʶʪʴ, ʱʦ ʾʭ ʨʽʰʝʥʥʷ 

ʣʝʛʢʦ ʤʘʩʰʪʘʙʫʻʪʩɹʷ ̔ ʧʽʜʭʦʜʠʪʴ ʜʣʷ ʢʦʤʧʣʝʢʩʥʠʭ ʩʠʩʪʝʤ. 
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ɺ ʨʦʙʦʪʽ [46] ʜʣʷ ʫʧʨʘʚʣʽʥʥʷ ʷʢʽʩʪʶ ʧʦʩʣʫʛ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʥʝʡʨʦʥʥʽ 

ʤʝʨʝʞʽ, ʘ ʩʘʤʝ ʜʦʚʛʦʪʨʠʚʘʣʘ ʢʦʨʦʪʢʦʯʘʩʥʘ ʧʘʤôʷʪʴ. ʄʝʨʝʞʽ ʜʦʚʛʦʪʨʠʚʘʣʦʾ 

ʢʦʨʦʪʢʦʯʘʩʥʦʾ ʧʘʤôʷʪʽ ï ʮʝ ʚʠʜ ʨʝʢʫʨʝʥʪʥʠʭ ʥʝʡʨʦʥʥʠʭ ʤʝʨʝʞ, ʟʜʘʪʥʠʭ 

ʚʠʚʯʘʪʠ ʜʦʚʛʦʪʨʠʚʘʣʽ ʟʘʣʝʞʥʦʩʪʽ. ʆʩʦʙʣʠʚʽʩʪʶ ʪʘʢʠʭ ʤʝʨʝʞ ʻ ʟʜʘʪʥʽʩʪʴ 

ʟʥʘʭʦʜʠʪʠ ʢʦʤʧʣʝʢʩʥʽ ʟʘʣʝʞʥʦʩʪʽ ʪʘ ʟʙʝʨʽʛʘʪʠ ʽʥʬʦʨʤʘʮʽʶ ʧʨʦʪʷʛʦʤ ʜʦʚʛʠʭ 

ʧʦʩʣʽʜʦʚʥʦʩʪʝʡ ʘʙʦ ʧʝʨʽʦʜʽʚ ʯʘʩʫ. ʊʦʤʫ ʪʘʢʽ ʤʝʨʝʞʽ ʜʦʙʨʝ ʚʠʨʽʰʫʶʪʴ ʟʘʜʘʯʽ 

ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʯʘʩʦʚʠʭ ʨʷʜʽʚ. ʂʨʽʤ ʪʦʛʦ, ʤʝʪʦʜ ʜʦʧʦʚʥʝʥʠʡ ʥʘʚʯʘʥʥʷʤ ʟ 

ʧʽʜʢʨʽʧʣʝʥʥʷʤ ʜʣʷ ʦʪʨʠʤʘʥʥʷ ʙʽʣʴʰ ʪʦʯʥʠʭ ʧʨʦʛʥʦʟʽʚ. ʅʝʜʦʣʽʢʘʤʠ ʤʝʪʦʜʽʚ ʥʘ 

ʦʩʥʦʚʽ ʥʝʡʨʦʥʥʠʭ ʤʝʨʝʞ ï ʻ ʥʝʦʙʭʽʜʥʩ̔ʪɹ ʚʝʣʠʢʠʭ ʦʙôʻʤʽʚ ʜʘʥʠʭ ʜʣʷ ʥʘʚʯʘʥʥʷ 

ʽ ʥʝʤʦʞʣʠʚʽʩʪʴ ʧʦʷʩʥʠʪʠ ʨʽʰʝʥʥʷ ʤʦʜʝʣʽ. 

2.3 ɸʥʘʣʽʟ ʤʝʪʦʜʽʚ ʧʨʦʛʥʦʟʫʚʘʥʥ  ̫

ʆʩʥʦʚʥʠʤ ʢʦʤʧʦʥʝʥʪʦʤ ʨʽʰʝʥʥʷ ʜʣʷ ʧʨʦʘʢʪʠʚʥʦʛʦ ʤʘʩʰʪʘʙʫʚʘʥʥʷ ʻ 

ʤʝʭʘʥʽʟʤ ʧʨʦʛʥʦʟʫʚʘʥʥʷ. ɺ ʜʘʥʦʤʫ ʧʽʜʨʦʟʜʽʣʽ ʧʨʦʚʦʜʠʪʴʩʷ ʘʥʘʣʽʟ ʤʝʪʦʜʽʚ 

ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʥʘ ʧʨʝʜʤʝʪ ʾʭ ʪʦʯʥʦʩʪʽ ʚ ʫʤʦʚʘʭ ʭʤʘʨʥʠʭ ʥʘʚʘʥʪʘʞʝʥʴ, 

ʥʘʷʚʥʦʩʪʽ ʘʥʦʤʘʣʴʥʠʭ ʰʘʙʣʦʥʽʚ ʪʘ ʦʙʤʝʞʝʥʠʭ ʽʩʪʦʨʠʯʥʠʭ ʜʘʥʠʭ [38]. 

ʇʨʠʧʫʩʢʘʻʪʴʩʷ, ʱʦ ʰʘʙʣʦʥ ʥʘʚʘʥʪʘʞʝʥʥʷ ʢʦʤʧʦʥʝʥʪ̔ ʚ ɯʉ ʤʘʻ ʯʽʪʢʫ 

ʩʝʟʦʥʥʽʩʪʴ ʘʙʦ ʪʝʥʜʝʥʮʽʶ. ʊʦʤʫ ʧʝʨʰʘ ʚʠʤʦʛʘ ʜʦ ʧʨʦʘʢʪʠʚʥʠʭ ʤʦʜʝʣʝʡ, ʷʢʽ 

ʨʦʟʨʦʙʣʷʶʪʴʩʷ ʚ ʨʦʙʦʪʽ, ʮʝ ʤʦʞʣʠʚʽʩʪʴ ʧʨʘʮʶʚʘʪʠ ʟ ʦʜʥʽʻʶ ʯʠ ʢʽʣʴʢʦʤʘ 

ʩʝʟʦʥʥʦʩʪʷʤʠ. ʊʘʢʦʞ ʮʽ ʤʦʜʝʣʽ ʤʘʶʪʴ ʙʫʪʠ ʪʦʯʥʠʤʠ, ʦʩʢʽʣʴʢʠ ʯʠʤ ʪʦʯʥʽʰʠʡ 

ʧʨʦʛʥʦʟ, ʪʠʤ ʪʦʯʥʽʰʝ ʨʦʟʨʘʭʦʚʫʻʪʴʩʷ ʥʝʦʙʭʽʜʥʠʡ ʦʙôʻʤ ʚʠʜʽʣʝʥʠʭ ʆʈ. 

ɿʚʘʞʘʶʯʠ ʥʘ ʽʩʥʫʶʯʠʡ ʪʨʝʥʜ ʚʠʢʦʨʠʩʪʘʥʥʷ ʚ ɯʉ ʤʽʢʨʦʩʝʨʚʽʩʽʚ, ʜʦʮʽʣʴʥʦ 

ʤʘʩʰʪʘʙʫʚʘʪʠ ʚʩʽ ʢʦʤʧʦʥʝʥʪʠ ʢʣʘʩʪʝʨʘ. ʂʦʞʝʥ ʢʦʤʧʦʥʝʥʪ ʤʽʢʨʦʩʝʨʚʽʩʥʦʾ 

ʘʨʭʽʪʝʢʪʫʨʠ ʤʘʻ ʫʥʽʢʘʣʴʥʽ ʦʩʦʙʣʠʚʦʩʪʽ ʨʦʙʦʪʠ ʪʘ ʬʫʥʢʮʽʦʥʘʣ, ʪʦʤʫ ʰʘʙʣʦʥ 

ʥʘʚʘʥʪʘʞʝʥʥʷ ʻ ʽʥʜʠʚʽʜʫʘʣʴʥʠʤ ʜʣʷ ʢʦʞʥʦʛʦ ʢʦʤʧʦʥʝʥʪʘ, ʘ ʪʘʢʠʭ ʢʦʤʧʦʥʝʥʪʽʚ 

ʤʦʞʝ ʙʫʪʠ ʚʝʣʠʢʘ ʢʽʣʴʢʽʩʪʴ. ʎʝ ʧʨʠʚʦʜʠʪʴ ʜʦ ʚʠʩʥʦʚʢʫ, ʱʦ ʦʙʨʦʙʢʘ ʽʩʪʦʨʠʯʥʠʭ 

ʤʝʪʨʠʢ, ʘ ʪʘʢʦʞ ʥʘʣʘʰʪʫʚʘʥʥʷ ʧʘʨʘʤʝʪʨʽʚ ʤʝʪʦʜʫ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʚ ʨʫʯʥʦʤʫ 

ʨʝʞʠʤʽ ʜʣʷ ʢʦʞʥʦʛʦ ʦʢʨʝʤʦʛʦ ʢʦʤʧʦʥʝʥʪʘ ʻ ʧʨʦʮʝʩʦʤ, ʷʢʠʡ ʥʝʤʦʞʣʠʚʦ 

ʤʘʩʰʪʘʙʫʚʘʪʠ. 
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ɻʦʣʦʚʥʘ ʧʝʨʝʚʘʛʘ ʪʘ ʦʩʦʙʣʠʚʽʩʪʴ ʧʨʦʘʢʪʠʚʥʠʭ ʤʝʪʦʜʽʚ ʚ ʪʦʤʫ, ʱʦ 

ʟôʷʚʣʷʻʪʴʩʷ ʤʦʞʣʠʚʽʩʪʴ ʦʮʽʥʠʪʠ ʥʘʚʘʥʪʘʞʝʥʥʷ ʚ ʙʫʜʴ-ʷʢʠʡ ʤʦʤʝʥʪ ʯʘʩʫ ʫ 

ʤʘʡʙʫʪʥʴʦʤʫ. ʎʝ ʦʟʥʘʯʘʻ, ʱʦ ʤʦʞʥʘ ʘʜʘʧʪʫʚʘʪʠ ʮʽʣʴʦʚʠʡ ʢʦʤʧʦʥʝʥʪ ʜʦ 

ʤʘʡʙʫʪʥʽʭ ʥʘʚʘʥʪʘʞʝʥʴ ʷʢ ʟ ʪʦʯʢʠ ʟʦʨʫ ʰʚʠʜʢʦʜʽʾ, ʪʘʢ ʽ ʟ ʪʦʯʢʠ ʟʦʨʫ ʝʢʦʥʦʤʽʾ 

ʆʈ. ʇʨʦʪʝ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʚ ʢʦʥʪʝʢʩʪʽ ʥʘʚʘʥʪʘʞʝʥʥʷ ʥʝ ʟʘʚʞʜʠ ʻ ʪʦʯʥʠʤʠ ʟ 

ʙʘʛʘʪʴʦʭ ʧʨʠʯʠʥ [39]. 

ʅʘʚʘʥʪʘʞʝʥʥʷ ʥʘ ʢʦʤʧʦʥʝʥʪ ʟʘʣʝʞʠʪʴ ʚʽʜ ʙʘʛʘʪʴʦʭ ʪʝʭʥʽʯʥʠʭ ʪʘ 

ʥʝʪʝʭʥʽʯʥʠʭ ʬʘʢʪʦʨʽʚ ï ʩʪʘʙʽʣʴʥʽʩʪʴ ʤʝʨʝʞʽ, ʜʦʩʪʫʧʥʽʩʪʴ ʮʝʥʪʨʫ ʦʙʨʦʙʢʠ 

ʜʘʥʠʭ, ʩʚʷʪʘ ʪʘ ʥʘʚʽʪʴ ʧʦʣʽʪʠʯʥʘ ʪʘ ʝʢʦʥʦʤʽʯʥʘ ʩʠʪʫʘʮʽʾ. ɾʦʜʝʥ ʤʝʪʦʜ 

ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʥʝ ʤʦʞʝ ʚʨʘʭʫʚʘʪʠ ʚʩʽ ʮʽ ʬʘʢʪʦʨʠ, ʘʣʝ ʾʾ ʤʦʞʥʘ ʟʨʦʙʠʪʠ 

ʘʜʘʧʪʠʚʥʦʶ ʪʘ ʩʪʽʡʢʦʶ ʜʦ ʪʘʢʠʭ ʨʝʯʝʡ. ʗʢʱʦ ʤʦʜʝʣʴ ʻ ʪʦʯʥʦʶ, ʘʣʝ ʥʘʚʯʘʻʪʴʩʷ 

ʟʘʥʘʜʪʦ ʜʦʚʛʦ, ʪʦ ʝʬʝʢʪʠʚʥʽʩʪʴ ʾʾ ʟʘʩʪʦʩʫʚʘʥʥʷ ʪʘʢʦʞ ʧʘʜʘʻ. ʄʝʪʦʜʠ 

ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʤʘʶʪʴ ʙʫʪʠ ʫʥʽʚʝʨʩʘʣʴʥʠʤʠ, ʥʘʜʘʚʘʪʠ ʪʦʯʥʽ ʧʨʦʛʥʦʟʠ, 

ʧʽʜʪʨʠʤʫʚʘʪʠ ʢʦʤʧʣʝʢʩʥ ̔ʩʝʟʦʥʥʦʩʪʽ ʪʘ ʪʨʝʥʜʠ. 

ʄʝʪʦʜ ʧʨʦʛʥʦʟʫʚʘʥʥ ̫ TBATS [47] ʨʦʟʨʦʙʣʝʥʦ ʜʣʷ ʧʨʦʛʥʦʟʫʚʘʥʥʷ 

ʩʢʣʘʜʥʠʭ ʯʘʩʦʚʠʭ ʨʷʜʽʚ ʟ ʜʝʢʽʣʴʢʦʤʘ ʩʝʟʦʥʥʦʩʪʷʤʠ ʨʽʟʥʦʾ ʜʦʚʞʠʥʠ. ʋ TBATS 

ʜʦ ʦʨʠʛʽʥʘʣʴʥʦʛʦ ʯʘʩʦʚʦʛʦ ʨʷʜʫ ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ ʩʪʘʪʠʩʪʠʯʥʽ ʪʨʘʥʩʬʦʨʤʘʮʽʾ, ʱʦ 

ʧʦʣʝʛʰʫʶʪʴ ʧʦʜʘʣʴʰʝ ʚʠʷʚʣʝʥʥʷ ʦʩʦʙʣʠʚʦʩʪʝʡ ʯʘʩʦʚʦʛʦ ʨʷʜʫ. ʇʽʩʣʷ ʯʦʛʦ, 

ʪʨʘʥʩʬʦʨʤʦʚʘʥʠʡ ʯʘʩʦʚʠʡ ʨʷʜ ʨʦʟʢʣʘʜʘʻʪʴʩʷ ʷʢ ʣʽʥʽʡʥʘ ʢʦʤʙʽʥʘʮʽʷ 

ʝʢʩʧʦʥʝʥʮʽʡʥʦ ʟʛʣʘʜʞʝʥʦʛʦ ʪʨʝʥʜʫ, ʩʝʟʦʥʥʠʭ ʢʦʤʧʦʥʝʥʪʽʚ ʪʘ ʢʦʤʧʦʥʝʥʪʽʚ 

ARMA [48]. ʉʝʟʦʥʥʠʡ ʢʦʤʧʦʥʝʥʪ ʚʽʜʪʚʦʨʶʻʪʴʩʷ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ 

ʪʨʠʛʦʥʦʤʝʪʨʠʯʥʠʭ ʧʝʨʝʪʚʦʨʝʥʴ ʪʘ ʨʷʜʽʚ ʌʫʨ'ʻ. ʆʜʥʦʶ ʟ ʧʝʨʝʚʘʛ ʤʝʪʦʜʫ ʻ 

ʘʚʪʦʤʘʪʠʯʥʠʡ ʧʦʰʫʢ ʜʦʚʞʠʥ ʩʝʟʦʥʥʦʩʪʝʡ ʪʘ ʽʥʰʠʭ ʧʘʨʘʤʝʪʨʽʚ. ʄʝʪʦʜ TBATS 

ʦʙʨʘʥʦ ʯʝʨʝʟ ʡʦʛʦ ʫʥʽʚʝʨʩʘʣʴʥʽʩʪʴ ʽ ʟʜʘʪʥʽʩʪʴ ʘʜʘʧʪʫʚʘʪʠʩʷ ʜʦ ʯʘʩʦʚʠʭ ʨʷʜʽʚ 

ʨʽʟʥʦʾ ʩʢʣʘʜʥʦʩʪʽ, ʱʦ ʦʟʥʘʯʘʻ ʚʽʜʩʫʪʥʽʩʪʴ ʥʝʦʙʭʽʜʥʦʩʪʽ ʘʜʘʧʪʫʚʘʪʠ ʧʘʨʘʤʝʪʨʠ 

ʤʝʪʦʜʫ ʧʽʜ ʥʘʚʘʥʪʘʞʝʥʥʷ ʢʦʞʥʦʛʦ ʽʩʥʫʶʯʦʛʦ ʢʦʤʧʦʥʝʥʪʘ ʚ ʩʠʩʪʝʤʽ. 

Prophet ʻ ʙʽʙʣʽʦʪʝʢʦʶ ʥʘ ʦʩʥʦʚʽ ʤʘʰʠʥʥʦʛʦ ʥʘʚʯʘʥʥʷ ʜʣʷ ʧʨʦʛʥʦʟʫʚʘʥʥʷ 

ʯʘʩʦʚʠʭ ʨʷʜʽʚ, ʷʢʫ ʨʦʟʨʦʙʣʝʥʦ ʫ Facebook [49]. ʄʝʪʦʶ ʨʦʟʨʦʙʢʠ ʙʫʣʦ ʩʪʚʦʨʠʪʠ 

ʧʨʦʩʪʠʡ, ʧʨʦʟʦʨʠʡ ʪʘ ʟʨʦʟʫʤʽʣʠʡ ʘʣʛʦʨʠʪʤ ʛʝʥʝʨʘʮʽʾ ʤʦʜʝʣʝʡ, ʷʢʠʡ ʙʠ 
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ʜʦʟʚʦʣʷʚ ʰʚʠʜʢʦ ʦʪʨʠʤʫʚʘʪʠ ʜʦʩʪʦʚʽʨʥʽ ʧʨʦʛʥʦʟʠ. ɸʣʛʦʨʠʪʤ ʙʘʟʫʻʪʴʩʷ ʥʘ 

ʘʜʠʪʠʚʥʽʡ ʨʝʛʨʝʩʠʚʥʽʡ ʤʦʜʝʣʽ [50], ʷʢʘ ʤʘʻ ʜʝʢʽʣʴʢʘ ʢʦʤʧʦʥʝʥʪʽʚ: 

 ( ) ( ) ( ) ( ) ( ),y t g t s t h t e t= + + +  (2.1) 

ʜʝ g(t) ï ʢʦʤʧʦʥʝʥʪ ʪʨʝʥʜʽʚ, s(t) ï ʩʝʟʦʥʥʠʡ ʢʦʤʧʦʥʝʥʪ, h(t) ï ʘʥʦʤʘʣʴʥʽ ʧʦʜʽʾ, 

ʘ e(t) ï ʬʫʥʢʮʽʷ ʧʦʤʠʣʢʠ. 

ʂʨʽʤ ʘʜʠʪʠʚʥʦʾ ʨʝʛʨʝʩʽʡʥʦʾ ʤʦʜʝʣʽ, ʚ Prophet ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ 

ʧʝʨʝʪʚʦʨʝʥʥʷ ʨʷʜʽʚ ʌʫʨᾷʻ. ʉʝʨʝʜ ʧʝʨʝʚʘʛ ʤʦʜʝʣʽ ï ʤʦʞʣʠʚʽʩʪʴ ʨʦʙʦʪʠ ʟ 

ʜʦʚʽʣʴʥʠʤʠ ʯʘʩʦʚʠʤʠ ʨʷʜʘʤʠ, ʤʦʞʣʠʚʽʩʪʴ ʧʨʘʮʶʚʘʪʠ ʝʬʝʢʪʠʚʥʦ ʟ ʚʝʣʠʢʠʤʠ 

ʥʘʙʦʨʘʤʠ ʜʘʥʠʭ ʪʘ ʛʥʫʯʢʽʩʪʴ ʫ ʥʘʣʘʰʪʫʚʘʥʥʽ. 

NeuralProphet [51]  ̒ ʙʽʙʣʽʦʪʝʢʦʶ ʜʣʷ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʯʘʩʦʚʠʭ ʨʷʜʽʚ, 

ʨʦʟʨʦʙʣʝʥʠʡ ʥʘ ʦʩʥʦʚʽ ʙʽʙʣʽʦʪʝʢʠ PyTorch, ʷʢʘ ʻ ʨʦʟʚʠʪʢʦʤ ʤʦʜʝʣʽ Prophet ʪʘ 

ʥʘʜʘʻ ʘʥʘʣʦʛʽʯʥʠʡ API ʜʣʷ ʚʠʢʦʨʠʩʪʘʥʥʷ. ʆʩʥʦʚʥʘ ʚʽʜʤʽʥʥʽʩʪʴ ʜʘʥʦʾ 

ʙʽʙʣʽʦʪʝʢʠ ʚʽʜ Prophet ï ʚʠʢʦʨʠʩʪʘʥʥʷ ʛʣʠʙʦʢʦʛʦ ʥʘʚʯʘʥʥʷ ʟʘʤʽʩʪʴ ʩʪʘʪʠʯʥʠʭ 

ʤʝʪʦʜʽʚ ʘʥʘʣʽʟʫ ʯʘʩʦʚʠʭ ʨʷʜʽʚ. ɺ ʦʩʥʦʚʽ NeuralProphet ʣʝʞʠʪʴ ʘʚʪʦʨʝʛʨʝʩʽʡʥʘ 

ʥʝʡʨʦʥʥʘ ʤʝʨʝʞʘ [52], ʷʢʘ ʧʦʻʜʥʫʻ ʢʣʘʩʠʯʥʽ ʘʚʪʦʨʝʛʨʝʩʽʡʥʽ ʤʝʪʦʜʠ 

ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʯʘʩʦʚʠʭ ʨʷʜʽʚ ʪʘ ʩʫʯʘʩʥʽ ʧʽʜʭʦʜʠ ʥʘ ʦʩʥʦʚʽ ʤʘʰʠʥʥʦʛʦ 

ʥʘʚʯʘʥʥʷ. ʂʨʽʤ ʪʦʛʦ, NeuralProphet ʚʢʣʶʯʘʻ ʤʦʞʣʠʚʽʩʪʴ ʘʚʪʦʤʘʪʠʯʥʦʛʦ 

ʧʽʜʙʦʨʫ ʧʘʨʘʤʝʪʨʽʚ ʢʦʤʧʦʥʝʥʪʽʚ, ʤʘʻ ʤʦʞʣʠʚʽʩʪʴ ʧʨʘʮʶʚʘʪʠ ʟ ʯʘʩʦʚʠʤʠ 

ʨʷʜʘʤʠ ʨʽʟʥʦʾ ʩʝʟʦʥʥʦʩʪʽ ʪʘ ʜʦʟʚʦʣʷʻ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʜʦʜʘʪʢʦʚʽ ʟʤʽʥʥʽ ʜʣʷ 

ʧʦʢʨʘʱʝʥʥʷ ʪʦʯʥʦʩʪʽ ʧʨʦʛʥʦʟʽʚ. 

ɺ ʜʘʥʽʡ ʨʦʙʦʪʽ ʥʝ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ SARIMA [53], ʦʩʢʽʣʴʢʠ ʜʘʥʠʡ ʤʝʪʦʜ 

ʥʝ ʧʽʜʪʨʠʤʫʻ ʨʦʙʦʪʫ ʟ ʢʽʣʴʢʦʤʘ ʩʝʟʦʥʥʦʩʪʷʤʠ ʚ ʦʜʥʦʤʫ ʯʘʩʦʚʦʤʫ ʨʷʜʽ. ʊʘʢʦʞ 

ʧʨʦʮʝʩ ʟʥʘʭʦʜʞʝʥʥʷ ʦʧʪʠʤʘʣʴʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʤʦʜʝʣʽ ʻ ʥʝʪʨʠʚʽʘʣʴʥʦʶ 

ʟʘʜʘʯʝʶ. 

ʆʙʨʘʥʽ ʤʝʪʦʜʠ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʻ ʧʝʨʩʧʝʢʪʠʚʥʠʤʠ ʪʘ ʧʦʻʜʥʫʶʪʴ 

ʩʪʘʪʠʩʪʠʯʥʽ ʪʘ ʯʠʩʝʣʴʥʽ ʧʽʜʭʦʜʠ ʟ ʩʫʯʘʩʥʠʤʠ ʪʨʝʥʜʘʤʠ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʤʘʰʠʥʥʦʛʦ ʪʘ ʛʣʠʙʦʢʦʛʦ ʥʘʚʯʘʥʥʷ. 

ɼʣʷ ʦʮʽʥʢʠ ʪʦʯʥʦʩʪʽ ʤʝʪʦʜʽʚ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʯʘʩʦʚʠʭ ʨʷʜʽʚ ʜʦʮʽʣʴʥʦ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʜʚʽ ʤʝʪʨʠʢʠ ʪʦʯʥʦʩʪʽ ï ʩʝʨʝʜʥʻ ʘʙʩʦʣʶʪʥʝ ʚʽʜʩʦʪʢʦʚʝ 

ʚʽʜʭʠʣʝʥʥʷ (MAPE) ʪʘ ʢʚʘʜʨʘʪʠʯʥʝ ʩʝʨʝʜʥʻ ʚʽʜʭʠʣʝʥʥʷ (RMSE). ʇʦʢʘʟʥʠʢ 
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RMSE ʜʘʻ ʟʤʦʛʫ ʧʦʨʽʚʥʷʪʠ ʚʽʜʭʠʣʝʥʥʷ ʫ ʧʦʯʘʪʢʦʚʠʭ ʚʝʣʠʯʠʥʘʭ ʽ ʜʦʧʦʤʘʛʘʻ 

ʦʮʽʥʠʪʠ ʟʘʛʘʣʴʥʫ ʪʦʯʥʽʩʪʴ ʧʨʦʛʥʦʟʽʚ: 
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 (2.2) 

ʜʝ xt ï ʨʝʘʣʴʥʝ ʟʥʘʯʝʥʥʷ ʚ ʤʦʤʝʥʪ ʯʘʩʫ t, Ĕ
t

x  ï ʧʨʦʛʥʦʟ ʫ ʤʦʤʝʥʪ ʯʘʩʫ t, ʘ n  ï 

ʢʽʣʴʢʽʩʪʴ ʪʦʯʦʢ ʜʘʥʠʭ ʫ ʥʘʙʦʨʽ ʜʘʥʠʭ. 

ʇʦʢʘʟʥʠʢ MAPE ʫ ʚʽʜʩʦʪʢʘʭ ʜʘʻ ʟʤʦʛʫ ʧʦʨʽʚʥʷʪʠ ʧʨʦʛʥʦʟʠ ʨʽʟʥʠʭ 

ʤʦʜʝʣʝʡ ʥʘ ʨʽʟʥʠʭ ʤʘʩʰʪʘʙʘʭ ʘʙʦ ʜʘʥʠʭ: 
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ʜʝ 
t

x  ï ʨʝʘʣʴʥʝ ʟʥʘʯʝʥʥʷ ʚ ʤʦʤʝʥʪ ʯʘʩʫ t , Ĕ
t

x  ï ʧʨʦʛʥʦʟ ʫ ʤʦʤʝʥʪ ʯʘʩʫ t, ʘ n ï 

ʢʽʣʴʢʽʩʪʴ ʪʦʯʦʢ ʜʘʥʠʭ ʫ ʥʘʙʦʨʽ ʜʘʥʠʭ. 

ʆʮʽʥʢʘ ʫʥʽʚʝʨʩʘʣʴʥʦʩʪʽ ʤʝʪʦʜʽʚ ʚʽʜʙʫʚʘʻʪʴʩʷ ʥʘ ʦʩʥʦʚʽ ʦʮʽʥʢʠ ʤʝʪʨʠʢ 

ʪʦʯʥʦʩʪʽ ʙʝʟ ʜʦʜʘʪʢʦʚʦʛʦ ʥʘʣʘʰʪʫʚʘʥʥʷ ʧʘʨʘʤʝʪʨʽʚ, ʱʦ ʥʝʦʙʭʽʜʥʦ ʜʣʷ 

ʧʝʨʝʚʽʨʢʠ ʟʜʘʪʥʦʩʪʽ ʤʦʞʝ ʘʜʘʧʪʫʚʘʪʠʩʷ ʜʦ ʨʽʟʥʠʭ ʰʘʙʣʦʥʽʚ ʥʘʚʘʥʪʘʞʝʥʥʷ. 

ɼʣʷ ʧʝʨʝʚʽʨʢʠ ʪʦʯʥʦʩʪʽ ʪʘ ʫʥʽʚʝʨʩʘʣʴʥʦʩʪʽ ʤʦʜʝʣʝʡ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠʤʝʪʴʩʷ ʰʪʫʯʥʦ ʟʛʝʥʝʨʦʚʘʥʦ ʯʘʩʦʚʠʡ ʨʷʜ ʟ ʜʝʥʥʦʶ ʪʘ 

ʪʠʞʥʝʚʦʶ ʩʝʟʦʥʥʽʩʪʶ. ʊʘʢʘ ʢʦʤʙʽʥʘʮʽʷ ʩʝʟʦʥʥʦʩʪʝʡ ʦʙʨʘʥʘ ʦʩʢʽʣʴʢʠ ʚʦʥʘ 

ʚʽʜʦʙʨʘʞʘʻ ʮʠʢʣʽʯʥʽʩʪʴ ʧʦʚʝʜʽʥʢʠ ʣʶʜʝʡ ʫ ʩʫʩʧʽʣʴʩʪʚʽ, ʱʦ ʟʫʤʦʚʣʝʥʘ 

ʩʫʩʧʽʣʴʥʠʤʠ ʥʦʨʤʘʤʠ ʪʘ ʟʚʠʯʢʘʤʠ. ʋ ʪʠʧʦʚʦʤʫ ʪʠʞʥʽ, ʦʩʦʙʣʠʚʦ ʫ ʙʽʟʥʝʩ-

ʦʪʦʯʝʥʥʽ, ʻ ʯʽʪʢʦ ʚʠʨʘʞʝʥʠʡ ʨʠʪʤ, ʟʫʤʦʚʣʝʥʠʡ ʨʦʙʦʯʠʤʠ ʪʘ ʚʠʭʽʜʥʠʤʠ ʜʥʷʤʠ. 

ɼʝʥʥʘ ʩʝʟʦʥʥʽʩʪʴ, ʚ ʩʚʦʶ ʯʝʨʛʫ, ʚʽʜʦʙʨʘʞʘʻ ʧʦʚʪʦʨʶʚʘʥʽʩʪʴ ʜʽʡ ʣʶʜʝʡ 

ʚʧʨʦʜʦʚʞ ʜʦʙʠ: ʨʦʙʦʯʽ ʛʦʜʠʥʠ, ʯʘʩ ʥʘ ʚʽʜʧʦʯʠʥʦʢ, ʩʦʥ ʽ ʪʘʢ ʜʘʣʽ. ɺ ʮʽʣʦʤʫ, 

ʙʫʜʴ-ʷʢʘ ʽʥʰʘ ʩʝʟʦʥʥʽʩʪʴ ʤʦʞʝ ʙʫʪʠ ʦʙʨʘʥʘ, ʘ ʤʝʪʦʶ ʜʦʩʣʽʜʞʝʥʥʷ ʻ ʧʝʨʝʚʽʨʢʘ 

ʨʦʙʦʪʠ ʤʦʜʝʣʝʡ ʥʘ ʢʦʤʧʣʝʢʩʥʠʭ ʩʝʟʦʥʥʦʩʪʷʭ. ʏʘʩʪʦʪʘ ʟʥʘʯʝʥʴ ʚ 

ʟʛʝʥʝʨʦʚʘʥʦʤʫ ʯʘʩʦʚʦʤʫ ʨʷʜʽ ʩʪʘʥʦʚʠʪʴ 3600 ʩ ʽ ʤʘʻ ʤʽʥʽʤʘʣʴʥʠʡ ʚʧʣʠʚ ʥʘ 

ʪʦʯʥʽʩʪʴ ʤʦʜʝʣʝʡ ʫ ʧʦʨʽʚʥʷʥʥʷ ʟ ʤʝʥʰʦʶ ʯʘʩʪʦʪʦʶ ʜʘʥʠʭ. 



60 

ʋ ʧʝʨʰʦʤʫ ʝʢʩʧʝʨʠʤʝʥʪʽ ʧʨʦʚʦʜʠʪʴʩʷ ʧʦʨʽʚʥʷʥʥʷ ʦʙʨʘʥʠʭ ʤʦʜʝʣʝʡ ʥʘ 

ʧʨʠʢʣʘʜʽ ʚʠʱʝ ʦʧʠʩʘʥʦʛʦ ʯʘʩʦʚʦʛʦ ʨʷʜʫ ʟ ʜʚʦʤʘ ʧʝʨʽʦʜʠʯʥʦʩʪʷʤʠ ʨʽʟʥʦʾ 

ʜʦʚʞʠʥʠ ï ʜʝʥʥʦʾ ʪʘ ʪʠʞʥʝʚʦʾ. ɼʘʥʽ ʧʦʧʝʨʝʜʥʴʦ ʥʝ ʦʙʨʦʙʣʷʣʠʩʷ. 

ʎʽʣʴ ʜʘʥʦʛʦ ʝʢʩʧʝʨʠʤʝʥʪʫ ʜʦʩʣʽʜʠʪʠ ʤʦʞʣʠʚʦʩʪʽ ʧʨʦʛʥʦʟʫʚʘʥʥʷ 

ʦʙʨʘʥʠʤʠ ʤʦʜʝʣʷʤʠ ʥʘ ʩʢʣʘʜʥʠʭ ʰʘʙʣʦʥʘʭ ʥʘʚʘʥʪʘʞʝʥʥʷ ʙʝʟ ʩʧʦʪʚʦʨʝʥʴ 

ʜʘʥʠʭ, ʘ ʪʘʢʦʞ ʜʦʩʣʽʜʠʪʠ ʚʧʣʠʚ ʨʦʟʤʽʨʫ ʽʩʪʦʨʠʯʥʠʭ ʜʘʥʠʭ ʧʽʜ ʯʘʩ ʪʨʝʥʫʚʘʥʥʷ 

ʥʘ ʪʦʯʥʽʩʪʴ ʧʨʦʛʥʦʟʽʚ. ʄʦʜʝʣʽ ʪʨʝʥʫʶʪʴʩʷ ʥʘ ʜʘʥʠʭ ʨʽʟʥʦʾ ʜʦʚʞʠʥʠ, ʷʢʽ 

ʚʢʣʶʯʘʶʪʴ ʦʜʠʥ, ʜʚʘ ʪʘ ʪʨʠ ʪʠʞʥʝʚʠʭ ʧʝʨʽʦʜʠ. 

ʈʝʟʫʣʴʪʘʪʠ ʧʝʨʰʦʛʦ ʝʢʩʧʝʨʠʤʝʥʪʫ, ʱʦ ʟʦʙʨʘʞʝʥʠʡ ʥʘ ʨʠʩ. 2.2, 

ʜʝʤʦʥʩʪʨʫʶʪʴ ʪʦʯʥʽʩʪʴ ʤʝʪʦʜʽʚ Prophet, NeuralProphet ʪʘ TBATS ʥʘ 

ʪʨʠʪʠʞʥʝʚʠʭ ʜʘʥʠʭ. 

 

ʈʠʩʫʥʦʢ 2.2 ï ʇʨʦʛʥʦʟʫʚʘʥʥʷ ʜʝʥʥʠʭ ʪʘ ʪʠʞʥʝʚʠʭ ʢʦʣʠʚʘʥʴ ʙʝʟ ʩʧʦʪʚʦʨʝʥʴ 

ʜʘʥʠʭ ʥʘ ʦʩʥʦʚʽ ʪʨʠʪʠʞʥʝʚʠʭ ʜʘʥʠʭ 

ɺ ʪʘʙʣʠʮʽ 2.1 ʥʘʚʦʜʷʪʴʩʷ ʧʦʢʘʟʥʠʢʠ ʪʦʯʥʦʩʪʽ ʤʝʪʦʜʽʚ, ʱʦ ʦʪʨʠʤʘʥʽ ʥʘ 

ʦʩʥʦʚʽ ʪʨʠʪʠʞʥʝʚʠʭ ʜʘʥʠʭ. ʇʦ ʦʪʨʠʤʘʥʠʤ ʛʨʘʬʽʢʘʤ ʽ ʟʥʘʯʝʥʥʷʤ ʪʦʯʥʦʩʪʽ 

ʤʦʞʥʘ ʟʨʦʙʠʪʠ ʚʠʩʥʦʚʦʢ, ʱʦ ʢʦʞʥʘ ʟ ʤʦʜʝʣʝʡ ʜʦʚʦʣʽ ʪʦʯʥʦ ʧʝʨʝʜʙʘʯʘʻ 

ʥʘʚʘʥʪʘʞʝʥʥʷ ʚ ʜʘʥʠʭ ʫʤʦʚʘʭ. ʇʨʦʪʝ ʚʘʨʪʦ ʟʘʟʥʘʯʠʪʠ, ʱʦ TBATS ʻ ʪʦʯʥʽʰʠʤ 

ʥʘ 6% ʟʘ ʽʥʰʽ ʤʦʜʝʣʽ, ʷʢʽ ʧʦʢʘʟʘʣʠ ʦʜʥʘʢʦʚʠʡ ʨʝʟʫʣʴʪʘʪ. ʄʝʪʨʠʢʠ RMSE ̔  

MAPE ʥʘʚʝʜʝʥʽ ʚ ʪʘʙʣʠʮʽ 2.1. 
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ʊʘʙʣʠʮʷ 2.1 ï ʇʨʦʛʥʦʟʫʚʘʥʥʷ ʜʝʥʥʠʭ ʪʘ ʪʠʞʥʝʚʠʭ ʢʦʣʠʚʘʥʴ ʙʝʟ ʩʧʦʪʚʦʨʝʥʴ 

ʜʘʥʠʭ ʥʘ ʦʩʥʦʚʽ ʪʨʠʪʠʞʥʝʚʠʭ ʜʘʥʠʭ 

ʄʦʜʝʣʴ RMSE MAPE 

TBATS 32.464 0.081 

Prophet 46.16 0.0856 

NeuralProphet 53.705 0.0891 

 

ɼʨʫʛʠʡ ʝʢʩʧʝʨʠʤʝʥʪ ʧʨʦʚʦʜʠʪʴʩʷ ʥʘ ʜʚʦʪʠʞʥʝʚʠʭ ʜʘʥʠʭ, ʨʝʟʫʣʴʪʘʪʠ 

ʷʢʦʛʦ ʟʦʙʨʘʞʝʥʽ ʥʘ ʨʠʩ. 2.3. ɼʘʥʽ ʘʥʘʣʦʛʽʯʥʽ ʧʝʨʰʦʤʫ ʝʢʩʧʝʨʠʤʝʥʪʫ. 

ʆʯʽʢʫʻʪʴʩʷ, ʱʦ ʪʦʯʥʽʩʪʴ ʤʦʜʝʣʝʡ ʥʝ ʤʘʻ ʧʦʛʽʨʰʠʪʠʩʷ, ʦʩʢʽʣʴʢʠ ʜʚʘ ʧʝʨʽʦʜʠ 

ʩʝʟʦʥʥʦʩʪʽ ʻ ʛʨʘʥʠʯʥʦʶ ʜʦʚʞʠʥʦʶ ʜʘʥʠʭ ʜʣʷ ʚʠʷʚʣʝʥʥʷ ʯʽʪʢʠʭ ʟʘʣʝʞʥʦʩʪʝʡ ʚ 

ʯʘʩʦʚʦʤʫ ʨʷʜʽ. 

 

ʈʠʩʫʥʦʢ 2.3 ï ʇʨʦʛʥʦʟʫʚʘʥʥʷ ʜʝʥʥʠʭ ʪʘ ʪʠʞʥʝʚʠʭ ʢʦʣʠʚʘʥʴ ʟ ʜʚʦʤʘ ʚʭʽʜʥʠʤʠ 

ʧʝʨʽʦʜʘʤʠ 

ɿʤʝʥʰʝʥʥʷ ʪʨʠʚʘʣʦʩʪʽ ʜʘʥʠʭ ʜʣʷ ʪʨʝʥʫʚʘʥʥʷ ʤʘʡʞʝ ʥʽʷʢ ʥʝ ʚʧʣʠʥʫʣʦ ʥʘ 

ʪʦʯʥʽʩʪʴ ʫ ʚʠʧʘʜʢʫ TBATS ʪʘ Prophet ʚʽʜʥʦʩʥʦ ʨʝʟʫʣʴʪʘʪʽʚ ʧʝʨʰʦʛʦ 

ʝʢʩʧʝʨʠʤʝʥʪʫ ʪʘ ʩʪʘʥʦʚʠʪʴ ʤʝʥʰʝ 1%. ʊʦʯʥʽʩʪʴ NeuralProphet ʧʦʛʽʨʰʠʣʘʩʴ ʥʘ 

44% ʫ ʧʦʨʽʚʥʷʥʥʽ ʟ ʧʝʨʰʠʤ ʝʢʩʧʝʨʠʤʝʥʪʦʤ, ʱʦ ʩʚʽʜʯʠʪʴ ʧʨʦ ʟʘʣʝʞʥʽʩʪʴ 

ʜʘʥʦʛʦ ʤʝʪʦʜʫ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʚʽʜ ʜʦʚʞʠʥʠ ʜʘʥʠʭ. ɺ ʪʘʙʣʠʮʽ 2.2 ʥʘʚʝʜʝʥʽ 

ʨʝʟʫʣʴʪʘʪʠ ʜʨʫʛʦʛʦ ʝʢʩʧʝʨʠʤʝʥʪʫ.  
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ʊʘʙʣʠʮʷ 2.2 ï ʇʨʦʛʥʦʟʫʚʘʥʥʷ ʜʝʥʥʠʭ ʪʘ ʪʠʞʥʝʚʠʭ ʢʦʣʠʚʘʥʴ ʙʝʟ ʩʧʦʪʚʦʨʝʥʴ 

ʜʘʥʠʭ ʥʘ ʦʩʥʦʚʽ ʜʚʦʪʠʞʥʝʚʠʭ ʜʘʥʠʭ 

ʄʦʜʝʣʴ RMSE MAPE 

TBATS 32.943 0.084 

Prophet 51.236 0.089 

NeuralProphet 71.378 0.130 

 

ʊʨʝʪʽʡ ʝʢʩʧʝʨʠʤʝʥʪ ʤʽʩʪʠʪʴ ʘʥʘʣʦʛʽʯʥʽ ʜʘʥʽ ʜʦ ʧʝʨʰʠʭ ʜʚʦʭ, ʘʣʝ ʾʭ 

ʜʦʚʞʠʥʘ ʟʤʝʥʰʝʥʘ ʜʦ ʦʜʥʦʛʦ ʧʝʨʽʦʜʫ ʪʠʞʥʝʚʦʾ ʩʝʟʦʥʥʦʩʪʽ. ʆʯʽʢʫʻʪʴʩʷ, ʱʦ 

ʪʦʯʥʽʩʪʴ ʤʝʪʦʜʽʚ ʤʘʻ ʟʥʘʯʥʦ ʟʤʝʥʰʠʪʠʩʷ, ʦʩʢʽʣʴʢʠ ʜʦʚʞʠʥʘ ʜʘʥʠʭ ʻ ʤʝʥʰʦʶ 

ʟʘ ʛʨʘʥʠʯʥʠʡ ʧʦʢʘʟʥʠʢ, ʱʦ ʩʪʘʥʦʚʠʪʴ ʜʚʽ ʩʝʟʦʥʥʦʩʪʽ.  

 

ʈʠʩʫʥʦʢ 2.4 ï ʇʨʦʛʥʦʟʫʚʘʥʥʷ ʜʝʥʥʠʭ ʪʘ ʪʠʞʥʝʚʠʭ ʢʦʣʠʚʘʥʴ ʟ 

ʦʜʥʠʤ ʚʭʽʜʥʠʤ ʧʝʨʽʦʜʘʤʦʤ 

ɺ ʪʘʙʣʠʮʽ 2.3 ʥʘʚʝʜʝʥʽ ʤʝʪʨʠʢʠ ʪʦʯʥʦʩʪʽ RMSE ʪʘ MAPE. ʋ ʚʠʧʘʜʢʫ 

TBATS ʧʘʜʽʥʥʷ ʪʦʯʥʦʩʪʽ ʤʽʥʽʤʘʣʴʥʝ ʪʘ ʩʪʘʥʦʚʠʪʴ ʤʝʥʰʝ 2%. ʊʦʯʥʽʩʪʴ Prophet 

ʟʥʠʟʠʣʘʩʴ ʥʘ 25% ʫ ʚʽʜʥʦʩʥʦʤʫ ʪʘ 3% ʫ ʘʙʩʦʣʶʪʥʦʤʫ ʚʠʤʽʨʽ. ʊʦʯʥʽʩʪʴ 

ʧʨʦʛʥʦʟʫʚʘʥʥ ̫NeuralProphet cʪʘʥʦʚʠʪʴ 49% ʚ ʤʝʪʨʠʮʽ MAPE, ɦ ʦ ʻ ʢʨʠʪʠʯʥʦ 

ʥʠʟʴʢʠʤ ʧʦʢʘʟʥʠʢʦʤ. ʇʨʦʛʥʦʟ NeuralProphet ʥʘ ʨʠʩ. 2.3 ʧʦʚʥʽʩʪʶ ʚʽʜʧʦʚʽʜʘʻ 

ʥʠʟʴʢʠʤ ʤʝʪʨʠʢʘʤ ʪʦʯʥʦʩʪʽ. 
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ʊʘʙʣʠʮʷ 2.3 ï ʇʨʦʛʥʦʟʫʚʘʥʥʷ ʜʝʥʥʠʭ ʪʘ ʪʠʞʥʝʚʠʭ ʢʦʣʠʚʘʥʴ ʙʝʟ ʩʧʦʪʚʦʨʝʥʴ 

ʜʘʥʠʭ ʥʘ ʦʩʥʦʚʽ ʦʜʥʦʪʠʞʥʝʚʠʭ ʜʘʥʠʭ 

ʄʦʜʝʣʴ RMSE MAPE 

TBATS 35.006 0.085 

Prophet 64.427 0.117 

NeuralProphet 281.056 0.493 

 

ɺ ʝʢʩʧʝʨʠʤʝʥʪʽ, ʱʦ ʟʦʙʨʘʞʝʥʠʡ ʥʘ ʨʠʩ. 2.5, ʚ ʽʩʪʦʨʠʯʥʽ ʜʘʥʽ ʚʥʝʩʝʥʦ 

ʩʧʦʪʚʦʨʝʥʥʷ. ɼʝʷʢʘ ʯʘʩʪʠʥʘ ʜʥʽʚ ʤʘʶʪʴ ʥʝʪʠʧʦʚʽ ʟʙʽʣʴʰʝʥʽ ʘʙʦ ʟʤʝʥʰʝʥʽ 

ʟʥʘʯʝʥʥʷ. ʉʝʟʦʥʥʽʩʪʴ ʘʥʘʣʦʛʽʯʥʘ ʤʠʥʫʣʠʤ ʝʢʩʧʝʨʠʤʝʥʪʘʤ. ɺ ʨʝʘʣʴʥʠʭ ɯʉ 

ʧʨʠʯʠʥʦʶ ʪʘʢʠʭ ʩʧʦʪʚʦʨʝʥʴ ʤʦʞʫʪʴ ʙʫʪʠ ʩʚʷʪʘ, ʚʽʜʤʦʚʘ ʤʝʨʝʞʝʚʦʛʦ 

ʦʙʣʘʜʥʘʥʥʷ ʘʙʦ ʧʨʦʙʣʝʤʠ ʟ ʙʘʣʘʥʩʫʚʘʥʥʷʤ ʥʘʚʘʥʪʘʞʝʥʥʷ. ɺ ʜʘʥʦʤʫ 

ʝʢʩʧʝʨʠʤʝʥʪʽ ʧʝʨʝʚʽʨʷʻʪʴʩʷ ʩʪʽʡʢʽʩʪʴ ʦʙʨʘʥʠʭ ʤʝʪʦʜʽʚ ʜʦ ʘʥʦʤʘʣʽʡ ʚ 

ʽʩʪʦʨʠʯʥʠʭ ʜʘʥʠʭ. 

 

ʈʠʩʫʥʦʢ 2.5 ï ʇʨʦʛʥʦʟʫʚʘʥʥʷ ʜʝʥʥʠʭ ʪʘ ʪʠʞʥʝʚʠʭ ʢʦʣʠʚʘʥʴ ʟ ʪʨʴʦʤʘ ʚʭʽʜʥʠʤ 

ʧʝʨʽʦʜʘʤʠ ʪʘ ʥʘʷʚʥʽʩʪʶ ʘʥʦʤʘʣʽʡ ʫ 10% ʜʥʽʚ 

ʋ ʜʘʥʦʤʫ ʝʢʩʧʝʨʠʤʝʥʪʽ ʧʦʢʘʟʥʠʢʠ ʪʦʯʥʦʩʪʽ ʧʨʦʛʥʦʟʽʚ TBATS ʫ 

ʧʦʨʽʚʥʷʥʥʽ ʟ ʧʝʨʰʠʤ ʝʢʩʧʝʨʠʤʝʥʪʦʤ ʧʦʛʽʨʰʫʻʪʴʩʷ ʚʜʚʽʯʽ, ʜʣʷ Prophet ʪʘ 

NeuralProphet ʟʥʠʞʝʥʥʷ ʪʦʯʥʦʩʪʽ ʙʽʣʴʰʝ 200%. ɿʘʛʘʣʴʥʠʡ ʰʘʙʣʦʥ 
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ʟʙʝʨʽʛʘʻʪʴʩʷ, ʧʨʦʪʝ ʥʘʷʚʥʽ ʟʥʘʯʥʽ ʚʽʜʭʠʣʝʥʥʷ. ʄʝʪʨʠʢʠ ʪʦʯʥʦʩʪʽ ʥʘʚʝʜʝʥʽ ʚ 

ʪʘʙʣʠʮ ̔2.4. 

ʊʘʙʣʠʮʷ 2.4 ï ʇʨʦʛʥʦʟʫʚʘʥʥʷ ʜʝʥʥʠʭ ʪʘ ʪʠʞʥʝʚʠʭ ʢʦʣʠʚʘʥʴ ʟ ʪʨʴʦʤʘ ʚʭʽʜʥʠʤ 

ʧʝʨʽʦʜʘʤʠ ʪʘ ʥʘʷʚʥʽʩʪʶ ʘʥʦʤʘʣʽʡ ʫ 10% ʜʥʽʚ 

ʄʦʜʝʣʴ RMSE MAPE 

TBATS 135.949 0.174 

Prophet 163.716 0.263 

NeuralProphet 161.726 0.297 

 

ɺ ʥʘʩʪʫʧʥʦʤʫ ʝʢʩʧʝʨʠʤʝʥʪʽ ʢʽʣʴʢʽʩʪʴ ʘʥʦʤʘʣʴʥʠʭ ʜʥʽʚ ʟʙʽʣʴʰʫʻʪʴʩʷ ʜʦ 

20%, ʱʦ ʥʝʦʙʭʽʜʥʦ ʜʣʷ ʧʝʨʝʚʽʨʢʠ ʨʦʙʦʪʠ ʤʝʪʦʜʽʚ ʚ ʫʤʦʚʘʭ ʥʠʟʴʢʦʾ ʷʢʦʩʪʽ 

ʜʘʥʠʭ ʪʘ ʚʽʜʩʫʪʥʦʩʪʽ ʧʦʧʝʨʝʜʥʴʦʾ ʦʙʨʦʙʢʠ. ɺʩʽ ʽʥʰʽ ʫʤʦʚʠ ʧʦʚʪʦʨʶʶʪʴ 

ʧʦʧʝʨʝʜʥʽʡ ʝʢʩʧʝʨʠʤʝʥʪ. ʅʘ ʨʠʩ. 2.6 ʟʦʙʨʘʞʝʥʽ ʨʝʟʫʣʴʪʘʪʠ ʧʨʦʛʥʦʟʫʚʘʥʥʷ. 

 

ʈʠʩʫʥʦʢ 2.6 ï ʇʨʦʛʥʦʟʫʚʘʥʥʷ ʜʝʥʥʠʭ ʪʘ ʪʠʞʥʝʚʠʭ ʢʦʣʠʚʘʥʴ ʟ ʪʨʴʦʤʘ ʚʭʽʜʥʠʤ 

ʧʝʨʽʦʜʘʤʠ ʪʘ ʥʘʷʚʥʽʩʪʶ ʘʥʦʤʘʣʽʡ ʫ 20% ʜʥʽʚ 

ɺ ʪʘʙʣʠʮʽ 2.5 ʤʽʩʪʷʪʴʩʷ ʤʝʪʨʠʢʠ ʪʦʯʥʦʩʪʽ. ɺ ʪʘʢʠʭ ʝʢʩʪʨʝʤʘʣʴʥʠʭ ʫʤʦʚʘʭ 

ʪʦʯʥʽʩʪʴ ʧʨʦʛʥʦʟʽʚ ʟʥʘʯʥʦ ʟʤʝʥʰʫʻʪʴʩʷ. ɿʦʢʨʝʤʘ, ʪʦʯʥʽʩʪʴ ʤʦʜʝʣʽ 

NeuralProphet ʚ ʜʘʥʦʤʫ ʚʠʧʘʜʢʫ ʻ ʢʨʠʪʠʯʥʦ ʥʠʟʴʢʦʶ. ʈʝʟʫʣʴʪʘʪʠ ʩʚʽʜʯʘʪʴ, ʱʦ 

ʧʨʠ ʥʘʷʚʥʦʩʪʽ ʚʝʣʠʢʦʾ ʢʽʣʴʢʦʩʪʽ ʘʥʦʤʘʣʽʡ ʚ ʽʩʪʦʨʠʯʥʠʭ ʜʘʥʠʭ ʥʝʦʙʭʽʜʥʦ 

ʧʨʦʚʦʜʠʪʠ ʧʦʧʝʨʝʜʥ ʁʦʙʨʦʙʢʫ ʜʘʥʠʭ ʜʣʷ ʦʪʨʠʤʘʥʥʷ ʚʠʩʦʢʠʭ ʤʝʪʨʠʢ ʪʦʯʥʦʩʪʽ. 



65 

ʊʘʙʣʠʮʷ 2.5 ï ʇʨʦʛʥʦʟʫʚʘʥʥʷ ʜʝʥʥʠʭ ʪʘ ʪʠʞʥʝʚʠʭ ʢʦʣʠʚʘʥʴ ʟ ʪʨʴʦʤʘ ʚʭʽʜʥʠʤʠ 

ʧʝʨʽʦʜʘʤʠ ʪʘ ʥʘʷʚʥʽʩʪʶ ʘʥʦʤʘʣʽʡ ʫ 20% ʜʥʽʚ 

ʄʦʜʝʣʴ RMSE MAPE 

TBATS 134.313 0.243 

Prophet 134.848 0.209 

NeuralProphet 274.135 0.476 
 

ʈʝʟʫʣʴʪʘʪʠ ʧʨʦʚʝʜʝʥʠʭ ʝʢʩʧʝʨʠʤʝʥʪʽʚ ʧʦʢʘʟʫʶʪʴ, ʱʦ ʚʩʽ ʪʨʠ ʦʙʨʘʥʽ 

ʤʦʜʝʣʽ ʟʜʘʪʥʽ ʜʦʩʠʪʴ ʪʦʯʥʦ ʧʝʨʝʜʙʘʯʘʪʠ ʩʢʣʘʜʥʽ ʰʘʙʣʦʥʠ ʥʘʚʘʥʪʘʞʝʥʴ ʟ 

ʜʝʢʽʣʴʢʦʤʘ ʩʝʟʦʥʥʦʩʪʷʤʠ ʙʝʟ ʧʦʧʝʨʝʜʥʴʦʾ ʦʙʨʦʙʢʠ ʜʘʥʠʭ ʪʘ ʽʟ ʘʥʦʤʘʣʽʷʤʠ. 

TBATS ʻ ʙʽʣʴʰ ʪʦʯʥʠʤ ʟʘ Prophet ʪʘ NeuralProphet ʚ ʫʩʽʭ ʧʨʦʚʝʜʝʥʠʭ 

ʝʢʩʧʝʨʠʤʝʥʪʘʭ, ʧʨʦʪʝ ʨʽʟʥʠʮʷ ʚ ʪʦʯʥʦʩʪʽ ʩʢʣʘʜʘʻ ʥʝ ʙʽʣʴʰʝ 16%. TBATS ʪʘ 

Prophet ʜʦʩʠʪʴ ʪʦʯʥʦ ʧʝʨʝʜʙʘʯʘʣʠ ʥʘʚʘʥʪʘʞʝʥʥʷ ʤʘʶʯʠ ʚʩʴʦʛʦ ʣʠʰʝ ʦʜʠʥ 

ʪʠʞʥʝʚʠʡ ʧʝʨʽʦʜ ʽ ʧʦʛʽʨʰʝʥʥʷ ʪʦʯʥʦʩʪʽ ʩʢʣʘʜʘʻ ʣʠʰʝ 10%. NeuralProphet 

ʧʦʪʨʝʙʫʻ ʜʦʜʘʪʢʦʚʦʛʦ ʥʘʣʘʰʪʫʚʘʥʥʷ ʧʘʨʘʤʝʪʨʽʚ ʘʙʦ ʧʦʧʝʨʝʜʥʴʦʾ ʦʙʨʦʙʢʠ 

ʜʘʥʠʭ ʚ ʜʝʷʢʠʭ ʧʨʦʚʝʜʝʥʠʭ ʝʢʩʧʝʨʠʤʝʥʪʘʭ. ʅʘʷʚʥʽʩʪʴ ʘʥʦʤʘʣʽʡ ʟʥʘʯʥʦ 

ʚʧʣʠʚʘʻ ʥʘ ʪʦʯʥʽʩʪʴ ʽ ʧʦʧʝʨʝʜʥʷ ʦʙʨʦʙʢʘ ʽʩʪʦʨʠʯʥʠʭ ʜʘʥʠʭ ʻ ʥʝʦʙʭʽʜʥʦʶ.  

ɺʨʘʭʦʚʫʶʯʠ ʦʪʨʠʤʘʥʽ ʨʝʟʫʣʴʪʘʪʠ ʪʘ ʧʦʩʪʘʚʣʝʥʽ ʚʠʤʦʛʠ ʤʦʞʥʘ ʟʨʦʙʠʪʠ 

ʚʠʩʥʦʚʦʢ, ʱʦ ʚʩʽ ʪʨʠ ʦʙʨʘʥʽ ʤʦʜʝʣʽ ʤʦʞʥʘ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʜʣʷ ʘʚʪʦʤʘʪʠʟʘʮʽʾ 

ʤʘʩʰʪʘʙʫʚʘʥʥʷ ʨʝʩʫʨʩʽʚ ʚ Kubernetes, ʘʣʝ ʥʝʦʙʭʽʜʥʦ ʚʨʘʭʦʚʫʚʘʪʠ ʦʩʦʙʣʠʚʦʩʪʽ 

ʪʘ ʧʝʨʝʜʫʤʦʚʠ ʾʭ ʟʘʩʪʦʩʫʚʘʥʥʷ. 

2.4 ʈʦʟʨʦʙʢʘ ʢʦʤʙʽʥʦʚʘʥʦʛʦ ʤʝʪʦʜʫ ʧʨʦʛʥʦʟʫʚʘʥʥʷ 

ʈʝʟʫʣʴʪʘʪʠ ʧʨʦʚʝʜʝʥʠʭ ʝʢʩʧʝʨʠʤʝʥʪʽʚ ʧʦʢʘʟʫʶʪʴ, ʱʦ ʨʦʟʛʣʷʥʫʪʽ ʤʝʪʦʜʠ 

ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʤʘʶʪʴ ʚʠʩʦʢʫ ʪʦʯʥʽʩʪʴ ʧʨʦʛʥʦʟʽʚ ʥʘ ʪʠʧʦʚʠʭ ʥʘʚʘʥʪʘʞʝʥʥʷʭ ʟ 

ʥʘʷʚʥʽʩʪʶ ʩʝʟʦʥʥʦʩʪʝʡ ʘʙʦ ʪʨʝʥʜʽʚ. ʇʨʦʪʝ ʧʨʠ ʥʘʷʚʥʦʩʪʽ ʚʝʣʠʢʦʶ ʢʽʣʴʢʦʩʪʽ 

ʘʥʦʤʘʣʽʡ ʚ ʽʩʪʦʨʠʯʥʠʭ ʜʘʥʠʭ ʪʦʯʥʽʩʪʴ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʟʤʝʥʰʫʚʘʣʘʩʷ ʟ 92% ʜʦ 

76%. ɸʥʦʤʘʣʽʾ ʥʘʚʘʥʪʘʞʝʥʥʷ ʤʦʞʫʪʴ ʤʘʪʠ ʨʽʟʥʝ ʧʦʭʦʜʞʝʥʥʷ, ʘʣʝ ʤʦʞʥʘ 

ʧʨʠʧʫʩʪʠʪʠ ʱʦ ʧʨʠʯʠʥʠ ʘʥʦʤʘʣʴʥʠʭ ʥʘʚʘʥʪʘʞʝʥʴ ʻ ʪʘʢʠʤʠ, ʱʦ 

ʧʦʚʪʦʨʶʶʪʴʩʷ. ɿ ʚʨʘʭʫʚʘʥʥʷʤ ʮʴʦʛʦ ʧʨʠʧʫʱʝʥʥʷ ʟôʷʚʣʷʻʪʴʩʷ ʤʦʞʣʠʚʽʩʪʴ 
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ʧʦʢʨʘʱʠʪʠ ʦʢʨʝʤʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʨʦʟʛʣʷʥʫʪʠʭ ʤʝʪʦʜʽʚ, ʟʦʢʨʝʤʘ, Prophet. 

ʆʪʞʝ, ʩʝʨʝʜ ʧʝʨʝʚʘʛ ʨʦʟʛʣʷʥʫʪʠʭ ʤʝʪʦʜʽʚ ʧʝʨʝʜʙʘʯʝʥʥʷ ʻ ʤʦʞʣʠʚʽʩʪʴ ʨʦʙʦʪʠ ʟ 

ʩʝʟʦʥʥʦʩʪʷʤʠ ʪʘ ʪʨʝʥʜʘʤʠ, ʧʨʦʪʝ ʛʦʣʦʚʥʠʤ ʥʝʜʦʣʽʢʦʤ ʻ ʥʠʟʴʢʘ ʩʪʽʡʢʽʩʪʴ ʜʦ 

ʥʝʪʠʧʦʚʠʭ ʥʘʚʘʥʪʘʞʝʥʴ [43, 54]. 

ʇʽʜʚʠʱʝʥʥʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʩʪʽʡʢʦʩʪʽ ʜʦ ʘʥʦʤʘʣʽʡ ʤʘʻ ʧʨʷʤʠʡ ʚʧʣʠʚ ʥʘ 

ʝʬʝʢʪʠʚʥʽʩʪʴ ʧʨʦʘʢʪʠʚʥʠʭ ʤʝʪʦʜʽʚ, ʦʩʢʽʣʴʢʠ ʦʩʥʦʚʥʠʡ ʥʝʜʦʣʽʢ ʪʘʢʠʭ ʤʝʪʦʜʽʚ 

ʚʠʥʠʢʘʻ ʩʘʤʝ ʯʝʨʝʟ ʥʝʤʦʞʣʠʚʽʩʪʴ ʩʧʨʦʛʥʦʟʫʚʘʪʠ ʚʩʽ ʤʦʞʣʠʚʽ ʧʦʜʽʾ. 

ʇʽʜʚʠʱʝʥʥʷ ʩʪʽʡʢʦʩʪʽ ʧʨʦʘʢʪʠʚʥʠʭ ʤʝʪʦʜʽʚ ʚ ʧʝʨʩʧʝʢʪʠʚʽ ʻ ʢʣʶʯʦʚʠʤ 

ʘʩʧʝʢʪʦʤ ʜʣʷ ʧʽʜʪʨʠʤʘʥʥʷ ʥʝʦʙʭʽʜʥʦʛʦ ʨʽʚʥʷ QoS ʷʢ ʚ ʮʽʣʦʤʫ, ʪʘʢ ʽ ʫ ʚʠʧʘʜʢʫ 

ʥʝʪʠʧʦʚʠʭ ʥʘʚʘʥʪʘʞʝʥʴ. 

ɺʠʨʽʰʝʥʥʷ ʧʨʦʙʣʝʤʠ ʽʜʝʥʪʠʬʽʢʘʮʽʾ ʘʥʦʤʘʣʽʡ ʫ ʯʘʩʦʚʠʭ ʨʷʜʘʭ ʻ 

ʘʢʪʫʘʣʴʥʠʤ ʽ ʨʦʟʛʣʷʜʘʻʪʴʩʷ ʚ ʙʘʛʘʪʴʦʭ ʨʦʙʦʪʘʭ [55], ʟʦʢʨʝʤʘ, ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ 

ʩʪʘʪʠʩʪʠʯʥʠʭ ʤʝʪʦʜʽʚ [56], ʥʝʡʨʦʥʥʠʭ ʤʝʨʝʞ [57] ʪʘ ʯʠʩʝʣʴʥʠʭ ʤʝʪʦʜʽʚ 

ʧʨʦʛʥʦʟʫʚʘʥʥʷ [58], ʷʢʽ ʬʦʢʫʩʫʶʪʴʩʷ ʥʘ ʧʦʰʫʢʫ ʘʥʦʤʘʣʽʡ ʚ ʽʩʪʦʨʠʯʥʠʭ ʜʘʥʠʭ 

ʪʘ ʫ ʨʝʘʣʴʥʦʤʫ ʯʘʩʽ. ʇʦʜʘʣʴʰʠʤ ʨʦʟʚʠʪʢʦʤ ʮʴʦʛʦ ʥʘʧʨʷʤʢʫ ʻ ʧʨʦʛʥʦʟʫʚʘʥʥʷ 

ʘʥʦʤʘʣʽʡ ʥʘ ʦʩʥʦʚʽ ʯʘʩʦʚʠʭ ʨʷʜʽʚ, ʟ ʤʝʪʦʶ ʧʝʨʝʜʙʘʯʝʥʥʷ ʪʦʯʥʦʛʦ ʯʘʩʫ ʪʘ 

ʤʘʩʰʪʘʙʫ ʘʥʦʤʘʣʴʥʠʭ ʧʦʜʽʡ ʫ ʤʘʡʙʫʪʥʴʦʤʫ, ʟʦʢʨʝʤʘ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ 

ʥʝʡʨʦʥʥʠʭ ʤʝʨʝʞ ʪʘ ʜʝʨʝʚ ʫʭʚʘʣʝʥʥʷ ʨʽʰʝʥʴ [59]. ɿʘʣʝʞʥʦ ʚʽʜ ʟʘʚʜʘʥʥʷ, ʷʢʝ 

ʚʠʨʽʰʫʻʪʴʩʷ, ʥʝʦʙʭʽʜʥʦ ʦʮʽʥʠʪʠ ʡʤʦʚʽʨʥʽʩʪʴ ʚʠʥʠʢʥʝʥʥʷ ʘʥʦʤʘʣʴʥʦʾ ʧʦʜʽʾ ʪʘ 

ʦʮʽʥʠʪʠ ʾʾ ʤʘʩʰʪʘʙ ʽ ʚʽʜʭʠʣʝʥʥʷ ʚʽʜ ʥʦʨʤʘʣʴʥʠʭ ʟʥʘʯʝʥʴ. ɺ ʟʘʧʨʦʧʦʥʦʚʘʥʦʤʫ 

ʚ ʨʦʙʦʪʽ [60] ʤʝʪʦʜʽ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʽʻʨʘʨʭʽʯʥʠʡ Pattern Matching (PM), ʱʦ 

ʥʘʜʘʻ ʤʦʞʣʠʚʽʩʪʴ ʥʘʙʣʠʞʝʥʦ ʦʮʽʥʠʪʠ ʭʘʨʘʢʪʝʨ ʘʥʦʤʘʣʽʾ. ɺ ʨʦʙʦʪʽ [61] 

ʟʽʩʪʘʚʣʝʥʥʷ ʰʘʙʣʦʥʽʚ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʥʝ ʜʣʷ ʧʦʰʫʢʫ ʘʥʦʤʘʣʽʡ, ʘ ʜʣʷ ʪʦʯʥʦʾ 

ʦʮʽʥʢʠ ʤʘʩʰʪʘʙʫ ʥʝʧʦʚʪʦʨʶʚʘʥʠʭ ʧʦʜʽʡ ʫ ʨʝʘʣʴʥʦʤʫ ʯʘʩʽ. 

ʆʢʨʽʤ ʨʦʟʛʣʷʥʫʪʠʭ ʤʝʪʦʜʽʚ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʯʘʩʦʚʠʭ ʨʷʜʽʚ ʥʝʦʙʭʽʜʥʦ 

ʟʚʝʨʥʫʪʠ ʫʚʘʛʫ ʥʘ ʤʝʪʦʜʠ ʥʘ ʙʘʟʽ ʥʝʡʨʦʥʥʠʭ ʤʝʨʝʞ ʪʘ PM. ɺʠʢʦʨʠʩʪʘʥʥʷ 

ʥʝʡʨʦʥʥʠʭ ʤʝʨʝʞ ʜʦʟʚʦʣʷʻ ʚʠʷʚʣʷʪʠ ʩʢʣʘʜʥʽ ʟʘʣʝʞʥʦʩʪʽ ʚ ʽʩʪʦʨʠʯʥʠʭ ʜʘʥʠʭ, 

ʱʦ ʪʝʦʨʝʪʠʯʥʦ ʤʦʞʝ ʜʦʟʚʦʣʠʪʠ ʧʨʦʛʥʦʟʫʚʘʪʠ ʘʥʦʤʘʣʴʥʽ ʥʘʚʘʥʪʘʞʝʥʥʷ. ʇʨʦʪʝ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʜʘʥʦʛʦ ʧʽʜʭʦʜʫ ʥʝʩʝ ʚʽʜʧʦʚʽʜʥʽ ʨʠʟʠʢʠ, ʦʩʢʽʣʴʢʠ ʧʦʷʩʥʝʥʥʷ 

ʧʨʠʡʥʷʪʠʭ ʨʽʰʝʥʴ ʥʝʡʨʦʥʥʦʶ ʤʝʨʝʞʝʶ ʻ ʥʝʪʨʠʚʽʘʣʴʥʦʶ ʟʘʜʘʯʝʶ. ʄʝʪʦʜʠ ʥʘ 



67 

ʦʩʥʦʚʽ PM ʙʘʟʫʶʪʴʩʷ ʥʘ ʧʦʰʫʢʫ ʩʭʦʞʠʭ ʩʠʪʫʘʮʽʡ ʫ ʤʠʥʫʣʦʤʫ ʪʘ ʝʢʩʪʨʘʧʦʣʷʮʽʾ 

ʥʘ ʧʦʪʦʯʥʠʡ ʩʪʘʥ. ʗʢʱʦ ʧʦʚʝʨʥʫʪʠʩʷ ʜʦ ʧʨʠʧʫʱʝʥʥʷ, ʱʦ ʘʥʦʤʘʣʴʥʽ 

ʥʘʚʘʥʪʘʞʝʥʥʷ ʤʘʶʪʴ ʦʙʤʝʞʝʥʫ ʢʽʣʴʢʽʩʪʴ ʧʨʠʯʠʥ, ʪʦ ʤʦʞʥʘ ʟʨʦʙʠʪʠ ʚʠʩʥʦʚʦʢ, 

ʱʦ ʽ ʰʘʙʣʦʥʠ ʥʘʚʘʥʪʘʞʝʥʥʷ ʙʫʜʫʪʴ ʧʦʚʪʦʨʶʚʘʪʠʩʷ. 

2.4.1 ʈʦʟʨʦʙʢʘ ʤʝʪʦʜʫ ʢʦʤʙʽʥʦʚʘʥʦʛʦ ʧʨʦʛʥʦʟʫʚʘʥʥʷ 

PM ʻ ʤʝʪʦʜʦʤ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʯʘʩʦʚʠʭ ʨʷʜʽʚ, ʱʦ ʙʘʟʫʻʪʴʩʷ ʥʘ ʧʦʰʫʢʫ 

ʥʘʡʙʽʣʴʰ ʧʦʜʽʙʥʠʭ ʰʘʙʣʦʥʽʚ ʚ ʽʩʪʦʨʠʯʥʠʭ ʜʘʥʠʭ ʪʘ ʾʭ ʝʢʩʪʨʘʧʦʣʷʮʽʾ ʜʦ 

ʧʦʪʦʯʥʦʛʦ ʩʪʘʥʫ [61]. ʎʝʡ ʤʝʪʦʜ ʝʬʝʢʪʠʚʥʠʡ ʜʣʷ ʚʠʷʚʣʝʥʥʷ ʽ ʧʨʦʛʥʦʟʫʚʘʥʥʷ 

ʧʦʚʝʜʽʥʢʦʚʠʭ ʰʘʙʣʦʥʽʚ, ʱʦ ʤʘʶʪʴ ʪʝʥʜʝʥʮʽʶ ʜʦ ʧʦʚʪʦʨʶʚʘʥʥʷ ʙʝʟ ʧʦʩʪʽʡʥʦʾ 

ʧʝʨʽʦʜʠʯʥʦʩʪʽ. 

ɼʣʷ ʚʠʟʥʘʯʝʥʥʷ ʩʭʦʞʦʩʪʽ ʰʘʙʣʦʥʽʚ ʚ ʯʘʩʦʚʠʭ ʨʷʜʘʭ ʚ PM 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʨʽʟʥʽ ʤʝʪʨʠʢʠ ʚʽʜʩʪʘʥʽ, ʥʘʧʨʠʢʣʘʜ, ɽʚʢʣʽʜʦʚʘ ʚʽʜʩʪʘʥʴ ʘʙʦ 

Dynamic Time Warping. ɼʘʥʽ ʤʝʪʨʠʢʠ ʜʦʟʚʦʣʷʶʪʴ ʦʮʽʥʠʪʠ ʥʘʩʢʽʣʴʢʠ ʦʜʠʥ 

ʩʝʛʤʝʥʪ ʩʭʦʞʠʡ ʥʘ ʽʥʰʠʡ. ʅʘʧʨʠʢʣʘʜ, ɽʚʢʣʽʜʦʚʘ ʚʽʜʩʪʘʥʴ ʻ ʥʘʡʧʨʦʩʪʽʰʠʤ 

ʤʝʪʦʜʦʤ ʦʮʽʥʠʪʠ ʧʦʜʽʙʥʽʩʪʴ ʜʚʦʭ ʯʘʩʦʚʠʭ ʨʷʜʽʚ: 

 
2

1

( , ) ( ) ,
n

i i
i

d X Y x y
=

= -ä  (2.4) 

ʜʝ X=[x1,x2,é,xn] ʪʘ Y= [y1,y2,é,yn] ï ʯʘʩʦʚʽ ʨʷʜʠ, ʷʢʽ ʧʦʨʽʚʥʶʶʪʴʩʷ, ʘ d(X,Y) ï 

ʬʫʥʢʮʽʷ ʜʠʩʪʘʥʮʽʾ. 

ʄʝʪʦʜ Dynamic Time Warping ʻ ʨʦʟʰʠʨʝʥʥʷʤ ɽʚʢʣʽʜʦʚʦʾ ʚʽʜʩʪʘʥʽ, ʱʦ 

ʜʦʟʚʦʣʷʻ ʧʦʨʽʚʥʶʚʘʪʠ ʯʘʩʦʚʽ ʨʷʜʠ ʨʽʟʥʦʾ ʰʚʠʜʢʦʩʪʽ ʟʘ ʯʘʩʦʤ [62]: 

 
2

( , )

( , ) ( ) ,
i j

i j W

DTW X Y x y
Í

= -ä  (2.5) 

ʜʝ W(k) ï ʬʫʥʢʮʽʷ ʚʠʨʽʚʥʶʚʘʥʥʷ, ʷʢʘ ʚʠʟʥʘʯʘʻ ʟʤʽʱʝʥʥʷ ʯʘʩʦʚʠʭ ʨʷʜʽʚ X ʪʘ Y 

ʦʜʠʥ ʚʽʜʥʦʩʥʦ ʽʥʰʦʛʦ. 

ɼʣʷ ʧʦʰʫʢʫ ʥʝʦʙʭʽʜʥʦʛʦ ʰʘʙʣʦʥʫ ʟʘ ʜʦʧʦʤʦʛʦʶ ʦʙʨʘʥʦʾ ʬʫʥʢʮʽʾ 

ʚʽʜʩʪʘʥʽ ʤʦʞʫʪʴ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠʩʷ ʨʽʟʥʽ ʧʽʜʭʦʜʠ. ʏʘʩʦʚʠʡ ʨʷʜ ʨʦʟʙʠʚʘʻʪʴʩʷ 

ʥʘ ʩʝʛʤʝʥʪʠ ʚʩʪʘʥʦʚʣʝʥʦʾ ʜʦʚʞʠʥʠ Q ʽ ʧʨʠ ʧʦʰʫʢʫ ʧʦʨʽʚʥʶʶʪʴʩʷ ʮʽʣʴʦʚʠʡ 

ʰʘʙʣʦʥ ʽ ʢʦʞʝʥ ʟ ʩʝʛʤʝʥʪʽʚ: 



68 

 argmin ( , ),
i

i
k d Q C=  (2.6) 

ʜʝ k ï ʽʥʜʝʢʩ ʥʘʡʙʽʣʴʰ ʧʦʜʽʙʥʦʛʦ ʩʝʛʤʝʥʪʫ, d(Q, Ci) ï ʬʫʥʢʮʽʷ ʜʠʩʪʘʥʮʽʾ ʤʽʞ 

ʯʘʩʦʚʠʤʠ ʨʷʜʘʤʠ, Ci ï i-ʡ ʯʘʩʦʚʠʡ ʨʷʜ. ʅʘ ʦʩʥʦʚʽ ʟʥʘʡʜʝʥʦʛʦ ʰʘʙʣʦʥʫ 

ʥʘʚʘʥʪʘʞʝʥʥʷ ʚʠʢʦʥʫʻʪʴʩʷ ʝʢʩʪʨʘʧʦʣʷʮʽʷ, ʱʦ ʻ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʧʨʦʮʝʩʦʤ 

ʧʨʦʛʥʦʟʫʚʘʥʥʷ. 

ʆʧʠʩʘʥʘ ʤʦʜʝʣʴ ʜʝʤʦʥʩʪʨʫʻ ʦʩʥʦʚʥʽ ʥʝʜʦʣʽʢʠ ʜʘʥʦʛʦ ʧʽʜʭʦʜʫ 

ʧʨʦʛʥʦʟʫʚʘʥʥʷ. ʇʦʚʪʦʨʶʚʘʥʽ ʰʘʙʣʦʥʠ ʤʦʞʫʪʴ ʤʘʪʠ ʨʽʟʥʫ ʪʨʠʚʘʣʽʩʪʴ, ʘ 

ʩʝʛʤʝʥʪʦʚʘʥʽʩʪʴ ʽʩʪʦʨʠʯʥʦʛʦ ʯʘʩʦʚʦʛʦ ʨʷʜʫ ʻ ʩʪʘʣʦʶ, ʱʦ ʥʝ ʜʦʟʚʦʣʷʻ 

ʧʨʦʛʥʦʟʫʚʘʪʠ ʪʨʠʚʘʣʽ ʰʘʙʣʦʥʠ. ʂʨʽʤ ʪʦʛʦ, ʜʘʥʠʡ ʧʽʜʭʽʜ ʻ ʥʝʝʬʝʢʪʠʚʥʠʤ, ʷʢʱʦ 

ʽʩʪʦʨʠʯʥʽ ʜʘʥʽ ʥʝ ʤʽʩʪʷʪʴ ʧʦʜʽʙʥʠʭ ʰʘʙʣʦʥʽʚ. ʇʨʦʪʝ ʦʩʥʦʚʥʘ ʧʝʨʝʚʘʛʘ ʧʝʨʝʜ 

ʽʥʰʠʤʠ ʤʝʪʦʜʘʤʠ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʻ ʘʜʘʧʪʠʚʥʽʩʪʴ ʜʦ ʥʝʪʠʧʦʚʠʭ ʰʘʙʣʦʥʽʚ, ʷʢʽ 

ʚʞʝ ʧʨʠʩʫʪʥʽ ʚ ʽʩʪʦʨʠʯʥʠʭ ʜʘʥʠʭ. ɼʘʥʘ ʚʣʘʩʪʠʚʽʩʪʴ ʻ ʢʨʠʪʠʯʥʦ ʚʘʞʣʠʚʦʶ ʜʣʷ 

ʧʦʢʨʘʱʝʥʥʷ ʩʪʽʡʢʦʩʪʽ ʜʦ ʘʥʦʤʘʣʽʡ ʽʩʥʫʶʯʠʭ ʤʝʪʦʜʽʚ ʧʨʦʛʥʦʟʫʚʘʥʥʷ. 

ʈʦʟʛʣʷʥʫʪʽ ʤʝʪʦʜʠ ʧʨʦʛʥʦʟʫʚʘʥʥʷ, ʟʦʢʨʝʤʘ, Prophet, ʟʜʘʪʥʽ ʧʨʘʮʶʚʘʪʠ ʟ 

ʢʦʤʧʣʝʢʩʥʠʤʠ ʩʝʟʦʥʥʦʩʪʷʤʠ, ʪʨʝʥʜʘʤʠ ʪʘ ʚʢʘʟʘʥʠʤʠ ʧʦʜʽʷʤʠ, ʘʣʝ ʥʝ ʻ 

ʩʪʽʡʢʠʤʠ ʜʦ ʘʥʦʤʘʣʽʡ. ʆʜʥʠʤ ʽʟ ʤʦʞʣʠʚʠʡ ʚʘʨʽʘʥʪʽʚ ʧʦʢʨʘʱʝʥʥʷ ʜʘʥʦʾ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʻ ʢʦʤʙʽʥʫʚʘʥʥʷ Prophet ʪʘ PM. ʂʦʤʙʽʥʫʚʘʥʥʷ ʤʝʪʦʜʽʚ 

ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʟʘʢʣʶʯʘʻʪʴʩʷ ʚ ʣʽʥʽʡʥʽʡ ʘʙʦ ʥʝʣʽʥʽʡʥʽʡ ʢʦʤʙʽʥʘʮʽʾ ʧʨʦʛʥʦʟʽʚ 

ʢʦʞʥʦʛʦ ʟʘʜʽʷʥʦʛʦ ʤʝʪʦʜʫ. ʇʨʠ ʣʽʥʽʡʥʦʤʫ ʢʦʤʙʽʥʫʚʘʥʥʽ ʨʦʙʦʪʘ ʤʝʪʦʜʽʚ ʻ 

ʥʝʟʘʣʝʞʥʦʶ ʚʽʜ ʽʥʰʠʭ. ɺʭʦʜʦʤ ʚ ʪʘʢʦʤʫ ʚʠʧʘʜʢʫ ʻ ʪʽʣʴʢʠ ʽʩʪʦʨʠʯʥʽ ʜʘʥʽ ʽ 

ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʧʘʨʘʤʝʪʨʠ ʤʝʪʦʜʽʚ. ʇʨʦʛʥʦʟʠ ʚʩʽʭ ʤʝʪʦʜʽʚ ʜʘʣʽ ʢʦʤʙʽʥʫʶʪʴʩʷ, 

ʟʦʢʨʝʤʘ, ʤʝʪʦʜʦʤ ʚʘʛʦʚʠʭ ʢʦʝʬʽʮʽʻʥʪʽʚ, ʱʦ ʟʦʙʨʘʞʝʥʦ ʥʘ ʨʠʩ. 2.7: 

 

ʈʠʩʫʥʦʢ 2.7 ï ʃʽʥʽʡʥʝ ʢʦʤʙʽʥʫʚʘʥʥʷ ʤʝʪʦʜʽʚ ʧʨʦʛʥʦʟʫʚʘʥʥʷ 
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ɺ ʥʝʣʽʥʽʡʥʽʡ ʢʦʤʙʽʥʘʮʽʾ ʨʝʟʫʣʴʪʘʪʠ ʨʦʙʦʪʠ ʦʜʥʦʛʦ ʘʙʦ ʢʽʣʴʢʦʭ ʤʝʪʦʜʽʚ ʻ 

ʚʭʽʜʥʠʤʠ ʜʘʥʠʤʠ ʜʣʷ ʨʦʙʦʪʠ ʽʥʰʦʛʦ, ʱʦ ʜʦʟʚʦʣʷʻ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʥʝʣʽʡʥʽ 

ʟʘʣʝʞʥʦʩʪʽ ʧʽʜ ʯʘʩ ʧʨʦʛʥʦʟʫʚʘʥʥʷ. ɹʽʙʣʽʦʪʝʢʘ Prophet ʢʨʽʤ ʧʨʦʛʥʦʟʫʚʘʥʥʷ 

ʤʘʡʙʫʪʥʽʭ ʟʥʘʯʝʥʴ ʥʘʚʘʥʪʘʞʝʥʥʷ, ʪʘʢʦʞ ʥʘʜʘʻ ʜʦʜʘʪʢʦʚʫ ʽʥʬʦʨʤʘʮʽʶ ʧʨʦ 

ʩʝʟʦʥʥʦʩʪʽ, ʪʨʝʥʜʠ ʽ ʘʥʦʤʘʣʽʾ ʚ ʽʩʪʦʨʠʯʥʠʭ ʜʘʥʠʭ, ʱʦ ʤʦʞʝ ʙʫʪʠ ʚʠʢʦʨʠʩʪʘʥʦ 

ʜʣʷ ʧʦʢʨʘʱʝʥʥʷ ʨʝʟʫʣʴʪʘʪʽʚ PM: 

 

ʈʠʩʫʥʦʢ 2.8 ï ʅʝʣʽʥʽʡʥʝ ʢʦʤʙʽʥʫʚʘʥʥʷ ʤʝʪʦʜʽʚ ʧʨʦʛʥʦʟʫʚʘʥʥʷ 

ɺ ʨʦʙʦʪʽ ʨʦʟʛʣʷʜʘʻʪʴʩʷ ʧʝʨʰʠʡ ʚʘʨʽʘʥʪ, ʦɦ ʥʘʚʝʜʝʥʦ ʥʘ ʨʠʩ. 2.7, 

ʦʩʢʽʣʴʢʠ ʤʝʪʦʶ ʜʦʩʣʽʜʞʝʥʥʷ ʻ ʜʦʚʝʜʝʥʥʷ ʤʦʞʣʠʚʦʩʪʽ ʢʦʤʙʽʥʫʚʘʥʥʷ ʜʚʦʭ 

ʤʝʪʦʜʽʚ ʜʣʷ ʧʦʢʨʘʱʝʥʥʷ ʦʢʨʝʤʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʢʦʞʥʦʛʦ ʟ ʥʠʭ. ʅʝʣʽʥʽʡʥʝ 

ʢʦʤʙʽʥʫʚʘʥʥʷ ʙʫʜʝ ʚʠʢʦʨʠʩʪʘʥʦ ʜʣʷ ʦʧʪʠʤʽʟʘʮʽʾ ʤʝʪʦʜʫ, ʱʦ ʨʦʟʨʦʙʣʷʻʪʴʩʷ. 

ʄʘʶʯʠ ʧʨʦʛʥʦʟʠ ʜʚʦʭ ʤʝʪʦʜʽʚ ʥʝʦʙʭʽʜʥʦ ʩʢʦʤʙʽʥʫʚʘʪʠ ʾʭ ʜʣʷ ʧʦʜʘʣʴʰʦʾ 

ʨʦʙʦʪʠ ʧʨʦʘʢʪʠʚʥʠʭ ʤʝʪʦʜʽʚ ʤʘʩʰʪʘʙʫʚʘʥʥʷ. ɼʣʷ ʮʴʦʛʦ ʤʦʞʥʘ ʚʠʢʦʨʠʩʪʘʪʠ 

ʨʽʟʥʽ ʤʝʪʦʜʠ ʢʦʤʙʽʥʘʮʽʾ ʯʘʩʦʚʠʭ ʨʷʜʽʚ, ʟʦʢʨʝʤʘ, ʤʝʪʦʜ ʚʠʙʦʨʫ ʥʘʡʢʨʘʱʦʾ 

ʤʦʜʝʣʽ, ʤʝʪʦʜ ʩʝʨʝʜʥʴʦʛʦ, ʤʝʪʦʜ ʚʘʛʦʚʠʭ ʢʦʝʬʽʮʽʻʥʪʽʚ. ʊʦʜʽ ʟʘʜʘʯʘ ʦʧʪʠʤʽʟʘʮʽʾ 

ʚʠʛʣʷʜʘʻ ʥʘʩʪʫʧʥʠʤ ʯʠʥʦʤ: 
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( ) Ŭ ( ) ɓ ( ),
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ʢʦʤʙʽʥʦʚʘʥʠʡ ophet PM
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ì
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ʜʝ ()Ĕ
ʢʦʤʙʽʥʦʚʘʥʠʡ

y t  ̒  ʬʫʥʢʮʽʻʶ ʧʨʦʛʥʦʟʫ ʢʦʤʙʽʥʦʚʘʥʦʛʦ ʤʝʪʦʜʫ, ʘ Ŭ ʪʘ ɓ ʚʘʛʦʚʠʤʠ 

ʢʦʝʬʽʮʽʻʥʪʘʤʠ ʜʣʷ Prophet ʪʘ PM ʚʽʜʧʦʚʽʜʥʦ. 

ʊʦʜʽ ʮʽʣʴʦʚʘ ʬʫʥʢʮʽʷ, ʷʢʫ ʥʝʦʙʭʽʜʥʦ ʦʧʪʠʤʽʟʫʚʘʪʠ ʚʠʛʣʷʜʘʻ ʥʘʩʪʫʧʥʠʤ 

ʯʠʥʦʤ: 
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ʜʝ ( )Ŭ,ɓJ  ï ʮʽʣʴʦʚʘ ʬʫʥʢʮʽʷ, ʧʘʨʘʤʝʪʨʠ ʷʢʦʾ ʥʝʦʙʭʽʜʥʦ ʦʧʪʠʤʽʟʫʚʘʪʠ, N ï 

ʢʽʣʴʢʽʩʪʴ ʪʦʯʦʢ ʜʣʷ ʧʝʨʝʚʽʨʢʠ ʪʦʯʥʦʩʪʽ, ʘ ti ï ʯʘʩ ʜʣʷ i-ʪʦʾ ʪʦʯʢʠ.  

 * *

Ŭ,ɓ
(Ŭ ,ɓ ) argmin( (Ŭ,ɓ)),J=  (2.9) 

ʜʝ 
*Ŭ ʪʘ 

*ɓ ï ʚʘʛʦʚʽ ʢʦʝʬʽʮʽʻʥʪʠ ʧʨʠ ʷʢʠʭ ʮʽʣʴʦʚʘ ʬʫʥʢʮʽʷ ʥʘʙʫʚʘʻ ʥʘʡʤʝʥʰʦʛʦ 

ʟʥʘʯʝʥʥʷ, ʱʦ ʚʽʜʧʦʚʽʜʘʻ ʥʘʡʢʨʘʱʽʡ ʪʦʯʥʦʩʪʽ. ɼʣʷ ʦʧʪʠʤʽʟʘʮʽʾ ʤʦʞʥʘ 

ʚʠʢʦʨʠʩʪʘʪʠ ʤʝʪʦʜ ʧʝʨʝʙʦʨʫ, ʤʝʪʦʜ ʛʨʘʜʽʻʥʪʥʦʛʦ ʩʧʫʩʢʫ ʘʙʦ ʧʦʩʣʽʜʦʚʥʦʛʦ 

ʢʚʘʜʨʘʪʠʯʥʦʛʦ ʧʨʦʛʨʘʤʫʚʘʥʥʷ. ɿ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʦʙʤʝʞʝʥʥʷ 
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ʜʝ Ŭ ʪʘ ɓ ï ʚʘʛʦʚʽ ʢʦʝʬʽʮʽʻʥʪʠ, ʘʣʝ ʪʝʦʨʝʪʠʯʥʦ ʢʽʣʴʢʽʩʪʴ ʤʝʪʦʜʽʚ ʽ ʢʦʝʬʽʮʽʻʥʪʽʚ 

ʤʦʞʝ ʟʨʦʩʪʠ, ʟôʷʚʣʷʻʪʴʩʷ ʤʦʞʣʠʚʽʩʪʴ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʧʦʩʣʽʜʦʚʥʝ 

ʢʚʘʜʨʘʪʠʯʥʝ ʧʨʦʛʨʘʤʫʚʘʥʥʷ, ʱʦ ʧʦʣʷʛʘʻ ʚ ʧʦʰʫʢʫ ʦʧʪʠʤʘʣʴʥʠʭ ʟʥʘʯʝʥʴ 

ʤʝʪʦʜʦʤ ʛʨʘʜʽʻʥʪʥʦʛʦ ʩʧʫʩʢʫ ʟ ʚʨʘʭʫʚʘʥʥʷʤ ʚʩʪʘʥʦʚʣʝʥʠʭ ʦʙʤʝʞʝʥʴ [63]: 
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 ï ʟʥʘʯʝʥʥʷ ʢʦʝʬʽʮʽʻʥʪʽʚ ʥʘ ʥʘʩʪʫʧʥʦʤʫ ʢʨʦʮʽ ʧʦʰʫʢʫ, LR ï 

ʧʘʨʘʤʝʪʨ ʰʚʠʜʢʦʩʪʽ ʧʦʰʫʢʫ. ʇʦʭʽʜʥʘ ʮʽʣʴʦʚʦʾ ʬʫʥʢʮʽʾ ʚ ʜʘʥʽʡ ʬʦʨʤʫʣʽ 

ʦʙʯʠʩʣʶʻʪʴʩʷ ʥʘʩʪʫʧʥʠʤ ʯʠʥʦʤ: 
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ɺʠʢʦʨʠʩʪʘʥʥʷ ʧʦʩʣʽʜʦʚʥʦʛʦ ʢʚʘʜʨʘʪʠʯʥʦʛʦ ʧʨʦʛʨʘʤʫʚʘʥʥʷ ʚ ʪʘʢʦʤʫ 

ʚʠʛʣʷʜʽ ʜʦʟʚʦʣʷʻ ʟʘ ʦʙʤʝʞʝʥʠʡ ʯʘʩ ʟʥʘʡʪʠ ʦʧʪʠʤʘʣʴʥʽ ʟʥʘʯʝʥʥʷ ʚʘʛʦʚʠʭ 

ʢʦʝʬʽʮʽʻʥʪʽʚ Ŭ ʪʘ ɓ ʜʣʷ ʟʘʩʪʦʩʫʚʘʥʥʷ ʚ (2.7).  
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2.4.2 ɼʦʩʣʽʜʞʝʥʥʷ ʢʦʤʙʽʥʦʚʘʥʦʛʦ ʤʝʪʦʜʫ 

ɼʣʷ ʧʝʨʝʚʽʨʢʠ ʧʨʘʮʝʟʜʘʪʥʦʩʪʽ ʟʘʧʨʦʧʦʥʦʚʘʥʦʛʦ ʢʦʤʙʽʥʦʚʘʥʦʛʦ ʤʝʪʦʜʫ 

ʧʨʦʚʦʜʠʪʴʩʷ ʪʝʩʪʫʚʘʥʥʷ ʥʘ ʩʠʥʪʝʪʠʯʥʠʭ ʜʘʥʠʭ. ʂʦʞʝʥ ʝʢʩʧʝʨʠʤʝʥʪ ʧʝʨʝʚʽʨʷʻ 

ʦʢʨʝʤʫ ʩʠʪʫʘʮʽʶ ʥʘʚʘʥʪʘʞʝʥʥʷ ʪʘ ʧʨʦʚʦʜʠʪʴʩʷ ʧʦʨʽʚʥʷʥʥʷ ʢʦʤʙʽʥʦʚʘʥʦʛʦ ʪʘ 

ʤʝʪʦʜʽʚ ʥʘ ʙʘʟʽ Prophet ʽ PM. ɼʣʷ ʚʠʢʦʨʠʩʪʘʥʥʷ PM ʤʝʪʦʜʫ ʚ ʤʦʚʽ 

ʧʨʦʛʨʘʤʫʚʘʥʥʷ Python ʦʙʨʘʥʦ ʙʽʙʣʽʦʪʝʢʫ Stumpy, ʷʢʘ ʤʘʻ ʚʙʫʜʦʚʘʥʠʡ 

ʽʥʪʝʨʬʝʡʩ ʜʣʷ ʘʥʘʣʽʟʫ ʯʘʩʦʚʠʭ ʨʷʜʽʚ. ɼʣʷ ʢʦʤʙʽʥʫʚʘʥʥʷ ʨʝʟʫʣʴʪʘʪʽʚ 

ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʙʽʙʣʽʦʪʝʢʘ Scipy, ʷʢʘ ʥʘʜʘʻ ʨʝʘʣʽʟʘʮʽʶ ʧʦʩʣʽʜʦʚʥʦʛʦ 

ʢʚʘʜʨʘʪʠʯʥʦʛʦ ʧʨʦʛʨʘʤʫʚʘʥʥʷ. 

ʇʝʨʰʠʡ ʝʢʩʧʝʨʠʤʝʥʪ ʥʘʮʽʣʝʥʠʡ ʥʘ ʙʘʟʦʚʫ ʧʝʨʝʚʽʨʢʫ ʘʜʝʢʚʘʪʥʦʩʪʽ. 

ɿʛʝʥʝʨʦʚʘʥʽ ʜʘʥʽ ʜʣʷ ʝʢʩʧʝʨʠʤʝʥʪʫ ʤʽʩʪʷʪʴ ʯʘʩʦʚʠʡ ʨʷʜ ʟ ʥʝʪʠʧʦʚʠʤ 

ʥʘʚʘʥʪʘʞʝʥʥʷʤ ʧʨʦʪʷʛʦʤ ʦʜʥʦʛʦ ʧʝʨʽʦʜʫ ʩʝʟʦʥʥʦʩʪʽ. ɿʝʣʝʥʠʤ ʢʦʣʴʦʨʦʤ 

ʟʦʙʨʘʞʝʥʦ ʜʘʥʽ, ʷʢʽ ʥʘʜʘʶʪʴʩʷ ʜʣʷ ʪʨʝʥʫʚʘʥʥʷ ʤʦʜʝʣʝʡ, ʘ ʞʦʚʪʠʤ ʧʦʟʥʘʯʝʥʽ 

ʫʤʦʚʥʦ ʤʘʡʙʫʪʥʽ ʟʥʘʯʝʥʥʷ ʥʘʚʘʥʪʘʞʝʥʥʷ. 

 

ʈʠʩʫʥʦʢ 2.9 ï ʐʘʙʣʦʥ ʥʘʚʘʥʪʘʞʝʥʥʷ ʜʣʷ ʙʘʟʦʚʦʾ ʧʝʨʝʚʽʨʢʠ 

ʅʘ ʨʠʩ. 2.10 ʟʦʙʨʘʞʝʥʽ ʨʝʟʫʣʴʪʘʪʠ ʧʨʦʛʥʦʟʫʚʘʥʥʷ. ʆʩʢʽʣʴʢʠ ʜʘʥʽ ʜʣʷ 

ʧʝʨʝʚʽʨʢʠ ʤʽʩʪʠʪʴ ʘʥʦʤʘʣʴʥʝ ʥʘʚʘʥʪʘʞʝʥʥʷ, ʷʢʝ ʚʞʝ ʤʽʩʪʠʪʴʩʷ ʚ ʽʩʪʦʨʠʯʥʠʭ 

ʜʘʥʠʭ, ʪʦ ʦʯʽʢʫʻʪʴʩʷ, ʱʦ ʤʝʪʦʜ PM ʤʘʻ ʙʫʪʠ ʪʦʯʥʽʰʠʤ, ʘ ʢʦʤʙʽʥʦʚʘʥʠʡ 

ʧʦʚʥʽʩʪʶ ʡʦʛʦ ʧʦʚʪʦʨʶʚʘʪʠ, ʱʦ ʽ ʜʝʤʦʥʩʪʨʫʻʪʴʩʷ ʥʘ ʨʠʩ. 2.10.  
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ʈʠʩʫʥʦʢ 2.10 ï ʈʝʟʫʣʴʪʘʪʠ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʧʽʜ ʯʘʩ ʙʘʟʦʚʦʾ ʧʝʨʝʚʽʨʢʠ 

ʅʘʩʪʫʧʥʠʡ ʝʢʩʧʝʨʠʤʝʥʪ ʧʨʦʚʦʜʠʪʴʩʷ ʥʘ ʟʛʝʥʝʨʦʚʘʥʠʭ ʜʘʥʠʭ, ʷʢʽ ʤʽʩʪʷʪʴ 

ʧʦʩʪʽʡʥʠʡ ʰʫʤ ʪʘ ʥʝʟʥʘʯʥʽ ʚʽʜʭʠʣʝʥʥʷ ʚʽʜ ʟʘʛʘʣʴʥʦʛʦ ʰʘʙʣʦʥʫ ʢʦʣʠʚʘʥʴ. 

ʅʘʷʚʥʽʩʪʴ ʰʫʤʫ ʚ ʜʘʥʠʭ ʥʘʙʣʠʞʘʻ ʫʤʦʚʠ ʝʢʩʧʝʨʠʤʝʥʪʫ ʜʦ ʨʝʘʣʴʥʠʭ. ɼʘʥʽ 

ʤʽʩʪʷʪʴ ʧʨʦʩʪʫ ʩʝʟʦʥʥʽʩʪʴ ʪʘ ʥʝ ʤʽʩʪʷʪʴ ʪʝʥʜʝʥʮʽʡ, ʢʦʣʠʚʘʥʴ ʘʙʦ ʘʥʦʤʘʣʽʡ. 

ʐʘʙʣʦʥ ʥʘʚʘʥʪʘʞʝʥʥʷ ʟʦʙʨʘʞʝʥʠʡ ʥʘ ʨʠʩ. 2.11. ɼʘʥʽ, ʱʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ 

ʜʣʷ ʥʘʚʯʘʥʥʷ, ʤʽʩʪʷʪʴ ʯʘʩʪʠʥʫ ʚʘʣʽʜʘʮʽʡʥʦʛʦ ʧʝʨʽʦʜʫ, ʱʦ ʥʝʦʙʭʽʜʥʦ ʜʣʷ 

ʢʦʨʝʢʪʥʦʾ ʨʦʙʦʪʠ PM. 

 

ʈʠʩʫʥʦʢ 2.11 ï ʐʘʙʣʦʥ ʥʘʚʘʥʪʘʞʝʥʥʷ ʟ ʧʨʦʩʪʦʶ ʩʝʟʦʥʥʽʩʪʶ 

ʅʘ ʨʠʩ. 2.12 ʟʦʙʨʘʞʝʥʦ ʨʝʟʫʣʴʪʘʪʠ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʜʣʷ ʯʘʩʦʚʦʛʦ ʨʷʜʫ ʟ 

ʧʨʦʩʪʦʶ ʩʝʟʦʥʥʽʩʪʶ. ʆʩʢʽʣʴʢʠ ʽʩʪʦʨʠʯʥʽ ʜʘʥʽ ʥʝ ʤʽʩʪʷʪʴ ʘʥʦʤʘʣʽʡ ʪʘ ʤʘʶʪʴ 

ʯʽʪʢʫ ʩʝʟʦʥʥʽʩʪʴ, ʪʦʯʥʽʩʪʴ ʧʨʦʛʥʦʟʽʚ ʻ ʚʠʩʦʢʦʶ. 
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ʈʠʩʫʥʦʢ 2.12 ï ʈʝʟʫʣʴʪʘʪʠ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʥʘ ʰʘʙʣʦʥʽ ʟ ʧʨʦʩʪʦʶ ʩʝʟʦʥʥʽʩʪʶ 

ʅʘʩʪʫʧʥʠʡ ʝʢʩʧʝʨʠʤʝʥʪ ʦʢʨʽʤ ʧʨʦʩʪʦʾ ʩʝʟʦʥʥʦʩʪʽ ʪʘʢʦʞ ʤʽʩʪʠʪʴ 

ʘʥʦʤʘʣʴʥʽ ʥʘʚʘʥʪʘʞʝʥʥʷ. ʇʨʦʛʥʦʟʫʚʘʥʥʷ ʚʽʜʙʫʚʘʻʪʴʩʷ ʩʘʤʝ ʜʣʷ ʧʝʨʽʦʜʫ ʟ 

ʘʥʦʤʘʣʽʻʶ. ɸʥʦʤʘʣʴʥʝ ʥʘʚʘʥʪʘʞʝʥʥʷ ʧʨʠʩʫʪʥʻ ʚ ʧôʷʪʦʤʫ ʧʝʨʽʦʜʽ ʽʩʪʦʨʠʯʥʠʭ 

ʜʘʥʠʭ ʪʘ ʤʽʩʪʠʪʴʩʷ ʚ ʜʘʥʠʭ ʜʣʷ ʚʘʣʽʜʘʮʽʾ, ʱʦ ʜʦʟʚʦʣʠʪʴ ʧʝʨʝʚʽʨʠʪʠ 

ʟʘʩʪʦʩʫʚʘʥʥʷ ʢʦʤʧʦʥʝʥʪʠ ʢʦʨʦʪʢʦʩʪʨʦʢʦʚʦʛʦ ʧʨʦʛʥʦʟʫʚʘʥʥʷ. 

 

ʈʠʩʫʥʦʢ 2.13 ï ʐʘʙʣʦʥ ʥʘʚʘʥʪʘʞʝʥʥʷ ʟ ʧʨʦʩʪʦʶ ʩʝʟʦʥʥʽʩʪʶ ʪʘ ʘʥʦʤʘʣʽʷʤʠ 

ʅʘ ʨʠʩ. 2.14 ʟʦʙʨʘʞʝʥʦ ʨʝʟʫʣʴʪʘʪʠ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʜʣʷ ʯʘʩʦʚʦʛʦ ʨʷʜʫ ʟ 

ʧʨʦʩʪʦʶ ʩʝʟʦʥʥʽʩʪʶ ʪʘ ʘʥʦʤʘʣʽʷʤʠ. ʆʯʽʢʫʚʘʥʦ, ʦɦ PM ʜʝʤʦʥʩʪʨʫʻ ʢʨʘʱʫ 

ʪʦʯʥʽʩʪʴ, ʦʩʢʽʣʴʢʠ ʰʘʙʣʦʥ ʘʥʦʤʘʣʴʥʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ ʚʞʝ ʤʽʩʪʠʪʴʩʷ ʚ 

ʽʩʪʦʨʠʯʥʠʭ ʜʘʥʠʭ. ʆʩʢʽʣʴʢʠ ʥʘʷʚʥʝ ʘʥʦʤʘʣʴʥʝ ʥʘʚʘʥʪʘʞʝʥʥʷ ʥʝ ʻ ʩʝʟʦʥʥʠʤ, 

Prophet ʧʦʢʘʟʘʚ ʥʠʟʴʢʫ ʪʦʯʥʽʩʪʴ. ɺʽʜʧʦʚʽʜʥʦ, ʢʦʤʙʽʥʦʚʘʥʠʡ ʤʝʪʦʜ 

ʚʠʢʦʨʠʩʪʦʚʫʻ ʩʘʤʝ ʨʝʟʫʣʴʪʘʪʠ PM.  
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ʈʠʩʫʥʦʢ 2.14 ï ʈʝʟʫʣʴʪʘʪʠ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʥʘ ʰʘʙʣʦʥʽ ʟ ʧʨʦʩʪʦʶ ʩʝʟʦʥʥʽʩʪʶ 

ʪʘ ʘʥʦʤʘʣʽʷʤʠ 

ɺ ʥʘʩʪʫʧʥʦʤʫ ʝʢʩʧʝʨʠʤʝʥʪʽ, ʱʦ ʟʦʙʨʘʞʝʥʠʡ ʥʘ ʨʠʩ. 2.15, ʧʝʨʝʚʽʨʷʻʪʴʩʷ 

ʨʦʙʦʪʘ ʥʘ ʜʘʥʠʭ ʟ ʧʨʦʩʪʦʶ ʩʝʟʦʥʥʽʩʪʶ, ʟʨʦʩʪʘʶʯʦ  ʁʪʝʥʜʝʥʮʽʶ ʽ ʘʥʦʤʘʣʽʷʤʠ ʚ 

ʧôʷʪʦʤʫ ʽ ʩʴʦʤʦʤʫ (ʚʘʣʽʜʘʮʽʡʥʦʤʫ) ʧʝʨʽʦʜʽ ʥʘʚʘʥʪʘʞʝʥʥʷ. ʆʧʠʩʘʥʠʡ 

ʝʢʩʧʝʨʠʤʝʥʪ ʜʦʟʚʦʣʷʻ ʧʝʨʝʚʽʨʠʪʠ ʟʜʘʪʥʽʩʪʴ PM ʤʘʩʰʪʘʙʫʚʘʪʠ ʟʥʘʡʜʝʥʽ 

ʰʘʙʣʦʥʠ ʜʦ ʧʦʪʦʯʥʠʡ ʫʤʦʚ. 

 

ʈʠʩʫʥʦʢ 2.15 ï ʐʘʙʣʦʥ ʥʘʚʘʥʪʘʞʝʥʥʷ ʟ ʧʨʦʩʪʦʶ ʩʝʟʦʥʥʽʩʪʶ, ʘʥʦʤʘʣʽʷʤʠ ʪʘ 

ʟʨʦʩʪʘʶʯʠʤ ʪʨʝʥʜʦʤ 

ɺ ʜʘʥʦʤʫ ʝʢʩʧʝʨʠʤʝʥʪʽ ʯʝʨʝʟ ʥʘʷʚʥʽʩʪʴ ʘʥʦʤʘʣʴʥʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ 

Prophet ̒  ʥʝʜʦʩʪʘʪʥʴʦ ʪʦʯʥʠʤ. ʆʩʢʽʣʴʢʠ ʰʘʙʣʦʥ ʘʥʦʤʘʣʴʥʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ 

ʚʞʝ ʤʽʩʪʠʪʴʩʷ ʚ ʽʩʪʦʨʠʯʥʠʭ ʜʘʥʠʭ, PM ʤʘʩʰʪʘʙʫʚʘʚ ʽʜʝʥʪʠʬʽʢʦʚʘʥʠʡ ʰʘʙʣʦʥ 



75 

ʜʣʷ ʘʜʘʧʪʘʮʽʾ ʜʦ ʟʨʦʩʪʘʶʯʦʛʦ ʪʨʝʥʜʫ. ʂʦʤʙʽʥʦʚʘʥʠʡ ʤʝʪʦʜ ʘʥʘʣʦʛʽʯʥʦ ʜʦ 

ʧʦʧʝʨʝʜʥʴʦʛʦ ʝʢʩʧʝʨʠʤʝʥʪʫ ʚʠʢʦʨʠʩʪʦʚʫʻ ʧʨʦʛʥʦʟ PM. 

 

ʈʠʩʫʥʦʢ 2.16 ï ʈʝʟʫʣʴʪʘʪʠ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʥʘ ʰʘʙʣʦʥʽ ʟ ʧʨʦʩʪʦʶ ʩʝʟʦʥʥʽʩʪʶ, 

ʘʥʦʤʘʣʽʷʤʠ ʪʘ ʟʨʦʩʪʘʶʯʠʤ ʪʨʝʥʜʦʤ 

ʅʘʩʪʫʧʥʠʡ ʝʢʩʧʝʨʠʤʝʥʪ ʚʠʢʦʥʫʻʪʴʩʷ ʥʘ ʜʘʥʠʭ ʟ ʢʦʤʧʣʝʢʩʥʦʶ 

ʩʝʟʦʥʥʽʩʪʶ. ʂʨʽʤ ʪʦʛʦ, ʪʨʝʥʫʚʘʣʴʥʽ ʜʘʥʽ ʥʝ ʤʽʩʪʷʪʴ ʜʘʥʽ ʟ ʥʘʩʪʫʧʥʦʛʦ ʧʝʨʽʦʜʫ 

ʩʝʟʦʥʥʦʩʪʽ, ʱʦ ʥʝ ʜʦʟʚʦʣʷʻ PM ʟʥʘʡʪʠ ʥʝʦʙʭʽʜʥʠʡ ʰʘʙʣʦʥ. ɼʘʥʠʡ ʝʢʩʧʝʨʠʤʝʥʪ 

ʜʝʤʦʥʩʪʨʫʻ ʧʝʨʝʚʘʛʫ ʩʘʤʝ ʜʦʚʛʦʩʪʨʦʢʦʚʦʛʦ ʧʨʦʛʥʦʟʫʚʘʥʥʷ. 

 

ʈʠʩʫʥʦʢ 2.17 ï ʐʘʙʣʦʥ ʥʘʚʘʥʪʘʞʝʥʥʷ ʟ ʢʦʤʧʣʝʢʩʥʦʶ ʩʝʟʦʥʥʽʩʪʶ 

ʏʝʨʝʟ ʥʝʩʪʘʯʫ ʜʘʥʠʭ ʜʣʷ ʨʦʟʧʽʟʥʘʚʘʥʥʷ ʥʝʦʙʭʽʜʥʦʛʦ ʰʘʙʣʦʥʫ PM ʤʝʪʦʜ 

ʜʝʤʦʥʩʪʨʫʻ ʥʝʜʦʩʪʘʪʥʶ ʪʦʯʥʽʩʪʴ, ʱʦ ʟʦʙʨʘʞʝʥʦ ʥʘ ʨʠʩ 2.18. ɺ ʪʦʡ ʞʝ ʯʘʩ, 
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Prophet, ʷʢʠʡ ʦʧʝʨʫʻ ʩʝʟʦʥʥʦʩʪʷʤʠ, ʟʘʚʯʘʩʥʦ ʥʘʜʘʻ ʧʨʦʛʥʦʟʠ ʚʠʩʦʢʦʾ ʪʦʯʥʦʩʪʽ, 

ʷʢʽ ʻ ʙʘʟʦʚʠʤʠ ʜʣʷ ʢʦʤʙʽʥʦʚʘʥʦʛʦ ʤʝʪʦʜʫ.  

 

ʈʠʩʫʥʦʢ 2.18 ï ʈʝʟʫʣʴʪʘʪʠ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʥʘ ʰʘʙʣʦʥʽ ʟ ʢʦʤʧʣʝʢʩʥʦʶ 

ʩʝʟʦʥʥʽʩʪʶ 

ʆʩʪʘʥʥʽʡ ʝʢʩʧʝʨʠʤʝʥʪ ʜʦʟʚʦʣʷʻ ʦʮʽʥʠʪʠ ʝʬʝʢʪʠʚʥʽʩʪʴ ʢʦʤʙʽʥʦʚʘʥʦʛʦ 

ʤʝʪʦʜʫ ʧʨʦʪʷʛʦʤ ʩʝʤʠ ʚʘʣʽʜʘʮʽʡʥʠʭ ʧʝʨʽʦʜʽʚ. ɼʘʥʽ ʻ ʩʠʥʪʝʪʠʯʥʠʤʠ ʪʘ ʤʽʩʪʷʪʴ 

ʢʦʤʧʣʝʢʩʥʫ ʩʝʟʦʥʥʽʩʪʴ ï ʜʝʥʥʫ ʪʘ ʪʠʞʥʝʚʫ, ʱʦ ʟʦʙʨʘʞʝʥʦ ʥʘ ʨʠʩ. 2.18. ɺ 

ʽʩʪʦʨʠʯʥʠʭ ʜʘʥʠʭ ʤʽʩʪʷʪʴʩʷ ʘʥʦʤʘʣʽʾ, ʱʦ ʚʽʜʪʚʦʨʶʶʪʴ ʦʜʥʘʢʦʚʠʡ ʰʘʙʣʦʥ, ʪʘ 

ʥʝ ʤʘʶʪʴ ʢʦʥʩʪʘʥʪʥʦʛʦ ʧʝʨʽʦʜʫ ʧʦʚʪʦʨʝʥʥʷ. ʇʨʦʛʥʦʟʫʚʘʥʥʷ ʚʽʜʙʫʚʘʻʪʴʩʷ ʥʘ 

ʧʦʯʘʪʢʫ ʢʦʞʥʦʛʦ ʧʝʨʽʦʜʫ ʜʝʥʥʦʾ ʩʝʟʦʥʥʦʩʪʽ. 

 

ʈʠʩʫʥʦʢ 2.18 ï ɼʘʥʽ ʜʣʷ ʦʮʽʥʢʠ ʪʦʯʥʦʩʪʽ ʨʦʟʨʦʙʣʝʥʠʭ ʤʝʪʦʜʽʚ 
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ʈʝʟʫʣʴʪʘʪʠ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʟʦʙʨʘʞʝʥʽ ʥʘ ʨʠʩ. 2.20. ʐʘʙʣʦʥ ʥʘʚʘʥʪʘʞʝʥʥʷ 

ʧʝʨʰʦʛʦ ʧʝʨʽʦʜʫ ʥʝ ʤʽʩʪʠʪʴ ʘʥʦʤʘʣʽʡ, ʪʦʤʫ Prophet ʥʘʜʘʚ ʧʨʦʛʥʦʟ ʚʠʩʦʢʦʾ 

ʪʦʯʥʦʩʪʽ ʽ ʻ ʙʘʟʦʚʠʤ ʜʣʷ ʢʦʤʙʽʥʦʚʘʥʦʛʦ ʤʝʪʦʜʫ. ʅʘ ʜʨʫʛʦʤʫ ʧʝʨʽʦʜʽ ʤʽʩʪʠʪʴʩʷ 

ʘʥʦʤʘʣʽʷ, ʷʢʘ ʻ ʢʦʨʝʢʪʥʦ ʽʜʝʥʪʠʬʽʢʦʚʘʥʘ PM. ɯʥʰʽ ʧʝʨʽʦʜʠ ʘʥʦʤʘʣʽʡ ʥʝ ʤʽʩʪʷʪʴ. 

ʅʘ ʰʦʩʪʦʤʫ ʧʝʨʽʦʜʽ ʻ ʪʠʞʥʝʚʝ ʟʙʽʣʴʰʝʥʥʷ ʥʘʚʘʥʪʘʞʝʥʥʷ, ʜʣʷ ʷʢʦʛʦ Prophet 

ʥʘʜʘʚ ʢʦʨʝʢʪʥʠʡ ʧʨʦʛʥʦʟ. 

 

ʈʠʩʫʥʦʢ 2.20 ï ʈʝʟʫʣʴʪʘʪʠ ʪʝʩʪʫʚʘʥʥʷ ʨʦʟʨʦʙʣʝʥʠʭ ʤʝʪʦʜʽʚ 

ɺ ʪʘʙʣʠʮʽ 2.6 ʥʘʚʦʜʷʪʴʩʷ ʤʝʪʨʠʢʠ ʪʦʯʥʦʩʪʽ MAPE ʦʪʨʠʤʘʥʽ ʚ ʨʝʟʫʣʴʪʘʪʽ 

ʝʢʩʧʝʨʠʤʝʥʪʽʚ. ɺʠʢʦʨʠʩʪʘʥʥʷ ʢʦʤʙʥ̔ʦʚʘʥʦʛʦ ʤʝʪʦʜʫ ʧʽʜʚʠʱʫʻ ʝʬʝʢʪʠʚʥʽʩʪʴ 

ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʟ 91.32% ʜʦ 95.4% ʫ ʧʦʨʽʚʥʷʥʥʽ ʟ Prophet, ʱʦ ʜʦʚʦʜʠʪʴ 

ʝʬʝʢʪʠʚʥʽʩʪʴ ʟʘʧʨʦʧʦʥʦʚʘʥʦʛʦ ʤʝʪʦʜʫ. 

ʊʘʙʣʠʮʷ 2.6 ï ʄʝʪʨʠʢʠ ʪʦʯʥʦʩʪʽ ʜʣʷ ʤʝʪʦʜʽʚ ʧʨʦʛʥʦʟʫʚʘʥʥʷ 

ʄʝʪʦʜ ʧʨʦʛʥʦʟʫʚʘʥʥʷ MAPE, % 

PM 9.23 

Prophet 8.68 

ʂʦʤʙʽʥʦʚʘʥʠʡ 4.60 

 

ʇʨʦʚʝʜʝʥʽ ʝʢʩʧʝʨʠʤʝʥʪʠ ʜʦʚʦʜʷʪʴ, ʱʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʢʦʤʙʽʥʘʮʽʾ ʤʝʪʦʜʽʚ 

ʧʨʦʛʥʦʟʫʚʘʥʥʷ PM ʽ Prophet ʤʦʞʥʘ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʟʘʜʣʷ ʧʽʜʚʠʱʝʥʥʷ 
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ʩʪʽʡʢʦʩʪʽ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʜʦ ʘʥʦʤʘʣʴʥʠʭ ʥʘʚʘʥʪʘʞʝʥʴ. ɽʢʩʧʝʨʠʤʝʥʪʠ 

ʧʨʦʚʝʜʝʥʽ ʥʘ ʟʛʝʥʝʨʦʚʘʥʠʭ ʜʘʥʠʭ, ʪʦʤʫ ʚ ʤʘʡʙʫʪʥʽʭ ʜʦʩʣʽʜʞʝʥʥʷʭ 

ʢʦʤʙʽʥʦʚʘʥʦʛʦ ʤʝʪʦʜʫ ʥʝʦʙʭʽʜʥʦ ʚʢʣʶʯʠʪʠ ʜʘʥʽ ʨʝʘʣʴʥʠʭ ʥʘʚʘʥʪʘʞʝʥʴ ʜʣʷ 

ʙʽʣʴʰ ʪʦʯʥʦʾ ʦʮʽʥʢʠ ʨʝʣʝʚʘʥʪʥʦʩʪʽ ʟʘʧʨʦʧʦʥʦʚʘʥʦʛʦ ʤʝʪʦʜʫ. ʊʦʯʥʽʩʪʴ 

ʟʘʧʨʦʧʦʥʦʚʘʥʦʛʦ ʤʝʪʦʜʫ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʟʘʣʝʞʠʪʴ ʚʽʜ ʪʦʯʥʦʩʪʽ ʤʝʪʦʜʽʚ, ʱʦ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʧʨʠ ʢʦʤʙʽʥʫʚʘʥʥʽ. 

2.5 ʈʦʟʨʦʙʢʘ ʧʨʦʘʢʪʠʚʥʦʛʦ ʤʝʪʦʜʫ ʤʘʩʰʪʘʙʫʚʘʥʥʷ 

2.5.1 ʉʫʪʥʽʩʪʴ ʧʨʦʘʢʪʠʚʥʦʛʦ ʤʝʪʦʜʫ ʤʘʩʰʪʘʙʫʚʘʥʥʷ 

ʅʘʷʚʥʽʩʪʴ ʪʦʯʥʦʛʦ ʪʘ ʩʪʽʡʢʦʛʦ ʜʦ ʘʥʦʤʘʣʽʡ ʤʝʪʦʜʫ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʻ 

ʦʩʥʦʚʥʦʶ ʫʤʦʚʦʶ ʜʣʷ ʧʦʙʫʜʦʚʠ ʤʝʪʦʜʫ ʧʨʦʘʢʪʠʚʥʦʛʦ ʤʘʩʰʪʘʙʫʚʘʥʥʥʷ. ɼʣʷ 

ʨʦʟʨʦʙʢʠ ʜʘʥʦʛʦ ʤʝʪʦʜʫ ʥʝʦʙʭʽʜʥʦ ʚʠʟʥʘʯʠʪʠ ʦʩʥʦʚʥʫ ʨʽʚʥʽʩʪʴ ʧʨʠ 

ʫʧʨʘʚʣʽʥʥʽ ʆʈ: 

 ( ) ( ) ( ), 1, , 1, ,
l ly ly up

k t X t W t D l m y hÖ = + = = (2.13) 

ʜʝ ()lyW t  ï ʬʫʥʢʮʽʷ ʥʘʚʘʥʪʘʞʝʥʥʷ ʥʘ l-ʡ ʟʘʩʪʦʩʫʥʦʢ ʜʣʷ y-ʛʦ ʆʈ, ʷʢʘ ʻ 

ʥʝʚʽʜʦʤʦʶ ʜʣʷ ʤʘʡʙʫʪʥʽʭ ʯʘʩʦʚʠʭ ʧʨʦʤʽʞʢʽʚ, ʘʣʝ ʤʝʪʦʜʠ ʧʨʦʛʥʦʟʫʚʘʥʥʷ 

ʜʦʟʚʦʣʷʶʪʴ ʦʪʨʠʤʘʪʠ ʾʾ ʘʧʨʦʢʩʠʤʘʮʽʶ. ʌʫʥʢʮʽʷ ()lk t  ʦʧʠʩʫʻ ʢʽʣʴʢʽʩʪʴ 

ʝʢʟʝʤʧʣʷʨʽʚ l-ʛʦ ʟʘʩʪʦʩʫʥʢʫ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʯʘʩʫ, ʘ ()ly
X t  ʻ ʬʫʥʢʮʽʻʶ ʦʙôʻʤʫ 

ʟʘʧʠʪʽʚ ʥʘ y-ʠʡ ʨʝʩʫʨʩ l-ʛʦ ʟʘʩʪʦʩʫʥʢʫ. ʇʘʨʘʤʝʪʨ ʚʠʟʥʘʯʘʻ ʟʘʪʨʠʤʢʫ 

ʨʦʟʛʦʨʪʘʥʥʷ ʥʦʚʠʭ ʝʢʟʝʤʧʣʷʨʽʚ. ʊʘʢʠʤ ʯʠʥʦʤ ʨʽʚʥʽʩʪʴ (2.13) ʚʠʟʥʘʯʘʻ, ʱʦ 

ʟʘʛʘʣʴʥʠʡ ʦʙôʻʤ ʆʈ ʤʘʻ ʙʫʪʠ ʝʢʚʽʚʘʣʝʥʪʥʠʡ ʧʦʪʨʝʙʘʤ ʟ ʚʨʘʭʫʚʘʥʥʷʤ ʯʘʩʦʚʦʛʦ 

ʧʨʦʤʽʞʢʫ. ʇʨʠ Dup = 0 ʜʘʥʘ ʨʽʚʥʽʩʪʴ ʻ ʩʧʨʘʚʝʜʣʠʚʦʶ ʜʣʷ ʨʝʘʢʪʠʚʥʦʛʦ 

ʤʘʩʰʪʘʙʫʚʘʥʥʷ. 

ʇʨʦʘʢʪʠʚʥʝ ʤʘʩʰʪʘʙʫʚʘʥʥʷ ʤʦʞʝ ʚʽʜʙʫʚʘʪʠʩʷ ʷʢ ʛʦʨʠʟʦʥʪʘʣʴʥʦ, ʪʘʢ ʽ 

ʚʝʨʪʠʢʘʣʴʥʦ. ʈʦʟʛʣʷʥʝʤʦ ʧʝʨʰʠʡ ʚʠʧʘʜʦʢ, ʧʨʠ ʷʢʦʤʫ ʬʫʥʢʮʽʷ ʟʘʧʠʪʽʚ ʆʈ ʻ 

ʢʦʥʩʪʘʥʪʦʶ. ʊʦʜʽ ʬʫʥʢʮʽʷ ʢʽʣʴʢʦʩʪʽ ʝʢʟʝʤʧʣʷʨʽʚ ʚʠʟʥʘʯʘʻʪʴʩʷ ʷʢ: 

 
( )

( ) max( ), 1, , 1, .
ly up

l

ly

W t D
k t l m y h

X

è ø+
= = =é ù

é ùé ù
 (2.14) 
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ʎʷ ʬʫʥʢʮʽʷ ʦʧʠʩʫʻ ʟʘʣʝʞʥʽʩʪʴ ʢʽʣʴʢʦʩʪʽ ʝʢʟʝʤʧʣʷʨʽʚ l-ʛʦ ʟʘʩʪʦʩʫʥʢʫ ʚʽʜ 

ʯʘʩʫ ʚʨʘʭʦʚʫʶʯʠ ʥʝʦʜʥʦʨʽʜʥʽʩʪʴ ʟʘʚʘʥʪʘʞʝʥʦʩʪʽ ʚʩʽʭ ʜʦʩʪʫʧʥʠʭ ʨʝʩʫʨʩʽʚ ʽ 

ʙʝʨʫʯʠ ʜʦ ʫʚʘʛʠ ʥʘʡʙʽʣʴʰʫ ʧʦʪʨʝʙʫ. ʂʽʣʴʢʽʩʪʴ ʝʢʟʝʤʧʣʷʨʽʚ ʤʘʻ ʙʫʪʠ ʮʽʣʠʤ, 

ʪʦʤʫ ʚʽʜʙʫʚʘʻʪʴʩʷ ʦʢʨʫʛʣʝʥʥʷ ʚʚʝʨʭ ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʥʝʦʙʭʽʜʥʦʛʦ ʦʙôʻʤʫ. 

ʋ ʚʠʧʘʜʢʫ ʚʝʨʪʠʢʘʣʴʥʦʛʦ ʤʘʩʰʪʘʙʫʚʘʥʥʷ ʢʦʥʩʪʘʥʪʦʶ ʻ ʢʽʣʴʢʽʩʪʴ 

ʝʢʟʝʤʧʣʷʨʽʚ kl(t), ʘ ʬʫʥʢʮʽʷ ʦʙôʻʤʫ y-ʛʦ ʨʝʩʫʨʩʫ ʚʠʟʥʘʯʘʻʪʴʩʷ ʷʢ: 

 
( )

( ) , 1, , 1, .
ly up

ly

l

W t D
X t l m y h

k

+è ø
= = =é ù
é ù

 (2.15) 

ɿʘʧʠʪ ʚʠʟʥʘʯʘʻʪʴʩʷ ʜʣʷ ʚʩʽʭ ʝʢʟʝʤʧʣʷʨʽʚ ʦʜʥʦʯʘʩʥʦ, ʦʩʢʽʣʴʢʠ ʙʝʨʝʪʴʩʷ 

ʜʦ ʫʚʘʛʠ ʨʦʙʦʪʠ ʙʘʣʘʥʩʫʚʘʣʴʥʠʢʘ ʥʘʚʘʥʪʘʞʝʥʥʷ. ʂʦʞʝʥ ʨʝʩʫʨʩ ʻ ʥʝʟʘʣʝʞʥʠʤ 

ʪʘ ʚʠʟʥʘʯʘʻʪʴʩʷ ʽʥʜʠʚʽʜʫʘʣʴʥʦ. 

ʆʩʢʽʣʴʢʠ ʨʽʚʥʦʩʪʽ ʥʘʚʝʜʝʥʽ ʚʠʱʝ ʥʝ ʻ ʜʠʩʢʨʝʪʥʠʤʠ, ʘ ʾʭ ʦʙʨʘʭʫʥʦʢ 

ʟʘʡʤʘʻ ʜʝʷʢʠʡ ʯʘʩ ʪʘ ʚʽʜʙʫʚʘʻʪʴʩʷ ʽʟ ʟʘʜʘʥʦʶ ʧʝʨʽʦʜʠʯʥʽʩʪʶ, ʪʦ ʥʝʦʙʭʽʜʥʦ 

ʚʨʘʭʫʚʘʪʠ ʧʨʦʤʽʞʥʽ ʟʥʘʯʝʥʥʷ. ɼʣʷ ʮʴʦʛʦ ʚʚʦʜʠʪʴʩʷ ʧʘʨʘʤʝʪʨ ʢʨʦʢʫ tstep ʜʣʷ 

ʜʠʩʢʨʝʪʠʟʘʮʽʾ ʦʧʠʩʘʥʠʭ ʬʦʨʤʫʣ. ɺ ʜʘʥʦʤʫ ʤʝʪʦʜʽ ʧʨʦʧʦʥʫʻʪʴʩʷ ʚʨʘʭʦʚʫʚʘʪʠ 

ʤʘʢʩʠʤʘʣʴʥʝ ʟʥʘʯʝʥʥʷ ʬʫʥʢʮʽ ʾʥʘʚʘʥʪʘʞʝʥʥʷ ()lyW t  ʥʘ ʯʘʩʦʚʦʤʫ ʧʨʦʤʽʞʢʫ ʚʽʜ 

t ʜʦ t + Dup:  

max( ( ))
( ) max( ), 1, , 1, , 1, .

ly step

l step up

ly y

W t t
k t l m y h t D

X e

è ø+
= = = =é ù

Öé ùé ù
  (2.16) 

ɸʥʘʣʦʛʽʯʥʘ ʪʨʘʥʩʬʦʨʤʘʮʽʷ ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ ʜʣʷ ʚʝʨʪʠʢʘʣʴʥʦʛʦ 

ʤʘʩʰʪʘʙʫʚʘʥʥʷ. ʂʨʽʤ ʪʦʛʦ, ʥʝʦʙʭʽʜʥʦ ʚʨʘʭʫʚʘʪʠ ʢʦʝʬʽʮʽʻʥʪ ʟʘʧʘʩʫ 
yŮ ʜʣʷ 

ʚʠʧʘʜʢʽʚ ʟ ʥʝʪʠʧʦʚʠʤ ʥʘʚʘʥʪʘʞʝʥʥʷʤ: 

 
y

max( ( ))
( ) , 1, , 1, , 1, .

Ů

ly step

ly step up

l

W t t
X t l m y h t D

k

è ø+
= = = =é ù

Öé ùé ù
 (2.17) 

ʊʦʜʽ ʤʦʞʝʤʦ ʚʠʟʥʘʯʠʪʠ ʫʤʦʚʠ ʤʘʩʰʪʘʙʫʚʘʥʥʷ ʜʣʷ ʛʦʨʠʟʦʥʪʘʣʴʥʦʛʦ 

ʤʘʩʰʪʘʙʫʚʘʥʥʷ: 

 ( 1) ( ) , ( ) ( ), 1, ,l l up lk t k t k k t D k t l m+ = +D + > = (2.18) 
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ɼʣʷ ʚʝʨʪʠʢʘʣʴʥʦʛʦ ʤʘʩʰʪʘʙʫʚʘʥʥʷ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʘʥʘʣʦʛʽʯʥʠʡ 

ʧʽʜʭʽʜ, ʘʣʝ ʟʥʘʯʝʥʥʷ ʦʙôʻʤʫ ʜʣʷ ʢʦʞʥʦʛʦ ʪʠʧʫ ʆʈ ʦʙʯʠʩʣʶʻʪʴʩʷ ʦʢʨʝʤʦ: 

( 1) ( ) , ( ) ( ), 1, , 1, .ly ly ly ly up lyX t X t X X t D X t l m y h+ = +D + > = = (2.19) 

ʅʝʦʙʭʽʜʥʦ ʪʘʢʦʞ ʚʨʘʭʫʚʘʪʠ, ʱʦ ʚ ʢʦʥʪʝʢʩʪʽ ʦʜʥʦʛʦ ʨʦʟʛʦʨʪʘʥʥʷ 

ʟʘʩʪʦʩʫʥʢʫ ʚʝʨʪʠʢʘʣʴʥʘ ʢʦʥʬʽʛʫʨʘʮʽʷ ʚʩʪʘʥʦʚʣʶʻʪʴʩʷ ʜʣʷ ʚʩʽʭ ʝʢʟʝʤʧʣʷʨʽʚ, 

ʚʽʜʧʦʚʽʜʥʦ ʥʝʦʙʭʽʜʥʦ ʚʨʘʭʦʚʫʚʘʪʠ ʚʠʢʦʨʠʩʪʘʥʥʷ ʆʈ ʚʩʽʤʘ ʜʦʩʪʫʧʥʠʤʠ 

ʝʢʟʝʤʧʣʷʨʘʤʠ ʟʘʩʪʦʩʫʥʢʫ. 

2.5.2 ʆʩʦʙʣʠʚʦʩʪʽ ʨʝʘʣʽʟʘʮʽʾ ʧʨʦʘʢʪʠʚʥʦʛʦ ʤʝʪʦʜʫ ʤʘʩʰʪʘʙʫʚʘʥʥʷ 

ʈʝʘʣʽʟʘʮʽʷ ʟʘʧʨʦʧʦʥʦʚʘʥʦʛʦ ʤʝʪʦʜʫ ʧʨʦʘʢʪʠʚʥʦʛʦ ʤʘʩʰʪʘʙʫʚʘʥʥʷ 

ʚʽʜʙʫʚʘʻʪʴʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʦʢʨʝʤʠʭ ʤʦʜʫʣʽʚ, ʢʦʞʝʥ ʟ ʷʢʠʭ ʤʘʻ ʩʚʦʶ ʦʢʨʝʤʫ 

ʬʫʥʢʮʽʶ. ʄʦʜʫʣʴ ʜʘʥʠʭ ʦʪʨʠʤʫ̒  ʜʘʥʽ ʚʽʜ ʜʞʝʨʝʣʘ ̔ʩʪʦʨʠʯʥʠʭ ʜʘʥʠʭ ʪʘ 

ʟʜʽʡʩʥʶʻ ʾʭ ʦʙʨʦʙʣʝʥʥʷ. ʄʦʜʫʣʴ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʧʨʦʛʥʦʟʫʻ ʤʘʡʙʫʪʥʽ 

ʥʘʚʘʥʪʘʞʝʥʥ.̫ ʄʦʜʫʣ ɹʚʘʣʽʜʘʮʽʾ ʦʮʽʥʶʻ ʜʦʮʽʣʴʥʽʩʪʴ ʟʘʩʪʦʩʫʚʘʥʥʷ ʦʪʨʠʤʘʥʠʭ 

ʧʨʦʛʥʦʟʽʚ. ʄʦʜʫʣʴ ʟʘʩʪʦʩʫʚʘʥʥʷ ʚʟʘʻʤʦʜʽʻ ʯʝʨʝʟ API ʟ ʢʣʘʩʪʝʨʦʤ ʟ ʤʝʪʦʶ 

ʟʘʩʪʦʩʫʚʘʥʥʷ ʦʪʨʠʤʘʥʠʭ ʟʥʘʯʝʥ ɹʦʙôʻʤʽʚ ʆʈ ʫ ʨʘʟʽ ʥʝʦʙʭʽʜʥʦʩʪʽ. 

 

ʈʠʩʫʥʦʢ 2.21 ï ɼʽʘʛʨʘʤʘ ʢʦʤʧʦʥʝʥʪʽʚ ʧʨʦʘʢʪʠʚʥʦʛʦ ʤʝʪʦʜʫ ʤʘʩʰʪʘʙʫʚʘʥʥ ̫
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ʂʦʣʠ ʨʽʰʝʥʥʷ, ʷʢʝ ʨʝʘʣʽʟʫʻ ʦʧʠʩʘʥʠʡ ʤʝʪʦʜ, ʽʥʽʮʽʘʣʽʟʫʻʪʴʩʷ ʜʣʷ 

ʘʚʪʦʤʘʪʠʟʘʮʽʾ ʤʘʩʰʪʘʙʫʚʘʥʥʷ ʮʽʣʴʦʚʦʛʦ ʟʘʩʪʦʩʫʥʢʫ, ʧʦʧʝʨʝʜʥʽ ʤʝʪʨʠʢʠ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʤʦʞʫʪʴ ʙʫʪʠ ʚʽʜʩʫʪʥʽ. ʋ ʪʘʢʦʤʫ ʚʠʧʘʜʢʫ, ʜʘʥʝ ʨʽʰʝʥʥʷ 

ʚʩʪʘʥʦʚʣʶʻ ʚʠʟʥʘʯʝʥʫ ʘʜʤʽʥʽʩʪʨʘʪʦʨʦʤ ʢʽʣʴʢʽʩʪʴ ʨʝʧʣʽʢ defaultReplicas ʜʦʪʠ, 

ʧʦʢʠ ʥʝ ʙʫʜʝ ʦʪʨʠʤʘʥʦ ʜʦʩʪʦʚʽʨʥʠʡ ʧʨʦʛʥʦʟ. ɼʦʩʪʦʚʽʨʥʽʩʪʴ ʧʨʦʛʥʦʟʫ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʨʝʩʫʨʩʽʚ ʚʠʟʥʘʯʘʻʪʴʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʧʦʢʘʟʥʠʢʘ MAPE. ʗʢʱʦ 

ʧʦʤʠʣʢʘ ʤʦʜʝʣʽ ʻ ʤʝʥʰʦʶ ʟʘ ʧʘʨʘʤʝʪʨ ʚʧʝʚʥʝʥʦʩʪʽ, ʪʦʜʽ ʜʘʥʠʡ ʤʝʪʦʜ 

ʤʘʩʰʪʘʙʫʚʘʥʥʷ, ʧʦʢʣʘʜʘʶʯʠʩʴ ʥʘ ʦʪʨʠʤʘʥʽ ʟʥʘʯʝʥʥʷ, ʚʩʪʘʥʦʚʣʶʻ ʨʦʟʨʘʭʦʚʘʥʦ 

ʦʧʪʠʤʘʣʴʥʫ ʢʽʣʴʢʽʩʪʴ ʨʝʧʣʽʢ ʟʤʽʥʶʶʯʠ ʧʦʣʝ replicas ʚ Kubernetes ʤʘʥʽʬʝʩʪʽ 

ʨʦʟʛʦʨʪʘʥʥʷ [10]. 

ɯʩʪʦʨʠʯʥʽ ʜʘʥʽ ʦʪʨʠʤʫʶʪʴʩʷ ʰʣʷʭʦʤ ʟʘʧʠʪʽʚ ʥʘ Prometheus ʩʝʨʚʝʨ. ɼʣʷ 

ʦʪʨʠʤʘʥʥʷ ʽʩʪʦʨʠʯʥʠʭ ʤʝʪʨʠʢ ʚʠʢʦʨʠʩʪʘʥʥʷ CPU ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʟʘʧʠʪ 

ʚʠʛʣʷʜʫ sum(rate(container_cpu_usage_total {container!=""}[60s])) by (pod). ɼʣʷ 

ʦʪʨʠʤʘʥʥʷ ʧʦʪʦʯʥʠʭ ʟʘʜʘʥʠʭ ʟʘʧʠʪʽʚ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ API Kubernetes, ʘ ʩʘʤʝ 

ʧʦʣʝ spec.container[0].requests.cpu ʚ ʤʘʥʽʬʝʩʪʽ ʨʦʟʛʦʨʪʘʥʥʷ. 

ʆʙʨʘʥʠʡ ʘʣʛʦʨʠʪʤ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʤʘʻ ʘʚʪʦʤʘʪʠʯʥʦ ʚʠʷʚʣʷʪʠ ʩʝʟʦʥʥʦʩʪʽ, 

ʪʨʝʥʜʠ ʪʘ ʘʥʦʤʘʣʽʾ ʚ ʯʘʩʦʚʠʭ ʨʷʜʘʭ, ʪʦʤʫ ʥʝ ʧʦʪʨʝʙʫʻ ʜʦʜʘʪʢʦʚʦʛʦ 

ʥʘʣʘʰʪʫʚʘʥʥʷ. ʇʨʦʪʝ ʘʜʤʽʥʽʩʪʨʘʪʦʨ ʤʦʞʝ ʚʢʘʟʘʪʠ ʙʘʟʦʚʫ ʩʝʟʦʥʥʽʩʪʴ 

seasonalities ʜʣʷ ʧʦʢʨʘʱʝʥʥʷ ʪʦʯʥʦʩʪʽ ʧʨʦʛʥʦʟʽʚ. ʅʘʚʯʘʥʥʷ ʪʘ ʦʮʽʥʢʘ ʪʦʯʥʦʩʪʽ 

ʤʦʜʝʣʽ ʚʽʜʙʫʚʘʻʪʴʩʷ ʟ ʟʘʜʘʥʠʤ ʧʝʨʽʦʜʦʤ trainEvaluatePeriod. ʇʨʠ ʧʘʜʽʥʥʽ 

ʧʦʢʘʟʥʠʢʽʚ ʪʦʯʥʦʩʪʽ ʤʦʜʝʣʽ, ʨʽʰʝʥʥʷ ʚʩʪʘʥʦʚʣʶʻ ʢʽʣʴʢʽʩʪʴ ʨʝʧʣʽʢ 

defaultReplicas, ʜʦ ʤʦʤʝʥʪʫ ʧʦʢʠ ʥʝ ʙʫʜʝ ʦʪʨʠʤʘʥʘ ʥʝʦʙʭʽʜʥʘ ʪʦʯʥʽʩʪʴ. 

ʇʨʠ ʨʦʟʨʦʙʮʽ ʨʽʰʝʥʥʷ ʜʣʷ ʛʦʨʠʟʦʥʪʘʣʴʥʦʛʦ ʤʘʩʰʪʘʙʫʚʘʥʥʷ ʥʝʦʙʭʽʜʥʦ 

ʚʨʘʭʫʚʘʪʠ, ʱʦ ʟʘʩʪʦʩʫʥʢʠ ʧʦʪʨʝʙʫʶʪʴ ʜʝʷʢʠʡ ʯʘʩ ʥʘ ʽʥʽʮʽʘʣʽʟʘʮʽʶ. ʅʘʧʨʠʢʣʘʜ, 

ʫ ʚʠʧʘʜʢʫ ʙʘʟʠ ʜʘʥʠʭ Redis, ʟʘʩʪʦʩʫʥʢʫ ʥʝʦʙʭʽʜʥʦ ʨʦʟʛʦʨʥʫʪʠ ʟʙʝʨʝʞʝʥʠʡ ʩʪʘʥ 

ʙʘʟʠ ʜʘʥʠʭ ʪʘ ʚʩʪʘʥʦʚʠʪʠ ʟôʻʜʥʘʥʥʷ ʟ ʽʥʰʠʤʠ ʢʦʤʧʦʥʝʥʪʘʤʠ ʢʣʘʩʪʝʨʘ. ʂʨʽʤ 

ʪʦʛʦ, ʧʽʩʣʷ ʢʦʤʘʥʜʠ ʥʘ ʟʙʽʣʴʰʝʥʥʷ ʢʽʣʴʢʦʩʪʽ ʨʝʧʣʽʢ ʟʘʩʪʦʩʫʥʢʫ, ʧʦʪʨʝʙʫʻʪʴʩʷ 

ʜʝʷʢʠʡ ʯʘʩ ʥʘ ʽʥʽʮʘ̔ʣʽʟʘʮʽʶ ʧʦʜʫ, ʘ ʩʘʤʝ ʨʦʟʛʦʨʪʘʥʥʷ ʡʦʛʦ ʥʘ ʜʦʩʪʫʧʥʦʤʫ ʚʫʟʣʽ, 

ʟʘʚʘʥʪʘʞʝʥʥʷ ʦʙʨʘʟʫ ʪʘ ʧʽʜôʻʜʥʘʥʥʷ ʤʝʨʝʞʝʚʠʭ ʜʠʩʢʽʚ. ʊʦʤʫ ʨʽʰʝʥʥʷ ʤʘʻ 
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ʜʦʜʘʪʢʦʚʠʡ ʧʘʨʘʤʝʪʨ applicationTimeToStart ʜʣʷ ʪʦʛʦ, ʘʙʠ ʪʦʯʥʦ ʨʦʟʨʘʭʫʚʘʪʠ 

ʤʦʤʝʥʪ, ʢʦʣʠ ʥʝʦʙʭʽʜʥʦ ʟʙʽʣʴʰʠʪʠ ʢʽʣʴʢʽʩʪʴ ʨʝʧʣʽʢ ʟʘʩʪʦʩʫʥʢʫ. 

ɺʽʜʧʦʚʽʜʥʦ, ʨʽʰʝʥʥʷ ʧʝʨʝʚʽʨʷʻ ʥʝʦʙʭʽʜʥʽʩʪʴ ʤʘʩʰʪʘʙʫʚʘʪʠ ʟʘʩʪʦʩʫʥʦʢ ʟ 

ʢʦʨʦʪʢʠʤ ʽʥʪʝʨʚʘʣʦʤ. ʇʨʠ ʤʘʩʰʪʘʙʫʚʘʥʥʽ ʚʛʦʨʫ, ʧʝʨʝʚʽʨʷʻʪʴʩʷ ʧʨʦʛʥʦʟʦʚʘʥʽ 

ʟʥʘʯʝʥʥʷ ʚʠʢʦʨʠʩʪʘʥʥʷ ʚ ʤʦʤʝʥʪ ʯʘʩʫ currentTime + applicationTimeToStart, 

ʘʙʠ ʚʩʪʘʥʦʚʠʪʠ ʥʝʦʙʭʽʜʥʫ ʢʽʣʴʢʽʩʪʴ ʨʝʧʣʽʢ ʟʘʚʯʘʩʥʦ ʽ ʥʝ ʜʦʧʫʩʪʠʪʠ ʧʘʜʽʥʥʷ 

ʤʝʪʨʠʢ ʷʢʦʩʪʽ ʩʝʨʚʽʩʫ. ʇʨʠ ʤʘʩʰʪʘʙʫʚʘʥʥʽ ʚʥʠʟ, ʧʝʨʝʚʽʨʷʻʪʴʩʷ ʣʠʰʝ ʟʥʘʯʝʥʥʷ 

ʚ ʧʦʪʦʯʥʠʡ ʤʦʤʝʥʪ, ʱʦʙ ʥʝ ʟʤʝʥʰʠʪʠ ʢʽʣʴʢʽʩʪʴ ʨʝʧʣʽʢ ʟʘʚʯʘʩʥʦ. ʊʦʤʫ ʤʘʻʤʦ 

ʩʧʨʦʱʝʥʦ ʬʦʨʤʫʣʫ ʜʣʷ ʦʙʯʠʩʣʝʥʥʷ ʥʝʦʙʭʽʜʥʦʾ ʢʽʣʴʢʦʩʪʽ ʨʝʧʣʽʢ ʥʘ ʦʩʥʦʚʽ 

ʧʨʦʛʥʦʟʫ ï max(forecastedUsage[currentTime + timeToStart], 

actualUsage[currentTime]). 

ɿʘʧʨʦʧʦʥʦʚʘʥʝ ʨʽʰʝʥʥʷ ʨʦʟʤʽʱʫʻʪʴʩʷ ʚ ʢʣʘʩʪʝʨʽ Kubernetes, ʱʦ 

ʟʦʙʨʘʞʝʥʢʫ ʥʘ ʨʠʩ. 2.22, ʽ ʤʘʻ ʙʝʟʧʦʩʝʨʝʜʥʽʡ ʜʦʩʪʫʧ ʜʦ Prometheus ʩʝʨʚʝʨʘ ʪʘ 

API Kubernetes. 

 

ʈʠʩʫʥʦʢ 2.22 ï ʉʭʝʤʘ ʽʥʪʝʛʨʘʮʽʾ ʤʘʩʰʪʘʙʫʚʘʯʘ ʚ Kubernetes 
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2.5.3 ɼʦʩʣʽʜʞʝʥʥʷ ʧʨʦʘʢʪʠʚʥʦʛʦ ʤʝʪʦʜʫ 

ɼʣʷ ʪʝʩʪʫʚʘʥʥʷ ʦʪʨʠʤʘʥʦʛʦ ʨʽʰʝʥʥʷ ʽ ʡʦʛʦ ʧʦʨʽʚʥʷʥʥʷ ʟ ʽʥʰʠʤʠ 

ʧʽʜʭʦʜʘʤʠ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʢʣʘʩʪʝʨ Kubernetes ʥʘ ʙʘʟʽ minikube. ʂʣʘʩʪʝʨ 

ʚʢʣʶʯʘʻ ʻʜʠʥʠʡ ʚʫʟʦʣ, ʷʢʠʡ ʤʘʻ ʰʽʩʪʴ ʧʨʦʮʝʩʦʨʥʠʭ ʷʜʝʨ ʟ ʪʘʢʪʦʚʦʶ ʯʘʩʪʦʪʦʶ 

3.6GHz ʪʘ 16 ʛʽʛʘʙʘʡʪ ʦʧʝʨʘʪʠʚʥʦʾ ʧʘʤôʷʪʽ. ʄʝʨʝʞʝʚʘ ʢʦʤʫʥʽʢʘʮʽʷ ʥʝ ʚʠʭʦʜʠʪʴ 

ʟʘ ʨʘʤʢʠ ʦʜʥʽʻʾ ʤʘʰʠʥʠ. ʎʝʡ ʢʣʘʩʪʝʨ ʤʽʩʪʠʪʴ ʚʩʪʘʥʦʚʣʝʥʠʡ Prometheus ʜʣʷ 

ʤʦʥʽʪʦʨʠʥʛʫ ʟʘ ʜʦʧʦʤʦʛʦʶ kube-prometheus stack. 

ɼʣʷ ʧʝʨʝʚʽʨʢʠ ʦʙʨʘʥʦ ʩʮʝʥʘʨʽʡ ʟ ʧʝʨʽʦʜʠʯʥʠʤ ʥʘʚʘʥʪʘʞʝʥʥʷʤ. ʇʝʨʽʦʜ 

ʥʘʚʘʥʪʘʞʝʥʥʷ ʩʪʘʥʦʚʠʪʴ 300 ʩ. ʉʫʤʘʨʥʝ ʤʽʥʽʤʘʣʴʥʝ ʥʘʚʘʥʪʘʞʝʥʥʷ ʩʪʘʥʦʚʠʪʴ 

100 ʤʽʣʽʢʦʨʽʚ, ʤʘʢʩʠʤʘʣʴʥʝ ï 550 ʤʽʣʽʢʦʨʽʚ. 

ʅʘʚʘʥʪʘʞʫʚʘʣʴʥʝ ʪʝʩʪʫʚʘʥʥʷ ʟʜʽʡʩʥʶʻʪʴʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʩʧʝʮʽʘʣʽʟʦʚʘʥʦʾ ʫʪʠʣʽʪʠ locust ʜʣʷ ʥʘʜʩʠʣʘʥʥʷ HTTP ʟʘʧʠʪʽʚ, ʝʢʟʝʤʧʣʷʨ ʷʢʦʾ 

ʪʘʢʦʞ ʨʦʟʤʽʱʫʻʪʴʩʷ ʚ ʢʣʘʩʪʝʨʽ. ʉʭʝʤʘ ʝʢʩʧʝʨʠʤʝʥʪʫ ʟʦʙʨʘʞʝʥʘ ʥʘ ʨʠʩ. 2.23. 

ʅʘʚʘʥʪʘʞʫʚʘʣʴʥʠʡ ʰʘʙʣʦʥ ʟʘʧʠʪʽʚ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʧʝʨʽʦʜʠʯʥʠʭ ʢʦʣʠʚʘʥʴ. 

ʇʝʨʽʦʜ ʢʦʣʠʚʘʥʴ ʩʪʘʥʦʚʠʪʴ 300 ʩ, ʤʽʥʽʤʘʣʴʥʘ ʯʘʩʪʦʪʘ ʟʘʧʠʪʽʚ ï 10 ʟʘʧʠʪʽʚ ʚ 

ʩʝʢʫʥʜʫ, ʤʘʢʩʠʤʘʣʴʥʘ ï 50. 

 

ʈʠʩʫʥʦʢ 2.23 ï ʂʦʥʬʽʛʫʨʘʮʽʷ ʝʢʩʧʝʨʠʤʝʥʪʽʚ 

ʊʝʩʪʦʚʠʡ ʟʘʩʪʦʩʫʥʦʢ ̒  ʚʝʙ-ʩʝʨʚʝʨʦʤ, ʷʢʠʡ ʥʘ ʢʦʞʝʥ ʟʘʧʠʪ ʚʠʢʦʥʫʻ ʜʝʷʢʫ 

CPU-ʽʥʪʝʥʩʠʚʥʫ ʨʦʙʦʪʫ. ʊʘʢʠʡ ʪʝʩʪʦʚʠʡ ʟʘʩʪʦʩʫʥʦʢ ʤʦʞʝ ʙʫʪʠ 

ʤʘʩʰʪʘʙʦʚʘʥʠʤ ʷʢ ʛʦʨʠʟʦʥʪʘʣʴʥʦ, ʪʘʢ ʽ ʚʝʨʪʠʢʘʣʴʥʦ. ʂʽʣʴʢʽʩʪʴ ʨʝʧʣʽʢ 
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ʟʘʩʪʦʩʫʥʢʫ ʘʙʦ ʦʙôʻʤ ʚʠʜʽʣʝʥʠʭ ʨʝʩʫʨʩʽʚ ʥʝ ʚʧʣʠʚʘʶʪʴ ʥʘ ʨʦʙʦʪʫ ʟʘʩʪʦʩʫʥʢʫ. 

ɿʘʩʪʦʩʫʥʦʢ ʽʥʽʮʽʘʣʽʟʫʻʪʴʩʷ ʟʘʜʘʥʠʡ ʯʘʩ ʧʝʨʝʜ ʪʠʤ, ʷʢ ʩʪʘʪʠ ʜʦʩʪʫʧʥʠʤ ʜʣʷ 

ʟʘʧʠʪʽʚ ʽ ʧʝʨʝʜ ʪʠʤ, ʷʢ ʧʝʨʝʚʽʨʢʠ ʜʦʩʪʫʧʥʦʩʪʽ Kubernetes ʙʫʜʫʪʴ ʚʚʘʞʘʪʠʩʷ 

ʫʩʧʽʰʥʠʤʠ. ɺ ʧʨʦʚʝʜʝʥʠʭ ʝʢʩʧʝʨʠʤʝʥʪʘʭ ʮʝʡ ʯʘʩ ʜʦʨʽʚʥʶʻ ʧôʷʪʠ ʩʝʢʫʥʜʘʤ. 

ɺ ʜʘʥʦʤʫ ʝʢʩʧʝʨʠʤʝʥʪʽ ʤʘʩʰʪʘʙʫʚʘʥʥʷ ʚʽʜʙʫʚʘʻʪʴʩʷ ʣʠʰʝ ʜʣʷ CPU 

ʨʝʩʫʨʩʫ. ɿʘʧʠʪ ʥʘ ʧʨʦʮʝʩʦʨʥʠʡ ʨʝʩʫʨʩ ʜʣʷ ʪʝʩʪʦʚʦʛʦ ʟʘʩʪʦʩʫʥʢʫ ʩʪʘʥʦʚʠʪʴ 

200 ʤʽʣʽʢʦʨʽʚ. ʆʩʢʽʣʴʢʠ ʧʨʠ ʧʝʨʝʚʠʱʝʥʥʽ ʜʘʥʦʛʦ ʟʥʘʯʝʥʥʷ ʜʦ ʟʘʩʪʦʩʫʥʢʫ ʙʫʜʝ 

ʟʘʩʪʦʩʦʚʘʥʠʡ ʪʨʦʪʣʽʥʛ, ʱʦ ʤʦʞʝ ʚʧʣʠʥʫʪʠ ʥʘ ʨʝʟʫʣʴʪʘʪʠ ʪʝʩʪʫʚʘʥʥʷ, 

ʚʩʪʘʥʦʚʣʝʥʦ ʣʽʤʽʪ ʥʘ ʨʝʩʫʨʩ ʧʨʦʮʝʩʦʨʥʦʛʦ ʯʘʩʫ, ʱʦ ʜʦʨʽʚʥʶʻ 250 ʤʽʣʽʢʦʨʽʚ. 

ʇʦʯʘʪʢʦʚʘ ʢʽʣʴʢʽʩʪʴ ʨʝʧʣʽʢ ʜʦʨʽʚʥʶʻ ʧôʷʪʠ. 

HPA ï ʚʙʫʜʦʚʘʥʝ ʨʽʰʝʥʥʷ ʜʣʷ ʘʚʪʦʤʘʪʠʟʘʮʽʾ ʛʦʨʠʟʦʥʪʘʣʴʥʦʛʦ 

ʤʘʩʰʪʘʙʫʚʘʥʥʷ ʚ Kubernetes. HPA ʻ ʧʨʝʜʩʪʘʚʥʠʢʦʤ ʨʝʘʢʪʠʚʥʦʛʦ ʧʽʜʭʦʜʫ, ʪʦʤʫ 

ʥʝ ʤʽʩʪʠʪʴ ʞʦʜʥʠʭ ʘʣʛʦʨʠʪʤʽʚ ʧʨʦʛʥʦʟʫʚʘʥʥʷ. ɯʜʝʷ HPA ʧʦʣʷʛʘʻ ʚ ʪʦʤʫ, ʘʙʠ ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʨʝʛʫʣʷʮʽʾ ʢʽʣʴʢʦʩʪʽ ʨʝʧʣʽʢ ʧʽʜʪʨʠʤʫʚʘʪʠ ʚʩʪʘʥʦʚʣʝʥʝ 

ʘʜʤʽʥʽʩʪʨʘʪʦʨʦʤ ʟʥʘʯʝʥʥʷ ʩʝʨʝʜʥʴʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ ʥʘ ʝʢʟʝʤʧʣʷʨ ï 

targetAverageUtilization. ʆʩʥʦʚʥʘ ʨʽʟʥʠʮʷ ʧʦʣʷʛʘʻ ʚ ʪʦʤʫ, ʱʦ ʨʽʰʝʥʥʷ ʧʨʦ 

ʤʘʩʰʪʘʙʫʚʘʥʥʷ ʧʨʠʡʤʘʻʪʴʩʷ ʥʘ ʦʩʥʦʚʽ ʧʦʪʦʯʥʠʭ ʟʥʘʯʝʥʴ ʚʠʢʦʨʠʩʪʘʥʥʷ ʆʈ.  

ʆʩʢʽʣʴʢʠ ʨʝʘʢʪʠʚʥʠʡ ʧʽʜʭʽʜ ʩʠʣʴʥʦ ʟʘʣʝʞʠʪʴ ʚʽʜ ʟʘʪʨʠʤʦʢ ʦʪʨʠʤʘʥʥʷ 

ʧʦʪʦʯʥʠʭ ʜʘʥʠʭ, ʥʝʦʙʭʽʜʥʦ ʤʽʥʽʤʽʟʫʚʘʪʠ ʬʘʢʪʦʨ ʟʘʪʨʠʤʦʢ ʥʘ ʨʝʟʫʣʴʪʘʪʠ 

ʝʢʩʧʝʨʠʤʝʥʪʫ. HPA ʚʠʢʦʨʠʩʪʦʚʫʻ metrics-server ʷʢ ʜʞʝʨʝʣʦ ʜʘʥʠʭ, ʪʦʤʫ 

ʥʘʣʘʰʪʫʚʘʥʥʷ resolution ʜʣʷ metrics-server ʚʩʪʘʥʦʚʣʝʥʝ ʚ ʤʽʥʽʤʘʣʴʥʦ ʤʦʞʣʠʚʝ 

ʟʥʘʯʝʥʥʷ ï 15 ʩ. ʊʘʢʦʞ ʚʩʪʘʥʦʚʣʝʥʝ ʤʽʥʽʤʘʣʴʥʝ ʟʥʘʯʝʥʥʷ sync-period, cpu-

initialization-period, initial-readiness-delay ʜʣʷ ʧʨʠʰʚʠʜʰʝʥʥʷ ʯʘʩʫ ʨʝʘʢʮʽʾ HPA 

ʥʘ ʟʤʽʥʠ. ʂʨʽʤ ʮʴʦʛʦ, ʚ ʧʦʣʽʪʠʢʘʭ ʤʘʩʰʪʘʙʫʚʘʥʥʷ behavior ʟʥʷʪʦ ʣʽʤʽʪʠ ʥʘ 

ʰʚʠʜʢʽʩʪʴ ʤʘʩʰʪʘʙʫʚʘʥʥʷ ʚʥʠʟ ʪʘ ʚʛʦʨʫ. 

ʅʘ ʨʠʩ. 2.24 ʟʦʙʨʘʞʝʥʦ ʨʝʟʫʣʴʪʘʪʠ ʧʨʦʚʝʜʝʥʥʷ ʪʝʩʪʦʚʦʛʦ ʩʮʝʥʘʨʽʶ ʙʝʟ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʘʚʪʦʤʘʪʠʯʥʦʛʦ ʤʘʩʰʪʘʙʫʚʘʥʥʷ. ɼʘʥʘ ʧʘʨʘ ʛʨʘʬʽʢʽʚ ʤʽʩʪʠʪʴ ʜʘʥʽ 

ʧʨʦ ʬʘʢʪʠʯʥʝ ʩʫʤʘʨʥʝ ʚʠʢʦʨʠʩʪʘʥʥʷ, ʨʝʟʝʨʚʫʚʘʥʥʷ ʧʨʦʮʝʩʦʨʥʦʛʦ ʯʘʩʫ ʽ 

ʨʝʟʫʣʴʪʫʶʯʠʡ ʯʘʩ ʦʙʨʦʙʢʠ ʟʘʧʠʪʽʚ. ɺ ʥʘʚʝʜʝʥʠʭ ʫʤʦʚʘʭ ʟʘʩʪʦʩʫʥʦʢ ʤʘʻ 

ʜʦʩʪʘʪʥ ʁ ʢʽʣʴʢʽʩʪʴ ʝʢʟʝʤʧʣʷʨʽʚ ʜʣʷ ʦʙʨʦʙʢʠ ʦʪʨʠʤʘʥʠʭ ʟʘʧʠʪʽʚ. ʇʨʠ 
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ʤʘʢʩʠʤʘʣʴʥʦʤʫ ʥʘʚʘʥʪʘʞʝʥʥʽ ʩʫʤʘʨʥʝ ʬʘʢʪʠʯʥʝ ʚʠʢʦʨʠʩʪʘʥʥʷ ʧʨʦʮʝʩʦʨʥʦʛʦ 

ʯʘʩʫ ʩʪʘʥʦʚʠʪʴ 570 ʤʽʣʽʢʦʨʽʚ. ʇʨʠ ʮʴʦʤʫ ʯʘʩ ʚʽʜʧʦʚʽʜʽ ʚ ʧʽʢʦʚʽ ʤʦʤʝʥʪʠ ʟʨʦʩʪʘʻ 

ʟ 12 ʤʩ ʜʦ 90 ʤʩ, ʱʦ ʬʘʢʪʠʯʥʦ ʻ ʧʦʢʘʟʥʠʢʦʤ QoS ʚ ʜʘʥʦʤʫ ʝʢʩʧʝʨʠʤʝʥʪʽ. 

 

ʈʠʩʫʥʦʢ 2.24 ï ʈʝʟʫʣʴʪʘʪʠ ʨʦʙʦʪʠ ʟʘʩʪʦʩʫʥʢʫ ʟʽ ʩʪʘʪʠʯʥʠʤʠ ʟʘʧʠʪʘʤʠ 

ʅʘ ʨʠʩ. 2.25 ʟʦʙʨʘʞʝʥʦ ʨʝʟʫʣʴʪʘʪʠ ʪʝʩʪʫʚʘʥʥʷ ʨʦʟʨʦʙʣʝʥʦʛʦ ʨʽʰʝʥʥʷ. 

ɼʘʥʠʡ ʛʨʘʬʽʢ ʜʝʤʦʥʩʪʨʫʻ, ʱʦ ʯʘʩ ʚʽʜʧʦʚʽʜʽ ʪʝʩʪʦʚʦʛʦ ʟʘʩʪʦʩʫʥʢʫ ʻ 

ʘʥʘʣʦʛʽʯʥʠʤ ʧʝʨʰʦʤʫ ʝʢʩʧʝʨʠʤʝʥʪʫ ï ʚʽʜ 12 ʤʩ ʜʦ 90 ʤʩ, ʪʦʤʫ ʪʘʢʘ ʧʦʚʝʜʽʥʢʘ 

ʤʦʞʝ ʪʨʘʢʪʫʚʘʪʠʩʷ ʷʢ ʦʩʦʙʣʠʚʽʩʪʴ ʨʦʙʦʪʠ ʟʘʩʪʦʩʫʥʢʫ. ʄʘʩʰʪʘʙʫʚʘʥʥʷ ʚʚʝʨʭ 

ʚʽʜʙʫʚʘʣʦʩʷ ʟʘʚʯʘʩʥʦ, ʘ ʤʘʩʰʪʘʙʫʚʘʥʥʷ ʚʥʠʟ ï ʧʽʩʣʷ ʧʨʦʭʦʜʞʝʥʥʷ ʧʽʢʦʚʦʛʦ 

ʥʘʚʘʥʪʘʞʝʥʥʷ. 

 

 

ʈʠʩʫʥʦʢ 2.25 ï ʈʝʟʫʣʴʪʘʪʠ ʨʦʙʦʪʠ ʟ ʧʨʦʘʢʪʠʚʥʠʤ ʤʘʩʰʪʘʙʫʚʘʥʥʷʤ 
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ʅʘ ʨʠʩ. 2.26 ʟʦʙʨʘʞʝʥʦ ʨʝʟʫʣʴʪʘʪʠ ʪʝʩʪʫʚʘʥʥʷ HPA ʟ ʦʧʠʩʘʥʦʶ ʨʘʥʽʰʝ 

ʢʦʥʬʽʛʫʨʘʮʽʻʶ. ʅʝʦʙʭʽʜʥʦ ʟʘʟʥʘʯʠʪʠ, ʱʦ ʤʝʪʨʠʢʘ ʧʦ ʟʘʨʝʟʝʨʚʦʚʘʥʠʤ ʨʝʩʫʨʩʘʤ 

ʻ ʩʫʤʦʶ ʟʘʧʠʪʽʚ ʚʩʽʭ ʧʦʜʽʚ, ʷʢʽ ʟʥʘʭʦʜʷʪʴʩʷ ʚ ʩʪʘʪʫʩʽ Ready. ʊʦʤʫ ʥʘ ʨʠʩ. 2.26 

ʤʦʞʥʘ ʧʦʙʘʯʠʪʠ, ʱʦ ʻ ʥʝʚʝʣʠʢʘ ʟʘʪʨʠʤʢʘ ʤʽʞ ʟʙʽʣʴʰʝʥʥʷʤ ʬʘʢʪʠʯʥʦʛʦ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʨʝʩʫʨʩʫ ʽ ʥʘʜʘʥʠʤ ʨʝʩʫʨʩʦʤ. ʏʝʨʝʟ ʮʝ ʚʠʥʠʢʘʻ ʢʦʨʦʪʢʦʯʘʩʥʝ 

ʧʦʛʽʨʰʝʥʥʷ QoS ʚ ʤʦʤʝʥʪ ʟʘʪʨʠʤʢʠ ʤʘʩʰʪʘʙʫʚʘʥʥʷ, ʘ ʩʘʤʝ ʟʙʽʣʴʰʝʥʥʷ ʯʘʩʫ 

ʚʽʜʧʦʚʽʜʽ ʟ 90 ʤʩ ʚ ʧʦʧʝʨʝʜʥʽʭ ʝʢʩʧʝʨʠʤʝʥʪʘʭ ʜʦ 1700 ʤʩ. 

 

ʈʠʩʫʥʦʢ 2.26 ï ʈʝʟʫʣʴʪʘʪ ʨʦʙʦʪʠ ʟ HPA 

ʅʘ ʨʠʩ. 2.27 ʧʦʨʽʚʥʶʶʪʴʩʷ ʤʝʪʨʠʢʠ ʯʘʩʫ ʚʽʜʧʦʚʽʜʽ ʜʣʷ ʚʩʽʭ ʪʨʴʦʭ 

ʢʦʥʬʽʛʫʨʘʮʽʡ ʽ ʤʦʞʣʠʚʦ ʦʮʽʥʠʪʠ ʤʘʩʰʪʘʙ ʨʽʟʥʠʮʽ ʤʽʞ ʨʦʙʦʪʦʶ ʤʝʪʦʜʽʚ, ʱʦ 

ʨʦʟʛʣʷʜʘʶʪʴʩʷ. 

 

ʈʠʩʫʥʦʢ 2.27. ʇʦʨʽʚʥʷʥʥʷ ʯʘʩʫ ʚʽʜʧʦʚʽʜʽ ʚʩʽʭ ʦʙʨʘʥʠʭ ʧʽʜʭʦʜʽʚ 



87 

ʊʘʙʣʠʮʷ 2.7 ʤʽʩʪʠʪʴ ʜʘʥʽ ʧʨʦ ʩʝʨʝʜʥʽʡ ʯʘʩ ʚʽʜʧʦʚʽʜʽ, ʘ ʪʘʢʦʞ 95 ʪʘ 

99 ʧʝʨʮʝʥʪʠʣʽ. ɿʦʢʨʝʤʘ, ʚ ʩʝʨʝʜʥʴʦʤʫ ʚʩʽ ʟʥʘʯʝʥʥʷ ʯʘʩʫ ʚʽʜʧʦʚʽʜʽ ʜʣʷ 

ʧʨʦʘʢʪʠʚʥʦʛʦ ʽ ʨʝʘʢʪʠʚʥʦʛʦ ʧʽʜʭʦʜʽʚ ʚʽʜʨʽʟʥʷʶʪʴʩʷ ʚ ʚʽʩʽʤ ʨʘʟʽʚ ʥʘ ʢʦʨʠʩʪʴ 

ʧʝʨʰʦʛʦ, ʘʣʝ ʨʝʟʝʨʚʫʻ ʥʘ 26% ʙʽʣʴʰʝ ʨʝʩʫʨʩʫ. ʊʘʢʦʞ ʧʦʢʘʟʥʠʢʠ ʯʘʩʫ ʚʽʜʧʦʚʽʜʽ 

ʜʣʷ ʨʽʰʝʥʥʷ, ʱʦ ʧʨʦʧʦʥʫʻʪʴʩʷ, ʽ ʫʧʨʘʚʣʽʥʥʷ ʙʝʟ ʤʘʩʰʪʘʙʫʚʘʥʥʷ ʻ 

ʘʥʘʣʦʛʽʯʥʠʤʠ, ʘʣʝ ʧʨʠ ʮʴʦʤʫ ʨʝʟʝʨʚʫʚʘʥʥʷ ʨʝʩʫʨʩʫ ʟʤʝʥʰʫʻʪʴʩʷ ʥʘ 47%. 

ɺʘʨʪʦ ʟʘʟʥʘʯʠʪʠ, ʱʦ ʫʤʦʚʠ ʧʨʦʚʝʜʝʥʦʛʦ ʝʢʩʧʝʨʠʤʝʥʪʫ ʩʧʨʷʤʦʚʘʥʽ ʥʘ 

ʜʝʤʦʥʩʪʨʘʮʽʶ ʧʝʨʝʚʘʛʠ ʧʨʦʘʢʪʠʚʥʦʛʦ ʧʽʜʭʦʜʫ ʧʨʠ ʰʚʠʜʢʦʟʨʦʩʪʘʶʯʠʭ 

ʰʘʙʣʦʥʘʭ ʥʘʚʘʥʪʘʞʝʥʥʷ, ʱʦ ʻ ʟʥʘʯʥʦʶ ʧʨʦʙʣʝʤʦʶ ʨʝʘʢʪʠʚʥʦʛʦ ʧʽʜʭʦʜʫ. 

ʊʘʙʣʠʮʷ 2.7 ï ʇʦʨʽʚʥʷʥʥʷ ʨʝʟʫʣʴʪʘʪʽʚ ʨʦʙʦʪʠ 

ʇʽʜʭʽʜ ʉʝʨʝʜʥʽʡ, ʤʩ 95%, ʤʩ 99%, ʤʩ 

ʇʨʦʘʢʪʠʚʥʠʡ 23 87 190 

ʉʪʘʪʠʯʥʠʡ 22 88 188 

ʈʝʘʢʪʠʚʠʡ 160 770 1350 

 

ʆʪʨʠʤʘʥʽ ʨʝʟʫʣʴʪʘʪʠ ʩʚʽʜʯʘʪʴ ʧʨʦ ʧʨʘʮʝʟʜʘʪʥʽʩʪʴ ʪʘ ʝʬʝʢʪʠʚʥʽʩʪʴ 

ʨʦʟʨʦʙʣʝʥʦʛʦ ʨʽʰʝʥʥʷ. ɽʢʩʧʝʨʠʤʝʥʪʠ ʧʨʦʚʝʜʝʥʽ ʜʣʷ ʧʨʦʮʝʩʦʨʥʦʛʦ ʯʘʩʫ. 

ɯʥʰʠʤ ʢʣʶʯʦʚʠʤ ʆʈ ʻ ʧʘʤôʷʪʴ. ʇʘʤôʷʪʴ ʤʘʻ ʩʚʦʶ ʩʧʝʮʠʬʽʢʫ ʚʠʜʽʣʝʥʥʷ 

ʨʝʩʫʨʩʽʚ, ʦʩʢʽʣʴʢʠ ʧʨʠ ʧʝʨʝʚʠʱʝʥʥʽ ʚʩʪʘʥʦʚʣʝʥʠʭ ʟʘʧʠʪʽʚ ʘʙʦ ʣʽʤʽʪʽʚ, 

ʟʘʩʪʦʩʫʥʦʢ ʤʦʞʝ ʙʫʪʠ ʘʚʘʨʽʡʥʦ ʟʘʚʝʨʰʝʥʠʡ. ʂʨʽʤ ʪʦʛʦ, ʥʘ ʚʽʜʤʽʥʫ ʚʽʜ 

ʧʨʦʮʝʩʦʨʥʦʛʦ ʯʘʩʫ, ʜʝʷʢʘ ʯʘʩʪʠʥʘ ʧʘʤôʷʪʽ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʥʝʟʘʣʝʞʥʦ ʚʽʜ 

ʥʘʚʘʥʪʘʞʝʥʥʷ ï ʜʣʷ ʟʙʝʨʽʛʘʥʥʷ ʢʦʜʫ ʽ ʧʦʯʘʪʢʦʚʠʭ ʜʘʥʠʭ ʜʣʷ ʨʦʙʦʪʠ. ʎʝ 

ʦʟʥʘʯʘʻ, ʱʦ ʨʦʟʨʘʭʫʥʦʢ ʩʫʤʘʨʥʦʾ ʢʽʣʴʢʦʩʪʽ ʧʘʤôʷʪʽ ʧʨʠ ʛʦʨʠʟʦʥʪʘʣʴʥʦʤʫ 

ʤʘʩʰʪʘʙʫʚʘʥʥʷ ʤʘʻ ʚʢʣʶʯʘʪʠ ʦʧʠʩʘʥʫ ʚʠʱʝ ʧʦʩʪʽʡʥʫ ʩʢʣʘʜʦʚʫ. 

ɺʠʩʥʦʚʢʠ ʜʦ ʨʦʟʜʽʣʫ 2 

ɺ ʨʦʟʜʽʣʽ ʚʠʟʥʘʯʝʥʽ ʥʝʜʦʣʽʢʠ ʨʝʘʢʪʠʚʥʦʛʦ ʤʘʩʰʪʘʙʫʚʘʥʥʷ ʪʘ 

ʦʙ̌ʨʫʥʪʦʚʘʥʦ ʥʝʦʙʭʽʜʥʽʩʪʴ ʨʦʟʨʦʙʢʠ ʧʨʦʘʢʪʠʚʥʦʛʦ ʨʽʰʝʥʥʷ ʜʣʷ ʫʧʨʘʚʣʽʥʥʷ 

ʆʈ. ɺʠʟʥʘʯʝʥʦ, ʱʦ ʢʣʶʯʦʚʦʶ ʯʘʩʪʠʥʦʶ ʧʨʦʘʢʪʠʚʥʠʭ ʨʽʰʝʥʴ ʻ ʤʝʪʦʜʠ 
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ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʨʦʙʦʯʠʭ ʥʘʚʘʥʪʘʞʝʥʴ ʘʙʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʨʝʩʫʨʩʽʚ. 

ʇʨʦʘʥʘʣʽʟʦʚʘʥʦ ʽʩʥʫʶʯʽ ʤʝʪʦʜʠ, ʱʦ ʟʜʘʪʥʽ ʧʨʘʮʶʚʘʪʠ ʟ ʩʝʟʦʥʥʠʤʠ 

ʥʘʚʘʥʪʘʞʝʥʥʷʤʠ ʪʘ ʪʝʥʜʝʥʮʽʷʤʠ. ʅʘ ʦʩʥʦʚʽ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʦʩʣʽʜʞʝʥʴ 

ʦʙʨʘʥʦ ʤʥʦʞʠʥʫ ʪʘʢʠʭ ʤʝʪʦʜʽʚ, ʱʦ ʤʦʞʫʪʴ ʙʫʪʠ ʚʠʢʦʨʠʩʪʘʥʽ ʜʣʷ ʧʦʜʘʣʴʰʦʾ 

ʨʦʟʨʦʙʢʠ ʧʨʦʘʢʪʠʚʥʠʭ ʤʝʪʦʜʽʚ. ʆʙˇʨʫʥʪʦʚʘʥʦ ʚʠʙʽʨ ʤʝʪʦʜʘ ʧʨʦʛʥʦʟʫʚʘʥʥʷ 

Prophet. 

ɿʘʧʨʦʧʦʥʦʚʘʥʦ ʤʝʪʦʜ ʢʦʤʙʽʥʦʚʘʥʦʛʦ ʧʨʦʛʥʦʟʫʚʘʥʥʷ, ʱʦ ʚʢʣʶʯʘʻ 

ʢʦʤʧʦʥʝʥʪʠ ʜʣʷ ʢʦʨʦʪʢʦʩʪʨʦʢʦʚʦʛʦ ʪʘ ʜʦʚʛʦʩʪʨʦʢʦʚʦʛʦ ʧʨʦʛʥʦʟʫʚʘʥʥʷ. 

ɼʦʚʝʜʝʥʦ, ʱʦ ʧʦʻʜʥʘʥʥʷ PM ʪʘ Prophet ʜʦʟʚʦʣʷʻ ʦʪʨʠʤʘʪʠ ʩʪʽʡʢʠʡ ʜʦ 

ʘʥʦʤʘʣʴʥʠʭ ʥʘʚʘʥʪʘʞʝʥʴ ʤʝʪʦʜ ʧʨʦʛʥʦʟʫʚʘʥʥʷ. ɽʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ 

ʜʦʩʣʽʜʞʝʥʥʷ ʧʦʢʘʟʘʣʠ ʟʨʦʩʪʘʥʥʷ ʪʦʯʥʦʩʪʽ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʟ 91% ʜʦ 95% ʫ 

ʧʦʨʽʚʥʷʥʥʽ ʟ ʙʘʟʦʚʠʤʠ ʤʝʪʦʜʘʤʠ ʥʘ ʟʛʝʥʝʨʦʚʘʥʠʭ ʜʘʥʠʭ. 

ɿʘʧʨʦʧʦʥʦʚʘʥʦ ʤʝʪʦʜ ʧʨʦʘʢʪʠʚʥʦʛʦ ʤʘʩʰʪʘʙʫʚʘʥʥʷ. ʌʦʨʤʘʣʽʟʦʚʘʥʦ 

ʤʦʜʝʣʴ ʧʨʦʘʢʪʠʚʥʦʛʦ ʫʧʨʘʚʣʽʥʥʷ. ʅʘ ʦʩʥʦʚʽ ʤʦʜʝʣʽ ʚʠʟʥʘʯʝʥʦ ʦʩʥʦʚʥʽ ʤʦʜʫʣʽ, 

ʟʦʢʨʝʤʘ, ʤʦʜʫʣʴ ʜʘʥʠʭ, ʘʥʘʣʽʟʫ, ʚʘʣʽʜʘʮʽʾ ʽ ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʴ. 

ɽʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʧʦʢʘʟʘʣʠ ʝʬʝʢʪʠʚʥʽʩʪʴ ʨʦʟʨʦʙʣʝʥʦʛʦ ʤʝʪʦʜʫ 

ʧʨʠ ʥʘʷʚʥʦʩʪʽ ʢʦʤʧʣʝʢʩʥʠʭ ʩʝʟʦʥʥʦʩʪʝʡ ʪʘ ʪʝʥʜʝʥʮʽʡ ʚ ʯʘʩʦʚʠʭ ʨʷʜʘʭ. ɹʫʣʦ 

ʦʪʨʠʤʘʥʦ ʟʤʝʥʰʝʥʥʷ ʩʝʨʝʜʥʴʦʛʦ ʯʘʩʫ ʚʽʜʧʦʚʽʜʽ ʟ 160 ʤʩ ʜʦ 23 ʤʩ ʧʨʠ 

ʟʙʽʣʴʰʝʥʥʽ ʚʠʢʦʨʠʩʪʘʥʥʷ ʨʝʩʫʨʩʽʚ ʥʘ 26%. ʋ ʧʦʨʽʚʥʷʥʥʽ ʟʽ ʩʪʘʪʠʯʥʠʤʠ 

ʟʘʧʠʪʘʤʠ ʦʪʨʠʤʘʥʦ ʘʥʘʣʦʛʽʯʥʠʡ ʨʽʚʝʥʴ ʷʢʦʩʪʽ ʧʦʩʣʫʛ ʧʨʠ ʟʤʝʥʰʝʥʥʽ ʦʙôʻʤʽʚ 

ʟʘʨʝʟʝʨʚʦʚʘʥʠʭ ʨʝʩʫʨʩʽʚ ʥʘ 47%. 
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3 ʈʆɿʈʆɹʂɸ ɻɯɹʈʀɼʅʀʍ ʄɽʊʆɼɯɺ ʄɸʉʐʊɸɹʋɺɸʅʅʗ 

ɺ ʪʨʝʪʴʦʤʫ ʨʦʟʜʽʣʽ ʧʨʦʧʦʥʫʻʪʴʩʷ ʧʦʢʨʘʱʝʥʥʷ ʟʘʧʨʦʧʦʥʦʚʘʥʦʛʦ ʤʝʪʦʜʫ 

ʧʨʦʘʢʪʠʚʥʦʛʦ ʛʦʨʠʟʦʥʪʘʣʴʥʦʛʦ ʤʘʩʰʪʘʙʫʚʘʥʥʷ. ʇʨʦʘʢʪʠʚʥʽ ʤʝʪʦʜʠ ʻ 

ʝʬʝʢʪʠʚʥʠʤʠ ʧʨʠ ʥʘʷʚʥʦʩʪʽ ʪʦʯʥʠʭ ʧʨʦʛʥʦʟʽʚ, ʘʣʝ ʧʨʠ ʧʦʷʚʽ ʘʥʦʤʘʣʽʡ ʚ 

ʥʘʚʘʥʪʘʞʝʥʥʽ ʚʠʥʠʢʘʻ ʧʨʦʙʣʝʤʘ ʥʝʢʦʨʝʢʪʥʦʛʦ ʨʦʟʧʦʜʽʣʫ ʨʝʩʫʨʩʽʚ ʽ ʚ 

ʨʝʟʫʣʴʪʘʪʽ ï ʧʦʨʫʰʝʥʥʷ ʚʩʪʘʥʦʚʣʝʥʠʭ SLA. ɺ ʨʦʟʜʽʣʽ ʧʨʦʧʦʥʫʻʪʴʩʷ ʛʽʙʨʠʜʥʠʡ 

ʤʝʪʦʜ, ʷʢʠʡ ʜʦʟʚʦʣʷʻ ʧʝʨʝʜʘʚʘʪʠ ʢʝʨʫʚʘʥʥʷ ʨʝʘʢʪʠʚʥʠʤ ʤʝʪʦʜʘʤ ʧʨʠ ʧʦʷʚʽ 

ʘʥʦʤʘʣʴʥʠʭ ʥʘʚʘʥʪʘʞʝʥʴ. 

ɻʦʨʠʟʦʥʪʘʣʴʥʽ ʤʝʪʦʜʠ ʻ ʙʽʣʴʰ ʤʘʩʰʪʘʙʦʚʘʥʠʤʠ, ʦʩʢʽʣʴʢʠ ʥʝ ʦʙʤʝʞʝʥʽ 

ʨʝʩʫʨʩʘʤʠ ʦʜʥʽʻʾ ʤʘʰʠʥʠ, ʧʨʦʪʝ ʢʝʨʫʚʘʥʥʷ ʚʽʜʙʫʚʘʻʪʴʩʷ ʣʠʰʝ ʥʘ ʨʽʚʥʽ 

ʢʽʣʴʢʦʩʪʽ ʝʢʟʝʤʧʣʷʨʽʚ. ɿʘʧʠʪʠ ʥʘ ʆʈ ʥʘ ʨʽʚʥʽ ʝʢʟʝʤʧʣʷʨʫ ʥʝ ʢʦʨʝʛʫʶʪʴʩʷ ʚ 

ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʨʽʚʥʷ ʫʪʠʣʽʟʘʮʽʾ ʢʦʞʥʦʛʦ ʟ ʨʝʩʫʨʩʽʚ, ʱʦ ʤʦʞʝ ʧʨʠʟʚʝʩʪʠ ʜʦ 

ʥʝʝʬʝʢʪʠʚʥʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʯʘʩʪʠʥʠ ʆʈ. ʎ  ʁʧʨʦʙʣʝʤʫ ʤʦʞʥʘ ʚʠʨʽʰʠʪʠ 

ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʚʝʨʪʠʢʘʣʴʥʠʭ ʤʝʪʦʜʽʚ, ʧʨʦʪʝ ʽʩʥʫʶʯʽ ʨʽʰʝʥʥʷ ʥʝ ʜʦʟʚʦʣʷʶʪʴ 

ʢʦʤʙʽʥʫʚʘʪʠ ʨʽʟʥʽ ʪʠʧʠ ʤʘʩʰʪʘʙʫʚʘʥʥʷ. 

3.1 ʄʝʪʦʜ ʧʨʦʘʢʪʠʚʥʦ-ʨʝʘʢʪʠʚʥʦʛʦ ʤʘʩʰʪʘʙʫʚʘʥʥʷ 

ʇʨʦʘʢʪʠʚʥʝ ʤʘʰʩʪʘʙʫʚʘʥʥʷ ʟʘʙʝʟʧʝʯʫʻ ʚʠʩʦʢʫ ʝʬʝʢʪʠʚʥʽʩʪʴ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʆʈ, ʘ ʪʘʢʦʞ ʜʦʟʚʦʣʷʻ ʧʽʜʨʠʤʫʚʘʪʠ ʥʝʦʙʭʽʜʥʠʡ ʨʽʚʝʥʴ QoS. 

ʇʨʦʪʝ ʧʨʦʘʢʪʠʚʥʠʡ ʪʠʧ ʤʘʩʰʪʘʙʫʚʘʥʥʷ ʻ ʝʬʝʢʪʠʚʥʠʤ ʟʘ ʫʤʦʚʠ ʥʘʷʚʥʦʩʪʽ 

ʪʦʯʥʠʭ ʧʨʦʛʥʦʟʽʚ, ʱʦ ʤʦʞʣʠʚʦ ʣʠʰʝ ʚ ʪʠʧʦʚʠʭ ʩʠʪʫʘʮʽʷʭ. ʋ ʚʠʧʘʜʢʫ 

ʚʠʥʠʢʥʝʥʥʷ ʘʥʦʤʘʣʴʥʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ, ʨʝʟʫʣʴʪʘʪʠ ʨʦʙʦʪʠ ʘʣʛʦʨʠʪʤʽʚ 

ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʤʦʞʫʪʴ ʧʨʠʟʚʦʜʠʪʠ ʜʦ ʧʦʨʫʰʝʥʴ ʚʠʤʦʛ ʜʦ ʷʢʦʩʪʽ ʧʦʩʣʫʛ ʪʘ 

ʥʝʢʦʨʝʢʪʥʦʛʦ ʚʠʜʽʣʝʥʥʷ ʆʈ. ɿ ʽʥʰʦʛʦ ʙʦʢʫ, ʨʝʘʢʪʠʚʥʠʡ ʪʠʧ ʤʘʩʰʪʘʙʫʚʘʥʥʷ ʻ 

ʟʥʘʯʥʦ ʤʝʥʰ ʝʬʝʢʪʠʚʥʠʤ [32, 33] ʧʨʠ ʥʘʷʚʥʦʩʪʽ ʪʦʯʥʠʭ ʧʨʦʛʥʦʟʽʚ, ʧʨʦʪʝ ʤʦʞʝ 

ʘʜʘʧʪʫʚʘʪʠʩʷ ʜʦ ʥʝʪʠʧʦʚʠʭ ʥʘʚʘʥʪʘʞʝʥʴ, ʦʩʢʽʣʴʢʠ ʧʦʪʨʝʙʫʻ ʣʠʰʝ ʜʘʥʠʭ ʧʨʦ 

ʧʦʪʦʯʥʠʡ ʩʪʘʥ ɯʊ-ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ. ɼʣʷ ʧʦʢʨʘʱʝʥʥʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 

ʧʨʦʘʢʪʠʚʥʦʛʦ ʤʝʪʦʜʫ ʤʦʞʣʠʚʦ ʽʥʪʝʛʨʫʚʘʪʠ ʨʝʘʢʪʠʚʥʠʡ ʢʦʤʧʦʥʝʥʪ ʰʣʷʭʦʤ 

ʩʪʚʦʨʝʥʥʷ ʛʽʙʨʠʜʥʦʛʦ ʤʝʪʦʜʫ. 
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ɻʽʙʨʠʜʥʠʡ ʤʝʪʦʜ, ʷʢʠʡ ʚʢʣʶʯʘʻ ʧʨʦʘʢʪʠʚʥʠʡ ʽ ʨʝʘʢʪʠʚʥʠʡ ʢʦʤʧʦʥʝʥʪʠ, 

ʻ ʝʬʝʢʪʠʚʥʠʤ ʧʨʠ ʧʨʦʛʥʦʟʦʚʘʥʠʭ ʥʘʚʘʥʪʘʞʝʥʥʷʭ ʚʥʘʩʣʽʜʦʢ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʧʝʨhʦʾ ʢʦʤʧʦʥʝʥʪʠ, ʪʘʢ ʽ ʧʨʠ ʥʝʪʠʧʦʚʠʭ ʩʠʪʫʘʮʽʷʭ ʟʘʚʜʷʢʠ ʚʠʢʦʨʠʩʪʘʥʥʶ 

ʜʨʫʛʦʾ. ʇʨʠ ʨʦʟʨʦʙʮʽ ʛʽʙʨʠʜʥʠʭ ʤʝʪʦʜʽʚ ʦʩʥʦʚʥʠʤ ʧʠʪʘʥʥʷʤ ʻ ʘʣʛʦʨʠʪʤ 

ʚʠʟʥʘʯʝʥʥʷ ʥʝʦʙʭʜ̔ʥʦʩʪʽ ʨʦʙʦʪʠ ʧʨʦʘʢʪʠʚʥʦʛʦ ʯʠ ʨʝʘʢʪʠʚʥʦʛʦ ʢʦʤʧʦʥʝʥʪʽʚ. 

ʆʢʨʽʤ ʪʦʛʦ, ʥʝʦʙʭʽʜʥʦ ʰʚʠʜʢʦ ʚʠʟʥʘʯʘʪʠ ʥʘʷʚʥʽʩʪʴ ʥʝʪʠʧʦʚʠʭ ʥʘʚʘʥʪʘʞʝʥʴ 

ʟʘʜʣʷ ʤʽʥʽʤʽʟʘʮʽʾ ʧʦʛʽʨʰʝʥʥʷ ʨʽʚʥʷ QoS. ʂʨʽʤ ʪʦʛʦ, ʥʝʦʙʭʽʜʥʦ ʚʠʟʥʘʯʠʪʠ 

ʫʤʦʚʠ, ʧʨʠ ʷʢʠʭ ʚʠʢʦʨʠʩʪʘʥʥʷ ʧʨʦʘʢʪʠʚʥʦʛʦ ʤʝʪʦʜʫ ʻ ʜʦʨʝʯʥʠʤ. 

3.1.1 ɸʥʘʣʽʟ ʽʩʥʫʶʯʠʭ ʨʽʰʝʥʴ ʜʣʷ ʧʨʦʘʢʪʠʚʥʦ-ʨʝʘʢʪʠʚʥʦʛʦ 

ʤʘʩʰʪʘʙʫʚʘʥʥʷ 

ɺ ʨʦʙʦʪʽ [64] ʘʚʪʦʨʠ ʧʨʝʟʝʥʪʫʶʪʴ ʨʽʰʝʥʥʷ CloudScale ʜʣʷ ʫʧʨʘʚʣʽʥʥʷ ʆʈ 

ʜʣʷ ʤʫʣʴʪʠʪʝʥʘʥʪʥʠʭ ʭʤʘʨʥʠʭ ʩʠʩʪʝʤ. ɼʘʥʝ ʨʽʰʝʥʥʷ ʚʢʣʶʯʘʻ ʷʢ ʧʨʦʘʢʪʠʚʥʠʡ, 

ʪʘʢ ʽ ʨʝʘʢʪʠʚʥʠʡ ʢʦʤʧʦʥʝʥʪʠ, ʷʢʽ ʤʦʞʫʪʴ ʧʨʘʮʶʚʘʪʠ ʷʢ ʨʘʟʦʤ, ʪʘʢ ʽ ʦʢʨʝʤʦ ʚ 

ʚʽʜʧʦʚʽʜʥʠʭ ʨʝʞʠʤʘʭ ʨʦʙʦʪʠ. ɺ ʦʩʥʦʚʫ ʧʨʦʘʢʪʠʚʥʦʛʦ ʢʦʤʧʦʥʝʥʪʘ ʧʦʢʣʘʜʝʥʦ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʰʚʠʜʢʦʛʦ ʧʝʨʝʪʚʦʨʝʥʥʷ ʌʫʨᾷʻ ʜʣʷ ʟʥʘʭʦʜʞʝʥʥʷ ʧʦʜʽʙʥʠʭ 

ʰʘʙʣʦʥʽʚ ʥʘʚʘʥʪʘʞʝʥʥʷ, ʧʽʩʣʷ ʯʦʛʦ ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ ʣʘʥʮʶʛʠ ʄʘʨʢʦʚʘ ʜʣʷ 

ʽʜʝʥʪʠʬʽʢʘʮʽʾ ʧʦʪʦʯʥʦʛʦ ʩʪʘʥʫ ʟʘʩʪʦʩʫʥʢʫ ʪʘ ʧʦʪʨʽʙʥʦʛʦ ʧʝʨʝʭʦʜʫ. ʈʝʘʢʪʠʚʥʠʡ 

ʢʦʤʧʦʥʝʥʪ ʚ ʩʚʦʶ ʯʝʨʛʫ ʦʙʨʘʭʦʚʫʻ ʧʦʤʠʣʢʫ ʤʽʞ ʧʦʪʦʯʥʠʤ ʦʙᾷʻʤʦʤ 

ʟʘʨʝʟʝʨʚʦʚʘʥʠʭ ʨʝʩʫʨʩʽʚ ʪʘ ʥʝʦʙʭʽʜʥʠʤ, ʥʘ ʦʩʥʦʚʽ ʯʦʛʦ ʦʙôʻʤ ʚʠʜʽʣʝʥʠʭ 

ʨʝʩʫʨʩʽʚ ʢʦʨʠʛʫʻʪʴʩʷ. ʊʘʢʠʤ ʯʠʥʦʤ, ʨʝʘʢʪʠʚʥʠʡ ʢʦʤʧʦʥʝʥʪ ʚʠʢʦʥʫʻ 

ʢʦʨʠʛʫʚʘʣʴʥʫ ʬʫʥʢʮʽʶ. ʅʘ ʨʽʟʥʠʭ ʥʘʙʦʨʘʭ ʜʘʥʠʭ, ʨʦʟʨʦʙʣʝʥʽ ʢʦʤʧʦʥʝʥʪʠ ʚ 

ʧʘʨʽ ʧʦʢʘʟʘʣʠ ʢʨʘʱʽ ʨʝʟʫʣʴʪʘʪʠ ʥʽʞ ʢʦʞʝʥ ʟ ʥʠʭ ʦʢʨʝʤʦ. 

ɺ ʨʦʙʦʪʽ [65], ʘʚʪʦʨʠ ʧʨʦʧʦʥʫʶʪʴ ʽʥʰʠʡ ʚʘʨʽʘʥʪ ʽʥʪʝʛʨʘʮʽʾ ʨʝʘʢʪʠʚʥʦʛʦ 

ʪʘ ʧʨʦʘʢʪʠʚʥʦʛʦ ʧʽʜʭʦʜʫ, ʘ ʩʘʤʝ, ʤʘʩʰʪʘʙʫʚʘʥʥʷ ʚʛʦʨʫ ʚʽʜʙʫʚʘʻʪʴʩʷ 

ʨʝʘʢʪʠʚʥʦ, ʘ ʚʥʠʟ ï ʧʨʦʘʢʪʠʚʥʦ. ʈʝʘʢʪʠʚʥʠʡ ʢʦʤʧʦʥʝʥʪ ʧʦʩʪʽʡʥʦ ʘʥʘʣʽʟʫʻ 

ʧʦʪʦʯʥʽ ʤʝʪʨʠʢʠ ʰʚʠʜʢʦʩʪʽ ʚʽʜʧʦʚʽʜʽ ʥʘ ʟʘʧʠʪʠ. ʋ ʚʠʧʘʜʢʫ, ʢʦʣʠ ʜʘʥʽ ʤʝʪʨʠʢʠ 

ʧʦʨʫʰʫʶʪʴʩʷ SLA, ʚʽʜʙʫʚʘʻʪʴʩʷ ʤʘʩʰʪʘʙʫʚʘʥʥʷ ʚʛʦʨʫ. ʇʨʦʘʢʪʠʚʥʠʡ 

ʢʦʤʧʦʥʝʥʪ, ʚ ʦʩʥʦʚʽ ʷʢʦʛʦ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʨʝʛʨʝʩʽʡʥʘ ʤʦʜʝʣʴ, ʟʘʧʦʙʽʛʘʻ 

ʧʝʨʝʜʯʘʩʥʦʤʫ ʟʚʽʣʴʥʝʥʥʶ ʟʘʨʝʟʝʨʚʦʚʘʥʠʭ ʨʝʩʫʨʩʽʚ. ʈʝʟʫʣʴʪʘʪʠ ʝʢʩʧʝʨʠʤʝʥʪʽʚ, 

ʱʦ ʧʨʦʚʦʜʷʪʴʩʷ ʥʘ ʩʠʥʪʝʪʠʯʥʠʭ ʜʘʥʠʭ, ʜʝʤʦʥʩʪʨʫʶʪʴ ʟʜʘʪʥʽʩʪʴ ʨʽʰʝʥʥʷ ʜʦ 
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ʘʜʘʧʪʘʮʽʾ ʜʦ ʧʨʦʩʪʠʭ ʰʘʙʣʦʥʽʚ ʥʘʚʘʥʪʘʞʝʥʥʷ. ɺ ʨʦʙʦʪʘʭ [66, 67] 

ʜʦʩʣʽʜʞʫʶʪʴʩʷ ʤʦʞʣʠʚʽ ʧʽʜʭʦʜʠ ʜʣʷ ʛʦʨʠʟʦʥʪʘʣʴʥʦʛʦ ʤʘʩʰʪʘʙʫʚʘʥʥʷ. ɺ 

ʨʝʟʫʣʴʪʘʪʽ ʧʨʦʚʝʜʝʥʠʭ ʝʢʩʧʝʨʠʤʝʥʪʽʚ ʚ ʨʦʙʦʪʽ ʧʨʠʭʦʜʷʪʴ ʜʦ ʚʠʩʥʦʚʢʫ, ʱʦ 

ʢʦʤʙʽʥʘʮʽʷ ʟ ʜʚʦʤʘ ʥʝʟʘʣʝʞʥʠʤʠ ʢʦʥʪʨʦʣʝʨʘʤʠ ï ʨʝʘʢʪʠʚʥʦʛʦ ʜʣʷ 

ʤʘʩʰʪʘʙʫʚʘʥʥʷ ʚʛʦʨʫ ʽ ʧʨʦʘʢʪʠʚʥʦʛʦ ʜʣʷ ʤʘʩʰʪʘʙʫʚʘʥʥʷ ʚʥʠʟ ï ʻ ʥʘʡʙʽʣʴʰ 

ʝʬʝʢʪʠʚʥʠʤ ʟ ʪʦʯʢʠ ʟʦʨʫ ʷʢʦʩʪʽ ʧʦʩʣʫʛ. ʇʨʦʪʝ ʥʘʚʘʥʪʘʞʝʥʥʷ ʨʦʟʛʣʷʜʘʣʦʩʷ ʷʢ 

ʪʘʢʝ, ʱʦ ʥʝ ʤʽʩʪʠʪʴ ʧʦʩʪʽʡʥʠʭ ʩʝʟʦʥʥʦʩʪʝʡ ʪʘ ʪʨʝʥʜʽʚ, ʘ ʧʨʦʘʢʪʠʚʥʝ 

ʤʘʩʰʪʘʙʫʚʘʥʥʷ ʨʝʘʣʽʟʦʚʘʥʦ ʥʘ ʦʩʥʦʚʽ ʢʦʨʦʪʢʦʩʪʨʦʢʦʚʦʛʦ ʧʨʦʛʥʦʟʫʚʘʥʥʷ.  

3.1.2 ʉʫʪʥʽʩʪʴ ʤʝʪʦʜʫ ʧʨʦʘʢʪʠʚʥʦ-ʨʝʘʢʪʠʚʥʦʛʦ ʤʘʩʰʪʘʙʫʚʘʥʥʷ 

ʆʩʥʦʚʥʠʤʠ ʢʦʤʧʦʥʝʥʪʘʤʠ ʧʨʠ ʨʦʟʨʦʙʮʽ ʛʽʙʨʠʜʥʦʛʦ ʧʨʦʘʢʪʠʚʥʦ-

ʨʝʘʢʪʠʚʥʦʛʦ ʤʝʪʦʜʫ ʻ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʨʝʘʢʪʠʚʥʠʡ ʽ ʧʨʦʘʢʪʠʚʥʠʡ ʢʦʤʧʦʥʝʥʪʠ, 

ʷʢʽ ʥʘʜʘʶʪʴ ʢʦʥʬʽʛʫʨʘʮʽʾ ʆʈ ʜʣʷ ʟʘʩʪʦʩʫʥʢʽʚ ʪʘ ʤʦʜʫʣʴ ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʥʷ, 

ʷʢʠʡ ʚʠʟʥʘʯʘʻ ʜʦʨʝʯʥʽʩʪʴ ʟʘʩʪʦʩʫʚʘʥʥʷ ʧʝʨʰʦʛʦ ʯʠ ʜʨʫʛʦʛʦ ʪʠʧʫ 

ʤʘʩʰʪʘʙʫʚʘʥʥʷ. ɿʘʛʘʣʴʥʘ ʩʭʝʤʘ ʛʽʙʨʠʜʥʦʛʦ ʟʦʙʨʘʞʝʥʘ ʥʘ ʨʠʩ. 3.1: 

 

ʈʠʩʫʥʦʢ 3.1 ï ɿʘʛʘʣʴʥʘ ʜʽʘʛʨʘʤʘ ʢʦʤʧʦʥʝʥʪʽʚ ʛʽʙʨʠʜʥʦʛʦ ʤʝʪʦʜʫ ʫʧʨʘʚʣʽʥʥʷ 

ʇʨʠ ʨʦʟʨʦʙʮʽ ʛʽʙʨʠʜʥʦʛʦ ʤʝʪʦʜʫ ʥʝʦʙʭʽʜʥʦ ʚʠʜʽʣʠʪʠ ʩʠʪʫʘʮʽʾ, ʚ ʷʢʠʭ 

ʥʝʦʙʭʽʜʥʦ ʧʝʨʝʜʘʚʘʪʠ ʢʝʨʫʚʘʥʥʷ ʤʽʞ ʢʦʤʧʦʥʝʥʪʘʤʠ. ʇʨʠ ʥʘʚʯʘʥʥʽ ʤʦʜʝʣʽ 

ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʦʙʦʚôʷʟʢʦʚʠʤ ʝʪʘʧʦʤ ʻ ʚʠʟʥʘʯʝʥʥʷ ʾʾ ʪʦʯʥʦʩʪʽ ʨʽʟʥʠʤʠ 

ʤʝʪʦʜʘʤʠ ï ʨʦʟʜʽʣʝʥʥʷ ʜʘʥʠʭ ʥʘ ʥʘʚʯʘʣʴʥʽ ʪʘ ʪʝʩʪʦʚʽ, ʢʨʦʩʚʘʣʽʜʘʮʽʷ ʪʘ ʽʥʰʽ 

[68]. ʗʢʱʦ ʦʪʨʠʤʘʥʘ ʤʦʜʝʣʴ ʤʘʻ ʥʠʟʴʢʽ ʧʦʢʘʟʥʠʢʠ ʪʦʯʥʦʩʪʽ, ʪʦ ʟ ʚʠʩʦʢʦʶ 
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ʚʽʨʦʛʽʜʥʽʩʪʶ ʟʘʩʪʦʩʫʚʘʥʥʷ ʧʨʦʛʥʦʟʽʚ ʪʘʢʦʾ ʤʦʜʝʣʽ ʤʦʞʝ ʧʨʠʟʚʝʩʪʠ ʜʦ 

ʥʘʜʣʠʰʢʦʚʦʛʦ ʘʙʦ ʥʝʜʦʩʪʘʪʥʴʦʛʦ ʨʝʟʝʨʚʫʚʘʥʥʷ. ʊʦʤʫ ʧʨʦʧʦʥʫʻʪʴʩʷ ʨʦʙʠʪʠ 

ʧʝʨʝʭʽʜ ʟ ʧʨʦʘʢʪʠʚʥʦʛʦ ʫʧʨʘʚʣʽʥʥʷ ʜʦ ʨʝʘʢʪʠʚʥʦʛʦ ʧʨʠ ʚʽʜʩʫʪʥʦʩʪʽ ʪʦʯʥʠʭ 

ʧʨʦʛʥʦʟʽʚ. ʊʘʢʘ ʩʠʪʫʘʮʽʷ ʤʦʞʝ ʚʠʥʠʢʥʫʪʠ ʯʝʨʝʟ ʚʪʨʘʪʫ ʜʘʥʠʭ ʘʙʦ ʾʭ ʚʽʜʩʫʪʥʽʩʪʴ 

ʥʘ ʧʦʯʘʪʢʦʚʠʭ ʝʪʘʧʘʭ ʨʦʙʦʪʠ. 

ʄʦʞʣʠʚʘ ʩʠʪʫʘʮʽʷ, ʢʦʣʠ ʪʦʯʥʽʩʪʴ ʦʪʨʠʤʘʥʦʾ ʤʦʜʝʣʽ ʻ ʜʦʩʪʘʪʥʴʦʶ ʜʣʷ 

ʟʘʩʪʦʩʫʚʘʥʥʷ ʧʨʦʛʥʦʟʽʚ ʥʘ ʽʥʬʨʘʩʪʨʫʢʪʫʨʽ, ʘʣʝ ʬʘʢʪʠʯʥʦ ʧʨʦʛʥʦʟʠ ʥʝ 

ʩʧʽʚʧʘʜʘʶʪʴ ʟ ʘʢʪʫʘʣʴʥʠʤʠ ʧʦʪʨʝʙʘʤʠ ʟʘʩʪʦʩʫʥʢʽʚ. ʊʘʢʘ ʩʠʪʫʘʮʽʷ ʤʦʞʝ 

ʚʠʥʠʢʘʪʠ ʯʝʨʝʟ ʥʘʷʚʥʽʩʪʴ ʥʝʪʠʧʦʚʠʭ ʥʘʚʘʥʪʘʞʝʥʴ, ʷʢʽ ʚʽʜʩʫʪʥʽ ʚ ʽʩʥʫʶʯʠʭ 

ʜʘʥʠʭ. ɺ ʪʘʢʦʤʫ ʚʠʧʘʜʢʫ, ʫʧʨʘʚʣʽʥʥʷ ʤʘʻ ʧʝʨʝʭʦʜʠʪʠ ʚʽʜ ʧʨʦʘʢʪʠʚʥʦʛʦ ʜʦ 

ʨʝʘʢʪʠʚʥʦʛʦ ʢʦʤʧʦʥʝʥʪʘ, ʦʩʢʽʣʴʢʠ ʦʩʪʘʥʥʽʡ ʜʽʻ ʥʘ ʦʩʥʦʚʽ ʣʠʰʝ ʧʦʪʦʯʥʦʛʦ 

ʩʪʘʥʫ ɯʉ. ʋ ʚʠʧʘʜʢʫ ʚʠʢʦʨʠʩʪʘʥʥʷ MAPE ʽ ʧʦʜʽʣʫ ʜʘʥʠʭ ʥʘ ʪʨʝʥʫʚʘʣʴʥ ̔ʽ 

ʪʝʩʪʫʚʘʣʴʥʽ ʚʘʣʽʜʘʮʽʡʥʠʡ ʽʥʜʠʢʘʪʦʨ ʦʧʠʩʫʻʪʴʩʷ ʷʢ: 
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ʜʝ 
lyX¡ ï ʧʨʦʛʥʦʟʦʚʘʥʝ ʟʥʘʯʝʥʥʷ ʚʠʢʦʨʠʩʪʘʥʥʷ l-ʛʦ ʟʘʩʪʦʩʫʥʢʫ y-ʛʦ ʆʈ, ()Ĕ

lyX t  ï 

ʬʘʢʪʠʯʥʝ, Athreshold ï ʢʦʥʩʪʘʪʥʝ ʟʥʘʯʝʥʥʷ ʟʘʜʦʚʽʣʴʥʦʛʦ ʧʦʢʘʟʥʠʢʘ ʪʦʯʥʦʩʪʽ. 

ʗʢʱʦ ʫʧʨʘʚʣʽʥʥʷ ʟʜʽʡʩʥʶʻʪʴʩʷ ʨʝʘʢʪʠʚʥʠʤʠ ʤʝʪʦʜʘʤʠ, ʘʣʝ ʧʨʠ ʮʴʦʤʫ 

ʙʫʣʘ ʦʪʨʠʤʘʥʘ ʜʦʩʪʘʪʥʷ ʪʦʯʥʽʩʪʴ ʤʦʜʝʣʽ, ʥʝʦʙʭʽʜʥʦ ʧʝʨʝʜʘʪʠ ʫʧʨʘʚʣʽʥʥʷ 

ʧʨʦʘʢʪʠʚʥʦʤʫ ʢʦʤʧʦʥʝʥʪʫ. ɼʣʷ ʟʘʧʦʙʽʛʘʥʥʷ ʧʦʚʪʦʨʝʥʥʶ ʧʦʧʝʨʝʜʥʴʦʛʦ 

ʚʠʧʘʜʢʫ, ʚ ʷʢʦʤʫ ʪʦʯʥʽʩʪʴ ʙʫʣʘ ʜʦʩʪʘʪʥʷ, ʘʣʝ ʬʘʢʪʠʯʥʽ ʚʠʤʦʛʠ ʚʽʜʨʽʟʥʷʣʠʩʷ ʚʽʜ 

ʧʨʦʛʥʦʟʦʚʘʥʠʭ, ʤʘʶʪʴ ʚʽʜʙʫʚʘʪʠʩʷ ʜʦʜʘʪʢʦʚʽ ʧʝʨʝʚʽʨʢʠ. 

ɼʣʷ ʚʠʨʽʰʝʥʥʷ ʮʽʻʾ ʧʨʦʙʣʝʤʠ ʧʨʦʧʦʥʫʻʪʴʩʷ ʟʘʩʪʦʩʦʚʫʚʘʪʠ ʘʩʠʥʭʨʦʥʥʠʡ 

ʢʦʤʧʦʥʝʥʪ ʤʦʥʽʪʦʨʠʥʛʫ ʩʪʘʥʫ ʟʘʩʪʦʩʫʥʢʽʚ, ʷʢʠʡ ʧʝʨʝʚʽʨʷʻ ʥʘʷʚʥʽʩʪʴ 

ʜʦʩʪʘʪʥʴʦ ʾʢʽʣʴʢʦʩʪʽ ʆʈ ʫ ʟʘʩʪʦʩʫʥʢʽʚ ʘʙʦ ʧʦʢʘʟʥʠʢʠ QoS ʧʝʨʝʜ ʧʨʠʡʥʷʪʪʷʤ 

ʦʩʪʘʪʦʯʥʦʛʦ ʨʽʰʝʥʥʷ ʱʦʜʦ ʧʝʨʝʜʘʯʽ ʫʧʨʘʚʣʽʥʥʷ ʚʽʜ ʦʜʥʦʛʦ ʢʦʤʧʦʥʝʥʪʫ ʜʦ 

ʽʥʰʦʛʦ. ʊʘʢʽ ʽʪʝʨʘʮʽʾ ʚʽʜʙʫʚʘʻʪʴʩʷ ʟ ʧʝʨʽʦʜʠʯʥʽʩʪʶ Tcheck, ʘ ʢʽʣʴʢʽʩʪʴ 

ʥʝʫʩʧʽʰʥʠʭ ʘʙʦ ʫʩʧʽʰʥʠʭ ʽʪʝʨʘʮʽʡ ʜʣʷ ʧʝʨʝʜʘʯʽ ʫʧʨʘʚʣʽʥʥʷ ʚʠʟʥʘʯʘʻʪʴʩʷ 

ʢʦʥʩʪʘʥʪʘʤʠ Nr ʪʘ Np ʚʽʜʧʦʚʽʜʥʦ. 
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0( ) , 1, ,check r rF t T i N i N+ Ö = =ä  (3.2) 

ʜʝ ()F t  ï ʽʥʜʠʢʘʪʦʨʥʘ ʬʫʥʢʮʽʷ ʚʽʜʧʦʚʽʜʥʦʩʪʽ ʧʦʪʦʯʥʠʭ ʟʘʧʠʪʽʚ ʜʦ ʧʦʪʦʯʥʠʭ 

ʧʦʪʨʝʙ, ʱʦ ʧʦʚʝʨʪʘʻ ʥʫʣʴ ʧʨʠ ʫʩʧʽʰʥʦʤʫ ʨʝʟʫʣʴʪʘʪʽ, ʘ ʚ ʽʥʘʢʰʦʤʫ ʚʠʧʘʜʢʫ ï 

ʦʜʠʥ; t0 ï ʧʦʯʘʪʢʦʚʠʡ ʯʘʩ ʚʽʜʣʽʢʫ ʧʽʩʣʷ ʧʝʨʰʦʾ ʥʝʚʜʘʯʽ. ʊʘʢʠʤ ʯʠʥʦʤ, ʮʷ 

ʨʽʚʥʽʩʪʴ ʚʠʢʦʥʫʻʪʴʩʷ ʧʨʠ ʧʦʩʣʽʜʦʚʥʽʡ ʥʝʚʽʜʧʦʚʽʜʥʦʩʪʽ ʟʘʧʠʪʽʚ ʜʦ ʧʦʪʨʝʙ ʆʈ 

ʧʨʦʪʷʛʦʤ ʟʘʜʘʥʦʾ ʢʽʣʴʢʦʩʪʽ ʽʪʝʨʘʮʽʡ Nr, ʱʦ ʻ ʽʥʜʠʢʘʪʦʨʦʤ ʧʝʨʝʭʦʜʫ ʚʽʜ 

ʧʨʦʘʢʪʠʚʥʦʛʦ ʫʧʨʘʚʣʽʥʥʷ ʜʦ ʨʝʘʢʪʠʚʥʦʛʦ. 

ɿʚʦʨʦʪʥʷ ʦʧʝʨʘʮʽʷ ʧʝʨʝʭʦʜʫ ʦʧʠʩʫʻʪʴʩʷ ʥʘʩʪʫʧʥʠʤ ʯʠʥʦʤ, ʜʝ ʚʩʽ 

ʧʦʩʣʽʜʦʚʥʽ ʧʝʨʝʚʽʨʢʠ ʚʽʜʧʦʚʽʜʥʦʩʪʽ ʟʥʘʯʝʥʴ ʟʘʧʠʪʽʚ ʆʈ ʜʦ ʬʘʢʪʠʯʥʦʛʦ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʤʘʶʪʴ ʙʫʪʠ ʫʩʧʽʰʥʠʤʠ:  

 
0( ) 0, 1, ,check pF t T i i N+ Ö = =ä  (3.3) 

ʜʝ F(t) ï ʽʥʜʠʢʘʪʦʨʥʘ ʬʫʥʢʮʽʷ ʚʽʜʧʦʚʽʜʥʦʩʪʽ ʧʨʦʛʥʦʟʦʚʘʥʠʭ ʟʘʧʠʪʽʚ ʜʦ 

ʧʦʪʦʯʥʠʭ ʧʦʪʨʝʙ; t0 ï ʧʦʯʘʪʢʦʚʠʡ ʯʘʩ ʚʽʜʣʽʢʫ ʧʽʩʣʷ ʦʪʨʠʤʘʥʥʷ ʥʝʦʙʭʽʜʥʦʾ 

ʪʦʯʥʦʩʪʽ ʤʦʜʝʣʽ ʧʨʦʛʥʦʟʫʚʘʥʥʷ. 

ʇʝʨʝʜ ʙʝʟʧʦʩʝʨʝʜʥʽʤ ʟʘʩʪʦʩʫʚʘʥʥʷʤ ʢʦʥʬʽʛʫʨʘʮʽʾ ʥʘ ʦʩʥʦʚʽ ʧʨʦʛʥʦʟʽʚ 

ʟʜʽʡʩʥʶʻʪʴʩʷ ʧʝʨʝʚʽʨʢʘ ʧʨʦʪʷʛʦʤ ʚʢʘʟʘʥʦʾ ʢʽʣʴʢʦʩʪʽ ʽʪʝʨʘʮʽʡ, ʱʦ ʧʽʜʚʠʱʫʻ 

ʩʪʽʡʢʽʩʪʴ ɯʉ ʜʦ ʧʦʚʪʦʨʥʠʭ ʥʝʪʠʧʦʚʠʭ ʰʘʙʣʦʥʽʚ ʥʘʚʘʥʪʘʞʝʥʴ. ʅʘ ʨʠʩ. 3.2 

ʟʦʙʨʘʞʝʥʘ ʜʽʘʛʨʘʤʘ ʩʪʘʥʽʚ ʉʋ ʪʘ ʦʧʠʩʘʥʽ ʫʤʦʚʠ ʧʝʨʝʭʦʜʫ ʤʽʞ ʥʠʤʠ. 

 

ʈʠʩʫʥʦʢ 3.2 ï ɼʽʘʛʨʘʤʘ ʩʪʘʥʽʚ ʛʽʙʨʠʜʥʦʛʦ ʫʧʨʘʚʣʽʥʥʷ 

ɼʞʝʨʝʣʦʤ ʽʩʪʦʨʠʯʥʠʭ ʜʘʥʠʭ ʜʣʷ ʧʨʦʘʢʪʠʚʥʦʛʦ ʤʦʜʫʣʷ ʚʠʩʪʫʧʘʻ ʙʘʟʘ 

ʜʘʥʠʭ ʩʠʩʪʝʤʥʠʭ ʤʝʪʨʠʢ. ɺ Kubernetes ʜʣʷ ʮʴʦʛʦ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ 

Prometheus. ʇʽʩʣʷ ʦʪʨʠʤʘʥʥʷ ʜʘʥʠʭ ʽ ʾʭ ʧʽʜʛʦʪʦʚʢʠ ʚʽʜʙʫʚʘʻʪʴʩʷ ʥʘʚʯʘʥʥʷ 
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ʤʦʜʝʣʽ ʪʘ ʦʮʽʥʢʘ ʾʾ ʪʦʯʥʦʩʪʽ ʤʝʪʦʜʘʤʠ MAPE, RMSE ʘʙʦ ʽʥʰʠʤʠ. ʆʮʽʥʢʘ 

ʪʦʯʥʦʩʪʽ ʤʦʞʝ ʚʽʜʙʫʚʘʪʠʩʷ ʥʘ ʚʽʜʦʢʨʝʤʣʝʥʡ̔ ʯʘʩʪʠʥʽ ʽʩʪʦʨʠʯʥʠʭ ʜʘʥʠʭ. ʊʘʢʘ 

ʧʝʨʝʚʽʨʢʘ ʥʝʦʙʭʽʜʥʘ ʜʣʷ ʫʥʠʢʥʝʥʥʷ ʩʠʪʫʘʮʽʡ, ʢʦʣʠ ʢʦʨʦʪʢʦʩʪʨʦʢʦʚʦ ʥʘʜʘʻʪʴʩʷ 

ʪʦʯʥʠʡ ʧʨʦʛʥʦʟ, ʘʣʝ ʫ ʜʦʚʛʦʩʪʨʦʢʦʚʽʡ ʧʝʨʩʧʝʢʪʠʚʽ ʪʦʯʥʽʩʪʴ ʟʥʘʯʥʦ ʧʘʜʘʻ. ʋ 

ʨʘʟʽ ʜʦʩʪʘʪʥʴʦʾ ʪʦʯʥʦʩʪʽ, ʤʦʜʫʣʴ ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʴ ʧʝʨʝʜʘʻ ʫʧʨʘʚʣʽʥʥʷ 

ʧʨʦʘʢʪʠʚʥʦʤʫ ʢʦʤʧʦʥʝʥʪʫ, ʷʢʠʡ ʟʜʽʡʩʥʶʻ ʨʦʟʨʘʭʫʥʦʢ ʥʝʦʙʭʽʜʥʦʾ ʢʽʣʴʢʦʩʪʽ ʆʈ 

ʥʘ ʦʩʥʦʚʽ ʦʪʨʠʤʘʥʠʭ ʧʨʦʛʥʦʟʽʚ. ʋ ʽʥʘʢʰʦʤʫ ʚʠʧʘʜʢʫ, ʫʧʨʘʚʣʽʥʥʷ ʧʝʨʝʜʘʻʪʴʩʷ 

ʨʝʘʢʪʠʚʥʦʤʫ ʢʦʤʧʦʥʝʥʪʫ. 

ɼʣʷ ʚʠʟʥʘʯʝʥʥʷ ʧʨʠʡʥʷʪʥʦʾ ʪʦʯʥʦʩʪʽ ʥʝʦʙʭʽʜʥʝ ʚʩʪʘʥʦʚʣʝʥʥʷ ʢʦʥʩʪʘʥʪʠ 

Athreshold. ɿʥʘʯʝʥʥʷ Athreshold ʤʘʻ ʧʨʷʤʝ ʚʽʜʥʦʰʝʥʥʷ ʜʦ ʧʽʜʪʨʠʤʘʥʥʷ ʥʝʦʙʭʽʜʥʦʛʦ 

ʨʽʚʥʷ QoS. ʅʠʟʴʢʝ ʟʥʘʯʝʥʥʷ Athreshold<80% ʧʨʠʟʚʝʜʝ ʜʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʥʝʪʦʯʥʠʭ 

ʧʨʦʛʥʦʟʽʚ ̔  ʥʝʢʦʨʝʢʪʥʦʾ ʢʦʥʬʽʛʫʨʘʮʽʾ ʆʈ, ʘ ʟʘʥʘʜʥʦ ʚʠʩʦʢʝ ~100% ʜʦ ʧʦʩʪʽʡʥʦʾ 

ʨʦʙʦʪʠ ʨʝʘʢʪʠʚʥʦʛʦ ʢʦʤʧʦʥʝʥʪʘ, ʱʦ ʤʘʻ ʛʽʨʰʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʝʬʝʢʪʠʚʥʦʩʪʽ ʟ 

ʪʦʯʢʠ ʟʦʨʫ ʨʽʚʥʷ QoS. ɿʥʘʯʝʥʥʷ Athreshold ʤʦʞʝ ʙʫʪʠ ʟʥʘʡʜʝʥʦ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ, ʦʩʢʽʣʴʢʠ ʪʦʯʥʽʩʪʴ ʘʣʛʦʨʠʠʪʤʽʚ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʤʦʞʝ 

ʚʽʜʨʽʟʥʷʪʠʩʷ ʥʘ ʨʽʟʥʠʭ ʪʠʧʘʭ ʥʘʚʘʥʪʘʞʝʥʥʷ. ʅʘ ʨʠʩ. 3.3 ʟʦʙʨʘʞʝʥʦ ʘʣʛʦʨʠʪʤ 

ʧʝʨʝʭʦʜʫ ʚʽʜ ʧʨʦʘʢʪʠʚʥʦʛʦ ʫʧʨʘʚʣʽʥʥʷ ʜʦ ʨʝʘʢʪʠʚʥʦʛʦ. 

 

ʈʠʩʫʥʦʢ 3.3 ï ɸʣʛʦʨʠʪʤ ʧʝʨʝʭʦʜʫ ʤʽʞ ʩʪʘʥʘʤʠ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʦʪʨʠʤʘʥʦʾ 

ʪʦʯʥʦʩʪʽ ʧʨʦʛʥʦʟʽʚ 
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ʋ ʨʘʟʽ ʦʪʨʠʤʘʥʥʷ ʪʦʯʥʦʩʪʽ ʤʦʜʝʣʽ, ʱʦ ʚʽʜʧʦʚʽʜʘʻ ʟʘʜʘʥʦʤʫ Athreshold, ʘʣʝ 

ʥʝʚʽʜʧʦʚʽʜʥʦʩʪʽ ʧʨʦʛʥʦʟʦʚʘʥʠʭ ʟʥʘʯʝʥʴ ʬʘʢʪʠʯʥʦʤʫ ʚʠʢʦʨʠʩʪʘʥʥʶ ʨʝʩʫʨʩʽʚ 

ʤʦʜʫʣʴ ʚʘʣʽʜʘʮʽʾ ʟʜʽʡʩʥʶʻ ʧʦʩʪʽʡʥʽ ʧʝʨʝʚʽʨʢʠ ʟ ʤʝʪʦʶ ʚʠʷʚʠʪʠ ʪʘʢʫ ʩʠʪʫʘʮʽʶ.  

ʇʝʨʽʦʜ ʧʝʨʝʚʽʨʦʢ Tcheck ʤʘʻ ʚʽʜʧʦʚʽʜʘʪʠ ʧʝʨʽʦʜʫ ʟʙʦʨʫ ʽ ʦʥʦʚʣʝʥʥʷ ʤʝʪʨʠʢ 

ʚ ɯʉ ʜʣʷ ʰʚʠʜʢʦʾ ʨʝʘʢʮʽʾ ʥʘ ʟʤʽʥʫ ʥʘʚʘʥʪʘʞʝʥʥʷ. ʇʨʦʪʝ ʧʨʠ ʥʠʟʴʢʦʤʫ ʧʝʨʽʦʜʽ 

ʽʪʝʨʘʮʽʡ Tcheck ʢʽʣʴʢʽʩʪʴ ʧʝʨʝʚʽʨʦʢ ʜʣʷ ʧʝʨʝʭʦʜʫ N ʤʘʻ ʙʫʪʠ ʟʙʽʣʴʰʝʥʘ ʜʣʷ ʪʦʛʦ, 

ʱʦʙ ʫʥʠʢʥʫʪʠ ʧʝʨʝʭʦʜʫ ʚʽʜ ʦʜʥʦʛʦ ʩʪʘʥʫ ʜʦ ʽʥʰʦʛʦ ʫ ʚʠʧʘʜʢʫ ʢʦʨʦʪʢʦʯʘʩʥʠʭ 

ʘʥʦʤʘʣʴʥʠʭ ʥʘʚʘʥʪʘʞʝʥʴ. ʅʘ ʨʠʩ. 3.4 ʟʦʙʨʘʞʝʥʦ ʩʭʝʤʫ ʘʣʛʦʨʠʪʤʫ ʧʝʨʝʭʦʜʫ ʚʽʜ 

ʧʨʦʘʢʪʠʚʥʦʛʦ ʜʦ ʨʝʘʢʪʠʚʥʦʛʦ ʫʧʨʘʚʣʽʥʥʷ. 

 

ʈʠʩʫʥʦʢ 3.4 ï ɸʣʛʦʨʠʪʤ ʧʝʨʝʭʦʜʫ ʚʽʜ ʧʨʦʘʢʪʠʚʥʦʛʦ ʜʦ ʨʝʘʢʪʠʚʥʦʛʦ 

ʫʧʨʘʚʣʽʥʥʷ ʫ ʚʠʧʘʜʢʫ ʜʦʩʪʘʪʥʴʦʾ ʪʦʯʥʦʩʪʽ ʤʦʜʝʣʽ  

ɼʣʷ ʧʝʨʝʭʦʜʫ ʜʦ ʧʨʦʘʢʪʠʚʥʥʦʛʦ ʫʧʨʘʚʣʽʥʥʷ ʤʘʻ ʚʠʢʦʥʫʚʘʪʠʩʷ ʜʚʽ ʫʤʦʚʠ, 

ʘ ʩʘʤʝ ʜʦʩʪʘʪʥʷ ʪʦʯʥʽʩʪʴ ʦʪʨʠʤʘʥʦʾ ʤʦʜʝʣʽ Amodel > Athreshold ʽ ʫʩʧʽʰʥʽʩʪʴ 

ʧʝʨʝʚʽʨʦʢ ʧʨʦʪʷʛʦʤ n ʽʪʝʨʘʮʽʡ, ʱʦ ʟʦʙʨʘʞʝʥʦ ʥʘ ʨʠʩ. 3.5. ʎʝ ʜʦʟʚʦʣʠʪʴ 

ʫʥʠʢʥʫʪʠ ʟʘʩʪʦʩʫʚʘʥʥʷ ʤʦʜʝʣʽ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʥʠʟʴʢʦʾ ʪʦʯʥʦʩʪʽ ʪʘ ʥʝʢʦʨʝʢʪʥʠʭ 

ʧʨʦʛʥʦʟʽʚ ʥʘʚʘʥʪʘʞʝʥʥʷ. 
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ʈʠʩʫʥʦʢ 3.5 ï ɸʣʛʦʨʠʪʤ ʧʝʨʝʭʦʜʫ ʚʽʜ ʨʝʘʢʪʠʚʥʦʛʦ ʜʦ ʧʨʦʘʢʪʠʚʥʦʛʦ 

ʫʧʨʘʚʣʽʥʥʷ 

ɺ Kubernetes ʢʣʘʩʪʝʨʽ ʨʝʘʣʽʟʘʮʽʷ ʛʽʙʨʠʜʥʦʛʦ ʤʝʪʦʜʫ ʚʠʤʘʛʘʻ ʥʘʷʚʥʦʩʪʽ 

ʚʩʪʘʥʦʚʣʝʥʠʭ ʨʽʰʝʥʴ ʜʣʷ ʤʦʥʽʪʦʨʠʥʛʫ, ʘ ʩʘʤʝ Prometheus ʜʣʷ ʨʦʙʦʪʠ ʟ 

ʚʠʩʦʢʦʨʽʚʥʝʚʠʤʠ ʽ ʘʛʨʝʛʦʚʘʥʠʤʠ ʤʝʪʨʠʢʘʤʠ ʪʘ metrics-server ʜʣʷ 

ʥʠʟʴʢʦʨʽʚʥʝʚʠʭ ʤʝʪʨʠʢ ʧʦʪʦʯʥʦʛʦ ʩʪʘʥʫ. ʂʦʤʧʦʥʝʥʪ metrics-server ʥʘʜʘʻ 

ʽʥʬʦʨʤʘʮʽʶ ʟ ʤʝʥʰʠʤʠ ʟʘʪʨʠʤʢʘʤʠ, ʱʦ ʜʦʨʝʯʥʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʜʣʷ 

ʨʝʘʢʪʠʚʥʦʛʦ ʤʘʩʰʪʘʙʫʚʘʥʥʷ. ɿ ʽʥʰʦʛʦ ʙʦʢʫ, ʧʨʦʘʢʪʠʚʥʝ ʤʘʩʰʪʘʙʫʚʘʥʥʷ 

ʚʠʤʘʛʘʻ ʥʘʷʚʥʦʩʪʽ ʽʩʪʦʨʠʯʥʠʭ ʜʘʥʠʭ, ʘ Prometheus ʥʘʜʘʻ ʪʘʢʫ ʤʦʞʣʠʚʽʩʪʴ ʟ 

ʥʝʚʝʣʠʢʠʤʠ ʟʘʪʨʠʤʢʘʤʠ. ʄʦʜʫʣʴ ʟʘʩʪʦʩʫʚʘʥʥʷ ʧʨʠʟʥʘʯʝʥʠʡ ʜʣʷ ʨʦʙʦʪʠ ʟ 

Kubernetes API ʪʘ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʚʽʜʧʨʘʚʣʷʻ ʢʦʤʘʥʜʠ ʥʘ ʟʘʩʪʦʩʫʚʘʥʥʷ ʥʦʚʠʭ 

ʢʦʥʬʽʛʫʨʘʮʽʡ ʆʈ.  

ɼʣʷ ʧʨʦʘʢʪʠʚʥʦʛʦ ʤʘʩʰʪʘʙʫʚʘʥʥʷ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʟʘʧʨʦʧʦʥʦʚʘʥʠʡ ʚ 

ʨʦʟʜʽʣʽ 2.4 ʤʝʪʦʜ. ɼʣʷ ʨʝʘʢʪʠʚʥʦʛʦ ʤʘʩʰʪʘʙʫʚʘʥʥʷ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ HPA ï 

ʚʙʫʜʦʚʘʥʝ ʨʽʰʝʥʥʷ ʜʣʷ ʘʚʪʦʤʘʪʠʟʘʮʽʾ ʛʦʨʠʟʦʥʪʘʣʴʥʦʛʦ ʤʘʩʰʪʘʙʫʚʘʥʥʷ ʚ 

Kubernetes. ʆʩʥʦʚʥʘ ʽʜʝʷ HPA ʧʦʣʷʛʘʻ ʚ ʪʦʤʫ, ʘʙʠ ʟʘ ʜʦʧʦʤʦʛʦʶ ʨʝʛʫʣʷʮʽʾ 

ʢʽʣʴʢʦʩʪʽ ʨʝʧʣʽʢ ʧʽʜʪʨʠʤʫʚʘʪʠ ʚʩʪʘʥʦʚʣʝʥʝ ʟʥʘʯʝʥʥʷ ʩʝʨʝʜʥʴʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ 

ʥʘ ʢʦʞʥʫ ʨʝʧʣʽʢʫ ʟʘʩʪʦʩʫʥʢʫ. ɼʣʷ ʤʽʥʽʤʽʟʘʮʽʾ ʯʘʩʫ ʧʝʨʝʤʠʢʘʥʥʷ ʚʽʜ 

ʧʨʦʘʢʪʠʚʥʦʛʦ ʜʦ ʨʝʘʢʪʠʚʥʦʛʦ ʢʦʤʧʦʥʝʥʪʫ, HPA ʧʨʘʮʶʻ ʚ ʨʝʞʠʤʽ 
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ʩʧʦʩʪʝʨʽʛʘʥʥʷ, ʱʦ ʜʦʩʷʛʘʻʪʴʩʷ ʰʣʷʭʦʤ ʚʩʪʘʥʦʚʣʝʥʥʷ ʧʘʨʘʤʝʪʨʫ selectPolicy ʚ 

ʟʥʘʯʝʥʥʷ disabled. 

 

ʈʠʩʫʥʦʢ 3.6 ï ɼʽʘʛʨʘʤʘ ʽʥʪʝʛʨʘʮʽʾ ʛʽʙʨʠʜʥʦʛʦ ʨʽʰʝʥʥʷ ʚ Kubernetes ʢʣʘʩʪʝʨ 

3.1.3 ɼʦʩʣʽʜʞʝʥʥʷ ʤʝʪʦʜʫ ʧʨʦʘʢʪʠʚʥʦ-ʨʝʘʢʪʠʚʥʦʛʦ ʤʘʩʰʪʘʙʫʚʘʥʥʷ 

ɼʣʷ ʦʮʽʥʢʠ ʷʢʦʩʪʽ ʨʦʟʨʦʙʣʝʥʦʛʦ ʨʽʰʝʥʥʷ ʧʨʦʚʝʜʝʥʦ ʜʚʘ ʝʢʩʧʝʨʠʤʝʥʪʠ ʥʘ 

ʢʣʘʩʪʝʨʽ minikube, ̫ ʢʠʡ ʚʢʣʶʯʘʻ ʦʜʠʥ ʚʫʟʦʣ, ʤʘʻ 12 ʧʨʦʮʝʩʦʨʥʠʭ ʷʜʝʨ ʽ 16 ɻʙ 

ʦʧʝʨʘʪʠʚʥʦʾ ʧʘʤôʷʪʽ. 

ʅʘʚʘʥʪʘʞʝʥʥʷ ʛʝʥʝʨʫʻʪʴʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʫʪʠʣʽʪʠ locust, ̫ ʢʘ ʜʦʟʚʦʣʷʻ 

ʥʘʜʩʠʣʘʪʠ ʟʘʧʠʪʠ ʧʦ ʟʘʜʘʥʦʤʫ ʩʮʝʥʘʨʽʶ. ʊʝʩʪʦʚʠʡ ʟʘʩʪʦʩʫʥʦʢ ʤʦʞʝ ʙʫʪʠ 

ʤʘʩʰʪʘʙʦʚʘʥʠʡ ʷʢ ʛʦʨʠʟʦʥʪʘʣʴʥʦ, ʪʘʢ ʽ ʚʝʨʪʠʢʘʣʴʥʦ. ʅʘ ʢʦʞʥʠʡ ʟʘʧʠʪ 

ʚʠʢʦʥʫʻʪʴʩʷ ʩʠʥʪʝʪʠʯʥʘ ʟʘʜʘʯʘ, ʷʢʘ ʚʢʣʶʯʘʻ ʚʠʢʦʥʘʥʥʷ ʦʧʝʨʘʮʽʡ ʥʘ CPU. 

ɺ ʧʝʨʰʦʤʫ ʝʢʩʧʝʨʠʤʝʥʪʽ ʨʦʟʨʦʙʣʝʥʝ ʨʽʰʝʥʥʷ ʟʘʧʫʩʢʘʻʪʴʩʷ ʙʝʟ ʙʫʜʴ-ʷʢʦʾ 

ʧʦʧʝʨʝʜʥʴʦʾ ʽʩʪʦʨʽʾ. ʇʝʨʽʦʜʠʯʥʽʩʪʴ ʥʘʚʘʥʪʘʞʝʥʥʷ ʩʪʘʥʦʚʠʪʴ ʧôʷʪʴ ʭʚʠʣʠʥ ʪʘ 

ʢʦʣʠʚʘʻʪʴʩʷ ʚʽʜ 20 ʜʦ 100 ʟʘʧʠʪʽʚ ʥʘ ʩʝʢʫʥʜʫ. ʅʘ ʨʠʩ. 3.7 ʟʦʙʨʘʞʝʥʦ ʨʝʟʫʣʴʪʘʪʠ 

ʧʨʦʚʝʜʝʥʦʛʦ ʝʢʩʧʝʨʠʤʝʥʪʫ. ʅʘ ʧʦʯʘʪʢʫ ʫʧʨʘʚʣʽʥʥʷ ʨʝʩʫʨʩʘʤʠ ʧʝʨʝʜʘʻʪʴʩʷ 

ʨʝʘʢʪʠʚʥʦʤʫ ʢʦʤʧʦʥʝʥʪʫ, ʯʝʨʝʟ ʱʦ ʚ ʤʦʤʝʥʪʠ ʧʦʷʚʠ ʥʘʚʘʥʪʘʞʝʥʥʷ ʧʨʠʩʫʪʥʽ 
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ʚʠʩʦʢʽ ʟʥʘʯʝʥʥʷ ʯʘʩʫ ʚʽʜʧʦʚʽʜʽ. ʇʽʩʣʷ ʪʨʴʦʭ ʧʝʨʽʦʜʽʚ ʥʘʚʘʥʪʘʞʝʥʥʷ, 

ʧʨʦʘʢʪʠʚʥʠʡ ʢʦʤʧʦʥʝʥʪ ʤʘʻ ʟʤʦʛʫ ʪʦʯʥʦ ʦʙʯʠʩʣʶʚʘʪʠ ʥʝʦʙʭʽʜʥʫ ʢʽʣʴʢʽʩʪʴ 

ʨʝʧʣʽʢ ʪʘ ʙʝʨʝ ʥʘ ʩʝʙʝ ʫʧʨʘʚʣʽʥʥʷ. ʇʦʯʠʥʘʶʯʠ ʟ 800 ʩʝʢʫʥʜʠ ʝʢʩʧʝʨʠʤʝʥʪʘ, 

ʯʘʩ ʚʽʜʧʦʚʽʜʽ ʚ ʤʦʤʝʥʪ ʧʦʷʚʠ ʥʘʚʘʥʪʘʞʝʥʥʷ ʟʥʘʯʥʦ ʟʤʝʥʰʫʻʪʴʩʷ, ʱʦ ʚʽʜʧʦʚʽʜʘ̒  

ʯʘʩʫ ʧʝʨʝʭʦʜʫ ʫʧʨʘʚʣʽʥʥʷ ʜʦ ʧʨʦʘʢʪʠʚʥʦʛʦ ʢʦʤʧʦʥʝʥʪʫ.  

 

ʈʠʩʫʥʦʢ 3.7 ï ʇʨʠʢʣʘʜ ʧʝʨʝʭʦʜʫ ʚʽʜ ʨʝʘʢʪʠʚʥʦʛʦ ʜʦ ʧʨʦʘʢʪʠʚʥʦʛʦ ʫʧʨʘʚʣʽʥʥʷ 

ɺʘʨʪʦ ʟʘʟʥʘʯʠʪʠ, ʱʦ 95 ʧʝʨʮʝʥʪʠʣʴ ʯʘʩʫ ʚʽʜʧʦʚʽʜʽ ʧʨʠ ʧʨʦʘʢʪʠʚʥʦʤʫ 

ʤʘʩʰʪʘʙʫʚʘʥʥʽ ʥʘ 210% ʢʨʘʱʠʡ ʟʘ ʘʥʘʣʦʛʽʯʥʠʡ ʧʦʢʘʟʥʠʢ ʨʝʘʢʪʠʚʥʦʛʦ. ʂʨʽʤ 

ʪʦʛʦ, ʧʨʠ ʧʨʦʘʢʪʠʚʥʦʤʫ ʫʧʨʘʚʣʽʥʥʷ ʨʝʟʝʨʚʫʚʘʣʦʩʷ ʥʘ 11% ʤʝʥʰʝ 

ʧʨʦʮʝʩʦʨʥʦʛʦ ʯʘʩʫ.  

ɺ ʜʨʫʛʦʤʫ ʝʢʩʧʝʨʠʤʝʥʪʽ ʚʠʟʥʘʯʘʻʪʴʩʷ ʟʜʘʪʥʽʩʪʴ ʟʚʦʨʦʪʥʦʛʦ ʧʝʨʝʭʦʜʫ. 

ʉʧʦʯʘʪʢʫ ʫʧʨʘʚʣʽʥʥʷ ʚʽʜʙʫʚʘʻʪʴʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʨʝʘʢʪʠʚʥʦʛʦ ʢʦʤʧʦʥʝʥʪʘ, ʘʣʝ 

ʧʽʩʣʷ ʧʦʷʚʠ ʥʝʪʠʧʦʚʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ ʫʧʨʘʚʣʽʥʥʷ ʧʝʨʝʭʦʜʠʪʴ ʜʦ ʨʝʘʢʪʠʚʥʦʛʦ 

ʢʦʤʧʦʥʝʥʪʘ. ʈʝʟʫʣʴʪʘʪʠ ʝʢʩʧʝʨʠʤʝʥʪʫ ʟʦʙʨʘʞʝʥʽ ʥʘ ʨʠʩ. 3.8. ʇʨʦʪʷʛʦʤ ʪʨʴʦʭ 

ʧʝʨʽʦʜʽʚ ʥʘʚʘʥʪʘʞʝʥʥʷ ʚʽʜʧʦʚʽʜʘʻ ʰʘʙʣʦʥʫ. ʏʝʪʚʝʨʪʠʡ ʧʝʨʽʦʜ ʤʽʩʪʠʪʴ 

ʘʥʦʤʘʣʴʥʝ ʥʘʚʘʥʪʘʞʝʥʥʷ, ʚʽʜʧʦʚʽʜʥʦ ʚʽʜʙʫʚʘʻʪʴʩʷ ʧʝʨʝʭʽʜ ʜʦ ʨʝʘʢʪʠʚʥʦʛʦ 

ʫʧʨʘʚʣʽʥʥʷ, ʦʩʢʽʣʴʢʠ ʚʠʥʠʢʘʻ ʥʝʚʽʜʧʦʚʽʜʥʽʩʪʴ ʟʘʧʠʪʽʚ ʜʦ ʬʘʢʪʠʯʥʦʛʦ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʆʈ. 
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ʈʠʩʫʥʦʢ 3.8 ï ʇʨʠʢʣʘʜ ʧʝʨʝʭʦʜʫ ʚʽʜ ʧʨʦʘʢʪʠʚʥʦʛʦ ʜʦ ʨʝʘʢʪʠʚʥʦʛʦ ʫʧʨʘʚʣʽʥʥʷ 

ʧʨʠ ʥʝʪʠʧʦʚʦʤʫ ʰʘʙʣʦʥʽ ʥʘʚʘʥʪʘʞʝʥʥʷ 

ʇʨʦʚʝʜʝʥʽ ʝʢʩʧʝʨʠʤʝʥʪʠ ʜʝʤʦʥʩʪʨʫʶʪʴ ʝʬʝʢʪʠʚʥʽʩʪʴ ʟʘʧʨʦʧʦʥʦʚʘʥʦʛʦ 

ʤʝʪʦʜʫ ʧʨʦʘʢʪʠʚʥʦ-ʨʝʘʢʪʠʚʥʦʛʦ ʤʘʩʰʪʘʙʫʚʘʥʥʷ. ʇʨʦʛʨʘʤʥʠʡ ʤʦʜʫʣʴ ʚʢʣʶʯʘʻ 

ʨʝʘʣʽʟʘʮʽʾ ʜʣʷ ʛʦʨʠʟʦʥʪʘʣʴʥʦʛʦ ʤʘʩʰʪʘʙʫʚʘʥʥʷ, ʧʨʦʪʝ ʟʘʧʨʦʧʦʥʦʚʘʥʠʡ ʤʝʪʦʜ 

ʤʦʞʝ ʙʫʪʠ ʚʠʢʦʨʠʩʪʘʥʠʡ ʽ ʜʣʷ ʚʝʨʪʠʢʘʣʴʥʦʛʦ ʫʧʨʘʚʣʽʥʥʷ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ 

ʘʥʘʣʦʛʽʯʥʠʭ ʽʥʜʠʢʘʪʦʨʽʚ ʧʝʨʝʭʦʜʫ. 

3.2 ʄʝʪʦʜ ʛʦʨʠʟʦʥʪʘʣʴʥʦ-ʚʝʨʪʠʢʘʣʴʥʦʛʦ ʤʘʩʰʪʘʙʫʚʘʥʥʷ 

ɻʦʨʠʟʦʥʪʘʣʴʥʝ ʪʘ ʚʝʨʪʠʢʘʣʴʥʝ ʤʘʩʰʪʘʙʫʚʘʥʥʷ ʟʘʩʪʦʩʫʥʢʽʚ ʻ ʦʜʥʠʤ ʽʟ 

ʥʘʡʙʽʣʴʰ ʝʬʝʢʪʠʚʥʠʭ ʽʥʩʪʨʫʤʝʥʪʽʚ ʜʣʷ ʘʚʪʦʤʘʪʠʟʘʮʽʾ ʧʨʦʮʝʩʽʚ ʫʧʨʘʚʣʽʥʥʷ ʆʈ. 

ɻʦʨʠʟʦʥʪʘʣʴʥʝ ʤʘʩʰʪʘʙʫʚʘʥʥʷ, ʥʘ ʚʽʜʤʽʥʫ ʚʽʜ ʚʝʨʪʠʢʘʣʴʥʦʛʦ, ʻ ʙʽʣʴʰ 

ʫʥʽʚʝʨʩʘʣʴʥʠʤ, ʦʩʢʽʣʴʢʠ ʟʘʙʝʟʧʝʯʫʻ ʚʽʜʤʦʚʦʩʪʽʡʢʽʩʪʴ, ʥʝ ʻ ʦʙʤʝʞʝʥʠʤ 

ʨʝʩʫʨʩʘʤʠ ʦʜʥʽʻʾ ʬʽʟʠʯʥʦʾ ʤʘʰʠʥʠ ʪʘ ʜʦʟʚʦʣʷʻ ʛʥʫʯʢʦ ʢʝʨʫʚʘʪʠ ʦʙôʻʤʘʤʠ 

ʚʠʜʽʣʝʥʠʭ ʨʝʩʫʨʩʽʚ [69]. ʅʘ ʧʨʘʢʪʠʮʽ ʚʝʨʪʠʢʘʣʴʥʝ ʤʘʩʰʪʘʙʫʚʘʥʥʷ 

ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʫ ʚʠʧʘʜʢʫ, ʢʦʣʠ ʟʘʩʪʦʩʫʥʦʢ ʥʝ ʤʦʞʝ ʙʫʪʠ ʨʦʟʧʦʜʽʣʝʥʠʤ. 

ʍʦʯʘ ʛʦʨʠʟʦʥʪʘʣʴʥʝ ʤʘʩʰʪʘʙʫʚʘʥʥʷ ʻ ʛʥʫʯʢʠʤ ʩʧʦʩʦʙʦʤ ʜʠʥʘʤʽʯʥʦ 

ʨʦʟʧʦʜʽʣʷʪʠ ʨʝʩʫʨʩʠ, ʮʝʡ ʧʨʦʮʝʩ ʚʽʜʙʫʚʘʻʪʴʩʷ ʚ ʤʝʞʘʭ ʚʩʪʘʥʦʚʣʝʥʠʭ ʟʘʧʠʪʽʚ. 

ʗʢʱʦ ʢʽʣʴʢʽʩʪʴ ʚʠʜʽʣʝʥʠʭ ʟʘʩʪʦʩʫʥʢʫ ʆʈ ʽ ʘʢʪʫʘʣʴʥʝ ʥʘʚʘʥʪʘʞʝʥʥʷ ʧʦ 
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ʢʦʞʥʦʤʫ ʟ ʨʝʩʫʨʩʽʚ ʥʝ ʟʙʘʣʘʥʩʦʚʘʥʝ, ʪʦ ʚʽʜʧʦʚʽʜʥʦ ʯʘʩʪʠʥʘ ʮʴʦʛʦ ʨʝʩʫʨʩʫ ʥʝ 

ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ. ʈʝʛʫʣʶʚʘʥʥʷ ʦʙôʻʤʽʚ ʟʘʧʠʪʽʚ ʚ ʤʝʞʘʭ ʦʜʥʦʛʦ ʟʘʩʪʦʩʫʥʢʫ 

ʤʦʞʝ ʜʦʟʚʦʣʠʪʠ ʨʦʟʤʽʱʝʥʥʷ ʡʦʛʦ ʝʢʟʝʤʧʣʷʨʽʚ ʥʘ ʙʽʣʴʰ ʩʧʝʮʽʘʣʽʟʦʚʘʥʠʭ ɺʄ, 

ʱʦ ʜʦʟʚʦʣʠʪʴ ʟʥʠʟʠʪʠ ʬʽʥʘʥʩʦʚʽ ʚʠʪʨʘʪʠ ʧʨʠ ʝʢʚʽʚʘʣʝʥʪʥʦʤʫ ʨʽʚʥʽ QoS [70]. 

ʋ ʧʝʨhʦʤʫ ʨʦʟʜʽʣʽ ʟʘʧʨʦʧʦʥʦʚʘʥʘ ʤʦʜʝʣʴ ʛʦʨʠʟʦʥʪʘʣʴʥʦʛʦ 

ʤʘʩʰʪʘʙʫʚʘʥʥʷ. ʆʧʠʩʘʥʘ ʤʦʜʝʣʴ ʛʦʨʠʟʦʥʪʘʣʴʥʦʛʦ ʤʘʩʰʪʘʙʫʚʘʥʥʷ ʤʘʻ ʥʝʜʦʣʽʢ 

ï ʥʝʜʦʩʪʘʪʥʷ ʫʪʠʣʽʟʘʮʽʷ ʥʝʧʨʽʦʨʠʪʝʪʥʠʭ ʪʠʧʽʚ ʨʝʩʫʨʩʽʚ. ʅʝʧʨʽʦʨʠʪʝʪʥʠʡ 

ʨʝʩʫʨʩ ʥʝ ʤʘʻ ʚʧʣʠʚʫ ʥʘ ʦʙôʻʤʠ ʚʠʜʽʣʝʥʥʷ ʨʝʩʫʨʩʽʚ ʧʽʜ ʧʣʘʥʫʚʘʥʥʷ ʚ ʮʽʣʦʤʫ 

ʘʙʦ ʚ ʢʦʥʢʨʝʪʥʠʡ ʤʦʤʝʥʪ ʯʘʩʫ. ʅʘ ʨʠʩ. 3.9 ʟʦʙʨʘʞʝʥʦ ʧʨʠʢʣʘʜ 

ʥʝʟʙʘʣʘʥʩʦʚʘʥʦʛʦ ʚʠʜʽʣʝʥʥʷ ʨʝʩʫʨʩʽʚ ʜʣʷ ʟʘʩʪʦʩʫʥʢʫ, ʢʦʣʠ ʫʪʠʣʽʟʘʮʽʷ 

ʧʨʦʮʝʩʦʨʥʦʛʦ ʯʘʩʫ ʧʽʜʪʨʠʤʫʻʪʴʩʷ ʥʘ ʟʘʜʘʥʦʤʫ ʨʽʚʥʽ, ʱʦ ʩʪʘʥʦʚʠʪʴ 90%, ʘʣʝ 

ʨʽʚʝʥʴ ʫʪʠʣʽʟʘʮʽʾ ʽʥʰʠʭ ʨʝʩʫʨʩʽʚ ʻ ʥʠʟʴʢʠʤ.  

 

ʈʠʩʫʥʦʢ 3.9 ï ʅʝʟʙʘʣʘʥʩʦʚʘʥʘ ʫʪʠʣʽʟʘʮʽʾ ʆʈ ʧʨʠ ʛʦʨʠʟʦʥʪʘʣʴʥʦʤʫ 

ʤʘʩʰʪʘʙʫʚʘʥʥʽ 

ɿʤʝʥʰʝʥʥʷ ʢʽʣʴʢʦʩʪʽ ʝʢʟʝʤʧʣʷʨʽʚ ʥʝʤʦʞʣʠʚʝ ʯʝʨʝʟ ʥʝʦʙʭʽʜʥʽʩʪʴ 

ʟʘʙʝʟʧʝʯʫʚʘʪʠ ʟʘʜʘʥʠʡ ʨʽʚʝʥʴ QoS, ʘ ʯʘʩʪʢʦʚʝ ʨʝʛʫʣʶʚʘʥʥʷ ʦʙôʻʤʫ ʨʝʩʫʨʩʽʚ 

ʟʘʩʪʦʩʫʥʢʫ ʥʝ ʤʦʞʝ ʙʫʪʠ ʚʠʢʦʥʘʥʝ ʢʦʤʧʦʥʝʥʪʦʤ ʛʦʨʠʟʦʥʪʘʣʴʥʦʛʦ 

ʤʘʩʰʪʘʙʫʚʘʥʥʷ. ɼʣʷ ʚʠʨʽʰʝʥʥʷ ʦʧʠʩʘʥʦʾ ʧʨʦʙʣʝʤʠ ʥʝʦʙʭʽʜʥʦ ʚ ʨʫʯʥʦʤʫ 

ʨʝʞʠʤʽ ʘʜʘʧʪʫʚʘʪʠ ʢʦʥʬʽʛʫʨʘʮʽʶ ʟʘʧʠʪʽʚ ʪʘ ʛʦʨʠʟʦʥʪʘʣʴʥʦʛʦ ʤʘʩʰʪʘʙʫʚʘʥʥʷ 

ʜʦ ʧʦʪʦʯʥʠʭ ʧʦʪʨʝʙ, ʱʦ ʻ ʩʢʣʘʜʥʦ ʁʟʘʜʘʯʝʶ ʚ ʚʝʣʠʢʠʭ ɯʉ. 
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ʇʨʦʧʦʥʫʻʪʴʩʷ ʤʝʪʦʜ ʛʽʙʨʠʜʥʦʛʦ ʤʘʩʰʪʘʙʫʚʘʥʥʷ ʜʣʷ ʘʚʪʦʤʘʪʠʟʘʮʽʾ 

ʜʘʥʦʛʦ ʧʨʦʮʝʩʫ, ʷʢʠʡ ʻ ʧʦʭʽʜʥʠʤ ʚʽʜ ʛʦʨʠʟʦʥʪʘʣʴʥʦʛʦ, ʘʣʝ ʧʨʠ ʮʴʦʤʫ ʻ ʙʽʣʴʰ 

ʝʬʝʢʪʠʚʥʠʤ ʚ ʢʦʥʪʝʢʩʪʽ ʫʪʠʣʽʟʘʮʽʾ ʆʈ. ɿʘʧʨʦʧʦʥʦʚʘʥʠʡ ʤʝʪʦʜ ʧʦʢʣʠʢʘʥʠʡ 

ʚʠʨʽʰʠʪʠ ʥʘʩʪʫʧʥʽ ʧʨʦʙʣʝʤʠ ʧʨʠ ʨʦʙʦʪʽ ʟʘʩʪʦʩʫʥʢʽʚ, ʱʦ ʤʘʩʰʪʘʙʫʶʪʴʩʷ 

ʛʦʨʠʟʦʥʪʘʣʴʥʦ: 

ï ʧʽʜʚʠʱʝʥʥʷ ʨʽʚʥʷ ʫʪʠʣʽʟʘʮʽʾ ʪʠʧʽʚ ʨʝʩʫʨʩʽʚ, ʷʢʽ ʥʝ ʻ ʧʨʽʦʨʠʪʝʪʥʠʤʠ ʧʨʠ 

ʛʦʨʠʟʦʥʪʘʣʴʥʦʤʫ ʤʘʩʰʪʘʙʫʚʘʥʥʽ, ʜʣʷ ʧʽʜʚʠʱʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʾʭ 

ʚʠʢʦʨʠʩʪʘʥʥʷ; 

ï ʫʨʝʛʫʣʶʚʘʥʥʷ ʩʠʪʫʘʮʽʡ, ʢʦʣʠ ʤʘʢʩʠʤʘʣʴʥʝ ʚʠʢʦʨʠʩʪʘʥʥʷ ʝʢʟʝʤʧʣʷʨʦʤ 

ʦʜʥʦʛʦ ʟ ʪʠʧʽʚ ʨʝʩʫʨʩʽʚ ʧʝʨʝʚʠʱʫʻ ʚʩʪʘʥʦʚʣʝʥʽ ʟʘʧʠʪʠ ʥʘ ʮʝʡ ʪʠʧ ʨʝʩʫʨʩʫ, 

ʟʦʢʨʝʤʘ, ʧʦʤʠʣʢʠ ʥʝʩʪʘʯʽ ʧʘʤôʷʪʽ, ʷʢʽ ʧʨʠʟʚʦʜʷʪʴ ʜʦ ʚʽʜʤʦʚʠ ʚʽʜ 

ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ. 

3.2.1 ɸʥʘʣʽʟ ʽʩʥʫʶʯʠʭ ʤʝʪʦʜʽʚ ʽʥʪʝʛʨʘʮʽʾ ʚʝʨʪʠʢʘʣʴʥʦʛʦ ʽ 

ʛʦʨʠʟʘʥʪʘʣʴʥʦʛʦ ʤʘʩʰʪʘʙʫʚʘʥʥʷ 

ʊʝʤʘ ʢʦʤʙʽʥʘʮʽʾ ʚʝʨʪʠʢʘʣʴʥʦʛʦ ʽ ʛʦʨʠʟʦʥʪʘʣʴʥʦʛʦ ʤʘʩʰʪʘʙʫʚʘʥʥʷ ʚʩʝ 

ʯʘʩʪʽʰʝ ʟôʷʚʣʷʻʪʴʩʷ ʚ ʥʘʫʢʦʚʠʭ ʧʨʘʮʷʭ [40]. ɹʽʣʴʰʽʩʪʴ ʧʽʜʭʦʜʽʚ ʙʘʟʫʻʪʴʩʷ ʥʘ 

ʧʨʦʛʥʦʟʫʚʘʥʥʽ. ɺ ʨʦʙʦʪʽ [71] ʧʨʦʧʦʥʫʻʪʴʩʷ ʧʽʜʭʽʜ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʫʧʨʘʚʣʽʥʥʷ 

ʧʨʦʛʥʦʟʫʶʯʠʤʠ ʤʦʜʝʣʷʤʠ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʤʦʜʝʣ ̔ ʽʟ ʟʘʜʘʥʦʶ ʢʽʣʴʢʽʩʪʶ 

ʧʘʨʘʤʝʪʨʽʚ, ʷʢʽ ʚʠʟʥʘʯʘʶʪʴʩʷ ʥʘ ʦʩʥʦʚʽ ʻʤʥʦʩʪʽ ʢʣʘʩʪʝʨʘ, ʧʨʦʛʥʦʟʦʚʘʥʦʛʦ 

ʦʙôʻʤʫ ʯʝʨʛʠ ʟʘʜʘʯ ʽ ʟʘʧʠʪʽʚ ʟʘʩʪʦʩʫʥʢʽʚ ʥʘ ʆʈ. ʅʘ ʦʩʥʦʚʽ ʟʘʜʘʥʠʭ ʦʙʤʝʞʝʥʴ ʽ 

ʦʪʨʠʤʘʥʠʭ ʧʨʦʛʥʦʟʽʚ ʚʠʨʽʰʫʻʪʴʩʷ ʟʘʜʘʯʘ ʦʧʪʠʤʽʟʘʮʽʾ ʨʦʟʧʦʜʽʣʝʥʥʷ ʆʈ. 

ɽʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʦʪʨʠʤʘʥʽ ʤʝʪʨʠʢʠ QoS ʢʦʤʙʽʥʦʚʘʥʦʛʦ ʤʝʪʦʜʫ ʧʦʢʘʟʫʶʪʴ 

ʧʨʠʨʽʩʪ ʫ ʧʦʨʽʚʥʷʥʥʽ ʟ ʛʦʨʠʟʦʥʪʘʣʴʥʠʤ ʤʘʩʰʪʘʙʫʚʘʥʥʷʤ, ʧʨʦʪʝ ʦʮʽʥʢʘ 

ʝʬʝʢʪʠʚʥʦʩʪʽ ʚʠʢʦʨʠʩʪʘʥʥʷ ʆʈ ʥʝ ʚʠʚʯʘʻʪʴʩʷ. ɺ ʨʦʙʦʪʽ [72] ʧʨʦʧʦʥʫʻʪʴʩʷ 

ʽʥʰʠʡ ʧʽʜʭʽʜ, ʢʦʣʠ ɺʄ ʤʘʩʰʪʘʙʫʻʪʴʩʷ ʚʝʨʪʠʢʘʣʴʥʦ, ʧʦʢʠ ʥʝ ʜʦʩʷʛʥʫʪʦ ʤʝʞʽ 

ʬʽʟʠʯʥʦʾ ʤʘʰʠʥʠ, ʧʽʩʣʷ ʯʦʛʦ ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ ʛʦʨʠʟʦʥʪʘʣʴʥʝ ʤʘʩʰʪʘʙʫʚʘʥʥʷ. 

ɺ ʜʘʥʽʡ ʨʦʙʦʪʽ ʧʨʠʧʫʩʢʘʻʪʴʩʷ, ʱʦ ʛʦʨʠʟʦʥʪʘʣʴʥʝ ʤʘʩʰʪʘʙʫʚʘʥʥʷ ʤʦʞʝ 

ʟʘʙʝʟʧʝʯʫʚʘʪʠ ʥʝʦʙʭʽʜʥʠʡ ʨʽʚʝʥʴ QoS, ʪʦʤʫ ʟʥʘʯʥʘ ʫʚʘʛʘ ʧʨʠʜʽʣʷʻʪʴʩʷ ʩʘʤʝ 

ʝʬʝʢʪʠʚʥʦʩʪʽ ʚʠʢʦʨʠʩʪʘʥʥʷ ʆʈ ʢʣʘʩʪʝʨʘ. ʊʘʢʦʞ, ʤʝʪʦʜ, ʱʦ ʧʨʦʧʦʥʫʻʪʴʩʷ, 

ʟʜʘʪʥʠʡ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʷʢ ʽʩʪʦʨʠʯʥʽ ʜʘʥʽ, ʪʘʢ ʽ ʜʘʥʽ ʤʝʪʦʜʽʚ ʧʨʦʛʥʦʟʫʚʘʥʥʷ. 
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3.2.2 ʈʦʟʨʦʙʢʘ ʢʦʦʨʜʠʥʘʪʦʨʘ 

ɼʣʷ ʫʩʧʽʰʥʦʾ ʩʧʽʣʴʥʦʾ ʨʦʙʦʪʠ ʛʦʨʠʟʦʥʪʘʣʴʥʦʛʦ ʽ ʚʝʨʪʠʢʘʣʴʥʦʛʦ 

ʤʘʩʰʪʘʙʫʚʘʥʥʷ ʥʝʦʙʭʽʜʥʘ ʢʦʦʨʜʠʥʘʮʽʷ ʾʭ ʨʦʙʦʪʠ. ʂʦʦʨʜʠʥʫʚʘʥʥʷ ʤʘʻ 

ʟʜʽʡʩʥʶʚʘʪʠʩʷ ʪʘʢʠʤ ʯʠʥʦʤ, ʱʦ ʟʤʽʥʠ ʚʥʝʩʝʥʽ ʢʦʞʥʠʤ ʢʦʤʧʦʥʝʥʪʦʤ ʻ 

ʧʦʚʥʽʩʪʶ ʫʟʛʦʜʞʝʥʠʤʠ [73]. ʅʝʦʙʨʦʙʣʝʥʽ ʢʦʥʬʣʽʢʪʫʶʯʽ ʟʤʽʥʠ ʤʦʞʫʪʴ 

ʧʨʠʟʚʝʩʪʠ ʜʦ ʧʘʜʽʥʥʷ ʨʽʚʥʷ QoS ʪʘ ʚʽʜʤʦʚʠ ʚʽʜ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ. ʄʦʜʫʣʴ 

ʢʦʦʨʜʠʥʘʮʽʾ ʤʽʩʪʠʪʴ ʜʘʥʽ ʧʨʦ ʦʩʦʙʣʠʚʦʩʪʽ ʨʦʙʦʪʠ ʽ ʤʦʞʣʠʚʦʩʪʽ ʢʦʞʥʦʛʦ ʟ 

ʤʝʪʦʜʽʚ ʤʘʩʰʪʘʙʫʚʘʥʥʷ. 

 

ʈʠʩʫʥʦʢ 3.10 ï ɼʽʘʛʨʘʤʘ ʢʦʤʧʦʥʝʥʪʽʚ ʛʽʙʨʠʜʥʦʛʦ ʤʝʪʦʜʫ ʤʘʩʰʪʘʙʫʚʘʥʥʷ 

ɺ ʤʦʜʫʣʽ ʢʦʦʨʜʠʥʘʮʽʾ ʜʣʷ ʫʟʛʦʜʞʝʥʥʷ ʨʦʙʦʪʠ ʢʦʤʧʦʥʝʥʪʽʚ ʧʨʦʧʦʥʫʻʪʴʩʷ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʧʨʠʥʮʠʧ ʧʨʽʦʨʠʪʝʪʥʦʩʪʽ, ʢʦʣʠ ʦʜʠʥ ʟ ʢʦʤʧʦʥʝʥʪʽʚ ʻ 

ʜʨʫʛʦʨʷʜʥʠʤ ʽ ʥʝ ʤʦʞʝ ʚʧʣʠʚʘʪʠ ʥʘ ʧʦʪʦʯʥʽ ʨʽʰʝʥʥʷ ʢʦʤʧʦʥʝʥʪʘ ʫʧʨʘʚʣʽʥʥʷ ʟ 

ʚʠʱʠʤ ʧʨʽʦʨʠʪʝʪʦʤ, ʘ ʣʠʰʝ ʘʜʘʧʪʫʚʘʪʠʩʷ ʜʦ ʥʘʜʘʥʠʭ ʨʽʰʝʥʴ. 

ʅʝʩʢʦʦʨʜʠʥʦʚʘʥʝ ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʴ ʤʦʞʝ ʧʨʠʟʚʝʩʪʠ ʜʦ ʥʝʢʦʨʝʢʪʥʦʛʦ 

ʤʘʩʰʪʘʙʫʚʘʥʥʷ ʟʘʩʪʦʩʫʥʢʫ ʽ ʜʦ ʧʘʜʽʥʥʷ ʧʦʢʘʟʥʠʢʽʚ QoS. ʄʦʜʫʣʴ ʢʦʦʨʜʠʥʘʮʽʾ 

ʟʘʙʝʟʧʝʯʫʻ ʫʟʛʦʜʞʝʥʥʷ ʢʦʥʬʽʛʫʨʘʮʽʡ ʢʦʤʧʦʥʝʥʪʽʚ ʤʘʩʰʪʘʙʫʚʘʥʥʷ ʥʘʩʪʫʧʥʠʤ 

ʯʠʥʦʤ: 

 
( , ( , )), ,

( )
( , ( , )), ,

V H

H V

H x V x null P P
S x

V x H x null P P

>ë
=ì

>í
 

(3.4)
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ʜʝ S(x) ʻ ʬʫʥʢʮʽʻʶ ʤʘʩʰʪʘʙʫʚʘʥʥʷ, H(x, c) ʪʘ V(x, c) ï ʬʫʥʢʮʽʾ ʤʘʩʰʪʘʙʫʚʘʥʥʷ 

ʛʦʨʠʟʦʥʪʘʣʴʥʦʛʦ ʪʘ ʚʝʨʪʠʢʘʣʴʥʦʛʦ ʢʦʤʧʦʥʝʥʪʽʚ ʚʽʜʧʦʚʽʜʥʦ, ʷʢʽ ʧʨʠʡʤʘʶʪʴ ʥʘ 

ʚʭʽʜ ʽʩʪʦʨʠʯʥʽ ʜʘʥʽ ʪʘ ʥʘʷʚʥʫ ʢʦʥʬʽʛʫʨʘʮʽ,ʁ PH ʪʘ PV ʻ ʧʨʽʦʨʠʪʝʪʘʤʠ 

ʚʽʜʧʦʚʽʜʥʠʭ ʢʦʤʧʦʥʝʥʪʽʚ [69]. 

ʄʦʜʫʣʴ ʢʦʦʨʜʠʥʘʮʽʾ ʥʘʜʘʻ ʧʝʨʝʚʘʛʫ ʩʘʤʝ ʛʦʨʠʟʦʥʪʘʣʴʥʦʤʫ 

ʤʘʩʰʪʘʙʫʚʘʥʥʶ, ʦʩʢʽʣʴʢʠ ʪʘʢʠʡ ʧʽʜʭʽʜ ʥʝ ʦʙʤʝʞʝʥʠʡ ʨʝʩʫʨʩʘʤʠ ʦʜʥʽʻʾ 

ʬʽʟʠʯʥʦʾ ʤʘʰʠʥʠ ʪʘ ʻ ʙʽʣʴʰ ʛʥʫʯʢʠʤ ʜʣʷ ʚʠʢʦʨʠʩʪʘʥʥʷ ʚ ʩʫʯʘʩʥʽʡ ʘʨʭʽʪʝʢʪʫʨʽ 

ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʤʽʢʨʦʩʝʨʚʽʩʽʚ. 

 

ʈʠʩʫʥʦʢ 3.11 ï ʇʦʨʽʚʥʷʥʥʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʪʠʧʽʚ ʤʘʩʰʪʘʙʫʚʘʥʴ 

ɼʣʷ ʨʝʘʣʽʟʘʮʽʾ ʟʘʧʨʦʧʦʥʦʚʘʥʦʛʦ ʤʝʪʦʜʫ ʤʦʞʥʘ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʷʢ 

ʜʞʝʨʝʣʘ ʽʩʪʦʨʠʯʥʠʭ ʜʘʥʠʭ ʫʪʠʣʽʟʘʮʽʾ ʟʘʩʪʦʩʫʥʢʽʚ, ʪʘʢ ʽ ʜʘʥʽ ʦʪʨʠʤʘʥʽ ʚ 

ʨʝʟʫʣʴʪʘʪʽ ʨʦʙʦʪʠ ʤʦʜʝʣʝʡ ʧʨʦʛʥʦʟʫʚʘʥʥʷ. ɯʩʪʦʨʠʯʥʽ ʜʘʥʽ ʧʝʨʝʜʘʶʪʴʩʷ ʜʦ 

ʤʦʜʫʣʷ ʛʦʨʠʟʦʥʪʘʣʴʥʦʛʦ ʫʧʨʘʚʣʽʥʥʷ, ʜʝ ʧʨʠʡʤʘʻʪʴʩʷ ʨʽʰʝʥʥʷ ʧʨʦ ʜʦʮʽʣʴʥʽʩʪʴ 

ʟʙʽʣʴʰʝʥʥʷ ʘʙʦ ʟʤʝʥʰʝʥʥʷ ʢʽʣʴʢʦʩʪʽ ʝʢʟʝʤʧʣʷʨʽʚ. ʅʘ ʚʭʽʜ ʤʦʜʫʣʷ 

ʛʦʨʠʟʦʥʪʘʣʴʥʦʛʦ ʫʧʨʘʚʣʽʥʥʷ ʪʘʢʦʞ ʧʦʜʘʻʪʴʩʷ ʽʥʬʦʨʤʘʮʽʷ ʧʨʦ ʧʦʪʦʯʥʽ ʟʘʧʠʪʠ 

ʥʘ ʨʝʩʫʨʩʠ Xly, l=1,é,m, y=1,é,h, ʜʝ m ï ʢʽʣʴʢʽʩʪʴ ʪʠʧʽʚ ʨʝʩʫʨʩʽʚ ʜʣʷ 

ʫʧʨʘʚʣʽʥʥʷ, h ï ʢʽʣʴʢʽʩʪʴ ʟʘʩʪʦʩʫʥʢʽʚ ʽ ʮʽʣʴʦʚʠʡ ʨʽʚʝʥʴ ʫʪʠʣʽʟʘʮʽʾ ʢʦʞʥʦʛʦ ʟ 

ʨʝʩʫʨʩʽʚ Tly, 0 < Tly  1. ʈʝʟʫʣʴʪʘʪʦʤ ʨʦʙʦʪʠ ʤʦʜʫʣʷ ʛʦʨʠʟʦʥʪʘʣʴʥʦʛʦ 

ʫʧʨʘʚʣʽʥʥʷ ʻ ʢʽʣʴʢʽʩʪʴ ʝʢʟʝʤʧʣʷʨʽʚ l-ʛʦ ʟʘʩʪʦʩʫʥʢʫ kl. ʇʨʠʢʣʘʜʦʤ ʪʘʢʦʛʦ 

ʤʦʜʫʣʷ ʻ HPA.  
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ɺ ʤʦʜʫʣʽ ʚʝʨʪʠʢʘʣʴʥʦʛʦ ʤʘʩʰʪʘʙʫʚʘʥʥʷ ʥʘ ʧʝʨʰʦʤʫ ʝʪʘʧʽ ʚʽʜʙʫʚʘʻʪʴʩʷ 

ʚʠʟʥʘʯʝʥʥʷ ʨʽʚʥʷ ʫʪʠʣʽʟʘʮʽʾ ʢʦʞʥʦʛʦ ʟ ʆʈ: 

 , 1,..., , 1,..., ,
Ĕ

ly

ly

ly

X
U l m y h

X
= = =  (3.5) 

ʜʝ Uly ï ʨʽʚʝʥʴ ʫʪʠʣʽʟʘʮʽʾ l-ʛʦ ʟʘʩʪʦʩʫʥʢʫ y-ʛʦ ʪʠʧʫ ʆʈ. 

ʅʘ ʦʩʥʦʚʽ ʚʩʪʘʥʦʚʣʝʥʠʭ ʮʽʣʴʦʚʠʭ ʨʽʚʥʽʚ ʫʪʠʣʽʟʘʮʽʾ Tly ʚʠʟʥʘʯʘʻʪʴʩʷ 

ʦʧʦʨʥʠʡ ʪʠʧ ʨʝʩʫʨʩʫ, ʥʘ ʦʩʥʦʚʽ ʷʢʦʛʦ ʚʽʜʙʫʚʘʣʦʩʷ ʛʦʨʠʟʦʥʪʘʣʴʥʝ 

ʤʘʩʰʪʘʙʫʚʘʥʥʷ: 

 

argmax( ), 1,..., , 1,..., ,
ly

pivot

ly

U
y l m y h

T
= = =

 
(3.6)

 

ʜʝ ypivot ï ʽʥʜʝʢʩ ʨʝʩʫʨʩʫ ʟ ʤʘʢʩʠʤʘʣʴʥʠʤ ʚʽʜʥʦʩʥʠʤ ʨʽʚʥʝʤ ʫʪʠʣʽʟʘʮʽʾ l-ʛʦ 

ʟʘʩʪʦʩʫʥʢʫ y-ʢʦʛʦ ʪʠʧʫ ʆʈ. ʅʘʩʪʫʧʥʠʤ ʢʨʦʢʦʤ ʚʽʜʙʫʚʘʻʪʴʩʷ ʦʮʽʥʢʘ ʥʝʦʙʭʽʜʥʠʭ 

ʦʙôʻʤʽʚ ʨʝʩʫʨʩʽʚ, ʷʢʽ ʥʝ ʻ ʦʧʦʨʥʠʤʠ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʮʽʣʴʦʚʠʭ ʨʽʚʥʽʚ ʫʪʠʣʽʟʘʮʽʾ 

Tly: 

0 1
Ĕ ({ ( ), ( )..., ( )}, ), 1... , 1... , 1... ,

,

ly ly ly ly n ly

pivot

X f X t X t X t T l m y h n N

y y

ë = = = =î
ì
¸îí  

(3.7)

 

ʜʝ ὢ  ï ʦʙʯʠʩʣʝʥʽ ʥʘ ʦʩʥʦʚʽ ʽʩʪʦʨʠʯʥʠʭ ʜʘʥʠʭ ʘʙʦ ʧʨʦʛʥʦʟʽʚ ʟʥʘʯʝʥʥʷ ʟʘʧʠʪʽʚ 

ʥʘ ʆʈ ʥʘ ʧʦʪʦʯʥʽʡ ʽʪʝʨʘʮʽʾ, ʜʣʷ Xly(t) ʚʽʜʙʫʚʘʻʪʴʩʷ ʧʝʨʝʭʽʜ ʚʽʜ ʩʢʘʣʷʨʥʦʛʦ 

ʟʥʘʯʝʥʥʷ ʜʦ ʬʫʥʢʮʽʾ, ʦʩʢʽʣʴʢʠ ʜʣʷ ʦʙʯʠʩʣʝʥʥʷ ʟʘʧʠʪʽʚ ʥʝʦʙʭʽʜʥʦ ʚʨʘʭʦʚʫʚʘʪʠ 

ʚʽʜʨʽʟʦʢ ʽʩʪʦʨʠʯʥʠʭ ʜʘʥʠʭ ʘʙʦ ʦʪʨʠʤʘʥʠʭ ʧʨʦʛʥʦʟʽʚ; f(x,y) ï ʬʫʥʢʮʽʷ 

ʦʙʯʠʩʣʝʥʥʷ ʟʘʧʠʪʽʚ. ɺ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʢʦʥʬʽʛʫʨʘʮʽʾ, ʜʣʷ ʮʽʻʾ ʬʫʥʢʮʽʾ ʤʦʞʫʪʴ 

ʟʘʩʪʦʩʦʚʫʚʘʪʠʩʷ ʨʽʟʥʽ ʤʝʪʦʜʠ ʦʧʪʠʤʽʟʘʮʽʾ. 

ʇʨʠ ʤʘʩʰʪʘʙʫʚʘʥʥʽ ʧʦ ʚʩʽʤ ʜʦʩʪʫʧʥʠʤ ʆʈ ʧʨʦʧʦʥʫʻʪʴʩʷ ʟʘʩʪʦʩʦʚʫʚʘʪʠ 

ʫʥʽʚʝʨʩʘʣʴʥʫ ʬʫʥʢʮʽʶ, ʨʝʟʫʣʴʪʘʪ ʷʢʦʾ ʛʘʨʘʥʪʫʻ ʢʦʨʝʢʪʥʫ ʨʦʙʦʪʫ ʟʘʩʪʦʩʫʥʢʽʚ ʪʘ 

ʢʦʤʧʦʥʝʥʪʽʚ ʤʘʩʰʪʘʙʫʚʘʥʥʷ: 

 
max( )

( , ) ,
x

f x u
u

=  (3.8) 

ʜʝ x ï ʚʝʢʪʦʨ ʟʥʘʯʝʥʴ ʚʠʢʦʨʠʩʪʘʥʥʷ ʆʈ, ʘ u ï ʮʽʣʴʦʚʝ ʟʥʘʯʝʥʥʷ ʡʦʛʦ ʫʪʠʣʽʟʘʮʽʾ.  

ʗʢʱʦ ypivot ̒  ʬʽʢʩʦʚʘʥʠʤ ʟʥʘʯʝʥʥʷʤ, ʪʦ ʤʦʞʫʪʴ ʟʘʩʪʦʩʦʚʫʚʘʪʠʩʷ ʥʘʩʪʫʧʥʽ 

ʦʧʪʠʤʽʟʘʮʽʾ. 
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ʂʦʞʝʥ ʪʠʧ ʆʈ ʤʘʻ ʩʚʦʶ ʩʧʝʮʠʬʽʢʫ ʫʧʨʘʚʣʽʥʥʷ. ʇʨʦʧʦʥʫʻʪʴʩʷ ʨʦʟʜʽʣʠʪʠ 

ʾʭ ʥʘ ʜʚʽ ʛʨʫʧʠ. ʇʝʨʰʘ ʛʨʫʧʘ ʚʢʣʶʯʘʻ ʪʠʧʠ ʨʝʩʫʨʩʽʚ, ʧʝʨʝʚʠʱʝʥʥʷ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʷʢʠʭ ʥʝ ʧʨʠʟʚʦʜʠʪʴ ʧʦ ʧʦʚʥʦʾ ʚʽʜʤʦʚʠ ʚʽʜ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ 

ʟʘʚʜʷʢʠ ʘʤʦʨʪʠʟʘʮʽʾ ʥʝʩʪʘʯʽ ʥʘ ʥʘʩʪʫʧʥʠʭ ʮʠʢʣʘʭ ʨʦʙʦʪʠ ʟʘʩʪʦʩʫʥʢʫ [74]. ʊʘʢʽ 

ʪʠʧʠ ʆʈ ʤʦʞʫʪʴ ʙʫʪʠ ʰʪʫʯʥʦ ʦʙʤʝʞʝʥʽ ʟ ʤʝʪʦʶ ʜʦʪʨʠʤʘʥʥʷ ʚʩʪʘʥʦʚʣʝʥʠʭ 

ʚʠʤʦʛ. ʅʘʧʨʠʢʣʘʜ, ʜʣʷ CPU ʨʝʩʫʨʩʫ ʟʘʩʪʦʩʫʥʢʫ ʙʫʜʝ ʥʘʜʘʚʘʪʠʩʷ ʣʠʰʝ 

ʚʩʪʘʥʦʚʣʝʥʠʡ ʯʘʩ ʨʦʙʦʪʠ ʥʘ ʷʜʨʽ ʧʨʦʮʝʩʦʨʘ, ʘ ʚʩʽ ʦʧʝʨʘʮʽʾ, ʷʢʽ ʚʠʭʦʜʷʪʴ ʟʘ 

ʤʝʞʽ, ʙʫʜʫʪʴ ʚʠʢʦʥʘʥʽ ʚ ʥʘʩʪʫʧʥʦʤʫ ʧʝʨʽʦʜʽ ʨʦʙʦʪʠ [75]. ʉʭʦʞʠʡ ʧʨʠʥʮʠʧ 

ʨʦʙʦʪʠ ʤʘʻ ʤʝʨʝʞʝʚʠʡ ʨʝʩʫʨʩ, ʚ ʷʢʽʡ ʩʪʚʦʨʶʻʪʴʩʷ ʯʝʨʛʘ ʟ ʧʘʢʝʪʽʚ ʥʘ ʚʽʜʧʨʘʚʢʫ. 

ɼʣʷ ʆʈ ʟ ʧʝʨʰʦʾ ʛʨʫʧʠ ʧʨʦʧʦʥʫʻʪʴʩʷ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʟʘʜʘʥʠʡ ʧʝʨʮʝʥʪʠʣʴ 

ʧʨʠ ʦʙʯʠʩʣʝʥʥʽ ʟʘʧʠʪʽʚ: 

 1( , ) ( 1) ,
100

sorted

p
f x p x n

è øè ø
= Ö -é ùé ù

é ùê ú
 (3.9) 

ʜʝ x ï ʚʝʢʪʦʨ ʟʥʘʯʝʥʴ ʚʠʢʦʨʠʩʪʘʥʥʷ ʜʝʷʢʦʛʦ ʆʈ, n ï ʜʦʚʞʠʥʘ ʚʝʢʪʦʨʫ x, ʘ p ï 

ʮʽʣʴʦʚʠʡ ʧʝʨʮʝʥʪʠʣʴ ʫʪʠʣʽʟʘʮʽʾ. ɿʘʧʨʦʧʦʥʦʚʘʥʘ ʦʧʪʠʤʽʟʘʮʽʷ ʤʦʞʝ ʙʫʪʠ 

ʢʦʨʠʩʥʦʶ ʧʨʠ ʥʘʷʚʥʦʩʪʽ ʢʦʨʦʪʢʦʯʘʩʥʠʭ ʧʽʢʦʚʠʭ ʟʥʘʯʝʥʴ ʫ ʥʘʚʘʥʪʘʞʝʥʥʽ 

ʟʘʩʪʦʩʫʥʢʫ. ʇʝʨʮʝʥʪʠʣʴ ʜʦʟʚʦʣʷʻ ʦʙʯʠʩʣʠʪʠ ʪʘʢʽ ʟʘʧʠʪʠ, ʷʢʽ ʧʦʢʨʠʚʘʪʠʤʫʪʴ 

ʙʽʣʴʰʽʩʪʴ ʥʘʷʚʥʠʭ ʩʮʝʥʘʨʽʾʚ ʥʘʚʘʥʪʘʞʝʥʥʷ ʪʘ ʜʦʟʚʦʣʷʪʴ ʫʥʠʢʥʫʪʠ ʥʘʜʤʽʨʥʦʛʦ 

ʨʝʟʝʨʚʫʚʘʥʥʷ ʨʝʩʫʨʩʽʚ. 

3.2.3 ɽʢʩʧʝʨʠʤʝʥʪʘʣʴʥ ̔ ʜʦʩʣʽʜʞʝʥʥʷ ʛʦʨʠʟʦʥʪʘʣʴʥʦ-ʚʝʨʪʠʢʘʣʴʥʦʛʦ 

ʤʝʪʦʜʫ 

ɼʣʷ ʦʮʽʥʢʠ ʝʬʝʢʪʠʚʥʦʩʪʽ ʟʘʧʨʦʧʦʥʦʚʘʥʦʛʦ ʤʝʪʦʜʫ ʧʨʦʚʦʜʠʪʴʩʷ 

ʤʦʜʝʣʶʚʘʥʥʷ ʨʦʙʦʪʠ ʟʘʩʪʦʩʫʥʢʫ, ʷʢʠʡ ʤʘʩʰʪʘʙʫʻʪʴʩʷ ʷʢ ʛʦʨʠʟʦʥʪʘʣʴʥʦ, ʪʘʢ ʽ 

ʚʝʨʪʠʢʘʣʴʥʦ. ʇʨʦʚʝʜʝʥʥʷ ʝʢʩʧʝʨʠʤʝʥʪʽʚ ʥʘ Kubernetes ʽʥʬʨʘʩʪʨʫʢʪʫʨʽ 

ʫʩʢʣʘʜʥʶʻʪʴʩʷ ʪʠʤ ʬʘʢʪʦʤ, ʱʦ ʜʣʷ ʦʥʦʚʣʝʥʥʷ ʟʘʧʠʪʽʚ ʜʣʷ ʟʘʩʪʦʩʫʥʢʫ 

ʥʝʦʙʭʽʜʥʦ ʧʝʨʝʟʘʧʫʩʪʠʪʠ ʚʩʽ ʡʦʛʦ ʝʢʟʝʤʧʣʷʨʠ. ʅʘ ʨʝʘʣʴʥʽʡ ʽʥʬʨʘʩʪʨʫʢʪʫʨʽ ʮʝ 

ʜʦʩʷʛʘʻʪʴʩʷ ʰʣʷʭʦʤ ʧʦʩʪʫʧʦʚʦʛʦ ʧʝʨʝʟʘʧʫʩʢʫ ʢʦʞʥʦʛʦ ʟ ʝʢʟʝʤʧʣʷʨʽʚ, ʱʦ ʥʝ 

ʚʠʤʘʛʘʻ ʩʫʪʪʻʚʠʭ ʜʦʜʘʪʢʦʚʠʭ ʦʙôʻʤʽʚ ʆʈ ʪʘ ʥʝ ʚʧʣʠʚʘʻ ʥʘ ʤʝʪʨʠʢʠ QoS. 

ʄʦʜʝʣʶʚʘʥʥʷ ʚʽʜʙʫʚʘʻʪʴʩʷ ʟʘʩʦʙʘʤʠ Python ʪʘ ʙʽʙʣʽʦʪʝʢʠ Pandas. ʄʦʜʝʣʴ 
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ʛʦʨʠʟʦʥʪʘʣʴʥʦʛʦ ʤʘʩʰʪʘʙʫʚʘʥʥʷ ʘʥʘʣʦʛʽʯʥʘ ʜʦ HPA, ʘ ʩʘʤʝ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ 

ʨʝʘʢʪʠʚʥʠʡ ʧʽʜʭʽʜ, ʚʠʟʥʘʯʘʶʪʴʩʷ ʮʽʣʴʦʚʽ ʨʽʚʥʽ ʫʪʠʣʽʟʘʮʽʾ ʜʣʷ ʧʨʦʮʝʩʦʨʥʦʛʦ 

ʯʘʩʫ ʪʘ ʧʘʤôʷʪʽ, ʘ ʧʝʨʝʦʮʽʥʢʘ ʟʘʧʠʪʽʚ ʚʽʜʙʫʚʘʻʪʴʩʷ ʟ ʧʝʨʽʦʜʠʯʥʽʩʪʶ ʚ 100 ʩ, ʱʦ 

ʻ ʚʽʜʦʙʨʘʞʝʥʥʷʤ ʧʝʨʽʦʜʠʯʥʦʩʪʽ ʟʙʦʨʫ ʪʘ ʘʛʨʝʛʘʮʽʾ ʤʝʪʨʠʢ ʚ ʨʝʘʣʴʥʦʤʫ 

ʢʣʘʩʪʝʨʽ. 

ʇʝʨʰʠʡ ʝʢʩʧʝʨʠʤʝʥʪ ʧʝʨʝʚʽʨʷ ̒ʨʦʙʦʪʫ ʟʘʧʨʦʧʦʥʦʚʘʥʦʛʦ ʤʝʪʦʜʫ, ʢʦʣʠ 

ʦʧʦʨʥʠʤ ʨʝʩʫʨʩʦʤ, ʧʦ ʷʢʦʤʫ ʚʽʜʙʫʚʘʻʪʴʩʷ ʛʦʨʠʟʦʥʪʘʣʴʥʝ ʤʘʩʰʪʘʙʫʚʘʥʥʷ ʻ 

ʧʨʦʮʝʩʦʨʥʠʡ ʯʘʩ. ɺʽʜʧʦʚʽʜʥʦ ʚʝʨʪʠʢʘʣʴʥʦ ʤʘʩʰʪʘʙʫʻʪʴʩʷ ʧʘʤôʷʪʴ. ɺ ʧʝʨʰʦʤʫ 

ʜʦʩʣʽʜʞʝʥʥʽ ʩʫʤʘʨʥʝ ʥʘʚʘʥʪʘʞʝʥʥʷ ʟ ʧʝʨʽʦʜʠʯʥʽʩʪʶ 1000 ʩ ʢʦʣʠʚʘʻʪʴʩʷ ʚʽʜ 200 

ʤʽʣʽʢʦʨʽʚ ʜʦ 1200 ʤʽʣʽʢʦʨʽʚ, ʘ ʚʩʪʘʥʦʚʣʝʥʽ ʟʘʧʠʪʠ ʥʘ ʧʨʦʮʝʩʦʨʥʠʡ ʯʘʩ 

ʩʪʘʥʦʚʣʷʪʴ 250 ʤʽʣʽʢʦʨʽʚ ʧʨʠ ʮʽʣʴʦʚʦʤʫ ʨʽʚʥʽ ʫʪʠʣʽʟʘʮʽʾ 90%. ʊʘʢʠʤ ʯʠʥʦʤ 

ʟʘʩʪʦʩʫʥʦʢ ʤʘʩʰʪʘʙʫʻʪʴʩʷ ʚʽʜ ʜʚʦʭ ʜʦ ʧôʷʪʠ ʝʢʟʝʤʧʣʷʨʽʚ. ʅʘ ʨʠʩ. 3.11 

ʟʦʙʨʘʞʝʥʦ ʛʨʘʬʽʢ ʥʘʚʘʥʪʘʞʝʥʥʷ ʪʘ ʢʽʣʴʢʦʩʪʽ ʝʢʟʝʤʧʣʷʨʽʚ ʜʣʷ ʡʦʛʦ ʦʙʨʦʙʢʠ. 

ʊʘʢʦʞ ʥʘ ʨʠʩ. 3.12 ʤʦʞʥʘ ʧʦʙʘʯʠʪʠ ʟʘʪʨʠʤʢʫ ʤʘʩʰʪʘʙʫʚʘʥʥʷ ʧʨʠ ʧʦʷʚʽ 

ʥʘʚʘʥʪʘʞʝʥʥʷ ʽ ʚʽʜʧʦʚʽʜʥʦ ʟʘʪʨʠʤʢʫ ʧʝʨʝʜ ʟʤʝʥʰʝʥʥʷʤ ʢʽʣʴʢʦʩʪʽ ʝʢʟʝʤʧʣʷʨʽʚ, 

ʱʦ ʚʽʜʧʦʚʽʜʘʻ ʧʦʚʝʜʽʥʮʽ HPA. 

 

ʈʠʩʫʥʦʢ 3.12 ï ɻʦʨʠʟʦʥʪʘʣʴʥʝ ʤʘʩʰʪʘʙʫʚʘʥʥʷ ʟʘʩʪʦʩʫʥʢʫ ʧʦ ʧʨʦʮʝʩʦʨʥʦʤʫ 

ʯʘʩʫ 

ʇʦʯʘʪʢʦʚʘ ʢʦʥʬʽʛʫʨʘʮʽʷ ʟʘʧʠʪʽʚ ʧʘʤôʷʪʽ ʥʝ ʻ ʦʧʪʠʤʘʣʴʥʦʶ ʪʘ ʩʪʘʥʦʚʠʪʴ 

100 ʄʙ. ʇʨʠ ʮʴʦʤʫ ʚ ʤʦʜʝʣʽ ʚʨʘʭʦʚʫʻʪʴʩʷ, ʱʦ ʢʦʞʝʥ ʝʢʟʝʤʧʣʷʨ ʤʘʻ ʧʦʩʪʽʡʥʫ 

ʩʢʣʘʜʦʚʫ ʚʠʢʦʨʠʩʪʘʥʥʷ ʧʘʤôʷʪʽ ʪʘ ʪʘʢʫ, ʱʦ ʟʘʣʝʞʠʪʴ ʚʽʜ ʥʘʚʘʥʪʘʞʝʥʥʷ. 
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ɺʽʜʧʦʚʽʜʥʦ ʥʘ ʧʝʨʰʠʭ ʜʚʦʭ ʧʝʨʽʦʜʘʭ ʨʦʙʦʪʠ ʫʪʠʣʽʟʘʮʽʷ ʧʘʤôʷʪʽ ʩʪʘʥʦʚʠʪʴ 50%. 

ʇʽʩʣʷ ʪʦʛʦ, ʷʢ ʢʦʤʧʦʥʝʥʪ ʦʪʨʠʤʘʚ ʜʦʩʪʘʪʥʶ ʢʽʣʴʢʽʩʪʴ ʜʘʥʠʭ, ʘ ʩʘʤʝ ʧʨʦʪʷʛʦʤ 

2000 ʩ, ʚʽʜʙʫʚʘʻʪʴʩʷ ʤʘʩʰʪʘʙʫʚʘʥʥʷ ʚʥʠʟ ʜʣʷ ʟʘʧʠʪʽʚ ʥʘ ʧʘʤôʷʪʴ ʜʦ ʮʽʣʴʦʚʦʛʦ 

ʨʽʚʥʷ 90%. ʅʘ ʯʝʪʚʝʨʪʦʤʫ ʧʝʨʽʦʜʽ ʨʦʙʦʪʠ ʟôʷʚʣʷʻʪʴʩʷ ʘʥʦʤʘʣʴʥʠʡ ʧʽʢ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʧʘʤôʷʪʽ ʽ ʢʦʤʧʦʥʝʥʪ ʚʝʨʪʠʢʘʣʴʥʦʛʦ ʤʘʩʰʪʘʙʫʚʘʥʥʷ ʚʽʜʧʦʚʽʜʥʦ 

ʨʝʘʛʫʻ ʟʙʽʣʴʰʝʥʥʷʤ ʟʘʧʠʪʽʚ ʥʘ ʧʘʤôʷʪʴ. ʇʽʩʣʷ ʜʚʦʭ ʧʝʨʽʦʜʽʚ ʥʠʟʴʢʦʛʦ ʨʽʚʥʷ 

ʫʪʠʣʽʟʘʮʽʾ ʟʥʦʚʫ ʚʽʜʙʫʚʘʻʪʴʩʷ ʤʘʩʰʪʘʙʫʚʘʥʥʷ ʧʘʤôʷʪʽ ʚʥʠʟ ʜʦ ʨʽʚʥʷ ʫʪʠʣʽʟʘʮʽʾ 

90% ʧʨʦʪʷʛʦʤ ʜʚʦʭ ʦʩʪʘʥʥʽʭ ʧʝʨʽʦʜʽʚ ʨʦʙʦʪʠ. ʈʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʥʷ 

ʟʦʙʨʘʞʝʥʽ ʥʘ ʨʠʩ. 3.13. 

 

ʈʠʩʫʥʦʢ 3.13 ï ɺʝʨʪʠʢʘʣʴʥʝ ʤʘʩʰʪʘʙʫʚʘʥʥʷ ʟʘʧʠʪʽʚ ʧʘʤôʷʪʽ  

ʅʘʩʪʫʧʥʠʡ ʝʢʩʧʝʨʠʤʝʥʪ ʥʘʮʽʣʝʥʠʡ ʥʘ ʦʮʽʥʢʫ ʨʦʙʦʪʠ ʤʝʪʦʜʫ, ʢʦʣʠ 

ʛʦʨʠʟʦʥʪʘʣʴʥʝ ʤʘʩʰʪʘʙʫʚʘʥʥʷ ʚʽʜʙʫʚʘʻʪʴʩʷ ʧʦ ʧʘʤôʷʪʽ, ʘ ʚʝʨʪʠʢʘʣʴʥʝ 

ʤʘʩʰʪʘʙʫʻʪʴʩʷ ʧʨʦʮʝʩʦʨʥʠʡ ʯʘʩ. ʅʘ ʨʠʩ. 3.14 ʟʦʙʨʘʞʝʥʝ ʥʘʚʘʥʪʘʞʝʥʥʷ ʥʘ 

ʟʘʩʪʦʩʫʥʦʢ, ʘ ʪʘʢʦʞ ʢʽʣʴʢʽʩʪʴ ʝʢʟʝʤʧʣʷʨʽʚ ʟʘʩʪʦʩʫʥʢʫ. ʈʽʟʥʠʮʷ ʫ ʧʦʨʽʚʥʷʥʥʽ ʟ 

ʧʝʨʰʠʤ ʝʢʩʧʝʨʠʤʝʥʪʦʤ ʧʦʣʷʛʘʻ ʫ ʚʠʢʦʨʠʩʪʘʥʥ ̔ʪʠʧʫ ʨʝʩʫʨʩʫ, ʧʝʨʝʚʠʱʝʥʥʷ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʷʢʦʛʦ ʥʝ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʘʚʘʨʽʡʥʦʛʦ ʟʘʚʝʨʰʝʥʥʷ ʟʘʩʪʦʩʫʥʢʫ. 

ɺʽʜʧʦʚʽʜʥʦ ʜʦ ʨʽʚʥʷʥʥʷ (3.9) ʨʦʟʨʘʭʫʥʦʢ ʦʧʪʠʤʘʣʴʥʦʛʦ ʟʥʘʯʝʥʥʷ ʟʘʧʠʪʽʚ ʜʣʷ 

ʧʨʦʮʝʩʦʨʥʦʛʦ ʯʘʩʫ ʚʽʜʙʫʚʘʻʪʴʩʷ ʥʘ ʦʩʥʦʚʽ ʚʢʘʟʘʥʦʛʦ ʧʝʨʮʝʥʪʠʣʷ, ʱʦ ʜʦʟʚʦʣʷʻ 

ʝʬʝʢʪʠʚʥʦ ʫʪʠʣʽʟʦʚʫʚʘʪʠ ʆʈ. 
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ʈʠʩʫʥʦʢ 3.14 ï ɻʦʨʠʟʦʥʪʘʣʴʥʝ ʤʘʩʰʪʘʙʫʚʘʥʥʷ ʟʘʩʪʦʩʫʥʢʫ ʧʦ ʧʘʤôʷʪʽ 

ʅʘ ʨʠʩ. 3.15 ʚʽʜʦʙʨʘʞʝʥʽ ʨʝʟʫʣʴʪʘʪʠ ʚʝʨʪʠʢʘʣʴʥʦ ʤʘʩʰʪʘʙʫʚʘʥʥʷ. ɼʣʷ 

ʦʙʨʘʭʫʥʢʫ ʟʘʧʠʪʽʚ ʥʘ ʧʨʦʮʝʩʦʨʥʠʡ ʯʘʩ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ 95 ʧʝʨʮʝʥʪʠʣʴ. ʅʘ 

ʨʠʩ. 3.15 ʤʦʞʥʘ ʧʦʙʘʯʠʪʠ ʘʥʘʣʦʛʽʯʥʫ ʨʦʙʦʪʫ ʧʦ ʤʘʩʰʪʘʙʫʚʘʥʥʶ ʚʥʠʟ ʪʘ ʚʛʦʨʫ 

ʽ ʚʽʜʧʦʚʽʜʥʠʭ ʩʠʪʫʘʮʽʷʭ. ʈʽʟʥʠʮʷ ʟ ʧʝʨʰʠʤ ʝʢʩʧʝʨʠʤʝʥʪʦʤ ʧʦʣʷʛʘʻ ʚ ʚʠʱʦʤʫ 

ʨʽʚʥʽ ʫʪʠʣʽʟʘʮʽʾ ʨʝʩʫʨʩʫ, ʱʦ ʤʘʩʰʪʘʙʫʻʪʴʩʷ ʚʝʨʪʠʢʘʣʴʥʦ. 

 

ʈʠʩʫʥʦʢ 3.15 ï ɺʝʨʪʠʢʘʣʴʥʝ ʤʘʩʰʪʘʙʫʚʘʥʥʷ ʟʘʧʠʪʽʚ ʥʘ ʧʨʦʮʝʩʦʨʥʠʡ ʯʘʩ 

ʆʩʪʘʥʥʽʡ ʝʢʩʧʝʨʠʤʝʥʪ ʥʘʮʽʣʝʥʠʡ ʥʘ ʦʮʽʥʢʫ ʝʬʝʢʪʠʚʥʦʩʪʽ ʚ ʟʘʣʝʞʥʦʩʪʽ 

ʚʽʜ ʜʦʚʞʠʥʠ ʽʩʪʦʨʠʯʥʠʭ ʜʘʥʠʭ, ʱʦ ʚʨʘʭʦʚʫʶʪʴʩʷ ʧʨʠ ʚʝʨʪʠʢʘʣʴʥʦʤʫ 

ʤʘʩʰʪʘʙʫʚʘʥʥʽ. ɻʦʨʠʟʦʥʪʘʣʴʥʝ ʤʘʩʰʪʘʙʫʚʘʥʥʷ ʚʽʜʙʫʚʘʻʪʴʩʷ ʧʦ ʧʘʤôʷʪʽ ʟ 

ʧʝʨʽʦʜʠʯʥʽʩʪʶ 1000 ʩ, ʱʦ ʟʦʙʨʘʞʝʥʦ ʥʘ ʨʠʩ. 3.16. 
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ʈʠʩʫʥʦʢ 3.16 ï ɻʦʨʠʟʦʥʪʘʣʴʥʝ ʤʘʩʰʪʘʙʫʚʘʥʥʷ ʟʘʩʪʦʩʫʥʢʫ ʧʦ ʧʘʤôʷʪʽ 

ʅʘ ʨʠʩ. 3.17 ʟʦʙʨʘʞʝʥʦ ʨʝʟʫʣʴʪʘʪʠ ʨʦʙʦʪʠ ʢʦʤʧʦʥʝʥʪʘ ʚʝʨʪʠʢʘʣʴʥʦʛʦ 

ʤʘʩʰʪʘʙʫʚʘʥʥʷ, ʘ ʨʦʟʤʽʨ ʽʩʪʦʨʠʯʥʠʭ ʜʘʥʠʭ, ʱʦ ʙʝʨʫʪʴʩʷ ʜʦ ʫʚʘʛʠ, ʩʪʘʥʦʚʠʪʴ 

1000 ʩ. ʎʽʣʴʦʚʘ ʫʪʠʣʽʟʘʮʽʷ ʧʨʦʮʝʩʦʨʥʦʛʦ ʯʘʩʫ ʩʪʘʥʦʚʠʪʴ 95%. 

 

ʈʠʩʫʥʦʢ 3.17 ï ɺʝʨʪʠʢʘʣʴʥʝ ʤʘʩʰʪʘʙʫʚʘʥʥʷ ʟʘʩʪʦʩʫʥʢʫ ʧʦ ʧʨʦʮʝʩʦʨʥʦʤʫ 

ʯʘʩʫ ʟ ʜʦʚʞʠʥʦʶ ʽʩʪʦʨʠʯʥʠʭ ʜʘʥʠʭ 1000 ʩ 

ɸʥʘʣʦʛʽʯʥʠʡ ʝʢʩʧʝʨʠʤʝʥʪ ʟʦʙʨʘʞʝʥʠʡ ʥʘ ʨʠʩ. 3.18, ʘʣʝ ʨʦʟʤʽʨ 

ʽʩʪʦʨʠʯʥʠʭ ʜʘʥʠʭ ʟʙʽʣʴʰʝʥʠʡ ʜʦ 4000 ʩ. ɿʙʽʣʴʰʝʥʥʷ ʜʦʚʞʠʥʠ ʽʩʪʦʨʠʯʥʠʭ 

ʜʘʥʠʭ, ʱʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʜʣʷ ʦʙʯʠʩʣʝʥʥʷ ʦʧʪʠʤʘʣʴʥʦʾ ʢʦʥʬʽʛʫʨʘʮʽʾ ʆʈ 

ʜʦʟʚʦʣʠʪʴ ʚʨʘʭʦʚʫʚʘʪʠ ʜʦʚʰʽ ʰʘʙʣʦʥʠ ʽ ʩʝʟʦʥʥʦʩʪʽ ʥʘʚʘʥʪʘʞʝʥʥʷ, ʱʦ 

ʥʝʦʙʭʽʜʥʠʤ ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʥʝʦʙʭʽʜʥʦʛʦ ʨʽʚʥʷ ʷʢʦʩʪʽ ʧʦʩʣʫʛ. 
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ʈʠʩʫʥʦʢ 3.18 ï ɺʝʨʪʠʢʘʣʴʥʝ ʤʘʩʰʪʘʙʫʚʘʥʥʷ ʟʘʩʪʦʩʫʥʢʫ ʧʦ ʧʨʦʮʝʩʦʨʥʦʤʫ 

ʯʘʩʫ ʟ ʜʦʚʞʠʥʦʶ ʽʩʪʦʨʠʯʥʠʭ ʜʘʥʠʭ 4000 ʩ 

ʈʝʟʫʣʴʪʘʪʠ ʧʦʢʘʟʫʶʪʴ, ʱʦ ʤʘʩʰʪʘʙʫʚʘʥʥʷ ʚʽʜʙʫʚʘʻʪʴʩʷ ʟʽ ʟʥʘʯʥʦ 

ʤʝʥʰʠʤ ʧʝʨʽʦʜʦʤ, ʱʦ ʟ ʦʜʥʦʛʦ ʙʦʢʫ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʤʝʥʰʦʾ ʝʬʝʢʪʠʚʥʦʩʪʽ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʨʝʩʫʨʩʽʚ, ʘ ʟ ʽʥʰʦʛʦ ʜʦ ʢʨʘʱʠʭ ʧʦʢʘʟʥʠʢʽʚ QoS ʧʨʠ ʧʽʢʦʚʠʭ 

ʥʘʚʘʥʪʘʞʝʥʥʷʭ. ʇʨʦʚʝʜʝʥʠʡ ʝʢʩʧʝʨʠʤʝʥʪ ʜʝʤʦʥʩʪʨʫʻ ʤʦʞʣʠʚʽʩʪʴ ʘʜʘʧʪʫʚʘʪʠ 

ʨʦʟʨʦʙʣʝʥʠʡ ʤʝʪʦʜ ʧʽʜ ʚʩʪʘʥʦʚʣʝʥʽ ʚʠʤʦʛʠ SLA. 

ɼʘʣʽ ʧʨʦʚʦʜʠʪʴʩʷ ʧʦʨʽʚʥʷʥʥʷ ʫʪʠʣʽʟʘʮʽʾ ʧʨʦʮʝʩʦʨʥʦʛʦ ʯʘʩʫ ʧʨʠ 

ʩʪʘʪʠʯʥʠʭ ʽ ʜʠʥʘʤʽʯʥʠʭ ʟʘʧʠʪʘʭ, ʱʦ ʟʦʙʨʘʞʝʥʦ ʥʘ ʨʠʩ. 3.19. ʋʪʠʣʽʟʘʮʽʷ ʧʨʠ 

ʩʪʘʪʠʯʥʠʭ ʟʘʧʠʪʘʭ ʚ ʩʝʨʝʜʥʴʦʤʫ ʩʪʘʥʦʚʠʪʴ 60%. ʇʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ ʜʠʥʘʤʽʯʥʠʭ 

ʟʘʧʠʪʽʚ ʩʝʨʝʜʥʷ ʫʪʠʣʽʟʘʮʽʷ ʩʪʘʥʦʚʠʪʴ 90%.  

 

ʈʠʩʫʥʦʢ 3.19 ï ʇʦʨʽʚʥʷʥʥʷ ʫʪʠʣʽʟʘʮʽʾ ʨʝʩʫʨʩʽʚ ʧʨʠ ʩʪʘʪʠʯʥʦʤʫ ʽ ʜʠʥʘʤʽʯʥʦʤʫ 

ʫʧʨʘʚʣʽʥʥʽ 
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ʈʽʚʝʥʴ QoS ʚ ʜʘʥʦʤʫ ʚʠʧʘʜʢʫ ʟʘʣʝʞʠʪʴ ʚʽʜ ʙʘʛʘʪʴʦʭ ʽʥʰʠʭ ʬʘʢʪʦʨʽʚ, 

ʟʦʢʨʝʤʘ ʨʽʚʝʥʴ ʚʩʪʘʥʦʚʣʝʥʠʭ ʣʽʤʽʪʽʚ. ʇʨʠ ʮʴʦʤʫ ʚʠʢʦʨʠʩʪʘʥʥʷ ʩʪʘʪʠʯʥʠʭ 

ʟʘʧʠʪʽʚ, ʥʘ ʨʽʚʥʽ 95 ʧʝʨʮʝʥʪʠʣʷ, ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʥʠʟʴʢʦʛʦ ʨʽʚʥʷ ʫʪʠʣʽʟʘʮʽʾ ʚʽʜ 

30% ʜʦ 90% ʚ ʥʘʚʝʜʝʥʠʭ ʫʤʦʚʘʭ.  

ʆʙʩʷʛ ʚʠʜʽʣʝʥʦʛʦ ʧʨʦʮʝʩʦʨʥʦʛʦ ʯʘʩʫ ʧʨʠ ʜʠʥʘʤʽʯʥʠʭ ʟʘʧʠʪʘʭ ʫ 

ʧʦʨʽʚʥʷʥʥʽ ʟʽ ʩʪʘʪʠʯʥʠʤʠ ʻ ʤʝʥʰʠʤ ʥʘ 65%. ʇʨʦʚʝʜʝʥʽ ʝʢʩʧʝʨʠʤʝʥʪʠ ʻ 

ʤʦʜʝʣʶʚʘʥʥʷʤ ʽ ʥʘ ʨʝʘʣʴʥʽʡ ʽʥʬʨʘʩʪʨʫʢʪʫʨʽ ʨʝʟʫʣʴʪʘʪʠ ʤʦʞʫʪʴ ʟʥʘʯʥʦ 

ʚʽʜʨʽʟʥʷʪʠʩʷ, ʧʨʦʪʝ ʚʦʥʠ ʜʦʟʚʦʣʷʶʪʴ ʦʮʽʥʠʪʠ ʪʝʦʨʝʪʠʯʥʫ ʤʦʞʣʠʚʽʩʪʴ 

ʟʘʩʪʦʩʫʚʘʥʥʷ ʨʦʟʨʦʙʣʝʥʦʛʦ ʤʝʪʦʜʫ. 

ɺʠʩʥʦʚʢʠ ʜʦ ʨʦʟʜʽʣʫ 3 

ɺ ʨʦʟʜʽʣʽ ʜʦʚʝʜʝʥʦ ʥʝʦʙʭʽʜʥʽʩʪʴ ʚʠʢʦʨʠʩʪʘʥʥʷ ʛʽʙʨʠʜʥʠʭ ʤʝʪʦʜʽʚ 

ʤʘʩʰʪʘʙʫʚʘʥʥʷ. ʈʦʟʛʣʷʥʫʪ ̔ ʽʩʥʫʶʯʽ ʢʦʤʙʽʥʦʚʘʥʽ ʤʝʪʦʜʠ ʤʘʩʰʪʘʙʫʚʘʥʥʷ ʽ 

ʤʝʪʦʜʠ ʢʦʤʙʽʥʘʮʽʾ ʜʣʷ ʛʽʙʨʠʜʥʠʭ ʨʽʰʝʥʴ. 

ɿʘʧʨʦʧʦʥʦʚʘʥʦ ʢʦʤʙʽʥʦʚʘʥʠʡ ʤʝʪʦʜ, ʷʢʠʡ ʚʢʣʶʯʘʻ ʨʝʘʢʪʠʚʥʠʡ ʽ 

ʧʨʦʘʢʪʠʚʥʠʡ ʢʦʤʧʦʥʝʥʪ ʜʣʷ ʧʦʢʨʘʱʝʥʥʷ ʩʪʽʡʢʦʩʪʽ ʧʨʦʘʢʪʠʚʥʦʛʦ ʧʽʜʭʦʜʫ ʜʦ 

ʘʥʦʤʘʣʴʥʠʭ ʥʘʚʘʥʪʘʞʝʥʴ ʽ ʨʦʙʦʪʠ ʚ ʫʤʦʚʘʭ ʧʦʚʥʦʾ ʘʙʦ ʯʘʩʪʢʦʚʦʾ ʚʽʜʩʫʪʥʦʩʪʽ 

ʜʘʥʠʭ. ɿʘʧʨʦʧʦʥʦʚʘʥʠʡ ʤʝʪʦʜ ʧʝʨʝʚʽʨʝʥʦ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʤ ʰʣʷʭʦʤ ʽ 

ʧʨʦʜʝʤʦʥʩʪʨʦʚʘʥʦ ʝʬʝʢʪʠʚʥʽʩʪʴ ʜʘʥʦʾ ʢʦʤʙʽʥʘʮʽʾ. 

ʇʨʦʘʥʘʣʽʟʦʚʘʥʦ ʥʝʜʦʣʽʢʠ ʛʦʨʠʟʦʥʪʘʣʴʥʦʛʦ ʤʘʩʰʪʘʙʫʚʘʥʥʷ ʷʢ ʜʣʷ 

ʧʨʦʘʢʪʠʚʥʦʛʦ, ʪʘʢ ʽ ʨʝʘʢʪʠʚʥʦʛʦ ʧʽʜʭʦʜʽʚ. ʅʘ ʦʩʥʦʚʽ ʘʥʘʣʽʟʫ ʟʘʧʨʦʧʦʥʦʚʘʥʦ 

ʢʦʤʙʽʥʘʮʽʶ ʚʝʨʪʠʢʘʣʴʥʦʛʦ ʽ ʛʦʨʠʟʦʥʪʘʣʴʥʦʛʦ ʤʘʩʰʪʘʙʫʚʘʥʥʷ. 

ɽʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʜʦʚʝʜʝʥʦ, ʱʦ ʟʘʜʣʷ ʫʟʛʦʜʞʝʥʥʷ ʨʦʙʦʪʠ ʢʦʤʧʦʥʝʥʪʽʚ 

ʜʦʮʽʣʴʥʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʢʦʦʨʜʠʥʘʪʦʨ. ɼʣʷ ʦʮʽʥʢʠ ʝʬʝʢʪʠʚʥʦʩʪʽ 

ʟʘʧʨʦʧʦʥʦʚʘʥʦʛʦ ʤʝʪʦʜʫ ʧʨʦʚʝʜʝʥʦ ʩʠʤʫʣʷʮʽʶ ʨʦʙʦʪʠ ʟʘʩʪʦʩʫʥʢʫ. ʈʝʟʫʣʴʪʘʪʠ 

ʝʢʩʧʝʨʠʤʝʥʪʽʚ ʜʝʤʦʥʩʪʨʫʶʪʴʩʷ ʟʤʝʥʰʝʥʥʷ ʨʝʟʝʨʚʫʚʘʥʥʷ ʦʙôʻʤʫ ʆʈ ʥʘ 65% ʚ 

ʤʦʜʝʣʶʚʘʥʥʽ ʪʘ ʧʽʜʪʚʝʨʜʞʫʶʪʴ ʜʦʮʽʣʴʥʽʩʪʴ ʚʠʢʦʨʠʩʪʘʥʥʷ ʛʽʙʨʠʜʥʠʭ ʤʝʪʦʜʽʚ 

ʤʘʩʰʪʘʙʫʚʘʥʥʷ.  
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4 ʈʆɿʈʆɹʂɸ ɯʅʌʆʈʄɸʎɯʁʅʆɰ ʊɽʍʅʆʃʆɻɯɰ ʋʇʈɸɺʃɯʅʅʗ 

ʆɹʏʀʉʃʖɺɸʃʔʅʀʄʀ ʈɽʉʋʈʉɸʄʀ 

ɺ ʜʘʥʦʤʫ ʨʦʟʜʽʣʽ ʥʘ ʦʩʥʦʚʽ ʟʘʧʨʦʧʦʥʦʚʘʥʠʭ ʤʦʜʝʣʝʡ ʽ ʤʝʪʦʜʽʚ 

ʨʦʟʨʦʙʣʷʻʪʴʩʷ ʽʥʬʦʨʤʘʮʽʡʥʘ ʪʝʭʥʦʣʦʛʽʷ ʫʧʨʘʚʣʽʥʥʷ ʆʈ. ɺʠʨʽʰʫʶʪʴʩʷ ʦʩʥʦʚʥʽ 

ʟʘʜʘʯʽ, ʦʙʠʨʘʶʪʴʩʷ ʢʦʤʧʦʥʝʥʪʠ, ʨʦʟʨʦʙʣʷʻʪʴʩʷ ʩʪʨʫʢʪʫʨʘ ʪʘ ʚʠʟʥʘʯʘʶʪʴʩʷ 

ʦʩʦʙʣʠʚʦʩʪʽ ʽʥʪʝʛʨʘʮʽʾ ʚ ʽʩʥʫʶʯʽ ʨʽʰʝʥʥʷ ʢʝʨʫʚʘʥʥʷ ɯʊ-ʽʥʬʨʘʩʪʨʫʢʪʫʨʦʶ. ɺ 

ʨʦʙʦʪʽ [1] ʟʘʧʨʦʧʦʥʦʚʘʥʘ ʽʥʬʦʨʤʘʮʽʡʥʘ ʪʝʭʥʦʣʦʛʽʷ ʜʣʷ ʟʜʽʡʩʥʝʥʥʷ ʫʧʨʘʚʣʽʥʥʷ 

ʽʥʬʨʘʩʪʨʫʢʪʫʨʦʶ ʟ ʜʦʪʨʠʤʘʥʥʷʤ ʚʩʪʘʥʦʚʣʝʥʦʛʦ ʨʽʚʥʷ ʷʢʦʩʪʽ ʧʦʩʣʫʛ ʧʨʠ 

ʤʽʥʽʤʽʟʘʮʽʾ ʚʠʢʦʨʠʩʪʘʥʥʷ ʥʘʷʚʥʠʭ ʨʝʩʫʨʩʽʚ, ʧʨʦʪʝ ʥʝ ʨʦʟʛʣʷʜʘʻʪʴʩʷ ʫʧʨʘʚʣʽʥʥʷ 

ʆʈ ʚ ʢʦʥʪʝʢʩʪʽ ʧʨʦʘʢʪʠʚʥʦʛʦ ʤʘʩʰʪʘʙʫʚʘʥʥʷ ʪʘ ʚ ʫʤʦʚʘʭ ʥʘʷʚʥʦʩʪʽ ʚʝʣʠʢʦʾ 

ʢʽʣʴʢʦʩʪʽ ʨʽʟʥʦʪʠʧʥʠʭ ʟʘʩʪʦʩʫʥʢʽʚ ʚ ʤʝʞʘʭ ʦʜʥʽʻʾ ɯʉ.  

ɯʥʬʦʨʤʘʮʽʡʥʘ ʪʝʭʥʦʣʦʛʽʷ ʫʧʨʘʚʣʽʥʥʷ ʆʈ ʻ ʩʫʢʫʧʥʽʩʪʶ ʤʝʪʦʜʽʚ, ʱʦ 

ʟʘʙʝʟʧʝʯʫʶʪʴ ʝʬʝʢʪʠʚʥʝ ʚʠʢʦʨʠʩʪʘʥʥʷ ʆʈ ʫ ʚʽʨʪʫʘʣʴʥʠʭ ʘʙʦ ʬʽʟʠʯʥʠʭ 

ʢʣʘʩʪʝʨʘʭ. ɼʣʷ ʚʧʨʦʚʘʜʞʝʥʥʷ ʽʥʬʦʨʤʘʮʽʡʥʦ ʾʪʝʭʥʦʣʦʛʽʾ ʚ ʩʠʩʪʝʤʫ ʫʧʨʘʚʣʽʥʥʷ 

ʪʨʝʙʘ ʚʠʟʥʘʯʠʪʠ ʤʝʪʦʜʠ ʫʧʨʘʚʣʽʥʥʷ, ʘ ʪʘʢʦʞ ʦʙʨʘʪʠ ʪʝʭʥʽʯʥʽ ʟʘʩʦʙʠ ʪʘ 

ʩʪʚʦʨʠʪʠ ʇɿ. ʉʫʢʫʧʥʽʩʪʴ ʮʠʭ ʩʢʣʘʜʦʚʠʭ ʟʘʙʝʟʧʝʯʫ̒ ʚʠʢʦʥʘʥʥʷ ʽʥʬʦʨʤʘʮʽʡʥʠʭ 

ʧʨʦʮʝʩʽʚ ʟʘʜʣʷ ʧʽʜʚʠʱʝʥʥʷ ʥʘʜʽʡʥʦʩʪʽ ʥʘʜʘʥʥʷ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʧʦʩʣʫʛ ʥʘ ʬʦʥʽ 

ʝʬʝʢʪʠʚʥʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʟʘʜʽʷʥʠʭ ʨʝʩʫʨʩʽʚ [1]. 

4.1 ʆʩʦʙʣʠʚʦʩʪʽ ʦʙʯʠʩʣʶʚʘʣʴʥʠʤʠ ʨʝʩʫʨʩʘʤʠ ʽ ʥʘʚʘʥʪʘʞʝʥʥʷʤ ʫ ʢʣʘʩʪʝʨʽ 

ɺ ʧʽʜʨʦʟʜʽʣʽ ʨʦʟʛʣʷʜʘʶʪʴʩʷ ʘʩʧʝʢʪʠ ʫʧʨʘʚʣʽʥʥʷ ʆʈ, ʷʢʽ ʙʝʟʧʦʩʝʨʝʜʥʦɹ ʥʝ 

ʧʦʚôʷʟʘʥʽ ʟ ʨʦʟʧʦʜʽʣʝʥʥʷʤ ʆʈ ʤʽʞ ʟʘʩʪʦʩʫʥʢʘʤʠ ʫ ʢʣʘʩʪʝʨʽ. ɺʠʟʥʘʯʝʥʥʷ 

ʢʦʨʝʢʪʥʠʭ ʧʦʣʽʪʠʢ ʧʝʨʝʚʠʱʝʥʥʷ ʟʘʧʠʪʽʚ ʆʈ, ʧʦʨʷʜʢʫ ʨʦʟʤʽʱʝʥʥʷ ʝʢʟʝʤʧʣʷʨʽʚ 

ʟʘʩʪʦʩʫʥʢʽʚ ʪʘ ʙʘʣʘʥʩʫʚʘʥʥʷ ʥʘʚʘʥʪʘʞʝʥʥʷ ʻ ʥʝʦʙʭʽʜʥʠʤʠ ʘʩʧʝʢʪʘʤʠ ʜʣʷ 

ʢʦʨʝʢʪʥʦʛʦ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ɯʉ ʪʘ ʚʠʢʦʥʘʥʥʷ (1.1). 

4.1.1 ʇʦʣʽʪʠʢʠ ʫʧʨʘʚʣʽʥʥʷ ʧʨʠ ʧʝʨʝʚʠʱʝʥʥʽ ʟʘʧʠʪʽʚ ʥʘ ʦʙʯʠʩʣʶʚʘʣʴʥʽ 

ʨʝʩʫʨʩʠ 

ɿʛʽʜʥʦ ʟ (1.2) ʩʫʤʘʨʥʽ ʟʘʧʠʪʠ ʟʘʩʪʦʩʫʥʢʽʚ ʥʘ ʆʈ 
lyiX , 1,l m= , 1,y h= , , ,1i n=

ʜʝ h ï ʢʽʣʴʢʽʩʪʴ ʪʠʧʽʚ ʨʝʩʫʨʩʽʚ ʜʣʷ ʫʧʨʘʚʣʽʥʥʷ, m ï ʢʽʣʴʢʽʩʪʴ ʟʘʩʪʦʩʫʥʢʽʚ, n ï 
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ʢʽʣʴʢʽʩʪʴ ʚʫʟʣʽʚ, ʥʝ ʤʦʞʫʪʴ ʧʝʨʝʚʠʱʫʚʘʪʠ ʟʘʛʘʣʴʥʠʡ ʦʙôʻʤ ʆʈ i-ʛʦ ʚʫʟʣʘ Viy, 

ʱʦ ʛʘʨʘʥʪʫʻ ʥʘʷʚʥʽʩʪʴ ʥʝʦʙʭʽʜʥʦʾ ʢʽʣʴʢʦʩʪʽ ʆʈ ʜʣʷ ʨʦʙʦʪʠ ʚʩʽʭ ʨʦʟʤʽʱʝʥʠʭ 

ʟʘʩʪʦʩʫʥʢʽʚ. ʅʝʦʙʭʽʜʥʦ ʚʠʟʥʘʯʠʪʠ ʘʣʛʦʨʠʪʤ ʨʦʙʦʪʠ ʧʨʠ ʧʝʨʝʚʠʱʝʥʥʽ 

ʬʘʢʪʠʯʥʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʨʝʩʫʨʩʽʚ Ĕ
lyX  ʚʩʪʘʥʦʚʣʝʥʠʭ ʚʠʤʦʛ. ɼʝʷʢʽ ʪʠʧʠ 

ʨʝʩʫʨʩʽʚ ʤʦʞʥʘ ʦʙʤʝʞʠʪʠ ʙʝʟ ʧʦʚʥʦʾ ʟʫʧʠʥʢʫ ʝʢʟʝʤʧʣʷʨʘ, ʟʦʢʨʝʤʘ, ʤʦʞʝ 

ʟʘʩʪʦʩʫʚʘʪʠʩʷ ʪʨʦʪʣʽʥʛ ʫ ʚʠʧʘʜʢʫ ʧʨʦʮʝʩʦʨʥʦʛʦ ʯʘʩʫ ʪʘ ʧʨʦʧʫʩʢʥʦʾ ʟʜʘʪʥʦʩʪʽ 

ʤʝʨʝʞʽ. ʇʨʠ ʧʝʨʝʚʠʱʝʥʥʽ ʚʠʢʦʨʠʩʪʘʥʥʷ ʟʘʜʘʥʠʭ ʦʙôʻʤʽʚ ʨʝʩʫʨʩʽʚ ʝʢʟʝʤʧʣʷʨʦʤ 

ʟʘʩʪʦʩʫʥʢʘ ʚ ʨʦʙʦʪʽ ʧʨʦʧʦʥʫʻʪʴʩʷ ʚʠʢʦʨʠʩʪʘʥʥʷ ʜʚʦʭ ʧʦʣʽʪʠʢ ʦʙʨʦʙʢʠ ʪʘʢʦʾ 

ʩʠʪʫʘʮʽʾ ï ʩʪʨʦʛʦʾ ʪʘ ʥʝʩʪʨʦʛʦʾ. 

ʇʨʠ ʩʪʨʦʛʽʡ ʧʦʣʽʪʠʮʽ ʫ ʚʠʧʘʜʢʫ ʧʝʨʝʚʠʱʝʥʥʷ Ĕ
lyX  ʚʩʪʘʥʦʚʣʝʥʠʭ ʚʠʤʦʛ 

,lyiX  1,l m= , 1,y h= , , ,1i n=  ʜʝ h ï ʢʽʣʴʢʽʩʪʴ ʪʠʧʽʚ ʨʝʩʫʨʩʽʚ ʜʣʷ ʫʧʨʘʚʣʽʥʥʷ, m ï 

ʢʽʣʴʢʽʩʪʴ ʟʘʩʪʦʩʫʥʢʽʚ, n ï ʢʽʣʴʢʽʩʪʴ ʚʫʟʣʽʚ, ʚʽʜʙʫʚʘʻʪʴʩʷ ʥʝʛʘʡʥʝ ʟʘʚʝʨʰʝʥʥʷ 

ʝʢʟʝʤʧʣʷʨʫ, ʱʦ ʧʦʨʫʰʫʻ ʚʩʪʘʥʦʚʣʝʥʽ ʟʘʧʠʪʠ ʆʈ. ʋ ʪʘʢʠʡ ʩʧʦʩʽʙ ʛʘʨʘʥʪʫʻʪʴʩʷ, 

ʱʦ ʝʢʟʝʤʧʣʷʨʠ ʟʘʩʪʦʩʫʥʢʽʚ ʥʝ ʚʧʣʠʚʘʪʠʤʫʪʴ ʥʘ ʨʦʙʦʪʫ ʽʥʰʠʭ ʩʫʤʽʞʥʠʭ 

ʝʢʟʝʤʧʣʷʨʽʚ ʥʘ ʚʫʟʣʽ ʨʦʟʤʽʱʝʥʥʷ. ʎʶ ʟʘʧʨʦʧʦʥʦʚʘʥʫ ʧʦʣʽʪʠʢʫ ʤʦʞʥʘ 

ʟʘʩʪʦʩʫʚʘʪʠ ʜʣʷ ʤʝʥʰ ʚʘʞʣʠʚʠʭ ʟʘʩʪʦʩʫʥʢʽʚ. 

ʇʨʠ ʥʝʩʪʨʦʛʽʡ ʧʦʣʽʪʠʮʽ ʨʦʟʤʽʱʝʥʥʽ ʝʢʟʝʤʧʣʷʨʠ ʤʦʞʫʪʴ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ 

ʥʘʜʣʠʰʢʦʚʽ ʨʝʩʫʨʩʠ ʚʫʟʣʘ ʜʦʪʠ, ʧʦʢʠ ʩʫʤʘʨʥʝ ʬʘʢʪʠʯʥʝ ʚʠʢʦʨʠʩʪʘʥʥʷ ʥʝ 

ʧʝʨʝʚʠʱʫʻ ʧʦʪʫʞʥʽʩʪʴ ʜʘʥʦʛʦ ʚʫʟʣʘ: 

 , 1, , 1, , 1, ,
lyi lyi yi

X V X l m y h i nD = - ¢ = = =ä  (4.1) 

ʜʝ lyi
XD ï ʦʙôʻʤ ʜʦʩʪʫʧʥʠʭ ʨʝʩʫʨʩʽʚ ʚʫʟʣʘ ʜʣʷ ʚʠʢʦʨʠʩʪʘʥʥʷ ʟʘ ʤʝʞʘʤʠ 

ʚʩʪʘʥʦʚʣʝʥʠʭ ʟʘʧʠʪʽʚ,lyi
X  ï ʚʠʤʦʛʠ ʝʢʟʝʤʧʣʷʨʘ l-ʛʦ ʟʘʩʪʦʩʫʥʢʫ ʜʦ ʆʈ ʜʣʷ y-ʛʦ 

ʪʠʧʫ ʨʝʩʫʨʩʫ ʥʘ i-ʤʫ ʚʫʟʣʽ ʢʣʘʩʪʝʨʘ; 
yiV  ï ʦʙôʻʤ ʆʈ ʜʦʩʪʫʧʥʠʡ ʜʣʷ i-ʛʦ ʚʫʟʣʘ 

ʜʣʷ y-ʛʦ ʪʠʧʫ ʨʝʩʫʨʩʫ. 

ʇʨʠ ʮʴʦʤʫ ʚ ʨʘʟʽ ʧʣʘʥʫʚʘʥʥ ̫ ʨʦʟʛʦʨʪʘʥʥʷ ʥʦʚʠʭ ʝʢʟʝʤʧʣʷʨʽʚ, 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʩʘʤʝ ʚʩʪʘʥʦʚʣʝʥʽ ʟʘʧʠʪʠ, ʘ ʥʝ ʬʘʢʪʠʯʥʝ ʨʦʟʛʦʨʪʘʥʥʷ. 

ʇʨʠʢʣʘʜʦʤ ʨʝʘʣʽʟʘʮʽʾ ʪʘʢʠʭ ʧʦʣʽʪʠʢ ʻ ʤʝʭʘʥʽʟʤ requests ̔  limits ʪʘ ʤʝʭʘʥʽʟʤ 

ʧʨʽʦʨʠʪʝʪʽʚ ʚ Kubernetes. 
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4.1.2 ʄʘʩʰʪʘʙʫʚʘʥʥʷ ʢʣʘʩʪʝʨʘ 

ɿʘʜʘʯʘ ʱʽʣʴʥʦʛʦ ʨʦʟʤʽʱʝʥʥʷ ʝʢʟʝʤʧʣʷʨʽʚ ʟʘʩʪʦʩʫʥʢʽʚ ʫ ʢʣʘʩʪʝʨʽ ʧʦʣʷʛʘʻ 

ʚ ʦʧʪʠʤʽʟʘʮʽʾ ʨʦʟʛʦʨʪʘʥʥʷ ʨʦʙʦʯʠʭ ʥʘʚʘʥʪʘʞʝʥʴ ʥʘ ʜʦʩʪʫʧʥʠʭ ʚʫʟʣʘʭ ʜʣʷ 

ʤʘʢʩʠʤʽʟʘʮʽʾ ʨʽʚʥʷ ʫʪʠʣʽʟʘʮʽʾ [76]. ɺʠʨʽʰʝʥʥʷ ʮʽʻʾ ʟʘʜʘʯʽ ʜʦʟʚʦʣʠʪʴ ʟʤʝʥʰʠʪʠ 

ʬʽʥʘʥʩʦʚʽ ʚʠʪʨʘʪʠ ʪʘ ʧʨʠʰʚʠʜʰʠʪʠ ʧʨʦʮʝʩ ʨʦʟʛʦʨʪʘʥʥʷ ʥʦʚʠʭ ʝʢʟʝʤʧʣʷʨʽʚ. 

ʅʝʦʙʭʽʜʥʦ ʟʘʟʥʘʯʠʪʠ, ʱʦ ʮʷ ʟʘʜʘʯʘ ʻ ʧʽʜʤʥʦʞʠʥʦʶ ʟʘʜʘʯ ʦʧʪʠʤʘʣʴʥʦʛʦ 

ʨʦʟʤʽʱʝʥʥʷ ʚʽʨʪʫʘʣʴʥʠʭ ʤʘʰʠʥ, ʷʢʘ ʻ NP-ʧʦʚʥʦʶ [77]. 

 

ʈʠʩʫʥʦʢ 4.1 ï ʉʭʝʤʘ ʝʪʘʧʽʚ ʨʦʟʤʽʱʝʥʥʷ ʝʢʟʝʤʧʣʷʨʽʚ 

ʋ ʚʠʧʘʜʢʫ, ʷʢʱʦ ʢʣʘʩʪʝʨ ʥʝ ʤʘʻ ʜʦʩʪʘʪʥʴʦʾ ʢʽʣʴʢʦʩʪʽ ʆʈ ʜʣʷ ʨʦʟʛʦʨʪʘʥʥʷ 

ʥʦʚʦʛʦ ʝʢʟʝʤʧʣʷʨʫ, ʤʘʻ ʚʽʜʙʫʚʘʪʠʩʷ ʤʘʩʰʪʘʙʫʚʘʥʥʷ ʢʣʘʩʪʝʨʘ ʰʣʷʭʦʤ 

ʜʦʜʘʚʘʥʥʷ ʥʦʚʠʭ ʚʫʟʣʽʚ ʪʘʢʠʤ ʯʠʥʦʤ, ʱʦʙ ʚʠʢʦʥʫʚʘʣʘʩʷ ʥʝʨʽʚʥʽʩʪʴ (1.3) ʟ 

ʫʨʘʭʫʚʘʥʥʷʤ ʝʢʟʝʤʧʣʷʨʽʚ ʚ ʯʝʨʟʽ ʥʘ ʨʦʟʛʦʨʪʘʥʥʷ. ʇʦʚʥʘ ʫʪʠʣʽʟʘʮʽʷ ʆʈ ʢʣʘʩʪʝʨʘ 

ʦʟʥʘʯʘʻ, ʱʦ ʨʦʟʤʽʱʝʥʥʷ ʥʦʚʠʭ ʝʢʟʝʤʧʣʷʨʽʚ ʯʠ ʟʘʩʪʦʩʫʥʢʽʚ ʘʙʦ ʥʝʤʦʞʣʠʚʝ, ʘʙʦ 

ʚʽʜʙʫʚʘʻʪʴʩʷ ʟʽ ʟʥʘʯʥʦʶ ʟʘʪʨʠʤʢʦʶ. ɼʣʷ ʧʦʢʨʘʱʝʥʥʷ ʤʝʪʨʠʢʠ ʯʘʩʫ 

ʨʦʟʛʦʨʪʘʥʥʷ ʚʚʝʜʝʤʦ ʢʦʝʬʽʮʽʻʥʪ ʟʘʧʘʩʫ.  

 

(1 Ů)

, 1, , 1, , 1, ,
max

yi ly

ly

yi

V X

l m y h i nX

V

² + Öë
î

= = =ì
­î

í

ä ä

ä

ä

 (4.2) 

ʜʝ Xly ï ʚʠʤʦʛʠ ʝʢʟʝʤʧʣʷʨʘ l-ʛʦ ʟʘʩʪʦʩʫʥʢʫ ʜʦ ʆʈ ʜʣʷ y-ʪʦʛʦ ʪʠʧʫ ʨʝʩʫʨʩʫ, ʱʦ 

ʨʦʟʤʽʫɦʻʪʴʩʷ ʫ ʢʣʘʩʪʝʨʽ; Vly ï ʦʙôʻʤ ʆʈ ʜʦʩʪʫʧʥʠʡ ʜʣʷ i-ʪʦʛʦ ʚʫʟʣʘ ʜʣʷ y-ʪʦʛʦ 

ʪʠʧʫ ʨʝʩʫʨʩʫ; Ů ï ʢʦʝʬʽʮʽʻʥʪ ʟʘʧʘʩʫ, ʷʢʠʡ ʚʠʟʥʘʯʘʻʪʴʩʷ ʥʘʩʪʫʧʥʠʤ ʯʠʥʦʤ: 
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Ů 1

, 1, , 1, ,

iy

iy

iy iy

V

V y h i n

V V

¡ë
= -î

= =ì
î¡²í

ä

ä  (4.3) 

ʜʝ iy
Vä ¡ ï ʤʘʢʩʠʤʘʣʴʥʘ ʦʯʽʢʫʚʘʥʘ ʧʦʪʫʞʥʽʩʪʴ ʢʣʘʩʪʝʨʘ ʚ ʤʘʡʙʫʪʥʴʦʤʫ, ʘ 

ʩʠʩʪʝʤʘ ʟʚʦʜʠʪʴʩʷ ʜʦ ʥʘʩʪʫʧʥʦʾ ʟʘʣʝʞʥʦʩʪʽ: 

 
1

, 1, , 1, , 1, .
1 Ů

ly

yi

X
l m y h i n

V
­ = = =
+

ä

ä
 (4.4) 

ʇʨʠ Ů 1>  ʢʣʘʩʪʝʨ ʤʘʻ ʜʦʩʪʘʪʥʴʦ ʆʈ ʜʣʷ ʰʚʠʜʢʦʛʦ ʨʦʟʛʦʨʪʘʥʥʷ ʥʦʚʠʭ 

ʟʘʩʪʦʩʫʥʢʽʚ ʘʙʦ ʝʢʟʝʤʧʣʷʨʽʚ ʚ ʨʘʤʢʘʭ ʚʩʪʘʥʦʚʣʝʥʠʭ ʦʙʤʝʞʝʥʴ SLA ̔  ʧʨʠ ʮʴʦʤʫ 

ʻ ʦʧʪʠʤʘʣʴʥʠʤ ʟ ʬʽʥʘʥʩʦʚʦʾ ʪʦʯʢʠ ʟʦʨʫ. ɿʦʢʨʝʤʘ, ʷʢʱʦ ʨʦʟʛʦʨʪʘʥʥʷ ʥʦʚʠʭ 

ʟʘʩʪʦʩʫʥʢʽʚ ʘʙʦ ʤʘʩʰʪʘʙʫʚʘʥʥʷ ʽʩʥʫʶʯʠʭ ʥʝ ʧʝʨʝʜʙʘʯʘʻʪʴʩʷ, ʪʦʜʽ ʧʨʠ Ů 1=  

ʫʪʠʣʽʟʘʮʽʷ ʨʝʩʫʨʩʽʚ ʢʣʘʩʪʝʨʘ ʤʘʻ ʩʪʘʥʦʚʠʪʠ 100%. 

4.1.3 ɹʘʣʘʥʩʫʚʘʥʥʷ ʥʘʚʘʥʪʘʞʝʥʥʷ ʤʽʞ ʝʢʟʝʤʧʣʷʨʘʤʠ ʟʘʩʪʦʩʫʥʢʽʚ 

ʆʜʥʽʻʶ ʟ ʚʠʤʦʛ ʜʦ ʽʥʬʦʨʤʘʮʽʡʥʦʾ ʪʝʭʥʦʣʦʛʽʾ ʫʧʨʘʚʣʽʥʥʽ 

ʢʦʥʪʝʡʥʝʨʠʟʦʚʘʥʠʤʠ ʟʘʩʪʦʩʫʥʢʘʤʠ ʻ ʟʜʘʪʥʽʩʪʴ ʢʦʨʝʢʪʥʦ ʙʘʣʘʥʩʫʚʘʪʠ ʚʭʽʜʥʽ 

ʟʘʧʠʪʠ ʘʙʦ ʟʘʜʘʯʽ ʥʘ ʦʙʨʦʙʢʫ ʤʽʞ ʝʢʟʝʤʧʣʷʨʘʤʠ ʟʘʩʪʦʩʫʥʢʽʚ. 

ɹʘʣʘʥʩʫʚʘʥʥʷ ï ʮʝ ʧʨʦʮʝʩ ʨʦʟʧʦʜʽʣʝʥʥʷ ʨʦʙʦʯʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ ʤʽʞ 

ʤʥʦʞʠʥʦʶ ʝʢʟʝʤʧʣʷʨʽʚ ʟʘʩʪʦʩʫʥʢʫ ʟ ʤʝʪʦʶ ʟʥʠʞʝʥʥʷ ʟʘʪʨʠʤʦʢ, ʧʽʜʚʠʱʝʥʥʷ 

ʧʨʦʧʫʩʢʥʦʾ ʟʜʘʪʥʦʩʪʽ ʪʘ ʟʘʙʝʟʧʝʯʝʥʥʷ ʚʽʜʤʦʚʦʩʪʽʡʢʦʩʪʽ, ʱʦ ʥʘʧʨʷʤʫ ʚʧʣʠʚʘʻ 

ʥʘ ʨʽʚʝʥʴ QoS ʽ ʜʦʪʨʠʤʘʥʥʷ ʚʩʪʘʥʦʚʣʝʥʠʭ ʚʠʤʦʛ SLA [78]. 

 

ʈʠʩʫʥʦʢ 4.2 ï ʉʭʝʤʘ ʙʘʣʘʥʩʫʚʘʥʥʷ ʫ ʢʣʘʩʪʝʨʽ 
















































































