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ɸʅʆʊɸʎɯʗ 

 ʇʣʝʩʢʘʥʢʘ ʄ.ɺ. ʇʽʜʚʠʱʝʥʥʷ ʷʢʦʩʪʽ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʫ ʤʝʨʝʞʽ ʜʦʩʪʘʚʢʠ 

ʢʦʥʪʝʥʪʫ. - ʂʚʘʣʽʬʽʢʘʮʽʡʥʘ ʥʘʫʢʦʚʘ ʧʨʘʮʷ ʥʘ ʧʨʘʚʘʭ ʨʫʢʦʧʠʩʫ.  

ɼʠʩʝʨʪʘʮʽʷ ʥʘ ʟʜʦʙʫʪʪʷ ʥʘʫʢʦʚʦʛʦ ʩʪʫʧʝʥʷ ʢʘʥʜʠʜʘʪʘ ʪʝʭʥʽʯʥʠʭ ʥʘʫʢ 

ʟʘ ʩʧʝʮʽʘʣʴʥʽʩʪʶ 05.12.02 - ʪʝʣʝʢʦʤʫʥʽʢʘʮʽʡʥʽ ʩʠʩʪʝʤʠ ʪʘ ʤʝʨʝʞʽ. - 

ʅʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ çʃʴʚʽʚʩʴʢʘ ʧʦʣʽʪʝʭʥʽʢʘè ʄʽʥʽʩʪʝʨʩʪʚʘ ʦʩʚʽʪʠ ʽ 

ʥʘʫʢʠ ʋʢʨʘʾʥʠ, ʃʴʚʽʚ, 2025.  

ʋ ʧʝʨʰʦʤʫ ʨʦʟʜʽʣʽ çɸʥʘʣʽʟ ʤʝʪʦʜʽʚ ʤʽʛʨʘʮʽʾ ʩʝʨʚʽʩʽʚ ʚʽʜ ʤʦʥʦʣʽʪʥʦʾ 

ʜʦ ʤʽʢʨʦʩʝʨʚʽʩʥʦʾ ʘʨʭʽʪʝʢʪʫʨʠè ʨʦʟʛʣʷʥʫʪʦ ʦʩʥʦʚʥʽ ʧʨʠʥʮʠʧʠ ʪʘ ʧʽʜʭʦʜʠ, 

ʱʦ ʩʪʦʩʫʶʪʴʩʷ ʚʠʢʦʨʠʩʪʘʥʥʷ ʤʦʥʦʣʽʪʥʦʾ ʪʘ ʤʽʢʨʦʩʝʨʚʽʩʥʦʾ ʘʨʭʽʪʝʢʪʫʨʠ, 

ʥʘʚʝʜʝʥʦ ʦʩʦʙʣʠʚʦʩʪʽ ʨʦʙʦʪʠ, ʧʝʨʝʚʘʛʠ ʪʘ ʥʝʜʦʣʽʢʠ ʢʦʞʥʦʾ ʽʟ ʥʠʭ. 

ʈʦʟʛʣʷʥʫʪʦ ʩʫʯʘʩʥʽ ʤʝʪʦʜʠ ʱʦʜʦ ʩʪʚʦʨʝʥʥʷ ʪʘ ʫʧʨʘʚʣʽʥʥʷ ʽʥʬʨʘʩʪʨʫʢʪʫʨʦʶ 

ʥʝ ʰʣʷʭʦʤ ʬʽʟʠʯʥʦʛʦ ʥʘʣʘʰʪʫʚʘʥʥʷ ʦʙʣʘʜʥʘʥʥʷ ʯʠ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʽʥʪʝʨʘʢʪʠʚʥʠʭ ʽʥʩʪʨʫʤʝʥʪʽʚ ʥʘʣʘʰʪʫʚʘʥʥʷ, ʘ ʟʘ ʜʦʧʦʤʦʛʦʶ ʬʘʡʣʽʚ 

ʢʦʥʬʽʛʫʨʘʮʽʾ ʪʘ ʧʽʜʭʦʜʽʚ ɯʥʬʨʘʩʪʨʫʢʪʫʨʘ ʷʢ ʢʦʜ IaC (Infrastructure as Code). 

ʇʨʦʚʝʜʝʥʦ ʛʨʫʥʪʦʚʥʠʡ ʘʥʘʣʽʟ ʣʽʪʝʨʘʪʫʨʠ ʥʘ ʪʝʤʫ ʜʠʥʘʤʽʯʥʦʛʦ ʙʘʣʘʥʩʫʚʘʥʥʷ 

ʥʘʚʘʥʪʘʞʝʥʥʷ, ʢʝʰʫʚʘʥʥʷ ʜʘʥʠʭ, ʟ ʤʝʪʦʶ ʚʠʟʥʘʯʝʥʥʷ ʧʦʪʦʯʥʦʛʦ ʩʪʘʥʫ 

ʩʪʨʘʪʝʛʽʡ, ʱʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ, ʚʢʣʶʯʘʶʯʠ ʾʭ ʧʝʨʝʚʘʛʠ, ʥʝʜʦʣʽʢʠ, 

ʪʨʫʜʥʦʱʽ ʚʧʨʦʚʘʜʞʝʥʥʷ, ʘ ʪʘʢʦʞ ʾʭʥʽʡ ʚʧʣʠʚ ʥʘ ʝʬʝʢʪʠʚʥʽʩʪʴ ʨʦʙʦʪʠ CDN 

ʤʝʨʝʞ. 

ʋ ʜʨʫʛʦʤʫ ʨʦʟʜʽʣʽ çʄʝʪʦʜʠ ʪʘ ʘʣʛʦʨʠʪʤʠ ʙʘʣʘʥʩʫʚʘʥʥʷ ʪʘ 

ʨʦʟʧʦʜʽʣʝʥʦʾ ʦʙʨʦʙʢʠ ʟʘʧʠʪʽʚ ʚ CDN ʤʝʨʝʞʽè ʜʦʩʣʽʜʞʝʥʦ ʦʩʥʦʚʥʽ 

ʘʨʭʽʪʝʢʪʫʨʥʽ ʧʨʠʥʮʠʧʠ ʨʦʙʦʪʠ ʪʘ ʤʘʨʰʨʫʪʠʟʘʮʽʾ ʟʘʧʠʪʽʚ CDN ʤʝʨʝʞʽ. 

ɿʘʧʨʦʧʦʥʦʚʘʥʦ ʽʥʪʝʛʨʘʣʴʥʠʡ (ʢʦʤʧʣʝʢʩʥʠʡ) ʢʣʶʯ ʢʝʰʫʚʘʥʥʷ, ʱʦ 

ʬʦʨʤʫʻʪʴʩʷ ʰʣʷʭʦʤ ʧʦʻʜʥʘʥʥʷ ʢʽʣʴʢʦʭ ʧʘʨʘʤʝʪʨʽʚ, ʪʘ ʤʦʞʝ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠʩʴ ʜʣʷ ʨʽʟʥʠʭ ʪʠʧʽʚ ʤʝʨʝʞʝʚʦʛʦ ʪʨʘʬʽʢʫ(ʧʝʨʝʛʣʷʜ ʚʝʙ-

ʩʪʦʨʽʥʦʢ, ʽʥʪʝʨʘʢʪʠʚʥʦʛʦ ʮʠʬʨʦʚʦʛʦ ʪʝʣʝʙʘʯʝʥʥʷ, ʤʫʣʴʪʠʤʝʜʽʡʥʽ ʜʘʥʽ). 

ɿʘʧʨʦʧʦʥʦʚʘʥʦ ʤʝʪʦʜ ʦʙʨʦʙʢʠ ʟʘʧʠʪʽʚ, ʱʦ ʧʦʪʨʝʙʫʶʪʴ ʟʥʘʯʥʠʭ 

ʦʙʯʠʩʣʶʚʘʣʴʥʠʭ ʨʝʩʫʨʩʽʚ, ʱʦ ̫ʢʠʡ ʟʘʙʝʟʧʝʯʫʻ ʤʦʞʣʠʚʽʩʪʴ ʨʦʟʧʦʜʽʣʝʥʦʾ 
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ʦʙʨʦʙʢʠ ʜʘʥʠʭ ʚ ʪʦʯʢʘʭ ʧʨʠʩʫʪʥʦʩʪʽ CDN ʤʝʨʝʞʽ ʪʘ ʜʘʻ ʟʤʦʛʫ ʝʬʝʢʪʠʚʥʽʰʝ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʢʝʰʦʚʘʥʽ ʜʘʥʽ, ʟʤʝʥʰʠʪʠ ʥʘʚʘʥʪʘʞʝʥʥʷ ʥʘ ʢʦʨʝʥʝʚʠʡ 

ʩʝʨʚʝʨ, ʘ ʪʘʢʦʞ ʯʘʩ ʚʽʜʧʦʚʽʜʽ ʥʘ ʟʘʧʠʪʠ ʢʽʥʮʝʚʦʛʦ ʢʦʨʠʩʪʫʚʘʯʘ. 

ʋʜʦʩʢʦʥʘʣʝʥʦ ʤʝʪʦʜ ʙʘʣʘʥʩʫʚʘʥʥʷ ʥʘʚʘʥʪʘʞʝʥʥʷ ʚ ʛʨʘʥʠʯʥʠʭ ʣʦʢʘʮʽʷʭ 

CDN ʤʝʨʝʞʽ, ʷʢʠʡ ʚʨʘʭʦʚʫʻ ʟʥʘʯʝʥʥʷ ʽʥʪʝʛʨʘʣʴʥʦʛʦ ʢʣʶʯʘ ʢʝʰʫʚʘʥʥʷ, 

ʥʘʷʚʥʽʩʪʴ ʢʦʥʪʝʥʪʫ ʥʘ ʛʨʘʥʠʯʥʦʤʫ ʩʝʨʚʝʨʽ ʪʘ ʩʪʘʥ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ 

ʜʦʩʪʫʧʥʠʭ ʩʝʨʚʝʨʽʚ. 

ʋ ʪʨʝʪʴʦʤʫ ʨʦʟʜʽʣʽ çʄʦʜʝʣʴ ʦʮʽʥʢʠ ʝʬʝʢʪʠʚʥʦʩʪʽ ʨʦʙʦʪʠ ʩʠʩʪʝʤ 

ʦʙʨʦʙʢʠ ʤʝʨʝʞʝʚʦʛʦ ʪʨʘʬʽʢʫ ʫ ʪʦʯʢʘʭ ʧʨʠʩʫʪʥʦʩʪʽ CND ʤʝʨʝʞè 

ʧʨʝʜʩʪʘʚʣʝʥʦ ʢʦʤʧʣʝʢʩʥʫ ʤʦʜʝʣʴ ʤʘʩʦʚʦʛʦ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʟ ʪʨʴʦʤʘ 

ʧʦʩʣʽʜʦʚʥʦ ʟ'ʻʜʥʘʥʠʤʠ ʩʠʩʪʝʤʘʤʠ, ʷʢʘ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʜʣʷ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʨʦʮʝʩʫ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʟʘʧʠʪʽʚ ʫ ʭʤʘʨʥʠʭ ʩʝʨʚʽʩʘʭ ʽʟ 

ʜʠʥʘʤʽʯʥʠʤ ʚʠʜʽʣʝʥʥʷʤ ʨʝʩʫʨʩʽʚ. ɺ ʷʢʦʩʪʽ ʤʘʪʝʤʘʪʠʯʥʦʾ ʤʦʜʝʣʽ ʧʝʨʰʦʾ 

ʧʽʜʩʠʩʪʝʤʠ, ʘ ʩʘʤʝ ʙʘʣʘʥʩʫʚʘʣʴʥʠʢʘ ʥʘʚʘʥʪʘʞʝʥʥʷ, ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʩʠʩʪʝʤʫ 

ʤʘʩʦʚʦʛʦ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʢʣʘʩʫ ὓ/ὓ/1/Ὧ - ʩʠʩʪʝʤʘ ʤʘʩʦʚʦʛʦ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ 

ʟ ʦʙʤʝʞʝʥʦʶ ʜʦʚʞʠʥʦʶ ʯʝʨʛʠ Ὧ ʪʘ 1 ʦʙʩʣʫʛʦʚʫʶʯʠʤ ʧʨʠʩʪʨʦʻʤ. ɺʫʟʦʣ 

ʦʙʨʦʙʢʠ, ʪʘ ʢʦʨʝʥʝʚʠʡ ʩʝʨʚʝʨ ʤʦʞʫʪʴ ʧʘʨʘʣʝʣʴʥʦ ʦʙʨʦʙʣʷʪʠ ʢʽʣʴʢʘ ʟʘʚʜʘʥʴ, 

ʩʘʤʝ ʪʦʤʫ ʨʦʟʛʣʷʜʘʻʪʴʩʷ ʷʢ ʩʠʩʪʝʤʘ ʤʘʩʦʚʦʛʦ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ὓ/ὓ/n. ʅʘ 

ʦʩʥʦʚʽ ʤʘʪʝʤʘʪʠʯʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ʧʨʦʚʝʜʝʥʦ ʦʮʽʥʢʫ ʧʘʨʘʤʝʪʨʽʚ ʷʢʦʩʪʽ 

ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ, ʘ ʩʘʤʝ ʡʤʦʚʽʨʥʦʩʪʽ ʤʠʪʪʻʚʦʛʦ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ,  ʜʦʚʞʠʥʠ 

ʯʝʨʛʠ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʪʘ ʯʘʩʫ ʚʽʜʧʦʚʽʜʽ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʽʥʪʝʥʩʠʚʥʦʩʪʽ 

ʥʘʜʭʦʜʞʝʥʥʷ ʟʘʧʠʪʽʚ ʪʘ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ ʚʫʟʣʽʚ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ. ɺ ʨʝʟʫʣʴʪʘʪʽ 

ʤʦʜʝʣʶʚʘʥʥʷ ʦʪʨʠʤʘʥʦ ʛʨʘʬʽʯʥʽ ʟʘʣʝʞʥʦʩʪʽ, ʷʢʽ ʧʦʢʘʟʫʶʪʴ, ʱʦ ʩʠʩʪʝʤʠ 

ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʜʘʥʠʭ ʧʨʘʮʶʶʪʴ ʜʦʩʠʪʴ ʜʦʙʨʝ ʧʨʠ ʩʝʨʝʜʥʽʭ ʥʘʚʘʥʪʘʞʝʥʥʷʭ 

ʚʫʟʣʽʚ ʦʙʨʦʙʢʠ. ɹʫʣʦ ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʩʠʩʪʝʤʘ, ʷʢʘ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʙʽʣʴʰʦʾ 

ʢʽʣʴʢʦʩʪʽ ʤʝʥʰ ʧʨʦʜʫʢʪʠʚʥʠʭ ʚʫʟʣʽʚ ʦʙʨʦʙʢʠ ʜʘʥʠʭ, ʧʨʘʮʶʚʘʪʠʤʝ 

ʝʬʝʢʪʠʚʥʽʰʝ, ʥʽʞ ʩʠʩʪʝʤʘ ʟ ʦʜʥʠʤ ʚʫʟʣʦʤ ʚʠʱʦʾ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ, ʟʘ ʫʤʦʚʠ, 

ʱʦ ʦʩʦʙʣʠʚʦʩʪʽ ʪʨʘʬʽʢʫ ʥʝ ʚʠʤʘʛʘʶʪʴ ʩʢʣʘʜʥʠʭ ʦʙʯʠʩʣʝʥʴ ʽ ʟʥʘʯʥʠʭ ʟʘʪʨʘʪ 

ʧʨʦʮʝʩʦʨʥʦʛʦ ʯʘʩʫ. 
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ʋ ʯʝʪʚʝʨʪʦʤʫ ʨʦʟʜʽʣʽ çʈʝʘʣʽʟʘʮʽʷ ʤʝʪʦʜʫ ʘʜʘʧʪʠʚʥʦʛʦ ʨʦʟʛʦʨʪʘʥʥʷ 

ʤʽʢʨʦʩʝʨʚʽʩʫ ʚ ʪʦʯʮʽ ʧʨʠʩʫʪʥʦʩʪʽ CDN ʤʝʨʝʞʽè ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʤʝʪʦʜ 

ʘʜʘʧʪʠʚʥʦʛʦ ʨʦʟʛʦʨʪʘʥʥʷ ʤʽʢʨʦʩʝʨʚʽʩʽʚ ʜʣʷ ʦʙʨʦʙʢʠ ʜʠʥʘʤʽʯʥʠʭ ʜʘʥʠʭ ʫ 

ʨʝʞʠʤʽ ʨʝʘʣʴʥʦʛʦ ʯʘʩʫ ʚ ʪʦʯʢʘʭ ʧʨʠʩʫʪʥʦʩʪʽ CDN ʤʝʨʝʞ. ɼʘʥʠʡ ʤʝʪʦʜ 

ʟʘʙʝʟʧʝʯʫʻ ʜʫʙʣʶʚʘʥʥʷ ʙʽʟʥʝʩ-ʣʦʛʽʢʠ ʩʝʨʚʽʩʫ ʟ ʢʦʨʝʥʝʚʦʛʦ ʩʝʨʚʝʨʘ ʥʘ 

ʛʨʘʥʠʯʥʽ ʩʝʨʚʝʨʠ, ʟʜʽʡʩʥʶʻ ʘʥʘʣʽʟ ʧʘʨʘʤʝʪʨʽʚ, ʱʦ ʚʠʟʥʘʯʘʶʪʴ ʷʢʽʩʪʴ 

ʧʦʩʣʫʛʠ ʚ ʨʝʞʠʤʽ ʨʝʘʣʴʥʦʛʦ ʯʘʩʫ ʪʘ ʘʜʘʧʪʠʚʥʦ ʨʦʟʧʦʜʽʣʷʻ ʟʘʧʠʪʠ ʥʘ ʦʩʥʦʚʽ 

ʦʮʽʥʶʚʘʥʥʷ ʨʽʚʥʷ ʟʘʚʘʥʪʘʞʝʥʦʩʪʽ ʛʨʘʥʠʯʥʠʭ ʩʝʨʚʝʨʽʚ. ʇʦʜʘʥʦ ʛʨʘʬʽʯʥʝ 

ʚʽʜʦʙʨʘʞʝʥʥʷ ʨʝʟʫʣʴʪʘʪʽʚ ʤʦʜʝʣʶʚʘʥʥʷ, ʷʢʽ ʧʦʢʘʟʫʶʪʴ, ʱʦ ʟʘʧʨʦʧʦʥʦʚʘʥʠʡ 

ʤʝʪʦʜ ʻ ʜʦʩʠʪʴ ʝʬʝʢʪʠʚʥʠʤ, ʦʩʢʽʣʴʢʠ ʧʨʠ ʟʙʽʣʴʰʝʥʥʽ ʢʽʣʴʢʦʩʪʽ ʟʘʧʠʪʽʚ ʫ ʜʚʘ 

ʨʘʟʠ ʜʘʻ ʟʤʦʛʫ ʟʘʙʝʟʧʝʯʠʪʠ ʥʝʦʙʭʽʜʥʽ ʟʥʘʯʝʥʥʷ ʷʢʦʩʪʽ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ QoS. 

ʇʨʠʚʝʜʝʥʦ ʧʨʠʢʣʘʜ ʧʨʘʢʪʠʯʥʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʤʝʪʦʜʫ ʘʜʘʧʪʠʚʥʦʛʦ 

ʨʦʟʛʦʨʪʘʥʥʷ ʤʽʢʨʦʩʝʨʚʽʩʽʚ ʪʘ ʨʝʟʫʣʴʪʘʪʠ ʡʦʛʦ ʨʦʙʦʪʠ ʥʘ ʧʨʠʢʣʘʜʽ ʭʤʘʨʥʦʛʦ 

ʩʝʨʚʽʩʫ Google Cloud Run. 
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ABSTRACT 

Pleskanka M.V. Improving the quality of service in the content delivery 

network. - Qualifying scientific work on manuscript rights. 

Dissertation for obtaining the scientific degree of Doctor of Philosophy in 

specialty 05.12.02 - telecommunication systems and networks. - Lviv Polytechnic 

National University of the Ministry of Education and Science of Ukraine, Lviv, 

2025. 

In the first chapter " Analysis of services migration methods from 

monolithic to microservice architecture"  the main principles and approaches 

related to the use of monolithic and microservice architecture are considered, the 

specifics of operation, advantages and disadvantages of each of them are given. It 

explores modern methods of creating and managing infrastructure, not through 

physical hardware configuration or interactive setup tools, but using 

configuration files and Infrastructure as Code (IaC) approaches. An extensive 

review of literature on dynamic load balancing and data caching has been 

conducted to determine the current state of strategies employed, including their 

benefits, drawbacks, implementation challenges, and their impact on the 

efficiency of CDN networks. 

In the second chapter "Methods and algorithms of balancing and 

distributed requests processing in the CDN network" the main architectural 

principles of operation and request routing in CDN networks are considered. It 

proposes an integral (comprehensive) caching key formed by combining multiple 

parameters, which can be used for different types of network traffic (e.g., web 

browsing, interactive digital television, multimedia data). A method for 

processing requests that require significant computational resources is suggested, 

enabling distributed data processing at CDN points of presence, improving the 

use of cached data, reducing the load on the root server, and decreasing response 

time for end user. Additionally, a load balancing method for edge locations of 

CDN networks is improved, taking into account the value of the integral caching 
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key, the availability of content on edge servers, and the operational status of 

available servers. 

The third section "A model for evaluating the performance of network 

traffic processing systems at the CND networks points of presence" presents 

a comprehensive mass-service model with three sequentially connected systems, 

used to characterize the request handling process in cloud services with dynamic 

resource allocation. The first subsystem, the load balancer, is mathematically 

modeled as an ὓ/ὓ/1/Ὧ queue system, which has a limited queue length k and a 1 

servicing device. The processing node and origin server can handle multiple tasks 

in parallel and is thus modeled as an ὓ/ὓ/n system. Based on mathematical 

modeling, the quality of service parameters, such as the probability of immediate 

service, queue length, and response time, are evaluated depending on the intensity 

of incoming requests and the performance of processing nodes. Graphical 

dependencies obtained from the modeling show that data service systems perform 

well under moderate processing node loads. It was determined, that a system, 

consisting of a larger number of less productive processing nodes, is more 

efficient, than one with a single high-performance node, provided that the traffic 

characteristics do not require complex calculations or significant processor time. 

The fourth chapter "Development of the method of adaptive  

microservice deployment at CDN network point of presence" chapter 

proposes a method for adaptively deploying microservices to process dynamic 

real-time data at CDN network points of presence. This method duplicates the 

business logic of the service from the root server to edge servers, analyzes 

parameters determining service quality in real-time, and adaptively distributes 

requests based on the load levels of edge servers. Graphical representations of the 

modeling results demonstrate that the proposed method is highly effective. For 

instance, doubling the number of requests still ensures the required quality of 

service (QoS) values. An example of the practical application of the adaptive 
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microservice deployment method and the results of its implementation are 

provided, using the Google Cloud Run cloud service as a case study. 

Keywords: CDN network, edge server, microservice framework, load 

balancing, data caching efficiency, cloud computing, root server, request routing, 

cloud services, distributed data processing. 
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ʇɽʈɽʃɯʂ ʋʄʆɺʅʀʍ ʉʂʆʈʆʏɽʅʔ 

IaaS (ʩʢʦʨ. ʘʥʛʣ. Infrastructure as a Service) ï ʽʥʬʨʘʩʪʨʫʢʪʫʨʘ ʷʢ ʧʦʩʣʫʛʘ. 

PaaS (ʩʢʦʨ. ʘʥʛʣ. Platform as a Service) ï ʧʣʘʪʬʦʨʤʘ ʷʢ ʧʦʩʣʫʛʘ. 

SaaS (ʩʢʦʨ. ʘʥʛʣ. Software as a Service) ï ʧʨʦʛʨʘʤʥʝ ʟʘʙʝʟʧʝʯʝʥʥʷ ʷʢ 

ʧʦʩʣʫʛʘ. 

GCP (ʩʢʦʨ. ʘʥʛʣ. Google Cloud Platform) ï ʭʤʘʨʥʘ ʧʣʘʪʬʦʨʤʘ Google. 

AWS (ʩʢʦʨ. ʘʥʛʣ. Amazon Web Services) ï ʚʝʙ ʩʝʨʚʽʩʠ Amazon. 

API  (ʩʢʦʨ. ʘʥʛʣ. Application Programming Interface) ï ʥ̔ʪʝʨʬʝʡʩ 

ʧʨʦʛʨʘʤʫʚʘʥʥʷ ʜʦʜʘʪʢʽʚ. 

CDN (ʩʢʦʨ. ʘʥʛʣ. Content Delivery Network) ï ʤʝʨʝʞʘ ʜʦʩʪʘʚʢʠ ʢʦʥʪʝʥʪʫ. 

SOA - (ʩʢʦʨ.  ʘʥʛʣ.  Service-Oriented Architecture)  ï  ʩʝʨʚʽʩʥʦ-

ʦʨʽʻʥʪʦʚʘʥʘ ʘʨʭʽʪʝʢʪʫʨʘ. 

REST (ʩʢʦʨ. ʘʥʛʣ. Representational State Transfer) ï ʧʝʨʝʜʘʯʘ 

ʨʝʧʨʝʟʝʥʪʘʪʠʚʥʦʛʦ ʩʪʘʥʫ. 

HTTP  (ʩʢʦʨ. ʘʥʛʣ. Hypertext Transfer Protocol) ï ʧʨʦʪʦʢʦʣ ʧʝʨʝʜʘʯʽ 

ʛʽʧʝʨʪʝʢʩʪʫ. gRPC (ʩʢʦʨ. ʘʥʛʣ. Google Remote Procedure Call) ï ʩʠʩʪʝʤʘ 

ʚʽʜʜʘʣʝʥʦʛʦ ʚʠʢʣʠʢʫ ʧʨʦʮʝʜʫʨ. 

AMQP  (ʩʢʦʨ. ʘʥʛʣ. Advanced Message Queuing Protocol) ï ʨʦʟʰʠʨʝʥʠʡ 

ʧʨʦʪʦʢʦʣ ʯʝʨʛʠ ʧʦʚʽʜʦʤʣʝʥʴ.  

ETL  (ʩʢʦʨ. ʘʥʛʣ. Extract, Transform, Load) ï ʝʢʩʪʨʘʢʮʽʷ, ʪʨʘʥʩʬʦʨʤʘʮʽʷ, 

ʟʘʚʘʥʪʘʞʝʥʥʷ.  

QoS- (ʩʢʦʨ. ʘʥʛʣ. Quality of Service) ï ʷʢʽʩʪʴ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ. 

GCR-(ʩʢʦʨ. ʘʥʛʣ. Google Cloud Registry) ï ʩʭʦʚʠʱʝ ʜʣʷ ʟʙʝʨʝʞʝʥʥʷ 

ʦʙʨʘʟʽʚ. 

LB-(ʩʢʦʨ. ʘʥʛʣ. Load Balancer) ï ʙʘʣʘʥʩʫʚʘʣʴʥʠʢ ʥʘʚʘʥʪʘʞʝʥʥʷ. 

FBM-(Fractional Brown Motion) - ʬʨʘʢʪʘʣʴʥʠʡ ʙʨʦʫʥʽʚʩʴʢʠʭ ʨʫʭ. 

FGN - (Fraction Gaussian Noise) - ʌʨʘʢʪʘʣʴʥʠʡ ʛʘʫʩʽʚʩʴʢʠʡ ʰʫʤ. 

AR-(Autoregressive Models ) - ɸʚʪʦʨʝʛʨʝʩʽʡʥʽ ʤʦʜʝʣʽ. 

FPP-(Fractal Point Process ) - ʌʨʘʢʪʘʣʴʥʽ ʪʦʯʢʦʚʽ ʧʨʦʮʝʩʠ. 
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APM-(ʩʢʦʨ. ʘʥʛʣ. Aplication Monitoring) ï ʩʠʩʪʝʤʘ ʤʦʥʽʪʦʨʠʥʛʫ ʜʦʜʘʪʢʽʚ ʪʘ 

ʩʝʨʚʽʩʽʚ. 

EC-(ʩʢʦʨ. ʘʥʛʣ. Edge Compute) ï ʦʙʨʦʙʢʘ ʜʘʥʠʭ ʥʘ ʛʨʘʥʠʯʥʦʤʫ ʩʝʨʚʝʨʽ 

ʨʦʟʧʦʜʽʣʝʥʦʾ ʤʝʨʝʞʽ ʜʦʩʪʘʚʢʠ ʢʦʥʪʝʥʪʫ ʪʘ ʧʦʩʣʫʛ. 

IoT-(ʩʢʦʨ. ʘʥʛʣ. Internet of Things) - ʽʥʪʝʨʥʝʪ ʨʝʯʝʡ. 

ʉI/CD-(ʩʢʦʨ. ʘʥʛʣ. Continuous Integration and Continuous Delivery) ï 

ʥʝʧʝʨʝʨʚʥʘ ʽʥʪʝʛʨʘʮʽʷ ʪʘ ʥʝʧʝʨʝʨʚʥʘ ʜʦʩʪʘʚʢʘ ʩʝʨʚʽʩʽʚ. 

DNS - (ʩʢʦʨ. ʘʥʛʣ. Domain Name System) - ʩʠʩʪʝʤʘ ʜʦʤʝʥʥʠʭ ʽʤʝʥ. 

CA - (ʩʢʦʨ. ʘʥʛʣ. Cache Affinity) ï ʝʬʝʢʪʠʚʥʽʩʪʴ ʢʝʰʫʚʘʥʥʷ ʜʘʥʠʭ. 

PoP - (ʩʢʦʨ. ʘʥʛʣ. Point of Present) ï ʣʦʢʘʮʽʷ ʜʦʩʪʫʧʥʦʩʪʽ ʤʝʨʝʞʽ ʜʦʩʪʘʚʢʠ 

ʜʘʥʠʭ 

ES - (ʩʢʦʨ. ʘʥʛʣ. Edge Server) ï ʛʨʘʥʠʯʥʠʡ (ʢʝʰʫʶʯʠʡ) ʩʝʨʚʝʨ ʚ ʤʝʨʝʞʽ 

ʜʦʩʪʘʚʢʠ ʜʘʥʠʭ 

Cloud Run  - ʢʝʨʦʚʘʥʘ ʧʣʘʪʬʦʨʤʘ ʦʙʯʠʩʣʝʥʥʷ 

STOMP - (ʘʥʛʣ. Simple (or Streaming) Text Oriented Messaging Protocol) ð 

ʮʝ ʧʨʦʪʦʢʦʣ, ʟʘʩʥʦʚʘʥʠʡ ʥʘ ʬʨʝʡʤʘʭ, ʟʤʦʜʝʣʴʦʚʘʥʠʭ ʥʘ ʦʩʥʦʚʽ HTTP 

Apache JMeter - ʽʥʩʪʨʫʤʝʥʪ ʜʣʷ ʧʨʦʚʝʜʝʥʥʷ ʥʘʚʘʥʪʘʞʫʚʘʣʴʥʦʛʦ 

ʪʝʩʪʫʚʘʥʥʷ 
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ɺʉʊʋʇ 

ɸʢʪʫʘʣʴʥʽʩʪʴ ʪʝʤʠ. ʉʫʯʘʩʥʠʡ ʨʽʚʝʥʴ ʨʦʟʚʠʪʢʫ ʽʥʬʦʨʤʘʮʽʡʥʠʭ 

ʪʝʭʥʦʣʦʛʽʡ ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʽʥʪʝʥʩʠʚʥʠʤ ʚʧʨʦʚʘʜʞʝʥʥʷʤ ʥʦʚʠʭ ʧʦʩʣʫʛ ʪʘ 

ʧʣʘʪʬʦʨʤ. ɼʦʩʠʪʴ ʧʦʰʠʨʝʥʠʤʠ ʚ ʥʘʰ ʯʘʩ ʩʪʘʣʠ Cloud-ʤʝʨʝʞʽ ʪʘ ʪʝʭʥʦʣʦʛʽʷ 

CDN (Content Delivery Network). ɺʩʝ ʮʝ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʧʽʜʚʠʱʝʥʥʷ ʚʠʤʦʛ ʜʦ 

ʢʘʥʘʣʽʚ ʟʚ'ʷʟʢʫ ʪʘ ʦʙʩʣʫʛʦʚʫʶʯʠʭ ʧʨʠʩʪʨʦʾʚ, ʷʢʽ ʚʠʢʦʥʫʶʪʴ ʦʙʨʦʙʢʫ 

ʪʨʘʬʽʢʫ, ʱʦʙ ʟʘʙʝʟʧʝʯʠʪʠ ʥʝʦʙʭʽʜʥʫ ʷʢʽʩʪʴ ʧʦʩʣʫʛ QoS (Quality of Service), 

ʦʩʢʽʣʴʢʠ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʚʠʤʦʛ ʯʘʩʫ, ʩʫʯʘʩʥʽ ʤʝʨʝʞʽ ʧʝʨʝʜʘʯʽ ʜʘʥʠʭ ʧʦʚʠʥʥʽ 

ʙʫʜʫʚʘʪʠʩʷ ʷʢ ʚʠʩʦʢʦʥʘʜʽʡʥʽ ʩʠʩʪʝʤʠ, ʟʜʘʪʥʽ ʟʘʙʝʟʧʝʯʠʪʠ ʥʝʦʙʭʽʜʥʽ 

ʧʦʢʘʟʥʠʢʠ ʷʢʦʩʪʽ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ. 

ʋʤʦʚʠ, ʷʢʽ ʩʢʣʘʣʠʩʴ ʚ ʩʫʯʘʩʥʦʤʫ ʩʚʽʪʽ, ʘ ʮʝ ʜʣʷ ʧʨʠʢʣʘʜʫ COVID, 

ʚʽʡʥʘ ʪʘ ʙʘʛʘʪʦ ʽʥʰʠʭ ʯʠʥʥʠʢʽʚ ʜʠʢʪʫʶʪʴ ʩʚʦʾ ʧʨʘʚʠʣʘ ʨʦʟʚʠʪʢʫ ʪʝʭʥʦʣʦʛʽʡ 

ʪʘ ʩʧʦʩʦʙʽʚ ʥʘʜʘʥʥʷ ʧʦʩʣʫʛ. ɼʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʨʽʟʥʠʭ ʚʠʤʦʛ ʧʘʨʘʤʝʪʨʽʚ QoS 

ʤʫʣʴʪʠʩʝʨʚʽʩʥʠʭ ʧʦʩʣʫʛ ʚ ʩʠʩʪʝʤʘʭ ʧʝʨʝʜʘʚʘʥʥʷ ʜʘʥʠʭ ʥʝʦʙʭʽʜʥʦ 

ʚʧʨʦʚʘʜʞʫʚʘʪʠ ʘʣʛʦʨʠʪʤʠ ʪʘ ʤʝʪʦʜʠ ʫʧʨʘʚʣʽʥʥʷ ʪʨʘʬʽʢʦʤ, ʷʢʽ ʧʦʚʠʥʥʽ 

ʚʨʘʭʦʚʫʚʘʪʠ ʦʩʦʙʣʠʚʦʩʪʽ ʨʽʟʥʠʭ ʚʠʜʽʚ ʧʦʩʣʫʛ, ʘ ʪʘʢʦʞ ʟʘʙʝʟʧʝʯʫʚʘʪʠ 

ʝʬʝʢʪʠʚʥʝ ʚʠʢʦʨʠʩʪʘʥʥʷ ʨʝʩʫʨʩʽʚ ʤʝʨʝʞʽ ʪʘ ʚʫʟʣʽʚ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ. 

ʆʢʨʝʤʫ ʫʚʘʛʫ ʩʣʽʜ ʧʨʠʜʽʣʠʪʠ ʽ ʥʦʚʠʤ ʘʨʭʽʪʝʢʪʫʨʥʠʤ ʨʽʰʝʥʥʷʤ, ʷʢʽ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʚ ʥʘʰ ʯʘʩ ʜʣʷ ʨʦʟʨʦʙʢʠ ʩʫʯʘʩʥʠʭ ʩʝʨʚʽʩʽʚ ʪʘ ʜʦʜʘʪʢʽʚ. 

ʆʩʦʙʣʠʚʠʡ ʘʢʮʝʥʪ ʨʦʙʠʪʴʩʷ ʥʘ ʧʽʜʭʦʜʠ, ʷʢʽ ʜʦʟʚʦʣʷʶʪʴ ʰʚʠʜʢʦ ʥʘʨʦʩʪʠʪʠ 

ʨʝʩʫʨʩʠ ʚ ʤʦʤʝʥʪʠ ʟʨʦʩʪʘʥʥʷ ʥʘʚʘʥʪʘʞʝʥʥʷ, ʪʘ ʪʘʢ ʩʘʤʦ ʰʚʠʜʢʦ ʚʩʝ 

ʟʛʦʨʥʫʪʠ ʧʨʠ ʡʦʛʦ ʚʽʜʩʫʪʥʦʩʪʽ. ʅʝ ʤʝʥʰ ʚʘʞʣʠʚʠʤʠ ʻ ʪʘʢʦʞ ʤʝʪʦʜʠ, ʷʢʽ 

ʜʦʟʚʦʣʷʶʪʴ ʧʝʨʝʥʦʩʠʪʠ ʦʙʨʦʙʢʫ ʜʘʥʠʭ ʷʢʥʘʡʙʣʠʞʯʝ ʜʦ ʢʦʨʠʩʪʫʚʘʯʘ. ʗʢʱʦ 

ʨʘʥʽʰʝ ʪʘʢʽ ʧʽʜʭʦʜʠ ʟʘʩʪʦʩʦʚʫʚʘʣʠʩʷ ʧʝʨʝʚʘʞʥʦ ʜʣʷ ʩʪʘʪʠʯʥʦʛʦ ʢʦʥʪʝʥʪʫ, 

ʪʘʢʦʛʦ ʷʢ ʚʽʜʝʦ ʪʘ ʘʫʜʽʦ ʪʨʘʬʽʢ ʯʠ ʨʽʟʥʦʛʦ ʨʦʜʫ ʟʦʙʨʘʞʝʥʥʷ, ʪʦ ʟʘʨʘʟ ʮʴʦʛʦ 

ʚʞʝ ʥʝʜʦʩʪʘʪʥʴʦ. ʋ ʩʫʯʘʩʥʠʭ CDN ʟʥʘʯʥʫ ʯʘʩʪʢʫ ʪʨʘʬʽʢʫ ʩʪʘʥʦʚʠʪʴ 

ʜʠʥʘʤʽʯʥʠʡ ʢʦʥʪʝʥʪ, ʚʤʽʩʪ ʷʢʦʛʦ ʤʦʞʝ ʟʤʽʥʶʚʘʪʠʩʷ ʟʘʣʝʞʥʦ ʚʽʜ ʯʘʩʫ, ʤʽʩʮʷ, 

ʜʽʡ ʢʦʨʠʩʪʫʚʘʯʘ ʪʘ ʽʥʰʠʭ ʬʘʢʪʦʨʽʚ. 



 

18 

ɺʘʨʪʦ ʟʘʟʥʘʯʠʪʠ, ʱʦ ʜʦʩʠʪʴ ʙʘʛʘʪʦ ʜʦʩʣʽʜʞʝʥʴ ʙʫʣʦ ʟʦʩʝʨʝʜʞʝʥʦ ʩʘʤʝ 

ʥʘ ʧʦʢʨʘʱʝʥʥʷ ʷʢʦʩʪʽ ʜʦʩʪʘʚʢʠ ʷʢ ʩʪʘʪʠʯʥʠʭ ʪʘʢ ʽ ʜʠʥʘʤʽʯʥʠʭ ʜʘʥʠʭ ʚ CDN 

ʤʝʨʝʞʘʭ. ʉʝʨʝʜ ʧʨʦʚʽʜʥʠʭ ʥʘʫʢʦʚʠʭ ʜʦʩʣʽʜʞʝʥʴ ʚ ʜʘʥʦʤʫ ʥʘʧʨʷʤʢʫ, ʤʦʞʥʘ 

ʚʠʜʽʣʠʪʠ ʘʚʪʦʨʽʚ: Nakanishi K., Suzuki F., Dong Y., Gupta P., Goya M., 

Mijumbi R., Shitole A., Lugones D., ʃ. ɻʣʦʙʘ, ʆ. ʃʝʤʝʰʢʦ, ʉ. ʊʦʣʶʧʘ, ɺ. 

ɹʝʟʨʫʢ, ɹ. ɾʫʨʘʢʦʚʩʴʢʠʡ. ʋ ʙʽʣʴʰʦʩʪʽ ʨʦʟʛʣʷʥʫʪʠʭ ʨʦʙʽʪ ʘʚʪʦʨʠ 

ʜʦʩʣʽʜʞʫʶʪʴ ʤʝʪʦʜʠ ʙʘʣʘʥʩʫʚʘʥʥʷ ʥʘʚʘʥʪʘʞʝʥʥʷ ʪʘ ʝʬʝʢʪʠʚʥʦʩʪʽ 

ʢʝʰʫʚʘʥʥʷ, ʧʨʦʪʝ ʥʝʜʦʩʪʘʪʥʴʦ ʫʚʘʛʠ ʧʨʠʜʽʣʝʥʦ ʢʨʠʪʝʨʽʷʤ, ʟʘ ʷʢʠʤʠ ʤʦʞʥʘ 

ʨʦʟʧʦʜʽʣʷʪʠ ʪʠʧʠ ʟʘʧʠʪʽʚ ʤʽʞ ʛʨʘʥʠʯʥʠʤʠ ʩʝʨʚʝʨʘʤʠ, ʘ ʪʘʢʦʞ ʘʥʘʣʽʪʠʯʥʠʤ 

ʜʘʥʠʤ, ʱʦ ʧʨʦʛʥʦʟʫʶʪʴ ʜʠʥʘʤʽʢʫ ʧʦʚʝʜʽʥʢʠ ʢʦʨʠʩʪʫʚʘʯʽʚ. ʑʦʜʦ ʦʙʨʦʙʢʠ 

ʜʠʥʘʤʽʯʥʠʭ ʜʘʥʠʭ, ʥʝ ʙʫʣʦ ʚʨʘʭʦʚʘʥʦ ʤʦʞʣʠʚʦʩʪʽ ʧʝʨʝʥʝʩʝʥʥʷ ʩʘʤʦʛʦ 

ʧʨʦʮʝʩʫ ʦʙʨʦʙʢʠ ʪʘ ʬʦʨʤʫʚʘʥʥʷ ʜʘʥʠʭ ʷʢʦʤʦʛʘ ʙʣʠʞʯʝ ʜʦ ʣʦʢʘʮʽʾ 

ʢʦʨʠʩʪʫʚʘʯʘ ʟ ʤʝʪʦʶ ʝʬʝʢʪʠʚʥʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʦʙʯʠʩʣʶʚʘʣʴʥʦʾ 

ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ. 

ʊʘʢʠʤ ʯʠʥʦʤ, ʟʨʦʩʪʘʥʥʷ ʦʙʩʷʛʽʚ ʪʘ ʨʽʟʥʦʤʘʥʽʪʥʦʩʪʽ ʩʪʘʪʠʯʥʠʭ ʽ 

ʜʠʥʘʤʽʯʥʠʭ ʜʘʥʠʭ ʫ ʤʝʨʝʞʘʭ ʜʦʩʪʘʚʢʠ ʢʦʥʪʝʥʪʫ ʦʙʫʤʦʚʣʶʻ ʥʝʦʙʭʽʜʥʽʩʪʴ 

ʨʦʟʚôʷʟʘʥʥʷ ʥʘʫʢʦʚʦ-ʧʨʘʢʪʠʯʥʦʛʦ ʟʘʚʜʘʥʥʷ ʧʽʜʚʠʱʝʥʥʷ ʷʢʦʩʪʽ 

ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʢʦʨʠʩʪʫʚʘʯʽʚ ʚ ʫʤʦʚʘʭ ʦʙʤʝʞʝʥʦʾ ʦʙʯʠʩʣʶʚʘʣʴʥʦʾ 

ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ ʰʣʷʭʦʤ ʨʦʟʨʦʙʣʝʥʥʷ ʤʝʪʦʜʽʚ ʽ ʘʣʛʦʨʠʪʤʽʚ ʦʙʨʦʙʢʠ ʟʘʧʠʪʽʚ, 

ʱʦ ʧʦʪʨʝʙʫʶʪʴ ʟʥʘʯʥʠʭ ʦʙʯʠʩʣʶʚʘʣʴʥʠʭ ʨʝʩʫʨʩʽʚ, ʢʝʰʫʚʘʥʥʷ ʜʘʥʠʭ, 

ʨʝʘʣʽʟʘʮʽʾ ʙʘʣʘʥʩʫʚʘʥʥʷ ʥʘʚʘʥʪʘʞʝʥʥʷ ʪʘ ʘʜʘʧʪʠʚʥʦʛʦ ʨʦʟʛʦʨʪʘʥʥʷ 

ʤʽʢʨʦʩʝʨʚʽʩʽʚ ʫ ʪʦʯʢʘʭ ʧʨʠʩʫʪʥʦʩʪʽ CDN ʤʝʨʝʞ. 

ɿʚôʷʟʦʢ ʨʦʙʦʪʠ ʟ ʥʘʫʢʦʚʠʤʠ ʧʨʦʛʨʘʤʘʤʠ, ʧʣʘʥʘʤʠ, ʪʝʤʘʤʠ. 

ʊʝʤʘʪʠʢʘ ʜʠʩʝʨʪʘʮʽʡʥʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ ʚʠʢʦʥʫʚʘʣʘʩʴ ʫ ʚʽʜʧʦʚʽʜʥʦʩʪʽ ʜʦ 

ʥʘʫʢʦʚʦʛʦ ʥʘʧʨʷʤʫ ʢʘʬʝʜʨʠ ʽʥʬʦʨʤʘʮʽʡʥʦ-ʢʦʤʫʥʽʢʘʮʽʡʥʠʭ ʪʝʭʥʦʣʦʛʽʡ 

(ʢʘʬʝʜʨʠ ʪʝʣʝʢʦʤʫʥʽʢʘʮʽʡ) ʅʘʮʽʦʥʘʣʴʥʦʛʦ ʫʥʽʚʝʨʩʠʪʝʪʫ çʃʴʚʽʚʩʴʢʘ 

ʧʦʣʽʪʝʭʥʽʢʘè - çɯʥʬʦʢʦʤʫʥʽʢʘʮʽʡʥʽ ʩʠʩʪʝʤʠ ʪʘ ʤʝʨʝʞʽè, ʚ ʤʝʞʘʭ ʥʠʟʢʠ 

ʜʝʨʞʙʶʜʞʝʪʥʠʭ ʥʘʫʢʦʚʦ-ʜʦʩʣʽʜʥʠʭ ʨʦʙʽʪ: çʄʝʪʦʜʠ ʧʦʙʫʜʦʚʠ ʪʘ ʤʦʜʝʣʽ 

ʽʥʬʦʨʤʘʮʽʡʥʦ-ʪʝʣʝʢʦʤʫʥʽʢʘʮʽʡʥʦʾ ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ ʥʘ ʦʩʥʦʚʽ SDN-
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ʪʝʭʥʦʣʦʛʽʡ ʜʣʷ ʩʠʩʪʝʤ ʝʣʝʢʪʨʦʥʥʦʛʦ ʫʨʷʜʫʚʘʥʥʷè (ɼɹ/SDN), 

(  ̄ʜʝʨʞʨʝʻʩʪʨʘʮʽʾ 0115U000444, (2015-2016 ʨʨ.), çʄʝʪʦʜʠ ʧʦʙʫʜʦʚʠ 

ʛʝʪʝʨʦʛʝʥʥʠʭ ʽʥʬʦʨʤʘʮʽʡʥʦ-ʢʦʤʫʥʽʢʘʮʽʡʥʠʭ ʩʠʩʪʝʤ ʜʣʷ ʨʦʟʛʦʨʪʘʥʥʷ 

ʧʨʦʛʨʘʤʥʦ-ʢʦʥʬʽʛʫʨʦʚʘʥʠʭ ʤʝʨʝʞ 5G ʧʦʜʚʽʡʥʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷè (ˉ 

ʜʝʨʞʨʝʻʩʪʨʘʮʽʾ 0117U004449, (2017ï2018 ʨʨ.)). 

ʄʝʪʘ ʽ ʟʘʚʜʘʥʥʷ ʜʦʩʣʽʜʞʝʥʴ. ʄʝʪʦʶ ʜʠʩʝʨʪʘʮʽʡʥʦʾ ʨʦʙʦʪʠ ʻ 

ʧʽʜʚʠʱʝʥʥʷ ʷʢʦʩʪʽ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʫ ʤʝʨʝʞʘʭ ʜʦʩʪʘʚʢʠ ʢʦʥʪʝʥʪʫ ʰʣʷʭʦʤ 

ʨʦʟʨʦʙʢʠ ʤʝʪʦʜʽʚ ʪʘ ʘʣʛʦʨʠʪʤʽʚ ʝʬʝʢʪʠʚʥʦʛʦ ʢʝʰʫʚʘʥʥʷ, ʙʘʣʘʥʩʫʚʘʥʥʷ 

ʪʨʘʬʽʢʫ ʪʘ ʘʜʘʧʪʠʚʥʦʛʦ ʨʦʟʛʦʨʪʘʥʥʷ ʤʽʢʨʦʩʝʨʚʽʩʽʚ ʫ ʪʦʯʢʘʭ ʧʨʠʩʫʪʥʦʩʪʽ 

CDN ʤʝʨʝʞ. 

ɼʣʷ ʜʦʩʷʛʥʝʥʥʷ ʧʦʩʪʘʚʣʝʥʦʾ ʤʝʪʠ ʥʝʦʙʭʽʜʥʦ ʨʦʟʚôʷʟʘʪʠ ʪʘʢʽ ʟʘʚʜʘʥʥʷ: 

1. ʇʨʦʚʝʩʪʠ ʘʥʘʣʽʟ ʽʩʥʫʶʯʠʭ ʧʽʜʭʦʜʽʚ ʪʘ ʘʨʭʽʪʝʢʪʫʨʥʠʭ ʨʽʰʝʥʴ, ʷʢʽ 

ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ ʧʽʜ ʯʘʩ ʨʦʟʨʦʙʢʠ ʪʘ ʚʧʨʦʚʘʜʞʝʥʥʷ ʥʦʚʠʭ ʩʝʨʚʽʩʽʚ ʪʘ ʧʦʩʣʫʛ 

ʚ ʉDN ʤʝʨʝʞʘʭ.  

2. ʋʜʦʩʢʦʥʘʣʠʪʠ ʤʝʪʦʜ ʦʙʨʦʙʢʠ ʟʘʧʠʪʽʚ, ʱʦ ʧʦʪʨʝʙʫʶʪʴ ʟʥʘʯʥʠʭ 

ʦʙʯʠʩʣʶʚʘʣʴʥʠʭ ʨʝʩʫʨʩʽʚ ʫ ʪʦʯʢʘʭ ʧʨʠʩʫʪʥʦʩʪʽ CDN ʤʝʨʝʞʽ.  

3. ɿʘʧʨʦʧʦʥʫʚʘʪʠ ʽʥʪʝʛʨʘʣʴʥʠʡ ʢʣʶʯ ʢʝʰʫʚʘʥʥʷ ʜʣʷ ʝʬʝʢʪʠʚʥʦʛʦ 

ʢʝʰʫʚʘʥʥʷ ʩʪʘʪʠʯʥʠʭ ʜʘʥʠʭ ʚ ʤʝʨʝʞʘʭ ʜʦʩʪʘʚʢʠ ʢʦʥʪʝʥʪʫ.  

4. ʋʜʦʩʢʦʥʘʣʠʪʠ ʤʝʪʦʜ ʙʘʣʘʥʩʫʚʘʥʥʷ ʥʘʚʘʥʪʘʞʝʥʥʷ ʫ ʤʝʨʝʞʘʭ 

ʜʦʩʪʘʚʢʠ ʢʦʥʪʝʥʪʫ ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʝʬʝʢʪʠʚʥʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʢʝʰ-ʧʘʤ'ʷʪʽ 

ʪʘ ʦʙʯʠʩʣʶʚʘʣʴʥʠʭ ʨʝʩʫʨʩʽʚ ʛʨʘʥʠʯʥʠʭ ʩʝʨʚʝʨʽʚ ʪʘ ʤʝʨʝʞʝʚʠʭ ʧʨʠʩʪʨʦʾʚ. 

5. ʈʦʟʨʦʙʠʪʠ ʤʝʪʦʜ ʘʜʘʧʪʠʚʥʦʛʦ ʨʦʟʛʦʨʪʘʥʥʷ ʤʽʢʨʦʩʝʨʚʽʩʽʚ ʜʣʷ 

ʦʙʨʦʙʢʠ ʜʠʥʘʤʽʯʥʠʭ ʜʘʥʠʭ ʫ ʨʝʞʠʤʽ ʨʝʘʣʴʥʦʛʦ ʯʘʩʫ ʚ ʪʦʯʢʘʭ ʧʨʠʩʫʪʥʦʩʪʽ 

CDN-ʤʝʨʝʞ. 

6. ʇʨʦʚʝʩʪʠ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʝ ʜʦʩʣʽʜʞʝʥʥʷ ʜʣʷ ʦʮʽʥʶʚʘʥʥʷ 

ʝʬʝʢʪʠʚʥʦʩʪʽ ʟʘʧʨʦʧʦʥʦʚʘʥʠʭ ʨʽʰʝʥʴ ʥʘ ʦʩʥʦʚʽ ʨʦʟʨʦʙʣʝʥʦʛʦ ʧʨʦʪʦʪʠʧʫ 

ʤʝʨʝʞʽ ʜʦʩʪʘʚʢʠ ʢʦʥʪʝʥʪʫ. 

ʆʙôʻʢʪ ʜʦʩʣʽʜʞʝʥʥʷ ï ʧʨʦʮʝʩʠ ʦʙʨʦʙʢʠ ʜʘʥʠʭ ʚ ʪʦʯʢʘʭ ʧʨʠʩʫʪʥʦʩʪʽ 

CDN ʤʝʨʝʞʽ. 
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ʇʨʝʜʤʝʪ ʜʦʩʣʽʜʞʝʥʥʷ - ʤʝʪʦʜʠ ʪʘ ʘʣʛʦʨʠʪʤʠ ʦʙʨʦʙʢʠ ʩʪʘʪʠʯʥʠʭ ʪʘ 

ʜʠʥʘʤʽʯʥʠʭ ʜʘʥʠʭ ʚ ʤʝʨʝʞʘʭ ʜʦʩʪʘʚʢʠ ʢʦʥʪʝʥʪʫ. 

ʄʝʪʦʜʠ ʜʦʩʣʽʜʞʝʥʥʷ. ɼʦʩʣʽʜʞʝʥʥʷ ʚʠʢʦʥʘʥʦ ʥʘ ʦʩʥʦʚʽ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʤʝʪʦʜʽʚ ʦʙᾷʻʢʪʥʦ-ʦʨʽʻʥʪʦʚʘʥʦʛʦ ʧʨʦʻʢʪʫʚʘʥʥʷ, ʪʝʦʨʽʾ ʩʠʩʪʝʤ ʤʘʩʦʚʦʛʦ 

ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ, ʧʘʨʘʣʝʣʴʥʠʭ ʪʘ ʨʦʟʧʦʜʽʣʝʥʠʭ ʦʙʯʠʩʣʝʥʴ, ʤʘʪʝʤʘʪʠʯʥʦʛʦ ʪʘ 

ʢʦʤʧôʶʪʝʨʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ, ʘ ʪʘʢʦʞ ʥʘ ʦʩʥʦʚʽ ʨʝʟʫʣʴʪʘʪʽʚ ʝʢʩʧʝʨʠʤʝʥʪʽʚ. 

ʅʘʫʢʦʚʘ ʥʦʚʠʟʥʘ ʦʪʨʠʤʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ. 

1. ʅʘʙʫʚ ʧʦʜʘʣʴʰʦʛʦ ʨʦʟʚʠʪʢʫ ʤʝʪʦʜ ʦʙʨʦʙʢʠ ʟʘʧʠʪʽʚ, ʱʦ ʧʦʪʨʝʙʫʶʪʴ 

ʟʥʘʯʥʠʭ ʦʙʯʠʩʣʶʚʘʣʴʥʠʭ ʨʝʩʫʨʩʽʚ, ʷʢʠʡ, ʥʘ ʚʽʜʤʽʥʫ ʚʽʜ ʨʘʥʽʰʝ ʚʽʜʦʤʠʭ, ʜʣʷ 

ʨʦʟʧʦʜʽʣʝʥʦʾ ʦʙʨʦʙʢʠ ʟʘʧʠʪʽʚ ʚʨʘʭʦʚʫʻ ʜʘʥʽ ʘʥʘʣʽʪʠʢʠ ʱʦʜʦ ʧʦʧʫʣʷʨʥʦʩʪʽ 

ʧʝʚʥʠʭ ʨʝʩʫʨʩʽʚ (ʚʝʙ-ʩʪʦʨʽʥʦʢ, ʤʫʣʴʪʠʤʝʜʽʡʥʦʛʦ ʢʦʥʪʝʥʪʫ) ʩʝʨʝʜ ʩʧʠʩʢʫ 

ʥʘʡʙʽʣʴʰ ʟʘʧʠʪʫʚʘʥʠʭ, ʱʦ ʜʘʣʦ ʟʤʦʛʫ ʟʘʙʝʟʧʝʯʠʪʠ ʝʬʝʢʪʠʚʥʝ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʢʝʰʦʚʘʥʠʭ ʜʘʥʠʭ, ʘ ʪʘʢʦʞ ʟʤʝʥʰʠʪʠ ʥʘʚʘʥʪʘʞʝʥʥʷ ʥʘ ʢʦʨʝʥʝʚʠʡ ʩʝʨʚʝʨ ʪʘ 

ʯʘʩ ʚʽʜʧʦʚʽʜʽ ʥʘ ʟʘʧʠʪʠ ʢʽʥʮʝʚʦʛʦ ʢʦʨʠʩʪʫʚʘʯʘ. 

2. ʋʜʦʩʢʦʥʘʣʝʥʦ ʤʝʪʦʜ ʙʘʣʘʥʩʫʚʘʥʥʷ ʪʨʘʬʽʢʫ ʫ ʪʦʯʢʘʭ ʧʨʠʩʫʪʥʦʩʪʽ 

CDN ʤʝʨʝʞʽ, ʷʢʠʡ, ʥʘ ʚʽʜʤʽʥʫ ʚʽʜ ʚʽʜʦʤʠʭ, ʚʨʘʭʦʚʫʻ ʟʥʘʯʝʥʥʷ ʽʥʪʝʛʨʘʣʴʥʦʛʦ 

ʢʣʶʯʘ ʢʝʰʫʚʘʥʥʷ ʩʬʦʨʤʦʚʘʥʦʛʦ ʥʘ ʦʩʥʦʚʽ ʨʦʟʨʦʙʣʝʥʦʛʦ ʤʝʪʦʜʫ ʦʙʨʦʙʢʠ 

ʟʘʧʠʪʽʚ, ʣʦʢʘʮʽʶ ʢʣʽʻʥʪʘ, ʥʘʷʚʥʽʩʪʴ ʢʦʥʪʝʥʪʫ ʥʘ ʛʨʘʥʠʯʥʦʤʫ ʩʝʨʚʝʨʽ ʪʘ ʩʪʘʥ 

ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʜʦʩʪʫʧʥʠʭ ʩʝʨʚʝʨʽʚ, ʱʦ ʜʘʣʦ ʟʤʦʛʫ ʧʽʜʚʠʱʠʪʠ ʷʢʽʩʪʴ 

ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʚ ʤʝʨʝʞʘʭ ʜʦʩʪʘʚʢʠ ʢʦʥʪʝʥʪʫ. 

3. ɺʧʝʨʰʝ ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʤʝʪʦʜ ʘʜʘʧʪʠʚʥʦʛʦ ʨʦʟʛʦʨʪʘʥʥʷ 

ʤʽʢʨʦʩʝʨʚʽʩʽʚ ʜʣʷ ʦʙʨʦʙʢʠ ʜʠʥʘʤʽʯʥʠʭ ʜʘʥʠʭ ʫ ʨʝʞʠʤʽ ʨʝʘʣʴʥʦʛʦ ʯʘʩʫ ʚ 

ʪʦʯʢʘʭ ʧʨʠʩʫʪʥʦʩʪʽ CDN-ʤʝʨʝʞ, ʷʢʠʡ, ʥʘ ʚʽʜʤʽʥʫ ʚʽʜ ʚʽʜʦʤʠʭ, ʯʘʩʪʢʦʚʦ 

ʜʫʙʣʶʻ ʙʽʟʥʝʩ-ʣʦʛʽʢʫ ʩʝʨʚʽʩʫ ʟ ʢʦʨʝʥʝʚʦʛʦ ʩʝʨʚʝʨʘ, ʱʦ ʥʘʜʘʻʪʴʩʷ ʢʽʥʮʝʚʠʤ 

ʢʦʨʠʩʪʫʚʘʯʘʤ, ʟʜʽʡʩʥʶʻ ʚ ʨʝʞʠʤʽ ʨʝʘʣʴʥʦʛʦ ʯʘʩʫ ʘʥʘʣʽʟ ʧʘʨʘʤʝʪʨʽʚ, ʷʢʽ 

ʚʠʟʥʘʯʘʶʪʴ ʷʢʽʩʪʴ ʧʦʩʣʫʛʠ, ʪʘ ʘʜʘʧʪʠʚʥʦ ʨʦʟʧʦʜʽʣʷʻ ʟʘʧʠʪʠ ʥʘ ʦʩʥʦʚʽ 

ʦʮʽʥʶʚʘʥʥʷ ʨʽʚʥʷ ʟʘʚʘʥʪʘʞʝʥʦʩʪʽ ʛʨʘʥʠʯʥʠʭ ʩʝʨʚʝʨʽʚ ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ 

ʥʝʦʙʭʽʜʥʦʾ ʷʢʦʩʪʽ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ. 
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ʇʨʘʢʪʠʯʥʝ ʟʥʘʯʝʥʥʷ ʦʜʝʨʞʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ ʧʦʣʷʛʘʻ ʫ ʤʦʞʣʠʚʦʩʪʽ 

ʾʭ ʙʝʟʧʦʩʝʨʝʜʥʴʦʛʦ ʟʘʩʪʦʩʫʚʘʥʥʷ ʚ ʽʩʥʫʶʯʠʭ ʤʝʨʝʞʘʭ ʜʦʩʪʘʚʢʠ ʢʦʥʪʝʥʪʫ ʪʘ 

ʧʨʦʚʘʡʜʝʨʽʚ ʭʤʘʨʥʠʭ ʩʝʨʚʽʩʽʚ: 

1. ʋʜʦʩʢʦʥʘʣʝʥʠʡ ʤʝʪʦʜ ʦʙʨʦʙʢʠ ʟʘʧʠʪʽʚ ʩʪʘʪʠʯʥʠʭ ʜʘʥʠʭ ʫ 

ʤʝʨʝʞʘʭ ʜʦʩʪʘʚʢʠ ʢʦʥʪʝʥʪʫ ʜʘʚ ʟʤʦʛʫ ʧʦʢʨʘʱʠʪʠ ʷʢʽʩʪʴ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ 

ʢʦʨʠʩʪʫʚʘʯʽʚ ʰʣʷʭʦʤ ʟʤʝʥʰʝʥʥʷ ʯʘʩʫ ʚʽʜʧʦʚʽʜʽ ʜʣʷ ʢʽʥʮʝʚʦʛʦ ʢʦʨʠʩʪʫʚʘʯʘ 

ʜʦ 9%, ʪʘ ʥʘ 10% ʟʘʚʘʥʪʘʞʝʥʽʩʪʴ ʢʦʨʝʥʝʚʦʛʦ ʩʝʨʚʝʨʘ.  

2. ʂʦʤʧʣʝʢʩʥʝ ʚʠʢʦʨʠʩʪʘʥʥʷ ʽʥʪʝʛʨʘʣʴʥʦʛʦ ʢʣʶʯʘ ʢʝʰʫʚʘʥʥʷ, 

ʤʝʪʦʜʫ ʦʙʨʦʙʢʠ ʟʘʧʠʪʽʚ ʪʘ ʙʘʣʘʥʩʫʚʘʥʥʷ ʪʨʘʬʽʢʫ ʫ ʪʦʯʢʘʭ ʧʨʠʩʫʪʥʦʩʪʽ CDN 

ʤʝʨʝʞʽ ʜʘʣʦ ʟʤʦʛʫ ʧʽʜʚʠʱʠʪʠ ʢʦʝʬʽʮʽʻʥʪ ʝʬʝʢʪʠʚʥʦʩʪʽ ʢʝʰʫʚʘʥʥʷ ʥʘ 30 %, 

ʘ ʪʘʢʦʞ ʟʤʝʥʰʠʪʠ ʯʘʩ ʚʽʜʧʦʚʽʜʽ ʥʘ ʟʘʧʠʪʠ ʢʽʥʮʝʚʦʛʦ ʢʦʨʠʩʪʫʚʘʯʘ ʥʘ 40%. 

3. ʈʦʟʨʦʙʣʝʥʠʡ ʧʨʦʪʦʪʠʧ ʤʝʨʝʞʽ ʜʦʩʪʘʚʢʠ ʢʦʥʪʝʥʪʫ ʜʣʷ 

ʧʝʨʝʜʘʚʘʥʥʷ ʩʪʘʪʠʯʥʠʭ ʪʘ ʜʠʥʘʤʽʯʥʠʭ ʜʘʥʠʭ ʜʘʚ ʟʤʦʛʫ ʧʽʜʪʚʝʨʜʠʪʠ ʥʘ 

ʧʨʘʢʪʠʮʽ ʝʬʝʢʪʠʚʥʽʩʪʴ ʨʦʟʨʦʙʣʝʥʦʛʦ ʤʝʪʦʜʫ ʘʜʘʧʪʠʚʥʦʛʦ ʨʦʟʛʦʨʪʘʥʥʷ 

ʤʽʢʨʦʩʝʨʚʽʩʽʚ ʜʣʷ ʦʙʨʦʙʢʠ ʜʠʥʘʤʽʯʥʠʭ ʜʘʥʠʭ ʫ ʨʝʞʠʤʽ ʨʝʘʣʴʥʦʛʦ ʯʘʩʫ ʚ 

ʪʦʯʢʘʭ ʧʨʠʩʫʪʥʦʩʪʽ CDN-ʤʝʨʝʞ, ʘ ʩʘʤʝ ʟʘʙʝʟʧʝʯʠʪʠ ʥʝʦʙʭʽʜʥʫ ʷʢʽʩʪʴ 

ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʚ ʫʤʦʚʘʭ ʦʙʤʝʞʝʥʠʭ ʨʝʩʫʨʩʽʚ ʢʦʨʝʥʝʚʦʛʦ ʩʝʨʚʝʨʘ. 

ʈʝʟʫʣʴʪʘʪʠ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ, ʧʨʦʚʝʜʝʥʦʛʦ ʜʣʷ ʦʮʽʥʢʠ 

ʷʢʦʩʪʽ ʥʘʜʘʥʥʷ ʧʝʚʥʦʛʦ ʪʠʧʫ ʩʝʨʚʽʩʫ ʢʽʥʮʝʚʦʤʫ ʢʦʨʠʩʪʫʚʘʯʝʚʽ ʟʘ ʫʤʦʚ 

ʚʠʩʦʢʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ ʩʠʩʪʝʤʠ, ʧʦʢʘʟʘʣʠ, ʱʦ ʯʘʩ ʚʽʜʧʦʚʽʜʽ ʥʘ ʟʘʧʠʪʠ 

ʢʦʨʠʩʪʫʚʘʯʘ ʩʪʘʥʦʚʠʪʴ 25 ʤʩ, ʱʦ ʥʘ 7% ʰʚʠʜʰʝ ʧʦʨʽʚʥʷʥʦ ʟ ʯʘʩʦʤ ʚʽʜʧʦʚʽʜʽ 

ʚʽʜ ʢʦʨʝʥʝʚʦʛʦ ʩʝʨʚʝʨʘ ʜʣʷ ʢʣʽʻʥʪʽʚ ʫ ʪʽʡ ʩʘʤʽʡ ʣʦʢʘʮʽʾ. 

ʆʩʥʦʚʥʽ ʨʝʟʫʣʴʪʘʪʠ ʜʠʩʝʨʪʘʮʽʡʥʦʾ ʨʦʙʦʪʠ ʚʠʢʦʨʠʩʪʘʥʦ ʽ ʚʧʨʦʚʘʜʞʝʥʦ 

ʚ ʪʝʣʝʢʦʤʫʥʽʢʘʮʽʡʥʠʭ ʢʦʨʧʦʨʘʪʠʚʥʠʭ ʤʝʨʝʞʘʭ ʊʆɺ ñʊʝʣʝʢʦʤʫʥʽʢʘʮʽʡʥʘ 

ʢʦʤʧʘʥʽʷò, ʊʆɺ ɺʊʌ ñʂʦʥʪʝʭò, ʊʆɺ ñʄʘʢʩʽʊʝʭò, ʱʦ ʧʽʜʪʚʝʨʜʞʝʥʦ ʘʢʪʘʤʠ 

ʚʧʨʦʚʘʜʞʝʥʥʷ, ʘ ʪʘʢʦʞ ʫ ʥʘʚʯʘʣʴʥʦʤʫ ʧʨʦʮʝʩʽ ʢʘʬʝʜʨʠ ʽʥʬʦʨʤʘʮʽʡʥʦ-

ʢʦʤʫʥʽʢʘʮʽʡʥʠʭ ʪʝʭʥʦʣʦʛʽʡ ʅʘʮʽʦʥʘʣʴʥʦʛʦ ʫʥʽʚʝʨʩʠʪʝʪʫ çʃʴʚʽʚʩʴʢʘ 

ʧʦʣʽʪʝʭʥʽʢʘè. 
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ʆʩʦʙʠʩʪʠʡ ʚʥʝʩʦʢ ʟʜʦʙʫʚʘʯʘ. ʋʩʽ ʨʝʟʫʣʴʪʘʪʠ ʥʘʫʢʦʚʠʭ, ʪʝʦʨʝʪʠʯʥʠʭ 

ʽ ʧʨʘʢʪʠʯʥʠʭ ʜʦʩʣʽʜʞʝʥʴ, ʚʠʢʣʘʜʝʥʽ ʚ ʜʠʩʝʨʪʘʮʽʾ, ʘʚʪʦʨ ʦʜʝʨʞʘʚ ʦʩʦʙʠʩʪʦ. ʋ 

ʧʨʘʮʷʭ, ʦʧʫʙʣʽʢʦʚʘʥʠʭ ʫ ʩʧʽʚʘʚʪʦʨʩʪʚʽ, ʜʠʩʝʨʪʘʥʪʦʚʽ ʥʘʣʝʞʘʪʴ:  ʫ ʨʦʙʦʪʘʭ 

[1,3,9] - ʧʨʝʜʩʪʘʚʣʝʥʦ ʥʦʚʠʡ ʤʝʭʘʥʽʟʤ ʨʦʟʛʦʨʪʘʥʥʷ ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ, 

ʩʪʚʦʨʝʥʥʷ ʤʽʢʨʦʩʝʨʚʽʩʽʚ ʜʣʷ ʤʘʡʙʫʪʥʽʭ ʭʤʘʨʥʠʭ ʤʝʨʝʞ, ʧʨʦʮʝʩ ʤʽʛʨʘʮʽʾ 

ʤʦʥʦʣʽʪʥʦʾ ʧʨʦʛʨʘʤʠ, [2,10 - 12] - ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʤʝʪʦʜ ʦʙʨʦʙʢʠ ʟʘʧʠʪʽʚ, ʱʦ 

ʚʠʤʘʛʘʶʪʴ ʟʥʘʯʥʠʭ ʦʙʯʠʩʣʶʚʘʣʴʥʠʭ ʨʝʩʫʨʩʽʚ, ʱʦ ʚʨʘʭʦʚʫʻ ʜʘʥʽ ʘʥʘʣʽʪʠʢʠ 

ʪʘ ʽʥʪʝʛʨʘʣʴʥʠʡ ʢʣʶʯ ʢʝʰʫʚʘʥʥʷ ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʚʠʩʦʢʦʾ ʝʬʝʢʪʠʚʥʦʩʪʽ 

ʢʝʰʫʚʘʥʥʷ ʜʘʥʠʭ ʪʘ ʚʠʢʦʨʠʩʪʘʥʥʷ ʨʝʩʫʨʩʽʚ ʤʝʨʝʞʽ ʜʦʩʪʘʚʢʠ; ʨʦʟʨʦʙʣʝʥʦ 

ʤʝʪʦʜ ʘʜʘʧʪʠʚʥʦʛʦ ʩʪʚʦʨʝʥʥʷ ʤʽʢʨʦʩʝʨʚʽʩʫ ʫ ʛʨʘʥʠʯʥʽʡ ʣʦʢʘʮʽʾ CDN ʤʝʨʝʞʽ, 

ʷʢʠʡ ʧʨʠʟʥʘʯʝʥʠʡ ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʥʝʦʙʭʽʜʥʦʾ ʷʢʦʩʪʽ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ, 

[4,13,14] - ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʥʦʚʦʛʦ ʤʝʪʦʜʫ ʦʧʪʠʤʽʟʦʚʘʥʦʛʦ 

ʢʝʰʫʚʘʥʥʷ ʜʘʥʠʭ ʷʢ ʩʢʣʘʜʦʚʦʾ ʧʣʦʱʠʥʠ ʙʘʣʘʥʩʫʚʘʥʥʷ ʥʘʚʘʥʪʘʞʝʥʥʷ, [5,15-

17] - ʧʨʝʜʩʪʘʚʣʝʥʽ ʦʩʥʦʚʥʽ ʤʝʪʦʜʠ ʪʘ ʪʝʭʥʦʣʦʛʽʾ ʨʦʟʧʦʚʩʶʜʞʝʥʥʷ ʪʘ 

ʜʦʩʪʘʚʢʠ ʜʘʥʠʭ, ʚʠʭʦʜʷʯʠ ʟ ʮʽʣʴʦʚʠʭ ʬʫʥʢʮʽʡ, [6] - ʨʦʟʛʣʷʥʫʪʦ ʤʝʪʦʜʠ 

ʩʧʝʢʪʨʘʣʴʥʦʾ ʤʦʙʽʣʴʥʦʩʪʽ ʜʣʷ ʢʦʛʥʽʪʠʚʥʦʛʦ ʨʘʜʽʦ, ʱʦ ʥʘʜʘʶʪʴ ʟʤʦʛʫ 

ʢʦʛʥʽʪʠʚʥʠʤ ʢʦʨʠʩʪʫʚʘʯʘʤ ʧʝʨʝʤʠʢʘʪʠʩʷ ʚ ʯʘʩʪʦʪʥʽ ʢʘʥʘʣʠ, [7] - 

ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʨʷʜ ʤʦʜʝʣʝʡ ʪʘ ʤʝʪʦʜʽʚ ʜʣʷ ʢʦʥʚʝʨʛʝʥʮʽʾ ʛʝʪʝʨʦʛʝʥʥʠʭ 

ʤʝʨʝʞ ʤʦʙʽʣʴʥʦʛʦ ʟʚôʷʟʢʫ ʧôʷʪʦʛʦ ʧʦʢʦʣʽʥʥʷ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʪʝʭʥʦʣʦʛʽʾ 

D2D, [8,18] - ʧʨʝʜʩʪʘʚʣʝʥʦ ʪʝʭʥʽʯʥʽ ʪʘ ʘʨʭʽʪʝʢʪʫʨʥʽ ʧʽʜʭʦʜʠ ʱʦʜʦ 

ʧʽʜʚʠʱʝʥʥʷ ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʦʩʪʽ ʪʝʣʝʢʦʤʫʥʽʢʘʮʽʡʥʠʭ ʤʝʨʝʞ, [19] - 

ʧʨʝʜʩʪʘʚʣʝʥʦ ʛʝʥʝʪʠʯʥʠʡ ʘʣʛʦʨʠʪʤ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʤʘʨʰʨʫʪʫ ʧʝʨʝʜʘʯʽ 

ʜʘʥʠʭ ʫ ʤʝʨʝʞʘʭ ʽʟ ʟʤʽʥʥʦʶ ʩʪʨʫʢʪʫʨʦʶ. 

ɸʧʨʦʙʘʮʽʷ ʨʝʟʫʣʴʪʘʪʽʚ ʜʠʩʝʨʪʘʮʽʾ. ʆʩʥʦʚʥʽ ʨʝʟʫʣʴʪʘʪʠ ʥʘʫʢʦʚʠʭ 

ʜʦʩʣʽʜʞʝʥʴ ʜʦʧʦʚʽʜʘʣʠʩʷ ʪʘ ʦʙʛʦʚʦʨʶʚʘʣʠʩʴ ʥʘ ʚʩʝʫʢʨʘʾʥʩʴʢʠʭ ʪʘ 

ʤʽʞʥʘʨʦʜʥʠʭ ʥʘʫʢʦʚʦ-ʪʝʭʥʽʯʥʠʭ ʢʦʥʬʝʨʝʥʮʽʷʭ: ʄʽʞʥʘʨʦʜʥʠʭ ʥʘʫʢʦʚʦ-

ʪʝʭʥʽʯʥʠʭ ʢʦʥʬʝʨʝʥʮʽʷʭ çʉʫʯʘʩʥʽ ʧʨʦʙʣʝʤʠ ʨʘʜʽʦʝʣʝʢʪʨʦʥʽʢʠ, 

ʪʝʣʝʢʦʤʫʥʽʢʘʮʽʡ, ʢʦʤʧôʶʪʝʨʥʦʾ ʽʥʞʝʥʝʨʽʾè (ʤ. ʃʴʚʽʚ-ʉʣʘʚʩʴʢʝ 2016, 2020, 

2022 ʨʨ.); Problems of infocommunications science and technology, PIC S and T 
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2018: Proceedings of 5th International scientific-practical conference, Kharkiv, 

Ukraine, 9 - 12 October 2018.; Proceedings of the Second International 

Conference on Advanced Information and Communication Technologies 

(AICT'2017), Lviv, Ukraine:, ʄʽʞʥʘʨʦʜʥʠʭ ʥʘʫʢʦʚʦ-ʪʝʭʥʽʯʥʠʭ ʢʦʥʬʝʨʝʥʮʽʷʭ 

çɼʦʩʚʽʜ ʨʦʟʨʦʙʢʠ ʪʘ ʟʘʩʪʦʩʫʚʘʥʥʷ ʧʨʠʣʘʜʦ-ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʉɸʇʈ ʚ 

ʤʽʢʨʦʝʣʝʢʪʨʦʥʽʮʽè (ʇʦʣʷʥʘ-ʉʚʘʣʷʚʘ, 2017, 2019 ʨʨ.); 17th International 

Conference on Advanced Trends in Radioelectronics, Telecommunications and 

Computer Engineering (TCSET, ʃʴʚʽʚ 2024).  

ʇʫʙʣʽʢʘʮʽʾ. ɿʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʜʦʩʣʽʜʞʝʥʴ, ʷʢʽ ʚʠʢʣʘʜʝʥʽ ʫ 

ʜʠʩʝʨʪʘʮʽʡʥʽʡ ʨʦʙʦʪʽ, ʦʧʫʙʣʽʢʦʚʘʥʦ 19 ʥʘʫʢʦʚʠʭ ʧʨʘʮʴ, ʩʝʨʝʜ ʥʠʭ 1 ʩʪʘʪʪʷ ʫ 

ʟʘʢʦʨʜʦʥʥʦʤʫ ʚʠʜʘʥʥʽ, ʱʦ ʚʭʦʜʠʪʴ ʜʦ ʥʘʫʢʦʤʝʪʨʠʯʥʠʭ ʙʘʟ ʜʘʥʠʭ Scopus [1], 

7 ʩʪʘʪʝʡ ʫ ʥʘʫʢʦʚʠʭ ʬʘʭʦʚʠʭ ʚʠʜʘʥʥʷʭ ʟʛʽʜʥʦ ʟ ʧʝʨʝʣʽʢʦʤ ʄʆʅ ʋʢʨʘʾʥʠ [2-

8] ʪʘ 11 ʧʫʙʣʽʢʘʮʽʡ ʫ ʟʙʽʨʥʠʢʘʭ ʧʨʘʮʴ ʤʽʞʥʘʨʦʜʥʠʭ ʽ ʚʩʝʫʢʨʘʾʥʩʴʢʠʭ 

ʢʦʥʬʝʨʝʥʮʽʡ [9-19]. 

ʉʪʨʫʢʪʫʨʘ ʪʘ ʦʙʩʷʛ ʨʦʙʦʪʠ. ʈʦʙʦʪʘ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʧʝʨʝʣʽʢʫ ʫʤʦʚʥʠʭ 

ʩʢʦʨʦʯʝʥʴ, ʚʩʪʫʧʫ 4 ʨʦʟʜʽʣʽʚ, ʚʠʩʥʦʚʢʽʚ, ʩʧʠʩʢʫ ʚʠʢʦʨʠʩʪʘʥʠʭ ʜʞʝʨʝʣ ʽ 3 

ʜʦʜʘʪʢʽʚ. ɿʘʛʘʣʴʥʠʡ ʦʙʩʷʛ ʨʦʙʦʪʠ ʩʢʣʘʜʘʻ 199 ʩʪʦʨʽʥʦʢ ʜʨʫʢʘʨʩʴʢʦʛʦ ʪʝʢʩʪʫ, 

ʽʟ ʥʠʭ 7 ʩʪʦʨʽʥʦʢ ʚʩʪʫʧʫ, 160 ʩʪʦʨʽʥʦʢ ʦʩʥʦʚʥʦʛʦ ʪʝʢʩʪʫ, 82 ʨʠʩʫʥʢʠ, 3 

ʪʘʙʣʠʮʽ, ʩʧʠʩʦʢ ʚʠʢʦʨʠʩʪʘʥʠʭ ʜʞʝʨʝʣ ʽʟ 114 ʥʘʡʤʝʥʫʚʘʥʴ, 3 ʜʦʜʘʪʢʠ ʥʘ 13 

ʩʪʦʨʽʥʢʘʭ. 

.  
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ʈʆɿɼɯʃ 1. ɸʅɸʃɯɿ ʄɽʊʆɼɯɺ ʄɯɻʈɸʎɯɰ ʉɽʈɺɯʉɯɺ ɺɯɼ 

ʄʆʅʆʃɯʊʅʆɰ ɼʆ ʄɯʂʈʆʉɽʈɺɯʉʅʆɰ ɸʈʍɯʊɽʂʊʋʈʀ 

 

ʇʽʜ ʯʘʩ ʨʦʟʨʦʙʢʠ ʙʫʜʴ ʷʢʦʛʦ ʩʝʨʚʽʩʫ ʯʠ ʜʦʜʘʪʢʫ ʙʘʛʘʪʦ ʫʚʘʛʠ 

ʧʨʠʜʽʣʷʻʪʴʩʷ ʙʽʟʥʝʩ ʤʦʜʝʣʽ, ʬʫʥʢʮʽʦʥʘʣʴʥʠʤ ʤʦʞʣʠʚʦʩʪʷʤ ʘ ʪʘʢʦʞ ʚʠʙʦʨʫ 

ʪʝʭʥʦʣʦʛʽʾ ʪʘ ʘʨʭʽʪʝʢʪʫʨʠ ʟʛʽʜʥʦ ʷʢʦʾ ʚʽʥ ʙʫʜʝ ʧʨʘʮʶʚʘʪʠ. ɺʜʘʣʘ ʙʽʟʥʝʩ 

ʤʦʜʝʣʴ ʪʘ ʧʽʜʙʽʨ ʬʫʥʢʮʽʦʥʘʣʫ ʜʘʩʪʴ ʟʤʦʛʫ ʫʩʧʽʰʥʦ ʧʨʦʜʘʚʘʪʠ ʩʝʨʚʽʩ ʪʘ 

ʩʪʚʦʨʶʚʘʪʠ ʢʦʥʢʫʨʝʥʮʽʶ ʥʘ ʨʠʥʢʫ. ɿ ʽʥʰʦʾ ʩʪʦʨʦʥʠ ʥʝ ʤʝʥʰ ʚʘʞʣʠʚʦʶ ʻ 

ʪʝʭʥʦʣʦʛʽʷ ʪʘ ʘʨʭʽʪʝʢʪʫʨʘ, ʘʜʞʝ ʩʘʤʝ ʚʦʥʠ ʙʫʜʫʪʴ ʚʠʟʥʘʯʘʪʠ ʥʘʩʢʽʣʴʢʠ 

ʷʢʽʩʥʦ ʟʨʦʙʣʝʥʠʡ ʩʝʨʚʽʩ, ʥʘʩʢʽʣʴʢʠ ʩʪʘʙʽʣʴʥʦ ʚʽʥ ʧʨʘʮʶʻ, ʪʘ ʥʘʩʢʽʣʴʢʠ 

ʟʨʦʟʫʤʽʣʠʡ ʚʽʥ ʜʣʷ ʢʦʨʠʩʪʫʚʘʯʘ ʽ ʥʝ ʪʽʣʴʢʠ. ɯ ʮʽ ʩʢʣʘʜʦʚʽ ʯʘʩʪʦ ʤʦʞʥʘ 

ʥʘʟʠʚʘʪʠ ñʚʥʫʪʨʽʰʥʷ ʷʢʽʩʪʴò ʩʝʨʚʽʩʫ. 

ʆʜʥʘ ʟ ʦʩʥʦʚʥʠʭ ʦʩʦʙʣʠʚʦʩʪʝʡ ʚʥʫʪʨʽʰʥʴʦʾ ʷʢʦʩʪʽ ʢʦʜʫ ʧʦʣʝʛʰʫʻ 

ʨʦʟʨʦʙʥʠʢʫ ʟʨʦʟʫʤʽʪʠ ʷʢ ʩʘʤʝ ʧʨʘʮʶʻ ʜʦʜʘʪʦʢ. ʗʢʱʦ ʧʨʦʛʨʘʤʥʝ 

ʟʘʙʝʟʧʝʯʝʥʥʷ ʜʦʙʨʝ ʧʦʜʽʣʝʥʦ ʥʘ ʦʢʨʝʤʽ ʩʢʣʘʜʦʚʽ ʤʦʜʫʣʽ, ʨʦʟʨʦʙʥʠʢʫ ʥʝ 

ʧʦʪʨʽʙʥʦ ʯʠʪʘʪʠ ʚʩʽ ñ100 - 500ò ʨʷʜʢʽʚ ʢʦʜʫ, ʚʽʥ ʤʦʞʝ ʰʚʠʜʢʦ ʟʥʘʡʪʠ ʢʽʣʴʢʘ 

ʩʦʪʝʥʴ ʨʷʜʢʽʚ ʫ ʢʽʣʴʢʦʭ ʤʦʜʫʣʷʭ. ʗʢʱʦ ʙʫʣʦ ʜʦʢʣʘʜʝʥʦ ʟʫʩʠʣʴ ʜʦ ʯʽʪʢʦʛʦ 

ʽʤʝʥʫʚʘʥʥʷ, ʪʘʢʦʞ ʤʦʞʥʘ ʰʚʠʜʢʦ ʟʨʦʟʫʤʽʪʠ, ʱʦ ʨʦʙʣʷʪʴ ʨʽʟʥʽ ʯʘʩʪʠʥʠ ʢʦʜʫ, 

ʥʝ ʨʦʟʜʫʤʫʶʯʠ ʥʘʜ ʜʝʪʘʣʷʤʠ. ʗʢʱʦ ʢʦʜ ʥʘʧʠʩʘʥʠʡ ʩʪʨʫʢʪʫʨʦʚʘʥʦ ʪʘ 

ʧʨʘʚʠʣʴʥʦ, ʪʦ ʚ ʤʘʡʙʫʪʥʴʦʤʫ ʮʝ ʟʥʘʯʥʦ ʧʨʠʰʚʠʜʰʠʪʴ ʡʦʛʦ ʦʧʪʠʤʽʟʘʮʽʶ ʪʘ 

ʨʦʟʰʠʨʝʥʥʷ. ɼʣʷ ʤʘʡʙʫʪʥʽʭ ʨʦʟʨʦʙʥʠʢʽʚ ʮʝ ʟʥʘʯʥʦ ʩʧʨʦʩʪʠʪʴ ʧʨʦʮʝʩ 

ʨʦʟʨʦʙʢʠ ʪʘ ʨʦʟʰʠʨʝʥʥʷ ʬʫʥʢʮʽʦʥʘʣʴʥʠʭ ʤʦʞʣʠʚʦʩʪʝʡ.  

ʅʘ ʜʘʥʠʡ ʯʘʩ ʧʠʪʘʥʥʷ ʱʦʜʦ ʧʦʢʨʘʱʝʥʥʷ ʚʥʫʪʨʽʰʥʴʦʾ ʷʢʦʩʪʽ ʩʝʨʚʽʩʫ ʪʘ 

ʡʦʛʦ ʘʨʭʽʪʝʢʪʫʨʠ ʟʜʝʙʽʣʴʰʦʛʦ ʟʦʩʝʨʝʜʞʝʥʦ ʥʘ ʤʽʛʨʘʮʽʾ ʤʦʥʦʣʽʪʥʦʛʦ ʪʠʧʫ 

ʘʨʭʽʪʝʢʪʫʨʠ ʥʘ ʤʽʢʨʦʩʝʨʚʽʩʥʫ. ɺ ʜʘʥʽʡ ʨʦʙʦʪʽ ʜʝʪʘʣʴʥʦ ʨʦʟʛʣʷʥʫʪʦ ʦʙʠʜʚʘ 

ʪʠʧʠ ʘʨʭʽʪʝʢʪʫʨʠ, ʾʭʥʽ ʚʽʜʤʽʥʥʦʩʪʽ ʪʘ ʦʙʛʨʫʥʪʫʚʘʥʥʷ ʥʝʦʙʽʭʜʥʦʩʪʽ ʧʝʨʝʭʦʜʫ 

ʥʘ ʤʽʢʨʦʩʝʨʚʽʩʠ. 
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1.1. ʆʩʦʙʣʠʚʦʩʪʽ ʦʨʛʘʥʽʟʘʮʽʾ ʤʦʥʦʣʽʪʥʦʾ ʘʨʭʽʪʝʢʪʫʨʠ 

ʊʝʨʤʽʥ "ʄʦʥʦʣʽʪ" ʚʽʜʥʦʩʠʪʴʩʷ ʜʦ ʪʨʘʜʠʮʽʡʥʦʛʦ ʩʪʠʣʶ ʘʨʭʽʪʝʢʪʫʨʠ 

ʧʨʦʛʨʘʤ ʪʘ ʩʝʨʚʽʩʽʚ, ʷʢʠʡ ʥʝ ʘʢʮʝʥʪʫʻ ʫʚʘʛʫ ʥʘ ʤʦʜʫʣʴʥʦʩʪʽ ʷʢ ʥʘ ʧʨʠʥʮʠʧʽ 

ʨʦʟʙʨʦʙʢʠ[1]. ʉʧʦʯʘʪʢʫ "ʤʦʥʦʣʽʪ" ʟʘʩʪʦʩʦʚʫʚʘʚʩʷ ʜʣʷ ʦʧʠʩʫ ʚʝʣʠʢʠʭ 

ʧʨʦʛʨʘʤ, ʱʦ ʬʫʥʢʮʽʦʥʫʚʘʣʠ ʘʚʪʦʥʦʤʥʦ ʽ ʩʪʘʚʘʣʠ ʚʩʝ ʩʢʣʘʜʥʽʰʠʤʠ ʚ 

ʦʙʩʣʫʛʦʚʫʚʘʥʥʽ ʟ ʧʣʠʥʦʤ ʯʘʩʫ ʯʝʨʝʟ ʧʦʩʪʽʡʥʝ ʟʙʽʣʴʰʝʥʥʷ ʬʫʥʢʮʽʦʥʘʣʫ 

ʧʨʦʪʷʛʦʤ ʪʨʠʚʘʣʦʛʦ ʯʘʩʫ ʨʦʟʨʦʙʢʠ.  

ʉʝʨʝʜ ʥʘʡʙʽʣʴʰ ʧʦʰʠʨʝʥʠʭ ʧʽʜʭʦʜʽʚ, ʷʢʽ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʜʣʷ 

ʤʦʥʦʣʽʪʥʠʭ ʧʨʦʛʨʘʤʥʠʭ ʩʠʩʪʝʤ ʤʦʞʥʘ ʚʠʜʽʣʠʪʠ ʦʜʥʦʨʽʚʥʝʚʠʡ ʪʘ ʤʦʜʫʣʴʥʠʡ 

ʤʦʥʦʣʽʪ. 

ʆʜʥʦʨʽʚʥʝʚʠʡ ʤʦʥʦʣʽʪ 

ʎʝʡ ʪʠʧ ʘʨʭʽʪʝʢʪʫʨʠ ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʪʠʤ, ʱʦ ʚʩʽ ʢʣʶʯʦʚʽ 

ʢʦʤʧʦʥʝʥʪʠ ï ʢʦʨʠʩʪʫʚʘʮʴʢʠʡ ʽʥʪʝʨʬʝʡʩ, ʙʽʟʥʝʩ-ʣʦʛʽʢʘ ʪʘ ʣʦʛʽʢʘ ʜʦʩʪʫʧʫ ʜʦ 

ʜʘʥʠʭ ï ʨʝʘʣʽʟʫʶʪʴʩʷ ʚ ʤʝʞʘʭ ʦʜʥʦʛʦ ʮʽʣʽʩʥʦʛʦ ʜʦʜʘʪʢʫ. ɺ ʨʝʟʫʣʴʪʘʪʽ, ʥʘʚʽʪʴ 

ʥʝʟʥʘʯʥʘ ʟʤʽʥʘ ʚ ʙʫʜʴ-ʷʢʽʡ ʯʘʩʪʠʥʽ ʧʨʦʛʨʘʤʠ ʚʠʤʘʛʘʻ ʧʦʚʥʦʛʦ ʮʠʢʣʫ 

ʪʝʩʪʫʚʘʥʥʷ ʪʘ ʧʦʚʪʦʨʥʦʛʦ ʨʦʟʛʦʨʪʘʥʥʷ ʚʩʽʻʾ ʩʠʩʪʝʤʠ. ʊʘʢʘ ʩʪʨʫʢʪʫʨʘ 

ʫʩʢʣʘʜʥʶʻ ʤʘʩʰʪʘʙʫʚʘʥʥʷ, ʛʘʣʴʤʫʻ ʚʧʨʦʚʘʜʞʝʥʥʷ ʥʦʚʠʭ ʬʫʥʢʮʽʡ ʽ ʟʥʠʞʫʻ 

ʛʥʫʯʢʽʩʪʴ ʨʦʟʨʦʙʢʠ. ʆʜʥʦʨʽʚʥʝʚʽ ʤʦʥʦʣʽʪʠ ʟʘʟʚʠʯʘʡ ʥʝ ʤʘʶʪʴ ʯʽʪʢʦ 

ʦʢʨʝʩʣʝʥʠʭ ʚʥʫʪʨʽʰʥʽʭ ʤʦʜʫʣʽʚ, ʷʢʽ ʚʽʜʧʦʚʽʜʘʣʠ ʙ ʢʦʥʢʨʝʪʥʠʤ ʙʽʟʥʝʩ-

ʜʦʤʝʥʘʤ ʯʠ ʬʫʥʢʮʽʦʥʘʣʴʥʠʤ ʟʦʥʘʤ.  

ʄʦʜʫʣʴʥʠʡ ʤʦʥʦʣʽʪ 

ʅʘ ʚʽʜʤʽʥʫ ʚʽʜ ʦʜʥʦʨʽʚʥʝʚʦʛʦ, ʤʦʜʫʣʴʥʠʡ ʤʦʥʦʣʽʪ ʟʙʝʨʽʛʘʻ ʮʽʣʽʩʥʽʩʪʴ 

ʻʜʠʥʦʛʦ ʜʦʜʘʪʢʫ, ʧʨʦʪʝ ʣʦʛʽʯʥʦ ʨʦʟʜʽʣʝʥʠʡ ʥʘ ʦʢʨʝʤʽ ʤʦʜʫʣʽ, ʢʦʞʝʥ ʟ ʷʢʠʭ 

ʚʠʢʦʥʫʻ ʢʦʥʢʨʝʪʥʫ ʬʫʥʢʮʽʶ ʘʙʦ ʚʽʜʧʦʚʽʜʘʻ ʧʝʚʥʦʤʫ ʙʽʟʥʝʩ-ʜʦʤʝʥʫ. 

ʅʝʟʚʘʞʘʶʯʠ ʥʘ ʣʦʛʽʯʥʫ ʩʝʛʤʝʥʪʘʮʽʶ, ʫʩʽ ʤʦʜʫʣʽ ʤʦʜʫʣʴʥʦʛʦ ʤʦʥʦʣʽʪʫ 

ʟʘʟʚʠʯʘʡ ʧʨʘʮʶʶʪʴ ʚ ʦʜʥʦʤʫ ʧʨʦʮʝʩʽ, ʨʦʟʛʦʨʪʘʶʪʴʩʷ ʷʢ ʻʜʠʥʝ ʮʽʣʝ, ʽ 

ʤʦʞʫʪʴ ʥʘʧʨʷʤʫ ʚʟʘʻʤʦʜʽʷʪʠ ʦʜʠʥ ʟ ʦʜʥʠʤ ʟʘʚʜʷʢʠ ʩʧʽʣʴʥʦʤʫ ʧʨʦʩʪʦʨʫ ʽ 

ʜʦʩʪʫʧʥʦʩʪʽ ʢʦʜʫ. ʎʝ ʥʘʜʘʻ ʧʝʚʥʫ ʧʝʨʝʚʘʛʫ ʫ ʰʚʠʜʢʦʩʪʽ ʚʟʘʻʤʦʜʽʾ ʤʽʞ 
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ʤʦʜʫʣʷʤʠ, ʧʦʨʽʚʥʷʥʦ ʟ ʤʽʢʨʦʩʝʨʚʽʩʥʦʶ ʘʨʭʽʪʝʢʪʫʨʦʶ, ʦʜʥʘʢ ʚʩʝ ʱʝ ʟʘʣʠʰʘʻ 

ʜʝʷʢʽ ʦʙʤʝʞʝʥʥʷ ʱʦʜʦ ʥʝʟʘʣʝʞʥʦʛʦ ʤʘʩʰʪʘʙʫʚʘʥʥʷ.  

ʑʦʜʦ ʜʦʩʪʫʧʫ ʜʦ ʜʘʥʠʭ ï ʙʘʟʘ ʜʘʥʠʭ ʫ ʤʦʜʫʣʴʥʦʤʫ ʤʦʥʦʣʽʪʽ ʟʘʟʚʠʯʘʡ 

ʩʧʽʣʴʥʘ ʜʣʷ ʚʩʽʭ ʤʦʜʫʣʽʚ, ʽ ʾʾ ʩʪʨʫʢʪʫʨʘ ʯʘʩʪʦ ʥʘʛʘʜʫʻ ʪʫ, ʱʦ 

ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʚ ʦʜʥʦʨʽʚʥʝʚʦʤʫ ʤʦʥʦʣʽʪʽ. ʎʝ ʦʟʥʘʯʘʻ, ʱʦ ʭʦʯʘ ʤʦʜʫʣʽ 

ʤʦʞʫʪʴ ʙʫʪʠ ʣʦʛʽʯʥʦ ʽʟʦʣʴʦʚʘʥʠʤʠ, ʟʙʝʨʽʛʘʻʪʴʩʷ ʤʦʞʣʠʚʽʩʪʴ 

ʙʝʟʧʦʩʝʨʝʜʥʴʦʛʦ ʜʦʩʪʫʧʫ ʜʦ ʟʘʛʘʣʴʥʠʭ ʪʘʙʣʠʮʴ, ʱʦ ʽʥʦʜʽ ʩʫʧʝʨʝʯʠʪʴ 

ʧʨʠʥʮʠʧʘʤ ʧʦʚʥʦʾ ʤʦʜʫʣʴʥʦʩʪʽ. 

ɿʘʛʘʣʴʥʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʫʩʽʭ ʬʦʨʤ ʤʦʥʦʣʽʪʥʠʭ ʟʘʩʪʦʩʫʚʘʥʴ ʧʦʣʷʛʘʻ ʫ 

ʥʘʷʚʥʦʩʪʽ ʪʨʴʦʭ ʘʨʭʽʪʝʢʪʫʨʥʠʭ ʰʘʨʽʚ: ʨʽʚʝʥʴ ʽʥʪʝʨʬʝʡʩʫ ʢʦʨʠʩʪʫʚʘʯʘ, ʨʽʚʝʥʴ 

ʙʽʟʥʝʩ-ʣʦʛʽʢʠ ʪʘ ʨʽʚʝʥʴ ʙʘʟʠ ʜʘʥʠʭ. ʇʨʦʩʪʘ ʽʣʶʩʪʨʘʮʽʷ ʪʨʴʦʭ ʪʘʢʠʭ ʰʘʨʽʚ 

ʥʘʚʝʜʝʥʘ ʥʘ ʜʽʘʛʨʘʤʽ ʥʠʞʯʝ (ʜʠʚ. ʈʠʩ. 1.1). 

 

 

ʈʠʩ.1.1. ʄʦʜʝʣʴ ʤʦʥʦʣʽʪʥʦʾ ʘʨʭʽʪʝʢʪʫʨʠ 

 

ʋ ʮʽʡ ʩʠʩʪʝʤʽ ʧʝʨʰʠʡ ʰʘʨ ʚʽʜʧʦʚʽʜʘʻ ʟʘ ʜʦʩʪʫʧ ʜʦ ʜʘʥʠʭ, 

ʟʘʙʝʟʧʝʯʫʶʯʠ ʽʥʪʝʨʬʝʡʩ ʜʣʷ ʦʪʨʠʤʘʥʥʷ ʜʘʥʠʭ ʜʣʷ ʥʘʩʪʫʧʥʦʛʦ ʨʽʚʥʷ ʥʘʰʦʾ 

ʧʨʦʛʨʘʤʠ.  

ɼʨʫʛʠʡ ʰʘʨ ʚʽʜʧʦʚʽʜʘʻ ʟʘ ʙʽʟʥʝʩ-ʣʦʛʽʢʫ, ʱʦ ʚʢʣʶʯʘʻ ʘʣʛʦʨʠʪʤʠ, ʱʦ 

ʚʠʟʥʘʯʘʶʪʴ ʧʨʝʜʤʝʪʥʫ ʦʙʣʘʩʪʴ ʩʝʨʚʽʩʫ, ʷʢʠʡ ʨʦʟʨʦʙʣʷʻʪʴʩʷ. ʎʷ ʯʘʩʪʠʥʘ 
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ʩʠʩʪʝʤʠ ʻ ʜʦʚʦʣʽ ʛʥʫʯʢʦʶ, ʦʩʢʽʣʴʢʠ ʡʤʦʚʽʨʥʦ ʙʫʜʝ ʟʤʽʥʶʚʘʪʠʩʷ ʚ 

ʤʘʡʙʫʪʥʴʦʤʫ. ɺʦʥʘ ʚʠʢʦʨʠʩʪʦʚʫʻ API ʜʦʩʪʫʧʫ ʜʦ ʜʘʥʠʭ ʜʣʷ ʚʠʢʦʥʘʥʥʷ 

ʩʚʦʾʭ ʬʫʥʢʮʽʡ.  

ʆʩʪʘʥʥʽʡ ʨʽʚʝʥʴ - ʮʝ ʨʽʚʝʥʴ ʧʨʝʜʩʪʘʚʣʝʥʥʷ, ʷʢʠʡ ʟʘʙʝʟʧʝʯʫʻ ʽʥʪʝʨʬʝʡʩ 

ʚʟʘʻʤʦʜʽʾ ʟ ʢʦʨʠʩʪʫʚʘʯʝʤ ʽ ʚʠʩʪʫʧʘʻ ʪʦʯʢʦʶ ʚʭʦʜʫ ʜʘʥʠʭ ʫ ʘʧʣʽʢʘʮʽʶ. 

ʅʘ ʧʝʨʰʠʭ ʝʪʘʧʘʭ ʨʦʟʨʦʙʢʠ ʧʝʨʰʠʭ ʚʝʨʩʽʡ ʩʝʨʚʽʩʫ ʤʦʥʦʣʽʪʥʘ 

ʘʨʭʽʪʝʢʪʫʨʘ ʤʦʞʝ ʟʜʘʪʠʩʷ ʜʦʩʠʪʴ ʧʨʦʩʪʦʶ ʽ ʟʨʦʟʫʤʽʣʦʶ, ʘ ʪʘʢʦʞ ʤʘʪʠ ʩʚʦʾ 

ʧʝʨʝʚʘʛʠ, ʟʦʢʨʝʤʘ: 

ü ʨʦʟʨʦʙʢʘ ʧʨʦʛʨʘʤʠ ʻ ʜʦʚʦʣʽ ʧʨʦʩʪʦʶ. 

ü ʃʝʛʢʽʩʪʴ ʚʥʝʩʝʥʥʷ ʟʥʘʯʥʠʭ ʟʤʽʥ ʫ ʧʨʦʛʨʘʤʫ. 

ü ʇʨʦʩʪʦʪʘ ʪʝʩʪʫʚʘʥʥʷ - ʨʦʟʨʦʙʥʠʢʠ ʧʠʩʘʣʠ ʥʘʩʢʨʽʟʥʽ ʪʝʩʪʠ, ʷʢʽ 

ʟʘʧʫʩʢʘʣʠ ʧʨʦʛʨʘʤʫ, ʚʠʢʣʠʢʘʣʠ REST API ʪʘ ʪʝʩʪʫʚʘʣʠ ʽʥʪʝʨʬʝʡʩ 

ʢʦʨʠʩʪʫʚʘʯʘ. 

ü ʇʨʦʩʪʝ ʨʦʟʛʦʨʪʘʥʥʷ - ʚʩʝ, ʱʦ ʧʦʪʨʽʙʥʦ ʟʨʦʙʠʪʠ ʨʦʟʨʦʙʥʠʢʫ, ʮʝ 

ʩʢʦʧʽʶʚʘʪʠ ʬʘʡʣ WAR ʥʘ ʩʝʨʚʝʨ, ʥʘ ʷʢʦʤʫ ʚʩʪʘʥʦʚʣʝʥʦ Tomcat. 

ü ʇʨʦʩʪʝ ʪʘ ʟʨʦʟʫʤʽʣʝ ʪʝʩʪʫʚʘʥʥʷ - ʨʦʟʨʦʙʥʠʢʠ ʤʦʞʫʪʴ 

ʩʪʚʦʨʶʚʘʪʠ ʥʘʩʢʨʽʟʥʽ ʤʝʪʦʜʠ ʪʝʩʪʫʚʘʥʥʷ, ʷʢʽ ʟʘʧʫʩʢʘʶʪʴ ʧʨʦʛʨʘʤʫ, 

ʚʠʢʣʠʢʘʶʪʴ REST API ʪʘ ʧʝʨʝʚʽʨʷʶʪʴ ʽʥʪʝʨʬʝʡʩ ʢʦʨʠʩʪʫʚʘʯʘ. 

ü ʇʨʦʩʪʽ ʤʝʪʦʜʠ ʜʝʧʣʦʡʤʝʥʪʫ ʪʘ ʜʦʩʪʘʢʠ ʥʘ ʚʠʨʦʙʥʠʯʽ 

ʩʝʨʝʜʦʚʠʱʘ- ʜʣʷ ʨʦʟʨʦʙʥʠʢʘ ʜʦʩʪʘʪʥʴʦ ʩʢʦʧʽʶʚʘʪʠ ʬʘʡʣʠ ʥʘ ʩʝʨʚʝʨ 

ʘʧʣʽʢʘʮʽʾ ʽʟ ʚʩʪʘʥʦʚʣʝʥʠʤ ʚʝʙ ʩʝʨʚʝʨʦʤ. 

ü ʃʝʛʢʽʩʪʴ ʪʘ ʧʨʦʩʪʦʪʘ ʫ ʤʘʩʰʪʘʙʫʚʘʥʥʽ. 

ʆʜʥʘʢ ʟ ʯʘʩʦʤ ʨʦʟʨʦʙʢʘ, ʪʝʩʪʫʚʘʥʥʷ, ʨʦʟʛʦʨʪʘʥʥʷ ʪʘ ʤʘʩʰʪʘʙʫʚʘʥʥʷ 

ʘʧʣʽʢʘʮʽʾ ʩʪʘʶʪʴ ʟʥʘʯʥʦ ʩʢʣʘʜʥʽʰʠʤʠ. ɺ ʤʽʨʫ ʟʨʦʩʪʘʥʥʷ ʬʫʥʢʮʽʦʥʘʣʴʥʠʭ 

ʤʦʞʣʠʚʦʩʪʝʡ ʤʦʥʦʣʽʪʥʦʛʦ ʩʝʨʚʽʩʫ, ʟʙʽʣʴʰʫʻʪʴʩʷ ʢʽʣʴʢʽʩʪʴ ʢʦʜʫ. ɿ ʯʘʩʦʤ 

ʩʠʩʪʝʤʘ ʩʪʘʻ ʛʨʦʤʽʟʜʢʦʶ, ʚʧʨʦʚʘʜʞʫʚʘʪʠ ʙʫʜʴ ʷʢʽ ʟʤʽʥʠ ʯʠ ʧʦʧʨʘʚʢʠ ʩʪʘʻ 

ʚʘʞʯʝ. ʇʨʦʙʣʝʤʠ ʽʟ ʤʘʩʰʪʘʙʫʚʘʥʥʷʤ ʚʠʥʠʢʘʶʪʴ ʯʝʨʝʟ ʦʙʤʝʞʝʥʽ ʤʦʞʣʠʚʦʩʪʽ 

ʤʘʩʰʪʘʙʫʚʘʥʥʷ ʤʦʥʦʣʽʪʥʦʾ ʩʠʩʪʝʤʠ, ʷʢʘ ʤʘʩʰʪʘʙʫʻʪʴʩʷ ʚʠʢʣʶʯʥʦ 

ʛʦʨʠʟʦʥʪʘʣʴʥʦ ʟʘ ʜʦʧʦʤʦʛʦʶ ʟʘʧʫʩʢʫ ʢʽʣʴʢʦʭ ʦʢʨʝʤʠʭ ʩʝʨʚʝʨʽʚ, ʢʦʞʝʥ ʽʟ 
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ʷʢʠʭ ʤʽʩʪʠʪʴ ʩʚʽʡ ʚʣʘʩʥʠʡ ʤʦʥʦʣʽʪ. ɯʥʰʦʶ ʥʝ ʤʝʥʰ ʚʘʞʣʠʚʦʶ ʧʨʦʙʣʝʤʦʶ ʻ 

ʦʥʦʚʣʝʥʥʷ ʟʤʽʥ ʥʘ ʚʠʨʦʙʥʠʯʦʤʫ ʩʝʨʝʜʦʚʠʱʽ. ɿʘʚʞʜʠ ʽʩʥʫʻ ʡʤʦʚʽʨʥʽʩʪʴ 

ʟʣʘʤʘʪʠ ʯʘʩʪʠʥʫ ʬʫʥʢʮʽʦʥʘʣʫ ʪʘ ʚʠʡʪʠ ʟʘ ʨʘʤʢʠ ʜʦʟʚʦʣʝʥʠʭ, ʯʠ ʥʘʧʝʨʝʜ 

ʚʩʪʘʥʦʚʣʝʥʠʭ ʪʘ ʧʦʛʦʜʞʝʥʠʭ ʯʘʩʦʚʠʭ ʽʥʪʝʨʚʘʣʽʚ. 

ɺʩʝ ʮʝ ʙʝʟʫʤʦʚʥʦ ʚʧʣʠʚʘʻ ʽ ʥʘ ʷʢʽʩʪʴ ʨʦʙʦʪʠ ʩʘʤʦʛʦ ʩʝʨʚʽʩʫ, ʡʦʛʦ 

ʰʚʠʜʢʦʜʽʶ, ʥʘʜʽʡʥʽʩʪʴ, ʩʪʘʙʽʣʴʥʽʩʪʴ ʪʘ ʚʽʜʤʦʚʦʩʪʽʡʢʽʩʪʴ.  

ʍʦʯʘ ʤʦʥʦʣʽʪʥʽ ʧʨʦʛʨʘʤʠ ʽ ʤʦʞʫʪʴ ʙʫʪʠ ʫʩʧʽʰʥʠʤʠ ʽ ʥʘʚʽʪʴ ʜʦʩʠʪʴ 

ʯʘʩʪʦ ʟʫʩʪʨʽʯʘʶʪʴʩʷ ʥʘʚʽʪʴ ʚ ʥʘʰ ʯʘʩ, ʚʩʝ ʙʽʣʴʰʝ ʣʶʜʝʡ ʧʦʯʠʥʘʻ 

ʨʦʟʯʘʨʦʚʫʚʘʪʠʩʴ ʫ ʥʠʭ. ɺʥʝʩʝʥʥʷ ʟʤʽʥ ʜʦ ʦʢʨʝʤʦʾ ʯʘʩʪʠʥʠ ʧʨʦʛʨʘʤʠ ʚʠʤʘʛʘʻ 

ʧʝʨʝʚʽʨʢʠ ʪʘ ʨʦʟʛʦʨʪʘʥʥʷ ʚʩʴʦʛʦ ʤʦʥʦʣʽʪʫ. ɿ ʯʘʩʦʤ ʩʪʘʻ ʚʘʞʯʝ ʟʙʝʨʽʛʘʪʠ 

ʩʪʨʫʢʪʫʨʫ ʤʦʜʫʣʴʥʦʩʪʽ, ʱʦ ʫʩʢʣʘʜʥʶʻ ʧʨʦʮʝʩ ʚʧʨʦʚʘʜʞʝʥʥʷ ʟʤʽʥ, ʱʦ 

ʤʘʶʪʴ ʚʧʣʠʚʘʪʠ ʣʠʰʝ ʥʘ ʦʢʨʝʤʠʡ ʤʦʜʫʣʴ ʫ ʮʽʣʽʡ ʤʦʥʦʣʽʪʥʽʡ ʩʠʩʪʝʤʽ . 

ʄʘʩʰʪʘʙʫʚʘʥʥʷ ʚʠʤʘʛʘʻ ʨʦʟʰʠʨʝʥʥʷ ʚʩʽʻʾ ʘʧʣʽʢʘʮʽʾ, ʘ ʥʝ ʣʠʰʝ ʦʢʨʝʤʠʭ 

ʯʘʩʪʠʥ, ʱʦ ʧʦʪʨʝʙʫʶʪʴ ʜʦʜʘʪʢʦʚʠʭ ʨʝʩʫʨʩʽʚ. 

 

1.2. ʆʩʦʙʣʠʚʦʩʪʽ ʦʨʛʘʥʽʟʘʮʽʾ ʤʽʢʨʦʩʝʨʚʽʩʥʦʾ ʘʨʭʽʪʝʢʪʫʨʠ 

ʄʽʢʨʦʩʝʨʚʽʩʥʘ ʘʨʭʽʪʝʢʪʫʨʘ - ʮʝ ʤʝʪʦʜʦʣʦʛʽʷ ʨʦʟʨʦʙʢʠ ʧʨʦʛʨʘʤʥʦʛʦ 

ʟʘʙʝʟʧʝʯʝʥʥʷ, ʱʦ ʧʦʣʷʛʘʻ ʫ ʩʪʚʦʨʝʥʥʽ ʻʜʠʥʦʾ ʧʨʦʛʨʘʤʠ ʷʢ ʥʘʙʦʨʫ ʥʝʚʝʣʠʢʠʭ 

ʧʜ̔ʧʨʦʛʨʘʤ[2]. ʂʦʞʥʘ ʟ ʮʠʭ ʧʨʦʛʨʘʤ ʧʨʘʮʶʻ ʫ ʚʣʘʩʥʦʤʫ ʧʨʦʮʝʩʽ ʪʘ ʚʩʷ 

ʢʦʤʫʥʽʢʘʮʽʷ ʤʽʞ ʧʨʦʛʨʘʤʘʤʠ ʚʽʜʙʫʚʘʻʪʴʩʷ ʧʦ ʧʨʦʪʦʢʦʣʫ HTTP. ʆʩʥʦʚʥʦʶ 

ʦʩʦʙʣʠʚʽʩʪʶ ʮʠʭ ʧʨʦʛʨʘʤ ʻ ʾʭ ʧʦʙʫʜʦʚʘ ʥʘ ʙʘʟʽ ʬʫʥʢʮʽʦʥʘʣʴʥʦʩʪʽ ʜʣʷ 

ʙʽʟʥʝʩʫ ʪʘ ʾʭ ʥʝʟʘʣʝʞʥʠʡ ʜʝʧʣʦʡʤʝʥʪ ʟʘ ʜʦʧʦʤʦʛʦʶ ʟʘʩʦʙʽʚ ʪʘ ʧʨʦʮʝʩʽʚ 

ʙʝʟʧʝʨʝʨʚʥʦʛʦ ʨʦʟʛʦʨʪʘʥʥʷ. ʎʽ ʧʨʦʛʨʘʤʠ ʤʘʶʪʴ ʤʽʥʽʤʘʣʴʥʠʡ ʨʽʚʝʥʴ 

ʮʝʥʪʨʘʣʽʟʦʚʘʥʦʛʦ ʫʧʨʘʚʣʽʥʥʷ ʽ ʤʦʞʫʪʴ ʙʫʪʠ ʥʘʧʠʩʘʥʽ ʥʘ ʨʽʟʥʠʭ ʤʦʚʘʭ 

ʧʨʦʛʨʘʤʫʚʘʥʥʷ ʪʘ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʨʽʟʥʽ ʤʝʪʦʜʠ ʟʙʝʨʝʞʝʥʥʷ ʜʘʥʠʭ. 

 

1.2.1. ʆʩʥʦʚʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʤʽʢʨʦʩʝʨʚʽʩʥʦʾ ʘʨʭʽʪʝʢʪʫʨʠ 

ʆʜʥʽʻʶ ʟ ʢʣʶʯʦʚʠʭ ʧʝʨʝʚʘʛ ʚʠʢʦʨʠʩʪʘʥʥʷ ʩʝʨʚʽʩʽʚ ʫ ʚʠʛʣʷʜʽ ʧʨʦʩʪʠʭ 

ʢʦʤʧʦʥʝʥʪʽʚ ʻ ʾʭ ʥʝʟʘʣʝʞʥʽʩʪʴ ʚ ʨʦʟʛʦʨʪʘʥʥʽ. ʋ ʚʠʧʘʜʢʫ, ʢʦʣʠ ʧʨʦʛʨʘʤʘ 
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ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʢʽʣʴʢʦʭ ʙʽʙʣʽʦʪʝʢ, ʦʙ'ʻʜʥʘʥʠʭ ʚ ʦʜʠʥ ʧʨʦʮʝʩ, ʥʘʚʽʪʴ ʥʘʡʤʝʥʰʘ 

ʟʤʽʥʘ ʚ ʦʜʥʦʤʫ ʟ ʢʦʤʧʦʥʝʥʪʽʚ ʚʠʤʘʛʘʻ ʧʦʚʪʦʨʥʦʛʦ ʨʦʟʛʦʨʪʘʥʥʷ ʚʩʽʻʾ 

ʧʨʦʛʨʘʤʠ. ʇʨʦʪʝ, ʷʢʱʦ ʧʨʦʛʨʘʤʘ ʨʦʟʙʠʪʘ ʥʘ ʢʽʣʴʢʘ ʩʝʨʚʽʩʽʚ, ʟʤʽʥʠ ʫ ʦʜʥʦʤʫ 

ʩʝʨʚʽʩʽ ʯʘʩʪʦ ʧʦʪʨʝʙʫʶʪʴ ʣʠʰʝ ʦʥʦʚʣʝʥʥʷ ʮʴʦʛʦ ʢʦʥʢʨʝʪʥʦʛʦ ʩʝʨʚʽʩʫ [3-4]. 

ʍʦʯʘ ʜʝʷʢʽ ʟʤʽʥʠ ʤʦʞʫʪʴ ʚʧʣʠʥʫʪʠ ʪʘʢʦʞ ʽ ʥʘ ʽʥʰʽ ʩʝʨʚʽʩʠ ʚ ʩʠʩʪʝʤʽ, 

ʧʨʘʚʠʣʴʥʝ ʘʨʭʽʪʝʢʪʫʨʥʝ ʧʣʘʥʫʚʘʥʥʷ ʤʽʢʨʦʩʝʨʚʽʩʽʚ ʩʪʘʚʠʪʴ ʟʘ ʤʝʪʫ 

ʤʽʥʽʤʽʟʫʚʘʪʠ ʮʽ ʚʟʘʻʤʦʟʘʣʝʞʥʦʩʪʽ ʰʣʷʭʦʤ ʯʽʪʢʦʾ ʦʨʛʘʥʽʟʘʮʽʾ ʚʟʘʻʤʦʜʽʾ ʤʽʞ 

ʩʝʨʚʽʩʘʤʠ. 

ʂʦʣʠ ʚʽʜʙʫʚʘʻʪʴʩʷ ʧʦʜʽʣ ʚʝʣʠʢʦʛʦ ʜʦʜʘʪʢʫ ʥʘ ʤʘʣʝʥʴʢʽ ʩʢʣʘʜʦʚʽ 

ʯʘʩʪʠʥʠ, ʮʝ ʜʦʩʠʪʴ ʯʘʩʪʦ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʪʦʛʦ, ʱʦ ʟʘʜʽʶʶʪʴʩʷ ʨʽʟʥʽ ʢʦʤʘʥʜʠ 

ʚ ʧʨʦʮʝʩʽ ʨʦʟʨʦʙʢʠ. ɼʣʷ ʧʨʠʢʣʘʜʫ ʮʝ ʤʦʞʝ ʙʫʪʠ ʢʦʤʘʥʜʘ ʷʢʘ ʚʽʜʧʦʚʽʜʘʻ ʟʘ 

ʢʦʨʠʩʪʫʚʘʮʴʢʠʡ ʽʥʪʝʨʬʝʡʩ, ʢʦʤʘʥʜʘ ʨʦʟʨʦʟʙʥʠʢʽʚ ʩʝʨʚʝʨʥʦʾ ʯʘʩʪʠʥʠ, ʘ 

ʪʘʢʦʞ ʢʦʤʘʥʜʘ, ʷʢʘ ʩʧʝʮʽʘʣʽʟʫʻʪʴʩʷ ʥʘ ʨʦʟʨʦʙʮʽ ʙʘʟ ʜʘʥʠʭ (ʨʠʩ. 1.2). 

 

ʈʠʩ.1.2. ʉʭʝʤʘ ʧʦʜʽʣʫ ʢʦʤʘʥʜ ʥʘ ʪʝʭʥʦʣʦʛʽʯʥʦʤʫ ʨʽʚʥʽ 

ʇʽʜʭʽʜ, ʟʘʩʥʦʚʘʥʠʡ ʥʘ ʤʽʢʨʦʩʝʨʚʽʩʥʽʡ ʘʨʭʽʪʝʢʪʫʨʽ, ʧʦʣʷʛʘʻ ʫ ʨʦʟʙʠʪʪʽ 

ʩʠʩʪʝʤʠ ʥʘ ʦʢʨʝʤʽ ʩʝʨʚʽʩʠ, ʢʦʞʝʥ ʟ ʷʢʠʭ ʩʧʝʮʽʘʣʽʟʫʻʪʴʩʷ ʥʘ ʧʝʚʥʽʡ 

ʬʫʥʢʮʽʦʥʘʣʴʥʦʩʪʽ ʙʽʟʥʝʩʫ. ʎʽ ʩʝʨʚʽʩʠ ʚʢʣʶʯʘʶʪʴ ʰʠʨʦʢʠʡ ʥʘʙʽʨ 

ʧʨʦʛʨʘʤʥʠʭ ʢʦʤʧʦʥʝʥʪʽʚ ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʮʽʻʾ ʬʫʥʢʮʽʦʥʘʣʴʥʦʩʪʽ, 
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ʚʢʣʶʯʘʶʯʠ ʽʥʪʝʨʬʝʡʩ ʢʦʨʠʩʪʫʚʘʯʘ, ʧʦʩʪʽʡʥʝ ʩʭʦʚʠʱʝ ʪʘ ʙʫʜʴ-ʷʢʫ 

ʽʥʪʝʛʨʘʮʽʶ ʽʟ ʟʦʚʥʽʰʥʽʤʠ ʩʝʨʚʽʩʘʤʠ. ʋ ʟʚ'ʷʟʢʫ ʟ ʮʠʤ, ʢʦʤʘʥʜʠ, ʷʢʽ 

ʨʦʟʚʠʚʘʶʪʴ ʪʘʢʽ ʩʝʨʚʽʩ ʚʦʣʦʜʽʶʪʴ ʚʩʽʤʘ ʥʝʦʙʭʽʜʥʠʤʠ ʥʘʚʠʯʢʘʤʠ ʜʣʷ 

ʨʦʟʨʦʙʢʠ ʪʘ ʚʧʨʦʚʘʜʞʝʥʥʷ ʦʩʥʦʚʥʠʭ ʧʦʪʨʝʙ ʪʘ ʚʠʤʦʛ ʙʽʟʥʝʩʫ (ʨʠʩ. 1.3). 

 

ʈʠʩ.1.3. ʉʭʝʤʘ ʧʦʜʽʣʫ ʢʦʤʘʥʜ ʥʘ ʦʩʥʦʚʽ ʙʽʟʥʝʩ ʬʫʥʢʮʽʡ 

 

ɹʽʣʴʰʽʩʪʴ ʧʽʜʭʦʜʽʚ, ʷʢʽ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʧʽʜ ʯʘʩ ʨʦʟʨʦʙʢʠ ʜʦʜʘʪʢʽʚ, 

ˇʨʫʥʪʫʶʪʴʩʷ ʥʘ ʤʦʜʝʣʽ ʧʨʦʝʢʪʫ: ʛʦʣʦʚʥʦʶ ʤʝʪʦʶ ʻ ʩʪʚʦʨʝʥʥʷ ʧʝʚʥʦʾ 

ʯʘʩʪʠʥʠ ʧʨʦʛʨʘʤʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ, ʷʢʘ ʚ ʢʽʥʮʽ ʙʫʜʝ ʚʚʘʞʘʪʠʩʴ ʟʘʚʝʨʰʝʥʦʶ. 

ʇʽʩʣʷ ʟʘʚʝʨʰʝʥʥʷ ʧʨʦʝʢʪʫ ʚʝʩʴ ʢʦʥʪʨʦʣʴ ʥʘʜ ʥʠʤ, ʤʦʥʽʪʦʨʠʥʛ ʡʦʛʦ ʨʦʙʦʪʠ 

ʧʝʨʝʜʘʻʪʴʩʷ ʢʦʤʘʥʜʽ, ʷʢʘ ʚʽʜʧʦʚʽʜʘʻ ʟʘ ʪʝʭʥʽʯʥʝ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ, ʘ ʢʦʤʘʥʜʘ, 

ʱʦ ʧʨʘʮʶʚʘʣʘ ʥʘʜ ʨʦʟʨʦʙʢʦʶ ʧʨʦʝʢʪʫ, ʨʦʟʧʫʩʢʘʻʪʴʩʷ. 

ʇʨʠʭʠʣʴʥʠʢʠ ʤʽʢʨʦʩʝʨʚʽʩʥʦʾ ʘʨʭʽʪʝʢʪʫʨʠ ʯʘʩʪʦ ʥʘʤʘʛʘʶʪʴʩʷ ʫʥʠʢʘʪʠ 

ʪʘʢʦʛʦ ʧʽʜʭʦʜʫ. ɺ ʾʭʥʴʦʤʫ ʧʽʜʭʦʜʽ, ʢʦʤʘʥʜʘ ʣʶʜʝʡ, ʷʢʘ ʧʨʘʮʶʚʘʣʘ ʥʘʜ 

ʨʦʟʨʦʙʢʦʶ ʧʨʦʝʢʪʫ, ʧʦʚʠʥʥʘ ʩʫʧʨʦʚʦʜʞʫʚʘʪʠ ʡʦʛʦ, ʧʽʜʪʨʠʤʫʚʘʪʠ ʪʘ 

ʨʦʟʚʠʚʘʪʠ ʧʨʦʪʷʛʦʤ ʚʩʴʦʛʦ ʡʦʛʦ ʞʠʪʪʻʚʦʛʦ ʮʠʢʣʫ. ʎʽʻʶ ʽʜʝʻʶ ʯʘʩʪʦ 

ʥʘʜʠʭʘʻʪʴʩʷ ʧʽʜʭʽʜ Amazon "ʪʠ ʙʫʜʫʻʰ, ʪʠ ʢʝʨʫʻʰ", ʜʝ ʨʦʟʨʦʙʥʠʢʠ ʥʝʩʫʪʴ 

ʧʦʚʥʫ ʚʽʜʧʦʚʽʜʘʣʴʥʽʩʪʴ ʪʘ ʟʜʽʡʩʥʶʶʪʴ ʢʦʥʪʨʦʣʴ ʟʘ ʚʠʨʦʙʥʠʮʪʚʦʤ 
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ʧʨʦʛʨʘʤʥʦʛʦ ʧʨʦʜʫʢʪʫ. ʎʝ ʥʘʜʘʻ ʾʤ ʱʦʜʝʥʥʠʡ ʢʦʥʪʘʢʪ ʟ ʢʣʽʻʥʪʘʤʠ, ʷʢʽ 

ʢʦʨʠʩʪʫʶʪʴʩʷ ʧʨʦʛʨʘʤʥʠʤ ʧʨʦʜʫʢʪʦʤ, ʦʩʢʽʣʴʢʠ ʚʦʥʠ ʙʝʨʫʪʴ ʥʘ ʩʝʙʝ ʯʘʩʪʠʥʫ 

ʚʽʜʧʦʚʽʜʘʣʴʥʦʩʪʽ ʟʘ ʪʝʭʥʽʯʥʫ ʧʽʜʪʨʠʤʢʫ ʪʘ ʩʫʧʨʦʚʽʜ ʥʘ ʚʠʨʦʙʥʠʮʪʚʽ. 

ɼʝʮʝʥʪʨʘʣʽʟʦʚʘʥʝ ʢʝʨʫʚʘʥʥʷ ʜʘʥʠʤʠ ʤʦʞʝ ʤʘʪʠ ʨʽʟʥʽ ʧʨʦʷʚʠ. ʅʘ 

ʥʘʡʚʠʱʦʤʫ ʨʽʚʥʽ ʮʝ ʦʟʥʘʯʘʻ ʚʽʜʤʽʥʥʽʩʪʴ ʢʦʥʮʝʧʪʫʘʣʴʥʦʾ ʤʦʜʝʣʽ ʜʘʥʠʭ ʚ 

ʨʽʟʥʠʭ ʩʠʩʪʝʤʘʭ. ɯʩʥʫʶʯʽ ʤʦʜʝʣʽ ʤʦʞʫʪʴ ʤʘʪʠ ʨʽʟʥʽ ʘʪʨʠʙʫʪʠ, ʘ ʪʘʢʦʞ, ʱʦ 

ʛʽʨʰʝ, ʟʘʛʘʣʴʥʽ ʘʪʨʠʙʫʪʠ ʟ ʥʶʘʥʩʦʚʘʥʦʶ ʩʝʤʘʥʪʠʢʦʶ. ʂʨʽʤ ʪʦʛʦ, 

ʤʽʢʨʦʩʝʨʚʽʩʠ ʜʝʮʝʥʪʨʘʣʽʟʫʶʪʴ ʨʽʰʝʥʥʷ ʱʦʜʦ ʟʙʝʨʽʛʘʥʥʷ ʜʘʥʠʭ. ʅʘ ʚʽʜʤʽʥʫ 

ʚʽʜ ʤʦʥʦʣʽʪʥʠʭ ʜʦʜʘʪʢʽʚ, ʷʢʽ ʯʘʩʪʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʻʜʠʥʫ ʙʘʟʫ ʜʘʥʠʭ ʜʣʷ 

ʚʩʽʭ ʜʘʥʠʭ, ʤʽʢʨʦʩʝʨʚʽʩʠ ʯʘʩʪʽʰʝ ʚʽʜʜʘʶʪʴ ʧʝʨʝʚʘʛʫ ʤʦʞʣʠʚʦʩʪʽ ʢʦʞʥʦʤʫ 

ʩʝʨʚʽʩʫ ʫʧʨʘʚʣʷʪʠ ʩʚʦʻʶ ʚʣʘʩʥʦʶ ʙʘʟʦʶ ʜʘʥʠʭ. ʎʝ ʤʦʞʝ ʙʫʪʠ ʦʢʨʝʤʠʡ 

ʝʢʟʝʤʧʣʷʨ ʦʜʥʽʻʾ ʪʝʭʥʦʣʦʛʽʾ ʙʘʟ ʜʘʥʠʭ ʘʙʦ ʥʘʚʽʪʴ ʟʦʚʩʽʤ ʨʽʟʥʽ ʩʠʩʪʝʤʠ ʙʘʟʠ 

ʜʘʥʠʭ (ʨʠʩ. 1.4). 

 

ʈʠʩ.1.4. ɸʨʭʽʪʝʢʪʫʨʘ ʙʘʟ ʜʘʥʠʭ ʧʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ ʤʽʢʨʦʩʝʨʚʽʩʽʚ 

 

ɿʘ ʦʩʪʘʥʥʽ ʨʦʢʠ, ʤʝʪʦʜʠ ʘʚʪʦʤʘʪʠʟʦʚʘʥʦʛʦ ʨʦʟʛʦʨʪʘʥʥʷ 

ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ, ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ ʧʽʜʭʦʜʠ IaC(Infrastructure as Code) ʟʥʘʯʥʦ 

ʧʦʩʠʣʠʣʠʩʷ. ʈʦʟʚʠʪʦʢ ʭʤʘʨʥʠʭ ʪʝʭʥʦʣʦʛʽʡ ʟʥʘʯʥʦ ʟʤʝʥʰʠʚ ʩʢʣʘʜʥʽʩʪʴ 

ʧʨʦʝʢʪʫʚʘʥʥʷ, ʩʪʚʦʨʝʥʥʷ, ʨʦʟʛʦʨʪʘʥʥʷ ʪʘ ʝʢʩʧʣʫʘʪʘʮʽʾ ʤʽʢʨʦʩʝʨʚʽʩʽʚ. ɹʘʛʘʪʦ 
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ʢʦʤʘʥʜ, ʷʢʽ ʨʦʟʨʦʙʣʷʶʪʴ ʤʽʢʨʦʩʝʨʚʽʩʥʽ ʩʠʩʪʝʤʠ, ʤʘʶʪʴ ʟʥʘʯʥʠʡ ʜʦʩʚʽʜ ʫ 

ʙʝʟʧʝʨʝʨʚʥʽʡ ʽʥʪʝʛʨʘʮʽʾ. ɺʦʥʠ ʰʠʨʦʢʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʪʝʭʥʦʣʦʛʽʾ 

ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ ʷʢ ʢʦʜ. ʅʘ ʨʠʩʫʥʢʫ 1.5, ʧʨʝʜʩʪʘʚʣʝʥʦ ʷʢ ʚʠʛʣʷʜʘʻ ʧʨʦʮʝʩ 

ʨʦʟʛʦʨʪʘʥʥʷ ʤʽʢʨʦʩʝʨʚʽʩʫ ʥʘ ʚʠʨʦʙʥʠʯʝ ʩʝʨʝʜʦʚʠʱʝ. 

 

ʈʠʩ.1.5. ʇʨʦʮʝʩ ʘʚʪʦʤʘʪʠʯʥʦʛʦ ʨʦʟʛʦʨʪʘʥʥʷ ʤʽʢʨʦʩʝʨʚʽʩʫ 

 

1.2.2. ʇʝʨʝʚʘʛʠ ʪʘ ʥʝʜʦʣʽʢʠ ʤʽʢʨʦʩʝʨʚʽʩʥʦʾ ʘʨʭʽʪʝʢʪʫʨʠ  

ʇʝʨʝʚʘʛʠ ʘʨʭʽʪʝʢʪʫʨʠ ʤʽʢʨʦʩʝʨʚʽʩʽʚ. 

ü ɼʘʻ ʤʦʞʣʠʚʽʩʪʴ ʙʝʟʧʝʨʝʨʚʥʦʾ ʜʦʩʪʘʚʢʠ ʪʘ ʨʦʟʛʦʨʪʘʥʥʷ ʚʝʣʠʢʠʭ 

ʩʢʣʘʜʥʠʭ ʧʨʦʛʨʘʤ. 

ü ʉʝʨʚʽʩʠ ʻ ʢʦʤʧʘʢʪʥʠʤʠ, ʱʦ ʩʧʨʦʱʫʻ ʾʭ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ. 

ü ʂʦʞʝʥ ʩʝʨʚʽʩ ʤʦʞʝ ʙʫʪʠ ʨʦʟʛʦʨʥʫʪʠʡ ʥʝʟʘʣʝʞʥʦ ʚʽʜ ʽʥʰʠʭ. 

ü ʉʝʨʚʽʩʠ ʤʦʞʫʪʴ ʤʘʩʰʪʘʙʫʚʘʪʠʩʷ ʥʝʟʘʣʝʞʥʦ ʦʜʠʥ ʚʽʜ ʦʜʥʦʛʦ. 

ü ʄʽʢʨʦʩʝʨʚʽʩʥʘ ʘʨʭʽʪʝʢʪʫʨʘ ʜʘʻ ʧʝʚʥʫ ʘʚʪʦʥʦʤʽʶ ʜʣʷ ʨʽʟʥʠʭ 

ʢʦʤʘʥʜ ʨʦʟʨʦʙʥʠʢʽʚ. 

ü ʇʽʜʭʽʜ ʤʽʢʨʦʩʝʨʚʽʩʽʚ ʻ ʙʽʣʴʰ ʟʨʫʯʥʠʤ ʜʣʷ ʝʢʩʧʝʨʠʤʝʥʪʽʚ ʪʘ 

ʜʦʩʣʽʜʞʝʥʴ. 

ü ʊʘʢʘ ʘʨʭʽʪʝʢʪʫʨʘ ʻ ʢʨʘʱʦʶ ʟ ʪʦʯʢʠ ʟʦʨʫ ʣʦʢʘʣʽʟʘʮʽʾ ʪʘ 

ʚʠʷʚʣʝʥʥʷ ʥʝʩʧʨʘʚʥʦʩʪʝʡ. 
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ʈʠʩ.1.6. ʇʝʨʝʚʘʛʠ ʤʽʢʨʦʩʝʨʚʽʩʥʦʾ ʘʨʭʽʪʝʢʪʫʨʠ 

 

ʅʝʜʦʣʽʢʠ ʘʨʭʽʪʝʢʪʫʨʠ ʤʽʢʨʦʩʝʨʚʽʩʽʚ. 

ɿʚʠʯʘʡʥʦ, ʞʦʜʥʘ ʪʝʭʥʦʣʦʛʽʷ ʥʝ ʻ ʽʜʝʘʣʴʥʦ,ʁ ʪʘ ʢʨʽʤ ʧʝʨʝʚʘʛ 

ʤʽʢʨʦʩʝʨʚʽʩʥʘ ʘʨʭʽʪʝʢʪʫʨʘ ʤʘʻ ʧʝʚʥʽ ʥʝʜʦʣʽʢʠ ʪʘ ʦʙʤʝʞʝʥʥʷ. 

ʉʝʨʝʜ ʦʩʥʦʚʥʠʭ ʧʨʦʙʣʝʤ, ʤʦʞʥʘ ʚʠʜʽʣʠʪʠ ʥʘʩʪʫʧʥʽ: 

ü ɺʠʷʚʣʝʥʥʷ ʧʨʘʚʠʣʴʥʦʛʦ ʥʘʙʦʨʫ ʩʝʨʚʽʩʽʚ ʧʨʝʜʩʪʘʚʣʷʻ ʩʦʙʦʶ 

ʟʥʘʯʥʫ ʩʢʣʘʜʥʽʩʪʴ. 

ü ʈʦʟʧʦʜʽʣʝʥʽ ʩʠʩʪʝʤʠ, ʷʢ ʧʨʘʚʠʣʦ ʻ ʙʽʣʴʰ ʩʢʣʘʜʥʽ, ʘ ʮʝ ʚ ʩʚʦʶ 

ʯʝʨʛʫ ʫʩʢʣʘʜʥʶʻ ʧʨʦʮʝʩʠ ʨʦʟʨʦʙʢʠ, ʪʝʩʪʫʚʘʥʥʷ ʪʘ ʨʦʟʛʦʨʪʘʥʥʷ. 

ü ɺʠʨʽʰʝʥʥʷ ʧʠʪʘʥʥʷ ʧʨʦ ʪʝ, ʢʦʣʠ ʚʘʨʪʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ 

ʘʨʭʽʪʝʢʪʫʨʫ ʤʽʢʨʦʩʝʨʚʽʩʽʚ, ʻ ʚʘʞʢʠʤ ʟʘʚʜʘʥʥʷʤ. 

ʇʨʠ ʚʠʚʯʝʥʥʽ ʧʝʨʝʚʘʛ ʪʘ ʥʝʜʦʣʽʢʽʚ ʘʨʭʽʪʝʢʪʫʨʠ ʤʽʢʨʦʩʝʨʚʽʩʽʚ ʚʠʥʠʢʘʻ 

ʚʘʞʣʠʚʝ ʧʠʪʘʥʥʷ: ʯʠ ʚʘʨʪʦ ʦʙʠʨʘʪʠ ʮʝʡ ʧʽʜʭʽʜ ʜʣʷ ʚʘʰʦʾ ʩʠʩʪʝʤʠ? 
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ɺʽʜʧʦʚʽʜʴ ʥʘ ʮʝ ʟʘʧʠʪʘʥʥʷ ʥʝʦʜʥʦʟʥʘʯʥʘ ʽ ʟʘʣʝʞʠʪʴ ʚʽʜ ʢʽʣʴʢʦʭ ʬʘʢʪʦʨʽʚ. 

ʉʧʦʯʘʪʢʫ ʩʣʽʜ ʟʚʝʨʥʫʪʠ ʫʚʘʛʫ ʥʘ ʩʢʣʘʜʥʽʩʪʴ ʩʘʤʦʾ ʩʠʩʪʝʤʠ. ʍʦʯʘ ʧʽʜʭʽʜ 

ʤʽʢʨʦʩʝʨʚʽʩʽʚ ʜʦʧʦʤʘʛʘʻ ʩʧʨʦʩʪʠʪʠ ʩʢʣʘʜʥʽ ʩʠʩʪʝʤʠ, ʚʽʥ ʪʘʢʦʞ ʚʥʦʩʠʪʴ ʩʚʦʾ 

ʚʣʘʩʥʽ ʚʠʢʣʠʢʠ. ʈʦʙʦʪʘ ʟ ʤʽʢʨʦʩʝʨʚʽʩʘʤʠ ʚʠʤʘʛʘʻ ʘʚʪʦʤʘʪʠʟʘʮʽʾ ʧʨʦʮʝʩʽʚ 

ʨʦʟʛʦʨʪʘʥʥʷ, ʤʦʥʽʪʦʨʠʥʛʫ, ʫʩʫʥʝʥʥʷ ʧʦʤʠʣʦʢ ʪʘ ʤʦʞʣʠʚʦʾ ʢʦʦʨʜʠʥʘʮʽʾ ʤʽʞ 

ʩʝʨʚʽʩʘʤʠ [5]. ɯ ʭʦʯʘ ʽʩʥʫʶʪʴ ʝʬʝʢʪʠʚʥʽ ʤʝʪʦʜʠ ʚʠʨʽʰʝʥʥʷ ʮʠʭ ʧʨʦʙʣʝʤ, 

ʚʦʥʠ ʚʠʤʘʛʘʶʪʴ ʜʦʜʘʪʢʦʚʦʛʦ ʯʘʩʫ ʪʘ ʟʫʩʠʣʴ. ʊʘʢʠʤ ʯʠʥʦʤ, ʷʢʱʦ ʚʘʰʘ 

ʩʠʩʪʝʤʘ ʥʝ ʥʘʩʪʽʣʴʢʠ ʩʢʣʘʜʥʘ, ʷʢ ʤʦʥʦʣʽʪ, ʤʦʞʣʠʚʦ, ʚʘʨʪʦ ʟʥʦʚʫ 

ʧʝʨʝʦʩʤʠʩʣʠʪʠ ʚʠʙʽʨ ʘʨʭʽʪʝʢʪʫʨʠ ʤʽʢʨʦʩʝʨʚʽʩʽʚ. 

 

1.3. ʇʨʦʮʝʩ ʤʽʛʨʘʮʽʾ ʚʽʜ ʤʦʥʦʣʽʪʫ ʜʦ ʤʽʢʨʦʩʝʨʚʽʩʽʚ 

ʇʨʝʜʩʪʘʚʠʤʦ ʩʦʙʽ, ʱʦ ʫ ʥʘʩ ʻ ʩʠʩʪʝʤʘ "ʂʘʪʘʣʦʛ ʇʨʦʜʫʢʪʽʚ", ʷʢʘ 

ʩʧʦʯʘʪʢʫ ʙʫʣʘ ʤʦʥʦʣʽʪʦʤ (ʜʠʚ. ʨʠʩ. 1.7). ʎʷ ʩʠʩʪʝʤʘ ʤʽʩʪʠʪʴ ʚ ʩʦʙʽ 

ʽʥʬʦʨʤʘʮʽʶ ʧʨʦ ʪʦʚʘʨʠ ʪʘ ʚʩʽ ʧʦʚ'ʷʟʘʥʽ ʜʘʥʽ. ɿ ʯʘʩʦʤ ʤʦʥʦʣʽʪʥʘ ʘʨʭʽʪʝʢʪʫʨʘ 

ʩʠʩʪʝʤʠ "ʇʨʦʜʫʢʪʠ" ʚʠʨʦʩʣʘ ʜʦ ʪʘʢʦʛʦ ʨʽʚʥʷ, ʱʦ ʚʢʣʶʯʘʻ ʫ ʩʝʙʝ ʥʝ ʣʠʰʝ 

ʙʘʟʦʚʫ ʽʥʬʦʨʤʘʮʽʶ ʧʨʦ ʪʦʚʘʨʠ, ʪʘʢʫ ʷʢ ʥʘʟʚʘ, ʢʘʪʝʛʦʨʽʷ, ʘ ʪʘʢʦʞ ʽʥʬʦʨʤʘʮʽʶ 

ʧʨʦ ʮʽʥʠ, ʪʘ ʣʦʛʽʢʫ ʷʢʘ ʚʠʟʥʘʯʘʻ ʧʨʦʮʝʩ ʾʭ ʬʦʨʤʫʚʘʥʥʷ. ʊʦʙʪʦ ʚ ʩʠʩʪʝʤʽ 

ʚʪʨʘʯʘʻʪʴʩʷ ʯʽʪʢʘ ʤʝʞʘ ʤʽʞ ʦʩʥʦʚʥʦʶ ʯʘʩʪʠʥʦʶ, ʷʢʘ ʚʽʜʧʦʚʽʜʘʻ ʟʘ ʪʦʚʘʨʠ, ʪʘ 

ʯʘʩʪʠʥʦʶ, ʷʢʘ ʢʝʨʫʻ ʮʽʥʦʫʪʚʦʨʝʥʥʷʤ. 

ʆʩʦʙʣʠʚʦ ʩʣʽʜ ʟʚʝʨʥʫʪʠ ʫʚʘʛʫ ʥʘ ʪʝ, ʱʦ ʪʝʤʧ ʟʤʽʥ ʫ ʯʘʩʪʠʥʽ ʩʠʩʪʝʤʠ, 

ʷʢʘ ʚʽʜʧʦʚʽʜʘʻ ʟʘ ʮʽʥʦʫʪʚʦʨʝʥʥʷ, ʚʠʷʚʠʚʩʷ ʚʠʱʠʤ, ʥʽʞ ʫ ʛʦʣʦʚʥʽʡ ʯʘʩʪʠʥʽ, 

ʷʢʘ ʚʽʜʧʦʚʽʜʘʻ ʟʘ ʩʘʤ ʧʨʦʜʫʢʪ ʪʘ ʡʦʛʦ ʩʢʣʘʜʦʚʽ. ʎʽʥʦʚʘ ʧʦʣʽʪʠʢʘ ʪʦʚʘʨʽʚ 

ʟʤʽʥʶʻʪʴʩʷ ʥʘʙʘʛʘʪʦ ʰʚʠʜʰʝ, ʥʽʞ ʙʘʟʦʚʽ ʘʪʨʠʙʫʪʠ ʪʦʚʘʨʽʚ. ʆʪʞʝ, ʩʪʘʻ 

ʦʯʝʚʠʜʥʠʤ ʪʦʡ ʬʘʢʪ, ʱʦʙ ʚʠʜʽʣʠʪʠ ʯʘʩʪʠʥʫ ʩʠʩʪʝʤʠ, ʷʢʘ ʚʽʜʧʦʚʽʜʘʻ ʟʘ 

ʮʽʥʦʫʪʚʦʨʝʥʥʷ, ʫ ʦʢʨʝʤʠʡ ʩʝʨʚʽʩ, ʪʘ ʤʘʪʠ ʤʦʞʣʠʚʽʩʪʴ ʨʦʟʚʠʚʘʪʠ ʡʦʛʦ 

ʥʝʟʘʣʝʞʥʦ ʚʽʜ ʽʥʰʠʭ ʧʽʜʩʠʩʪʝʤ [6]. 
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ʈʠʩ.1.7. ʉʭʝʤʘ ʤʦʥʦʣʽʪʥʦʾ ʩʠʩʪʝʤʠ ʢʘʪʘʣʦʛʫ ʧʨʦʜʫʢʪʽʚ 

 

ʇʨʦʮʝʩ ʤʽʛʨʘʮʽʾ ʚʽʜ ʤʦʥʦʣʽʪʥʦʾ ʘʧʣʽʢʘʮʽʾ ʜʦ ʤʽʢʨʦʩʝʨʚʽʩʽʚ 

ʧʨʝʜʩʪʘʚʣʝʥʦ ʥʘ ʨʠʩʫʥʢʫ 1.8. 

 

ʈʠʩ.1.8. ʇʨʦʮʝʩ ʤʽʛʨʘʮʽʾ ʚʽʜ ʤʦʥʦʣʽʪʫ ʜʦ ʤʽʢʨʦʩʝʨʚʽʩʽʚ 



 

36 

ʇʝʨʰʠʡ ʢʨʦʢ - ʧʦʣʷʛʘʻ ʚ ʽʜʝʥʪʠʬʽʢʘʮʽʾ ʜʘʥʠʭ ʪʘ ʣʦʛʽʢʠ, ʱʦ ʩʪʦʩʫʻʪʴʩʷ 

ʩʝʨʚʽʩʫ ʮʽʥʦʫʪʚʦʨʝʥʥʷ ʜʣʷ ʪʦʚʘʨʽʚ, ʷʢʠʡ ʬʫʥʢʮʽʦʥʫʻ ʚ ʤʦʥʦʣʽʪʥʽʡ ʩʠʩʪʝʤʽ. 

ʇʨʦʛʨʘʤʘ "ʂʘʪʘʣʦʛ ʧʨʦʜʫʢʪʽʚ" ʤʽʩʪʠʪʴ ʪʘʙʣʠʮʶ "Products", ʷʢʘ ʚʢʣʶʯʘʻ 

ʦʩʥʦʚʥʽ ʘʪʨʠʙʫʪʠ ʧʨʦʜʫʢʪʫ, ʘ ʩʘʤʝ ʥʘʟʚʘ ʪʦʚʘʨʫ, ʽʜʝʥʪʠʬʽʢʘʪʦʨ SKU ʪʘ 

ʩʪʘʪʫʩ ʥʘʷʚʥʦʩʪʽ ʥʘ ʩʢʣʘʜʽ. ʋ ʮʽʡ ʪʘʙʣʠʮʽ ʪʘʢʦʞ ʤʽʩʪʷʪʴʩʷ ʧʦʣʷ, ʱʦ 

ʩʪʦʩʫʶʪʴʩʷ ʮʽʥ. ɺ ʤʦʥʦʣʽʪʽ ʨʝʘʣʽʟʦʚʘʥʘ ʣʦʛʽʢʘ, ʧʦʚ'ʷʟʘʥʘ ʟ ʬʦʨʤʫʚʘʥʥʷʤ ʮʽʥ 

ʥʘ ʪʦʚʘʨʠ ʪʘ ʦʥʦʚʣʝʥʥʷʤ ʽʥʬʦʨʤʘʮʽʾ ʧʨʦ ʢʽʣʴʢʽʩʪʴ ʪʦʚʘʨʽʚ ʥʘ ʩʢʣʘʜʽ ʪʘ ʾʭ 

ʥʘʚ̫ʥʽʩʪʴ. 

ɺʠʜʽʣʝʥʥʷ ʣʦʛʽʢʠ ʤʽʢʨʦʩʝʨʚʽʩʫ ʚ ʤʦʥʦʣʽʪʽ - ʥʘ ʮʴʦʤʫ ʝʪʘʧʽ, ʩʘʤ 

ʬʫʥʢʮʽʦʥʘʣ ʱʝ ʧʨʠʩʫʪʥʽʡ ʚ ʤʦʥʦʣʽʪʥʽʡ ʧʨʦʛʨʘʤʽ, ʘʣʝ ʣʦʛʽʢʘ, ʷʢʘ ʩʪʦʩʫʻʪʴʩʷ 

ʬʦʨʤʫʚʘʥʥʷ ʮʽʥʠ, ʚʠʜʽʣʷʻʪʴʩʷ ʦʢʨʝʤʠʤʠ ʩʢʣʘʜʦʚʠʤʠ / ʬʫʥʢʮʽʦʥʘʣʴʥʠʤʠ  

ʙʣʦʢʘʤʠ (ʨʠʩ. 1.9). 

ʂʨʦʢ ʪʨʝʪʽʡ - ʷʚʣʷʻ ʩʦʙʦʶ ʩʪʚʦʨʝʥʥʷ ʦʢʨʝʤʦʾ ʩʭʝʤʠ ʜʘʥʠʭ, ʷʢʘ ʚʩʝ 

ʱʝ ʙʫʜʝ ʚ ɹɼ ʤʦʥʦʣʽʪʫ, ʘʣʝ ʩʘʤ ʤʦʥʦʣʽʪ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʾʾ ʥʝ ʙʫʜʝ. ʎʝ ʙʫʜʝ 

ʥʦʚʘ ʩʪʨʫʢʪʫʨʘ ɹɼ, ʷʢʘ ʙʫʜʝ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠʩʴ ʥʦʚʠʤ ʤʽʢʨʦʩʝʨʚʽʩʦʤ. ɺ 

ʥʘʰʦʤʫ ʚʠʧʘʜʢʫ ʮʝ ʙʫʜʝ ʚʩʷ ʩʭʝʤʘ ʜʘʥʠʭ, ʧʦʚ'ʷʟʘʥʘ ʽʟ ʮʽʥʦʫʪʚʦʨʝʥʥʷʤ ʪʘ 

ʬʦʨʤʫʚʘʥʥʷ ʮʽʥʠ ʷʢʫ ʙʘʯʠʪʴ ʢʦʨʠʩʪʫʚʘʯ.  

 

ʈʠʩ.1.9. ʃʦʛʽʯʥʠʡ ʨʦʟʧʦʜʽʣ ʤʽʞ ʮʽʥʦʫʪʚʦʨʝʥʥʷʤ ʽ ʦʩʥʦʚʥʠʤ ʧʨʦʜʫʢʪʦʤ 
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ʉʪʚʦʨʝʥʥʷ ʥʦʚʦʛʦ ʤʽʢʨʦʩʝʨʚʽʩʫ - ʥʘ ʮʴʦʤʫ ʝʪʘʧʽ ʤʠ ʩʪʚʦʨʶʻʤʦ ʥʦʚʠʡ 

ʤʽʢʨʦʩʝʨʚʽʩ, ʷʢʠʡ ʙʫʜʝ ʚʽʜʧʦʚʽʜʘʪʠ ʟʘ ʫʪʚʦʨʝʥʥʷ ʮʽʥ ʥʘ ʪʦʚʘʨʠ, ʘʣʝ 

ʧʨʘʮʶʚʘʪʠʤʝ ʚʽʥ ʚʩʝ ʱʝ ʟ ʜʘʥʠʤʠ, ʷʢʽ ʟʥʘʭʦʜʷʪʴ ʚ ɹɼ ʤʦʥʦʣʽʪʫ. ʇʽʩʣʷ ʮʴʦʛʦ 

ʤʠ ʧʝʨʝʤʠʢʘʻʤʦ ʬʨʦʥʪʝʥʜ ʯʘʩʪʠʥʫ ʘʧʣʽʢʘʮʽʾ ʥʘ ʮʝʡ ʤʽʢʨʦʩʝʨʚʽʩ. ɺ 

ʥʘʡʧʨʦʩʪʽʰʦʤʫ ʚʠʧʘʜʢʫ ʮʝ WEB ʘʧʣʽʢʘʮʽʷ ʪʘ ʤʦʙʽʣʴʥʽ ʘʧʣʽʢʘʮʽʾ ʜʣʷ 

ʩʤʘʨʪʬʦʥʽʚ. 

ʉʪʚʦʨʝʥʥʷ ʦʢʨʝʤʦʾ ʙʘʟʠ ʜʘʥʠʭ - ʥʘ ʜʘʥʦʤʫ ʝʪʘʧʽ ʤʽʛʨʘʮʽʾ, ʩʪʚʦʨʶʻʪʴʩʷ 

ʦʢʨʝʤʘ ʙʘʟʘ ʜʘʥʠʭ ʽʟ ʩʪʫʢʪʫʨʦʶ, ʷʢʘ ʙʫʣʘ ʟʘʜʘʥʘ ʨʘʥʽʰʝ. ʇʽʩʣʷ ʮʴʦʛʦ ʜʘʥʽ ʽʟ 

ɹɼ ʤʦʥʦʣʽʪʫ ʩʠʥʭʨʦʥʽʟʫʶʪʴʩʷ ʽʟ ʥʦʚʦʶ ʙʘʟʦʶ ʜʘʥʠʭ. ʇʽʩʣʷ ʟʘʚʝʨʰʝʥʥʷ 

ʩʠʥʭʨʦʥʽʟʘʮʽʾ ʜʘʥʠʭ, ʥʦʚʠʡ ʤʽʢʨʦʩʝʨʚʽʩ ʧʝʨʝʤʠʢʘʻʪʴʩʷ ʥʘ ʥʦʚʫ ɹɼ. 

ʎʝʡ ʝʪʘʧ ʻ ʜʦʩʠʪʴ ʧʨʦʩʪʠʤ ʽ ʧʦʣʷʛʘʻ ʚ ʩʪʚʦʨʝʥʥʽ ʦʢʨʝʤʦʾ ʙʘʟʠ ʜʘʥʠʭ 

ʜʣʷ ʮʽʥ, ʷʢʘ ʚʽʜʦʙʨʘʞʘʻ ʩʭʝʤʫ ʙʘʟʠ ʜʘʥʠʭ ʫ ʤʦʥʦʣʽʪʽ (ʨʠʩ. 1.10). ʇʽʜ ʯʘʩ 

ʨʦʟʨʦʙʢʠ ʥʦʚʦʛʦ ʩʝʨʚʽʩʫ ʤʦʞʝ ʚʠʥʠʢʥʫʪʠ ʽʜʝʷ ʩʪʚʦʨʠʪʠ ʥʦʚʫ ʩʭʝʤʫ ʙʘʟʠ 

ʜʘʥʠʭ ʮʽʥʦʫʪʚʦʨʝʥʥʷ. ʇʨʦʪʝ ʥʝ ʩʣʽʜ ʟʘʙʫʚʘʪʠ ʧʨʦ ʧʨʦʮʝʩ ʤʽʛʨʘʮʽʾ ʜʘʥʠʭ ʚ 

ʥʦʚʫ ʙʘʟʫ. ʗʢʱʦ ʩʭʝʤʘ ʙʘʟʠ ʟʤʽʥʠʪʴʩʷ, ʪʦ ʽ ʧʨʦʮʝʩ ʩʫʪʪʻʚʦ ʫʩʢʣʘʜʥʠʪʴʩʷ. 

ʊʘʢʦʞ ʩʣʽʜ ʟʘʟʥʘʯʠʪʠ, ʱʦ ʧʨʠ ʟʤʽʥʽ ʩʭʝʤʠ ʜʘʥʠʭ, ʥʦʚʠʡ ʩʝʨʚʽʩ 

ʮʽʥʦʫʪʚʦʨʝʥʥʷ ʤʘʻ ʧʽʜʪʨʠʤʫʚʘʪʠ ʜʚʽ ʨʽʟʥʽ ʩʭʝʤʠ - ʦʜʥʫ ʟ ʤʦʥʦʣʽʪʫ ʪʘ ʽʥʰʫ ʟ 

ʤʽʢʨʦʩʝʨʚʽʩʫ. ʇʽʩʣʷ ʚʠʜʽʣʝʥʥʷ ʙʘʟʠ ʜʘʥʠʭ ʮʽʥ ʚ ʦʢʨʝʤʫ ʽʟʦʣʴʦʚʘʥʫ ʩʠʩʪʝʤʫ, 

ʙʫʜʴ-ʷʢʽ ʟʤʽʥʠ ʚ ʥʽʡ ʚʽʜʙʫʚʘʶʪʴʩʷ ʥʘ ʪʦʤʫ ʞ ʨʽʚʥʽ, ʱʦ ʡ ʟʤʽʥʠ ʚ ʢʦʜʽ ʩʝʨʚʽʩʫ, 

ʦʩʢʽʣʴʢʠ ʞʦʜʝʥ ʟ ʢʣʽʻʥʪʽʚ ʥʝ ʤʦʞʝ ʥʘʧʨʷʤʫ ʚʟʘʻʤʦʜʽʷʪʠ ʟ ʙʘʟʦʶ ʜʘʥʠʭ ʮʽʥ. 

 

ʈʠʩ.1.10 ʉʭʝʤʘ ʩʪʚʦʨʝʥʥʷ ʦʢʨʝʤʦʾ ʙʘʟʠ ʜʘʥʠʭ ʮʽʥ 
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ʇʽʩʣʷ ʩʪʚʦʨʝʥʥʷ ʥʦʚʦʾ ʙʘʟʠ ʜʘʥʠʭ, ʷʢʘ ʚʽʜʧʦʚʽʜʘʻ ʩʭʝʤʽ ʙʘʟʠ ʜʘʥʠʭ 

ʤʦʥʦʣʽʪʥʦʾ ʧʨʦʛʨʘʤʠ, ʥʝʦʙʭʽʜʥʦ ʧʨʦʚʝʩʪʠ ʩʠʥʭʨʦʥʽʟʘʮʽʶ ʜʘʥʠʭ ʤʽʞ ʜʚʦʤʘ 

ʙʘʟʘʤʠ, ʘ ʩʘʤʝ ʙʘʟʦʶ ʤʦʥʦʣʽʪʫ ʪʘ ʥʦʚʦʶ ʙʘʟʦʶ ʤʽʢʨʦʩʝʨʚʽʩʫ. ʉʠʥʭʨʦʥʽʟʘʮʽʷ 

ʻ ʜʦʩʠʪʴ ʧʨʦʩʪʦʶ, ʷʢʱʦ ʩʭʝʤʠ ʜʘʥʠʭ ʫ ʜʚʦʭ ʙʘʟʘʭ ʦʜʥʘʢʦʚʽ. 

ʊʝʧʝʨ ʚʩʝ ʛʦʪʦʚʝ ʜʣʷ ʧʝʨʝʢʣʶʯʝʥʥʷ ʩʝʨʚʽʩʫ ʮʽʥʦʫʪʚʦʨʝʥʥʷ ʥʘ ʥʦʚʫ 

ʙʘʟʫ ʜʘʥʠʭ ʚ ʷʢʽʡ ʟʙʝʨʽʛʘʶʪʴʩʷ ʮʽʥʠ. ʇʝʨʝʜ ʪʠʤ ʷʢ ʨʦʟʧʦʯʘʪʠ ʮʝʡ ʝʪʘʧ, 

ʚʘʞʣʠʚʦ, ʱʦʙ ʫʩʽ ʢʣʽʻʥʪʠ ʤʦʥʦʣʽʪʫ, ʷʢʽ ʧʦʪʨʝʙʫʶʪʴ ʽʥʬʦʨʤʘʮʽʾ ʧʨʦ ʮʽʥʠ, 

ʧʝʨʝʡʰʣʠ ʥʘ ʥʦʚʠʡ ʩʝʨʚʽʩ. ʇʽʩʣʷ ʧʝʨʝʚʝʜʝʥʥʷ ʫʩʽʭ ʢʣʽʻʥʪʽʚ ʥʘ ʥʦʚʠʡ ʩʝʨʚʽʩ, 

ʤʦʞʥʘ ʧʦʚʥʽʩʪʶ ʧʝʨʝʤʠʢʘʪʠ ʡʦʛʦ ʥʘ ʥʦʚʫ ʙʘʟʫ ʜʘʥʠʭ ʮʽʥ. ʎʝ ʻ ʟʤʽʥʘ 

ʧʽʜʢʣʶʯʝʥʥʷ ʜʦ ʙʘʟʠ ʜʘʥʠʭ ʟ ʤʦʥʦʣʽʪʥʦʾ ʙʘʟʠ ʥʘ ʥʦʚʫ ʙʘʟʫ ʜʘʥʠʭ (ʨʠʩ. 1.11). 

ʆʜʥʽʻʶ ʟ ʧʝʨʝʚʘʛ ʮʴʦʛʦ ʜʠʟʘʡʥʫ ʻ ʪʝ, ʱʦ ʚ ʙʫʜʴ ʷʢʠʡ ʤʦʤʝʥʪ ʤʦʞʥʘ 

ʣʝʛʢʦ ʧʝʨʝʢʣʶʯʠʪʠ ʧʽʜʢʣʶʯʝʥʥʷ ʜʦ ʩʪʘʨʦʾ ʙʘʟʠ ʜʘʥʠʭ ʫ ʚʠʧʘʜʢʫ, ʷʢʱʦ 

ʩʪʘʣʠ ʧʦʤʽʪʥʽ ʷʢʽʩʴ ʧʨʦʙʣʝʤʠ. ʗʢʱʦ ʚʽʜʙʫʣʘʩʴ ʟʤʽʥʘ ʩʭʝʤʠ ʜʘʥʠʭ, ʪʦʜʽ 

ʤʦʞʫʪʴ ʚʠʥʠʢʥʫʪʠ ʧʨʦʙʣʝʤʠ ʫ ʚʽʜʩʫʪʥʦʩʪʽ ʪʠʭ ʯʠ ʽʥʰʠʭ ʧʦʣʽʚ ʚ ʥʦʚʽʡ ʩʭʝʤʽ 

ʙʘʟʠ. ʎʝ ʤʦʞʝ ʩʪʘʪʠʩʷ ʪʘʢʦʞ ʽ ʚ ʪʦʤʫ ʚʠʧʘʜʢʫ, ʷʢʱʦ ʥʝ ʚʩʽ ʜʘʥʽ ʙʫʣʠ 

ʽʜʝʥʪʠʬʽʢʦʚʘʥʽ ʥʘ ʧʝʨʰʦʤʫ ʝʪʘʧʽ. ʇʝʨʝʜ ʪʠʤ, ʷʢ ʧʝʨʝʭʦʜʠʪʠ ʜʦ ʥʘʩʪʫʧʥʦʛʦ 

ʝʪʘʧʫ, ʩʣʽʜ ʽʜʝʥʪʠʬʽʢʫʚʘʪʠ ʪʘ ʚʠʨʽʰʠʪʠ ʚʩʽ ʧʦʜʽʙʥʽ ʧʨʦʙʣʝʤʠ. 

 

ʈʠʩ.1.11 ʉʭʝʤʘ ʧʝʨʝʤʠʢʘʥʥʷ ʩʝʨʚʽʩʫ ʮʽʥʦʫʪʚʦʨʝʥʥʷ ʥʘ ʥʦʚʫ ʙʘʟʫ 

ʜʘʥʠʭ ʮʽʥ 
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ɿʘʚʝʨʰʘʣʴʥʠʤ ʝʪʘʧʦʤ - ʻ ʚʠʜʘʣʝʥʥʷ ʚʩʽʻʾ ʣʦʛʽʢʠ, ʷʢʘ ʧʦʚ'ʷʟʘʥʘ ʟ 

ʫʪʚʦʨʝʥʥʷʤ ʮʽʥ ʪʘ ʾʭ ʚʽʜʦʙʨʘʞʝʥʥʷʤ ʜʣʷ ʢʣʽʻʥʪʘ ʥʘ ʩʪʦʨʦʥʽ ʤʦʥʦʣʽʪʫ.  

ɺ ʢʽʥʮʝʚʦʤʫ ʨʝʟʫʣʴʪʘʪʽ, ʩʠʩʪʝʤʘ ʧʨʦʜʫʢʪʽʚ ʚʠʛʣʷʜʘʪʠʤʝ ʥʘʩʪʫʧʥʠʤ 

ʯʠʥʦʤ 

 

ʈʠʩ.1.12 ʉʭʝʤʘ ʩʠʩʪʝʤʠ ʧʨʦʜʫʢʪʽʚ ʽʟ ʦʢʨʝʤʠʤ ʤʽʢʨʦʩʝʨʚʽʩʦʤ 

ʮʽʥʦʫʪʚʦʨʝʥʥ ̫

 

ʆʩʥʦʚʥʠʡ (core) ʧʨʦʜʫʢʪ ʚʩʝ ʱʝ ʤʽʩʪʠʪʠʤʝ ʜʘʥʽ ʪʘ ʯʘʩʪʠʥʫ ʣʦʛʽʢʠ, ʱʦ 

ʧʦʚôʷʟʘʥʽ ʟ ʦʩʥʦʚʥʠʤʠ ʘʪʨʠʙʫʪʘʤʠ ʧʨʦʜʫʢʪʽʚ, ʪʦʜʽ ʷʢ ʬʫʥʢʮʽʦʥʘʣ 

ʮʽʥʦʫʪʚʦʨʝʥʥʷ ʤʘʻ ʜʘʥʽ ʪʘ ʣʦʛʽʢʫ, ʧʦʚôʷʟʘʥʽ ʟ ʮʽʥʘʤʠ. ɺʟʘʻʤʦʜʽʷ ʤʽʞ ʥʠʤʠ 

ʚʽʜʙʫʚʘʻʪʴʩʷ ʪʽʣʴʢʠ ʯʝʨʝʟ ʣʦʛʽʯʥʠʡ ʨʽʚʝʥʴ. ɿʛʽʜʥʦ ʦʧʠʩʘʥʦʛʦ ʚʠʱʝ 

ʘʣʛʦʨʠʪʤʫ, ʤʦʞʥʘ ʚʠʜʽʣʠʪʠ ʙʫʜʴ ʷʢʠʡ ʬʫʥʢʮʽʦʥʘʣ ʤʦʥʦʣʽʪʫ ʚ ʦʢʨʝʤʠʡ 

ʤʽʢʨʦʩʝʨʚʽʩ.  

 

1.4. ʊʝʭʥʦʣʦʛʽʾ ʤʽʞʧʨʦʮʝʩʥʦʾ ʚʟʘʻʤʦʜʽʾ ʪʘ ʦʙʤʽʥ ʜʘʥʠʤʠ 

ʇʝʨʝʥʝʩʝʥʥʷ ʬʫʥʢʮʽʦʥʘʣʴʥʦʩʪʽ ʩʝʨʚʽʩʫ ʚ ʦʢʨʝʤʠʡ ʧʨʦʝʢʪ ʫʩʢʣʘʜʥʶʻ 

ʧʨʦʮʝʩ ʚʟʘʻʤʦʜʽʾ ʤʽʞ ʽʥʰʠʤʠ ʯʘʩʪʠʥʘʤʠ ʤʦʥʦʣʽʪʫ ʪʘ ʥʦʚʦʩʪʚʦʨʝʥʦʶ 
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ʧʨʦʛʨʘʤʦʶ, ʦʩʢʽʣʴʢʠ ʙʽʣʴʰʝ ʥʝʤʦʞʣʠʚʦ ʧʨʦʩʪʦ ʚʠʢʣʠʢʘʪʠ ʧʝʚʥʠʡ ʤʝʪʦʜ 

ʩʝʨʚʽʩʫ ʥʘ ʨʽʚʥʽ ʢʦʜʫ. ɺ ʜʘʥʦʤʫ ʚʘʨʽʘʥʪʽ ʨʝʘʣʽʟʘʮʽʾ ʧʦʪʨʽʙʥʦ ʽʤʧʣʝʤʝʥʪʫʚʘʪʠ 

ʤʽʞʧʨʦʮʝʩʥʫ ʚʟʘʻʤʦʜʽʶ.  

ɯʩʥʫʻ ʙʘʛʘʪʦ ʨʽʟʥʠʭ ʧʽʜʭʦʜʽʚ ʪʘ ʪʝʭʥʦʣʦʛʽʡ ʜʣʷ ʦʨʛʘʥʽʟʘʮʽʾ 

ʤʽʞʧʨʦʮʝʩʥʦʾ ʚʟʘʻʤʦʜʽʾ. ʄʦʞʥʘ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʤʝʪʦʜʠ ʷʢʽ ʧʨʘʮʶʶʪʴ ʧʦ 

ʧʨʠʥʮʠʧʫ ʟʘʧʠʪ/ʚʽʜʧʦʚʽʜʴ ʥʘ ʦʩʥʦʚʽ HTTP, ʜʣʷ ʧʨʠʢʣʘʜʫ REST ʘʙʦ gRPC. 

ʊʘʢʦʞ ʤʦʞʥʘ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʘʩʠʥʭʨʦʥʥʽ ʤʝʪʦʜʠ ʧʝʨʝʜʘʯʽ ʜʘʥʠʭ ʥʘ ʙʘʟʽ 

ʧʦʚʽʜʦʤʣʝʥʴ, ʪʘʢʽ ʷʢ AMQP ʘʙʦ STOMP PubSub. ɯʩʥʫʻ ʰʠʨʦʢʠʡ ʩʧʝʢʪʨ 

ʨʽʟʥʠʭ ʬʦʨʤʘʪʽʚ ʧʦʚʽʜʦʤʣʝʥʴ, ʜʦʩʪʫʧʥʠʭ ʜʣʷ ʚʠʢʦʨʠʩʪʘʥʥʷ. ʉʝʨʚʽʩʠ ʤʦʞʫʪʴ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʨʽʟʥʽ ʬʦʨʤʘʪʠ, ʪʘʢʽ ʷʢ JSON ʘʙʦ XML, ʷʢʽ ʻ ʟʨʦʟʫʤʽʣʠʤʠ 

ʜʣʷ ʣʶʜʠʥʠ.  

ɯʩʥʫʶʪʴ ʨʽʟʥʽ ʩʧʦʩʦʙʠ ʚʟʘʻʤʦʜʽʾ ʤʽʞ ʢʣʽʻʥʪʦʤ ʪʘ ʩʝʨʚʽʩʦʤ, ʷʢʽ ʤʦʞʥʘ 

ʢʣʘʩʠʬʽʢʫʚʘʪʠ ʟʘ ʜʚʦʤʘ ʦʩʥʦʚʥʠʤʠ ʪʠʧʘʤʠ.  

ʇʝʨʰʠʡ ʪʠʧ ʚʠʟʥʘʯʘʻ, ʯʠ ʚʽʜʙʫʚʘʻʪʴʩʷ ʚʟʘʻʤʦʜʽʷ ʦʜʠʥ ʜʦ ʦʜʥʦʛʦ ʘʙʦ 

ʦʜʠʥ ʜʦ ʙʘʛʘʪʴʦʭ: 

ü ɯʥʜʠʚʽʜʫʘʣʴʥʠʡ - ʦʜʠʥ ʩʝʨʚʽʩ ʚʠʜʽʣʷʻʪʴʩʷ ʥʘ ʦʙʨʦʙʢʫ ʟʘʧʠʪʽʚ 

ʢʣʽʻʥʪʘ . 

ü ʆʜʠʥ ʜʦ ʙʘʛʘʪʴʦʭ -ʜʝʢʽʣʴʢʘ ʩʝʨʚʽʩʽʚ ʤʦʞʫʪʴ ʟʜʽʡʩʥʶʚʘʪʠ ʟʘʧʠʪʽʚ  

ɼʨʫʛʠʡ ʪʠʧ ʩʪʦʩʫʻʪʴʩʷ ʪʦʛʦ, ʷʢ ʚʽʜʙʫʚʘʻʪʴʩʷ ʚʟʘʻʤʦʜʽʷ ʩʠʥʭʨʦʥʥʦ ʯʠ 

ʘʩʠʥʭʨʦʥʥʦ: 

ü ʉʠʥʭʨʦʥʥʠʡ - ʢʣʽʻʥʪ ʦʯʽʢʫʻ ʦʪʨʠʤʘʪʠ ʚʽʜʧʦʚʽʜʴ ʚʽʜ ʩʝʨʚʽʩʫ 

ʚʯʘʩʥʦ ʪʘ ʤʦʞʝ ʥʘʚʽʪʴ ʙʣʦʢʫʚʘʪʠ ʡʦʛʦ ʧʽʜ ʯʘʩ ʦʯʽʢʫʚʘʥʥʷ. 

ü ɸʩʠʥʭʨʦʥʥʠʡ - ʢʣʽʻʥʪ ʥʝ ʙʣʦʢʫʻ ʩʝʨʚʽʩ, ʘ ʚʽʜʧʦʚʽʜʴ ʤʦʞʝ 

ʧʨʠʭʦʜʠʪʠ ʥʝ ʚʽʜʨʘʟʫ. 

ɺʘʨʪʦ ʟʘʟʥʘʯʠʪʠ ʪʦʡ ʬʘʢʪ, ʱʦ ʩʠʥʭʨʦʥʥʠʡ ʩʪʠʣʴ ʚʟʘʻʤʦʜʽʾ ʟʘʧʠʪ-

ʚʽʜʧʦʚʽʜʴ ʻ ʜʦʩʠʪʴ ʧʦʰʠʨʝʥʠʤ ʫ ʤʽʞʧʨʦʮʝʩʥʽʡ ʚʟʘʻʤʦʜʽʾ. ʅʘʧʨʠʢʣʘʜ, ʩʝʨʚʽʩ 

ʤʦʞʝ ʩʧʽʣʢʫʚʘʪʠʩʷ ʟ ʽʥʰʠʤ ʩʝʨʚʽʩʦʤ, ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ ʤʝʪʦʜ REST ʜʣʷ 

ʦʙʤʽʥʫ ʟʘʧʠʪʘʤʠ ʪʘ ʚʽʜʧʦʚʽʜʷʤʠ ʘʙʦ ʞ ʤʝʭʘʥʽʟʤʠ ʦʙʤʽʥʫ ʧʦʚʽʜʦʤʣʝʥʥʷʤʠ. 

ʎʽʢʘʚʠʤ ʻ ʪʝ, ʱʦ ʥʘʚʽʪʴ ʧʨʠ ʫʤʦʚʽ ʚʟʘʻʤʦʜʽʾ ʩʝʨʚʽʩʽʚ ʯʝʨʝʟ ʙʨʦʢʝʨʘ 
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ʧʦʚʽʜʦʤʣʝʥʴ, ʤʦʞʝ ʪʨʘʧʠʪʠʩʴ ʩʠʪʫʘʮʽʷ ʚ ʷʢʽʡ ʢʣʽʻʥʪ ʤʦʞʝ ʙʫʪʠ 

ʟʘʙʣʦʢʦʚʘʥʠʤ ʫ ʤʦʤʝʥʪ ʦʯʽʢʫʚʘʥʥ ̫ʚʽʜʧʦʚʽʜʽ ʚʽʜ ʩʝʨʚʽʩʫ. 

ʊʠʧʠ ʚʟʘʻʤʦʜʽʡ ʦʜʠʥ ʜʦ ʙʘʛʘʪʴʦʭ: 

ü ʆʧʫʙʣʽʢʫʚʘʪʠ/ʧʽʜʧʠʩʘʪʠʩʷ - ʢʣʽʻʥʪ ʧʫʙʣʽʢʫʻ ʧʦʚʽʜʦʤʣʝʥʥʷ, ʷʢʝ 

ʯʠʪʘʶʪʴ ʚʩʽ ʩʝʨʚʽʩʠ, ʱʦ ʧʽʜʧʠʩʘʥʽ ʥʘ ʮʽ ʧʦʚʽʜʦʤʣʝʥʥʷ. 

ü ʆʧʫʙʣʽʢʫʚʘʪʠ/ʘʩʠʥʭʨʦʥʥʽ ʚʽʜʧʦʚʽʜʽ - ʢʣʽʻʥʪ ʥʘʜʩʠʣʘʻ 

ʧʦʚʽʜʦʤʣʝʥʥʷ ʟʘʧʠʪʫ, ʘ ʧʦʪʽʤ ʦʯʽʢʫʻ ʜʝʷʢʠʡ ʯʘʩ ʥʘ ʚʽʜʧʦʚʽʜʴ ʚʽʜ ʚʩʽʭ, ʭʪʦ 

ʧʽʜʧʠʩʘʥʠʡ ʥʘ ʮʽ ʧʦʚʽʜʦʤʣʝʥʥʷ. 

ʇʨʠ ʟʘʩʪʦʩʫʚʘʥʥʽ ʤʝʭʘʥʽʟʤʫ ʤʽʞʧʨʦʮʝʩʥʦʾ ʚʟʘʻʤʦʜʽʾ IPC(Inter-Process 

Communication), ʷʢʠʡ ʙʘʟʫʻʪʴʩʷ ʥʘ ʚʽʜʜʘʣʝʥʦʤʫ ʚʠʢʣʠʢʫ ʧʨʦʮʝʜʫʨʠ, ʢʣʽʻʥʪ 

ʽʥʽʮʽʶʻ ʟʘʧʠʪ ʜʦ ʩʝʨʚʽʩʫ, ʷʢʠʡ ʦʙʨʦʙʣʷʻ ʡʦʛʦ ʪʘ ʚʽʜʧʨʘʚʣʷʻ ʚʽʜʧʦʚʽʜʴ 

(ʨʠʩ.1.13). ʋ ʜʝʷʢʠʭ ʚʠʧʘʜʢʘʭ ʢʣʽʻʥʪʠ ʤʦʞʫʪʴ ʙʣʦʢʫʚʘʪʠ ʚʽʜʧʦʚʽʜʴ, ʦʜʥʘʢ, 

ʪʘʢʦʞ ʤʦʞʣʠʚʽ ʚʘʨʽʘʥʪʠ ʚʠʢʦʨʠʩʪʘʥʥʷ ʥʝ ʙʣʦʢʫʶʯʦʾ ʘʨʭʽʪʝʢʪʫʨʠ. ʇʨʦʪʝ, ʚ 

ʪʘʢʠʭ ʚʠʧʘʜʢʘʭ, ʢʣʽʻʥʪ ʦʯʽʢʫʻ, ʱʦ ʚʽʜʧʦʚʽʜʴ ʙʫʜʝ ʚʽʜʧʨʘʚʣʝʥʘ ʚʯʘʩʥʦ. 

 

ʈʠʩ.1.13 ɺʟʘʻʤʦʜʽʷ ʢʣʽʻʥʪ-ʩʝʨʚʝʨ 

 

ɺ ʩʫʯʘʩʥʠʭ ʧʨʦʝʢʪʘʭ ʪʘ ʪʝʭʥʦʣʦʛʽʷʭ ʨʦʟʨʦʙʢʠ, ʜʦʩʠʪʴ ʯʘʩʪʦ ʤʦʞʥʘ 

ʟʫʩʪʨʽʪʠ API ʚ ʩʪʠʣʽ RESTful. REST - ʮʝ ʤʝʪʦʜ ʤʽʞʧʨʦʮʝʩʥʦʾ ʚʟʘʻʤʦʜʽʾ, 

ʱʦ(ʤʘʡʞʝ ʟʘʚʞʜʠ) ʚʠʢʦʨʠʩʪʦʚʫʻ ʧʨʦʪʦʢʦʣ HTTP. 

ʋ ʪʝʭʥʦʣʦʛʽʾ REST ʢʣʶʯʦʚʠʤ ʚʠʩʪʫʧʘʻ ʨʝʩʫʨʩ, ʷʢʠʡ ʟʘʟʚʠʯʘʡ 

ʚʽʜʦʙʨʘʞʘʻ ʦʜʠʥ ʦʙ'ʻʢʪ, ʪʘʢʠʡ ʷʢ ʢʦʨʠʩʪʫʚʘʯ ʯʠ ʧʨʦʜʫʢʪ, ʘʙʦ ʥʘʙʽʨ ʪʘʢʠʭ 
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ʦʙ'ʻʢʪʽʚ. ɼʣʷ ʤʘʥʽʧʫʣʶʚʘʥʥʷ ʨʝʩʫʨʩʘʤʠ, ʥʘ ʷʢʽ ʟʜʽʡʩʥʶʻʪʴʩʷ ʧʦʩʠʣʘʥʥʷ ʟʘ 

ʜʦʧʦʤʦʛʦʶ URL-ʘʜʨʝʩ, REST ʟʘʩʪʦʩʦʚʫʻ ʜʽʻʩʣʦʚʘ HTTP. GET ʟʘʧʠʪ, ʜʣʷ 

ʧʨʠʢʣʘʜʫ, ʧʦʚʝʨʪʘʻ ʟʥʘʯʝʥʥʷ ʨʝʩʫʨʩʫ, ʷʢʝ ʤʦʞʝ ʙʫʪʠ  ʧʨʝʜʩʪʘʚʣʝʥʦ ʫ ʬʦʨʤʽ 

XML -ʜʦʢʫʤʝʥʪʘ ʘʙʦ JSON ʦʙ'ʻʢʪʘ. ɸʣʝ ʩʣʽʜ ʟʘʟʥʘʯʠʪʠ, ʱʦ ʙʫʚʘʶʪʴ ʚʠʧʘʜʢʠ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʽ ʽʥʰʠʭ ʬʦʨʤʘʪʽʚ. POST ʟʘʧʠʪʠ ʜʘʶʪʴ ʤʦʞʣʠʚʽʩʪʴ ʩʪʚʦʨʶʚʘʪʠ 

ʥʦʚʠʡ ʨʝʩʫʨʩ, ʘ ʟʘʧʠʪ PUT ʨʦʙʠʪʠ ʟʤʽʥʠ ʫ ʚʞʝ ʽʩʥʫʶʯʠʭ ʨʝʩʫʨʩʘʭ.. 

ʅʘʧʨʠʢʣʘʜ, ʥ̔ʪʝʨʥʝʪ-ʤʘʛʘʟʠʥ ʤʦʞʝ ʤʘʪʠ POST ʟʘʧʠʪʠ /product ʜʣʷ 

ʩʪʚʦʨʝʥʥʷ ʥʦʚʦʛʦ ʧʨʦʜʫʢʪʘ, ʪʘ ʟʘʧʠʪ GET /products/{productId} ʜʣʷ 

ʦʪʨʠʤʘʥʥʷ ʧʦʚʥʦʾ ʽʥʬʦʨʤʘʮʽʾ ʧʨʦ ʪʦʚʘʨ. 

ɿʚʠʯʘʡʥʦ, ʷʢ ʽ ʙʫʜʴ ʷʢʽ ʽʥʰʽ ʪʝʭʥʦʣʦʛʽʾ, ʚ REST ʻ ʧʝʚʥʽ ʧʝʨʝʚʘʛʠ ʪʘ 

ʥʝʜʦʣʽʢʠ, ʩʝʨʝʜ ʦʩʥʦʚʥʠʭ ʤʦʞʥʘ ʟʘʟʥʘʯʠʪʠ ʥʘʩʪʫʧʥʽ: 

ü ʇʨʦʩʪʦʪʘ ʪʘ ʟʨʫʯʥʽʩʪʴ. 

ü ʑʦ ʩʪʦʩʫʻʪʴʩʷ ʪʝʩʪʫʚʘʥʥʷ, ʪʦ ʙʫʜʴ ʷʢʠʡ ʤʝʪʦʜ ʤʦʞʥʘ ʙʝʟ 

ʧʨʦʙʣʝʤ ʧʝʨʝʚʽʨʠʪʠ ʚ ʙʫʜʴ ʷʢʦʤʫ ʙʨʘʫʟʝʨʽ, ʯʠ ʢʦʤʘʥʜʥʽʡ ʩʪʨʽʯʮʽ, 

ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ ʜʦʩʠʪʴ ʧʦʰʠʨʝʥʽ ʢʣʽʻʥʪʠ curl ʪʘ wget. 

ü ʇʽʜʪʨʠʤʢʘ ʙʝʟʧʦʩʝʨʝʜʥʴʦʾ ʚʟʘʻʤʦʜʽʾ ʫ ʬʦʨʤʘʪʽ ʟʘʧʠʪʫ/ʚʽʜʧʦʚʽʜʽ. 

ü ɸʨʭʽʪʝʢʪʫʨʘ ʩʠʩʪʝʤʠ ʻ ʜʦʚʦʣʽ ʧʨʦʩʪʘ, ʦʩʢʽʣʴʢʠ ʥʝ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʞʦʜʥʽ ʙʨʦʢʝʨʠ. 

ü ʇʽʜʪʨʠʤʢʘ ʚʟʘʻʤʦʜʽʾ ʪʽʣʴʢʠ ʫ ʬʦʨʤʘʪʽ  ʟʘʧʠʪ/ʚʽʜʧʦʚʽʜʴ. 

ɿʥʠʞʝʥʘ ʜʦʩʪʫʧʥʽʩʪʴ ʟʘ ʨʘʭʫʥʦʢ ʚʽʜʩʫʪʥʦʩʪʽ ʙʫʬʝʨʠʟʘʮʽʾ ʧʦʚʽʜʦʤʣʝʥʴ, 

ʱʦ ʚʠʤʘʛʘʻ ʦʜʥʦʯʘʩʥʦʾ ʨʦʙʦʪʠ ʢʣʽʻʥʪʘ ʪʘ ʩʝʨʚʝʨʘ. 

ü ʂʣʽʻʥʪʠ ʧʦʚʠʥʥʽ ʟʥʘʪʠ ʘʜʨʝʩʠ (URL-ʘʜʨʝʩʠ) ʚʩʽʭ ʩʝʨʚʽʩʽʚ ʷʢʽ 

ʚʦʥʠ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ. 

ʆʜʥʘʢ, ʧʽʜʩʫʤʦʚʫʶʯʠ ʚʩʽ ʘʩʧʝʢʪʠ ʪʘ ʦʩʦʙʣʠʚʦʩʪʽ, REST, ʚʩʝ ʱʝ 

ʟʘʣʠʰʘʻʪʴʩʷ ʥʘʡʙʽʣʴʰ ʚʠʢʦʨʠʩʪʦʚʫʚʘʥʦʶ ʪʝʭʥʦʣʦʛʽʻʶ ʜʣʷ API, ʭʦʯʘ ʽ 

ʽʩʥʫʶʪʴ ʟʚʠʯʘʡʥʦ  ʮʽʢʘʚʽ ʘʣʴʪʝʨʥʘʪʠʚʠ.  
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1.5. ʇʽʜʭʦʜʠ ʪʘ ʤʝʪʦʜʠ ʨʦʟʛʦʨʪʘʥʥʷ ʤʽʢʨʦʩʝʨʚʽʩʽʚ 

ʉʪʚʦʨʠʪʠ ʥʦʚʠʡ ʩʝʨʚʽʩ, ʦʧʠʩʘʪʠ ʡʦʛʦ ʩʪʨʫʢʪʫʨʫ ʪʘ ʚʟʘʻʤʦʜʽʶ ʽʟ 

ʽʥʰʠʤʠ ʩʝʨʚʽʩʘʤʠ ʻ ʦʩʥʦʚʥʠʤʠ ʝʪʘʧʘʤʠ ʩʪʚʦʨʝʥʥʷ ʥʦʚʠʭ ʤʽʢʨʦʩʝʨʚʽʩʽʚ. 

ʆʜʥʘʢ, ʥʝʚʽʜ'ʻʤʥʦʶ ʩʢʣʘʜʦʚʦʶ ʮʴʦʛʦ ʧʨʦʮʝʩʫ ʻ ʨʦʟʛʦʨʪʘʥʥʷ ʪʘ ʜʦʩʪʘʚʢʘ 

ʡʦʛʦ ʥʘ ʨʦʙʦʯʝ ʩʝʨʝʜʦʚʠʱʝ. ʊʫʪ ʤʦʞʥʘ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʙʘʛʘʪʦ ʤʝʪʦʜʽʚ ʪʘ 

ʧʽʜʭʦʜʽʚ. ɯ ʚʝʩʴ ʮʝʡ ʧʨʦʮʝʩ ʤʦʞʝ ʙʫʪʠ ʘʚʪʦʤʘʪʠʟʦʚʘʥʠʤ ʧʦʚʥʽʩʪʶ ʯʠ 

ʯʘʩʪʢʦʚʦ [7]. ʈʦʟʛʣʷʥʝʤʦ ʦʩʥʦʚʥʽ ʤʝʪʦʜʠ ʷʢʽ ʥʘʡʯʘʩʪʽʰʝ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ. 

ɿʘʛʘʣʴʥʠʡ ʤʝʪʦʜ ʨʦʟʛʦʨʪʘʥʥʷ ʤʽʢʨʦʩʝʨʚʽʩʽʚ ʧʨʝʜʩʪʘʚʣʝʥʦ ʥʘ ʨʠʩ.1.14. 

ʇʝʨʰʠʤ ʽʟ ʦʩʥʦʚʥʠʭ ʢʦʤʧʦʥʝʥʪʽʚ ʚ ʥʘʩ ʙʝʟʫʤʦʚʥʦ ʚʠʩʪʫʧʘʻ ʢʦʥʪʨʦʣʴ ʚʝʨʩʽʾ. 

ʅʘʡʙʽʣʴʰ ʯʘʩʪʦ ʪʫʪ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ Bitbucket, Git, Svn. ʇʨʦʩʪʠʤʠ ʩʣʦʚʘʤʠ - 

ʮʝ ʨʝʧʦʟʠʪʦʨʽʡ, ʢʫʜʠ ʨʦʟʨʦʙʥʠʢ ʟʚʘʥʪʘʞʫʻ ʚʝʩʴ ʢʦʜ, ʷʢʠʡ ʩʪʦʩʫʻʪʴʩʷ 

ʤʽʢʨʦʩʝʨʚʽʩʘ. ʅʘʩʪʫʧʥʠʤ ʝʪʘʧʦʤ, ʧʽʩʣʷ ʪʦʛʦ ʷʢ ʨʦʟʨʦʙʥʠʢ ʟʘʚʘʥʪʘʞʠʚ ʥʦʚʽ 

ʟʤʽʥʠ, ʻ ʧʨʦʮʝʩ ʟʙʽʨʢʠ ʘʧʣʽʢʘʮʽʾ. ɺ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʪʦʛʦ ʷʢʘ ʤʦʚʘ 

ʧʨʦʛʨʘʤʫʚʘʥʥʷ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ, ʘʧʣʽʢʘʮʽʷ ʤʦʞʝ ʟʙʠʨʘʪʠʩʴ ʨʽʟʥʠʤʠ 

ʫʪʠʣʽʪʘʤʠ. ʇʽʩʣʷ ʮʴʦʛʦ, ʷʢ ʧʨʘʚʠʣʦ, ʩʪʚʦʨʶʻʪʴʩʷ docker ʦʙʨʘʟ ʚ ʷʢʦʤʫ ʽʩʥʫʻ 

ʩʘʤ ʤʽʢʨʦʩʝʨʚʽʩ. ʎʝʡ ʧʨʦʮʝʩ ʚʠʢʦʥʫʻ ʷʢ ʧʨʘʚʠʣʦ Jenkins, Teamcity, Bamboo.  

ʇʽʩʣʷ ʮʴʦʛʦ, ʢʦʣʠ ʤʠ ʤʘʻʤʦ ʛʦʪʦʚʠʡ ʦʙʨʘʟ ʘʧʣʽʢʘʮʽʾ, ʡʦʛʦ ʧʦʪʨʽʙʥʦ 

ʢʫʜʠʩʴ ʟʙʝʨʝʛʪʠ. ʊʦʤʫ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʦʜʥʝ ʟ ʙʘʛʘʪʴʦʭ ʤʦʞʣʠʚʠʭ ʩʭʦʚʠʱ, 

ʩʝʨʝʜ ʷʢʠʭ ʤʦʞʝ ʙʫʪʠ Docker Hub, Jfrog ʪʘ ʙʘʛʘʪʦ ʽʥʰʠʭ [8]. ɯ ʦʩʪʘʥʥʽʤ 

ʢʨʦʢʦʤ ʻ ʦʥʦʚʣʝʥʥʷ ʘʧʣʽʢʘʮʽʾ ʽʟ ʦʩʪʘʥʥʴʦʛʦ ʦʙʨʘʟʫ ʥʘ ʨʦʙʦʯʦʤʫ ʩʝʨʝʜʦʚʠʱʽ. 

ʎʝ ʩʝʨʝʜʦʚʠʱʝ ʤʦʞʝ ʙʫʪʠ ʨʦʟʛʦʨʥʫʪʠʤ ʥʘ ʣʦʢʘʣʴʥʽʡ ʽʥʬʨʘʩʪʨʫʢʪʫʨʽ, ʚ 

ʭʤʘʨʽ, ʤʦʞʝ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠʩʴ k8s, docker-swarm, ʪʘ ʽʥʰʽ ʪʝʭʥʦʣʦʛʽʾ. 
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ʈʠʩ.1.14. ɿʘʛʘʣʴʥʘ ʤʦʜʝʣʴ ʨʦʟʛʦʨʪʘʥʥʷ ʤʽʢʨʦʩʝʨʚʽʩʽʚ 

 

ʆʧʠʩʘʥʠʡ ʚʠʱʝ ʤʝʪʦʜ ʻ ʜʦʩʠʪʴ ʟʘʛʘʣʴʥʠʤ ʽ ʤʦʞʝ ʤʘʪʠ ʙʘʛʘʪʦ 

ʤʦʜʠʬʽʢʘʮʽʡ, ʨʦʟʰʠʨʝʥʴ ʪʘ ʜʦʜʘʪʢʦʚʠʭ ʢʨʦʢʽʚ. ʆʜʥʠʤ ʽʟ ʪʘʢʠʭ ʨʦʟʰʠʨʝʥʴ ʻ 

ʤʝʪʦʜ ʽʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ terraform ʜʣʷ ʧʦʙʫʜʦʚʠ ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ ʧʽʜ ʯʘʩ 

ʨʦʟʛʦʨʪʘʥʥʷ ʪʘ argoCD ʜʣʷ ʜʦʩʪʘʚʢʠ ʮʽʻʾ ʘʧʣʽʢʘʮʽʾ ʚ Kubernetes ʢʣʘʩʪʝʨ 

(ʨʠʩ.1.15). 

 

ʈʠʩ.1.15. ʄʝʪʦʜ ʨʦʟʛʦʨʪʘʥʥʷ ʤʽʢʨʦʩʝʨʚʽʩʽʚ ʽʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ terraform 

ʪʘ argo 
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ɺʽʜʤʽʥʥʽʩʪʴ ʯʠ ʧʝʨʝʚʘʛʘ ʻ ʚ ʪʦʤʫ, ʱʦ ʚ ʟʘʣʝʞʥʦʩʪʽ ʷʢʠʭ ʟʤʽʥ ʧʦʪʨʝʙʫʻ 

ʽʥʬʨʘʩʪʨʫʢʪʫʨʘ ʜʣʷ ʥʦʨʤʘʣʴʥʦʾ ʨʦʙʦʪʠ ʥʘʰʦʛʦ ʩʝʨʚʽʩʫ, ʧʨʦʮʝʩ ʨʦʟʛʦʨʪʘʥʥʷ 

ʪʘ ʜʦʩʪʘʚʢʠ ʘʧʣʽʢʘʮʽʾ ʟʨʦʙʠʪʴ ʚʩʽ ʮʽ ʟʤʽʥʠ ʘʚʪʦʤʘʪʠʯʥʦ. ʂʨʽʤ ʪʦʛʦ, ʫ ʚʠʧʘʜʢʫ 

ʥʝʫʩʧʽʰʥʦʛʦ ʨʦʟʛʦʨʪʘʥʥʷ, ʟʘʚʞʜʠ ʙʫʜʝ ʟʤʦʛʘ ʧʦʚʝʨʥʫʪʠʩʴ ʥʘ ʧʦʧʝʨʝʜʥʶ 

ʚʝʨʩʽʶ ʨʦʙʦʯʦʾ ʘʧʣʽʢʘʮʽʾ [9]. 

ʂʨʽʤ ʪʦʛʦ ʧʨʠʥʮʠʧʦʤ ʭʦʨʦʰʦʛʦ ʪʦʥʫ ʻ ʟʚʠʯʘʡʥʦ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʦʢʨʝʤʠʭ ʩʝʨʝʜʦʚʠʱ ʜʣʷ ʨʦʟʨʦʙʢʠ, ʪʝʩʪʫʚʘʥʥʷ, ʚʽʜʣʘʛʦʜʞʝʥʥʷ. ʉʣʽʜʫʶʯʠ 

ʧʨʠʥʮʠʧʘʤ ʪʘʢʦʛʦ ʧʽʜʭʦʜʫ ʟ'ʷʚʣʷʻʪʴʩʷ ʱʝ ʦʜʠʥ ʤʝʪʦʜ. (ʨʠʩ.1.16). 

 

ʈʠʩ.1.16. ʄʦʜʝʣʴ ʨʦʟʛʦʨʪʘʥʥʷ ʤʽʢʨʦʩʝʨʚʽʩʽʚ ʽʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʨʽʟʥʠʭ 

ʩʝʨʝʜʦʚʠʱ 

 

ɺ ʧʦʨʽʚʥʷʥʥʽ ʟ ʧʦʧʝʨʝʜʥʽʤʠ, ʜʘʥʠʡ ʤʝʪʦʜ ʻ ʜʝʱʦ ʙʝʟʧʝʯʥʽʰʠʤ. 

ʇʝʨʝʚʘʛʘ ʧʦʣʷʛʘʻ ʚ ʪʦʤʫ, ʱʦ ʥʦʚʠʡ ʩʝʨʚʽʩ ʽʟ ʥʦʚʠʤ ʬʫʥʢʮʽʦʥʘʣʦʤ 

ʜʦʩʪʘʚʣʷʻʪʴʩʷ ʥʝ ʚʽʜʨʘʟʫ ʥʘ ʨʦʙʦʯʝ ʩʝʨʝʜʦʚʠʱʝ. ʇʝʨʝʜ ʪʠʤ ʷʢ ʚʽʥ ʙʫʜʝ 

ʨʦʟʛʦʨʥʫʪʠʡ ʥʘ ʨʦʙʦʯʦʤʫ ʩʝʨʝʜʦʚʠʱʽ, ʚʝʩʴ ʬʫʥʢʮʽʦʥʘʣ ʪʘ ʮʽʣʽʩʥʽʩʪʴ ʙʫʜʝ 

ʧʝʨʝʚʽʨʝʥʦ ʥʘ ʪʝʩʪʦʚʦʤʫ, ʘ ʪʘʢʦʞ ʩʝʨʝʜʦʚʠʱʽ ʚʽʜʣʘʛʦʜʞʝʥʥʷ. ɺ ʙʽʣʴʰʦʩʪʽ 
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ʚʠʧʘʜʢʽʚ ʮʝʡ ʤʝʪʦʜ ʻ ʥʝ ʘʙʩʦʣʶʪʥʦ ʘʚʪʦʤʘʪʠʟʦʚʘʥʠʤ, ʘ ʚʢʣʶʯʘʻ ʚ ʩʝʙʝ 

ʨʫʯʥʽ ʝʪʘʧʠ. 

 

1.6. ɯʥʬʨʘʩʪʨʫʢʪʫʨʘ ʷʢ ʢʦʜ ï IaC, ʷʢ ʤʝʪʦʜ ʩʪʚʦʨʝʥʥʷ ʪʘ 

ʢʝʨʫʚʘʥʥʷ ʨʦʙʦʯʠʭ ʩʝʨʝʜʦʚʠʱ 

ɼʦʥʝʜʘʚʥʘ ʫʧʨʘʚʣʽʥʥʷ ɯʊ-ʽʥʬʨʘʩʪʨʫʢʪʫʨʦʶ ʙʫʣʦ ʪʨʫʜʦʤʽʩʪʢʠʤ 

ʟʘʚʜʘʥʥʷʤ. ʉʠʩʪʝʤʥʽ ʘʜʤʽʥʽʩʪʨʘʪʦʨʠ ʧʦʚʠʥʥʽ ʙʫʣʠ ʚʨʫʯʥʫ ʥʘʣʘʰʪʫʚʘʪʠ ʪʘ 

ʢʦʥʪʨʦʣʶʚʘʪʠ ʚʩʝ ʘʧʘʨʘʪʥʝ ʪʘ ʧʨʦʛʨʘʤʥʝ ʟʘʙʝʟʧʝʯʝʥʥʷ ʜʣʷ ʦʨʛʘʥʽʟʘʮʽʾ 

ʷʢʽʩʥʦʾ ʨʦʙʦʪʠ ʨʽʟʥʠʭ ʩʝʨʚʽʩʽʚ. ʇʨʦʪʝ ʥʦʚʽ ʪʝʥʜʝʥʮʽʾ, ʟʦʢʨʝʤʘ ʭʤʘʨʥʽ 

ʦʙʯʠʩʣʝʥʥʷ, ʧʦʢʨʘʱʠʣʠ ʧʽʜʭʦʜʠ ʜʦ ʦʨʛʘʥʽʟʘʮʽʾ, ʨʦʟʚʠʪʢʫ ʪʘ ʧʽʜʪʨʠʤʢʠ ɯʊ-

ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ. ʅʘʡʚʘʞʣʠʚʽʰʦʶ ʩʢʣʘʜʦʚʦʶ ʮʴʦʛʦ ʪʨʝʥʜʫ ʻ 

çɯʥʬʨʘʩʪʨʫʢʪʫʨʘ ʷʢ ʢʦʜ - IaCè. 

IaC - ʮʝ  ʤʦʜʝʣʴ, ʫ ʷʢʽʡ ʧʨʦʮʝʩ ʥʘʣʘʰʪʫʚʘʥʥʷ ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ 

ʧʦʜʽʙʥʠʡ ʜʦ ʧʨʦʮʝʩʫ ʨʦʟʨʦʙʢʠ ʧʨʦʛʨʘʤʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ. ʇʦ ʩʫʪʽ, 

ʧʨʦʛʨʘʤʠ ʤʦʞʫʪʴ ʤʽʩʪʠʪʠ ʩʮʝʥʘʨʽʾ, ʷʢʽ ʩʪʚʦʨʶʶʪʴ ʚʣʘʩʥʽ ʚʽʨʪʫʘʣʴʥʽ ʤʘʰʠʥʠ 

ʟ ʥʘʧʝʨʝʜ ʟʘʜʘʥʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ ʪʘ ʢʝʨʫʶʪʴ ʥʠʤʠ. IaC ʚʠʢʦʨʠʩʪʦʚʫʻ ʤʦʚʫ 

ʢʦʜʫʚʘʥʥʷ ʚʠʩʦʢʦʛʦ ʨʽʚʥʷ ʜʣʷ ʦʧʠʩʫ ʚʩʽʻʾ ʽʩʥʫʶʯʦʾ ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ ʫ 

ʚʠʛʣʷʜʽ ʢʦʜʫ, ʘ ʪʘʢʦʞ ʽʥʩʪʨʫʤʝʥʪʠ, ʷʢʽ ʘʚʪʦʤʘʪʠʟʫʶʪʴ ʧʨʦʮʝʩ ʩʪʚʦʨʝʥʥʷ ʪʘ 

ʦʥʦʚʣʝʥʥʷ ɯʊ-ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ. 

ɯʥʬʨʘʩʪʨʫʢʪʫʨʘ ʷʢ ʢʦʜ - ʮʝ  ʧʨʦʮʝʩ ʢʝʨʫʚʘʥʥʷ ʮʝʥʪʨʘʤʠ ʦʙʨʦʙʢʠ 

ʜʘʥʠʭ ʥʝ ʰʣʷʭʦʤ ʬʽʟʠʯʥʦʛʦ ʥʘʣʘʰʪʫʚʘʥʥʷ ʦʙʣʘʜʥʘʥʥʷ ʯʠ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʽʥʪʝʨʘʢʪʠʚʥʠʭ ʽʥʩʪʨʫʤʝʥʪʽʚ ʥʘʣʘʰʪʫʚʘʥʥʷ, ʘ ʟʘ ʜʦʧʦʤʦʛʦʶ ʬʘʡʣʽʚ 

ʢʦʥʬʽʛʫʨʘʮʽʾ. ʉʠʩʪʝʤʥʠʤ ʘʜʤʽʥʽʩʪʨʘʪʦʨʘʤ ʽ ʪʝʭʥʽʢʘʤ ʩʣʽʜ ʟʦʩʝʨʝʜʠʪʠʩʷ ʥʘ 

ʨʦʟʚʠʪʢʫ ʧʦʩʣʫʛ, ʘ ʥʝ ʥʘ ʦʙʩʣʫʛʦʚʫʚʘʥʥʽ ɯʊ-ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ. ʈʫʯʥʠʡ ʧʨʦʮʝʩ 

ʯʘʩʪʦ ʚʠʢʣʠʢʘʻ ʙʘʛʘʪʦ ʧʨʦʙʣʝʤ, ʷʢʽ ʥʝʦʙʭʽʜʥʦ ʚʠʨʽʰʫʚʘʪʠ. 

ɺʠʩʦʢʘ ʚʘʨʪʽʩʪʴ. ɺʘʤ ʧʦʪʨʽʙʥʦ ʥʘʡʥʷʪʠ ʙʘʛʘʪʦ ʧʨʦʬʝʩʽʦʥʘʣʽʚ, ʱʦʙ 

ʚʨʫʯʥʫ ʥʘʣʘʰʪʫʚʘʪʠ ʥʝʦʙʭʽʜʥʝ ɯʊ-ʩʝʨʝʜʦʚʠʱʝ. ʂʨʽʤ ʪʦʛʦ, ʱʦ ʚʩʽʤ ʮʠʤ 

ʣʶʜʷʤ ʧʦʪʨʽʙʥʦ ʧʣʘʪʠʪʠ, ʥʠʤʠ ʱʝ ʧʦʪʨʽʙʥʦ ʢʝʨʫʚʘʪʠ. ʎʝ, ʫ ʩʚʦʶ ʯʝʨʛʫ, 

ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʚʠʱʠʭ ʥʘʢʣʘʜʥʠʭ ʚʠʪʨʘʪ ʽ ʫʩʢʣʘʜʥʶʻ ʩʧʽʣʢʫʚʘʥʥʷ. 
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ʄʘʩʰʪʘʙʦʚʘʥʽʩʪʴ ʽ ʜʦʩʪʫʧʥʽʩʪʴ (ʧʦʚʽʣʴʥʝ ʚʩʪʘʥʦʚʣʝʥʥʷ). ʑʦʙ 

ʚʨʫʯʥʫ ʥʘʣʘʰʪʫʚʘʪʠ ʽʥʬʨʘʩʪʨʫʢʪʫʨʫ, ʽʥʞʝʥʝʨʘʤ ʧʦʪʨʽʙʥʦ ʨʦʟʪʘʰʫʚʘʪʠ 

ʩʝʨʚʝʨʠ, ʘ ʧʦʪʽʤ ʥʘʣʘʰʪʫʚʘʪʠ ʘʧʘʨʘʪʥʝ ʟʘʙʝʟʧʝʯʝʥʥʷ ʪʘ ʤʝʨʝʞʫ ʚʽʜʧʦʚʽʜʥʦ 

ʜʦ ʧʘʨʘʤʝʪʨʽʚ. ʎʽ ʧʨʦʮʝʩʠ ʟʘʡʤʘʶʪʴ ʙʘʛʘʪʦ ʯʘʩʫ ʽ ʯʘʩʪʦ ʥʘ ʮʴʦʤʫ ʝʪʘʧʽ 

ʚʠʥʠʢʘʶʪʴ ʧʦʤʠʣʢʠ. 

ʄʦʥ̔ʪʦʨʠʥʛ ʽ ʚʠʜʠʤʽʩʪʴ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ. ʗʢʱʦ ʚʠʥʠʢʘʻ ʧʨʦʙʣʝʤʘ ʟ 

ʚʘʰʦʶ ʽʥʬʨʘʩʪʨʫʢʪʫʨʦʶ, ʷʢʠʤ ʯʠʥʦʤ ʪʦʯʥʦ ʤʦʞʥʘ ʚʠʟʥʘʯʠʪʠ ʜʞʝʨʝʣʦ 

ʧʨʦʙʣʝʤʠ? ɺʘʨʽʘʥʪʽʚ ʤʦʞʝ ʙʫʪʠ ʙʘʛʘʪʦ, ʥʘʧʨʠʢʣʘʜ ʧʨʦʙʣʝʤʘ ʤʝʨʝʞʽ, 

ʩʝʨʚʝʨʘ ʯʠ ʧʨʦʛʨʘʤʠ ʘʙʦ ʩʝʨʚʽʩʫ ʷʢʠʡ ʟʘʧʫʱʝʥʠʡ? ʆʯʝʚʠʜʥʦ, ʱʦ ʧʦʪʨʽʙʥʽ 

ʽʥʩʪʨʫʤʝʥʪʠ, ʷʢʽ ʜʘʶʪʴ ʧʦʚʥʠʡ ʦʛʣʷʜ ʪʦʛʦ, ʷʢ ʧʨʘʮʶʻ ʚʩʷ ɯʊ-ʽʥʬʨʘʩʪʨʫʢʪʫʨʘ 

ʪʘ ʧʨʦʮʝʩʠ, ʷʢʽ ʚ ʥʽʡ ʚʽʜʙʫʚʘʶʪʴʩʷ. 

ʅʝʚʽʜʧʦʚʽʜʥʦʩʪʽ ʩʝʨʝʜʦʚʠʱʘ. ʋ ʤʽʨʫ ʨʦʟʚʠʪʢʫ ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ, ʚʩʝ 

ʙʽʣʴʰʝ ʽ ʙʽʣʴʰʝ ʣʶʜʝʡ ʧʦʪʨʽʙʥʦ ʟʘʣʫʯʘʪʠ ʜʣʷ ʢʦʥʬʽʛʫʨʘʮʽʡ ʨʫʯʥʦʛʦ 

ʨʦʟʛʦʨʪʘʥʥʷ, ʱʦ ʩʧʨʠʯʠʥʷʻ ʥʝʫʟʛʦʜʞʝʥʦʩʪʽ ʽ ʟ ʯʘʩʦʤ ʩʪʘʻ ʚʘʞʢʦ ʚʽʜʪʚʦʨʠʪʠ 

ʦʜʥʘʢʦʚʽ ʩʝʨʝʜʦʚʠʱʘ. ʎʽ ʥʝʚʽʜʧʦʚʽʜʥʦʩʪʽ ʧʨʠʟʚʦʜʷʪʴ ʜʦ ʢʨʠʪʠʯʥʠʭ 

ʚʽʜʤʽʥʥʦʩʪʝʡ ʤʽʞ ʨʽʟʥʠʤʠ ʩʝʨʝʜʦʚʠʱʘʤʠ, ʜʝ ʧʨʘʮʶʶʪʴ ʧʝʚʥʽ ʩʝʨʚʽʩʠ, ʘ ʩʘʤʝ 

ʩʝʨʝʜʦʚʠʱʝʤ ʨʦʟʨʦʙʢʠ, ʪʝʩʪʫʚʘʥʥʷ ʷʢʦʩʪʽ ʪʘ ʚʠʨʦʙʥʠʯʠʤ ʩʝʨʝʜʦʚʠʱʝʤ ʽ 

ʚʠʢʣʠʢʘʶʪʴ ʧʨʦʙʣʝʤʠ ʟ ʨʦʟʛʦʨʪʘʥʥʷʤ. 

ɯʟ ʚʧʨʦʚʘʜʞʝʥʥʷʤ ʽʥʩʪʨʫʤʝʥʪʽʚ IaC ʧʽʜʚʠʱʫʻʪʴʩʷ ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ, 

ʧʦʢʨʘʱʫʻʪʴʩʷ ʷʢʽʩʪʴ ʚʩʪʘʥʦʚʣʝʥʥʷ ʙʫʜʴ-ʷʢʦʛʦ ʧʨʦʛʨʘʤʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ, ʘ 

ʞʠʪʪʻʚʠʡ ʮʠʢʣ ʨʦʟʨʦʙʢʠ ʧʨʦʛʨʘʤʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ ʩʪʘʻ ʝʬʝʢʪʠʚʥʽʰʠʤ. 

çɯʥʬʨʘʩʪʨʫʢʪʫʨʘ ʷʢ ʢʦʜè ʩʪʘʣʘ ʤʦʞʣʠʚʦʶ ʟʘʚʜʷʢʠ ʧʣʘʪʬʦʨʤʘʤ 

çɯʥʬʨʘʩʪʨʫʢʪʫʨʘ ʷʢ ʧʦʩʣʫʛʘè (IaaS), ʷʢʽ ʜʦʟʚʦʣʷʶʪʴ ʜʦʩʠʪʴ ʰʚʠʜʢʦ 

ʩʪʚʦʨʶʚʘʪʠ ʨʝʩʫʨʩʠ ʚ ʭʤʘʨʥʠʭ ʩʭʦʚʠʱʘʭ ʧʨʠ ʥʝʦʙʭʽʜʥʦʩʪʽ ʽ ʪʘʢ ʩʘʤʦ 

ʰʚʠʜʢʦ ʟʛʦʨʪʘʪʠ ʾʭ , ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ ʤʝʭʘʥʽʟʤʠ API. 

ʆʜʥʘʢ, ʥʘʚʽʪʴ ʷʢʱʦ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ IaC, ʚ ʙʫʜʴ ʷʢʦʤʫ ʚʠʧʘʜʢʫ ʩʣʽʜ 

ʢʦʥʪʨʦʣʶʚʘʪʠ ʩʪʘʥ ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ ʪʘ ʾʾ ʩʝʨʚʽʩʽʚ, ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʧʝʚʥʽ 

ʤʝʭʘʥʽʟʤʠ ʤʦʥʽʪʦʨʠʥʛʫ ʪʘ ʩʪʘʥʫ ʧʨʘʮʝʟʜʘʪʥʦʩʪʽ ʜʣʷ ʟʙʦʨʫ ʧʦʢʘʟʥʠʢʽʚ ʽ 

ʞʫʨʥʘʣʽʚ ʧʦʜʽʡ. ʎʽ ʧʦʢʘʟʥʠʢʠ ʪʘ ʞʫʨʥʘʣʠ ʜʦʟʚʦʣʷʶʪʴ ʢʦʥʪʨʦʣʶʚʘʪʠ ʩʪʘʪʫʩ 
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ʥʘʰʦʾ ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ ʪʘ ʷʢʽʩʪʴ ʨʦʙʦʪʠ ʧʦʩʣʫʛ, ʷʢʽ ʚʦʥʘ ʟʘʙʝʟʧʝʯʫʻ ʽ 

ʟʘʩʪʦʩʦʚʫʚʘʪʠ ʜʝʷʢʽ ʤʝʭʘʥʽʟʤʠ ʘʚʪʦʤʘʪʠʯʥʦʛʦ ʤʘʩʰʪʘʙʫʚʘʥʥʷ/ʟʛʦʨʪʘʥʥʷ ʟʘ 

ʥʝʦʙʭʽʜʥʦʩʪʽ. ʑʦʙ ʟʘʙʝʟʧʝʯʠʪʠ ʧʦʩʪʽʡʥʫ ʽʥʪʝʛʨʘʮʽʶ ʪʘ ʨʦʟʛʦʨʪʘʥʥʷ ʜʦʜʘʪʢʽʚ 

ʪʘ ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ, ʧʽʜʧʨʠʻʤʩʪʚʘʤ ʟʥʘʜʦʙʣʷʪʴʩʷ ʽʥʩʪʨʫʤʝʥʪʠ DevOps, ʱʦʙ 

ʛʘʨʘʥʪʫʚʘʪʠ ʷʢʽʩʪʴ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ (QoS)/(QoE) [10-11]. ʎʽ ʽʥʩʪʨʫʤʝʥʪʠ 

ʜʘʶʪʴ ʟʤʦʛʫ ʰʚʠʜʰʝ (ʥʘʚʽʪʴ ʟʘʚʯʘʩʥʦ) ʨʝʘʛʫʚʘʪʠ ʥʘ ʜʝʛʨʘʜʘʮʽʶ 

ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ ʪʘ ʟʙʦʾ, ʚʠʪʨʘʯʘʶʯʠ ʧʨʠ ʮʴʦʤʫ ʥʘʙʘʛʘʪʦ ʤʝʥʰʝ ʟʫʩʠʣʴ ʪʘ 

ʚʠʢʦʥʫʶʯʠ ʮʝ ʟ ʙʽʣʴʰʦʶ ʝʬʝʢʪʠʚʥʽʩʪʶ. 

 

1.6.1. ʇʝʨʝʚʘʛʠ ʚʠʢʦʨʠʩʪʘʥʥʷ ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ ʷʢ ʢʦʜʫ - IaC 

ɯʩʥʫʻ ʜʚʽ ʢʘʪʝʛʦʨʽʾ ʽʥʩʪʨʫʤʝʥʪʽʚ ʜʣʷ IaC: 

ɯʥʩʪʨʫʤʝʥʪʠ ʢʝʨʫʚʘʥʥʷ ʢʦʥʬʽʛʫʨʘʮʽʻʶ, ʷʢʽ ʧʨʠʟʥʘʯʝʥʽ ʜʣʷ 

ʚʩʪʘʥʦʚʣʝʥʥʷ ʪʘ ʢʝʨʫʚʘʥʥʷ ʧʨʦʛʨʘʤʥʠʤ ʟʘʙʝʟʧʝʯʝʥʥʷʤ ʥʘ ʽʩʥʫʶʯʠʭ 

ʩʝʨʚʝʨʘʭ (ʥʘʧʨʠʢʣʘʜ, Ansible, Chef, Puppet); 

ɯʥʩʪʨʫʤʝʥʪʠ ʽʥʽʮʽʘʣʽʟʘʮʽʾ (ʥʘʧʨʠʢʣʘʜ, CloudFormation ʽ Terraform), 

ʷʢʽ ʧʨʠʟʥʘʯʝʥʽ ʜʣʷ ʩʘʤʦʩʪʽʡʥʦʛʦ ʩʪʚʦʨʝʥʥʷ ʮʠʭ ʩʝʨʚʝʨʽʚ, ʟʘʣʠʰʘʶʯʠ ʨʦʙʦʪʫ 

ʟ ʥʘʣʘʰʪʫʚʘʥʥʷ (ʪʘ ʨʝʰʪʠ ʚʘʰʦʾ ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ, ʷʢ-ʦʪ ʙʘʣʘʥʩʫʚʘʣʴʥʠʢʠ 

ʥʘʚʘʥʪʘʞʝʥʥʷ, ʙʘʟʠ ʜʘʥʠʭ, ʥʘʣʘʰʪʫʚʘʥʥʷ ʤʝʨʝʞʽ ʪʦʱʦ) ʽʥʰʠʤ 

ʽʥʩʪʨʫʤʝʥʪʘʤ. 

ʅʘʩʧʨʘʚʜʽ ʙʽʣʴʰʽʩʪʴ ʽʥʩʪʨʫʤʝʥʪʽʚ ʢʝʨʫʚʘʥʥʷ ʢʦʥʬʽʛʫʨʘʮʽʻʶ ʤʦʞʫʪʴ 

ʚʠʢʦʥʫʚʘʪʠ ʧʝʚʥʠʡ ʨʽʚʝʥʴ ʽʥʽʮʽʘʣʽʟʘʮʽʾ ʯʠ ʩʪʚʦʨʝʥʥʷ, ʘ ʙʽʣʴʰʽʩʪʴ 

ʽʥʩʪʨʫʤʝʥʪʽʚ ʽʥʽʮʽʘʣʽʟʘʮʽʾ ʚʠʢʦʥʫʶʪʴ ʧʝʚʥʠʡ ʨʽʚʝʥʴ ʢʝʨʫʚʘʥʥʷ 

ʢʦʥʬʽʛʫʨʘʮʽʻʶ, ʻʜʠʥʘ ʨʽʟʥʠʮʷ ʧʦʣʷʛʘʻ ʚ ʪʦʤʫ, ʱʦ ʪʦʡ ʯʠ ʽʥʰʠʡ ʪʠʧ ʢʨʘʱʝ 

ʧʽʜʭʦʜʠʪʴ ʜʣʷ ʧʝʚʥʠʭ ʟʘʚʜʘʥʴ. 

IaC ʦʟʥʘʯʘʻ ʢʝʨʫʚʘʥʥʷ ʚʘʰʦʶ ɯʊ-ʽʥʬʨʘʩʪʨʫʢʪʫʨʦʶ ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʢʦʥʬʽʛʫʨʘʮʽʡʥʠʭ ʬʘʡʣʽʚ. ʆʪʞʝ, ʢʦʥʬʽʛʫʨʘʮʽʷ ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ ʤʘʻ ʬʦʨʤʫ 

ʬʘʡʣʫ ʚ ʷʢʦʤʫ ʚʩʷ ʽʥʬʨʘʩʪʨʫʢʪʫʨʘ ʦʧʠʩʘʥʘ ʫ ʚʠʛʣʷʜʽ ʢʦʜʫ. ʆʩʢʽʣʴʢʠ ʮʝ 

ʣʠʰʝ ʪʝʢʩʪ, ʡʦʛʦ ʤʦʞʥʘ ʣʝʛʢʦ ʨʝʜʘʛʫʚʘʪʠ, ʢʦʧʽʶʚʘʪʠ ʪʘ ʧʦʰʠʨʶʚʘʪʠ. ɺʠ 

ʤʦʞʝʪʝ ʧʦʩʪʘʚʠʪʠ ʡʦʛʦ ʧʽʜ ʢʝʨʫʚʘʥʥʷ ʩʠʩʪʝʤʘʤʠ ʢʦʥʪʨʦʣʶ ʚʝʨʩʽʡ (git, cvs, 
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bitbucket ʪʦʱʦ), ʷʢ ʽ ʙʫʜʴ ʷʢʽ ʽʥʰʽ ʬʘʡʣʠ ʟʚʠʯʘʡʥʦʛʦ ʧʨʦʛʨʘʤʥʦʛʦ ʢʦʜʫ. ʋ 

ʩʚʦʶ ʯʝʨʛʫ, ʮʝ ʜʦʟʚʦʣʷʻ ʰʚʠʜʢʦ ʩʪʚʦʨʠʪʠ ʪʘʢʫ ʢʽʣʴʢʽʩʪʴ ʝʢʟʝʤʧʣʷʨʽʚ ʫʩʽʻʾ 

ʚʘʰʦʾ ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ, ʩʢʽʣʴʢʠ ʙʫʜʝ ʧʦʪʨʽʙʥʦ ʚ ʙʫʜʴ ʷʢʠʡ ʤʦʤʝʥʪ ʯʘʩʫ ʎʝʡ 

ʤʝʪʦʜ ʜʘʻ ʟʤʦʛʫ ʧʦʩʪʽʡʥʦ ʩʪʚʦʨʶʚʘʪʠ ʨʝʩʫʨʩʠ ʙʝʟ ʧʦʤʠʣʦʢ, ʩʢʦʨʦʯʫʶʯʠ ʯʘʩ 

ʥʘ ʢʝʨʫʚʘʥʥʷ ʪʘ ʥʘʣʘʰʪʫʚʘʥʥʷ ʚʨʫʯʥʫ. ʉʭʝʤʘ ʜʣʷ ʨʦʟʛʦʨʪʘʥʥʷ 

ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ ʥʘʚʝʜʝʥʘ ʥʠʞʯʝ (ʨʠʩ.1.17): 

 

ʈʠʩ.1.17. ʉʭʝʤʘ ʨʦʟʛʦʨʪʘʥʥʷ ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ ʚ ʭʤʘʨʥʦʤʫ ʩʝʨʝʜʦʚʠʱʽ 

 

ʂʣʶʯʦʚʽ ʢʦʤʧʦʥʝʥʪʠ ʮʽʻʾ ʩʭʝʤʠ: 

- ʈʦʟʨʦʙʥʠʢʠ / ɸʚʪʦʨʠ - ʦʩʦʙʠ, ʷʢʽ ʙʫʜʫʪʴ ʩʪʚʦʨʶʚʘʪʠ ʜʠʟʘʡʥ 

ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ ʪʘ ʨʦʟʨʦʙʣʷʪʠ ʢʦʜ; 

- ʂʦʜ ʫ ʩʠʩʪʝʤʽ ʢʦʥʪʨʦʣʶ ʚʝʨʩʽʡ - ʫʩʽ ʢʦʤʧʦʥʝʥʪʠ ʚʘʰʦʾ 

ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ (ʙʘʢʝʪʠ, IAM, ʤʝʨʝʞʘ, ʚʽʨʪʫʘʣʴʥʽ ʤʘʰʠʥʠ, K8 ʪʦʱʦ); 

- ʇʦʩʪʘʯʘʣʴʥʠʢ(ʧʨʦʚʘʡʜʝʨʠ) ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ - ʭʤʘʨʥʠʡ 

ʧʨʦʚʘʡʜʝʨ, ʷʢʠʡ ʥʘʜʘʻ ʧʣʘʪʬʦʨʤʫ, ʜʝ ʙʫʜʫʪʴ ʟʙʝʨʽʛʘʪʠʩʷ ʚʩʽ ʢʦʤʧʦʥʝʥʪʠ 

ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ (GCP, AWS, Azure ʪʦʱʦ); 

- ʈʦʙʦʯʽ ʩʝʨʝʜʦʚʠʱʘ - ʦʢʨʝʤʽ ʩʝʨʝʜʦʚʠʱʘ ʜʣʷ ʨʦʟʨʦʙʢʠ, 

ʪʝʩʪʫʚʘʥʥʷ ʪʘ ʚʠʨʦʙʥʠʮʪʚʘ; 
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- ʉʣʫʞʙʠ / ʉʝʨʚʽʩʠ - ʩʧʠʩʦʢ ʤʽʢʨʦʩʝʨʚʽʩʽʚ, ʱʦ ʧʨʘʮʶʶʪʴ ʫ 

ʧʽʜʛʦʪʦʚʣʝʥʠʭ ʩʝʨʝʜʦʚʠʱʘʭ. 

ʋ ʨʘʤʢʘʭ ʨʦʙʦʯʦʛʦ ʧʨʦʮʝʩʫ IaC ʚʠ ʤʦʞʝʪʝ ʨʦʟʛʦʨʪʘʪʠ ʽʥʬʨʘʩʪʨʫʢʪʫʨʫ 

ʢʽʣʴʢʘ ʨʘʟʽʚ ʩʪʘʥʜʘʨʪʠʟʦʚʘʥʠʤ ʩʧʦʩʦʙʦʤ[12]. 

ʂʦʣʠ ʽʥʬʨʘʩʪʨʫʢʪʫʨʘ, ʷʢʫ ʚʠ ʦʧʠʩʫʻʪʝ, ʚʽʜʧʦʚʽʜʘʪʠʤʝ ʚʩʽʤ ʚʠʤʦʛʘʤ, 

ʚʠ ʟʤʦʞʝʪʝ ʧʨʘʚʠʣʴʥʦ ʨʦʟʛʦʨʥʫʪʠ ʾʾ ʚ ʭʤʘʨʥʦʤʫ ʩʝʨʝʜʦʚʠʱʽ. ʂʦʣʠ 

ʟôʷʚʣʷʶʪʴʩʷ ʥʦʚʽ ʚʠʤʦʛʠ, ʚʠ ʤʦʞʝʪʝ ʨʦʟʛʣʷʥʫʪʠ ʪʘ ʚʨʘʭʫʚʘʪʠ ʾʭ ʽ ʧʦʚʪʦʨʠʪʠ 

ʧʨʦʮʝʩ ʩʪʽʣʴʢʠ ʨʘʟʽʚ, ʩʢʽʣʴʢʠ ʧʦʪʨʽʙʥʦ. 

ɯʥʬʨʘʩʪʨʫʢʪʫʨʘ ʷʢ ʢʦʜ ʧʨʠʥʦʩʠʪʴ ʙʘʛʘʪʦ ʧʝʨʝʚʘʛ ʽ ʩʪʘʻ ʚʩʝ ʙʽʣʴʰ 

ʧʦʧʫʣʷʨʥʦʶ ʩʝʨʝʜ ʽʥʞʝʥʝʨʽʚ, ʩʘʤʝ ʚ ʥʘʰ ʯʘʩ. ʆʩʥʦʚʥʽ ʧʝʨʝʚʘʛʠ IaC (ʨʠʩ. 

1.18): 

- ʐʚʠʜʢʽʩʪʴ. ʄʦʞʣʠʚʽʩʪʴ ʨʦʟʛʦʨʪʘʪʠ ʨʽʟʥʽ ʩʝʨʝʜʦʚʠʱʘ ʚʽʜ 

ʨʦʟʨʦʙʢʠ ʜʦ ʚʠʨʦʙʥʠʮʪʚʘ; ʩʪʚʦʨʶʚʘʪʠ ʚʽʨʪʫʘʣʴʥʽ ʩʝʨʚʝʨʠ ʪʘ ʧʦʧʝʨʝʜʥʴʦ 

ʥʘʣʘʰʪʦʚʘʥʽ ʙʘʟʠ ʜʘʥʠʭ, ʙʘʣʘʥʩʫʚʘʣʴʥʠʢʠ ʥʘʚʘʥʪʘʞʝʥʥʷ, ʩʠʩʪʝʤʠ 

ʟʙʝʨʽʛʘʥʥʷ ʜʘʥʠʭ, ʤʝʨʝʞʝʚʫ ʽʥʬʨʘʩʪʨʫʢʪʫʨʫ ʘʙʦ ʙʫʜʴ-ʷʢʠʡ ʽʥʰʠʡ ʭʤʘʨʥʠʡ 

ʩʝʨʚʽʩ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʚʘʰʠʭ ʚʠʤʦʛ. ʆʨʛʘʥʽʟʫʚʘʪʠ ʨʝʟʝʨʚʥʝ ʢʦʧʽʶʚʘʥʥʷ ʪʘ 

ʘʚʘʨʽʡʥʝ ʚʽʜʥʦʚʣʝʥʥʷ, ʨʦʟʛʦʨʥʫʚʰʠ ʩʚʦʾ ʽʥʬʨʘʩʪʨʫʢʪʫʨʥʽ ʩʝʨʝʜʦʚʠʱʘ ʚ 

ʽʥʰʠʭ ʤʽʩʮʷʭ. 

- ʇʦʩʣʽʜʦʚʥʽʩʪʴ. ʅʝʟʚʘʞʘʶʯʠ ʥʘ ʩʧʨʦʙʠ ʧʽʜʪʨʠʤʫʚʘʪʠ ʧʝʚʥʫ 

ʧʦʩʣʽʜʦʚʥʽʩʪʴ ʫ ʧʨʦʮʝʩʽ ʨʦʟʛʦʨʪʘʥʥʷ ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʩʪʘʥʜʘʨʪʥʠʭ ʦʧʝʨʘʮʽʡʥʠʭ ʧʨʦʮʝʜʫʨ, ʨʫʯʥʝ ʢʝʨʫʚʘʥʥʷ ʽʥʬʨʘʩʪʨʫʢʪʫʨʦʶ 

ʤʦʞʝ ʧʨʠʟʚʝʩʪʠ ʜʦ ʥʝʧʨʘʚʠʣʴʥʦʾ ʢʦʥʬʽʛʫʨʘʮʽʾ, ʦʩʢʽʣʴʢʠ ʣʶʜʠ ʟʘʚʞʜʠ 

ʤʦʞʫʪʴ ʧʦʤʠʣʷʪʠʩʷ. IaC ʚʠʨʽʰʫʻ ʮʶ ʧʨʦʙʣʝʤʫ ʪʘ ʟʤʝʥʰʫʻ ʡʤʦʚʽʨʥʽʩʪʴ 

ʧʦʤʠʣʦʢ ʟʘʚʜʷʢʠ ʩʪʘʥʜʘʨʪʠʟʘʮʽʾ ʥʘʣʘʰʪʫʚʘʥʥʷ ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʢʦʥʬʽʛʫʨʘʮʽʡʥʠʭ ʬʘʡʣʽʚ. 

- ɺʽʜʧʦʚʽʜʘʣʴʥʽʩʪʴ. ʆʩʢʽʣʴʢʠ IaC ʚʠʢʦʨʠʩʪʦʚʫʻ ʩʠʩʪʝʤʫ 

ʢʦʥʪʨʦʣʶ, ʟʘʚʞʜʠ ʻ ʤʦʞʣʠʚʽʩʪʴ ʚʽʜʩʪʝʞʫʚʘʪʠ, ʭʪʦ ʽ ʢʦʣʠ ʨʦʙʠʚ ʧʝʚʥʽ ʟʤʽʥʠ 

ʚ ʢʦʤʧʦʥʝʥʪ ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ, ʩʧʨʦʙʫʚʘʪʠ ʟʨʦʟʫʤʽʪʠ ʟ ʷʢʦʶ ʤʝʪʦʶ ʪʘ ʟʘ 

ʥʝʦʙʭʽʜʥʦʩʪʽ ʧʦʚʝʨʥʫʪʠʩʴ ʜʦ ʧʦʧʝʨʝʜʥʴʦʾ ʚʝʨʩʽʾ. 
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- ʄʘʩʰʪʘʙʦʚʘʥʽʩʪʴ. ʈʦʟʛʦʨʪʘʥʥʷ ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ ʟ IaC 

ʧʦʚʪʦʨʶʚʘʥʽ ʪʘ ʩʪʘʙʽʣʴʥʽ. ʅʘʧʠʩʘʚʰʠ ʢʦʜ ʦʜʠʥ ʨʘʟ, ʤʦʞʥʘ ʰʚʠʜʢʦ ʪʘ 

ʥʘʜʽʡʥʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʡʦʛʦ ʙʘʛʘʪʦ ʨʘʟʽʚ, ʫʥʠʢʘʶʯʠ ʟʘʣʝʞʥʦʩʪʝʡ ʨʫʯʥʦʛʦ 

ʥʘʣʘʰʪʫʚʘʥʥʷ ʪʘ ʥʝʧʨʘʚʠʣʴʥʦʾ ʢʦʥʬʽʛʫʨʘʮʽʾ. 

 

ʈʠʩ.1.18. ʆʩʥʦʚʥʽ ʧʝʨʝʚʘʛʠ IaC 

 

ü ɽʬʝʢʪʠʚʥʽʩʪʴ. ɺʠʢʦʨʠʩʪʘʥʥʷ ʨʦʟʛʦʨʪʘʥʥʷ ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ ʟ 

ʢʦʜʫ ʨʦʙʠʪʴ ʫʚʝʩʴ ʧʨʦʮʝʩ ʙʝʟʧʝʯʥʽʰʠʤ, ʘ ʧʨʦʙʣʝʤʠ ʯʠ ʧʦʤʠʣʢʠ ʤʦʞʥʘ 

ʚʠʷʚʠʪʠ ʨʘʥʽʰʝ, ʜʦ ʟʘʧʫʩʢʫ ʚʘʰʦʾ ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ ʫ ʚʠʨʦʙʥʠʮʪʚʦ. ʎʝ ʜʫʞʝ 

ʚʘʞʣʠʚʦ ʜʣʷ ʧʨʦʮʝʩʫ ʙʝʟʧʝʨʝʨʚʥʦʛʦ ʨʦʟʛʦʨʪʘʥʥʷ (CD) [13]. 

ü ɺʘʨʪʽʩʪʴ. ɸʚʪʦʤʘʪʠʟʘʮʽʷ ʢʦʥʬʽʛʫʨʘʮʽʾ ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ ʪʘ 

ʟʥʠʞʝʥʥʷ ʚʠʪʨʘʪ ʥʘ ʫʧʨʘʚʣʽʥʥʷ ʽʥʬʨʘʩʪʨʫʢʪʫʨʦʶ ʻ ʦʜʥʽʻʶ ʟ ʛʦʣʦʚʥʠʭ 

ʧʝʨʝʚʘʛ IaC. ɺʠʢʦʨʠʩʪʘʥʥʷ ʟʘʩʦʙʽʚ ʘʚʪʦʤʘʪʠʟʘʮʽʾ ʨʦʟʛʦʨʪʘʥʥʷ IaC ʨʦʙʠʪʴ 

ʧʨʦʮʝʩ ʧʦʙʫʜʦʚʠ ʪʘ ʥʘʣʘʰʪʫʚʘʥʥʷ ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ ʙʽʣʴʰ ʝʬʝʢʪʠʚʥʠʤ, 

ʟʤʝʥʰʫʶʯʠ ʚʠʪʨʘʪʠ ʪʘ ʟʫʩʠʣʣʷ, ʘ ʪʘʢʦʞ ʜʦʟʚʦʣʷʻ ɯʊ-ʩʧʝʮʽʘʣʽʩʪʘʤ ʚʠʪʨʘʯʘʪʠ 

ʙʽʣʴʰʝ ʯʘʩʫ ʥʘ ʧʦʰʫʢ ʽʥʥʦʚʘʮʽʡʥʠʭ ʨʽʰʝʥʴ. 

ʈʦʟʛʣʷʥʫʪʽ ʤʝʪʦʜʠ ʜʦʟʚʦʣʷʶʪʴ ʢʝʨʫʚʘʪʠ ʽʥʬʨʘʩʪʨʫʢʪʫʨʦʶ ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʬʘʡʣʽʚ ʢʦʥʬʽʛʫʨʘʮʽʾ, ʘ ʥʝ ʯʝʨʝʟ ʛʨʘʬʽʯʥʠʡ ʽʥʪʝʨʬʝʡʩ 

ʢʦʨʠʩʪʫʚʘʯʘ, ʱʦ ʜʘʻ ʤʦʞʣʠʚʽʩʪʴ ʩʪʚʦʨʶʚʘʪʠ, ʟʤʽʥʶʚʘʪʠ ʪʘ ʘʜʤʽʥʽʩʪʨʫʚʘʪʠ 
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ʩʚʦʶ ʽʥʬʨʘʩʪʨʫʢʪʫʨʫ ʙʝʟʧʝʯʥʠʤ, ʫʟʛʦʜʞʝʥʠʤ ʽ ʧʦʚʪʦʨʶʚʘʥʠʤ ʩʧʦʩʦʙʦʤ, 

ʚʠʟʥʘʯʘʶʯʠ ʢʦʥʬʽʛʫʨʘʮʽʾ ʨʝʩʫʨʩʽʚ, ʪʘ ʟʘʩʪʦʩʦʚʫʶʯʠ ʧʨʠ ʮʴʦʤʫ ʤʝʪʦʜʠ 

ʢʦʥʪʨʦʣʶ ʚʝʨʩʽʡ. 

 

1.7. ʆʛʣʷʜ ʥʘʫʢʦʚʠʭ ʨʦʙʽʪ ʚ ʥʘʧʨʷʤʢʫ ʧʽʜʚʠʱʝʥʥʷ ʷʢʦʩʪʽ 

ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʫ ʤʝʨʝʞʘʭ ʜʦʩʪʘʚʢʠ ʢʦʥʪʝʥʪʫ. 

ʉʫʯʘʩʥʠʡ ʩʚʽʪ ʩʪʨʽʤʢʦ ʨʫʭʘʻʪʴʩʷ ʜʦ ʧʦʚʥʦʾ ʮʠʬʨʦʚʽʟʘʮʽʾ. ʆʥʣʘʡʥ-

ʧʣʘʪʬʦʨʤʠ ʩʪʘʣʠ ʥʝʚʽʜ'ʻʤʥʦʶ ʯʘʩʪʠʥʦʶ ʧʦʚʩʷʢʜʝʥʥʦʛʦ ʞʠʪʪʷ - ʚʽʜ 

ʩʪʨʽʤʽʥʛʦʚʠʭ ʩʝʨʚʽʩʽʚ, ʩʦʮʽʘʣʴʥʠʭ ʤʝʨʝʞ ʪʘ ʝʣʝʢʪʨʦʥʥʦʾ ʢʦʤʝʨʮʽʾ ʜʦ 

ʭʤʘʨʥʠʭ ʜʦʜʘʪʢʽʚ ʪʘ ʦʥʣʘʡʥ-ʦʩʚʽʪʠ. ʋʩʝ ʙʽʣʴʰʝ ʩʝʨʚʽʩʽʚ ʨʦʟʤʽʱʫʻʪʴʩʷ ʥʘ 

ʰʚʠʜʢʦʤʫ ʜʦʩʪʫʧʽ ʜʦ ʮʠʬʨʦʚʦʛʦ ʢʦʥʪʝʥʪʫ, ʘ ʮʝ ʚʠʤʦʛʠ ʜʦ ʷʢʦʩʪʽ ʨʦʙʦʪʠ 

CDN-ʤʝʨʝʞʽ ʪʘ ʩʝʨʚʽʩʽʚ, ʷʢʽ ʥʘʜʘʶʪʴʩʷ ʢʦʨʠʩʪʫʚʘʯʘʤ. ɿʘʪʨʠʤʢʠ, ʧʦʚʽʣʴʥʽ 

ʟʘʚʘʥʪʘʞʝʥʥʷ ʯʠ ʧʝʨʝʙʦʾ ʤʦʞʫʪʴ ʥʝʛʘʪʠʚʥʦ ʚʧʣʠʥʫʪʠ ʥʘ ʨʦʙʦʪʫ ʙʽʟʥʝʩʽʚ ʽ 

ʟʘʛʘʣʴʥʝ ʚʨʘʞʝʥʥʷ ʢʦʨʠʩʪʫʚʘʯʽʚ. ʄʝʨʝʞʘ CDN ʻ ʦʩʥʦʚʦʶ ʜʣʷ ʙʘʛʘʪʴʦʭ 

ʩʝʢʪʦʨʽʚ ʝʢʦʥʦʤʽʢʠ: 

ɽʣʝʢʪʨʦʥʥʘ ʢʦʤʝʨʮʽʷ: ʐʚʠʜʢʽʩʪʴ ʟʘʚʘʥʪʘʞʝʥʥʷ ʩʘʡʪʽʚ ʚʧʣʠʚʘʻ ʥʘ 

ʢʦʥʚʝʨʩʽʶ ʪʘ ʜʦʭʽʜ. 

ʈʝʢʣʘʤʘ: ʆʥʣʘʡʥ-ʨʝʢʣʘʤʘ ʟʘʣʝʞʠʪʴ ʚʽʜ ʷʢʽʩʥʦʾ ʜʦʩʪʘʚʢʠ ʚʽʜʝʦ, 

ʙʘʥʝʨʽʚ ʪʘ ʘʥʘʣʽʪʠʢʠ. 

ʆʩʚʽʪʘ ʪʘ ʨʦʙʦʪʘ: ɺ ʫʤʦʚʘʭ ʧʘʥʜʝʤʽʾ ʪʘ ʧʝʨʝʭʦʜʫ ʥʘ ʜʠʩʪʘʥʮʽʡʥʫ 

ʨʦʙʦʪʫ CDN ʟʘʙʝʟʧʝʯʫʶʪʴ ʜʦʩʪʫʧ ʜʦ ʥʘʚʯʘʣʴʥʠʭ ʽ ʢʦʨʧʦʨʘʪʠʚʥʠʭ 

ʧʣʘʪʬʦʨʤ. 

ʋ ʮʴʦʤʫ ʨʦʟʜʽʣʽ ʥʘʚʝʜʝʥʦ ʛʨʫʥʪʦʚʥʠʡ ʘʥʘʣʽʟ ʣʽʪʝʨʘʪʫʨʠ ʥʘ ʪʝʤʫ 

ʜʠʥʘʤʽʯʥʦʛʦ ʙʘʣʘʥʩʫʚʘʥʥʷ ʥʘʚʘʥʪʘʞʝʥʥʷ ʪʘ ʚʠʢʦʨʠʩʪʘʥʥʷ ʤʝʨʝʞʽ ʜʦʩʪʘʚʢʠ 

ʢʦʥʪʝʥʪʫ (CDN). ʆʩʥʦʚʥʦʶ ʤʝʪʦʶ ʮʴʦʛʦ ʦʛʣʷʜʫ ʻ  ʜʝʪʘʣʴʥʝ ʦʙʛʦʚʦʨʝʥʥʷ 

ʧʦʪʦʯʥʦʛʦ ʩʪʘʥʫ ʩʪʨʘʪʝʛʽʡ ʙʘʣʘʥʩʫʚʘʥʥʷ ʥʘʚʘʥʪʘʞʝʥʥʷ, ʚʢʣʶʯʘʶʯʠ ʾʭ 

ʧʝʨʝʚʘʛʠ, ʥʝʜʦʣʽʢʠ, ʪʨʫʜʥʦʱʽ ʚʧʨʦʚʘʜʞʝʥʥʷ, ʘ ʪʘʢʦʞ ʾʭʥʽʡ ʚʧʣʠʚ ʥʘ 

ʝʬʝʢʪʠʚʥʽʩʪʴ ʨʦʙʦʪʠ CDN ʤʝʨʝʞ. 
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ɼʠʥʘʤʽʯʥʝ ʙʘʣʘʥʩʫʚʘʥʥʷ ʥʘʚʘʥʪʘʞʝʥʥʷ ʻ ʢʣʶʯʦʚʠʤ ʢʦʤʧʦʥʝʥʪʦʤ, ʱʦ 

ʜʦʟʚʦʣʷʻ ʦʧʪʠʤʽʟʫʚʘʪʠ ʨʦʟʧʦʜʽʣ ʨʝʩʫʨʩʽʚ, ʧʦʢʨʘʱʠʪʠ ʷʢʽʩʪʴ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ 

(QoS) ʪʘ ʟʘʙʝʟʧʝʯʠʪʠ ʤʽʥʽʤʘʣʴʥʽ ʟʘʪʨʠʤʢʠ ʧʨʠ ʟʘʚʘʥʪʘʞʝʥʥʽ ʢʦʥʪʝʥʪʫ. ɿ 

ʦʛʣʷʜʫ ʥʘ ʟʨʦʩʪʘʥʥʷ ʦʙʩʷʛʽʚ ʪʨʘʬʽʢʫ ʪʘ ʟʘʧʠʪʽʚ ʜʦ CDN, ʩʪʘʻ ʦʯʝʚʠʜʥʦʶ 

ʥʝʦʙʭʽʜʥʽʩʪʴ ʥʦʚʠʭ ʧʽʜʭʦʜʽʚ, ʷʢʽ ʟʘʙʝʟʧʝʯʘʪʴ ʥʝʦʙʭʽʜʥʫ ʷʢʽʩʪʴ 

ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʧʨʠ ʨʦʙʦʪʽ ʽʟ ʩʪʘʪʠʯʥʠʤʠ ʪʘ ʜʠʥʘʤʽʯʥʠʤʠ ʜʘʥʠʤʠ. 

 

1.7.1. ʆʛʣʷʜ ʥʘʫʢʦʚʠʭ ʜʦʩʣʽʜʞʝʥʴ ʚ ʥʘʧʨʷʤʢʫ ʤʝʪʦʜʽʚ 

ʙʘʣʘʥʩʫʚʘʥʥʷ ʥʘʚʘʥʪʘʞʝʥʥʷ ʚ CDN ʤʝʨʝʞʘʭ 

ɸʚʪʦʨʠ ʨʦʙʦʪʠ [14] ʧʨʦʧʦʥʫʶʪʴ ʯʫʪʣʠʚʠʡ ʜʦ ʧʦʤʠʣʦʢ ʤʝʪʦʜ 

ʙʘʣʘʥʩʫʚʘʥʥʷ ʥʘʚʘʥʪʘʞʝʥʥʷ ʜʣʷ ʤʝʨʝʞ ʜʦʩʪʘʚʢʠ ʢʦʥʪʝʥʪʫ (CDN) ʜʣʷ 

ʧʦʢʨʘʱʝʥʥʷ ʤʘʩʰʪʘʙʦʚʘʥʦʩʪʽ ʪʘ ʥʘʜʽʡʥʦʩʪʽ. ɺʠʢʦʨʠʩʪʘʥʥʷ ʙʘʣʘʥʩʫʚʘʥʥʷ 

ʥʘʚʘʥʪʘʞʝʥʥʷ, ʤʘʨʰʨʫʪʠʟʘʮʽʾ ʟʘʧʠʪʽʚ ʽ ʨʝʧʣʽʢʘʮʽʾ ʨʝʩʫʨʩʽʚ ʧʦʢʨʘʱʫʻ 

ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ ʨʦʙʦʪʠ CDN. ɺ ʨʦʙʦʪʽ ʧʨʝʜʩʪʘʚʣʝʥʦ ʫʟʘʛʘʣʴʥʝʥʫ ʩʪʨʘʪʝʛʽʶ 

ʙʘʣʘʥʩʫʚʘʥʥʷ ʥʘʚʘʥʪʘʞʝʥʥʷ ʜʣʷ ʧʦʜʦʣʘʥʥʷ ʽʩʥʫʶʯʠʭ ʦʙʤʝʞʝʥʴ ʘ ʪʘʢʦʞ 

ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʤʝʪʦʜ ʙʘʣʘʥʩʫʚʘʥʥʷ ʽʟ ʚʨʘʭʫʚʘʥʥʷʤ ʨʽʚʥʷ ʧʦʤʠʣʦʢ ʧʨʠ 

ʦʙʨʦʙʮʽ ʜʘʥʠʭ ʪʘ ʬʦʨʤʫʚʘʥʥʽ ʚʽʜʧʦʚʽʜʽ ʢʦʨʠʩʪʫʚʘʯʘʤ. 

ɼʦʩʣʽʜʞʝʥʥʷ [15] ʬʦʢʫʩʫʻʪʴʩʷ ʥʘ ʦʧʪʠʤʽʟʘʮʽʾ ʜʦʩʪʘʚʢʠ ʢʦʥʪʝʥʪʫ ʚ 

ʭʤʘʨʽ ʰʣʷʭʦʤ ʘʥʘʣʽʟʫ ʷʢʦʩʪʽ ʚʽʜʝʦʢʦʥʪʝʥʪʫ ʪʘ ʟʙʽʣʴʰʝʥʥʷ ʪʨʘʬʽʢʫ. 

ɿʘʧʨʦʧʦʥʦʚʘʥʦ ʝʬʝʢʪʠʚʥʠʡ ʤʝʪʦʜ ʜʦʩʪʘʚʢʠ ʢʦʥʪʝʥʪʫ, ʱʦ ʚʨʘʭʦʚʫʻ 

ʤʝʨʝʞʝʚʫ ʚʽʜʩʪʘʥʴ ʽ ʟʜʽʡʩʥʶʻ ʜʠʥʘʤʽʯʥʝ ʧʝʨʝʥʘʧʨʘʚʣʝʥʥʷ ʟʘʧʠʪʽʚ ʥʘ 

ʛʨʘʥʠʯʥʽ ʩʝʨʚʝʨʠ ʢʝʰʫʚʘʥʥʷ, ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ ʜʣʷ ʮʴʦʛʦ ʜʘʥʽ ʧʨʦʪʦʢʦʣʫ 

BGP. ɿʘʧʨʦʧʦʥʦʚʘʥʘ ʚ ʨʦʙʦʪʽ ʩʪʨʘʪʝʛʽʷ ʜʘʻ ʤʦʞʣʠʚʽʩʪʴ ʟʤʝʥʰʠʪʠ ʯʘʩ 

ʚʽʜʧʦʚʽʜʽ ʧʨʠ ʦʪʨʠʤʘʥʥʽ ʢʦʥʪʝʥʪʫ. 

ɺ ʜʦʩʣʽʜʞʝʥʥʽ [16] ʧʨʦʧʦʥʫʻʪʴʩʷ ʜʠʥʘʤʽʯʥʝ ʩʪʚʦʨʝʥʥʷ ʨʝʧʣʽʢʘʮʽʾ 

ʢʦʥʪʝʥʪʫ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʡʦʛʦ ʧʦʧʫʣʷʨʥʦʩʪʽ ʚ ʧʝʚʥʠʭ ʣʦʢʘʮʽʷʭ. ʈʝʧʣʽʢʘʮʽʷ 

ʙʫʜʝ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠʩʴ ʪʽʣʴʢʠ ʜʣʷ ʜʘʥʠʭ ʷʢʽ ʢʦʨʠʩʪʫʶʪʴʩʷ ʚʠʩʦʢʦʶ 

ʧʦʧʫʣʷʨʥʦʩʪʽ ʽ ʪʽʣʴʢʠ ʫ ʧʝʚʥʠʭ ʣʦʢʘʮʽʷʭ CDN ʤʝʨʝʞʽ. 
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ʈʦʟʛʣʷʥʫʚʰʠ ʨʷʜ ʨʦʙʽʪ ʧʦ ʙʘʣʘʥʩʫʚʘʥʥʶ ʥʘʚʘʥʪʘʞʝʥʥʷ, ʤʦʞʥʘ 

ʟʘʫʚʘʞʠʪʠ ʦɦ ʩʧʽʣʴʥʠʤ ʥʝʜʦʣʽʢʦʤ ʻ ʪʝ, ʱʦ ʧʨʦʧʦʥʫʶʪʴʩʷ ʣʠʰʝ ʤʝʪʦʜʠ 

ʙʘʣʘʥʩʫʚʘʥʥʷ ʤʽʞ ʛʨʘʥʠʯʥʠʤʠ ʣʦʢʘʮʽʷʤʠ CDN ʤʝʨʝʞ. ʅʝ ʚʨʘʭʦʚʫʻʪʴʩʷ 

ʤʦʞʣʠʚʽʩʪʴ ʨʦʙʦʪʠ ʙʘʣʘʥʩʫʚʘʣʴʥʠʢʘ ʚ ʤʝʞʘʭ ʦʜʥʽʻʾ ʣʦʢʘʮʽʾ ʤʽʞ ʨʽʟʥʠʤʠ 

ʢʝʰʫʶʯʠʤʠ ʩʝʨʚʝʨʘʤʠ. ʊʘʢʦʞ ʥʝ ʚʨʘʭʦʚʫʻʪʩɹʷ ʪʠʧ ʟʘʧʠʪʽʚ ʪʘ ʢʨʠʪʝʨʽʾ ʧʦ 

ʷʢʠʭ ʤʦʞʥʘ ʾʭ ʨʦʟʧʦʜʽʣʷʪʠ ʤʽʞ ʢʝʰʫʶʯʠʤʠ ʩʝʨʚʝʨʘʤʠ, ʱʦʙ ʚ ʧʦʜʘʣʴʰʦʤʫ 

ʟʜʽʡʩʥʶʚʘʪʠ ʝʬʝʢʪʠʚʥʝ ʚʠʢʦʨʠʩʪʘʥʥʷ ʢʝʰʦʚʘʥʠʭ ʜʘʥʠʭ. 

 

1.7.2. ʆʛʣʷʜ ʥʘʫʢʦʚʠʭ ʜʦʩʣʽʜʞʝʥʴ ʚ ʥʘʧʨʷʤʢʫ ʤʝʪʦʜʽʚ 

ʙʘʣʘʥʩʫʚʘʥʥʷ ʥʘʚʘʥʪʘʞʝʥʥʷ ʽʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʪʝʭʥʦʣʦʛʽʾ 

Kubernetes. 

Kubernetes (K8s) - ʮʝ ʩʠʩʪʝʤʘ ʟ ʚʽʜʢʨʠʪʠʤ ʚʠʭʽʜʥʠʤ ʢʦʜʦʤ ʜʣʷ 

ʘʚʪʦʤʘʪʠʟʘʮʽʾ ʨʦʟʛʦʨʪʘʥʥʷ, ʤʘʩʰʪʘʙʫʚʘʥʥʷ ʪʘ ʫʧʨʘʚʣʽʥʥʷ 

ʢʦʥʪʝʡʥʝʨʠʟʦʚʘʥʠʤʠ ʜʦʜʘʪʢʘʤʠ. ʎʝ ʜʦʟʚʦʣʷʻ ʣʝʛʢʦ ʢʝʨʫʚʘʪʠ ʚʝʣʠʢʦʶ 

ʢʽʣʴʢʽʩʪʶ ʤʽʢʨʦʩʝʨʚʽʩʽʚ, ʨʦʟʛʦʨʥʫʪʠʭ ʫ ʢʦʥʪʝʡʥʝʨʘʭ. Kubernetes ʜʦʧʦʤʘʛʘʻ 

ʝʬʝʢʪʠʚʥʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʦʙʯʠʩʣʶʚʘʣʴʥʽ ʨʝʩʫʨʩʠ, ʘʚʪʦʤʘʪʠʯʥʦ 

ʚʠʜʽʣʷʶʯʠ CPU, ʧʘʤôʷʪʴ ʪʘ ʽʥʰʽ ʨʝʩʫʨʩʠ ʜʣʷ ʢʦʞʥʦʛʦ ʢʦʥʪʝʡʥʝʨʘ. ʗʢ 

ʧʨʘʚʠʣʦ ʮʷ ʪʝʭʥʦʣʦʛʽʷ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʥʘ ʩʪʦʨʦʥʽ ʢʦʨʝʥʝʚʦʛʦ ʩʝʨʚʝʨʘ, 

ʷʢʱʦ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʤʽʢʨʦʩʝʨʚʽʩʥʘ ʘʨʭʽʪʝʢʪʫʨʘ ʧʦʙʫʜʦʚʠ ʩʝʨʚʽʩʽʚ.  

ʋ ʥʘʫʢʦʚʽʡ ʧʨʘʮʽ [17] ʙʫʣʦ ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʘʣʛʦʨʠʪʤ ʙʘʣʘʥʩʫʚʘʥʥʷ 

ʥʘʚʘʥʪʘʞʝʥʥʷ ʚ ʢʣʘʩʪʝʨʽ, ʷʢʠʡ ʧʝʨʝʜ ʨʦʟʧʦʜʽʣʦʤ ʨʝʩʫʨʩʽʚ ʦʮʽʥʶʻ 

ʟʘʚʘʥʪʘʞʝʥʽʩʪʴ ʧʨʦʮʝʩʦʨʘ, ʧʘʤôʷʪʽ ʪʘ ʧʨʦʧʫʩʢʥʦʾ ʟʜʘʪʥʦʩʪʽ ʤʝʨʝʞʽ ʢʦʞʥʦʛʦ 

ʚʫʟʣʘ, ʥʘ ʜʦʜʘʪʦʢ ʜʦ ʚʘʞʣʠʚʦʩʪʽ ʪʘ ʚʘʛʦʚʠʭ ʢʦʝʬʽʮʽʻʥʪʽʚ ʚʭʽʜʥʠʭ ʟʘʧʠʪʽʚ. 

ɺʽʥ ʪʘʢʦʞ ʚʨʘʭʦʚʫʻ ʚʟʘʻʤʦʟʘʣʝʞʥʦʩʪʽ ʤʽʞ ʤʽʢʨʦʩʝʨʚʽʩʘʤʠ ʜʣʷ ʦʧʪʠʤʽʟʘʮʽʾ 

ʜʦʩʪʘʚʢʠ. 

ɸʚʪʦʨʠ ʨʦʙʦʪʠ [18] ʜʦʩʣʽʜʞʫʶʪ ɹ ʤʝʪʦʜʠ ʛʦʨʠʟʦʥʪʘʣʴʥʦʛʦ 

ʤʘʩʰʪʘʙʫʚʘʥʥʷ ʢʦʥʪʝʡʥʝʨʽʚ ʚ Kubernetes ʢʣʘʩʪʝʨʽ. ʇʨʦʚʦʜʠʣʦʩʴ ʧʦʨʽʚʥʷʥʥʷ 

ʤʝʪʨʠʢ, ʷʢʽ ʘʥʘʣʽʟʫʻ ʩʘʤ ʢʣʘʩʪʝʨ, ʘ ʩʘʤʝ Kubernetes Resource Metrics (KRM) 

ʪʘ ʜʦʜʘʪʢʦʚʠʭ ʤʝʪʨʠʢ ʚʽʜ ʩʠʩʪʝʤʠ Prometheus, Prometheus Custom Metrics 
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(PCM), ʘ ʪʘʢʦʞ ʚʧʣʠʚ ʤʝʪʨʠʢ ʥʘ ʚʘʨʽʘʥʪʠ ʤʘʩʰʪʘʙʫʚʘʥʥʷ ʢʦʥʪʝʡʥʝʨʽʚ ʧʽʜ 

ʯʘʩ ʟʨʦʩʪʘʥʥʷ ʥʘʚʘʥʪʘʞʝʥʥʷ. 

ɺʠʢʦʨʠʩʪʦʚʫʶʯʠ ʩʧʝʮʠʬʽʯʥʽ ʜʣʷ ʩʝʨʚʽʩʽʚ ʧʦʣʽʪʠʢʠ ʤʘʨʰʨʫʪʠʟʘʮʽʾ, ʫ 

ʨʦʙʦʪʽ [19] ʘʚʪʦʨʘʤʠ ʙʫʚ ʚʠʢʦʨʠʩʪʘʥʠʡ Service Mesh Istio ʜʣʷ ʜʠʥʘʤʽʯʥʦʛʦ 

ʨʦʟʧʦʜʽʣʫ ʪʨʘʬʽʢʫ ʤʽʞ ʩʝʨʚʽʩʘʤʠ. ɼʣʷ ʢʦʞʥʦʛʦ ʩʝʨʚʽʩʫ ʚʠʟʥʘʯʘʣʠʩʴ 

ʽʥʜʠʚʽʜʫʘʣʴʥʽ ʧʦʣʽʪʠʢʠ, ʪʘʢʽ ʷʢ ʦʙʤʝʞʝʥʥʷ ʧʨʦʧʫʩʢʥʦʾ ʟʜʘʪʥʦʩʪʽ ʯʠ 

ʧʨʽʦʨʠʪʝʪʥʽʩʪʴ ʪʨʘʬʽʢʫ. 

ɺ ʨʦʙʦʪʽ [20] ʘʚʪʦʨʠ ʜʦʩʣʽʜʞʫʶʪʴ ʤʝʪʦʜʠ ʧʦʻʜʥʘʥʥʷ ʨʦʙʦʪʠ ʤʝʨʝʞ 

ʜʦʩʪʘʚʢʠ ʢʦʥʪʝʥʪʫ ʪʘ ʜʠʥʘʤʽʯʥʦʛʦ ʙʘʣʘʥʩʫʚʘʥʥʷ ʥʘ ʩʪʦʨʦʥʽ ʢʦʨʝʥʝʚʦʛʦ 

ʩʝʨʚʝʨʘ ʽʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʪʝʭʥʦʣʦʛʽʾ Kubernetes. ɼʦʩʣʽʜʞʝʥʥʷ ʧʨʦʚʦʜʠʣʦʩʴ 

ʽʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʩʝʨʚʽʩʫ CloudFront, ʷʢʠʡ ʷʚʣʷʻ ʩʦʙʦʶ ʤʝʨʝʞʫ CDN 

ʨʦʟʧʦʜʽʣʝʥʫ ʧʦ AWS ʣʦʢʘʮʽʷʭ. ʆʩʥʦʚʥʠʡ ʘʢʮʝʥʪ ʙʫʣʦ ʟʨʦʙʣʝʥʦ ʥʘ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʧʨʠʥʮʠʧʽʚ ʨʦʙʦʪʠ ʤʝʨʝʞʽ CDN ʪʘ ʙʘʣʘʥʩʫʚʘʥʥʷ ʽ 

ʤʘʩʰʪʘʙʫʚʘʥʥʷ ʥʘ ʩʪʦʨʦʥʽ ʪʽʣʴʢʠ ʢʦʨʝʥʝʚʦʛʦ ʩʝʨʚʝʨʘ, ʜʝ ʚʣʘʩʥʝ 

ʟʥʘʭʦʜʠʣʘʩʴ ʘʧʣʽʢʘʮʽʷ. ɼʣʷ ʦʨʛʘʥʽʟʘʮʽʾ ʝʬʝʢʪʠʚʥʦʛʦ ʙʘʣʘʥʩʫʚʘʥʥʷ ʪʘ 

ʤʘʩʰʪʘʙʫʚʘʥʥʷ ʚʠʢʦʨʠʩʪʦʚʫʚʘʚʩʷ Kubernetes ʢʣʘʩʪʝʨ, ʷʢʠʡ ʪʘʢʦʞ 

ʟʥʘʭʦʜʠʚʩʷ ʚ ʦʜʥʽʡ ʽʟ ʣʦʢʘʮʽʾ AWS. ʆʩʥʦʚʥʠʤ ʥʝʜʦʣʽʢʦʤ ʪʘʢʦʛʦ ʧʽʜʭʦʜʫ 

ʙʫʣʦ ʪʝ, ʱʦ ʧʽʜ ʯʘʩ ʟʨʦʩʪʘʥʥʷ ʥʘʚʘʥʪʘʞʝʥʥʷ ʚʠʢʦʥʫʚʘʣʦʩʴ ʤʘʩʰʪʘʙʫʚʘʥʥʷ 

ʩʝʨʚʽʩʫ ʥʘ ʩʪʦʨʦʥʽ ʢʦʨʝʥʝʚʦʛʦ ʩʝʨʚʝʨʘ ʽ ʙʘʣʘʥʩʫʚʘʥʥʷ ʟʘʧʠʪʽʚ ʤʽʞ 

ʩʪʚʦʨʝʥʠʤʠ ʽʥʩʪʘʥʩʘʤʠ.  

ɺ ʨʦʟʛʣʷʥʫʪʠʭ ʨʦʙʦʪʘʭ ʙʘʛʘʪʦ ʫʚʘʛʠ ʙʫʣʦ ʟʦʩʝʨʝʜʞʝʥʦ ʥʘ 

ʚʠʢʦʨʠʩʪʘʥʥʽ ʪʝʭʥʦʣʦʛʽʾ  Kubernetes ʩʘʤʝ ʥʘ ʢʦʨʝʥʝʚʠʭ ʩʝʨʚʝʨʘʭ, ʘʙʦ ʞ 

ʢʦʨʝʥʝʚʽʡ ʣʦʢʘʮʽʾ. ɺʠʩʚʽʪʣʝʥʦ ʧʝʨʝʚʘʛʠ ʨʦʙʦʪʠ ʮʽʻʾ ʪʝʭʥʦʣʦʛʽʾ, ʤʝʪʦʜʠ 

ʤʘʩʰʪʘʙʫʚʘʥʥʷ ʨʝʩʫʨʩʽʚ. ʆʜʥʘʢ ʥʝ ʙʫʣʦ ʨʦʟʛʣʷʥʫʪʦ ʤʦʞʣʠʚʽʩʪʴ 

ʧʝʨʝʥʝʩʝʥʥʷ ʧʨʦʮʝʩʫ ʦʙʨʦʙʢʠ ʜʘʥʠʭ ʥʘ ʩʪʦʨʦʥʫ ʣʦʢʘʮʽʾ ʢʣʽʻʥʪʘ, ʷʢʠʡ 

ʟʘʧʠʪʫʻ ʜʘʥʠʡ ʢʦʥʪʝʥʪ ʯʠ ʩʝʨʚʽʩ. ʊʦʙʪʦ ʥʝ ʚʨʘʭʦʚʫʚʘʚʩʷ ʪʦʡ ʬʘʢʪ, ʱʦ 

ʧʨʦʮʝʩ ʦʙʨʦʙʢʠ ʜʠʥʘʤʽʯʥʠʭ ʜʘʥʠʭ, ʧʨʠ ʟʥʘʯʥʦʤʫ ʟʨʦʩʪʘʥʥʽ ʥʘʚʘʥʪʘʞʝʥʥʷ, 

ʜʠʥʘʤʽʯʥʦ ʤʦʞʥʘ ʧʝʨʝʥʝʩʪʠ ʚ ʣʦʢʘʮʽʶ ʢʦʨʠʩʪʫʚʘʯʘ. ʎʝ ʜʘʣʦ ʙ ʟʤʦʛʫ 

ʟʤʝʥʰʠʪʠ ʥʘʚʘʥʪʘʞʝʥʥʷ ʥʘ ʢʦʨʝʥʝʚʠʡ ʩʝʨʚʝʨ ʪʘ ʟʤʝʥʰʝʥʥʷ ʯʘʩʫ ʚʽʜʧʦʚʽʜʽ 
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ʜʣʷ ʢʽʥʮʝʚʦʛʦ ʢʦʨʠʩʪʫʚʘʯʘ ʽ ʪʠʤ ʩʘʤʠʤ ʧʦʢʨʘʱʠʪʠ ʷʢʽʩʪʴ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʚ 

ʤʝʨʝʞʘʭ ʜʦʩʪʘʚʢʠ ʢʦʥʪʝʥʪʫ. 

 ʂʦʨʦʪʢʠʡ ʦʛʣʷʜ ʥʘʫʢʦʚʠʭ ʜʦʩʣʽʜʞʝʥʴ, ʧʽʜʭʦʜʽʚ ʪʘ ʦʩʥʦʚʥʽ ʨʝʟʫʣʴʪʘʪʠ 

ʧʨʝʜʩʪʘʚʣʝʥʦ ʫ ʚʠʛʣʷʜʽ ʪʘʙʣ.1.1. 

ʊʘʙʣʠʮʷ 1 

ʆʛʣʷʜ ʥʘʫʢʦʚʠʭ ʜʦʩʣʽʜʞʝʥʴ, ʧʽʜʭʦʜʽʚ ʥʘʧʨʷʤʢʫ ʧʽʜʚʠʱʝʥʥʷ ʷʢʦʩʪʽ 

ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʫ ʤʝʨʝʞʘʭ ʜʦʩʪʘʚʢʠ ʢʦʥʪʝʥʪʫ 

ɸʚʪʦʨʠ ʅʘʟʚʘ ʜʦʩʣʽʜʞʝʥʥʷ ʇʽʜʭʦʜʠ, ʷʢʽ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠʩʴ 

ʚ ʨʦʙʦʪʽ 

ʆʩʥʦʚʥʽ ʥʘʫʢʦʚʽ 

ʨʝʟʫʣʴʪʘʪʠ 

Gupta, P., 

Goya M. K., 

Reliability aware 

load balancing 

algorithm for 

content delivery 

network 

ɹʘʣʘʥʩʫʚʘʥʥʷ 

ʥʘʚʘʥʪʘʞʝʥʥʷ, 

ʤʘʨʰʨʫʪʠʟʘʮʽ ̫

ʟʘʧʠʪʽʚ ʪʘ 

ʨʝʧʣʽʢʘʮʽ ̫ʜʘʥʠʭ. 

ɿʘʧʨʦʧʦʥʦʚʘʥʦ 

ʤʝʪʦʜ 

ʙʘʣʘʥʩʫʚʘʥʥʷ 

ʥʘʚʘʥʪʘʞʝʥʥʷ ʽʟ 

ʚʨʘʭʫʚʘʥʥʷʤ ʨʽʚʥʷ 

ʧʦʤʠʣʦʢ ʧʨʠ 

ʦʙʨʦʙʮʽ ʜʘʥʠʭ ʪʘ 

ʬʦʨʤʫʚʘʥʥʽ 

ʚʽʜʧʦʚʽʜʽ 

ʢʦʨʠʩʪʫʚʘʯʘʤ 

Nakanishi, 

K., Suzuki, 

F., Ohzahata, 

S., Kato, T. 

A container-based 

content delivery 

method for edge 

cloud over wide 

area network 

ɸʥʘʣʽʟ ʷʢʦʩʪʽ 

ʚʽʜʝʦʢʦʥʪʝʥʪʫ, 

ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʧʨʦʪʦʢʦʣʫ BGP 

ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ 

ʤʝʨʝʞʝʚʦʾ 

ʚʽʜʩʪʘʥʽ. 

ɿʘʧʨʦʧʦʥʦʚʘʥʦ 

ʝʬʝʢʪʠʚʥʠʡ ʤʝʪʦʜ 

ʜʦʩʪʘʚʢʠ ʢʦʥʪʝʥʪʫ, 

ʱʦ ʚʨʘʭʦʚʫʻ 

ʤʝʨʝʞʝʚʫ ʚʽʜʩʪʘʥʴ 

ʽ ʜʠʥʘʤʽʯʥʦ 

ʟʜʽʡʩʥʶʻ 

ʧʝʨʝʥʘʧʨʘʚʣʝʥʥʷ 

ʟʘʧʠʪʽʚ ʥʘ ʛʨʘʥʠʯʥʽ 

ʩʝʨʚʝʨʠ ʢʝʰʫʚʘʥʥʷ 

ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ  

ʜʘʥʽ ʧʨʦʪʦʢʦʣʫ 

BGP 

Nguyen, T. 

T., Yeom, Y. 

Horizontal pod 

autoscaling in 

Kubernetes 

ʢʣʘʩʪʝʨ,  

ʇʦʨʽʚʥʷʥʥʷ 

ʤʝʪʨʠʢ, ʷʢʽ 

https://www.researchgate.net/profile/Mayank-Goyal-9?_tp=eyJjb250ZXh0Ijp7ImZpcnN0UGFnZSI6InB1YmxpY2F0aW9uIiwicGFnZSI6InB1YmxpY2F0aW9uIn19
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J., Kim, T., 

Park, D. H. 

and Kim, S 

kubernetes for 

elastic container 

orchestration 

ʛʦʨʠʟʦʥʪʘʣʴʥʝ 

ʤʘʩʰʪʘʙʫʚʘʥʥʷ 

ʨʝʩʫʨʩʽʚ. 

 

ʘʥʘʣʽʟʫʻ Kubernetes 

ʢʣʘʩʪʝʨ, ʘ ʩʘʤʝ 

Kubernetes 

Resource Metrics 

(KRM) ʪʘ ʤʝʪʨʠʢ 

ʚʽʜ ʩʠʩʪʝʤʠ 

Prometheus,  

Prometheus Custom 

Metrics (PCM), ʪʘ 

ʜʦʩʣʽʜʞʝʥʥʷ 

ʾʭʥʴʦʛʦ ʚʧʣʠʚʫ ʥʘ 

ʧʨʦʮʝʩ 

ʤʘʩʰʪʘʙʫʚʘʥʥʷ 

ʢʦʥʪʝʡʥʝʨʽʚ ʧʽʜ ʯʘʩ 

ʟʨʦʩʪʘʥʥʷ 

ʥʘʚʘʥʪʘʞʝʥʥʷ 

Nitu Kumari 

ʪʘ Diego 

Lugones 

Analysis of 

dynamic application 

load balancing in 

kubernetes using 

CDN 

AWS ʩʝʨʚʽʩ 

CloudFront, 

Kubernetes ʢʣʘʩʪʝʨ 

 

ɼʦʩʣʽʜʞʝʥʦ ʤʝʪʦʜʠ 

ʧʦʻʜʥʘʥʥʷ ʨʦʙʦʪʠ 

ʤʝʨʝʞ ʜʦʩʪʘʚʢʠ 

ʢʦʥʪʝʥʪʫ  CDN ʪʘ 

ʜʠʥʘʤʽʯʥʦʛʦ 

ʙʘʣʘʥʩʫʚʘʥʥʷ 

ʥʘʚʘʥʪʘʞʝʥʥʷ ʥʘ 

ʩʪʦʨʦʥʽ ʢʦʨʝʥʝʚʦʛʦ 

ʩʝʨʚʝʨʘ ʽʟ 

ʚʠʢʦʨʠʩʪʘʥʥʷʤ 

ʪʝʭʥʦʣʦʛʽʾ 

Kubernetes 

 

ʆʛʣʷʜ ʥʘʫʢʦʚʠʭ ʜʦʩʣʽʜʞʝʥʴ ʜʝʤʦʥʩʪʨʫʻ ʰʠʨʦʢʠʡ ʩʧʝʢʪʨ ʩʪʨʘʪʝʛʽʡ 

ʙʘʣʘʥʩʫʚʘʥʥʷ ʥʘʚʘʥʪʘʞʝʥʥʷ, ʩʧʨʷʤʦʚʘʥʠʭ ʥʘ ʧʽʜʚʠʱʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ 

ʭʤʘʨʥʠʭ ʦʙʯʠʩʣʶʚʘʣʴʥʠʭ ʩʝʨʝʜʦʚʠʱ. ɿʘʧʨʦʧʦʥʦʚʘʥʽ ʤʝʪʦʜʠ ʦʭʦʧʣʶʶʪʴ 

ʨʽʟʥʽ ʩʮʝʥʘʨʽʾ ʚʠʢʦʨʠʩʪʘʥʥʷ, ʟʦʢʨʝʤʘ ʤʝʨʝʞʽ ʜʦʩʪʘʚʢʠ ʢʦʥʪʝʥʪʫ (CDN), 

ʢʣʘʩʪʝʨʽʚ ʥʘ ʦʩʥʦʚʽ ʪʝʭʥʦʣʦʛʽʾ Kubernetes ʪʘ ʛʽʙʨʠʜʥʽ ʭʤʘʨʥʽ ʨʽʰʝʥʥʷ ʟ 

ʧʝʨʠʬʝʨʽʡʥʠʤʠ ʜʘʪʘ-ʮʝʥʪʨʘʤʠ. ʆʩʥʦʚʥʘ ʫʚʘʛʘ ʘʢʮʝʥʪʫʻʪʴʩʷ ʥʘ ʚʘʞʣʠʚʦʩʪʽ 
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ʙʘʣʘʥʩʫʚʘʥʥʷ ʥʘʚʘʥʪʘʞʝʥʥʷ ʜʣʷ ʦʧʪʠʤʽʟʘʮʽʾ ʨʦʟʧʦʜʽʣʫ ʨʝʩʫʨʩʽʚ, ʟʤʝʥʰʝʥʥʷ 

ʯʘʩʫ ʚʽʜʧʦʚʽʜʽ ʪʘ ʧʦʢʨʘʱʝʥʥʷ ʷʢʦʩʪʽ ʧʦʩʣʫʛ ʜʣʷ ʢʽʥʮʝʚʦʛʦ ʢʦʨʠʩʪʫʚʘʯʘ. 

ʇʦʧʨʠ ʪʝ, ʱʦ ʨʦʟʛʣʷʥʫʪʽ ʧʽʜʭʦʜʠ ʜʝʤʦʥʩʪʨʫʶʪʴ ʟʥʘʯʥʠʡ ʧʦʪʝʥʮʽʘʣ ʫ 

ʧʽʜʚʠʱʝʥʥʽ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ ʪʘ ʤʘʩʰʪʘʙʦʚʘʥʦʩʪʽ, ʟʘʣʠʰʘʻʪʴʩʷ ʧʦʪʨʝʙʘ ʚ 

ʧʦʜʘʣʴʰʠʭ ʜʦʩʣʽʜʞʝʥʥʷʭ. ɿʦʢʨʝʤʘ, ʥʝʦʙʭʽʜʥʦ ʫʩʫʥʫʪʠ ʽʩʥʫʶʯʽ ʦʙʤʝʞʝʥʥʷ 

ʪʘ ʨʦʟʨʦʙʠʪʠ ʽʥʪʝʣʝʢʪʫʘʣʴʥʽʰʽ ʩʪʨʘʪʝʛʽʾ ʙʘʣʘʥʩʫʚʘʥʥʷ ʥʘʚʘʥʪʘʞʝʥʥʷ ʥʘ ʚʩʽʭ 

ʨʽʚʥʷʭ ʨʦʙʦʪʠ CDN ʤʝʨʝʞ, ʟʜʘʪʥʽ ʚʽʜʧʦʚʽʜʘʪʠ ʜʠʥʘʤʽʯʥʠʤ ʚʠʤʦʛʘʤ 

ʩʫʯʘʩʥʠʭ ʭʤʘʨʥʠʭ ʦʙʯʠʩʣʶʚʘʣʴʥʠʭ ʩʝʨʝʜʦʚʠʱ. 

 

1.7. ɺʠʩʥʦʚʦʢ ʜʦ ʨʦʟʜʽʣʫ 1 

ɺ ʜʘʥʦʤʫ ʨʦʟʜʽʣʽ ʧʨʦʚʝʜʝʥʦ ʜʦʩʣʽʜʞʝʥʥʷ ʧʨʠʥʮʠʧʽʚ ʪʘ ʤʝʪʦʜʽʚ, 

ʧʝʨʝʭʦʜʫ ʚʽʥ ʤʦʥʦʣʽʪʥʦʾ ʘʨʭʽʪʝʢʪʫʨʠ ʜʦ ʤʽʢʨʦʩʝʨʚʽʩʥʦʾ. ɺʠʟʥʘʯʝʥʦ ʦʩʥʦʚʥʽ 

ʬʘʢʪʦʨʠ, ʷʢʽ ʚʘʨʪʦ ʙʨʘʪʠ ʜʦ ʫʚʘʛʠ ʧʣʘʥʫʶʯʠ ʧʨʦʮʝʩ ʧʝʨʝʭʦʜʫ ʜʦ 

ʤʽʢʨʦʩʝʨʚʽʩʥʦʛʦ ʩʪʠʣʶ. ɹʫʣʦ ʚʠʜʽʣʝʥʦ ʜʝʢʽʣʴʢʘ ʦʩʥʦʚʥʠʭ ʘʩʧʝʢʪʽʚ, ʱʦ 

ʩʪʦʩʫʶʪʴʩʷ ʨʦʟʛʣʷʥʫʪʠʭ ʘʨʭʽʪʝʢʪʫʨʥʠʭ ʧʽʜʭʦʜʽʚ. ɿ ʪʦʯʢʠ ʟʦʨʫ ʤʦʥʦʣʽʪʥʦʾ 

ʘʨʭʽʪʝʢʪʫʨʠ, ʧʨʦʛʨʘʤʘ ʷʢʫ ʧʠʰʝ ʨʦʟʨʦʙʥʠʢ ʷʚʣʷʻ ʩʦʙʦʶ ʻʜʠʥʠʡ ʮʽʣʽʩʥʠʡ 

ʙʣʦʢ, ʱʦ ʦʧʠʩʫʻ ʧʝʚʥʫ ʙʽʟʥʝʩ ʣʦʛʽʢʫ. ʗʢʱʦ ʧʦʪʨʽʙʥʦ ʟʨʦʙʠʪʠ ʙʫʜʴ ʷʢʽ ʟʤʽʥʠ 

ʚ ʤʦʥʦʣʽʪʽ, ʪʦ ʮʝ ʚ ʩʚʦʶ ʯʝʨʛʫ ʚʠʤʘʛʘʻ ʨʦʟʛʦʨʪʘʥʥʷ ʥʘ ʨʦʙʦʯʦʤʫ ʩʝʨʝʜʦʚʠʱʽ 

ʚʩʴʦʛʦ ʮʽʣʽʩʥʦʛʦ ʙʣʦʢʫ ʧʨʦʛʨʘʤʠ. ɺ ʧʽʜʭʦʜʽ ʤʽʢʨʦʩʝʨʚʽʩʥʦʾ ʘʨʭʽʪʝʢʪʫʨʠ, ʚʩʷ 

ʮʽʣʽʩʥʘ ʩʠʩʪʝʤʘ ʧʦʜʽʣʝʥʘ ʥʘ ʤʘʣʝʥʴʢʽ ʣʦʛʽʯʥʽ ʩʢʣʘʜʦʚʽ, ʷʢʽ ʟ ʪʦʯʢʠ ʟʦʨʫ 

ʚʧʨʦʚʘʜʞʝʥʥʷ, ʦʥʦʚʣʝʥʥʷ ʪʘ ʨʦʟʛʦʨʪʘʥʥʷ ʥʘ ʨʦʙʦʯʠʭ ʩʝʨʝʜʦʚʠʱʘʭ ʻ 

ʘʙʩʦʣʶʪʥʦ ʥʝʟʘʣʝʞʥʠʤʠ. ɺʘʨʪʦ ʟʘʟʥʘʯʠʪʠ, ʱʦ ʢʦʞʝʥ ʤʘʣʝʥʴʢʠʡ ʩʝʨʚʽʩ ʙʫʜʝ 

ʤʽʩʪʠʪʠ ʪʘʢʦʞ ʽ ʚʣʘʩʥʫ ʙʘʟʫ ʜʘʥʠʭ. 

ʗʢʱʦ ʤʦʚʘ ʡʜʝ ʧʨʦ ʚʝʣʠʢʠʡ ʧʨʦʝʢʪ, ʪʦ ʟʚʠʯʘʡʥʦ ʚ ʪʘʢʠʭ ʚʠʧʘʜʢʘʭ 

ʥʘʙʘʛʘʪʦ ʢʨʘʱʝ ʪʘ ʜʦʮʽʣʴʥʽʰʝ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʧʽʜʭʦʜʠ ʘʨʭʽʪʝʢʪʫʨʠ 

ʤʽʢʨʦʩʝʨʚʽʩʽʚ, ʦʩʢʽʣʴʢʠ ʮʝ ʜʘʻ ʤʦʞʣʠʚʽʩʪʴ ʧʨʠʰʚʠʜʰʠʪʠ ʧʨʦʮʝʩ ʨʦʟʨʦʙʢʠ 

ʧʨʦʛʨʘʤʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ, ʟʘ ʨʘʭʫʥʦʢ ʤʦʞʣʠʚʦʩʪʽ ʧʘʨʘʣʝʣʴʥʦ ʧʨʘʮʶʚʘʪʠ 

ʥʝʚʝʣʠʢʠʤ ʘʚʪʦʥʦʤʥʠʤ ʢʦʤʘʥʜʘʤ. 
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ʇʽʜ ʯʘʩ ʨʦʟʛʦʨʪʘʥʥʷ ʥʦʚʦʛʦ ʩʝʨʚʽʩʫ ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʜʝʢʽʣʴʢʘ ʧʽʜʭʦʜʽʚ, 

ʢʦʞʝʥ ʟ ʷʢʠʭ ʤʘʻ ʩʚʦʾ ʦʩʦʙʣʠʚʦʩʪʽ. ɿʚʠʯʘʡʥʦ ʮʠʭ ʤʝʪʦʜʽʚ ʤʦʞʝ ʙʫʪʠ 

ʥʘʙʘʛʘʪʦ ʙʽʣʴʰʝ, ʦʜʥʘʢ ʦʩʥʦʚʥʘ ʫʚʘʛʘ ʘʢʮʝʥʪʦʚʘʥʘ ʥʘ ʢʣʶʯʦʚʽ ʢʦʤʧʦʥʝʥʪʠ 

ʪʘ ʢʨʦʢʠ. ɺʠʢʦʨʠʩʪʦʚʫʶʯʠ ʘʚʪʦʤʘʪʠʯʥʝ ʨʦʟʛʦʨʪʘʥʥʷ, ʤʠ ʟʚʦʜʠʤʦ ʜʦ 

ʤʽʥʽʤʫʤʫ ʣʶʜʩʴʢʠʡ ʬʘʢʪʦʨ. ʎʠʤ ʩʘʤʠʤ ʨʦʙʠʤʦ ʥʘʰ ʩʝʨʚʽʩ ʙʽʣʴʰ 

ʩʪʘʙʽʣʴʥʠʤ ʪʘ ʥʘʜʽʡʥʠʤ. 

ʈʦʟʛʣʷʥʫʪʦ ʪʘʢʦʞ ʩʫʯʘʩʥʽ ʤʝʪʦʜʠ ʩʪʚʦʨʝʥʥʷ ʪʘ ʫʧʨʘʚʣʽʥʥʷ 

ʽʥʬʨʘʩʪʨʫʢʪʫʨʦʶ ʥʝ ʰʣʷʭʦʤ ʬʽʟʠʯʥʦʛʦ ʥʘʣʘʰʪʫʚʘʥʥʷ ʦʙʣʘʜʥʘʥʥʷ ʯʠ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʽʥʪʝʨʘʢʪʠʚʥʠʭ ʽʥʩʪʨʫʤʝʥʪʽʚ ʥʘʣʘʰʪʫʚʘʥʥʷ, ʘ ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʬʘʡʣʽʚ ʢʦʥʬʽʛʫʨʘʮʽʾ ʪʘ ʧʽʜʭʦʜʽʚ ɯʥʬʨʘʩʪʨʫʢʪʫʨʘ ʷʢ ʢʦʜ IaC. ʊʘʢʽ ʤʝʪʦʜʠ 

ʩʪʚʦʨʝʥʥʷ ʪʘ ʢʝʨʫʚʘʥʥʷ ʨʦʙʦʯʠʤʠ ʩʝʨʝʜʦʚʠʱʘʤʠ ʤʘʶʪʴ ʨʷʜ ʧʝʨʝʚʘʛ, ʷʢʽ  

ʜʘʶʪʴ ʤʦʞʣʠʚʽʩʪʴ ʩʪʚʦʨʶʚʘʪʠ, ʟʤʽʥʶʚʘʪʠ ʪʘ ʘʜʤʽʥʽʩʪʨʫʚʘʪʠ ʩʚʦʶ 

ʽʥʬʨʘʩʪʨʫʢʪʫʨʫ ʙʝʟʧʝʯʥʠʤ, ʫʟʛʦʜʞʝʥʠʤ ʽ ʧʦʚʪʦʨʶʚʘʥʠʤ ʩʧʦʩʦʙʦʤ, 

ʚʠʟʥʘʯʘʶʯʠ ʢʦʥʬʽʛʫʨʘʮʽʾ ʨʝʩʫʨʩʽʚ, ʪʘ ʟʘʩʪʦʩʦʚʫʶʯʠ ʧʨʠ ʮʴʦʤʫ ʤʝʪʦʜʠ 

ʢʦʥʪʨʦʣʶ ʚʝʨʩʽʡ. 

ɺ ʮʴʦʤʫ ʨʦʟʜʽʣʽ ʪʘʢʦʞ ʧʨʦʚʝʜʝʥʦ ʛʨʫʥʪʦʚʥʠʡ ʘʥʘʣʽʟ ʥʘʫʢʦʚʦʾ 

ʣʽʪʝʨʘʪʫʨʠ ʥʘ ʪʝʤʫ ʜʠʥʘʤʽʯʥʦʛʦ ʙʘʣʘʥʩʫʚʘʥʥʷ ʥʘʚʘʥʪʘʞʝʥʥʷ, ʢʝʰʫʚʘʥʥʷ 

ʜʘʥʠʭ, ʟ ʤʝʪʦʶ ʚʠʟʥʘʯʝʥʥʷ ʧʦʪʦʯʥʦʛʦ ʩʪʘʥʫ ʩʪʨʘʪʝʛʽʡ, ʱʦ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ, ʚʢʣʶʯʘʶʯʠ ʾʭ ʧʝʨʝʚʘʛʠ, ʥʝʜʦʣʽʢʠ, ʪʨʫʜʥʦʱʽ 

ʚʧʨʦʚʘʜʞʝʥʥʷ, ʘ ʪʘʢʦʞ ʾʭʥʽʡ ʚʧʣʠʚ ʥʘ ʝʬʝʢʪʠʚʥʽʩʪʴ ʨʦʙʦʪʠ ʤʝʨʝʞ ʜʦʩʪʘʚʢʠ 

ʢʦʥʪʝʥʪʫ ʪʘ ʷʢʽʩʪʴ ʩʝʨʚʽʩʽʚ, ʷʢʽ ʚ ʥʠʭ ʥʘʜʘʶʪʴʩʷ. ʇʦʧʨʠ ʪʝ, ʱʦ ʨʦʟʛʣʷʥʫʪʽ 

ʧʽʜʭʦʜʠ ʜʝʤʦʥʩʪʨʫʶʪʴ ʟʥʘʯʥʠʡ ʧʦʪʝʥʮʽʘʣ ʫ ʧʽʜʚʠʱʝʥʥʽ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ ʪʘ 

ʤʘʩʰʪʘʙʦʚʘʥʦʩʪʽ, ʟʘʣʠʰʘʻʪʴʩʷ ʧʦʪʨʝʙʘ ʚ ʨʦʟʨʦʙʮ ̔ʽʥʪʝʣʝʢʪʫʘʣʴʥʠʭ ʤʝʪʦʜʽʚ 

ʙʘʣʘʥʩʫʚʘʥʥʷ ʥʘʚʘʥʪʘʞʝʥʥʷ, ʢʝʰʫʚʘʥʥʷ ʩʪʘʪʠʯʥʠʭ ʜʘʥʠʭ, ʘ ʪʘʢʦʞ 

ʧʝʨʝʥʝʩʝʥʥʷ ʧʨʦʮʝʩʫ ʦʙʨʦʙʢʠ ʜʠʥʘʤʽʯʥʠʭ ʜʘʥʠʭ ʥʘ ʛʨʘʥʠʯʥʽ ʣʦʢʘʮʽʾ CDN 

ʤʝʨʝʞ, ʷʢʽ ʟʜʘʪʥʽ ʚʽʜʧʦʚʽʜʘʪʠ ʜʠʥʘʤʽʯʥʠʤ ʚʠʤʦʛʘʤ ʩʫʯʘʩʥʠʭ ʭʤʘʨʥʠʭ 

ʦʙʯʠʩʣʶʚʘʣʴʥʠʭ ʩʝʨʝʜʦʚʠʱ. 
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ʈʆɿɼɯʃ 2. ʄɽʊʆɼʀ ɯ ɸʃɻʆʈʀʊʄʀ ɹɸʃɸʅʉʋɺɸʅʅʗ ʊɸ 

ʈʆɿʇʆɼɯʃɽʅʆɰ ʆɹʈʆɹʂʀ ɿɸʇʀʊɯɺ ɺ CDN ʄɽʈɽɾɯ 

 

2.1. ɹʘʟʦʚʽ ʧʨʠʥʮʠʧʠ ʨʦʙʦʪʠ ʪʘ ʦʨʛʘʥʽʟʘʮʽʾ CDN ʤʝʨʝʞʽ 

ɺ ʥʘʰ ʯʘʩ ʚʠʢʦʨʠʩʪʘʥʥʷ ʤʝʨʝʞ ʧʝʨʝʜʘʯʽ ʜʘʥʠʭ ʜʣʷ ʦʙʤʽʥʫ 

ʽʥʬʦʨʤʘʮʽʻʶ, ʻ ʥʘʜʟʚʠʯʘʡʥʦ ʧʦʰʠʨʝʥʠʤ ʪʘ ʘʢʪʠʚʥʦ ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ ʫ ʚʩʽʭ 

ʩʬʝʨʘʭ ʧʦʚʩʷʢʜʝʥʥʦʛʦ ʞʠʪʪʷ. ʂʽʣʴʢʽʩʪʴ ʤʝʨʝʞʝʚʠʭ ʧʨʠʩʪʨʦʾʚ, ʜʘʚʘʯʽʚ, ʷʢʽ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʜʦʩʪʫʧ ʜʦ ʤʝʨʝʞʽ ʧʝʨʝʜʘʯʽ ʜʘʥʠʭ ʪʘ ɯʥʪʝʨʥʝʪ, ʻ ʜʫʞʝ 

ʚʝʣʠʢʦʶ, ʘ ʦʙʩʷʛʠ ʜʘʥʠʭ, ʷʢʽ ʚʦʥʠ ʛʝʥʝʨʫʶʪʴ, ʩʫʪʪʻʚʦ ʟʙʽʣʴʰʫʶʪʴʩʷ ʟ 

ʯʘʩʦʤ. ɺʩʝ ʮʝ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʪʦʛʦ, ʱʦ ʘʢʪʫʘʣʴʥʠʤʠ ʧʦʩʪʘʶʪʴ ʧʠʪʘʥʥʷ, ʷʢʽ 

ʩʪʦʩʫʶʪʴʩʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʚʠʢʦʨʠʩʪʘʥʥʷ ʤʝʨʝʞʝʚʠʭ ʪʘ ʽʥʬʨʘʩʪʨʫʢʪʫʨʥʠʭ 

ʨʝʩʫʨʩʽʚ, ʪʝʭʥʦʣʦʛʽʡ ʝʬʝʢʪʠʚʥʦʾ ʧʝʨʝʜʘʯʽ ʪʘ ʦʙʨʦʙʢʠ ʜʘʥʠʭ, ʨʦʟʧʦʜʽʣʫ ʪʘ 

ʧʘʨʘʣʝʣʴʥʦʾ ʦʙʨʦʙʢʠ ʥʘʚʘʥʪʘʞʝʥʥʷ ʪʘ ʰʚʠʜʢʦʩʪʽ ʽ ʛʘʨʘʥʪʽʾ ʜʦʩʪʘʚʢʠ 

ʽʥʬʦʨʤʘʮʽʾ ʢʽʥʮʝʚʠʤ ʢʦʨʠʩʪʫʚʘʯʘʤ [21-24]. 

ɺ ʩʠʪʫʘʮʽʾ ʷʢʘ ʩʢʣʘʜʘʻʪʴʩʷ, ʩʝʨʚʝʨʠ, ʷʢʽ ʻ ʜʞʝʨʝʣʦʤ ʢʦʥʪʝʥʪʫ ʪʘ ʥʘ 

ʷʢʠʭ ʚʠʢʦʥʫʻʪʴʩʷ ʡʦʛʦ ʦʙʨʦʙʢʘ ʥʝ ʟʘʚʞʜʠ ʟʜʘʪʥʽ ʚʠʪʨʠʤʫʚʘʪʠ ʥʘʚʘʥʪʘʞʝʥʥʷ 

ʚ ʧʝʚʥʽ ʤʦʤʝʥʪʠ ʯʘʩʫ ʪʘ ʟʘʙʝʟʧʝʯʫʚʘʪʠ ʟʘʜʦʚʽʣʴʥʫ ʷʢʽʩʪʴ ʧʦʩʣʫʛ ʢʽʥʮʝʚʠʤ 

ʢʦʨʠʩʪʫʚʘʯʘʤ. ʈʘʥʽʰʝ ʜʦʩʠʪʴ ʯʘʩʪʦ ʤʦʞʥʘ ʙʫʣʦ ʟʫʩʪʨʽʪʠ ʚʠʢʦʨʠʩʪʘʥʥʷ 

çʩʝʨʚʝʨʥʠʭ ʬʝʨʤè, ʷʢʽ ʧʨʝʜʩʪʘʚʣʷʣʠ ʩʦʙʦʶ ʛʨʫʧʫ ʨʽʟʥʠʭ ʪʠʧʽʚ ʩʝʨʚʝʨʽʚ, ʱʦ 

ʟʥʘʭʦʜʷʪʴʩʷ ʚ ʦʜʥʽʡ ʛʝʦʛʨʘʬʽʯʥʽʡ ʣʦʢʘʮʽʾ. ʉʪʘʥʦʤ ʥʘ ʩʴʦʛʦʜʥʽ ʪʘʢʽ ʧʦʥʷʪʪʷ 

ʟʫʩʪʨʽʯʘʶʪʴʩʷ ʚʢʨʘʡ ʨʽʜʢʦ, ʪʘ ʚ ʮʽʣʦʤʫ ʚʽʜʽʡʰʣʠ ʥʘ ʜʨʫʛʠʡ ʧʣʘʥ. ʊʘʢʽ 

ʨʽʰʝʥʥʷ ʙʫʣʠ ʟʘʤʽʥʝʥʽ ʪʝʭʥʦʣʦʛʽʻʶ ʭʤʘʨʥʠʭ ʨʽʰʝʥʴ ʽ ʨʦʟʧʦʜʽʣʝʥʠʤʠ 

ʤʝʨʝʞʘʤʠ ʜʦʩʪʘʚʢʠ ʢʦʥʪʝʥʪʫ ʘ ʪʘʢʦʞ ʛʨʘʥʠʯʥʠʤʠ ʨʦʟʧʦʜʽʣʝʥʠʤʠ 

ʦʙʯʠʩʣʝʥʥʷʤʠ. 

ʆʩʥʦʚʥʠʤ ʟʘʚʜʘʥʥʷʤ ʜʣʷ ʧʨʦʚʘʡʜʝʨʽʚ ʧʦʩʣʫʛ ʪʘ ʢʦʥʪʝʥʪʫ, ʷʢʽ 

ʚʠʭʦʜʷʪʴ ʥʘ ʧʝʨʰʠʡ ʧʣʘʥ, ʻ ʧʦʙʫʜʦʚʘ ʤʘʩʰʪʘʙʦʚʘʥʦʾ ʪʘ ʨʦʟʧʦʜʽʣʝʥʦʾ 

ʤʝʨʝʞʝʚʦʾ ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ ʚ ʫʤʦʚʘʭ ʧʦʩʪʽʡʥʦʛʦ ʟʨʦʩʪʘʥʥʷ ʪʨʘʬʽʢʫ, ʘ ʪʘʢʦʞ 

ʦʨʛʘʥʽʟʘʮʽʷ ʨʦʟʧʦʜʽʣʫ ʢʦʥʪʝʥʪʫ ʧʦ ʨʽʟʥʠʭ ʛʝʦʛʨʘʬʽʯʥʦ ʨʦʟʧʦʜʽʣʝʥʠʭ 

ʣʦʢʘʮʽʷʭ. 
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ʅʘ ʩʴʦʛʦʜʥʽʰʥʽʡ ʜʝʥʴ ʽʩʥʫʻ ʙʘʛʘʪʦ ʪʝʭʥʦʣʦʛʽʡ, ʷʢʽ ʟʘʙʝʟʧʝʯʫʶʪʴ 

ʥʘʜʽʡʥʽʩʪʴ ʪʘ ʢʦʥʪʨʦʣʴ ʟʘ ʷʢʽʩʪʶ ʜʦʩʪʘʚʢʠ ʜʘʥʠʭ, ʘ ʪʘʢʦʞ ʟʘʙʝʟʧʝʯʫʶʪʴ 

ʤʦʞʣʠʚʽʩʪʴ ʝʬʝʢʪʠʚʥʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʨʝʩʫʨʩʠ ʤʝʨʝʞʽ ʪʘ ʦʙʩʣʫʛʦʚʫʶʯʠʭ 

ʧʨʠʩʪʨʦʾʚ, ʷʢʽ ʚʠʢʦʥʫʶʪʴ ʦʙʨʦʙʢʫ ʜʘʥʠʭ [25-29].  

ʆʜʥʠʤ ʽʟ ʪʘʢʠʭ ʨʽʰʝʥʴ ʻ ʪʝʭʥʦʣʦʛʽʷ ʜʦʩʪʘʚʢʠ ʢʦʥʪʝʥʪʫ CDN, ʷʢʘ 

ʧʨʘʮʶʻ ʧʦ ʧʨʠʥʮʠʧʫ ʢʝʰʫʚʘʥʥʷ ʢʦʥʪʝʥʪʫ ʪʘ ʚʠʙʦʨʫ ʥʘʡʢʨʘʱʦʛʦ, 

ʜʦʩʪʫʧʥʦʛʦ ʜʣʷ ʢʦʨʠʩʪʫʚʘʯʘ ʛʨʘʥʠʯʥʦʛʦ ʩʝʨʚʝʨʘ. ʑʦ ʩʪʦʩʫʻʪʴʩʷ ʢʝʰʫʚʘʥʥʷ 

ʢʦʥʪʝʥʪʫ ʪʘ ʚʠʙʦʨʫ ʩʝʨʚʝʨʘ ʧʝʨʝʜʘʯʽ, ʪʫʪ ʽʩʥʫʻ ʙʘʛʘʪʦ ʤʝʪʦʜʽʚ ʪʘ ʩʧʦʩʦʙʽʚ 

ʦʨʛʘʥʽʟʘʮʽʾ [30]. ɺ ʨʦʙʦʪʽ ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʤʝʪʦʜ, ʷʢʠʡ ʟʘʙʝʟʧʝʯʫʻ 

ʧʦʢʨʘʱʝʥʥʷ ʧʘʨʘʤʝʪʨʘ ʝʬʝʢʪʠʚʥʦʩʪʽ ʢʝʰʫʚʘʥʥʷ ʚ ʤʝʞʘʭ CDN ʤʝʨʝʞʽ. 

ʄʝʨʝʞʘ ʜʦʩʪʘʚʢʠ ʢʦʥʪʝʥʪʫ - ʮʝ ʛʝʦʛʨʘʬʽʯʥʦ ʨʦʟʧʦʜʽʣʝʥʘ ʩʠʩʪʝʤʘ 

ʧʝʨʝʜʘʯʽ ʜʘʥʠʭ, ʱʦ ʚʢʣʶʯʘʻ ʚ ʩʝʙʝ ʙʘʛʘʪʦ ʩʝʨʚʝʨʽʚ ʦʙʨʦʙʢʠ ʪʘ ʪʨʘʥʩʣʷʮʽʾ 

ʢʦʥʪʝʥʪʫ, ʘ ʪʘʢʦʞ ʤʝʨʝʞʝʚʽ ʤʘʨʰʨʫʪʠ. ɻʨʘʥʠʯʥʽ ʩʝʨʚʝʨʠ CDN ʤʝʨʝʞʽ 

ʦʙ'ʻʜʥʫʶʪʴʩʷ ʚ ʨʦʟʧʦʜʽʣʝʥʫ ʩʠʩʪʝʤʫ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʦʧʪʠʯʥʦʾ 

ʪʨʘʥʩʧʦʨʪʥʦʾ ʤʝʨʝʞʽ, ʱʦ ʟʘʙʝʟʧʝʯʫʻ ʚʠʩʦʢʫ ʰʚʠʜʢʽʩʪʴ ʧʝʨʝʜʘʯʽ ʜʘʥʠʭ ʽ 

ʤʽʥʽʤʘʣʴʥʽ ʟʘʪʨʠʤʢʠ [31-32]. ʎʝ ʜʦʟʚʦʣʷʻ ʟʥʘʯʥʦ ʩʢʦʨʦʪʠʪʠ ʤʘʨʰʨʫʪ ʤʽʞ 

ʢʦʨʠʩʪʫʚʘʯʝʤ ʽ ʩʝʨʚʝʨʦʤ ʪʨʘʥʩʣʷʮʽʾ ʢʦʥʪʝʥʪʫ, ʱʦ ʟʘʙʝʟʧʝʯʫʻ ʙʽʣʴʰʫ 

ʥʘʜʽʡʥʽʩʪʴ ʜʦʩʪʫʧʫ ʜʦ ʨʝʩʫʨʩʽʚ [33]. 

ʆʩʥʦʚʥʠʤʠ ʧʝʨʝʚʘʛʘʤʠ ʚʠʢʦʨʠʩʪʘʥʥʷ CDN ʻ: 

ü ʟʨʦʩʪʘʥʥʷ ʰʚʠʜʢʦʩʪʽ ʧʝʨʝʜʘʯʽ ʜʘʥʠʭ ʜʦ ʢʽʥʮʝʚʦʛʦ ʢʦʨʠʩʪʫʚʘʯʘ. 

ʂʦʨʠʩʪʫʚʘʯʽ ʽʟ ʙʫʜʴ ʷʢʦʾ ʣʦʢʘʮʽʾ ʤʘʶʪʴ ʦʪʨʠʤʘʪʠ ʜʘʥʽ, ʷʢʽ ʚʦʥʠ ʟʘʧʠʪʫʶʪʴ ʽʟ 

ʟʙʝʨʝʞʝʥʥʷʤ ʤʘʢʩʠʤʘʣʴʥʦʾ ʷʢʦʩʪʽ ʪʘ ʧʨʠ ʮʴʦʤʫ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠʤʫʪʴʩʷ 

ʦʧʪʠʤʘʣʴʥʽ ʤʘʨʰʨʫʪʠ ʜʣʷ ʪʨʘʥʩʧʦʨʪʫʚʘʥʥʷ; 

ü ʟʥʠʞʝʥʥʷ ʥʘʚʘʥʪʘʞʝʥʥʷ ʥʘ ʢʦʨʝʥʝʚʠʡ ʩʝʨʚʝʨ. ɺʩʽ ʩʪʘʪʠʯʥʽ ʜʘʥʽ 

ʙʫʜʫʪʴ ʟʙʝʨʽʛʘʪʠʩʴ ʥʘ ʢʝʰʫʶʯʠʭ ʩʝʨʚʝʨʘʭ ʽ ʚʩʽ ʟʘʧʠʪʠ ʙʫʜʫʪʴ 

ʦʧʨʘʮʴʦʚʫʚʘʪʠʩʴ ʷʢ ʧʨʘʚʠʣʦ ʩʘʤʝ ʥʠʤʠ. ʅʘ ʢʦʨʝʥʝʚʦʤʫ ʩʝʨʚʝʨʽ ʚ ʙʫʜʴ ʷʢʠʡ 

ʤʦʤʝʥʪ ʯʘʩʫ ʙʫʜʝ ʟʘʣʠʰʘʪʠʩʴ ʪʽʣʴʢʠ ʜʠʥʘʤʽʯʥʠʡ ʢʦʥʪʝʥʪ. ɼʣʷ ʧʨʠʢʣʘʜʫ, 

ʷʢʱʦ ʤʝʨʝʞʘ CDN ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʜʣʷ ʪʨʘʥʩʣʷʮʽʾ ʚʽʜʝʦʢʦʥʪʝʥʪʫ, ʪʦ 

ʢʦʥʪʝʥʪ, ʷʢʠʡ ʽʜʝ ʚ ʨʝʘʣʴʥʦʤʫ ʯʘʩʽ, ʪʨʘʥʩʣʶʚʘʪʠʤʝʪʴʩʷ ʟ ʦʩʥʦʚʥʦʛʦ ʩʝʨʚʝʨʘ, 
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ʘ ʚʝʩʴ ʽʥʰʠʡ, ʥʘʧʝʨʝʜ ʟʘʧʠʩʘʥʠʡ ʢʦʥʪʝʥʪ, ʚʽʜʜʘʚʘʪʠʤʝʪʴʩʷ ʩʝʨʚʝʨʘʤʠ 

ʢʝʰʫʚʘʥʥʷ. 

ü ʚʠʢʦʨʠʩʪʘʥʥʷ ʩʝʨʚʽʩʽʚ ʦʙʤʽʥʫ ʬʘʡʣʘʤʠ ʜʣʷ ʧʝʨʝʜʘʯʽ ʜʘʥʠʭ ʩʪʘʻ 

ʚʩʝ ʙʽʣʴʰ ʧʦʰʠʨʝʥʠʤ. ɹʘʛʘʪʦ ʢʦʨʠʩʪʫʚʘʯʽʚ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʦʥʣʘʡʥ 

ʩʭʦʚʠʱʘ ʜʣʷ ʦʙʤʽʥʫ ʽʥʬʦʨʤʘʮʽʻʶ. ɿʘʟʚʠʯʘʡ, ʫ ʪʘʢʠʭ ʩʭʦʚʠʱʘʭ ʟʙʝʨʽʛʘʶʪʴʩʷ 

ʚʝʣʠʢʽ ʬʘʡʣʠ ʚʽʜʝʦ, ʘʫʜʽʦ ʪʘ ʬʦʪʦʛʨʘʬʽʾ. ɺʠʢʦʨʠʩʪʦʚʫʶʯʠ ʤʝʨʝʞʽ ʜʦʩʪʘʚʢʠ 

ʢʦʥʪʝʥʪʫ (CDN), ʜʘʥʽ ʪʘʢʦʛʦ ʬʦʨʤʘʪʫ ʤʦʞʫʪʴ ʙʫʪʠ ʜʦʩʪʘʚʣʝʥʽ ʜʦ 

ʢʦʨʠʩʪʫʚʘʯʘ ʚ ʙʫʜʴ-ʷʢʫ ʪʦʯʢʫ ʩʚʽʪʫ ʽʟ ʟʙʝʨʝʞʝʥʥʷʤ ʷʢʦʩʪʽ ʩʘʤʦʛʦ ʢʦʥʪʝʥʪʫ. 

ɹʘʟʦʚʘ ʩʭʝʤʘ ʦʨʛʘʥʽʟʘʮʽʾ ʤʝʨʝʞʽ CDN ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩ. 2.1 

 

ʈʠʩ.2.1. ɹʘʟʦʚʘ ʩʭʝʤʘ ʦʨʛʘʥʽʟʘʮʽʾ CDN ʤʝʨʝʞʽ 

 

ʂʽʥʮʝʚʽ ʢʦʨʠʩʪʫʚʘʯʽ ʟʘʧʠʪʫʶʪʴ ʜʘʥʽ ʚʽʜ ʧʝʚʥʦʛʦ ʧʦʩʪʘʯʘʣʴʥʠʢʘ 

ʩʝʨʚʽʩʫ. ʄʝʨʝʞʘ CDN ʚʠʟʥʘʯʘʻ ʤʽʩʮʝʟʥʘʭʦʜʞʝʥʥʷ ʢʦʨʠʩʪʫʚʘʯʘ, 

ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ ʧʨʠ ʮʴʦʤʫ IP ʘʜʨʝʩʫ ʢʣʽʻʥʪʘ, ʪʘ ʥʘʧʨʘʚʣʷʻ ʟʘʧʠʪ ʜʦ 

ʥʘʡʙʣʠʞʯʦʛʦ ʢʝʰʫʶʯʦʛʦ ʩʝʨʚʝʨʘ. ʂʝʰ-ʩʝʨʚʝʨ ʧʝʨʝʚʽʨʷʻ, ʯʠ ʻ ʜʘʥʽ ʜʦʩʪʫʧʥʽ 

ʚ ʡʦʛʦ ʣʦʢʘʣʴʥʦʤʫ ʢʝʰʽ. ʗʢʱʦ ʪʘʢ, ʚʽʥ ʚʽʜʨʘʟʫ ʥʘʜʘʻ ʢʦʥʪʝʥʪ ʢʦʨʠʩʪʫʚʘʯʫ. 

ɯʥʘʢʰʝ ʟʘʧʠʪ ʥʘʜʩʠʣʘʻʪʴʩʷ ʜʦ ʩʫʩʽʜʥʴʦʛʦ ʢʝʰ-ʩʝʨʚʝʨʘ ʘʙʦ ʜʦ 

ʢʦʨʝʥʝʚʦʛʦ(Origin) ʩʝʨʚʝʨʘ. ʆʪʨʠʤʘʥʽ ʚʽʜ ʢʦʨʝʥʝʚʦʛʦ ʩʝʨʚʝʨʘ ʜʘʥʽ 
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ʧʝʨʝʜʘʶʪʴʩʷ ʢʦʨʠʩʪʫʚʘʯʫ, ʘ ʪʘʢʦʞ ʟʙʝʨʽʛʘʶʪʴʩʷ ʚ ʢʝʰʽ ʜʣʷ ʤʘʡʙʫʪʥʽʭ 

ʟʘʧʠʪʽʚ. ʎʷ ʩʭʝʤʘ ʻ ʜʦʩʠʪʴ ʧʨʦʩʪʦʶ, ʘʣʝ ʤʘʻ ʧʝʚʥʽ ʥʝʜʦʣʽʢʠ ʟ ʪʦʯʢʠ ʟʦʨʫ 

ʙʝʟʧʝʢʠ. ʆʜʠʥ ʟ ʦʩʥʦʚʥʠʭ ʥʝʜʦʣʽʢʽʚ ʧʦʣʷʛʘʻ ʚ ʪʦʤʫ, ʱʦ ʜʦʩʪʫʧ ʜʦ 

ʢʦʨʝʥʝʚʦʛʦ ʩʝʨʚʝʨʘ ʤʦʞʣʠʚʠʡ ʟ ʙʫʜʴ-ʷʢʦʾ ʣʦʢʘʮʽʾ. ʂʨʽʤ ʪʦʛʦ, ʪʘʢʘ ʩʭʝʤʘ 

ʟʘʚʞʜʠ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʙʽʣʴʰʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ ʥʘ ʢʦʨʝʥʝʚʠʡ ʩʝʨʚʝʨ, 

ʦʩʢʽʣʴʢʠ ʢʝʰ-ʩʝʨʚʝʨʠ ʟʚʝʨʪʘʶʪʴʩʷ ʜʦ ʥʴʦʛʦ ʫ ʚʠʧʘʜʢʫ ʚʽʜʩʫʪʥʦʩʪʽ ʜʘʥʠʭ ʫ 

ʾʭʥʴʦʤʫ ʢʝʰʽ [34-37]. 

ɼʣʷ ʪʦʛʦ ʱʦʙ ʚʠʧʨʘʚʠʪʠ ʚʩʽ ʥʝʜʦʣʽʢʠ ʪʘʢʦʾ ʨʝʘʣʽʟʘʮʽʾ, ʚ CDN ʤʝʨʝʞʘʭ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʪʝʭʥʦʣʦʛʽʶ ʝʢʨʘʥʫʚʘʥʥʷ(Shielding)  CDN. ʉʭʝʤʘ ʨʦʙʦʪʠ ʽʟ 

ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʮʽʻʾ ʪʝʭʥʦʣʦʛʽʾ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩʫʥʢʫ 2.2.  

 

ʈʠʩ.2.2. ʉʭʝʤʘ ʨʦʙʦʪʠ CDN ʤʝʨʝʞʽ ʽʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʝʢʨʘʥʫʚʘʥʥʷ 

ʩʝʨʚʝʨʘ ʧʦʭʦʜʞʝʥʥʷ 

 

ʋ ʮʽʡ ʩʭʝʤʽ ʦʩʦʙʣʠʚʽʩʪʴ ʧʦʣʷʛʘʻ ʚ ʪʦʤʫ, ʱʦ ʜʦʩʪʫʧ ʜʦ ʢʦʨʝʥʝʚʦʛʦ 

ʩʝʨʚʝʨʘ ʜʦʟʚʦʣʝʥʠʡ ʣʠʰʝ ʟ ʦʜʥʦʛʦ ʤʽʩʮʷ. ɺʩʽ ʽʥʰʽ ʢʝʰ-ʩʝʨʚʝʨʠ ʟ ʙʫʜʴ-ʷʢʠʭ 

ʽʥʰʠʭ ʤʽʩʮʴ ʙʫʜʫʪʴ ʦʪʨʠʤʫʚʘʪʠ ʢʦʥʪʝʥʪ ʚʽʜ ʧʨʦʤʽʞʥʦʛʦ ʢʝʰ-ʩʝʨʚʝʨʘ, ʷʢʠʡ 

ʤʘʻ ʩʚʦʾ ʚʣʘʩʥʽ ʧʨʘʚʠʣʘ ʢʝʰʫʚʘʥʥʷ ʪʘ ʟʚʝʨʪʘʻʪʴʩʷ ʜʦ ʩʝʨʚʝʨʘ ʧʝʨʰʦʜʞʝʨʝʣʘ 

ʣʠʰʝ ʪʦʜʽ, ʢʦʣʠ ʥʝ ʤʘʻ ʥʝʦʙʭʽʜʥʠʭ ʜʘʥʠʭ ʫ ʩʚʦʻʤʫ ʢʝʰʽ. ʅʘ ʨʠʩʫʥʢʫ 2.2. ʮʶ 
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ʬʫʥʢʮʽʶ ʚʠʢʦʥʫʻ ʢʝʰ-ʩʝʨʚʝʨ ʫ ʊʦʢʽʦ. ɿʘ ʨʘʭʫʥʦʢ ʪʦʛʦ, ʱʦ ʢʝʰ-ʩʝʨʚʝʨʠ ʟ 

ʙʫʜʴ-ʷʢʠʭ ʤʽʩʮʴ ʙʫʜʫʪʴ ʟʚʝʨʪʘʪʠʩʷ ʜʦ ʧʨʦʤʽʞʥʦʛʦ ʩʝʨʚʝʨʘ ʚʜʘʻʪʴʩʷ 

ʟʤʝʥʰʠʪʠ ʥʘʚʘʥʪʘʞʝʥʥʷ ʥʘ ʩʝʨʚʝʨ ʧʦʭʦʜʞʝʥʥʷ. ʎʝʡ ʧʨʦʤʽʞʥʠʡ ʩʝʨʚʝʨ, ʚ 

ʙʽʣʴʰʦʩʪʽ ʚʠʧʘʜʢʽʚ, ʙʫʜʝ ʤʘʪʠ ʟʘʟʜʘʣʝʛʽʜʴ ʢʝʰʦʚʘʥʠʡ ʢʦʥʪʝʥʪ. ʑʝ ʦʜʥʽʻʶ 

ʧʝʨʝʚʘʛʦʶ ʜʘʥʦʛʦ ʤʝʪʦʜʫ ʦʨʛʘʥʽʟʘʮʽʾ CDN ʤʝʨʝʞʽ ʻ ʙʝʟʧʝʢʘ, ʦʩʢʽʣʴʢʠ 

ʜʦʩʪʫʧ ʜʦ ʢʦʨʝʥʝʚʦʛʦ ʩʝʨʚʝʨʘ ʜʦʩʪʫʧʥʠʡ ʣʠʰʝ ʟ ʦʜʥʦʛʦ ʤʽʩʮʷ, ʘ ʫ ʜʝʷʢʠʭ 

ʚʠʧʘʜʢʘʭ ʥʘʚʽʪʴ ʦʜʥʽʻʾ IP ʘʜʨʝʩʠ [38-41]. 

ɼʣʷ ʦʪʨʠʤʘʥʥʷ ʰʚʠʜʢʦʾ ʚʽʜʧʦʚʽʜʽ ʚʩʽ ʟʘʧʠʪʠ ʢʽʥʮʝʚʠʭ ʢʦʨʠʩʪʫʚʘʯʽʚ, 

ʙʫʜʫʪʴ ʥʘʧʨʘʚʣʝʥʽ ʜʦ ʥʘʡʙʣʠʞʯʦʛʦ ʘʙʦ ʞ ʥʘʡʤʝʥʰ ʟʘʚʘʥʪʘʞʝʥʦʛʦ 

ʢʝʰʫʶʯʦʛʦ ʩʝʨʚʝʨʘ. ʗʢ ʧʨʘʚʠʣʦ ʦʩʥʦʚʥʠʡ ʤʝʭʘʥʽʟʤ ʨʦʙʦʪʠ CDN ʧʦʣʷʛʘʻ ʫ 

ʧʨʘʚʠʣʴʥʦʤʫ  ʚʠʙʦʨʽ ʩʝʨʚʝʨʘ ʚʽʜʜʘʯʽ ʢʦʥʪʝʥʪʫ ʜʣʷ ʢʦʞʥʦʛʦ ʢʦʨʠʩʪʫʚʘʯʘ, 

ʙʘʟʫʶʯʠʩʴ ʥʘ ʡʦʛʦ ʣʦʢʘʮʽʾ. ʉʝʨʝʜ ʧʦʰʠʨʝʥʠʭ ʤʝʪʦʜʽʚ ʚʠʙʦʨʫ ʤʦʞʥʘ 

ʚʠʜʽʣʠʪʠ ʥʘʩʪʫʧʥʽ: 

ü ʚʠʙʽʨ ʥʘʡʙʣʠʞʯʦʛʦ ʜʦ ʢʦʨʠʩʪʫʚʘʯʘ ʩʝʨʚʝʨʘ, ʱʦ ʙʘʟʫʻʪʴʩʷ ʥʘ 

ʩʣʫʞʙʽ ʜʦʤʝʥʥʠʭ ʽʤʝʥ DNS; 

ü ʚʠʟʥʘʯʝʥʥʷ ʩʪʫʧʝʥʷ ʟʘʚʘʥʪʘʞʝʥʦʩʪʽ ʢʦʞʥʦʛʦ ʢʝʰʫʶʯʦʛʦ 

ʩʝʨʚʝʨʘ, ʪʘ ʚʠʙʽʨ ʩʝʨʚʝʨʘ, ʷʢʠʡ ʥʘʡʤʝʥʰ ʟʘʚʘʥʪʘʞʝʥʠʡ ʪʘ ʥʘʡʙʣʠʞʯʝ ʜʦ 

ʣʦʢʘʮʽʾ ʢʦʨʠʩʪʫʚʘʯʘ; 

ü ʚʠʙʽʨ ʩʝʨʚʝʨʘ, ʱʦ ʜʘʩʪʴ ʟʤʦʛʫ ʟʘʙʝʟʧʝʯʠʪʠ ʤʽʥʽʤʘʣʴʥʝ ʟʥʘʯʝʥʥʷ 

ʯʘʩʫ ʟʘʪʨʠʤʢʠ ʧʨʠ ʧʝʨʝʜʘʯʽ ʜʘʥʠʭ ʥʘ ʰʣʷʭʫ ʜʦ ʢʽʥʮʝʚʦʛʦ ʢʦʨʠʩʪʫʚʘʯʘ  

[42-43]. 

ɺʩʽ ʮʽ ʤʝʪʦʜʠ, ʙʝʟʫʤʦʚʥʦ ʻ ʚʘʞʣʠʚʠʤʠ ʪʘ ʧʦʪʨʽʙʥʠʤʠ ʜʣʷ ʦʨʛʘʥʽʟʘʮʽʾ 

ʝʬʝʢʪʠʚʥʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʨʝʩʫʨʩʽʚ ʚʫʟʣʽʚ ʜʦʩʪʘʚʢʠ ʢʦʥʪʝʥʪʫ ʪʘ ʤʝʨʝʞʽ 

ʧʝʨʝʜʘʯʽ ʜʘʥʠʭ [44-45].  

 

2.2. ʉʭʝʤʘ ʤʘʨʰʨʫʪʠʟʘʮʽʾ ʟʘʧʠʪʽʚ ʚ ʤʝʨʝʞʽ CDN 

ɺʠʢʦʨʠʩʪʘʥʥʷ CDN (ʤʝʨʝʞ ʜʦʩʪʘʚʢʠ ʢʦʥʪʝʥʪʫ) ʢʦʥʪʝʥʪ-

ʧʨʦʚʘʡʜʝʨʘʤʠ ʩʧʨʠʷʻ ʧʽʜʚʠʱʝʥʥʶ ʰʚʠʜʢʦʩʪʽ ʟʘʚʘʥʪʘʞʝʥʥʷ ʮʠʬʨʦʚʦʛʦ 

ʩʪʘʪʠʯʥʦʛʦ ʢʦʥʪʝʥʪʫ, ʪʘʢʦʛʦ ʷʢ ʘʫʜʽʦ, ʚʽʜʝʦ, ʧʨʦʛʨʘʤʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ ʪʘ 



 

65 

ʽʛʦʨ, ʜʣʷ ʢʦʨʠʩʪʫʚʘʯʽʚ ɯʥʪʝʨʥʝʪʫ ʫ ʪʦʯʢʘʭ, ʜʝ ʜʦʩʪʫʧʥʘ ʤʝʨʝʞʘ CDN. 

ʆʩʥʦʚʥʘ ʤʝʪʘ CDN - ʤʘʢʩʠʤʘʣʴʥʦ ʥʘʙʣʠʟʠʪʠ ʢʦʥʪʝʥʪ ʜʦ ʢʽʥʮʝʚʦʛʦ 

ʢʦʨʠʩʪʫʚʘʯʘ [46]. 

 

ʈʠʩ.2.3. ʉʭʝʤʘ ʤʘʨʰʨʫʪʠʟʘʮʽʾ ʟʘʧʠʪʽʚ ʢʦʨʠʩʪʫʚʘʯʘ ʫ ʤʝʨʝʞʽ ʜʦʩʪʘʚʢʠ 

ʢʦʥʪʝʥʪʫ CDN 

ʇʨʦʮʝʩ ʦʪʨʠʤʘʥʥʷ ʩʪʘʪʠʯʥʠʭ ʜʘʥʠʭ ʯʝʨʝʟ CDN ʤʦʞʥʘ ʧʨʝʜʩʪʘʚʠʪʠ ʫ 

ʢʽʣʴʢʘ ʝʪʘʧʽʚ (ʨʠʩ.2.3) 

ü ʂʦʨʠʩʪʫʚʘʯ ʽʥʽʮʽʶʻ ʧʨʦʮʝʩ ʦʪʨʠʤʘʥʥʷ ʜʦʩʪʫʧʫ ʜʦ ʨʝʩʫʨʩʫ (ʚʝʙ-

ʩʘʡʪ ʯʠ ʚʽʜʝʦʜʦʜʘʪʦʢ) ʽ ʡʦʛʦ ʢʣʽʻʥʪ (ʚ ʙʽʣʴʰʦʩʪʽ ʚʠʧʘʜʢʽʚ ʙʨʘʫʟʝʨ) ʬʦʨʤʫʻ 

ʟʘʧʠʪ ʜʦ  DNS ʩʝʨʚʝʨʘ ʜʣʷ ʧʝʨʝʪʚʦʨʝʥʥʷ ʜʦʤʝʥʥʦʛʦ ʽʤʝʥʽ ʚ IP-ʘʜʨʝʩʫ. 

ü ɺʠʢʦʨʠʩʪʦʚʫʶʯʠ ʩʪʘʥʜʘʨʪʥʽ ʤʝʭʘʥʽʟʤʠ ʨʦʙʦʪʠ ʩʣʫʞʙʠ DNS, 

ʢʣʽʻʥʪʩʴʢʠʡ ʩʝʨʚʝʨ ʥʘʜʩʠʣʘʻ ʟʘʧʠʪ ʥʘ ʦʪʨʠʤʘʥʥʷ IP-ʘʜʨʝʩʠ ʜʦ 

ʘʚʪʦʨʠʪʝʪʥʦʛʦ (ʘʥʛʣ. authoritative) DNS. 

ü ɸʚʪʦʨʠʪʝʪʥʠʡ DNS ʩʝʨʚʝʨ ʬʦʨʤʫʻ ʚʽʜʧʦʚʽʜʴ, ʚʢʣʶʯʘʶʯʠ ʚ ʮʶ 

ʚʽʜʧʦʚʽʜʴ ʟʘʧʠʩ CNAME ʽʟ ʧʦʩʠʣʘʥʥʷʤ (ip-alias) ʥʘ ʨʝʩʫʨʩ CDN ʧʨʦʚʘʡʜʝʨʘ. 

ü ʅʘʩʪʫʧʥʠʤ ʢʨʦʢʦʤ ʢʣʽʻʥʪʩʴʢʠʡ DNS ʟʚʝʨʪʘʻʪʴʩʷ ʜʦ DNS 

ʩʝʨʚʝʨʘ CDN ʧʨʦʚʘʡʜʝʨʘ, ʪʘ ʦʯʽʢʫʻ ʦʪʨʠʤʘʪʠ ʘʜʨʝʩ ʥʘʡʙʣʠʞʯʦʛʦ ʩʝʨʚʝʨʘ 

ʜʣʷ ʜʦʩʪʘʚʢʠ ʢʦʥʪʝʥʪʫ ʟ ʡʦʛʦ ʣʦʢʘʮʽʾ  

ü ʌʦʨʤʫʶʯʠ ʚʽʜʧʦʚʽʜʴ, DNS ʩʝʨʚʝʨʠ CDN ʧʨʦʚʘʡʜʝʨʘ 

ʥʘʜʩʠʣʘʶʪʴ ʩʧʠʩʦʢ ʽʨ-ʘʜʨʝʩ ʢʝʰʫʶʯʠʭ ʩʝʨʚʝʨʽʚ ʽʟ ʣʦʢʘʮʽʾ ʢʦʨʠʩʪʫʚʘʯʘ (ʘʙʦ 
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ʥʘʡʙʣʠʞʯʦʾ ʜʦ ʥʝʾ). 

ü DNS ʩʝʨʚʝʨ ʢʣʽʻʥʪʘ ʚʽʜʜʘʻ ʦʜʥʫ ʘʙʦ ʜʝʢʽʣʴʢʘ ʘʜʨʝʩ ʢʣʽʻʥʪʫ(ʚ 

ʥʘʡʧʨʦʩʪʽʰʦʤʫ ʚʠʧʘʜʢʫ ʮʝ ʙʨʘʫʟʝʨ)ʢʽʥʮʝʚʦʛʦ ʢʦʨʠʩʪʫʚʘʯʘ. 

ü ʆʪʨʠʤʘʚʰʠ ʽʨ-ʘʜʨʝʩʫ ʢʝʰʫʶʯʦʛʦ ʩʝʨʚʝʨʘ, ʢʣʽʻʥʪ, ʷʢʠʡ 

ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʜʣʷ ʧʝʨʝʛʣʷʜʫ ʢʦʥʪʝʥʪʫ, ʟʚʝʨʪʘʻʪʴʩʷ ʟʘ ʮʠʤ ʢʦʥʪʝʥʪʦʤ ʜʦ 

ʢʦʥʢʨʝʪʥʦʛʦ ʢʝʰ-ʩʝʨʚʝʨʘ. 

ɺʘʨʪʦ ʪʘʢʦʞ ʟʘʟʥʘʯʠʪʠ, ʱʦ ʧʽʜ ʯʘʩ ʚʠʙʦʨʫ ʩʝʨʚʝʨʘ, ʜʦ ʷʢʦʛʦ ʚ 

ʧʦʜʘʣʴʰʦʤʫ ʙʫʜʫʪʴ ʥʘʧʨʘʚʣʝʥʽ ʟʘʧʠʪʠ ʢʦʨʠʩʪʫʚʘʯʽʚ ʽʟ  ʩʧʠʩʢʫ ʜʦʩʪʫʧʥʠʭ ʜʦ 

ʫʚʘʛʠ ʙʝʨʝʪʴʩʷ, ʟʘʚʘʥʪʘʞʝʥʽʩʪʴ ʪʘ ʜʦʩʪʫʧʥʽʩʪʴ ʩʝʨʚʝʨʽʚ, ʷʢʽ ʤʽʩʪʷʪʴ ʜʘʥʠʡ 

ʢʦʥʪʝʥʪ [47-48]. 

ʆʩʥʦʚʥʽ ʩʝʨʚʽʩʠ, ʷʢʽ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ CDN: 

 Http-ʢʝʰʫʚʘʥʥʷ. HTTP-ʢʦʥʪʝʥʪ ʘʚʪʦʤʘʪʠʯʥʦ ʟʙʝʨʽʛʘʻʪʴʩʷ ʥʘ 

ʩʝʨʚʝʨʘʭ ʨʦʟʧʦʜʽʣʫ ʽ ʥʘʜʩʠʣʘʻʪʴʩʷ ʢʦʨʠʩʪʫʚʘʯʘʤ ʟ ʥʘʡʙʽʣʴʰ ʧʽʜʭʦʜʷʱʦʛʦ 

ʩʝʨʚʝʨʘ ʟʘ ʾʭ ʟʘʧʠʪʦʤ. 

 ɺʽʜʝʦʩʪʨʽʤʽʥʛ ʟʘ ʟʘʧʠʪʦʤ (Video on Demand Streaming) - ʮʝ 

ʤʦʞʣʠʚʽʩʪʴ ʧʝʨʝʛʣʷʜʫ ʚʽʜʝʦʢʦʥʪʝʥʪʫ ʫ ʙʫʜʴ-ʷʢʠʡ ʯʘʩ, ʱʦ ʟʨʫʯʥʦ ʜʣʷ 

ʢʽʥʮʝʚʦʛʦ ʢʦʨʠʩʪʫʚʘʯʘ. ɺʽʥ ʜʦʟʚʦʣʷʻ ʧʝʨʝʛʣʷʜʘʪʠ ʚʽʜʝʦ ʟ ʙʫʜʴ-ʷʢʦʾ ʪʦʯʢʠ ʙʝʟ 

ʦʙʦʚ'ʷʟʢʦʚʦʛʦ ʟʘʚʘʥʪʘʞʝʥʥʷ ʚʩʴʦʛʦ ʚʤʽʩʪʫ [49]. 

 ʊʨʘʥʩʣʷʮʽʷ ʚʽʜʝʦ ʚ ʨʝʘʣʴʥʦʤʫ ʯʘʩʽ (Live Streaming) - ʮʝ 

ʤʦʞʣʠʚʽʩʪʴ ʧʝʨʝʛʣʷʜʫ ʚʽʜʝʦʢʦʥʪʝʥʪʫ ʚ ʨʝʞʠʤʽ ʨʝʘʣʴʥʦʛʦ ʯʘʩʫ. ʎʝ ʤʦʞʝ 

ʙʫʪʠ ʪʨʘʥʩʣʷʮʽʷ ʟ ʩʝʨʚʝʨʘ ʧʦʩʪʘʯʘʣʴʥʠʢʘ ʢʦʥʪʝʥʪʫ ʘʙʦ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʟ IP-

ʢʘʤʝʨʠ. ɯʥʰʠʤ ʚʘʞʣʠʚʠʤ ʘʩʧʝʢʪʦʤ Live Streaming ʻ ʪʨʘʥʩʣʷʮʽʷ ʧʨʷʤʦʛʦ 

ʝʬʽʨʫ ʪʝʣʝʢʘʥʘʣʽʚ ʯʝʨʝʟ ɯʥʪʝʨʥʝʪ [50-52]. 

ʂʦʜʫʚʘʥʥʷ ʚʽʜʝʦ ʚ ʨʝʞʠʤʽ ʨʝʘʣʴʥʦʛʦ ʯʘʩʫ. ʂʦʥʚʝʨʪʘʮʽʷ ʪʘ 

ʧʝʨʝʪʚʦʨʝʥʥʷ ʬʘʡʣʽʚ ʟ ʦʜʥʦʛʦ ʬʦʨʤʘʪʫ ʫ ʽʥʰʽ ʬʦʨʤʘʪʠ ʯʠ ʢʦʥʪʝʡʥʝʨʠ [53]. 

  ʇʝʨʝʢʦʜʫʚʘʥʥʷ ʚʽʜʝʦʧʦʪʦʢʽʚ. ʇʝʨʝʪʚʦʨʝʥʥʷ ʪʠʧʫ ʢʦʥʪʝʡʥʝʨʘ, 

ʢʦʜʝʢʘ (ʥʘʧʨʠʢʣʘʜ, MPEG2 ʚ H.264), ʘ ʪʘʢʦʞ ʟʤʽʥʘ ʙʽʪʨʝʡʪʫ, ʩʪʨʫʢʪʫʨʠ 

ʚʽʜʝʦʢʘʜʨʽʚ ʯʠ ʨʦʟʤʽʨʫ ʚʽʜʝʦ [54-58]. 

ɺʘʨʪʦ ʟʘʫʚʘʞʠʪʠ, ʱʦ, ʦʢʨʽʤ ʟʥʘʯʥʦʛʦ ʟʤʝʥʰʝʥʥʷ ʥʘʚʘʥʪʘʞʝʥʥʷ ʥʘ 
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ʢʦʨʝʥʝʚʽ ʩʝʨʚʝʨʠ ʜʦʜʘʪʢʽʚ, CDN ʤʝʨʝʞʘ ʚʠʢʦʥʫʻ ʽʥʰʽ ʚʘʞʣʠʚʽ ʬʫʥʢʮʽʾ. ɺʩʽ 

ʩʫʯʘʩʥʽ ʧʦʩʪʘʯʘʣʴʥʠʢʠ ʨʦʟʤʽʱʫʶʪʴ ʢʦʧʽʾ ʩʚʦʾʭ ʜʦʜʘʪʢʽʚ ʥʘ ʚʩʽʭ ʜʦʩʪʫʧʥʠʭ 

ʜʣʷ ʥʠʭ ʢʝʰ-ʩʝʨʚʝʨʘʭ. ʎʝ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʧʦʤʽʪʥʦʛʦ ʩʢʦʨʦʯʝʥʥʷ ʟʘʪʨʠʤʦʢ ʫ 

ʜʦʩʪʘʚʮʽ ʜʘʥʠʭ ʢʽʥʮʝʚʦʤʫ ʢʦʨʠʩʪʫʚʘʯʝʚʽ ʪʘ ʧʦʢʨʘʱʝʥʥʷ ʷʢʦʩʪʽ ʥʘʜʘʥʥʷ 

ʧʦʩʣʫʛ. ʉʫʪʪʻʚʝ ʩʢʦʨʦʯʝʥʥʷ ʯʘʩʫ ʜʦʩʪʘʚʢʠ ʢʦʥʪʝʥʪʫ ʻ ʦʜʥʽʻʶ ʟ̔ ʟʥʘʯʫʱʠʭ 

ʧʝʨʝʚʘʛ ʚʠʢʦʨʠʩʪʘʥʥʷ CDN ʤʝʨʝʞʽ. ʂʨʽʤ ʪʦʛʦ, ʚʠʢʦʨʠʩʪʘʥʥʷ CDN ʜʦʟʚʦʣʷʻ 

ʟʥʘʯʥʦ ʟʘʦʱʘʜʞʫʚʘʪʠ ʪʨʘʬʽʢ. ʇʝʨʝʜʘʯʘ ʬʘʡʣʽʚ ʥʘ ʽʥʰʠʡ ʢʦʥʪʠʥʝʥʪ ʦʜʠʥ 

ʨʘʟ, ʾʭ ʟʙʝʨʽʛʘʥʥʷ ʥʘ ʤʽʩʮʽ ʥʘ ʣʦʢʘʣʴʥʦʤʫ ʩʝʨʚʝʨʽ ʪʘ ʧʦʜʘʣʴʰʝ 

ʨʦʟʧʦʚʩʶʜʞʝʥʥʷ ʯʝʨʝʟ ʤʽʩʮʝʚʽ ʢʘʥʘʣʠ ʻ ʙʽʣʴʰ ʚʠʛʽʜʥʠʤ, ʥʽʞ ʧʝʨʝʜʘʯʘ ʪʦʛʦ 

ʩʘʤʦʛʦ ʪʨʘʬʽʢʫ ʪʠʩʷʯʽ ʨʘʟʽʚ ʯʝʨʝʟ ʤʽʞʢʦʥʪʠʥʝʥʪʘʣʴʥʽ ʢʘʥʘʣʠ ʧʝʨʝʜʘʯʽ 

ʜʘʥʠʭ. ʋʩʽ ʮʽ ʩʪʨʘʪʝʛʽʾ ʥʝʦʙʭʽʜʥʽ ʜʣʷ ʦʧʪʠʤʘʣʴʥʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʨʝʩʫʨʩʽʚ 

ʤʝʨʝʞʽ ʪʘ ʚʫʟʣʽʚ ʜʦʩʪʘʚʢʠ ʢʦʥʪʝʥʪʫ [59-61]. 

ɼʣʷ ʪʦʛʦ, ʱʦʙ ʟʘʙʝʟʧʝʯʠʪʠ ʤʦʞʣʠʚʽʩʪʴ  ʰʚʠʜʢʦ ʚʽʜʜʘʚʘʪʠ ʢʦʥʪʝʥʪ ʟ 

ʢʝʰʫʶʯʦʛʦ(Edge) ʩʝʨʚʝʨʘ, ʙʝʟ ʜʦʜʘʪʢʦʚʠʭ ʟʘʧʠʪʽʚ ʟʘ ʥʠʤ ʜʦ 

ʢʦʨʝʥʝʚʦʛʦ(Origin) ʩʝʨʚʝʨʘ, ʧʦʪʨʽʙʥʦ ʱʦʙ ʮʝʡ ʢʦʥʪʝʥʪ ʙʫʚ ʟʘʚʘʥʪʘʞʝʥʠʡ ʥʘ 

ʢʝʰ ʩʝʨʚʝʨ (ʽ ʟʘʣʠʰʘʚʩʷ ʪʘʤ). ɯʩʥʫʻ ʙʘʛʘʪʦ ʩʭʝʤ ʦʨʛʘʥʽʟʘʮʽʾ ʝʬʝʢʪʠʚʥʦʛʦ 

ʢʝʰʫʚʘʥʥʷ ʜʘʥʠʭ, ʥʘʡʧʦʰʠʨʝʥʽʰʠʤʠ ʩʝʨʝʜ ʷʢʠʭ ʤʦʞʥʘ ʟʘʟʥʘʯʠʪʠ ʥʘʩʪʫʧʥʽ: 

ü ʈʝʧʣʽʢʘʮʽʷ ʚʩʴʦʛʦ ʢʦʥʪʝʥʪʫ.  ʎʝʡ ʧʽʜʭʽʜ ʤʘʻ ʚʘʞʣʠʚʫ ʧʝʨʝʚʘʛʫ ʫ 

ʰʚʠʜʢʦʩʪʽ, ʚʢʣʶʯʘʶʯʠ ʧʝʨʰʫ ʚʽʜʧʦʚʽʜʴ. ʆʜʥʘʢ ʡʦʛʦ ʥʝʜʦʣʽʢʦʤ ʻ ʚʠʩʦʢʽ 

ʚʠʪʨʘʪʠ ʥʘ ʨʝʘʣʽʟʘʮʽʶ. 

ü ʈʝʧʣʽʢʘʮʽʷ ʟʘ ʧʝʨʰʠʤ ʟʚʝʨʥʝʥʥʷʤ (ʥʘʡʙʽʣʴʰ ʨʦʟʧʦʚʩʶʜʞʝʥʘ 

ʩʭʝʤʘ) ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʧʦʚʽʣʴʥʠʤ ʧʝʨʰʠʤ ʟʘʧʠʪʦʤ, ʧʨʦʪʝ ʚʩʽ ʧʦʜʘʣʴʰʽ 

ʟʘʧʠʪʠ ʚʽʜʙʫʚʘʶʪʴʩʷ ʰʚʠʜʰʝ. 

ü ɸʩʠʥʭʨʦʥʥʘ ʨʝʧʣʽʢʘʮʽʷ ʧʨʠ ʧʝʨʝʚʠʱʝʥʥʽ ʧʝʚʥʦʛʦ ʧʦʨʦʛʘ 

ʟʚʝʨʥʝʥʴ. ɹʽʣʴʰ ʝʢʦʥʦʤʽʯʥʠʡ ʚʘʨʽʘʥʪ, ʘʣʝ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʙʽʣʴʰʦʩʪʽ 

ʢʣʽʻʥʪʽʚ ʻ ʧʦʚʽʣʴʥʠʤ. ʇʦʨʷʜ ʟ ʧʦʣʽʪʠʢʦʶ ʢʝʰʫʚʘʥʥʷ ʜʽʻ ʧʦʣʽʪʠʢʘ ʦʯʠʱʝʥʥʷ 

ʢʝʰʫ, ʱʦ ʚʠʟʥʘʯʘʻ, ʢʦʣʠ ʩʘʤʝ ʦʙ'ʻʢʪ ʚʠʜʘʣʷʻʪʴʩʷ ʟ ʩʝʨʚʝʨʘ ʥʘ ʧʝʚʥʽʡ ʪʦʯʮʽ. 

ʅʘʡʧʦʰʠʨʝʥʽʰʽ ʧʽʜʭʦʜʠ ʚʢʣʶʯʘʶʪʴ[62-65]: 

ü ʚʠʜʘʣʝʥʥʷ ʧʽʩʣʷ ʧʝʚʥʦʛʦ ʧʝʨʽʦʜʫ "ʪʘʡʤ-ʘʫʪʫ", ʢʦʣʠ ʜʦ ʨʝʩʫʨʩʫ 
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ʥʝ ʟʚʝʨʪʘʣʠʩʷ; 

ü ʚʠʜʘʣʝʥʥʷ, ʷʢʱʦ ʢʽʣʴʢʽʩʪʴ ʟʚʝʨʥʝʥʴ ʜʦ ʨʝʩʫʨʩʫ ʤʝʥʰʘ ʟʘ ʧʝʚʥʝ 

ʟʥʘʯʝʥʥʷ; 

ü ʚʠʜʘʣʝʥʥʷ ʯʝʨʝʟ ʬʽʢʩʦʚʘʥʠʡ ʧʨʦʤʽʞʦʢ ʯʘʩʫ. 

 

2.3. ɹʘʣʘʥʩʫʚʘʥʥʷ ʪʘ ʨʦʟʧʦʜʽʣ ʥʘʚʘʥʪʘʞʝʥʥʷ ʫ CDN 

ʐʣʷʭʦʤ ʧʦʩʪʽʡʥʦʛʦ ʚʽʜʩʣʽʜʢʦʚʫʚʘʥʥʷ ʜʦʩʪʫʧʥʦʩʪʽ ʢʝʰ-ʩʝʨʚʝʨʽʚ ʚ 

ʤʝʨʝʞʽ, ʙʘʣʘʥʩʫʚʘʣʴʥʠʢ ʥʘʚʘʥʪʘʞʝʥʥʷ ʟʘʙʝʟʧʝʯʫʻ ʦʧʪʠʤʘʣʴʥʝ ʨʦʟʧʦʜʽʣʝʥʥʷ 

ʟʘʧʠʪʽʚ ʤʽʞ ʥʠʤʠ. ɺʘʨʪʦ ʚʽʜʟʥʘʯʠʪʠ, ʱʦ ʧʨʦʩʪʽ ʤʝʪʦʜʠ ʙʘʣʘʥʩʫʚʘʥʥʷ, ʪʘʢʽ 

ʷʢ, ʥʘʧʨʠʢʣʘʜ, DNS, ʥʝ ʟʜʘʪʥʽ ʝʬʝʢʪʠʚʥʦ ʨʦʟʧʦʜʽʣʷʪʠ ʪʨʘʬʽʢ, ʦʩʢʽʣʴʢʠ ʥʝ 

ʢʦʥʪʨʦʣʶʶʪʴ ʘʢʪʫʘʣʴʥʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ ʥʘ ʢʝʰ-ʩʝʨʚʝʨʠ. ɼʣʷ ʜʦʩʷʛʥʝʥʥʷ 

ʦʧʪʠʤʘʣʴʥʦʛʦ ʨʦʟʧʦʜʽʣʫ ʥʘʚʘʥʪʘʞʝʥʥʷ ʥʝʦʙʭʽʜʥʦ, ʱʦʙ ʙʘʣʘʥʩʫʚʘʣʴʥʠʡ 

ʧʨʠʩʪʨʽʡ ʤʘʚ ʽʥʬʦʨʤʘʮʽʶ ʧʨʦ ʟʘʚʘʥʪʘʞʝʥʽʩʪʴ ʢʦʞʥʦʛʦ ʩʝʨʚʝʨʘ. 

ɼʣʷ ʝʬʝʢʪʠʚʥʽʰʦʛʦ ʨʦʟʧʦʜʽʣʫ ʥʘʚʘʥʪʘʞʝʥʥʷ ʤʽʞ ʩʝʨʚʝʨʘʤʠ ʜʦʩʪʘʚʢʠ 

ʢʦʥʪʝʥʪʫ, ʨʦʟʪʘʰʦʚʘʥʠʤʠ ʚ ʦʜʥʦʤʫ ʘʙʦ ʢʽʣʴʢʦʭ ʜʘʪʘʮʝʥʪʨʘʭ, 

ʨʝʢʦʤʝʥʜʫʻʪʴʩʷ ʚʠʢʦʨʠʩʪʘʥʥʷ ʭʤʘʨʥʦʾ ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ (cloud). ʊʘʢʠʡ ʧʽʜʭʽʜ 

ʜʦʟʚʦʣʷʻ ʨʽʚʥʦʤʽʨʥʦ ʨʦʟʧʦʜʽʣʷʪʠ ʪʨʘʬʽʢ ʤʽʞ ʫʩʽʤʘ ʩʝʨʚʝʨʘʤʠ ʜʦʩʪʘʚʢʠ 

ʢʦʥʪʝʥʪʫ ʪʘ ʝʬʝʢʪʠʚʥʦ ʧʝʨʝʨʦʟʧʦʜʽʣʷʪʠ ʥʘʚʘʥʪʘʞʝʥʥʷ ʫ ʚʠʧʘʜʢʫ 

ʥʝʜʦʩʪʫʧʥʦʩʪʽ ʙʫʜʴ-ʷʢʦʛʦ ʟ ʮʠʭ ʩʝʨʚʝʨʽʚ [66]. 

 

ʈʠʩ.2.4. ɹʘʣʘʥʩʫʚʘʥʥʷ ʥʘʚʘʥʪʘʞʝʥʥʷ ʥʘ ʨʽʚʥʽ Cloud ʧʨʦʚʘʡʜʝʨʘ 
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ɺʽʜʧʦʚʽʜʥʦ ʜʦ ʨʠʩ. 2.4, ʧʨʦʮʝʩ ʙʘʣʘʥʩʫʚʘʥʥʷ ʥʘʚʘʥʪʘʞʝʥʥʷ ʤʦʞʝ ʙʫʪʠ 

ʚʠʢʦʥʘʥʦ ʟʘ ʜʚʦʤʘ ʢʨʠʪʝʨʽʷʤʠ. ʆʜʠʥ ʤʝʪʦʜ ʧʦʣʷʛʘʻ ʫ ʨʝʛʫʣʷʨʥʦʤʫ 

ʦʧʠʪʫʚʘʥʥʽ ʩʝʨʚʝʨʽʚ ʜʦʩʪʘʚʢʠ ʢʦʥʪʝʥʪʫ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʦʙʩʷʛʫ 

ʦʙʨʦʙʣʶʚʘʥʠʭ ʥʠʤʠ ʟʘʧʠʪʽʚ ʫ ʧʦʪʦʯʥʠʡ ʤʦʤʝʥʪ, ʪʘ ʥʘʧʨʘʚʣʝʥʥʽ ʟʘʧʠʪʽʚ ʥʘ 

ʩʝʨʚʝʨʠ ʟ ʥʘʡʤʝʥʰʠʤ ʥʘʚʘʥʪʘʞʝʥʥʷʤ. 

ɯʥʰʠʡ ʧʽʜʭʽʜ ʧʦʣʷʛʘʻ ʚ ʤʦʥʽʪʦʨʠʥʛʫ ʜʦʩʪʫʧʥʠʭ ʟ'ʻʜʥʘʥʴ ʥʘ ʢʦʞʥʦʤʫ 

ʩʝʨʚʝʨʽ ʪʘ ʤʘʨʰʨʫʪʠʟʘʮʽʾ ʟʘʧʠʪʽʚ ʜʦ ʩʝʨʚʝʨʘ ʟ ʥʘʡʙʽʣʴʰʦʶ ʢʽʣʴʢʽʩʪʶ 

ʜʦʩʪʫʧʥʠʭ ʟ'ʻʜʥʘʥʴ. 

 

ʈʠʩ.2.5. ɿʘʙʝʟʧʝʯʝʥʥʷ ʚʽʜʤʦʚʦʩʪʽʡʢʦʩʪʽ CDN ʨʝʩʫʨʩʫ 

 

ʅʘ ʨʠʩ.2.5 ʧʦʢʘʟʘʥʦ ʩʭʝʤʫ, ʷʢʘ ʧʝʨʝʜʙʘʯʘʻ ʨʝʟʝʨʚʫʚʘʥʥʷ ʨʝʩʫʨʩʽʚ ʜʣʷ 

ʧʝʨʝʜʘʯʽ ʯʝʨʝʟ CDN. ʎʝ ʜʦʟʚʦʣʷʻ ʥʝʛʘʡʥʦ ʧʝʨʝʢʣʶʯʠʪʠʩʷ ʥʘ 

ʘʣʴʪʝʨʥʘʪʠʚʥʠʡ ʜʘʪʘʮʝʥʪʨ ʫ ʨʘʟʽ ʧʨʦʙʣʝʤ ʟ ʦʩʥʦʚʥʠʤ. ʆʯʝʚʠʜʥʦ, ʱʦ 

ʟʘʙʝʟʧʝʯʝʥʥʷ ʪʘʢʦʛʦ ʨʝʟʝʨʚʫʚʘʥʥʷ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʟʙʽʣʴʰʝʥʥʷ ʬʽʥʘʥʩʦʚʠʭ 

ʚʠʪʨʘʪ ʥʘ ʧʦʙʫʜʦʚʫ ʪʘ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʤʝʨʝʞʽ CDN. 
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2.4. ʄʝʪʦʜ ʨʦʟʧʦʜʽʣʝʥʦʾ ʦʙʨʦʙʢʠ ʟʘʧʠʪʽʚ, ɦ ʦ ʧʦʪʨʝʙʫʶʪʴ 

ʟʥʘʯʥʠʭ ʦʙʯʠʩʣʶʚʘʣʴʥʠʭ ʨʝʩʫʨʩʽʚ ʚ ʪʦʯʢʘʭ ʧʨʠʩʫʪʥʦʩʪʽ 

CDN ʤʝʨʝʞʽ 

ɼʦʚʦʣʽ ʯʘʩʪʦ ʧʦʩʪʘʶʪʴ ʧʠʪʘʥʥʷ ʧʨʦ ʦʮʽʥʢʫ ʝʬʝʢʪʠʚʥʦʩʪʽ 

ʚʠʢʦʨʠʩʪʘʥʥʷ CDN ʤʝʨʝʞʽ ʪʘ ʾʾ ʨʝʩʫʨʩʽʚ. ʋ ʙʘʛʘʪʴʦʭ ʚʠʧʘʜʢʘʭ, ʢʦʣʠ 

ʢʦʨʠʩʪʫʚʘʯ ʟʘʧʠʪʫʻ ʦʜʠʥ ʩʪʘʪʠʯʥʠʡ ʬʘʡʣ, ʟʘʧʠʪ ʧʝʨʝʥʘʧʨʘʚʣʷʻʪʴʩʷ ʜʦ 

ʛʨʘʥʠʯʥʦʛʦ ʩʝʨʚʝʨʘ, ʷʢʠʡ, ʫ ʨʘʟʽ ʥʘʷʚʥʦʩʪʽ ʬʘʡʣʫ ʚ ʢʝʰʽ, ʚʽʜʨʘʟʫ ʥʘʜʽʰʣʝ 

ʡʦʛʦ ʢʣʽʻʥʪʫ. ʊʘʢʽ ʪʠʧʠ ʟʘʧʠʪʽʚ ʜʦʚʦʣʽ ʧʨʦʩʪʦ ʢʝʰʫʚʘʪʠ ʽ ʝʬʝʢʪʠʚʥʽʩʪʴ 

ʢʝʰʫʚʘʥʥʷ ʚ ʪʘʢʦʤʫ ʚʠʧʘʜʢʫ ʙʫʜʝ ʜʦʩʠʪʴ ʚʠʩʦʢʦ .ʁ ʆʜʥʘʢ, ʯʘʩʪʦ ʙʫʚʘʶʪʴ 

ʚʠʧʘʜʢʠ, ʫ ʷʢʠʭ ʢʦʨʠʩʪʫʚʘʯ ʟʘʧʠʪʫʻ ʥʝ ʦʜʠʥ ʥʘʙʽʨ ʜʘʥʠʭ, ʘ ʙʘʛʘʪʦ, 

ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ ʧʨʠ ʮʴʦʤʫ ʦʜʠʥ ʟʘʧʠʪ. ʅʘʡʧʨʦʩʪʽʰʠʤ ʧʨʠʢʣʘʜʦʤ ʪʘʢʦʛʦ 

ʟʘʧʠʪʫ ʤʦʞʝ ʙʫʪʠ ʩʪʦʨʽʥʢʘ ʽʥʪʝʨʥʝʪ-ʤʘʛʘʟʠʥʫ ʽʟ ʩʧʠʩʢʦʤ ʪʦʚʘʨʽʚ ʚ ʧʝʚʥʽʡ 

ʢʘʪʝʛʦʨʽʾ. ɺ ʪʘʢʦʤʫ ʚʘʨʽʘʥʪʽ, ʚ ʟʘʧʠʪʽ ʚʽʜ ʢʣʽʻʥʪʘ ʙʫʜʝ ʤʽʩʪʠʪʠʩʴ ʚʝʣʠʢʘ 

ʢʽʣʴʢʽʩʪʴ ʪʦʚʘʨʽʚ ʥʘ ʷʢʽ ʧʦʪʨʽʙʥʦ ʦʪʨʠʤʘʪʠ ʽʥʬʦʨʤʘʮʽʶ ʧʨʦ ʾʭʥʽʡ ʦʧʠʩ, 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ, ʮʽʥʠ, ʥʘʷʚʥʽʩʪʴ ʥʘ ʩʢʣʘʜʽ, ʨʝʡʪʠʥʛ, ʚʽʜʛʫʢʠ ʽ ʽʥʰʘ 

ʽʥʬʦʨʤʘʮʽʷ. ʗʢʱʦ ʪʘʢʠʡ ʟʘʧʠʪ ʧʝʨʝʥʘʧʨʘʚʠʪʠ ʥʘ ʦʜʠʥ ʛʨʘʥʠʯʥʠʡ ʩʝʨʚʝʨ, ʪʦ 

ʡʤʦʚʽʨʥʽʩʪʴ ʪʦʛʦ, ʱʦ ʽʥʬʦʨʤʘʮʽʷ ʧʨʦ ʚʩʽ ʮʽ ʪʦʚʘʨʠ ʙʫʜʝ ʤʽʩʪʠʪʠʩʷ ʚ ʢʝʰʽ 

ʜʘʥʦʛʦ ʩʝʨʚʝʨ ʜʫʞʝ ʤʘʣʘ. ʎʝ ʦʟʥʘʯʘʻ, ʱʦ ʚʝʩʴ ʮʝʡ ʟʘʧʠʪ ʙʫʜʝ 

ʧʝʨʝʥʘʧʨʘʚʣʝʥʦ ʥʘ ʢʦʨʝʥʝʚʠʡ ʩʝʨʚʝʨ, ʷʢʠʡ ʧʦʚʠʥʝʥ ʦʙʨʦʙʠʪʠ ʟʘʧʠʪ ʪʘ 

ʩʬʦʨʤʫʚʘʪʠ ʚʽʜʧʦʚʽʜʴ ʜʣʷ ʛʨʘʥʠʯʥʦʛʦ ʩʝʨʚʝʨʘ, ʷʢʘ ʧʦʪʽʤ ʥʘʧʨʘʚʠʪʴʩʷ 

ʢʣʽʻʥʪʫ ʪʘ ʟʙʝʨʝʞʝʪʴʩʷ ʚ ʢʝʰʽ.  

ʉʭʝʤʘ ʧʨʦʭʦʜʞʝʥʥʷ ʪʘʢʦʛʦ ʪʠʧʫ ʟʘʧʠʪʫ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩʫʥʢʫ 2.6. 

ʗʢ ʙʘʯʠʤʦ ʽʟ ʩʭʝʤʠ, ʢʦʨʠʩʪʫʚʘʯ ʟʘʧʠʪʫʻ ʽʥʬʦʨʤʘʮʽʶ ʧʨʦ ʩʧʠʩʦʢ ʧʨʦʜʫʢʪʽʚ 

ʪʘ ʾʭʥʽ ʜʝʪʘʣʽ, ʘ ʩʘʤʝ ʮʽʥʘ, ʦʧʠʩ, ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ, ʟʦʙʨʘʞʝʥʥʷ ʪʘ ʽʥʰʝ. ʏʠʤ 

ʙʽʣʴʰʝ ʢʽʣʴʢʽʩʪʴ ʪʦʚʘʨʽʚ ʙʫʜʝ ʚ ʪʘʢʦʤʫ ʟʘʧʠʪʽ, ʪʠʤ ʤʝʥʰʦʶ ʙʫʜʝ 

ʡʤʦʚʽʨʥʽʩʪʴ ʪʦʛʦ, ʱʦ ʚʩʽ ʪʘʢʽ ʪʦʚʘʨʠ ʙʫʜʫʪʴ ʟʥʘʭʦʜʠʪʠʩʴ ʚ ʢʝʰʽ  ʛʨʘʥʠʯʥʦʛʦ 

ʩʝʨʚʝʨʘ.  
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ʈʠʩ.2.6. ʉʭʝʤʘ ʧʨʦʭʦʜʞʝʥʥʷ ʟʘʧʠʪʫ ʥʘ ʦʪʨʠʤʘʥʥʷ ʩʧʠʩʢʫ ʪʦʚʘʨʽʚ 

ʯʝʨʝʟ CDN ʤʝʨʝʞʫ 

 

ʅʘ ʨʠʩʫʥʢʫ 2.6, ʢʽʣʴʢʽʩʪʴ ʪʦʚʘʨʽʚ ʩʪʘʥʦʚʠʪʴ 10, ʱʦ ʻ ʟʦʚʩʽʤ ʤʘʣʦ. ɺ 

ʪʘʢʦʤʫ ʚʠʧʘʜʢʫ Load Balancer ʥʘʜʩʠʣʘʻ ʟʘʧʠʪʠ ʥʘ ʢʝʰʫʶʯʽ ʩʝʨʚʝʨʠ. ɺ 

ʜʘʥʦʤʫ ʧʨʝʜʩʪʘʚʣʝʥʽ, Edge 1 ʪʘ Edge 3 ʥʝ ʤʘʶʪʴ ʜʘʥʠʭ ʧʨʦ ʚʩʽ ʮʽ 10 ʪʦʚʘʨʽʚ 

ʚ ʢʝʰʽ, ʪʦʤʫ ʚʝʩʴ ʟʘʧʠʪ ʧʝʨʝʥʘʧʨʘʚʣʷʻʪʴʩʷ ʥʘ ʢʦʨʝʥʝʚʠʡ ʩʝʨʚʝʨ. ʉʝʨʚʝʨ 

Edge 2 ʤʽʩʪʠʪʴ ʚʩʽ ʪʦʚʘʨʠ ʚ ʢʝʰʽ, ʪʦʤʫ ʚʽʜʨʘʟʫ ʤʦʞʝ ʩʬʦʨʤʫʚʘʪʠ ʚʽʜʧʦʚʽʜʴ 

ʢʣʽʻʥʪʫ. ɿʨʦʟʫʤʽʣʦ, ʱʦ ʯʠʤ ʙʽʣʴʰʝ ʙʫʜʝ ʪʘʢʠʭ ʟʘʧʠʪʽʚ, ʪʘ ʯʠʤ ʙʽʣʴʰʦʶ ʙʫʜʝ 

ʢʽʣʴʢʽʩʪʴ ʪʦʚʘʨʽʚ, ʪʠʤ ʤʝʥʰʦʶ ʙʫʜʝ ʡʤʦʚʽʨʥʽʩʪʴ ʪʦʛʦ ʱʦ ʚʩʽ ʚʦʥʠ ʙʫʜʫʪʴ 

ʦʙʨʦʙʣʝʥʽ ʥʘ ʩʪʦʨʦʥʽ ʛʨʘʥʠʯʥʦʛʦ ʩʝʨʚʝʨʘ ʙʝʟ ʫʯʘʩʪʽ ʢʦʨʝʥʝʚʦʛʦ ʩʝʨʚʝʨʘ. 

ʊʘʢʦʞ ʩʣʽʜ ʜʦʜʘʪʠ ʪʦʡ ʬʘʢʪ, ʱʦ ʯʠʤ ʙʽʣʴʰʝ ʽʥʬʦʨʤʘʮʽʾ ʧʦʪʨʽʙʥʦ ʙʫʜʝ 

ʦʪʨʠʤʘʪʠ ʚʽʜ ʢʦʨʝʥʝʚʦʛʦ ʩʝʨʚʝʨʘ, ʪʠʤ ʩʢʣʘʜʥʽʰʝ ʡʦʤʫ ʙʫʜʝ ʾʾ ʦʙʨʦʙʠʪʠ ʪʘ 

ʥʘʜʽʩʣʘʪʠ ʚʽʜʧʦʚʽʜʴ, ʦʩʢʽʣʴʢʠ ʚʩʝ ʮʝ ʚʠʤʘʛʘʻ ʟʥʘʯʥʠʭ ʦʙʯʠʩʣʶʚʘʣʴʥʠʭ 

ʨʝʩʫʨʩʽʚ. 
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ɼʣʷ ʪʦʛʦ, ʱʦʙ ʧʦʢʨʘʱʠʪʠ ʝʬʝʢʪʠʚʥʽʩʪʴ ʢʝʰʫʚʘʥʥʷ ʪʘ ʦʙʨʦʙʢʠ ʟʘʧʠʪʽʚ 

ʪʘʢʦʛʦ ʪʠʧʫ, ʘ ʪʘʢʦʞ ʟʤʝʥʰʠʪʠ ʥʘʚʘʥʪʘʞʝʥʥʷ ʥʘ ʢʦʨʝʥʝʚʠʡ ʩʝʨʚʝʨ, 

ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʩʭʝʤʫ ʽʟ ʨʦʟʧʘʨʘʣʝʣʝʥʥʷʤ ʦʜʥʦʛʦ ʟʘʧʠʪʫ, ʱʦ ʧʦʪʨʝʙʫʻ 

ʟʥʘʯʥʠʭ ʦʙʯʠʩʣʶʚʘʣʴʥʠʭ ʨʝʩʫʨʩʽʚ, ʥʘ ʚʝʣʠʢʫ ʢʽʣʴʢʽʩʪʴ ʧʨʦʩʪʠʭ. ɼʣʷ 

ʧʨʠʢʣʘʜʫ, ʷʢʱʦ ʢʦʨʠʩʪʫʚʘʯ ʟʘʧʠʪʫʻ ʽʥʬʦʨʤʘʮʽʶ ʧʨʦ 10 ʪʦʚʘʨʽʚ, Product1, 

Product2, é. Product10, ʪʦ Load Balancer ʨʦʟʜʽʣʠʪʴ ʮʝʡ ʟʘʧʠʪ ʽʟ 10 ʪʦʚʘʨʽʚ ʥʘ 

10 ʧʨʦʩʪʠʭ ʟʘʧʠʪʽʚ ʧʦ ʦʜʥʦʤʫ ʪʦʚʘʨʫ. Load Balancer ʧʨʠ ʥʘʧʨʘʚʣʝʥʥʽ ʟʘʧʠʪʫ 

ʥʘ ʛʨʘʥʠʯʥʠʡ ʩʝʨʚʝʨ ʙʫʜʝ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʘʣʛʦʨʠʪʤ ʨʦʙʦʪʠ, ʷʢʠʡ ʪʘʢʦʞ 

ʚʨʘʭʦʚʫʻ ʟʘʚʘʥʪʘʞʝʥʽʩʪʴ ʩʘʤʦʛʦ ʛʨʘʥʠʯʥʦʛʦ ʩʝʨʚʝʨʘ ʪʘ ʥʘʷʚʥʽʩʪʴ ʢʦʥʪʝʥʪʫ ʚ 

ʡʦʛʦ ʧʘʤ'ʷʪʽ. ɺʽʜʧʦʚʽʜʥʦ ʥʘ ʛʨʘʥʠʯʥʽ ʩʝʨʚʝʨʠ ʙʫʜʫʪʴ ʥʘʜʭʦʜʠʪʠ ʟʘʧʠʪʠ ʟʘ 

ʦʢʨʝʤʠʤ ʪʦʚʘʨʦʤ. ɯ ʚ ʪʘʢʦʤʫ ʚʠʧʘʜʢʫ ʢ-ʩʪʴ ʟʘʧʠʪʽʚ ʜʦ ʛʨʘʥʠʯʥʠʭ ʩʝʨʚʝʨʽʚ 

ʚʽʜ LB ʟʨʦʩʪʝ, ʘʣʝ ʪʨʠʚʘʣʽʩʪʴ ʾʭ ʦʙʨʦʙʢʠ ʟʥʠʟʠʪʴʩʷ ʪʘ ʝʬʝʢʪʠʚʥʽʩʪʴ 

ʢʝʰʫʚʘʥʥʷ ʜʘʥʠʭ ʧʦʢʨʘʱʠʪʴʩʷ. ʉʭʝʤʘ ʪʘʢʦʛʦ ʨʦʟʜʽʣʝʥʥʷ ʟʘʧʠʪʽʚ 

ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩʫʥʢʫ 2.7.  

 

ʈʠʩ. 2.7. ʉʭʝʤʘ ʧʨʦʭʦʜʞʝʥʥʷ ʟʘʧʠʪʫ ʥʘ ʦʪʨʠʤʘʥʥʷ ʩʧʠʩʢʫ ʪʦʚʘʨʽʚ 

ʯʝʨʝʟ CDN ʤʝʨʝʞʫ ʽʟ ʨʦʟʜʽʣʝʥʥʷʤ ʟʘʧʠʪʽʚ ʥʘ ʨʽʚʥʽ ʙʘʣʘʥʩʫʚʘʣʴʥʠʢʘ 

ʥʘʚʘʥʪʘʞʝʥʥʷ 

 

ʅʘ ʨʠʩʫʥʢʫ 2.7 ʧʨʝʜʩʪʘʚʣʝʥʦ ʟʘʧʠʪ ʢʦʨʠʩʪʫʚʘʯʝʤ ʩʧʠʩʢʫ 10 ʪʦʚʘʨʽʚ. 

ʎʝʡ ʟʘʧʠʪ ʥʘʜʭʦʜʠʪʴ ʥʘ ʙʘʣʘʥʩʫʚʘʣʴʥʠʢ ʥʘʚʘʥʪʘʞʝʥʥʷ  ʷʢʠʡ ʧʨʘʮʶʻ ʥʘ 
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ʨʽʚʥʽ ʛʨʘʥʠʯʥʦʾ ʣʦʢʘʮʽʾ. ɹʘʣʘʥʩʫʚʘʣʴʥʠʢ ʥʘʚʘʥʪʘʞʝʥʥʷ  ʥʘʜʩʠʣʘʻ ʟʘʧʠʪʠ ʧʦ 

ʢʦʞʥʦʤʫ ʪʦʚʘʨʫ ʥʘ ʦʜʠʥ ʟ 6 Edge ʩʝʨʚʝʨʽʚ. ɺ ʜʘʥʦʤʫ ʚʠʧʘʜʢʫ, ʪʽʣʴʢʠ ʜʚʘ 

ʩʝʨʚʝʨʠ Edge 1 ʪʘ Edge 5 ʥʝ ʟʥʘʭʦʜʷʪʴ ʜʘʥʠʭ ʧʨʦ ʪʦʚʘʨ ʚ ʢʝʰ ʧʘʤ'ʷʪʽ ʪʘ 

ʥʘʜʩʠʣʘʶʪʴ ʟʘʧʠʪ ʥʘ ʢʦʨʝʥʝʚʠʡ ʩʝʨʚʝʨ. ʆʪʞʝ ʧʝʨʝʚʘʛʦʶ ʪʘʢʦʛʦ ʨʽʰʝʥʥʷ ʻ 

ʟʤʝʥʰʝʥʥʷ ʥʘʚʘʥʪʘʞʝʥʥʷ ʥʘ ʢʦʨʝʥʝʚʠʡ ʩʝʨʚʝʨ, ʟʤʝʥʰʝʥʥʷ ʯʘʩʫ ʚʽʜʧʦʚʽʜʽ 

ʢʣʽʻʥʪʫ ʥʘʚʽʪʴ ʧʨʠ ʫʤʦʚʽ ʟʙʽʣʴʰʝʥʥʷ ʢʽʣʴʢʦʩʪʽ ʟʘʧʠʪʽʚ ʥʘ ʛʨʘʥʠʯʥʽ ʢʝʰ 

ʩʝʨʚʝʨʠ.  

ɼʣʷ ʧʝʨʝʚʽʨʢʠ ʨʦʙʦʪʠ ʜʘʥʦʛʦ ʤʝʪʦʜʫ, ʙʫʣʦ ʚʠʢʦʥʘʥʦ ʧʨʦʛʨʘʤʥʝ 

ʤʦʜʝʣʶʚʘʥʥʷ ʡʦʛʦ ʨʦʙʦʪʠ ʥʘ ʨʽʚʥʽ ʙʘʣʘʥʩʫʚʘʣʴʥʠʢʘ ʥʘʚʘʥʪʘʞʝʥʥʷ. ɺ 

ʧʨʦʮʝʩʽ ʤʦʜʝʣʶʚʘʥʥʷ, ʟʘʧʠʪʠ, ʦʙʨʦʙʢʘ ʷʢʠʭ ʚʠʤʘʛʘʻ ʟʥʘʯʥʠʭ 

ʦʙʯʠʩʣʶʚʘʣʴʥʠʭ ʨʝʩʫʨʩʽʚ, ʪʘ ʷʢʽ ʤʽʩʪʷʪʴ ʚ ʩʦʙʽ ʚʝʣʠʢʫ ʢʽʣʴʢʽʩʪʴ ʽʥʬʦʨʤʘʮʽʾ 

ʛʝʥʝʨʫʚʘʣʠʩʴ ʧʨʦʛʨʘʤʦʶ Apache JMeter. ɺ ʤʦʜʝʣʽ ʙʫʣʦ ʚʠʢʦʨʠʩʪʘʥʦ 1 

ʚʽʨʪʫʘʣʴʥʘ ʤʘʰʠʥʘ, ʥʘ ʷʢʽʡ ʙʫʣʦ ʟʘʧʫʱʝʥʦ 10 ʢʦʥʪʝʡʥʝʨʽʚ, ʱʦ ʚʠʢʦʥʫʚʘʣʠ 

ʨʦʣʴ ʛʨʘʥʠʯʥʠʭ ʩʝʨʚʝʨʽʚ. ʊʘʢʦʞ ʙʫʣʦ ʜʦʜʘʪʢʦʚʦ ʚʠʢʦʨʠʩʪʘʥʦ 1  ʚʽʨʪʫʘʣʴʥʘ 

ʤʘʰʠʥʘ, ʷʢʘ ʚʠʢʦʥʫʚʘʣʘ ʬʫʥʢʮʽʶ ʙʘʣʘʥʩʫʚʘʣʴʥʠʢʘ ʥʘʚʘʥʪʘʞʝʥʥʷ, ʪʘ 1 

ʚʽʨʪʫʘʣʴʥʘ ʤʘʰʠʥʘ, ʷʢʘ ʚʠʢʦʥʫʚʘʣʘ ʬʫʥʢʮʽʶ ʢʦʨʝʥʝʚʦʛʦ ʩʝʨʚʝʨʘ. 

ɺʽʨʪʫʘʣʴʥʘ ʤʘʰʠʥʘ ʛʨʘʥʠʯʥʠʭ ʩʝʨʚʝʨʽʚ ʪʘ ʙʘʣʘʥʩʫʚʘʣʴʥʠʢʘ ʥʘʚʘʥʪʘʞʝʥʥʷ 

ʟʥʘʭʦʜʠʣʠʩʴ ʚ ʦʜʥʽʡ ʣʦʢʘʮʽʾ (us-east), ʘ ʢʦʨʝʥʝʚʠʡ ʩʝʨʚʝʨ ʚ ʽʥʰʽʡ, ʬʽʟʠʯʥʦ 

ʚʽʜʜʘʣʝʥʽʡ ʣʦʢʘʮʽʾ (us-west). ɺʽʨʪʫʘʣʴʥʽ ʤʘʰʠʥʠ ʩʪʚʦʨʶʚʘʣʠʩʴ ʚ Google 

Cloud ʽʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʩʝʨʚʽʩʫ Compute Engine. ʊʠʧ ʚʽʨʪʫʘʣʴʥʠʭ ʤʘʰʠʥ: 

ü ʛʨʘʥʠʯʥʠʡ ʩʝʨʚʝʨ - e2-standard-8 (8vCPU, 4 Core, 32GB RAM, 100GB 

SSD Storage) 

ü ʙʘʣʘʥʩʫʚʘʣʴʥʠʢ ʥʘʚʘʥʪʘʞʝʥʥʷ - e2-standard-2 (2vCPU, 1 Core, 8GB 

RAM, 10GB SSD Storage) 

ü ʢʦʨʝʥʝʚʥʠʡ ʩʝʨʚʝʨ - e2-standard-2 (2vCPU, 1 Core, 8GB RAM, 10GB 

SSD Storage) 

ʈʝʟʫʣʴʪʘʪʠ ʨʦʙʦʪʠ CDN ʤʝʨʝʞʽ ʽʟ ʨʦʟʜʽʣʝʥʥʷʤ ʟʘʧʠʪʽʚ ʥʘ ʨʽʚʥʽ 

ʙʘʣʘʥʩʫʚʘʣʴʥʠʢʘ ʥʘʚʘʥʪʘʞʝʥʥʷ ʧʨʝʜʩʪʘʚʣʝʥʦ ʥʘ ʨʠʩʫʥʢʘʭ 2.8-2.9.  
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ʈʠʩ.2.8. ʂʽʣʴʢʽʩʪʴ ʟʘʧʠʪʽʚ ʥʘ ʛʨʘʥʠʯʥʽ ʩʝʨʚʝʨʠ ʚ ʤʝʞʘʭ ʦʜʥʽʻʾ ʣʦʢʘʮʽʾ 

ʙʝʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʨʦʟʧʦʜʽʣʝʥʠʭ ʟʘʧʠʪʽʚ ʪʘ ʟ ʨʦʟʧʦʜʽʣʝʥʠʤʠ ʟʘʧʠʪʘʤʠ 

 

ʅʘ ʨʠʩʫʥʢʫ 2.8 ʚʽʜʦʙʨʘʞʝʥʦ ʢʽʣʴʢʽʩʪʴ ʟʘʧʠʪʽʚ ʷʢʽ ʥʘʜʭʦʜʷʪʴ ʥʘ 

ʢʝʰʫʶʯʽ Edge ʩʝʨʚʝʨʠ ʚ ʤʝʞʘʭ ʦʜʥʽʻʾ ʣʦʢʘʮʽʾ, ʘʙʦ ʦʜʥʦʛʦ ʙʘʣʘʥʩʫʚʘʣʴʥʠʢʘ 

ʥʘʚʘʥʪʘʞʝʥʥʷ. ɺʝʩʴ ʽʥʪʝʨʚʘʣ ʝʢʩʧʝʨʠʤʝʥʪʫ ʨʦʟʜʽʣʝʥʦ ʥʘ ʜʚʘ ʧʨʦʤʽʞʢʠ, 

ʧʝʨʰʠʡ ʧʨʦʤʽʞʦʢ ʮʝ ʜʦ 6.45 ʥʘ ʛʨʘʬʽʢʫ. ɺ ʮʝʡ ʧʨʦʤʽʞʦʢ ʙʘʣʘʥʩʫʚʘʣʴʥʠʢ 

ʥʘʚʘʥʪʘʞʝʥʥʷ ʥʝ ʚʠʢʦʥʫʚʘʚ ʨʦʟʧʘʨʘʣʝʣʝʥʥʷ ʟʘʧʠʪʽʚ, ʱʦ ʧʦʪʨʝʙʫʶʪʴ 

ʟʥʘʯʥʠʭ ʦʙʯʠʩʣʶʚʘʣʴʥʠʭ ʨʝʩʫʨʩʽʚ, ʥʘ ʢʝʰʫʶʯʽ ʩʝʨʚʝʨʠ, ʘ ʧʨʦʩʪʦ 

ʧʝʨʝʥʘʧʨʘʚʣʷʚ ʾʭ ʚ ʪʘʢʦʤʫ ʬʦʨʤʘʪʽ ʚ ʷʢʦʤʫ ʟʘʧʠʪ ʧʨʠʭʦʜʠʚ ʚʽʜ ʢʣʽʻʥʪʘ. 

ʇʦʯʠʥʘʶʯʠ ʽʟ 6.45 ʤʦʞʥʘ ʧʦʙʘʯʠʪʠ ʨʽʟʢʝ ʟʨʦʩʪʘʥʥʷ ʢʽʣʴʢʦʩʪʽ ʟʘʧʠʪʽʚ. ɺ ʮʝʡ 

ʧʨʦʤʽʞʦʢ ʯʘʩʫ ʙʘʣʘʥʩʫʚʘʣʴʥʠʢ ʥʘʚʘʥʪʘʞʝʥʥʷ ʧʦʯʘʚ ʚʠʢʦʥʫʚʘʪʠ 

ʨʦʟʧʘʨʘʣʝʣʝʥʥʷ ʟʘʧʠʪʽʚ, ʱʦ ʧʦʪʨʝʙʫʶʪʴ ʟʥʘʯʥʠʭ ʦʙʯʠʩʣʶʚʘʣʴʥʠʭ ʨʝʩʫʨʩʽʚ, 

ʥʘ ʙʽʣʴʰʫ ʢʽʣʴʢʽʩʪʴ ʧʨʦʩʪʠʭ (ʟʘʧʠʪ ʥʘ ʦʜʠʥ ʪʦʚʘʨ). ɿʘʧʠʪʠ 

ʧʝʨʝʥʘʧʨʘʚʣʷʣʠʩʴ ʥʘ ʢʝʰʫʶʯʽ ʛʨʘʥʠʯʥʽ ʩʝʨʚʝʨʠ ʟʛʽʜʥʦ ʣʦʛʽʢʠ 

ʟʘʧʨʦʧʦʥʦʚʘʥʦʛʦ ʤʝʪʦʜʫ (ʨʠʩ.2.7). ʂʽʣʴʢʽʩʪʴ ʟʘʧʠʪʽʚ ʟʨʦʩʣʘ ʜʦʩʠʪʴ ʩʫʪʪʻʚʦ, 

ʙʽʣʴʰʝ ʷʢ ʫ ʜʚʘ ʨʘʟʠ. ʅʘ ʨʠʩʫʥʢʫ 2.9 ʤʦʞʥʘ ʧʦʙʘʯʠʪʠ ʷʢ ʟʤʽʥʶʚʘʚʩʷ ʯʘʩ 

ʟʘʪʨʠʤʢʠ ʧʨʠ ʦʙʨʦʙʮʽ ʟʘʧʠʪʽʚ ʢʣʽʻʥʪʽʚ ʜʦ ʤʦʤʝʥʪʫ ʨʦʟʜʽʣʝʥʥʷ ʟʘʧʠʪʽʚ ʥʘ 

ʙʽʣʴʰʫ ʢʽʣʴʢʽʩʪʴ ʧʨʦʩʪʠʭ, ʪʘ ʧʽʩʣʷ ʮʴʦʛʦ.  
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ʈʠʩ.2.9. ɻʨʘʬʽʢ ʟʘʣʝʞʥʦʩʪʽ ʯʘʩʫ ʚʽʜʧʦʚʽʜʽ ʚʽʜ ʥʘʚʘʥʪʘʞʝʥʥʷ ʚ ʤʦʤʝʥʪ 

ʟʨʦʩʪʘʥʥʷ ʢʽʣʴʢʦʩʪʽ ʟʘʧʠʪʽʚ 

 

ʏʘʩ ʟʘʪʨʠʤʢʠ ʧʨʠ ʦʙʨʦʙʮʽ ʟʘʧʠʪʽʚ ʧʽʩʣʷ ʟʘʩʪʦʩʫʚʘʥʥʷ ʤʝʪʦʜʫ 

ʨʦʟʧʦʜʽʣʫ ʟʘʧʠʪʽʚ ʥʘ ʨʽʚʥʽ ʙʘʣʘʥʩʫʚʘʣʴʥʠʢʘ ʥʘʚʘʥʪʘʞʝʥʥʷ ʟʤʝʥʰʠʚʩʷ ʫ 

ʧʦʨʽʚʥʷʥʥʽ ʟ ʪʠʤ, ʷʢʠʡ ʙʫʚ ʧʨʠ ʦʙʨʦʙʮʽ ʩʪʘʥʜʘʨʪʥʠʭ ʟʘʧʠʪʽʚ. ɹʝʟ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʟʘʧʨʦʧʦʥʦʚʘʥʦʛʦ ʤʝʪʦʜʫ, ʟʥʘʯʝʥʥʷ ʯʘʩʫ ʚʽʜʧʦʚʽʜʽ ʙʫʣʦ ʥʘ 

ʨʽʚʥʽ 218ʤʩ. ʇʽʩʣʷ ʟʘʩʪʦʩʫʚʘʥʥʷ ʤʝʪʦʜʫ ʨʦʟʧʦʜʽʣʫ ʟʘʧʠʪʽʚ ʥʘ ʨʽʚʥʽ 

ʙʘʣʘʥʩʫʚʘʣʴʥʠʢʘ, ʟʥʘʯʝʥʥʷ ʯʘʩʫ ʚʽʜʧʦʚʽʜʽ ʟʤʝʥʰʠʣʦʩʴ ʜʦ ʨʽʚʥʷ 200ʤʩ, ʱʦ ʻ 

ʥʘ 9% ʰʚʠʜʰʝ. ʎʝ ʤʦʞʥʘ ʧʦʷʩʥʠʪʠ ʪʠʤ, ʱʦ ʙʽʣʴʰʘ ʢʽʣʴʢʽʩʪʴ ʜʘʥʠʭ ʙʫʣʘ 

ʦʙʨʦʙʣʝʥʘ ʩʘʤʝ ʥʘ ʢʝʰʫʶʯʠʭ ʩʝʨʚʝʨʘʭ, ʦʩʢʽʣʴʢʠ ʚʞʝ ʟʥʘʭʦʜʠʣʘʩʴ ʚ ʢʝʰ 

ʧʘʤôʷʪʽ. ʊʦʙʪʦ ʟʘʧʠʪ ʥʝ ʜʦʭʦʜʠʚ ʜʦ ʢʦʨʝʥʝʚʦʛʦ ʩʝʨʚʝʨʘ, ʘ ʚʽʜʧʦʚʽʜʴ 

ʬʦʨʤʫʚʘʣʘʩʴ ʧʨʷʤʦ ʥʘ ʩʪʦʨʦʥʽ ʢʝʰʫʶʯʦʛʦ Edge ʩʝʨʚʝʨʘ. ʊʘʢʠʡ ʧʽʜʭʽʜ ʜʘʻ 

ʤʦʞʣʠʚʽʩʪʴ ʧʦʢʨʘʱʠʪʠ ʥʝ ʪʽʣʴʢʠ ʯʘʩ ʚʽʜʧʦʚʽʜʽ ʘ ʽ ʩʫʪʪʻʚʦ ʟʥʠʟʠʪʠ 

ʟʘʚʘʥʪʘʞʝʥʽʩʪʴ ʢʦʨʝʥʝʚʦʛʦ ʩʝʨʚʝʨʘ. ɿ ʪʦʯʢʠ ʟʦʨʫ ʢʦʨʝʥʝʚʦʛʦ ʩʝʨʚʝʨʘ, ʥʘʚʽʪʴ 

ʧʨʠ ʫʤʦʚʽ ʷʢʱʦ ʢʽʣʴʢʽʩʪʴ ʟʘʧʠʪʽʚ ʜʦ ʥʴʦʛʦ ʟʨʦʩʪʝ ʥʘ ʧʦʯʘʪʢʫ, ʪʦ ʟ ʯʘʩʦʤ ʮʷ 

ʢ̔ ʣʴʢʽʩʪʴ ʟʤʝʥʰʠʪʴʩʷ, ʦʩʢʽʣʴʢʠ ʚʩʽ ʚʦʥʠ ʟ ʯʘʩʦʤ ʧʦʷʚʣʷʪʴʩʷ ʚ ʢʝʰʽ. ʊʘʢʦʞ 

ʚʘʞʣʠʚʦ ʚʨʘʭʫʚʘʪʠ ʪʦʡ ʬʘʢʪ, ʱʦ ʟ ʪʦʯʢʠ ʟʦʨʫ ʨʦʙʦʪʠ ʘʧʣʽʢʘʮʽʾ, ʦʙʨʦʙʢʘ 

ʟʘʧʠʪʫ ʚ ʷʢʦʤʫ ʤʽʩʪʠʪʴʩʷ 1 ʪʦʚʘʨ ʙʫʜʝ ʩʫʪʪʻʚʦ ʰʚʠʜʰʦʶ ʪʘ ʤʝʥʰ ʨʝʩʫʨʩʦ 

ʟʘʪʨʘʪʥʦʶ ʥʽʞ ʟʘʧʠʪʫ ʚ ʷʢʦʤʫ ʤʽʩʪʠʪʴʩʷ 10 ʪʦʚʘʨʽʚ. ʂʽʣʴʢʽʩʪʴ ʟʘʧʠʪʽʚ ʥʘ 

ʢʦʨʝʥʝʚʠʡ ʩʝʨʚʝʨ ʧʨʝʜʩʪʘʚʣʝʥʦ ʥʘ ʨʠʩ.2.10 
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ʈʠʩ.2.10. ʂʽʣʴʢʽʩʪʴ ʟʘʧʠʪʽʚ ʥʘ ʢʦʨʝʥʝʚʠʡ ʩʝʨʚʝʨ ʚ ʤʝʞʘʭ ʦʜʥʽʻʾ ʣʦʢʘʮʽʾ 

ʙʝʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʨʦʟʧʦʜʽʣʝʥʠʭ ʟʘʧʠʪʽʚ ʪʘ ʟ ʨʦʟʧʦʜʽʣʝʥʠʤʠ ʟʘʧʠʪʘʤʠ 

 

 

 

ʈʠʩ.2.11. ɿʘʚʘʥʪʘʞʝʥʽʩʪʴ ʢʦʨʝʥʝʚʦʛʦ ʩʝʨʚʝʨʘ ʙʝʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ 

ʨʦʟʧʦʜʽʣʝʥʠʭ ʟʘʧʠʪʽʚ ʪʘ ʟ ʨʦʟʧʦʜʽʣʝʥʠʤʠ ʟʘʧʠʪʘʤʠ 

 

ʗʢ ʤʦʞʥʘ ʧʦʙʘʯʠʪʠ ʽʟ ʨʠʩʫʥʢʫ 2.10 - 2.11, ʢʽʣʴʢʽʩʪʴ ʟʘʧʠʪʽʚ ʜʦ 

ʢʦʨʝʥʝʚʦʛʦ ʟʨʦʩʣʘ ʤʝʥʰʝ ʥʽʞ ʥʘ 10%, ʘ ʟʘʚʘʥʪʘʞʝʥʽʩʪʴ ʚ ʧʝʨʰʽ ʛʦʜʠʥʠ 

ʟʤʝʥʰʠʣʘʩʴ ʽʟ 45% ʜʦ 40%, ʘ ʧʦʪʽʤ ʟʥʠʟʠʣʘʩʴ ʜʦ 36%. ʅʝʟʥʘʯʥʝ ʟʤʝʥʰʝʥʥʷ 

ʥʘʚʘʥʪʘʞʝʥʥʷ ʚ ʧʝʨʰʽ ʛʦʜʠʥʠ ʤʦʞʥʘ ʧʦʷʩʥʠʪʠ ʪʠʤ, ʱʦ ʟʥʘʯʥʘ ʯʘʩʪʠʥʘ 
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ʜʘʥʠʭ ʙʫʣʘ ʚʽʜʩʫʪʥʷ ʚ ʢʝʰ ʧʘʤô̫ ʪʽ ʛʨʘʥʠʯʥʠʭ ʩʝʨʚʝʨʽʚ, ʪʦʤʫ ʥʘ ʧʦʯʘʪʢʫ 

ʢʽʣʴʢʽʩʪʴ ʟʘʧʠʪʽʚ ʙʫʣʘ ʜʝʱʦ ʚʠʱʦʶ. ʆʜʥʘʢ, ʥʘʚʽʪʴ ʧʨʠ ʙʽʣʴʰʽʡ ʢʽʣʴʢʦʩʪʽ 

ʟʘʧʠʪʽʚ, ʥʘʚʘʥʪʘʞʝʥʥʷ ʟʤʝʥʰʠʣʦʩʴ, ʦʩʢʽʣʴʢʠ ʩʘʤʽ ʟʘʧʠʪʠ ʧʦʪʨʝʙʫʚʘʣʠ 

ʤʝʥʰʝ ʦʙʯʠʩʣʶʚʘʣʴʥʠʭ ʨʝʩʫʨʩʽʚ ʜʣʷ ʾʭʥʴʦʾ ʦʙʨʦʙʢʠ. ʄʦʞʥʘ ʩʪʚʝʨʜʞʫʚʘʪʠ, 

ʱʦ ʜʘʥʠʡ ʤʝʪʦʜ ʻ ʝʬʝʢʪʠʚʥʠʡ, ʦʩʢʽʣʴʢʠ ʜʘʻ ʤʦʞʣʠʚʽʩʪʴ ʨʦʟʜʽʣʷʪʠ ʟʘʧʠʪʠ, 

ʷʢʽ ʧʦʪʨʝʙʫʶʪʴ ʟʥʘʯʥʠʭ ʦʙʯʠʩʣʶʚʘʣʴʥʠʭ ʨʝʩʫʨʩʽʚ,  ʚʽʜ ʢʦʨʠʩʪʫʚʘʯʽʚ ʥʘ 

ʚʝʣʠʢʫ ʢʽʣʴʢʽʩʪʴ ʧʨʦʩʪʠʭ ʟʘʧʠʪʽʚ ʽ ʧʨʠ ʪʦʤʫ ʥʝ ʩʪʚʦʨʶʚʘʪʠ ʥʘʜʣʠʰʢʦʚʦʛʦ 

ʥʘʚʘʥʪʘʞʝʥʥʷ ʥʘ ʢʦʨʝʥʝʚʽ ʩʝʨʚʝʨʘ ʪʘ ʟʘ ʟʘʙʝʟʧʝʯʫʚʘʪʠ ʟʥʠʞʝʥʥʷ ʯʘʩʫ 

ʚʽʜʧʦʚʽʜʽ ʩʝʨʚʽʩʫ ʽ ʪʠʤ ʩʘʤʠʤ ʧʦʢʨʘʱʫʚʘʪʠ ʷʢʽʩʪʴ ʩʧʨʠʡʥʷʪʪʷ ʧʦʩʣʫʛ 

ʢʽʥʮʝʚʠʤ ʢʦʨʠʩʪʫʚʘʯʝʤ.  

 

2.5. ʆʮʽʥʢʘ ʝʬʝʢʪʠʚʥʦʩʪʽ ʢʝʰʫʚʘʥʥʷ ʜʘʥʠʭ ʚ ʤʝʨʝʞʽ CDN 

ʆʢʨʽʤ ʰʚʠʜʢʦʾ ʜʦʩʪʘʚʢʠ ʜʘʥʠʭ ʜʦ ʢʦʨʠʩʪʫʚʘʯʘ ʪʘ ʟʘʙʝʟʧʝʯʝʥʥʷ 

ʥʘʜʽʡʥʦʩʪʽ ʧʝʨʝʜʘʯʽ ʜʘʥʠʭ, CDN ʪʝʭʥʦʣʦʛʽʷ ʪʘʢʦʞ ʧʦʚʠʥʥʘ ʟʘʙʝʟʧʝʯʫʚʘʪʠ 

ʝʬʝʢʪʠʚʥʽʩʪʴ ʢʝʰʫʚʘʥʥʷ ʜʘʥʠʭ ʪʘ ʚʠʢʦʨʠʩʪʘʥʥʷ ʨʝʩʫʨʩʽʚ ʤʝʨʝʞʽ  ̔

ʢʝʰʫʶʯʠʭ ʩʝʨʚʝʨʽʚ.  

 

2.5.1. ɯʥʪʝʛʨʘʣʴʥʠʡ ʢʣʶʯ ʢʝʰʫʚʘʥʥʷ. 

ʂʝʰʫʚʘʥʥʷ ʜʘʥʠʭ ʚ CDN, ʦʟʥʘʯʘʻ ʟʙʝʨʝʞʝʥʥʷ ʢʦʧʽʡ ʩʪʘʪʠʯʥʦʛʦ ʘʙʦ 

ʜʠʥʘʤʽʯʥʦʛʦ ʢʦʥʪʝʥʪʫ (ʥʘʧʨʠʢʣʘʜ, ʟʦʙʨʘʞʝʥʴ, ʚʽʜʝʦ, HTML-ʩʪʦʨʽʥʦʢ, 

ʬʘʡʣʽʚ JavaScript ʽ CSS) ʫ ʧʘʤôʷʪʽ ʥʘ ʨʦʟʧʦʜʽʣʝʥʠʭ ʛʨʘʥʠʯʥʠʭ ʩʝʨʚʝʨʘʭ 

(Edge-ʩʝʨʚʝʨʘʭ), ʨʦʟʪʘʰʦʚʘʥʠʭ ʫ ʨʽʟʥʠʭ ʪʦʯʢʘʭ ʧʦ ʚʩʴʦʤʫ ʩʚʽʪʫ. ʎʝ ʜʦʟʚʦʣʷʻ 

ʢʦʨʠʩʪʫʚʘʯʘʤ ʦʪʨʠʤʫʚʘʪʠ  ʜʘʥʽ ʟ ʥʘʡʙʣʠʞʯʦʛʦ ʜʦ ʥʠʭ ʩʝʨʚʝʨʘ ʟʘʤʽʩʪʴ 

ʟʘʚʘʥʪʘʞʝʥʥʷ ʽʟ ʦʩʥʦʚʥʦʛʦ (ʢʦʨʝʥʝʚʦʛʦ) ʩʝʨʚʝʨʘ, ʱʦ ʩʫʪʪʻʚʦ ʟʥʠʞʫʻ 

ʟʘʪʨʠʤʢʠ ʜʦʩʪʘʚʢʠ ʜʘʥʠʭ ʪʘ ʟʤʝʥʰʫʻ ʥʘʚʘʥʪʘʞʝʥʥʷ ʥʘ ʦʩʥʦʚʥʠʡ ʩʝʨʚʝʨ. 

ɼʣʷ ʽʜʝʥʪʠʬʽʢʘʮʽʾ ʜʘʥʠʭ ʚ ʢʝʰ ʧʘʤôʷʪʽ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʢʣʶʯ ʢʝʰʫʚʘʥʥʷ.  

ʂʣʶʯ ʢʝʰʫʚʘʥʥʷ - ʮʝ ʫʥʽʢʘʣʴʥʠʡ ʽʜʝʥʪʠʬʽʢʘʪʦʨ, ʷʢʠʡ 

ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʜʣʷ ʧʦʰʫʢʫ ʜʘʥʠʭ ʫ ʢʝʰʽ. ʂʦʣʠ ʥʘʜʭʦʜʠʪʴ ʟʘʧʠʪ, ʩʠʩʪʝʤʘ 

ʰʫʢʘʻ ʜʘʥʽ ʚ ʢʝʰʽ ʟʘ ʮʠʤ ʢʣʶʯʝʤ. ʗʢʱʦ ʢʣʶʯ ʟʙʽʛʘʻʪʴʩʷ ʽʟ ʟʘʧʠʩʦʤ ʫ ʢʝʰʽ 
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(cache hit), ʜʘʥʽ ʦʜʨʘʟʫ ʧʦʚʝʨʪʘʶʪʴʩʷ ʢʦʨʠʩʪʫʚʘʯʫ; ʷʢʱʦ ʞ ʥʽ (cache miss), 

ʚʠʢʦʥʫʻʪʴʩʷ ʟʘʧʠʪ ʜʦ ʢʦʨʝʥʝʚʦʛʦ ʩʝʨʚʝʨʘ ʜʣʷ ʦʪʨʠʤʘʥʥʷ ʜʘʥʠʭ. 

ɽʬʝʢʪʠʚʥʽʩʪʴ ʢʝʰʫʚʘʥʥʷ ʚʠʟʥʘʯʘʻʪʴʩʷ ʚʽʜʥʦʰʝʥʥʷʤ ʢʽʣʴʢʦʩʪʽ ʟʘʧʠʪʽʚ, 

ʚʽʜʧʦʚʽʜʴ ʥʘ ʷʢʽ ʙʫʣʘ ʩʬʦʨʤʦʚʘʥʘ ʥʘ ʛʨʘʥʠʯʥʦʤʫ ʩʝʨʚʝʨʽ(ʙʝʟ 

ʧʝʨʝʥʘʧʨʘʚʣʝʥʥʷ ʜʦ ʢʦʨʝʥʝʚʦʛʦ) ʜʦ ʟʘʛʘʣʴʥʦʾ ʢʽʣʴʢʦʩʪʽ ʟʘʧʠʪʽʚ ʷʢʽ ʙʫʣʠ 

ʥʘʜʽʩʣʘʥʽ. ɿʥʘʯʝʥʥʷ ʮʴʦʛʦ ʧʦʢʘʟʥʠʢʘ ʤʦʞʝ ʟʥʘʭʦʜʠʪʠʩʴ ʚ ʤʝʞʘʭ ʚʽʜ 0 ʜʦ 1, 

ʘʙʦ 0 -100%.  

%  ȟ       (2.1) 

ʜʝ %  - ʝʬʝʢʪʠʚʥʽʩʪʴ ʢʝʰʫʚʘʥʥʷ, .  - ʢʽʣʴʢʽʩʪʴ ʟʘʧʠʪʽʚ, ʚʽʜʧʦʚʽʜʽ ʥʘ ʷʢʽ 

ʙʫʣʠ ʩʬʦʨʤʦʚʘʥʽ ʥʘ ʛʨʘʥʠʯʥʦʤʫ ʩʝʨʚʝʨʽ (ʙʝʟ ʟʚʝʨʥʝʥʥʷ ʜʦ ʢʦʨʝʥʝʚʦʛʦ 

ʩʝʨʚʝʨʘ), .  ï ʟʘʛʘʣʴʥʘ ʢʽʣʴʢʽʩʪʴ ʦʪʨʠʤʘʥʠʭ ʟʘʧʠʪʽʚ.  

ʋ ʩʠʩʪʝʤʘʭ ʢʝʰʫʚʘʥʥʷ, ʢʣʶʯ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʜʣʷ ʽʜʝʥʪʠʬʽʢʘʮʽʾ 

ʧʝʚʥʦʛʦ ʥʘʙʦʨʫ ʜʘʥʠʭ. ɯʥʪʝʛʨʘʣʴʥʠʡ (ʢʦʤʧʣʝʢʩʥʠʡ) ʢʣʶʯ ʬʦʨʤʫʻʪʴʩʷ 

ʰʣʷʭʦʤ ʧʦʻʜʥʘʥʥʷ ʢʽʣʴʢʦʭ ʧʘʨʘʤʝʪʨʽʚ ʘʙʦ ʢʦʤʧʦʥʝʥʪʽʚ, ʷʢʽ ʫʥʽʢʘʣʴʥʦ 

ʚʠʟʥʘʯʘʶʪʴ ʮʝʡ ʥʘʙʽʨ ʜʘʥʠʭ. ʂʣʶʯ ʢʝʰʫʚʘʥʥʷ ʟʘʟʚʠʯʘʡ ʬʦʨʤʫʻʪʴʩʷ ʥʘ 

ʦʩʥʦʚʽ ʜʘʥʠʭ ʷʢʽ ʧʝʨʝʜʘʶʪʴʩʷ ʚ ʟʘʧʠʪʽ, ʘ ʪʘʢʦʞ ʧʘʨʘʤʝʪʨʽʚ ʩʘʤʦʛʦ ʟʘʧʠʪʫ. 

ɼʣʷ ʬʦʨʤʫʚʘʥʥʷ ʢʣʶʯʘ, ʤʦʞʝ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʣʠʰʝ URL-ʘʜʨʝʩʘ, ʷʢʘ 

ʽʜʝʥʪʠʬʽʢʫʻ ʨʝʩʫʨʩ, ʘʙʦ ʞ ʜʣʷ ʙʽʣʴʰ ʩʢʣʘʜʥʠʭ ʚʘʨʽʘʥʪʽ ʪʘʢʦʞ ʤʦʞʫʪʴ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠʩʴ ʜʦʜʘʪʢʦʚʽ ʧʘʨʘʤʝʪʨʠ, ʪʘʢʽ ʷʢ ʟʘʛʦʣʦʚʢʠ, ʬʘʡʣʠ cookie, 

ʪʦʢʝʥʠ ʘʫʪʝʥʪʠʬʽʢʘʮʽʾ ʪʘ ʽʥʰʽ ʩʣʫʞʙʦʚʽ ʜʘʥʽ. 

ʅʘ ʨʠʩʫʥʢʫ 2.12 ʧʨʝʜʩʪʘʚʣʝʥʦ ʧʨʠʢʣʘʜ ʬʦʨʤʫʚʘʥʥʷ ʽʥʪʝʛʨʘʣʴʥʦʛʦ 

ʢʣʶʯʘ ʢʝʰʫʚʘʥʥʷ ʜʣʷ ʚʝʙ ʟʘʩʪʦʩʫʥʢʫ. ɺ ʜʘʥʦʤʫ ʧʨʠʢʣʘʜʽ, ʢʣʶʯ ʤʽʩʪʠʪʴ 6 

ʢʦʤʧʦʥʝʥʪʽʚ, ʦʜʥʘʢ ʾʭ ʢʽʣʴʢʽʩʪʴ ʤʦʞʝ ʙʫʪʠ ʟʤʽʥʝʥʘ, ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʪʠʧʫ 

ʩʝʨʚʽʩʫ ʜʣʷ ʷʢʦʛʦ ʚʽʥ ʙʫʜʝ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠʩʴ.  
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ʈʠʩ.2.12. ʇʨʠʢʣʘʜ ʽʥʪʝʛʨʦʚʘʥʦʛʦ ʢʣʶʯʘ ʢʝʰʫʚʘʥʥʷ ʜʣʷ ʚʝʙ ʟʘʩʪʦʩʫʥʢʫ 

 

ɺʘʨʪʦ ʟʘʟʥʘʯʠʪʠ, ʱʦ ʢʣʶʯ ʢʝʰʫʚʘʥʥʷ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʽ ʜʣʷ ʽʥʰʠʭ 

ʪʠʧʽʚ ʤʝʨʝʞʝʚʦʛʦ ʪʨʘʬʽʢʫ, ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʝʬʝʢʪʠʚʥʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʟʘʢʝʰʦʚʘʥʠʭ ʜʘʥʠʭ. ʑʝ ʦʜʥʠʤ ʧʨʠʢʣʘʜʦʤ ʬʦʨʤʫʚʘʥʥʷ ʽʥʪʝʛʨʦʚʘʥʦʛʦ ʢʣʶʯʘ 

ʤʦʞʝ ʙʫʪʠ ʩʝʨʚʽʩ ʨʝʘʣʴʥʦʛʦ ʯʘʩʫ - ɯʥʪʝʨʘʢʪʠʚʥʝ ʮʠʬʨʦʚʝ ʪʝʣʝʙʘʯʝʥʥʷ. ʅʘ 

ʨʠʩʫʥʢʫ 2.13 ʧʨʝʜʩʪʘʚʣʝʥʦ ʢʦʤʧʦʥʝʥʪʠ ʷʢʽ ʚʢʣʶʯʘʪʠʤʝ ʚ ʩʝʙʝ ʪʘʢʠʡ ʢʣʶʯ. 

 

 
ʈʠʩ.2.13. ʇʨʠʢʣʘʜ ʽʥʪʝʛʨʦʚʘʥʦʛʦ ʢʣʶʯʘ ʢʝʰʫʚʘʥʥʷ ʜʣʷ ʩʝʨʚʽʩʫ iptv 

 

ʗʢʱʦ ʟʨʦʙʠʪʠ ʽʥʪʝʛʨʘʮʽʶ ʚʩʽʭ ʮʠʭ ʧʘʨʘʤʝʪʨʽʚ, ʪʦ ʢʣʶʯ ʢʝʰʫʚʘʥʥʷ 

ʤʘʪʠʤʝ ʥʘʩʪʫʧʥʠʡ ʚʠʛʣʷʜ: 

cdn4-01.cdntvc.com/twoplustwo-

pl_1692.m3u8?ticket=559225136&leng_id=3&arch_key=71007&time_min=17
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33481600&time_max=1733488800 

ɯʥʪʝʛʨʘʣʴʥʠʡ ʢʣʶʯ ʢʝʰʫʚʘʥʥʷ, ʤʦʞʥʘ ʧʨʝʜʩʪʘʚʠʪʠ ʥʘʩʪʫʧʥʠʤ 

ʤʘʪʝʤʘʪʠʯʥʠʤ ʚʠʨʘʟʦʤ: 

ὑ Ὑ ὪὅȟὖȟὒȟὝȟὝ                                            (2.2) 

  ὪὅȟὖȟὒȟὝȟὝ  ὅ  ὖ ὒ Ὕ Ὕ      (2.3) 

ʜʝ: 

Ὑ  - ʥʘʟʚʘ ʨʝʩʫʨʩʫ, ʜʦ ʷʢʦʛʦ ʟʚʝʨʪʘʻʪʴʩʷ ʢʦʨʠʩʪʫʚʘʯ, 

˞ - ʥʘʟʚʘ ʢʘʥʘʣʫ, ʷʢʠʡ ʧʝʨʝʛʣʷʜʘʻ ʢʦʨʠʩʪʫʚʘʯ, 

ὖ - ʥʘʟʚʘ ʧʨʦʛʨʘʤʠ ʧʝʨʝʜʘʯ, 

ὒ - ʽʜʝʥʪʠʬʽʢʘʪʦʨ ʤʦʚʠ ʪʨʘʥʩʣʷʮʽʾ ʧʨʦʛʨʘʤʠ, 

Ὕ - ʯʘʩʦʚʘ ʤʽʪʢʘ ʧʦʯʘʪʢʫ ʪʨʘʥʩʣʷʮʽʾ ʧʨʦʛʨʘʤʠ, 

Ὕ  -ʯʘʩʦʚʘ ʤʽʪʢʘ ʟʘʚʝʨʰʝʥʥʷ ʪʨʘʥʩʣʷʮʽʾ ʧʨʦʛʨʘʤʠ 

ɿʥʘʯʝʥʥʷ ὪὅȟὖȟὒȟὝȟὝ , ʤʦʞʝ ʟʤʽʥʶʚʘʪʠʩʴ ʪʘ ʟʘʣʝʞʠʪʴ ʚʽʜ 

ʢʽʣʴʢʦʩʪʽ ʩʢʣʘʜʦʚʠʭ ʷʢʽ ʚʨʘʭʦʚʫʶʪʴʩʷ ʧʨʠ ʚʠʟʥʘʯʝʥʥʽ ʽʥʪʝʛʨʘʣʴʥʦʛʦ ʢʣʶʯʘ 

ʢʝʰʫʚʘʥʥʷ. 

ɼʘʥʽ, ʷʢʽ ʚʽʜʧʦʚʽʜʘʪʠʤʫʪʴ ʮʴʦʤʫ ʢʣʶʯʫ ʙʫʜʫʪʴ ʚʠʛʣʷʜʘʪʠ ʥʘʩʪʫʧʥʠʤ 

ʯʠʥʦʤ: 

 
 

ʈʠʩ.2.14. ʇʨʠʢʣʘʜ ʜʘʥʠʭ, ʷʢʽ ʚʽʜʧʦʚʽʜʘʶʪʴ ʽʥʪʝʛʨʘʣʴʥʦʤʫ ʢʣʶʯʫ 

ʢʝʰʫʚʘʥʥʷ ʜʣʷ ʩʝʨʚʽʩʫ iptv 
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ʇʨʠʢʣʘʜ ʨʦʙʦʪʠ ʩʝʨʚʽʩʫ ʽʥʪʝʨʘʢʪʠʚʥʦʛʦ ʮʠʬʨʦʚʦʛʦ ʪʝʣʝʙʘʯʝʥʥʷ ʽʟ 

ʤʦʞʣʠʚʽʩʪʶ ʧʝʨʝʛʣʷʜʫ ʧʨʦʛʨʘʤ ʽʟ ʟʘʧʠʩʫ, ʜʝ ʤʦʞʝ ʙʫʪʠ ʟʘʩʪʦʩʦʚʘʥʦ ʜʘʥʠʡ 

ʽʥʪʝʛʨʘʣʴʥʠʡ ʢʣʶʯ ʧʨʝʜʩʪʘʚʣʝʥʦ ʥʘ ʨʠʩʫʥʢʫ 2.15: 

 

ʈʠʩ.2.15. ʇʨʠʢʣʘʜ ʨʦʙʦʪʠ ʩʝʨʚʽʩʫ IPTV ʽʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ 

ʽʥʪʝʛʨʦʚʘʥʦʛʦ ʢʣʶʯʘ ʢʝʰʫʚʘʥʥʷ 

 

ɺ ʜʘʥʦʤʫ ʚʠʧʘʜʢʫ, ʤʦʞʥʘ ʧʦʙʘʯʠʪʠ, ʱʦ ʢʦʨʠʩʪʫʚʘʯ ʤʘʻ ʟʤʦʛʫ 

ʚʠʙʨʘʪʠ ʦʢʨʝʤʠʡ ʢʘʥʘʣ ʽʟ ʩʧʠʩʢʫ ʪʘ ʦʢʨʝʤʫ ʧʨʦʛʨʘʤʫ ʽʟ ʜʦʩʪʫʧʥʠʭ ʚ ʟʘʧʠʩʽ 

ʜʣʷ ʮʴʦʛʦ ʢʘʥʘʣʫ. ʇʽʜ ʯʘʩ ʨʦʙʦʪʠ ʜʘʥʦʛʦ ʩʝʨʚʽʩʫ ʟʙʠʨʘʶʪʴʩʷ ʪʘʢʦʞ ʽ 

ʩʪʘʪʠʩʪʠʯʥʽ ʜʘʥʽ, ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʥʘʡʙʽʣʴʰ ʧʦʧʫʣʷʨʥʠʭ ʢʘʥʘʣʽʚ ʩʝʨʝʜ 

ʢʦʨʠʩʪʫʚʘʯʽʚ ʧʝʚʥʦʛʦ ʨʝʛʽʦʥʫ ʘ ʪʘʢʦʞ ʢʦʥʢʨʝʪʥʠʭ ʧʝʨʝʜʘʯ, ʘʙʦ ʞ ʛʦʜʠʥ 

ʧʝʨʝʛʣʷʜʫ ʚ ʷʢʽ ʘʢʪʠʚʥʽʩʪʴ ʢʦʨʠʩʪʫʚʘʯʽʚ ʻ ʥʘʡʚʠʱʦʶ. ʎʽ ʜʘʥʽ ʚ ʧʦʜʘʣʴʰʦʤʫ 

ʤʦʞʫʪʴ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠʩʴ ʜʣʷ ʘʥʘʣʽʪʠʢʠ, ʘ ʪʘʢʦʞ ʜʣʷ ʬʦʨʤʫʚʘʥʥʷ 

ʽʥʪʝʛʨʘʣʴʥʠʭ ʢʣʶʯʽʚ ʢʝʰʫʚʘʥʥʷ ʜʣʷ ʨʽʟʥʠʭ ʨʝʛʽʦʥʽʚ.  

ʉʭʝʤʫ ʬʦʨʤʫʚʘʥʥʷ ʢʣʶʯʘ ʢʝʰʫʚʘʥʥʷ, ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʪʦʛʦ ʱʦ 

ʧʝʨʝʛʣʷʜʘʶʪʴ ʢʦʨʠʩʪʫʚʘʯʽ, ʪʘ ʟʙʝʨʝʞʝʥʠʭ ʚ ʘʥʘʣʽʪʠʮʽ ʜʘʥʠʭ ʧʨʝʜʩʪʘʚʣʝʥʦ 

ʥʘ ʨʠʩʫʥʢʫ 2.16. 
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ʈʠʩ.2.16. ʉʭʝʤʘ ʬʦʨʤʫʚʘʥʥʷ ʽʥʪʝʛʨʦʚʘʥʦʛʦ ʢʣʶʯʘ ʢʝʰʫʚʘʥʥʷ ʜʣʷ ʚʝʙ 

ʟʘʩʪʦʩʫʥʢʽʚ 

 

ʅʘ ʨʠʩʫʥʢʫ 2.16 ʧʨʝʜʩʪʘʚʣʝʥʦ ʚʘʨʽʘʥʪʠ, ʷʢ ʤʦʞʝ ʬʦʨʤʫʚʘʪʠʩʴ ʟʘʧʠʪ 

ʢʦʨʠʩʪʫʚʘʯʘ ʥʘ ʨʽʟʥʽ ʢʘʪʝʛʦʨʽʾ ʪʦʚʘʨʽʚ, ʪʘ ʷʢ ʮʝ ʚʧʣʠʚʘʪʠʤʝ ʥʘ ʢʣʶʯ 

ʢʝʰʫʚʘʥʥʷ. ʂʽʥʮʝʚʠʡ ʢʦʨʠʩʪʫʚʘʯ ʤʘʻ ʟʤʦʛʫ ʚʠʙʨʘʪʠ ʷʢ ʦʢʨʝʤʫ ʢʘʪʝʛʦʨʽʶ 

ʪʦʚʘʨʽʚ (ʌʦʪʦ-ɺʽʜʝʦ ʪʝʭʥʽʢʘ), ʪʘʢ ʽ ʧʽʜʢʘʪʝʛʦʨʽʶ ʚ ʮʽʡ ʢʘʪʝʛʦʨʽʾ (ɼʟʝʨʢʘʣʴʥʽ 

ʢʘʤʝʨʠ, ʇʣʽʚʢʦʚʽ ʢʘʤʝʨʠ,) ʘ ʪʘʢʦʞ ʦʢʨʝʤʽ ʙʨʝʥʜʠ, ʤʦʜʝʣʽ ʪʘ ʾʭʥʽ ʦʧʮʽʾ ʽ 

ʤʦʜʠʬʽʢʘʮʽʾ. ɺ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʪʦʛʦ, ʷʢʠʡ ʟʘʧʠʪ ʩʬʦʨʤʫʻ ʢʦʨʠʩʪʫʚʘʯ, ʚʽʥ 

ʥʘʜʩʠʣʘʻʪʴʩʷ ʥʘ ʛʨʘʥʠʯʥʽ ʩʝʨʚʝʨʠ CDN ʤʝʨʝʞʽ, ʷʢʽ ʚ ʩʚʦʶ ʯʝʨʛʫ ʰʫʢʘʶʪʴ 

ʧʦ ʟʘʜʘʥʦʤʫ ʢʣʶʯʫ ʢʝʰʫʚʘʥʥʷ ʚʽʜʧʦʚʽʜʴ ʚ ʢʝʰʽ, ʘʙʦ ʞ ʧʝʨʝʘʜʨʝʩʦʚʫʶʪʴ 

ʡʦʛʦ ʥʘ ʢʦʨʝʥʝʚʠʡ ʩʝʨʚʝʨ. ʊʘʢʦʞ ʦʯʝʚʠʜʥʠʤ ʻ ʬʘʢʪ, ʱʦ ʯʠʤ ʙʽʣʴʰʝ 

ʧʘʨʘʤʝʪʨʽʚ (ʢʨʠʪʝʨʽʾʚ) ʧʦʰʫʢʫ ʟʘʜʘʩʪʴ ʢʦʨʠʩʪʫʚʘʯ, ʪʠʤ ʤʝʥʰʝ ʪʦʚʘʨʽʚ 

ʚʽʜʧʦʚʽʜʘʪʠʤʝ ʮʠʤ ʧʘʨʘʤʝʪʨʘʤ. ɺʽʜʧʦʚʽʜʥʦ, ʟʙʽʣʴʰʫʻʪʴʩʷ ʽʤʦʚʽʨʥʽʩʪʴ ʪʦʛʦ, 

ʱʦ ʮʽ ʪʦʚʘʨʠ ʟʥʘʭʦʜʠʪʠʤʫʪʴʩʷ ʚ ʢʝʰ ʧʘʤôʷʪʽ ʥʘ ʛʨʘʥʠʯʥʠʭ ʩʝʨʚʝʨʘʭ CDN 

ʤʝʨʝʞʽ. ʆʪʞʝ, ʤʦʞʥʘ ʧʝʨʝʜʙʘʯʠʪʠ, ʱʦ ʝʬʝʢʪʠʚʥʽʩʪʴ ʢʝʰʫʚʘʥʥʷ ʩʪʦʨʽʥʦʢ 

ʚʝʣʠʢʠʭ ʢʘʪʝʛʦʨʽʡ ʪʦʚʘʨʽʚ(ʌʦʪʦ-ɺʽʜʝʦ ʪʝʭʥʽʢʘ), ʷʢʽ ʤʽʩʪʷʪʴ ʩʦʪʥʽ ʘʙʦ ʽ ʪʠʩʷʯʽ 

ʪʦʚʘʨʽʚ ʙʫʜʝ ʥʠʞʯʦʶ, ʘʥʽʞ ʩʪʦʨʽʥʦʢ ʽʟ ʧʽʜʢʘʪʝʛʦʨʽʷʤʠ, ʘʙʦ ʞ ʜʦʜʘʪʢʦʚʠʤʠ 

ʬʽʣʴʪʨʘʤʠ ʪʘ ʢʨʠʪʝʨʽʷʤʠ ʧʦʰʫʢʫ.  

ɼʣʷ ʧʽʜʪʚʝʨʜʞʝʥʥʷ ʮʴʦʛʦ ʬʘʢʪʫ, ʙʫʣʦ ʧʨʦʚʝʜʝʥʦ ʘʥʘʣʽʟ ʝʬʝʢʪʠʚʥʦʩʪʽ 

ʢʝʰʫʚʘʥʥʷ ʜʘʥʠʭ ʜʣʷ ʪʨʴʦʭ ʨʽʟʥʠʭ ʩʪʦʨʽʥʦʢ ʜʽʶʯʦʛʦ ʥ̔ʪʝʨʥʝʪ-ʤʘʛʘʟʠʥʫ. ʅʘ 
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ʢʦʞʥʽʡ ʩʪʦʨʽʥʮʽ ʙʫʣʘ ʨʽʟʥʘ ʢʽʣʴʢʽʩʪʴ ʪʦʚʘʨʽʚ. ʇʝʨʰʘ ʩʪʦʨʽʥʢʘ - ʮʝ ʦʩʥʦʚʥʘ 

ʢʘʪʝʛʦʨʽʷ /Photography/Camera , ʜʨʫʛʘ ʩʪʦʨʽʥʢʘ - ʮʝ ʧʽʜʢʘʪʝʛʦʨʽʷ ʧʝʨʰʦʾ 

ʩʪʦʨʽʥʢʠ /Photography/Camera/Camera-Accessories, ʪʨʝʪʷ - ʮʝ ʪʘʢʦʞ 

ʧʽʜʢʘʪʝʛʦʨʽʷ ʧʝʨʰʦʾ ʽʟ ʟʘʩʪʦʩʫʚʘʥʥʷʤ ʬʽʣʴʪʨʘ ʧʦ ʙʨʝʥʜʫ ʚʠʨʦʙʥʠʢʘ 

/Photography/Camera/Mirrorless-Cameras(Canon). ɿʙʽʨ ʪʘ ʘʥʘʣʽʟ ʜʘʥʠʭ 

ʧʨʦʚʦʜʠʚʩʷ ʥʘ ʧʨʦʪʷʟʽ 5 ʜʥʽʚ. ʈʝʟʫʣʴʪʘʪʠ ʘʥʘʣʽʟʫ ʧʨʝʜʩʪʘʚʣʝʥʦ ʥʘ 

ʨʠʩʫʥʢʫ 2.17. 

ʈʠʩ.2.17. ɽʬʝʢʪʠʚʥʽʩʪʴ ʢʝʰʫʚʘʥʥʷ ʜʘʥʠʭ ʥʘ ʨʽʟʥʠʭ ʩʪʦʨʽʥʢʘʭ ʥ̔ʪʝʨʥʝʪ-

ʤʘʛʘʟʠʥʫ 

 

ʈʝʟʫʣʴʪʘʪʠ, ʧʨʝʜʩʪʘʚʣʝʥʽ ʥʘ ʨʠʩʫʥʢʫ 2.17, ʧʦʢʘʟʫʶʪʴ, ʱʦ 

ʝʬʝʢʪʠʚʥʽʩʪʴ ʢʝʰʫʚʘʥʥʷ ʜʘʥʠʭ ʜʣʷ ʩʪʦʨʽʥʦʢ ʟ ʚʝʣʠʢʦʶ ʢʽʣʴʢʽʩʪʶ ʪʦʚʘʨʽʚ 

(ʆʩʥʦʚʥʘ ʢʘʪʝʛʦʨʽʷ /Photography/Camera) ʻ ʜʦʩʠʪʴ ʥʠʟʴʢʦʶ ʽ ʟʥʘʭʦʜʠʪʴʩʷ ʚ 

ʤʝʞʘʭ 5%, ʜʣʷ ʩʪʦʨʽʥʦʢ ʧʽʜʢʘʪʝʛʦʨʽʾ - ʚ ʤʝʞʘʭ 8%, ʘ ʜʣʷ ʩʪʦʨʽʥʦʢ 

ʧʽʜʢʘʪʝʛʦʨʽʾ ʽʟ ʜʦʜʘʪʢʦʚʠʤ ʬʽʣʴʪʨʦʤ( ʥʘʟʚʘ ʙʨʝʥʜʫ) - ʚ ʤʝʞʘʭ 15%. ʎʝ 

ʤʦʞʥʘ ʧʦʷʩʥʠʪʠ ʪʠʤ, ʱʦ ʯʠʤ ʙʽʣʴʰʝ ʪʦʚʘʨʽʚ ʚʽʜʧʦʚʽʜʘʻ ʜʘʥʦʤʫ ʢʨʠʪʝʨʽʶ 

ʧʦʰʫʢʫ, ʪʠʤ ʤʝʥʰʦʶ ʙʫʜʝ ʽʤʦʚʽʨʥʽʩʪʴ ʪʦʛʦ, ʱʦ ʚʩʽ ʚʦʥʠ ʙʫʜʫʪʴ ʚ ʢʝʰ 

ʧʘʤôʷʪʽ ʛʨʘʥʠʯʥʠʭ ʩʝʨʚʝʨʽʚ, ʘʙʦ ʪʠʤ ʙʽʣʴʰʘ ʽʤʦʚʽʨʥʽʩʪʴ, ʱʦ ʭʦʯʘ ʙ ʦʜʠʥ 

ʪʦʚʘʨ ʙʫʜʝ ʟʤʽʥʝʥʠʤ ʽ, ʷʢ ʨʝʟʫʣʴʪʘʪ, ʚʠʜʘʣʝʥʠʡ ʟ ʢʝʰ ʧʘʤôʷʪʽ. ɺʽʜʧʦʚʽʜʥʦ, 

ʮʝ ʧʽʜʪʚʝʨʜʞʫʻ ʜʦʮʽʣʴʥʽʩʪʴ ʚʠʢʦʨʠʩʪʘʥʥʷ ʽʥʪʝʛʨʦʚʘʥʠʭ ʢʣʶʯʽʚ ʢʝʰʫʚʘʥʥʷ, 

ʷʢʽ ʩʢʣʘʜʘʶʪʴʩʷ ʽʟ ʙʘʛʘʪʴʦʭ ʧʘʨʘʤʝʪʨʽʚ, ʯʠʤ ʜʘʶʪʴ ʤʦʞʣʠʚʽʩʪʴ ʜʝʪʘʣʽʟʫʚʘʪʠ 

ʢʨʠʪʝʨʽʾ ʚʠʙʦʨʫ ʜʘʥʠʭ, ʷʢʽ ʢʝʰʫʚʘʪʠʤʫʪʴʩʷ ʷʢ ʦʜʥʝ ʮʽʣʝ. 
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2.5.2. ɺʠʢʦʨʠʩʪʘʥʥʷ ʤʝʪʦʜʫ ʨʦʟʧʦʜʽʣʝʥʦʾ ʦʙʨʦʙʢʠ ʟʘʧʠʪʽʚ 

ʥʘ ʨʽʚʥʽ ʙʘʣʘʥʩʫʚʘʣʴʥʠʢʘ ʥʘʚʘʥʪʘʞʝʥʥʷ ʚ ʛʨʘʥʠʯʥʽʡ 

ʣʦʢʘʮʽʾ CDN. 

ɼʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʝʬʝʢʪʠʚʥʦʾ ʦʙʨʦʙʢʠ ʟʘʧʠʪʽʚ ʪʘ ʜʦʩʷʛʥʝʥʥʷ 

ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʨʽʚʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʢʝʰʫʚʘʥʥʷ ʚ ʩʭʝʤʽ ʤʝʨʝʞʽ CDN 

ʧʨʦʧʦʥʫʻʪʴʩʷ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʣʦʢʘʣʴʥʠʡ ʙʘʣʘʥʩʫʚʘʣʴʥʠʢ ʥʘʚʘʥʪʘʞʝʥʥʷ 

(Load Balancer) ʫ ʢʦʞʥʽʡ ʽʟ ʣʦʢʘʮʽʡ (PoP - ʪʦʯʢʘ ʧʨʠʩʫʪʥʦʩʪʽ). ʉʭʝʤʘ 

ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩʫʥʢʫ 2.18. 

 

ʈʠʩ.2.18. ʉʭʝʤʘ CDN ʤʝʨʝʞʽ ʽʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʙʘʣʘʥʩʫʚʘʣʴʥʠʢʘ 

ʥʘʚʘʥʪʘʞʝʥʥʷ ʚ ʢʦʞʥʽʡ ʪʦʯʮʽ ʧʨʠʩʫʪʥʦʩʪʽ (PoP) 

 

ɿʛʽʜʥʦ ʜʘʥʦʾ ʩʭʝʤʠ, ʻ ʜʚʽ ʣʦʢʘʮʽʾ ʢʦʨʠʩʪʫʚʘʯʽʚ ʟ ʣʦʢʘʣʴʥʠʤʠ DNS 

ʩʝʨʚʝʨʘʤʠ ʪʘ ʜʚʽ ʣʦʢʘʮʽʾ ʧʨʠʩʫʪʥʦʩʪʽ ʢʝʰʫʶʯʠʭ ʩʝʨʚʝʨʽʚ PoP. ɺ ʢʦʞʥʽʡ ʽʟ 

ʣʦʢʘʮʽʡ, ʦʢʨʽʤ ʢʝʰʫʶʯʠʭ ʩʝʨʚʝʨʽʚ ʧʨʠʩʫʪʥʽʡ ʙʘʣʘʥʩʫʚʘʣʴʥʠʢ ʥʘʚʘʥʪʘʞʝʥʥʷ. 

ɺʩʽ ʟʘʧʠʪʠ ʚʽʜ ʢʦʨʠʩʪʫʚʘʯʽʚ ʙʫʜʫʪʴ ʥʘʧʨʘʚʣʝʥʽ ʩʘʤʝ ʥʘ ʙʘʣʘʥʩʫʚʘʣʴʥʠʢ. ʎʝ 

ʦʟʥʘʯʘʻ, ʱʦ DNS ʩʝʨʚʝʨ CDN ʧʨʦʚʘʡʜʝʨʘ ʙʫʜʝ ʟʘʚʞʜʠ ʦʧʝʨʫʚʘʪʠ ʘʜʨʝʩʘʤʠ 

ʙʘʣʘʥʩʫʚʘʣʴʥʠʢʽʚ ʥʘʚʘʥʪʘʞʝʥʥʷ, ʘ ʥʝ ʦʢʨʝʤʠʭ ʢʝʰ ʩʝʨʚʝʨʽʚ. LB ʙʫʜʝ 

ʧʝʨʝʥʘʧʨʘʚʣʷʪʠ ʟʘʧʠʪʠ ʥʘ ʦʢʨʝʤʽ ʢʝʰ ʩʝʨʚʝʨʠ (Edge1-3), ʷʢʽ ʚʞʝ ʙʫʜʫʪʴ 
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ʚʽʜʜʘʚʘʪʠ ʢʦʥʪʝʥʪ ʥʘʧʨʷʤʫ ʢʦʨʠʩʪʫʚʘʯʫ. ʉʝʩʽʷ ʧʝʨʝʜʘʯʽ ʜʘʥʠʭ ʙʫʜʝ 

ʩʪʚʦʨʝʥʘ ʤʽʞ ʢʣʽʻʥʪʦʤ ʪʘ ʢʝʰʫʶʯʠʤ ʩʝʨʚʝʨʦʤ. ʆʩʥʦʚʥʘ ʮʽʣʴ ʪʘʢʦʾ ʩʭʝʤʠ ʽʟ 

ʚʠʢʦʨʠʩʪʘʥʥʷʤ LB - ʮʝ ʟʘʙʝʟʧʝʯʠʪʠ ʤʘʢʩʠʤʘʣʴʥʦ ʝʬʝʢʪʠʚʥʝ ʢʝʰʫʚʘʥʥʷ 

ʜʘʥʠʭ. ʗʢʠʤ ʯʠʥʦʤ ʮʝ ʙʫʜʝ ʦʨʛʘʥʽʟʦʚʘʥʦ: 

ü LB ʙʫʜʝ ʚʠʢʦʥʫʚʘʪʠ ʬ-ʶ ʤʦʥʽʪʦʨʠʥʛʫ ʩʪʘʥʫ ʢʦʞʥʦʛʦ 

ʢʝʰʫʶʯʦʛʦ ʩʝʨʚʝʨʘ ʷʢʠʡ ʻ ʜʦʩʪʫʧʥʠʤ ʚ ʡʦʛʦ ʣʦʢʘʮʽʾ. ʊʦʙʪʦ ʟʙʽʨ ʤʝʪʨʠʢ ʧʨʦ 

ʩʪʘʥ ʨʦʙʦʪʠ ʩʝʨʚʽʩʽʚ, ʟʘʚʘʥʪʘʞʝʥʽʩʪʴ ʪʘ ʽʥʰʽ ʧʘʨʘʤʝʪʨʠ, ʙʫʜʫʪʴ 

ʚʠʢʦʥʫʚʘʪʠʩʴ ʩʘʤʝ ʥʘ LB ʩʝʨʚʝʨʽ.  

ü LB ʪʘʢʦʞ ʙʫʜʝ ʚʟʘʻʤʦʜʽʷʪʠ ʽʟ ʩʠʩʪʝʤʦʶ ʨʦʟʧʦʜʽʣʫ ʟʘʧʠʪʽʚ, ʱʦ 

ʚʠʤʘʛʘʶʪʴ ʟʥʘʯʥʠʭ ʦʙʯʠʩʣʶʚʘʣʴʥʠʭ ʨʝʩʫʨʩʽʚ, ʘ ʪʘʢʦʞ ʩʠʩʪʝʤʦʶ ʘʥʘʣʽʪʠʢʠ 

ʪʘ ʤʘʨʢʝʪʠʥʛʦʚʠʭ ʢʦʤʧʘʥʽʡ. ɼʘʥʽ ʮʠʭ ʩʠʩʪʝʤ ʙʫʜʫʪʴ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠʩʴ ʫ 

ʧʨʦʮʝʩʽ ʬʦʨʤʫʚʘʥʥʷ ʽʥʪʝʛʨʦʚʘʥʦʛʦ ʢʣʶʯʘ ʢʝʰʫʚʘʥʥʷ, ʥʘ ʦʩʥʦʚʽ ʷʢʦʛʦ ʙʫʜʝ 

ʟʜʽʡʩʥʶʚʘʪʠʩʷ ʨʦʟʧʦʜʽʣ ʟʘʧʠʪʽʚ ʤʽʞ ʛʨʘʥʠʯʥʠʤʠ ʩʝʨʚʝʨʘʤʠ.  

ü ʆʩʢʽʣʴʢʠ LB ʙʫʜʝ ʧʝʨʝʥʘʧʨʘʚʣʷʪʠ ʟʘʧʠʪʠ ʢʦʨʠʩʪʫʚʘʯʽʚ ʥʘ ʢʝʰ 

ʩʝʨʚʝʨʠ, ʪʦ ʚʽʥ ʙʫʜʝ ʤʘʪʠ ʽʥʬʦʨʤʘʮʽʶ ʷʢʠʡ ʢʦʥʪʝʥʪ ʟʥʘʭʦʜʠʪʴʩʷ ʥʘ ʷʢʦʤʫ 

ʩʝʨʚʝʨʽ. ʎʷ ʽʥʬʦʨʤʘʮʽʷ ʧʦʪʨʽʙʥʘ ʜʣʷ ʪʦʛʦ, ʱʦʙ ʚʩʽ ʥʘʩʪʫʧʥʽ ʟʘʧʠʪʠ, ʷʢʽ 

ʥʘʜʭʦʜʠʪʠʤʫʪʴ ʚʽʜ ʽʥʰʠʭ ʢʣʽʻʥʪʽʚ ʟ ʮʽʻʾ ʞ ʣʦʢʘʮʽʾ ʟʘ ʪʠʤ ʞʝ ʢʦʥʪʝʥʪʦʤ 

ʧʝʨʝʥʘʧʨʘʚʠʪʠ ʩʘʤʝ ʥʘ ʪʦʡ ʢʝʰʫʶʯʠʡ ʩʝʨʚʝʨ, ʥʘ ʷʢʠʡ ʙʫʚ ʥʘʧʨʘʚʣʝʥʠʡ 

ʧʝʨʰʠʡ ʟʘʧʠʪ.  

ü ʇʨʠ ʪʘʢʽʡ ʩʭʝʤʽ, ʢʦʥʪʝʥʪ ʙʫʜʝ ʟʥʘʭʦʜʠʪʠʩʴ ʚʞʝ ʚ ʢʝʰʽ Edge 

ʩʝʨʚʝʨʘ ʽ ʚʽʜʧʦʚʽʜʥʦ ʢʣʽʻʥʪ ʦʪʨʠʤʫʻ ʡʦʛʦ ʰʚʠʜʰʝ, ʘ ʪʘʢʦʞ ʟʘʧʠʪ ʜʦ 

ʢʦʨʝʥʝʚʦʛʦ ʩʝʨʚʝʨʘ ʥʝ ʙʫʜʝ ʚʠʢʦʥʫʚʘʪʠʩʴ.  

ü Load Balancer ʟʚʠʯʘʡʥʦ ʧʦʚʠʥʝʥ ʢʦʥʪʨʦʣʶʚʘʪʠ ʟʘʚʘʥʪʘʞʝʥʽʩʪʴ 

ʢʝʰ ʩʝʨʚʝʨʘ, ʦʩʢʽʣʴʢʠ ʤʦʞʝ ʚʠʥʠʢʥʫʪʠ ʩʠʪʫʘʮʽʷ, ʢʦʣʠ ʢʽʣʴʢʽʩʪʴ ʟʘʧʠʪʽʚ ʜʦ 

ʦʜʥʦʛʦ ʩʝʨʚʝʨʘ ʙʫʜʝ ʜʦʩʠʪʴ ʚʝʣʠʢʦʶ ʽ ʡʦʛʦ ʟʘʚʘʥʪʘʞʝʥʽʩʪʴ ʩʪʘʥʝ 

ʢʨʠʪʠʯʥʦʶ. ɺ ʪʘʢʦʤʫ ʚʠʧʘʜʢʫ, LB ʧʦʚʠʥʝʥ ʧʦʧʝʨʝʜʥʴʦ ʟʘʢʝʰʫʚʘʪʠ 

ʥʘʡʙʽʣʴʰ ʧʦʧʫʣʷʨʥʠʡ ʢʦʥʪʝʥʪ ʥʘ ʩʫʩʽʜʥʴʦʤʫ Edge ʩʝʨʚʝʨʽ, ʟʘʚʘʥʪʘʞʠʚʰʠ 

ʡʦʛʦ ʟ ʦʩʥʦʚʥʦʛʦ Edge, ʪʘ ʧʦʯʘʪʠ ʧʝʨʝʥʘʧʨʘʚʣʷʪʠ ʟʘʧʠʪʠ ʥʦʚʠʭ ʢʣʽʻʥʪʽʚ ʥʘ 

ʩʫʩʽʜʥʽʡ Edge. 
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ɿʘʚʜʷʢʠ ʪʘʢʦʤʫ ʧʽʜʭʦʜʫ ʤʦʞʥʘ ʟʘʙʝʟʧʝʯʠʪʠ ʤʘʢʩʠʤʘʣʴʥʫ 

ʝʬʝʢʪʠʚʥʽʩʪʴ ʢʝʰʫʚʘʥʥʷ ʜʘʥʠʭ ʽʟ ʢʦʥʪʨʦʣʝʤ ʚʠʢʦʨʠʩʪʘʥʥʷ ʨʝʩʫʨʩʽʚ.  

 

ʈʠʩ.2.19. ɹʣʦʢ ʩʭʝʤʘ ʘʣʛʦʨʠʪʤʫ ʨʦʙʦʪʠ ʙʘʣʘʥʩʫʚʘʣʴʥʠʢʘ 

ʥʘʚʘʥʪʘʞʝʥʥʷ ʚ ʛʨʘʥʠʯʥʽʡ ʣʦʢʘʮʽʾ, ʷʢʠʡ ʟʘʙʝʟʧʝʯʫʻ ʤʘʢʩʠʤʘʣʴʥʫ 

ʝʬʝʢʪʠʚʥʽʩʪʴ ʢʝʰʫʚʘʥʥʷ ʪʘ ʢʦʥʪʨʦʣʴ ʟʘʚʘʥʪʘʞʝʥʦʩʪʽ ʢʝʰʫʶʯʠʭ ʩʝʨʚʝʨʽʚ 

 

ɿʛʽʜʥʦ ʟʘʧʨʦʧʦʥʦʚʘʥʦʛʦ ʘʣʛʦʨʠʪʤʫ ʙʫʣʦ ʧʨʦʚʝʜʝʥʦ ʽʤʽʪʘʮʽʡʥʝ 

ʤʦʜʝʣʶʚʘʥʥʷ, ʷʢʝ ʜʘʻ ʟʤʦʛʫ ʧʦʨʽʚʥʷʪʠ ʝʬʝʢʪʠʚʥʽʩʪʴ ʢʝʰʫʚʘʥʥʷ ʽʟ 
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ʚʠʢʦʨʠʩʪʘʥʥʷʤ Load Balancer ʚ ʛʨʘʥʠʯʥʽʡ ʣʦʢʘʮʽʾ CDN ʤʝʨʝʞʽ ʪʘ ʙʝʟ ʥʴʦʛʦ. 

ʇʨʠ ʚʽʜʩʫʪʥʦʩʪʽ ʙʘʣʘʥʩʫʚʘʣʴʥʠʢʘ ʥʘʚʘʥʪʘʞʝʥʥʷ, ʟʘʧʠʪʠ ʨʦʟʧʦʜʽʣʷʣʠʩʴ 

ʨʽʚʥʦʤʽʨʥʦ ʤʽʞ ʚʩʽʤʘ ʛʨʘʥʠʯʥʠʤʠ ʩʝʨʚʝʨʘʤʠ, ʪʦʙʪʦ ʥʝ ʙʨʘʣʦʩʴ ʜʦ ʫʚʘʛʠ 

ʟʥʘʯʝʥʥʷ ʢʣʶʯʘ ʢʝʰʫʚʘʥʥʷ. ɺ ʧʨʦʮʝʩʽ ʤʦʜʝʣʶʚʘʥʥʷ, ʚʩʽ ʟʘʧʠʪʠ 

ʛʝʥʝʨʫʚʘʣʠʩʴ ʧʨʦʛʨʘʤʦʶ Apache JMeter. ɺ ʤʦʜʝʣʽ ʙʫʣʦ ʚʠʢʦʨʠʩʪʘʥʦ 10 

ʚʽʨʪʫʘʣʴʥʠʭ ʤʘʰʠʥ, ʥʘ ʷʢʠʭ ʙʫʣʦ ʟʘʧʫʱʝʥʦ ʧʦ 15 ʢʦʥʪʝʡʥʝʨʽʚ, ʱʦ 

ʚʠʢʦʥʫʚʘʣʠ ʨʦʣʴ ʛʨʘʥʠʯʥʠʭ ʩʝʨʚʝʨʽʚ. ʊʘʢʦʞ ʙʫʣʦ ʜʦʜʘʪʢʦʚʦ ʚʠʢʦʨʠʩʪʘʥʦ 1 

ʚʽʨʪʫʘʣʴʥʘ ʤʘʰʠʥʘ, ʷʢʘ ʚʠʢʦʥʫʚʘʣʘ ʬʫʥʢʮʽʶ ʢʦʨʝʥʝʚʦʛʦ ʩʝʨʚʝʨʘ. ɺʽʨʪʫʘʣʴʥʽ 

ʤʘʰʠʥʠ ʛʨʘʥʠʯʥʠʭ ʩʝʨʚʝʨʽʚ ʟʥʘʭʦʜʠʣʠʩʴ ʚ ʦʜʥʽʡ ʣʦʢʘʮʽʾ (us-east), ʘ 

ʢʦʨʝʥʝʚʠʡ ʩʝʨʚʝʨ ʚ ʽʥʰʽʡ, ʬʽʟʠʯʥʦ ʚʽʜʜʘʣʝʥʽʡ ʣʦʢʘʮʽʾ (us-west). ɺʽʨʪʫʘʣʴʥʽ 

ʤʘʰʠʥʠ ʩʪʚʦʨʶʚʘʣʠʩʴ ʚ Google Cloud ʽʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʩʝʨʚʽʩʫ Compute 

Engine. ʊʠʧ ʚʽʨʪʫʘʣʴʥʠʭ ʤʘʰʠʥ: 

ü ʢʦʨʝʥʝʚʠʡ ʩʝʨʚʝʨ ï e2-standard-2 (2vCPU, 1 Core, 8GB RAM, 10GB 

SSD Storage) 

ü ʛʨʘʥʠʯʥʠʡ ʩʝʨʚʝʨ ï e2-standard-8 (8vCPU, 4 Core, 32GB RAM, 100GB 

SSD Storage) 

ʇʘʨʘʤʝʪʨʠ ʤʦʜʝʣʽ ʙʫʣʠ ʥʘʩʪʫʧʥʠʤʠ: 

ü ʪʨʠʚʘʣʽʩʪʴ ʝʢʩʧʝʨʠʤʝʥʪʫ - 2 ʜʥʽ 

ü ʢʽʣʴʢʽʩʪʴ ʟʘʧʠʪʽʚ ʚʽʜ ʢʦʨʠʩʪʫʚʘʯʽʚ - 1000 ʟʘʧʠʪʽʚ ʚ ʛʦʜʠʥʫ 

ü ʢʽʣʴʢʽʩʪʴ ʢʝʰʫʶʯʠʭ ʩʝʨʚʝʨʽʚ -150 

ü ʚʩʽ ʢʦʨʠʩʪʫʚʘʯʽ ʟʘʧʠʪʫʚʘʣʠ ʦʜʠʥ ʬʘʡʣ. 

ü ʢʦʨʠʩʪʫʚʘʯʽ ʙʫʣʠ ʫʥʽʢʘʣʴʥʽ, ʻʜʠʥʠʤ ʩʧʽʣʴʥʠʤ ʧʘʨʘʤʝʪʨʦʤ ʙʫʣʘ 

ʾʭʥʷ ʣʦʢʘʮʽʷ. ʇʨʠ ʛʝʥʝʨʘʮʽʾ ʟʘʧʠʪʽʚ ʧʦʩʪʽʡʥʦ ʟʤʽʥʶʚʘʣʠʩʴ User-agent, 

ʧʘʨʘʤʝʪʨʠ ʟʘʧʠʪʫ, ʜʦʜʘʶʪʴʩʷ ʜʦʜʘʪʢʦʚʽ ʟʘʛʦʣʦʚʢʠ ʜʦ ʟʘʧʠʪʽʚ. 

ü ʧʝʨʽʦʜʠʯʥʦ ʚʠʢʦʥʫʚʘʚʩʷ purge ʢʦʥʪʝʥʪʫ, ʱʦ ʦʟʥʘʯʘʻ ʚʠʜʘʣʝʥʥʷ 

ʡʦʛʦ ʽʟ ʢʝʰʘ ʥʘ ʚʩʽʭ Edge ʩʝʨʚʝʨʘʭ. 

ɿʘʛʘʣʴʥʘ ʢʽʣʴʢʽʩʪʴ ʟʘʧʠʪʽʚ ʥʘ ʧʨʦʤʽʞʢʫ ʝʢʩʧʝʨʠʤʝʥʪʫ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ 

ʨʠʩ. 2.20. ʈʝʟʫʣʴʪʘʪʠ ʤʦʜʝʣʶʚʘʥʥʷ ʧʨʝʜʩʪʘʚʣʝʥʦ ʥʘ ʨʠʩ. 2.21-2.22. 
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ʈʠʩ.2.20. ɿʘʛʘʣʴʥʘ ʢʽʣʴʢʽʩʪʴ ʟʘʧʠʪʽʚ ʢʦʨʠʩʪʫʚʘʯʽʚ ʚ ʛʨʘʥʠʯʥʽʡ ʣʦʢʘʮʽʾ 

ʥʘ ʧʨʦʤʽʞʢʫ ʯʘʩʫ ʤʦʜʝʣʶʚʘʥʥʷ 

 

   

ʈʠʩ.2.21. ɽʬʝʢʪʠʚʥʽʩʪʴ ʢʝʰʫʚʘʥʥʷ ʜʘʥʠʭ ʚ ʛʨʘʥʠʯʥʽʡ ʣʦʢʘʮʽʾ ʙʝʟ 

ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʙʘʣʘʥʩʫʚʘʣʴʥʠʢʘ ʥʘʚʘʥʪʘʞʝʥʥʷ 

 

ʅʘ ʨʠʩʫʥʢʫ 2.21 ʤʦʞʥʘ ʧʦʙʘʯʠʪʠ ʷʢʠʤ ʯʠʥʦʤ ʟʘʧʠʪʠ ʚʽʜ ʨʽʟʥʠʭ 

ʢʦʨʠʩʪʫʚʘʯʽʚ ʟ ʦʜʥʽʻʾ Edge ʣʦʢʘʮʽʾ ʨʦʟʧʦʜʽʣʷʶʪʴʩʷ ʤʽʞ ʩʝʨʚʝʨʘʤʠ. ɺ ʜʘʥʦʤʫ 
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ʚʘʨʽʘʥʪʽ ʟʘʧʠʪʠ ʨʽʚʥʦʤʽʨʥʦ ʨʦʟʧʦʜʽʣʝʥʽ ʤʽʞ ʫʩʽʤʘ ʩʝʨʚʝʨʘʤʠ. ʗʢ ʙʘʯʠʤʦ 

ʝʬʝʢʪʠʚʥʽʩʪʴ ʢʝʰʫʚʘʥʥʷ ʩʪʘʥʦʚʠʪʴ 1.5% ʪʘ ʻ ʧʨʠʙʣʠʟʥʦ ʦʜʥʘʢʦʚʦ  ʁʥʘ ʚʩʽʭ 

ʛʨʘʥʠʯʥʠʭ ʩʝʨʚʝʨʘʭ. ɺ ʯʦʤʫ ʧʝʨʝʚʘʛʘ ʪʘʢʦʛʦ ʧʽʜʭʦʜʫ - ʚʩʽ ʢʝʰʫʶʯʽ ʩʝʨʝʨʠ ʚ 

ʤʝʞʘʭ ʣʦʢʘʮʽʾ, ʙʫʜʫʪʴ ʨʽʚʥʦʤʽʨʥʦ ʟʘʚʘʥʪʘʞʝʥʽ, ʪʦʙʪʦ ʜʫʞʝ ʨʽʜʢʦ ʤʦʞʝ 

ʪʨʘʧʣʷʪʠʩʴ ʩʠʪʫʘʮʽʷ ʢʦʣʠ ʦʜʠʥ ʯʠ ʜʝʢʽʣʴʢʘ ʟ ʥʠʭ ʙʫʜʫʪʴ ʧʝʨʝʚʘʥʪʘʞʝʥʽ. 

ʆʜʥʘʢ ʩʝʨʝʜ ʥʝʜʦʣʽʢʽʚ ʪʘʢʦʛʦ ʧʽʜʭʦʜʫ ʙʫʜʫʪʴ ʥʘʩʪʫʧʥʽ: 

ü  ʟʨʦʩʪʘʥʥʷ ʯʠʩʣʘ ʟʘʧʠʪʽʚ ʜʦ ʢʦʨʝʥʝʚʦʛʦ ʩʝʨʚʝʨʘ, ʦʩʢʽʣʴʢʠ ʢʦʞʝʥ 

ʛʨʘʥʠʯʥʠʡ ʩʝʨʚʝʨ ʙʫʜʝ ʧʝʨʰʠʡ ʨʘʟ ʟʘʧʠʪʫʚʘʪʠ ʢʦʥʪʝʥʪ ʟ ʢʦʨʝʥʝʚʦʛʦ 

ʩʝʨʚʝʨʘ,  

ü ʝʬʝʢʪʠʚʥʽʩʪʴ ʚʠʢʦʨʠʩʪʘʥʥʷ ʢʝʰʦʚʘʥʠʭ ʜʘʥʠʭ ʙʫʜʝ ʥʠʟʴʢʦʶ. 

ʆʪʨʠʤʘʚʰʠ ʢʦʥʪʝʥʪ ʟ ʢʦʨʝʥʝʚʦʛʦ ʩʝʨʚʝʨʘ ʚ ʤʝʞʘʭ ʣʦʢʘʮʽʾ, ʥʝ ʟʦʚʩʽʤ 

ʧʨʘʚʠʣʴʥʦ ʻ ʟʚʝʨʪʘʪʠʩʴ ʟʘ ʮʠʤ ʞʝ ʢʦʥʪʝʥʪʦʤ ʱʝ ʨʘʟ ʟ ʽʥʰʦʛʦ ʛʨʘʥʠʯʥʦʛʦ 

ʩʝʨʚʝʨʘ, ʚ ʤʝʞʘʭ ʮʽʻʾ ʞ ʣʦʢʘʮʽʾ. 

ü ʢʦʨʠʩʪʫʚʘʯʽ, ʷʢʽ ʟʘʧʠʪʫʶʪʴ ʦʜʠʥ ʽ ʪʦʡ ʞʝ ʬʘʡʣ, ʧʦʧʘʚʰʠ ʥʘ 

ʦʜʥʫ ʽ ʪʫ ʞ ʛʨʘʥʠʯʥʫ ʣʦʢʘʮʽʶ ʦʪʨʠʤʫʚʘʪʠʤʫʪʴ ʡʦʛʦ ʥʝ ʟ ʢʝʰʘ, ʘ ʮʝ ʦʟʥʘʯʘʻ, 

ʱʦ ʯʘʩ ʚʽʜʧʦʚʽʜʽ ʙʫʜʝ ʜʦʚʰʠʤ. 

ʅʘʩʪʫʧʥʠʡ ʢʨʦʢ ʤʦʜʝʣʶʚʘʥʥʷ ï ʚʠʢʦʨʠʩʪʘʥʥʷ ʚ ʛʨʘʥʠʯʥʽʡ  ʣʦʢʘʮʽʾ 

ʙʘʣʘʥʩʫʚʘʣʴʥʠʢʘ ʥʘʚʘʥʪʘʞʝʥʥʷ ʚ ʧʦʻʜʥʘʥʥʽ ʽʟ ʤʝʪʦʜʦʤ ʨʦʟʧʦʜʽʣʝʥʦʾ 

ʦʙʨʦʙʢʠ ʟʘʧʠʪʽʚ ʪʘ ʢʦʥʪʨʦʣʝʤ ʟʘʚʘʥʪʘʞʝʥʦʩʪʽ ʢʝʰʫʶʯʠʭ ʩʝʨʚʝʨʽʚ. ʆʩʥʦʚʥʽ 

ʬʫʥʢʮʽʾ ʷʢʽ ʚʠʢʦʥʫʻ ʙʘʣʘʥʩʫʚʘʣʴʥʠʢ - ʮʝ ʢʦʥʪʨʦʣʴ ʩʪʘʥʫ ʪʘ ʟʘʚʘʥʪʘʞʝʥʦʩʪʽ 

ʢʝʰʫʶʯʦʛʦ ʩʝʨʚʝʨʘ ʘ ʪʘʢʦʞ ʧʝʨʝʥʘʧʨʘʚʣʝʥʥʷ ʟʘʧʠʪʽʚ ʢʣʽʻʥʪʽʚ, ʷʢʽ 

ʟʘʧʠʪʫʶʪʴ ʧʝʚʥʠʡ ʢʦʥʪʝʥʪ ʥʘ Edge ʩʝʨʚʝʨ, ʷʢʠʡ ʚʞʝ ʤʽʩʪʠʪʴ ʮʝʡ ʢʦʥʪʝʥʪ ʚ 

ʢʝʰʽ. ʊʘʢʦʞ, ʫ ʚʠʧʘʜʢʫ ʧʝʨʝʚʘʥʪʘʞʝʥʦʩʪʽ ʢʝʰʫʶʯʦʛʦ ʩʝʨʚʝʨʘ, 

ʧʝʨʝʥʘʧʨʘʚʠʪʠ ʟʘʧʠʪʠ ʥʘ ʩʫʩʽʜʥʽʡ ʪʘ ʽʥʽʮʽʶʚʘʪʠ ʤʽʛʨʘʮʽʶ ʢʦʥʪʝʥʪʫ ʟ 

ʧʝʨʝʚʘʥʪʘʞʝʥʦʛʦ ʛʨʘʥʠʯʥʦʛʦ ʩʝʨʚʝʨʘ.  ɺʘʨʪʦ ʪʘʢʦʞ ʟʘʟʥʘʯʠʪʠ, ʱʦ ʫ ʜʘʥʦʤʫ 

ʚʠʧʘʜʢʫ ʥʝ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʽʥʪʝʛʨʘʣʴʥʠʡ ʢʣʶʯ ʢʝʰʫʚʘʥʥʷ. ʅʘ ʜʘʥʦʤʫ 

ʝʪʘʧʽ ʤʦʜʝʣʶʚʘʥʥʷ, ʫ ʷʢʦʩʪʽ ʢʣʶʯʘ ʢʝʰʫʚʘʥʥʷ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʘʩʴ ʥʘʟʚʘ 

ʪʦʚʘʨʫ, ʷʢʫ ʬʦʨʤʫʻ ʤʝʪʦʜ ʨʦʟʧʦʜʽʣʝʥʥʷ ʟʘʧʠʪʽʚ, ʱʦ ʧʦʪʨʝʙʫʶʪʴ ʟʥʘʯʥʠʭ 

ʦʙʯʠʩʣʶʚʘʣʴʥʠʭ ʨʝʩʫʨʩʽʚ.  
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ʈʠʩ.2.22. ɽʬʝʢʪʠʚʥʽʩʪʴ ʢʝʰʫʚʘʥʥʷ ʜʘʥʠʭ ʚ ʛʨʘʥʠʯʥʽʡ ʣʦʢʘʮʽʾ ʟ 

ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʙʘʣʘʥʩʫʚʘʣʴʥʠʢʘ ʥʘʚʘʥʪʘʞʝʥʥʷ ʪʘ ʢʦʥʪʨʦʣʝʤ 

ʟʘʚʘʥʪʘʞʝʥʦʩʪʽ ʢʝʰʫʶʯʠʭ ʩʝʨʚʝʨʽʚ 

 

ʗʢ ʙʘʯʠʤʦ ʽʟ ʨʠʩʫʥʢʫ 2.22, ʝʬʝʢʪʠʚʥʽʩʪʴ ʢʝʰʫʚʘʥʥʷ (Cache affinity) 

ʧʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ ʪʘʢʦʛʦ ʤʝʪʦʜʫ ʻ ʜʦʩʠʪʴ ʚʝʣʠʢʦʶ. 96% ʟʘʧʠʪʽʚ 

ʢʦʨʠʩʪʫʚʘʯʽʚ ʽʟ ʦʜʥʽʻʾ ʣʦʢʘʮʽʾ, ʷʢʽ ʟʘʧʠʪʫʶʪʴ ʦʜʠʥ ʽ ʪʦʡ ʞʝ ʢʦʥʪʝʥʪ ʙʫʜʫʪʴ 

ʧʝʨʝʥʘʧʨʘʚʣʝʥʽ ʥʘ ʦʜʠʥ Edge ʩʝʨʚʝʨ, ʚ ʥʘʰʦʤʫ ʚʠʧʘʜʢʫ ʮʝ id7200057. ɼʦ 

ʧʝʨʝʚʘʛ ʜʘʥʛʦ ʤʝʪʦʜʫ ʤʦʞʥʘ ʚʽʜʥʝʩʪʠ ʚʠʩʦʢʝ ʟʥʘʯʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ 

ʢʝʰʫʚʘʥʥʷ, ʟʤʝʥʰʝʥʥʷ ʥʘʚʘʥʪʘʞʝʥʥʷ ʥʘ ʢʦʨʝʥʝʚʠʡ ʩʝʨʚʝʨ, ʘ ʪʘʢʦʞ 

ʟʤʝʥʰʝʥʥʷ ʯʘʩʫ ʚʽʜʧʦʚʽʜʽ ʜʣʷ ʢʽʥʮʝʚʦʛʦ ʢʦʨʠʩʪʫʚʘʯʘ. ʅʝʜʦʣʽʢʘʤʠ ʪʘʢʦʛʦ 

ʤʝʪʦʜʫ ʻ ʪʝ, ʱʦ ʚ ʤʝʞʘʭ ʦʜʥʽʻʾ ʣʦʢʘʮʽʾ ʻ ʚʝʣʠʢʘ ʢʽʣʴʢʽʩʪʴ ʩʝʨʚʝʨʽʚ, ʪʦ 

ʨʦʟʧʦʜʽʣ ʥʘʚʘʥʪʘʞʝʥʥʷ ʥʝ ʙʫʜʝ ʨʽʚʥʦʤʽʨʥʠʤ, ʘ ʪʘʢʦʞ, ʷʢʱʦ ʢʦʨʠʩʪʫʚʘʯʽ 

ʟʘʧʠʪʫʶʪʴ ʨʽʟʥʽ ʜʘʥʽ, ʪʦ ʝʬʝʢʪʠʚʥʽʩʪʴ ʢʝʰʫʚʘʥʥʷ ʨʽʟʢʦ ʟʥʠʟʠʪʴʩʷ, ʦʩʢʽʣʴʢʠ 

ʥʝ ʚʨʘʭʦʚʫʻʪʴʩʷ ʧʦʚʝʜʽʥʢʘ ʢʦʨʠʩʪʫʚʘʯʽʚ ʪʘ ʜʘʥʽ ʧʨʦ ʪʝ, ʷʢʽ ʨʝʩʫʨʩʠ ʻ 

ʥʘʡʙʽʣʴʰ ʧʦʧʫʣʷʨʥʠʤʠ. ʑʦ ʩʪʦʩʫʻʪʴʩʷ ʢʽʣʴʢʦʩʪʽ ʟʘʧʠʪʽʚ, ʷʢʽ 

ʧʝʨʝʥʘʧʨʘʚʣʷʣʠʩʴ ʥʘ ʢʦʨʝʥʝʚʠʡ ʩʝʨʚʝʨ ʚʽʜ ʛʨʘʥʠʯʥʠʭ ʩʝʨʚʝʨʽʚ, ʨʝʟʫʣʴʪʘʪʠ 
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ʤʦʞʥʘ ʧʦʙʘʯʠʪʠ ʥʘ ʨʠʩʫʥʢʫ 2.23-2.24. 

 

ʈʠʩ.2.23. ʂʽʣʴʢʽʩʪʴ ʟʘʧʠʪʽʚ ʥʘ ʢʦʨʝʥʝʚʠʡ ʩʝʨʚʝʨ ʧʽʜ ʯʘʩ ʝʢʩʧʝʨʠʤʝʥʪʫ 

ʙʝʟ ʚʠʢʦʨʠʩʪʘʥʥʷ ʙʘʣʘʥʩʫʚʘʣʴʥʠʢʘ ʥʘʚʘʥʪʘʞʝʥʥʷ 

 

ʂʽʣʴʢʽʩʪʴ ʟʘʧʠʪʽʚ, ʷʢʘ ʥʘʜʭʦʜʠʣʘ ʥʘ ʢʦʨʝʥʝʚʠʡ ʩʝʨʚʝʨ ʧʽʜ ʯʘʩ 

ʤʦʜʝʣʶʚʘʥʥʷ ʙʝʟ ʚʠʢʦʨʠʩʪʘʥʥʷ ʙʘʣʘʥʩʫʚʘʣʴʥʠʢʘ ʥʘʚʘʥʪʘʞʝʥʥʷ 

ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩʫʥʢʫ 2.23. ɺ ʩʝʨʝʜʥʴʦʤʫ ʯʠʩʣʦ ʟʘʧʠʪʽʚ ʙʫʣʦ ʚ ʤʝʞʘʭ 

200 ʟʘʧʠʪʽʚ ʥʘ ʛʦʜʠʥʫ. 

 

ʈʠʩ.2.24. ʂʽʣʴʢʽʩʪʴ ʟʘʧʠʪʽʚ ʥʘ ʢʦʨʝʥʝʚʠʡ ʩʝʨʚʝʨ ʧʽʜ ʯʘʩ ʝʢʩʧʝʨʠʤʝʥʪʫ 

ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʙʘʣʘʥʩʫʚʘʣʴʥʠʢʘ ʥʘʚʘʥʪʘʞʝʥʥʷ  
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ʇʽʜ ʯʘʩ ʝʢʩʧʝʨʠʤʝʥʪʫ ʽʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʙʘʣʘʥʩʫʚʘʣʴʥʠʢʘ 

ʥʘʚʘʥʪʘʞʝʥʥʷ, ʢʽʣʴʢʽʩʪʴ ʟʘʧʠʪʽʚ ʜʦ ʢʦʨʝʥʝʚʦʛʦ ʩʝʨʚʝʨʘ ʟʤʝʥʰʠʣʘʩʴ 

ʧʨʘʢʪʠʯʥʦ ʚ 3 ʨʘʟʠ ʽ ʩʪʘʥʦʚʠʣʘ ʙʣʠʟʴʢʦ 75 ʟʘʧʠʪʽʚ ʥʘ ʛʦʜʠʥʫ. ʎʽ ʜʚʘ ʛʨʘʬʽʢʠ 

ʜʘʶʪʴ ʤʦʞʣʠʚʽʩʪʴ ʟʨʦʟʫʤʽʪʠ ʪʘ ʦʮʽʥʠʪʠ ʝʬʝʢʪʠʚʥʽʩʪʴ ʨʦʙʦʪʠ ʤʝʪʦʜʫ ʽʟ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʙʘʣʘʥʩʫʚʘʣʴʥʠʢʘ ʥʘʚʘʥʪʘʞʝʥʥʷ ʫ ʛʨʘʥʠʯʥʽʡ ʣʦʢʘʮʽʾ CDN 

ʤʝʨʝʞʽ. ɺʘʨʪʦ ʪʘʢʦʞ ʟʘʟʥʘʯʠʪʠ, ʱʦ ʙʘʣʘʥʩʫʚʘʣʴʥʠʢ ʪʘʢʦʞ ʚʩʽ ʜʘʥʽ ʧʨʦ 

ʤʝʪʨʠʢʠ ʩʪʘʥʫ ʨʦʙʦʪʠ ʢʝʰʫʶʯʠʭ ʩʝʨʚʝʨʽʚ ʤʦʞʝ ʧʝʨʝʜʘʚʘʪʠ ʩʠʩʪʝʤʽ 

ʤʦʥʽʪʦʨʠʥʛʫ CDN ʤʝʨʝʞʽ ʚ ʮʽʣʦʤʫ. 

 

2.5.3. ɺʠʢʦʨʠʩʪʘʥʥʷ ʽʥʪʝʛʨʘʣʴʥʦʛʦ ʢʣʶʯʘ ʢʝʰʫʚʘʥʥʷ ʚ ʤʝʪʦʜʽ 

ʨʦʟʧʦʜʽʣʝʥʦʾ ʦʙʨʦʙʢʠ ʟʘʧʠʪʽʚ ʥʘ ʨʽʚʥʽ ʙʘʣʘʥʩʫʚʘʣʴʥʠʢʘ 

ʥʘʚʘʥʪʘʞʝʥʥʷ. 

 ɯʥʪʝʛʨʘʣʴʥʠʡ ʢʣʶʯ ʢʝʰʫʚʘʥʥʷ - ʮʝ ʢʦʤʧʣʝʢʩʥʠʡ ʧʦʢʘʟʥʠʢ, ʷʢʠʡ 

ʚʢʣʶʯʘʻ ʚ ʩʝʙʝ ʩʫʢʫʧʥʽʩʪʴ ʢʦʤʧʦʥʝʥʪʽʚ, ʢʽʣʴʢʽʩʪʴ ʷʢʠʭ ʙʫʜʝ ʚʠʟʥʘʯʘʪʠʩʴ 

ʪʠʧʦʤ ʩʝʨʚʽʩʫ, ʜʣʷ ʷʢʦʛʦ ʚʽʥ ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ. ʗʢ ʚʞʝ ʟʛʘʜʫʚʘʣʦʩʴ ʚ ʨʦʙʦʪʽ, 

ʮʝʡ ʢʣʶʯ ʤʦʞʝ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠʩʴ ʷʢ ʜʣʷ ʜʘʥʠʭ ʚʝʙ ʩʝʨʚʽʩʽʚ, ʪʘʢʠʭ ʷʢ 

ʩʪʘʪʠʯʥʽ ʪʘ ʜʠʥʘʤʽʯʥʽ ɯʥʪʝʨʥʝʪ ʩʪʦʨʽʥʢʠ, ʪʘʢ ʽ ʜʣʷ ʩʝʨʚʽʩʽʚ ʜʦʩʪʘʚʢʠ 

ʚʽʜʝʦʢʦʥʪʝʥʪʫ, ʪʘʢʠʭ ʷʢ ʮʠʬʨʦʚʝ ʽʥʪʝʨʘʢʪʠʚʥʝ ʪʝʣʝʙʘʯʝʥʥʷ IPTV.  

ʇʨʠ ʟʘʩʪʦʩʫʚʘʥʥʽ ʤʝʪʦʜʫ ʨʦʟʧʦʜʽʣʝʥʦʾ ʦʙʨʦʙʢʠ ʜʘʥʠʭ, ʦʜʠʥ ʟʘʧʠʪ 

ʢʦʨʠʩʪʫʚʘʯʘ ʤʦʞʝ ʨʦʟʜʽʣʷʪʠʩʴ ʥʘ ʜʝʢʽʣʴʢʘ ʟʘʧʠʪʽʚ ʥʘ ʨʽʚʥʽ ʙʘʣʘʥʩʫʚʘʣʥɹʠʢʘ 

ʥʘʚʘʥʪʘʞʝʥʥʷ. ɿʘʧʨʦʧʦʥʦʚʘʥʠʡ ʤʝʪʦʜ ʨʦʟʧʦʜʽʣʝʥʥʷ ʟʘʧʠʪʽʚ ʤʦʞʥʘ 

ʨʦʟʚʠʥʫʪʠ ʱʝ ʙʽʣʴʰʝ, ʟʨʦʙʠʚʰʠ ʽʥʪʝʛʨʘʮʽʶ ʽʟ ʜʘʥʠʤʠ ʘʥʘʣʽʪʠʢʠ. ɿʘʟʚʠʯʘʡ, 

ʥʘ ʙʫʜʴ ʷʢʽʡ ʩʪʦʨʽʥʮʽ ʟʙʠʨʘʶʪʴʩʷ ʤʝʪʨʠʢʠ ʧʨʦ ʪʝ, ʱʦ ʧʝʨʝʛʣʷʜʘʻ 

ʢʦʨʠʩʪʫʚʘʯ, ʷʢʽ ʩʘʤʝ ʢʘʪʝʛʦʨʽʾ, ʬʽʣʴʪʨʠ ʪʦʚʘʨʽʚ, ʪʘ ʽʥʰʽ ʧʘʨʘʤʝʪʨʠ ʚʠʙʦʨʫ. 

ɺʩʽ ʮʽ ʤʝʪʨʠʢʠ ʚ ʧʦʜʘʣʴʰʦʤʫ ʥʘʜʩʠʣʘʶʪʴʩʷ ʜʣʷ ʘʥʘʣʽʪʠʢʠ ʪʘ ʧʨʦʛʥʦʟʫʚʘʥʥʷ 

ʧʦʚʝʜʽʥʢʠ ʢʦʨʠʩʪʫʚʘʯʘ, ʥʘʧʨʠʢʣʘʜ Google ʘʥʘʣʽʪʠʢʘ. ʄʘʶʯʠ ʪʘʢʽ ʜʘʥʽ, 

ʤʦʞʥʘ ʩʬʦʨʤʫʚʘʪʠ ʽʥʪʝʛʨʘʣʴʥʽ ʢʣʶʯʽ ʢʝʰʫʚʘʥʥʷ, ʙʘʟʫʶʯʠʩʴ ʥʘ ʥʘʡʙʽʣʴʰ 

ʧʦʧʫʣʷʨʥʠʭ ʩʪʦʨʽʥʢʘʭ ʽʥʪʝʨʥʝʪ-ʤʘʛʘʟʠʥʫ, ʷʢʽ ʤʦʞʫʪʴ ʚʢʣʶʯʘʪʠ ʚ ʩʝʙʝ ʥʘʟʚʫ 

ʢʘʪʝʛʦʨʽʾ, ʬʽʣʴʪʨʠ, ʢ-ʩʪʴ ʪʦʚʘʨʽʚ ʥʘ ʩʪʦʨʽʥʮʽ ʪʘ ʥʘʚʽʪʴ ʨʝʢʦʤʝʥʜʘʮʽʾ ʜʣʷ 
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ʢʦʨʠʩʪʫʚʘʯʘ. ɯʥʪʝʛʨʘʣʴʥʠʡ ʢʣʶʯ ʢʝʰʫʚʘʥʥʷ ʙʫʜʝ ʬʦʨʤʫʚʘʪʠʩʴ ʥʘ ʦʩʥʦʚʽ 

ʜʘʥʠʭ ʷʢʽ ʧʨʠʭʦʜʠʪʠʤʫʪʴ ʟ ʘʥʘʣʽʪʠʢʠ ʪʘ ʜʘʩʪʴ ʤʦʞʣʠʚʽʩʪʴ ʟʘʢʝʰʫʚʘʪʠ 

ʦʩʥʦʚʥʽ ʩʪʦʨʽʥʢʠ ʟ ʪʦʚʘʨʘʤʠ, ʷʢʽ ʢʦʨʠʩʪʫʶʪʴʩʷ ʥʘʡʙʽʣʴʰʦʶ ʧʦʧʫʣʷʨʥʽʩʪʶ 

ʩʝʨʝʜ ʢʦʨʠʩʪʫʚʘʯʽʚ. ɺ ʪʘʢʦʤʫ ʚʘʨʽʘʥʪʽ ʽʤʧʣʝʤʝʥʪʘʮʽʾ, ʩʢʣʘʜʥʽ ʟʘʧʠʪʠ ʙʫʜʫʪʴ 

ʨʦʟʜʽʣʝʥʽ ʥʝ ʥʘ ʦʢʨʝʤʽ ʪʦʚʘʨʠ, ʘ ʥʘ ʛʨʫʧʠ ʪʦʚʘʨʽʚ, ʷʢʽ ʚʽʜʧʦʚʽʜʘʶʪʴ ʧʝʚʥʠʤ 

ʢʨʠʪʝʨʽʷʤ, ʷʢʽ ʥʘʡʙʽʣʴʰʝ ʮʽʢʘʚʣʷʪʴ ʢʦʨʠʩʪʫʚʘʯʽʚ. ʊʝ ʩʘʤʝ ʤʦʞʥʘ 

ʟʘʧʨʦʧʦʥʫʚʘʪʠ ʽ ʜʣʷ ʤʫʣʴʪʠʤʝʜʽʡʥʠʭ ʜʘʥʠʭ, ʘʜʞʝ ʙʫʜʴ ʷʢʠʡ ʧʨʦʚʘʡʜʝʨ 

ʤʫʣʴʪʠʤʝʜʽʡʥʠʭ ʧʦʩʣʫʛ ʤʘʻ ʘʥʘʣʽʪʠʯʥʽ ʜʘʥʽ ʧʨʦ ʧʝʨʝʛʣʷʜ ʪʠʭ ʯʠ ʽʥʰʠʭ 

ʢʘʥʘʣʽʚ, ʧʨʦʛʨʘʤ ʧʝʨʝʜʘʯ ʥʘ ʧʝʚʥʦʤʫ ʢʘʥʘʣʽ, ʪʘ ʯʘʩʦʚʠʭ ʽʥʪʝʨʚʘʣʽʚ, ʷʢʽ 

ʢʦʨʠʩʪʫʶʪʴʩʷ ʥʘʡʙʽʣʴʰʦʶ ʧʦʧʫʣʷʨʥʽʩʪʶ ʩʝʨʝʜ ʛʣʷʜʘʯʽʚ. 

ʑʝ ʦʜʥʠʤ ʚʘʨʽʘʥʪʦʤ ʽʥʪʝʛʨʘʮʽʾ ʤʦʞʝ ʩʪʘʪʠ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʤʘʨʢʝʪʠʥʛʦʚʠʭ ʢʘʤʧʘʥʽʡ. ɼʦʩʠʪʴ ʯʘʩʪʦ ʚʝʣʠʢʽ ʤʘʛʘʟʠʥʠ ʚʣʘʰʪʦʚʫʶʪʴ ʧʝʚʥʽ 

ʢʘʤʧʘʥʽʾ ʧʦ ʨʦʟʧʨʦʜʘʞʽ ʪʦʚʘʨʽʚ, ʘ ʪʘʢʦʞ ʧʦʷʚʫ ʥʦʚʠʭ ʙʨʝʥʜʽʚ ʯʠ ʢʘʪʝʛʦʨʽʡ 

ʪʦʚʘʨʽʚ. ɺ ʪʘʢʠʭ ʚʠʧʘʜʢʘʭ ʩʪʚʦʨʶʻʪʴʩʷ ʝʤʝʡʣ ʯʠ ʩʤʩ ʨʦʟʩʠʣʢʠ ʚʝʣʠʢʽʡ 

ʢʽʣʴʢʦʩʪʽ ʢʦʨʠʩʪʫʚʘʯʽʚ. ɯ ʦʯʝʚʠʜʥʠʤ ʩʪʘʻ ʪʦʡ ʬʘʢʪ, ʱʦ ʧʦʧʠʪ ʥʘ ʮʽ ʥʘʙʦʨʠ 

ʪʦʚʘʨʽʚ ʨʽʟʢʦ ʟʨʦʩʪʘʻ, ʘ ʚʽʜʧʦʚʽʜʥʦ ʽ ʢʽʣʴʢʽʩʪʴ ʟʘʧʠʪʽʚ ʚʽʜ ʢʽʥʮʝʚʠʭ 

ʢʦʨʠʩʪʫʚʘʯʽʚ. ɿʨʦʙʠʚʰʠ ʽʥʪʝʛʨʘʮʽʶ ʥʘ ʨʽʚʥʽ ʙʘʣʘʥʩʫʚʘʣʴʥʠʢʘ ʥʘʚʘʥʪʘʞʝʥʥʷ 

ʽʟ ʤʘʨʢʝʪʠʥʛʦʚʠʤʠ ʢʘʤʧʘʥʽʷʤʠ, ʟʥʦʚʫ ʞ ʪʘʢʠ ʤʦʞʥʘ ʟʘʧʠʪʠ ʛʨʫʧʫʚʘʪʠ ʪʘ 

ʨʦʟʜʽʣʷʪʠ ʙʽʣʴʰ ʝʬʝʢʪʠʚʥʦ, ʱʦ ʟʥʘʯʥʦʶ ʤʽʨʦʶ ʧʦʢʨʘʱʠʪʴ ʯʘʩ ʚʽʜʧʦʚʽʜʽ, 

ʝʬʝʢʪʠʚʥʽʩʪʴ ʢʝʰʫʚʘʥʥʷ ʜʘʥʠʭ ʪʘ ʟʥʠʟʠʪʴ ʥʘʚʘʥʪʘʞʝʥʥʷ ʥʘ ʢʦʨʝʥʝʚʽ 

ʩʝʨʚʝʨʠ. ʉʭʝʤʘ ʪʘʢʦʾ ʽʥʪʝʛʨʘʮʽʾ ʤʝʪʦʜʫ ʨʦʟʧʦʜʽʣʝʥʦʾ ʦʙʨʦʙʢʠ ʟʘʧʠʪʽʚ, ʽʟ 

ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʜʘʥʠʭ ʘʥʘʣʽʪʠʢʠ ʪʘ ʤʘʨʢʝʪʠʥʛʦʚʠʭ ʢʦʤʧʘʥʽʡ ʧʨʝʜʩʪʘʚʣʝʥʘ 

ʥʘ ʨʠʩʫʥʢʫ 2.25 
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ʈʠʩ.2.25. ɯʥʪʝʛʨʘʮʽʾ ʩʭʝʤʠ ʨʦʟʜʽʣʝʥʥʷ ʟʘʧʠʪʽʚ, ʱʦ ʧʦʪʨʝʙʫʶʪʴʩʷ 

ʟʥʘʯʥʠʭ ʦʙʯʠʩʣʶʚʘʣʴʥʠʭ ʨʝʩʫʨʩʽʚ ʽʟ ʤʦʜʫʣʝʤ ʘʥʘʣʽʪʠʢʠ ʪʘ ʤʘʨʢʝʪʠʥʛʦʚʠʭ 

ʢʘʤʧʘʥʽʡ 

 

 ɹʘʣʘʥʩʫʚʘʣʴʥʠʢ ʥʘʚʘʥʪʘʞʝʥʥʷ ʦʪʨʠʤʫʻ ʘʥʘʣʽʪʠʯʥʽ ʜʘʥʽ ʧʨʦ ʪʝ, ʷʢʽ 

ʩʪʦʨʽʥʢʠ (ʫ ʚʠʧʘʜʢʫ ʚʝʙ ʩʘʡʪʫ) ʘʙʦ ʞ ʢʘʥʘʣʠ ʯʠ ʧʨʦʛʨʘʤʠ ʪʝʣʝʧʝʨʝʜʘʯ (ʫ 

ʚʠʧʘʜʢʫ ʩʝʨʚʽʩʫ ʮʠʬʨʦʚʦʛʦ ʪʝʣʝʙʘʯʝʥʥʷ) ʻ ʥʘʡʙʽʣʴʰ ʧʦʧʫʣʷʨʥʠʤʠ ʩʝʨʝʜ 

ʢʦʨʠʩʪʫʚʘʯʽʚ. ʇʨʠʢʣʘʜ ʜʘʥʠʭ ʟ ʩʠʩʪʝʤʠ ʘʥʘʣʽʪʠʢʠ ʧʨʝʜʩʪʘʚʣʝʥʦ ʥʘ ʨʠʩʫʥʢʫ 

2.26 

ᾷ 

ʈʠʩ 2.26. ɼʘʥʽ ʘʥʘʣʽʪʠʢʠ ʧʨʦ ʘʢʪʠʚʥʽʩʪʴ ʧʝʨʝʛʣʷʜʽʚ ʩʪʦʨʽʥʦʢ 

ʟ ʧʝʚʥʦʾ ʢʘʪʝʛʦʨʽʾ ʪʦʚʘʨʽʚ 

 

 ʅʘ ʨʠʩʫʥʢʫ ʧʨʝʜʩʪʘʚʣʝʥʦ ʘʢʪʠʚʥʽʩʪʴ ʧʝʨʝʛʣʷʜʫ ʩʪʦʨʽʥʦʢ ʧʝʚʥʦʾ 
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ʢʘʪʝʛʦʨʽʾ ʟʘ ʧʝʚʥʠʡ ʽʥʪʝʨʚʘʣ ʯʘʩʫ. ɺʠʢʦʨʠʩʪʦʚʫʶʯʠ ʮʽ ʜʘʥʽ ʪʘ ʤʝʪʦʜ 

ʨʦʟʧʦʜʽʣʝʥʦʾ ʦʙʨʦʙʢʠ ʟʘʧʠʪʽʚ, ʤʦʞʥʘ ʨʦʟʜʽʣʷʪʠ ʟʘʧʠʪʠ, ʷʢʽ ʥʘʜʭʦʜʷʪʴ ʥʘ 

ʦʩʥʦʚʥʫ ʢʘʪʝʛʦʨʽʶ ʥʘ ʙʽʣʴʰʫ ʢʽʣʴʢʽʩʪʴ ʟʘʧʠʪʽʚ, ʱʦ ʚʭʦʜʷʪʴ ʜʦ ʥʝʾ. 

ɺʽʜʧʦʚʽʜʥʦ, ʮʝ ʤʦʞʫʪʴ ʙʫʪʠ ʟʘʧʠʪʠ ʥʘ ʧʽʜʢʘʪʝʛʦʨʽʾ, ʘʙʦ ʥʘ ʧʽʜʢʘʪʝʛʦʨʽʾ ʽʟ 

ʜʦʜʘʪʢʦʚʠʤʠ ʬʽʣʴʪʨʘʤʠ. ɼʣʷ ʮʠʭ ʨʦʟʧʦʜʽʣʝʥʠʭ ʟʘʧʠʪʽʚ, ʤʦʞʥʘ ʩʬʦʨʤʫʚʘʪʠ 

ʽʥʪʝʛʨʦʚʘʥʽ ʢʣʶʯʽ ʢʝʰʫʚʘʥʥʷ, ʥʘ ʦʩʥʦʚʽ ʷʢʠʭ ʙʫʜʫʪʴ ʟʙʝʨʽʛʘʪʠʩʴ ʜʘʥʽ ʚ ʢʝʰ 

ʧʘʤô̫ ʪʽ ʥʘ ʛʨʘʥʠʯʥʠʭ ʩʝʨʚʝʨʘʭ. ʊʘʢʠʤ ʯʠʥʦʤ, ʚʠʢʦʨʠʩʪʘʥʥʷ ʘʥʘʣʽʪʠʯʥʠʭ 

ʜʘʥʠʭ, ʜʘʻ ʤʦʞʣʠʚʽʩʪʴ ʙʽʣʴʰ ʨʘʮʽʦʥʘʣʴʥʦ ʨʦʟʜʽʣʷʪʠ ʨʝʩʫʨʩʦʟʘʪʨʘʪʥʽ  ʟʘʧʠʪʠ 

ʢʦʨʠʩʪʫʚʘʯʽʚ ʥʘ ʙʽʣʴʰ ʧʨʦʩʪʽ ʟ ʪʦʯʢʠ ʟʦʨʫ ʟʙʝʨʽʛʘʥʥʷ ʚ ʢʝʰ ʧʘʤôʷʪʽ ʪʘ 

ʦʙʨʦʙʢʠ ʾʭ ʥʘ ʢʦʨʝʥʝʚʦʤʫ ʩʝʨʚʝʨʽ.  

 ɺ ʨʦʙʦʪʽ ʧʨʦʚʝʜʝʥʦ ʜʦʩʣʽʜʞʝʥʥʷ, ʷʢ ʚʧʣʠʚʘʻ ʨʦʟʧʦʜʽʣʝʥʘ ʦʙʨʦʙʢʘ 

ʜʘʥʠʭ ʫ ʧʦʻʜʥʘʥʥʽ ʽʟ ʽʥʪʝʛʨʘʣʴʥʠʤ ʢʣʶʯʝʤ ʢʝʰʫʚʘʥʥʷ ʪʘ ʜʘʥʠʤʠ ʘʥʘʣʽʪʠʢʠ 

ʥʘ ʝʬʝʢʪʠʚʥʽʩʪʴ ʢʝʰʫʚʘʥʥʷ ʪʘ ʯʘʩ ʚʽʜʧʦʚʽʜʽ ʜʣʷ ʢʽʥʮʝʚʦʛʦ ʢʦʨʠʩʪʫʚʘʯʘ. ɼʘʥʽ 

ʘʥʘʣʽʪʠʢʠ ʙʫʣʠ ʧʨʠʙʣʠʟʥʦ ʩʧʨʦʛʥʦʟʦʚʘʥʽ, ʦʩʢʽʣʴʢʠ ʜʣʷ ʜʦʩʪʦʚʽʨʥʦʩʪʽ ʜʘʥʠʭ 

ʧʦʪʨʽʙʝʥ ʪʨʠʚʘʣʠʡ ʯʘʩ ʩʧʦʩʪʝʨʝʞʝʥʥʷ. ɼʣʷ ʜʦʩʣʽʜʞʝʥʥʷ ʙʫʣʦ ʚʠʢʦʨʠʩʪʘʥʦ 

ʩʝʨʚʽʩ ʥʝʨʝʘʣʴʥʦʛʦ ʯʘʩʫ, ʘ ʩʘʤʝ ʝʬʝʢʪʠʚʥʽʩʪʴ ʢʝʰʫʚʘʥʥʷ ʜʘʥʠʭ ʥʘ ʩʪʦʨʽʥʢʘʭ 

ʬʽʢʩʦʚʘʥʦʾ ʢʘʪʝʛʦʨʽʾ ʪʦʚʘʨʽʚ ʥ̔ʪʝʨʥʝʪ-ʤʘʛʘʟʠʥʫ. ʈʝʟʫʣʴʪʘʪʠ ʝʬʝʢʪʠʚʥʦʩʪʽ  

ʢʝʰʫʚʘʥʥʷ ʧʨʝʜʩʪʘʚʣʝʥʦ ʥʘ ʨʠʩʫʥʢʫ 2.27 

 

ʈʠʩ.2.27. ɽʬʝʢʪʠʚʥʽʩʪʴ ʢʝʰʫʚʘʥʥʷ ʜʘʥʠʭ ʽʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ 

ʽʥʪʝʛʨʘʣʴʥʦʛʦ ʢʣʶʯʘ ʢʝʰʫʚʘʥʥʷ ʪʘ ʤʝʪʦʜʫ ʨʦʟʧʦʜʽʣʝʥʦʾ ʦʙʨʦʙʢʠ 

ʟʘʧʠʪʽʚ 
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 ɼʦʩʣʽʜʞʝʥʥʷ ʪʨʠʚʘʣʦ 7 ʜʥʽʚ ʪʘ ʙʫʣʦ ʨʦʟʜʽʣʝʥʦ ʥʘ ʜʚʘ ʯʘʩʦʚʽ ʽʥʪʝʨʚʘʣʠ. 

ɺ ʧʝʨʰʦʤʫ ʽʥʪʝʨʚʘʣʽ 2-5 December ʤʝʪʦʜ ʨʦʟʧʦʜʽʣʝʥʦʾ ʦʙʨʦʙʢʠ ʟʘʧʠʪʽʚ ʪʘ 

ʽʥʪʝʛʨʘʣʴʥʠʡ ʢʣʶʯ ʢʝʰʫʚʘʥʥʷ ʥʝ ʚʠʢʦʨʠʩʪʦʚʫʚʘʚʩʷ. ɹʘʣʘʥʩʫʚʘʥʥʷ 

ʥʘʚʘʥʪʘʞʝʥʥʷ ʚ ʛʨʘʥʠʯʥʽʡ ʣʦʢʘʮʽʾ ʟʜʽʡʩʥʶʚʘʣʦʩʴ ʥʘ ʦʩʥʦʚʽ TCP-ʩʝʩʽʾ 

ʢʦʨʠʩʪʫʚʘʯʘ, ʱʦ ʦʟʥʘʯʘʻ ʧʝʨʝʥʘʧʨʘʚʣʝʥʥʷ ʚʩʽʭ ʟʘʧʠʪʽʚ ʦʜʥʦʛʦ ʢʦʨʠʩʪʫʚʘʯʘ 

ʥʘ ʪʦʡ ʩʘʤʠʡ ʛʨʘʥʠʯʥʠʡ ʩʝʨʚʝʨ. ɿʥʘʯʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʢʝʰʫʚʘʥʥʷ ʚ ʪʘʢʦʤʫ 

ʚʠʧʘʜʢʫ ʩʪʘʥʦʚʠʪʴ 50-60%. ʅʘ ʜʨʫʛʦʤʫ ʯʘʩʦʚʦʤʫ ʽʥʪʝʨʚʘʣʽ 5-8 December 

ʙʫʣʦ ʚʠʢʦʨʠʩʪʘʥʦ ʘʥʘʣʽʪʠʯʥʽ ʜʘʥʽ ʟʘ ʧʦʧʝʨʝʜʥʽ ʜʥʽ ʪʘ ʟʘʩʪʦʩʦʚʘʥʦ ʤʝʪʦʜ 

ʨʦʟʧʦʜʽʣʝʥʦʾ ʦʙʨʦʙʢʠ ʨʝʩʫʨʩʦʟʘʪʨʘʪʥʠʭ ʟʘʧʠʪʽʚ ʪʘ ʽʥʪʝʛʨʘʣʴʥʠʡ ʢʣʶʯ 

ʢʝʰʫʚʘʥʥʷ ʥʘ ʨʽʚʥʽ ʙʘʣʘʥʩʫʚʘʣʴʥʠʢʘ ʥʘʚʘʥʪʘʞʝʥʥʷ. ʗʢ ʙʘʯʠʤʦ, 

ʝʬʝʢʪʠʚʥʽʩʪʴ ʢʝʰʫʚʘʥʥʷ ʟʨʦʩʣʘ ʜʦ ʨʽʚʥʷ 90%. ʅʘ ʨʠʩʫʥʢʫ 2.28 ʧʦʢʘʟʘʥʦ ʷʢ 

ʧʨʠ ʮʴʦʤʫ ʟʤʽʥʶʚʘʚʩʷ ʯʘʩ ʚʽʜʧʦʚʽʜʽ ʜʣʷ ʢʦʨʠʩʪʫʚʘʯʘ ʪʘ ʢʽʣʴʢʽʩʪʴ ʟʘʧʠʪʽʚ ʜʦ 

ʙʘʣʘʥʩʫʚʘʣʴʥʠʢʘ ʥʘʚʘʥʪʘʞʝʥʥʷ. 

ʈʠʩ.2.28. ʏʘʩ ʚʽʜʧʦʚʽʜʽ ʜʣʷ ʢʽʥʮʝʚʦʛʦ ʢʦʨʠʩʪʫʚʘʯʘ ʽʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ 

ʽʥʪʝʛʨʘʣʴʥʦʛʦ ʢʣʶʯʘ ʢʝʰʫʚʘʥʥʷ ʪʘ ʤʝʪʦʜʫ ʨʦʟʧʦʜʽʣʝʥʦʾ ʦʙʨʦʙʢʠ ʟʘʧʠʪʽʚ 

 

 ʅʘ ʨʠʩʫʥʢʫ 2.28 ʧʦʢʘʟʘʥʦ, ʷʢ ʟʤʽʥʶʚʘʣʠʩʷ ʯʘʩ ʟʘʚʘʥʪʘʞʝʥʥʷ ʩʪʦʨʽʥʢʠ 

ʪʘ ʢʽʣʴʢʽʩʪʴ ʟʘʧʠʪʽʚ ʜʦ ʙʘʣʘʥʩʫʚʘʣʴʥʠʢʘ ʥʘʚʘʥʪʘʞʝʥʥʷ ʜʦ ʽ ʧʽʩʣʷ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʽʥʪʝʛʨʘʣʴʥʦʛʦ ʢʣʶʯʘ ʢʝʰʫʚʘʥʥʷ ʪʘ ʤʝʪʦʜʫ ʨʦʟʧʦʜʽʣʝʥʦʾ 

ʦʙʨʦʙʢʠ ʟʘʧʠʪʽʚ. ɿʥʘʯʝʥʥʷ ʯʘʩʫ ʟʘʚʘʥʪʘʞʝʥʥʷ ʩʪʦʨʽʥʢʠ ʟʤʝʥʰʠʣʦʩʴ ʽʟ 

1600ʤʩ ʜʦ 800ʤʩ. ʅʘ ʛʨʘʬʽʢʫ ʪʘʢʦʞ ʤʦʞʥʘ ʩʧʦʩʪʝʨʽʛʘʪʠ ʟʥʘʯʥʽ ʩʧʣʝʩʢʠ ʯʘʩʫ 
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ʚʽʜʧʦʚʽʜʽ ʚ ʧʝʚʥʽ ʤʦʤʝʥʪʠ ʯʘʩʫ. ʎʝ ʩʚʽʜʯʠʪʴ ʧʨʦ ʪʝ, ʱʦ ʚ ʮʽ ʤʦʤʝʥʪʠ 

ʚʽʜʙʫʚʘʣʦʩʴ ʙʘʛʘʪʦ ʟʤʽʥ ʧʦ ʪʦʚʘʨʘʭ, ʷʢʽ ʙʫʣʠ ʧʨʠʩʫʪʥʽ ʥʘ ʮʠʭ ʩʪʦʨʽʥʢʘʭ, ʷʢʽ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠʩʴ ʚ ʧʨʦʮʝʩʽ ʜʦʩʣʽʜʞʝʥʥʷ ʪʘ ʚʠʟʥʘʯʘʣʠ ʽʥʪʝʛʨʘʣʴʥʠʡ ʢʣʶʯ 

ʢʝʰʫʚʘʥʥʷ. ɺʽʜʧʦʚʽʜʥʦ, ʧʨʠ ʟʤʽʥʽ ʙʫʜʴ ʷʢʦʛʦ ʽʟ ʪʦʚʘʨʽʚ, ʚʝʩʴ ʥʘʙʽʨ ʜʘʥʠʭ, 

ʷʢʠʡ ʚʽʜʧʦʚʽʜʘʚ ʩʬʦʨʤʦʚʘʥʦʤʫ ʽʥʪʝʛʨʘʣʴʥʦʤʫ ʢʣʶʯʫ ʢʝʰʫʚʘʥʥʷ, ʚʠʜʘʣʷʚʩʷ 

ʽʟ ʢʝʰ ʧʘʤôʷʪʽ ʛʨʘʥʠʯʥʠʭ ʩʝʨʚʝʨʽʚ. ʊʘʢʦʞ ʚʘʨʪʦ ʟʘʫʚʘʞʠʪʠ, ʱʦ ʯʘʩ 

ʟʘʚʘʥʪʘʞʝʥʥʷ ʩʪʦʨʽʥʢʠ ʜʦʩʠʪʴ ʩʫʪʪʻʚʦ ʚʧʣʠʚʘʻ ʥʘ ʨʝʡʪʠʥʛ ʚʝʙ ʨʝʩʫʨʩʫ ʚ 

ʧʦʰʫʢʦʚʠʭ ʩʠʩʪʝʤʘʭ. ʗʢʱʦ ʥʘ ʚʝʙ ʨʝʩʫʨʩʽ ʙʫʜʝ ʧʨʠʩʫʪʥʷ ʚʝʣʠʢʘ ʢʽʣʴʢʽʩʪʴ 

ʩʪʦʨʽʥʦʢ, ʯʘʩ ʟʘʚʘʥʪʘʞʝʥʥʷ ʷʢʠʭ ʙʫʜʝ ʟʥʘʯʥʠʤ, ʪʦʜʽ ʧʦʰʫʢʦʚʘ ʩʠʩʪʝʤʘ 

ʩʫʪʪʻʚʦ ʧʦʥʠʟʠʪʴ ʨʝʡʪʠʥʛ ʪʘʢʦʛʦ ʨʝʩʫʨʩʫ. ɼʣʷ ʧʨʠʢʣʘʜʫ, ʷʢ ʚʠʛʣʷʜʘʻ 

ʨʝʟʫʣʴʪʘʪ ʥʠʟʴʢʦʾ ʷʢʦʩʪʽ ʚʝʙ ʨʝʩʫʨʩʫ ʚ ʧʦʰʫʢʦʚʽʡ ʩʠʩʪʝʤʽ Google: 

 

ʈʠʩ.2.29. ʇʨʠʢʣʘʜ ʥʠʟʴʢʦʾ ʷʢʦʩʪʽ ʚʝʙ ʨʝʩʫʨʩʫ ʫ ʧʦʰʫʢʦʚʽʡ ʩʠʩʪʝʤʽ 

Google 
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ʗʢ ʤʦʞʥʘ ʧʦʙʘʯʠʪʠ ʦʩʥʦʚʥʠʤ ʢʨʠʪʝʨʽʻʤ, ʥʘ ʷʢʠʡ ʟʚʝʨʪʘʻ ʫʚʘʛʫ 

ʧʦʰʫʢʦʚʘ ʩʠʩʪʝʤʘ ʻ ʩʪʨʫʢʪʫʨʘ ʩʪʦʨʽʥʢʠ ʪʘ ʯʘʩ ʾʾ ʟʘʚʘʥʪʘʞʝʥʥʷ. ʉʘʤʝ ʪʦʤʫ, 

ʟʘʙʝʟʧʝʯʝʥʥʷ ʤʽʥʽʤʘʣʴʥʦʛʦ ʯʘʩʫ ʟʘʚʘʥʪʘʞʝʥʥʷ ʩʪʦʨʽʥʢʠ ʚʝʙ ʨʝʩʫʨʩʽʚ ʻ 

ʚʘʞʣʠʚʠʤ ʥʝ ʪʽʣʴʢʠ ʜʣʷ ʢʽʥʮʝʚʦʛʦ ʢʦʨʠʩʪʫʚʘʯʘ, ʘ ʙʝʟʫʤʦʚʥʦ ʽ ʜʣʷ 

ʟʙʝʨʝʞʝʥʥʷ ʭʦʨʦʰʦʛʦ ʨʝʡʪʠʥʛʫ ʨʝʩʫʨʩʫ ʚ ʧʦʰʫʢʦʚʠʭ ʩʠʩʪʝʤʘʭ, ʷʢʽ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʚ ʛʣʦʙʘʣʴʥʠʭ ʤʝʨʝʞʘʭ. 

 

2.6. ʄʝʪʦʜʠ ʤʦʜʝʣʶʚʘʥʥʷ ʪʘ ʘʥʘʣʽʟʫ ʤʝʨʝʞʝʚʦʛʦ ʪʨʘʬʽʢʫ 

ɺʣʘʩʪʠʚʦʩʪʽ ʤʫʣʴʪʠʩʝʨʚʽʩʥʦʛʦ ʤʝʨʝʞʝʚʦʛʦ ʪʨʘʬʽʢʫ ʤʦʞʫʪʴ ʧʨʠʟʚʝʩʪʠ 

ʜʦ ʥʝʪʦʯʥʦʩʪʝʡ ʪʘ ʧʦʤʠʣʦʢ ʧʨʠ ʚʠʟʥʘʯʝʥʥʽ ʧʘʨʘʤʝʪʨʽʚ ʷʢʦʩʪʽ 

ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ, ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ ʧʨʠ ʮʴʦʤʫ ʩʪʘʥʜʘʨʪʥʽ ʤʝʪʦʜʠ 

ʨʦʟʨʘʭʫʥʢʽʚ. ʋ ʮʴʦʤʫ ʨʦʟʜʽʣʽ ʙʫʜʫʪʴ ʦʧʠʩʘʥʽ ʦʩʥʦʚʥʽ ʧʽʜʭʦʜʠ, ʷʢʽ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʧʨʠ ʤʦʜʝʣʶʚʘʥʥʽ ʩʠʩʪʝʤ ʽʟ ʩʘʤʦʧʦʜʽʙʥʠʤ ʪʨʘʬʽʢʦʤ [67]. 

 

2.6.1. ʇʽʜʭʦʜʠ ʜʦ ʤʦʜʝʣʶʚʘʥʥʷ ʩʠʩʪʝʤ ʟ ʤʝʨʝʞʝʚʠʤ ʪʨʘʬʽʢʦʤ 

ʅʘʫʢʦʚʽ ʜʦʩʣʽʜʞʝʥʥʷ, ʧʨʦʚʝʜʝʥʽ ʧʨʦʪʷʛʦʤ ʦʩʪʘʥʥʽʭ ʨʦʢʽʚ, 

ʧʽʜʪʚʝʨʜʞʫʶʪʴ, ʱʦ ʤʝʨʝʞʝʚʠʡ ʪʨʘʬʽʢ ʤʘʻ ʭʘʨʘʢʪʝʨ ʩʘʤʦʧʦʜʽʙʥʦʛʦ (self-

similar) ʘʙʦ ʬʨʘʢʪʘʣʴʥʦʛʦ (fractal) ʧʨʦʮʝʩʫ [68].  

ʊʝʨʤʽʥ "ʩʘʤʦʧʦʜʽʙʥʽʩʪʴ" ʚʽʜʥʦʩʠʪʴʩʷ ʜʦ ʚʣʘʩʪʠʚʦʩʪʽ ʧʨʦʮʝʩʫ 

ʟʙʝʨʽʛʘʪʠ ʩʚʦʶ ʧʦʚʝʜʽʥʢʫ ʪʘ ʟʦʚʥʽʰʥʽ ʦʟʥʘʢʠ ʧʨʠ ʨʦʟʛʣʷʜʽ ʚ ʙʫʜʴ-ʷʢʦʤʫ 

ʤʘʩʰʪʘʙʽ. ɺʨʘʭʦʚʫʶʯʠ ʮʶ ʚʣʘʩʪʠʚʽʩʪʴ ʩʘʤʦʧʦʜʽʙʥʦʩʪʽ ʤʝʨʝʞʝʚʦʛʦ ʪʨʘʬʽʢʫ, 

ʩʪʘʻ ʟʨʦʟʫʤʽʣʠʤ, ʱʦ ʤʝʪʦʜʠ ʤʦʜʝʣʶʚʘʥʥʷ ʪʘ ʨʦʟʨʘʭʫʥʢʫ ʤʝʨʝʞʝʚʠʭ ʩʠʩʪʝʤ, 

ʷʢʽ ʙʘʟʫʶʪʴʩʷ ʥʘ ʚʠʢʦʨʠʩʪʘʥʥʽ ʧʫʘʩʩʦʥʽʚʩʴʢʠʭ ʧʦʪʦʢʽʚ, ʥʝ ʚʽʜʦʙʨʘʞʘʶʪʴ 

ʧʦʚʥʽʩʪʶ ʪʘ ʪʦʯʥʦ ʪʦʛʦ, ʱʦ ʚʽʜʙʫʚʘʻʪʴʩʷ ʚ ʤʝʨʝʞʽ. 

ʆʢʨʽʤ ʮʴʦʛʦ, ʚʘʨʪʦ ʟʘʟʥʘʯʠʪʠ, ʱʦ ʩʘʤʦʧʦʜʽʙʥʠʡ ʪʨʘʬʽʢ 

ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʦʩʦʙʣʠʚʦʶ ʩʪʨʫʢʪʫʨʦʶ, ʷʢʘ ʟʘʣʠʰʘʻʪʴʩʷ ʥʝʟʤʽʥʥʦʶ ʧʨʠ 

ʟʙʽʣʴʰʝʥʥʽ ʤʘʩʰʪʘʙʫʚʘʥʥʷ. ʋ ʧʨʘʢʪʠʯʥʠʭ ʟʘʩʪʦʩʫʚʘʥʥʷʭ ʯʘʩʪʦ ʤʦʞʥʘ 

ʩʧʦʩʪʝʨʽʛʘʪʠ ʥʝʚʝʣʠʢʽ ʩʧʣʝʩʢʠ ʘʢʪʠʚʥʦʩʪʽ ʚ ʤʝʨʝʞʽ ʧʨʠ ʧʦʨʽʚʥʷʥʦ 

ʩʪʘʙʽʣʴʥʦʤʫ ʩʝʨʝʜʥʴʦʤʫ ʨʽʚʥʽ ʪʨʘʬʽʢʫ. 
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ɼʘʥʝ ʷʚʠʱʝ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʧʦʛʽʨʰʝʥʥʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʤʝʨʝʞʽ, ʪʘʢʠʭ 

ʷʢ ʟʙʽʣʴʰʝʥʥʷ ʚʪʨʘʪ, ʟʘʪʨʠʤʦʢ ʪʘ ʜʞʠʪʝʨʫ ʧʘʢʝʪʽʚ ʧʽʜ ʯʘʩ ʧʨʦʭʦʜʞʝʥʥʷ 

ʩʘʤʦʧʦʜʽʙʥʦʛʦ ʪʨʘʬʽʢʫ ʯʝʨʝʟ ʤʝʨʝʞʝʚʽ ʚʫʟʣʠ. ʋ ʧʨʘʢʪʠʯʥʠʭ ʩʮʝʥʘʨʽʷʭ ʮʝ 

ʤʦʞʝ ʩʧʦʩʪʝʨʽʛʘʪʠʩʷ ʯʝʨʝʟ ʪʝ, ʱʦ ʧʘʢʝʪʠ, ʧʝʨʝʤʽʱʫʶʯʠʩʴ ʟ ʚʝʣʠʢʦʶ 

ʰʚʠʜʢʽʩʪʶ ʧʦ ʤʝʨʝʞʽ, ʯʘʩʪʦ ʧʦʪʨʘʧʣʷʶʪʴ ʥʘ ʚʫʟʦʣ ʥʝ ʧʦʦʜʠʥʮʽ, ʘ ʛʨʫʧʘʤʠ, 

ʱʦ ʤʦʞʝ ʧʨʠʟʚʝʩʪʠ ʜʦ ʚʪʨʘʪʠ ʧʘʢʝʪʽʚ ʫ ʚʠʧʘʜʢʫ ʦʙʤʝʞʝʥʦʛʦ ʙʫʬʝʨʘ, 

ʨʦʟʨʘʭʦʚʘʥʦʛʦ ʟʘ ʪʨʘʜʠʮʽʡʥʠʤʠ ʤʝʪʦʜʘʤʠ [69]. ʎʷ ʦʩʦʙʣʠʚʽʩʪʴ ʤʝʨʝʞʝʚʦʛʦ 

ʪʨʘʬʽʢʫ ʩʧʨʠʯʠʥʠʣʘ ʟʥʘʯʥʠʡ ʨʽʩʪ ʽʥʪʝʨʝʩʫ ʜʦ ʜʦʩʣʽʜʞʝʥʴ ʪʘ ʧʫʙʣʽʢʘʮʽʡ, ʱʦ 

ʩʪʦʩʫʶʪʴʩʷ ʘʥʘʣʽʟʫ, ʤʦʜʝʣʶʚʘʥʥʷ ʪʘ ʧʝʨʝʜʙʘʯʝʥʥʷ ʩʘʤʦʧʦʜʽʙʥʦʛʦ ʪʨʘʬʽʢʫ 

[70]. 

 

ʈʠʩ.2.30. ʇʨʠʢʣʘʜ ʩʘʤʦʧʦʜʽʙʥʦʛʦ ʪʨʘʬʽʢʫ 

 

ʅʝʟʚʘʞʘʶʯʠ ʥʘ ʰʠʨʦʢʫ ʧʦʧʫʣʷʨʥʽʩʪʴ ʪʝʤʠ ʩʘʤʦʧʦʜʽʙʥʦʛʦ ʪʨʘʬʽʢʫ ʪʘ 

ʪʨʠʚʘʣʠʡ ʯʘʩ ʡʦʛʦ ʘʢʪʠʚʥʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ, ʩʣʽʜ ʚʠʟʥʘʪʠ, ʱʦ ʜʦʩʽ ʽʩʥʫʶʪʴ 

ʙʘʛʘʪʦ ʥʝʚʠʨʽʰʝʥʠʭ ʧʠʪʘʥʴ ʽ ʟʘʚʜʘʥʴ. ʅʘʧʨʠʢʣʘʜ, ʜʦʩʽ ʥʝ ʽʩʥʫʶʪʴ 

ʫʥʽʚʝʨʩʘʣʴʥʠʭ, ʜʦʩʪʘʪʥʴʦ ʪʦʯʥʠʭ ʪʘ ʣʝʛʢʦ ʧʦʚʪʦʨʶʚʘʥʠʭ ʤʝʪʦʜʽʚ 

ʤʦʜʝʣʶʚʘʥʥʷ ʪʘ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʧʦʚʝʜʽʥʢʠ ʩʘʤʦʧʦʜʽʙʥʦʛʦ ʪʨʘʬʽʢʫ, ʘ ʪʘʢʦʞ 
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ʤʝʪʦʜʽʚ ʧʨʦʝʢʪʫʚʘʥʥʷ ʤʫʣʴʪʠʩʝʨʚʽʩʥʠʭ ʤʝʨʝʞ. ɼʘʥʽ ʥʝʜʦʣʽʢʠ ʩʪʠʤʫʣʶʶʪʴ 

ʧʦʜʘʣʴʰʝ ʜʦʩʣʽʜʞʝʥʥʷ ʪʘ ʨʦʟʚʠʪʦʢ ʚʽʜʧʦʚʽʜʥʦʾ ʦʙʣʘʩʪʽ ʜʦʩʣʽʜʞʝʥʴ. 

ʋ ʚʩʽʭ ʤʦʜʝʣʝʡ ʽʩʥʫʻ ʧʝʚʥʘ ʩʪʨʫʢʪʫʨʘ, ʷʢʘ ʤʦʞʝ ʙʫʪʠ ʩʪʘʪʠʯʥʦʶ ʘʙʦ 

ʜʠʥʘʤʽʯʥʦʶ, ʤʘʪʝʨʽʘʣʴʥʦʶ ʘʙʦ ʽʜʝʘʣʴʥʦʶ, ʽ ʚʦʥʘ ʤʘʻ ʩʭʦʞʽʩʪʴ ʜʦ ʩʪʨʫʢʪʫʨʠ 

ʦʨʠʛʽʥʘʣʴʥʦʛʦ ʦʙ'ʻʢʪʘ. ʇʽʜ ʯʘʩ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʤʦʜʝʣʴ ʚʠʩʪʫʧʘʻ ʷʢ ʚʽʜʥʦʩʥʦ 

ʩʘʤʦʩʪʽʡʥʠʡ ʢʚʘʟʽʦʙ'ʻʢʪ. ʗʢʱʦ ʨʝʟʫʣʴʪʘʪʠ ʪʦʛʦ ʯʠ ʽʥʰʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ 

ʧʽʜʪʚʝʨʜʞʫʶʪʴʩʷ ʪʘ ʤʦʞʫʪʴ ʙʫʪʠ ʚʠʢʦʨʠʩʪʘʥʽ ʜʣʷ ʧʨʦʛʥʦʟʫʚʘʥʥʷ 

ʚʽʜʧʦʚʽʜʥʠʭ ʦʙ'ʻʢʪʽʚ, ʪʦ ʛʦʚʦʨʷʪʴ, ʱʦ ʤʦʜʝʣʴ ʚʽʜʧʦʚʽʜʘʻ ʦʙ'ʻʢʪʫ. ɺʘʨʪʦ 

ʟʘʟʥʘʯʠʪʠ, ʱʦ ʚʣʘʩʥʝ ʘʜʝʢʚʘʪʥʽʩʪʴ ʩʘʤʦʾ ʤʦʜʝʣʽ ʟʘʣʝʞʠʪʴ ʚʽʜ ʤʝʪʠ 

ʤʦʜʝʣʶʚʘʥʥʷ ʪʘ ʢʨʠʪʝʨʽʾʚ, ʷʢʽ ʤʦʞʥʘ ʚʚʘʞʘʪʠ ʧʨʠʡʥʷʪʥʠʤʠ [71]. 

ʉʘʤ ʧʨʦʮʝʩ ʧʨʦʚʝʜʝʥʥʷ ʤʦʜʝʣʶʚʘʥʥʷ ʧʝʨʝʜʙʘʯʘʻ ʥʘʷʚʥʽʩʪʴ ʥʘʩʪʫʧʥʠʭ 

ʩʢʣʘʜʦʚʠʭ: 

ü ʦʙôʻʢʪ, ʥʘʜ ʷʢʠʤ ʧʨʦʚʦʜʷʪʴʩʷ ʜʦʩʣʽʜʞʝʥʥʷ; 

ü ʦʩʦʙʫ ʜʦʩʣʽʜʥʠʢʘ, ʷʢʘ ʧʨʦʚʦʜʠʪʴ ʜʦʩʣʽʜʞʝʥʥʷ ʪʘ ʝʢʩʧʝʨʠʤʝʥʪʠ; 

ü ʤʦʜʝʣʽ, ʱʦ ʩʪʚʦʨʶʻʪʴʩʷ ʟ ʤʝʪʦʶ ʦʪʨʠʤʘʪʠ ʽʥʬʦʨʤʘʮʽʾ ʧʨʦ ʩʘʤ 

ʦʙôʻʢʪ, ʷʢʠʡ ʧʦʪʨʽʙʥʠʡ ʜʣʷ ʚʠʨʽʰʝʥʥʷ ʟʘʜʘʯʽ. 

ʆʜʥʠʤ ʽʟ ʢʣʶʯʦʚʠʭ ʘʩʧʝʢʪʽʚ ʫ ʤʦʜʝʣʶʚʘʥʥʽ ʩʠʩʪʝʤ ʻ ʧʨʦʙʣʝʤʘ 

ʚʠʟʥʘʯʝʥʥʷ ʮʽʣʝʡ. ʂʦʞʥʫ ʤʦʜʝʣʴ ʨʦʟʨʦʙʣʷʶʪʴ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʤʝʪʠ, ʷʢʫ 

ʩʪʘʚʠʪʴ ʧʝʨʝʜ ʩʦʙʦʶ ʜʦʩʣʽʜʥʠʢ, ʪʦʤʫ ʦʜʥʽʻʶ ʟ ʦʩʥʦʚʥʠʭ ʪʨʫʜʥʦʱʽʚ ʫ 

ʤʦʜʝʣʶʚʘʥʥʽ ʻ ʚʠʟʥʘʯʝʥʥʷ ʮʽʣʴʦʚʦʛʦ ʧʨʠʟʥʘʯʝʥʥʷ. ʋ ʷʢʦʩʪʽ ʮʽʣʽ ʧʦʚʠʥʥʦ 

ʙʫʪʠ ʚʠʟʥʘʯʝʥʦ ʟʘʚʜʘʥʥʷ ʚʠʚʯʝʥʥʷ ʢʦʥʢʨʝʪʥʦʛʦ ʘʩʧʝʢʪʫ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ 

ʦʙ'ʻʢʪʘ. 

ʇʽʩʣʷ ʧʦʙʫʜʦʚʠ ʤʦʜʝʣʽ, ʦʜʥʠʤ ʟ ʦʩʥʦʚʥʠʭ ʟʘʚʜʘʥʴ ʩʪʘʻ ʾʾ ʝʬʝʢʪʠʚʥʘ 

ʨʝʘʣʽʟʘʮʽʷ ʪʘ ʚʠʢʦʨʠʩʪʘʥʥʷ. ʅʘʰʘ ʤʝʪʘ ʧʦʣʷʛʘʻ ʚ ʟʘʙʝʟʧʝʯʝʥʥʽ ʤʽʥʽʤʘʣʴʥʦʛʦ 

ʯʘʩʫ ʜʣʷ ʦʪʨʠʤʘʥʥʷ ʨʝʟʫʣʴʪʘʪʽʚ ʽ ʟʘʙʝʟʧʝʯʝʥʥʽ ʾʭʥʴʦʾ ʪʦʯʥʦʩʪʽ. ɺʘʞʣʠʚʦ 

ʚʨʘʭʦʚʫʚʘʪʠ, ʱʦ ʤʦʜʝʣʴ ʧʦʚʠʥʥʘ ʚʽʜʦʙʨʘʞʘʪʠ ʣʠʰʝ ʪʽ ʟʘʢʦʥʦʤʽʨʥʦʩʪʽ, ʷʢʽ ʻ 

ʢʣʶʯʦʚʠʤʠ ʜʣʷ ʜʦʩʣʽʜʞʝʥʥʷ, ʽ ʽʛʥʦʨʫʚʘʪʠ ʪʽ ʚʣʘʩʪʠʚʦʩʪʽ ʩʠʩʪʝʤʠ-ʦʨʠʛʽʥʘʣʫ, 

ʷʢʽ ʥʘ ʜʘʥʠʡ ʤʦʤʝʥʪ ʥʝ ʻ ʢʨʠʪʠʯʥʠʤʠ. 

ʆʩʥʦʚʥʽ ʚʠʤʦʛʠ, ʷʢʽ ʩʪʘʚʣʷʪʴ ʜʦ ʤʦʜʝʣʶʚʘʥʥʷ: 
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ü ʄʦʜʝʣʽ ʧʦʚʠʥʥʽ ʥʘʣʝʞʥʠʤ ʯʠʥʦʤ ʚʽʜʪʚʦʨʶʚʘʪʠ ʚʽʜʧʦʚʽʜʥʽ 

ʩʠʩʪʝʤʠ ʘʙʦ ʪʝʭʥʦʣʦʛʽʯʥʽ ʟʘʚʜʘʥʥʷ. ʎʝ ʦʟʥʘʯʘʻ, ʱʦ ʤʦʜʝʣʴ ʧʦʚʠʥʥʘ 

ʚʽʜʦʙʨʘʞʘʪʠ ʨʝʘʣʴʥʽ ʫʤʦʚʠ ʪʘ ʧʘʨʘʤʝʪʨʠ, ʷʢʽ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴ ʦʙ'ʻʢʪ 

ʜʦʩʣʽʜʞʝʥʥʷ ʘʙʦ ʪʝʭʥʦʣʦʛʽʯʥʫ ʟʘʜʘʯʫ. 

ü ɼʦ ʪʦʛʦ ʞ, ʚʘʞʣʠʚʦ ʟʘʙʝʟʧʝʯʠʪʠ ʥʝʦʙʭʽʜʥʫ ʪʦʯʥʽʩʪʴ ʫ 

ʚʽʜʪʚʦʨʝʥʥʽ ʧʨʦʮʝʩʽʚ ʪʘ ʨʝʟʫʣʴʪʘʪʽʚ. ʎʝ ʜʦʟʚʦʣʠʪʴ ʜʦʩʣʽʜʥʠʢʘʤ ʦʪʨʠʤʘʪʠ 

ʜʦʩʪʦʚʽʨʥʽ ʜʘʥʽ ʪʘ ʟʜʽʡʩʥʠʪʠ ʪʦʯʥʽ ʧʨʦʛʥʦʟʠ ʘʙʦ ʘʥʘʣʽʟ. 

ü ʇʽʜ ʯʘʩ ʩʪʚʦʨʝʥʥʷ ʤʦʜʝʣʽ ʪʘʢʦʞ ʩʣʽʜ ʚʨʘʭʦʚʫʚʘʪʠ ʟʨʫʯʥʽʩʪʴ ʜʣʷ 

ʢʦʨʠʩʪʫʚʘʯʘ - ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʬʘʭʽʚʮʷ ʘʙʦ ʘʥʘʣʽʪʠʢʘ. ʎʝ ʦʟʥʘʯʘʻ, ʱʦ 

ʽʥʪʝʨʬʝʡʩ ʫʧʨʘʚʣʽʥʥʷ ʤʦʜʝʣʣʶ ʧʦʚʠʥʝʥ ʙʫʪʠ ʽʥʪʫʾʪʠʚʥʦ ʟʨʦʟʫʤʽʣʠʤ, ʱʦʙ 

ʩʧʨʦʩʪʠʪʠ ʧʨʦʮʝʩ ʨʦʙʦʪʠ ʟ ʥʝʶ.  

ü ʇʦʪʨʽʙʥʦ ʪʘʢʦʞ ʟʘʙʝʟʧʝʯʠʪʠ ʜʦʩʪʘʪʥʶ ʰʚʠʜʢʽʩʪʴ ʨʦʙʦʪʠ 

ʧʨʦʛʨʘʤʠ, ʱʦʙ ʢʦʨʠʩʪʫʚʘʯ ʤʽʛ ʦʧʝʨʘʪʠʚʥʦ ʦʪʨʠʤʫʚʘʪʠ ʨʝʟʫʣʴʪʘʪʠ ʪʘ 

ʚʟʘʻʤʦʜʽʷʪʠ ʟ ʤʦʜʝʣʣʶ. 

ü ʂʨʽʤ ʪʦʛʦ, ʚʘʞʣʠʚʦ, ʱʦʙ ʨʝʟʫʣʴʪʘʪʠ ʤʦʜʝʣʶʚʘʥʥʷ ʙʫʣʠ 

ʥʘʦʯʥʠʤʠ ʪʘ ʟʨʦʟʫʤʽʣʠʤʠ, ʱʦʙ ʢʦʨʠʩʪʫʚʘʯ ʤʽʛ ʣʝʛʢʦ ʘʥʘʣʽʟʫʚʘʪʠ ʪʘ 

ʽʥʪʝʨʧʨʝʪʫʚʘʪʠ ʦʪʨʠʤʘʥʽ ʜʘʥʽ.  

ü ʅʘʨʝʰʪʽ, ʥʝ ʤʝʥʰ ʚʘʞʣʠʚʦʶ ʻ ʝʬʝʢʪʠʚʥʽʩʪʴ ʚʠʪʨʘʪ ʥʘ ʨʦʟʨʦʙʢʫ 

ʪʘ ʚʠʢʦʨʠʩʪʘʥʥʷ ʟʘʩʦʙʽʚ ʤʦʜʝʣʶʚʘʥʥʷ, ʱʦʙ ʟʘʙʝʟʧʝʯʠʪʠ ʾʭ ʜʦʩʪʫʧʥʽʩʪʴ ʪʘ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʫ ʰʠʨʦʢʦʤʫ ʩʧʝʢʪʨʽ ʟʘʜʘʯ ʽ ʜʦʩʣʽʜʞʝʥʴ. 

ʆʩʢʽʣʴʢʠ ʤʫʣʴʪʠʩʝʨʚʽʩʥʽ ʤʝʨʝʞʽ ʚʦʣʦʜʽʶʪʴ ʪʨʘʬʽʢʦʤ, ʷʢʠʡ ʤʘʻ 

ʭʘʨʘʢʪʝʨ ʩʘʤʦʧʦʜʽʙʥʦʩʪʽ, ʚʠʢʦʨʠʩʪʘʥʥʷ ʚʽʜʧʦʚʽʜʥʠʭ ʤʝʪʦʜʽʚ ʤʦʜʝʣʶʚʘʥʥʷ 

ʩʪʘʻ ʚʘʞʣʠʚʠʤ ʟʘʚʜʘʥʥʷʤ. ʅʘ ʩʴʦʛʦʜʥʽʰʥʽʡ ʜʝʥʴ ʽʩʥʫʻ ʟʥʘʯʥʘ ʢʽʣʴʢʽʩʪʴ 

ʨʦʟʨʦʙʣʝʥʠʭ ʤʦʜʝʣʝʡ, ʧʨʠʟʥʘʯʝʥʠʭ ʜʣʷ ʝʬʝʢʪʠʚʥʦʛʦ ʽʤʽʪʫʚʘʥʥʷ ʮʴʦʛʦ 

ʬʨʘʢʪʘʣʴʥʦʛʦ ʪʨʘʬʽʢʫ [72-73]. 

ɼʣʷ ʫʩʧʽʰʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ʪʨʘʬʽʢʫ ʫ ʤʫʣʴʪʠʩʝʨʚʽʩʥʠʭ ʤʝʨʝʞʘʭ 

ʥʝʦʙʭʽʜʥʦ ʚʨʘʭʦʚʫʚʘʪʠ ʡʦʛʦ ʩʘʤʦʧʦʜʽʙʥʽʩʪʴ ʪʘ ʬʨʘʢʪʘʣʴʥʽ ʚʣʘʩʪʠʚʦʩʪʽ. 

ʈʦʟʨʦʙʣʝʥʽ ʤʦʜʝʣʽ ʜʦʟʚʦʣʷʶʪʴ ʟʜʽʡʩʥʶʚʘʪʠ ʜʦʩʣʽʜʞʝʥʥʷ ʪʘ ʘʥʘʣʽʟ ʪʨʘʬʽʢʫ ʟ 

ʧʝʚʥʦʶ ʪʦʯʥʽʩʪʶ ʪʘ ʥʘʜʽʡʥʽʩʪʶ. ʂʨʽʤ ʪʦʛʦ, ʚʦʥʠ ʚʨʘʭʦʚʫʶʪʴ ʨʽʟʥʦʤʘʥʽʪʥʽ 
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ʩʮʝʥʘʨʽʾ ʚʠʢʦʨʠʩʪʘʥʥʷ ʤʝʨʝʞʽ, ʱʦ ʜʦʟʚʦʣʷʻ ʘʜʘʧʪʫʚʘʪʠ ʤʦʜʝʣʴ ʜʦ 

ʢʦʥʢʨʝʪʥʠʭ ʫʤʦʚ ʪʘ ʧʦʪʨʝʙ ʢʦʨʠʩʪʫʚʘʯʽʚ. 

ʇʨʦʚʦʜʷʯʠ ʘʥʘʣʽʟ ʤʦʜʝʣʝʡ ʜʣʷ ʤʦʜʝʣʶʚʘʥʥʷ ʩʘʤʦʧʦʜʽʙʥʦʛʦ ʪʨʘʬʽʢʫ, 

ʤʦʞʥʘ ʚʠʦʢʨʝʤʠʪʠ ʥʘʩʪʫʧʥʽ ʧʽʜʭʦʜʠ: 

ʌʨʘʢʪʘʣʴʥʠʡ ʨʫʭ ɹʨʦʫʥʽʚʩʴʢʦʛʦ ʪʠʧʫ (Fractional Brownian Motion - 

FBM): ʎʷ ʤʦʜʝʣʴ ˇʨʫʥʪʫʻʪʴʩʷ ʥʘ ʚʠʧʘʜʢʦʚʦʤʫ ʧʨʦʮʝʩʽ, ʷʢʠʡ ʧʦʯʠʥʘʻʪʴʩʷ ʚ 

ʧʦʯʘʪʢʦʚʽʡ ʪʦʯʮʽ ʟ ʥʝʟʘʣʝʞʥʠʤʠ ʥʝʚʝʣʠʢʠʤʠ ʛʘʫʩʽʚʩʴʢʠʤʠ ʧʨʠʨʦʩʪʘʤʠ. 

FBM ʤʦʞʝ ʙʫʪʠ ʘʥʘʣʽʪʠʯʥʦ ʦʧʠʩʘʥʠʡ. ʂʨʽʤ ʪʦʛʦ, ʜʣʷ ʛʝʥʝʨʘʮʽʾ FBM ʰʠʨʦʢʦ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʘʣʛʦʨʠʪʤʠ, ʪʘʢʽ ʷʢ ʘʣʛʦʨʠʪʤ ʚʠʧʘʜʢʦʚʦʛʦ ʧʝʨʝʤʽʱʝʥʥʷ 

ʩʝʨʝʜʥʴʦʾ ʪʦʯʢʠ (RMD) ʪʘ ʘʣʛʦʨʠʪʤ ʧʦʩʣʽʜʦʚʥʦʛʦ ʚʠʧʘʜʢʦʚʦʛʦ ʜʦʜʘʚʘʥʥʷ 

(SLA). 

ʌʨʘʢʪʘʣʴʥʠʡ ʛʘʫʩʽʚʩʴʢʠʡ ʰʫʤ (Fractional Gaussian Noise ï FGN) ʻ 

ʩʪʘʮʽʦʥʘʨʥʠʤ ʩʪʦʭʘʩʪʠʯʥʠʤ ʧʨʦʮʝʩʦʤ ʟ ʚʠʟʥʘʯʝʥʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ, ʪʘʢʠʤʠ 

ʷʢ ʩʝʨʝʜʥʻ ʟʥʘʯʝʥʥʷ, ʜʠʩʧʝʨʩʽʷ ʽ ʧʘʨʘʤʝʪʨ ʍʝʨʩʪʘ, ʘ ʪʘʢʦʞ ʤʘʻ ʧʝʚʥʠʡ ʚʠʜ 

ʘʚʪʦʢʦʨʝʣʷʮʽʡʥʦʾ ʬʫʥʢʮʽʾ. ʇʘʨʘʤʝʪʨ ʍʝʨʩʪʘ ʚʠʟʥʘʯʘʻ ʩʪʫʧʽʥʴ ʬʨʘʢʪʘʣʴʥʦʛʦ 

ʤʘʩʰʪʘʙʫʚʘʥʥʷ FGN. ʆʜʥʠʤ ʟ ʦʩʥʦʚʥʠʭ ʚʠʢʣʠʢʽʚ ʫ ʨʦʙʦʪʽ ʟ FBM ʪʘ FGN ʻ 

ʚʠʙʽʨ ʦʧʪʠʤʘʣʴʥʠʭ ʟʥʘʯʝʥʴ ʧʘʨʘʤʝʪʨʽʚ ʜʣʷ ʦʪʨʠʤʘʥʥʷ ʩʠʥʪʝʪʠʯʥʦʛʦ 

ʪʨʘʬʽʢʫ, ʷʢʠʡ ʤʘʢʩʠʤʘʣʴʥʦ ʪʦʯʥʦ ʚʽʜʪʚʦʨʶʻ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʦʪʨʠʤʘʥʽ 

ʨʝʘʣʽʟʘʮʽʾ ʪʨʘʬʽʢʫ. 

ʄʦʜʝʣʽ ON/OFF ʨʦʟʛʣʷʜʘʶʪʴ ʪʨʘʬʽʢ ʷʢ ʢʦʤʙʽʥʘʮʽʶ ʜʞʝʨʝʣ, ʱʦ ʡʦʛʦ 

ʛʝʥʝʨʫʶʪʴ. ʂʦʞʥʝ ʜʞʝʨʝʣʦ ʤʘʻ ʩʚʦʶ ʩʪʨʫʢʪʫʨʫ: ʧʨʦʪʷʛʦʤ ʧʝʚʥʦʛʦ ʧʝʨʽʦʜʫ 

ʯʘʩʫ ʚʦʥʦ ʤʦʞʝ ʛʝʥʝʨʫʚʘʪʠ ʧʘʢʝʪʠ ʽʥʬʦʨʤʘʮʽʾ (ON-ʧʝʨʽʦʜʠ), ʧʽʩʣʷ ʯʦʛʦ 

ʥʘʩʪʘʻ OFF-ʧʝʨʽʦʜ, ʢʦʣʠ ʛʝʥʝʨʘʮʽʷ ʧʨʠʧʠʥʷʻʪʴʩʷ. ʈʦʟʤʽʨ ON- ʽ OFF-ʧʝʨʽʦʜʽʚ 

ʻ ʚʠʧʘʜʢʦʚʠʤ, ʘʣʝ ʤʘʻ ʩʢʽʥʯʝʥʥʝ ʤʘʪʝʤʘʪʠʯʥʝ ʦʯʽʢʫʚʘʥʥʷ ʪʘ ʙʝʟʢʽʥʝʯʥʫ 

ʜʠʩʧʝʨʩʽʶ. ɿʘʟʥʘʯʠʤʦ, ʱʦ ON/OFF ʧʨʦʮʝʩ ʚʽʜʥʦʩʷʪʴ ʜʦ ʬʨʘʢʪʘʣʴʥʠʭ 

ʧʨʦʮʝʩʽʚ ʚʽʜʥʦʚʣʝʥʥʷ, ʷʢʽ ʯʝʨʛʫʶʪʴʩʷ. 

ʄʦʜʝʣʽ, ʧʦʙʫʜʦʚʘʥʽ ʥʘ ʙʘʟʽ ʩʠʩʪʝʤ ʤʘʩʦʚʦʛʦ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ. 

ɿʘʟʚʠʯʘʡ ʪʘʢʽ ʤʦʜʝʣʽ ʝʬʝʢʪʠʚʥʦ ʚʽʜʦʙʨʘʞʘʶʪʴ ʪʨʘʬʽʢ ʟ 

ʧʫʘʩʩʦʥʽʚʩʴʢʠʤʠ ʧʦʪʦʢʘʤʠ. ʆʜʥʘʢ, ʤʦʜʝʣʴ M/G/Ð ʤʦʞʝ ʩʪʚʦʨʶʚʘʪʠ 
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ʧʨʠʙʣʠʟʥʦ ʩʘʤʦʧʦʜʽʙʥʠʡ ʪʨʘʬʽʢ, ʨʝʛʫʣʶʶʯʠ "ʭʚʽʩʪ" ʙʫʜʴ-ʷʢʦʛʦ ʨʦʟʧʦʜʽʣʫ 

ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʢʦʨʠʩʪʫʚʘʯʽʚ, ʱʦ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʜʦʚʛʦʪʨʠʚʘʣʦʾ ʟʘʣʝʞʥʦʩʪʽ. 

ʂʨʽʤ ʪʦʛʦ, ʚʘʨʪʦ ʟʛʘʜʘʪʠ ʽʥʰʽ ʧʽʜʭʦʜʠ, ʪʘʢʽ ʷʢ ʤʦʜʝʣʽ, ʱʦ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʥʝʯʽʪʢʫ ʣʦʛʽʢʫ, ʥʝʡʨʦʤʝʨʝʞʝʚʽ ʤʦʜʝʣʽ, ʬʨʘʢʪʘʣʴʥʠʡ ʨʫʭ 

ʃʝʚʽ (Fractional Leva Motion - FLM), ʤʫʣʴʪʠʬʨʘʢʪʘʣʴʥʽ ʤʦʜʝʣʽ 

(Multifractional ï MF), ʚʝʡʚʣʝʪ ʤʦʜʝʣʽ (Wavelet Models) [74], ʘ ʪʘʢʦʞ ʤʦʜʝʣʽ, 

ʟʘʩʥʦʚʘʥʽ ʥʘ ʪʝʭʥʽʮʽ "ʜʠʥʘʤʽʯʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ʄʘʨʢʦʚʘ". 

 

2.6.2. ʄʘʪʝʤʘʪʠʯʥʝ ʧʨʝʜʩʪʘʚʣʝʥʥʷ ʩʘʤʦʧʦʜʽʙʥʦʛʦ (ʬʨʘʢʪʘʣʴʥʦʛʦ) 

ʧʨʦʮʝʩʫ 

ʉʪʦʭʘʩʪʠʯʥʠʡ ʧʨʦʮʝʩ X(t) ʚʚʘʞʘʻʪʴʩʷ ʩʪʘʪʠʩʪʠʯʥʦ ʩʘʤʦʧʦʜʽʙʥʠʤ ʟ 

ʧʘʨʘʤʝʪʨʦʤ ʍʝʨʩʪʘ (0.5ÒHÒ1), ʷʢʱʦ ʜʣʷ ʙʫʜʴ-ʷʢʦʛʦ ʜʦʜʘʪʥʦʛʦ ʯʠʩʣʘ ʘ 

ʚʽʜʙʫʚʘʻʪʴʩʷ ʪʘʢʝ, ʱʦ  ʧʨʦʮʝʩʠ X(t) ʪʘ a-HX(at) ʤʘʪʠʤʫʪʴ ʦʜʥʘʢʦʚʽ 

ʨʦʟʧʦʜʽʣʠ.  

ὢὸȟὢὸ ȣὢὸ ͯὥ ὢὥὸȟὥ ὢὥὸ ȣὥ ὢὥὸ      (2.4) 

ʚ ʜʘʥʦʤʫ ʚʠʨʘʟʽ ʚʽʜʥʦʰʝʥʥʷ ~ ʦʟʥʘʯʘʪʠʤʝ ʘʩʠʤʧʪʦʪʠʯʥʫ ʨʽʚʥʽʩʪʴ ʫ 

ʚʽʜʥʦʰʝʥʥʽ ʨʦʟʧʦʜʽʣʫ. ʅʘ ʧʨʘʢʪʠʮʽ, ʩʘʤʦʧʦʜʽʙʥʽʩʪʴ ʛʨʫʥʪʫʻʪʴʩʷ ʥʘ ʪʦʤʫ, ʱʦ 

ʧʦʚʠʥʥʽ ʚʠʢʦʥʫʚʘʪʠʩʴ  ʥʘʩʪʫʧʥʽ ʫʤʦʚʠ: 

ü ʫʩʝʨʝʜʥʝʥʝ ʟʥʘʯʝʥʥʷ 

ὢὸ                                             (2.5) 

ü ʜʠʩʧʝʨʩʽʷ 

 ὥὶὢὸ                                          (2.6) 

ü ʬʫʥʢʮʽʷ ʘʚʪʦʢʦʨʝʣʷʮʽʾ 

ὸȟ†
ȟ
                                                     (2.7) 

ʜʝ H ï ʧʘʨʘʤʝʪʨ ʍʝʨʩʪʘ, ʷʢʠʡ ʚʽʜʦʙʨʘʞʘʻ ʩʪʫʧʽʥʴ ʩʘʤʦʧʦʜʽʙʥʦʩʪʽ 

ʚʠʧʘʜʢʦʚʦʛʦ ʧʨʦʮʝʩʫ. ʗʢʱʦ ʟʥʘʯʝʥʥʷ ʚ ʤʝʞʘʭ ʅ<=0.5 - ʮʝ ʧʦʢʘʟʫʻ 

ʚʽʜʩʫʪʥʽʩʪʴ ʩʘʤʦʧʦʜʽʙʥʦʩʪʽ ʫ ʚʠʧʘʜʢʦʚʦʛʦ ʧʨʦʮʝʩʫ, ʘ ʟʥʘʯʝʥʥʷ ʅ, ʷʢʽ ʙʣʠʟʴʢʽ 

ʜʦ 1 ʧʦʢʘʟʫʪʴ, ʱʦ ʧʨʦʮʝʩ ʚʦʣʦʜʽʻ ʚʠʩʦʢʦʶ ʩʪʫʧʽʥʥʶ ʩʘʤʦʧʦʜʽʙʥʦʩʪʽ. ʎʝ 
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ʦʟʥʘʯʘʻ, ʱʦ ʷʢʱʦ ʩʪʦʭʘʩʪʠʯʥʠʡ ʧʨʦʮʝʩ ʟ ʜʦʚʛʦʪʨʠʚʘʣʠʤʠ ʟʘʣʝʞʥʦʩʪʷʤʠ 

ʜʝʤʦʥʩʪʨʫʻ ʪʝʥʜʝʥʮʽʶ ʜʦ ʟʨʦʩʪʘʥʥʷ (ʘʙʦ ʟʤʝʥʰʝʥʥʷ) ʟʥʘʯʝʥʴ ʫ ʤʠʥʫʣʦʤʫ, 

ʪʦ ʟ ʚʠʩʦʢʦʶ ʡʤʦʚʽʨʥʽʩʪʶ ʮʷ ʪʝʥʜʝʥʮʽʷ ʪʘʢʦʞ ʙʫʜʝ ʩʧʦʩʪʝʨʽʛʘʪʠʩʷ ʫ 

ʤʘʡʙʫʪʥʴʦʤʫ. ɺʨʘʭʦʚʫʶʯʠ ʮʝ, ʤʦʞʥʘ ʧʨʠʧʫʩʪʠʪʠ, ʱʦ ʣʽʥʽʡʥʽ ʟʤʽʥʠ ʚ 

ʧʨʦʮʝʩʽ ʚʽʜʙʫʚʘʪʠʤʫʪʴʩʷ ʟ ʘʥʘʣʦʛʽʯʥʦʶ ʥʘʧʨʷʤʣʝʥʽʩʪʶ ʫ ʤʘʡʙʫʪʥʴʦʤʫ, 

ʧʽʜʪʚʝʨʜʞʫʶʯʠ ʡʦʛʦ ʩʪʘʙʽʣʴʥʽʩʪʴ ʘʙʦ ʪʝʥʜʝʥʮʽʶ ʜʦ ʟʤʽʥ ʚ ʪʨʠʚʘʣʽʡ 

ʧʝʨʩʧʝʢʪʠʚʽ. 

 

2.6.3. ʄʘʪʝʤʘʪʠʯʥʝ ʧʨʝʜʩʪʘʚʣʝʥʥʷ ʜʠʩʢʨʝʪʥʦʛʦ ʩʘʤʦʧʦʜʽʙʥʦʛʦ 

ʧʨʦʮʝʩʫ 

ʈʦʟʛʣʷʥʝʤʦ ʯʘʩʦʚʠʡ ʧʨʦʮʝʩ ὢ ὢȟὲᶰὤ  ʪʘ ʚʠʟʥʘʯʠʤʦ ʽʥʰʠʡ 

ʯʘʩʦʚʠʡ ʧʨʦʮʝʩ (m-aggregated) ὢ ὢ ȟὲᶰὤ  ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʫʩʝʨʝʜʥʝʥʥʷ ʚʠʭʽʜʥʦʛʦ  ʧʨʦʮʝʩʫ ʥʘ ʩʫʤʽʞʥʽ ʙʣʦʢʠ, ʱʦ ʤʘʶʪʴ ʜʦʚʞʠʥʫ m, ʪʘ 

ʥʝ ʧʝʨʝʪʠʥʘʶʪʴʩʷ: 

ὢ В ὼ         (2.8) 

ʉʘʤʦʧʦʜʽʙʥʽ ʩʪʦʭʘʩʪʠʯʥʽ ʧʨʦʮʝʩʠ ʤʦʞʥʘ ʨʦʟʜʽʣʠʪʠ ʥʘ ʥʘʩʪʫʧʥʽ ʢʣʘʩʠ: 

ü ʘʙʩʦʣʶʪʥʦ ʩʘʤʦʧʦʜʽʙʥʽ ʧʨʦʮʝʩʠ; 

ü ʘʩʠʤʧʪʦʪʠʯʥʦ ʩʘʤʦʧʦʜʽʙʥʽ ʧʨʦʮʝʩʠ [75]. 

ʇʨʦʮʝʩ ʍ ʤʦʞʥʘ ʚʚʘʞʘʪʠ ʪʦʯʥʦ ʩʘʤʦʧʦʜʽʙʥʠʤ ʟ ʧʝʚʥʠʤ ʧʘʨʘʤʝʪʨʦʤ ɓ 

(0<ɓ<1) ʷʢʱʦ ʜʣʷ ʚʝʣʠʯʠʥʠ  άᶰὤᶻ ʙʫʜʫʪʴ ʚʠʢʦʥʫʚʘʪʠʩʴ  ʪʘʢʽ ʫʤʦʚʠ: 

ü ʜʠʩʧʝʨʩʽʷ ʚʠʧʘʜʢʦʚʦʾ ʚʝʣʠʯʠʥʠ  

ὥὶὢ                                                           (2.9) 

ü ʬʫʥʢʮʽʷ ʘʚʪʦʢʦʨʝʣʷʮʽʾ 

Ὧȟὢ ὙὯȟὢ                                                    (2.10) 

ɯʩʥʫʻ ʚʟʘʻʤʦʟʚ'ʷʟʦʢ ʤʽʞ ʧʘʨʘʤʝʪʨʦʤ ɓ ʪʘ ʧʘʨʘʤʝʪʨʦʤ ʍʝʨʩʪʘ ʅ, ʷʢʠʡ 

ʤʦʞʥʘ ʧʨʝʜʩʪʘʚʠʪʠ ʫ ʚʠʛʣʷʜʽ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷʤ (ʚʠʨʘʟ 2.11): 

‍ ςρ Ὄ                                               (2.11) 
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ʑʦ ʩʪʦʩʫʻʪʴʩʷ ʽʥʰʦʛʦ ʢʣʘʩʫ ʩʘʤʦʧʦʜʽʙʥʠʭ ʧʨʦʮʝʩʽʚ, ʪʦ ʧʨʦʮʝʩ ʤʦʞʥʘ 

ʥʘʟʚʘʪʠ ʘʩʠʤʧʪʦʪʠʯʥʦ ʩʘʤʦʧʦʜʽʙʥʠʤ ʷʢʱʦ ʜʣʷ ʚʝʣʠʢʠʭ ʟʥʘʯʝʥʴ k 

ü ʜʠʩʧʝʨʩʽʷ ʚʠʧʘʜʢʦʚʦʾ ʚʝʣʠʯʠʥʠ  

ὠὥὶὢ                                                  (2.12) 

ü ʬʫʥʢʮʽʷ ʘʚʪʦʢʦʨʝʣʷʮʽʾ 

ὙὯȟὢ ὙὯȟὢ                                   (2.13) 

ʧʨʠ ʟʥʘʯʝʥʥʷʭ m Ÿ Ð 

ɭ ʪʘʢʦʞ ʨʝʟʫʣʴʪʘʪʠ ʧʝʚʥʠʭ ʜʦʩʣʽʜʞʝʥʴ, ʷʢʽ ʧʦʢʘʟʫʶʪʴ , ʱʦ ʜʣʷ ʜʚʦʭ 

ʢʣʘʩʽʚ ʩʘʤʦʧʦʜʽʙʥʠʭ ʧʨʦʮʝʩʽʚ ʜʠʩʧʝʨʩʽʷ ʚʠʧʘʜʢʦʚʦʾ ʚʝʣʠʯʠʥʠ ὠὥὶὢ  

ʟʤʝʥʰʫʻʪʴʩʷ ʩʫʪʪʻʚʦ ʧʦʚʽʣʴʥʽʰʝ ʘʥʽʞ 1/m ʧʨʠ ʫʤʦʚʽ, ʱʦ m Ÿ Ð ʚ 

ʧʦʨʽʚʥʷʥʥʽ ʽʟ ʩʪʦʭʘʩʪʠʯʥʠʤʠ ʧʨʦʮʝʩʘʤʠ, ʜʣʷ ʷʢʠʭ ʜʠʩʧʝʨʩʽʷ ʚʠʧʘʜʢʦʚʦʾ 

ʚʝʣʠʯʠʥʠ ʟʤʝʥʰʫʻʪʴʩʷ ʧʨʷʤʦ ʧʨʦʧʦʨʮʽʡʥʦ ʜʦ 1/m ʽ ʥʘʙʣʠʞʘʻʪʴʩʷ ʜʦ 0 ʧʨʠ 

m Ÿ Ð. 

ʄʘʪʝʤʘʪʠʯʥʦ, ʬʨʘʢʪʘʣʴʥʠʡ ʦʙ'ʻʢʪ ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʥʝ ʣʠʰʝ ʩʚʦʻʶ 

ʩʢʣʘʜʥʦʶ ʩʪʨʫʢʪʫʨʦʶ, ʘʣʝ ʡ ʜʨʽʙʥʦʶ ʨʦʟʤʽʨʥʽʩʪʶ. ʎʷ ʨʦʟʤʽʨʥʽʩʪʴ ʤʦʞʝ 

ʙʫʪʠ ʚʠʟʥʘʯʝʥʘ ʟʘ ʜʦʧʦʤʦʛʦʶ ʚʽʜʧʦʚʽʜʥʦʾ ʬʦʨʤʫʣʠ, ʷʢʘ ʚʽʜʦʙʨʘʞʘʻ 

ʚʣʘʩʪʠʚʦʩʪʽ ʩʘʤʦʧʦʜʽʙʥʦʩʪʽ ʪʘ ʽʥʰʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʦʙ'ʻʢʪʘ. (2.14): 

Ὠ
 
                                                    (2.14) 

ʜʝ N - ʧʨʝʜʩʪʘʚʣʷʻ ʩʦʙʦʶ  ʢʽʣʴʢʽʩʪʴ ʦʜʥʘʢʦʚʠʭ ʯʘʩʪʠʥ, ʥʘ ʷʢʽ ʪʨʝʙʘ 

ʨʦʟʜʽʣʠʪʠ ʦʙ'ʻʢʪ, ʧʨʠ ʮʴʦʤʫ ʢʦʞʥʘ ʯʘʩʪʠʥʘ ʩʪʘʥʝ ʟʤʝʥʰʝʥʦʶ ʢʦʧʽʻʶ ʮʽʣʦʛʦ 

ʚ 1/r ʨʘʟʽʚ. 

 

2.6.4. ʆʧʠʩ ʤʦʜʝʣʽ ʩʘʤʦʧʦʜʽʙʥʦʛʦ ʧʨʦʮʝʩʫ 

ɯʩʥʫʻ ʢʽʣʴʢʘ ʦʩʥʦʚʥʠʭ ʧʽʜʭʦʜʽʚ ʪʘ ʤʝʪʦʜʽʚ ʬʦʨʤʫʚʘʥʥʷ ʩʘʤʦʧʦʜʽʙʥʦʛʦ 

ʧʦʪʦʢʫ, ʽ ʦʜʠʥ ʟ ʥʘʡʚʽʜʦʤʽʰʠʭ ʙʫʚ ʟʘʧʨʦʧʦʥʦʚʘʥʠʡ ʄʘʥʜʝʣʴʙʨʦʪʦʤ.ʎʝʡ 

ʤʝʪʦʜ ʙʘʟʫʻʪʴʩʷ ʥʘ ʩʫʧʝʨʧʦʟʠʮʽʾ ʜʝʢʽʣʴʢʦʭ ʥʝʟʘʣʝʞʥʠʭ ʜʞʝʨʝʣ ON/OFF ʟ 

ʦʜʥʘʢʦʚʠʤ ʨʦʟʧʦʜʽʣʦʤ, ʷʢʽ ʯʝʨʛʫʶʪʴʩʷ ʫ ʩʪʨʦʛʽʡ ʧʦʩʣʽʜʦʚʥʦʩʪʽ ʽ ʜʣʷ ʷʢʠʭ 

ʧʨʠʩʫʪʥʽʡ ʝʬʝʢʪ ʅʦʘ. ʇʽʜ ʩʪʨʦʛʦ ʯʝʨʛʦʚʠʤʠ ʜʞʝʨʝʣʘʤʠ ON/OFF ʤʠ 
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ʨʦʟʫʤʽʻʤʦ ʤʦʜʝʣʴ, ʜʝ ʧʝʨʽʦʜʠ ʘʢʪʠʚʥʦʩʪʽ (ON) ʪʘ ʥʝʘʢʪʠʚʥʦʩʪʽ (OFF) 

ʯʝʨʛʫʶʪʴʩʷ, ʪʨʠʚʘʣʦʩʪʽ ON ʧʝʨʽʦʜʽʚ ʥʝʟʘʣʝʞʥʽ ʪʘ ʤʘʶʪʴ ʦʜʥʘʢʦʚʠʡ 

ʨʦʟʧʦʜʽʣ, ʘ ʪʘʢ ʩʘʤʦ ʽ OFF ʧʝʨʽʦʜʠ, ʽ ʧʦʩʣʽʜʦʚʥʦʩʪʽ ʪʨʠʚʘʣʦʩʪʝʡ ON ʽ OFF 

ʧʝʨʽʦʜʽʚ ʥʝ ʟʘʣʝʞʘʪʴ ʦʜʠʥ ʚʽʜ ʦʜʥʦʛʦ. ʇʨʦʪʝ ʪʨʠʚʘʣʦʩʪʽ ON ʪʘ OFF ʧʝʨʽʦʜʽʚ 

ʤʦʞʫʪʴ ʤʘʪʠ ʨʽʟʥʽ ʨʦʟʧʦʜʽʣʠ. ʊʘʢʠʡ ʧʽʜʭʽʜ ʜʦʟʚʦʣʷʻ ʦʪʨʠʤʫʚʘʪʠ ʧʦʪʽʢ, ʷʢʠʡ 

ʤʘʻ ʩʘʤʦʧʦʜʽʙʥʽ ʚʣʘʩʪʠʚʦʩʪʽ. 

ɽʬʝʢʪ ʅʦʘ ʚ ʨʦʟʧʦʜʽʣʽ ʪʨʠʚʘʣʦʩʪʝʡ ON/OFF ʧʝʨʽʦʜʽʚ ʩʪʘʻ ʢʣʶʯʦʚʦʶ 

ʪʦʯʢʦʶ ʧʨʠ ʤʦʜʝʣʶʚʘʥʥʽ ʩʘʤʦʧʦʜʽʙʥʦʛʦ ʪʨʘʬʽʢʫ, ʪʘ ʤʘʻ ʧʝʚʥʽ ʚʽʜʤʽʥʥʦʩʪʽ 

ʚʽʜ ʤʦʜʝʣʝʡ, ʱʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʩʪʘʥʜʘʨʪʥʠʡ ʝʢʩʧʦʥʝʥʮʽʡʥʠʡ ʨʦʟʧʦʜʽʣ. 

ʎʝʡ ʝʬʝʢʪ, ʷʢʠʡ ʪʘʢʦʞ ʚʽʜʦʤʠʡ ʷʢ ʩʠʥʜʨʦʤ ʥʝʩʢʽʥʯʝʥʥʦʾ ʜʠʩʧʝʨʩʽʾ, ʚʠʥʠʢʘʻ 

ʥʘ ʦʩʥʦʚʽ ʝʤʧʽʨʠʯʥʠʭ ʩʧʦʩʪʝʨʝʞʝʥʴ, ʱʦ ʙʘʛʘʪʦ ʧʨʠʨʦʜʥʠʭ ʷʚʠʱ ʤʦʞʫʪʴ 

ʙʫʪʠ ʦʧʠʩʘʥʽ ʨʦʟʧʦʜʽʣʦʤ ʟ ʙʝʟʢʽʥʝʯʥʦʶ ʜʠʩʧʝʨʩʽʻʶ. ɿ ʤʘʪʝʤʘʪʠʯʥʦʾ ʪʦʯʢʠ 

ʟʦʨʫ, ʜʣʷ ʜʦʩʷʛʥʝʥʥʷ ʝʬʝʢʪʫ ʅʦʘ ʤʦʞʥʘ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʨʦʟʧʦʜʽʣ ʇʘʨʝʪʦ 

ʘʙʦ ʣʦʛʘʨʠʬʤʽʯʥʦ-ʥʦʨʤʘʣʴʥʠʡ ʨʦʟʧʦʜʽʣ, ʚʽʜʦʤʠʡ ʷʢ ʨʦʟʧʦʜʽʣ ʟ ʚʘʞʢʠʤ 

ʭʚʦʩʪʦʤ. ʈʦʟʧʦʜʽʣ ʇʘʨʝʪʦ ʻ ʥʘʡʙʽʣʴʰ ʧʦʧʫʣʷʨʥʠʤ ʚ ʮʴʦʤʫ ʚʠʧʘʜʢʫ. ʁʦʛʦ 

ʧʝʨʝʚʘʛʦʶ ʻ ʤʦʞʣʠʚʽʩʪʴ ʚʠʟʥʘʯʝʥʥʷ ʬʨʘʢʪʘʣʴʥʦʩʪʽ ʪʨʘʬʽʢʫ ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʡʦʛʦ ʧʘʨʘʤʝʪʨʽʚ. ʆʜʥʘʢ ʥʝʜʦʣʽʢʦʤ ʻ ʪʝ, ʱʦ ʮʝʡ ʨʦʟʧʦʜʽʣ ʤʘʻ ʥʝʩʢʽʥʯʝʥʥʫ 

ʜʠʩʧʝʨʩʽʶ, ʱʦ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʚʠʩʦʢʦʾ ʤʽʥʣʠʚʦʩʪʽ ʚʭʽʜʥʦʛʦ ʪʨʘʬʽʢʫ [76]. 

ʌʫʥʢʮʽʶ ʨʦʟʧʦʜʽʣʫ, ʷʢʘ ʦʧʠʩʫʻ ʨʦʟʧʦʜʽʣ ʇʘʨʝʪʦ (ʬʦʨʤʫʣʘ 2.15) 

Ὂὼ ρ                                                    (2.15) 

ʜʝ Ŭ ï ʚʠʩʪʫʧʘʻ ʧʘʨʘʤʝʪʨʦʤ, ʱʦ ʭʘʨʘʢʪʝʨʠʟʫʻ ʯʠ ʙʫʜʝ ʟʘʜʘʥʠʡ 

ʨʦʟʧʦʜʽʣ ʤʘʪʠ ʥʝʩʢʽʥʯʝʥʥʝ ʘʙʦ ʞ ʩʢʽʥʯʝʥʥʝ ʩʝʨʝʜʥʻ ʟʥʘʯʝʥʥʷ ʪʘ ʜʠʩʧʝʨʩʽʶ 

ʚʠʧʘʜʢʦʚʦʾ ʚʝʣʠʯʠʥʠ, ʽ ɓ ï ʮʝ ʧʘʨʘʤʝʪʨ ʛʨʘʥʠʯʥʦʾ ʤʝʞʽ (ʤʽʥʽʤʘʣʴʥʦ 

ʤʦʞʣʠʚʝ ʟʥʘʯʝʥʥʷ ʚʝʣʠʯʠʥʠ x). 

ɼʣʷ ʨʦʟʧʦʜʽʣʫ ʇʘʨʝʪʦ, ʛʫʩʪʠʥʘ  ʚʠʟʥʘʯʘʻʪʴʩʷ ʥʘʩʪʫʧʥʦʶ ʬʫʥʢʮʽʻʶ 

(ʬʦʨʤʫʣʘ 2.16): 

Ὢὼ                                                     (2.16) 

ʜʣʷ ʟʥʘʯʝʥʴ  x > ɓ ʪʘ Ŭ > 0 
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Ὢὼ Ὂὢ π                                                    (2.17) 

ʜʣʷ ʟʥʘʯʝʥʴ  x Ò ɓ. 

ɺʠʢʦʨʠʩʪʦʚʫʶʯʠ ʟʥʘʯʝʥʥʷ ʧʘʨʘʤʝʪʨʘ Ŭ, ʤʦʞʥʘ ʚʚʘʞʘʪʠ, ʱʦ ʩʝʨʝʜʥʻ 

ʟʥʘʯʝʥʥʷ ʪʘ ʜʠʩʧʝʨʩʽʷ ʚʠʧʘʜʢʦʚʦʾ ʚʝʣʠʯʠʥʠ  x ʙʫʜʫʪʴ ʥʘʩʪʫʧʥʠʤʠ: 

ʜʣʷ ʟʥʘʯʝʥʴ Ŭ Ò 1 ʥʝʩʢʽʥʯʝʥʥʝ ʩʝʨʝʜʥʻ ʟʥʘʯʝʥʥʷ ʜʣʷ ʨʦʟʧʦʜʽʣʫ; 

ʜʣʷ ʟʥʘʯʝʥʴ 1 Ò Ŭ Ò 2 ʩʢʽʥʯʝʥʥʝ ʩʝʨʝʜʥʻ ʪʘ ʥʝʩʢʽʥʯʝʥʥʘ ʜʠʩʧʝʨʩʽʷ ʜʣʷ 

ʨʦʟʧʦʜʽʣʫ; 

ʜʣʷ ʟʥʘʯʝʥʴ Ŭ Ò 2 ʥʝʩʢʽʥʯʝʥʥʘ ʜʠʩʧʝʨʩʽʷ ʜʣʷ ʨʦʟʧʦʜʽʣʫ; 

ʊʘʢʦʞ ʽʩʥʫʻ ʥʘʩʪʫʧʥʘ ʟʘʣʝʞʥʽʩʪʴ ʤʽʞ ʧʘʨʘʤʝʪʨʦʤ ʍʝʨʩʪʘ ʅ ʪʘ 

ʧʘʨʘʤʝʪʨʦʤ Ŭ (ʬʦʨʤʫʣʘ 2.18): 

Ὄ                                                         (2.18) 

ʇʘʨʘʣʝʣʴʥʦ ʟ ʨʦʟʧʦʜʽʣʦʤ ʇʘʨʝʪʦ, ʱʝ ʦʜʥʠʤ ʯʘʩʪʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʥʠʤ 

ʨʦʟʧʦʜʽʣʦʤ ʧʨʠ ʤʦʜʝʣʶʚʘʥʥʽ ʬʨʘʢʪʘʣʴʥʦʛʦ ʪʨʘʬʽʢʫ ʻ ʨʦʟʧʦʜʽʣ ɺʝʡʙʫʣʘ. 

ɿʘʢʦʥ ʨʦʟʧʦʜʽʣʫ ʽʤʦʚʽʨʥʦʩʪʝʡ ʜʣʷ ʨʦʟʧʦʜʽʣʫ ɺʝʡʙʫʣʘ ʤʦʞʝ ʙʫʪʠ 

ʧʨʝʜʩʪʘʚʣʝʥʠʡ ʥʘʩʪʫʧʥʠʤ ʯʠʥʦʤ: (2.19):  

    Ὂὼ ρ Ὡ                                           (2.19) 

ʜʝ Ŭ, ɓ - ʧʘʨʘʤʝʪʨ ʬʦʨʤʠ ʪʘ ʤʘʩʰʪʘʙʥʠʡ ʧʘʨʘʤʝʪʨ ʚʽʜʧʦʚʽʜʥʦ. 

ɼʣʷ ʚʠʟʥʘʯʝʥʥʷ ʧʘʨʘʤʝʪʨʘ ʍʝʨʩʪʘ ʯʘʩʦʚʦʛʦ ʨʷʜʫ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ 

ʨʽʟʥʦʤʘʥʽʪʥʽ ʤʝʪʦʜʠ, ʩʝʨʝʜ ʷʢʠʭ ʤʦʞʥʘ ʚʽʜʟʥʘʯʠʪʠ ʘʥʘʣʽʟ ʽʥʜʝʢʩʘ ʜʠʩʧʝʨʩʽʾ , 

ʚʝʡʚʣʝʪ-ʘʥʘʣʽʟ, R/S ʩʪʘʪʠʩʪʠʢʫ  ʪʘ ʽʥʰʽ [77]. 

ʊʘʢʠʤ ʯʠʥʦʤ, ʦʜʥʠʤ ʽʟ ʤʝʪʦʜʽʚ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʢʦʝʬʽʮʽʻʥʪʘ ʅ ʻ ʘʥʘʣʽʟ 

R/S ʩʪʘʪʠʩʪʠʢʠ (ʥʦʤʽʥʘʣʴʥʦʛʦ ʨʦʟʤʘʭʫ). ʎʝʡ ʤʝʪʦʜ ʚʠʢʦʥʫʻʪʴʩʷ ʚ ʢʽʣʴʢʘ 

ʝʪʘʧʽʚ: 

ü ɺʠʟʥʘʯʝʥʥʷ ʥʦʤʽʥʘʣʴʥʦʛʦ ʨʦʟʤʘʭʫ (R) ʜʣʷ ʨʷʜʫ ʜʘʥʠʭ ʥʘ ʨʽʟʥʠʭ 

ʤʘʩʰʪʘʙʘʭ; 

ü ʆʙʯʠʩʣʝʥʥʷ ʩʝʨʝʜʥʴʦʛʦ ʢʚʘʜʨʘʪʠʯʥʦʛʦ ʚʽʜʭʠʣʝʥʥʷ (S) ʜʣʷ 

ʢʦʞʥʦʛʦ ʤʘʩʰʪʘʙʫ; 

ü ʈʦʟʨʘʭʫʥʦʢ ʚʽʜʥʦʰʝʥʥʷ R/S ʜʣʷ ʢʦʞʥʦʛʦ ʤʘʩʰʪʘʙʫ; 
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ü ʇʦʙʫʜʦʚʘ ʟʘʣʝʞʥʦʩʪʽ R/S ʚʽʜ ʣʦʛʘʨʠʬʤʽʚ ʤʘʩʰʪʘʙʽʚ ʽ ʘʥʘʣʽʟ 

ʦʪʨʠʤʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ. 

ɿʘ ʬʦʨʤʫʣʦʶ (2.20) ʚʠʟʥʘʯʘʻʪʴʩʷ ʤʘʪʝʤʘʪʠʯʥʝ ʦʯʽʢʫʚʘʥʥʷ 

ʚʠʧʘʜʢʦʚʦʛʦ ʨʷʜʫ Xk, (k =1..N): 

ὓ В ὢ                                              (2.20) 

a) ɺʠʟʥʘʯʘʻʪʴʩʷ ʜʠʩʧʝʨʩʽʷ ʚʠʙʽʨʢʠ (ʬʦʨʤʫʣʘ 2.21): 

Ὓ В ὢ ὓ                                      (2.21) 

b) ɺʠʟʥʘʯʘʻʪʴʩʷ ʽʥʪʝʛʨʘʣʴʥʝ ʚʽʜʭʠʣʝʥʥʷ (ʬʦʨʤʫʣʘ 2.22): 

Ὀ В ὢ Ὦz ὓȟ   Ὦɴ ρȟὔ                               (2.22) 

 

c) ɺʠʟʥʘʯʘʻʪʴʩʷ ʨʦʟʥʝʩʝʥʥʷ ʚʠʧʘʜʢʦʚʦʛʦ ʧʨʦʮʝʩʫ (ʬʦʨʤʫʣʘ 2.23): 

Ὑ άὥὼὈ άὭὲὈ                                             (2.23) 

d) ɿ ʚʩʪʘʥʦʚʣʝʥʦʛʦ ʍʝʨʩʪʦʤ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ (ʬʦʨʤʫʣʘ 2.24):  

                                                           (2.24) 

ʚʠʟʥʘʯʘʻʪʴʩʷ ʧʘʨʘʤʝʪʨ ʍʝʨʩʪʘ ʅ (ʟʘ ʬʦʨʤʫʣʦʶ 2.25):   

Ὄ
 

 
                                                      (2.25) 

ʇʘʨʘʤʝʪʨ ʍʝʨʩʪʘ (H) ʚʠʩʪʫʧʘʻ ʧʦʢʘʟʥʠʢʦʤ ʩʪʽʡʢʦʩʪʽ ʩʪʘʪʠʩʪʠʯʥʦʛʦ 

ʚʠʧʘʜʢʦʚʦʛʦ ʷʚʠʱʘ ʪʘ ʪʨʠʚʘʣʦʩʪʽ ʜʦʚʛʦʩʪʨʦʢʦʚʦʾ ʟʘʣʝʞʥʦʩʪʽ. ɿʥʘʯʝʥʥʷ 

H=0,5 ʩʚʽʜʯʠʪʴ ʧʨʦ ʚʽʜʩʫʪʥʽʩʪʴ ʜʦʚʛʦʩʪʨʦʢʦʚʦʾ ʟʘʣʝʞʥʦʩʪʽ, ʪʦʜʽ ʷʢ ʟʥʘʯʝʥʥʷ, 

ʱʦ ʥʘʙʣʠʞʘʻʪʴʩʷ ʜʦ 1, ʚʢʘʟʫʻ ʥʘ ʚʠʱʠʡ ʨʽʚʝʥʴ ʩʪʽʡʢʦʩʪʽ ʮʽʻʾ ʟʘʣʝʞʥʦʩʪʽ. 

ɼʦʩʣʽʜʞʝʥʥʷ ʨʽʟʥʠʭ ʪʠʧʽʚ ʪʨʘʬʽʢʫ ʫ ʩʫʯʘʩʥʠʭ ʪʝʣʝʢʦʤʫʥʽʢʘʮʽʡʥʠʭ ʤʝʨʝʞʘʭ 

ʧʦʢʘʟʘʣʠ, ʱʦ ʫ ʙʽʣʴʰʦʩʪʽ ʚʠʧʘʜʢʽʚ, ʟʥʘʯʝʥʥʷ ʧʘʨʘʤʝʪʨʘ ʍʝʨʩʪʘ ʟʥʘʭʦʜʷʪʴʩʷ 

ʚ ʜʽʘʧʘʟʦʥʽ 0,5 < H < 1. ʊʘʢʠʤ ʯʠʥʦʤ, ʢʦʞʝʥ ʪʠʧ ʪʨʘʬʽʢʫ ʤʝʨʝʞʽ ʤʘʻ ʩʚʦʶ 

ʫʥʽʢʘʣʴʥʫ ʩʪʝʧʽʥʴ ʬʨʘʢʪʘʣʴʥʦʩʪʽ. ɼʣʷ ʥʘʛʣʷʜʥʦʩʪʽ ʧʨʠʚʝʜʝʥʽ ʧʝʚʥʽ ʟʥʘʯʝʥʥʷ 

ʧʘʨʘʤʝʪʨʘ ʍʝʨʩʪʘ ʜʣʷ ʨʽʟʥʠʭ ʪʠʧʽʚ ʪʨʘʬʽʢʫ ʫ ʪʘʙʣʠʮʽ 2.1 ʪʘ ʢʨʫʛʦʚʦʾ 

ʜʽʘʛʨʘʤʠ ʥʘ ʨʠʩ. 2.31. 
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ʊʘʙʣʠʮʷ 2.1. 

ɿʥʘʯʝʥʥʷ ʧʘʨʘʤʝʪʨʘ ʍʝʨʩʪʘ ʜʣʷ  ʨʽʟʥʠʭ ʢʘʪʝʛʦʨʽʡ ʤʝʨʝʞʝʚʦʛʦ ʪʨʘʬʽʢʫ 

ʂʘʪʝʛʦʨʽʷ ʤʝʨʝʞʝʚʦʛʦ ʪʨʘʬʽʢʫ ʉʪʫʧʽʥʴ 

ʬʨʘʢʪʘʣʴʥʦʩʪʽ  (ʅ) 

ʇʨʦʪʦʢʦʣ http / https 0.7-0.9 

ʊʨʘʬʽʢ ʚʽʜʝʦ ʧʦʪʦʢʽʚ 0.62-0.91 

ɸʫʜʽʦ ʩʪʨʽʤʽʥʛ 0.61-0.91 

ʊʦʯʢʘ -ʊʦʯʢʘ 0.55-0.85 

 

ʗʢ ʤʦʞʥʘ ʧʦʙʘʯʠʪʠ ʽʟ ʧʨʝʜʩʪʘʚʣʝʥʦʾ ʚʠʱʝ ʪʘʙʣʠʮʽ, ʜʣʷ ʦʩʥʦʚʥʠʭ 

ʢʘʪʝʛʦʨʽʡ ʤʝʨʝʞʝʚʠʭ ʜʦʜʘʪʢʽʚ, ʟʥʘʯʝʥʥʷ ʧʘʨʘʤʝʪʨʘ ʍʝʨʩʪʘ ʩʪʘʥʦʚʠʪʴ ʙʽʣʴʰʝ 

0,5. 

 

ʈʠʩ.2.31. ʉʪʝʧʽʥʴ ʬʨʘʢʪʘʣʴʥʦʩʪʽ ʨʽʟʥʠʭ ʪʠʧʽʚ ʪʨʘʬʽʢʫ 

 

2.6.5. ɸʥʘʣʽʟ ʯʘʩʫ ʟʘʪʨʠʤʢʠ ʚ CDN ʤʝʨʝʞʽ 

ʆʩʢʽʣʴʢʠ, ʦʜʥʠʤ ʽʟ ʦʩʥʦʚʥʠʭ ʟʘʚʜʘʥʴ CDN -ʻ ʟʤʝʥʰʠʪʠ ʯʘʩ ʟʘʪʨʠʤʢʠ, 

ʧʽʜ ʯʘʩ ʜʦʩʪʘʚʢʠ ʜʘʥʠʭ ʚʽʜ ʩʝʨʚʝʨʘ ʧʦʭʦʜʞʝʥʥʷ ʜʦ ʢʽʥʮʝʚʦʛʦ ʦʪʨʠʤʫʚʘʯʘ, 

ʚʘʨʪʦ ʨʦʟʛʣʷʥʫʪʠ ʷʢʠʤ ʩʘʤʝ ʩʧʦʩʦʙʦʤ  ʚʠʟʥʘʯʘʪʠ ʟʥʘʯʝʥʥʷ ʮʴʦʛʦ ʧʘʨʘʤʝʪʨʫ. 

ʋ ʚʩʽʭ ʚʘʨʽʘʥʪʘʭ ʚʧʨʦʚʘʜʞʝʥʥʷ ʤʝʨʝʞ CDN, ʩʝʨʚʝʨʠ ʢʝʰʫʚʘʥʥʷ ʘʢʪʠʚʥʦ 

ʦʙʨʦʙʣʷʶʪʴ ʚʝʣʠʢʫ ʢʽʣʴʢʽʩʪʴ ʟʘʧʠʪʽʚ ʚʽʜ ʢʽʥʮʝʚʠʭ ʢʦʨʠʩʪʫʚʘʯʽʚ. ʎʝ ʚʘʞʣʠʚʘ 

ʬʫʥʢʮʽʷ, ʷʢʘ ʟʘʙʝʟʧʝʯʫʻ ʰʚʠʜʢʫ ʪʘ ʝʬʝʢʪʠʚʥʫ ʜʦʩʪʘʚʢʫ ʢʦʥʪʝʥʪʫ ʚ ʤʝʨʝʞʽ.  
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ɹʫʜʝʤʦ ʚʚʘʞʘʪʠ, ʱʦ  ʮʝ ʽʥʪʝʥʩʠʚʥʽʩʪʴ ʧʦʩʪʫʧʣʝʥʥʷ ʟʘʧʠʪʽʚ ʥʘ 

ʩʝʨʚʝʨ i ʚ ʤʦʤʝʥʪ ʯʘʩʫ t. ʊʘʢʠʤ ʯʠʥʦʤ, ʩʫʤʘʨʥʘ ʽʥʪʝʥʩʠʚʥʽʩʪʴ ʧʦʩʪʫʧʣʝʥʥʷ 

ʟʘʧʠʪʽʚ ʫ ʤʝʨʝʞʽ ʧʝʨʝʜʘʯʽ ʜʘʥʠʭ ʙʫʜʝ ʨʦʟʨʘʭʦʚʫʚʘʪʠʩʴ ʥʘʩʪʫʧʥʠʤ ʯʠʥʦʤ: 

‗ В ‗      (2.26) 

ɺʘʞʣʠʚʦ ʚʽʜʟʥʘʯʠʪʠ, ʱʦ ʢʦʞʝʥ ʢʝʰ-ʩʝʨʚʝʨ, ʦʢʨʽʤ ʦʙʨʦʙʢʠ ʚʣʘʩʥʠʭ 

ʟʘʧʠʪʽʚ, ʤʦʞʝ ʪʘʢʦʞ ʦʪʨʠʤʫʚʘʪʠ ʟʘʧʠʪʠ ʚʽʜ ʽʥʰʠʭ ʩʝʨʚʝʨʽʚ ʫ ʤʝʨʝʞʽ. 

ʆʯʝʚʠʜʥʦ, ʱʦ ʚʽʜʩʦʪʦʢ ʨʝʩʫʨʩʽʚ ʩʝʨʚʝʨʘ, ʷʢʽ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʜʣʷ ʦʙʨʦʙʢʠ 

ʪʘʢʠʭ ʟʘʧʠʪʽʚ ʚʽʜ ʽʥʰʠʭ ʩʝʨʚʝʨʽʚ, ʙʫʜʝ ʟʘʣʝʞʘʪʠ ʚʽʜ ʨʽʟʥʠʭ ʬʘʢʪʦʨʽʚ. ʆʪʞʝ, 

ʽʥʪʝʥʩʠʚʥʽʩʪʴ ʥʘʜʭʦʜʞʝʥʥʷ ʟʘʧʠʪʽʚ ʚʽʜ ʩʫʩʽʜʥʽʭ ʩʝʨʚʝʨʽʚ ʫ CDN ʤʝʨʝʞʽ 

ʤʦʞʝ ʙʫʪʠ ʦʙʯʠʩʣʝʥʘ ʟʘ ʜʦʧʦʤʦʛʦʶ ʥʘʩʪʫʧʥʦʾ ʬʦʨʤʫʣʠ: 

‌ В ‗Ͻ‫       (2.27) 

ɼʝ  - ʮʝ ʪʘ ʯʘʩʪʠʥʘ ʪʨʘʬʽʢʫ  , ʷʢʘ ʧʝʨʝʥʘʧʨʘʚʣʷʻʪʴʩʷ ʚʽʜ ʩʝʨʚʝʨʘ j 

ʜʦ ʩʝʨʚʝʨʘ i. ʗʢ ʨʝʟʫʣʴʪʘʪ, ʩʝʨʝʜʥʷ ʽʥʪʝʥʩʠʚʥʽʩʪʴ ʥʘʚʘʥʪʘʞʝʥʥʷ, ʱʦ 

ʧʦʩʪʫʧʘʻ ʥʘ ʚʭʽʜ ʢʝʰʫʶʯʦʛʦ ʩʝʨʚʝʨ i ʚ ʧʝʚʥʠʡ ʤʦʤʝʥʪ ʯʘʩʫ, ʨʦʟʨʘʭʦʚʫʻʪʴʩʷ 

ʟʘ ʥʘʩʪʫʧʥʦʶ ʬʦʨʤʫʣʦʶ: 

‌ ‗ В ‗Ͻ‫      (2.28) 

ʇʝʨʰʠʡ ʜʦʜʘʥʦʢ ʚʠʟʥʘʯʘʻ ʯʘʩʪʠʥʫ ʥʘʚʘʥʪʘʞʝʥʥʷ, ʷʢʝ ʢʝʰʫʶʯʠʡ 

ʩʝʨʚʝʨ i ʧʝʨʝʘʜʨʝʩʦʚʫʻ ʜʦ ʽʥʰʠʭ ʩʝʨʚʝʨʽʚ ʽʟ ʩʚʦʻʾ ʣʦʢʘʮʽʾ, ʥʘʩʪʫʧʥʠʡ ï 

ʯʘʩʪʠʥʫ ʟʘʧʠʪʽʚ ʷʢʽ ʙʫʣʠ ʦʪʨʠʤʘʥʽ ʢʝʰʫʶʯʠʤ ʩʝʨʚʝʨʦʤ  ʚʽʜ ʽʥʰʠʭ 

ʩʝʨʚʝʨʽʚ-ʩʫʩʽʜʽʚ ʽʟ ʮʽʻʾ ʞ ʣʦʢʘʮʽʾ. ɯʥʪʝʥʩʠʚʥʽʩʪʴ ʦʙʨʦʙʢʠ ʟʘʧʠʪʽʚ  ʩʝʨʚʝʨʦʤ 

ʢʝʰʫʚʘʥʥʷ i ʤʘʻ ʙʫʪʠ ʙʽʣʴʰʦʶ, ʥʽʞ ʽʥʪʝʥʩʠʚʥʽʩʪʴ ʥʘʜʭʦʜʞʝʥʥʷ ʟʘʧʠʪʽʚ  ʚ 

ʨʝʞʠʤʽ ʥʦʨʤʘʣʴʥʦʛʦ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ. 

ɹʫʜʝʤʦ ʚʚʘʞʘʪʠ, ʱʦ ʧʦʪʽʢ ʟʘʧʠʪʽʚ, ʱʦ ʥʘʜʭʦʜʷʪʴ ʥʘ ʢʝʰʫʶʯʽ ʩʝʨʚʝʨʠ 

ʻ ʇʫʘʩʩʦʥʽʚʩʴʢʠʤ. ʂʦʞʝʥ ʩʝʨʚʝʨ ʤʦʞʥʘ ʧʨʝʜʩʪʘʚʠʪʠ ʫ ʚʠʛʣʷʜʽ ʩʠʩʪʝʤʠ 

ʤʘʩʦʚʦʛʦ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʪʠʧʫ M/M/1 [78-80]. 

ɺʠʭʦʜʷʯʠ ʽʟ ʮʴʦʛʦ, ʤʦʞʥʘ ʨʦʟʨʘʭʫʚʘʪʠ ʩʝʨʝʜʥʽʡ ʯʘʩ ʟʘʪʨʠʤʢʠ ʟʘ 

ʥʘʩʪʫʧʥʦʶ ʬʦʨʤʫʣʦʶ: [81]:  
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Ὕ ϽВ ὥϽὝ ϽВ    (2.29) 

ɺʨʘʭʦʚʫʶʯʠ ʟʘʪʨʠʤʢʫ ʧʨʠ ʧʝʨʝʜʘʚʘʥʥʽ ʜʘʥʠʭ ʤʽʞ ʩʫʩʽʜʥʽʤʠ 

ʩʝʨʚʝʨʘʤʠ ʽʟ ʦʜʥʦʾ ʣʦʢʘʮʽʾ, ʽʥʪʝʥʩʠʚʥʽʩʪʴ ʦʙʨʦʙʢʠ ʟʘʧʠʪʽʚ ʽ ʽʥʪʝʥʩʠʚʥʽʩʪʴ 

ʥʘʜʭʦʜʞʝʥʥʷ ʜʦ ʢʝʰʫʶʯʦʛʦ ʩʝʨʚʝʨʘ, ʩʝʨʝʜʥʷ ʟʘʪʨʠʤʢʘ ʚʠʟʥʘʯʘʻʪʴʩʷ ʷʢ: 

Ὕ ϽВ Ͻ Ὕ      (2.30) 

 ð ʟʘʪʨʠʤʢʘ ʧʝʨʝʜʘʯʽ ʤʽʞ ʢʝʰʫʶʯʠʤʠ ʩʝʨʚʝʨʘʤʠ ʟ ʦʜʥʽʻʾ ʣʦʢʘʮʽʾ, 

- ʽʥʪʝʥʩʠʚʥʽʪʴ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʟʘʧʠʪʽʚ ʛʨʘʥʠʯʥʠʤ ʩʝʨʚʝʨʦʤ ʢʝʰʫʚʘʥʥʷ,  

ɿʥʘʯʝʥʥʷ ʟʘʪʨʠʤʢʠ ʙʫʜʝ ʚʠʟʥʘʯʘʪʠʤʝʪʴʩʷ ʧʨʦʧʫʩʢʥʦʶ ʟʜʘʪʥʽʩʪʶ ʪʘ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʩʘʤʦʛʦ ʦʙʣʘʜʥʘʥʥʷ, - ʽʥʪʝʥʩʠʚʥʽʩʪʴ ʥʘʜʭʦʜʞʝʥʥʷ 

ʟʘʧʠʪʽʚ ʥʘ ʩʝʨʚʝʨ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ [82]. ɯʟ ʬʦʨʤʫʣʠ  ʦʯʝʚʠʜʥʦ, ʱʦ ʟʘʪʨʠʤʢʘ 

ʙʫʜʝ ʟʨʦʩʪʘʪʠ ʢʦʣʠ ʩʝʨʚʝʨ ʙʫʜʝ ʧʝʨʝʚʘʥʪʘʞʝʥʠʡ ʦʙʨʦʙʢʦʶ ʟʘʧʠʪʽʚ [83]. 

ɻʨʘʬʽʯʥʽ ʧʨʝʜʩʪʘʚʣʝʥʥʷ, ʜʝ ʚʽʜʦʙʨʘʞʝʥʽ ʚʟʘʻʤʦʟʚ'ʷʟʢʠ ʤʽʞ ʯʘʩʦʤ 

ʦʯʽʢʫʚʘʥʥʷ ʪʘ ʢʽʣʴʢʽʩʪʶ ʢʝʰ-ʩʝʨʚʝʨʽʚ, ʘ ʪʘʢʦʞ ʽʥʪʝʥʩʠʚʥʽʩʪʶ ʪʨʘʬʽʢʫ, ʱʦ 

ʧʨʦʭʦʜʠʪʴ ʯʝʨʝʟ ʥʠʭ ʧʨʝʜʩʪʘʚʣʝʥʦ ʥʘ ʥʘʩʪʫʧʥʠʭ ʨʠʩʫʥʢʘʭ 

 

 ʘ)       ʙ) 

ʈʠʩ.2.32. ɿʘʣʝʞʥʽʩʪʴ ʯʘʩʫ ʟʘʪʨʠʤʢʠ ʦʙʨʦʙʢʠ ʜʘʥʠʭ ʥʘ  ʩʝʨʚʝʨʽ 

ʢʝʰʫʚʘʥʥʷ ʚʽʜ ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʥʘʜʭʦʜʞʝʥʥʷ  ʟʘʷʚʦʢ ʢʦʨʠʩʪʫʚʘʯʽʚ ʧʨʠ ʨʽʟʥʠʭ 

ʟʥʘʯʝʥʥʷʭ ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʦʙʨʦʙʢʠ ( a) =600ʄʙʽʪ/c, ʙ) =400ʄʙʽʪ/c ) 
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  ʘ)        ʙ) 

ʈʠʩ.2.33. ɿʘʣʝʞʥʽʩʪʴ ʜʞʠʪʝʨʘ ʚʽʜ ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʥʘʜʭʦʜʞʝʥʥʷ ʟʘʷʚʦʢ 

ʢʦʨʠʩʪʫʚʘʯʽʚ ʧʨʠ ʨʽʟʥʠʭ ʟʥʘʯʝʥʥʷʭ ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ( a) 

=600ʄʙʽʪ/c, ʙ) =400ʄʙʽʪ/c ) 

 

ɿ ʘʥʘʣʽʟʫ ʜʽʘʛʨʘʤ, ʷʢʽ ʧʨʝʜʩʪʘʚʣʝʥʽ ʥʘ ʨʠʩʫʥʢʘʭ 2.32 - 2.33 ʚʠʧʣʠʚʘʻ, 

ʱʦ ʟʙʽʣʴʰʝʥʥʷ ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʚʭʽʜʥʦʛʦ ʧʦʪʦʢʫ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʟʨʦʩʪʘʥʥʷ ʯʘʩʫ 

ʦʯʽʢʫʚʘʥʥʷ ʪʘ ʜʞʠʪʝʨʘ. ɼʣʷ ʟʤʝʥʰʝʥʥʷ ʮʠʭ ʟʥʘʯʝʥʴ ʤʦʞʥʘ ʚʞʠʪʠ ʢʽʣʴʢʘ 

ʟʘʭʦʜʽʚ. ɿ ʦʜʥʦʛʦ ʙʦʢʫ, ʤʦʞʥʘ ʟʙʽʣʴʰʠʪʠ ʧʦʪʫʞʥʽʩʪʴ ʚʫʟʣʽʚ ʦʙʨʦʙʢʠ ʜʘʥʠʭ 

ʘʙʦ ʟʤʝʥʰʠʪʠ ʟʘʪʨʠʤʢʠ ʤʽʞ ʛʨʘʥʠʯʥʠʤʠ ʩʝʨʚʝʨʘʤʠ ʢʝʰʫʚʘʥʥʷ. ʆʜʥʘʢ, 

ʨʦʟʰʠʨʝʥʥʷ ʨʝʩʫʨʩʽʚ ʧʨʠʩʪʨʦʾʚ ʦʙʨʦʙʢʠ ʜʘʥʠʭ ʥʝ ʟʘʚʞʜʠ ʝʬʝʢʪʠʚʥʦ. ʊʦʤʫ, 

ʘʣʴʪʝʨʥʘʪʠʚʦʶ ʤʦʞʝ ʙʫʪʠ ʚʠʢʦʨʠʩʪʘʥʥʷ ʤʝʭʘʥʽʟʤʫ ʙʘʣʘʥʩʫʚʘʥʥʷ 

ʥʘʚʘʥʪʘʞʝʥʥʷ ʤʽʞ ʩʝʨʚʝʨʘʤʠ CDN ʤʝʨʝʞʽ. ʎʝ ʜʦʟʚʦʣʠʪʴ ʨʘʮʽʦʥʘʣʴʥʽʰʝ 

ʨʦʟʧʦʜʽʣʷʪʠ ʟʘʧʠʪʠ ʤʽʞ ʩʝʨʚʝʨʘʤʠ ʢʝʰʫʚʘʥʥʷ, ʱʦ ʟʘʙʝʟʧʝʯʠʪʴ ʚʠʩʦʢʫ ʷʢʽʩʪʴ 

ʧʦʩʣʫʛ, ʟʦʢʨʝʤʘ ʟʤʝʥʰʝʥʥʷ ʯʘʩʫ ʦʯʽʢʫʚʘʥʥʷ ʪʘ ʜʞʠʪʝʨʘ, ʱʦ ʦʩʦʙʣʠʚʦ 

ʚʘʞʣʠʚʦ ʜʣʷ ʧʦʩʣʫʛ ʨʝʘʣʴʥʦʛʦ ʯʘʩʫ. 

 

2.7. ɼʦʩʣʽʜʞʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʚʠʢʦʨʠʩʪʘʥʥʷ ʨʝʩʫʨʩʽʚ CDN 

ʤʝʨʝʞʽ 

ʏʘʩʪʦ ʚʠʥʠʢʘʶʪʴ ʧʠʪʘʥʥʷ ʱʦʜʦ ʜʦʮʽʣʴʥʦʩʪʽ ʚʠʢʦʨʠʩʪʘʥʥʷ CDN 

ʤʝʨʝʞʽ ʪʘ ʥʝʦʙʭʽʜʥʦʾ ʢʽʣʴʢʦʩʪʽ ʛʨʘʥʠʯʥʠʭ ʩʝʨʚʝʨʽʚ ʢʝʰʫʚʘʥʥʷ ʜʣʷ 
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ʟʘʙʝʟʧʝʯʝʥʥʷ ʷʢʽʩʥʦʾ ʧʝʨʝʜʘʯʽ ʤʝʨʝʞʝʚʦʛʦ ʪʨʘʬʽʢʫ. ʋ ʟʚ'ʷʟʢʫ ʟ ʮʠʤ, ʙʫʣʦ 

ʧʨʦʚʝʜʝʥʦ ʽʤʽʪʘʮʽʡʥʝ ʤʦʜʝʣʶʚʘʥʥʷ ʨʦʙʦʪʠ CDN ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ 

ʧʨʦʛʨʘʤʥʦʛʦ ʩʝʨʝʜʦʚʠʱʘ CDNsim. ʎʝ ʩʝʨʝʜʦʚʠʱʝ ʧʨʠʟʥʘʯʝʥʝ ʜʣʷ 

ʪʝʩʪʫʚʘʥʥʷ ʪʘ ʦʮʽʥʢʠ ʝʬʝʢʪʠʚʥʦʩʪʽ CDN ʤʝʨʝʞ ʪʘ ʜʣʷ ʧʦʙʫʜʦʚʠ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʤʦʜʝʣʝʡ. ɼʘʣʽ ʙʫʜʫʪʴ ʥʘʚʝʜʝʥʽ ʨʝʟʫʣʴʪʘʪʠ ʮʴʦʛʦ 

ʤʦʜʝʣʶʚʘʥʥʷ, ʷʢʽ ʜʦʧʦʤʦʞʫʪʴ ʚʽʜʧʦʚʽʩʪʠ ʥʘ ʧʦʩʪʘʚʣʝʥʽ ʧʠʪʘʥʥʷ ʪʘ 

ʧʨʦʘʥʘʣʽʟʫʚʘʪʠ ʝʬʝʢʪʠʚʥʽʩʪʴ ʚʠʢʦʨʠʩʪʘʥʥʷ CDN [84-85]. 

ɹʫʣʦ ʟʜʽʡʩʥʝʥʦ ʜʦʩʣʽʜʞʝʥʥʷ ʤʝʨʝʞʽ, ʷʢʘ ʚʢʣʶʯʘʻ 100 ʛʨʘʥʠʯʥʠʭ 

ʩʝʨʚʝʨʽʚ ʢʝʰʫʚʘʥʥ. ʂʦʞʝʥ ʩʝʨʚʝʨ ʦʜʥʦʯʘʩʥʦ ʤʦʞʝ ʦʙʩʣʫʛʦʚʫʚʘʪʠ 1000 

ʦʜʥʦʯʘʩʥʠʭ ʢʣʽʻʥʪʩʴʢʠʭ ʟ'ʻʜʥʘʥʴ. ʈʦʟʤʽʨ ʧʘʤ'ʷʪʽ, ʚʽʜʚʝʜʝʥʦʾ ʥʘ ʢʝʰʫʚʘʥʥʷ 

ʜʘʥʠʭ, ʙʫʜʝ ʚʠʟʥʘʯʘʪʠʩʷ ʚʽʜʩʦʪʢʦʚʠʤ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷʤ ʚʽʜ ʟʘʛʘʣʴʥʦʛʦ 

ʦʙʩʷʛʫ ʜʘʥʠʭ ʨʝʩʫʨʩʫ, ʱʦ ʦʙʩʣʫʛʦʚʫʻʪʴʩʷ. 

ʇʽʜ ʯʘʩ ʤʦʜʝʣʶʚʘʥʥʷ ʙʫʣʦ ʪʘʢʦʞ ʚʨʘʭʦʚʘʥʦ ʥʘʷʚʥʽʩʪʴ 

ʤʘʨʰʨʫʪʠʟʘʪʦʨʽʚ ʥʘ ʰʣʷʭʫ ʧʝʨʝʜʘʯʽ ʜʘʥʠʭ ʚʽʜ ʧʦʩʪʘʯʘʣʴʥʠʢʘ ʧʦʩʣʫʛ ʜʦ 

ʢʽʥʮʝʚʦʛʦ ʩʧʦʞʠʚʘʯʘ. ʎʽ ʤʘʨʰʨʫʪʠʟʘʪʦʨʠ ʬʦʨʤʫʶʪʴ ʤʝʨʝʞʝʚʽ ʤʘʛʽʩʪʨʘʣʽ, ʜʦ 

ʷʢʠʭ ʧʽʜʢʣʶʯʘʶʪʴʩʷ ʽʥʰʽ ʝʣʝʤʝʥʪʠ ʤʝʨʝʞʽ [86]. 

ɿʘʧʠʪʠ ʬʦʨʤʫʶʪʴʩʷ ʩʠʤʫʣʷʪʦʨʦʤ, ʱʦ ʚʨʘʭʦʚʫʻ ʩʪʨʫʢʪʫʨʫ ʪʘ 

ʦʩʦʙʣʠʚʦʩʪʽ ʨʝʩʫʨʩʽʚ ʽ ʩʪʚʦʨʶʻ ʾʭ ʫ ʚʠʛʣʷʜʽ ʧʦʩʣʽʜʦʚʥʦʩʪʽ ʩʪʦʨʽʥʦʢ, ʷʢʽ 

ʤʘʢʩʠʤʘʣʴʥʦ ʩʭʦʞʽ ʟ ʪʠʤʠ, ʷʢʽ ʤʦʞʫʪʴ ʛʝʥʝʨʫʚʘʪʠ ʩʧʨʘʚʞʥʽ ʢʦʨʠʩʪʫʚʘʯʽ. 

ʈʝʩʫʨʩʠ CDN ʤʝʨʝʞʽ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴʩʷ ʪʘʢʠʤ ʪʝʨʤʽʥʦʤ ʷʢ ʧʦʧʫʣʷʨʥʽʩʪʴ. 

ʇʦʧʫʣʷʨʥʽʩʪʴ ʚʠʤʽʨʶʻʪʴʩʷ ʢʽʣʴʢʽʩʪʶ ʟʘʧʠʪʽʚ ʜʦ ʧʝʚʥʦʛʦ ʢʦʥʪʝʥʪʫ ʚ 

ʧʦʨʽʚʥʷʥʥʽ ʽʟ ʟʘʛʘʣʴʥʦʶ ʢʽʣʴʢʽʩʪʶ ʟʘʧʠʪʽʚ, ʱʦ ʤʘʶʪʴ ʚʽʜʥʦʰʝʥʥʷ ʜʦ ʪʦʛʦ ʞ 

CDN ʨʝʩʫʨʩʫ. ʊʘʢʝ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʤʦʞʝ ʢʦʣʠʚʘʪʠʩʷ ʚʽʜ -1 ʜʦ 1. ʇʦʟʠʪʠʚʥʝ 

ʟʥʘʯʝʥʥʷ ʩʚʽʜʯʠʪʴ ʧʨʦ ʪʝ, ʱʦ ʚʝʣʠʢʽ ʦʙ'ʻʢʪʠ ʻ ʙʽʣʴʰ ʧʦʧʫʣʷʨʥʠʤʠ, ʘʥʽʞ 

ʤʝʥʰʽ. ɿʥʘʯʝʥʥʷ ʥʫʣʴ ʦʟʥʘʯʘʻ ʚʽʜʩʫʪʥʽʩʪʴ ʚʟʘʻʤʦʟʚ'ʷʟʢʫ ʤʽʞ ʨʦʟʤʽʨʦʤ ʪʘ 

ʧʦʧʫʣʷʨʥʽʩʪʶ. 

Hit ratio - ʮʝ ʚʽʜʥʦʰʝʥʥʷ ʟʘʧʠʪʽʚ ʜʦ CDN ʨʝʩʫʨʩʫ, ʷʢʽ ʙʫʣʠ ʦʙʨʦʙʣʝʥʽ 

ʙʝʟ ʧʦʪʨʝʙʠ ʟʚʝʨʥʝʥʥʷ ʜʦ ʽʥʰʠʭ ʢʝʰʫʶʯʠʭ ʩʝʨʚʝʨʽʚ ʘʙʦ ʩʝʨʚʝʨʘ ʜʞʝʨʝʣʘ, ʜʦ 

ʟʘʛʘʣʴʥʦʾ ʢʽʣʴʢʦʩʪʽ ʟʘʧʠʪʽʚ. ʎʝ ʟʥʘʯʝʥʥʷ ʤʦʞʝ ʟʤʽʥʶʚʘʪʠʩʷ ʚʽʜ 0 ʜʦ 1. 
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ɺʠʩʦʢʽ ʧʦʢʘʟʥʠʢʠ ʢʦʝʬʽʮʽʻʥʪʘ ʧʦʧʘʜʘʥʥʷ ʻ ʙʘʞʘʥʠʤʠ, ʦʩʢʽʣʴʢʠ ʚʦʥʠ ʟʥʘʯʥʦ 

ʩʢʦʨʦʯʫʶʪʴ ʯʘʩ ʦʯʽʢʫʚʘʥʥʷ ʚʽʜʧʦʚʽʜʽ. 

ɼʣʷ ʚʠʟʥʘʯʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʨʦʙʦʪʠ CDN ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʧʦʥʷʪʪʷ 

ʜʦʮʽʣʴʥʦʩʪʽ CDN ʤʝʨʝʞʽ. ɼʦʮʽʣʴʥʽʩʪʶ ʚʚʘʞʘʻʪʴʩʷ ʚʽʜʥʦʰʝʥʥʷ ʦʙʩʷʛʫ 

ʚʽʜʚʘʥʪʘʞʝʥʠʭ ʜʘʥʠʭ ʜʦ ʟʘʛʘʣʴʥʦʛʦ ʦʙʩʷʛʫ ʟʘʚʘʥʪʘʞʝʥʠʭ. ʎʝ ʟʥʘʯʝʥʥʷ ʤʦʞʝ 

ʟʥʘʭʦʜʠʪʠʩʷ ʚ ʜʽʘʧʘʟʦʥʽ ʚʽʜ 0 ʜʦ 1. ʆʯʝʚʠʜʥʦ, ʱʦ ʜʣʷ ʦʧʪʠʤʘʣʴʥʦ 

ʬʫʥʢʮʽʦʥʫʶʯʦʾ CDN ʤʝʨʝʞʽ ʮʷ ʚʝʣʠʯʠʥʘ ʧʦʚʠʥʥʘ ʧʝʨʝʚʠʱʫʚʘʪʠ 0,5. 

ʅʘ ʨʠʩ. 2.34 ʧʦʢʘʟʘʥʦ ʟʘʣʝʞʥʽʩʪʴ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ ʚʠʢʦʨʠʩʪʘʥʥʷ CDN 

ʚʽʜ ʨʦʟʤʽʨʫ ʧʘʤ'ʷʪʽ ʢʝʰʫʚʘʥʥʷ ʜʣʷ ʨʽʟʥʠʭ ʤʝʨʝʞʝʚʠʭ ʪʦʧʦʣʦʛʽʡ.  

 

ʈʠʩ.2.34. ɿʘʣʝʞʥʽʩʪʴ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ ʚʠʢʦʨʠʩʪʘʥʥʷ CDN ʚʽʜ ʨʦʟʤʽʨʫ 

ʢʝʰ ʧʘʤ'ʷʪʽ 

 

ʅʘ ʛʨʘʬʽʢʫ ʯʽʪʢʦ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʧʽʢʦʚʝ ʟʥʘʯʝʥʥʷ, ʢʦʣʠ ʨʦʟʤʽʨ ʢʝʰ 

ʧʘʤ'ʷʪʽ ʩʪʘʥʦʚʠʪʴ 10% ʚʽʜ ʟʘʛʘʣʴʥʦʛʦ ʦʙʩʷʛʫ CDN ʨʝʩʫʨʩ ʱʦ 

ʦʙʩʣʫʛʦʚʫʻʪʴʩʷ. ʊʘʢʦʞ ʤʦʞʥʘ ʧʨʠʧʫʩʪʠʪʠ, ʱʦ ʤʘʢʩʠʤʘʣʴʥʘ ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ 

ʻ ʧʨʠʙʣʠʟʥʦ ʦʜʥʘʢʦʚʦʶ ʜʣʷ ʚʩʽʭ ʜʦʩʣʽʜʞʫʚʘʥʠʭ ʪʦʧʦʣʦʛʽʡ. ɼʦʩʷʛʥʝʥʥʷ ʧʽʢʫ 

ʩʫʧʨʦʚʦʜʞʫʻʪʴʩʷ ʪʠʤ, ʱʦ ʨʦʟʤʽʨ ʢʝʰʫ ʥʘ ʧʦʯʘʪʢʦʚʠʭ ʝʪʘʧʘʭ ʻ ʥʘʜʪʦ ʤʘʣʠʤ, 

ʘ ʚ ʩʘʤʽʡ CDN ʤʝʨʝʞʽ ʚʽʜʥʦʩʥʦ ʥʝʚʝʣʠʢʘ ʢʽʣʴʢʽʩʪʴ ʢʦʥʪʝʥʪʫ, ʷʢʠʡ 

ʧʝʨʝʛʣʷʜʘʶʪʴ ʢʽʥʮʝʚʽ ʢʦʨʠʩʪʫʚʘʯʽ. ʗʢ ʨʝʟʫʣʴʪʘʪ, ʧʨʘʢʪʠʯʥʦ ʚʩʽ ʟʘʧʠʪʠ 
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ʙʫʜʫʪʴ ʥʘʧʨʘʚʣʝʥʽ ʥʘ ʢʦʨʝʥʝʚʠʡ ʩʝʨʚʝʨ. ʋ ʪʘʢʦʤʫ ʚʠʧʘʜʢʫ ʝʬʝʢʪʠʚʥʽʩʪʴ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʤʝʨʝʞʽ CDN ʻ ʜʦʩʠʪʴ ʥʠʟʴʢʦʶ. ʇʨʦʪʝ ʟʽ ʟʙʽʣʴʰʝʥʥʷʤ ʨʦʟʤʽʨʫ 

ʢʝʰʫ ʟʨʦʩʪʘʻ ʚʽʜʧʦʚʽʜʥʦ ʽ ʢʽʣʴʢʽʩʪʴ ʨʝʧʣʽʢʘʮʽʡ ʚʤʽʩʪʫ ʜʘʥʠʭ ʪʘ ʦʙʤʽʥ 

ʜʘʥʠʤʠ ʤʽʞ ʛʨʘʥʠʯʥʠʤʠ ʩʝʨʚʝʨʘʤʠ. ʗʢʱʦ ʨʦʟʤʽʨ ʧʘʤ'ʷʪʽ ʢʝʰʫʚʘʥʥʷ ʩʪʘʻ 

ʥʘʜʪʦ ʚʝʣʠʢʠʤ, ʪʦ ʚ ʪʘʢʦʤʫ ʨʘʟʽ ʧʨʠʧʠʥʷʻʪʴʩʷ ʦʙʤʽʥ ʜʘʥʠʤʠ ʤʽʞ 

ʛʨʘʥʠʯʥʠʤʠ ʩʝʨʚʝʨʘʤʠ, ʦʩʢʽʣʴʢʠ ʚʝʩʴ ʚʤʽʩʪ ʙʫʜʝ ʟʙʝʨʝʞʝʥʦ ʚ ʧʘʤ'ʷʪʽ 

ʢʦʞʥʦʛʦ ʽʟ ʥʠʭ [87]. 

ʅʝʦʙʭʽʜʥʦ ʧʘʤ'ʷʪʘʪʠ, ʱʦ ʧʦʚʥʽʩʪʶ ʢʝʰʫʚʘʪʠ ʚʝʩʴ ʢʦʥʪʝʥʪ ʥʝʤʦʞʣʠʚʦ, 

ʦʩʢʽʣʴʢʠ ʯʘʩʪʠʥʘ ʜʘʥʠʭ ʧʦʩʪʽʡʥʦ ʟʤʽʥʶʻʪʴʩʷ (ʜʠʥʘʤʽʯʥʠʡ ʢʦʥʪʝʥʪ). 

ɼʠʥʘʤʽʯʥʽ ʜʘʥʽ ʧʦʪʨʽʙʥʦ ʟʘʚʞʜʠ ʟʘʧʠʪʫʚʘʪʠ / ʦʥʦʚʣʶʚʘʪʠ  ʙʝʟʧʦʩʝʨʝʜʥʴʦ 

ʚʽʜ ʢʦʨʝʥʝʚʦʛʦ ʩʝʨʚʝʨʘ [88]. 

ʇʨʦʘʥʘʣʽʟʫʚʘʚʰʠ ʛʨʘʬʽʯʥʽ ʟʘʣʝʞʥʦʩʪʽ ʤʦʞʥʘ ʟʨʦʙʠʪʠ ʚʠʩʥʦʚʦʢ, ʱʦ 

ʨʦʟʰʠʨʝʥʥʷ ʨʦʟʤʽʨʫ ʢʝʰʘ ʥʝ ʟʘʚʞʜʠ ʛʘʨʘʥʪʫʻ ʝʬʝʢʪʠʚʥʝ ʚʠʢʦʨʠʩʪʘʥʥʷ 

CDN. ʎʝ ʩʣʽʜ ʙʨʘʪʠ ʜʦ ʫʚʘʛʠ ʧʨʠ ʚʠʟʥʘʯʝʥʥʽ ʦʧʪʠʤʘʣʴʥʦʛʦ ʨʦʟʤʽʨʫ ʢʝʰ 

ʧʘʤ'ʷʪʽ ʜʣʷ ʛʨʘʥʠʯʥʠʭ Edge ʩʝʨʚʝʨʽʚ. ʇʨʠ ʥʝʚʝʣʠʢʦʤʫ ʦʙʩʷʟʽ ʢʦʥʪʝʥʪʫ 

ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʟʨʦʩʪʘʥʥʷ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ ʽ ʜʦʩʷʛʘʶʪʴʩʷ ʧʨʠʡʥʷʪʥʽ 

ʨʝʟʫʣʴʪʘʪʠ, ʦʩʢʽʣʴʢʠ ʟʤʝʥʰʫʻʪʴʩʷ ʧʦʪʽʢ ʜʘʥʠʭ. ʂʨʽʤ ʪʦʛʦ, ʚʘʞʣʠʚʦ 

ʟʘʟʥʘʯʠʪʠ, ʱʦ ʟʙʽʣʴʰʝʥʥʷ ʧʨʦʧʫʩʢʥʦʾ ʟʜʘʪʥʦʩʪʽ ʪʘ ʦʙʩʷʛʫ ʧʘʤ'ʷʪʽ 

ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʚʧʣʠʚʘʻ ʥʘ ʚʘʨʪʽʩʪʴ ʧʦʩʣʫʛ CDN. 

ʅʘ ʨʠʩʫʥʢʫ 2.35 ʥʘʚʝʜʝʥʦ ʛʨʘʬʽʢ, ʷʢʠʡ ʚʽʜʦʙʨʘʞʘʻ ʚʧʣʠʚ ʨʦʟʤʽʨʫ 

ʢʝʰʘ ʥʘ ʢʦʝʬʽʮʽʻʥʪ ʧʦʧʘʜʘʥʥʷ. ʂʦʝʬʽʮʽʻʥʪ ʧʦʧʘʜʘʥʥʷ ʚʠʟʥʘʯʘʻʪʴʩʷ ʷʢ 

ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʟʘʧʠʪʽʚ, ʱʦ ʙʫʣʠ ʦʙʨʦʙʣʝʥʽ ʙʝʟ ʟʚʝʨʥʝʥʥʷ ʜʦ ʽʥʰʠʭ Edge 

ʩʝʨʚʝʨʽʚ ʘʙʦ ʩʝʨʚʝʨʘ ʧʦʭʦʜʞʝʥʥʷ, ʜʦ ʟʘʛʘʣʴʥʦʾ ʢʽʣʴʢʦʩʪʽ ʟʘʧʠʪʽʚ. ʎʷ 

ʚʝʣʠʯʠʥʘ ʟʤʽʥʶʻʪʴʩʷ ʚ ʜʽʘʧʘʟʦʥʽ ʚʽʜ 0 ʜʦ 1. ɺʠʩʦʢʽ ʟʥʘʯʝʥʥʷ ʮʴʦʛʦ 

ʢʦʝʬʽʮʽʻʥʪʘ ʻ ʙʘʞʘʥʠʤʠ, ʦʩʢʽʣʴʢʠ ʚʦʥʠ ʩʧʨʠʷʶʪʴ ʟʤʝʥʰʝʥʥʶ ʯʘʩʫ 

ʚʽʜʧʦʚʽʜʽ. 
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ʈʠʩ.2.35. ɿʘʣʝʞʥʽʩʪʴ ʢʦʝʬʽʮʽʻʥʪʘ ʧʦʧʘʜʘʥʥʷ ʚʽʜ ʨʦʟʤʽʨʫ ʢʝʰʘ 

 

ʗʢ ʤʦʞʥʘ ʧʦʙʘʯʠʪʠ ʽʟ ʧʨʝʜʩʪʘʚʣʝʥʦʾ ʟʘʣʝʞʥʦʩʪʽ, ʟʙʽʣʴʰʝʥʥʷ ʨʦʟʤʽʨʫ 

ʢʝʰ ʧʘʤôʷʪʽ ʟʥʘʯʝʥʥʷ ʢʦʝʬʽʮʽʻʥʪʘ ʧʦʧʘʜʘʥʥʷ ʪʘʢʦʞ ʧʨʦʧʦʨʮʽʡʥʦ ʟʨʦʩʪʘʻ.  

ɹʽʣʴʰʽ ʟʥʘʯʝʥʥʷ ʧʘʨʘʤʝʪʨʘ k ʧʨʠʟʚʦʜʷʪʴ ʜʦ ʧʽʜʚʠʱʝʥʥʷ 

ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ CDN. ʎʝ ʤʦʞʥʘ ʧʽʜʪʚʝʨʜʠʪʠ ʽ ʟ ʨʝʟʫʣʴʪʘʪʽʚ ʷʢʽ ʧʨʝʜʩʪʘʚʣʝʥʽ 

ʥʘ ʨʠʩʫʥʢʫ 2.35, ʜʝ ʧʨʠ k=0 ʦʙ'ʻʢʪʠ ʨʽʚʥʦʤʽʨʥʦ ʟʘʧʠʪʫʚʘʥʽ, ʽ ʢʦʝʬʽʮʽʻʥʪ 

ʧʦʧʘʜʘʥʥʷ ʟʘʣʠʰʘʻʪʴʩʷ ʜʫʞʝ ʥʠʟʴʢʠʤ ʥʘʚʽʪʴ ʜʣʷ ʚʝʣʠʢʠʭ ʟʥʘʯʝʥʴ ʨʦʟʤʽʨʫ 

ʢʝʰʘ. ʋ ʚʠʧʘʜʢʫ k=1 ʢʦʝʬʽʮʽʻʥʪ ʧʦʧʘʜʘʥʥʷ ʩʪʘʻ ʜʫʞʝ ʚʠʩʦʢʠʤ, ʥʘʚʽʪʴ ʧʨʠ 

ʜʫʞʝ ʥʝʚʝʣʠʢʠʭ ʨʦʟʤʽʨʘʭ ʢʝʰʫ. ɺ ʪʘʢʦʤʫ ʚʠʧʘʜʢʫ ʨʦʟʤʽʨ ʢʝʰʦʚʘʥʠʭ ʜʘʥʠʭ 

ʻ ʜʦʩʪʘʪʥʴʦ ʚʝʣʠʢʠʡ ʽ  ʟʙʝʨʽʛʘʻʪʴʩʷ ʚ ʢʝʰʽ ʪʨʠʚʘʣʠʡ ʯʘʩ [89]. 

ʆʜʠʥ ʽʟ ʢʣʶʯʦʚʠʭ ʢʨʠʪʝʨʽʾʚ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʨʦʙʦʪʠ CDN 

- ʮʝ ʯʘʩ, ʥʝʦʙʭʽʜʥʠʡ ʜʣʷ ʚʽʜʧʦʚʽʜʽ ʥʘ ʟʘʧʠʪʠ ʢʦʨʠʩʪʫʚʘʯʽʚ. ʎʝʡ ʧʦʢʘʟʥʠʢ 

ʚʠʟʥʘʯʘʻ, ʷʢ ʰʚʠʜʢʦ ʢʦʨʠʩʪʫʚʘʯ ʦʪʨʠʤʘʻ ʜʘʥʽ, ʷʢʽ ʟʘʧʠʪʫʻ ʚ CDN ʨʝʩʫʨʩʫ. 

ʅʘ ʨʠʩ. 2.36 ʧʦʢʘʟʘʥʦ ʷʢ ʟʘʣʝʞʠʪʴ ʯʘʩ ʚʽʜʛʫʢʫ ʚʽʜ ʨʦʟʤʽʨʫ ʢʝʰʫ ʜʣʷ ʨʽʟʥʠʭ 

ʤʝʪʦʜʽʚ ʧʝʨʝʥʘʧʨʘʚʣʝʥʥʷ. 
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ʈʠʩ.2.36. ɿʘʣʝʞʥʽʩʪʴ ʯʘʩʫ ʦʯʽʢʫʚʘʥʥʷ ʚʽʜ ʨʦʟʤʽʨʫ ʢʝʰʘ 

 

ʅʘʡʢʨʘʱʦʾ ʝʬʝʢʪʠʚʥʦʩʪʽ ʤʦʞʥʘ ʜʦʩʷʛʪʠ, ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ ʛʨʘʥʠʯʥʽ 

ʩʝʨʚʝʨʠ , ʷʢʽ ʚʟʘʻʤʦʜʽʶʪʴ ʤʽʞ ʩʦʙʦʶ. ʏʘʩ ʚʽʜʧʦʚʽʜʽ ʤʦʞʝ ʙʫʪʠ ʪʨʦʭʠ 

ʙʽʣʴʰʠʤ ʧʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ ʤʝʪʦʜʫ ʧʝʨʝʥʘʧʨʘʚʣʝʥʥʷ ʙʝʟ ʚʟʘʻʤʦʜʽʾ ʤʽʞ 

ʛʨʘʥʠʯʥʠʤʠ ʩʝʨʚʝʨʘʤʠ, ʦʩʢʽʣʴʢʠ ʚ ʪʘʢʦʤʫ ʚʠʧʘʜʢʫ ʟʘʧʠʪʠ ʥʘʜʩʠʣʘʶʪʴʩʷ 

ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʥʘ ʢʦʨʝʥʝʚʠʡ ʩʝʨʚʝʨ. ʋ ʚʠʧʘʜʢʫ ʚʠʢʦʨʠʩʪʘʥʥʷ ʚʠʧʘʜʢʦʚʦʛʦ 

ʛʨʘʥʠʯʥʦʛʦ ʩʝʨʚʝʨʘ ʽʟ ʚʟʘʻʤʦʜʽʻʶ, ʩʝʨʝʜʥʽʡ ʯʘʩ ʚʽʜʧʦʚʽʜʽ ʙʫʜʝ ʙʽʣʴʰʠʤ, ʥʽʞ 

ʫ ʧʦʧʝʨʝʜʥʽʭ ʤʝʪʦʜʘʭ. ʎʝ ʩʧʨʠʯʠʥʝʥʦ ʚʠʧʘʜʢʦʚʠʤ ʨʦʟʧʦʜʽʣʦʤ ʟʘʧʠʪʽʚ ʙʝʟ 

ʚʨʘʭʫʚʘʥʥʷ ʙʫʜʴ-ʷʢʠʭ ʫʤʦʚ ʙʣʠʟʴʢʦʩʪʽ ʤʝʨʝʞʽ. 

ʆʯʝʚʠʜʥʠʤ ʪʘʢʦʞ ʻ ʪʦʡ ʬʘʢʪ, ʱʦ ʽʟ ʟʙʽʣʴʰʝʥʥʷʤ ʨʦʟʤʽʨʫ ʢʝʰʫ ʯʘʩ 

ʚʽʜʧʦʚʽʜʽ ʙʫʜʝ ʟʤʝʥʰʫʚʘʪʠʩʴ, ʪʘʢ ʷʢ ʙʽʣʴʰʽʩʪʴ ʩʪʘʪʠʯʥʠʭ ʜʘʥʠʭ ʙʫʜʝ 

ʨʦʟʤʽʱʝʥʘ ʚ ʢʝʰ ʧʘʤ'ʷʪʽ ʛʨʘʥʠʯʥʠʭ ʩʝʨʚʝʨʽʚ, ʷʢʽ ʨʦʟʪʘʰʦʚʘʥʽ ʘʙʦ ʚ ʣʦʢʘʮʽʾ 

ʢʽʥʮʝʚʦʛʦ ʢʦʨʠʩʪʫʚʘʯʘ, ʘʙʦ ʞ ʤʘʢʩʠʤʘʣʴʥʦ ʙʣʠʟʴʢʦ ʜʦ ʥʴʦʛʦ. 
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2.8. ɺʠʩʥʦʚʦʢ ʜʦ ʨʦʟʜʽʣʫ 2 

ʋ ʜʘʥʦʤʫ ʨʦʟʜʽʣʽ ʨʦʟʛʣʷʥʫʪʦ ʦʩʥʦʚʥʽ ʘʨʭʽʪʝʢʪʫʨʥʽ ʧʨʠʥʮʠʧʠ ʨʦʙʦʪʠ 

CDN ʤʝʨʝʞʽ, ʦʩʥʦʚʥʽ ʤʝʪʦʜʠ ʙʘʣʘʥʩʫʚʘʥʥʷ ʥʘʚʘʥʪʘʞʝʥʥʷ ʷʢʽ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʚ ʩʫʯʘʩʥʠʭ ʤʝʨʝʞʘʭ. 

 ɿʘʧʨʦʧʦʥʦʚʘʥʦ ʤʝʪʦʜ ʨʦʟʧʦʜʽʣʝʥʦʾ ʦʙʨʦʙʢʠ ʟʘʧʠʪʽʚ, ʱʦ ʧʦʪʨʝʙʫʶʪʴ 

ʟʥʘʯʥʠʭ ʦʙʯʠʩʣʶʚʘʣʴʥʠʭ ʨʝʩʫʨʩʽʚ, ʷʢʠʡ ʚʨʘʭʦʚʫʻ ʜʘʥʽ ʘʥʘʣʽʪʠʢʠ ʱʦʜʦ 

ʧʦʧʫʣʷʨʥʦʩʪʽ ʧʝʚʥʠʭ ʨʝʩʫʨʩʽʚ (ʚʝʙ-ʩʪʦʨʽʥʦʢ, ʤʫʣʴʪʠʤʝʜʽʡʥʦʛʦ ʢʦʥʪʝʥʪʫ) 

ʩʝʨʝʜ ʩʧʠʩʢʫ ʥʘʡʙʽʣʴʰ ʟʘʧʠʪʫʚʘʥʠʭ, ʱʦ ʜʘʣʦ ʟʤʦʛʫ ʟʘʙʝʟʧʝʯʠʪʠ ʝʬʝʢʪʠʚʥʝ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʢʝʰʦʚʘʥʠʭ ʜʘʥʠʭ, ʘ ʪʘʢʦʞ ʟʤʝʥʰʠʪʠ ʥʘʚʘʥʪʘʞʝʥʥʷ ʥʘ 

ʢʦʨʝʥʝʚʠʡ ʩʝʨʚʝʨ ʪʘ ʯʘʩ ʚʽʜʧʦʚʽʜʽ ʥʘ ʟʘʧʠʪʠ ʢʽʥʮʝʚʦʛʦ ʢʦʨʠʩʪʫʚʘʯʘ. ʗʢ 

ʧʦʢʘʟʫʶʪʴ ʨʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʴ, ʯʘʩ ʟʘʪʨʠʤʢʠ ʧʨʠ ʦʙʨʦʙʮʽ ʟʘʧʠʪʽʚ ʧʽʩʣʷ 

ʟʘʩʪʦʩʫʚʘʥʥʷ ʤʝʪʦʜʫ ʨʦʟʧʦʜʽʣʫ ʟʘʧʠʪʽʚ ʥʘ ʨʽʚʥʽ ʙʘʣʘʥʩʫʚʘʣʴʥʠʢʘ 

ʥʘʚʘʥʪʘʞʝʥʥʷ ʟʤʝʥʰʠʚʩʷ ʥʘ 10% ʫ ʧʦʨʽʚʥʷʥʥʽ ʟ ʪʠʤ, ʷʢʠʡ ʙʫʚ ʧʨʠ ʦʙʨʦʙʮʽ 

ʩʪʘʥʜʘʨʪʥʠʭ ʟʘʧʠʪʽʚ. ʎʝ ʤʦʞʥʘ ʧʦʷʩʥʠʪʠ ʪʠʤ, ʱʦ ʙʽʣʴʰʘ ʢʽʣʴʢʽʩʪʴ ʜʘʥʠʭ 

ʙʫʣʘ ʦʙʨʦʙʣʝʥʘ ʩʘʤʝ ʥʘ ʢʝʰʫʶʯʠʭ ʩʝʨʚʝʨʘʭ, ʦʩʢʽʣʴʢʠ ʚʞʝ ʟʥʘʭʦʜʠʣʘʩʴ ʚ 

ʢʝʰ ʧʘʤôʷʪʽ. ʊʘʢʠʡ ʧʽʜʭʽʜ ʜʘʻ ʤʦʞʣʠʚʽʩʪʴ ʥʝ ʩʪʚʦʨʶʚʘʪʠ ʥʘʜʣʠʰʢʦʚʦʛʦ 

ʥʘʚʘʥʪʘʞʝʥʥʷ ʥʘ ʢʦʨʝʥʝʚʽ ʩʝʨʚʝʨʘ, ʘ ʪʘʢʦʞ ʟʘʙʝʟʧʝʯʫʚʘʪʠ ʟʥʠʞʝʥʥʷ ʯʘʩʫ 

ʚʽʜʧʦʚʽʜʽ ʽ ʪʠʤ ʩʘʤʠʤ ʧʦʢʨʘʱʫʚʘʪʠ ʷʢʽʩʪʴ ʩʧʨʠʡʥʷʪʪʷ ʧʦʩʣʫʛ ʢʽʥʮʝʚʠʤ 

ʢʦʨʠʩʪʫʚʘʯʝʤ. 

ʇʨʝʜʩʪʘʚʣʝʥʦ ʽʥʪʝʛʨʘʣʴʥʠʡ ʢʣʶʯ ʢʝʰʫʚʘʥʥʷ, ʱʦ ʬʦʨʤʫʻʪʴʩʷ ʰʣʷʭʦʤ 

ʧʦʻʜʥʘʥʥʷ ʢʽʣʴʢʦʭ ʧʘʨʘʤʝʪʨʽʚ ʘʙʦ ʢʦʤʧʦʥʝʥʪʽʚ, ʷʢʽ ʫʥʽʢʘʣʴʥʦ ʚʠʟʥʘʯʘʶʪʴ 

ʥʘʙʽʨ ʜʘʥʠʭ ʜʣʷ ʟʙʝʨʝʞʝʥʥʷ ʚ ʧʘʤôʷʪʽ ʛʨʘʥʠʯʥʠʭ ʩʝʨʚʝʨʽʚ. ʅʘʚʝʜʝʥʦ 

ʧʨʠʢʣʘʜ ʽʥʪʝʛʨʦʚʘʥʦʛʦ ʢʣʶʯʘ ʜʣʷ ʜʚʦʭ ʪʠʧʽʚ ʩʝʨʚʽʩʽʚ, ʘ ʩʘʤʝ ï ʚʝʙ ʩʝʨʚʽʩ, ʪʘ 

ʩʝʨʚʽʩ ʽʥʪʝʨʘʢʪʠʚʥʦʛʦ ʮʠʬʨʦʚʦʛʦ ʪʝʣʝʙʘʯʝʥʥʷ.  

ʋʜʦʩʢʦʥʘʣʝʥʦ ʤʝʪʦʜ ʙʘʣʘʥʩʫʚʘʥʥʷ ʪʨʘʬʽʢʫ ʚ ʛʨʘʥʠʯʥʽʡ ʣʦʢʘʮʽʾ ʤʝʨʝʞʽ 

ʜʦʩʪʘʚʢʠ ʜʘʥʠʭ, ʷʢʠʡ ʟʘ ʨʘʭʫʥʦʢ ʽʥʪʝʛʨʘʮʽʾ ʽʟ ʤʝʪʦʜʦʤ ʨʦʟʧʦʜʽʣʝʥʦʾ ʦʙʨʦʙʢʠ 

ʟʘʧʠʪʽʚ, ʚʠʢʦʨʠʩʪʘʥʥʷ ʽʥʪʝʛʨʘʣʴʥʦʛʦ ʢʣʶʯʘ ʢʝʰʫʚʘʥʥʷ, ʚʟʘʻʤʦʜʽʾ ʽʟ ʜʘʥʠʤʠ 

ʘʥʘʣʽʪʠʢʠ, ʘ ʪʘʢʦʞ ʢʦʥʪʨʦʣʶ ʟʘʚʘʥʪʘʞʝʥʦʩʪʽ ʛʨʘʥʠʯʥʠʭ ʩʝʨʚʝʨʽʚ, ʜʘʻ ʟʤʦʛʫ 

ʧʽʜʚʠʱʠʪʠ ʷʢʽʩʪʴ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʚ ʤʝʨʝʞʘʭ ʜʦʩʪʘʚʢʠ ʢʦʥʪʝʥʪʫ. ʇʨʦʚʝʜʝʥʦ 
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ʧʨʦʛʨʘʤʥʦ ʽʤʽʪʘʮʽʡʥʝ ʤʦʜʝʣʶʚʘʥʥʷ ʨʦʙʦʪʠ ʟʘʧʨʦʧʦʥʦʚʘʥʦʛʦ ʤʝʪʦʜʫ. 

ʇʨʠʚʝʜʝʥʦ ʨʝʟʫʣʴʪʘʪʠ ʤʦʜʝʣʶʚʘʥʥʷ, ʷʢʽ ʧʦʢʘʟʫʶʪʴ, ʱʦ ʟʥʘʯʝʥʥʷ 

ʝʬʝʢʪʠʚʥʦʩʪʽ ʢʝʰʫʚʘʥʥʷ ʟʙʽʣʴʰʠʣʦʩʴ ʜʦ 90%. ɿʥʘʯʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ 

ʢʝʰʫʚʘʥʥʷ ʜʘʥʠʭ ʙʝʟ ʚʠʢʦʨʠʩʪʘʥʥʷ ʟʘʧʨʦʧʦʥʦʚʘʥʦʛʦ ʤʝʪʦʜʫ ʩʪʘʥʦʚʠʣʦ 60-

65%. ʏʘʩ ʟʘʚʘʥʪʘʞʝʥʥʷ ʩʪʦʨʽʥʢʠ ʟʤʝʥʰʠʚʩʷ ʽʟ 1600ʤʩ ʜʦ 800ʤʩ, ʱʦ ʜʘʻ 

ʟʤʦʛʫ ʟʥʘʯʥʦ ʧʦʢʨʘʱʠʪʠ ʷʢʽʩʪʴ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʜʣʷ ʢʽʥʮʝʚʦʛʦ ʢʦʨʠʩʪʫʚʘʯʘ.  

ʆʮʽʥʢʘ ʝʬʝʢʪʠʚʥʦʩʪʽ ʚʠʢʦʨʠʩʪʘʥʥʷ ʨʝʩʫʨʩʽʚ CDN ʤʝʨʝʞʽ ʧʦʢʘʟʘʣʘ, ʱʦ 

ʟʙʽʣʴʰʝʥʥʷ ʦʙʯʠʩʣʶʚʘʣʴʥʠʭ ʧʦʪʫʞʥʦʩʪʝʡ ʚʫʟʣʽʚ ʪʘ ʨʦʟʤʽʨʫ ʢʝʰ ʧʘʤ'ʷʪʽ ʥʝ 

ʟʘʚʞʜʠ ʻ ʨʘʮʽʦʥʘʣʴʥʠʤ ʟ ʪʦʯʢʠ ʟʦʨʫ ʟʘʛʘʣʴʥʦʾ ʦʧʪʠʤʽʟʘʮʽʾ, ʦʩʢʽʣʴʢʠ ʮʽ 

ʧʘʨʘʤʝʪʨʠ ʤʘʶʪʴ ʩʫʪʪʻʚʠʡ ʚʧʣʠʚ ʥʘ ʩʦʙʽʚʘʨʪʽʩʪʴ ʧʦʩʣʫʛ ʜʣʷ ʧʨʦʚʘʡʜʝʨʘ. 

ɹʽʣʴʰ ʝʬʝʢʪʠʚʥʠʤ ʪʘ ʜʦʮʽʣʴʥʠʤ ʻ ʚʠʢʦʨʠʩʪʘʥʥʷ ʤʝʭʘʥʽʟʤʽʚ ʙʘʣʘʥʩʫʚʘʥʥʷ 

ʥʘʚʘʥʪʘʞʝʥʥʷ, ʷʢʽ ʜʘʶʪʴ ʟʤʦʛʫ ʙʽʣʴʰ ʨʘʮʽʦʥʘʣʴʥʦ ʧʝʨʝʥʘʧʨʘʚʣʷʪʠ ʟʘʧʠʪʠ 

ʜʦ ʩʝʨʚʝʨʽʚ, ʝʬʝʢʪʠʚʥʽʰʝ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʾʭʥʽ ʨʝʩʫʨʩʠ ʽ ʪʠʤ ʩʘʤʠʤ  

ʟʘʙʝʟʧʝʯʠʪʠ ʢʨʘʱʫ ʷʢʽʩʪʴ ʩʝʨʚʽʩʫ ʜʣʷ ʢʽʥʮʝʚʦʛʦ ʢʦʨʠʩʪʫʚʘʯʘ. 
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ʈʆɿɼɯʃ 3. ʄʆɼɽʃʔ ʆʎɯʅʂʀ ɽʌɽʂʊʀɺʅʆʉʊɯ ʈʆɹʆʊʀ 

ʉʀʉʊɽʄ ʆɹʈʆɹʂʀ ʄɽʈɽɾɽɺʆɻʆ ʊʈɸʌɯʂʋ ʋ ʊʆʏʂɸʍ 

ʇʈʀʉʋʊʅʆʉʊɯ CDN ʄɽʈɽɾ 

 

ʍʤʘʨʥʽ ʦʙʯʠʩʣʝʥʥʷ (Cloud Computing) ʻ ʜʦʩʠʪʴ ʧʦʰʠʨʝʥʠʤ ʨʽʰʝʥʥʷʤ, 

ʱʦ ʟʘʙʝʟʧʝʯʫʻ ʥʘʜʘʥʥʷ ʧʦʩʣʫʛ ʢʦʨʠʩʪʫʚʘʯʘʤ ʪʘ ʩʧʨʠʷʻ ʧʦʢʨʘʱʝʥʥʶ ʷʢʦʩʪʽ 

ʮʠʭ ʧʦʩʣʫʛ ʟʘ ʨʘʭʫʥʦʢ ʤʘʢʩʠʤʘʣʴʥʦ ʰʚʠʜʢʦʾ ʪʘ ʝʬʝʢʪʠʚʥʦʾ ʦʙʨʦʙʢʠ ʜʘʥʠʭ 

[90-91]. ɹʘʛʘʪʦ ʧʨʦʚʘʡʜʝʨʽʚ ʭʤʘʨʥʠʭ ʦʙʯʠʩʣʝʥʴ ʧʨʦʧʦʥʫʶʪʴ ʦʙʯʠʩʣʶʚʘʣʴʥʽ 

ʨʝʩʫʨʩʠ ʢʦʨʠʩʪʫʚʘʯʘ, ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ ʜʚʽ ʤʦʜʝʣʽ ʦʨʛʘʥʽʟʘʮʽʾ ʮʠʭ ʨʝʩʫʨʩʽʚ. 

ʇʝʨʰʘ ʤʦʜʝʣʴ - ʮʝ ʩʪʘʪʠʯʥʽ ʨʝʩʫʨʩʠ, ʷʢʽ ʚʠʜʽʣʷʶʪʴʩʷ ʥʘ ʚʝʩʴ ʯʘʩ ʾʭʥʴʦʾ 

ʦʨʝʥʜʠ, ʜʨʫʛʘ ʤʦʜʝʣʴ - ʜʠʥʘʤʽʯʥʦ ʚʠʜʽʣʝʥʽ ʨʝʩʫʨʩʠ, ʷʢʽ ʚʠʜʽʣʷʶʪʴʩʷ ʪʘ 

ʟʤʽʥʶʶʪʴʩʷ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʧʦʪʨʝʙ ʩʝʨʚʽʩʫ [92-93].  

 

3.1. ɿʘʛʘʣʴʥʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʩʠʩʪʝʤ ʦʙʨʦʙʢʠ ʤʝʨʝʞʝʚʦʛʦ 

ʪʨʘʬʽʢʫ 

ɿʜʘʪʥʽʩʪʴ ʟʘʙʝʟʧʝʯʠʪʠ ʙʘʞʘʥʫ ʷʢʽʩʪʴ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ (QoS), ʱʦ ʻ 

ʩʪʘʥʜʘʨʪʥʠʤ ʝʣʝʤʝʥʪʦʤ SLA, ʷʢʠʡ ʚʠʟʥʘʯʘʻʪʴʩʷ ʤʽʞ ʩʧʦʞʠʚʘʯʘʤʠ ʧʦʩʣʫʛ 

ʪʘ ʭʤʘʨʥʠʤʠ (Cloud) ʧʨʦʚʘʡʜʝʨʘʤʠ, ʷʢʽ ʥʘʜʘʶʪʴ ʪʘʢʽ ʧʦʩʣʫʛʠ, ʻ ʦʜʥʠʤ ʟ 

ʥʘʡʚʘʞʣʠʚʽʰʠʭ ʟʘʚʜʘʥʴ ʜʣʷ Cloud ʧʨʦʚʘʡʜʝʨʽʚ. ɿʘʟʚʠʯʘʡ, QoS ʚʠʟʥʘʯʘʻʪʴʩʷ 

ʪʘʢʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ ʷʢ: 

ü ʩʝʨʝʜʥʽʡ ʯʘʩ ʚʽʜʧʦʚʽʜʽ,  

ü ʩʝʨʝʜʥʷ ʜʦʚʞʠʥʘ ʯʝʨʛʠ ʥʘ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ, 

ü  ʩʝʨʝʜʥʽʡ ʯʘʩ ʦʯʽʢʫʚʘʥʥʷ,  

ü ʧʨʦʧʫʩʢʥʘ ʩʧʨʦʤʦʞʥʽʩʪʴ ʩʠʩʪʝʤʠ,  

ü ʡʤʦʚʽʨʥʽʩʪʴ ʙʣʦʢʫʚʘʥʥʷ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ, 

ɺʩʽ ʮʽ ʧʦʢʘʟʥʠʢʠ ʤʦʞʥʘ ʘʥʘʣʽʟʫʚʘʪʠ ʪʘ ʦʧʠʩʫʚʘʪʠ ʟʘ ʜʦʧʦʤʦʛʦʶ ʪʝʦʨʽʾ 

ʩʠʩʪʝʤ ʤʘʩʦʚʦʛʦ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ [94-95]. 

ɿʘʜʘʯʽ, ʷʢʽ ʦʙʨʦʙʣʷʶʪʴʩʷ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʪʝʭʥʦʣʦʛʽʾ ʭʤʘʨʥʠʭ 

ʦʙʯʠʩʣʝʥʴ ʤʦʞʥʘ ʨʦʟʜʽʣʠʪʠ ʥʘ ʢʽʣʴʢʘ ʝʪʘʧʽʚ:. 
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ü ɿʘʧʠʪ ʢʣʽʻʥʪʘ ʥʘʜʭʦʜʠʪʴ ʥʘ ʙʘʣʘʥʩʫʚʘʣʴʥʠʭ ʥʘʚʘʥʪʘʞʝʥʥʷ ʪʘ 

ʧʦʧʘʜʘʻ ʚ ʯʝʨʛʫ ʥʘ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ.  

ü ɹʘʣʘʥʩʫʚʘʣʴʥʠʭ ʥʘʚʘʥʪʘʞʝʥʥʷ ʧʝʨʝʚʽʨʷʻ ʥʘʷʚʥʽʩʪʴ ʨʝʩʫʨʩʽʚ ʥʘ 

ʦʙʩʣʫʛʦʚʫʶʯʠʭ ʧʨʠʩʪʨʦʷʭ ʪʘ ʧʝʨʝʥʘʧʨʘʚʣʷʻ ʟʘʧʠʪ ʥʘ ʦʙʨʦʙʢʫ ʜʦ ʩʝʨʚʝʨʘ, 

ʷʢʠʡ ʙʫʜʝ ʚ ʥʘʡʙʣʠʞʯʽʡ ʽʟ ʥʘʷʚʥʠʭ ʣʦʢʘʮʽʡ ʜʦ ʢʦʨʠʩʪʫʚʘʯʘ. 

ü ʆʙʩʣʫʛʦʚʫʶʯʠʡ ʧʨʠʩʪʨʽʡ (ʚ ʥʘʰʦʤʫ ʚʠʧʘʜʢʫ ʮʝ ʢʦʥʪʝʡʥʝʨ ʚ 

ʷʢʦʤʫ ʟʘʧʫʱʝʥʘ ʥʘʰʘ ʘʧʣʽʢʘʮʽʷ) ʙʝʨʝ ʟʘʧʠʪ ʽʟ ʯʝʨʛʠ ʥʘ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ, 

ʚʠʜʽʣʷʻ ʯʘʩʪʠʥʫ ʨʝʩʫʨʩʽʚ ʪʘ ʧʦʯʠʥʘʻ ʦʙʨʦʙʣʷʪʠ ʜʘʥʠʡ ʟʘʧʠʪ. 

ü ʌʦʨʤʫʻʪʴʩʷ ʚʽʜʧʦʚʽʜʴ ʜʣʷ ʢʦʨʠʩʪʫʚʘʯʘ ʪʘ ʟʘʧʠʪ ʧʦʢʠʜʘʻ 

ʩʠʩʪʝʤʫ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ. 

ü ʋ ʚʠʧʘʜʢʫ ʷʢʱʦ ʢʽʣʴʢʽʩʪʴ ʤʽʩʮʴ ʫ ʯʝʨʟʽ ʥʘ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʥʘ 

ʨʽʚʥʽ ʙʘʣʘʥʩʫʚʘʣʴʥʠʢʘ ʥʘʚʘʥʪʘʞʝʥʥʷ ʙʫʜʝ ʥʝʜʦʩʪʘʪʥʴʦʶ, ʪʘ ʚʩʽ 

ʦʙʩʣʫʛʦʚʫʶʯʽ ʧʨʠʩʪʨʦʾ ʙʫʜʫʪʴ ʟʘʡʥʷʪʽ - ʪʦ ʟʘʧʠʪ ʙʫʜʝ ʟʘʙʣʦʢʦʚʘʥʠʡ. 

ʄʦʜʝʣʴ ʯʝʨʛʠ ʜʣʷ ʦʙʨʦʙʢʠ ʜʘʥʠʭ ʚ ʤʝʨʝʞʽ ʜʦʩʪʘʚʢʠ ʢʦʥʪʝʥʪʫ ʤʦʞʝ 

ʘʥʘʣʽʟʫʚʘʪʠ ʚʟʘʻʤʦʟʚôʷʟʦʢ ʤʽʞ ʪʨʴʦʤʘ ʩʢʣʘʜʦʚʠʤʠ, ʘ ʩʘʤʝ: ʽʥʪʝʥʩʠʚʥʽʩʪʴ 

ʧʦʩʪʫʧʣʝʥʥʷ ʟʘʧʠʪʽʚ, ʽʥʪʝʥʩʠʚʥʽʩʪʴ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʪʘ ʡʤʦʚʽʨʥʽʩʪʴ ʪʦʛʦ, ʱʦ 

ʟʘʧʠʪ ʧʦʪʨʘʧʠʪʴ ʥʘ ʚʫʟʦʣ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ. ʇʦʩʪʘʯʘʣʴʥʠʢʠ ʭʤʘʨʥʠʭ (Cloud) 

ʩʝʨʚʽʩʽʚ ʤʦʞʫʪʴ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʮʶ ʽʥʬʦʨʤʘʮʽʶ ʜʣʷ ʘʥʘʣʽʟʫ ʫʧʨʘʚʣʽʥʥʷ 

ʩʚʦʾʤʠ ʩʠʩʪʝʤʘʤʠ ʪʘ ʦʧʪʠʤʽʟʘʮʽʾ ʨʦʟʧʦʜʽʣʫ ʦʙʯʠʩʣʶʚʘʣʴʥʠʭ ʨʝʩʫʨʩʽʚ [96-

97]. 

ɺʘʨʪʦ ʟʘʟʥʘʯʠʪʠ ʪʦʡ ʤʦʤʝʥʪ, ʱʦ ʭʤʘʨʥʘ ʩʠʩʪʝʤʘ ʤʘʻ ʱʦʥʘʡʤʝʥʰʝ ʜʚʘ 

ʨʽʚʥʽ ʧʣʘʥʫʚʘʥʥʷ ʦʙʨʦʙʢʠ ʟʘʧʠʪʽʚ, ʘ ʩʘʤʝ: ʛʦʣʦʚʥʠʡ ʧʣʘʥʫʚʘʣʴʥʠʢ ʬʫʥʢʮʽʶ 

ʷʢʦʛʦ ʚ ʥʘʰʦʤʫ ʚʠʧʘʜʢʫ ʚʠʢʦʥʫʚʘʪʠʤʝ ʙʘʣʘʥʩʫʚʘʣʴʥʠʢ ʥʘʚʘʥʪʘʞʝʥʥʷ, ʷʢʠʡ 

ʚʠʟʥʘʯʘʻ ʟʘʚʘʥʪʘʞʝʥʽʩʪʴ ʨʦʙʦʯʠʭ ʽʥʩʪʘʥʩʽʚ ʪʘ ʧʝʨʝʥʘʧʨʘʚʣʷʻ ʟʘʧʠʪʠ ʜʦ ʥʠʭ, 

ʪʘ ʜʨʫʛʠʡ ʧʣʘʥʫʚʘʣʴʥʠʢ (ʽʥʩʪʘʥʩ/ʢʦʥʪʝʡʥʝʨ ʚʠʢʦʥʘʥʥʷ), ʷʢʠʡ ʚʠʢʦʥʫʻ 

ʦʙʨʦʙʢʫ ʟʘʧʠʪʽʚ ʷʢʽ ʧʨʠʡʰʣʠ ʚʽʜ ʙʘʣʘʥʩʫʚʘʣʴʥʠʢʘ ʥʘʚʘʥʪʘʞʝʥʥʷ. 

ʐʚʠʜʢʽʩʪʴ ʪʘ ʢʽʣʴʢʽʩʪʴ ʟʘʧʠʪʽʚ ʜʦ ʦʩʥʦʚʥʦʛʦ ʧʣʘʥʫʚʘʣʴʥʠʢʘ 

ʙʘʣʘʥʩʫʚʘʣʴʥʠʢʘ ʥʘʚʘʥʪʘʞʝʥʥʷ ʚʽʜʨʽʟʥʷʻʪʴʩʷ ʚʽʜ ʢʽʣʴʢʦʩʪʽ, ʷʢʘ ʧʦʪʨʘʧʣʷʻ ʥʘ 

ʦʢʨʝʤʠʡ ʽʥʩʪʘʥʩ ʦʙʨʦʙʢʠ, ʽ ʮʝ ʧʦʪʨʽʙʥʦ ʚʨʘʭʦʚʫʚʘʪʠ ʚ ʘʥʘʣʽʟʽ ʦʙʨʦʙʢʠ ʯʝʨʛ. 
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ʋ ʨʦʟʜʽʣʽ ʚʠʢʦʨʠʩʪʘʥʦ ʢʦʤʧʣʝʢʩʥʫ ʤʦʜʝʣʴ ʦʙʨʦʙʢʠ ʯʝʨʛ ʜʣʷ ʜʦʩʣʽʜʞʝʥʥʷ 

ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ ʪʘ ʝʬʝʢʪʠʚʥʦʩʪʽ ʦʙʨʦʙʢʠ ʟʘʧʠʪʽʚ ʥʘ ʨʽʚʥʽ ʭʤʘʨʥʠʭ ʩʝʨʚʽʩʽʚ. 

ɺ ʜʘʥʦʤʫ ʨʦʟʜʽʣʽ ʙʫʣʦ ʟʤʦʜʝʣʴʦʚʘʥʦ ʨʦʙʦʪʫ ʩʠʩʪʝʤʠ ʭʤʘʨʥʠʭ 

ʩʝʨʚʽʩʽʚ, ʷʢ ʢʦʤʧʣʝʢʩʥʘ ʩʠʩʪʝʤʘ ʤʘʩʦʚʦʛʦ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʜʣʷ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʨʦʮʝʩʫ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ. ɼʚʽ ʩʠʩʪʝʤʠ ʤʘʩʦʚʦʛʦ 

ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʩʢʣʘʜʘʶʪʴ ʩʢʣʘʜʥʫ ʤʦʜʝʣʴ. ʇʝʨʰʘ - ʮʝ ʨʽʚʝʥʴ ʚʭʦʜʫ ʚ ʪʦʯʢʫ 

ʧʨʠʩʫʪʥʦʩʪʽ ʩʝʨʚʽʩʫ ʚ ʭʤʘʨʽ, ʜʨʫʛʘ ï ʚʠʢʦʥʘʥʥʷ ʦʙʨʦʙʢʠ ʜʘʥʠʭ ʥʘ ʧʨʠʢʣʘʜʽ 

ʩʠʩʪʝʤʠ ʤʘʩʦʚʦʛʦ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʥʘ ʨʽʚʥʽ ʚʫʟʣʘ ʦʙʨʦʙʢʠ ʟʘʧʠʪʽʚ, ʷʢʠʡ ʻ 

ʥʘʡʙʣʠʞʯʝ ʜʦ ʢʦʨʠʩʪʫʚʘʯʘ ʪʘ ʤʘʻ ʜʣʷ ʮʴʦʛʦ ʥʘʷʚʥʽ ʨʝʩʫʨʩʠ.  

ʅʘ ʦʩʥʦʚʽ ʮʽʻʾ ʩʢʣʘʜʥʦʾ ʢʦʤʧʣʝʢʩʥʦʾ ʤʦʜʝʣʽ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʯʝʨʛ ʪʘ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʪʝʦʨʽʾ ʤʘʩʦʚʦʛʦ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ, ʚ ʨʦʙʦʪʽ ʘʥʘʣʽʟʫʻʪʴʩʷ 

ʽʥʪʝʥʩʠʚʥʽʩʪʴ ʦʙʨʦʙʢʠ ʟʘʧʠʪʽʚ ʛʦʣʦʚʥʠʤ ʧʣʘʥʫʚʘʣʴʥʠʢʦʤ, ʘ ʩʘʤʝ 

ʙʘʣʘʥʩʫʚʘʣʴʥʠʢʦʤ ʥʘʚʘʥʪʘʞʝʥʥʷ, ʽʥʪʝʥʩʠʚʥʽʩʪʴ ʥʘʜʭʦʜʞʝʥʥʷ ʟʘʧʠʪʽʚ ʥʘ 

ʚʫʟʦʣ ʦʙʨʦʙʢʠ, ʩʝʨʝʜʥʽʡ ʯʘʩ ʧʝʨʝʙʫʚʘʥʥʷ ʟʘʧʠʪʫ ʫ ʩʠʩʪʝʤʽ, ʡʤʦʚʽʨʥʽʩʪʴ 

ʙʣʦʢʫʚʘʥʥʷ ʪʘ ʽʥʰʽ ʧʦʢʘʟʥʠʢʠ ʝʬʝʢʪʠʚʥʦʩʪʽ. 

ʍʦʯʘ ʙʘʛʘʪʦ ʥʘʫʢʦʚʠʭ ʜʦʩʣʽʜʞʝʥʴ ʙʫʣʦ ʧʨʦʚʝʜʝʥʦ ʟ ʘʥʘʣʽʟʫ 

ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ ʭʤʘʨʥʦʛʦ ʮʝʥʪʨʫ ʥʘ ʦʩʥʦʚʽ ʤʦʜʝʣʝʡ ʤʘʩʦʚʦʛʦ 

ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ [98-103], ʬʘʢʪʦʨʠ, ʱʦ ʚʢʣʶʯʘʶʪʴ, ʥʝʦʜʥʦʨʽʜʥʽʩʪʴ ʽ 

ʜʠʥʘʤʽʯʥʽʩʪʴ ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ ʭʤʘʨʥʦʛʦ ʩʝʨʚʽʩʫ ʥʝ ʨʦʟʛʣʷʜʘʣʠʩʷ. ʆʜʥʘʢ 

ʞʦʜʥʘ ʟ ʥʘʚʝʜʝʥʦʾ ʚʠʱʝ ʣʽʪʝʨʘʪʫʨʠ ʥʝ ʨʦʟʛʣʷʜʘʣʠ ʚʠʧʘʜʦʢ, ʱʦ ʦʩʥʦʚʥʠʡ 

ʧʣʘʥʫʚʘʣʴʥʠʢ ʟʘʜʘʯ, ʘ ʩʘʤʝ ʙʘʣʘʥʩʫʚʘʣʴʥʠʢ ʥʘʚʘʥʪʘʞʝʥʥʷ ʪʘ ʽʥʩʪʘʥʩʠ 

ʚʠʢʦʥʘʥʥʷ ʤʘʶʪʴ ʩʚʦʾ ʚʣʘʩʥʽ ʯʝʨʛʠ ʦʙʨʦʙʢʠ ʟʘʚʜʘʥʴ, ʱʦ ʩʝʨʚʝʨ ʚʠʢʦʥʘʥʥʷ ʟ 

ʨʽʟʥʦʶ ʧʨʦʜʫʢʪʠʚʥʽʩʪʶ ʤʘʪʠʤʫʪʴ ʨʽʟʥʠʡ ʯʘʩ ʦʙʨʦʙʢʠ, ʪʘ ʨʽʟʥʽ ʪʝʤʧʠ 

ʥʘʜʭʦʜʞʝʥʥʷ ʟʘʧʠʪʽʚ ʥʘ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ. 

 

3.2. ʄʦʜʝʣʶʚʘʥʥʷ ʩʠʩʪʝʤ, ʷʢʽ ʚʠʢʦʥʫʶʪʴ ʦʙʨʦʙʢʫ ʤʝʨʝʞʝʚʦʛʦ 

ʪʨʘʬʽʢʫ 

ʄʘʪʝʤʘʪʠʯʥʝ ʤʦʜʝʣʶʚʘʥʥʷ ʧʦʣʷʛʘʻ ʫ ʩʪʚʦʨʝʥʥʽ ʪʘ ʚʠʢʦʨʠʩʪʘʥʥʽ 

ʤʘʪʝʤʘʪʠʯʥʠʭ ʢʦʥʩʪʨʫʢʮʽʡ ʜʣʷ ʘʥʘʣʽʟʫ ʧʦʚʝʜʽʥʢʠ ʩʠʩʪʝʤ ʘʙʦ ʦʙ'ʻʢʪʽʚ ʫ 
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ʨʽʟʥʠʭ ʩʠʪʫʘʮʽʷʭ. ʁʦʛʦ ʦʩʥʦʚʥʘ ʤʝʪʘ ʧʦʣʷʛʘʻ ʚ ʪʦʤʫ, ʱʦʙ ʦʪʨʠʤʘʪʠ 

ʨʽʟʥʦʤʘʥʽʪʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʘʙʦ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʦʙ'ʻʢʪʫ ʙʝʟ ʥʝʦʙʭʽʜʥʦʩʪʽ 

ʚʠʤʽʨʶʚʘʥʥʷ ʘʙʦ ʟ ʦʙʤʝʞʝʥʦʶ ʢʽʣʴʢʽʩʪʶ ʚʠʤʽʨʽʚ [104-105]. ɺ ʨʘʤʢʘʭ 

ʤʘʪʝʤʘʪʠʯʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ʩʢʣʘʣʠʩʷ ʜʚʘ ʧʽʜʭʦʜʠ: 

ü ʘʥʘʣʽʪʠʯʥʠʡ; 

ü ʤ̔ʽʪʘʮʽʡʥʠʡ. 

ɸʥʘʣʽʪʠʯʥʠʡ ʤʝʪʦʜ ˇʨʫʥʪʫʻʪʴʩʷ ʥʘ ʨʦʟʨʦʙʮʽ ʬʦʨʤʫʣʴʥʠʭ ʚʠʨʘʟʽʚ, ʷʢʽ 

ʦʧʠʩʫʶʪʴ ʚʟʘʻʤʦʟʚ'ʷʟʢʠ ʤʽʞ ʨʽʟʥʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ ʪʘ ʢʦʤʧʦʥʝʥʪʘʤʠ 

ʩʠʩʪʝʤʠ. ɼʦʚʛʠʡ ʯʘʩ ʮʝʡ ʧʽʜʭʽʜ ʚʚʘʞʘʚʩʷ ʚʣʘʩʥʝ ʤʘʪʝʤʘʪʠʯʥʠʤ. ʇʨʦʪʝ, ʧʨʠ 

ʜʦʩʣʽʜʞʝʥʥʽ ʩʢʣʘʜʥʠʭ ʩʠʩʪʝʤ ʜʝʷʢʽ ʤʘʪʝʤʘʪʠʯʥʽ ʚʠʨʘʟʠ ʩʪʘʶʪʴ ʜʫʞʝ 

ʩʢʣʘʜʥʠʤʠ, ʽ ʜʣʷ ʾʭʥʴʦʛʦ ʦʪʨʠʤʘʥʥʷ ʧʦʪʨʽʙʥʦ ʧʨʦʚʦʜʠʪʠ ʟʥʘʯʥʫ ʢʽʣʴʢʽʩʪʴ 

ʚʠʤʽʨʽʚ. 

ɺʠʚʯʝʥʥʷ ʚʣʘʩʪʠʚʦʩʪʝʡ ʧʨʦʮʝʩʽʚ ʫ ʩʢʣʘʜʥʠʭ ʩʠʩʪʝʤʘʭ ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʘʥʘʣʽʪʠʯʥʠʭ ʤʝʪʦʜʽʚ ʯʘʩʪʦ ʩʪʠʢʘʻʪʴʩʷ ʟ ʚʝʣʠʢʠʤʠ ʪʨʫʜʥʦʱʘʤʠ. ʎʽ ʪʨʫʜʥʦʱʽ 

ʤʦʞʫʪʴ ʧʨʠʟʚʝʩʪʠ ʜʦ ʥʝʦʙʭʽʜʥʦʩʪʽ ʟʥʘʯʥʦʛʦ ʩʧʨʦʱʝʥʥʷ ʤʦʜʝʣʝʡ ʧʽʜ ʯʘʩ ʾʭ 

ʧʦʙʫʜʦʚʠ ʘʙʦ ʚ ʭʦʜʽ ʧʦʜʘʣʴʰʦʾ ʨʦʙʦʪʠ ʟ ʥʠʤʠ, ʱʦ ʤʦʞʝ ʧʦʟʥʘʯʠʪʠʩʷ ʥʘ 

ʪʦʯʥʦʩʪʽ ʦʪʨʠʤʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ. ʊʘʢʠʤ ʯʠʥʦʤ, ʭʦʯʘ ʘʥʘʣʽʪʠʯʥʽ ʤʦʜʝʣʽ ʜʫʞʝ 

ʟʨʫʯʥʽ ʜʣʷ ʪʝʦʨʝʪʠʯʥʠʭ ʜʦʩʣʽʜʞʝʥʴ, ʧʨʦʪʝ ʧʦʙʫʜʦʚʘ ʘʜʝʢʚʘʪʥʦʾ ʘʥʘʣʽʪʠʯʥʦʾ 

ʤʦʜʝʣʽ ʤʦʞʝ ʚʠʷʚʠʪʠʩʷ ʥʝʪʨʠʚʽʘʣʴʥʦʶ ʜʣʷ ʙʽʣʴʰʦʩʪʽ ʜʞʝʨʝʣ. 

ɯʤʽʪʘʮʽʡʥʠʡ, ʱʦ ʙʘʟʫʻʪʴʩʷ ʥʘ ʩʪʘʪʠʩʪʠʯʥʠʭ ʧʽʜʭʦʜʘʭ, ʚʠʢʦʨʠʩʪʦʚʫʻ 

ʡʤʦʚʽʨʥʽʩʥʝ ʚʽʜʦʙʨʘʞʝʥʥʷ ʧʘʨʘʤʝʪʨʽʚ ʩʠʩʪʝʤʠ. ʇʽʜ ʯʘʩ ʧʦʧʝʨʝʜʥʴʦʛʦ 

ʘʥʘʣʽʟʫ ʩʠʩʪʝʤʥʦʾ ʤʦʜʝʣʽ, ʚʩʪʘʥʦʚʣʶʶʪʴʩʷ ʟʘʢʦʥʠ ʨʦʟʧʦʜʽʣʫ ʚʠʧʘʜʢʦʚʠʭ 

ʚʝʣʠʯʠʥ ʧʘʨʘʤʝʪʨʽʚ. ʋ ʮʴʦʤʫ ʤʝʪʦʜʽ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʘʥʘʣʽʪʠʯʥʽ ʟʚ'ʷʟʢʠ 

ʤʽʞ ʧʘʨʘʤʝʪʨʘʤʠ ʝʣʝʤʝʥʪʽʚ ʩʠʩʪʝʤʠ, ʘʣʝ ʚʦʥʠ ʤʘʶʪʴ ʩʧʨʦʱʝʥʠʡ ʭʘʨʘʢʪʝʨ 

ʧʦʨʽʚʥʷʥʦ ʟ ʘʥʘʣʽʪʠʯʥʠʤ ʤʦʜʝʣʶʚʘʥʥʷʤ. ʎʽ ʟʚ'ʷʟʢʠ ʟʥʘʯʥʦ ʧʨʦʩʪʽʰʽ, ʥʽʞ ʫ 

ʘʥʘʣʽʪʠʯʥʦʤʫ ʧʽʜʭʦʜʽ. ʋ ʟʨʦʟʫʤʽʣʽʡ ʬʦʨʤʽ, ʽʤʽʪʘʮʽʡʥʘ ʤʦʜʝʣʴ - ʮʝ ʥʘʙʽʨ 

ʘʣʛʦʨʠʪʤʽʚ, ʱʦ ʩʪʚʦʨʶʻ ʧʦʩʣʽʜʦʚʥʽʩʪʴ, ʱʦ ʤʘʻ ʩʭʦʞʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʟ 

ʨʝʘʣʴʥʦʶ ʧʦʩʣʽʜʦʚʥʽʩʪʶ, ʦʪʨʠʤʘʥʦʶ ʟ ʜʽʶʯʦʛʦ ʦʙ'ʻʢʪʘ. ʎʷ ʧʦʩʣʽʜʦʚʥʽʩʪʴ 

ʤʦʞʝ ʚʢʣʶʯʘʪʠ, ʥʘʧʨʠʢʣʘʜ, ʤʝʨʝʞʝʚʠʡ ʪʨʘʬʽʢ. ɺʠʢʦʨʠʩʪʘʥʥʷ ʽʤʽʪʘʮʽʡʥʦʾ 
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ʤʦʜʝʣʽ ʟʨʫʯʥʽʰʝ, ʘʣʝ ʪʘʢʠʡ ʤʝʪʦʜ ʟʘʟʚʠʯʘʡ ʦʙʤʝʞʝʥʠʡ ʫ ʟʘʩʪʦʩʫʚʘʥʥʽ ʽ 

ʚʠʤʘʛʘʻ ʟʥʘʯʥʦʾ ʨʦʙʦʪʠ ʜʣʷ ʘʜʘʧʪʘʮʽʾ ʤʦʜʝʣʽ ʜʦ ʥʦʚʠʭ ʫʤʦʚ. 

ʊʘʢʦʞ ʤʦʞʣʠʚʽ ʢʦʤʙʽʥʦʚʘʥʽ ʤʦʜʝʣʽ, ʱʦ ʦʙ'ʻʜʥʫʶʪʴ ʷʢ ʘʥʘʣʽʪʠʯʥʽ, ʪʘʢ 

ʽ ʘʣʛʦʨʠʪʤʽʯʥʽ ʢʦʤʧʦʥʝʥʪʠ. ʆʩʥʦʚʥʽ ʚʠʤʦʛʠ, ʷʢʽ ʩʪʘʚʣʷʪʴʩʷ ʜʦ ʧʨʦʮʝʩʫ 

ʤʦʜʝʣʶʚʘʥʥʷ: 

ü ʤʦʜʝʣʴ ʤʘʻ ʙʫʪʠ ʘʜʝʢʚʘʪʥʦʶ ʚʽʜʧʦʚʽʜʥʠʤ ʪʝʭʥʦʣʦʛʽʯʥʠʤ 

ʟʘʚʜʘʥʥʷʤ ʘʙʦ ʞ ʩʠʩʪʝʤʘʤ; 

ü ʤʘʻ ʙʫʪʠ ʟʘʙʝʟʧʝʯʝʥʘ ʥʝʦʙʭʽʜʥʘ ʪʦʯʥʽʩʪʴ; 

ü ʧʦʚʠʥʥʘ ʙʫʪʠ ʟʘʙʝʟʧʝʯʝʥʘ ʟʨʫʯʥʽʩʪʴ ʜʣʷ ʢʦʨʠʩʪʫʚʘʯʘ - 

ʩʧʝʮʽʘʣʽʩʪʘ ʟ ʦʙʨʦʙʢʠ ʪʘ ʘʥʘʣʽʟʫ ʽʥʬʦʨʤʘʮʽʾ (ʫʧʨʘʚʣʽʥʥʷ); 

ü ʟʨʦʟʫʤʽʣʠʡ ʽʥʪʝʨʬʝʡʩ ʫʧʨʘʚʣʽʥʥʷ ʤʦʜʝʣʶʚʘʥʥʷʤ; 

ü ʚʠʩʦʢʘ ʰʚʠʜʢʽʩʪʴ ʨʦʙʦʪʠ; 

ü ʟʘʜʦʚʽʣʴʥʘ ʚʘʨʪʽʩʪʴ ʨʦʟʨʦʙʢʠ ʤʦʜʝʣʽ ʪʘ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʽʥʩʪʨʫʤʝʥʪʽʚ ʤʦʜʝʣʶʚʘʥʥʷ. 

ʉʪʘʥʦʤ ʥʘ ʩʴʦʛʦʜʥʽ, ʽʩʥʫʻ ʜʦʩʪʘʪʥʴʦ ʚʝʣʠʢʘ ʢʽʣʴʢʽʩʪʴ ʤʦʜʝʣʝʡ, ʷʢʽ 

ʤʦʞʫʪʴ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠʩʴ ʜʣʷ ʽʤʽʪʫʚʘʥʥʷ ʪʘ ʤʦʜʝʣʶʚʘʥʥʷ ʬʨʘʢʪʘʣʴʥʦʛʦ 

ʤʝʨʝʞʝʚʦʛʦ ʪʨʘʬʽʢʫ [106-108].  

 

3.3. ʄʦʜʝʣʴ ʦʙʨʦʙʢʠ ʯʝʨʛ ʜʣʷ ʘʥʘʣʽʟʫ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ ʩʠʩʪʝʤʠ 

ʭʤʘʨʥʠʭ ʩʝʨʚʽʩʽʚ 

ʋ ʮʴʦʤʫ ʨʦʟʜʽʣʽ ʧʨʝʜʩʪʘʚʣʝʥʦ ʢʦʤʧʣʝʢʩʥʫ ʤʦʜʝʣʴ ʤʘʩʦʚʦʛʦ 

ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʟ ʜʚʦʤʘ ʦʙôʻʜʥʘʥʠʤʠ ʩʠʩʪʝʤʘʤʠ ʤʘʩʦʚʦʛʦ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ 

ʜʣʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʨʦʮʝʩʫ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʟʘʧʠʪʽʚ ʫ ʭʤʘʨʥʠʭ ʩʝʨʚʽʩʘʭ ʽʟ 

ʜʠʥʘʤʽʯʥʠʤ ʚʠʜʽʣʝʥʥʷʤ ʨʝʩʫʨʩʽʚ. ɼʠʥʘʤʽʯʥʝ ʚʠʜʽʣʝʥʥʷ ʨʝʩʫʨʩʽʚ 

ʧʨʝʜʩʪʘʚʣʷʻ ʩʦʙʦʶ ʤʝʭʘʥʽʟʤ, ʷʢʠʡ ʜʘʻ ʤʦʞʣʠʚʽʩʪʴ ʩʪʚʦʨʶʚʘʪʠ ʥʦʚʽ ʽʥʩʪʘʥʩʠ 

ʜʣʷ ʦʙʨʦʙʢʠ ʜʘʥʠʭ ʣʠʰʝ ʟʘ ʥʝʦʙʭʽʜʥʦʩʪʽ, ʪʦʙʪʦ ʧʨʠ ʫʤʦʚʽ, ʱʦ ʽʩʥʫʶʯʽ ʥʝ 

ʚʩʪʠʛʘʶʪʴ ʦʙʨʦʙʣʷʪʠ ʚʩʽ ʟʘʧʠʪʠ, ʱʦ ʥʘʜʭʦʜʷʪʴ ʚ ʩʠʩʪʝʤʫ, ʘʙʦ ʷʢʽʩʪʴ ʩʝʨʚʽʩʫ, 

ʷʢʽ ʟʘʙʝʟʧʝʯʫʶʪʴ ʽʩʥʫʶʯʽ ʽʥʩʪʘʥʩʠ ʦʙʨʦʙʢʠ, ʩʪʘʻ ʥʝʜʦʧʫʩʪʠʤʦʶ ʜʣʷ 

ʟʘʙʝʟʧʝʯʝʥʥʷ ʭʦʨʦʰʦʛʦ ʩʝʨʚʽʩʫ ʷʢʠʡ ʦʪʨʠʤʫʻ ʢʽʥʮʝʚʠʡ ʢʦʨʠʩʪʫʚʘʯ. 
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ʋ ʩʝʨʝʜʦʚʠʱʽ ʭʤʘʨʥʠʭ ʦʙʯʠʩʣʝʥʴ - ʧʦʩʪʘʯʘʣʴʥʠʢ ʭʤʘʨʥʠʭ ʦʙʯʠʩʣʝʥʴ 

ʙʫʜʫʻ ʮʝʥʪʨ ʦʙʨʦʙʢʠ ʜʘʥʠʭ, ʷʢ ʽʥʬʨʘʩʪʨʫʢʪʫʨʫ ʜʣʷ ʥʘʜʘʥʥʷ ʧʦʩʣʫʛ 

ʢʦʨʠʩʪʫʚʘʯʘ. ʅʘ ʨʠʩʫʥʢʫ. 3.1 ʟʦʙʨʘʞʝʥʦ ʘʨʭʽʪʝʢʪʫʨʫ ʥʝʦʜʥʦʨʽʜʥʦʛʦ ʮʝʥʪʨʫ 

ʦʙʨʦʙʢʠ ʜʘʥʠʭ ʽ ʤʦʜʝʣʴ ʡʦʛʦ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ.  

 

 

ʈʠʩ 3.1. ʄʦʜʝʣʴ ʨʦʙʦʪʠ ʥʝʦʜʥʦʨʽʜʥʦʛʦ ʮʝʥʪʨʫ ʦʙʨʦʙʢʠ ʜʘʥʠʭ 

 

ɺʘʨʪʦ ʟʘʟʥʘʯʠʪʠ ʪʦʡ ʬʘʢʪ, ʱʦ ʮʝʥʪʨ ʦʙʨʦʙʢʠ ʜʘʥʠʭ ʷʚʣʷʻ ʩʦʙʦʶ ʥʝ 

ʪʽʣʴʢʠ ʮʝʥʪʨʘʣʽʟʦʚʘʥʝ ʩʭʦʚʠʱʝ, ʯʠ ʮʝʥʪʨ ʦʙʨʦʙʢʠ, ʘ ʜʣʷ ʧʨʠʢʣʘʜʫ, ʮʝ ʤʦʞʝ 

ʙʫʜʴ ʷʢʘ ʣʦʢʘʮʽʷ ʚ ʷʢʽʡ ʽʩʥʫʶʪʴ ʩʝʨʚʝʨʠ CDN/Compute ʤʝʨʝʞʽ. ʎʝʥʪʨ 

ʦʙʨʦʙʢʠ ʜʘʥʠʭ, ʘʙʦ ʪʦʯʢʘ ʧʨʠʩʫʪʥʦʩʪʽ CDN ʤʝʨʝʞʽ, ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʢʝʰʫʶʯʠʭ 

ʩʝʨʚʝʨʽʚ, ʥʘ ʷʢʠʭ ʤʦʞʫʪʴ ʩʪʚʦʨʶʚʘʪʠʩʴ ʜʠʥʘʤʽʯʥʽ ʢʦʥʪʝʡʥʝʨʠ, ʚ ʷʢʠʭ 

ʙʫʜʫʪʴ ʧʨʘʮʶʚʘʪʠ ʧʝʚʥʽ ʩʝʨʚʽʩʠ, ʷʢʽ ʭʦʯʝ ʦʪʨʠʤʘʪʠ ʢʽʥʮʝʚʠʡ ʢʦʨʠʩʪʫʚʘʯ. 

ɺʽʥ ʚʢʣʶʯʘʻ ʪʘʢʦʞ ʙʘʣʘʥʩʫʚʘʣʴʥʠʢ ʥʘʚʘʥʪʘʞʝʥʥʷ, ʷʢʠʡ ʧʨʘʮʶʻ ʷʢ 

ʦʩʥʦʚʥʠʡ ʧʣʘʥʫʚʘʣʴʥʠʢ ʜʣʷ ʨʦʟʧʦʜʽʣʫ ʦʙʯʠʩʣʶʚʘʣʴʥʠʭ ʨʝʩʫʨʩʽʚ ʪʘ 

ʧʝʨʝʥʘʧʨʘʚʣʝʥʥʷ ʟʘʧʠʪʽʚ ʢʦʨʠʩʪʫʚʘʯʽʚ ʥʘ ʚʫʟʣʠ ʦʙʨʦʙʢʠ. ʋʩʽ ʢʣʽʻʥʪʠ 

ʥʘʜʩʠʣʘʶʪʴ ʟʘʧʠʪʠ ʜʦ ʮʝʥʪʨʫ ʦʙʨʦʙʢʠ ʜʘʥʠʭ, ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ ʤʝʨʝʞʫ 

ɯʥʪʝʨʥʝʪ. ɿʘʧʠʪ ʢʦʨʠʩʪʫʚʘʯʘ, ʟʛʽʜʥʦ ʢʦʥʮʝʧʮʽʾ ʨʦʙʦʪʠ CDN ʤʝʨʝʞʽ, 

ʧʦʪʨʘʧʠʪʴ ʚ ʪʦʯʢʫ ʧʨʠʩʫʪʥʦʩʪʽ (ʮʝʥʪʨ ʦʙʨʦʙʢʠ ʜʘʥʠʭ) CDN ʤʝʨʝʞʽ, ʷʢʘ ʻ 
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ʥʘʡʙʣʠʞʯʦʶ ʜʦ ʣʦʢʘʮʽʾ ʢʦʨʠʩʪʫʚʘʯʘ. ʂʦʣʠ ʟʘʚʜʘʥʥʷ(ʟʘʧʠʪʠ ʢʦʨʠʩʪʫʚʘʯʽʚ) 

ʥʘʜʭʦʜʷʪʴ ʜʦ ʮʝʥʪʨʫ ʦʙʨʦʙʢʠ ʜʘʥʠʭ(ʪʦʯʢʘ ʧʨʠʩʫʪʥʦʩʪʽ CDN ʤʝʨʝʞʽ), 

ʧʝʨʰʦʯʝʨʛʦʚʦ ʚʦʥʠ ʧʦʪʨʘʧʣʷʶʪʴ ʥʘ ʙʘʣʘʥʩʫʚʘʣʴʥʠʭ ʥʘʚʘʥʪʘʞʝʥʥʷ, ʷʢʠʡ ʚ 

ʧʦʜʘʣʴʰʦʤʫ  ʚʽʜʧʨʘʚʣʷʻ ʮʽ ʟʘʧʠʪʠ ʥʘ ʚʫʟʣʠ ʦʙʨʦʙʢʠ. ʂʽʣʴʢʽʩʪʴ ʚʫʟʣʽʚ 

ʦʙʨʦʙʢʠ ʟʘʧʠʪʽʚ ʤʦʞʝ ʟʤʽʥʶʚʘʪʠʩʴ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʽʥʪʝʥʩʠʚʥʦʩʪʽ 

ʧʦʩʪʫʧʣʝʥʥʷ ʟʘʧʠʪʽʚ ʜʦ ʮʝʥʪʨʫ ʦʙʨʦʙʢʠ ʜʘʥʠʭ.  

ʆʩʥʦʚʥʠʡ ʧʣʘʥʫʚʘʣʴʥʠʢ(Load Balancer) ʤʘʻ ʙʫʬʝʨ ʦʯʽʢʫʚʘʥʥʷ ʟ 

ʢʽʥʮʝʚʦʶ ʻʤʥʽʩʪʶ, ʫ ʷʢʦʤʫ ʟʙʝʨʽʛʘʶʪʴʩʷ ʟʘʚʜʘʥʥʷ, ʷʢʽ ʥʝ ʤʦʞʥʘ 

ʟʘʧʣʘʥʫʚʘʪʠ ʯʠ ʧʝʨʝʥʘʧʨʘʚʠʪʠ ʥʘ ʚʫʟʦʣ ʦʙʨʦʙʢʠ, ʥʝʛʘʡʥʦ. ʂʽʥʮʝʚʘ ʻʤʥʽʩʪʴ 

ʙʫʬʝʨʘ ʦʟʥʘʯʘʻ, ʱʦ ʜʝʷʢʽ ʟʘʧʠʪʠ ʥʝ ʤʦʞʫʪʴ ʧʦʪʨʘʧʠʪʠ ʚ ʙʫʬʝʨ ʦʯʽʢʫʚʘʥʥʷ ʫ 

ʚʠʧʘʜʢʫ, ʷʢʱʦ ʚʽʥ ʧʝʨʝʧʦʚʥʝʥʠʡ, ʘ ʟʘʤʽʩʪʴ ʮʴʦʛʦ ʟʘʣʠʰʘʪʴ ʩʠʩʪʝʤʫ ʚʽʜʨʘʟʫ 

ʧʽʩʣʷ ʥʘʜʭʦʜʞʝʥʥʷ. ʂʦʞʝʥ ʚʫʟʦʣ ʦʙʨʦʙʢʠ ʦʪʨʠʤʫʻ ʚʩʽ ʟʘʧʠʪʠ ʚʽʜ ʛʦʣʦʚʥʦʛʦ 

ʧʣʘʥʫʚʘʣʴʥʠʢʘ, ʙʘʣʘʥʩʫʚʘʣʴʥʠʢʘ ʥʘʚʘʥʪʘʞʝʥʥʷ ʪʘ ʧʽʜʪʨʠʤʫʻ ʚʣʘʩʥʫ ʯʝʨʛʫ 

ʟʘʚʜʘʥʴ. ʇʽʩʣʷ ʫʩʧʽʰʥʦʛʦ ʚʠʢʦʥʘʥʥʷ ʟʘʚʜʘʥʥʷ ʟʘʜʘʯʘ, ʷʢʘ ʚʠʢʦʥʫʚʘʣʘʩʴ, 

ʟʘʣʠʰʘʻ ʩʠʩʪʝʤʫ ʪʘ ʨʝʟʫʣʴʪʘʪ ʥʘʜʩʠʣʘʻʪʴʩʷ ʥʘʟʘʜ ʢʣʽʻʥʪʫ. 

 

3.3.1. ʉʠʩʪʝʤʘ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʯʝʨʛ ʟ ʚʝʣʠʢʦʶ ʢʽʣʴʢʽʩʪʶ ʚʫʟʣʽʚ 

ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʪʘ ʦʜʥʘʢʦʚʦʶ ʽʥʪʝʥʩʠʚʥʽʩʪʶ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʟʘʧʠʪʽʚ 

ʉʠʩʪʝʤʘ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʟ ʚʝʣʠʢʦʶ ʢʽʣʴʢʽʩʪʶ ʚʫʟʣʽʚ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ 

ʪʘ ʦʜʥʘʢʦʚʦʶ ʽʥʪʝʥʩʠʚʥʽʩʪʶ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʟʘʧʠʪʽʚ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ 

ʨʠʩʫʥʢʫ 3.2.ʘ 

 

ʈʠʩ.3.2. ʄʦʜʝʣʴ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʯʝʨʛ; (a)ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ ʚʩʽʭ 

ʦʙʩʣʫʛʦʚʫʶʯʠʭ ʧʨʠʩʪʨʦʾʚ ʦʜʥʘʢʦʚʘ, (b)ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ ʦʙʩʣʫʛʦʚʫʶʯʠʭ 

ʧʨʠʩʪʨʦʾʚ ʨʽʟʥʘ 
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ʆʩʢʽʣʴʢʠ ʢʦʞʝʥ ʩʝʨʚʝʨ (ʢʦʥʪʝʡʥʝʨ) ʤʘʻ ʦʜʥʘʢʦʚʫ  ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ ʽ 

ʪʠʤ ʩʘʤʠʤ ʤʦʞʝ ʟʘʙʝʟʧʝʯʫʚʘʪʠ ʦʜʥʘʢʦʚʫ ʽʥʪʝʥʩʠʚʥʽʩʪʴ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ, ʮʷ 

ʤʦʜʝʣʴ ʦʙʨʦʙʢʠ ʯʝʨʛʠ ʨʦʟʛʣʷʜʘʻ ʢʦʞʝʥ ʩʝʨʚʝʨ ʫ ʮʝʥʪʨʽ ʦʙʨʦʙʢʠ ʜʘʥʠʭ 

ʦʜʥʘʢʦʚʠʤ ʽ ʧʨʠʟʥʘʯʘʻ ʡʦʤʫ ʪʘʢʫ ʞ ʩʘʤʫ ʡʤʦʚʽʨʥʽʩʪʴ ʦʪʨʠʤʘʥʥʷ ʟʘʧʠʪʫ p = 

1/n. ʎʷ ʤʦʜʝʣʴ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʯʝʨʛ ʩʧʨʦʱʫʻ ʘʥʘʣʽʟ ʽ ʨʦʙʠʪʴ ʧʨʦʩʪʽʰʠʤ 

ʩʧʦʩʽʙ, ʷʢ ʚʠʚʝʩʪʠ ʨʽʚʥʷʥʥʷ ʜʣʷ ʚʘʞʣʠʚʠʭ ʧʦʢʘʟʥʠʢʽʚ ʝʬʝʢʪʠʚʥʦʩʪʽ ʪʘʢʠʭ ʷʢ 

ʩʝʨʝʜʥʽʡ ʯʘʩ ʚʽʜʧʦʚʽʜʽ, ʩʝʨʝʜʥʷ ʢʽʣʴʢʽʩʪʴ ʟʘʚʜʘʥʴ ʫ ʩʠʩʪʝʤʽ ʪʘ ʩʝʨʝʜʥʽʡ ʯʘʩ 

ʦʯʽʢʫʚʘʥʥʷ. ʇʨʦʪʝ ʧʨʦʮʝʩ ʧʨʝʜʩʪʘʚʣʝʥʠʡ ʫ ʮʽʡ ʤʦʜʝʣʽ ʥʝ ʩʪʦʩʫʻʪʴʩʷ ʧʨʦʮʝʩʫ 

ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʫ ʭʤʘʨʥʦʤʫ ʮʝʥʪʨʽ ʦʙʨʦʙʢʠ ʜʘʥʠʭ, ʱʦ ʫ ʥʘʰʦʤʫ ʚʠʧʘʜʢʫ 

ʧʨʝʜʩʪʘʚʣʷʻ ʩʦʙʦʶ ʪʦʯʢʫ ʧʨʠʩʫʪʥʦʩʪʽ CDN ʤʝʨʝʞʽ. ɺ ʜʘʥʽʡ ʤʦʜʝʣʽ ʥʝ 

ʚʨʘʭʦʚʘʥʦ ʙʘʣʘʥʩʫʚʘʣʴʥʠʢ ʥʘʚʘʥʪʘʞʝʥʥʷ, ʷʢʠʡ ʨʦʟʧʦʜʽʣʷʻ ʚʩʽ ʟʘʧʠʪʠ ʤʽʞ 

ʩʝʨʚʝʨʘʤʠ ʦʙʨʦʙʢʠ, ʘ ʪʘʢʦʞ ʨʽʟʥʽ ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʦʙʨʦʙʢʠ ʟʘʧʠʪʽʚ ʨʽʟʥʠʤʠ 

ʩʝʨʚʝʨʘʤʠ. 

 

3.3.2. ʉʠʩʪʝʤʘ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʯʝʨʛ ʟ ʚʝʣʠʢʦʶ ʢʽʣʴʢʽʩʪʶ ʚʫʟʣʽʚ 

ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ  ʪʘ ʨʽʟʥʦʶ ʽʥʪʝʥʩʠʚʥʽʩʪʶ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʟʘʧʠʪʽʚ ʥʘ 

ʚʫʟʣʘʭ ʦʙʨʦʙʢʠ 

ʄʦʜʝʣʴ ʯʝʨʛʠ, ʱʦ ʚʢʣʶʯʘʻ ʢʽʣʴʢʘ ʩʝʨʚʝʨʽʚ ʟ ʨʽʟʥʠʤʠ ʽʥʪʝʥʩʠʚʥʦʩʪʷʤʠ 

ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʧʦʢʘʟʘʥʦ ʥʘ ʤʘʣʶʥʢʫ 3.2(b). ʎʶ ʩʠʩʪʝʤʫ ʦʙʨʦʙʢʠ ʯʝʨʛ 

ʤʦʞʥʘ ʚʠʢʦʨʠʩʪʘʪʠ  ʜʣʷ ʤʦʜʝʣʶʚʘʥʥʷ ʥʝʦʜʥʦʨʽʜʥʦʛʦ ʮʝʥʪʨʫ ʦʙʨʦʙʢʠ 

ʜʘʥʠʭ, ʱʦ ʚʢʣʶʯʘʻ ʙʘʛʘʪʦʷʜʝʨʥʽ ʩʝʨʚʝʨʠ ʟ ʨʽʟʥʦʶ ʰʚʠʜʢʦʜʽʻʶ. ʂʦʞʝʥ 

ʦʙʩʣʫʛʦʚʫʶʯʠʡ ʧʨʠʩʪʨʽʡ ʚ ʛʨʘʥʠʯʥʽʡ ʣʦʢʘʮʽʾ CDN ʤʝʨʝʞʽ, ʤʘʻ ʨʽʟʥʫ 

ʽʥʪʝʥʩʠʚʥʽʩʪʴ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʈ ʪʘ ʡʤʦʚʽʨʥʽʩʪʴ ʦʪʨʠʤʘʥʥʷ ʟʘʧʠʪʫ ʥʘ 

ʦʙʨʦʙʢʫ Ð. ɯʥʪʝʥʩʠʚʥʽʩʪʴ ʧʦʩʪʫʧʣʝʥʥʷ ʟʘʧʠʪʽʚ ʥʘ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ 

ʚʠʟʥʘʯʘʻʪʴʩʷ ‗. ɼʽʘʛʨʘʤʘ ʡʤʦʚʽʨʥʽʩʪʴ ʧʝʨʝʭʦʜʽʚ ʩʪʘʥʫ ʜʣʷ ὔ=2 (ʩʪʘʥ 

ʦʯʽʢʫʚʘʥʥʷ ʪʘ ʩʪʘʥ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʟʘʧʠʪʽʚ)ʧʦʢʘʟʘʥʘ ʥʘ ʨʠʩʫʥʢʫ 3.3 
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ʈʠʩ.3.3. ɼ̔ ʘʛʨʘʤʘ ʩʪʘʥʫ ʧʝʨʝʭʦʜʽʚ ʜʣʷ N=2 

 

ʂʦʣʠ ʟʘʧʠʪ ʚʽʜ ʢʦʨʠʩʪʫʚʘʯʘ ʥʘʜʭʦʜʠʪʴ ʚ ʩʠʩʪʝʤʫ ʥʘ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ 

ʪʘ ʻ ʜʚʘ ʩʝʨʚʝʨʠ ʷʢʽ ʦʯʽʢʫʶʪʴ, ʙʘʣʘʥʩʫʚʘʣʴʥʠʢ ʥʘʚʘʥʪʘʞʝʥʥʷ ʦʙʠʨʘʻ ʦʜʠʥ ʽʟ 

ʥʠʭ ʜʣʷ ʦʙʨʦʙʢʠ ʟʘʧʠʪʫ ʱʦ ʥʘʜʽʡʰʦʚ. ʁʤʦʚʽʨʥʽʩʪʴ ʚʠʙʦʨʫ ʩʝʨʚʝʨʘ 1 

ʜʦʨʽʚʥʶʻ ὴ1 ʽ ʩʝʨʚʝʨ 2 ʜʦʨʽʚʥʶʻ ὴ2 (ὴ2 = 1īὴ1). ʉʪʘʥ S0 ʦʟʥʘʯʘʻ, ʱʦ ʚ 

ʩʠʩʪʝʤʽ ʤʘʩʦʚʦʛʦ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʥʝʤʘʻ ʟʘʚʜʘʥʥʷ, ʷʢʝ ʦʙʨʦʙʣʷʻʪʴʩʷ; Ὓ10 

ʦʟʥʘʯʘʻ, ʱʦ ʟʘʧʠʪ ʜʣʷ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ  ʥʘʧʨʘʚʣʝʥʦ ʥʘ ʩʝʨʚʝʨ 1, ʘ ʩʝʨʚʝʨ 2 

ʦʯʽʢʫʻ ʥʘ ʥʘʜʭʦʜʞʝʥʥʷ ʟʘʧʠʪʽʚ; Ὓ01 ʚʢʘʟʫʻ ʥʘ ʮʝ, ʱʦ ʟʘʧʠʪ ʜʣʷ 

ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʙʫʣʦ ʥʘʧʨʘʚʣʝʥʦ  ʥʘ ʩʝʨʚʝʨ 2, ʘ ʩʝʨʚʝʨ 1 ʧʝʨʝʙʫʚʘʻ ʚ ʨʝʞʠʤʽ 

ʦʯʽʢʫʚʘʥʥʷ; Ὓ2 ʦʟʥʘʯʘʻ, ʱʦ ʻ ʜʚʘ ʟʘʧʠʪʠ ʫ ʩʠʩʪʝʤʽ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ, ʽ ʢʦʞʝʥ 

ʟʘʧʠʪ ʙʫʚ ʥʘʧʨʘʚʣʝʥʠʡ ʥʘ ʦʜʠʥ ʽʟ ʜʚʦʭ ʦʙʩʣʫʛʦʚʫʶʯʠʭ ʩʝʨʚʝʨʽʚ. Ὓ3, Ὓ4,...,Ὓὲ 

ʚʢʘʟʫʶʪʴ, ʱʦ ʻ 3, 4, . . . , ὲ ʟʘʚʜʘʥʴ ʫ ʩʠʩʪʝʤʽ, ʘ ʜʚʘ ʟ ʥʠʭ ʟʥʘʭʦʜʷʪʴʩʷ ʥʘ 

ʚʠʢʦʥʘʥʥʽ ʥʘ ʜʚʦʭ ʦʙʩʣʫʛʦʚʫʶʯʠʭ ʩʝʨʚʝʨʘʭ. ʅʝʭʘʡ ‘1 ʽ ‘2 ʧʦʟʥʘʯʘʶʪʴ 

ʽʥʪʝʥʩʠʚʥʽʩʪʴ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʩʝʨʚʝʨʽʚ 1 ʪʘ 2 ʚʽʜʧʦʚʽʜʥʦ. ɯʥʪʝʥʩʠʚʥʽʩʪʴ 

ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʩʠʩʪʝʤʠ ʚ ʮʽʣʦʤʫ ʙʫʜʝ:  

‘ В ‘                                  (3.1) 

ʅʘ ʨʠʩʫʥʢʫ 3.3 ʧʦʢʘʟʘʥʦ, ʷʢ ʮʷ ʤʦʜʝʣʴ ʦʙʯʠʩʣʶʻ ʡʤʦʚʽʨʥʽʩʪʴ 

ʧʝʨʝʙʫʚʘʥʥʷ ʩʠʩʪʝʤʠ ʚ ʧʝʚʥʦʤʫ ʩʪʘʥʽ, ʢʦʣʠ ʢʦʝʬʽʮʽʻʥʪ ʟʘʚʘʥʪʘʞʝʥʦʩʪʽ 

ʩʠʩʪʝʤʠ  ” = ‗/‘ ʽ ‌=‘2/‘1 

“ Ͻ ” ” “                       (3.2) 
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“ Ͻρ ‌ ” ” “            (3.3) 

“
Ⱦ

      (3.4) 

 

3.3.3. ʆʮʽʥʢʘ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ ʥʘ ʦʩʥʦʚʽ ʩʠʩʪʝʤʠ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ 

ʯʝʨʛ 

ʄʦʜʝʣʴ ʩʠʩʪʝʤʠ ʤʘʩʦʚʦʛʦ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʥʝʦʜʥʦʨʽʜʥʠʭ ʎʆɼ ʟ 

ʚʝʣʠʢʦʶ ʢʽʣʴʢʽʩʪʶ ʩʝʨʚʝʨʽʚ ʦʙʨʦʙʢʠ, ʷʢʽ ʤʘʶʪʴ ʨʽʟʥʽ ʧʦʢʘʟʥʠʢʠ 

ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩʫʥʢʫ 3.4. 

 

ʈʠʩ.3.4. ʂʦʤʧʣʝʢʩʥʘ ʤʦʜʝʣʴ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʟʘʧʠʪʽʚ ʚ ʪʦʯʢʘʭ 

ʧʨʠʩʫʪʥʦʩʪʽ CDN ʤʝʨʝʞʽ 

 

ʅʘ ʨʠʩʫʥʢʫ 3.4, ʙʘʯʠʤʦ ʪʨʠ ʩʠʩʪʝʤʠ ʦʙʨʦʙʢʠ ʯʝʨʛ - ʩʠʩʪʝʤʘ ʤʘʩʦʚʦʛʦ 

ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʥʘ ʨʽʚʥʽ ʙʘʣʘʥʩʝʨʘ ʥʘʚʘʥʪʘʞʝʥʥʷ, ʩʠʩʪʝʤʘ ʤʘʩʦʚʦʛʦ 

ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʥʘ ʨʽʚʥʽ ʽʥʩʪʘʥʩʽʚ ʦʙʨʦʙʢʠ, ʘ ʪʘʢʦʞ ʩʠʩʪʝʤʘ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ 

ʥʘ ʨʽʚʥʽ ʢʦʨʝʥʝʚʦʛʦ ʩʝʨʚʝʨʘ - ʩʢʣʘʜʘʶʪʴ ʢʦʤʧʣʝʢʩʥʫ ʤʦʜʝʣʴ ʤʘʩʦʚʦʛʦ 

ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ, ʷʢʘ ʭʘʨʘʢʪʝʨʠʟʫʻ ʥʝʦʜʥʦʨʽʜʥʽʩʪʴ ʎʆɼ ʪʘ ʩʝʨʚʽʩʥʽ ʧʨʦʮʝʩʠ, 

ʷʢʽ ʟʘʜʽʷʥʽ ʚ ʭʤʘʨʥʠʭ ʦʙʯʠʩʣʝʥʥʷʭ (Edge Compute). ɺʩ̔ ʧʽʜʩʠʩʪʝʤʠ 

ʚʟʘʻʤʦʜʽʶʪʴ ʤʽʞ ʩʦʙʦʶ. 
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ɼʣʷ ʝʬʝʢʪʠʚʥʦʛʦ ʨʦʟʧʦʜʽʣʫ ʥʘʚʘʥʪʘʞʝʥʥʷ, ʙʘʣʘʥʩʫʚʘʣʴʥʠʢ ʧʦʚʠʥʝʥ 

ʦʪʨʠʤʫʚʘʪʠ ʟʥʘʯʝʥʥʷ ʧʦʢʘʟʥʠʢʽʚ ʝʬʝʢʪʠʚʥʦʩʪʽ ʪʘ ʟʘʚʘʥʪʘʞʝʥʦʩʪʽ ʟ ʫʩʽʭ 

ʚʫʟʣʽʚ ʦʙʨʦʙʢʠ, ʘ ʩʘʤʝ ʢʽʣʴʢʽʩʪʴ ʟʘʚʜʘʥʴ ʚ ʯʝʨʟʽ, ὒή, ʩʝʨʝʜʥʽʡ ʯʘʩ ʦʯʽʢʫʚʘʥʥʷ 

ʟʘʚʜʘʥʥʷ ʚ ʯʝʨʟʽ, ὡή, ʽ ʢʦʝʬʽʮʽʻʥʪ ʟʘʚʘʥʪʘʞʝʥʦʩʪʽ ʚʫʟʣʘ ʦʙʨʦʙʢʠ, ”. 

ʈʦʟʛʣʷʥʝʤʦ ʙʽʣʴʰ ʜʝʪʘʣʴʥʦ ʢʦʞʥʫ ʽʟ ʧʽʜʩʠʩʪʝʤ.  

ɻʦʣʦʚʥʠʡ ʩʝʨʚʝʨ, ʬʫʥʢʮʽʶ ʷʢʦʛʦ ʚʠʢʦʥʫʻ ʙʘʣʘʥʩʫʚʘʣʴʥʠʢ 

ʥʘʚʘʥʪʘʞʝʥʥʷ ʧʨʘʮʶʻ ʷʢ ʦʩʥʦʚʥʠʡ ʚʫʟʦʣ ʨʦʟʧʦʜʽʣʫ ʥʘʚʘʥʪʘʞʝʥʥʷ  ʽ ʚʠʢʦʥʫʻ 

ʦʙʨʦʙʢʫ ʚʩʽʭ ʟʘʧʠʪʽʚ ʚʽʜ ʫʩʽʭ ʢʦʨʠʩʪʫʚʘʯʽʚ. ɹʘʣʘʥʩʫʚʘʣʴʥʠʢ ʥʘʚʘʥʪʘʞʝʥʥʷ 

ʚʠʩʪʫʧʘʻ ʪʦʯʢʦʶ ʚʭʦʜʫ ʚ ʩʠʩʪʝʤʫ ʮʝʥʪʨʘ ʦʙʨʦʙʢʠ ʜʘʥʠʭ. 

ʆʩʢʽʣʴʢʠ ʧʨʦʮʝʩ ʨʦʟʧʦʜʽʣʫ ʨʝʩʫʨʩʽʚ ʜʣʷ ʚʠʢʦʥʘʥʥʷ ʟʘʚʜʘʥʴ ʫ ʭʤʘʨʽ 

ʤʘʻ ʚʨʘʭʦʚʫʚʘʪʠ ʚʩʽ ʨʝʩʫʨʩʠ ʮʝʥʪʨʫ ʦʙʨʦʙʢʠ ʜʘʥʠʭ, ʛʦʣʦʚʥʠʡ ʩʝʨʚʝʨ 

ʨʦʟʛʣʷʜʘʻʪʴʩʷ ʷʢ ʩʠʩʪʝʤʘ ὓ/ὓ/1/Ὧ - ʩʠʩʪʝʤʘ ʤʘʩʦʚʦʛʦ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʟ 

ʦʙʤʝʞʝʥʦʶ ʧʨʦʜʫʢʪʠʚʥʽʩʪʶ Ὧ. 

ʂʦʞʝʥ ʚʫʟʦʣ ʫ ʮʝʥʪʨʽ ʦʙʨʦʙʢʠ ʜʘʥʠʭ ʧʨʘʮʶʻ ʷʢ ʦʙʩʣʫʛʦʚʫʶʯʠʡ 

ʧʨʠʩʪʨʽʡ, ʷʢʠʡ ʤʦʞʝ ʙʫʪʠ ʦʢʨʝʤʠʤ ʢʦʥʪʝʡʥʝʨʦʤ ʚ ʷʢʦʤʫ ʟʘʧʫʱʝʥʘ 

ʘʧʣʽʢʘʮʽʷ ʪʘ ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ ʷʢʦʛʦ ʻ ʨʽʚʥʦʶ ὪὭ. ʆʩʢʽʣʴʢʠ ʢʦʞʝʥ ʚʫʟʦʣ 

ʦʙʨʦʙʢʠ ʤʦʞʝ ʧʘʨʘʣʝʣʴʥʦ ʦʙʨʦʙʣʷʪʠ ʢʽʣʴʢʘ ʟʘʚʜʘʥʴ, ʚʽʥ ʨʦʟʛʣʷʜʘʻʪʴʩʷ ʷʢ 

ʩʠʩʪʝʤʘ ʤʘʩʦʚʦʛʦ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ὓ/ὓ/n. ɼʣʷ ʩʧʨʦʱʝʥʥʷ, ʢʦʨʝʥʝʚʠʡ ʩʝʨʚʝʨ 

ʪʘʢʦʞ ʨʦʟʛʣʷʜʘʻʪʴʩʷ ʷʢ ʩʠʩʪʝʤʘ ʤʘʩʦʚʦʛʦ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ὓ/ὓ/n. 

ɺʭʽʜʥʠʡ ʧʦʪʽʢ ʟʘʷʚʦʢ ʦʧʠʩʫʻʪʴʩʷ ʨʦʟʧʦʜʽʣʦʤ ʇʫʘʩʩʦʥʘ ʽʟ 

ʽʥʪʝʥʩʠʚʥʽʩʪʶ  ʥʘʜʭʦʜʞʝʥʥʷ ‗ (ʯʘʩʦʚʽ ʽʥʪʝʨʚʘʣʠ ʤʽʞ ʧʦʩʪʫʧʣʝʥʥʷʤ ʟʘʚʜʘʥʴ 

ʥʘ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʻ  ʥʝʟʘʣʝʞʥʠʤʠ). 

ʆʩʢʽʣʴʢʠ ʥʘʜʭʦʜʞʝʥʥʷ ʟʘʧʠʪʽʚ ʥʝ ʟʘʣʝʞʘʪʴ ʚʽʜ ʩʪʘʥʫ ʯʝʨʛʠ ʪʘ 

ʙʘʣʘʥʩʫʚʘʣʴʥʠʢ ʥʘʚʘʥʪʘʞʝʥʥʷ ʻ ʩʠʩʪʝʤʦʶ ʤʘʩʦʚʦʛʦ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ 

ʧʣʘʥʫʚʘʣʴʥʠʢʘ ʟ ʦʙʤʝʞʝʥʦʶ ʜʦʚʞʠʥʦʶ ʯʝʨʛʠ, ʪʦ ʟʘʚʞʜʠ ʽʩʥʫʻ ʡʤʦʚʽʨʥʽʩʪʴ 

ʙʣʦʢʫʚʘʥʥʷ ʩʠʩʪʝʤʠ ʨʦʟʧʦʜʽʣʫ ʚʭʽʜʥʠʭ ʟʘʧʠʪʽʚ, ʷʢʘ ʚʠʟʥʘʯʘʻʪʴʩʷ ʷʢ ὴὦ ʽ 

ʙʫʜʝ ʙʽʣʴʰʝ ʘʙʦ ʜʦʨʽʚʥʶʻ 0 (ὴὦ Ó 0) ʽ ‗Ó‗Ὡ  
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‗ - ʽʥʪʝʥʩʠʚʥʽʩʪʴ ʧʦʩʪʫʧʣʝʥʥʷ ʟʘʧʠʪʽʚ ʥʘ ʚʭʽʜ ʩʠʩʪʝʤʠ ʙʘʣʘʥʩʫʚʘʥʥʷ, 

‗Ὡ  - ʩʫʤʘʨʥʘ ʽʥʪʝʥʩʠʚʥʽʩʪʴ ʟʘʧʠʪʽʚ ʥʘ ʚʠʭʦʜʽ ʩʠʩʪʝʤʠ ʙʘʣʘʥʩʫʚʘʥʥʷ(Load 

Balancer). ʆʩʥʦʚʥʽ ʧʘʨʘʤʝʪʨʠ ʩʠʩʪʝʤʠ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʚʠʟʥʘʯʘʪʠʤʫʪʴʩʷ 

ʥʘʩʪʫʧʥʠʤ ʯʠʥʦʤ: 

‗ ‗ρ ”       (3.5) 

‗ ‗ὴ  1 Ὥ ὲ    ”Ὥ ρ     (3.6) 

‘       (3.7) 

”          (3.8) 

 

3.3.4. ʈʦʟʨʘʭʫʥʦʢ ʧʘʨʘʤʝʪʨʽʚ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ ʙʘʣʘʥʩʫʚʘʣʴʥʠʢʘ 

ʥʘʚʘʥʪʘʞʝʥʥʷ 

ɼʣʷ ʨʦʟʨʘʭʫʥʢʫ ʧʘʨʘʤʝʪʨʽʚ ʙʘʣʘʥʩʫʚʘʣʴʥʠʢʘ ʥʘʚʘʥʪʘʞʝʥʥʷ ʚʠʙʨʘʥʦ 

ʩʠʩʪʝʤʘ ὓ/ὓ/1/Ὧ - ʩʠʩʪʝʤʘ ʤʘʩʦʚʦʛʦ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʟ ʦʙʤʝʞʝʥʦʶ 

ʜʦʚʞʠʥʦʶ ʯʝʨʛʠ Ὧ, ʪʘ 1 ʦʙʩʣʫʛʦʚʫʶʯʠʤ ʧʨʠʩʪʨʦʻʤ. ɼʽʘʛʨʘʤʘ ʩʪʘʥʽʚ ʪʘ 

ʧʝʨʝʭʦʜʽʚ ʜʣʷ ʪʘʢʦʾ ʩʠʩʪʝʤʠ ʧʨʝʜʩʪʘʚʣʝʥʦ ʥʘ ʨʠʩ.3.5. 

 

 

ʈʠʩ.3.5. ɼʽʘʛʨʘʤʘ ʩʪʘʥʽʚ ʪʘ ʧʝʨʝʭʦʜʽʚ ʙʘʣʘʥʩʫʚʘʣʴʥʠʢʘ ʥʘʚʘʥʪʘʞʝʥʷ 

 

ʗʢʱʦ ʢʦʝʬʽʮʽʻʥʪ ʟʘʚʘʥʪʘʞʝʥʦʩʪʽ ʩʠʩʪʝʤʠ ʨʽʚʥʠʡ: 

”            (3.9) 
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ʪʘ ”  ρ , ʪʦʜʽ ʡʤʦʚʽʨʥʽʩʪʴ ʪʦʛʦ, ʱʦ ʚ ʩʠʩʪʝʤʽ ʧʝʨʝʙʫʚʘʻ  Ὥ ʟʘʜʘʯ ʙʫʜʝ 

ʚʠʟʥʘʯʘʪʠʩʴ ʥʘʩʪʫʧʥʠʤ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷʤ: 

“
ρ ”

ρ ”
 

“ ” ρȟςȟȣȟὯ    (3.10) 

ʋ ʚʠʧʘʜʢʫ, ʷʢʱʦ Ὥ > k , ʥʦʚʽ ʟʘʜʘʯʽ ʥʝ ʤʦʞʫʪʴ ʥʘʜʭʦʜʠʪʠ ʚ ʩʠʩʪʝʤʫ ʽ ʚ 

ʪʘʢʦʤʫ ʚʠʧʘʜʢʫ ʡʤʦʚʽʨʥʽʩʪʴ ʙʣʦʢʫʚʘʥʥʷ ʙʫʜʝ ʨʽʚʥʦʶ: 

ὖ “ ”     (3.11) 

ɺʨʘʭʦʚʫʶʯʠ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ 3.5 ʪʘ 3.11, ʝʬʝʢʪʠʚʥʘ ʽʥʪʝʥʩʠʚʥʽʩʪʴ 

ʦʙʨʦʙʢʠ ʥʘ ʩʝʨʚʝʨʽ ʙʘʣʘʥʩʫʚʘʥʥʷ (ʪʦʙʪʦ ʪʘ ʽʥʪʝʥʩʠʚʥʽʩʪʴ ʟʘʧʠʪʽʚ ʷʢʘ ʙʫʜʝ 

ʧʝʨʝʜʘʚʘʪʠʩʴ ʥʘ ʚʫʟʣʠ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ), ʙʫʜʝ ʚʠʟʥʘʯʘʪʠʩʴ ʷʢ: 

‗ ‗ρ ὴ ‗     (3.12) 

ʅʘʩʪʫʧʥʠʤ ʧʘʨʘʤʝʪʨʦʤ ʻ ʢʽʣʴʢʽʩʪʴ ʟʘʧʠʪʽʚ, ʷʢʽ ʟʥʘʭʦʜʷʪʴʩʷ ʚ 

ʙʘʣʘʥʩʫʚʘʣʴʥʠʢʫ ʥʘʚʘʥʪʘʞʝʥʥʷ. ʎʷ ʢʽʣʴʢʽʩʪʴ ʚʢʣʶʯʘʻ ʚ ʩʝʙʝ ʟʘʧʠʪʠ, ʷʢʽ 

ʟʥʘʭʦʜʷʪʴʩʷ ʚ ʩʘʤʦʤʫ ʙʘʣʘʥʩʫʚʘʣʴʥʦʤʫ ʧʨʠʩʪʨʦʾ ʪʘ ʚʽʜʧʨʘʚʣʷʶʪʴʩʷ ʥʘ 

ʦʙʩʣʫʛʦʚʫʶʯʽ ʚʫʟʣʠ, ʘ ʪʘʢʦʞ ʟʘʧʠʪʠ, ʷʢʽ ʟʥʘʭʦʜʷʪʴʩʷ ʚ ʯʝʨʟʽ ʥʘ 

ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ. 

ʉʫʤʘʨʥʘ ʢʽʣʴʢʽʩʪʴ ʪʘʢʠʭ ʟʘʧʠʪʽʚ ʨʘʭʫʻʪʴʩʷ ʟʘ ʬʦʨʤʫʣʦʶ: 

ὅ Ὧ“ ”“ Ὧ”  

ὅ ρ “     (3.13) 

ὅ ὅ ὅ     (3.14) 

 

ɺʨʘʭʦʚʫʶʯʠ ʬʦʨʤʫʣʫ ʃʽʪʪʣʘ ʪʘ ʚʠʨʘʟʠ 3.11 3.14 , ʯʘʩ ʚʽʜʧʦʚʽʜʽ ʤʦʞʥʘ 

ʦʪʨʠʤʘʪʠ ʟʘ ʥʘʩʪʫʧʥʠʤ ʚʠʨʘʟʦʤ: 

Ὕ   (3.15) 
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3.3.5. ʈʦʟʨʘʭʫʥʦʢ ʧʘʨʘʤʝʪʨʽʚ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ ʚʫʟʣʘ 

ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ 

ɿʛʽʜʥʦ ʨʠʩʫʥʢʫ 3.4, ʚʩʽ ʟʘʧʠʪʠ ʷʢʽ ʦʧʨʘʮʴʦʚʫʻ ʙʘʣʘʥʩʫʚʘʣʴʥʠʢ 

ʥʘʚʘʥʪʘʞʝʥʥʷ ʧʦʪʨʘʧʣʷʶʪʴ ʥʘ ʚʭʽʜ ʦʙʩʣʫʛʦʚʫʶʯʦʛʦ ʧʨʠʩʪʨʦʶ. ʗʢʱʦ ʤʦʚʘ 

ʡʜʝ ʧʨʦ ʩʪʘʥʜʘʨʪʥʠʡ ʦʨʜʠʥʘʨʥʠʡ ʮʝʥʪʨ ʦʙʨʦʙʢʠ ʜʘʥʠʭ, ʪʦ ʮʝ ʙʫʜʝ ʦʜʠʥ 

ʚʫʟʦʣ ʦʙʨʦʙʢʠ ʜʘʥʠʭ. ɺ ʧʨʝʜʩʪʘʚʣʝʥʽʡ ʢʦʤʧʣʝʢʩʥʽʡ ʤʦʜʝʣʽ, ʬʽʟʠʯʥʦ ʮʝ 

ʪʘʢʦʞ ʙʫʜʝ ʦʜʠʥ ʩʝʨʚʝʨ, ʦʜʥʘ ʥʘ ʩʘʤʦʤʫ ʩʝʨʚʝʨʽ ʙʫʜʝ ʧʨʘʮʶʚʘʪʠ ʢʽʣʴʢʘ 

ʤʽʢʨʦ ʩʝʨʚʽʩʽʚ ʫ ʚʠʛʣʷʜʽ ʜʦʢʝʨ ʢʦʥʪʝʡʥʝʨʽʚ. ʊʘʢʫ ʩʠʩʪʝʤʫ ʤʦʞʥʘ ʦʧʠʩʘʪʠ ʫ 

ʚʠʛʣʷʜʽ ʩʠʩʪʝʤʠ ʤʘʩʦʚʦʛʦ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ M/M/C. ɺʨʘʭʦʚʫʶʯʠ ʜʽʘʛʨʘʤʫ 

ʩʪʘʥʽʚ ʪʘ ʧʝʨʝʭʦʜʽʚ, ʡʤʦʚʽʨʥʽʩʪʴ ʪʦʛʦ, ʱʦ ʥʘ ʦʙʩʣʫʛʦʚʫʚʘʥʥʽ  ʟʥʘʭʦʜʠʪʴ 0 

ʟʘʜʘʯ ʙʫʜʝ ʚʠʟʥʘʯʘʻʪʴʩʷ ʥʘʩʪʫʧʥʠʤ ʚʠʨʘʟʦʤ: 

“ȟ В
Ȧ Ȧ

Ͻ    (3.16) 

ʁʤʦʚʽʨʥʽʩʪʴ ʪʦʛʦ, ʱʦ ʟʘʧʠʪʠ, ʷʢʽ ʧʨʠʭʦʜʷʪʴ ʚʽʜ ʙʘʣʘʥʩʫʚʘʣʴʥʠʢʘ 

ʥʘʚʘʥʪʘʞʝʥʥʷ ʥʘ ʦʙʩʣʫʛʦʚʫʶʯʽ ʧʨʠʩʪʨʦʾ ʙʫʜʫʪʴ ʦʙʨʦʙʣʝʥʽ ʚʽʜʨʘʟʫ: 

ή ρ В “ȟ ρ В
Ȧ
” “ȟ

ȟ
 

 (3.17) 

ʂʽʣʴʢʽʩʪʴ ʟʘʜʘʯ, ʷʢʽ ʟʥʘʭʦʜʷʪʴʩʷ ʚ ʦʙʩʣʫʛʦʚʫʶʯʦʤʫ ʧʨʠʩʪʨʦʾ 

ὅ ͺ ὅͺ ὅ ͺ “ȟ Ͻ Ȧ
”   

 (3.18) 

ɺʨʘʭʦʚʫʶʯʠ ʬʦʨʤʫʣʫ ʃʽʪʪʣʘ  ʪʘ ʚʠʨʘʟʠ 3.18 , ʯʘʩ ʚʽʜʧʦʚʽʜʽ ʤʦʞʥʘ 

ʦʪʨʠʤʘʪʠ ʟʘ ʥʘʩʪʫʧʥʠʤ ʚʠʨʘʟʦʤ: 

Ὕ ͺ ρ “ȟ Ͻ˞ Ȧ
   (3.19) 

ʑʦ ʩʪʦʩʫʻʪʴʩʷ ʢʦʨʝʥʝʚʦʛʦ ʩʝʨʚʝʨʘ, ʪʦ ʤʦʞʣʠʚʽ ʜʚʘ ʚʘʨʽʘʥʪʠ 

ʧʝʨʝʥʘʧʨʘʚʣʝʥʥʷ ʟʘʧʠʪʽʚ ʥʘ ʦʙʨʦʙʢʫ ʥʘ ʮʝʡ ʧʨʠʩʪʨʽʡ. ɺ ʧʝʨʰʦʤʫ ʚʘʨʽʘʥʪʽ, 

ʚʩʽ ʟʘʧʠʪʠ ʚʽʜ ʚʫʟʣʽʚ ʦʙʨʦʙʢʠ ʚ ʪʦʯʮʽ ʧʨʠʩʫʪʥʦʩʪʽ ʙʫʜʫʪʴ ʧʝʨʝʥʘʧʨʘʚʣʷʪʠʩʴ 
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ʥʘ ʢʦʨʝʥʝʚʠʡ ʩʝʨʚʝʨ. ʅʘʩʪʫʧʥʠʡ ʚʠʧʘʜʦʢ, ʯʘʩʪʠʥʘ ʟʘʧʠʪʽʚ ʙʫʜʝ ʦʙʩʣʫʞʝʥʘ 

ʥʘ ʛʨʘʥʠʯʥʠʭ ʩʝʨʚʝʨʘʭ, ʘ ʯʘʩʪʠʥʘ ʥʘʧʨʘʚʣʝʥʘ ʥʘ ʢʦʨʝʥʝʚʠʡ. ɯʥʪʝʥʩʠʚʥʽʩʪʴ 

ʥʘʜʭʦʜʞʝʥʥʷ ʟʘʧʠʪʽʚ, ʷʢʘ ʙʫʜʝ ʧʝʨʝʥʘʧʨʘʚʣʷʪʠʩʴ ʥʘ ʢʦʨʝʥʝʚʠʡ ʩʝʨʚʝʨ ʙʫʜʝ 

ʚʠʟʥʘʯʘʪʠʩʴ ʢʦʝʬʽʮʽʻʥʪʦʤ ʝʬʝʢʪʠʚʥʦʩʪʽ ʢʝʰʫʚʘʥʥʷ. 

%  ȟ       (3.20) 

%  - ʝʬʝʢʪʠʚʥʽʩʪʴ ʢʝʰʫʚʘʥʥʷ, 

.  - ʢʽʣʴʢʽʩʪʴ ʟʘʧʠʪʽʚ, ʚʽʜʧʦʚʽʜʽ ʥʘ ʷʢʽ ʙʫʣʠ ʩʬʦʨʤʦʚʘʥʽ ʥʘ ʛʨʘʥʠʯʥʦʤʫ 

ʩʝʨʚʝʨʽ (ʙʝʟ ʟʚʝʨʥʝʥʥʷ ʜʦ ʢʦʨʝʥʝʚʦʛʦ ʩʝʨʚʝʨʘ), 

.  - ʟʘʛʘʣʴʥʘ ʢʽʣʴʢʽʩʪʴ ʦʪʨʠʤʘʥʠʭ ʟʘʧʠʪʽʚ.  

ɺʽʜʧʦʚʽʜʥʦ, ʚʠʢʦʨʠʩʪʘʚʰʠ ʚʠʨʘʟʠ 3.12 ʪʘ 3.20, ʚʠʟʥʘʯʠʤʦ: 

‗ ‗ ρ % ‗ρ ὴ ρ % ‗ ρ %    (3.21) 

ɺʨʘʭʦʚʫʶʯʠ ʬʦʨʤʫʣʫ ʃʽʪʪʣʘ  ʪʘ ʚʠʨʘʟʠ 3.18 ʪʘ 3.21, ʯʘʩ ʚʽʜʧʦʚʽʜʽ ʚʽʜ 

ʢʦʨʝʥʝʚʦʛʦ ʩʝʨʚʝʨʘ ʤʦʞʥʘ ʦʪʨʠʤʘʪʠ ʟʘ ʥʘʩʪʫʧʥʠʤ ʚʠʨʘʟʦʤ: 

Ὕ ͺ  
ȟϽ

Ȧ

 
                         (3.22) 

ʉʫʤʘʨʥʝ ʟʥʘʯʝʥʥʷ ʯʘʩʫ ʟʘʪʨʠʤʢʠ ʜʣʷ ʢʣʽʻʥʪʘ ʙʫʜʝ ʚʠʟʥʘʯʘʪʠʩʴ 

ʟʥʘʯʝʥʥʷʤ ʯʘʩʫ ʟʘʪʨʠʤʢʠ ʥʘ ʨʽʚʥʽ ʙʘʣʘʥʩʫʚʘʣʴʥʠʢʘ ʪʘ ʯʘʩʦʤ ʟʘʪʨʠʤʢʠ ʥʘ 

ʨʽʚʥʽ ʚʫʟʣʘ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ.  

Ὕ  Ὕ Ὕ  Ὕ            (3.23) 

 

3.4. ʈʝʟʫʣʴʪʘʪʠ ʤʘʪʝʤʘʪʠʯʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ 

ɼʣʷ ʧʝʨʝʚʽʨʢʠ ʜʦʩʪʦʚʽʨʥʦʩʪʽ ʨʝʟʫʣʴʪʘʪʽʚ ʤʘʪʝʤʘʪʠʯʥʦʛʦ 

ʤʦʜʝʣʶʚʘʥʥʷ, ʚʭʽʜʥʽ ʜʘʥʽ, ʘ ʩʘʤʝ ʽʥʪʝʥʩʠʚʥʽʩʪʴ ʧʦʩʪʫʧʣʝʥʥʷ ʟʘʷʚʦʢ ʥʘ ʚʭʽʜ 

ʩʠʩʪʝʤʠ ‗ ʟʤʽʥʶʚʘʣʦʩʴ ʚ ʜʽʘʧʘʟʦʥʽ ʚʽʜ 1000 ʜʦ 2200 ʟʘʧʠʪʽʚ ʚ ʩʝʢʫʥʜʫ. 

ɺʠʢʦʨʠʩʪʦʚʫʚʘʣʠʩʴ ʮʽ ʩʘʤʽ ʜʽʘʧʘʟʦʥʠ ʟʥʘʯʝʥʴ, ʱʦ ʽ ʚ ʽʤʽʪʘʮʽʡʥʦ-ʧʨʦʛʨʘʤʥʽʡ 

ʤʦʜʝʣʽ, ʷʢʘ ʦʧʠʩʫʻ ʨʦʙʦʪʠ ʩʠʩʪʝʤʠ ʦʙʨʦʙʢʠ ʜʘʥʠʭ ʚ ʪʦʯʮʽ ʧʨʠʩʫʪʥʦʩʪʽ CDN 
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ʤʝʨʝʞʽ. ɼʣʷ ʛʝʥʝʨʘʮʽʾ ʟʘʧʠʪʽʚ ʙʫʣʦ ʚʠʢʦʨʠʩʪʘʥʦ ʧʨʦʛʨʘʤʥʠʡ ʢʦʤʧʣʝʢʩ 

MATLAB, ʷʢʠʡ ʛʝʥʝʨʫʚʘʚ ʟʘʧʠʪʠ ʚ ʤʝʞʘʭ ʟʘʜʘʥʦʛʦ ʜʽʘʧʘʟʦʥʫ. 

 

3.4.1. ɺʠʟʥʘʯʝʥʥʷ ʚʭʽʜʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʤʦʜʝʣʽ 

ɼʣʷ ʧʝʨʝʚʽʨʢʠ ʜʦʩʪʦʚʽʨʥʦʩʪʽ ʨʝʟʫʣʴʪʘʪʽʚ ʤʘʪʝʤʘʪʠʯʥʦʛʦ 

ʤʦʜʝʣʶʚʘʥʥʷ, ʚʭʽʜʥʽ ʜʘʥʽ, ʘ ʩʘʤʝ ʽʥʪʝʥʩʠʚʥʽʩʪʴ ʧʦʩʪʫʧʣʝʥʥʷ ʟʘʷʚʦʢ ʥʘ ʚʭʽʜ 

ʩʠʩʪʝʤʠ ‗ ʟʤʽʥʶʚʘʣʦʩʴ ʚ ʜʽʘʧʘʟʦʥʽ ʚʽʜ 1000 ʜʦ 2200 ʟʘʧʠʪʽʚ ʚ ʩʝʢʫʥʜʫ. 

ɺʠʢʦʨʠʩʪʦʚʫʚʘʣʠʩʴ ʮʽ ʩʘʤʽ ʜʽʘʧʘʟʦʥʠ ʟʥʘʯʝʥʴ, ʱʦ ʽ ʚ ʽʤʽʪʘʮʽʡʥʦ-ʧʨʦʛʨʘʤʥʽʡ 

ʤʦʜʝʣʽ, ʷʢʘ ʦʧʠʩʫʻ ʨʦʙʦʪʠ ʩʠʩʪʝʤʠ ʦʙʨʦʙʢʠ ʜʘʥʠʭ ʚ ʪʦʯʮʽ ʧʨʠʩʫʪʥʦʩʪʽ CDN 

ʤʝʨʝʞʽ. ɼʣʷ ʛʝʥʝʨʘʮʽʾ ʟʘʧʠʪʽʚ ʙʫʣʦ ʚʠʢʦʨʠʩʪʘʥʦ ʧʨʦʛʨʘʤʥʠʡ ʢʦʤʧʣʝʢʩ 

MATLAB, ʷʢʠʡ ʛʝʥʝʨʫʚʘʚ ʟʘʧʠʪʠ ʚ ʤʝʞʘʭ ʟʘʜʘʥʦʛʦ ʜʽʘʧʘʟʦʥʫ. 

ɯʥʪʝʥʩʠʚʥʽʩʪʴ ʦʙʨʦʙʢʠ ʟʘʧʠʪʽʚ, ʷʢʘ ʚʠʟʥʘʯʘʻʪʴʩʷ ʧʨʦʜʫʢʪʠʚʥʽʩʪʶ 

ʚʫʟʣʘ ʦʙʨʦʙʢʠ ʙʫʣʘ ʟʘʜʘʥʘ 2000 ʟʘʧʠʪʽʚ/ʩʝʢʫʥʜʫ. ɯʥʪʝʥʩʠʚʥʽʩʪʴ 

ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʚʠʟʥʘʯʘʻʪʴʩʷ ʚʠʭʦʜʷʯʠ ʽʟ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ ʨʦʙʦʪʠ ʦʜʥʦʛʦ 

ʢʦʥʪʝʡʥʝʨʘ, ʥʘ ʷʢʦʤʫ ʧʨʦʚʦʜʠʣʦʩʴ ʧʨʦʛʨʘʤʥʝ ʤʦʜʝʣʶʚʘʥʥʷ. ʄʘʢʩʠʤʘʣʴʥʦ 

ʤʦʞʣʠʚʝ ʯʠʩʣʦ ʟʘʧʠʪʽʚ ʷʢʽ ʤʽʛ ʦʧʨʘʮʶʚʘʪʠ ʩʝʨʚʽʩ, ʱʦ ʙʫʚ ʟʘʧʫʱʝʥʠʡ ʚ 

ʢʦʥʪʝʡʥʝʨʽ ʙʝʟ ʚʪʨʘʪ, ʩʪʘʥʦʚʠʪʴ 2000 ʟʘʧʠʪʽʚ. ɯʥʪʝʨʚʘʣʠ ʯʘʩʫ ʤʽʞ 

ʥʘʜʭʦʜʞʝʥʥʷʤʠ ʟʘʧʠʪʽʚ ʙʫʣʠ ʥʝʟʘʣʝʞʥʠʤ ʽ ʚʽʜʧʦʚʽʜʘʶʪʴ 

ʝʢʩʧʦʥʝʥʮʽʘʣʴʥʦʤʫ ʟʘʢʦʥʫ ʨʦʟʧʦʜʽʣʫ ʟ ʯʘʩʪʦʪʦʶ ʥʘʜʭʦʜʞʝʥʥʷ ‗ (ʢʽʣʴʢʽʩʪʴ 

ʟʘʧʠʪʽʚ ʟʘ ʩʝʢʫʥʜʫ). ʈʦʟʨʦʙʣʝʥʘ ʤʦʜʝʣʴ ʧʝʨʝʜʙʘʯʘʻ ʚʠʢʦʨʠʩʪʘʥʥʷ ʚʘʛʦʚʠʭ 

ʢʦʝʬʽʮʽʻʥʪʽʚ, ʷʢʽ ʚʠʟʥʘʯʘʪʠʤʫʪʴ ʡʤʦʚʽʨʥʽʩʪʴ ʪʦʛʦ, ʱʦ ʯʠʩʣʦ ʟʘʧʠʪʽʚ, ʱʦ 

ʙʫʜʫʪʴ ʥʘʜʭʦʜʠʪʠ ʥʘ ʚʫʟʣʠ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʙʫʜʝ ʟʘʣʝʞʘʪʠ ʚʽʜ 

ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ ʦʙʩʣʫʛʦʚʫʶʯʦʛʦ ʚʫʟʣʘ. ɿʥʘʯʝʥʥʷ ʚʘʛʦʚʦʛʦ ʢʦʝʬʽʮʽʻʥʪʘ ʙʫʜʝ 

ʚʠʟʥʘʯʘʪʠʩʴ ʥʘʩʪʫʧʥʠʤ ʚʠʨʘʟʦʤ 

ὖ В     (3.24) 

i - ʮʝ ʢ-ʩʪʴ ʚʫʟʣʽʚ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ. 

ɿ ʪʦʯʢʠ ʟʦʨʫ ʤʽʢʨʦʩʝʨʚʽʩʥʦʾ ʘʨʭʽʪʝʢʪʫʨʠ, ʚʩʽ ʚʫʟʣʠ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ 

ʤʘʶʪʴ ʦʜʥʘʢʦʚʫ ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ (ʢʦʥʪʝʡʥʝʨʠ ʦʜʥʘʢʦʚʦʛʦ ʨʦʟʤʽʨʫ), 
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ʟʤʽʥʶʻʪʴʩʷ ʣʠʰʝ ʾʭ ʢʽʣʴʢʽʩʪʴ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʥʘʚʘʥʪʘʞʝʥʥʷ ʥʘ ʩʠʩʪʝʤʫ. 

ʊʦʤʫ ʚ ʥʘʰʦʤʫ ʚʠʧʘʜʢʫ, ʚʘʛʦʚʽ ʢʦʝʬʽʮʽʻʥʪʠ ʙʫʜʫʪʴ ʦʜʥʘʢʦʚʠʤʠ ʜʣʷ ʚʩʽʭ 

ʦʙʩʣʫʛʦʚʫʶʯʠʭ ʧʨʠʩʪʨʦʾʚ.  

ɼʦʚʞʠʥʘ ʯʝʨʛʠ ʙʘʣʘʥʩʫʚʘʣʴʥʠʢʘ ʥʘʚʘʥʪʘʞʝʥʥʷ ʙʫʣʘ ʚʠʟʥʘʯʝʥʘ ʷʢ 

10% ʚʽʜ ʩʝʨʝʜʥʴʦʾ ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʧʦʩʪʫʧʣʝʥʥʷ ʟʘʧʠʪʽʚ ʥʘ ʚʭʽʜ ʩʠʩʪʝʤʠ 

ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ.  

ʑʦ ʩʪʦʩʫʻʪʴʩʷ ʚʫʟʣʽʚ ʦʙʨʦʙʢʠ, ʪʦ ʚʘʨʪʦ ʟʘʟʥʘʯʠʪʠ, ʱʦ ʚʫʟʣʦʤ ʨʦʙʦʪʠ 

ʟ ʪʦʯʢʠ ʟʦʨʫ ʤʽʢʨʦʩʝʨʚʽʩʥʦʾ ʘʨʭʽʪʝʢʪʫʨʠ ʚʚʘʞʘʻʪʴʩʷ ʢʦʥʪʝʡʥʝʨ ʚ ʷʢʦʤʫ 

ʧʨʘʮʶʻ ʧʝʚʥʠʡ ʩʝʨʚʽʩ. ʆʩʦʙʣʠʚʽʩʪʶ ʨʦʙʦʪʠ ʻ ʪʘʢʦʞ ʪʦʡ ʬʘʢʪ, ʱʦ 

ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ ʚʩʽʭ ʢʦʥʪʝʡʥʝʨʽʚ ʻ ʦʜʥʘʢʦʚʦʶ, ʘ ʜʣʷ ʥʘʨʦʱʝʥʥʷ 

ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ ʧʨʦʩʪʦ ʟʙʽʣʴʰʫʻʪʴʩʷ ʢʽʣʴʢʽʩʪʴ ʢʦʥʪʝʡʥʝʨʽʚ. ʎʝ ʜʘʻ ʟʤʦʛʫ 

ʝʬʝʢʪʠʚʥʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʨʝʩʫʨʩʠ ʦʙʩʣʫʛʦʚʫʶʯʠʭ ʧʨʠʩʪʨʦʾʚ. 

 

3.4.2. ɻʨʘʬʽʯʥʝ ʧʨʝʜʩʪʘʚʣʝʥʥʷ ʨʝʟʫʣʴʪʘʪʽʚ ʤʘʪʝʤʘʪʠʯʥʦʛʦ 

ʤʦʜʝʣʶʚʘʥʥʷ 

ʉʠʩʪʝʤʘ ʦʙʨʦʙʢʠ ʟʘʧʠʪʽʚ, ʷʢʘ ʩʢʣʘʜʘʻʪʴʩʷ ʽʟ ʜʚʦʭ ʧʽʜʩʠʩʪʝʤ ʪʘ 

ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʥʘʷʚʥʽʩʪʶ ʯʝʨʛʠ, ʚ ʷʢʽʡ ʟʙʝʨʽʛʘʪʠʤʫʪʴʩʷ ʟʘʧʠʪʠ ʷʢʽ ʥʝ 

ʤʦʞʫʪʴ ʧʦʪʨʘʧʠʪʠ ʥʘ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʚʽʜʨʘʟʫ ʧʽʩʣʷ ʥʘʜʭʦʜʞʝʥʥʷ, ʯʘʩʪʠʥʫ 

ʟʘʧʠʪʽʚ ʤʦʞʝ ʦʙʩʣʫʛʦʚʫʚʘʪʠ ʚʽʜʨʘʟʫ, ʯʘʩʪʠʥʘ ʙʫʜʝ ʟʙʝʨʽʛʘʪʠʩʴ ʫ ʯʝʨʟʽ ʪʘ 

ʯʘʩʪʠʥʘ ʙʫʜʝ ʙʣʦʢʫʚʘʪʠʩʴ, ʪʦʙʪʦ ʚʪʨʘʯʘʪʠʩʴ.  

ɿʘʣʝʞʥʽʩʪʴ ʡʤʦʚʽʨʥʦʩʪʽ ʦʙʨʦʙʢʠ ʟʘʧʠʪʽʚ ʚʫʟʣʦʤ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ 

ʚʽʜʨʘʟʫ ʧʽʩʣʷ ʥʘʜʭʦʜʞʝʥʥʷ ʚʽʜ ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʧʦʩʪʫʧʣʝʥʥʷ ʟʘʧʠʪʽʚ. 

ʅʘ ʨʠʩʫʥʢʫ 3.6. ʧʨʝʜʩʪʘʚʣʝʥʦ ʛʨʘʬʽʯʥʽ ʟʘʣʝʞʥʦʩʪʽ ʡʤʦʚʽʨʥʦʩʪʽ ʙʫʪʠ 

ʦʙʩʣʫʞʝʥʠʤ ʚʽʜʨʘʟʫ ʧʽʩʣʷ ʥʘʜʭʦʜʞʝʥʥʷ ʚ ʩʠʩʪʝʤʫ  ʚʽʜ ʽʥʪʝʥʩʠʚʥʦʩʪʽ 

ʧʦʩʪʫʧʣʝʥʥʷ ʟʘʷʚʦʢ. ʅʘ ʛʨʘʬʽʢʫ ʧʨʝʜʩʪʘʚʣʝʥʦ ʨʝʟʫʣʴʪʘʪʠ 3-ʭ ʚʘʨʽʘʥʪʽʚ 

ʦʨʛʘʥʽʟʘʮʽʾ ʚʫʟʣʽʚ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ. ɺ ʧʝʨʰʦʤʫ ʚʠʧʘʜʢʫ, 1Core_2Gops  ʚ 

ʩʭʝʤʽ ʚʫʟʣʽʚ ʦʙʨʦʙʢʠ ʙʫʚ ʧʨʠʩʫʪʥʽʡ ʦʜʠʥ ʚʫʟʦʣ, ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ ʷʢʦʛʦ 

ʩʪʘʥʦʚʠʪʴ 2000 ʟʘʧʠʪʽʚ / ʩʝʢʫʥʜʫ. 1Core - ʨʽʚʥʦʮʽʥʥʦ ʦʜʥʦʤʫ ʢʦʥʪʝʡʥʝʨʫ ʚ 

ʷʢʦʤʫ ʧʨʘʮʶʻ ʩʝʨʚʽʩ, ʷʢʠʡ ʟʘʧʠʪʫʻ ʢʽʥʮʝʚʠʡ ʢʦʨʠʩʪʫʚʘʯ. ʅʘʩʪʫʧʥʠʡ ʚʘʨʽʘʥʪ 
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- 2Core_1Gops - ʜʚʘ ʚʫʟʣʠ ʦʙʨʦʙʢʠ ʟʘʧʠʪʽʚ (ʜʚʘ ʢʦʥʪʝʡʥʝʨʠ), 

ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ ʷʢʠʭ 1000 ʟʘʧʠʪʽʚ / ʩʝʢʫʥʜʫ. ɺʘʛʦʚʠʡ ʢʦʝʬʽʮʽʻʥʪ ʜʣʷ 

ʢʦʞʥʦʛʦ ʚʫʟʣʘ ʙʫʚ ʨʽʚʥʠʡ 0.5, ʦʩʢʽʣʴʢʠ ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ ʚʫʟʣʽʚ ʻ ʦʜʥʘʢʦʚʦʶ. 

ʆʩʪʘʥʥʽʡ ʚʘʨʽʘʥʪ - 4Core_0.5Gops - ʯʦʪʠʨʠ ʚʫʟʣʠ ʦʙʨʦʙʢʠ ʟʘʧʠʪʽʚ (ʜʦʢʝʨ 

ʢʦʥʪʝʡʥʝʨʠ), ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ ʦʙʨʦʙʢʠ ʟʘʧʠʪʽʚ ʷʢʠʭ ʩʪʘʥʦʚʠʪʴ 500 ʟʘʧʠʪʽʚ / 

ʩʝʢʫʥʜʫ. ɺʘʛʦʚʠʡ ʢʦʝʬʽʮʽʻʥʪ ʨʽʚʥʠʡ 0.25, ʱʦ ʦʟʥʘʯʘʻ ʱʦ ʟʘʧʠʪʠ ʨʽʚʥʦʤʽʨʥʦ 

ʨʦʟʧʦʜʽʣʷʶʪʴʩʷ ʤʽʞ ʫʩʽʤʘ ʚʫʟʣʘʤʠ ʦʙʨʦʙʢʠ. ɺʘʨʪʦ ʟʘʟʥʘʯʠʪʠ, ʱʦ 

ʭʘʨʘʢʪʝʨʥʦʶ ʦʟʥʘʢʦʶ ʜʣʷ ʚʩʽʭ ʪʨʴʦʭ ʚʠʧʘʜʢʽʚ ʻ ʪʝ, ʱʦ ʧʨʠ ʥʘʙʣʠʞʝʥʥʽ 

ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʥʘʜʭʦʜʞʝʥʥʷ ʟʘʧʠʪʽʚ ʥʘ ʚʫʟʦʣ ʙʘʣʘʥʩʫʚʘʥʥʷ ʜʦ ʛʨʘʥʠʯʥʦʛʦ 

ʟʥʘʯʝʥʥʷ, ʪʦʙʪʦ ʢʦʝʬʽʮʽʻʥʪ ʟʘʚʘʥʪʘʞʝʥʦʩʪʽ ʚʫʟʣʽʚ ʩʪʘʻ ʙʣʠʟʴʢʠʤ ʜʦ 1, 

ʽʤʦʚʽʨʥʽʩʪʴ ʪʦʛʦ, ʱʦ ʟʘʧʠʪ ʙʫʜʝ ʦʙʩʣʫʞʝʥʠʡ ʚʽʜʨʘʟʫ ʨʽʟʢʦ ʟʥʠʞʫʻʪʴʩʷ ʪʘ 

ʧʨʷʤʫʻ ʜʦ 0. ʎʝ ʦʯʽʢʫʚʘʥʠʡ ʨʝʟʫʣʴʪʘʪ, ʦʩʢʽʣʴʢʠ ʦʙʩʣʫʛʦʚʫʶʯʠʡ ʧʨʠʩʪʨʽʡ 

ʧʨʘʮʶʻ ʥʘ ʤʘʢʩʠʤʘʣʴʥʽʡ ʧʦʪʫʞʥʦʩʪʽ ʽ ʩʘʤʝ ʚ ʮʽ ʤʦʤʝʥʪʠ ʯʘʩʫ ʨʽʟʢʦ 

ʟʨʦʩʪʘʪʠʤʝ ʡʤʦʚʽʨʥʽʩʪʴ ʙʣʦʢʫʚʘʥʥʷ ʟʘʧʠʪʽʚ. 

 

ʈʠʩ.3.6 ɿʘʣʝʞʥʽʩʪʴ ʡʤʦʚʽʨʥʦʩʪʽ ʙʫʪʠ ʦʙʩʣʫʞʝʥʠʤ ʚʽʜʨʘʟʫ ʧʽʩʣʷ 

ʥʘʜʭʦʜʞʝʥʥʷ ʚ ʩʠʩʪʝʤʫ ʚʽʜ ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʧʦʩʪʫʧʣʝʥʥʷ ʟʘʷʚʦʢ 

 

ʑʦ ʩʪʦʩʫʻʪʴʩʷ ʨʝʞʠʤʽʚ ʨʦʙʦʪʠ ʥʘ ʥʠʟʴʢʽʡ ʪʘ ʩʝʨʝʜʥʽʡ ʟʘʚʘʥʪʘʞʝʥʦʩʪʽ, 

ʪʦ ʮʽʢʘʚʠʤ ʻ ʪʦʡ ʬʘʢʪ, ʱʦ ʧʨʠ ʙʽʣʴʰʽʡ ʢʽʣʴʢʦʩʪʽ ʚʫʟʣʽʚ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ 

ʟʥʘʯʝʥʥʷ ʡʤʦʚʽʨʥʦʩʪʽ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʟʘʧʠʪʽʚ ʚʽʜʨʘʟʫ ʧʽʩʣʷ ʥʘʜʭʦʜʞʝʥʥʷ ʻ 
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ʚʠʱʠʤ, ʥʘʚʽʪʴ ʧʨʠ ʪʦʤʫ, ʱʦ ʩʫʤʘʨʥʘ ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ ʚʩʽʭ ʚʫʟʣʽʚ 

ʟʘʣʠʰʘʻʪʴʩʷ ʙʝʟ ʟʤʽʥ. ʎʝ ʤʦʞʥʘ ʧʦʷʩʥʠʪʠ ʪʠʤ, ʱʦ ʧʨʠ ʩʝʨʝʜʥʽʡ ʪʘ ʥʠʟʴʢʽʡ 

ʟʘʚʘʥʪʘʞʝʥʦʩʪʽ ʚʫʟʣʠ ʦʙʨʦʙʢʠ ʜʘʥʠʭ ʧʨʘʮʶʶʪʴ ʢʨʘʱʝ, ʘ ʪʘʢʦʞ ʦʙʨʦʙʢʘ 

ʟʘʧʠʪʽʚ ʚʽʜʙʫʚʘʪʠʤʝʪʴʩʷ ʰʚʠʜʰʝ.  

ɿʘʣʝʞʥʽʩʪʴ ʢʽʣʴʢʦʩʪʽ ʟʘʧʠʪʽʚ ʚ ʯʝʨʟʽ ʥʘ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʚʽʜ 

ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʧʦʩʪʫʧʣʝʥʥʷ ʟʘʧʠʪʽʚ. 

ʅʘʩʪʫʧʥʠʤ ʧʘʨʘʤʝʪʨʦʤ, ʷʢʠʡ ʭʘʨʘʢʪʝʨʠʟʫʻ ʩʠʩʪʝʤʫ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ 

ʟʘʧʠʪʽʚ ʢʦʨʠʩʪʫʚʘʯʽʚ ʻ ʜʦʚʞʠʥʘ ʯʝʨʛʠ ʥʘ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ. ɼʦʩʣʽʜʞʝʥʥʷ 

ʪʘʢʦʞ ʙʫʣʦ ʧʨʦʚʝʜʝʥʦ ʜʣʷ ʪʨʴʦʭ ʚʘʨʽʘʥʪʽʚ ʨʦʙʦʪʠ ʩʠʩʪʝʤʠ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ 

ʟʘʷʚʦʢ. ʈʝʟʫʣʴʪʘʪʠ ʧʨʝʜʩʪʘʚʣʝʥʦ ʥʘ ʨʠʩ. 3.7 - 3.8. ʅʘ ʨʠʩʫʥʢʫ 3.8 

ʧʨʝʜʩʪʘʚʣʝʥʦ ʟʥʘʯʝʥʥʷ ʜʦʚʞʠʥʠ ʯʝʨʛʠ ʥʘ ʥʝʚʝʣʠʢʽʡ ʟʘʚʘʥʪʘʞʝʥʦʩʪʽ ʚʫʟʣʽʚ 

ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ. ʗʢ ʙʘʯʠʤʦ, ʧʨʠ ʟʨʦʩʪʘʥʥʽ ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʥʘʜʭʦʜʞʝʥʥʷ 

ʟʘʷʚʦʢ, ʜʦʚʞʠʥʘ ʯʝʨʛʠ ʟʙʽʣʴʰʫʻʪʴʩʷ, ʪʘ ʧʦʯʠʥʘʻ ʨʽʟʢʦ ʟʨʦʩʪʘʪʠ ʧʨʠ 

ʥʘʙʣʠʞʝʥʥʽ ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʧʦʩʪʫʧʣʝʥʥʷ ʜʦ ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ 

ʟʘʧʠʪʽʚ.  

 

ʈʠʩ.3.7 ɿʘʣʝʞʥʽʩʪʴ ʜʦʚʞʠʥʠ ʯʝʨʛʠ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʚʽʜ ʽʥʪʝʥʩʠʚʥʦʩʪʽ 

ʧʦʩʪʫʧʣʝʥʥʷ ʟʘʷʚʦʢ 
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ʈʠʩ.3.8 ɿʘʣʝʞʥʽʩʪʴ ʜʦʚʞʠʥʠ ʯʝʨʛʠ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʚʽʜ ʽʥʪʝʥʩʠʚʥʦʩʪʽ 

ʧʦʩʪʫʧʣʝʥʥʷ ʟʘʷʚʦʢ ʧʨʠ ʩʝʨʝʜʥʽʭ ʟʥʘʯʝʥʥʷʭ ʟʘʚʘʥʪʘʞʝʥʦʩʪʽ ʚʫʟʣʽʚ 

 

ʗʢ ʙʘʯʠʤʦ ʥʘ ʨʠʩʫʥʢʫ 3.8. ʟʥʘʯʝʥʥʷ ʜʦʚʞʠʥʠ ʯʝʨʛʠ ʜʝʱʦ 

ʚʽʜʨʽʟʥʷʻʪʴʩʷ ʜʣʷ ʪʨʴʦʭ ʚʘʨʽʘʥʪʽʚ ʜʦʩʣʽʜʞʝʥʴ, ʘ ʩʘʤʝ ʜʣʷ ʩʠʩʪʝʤʠ ʚ ʷʢʽʡ ʻ 

ʢʽʣʴʢʘ ʚʫʟʣʽʚ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʩʫʤʘʨʥʘ ʜʦʚʞʠʥʘ ʯʝʨʛʠ ʙʫʜʝ ʜʝʱʦ ʤʝʥʰʦʶ, ʚ 

ʧʦʨʽʚʥʷʥʥʽ ʽʟ ʩʠʩʪʝʤʦʶ ʚ ʷʢʽʡ ʻ ʦʜʠʥ ʚʫʟʦʣ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ. ɺʘʨʪʦ 

ʟʘʟʥʘʯʠʪʠ, ʱʦ ʩʫʤʘʨʥʘ ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ ʩʠʩʪʝʤʠ ʧʨʠ ʮʴʦʤʫ ʟʘʣʠʰʘʻʪʴʩʷ ʙʝʟ 

ʟʤʽʥ. 

ɿʘʣʝʞʥʽʩʪʴ ʯʘʩʫ ʚʽʜʧʦʚʽʜʽ ʚʽʜ ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʧʦʩʪʫʧʣʝʥʥʷ ʟʘʧʠʪʽʚ. 

ʑʝ ʦʜʠʥ ʚʘʞʣʠʚʠʡ ʧʘʨʘʤʝʪʨ ʷʢʠʡ ʭʘʨʘʢʪʝʨʠʟʫʻ ʷʢʽʩʥʽ ʧʦʢʘʟʥʠʢʠ 

ʨʦʙʦʪʠ ʩʠʩʪʝʤʠ ʚ ʮʽʣʦʤʫ ʻ ʯʘʩ ʟʘʪʨʠʤʢʠ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ. ɺʨʘʭʦʚʫʶʯʠ 

ʦʩʦʙʣʠʚʽʩʪʴ ʟʘʧʨʦʧʦʥʦʚʘʥʦʾ ʩʠʩʪʝʤʠ, ʮʝʡ ʯʘʩ ʩʢʣʘʜʘʪʠʤʝʪʴʩʷ ʽʟ ʥʘʩʪʫʧʥʠʭ 

ʩʢʣʘʜʦʚʠʭ.  

ü ʯʘʩ ʦʯʽʢʫʚʘʥʥʷ ʚ ʯʝʨʟʽ ʙʘʣʘʥʩʫʚʘʣʴʥʠʢʘ ʥʘʚʘʥʪʘʞʝʥʥʷ; 

ü ʯʘʩ ʦʙʨʦʙʢʠ ʟʘʧʠʪʫ ʙʘʣʘʥʩʫʚʘʣʴʥʠʢ ʣʦʤ ʥʘʚʘʥʪʘʞʝʥʥʷ; 

ü ʯʘʩ ʧʝʨʝʙʫʚʘʥʥʷ ʚ ʯʝʨʟʽ ʚʫʟʣʘ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ; 

ü ʯʘʩ ʦʙʨʦʙʢʠ ʟʘʧʠʪʫ ʚʫʟʣʦʤ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʪʘ ʬʦʨʤʫʚʘʥʥʷ 

ʚʽʜʧʦʚʽʜʽ ʢʣʽʻʥʪʫ. 
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ʈʝʟʫʣʴʪʘʪʠ ʟʘʣʝʞʥʦʩʪʽ ʯʘʩʫ ʚʽʜʧʦʚʽʜʽ ʚʽʜ ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʥʘʜʭʦʜʞʝʥʥʷ 

ʟʘʧʠʪʽʚ ʧʨʝʜʩʪʘʚʣʝʥʦ ʥʘ ʨʠʩ.3.9 - 3.10. 

  

ʈʠʩ.3.9 ɿʘʣʝʞʥʽʩʪʴ ʯʘʩʫ ʚʽʜʧʦʚʽʜʽ ʚʽʜ ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʧʦʩʪʫʧʣʝʥʥʷ 

ʟʘʷʚʦʢ 

 

ʈʦʟʨʘʭʫʥʦʢ ʯʘʩʫ ʟʘʪʨʠʤʢʠ ʧʨʦʚʦʜʠʚʩʷ ʜʣʷ 4-ʭ ʚʘʨʽʘʥʪʽʚ ʨʦʙʦʪʠ 

ʧʽʜʩʠʩʪʝʤʠ ʚʫʟʣʽʚ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ. ɺʘʨʽʘʥʪ 1 - 1 ʚʫʟʦʣ ʦʙʨʦʙʢʠ ʜʘʥʠʭ 

ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ ʷʢʦʛʦ ʩʪʘʥʦʚʠʪʴ 2000 ʟʘʧʠʪʽʚ / ʩʝʢʫʥʜʫ, ʚʘʨʽʘʥʪ 2 - 2 ʚʫʟʣʠ 

ʦʙʨʦʙʢʠ ʜʘʥʠʭ ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ ʷʢʠʭ ʩʪʘʥʦʚʠʪʴ 1000 ʟʘʧʠʪʽʚ / ʩʝʢʫʥʜʫ 

ʢʦʞʥʦʛʦ, ʚʘʨʽʘʥʪ 3 - 4 ʚʫʟʣʠ ʦʙʨʦʙʢʠ ʜʘʥʠʭ ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ ʷʢʠʭ ʩʪʘʥʦʚʠʪʴ 

500 ʟʘʧʠʪʽʚ / ʩʝʢʫʥʜʫ ʢʦʞʥʦʛʦ, ʪʘ ʦʩʪʘʥʥʽʡ ʚʘʨʽʘʥʪ - 2 ʚʫʟʣʠ ʦʙʨʦʙʢʠ ʜʘʥʠʭ 

ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ ʷʢʠʭ ʩʪʘʥʦʚʠʪʴ 2000 ʟʘʧʠʪʽʚ / ʩʝʢʫʥʜʫ ʢʦʞʥʦʛʦ. 
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ʈʠʩ.3.10 ɿʘʣʝʞʥʽʩʪʴ ʯʘʩʫ ʚʽʜʧʦʚʽʜʽ ʚʽʜ ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʧʦʩʪʫʧʣʝʥʥʷ 

ʟʘ̫ʚʦʢ(ʚ ʣʦʛʘʨʠʬʤʽʯʥʦʤʫ ʤʘʩʰʪʘʙʽ) 

 

ɼʣʷ ʧʝʨʰʠʭ ʪʨʴʦʭ ʚʘʨʽʘʥʪʽʚ ʦʨʛʘʥʽʟʘʮʽʾ ʧʽʜʩʠʩʪʝʤʠ ʨʦʙʦʪʠ ʚʫʟʣʽʚ 

ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ, ʙʘʯʠʤʦ, ʱʦ ʯʘʩ ʚʽʜʧʦʚʽʜʽ ʨʽʟʢʦ ʟʨʦʩʪʘʻ ʚ ʤʦʤʝʥʪ ʢʦʣʠ 

ʟʘʚʘʥʪʘʞʝʥʽʩʪʴ ʚʫʟʣʽʚ ʦʙʨʦʙʢʠ ʩʷʛʘʻ > 95% ʪʘ ʩʪʘʻ ʧʨʘʢʪʠʯʥʦ ʦʜʥʘʢʦʚʠʤ. 

ʆʜʥʘʢ ʧʨʠ ʟʘʚʘʥʪʘʞʝʥʦʩʪʽ ʚʫʟʣʽʚ ʚ ʤʝʞʘʭ ʜʦ 75%, ʤʦʞʥʘ ʧʦʙʘʯʠʪʠ, ʱʦ 

ʩʠʩʪʝʤʘ ʽʟ ʙʽʣʴʰʦʶ ʢʽʣʴʢʦʩʪʽ ʚʫʟʣʽʚ ʦʙʨʦʙʢʠ ʧʦʢʘʟʫʻ ʢʨʘʱʽ ʨʝʟʫʣʴʪʘʪʠ ʚ 

ʧʣʘʥʽ ʯʘʩʫ ʚʽʜʧʦʚʽʜʽ. ʎʝ ʩʚʽʜʯʠʪʴ ʧʨʦ ʪʝ, ʱʦ ʩʝʨʝʜʥʴʦ ʟʘʚʘʥʪʘʞʝʥʽ ʚʫʟʣʠ 

ʦʙʨʦʙʢʠ ʜʘʥʠʭ ʧʨʘʮʶʶʪʴ ʩʪʘʙʽʣʴʥʽʰʝ ʪʘ ʧʦʢʘʟʫʶʪʴ ʢʨʘʱʽ ʨʝʟʫʣʴʪʘʪʠ. 

ʊʘʢʦʞ ʷʢ ʙʘʯʠʤʦ ʽʟ ʨʝʟʫʣʴʪʘʪʽʚ ʨʦʙʦʪʠ ʚʘʨʽʘʥʪʫ 4 ʯʘʩ ʟʘʪʨʠʤʢʠ ʧʨʠ 

ʜʦʩʷʛʥʝʥʥʽ ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʟʥʘʯʝʥʥʷ 2200 

ʟʘʧʠʪʽʚ / ʩʝʢʫʥʜʫ ʚʩʝ ʱʝ ʟʘʣʠʰʘʻʪʴʩʷ ʜʦʩʠʪʴ ʥʠʟʴʢʠʤ ʫ ʧʦʨʽʚʥʷʥʥʽ ʽʟ 

ʽʥʰʠʤʠ ʚʘʨʽʘʥʪʘʤʠ. ʎʝ ʤʦʞʥʘ ʧʦʷʩʥʠʪʠ ʪʠʤ, ʱʦ ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ ʩʠʩʪʝʤʠ 

ʷʢʘ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʘʩʴ ʚ 4-ʤʫ ʚʘʨʽʘʥʪʽ ʙʫʣʘ ʟʙʽʣʴʰʝʥʘ ʚ 2 ʨʘʟʠ, ʪʦʤʫ ʧʨʠ 

ʤʘʢʩʠʤʘʣʴʥʦʤʫ ʟʥʘʯʝʥʥʽ ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʥʘʜʭʦʜʞʝʥʥʷ ʟʘʧʠʪʽʚ, ʩʠʩʪʝʤʘ ʚʩʝ 

ʱʝ ʧʨʘʮʶʻ ʚ ʨʝʞʠʤʽ ʥʠʟʴʢʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ. 

ɿʘʣʝʞʥʽʩʪʴ ʯʘʩʫ ʚʽʜʧʦʚʽʜʽ ʚʽʜ ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʧʦʩʪʫʧʣʝʥʥʷ ʟʘʧʠʪʽʚ 

ʧʨʠ ʨʽʟʥʠʭ ʟʥʘʯʝʥʥʷʭ ʢʦʝʬʽʮʽʻʥʪʘ ʝʬʝʢʪʠʚʥʦʩʪʽ ʢʝʰʫʚʘʥʥʷ. 
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ʅʝ ʤʝʥʰ ʚʘʞʣʠʚʠʤ ʧʘʨʘʤʝʪʨʦʤ,  ʷʢʠʡ ʭʘʨʘʢʪʝʨʠʟʫʻ ʷʢʽʩʥʽ ʧʦʢʘʟʥʠʢʠ 

ʨʦʙʦʪʠ ʩʠʩʪʝʤʠ ʚ ʮʽʣʦʤʫ ʻ ʯʘʩ ʟʘʪʨʠʤʢʠ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʥʘ ʢʦʨʝʥʝʚʦʤʫ 

ʩʝʨʚʝʨʽ. ɺʨʘʭʦʚʫʶʯʠ ʦʩʦʙʣʠʚʽʩʪʴ ʟʘʧʨʦʧʦʥʦʚʘʥʦʾ ʩʠʩʪʝʤʠ, ʮʝʡ ʯʘʩ ʙʫʜʝ 

ʟʘʣʝʞʘʪʠ ʚʽʜ ʢʦʝʬʽʮʽʻʥʪʘ ʝʬʝʢʪʠʚʥʦʩʪʽ ʢʝʰʫʚʘʥʥʷ ʜʘʥʠʭ ʥʘ ʛʨʘʥʠʯʥʠʭ 

ʩʝʨʚʝʨʘʭ. ʏʠʤ ʤʝʥʰʠʤ ʙʫʜʝ ʟʥʘʯʝʥʥʷ ʢʦʝʬʽʮʽʻʥʪʘ ʝʬʝʢʪʠʚʥʦʩʪʽ ʢʝʰʫʚʘʥʥʷ 

ʜʘʥʠʭ ʥʘ, ʪʠʤ ʙʽʣʴʰʝ ʟʘʧʠʪʽʚ ʙʫʜʝ ʧʝʨʝʥʘʧʨʘʚʣʝʥʦ ʜʦ ʢʦʨʝʥʝʚʦʛʦ ʩʝʨʚʝʨʘ, 

ʚʽʜʧʦʚʽʜʥʦ ʪʠʤ ʙʽʣʴʰʠʤ ʙʫʜʝ ʟʥʘʯʝʥʥʷ ʯʘʩʫ ʚʽʜʧʦʚʽʜʽ ʩʠʩʪʝʤʠ ʚʮʽʣʦʤʫ. ɺ 

ʧʨʦʮʝʩʽ ʤʘʪʝʤʘʪʠʯʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ʙʫʣʦ ʚʠʙʨʘʥʦ ʪʨʠ ʟʥʘʯʝʥʥʷ 

ʢʦʝʬʽʮʽʻʥʪʘ ʝʬʝʢʪʠʚʥʦʩʪʽ ʢʝʰʫʚʘʥʥʷ, ʘ ʩʘʤʝ:  

- 0 - ʢʝʰʫʚʘʥʥʷ ʚʽʜʩʫʪʥʻ, ʚ ʪʘʢʦʤʫ ʚʘʨʽʘʥʪʽ ʚʩʽ ʟʘʧʠʪʠ 

ʧʝʨʝʥʘʧʨʘʚʣʷʶʪʴʩʷ ʥʘ ʢʦʨʝʥʝʚʠʡ ʩʝʨʚʝʨ. 

- 0.6 (60%) - ʝʬʝʢʪʠʚʥʽʩʪʴ ʢʝʰʫʚʘʥʥʷ, ʷʢʫ ʟʘʙʝʟʧʝʯʫʶʪʴ ʽʩʥʫʶʯʽ 

ʤʝʪʦʜʠ ʙʘʣʘʥʩʫʚʘʥʥʷ ʪʘ ʦʙʨʦʙʢʠ ʜʘʥʠʭ ʚ ʛʨʘʥʠʯʥʠʭ ʣʦʢʘʮʽʷʭ ʤʝʨʝʞ 

ʜʦʩʪʘʚʢʠ. 

- 0.9 (90%) - ʝʬʝʢʪʠʚʥʽʩʪʴ ʢʝʰʫʚʘʥʥʷ, ʷʢʫ ʟʘʙʝʟʧʝʯʫʻ ʟʘʧʨʦʧʦʥʦʚʘʥʠʡ 

ʚ ʨʦʙʦʪʽ ʤʝʪʦʜ ʨʦʟʧʦʜʽʣʝʥʦʾ ʦʙʨʦʙʢʠ ʨʝʩʫʨʩʦʟʘʪʨʘʪʥʠʭ ʟʘʧʠʪʽʚ ʪʘ 

ʽʥʪʝʛʨʘʣʴʥʠʡ ʢʣʶʯ ʢʝʰʫʚʘʥʥʷ ʥʘ ʨʽʚʥʽ ʙʘʣʘʥʩʫʚʘʣʴʥʠʢʘ ʥʘʚʘʥʪʘʞʝʥʥʷ. 

ʈʝʟʫʣʴʪʘʪʠ ʟʘʣʝʞʥʦʩʪʽ ʯʘʩʫ ʚʽʜʧʦʚʽʜʽ ʚʽʜ ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʥʘʜʭʦʜʞʝʥʥʷ 

ʟʘʧʠʪʽʚ ʧʨʝʜʩʪʘʚʣʝʥʦ ʥʘ ʨʠʩ.3.11. 

 

ʈʠʩ.3.11. ɿʘʣʝʞʥʽʩʪʴ ʯʘʩʫ ʚʽʜʧʦʚʽʜʽ ʚʽʜ ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʧʦʩʪʫʧʣʝʥʥʷ 

ʟʘʷʚʦʢ ʧʨʠ ʨʽʟʥʠʭ ʟʥʘʯʝʥʥʷʭ ʢʦʝʬʽʮʽʻʥʪʘ ʝʬʝʢʪʠʚʥʦʩʪʽ ʢʝʰʫʚʘʥʥʷ 
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ʈʝʟʫʣʴʪʘʪʠ, ʧʨʝʜʩʪʘʚʣʝʥʽ ʥʘ ʨʠʩʫʥʢʫ 3.11, ʧʦʢʘʟʫʶʪʴ, ʱʦ ʧʨʠ 

ʚʽʜʩʫʪʥʦʩʪʽ ʢʝʰʫʚʘʥʥʷ ʜʘʥʠʭ(ʢʦʝʬʽʮʽʻʥʪ ʝʬʝʢʪʠʚʥʦʩʪʽ ʢʝʰʫʚʘʥʥʷ E_cache = 

0), ʯʘʩ ʚʽʜʧʦʚʽʜʽ ʧʦʯʠʥʘʻ ʩʫʪʪʻʚʦ ʟʨʦʩʪʘʪʠ ʧʨʠ ʟʙʽʣʴʰʝʥʥʽ ʥʘʚʘʥʪʘʞʝʥʥʷ. ʎʝ 

ʧʦʚôʷʟʘʥʦ ʟ ʪʠʤ, ʱʦ ʚʩʽ ʟʘʧʠʪʠ ʧʦʚʠʥʥʽ ʙʫʪʠ ʦʙʨʦʙʣʝʥʽ ʚʩʽʤʘ ʩʠʩʪʝʤʘʤʠ 

(ʙʘʣʘʥʩʫʚʘʣʴʥʠʢ ʥʘʚʘʥʪʘʞʝʥʥʷ, ʚʫʟʦʣ ʦʙʨʦʙʢʠ ʚ ʛʨʘʥʠʯʥʽʡ ʣʦʢʘʮʽʾ CDN 

ʤʝʨʝʞʽ ʪʘ ʢʦʨʝʥʝʚʠʡ ʩʝʨʚʝʨ). ʇʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ ʢʝʰʫʚʘʥʥʷ ʜʘʥʠʭ, ʯʘʩ 

ʚʽʜʧʦʚʽʜʽ ʩʫʪʪʻʚʦ ʟʤʝʥʰʫʻʪʴʩʷ ʽʟ ʟʙʽʣʴʰʝʥʥʷʤ ʢʦʝʬʽʮʽʻʥʪʘ ʝʬʝʢʪʠʚʥʦʩʪʽ 

ʢʝʰʫʚʘʥʥʷ. ʇʨʠ ʟʥʘʯʝʥʥʽ E_cache = 0,9, ʥʘʚʽʪʴ ʧʨʠ ʩʫʪʪʻʚʦʤʫ ʟʨʦʩʪʘʥʥʽ 

ʥʘʚʘʥʪʘʞʝʥʥʷ, ʯʘʩ ʚʽʜʧʦʚʽʜʽ ʟʘʣʠʰʘʻʪʴʩʷ ʚ ʤʝʞʘʭ 180 - 200ʤʩ.  

ʈʝʟʫʣʴʪʘʪʠ ʤʘʪʝʤʘʪʠʯʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ, ʧʽʜʪʚʝʨʜʞʫʶʪʴ 

ʝʬʝʢʪʠʚʥʽʩʪʴ ʟʘʩʪʦʩʫʚʘʥʥʷ ʟʘʧʨʦʧʦʥʦʚʘʥʠʭ ʚ ʨʦʙʦʪʽ ʤʝʪʦʜʽʚ ʨʦʟʧʦʜʽʣʝʥʦʾ 

ʦʙʨʦʙʢʠ ʨʝʩʫʨʩʦʟʘʪʨʘʪʥʠʭ ʟʘʧʠʪʽʚ, ʪʘ ʙʘʣʘʥʩʫʚʘʥʥʷ ʥʘʚʘʥʪʘʞʝʥʥʷ ʽʟ 

ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʽʥʪʝʛʨʘʣʴʥʦʛʦ ʢʣʶʯʘ ʢʝʰʫʚʘʥʥʷ ʪʘ ʜʘʥʠʭ ʘʥʘʣʽʪʠʢʠ. 

 

3.5. ɺʠʩʥʦʚʦʢ ʜʦ ʨʦʟʜʽʣʫ 3 

ʇʨʝʜʩʪʘʚʣʝʥʦ ʢʦʤʧʣʝʢʩʥʫ ʤʦʜʝʣʴ ʤʘʩʦʚʦʛʦ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʟ ʪʨʴʦʤʘ 

ʦʙôʻʜʥʘʥʠʤʠ ʩʠʩʪʝʤʘʤʠ ʤʘʩʦʚʦʛʦ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʜʣʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ʧʨʦʮʝʩʫ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʟʘʧʠʪʽʚ ʫ ʭʤʘʨʥʠʭ ʩʝʨʚʽʩʘʭ ʽʟ ʜʠʥʘʤʽʯʥʠʤ 

ʚʠʜʽʣʝʥʥʷʤ ʨʝʩʫʨʩʽʚ. ɼʠʥʘʤʽʯʥʝ ʚʠʜʽʣʝʥʥʷ ʨʝʩʫʨʩʽʚ ʧʨʝʜʩʪʘʚʣʷʻ ʩʦʙʦʶ 

ʤʝʭʘʥʽʟʤ, ʷʢʠʡ ʜʘʻ ʤʦʞʣʠʚʽʩʪʴ ʩʪʚʦʨʶʚʘʪʠ ʥʦʚʽ ʽʥʩʪʘʥʩʠ ʜʣʷ ʦʙʨʦʙʢʠ ʜʘʥʠʭ 

ʣʠʰʝ ʟʘ ʥʝʦʙʭʽʜʥʦʩʪʽ, ʪʦʙʪʦ ʧʨʠ ʫʤʦʚʽ, ʱʦ ʽʩʥʫʶʯʽ ʥʝ ʚʩʪʠʛʘʶʪʴ ʦʙʨʦʙʣʷʪʠ 

ʚʩʽ ʟʘʧʠʪʠ, ʱʦ ʥʘʜʭʦʜʷʪʴ ʚ ʩʠʩʪʝʤʫ, ʘʙʦ ʷʢʽʩʪʴ ʧʦʩʣʫʛ, ʷʢʽ ʟʘʙʝʟʧʝʯʫʶʪʴ 

ʽʩʥʫʶʯʽ, ʩʪʘʻ ʥʝʜʦʧʫʩʪʠʤʦʶ ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʭʦʨʦʰʦʛʦ ʩʝʨʚʽʩʫ ʷʢʠʡ 

ʦʪʨʠʤʫʻ ʢʽʥʮʝʚʠʡ ʢʦʨʠʩʪʫʚʘʯ. ʊʨʠ ʩʠʩʪʝʤʠ ʤʘʩʦʚʦʛʦ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ 

ʩʢʣʘʜʘʶʪʴ ʩʢʣʘʜʥʫ ʤʦʜʝʣʴ ʷʢʘ ʭʘʨʘʢʪʝʨʠʟʫʻ ʥʝʦʜʥʦʨʽʜʥʽʩʪʴ ʎʆɼ ʪʘ ʩʝʨʚʽʩʥʽ 

ʧʨʦʮʝʩʠ, ʷʢʽ ʟʘʜʽʷʥʽ ʚ ʭʤʘʨʥʠʭ ʦʙʯʠʩʣʝʥʥʷʭ (Edge Compute). ʇʝʨʰʘ - ʮʝ 

ʨʽʚʝʥʴ ʚʭʦʜʫ ʚ ʪʦʯʢʫ ʧʨʠʩʫʪʥʦʩʪʽ ʩʝʨʚʽʩʫ ʚ ʍʤʘʨʽ, ʜʨʫʛʘ - ʚʠʢʦʥʘʥʥʷ 

ʦʙʨʦʙʢʠ ʜʘʥʠʭ ʥʘ ʧʨʠʢʣʘʜʽ ʩʠʩʪʝʤʠ ʤʘʩʦʚʦʛʦ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʥʘ ʨʽʚʥʽ ʚʫʟʣʘ 

ʦʙʨʦʙʢʠ ʟʘʧʠʪʽʚ, ʷʢʠʡ ʻ ʥʘʡʙʣʠʞʯʝ ʜʦ ʢʦʨʠʩʪʫʚʘʯʘ ʪʘ ʤʘʻ ʜʣʷ ʮʴʦʛʦ ʥʘʷʚʥʽ 
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ʨʝʩʫʨʩʠ, ʪʨʝʪʷ ï ʚʠʢʦʥʘʥʥʷ ʦʙʨʦʙʢʠ ʜʘʥʠʭ ʥʘ ʢʦʨʝʥʝʚʦʤʫ ʩʝʨʚʝʨʽ. ɺ ʷʢʦʩʪʽ 

ʤʘʪʝʤʘʪʠʯʥʦʾ ʤʦʜʝʣʽ ʧʝʨʰʦʾ ʧʽʜʩʠʩʪʝʤʠ, ʘ ʩʘʤʝ ʙʘʣʘʥʩʫʚʘʣʴʥʠʢʘ 

ʥʘʚʘʥʪʘʞʝʥʥʷ, ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʩʠʩʪʝʤʫ ʤʘʩʦʚʦʛʦ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʢʣʘʩʫ 

ὓ/ὓ/1/Ὧ - ʩʠʩʪʝʤʘ ʤʘʩʦʚʦʛʦ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʟ ʦʙʤʝʞʝʥʦʶ ʜʦʚʞʠʥʦʶ ʯʝʨʛʠ 

Ὧ, ʪʘ 1 ʦʙʩʣʫʛʦʚʫʶʯʠʤ ʧʨʠʩʪʨʦʻʤ. ʆʩʢʽʣʴʢʠ ʢʦʞʥʝ ʚʫʟʦʣ ʦʙʨʦʙʢʠ ʤʦʞʝ 

ʧʘʨʘʣʝʣʴʥʦ ʦʙʨʦʙʣʷʪʠ ʢʽʣʴʢʘ ʟʘʚʜʘʥʴ, ʚʽʥ ʨʦʟʛʣʷʜʘʻʪʴʩʷ ʷʢ ʩʠʩʪʝʤʘ 

ʤʘʩʦʚʦʛʦ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ὓ/ὓ/n. ɺʭʽʜʥʠʡ ʧʦʪʽʢ ʟʘʷʚʦʢ ʦʧʠʩʫʻʪʴʩʷ 

ʨʦʟʧʦʜʽʣʦʤ ʇʫʘʩʩʦʥʘ ʽʟ ʽʥʪʝʥʩʠʚʥʽʩʪʶ ʥʘʜʭʦʜʞʝʥʥʷ ‗ (ʯʘʩʦʚʽ ʽʥʪʝʨʚʘʣʠ ʤʽʞ 

ʧʦʩʪʫʧʣʝʥʥʷʤ ʟʘʚʜʘʥʴ ʥʘ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʻ ʥʝʟʘʣʝʞʥʠʤʠ). 

ʅʘ ʦʩʥʦʚʽ ʤʘʪʝʤʘʪʠʯʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ʧʨʦʚʝʜʝʥʦ ʦʮʽʥʢʫ ʧʘʨʘʤʝʪʨʽʚ 

ʷʢʦʩʪʽ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ, ʘ ʩʘʤʝ ʡʤʦʚʽʨʥʦʩʪʽ ʤʠʪʪʻʚʦʛʦ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ,  

ʜʦʚʞʠʥʠ ʯʝʨʛʠ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʪʘ ʯʘʩʫ ʚʽʜʧʦʚʽʜʽ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ 

ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʥʘʜʭʦʜʞʝʥʥʷ ʟʘʧʠʪʽʚ ʪʘ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ ʚʫʟʣʽʚ 

ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ.  

ɺ ʨʝʟʫʣʴʪʘʪʽ ʤʦʜʝʣʶʚʘʥʥʷ ʦʪʨʠʤʘʥʦ ʛʨʘʬʽʯʥʽ ʟʘʣʝʞʥʦʩʪʽ, ʷʢʽ 

ʧʦʢʘʟʫʶʪʴ, ʱʦ ʩʠʩʪʝʤʠ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʜʘʥʠʭ ʧʨʘʮʶʶʪʴ ʜʦʩʠʪʴ ʜʦʙʨʝ ʧʨʠ 

ʩʝʨʝʜʥʽʭ ʥʘʚʘʥʪʘʞʝʥʥʷʭ ʚʫʟʣʽʚ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ. ʇʨʠ ʧʽʢʦʚʠʭ 

ʥʘʚʘʥʪʘʞʝʥʥʷʭ, ʝʬʝʢʪʠʚʥʽʩʪʴ ʨʦʙʦʪʠ ʩʠʩʪʝʤʠ ʨʽʟʢʦ ʟʥʠʞʫʻʪʴʩʷ. ɹʫʣʦ 

ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʩʠʩʪʝʤʘ ʷʢʘ ʩʢʣʘʜʘʻʪʴʩʷ ʽʟ ʙʽʣʴʰʦʾ ʢʽʣʴʢʦʩʪʽ ʤʝʥʰ 

ʧʨʦʜʫʢʪʠʚʥʠʭ ʚʫʟʣʽʚ ʦʙʨʦʙʢʠ ʜʘʥʠʭ, ʙʫʜʝ ʧʨʘʮʶʚʘʪʠ ʢʨʘʱʝ, ʥʽʞ ʩʠʩʪʝʤʘ 

ʷʢʘ ʩʢʣʘʜʘʻʪʴʩʷ ʽʟ ʦʜʥʦʛʦ ʚʫʟʣʘ ʙʽʣʴʰʦʾ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ ʟʘ ʫʤʦʚʠ, ʱʦ 

ʦʩʦʙʣʠʚʽʩʪʴ ʪʨʘʬʽʢʫ ʥʝ ʚʠʤʘʛʘʻ ʩʢʣʘʜʥʠʭ ʦʙʯʠʩʣʝʥʴ ʪʘ ʚʝʣʠʢʠʭ ʟʘʪʨʘʪ 

ʧʨʦʮʝʩʦʨʥʦʛʦ ʯʘʩʫ. ʊʘʢʦʞ ʟ ʪʦʯʢʠ ʟʦʨʫ ʥʘʜʽʡʥʦʩʪʽ ʪʘ ʚʽʜʤʦʚʦʩʪʽʡʢʦʩʪʽ ʪʘʢʘ 

ʩʠʩʪʝʤʘ ʙʫʜʝ ʙʽʣʴʰ ʩʪʘʙʽʣʴʥʘ ʪʘ ʜʦʚʛʦʚʽʯʥʘ, ʦʩʢʽʣʴʢʠ ʚʠʢʦʨʠʩʪʘʥʥʷ ʚʫʟʣʽʚ 

ʦʙʨʦʙʢʠ ʧʨʠ ʨʦʙʦʪʽ ʥʘ ʤʘʢʩʠʤʘʣʴʥʽʡ ʧʦʪʫʞʥʦʩʪʽ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʰʚʠʜʢʦʛʦ 

ʟʥʦʰʫʚʘʥʥʷ ʨʝʩʫʨʩʽʚ. ʑʦ ʩʪʦʩʫʻʪʴʩʷ ʤʽʢʨʦʩʝʨʚʽʩʥʦʾ ʘʨʭʽʪʝʢʪʫʨʠ, ʟʘʚʞʜʠ 

ʝʬʝʢʪʠʚʥʽʰʠʤ ʻ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʙʽʣʴʰʫ ʢʽʣʴʢʽʩʪʴ ʤʘʣʝʥʴʢʠʭ ʟʘ 

ʧʨʦʜʫʢʪʠʚʥʽʩʪʶ ʚʫʟʣʽʚ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ, ʪʘ ʚ ʙʫʜʴ ʷʢʠʡ ʯʘʩ ʤʘʪʠ ʟʤʦʛʫ 

ʟʜʽʡʩʥʠʪʠ ʰʚʠʜʢʝ ʤʘʩʰʪʘʙʫʚʘʥʥʷ. 
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ʈʝʟʫʣʴʪʘʪʠ ʤʘʪʝʤʘʪʠʯʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ʧʽʜʪʚʝʨʜʞʫʶʪʴ ʝʬʝʢʪʠʚʥʽʩʪʴ 

ʟʘʩʪʦʩʫʚʘʥʥʷ ʟʘʧʨʦʧʦʥʦʚʘʥʠʭ ʚ ʨʦʙʦʪʽ ʤʝʪʦʜʽʚ ʨʦʟʧʦʜʽʣʝʥʦʾ ʦʙʨʦʙʢʠ 

ʟʘʧʠʪʽʚ, ʱʦ ʧʦʪʨʝʙʫʶʪʴ ʟʥʘʯʥʠʭ ʦʙʯʠʩʣʶʚʘʣʴʥʠʭ ʨʝʩʫʨʩʽʚ ʪʘ ʙʘʣʘʥʩʫʚʘʥʥʷ 

ʥʘʚʘʥʪʘʞʝʥʥʷ ʽʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ  ʽʥʪʝʛʨʘʣʴʥʦʛʦ ʢʣʶʯʘ ʢʝʰʫʚʘʥʥʷ ʪʘ ʜʘʥʠʭ 

ʘʥʘʣʽʪʠʢʠ. 
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ʈʆɿɼɯʃ 4. ʈɽɸʃɯɿɸʎɯʗ ʄɽʊʆɼʋ ɸɼɸʇʊʀɺʅʆɻʆ 

ʈʆɿɻʆʈʊɸʅʅʗ ʄɯʂʈʆʉɽʈɺɯʉʋ ɺ ʊʆʏʎɯ ʇʈʀʉʋʊʅʆʉʊɯ CDN 

ʄɽʈɽɾɯ 

 

ɿʨʦʩʪʘʶʯʘ ʢʦʥʢʫʨʝʥʮʽʷ ʤʽʞ ʧʦʩʪʘʯʘʣʴʥʠʢʘʤʠ ʧʦʩʣʫʛ, ʷʢʽ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ CDN ʤʝʨʝʞʽ ʜʣʷ ʜʦʩʪʘʚʢʠ ʜʘʥʠʭ, ʤʦʪʠʚʫʻ ʚʜʦʩʢʦʥʘʣʝʥʥʷ 

ʪʝʭʥʦʣʦʛʽʡ ʦʧʪʠʤʽʟʘʮʽʾ ʪʨʘʬʽʢʫ, ʨʦʟʰʠʨʝʥʥʷ ʬʫʥʢʮʽʦʥʘʣʴʥʠʭ ʤʦʞʣʠʚʦʩʪʝʡ 

ʧʣʘʪʬʦʨʤ ʪʘ ʟʥʠʞʝʥʥʷ ʟʘʪʨʠʤʦʢ ʫ ʧʝʨʝʜʘʯʽ ʜʘʥʠʭ. ɺʦʜʥʦʯʘʩ ʢʣʶʯʦʚʠʤʠ 

ʚʠʢʣʠʢʘʤʠ ʟʘʣʠʰʘʶʪʴʩʷ ʫʧʨʘʚʣʽʥʥʷ ʤʘʩʰʪʘʙʦʚʘʥʽʩʪʶ, ʙʝʟʧʝʢʦʶ ʜʘʥʠʭ ʪʘ 

ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʽʩʪʶ ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ, ʦʩʦʙʣʠʚʦ ʚ ʫʤʦʚʘʭ ʛʣʦʙʘʣʴʥʦʛʦ 

ʨʦʟʰʠʨʝʥʥʷ IoT-ʝʢʦʩʠʩʪʝʤ. ɼʦʩʪʫʧʥʽʩʪʴ ʩʝʨʚʽʩʽʚ ʽ ʟʘʙʝʟʧʝʯʝʥʥʷ 

ʛʘʨʘʥʪʦʚʘʥʦʾ ʷʢʦʩʪʽ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ (QoS) ʟʘʣʠʰʘʶʪʴʩʷ ʢʣʶʯʦʚʠʤʠ 

ʚʠʤʦʛʘʤʠ ʩʫʯʘʩʥʦʾ ʮʠʬʨʦʚʦʾ ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ. ʇʨʦʪʝ ʚ ʫʤʦʚʘʭ ʩʪʨʽʤʢʦʛʦ 

ʨʦʟʚʠʪʢʫ ʪʝʭʥʦʣʦʛʽʡ ʽ ʟʨʦʩʪʘʥʥʷ ʚʠʤʦʛ ʢʦʨʠʩʪʫʚʘʯʽʚ ʩʪʘʥʜʘʨʪʥʠʭ ʧʽʜʭʦʜʽʚ, 

ʪʘʢʠʭ ʷʢ ʢʝʰʫʚʘʥʥʷ ʜʘʥʠʭ, ʚʞʝ ʥʝʜʦʩʪʘʪʥʴʦ ʜʣʷ ʫʪʨʠʤʘʥʥʷ ʾʭʥʴʦʾ ʫʚʘʛʠ. 

ʇʦʩʪʘʯʘʣʴʥʠʢʘʤ ʧʦʩʣʫʛ ʥʝʦʙʭʽʜʥʦ ʟʦʩʝʨʝʜʠʪʠʩʷ ʥʘ ʚʧʨʦʚʘʜʞʝʥʥʽ 

ʽʥʥʦʚʘʮʽʡʥʠʭ ʨʽʰʝʥʴ, ʪʘʢʠʭ ʷʢ ʧʝʨʩʦʥʘʣʽʟʦʚʘʥʽ ʩʝʨʚʽʩʠ, ʘʜʘʧʪʠʚʥʝ 

ʫʧʨʘʚʣʽʥʥʷ ʪʨʘʬʽʢʦʤ, ʽʥʪʝʛʨʘʮʽʷ ʟ ʪʝʭʥʦʣʦʛʽʷʤʠ ʰʪʫʯʥʦʛʦ ʽʥʪʝʣʝʢʪʫ (AI) ʪʘ 

ʤʘʰʠʥʥʦʛʦ ʥʘʚʯʘʥʥʷ (ML), ʘ ʪʘʢʦʞ ʨʦʟʰʠʨʝʥʥʷ ʬʫʥʢʮʽʦʥʘʣʴʥʦʩʪʽ 

ʧʣʘʪʬʦʨʤ ʟʘ ʨʘʭʫʥʦʢ ʘʥʘʣʽʪʠʯʥʠʭ ʽʥʩʪʨʫʤʝʥʪʽʚ.  

 

4.1. ʂʦʥʮʝʧʮʽʷ ʚʠʢʦʨʠʩʪʘʥʥʷ ʪʝʭʥʦʣʦʛʽʾ ʨʦʟʧʦʜʽʣʝʥʠʭ ʛʨʘʥʠʯʥʠʭ 

ʦʙʯʠʩʣʝʥʴ 

ʋ ʟʚʠʯʘʡʥʠʭ ʢʦʨʧʦʨʘʪʠʚʥʠʭ ʤʝʨʝʞʘʭ ʜʘʥʽ ʚʠʥʠʢʘʶʪʴ ʘʙʦ 

ʛʝʥʝʨʫʶʪʴʩʷ ʥʘ ʢʣʽʻʥʪʩʴʢʠʭ ʧʨʠʩʪʨʦʷʭ, ʪʘʢʠʭ ʷʢ ʢʦʤʧ'ʶʪʝʨ ʢʦʨʠʩʪʫʚʘʯʘ, 

ʤʦʙʽʣʴʥʠʡ ʧʨʠʩʪʨʽʡ ʘʙʦ ʙʫʜʴ-ʷʢʠʡ ʧʨʠʩʪʨʽʡ ɯʥʪʝʨʥʝʪʫ ʨʝʯʝʡ. ʎʽ ʜʘʥʽ ʚ 

ʧʦʜʘʣʴʰʦʤʫ ʧʝʨʝʤʽʱʫʶʪʴʩʷ ʯʝʨʝʟ ʤʝʨʝʞʫ WAN, ʪʘʢʫ ʷʢ ɯʥʪʝʨʥʝʪ, ʘʙʦ 

ʯʝʨʝʟ ʢʦʨʧʦʨʘʪʠʚʥʫ ʣʦʢʘʣʴʥʫ ʤʝʨʝʞʫ, ʜʝ ʚʦʥʠ ʧʨʦʭʦʜʷʪʴ ʧʦʜʘʣʴʰʫ ʦʙʨʦʙʢʫ 
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ʪʘ ʟʙʝʨʽʛʘʶʪʴʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʨʽʟʥʠʭ ʩʝʨʚʽʩʽʚ. ʇʽʩʣʷ ʦʙʨʦʙʢʠ, ʨʝʟʫʣʴʪʘʪʠ 

ʧʦʚʝʨʪʘʶʪʴʩʷ ʜʦ ʢʽʥʮʝʚʦʛʦ ʢʦʨʠʩʪʫʚʘʯʘ.  

ʎʝʡ ʧʽʜʭʽʜ ʻ ʩʪʘʥʜʘʨʪʥʠʤ ʫ ʢʣʽʻʥʪ-ʩʝʨʚʝʨʥʠʭ ʦʙʯʠʩʣʝʥʥʷʭ ʪʘ ʰʠʨʦʢʦ 

ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ ʫ ʙʽʣʴʰʦʩʪʽ ʪʠʧʦʚʠʭ ʙʽʟʥʝʩ-ʜʦʜʘʪʢʽʚ. 

ʆʜʥʘʢ, ʢʽʣʴʢʽʩʪʴ ʧʨʠʩʪʨʦʾʚ, ʷʢʽ ʧʽʜʢʣʶʯʝʥʽ ʜʦ ʣʦʢʘʣʴʥʠʭ ʤʝʨʝʞ, ʯʠ 

ʛʣʦʙʘʣʴʥʦʾ ʤʝʨʝʞʽ ɯʥʪʝʨʥʝʪ, ʪʘ ʦʙʩʷʛ ʩʪʚʦʨʶʚʘʥʠʭ ʥʠʤʠ ʜʘʥʠʭ ʰʚʠʜʢʦ 

ʟʨʦʩʪʘʻ, ʱʦ ʩʪʚʦʨʶʻ ʧʨʦʙʣʝʤʠ ʜʣʷ ʪʨʘʜʠʮʽʡʥʦʾ ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ ʪʘ ʮʝʥʪʨʽʚ 

ʦʙʨʦʙʢʠ ʜʘʥʠʭ. ɿʛʽʜʥʦ ʟ ʧʨʦʛʥʦʟʘʤʠ Gartner, ʜʦ 2025 ʨʦʢʫ 75% ʜʘʥʠʭ ʙʫʜʝ 

ʛʝʥʝʨʫʚʘʪʠʩʷ ʟʘ ʤʝʞʘʤʠ ʮʝʥʪʨʘʣʽʟʦʚʘʥʠʭ ʮʝʥʪʨʽʚ ʦʙʨʦʙʢʠ ʜʘʥʠʭ. ʎʝ ʩʪʘʚʠʪʴ 

ʧʽʜ ʟʘʛʨʦʟʫ ʛʣʦʙʘʣʴʥʠʡ ɯʥʪʝʨʥʝʪ, ʷʢʠʡ ʯʘʩʪʦ ʩʪʠʢʘʻʪʴʩʷ ʟ ʧʝʨʝʚʘʥʪʘʞʝʥʥʷʤʠ 

ʽ ʟʙʦʷʤʠ. ɺʽʜʧʦʚʽʜʥʦ, ɯʊ-ʘʨʭʽʪʝʢʪʦʨʠ ʟʚʝʨʪʘʶʪʴ ʫʚʘʛʫ ʥʘ ʣʦʛʽʯʥʦ-

ʨʦʟʧʦʜʽʣʝʥʫ ʽʥʬʨʘʩʪʨʫʢʪʫʨʫ, ʚʽʜʚʦʜʷʯʠ ʨʝʩʫʨʩʠ ʟʙʝʨʽʛʘʥʥʷ ʪʘ 

ʦʙʯʠʩʣʶʚʘʣʴʥʽ ʤʦʞʣʠʚʦʩʪʽ ʟ ʮʝʥʪʨʽʚ ʦʙʨʦʙʢʠ ʜʘʥʠʭ ʽ ʧʝʨʝʤʽʱʫʶʯʠ ʾʭ ʜʦ 

ʤʽʩʮʷ, ʜʝ ʛʝʥʝʨʫʶʪʴʩʷ ʮʽ ʜʘʥʽ ʘʙʦ ʟʘʧʠʪʠ. ʇʨʠʥʮʠʧ ʧʨʦʩʪʠʡ: ʷʢʱʦ ʥʝ ʤʦʞʥʘ 

ʥʘʙʣʠʟʠʪʠ ʜʘʥʽ ʜʦ ʮʝʥʪʨʫ ʦʙʨʦʙʢʠ ʜʘʥʠʭ, ʪʦ ʥʘʙʣʠʟʴʪʝ ʮʝʥʪʨ ʦʙʨʦʙʢʠ ʜʘʥʠʭ 

ʜʦ ʜʘʥʠʭ. ʎʷ ʢʦʥʮʝʧʮʽʷ ʥʝ ʻ ʥʦʚʦʶ ʽ ʙʘʟʫʻʪʴʩʷ ʥʘ ʽʜʝʾ ʚʽʜʜʘʣʝʥʦʛʦ 

ʦʙʯʠʩʣʝʥʥʷ, ʢʦʣʠ ʨʝʩʫʨʩʠ ʦʙʨʦʙʢʠ ʜʘʥʠʭ ʨʦʟʤʽʱʫʶʪʴʩʷ ʙʣʠʞʯʝ ʜʦ ʾʭʥʴʦʛʦ 

ʜʞʝʨʝʣʘ, ʱʦ ʻ ʙʽʣʴʰ ʥʘʜʽʡʥʠʤ ʽ ʝʬʝʢʪʠʚʥʠʤ ʚ ʧʦʨʽʚʥʷʥʥʽ ʟ ʮʝʥʪʨʘʣʽʟʦʚʘʥʠʤ 

ʦʙʩʣʫʛʦʚʫʚʘʥʥʷʤ ʪʘ ʟʙʝʨʽʛʘʥʥʷʤ. 

 

4.2. ʆʩʥʦʚʥʽ ʧʽʜʭʦʜʠ ʚʧʨʦʚʘʜʞʝʥʥʷ ʪʝʭʥʦʣʦʛʽʾ ʨʦʟʧʦʜʽʣʝʥʠʭ 

ʛʨʘʥʠʯʥʠʭ ʦʙʯʠʩʣʝʥʴ 

ʋ ʩʫʯʘʩʥʠʭ ʝʢʦʩʠʩʪʝʤʘʭ ɯʥʪʝʨʥʝʪʫ ʨʝʯʝʡ (IoT) ʘʢʪʠʚʥʦ 

ʚʧʨʦʚʘʜʞʫʻʪʴʩʷ ʪʝʭʥʦʣʦʛʽʷ Edge Computing, ʷʢʘ ʰʠʨʦʢʦ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ 

ʜʣʷ ʨʦʟʧʦʜʽʣʝʥʦʾ ʦʙʨʦʙʢʠ ʜʘʥʠʭ ʪʘ ʟʘʙʝʟʧʝʯʝʥʥʷ ʰʚʠʜʢʦʛʦ ʘʥʘʣʽʟʫ 

ʽʥʬʦʨʤʘʮʽʾ, ʱʦ ʥʘʜʭʦʜʠʪʴ ʚʽʜ ʨʽʟʥʠʭ ʜʞʝʨʝʣ, ʪʘʢʠʭ ʷʢ IoT ʧʨʠʩʪʨʦʾ. Edge 

Compute ʚʠʟʥʘʯʘʻʪʴʩʷ ʷʢ ʘʨʭʽʪʝʢʪʫʨʘ, ʚ ʨʘʤʢʘʭ ʷʢʦʾ ʦʙʨʦʙʢʘ ʜʘʥʠʭ 

ʚʽʜʙʫʚʘʻʪʴʩʷ ʥʘ ʛʨʘʥʠʯʥʠʭ ʣʦʢʘʮʽʷʭ ʤʝʨʝʞʽ, ʷʢʦʤʦʛʘ ʙʣʠʞʯʝ ʜʦ ʤʽʩʮʷ ʜʝ 

ʛʝʥʝʨʫʶʪʴʩʷ ʩʘʤʽ ʜʘʥʽ. ɼʘʥʽ ʩʪʘʶʪʴ ʮʽʥʥʠʤ ʨʝʩʫʨʩʦʤ ʜʣʷ ʩʫʯʘʩʥʠʭ 
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ʧʽʜʧʨʠʻʤʩʪʚ, ʱʦ ʜʦʟʚʦʣʷʻ ʾʤ ʚ ʨʝʘʣʴʥʦʤʫ ʯʘʩʽ ʟʜʽʡʩʥʶʚʘʪʠ ʢʦʥʪʨʦʣʴ ʟʘ 

ʢʣʶʯʦʚʠʤʠ ʙʽʟʥʝʩ-ʧʨʦʮʝʩʘʤʠ ʪʘ ʦʧʝʨʘʮʽʷʤʠ. ɺʽʜʙʫʚʘʻʪʴʩʷ ʥʝʩʢʽʥʯʝʥʥʝ 

ʟʨʦʩʪʘʥʥʷ ʦʙʩʷʛʽʚ ʜʘʥʠʭ ʫ ʩʚʽʪʽ ʩʫʯʘʩʥʦʛʦ ʙʽʟʥʝʩʫ, ʷʢʽ ʨʝʛʫʣʷʨʥʦ ʟʙʠʨʘʶʪʴʩʷ 

ʟ ʜʘʪʯʠʢʽʚ ʪʘ IoT-ʧʨʠʩʪʨʦʾʚ, ʱʦ ʧʨʘʮʶʶʪʴ ʫ ʨʝʘʣʴʥʦʤʫ ʯʘʩʽ, ʥʘʜʭʦʜʷʪʴ ʟ 

ʨʽʟʥʠʭ ʢʽʥʮʽʚ ʩʚʽʪʫ. ʊʘʢʠʡ ʧʦʪʽʢ ʜʘʥʠʭ ʚʠʤʘʛʘʻ ʝʬʝʢʪʠʚʥʦʾ ʦʙʨʦʙʢʠ ʪʘ 

ʘʥʘʣʽʟʫ, ʱʦʙ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʾʭʥʽʡ ʧʦʪʝʥʮʽʘʣ ʫ ʨʦʟʚʠʪʢʫ ʪʘ ʫʧʨʘʚʣʽʥʥʽ 

ʙʽʟʥʝʩʦʤ [109-110]. 

ʎʝʡ ʧʽʜʭʽʜ ʜʠʢʪʫʻ ʥʦʚʽ ʚʠʤʦʛʠ ʱʦʜʦ ʦʙʯʠʩʣʝʥʥʷ ʪʘ ʧʝʨʝʜʘʯʽ ʪʘʢʠʭ 

ʜʘʥʠʭ ʟ ʛʘʨʘʥʪʦʚʘʥʦʶ ʷʢʽʩʪʶ. ʋ ʩʫʯʘʩʥʦʤʫ ʩʚʽʪʽ ʪʘʢʠʡ ʧʦʪʽʢ ʽʥʬʦʨʤʘʮʽʾ 

ʚʠʤʘʛʘʻ ʤʠʪʪʻʚʦʾ ʦʙʨʦʙʢʠ ʪʘ ʤʽʥʽʤʽʟʘʮʽʾ ʯʘʩʫ ʜʦʩʪʘʚʢʠ ʨʝʟʫʣʴʪʘʪʽʚ, ʷʢʽ ʡʜʫʪʴ 

ʫ ʦʙʠʜʚʘ ʥʘʧʨʷʤʢʠ ʦʜʥʦʯʘʩʥʦ. 

 

 

ʈʠʩ.4.1. ɹʘʟʦʚʘ ʩʭʝʤʘ ʚʠʢʦʨʠʩʪʘʥʥʷ ʪʝʭʥʦʣʦʛʽʾ ʨʦʟʧʦʜʽʣʝʥʠʭ 

ʛʨʘʥʠʯʥʠʭ ʦʙʯʠʩʣʝʥʴ 
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ɿʚʠʯʘʡʥʠʡ ʧʽʜʭʽʜ ʜʦ ʦʙʨʦʙʢʠ ʪʘ ʧʝʨʝʜʘʯʽ ʜʘʥʠʭ, ʱʦ ʙʘʟʫʻʪʴʩʷ ʥʘ 

ʮʝʥʪʨʘʣʽʟʦʚʘʥʦʤʫ ʮʝʥʪʨʽ ʦʙʨʦʙʢʠ ʜʘʥʠʭ, ʥʝ ʻ ʦʧʪʠʤʘʣʴʥʠʤ ʜʣʷ ʚʝʣʠʢʠʭ 

ʦʙʩʷʛʽʚ ʽʥʬʦʨʤʘʮʽʾ, ʷʢʽ ʧʦʩʪʽʡʥʦ ʟʨʦʩʪʘʶʪʴ. ɺ ʮʴʦʤʫ ʢʦʥʪʝʢʩʪʽ ʚʠʥʠʢʘʶʪʴ 

ʧʨʦʙʣʝʤʠ ʟ ʦʙʤʝʞʝʥʦʶ ʧʨʦʧʫʩʢʥʦʶ ʟʜʘʪʥʽʩʪʶ, ʟʘʪʨʠʤʢʘʤʠ, ʜʞʠʪʝʨʦʤ ʪʘ 

ʽʥʰʠʤʠ ʥʝʧʝʨʝʜʙʘʯʫʚʘʥʠʤʠ ʥʝʜʦʣʽʢʘʤʠ ʤʝʨʝʞʽ ʧʝʨʝʜʘʯʽ ʜʘʥʠʭ. ʋ ʚʽʜʧʦʚʽʜʴ 

ʥʘ ʮʽ ʚʠʢʣʠʢʠ ʢʦʤʧʘʥʽʾ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʘʨʭʽʪʝʢʪʫʨʫ ʨʦʟʧʦʜʽʣʝʥʠʭ 

ʦʙʯʠʩʣʝʥʴ [111]. 

ɯʥʰʠʤʠ ʩʣʦʚʘʤʠ, ʦʩʥʦʚʥʽ ʧʨʦʮʝʩʠ ʘʥʘʣʽʟʫ ʪʘ ʦʙʨʦʙʢʠ ʜʘʥʠʭ 

ʨʦʟʪʘʰʦʚʫʶʪʴʩʷ ʷʢʦʤʦʛʘ ʙʣʠʞʯʝ ʜʦ ʜʞʝʨʝʣʘ ʛʝʥʝʨʘʮʽʾ ʮʠʭ ʜʘʥʠʭ. ɿʘʤʽʩʪʴ 

ʪʦʛʦ, ʱʦʙ ʧʝʨʝʜʘʚʘʪʠ ʥʝʦʙʨʦʙʣʝʥʫ ʽʥʬʦʨʤʘʮʽʶ ʜʦ ʮʝʥʪʨʘʣʽʟʦʚʘʥʦʛʦ ʮʝʥʪʨʫ 

ʦʙʨʦʙʢʠ ʜʘʥʠʭ ʜʣʷ ʧʦʜʘʣʴʰʦʛʦ ʘʥʘʣʽʟʫ, ʮʽ ʟʘʚʜʘʥʥʷ ʚʠʢʦʥʫʶʪʴʩʷ ʪʘʤ, ʜʝ 

ʜʘʥʽ ʧʦ ʩʫʪʽ ʛʝʥʝʨʫʶʪʴʩʷ. ʎʝ ʤʦʞʝ ʙʫʪʠ ʤʘʛʘʟʠʥ ʨʦʟʜʨʽʙʥʦʾ ʪʦʨʛʽʚʣʽ, 

ʚʠʨʦʙʥʠʯʠʡ ʮʝʭ, ʨʦʟʧʦʜʽʣʝʥʘ ʤʝʨʝʞʘ ʚʦʜʦʧʦʩʪʘʯʘʥʥʷ ʘʙʦ ʞ ʽʥʪʝʣʝʢʪʫʘʣʴʥʝ 

ʤʽʩʪʦ. ʊʽʣʴʢʠ ʨʝʟʫʣʴʪʘʪʠ ʮʠʭ ʦʙʯʠʩʣʝʥʴ, ʪʘʢʽ ʷʢ ʧʨʦʛʥʦʟʠ ʪʝʭʥʽʯʥʦʛʦ 

ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʦʙʣʘʜʥʘʥʥʷ ʯʠ ʽʥʰʽ ʚʠʩʥʦʚʢʠ, ʥʘʜʩʠʣʘʶʪʴʩʷ ʥʘʟʘʜ ʜʦ 

ʮʝʥʪʨʘʣʴʥʦʛʦ ʮʝʥʪʨʫ ʦʙʨʦʙʢʠ ʜʘʥʠʭ ʜʣʷ ʧʦʜʘʣʴʰʦʾ ʦʙʨʦʙʢʠ. ʊʘʢʠʤ ʯʠʥʦʤ, 

ʪʝʭʥʦʣʦʛʽʷ ʛʨʘʥʠʯʥʠʭ ʨʦʟʧʦʜʽʣʝʥʠʭ ʦʙʯʠʩʣʝʥʴ ʟʤʽʥʶʻ ʽʥʬʦʨʤʘʮʽʡʥʽ 

ʪʝʭʥʦʣʦʛʽʾ ʪʘ ʧʽʜʭʦʜʠ, ʱʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʫ ʙʽʟʥʝʩ-ʘʥʘʣʽʟʽ. 

 

4.3. ɿʘʩʪʦʩʫʚʘʥʥʷ ʤʝʪʦʜʫ ʘʜʘʧʪʠʚʥʦʛʦ ʩʪʚʦʨʝʥʥʷ ʤʽʢʨʦʩʝʨʚʽʩʫ ʜʣʷ 

ʦʙʨʦʙʢʠ ʜʘʥʠʭ ʚ CDN ʤʝʨʝʞʽ 

ɹʘʟʦʚʘ ʩʭʝʤʘ CDN ʤʝʨʝʞʽ, ʦʧʠʩʫʻ ʧʨʠʥʮʠʧʠ ʨʦʙʦʪʠ CDN ʤʝʨʝʞʽ 

ʨʦʟʢʨʠʚʘʻ ʦʩʥʦʚʥʽ ʘʩʧʝʢʪʠ ʾʾ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ, ʟʦʢʨʝʤʘ ʢʝʰʫʚʘʥʥʷ ʜʘʥʠʭ ʚʽʜ 

ʩʝʨʚʝʨʘ ʧʦʭʦʜʞʝʥʥʷ ʪʘ ʦʙʨʦʙʢʫ ʟʘʧʠʪʽʚ ʚʽʜ ʢʽʥʮʝʚʠʭ ʢʦʨʠʩʪʫʚʘʯʽʚ. ʆʜʥʘʢ 

ʛʨʘʥʠʯʥʠʡ ʩʝʨʚʝʨ ʤʦʞʝ ʥʝ ʣʠʰʝ ʟʙʝʨʽʛʘʪʠ ʜʘʥʽ, ʘʣʝ ʡ ʯʘʩʪʢʦʚʦ 

ʦʧʨʘʮʴʦʚʫʚʘʪʠ ʟʘʧʠʪʠ ʢʦʨʠʩʪʫʚʘʯʽʚ, ʪʦʙʪʦ ʚʠʢʦʥʫʚʘʪʠ "Computing", ʘʙʦ 

ʦʙʨʦʙʢʫ ʮʠʭ ʜʘʥʠʭ. ʋ ʪʘʢʦʤʫ ʚʠʧʘʜʢʫ ʤʠ ʤʦʞʝʤʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ 

ʧʨʠʥʮʠʧ Edge Compute ʚ ʦʙʝʨʥʝʥʦʤʫ ʥʘʧʨʷʤʢʫ, ʢʦʣʠ ʜʘʥʽ ʟʥʘʭʦʜʷʪʴʩʷ ʥʘ 

ʢʦʨʝʥʝʚʦʤʫ ʩʝʨʚʝʨʽ, ʘ ʢʣʽʻʥʪ ʨʦʙʠʪʴ ʟʘʧʠʪ ʱʦʙ ʾʭ ʦʪʨʠʤʘʪʠ. ʆʪʞʝ, 
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ʛʨʘʥʠʯʥʠʡ ʩʝʨʚʝʨ ʢʝʰʫʚʘʥʥʷ, ʚʠʢʦʥʫʚʘʪʠʤʝ ʥʝ ʣʠʰʝ ʬʫʥʢʮʽʶ ʟʙʝʨʝʞʝʥʥʷ 

ʜʘʥʠʭ, ʘʣʝ ʾ ʾʭʥʶ ʦʙʨʦʙʢʫ, ʷʢʱʦ ʮʝ ʤʦʞʣʠʚʦ. ʉʭʝʤʘ ʨʦʙʦʪʠ ʪʘʢʦʛʦ ʧʽʜʭʦʜʫ 

ʧʦʢʘʟʘʥʘ ʥʘ ʨʠʩʫʥʢʫ 4.2. [112]. 

ʆʧʠʩ ʨʦʙʦʪʠ ʘʣʛʦʨʠʪʤʫ ʘʜʘʧʪʠʚʥʦʛʦ ʩʪʚʦʨʝʥʥʷ ʤʽʢʨʦʩʝʨʚʽʩʫ ʜʣʷ 

ʦʙʨʦʙʢʠ ʜʘʥʠʭ ʚ CDN ʤʝʨʝʞʽ ʥʘʩʪʫʧʥʠʡ:  

ü ʂʽʥʮʝʚʠʡ ʢʦʨʠʩʪʫʚʘʯ, ʢʦʨʠʩʪʫʶʯʠʩʴ ʪʠʤ ʯʠ ʽʥʰʠʤ ʩʝʨʚʽʩʦʤ, 

ʥʘʜʩʠʣʘʻ ʟʘʧʠʪ ʥʘ ʦʪʨʠʤʘʥʥʷ ʧʝʚʥʠʭ ʜʘʥʠʭ ʮʴʦʛʦ ʩʝʨʚʽʩʫ. ʆʜʥʠʤ ʽʟ 

ʥʘʡʷʩʢʨʘʚʽʰʠʭ ʧʨʠʢʣʘʜʽʚ ʤʦʞʝ ʙʫʪʠ  ʩʧʠʩʦʢ ʪʦʚʘʨʽʚ ʥʘ ʩʪʦʨʽʥʮʽ ʽʥʪʝʨʥʝʪ- 

ʤʘʛʘʟʠʥʫ.  

ü ɺʽʜʧʦʚʽʜʥʦ ʜʦ ʧʨʠʥʮʠʧʽʚ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ CDN, ʪʘʢʠʡ ʟʘʧʠʪ 

ʧʦʪʨʘʧʠʪʴ ʜʦ ʛʨʘʥʠʯʥʦʛʦ ʢʝʰʫʶʯʦʛʦ ʩʝʨʚʝʨʘ, ʷʢʠʡ ʟʥʘʭʦʜʠʪʴʩʷ 

ʤʘʢʩʠʤʘʣʴʥʦ ʙʣʠʟʴʢʦ ʜʦ ʢʦʨʠʩʪʫʚʘʯʘ, ʘʙʦ ʧʨʷʤʦ ʚ ʡʦʛʦ ʛʝʦʛʨʘʬʽʯʥʽʡ 

ʣʦʢʘʮʽʾ. 

ü ʅʘʩʪʫʧʥʠʤ ʢʨʦʢʦʤ, ʛʨʘʥʠʯʥʠʡ ʩʝʨʚʝʨ ʧʝʨʝʥʘʧʨʘʚʠʪʴ ʮʝʡ ʟʘʧʠʪ 

ʜʦ ʢʦʨʝʥʝʚʦʛʦ ʩʝʨʚʝʨʘ ʥʘ ʷʢʦʤʫ ʧʨʘʮʶʻ ʚʽʜʧʦʚʽʜʥʠʡ ʪʠʧ ʩʝʨʚʽʩʫ, ʟ ʷʢʠʤ 

ʧʨʘʮʶʻ ʢʦʨʠʩʪʫʚʘʯ.  

ü ʂʦʨʝʥʝʚʠʡ ʩʝʨʚʝʨ (ʩʝʨʚʝʨ ʧʦʭʦʜʞʝʥʥʷ - Origin) ʧʦʯʠʥʘʻ 

ʚʠʢʦʥʫʚʘʪʠ ʦʙʨʦʙʢʫ ʟʘʧʠʪʫ ʷʢʠʡ ʥʘʜʽʡʰʦʚ ʚʽʜ ʛʨʘʥʠʯʥʦʛʦ ʩʝʨʚʝʨʘ ʪʘ 

ʬʦʨʤʫʻ ʚʽʜʧʦʚʽʜʴ. ʎʝʡ ʧʨʦʮʝʩ ʟʚʠʯʘʡʥʦ ʟʘʡʤʘʻ ʧʝʚʥʠʡ ʯʘʩ, ʷʢʠʡ 

ʚʢʣʶʯʘʪʠʤʝ ʷʢ ʤʝʨʝʞʝʚʫ ʟʘʪʨʠʤʢʫ ʪʘʢ ʽ ʯʘʩ ʩʘʤʦʛʦ ʚʠʢʦʥʘʥʥʷ. 

ü ɺ ʪʦʡ ʩʘʤʠʡ ʯʘʩ, ʤʦʜʫʣʴ ʘʥʘʣʽʟʫ ʛʨʘʥʠʯʥʠʭ ʦʙʯʠʩʣʝʥʴ Edge 

Compute, ʧʝʨʽʦʜʠʯʥʦ ʦʧʠʪʫʻ ʢʦʨʝʥʝʚʠʡ ʩʝʨʚʝʨ ʪʘ ʟʙʠʨʘʻ ʤʝʪʨʠʢʠ ʧʨʦ ʡʦʛʦ 

ʩʪʘʥ, ʟʘʚʘʥʪʘʞʝʥʽʩʪʴ ʘ ʪʘʢʦʞ ʧʨʦʚʦʜʠʪʴ ʘʥʘʣʽʟ ʯʘʩʫ ʚʽʜʧʦʚʽʜʽ ʥʘ ʟʘʧʠʪʠ ʷʢʽ 

ʚʽʥ ʦʧʨʘʮʴʦʚʫʻ. ʆʢʨʝʤʠʡ ʢʦʤʧʦʥʝʥʪ ʧʨʦʚʦʜʠʪʴ ʘʥʘʣʽʟ ʮʠʭ ʟʥʘʯʝʥʴ ʪʘ 

ʧʨʠʡʤʘʻ ʨʽʰʝʥʥʷ ʯʠ ʷʢʽʩʪʴ ʥʘʜʘʥʥʷ ʧʦʩʣʫʛ ʢʽʥʮʝʚʦʤʫ ʢʦʨʠʩʪʫʚʘʯʫ ʙʫʜʝ 

ʟʘʜʦʚʽʣʴʥʦʶ ʧʨʠ ʧʝʚʥʦʤʫ ʟʥʘʯʝʥʥʽ ʟʘʚʘʥʪʘʞʝʥʦʩʪʽ ʩʝʨʚʝʨʘ ʧʦʭʦʜʞʝʥʥʷ ʪʘ 

ʯʘʩʫ ʚʽʜʧʦʚʽʜʽ ʥʘ ʟʘʧʠʪʠ ʢʣʽʻʥʪʽʚ.  

ü ʇʨʠ ʫʤʦʚʽ, ʱʦ ʟʥʘʯʝʥʥʷ ʚʩʽʭ ʧʘʨʘʤʝʪʨʽʚ ʻ ʟʘʜʦʚʽʣʴʥʠʤʠ, 

ʛʨʘʥʠʯʥʠʡ ʩʝʨʚʝʨ ʢʝʰʫʚʘʥʥ ̫ʬʦʨʤʫʻ ʚʽʜʧʦʚʽʜʴ ʜʣʷ ʢʣʽʻʥʪʘ. 
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ü ʋ ʚʠʧʘʜʢʫ, ʢʦʣʠ ʟʥʘʯʝʥʥʷ ʧʦʯʠʥʘʶʪʴ ʟʨʦʩʪʘʪʠ, ʘ ʩʘʤʝ ʯʘʩ 

ʦʙʨʦʙʢʠ ʟʘʧʠʪʽʚ, ʟʘʚʘʥʪʘʞʝʥʽʩʪʴ ʢʦʨʝʥʝʚʦʛʦ ʩʝʨʚʝʨʘ, ʤʦʜʫʣʴ ʘʥʘʣʽʟʫ 

ʛʨʘʥʠʯʥʠʭ ʨʦʟʧʦʜʽʣʝʥʠʭ ʦʙʯʠʩʣʝʥʴ ʧʨʠʡʤʘʻ ʨʽʰʝʥʥʷ ʧʨʦ ʧʝʨʝʥʝʩʝʥʥʷ 

ʧʨʦʮʝʩʫ ʦʙʨʦʙʢʠ ʟʘʧʠʪʽʚ ʢʣʽʻʥʪʽʚ ʥʘ ʩʪʦʨʦʥʫ ʛʨʘʥʠʯʥʦʛʦ ʩʝʨʚʝʨʘ. ʊʘʢʠʤ 

ʯʠʥʦʤ ʧʝʚʥʘ ʯʘʩʪʠʥʘ ʙʽʟʥʝʩ ʣʦʛʽʢʠ ʨʦʙʦʪʠ ʘʧʣʽʢʘʮʽʾ, ʷʢʘ ʚʠʢʦʥʫʚʘʣʘʩʴ ʥʘ 

ʢʦʨʝʥʝʚʦʤʫ ʩʝʨʚʝʨʽ, ʧʝʨʝʥʦʩʠʪʴʩʷ ʥʘ ʩʪʦʨʦʥʫ ʛʨʘʥʠʯʥʦʛʦ ʩʝʨʚʝʨʘ. ʆʜʥʘʢ 

ʚʩʝ ʱʝ ʟʘʣʠʰʘʻʪʴʩʷ ʧʝʚʥʘ ʯʘʩʪʠʥʘ ʜʘʥʠʭ, ʘʙʦ ʟʘʧʠʪʠ, ʧʦʧʝʨʝʜʥʴʦ ʦʙʨʦʙʣʝʥʽ 

ʥʘ ʛʨʘʥʠʯʥʦʤʫ ʩʝʨʚʝʨʽ ʷʢʽ ʥʘʜʩʠʣʘʶʪʴʩʷ ʥʘ ʩʝʨʚʝʨ ʧʦʭʦʜʞʝʥʥʷ. 

ü ʆʪʦʞ, ʤʦʜʫʣʴ ʘʥʘʣʽʟʫ ʛʨʘʥʠʯʥʠʭ ʨʦʟʧʦʜʽʣʝʥʠʭ ʦʙʯʠʩʣʝʥʴ 

ʟʘʙʝʟʧʝʯʫʻ ʟʤʝʥʰʝʥʥʷ ʥʘʚʘʥʪʘʞʝʥʥʷ ʥʘ ʛʨʘʥʠʯʥʠʡ ʩʝʨʚʝʨ ʘ ʪʘʢʦʞ ʯʘʩ 

ʚʽʜʧʦʚʽʜʽ ʜʣʷ ʢʣʽʻʥʪʘ, ʟʘ ʨʘʭʫʥʦʢ ʧʝʨʝʥʝʩʝʥʥʷ ʯʘʩʪʠʥʠ ʬʫʥʢʮʽʦʥʘʣʫ ʪʘ 

ʙʽʟʥʝʩ ʣʦʛʽʢʠ ʨʦʙʦʪʠ ʩʝʨʚʽʩʫ ʥʘ ʩʚʦʶ ʩʪʦʨʦʥʫ. ʊʘʢʦʞ ʚʽʥ ʤʦʞʝ ʚʠʢʦʥʫʚʘʪʠ 

ʟʙʽʨ ʩʪʘʪʠʩʪʠʢʠ, ʪʘ ʥʘ ʦʩʥʦʚʽ ʘʥʘʣʽʟʫ ʮʠʭ ʜʘʥʠʭ ʥʘʧʝʨʝʜ ʩʧʨʦʛʥʦʟʫʚʘʪʠ ʯʘʩ 

ʤʦʞʣʠʚʦʛʦ ʟʥʠʞʝʥʥʷ QoS ʪʘ ʟʘʟʜʘʣʝʛʽʜʴ ʽʥʽʮʽʶʚʘʪʠ ʧʨʦʮʝʩ ʦʙʨʦʙʢʠ ʟʘʧʠʪʽʚ 

ʢʣʽʻʥʪʽʚ ʥʘ ʩʚʦʾʡ ʩʪʦʨʦʥʽ. ɿʘ ʧʝʚʥʠʡ ʧʨʦʤʽʞʦʢ ʯʘʩʫ, ʪʘʢʠʡ ʤʦʜʫʣʴ 

ʘʜʘʧʪʫʻʪʴʩʷ ʜʦ ʦʩʦʙʣʠʚʦʩʪʝʡ ʨʦʙʦʪʠ ʧʝʚʥʦʛʦ ʩʝʨʚʽʩʫ ʪʘ ʟʤʦʞʝ ʟʘʟʜʘʣʝʛʽʜʴ 

ʜʝʣʝʛʫʚʘʪʠ ʦʙʨʦʙʢʫ ʜʘʥʠʭ ʥʘ ʢʝʰʫʶʯʽ ʩʝʨʚʝʨʠ, ʷʢʽ ʨʦʟʪʘʰʦʚʘʥʽ 

ʤʘʢʩʠʤʘʣʴʥʦ ʙʣʠʟʴʢʦ ʜʦ ʢʣʽʻʥʪʘ. 



 

152 

 

ʈʠʩ.4.2. ɹʣʦʢ ʩʭʝʤʘ ʨʦʙʦʪʠ ʤʝʪʦʜʫ ʘʜʘʧʪʠʚʥʦʛʦ ʩʪʚʦʨʝʥʥʷ 

ʤʽʢʨʦʩʝʨʚʽʩʫ ʜʣʷ ʦʙʨʦʙʢʠ ʜʘʥʠʭ ʚ CDN ʤʝʨʝʞʽ 

 




























































































