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ɺɺɽɼɽʅʀɽ 

 

ɸʢʪʫʘʣʴʥʦʩʪʴ ʪʝʤʳ ʠʩʩʣʝʜʦʚʘʥʠʷ. ʅʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʦʙʣʘʯʥʳʝ 

ʠʥʬʦʢʦʤʤʫʥʠʢʘʮʠʦʥʥʳʝ ʫʩʣʫʛʠ, ʧʨʝʜʦʩʪʘʚʣʷʝʤʳʝ ʧʦʣʴʟʦʚʘʪʝʣʷʤ ʧʦ ʪʨʝʙʦʚʘʥʠʶ ʩ ʫʜʘʣʝʥʥʳʭ 

ʩʝʨʚʝʨʦʚ ʯʝʨʝʟ ʩʝʪʴ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ, ʧʦʣʫʯʘʶʪ ʘʢʪʠʚʥʦʝ ʨʘʟʚʠʪʠʝ. ʇʨʠʤʝʨʦʤ ʪʘʢʦʚʳʭ 

ʷʚʣʷʝʪʩʷ ʫʩʣʫʛʘ çʚʠʨʪʫʘʣʴʥʳʡ ʨʘʙʦʯʠʡ ʩʪʦʣè, ʦʩʥʦʚʥʘʷ ʠʜʝʷ ʢʦʪʦʨʦʡ ʟʘʢʣʶʯʘʝʪʩʷ ʚ 

ʧʨʝʜʦʩʪʘʚʣʝʥʠʠ ʧʦʣʴʟʦʚʘʪʝʣʶ ʧʦʣʥʦʮʝʥʥʦʛʦ ʨʘʙʦʯʝʛʦ ʤʝʩʪʘ çʠʟ ʦʙʣʘʢʘè ʥʘ ʣʶʙʦʝ ʫʩʪʨʦʡʩʪʚʦ, 

ʠʤʝʶʱʝʝ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʡ ʧʨʦʛʨʘʤʤʥʳʡ ʘʛʝʥʪ. ʈʘʙʦʯʝʝ ʤʝʩʪʦ ʨʘʟʚʦʨʘʯʠʚʘʝʪʩʷ ʚʥʫʪʨʠ 

ʚʠʨʪʫʘʣʴʥʦʡ ʤʘʰʠʥʳ ʥʘ ʩʝʨʚʝʨʝ ʧʦʩʨʝʜʩʪʚʦʤ ʩʧʝʮʠʘʣʴʥʦʛʦ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ. ɼʦʩʪʫʧ 

ʢ ʥʝʤʫ ʧʨʝʜʦʩʪʘʚʣʷʝʪʩʷ ʧʦ ʩʝʪʠ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ ʠ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʧʨʠ ʧʦʤʦʱʠ ʧʨʦʪʦʢʦʣʘ 

ʜʦʩʪʘʚʢʠ ʚʠʨʪʫʘʣʴʥʦʛʦ ʨʘʙʦʯʝʛʦ ʩʪʦʣʘ. 

ʀʟʥʘʯʘʣʴʥʦ ʵʪʘ ʫʩʣʫʛʘ ʧʨʦʝʢʪʠʨʦʚʘʣʘʩʴ ʩ ʫʯʝʪʦʤ ʨʘʟʤʝʱʝʥʠʷ ʩʝʨʚʝʨʘ ʫʩʣʫʛʠ ʠ 

ʢʣʠʝʥʪʩʢʦʛʦ ʫʩʪʨʦʡʩʪʚʘ ʚ ʦʜʥʦʡ ʣʦʢʘʣʴʥʦʡ ʩʝʪʠ. ʆʜʥʘʢʦ, ʚ ʫʩʣʦʚʠʷʭ ʥʳʥʝʰʥʝʛʦ ʨʦʩʪʘ 

ʧʦʧʫʣʷʨʥʦʩʪʠ ʦʙʣʘʯʥʦʡ ʧʘʨʘʜʠʛʤʳ ʨʘʟʤʝʱʝʥʠʝ ʜʘʥʥʳʭ ʧʦʣʴʟʦʚʘʪʝʣʷ ʥʝ ʪʦʣʴʢʦ ʥʘ ʣʦʢʘʣʴʥʳʭ 

ʩʝʨʚʝʨʘʭ, ʥʦ ʠ ʥʘ ʩʝʨʚʝʨʘʭ ʚ ʫʜʘʣʝʥʥʳʭ ʮʝʥʪʨʘʭ ʦʙʨʘʙʦʪʢʠ ʜʘʥʥʳʭ (ʎʆɼ) ʧʦʨʦʜʠʣʦ ʨʷʜ 

ʪʝʭʥʠʯʝʩʢʠʭ ʚʦʧʨʦʩʦʚ, ʩʚʷʟʘʥʥʳʭ ʩ ʦʙʝʩʧʝʯʝʥʠʝʤ ʪʨʝʙʫʝʤʦʛʦ ʢʘʯʝʩʪʚʘ ʜʣʷ ʢʦʥʝʯʥʳʭ 

ʧʦʣʴʟʦʚʘʪʝʣʝʡ, ʢʦʪʦʨʳʝ ʥʘʭʦʜʷʪʩʷ ʫʞʝ ʥʝ ʚ ʣʦʢʘʣʴʥʦʡ ʩʝʪʠ ʩ ʩʝʨʚʝʨʦʤ, ʘ ʚ ʛʣʦʙʘʣʴʥʳʭ ʩʝʪʷʭ. 

ʕʪʘ ʟʘʜʘʯʘ ʷʚʣʷʝʪʩʷ ʢʣʶʯʝʚʦʡ ʜʣʷ ʧʨʦʚʘʡʜʝʨʘ ʫʩʣʫʛ ʠ ʝʝ ʩʣʦʞʥʦʩʪʴ ʚʦʟʨʘʩʪʘʝʪ ʩ ʧʝʨʝʭʦʜʦʤ ʦʪ 

ʣʦʢʘʣʴʥʦʡ ʢ ʛʣʦʙʘʣʴʥʦʡ ʩʝʪʠ. ɼʣʷ ʨʝʰʝʥʠʷ ʵʪʦʡ ʟʘʜʘʯʠ ʥʝʦʙʭʦʜʠʤʳ ʤʘʪʝʤʘʪʠʯʝʩʢʠʝ ʤʦʜʝʣʠ, 

ʧʦʟʚʦʣʷʶʱʠʝ ʧʨʦʛʥʦʟʠʨʦʚʘʪʴ ʩʦʩʪʦʷʥʠʝ ʢʘʯʝʩʪʚʘ ʫʩʣʫʛʠ. 

ɼʘʥʥʘʷ ʪʝʤʘ ʥʝʜʦʩʪʘʪʦʯʥʦ ʠʟʫʯʝʥʘ. ɺ ʦʪʝʯʝʩʪʚʝʥʥʳʭ ʠ ʟʘʨʫʙʝʞʥʳʭ ʠʩʪʦʯʥʠʢʘʭ, ʥʝ 

ʦʧʠʩʘʥʳ ʤʝʪʦʜʳ ʦʮʝʥʢʠ ʠ ʦʙʝʩʧʝʯʝʥʠʷ ʢʘʯʝʩʪʚʘ ʦʙʣʘʯʥʦʡ ʠʥʬʦʢʦʤʤʫʥʠʢʘʮʠʦʥʥʦʡ ʫʩʣʫʛʠ 

çʚʠʨʪʫʘʣʴʥʳʡ ʨʘʙʦʯʠʡ ʩʪʦʣè, ʢʦʪʦʨʳʝ ʙʳʣʠ ʙʳ ʧʨʠʤʝʥʷʪʴʩʷ ʢʘʢ ʥʘ ʵʪʘʧʝ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ, ʪʘʢ ʠ 

ʥʘ ʵʪʘʧʝ ʵʢʩʧʣʫʘʪʘʮʠʠ ʩʝʪʠ. ʇʦʵʪʦʤʫ ʜʘʥʥʘʷ ʪʝʤʘ ʷʚʣʷʝʪʩʷ ʚʝʩʴʤʘ ʘʢʪʫʘʣʴʥʦʡ. 

ʉʪʝʧʝʥʴ ʨʘʟʨʘʙʦʪʘʥʥʦʩʪʠ. ɿʘʤʝʪʥʳʡ ʚʢʣʘʜ ʚ ʠʩʩʣʝʜʦʚʘʥʠʝ ʚʦʧʨʦʩʦʚ ʢʘʯʝʩʪʚʘ 

ʠʥʬʦʢʦʤʤʫʥʠʢʘʮʠʦʥʥʳʭ ʫʩʣʫʛ ʚʥʝʩʣʠ ʦʪʝʯʝʩʪʚʝʥʥʳʝ ʠ ʟʘʨʫʙʝʞʥʳʝ ʫʯʝʥʳʝ ʇʰʝʥʠʯʥʠʢʦʚ 

ɸ.ʇ., ɽʬʠʤʫʰʢʠʥ ɺ.ɸ., ʅʝʪʝʩ ɺ.ɸ, ʃʠʭʪʮʠʥʜʝʨ ɹ.ʗ., Shneiderman B., Emmerich W. ʠ ʜʨʫʛʠʝ. 

ɺʦʧʨʦʩʘʤ ʢʘʯʝʩʪʚʘ ʦʙʣʘʯʥʳʭ ʫʩʣʫʛ ʧʦʩʚʷʱʝʥʳ ʨʘʙʦʪʳ Tolia M., Dusi M., Lin K.J, Nieh J. ʠ 

ʜʨʫʛʠʭ. ɺ ʨʘʙʦʪʘʭ Tolia M. ʠ Dusi M. ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʚʣʠʷʥʠʝ ʩʝʪʝʚʳʭ ʟʘʜʝʨʞʝʢ ʥʘ ʨʘʙʦʪʫ 

ʫʩʣʫʛʠ ʜʣʷ ʦʜʥʦʡ ʠʟ ʫʩʪʘʨʝʚʰʠʭ ʧʣʘʪʬʦʨʤ, ʚ ʨʘʙʦʪʘʭ Lin K.J ʠ Nieh J. ʠʩʩʣʝʜʦʚʘʥʳ ʦʪʜʝʣʴʥʳʝ 

ʘʩʧʝʢʪʳ ʨʘʙʦʪʳ ʫʩʣʫʛʠ ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʩʝʪʝʚʳʭ ʫʩʣʦʚʠʷʭ (ʟʘʜʝʨʞʢʠ ʠ ʧʦʣʦʩʘ ʢʘʥʘʣʘ). 

ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʦʢʘʟʘʣʠʩʴ ʥʝʜʦʩʪʘʪʦʯʥʳ ʚ ʩʦʚʨʝʤʝʥʥʳʭ ʫʩʣʦʚʠʷʭ ʨʘʟʚʠʪʠʷ 

ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ ʫʩʣʫʛʠ çʚʠʨʪʫʘʣʴʥʳʡ ʨʘʙʦʯʠʡ ʩʪʦʣè, ʧʦʵʪʦʤʫ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ 

ʧʨʦʜʦʣʞʠʣʦʩʴ ʚ ʥʘʧʨʘʚʣʝʥʠʠ ʚʩʝʩʪʦʨʦʥʥʝʛʦ ʘʥʘʣʠʟʘ ʫʩʣʫʛʠ, ʨʘʩʩʤʦʪʨʝʥʠʷ ʩʦʚʨʝʤʝʥʥʳʭ 
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ʦʙʣʘʯʥʳʭ ʧʣʘʪʬʦʨʤ, ʨʘʟʚʠʪʠʷ ʥʦʚʳʭ ʧʦʜʭʦʜʦʚ, ʫʯʠʪʳʚʘʶʱʠʭ ʧʘʨʘʤʝʪʨʳ ʫʩʣʫʛʠ, 

ʦʧʨʝʜʝʣʷʶʱʠʭ ʧʨʠʝʤʣʝʤʦʩʪʴ ʝʝ ʢʘʯʝʩʪʚʘ. 

ʎʝʣʴʶ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʡ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʨʘʟʨʘʙʦʪʢʘ ʠ ʠʩʩʣʝʜʦʚʘʥʠʝ ʤʝʪʦʜʘ ʦʮʝʥʢʠ 

ʢʘʯʝʩʪʚʘ ʠʥʬʦʢʦʤʤʫʥʠʢʘʮʠʦʥʥʦʡ ʦʙʣʘʯʥʦʡ ʫʩʣʫʛʠ çʚʠʨʪʫʘʣʴʥʳʡ ʨʘʙʦʯʠʡ ʩʪʦʣè.  

ʅʘʫʯʥʘʷ ʥʦʚʠʟʥʘ ʠʩʩʣʝʜʦʚʘʥʠʷ ʩʦʩʪʦʠʪ ʚ ʩʣʝʜʫʶʱʝʤ: 

1. ʅʘ ʦʩʥʦʚʘʥʠʠ ʘʥʘʣʠʟʘ ʣʦʛʠʢʠ ʫʩʣʫʛʠ çʚʠʨʪʫʘʣʴʥʳʡ ʨʘʙʦʯʠʡ ʩʪʦʣè ʜʣʷ ʨʘʟʨʘʙʦʪʢʠ 

ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʤʦʜʝʣʝʡ ʚʳʜʝʣʝʥʳ ʜʚʝ ʬʘʟʳ ʝʝ ʧʨʝʜʦʩʪʘʚʣʝʥʠʷ ʜʣʷ ʚʦʟʤʦʞʥʦʩʪʠ ʦʪʜʝʣʴʥʦʛʦ 

ʠʭ ʠʩʩʣʝʜʦʚʘʥʠʷ. ɺ ʧʝʨʚʦʡ ʬʘʟʝ ʨʘʩʩʤʦʪʨʝʥʦ ʧʦʜʢʣʶʯʝʥʠʝ ʧʦʣʴʟʦʚʘʪʝʣʝʡ; ʚʦ ʚʪʦʨʦʡ ʬʘʟʝ 

ʧʨʝʜʫʩʤʦʪʨʝʥʘ ʠʭ ʨʘʙʦʪʘ ʩ ʠʥʜʠʚʠʜʫʘʣʴʥʳʤʠ ʨʘʙʦʯʠʤʠ ʩʪʦʣʘʤʠ. 

2. ɼʣʷ ʧʝʨʚʦʡ ʬʘʟʳ ʨʘʟʨʘʙʦʪʘʥʘ ʘʥʘʣʠʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ, ʧʦʟʚʦʣʷʶʱʘʷ ʦʮʝʥʠʪʴ ʩʨʝʜʥʝʝ 

ʚʨʝʤʷ ʦʪʢʣʠʢʘ; ʧʦʣʫʯʝʥʳ ʝʛʦ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʦʩʥʦʚʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʩʠʩʪʝʤʳ (ʩʨʝʜʥʝʛʦ 

ʚʨʝʤʝʥʠ ʦʙʩʣʫʞʠʚʘʥʠʷ ʦʜʥʦʛʦ ʟʘʧʨʦʩʘ, ʯʠʩʣʘ ʦʜʥʦʚʨʝʤʝʥʥʦ ʦʙʩʣʫʞʠʚʘʝʤʳʭ ʧʦʣʴʟʦʚʘʪʝʣʝʡ). 

ʈʝʰʝʥʘ ʟʘʜʘʯʘ ʦʧʨʝʜʝʣʝʥʠʷ ʤʥʦʞʝʩʪʚʘ ʜʦʧʫʩʪʠʤʳʭ ʟʥʘʯʝʥʠʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʩʝʨʚʝʨʘ, ʧʨʠ 

ʢʦʪʦʨʳʭ ʚʳʧʦʣʥʷʶʪʩʷ ʦʛʨʘʥʠʯʝʥʠʷ ʧʦ ʩʨʝʜʥʝʤʫ ʚʨʝʤʝʥʠ ʦʪʢʣʠʢʘ ʠ ʚʝʨʦʷʪʥʦʩʪʠ ʦʪʢʘʟʘ ʚ 

ʧʦʜʢʣʶʯʝʥʠʠ, ʘ ʪʘʢʞʝ ʟʘʜʘʯʘ ʦʧʨʝʜʝʣʝʥʠʷ ʨʘʮʠʦʥʘʣʴʥʳʭ ʚʘʨʠʘʥʪʦʚ ʩʦʯʝʪʘʥʠʷ ʵʪʠʭ ʧʘʨʘʤʝʪʨʦʚ. 

3. ɼʣʷ ʚʪʦʨʦʡ ʬʘʟʳ ʨʘʟʨʘʙʦʪʘʥʳ ʘʥʘʣʠʪʠʯʝʩʢʠʝ ʤʦʜʝʣʠ, ʢʦʪʦʨʳʝ ʜʣʷ ʪʨʝʭ ʩʮʝʥʘʨʠʝʚ 

ʧʨʝʜʦʩʪʘʚʣʝʥʠʷ ʫʩʣʫʛʠ ʧʦʟʚʦʣʷʶʪ ʦʮʝʥʠʪʴ ʩʨʝʜʥʝʝ ʚʨʝʤʷ ʦʪʢʣʠʢʘ, ʘ ʪʘʢʞʝ ʧʦʣʫʯʠʪʴ 

ʘʥʘʣʠʪʠʯʝʩʢʠʝ ʩʦʦʪʥʦʰʝʥʠʷ ʤʝʞʜʫ ʩʨʝʜʥʠʤ ʚʨʝʤʝʥʝʤ ʦʪʢʣʠʢʘ ʠ ʠʥʪʝʥʩʠʚʥʦʩʪʷʤʠ 

ʦʙʩʣʫʞʠʚʘʥʠʷ. ʇʨʝʜʣʦʞʝʥʘ ʦʙʦʙʱʝʥʥʘʷ ʤʦʜʝʣʴ ʙʘʟʦʚʦʛʦ ʩʮʝʥʘʨʠʷ ʧʨʝʜʦʩʪʘʚʣʝʥʠʷ ʫʩʣʫʛʠ, 

ʢʦʪʦʨʘʷ ʧʦʟʚʦʣʷʝʪ ʦʮʝʥʠʪʴ ʩʨʝʜʥʝʝ ʚʨʝʤʷ ʦʪʢʣʠʢʘ ʜʣʷ ʨʘʟʣʠʯʥʳʭ ʪʠʧʦʚ ʧʦʪʦʢʦʚ ʠ ʟʘʢʦʥʦʚ 

ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʚʨʝʤʝʥʠ ʦʙʩʣʫʞʠʚʘʥʠʷ. 

4. ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʨʦʚʝʜʝʥʥʳʭ ʥʘʪʫʨʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʦʣʫʯʝʥʳ 

ʦʮʝʥʢʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ ʫʩʣʫʛʠ, ʚʣʠʷʶʱʠʭ ʥʘ ʝʝ ʢʘʯʝʩʪʚʦ: ʩʨʝʜʥʝʛʦ ʚʨʝʤʝʥʠ 

ʤʝʞʜʫ ʟʘʧʨʦʩʘʤʠ ʢ ʩʝʨʚʝʨʫ ʚ ʦʙʝʠʭ ʬʘʟʘʭ, ʩʨʝʜʥʝʛʦ ʚʨʝʤʝʥʠ ʦʙʨʘʙʦʪʢʠ ʥʘ ʧʦʣʴʟʦʚʘʪʝʣʴʩʢʦʤ 

ʫʩʪʨʦʡʩʪʚʝ, ʩʨʝʜʥʝʛʦ ʚʨʝʤʝʥʠ ʦʙʩʣʫʞʠʚʘʥʠʷ ʟʘʧʨʦʩʦʚ ʩʝʨʚʝʨʦʤ, ʩʨʝʜʥʝʛʦ ʚʨʝʤʷ ʦʪʢʣʠʢʘ, ʘ 

ʪʘʢʞʝ ʟʘʚʠʩʠʤʦʩʪʠ ʪʨʘʥʩʧʦʨʪʥʦʡ ʟʘʜʝʨʞʢʠ ʦʪ ʩʢʦʨʦʩʪʠ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ. 

ʊʝʦʨʝʪʠʯʝʩʢʘʷ ʠ ʧʨʘʢʪʠʯʝʩʢʘʷ ʟʥʘʯʠʤʦʩʪʴ ʜʠʩʩʝʨʪʘʮʠʠ. ʈʘʟʨʘʙʦʪʘʥʥʳʡ ʤʝʪʦʜ ʦʮʝʥʢʠ 

ʢʘʯʝʩʪʚʘ ʠʥʬʦʢʦʤʤʫʥʠʢʘʮʠʦʥʥʦʡ ʦʙʣʘʯʥʦʡ ʫʩʣʫʛʠ çʚʠʨʪʫʘʣʴʥʳʡ ʨʘʙʦʯʠʡ ʩʪʦʣè ʤʦʞʝʪ ʙʳʪʴ 

ʠʩʧʦʣʴʟʦʚʘʥ ʦʧʝʨʘʪʦʨʘʤʠ ʩʚʷʟʠ ʠ ʧʦʩʪʘʚʱʠʢʘʤʠ ʫʩʣʫʛ ʥʘ ʵʪʘʧʝ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʠ ʵʢʩʧʣʫʘʪʘʮʠʠ 

ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ ʫʩʣʫʛʠ ʜʣʷ ʝʝ ʤʦʥʠʪʦʨʠʥʛʘ ʩ ʮʝʣʴʶ ʦʙʝʩʧʝʯʝʥʠʷ ʪʨʝʙʫʝʤʦʛʦ ʢʘʯʝʩʪʚʘ. 

ʇʦʣʫʯʝʥʥʳʝ ʧʨʠ ʧʦʤʦʱʠ ʧʨʝʜʣʦʞʝʥʥʳʭ ʘʥʘʣʠʪʠʯʝʩʢʠʭ ʤʦʜʝʣʝʡ ʦʮʝʥʢʠ ʠ ʨʝʢʦʤʝʥʜʘʮʠʠ 

ʧʦʟʚʦʣʷʶʪ ʫʧʨʘʚʣʷʪʴ ʫʨʦʚʥʝʤ ʢʘʯʝʩʪʚʘ ʫʩʣʫʛʠ ʧʫʪʝʤ ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʧʘʨʘʤʝʪʨʦʚ ʝʝ 

ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ, ʘ ʪʘʢʞʝ ʫʯʠʪʳʚʘʪʴ ʚʣʠʷʥʠʝ ʥʘ ʢʘʯʝʩʪʚʦ, ʦʢʘʟʳʚʘʝʤʦʝ ʩʝʪʴʶ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ.  

ʄʝʪʦʜʳ ʠʩʩʣʝʜʦʚʘʥʠʷ. ʇʨʠ ʚʳʧʦʣʥʝʥʠʠ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʡ ʨʘʙʦʪʳ ʙʳʣʠ ʧʨʠʤʝʥʝʥʳ 

ʤʝʪʦʜʳ ʪʝʦʨʠʠ ʚʝʨʦʷʪʥʦʩʪʝʡ, ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʩʪʘʪʠʩʪʠʢʠ, ʪʝʦʨʠʠ ʤʘʩʩʦʚʦʛʦ ʦʙʩʣʫʞʠʚʘʥʠʷ. 
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ʆʩʥʦʚʥʳʝ ʧʦʣʦʞʝʥʠʷ, ʚʳʥʦʩʠʤʳʝ ʥʘ ʟʘʱʠʪʫ. 

1. ɼʣʷ ʘʥʘʣʠʟʘ ʢʘʯʝʩʪʚʘ ʫʩʣʫʛʠ ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʜʣʷ ʚʦʟʤʦʞʥʦʩʪʠ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʚʳʜʝʣʠʪʴ ʜʚʝ ʬʘʟʳ, ʚʦ ʚʪʦʨʦʡ ʬʘʟʝ ï ʪʨʠ ʩʮʝʥʘʨʠʷ ʧʨʝʜʦʩʪʘʚʣʝʥʠʷ 

ʫʩʣʫʛʠ. ʆʩʥʦʚʥʳʝ ʧʦʢʘʟʘʪʝʣʠ ʢʘʯʝʩʪʚʘ ʜʣʷ ʧʝʨʚʦʡ ʬʘʟʳ: ʩʨʝʜʥʝʝ ʚʨʝʤʷ ʦʪʢʣʠʢʘ, ʚʝʨʦʷʪʥʦʩʪʴ 

ʦʪʢʘʟʘ ʚ ʧʦʜʢʣʶʯʝʥʠʠ; ʜʣʷ ʚʪʦʨʦʡ ï ʩʨʝʜʥʝʝ ʚʨʝʤʷ ʦʪʢʣʠʢʘ. 

2. ɸʥʘʣʠʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʧʝʨʚʦʡ ʬʘʟʳ ʫʩʣʫʛʠ çʚʠʨʪʫʘʣʴʥʳʡ ʨʘʙʦʯʠʡ ʩʪʦʣè ʥʘ ʦʩʥʦʚʝ 

ʉʄʆ M/G/1/K*PS ʧʦʟʚʦʣʷʝʪ ʧʨʦʠʟʚʝʩʪʠ ʦʮʝʥʢʫ ʦʩʥʦʚʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʢʘʯʝʩʪʚʘ ʠ ʚʳʙʨʘʪʴ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʝ ʪʨʝʙʫʝʤʳʡ ʝʛʦ ʫʨʦʚʝʥʴ. 

3. ɸʥʘʣʠʪʠʯʝʩʢʠʝ ʤʦʜʝʣʠ ʪʨʝʭ ʩʮʝʥʘʨʠʝʚ ʚʪʦʨʦʡ ʬʘʟʳ ʦʙʣʘʯʥʦʡ ʫʩʣʫʛʠ çʚʠʨʪʫʘʣʴʥʳʡ 

ʨʘʙʦʯʠʡ ʩʪʦʣè, ʧʦʩʪʨʦʝʥʥʳʝ ʥʘ ʦʩʥʦʚʝ ʩʝʪʠ ɼʞʝʢʩʦʥʘ ʠ BCMP-ʩʝʪʝʡ, ʧʦʟʚʦʣʷʶʪ ʚ ʟʘʚʠʩʠʤʦʩʪʠ 

ʦʪ ʩʮʝʥʘʨʠʷ ʧʨʝʜʦʩʪʘʚʣʝʥʠʷ ʫʩʣʫʛʠ, ʦʮʝʥʠʪʴ ʦʩʥʦʚʥʳʝ ʧʘʨʘʤʝʪʨʳ ʢʘʯʝʩʪʚʘ ʠ ʚʳʙʨʘʪʴ 

ʧʘʨʘʤʝʪʨʳ ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʝ ʪʨʝʙʫʝʤʳʡ ʝʛʦ ʫʨʦʚʝʥʴ. ʆʙʦʙʱʝʥʥʘʷ ʤʦʜʝʣʴ 

ʙʘʟʦʚʦʛʦ ʩʮʝʥʘʨʠʷ ʚʪʦʨʦʡ ʬʘʟʳ ʨʘʙʦʪʳ ʫʩʣʫʛʠ, ʫʯʠʪʳʚʘʶʱʘʷ ʧʝʨʚʳʝ ʜʚʘ ʤʦʤʝʥʪʘ ʩʣʫʯʘʡʥʳʭ 

ʚʝʣʠʯʠʥ, ʦʧʠʩʳʚʘʶʱʠʭ ʚʨʝʤʝʥʘ ʤʝʞʜʫ ʟʘʷʚʢʘʤʠ ʠ ʜʣʠʪʝʣʴʥʦʩʪʠ ʦʙʩʣʫʞʠʚʘʥʠʷ, ʧʦʟʚʦʣʷʝʪ 

ʦʮʝʥʠʪʴ ʩʨʝʜʥʝʝ ʚʨʝʤʷ ʦʪʢʣʠʢʘ ʜʣʷ ʧʨʦʠʟʚʦʣʴʥʳʭ ʟʘʢʦʥʦʚ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʵʪʠʭ ʚʝʣʠʯʠʥ. 

ɼʦʩʪʦʚʝʨʥʦʩʪʴ ʠ ʘʧʨʦʙʘʮʠʷ ʨʝʟʫʣʴʪʘʪʦʚ ʨʘʙʦʪʳ. ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʦʙʦʩʥʦʚʘʥʳ 

ʢʦʨʨʝʢʪʥʳʤ ʧʨʠʤʝʥʝʥʠʝʤ ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʤʝʪʦʜʦʚ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʪʝʦʨʠʠ ʤʘʩʩʦʚʦʛʦ 

ʦʙʩʣʫʞʠʚʘʥʠʷ, ʪʝʦʨʠʠ ʚʝʨʦʷʪʥʦʩʪʝʡ, ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʩʪʘʪʠʩʪʠʢʠ. ʆʩʥʦʚʥʦʝ ʩʦʜʝʨʞʘʥʠʝ 

ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʡ ʨʘʙʦʪʳ ʜʦʢʣʘʜʳʚʘʣʦʩʴ ʠ ʦʙʩʫʞʜʘʣʦʩʴ ʥʘ ʨʦʩʩʠʡʩʢʠʭ ʠ ʤʝʞʜʫʥʘʨʦʜʥʳʭ 

ʥʘʫʯʥʳʭ ʢʦʥʬʝʨʝʥʮʠʷʭ: çʌʫʥʜʘʤʝʥʪʘʣʴʥʳʝ ʧʨʦʙʣʝʤʳ ʨʘʜʠʦʵʣʝʢʪʨʦʥʥʦʛʦ ʧʨʠʙʦʨʦʩʪʨʦʝʥʠʷ 

INTERMATICè (ʄʦʩʢʚʘ, 2013, 2014, 2016 ʛʛ.), çʊʝʣʝʢʦʤʤʫʥʠʢʘʮʠʦʥʥʳʝ ʠ 

ʚʳʯʠʩʣʠʪʝʣʴʥʳʝ ʩʠʩʪʝʤʳè (ʄʦʩʢʚʘ, 2014, 2015, 2016, 2017 ʛʛ.), çʇʝʨʩʧʝʢʪʠʚʥʳʝ ʪʝʭʥʦʣʦʛʠʠ ʚ 

ʩʨʝʜʩʪʚʘʭ ʧʝʨʝʜʘʯʠ ʠʥʬʦʨʤʘʮʠʠ ï ʇʊʉʇʀè (ɺʣʘʜʠʤʠʨ-ʉʫʟʜʘʣʴ, 2015 ʛ.), çʊʝʭʥʦʣʦʛʠʠ 

ʠʥʬʦʨʤʘʮʠʦʥʥʦʛʦ ʦʙʱʝʩʪʚʘè (ʄʦʩʢʚʘ, 2015, 2016, 2017 ʛʛ.). ʇʦ ʪʝʤʝ ʜʠʩʩʝʨʪʘʮʠʠ 

ʦʧʫʙʣʠʢʦʚʘʥʦ 17 ʨʘʙʦʪ, ʚ ʪʦʤ ʯʠʩʣʝ 4 ï ʚ ʨʝʮʝʥʟʠʨʫʝʤʳʭ ʧʝʨʠʦʜʠʯʝʩʢʠʭ ʠʟʜʘʥʠʷʭ, ʚʭʦʜʷʱʠʭ ʚ 

ʧʝʨʝʯʝʥʴ ɺɸʂ ʧʨʠ ʄʠʥʦʙʨʥʘʫʢʠ ʈʌ. 

ʉʪʨʫʢʪʫʨʘ ʠ ʦʙʲʝʤ ʜʠʩʩʝʨʪʘʮʠʠ. ɼʠʩʩʝʨʪʘʮʠʦʥʥʘʷ ʨʘʙʦʪʘ ʩʦʩʪʦʠʪ ʠʟ ʚʚʝʜʝʥʠʷ, ʯʝʪʳʨʝʭ 

ʨʘʟʜʝʣʦʚ, ʟʘʢʣʶʯʝʥʠʷ, ʩʧʠʩʢʘ ʣʠʪʝʨʘʪʫʨʳ, ʧʨʠʣʦʞʝʥʠʷ ʠ ʩʦʜʝʨʞʠʪ 130 ʩʪʨʘʥʠʮ ʤʘʰʠʥʦʧʠʩʥʦʛʦ 

ʪʝʢʩʪʘ, 48 ʨʠʩʫʥʢʦʚ, 32 ʪʘʙʣʠʮ.r ʉʧʠʩʦʢ ʣʠʪʝʨʘʪʫʨʳ ʩʦʜʝʨʞʠʪ 121 ʥʘʠʤʝʥʦʚʘʥʠʝ. 
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ʈʘʟʜʝʣ 1. ʆʙʣʘʯʥʳʝ ʫʩʣʫʛʠ ʠ ʠʭ ʢʘʯʝʩʪʚʦ 

 

1.1 ʆʩʥʦʚʥʳʝ ʧʨʝʠʤʫʱʝʩʪʚʘ, ʧʦʥʷʪʠʷ ʠ ʧʨʠʥʮʠʧʳ ʨʘʙʦʪʳ ʦʙʣʘʯʥʳʭ ʫʩʣʫʛ 

 

1.1.1 ʈʘʟʚʠʪʠʝ ʦʙʣʘʯʥʳʭ ʫʩʣʫʛ 

 

 

ʂʦʥʮʝʧʮʠʷ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚʳʯʠʩʣʠʪʝʣʴʥʦʛʦ ʨʝʩʫʨʩʘ ʧʦ ʧʨʠʥʮʠʧʫ ʦʙʱʝʛʦ ʜʦʩʪʫʧʘ 

ʚʦʩʭʦʜʠʪ ʢ 1960-ʤ ʛʦʜʘʤ ʠ ʚʩʪʨʝʯʘʝʪʩʷ ʚ ʨʘʙʦʪʘʭ ɼ. ʄʘʢʢʘʨʪʠ [92] ʠ ɼ. ʃʠʢʣʘʡʜʝʨʘ [90]. 

ʉʣʝʜʫʶʱʠʤʠ ʵʪʘʧʘʤʠ ʝʝ ʨʘʟʚʠʪʠʷ ʤʦʞʥʦ ʩʯʠʪʘʪʴ ʟʘʧʫʩʢ ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ 

ʚʟʘʠʤʦʦʪʥʦʰʝʥʠʷʤʠ ʩ ʢʣʠʝʥʪʘʤʠ salesforce.com, ʧʨʝʜʦʩʪʘʚʣʷʝʤʦʡ ʧʦʣʴʟʦʚʘʪʝʣʷʤ ʧʦ ʧʦʜʧʠʩʢʝ 

ʥʘ ʦʜʥʦʠʤʝʥʥʦʤ ʚʝʙ-ʩʘʡʪʝ, ʘ ʪʘʢʞʝ ʥʘʯʘʣʦ ʧʨʝʜʦʩʪʘʚʣʝʥʠʷ ʜʦʩʪʫʧʘ ʢ ʫʩʣʫʛʘʤ ʯʝʨʝʟ ʩʝʪʴ 

ʀʥʪʝʨʥʝʪ ʤʘʛʘʟʠʥʦʤ Amazon.com ʚ 2002 ʛʦʜʫ [94]. ʈʘʟʚʠʪʠʝ ʩʝʨʚʠʩʦʚ Amazon ʧʨʠʚʝʣʦ ʢ 

ʟʘʧʫʩʢʫ ʚ 2006 ʛʦʜʫ ʧʨʦʝʢʪʘ ʧʦʜ ʥʘʟʚʘʥʠʝʤ Elastic Computing Cloud. ʇʨʘʢʪʠʯʝʩʢʠ ʦʜʥʦʚʨʝʤʝʥʥʦ 

ʩ ʵʪʠʤ ʩʦʙʳʪʠʝʤ ʪʝʨʤʠʥʳ çcloudè ʠ çcloud computingè ʙʳʣʠ ʫʧʦʤʷʥʫʪʳ ʚ ʦʜʥʦʤ ʠʟ ʧʫʙʣʠʯʥʳʭ 

ʚʳʩʪʫʧʣʝʥʠʡ ʕ. ʐʤʠʜʪʘ ï ʛʣʘʚʳ ʢʦʤʧʘʥʠʠ Google [51]. ʕʪʦʪ ʤʦʤʝʥʪ ʤʦʞʥʦ ʩʯʠʪʘʪʴ ʥʘʯʘʣʦʤ 

ʫʧʦʤʠʥʘʥʠʡ ʦʙʣʘʯʥʳʭ ʚʳʯʠʩʣʝʥʠʡ ʚ ʉʄʀ, ʧʫʙʣʠʢʘʮʠʷʭ ʩʧʝʮʠʘʣʠʩʪʦʚ, ʥʘʫʯʥʦʡ ʩʨʝʜʝ. 

ʆʙʣʘʯʥʳʝ ʫʩʣʫʛʠ ʠʛʨʘʶʪ ʩʫʱʝʩʪʚʝʥʥʫʶ ʨʦʣʴ ʚ ʨʘʟʚʠʪʠʠ ʠʥʬʦʢʦʤʤʫʥʠʢʘʮʠʦʥʥʦʡ ʩʨʝʜʳ ʚ 

ʥʘʰʝ ʚʨʝʤʷ. ʆʙʣʘʯʥʘʷ ʧʘʨʘʜʠʛʤʘ, ʬʘʢʪʠʯʝʩʢʠ, ʩʪʘʣʘ ʦʩʥʦʚʥʳʤ ʥʘʧʨʘʚʣʝʥʠʝʤ ʨʘʟʚʠʪʠʷ ʦʪʨʘʩʣʠ, 

ʦʙʝʩʧʝʯʠʚʘʷ ʠʤʝʶʱʠʝʩʷ ʠ ʥʘʟʨʝʚʘʶʱʠʝ ʧʦʪʨʝʙʥʦʩʪʠ ʧʦʣʴʟʦʚʘʪʝʣʷ. 

ɺ 2016 ʛʦʜʫ ʨʦʩʩʠʡʩʢʠʡ ʨʳʥʦʢ ʦʙʣʘʯʥʳʭ ʫʩʣʫʛ ʚʳʨʦʩ ʥʘ 43% ʩ 15,79 ʜʦ 22,6 ʤʣʨʜ ʨʫʙ 

[11]. ʇʦ ʦʮʝʥʢʝ, ʧʨʠʚʝʜʝʥʥʦʡ ʚ [23], ʨʳʥʦʢ ʦʙʣʘʯʥʳʭ ʫʩʣʫʛ ʙʫʜʝʪ ʨʘʩʪʠ ʙʳʩʪʨʝʝ, ʯʝʤ ʀʊ-ʨʳʥʦʢ 

ʚ ʮʝʣʦʤ, ʠ ʢ 2020 ʛʦʜʫ ʝʛʦ ʦʙʲʝʤ ʩʦʩʪʘʚʠʪ 48 ʤʣʨʜ ʨʫʙ. ʊʦ ʝʩʪʴ ʧʨʠ ʩʨʝʜʥʝʛʦʜʦʚʦʤ ʪʝʤʧʝ ʚ 21% 

ʝʛʦ ʦʙʲʝʤ ʚʳʨʘʩʪʝʪ ʚ 3 ʨʘʟʘ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ 2015 ʛʦʜʦʤ. 

ʉ ʤʦʤʝʥʪʘ ʩʚʦʝʛʦ ʧʦʷʚʣʝʥʠʷ ʤʦʜʝʣʴ ʧʨʝʜʦʩʪʘʚʣʝʥʠʷ ʫʩʣʫʛ çʠʟ ʦʙʣʘʢʘè ʛʣʫʙʦʢʦ ʧʨʦʥʠʢʣʘ 

ʚ ʨʘʟʣʠʯʥʳʝ ʠʥʬʦʨʤʘʮʠʦʥʥʦ-ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʩʬʝʨʳ ʠ ʩʪʘʣʘ ʠʛʨʘʪʴ ʚʝʩʦʤʫʶ ʨʦʣʴ ʩʨʝʜʠ 

ʩʝʪʝʚʳʭ ʫʩʣʫʛ. ʌʘʢʪʠʯʝʩʢʠ, ʦʙʣʘʯʥʘʷ ʩʨʝʜʘ ï ʵʪʦ ʫʜʦʙʥʘʷ ʧʣʦʱʘʜʢʘ ʜʣʷ ʭʨʘʥʝʥʠʷ ʠ ʦʙʨʘʙʦʪʢʠ 

ʠʥʬʦʨʤʘʮʠʠ, ʢʦʪʦʨʘʷ ʦʙʲʝʜʠʥʷʝʪ ʚ ʩʝʙʝ ʘʧʧʘʨʘʪʥʳʝ ʚʳʯʠʩʣʠʪʝʣʴʥʳʝ ʨʝʩʫʨʩʳ, ʩʨʝʜʩʪʚʘ 

ʭʨʘʥʝʥʠʷ ʜʘʥʥʳʭ, ʧʨʦʛʨʘʤʤʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ, ʢʘʥʘʣʳ ʩʚʷʟʠ ʠ ʜʨ. ʈʘʙʦʪʘ ʚ ʪʘʢʦʡ ʩʨʝʜʝ ʧʦʟʚʦʣʷʝʪ 

ʩʥʠʟʠʪʴ ʨʘʩʭʦʜʳ ʠ ʧʦʚʳʩʠʪʴ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʨʘʙʦʪʳ ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ ʧʨʝʜʧʨʠʷʪʠʷ, ʫʯʨʝʞʜʝʥʠʷ, 

ʚʝʜʦʤʩʪʚʘ. ʆʩʦʙʝʥʥʦʩʪʷʤʠ ʦʙʣʘʯʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʷʚʣʷʶʪʩʷ ʦʪʩʫʪʩʪʚʠʝ ʞʝʩʪʢʦʡ ʛʝʦʛʨʘʬʠʯʝʩʢʦʡ 

ʧʨʠʚʷʟʘʥʥʦʩʪʠ ʢ ʘʧʧʘʨʘʪʥʦʤʫ ʦʙʝʩʧʝʯʝʥʠʶ ʠ ʤʘʩʰʪʘʙʠʨʫʝʤʦʩʪʴ (ʪ.ʝ. ʚʦʟʤʦʞʥʦʩʪʴ 

ʤʛʥʦʚʝʥʥʦʛʦ ʨʘʟʚʝʨʪʳʚʘʥʠʷ ʥʦʚʳʭ ʨʝʩʫʨʩʦʚ). ʇʦʣʴʟʦʚʘʪʝʣʴ ʤʦʞʝʪ ʨʘʙʦʪʘʪʴ ʚ ʪʘʢʦʡ ʩʨʝʜʝ ʠʟ 
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ʣʶʙʦʡ ʪʦʯʢʠ ʧʣʘʥʝʪʳ, ʩ ʣʶʙʦʛʦ ʫʩʪʨʦʡʩʪʚʘ. ʂʨʦʤʝ ʪʦʛʦ, ʟʘ ʩʯʝʪ ʩʠʥʭʨʦʥʠʟʘʮʠʠ ʜʘʥʥʳʭ ʤʝʞʜʫ 

ʨʘʟʣʠʯʥʳʤʠ ʧʦʣʴʟʦʚʘʪʝʣʴʩʢʠʤʠ ʫʩʪʨʦʡʩʪʚʘʤʠ, ʧʦʷʚʣʷʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴ ʥʘʯʘʪʴ ʨʘʙʦʪʫ ʥʘ ʦʜʥʦʤ 

ʠʟ ʥʠʭ, ʥʘʧʨʠʤʝʨ, ʦʬʠʩʥʦʤ ʢʦʤʧʴʶʪʝʨʝ, ʘ ʧʨʦʜʦʣʞʠʪʴ ʥʘ ʜʨʫʛʦʤ, ʥʘʧʨʠʤʝʨ, ʥʘ ʧʣʘʥʰʝʪʝ ʠʣʠ 

ʩʤʘʨʪʬʦʥʝ ʚʦ ʚʨʝʤʷ ʢʦʤʘʥʜʠʨʦʚʢʠ ʠʣʠ ʩʦʚʝʱʘʥʠʷ. 

ʇʝʨʝʥʦʩ ʧʨʦʝʢʪʦʚ ʚ ʦʙʣʘʯʥʳʝ ʩʨʝʜʳ ʧʦʟʚʦʣʷʝʪ ʢʦʤʧʘʥʠʠ ʩʦʢʨʘʪʠʪʴ ʨʘʩʭʦʜʳ ʥʘ ʧʦʢʫʧʢʫ 

ʩʝʨʚʝʨʦʚ, ʩʝʪʝʚʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ, ʣʠʮʝʥʟʠʡ, ʩʦʢʨʘʱʝʥʠʝ ʰʪʘʪʘ ʩʧʝʮʠʘʣʠʩʪʦʚ, ʦʙʩʣʫʞʠʚʘʶʱʠʭ 

ʀʊ-ʠʥʬʨʘʩʪʨʫʢʪʫʨʫ. ʉ ʪʦʯʢʠ ʟʨʝʥʠʷ ʘʜʤʠʥʠʩʪʨʠʨʦʚʘʥʠʷ ʦʪʢʨʳʚʘʶʪʩʷ ʪʘʢʠʝ ʚʦʟʤʦʞʥʦʩʪʠ, ʢʘʢ 

ʮʝʥʪʨʘʣʠʟʦʚʘʥʥʦʩʪʴ ʜʘʥʥʳʭ, ʯʪʦ ʟʥʘʯʠʪʝʣʴʥʦ ʧʦʚʳʰʘʝʪ ʫʜʦʙʩʪʚʦ ʫʧʨʘʚʣʝʥʠʷ, ʢʦʥʪʨʦʣʷ ʠ 

ʫʯʝʪʘ, ʘ ʪʘʢʞʝ ʧʦʚʳʰʘʝʪ ʙʝʟʦʧʘʩʥʦʩʪʴ ʟʘ ʩʯʝʪ ʫʤʝʥʴʰʝʥʠʷ ʪʦʯʝʢ ʥʝʩʘʥʢʮʠʦʥʠʨʦʚʘʥʥʦʛʦ ʚʭʦʜʘ 

ʧʦʣʴʟʦʚʘʪʝʣʝʡ, ʥʘʣʠʯʠʷ ʮʝʥʪʨʘʣʠʟʦʚʘʥʥʦʡ ʪʝʭʥʠʯʝʩʢʦʡ ʧʦʜʜʝʨʞʢʠ, ʨʝʛʫʣʷʨʥʦʛʦ 

ʨʝʟʝʨʚʠʨʦʚʘʥʠʷ ʧʦʣʴʟʦʚʘʪʝʣʴʩʢʠʭ ʜʘʥʥʳʭ. ʅʝʤʘʣʳʤ ʜʦʩʪʦʠʥʩʪʚʦʤ ʦʙʣʘʯʥʳʭ ʩʨʝʜ ʷʚʣʷʝʪʩʷ 

ʪʘʢʞʝ ʛʠʙʢʦʩʪʴ ʚ ʨʘʟʚʝʨʪʳʚʘʥʠʠ ʫʩʣʫʛ, ʢʦʪʦʨʘʷ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʪʦʤ, ʯʪʦ ʘʜʤʠʥʠʩʪʨʘʪʦʨ ʧʦ 

ʪʨʝʙʦʚʘʥʠʶ ʤʦʞʝʪ ʚ ʪʝʯʝʥʠʠ ʥʝʩʢʦʣʴʢʠʭ ʤʠʥʫʪ ʦʨʛʘʥʠʟʦʚʘʪʴ ʧʦʜʢʣʶʯʝʥʠʝ ʥʦʚʳʭ 

ʧʦʣʴʟʦʚʘʪʝʣʝʡ ʠʣʠ ʨʘʩʰʠʨʠʪʴ ʨʝʩʫʨʩʳ ʩʫʱʝʩʪʚʫʶʱʠʤ. 

ʆʙʣʘʯʥʳʝ ʫʩʣʫʛʠ ʥʘʰʣʠ ʩʚʦʝ ʧʨʠʤʝʥʝʥʠʝ ʚʦ ʤʥʦʛʠʭ ʩʬʝʨʘʭ: ʚ ʦʪʨʘʩʣʷʭ ʥʘʨʦʜʥʦʛʦ 

ʭʦʟʷʡʩʪʚʘ, ʚ ʙʠʟʥʝʩ-ʩʝʛʤʝʥʪʝ, ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʤ ʩʝʢʪʦʨʝ, ʫ ʦʙʳʯʥʳʭ ʧʦʣʴʟʦʚʘʪʝʣʝʡ. ɺ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʩʬʝʨʳ ʧʨʠʤʝʥʝʥʠʷ ʤʦʞʝʪ ʤʝʥʷʪʴʩʷ ʩʧʝʮʠʬʠʢʘ ʫʩʣʫʛ, ʢʦʪʦʨʘʷ ʟʘʚʠʩʠʪ ʦʪ 

ʜʝʷʪʝʣʴʥʦʩʪʠ, ʚʳʧʦʣʥʷʝʤʦʡ ʧʦʣʴʟʦʚʘʪʝʣʝʤ. 

ʅʝʢʦʪʦʨʳʝ ʠʟ ʦʙʣʘʯʥʳʭ ʫʩʣʫʛ ʜʘʚʥʦ ʟʘʥʷʣʠ ʧʨʦʯʥʦʝ ʤʝʩʪʦ ʚ ʠʥʬʦʢʦʤʤʫʥʠʢʘʮʠʦʥʥʦʡ 

ʩʨʝʜʝ, ʜʨʫʛʠʝ ʤʦʞʥʦ ʦʪʥʝʩʪʠ ʢ ʨʘʟʚʠʚʘʶʱʠʤʩʷ. ʉʨʝʜʠ ʧʦʩʣʝʜʥʠʭ ʤʦʞʥʦ ʚʳʜʝʣʠʪʴ ʫʩʣʫʛʫ 

çʚʠʨʪʫʘʣʴʥʳʡ ʨʘʙʦʯʠʡ ʩʪʦʣè, ʢʦʪʦʨʘʷ ʙʣʘʛʦʜʘʨʷ ʦʩʦʙʝʥʥʦʩʪʷʤ ʨʝʘʣʠʟʘʮʠʠ ʠ ʩʧʝʮʠʬʠʢʠ 

ʧʨʝʜʦʩʪʘʚʣʝʥʠʷ ʩʦʯʝʪʘʝʪ ʚ ʩʝʙʝ ʩʚʦʡʩʪʚʘ ʨʘʟʣʠʯʥʳʭ ʦʙʣʘʯʥʳʭ ʫʩʣʫʛ, ʷʚʣʷʝʪʩʷ ʚʦʩʪʨʝʙʦʚʘʥʥʦʡ 

ʠ ʦʙʣʘʜʘʝʪ ʧʝʨʩʧʝʢʪʠʚʘʤʠ ʜʣʷ ʜʘʣʴʥʝʡʰʝʛʦ ʨʘʟʚʠʪʠʷ ʠ ʚʥʝʜʨʝʥʠʷ. ʇʝʨʩʧʝʢʪʠʚʳ ʨʘʟʚʠʪʠʷ ʠ 

ʪʝʤʧʳ ʨʦʩʪʘ ʫʩʣʫʛʠ çʚʠʨʪʫʘʣʴʥʳʡ ʨʘʙʦʯʠʡ ʩʪʦʣè ʨʘʩʩʤʦʪʨʝʥʳ ʚ [4], ʛʜʝ, ʚ ʯʘʩʪʥʦʩʪʠ, 

ʧʨʦʛʥʦʟʠʨʫʝʪʩʷ, ʯʪʦ çʪʠʧʦʚʦʝ ʦʬʠʩʥʦʝ ʨʘʙʦʯʝʝ ʤʝʩʪʦ ʚ 2020 ʛʦʜʫ ʙʫʜʝʪ ʦʨʛʘʥʠʟʦʚʘʥʦ ʚ 

ʚʠʨʪʫʘʣʴʥʦʡ ʩʨʝʜʝè. 

ʅʘ ʨʦʩʩʠʡʩʢʦʤ ʠʥʬʦʢʦʤʤʫʥʠʢʘʮʠʦʥʥʦʤ ʨʳʥʢʝ ʠʤʝʝʪʩʷ ʤʥʦʛʦ ʧʨʦʚʘʡʜʝʨʦʚ ʦʙʣʘʯʥʳʭ 

ʫʩʣʫʛ. ɺʚʠʜʫ ʠʭ ʙʦʣʴʰʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʨʳʥʦʢ ʷʚʣʷʝʪʩʷ ʢʦʥʢʫʨʝʥʪʥʳʤ, ʘ ʚ ʫʩʣʦʚʠʷʭ 

ʢʦʥʢʫʨʝʥʪʥʦʛʦ ʨʳʥʢʘ ʥʝʠʟʙʝʞʥʦ ʚʩʪʘʝʪ ʚʦʧʨʦʩ ʦ ʢʘʯʝʩʪʚʝ ʧʨʝʜʦʩʪʘʚʣʷʝʤʦʡ ʫʩʣʫʛʠ. ʇʦʵʪʦʤʫ 

ʪʝʤʘʪʠʢʘ ʦʙʝʩʧʝʯʝʥʠʷ ʢʘʯʝʩʪʚʘ ʦʙʣʘʯʥʳʭ ʫʩʣʫʛ ʷʚʣʷʝʪʩʷ ʢʨʘʡʥʝ ʚʘʞʥʦʡ ʠ ʘʢʪʫʘʣʴʥʦʡ. 

ʆʩʦʙʝʥʥʦ ʵʪʦ ʘʢʪʫʘʣʴʥʦ ʜʣʷ ʫʩʣʫʛ, ʧʨʝʜʦʩʪʘʚʣʷʝʤʳʭ ʧʦʣʴʟʦʚʘʪʝʣʷʤ ʚ ʨʝʘʣʴʥʦʤ ʚʨʝʤʝʥʠ, ʚ 

ʯʘʩʪʥʦʩʪʠ, ʫʩʣʫʛʠ çʚʠʨʪʫʘʣʴʥʳʡ ʨʘʙʦʯʠʡ ʩʪʦʣè.  

ʅʘʯʘʪʴ ʠʩʩʣʝʜʦʚʘʥʠʝ ʚʦʧʨʦʩʦʚ, ʩʚʷʟʘʥʥʳʭ ʩ ʦʙʝʩʧʝʯʝʥʠʝʤ ʝʝ ʢʘʯʝʩʪʚʘ ʩʣʝʜʫʝʪ ʩ 

ʨʘʩʩʤʦʪʨʝʥʠʷ ʦʧʨʝʜʝʣʝʥʠʡ, ʧʨʠʩʫʱʠʭ ʦʙʣʘʯʥʳʤ ʫʩʣʫʛʘʤ ʚ ʮʝʣʦʤ. 
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1.1.2 ʆʧʨʝʜʝʣʝʥʠʝ ʧʦʥʷʪʠʷ ʦʙʣʘʯʥʳʭ ʚʳʯʠʩʣʝʥʠʡ ʠ ʦʙʣʘʯʥʳʭ ʫʩʣʫʛ 

 

 

ʉʦʛʣʘʩʥʦ ʦʧʨʝʜʝʣʝʥʠʶ, ʧʨʠʚʝʜʝʥʥʦʤʫ ʚ ʪʝʭʥʠʯʝʩʢʠʭ ʙʶʣʣʝʪʝʥʷʭ ʄʉʕ-ʊ ʠ NIST [78, 93], 

ʦʙʣʘʯʥʳʝ ʚʳʯʠʩʣʝʥʠʷ ï ʵʪʦ ʢʦʥʮʝʧʮʠʷ, ʧʦʜʨʘʟʫʤʝʚʘʶʱʘʷ ʦʙʝʩʧʝʯʝʥʠʝ ʧʦʚʩʝʤʝʩʪʥʦʛʦ ʩʝʪʝʚʦʛʦ 

ʜʦʩʪʫʧʘ ʧʦ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʢ ʦʙʱʝʡ ʛʨʫʧʧʝ ʢʦʥʬʠʛʫʨʠʨʫʝʤʳʭ ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ ʨʝʩʫʨʩʦʚ ʪʘʢʠʤ, 

ʢʘʢ ʩʝʪʠ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ, ʩʝʨʚʝʨ,r ʫʩʪʨʦʡʩʪʚʘ ʭʨʘʥʝʥʠʷ ʜʘʥʥʳʭ, ʧʨʠʣʦʞʝʥʠʷ ʠ ʩʝʨʚʠʩ,r 

ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʙʳʪʴ ʦʧʝʨʘʪʠʚʥʦ ʧʨʝʜʦʩʪʘʚʣʝʥʳ ʠ ʠʟʲʷʪʳ ʩ ʤʠʥʠʤʘʣʴʥʳʤʠ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʤʠ 

ʟʘʪʨʘʪʘʤʠ ʠʣʠ ʦʙʨʘʱʝʥʠʷʤʠ ʢ ʧʨʦʚʘʡʜʝʨʫ.  

ʉʦʛʣʘʩʥʦ [79] ʦʙʣʘʯʥʘʷ ʫʩʣʫʛʘ ʤʦʞʝʪ ʙʳʪʴ ʦʧʨʝʜʝʣʝʥʘ ʢʘʢ ʫʩʣʫʛʘ, ʢʦʪʦʨʘʷ ʧʦʩʪʘʚʣʷʝʪʩʷ ʠ 

ʧʦʪʨʝʙʣʷʝʪʩʷ ʧʦ ʪʨʝʙʦʚʘʥʠʶ ʚ ʣʶʙʦʝ ʚʨʝʤʷ, ʯʝʨʝʟ ʣʶʙʫʶ ʩʝʪʴ ʜʦʩʪʫʧʘ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʪʝʭʥʦʣʦʛʠʡ ʦʙʣʘʯʥʳʭ ʚʳʯʠʩʣʝʥʠʡ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʦʜ ʦʙʣʘʯʥʦʡ ʫʩʣʫʛʦʡ ʧʦʥʠʤʘʝʪʩʷ 

ʧʨʝʜʦʩʪʘʚʣʝʥʠʝ ʜʦʩʪʫʧʘ ʧʦʣʴʟʦʚʘʪʝʣʶ ʢ ʫʜʘʣʝʥʥʳʤ ʩʝʨʚʝʨʘʤ ʜʘʥʥʳʭ ʠʣʠ ʧʨʠʣʦʞʝʥʠʡ, 

ʦʨʛʘʥʠʟʦʚʘʥʥʦʝ ʪʝʭʥʠʯʝʩʢʠʤʠ ʩʨʝʜʩʪʚʘʤʠ ʠ ʟʘʢʨʝʧʣʝʥʥʦʝ ʶʨʠʜʠʯʝʩʢʠʤʠ ʦʙʷʟʘʪʝʣʴʩʪʚʘʤʠ 

(ʜʦʛʦʚʦʨ, ʦʬʝʨʪʘ ʠ ʪ.ʜ.).  

ʇʦʜ ʦʙʣʘʯʥʦʡ ʘʨʭʠʪʝʢʪʫʨʦʡ ʧʦʥʠʤʘʝʪʩʷ ʧʨʠʥʮʠʧʠʘʣʴʥʘʷ ʦʨʛʘʥʠʟʘʮʠʷ ʦʙʣʘʯʥʦʡ ʫʩʣʫʛʠ, 

ʚʦʧʣʦʱʝʥʥʘʷ ʚ ʝʸ ʵʣʝʤʝʥʪʘʭ, ʠʭ ʚʟʘʠʤʦʦʪʥʦʰʝʥʠʷʭ ʜʨʫʛ ʩ ʜʨʫʛʦʤ ʠ ʩʦ ʩʨʝʜʦʡ, ʘ ʪʘʢʞʝ 

ʧʨʠʥʮʠʧʳ, ʥʘʧʨʘʚʣʷʶʱʠʝ ʝʸ ʧʨʦʝʢʪʠʨʦʚʘʥʠʝ ʠ ʨʘʟʚʠʪʠʝ. ʅʘ ʨʠʩʫʥʢʝ 1.1 ʧʦʢʘʟʘʥʳ 

ʬʫʥʢʮʠʦʥʘʣʴʥʳʝ ʫʨʦʚʥʠ ʦʙʣʘʯʥʦʡ ʘʨʭʠʪʝʢʪʫʨʳ. ʕʪʠ ʫʨʦʚʥʠ ʨʘʟʜʝʣʝʥʳ ʠ ʩʛʨʫʧʧʠʨʦʚʘʥʳ ʚ 

ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʠʭ ʬʫʥʢʮʠʷʤʠ ʩʦʛʣʘʩʥʦ [68]. 

 

ʈʠʩ. 1.1. ʌʫʥʢʮʠʦʥʘʣʴʥʳʝ ʫʨʦʚʥʠ ʦʙʣʘʯʥʦʡ ʘʨʭʠʪʝʢʪʫʨʳ 

 

ʈʘʩʩʤʦʪʨʠʤ ʠʭ ʧʦʜʨʦʙʥʝʝ ʚ ʦʪʜʝʣʴʥʦʩʪʠ. 
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¶ ʇʦʣʴʟʦʚʘʪʝʣʴʩʢʠʡ ʫʨʦʚʝʥʴ. ʆʪʚʝʯʘʝʪ ʟʘ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʧʦʣʴʟʦʚʘʪʝʣʷ ʩ ʦʙʣʘʯʥʦʡ 

ʠʥʬʨʘʩʪʨʫʢʪʫʨʦʡ, ʚ ʯʘʩʪʥʦʩʪʠ, ʚʳʧʦʣʥʷʝʪ ʩʣʝʜʫʶʱʠʝ ʬʫʥʢʮʠʠ: ʦʪʧʨʘʚʢʘ ʟʘʧʨʦʩʦʚ ʥʘ 

ʘʚʪʦʨʠʟʘʮʠʶ, ʧʦʣʫʯʝʥʠʝ ʠ ʦʙʨʘʙʦʪʢʘ ʦʪʚʝʪʦʚ ʩʝʨʚʝʨʘ, ʦʨʛʘʥʠʟʘʮʠʷ ʧʝʨʝʜʘʯʠ 

ʠʥʬʦʨʤʘʮʠʠ ʦʪ ʩʝʨʚʝʨʘ ʢ ʢʣʠʝʥʪʫ, ʤʦʥʠʪʦʨʠʥʛ ʨʝʩʫʨʩʦʚ ʠ ʩʦʩʪʦʷʥʠʷ ʩʝʩʩʠʠ ʢʣʠʝʥʪ-

ʩʝʨʚʝʨ. 

¶ ʋʨʦʚʝʥʴ ʜʦʩʪʫʧʘ. ʆʙʝʩʧʝʯʠʚʘʝʪ ʦʙʱʠʡ ʠʥʪʝʨʬʝʡʩ ʜʣʷ ʬʫʥʢʮʠʦʥʘʣʴʥʦʡ ʩʨʝʜʳ ʦʙʣʘʯʥʳʭ 

ʫʩʣʫʛ ʧʦʩʨʝʜʩʪʚʦʤ ʧʦʜʢʣʶʯʝʥʠʷ ʧʦʣʴʟʦʚʘʪʝʣʝʡ ʢ API ʦʙʣʘʯʥʦʡ ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ. API 

(application programming interface, ʠʥʪʝʨʬʝʡʩ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ ʧʨʠʣʦʞʝʥʠʡ) ï  ʥʘʙʦʨ 

ʛʦʪʦʚʳʭ ʢʣʘʩʩʦʚ, ʧʨʦʮʝʜʫʨ, ʬʫʥʢʮʠʡ ʠ ʜʨ., ʧʨʝʜʦʩʪʘʚʣʷʝʤʳʭ ʧʨʠʣʦʞʝʥʠʝʤ ʠʣʠ 

ʙʠʙʣʠʦʪʝʢʦʡ ʜʣʷ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚʦ ʚʥʝʰʥʠʭ ʧʨʦʛʨʘʤʤʥʳʭ ʧʨʦʜʫʢʪʘʭ. 

¶ ʋʨʦʚʝʥʴ ʫʩʣʫʛ.  ɿʜʝʩʴ ʧʨʦʚʘʡʜʝʨ ʨʘʟʤʝʱʘʝʪ ʚʩʝ, ʯʪʦ ʥʝʦʙʭʦʜʠʤʦ ʜʣʷ ʧʨʝʜʦʩʪʘʚʣʝʥʠʷ 

ʦʜʥʦʡ ʠʟ ʢʘʪʝʛʦʨʠʡ ʫʩʣʫʛ (ʧʨʦʛʨʘʤʤʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ, ʠʥʬʨʘʩʪʨʫʢʪʫʨʘ, ʩʨʝʜʩʪʚʘ 

ʭʨʘʥʝʥʠʷ ʠ ʦʙʨʘʙʦʪʢʠ ʜʘʥʥʳʭ ʠ ʪ.ʜ.), ʘ ʪʘʢʞʝ ʜʣʷ ʝʝ ʜʦʩʪʘʚʢʠ ʧʦʣʴʟʦʚʘʪʝʣʶ. 

¶ ʋʨʦʚʝʥʴ ʨʝʩʫʨʩʦʚ ʠ ʩʝʪʠ. ɿʜʝʩʴ ʥʘʭʦʜʠʪʩʷ ʦʙʦʨʫʜʦʚʘʥʠʝ ʧʨʦʚʘʡʜʝʨʘ ʦʙʣʘʯʥʳʭ ʫʩʣʫʛ: 

ʩʝʨʚʝʨʳ, ʩʝʪʝʚʳʝ ʢʦʤʤʫʪʘʪʦʨʳ ʠ ʤʘʨʰʨʫʪʠʟʘʪʦʨʳ, ʩʨʝʜʩʪʚʘ ʭʨʘʥʝʥʠʷ ʜʘʥʥʳʭ (ʉʍɼ). 

¶ ʄʝʞʫʨʦʚʥʝʚʳʝ ʬʫʥʢʮʠʠ. ʆʙʝʩʧʝʯʠʚʘʪʁ ʤʦʥʠʪʦʨʠʥʛ, ʘʜʤʠʥʠʩʪʨʠʨʦʚʘʥʠʝ, ʙʝʟʦʧʘʩʥʦʩʪʴ 

ʩʠʩʪʝʤʳ.  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʩʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʘʨʭʠʪʝʢʪʫʨʘ ʦʙʣʘʯʥʳʭ ʫʩʣʫʛ ʚ ʮʝʣʦʤ ʧʨʝʜʩʪʘʚʣʝʥʘ 

ʚ ʚʠʜʝ ʨʷʜʘ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ, ʩʦʛʣʘʩʦʚʘʥʥʦʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʢʦʪʦʨʳʭ 

ʦʙʝʩʧʝʯʠʚʘʝʪ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʴ ʫʩʣʫʛʠ. 

 

 

1.1.3 ʂʣʘʩʩʠʬʠʢʘʮʠʷ ʠ ʤʦʜʝʣʠ ʨʘʟʚʝʨʪʳʚʘʥʠʷ ʦʙʣʘʯʥʳʭ ʫʩʣʫʛ 

 

 

ɺ ʈʝʢʦʤʝʥʜʘʮʠʠ Y.3500 ʄʉʕ-ʊ [76] ʧʨʠʚʝʜʝʥʘ ʢʣʘʩʩʠʬʠʢʘʮʠʷ ʦʙʣʘʯʥʳʭ ʫʩʣʫʛ. ɼʘʥʥʘʷ 

ʢʣʘʩʩʠʬʠʢʘʮʠʷ ʧʦʩʪʨʦʝʥʘ ʥʘ ʧʦʥʷʪʠʷʭ çʚʦʟʤʦʞʥʦʩʪʝʡè (capabilities) ʠ çʢʘʪʝʛʦʨʠʡè (categories). 

ɺʦʟʤʦʞʥʦʩʪʠ ï ʵʪʦ ʩʚʦʡʩʪʚʘ ʦʙʣʘʯʥʳʭ ʫʩʣʫʛ, ʧʨʝʜʦʩʪʘʚʣʷʝʤʳʭ ʧʨʦʚʘʡʜʝʨʦʤ ʧʦʣʴʟʦʚʘʪʝʣʶ, ʚ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʥʘʟʥʘʯʝʥʠʷ ʠ ʪʠʧʦʚ ʧʨʝʜʦʩʪʘʚʣʷʝʤʳʭ ʨʝʩʫʨʩʦʚ. ʈʘʟʣʠʯʘʶʪ ʪʨʠ ʪʠʧʘ 

ʚʦʟʤʦʞʥʦʩʪʝʡ, ʢʦʪʦʨʳʝ ʩʬʦʨʤʠʨʦʚʘʥʳ ʩʦʛʣʘʩʥʦ ʧʨʠʥʮʠʧʫ ʨʘʟʜʝʣʝʥʠʷ ʧʦʣʥʦʤʦʯʠʡ: 

¶ ʇʨʠʣʦʞʝʥʠʷ: ʧʦʣʴʟʦʚʘʪʝʣʴ ʧʦʣʫʯʘʝʪ ʜʦʩʪʫʧ ʢ ʧʨʠʣʦʞʝʥʠʷʤ, ʨʘʟʚʝʨʥʫʪʳʤ ʥʘ 

ʦʙʦʨʫʜʦʚʘʥʠʠ ʧʨʦʚʘʡʜʝʨʘ. 

¶ ʀʥʬʨʘʩʪʨʫʢʪʫʨʘ: ʧʦʣʴʟʦʚʘʪʝʣʶ ʧʨʝʜʦʩʪʘʚʣʷʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴ ʦʙʨʘʙʦʪʢʠ ʠ ʭʨʘʥʝʥʠʷ 

ʜʘʥʥʳʭ, ʨʘʟʤʝʱʝʥʥʳʭ ʥʘ ʩʪʦʨʦʥʝ ʧʨʦʚʘʡʜʝʨʘ, ʘ ʪʘʢʞʝ ʩʝʪʝʚʳʝ ʨʝʩʫʨʩʳ. 
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¶ ʇʣʘʪʬʦʨʤʘ: ʧʦʣʴʟʦʚʘʪʝʣʶ ʧʨʝʜʦʩʪʘʚʣʷʝʪʩʷ ʜʦʩʪʫʧ ʢ ʩʨʝʜʝ ʦʪʣʘʜʢʠ, ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʠ 

ʟʘʧʫʩʢʘ ʧʨʠʣʦʞʝʥʠʡ, ʨʘʟʚʝʨʥʫʪʦʡ ʥʘ ʦʙʦʨʫʜʦʚʘʥʠʠ ʧʨʦʚʘʡʜʝʨʘ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʦʜʥʦʛʦ 

ʠʣʠ ʥʝʩʢʦʣʴʢʠʭ ʷʟʳʢʦʚ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ. 

ʂʘʪʝʛʦʨʠʷ ʦʙʣʘʯʥʳʭ ʫʩʣʫʛ ï ʵʪʦ ʛʨʫʧʧʘ ʦʙʣʘʯʥʳʭ ʫʩʣʫʛ, ʫʜʦʚʣʝʪʚʦʨʷʶʱʠʭ ʦʙʱʠʤ 

ʥʘʙʦʨʘʤ ʩʚʦʡʩʪʚ. ʂʘʪʝʛʦʨʠʷ ʤʦʞʝʪ ʚʢʣʶʯʘʪʴ ʚ ʩʝʙʷ ʦʜʥʫ ʠʣʠ ʥʝʩʢʦʣʴʢʦ ʚʦʟʤʦʞʥʦʩʪʝʡ. 

ʊʘʢ, ʚʳʜʝʣʷʶʪ 7 ʢʘʪʝʛʦʨʠʡ ʦʙʣʘʯʥʳʭ ʫʩʣʫʛ, ʩʘʤʳʤʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʤʠ ʠʟ ʢʦʪʦʨʳʭ ʷʚʣʷʶʪʩʷ 

ʩʣʝʜʫʶʱʠʝ ʪʨʠ: 

1. ʀʥʬʨʘʩʪʨʫʢʪʫʨʘ ʢʘʢ ʫʩʣʫʛʘ (Infrastructure as a Service, IaaS): ʢʘʪʝʛʦʨʠʷ ʦʙʣʘʯʥʳʭ 

ʫʩʣʫʛ, ʚ ʢʦʪʦʨʦʡ ʧʦʣʴʟʦʚʘʪʝʣʶ ʧʨʝʜʦʩʪʘʚʣʷʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʦʙʣʘʯʥʦʡ 

ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ: ʩʝʪʝʚʳʭ ʨʝʩʫʨʩʦʚ, ʩʨʝʜʩʪʚ ʭʨʘʥʝʥʠʷ ʠ ʦʙʨʘʙʦʪʢʠ ʜʘʥʥʳʭ. 

ʇʦʣʴʟʦʚʘʪʝʣʶ ʧʨʝʜʦʩʪʘʚʣʷʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴ ʩʘʤʦʩʪʦʷʪʝʣʴʥʦʡ ʫʩʪʘʥʦʚʢʠ ʠ ʟʘʧʫʩʢʘ 

ʥʝʦʙʭʦʜʠʤʦʛʦ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ. 

2. ʇʣʘʪʬʦʨʤʘ ʢʘʢ ʫʩʣʫʛʘ (Platform as a Service, PaaS): ʢʘʪʝʛʦʨʠʷ ʦʙʣʘʯʥʳʭ ʫʩʣʫʛ, ʚ 

ʢʦʪʦʨʦʡ ʧʦʣʴʟʦʚʘʪʝʣʶ ʧʨʝʜʦʩʪʘʚʣʷʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʦʙʣʘʯʥʦʡ 

ʧʣʘʪʬʦʨʤr, ʚ ʩʦʩʪʘʚ ʢʦʪʦʨʦʡ ʚʭʦʜʷʪ ʩʨʝʜʩʪʚʘ ʩʦʟʜʘʥʠʷ, ʪʝʩʪʠʨʦʚʘʥʠʷ ʠ ʚʳʧʦʣʥʝʥʠʷ 

ʧʨʠʢʣʘʜʥʦʛʦ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ, ʨʘʟʣʠʯʥʳʝ ʩʨʝʜʳ ʠʩʧʦʣʥʝʥʠʷ ʷʟʳʢʦʚ 

ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ, ʢʦʪʦʨʳʝ ʧʨʝʜʦʩʪʘʚʣʷʶʪʩʷ ʧʨʦʚʘʡʜʝʨʦʤ ʫʩʣʫʛʠ.  

3. ʇʨʦʛʨʘʤʤʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ ʢʘʢ ʫʩʣʫʛʘ (Software as a Service, SaaS): ʢʘʪʝʛʦʨʠʷ ʦʙʣʘʯʥʳʭ 

ʫʩʣʫʛ, ʚ ʢʦʪʦʨʦʡ ʧʦʣʴʟʦʚʘʪʝʣʶ ʧʨʝʜʦʩʪʘʚʣʷʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 

ʧʨʠʣʦʞʝʥʠʡ, ʨʘʟʚʝʨʥʫʪʳʭ ʥʘ ʩʝʨʚʝʨʝ ʧʨʦʚʘʡʜʝʨʘ ʚ ʦʙʣʘʢʝ. ʇʦʣʴʟʦʚʘʪʝʣʴ ʚʳʙʠʨʘʝʪ 

ʥʝʦʙʭʦʜʠʤʳʝ ʧʨʦʛʨʘʤʤʳ ʠʟ ʧʝʨʝʯʥʷ ʧʨʝʜʣʘʛʘʝʤʳʭ ʧʨʦʚʘʡʜʝʨʦʤ. ʅʘʠʙʦʣʴʰʝʝ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʚ ʨʘʤʢʘʭ ʜʘʥʥʦʡ ʢʘʪʝʛʦʨʠʠ ʧʦʣʫʯʠʣʠ ʨʘʟʣʠʯʥʳʝ ʦʬʠʩʥʳʝ ʠ 

ʙʫʭʛʘʣʪʝʨʩʢʠʝ ʧʨʠʣʦʞʝʥʠʷ, ʧʦʯʪʦʚʳʝ ʩʝʨʚʠʩʳ, ʘʥʪʠʚʠʨʫʩʥʦʝ ʧʨʦʛʨʘʤʤʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ 

ʠ ʜʨ. 

ɼʘʥʥʳʝ ʢʘʪʝʛʦʨʠʠ ʫʩʣʫʛ ʷʚʣʷʶʪʩʷ ʦʪʥʦʩʠʪʝʣʴʥʦ ʧʨʦʩʪʳʤʠ, ʧʨʦʚʝʨʝʥʥʳʤʠ ʥʘ ʧʨʘʢʪʠʢʝ, 

ʢʘʞʜʦʡ ʢʘʪʝʛʦʨʠʠ ʪʫʪ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʦʜʥʘ ʚʦʟʤʦʞʥʦʩʪʴ. ʆʜʥʘʢʦ, ʚ [76] ʧʨʠʚʝʜʝʥʳ, ʢʨʦʤʝ ʪʦʛʦ, 

ʝʱʝ ʥʝʩʢʦʣʴʢʦ ʢʘʪʝʛʦʨʠʡ, ʦʪʥʦʩʠʤʳʭ ʢ ʯʠʩʣʫ çʨʘʟʚʠʚʘʶʱʠʭʩʷè. ɺ ʯʘʩʪʥʦʩʪʠ, ʵʪʦ ʫʩʣʫʛʘ ʪʠʧʘ 

çʚʠʨʪʫʘʣʴʥʳʡ ʨʘʙʦʯʠʡ ʩʪʦʣè (ʘʥʛʣ. Desktop as a Service, DaaS). ɹʦʣʝʝ ʧʦʜʨʦʙʥʦ ʦʥʘ ʦʧʠʩʘʥʘ ʚ 

ʈʝʢʦʤʝʥʜʘʮʠʠ Y.3503 ʄʉʕ-ʊ [77]. ʕʪʘ ʫʩʣʫʛʘ ʧʨʝʜʩʪʘʚʣʷʝʪ ʙʦʣʴʰʦʡ ʠʥʪʝʨʝʩ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ: 

ʦʯʝʚʠʜʥʦ, ʯʪʦ ʦʥʘ ʷʚʣʷʝʪʩʷ ʙʦʣʝʝ ʩʣʦʞʥʦʡ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʪʝʭʥʠʯʝʩʢʦʡ ʨʝʘʣʠʟʘʮʠʠ, ʧʦʩʢʦʣʴʢʫ 

ʩʦʯʝʪʘʝʪ ʚ ʩʝʙʝ ʩʨʘʟʫ ʥʝʩʢʦʣʴʢʦ ʚʦʟʤʦʞʥʦʩʪʝʡ ʠ ʩʚʦʡʩʪʚ ʨʘʟʣʠʯʥʳʭ ʢʘʪʝʛʦʨʠʡ ʫʩʣʫʛ. ɼʣʷ ʝʝ 

ʧʨʝʜʦʩʪʘʚʣʝʥʠʷ ʪʨʝʙʫʝʪʩʷ ʦʨʛʘʥʠʟʦʚʘʪʴ ʥʘ ʩʝʨʚʝʨʝ ʫʩʣʫʛʠ ʙʦʣʝʝ ʩʣʦʞʥʫʶ ʠʥʬʨʘʩʪʨʫʢʪʫʨʫ ʧʦ 

ʩʨʘʚʥʝʥʠʶ ʩ ʚʳʰʝʧʝʨʝʯʠʩʣʝʥʥʳʤʠ ʢʘʪʝʛʦʨʠʷʤʠ ʦʙʣʘʯʥʳʭ ʫʩʣʫʛ. ɼʘʥʥʘʷ ʫʩʣʫʛʘ ʙʫʜʝʪ 

ʨʘʩʩʤʘʪʨʠʚʘʪʴʩʷ ʚ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʡ ʨʘʙʦʪʝ. 
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ʄʦʜʝʣʠ ʨʘʟʚʝʨʪʳʚʘʥʠʷ ʦʙʣʘʯʥʳʭ ʫʩʣʫʛ ʦʧʠʩʳʚʘʶʪ, ʢʘʢ ʦʙʣʘʯʥʳʝ ʚʳʯʠʩʣʝʥʠʷ ʤʦʛʫʪ ʙʳʪʴ 

ʦʨʛʘʥʠʟʦʚʘʥʳ ʥʘ ʦʩʥʦʚʝ ʫʧʨʘʚʣʝʥʠʷ ʠ ʦʙʤʝʥʘ ʬʠʟʠʯʝʩʢʠʤʠ ʠʣʠ ʚʠʨʪʫʘʣʴʥʳʤʠ ʨʝʩʫʨʩʘʤʠ. 

ʈʘʟʣʠʯʘʶʪ ʩʣʝʜʫʶʱʠʝ ʤʦʜʝʣʠ:  

¶ ʇʫʙʣʠʯʥʦʝ ʦʙʣʘʢʦ (Public Cloud): ʤʦʜʝʣʴ ʨʘʟʚʝʨʪʳʚʘʥʠʷ ʦʙʣʘʢʘ, ʛʜʝ ʦʙʣʘʯʥʳʝ ʩʝʨʚʠʩʳ 

ʷʚʣʷʶʪʩʷ ʧʦʪʝʥʮʠʘʣʴʥʦ ʜʦʩʪʫʧʥʳʤʠ ʣʶʙʦʤʫ ʧʦʣʴʟʦʚʘʪʝʣʶ ʦʙʣʘʢʘ, ʨʝʩʫʨʩʳ ʥʘʭʦʜʷʪʩʷ 

ʧʦʜ ʢʦʥʪʨʦʣʝʤ ʧʦʩʪʘʚʱʠʢʘ ʦʙʣʘʯʥʳʭ ʫʩʣʫʛ. ʇʫʙʣʠʯʥʦʝ ʦʙʣʘʢʦ ʤʦʞʝʪ ʙʳʪʴ ʨʘʟʚʝʨʥʫʪʦ ʠ 

ʫʧʨʘʚʣʷʝʤʦ ʚ ʙʠʟʥʝʩ ʩʪʨʫʢʪʫʨʝ, ʘʢʘʜʝʤʠʯʝʩʢʦʤ ʫʯʨʝʞʜʝʥʠʠ ʠʣʠ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʡ 

ʦʨʛʘʥʠʟʘʮʠʠ, ʠʣʠ ʚ ʢʘʢʦʤ-ʣʠʙʦ ʠʭ ʩʦʯʝʪʘʥʠʠ. ʆʥʦ ʨʘʟʤʝʱʘʝʪʩʷ ʥʘ ʪʝʨʨʠʪʦʨʠʠ 

ʧʨʦʚʘʡʜʝʨʘ ʦʙʣʘʯʥʳʭ ʫʩʣʫʛ. ʈʝʘʣʴʥʘʷ ʜʦʩʪʫʧʥʦʩʪʴ ʪʘʢʠʭ ʫʩʣʫʛ ʜʣʷ ʢʦʥʢʨʝʪʥʳʭ ʢʣʠʝʥʪʦʚ 

ʤʦʞʝʪ ʙʳʪʴ ʦʛʦʚʦʨʝʥʘ ʶʨʠʜʠʯʝʩʢʠʤʠ ʥʦʨʤʘʤʠ ʠ ʩʦʛʣʘʰʝʥʠʷʤʠ. ʇʫʙʣʠʯʥʳʝ ʦʙʣʘʢʘ 

ʠʤʝʶʪ ʦʯʝʥʴ ʰʠʨʦʢʠʝ ʛʨʘʥʠʮʳ, ʛʜʝ ʜʦʩʪʫʧ ʧʦʣʴʟʦʚʘʪʝʣʝʡ ʢ ʦʙʣʘʯʥʳʤ ʩʝʨʚʠʩʘʤ ʧʦʯʪʠ ʥʝ 

ʠʤʝʝʪ ʦʛʨʘʥʠʯʝʥʠʡ. 

¶ ʏʘʩʪʥʦʝ ʦʙʣʘʢʦ (Private Cloud): ʤʦʜʝʣʴ ʨʘʟʚʝʨʪʳʚʘʥʠʷ ʦʙʣʘʢʘ, ʛʜʝ ʦʙʣʘʯʥʳʝ ʩʝʨʚʠʩʳ 

ʠʩʧʦʣʴʟʫʶʪʩʷ ʠʩʢʣʶʯʠʪʝʣʴʥʦ ʦʜʥʠʤ ʧʦʣʴʟʦʚʘʪʝʣʝʤ, ʠ ʨʝʩʫʨʩʳ ʥʘʭʦʜʷʪʩʷ ʪʦʣʴʢʦ ʧʦʜ ʝʛʦ 

ʢʦʥʪʨʦʣʝʤ. ʏʘʩʪʥʦʝ ʦʙʣʘʢʦ ʤʦʞʝʪ ʙʳʪʴ ʨʘʟʚʝʨʥʫʪʦ ʚ ʯʘʩʪʥʦʤ ʠʣʠ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʤ 

ʫʯʨʝʞʜʝʥʠʠ, ʫʧʨʘʚʣʷʪʴʩʷ ʩʘʤʦʡ ʦʨʛʘʥʠʟʘʮʠʝʡ ʠʣʠ ʪʨʝʪʴʝʡ ʩʪʦʨʦʥʦʡ, ʙʘʟʠʨʦʚʘʪʴʩʷ ʥʘ 

ʪʝʨʨʠʪʦʨʠʠ ʩʘʤʦʛʦ ʫʯʨʝʞʜʝʥʠʷ ʠʣʠ ʟʘ ʝʝ ʧʨʝʜʝʣʘʤʠ. ʏʘʩʪʥʳʤ ʦʙʣʘʢʦʤ ʤʦʛʫʪ 

ʧʦʣʴʟʦʚʘʪʴʩʷ ʪʦʣʴʢʦ ʯʣʝʥʳ ʦʨʛʘʥʠʟʘʮʠʠ, ʧʨʦʰʝʜʰʠʝ ʘʚʪʦʨʠʟʘʮʠʶ ʧʝʨʝʜ ʧʦʜʢʣʶʯʝʥʠʝʤ. 

¶ ʆʙʱʝʩʪʚʝʥʥʦʝ ʦʙʣʘʢʦ (Community Cloud): ʤʦʜʝʣʴ ʨʘʟʚʝʨʪʳʚʘʥʠʷ ʦʙʣʘʢʘ, ʛʜʝ ʦʙʣʘʯʥʳʝ 

ʩʝʨʚʠʩʳ ʧʦʜʜʝʨʞʠʚʘʶʪʩʷ ʢʘʢʠʤ-ʣʠʙʦ ʩʦʦʙʱʝʩʪʚʦʤ ʧʦʣʴʟʦʚʘʪʝʣʝʡ, ʢʦʪʦʨʳʝ ʠʤʝʶʪ 

ʦʙʱʠʝ ʪʨʝʙʦʚʘʥʠʷ ʢ ʧʨʝʜʤʝʪʫ ʫʩʣʫʛʠ, ʘ ʪʘʢʞʝ ʚʟʘʠʤʦʜʝʡʩʪʚʫʶʪ ʜʨʫʛ ʩ ʜʨʫʛʦʤ ʚ ʨʘʤʢʘʭ 

ʵʪʦʡ ʫʩʣʫʛʠ. ʈʝʩʫʨʩʳ ʥʘʭʦʜʷʪʩʷ ʧʦʜ ʢʦʥʪʨʦʣʝʤ, ʧʦ ʢʨʘʡʥʝʡ ʤʝʨʝ, ʦʜʥʦʛʦ ʯʣʝʥʘ ʵʪʦʡ 

ʩʦʦʙʱʝʩʪʚʘ. ʊʘʢʦʝ ʦʙʣʘʢʦ ʤʦʞʝʪ ʧʨʠʥʘʜʣʝʞʘʪʴ ʠ ʫʧʨʘʚʣʷʝʪʩʷ ʦʜʥʦʡ ʠʣʠ ʙʦʣʝʝ 

ʦʨʛʘʥʠʟʘʮʠʷʤʠ, ʚʭʦʜʷʱʠʤʠ ʚ ʩʦʦʙʱʝʩʪʚʦ ʠʣʠ ʪʨʝʪʴʝʡ ʩʪʦʨʦʥʦʡ. ʆʥʦ ʤʦʞʝʪ ʙʳʪʴ 

ʨʘʟʚʝʨʥʫʪʦ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʦʜʥʦʡ ʠʟ ʪʘʢʠʭ ʦʨʛʘʥʠʟʘʮʠʡ ʠʣʠ ʫ ʪʨʝʪʴʝʡ ʩʪʦʨʦʥʳ. ʆʪʣʠʯʠʝ 

ʦʪ ʤʦʜʝʣʠ ʏʘʩʪʥʦʛʦ ʦʙʣʘʢʘ ʩʦʩʪʦʠʪ ʚ ʪʦʤ, ʯʪʦ ʆʙʱʝʩʪʚʝʥʥʦʝ ʦʙʣʘʢʦ ʧʦʜʨʘʟʫʤʝʚʘʝʪ, ʚ 

ʯʘʩʪʥʦʩʪʠ, ʧʦʜʢʣʶʯʝʥʠʝ ʧʦʣʴʟʦʚʘʪʝʣʝʡ, ʦʙʲʝʜʠʥʝʥʥʳʭ ʦʙʱʠʤ ʠʥʪʝʨʝʩʦʤ, ʘ ʥʝ 

ʯʣʝʥʩʪʚʦʤ ʦʜʥʦʡ ʚ ʦʨʛʘʥʠʟʘʮʠʠ. ʆʪʣʠʯʠʝ ʦʪ ʇʫʙʣʠʯʥʦʛʦ ʦʙʣʘʢʘ ʩʦʩʪʦʠʪ ʚ ʥʘʣʠʯʠʠ 

ʦʧʨʝʜʝʣʝʥʥʦʛʦ ʢʨʠʪʝʨʠʷ, ʧʦ ʢʦʪʦʨʦʤʫ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʘʚʪʦʨʠʟʘʮʠʷ: ʧʦʣʠʪʠʢʠ 

ʙʝʟʦʧʘʩʥʦʩʪʠ, ʩʦʛʣʘʰʝʥʠʷ, ʯʣʝʥʩʪʚʦ ʚ ʩʦʦʙʱʝʩʪʚʝ ʠ ʪ.ʜ. 

¶ ɻʠʙʨʠʜʥʦʝ ʦʙʣʘʢʦ (Hybrid Cloud): ʤʦʜʝʣʴ ʨʘʟʚʝʨʪʳʚʘʥʠʷ ʦʙʣʘʢʘ, ʚʢʣʶʯʘʶʱʘʷ ʚ ʩʝʙʷ 

ʢʦʤʙʠʥʘʮʠʶ, ʧʦ ʤʝʥʴʰʝʡ ʤʝʨʝ, ʜʚʫʭ ʜʨʫʛʠʭ ʨʘʟʣʠʯʥʳʭ ʤʦʜʝʣʝʡ ʨʘʟʚʝʨʪʳʚʘʥʠʷ ʦʙʣʘʢʘ. 

ʋʯʘʩʪʚʫʶʱʠʝ ʚ ɻʠʙʨʠʜʥʦʤ ʦʙʣʘʢʝ ʤʦʜʝʣʠ ʷʚʣʷʶʪʩʷ ʨʘʟʣʠʯʥʳʤʠ ʧʦ ʩʚʦʝʡ ʩʫʪʠ, ʥʦ 

ʩʚʷʟʘʥʳ ʜʨʫʛ ʩ ʜʨʫʛʦʤ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʪʝʭʥʦʣʦʛʠʝʡ, ʯʪʦ ʦʙʝʩʧʝʯʠʚʘʝʪ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ, 

ʤʦʙʠʣʴʥʦʩʪʴ ʜʘʥʥʳʭ ʠ ʧʝʨʝʥʦʩʠʤʦʩʪʴ ʧʨʠʣʦʞʝʥʠʡ. ɻʠʙʨʠʜʥʦʝ ʦʙʣʘʢʦ ʤʦʞʝʪ ʙʳʪʴ 
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ʨʘʟʚʝʨʥʫʪʦ ʚ ʯʘʩʪʥʦʤ ʠʣʠ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʤ ʫʯʨʝʞʜʝʥʠʠ, ʫʧʨʘʚʣʷʪʴʩʷ ʩʘʤʦʡ 

ʦʨʛʘʥʠʟʘʮʠʝʡ ʠʣʠ ʪʨʝʪʴʝʡ ʩʪʦʨʦʥʦʡ, ʠ ʤʦʞʝʪ ʙʘʟʠʨʦʚʘʪʴʩʷ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʩʘʤʦʛʦ 

ʫʯʨʝʞʜʝʥʠʷ ʠʣʠ ʟʘ ʝʝ ʧʨʝʜʝʣʘʤʠ. ʊʘʢʠʝ ʦʙʣʘʢʘ ʤʦʛʫʪ ʙʳʪʴ ʧʦʣʝʟʥʳ ʚ ʩʠʪʫʘʮʠʷʭ, ʢʦʛʜʘ 

ʧʨʦʠʩʭʦʜʠʪ ʦʙʲʝʜʠʥʝʥʠʝ ʥʝʩʢʦʣʴʢʠʭ ʩʪʨʫʢʪʫʨ ʩ ʩʦʭʨʘʥʝʥʠʝʤ ʫʥʠʢʘʣʴʥʳʭ ʩʚʦʡʩʪʚ 

ʢʘʞʜʦʡ. 

ʋʩʣʫʛʘ ʪʠʧʘ çʚʠʨʪʫʘʣʴʥʳʡ ʨʘʙʦʯʠʡ ʩʪʦʣè ʤʦʞʝʪ ʙʳʪʴ ʨʘʟʚʝʨʥʫʪʘ ʠ ʧʨʝʜʦʩʪʘʚʣʝʥʘ ʧʦ 

ʤʦʜʝʣʠ ʯʘʩʪʥʦʛʦ ʠʣʠ ʛʠʙʨʠʜʥʦʛʦ ʦʙʣʘʢʘ. ɻʦʚʦʨʷ ʦ ʚʘʨʠʘʥʪʘʭ ʨʘʟʚʝʨʪʳʚʘʥʠʷ ʠ ʢʣʘʩʩʠʬʠʢʘʮʠʠ 

ʦʙʣʘʯʥʳʭ ʫʩʣʫʛ, ʩʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ ʧʦʥʷʪʠʝ ʉʦʛʣʘʰʝʥʠʷ ʦʙ ʫʨʦʚʥʝ ʧʨʝʜʦʩʪʘʚʣʷʝʤʦʡ ʫʩʣʫʛʠ 

(Service Level Agreement, SLA). ʕʪʦʪ ʪʝʨʤʠʥ ʦʙʦʟʥʘʯʘʝʪ ʬʦʨʤʘʣʴʥʳʡ ʜʦʛʦʚʦʨ ʤʝʞʜʫ 

ʟʘʢʘʟʯʠʢʦʤ  ʫʩʣʫʛʠ ʠ ʝʸ ʧʦʩʪʘʚʱʠʢʦʤ, ʢʦʪʦʨʳʡ ʩʦʜʝʨʞʠʪ ʦʧʠʩʘʥʠʝ ʫʩʣʫʛʠ, ʧʨʘʚʘ ʠ ʦʙʷʟʘʥʥʦʩʪʠ 

ʩʪʦʨʦʥ, ʘ ʪʘʢʞʝ ʩʦʛʣʘʩʦʚʘʥʥʳʡ ʫʨʦʚʝʥʴ ʢʘʯʝʩʪʚʘ ʧʨʝʜʦʩʪʘʚʣʝʥʠʷ ʜʘʥʥʦʡ ʫʩʣʫʛʠ. ɹʦʣʝʝ 

ʧʦʜʨʦʙʥʦ ʦʩʦʙʝʥʥʦʩʪʠ ʧʨʠʤʝʥʝʥʠʷ SLA ʨʘʩʩʤʦʪʨʝʥʳ ʚ [18, 19, 91]. 

 

 

1.1.4 ʆʙʣʘʯʥʳʝ ʧʣʘʪʬʦʨʤʳ ʠ ʧʨʠʥʮʠʧʳ ʠʭ ʨʘʙʦʪʳ 

 

 

ʆʙʣʘʯʥʳʝ ʧʣʘʪʬʦʨʤʳ, ʨʘʟʚʦʨʘʯʠʚʘʝʤʳʝ ʚ ʫʜʘʣʝʥʥʳʭ ʎʝʥʪʨʘʭ ʆʙʨʘʙʦʪʢʠ ɼʘʥʥʳʭ, 

ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʧʨʦʛʨʘʤʤʥʦ-ʘʧʧʘʨʘʪʥʳʝ ʢʦʤʧʣʝʢʩʳ, ʩʦʩʪʘʚʣʝʥʥʳʝ ʠʟ ʨʷʜʘ ʧʨʦʛʨʘʤʤʥʳʭ 

ʧʨʦʜʫʢʪʦʚ, ʫʩʪʘʥʦʚʣʝʥʥʳʭ ʠ ʩʧʝʮʠʘʣʴʥʳʤ ʦʙʨʘʟʦʤ ʥʘʩʪʨʦʝʥʥʳʭ ʥʘ ʦʜʥʦʤ ʠʣʠ ʤʥʦʞʝʩʪʚʝ 

ʩʝʨʚʝʨʦʚ [57]. ɺ ʮʝʣʦʤ, ʦʙʣʘʯʥʳʝ ʩʠʩʪʝʤʳ ʠʤʝʶʪ ʨʘʟʣʠʯʥʳʝ ʚʠʜʳ ʨʝʘʣʠʟʘʮʠʠ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ 

ʦʙʣʘʩʪʠ ʠʭ ʧʨʠʤʝʥʝʥʠʷ, ʧʨʝʜʧʦʣʘʛʘʝʤʦʛʦ ʬʫʥʢʮʠʦʥʘʣʘ, ʨʝʩʫʨʩʘ ʩʝʪʠ ʠ ʦʙʦʨʫʜʦʚʘʥʠʷ. ʊʝʤ ʥʝ 

ʤʝʥʝʝ, ʚʦʟʤʦʞʥʦ ʧʨʦʩʣʝʜʠʪʴ ʦʙʱʠʝ ʧʨʠʥʮʠʧʳ ʬʦʨʤʠʨʦʚʘʥʠʷ ʪʘʢʠʭ ʩʠʩʪʝʤ. ʊʘʢ, ʥʘʠʙʦʣʴʰʝʝ 

ʨʘʟʚʠʪʠʝ ʠ ʧʨʠʤʝʥʝʥʠʝ ʥʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʧʦʣʫʯʠʣʠ ʛʠʧʝʨʚʠʟʦʨʳ. 

ɻʠʧʝʨʚʠʟʦʨ (ʘʥʛʣ. Hypervisor) ï ʵʪʦ  ʧʨʦʛʨʘʤʤʥʳʡ ʠʣʠ ʧʨʦʛʨʘʤʤʥʦ-ʘʧʧʘʨʘʪʥʳʡ ʢʦʤʧʣʝʢʩ, 

ʦʙʝʩʧʝʯʠʚʘʶʱʠʡ ʦʜʥʦʚʨʝʤʝʥʥʫʶ ʨʘʙʦʪʫ ʥʝʩʢʦʣʴʢʠʭ ʦʧʝʨʘʮʠʦʥʥʳʭ ʩʠʩʪʝʤ ʥʘ ʦʜʥʦʤ ʠ ʪʦʤ ʞʝ 

ʩʝʨʚʝʨʝ (ʢʦʤʧʴʶʪʝʨʝ) ʟʘ ʩʯʝʪ ʪʝʭʥʦʣʦʛʠʠ ʚʠʨʪʫʘʣʠʟʘʮʠʠ ʩʝʨʚʝʨʦʚ. ɻʠʧʝʨʚʠʟʦʨ ʫʩʪʘʥʘʚʣʠʚʘʝʪʩʷ 

ʥʘ ʩʝʨʚʝʨ ʚ ʢʘʯʝʩʪʚʝ ʦʩʥʦʚʥʦʡ ʩʝʨʚʝʨʥʦʡ ʦʧʝʨʘʮʠʦʥʥʦʡ ʩʠʩʪʝʤʳ (ʩʤ. ʨʠʩʫʥʦʢ 1.2). 

 

 

ʈʠʩ. 1.2. ʈʘʟʤʝʱʝʥʠʝ ʛʠʧʝʨʚʠʟʦʨʘ ʠ ʚʠʨʪʫʘʣʴʥʳʭ ʤʘʰʠʥ ʥʘ ʩʝʨʚʝʨʝ 

https://ru.wikipedia.org/wiki/%D0%94%D0%BE%D0%B3%D0%BE%D0%B2%D0%BE%D1%80
https://ru.wikipedia.org/wiki/%D0%A3%D1%81%D0%BB%D1%83%D0%B3%D0%B0
https://ru.wikipedia.org/wiki/%D0%9F%D0%BE%D1%81%D1%82%D0%B0%D0%B2%D1%89%D0%B8%D0%BA
https://ru.wikipedia.org/wiki/%D0%90%D0%BD%D0%B3%D0%BB%D0%B8%D0%B9%D1%81%D0%BA%D0%B8%D0%B9_%D1%8F%D0%B7%D1%8B%D0%BA
https://ru.wikipedia.org/wiki/%D0%9E%D0%BF%D0%B5%D1%80%D0%B0%D1%86%D0%B8%D0%BE%D0%BD%D0%BD%D0%B0%D1%8F_%D1%81%D0%B8%D1%81%D1%82%D0%B5%D0%BC%D0%B0
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ɺʠʨʪʫʘʣʠʟʘʮʠʷ ʩʝʨʚʝʨʦʚ ï ʵʪʦ ʧʨʦʛʨʘʤʤʥʘʷ ʠʤʠʪʘʮʠʷ ʩ ʧʦʤʦʱʴʶ ʩʧʝʮʠʘʣʴʥʦʛʦ ʇʆ, 

ʢʦʪʦʨʦʝ ʫʩʪʘʥʘʚʣʠʚʘʝʪʩʷ ʥʘ ʩʝʨʚʝʨʝ ʠ ʛʠʧʝʨʚʠʟʦʨʝ, ʘʧʧʘʨʘʪʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ ʢʦʤʧʴʶʪʝʨʘ: 

ʧʨʦʮʝʩʩʦʨʘ, ʧʘʤʷʪʠ, ʞʝʩʪʢʦʛʦ ʜʠʩʢʘ, ʪʦ ʝʩʪʴ ʩʦʟʜʘʥʠʝ ʪʘʢ ʥʘʟʳʚʘʝʤʦʡ ʚʠʨʪʫʘʣʴʥʦʡ ʤʘʰʠʥʳ 

(ɺʄ). ʅʘ ʪʘʢʫʶ ʚʠʨʪʫʘʣʴʥʫʶ ʤʘʰʠʥʫ ʫʩʪʘʥʘʚʣʠʚʘʝʪʩʷ ʦʧʝʨʘʮʠʦʥʥʘʷ ʩʠʩʪʝʤʘ, ʢʦʪʦʨʘʷ 

ʟʘʧʫʩʢʘʝʪʩʷ ʠ ʨʘʙʦʪʘʝʪ ʚ ʥʝʡ ʪʘʢ ʞʝ, ʢʘʢ ʠ ʥʘ ʦʙʳʯʥʦʤ ʢʦʤʧʴʶʪʝʨʝ [5].  

ɻʠʧʝʨʚʠʟʦʨ ʦʙʝʩʧʝʯʠʚʘʝʪ ʧʦʣʥʫʶ ʠʟʦʣʷʮʠʶ ʦʧʝʨʘʮʠʦʥʥʳʭ ʩʠʩʪʝʤ (ʆʉ), ʫʩʪʘʥʘʚʣʠʚʘʝʤʳʭ 

ʚ ɺʄ, ʜʨʫʛ ʦʪ ʜʨʫʛʘ, ʦʜʥʘʢʦ ʚʦʟʤʦʞʥʦʩʪʴ ʩʝʪʝʚʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʤʝʞʜʫ ʥʠʤʠ, ʚ ʩʣʫʯʘʝ 

ʥʝʦʙʭʦʜʠʤʦʩʪʠ, ʤʦʞʝʪ ʙʳʪʴ ʦʨʛʘʥʠʟʦʚʘʥʘ. ʉʣʝʜʫʝʪ ʪʘʢʞʝ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ 

ʛʠʧʝʨʚʠʟʦʨʘ ʧʦʟʚʦʣʷʝʪ ʦʱʫʪʠʤʦ ʫʧʨʦʩʪʠʪʴ ʘʜʤʠʥʠʩʪʨʠʨʦʚʘʥʠʝ ʟʘ ʩʯʝʪ ʢʦʥʩʦʣʠʜʘʮʠʠ ɺʄ ʥʘ 

ʦʜʥʦʤ ʩʝʨʚʝʨʝ, ʜʠʥʘʤʠʯʝʩʢʦʝ ʨʘʟʜʝʣʝʥʠʝ ʨʝʩʫʨʩʦʚ ʤʝʞʜʫ ʚʠʨʪʫʘʣʴʥʳʤʠ ʤʘʰʠʥʘʤʠ, 

ʘʚʪʦʤʘʪʠʯʝʩʢʦʝ ʨʝʟʝʨʚʠʨʦʚʘʥʠʝ ʧʦʣʴʟʦʚʘʪʝʣʴʩʢʠʭ ʜʘʥʥʳʭ ʠ ʪ.ʜ.  

 

 

1.2 ɸʨʭʠʪʝʢʪʫʨʘ ʫʩʣʫʛʠ çʚʠʨʪʫʘʣʴʥʳʡ ʨʘʙʦʯʠʡ ʩʪʦʣè 

 

1.2.1 ʌʫʥʢʮʠʦʥʘʣʴʥʳʝ ʵʣʝʤʝʥʪʳ ʠ ʘʥʘʣʠʟ ʠʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ 

 

 

çɺʠʨʪʫʘʣʴʥʳʡ ʨʘʙʦʯʠʡ ʩʪʦʣè (Desktop as a Service, DaaS) ï ʵʪʦ ʦʙʣʘʯʥʘʷ ʫʩʣʫʛʘ, ʚ ʢʦʪʦʨʦʡ 

ʧʦʣʴʟʦʚʘʪʝʣʶ ʦʙʣʘʯʥʳʭ ʫʩʣʫʛ ʧʨʝʜʦʩʪʘʚʣʷʶʪʩʷ ʩʣʝʜʫʶʱʠʝ ʚʦʟʤʦʞʥʦʩʪʠ: ʧʦʩʪʨʦʝʥʠʝ, ʟʘʧʫʩʢ, 

ʥʘʩʪʨʦʡʢʘ ʠ ʵʢʩʧʣʫʘʪʘʮʠʷ ʬʫʥʢʮʠʡ ʫʜʘʣʝʥʥʦʛʦ ʨʘʙʦʯʝʛʦ ʤʝʩʪʘ [77]. ʇʦʣʴʟʦʚʘʪʝʣʴ ʨʘʙʦʪʘʝʪ ʩ 

ʠʥʪʝʨʬʝʡʩʦʤ, ʧʨʝʜʦʩʪʘʚʣʷʝʤʳʤ ʝʤʫ ʧʦ ʩʝʪʠ.  

ʈʘʙʦʯʝʝ ʤʝʩʪʦ ʧʦʣʴʟʦʚʘʪʝʣʷ ʦʨʛʘʥʠʟʫʝʪʩʷ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: ʚʤʝʩʪʦ ʫʩʪʘʥʦʚʢʠ 

ʦʧʝʨʘʮʠʦʥʥʦʡ ʩʠʩʪʝʤʳ ʠ ʧʨʠʣʦʞʝʥʠʡ ʥʘ ʧʦʣʴʟʦʚʘʪʝʣʴʩʢʦʝ ʫʩʪʨʦʡʩʪʚʦ ʠʭ ʨʘʟʤʝʱʘʶʪ ʥʘ 

ʩʝʨʚʝʨʘʭ ʧʦʩʪʘʚʱʠʢʘ ʦʙʣʘʯʥʳʭ ʫʩʣʫʛ (Cloud Service Provider, CSP) ʫʜʘʣʝʥʥʦ ʚ ʦʙʣʘʢʝ. ɼʣʷ 

ʜʦʩʪʘʚʢʠ ʨʘʙʦʯʝʛʦ ʩʪʦʣʘ ʧʦʣʴʟʦʚʘʪʝʣʶ ʧʦ IP ʩʝʪʠ ʠʩʧʦʣʴʟʫʶʪʩʷ ʧʨʦʪʦʢʦʣʳ ʜʦʩʪʘʚʢʠ 

ʚʠʨʪʫʘʣʴʥʦʛʦ ʨʘʙʦʯʝʛʦ ʩʪʦʣʘ (ʧʨʦʪʦʢʦʣʳ ʚʠʨʪʫʘʣʠʟʘʮʠʠ). ɺ ʢʘʯʝʩʪʚʝ ʧʦʣʴʟʦʚʘʪʝʣʴʩʢʠʭ 

ʫʩʪʨʦʡʩʪʚ ʤʦʛʫʪ ʚʳʩʪʫʧʘʪʴ ʩʤʘʨʪʬʦʥʳ, ʧʣʘʥʰʝʪʥʳʝ ʢʦʤʧʴʶʪʝʨʳ, ʥʦʫʪʙʫʢʠ, ʘ ʪʘʢʞʝ 

ʩʧʝʮʠʘʣʴʥʦ ʧʨʝʜʥʘʟʥʘʯʝʥʥʳʝ ʜʣʷ ʧʦʜʢʣʶʯʝʥʠʷ ʢ ʫʜʘʣʝʥʥʦʤʫ ʩʝʨʚʝʨʫ ʪʝʨʤʠʥʘʣʴʥʳʝ 

ʫʩʪʨʦʡʩʪʚʘ ï ʪʦʥʢʠʝ ʢʣʠʝʥʪʳ. ɼʣʷ ʧʦʣʴʟʦʚʘʪʝʣʴʩʢʠʭ ʫʩʪʨʦʡʩʪʚ ʥʝʦʙʭʦʜʠʤʳʤ ʫʩʣʦʚʠʝʤ 

ʚʦʟʤʦʞʥʦʩʪʠ ʧʦʜʢʣʶʯʝʥʠʷ ʢ ʚʠʨʪʫʘʣʴʥʦʤʫ ʨʘʙʦʯʝʤʫ ʩʪʦʣʫ ʷʚʣʷʝʪʩʷ ʥʘʣʠʯʠʝ ʚ ʠʭ 

ʦʧʝʨʘʮʠʦʥʥʦʡ ʩʠʩʪʝʤʝ (ʧʨʦʰʠʚʢʝ) ʩʧʝʮʠʘʣʴʥʦʛʦ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ ï ʘʛʝʥʪʘ, 

ʧʦʜʜʝʨʞʠʚʘʶʱʝʛʦ ʪʦʪ ʠʣʠ ʠʥʦʡ ʧʨʦʪʦʢʦʣ ʜʦʩʪʘʚʢʠ ʚʠʨʪʫʘʣʴʥʦʛʦ ʨʘʙʦʯʝʛʦ ʩʪʦʣʘ. 

ɺ ʦʙʦʙʱʝʥʥʦʤ ʚʠʜʝ ʠʥʬʨʘʩʪʨʫʢʪʫʨʘ ʫʩʣʫʛʠ çʚʠʨʪʫʘʣʴʥʳʡ ʨʘʙʦʯʠʡ ʩʪʦʣè ʧʦʢʘʟʘʥʘ ʥʘ 

ʨʠʩʫʥʢʝ 1.3. 
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ʈʠʩ. 1.3. ʂʦʥʮʝʧʮʠʷ ʫʩʣʫʛʠ çʚʠʨʪʫʘʣʴʥʳʡ ʨʘʙʦʯʠʡ ʩʪʦʣè 

 

ɸʨʭʠʪʝʢʪʫʨʘ ʫʩʣʫʛʠ ʪʠʧʘ DaaS ʦʩʥʦʚʘʥʘ ʥʘ ʢʣʠʝʥʪ-ʩʝʨʚʝʨʥʦʡ ʤʦʜʝʣʠ. ʅʘ ʨʠʩʫʥʢʝ 1.4 

ʧʦʢʘʟʘʥʳ ʬʫʥʢʮʠʦʥʘʣʴʥʳʝ ʙʣʦʢʠ ʘʨʭʠʪʝʢʪʫʨʳ DaaS ʠ ʠʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ. ɺ ʦʙʱʝʤ ʚʠʜʝ ʵʪʦ: 

DaaS-ʢʣʠʝʥʪ, ʤʝʥʝʜʞʝʨ ʧʦʜʢʣʶʯʝʥʠʡ, ʩʠʩʪʝʤʘ ʜʦʩʪʘʚʢʠ ʫʜʘʣʝʥʥʳʭ ʨʘʙʦʯʠʭ ʩʪʦʣʦʚ, 

ʚʠʨʪʫʘʣʴʥʘʷ ʠʥʬʨʘʩʪʨʫʢʪʫʨʘ, ʧʫʣ ʨʝʩʫʨʩʦʚ. ʈʘʩʩʤʦʪʨʠʤ ʠʭ ʚ ʦʪʜʝʣʴʥʦʩʪʠ. 

1. DaaS-ʢʣʠʝʥʪ. ʕʪʦ ʧʨʦʛʨʘʤʤʘ, ʧʦʟʚʦʣʷʶʱʘʷ ʫʩʪʨʦʡʩʪʚʫ, ʚ ʆʉ ʢʦʪʦʨʦʛʦ ʦʥʘ ʫʩʪʘʥʦʚʣʝʥʘ, 

ʚʟʘʠʤʦʜʝʡʩʪʚʦʚʘʪʴ ʩ ʩʝʨʚʝʨʦʤ DaaS ʧʦʩʨʝʜʩʪʚʦʤ ʧʨʦʪʦʢʦʣʘ ʜʦʩʪʘʚʢʠ ʫʜʘʣʝʥʥʦʛʦ ʨʘʙʦʯʝʛʦ 

ʩʪʦʣʘ. ʇʦʣʴʟʦʚʘʪʝʣʠ ʠʥʠʮʠʠʨʫʶʪ ʟʘʧʫʩʢ ʫʩʣʫʛʠ ʥʘ ʩʚʦʝʤ ʫʩʪʨʦʡʩʪʚʝ. ʈʘʟʥʦʚʠʜʥʦʩʪʝʡ ʪʘʢʠʭ 

ʫʩʪʨʦʡʩʪʚ ʤʥʦʛʦ (ʤʦʙʠʣʴʥʳʝ ʛʘʜʞʝʪʳ, ʧʝʨʩʦʥʘʣʴʥʳʝ ʢʦʤʧʴʶʪʝʨʳ ʙʝʟ ʞʝʩʪʢʦʛʦ ʜʠʩʢʘ, ʪʦʥʢʠʝ 

ʢʣʠʝʥʪʳ. ʅʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʠʤʝʶʪʩʷ ʨʝʘʣʠʟʘʮʠʠ ʨʷʜʘ DaaS-ʢʣʠʝʥʪʦʚ, ʨʘʟʨʘʙʦʪʘʥʥʳʭ 

ʧʨʦʠʟʚʦʜʠʪʝʣʷʤʠ ʦʙʣʘʯʥʳʭ ʧʣʘʪʬʦʨʤ. 

ʆʩʥʦʚʥʳʤʠ ʬʫʥʢʮʠʷʤʠ DaaS-ʢʣʠʝʥʪʘ ʷʚʣʷʶʪʩʷ: ʧʦʩʳʣʢʘ ʟʘʧʨʦʩʦʚ ʥʘ ʠʥʠʮʠʘʣʠʟʘʮʠʶ 

ʪʝʨʤʠʥʘʣʴʥʦʡ ʩʝʩʩʠʠ, ʧʦʣʫʯʝʥʠʝ IP ʘʜʨʝʩʘ, ʧʦʣʫʯʝʥʠʝ ʟʘʧʨʦʩʦʚ ʥʘ ʘʫʪʝʥʪʠʬʠʢʘʮʠʶ, ʦʪʧʨʘʚʢʘ 

ʣʦʛʠʥʘ ʠ ʧʘʨʦʣʷ, ʧʦʜʜʝʨʞʘʥʠʝ ʩʝʩʩʠʠ ʚ ʨʘʙʦʯʝʤ ʩʦʩʪʦʷʥʠʠ, ʧʦʩʳʣʢʘ ʟʘʧʨʦʩʦʚ ʥʘ ʟʘʚʝʨʰʝʥʠʝ 

ʪʝʨʤʠʥʘʣʴʥʦʡ ʩʝʩʩʠʠ ʩ ʦʧʮʠʦʥʘʣʴʥʳʤ ʦʪʢʣʶʯʝʥʠʝʤ ʚʠʨʪʫʘʣʴʥʦʡ ʤʘʰʠʥʳ. 

2. ʄʝʥʝʜʞʝʨ ʧʦʜʢʣʶʯʝʥʠʡ. ʕʪʦʪ ʣʦʛʠʯʝʩʢʠʡ ʙʣʦʢ ʦʩʫʱʝʩʪʚʣʷʝʪ ʧʦʜʢʣʶʯʝʥʠʝ 

ʧʦʣʴʟʦʚʘʪʝʣʷ ʢ ʚʠʨʪʫʘʣʴʥʦʤʫ ʨʘʙʦʯʝʤʫ ʩʪʦʣʫ. ɺ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʢʦʥʬʠʛʫʨʘʮʠʠ ʫʩʣʫʛʠ ʵʪʦ 

ʤʦʞʝʪ ʙʳʪʴ ʠʥʜʠʚʠʜʫʘʣʴʥʳʡ ʜʦʩʪʫʧ ʢ ʩʦʙʩʪʚʝʥʥʦʡ ʧʝʨʩʦʥʘʣʠʟʠʨʦʚʘʥʥʦʡ ɺʄ, ʠʥʜʠʚʠʜʫʘʣʴʥʳʡ 

ʜʦʩʪʫʧ ʢ ʩʣʫʯʘʡʥʦʡ ʜʦʩʪʫʧʥʦʡ ɺʄ, ʠʥʜʠʚʠʜʫʘʣʴʥʳʡ ʜʦʩʪʫʧ ʢ ʦʙʱʝʡ ɺʄ. 
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ʆʩʥʦʚʥʳʤʠ ʟʘʜʘʯʘʤʠ ʄʝʥʝʜʞʝʨʘ ʷʚʣʷʶʪʩʷ: 

¶ ʘʫʪʝʥʪʠʬʠʢʘʮʠʷ ʧʦʣʴʟʦʚʘʪʝʣʷ ʠ ʧʨʦʚʝʨʢʘ ʣʠʮʝʥʟʠʠ ʥʘ ʜʦʩʪʫʧ ʢ ɺʄ ʠ 

ʧʨʠʣʦʞʝʥʠʷʤ; 

¶ ʧʦʜʢʣʶʯʝʥʠʝ ʢ ʚʠʨʪʫʘʣʴʥʦʤʫ ʨʘʙʦʯʝʤʫ ʩʪʦʣʫ; 

¶ ʢʦʦʨʜʠʥʘʮʠʷ ʧʨʦʪʦʢʦʣʘ ʚʠʨʪʫʘʣʠʟʘʮʠʠ; 

¶ ʧʦʜʢʣʶʯʝʥʠʝ ʥʝʦʙʭʦʜʠʤʳʭ ʨʝʩʫʨʩʦʚ, ʚ ʪʦʤ ʯʠʩʣʝ ʬʘʡʣʦʚʦʛʦ ʭʨʘʥʠʣʠʱʘ. 

ʂʨʦʤʝ ʪʦʛʦ, ʄʝʥʝʜʞʝʨ ʦʪʚʝʯʘʝʪ ʟʘ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʥʘʛʨʫʟʢʠ (Load balancing) ʠ ʫʧʨʘʚʣʝʥʠʝ 

ʢʦʣʠʯʝʩʪʚʦʤ ʧʦʜʢʣʶʯʘʝʤʳʭ ʧʦʣʴʟʦʚʘʪʝʣʝʡ. ʄʝʥʝʜʞʝʨ ʠʩʧʦʣʴʟʫʝʪ ʙʣʦʢʠ ʩʠʩʪʝʤʳ ʜʦʩʪʘʚʢʠ 

ʫʜʘʣʝʥʥʳʭ ʨʘʙʦʯʠʭ ʩʪʦʣʦʚ, ʚʠʨʪʫʘʣʴʥʦʡ ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ ʠ ʧʫʣʘ ʨʝʩʫʨʩʦʚ ʜʣʷ ʚʳʜʝʣʝʥʠʷ 

ʪʝʨʤʠʥʘʣʴʥʦʡ ʩʝʩʩʠʠ ʥʝʦʙʭʦʜʠʤʳʭ ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ ʨʝʩʫʨʩʦʚ, ʨʝʩʫʨʩʦʚ ʩʝʪʠ ʠ ʭʨʘʥʠʣʠʱʘ. 

3. ʉʠʩʪʝʤʘ ʜʦʩʪʘʚʢʠ ʫʜʘʣʝʥʥʳʭ ʨʘʙʦʯʠʭ ʩʪʦʣʦʚ. ʆʩʥʦʚʥʦʡ ʬʫʥʢʮʠʝʡ ʵʪʦʛʦ ʙʣʦʢʘ ʷʚʣʷʝʪʩʷ 

ʜʦʩʪʘʚʢʘ ʚʠʨʪʫʘʣʴʥʦʛʦ ʨʘʙʦʯʝʛʦ ʩʪʦʣʘ ʦʪ ʩʝʨʚʝʨʘ ʢ ʢʣʠʝʥʪʫ. ɼʣʷ ʵʪʦʛʦ ʠʩʧʦʣʴʟʫʝʪʩʷ ʧʨʦʪʦʢʦʣ 

ʜʦʩʪʘʚʢʠ ʨʘʙʦʯʝʛʦ ʩʪʦʣʘ (ʧʨʦʪʦʢʦʣ ʚʠʨʪʫʘʣʠʟʘʮʠʠ), ʢʦʪʦʨʳʡ ʦʨʛʘʥʠʟʫʝʪ ʣʦʛʠʯʝʩʢʠʡ ʢʘʥʘʣ 

ʚʥʫʪʨʠ ʩʝʪʝʚʦʛʦ ʢʘʥʘʣʘ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ.  

4. ɺʠʨʪʫʘʣʴʥʘʷ ʠʥʬʨʘʩʪʨʫʢʪʫʨʘ. ʆʩʥʦʚʥʳʤʠ ʬʫʥʢʮʠʷʤʠ ʵʪʦʛʦ ʙʣʦʢʘ ʷʚʣʷʶʪʩʷ: ʧʦʜʜʝʨʞʢʘ 

ʘʧʧʘʨʘʪʥʦʛʦ ʠ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ, ʵʤʫʣʷʮʠʷ ʚʠʨʪʫʘʣʴʥʳʭ ʨʝʩʫʨʩʦʚ ʜʣʷ ʩʦʟʜʘʥʠʷ ɺʄ, 

ʩʦʟʜʘʥʠʝ ʠ ʥʘʩʪʨʦʡʢʘ ɺʄ ʩʨʝʜʩʪʚʘʤʠ ʛʠʧʝʨʚʠʟʦʨʘ, ʢʣʦʥʠʨʦʚʘʥʠʝ ʠ ʧʝʨʝʤʝʱʝʥʠʝ ɺʄ, 

ʨʝʧʣʠʢʘʮʠʷ ʜʘʥʥʳʭ ʠ ʜʨ. 

5. ʇʫʣ ʨʝʩʫʨʩʦʚ. ɺ ʵʪʦʪ ʙʣʦʢ ʚʭʦʜʷʪ: ʜʠʩʢʦʚʦʝ ʧʨʦʩʪʨʘʥʩʪʚʦ (ʢʦʪʦʨʦʝ ʚʳʜʝʣʷʝʪʩʷ ʥʘ 

ʚʠʨʪʫʘʣʴʥʳʝ ʞʝʩʪʢʠʝ ʜʠʩʢʠ ʧʦʣʴʟʦʚʘʪʝʣʴʩʢʠʭ ʚʠʨʪʫʘʣʴʥʳʭ ʤʘʰʠʥ, ʫʩʪʘʥʦʚʢʫ 

ʧʦʣʴʟʦʚʘʪʝʣʴʩʢʠʭ ʦʧʝʨʘʮʠʦʥʥʳʭ ʩʠʩʪʝʤ ʠ ʧʨʠʣʦʞʝʥʠʡ, ʭʨʘʥʝʥʠʝ ʜʘʥʥʳʭ ʠ ʪ.ʜ.), ʦʧʝʨʘʪʠʚʥʘʷ 

ʧʘʤʷʪʴ, ʧʨʦʮʝʩʩʦʨ, ʩʝʪʝʚʘʷ ʢʘʨʪʘ. ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʧʦʣʴʟʦʚʘʪʝʣʴʩʢʦʡ ɺʄ ʤʦʞʝʪ ʙʳʪʴ 

ʵʤʫʣʠʨʦʚʘʥʦ ʠ ʚʳʜʝʣʝʥʦ ʨʘʟʣʠʯʥʦʝ ʘʧʧʘʨʘʪʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ ʚ ʥʝʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʪʦʛʦ, ʢʘʢʦʝ 

ʫʩʪʘʥʦʚʣʝʥʦ ʥʘ ʬʠʟʠʯʝʩʢʦʤ ʩʝʨʚʝʨʝ. 

 

 

ʈʠʩ. 1.4. ʌʫʥʢʮʠʦʥʘʣʴʥʳʝ ʙʣʦʢʠ ʘʨʭʠʪʝʢʪʫʨʳ DaaS 
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ʇʨʠ ʟʘʧʫʩʢʝ ʫʩʣʫʛʠ DaaS ʧʝʨʝʯʠʩʣʝʥʥʳʝ ʣʦʛʠʯʝʩʢʠʝ ʙʣʦʢʠ ʘʨʭʠʪʝʢʪʫʨʳ ʩʦʛʣʘʩʥʦ [77] 

ʜʦʣʞʥʳ ʚʟʘʠʤʦʜʝʡʩʪʚʦʚʘʪʴ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ:  

1. DaaS-ʢʣʠʝʥʪ ʦʙʨʘʱʘʝʪʩʷ ʢ ʄʝʥʝʜʞʝʨʫ ʧʦʜʢʣʶʯʝʥʠʡ ʧʦʩʨʝʜʩʪʚʦʤ ʟʘʱʠʱʝʥʥʦʛʦ 

ʧʨʦʪʦʢʦʣʘ (ʥʘʧʨʠʤʝʨ, ssh), ʄʝʥʝʜʞʝʨ ʜʘʝʪ ʜʦʩʪʫʧ ʧʦʣʴʟʦʚʘʪʝʣʶ, ʧʨʦʚʝʨʷʷ ʣʦʛʠʥ ʠ ʧʘʨʦʣʴ. 

2. ʄʝʥʝʜʞʝʨ ʧʦʜʢʣʶʯʝʥʠʡ ʘʢʪʠʚʠʨʫʝʪ ʧʨʦʬʠʣʴ ʧʦʣʴʟʦʚʘʪʝʣʷ ʠ ʧʦʜʢʣʶʯʘʝʪ ʥʝʦʙʭʦʜʠʤʳʝ 

ʨʝʩʫʨʩʳ. ɽʩʣʠ ʜʣʷ ʧʦʣʴʟʦʚʘʪʝʣʴʩʢʦʡ ɺʄ ʧʦ ʢʘʢʠʤ-ʣʠʙʦ ʧʨʠʯʠʥʘʤ ʥʝ ʭʚʘʪʘʝʪ ʨʝʩʫʨʩʦʚ, 

ʄʝʥʝʜʞʝʨ ʧʦʜʢʣʶʯʝʥʠʡ ʦʙʨʘʱʘʝʪʩʷ ʢ ɺʠʨʪʫʘʣʴʥʦʡ ʠʥʬʨʘʩʪʨʫʢʪʫʨʝ ʜʣʷ ʚʳʜʝʣʝʥʠʷ 

ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʨʝʩʫʨʩʦʚ. 

3. ʄʝʥʝʜʞʝʨ ʧʦʜʢʣʶʯʝʥʠʡ ʧʦʣʥʦʩʪʴʶ ʚʢʣʶʯʘʝʪ ʧʦʣʴʟʦʚʘʪʝʣʴʩʢʫʶ ɺʄ ʠ ʘʢʪʠʚʠʟʠʨʫʝʪ 

ʚʠʨʪʫʘʣʴʥʳʡ ʨʘʙʦʯʠʡ ʩʪʦʣ, ʧʦʩʣʝ ʯʝʛʦ ʧʦʩʳʣʘʝʪ ʩʠʛʥʘʣ ʦʙ ʵʪʦʤ DaaS-ʢʣʠʝʥʪʫ. 

4. DaaS-ʢʣʠʝʥʪ ʩʚʷʟʳʚʘʝʪʩʷ ʩ ʚʠʨʪʫʘʣʴʥʳʤ ʨʘʙʦʯʠʤ ʩʪʦʣʦʤ ʧʦ ʩʝʪʠ ʧʨʠ ʧʦʤʦʱʠ ʉʠʩʪʝʤʳ 

ʜʦʩʪʘʚʢʠ ʫʜʘʣʝʥʥʳʭ ʨʘʙʦʯʠʭ ʩʪʦʣʦʚ, ʢʦʪʦʨʘʷ ʠʩʧʦʣʴʟʫʝʪ ʧʨʦʪʦʢʦʣ ʚʠʨʪʫʘʣʠʟʘʮʠʠ. 

5. ʂʦʛʜʘ ʧʦʣʴʟʦʚʘʪʝʣʴ ʟʘʚʝʨʰʘʝʪ ʨʘʙʦʪʫ, DaaS-ʢʣʠʝʥʪ ʧʦʩʳʣʘʝʪ ʩʠʛʥʘʣ ʦ ʟʘʚʝʨʰʝʥʠʠ 

ʩʝʩʩʠʠ ʙʝʟ ʧʦʪʝʨʠ ʜʘʥʥʳʭ (ʥʘ ʩʚʦʝ ʫʩʤʦʪʨʝʥʠʝ ʧʦʣʴʟʦʚʘʪʝʣʴ ʤʦʞʝʪ ʣʠʙʦ ʚʳʢʣʶʯʠʪʴ ʩʚʦʶ ɺʄ, 

ʝʩʣʠ ʝʤʫ ʵʪʦ ʧʦʟʚʦʣʝʥʦ ʧʦʣʠʪʠʢʦʡ ʫʩʣʫʛʠ, ʣʠʙʦ ʧʨʦʩʪʦ ʦʪʢʣʶʯʠʪʴʩʷ ʦʪ ʩʝʩʩʠʠ). 

6. ʄʝʥʝʜʞʝʨ ʧʦʜʢʣʶʯʝʥʠʡ ʧʦʣʫʯʘʝʪ ʩʠʛʥʘʣ ʦ ʟʘʚʝʨʰʝʥʠʠ ʩʝʩʩʠʠ, ʟʘʪʝʤ ʦʥ ʣʠʙʦ 

ʚʳʢʣʶʯʘʝʪ ɺʄ ʣʠʙʦ ʦʪʢʣʶʯʘʝʪ ʩʝʩʩʠʶ. ʇʦʩʣʝ ʵʪʦʛʦ ʦʥ ʧʦʩʳʣʘʝʪ ʩʠʛʥʘʣ ʇʫʣʫ ʨʝʩʫʨʩʦʚ ʠ 

ɺʠʨʪʫʘʣʴʥʦʡ ʠʥʬʨʘʩʪʨʫʢʪʫʨʝ ʦ ʟʘʚʝʨʰʝʥʠʠ ʪʝʢʫʱʝʛʦ ʩʝʘʥʩʘ ʠ ʦʩʚʦʙʦʞʜʝʥʠʠ ʨʝʩʫʨʩʦʚ.  

ʈʘʩʩʤʦʪʨʠʤ ʦʪʜʝʣʴʥʦ ʩʝʨʚʝʨʥʫʶ ʠ ʢʣʠʝʥʪʩʢʫʶ ʯʘʩʪʠ ʘʨʭʠʪʝʢʪʫʨʳ DaaS, ʘ ʪʘʢʞʝ ʩʝʪʝʚʦʝ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʤʝʞʜʫ ʥʠʤʠ. 

 

 

1.2.2 ʉʝʨʚʝʨʥʘʷ ʯʘʩʪʴ ʘʨʭʠʪʝʢʪʫʨʳ DaaS 

 

 

ʉʪʨʫʢʪʫʨʫ ʠ ʧʨʠʥʮʠʧ ʨʘʙʦʪʳ ʩʝʨʚʝʨʥʦʡ ʯʘʩʪʠ ʫʩʣʫʛʠ DaaS ʥʘʛʣʷʜʥʦ ʤʦʞʥʦ ʧʦʷʩʥʠʪʴ, 

ʦʧʠʨʘʷʩʴ ʥʘ ʨʠʩʫʥʦʢ 1.5, ʛʜʝ ʧʦʢʘʟʘʥʘ ʦʙʦʙʱʝʥʥʘʷ ʩʭʝʤʘ ʦʜʥʦʛʦ ʩʝʨʚʝʨʘ ʚ çʦʙʣʘʢʝè. ʅʘ 

ʧʨʘʢʪʠʢʝ, ʢʦʛʜʘ ʥʫʞʥʦ ʧʦʜʢʣʶʯʠʪʴ ʤʥʦʞʝʩʪʚʦ ʘʙʦʥʝʥʪʦʚ, ʧʨʠʤʝʥʷʶʪʩʷ ʦʜʥʦʚʨʝʤʝʥʥʦ 

ʤʥʦʞʝʩʪʚʦ ʩʝʨʚʝʨʦʚ, ʢʦʪʦʨʳʝ ʚ ʩʣʫʯʘʝ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʤʦʛʫʪ ʙʳʪʴ ʦʙʲʝʜʠʥʝʥʳ ʚ ʢʣʘʩʪʝʨ. 

ʃʦʛʠʯʝʩʢʠ ʨʘʟʜʝʣʠʤ ʧʦʢʘʟʘʥʥʦʝ ʥʘ ʨʠʩʫʥʢʝ 1.5 ʥʘ ʯʝʪʳʨʝ ʩʣʦʷ.  

ʇʝʨʚʳʡ ʩʣʦʡ ï ʘʧʧʘʨʘʪʥʳʡ: ʩʝʨʚʝʨ, ʝʛʦ ʩʝʪʝʚʘʷ ʢʘʨʪʘ, ʞʝʩʪʢʠʝ ʜʠʩʢʠ, ʧʨʦʮʝʩʩʦʨ, 

ʦʧʝʨʘʪʠʚʥʘʷ ʧʘʤʷʪʴ ʠ ʪ.ʜ.  

ɺʪʦʨʦʡ ʩʣʦʡ ï ʧʣʘʪʬʦʨʤʘ (ʛʠʧʝʨʚʠʟʦʨ). ʂʘʢ ʙʳʣʦ ʩʢʘʟʘʥʦ ʚʳʰʝ, ʵʪʦ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʘʷ 

ʦʧʝʨʘʮʠʦʥʥʘʷ ʩʠʩʪʝʤʘ, ʠʤʝʶʱʘʷ ʮʝʣʳʡ ʨʷʜ ʦʪʣʠʯʠʡ ʦʪ ʦʙʳʯʥʳʭ ʧʦʣʴʟʦʚʘʪʝʣʴʩʢʠʭ 
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ʦʧʝʨʘʮʠʦʥʥʳʭ ʩʠʩʪʝʤ, ʩʘʤʦʝ ʛʣʘʚʥʦʝ ʠʟ ʢʦʪʦʨʳʭ ï ʵʪʦ ʚʦʟʤʦʞʥʦʩʪʴ ʩʦʟʜʘʥʠʷ ɺʄ, ʚ ʢʘʞʜʦʡ ʠʟ 

ʢʦʪʦʨʳʭ ʤʦʞʝʪ ʙʳʪʴ ʫʩʪʘʥʦʚʣʝʥʘ ʠ ʟʘʧʫʱʝʥʘ ʦʪʜʝʣʴʥʘʷ ʦʧʝʨʘʮʠʦʥʥʘʷ ʩʠʩʪʝʤʘ.  

ʊʨʝʪʠʡ ʩʣʦʡ ï ʚʠʨʪʫʘʣʴʥʳʝ ʤʘʰʠʥʳ, ʩʦʟʜʘʚʘʝʤʳʝ ʛʠʧʝʨʚʠʟʦʨʦʤ ʧʫʪʝʤ ʵʤʫʣʷʮʠʠ 

ʨʘʟʣʠʯʥʦʛʦ ʘʧʧʘʨʘʪʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ ʠ ʨʝʩʫʨʩʦʚ. ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʚ ʵʪʦʤ ʩʣʦʝ 

ʦʙʷʟʘʪʝʣʴʥʦ ʥʘʣʠʯʠʝ ʋʧʨʘʚʣʷʶʱʝʡ ɺʄ (ʄʝʥʝʜʞʝʨ ʧʦʜʢʣʶʯʝʥʠʡ), ʢʦʪʦʨʘʷ ʠʛʨʘʝʪ ʥʘʠʙʦʣʝʝ 

ʚʘʞʥʫʶ ʨʦʣʴ ʚ ʨʘʟʚʝʨʪʳʚʘʥʠʠ ʠ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʠ ʦʙʣʘʯʥʦʡ ʩʠʩʪʝʤʳ. ʅʘ ʵʪʘʧʝ ʨʘʟʚʝʨʪʳʚʘʥʠʷ 

ʩ ʝʝ ʧʦʤʦʱʴʶ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʩʦʟʜʘʥʠʝ, ʥʘʩʪʨʦʡʢʘ, ʘʜʤʠʥʠʩʪʨʠʨʦʚʘʥʠʝ ʧʦʣʴʟʦʚʘʪʝʣʴʩʢʠʭ ɺʄ. 

ʅʘ ʵʪʘʧʝ ʵʢʩʧʣʫʘʪʘʮʠʠ ʦʥʘ ʧʦʣʥʦʩʪʴʶ ʢʦʥʪʨʦʣʠʨʫʝʪ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʦʙʣʘʯʥʦʡ ʧʣʘʪʬʦʨʤʳ ʠ 

ʧʦʣʴʟʦʚʘʪʝʣʷ. ɹʦʣʝʝ ʜʝʪʘʣʴʥʦ ʧʨʦʮʝʩʩ ʩʦʟʜʘʥʠʷ ʚʠʨʪʫʘʣʴʥʳʭ ʤʘʰʠʥ ʦʧʠʩʘʥ, ʚ ʯʘʩʪʥʦʩʪʠ, ʚ [83]. 

ʏʝʪʚʝʨʪʳʡ ʩʣʦʡ ï ʦʧʝʨʘʮʠʦʥʥʳʝ ʩʠʩʪʝʤʳ ʠ ʧʨʠʣʦʞʝʥʠʷ. ɺ ʵʪʦʤ ʩʣʦʝ ʨʘʙʦʪʘʝʪ 

ʧʦʣʴʟʦʚʘʪʝʣʴ, ʟʘʧʫʩʢʘʷ ʧʨʠʣʦʞʝʥʠʷ, ʫʩʪʘʥʦʚʣʝʥʥʳʝ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʥʘ ʝʛʦ çʩʦʙʩʪʚʝʥʥʫʶè ʆʉ 

ʣʠʙʦ ʚ ʦʪʜʝʣʴʥʦʤ ʩʝʨʚʝʨʝ ʧʨʠʣʦʞʝʥʠʡ. ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʜʣʷ ʪʦʛʦ, ʯʪʦʙʳ ʆʉ, ʟʘʧʫʩʢʘʝʤʘʷ 

ʚ ɺʄ, ʤʦʛʣʘ ʬʫʥʢʮʠʦʥʠʨʦʚʘʪʴ ʚ ʨʘʤʢʘʭ ʘʨʭʠʪʝʢʪʫʨʳ DaaS, ʥʝʦʙʭʦʜʠʤʦ ʫʩʪʘʥʦʚʠʪʴ ʥʘ ʥʝʝ 

ʩʧʝʮʠʘʣʴʥʫʶ ʩʣʫʞʝʙʥʫʶ ʧʨʦʛʨʘʤʤʫ ï ʘʛʝʥʪ. ɼʣʷ ʢʘʞʜʦʡ ʩʠʩʪʝʤʳ ʚʠʨʪʫʘʣʠʟʘʮʠʠ ʵʪʘ 

ʧʨʦʛʨʘʤʤʘ ʩʚʦʷ, ʦʥʘ ʫʩʪʘʥʘʚʣʠʚʘʝʪʩʷ ʘʚʪʦʤʘʪʠʯʝʩʢʠ ʚ ʧʨʦʮʝʩʩʝ ʨʘʟʚʝʨʪʳʚʘʥʠʷ ɺʄ. 

 

 

ʈʠʩ. 1.5. ʆʙʦʙʱʝʥʥʘʷ ʘʨʭʠʪʝʢʪʫʨʘ ʩʝʨʚʝʨʥʦʡ ʯʘʩʪʠ ʫʩʣʫʛʠ DaaS 



19 
 

ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʚʩʝ ɺʄ, ʨʘʟʚʦʨʘʯʠʚʘʝʤʳʝ ʚ ʦʙʣʘʯʥʦʡ ʩʨʝʜʝ, ʤʦʞʥʦ ʨʘʟʜʝʣʠʪʴ ʥʘ 

ʩʣʫʞʝʙʥʳʝ ʠ ʧʦʣʴʟʦʚʘʪʝʣʴʩʢʠʝ. ʅʘ ʩʣʫʞʝʙʥʳʭ ɺʄ ʚʳʧʦʣʥʷʶʪʩʷ ʥʝʦʙʭʦʜʠʤʳʝ ʜʣʷ ʨʘʙʦʪʳ 

ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ ʧʨʦʛʨʘʤʤʳ: ʙʘʟʳ ʜʘʥʥʳʭ (MySQL, MariaDB, PostgreSQL ʠ ʜʨ.), ʩʝʪʝʚʳʝ 

ʩʣʫʞʙr ʠ ʪ.ʜ. ʅʘʠʙʦʣʝʝ ʚʘʞʥʳʤʠ ʠ ʥʝʦʙʭʦʜʠʤʳʤʠ ʜʣʷ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʚʥʫʪʨʝʥʥʝʡ 

ʦʙʣʘʯʥʦʡ ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ ʩʝʪʝʚʳʤʠ ʩʣʫʞʙʘʤʠ ʷʚʣʷʶʪʩʷ DHCP, DNS, ʩʝʨʚʠʩ ʢʘʪʘʣʦʛʦʚ ʠ 

ʛʨʫʧʧʦʚʳʭ ʧʦʣʠʪʠʢ Microsoft Active Directory (AD). ʇʨʠ ʥʝʦʙʭʦʜʠʤʦʩʪʠ, ʚ ʩʣʫʞʝʙʥʳʭ ɺʄ 

ʤʦʛʫʪ ʙʳʪʴ ʨʘʟʚʝʨʥʫʪʳ HTTP-ʩʝʨʚʝʨ, FTP-ʩʝʨʚʝʨ, SMTP-ʩʝʨʚʝʨ ʠ ʜʨ. ʂʨʦʤʝ ʪʦʛʦ, ʚ ʥʝʢʦʪʦʨʳʭ 

ʫʯʨʝʞʜʝʥʠʷʭ, ʪʘʢʠʭ, ʢʘʢ ʥʘʧʨʠʤʝʨ, ʤʝʜʠʮʠʥʩʢʠʝ ʮʝʥʪʨʳ, ʧʦʣʴʟʦʚʘʪʝʣʠ ʨʘʙʦʪʘʶʪ ʩʦ 

ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʤʠ ʧʨʦʛʨʘʤʤʘʤʠ ʠ ʦʙʦʨʫʜʦʚʘʥʠʝʤ, ʧʦʜʢʣʶʯʘʝʤʳʤ ʢ ʥʠʤ. ʊʦʛʜʘ, ʚ 

ʟʘʚʠʩʠʤʦʩʪʠ, ʦʪ ʭʘʨʘʢʪʝʨʘ ʨʘʙʦʪʳ, ʢʦʣʠʯʝʩʪʚʘ ʟʘʜʝʡʩʪʚʦʚʘʥʥʳʭ ʚ ʪʘʢʦʡ ʨʘʙʦʪʝ ʧʦʣʴʟʦʚʘʪʝʣʝʡ, 

ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʦʙʨʘʱʝʥʠʷ ʢ ʫʩʣʫʛʝ, ʪʘʢʠʝ ʧʨʦʛʨʘʤʤʳ ʨʘʟʚʦʨʘʯʠʚʘʶʪʩʷ ʣʠʙʦ ʚ ʩʣʫʞʝʙʥʳʭ, ʣʠʙʦ 

ʚ ʧʦʣʴʟʦʚʘʪʝʣʴʩʢʠʭ ɺʄ.  

ʇʨʠʤʝʥʝʥʠʝ ʩʠʩʪʝʤ ʚʠʨʪʫʘʣʠʟʘʮʠʠ ʧʦʟʚʦʣʷʝʪ ʩʦʢʨʘʪʠʪʴ ʢʦʣʠʯʝʩʪʚʦ ʩʝʨʚʝʨʦʚ ʙʣʘʛʦʜʘʨʷ 

ʢʦʥʩʦʣʠʜʘʮʠʠ, ʪʦ ʝʩʪʴ ʥʘ ʦʜʥʦʤ ʩʝʨʚʝʨʝ ʤʦʞʥʦ ʟʘʧʫʩʪʠʪʴ ʥʫʞʥʦʝ ʯʠʩʣʦ ʛʦʩʪʝʚʳʭ ʆʉ ʚ 

ʚʠʨʪʫʘʣʴʥʦʡ ʩʨʝʜʝ. ʕʪʦ ʧʦʟʚʦʣʠʪ ʩʵʢʦʥʦʤʠʪʴ ʥʘ ʩʪʦʠʤʦʩʪʠ ʦʙʦʨʫʜʦʚʘʥʠʷ, ʘ ʪʘʢʞʝ ʩʥʠʟʠʪʴ 

ʵʥʝʨʛʦʧʦʪʨʝʙʣʝʥʠʝ ʠ ʩʦʢʨʘʪʠʪʴ ʰʪʘʪ ʩʠʩʪʝʤʥʳʭ ʘʜʤʠʥʠʩʪʨʘʪʦʨʦʚ ʟʘ ʩʯʝʪ ʚʦʟʤʦʞʥʦʩʪʠ 

ʫʜʘʣʝʥʥʦʛʦ ʜʦʩʪʫʧʘ ʢ ʢʦʥʩʦʣʠ ʚʠʨʪʫʘʣʴʥʳʭ ʩʝʨʚʝʨʦʚ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʦʜʥʦʤʫ ʘʜʤʠʥʠʩʪʨʘʪʦʨʫ 

ʦʙʩʣʫʞʠʚʘʪʴ ʜʦʩʪʘʪʦʯʥʦ ʙʦʣʴʰʫʶ ʠʥʬʨʘʩʪʨʫʢʪʫʨʫ ʩʝʪʠ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʨʘʥʝʝ ʪʨʝʙʦʚʘʣʦʩʴ 

ʥʝʩʢʦʣʴʢʦ ʩʧʝʮʠʘʣʠʩʪʦʚ.  

ʆʧʝʨʘʮʠʦʥʥʘʷ ʩʠʩʪʝʤʘ, ʟʘʧʫʱʝʥʥʘʷ ʚʥʫʪʨʠ ʚʠʨʪʫʘʣʴʥʦʡ ʤʘʰʠʥʳ, çʥʝ ʟʥʘʝʪè, ʢʘʢʦʝ 

ʦʙʦʨʫʜʦʚʘʥʠʝ ʫʩʪʘʥʦʚʣʝʥʦ ʥʘ ʬʠʟʠʯʝʩʢʦʤ ʩʝʨʚʝʨʝ. ʇʦʵʪʦʤʫ, ʧʨʠ ʟʘʤʝʥʝ ʦʙʦʨʫʜʦʚʘʥʠʷ ʠʟ-ʟʘ 

ʘʚʘʨʠʠ ʠʣʠ ʧʨʠ ʧʝʨʝʝʟʜʝ ʥʘ ʥʦʚʳʡ ʩʝʨʚʝʨ, ʛʦʩʪʝʚʳʝ ʆʉ ʩʦʭʨʘʥʷʪ ʩʚʦʶ ʢʦʥʬʠʛʫʨʘʮʠʶ, ʨʦʣʠ ʚ 

ʛʨʫʧʧʦʚʳʭ ʧʦʣʠʪʠʢʘʭ ʠ ʬʘʡʣʳ ʧʦʣʴʟʦʚʘʪʝʣʷ.  

ʅʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʩʫʱʝʩʪʚʫʝʪ ʥʝʩʢʦʣʴʢʦ ʩʠʩʪʝʤ ʚʠʨʪʫʘʣʠʟʘʮʠʠ. ʈʘʩʩʤʦʪʨʠʤ ʥʘʠʙʦʣʝʝ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʝ ʠ ʬʫʥʢʮʠʦʥʘʣʴʥʳʝ ʠʟ ʥʠʭ: VMware ESXi [27], Citrix XenServer [22], 

Microsoft Hyper-V [102], Linux KVM  [88].  

VMware ESXi ï ʵʪʦ ʧʨʦʛʨʘʤʤʥʳʡ ʧʨʦʜʫʢʪ ʜʣʷ ʚʠʨʪʫʘʣʠʟʘʮʠʠ ʫʨʦʚʥʷ ʧʨʝʜʧʨʠʷʪʠʷ, 

ʧʨʝʜʣʘʛʘʝʤʳʡ ʢʦʤʧʘʥʠʝʡ VMware. ESXi ʷʚʣʷʝʪʩʷ ʛʠʧʝʨʚʠʟʦʨʦʤ ʠ ʫʩʪʘʥʘʚʣʠʚʘʝʪʩʷ 

ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʥʘ ʩʝʨʚʝʨ, ʪʦ ʝʩʪʴ ʧʨʠ ʫʩʪʘʥʦʚʢʝ ʥʝ ʪʨʝʙʫʶʪ ʥʘʣʠʯʠʷ ʥʘ ʤʘʰʠʥʝ 

ʫʩʪʘʥʦʚʣʝʥʥʦʡ ʦʧʝʨʘʮʠʦʥʥʦʡ ʩʠʩʪʝʤʳ. ʕʪʦʪ ʛʠʧʝʨʚʠʟʦʨ ʧʦʟʚʦʣʷʝʪ ʨʘʟʜʝʣʠʪʴ ʬʠʟʠʯʝʩʢʠʡ 

ʩʝʨʚʝʨ ʥʘ ʣʦʛʠʯʝʩʢʠʝ ʨʘʟʜʝʣʳ  (ʩʦʟʜʘʥʠʝ ʚʠʨʪʫʘʣʴʥʳʭ ʤʘʠhʥ), ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʩʨʝʜʩʪʚʘ 

ʫʧʨʘʚʣʝʥʠʷ ʚʠʨʪʫʘʣʴʥʳʤʠ ʨʝʩʫʨʩʘʤʠ ʠ ʧʨʝʜʲʷʚʣʷʝʪ ʦʧʨʝʜʝʣʸʥʥʳʡ ʥʘʙʦʨ ʪʨʝʙʦʚʘʥʠʡ ʢ 

ʘʧʧʘʨʘʪʥʦʤʫ ʦʙʝʩʧʝʯʝʥʠʶ: ʥʘʧʨʠʤʝʨ, ʥʘʣʠʯʠʝ ʧʦʜʜʝʨʞʢʠ ʚʠʨʪʫʘʣʠʟʘʮʠʠ ʩʦ ʩʪʦʨʦʥʳ 

ʘʨʭʠʪʝʢʪʫʨʳ ʧʨʦʮʝʩʩʦʨʘ ʷʚʣʷʝʪʩʷ ʦʙʷʟʘʪʝʣʴʥʳʤ [6]. 

http://ru.wikipedia.org/wiki/%D0%92%D0%B8%D1%80%D1%82%D1%83%D0%B0%D0%BB%D0%B8%D0%B7%D0%B0%D1%86%D0%B8%D1%8F
http://ru.wikipedia.org/wiki/VMware
http://ru.wikipedia.org/wiki/%D0%93%D0%B8%D0%BF%D0%B5%D1%80%D0%B2%D0%B8%D0%B7%D0%BE%D1%80
http://ru.wikipedia.org/wiki/%D0%92%D0%B8%D1%80%D1%82%D1%83%D0%B0%D0%BB%D1%8C%D0%BD%D0%B0%D1%8F_%D0%BC%D0%B0%D1%88%D0%B8%D0%BD%D0%B0
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Citrix XenServer ï ʵʪʦ ʛʠʧʝʨʚʠʟʦʨ, ʷʚʣʷʶʱʠʡʩʷ ʨʘʟʨʘʙʦʪʢʦʡ ʂʝʤʙʨʠʜʞʩʢʦʛʦ 

ʫʥʠʚʝʨʩʠʪʝʪʘ, ʥʘ ʜʘʥʥʳʡ ʤʦʤʝʥʪ ʧʨʠʥʘʜʣʝʞʠʪ ʢʦʤʧʘʥʠʠ Citrix. ʉ 2007 ʛʦʜʘ ʢʦʤʧʘʥʠʷ 

ʦʧʫʙʣʠʢʦʚʘʣʘ XenServer ʚ ʩʚʦʙʦʜʥʦʤ ʜʦʩʪʫʧʝ, ʯʪʦ ʧʦʜʨʘʟʫʤʝʚʘʝʪ ʧʦʜ ʩʦʙʦʡ ʝʛʦ ʧʦʣʥʫʶ 

ʙʝʩʧʣʘʪʥʦʩʪʴ ʠ ʦʪʢʨʳʪʦʩʪʴ ʠʩʭʦʜʥʳʭ ʢʦʜʦʚ. ʅʘ ʜʘʥʥʳʡ ʤʦʤʝʥʪ ʜʣʷ ʩʢʘʯʠʚʘʥʠʷ ʥʘ ʩʘʡʪʝ 

ʢʦʤʧʘʥʠʠ Citrix ʜʦʩʪʫʧʥʘ ʧʦʣʥʦʮʝʥʥʘʷ ʚʝʨʩʠʷ ʛʠʧʝʨʚʠʟʦʨʘ [22]. 

Microsoft Hyper-V  ï ʩʠʩʪʝʤʘ ʚʠʨʪʫʘʣʠʟʘʮʠʠ ʥʘ ʦʩʥʦʚʝ ʛʠʧʝʨʚʠʟʦʨʘ. ʈʘʥʝʝ ʙʳʣʘ ʠʟʚʝʩʪʥʘ 

ʢʘʢ ʚʠʨʪʫʘʣʠʟʘʮʠʷ Windows Server (Windows Server Virtualization). ʀʤʝʝʪ ʰʠʨʦʢʠʡ ʥʘʙʦʨ 

ʚʦʟʤʦʞʥʦʩʪʝʡ ʜʣʷ ʫʧʨʘʚʣʝʥʠʷ ɺʄ. ʆʪʣʠʯʠʪʝʣʴʥʦʡ ʯʝʨʪʦʡ Hyper-V ʷʚʣʷʝʪʩʷ ʝʛʦ ʠʥʪʝʛʨʘʮʠʷ ʩ 

Active Directory, ʢʦʪʦʨʘʷ, ʢʘʢ ʠ ʛʠʧʝʨʚʠʟʦʨ, ʷʚʣʷʝʪʩʷ ʢʦʤʧʦʥʝʥʪʦʤ Windows Server [102]. 

KVM  (Kernel-based Virtual Machine) ï ʵʪʦ ʧʨʦʛʨʘʤʤʥʦʝ ʨʝʰʝʥʠʝ, 

ʦʙʝʩʧʝʯʠʚʘʶʱʝʝ ʚʠʨʪʫʘʣʠʟʘʮʠʶ ʚ ʩʨʝʜʝ Linux (ʥʘ ʦʩʥʦʚʝ ʚʩʪʨʦʝʥʥʦʛʦ ʛʠʧʝʨʚʠʟʦʨʘ) , ʢʦʪʦʨʘʷ 

ʧʦʜʜʝʨʞʠʚʘʝʪ ʘʧʧʘʨʘʪʥʫʶ ʚʠʨʪʫʘʣʠʟʘʮʠʶ ʥʘ ʙʘʟʝ Intel VT (Virtualization Technology) 

ʣʠʙʦ AMD SVM (Secure Virtual Machine). ʇʨʦʛʨʘʤʤʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ KVM ʩʦʩʪʦʠʪ 

ʠʟ ʟʘʛʨʫʞʘʝʤʦʛʦ ʤʦʜʫʣʷ ʷʜʨʘ, ʧʨʦʮʝʩʩʦʨʥʦ-ʩʧʝʮʠʬʠʯʝʩʢʦʛʦ ʟʘʛʨʫʞʘʝʤʦʛʦ ʤʦʜʫʣʷ ʠ 

ʢʦʤʧʦʥʝʥʪʦʚ ʧʦʣʴʟʦʚʘʪʝʣʴʩʢʦʛʦ ʨʝʞʠʤʘ. ɺʩʝ ʢʦʤʧʦʥʝʥʪʳ ʇʆ KVM ʠʤʝʶʪ ʦʪʢʨʳʪʳʡ ʠʩʭʦʜʥʳʡ 

ʢʦʜ [88].  

ʂʘʢ ʙʳʣʦ ʩʢʘʟʘʥʦ ʚʳʰʝ, ʬʠʟʠʯʝʩʢʠʝ ʩʝʨʚʝʨʘ, ʥʘ ʢʦʪʦʨʳʭ ʟʘʧʫʩʢʘʶʪʩʷ ɺʄ, ʤʦʛʫʪ ʙʳʪʴ 

ʦʙʲʝʜʠʥʝʥʳ ʚ ʢʣʘʩʪʝʨ, ʠ ʚ ʩʣʫʯʘʝ ʦʪʢʘʟʘ ʦʜʥʦʛʦ ʠʟ ʩʝʨʚʝʨʦʚ ʘʚʪʦʤʘʪʠʯʝʩʢʠ ʤʠʛʨʠʨʦʚʘʪʴ ʥʘ 

ʜʨʫʛʦʡ. ʇʝʨʝʤʝʱʝʥʠʝ ɺʄ ʧʨʦʭʦʜʠʪ ʥʝʟʘʤʝʪʥʦ ʜʣʷ ʧʦʣʴʟʦʚʘʪʝʣʝʡ. ʊʘʢʠʝ ʪʝʭʥʦʣʦʛʠʠ ʫ ʨʘʟʥʳʭ 

ʨʘʟʨʘʙʦʪʯʠʢʦʚ ʥʘʟʳʚʘʶʪʩʷ ʧʦ-ʨʘʟʥʦʤʫ: ʥʘʧʨʠʤʝʨ, ʫ Microsoft ʦʥʘ ʥʘʟʳʚʘʝʪʩʷ Live Migration 

[102], ʫ VMware ï vMotion [6].  

ʇʦʜʦʙʥʳʝ ʪʝʭʥʦʣʦʛʠʠ ʧʦʟʚʦʣʷʶʪ ʧʨʦʚʦʜʠʪʴ ʨʘʙʦʪʳ, ʩʚʷʟʘʥʥʳʝ ʩ ʚʳʢʣʶʯʝʥʠʝʤ ɺʄ, 

ʧʨʷʤʦ ʚ ʨʘʙʦʯʝʝ ʚʨʝʤʷ ʠ ʥʝ ʦʪʢʣʶʯʘʷ ʧʦʣʴʟʦʚʘʪʝʣʝʡ ʦʪ ʨʘʙʦʪʳ. ʂʨʦʤʝ ʪʦʛʦ, ʝʩʣʠ ʩʪʨʫʢʪʫʨʘ ʩʝʪʠ 

ʧʦʩʪʨʦʝʥʘ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤ ʦʙʨʘʟʦʤ, ʟʘʧʫʱʝʥʥʳʝ ʚʠʨʪʫʘʣʴʥʳʝ ʤʘʰʠʥʳ ʤʦʛʫʪ ʘʚʪʦʤʘʪʠʯʝʩʢʠ 

ʧʝʨʝʤʝʱʘʪʴʩʷ ʥʘ ʤʝʥʝʝ ʥʘʛʨʫʞʝʥʥʳʝ ʩʝʨʚʝʨʘ ʚ ʟʘʧʣʘʥʠʨʦʚʘʥʥʦʤ ʨʝʞʠʤʝ. ɺ ʠʥʬʨʘʩʪʨʫʢʪʫʨʝ 

ʩʝʪʠ, ʧʦʩʪʨʦʝʥʥʦʡ ʥʘ ʦʩʥʦʚʝ ʪʝʭʥʦʣʦʛʠʡ ʦʪ Microsoft, ʜʣʷ ʵʪʦʛʦ ʠʩʧʦʣʴʟʫʶʪʩʷ ʩʣʫʞʙʳ System 

Center Virtual Machine Manager (Operations Manager) [102]. ɺ ʠʥʬʨʘʩʪʨʫʢʪʫʨʝ, ʧʦʩʪʨʦʝʥʥʦʡ ʥʘ 

ʪʝʭʥʦʣʦʛʠʷʭ ʦʪ VMware ʠ Citrix, ʠʩʧʦʣʴʟʫʶʪʩʷ ʧʨʦʛʨʘʤʤʳ vSphere Center [6] ʠ XenCenter [22], 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ɹʦʣʝʝ ʧʦʜʨʦʙʥʦ ʥʘʠʙʦʣʝʝ ʦʩʦʙʝʥʥʦʩʪʠ ʧʣʘʪʬʦʨʤ ʚʠʨʪʫʘʣʠʟʘʮʠʠ ʨʘʩʩʤʦʪʨʝʥʳ ʚ 

[34]. 

ʈʘʩʩʤʦʪʨʝʥʥʳʝ ʧʣʘʪʬʦʨʤʳ ʚʠʨʪʫʘʣʠʟʘʮʠʠ ʠʤʝʶʪ ʦʜʥʫ ʦʙʱʫʶ ʛʣʘʚʥʫʶ ʬʫʥʢʮʠʶ ï 

ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʩʦʟʜʘʥʠʝ ɺʄ.  ʆʥʠ ʠʤʝʶʪ ʥʘʙʦʨ ʩʭʦʜʥʳʭ ʬʫʥʢʮʠʡ, ʦʜʥʘʢʦ ʠʤʝʶʪʩʷ ʠ 

ʨʘʟʣʠʯʠʷ.  

ʉʨʘʚʥʠʪʝʣʴʥʘʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʩʠʩʪʝʤ ʚʠʨʪʫʘʣʠʟʘʮʠʠ ʧʨʠʚʝʜʝʥʘ ʚ ʪʘʙʣʠʮʝ 1.1. 

 

http://ru.wikipedia.org/wiki/%D0%90%D0%BF%D0%BF%D0%B0%D1%80%D0%B0%D1%82%D0%BD%D0%B0%D1%8F_%D0%B2%D0%B8%D1%80%D1%82%D1%83%D0%B0%D0%BB%D0%B8%D0%B7%D0%B0%D1%86%D0%B8%D1%8F
http://ru.wikipedia.org/wiki/%D0%93%D0%B8%D0%BF%D0%B5%D1%80%D0%B2%D0%B8%D0%B7%D0%BE%D1%80
http://ru.wikipedia.org/wiki/%D0%92%D0%B8%D1%80%D1%82%D1%83%D0%B0%D0%BB%D0%B8%D0%B7%D0%B0%D1%86%D0%B8%D1%8F
http://ru.wikipedia.org/wiki/Linux
http://ru.wikipedia.org/wiki/%D0%90%D0%BF%D0%BF%D0%B0%D1%80%D0%B0%D1%82%D0%BD%D0%B0%D1%8F_%D0%B2%D0%B8%D1%80%D1%82%D1%83%D0%B0%D0%BB%D0%B8%D0%B7%D0%B0%D1%86%D0%B8%D1%8F
http://ru.wikipedia.org/wiki/Intel
http://ru.wikipedia.org/wiki/VT
http://ru.wikipedia.org/wiki/AMD
http://ru.wikipedia.org/wiki/%D0%97%D0%B0%D0%B3%D1%80%D1%83%D0%B6%D0%B0%D0%B5%D0%BC%D1%8B%D0%B9_%D0%BC%D0%BE%D0%B4%D1%83%D0%BB%D1%8C_%D1%8F%D0%B4%D1%80%D0%B0
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ʊʘʙʣʠʮʘ 1.1. ʉʨʘʚʥʝʥʠʝ ʩʠʩʪʝʤ ʚʠʨʪʫʘʣʠʟʘʮʠʠ 

 
VMware 

ESXi 

Citrix 

XenServer 

Microsoft 

Hyper-V 

Linux 

KVM  

ɺʩʪʨʦʝʥʥʦʝ ʨʝʟʝʨʚʥʦʝ 

ʢʦʧʠʨʦʚʘʥʠʝ ɺʄ 
ɼʘ ɼʘ ʅʝʪ ʅʝʪ 

ɾʠʚʘʷ ʤʠʛʨʘʮʠʷ 

ʚʠʨʪʫʘʣʴʥʳʭ ʤʘʰʠʥ 
ɼʘ ɼʘ ɼʘ ɼʘ 

ʄʠʛʨʘʮʠʷ ɺʄ ʤʝʞʜʫ 

ʩʠʩʪʝʤʘʤʠ ʭʨʘʥʝʥʠʷ 

ʜʘʥʥʳʭ 

ɼʘ ʅʝʪ ʅʝʪ ʅʝʪ 

ɸʚʪʦʤʘʪʠʯʝʩʢʦʝ 

ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʥʘʛʨʫʟʢʠ 

ʤʝʞʜʫ ʭʦʩʪʘʤʠ 

ɼʘ ɼʘ ʅʝʪ ʅʝʪ 

ɸʚʪʦʤʘʪʠʯʝʩʢʦʝ 

ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʥʘʛʨʫʟʢʠ 

ʤʝʞʜʫ ʉʍɼ 

ɼʘ ʅʝʪ ʅʝʪ ʅʝʪ 

ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʨʝʩʫʨʩʦʚ 

ʧʨʦʮʝʩʩʦʨʘ ʠ ʧʘʤʷʪʠ 

ʤʝʞʜʫ ɺʄ 

ɼʘ ɼʘ ɼʘ ɼʘ 

ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʨʝʩʫʨʩʦʚ 

ʩʝʪʝʚʳʭ ʘʜʘʧʪʝʨʦʚ (I/O) 

ʤʝʞʜʫ ɺʄ 

ɼʘ ʅʝʪ ʅʝʪ ʅʝʪ 

 

ʆʪʜʝʣʴʥʦ ʩʣʝʜʫʝʪ ʨʘʩʩʤʦʪʨʝʪʴ ʨʘʟʣʠʯʥʳʝ ʨʝʘʣʠʟʘʮʠʠ ʄʝʥʝʜʞʝʨʘ ʧʦʜʢʣʶʯʝʥʠʡ. ʂʘʞʜʳʡ 

ʠʟ ʧʨʦʠʟʚʦʜʠʪʝʣʝʡ ʦʙʣʘʯʥʳʭ ʧʣʘʪʬʦʨʤ ʠʤʝʝʪ ʩʦʙʩʪʚʝʥʥʫʶ ʝʛʦ ʨʝʘʣʠʟʘʮʠʶ. ɺ ʙʦʣʴʰʠʥʩʪʚʝ 

ʩʣʫʯʘʝʚ ʦʥʘ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʩʣʦʞʥʫʶ ʧʨʦʛʨʘʤʤʫ, ʫʩʪʘʥʘʚʣʠʚʘʝʤʫʶ ʥʘ ʚʩʧʦʤʦʛʘʪʝʣʴʥʫʶ 

ʆʉ, ʢʦʪʦʨʘʷ ʟʘʪʝʤ ʫʧʘʢʦʚʳʚʘʝʪʩʷ ʚ ʦʪʜʝʣʴʥʫʶ ʋʧʨʘʚʣʷʶʱʫʶ ɺʄ. ʋ ʥʝʢʦʪʦʨʳʭ 

ʧʨʦʠʟʚʦʜʠʪʝʣʝʡ, ʪʘʢʠʭ ʢʘʢ Red Hat, ʄʝʥʝʜʞʝʨ ʧʦʜʢʣʶʯʝʥʠʡ ʠ ʛʠʧʝʨʚʠʟʦʨ ʨʝʘʣʠʟʦʚʘʥʳ 

ʩʦʚʤʝʩʪʥʦ ʚ ʝʜʠʥʳʡ ʧʨʦʛʨʘʤʤʥʳʡ ʢʦʤʧʣʝʢʩ. ʊʝʤ ʥʝ ʤʝʥʝʝ, ʚ ʙʦʣʴʰʠʥʩʪʚʝ ʩʣʫʯʘʝʚ ʠʤʝʝʪ ʤʝʩʪʦ 

ʤʦʜʫʣʴʥʘʷ ʨʝʘʣʠʟʘʮʠʷ, ʦʧʠʩʘʥʥʘʷ ʚʳʰʝ.  

ʉʫʱʝʩʪʚʫʝʪ ʙʦʣʴʰʦʝ ʤʥʦʞʝʩʪʚʦ ʩʣʫʞʝʙʥʳʭ ʧʨʦʛʨʘʤʤ, ʨʘʙʦʪʘʶʱʠʭ ʢʘʢ ʚ ʩʚʷʟʢʝ ʩ 

ʄʝʥʝʜʞʝʨʦʤ ʧʦʜʢʣʶʯʝʥʠʡ, ʪʘʢ ʠ ʦʪʜʝʣʴʥʦ, ʢʦʪʦʨʳʝ ʧʦʟʚʦʣʷʶʪ ʚʩʝʚʦʟʤʦʞʥʳʤ ʦʙʨʘʟʦʤ 

ʨʘʩʰʠʨʠʪʴ ʫʩʣʫʛʫ DaaS. ʅʘʧʨʠʤʝʨ, ʘʢʪʠʚʘʮʠʷ ʧʦʣʴʟʦʚʘʪʝʣʝʤ ʜʦʩʪʫʧʥʦʩʪʠ ʩʚʦʝʛʦ ʨʘʙʦʯʝʛʦ 

ʩʪʦʣʘ ʚ ʦʙʣʘʢʝ ʩ ʨʘʟʣʠʯʥʳʭ ʫʩʪʨʦʡʩʪʚ, ʚʩʝʚʦʟʤʦʞʥʳʝ ʧʦʣʠʪʠʢʠ ʙʝʟʦʧʘʩʥʦʩʪʠ, ʢʦʥʚʝʨʛʝʥʮʠʷ 

ʩʣʫʞʙ, ʟʘʧʫʱʝʥʥʳʭ ʚ ʆʉ ʚʠʨʪʫʘʣʴʥʦʛʦ ʨʘʙʦʯʝʛʦ ʩʪʦʣʘ ʩʦ ʩʣʫʞʙʘʤʠ, ʟʘʧʫʱʝʥʥʳʤʠ ʥʘ 

ʬʠʟʠʯʝʩʢʦʤ ʢʦʤʧʴʶʪʝʨʝ ʠ ʜʨ.     



22 
 

ʅʘʠʙʦʣʝʝ ʧʦʧʫʣʷʨʥʳʤʠ ʧʨʦʛʨʘʤʤʥʳʤʠ ʨʝʘʣʠʟʘʮʠʷʤʠ ʄʝʥʝʜʞʝʨʘ ʧʦʜʢʣʶʯʝʥʠʡ ʷʚʣʷʶʪʩʷ 

Citrix VDI-IN-A-BOX ʠ Citrix XenDesktop [33], VMware Vsphere [6], Microsoft Hyper-V [102], 

Red Hat Enterprise Virtualization [106], Huawei FusionCloud Access [82] ʠ ʜʨ.  

ʉʣʝʜʫʝʪ, ʪʘʢʞʝ, ʦʪʤʝʪʠʪʴ, ʯʪʦ ʫʩʣʫʛʘ çʚʠʨʪʫʘʣʴʥʳʡ ʨʘʙʦʯʠʡ ʩʪʦʣè ʨʝʘʣʠʟʦʚʘʥʘ 

ʨʘʟʣʠʯʥʳʤʠ ʧʨʦʠʟʚʦʜʠʪʝʣʷʤʠ ʦʙʣʘʯʥʦʛʦ ʇʆ ʩ ʥʝʙʦʣʴʰʠʤʠ ʨʘʟʣʠʯʠʷʤʠ ʠ ʦʩʦʙʝʥʥʦʩʪʷʤʠ, 

ʧʨʠʩʫɦ ʠʤʠ ʢʦʥʢʨʝʪʥʦʤʫ ʧʨʦʠʟʚʦʜʠʪʝʣʶ. ʏʘʩʪʦ, ʛʦʚʦʨʷ ʦʙ ʫʩʣʫʛʝ, ʠʩʧʦʣʴʟʫʶʪ ʪʝʨʤʠʥ VDI 

(Virtual Desktop Infrastructure). ɺ [31] ʧʨʠʚʝʜʝʥ ʦʙʟʦʨ ʨʝʢʦʤʝʥʜʘʮʠʡ ʄʉʕ-ʊ, ʦʪʥʦʩʷʱʠʭʩʷ ʢ 

ʵʪʦʡ ʫʩʣʫʛʝ, ʦʧʠʩʘʥʳ ʦʩʥʦʚʥʳʝ ʚʘʨʠʘʥʪʳ ʨʝʘʣʠʟʘʮʠʠ ʫʩʣʫʛʠ ʥʘ ʧʨʘʢʪʠʢʝ, ʫʢʘʟʘʥʳ ʦʩʥʦʚʥʳʝ 

ʧʨʝʠʤʫʱʝʩʪʚʘ ʠ ʥʝʜʦʩʪʘʪʢʠ ʧʝʨʝʚʦʜʘ ʨʘʙʦʯʠʭ ʤʝʩʪ ʧʦʣʴʟʦʚʘʪʝʣʝʡ ʚ ʦʙʣʘʯʥʫʶ ʩʨʝʜʫ. 

ʈʝʟʶʤʠʨʫʷ ʦʧʠʩʘʥʥʦʝ, ʤʦʞʥʦ ʚʳʜʝʣʠʪʴ ʨʷʜ ʜʦʩʪʦʠʥʩʪʚ ʚʠʨʪʫʘʣʠʟʘʮʠʠ: ʩʥʠʞʝʥʠʝ 

ʪʨʝʙʦʚʘʥʠʡ ʢ ʘʧʧʘʨʘʪʥʦʤʫ ʦʙʝʩʧʝʯʝʥʠʶ ʥʘ ʩʪʦʨʦʥʝ ʢʣʠʝʥʪʦʚ, ʧʦʚʳʰʝʥʠʝ ʙʝʟʦʧʘʩʥʦʩʪʠ, 

ʟʥʘʯʠʪʝʣʴʥʦʝ ʫʧʨʦʱʝʥʠʝ ʘʜʤʠʥʠʩʪʨʠʨʦʚʘʥʠʷ ʠ ʧʦʜʜʝʨʞʢʠ. ʂ ʥʝʜʦʩʪʘʪʢʘʤ ʤʦʞʥʦ ʦʪʥʝʩʪʠ 

ʩʣʝʜʫʶʱʝʝ: ʧʦʚʳʰʝʥʠʝ ʪʨʝʙʦʚʘʥʠʡ ʢ ʩʝʨʚʝʨʘʤ, ʢʘʢ ʧʦ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ, ʪʘʢ ʠ ʧʦ 

ʥʘʜʝʞʥʦʩʪʠ, ʦʪʥʦʩʠʪʝʣʴʥʘʷ ʜʦʨʦʛʦʚʠʟʥʘ ʣʠʮʝʥʟʠʡ ʠ ʩʝʨʚʝʨʘ. 

 

 

1.2.3 ʂʣʠʝʥʪʩʢʘʷ ʯʘʩʪʴ 

 

 

ʂʣʠʝʥʪʩʢʘʷ ʯʘʩʪʴ ʘʨʭʠʪʝʢʪʫʨʳ DaaS ʤʦʞʝʪ ʙʳʪʴ ʦʨʛʘʥʠʟʦʚʘʥʘ ʨʘʟʣʠʯʥʳʤʠ ʩʧʦʩʦʙʘʤʠ, ʚ 

ʢʘʯʝʩʪʚʝ ʦʢʦʥʝʯʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ʤʦʛʫʪ ʚʳʩʪʫʧʘʪʴ: ʤʦʙʠʣʴʥʳʝ ʫʩʪʨʦʡʩʪʚʘ, ʫʩʪʘʨʝʚʰʠʝ 

ʢʦʤʧʴʶʪʝʨʳ, ʪʦʥʢʠʝ ʢʣʠʝʥʪʳ ï ʤʘʣʦʤʦʱʥʳʝ ʤʘʣʦʛʘʙʘʨʠʪʥʳʝ ʨʘʙʦʯʠʝ ʩʪʘʥʮʠʠ, ʪʝʨʤʠʥʘʣʳ ʠ 

ʪ.ʧ. ʆʙʱʠʤ ʷʚʣʷʝʪʩʷ ʦʙʷʟʘʪʝʣʴʥʘʷ ʫʩʪʘʥʦʚʢʘ ʥʘ ʢʣʠʝʥʪʩʢʦʝ ʫʩʪʨʦʡʩʪʚʦ ʩʧʝʮʠʘʣʴʥʦʛʦ 

ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ ï DaaS-ʢʣʠʝʥʪʘ, ʢʦʪʦʨʳʡ ʧʦʣʥʦʩʪʴʶ ʦʪʚʝʯʘʝʪ ʟʘ ʚʩʝ ʚʠʜʳ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩ ʧʣʘʪʬʦʨʤʦʡ, ʨʘʟʚʝʨʥʫʪʦʡ ʥʘ ʩʝʨʚʝʨʝ. 

ʅʘ ʧʨʘʢʪʠʢʝ ʙʦʣʴʰʠʥʩʪʚʦ ʢʨʫʧʥʳʭ ʧʨʦʠʟʚʦʜʠʪʝʣʝʡ ʧʨʦʛʨʘʤʤʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʠ 

ʠʥʩʪʨʫʤʝʥʪʦʚ ʜʣʷ ʧʨʝʜʦʩʪʘʚʣʝʥʠʷ ʫʩʣʫʛʠ DaaS, ʥʘʟʳʚʘʶʪ DaaS-ʢʣʠʝʥʪ ɸʛʝʥʪʦʤ. ʕʪʦ ʥʘʟʚʘʥʠʝ 

ʷʚʣʷʝʪʩʷ ʫʩʪʦʷʚʰʠʤʩʷ ʚ ʦʪʨʘʩʣʠ. 

ʂ ʦʩʥʦʚʥʳʤ ʬʫʥʢʮʠʷʤʠ ɸʛʝʥʪʘ ʦʪʥʦʩʷʪʩʷ: ʧʦʩʳʣʢʘ ʟʘʧʨʦʩʦʚ ʥʘ ʠʥʠʮʠʘʣʠʟʘʮʠʶ 

ʪʝʨʤʠʥʘʣʴʥʦʡ ʩʝʩʩʠʠ, ʦʪʧʨʘʚʢʘ ʠ ʧʦʣʫʯʝʥʠʝ ʟʘʧʨʦʩʦʚ ʥʘ ʘʫʪʝʥʪʠʬʠʢʘʮʠʶ, ʚʝʨʠʬʠʢʘʮʠʷ ʣʦʛʠʥʘ 

ʠ ʧʘʨʦʣʷ, ʧʦʜʜʝʨʞʘʥʠʝ ʩʝʩʩʠʠ ʚ ʨʘʙʦʯʝʤ ʩʦʩʪʦʷʥʠʠ, ʧʦʩʳʣʢʘ ʟʘʧʨʦʩʦʚ ʥʘ ʟʘʚʝʨʰʝʥʠʝ 

ʪʝʨʤʠʥʘʣʴʥʦʡ ʩʝʩʩʠʠ ʩ ʦʧʮʠʦʥʘʣʴʥʳʤ ʦʪʢʣʶʯʝʥʠʝʤ ʚʠʨʪʫʘʣʴʥʦʡ ʤʘʰʠʥʳ. 

ɺ ʙʦʣʴʰʠʥʩʪʚʝ ʩʣʫʯʘʝʚ ɸʛʝʥʪ ʨʝʘʣʠʟʦʚʘʥ ʚ ʚʠʜʝ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ ʠ 

ʫʩʪʘʥʘʚʣʠʚʘʝʪʩʷ ʣʠʙʦ ʚ ʧʨʦʰʠʚʢʫ ʫʩʪʨʦʡʩʪʚʘ, ʣʠʙʦ ʚ ʝʛʦ ʦʧʝʨʘʮʠʦʥʥʫʶ ʩʠʩʪʝʤʫ. ɺ ʥʘʩʪʦʷʱʠʡ 
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ʤʦʤʝʥʪ ʩʫʱʝʩʪʚʫʶʪ ʨʝʘʣʠʟʘʮʠʠ ɸʛʝʥʪʦʚ ʨʘʟʣʠʯʥʳʭ ʩʠʩʪʝʤ ʜʦʩʪʘʚʢʠ ʚʠʨʪʫʘʣʴʥʳʭ ʨʘʙʦʯʠʭ 

ʩʪʦʣʦʚ ʧʨʘʢʪʠʯʝʩʢʠ ʜʣʷ ʚʩʝʭ ʠʟʚʝʩʪʥʳʭ ʦʧʝʨʘʮʠʦʥʥʳʭ ʩʠʩʪʝʤ ʠʣʠ ʤʦʙʠʣʴʥʳʭ ʧʣʘʪʬʦʨʤ.  

ʉʣʝʜʫʶʱʠʤ ʚʘʞʥʳʤ ʵʣʝʤʝʥʪʦʤ ʘʨʭʠʪʝʢʪʫʨʳ ʧʦʣʴʟʦʚʘʪʝʣʴʩʢʠʭ ʫʩʪʨʦʡʩʪʚ ʷʚʣʷʝʪʩʷ 

ʧʨʦʮʝʩʩʦʨ ʫʩʪʨʦʡʩʪʚʘ, ʦʪʚʝʯʘʶʱʠʡ ʟʘ ʦʙʨʘʙʦʪʢʫ ʧʦʩʪʫʧʘʶʱʝʡ ʦʪ ʩʝʨʚʝʨʘ ʠʥʬʦʨʤʘʮʠʠ ʠ 

ʧʝʨʝʜʘʯʫ ʝʝ ʥʘ ʛʨʘʬʠʯʝʩʢʫʶ ʧʦʜʩʠʩʪʝʤʫ ʜʣʷ ʦʪʨʠʩʦʚʢʠ ʧʦʣʴʟʦʚʘʪʝʣʶ. ʅʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ 

ʩʫʱʝʩʪʚʫʝʪ ʙʦʣʴʰʦʝ ʤʥʦʞʝʩʪʚʦ ʧʨʦʮʝʩʩʦʨʦʚ, ʫʩʪʘʥʘʚʣʠʚʘʝʤʳʭ ʥʘ ʧʦʣʴʟʦʚʘʪʝʣʴʩʢʠʝ 

ʫʩʪʨʦʡʩʪʚʘ. ʆʪ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʧʨʦʮʝʩʩʦʨʘ, ʚ ʯʘʩʪʥʦʩʪʠ, ʟʘʚʠʩʠʪ ʫʨʦʚʝʥʴ ʢʦʤʬʦʨʪʘ ʨʘʙʦʪʳ 

ʩ ʫʩʣʫʛʦʡ.  

ʉʫʱʝʩʪʚʫʝʪ ʥʝʩʢʦʣʴʢʦ ʨʘʟʣʠʯʥʳʭ ʪʠʧʦʚ ʨʘʟʚʝʨʪʳʚʘʥʠʷ ʫʩʣʫʛʠ DaaS ʩʦʛʣʘʩʥʦ [76]. 

ʈʘʩʩʤʦʪʨʠʤ ʠʭ ʢʨʘʪʢʦ ʜʘʣʝʝ. 

¶ ʂʣʘʩʩʠʬʠʢʘʮʠʷ ʧʦ ʫʨʦʚʥʶ ʦʙʩʣʫʞʠʚʘʥʠʷ: ʧʦʣʴʟʦʚʘʪʝʣʠ ʤʦʛʫʪ ʙʳʪʴ ʢʣʘʩʩʠʬʠʮʠʨʦʚʘʥʳ 

ʩʦʛʣʘʩʥʦ ʨʘʟʣʠʯʥʳʤ ʪʠʧʘʤ ʩʦʛʣʘʰʝʥʠ ̫ʦʙ ʫʨʦʚʥʝ ʧʨʝʜʦʩʪʘʚʣʝʥʠʷ ʫʩʣʫʛʠ SLA. 

¶ ʂʣʘʩʩʠʬʠʢʘʮʠʷ ʧʦ ʪʠʧʫ ʧʨʝʜʦʩʪʘʚʣʷʝʤʦʛʦ ʨʘʙʦʯʝʛʦ ʩʪʦʣʘ. ʅʘʧʨʠʤʝʨ, ʥʝʢʦʪʦʨʳʝ 

ʧʦʣʴʟʦʚʘʪʝʣʠ ʤʦʛʫʪ ʧʦʣʫʯʘʪʴ ʥʘ ʩʚʦʡ ʪʝʨʤʠʥʘʣ ɺʝʙ-ʧʨʠʣʦʞʝʥʠʝ, ʥʝʢʦʪʦʨʳʝ 

ʧʦʣʥʦʮʝʥʥʫʶ ʆʉ. ʇʦʩʣʝʜʥʠʝ ʤʦʛʫʪ ʨʘʟʜʝʣʷʪʴʩʷ ʧʦ ʩʧʦʩʦʙʫ ʜʦʩʪʫʧʫ ʢ ʆʉ: ʦʙʱʘʷ ʆʉ ʥʘ 

ʥʝʩʢʦʣʴʢʦ ʧʦʣʴʟʦʚʘʪʝʣʝʡ, ʠʥʜʠʚʠʜʫʘʣʴʥʘʷ ʆʉ, ʦʜʥʦʨʘʟʦʚʳʡ ʜʦʩʪʫʧ ʢ ʛʦʩʪʝʚʦʡ ʆʉ. 

¶ ʂʣʘʩʩʠʬʠʢʘʮʠʷ ʧʦ ʪʠʧʫ ʨʘʟʤʝʱʝʥʠʷ ʚʠʨʪʫʘʣʴʥʦʡ ʩʨʝʜʳ: ʧʦʩʪʦʷʥʥʘʷ ʠʥʬʨʘʩʪʨʫʢʪʫʨʘ 

ʠʣʠ ʚʨʝʤʝʥʥʦʝ ʨʘʟʚʝʨʪʳʚʘʥʠʝ. 

¶ ʂʣʘʩʩʠʬʠʢʘʮʠʷ ʧʦ ʪʠʧʫ ʧʨʝʜʦʩʪʘʚʣʝʥʠʷ ʨʝʩʫʨʩʦʚ ʧʦʣʴʟʦʚʘʪʝʣʶ: ʬʠʢʩʠʨʦʚʘʥʥʳʝ 

ʨʝʩʫʨʩʳ ʣʠʙʦ ʚʦʟʤʦʞʥʦʩʪʴ ʩʘʤʦʩʪʦʷʪʝʣʴʥʦ ʠʣʠ ʧʦ ʟʘʧʨʦʩʫ ʨʘʩʰʠʨʷʪʴ ʨʘʙʦʯʝʝ 

ʧʨʦʩʪʨʘʥʩʪʚʦ. 

ʆʯʝʚʠʜʥʦ, ʯʪʦ ʪʘʢʠʝ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʥʝ ʚʩʝʛʜʘ ʥʦʩʷʪ ʩʪʨʦʛʠʡ ʭʘʨʘʢʪʝʨ, ʟʘʯʘʩʪʫʶ ʷʚʣʷʶʪʩʷ 

ʚʟʘʠʤʦʜʦʧʦʣʥʷʶʱʠʤʠ, ʘ ʥʝ ʚʟʘʠʤʦʠʩʢʣʶʯʘʶʱʠʤʠ. ʅʘʠʙʦʣʴʰʫʶ ʚʦʩʪʨʝʙʦʚʘʥʥʦʩʪʴ ʥʘ 

ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʧʦʣʫʯʠʣʦ ʧʨʝʜʦʩʪʘʚʣʝʥʠʝ ʧʦʣʥʦʮʝʥʥʦʡ ʠʥʜʠʚʠʜʫʘʣʴʥʦʡ ʆʉ ʢʘʞʜʦʤʫ 

ʧʦʣʴʟʦʚʘʪʝʣʶ ʚ ʨʘʤʢʘʭ ʫʩʣʫʛʠ çʚʠʨʪʫʘʣʴʥʳʡ ʨʘʙʦʯʠʡ ʩʪʦʣè. ʀʤʝʥʥʦ ʪʘʢʦʡ ʪʠʧ ʧʨʝʜʦʩʪʘʚʣʝʥʠʷ 

ʫʩʣʫʛʠ ʙʫʜʝʪ ʨʘʩʩʤʦʪʨʝʥ ʚ ʜʘʥʥʦʡ ʨʘʙʦʪʝ. 

ʉʝʪʝʚʦʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʤʝʞʜʫ ʩʝʨʚʝʨʦʤ ʠ ʢʣʠʝʥʪʘʤʠ ʧʨʝʜʩʪʘʚʣʷʝʪ ʙʦʣʴʰʦʡ ʠʥʪʝʨʝʩ ʚ 

ʨʘʤʢʘʭ ʧʦʩʪʘʚʣʝʥʥʦʡ ʟʘʜʘʯʠ, ʧʦʵʪʦʤʫ ʨʘʩʩʤʦʪʨʠʤ ʝʛʦ ʙʦʣʝʝ ʧʦʜʨʦʙʥʦ ʚ ʩʣʝʜʫʶʱʝʤ 

ʧʦʜʧʘʨʘʛʨʘʬʝ. 

 

 

1.2.4 ʉʝʪʝʚʦʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʠ ʧʨʦʪʦʢʦʣʳ ʜʦʩʪʘʚʢʠ ʚʠʨʪʫʘʣʴʥʳʭ ʨʘʙʦʯʠʭ ʩʪʦʣʦʚ 
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ʆʙʣʘʯʥʳʝ ʫʩʣʫʛʠ ʜʦʩʪʘʚʣʷʶʪʩʷ ʧʦʣʴʟʦʚʘʪʝʣʶ ʧʦʩʨʝʜʩʪʚʘʤ IP ʩʝʪʝʡ. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, 

ʣʶʙʦʝ ʩʝʪʝʚʦʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ, ʩʚʷʟʘʥʥʦʝ ʩ ʧʝʨʝʜʘʯʝʡ ʜʘʥʥʳʭ, ʧʨʦʠʩʭʦʜʠʪ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ 

ʧʨʘʚʠʣʘʤʠ ʩʪʝʢʘ TCP/IP. ɼʣʷ ʜʦʩʪʘʚʢʠ ʚʠʨʪʫʘʣʴʥʦʛʦ ʨʘʙʦʯʝʛʦ ʩʪʦʣʘ ʧʦ ʩʝʪʠ ʠʩʧʦʣʴʟʫʶʪʩʷ ʪʘʢ 

ʥʘʟʳʚʘʝʤʳʝ ʧʨʦʪʦʢʦʣʳ ʜʦʩʪʘʚʢʠ ʨʘʙʦʯʝʛʦ ʩʪʦʣʘ (ʧʨʦʪʦʢʦʣʳ ʚʠʨʪʫʘʣʠʟʘʮʠʠ) [43]. ʕʪʠ 

ʧʨʦʪʦʢʦʣʳ ʧʨʦʧʨʠʝʪʘʨʥʳ ʪ.ʝ. ʧʨʘʚʘ ʥʘ ʥʠʭ ʧʨʠʥʘʜʣʝʞʘʪ ʢʦʥʢʨʝʪʥʳʤ ʢʦʤʧʘʥʠʷʤ. ʂʘʢ 

ʩʣʝʜʩʪʚʠʝ, ʵʪʠ ʧʨʦʪʦʢʦʣʳ ʟʘʢʨʳʪʳ, ʤʝʭʘʥʠʟʤʳ ʠʭ ʨʘʙʦʪʳ ʥʝ ʨʘʟʛʣʘʰʘʶʪʩʷ. ʆʜʥʘʢʦ, ʠʩʭʦʜʷ ʠʟ 

ʣʦʛʠʢʠ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʩʦʚʨʝʤʝʥʥʳʭ ʩʝʪʝʡ, ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜ ʦ ʪʦʤ, ʯʪʦ ʪʘʢʠʝ 

ʧʨʦʪʦʢʦʣʳ ʨʘʙʦʪʘʶʪ ʧʦʚʝʨʭ ʧʨʦʪʦʢʦʣʘ TCP.  

ʅʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʥʘʠʙʦʣʴʰʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʧʦʣʫʯʠʣʠ ʩʣʝʜʫʶʱʠʝ ʧʨʦʪʦʢʦʣʳ 

ʚʠʨʪʫʘʣʠʟʘʮʠʠ: Microsoft Remote Desktop Protocol (RDP) [29], Citrix ICA ʠ Citrix HDX [33], 

VMware PCoIP [27], Red Hat SPICE [104], VNC [99]. ʇʦʷʩʥʠʤ ʧʨʠʥʮʠʧ ʨʘʙʦʪʳ ʧʨʦʪʦʢʦʣʦʚ 

ʚʠʨʪʫʘʣʠʟʘʮʠʠ ʥʘ ʧʨʠʤʝʨʘʭ ʪʠʧʠʯʥʳʭ ʧʨʦʪʦʢʦʣʦʚ RDP, ICA ʠ SPICE. 

Remote Desktop Protocol (RDP) ʷʚʣʷʝʪʩʷ ʧʨʠʢʣʘʜʥʳʤ ʧʨʦʪʦʢʦʣʦʤ, ʢʦʪʦʨʳʡ ʙʘʟʠʨʫʝʪʩʷ ʥʘ 

ʊʉʈ ʠ ʠʩʧʦʣʴʟʫʝʪ ʧʦ ʫʤʦʣʯʘʥʠʶ ʧʦʨʪ 3389. ɼʣʷ ʫʩʪʘʥʦʚʢʠ RDP-ʩʝʩʩʠʠ ʢʣʠʝʥʪ ʠ ʩʝʨʚʝʨ 

ʦʙʤʝʥʠʚʘʶʪʩʷ ʩʦʦʙʱʝʥʠʷʤʠ ʜʣʷ ʩʦʛʣʘʩʦʚʘʥʠʷ ʧʘʨʘʤʝʪʨʦʚ ʩʝʩʩʠʠ: ʰʠʬʨʦʚʘʥʠʷ, 

ʘʫʪʝʥʪʠʬʠʢʘʮʠʠ ʠ ʪ.ʜ. ʇʦʩʣʝ ʫʩʪʘʥʦʚʢʠ ʩʦʝʜʠʥʝʥʠʷ ʥʘ ʪʨʘʥʩʧʦʨʪʥʦʤ ʫʨʦʚʥʝ ʠʥʠʮʠʘʣʠʟʠʨʫʝʪʩʷ 

RDP-ʩʝʩʩʠʷ, ʚ ʨʘʤʢʘʭ ʢʦʪʦʨʦʡ ʧʨʦʠʩʭʦʜʠʪ ʧʝʨʝʜʘʯʘ ʜʘʥʥʳʭ ʦʪ ʩʝʨʚʝʨʘ ʢ ʢʣʠʝʥʪʫ: ʩʝʨʚʝʨ 

ʧʝʨʝʜʘʝʪ ʛʨʘʬʠʯʝʩʢʠʡ ʜʘʥʥʳʝ ʩ ʧʦʣʴʟʦʚʘʪʝʣʴʩʢʦʛʦ ʚʠʨʪʫʘʣʴʥʦʛʦ ʨʘʙʦʯʝʛʦ ʩʪʦʣʘ ʠ ʦʞʠʜʘʝʪ 

ʚʭʦʜʥʳʝ ʜʘʥʥʳʝ ʦʪ ʢʣʘʚʠʘʪʫʨʳ ʠ ʤʳʰʠ (ʢʦʤʘʥʜʳ ʩʦʙʳʪʠʡ ʤʳʰʠ ʠ ʢʣʘʚʠʘʪʫʨʳ). ɺ ʢʘʯʝʩʪʚʝ 

ʛʨʘʬʠʯʝʩʢʠʭ ʜʘʥʥʳʭ ʚʳʩʪʫʧʘʝʪ ʩʥʠʤʦʢ ʵʢʨʘʥʘ ʨʘʙʦʯʝʛʦ ʩʪʦʣʘ, ʧʝʨʝʜʘʚʘʝʤʳʡ ʚ ʦʜʥʦʤ ʠʟ 

ʬʦʨʤʘʪʦʚ ʩʞʘʪʠʷ ʠʟʦʙʨʘʞʝʥʠʡ, ʪ.ʝ. ʚ ʧʨʦʮʝʩʩʝ ʨʘʙʦʪʳ ʩʝʩʩʠʠ ʚ ʩʝʪʴ ʦʪ ʩʝʨʚʝʨʘ ʢ ʢʣʠʝʥʪʫ 

ʧʝʨʝʜʘʝʪʩʷ ʥʝʧʨʝʨʳʚʥʳʡ ʧʦʪʦʢ ʢʘʨʪʠʥʦʢ. ʆʙʦʙʱʝʥʥʘʷ ʩʭʝʤʘ ʨʘʙʦʪʳ ʧʨʦʪʦʢʦʣʘ ʧʦʢʘʟʘʥʘ ʥʘ 

ʨʠʩʫʥʢʝ 1.6. 

 

ʈʠʩ. 1.6. ʆʙʦʙʱʝʥʥʘʷ ʩʭʝʤʘ ʨʘʙʦʪʳ ʧʨʦʪʦʢʦʣʘ RDP 

 

RDP ʢʣʠʝʥʪ ʦʙʨʘʙʘʪʳʚʘʝʪ ʧʦʣʫʯʝʥʥʳʝ ʢʦʤʘʥʜʳ ʠ ʚʳʚʦʜʠʪ ʠʟʦʙʨʘʞʝʥʠʷ ʩ ʧʦʤʦʱʴʶ ʩʚʦʝʡ 

ʛʨʘʬʠʯʝʩʢʦʡ ʧʦʜʩʠʩʪʝʤʳ. ʇʦʣʴʟʦʚʘʪʝʣʴʩʢʠʡ ʚʚʦʜ ʧʦ ʫʤʦʣʯʘʥʠʶ ʧʝʨʝʜʘʝʪʩʷ ʧʨʠ ʧʦʤʦʱʠ ʩʢʘʥ-

ʢʦʜʦʚ ʢʣʘʚʠʘʪʫʨʳ. ʉʠʛʥʘʣ ʥʘʞʘʪʠʷ ʠ ʦʪʧʫʩʢʘʥʠʷ ʢʣʘʚʠʰʠ ʧʝʨʝʜʘʝʪʩʷ ʦʪʜʝʣʴʥʦ ʧʨʠ ʧʦʤʦʱʠ 

ʩʧʝʮʠʘʣʴʥʦʛʦ ʬʣʘʛʘ [28, 29]. RDP ʧʦʜʜʝʨʞʠʚʘʝʪ ʥʝʩʢʦʣʴʢʦ ʚʠʨʪʫʘʣʴʥʳʭ ʢʘʥʘʣʦʚ ʚ ʨʘʤʢʘʭ 

ʦʜʥʦʛʦ ʩʦʝʜʠʥʝʥʠʷ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʜʦʧʦʣʥʠʪʝʣʴʥʦʛʦ 
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ʬʫʥʢʮʠʦʥʘʣʘ. ʍʘʨʘʢʪʝʨʠʩʪʠʢʠ ʚʠʨʪʫʘʣʴʥʳʭ ʢʘʥʘʣʦʚ ʩʦʛʣʘʩʫʶʪʩʷ ʥʘ ʵʪʘʧʝ ʫʩʪʘʥʦʚʢʠ 

ʩʦʝʜʠʥʝʥʠʷ. ɺ ʫʧʨʦʱʝʥʥʦʤ ʚʠʜʝ ʩʭʝʤʘ ʦʙʤʝʥʘ ʩʦʦʙʱʝʥʠʷʤʠ ʤʝʞʜʫ ʢʣʠʝʥʪʦʤ ʠ ʩʝʨʚʝʨʦʤ ʚ 

ʨʘʤʢʘʭ RDP-ʩʝʩʩʠʠ ʧʦʢʘʟʘʥʘ ʥʘ ʨʠʩʫʥʢʝ 1.7. 

 

ʈʠʩ. 1.7. ʋʧʨʦʱʝʥʥʘʷ ʩʭʝʤʘ ʦʙʤʝʥʘ ʩʦʦʙʱʝʥʠʷʤʠ ʤʝʞʜʫ ʢʣʠʝʥʪʦʤ ʠ ʩʝʨʚʝʨʦʤ ʚ ʨʘʤʢʘʭ 

RDP-ʩʝʩʩʠʠ 

 

ʇʨʦʪʦʢʦʣ ICA ʪʘʢʞʝ ʠʤʝʝʪ ʧʨʦʮʝʜʫʨʫ ʩʦʛʣʘʩʦʚʘʥʠʷ ʧʘʨʘʤʝʪʨʦʚ ʩʝʩʩʠʠ, ʧʝʨʝʜʘʝʪ ʢʦʧʠʠ 

ʵʢʨʘʥʘ ʫʜʘʣʝʥʥʦʛʦ ʨʘʙʦʯʝʛʦ ʩʪʦʣʘ ʚ ʬʦʨʤʘʪʝ JPEG ʠ ʧʦʜʜʝʨʞʠʚʘʝʪ ʚʠʨʪʫʘʣʴʥʳʝ ʢʘʥʘʣʳ, ʢʘʢ 

ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩʫʥʢʝ 1.8. ʇʦʜ ʚʠʨʪʫʘʣʴʥʳʤʠ ʢʘʥʘʣʘʤʠ ʧʨʦʠʟʚʦʜʠʪʝʣʴ ʧʦʜʨʘʟʫʤʝʚʘʝʪ ʣʦʛʠʯʝʩʢʦʝ 

ʨʘʟʥʝʩʝʥʠʝ ʜʘʥʥʳʭ, ʧʝʨʝʜʘʚʘʝʤʳʭ ʦʪ ʩʝʨʚʝʨʘ ʢ ʢʣʠʝʥʪʫ ʚ ʪʝʭ ʩʣʫʯʘʷʭ, ʢʦʛʜʘ ʢʣʠʝʥʪ ʟʘʜʝʡʩʪʚʫʝʪ 

ʜʦʧʦʣʥʠʪʝʣʴʥʳʡ ʬʫʥʢʮʠʦʥʘʣ, ʥʘʧʨʠʤʝʨ, ʧʦʜʢʣʶʯʝʥʠʝ ʧʨʠʥʪʝʨʘ, ʩʢʘʥʝʨʘ, ʢʘʨʜʨʠʜʝʨʘ, ʬʣʝʰ-

ʥʘʢʦʧʠʪʝʣʷ ʠ ʪ.ʜ. 

ʊʨʘʥʩʧʦʨʪʥr ʡ ʧʨʦʪʦʢʦʣ (ʊʉʈ)

ʇʨʦʪʦʢʦʣ ʜʦʩʪʘʚʢʠ 

ʚʠʨʪʫʘʣɹʥʦʛʦ ʨʘʙʦʯʝʛʦ 

ʩʪʦʣʘ (Citrix ICA)

ɺʠʨʪʫʘʣɹʥr ʡ ʢʘʥʘʣ ʜʣ̫ 

ʧʝʨʝʜʘʯʠ ʠʟʦʙʨʘʞʝʥʠ̫ 

ʨʘʙʦʯʝʛʦ ʩʪʦʣʘ

ɺʠʨʪʫʘʣɹʥr ʝ ʢʘʥʘʣr  ʜʣ̫ 

ʧʦʜʜʝʨʞʢʠ ʜʨʘʡʚʝʨʦʚ 

ʧʨʠʥʪʝʨʘ, ʚʝʙ-ʢʘʤʝʨr  ʠ 

ʪʜ.
 

ʈʠʩ. 1.8. ɺʠʨʪʫʘʣʴʥʳʝ ʢʘʥʘʣʳ ʧʨʦʪʦʢʦʣʘ IʉA 

 

ʇʨʦʪʦʢʦʣ SPICE ʧʝʨʝʜʘʝʪ ʠʟʦʙʨʘʞʝʥʠʷ ʨʘʙʦʯʝʛʦ ʩʪʦʣʘ, ʩʞʘʪʳʝ ʧʨʠ ʧʦʤʦʱʠ 

ʧʨʦʧʨʠʝʪʘʨʥʳʭ ʘʣʛʦʨʠʪʤʦʚ ʩʞʘʪʠʷ Quic ʠ GLZ, ʢʦʪʦʨʳʝ ʨʘʙʦʪʘʶʪ ʥʝʟʘʚʠʩʠʤʦ ʜʨʫʛ ʦʪ ʜʨʫʛʘ 

[107, 108]. ʉʧʝʮʠʘʣʴʥʳʡ ʘʣʛʦʨʠʪʤ ʵʚʨʠʩʪʠʯʝʩʢʠ ʦʧʨʝʜʝʣʷʝʪ ʮʝʣʝʩʦʦʙʨʘʟʥʦʩʪʴ ʧʨʠʤʝʥʝʥʠʷ 
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ʦʜʥʦʛʦ ʠʟ ʥʠʭ ʚ ʢʘʞʜʦʤ ʢʦʥʢʨʝʪʥʦʤ ʩʣʫʯʘʝ. ʉʞʘʪʠʝ ʠʟʦʙʨʘʞʝʥʠʡ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʧʦ ʩʭʝʤʘʤ 

ʙʝʟ ʧʦʪʝʨʴ (Lossless), ʩʞʘʪʠʝ ʚʠʜʝʦ ʢʘʜʨʦʚ ï ʧʦ ʩʭʝʤʘʤ ʩ ʧʦʪʝʨʷʤʠ (Lossy).  

ɼʘʥʥʳʡ ʧʨʦʪʦʢʦʣ ʪʘʢʞʝ ʧʦʜʜʝʨʞʠʚʘʝʪ ʢʵʰʠʨʦʚʘʥʠʝ ʠʟʦʙʨʘʞʝʥʠʡ ʨʘʙʦʯʝʛʦ ʩʪʦʣʘ ʥʘ 

ʢʣʠʝʥʪʩʢʦʡ ʩʪʦʨʦʥʝ, ʮʝʣʴʶ ʢʦʪʦʨʦʛʦ ʷʚʣʷʝʪʩʷ ʠʩʢʣʶʯʝʥʠʝ ʦʪʧʨʘʚʢʠ ʠʟʙʳʪʦʯʥʳʭ ʠʟʦʙʨʘʞʝʥʠʡ, 

ʧʨʠ ʵʪʦʤ ʢʘʞʜʦʝ ʦʪʧʨʘʚʣʷʝʤʦʝ ʠʟʦʙʨʘʞʝʥʠʝ ʧʦʤʝʯʘʝʪʩʷ ʫʥʠʢʘʣʴʥʦʡ ʤʝʪʢʦʡ (id) ʜʣʷ 

ʦʙʝʩʧʝʯʝʥʠʷ ʚʳʩʪʨʘʠʚʘʥʠʷ ʧʨʘʚʠʣʴʥʦʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʧʨʠ ʦʙʨʘʙʦʪʢʝ ʠ ʦʪʦʙʨʘʞʝʥʠʠ 

ʧʦʣʴʟʦʚʘʪʝʣʶ. ɺ ʩʣʫʯʘʝ ʧʝʨʝʧʦʣʥʝʥʠʷ ʙʫʬʝʨʘ ʘʛʝʥʪ ʧʦʣʴʟʦʚʘʪʝʣʴʩʢʦʛʦ ʫʩʪʨʦʡʩʪʚʘ ʦʪʧʨʘʚʣʷʝʪ 

ʩʣʫʞʝʙʥʦʝ ʩʦʦʙʱʝʥʠʝ ʥʘ ʩʝʨʚʝʨ, ʩʦʜʝʨʞʘʱʝʝ ʥʦʤʝʨ ʧʦʩʣʝʜʥʝʛʦ ʧʨʠʥʷʪʦʛʦ ʠʟʦʙʨʘʞʝʥʠʷ. 

ʈʝʘʣʠʟʘʮʠʷ ʧʝʨʝʜʘʯʠ ʥʘ ʩʝʨʚʝʨ ʩʦʙʳʪʠʡ ʥʘʞʘʪʠʷ ʢʣʘʚʠʰ ʢʣʘʚʠʘʪʫʨʳ ʠ ʜʚʠʞʝʥʠʡ ʤʳʰʠ 

ʘʥʘʣʦʛʠʯʥʘ ʧʨʦʯʠʤ ʧʨʦʪʦʢʦʣʘʤ ʚʠʨʪʫʘʣʠʟʘʮʠʠ ï ʘʛʝʥʪ ʧʦʣʴʟʦʚʘʪʝʣʴʩʢʦʛʦ ʫʩʪʨʦʡʩʪʚʘ 

ʜʝʪʝʢʪʠʨʫʝʪ ʵʪʠ ʩʦʙʳʪʠʷ (ʜʚʠʞʝʥʠʷ ʤʳʰʠ ʧʝʨʝʜʘʶʪʩʷ ʚ ʚʠʜʝ ʢʦʦʨʜʠʥʘʪ ʥʘ ʢʦʦʨʜʠʥʘʪʥʦʡ 

ʩʝʪʢʝ, ʥʘʞʘʪʠʷ ʢʣʘʚʠʘʪʫʨʳ ï ʚ ʚʠʜʝ ʩʧʝʮʠʘʣʴʥʳʭ ʪʘʙʣʠʮ), ʢʦʜʠʨʫʝʪ ʠʭ ʠ ʦʪʧʨʘʚʣʷʝʪ ʵʪʠ ʜʘʥʥʳʝ 

ʥʘ ʩʝʨʚʝʨ [106]. 

ʇʨʦʪʦʢʦʣ SPICE ʧʦʜʜʝʨʞʠʚʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʜʦʩʪʘʚʢʠ ʘʫʜʠʦ (ʟʚʫʢʘ) ʥʘ ʧʦʣʴʟʦʚʘʪʝʣʴʩʢʦʝ 

ʫʩʪʨʦʡʩʪʚʦ ʧʨʠ ʨʘʙʦʪʝ ʚʠʨʪʫʘʣʴʥʦʛʦ ʨʘʙʦʯʝʛʦ ʩʪʦʣʘ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʘʫʜʠʦ ʢʘʜʨʳ ʢʦʜʠʨʫʶʪʩʷ 

ʢʦʜʝʢʦʤ CELT [112]. ʂʨʦʤʝ ʪʦʛʦ, ʜʘʥʥʳʡ ʘʣʛʦʨʠʪʤ ʠʤʝʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʵʚʨʠʩʪʠʯʝʩʢʦʛʦ 

ʨʘʩʧʦʟʥʘʚʘʥʠʷ ʬʘʢʪʘ ʟʘʧʫʩʢʘ ʧʦʣʴʟʦʚʘʪʝʣʝʤ ʚʠʜʝʦ ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʚʳʜʝʣʝʥʠʝʤ ʚʠʜʝʦ ʨʷʜʘ ʚ 

ʦʪʜʝʣʴʥʳʡ ʧʦʪʦʢ, ʢʦʜʠʨʫʝʤʳʡ ʚʠʜʝʦ ʢʦʜʝʢʘʤʠ (M-JPEG ʩʦʛʣʘʩʥʦ [108]) ʩ ʮʝʣʴʶ ʫʤʝʥʴʰʝʥʠʷ 

ʦʙʲʝʤʘ ʧʝʨʝʜʘʚʘʝʤʳʭ ʧʦ ʩʝʪʠ ʜʘʥʥʳʭ, ʯʪʦ ʧʦʣʦʞʠʪʝʣʴʥʦ ʩʢʘʟʳʚʘʝʪʩʷ ʥʘ ʚʦʩʧʨʠʷʪʠʠ ʨʘʙʦʪʳ ʩ 

ʫʩʣʫʛʦʡ. ɹʦʣʝʝ ʧʦʜʨʦʙʥʦ ʦ ʩʧʦʩʦʙʘʭ ʚʳʜʝʣʝʥʠʷ ʚʠʜʝʦ ʠ ʦʩʦʙʝʥʥʦʩʪʷʭ ʨʘʙʦʪʳ ʫʩʣʫʛʠ ʚ ʪʘʢʦʤ 

ʨʝʞʠʤʝ ʙʫʜʝʪ ʩʢʘʟʘʥʦ ʚ ʨʘʟʜʝʣʝ 3. 

ʆʧʠʩʘʥʥʳʝ ʬʫʥʢʮʠʠ ʨʘʩʩʤʦʪʨʝʥʥʳʭ ʧʨʦʪʦʢʦʣʦʚ ʚ ʪʦʡ ʠʣʠ ʠʥʦʡ ʩʪʝʧʝʥʠ ʨʝʘʣʠʟʦʚʘʥʳ ʚ 

ʢʘʞʜʦʤ ʠʟ ʥʠʭ, ʚ ʙʦʣʴʰʠʥʩʪʚʝ ʩʣʫʯʘʝʚ ʪʝʭʥʠʯʝʩʢʘʷ ʠʥʬʦʨʤʘʮʠʷ ʦ ʥʠʭ ʥʝ ʨʘʟʛʣʘʰʘʶʪʩʷ, ʦʜʥʘʢʦ 

ʜʣʷ ʧʦʥʠʤʘʥʠʷ ʦʙʱʠʭ ʧʨʠʥʮʠʧʦʚ ʠʭ ʨʘʙʦʪʳ, ʧʨʠʚʝʜʝʥʥʳʝ ʜʘʥʥʳʝ ʷʚʣʷʶʪʩʷ ʜʦʩʪʘʪʦʯʥʳʤʠ. 

ʉʦʦʪʥʝʩʝʤ ʜʘʣʝʝ ʨʘʩʧʦʣʦʞʝʥʠʝ ʢʦʤʧʦʥʝʥʪʦʚ ʫʩʣʫʛʠ DaaS ʦʪʥʦʩʠʪʝʣʴʥʦ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ 

ʫʨʦʚʥʝʡ ʦʙʣʘʯʥʦʡ ʘʨʭʠʪʝʢʪʫʨʳ ʠʟ [68] (ʩʤ. ʨʠʩʫʥʦʢ 1.9) ʠ ʢʨʘʪʢʦ ʧʦʷʩʥʠʤ ʨʦʣʴ ʧʨʦʪʦʢʦʣʦʚ 

ʜʦʩʪʘʚʢʠ ʚʠʨʪʫʘʣʴʥʦʛʦ ʨʘʙʦʯʝʛʦ ʩʪʦʣʘ ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʠʭ. 
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ʈʠʩ.1.9. ʂʦʤʧʦʥʝʥʪʳ ʫʩʣʫʛʠ DaaS ʠ ʫʨʦʚʥʠ ʦʙʣʘʯʥʦʡ ʘʨʭʠʪʝʢʪʫʨʳ 

ɺ ʦʙʱʝʤ ʩʣʫʯʘʝ ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʝ ʧʨʦʪʦʢʦʣʳ ʦʩʫʱʝʩʪʚʣʷʶʪ ʪʘʢ ʥʘʟʳʚʘʝʤʳʝ 

ʤʝʞʫʨʦʚʥʝʚʳʝ ʬʫʥʢʮʠʠ: ʟʘ ʩʯʝʪ ʥʠʭ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʫʨʦʚʥʝʡ ʦʙʣʘʯʥʦʡ 

ʘʨʭʠʪʝʢʪʫʨʳ, ʘ ʪʘʢʞʝ ʨʝʰʘʝʪʩʷ ʦʩʥʦʚʥʘʷ ʟʘʜʘʯʘ ï ʜʦʩʪʘʚʢʘ ʠʟʦʙʨʘʞʝʥʠʡ ʨʘʙʦʯʝʛʦ ʩʪʦʣʘ ʜʦ 

ʧʦʣʴʟʦʚʘʪʝʣʴʩʢʦʛʦ ʫʩʪʨʦʡʩʪʚʘ. ʅʦʤʠʥʘʣʴʥʦ ʷʜʨʦ ʧʨʦʪʦʢʦʣʘ ʣʦʢʘʣʠʟʦʚʘʥʦ ʚ ʫʨʦʚʥʝ ʫʩʣʫʛ. ʅʘ 

ʧʝʨʚʦʤ ʵʪʘʧʝ ʤʝʥʝʜʞʝʨ ʧʦʩʨʝʜʩʪʚʘʤ ʧʨʦʪʦʢʦʣʘ ʩʚʷʟʳʚʘʝʪʩʷ ʩ ʢʣʠʝʥʪʩʢʦʡ ʩʪʦʨʦʥʦʡ ʠ 

ʧʨʦʠʟʚʦʜʠʪ ʧʨʦʮʝʜʫʨʳ ʘʚʪʦʨʠʟʘʮʠʠ ʠ ʘʫʪʝʥʪʠʬʠʢʘʮʠʠ. ɼʘʣʝʝ DaaS-ʢʣʠʝʥʪ ʚʠʨʪʫʘʣʴʥʦʡ 

ʤʘʰʠʥʳ ʧʦʩʨʝʜʩʪʚʘʤ ʧʨʦʪʦʢʦʣʘ ʥʘʯʠʥʘʝʪ ʧʝʨʝʜʘʯʫ ʜʘʥʥʳʭ ʥʘ ʧʦʣʴʟʦʚʘʪʝʣʴʩʢʦʝ ʫʩʪʨʦʡʩʪʚʦ. 

ʋʨʦʚʝʥʴ ʨʝʩʫʨʩʦʚ ʩʝʪʠ ʦʯʝʥʴ ʪʝʩʥʦ ʩʚʷʟʘʥ ʩ ʫʨʦʚʥʝʤ ʫʩʣʫʛ, ʨʘʙʦʪʘ ʧʨʦʪʦʢʦʣʦʚ ʦʧʠʨʘʝʪʩʷ ʥʘ 

ʜʘʥʥʳʝ, ʧʨʝʜʦʩʪʘʚʣʷʝʤʳʝ ʠʤ: ʠʥʬʦʨʤʘʮʠʠ ʦ ʢʘʥʘʣʝ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ, ʦʙʲʝʤʝ ʜʦʩʪʫʧʥʦʡ 

ʧʘʤʷʪʠ ʠ ʪ.ʧ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚ ʜʘʥʥʦʤ ʧʘʨʘʛʨʘʬʝ ʥʘ ʧʨʠʤʝʨʝ ʧʨʦʪʦʢʦʣʦʚ RDP, ICA, SPICE ʙʳʣʠ 

ʨʘʩʩʤʦʪʨʝʥʳ ʧʨʠʥʮʠʧʳ ʨʘʙʦʪʳ ʧʨʦʪʦʢʦʣʦʚ ʜʦʩʪʘʚʢʠ ʚʠʨʪʫʘʣʴʥʦʛʦ ʨʘʙʦʯʝʛʦ ʩʪʦʣʘ ʠ ʥʝʢʦʪʦʨʳʝ 

ʠʭ ʭʘʨʘʢʪʝʨʥʳʝ ʦʩʦʙʝʥʥʦʩʪʠ.  

 

 

1.3 ʂʘʯʝʩʪʚʦ ʦʙʣʘʯʥʦʡ ʫʩʣʫʛʠ 

 

1.3.1 ʇʦʜʭʦʜʳ ʢ ʦʧʨʝʜʝʣʝʥʠʶ ʢʘʯʝʩʪʚʘ ʦʙʣʘʯʥʦʡ ʫʩʣʫʛʠ 

 

 

ʆʙʣʘʯʥʳʝ ʫʩʣʫʛʠ, ʜʦʩʪʘʚʣʷʝʤʳʝ ʧʦʣʴʟʦʚʘʪʝʣʶ ʯʝʨʝʟ ʩʝʪʠ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ, ʜʦʣʞʥʳ 

ʫʜʦʚʣʝʪʚʦʨʷʪʴ ʪʨʝʙʦʚʘʥʠʷʤ ʢ ʢʘʯʝʩʪʚʫ, ʚʳʨʘʞʝʥʥʳʤ ʚ ʦʙʲʝʢʪʠʚʥʳʭ ʠ ʩʫʙʲʝʢʪʠʚʥʳʭ 

ʧʘʨʘʤʝʪʨʘʭ.  
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ʉʦʛʣʘʩʥʦ ʦʧʨʝʜʝʣʝʥʠʶ, ʧʨʠʚʝʜʝʥʥʦʤʫ ʚ ʈʝʢʦʤʝʥʜʘʮʠʠ ɽ.800 ʄʉʕ-ʊ [67], ʢʘʯʝʩʪʚʦ 

ʦʙʩʣʫʞʠʚʘʥʠʷ (Quality of Service, QoS) ï ʵʪʦ ʩʦʚʦʢʫʧʥʦʩʪʴ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʫʩʣʫʛʠ ʵʣʝʢʪʨʦʩʚʷʟʠ, 

ʢʦʪʦʨʳʝ ʠʤʝʶʪ ʦʪʥʦʰʝʥʠʝ ʢ ʝʝ ʚʦʟʤʦʞʥʦʩʪʠ ʫʜʦʚʣʝʪʚʦʨʷʪʴ ʫʩʪʘʥʦʚʣʝʥʥʳʝ ʠ ʧʨʝʜʧʦʣʘʛʘʝʤʳʝ 

ʧʦʪʨʝʙʥʦʩʪʠ ʧʦʣʴʟʦʚʘʪʝʣʷ ʫʩʣʫʛʠ.  

ʂʘʯʝʩʪʚʦ ʦʙʩʣʫʞʠʚʘʥʠʷ ʟʘʚʠʩʠʪ ʦʪ ʩʝʪʝʚʳʭ ʠ ʥʝʩʝʪʝʚʳʭ ʧʘʨʘʤʝʪʨʦʚ [80]. ʉʝʪʝʚʳʝ 

ʧʘʨʘʤʝʪʨʳ ʚ ʦʙʱʝʤ ʚʠʜʝ ʦʙʦʟʥʘʯʘʶʪʩʷ ʢʘʢ ʢʘʯʝʩʪʚʦ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʩʝʪʠ (ʘʥʛʣ. Network 

Performance, NP), ʢʦʪʦʨʦʝ ʦʧʨʝʜʝʣʷʝʪʩʷ [67], ʢʘʢ ʩʧʦʩʦʙʥʦʩʪʴ ʩʝʪʠ ʠʣʠ ʝʝ ʩʝʛʤʝʥʪʘ 

ʦʙʝʩʧʝʯʠʚʘʪʴ ʬʫʥʢʮʠʠ, ʦʪʥʦʩʷʱʠʝʩʷ ʢ ʩʚʷʟʠ ʤʝʞʜʫ ʧʦʣʴʟʦʚʘʪʝʣʷʤʠ (ʚ ʥʝʢʦʪʦʨʳʭ ʧʫʙʣʠʢʘʮʠʷʭ 

ʪʘʢʞʝ ʠʩʧʦʣʴʟʫʶʪʩʷ ʜʨʫʛʠʝ ʚʘʨʠʘʥʪʳ ʧʝʨʝʚʦʜʘ ʵʪʦʛʦ ʪʝʨʤʠʥʘ: ʧʦʢʘʟʘʪʝʣʠ ʨʘʙʦʪʳ ʩʝʪʠ, 

ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʩʝʪʠ). ɺ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʪʠʧʘ ʫʩʣʫʛʠ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʪʨʝʙʦʚʘʥʠʡ ʢ 

ʧʘʨʘʤʝʪʨʘʤ QoS, ʬʦʨʤʠʨʫʝʪʩʷ ʥʝʢʦʪʦʨʳʡ ʧʝʨʝʯʝʥʴ ʧʘʨʘʤʝʪʨʦʚ NP. 

ɺ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ, ʧʨʦʚʘʡʜʝʨʫ ʫʩʣʫʛʠ ʠʣʠ ʦʧʝʨʘʪʦʨʫ ʩʚʷʟʠ ʥʝʦʙʭʦʜʠʤʦ ʚʳʙʨʘʪʴ 

ʧʘʨʘʤʝʪʨʳ NP, ʧʦʟʚʦʣʷʶʱʠʝ ʦʙʝʩʧʝʯʠʪʴ ʪʨʝʙʦʚʘʥʠʷ ʢ QoS [69, 84], ʘ ʟʘʪʝʤ ʫʙʝʜʠʪʴʩʷ ʚ ʪʦʤ, 

ʯʪʦ ʧʨʝʜʦʩʪʘʚʣʷʝʤʦʝ ʠʣʠ ʨʝʢʦʤʝʥʜʫʝʤʦʝ ʠʤ ʪʝʨʤʠʥʘʣʴʥʦʝ ʦʙʦʨʫʜʦʚʘʥʠʝ ʩʧʦʩʦʙʥʦ ʜʦʚʝʩʪʠ 

ʫʩʣʫʛʫ ʜʦ ʧʦʣʴʟʦʚʘʪʝʣʷ ʚ ʧʨʠʝʤʣʝʤʦʤ ʜʣʷ ʥʝʛʦ ʚʠʜʝ, ʧʦʩʢʦʣʴʢʫ ʩʢʚʦʟʥʦʝ (End-to-End) QoS 

ʟʘʚʠʩʠʪ ʢʘʢ ʦʪ ʩʝʪʠ, ʪʘʢ ʠ ʦʪ ʪʝʨʤʠʥʘʣʴʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ [70]. 

ʇʨʦʘʥʘʣʠʟʠʨʫʝʤ ʧʫʙʣʠʢʘʮʠʠ, ʨʘʩʩʤʘʪʨʠʚʘʶʱʠʝ ʢʘʯʝʩʪʚʦ ʦʙʣʘʯʥʳʭ ʫʩʣʫʛ. 

ɺ [113] ʧʨʝʜʣʦʞʝʥ ʧʦʜʭʦʜ ʦʙʝʩʧʝʯʝʥʠʷ QoS ʫʩʣʫʛʠ, ʧʦʩʪʨʦʝʥʥʳʡ ʥʘ ʦʩʥʦʚʝ 

ʜʠʥʘʤʠʯʝʩʢʦʛʦ ʩʦʧʦʩʪʘʚʣʝʥʠʷ ʟʘʧʨʦʩʦʚ ʢ ʦʙʣʘʯʥʦʡ ʩʠʩʪʝʤʝ ʩ ʦʜʥʠʤ ʠʣʠ ʥʝʩʢʦʣʴʢʠʤʠ 

ʬʠʟʠʯʝʩʢʠʤʠ ʨʝʩʫʨʩʘʤʠ. ɸʚʪʦʨʘʤʠ ʧʨʝʜʣʦʞʝʥʘ ʘʨʭʠʪʝʢʪʫʨʘ ʩʠʩʪʝʤʳ ʵʣʝʢʪʨʦʥʥʦʛʦ 

ʜʦʢʫʤʝʥʪʦʦʙʦʨʦʪʘ, ʢʦʪʦʨʘʷ ʦʙʝʩʧʝʯʠʚʘʝʪ ʢʘʯʝʩʪʚʦ, ʭʘʨʘʢʪʝʨʥʦʝ ʜʣʷ ʪʘʢʠʭ ʩʠʩʪʝʤ, ʜʣʷ 

ʦʜʥʦʚʨʝʤʝʥʥʦʛʦ ʚʳʧʦʣʥʝʥʠʷ ʥʝʩʢʦʣʴʢʠʭ ʨʘʙʦʯʠʭ ʧʨʦʮʝʩʩʦʚ ʚ ʦʙʣʘʯʥʦʡ ʩʨʝʜʝ. ʈʘʩʩʤʦʪʨʝʥʳ, ʚ 

ʯʘʩʪʥʦʩʪʠ, ʩʣʝʜʫʶʱʠʝ ʧʘʨʘʤʝʪʨʳ: ʨʘʟʤʝʨʳ ʚʭʦʜʥʳʭ ʠ ʚʳʭʦʜʥʳʭ ʙʫʬʝʨʦʚ, ʩʢʦʨʦʩʪʴ ʧʝʨʝʜʘʯʠ 

ʜʘʥʥʳʭ ʚ ʧʦʪʦʢʘʭ, ʚʨʝʤʷ ʧʝʨʝʜʘʯʠ ʟʘʧʨʦʩʘ. 

ɺ [118] ʧʨʝʜʩʪʘʚʣʝʥʳ ʘʣʛʦʨʠʪʤʳ ʫʧʨʘʚʣʝʥʠʷ ʜʦʩʪʫʧʦʤ ʧʦʣʴʟʦʚʘʪʝʣʝʡ ʢ ʫʩʣʫʛʝ, 

ʨʘʟʚʝʨʥʫʪʦʡ ʧʦ ʩʭʝʤʝ SaaS, ʥʘʧʨʘʚʣʝʥʥʳʝ ʥʘ ʫʚʝʣʠʯʝʥʠʝ ʧʨʠʙʳʣʠ ʧʨʦʚʘʡʜʝʨʘ ʫʩʣʫʛʠ ʠ 

ʫʜʦʚʣʝʪʚʦʨʝʥʥʦʩʪʠ ʢʣʠʝʥʪʦʚ. ʕʪʠ ʘʣʛʦʨʠʪʤʳ ʦʩʥʦʚʘʥʳ ʥʘ ʚʳʙʦʨʝ ʧʦʜʢʣʶʯʝʥʠʷ ʧʦʣʴʟʦʚʘʪʝʣʷ ʢ 

ʦʜʥʦʡ ʠʟ ʚʠʨʪʫʘʣʴʥʳʭ ʤʘʰʠʥ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʝʝ ʩʦʩʪʦʷʥʠʷ, ʘ ʪʘʢʞʝ ʥʘ ʜʠʥʘʤʠʯʝʩʢʦʤ 

ʫʧʨʘʚʣʝʥʠʠ ʦʯʝʨʝʜʷʤʠ ʢ ʚʠʨʪʫʘʣʴʥʳʤ ʤʘʰʠʥʘʤ. ʈʘʙʦʪʘ [121] ʧʦʩʚʷʱʝʥʘ ʧʦʩʪʨʦʝʥʠʶ ʤʦʜʝʣʠ, 

ʧʨʝʜʧʦʣʘʛʘʶʱʝʡ ʨʘʥʞʠʨʦʚʘʥʠʝ ʧʘʨʘʤʝʪʨʦʚ QoS ʜʣʷ ʦʙʣʘʯʥʳʭ ʫʩʣʫʛ ʥʘ ʦʩʥʦʚʝ ʦʧʳʪʘ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʫʩʣʫʛʠ ʧʨʝʜʳʜʫʱʠʤʠ ʝʝ ʧʦʣʴʟʦʚʘʪʝʣʷʤʠ. ʈʘʩʩʤʘʪʨʠʚʘʣʩʷ, ʚ ʯʘʩʪʥʦʩʪʠ, ʧʘʨʘʤʝʪʨ 

ʚʨʝʤʷ ʨʘʙʦʪʳ ʩ ʫʩʣʫʛʦʡ. 

ɺ [26] ʨʝʰʘʣʘʩʴ ʟʘʜʘʯʘ ʢʦʥʪʨʦʣʷ ʠʟʤʝʥʝʥʠʷ ʨʘʙʦʯʝʡ ʥʘʛʨʫʟʢʠ ʧʫʪʝʤ ʜʠʥʘʤʠʯʝʩʢʦʛʦ 

ʧʦʜʢʣʶʯʝʥʠʷ/ʦʪʢʣʶʯʝʥʠʷ ʦʙʩʣʫʞʠʚʘʶʱʠʭ ʩʝʨʚʝʨʦʚ (ʚʠʨʪʫʘʣʴʥʳʭ ʤʘʰʠʥ). ɺ [98] ʧʨʝʜʣʦʞʝʥ 

ʧʦʜʭʦʜ ʢ ʧʦʩʪʨʦʝʥʠʶ ʘʣʛʦʨʠʪʤʦʚ ʙʘʣʘʥʩʠʨʦʚʢʠ ʥʘʛʨʫʟʢʠ ʚ ʦʙʣʘʯʥʳʭ ʩʠʩʪʝʤʘʭ ʥʘ ʦʩʥʦʚʝ ʫʯʝʪʘ 
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ʘʧʨʠʦʨʥʦʡ ʠʥʬʦʨʤʘʮʠʠ ʦ ʧʦʪʨʝʙʥʦʩʪʠ ʠʩʧʦʣʥʷʝʤʳʭ ʟʘʜʘʯ ʚ ʥʘʙʦʨʝ ʨʝʩʫʨʩʦʚ. ʉʭʦʞʘʷ ʟʘʜʘʯʘ 

ʨʝʰʘʣʘʩʴ ʚ [2]. 

ɺ [25] ʧʨʦʚʝʜʝʥ ʘʥʘʣʠʟ ʧʦʢʘʟʘʪʝʣʝʡ ʢʘʯʝʩʪʚʘ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʦʙʣʘʯʥʳʭ ʩʠʩʪʝʤ, 

ʨʝʰʘʣʘʩʴ ʟʘʜʘʯʘ ʦʧʪʠʤʠʟʘʮʠʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʨʝʩʫʨʩʦʚ, ʜʣʷ ʯʝʛʦ ʧʨʠʤʝʥʷʣʦʩʴ ʛʠʩʪʝʨʝʟʠʩʥʦʝ 

ʫʧʨʘʚʣʝʥʠʝ ʢʦʣʠʯʝʩʪʚʦʤ ʚʢʣʶʯʝʥʥʳʭ ʧʨʠʙʦʨʦʚ (ʚʠʨʪʫʘʣʴʥʳʭ ʤʘʰʠʥ); ʜʣʷ ʧʦʣʫʯʝʥʠʷ 

ʚʝʨʦʷʪʥʦʩʪʥʦ-ʚʨʝʤʝʥʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʤʝʪʦʜ ʠʩʢʣʶʯʝʥʠʷ ʩʦʩʪʦʷʥʠʡ. ɺ ʨʘʙʦʪʝ 

[8] ʨʘʟʨʘʙʦʪʘʥ ʨʝʢʫʨʨʝʥʪʥʳʡ ʤʝʪʦʜ ʚʳʯʠʩʣʝʥʠʷ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʃʘʧʣʘʩʘ-ʉʪʠʣʪʴʝʩʘ 

ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʚʨʝʤʝʥʠ ʧʨʝʙʳʚʘʥʠʷ ʟʘʷʚʢʠ ʚ ʩʠʩʪʝʤʝ ʦʙʣʘʯʥʳʭ ʚʳʯʠʩʣʝʥʠʡ ʠ ʚʨʝʤʝʥʠ 

ʦʞʠʜʘʥʠʷ ʥʘʯʘʣʘ ʦʙʩʣʫʞʠʚʘʥʠʷ, ʩ ʧʦʤʦʱʴʶ ʧʦʣʫʯʝʥʥʦʛʦ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʧʨʦʚʝʜʝʥ ʘʥʘʣʠʟ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʩʠʩʪʝʤʳ. 

ɺ [81] ʧʨʝʜʣʦʞʝʥ ʦʙʱʠʡ ʧʦʜʭʦʜ ʢ ʘʥʘʣʠʟʫ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʠ ʦʙʣʘʯʥʦʡ ʫʩʣʫʛʠ, 

ʧʨʦʠʣʣʶʩʪʨʠʨʦʚʘʥʥʳʡ ʥʘ ʧʨʠʤʝʨʝ ʦʙʣʘʢʘ ʫʩʣʫʛʠ ʪʠʧʘ IaaS, ʜʣʷ ʢʦʪʦʨʦʡ ʟʘʜʝʨʞʢʘ ʚ 

ʦʙʩʣʫʞʠʚʘʥʠʠ ʠ ʟʘʜʝʨʞʢʠ ʦʪʚʝʪʘ ʥʘ ʧʨʝʜʦʩʪʘʚʣʝʥʠʝ ʫʩʣʫʛ ʷʚʣʷʶʪʩʷ ʜʚʫʤʷ ʢʣʶʯʝʚʳʤʠ 

ʧʦʢʘʟʘʪʝʣʷʤʠ QoS. ɺ ʨʘʙʦʪʝ ʚ ʙʦʣʴʰʝʡ ʩʪʝʧʝʥʠ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʟʘʜʝʨʞʢʠ, ʩʚʷʟʘʥʥʳʝ ʩ 

ʧʝʨʝʥʘʧʨʘʚʣʝʥʠʝʤ ʧʦʣʴʟʦʚʘʪʝʣʷ ʢ ʦʜʥʦʡ ʠʟ ʚʠʨʪʫʘʣʴʥʳʭ ʤʘʰʠʥ, ʝʝ ʧʦʜʛʦʪʦʚʢʠ ʢ ʨʘʙʦʪʝ ʠ 

ʟʘʧʫʩʢʫ. 

ɺ ʨʘʩʩʤʦʪʨʝʥʥʳʭ ʧʫʙʣʠʢʘʮʠʷʭ ʘʥʘʣʠʟʠʨʫʶʪʩʷ ʧʘʨʘʤʝʪʨ,r ʦʧʨʝʜʝʣʷʶʱʠʝ ʢʘʯʝʩʪʚʦ 

ʫʩʣʫʛʠ, ʢʦʪʦʨʳʝ ʦʪʥʦʩʷʪʩʷ ʢ ʩʝʨʚʝʨʫ ʠ ʪʝʨʤʠʥʘʣʴʥʦʤʫ ʦʙʦʨʫʜʦʚʘʥʠʶ. ʂ ʧʘʨʘʤʝʪʨʘʤ ʩʝʨʚʝʨʘ 

ʦʪʥʦʩʷʪ: ʨʘʟʤʝʨʳ ʚʭʦʜʥʳʭ ʠ ʚʳʭʦʜʥʳʭ ʙʫʬʝʨʦʚ, ʩʢʦʨʦʩʪʴ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ ʚ ʧʦʪʦʢʘʭ, ʚʨʝʤʷ 

ʧʝʨʝʜʘʯʠ ʟʘʧʨʦʩʘ, ʯʠʩʣʦ ʧʦʣʴʟʦʚʘʪʝʣʝʡ, ʚʨʝʤʷ ʨʘʙʦʪʳ ʩ ʫʩʣʫʛʦʡ, ʢʦʣʠʯʝʩʪʚʦ ʚʳʜʝʣʷʝʤʳʭ 

ʩʝʨʚʝʨʦʚ, ʚʝʨʦʷʪʥʦʩʪʴ ʧʦʜʢʣʶʯʝʥʠʷ ʢ ʪʦʤʫ ʠʣʠ ʠʥʦʤʫ ʩʝʨʚʝʨʫ, ʚʨʝʤʷ ʧʨʝʙʳʚʘʥʠʷ ʟʘʷʚʢʠ ʚ 

ʩʠʩʪʝʤʝ, ʚʨʝʤʷ ʧʝʨʝʥʘʧʨʘʚʣʝʥʠʷ ʧʦʣʴʟʦʚʘʪʝʣʷ ʢ ʚʠʨʪʫʘʣʴʥʦʡ ʤʘʰʠʥʝ. ʂ ʧʘʨʘʤʝʪʨʘʤ ʢʣʠʝʥʪʘ: 

ʨʘʟʤʝʨʳ ʙʫʬʝʨʦʚ, ʚʨʝʤʷ ʦʙʨʘʙʦʪʢʠ ʥʘ ʫʩʪʨʦʡʩʪʚʝ. 

ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʩʨʝʜʠ ʨʘʙʦʪ, ʧʦʩʚʷʱʝʥʥʳʭ ʘʥʘʣʠʟʫ ʢʘʯʝʩʪʚʘ ʦʙʣʘʯʥʳʭ ʫʩʣʫʛ, ʥʝ 

ʨʘʩʩʤʦʪʨʝʥʘ ʫʩʣʫʛʘ çʚʠʨʪʫʘʣʴʥʳʡ ʨʘʙʦʯʠʡ ʩʪʦʣè. 

 

 

1.3.2 ʂʘʯʝʩʪʚʦ ʫʩʣʫʛʠ çʚʠʨʪʫʘʣʴʥʳʡ ʨʘʙʦʯʠʡ ʩʪʦʣè ʠ ʢʣʘʩʩʠʬʠʢʘʮʠʷ ʝʝ 

ʧʦʣʴʟʦʚʘʪʝʣʝʡ 

 

 

ʋʩʣʫʛʘ çʚʠʨʪʫʘʣʴʥʳʡ ʨʘʙʦʯʠʡ ʩʪʦʣè ʨʘʩʩʤʘʪʨʠʚʘʣʘʩʴ ʚ ʨʘʙʦʪʘʭ [9,12,54,60], ʦʜʥʘʢʦ ʦʥʠ 

ʥʦʩʷʪ ʦʙʟʦʨʥʳʡ ʭʘʨʘʢʪʝʨ ʠ ʥʝ ʟʘʪʨʘʛʠʚʘʶʪ ʚʦʧʨʦʩʦʚ, ʩʚʷʟʘʥʥʳʭ ʩ ʦʮʝʥʢʦʡ ʝʝ ʢʘʯʝʩʪʚʘ. 

ʆʧʠʩʘʥʠʝ ʨʘʙʦʪʳ ʫʩʣʫʛʠ, ʪʠʧʦʚʳʝ ʩʭʝʤʳ ʨʘʟʚʸʨʪʳʚʘʥʠʷ, ʘʥʘʣʠʟ ʨʝʢʦʤʝʥʜʘʮʠʡ ʄʉʕ-ʊ, 

ʧʦʩʚʷʱʝʥʥʳʭ ʢʘʢ ʦʙʣʘʯʥʳʤ ʫʩʣʫʛʘʤ ʚ ʦʙʱʝʤ, ʪʘʢ ʠ ʫʩʣʫʛʝ çʚʠʨʪʫʘʣʴʥʳʡ ʨʘʙʦʯʠʡ ʩʪʦʣè ʚ 
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ʦʪʜʝʣʴʥʦʩʪʠ, ʧʨʠʚʝʜʝʥʳ ʚ [31]. ʉʫʱʝʩʪʚʫʶʱʠʝ ʚʦʟʤʦʞʥʦʩʪʠ ʧʨʦʛʨʘʤʤʥʦ-ʘʧʧʘʨʘʪʥʦʡ ʩʨʝʜʳ 

ʜʣʷ ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ ʫʩʣʫʛʠ ï ʦʙʣʘʯʥʳʝ ʧʣʘʪʬʦʨʤʳ, ʩʠʩʪʝʤʳ ʚʠʨʪʫʘʣʠʟʘʮʠʠ ʠ ʜʦʩʪʘʚʢʠ 

ʚʠʨʪʫʘʣʴʥʦʛʦ ʨʘʙʦʯʝʛʦ ʩʪʦʣʘ ʧʦʜʨʦʙʥʦ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥʳ ʚ [34]. 

ɸʥʘʣʠʟ ʢʘʯʝʩʪʚʘ ʫʩʣʫʛʠ çʚʠʨʪʫʘʣʴʥʳʡ ʨʘʙʦʯʠʡ ʩʪʦʣè ʩʣʝʜʫʝʪ ʥʘʯʘʪʴ ʩ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʝʝ 

ʧʦʣʴʟʦʚʘʪʝʣʝʡ, ʧʦʩʢʦʣʴʢʫ ʪʨʝʙʦʚʘʥʠʷ ʢ ʥʝʤʫ ʤʦʛʫʪ ʤʝʥʷʪʴʩʷ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʚʳʧʦʣʥʷʝʤʦʡ 

ʜʝʷʪʝʣʴʥʦʩʪʠ ʚ ʨʘʤʢʘʭ ʨʘʙʦʯʝʛʦ ʩʪʦʣʘ. ʇʨʦʘʥʘʣʠʟʠʨʦʚʘʚ ʜʝʷʪʝʣʴʥʦʩʪʴ ʧʦʣʴʟʦʚʘʪʝʣʝʡ, 

ʩʬʦʨʤʠʨʫʝʤ ʢʣʘʩʩʠʬʠʢʘʮʠʶ ʮʝʣʝʚʦʡ ʘʫʜʠʪʦʨʠʠ ʫʩʣʫʛʠ, ʚʳʧʦʣʥʝʥʥʫʶ ʩʦʛʣʘʩʥʦ ʩʧʝʮʠʬʠʢʝ 

ʨʘʙʦʪʳ ʚ ʨʘʤʢʘʭ ʨʘʙʦʯʝʛʦ ʩʪʦʣʘ, ʘ ʪʘʢʞʝ ʩ ʫʯʝʪʦʤ ʪʠʧʦʚ ʠʩʧʦʣʴʟʫʝʤʳʭ ʧʨʠʣʦʞʝʥʠʡ. ʄʦʞʥʦ 

ʚʳʜʝʣʠʪʴ ʩʣʝʜʫʶʱʠʝ ʪʨʠ ʪʠʧʘ ʧʦʣʴʟʦʚʘʪʝʣʝʡ ʫʩʣʫʛʠ. 

1. ʇʦ ʩʧʝʮʠʬʠʢʝ ʨʘʙʦʪʳ ʠ ʧʦʣʠʪʠʢʝ ʢʦʤʧʘʥʠʡ ʤʘʣʦ ʠʩʧʦʣʴʟʫʶʱʠʝ ʤʫʣʴʪʠʤʝʜʠʘ ʩʦ ʩʚʦʠʭ 

ʨʘʙʦʯʠʭ ʤʝʩʪ. ʕʪʦ ʤʦʛʫʪ ʙʳʪʴ ʦʬʠʩʥʳʝ ʨʘʙʦʪʥʠʢʠ, ʧʨʦʛʨʘʤʤʠʩʪʳ, ʞʫʨʥʘʣʠʩʪʳ, ʘʥʘʣʠʪʠʢʠ, 

ʨʝʜʘʢʪʦʨʳ. ɼʣʷ ʪʘʢʦʡ ʢʘʪʝʛʦʨʠʠ ʧʦʣʴʟʦʚʘʪʝʣʝʡ ʪʠʧʠʯʥʘ ʨʘʙʦʪʘ ʩ ʚʝʙ-ʙʨʘʫʟʝʨʦʤ, ʪʝʢʩʪʦʚʳʤ 

ʨʝʜʘʢʪʦʨʦʤ, ʬʘʡʣʦʚʳʤ ʤʝʥʝʜʞʝʨʦʤ.  

2. ʀʩʧʦʣʴʟʫʶʱʠʝ ʦʬʠʩʥʳʝ ʧʘʢʝʪʳ, ʘ ʪʘʢʞʝ ʠʥʦʛʜʘ ʧʨʦʩʤʘʪʨʠʚʘʶʱʠʝ ʚʠʜʝʦʨʦʣʠʢʠ. ʂ ʪʘʢʦʤʫ 

ʪʠʧʫ ʧʦʣʴʟʦʚʘʪʝʣʝʡ ʤʦʞʥʦ ʦʪʥʝʩʪʠ ʨʘʙʦʪʘʶʱʠʭ ʥʘ ʜʦʤʫ (ʬʨʠʣʘʥʩʝʨʦʚ), ʘʥʘʣʠʪʠʢʦʚ, 

ʤʘʨʢʝʪʦʣʦʛʦʚ, ʧʨʦʝʢʪʠʨʦʚʱʠʢʦʚ. ɼʣʷ ʪʘʢʠʭ ʧʦʣʴʟʦʚʘʪʝʣʝʡ ʭʘʨʘʢʪʝʨʥʦ ʵʧʠʟʦʜʠʯʝʩʢʦʝ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʚʠʜʝʦ. 

3. ʇʦ ʩʧʝʮʠʬʠʢʝ ʩʚʦʝʡ ʜʝʷʪʝʣʴʥʦʩʪʠ ʨʘʙʦʪʘʶʱʠʝ ʩ ʤʫʣʴʪʠʤʝʜʠʘ, ʪ.ʝ. ʘʢʪʠʚʥʦ ʠʩʧʦʣʴʟʫʶʱʠʝ ʠ 

ʚʠʜʝʦ ʠ ʘʫʜʠʦ. ʕʪʦ ʤʦʛʫʪ ʙʳʪʴ ʤʘʨʢʝʪʦʣʦʛʠ, ʘʥʠʤʘʪʦʨʳ, ʛʨʘʬʠʯʝʩʢʠʝ ʜʠʟʘʡʥʝʨʳ, 

ʩʦʪʨʫʜʥʠʢʠ call-ʮʝʥʪʨʦʚ ʠʣʠ ʯʘʩʪʥʳʝ ʣʠʮʘ, ʟʘʤʝʥʠʚʰʠʝ ʩʚʦʠ ʇʂ ʥʘ ʦʙʣʘʯʥʳʡ ʚʠʨʪʫʘʣʴʥʳ 

ʨʘʙʦʯʠʡ ʩʪʦʣ. ɼʘʥʥʘʷ ʢʘʪʝʛʦʨʠʷ ʧʦʣʴʟʦʚʘʪʝʣʝʡ ʥʝ ʤʦʞʝʪ ʦʙʭʦʜʠʪʴʩʷ ʙʝʟ ʟʚʫʢʘ, ʦʜʥʘʢʦ ʝʛʦ 

ʧʨʝʜʦʩʪʘʚʣʝʥʠʝ ʩʦʧʨʷʞʝʥʦ ʩ ʪʝʭʥʠʯʝʩʢʠʤʠ ʩʣʦʞʥʦʩʪʷʤʠ (ʪʘʢ ʥʘʟʳʚʘʝʤʳʡ çʧʨʦʙʨʦʩ 

ʛʘʨʥʠʪʫʨʳè ʩ ʧʦʣʴʟʦʚʘʪʝʣʴʩʢʦʛʦ ʪʝʨʤʠʥʘʣʘ ʚ ʚʠʨʪʫʘʣʴʥʫʶ ʤʘʰʠʥʫ), ʧʦʵʪʦʤʫ ʜʘʥʥʳʡ ʪʠʧ 

ʧʦʣʴʟʦʚʘʪʝʣʝʡ ʚʳʥʝʩʝʥ ʚ ʦʪʜʝʣʴʥʫʶ ʢʘʪʝʛʦʨʠʶ. ʊʝʭʥʠʯʝʩʢʠʝ ʘʩʧʝʢʪʳ ʜʘʥʥʦʛʦ ʩʣʫʯʘʷ 

ʨʘʩʩʤʦʪʨʝʥʳ ʚ ʨʘʟʜʝʣʝ 4. 

ʅʫʞʥʦ ʫʯʠʪʳʚʘʪʴ, ʯʪʦ ʫ ʨʘʟʥʳʭ ʪʠʧʦʚ ʧʦʣʴʟʦʚʘʪʝʣʝʡ ʝʩʪʴ ʢʘʢ ʦʙʱʠʝ, ʪʘʢ ʠ ʨʘʟʣʠʯʥʳʝ 

ʦʩʦʙʝʥʥʦʩʪʠ. ʂ ʦʙʱʠʤ ʤʦʞʥʦ ʦʪʥʝʩʪʠ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʨʘʙʦʪʳ ʩ ʦʢʥʘʤʠ ʦʧʝʨʘʮʠʦʥʥʦʡ ʩʠʩʪʝʤʳ, 

ʨʘʙʦʪʫ ʩ ʬʘʡʣʘʤʠ. ʂ ʨʘʟʣʠʯʥʳʤ ï ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʧʨʦʩʤʦʪʨʘ ʚʠʜʝʦ, ʧʨʦʩʣʫʰʠʚʘʥʠʷ ʘʫʜʠʦ, 

ʤʫʣʴʪʠʤʝʜʠʘ. 

ʉʣʝʜʫʶʱʠʤ ʰʘʛʦʤ ʷʚʣʷʝʪʩʷ ʚʳʷʚʣʝʥʠʝ ʧʘʨʘʤʝʪʨʦʚ, ʦʧʨʝʜʝʣʷʶʱʠʭ ʢʘʯʝʩʪʚʦ 

ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʡ ʫʩʣʫʛʠ. ʅʘ ʦʩʥʦʚʘʥʠʠ ʘʥʘʣʠʟʘ ʨʘʙʦʪʳ ʫʩʣʫʛʠ, ʧʨʝʜʩʪʘʚʣʝʥʥʦʛʦ ʚʳʰʝ, 

ʚʳʷʚʣʝʥʳ ʧʘʨʘʤʝʪʨʳ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʝ ʫʩʣʫʛʫ çʚʠʨʪʫʘʣʴʥʳʡ ʨʘʙʦʯʠʡ ʩʪʦʣè.  

ʂ NP ʦʪʥʦʩʷʪʩʷ ʧʘʨʘʤʝʪʨʳ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʙʳʪʴ ʠʟʤʝʨʝʥʳ ʠ ʫʯʘʩʪʚʫʶʪ ʚ ʧʦʩʪʨʦʝʥʠʠ, 

ʨʘʙʦʪʝ ʠ ʥʘʩʪʨʦʡʢʝ ʩʠʩʪʝʤʳ ʠ ʥʝ ʟʘʚʠʩʷʪ ʦʪ ʜʝʡʩʪʚʠʡ ʧʦʣʴʟʦʚʘʪʝʣʷ [80]. ɼʣʷ ʫʩʣʫʛʠ 
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çʚʠʨʪʫʘʣʴʥʳʡ ʨʘʙʦʯʠʡ ʩʪʦʣè ʪʘʢʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ ʷʚʣʷʶʪʩʷ: ʢʘʥʘʣʴʥʘʷ ʩʢʦʨʦʩʪʴ ʧʝʨʝʜʘʯʠ 

ʜʘʥʥʳʭ, ʩʢʦʨʦʩʪʴ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ ʥʘ ʠʥʪʝʨʬʝʡʩʘʭ, ʪʨʘʥʩʧʦʨʪʥʘʷ ʟʘʜʝʨʞʢʘ. ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, 

ʯʪʦ ʧʨʦʚʘʡʜʝʨ ʦʙʣʘʯʥʦʡ ʫʩʣʫʛʠ ʜʦʣʞʝʥ, ʚʦ-ʧʝʨʚʳʭ, ʬʦʨʤʫʣʠʨʦʚʘʪʴ ʪʨʝʙʦʚʘʥʠʷ ʢ ʢʘʯʝʩʪʚʫ 

ʫʩʣʫʛʠ, ʘ ʠʩʭʦʜʷ ʠʟ ʥʠʭ ʟʘʢʘʟʳʚʘʪʴ ʩʝʪʝʚʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʫ ʧʨʦʚʘʡʜʝʨʘ ʩʝʪʠ ʧʝʨʝʜʘʯʠ 

ʜʘʥʥʳʭ; ʚʦ-ʚʪʦʨʳʭ, ʝʩʣʠ ʧʦʣʴʟʦʚʘʪʝʣʴ ʚʳʙʠʨʘʝʪ ʦʧʝʨʘʪʦʨʘ ʩʝʪʠ ʩʘʤʦʩʪʦʷʪʝʣʴʥʦ, ʜʘʚʘʪʴ 

ʨʝʢʦʤʝʥʜʘʮʠʠ ʦʪʥʦʩʠʪʝʣʴʥʦ ʩʝʪʝʚʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ. 

ʉʦʛʣʘʩʥʦ ʈʝʢʦʤʝʥʜʘʮʠʠ E.430 ʄʉʕ-ʊ [66] ʧʘʨʘʤʝʪʨʳ QoS ʤʦʞʥʦ ʢʣʘʩʩʠʬʠʮʠʨʦʚʘʪʴ ʚ 

ʚʠʜʝ ʤʘʪʨʠʮʳ 3ʭ3, ʩʦʜʝʨʞʘʱʝʡ ʩʣʝʜʫʶʱʠʝ ʢʨʠʪʝʨʠʠ. ʉʢʦʨʦʩʪʴ (Speed) ï ʚʨʝʤʝʥʥʦʡ ʢʨʠʪʝʨʠʡ, 

ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʡ ʩʢʦʨʦʩʪʴ ʧʦʜʢʣʶʯʝʥʠʷ ʠ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ. ʊʦʯʥʦʩʪʴ (Accuracy) 

ʭʘʨʘʢʪʝʨʠʟʫʝʪ ʢʦʨʨʝʢʪʥʦʩʪʴ ʧʝʨʝʜʘʚʘʝʤʳʭ ʜʘʥʥʳʭ, ʘ ʪʘʢʞʝ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʫʩʣʫʛʠ ʚ ʮʝʣʦʤ. 

ʅʘʜʝʞʥʦʩʪʴ (Dependability) ʭʘʨʘʢʪʝʨʠʟʫʝʪ ʩʪʝʧʝʥʴ ʫʚʝʨʝʥʥʦʩʪʠ ʚ ʪʦʤ, ʯʪʦ ʫʩʣʫʛʘ ʙʫʜʝʪ 

ʧʨʝʜʦʩʪʘʚʣʷʪʴʩʷ ʚʥʝ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʩʢʦʨʦʩʪʠ ʠ ʪʦʯʥʦʩʪʠ, ʥʦ ʚ ʧʨʝʜʝʣʘʭ ʟʘʜʘʥʥʦʛʦ ʠʥʪʝʨʚʘʣʘ 

ʥʘʙʣʶʜʝʥʠʷ. ʆʥʘ ʦʧʨʝʜʝʣʷʝʪʩʷ ʚ ʨʘʤʢʘʭ ʟʘʜʘʥʥʦʛʦ ʠʥʪʝʨʚʘʣʘ ʥʘʙʣʶʜʝʥʠʷ ʩʦʛʣʘʩʥʦ 

ʈʝʢʦʤʝʥʜʘʮʠʠ I.350 ʄʉʕ-ʊ [71]. ɺ ʩʪʨʦʢʘʭ ʤʘʪʨʠʮʳ ʨʘʩʧʦʣʦʞʝʥʳ ʵʪʘʧʳ ʨʘʙʦʪʳ ʫʩʣʫʛʠ. ʕʪʦʪ 

ʧʦʜʭʦʜ ʙʳʣ ʧʨʝʜʣʦʞʝʥ ʜʣʷ ʪʝʣʝʬʦʥʥʦʡ ʩʝʪʠ, ʘ ʟʘʪʝʤ ʨʘʩʧʨʦʩʪʨʘʥʝʥ ʠ ʜʣʷ ʜʨʫʛʠʭ ʫʩʣʫʛ. 

ʇʨʠʤʝʥʠʤ ʝʛʦ ʢ ʫʩʣʫʛʝ çʚʠʨʪʫʘʣʴʥʳʡ ʨʘʙʦʯʠʡ ʩʪʦʣè (ʩʤ. ʪʘʙʣʠʮʫ 1.2). 

ʊʘʙʣʠʮʘ 1.2. ʇʘʨʘʤʝʪʨʳ ʢʘʯʝʩʪʚʘ ʫʩʣʫʛʠ çʚʠʨʪʫʘʣʴʥʳʡ ʨʘʙʦʯʠʡ ʩʪʦʣè 

ʕʪʘʧʳ ʨʘʙʦʪʳ ʫʩʣʫʛʠ 
ʂʨʠʪʝʨʠʡ 

ʉʢʦʨʦʩʪʴ ʊʦʯʥʦʩʪʴ ʅʘʜʝʞʥʦʩʪʴ 

ʋʩʪʘʥʦʚʣʝʥʠʷ 

ʩʦʝʜʠʥʝʥʠʷ 

(ʧʦʜʢʣʶʯʝʥʠʝ ʢ 

ʫʩʣʫʛʝ) 

ʉʨʝʜʥʝʝ ʚʨʝʤʷ ʜʦ 

ʧʦʜʢʣʶʯʝʥʠʷ 
- 

ɺʝʨʦʷʪʥʦʩʪʴ ʦʪʢʘʟʘ ʚ 

ʧʦʜʢʣʶʯʝʥʠʠ 

ʇʝʨʝʜʘʯʘ 

ʧʦʣʴʟʦʚʘʪʝʣʴʩʢʦʡ 

ʠʥʬʦʨʤʘʮʠʠ 

ʉʨʝʜʥʝʝ ʚʨʝʤʷ 

ʦʪʢʣʠʢʘ 

ɺʝʨʦʷʪʥʦʩʪʴ ʧʝʨʝʜʘʯʠ 

ʠʟʦʙʨʘʞʝʥʠʷ ʨʘʙʦʯʝʛʦ 

ʩʪʦʣʘ ʙʝʟ ʠʩʢʘʞʝʥʠʡ 

ɺʝʨʦʷʪʥʦʩʪʴ 

ʫʩʧʝʰʥʦʡ ʧʝʨʝʜʘʯʠ 

ʠʟʦʙʨʘʞʝʥʠʷ ʨʘʙʦʯʝʛʦ 

ʩʪʦʣʘ 

ʆʪʢʣʶʯʝʥʠʝ ʦʪ 

ʫʩʣʫʛʠ 

 

ʉʨʝʜʥʝʝ ʚʨʝʤʷ ʜʦ 

ʦʪʢʣʶʯʝʥʠʷ 

 

- - 

 

ʉʨʝʜʥʝʝ ʚʨʝʤʷ ʜʦ ʧʦʜʢʣʶʯʝʥʠʷ ï ʵʪʦ ʚʨʝʤʷ ʩ ʤʦʤʝʥʪʘ ʦʪʧʨʘʚʢʠ ʧʦʣʴʟʦʚʘʪʝʣʝʤ ʟʘʧʨʦʩʘ ʥʘ 

ʧʦʜʢʣʶʯʝʥʠʝ ʢ ʚʠʨʪʫʘʣʴʥʦʤʫ ʨʘʙʦʯʝʤʫ ʩʪʦʣʫ ʜʦ ʤʦʤʝʥʪʘ ʧʦʜʢʣʶʯʝʥʠʷ ʢ ʫʩʣʫʛʝ, ʚʝʨʦʷʪʥʦʩʪʴ 

ʦʪʢʘʟʘ ï ʚʝʨʦʷʪʥʦʩʪʴ ʪʦʛʦ, ʯʪʦ ʧʦʣʴʟʦʚʘʪʝʣʴ ʥʝ ʙʫʜʝʪ ʧʦʜʢʣʶʯʝʥ ʢ ʫʩʣʫʛʝ ʠʟ-ʟʘ ʧʝʨʝʧʦʣʥʝʥʠʷ 

ʤʝʩʪ ʚ ʙʫʬʝʨʝ. ɹʦʣʝʝ ʧʘʨʘʤʝʪʨʳ ʢʘʯʝʩʪʚʘ ʙʫʜʫʪ ʨʘʩʩʤʦʪʨʝʥʳ ʚ ʨʘʟʜʝʣʘʭ 2 ï 4. 

ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʩʨʝʜʥʝʝ ʚʨʝʤʷ ʜʦ ʦʪʢʣʶʯʝʥʠʷ ʪ.ʝ. ʚʨʝʤʷ ʩ ʤʦʤʝʥʪʘ ʚʚʝʜʝʥʠʷ 

ʧʦʣʴʟʦʚʘʪʝʣʝʤ ʢʦʤʘʥʜʳ ʥʘ ʦʪʢʣʶʯʝʥʠʝ ʦʪ ʨʘʙʦʯʝʛʦ ʩʪʦʣʘ ʜʦ ʤʦʤʝʥʪʘ ʝʛʦ ʦʪʢʣʶʯʝʥʠʷ ʦʪ 

ʩʝʨʚʝʨʘ, ʤʘʣʦ, ʧʦʵʪʦʤʫ ʚ ʜʘʣʴʥʝʡʰʝʤ ʠʤ ʙʫʜʝʤ ʧʨʝʥʝʙʨʝʛʘʪʴ. ʂʨʦʤʝ ʪʦʛʦ, ʧʦʩʢʦʣʴʢʫ 
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ʚʝʨʦʷʪʥʦʩʪʴ ʪʦʛʦ, ʯʪʦ ʠʟʦʙʨʘʞʝʥʠʝ ʥʝ ʙʫʜʝʪ ʜʦʩʪʘʚʣʝʥʦ, ʤʘʣʘ, ʙʫʜʝʤ ʩʯʠʪʘʪʴ ʚʝʨʦʷʪʥʦʩʪʴ 

ʫʩʧʝʰʥʦʡ ʧʝʨʝʜʘʯʠ ʙʣʠʟʢʦʡ ʢ ʝʜʠʥʠʮʝ, ʝʝ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʥʝ ʙʫʜʝʤ.  

ʂʣʶʯʝʚʳʤʠ ʧʘʨʘʤʝʪʨʘʤʠ, ʦʧʨʝʜʝʣʷʶʱʠʤʠ ʢʘʯʝʩʪʚʦ ʫʩʣʫʛʠ, ʷʚʣʷʶʪʩʷ: ʩʝʨʚʝʨʥʦʝ ʚʨʝʤʷ 

ʦʙʩʣʫʞʠʚʘʥʠʷ ʧʦʣʴʟʦʚʘʪʝʣʴʩʢʠʭ ʟʘʧʨʦʩʦʚ; ʧʘʨʘʤʝʪʨʳ ʩʝʨʚʝʨʘ (ʢʦʣʠʯʝʩʪʚʦ ʦʙʩʣʫʞʠʚʘʝʤʳʭ 

ʧʦʣʴʟʦʚʘʪʝʣʝʡ, ʚʨʝʤʷ ʦʙʩʣʫʞʠʚʘʥʠʷ ʟʘʧʨʦʩʦʚ); ʚʨʝʤʷ ʦʙʨʘʙʦʪʢʠ ʥʘ ʧʦʣʴʟʦʚʘʪʝʣʴʩʢʦʤ 

ʫʩʪʨʦʡʩʪʚʝ (ʚʨʝʤʷ ʚʠʟʫʘʣʠʟʘʮʠʠ). ʆʪʜʝʣʴʥʦ ʩʣʝʜʫʝʪ ʚʳʜʝʣʠʪʴ ʧʘʨʘʤʝʪʨ ʚʨʝʤʷ ʦʪʢʣʠʢʘ, 

ʦʙʲʝʜʠʥʷʶʱʠʡ ʚ ʩʝʙʝ ʚʩʝ ʚʨʝʤʝʥʥʳʝ ʧʘʨʘʤʝʪʨʳ ʫʩʣʫʛʠ. ʅʘ ʥʝʤ ʩʣʝʜʫʝʪ ʩʦʩʨʝʜʦʪʦʯʠʪʴ 

ʦʩʥʦʚʥʦʝ ʚʥʠʤʘʥʠʝ. ɸʥʘʣʠʟ ʵʪʦʛʦ ʚʨʝʤʝʥʠ ʧʨʠʚʝʜʝʥ ʚ ʨʘʟʜʝʣʝ 2, ʘʥʘʣʠʪʠʯʝʩʢʠʝ ʚʳʨʘʞʝʥʠʷ ʜʣʷ 

ʝʛʦ ʦʧʨʝʜʝʣʝʥʠʷ ï ʚ ʨʘʟʜʝʣʘʭ 3 ʠ 4. 

 

 

1.4 ʇʦʩʪʘʥʦʚʢʘ ʟʘʜʘʯ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ 

 

 

ɺʦʧʨʦʩ ʧʨʝʜʦʩʪʘʚʣʝʥʠʷ ʦʙʣʘʯʥʦʡ ʫʩʣʫʛʠ çʚʠʨʪʫʘʣʴʥʳʡ ʨʘʙʦʯʠʡ ʩʪʦʣè ʩ ʧʨʠʝʤʣʝʤʳʤ ʜʣʷ 

ʧʦʣʴʟʦʚʘʪʝʣʷ ʢʘʯʝʩʪʚʦʤ ʚ ʫʩʣʦʚʠʷʭ ʩʨʝʜʳ ʀʥʪʝʨʥʝʪ ʷʚʣʷʝʪʩʷ ʩʣʦʞʥʳʤ ʠ ʘʢʪʫʘʣʴʥʳʤ. 

ʂʣʶʯʝʚʦʡ ʟʘʜʘʯʝʡ ʩʪʘʥʦʚʠʪʩʷ ʧʣʘʥʠʨʦʚʘʥʠʝ ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ ʫʩʣʫʛʠ ʩ ʫʯʝʪʦʤ ʪʨʝʙʫʝʤʦʛʦ ʜʣʷ 

ʨʘʟʣʠʯʥʳʭ ʟʘʜʘʯ ʢʘʯʝʩʪʚʘ ʩ ʫʯʝʪʦʤ ʩʧʝʮʠʬʠʢʠ ʪʦʛʦ ʠʣʠ ʠʥʦʛʦ ʧʦʣʴʟʦʚʘʪʝʣʷ ʫʩʣʫʛʠ. 

ʆʙʣʘʯʥʳʝ ʫʩʣʫʛʠ, ʢʘʢ ʧʨʘʚʠʣʦ, ʧʨʝʜʧʦʣʘʛʘʶʪ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʩʦʛʣʘʰʝʥʠʡ SLA ʤʝʞʜʫ 

ʧʨʦʚʘʡʜʝʨʘʤʠ ʫʩʣʫʛʠ ʠ ʧʦʣʴʟʦʚʘʪʝʣʷʤʠ [18, 91]. ɼʣʷ ʬʦʨʤʠʨʦʚʘʥʠʷ SLA ʧʨʦʚʘʡʜʝʨ ʜʦʣʞʝʥ 

ʦʮʝʥʠʚʘʪʴ ʨʝʩʫʨʩʳ, ʚʳʜʝʣʷʝʤʳʝ ʜʣʷ ʧʨʝʜʦʩʪʘʚʣʝʥʠʷ ʫʩʣʫʛʠ. ɿʥʘʯʠʪ, ʥʝʦʙʭʦʜʠʤ ʜʝʪʘʣʴʥʳʡ 

ʘʥʘʣʠʟ ʧʘʨʘʤʝʪʨʦʚ, ʦʧʨʝʜʝʣʷʶʱʠʭ ʢʘʯʝʩʪʚʦ ʪʘʢʦʡ ʫʩʣʫʛʠ, ʩʮʝʥʘʨʠʝʚ ʝʝ ʧʨʠʤʝʥʝʥʠʷ, ʮʝʣʝʚʦʡ 

ʘʫʜʠʪʦʨʠʠ, ʦʩʦʙʝʥʥʦʩʪʝʡ ʝʝ ʨʘʟʚʝʨʪʳʚʘʥʠʷ, ʪʨʝʙʦʚʘʥʠʡ ʢ ʝʝ ʠʥʬʨʘʩʪʨʫʢʪʫʨʝ. ʇʨʦʚʘʡʜʝʨʫ 

ʥʝʦʙʭʦʜʠʤʦ ʚʳʙʨʘʪʴ ʧʦʢʘʟʘʪʝʣʠ ʢʘʯʝʩʪʚʘ, ʥʦʨʤʘʪʠʚʳ ʜʣʷ ʥʠʭ, ʦʮʝʥʠʪʴ ʚʦʟʤʦʞʥʦʩʪʴ ʠʭ 

ʦʙʝʩʧʝʯʝʥʠʷ. 

ʀʟʥʘʯʘʣʴʥʦ ʫʩʣʫʛʘ çʚʠʨʪʫʘʣʴʥʳʡ ʨʘʙʦʯʠʡ ʩʪʦʣè ʙʳʣʘ ʨʘʟʨʘʙʦʪʘʥʘ ʜʣʷ ʣʦʢʘʣʴʥʦʛʦ 

ʨʘʟʚʝʨʪʳʚʘʥʠʷ ʚ ʧʨʝʜʝʣʘʭ ʦʜʥʦʛʦ ʦʬʠʩʘ, ʟʜʘʥʠʷ, ʧʨʝʜʧʨʠʷʪʠʷ, ʦʜʥʘʢʦ ʩ ʨʘʟʚʠʪʠʝʤ ʦʙʣʘʯʥʦʡ 

ʧʘʨʘʜʠʛʤʳ ʥʘʯʘʣʦʩʴ ʘʢʪʠʚʥʦʝ ʝʝ ʧʨʠʤʝʥʝʥʠʝ ʚ ʦʙʣʘʯʥʦʡ ʩʨʝʜʝ ʥʘ ʩʝʨʚʝʨʘʭ ʚ ʫʜʘʣʝʥʥʳʭ ʎʆɼ, 

ʯʪʦ ʧʦʨʦʜʠʣʦ ʨʷʜ ʪʝʭʥʠʯʝʩʢʠʭ ʚʦʧʨʦʩʦʚ, ʩʚʷʟʘʥʥʳʭ ʩ ʦʙʝʩʧʝʯʝʥʠʝʤ ʪʨʝʙʫʝʤʦʛʦ ʢʘʯʝʩʪʚʘ ʜʣʷ 

ʧʦʣʴʟʦʚʘʪʝʣʝʡ, ʢʦʪʦʨʳʝ ʥʘʭʦʜʷʪʩʷ ʫʞʝ ʥʝ ʚ ʣʦʢʘʣʴʥʦʡ ʩʝʪʠ ʩ ʩʝʨʚʝʨʦʤ ʫʩʣʫʛʠ, ʘ ʚ ʛʣʦʙʘʣʴʥʳʭ 

ʩʝʪʷʭ. ʆʙʝʩʧʝʯʝʥʠʝ ʧʨʠʝʤʣʝʤʦʛʦ ʢʘʯʝʩʪʚʘ ʫʩʣʫʛ, ʧʨʠ ʵʪʦʤ ʦʩʣʦʞʥʝʥʥʦʝ ʚ ʩʚʷʟʠ ʩ ʧʝʨʝʥʦʩʦʤ ʚ 

ʦʙʣʘʯʥʫʶ ʩʨʝʜʫ, ʷʚʣʷʝʪʩʷ ʦʜʥʦʡ ʠʟ ʢʣʶʯʝʚʳʭ ʟʘʜʘʯ ʧʨʦʚʘʡʜʝʨʦʚ ʫʩʣʫʛ ʠ ʨʘʟʨʘʙʦʪʯʠʢʦʚ 

ʦʙʣʘʯʥʦʛʦ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ. 

ɼʣʷ ʨʘʟʨʘʙʦʪʢʠ ʤʝʪʦʜʘ ʦʮʝʥʢʠ ʢʘʯʝʩʪʚʘ ʦʙʣʘʯʥʦʡ ʫʩʣʫʛʠ çʚʠʨʪʫʘʣʴʥʳʡ ʨʘʙʦʯʠʡ ʩʪʦʣè, 

ʪʨʝʙʫʝʪʩʷ ʨʝʰʠʪʴ ʩʣʝʜʫʶʱʠʝ ʟʘʜʘʯʠ: 
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1. ʇʨʦʘʥʘʣʠʟʠʨʦʚʘʪʴ ʧʨʦʮʝʩʩ ʨʘʙʦʪʳ ʫʩʣʫʛʠ çʚʠʨʪʫʘʣʴʥʳʡ ʨʘʙʦʯʠʡ ʩʪʦʣè ʠ ʨʘʟʜʝʣʠʪʴ ʝʛʦ 

ʥʘ ʬʘʟʳ ʜʣʷ ʚʦʟʤʦʞʥʦʩʪʠ ʦʪʜʝʣʴʥʦʛʦ ʠʭ ʠʩʩʣʝʜʦʚʘʥʠʷ. 

2. ʆʧʨʝʜʝʣʠʪʴ ʩʮʝʥʘʨʠʠ ʨʘʙʦʪʳ ʫʩʣʫʛʠ ʜʣʷ ʨʘʟʣʠʯʥʳʭ ʢʘʪʝʛʦʨʠʡ ʧʦʣʴʟʦʚʘʪʝʣʝʡ. 

3. ʈʘʟʨʘʙʦʪʘʪʴ ʘʥʘʣʠʪʠʯʝʩʢʠʝ ʤʦʜʝʣʠ ʜʣʷ ʢʘʞʜʦʡ ʬʘʟʳ ʨʘʙʦʪʳ ʫʩʣʫʛʠ çʚʠʨʪʫʘʣʴʥʳʡ 

ʨʘʙʦʯʠʡ ʩʪʦʣè ʠ ʨʘʟʣʠʯʥʳʭ ʩʮʝʥʘʨʠʝʚ ʝʝ ʨʘʙʦʪʳ. 

4. ɼʣʷ ʵʪʠʭ ʤʦʜʝʣʝʡ ʧʦʣʫʯʠʪʴ ʬʦʨʤʫʣʳ ʜʣʷ ʨʘʩʯʝʪʘ ʧʘʨʘʤʝʪʨʦʚ, ʦʧʨʝʜʝʣʷʶʱʠʭ ʢʘʯʝʩʪʚʦ. 

5. ʆʧʨʝʜʝʣʠʪʴ ʧʘʨʘʤʝʪʨʳ ʫʟʣʦʚ ʦʙʣʘʯʥʦʡ ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ, ʩʝʪʠ ʠ ʧʦʣʴʟʦʚʘʪʝʣʴʩʢʠʭ 

ʫʩʪʨʦʡʩʪʚ, ʚʣʠʷʶʱʠʝ ʥʘ ʢʘʯʝʩʪʚʦ ʦʙʩʣʫʞʠʚʘʥʠʷ, ʥʘʡʪʠ ʜʦʧʫʩʪʠʤʳʝ ʜʠʘʧʘʟʦʥʳ ʠʭ ʟʥʘʯʝʥʠʡ ʠ 

ʜʘʪʴ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʨʝʢʦʤʝʥʜʘʮʠʠ ʜʣʷ ʧʨʦʚʘʡʜʝʨʦʚ ʫʩʣʫʛʠ. 

 

 

1.5 ɺ ʚrʦʜʳ ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ ʧʝʨʚʦʛʦ ʨʘʟʜʝʣʘ 

 

 

ɺ ʧʝʨʚʦʤ ʨʘʟʜʝʣʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʦʙʱʠʝ ʧʨʠʥʮʠʧʳ ʧʦʩʪʨʦʝʥʠʷ ʘʨʭʠʪʝʢʪʫʨʳ ʦʙʣʘʯʥʳʭ 

ʫʩʣʫʛ, ʚ ʯʘʩʪʥʦʩʪʠ, ʨʘʩʩʤʦʪʨʝʥʘ ʫʩʣʫʛʘ çʚʠʨʪʫʘʣʴʥʳʡ ʨʘʙʦʯʠʡ ʩʪʦʣè. ɺ ʧ. 1.1.1 

ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥʦ ʪʝʢʫʱʝʝ ʩʦʩʪʦʷʥʠʝ ʨʳʥʢʘ ʦʙʣʘʯʥʳʭ ʫʩʣʫʛ, ʜʝʤʦʥʩʪʨʠʨʫʶʱʝʝ ʚʳʩʦʢʠʝ ʪʝʤʧʳ 

ʨʦʩʪʘ, ʨʘʩʩʤʦʪʨʝʥʳ ʠʭ ʚʦʟʤʦʞʥʦʩʪʠ ʠ ʢʣʶʯʝʚʳʝ ʧʨʝʠʤʫʱʝʩʪʚʘ, ʯʪʦ ʧʦʟʚʦʣʠʣʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜ 

ʦʙ ʠʭ ʚʦʩʪʨʝʙʦʚʘʥʥʦʩʪʠ ʠ ʘʢʪʫʘʣʴʥʦʩʪʠ. ɺ ʧ.1.1.2 ʧʨʠʚʝʜʝʥʳ ʦʧʨʝʜʝʣʝʥʠʷ ʧʦʥʷʪʠʡ ʦʙʣʘʯʥʳʭ 

ʚʳʯʠʩʣʝʥʠʡ ʠ ʦʙʣʘʯʥʳʭ ʫʩʣʫʛ ʩʦʛʣʘʩʥʦ ʤʝʞʜʫʥʘʨʦʜʥʳʤ ʩʪʘʥʜʘʨʪʘʤ, ʚ ʯʘʩʪʥʦʩʪʠ, 

ʈʝʢʦʤʝʥʜʘʮʠʡ ʄʉʕ-ʊ ʠ NIST, ʘ ʪʘʢʞʝ ʜʘʥʥʳʭ ʧʨʦʠʟʚʦʜʠʪʝʣʝʡ ʦʙʣʘʯʥʳʭ ʧʣʘʪʬʦʨʤ. ɺ ʧ. 1.1.3 

ʜʘʥʘ ʢʣʘʩʩʠʬʠʢʘʮʠʷ ʠ ʤʦʜʝʣʠ ʨʘʟʚʝʨʪʳʚʘʥʠʷ ʦʙʣʘʯʥʳʭ ʫʩʣʫʛ, ʚ 1.1.4 ʨʘʩʩʤʦʪʨʝʥʳ ʦʙʣʘʯʥʳʝ 

ʧʣʘʪʬʦʨʤʳ, ʠʭ ʢʦʤʧʦʥʝʥʪʳ ʠ ʧʨʠʥʮʠʧʳ ʨʘʙʦʪʳ. 

ɺ ʧ. 1.2.1 ï 1.2.4 ʨʘʩʩʤʦʪʨʝʥʳ ʦʩʥʦʚʥʳʝ ʢʦʤʧʦʥʝʥʪʳ ʫʩʣʫʛʠ çʚʠʨʪʫʘʣʴʥʳʡ ʨʘʙʦʯʠʡ ʩʪʦʣè: 

ʪʝʭʥʦʣʦʛʠʠ, ʧʨʦʪʦʢʦʣʳ ʠ ʧʨʦʛʨʘʤʤʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ, ʩʦʚʤʝʩʪʥʦʝ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʝ ʢʦʪʦʨʳʭ 

ʧʦʟʚʦʣʷʝʪ ʧʨʝʜʦʩʪʘʚʣʷʪʴ ʜʘʥʥʫʶ ʫʩʣʫʛʫ ʧʦʣʴʟʦʚʘʪʝʣʷʤ, ʥʘʭʦʜʷʱʠʤʩʷ ʢʘʢ ʚ ʣʦʢʘʣʴʥʦʡ, ʪʘʢ ʠ ʚ 

ʛʣʦʙʘʣʴʥʦʡ ʩʝʪʠ. 

ʇ. 1.3.1 ʧʦʩʚʷʱʝʥ ʘʥʘʣʠʟʫ ʧʦʜʭʦʜʦʚ ʢ ʦʧʨʝʜʝʣʝʥʠʶ ʢʘʯʝʩʪʚʘ ʦʙʣʘʯʥʳʭ ʫʩʣʫʛ ʚ ʮʝʣʦʤ, 

ʧʦʢʘʟʘʥʳ ʢʨʠʪʝʨʠʠ, ʦʧʠʨʘʷʩʴ ʥʘ ʢʦʪʦʨʳʝ ʤʦʞʥʦ ʬʦʨʤʫʣʠʨʦʚʘʪʴ ʪʨʝʙʦʚʘʥʠʷ ʢ ʢʘʯʝʩʪʚʫ ʫʩʣʫʛʠ 

çʚʠʨʪʫʘʣʴʥʳʡ ʨʘʙʦʯʠʡ ʩʪʦʣè. ɺ ʧ. 1.3.2 ʦʧʨʝʜʝʣʝʥʳ ʧʘʨʘʤʝʪʨʳ, ʦʧʨʝʜʝʣʷʶʱʠʝ ʢʘʯʝʩʪʚʦ 

ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʡ ʫʩʣʫʛʠ. ʉʦʩʪʘʚʣʝʥʘ ʢʣʘʩʩʠʬʠʢʘʮʠʷ ʧʘʨʘʤʝʪʨʦʚ QoS, ʢʦʪʦʨʳʝ ʧʨʠʚʝʜʝʥʳ ʜʣʷ 

ʦʩʥʦʚʥʳʭ ʵʪʘʧʦʚ ʨʘʙʦʪʳ ʫʩʣʫʛʠ. ʂʣʘʩʩʠʬʠʢʘʮʠʷ ʧʨʝʜʩʪʘʚʣʝʥʘ ʚ ʚʠʜʝ ʤʘʪʨʠʮʳ, ʚ ʩʪʦʣʙʮʘʭ 

ʢʦʪʦʨʦʡ ʥʘʭʦʜʷʪʩʷ ʢʨʠʪʝʨʠʠ QoS, ʚ ʩʪʨʦʢʘʭ ï ʵʪʘʧʳ ʨʘʙʦʪʳ ʫʩʣʫʛʠ. ʅʘ ʦʩʥʦʚʘʥʠʠ 

ʜʝʷʪʝʣʴʥʦʩʪʠ, ʚʳʧʦʣʥʷʝʤʦʡ ʧʦʣʴʟʦʚʘʪʝʣʷʤʠ ʚ ʩʚʦʠʭ ʚʠʨʪʫʘʣʴʥʳʭ ʨʘʙʦʯʠʭ ʩʪʦʣʘʭ, ʧʨʦʚʝʜʝʥʘ 

ʢʣʘʩʩʠʬʠʢʘʮʠʷ ʧʦʣʴʟʦʚʘʪʝʣʝʡ ʫʩʣʫʛʠ. 
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ʈʘʟʜʝʣ ʟʘʚʝʨʰʘʝʪʩʷ ʧʦʩʪʘʥʦʚʢʦʡ ʟʘʜʘʯ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ (ʧ. 1.4). 

 

 

 

 

 

 

 

 

 

 

ʈʘʟʜʝʣ 2. ʀʩʩʣʝʜʦʚʘʥʠʝ ʧʘʨʘʤʝʪʨʦʚ, ʚʣʠʷʶʱʠʭ ʥʘ ʢʘʯʝʩʪʚʦ ʫʩʣʫʛʠ 

çʚʠʨʪʫʘʣʴʥʳʡ ʨʘʙʦʯʠʡ ʩʪʦʣè 

 

2.1 ɸʥʘʣʠʟ ʧʘʨʘʤʝʪʨʦʚ, ʦʧʨʝʜʝʣʷʶʱʠʭ ʢʘʯʝʩʪʚʦ ʫʩʣʫʛʠ 

 

2.1.1 ʆʙʱʠʝ ʧʦʜʭʦʜʳ ʢ ʦʧʨʝʜʝʣʝʥʠʶ ʧʘʨʘʤʝʪʨʦʚ ʢʘʯʝʩʪʚʘ 

 

 

ʆʩʥʦʚʥʦʡ ʟʘʜʘʯʝʡ ʧʨʦʚʘʡʜʝʨʘ ʨʘʟʚʠʚʘʶʱʠʭʩʷ ʦʙʣʘʯʥʳʭ ʫʩʣʫʛ, ʜʦʩʪʘʚʣʷʝʤʳʭ 

ʧʦʣʴʟʦʚʘʪʝʣʶ ʧʦʩʨʝʜʩʪʚʘʤ IP ʩʝʪʝʡ, ʚ ʯʘʩʪʥʦʩʪʠ ʫʩʣʫʛʠ çʚʠʨʪʫʘʣʴʥʳʡ ʨʘʙʦʯʠʡ ʩʪʦʣè, ʷʚʣʷʝʪʩʷ 

ʦʙʝʩʧʝʯʝʥʠʝ ʥʘʜʣʝʞʘʱʝʛʦ ʢʘʯʝʩʪʚʘ. ɼʣʷ ʵʪʦʛʦ ʪʨʝʙʫʝʪʩʷ ʜʝʪʘʣʴʥʦʝ ʟʥʘʥʠʝ ʪʨʝʙʦʚʘʥʠʡ ʢ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤ ʵʣʝʤʝʥʪʦʚ ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ ʫʩʣʫʛʠ ʠ ʦʩʦʙʝʥʥʦʩʪʷʤ ʠʭ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʠ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ. 

ʈʷʜʦʚʦʡ ʧʦʣʴʟʦʚʘʪʝʣʴ ʫʩʣʫʛʠ ʥʝ ʦʟʘʙʦʯʝʥ ʪʝʤ, ʢʘʢ ʫʩʣʫʛʘ ʨʝʘʣʠʟʫʝʪʩʷ ʪʝʭʥʠʯʝʩʢʠ, 

ʦʪʧʨʘʚʥʦʡ ʪʦʯʢʦʡ ʜʣʷ ʬʦʨʤʫʣʠʨʦʚʘʥʠʷ ʪʨʝʙʦʚʘʥʠʡ ʢ ʢʘʯʝʩʪʚʫ ʜʦʣʞʥʦ ʙʳʪʴ ʫʜʦʚʣʝʪʚʦʨʝʥʠʝ 

ʧʦʣʴʟʦʚʘʪʝʣʷ, ʢʦʪʦʨʦʝ ʷʚʣʷʝʪʩʷ ʩʫʙʲʝʢʪʠʚʥʦʡ ʚʝʣʠʯʠʥʦʡ [37]. ʇʨʠ ʵʪʦʤ ʧʨʠʝʤʣʝʤʦʩʪʴ ʤʦʞʝʪ 

ʟʘʚʠʩʝʪʴ ʦʪ ʦʞʠʜʘʥʠʡ ʧʦʣʴʟʦʚʘʪʝʣʝʡ ʠ ʢʦʥʪʝʢʩʪʘ [72, 73]. ɺ ʵʪʦʡ ʩʚʷʟʠ ʚʦʩʧʨʠʥʠʤʘʝʤʦʝ 

ʢʘʯʝʩʪʚʦ ʦʧʨʝʜʝʣʷʝʪʩʷ ʢʘʢ ʩʦʚʦʢʫʧʥʘʷ ʤʝʨʘ ʫʜʦʚʣʝʪʚʦʨʝʥʥʦʩʪʠ ʧʦʣʴʟʦʚʘʪʝʣʷ, ʨʘʙʦʪʘʶʱʝʛʦ ʩ 

ʢʘʢʦʡ-ʣʠʙʦ ʫʩʣʫʛʦʡ ʠʣʠ ʤʫʣʴʪʠʤʝʜʠʘ. 

ʊʨʝʙʦʚʘʥʠʷ ʢ ʢʘʯʝʩʪʚʫ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʡ ʫʩʣʫʛʠ ʤʦʞʥʦ ʬʦʨʤʫʣʠʨʦʚʘʪʴ, ʦʧʠʨʘʷʩʴ ʥʘ 

ʩʣʝʜʫʶʱʠʝ ʢʨʠʪʝʨʠʠ: 

¶ ɹr ʩʪʨʦʪʘ ʦʪʢʣʠʢʘ, ʦʪʩʫʪʩʪʚʠʝ ʟʘʚʠʩʘʥʠʡ, ʧʦʜʝʨʛʠʚʘʥʠʡ ʠʟʦʙʨʘʞʝʥʠʷ. 

¶ ʆʞʠʜʘʥʠʝ ʧʦʜʢʣʶʯʝʥʠʷ ʢ ʫʩʣʫʛʝ ʥʝ ʜʦʣʞʥʦ ʙʳʪʴ ʜʣʠʪʝʣʴʥʳʤ. 
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¶ ɺʨʝʤʷ ʦʪʢʣʠʢʘ ʜʦʣʞʥʦ ʙʳʪʴ ʨʝʛʣʘʤʝʥʪʠʨʦʚʘʥʦ. 

¶ ɺʧʝʯʘʪʣʝʥʠʝ ʦʪ ʨʘʙʦʪʳ ʩ ʫʩʣʫʛʦʡ ʜʦʣʞʥʦ ʦʧʠʩʳʚʘʪʴʩʷ ʧʦʣʴʟʦʚʘʪʝʣʝʤ ʢʘʢ çʭʦʨʦʰʝʝè, 

çʧʨʠʝʤʣʝʤʦʝè. 

ʊʨʝʙʦʚʘʥʠʷ ʢ QoS ʢʦʥʝʯʥʳʭ ʧʦʣʴʟʦʚʘʪʝʣʝʡ ʜʣʷ ʨʘʟʣʠʯʥʳʭ ʧʨʠʣʦʞʝʥʠʡ ʨʘʩʢʨʳʚʘʶʪʩʷ ʚ 

ʈʝʢʦʤʝʥʜʘʮʠʠ G.1010 ʄʉʕ-ʊ [70], ʜʘʥʥʳʝ ʢʦʪʦʨʦʡ ʤʦʛʫʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʚ ʢʘʯʝʩʪʚʝ ʦʪʧʨʘʚʥʦʡ 

ʪʦʯʢʠ ʧʨʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ ʫʩʣʫʛ, ʚ ʯʘʩʪʥʦʩʪʠ, ʫʩʣʫʛʠ çʚʠʨʪʫʘʣʴʥʳʡ ʨʘʙʦʯʠʡ 

ʩʪʦʣè. ɺ ʥʝʡ ʧʨʠʚʝʜʝʥʳ ʩʣʝʜʫʶʱʠʝ ʢʣʶʯʝʚʳʝ ʧʘʨʘʤʝʪʨʳ, ʟʘʪʨʘʛʠʚʘʶʱʠʝ ʧʦʣʴʟʦʚʘʪʝʣʷ: 

ʟʘʜʝʨʞʢʘ (Delay), ʚʘʨʠʘʮʠʷ ʟʘʜʝʨʞʢʠ (Delay Variation), ʧʦʪʝʨʠ ʠʥʬʦʨʤʘʮʠʠ (Information loss). 

ʈʘʩʩʤʦʪʨʠʤ ʠʭ ʧʦʜʨʦʙʥʝʝ. 

ɿʘʜʝʨʞʢʘ ʤʦʞʝʪ ʙʳʪʴ ʦʧʨʝʜʝʣʝʥʘ ʨʘʟʣʠʯʥʳʤʠ ʩʧʦʩʦʙʘʤʠ, ʦʜʥʘʢʦ ʚ ʦʙʱʝʤ ʚʠʜʝ ʤʦʞʥʦ 

ʧʨʠʚʝʩʪʠ ʩʣʝʜʫʶʱʫʶ ʬʦʨʤʫʣʠʨʦʚʢʫ: ʚʨʝʤʷ, ʧʨʦʭʦʜʷʱʝʝ ʩ ʤʦʤʝʥʪʘ ʦʪʧʨʘʚʢʠ ʧʦʣʴʟʦʚʘʪʝʣʝʤ 

ʟʘʧʨʦʩʘ ʥʘ ʧʦʣʫʯʝʥʠʝ ʥʝʢʦʪʦʨʦʡ ʠʥʬʦʨʤʘʮʠʠ ʜʦ ʤʦʤʝʥʪʘ ʝʝ ʧʦʣʫʯʝʥʠʷ. ʇʨʠʤʝʥʠʪʝʣʴʥʦ ʢ 

ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʡ ʫʩʣʫʛʝ ʥʘʠʙʦʣʝʝ ʧʦʜʭʦʜʷʱʠʤ ʪʝʨʤʠʥʦʤ, ʚʳʨʘʞʘʶʱʠʤ ʟʘʜʝʨʞʢʫ, ʤʦʞʥʦ 

ʩʯʠʪʘʪʴ ʚʨʝʤʷ ʦʪʢʣʠʢʘ, ʩʦʩʪʦʷʱʝʝ ʠʟ ʚʨʝʤʝʥ ʦʙʩʣʫʞʠʚʘʥʠʷ ʚ ʫʟʣʘʭ ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ, 

ʪʨʘʥʩʧʦʨʪʥʦʡ ʟʘʜʝʨʞʢʠ, ʚʨʝʤʝʥʠ ʦʙʨʘʙʦʪʢʠ ʠʥʬʦʨʤʘʮʠʠ ʥʘ ʧʦʣʴʟʦʚʘʪʝʣʴʩʢʦʤ ʫʩʪʨʦʡʩʪʚʝ. 

ɹʦʣʝʝ ʜʝʪʘʣʴʥʦ ʵʪʠ ʚʨʝʤʝʥʥʳʝ ʧʘʨʘʤʝʪʨʳ ʨʘʩʢʨʳʚʘʶʪʩʷ ʜʘʣʝʝ ʚ ʧ. 2.1.2.  

ɺʘʨʠʘʮʠʷ ʟʘʜʝʨʞʢʠ ʧʘʢʝʪʦʚ ʯʘʩʪʦ ʫʯʠʪʳʚʘʝʪʩʷ ʩʨʝʜʠ ʧʘʨʘʤʝʪʨʦʚ ʢʘʯʝʩʪʚʘ ʚʚʠʜʫ ʪʦʛʦ, ʯʪʦ 

ʜʣʷ ʥʝʢʦʪʦʨʳʭ ʫʩʣʫʛ ʧʨʠ ʦʧʨʝʜʝʣʝʥʥʳʭ ʫʩʣʦʚʠʷʭ, ʚʦʟʥʠʢʘʶʱʠʭ ʚ ʧʘʢʝʪʥʳʭ ʩʝʪʷʭ, ʤʦʞʝʪ 

ʥʘʙʣʶʜʘʪʴʩʷ ʷʚʣʝʥʠʝ ʠʟʤʝʥʯʠʚʦʩʪʠ ʚʨʝʤʝʥʠ ʧʨʠʙʳʪʠʷ ʧʘʢʝʪʦʚ [101]. ʊʝʤ ʥʝ ʤʝʥʝʝ, ʤʥʦʛʠʝ 

ʫʩʣʫʛʠ, ʚ ʦʩʦʙʝʥʥʦʩʪʠ, ʯʫʚʩʪʚʠʪʝʣʴʥʳʝ ʢ ʚʘʨʠʘʮʠʠ ʟʘʜʝʨʞʢʠ, ʠʤʝʶʪ ʩʧʝʮʠʘʣʴʥʳʝ ʤʝʭʘʥʠʟʤʳ 

ʙʦʨʴʙʳ ʩ ʵʪʠʤ ʷʚʣʝʥʠʝʤ, ʥʘʧʨʠʤʝʨ, ʦʩʥʦʚʘʥʥʳʝ ʥʘ ʙʫʬʝʨʠʟʘʮʠʠ ʧʘʢʝʪʦʚ ʥʘ ʧʨʠʝʤʥʦʡ ʩʪʦʨʦʥʝ 

ʠʣʠ ʥʘ ʚʥʝʩʝʥʠʠ ʦʧʨʝʜʝʣʝʥʥʦʡ ʬʠʢʩʠʨʦʚʘʥʥʦʡ ʟʘʜʝʨʞʢʠ. ʈʘʟʣʠʯʥʳʝ ʤʝʭʘʥʠʟʤʳ ʙʦʨʴʙʳ ʩ ʥʝʡ ʚ 

ʦʙʷʟʘʪʝʣʴʥʦʤ ʧʦʨʷʜʢʝ ʨʝʘʣʠʟʦʚʘʥʳ ʚ ʩʠʩʪʝʤʘʭ ʜʦʩʪʘʚʢʠ ʫʜʘʣʝʥʥʦʛʦ ʨʘʙʦʯʝʛʦ ʩʪʦʣʘ ʚʩʝʭ 

ʧʨʦʪʦʢʦʣʦʚ ʚʠʨʪʫʘʣʠʟʘʮʠʠ. 

ʇʦʪʝʨʠ ʠʥʬʦʨʤʘʮʠʠ (ʜʦʣʷ ʧʦʪʝʨʴ ʧʘʢʝʪʦʚ) ʪʘʢʞʝ ʤʦʛʫʪ ʫʯʠʪʳʚʘʪʴʩʷ ʩʨʝʜʠ ʧʘʨʘʤʝʪʨʦʚ 

ʢʘʯʝʩʪʚʘ ʠ ʤʦʛʫʪ ʚʦʟʥʠʢʘʪʴ, ʚ ʯʘʩʪʥʦʩʪʠ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʦʪʙʨʘʩʳʚʘʥʠʷ ʧʘʢʝʪʦʚ ʧʨʠ ʧʝʨʝʧʦʣʥʝʥʠʠ 

ʙʫʬʝʨʘ ʥʘ ʩʝʨʚʝʨʝ. 

ʂʨʦʤʝ ʪʦʛʦ, ʚ [70] ʧʨʠʚʝʜʝʥʘ ʪʘʙʣʠʮʘ, ʦʧʠʩʳʚʘʶʱʘʷ ʜʦʧʫʩʪʠʤʳʝ ʟʥʘʯʝʥʠʷ 

ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʭ ʧʘʨʘʤʝʪʨʦʚ. ʊʘʙʣʠʮʘ ʨʘʟʜʝʣʝʥʘ ʥʘ ʪʨʠ ʢʘʪʝʛʦʨʠʠ ï ʘʫʜʠʦ, ʚʠʜʝʦ, ʜʘʥʥʳʝ ʚ 

ʩʦʦʪʚʝʪʩʪʚʠʠ ʩʦ ʩʧʝʮʠʬʠʢʦʡ ʧʦʣʴʟʦʚʘʪʝʣʴʩʢʦʡ ʨʘʙʦʪʳ. ʂʘʞʜʘʷ ʢʘʪʝʛʦʨʠʷ ʠʤʝʝʪ ʥʝʩʢʦʣʴʢʦ 

ʧʦʜʢʘʪʝʛʦʨʠʡ. ʋʩʣʫʛʘ çʚʠʨʪʫʘʣʴʥʳʡ ʨʘʙʦʯʠʡ ʩʪʦʣè ʤʦʞʝʪ ʙʳʪʴ ʧʨʠʯʠʩʣʝʥʘ ʢ ʧʦʜʢʘʪʝʛʦʨʠʷʤ 

çCommand/Controlè (ʚʝʣʠʯʠʥʘ ʜʦʧʫʩʪʠʤʦʡ ʚʨʝʤʝʥʥʦʡ ʟʘʜʝʨʞʢʠ ʤʝʥʝʝ 250 ʤʩ, ʚʝʣʠʯʠʥʘ 

ʚʘʨʠʘʮʠʠ ʟʘʜʝʨʞʢʠ ʧʘʢʝʪʦʚ ï N.A.) ʠ çTransaction servicesè (ʚʝʣʠʯʠʥʘ ʜʦʧʫʩʪʠʤʦʡ ʚʨʝʤʝʥʥʦʡ 

ʟʘʜʝʨʞʢʠ ʤʝʥʝʝ 2 ʩ, ʚʝʣʠʯʠʥʘ ʚʘʨʠʘʮʠʠ ʟʘʜʝʨʞʢʠ ʧʘʢʝʪʦʚ ï N.A.). 
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ʉʦʛʣʘʩʥʦ [70] ʧʘʨʘʤʝʪʨʳ ʫʩʣʫʛʠ, ʢʘʩʘʶʱʠʝʩʷ ʧʦʣʴʟʦʚʘʪʝʣʷ, ʜʦʣʞʥʳ ʩʦʦʪʚʝʪʩʪʚʦʚʘʪʴ 

ʩʣʝʜʫʶʱʠʤ ʢʨʠʪʝʨʠʷʤ: 

¶ ʇʨʠʥʠʤʘʪʴ ʚʦ ʚʥʠʤʘʥʠʝ ʚʩʝ ʘʩʧʝʢʪʳ ʫʩʣʫʛʠ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʧʦʣʴʟʦʚʘʪʝʣʷ. 

¶ ʅʝ ʜʦʣʞʥʳ ʟʘʚʠʩʝʪʴ ʦʪ ʢʦʥʢʨʝʪʥʦʡ ʘʨʭʠʪʝʢʪʫʨʳ ʩʝʪʠ ʠʣʠ ʪʝʭʥʦʣʦʛʠʠ. 

¶ ʄʦʛʫʪ ʙʳʪʴ ʦʙʲʝʢʪʠʚʥʦ ʠʣʠ ʩʫʙʲʝʢʪʠʚʥʦ ʠʟʤʝʨʝʥʳ ʚ ʪʦʯʢʝ ʜʦʩʪʫʧʘ ʢ ʫʩʣʫʛʝ. 

¶ ʄʦʛʫʪ ʙʳʪʴ ʣʝʛʢʦ ʩʚʷʟʘʥʳ ʩ ʩʝʪʝʚʳʤʠ ʧʘʨʘʤʝʪʨʘʤʠ. 

¶ ʄʦʛʫʪ ʙʳʪʴ ʛʘʨʘʥʪʠʨʦʚʘʥʳ ʧʦʣʴʟʦʚʘʪʝʣʶ ʧʦʩʪʘʚʱʠʢʦʤ ʫʩʣʫʛʠ. 

ʆʜʥʠʤ ʠʟ ʚʘʞʥʝʡʰʠʭ ʧʘʨʘʤʝʪʨʦʚ, ʦʧʨʝʜʝʣʷʶʱʠʭ ʢʘʯʝʩʪʚʦ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʡ ʫʩʣʫʛʠ, 

ʷʚʣʷʝʪʩʷ ʚʨʝʤʷ ʦʪʢʣʠʢʘ, ʢʨʦʤʝ ʥʝʛʦ ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʨʘʩʩʤʦʪʨʝʪʴ ʠ ʜʨʫʛʠʝ, ʚ ʯʘʩʪʥʦʩʪʠ, 

ʚʝʨʦʷʪʥʦʩʪʴ ʦʪʢʘʟʘ ʚ ʧʦʜʢʣʶʯʝʥʠʠ ʢ ʫʩʣʫʛʝ, ʢʦʪʦʨʳʝ ʙʫʜʫʪ ʨʘʩʩʤʦʪʨʝʥʳ ʜʘʣʝʝ.  ɺʨʝʤʷ ʦʪʢʣʠʢʘ 

ʫʜʦʚʣʝʪʚʦʨʷʝʪ ʧʨʠʚʝʜʝʥʥʳʤ ʚʳʰʝ ʢʨʠʪʝʨʠʷʤ, ʟʥʘʯʠʪ ʚʳʧʦʣʥʝʥʠʝ ʪʨʝʙʦʚʘʥʠʡ ʧʦ ʥʝʤʫ ʷʚʣʷʝʪʩʷ 

ʥʝʦʙʭʦʜʠʤʳʤ ʫʩʣʦʚʠʝʤ ʚʳʧʦʣʥʝʥʠʷ ʪʨʝʙʦʚʘʥʠʡ ʦʙʝʩʧʝʯʝʥʠʷ ʧʨʠʝʤʣʝʤʦʩʪʠ ʢʘʯʝʩʪʚʘ. 

 

 

2.1.2 ɸʥʘʣʠʟ ʚʨʝʤʝʥʠ ʦʪʢʣʠʢʘ 

 

 

ʋʩʣʫʛʘ çʚʠʨʪʫʘʣʴʥʳʡ ʨʘʙʦʯʠʡ ʩʪʦʣè ʷʚʣʷʝʪʩʷ ʦʙʣʘʯʥʦʡ ʫʩʣʫʛʦʡ ʠ ʧʨʝʜʧʦʣʘʛʘʝʪ ʨʘʙʦʪʫ ʚ 

ʨʝʘʣʴʥʦʤ ʚʨʝʤʝʥʠ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʢʣʶʯʝʚʳʤ ʬʘʢʪʦʨʦʤ, ʦʧʨʝʜʝʣʷʶʱʠʤ ʧʦʣʴʟʦʚʘʪʝʣʴʩʢʦʝ 

ʫʜʦʚʣʝʪʚʦʨʝʥʠʝ, ʷʚʣʷʝʪʩʷ ʩʫʤʤʘʨʥʘʷ ʟʘʜʝʨʞʢʘ, ʢʦʪʦʨʘʷ ʩʢʣʘʜʳʚʘʝʪʩʷ ʠʟ ʥʝʩʢʦʣʴʢʠʭ 

ʩʦʩʪʘʚʣʷʶʱʠʭ: ʚʨʝʤʷ, ʧʨʦʭʦʜʷʱʝʝ ʩ ʤʦʤʝʥʪʘ ʧʝʨʚʦʥʘʯʘʣʴʥʦʛʦ ʟʘʧʨʦʩʘ ʧʦʣʴʟʦʚʘʪʝʣʷ ʜʦ 

ʤʦʤʝʥʪʘ ʥʘʯʘʣʘ ʧʨʝʜʦʩʪʘʚʣʝʥʠʷ ʫʩʣʫʛʠ, ʘ ʪʘʢʞʝ ʚʨʝʤʷ, ʧʨʦʭʦʜʷʱʝʝ ʜʦ ʤʦʤʝʥʪʘ ʧʦʣʫʯʝʥʠʷ 

ʧʦʣʴʟʦʚʘʪʝʣʝʤ ʠʥʬʦʨʤʘʮʠʠ ʧʦʩʣʝ ʪʦʛʦ, ʢʘʢ ʫʩʣʫʛʘ ʘʢʪʠʚʠʨʦʚʘʥʘ. ɿʘʜʝʨʞʢʘ ʠʤʝʝʪ ʩʘʤʦʝ 

ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʝ ʚʣʠʷʥʠʝ ʥʘ ʫʜʦʚʣʝʪʚʦʨʝʥʥʦʩʪʴ ʧʦʣʴʟʦʚʘʪʝʣʷ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʠʩʧʦʣʴʟʫʝʤʦʛʦ 

ʧʨʠʣʦʞʝʥʠʷ ʠʣʠ ʫʩʣʫʛʠ, ʠ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʟʘʜʝʨʞʢʠ ʚ ʨʘʙʦʪʝ ʪʝʨʤʠʥʘʣʘ, ʩʝʪʠ ʠ ʩʝʨʚʝʨʘ ʫʩʣʫʛʠ 

[39, 40].  

ʉʫʤʤʘʨʥʦʝ ʚʨʝʤʷ ʦʪʢʣʠʢʘ, ʪ.ʝ. ʚʨʝʤʷ, ʧʨʦʭʦʜʷʱʝʝ ʩ ʤʦʤʝʥʪʘ ʫʩʪʘʥʦʚʣʝʥʠʷ ʫʩʣʫʛʠ ʜʦ 

ʤʦʤʝʥʪʘ ʥʘʯʘʣʘ ʝʝ ʧʨʝʜʦʩʪʘʚʣʝʥʠʷ ʜʣʷ ʫʩʣʫʛʠ çʚʠʨʪʫʘʣʴʥʳʡ ʨʘʙʦʯʠʡ ʩʪʦʣè ʩʦʛʣʘʩʥʦ [77], 

ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩʫʥʢʝ 2.1. ʅʠʞʝ ʙʫʜʝʪ ʧʦʢʘʟʘʥʦ ʠ ʦʙʦʩʥʦʚʘʥʥʦ, ʯʪʦ ʵʪʦ ʚʨʝʤʷ ʨʘʟʣʠʯʥʦ ʜʣʷ 

ʧʨʦʮʝʩʩʘ ʧʦʜʢʣʶʯʝʥʠʷ ʢ ʫʩʣʫʛʝ ʠ ʜʣʷ ʧʨʦʮʝʩʩʘ ʨʘʙʦʪʳ ʫʩʣʫʛʠ. 
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ʈʠʩ. 2.1. ʉʫʤʤʘʨʥʦʝ ʚʨʝʤʷ ʦʪʢʣʠʢʘ ʜʣʷ ʫʩʣʫʛʠ DaaS ʩʦʛʣʘʩʥʦ ʨʝʢʦʤʝʥʜʘʮʠʠ Y.3503 ʄʉʕ-ʊ 

ʈʘʩʩʤʦʪʨʠʤ ʧʨʠʚʝʜʝʥʥʳʝ ʥʘ ʨʠʩʫʥʢʝ 2.1 ʚʨʝʤʝʥʥʳʝ ʠʥʪʝʨʚʘʣʳ ʚ ʦʪʜʝʣʴʥʦʩʪʠ.  

ʊ ï ʚʨʝʤʷ ʦʪʢʣʠʢʘ, ʪʦ ʝʩʪʴ ʩʫʤʤʘʨʥʦʝ ʚʨʝʤʷ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩʝʨʚʝʨʘ ʠ ʢʣʠʝʥʪʘ.  

ʊʦʙʩʣ ï ʚʨʝʤʷ, ʧʨʦʭʦʜʷʱʝʝ ʩ ʤʦʤʝʥʪʘ ʧʦʣʫʯʝʥʠʷ ʤʝʥʝʜʞʝʨʦʤ ʧʦʜʢʣʶʯʝʥʠʡ ʟʘʷʚʢʠ ʥʘ 

ʬʦʨʤʠʨʦʚʘʥʠʝ ʩʥʠʤʢʘ ʨʘʙʦʯʝʛʦ ʩʪʦʣʘ ʜʦ ʤʦʤʝʥʪʘ ʦʪʧʨʘʚʢʠ ʵʪʦʛʦ ʩʦʦʙʱʝʥʠʷ, ʟʘʧʘʢʦʚʘʥʥʦʛʦ ʚ 

ʧʘʢʝʪ, ʧʦʣʴʟʦʚʘʪʝʣʶ ʚ ʧʨʦʮʝʩʩʝ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʪʝʨʤʠʥʘʣʴʥʦʡ ʩʝʩʩʠʠ. ʀʥʳʤʠ ʩʣʦʚʘʤʠ, ʵʪʦ 

ʩʝʨʚʝʨʥʦʝ ʚʨʝʤʷ ʦʙʩʣʫʞʠʚʘʥʠʷ.  

ʊʪʨ ï ʪʨʘʥʩʧʦʨʪʥʘʷ ʟʘʜʝʨʞʢʘ ʧʘʢʝʪʦʚ ʚ ʩʝʪʠ. ʉʦʛʣʘʩʥʦ ʈʝʢʦʤʝʥʜʘʮʠʠ G.1010 ʄʉʕ-ʊ ʠ 

RFC2679 ʪʨʘʥʩʧʦʨʪʥʘʷ ʟʘʜʝʨʞʢʘ ʦʧʨʝʜʝʣʷʝʪʩʷ ʢʘʢ ʦʜʥʦʩʪʦʨʦʥʥʷʷ ʩʝʪʝʚʘʷ ʟʘʜʝʨʞʢʘ [70, 100]. 

ʆʜʥʘʢʦ, ʧʨʠ ʦʧʠʩʘʥʠʠ ʨʘʙʦʪʳ ʫʩʣʫʛʠ çʚʠʨʪʫʘʣʴʥʳʡ ʨʘʙʦʯʠʡ ʩʪʦʣè ʥʝʦʙʭʦʜʠʤʦ ʫʯʠʪʳʚʘʪʴ 

ʜʚʫʩʪʦʨʦʥʥʶʶ ʟʘʜʝʨʞʢʫ. ʇʨʠ ʜʘʣʴʥʝʡʰʠʭ ʨʘʩʯʝʪʘʭ ʜʝʣʘʝʪʩʷ ʜʦʧʫʱʝʥʠʝ ʦ ʩʠʤʤʝʪʨʠʠ 

ʟʘʜʝʨʞʢʠ, ʙʫʜʝʤ ʙʨʘʪʴ ʝʝ ʫʜʚʦʝʥʥʦʝ ʟʥʘʯʝʥʠʝ. ɺ ʩʣʫʯʘʷʭ, ʢʦʛʜʘ ʵʪʦ ʥʝ ʪʘʢ, ʚʤʝʩʪʦ ʫʜʚʦʝʥʥʦʡ 

ʦʜʥʦʩʪʦʨʦʥʥʝʡ ʟʘʜʝʨʞʢʠ ʩʣʝʜʫʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴ ʟʥʘʯʝʥʠʝ Round Trip Time Delay. 

ʊʚʠʟ ï ʚʨʝʤʷ ʚʠʟʫʘʣʠʟʘʮʠʠ (ʚʨʝʤʷ ʦʙʨʘʙʦʪʢʠ ʥʘ ʧʦʣʴʟʦʚʘʪʝʣʴʩʢʦʤ ʫʩʪʨʦʡʩʪʚʝ), ʪ.ʝ. ʚʨʝʤʷ, 

ʥʝʦʙʭʦʜʠʤʦʝ ʜʣʷ ʨʘʩʧʘʢʦʚʳʚʘʥʠʷ ʧʘʢʝʪʘ, ʜʝʢʦʜʠʨʦʚʘʥʠʷ ʠ ʦʪʨʠʩʦʚʢʠ ʪʝʨʤʠʥʘʣʴʥʳʤ 

ʦʙʦʨʫʜʦʚʘʥʠʝʤ ʠʟʦʙʨʘʞʝʥʠʷ ʨʘʙʦʯʝʛʦ ʩʪʦʣʘ. 

ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʩʨʝʜʥʝʝ ʚʨʝʤʷ ʜʦ ʧʦʜʢʣʶʯʝʥʠʷ, ʦʧʠʩʘʥʥʦʝ ʚ ʧ. 1.3, ʧʨʝʜʩʪʘʚʣʷʝʪ 

ʩʦʙʦʡ ʩʨʝʜʥʝʝ ʚʨʝʤʷ ʦʪʢʣʠʢʘ ʜʣʷ ʬʘʟʳ ʫʩʪʘʥʦʚʣʝʥʠʷ ʪʝʨʤʠʥʘʣʴʥʦʡ ʩʝʩʩʠʠ. 

ʇʨʦʘʥʘʣʠʟʠʨʦʚʘʚ ʧʨʦʮʝʩʩ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʡ ʦʙʣʘʯʥʦʡ ʫʩʣʫʛʠ, ʤʦʞʥʦ 

ʩʜʝʣʘʪʴ ʚʳʚʦʜ ʦ ʪʦʤ, ʯʪʦ ʦʥ ʠʤʝʝʪ ʜʚʝ ʬʘʟʳ: ʚ ʧʝʨʚʦʡ ʬʘʟʝ ʧʦʣʴʟʦʚʘʪʝʣʠ ʧʦʜʢʣʶʯʘʶʪʩʷ ʢ 

ʫʩʣʫʛʝ, ʧʨʦʠʩʭʦʜʠʪ ʠʭ ʘʚʪʦʨʠʟʘʮʠʷ ʠ ʘʫʪʝʥʪʠʬʠʢʘʮʠʷ; ʚʦ ʚʪʦʨʦʡ ʬʘʟʝ ʧʦʜʢʣʶʯʝʥʥʳʝ 

ʧʦʣʴʟʦʚʘʪʝʣʠ ʨʘʙʦʪʘʶʪ ʚ ʪʝʨʤʠʥʘʣʴʥʦʡ ʩʝʩʩʠʠ ʩʦ ʩʚʦʠʤ ʚʠʨʪʫʘʣʴʥʳʤ ʨʘʙʦʯʠʤ ʩʪʦʣʦʤ.  

ɿʘ ʨʘʙʦʪʫ ʬʘʟ ʫʩʣʫʛʠ ʦʪʚʝʯʘʶʪ ʜʚʝ ʧʦʜʩʠʩʪʝʤʳ, ʣʦʛʠʯʝʩʢʠ ʚʳʜʝʣʝʥʥʳʝ ʠʟ ʙʣʦʢʦʚ 

ʘʨʭʠʪʝʢʪʫʨʳ ʫʩʣʫʛʠ [42]. ɿʘ ʨʘʙʦʪʫ ʧʝʨʚʦʡ ʬʘʟʳ ʫʩʣʫʛʠ ʦʪʚʝʯʘʶʪ: ʤʝʥʝʜʞʝʨ ʧʦʜʢʣʶʯʝʥʠʡ, 

ʘʛʝʥʪ ʧʦʣʴʟʦʚʘʪʝʣʴʩʢʦʛʦ ʫʩʪʨʦʡʩʪʚʘ, ʩʣʫʞʙʘ ʢʘʪʘʣʦʛʦʚ (Active Directory). ɿʘ ʨʘʙʦʪʫ ʚʪʦʨʦʡ ʬʘʟʳ 

ʦʪʚʝʯʘʶʪ: ʘʛʝʥʪ ʚʠʨʪʫʘʣʴʥʦʡ ʤʘʰʠʥʳ, ʘʛʝʥʪ ʧʦʣʴʟʦʚʘʪʝʣʴʩʢʦʛʦ ʫʩʪʨʦʡʩʪʚʘ. ʌʘʟʳ 

ʧʨʝʜʦʩʪʘʚʣʝʥʠʷ ʫʩʣʫʛʠ ʧʦʢʘʟʘʥʳ ʥʘ ʨʠʩʫʥʢʝ 2.2. 
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ʈʠʩ. 2.2. ʌʘʟʳ ʧʨʝʜʦʩʪʘʚʣʝʥʠʷ ʫʩʣʫʛʠ çʚʠʨʪʫʘʣʴʥʳʡ ʨʘʙʦʯʠʡ ʩʪʦʣè 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʩ ʫʯʝʪʦʤ ʩʢʘʟʘʥʥʦʛʦ, ʜʣʷ ʬʘʟʳ ʫʩʪʘʥʦʚʣʝʥʠʷ ʪʝʨʤʠʥʘʣʴʥʦʡ ʩʝʩʩʠʠ 

ʩʧʨʘʚʝʜʣʠʚʘ ʬʦʨʤʫʣʘ (2.1), ʘ ʜʣʷ ʬʘʟʳ ʪʝʨʤʠʥʘʣʴʥʦʡ ʩʝʩʩʠʠ ï ʬʦʨʤʫʣʘ (2.2): 

                                                   ʊ
(1)

 = ʊ
(1)
ʦʙʩʣ + 2ʊ ʪʨ .                                                                        (2.1) 

                                                   ʊ
(2)

 = ʊ
(2)
ʦʙʩʣ  + 2ʊ ʪʨ + ʊ

(2) 
ʚʠʟ .                                                         (2.2) 

ɼʣʷ ʬʘʟʳ ʫʩʪʘʥʦʚʣʝʥʠʷ ʪʝʨʤʠʥʘʣʴʥʦʡ ʩʝʩʩʠʠ ʚʝʣʠʯʠʥʘ ʊ
(1)
ʚʠʟ ʦʪʩʫʪʩʪʚʫʝʪ, ʧʦʩʢʦʣʴʢʫ ʚ ʧʨʦʮʝʩʩʝ 

ʫʩʪʘʥʦʚʣʝʥʠʷ ʩʝʩʩʠʠ ʥʝʪ ʧʨʦʮʝʜʫʨ r ʦʙʨʘʙʦʪʢʠ ʠʟʦʙʨʘʞʝʥʠʡ ʫʜʘʣʝʥʥʦʛʦ ʨʘʙʦʯʝʛʦ ʩʪʦʣʘ, 

ʠʤʝʝʪʩʷ ʣʠʰʴ ʦʙʤʝʥ ʩʣʫʞʝʙʥʳʤʠ ʜʘʥʥʳʤʠ ʜʣʷ ʫʩʪʘʥʦʚʣʝʥʠʷ ʩʦʝʜʠʥʝʥʠʷ. 

ʇʦʷʩʥʠʤ ʧʨʠʚʝʜʝʥʥʳʝ ʨʘʩʩʫʞʜʝʥʠʷ ʥʘ ʜʠʘʛʨʘʤʤʝ ʩʝʪʝʚʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʤʝʞʜʫ 

ʢʦʤʧʦʥʝʥʪʘʤʠ ʘʨʭʠʪʝʢʪʫʨʳ ʫʩʣʫʛʠ ʪʠʧʘ çʚʠʨʪʫʘʣʴʥʳʡ ʨʘʙʦʯʠʡ ʩʪʦʣè, ʢʦʪʦʨʘʷ ʧʦʢʘʟʘʥʘ ʥʘ 

ʨʠʩʫʥʢʝ 2.3. 
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ʈʠʩ. 2.3. ʉʝʪʝʚʦʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʤʝʞʜʫ ʢʦʤʧʦʥʝʥʪʘʤʠ ʫʩʣʫʛʠ çʚʠʨʪʫʘʣʴʥʳʡ ʨʘʙʦʯʠʡ ʩʪʦʣè 

ʅʘ ʜʘʥʥʦʡ ʜʠʘʛʨʘʤʤʝ ʮʠʬʨʘʤʠ ʧʦʢʘʟʘʥʦ ʧʦʵʪʘʧʥʦʝ ʨʘʟʙʠʝʥʠʝ ʧʨʦʮʝʩʩʘ ʨʘʙʦʪʳ ʫʩʣʫʛʠ ʥʘ 

ʠʥʪʝʨʚʘʣʳ ʚʨʝʤʝʥʠ, ʧʨʦʭʦʜʷʱʠʝ ʩ ʤʦʤʝʥʪʘ ʫʩʪʘʥʦʚʣʝʥʠ ̫ʪʝʨʤʠʥʘʣʴʥʦʡ ʩʝʩʩʠʠ ʜʦ ʤʦʤʝʥʪʘ ʝʝ 

ʟʘʚʝʨʰʝʥʠʷ.  

ʀʥʪʝʨʚʘʣʳ 1, 7, 9, 11, 13, 15, 16 ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʪʨʘʥʩʧʦʨʪʥʦʡ ʟʘʜʝʨʞʢʝ ʥʘ ʫʯʘʩʪʢʝ ʩʝʪʠ 

çɸʛʝʥʪ ï ʄʝʥʝʜʞʝʨ ʧʦʜʢʣʶʯʝʥʠʡè.  

ʀʥʪʝʨʚʘʣʳ 19, 21, 23, 25 ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʪʨʘʥʩʧʦʨʪʥʦʡ ʟʘʜʝʨʞʢʝ ʥʘ ʫʯʘʩʪʢʝ ʩʝʪʠ çɸʛʝʥʪ ï 

ɺʄ ʧʦʣʴʟʦʚʘʪʝʣʷè. ɹʫʜʝʤ ʧʦʣʘʛʘʪʴ, ʯʪʦ ʚʝʣʠʯʠʥʳ ʪʨʘʥʩʧʦʨʪʥʦʡ ʟʘʜʝʨʞʢʠ ʥʘ ʜʘʥʥʳʭ ʫʯʘʩʪʢʘʭ 

ʦʜʠʥʘʢʦʚʳ ʩʦʛʣʘʩʥʦ ʧʨʠʥʮʠʧʫ ʦʨʛʘʥʠʟʘʮʠʠ ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʡ ʫʩʣʫʛʠ. 
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ʀʥʪʝʨʚʘʣʳ 3, 5, 17 ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʚʨʝʤʝʥʠ ʦʙʤʝʥʘ ʢʦʤʘʥʜʘʤʠ ʧʨʦʛʨʘʤʤʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ 

ʘʨʭʠʪʝʢʪʫʨʳ ʫʩʣʫʛʠ. ʕʪʠʤʠ ʠʥʪʝʨʚʘʣʳ ʥʝ ʚʥʦʩʷʪ ʚʢʣʘʜ ʚ ʩʫʤʤʘʨʥʦʝ ʚʨʝʤʷ ʦʪʢʣʠʢʘ. ʀʥʪʝʨʚʘʣʳ 

2, 4, 6, 8, 10, 14, 17, 20, 22, 24, 28 ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʩʝʨʚʝʨʥʦʤʫ ʚʨʝʤʝʥʠ ʦʙʨʘʙʦʪʢʠ. 

 

 

2.1.3 ɸʥʘʣʠʟ ʪʨʘʥʩʧʦʨʪʥʦʡ ʟʘʜʝʨʞʢʠ 

 

 

ʈʘʩʩʤʦʪʨʠʤ ʜʘʥʥʳʝ ʧʦ ʪʨʘʥʩʧʦʨʪʥʳʤ ʟʘʜʝʨʞʢʘʤ, ʧʨʠʚʝʜʝʥʥʳʝ ʚ ʨʘʟʣʠʯʥʳʭ 

ʨʝʢʦʤʝʥʜʘʮʠʷʭ ʄʉʕ-ʊ. 

ɺ ʈʝʢʦʤʝʥʜʘʮʠʠ Y.1541 ʄʉʕ-ʊ [75] ʧʨʠʚʝʜʝʥʘ ʪʘʙʣʠʮʘ ʜʣʷ ʩʝʪʝʚʳʭ ʧʘʨʘʤʝʪʨʦʚ ʚ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʢʣʘʩʩʦʚ QoS (0-5). ʊʘʢ, ʜʣʷ ʢʣʘʩʩʘ 0 ʚʝʨʭʥʷʷ ʛʨʘʥʠʮʘ IPTD ʩʦʩʪʘʚʣʷʝʪ 100 ʤʩ, 

ʜʣʷ ʢʣʘʩʩʦʚ 1, 2, 3, 4 ï 400 ʤʩ. ʆʧʨʝʜʝʣʝʥʠʝ IPTD (IP packet transfer delay) ʜʘʥʦ ʚ ʈʝʢʦʤʝʥʜʘʮʠʠ 

Y.1540 ʄʉʕ-ʊ [74], ʩʦʛʣʘʩʥʦ ʢʦʪʦʨʦʡ ʧʘʨʘʤʝʪʨ IPTD ʦʧʨʝʜʝʣʷʝʪʩʷ ʢʘʢ ʠʥʪʝʨʚʘʣ ʚʨʝʤʝʥʠ t2 - t1 

ʤʝʞʜʫ ʜʚʫʤʷ ʩʦʙʳʪʠʷʤʠ ï ʚʚʦʜʦʤ ʧʘʢʝʪʘ ʚʦ ʚʭʦʜʥʫʶ ʪʦʯʢʫ ʩʝʪʠ ʚ ʤʦʤʝʥʪ t1 ʠ ʚʳʚʦʜʦʤ ʧʘʢʝʪʘ 

ʠʟ ʚʳʭʦʜʥʦʡ ʪʦʯʢʠ ʩʝʪʠ ʚ ʤʦʤʝʥʪ t2, ʛʜʝ (t2 > t1) ʠ (t2 - t1) Ò Tmʘʭ.  

ɺ ʈʝʢʦʤʝʥʜʘʮʠʠ ʄʉʕ-ʊ G.1010 [70], ʢʘʢ ʙʳʣʦ ʩʢʘʟʘʥʦ ʚʳʰʝ, ʧʨʠʚʝʜʝʥʘ ʪʘʙʣʠʮʘ ʩʝʪʝʚʳʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʜʣʷ ʨʘʟʣʠʯʥʳʭ ʧʨʠʣʦʞʝʥʠʡ. ɺ ʧʝʨʚʦʡ ʬʘʟʝ ʨʘʙʦʪʳ ʫʩʣʫʛʠ ʦʥʘ ʤʦʞʝʪ ʙʳʪʴ 

ʧʨʠʯʠʩʣʝʥʘ ʢ ʢʘʪʝʛʦʨʠʠ çɼʘʥʥʳʝè (ʧʦʜʢʘʪʝʛʦʨʠ ̫çTransaction servicesè), ʚʝʣʠʯʠʥʘ ʜʦʧʫʩʪʠʤʦʡ 

ʟʘʜʝʨʞʢʠ ʜʣʷ ʢʦʪʦʨʦʡ ʜʦʣʞʥʘ ʙʳʪʴ ʤʝʥʝʝ 2 ʩ. ʕʪʦ ʟʥʘʯʝʥʠʝ ʦʙʦʟʥʘʯʘʝʪ ʥʘʠʭʫʜʰʠʡ ʚʘʨʠʘʥʪ, ʧʨʠ 

ʢʦʪʦʨʦʤ ʨʘʙʦʪʘ ʚʩʝ ʝʱʝ ʚʦʟʤʦʞʥʘ. ɸʥʘʣʠʟ ʠ ʩʦʦʪʥʝʩʝʥʠʝ ʨʝʘʣʴʥʦ ʠʩʧʦʣʴʟʫʝʤʳʭ ʥʘ ʧʨʘʢʪʠʢʝ 

ʧʨʠʣʦʞʝʥʠʡ ʩ ʢʘʪʝʛʦʨʠʷʤʠ ʙʳʣʠ ʜʘʥr ʚ [34, 35]. 

ɼʣʷ ʙʦʣʝʝ ʜʝʪʘʣʴʥʦʛʦ ʘʥʘʣʠʟʘ ʧʝʨʝʡʜʝʤ ʜʘʣʝʝ ʢ ʨʘʩʩʤʦʪʨʝʥʠʶ ʜʘʥʥʳʭ, ʧʦʣʫʯʝʥʥʳʭ ʚ ʭʦʜʝ 

ʠʩʩʣʝʜʦʚʘʥʠʡ. ʉʪʘʪʠʩʪʠʯʝʩʢʠʡ ʤʝʪʦʜ ʦʧʨʝʜʝʣʝʥʠʷ ʢʘʯʝʩʪʚʘ ʚʦʩʧʨʠʷʪʠʷ ʧʦʣʴʟʦʚʘʪʝʣʝʤ ʨʘʙʦʪʳ ʩ 

ʫʩʣʫʛʦʡ ʪʠʧʘ DaaS, ʦʧʨʝʜʝʣʝʥʥʳʡ ʚ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʤ ʠʩʩʣʝʜʦʚʘʥʠʠ, ʨʘʩʩʤʦʪʨʝʥ ʚ [64]. ɼʣʷ 

ʵʪʦʛʦ ʙʳʣ ʩʦʙʨʘʥ ʬʨʘʛʤʝʥʪ ʩʝʪʠ çʩʝʨʚʝʨ ï ʤʘʨʰʨʫʪʠʟʘʪʦʨ ï ʤʦʜʝʤ ï ʪʦʥʢʠʡ ʢʣʠʝʥʪè, ʚ ʢʦʪʦʨʳʡ 

ʙʳʣ ʧʦʤʝʱʝʥ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʟʦʥʜ, ʨʝʘʣʠʟʦʚʘʥʥʳʡ ʚ ʚʠʜʝ ʇʆ ʥʘ ʨʘʙʦʯʝʡ ʩʪʘʥʮʠʠ. 

ʈʝʟʫʣʴʪʘʪʳ ʦʮʝʥʢʠ ʨʘʟʨʘʙʘʪʳʚʘʝʤʦʛʦ ʤʝʪʦʜʘ ʙʳʣʠ ʩʦʦʪʥʝʩʝʥʳ ʩ ʨʝʟʫʣʴʪʘʪʘʤʠ, ʧʦʣʫʯʝʥʥʳʤʠ 

ʧʨʠ ʦʮʝʥʢʝ ʧʘʨʘʤʝʪʨʦʚ QoE ʛʨʫʧʧʦʡ ʜʦʙʨʦʚʦʣʴʮʝʚ. ʀʪʦʛʘʤʠ ʠʩʩʣʝʜʦʚʘʥʠʷ ʩʪʘʣʘ ʨʘʟʨʘʙʦʪʢʘ 

ʘʣʛʦʨʠʪʤʘ, ʧʦʟʚʦʣʷʶʱʝʛʦ ʩ ʦʧʨʝʜʝʣʝʥʥʦʡ ʪʦʯʥʦʩʪʴʶ ʚʳʷʚʠʪʴ ʪʠʧ ʧʨʠʣʦʞʝʥʠʷ, ʟʘʧʫʱʝʥʥʦʛʦ 

ʧʦʣʴʟʦʚʘʪʝʣʝʤ ʚ ʜʘʥʥʳʡ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ, ʘ ʟʘʪʝʤ, ʟʥʘʷ ʪʠʧ ʧʨʠʣʦʞʝʥʠʷ (ʘʫʜʠʦ, ʚʠʜʝʦ, ʜʘʥʥʳʝ ʠ 

ʪ.ʜ.), ʧʨʠʤʝʥʠʪʴ ʢ ʥʝʤʫ ʩʪʘʪʠʩʪʠʯʝʩʢʫʶ ʦʮʝʥʢʫ ʧʦʢʘʟʘʪʝʣʝʡ QoE. ʆʜʥʘʢʦ ʚ ɻʪʦʡ ʨʘʙʦʪʝ 

ʨʘʩʩʤʦʪʨʝʥ ʪʦʣʴʢʦ ʦʜʠʥ ʠʟ ʚʦʟʤʦʞʥʳʭ ʧʨʦʪʦʢʦʣʦʚ ʚʠʨʪʫʘʣʠʟʘʮʠʠ ï Microsoft Remote Desktop 

Protocol (RDP) [29]. ʇʨʠ ʧʦʤʦʱʠ ʦʧʨʦʩʘ ʮʝʣʝʚʦʡ ʛʨʫʧʧʳ ʜʦʙʨʦʚʦʣʴʮʝʚ ʙʳʣʠ ʧʦʣʫʯʝʥʳ 

ʨʝʟʫʣʴʪʘʪʳ ʜʣʷ ʢʦʤʬʦʨʪʥʦʛʦ ʚʨʝʤʝʥʠ ʦʪʢʣʠʢʘ ʩʝʨʚʝʨʘ ʚ ʪʝʨʤʠʥʘʭ RTT (Round Trip Time). 



41 
 

ʀʩʩʣʝʜʦʚʘʪʝʣʠ ʜʦʙʘʚʣʷʣʠ ʚ ʩʝʪʴ ʟʘʜʝʨʞʢʫ ʠ ʬʠʢʩʠʨʦʚʘʣʠ ʨʝʘʢʮʠʶ ʧʦʣʴʟʦʚʘʪʝʣʝʡ ʥʘ ʝʝ 

ʫʚʝʣʠʯʝʥʠʝ. ʇʨʠ ʵʪʦʤ ʧʨʝʜʣʘʛʘʣʠ ʧʦʣʴʟʦʚʘʪʝʣʶ ʪʨʠ ʚʠʜʘ ʜʝʡʩʪʚʠʡ ʟʘ ʨʘʙʦʯʠʤ ʩʪʦʣʦʤ: 

ʧʨʦʩʣʫʰʠʚʘʥʠʝ ʘʫʜʠʦ, ʦʙʳʯʥʫʶ ʨʘʙʦʪʫ ʩ ʦʢʥʘʤʠ, ʧʨʦʩʤʦʪʨ ʚʠʜʝʦ. ɼʣʷ ʨʘʙʦʪʳ ʩ ʜʘʥʥʳʤʠ 

çʫʜʦʚʣʝʪʚʦʨʠʪʝʣʴʥʳʤè ʧʨʠʚʦʜʠʪʩʷ ʟʥʘʯʝʥʠʝ RTT < 400 ʤʩ, çʭʦʨʦʰʠʤè (ʧʨʠʝʤʣʝʤʳʤ) ï 

ʟʥʘʯʝʥʠʝ RTT < 100 ʤʩ (ʩʤ. ʪʘʙʣʠʮʫ 2.1). 

ʊʘʙʣʠʮʘ 2.1. ɿʥʘʯʝʥʠʷ RTT ʧʨʠ ʧʦʜʢʣʶʯʝʥʠʠ ʧʦ ʧʨʦʪʦʢʦʣʫ RDP 

ʆʮʝʥʢʘ 

ʧʦʣʴʟʦʚʘʪʝʣʷʤʠ 

1 2-3 4-5 

ʂʘʪʝʛʦʨʠʷ çʇʣʦʭʦè çʋʜʦʚʣʝʪʚʦʨʠʪʝʣʴʥʦè çʍʦʨʦʰʦè 

ɸʫʜʠʦ RTTÓ450 ʤʩ 120 ʤʩ <RTT< 450 ʤʩ RTTÒ120 ʤʩ 

ɼʘʥʥʳʝ RTTÓ400 ʤʩ 100 ʤʩ <RTT< 400 ʤʩ RTTÒ100 ʤʩ 

ɺʠʜʝʦ RTTÓ70 ʤʩ 50 ʤʩ <RTT< 70 ʤʩ RTTÒ50 ʤʩ 

 

ɿʘʤʝʪʠʤ, ʯʪʦ RTT ʨʘʚʥʦ ʫʜʚʦʝʥʥʦʤʫ ʟʥʘʯʝʥʠʶ ʦʜʥʦʩʪʦʨʦʥʥʝʡ ʪʨʘʥʩʧʦʨʪʥʦʡ ʟʘʜʝʨʞʢʠ 

ʩʦʛʣʘʩʥʦ ʦʧʨʝʜʝʣʝʥʠʶ RTT, ʢʘʢ ʚʨʝʤʝʥʠ, ʢʦʪʦʨʦʝ ʧʨʦʭʦʜʠʪ ʩ ʤʦʤʝʥʪʘ, ʢʦʛʜʘ ʧʘʢʝʪ ʚʳʰʝʣ ʚ 

ʩʝʪʴ ʜʦ ʤʦʤʝʥʪʘ, ʢʦʛʜʘ ʧʨʠʜʝʪ ʦʪʚʝʪ ʦ ʝʛʦ ʧʦʣʫʯʝʥʠʠ. 

ɺ [89] ʘʚʪʦʨʘʤʠ ʙʳʣʦ ʧʨʦʚʝʜʝʥʦ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ, ʨʘʩʩʤʘʪʨʠʚʘʶʱʝʝ 

ʨʘʙʦʪʫ ʥʝʩʢʦʣʴʢʠʭ ʧʨʦʪʦʢʦʣʦʚ ʜʦʩʪʘʚʢʠ ʫʜʘʣʝʥʥʦʛʦ ʨʘʙʦʯʝʛʦ ʩʪʦʣʘ ʚ ʣʦʢʘʣʴʥʳʭ ʩʝʪʷʭ, ʙʳʣʠ 

ʧʨʦʚʝʜʝʥʳ ʠʟʤʝʨʝʥʠʷ ʢʘʥʘʣʴʥʦʡ ʩʢʦʨʦʩʪʠ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ ʧʨʠ ʨʘʙʦʪʝ ʨʘʟʣʠʯʥʳʭ ʧʨʦʪʦʢʦʣʦʚ, 

ʘ ʪʘʢʞʝ ʚʝʣʠʯʠʥʳ ʪʨʘʥʩʧʦʨʪʥʦʡ ʟʘʜʝʨʞʢʠ, ʜʠʘʧʘʟʦʥ ʚʝʣʠʯʠʥ ʢʦʪʦʨʦʡ ʩʦʩʪʘʚʠʣʘ 150 ʤʩ..1 ʩ. 

ʉʣʝʜʫʝʪ ʟʘʤʝʪʠʪʴ, ʯʪʦ ʜʘʥʥʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʟʘʪʨʘʛʠʚʘʝʪ ʫʩʪʘʨʝʚʰʠʝ ʧʨʦʪʦʢʦʣʳ. 

ɺ [95] ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʠʩʩʣʝʜʫʝʪʩʷ ʚʣʠʷʥʠʝ ʟʘʜʝʨʞʝʢ ʚ WAN-ʩʝʪʷʭ ʥʘ ʨʘʙʦʪʫ ʩʠʩʪʝʤ 

ʩʝʨʚʝʨ ï ʪʦʥʢʠʡ ʢʣʠʝʥʪ. ɸʚʪʦʨʘʤʠ ʙʳʣʦ ʧʨʦʚʝʜʝʥʦ ʩʨʘʚʥʝʥʠʝ ʨʷʜʘ ʧʨʦʪʦʢʦʣʦʚ ʧʦ ʧʦʢʘʟʘʪʝʣʷʤ 

ʚʥʦʩʠʤʳʭ ʟʘʜʝʨʞʝʢ ʠ ʟʘʥʷʪʠʷ ʧʦʣʦʩʳ ʧʨʦʧʫʩʢʘʥʠʷ ʧʨʠ ʧʝʨʝʜʘʯʝ ʨʘʟʣʠʯʥʦʛʦ ʪʨʘʬʠʢʘ. ʀʟ 

ʨʝʟʫʣʴʪʘʪʦʚ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʩʣʝʜʫʝʪ, ʯʪʦ ʢʨʠʪʠʯʝʩʢʠ ʚʘʞʥʳʤ ʧʘʨʘʤʝʪʨʦʤ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ 

ʧʨʠʝʤʣʝʤʦʛʦ QoE ʷʚʣʷʶʪʩʷ ʟʘʜʝʨʞʢʠ ʚ ʛʣʦʙʘʣʴʥʦʡ ʠ ʣʦʢʘʣʴʥʦʡ ʩʝʪʷʭ, ʯʪʦ ʧʦʜʪʚʝʨʞʜʘʝʪ 

ʩʢʘʟʘʥʥʦʝ ʚʳʰʝ. ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʨʘʩʩʤʦʪʨʝʥʳ ʥʝʩʢʦʣʴʢʦ ʧʨʦʪʦʢʦʣʦʚ ʜʦʩʪʘʚʢʠ ʫʜʘʣʝʥʥʦʛʦ 

ʨʘʙʦʯʝʛʦ ʩʪʦʣʘ, ʠʥʪʝʨʝʩ ʧʨʝʜʩʪʘʚʣʷʶʪ ʥʘʠʙʦʣʝʝ ʩʦʚʨʝʤʝʥʥʳʝ ʠʟ ʥʠʭ ï ICA, RDP, VNC. 

ʀʟʤʝʨʷʣʘʩʴ ʚʝʣʠʯʠʥʘ ʟʘʜʝʨʞʢʠ ʧʨʠ ʚʳʧʦʣʥʝʥʠʠ ʥʝʩʢʦʣʴʢʠʭ ʚʠʜʦʚ ʜʝʷʪʝʣʴʥʦʩʪʠ ʧʦʣʴʟʦʚʘʪʝʣʷ: 

ʥʘʧʠʩʘʥʠʝ ʧʠʩʴʤʘ (ʪʝʢʩʪ), ʧʨʦʣʠʩʪʳʚʘʥʠʝ (ʩʢʨʦʣʣʠʥʛ) ʩʪʨʘʥʠʮ, ʚʳʜʝʣʝʥʠʝ ʤʳʰʴʶ ʨʘʟʣʠʯʥʳʭ 

ʦʙʣʘʩʪʝʡ ʵʢʨʘʥʘ, ʦʧʝʨʘʮʠʷ ʟʘʛʨʫʟʢʠ ʠʟʦʙʨʘʞʝʥʠʷ ʚ ʬʦʨʤʘʪʝ JPEG. ɿʘʤʝʪʠʤ, ʯʪʦ ʧʦʩʣʝʜʥʷʷ ʠʟ 

ʧʝʨʝʯʠʩʣʝʥʥʳʭ ʦʧʝʨʘʮʠʷ ʦʪʣʠʯʘʝʪʩʷ ʧʦ ʩʧʝʮʠʬʠʢʝ ʦʪ ʧʨʝʜʳʜʫʱʠʭ ʯʝʪʳʨʝʭ, ʧʦʩʢʦʣʴʢʫ ʥʝ 

ʧʨʝʜʫʩʤʘʪʨʠʚʘʝʪ ʠʟʤʝʥʝʥʠʡ ʠʟʦʙʨʘʞʝʥʠʷ ʥʘ ʨʘʙʦʯʝʤ ʩʪʦʣʝ (ʢʦʪʦʨʦʝ ʧʨʠʚʦʜʠʪ ʢ ʥʝʦʙʭʦʜʠʤʦʩʪʠ 

ʧʦʩʪʦʷʥʥʦʛʦ ʦʙʥʦʚʣʝʥʠʷ ʠʟʦʙʨʘʞʝʥʠʷ ʥʘ ʩʝʨʚʝʨʥʦʡ ʩʪʦʨʦʥʝ ʠ ʦʪʩʳʣʢʠ ʦʙʥʦʚʣʝʥʥʦʛʦ). ɺ 

ʨʘʩʩʤʘʪʨʠʚʘʝʤ ʢʦʥʪʝʢʩʪʝ ʩʣʝʜʫʝʪ ʦʙʨʘʪʠʪʴ ʚʥʠʤʘʥʠʝ ʥʘ ʜʝʡʩʪʚʠʝ ʧʨʦʢʨʫʯʠʚʘʥʠʷ (ʩʢʨʦʣʣʠʥʛʘ), 



42 
 

ʧʦʩʢʦʣʴʢʫ ʵʪʦ ʜʝʡʩʪʚʠʝ ʚʳʟʳʚʘʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʧʦʩʪʦʷʥʥʦʡ ʧʝʨʝʜʘʯʠ ʥʦʚʦʛʦ ʠʟʦʙʨʘʞʝʥʠʷ. 

ɼʣʷ ʵʪʦʛʦ ʜʝʡʩʪʚʠʷ ʟʘʜʝʨʞʢʘ ʩʦʩʪʘʚʠʣʘ 150..250 ʤʩ, ʘ ʚʨʝʤʷ ʦʪʢʣʠʢʘ ʩʦʩʪʘʚʠʣʦ 400..600 ʤʩ. 

ɺ [62] ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʧʦʜʭʦʜ ʢ ʨʝʰʝʥʠʶ ʟʘʜʘʯʠ ʫʤʝʥʴʰʝʥʠʷ ʧʨʦʤʝʞʫʪʢʦʚ ʤʝʞʜʫ 

ʧʘʢʝʪʘʤʠ ʚ ʢʣʠʝʥʪ-ʩʝʨʚʝʨʥʦʡ ʩʨʝʜʝ, ʦʜʥʘʢʦ ʵʪʦʪ ʧʦʜʭʦʜ ʧʨʠʤʝʥʷʝʪʩʷ ʢ ʩʠʩʪʝʤʝ ʥʘ ʦʩʥʦʚʝ 

ʘʨʭʠʪʝʢʪʫʨʳ ʍ11, ʢʦʪʦʨʘʷ ʥʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʤʘʣʦ ʚʦʩʪʨʝʙʦʚʘʥʘ ʚ ʢʘʯʝʩʪʚʝ ʦʩʥʦʚʥʦʡ 

ʘʨʭʠʪʝʢʪʫʨʳ ʦʙʣʘʯʥʦʡ ʩʨʝʜʳ. ʂʨʦʤʝ ʪʦʛʦ, ʨʘʙʦʪʘ ʧʦʩʚʷʱʝʥʘ ʧʨʦʙʣʝʤʘʪʠʢʝ ʧʝʨʝʜʘʯʠ ʧʦ ʩʝʪʠ 

ʤʫʣʴʪʠʤʝʜʠʘ ʠ ʠʛʨʦʚʳʭ ʧʨʠʣʦʞʝʥʠʡ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʧʦʣʴʟʦʚʘʪʝʣʠ ʫʩʣʫʛʠ çʚʠʨʪʫʘʣʴʥʳʡ 

ʨʘʙʦʯʠʡ ʩʪʦʣè, ʚ ʦʩʥʦʚʥʦʤ, ʨʘʙʦʪʘʶʪ ʩ ʦʬʠʩʥʳʤʠ ʧʨʠʣʦʞʝʥʠʷʤʠ. 

ɺ ʨʘʙʦʪʝ [114] ʘʚʪʦʨʳ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʠʩʩʣʝʜʦʚʘʣʠ ʚʣʠʷʥʠʝ ʪʨʘʥʩʧʦʨʪʥʳʭ ʟʘʜʝʨʞʝʢ ʥʘ 

ʨʘʙʦʪʫ ʧʨʦʪʦʢʦʣʘ VNC (Virtual Network Computing [99]). ɼʣʷ ʵʪʦʛʦ ʠʤʠ ʙʳʣ ʩʦʙʨʘʥ ʩʪʝʥʜ, 

ʩʦʩʪʦʷʱʠʡ ʠʟ ʩʝʨʚʝʨʘ, ʧʨʦʛʨʘʤʤʥʦʛʦ ʵʤʫʣʷʪʦʨʘ ʪʨʘʥʩʧʦʨʪʥʳʭ ʟʘʜʝʨʞʝʢ ʠ ʪʦʥʢʦʛʦ ʢʣʠʝʥʪʘ. 

ʀʪʦʛʦʤ ʵʪʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʩʪʘʣʠ ʚʳʚʦʜʳ ʦ ʪʦʤ, ʯʪʦ ʧʨʠ ʩʢʦʨʦʩʪʷʭ ʢʘʥʘʣʘ ʤʝʞʜʫ ʩʝʨʚʝʨʦʤ ʠ 

ʢʣʠʝʥʪʦʤ 10 ʠ 100 ʄʙʠʪ/ʩ ʟʘʜʝʨʞʢʠ ʤʝʥʝʝ 150 ʤʩ ʧʦʯʪʠ ʥʝ ʩʢʘʟʳʚʘʶʪʩʷ ʥʘ ʚʦʩʧʨʠʷʪʠʠ 

ʨʘʙʦʯʝʛʦ ʩʪʦʣʘ (ʤʦʛʫʪ ʥʘʙʣʶʜʘʪʴʩʷ ʥʝʟʥʘʯʠʪʝʣʴʥʳʝ ʟʘʧʘʟʜʳʚʘʥʠʷ ʚʠʟʫʘʣʴʥʦʛʦ ʨʷʜʘ), 

ʪʨʘʥʩʧʦʨʪʥʳʝ ʟʘʜʝʨʞʢʠ 150 ʤʩ ï 1 ʩ ʷʚʣʷʶʪʩʷ ʪʝʨʧʠʤʳʤʠ (ʥʘʙʣʶʜʘʶʪʩʷ ʨʘʟʣʠʯʠʤʳʝ 

ʧʦʣʴʟʦʚʘʪʝʣʶ ʟʘʪʦʨʤʘʞʠʚʘʥʠʷ), ʪʨʘʥʩʧʦʨʪʥʳʝ ʟʘʜʝʨʞʢʠ ʙʦʣʝʝ 1 ʩ ʷʚʣʷʶʪʩʷ ʢʨʘʡʥʝ 

ʥʝʧʨʠʷʪʥʳʤʠ (ʩʠʣʴʥʦʝ ʟʘʪʦʨʤʘʞʠʚʘʥʠʝ ʚʠʟʫʘʣʴʥʦʛʦ ʨʷʜʘ), ʪʨʘʥʩʧʦʨʪʥʳʝ ʟʘʜʝʨʞʢʠ ʦʪ 2 ʜʦ 5 ʩ 

ʷʚʣʷʶʪʩʷ ʢʨʠʪʠʯʥʳʤʠ (ʥʘʙʣʶʜʘʝʪʩʷ ʧʦʣʥʦʝ ʨʘʩʩʳʧʘʥʠʝ ʠʟʦʙʨʘʞʝʥʠʷ, ʧʨʠʚʦʜʷʱʝʝ ʢ ʦʩʪʘʥʦʚʢʝ 

ʨʘʙʦʪʳ). ʕʪʦʪ ʚʳʚʦʜ ʩʦʛʣʘʩʫʝʪʩʷ ʩ ʧʨʝʜʳʜʫʱʠʤʠ ʠʩʩʣʝʜʦʚʘʥʠʷʤʠ, ʚ ʯʘʩʪʥʦʩʪʠ ʩ ʠʩʩʣʝʜʦʚʘʥʠʝʤ 

ʜʨʫʛʦʛʦ ʧʨʦʪʦʢʦʣʘ (RDP) ʚ ʨʘʙʦʪʝ [64]. 

ɺ ʨʘʙʦʪʝ [58] ʘʚʪʦʨʘʤʠ ʧʨʝʜʩʪʘʚʣʝʥʘ ʩʦʙʩʪʚʝʥʥʘʷ ʢʦʥʮʝʧʮʠʷ ʧʦʩʪʨʦʝʥʠʷ ʘʨʭʠʪʝʢʪʫʨʳ 

ʫʜʘʣʝʥʥʦʛʦ ʨʘʙʦʯʝʛʦ ʩʪʦʣʘ ʧʦʜ ʥʘʟʚʘʥʠʝʤ THINC. ʆʪʣʠʯʠʪʝʣʴʥʦʡ ʦʩʦʙʝʥʥʦʩʪʴʶ ʵʪʦʡ 

ʘʨʭʠʪʝʢʪʫʨʳ ʷʚʣʷʝʪʩʷ ʩʧʦʩʦʙ ʜʦʩʪʘʚʢʠ ʚʠʜʝʦ ʜʦ ʢʣʠʝʥʪʩʢʦʛʦ ʫʩʪʨʦʡʩʪʚʘ ʚʦ ʚʨʝʤʷ 

ʪʝʨʤʠʥʘʣʴʥʦʡ ʩʝʩʩʠʠ, ʪʦ ʝʩʪʴ ʚʦ ʚʨʝʤʷ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʫʩʣʫʛʠ çʚʠʨʪʫʘʣʴʥʳʡ ʨʘʙʦʯʠʡ ʩʪʦʣè. 

ʇʨʝʜʣʘʛʘʝʪʩʷ ʜʝʪʝʢʪʠʨʦʚʘʥʠʝ ʬʘʢʪʘ ʟʘʧʫʩʢʘ ʚʠʜʝʦ ʧʦʣʴʟʦʚʘʪʝʣʝʤ ʠ ʜʘʣʴʥʝʡʰʘʷ ʧʝʨʝʜʘʯʘ ʚʠʜʝʦ 

ʦʪʜʝʣʴʥʳʤ ʦʪ ʧʦʪʦʢʘ ʠʟʦʙʨʘʞʝʥʠʡ ʚʠʜʝʦ ʧʦʪʦʢʦʤ. ɼʣʷ ʩʠʥʭʨʦʥʠʟʘʮʠʠ ʚʠʜʝʦ ʧʦʪʦʢʘ ʩ ʧʦʪʦʢʦʤ 

ʠʟʦʙʨʘʞʝʥʠʡ ʨʘʙʦʯʝʛʦ ʩʪʦʣʘ ʚʚʦʜʠʪʩʷ ʩʧʝʮʠʘʣʴʥʳʡ ʥʘʙʦʨ ʩʣʫʞʝʙʥʳʭ ʢʦʤʘʥʜ, 

ʦʩʫʱʝʩʪʚʣʷʶʱʠʭ ʩʦʛʣʘʩʦʚʘʥʠʝ ʩ ʧʦʣʴʟʦʚʘʪʝʣʴʩʢʠʤ ʫʩʪʨʦʡʩʪʚʦʤ ʪʠʧʘ ʢʦʜʝʢʘ, ʧʨʦʮʝʩʩʦʨʥʦʛʦ 

ʨʝʩʫʨʩʘ ʜʣʷ ʦʙʨʘʙʦʪʢʠ ʵʪʦʛʦ ʧʦʪʦʢʘ, ʘ ʪʘʢʞʝ ʢʦʤʘʥʜ ʫʧʨʘʚʣʝʥʠʷ ʧʦʪʦʢʦʤ (ʧʘʫʟʘ, ʦʩʪʘʥʦʚʢʘ, 

ʧʝʨʝʤʦʪʢʘ, ʠʟʤʝʥʝʥʠʝ ʙʠʪʨʝʡʪʘ, ʨʘʟʤʝʨʘ ʠ ʪ.ʜ.) ʊʘʢʞʝ ʧʨʠʤʝʥʷʝʪʩʷ ʧʦʜʜʝʨʞʢʘ YUV ʬʦʨʤʘʪʘ 

ʧʠʢʩʝʣʝʡ (YUV ï ʮʚʝʪʦʚʘʷ ʤʦʜʝʣʴ, ʚ ʢʦʪʦʨʦʡ ʮʚʝʪ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʚ ʚʠʜʝ ʪʨʝʭ ʢʦʤʧʦʥʝʥʪ - 

ʷʨʢʦʩʪʴ (Y) ʠ ʜʚʝ ʮʚʝʪʦʨʘʟʥʦʩʪʥʳʭ (U ʠ V), ʧʨʠ ʵʪʦʤ ʢʦʥʚʝʨʪʘʮʠʷ ʠʟ RGB ʬʦʨʤʘʪʘ ʤʦʞʝʪ ʙʳʪʴ 

ʦʩʫʱʝʩʪʚʣʝʥʘ ʧʦ ʩʧʝʮʠʘʣʴʥʳʤ ʬʦʨʤʫʣʘʤ). ʇʨʝʠʤʫʱʝʩʪʚʘ ʧʨʠʤʝʥʝʥʠʷ YUV ʤʦʜʝʣʠ 

ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʪʦʤ, ʯʪʦ ʝʝ ʦʙʨʘʙʦʪʢʘ ʟʘʥʠʤʘʝʪ ʤʝʥʴʰʝ ʨʝʩʫʨʩʘ ʧʦʣʴʟʦʚʘʪʝʣʴʩʢʦʛʦ ʫʩʪʨʦʡʩʪʚʘ, 

ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴ ʦʩʚʦʙʦʜʠʚʰʠʡʩʷ ʨʝʩʫʨʩ ʜʣʷ ʫʩʢʦʨʝʥʠʷ ʦʙʨʘʙʦʪʢʠ ʚʠʜʝʦ ʧʦʪʦʢʘ. ʕʪʘ 
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ʢʦʥʮʝʧʮʠʷ ʨʘʟʚʠʚʘʣʘʩʴ ʚ [63], ʛʜʝ, ʚ ʯʘʩʪʥʦʩʪʠ, ʧʨʠʚʝʜʝʥʦ ʩʨʘʚʥʝʥʠʝ ʜʘʥʥʦʛʦ ʧʦʜʭʦʜʘ ʩ 

ʜʨʫʛʠʤʠ ʧʨʦʪʦʢʦʣʘʤʠ ʜʦʩʪʘʚʢʠ ʨʘʙʦʯʝʛʦ ʩʪʦʣʘ. ʇʨʠʤʝʥʝʥʠʝ ʵʪʦʡ ʠ ʧʨʦʯʠʭ ʪʝʭʥʠʢ ʧʦʟʚʦʣʷʶʪ 

ʦʧʪʠʤʠʟʠʨʦʚʘʪʴ ʧʨʦʮʝʩʩ ʜʦʩʪʘʚʢʠ ʫʜʘʣʝʥʥʦʛʦ ʨʘʙʦʯʝʛʦ ʩʪʦʣʘ, ʯʪʦ ʜʦʣʞʥʦ ʧʦʣʦʞʠʪʝʣʴʥʦ 

ʩʢʘʟʘʪʴʩʷ ʥʘ ʧʦʣʴʟʦʚʘʪʝʣʴʩʢʦʤ ʚʦʩʧʨʠʷʪʠʠ. ʆʜʥʘʢʦ ʜʘʥʥʘʷ ʢʦʥʮʝʧʮʠʷ ʥʘʧʨʘʚʣʝʥʘ ʧʦ ʙʦʣʴʰʝʡ 

ʯʘʩʪʠ ʥʘ ʦʧʪʠʤʠʟʘʮʠʶ ʜʦʩʪʘʚʢʠ ʚʠʜʝʦ ʠ ʥʝ ʥʘʰʣʘ ʰʠʨʦʢʦʛʦ ʧʨʠʤʝʥʝʥʠʷ ʥʘ ʧʨʘʢʪʠʢʝ. 

ɺ ʨʘʙʦʪʝ [109] ʪʘʢʞʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʧʨʦʙʣʝʤʘ ʦʧʪʠʤʠʟʘʮʠʠ ʜʦʩʪʘʚʢʠ ʚʠʜʝʦ ʚ ʨʘʤʢʘʭ 

ʪʝʨʤʠʥʘʣʴʥʦʡ ʩʝʩʩʠʠ. ɸʚʪʦʨʳ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʚʦʶ ʤʝʪʦʜʠʢʫ ʦʨʛʘʥʠʟʘʮʠʠ ʪʝʨʤʠʥʘʣʴʥʦʡ ʩʝʩʩʠʠ, 

ʚ ʦʩʥʦʚʫ ʢʦʪʦʨʦʡ ʧʦʣʦʞʝʥ ʧʨʠʥʮʠʧ ʨʘʟʜʝʣʝʥʠʷ ʧʦʪʦʢʘ ʠʟʦʙʨʘʞʝʥʠʡ ʨʘʙʦʯʝʛʦ ʩʪʦʣʘ ʠ ʚʠʜʝʦ 

ʧʦʪʦʢʘ, ʝʩʣʠ ʧʦʣʴʟʦʚʘʪʝʣʴ ʟʘʧʫʩʢʘʝʪ ʚʠʜʝʦ ʚʦ ʚʨʝʤʷ ʨʘʙʦʪʳ ʩ ʨʘʙʦʯʠʤ ʩʪʦʣʦʤ. ʇʨʠ ʵʪʦʤ ʩʘʤ 

ʚʠʜʝʦʧʦʪʦʢ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʭʘʨʘʢʪʝʨʘ ʚʠʜʝʦ ʤʦʞʝʪ ʜʝʣʠʪʩʷ ʥʘ ʜʚʘ ʧʦʜʧʦʪʦʢʘ, ʢʦʪʦʨʳʝ 

ʦʙʨʘʙʘʪʳʚʘʶʪʩʷ ʨʘʟʣʠʯʥʳʤʠ ʢʦʜʝʢʘʤʠ: ʧʨʦʪʦʢʦʣ RFB [30] ʦʙʨʘʙʘʪʳʚʘʝʪ çʤʝʜʣʝʥʥʳʝ ʚʠʜʝʦè 

(ʪ.ʝ. ʧʦʪʦʢʠ ʩ ʤʝʜʣʝʥʥʦ ʠʟʤʝʥʷʶʱʠʤʩʷ ʚʠʜʝʦʨʷʜʦʤ), H.264 ʦʙʨʘʙʘʪʳʚʘʝʪ çʙʳʩʪʨʳʝ ʚʠʜʝʦè (ʪ.ʝ. 

ʧʦʪʦʢʠ ʩ ʙʳʩʪʨʦ ʤʝʥʷʶʱʠʤʩʷ ʚʠʜʝʦʨʷʜʦʤ).  

RFB (Remote Frame Protocol) ï ʧʨʦʪʦʢʦʣ ʫʜʘʣʝʥʥʦʛʦ ʜʦʩʪʫʧʘ ʢ ʛʨʘʬʠʯʝʩʢʦʤʫ ʠʥʪʝʨʬʝʡʩʫ 

ʧʦʣʴʟʦʚʘʪʝʣʴʩʢʦʛʦ ʢʦʤʧʴʶʪʝʨʘ. ʅʘ ʦʩʥʦʚʝ ʵʪʦʛʦ ʧʨʦʪʦʢʦʣʘ ʧʦʩʪʨʦʝʥʘ ʩʠʩʪʝʤʘ ʫʜʘʣʝʥʥʦʛʦ 

ʜʦʩʪʫʧʘ ʢ ʛʨʘʬʠʯʝʩʢʦʡ ʩʨʝʜʝ ʢʦʤʧʴʶʪʝʨʘ VNC (Virtual Network Computing) [99]. ʉʨʝʜʘ VNC 

ʧʨʠʤʝʥʷʝʪʩʷ ʜʣʷ ʫʜʘʣʝʥʥʦʛʦ ʤʦʥʠʪʦʨʠʥʛʘ ʨʘʙʦʯʠʭ ʩʪʘʥʮʠʡ ʠ ʠʭ ʘʜʤʠʥʠʩʪʨʠʨʦʚʘʥʠʷ, ʘ ʥʝ ʢʘʢ 

ʩʨʝʜʩʪʚʦ ʜʦʩʪʘʚʢʠ ʚʠʨʪʫʘʣʴʥʦ ʨʘʙʦʯʝʛʦ ʩʪʦʣʘ ʚ ʨʘʤʢʘʭ ʪʝʨʤʠʥʘʣʴʥʦʡ ʩʝʩʩʠʠ ʫʩʣʫʛʠ 

çʚʠʨʪʫʘʣʴʥʳʡ ʨʘʙʦʯʠʡ ʩʪʦʣè.  

ɼʘʥʥʘʷ ʨʘʙʦʪʘ ʪʘʢʞʝ ʥʘʧʨʘʚʣʝʥʘ ʚ ʦʩʥʦʚʥʦʤ ʥʘ ʦʧʪʠʤʠʟʘʮʠʶ ʜʦʩʪʘʚʢʠ ʚʠʜʝʦ ʚ ʨʘʤʢʘʭ 

ʪʝʨʤʠʥʘʣʴʥʦʡ ʩʝʩʩʠʠ, ʘ ʪʘʢʞʝ ʥʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪ ʥʘʰʝʜʰʠʝ ʧʨʠʤʝʥʝʥʠʝ ʥʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ 

ʧʨʦʪʦʢʦʣʳ.  

ɺʝʣʠʯʠʥʘ ʟʘʜʝʨʞʢʠ ʠʟ ʈʝʢʦʤʝʥʜʘʮʠʠ G.1010 ʦʯʝʨʯʠʚʘʝʪ ʚʝʨʭʥʠʡ ʧʨʝʜʝʣ ʜʣʷ ʟʘʜʝʨʞʢʠ, 

ʦʜʥʘʢʦ ʩʧʝʮʠʬʠʢʘ ʫʩʣʫʛʠ çʚʠʨʪʫʘʣʴʥʳʡ ʨʘʙʦʯʠʡ ʩʪʦʣè ʙʦʣʝʝ ʯʫʚʩʪʚʠʪʝʣʴʥʘ ʢ ʟʘʜʝʨʞʢʘʤ. 

ʇʦʵʪʦʤʫ ʠʩʩʣʝʜʦʚʘʥʠʷ [64, 89, 114] ʩʫʞʘʶʪ ʢʨʫʛ ʪʨʝʙʦʚʘʥʠʡ ʜʦ ʤʝʥʴʰʠʭ ʚʝʣʠʯʠʥ, ʧʦʩʢʦʣʴʢʫ 

ʟʘʪʨʘʛʠʚʘʶʪ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʨʘʩʩʤʘʪʨʠʚʘʝʤʫʶ ʫʩʣʫʛʫ. 

ʅʘ ʦʩʥʦʚʘʥʠʠ ʧʝʨʝʯʠʩʣʝʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʚʦʩʧʨʠʷʪʠʷ ʢʘʯʝʩʪʚʘ ʨʘʙʦʪʳ ʩ ʫʩʣʫʛʦʡ ʧʨʠ 

ʨʘʟʣʠʯʥʳʭ ʟʘʜʝʨʞʢʘʭ, ʘ ʪʘʢʞʝ ʥʘ ʦʩʥʦʚʘʥʠʠ ʜʘʥʥʳʭ ʠʟ ʨʝʢʦʤʝʥʜʘʮʠʡ ʄʉʕ-ʊ (ʢ ʩʝʪʷʤ ʧʝʨʝʜʘʯʠ 

ʜʘʥʥʳʭ ʧʦ ʟʘʜʝʨʞʢʘʤ (Y.1541) ʠ ʪʨʝʙʦʚʘʥʠʷʤ ʢ ʢʘʪʝʛʦʨʠʷʤ QoS ʠʟ ʢʦʥʮʘ ʚ ʢʦʥʝʮ (G.1010)), 

ʤʦʞʥʦ ʦʮʝʥʠʪʴ ʜʠʘʧʘʟʦʥ ʧʨʠʝʤʣʝʤʦʡ ʪʨʘʥʩʧʦʨʪʥʦʡ ʟʘʜʝʨʞʢʠ, ʩʦʩʪʘʚʣʷʶʱʠʡ 120..150 ʤʩ, 

ʢʦʪʦʨʳʡ ʠʩʧʦʣʴʟʫʝʤ ʜʘʣʝʝ ʧʨʠ ʦʮʝʥʢʝ ʚʨʝʤʝʥʠ ʦʪʢʣʠʢʘ. 

ʇʨʦʚʘʡʜʝʨ ʩʝʪʠ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ ʤʦʞʝʪ ʜʝʢʣʘʨʠʨʦʚʘʪʴ ʩʦʦʪʚʝʪʩʪʚʠʝ ʩʝʪʠ ʪʦʤʫ ʠʣʠ ʠʥʦʤʫ 

ʢʣʘʩʩʫ QoS, ʥʘʧʨʠʤʝʨ, ʢʣʘʩʩʫ 1. ɿʥʘʯʠʪ, ʟʘʜʝʨʞʢʘ ʙʫʜʝʪ ʫʜʦʚʣʝʪʚʦʨʷʪʴ ʚʳʰʝʫʢʘʟʘʥʥʳʤ 

ʪʨʝʙʦʚʘʥʠʷʤ. 
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2.2 ʀʩʩʣʝʜʦʚʘʥʠʝ ʚʣʠʷʥʠʷ ʩʝʪʝʚʳʭ ʠ ʩʝʨʚʝʨʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʥʘ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʝ ʫʩʣʫʛʠ 

 

2.2.1 ʀʩʩʣʝʜʦʚʘʥʠʝ ʩʢʦʨʦʩʪʠ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ ʧʨʠ ʨʘʙʦʪʝ ʩʦʚʨʝʤʝʥʥʳʭ ʧʨʦʪʦʢʦʣʦʚ 

ʜʦʩʪʘʚʢʠ ʚʠʨʪʫʘʣʴʥʦʛʦ ʨʘʙʦʯʝʛʦ ʩʪʦʣʘ 

 

 

ʉʢʦʨʦʩʪʴ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ ʷʚʣʷʝʪʩʷ ʧʘʨʘʤʝʪʨʦʤ NP, ʥʘ ʢʦʪʦʨʳʭ ʙʘʟʠʨʫʶʪʩʷ ʧʘʨʘʤʝʪʨʳ 

ʢʘʯʝʩʪʚʘ. ʇʨʠ ʥʝʫʜʦʚʣʝʪʚʦʨʝʥʠʠ ʵʪʠʤ ʧʘʨʘʤʝʪʨʘʤ ʥʝʚʦʟʤʦʞʥʦ ʦʙʝʩʧʝʯʠʪʴ ʪʨʝʙʦʚʘʥʠʷ ʧʦ 

ʢʘʯʝʩʪʚʫ. 

 ɼʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʩʢʦʨʦʩʪʠ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ ʧʨʠ ʨʘʙʦʪʝ ʩʦʚʨʝʤʝʥʥʳʭ ʧʨʦʪʦʢʦʣʦʚ 

ʜʦʩʪʘʚʢʠ ʚʠʨʪʫʘʣʴʥʦʛʦ ʨʘʙʦʯʝʛʦ ʩʪʦʣʘ, ʚ ʯʘʩʪʥʦʩʪʠ, ʜʣʷ ʦʮʝʥʢʠ ʝʝ ʤʠʥʠʤʘʣʴʥʦ ʜʦʧʫʩʪʠʤʳʭ ʠ 

ʢʦʤʬʦʨʪʥʳʭ ʟʥʘʯʝʥʠʡ ʧʨʠ ʨʘʙʦʪʝ ʩ ʫʜʘʣʝʥʥʳʤ ʩʝʨʚʝʨʦʤ ʫʩʣʫʛʠ ʦʩʫʱʝʩʪʚʠʤ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ.  

ʀʩʩʣʝʜʦʚʘʥʠʝ ʨʘʟʜʝʣʝʥʦ ʥʘ ʜʚʘ ʵʪʘʧʘ. ʅʘ ʧʝʨʚʦʤ ʵʪʘʧʝ ʮʝʣʴʶ ʷʚʣʷʝʪʩʷ ʠʟʤʝʨʝʥʠʝ 

ʟʘʛʨʫʞʝʥʥʦʩʪʠ ʢʘʥʘʣʘ ʧʨʠ ʨʘʙʦʪʝ VDI ʚ çʥʦʨʤʘʣʴʥʳʭè ʩʪʘʥʜʘʨʪʥʳʭ ʫʩʣʦʚʠʷʭ, ʘ ʠʤʝʥʥʦ: 

ʦʙʣʘʯʥʘʷ ʧʣʘʪʬʦʨʤʘ ʨʘʟʚʝʨʥʫʪʘ ʚ ʣʦʢʘʣʴʥʦʡ ʩʝʪʠ, ʥʘ ʫʯʘʩʪʢʝ ʩʝʨʚʝʨ ï ʢʦʤʤʫʪʘʪʦʨ ï ʪʦʥʢʠʡ 

ʢʣʠʝʥʪ ʠʩʧʦʣʴʟʫʝʪʩʷ Fast Ethernet (100 ʄʙʠʪ/ʩ), ʢʣʠʝʥʪ ʠʩʧʦʣʴʟʫʝʪ ʦʜʠʥ ʤʦʥʠʪʦʨ. ʅʘ ʚʪʦʨʦʤ 

ʵʪʘʧʝ ʮʝʣʴʶ ʷʚʣʷʝʪʩʷ ʠʟʤʝʨʝʥʠʝ ʟʘʛʨʫʞʝʥʥʦʩʪʠ ʢʘʥʘʣʘ ʧʨʠ ʚʥʝʩʝʥʠʠ ʨʘʟʣʠʯʥʳʭ ʚʝʣʠʯʠʥ 

ʩʝʪʝʚʳʭ ʟʘʜʝʨʞʝʢ [36]. 

ʉʪʝʥʜ ʩʦʩʪʦʠʪ ʠʟ çʆʙʣʘʢʘè, ʢʦʤʤʫʪʘʪʦʨʘ ʜʦʩʪʫʧʘ, ʪʦʥʢʦʛʦ ʢʣʠʝʥʪʘ ʠ ʠʟʤʝʨʠʪʝʣʴʥʦʛʦ ʇʂ 

ʩ ʫʩʪʘʥʦʚʣʝʥʥʦʡ ʆʉ FreeBSD [32, 65]. çʆʙʣʘʢʦè ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ 4 ʨʘʟʣʠʯʥʳʭ ʧʣʘʪʬʦʨʤʳ 

ʚʠʨʪʫʘʣʠʟʘʮʠʠ (Citrix XenServer 6.2, VMware ESXi 5.1, Microsoft Hyper-V, Red Hat RHEV), 

ʢʦʪʦʨʳʝ ʟʘʧʫʩʢʘʶʪʩʷ ʧʦʦʯʝʨʝʜʥʦ), ʨʝʧʦʟʠʪʦʨʠʡ ʚʠʨʪʫʘʣʴʥʳʭ ʤʘʰʠʥ, ʩʝʨʚʝʨ ʘʚʪʦʨʠʟʘʮʠʠ, 

ʩʝʨʚʝʨ ʛʨʫʧʧʦʚʳʭ ʧʦʣʠʪʠʢ [102]. 
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ʀʟʤʝʨʝʥʠʷ ʧʨʦʠʟʚʦʜʠʣʠʩʴ ʧʨʦʛʨʘʤʤʦʡ Iftop [65]. ʈʝʟʫʣʴʪʘʪʳ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣʠʮʝ 

ʇ.1 ʇʨʠʣʦʞʝʥʠʷ 1 ʠ ʥʘ ʨʠʩʫʥʢʝ 2.5. ɺ ʪʘʙʣʠʮʝ ʪʨʝʪʠʡ ʩʪʦʣʙʝʮ çɹʝʟʜʝʡʩʪʚʠʝè ʦʟʥʘʯʘʝʪ 

ʚʢʣʶʯʝʥʥʫʶ ʩʝʩʩʠʶ ʢʣʠʝʥʪ ï ʩʝʨʚʝʨ ʙʝʟ ʢʘʢʠʭ - ʣʠʙʦ ʜʝʡʩʪʚʠʡ ʩʦ ʩʪʦʨʦʥʳ ʢʣʠʝʥʪʘ; ʩʪʦʣʙʝʮ 

çʈʘʙʦʪʘè ʦʟʥʘʯʘʝʪ ʜʚʠʞʝʥʠʝ ʢʫʨʩʦʨʘ, ʧʝʨʝʤʝʱʝʥʠʝ ʦʢʦʥ, ʦʪʢʨʳʪʠʝ ʠ ʟʘʢʨʳʪʠʝ ʬʘʡʣʦʚ; 

ʩʪʦʣʙʝʮ çWeb-ʩʝʨʬʠʥʛè ʦʟʥʘʯʘʝʪ ʦʪʢʨʳʪʠʝ ʠ ʟʘʢʨʳʪʠʝ ʚʢʣʘʜʦʢ ʚ ʙʨʘʫʟʝʨʝ, ʩʢʨʦʣʣʠʥʛ ʩʪʨʘʥʠʮ, 

ʟʘʧʦʣʥʝʥʥʳʭ ʠʟʦʙʨʘʞʝʥʠʷʤʠ; ʩʪʦʣʙʝʮ çʇʨʦʩʤʦʪʨ ʚʠʜʝʦ ʚ ʙʨʘʫʟʝʨʝè ʦʟʥʘʯʘʝʪ ʧʨʦʩʤʦʪʨ ʚʠʜʝʦ 

ʩ ʧʦʧʫʣʷʨʥʦʛʦ ʩʘʡʪʘ http://youtube.com; ʩʪʦʣʙʝʮ çRemoteFXè ʦʟʥʘʯʘʝʪ ʠʩʧʦʣʴʟʦʚʘʥʠʝ 

ʘʧʧʘʨʘʪʥʦʛʦ ʫʩʢʦʨʝʥʠʷ ʦʙʨʘʙʦʪʢʠ ʚʠʜʝʦ (ʪʦʣʴʢʦ ʜʣʷ Microsoft HyperV), ʚʠʜʝʦ ʠʤʝʝʪ ʢʘʯʝʩʪʚʦ 

1024ʭ768 ʥʘ ʵʢʨʘʥʝ ʩ ʨʘʟʨʝʰʝʥʠʝʤ 1366ʭ768; ʩʪʦʣʙʝʮ çɺʝʨʩʠʷè ʚʚʝʜʝʥ ʧʦʪʦʤʫ, ʯʪʦ 

ʧʨʦʠʟʚʦʜʠʪʝʣʠ ʧʣʘʪʬʦʨʤ ʚʠʨʪʫʘʣʠʟʘʮʠʠ ʚʥʦʩʷʪ ʢʦʨʨʝʢʪʠʚʳ ʚ ʤʝʭʘʥʠʟʤʳ ʨʘʙʦʪʳ ʩʚʦʠʭ 

ʧʨʦʪʦʢʦʣʦʚ, ʯʪʦ ʧʨʷʤʳʤ ʦʙʨʘʟʦʤ ʩʢʘʟʳʚʘʝʪʩʷ ʥʘ ʢʘʯʝʩʪʚʝ. 

ʉʣʝʜʫʝʪ ʟʘʤʝʪʠʪʴ, ʯʪʦ ʨʘʟʣʠʯʥʳʝ ʧʣʘʪʬʦʨʤʳ, ʧʨʝʜʦʩʪʘʚʣʷʶʱʠʝ ʦʙʣʘʯʥʳʝ ʫʩʣʫʛʠ, 

ʦʙʣʘʜʘʶʪ ʨʘʟʥʦʡ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴʶ, ʧʦʩʢʦʣʴʢʫ ʢʘʞʜʘʷ ʪʘʢʘʷ ʧʣʘʪʬʦʨʤʘ ʨʘʙʦʪʘʝʪ ʥʘ ʦʩʥʦʚʝ 

ʩʚʦʠʭ ʩʦʙʩʪʚʝʥʥʳʭ ʧʨʦʪʦʢʦʣʦʚ. ʂʘʢ ʙʳʣʦ ʩʢʘʟʘʥʦ ʨʘʥʝʝ, ʥʘʠʙʦʣʴʰʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ 

ʧʦʣʫʯʠʣʠ Microsoft Remote Desktop Protocol (RDP), Citrix High Definition user eXperience (HDX), 

VMware Personal Computer over IP (PCoIP), Red Hat SPICE. ʕʪʠ ʧʨʦʪʦʢʦʣʳ ʦʙʣʘʜʘʶʪ 

ʨʘʟʣʠʯʥʳʤʠ ʤʝʭʘʥʠʟʤʘʤʠ ʫʧʨʘʚʣʝʥʠʷ ʜʦʩʪʘʚʢʦʡ ʧʨʠʣʦʞʝʥʠʡ ʧʦʚʝʨʭ ʧʨʦʪʦʢʦʣʘ ʪʨʘʥʩʧʦʨʪʥʦʛʦ 

ʫʨʦʚʥʷ TCP/UDP, ʨʘʟʣʠʯʥʳʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʠ ʩʧʦʩʦʙʘʤʠ ʦʨʛʘʥʠʟʘʮʠʠ ʩʦʝʜʠʥʝʥʠʷ. 

ʈʠʩ. 2.4. ʊʝʩʪʦʚʳʡ ʩʪʝʥʜ 
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ʈʠʩ. 2.5. ʀʩʩʣʝʜʦʚʘʥʠʝ ʢʘʥʘʣʴʥʦʡ ʩʢʦʨʦʩʪʠ ʧʝʨʝʜʘʯʠ 

ʜʘʥʥʳʭ ʜʣʷ ʨʘʟʣʠʯʥʳʭ ʧʨʦʪʦʢʦʣʦʚ ʚʠʨʪʫʘʣʠʟʘʮʠʠ 

 
 

ʇʦʵʪʦʤʫ ʧʨʠ ʦʮʝʥʢʝ ʧʘʨʘʤʝʪʨʦʚ ʢʘʯʝʩʪʚʘ ʥʝʦʙʭʦʜʠʤʦ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʵʪʦʪ ʚʦʧʨʦʩ ʦʪʜʝʣʴʥʦ ʜʣʷ 

ʢʘʞʜʦʡ ʢʦʥʢʨʝʪʥʦʡ ʧʣʘʪʬʦʨʤʳ ʚʠʨʪʫʘʣʠʟʘʮʠʠ, ʢʦʪʦʨʘʷ ʨʘʟʚʝʨʥʫʪʘ ʚ ʦʙʣʘʢʝ.  

ʇʨʠ ʨʘʙʦʪʝ ʩ ʦʙʣʘʯʥʳʤʠ ʫʩʣʫʛʘʤʠ ʧʦʣʴʟʦʚʘʪʝʣʠ ʚʳʧʦʣʥʷʶʪ ʜʝʡʩʪʚʠʷ ʚ ʨʝʞʠʤʝ 

ʨʝʘʣʴʥʦʛʦ ʚʨʝʤʝʥʠ ʯʝʨʝʟ ʧʨʦʪʦʢʦʣ ʩʦʝʜʠʥʝʥʠʷ ʪʦʥʢʦʛʦ ʢʣʠʝʥʪʘ. ʕʪʦ ʤʦʞʝʪ ʙʳʪʴ ʦʪʧʨʘʚʢʘ 

ʵʣʝʢʪʨʦʥʥʦʡ ʧʦʯʪʳ, ɺʝʙ-ʩʝʨʬʠʥʛ, ʧʨʦʩʤʦʪʨ ʚʠʜʝʦ ʠ ʬʣʵʰ-ʢʦʥʪʝʥʪʘ ʠ ʪ.ʧ. ʇʦʣʫʯʘʝʪʩʷ, ʯʪʦ 

ʫʪʠʣʠʟʘʮʠʷ ʧʦʣʦʩʳ ʢʘʥʘʣʘ ʷʚʣʷʝʪʩʷ ʚʘʞʥʳʤ ʘʩʧʝʢʪʦʤ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʢʘʯʝʩʪʚʘ, 

ʚʦʩʧʨʠʥʠʤʘʝʤʦʛʦ ʢʦʥʝʯʥʳʤʠ ʧʦʣʴʟʦʚʘʪʝʣʷʤʠ. ʆʪ ʪʦʛʦ, ʢʘʢʦʡ ʨʘʙʦʪʦʡ ʟʘʥʠʤʘʝʪʩʷ ʧʦʣʴʟʦʚʘʪʝʣʴ, 

ʟʘʚʠʩʠʪ, ʥʘʩʢʦʣʴʢʦ ʩʠʣʴʥʦ ʙʫʜʝʪ ʥʘʛʨʫʞʝʥ ʢʘʥʘʣ: ʚʠʜʝʦ-ʧʦʪʦʢʠ ʠʤʝʶʪ ʥʘʠʙʦʣʝʝ ʚʳʩʦʢʦʝ 

ʧʦʪʨʝʙʣʝʥʠʝ ʧʦʣʦʩʳ ʧʨʦʧʫʩʢʘʥʠʷ, ʦʩʦʙʝʥʥʦ, ʝʩʣʠ ʵʪʦ ʧʦʪʦʢʠ HD-ʢʘʯʝʩʪʚʘ. ʄʝʥʝʝ ʚʩʝʛʦ 

ʨʝʩʫʨʩʦʚ ʧʦʪʨʝʙʫʶʪ, ʢ ʧʨʠʤʝʨʫ, ʦʧʝʨʘʮʠʠ ʩ ʪʝʢʩʪʦʚʳʤʠ ʜʦʢʫʤʝʥʪʘʤʠ. ʉʣʝʜʫʝʪ, ʦʜʥʘʢʦ, 

ʫʯʠʪʳʚʘʪʴ, ʯʪʦ ʜʘʞʝ ʝʩʣʠ ʧʦʣʴʟʦʚʘʪʝʣʴ ʥʝ ʟʘʧʫʩʢʘʝʪ ʥʠʢʘʢʠʭ ʧʨʠʣʦʞʝʥʠʡ, ʦʪʨʠʩʦʚʢʘ ʨʘʙʦʯʝʛʦ 

ʩʪʦʣʘ, ʧʦ ʩʫʪʠ, ʝʩʪʴ ʥʝ ʯʪʦ ʠʥʦʝ, ʢʘʢ ʥʝʧʨʝʨʳʚʥʳʡ ʧʦʪʦʢ ʠʟʦʙʨʘʞʝʥʠʡ ʪʦʛʦ, ʯʪʦ ʦʪʦʙʨʘʞʘʝʪʩʷ 

ʥʘ ʨʘʙʦʯʝʤ ʩʪʦʣʝ ʚ ʢʘʞʜʳʡ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ, ʜʘʞʝ ʝʩʣʠ ʵʪʦ ʩʪʘʪʠʯʥʘʷ ʢʘʨʪʠʥʢʘ. 

ʀʟ ʜʠʘʛʨʘʤʤʳ, ʧʦʢʘʟʘʥʥʦʡ ʥʘ ʨʠʩʫʥʢʝ 2.5, ʩʣʝʜʫʝʪ, ʯʪʦ ʧʨʠ ʠʜʝʘʣʴʥʳʭ ʩʝʪʝʚʳʭ 

ʫʩʣʦʚʠʷʭ, ʪ.ʝ. ʢʦʛʜʘ ʚ ʩʝʪʠ ʧʨʠʩʫʪʩʪʚʫʝʪ ʪʦʣʴʢʦ ʦʜʠʥ ʢʣʠʝʥʪ ʠ ʦʜʠʥ ʩʝʨʚʝʨ ʫʩʣʫʛʠ, ʩʢʦʨʦʩʪʴ ʧʨʠ 

ʚʳʧʦʣʥʝʥʠʠ ʩʪʘʥʜʘʨʪʥʦʡ ʨʘʙʦʪʳ ʦʬʠʩʥʦʛʦ ʩʦʪʨʫʜʥʠʢʘ ʤʦʞʝʪ ʙʳʪʴ ʜʦʩʪʠʛʘʪʴ 50 ʄʙʠʪ/ʩ, ʘ ʚ 

ʨʝʘʣʴʥʳʭ ʫʩʣʦʚʠʷʭ ʵʪʦʪ ʧʦʢʘʟʘʪʝʣʴ ʤʦʞʝʪ ʦʢʘʟʘʪʴʩʷ ʚʳʰʝ. 

 

 

 

ɺ [115] ʧʨʠʚʝʜʝʥʦ ʠʩʩʣʝʜʦʚʘʥʠʝ ʟʘʛʨʫʞʝʥʥʦʩʪʠ ʢʘʥʘʣʘ ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʩʮʝʥʘʨʠʷʭ ʨʘʙʦʪʳ 

ʧʦʣʴʟʦʚʘʪʝʣʝʡ ʠ ʨʘʟʣʠʯʥʳʭ ʩʝʪʝʚʳʭ ʫʩʣʦʚʠʷʭ. ɽʛʦ ʨʝʟʫʣʴʪʘʪʳ ʧʦʢʘʟʘʥ rʚ ʪʘʙʣʠʮʝ 2.2. 
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ʊʘʙʣʠʮʘ 2.2. ʀʩʩʣʝʜʦʚʘʥʠʝ ʟʘʛʨʫʟʢʠ ʢʘʥʘʣʘ 

  

ʀʩʧʦʣʴʟʦʚʘʥʠʝ 

ʚʠʜʝʦ 
ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʢʘʥʘʣʘ 

ʊʠʧ ʧʦʣʴʟʦʚʘʪʝʣʷ ʈʝʜʢʦ  ʏʘʩʪʦ 

ʄʠʥʠʤʘʣʴʥʘʷ 

ʩʢʦʨʦʩʪʴ 

ʧʝʨʝʜʘʯʠ 

ʜʘʥʥʳʭ 

ʄʠʥʠʤʘʣʴʥʘʷ 

ʩʢʦʨʦʩʪʴ ʧʝʨʝʜʘʯʠ 

ʜʘʥʥʳʭ, 

ʥʝʦʙʭʦʜʠʤʘʷ ʜʣʷ 

ʢʦʤʬʦʨʪʥʦʡ ʨʘʙʦʪʳ 

ʇʨʦʩʪʳʝ ʟʘʜʘʯʠ 
    <70 ʢʙʠʪ/ʩ 500 ʢʙʠʪ/ʩ 

    <100 ʢʙʠʪ/ʩ 1 ʄʙʠʪ/ʩ 

ɹʘʟʦʚʘʷ ʦʬʠʩʥʘʷ ʨʘʙʦʪʘ     <150 ʢʙʠʪ/ʩ 750 ʢʙʠʪ/ʩ 

ɸʢʪʠʚʥʘʷ ʦʬʠʩʥʘʷ ʨʘʙʦʪʘ 
    <250 ʢʙʠʪ/ʩ 1-3 ʄʙʠʪ/ʩ 

V    <600 ʢʙʠʪ/ʩ 5 ʄʙʠʪ/ʩ 

ʇʨʦʜʚʠʥʫʪʘʷ ʦʬʠʩʥʘʷ ʨʘʙʦʪʘ 
V    <1.25 ʄʙʠʪ/ʩ 7 ʄʙʠʪ/ʩ 

V  
 

<2.5 ʄʙʠʪ/ʩ >10 ʄʙʠʪ/ʩ 

ɹʘʟʦʚʘʷ ʨʘʙʦʪʘ ʩ CAD (WAN) V  
 

>1 ʢʙʠʪ/ʩ >2 ʄʙʠʪ/ʩ 

ɹʘʟʦʚʘʷ ʨʘʙʦʪʘ ʩ CAD (LAN) V  
 

>3 ʢʙʠʪ/ʩ >10 ʄʙʠʪ/ʩ 

ɿʘʧʫʩʢ ʚʠʜʝʦ 

 

V  >7 ʄʙʠʪ/ʩ >30 ʄʙʠʪ/ʩ 

ɿʘʧʫʩʢ ʪʷʞʝʣʦʛʦ ʚʠʜʝʦ 
 

V  >30 ʄʙʠʪ/ʩ >50 ʄʙʠʪ/ʩ 

ʇʨʦʜʚʠʥʫʪʘʷ ʨʘʙʦʪʘ ʩ ʛʨʘʬʠʢʦʡ ʠ 

CAD 

 

V  >30 ʄʙʠʪ/ʩ >70 ʄʙʠʪ/ʩ 

ʀʛʨʳ 
 

V  >80 ʄʙʠʪ/ʩ >120 ʄʙʠʪ/ʩ 

 

ʀʟ ʧʨʦʚʝʜʝʥʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʘ ʪʘʢʞʝ ʜʘʥʥʳʭ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʚ [115], ʚʠʜʥʦ, ʯʪʦ 

ʩʢʦʨʦʩʪʴ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ 100 ʄʙʠʪ/ʩ ʷʚʣʷʝʪʩʷ ʥʝʜʦʩʪʘʪʦʯʥʦʡ ʥʘ ʩʝʪʝʚʦʤ ʠʥʪʝʨʬʝʡʩʝ ʩʝʨʚʝʨʘ 

ʫʩʣʫʛʠ ʥʘ ʩʝʪʠ ʩ ʤʥʦʞʝʩʪʚʦʤ ʢʣʠʝʥʪʦʚ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʠʭ ʦʜʥʦʚʨʝʤʝʥʥʦʡ ʨʘʙʦʪʳ ʩ ʟʘʜʘʥʥʳʤ 

ʫʨʦʚʥʝʤ ʢʘʯʝʩʪʚʘ. ɿʥʘʯʠʪ, ʜʦʣʞʥʳ ʧʨʠʤʝʥʷʪʴʩʷ ʨʘʟʣʠʯʥʳʝ ʩʧʦʩʦʙʳ ʝʝ ʫʚʝʣʠʯʝʥʠʷ, ʥʘʧʨʠʤʝʨ, 

ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʩʝʨʚʝʨʥʳʭ ʩʝʪʝʚʳʭ ʢʘʨʪ, ʧʦʜʜʝʨʞʠʚʘʶʱʠʭ ʙʦʣʴʰʠʝ ʩʢʦʨʦʩʪʠ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ 

ʠʣʠ ʧʨʠʤʝʥʝʥʠʷ ʪʝʭʥʦʣʦʛʠʡ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʩʝʪʝʚʦʡ ʥʘʛʨʫʟʢʠ ʧʦʣʴʟʦʚʘʪʝʣʝʡ ʥʘ ʠʥʪʝʨʬʝʡʩʳ 

ʩʝʨʚʝʨʘ ʠ ʪ.ʜ.  

ʅʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʩʢʦʨʦʩʪʴ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ ʥʘ ʩʝʪʝʚʦʤ ʠʥʪʝʨʬʝʡʩʝ ʩʝʨʚʝʨʘ ʜʦʣʞʥʘ 

ʩʦʩʪʘʚʣʷʪʴ ʤʠʥʠʤʫʤ 1 ɻʙʠʪ/ʩ ʚ ʨʝʞʠʤʝ ʧʦʜʢʣʶʯʝʥʠʷ ʥʝʩʢʦʣʴʢʠʭ ʧʦʣʴʟʦʚʘʪʝʣʝʡ ʫʩʣʫʛʠ. ʈʘʩʯʝʪ 

ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʧʦʣʴʟʦʚʘʪʝʣʝʡ ʧʨʠ ʟʘʜʘʥʥʳʭ ʫʩʣʦʚʠʷʭ ʙʫʜʝʪ ʧʨʦʠʟʚʝʜʝʥ ʚ ʨʘʟʜʝʣʝ 3. 

 

 

2.2.2 ʀʩʩʣʝʜʦʚʘʥʠʝ ʟʘʚʠʩʠʤʦʩʪʠ ʪʨʘʥʩʧʦʨʪʥʦʡ ʟʘʜʝʨʞʢʠ ʦʪ ʩʢʦʨʦʩʪʠ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ 

 

 

ʋʩʣʫʛʘ çʚʠʨʪʫʘʣʴʥʳʡ ʨʘʙʦʯʠʤ ʩʪʦʣè, ʙʫʜʫʯʠ ʧʨʝʜʦʩʪʘʚʣʷʝʤʦʡ ʠʟ ʦʙʣʘʢʘ, ʧʦ ʩʚʦʝʡ ʩʫʪʠ 

ʷʚʣʷʝʪʩʷ ʫʩʣʫʛʦʡ ʨʝʘʣʴʥʦʛʦ ʚʨʝʤʝʥʠ (online), ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʢʨʠʪʠʯʝʩʢʠ ʚʘʞʥʳʤʠ 

ʧʘʨʘʤʝʪʨʘʤʠ, ʦʧʨʝʜʝʣʷʶʱʠʤʠ ʢʘʯʝʩʪʚʦ ʜʘʥʥʦʡ ʫʩʣʫʛʠ, ʷʚʣʷʶʪʩʷ ʚʨʝʤʝʥʥʳʝ ʟʘʜʝʨʞʢʠ ʠ 
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ʚʝʣʠʯʠʥʘ ʩʢʦʨʦʩʪʠ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ. ʋʚʝʣʠʯʝʥʠʝ ʚʝʣʠʯʠʥ ʪʨʘʥʩʧʦʨʪʥʦʡ ʟʘʜʝʨʞʢʠ ʠ 

ʫʤʝʥʴʰʝʥʠʝ ʩʢʦʨʦʩʪʠ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ ʧʨʠʚʦʜʷʪ ʢ ʦʱʫʪʠʤʦʤʫ ʜʠʩʢʦʤʬʦʨʪʫ ʚ ʨʘʙʦʪʝ 

ʧʦʣʴʟʦʚʘʪʝʣʷ: ʠʟʦʙʨʘʞʝʥʠʝ ʟʘʧʘʟʜʳʚʘʝʪ, ʥʘʙʣʶʜʘʶʪʩʷ ʟʘʚʠʩʘʥʠʷ ʠ ʪ.ʜ.  

ʀʩʩʣʝʜʦʚʘʥʠʝ ʚʣʠʷʥʠʷ ʪʨʘʥʩʧʦʨʪʥʦʡ ʟʘʜʝʨʞʢʠ ʥʘ ʢʘʯʝʩʪʚʦ ʫʩʣʫʛʠ ʙʳʣʦ ʧʨʦʚʝʜʝʥʦ ʚ 

ʨʘʤʢʘʭ ʚʪʦʨʦʛʦ ʵʪʘʧʘ ʵʢʩʧʝʨʠʤʝʥʪʘ, ʠʟʣʦʞʝʥʥʦʛʦ ʚ 2.2.1. ɹʳʣʘ ʫʩʪʘʥʦʚʣʝʥʘ ʪʝʨʤʠʥʘʣʴʥʘʷ 

ʩʝʩʩʠʷ ʧʨʠ ʧʦʤʦʱʠ ʧʣʘʪʬʦʨʤʳ ʧʨʦʠʟʚʦʜʩʪʚʘ ʢʦʤʧʘʥʠʠ Microsoft [102]. ʇʦʦʯʝʨʝʜʥʦ ʙʳʣʠ 

ʠʥʠʮʠʠʨʦʚʘʥʳ ʪʨʠ ʚʠʜʘ ʜʝʷʪʝʣʴʥʦʩʪʠ ʧʦʣʴʟʦʚʘʪʝʣʷ ʟʘ ʨʘʙʦʯʠʤ ʩʪʦʣʦʤ: ʨʘʙʦʪʘ ʩ ʬʘʡʣʘʤʠ 

(ʦʢʦʥʥʳʡ ʤʝʥʝʜʞʝʨ, ʬʘʡʣʦʚʳʡ ʤʝʥʝʜʞʝʨ); ʚʝʙ-ʩʝʨʬʠʥʛ; ʧʨʦʩʤʦʪʨ ʚʠʜʝʦ ʢʘʯʝʩʪʚʦʤ 720ʨ. ɺ ʩʝʪʴ 

ʚʥʦʩʠʣʠʩʴ ʨʘʟʣʠʯʥʳʝ ʚʝʣʠʯʠʥʳ ʩʝʪʝʚʦʡ ʟʘʜʝʨʞʢʠ ʧʨʠ ʧʦʤʦʱʠ ʧʨʦʛʨʘʤʤʳ ipfw, ʚʭʦʜʷʱʝʡ ʚ 

ʩʦʩʪʘʚ ʆʉ FreeBSD, ʨʘʟʚʝʨʥʫʪʦʡ ʥʘ ʠʟʤʝʨʠʪʝʣʴʥʦʤ ʇʂ [65]. ʀʟʤʝʨʷʣʘʩʴ ʩʢʦʨʦʩʪʴ ʧʝʨʝʜʘʯʠ 

ʜʘʥʥʳʭ ʥʘ ʫʨʦʚʥʝ ʊʉʈ. ʈʝʟʫʣʴʪʘʪʳ ʠʟʤʝʨʝʥʠʡ ʩʚʝʜʝʥʳ ʚ ʪʘʙʣʠʮʫ ʇ.2 ʇʨʠʣʦʞʝʥʠʷ 1. ɻʨʘʬʠʢ 

ʟʘʚʠʩʠʤʦʩʪʠ ʪʨʘʥʩʧʦʨʪʥʦʡ ʟʘʜʝʨʞʢʠ ʦʪ ʩʢʦʨʦʩʪʠ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ ʧʦ ʧʦʢʘʟʘʥ ʥʘ ʨʠʩʫʥʢʝ 2.6.  

 

 

ʈʠʩ. 2.6. ɿʘʚʠʩʠʤʦʩʪʴ ʪʨʘʥʩʧʦʨʪʥʦʡ ʟʘʜʝʨʞʢʠ ʦʪ ʩʢʦʨʦʩʪʠ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ 

 

ʅʘ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʢʨʠʚʳʭ ʧʦʢʘʟʘʥ ʜʦʚʝʨʠʪʝʣʴʥʳʡ ʠʥʪʝʨʚʘʣ, ʧʦʩʪʨʦʝʥʥʳʡ ʧʨʠ 

ʜʦʚʝʨʠʪʝʣʴʥʦʡ ʚʝʨʦʷʪʥʦʩʪʠ 0.95. ɻʦʨʠʟʦʥʪʘʣʴʥʦʡ ʧʫʥʢʪʠʨʥʦʡ ʣʠʥʠʝʡ ʦʪʤʝʯʝʥ ʫʨʦʚʝʥʴ 150 ʤʩ, 

ʦʧʠʩʘʥʥʳʡ ʚ ʧ.2.3. 
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ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʜʪʚʝʨʞʜʘʪʁ ʠ ʜʦʧʦʣʥʷʪʁ ʨʝʟʫʣʴʪʘʪ ʵʢʩʧʝʨʠʤʝʥʪʘ, 

ʧʦʢʘʟʘʥʥʦʛʦ ʚ 2.2.1. ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʚ ʢʘʯʝʩʪʚʝ ʥʝʢʦʪʦʨʦʡ ʦʮʝʥʢʠ, 

ʩʧʨʘʚʝʜʣʠʚʦʡ ʜʣʷ ʫʩʣʦʚʠʡ ʵʢʩʧʝʨʠʤʝʥʪʘ. ʊʘʢ, ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʧʨʠʝʤʣʝʤʦʡ ʟʘʜʝʨʞʢʠ (ʥʘ 

ʫʨʦʚʥʝ 150 ʤʩ), ʩʢʦʨʦʩʪʴ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ ʜʦʣʞʥʘ ʙʳʪʴ ʥʝ ʤʝʥʝʝ 5 ʄʙʠʪ/ʩ ʧʨʠ ʨʘʙʦʪʝ ʩ 

ʬʘʡʣʘʤʠ; ʥʝ ʤʝʥʝʝ 15 ʄʙʠʪ/ʩ ʧʨʠ ʨʘʙʦʪʝ ʩ ʙʨʘʫʟʝʨʦʤ; ʥʝ ʤʝʥʝʝ 25 ʄʙʠʪ/ʩ ʧʨʠ ʨʘʙʦʪʝ ʩ ʚʠʜʝʦ. 

ʇʦʣʫʯʝʥʥʳʝ ʜʘʥʥʳʝ ʤʦʛʫʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ ʧʨʦʚʘʡʜʝʨʦʤ ʫʩʣʫʛʠ, ʘʜʤʠʥʠʩʪʨʘʪʦʨʦʤ 

ʩʝʪʠ ʥʘ ʵʪʘʧʝ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʠ ʵʢʩʧʣʫʘʪʘʮʠʠ ʦʙʣʘʯʥʦʡ ʠ ʩʝʪʝʚʦʡ ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ ʚ ʢʘʯʝʩʪʚʝ 

ʦʧʦʨʥʳʭ ʟʥʘʯʝʥʠʡ. 

 

 

2.2.3 ʀʩʩʣʝʜʦʚʘʥʠʝ ʚʨʝʤʝʥʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʫʩʣʫʛʠ 

 

 

ɼʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚʨʝʤʝʥʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʫʩʣʫʛʠ ʚ ʦʙʦʠʭ ʬʘʟʘʭ ʝʝ ʨʘʙʦʪʳ ʙʳʣʦ ʩʦʙʨʘʥ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʡ ʩʪʝʥʜ. ʀʩʩʣʝʜʫʝʤʳʝ ʧʘʨʘʤʝʪʨʳ: ʩʨʝʜʥʝʝ ʚʨʝʤʷ ʦʪʢʣʠʢʘ ʚ ʬʘʟʝ 1, ʩʨʝʜʥʠʡ 

ʧʨʦʤʝʞʫʪʦʢ ʚʨʝʤʝʥʠ ʤʝʞʜʫ ʩʦʩʝʜʥʠʤʠ ʪʨʝʙʦʚʘʥʠʷʤʠ ʚ ʬʘʟʝ 1, ʩʨʝʜʥʝʝ ʚʨʝʤʷ ʦʪʢʣʠʢʘ ʚ ʬʘʟʝ 2, 

ʩʨʝʜʥʝʝ ʚʨʝʤʷ ʦʙʩʣʫʞʠʚʘʥʠʷ ʟʘʧʨʦʩʦʚ ʩʝʨʚʝʨʦʤ ʚ ʬʘʟʝ 2, ʩʨʝʜʥʝʝ ʚʨʝʤʷ ʦʙʨʘʙʦʪʢʠ 

ʪʝʨʤʠʥʘʣʴʥʳʤ ʫʩʪʨʦʡʩʪʚʦʤ ʚ ʬʘʟʝ 2. 

ɺ ʩʦʩʪʘʚ ʩʪʝʥʜʘ ʚʭʦʜʷʪ: ʩʝʨʚʝʨʥʘʷ ʧʣʘʪʬʦʨʤʘ (Citrix XenServer 6.2 [22]), ʤʝʥʝʜʞʝʨ 

ʧʦʜʢʣʶʯʝʥʠʡ (Citrix VDI-IN-A-BOX [33]), ʪʦʥʢʠʡ ʢʣʠʝʥʪ (TC-20 [32]), ʩʝʪʝʚʳʝ ʢʘʙʝʣʠ. 

ʉʢʦʨʦʩʪʴ ʥʘ ʩʝʪʝʚʳʭ ʠʥʪʝʨʬʝʡʩʘʭ ʩʝʨʚʝʨʘ ʠ ʢʣʠʝʥʪʘ ï 1 ɻʙʠʪ/ʩ. 

ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʚʨʝʤʝʥʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʚ ʬʘʟʝ 1 ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʤʥʦʛʦʢʨʘʪʥʦʝ 

ʧʦʜʢʣʶʯʝʥʠʝ ʪʝʨʤʠʥʘʣʴʥʦʛʦ ʫʩʪʨʦʡʩʪʚʘ ʢ ʩʝʨʚʝʨʫ ʫʩʣʫʛʠ. 

ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʚʨʝʤʝʥʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʚ ʬʘʟʝ 2 ʨʘʩʩʤʦʪʨʝʥʘ ʩʠʩʪʝʤʘ ʩʦ ʩʪʘ 

ʧʦʣʴʟʦʚʘʪʝʣʷʤʠ. ʇʨʠ ʧʦʤʦʱʠ ʩʨʝʜʩʪʚ ʦʪʣʘʜʢʠ ʦʙʣʘʯʥʦʡ ʧʣʘʪʬʦʨʤʳ Citrix ʩʦʙʨʘʥʘ ʩʪʘʪʠʩʪʠʢʘ 

ʧʦ ʚʨʝʤʝʥʥʳʤ ʧʘʨʘʤʝʪʨʘʤ. ʇʨʦʚʝʜʝʥʳ ʩʣʝʜʫʶʱʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ. 

ʘ) ʆʧʨʝʜʝʣʝʥʠʝ ʩʨʝʜʥʝʛʦ ʚʨʝʤʝʥʠ ʦʪʢʣʠʢʘ ʥʘ ʵʪʘʧʝ ʫʩʪʘʥʦʚʣʝʥʠʷ ʪʝʨʤʠʥʘʣʴʥʦʡ ʩʝʩʩʠʠ. 

ʆʩʫʱʝʩʪʚʣʷʣʦʩʴ ʤʥʦʛʦʢʨʘʪʥʦʝ ʧʦʜʢʣʶʯʝʥʠʝ ʢʣʠʝʥʪʘ ʢ ʩʝʨʚʝʨʫ ʩ ʩʦʧʫʪʩʪʚʫʶʱʠʤ ʠʟʤʝʨʝʥʠʝʤ 

ʚʨʝʤʝʥʥʳʭ ʧʦʢʘʟʘʪʝʣʝʡ: ʚʨʝʤʝʥʠ, ʧʨʦʭʦʜʷʱʝʛʦ ʩ ʤʦʤʝʥʪʘ ʥʘʯʘʣʘ ʧʨʦʮʝʩʩʘ ʫʩʪʘʥʦʚʣʝʥʠʷ ʜʦ 

ʤʦʤʝʥʪʘ ʧʦʷʚʣʝʥʠʷ ʥʘ ʵʢʨʘʥʝ ʧʝʨʚʦʛʦ ʠʟʦʙʨʘʞʝʥʠʷ (ʚʨʝʤʷ ʦʪʢʣʠʢʘ). ʎʝʣʴʶ ʵʢʩʧʝʨʠʤʝʥʪʘ 

ʷʚʣʷʣʘʩʴ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʚʝʣʠʯʠʥʳ ʚʨʝʤʝʥʠ ʦʪʢʣʠʢʘ, ʢʦʪʦʨʦʝ ʩʦʚʝʩʪʥʦ ʩ 

ʪʝʦʨʝʪʠʯʝʩʢʠʤʠ ʩʚʝʜʝʥʠʷʤʠ [17, 103] ʙʳʣʦ ʠʩʧʦʣʴʟʦʚʘʥʦ ʜʣʷ ʦʮʝʥʢʠ ʜʘʥʥʦʛʦ ʧʘʨʘʤʝʪʨʘ. 

ʇʨʦʚʝʜʝʥʥʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʧʦʟʚʦʣʠʣʦ ʦʮʝʥʠʪʴ ʚʝʣʠʯʠʥʫ ʩʨʝʜʥʝʛʦ ʚʨʝʤʝʥʠ ʦʪʢʣʠʢʘ ʚʦ ʚʨʝʤʷ 

ʫʩʪʘʥʦʚʣʝʥʠʷ ʪʝʨʤʠʥʘʣʴʥʦʡ ʩʝʩʩʠʠ (ʧʦʜʢʣʶʯʝʥʠʝ ʢ ʫʩʣʫʛʝ). ɽʛʦ ʟʥʘʯʝʥʠʝ ʩʦʩʪʘʚʠʣʦ 1.5 ʩ. 
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ʇʦʩʪʨʦʝʥ ʜʦʚʝʨʠʪʝʣʴʥʳʡ ʠʥʪʝʨʚʘʣ, ʠʩʧʦʣʴʟʫʷ ʬ-ʣʫ ʉʪʴʶʜʝʥʪʘ, ʩ ʜʦʚʝʨʠʪʝʣʴʥʦʡ ʚʝʨʦʷʪʥʦʩʪʴʶ 

0.95. ɼʦʚʝʨʠʪʝʣʴʥʳʡ ʠʥʪʝʨʚʘʣ ʩʦʩʪʘʚʠʣ [1.436..1.562]. 

ʙ) ʀʩʩʣʝʜʦʚʘʥʠʝ ʩʨʝʜʥʝʛʦ ʧʨʦʤʝʞʫʪʢʘ ʚʨʝʤʝʥʠ ʤʝʞʜʫ ʩʦʩʝʜʥʠʤʠ ʪʨʝʙʦʚʘʥʠʷʤʠ ʥʘ ʵʪʘʧʝ 

ʫʩʪʘʥʦʚʣʝʥʠʷ ʪʝʨʤʠʥʘʣʴʥʦʡ ʩʝʩʩʠʠ. ʀʩʩʣʝʜʦʚʘʥ ʧʨʦʤʝʞʫʪʦʢ ʚʨʝʤʝʥʠ ʤʝʞʜʫ ʩʦʩʝʜʥʠʤʠ 

ʪʨʝʙʦʚʘʥʠʷʤʠ ʧʦʪʦʢʘ, ʧʦʩʪʫʧʘʶʱʝʛʦ ʦʪ ʦʜʥʦʛʦ ʧʦʣʴʟʦʚʘʪʝʣʷ t , ʢʦʪʦʨʳʡ ʧʦʥʘʜʦʙʠʪʩʷ ʜʣʷ 

ʦʮʝʥʢʠ ʚʝʣʠʯʠʥʳ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʧʦʪʦʢʘ ʟʘʧʨʦʩʦʚ ʦʪ ʦʜʥʦʛʦ ʧʦʣʴʟʦʚʘʪʝʣʷ ɚ0. ɺ ʨʝʟʫʣʴʪʘʪʝ 

ʠʟʤʝʨʝʥʠʡ ʩʨʝʜʥʠʡ ʧʨʦʤʝʞʫʪʦʢ ʚʨʝʤʝʥʠ ʤʝʞʜʫ ʩʦʩʝʜʥʠʤʠ ʪʨʝʙʦʚʘʥʠʷʤʠ ʩʦʩʪʘʚʠʣ 0.2 ʩ. 

ʇʦʩʪʨʦʝʥ ʜʦʚʝʨʠʪʝʣʴʥʳʡ ʠʥʪʝʨʚʘʣ, ʠʩʧʦʣʴʟʫʷ ʬ-ʣʫ ʉʪʴʶʜʝʥʪʘ, ʩ ʜʦʚʝʨʠʪʝʣʴʥʦʡ ʚʝʨʦʷʪʥʦʩʪʴʶ 

0.95. ɼʦʚʝʨʠʪʝʣʴʥʳʡ ʠʥʪʝʨʚʘʣ ʩʦʩʪʘʚʠʣ [0.18..0.22]. 

ʚ) ʀʩʩʣʝʜʦʚʘʥʠʝ ʩʨʝʜʥʝʛʦ ʧʨʦʤʝʞʫʪʢʘ ʚʨʝʤʝʥʠ ʤʝʞʜʫ ʩʦʩʝʜʥʠʤʠ ʪʨʝʙʦʚʘʥʠʷʤʠ ʥʘ ʵʪʘʧʝ 

ʪʝʨʤʠʥʘʣʴʥʦʡ ʩʝʩʩʠʠ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʟʥʘʯʝʥʠʝ oT ʩʦʩʪʘʚʠʣʦ 0.4 ʩ. ʇʦʩʪʨʦʝʥ ʜʦʚʝʨʠʪʝʣʴʥʳʡ 

ʠʥʪʝʨʚʘʣ, ʠʩʧʦʣʴʟʫʷ ʬ-ʣʫ ʉʪʴʶʜʝʥʪʘ, ʩ ʜʦʚʝʨʠʪʝʣʴʥʦʡ ʚʝʨʦʷʪʥʦʩʪʴʶ 0.95. ɼʦʚʝʨʠʪʝʣʴʥʳʡ 

ʠʥʪʝʨʚʘʣ ʩʦʩʪʘʚʠʣ [0.33..0.46]. 

ʛ) ʆʧʨʝʜʝʣʝʥʠʝ ʩʨʝʜʥʝʛʦ ʚʨʝʤʝʥʠ ʦʪʢʣʠʢʘ ʥʘ ʵʪʘʧʝ ʪʝʨʤʠʥʘʣʴʥʦʡ ʩʝʩʩʠʠ. ʀʟʤʝʨʷʣʦʩʴ 

ʚʨʝʤʷ, ʧʨʦʭʦʜʷʱʝʝ ʩ ʤʦʤʝʥʪʘ ʦʪʧʨʘʚʢʠ ʩ ʧʦʣʴʟʦʚʘʪʝʣʴʩʢʦʛʦ ʫʩʪʨʦʡʩʪʚʘ ʥʘ ʩʝʨʚʝʨ ʟʘʧʨʦʩʘ, 

ʢʦʜʠʨʫʶʱʝʛʦ ʩʦʙʳʪʠʝ ʜʚʠʞʝʥʠʷ ʠ ʥʘʞʘʪʠʷ ʢʣʘʚʠʰ ʤʳʰʠ ʠʣʠ ʢʣʘʚʠʘʪʫʨʳ, ʜʦ ʤʦʤʝʥʪʘ 

ʧʦʷʚʣʝʥʠʷ ʥʘ ʵʢʨʘʥʝ ʧʦʣʴʟʦʚʘʪʝʣʷ ʠʟʦʙʨʘʞʝʥʠʷ ʨʘʙʦʯʝʛʦ ʩʪʦʣʘ, ʩʦʜʝʨʞʘʱʝʛʦ ʨʝʘʢʮʠʶ ʥʘ 

ʧʨʦʠʟʚʝʜʝʥʥʦʝ ʜʝʡʩʪʚʠʝ. ɺ ʨʘʤʢʘʭ ʠʩʩʣʝʜʫʝʤʦʛʦ ʚʦʧʨʦʩʘ ʙʳʣʦ ʨʘʩʩʤʦʪʨʝʥʦ ʩʪʦ ʪʘʢʠʭ 

ʚʨʝʤʝʥʥʳʭ ʠʥʪʝʨʚʘʣʦʚ. ʉʨʝʜʥʝʝ ʟʥʘʯʝʥʠʝ ʚʨʝʤʝʥʠ ʦʪʢʣʠʢʘ ʩʦʩʪʘʚʠʣʦ 1.1 ʩ. ʇʦʩʪʨʦʝʥ 

ʜʦʚʝʨʠʪʝʣʴʥʳʡ ʠʥʪʝʨʚʘʣ, ʠʩʧʦʣʴʟʫʷ ʬ-ʣʫ ʉʪʴʶʜʝʥʪʘ, ʩ ʜʦʚʝʨʠʪʝʣʴʥʦʡ ʚʝʨʦʷʪʥʦʩʪʴʶ 0.95. 

ɼʦʚʝʨʠʪʝʣʴʥʳʡ ʠʥʪʝʨʚʘʣ ʩʦʩʪʘʚʠʣ [0.97..1.18]. 

ʜ) ʆʧʨʝʜʝʣʝʥʠʝ ʩʨʝʜʥʝʛʦ ʚʨʝʤʝʥʠ ʦʙʩʣʫʞʠʚʘʥʠʷ ʟʘʧʨʦʩʦʚ ʩʝʨʚʝʨʦʤ ʥʘ ʵʪʘʧʝ 

ʪʝʨʤʠʥʘʣʴʥʦʡ ʩʝʩʩʠʠ. ʀʟʤʝʨʷʣʦʩʴ ʚʨʝʤʷ, ʧʨʦʭʦʜʷʱʝʝ ʩ ʤʦʤʝʥʪʘ ʧʦʣʫʯʝʥʠʷ ʩʝʨʚʝʨʦʤ ʟʘʧʨʦʩʘ, 

ʢʦʜʠʨʫʶʱʝʛʦ ʩʦʙʳʪʠʝ ʜʚʠʞʝʥʠʷ ʠ ʥʘʞʘʪʠʷ ʢʣʘʚʠʰ ʤʳʰʠ ʠʣʠ ʢʣʘʚʠʘʪʫʨʳ, ʜʦ ʤʦʤʝʥʪʘ 

ʦʪʧʨʘʚʢʠ ʦʙʨʘʙʦʪʘʥʥʦʛʦ ʟʘʧʨʦʩʘ ʩ ʩʝʨʚʝʨʘ. ɺ ʨʘʤʢʘʭ ʠʩʩʣʝʜʫʝʤʦʛʦ ʚʦʧʨʦʩʘ ʙʳʣʦ ʨʘʩʩʤʦʪʨʝʥʦ 

ʩʪʦ ʪʘʢʠʭ ʚʨʝʤʝʥʥʳʭ ʠʥʪʝʨʚʘʣʦʚ. ʉʨʝʜʥʝʝ ʟʥʘʯʝʥʠʝ ʚʨʝʤʝʥʠ ʦʙʩʣʫʞʠʚʘʥʠʷ ʩʦʩʪʘʚʠʣʦ 0.59 ʩ. 

ʇʦʩʪʨʦʝʥ ʜʦʚʝʨʠʪʝʣʴʥʳʡ ʠʥʪʝʨʚʘʣ, ʠʩʧʦʣʴʟʫʷ ʬ-ʣʫ ʉʪʴʶʜʝʥʪʘ, ʩ ʜʦʚʝʨʠʪʝʣʴʥʦʡ ʚʝʨʦʷʪʥʦʩʪʴʶ 

0.95. ɼʦʚʝʨʠʪʝʣʴʥʳʡ ʠʥʪʝʨʚʘʣ ʩʦʩʪʘʚʠʣ [0.42..0.76]. 

ʝ) ʆʧʨʝʜʝʣʝʥʠʝ ʩʨʝʜʥʝʛʦ ʚʨʝʤʝʥʠ ʦʙʨʘʙʦʪʢʠ ʥʘ ʪʝʨʤʠʥʘʣʴʥʦʤ ʫʩʪʨʦʡʩʪʚʝ (ʚʨʝʤʷ 

ʚʠʟʫʘʣʠʟʘʮʠʠ) ʥʘ ʵʪʘʧʝ ʪʝʨʤʠʥʘʣʴʥʦʡ ʩʝʩʩʠʠ. ʀʟʤʝʨʷʣʦʩʴ ʚʨʝʤʷ, ʧʨʦʭʦʜʷʱʝʝ ʩ ʤʦʤʝʥʪʘ 

ʧʦʣʫʯʝʥʠʷ ʫʩʪʨʦʡʩʪʚʦʤ ʩʦʦʙʱʝʥʠʷ ʩ ʩʝʨʚʝʨʘ, ʩʦʜʝʨʞʘʱʝʛʦ ʠʟʦʙʨʘʞʝʥʠʝ ʨʘʙʦʯʝʛʦ ʩʪʦʣʘ, ʜʦ 

ʤʦʤʝʥʪʘ ʦʪʨʠʩʦʚʢʠ ʢʘʨʪʠʥʢʠ ʧʦʣʴʟʦʚʘʪʝʣʶ. ɺ ʨʘʤʢʘʭ ʠʩʩʣʝʜʫʝʤʦʛʦ ʚʦʧʨʦʩʘ ʙʳʣʦ ʨʘʩʩʤʦʪʨʝʥʦ 

ʩʪʦ ʪʘʢʠʭ ʚʨʝʤʝʥʥʳʭ ʠʥʪʝʨʚʘʣʦʚ. ʉʨʝʜʥʝʝ ʟʥʘʯʝʥʠʝ ʚʨʝʤʝʥʠ ʦʙʩʣʫʞʠʚʘʥʠʷ ʩʦʩʪʘʚʠʣʦ 0.21 ʩ. 
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ʇʦʩʪʨʦʝʥ ʜʦʚʝʨʠʪʝʣʴʥʳʡ ʠʥʪʝʨʚʘʣ, ʠʩʧʦʣʴʟʫʷ ʬ-ʣʫ ʉʪʴʶʜʝʥʪʘ, ʩ ʜʦʚʝʨʠʪʝʣʴʥʦʡ ʚʝʨʦʷʪʥʦʩʪʴʶ 

0.95. ɼʦʚʝʨʠʪʝʣʴʥʳʡ ʠʥʪʝʨʚʘʣ ʩʦʩʪʘʚʠʣ [0.17..0.31]. 

ɻʨʘʥʠʮʳ ʜʦʚʝʨʠʪʝʣʴʥʳʭ ʠʥʪʝʨʚʘʣʦʚ ʚ ʧʨʦʚʝʜʝʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʷʭ ʦʪʩʪʦʷʪ ʦʪ ʩʨʝʜʥʝʛʦ 

ʟʥʘʯʝʥʠʷ ʤʝʥʝʝ ʯʝʤ ʥʘ 10%, ʟʥʘʯʠʪ ʦʙʲʝʤ ʚʳʙʦʨʢʠ ʜʦʩʪʘʪʦʯʝʥ ʜʣʷ ʦʮʝʥʢʠ [21].  

ʇʨʦʚʝʜʝʥʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠ ̫ʧʦʟʚʦʣʠʣʠ ʦʮʝʥʠʪʴ ʚʨʝʤʝʥʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʫʩʣʫʛʠ ʢʘʢ ʥʘ 

ʵʪʘʧʝ ʫʩʪʘʥʦʚʣʝʥʠʷ, ʪʘʢ ʠ ʥʘ ʵʪʘʧʝ ʨʘʙʦʪʳ ʪʝʨʤʠʥʘʣʴʥʦʡ ʩʝʩʩʠʠ. ʇʦʣʫʯʝʥʥʳʝ ʟʥʘʯʝʥʠʷ ʙʫʜʫʪ 

ʠʩʧʦʣʴʟʦʚʘʥʳ ʚ ʨʘʟʜʝʣʝ 3 ʜʣʷ ʧʨʠ ʘʥʘʣʠʪʠʯʝʩʢʦʤ ʤʦʜʝʣʠʨʦʚʘʥʠʠ. 

 

 

2.3 ɺʳʚʦʜʳ ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ ʚʪʦʨʦʛʦ ʨʘʟʜʝʣʘ 

 

 

ɺʦ ʚʪʦʨʦʤ ʨʘʟʜʝʣʝ ʙʳʣʠ ʧʨʦʚʝʜʝʥʳ ʘʥʘʣʠʟ ʠ ʠʩʩʣʝʜʦʚʘʥʠʝ ʧʘʨʘʤʝʪʨʦʚ, ʩʦʚʤʝʩʪʥʦʝ 

ʚʣʠʷʥʠʝ ʢʦʪʦʨʳʭ ʦʧʨʝʜʝʣʷʝʪ ʢʘʯʝʩʪʚʦ ʫʩʣʫʛʠ. ɺ ʧ. 2.1.1 ʨʘʩʩʤʦʪʨʝʥʳ ʦʙʱʠʝ ʧʦʜʭʦʜʳ ʢ 

ʦʧʨʝʜʝʣʝʥʠʶ ʧʘʨʘʤʝʪʨʦʚ ʢʘʯʝʩʪʚʘ ʫʩʣʫʛ, ʚʳʷʚʣʝʥʳ ʢʨʠʪʝʨʠʠ, ʦʧʠʨʘʷʩʴ ʥʘ ʢʦʪʦʨʳʝ ʤʦʞʥʦ 

ʬʦʨʤʫʣʠʨʦʚʘʪʴ ʪʨʝʙʦʚʘʥʠʷ ʢ ʢʘʯʝʩʪʚʫ ʫʩʣʫʛʠ çʚʠʨʪʫʘʣʴʥʳʡ ʨʘʙʦʯʠʡ ʩʪʦʣè. ʂʨʦʤʝ ʪʦʛʦ, ʚ 

ʯʠʩʣʦ ʧʘʨʘʤʝʪʨʦʚ, ʚʣʠʷʶʱʠʭ ʥʘ ʢʘʯʝʩʪʚʦ ʫʩʣʫʛʠ, ʚʭʦʜʷʪ: ʪʨʘʥʩʧʦʨʪʥʘʷ ʟʘʜʝʨʞʢʘ, ʢʘʥʘʣʴʥʘʷ 

ʩʢʦʨʦʩʪʴ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ, ʢʦʣʠʯʝʩʪʚʦ ʦʙʩʣʫʞʠʚʘʝʤʳʭ ʧʦʣʴʟʦʚʘʪʝʣʝʡ, ʩʝʨʚʝʨʥʦʝ ʚʨʝʤʷ 

ʦʙʩʣʫʞʠʚʘʥʠʷ, ʚʨʝʤʷ ʚʠʟʫʘʣʠʟʘʮʠʠ. ɺ ʧ. 2.1.2 ʧʦʢʘʟʘʥʦ, ʯʪʦ ʢʣʶʯʝʚʳʤ ʷʚʣʷʝʪʩʷ ʩʨʝʜʥʝʝ ʚʨʝʤʷ 

ʦʪʢʣʠʢʘ. ʇʨʝʜʣʦʞʝʥʦ ʨʘʟʜʝʣʝʥʠʝ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʫʩʣʫʛʠ ʥʘ ʜʚʝ ʬʘʟʳ ʜʣʷ ʚʦʟʤʦʞʥʦʩʪʠ 

ʦʪʜʝʣʴʥʦʛʦ ʠʭ ʠʩʩʣʝʜʦʚʘʥʠʷ. ʇʦʩʪʨʦʝʥʳ ʜʠʘʛʨʘʤʤʳ ʩʝʪʝʚʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʢʦʤʧʦʥʝʥʪʦʚ 

ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ ʫʩʣʫʛʠ ʚ ʦʙʝʠʭ ʬʘʟʘʭ. 

ɺ ʧ. 2.1.3 ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥʳ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʦʮʝʥʠʚʘʶʱʠʝ ʚʨʝʤʝʥʥʳʝ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʫʩʣʫʛʠ çʚʠʨʪʫʘʣʴʥʳʡ ʨʘʙʦʯʠʡ ʩʪʦʣè. ɺ ʨʝʟʫʣʴʪʘʪʝ, ʥʘ ʦʩʥʦʚʘʥʠʠ ʜʘʥʥʳʭ ʠʟ 

ʈʝʢʦʤʝʥʜʘʮʠʡ ʄʉʕ-ʊ ʠ ʨʷʜʘ ʠʩʩʣʝʜʦʚʘʥʠʡ ʨʘʟʣʠʯʥʳʭ ʘʚʪʦʨʦʚ, ʦʧʨʝʜʝʣʝʥ ʜʠʘʧʘʟʦʥ ʚʝʣʠʯʠʥ 

ʪʨʘʥʩʧʦʨʪʥʦʡ ʟʘʜʝʨʞʢʠ, ʧʨʠ ʢʦʪʦʨʦʤ ʨʘʙʦʪʘ ʩ ʫʩʣʫʛʦʡ ʷʚʣʷʝʪʩʷ ʧʨʠʝʤʣʝʤʦʡ. 

ɺ ʧ. 2.2.1 ʚ ʨʝʟʫʣʴʪʘʪʝ ʧʨʦʚʝʜʝʥʥʦʛʦ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʟʘʛʨʫʟʢʠ ʧʦʣʦʩʳ 

ʢʘʥʘʣʘ ʥʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʤʠ ʥʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʧʨʦʪʦʢʦʣʘʤʠ ʜʦʩʪʘʚʢʠ ʨʘʙʦʯʝʛʦ 

ʩʪʦʣʘ, ʧʦʣʫʯʝʥʘ ʩʨʘʚʥʠʪʝʣʴʥʘʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ, ʘʥʘʣʠʟ ʢʦʪʦʨʦʡ ʧʦʟʚʦʣʠʣ ʩʜʝʣʘʪʴ ʚʳʚʦʜ ʦ 

ʤʠʥʠʤʘʣʴʥʦ ʜʦʧʫʩʪʠʤʦʡ ʩʢʦʨʦʩʪʠ ʩʝʪʝʚʦʛʦ ʠʥʪʝʨʬʝʡʩʘ ʩʝʨʚʝʨʘ ʫʩʣʫʛʠ ʜʣʷ ʨʘʩʩʤʦʪʨʝʥʥʳʭ 

ʫʩʣʦʚʠʡ. ʕʪʦ ʠʩʩʣʝʜʦʚʘʥʠʝ ʜʦʧʦʣʥʝʥʦ ʜʨʫʛʠʤ, ʦʧʠʩʘʥʥʳʤ ʚ ʧ. 2.2.2, ʚ ʨʝʟʫʣʴʪʘʪʝ ʢʦʪʦʨʦʛʦ 

ʧʦʣʫʯʝʥʘ ʟʘʚʠʩʠʤʦʩʪʴ ʪʨʘʥʩʧʦʨʪʥʦʡ ʟʘʜʝʨʞʢʠ ʦʪ ʩʢʦʨʦʩʪʠ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ, ʢʦʪʦʨʦʝ ʚʳʷʚʠʣʦ 

ʜʦʧʫʩʪʠʤʳʝ ʚʝʣʠʯʠʥʳ ʩʢʦʨʦʩʪʠ, ʧʨʠ ʢʦʪʦʨʳʭ ʫʨʦʚʝʥʴ ʪʨʘʥʩʧʦʨʪʥʦʡ ʟʘʜʝʨʞʢʠ ʩʦʭʨʘʥʷʝʪʩʷ ʚ 

ʧʨʝʜʝʣʘʭ ʜʦʧʫʩʪʠʤʦʛʦ. ʀʩʩʣʝʜʦʚʘʥʠʝ ʧʨʦʚʝʜʝʥʦ ʜʣʷ ʪʨʝʭ ʥʘʠʙʦʣʝʝ ʪʠʧʠʯʥʳʭ ʚʠʜʦʚ 

ʧʦʣʴʟʦʚʘʪʝʣʴʩʢʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ ʚ ʨʘʤʢʘʭ ʨʘʙʦʯʝʛʦ ʩʪʦʣʘ. 
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ʇʨʦʚʝʜʝʥʥʳʝ ʚ ʧ. 2.2.3 ʠʩʩʣʝʜʦʚʘʥʠ ̫ʚʨʝʤʝʥʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʫʩʣʫʛʠ (ʩʨʝʜʥʝʛʦ ʚʨʝʤʝʥʠ 

ʦʪʢʣʠʢʘ ʥʘ ʵʪʘʧʝ ʫʩʪʘʥʦʚʣʝʥʠʷ ʪʝʨʤʠʥʘʣʴʥʦʡ ʩʝʩʩʠʠ, ʩʨʝʜʥʝʛʦ ʧʨʦʤʝʞʫʪʢʘ ʚʨʝʤʝʥʠ ʤʝʞʜʫ 

ʩʦʩʝʜʥʠʤʠ ʪʨʝʙʦʚʘʥʠʷʤʠ ʥʘ ʵʪʘʧʝ ʫʩʪʘʥʦʚʣʝʥʠʷ ʪʝʨʤʠʥʘʣʴʥʦʡ ʩʝʩʩʠʠ, ʩʨʝʜʥʝʛʦ ʧʨʦʤʝʞʫʪʢʘ 

ʚʨʝʤʝʥʠ ʤʝʞʜʫ ʩʦʩʝʜʥʠʤʠ ʪʨʝʙʦʚʘʥʠʷʤʠ ʥʘ ʵʪʘʧʝ ʪʝʨʤʠʥʘʣʴʥʦʡ ʩʝʩʩʠʠ, ʩʨʝʜʥʝʛʦ ʚʨʝʤʝʥʠ 

ʦʪʢʣʠʢʘ ʥʘ ʵʪʘʧʝ ʪʝʨʤʠʥʘʣʴʥʦʡ ʩʝʩʩʠʠ, ʩʨʝʜʥʝʛʦ ʚʨʝʤʝʥʠ ʦʙʩʣʫʞʠʚʘʥʠʷ ʟʘʧʨʦʩʦʚ ʩʝʨʚʝʨʦʤ ʥʘ 

ʵʪʘʧʝ ʪʝʨʤʠʥʘʣʴʥʦʡ ʩʝʩʩʠʠ, ʩʨʝʜʥʝʛʦ ʚʨʝʤʝʥʠ ʚʠʟʫʘʣʠʟʘʮʠʠ ʥʘ ʵʪʘʧʝ ʪʝʨʤʠʥʘʣʴʥʦʡ ʩʝʩʩʠʠ) 

ʧʦʟʚʦʣʠʣʠ ʧʦʣʫʯʠʪʴ ʨʷʜ ʟʥʘʯʝʥʠʡ, ʢʦʪʦʨʳʝ ʠʩʧʦʣʴʟʦʚʘʥ rʚ ʜʘʣʴʥʝʡʰʠʭ ʨʘʩʯʝʪʘʭ. 
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ʈʘʟʜʝʣ 3. ʄʘʪʝʤʘʪʠʯʝʩʢʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʬʘʟʳ ʫʩʪʘʥʦʚʣʝʥʠʷ 

ʪʝʨʤʠʥʘʣʴʥʦʡ ʩʝʩʩʠʠ ʫʩʣʫʛʠ çʚʠʨʪʫʘʣʴʥʳʡ ʨʘʙʦʯʠʡ ʩʪʦʣè 

 

3.1 ʇʦʩʪʨʦʝʥʠʝ ʘʥʘʣʠʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ 

 

3.1.1 ɺʚʝʜʝʥʠʝ ʠ ʧʦʩʪʘʥʦʚʢʘ ʟʘʜʘʯʠ 

 

 

ʇʨʦʮʝʩʩ ʨʘʙʦʪʳ ʠʥʬʦʢʦʤʤʫʥʠʢʘʮʠʦʥʥʦʡ ʫʩʣʫʛʠ çʚʠʨʪʫʘʣʴʥʳʡ ʨʘʙʦʯʠʡ ʩʪʦʣè ʚ ʨʘʟʜʝʣʝ 2 

ʙʳʣ ʣʦʛʠʯʝʩʢʠ ʨʘʟʜʝʣʝʥ ʥʘ ʜʚʝ ʬʘʟʳ ʜʣʷ ʚʦʟʤʦʞʥʦʩʪʠ ʠʭ ʦʪʜʝʣʴʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ɺ ʧʝʨʚʦʡ 

ʬʘʟʝ ʧʨʦʠʩʭʦʜʠʪ ʧʦʜʢʣʶʯʝʥʠʝ ʧʦʣʴʟʦʚʘʪʝʣʝʡ ʢ ʫʩʣʫʛʝ (ʫʩʪʘʥʦʚʣʝʥʠʝ ʪʝʨʤʠʥʘʣʴʥʦʡ ʩʝʩʩʠʠ), ʚʦ 

ʚʪʦʨʦʡ ï ʧʦʜʢʘʯʝʥʥʳʝ ʧʦʣʴʟʦʚʘʪʝʣʠ ʨʘʙʦʪʘʶʪ ʚ ʨʘʤʢʘʭ ʚʠʨʪʫʘʣʴʥʦʛʦ ʨʘʙʦʯʝʛʦ ʩʪʦʣʘ 

(ʪʝʨʤʠʥʘʣʴʥʘʷ ʩʝʩʩʠʷ). ɼʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʝʨʚʦʡ ʬʘʟʳ ʥʝʦʙʭʦʜʠʤʦ ʧʦʩʪʨʦʠʪʴ ʘʥʘʣʠʪʠʯʝʩʢʫʶ 

ʤʦʜʝʣʴ ʧʝʨʚʦʡ ʬʘʟʳ ʨʘʙʦʪʳ ʫʩʣʫʛʠ, ʧʦʣʫʯʠʪʴ ʠ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʪʴ ʚʝʨʦʷʪʥʦʩʪʥʦ-ʚʨʝʤʝʥʥʳʝ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ, ʦʮʝʥʠʪʴ ʩʨʝʜʥʝʝ ʚʨʝʤ ̫ʦʪʢʣʠʢʘ. ʅʘ ʦʩʥʦʚʝ ʧʦʣʫʯʝʥʥʦʡ ʤʦʜʝʣʠ ʨʝʰʠʪʴ ʟʘʜʘʯʫ 

ʧʦʠʩʢʘ ʤʥʦʞʝʩʪʚʘ ʜʦʧʫʩʪʠʤʳʭ ʟʥʘʯʝʥʠʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʩʝʨʚʝʨʘ ʫʩʣʫʛʠ, ʧʨʠ ʢʦʪʦʨʳʭ 

ʚʳʧʦʣʥʷʶʪʩʷ ʦʛʨʘʥʠʯʝʥʠʷ ʧʦ ʩʨʝʜʥʝʤʫ ʚʨʝʤʝʥʠ ʦʪʢʣʠʢʘ ʠ ʚʝʨʦʷʪʥʦʩʪʠ ʦʪʢʘʟʘ; ʠ ʟʘʜʘʯʫ 

ʦʧʨʝʜʝʣʝʥʠʷ ʚʘʨʠʘʥʪʦʚ ʩʦʯʝʪʘʥʠʷ ʵʪʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ. 

ʉʦʛʣʘʩʥʦ ʩʧʝʮʠʬʠʢʝ ʫʩʣʫʛʠ çʚʠʨʪʫʘʣʴʥʳʡ ʨʘʙʦʯʠʡ ʩʪʦʣè, ʚ ʧʝʨʚʦʡ ʬʘʟʝ ʨʘʙʦʪʳ ʩʝʨʚʝʨ 

ʜʦʣʞʝʥ ʦʙʩʣʫʞʠʚʘʪʴ ʚʩʝʭ ʧʦʣʴʟʦʚʘʪʝʣʝʡ, ʧʦʜʢʣʶʯʘʶʱʠʭʩʷ ʢ ʫʩʣʫʛʝ, ʦʜʥʦʚʨʝʤʝʥʥʦ. ʅʘ 

ʦʩʥʦʚʘʥʠʠ ʧʨʠʥʮʠʧʘ ʨʘʙʦʪʳ ʦʙʣʘʯʥʦʡ ʧʣʘʪʬʦʨʤʳ ʫʩʣʫʛʠ çʚʠʨʪʫʘʣʴʥʳʡ ʨʘʙʦʯʠʡ ʩʪʦʣè, 

ʠʟʣʦʞʝʥʥʦʛʦ ʚ ʨʘʟʜʝʣʝ 1, ʤʝʭʘʥʠʟʤ ʨʘʙʦʪʳ ʤʝʥʝʜʞʝʨʘ ʧʦʜʢʣʶʯʝʥʠʡ ʫʤʝʩʪʥʦ ʦʧʠʩʘʪʴ ʩʠʩʪʝʤʦʡ 

ʤʘʩʩʦʚʦʛʦ ʦʙʩʣʫʞʠʚʘʥʠʷ ʚʠʜʘ M/G/1/K ʩ ʜʠʩʮʠʧʣʠʥʦʡ ʦʙʩʣʫʞʠʚʘʥʠʷ ʨʘʟʜʝʣʝʥʠʝ ʧʨʦʮʝʩʩʦʨʘ 

(processor sharing, PS). ɺ ʵʪʦʡ ʜʠʩʮʠʧʣʠʥʝ ʟʘʷʚʢʠ ʦʙʩʣʫʞʠʚʘʶʪʩʷ ʦʜʥʦʚʨʝʤʝʥʥʦ ʩʦ ʩʢʦʨʦʩʪʴʶ 

ʦʙʨʘʪʥʦ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦʡ ʠʭ ʯʠʩʣʫ ʚ ʩʠʩʪʝʤʝ. 

ʄʦʜʝʣʴ M/G/1 ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʫʝʪʩʷ ʧʨʠ ʤʦʜʝʣʠʨʦʚʘʥʠʠ ʢʦʤʧʴʶʪʝʨʥʳʭ ʩʠʩʪʝʤ. ʉʠʩʪʝʤʘ 

M/G/1/K ʩ ʜʠʩʮʠʧʣʠʥʦʡ FIFO ʨʘʩʩʤʦʪʨʝʥʘ ʚ [13]. ɺʦʧʨʦʩʘʤ, ʩʚʷʟʘʥʥʳʤ ʩ ʩʠʩʪʝʤʦʡ M/G/1, 

ʧʦʩʚʷʱʝʥʘ ʛʣʘʚʘ 5 ʚ [14]. ʉʠʩʪʝʤʳ M/G/1/K ʩ ʜʠʩʮʠʧʣʠʥʦʡ PS ʨʘʩʩʤʦʪʨʝʥʳ ʚ [55, 56, 119, 120], 

ʘ ʪʘʢʞʝ ʚ [86]. ɺ [24] ʧʦʢʘʟʘʥʦ, ʯʪʦ ʚ ʦʧʨʝʜʝʣʝʥʥʳʭ ʩʣʫʯʘʷʭ ʜʠʩʮʠʧʣʠʥʘ PS ʷʚʣʷʝʪʩʷ 

ʦʧʪʠʤʘʣʴʥʦʡ. 

ʅʘʯʘʪʴ ʧʦʩʪʨʦʝʥʠʝ ʘʥʘʣʠʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʩʣʝʜʫʝʪ ʩ ʦʧʠʩʘʥʠʷ ʧʘʨʘʤʝʪʨʦʚ ʫʩʣʫʛʠ ʚ 

ʪʝʨʤʠʥʘʭ ʪʝʦʨʠʠ ʤʘʩʩʦʚʦʛʦ ʦʙʩʣʫʞʠʚʘʥʠʷ. ɼʘʣʝʝ ʚʚʝʜʝʤ ʦʙʦʟʥʘʯʝʥʠʷ, ʩʬʦʨʤʫʣʠʨʫʝʤ ʦʩʥʦʚʥʳʝ 

ʧʨʝʜʧʦʣʦʞʝʥʠʷ ʠ ʜʦʧʫʱʝʥʠʷ. 
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ʅʘ ʦʩʥʦʚʘʥʠʠ ʪʦʛʦ, ʯʪʦ ʫʩʣʫʛʘ ʨʘʩʩʯʠʪʘʥʘ ʥʘ ʧʦʜʢʣʶʯʝʥʠʝ ʙʦʣʴʰʦʛʦ ʯʠʩʣʘ ʧʦʣʴʟʦʚʘʪʝʣʝʡ, 

ʚʭʦʜʷʱʠʡ ʧʦʪʦʢ ʟʘʷʚʦʢ ʧʨʠʤʝʤ ʧʫʘʩʩʦʥʦʚʩʢʠʤ, ʧʦʩʢʦʣʴʢʫ ʠʤʝʝʪ ʤʝʩʪʦ ʩʫʧʝʨʧʦʟʠʮʠʷ 

ʤʥʦʞʝʩʪʚʘ ʧʦʪʦʢʦʚ. ʆʙʦʟʥʘʯʠʤ ɚ0 ï ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʧʦʪʦʢʘ ʟʘʷʚʦʢ ʦʪ ʦʜʥʦʛʦ ʧʦʣʴʟʦʚʘʪʝʣʷ, N ï 

ʢʦʣʠʯʝʩʪʚʦ ʚʩʝʭ ʧʦʣʴʟʦʚʘʪʝʣʝʡ ʫʩʣʫʛʠ. ʊʦʛʜʘ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʦʙʱʝʛʦ ʧʦʪʦʢʘ ɚ = ɚ0N. 

ʇʦʜ ʟʘʷʚʢʘʤʠ ʙʫʜʝʤ ʧʦʥʠʤʘʪʴ ʧʘʢʝʪʳ, ʧʦʩʪʫʧʘʶʱʠʝ ʦʪ ʢʣʠʝʥʪʘ ʢ ʩʝʨʚʝʨʫ, ʢʦʪʦʨʳʝ 

ʩʦʜʝʨʞʘʪ ʟʘʧʨʦʩʳ ʥʘ ʧʦʜʢʣʶʯʝʥʠʝ ʢ ʪʝʨʤʠʥʘʣʴʥʦʡ ʩʝʩʩʠʠ. ʇʦʜ ʦʙʩʣʫʞʠʚʘʥʠʝʤ ʙʫʜʝʤ 

ʧʦʥʠʤʘʪʴ ʠʭ ʦʙʨʘʙʦʪʢʫ ʩʝʨʚʝʨʦʤ. 

ʇʦʣʦʞʠʤ, ʯʪʦ ʯʠʩʣʦ ʟʘʷʚʦʢ ʚ ʩʠʩʪʝʤʝ ʦʛʨʘʥʠʯʝʥʦ ʚʝʣʠʯʠʥʦʡ ʂ. ʅʦʚʘʷ ʟʘʷʚʢʘ, 

ʧʦʩʪʫʧʠʚʰʘʷ ʚ ʤʦʤʝʥʪ, ʢʦʛʜʘ ʯʠʩʣʦ ʟʘʷʚʦʢ ʚ ʩʠʩʪʝʤʝ ʨʘʚʥʦ ʂ, ʦʪʙʨʘʩʳʚʘʝʪʩʷ. ɺʨʝʤʷ 

ʦʙʩʣʫʞʠʚʘʥʠʷ ʦʜʥʦʡ ʟʘʷʚʢʠ ʚ ʩʠʩʪʝʤʝ ʠʤʝʝʪ ʧʨʦʠʟʚʦʣʴʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʩʦ ʩʨʝʜʥʠʤ b1. 

ʆʙʦʟʥʘʯʠʤ pn ʚʝʨʦʷʪʥʦʩʪʴ ʪʦʛʦ, ʯʪʦ ʚ ʜʘʥʥʳʡ ʤʦʤʝʥʪ ʦʙʩʣʫʞʠʚʘʶʪʩʷ n ʟʘʷʚʦʢ (n = 0,..,K). 

ʇʦʜʦʙʥʫʶ ʉʄʆ ʤʦʞʥʦ ʦʙʦʟʥʘʯʠʪʴ M/G/1/ʂ*PS [41]. 

ɺʝʣʠʯʠʥʳ, ʢʦʪʦʨʳʝ ʪʨʝʙʫʝʪʩʷ ʦʧʨʝʜʝʣʠʪʴ: 

pK ï ʚʝʨʦʷʪʥʦʩʪʴ ʙʣʦʢʠʨʦʚʢʠ ʠʟ-ʟʘ ʟʘʧʦʣʥʝʥʠʷ ʚʩʝʭ ʤʝʩʪ ʚ ʩʠʩʪʝʤʝ; 

ʊʦʙʩʣ ï ʩʨʝʜʥʝʝ ʚʨʝʤʷ ʦʙʩʣʫʞʠʚʘʥʠʷ ʥʘ ʩʝʨʚʝʨʝ; 

ʊ ï ʩʨʝʜʥʝʝ ʚʨʝʤʷ ʦʪʢʣʠʢʘ. 

 

 

3.1.2 ʆʮʝʥʢʘ ʚʨʝʤʝʥʠ ʦʪʢʣʠʢʘ ʚ ʬʘʟʝ ʫʩʪʘʥʦʚʣʝʥʠʷ ʪʝʨʤʠʥʘʣʴʥʦʡ ʩʝʩʩʠʠ 

 

 

ɺʨʝʤʷ ʦʪʚʝʪʘ ʢʣʘʩʩʠʯʝʩʢʦʡ ʢʦʤʧʴʶʪʝʨʥʦʡ ʩʠʩʪʝʤʳ ʨʘʩʩʤʘʪʨʠʚʘʣʦʩʴ ʚ [17, 103]. 

ɸʨʭʠʪʝʢʪʫʨʘ ʧʦʜʦʙʥʳʭ ʩʠʩʪʝʤ ʧʦʜʨʘʟʫʤʝʚʘʝʪ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʢʦʤʧʴʶʪʝʨʘ ʩ ʧʦʣʴʟʦʚʘʪʝʣʝʤ, 

ʧʨʠ ʢʦʪʦʨʦʤ ʠʟʦʙʨʘʞʝʥʠʝ, ʧʨʝʜʥʘʟʥʘʯʝʥʥʦʝ ʜʣʷ ʧʦʢʘʟʘ ʧʦʣʴʟʦʚʘʪʝʣʶ, ʚʳʚʦʜʠʪʩʷ 

ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʥʘ ʤʦʥʠʪʦʨ ʯʝʨʝʟ ʩʠʩʪʝʤʥʫʶ ʰʠʥʫ. ɺ ʩʣʫʯʘʝ ʦʙʣʘʯʥʦʡ ʫʩʣʫʛʠ çʚʠʨʪʫʘʣʴʥʳʡ 

ʨʘʙʦʯʠʡ ʩʪʦʣè ʜʦʩʪʘʚʢʘ ʨʘʙʦʯʝʛʦ ʩʪʦʣʘ ʧʨʦʠʩʭʦʜʠʪ ʧʦ ʩʝʪʠ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, 

ʦʩʥʦʚʥʳʤ ʧʘʨʘʤʝʪʨʦʤ, ʦʧʨʝʜʝʣʷʶʱʠʤ ʢʘʯʝʩʪʚʦ ʫʩʣʫʛʠ, ʙʫʜʝʪ ʷʚʣʷʪʴʩʷ ʩʨʝʜʥʝʝ ʚʨʝʤʷ ʦʪʢʣʠʢʘ 

)1(T , ʩʢʣʘʜʳʚʘʶʱʝʝʩʷ, ʢʘʢ ʙʳʣʦ ʧʦʢʘʟʘʥʦ ʚ ʨʘʟʜʝʣʝ 2, ʠʟ ʥʝʩʢʦʣʴʢʠʭ ʢʦʤʧʦʥʝʥʪ: ʚʨʝʤʝʥʠ 

ʦʙʩʣʫʞʠʚʘʥʠʷ ʩʝʨʚʝʨʘ Tʦʙʩʣ, ʪʨʘʥʩʧʦʨʪʥʦʡ ʟʘʜʝʨʞʢʠ ʚ ʩʝʪʠ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ ʪʨT . 

ɺʨʝʤʷ ʦʪʚʝʪʘ ʜʣʷ ʢʣʘʩʩʠʯʝʩʢʠʭ ʢʦʤʧʴʶʪʝʨʥʳʭ ʩʠʩʪʝʤ, ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʝ ʚ [17, 103], 

ʦʧʠʩʳʚʘʝʪ ʧʨʦʮʝʩʩ, ʢʦʪʦʨʳʡ ʩʦʜʝʨʞʠʪ ʦʜʥʫ ʪʨʘʥʟʘʢʮʠ ʁʜʘʥʥʳʭ ʦʪ ʤʘʰʠʥʳ ʜʦ ʵʢʨʘʥʘ. ʆʜʥʘʢʦ 

ʧʨʦʮʝʩʩ ʫʩʪʘʥʦʚʣʝʥʠʷ ʪʝʨʤʠʥʘʣʴʥʦʡ ʩʝʩʩʠʠ ʫʩʣʫʛʠ ʧʦʜʨʘʟʫʤʝʚʘʝʪ ʥʝʩʢʦʣʴʢʦ ʪʨʘʥʟʘʢʮʠʡ 

ʦʙʤʝʥʘ ʩʣʫʞʝʙʥʳʤʠ ʜʘʥʥʳʤʠ ʤʝʞʜʫ ʩʝʨʚʝʨʦʤ ʠ ʧʦʣʴʟʦʚʘʪʝʣʴʩʢʠʤ ʫʩʪʨʦʡʩʪʚʦʤ, ʢʦʪʦʨʳʝ 

ʥʝʦʙʭʦʜʠʤʳ ʜʣʷ ʧʦʜʢʣʶʯʝʥʠʷ ʧʦʣʴʟʦʚʘʪʝʣʷ ʢ ʩʝʨʚʝʨʫ [44, 45]. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʪʨʝʙʫʝʪʩʷ ʚʚʝʩʪʠ 
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ʥʝʢʦʪʦʨʳʝ ʫʪʦʯʥʝʥʠʷ. ʇʫʩʪʴ ʩʨm ï ʩʨʝʜʥʝʝ ʯʠʩʣʦ ʟʘʧʨʦʩʦʚ ʚ ʧʨʦʮʝʩʩʝ ʦʙʤʝʥʘ ʧʘʢʝʪʘʤʠ, 

ʥʝʦʙʭʦʜʠʤʳʤʠ ʜʣʷ ʦʨʛʘʥʠʟʘʮʠʠ ʩʝʩʩʠʠ, 
1ʦʪʢʣT ï ʩʨʝʜʥʝʝ ʚʨʝʤʷ ʦʪʢʣʠʢʘ ʜʣʷ ʦʜʥʦʛʦ ʟʘʧʨʦʩʘ [44, 

45]. ʊʦʛʜʘ ʩʨʝʜʥʝʝ ʚʨʝʤʷ ʜʦ ʫʩʪʘʥʦʚʣʝʥʠʷ ʩʝʩʩʠʠ ʙʫʜʝʪ ʨʘʚʥʦ ʩʨʦʪʢʣmT Ö
1

, ʦʪʢʫʜʘ ʚʳʪʝʢʘʝʪ 

ʪʨʝʙʦʚʘʥʠʝ ʢʦ ʚʨʝʤʝʥʠ ʦʪʢʣʠʢʘ ʥʘ ʦʜʠʥ ʟʘʧʨʦʩ: ʩʨʦʪʢʣ mTT /)1(

1
¢ .  

ɼʣʷ ʪʦʛʦ, ʯʪʦʙʳ ʧʦʣʴʟʦʚʘʪʝʣʠ ʦʧʠʩʳʚʘʣʠ ʨʘʙʦʪʫ, ʢʘʢ çʧʨʠʝʤʣʝʤʫʶè, ʩʨʝʜʥʝʝ ʚʨʝʤʷ 

ʦʪʢʣʠʢʘ ʜʣʷ ʢʣʘʩʩʠʯʝʩʢʦʡ ʢʦʤʧʴʶʪʝʨʥʦʡ ʩʠʩʪʝʤʳ ʥʝ ʜʦʣʞʥʦ ʧʨʝʚʳʰʘʪʴ 2 ʩ [17, 103]. ʋʯʠʪʳʚʘʷ 

ʥʘʣʠʯʠʝ ʥʝʩʢʦʣʴʢʠʭ ʪʨʘʥʟʘʢʮʠʡ ʚ ʧʨʦʮʝʩʩʝ ʫʩʪʘʥʦʚʣʝʥʠʷ ʩʝʩʩʠʠ ʫʩʣʫʛʠ çʚʠʨʪʫʘʣʴʥʳʡ ʨʘʙʦʯʠʡ 

ʩʪʦʣè, ʟʥʘʯʝʥʠʝ mʩʨ ʧʨʠʤʝʤ ʨʘʚʥʳʤ 5, ʯʪʦ ʷʚʣʷʝʪʩʷ ʪʠʧʠʯʥʳʤ, ʠʩʭʦʜʷ ʠʟ ʦʧʳʪʘ ʨʘʙʦʪʳ ʩ 

ʫʩʣʫʛʦʡ. ʅʘʧʨʠʤʝʨ, ʜʣʷ ʧʨʦʪʦʢʦʣʘ RDP, ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʝʛʦ ʚʝʨʩʠʠ, ʟʥʘʯʝʥʠʝ mʩʨ ʤʦʞʝʪ 

ʨʘʚʥʷʪʴʩʷ ʦʪ 4 ʜʦ 7, ʜʣʷ ʧʨʦʪʦʢʦʣʘ SPICE ï 5 [29, 105]. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʩʩTʦʪʢʣ 4.05/21 =¢ , 

ʦʪʢʫʜʘ ʧʦ ʬʦʨʤʫʣʝ (2.1) ʩ.1.0ʩ150.02ʩ4.021 =Ö-=Ö-= ʪʨʦʪʢʣʦʙʩʣ TTT  

 

 

3.1.3 ʇʦʣʫʯʝʥʠʝ ʚʝʨʦʷʪʥʦʩʪʥʦ-ʚʨʝʤʝʥʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 

 

 

ʉʦʛʣʘʩʥʦ [50, 97] ʩʪʘʮʠʦʥʘʨʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʯʠʩʣʘ ʟʘʷʚʦʢ ʚ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʡ ʉʄʆ 

ʠʤʝʝʪ ʚʠʜ: 
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ʇʦʩʢʦʣʴʢʫ ʩʠʩʪʝʤʘ ʠʤʝʝʪ ʦʛʨʘʥʠʯʝʥʠʝ ʧʦ ʢʦʣʠʯʝʩʪʚʫ ʦʙʩʣʫʞʠʚʘʝʤʳʭ ʟʘʷʚʦʢ, ʧʨʠ ʣʶʙʦʤ 

ʟʥʘʯʝʥʠʠ ɟ ʩʫʱʝʩʪʚʫʝʪ ʩʪʘʮʠʦʥʘʨʥʳʡ ʨʝʞʠʤ. ʇʨʠ ɟ = 1 ʬʦʨʤʫʣʘ (3.1) ʜʘʝʪ ʥʝʦʧʨʝʜʝʣʝʥʥʦʩʪʴ 

ʚʠʜʘ 0/0, ʧʦʵʪʦʤʫ ʵʪʦʪ ʩʣʫʯʘʡ ʥʝʦʙʭʦʜʠʤʦ ʨʘʩʩʤʦʪʨʝʪʴ ʦʪʜʝʣʴʥʦ: 
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ʀʩʭʦʜʷ ʠʟ ʬʦʨʤʫʣʳ (3.2) ʠ ʪʦʛʦ ʬʘʢʪʘ, ʯʪʦ ʧʨʠʭʦʜʷʱʘʷ ʟʘʷʚʢʘ, ʟʘʩʪʘʚ ʚ ʩʠʩʪʝʤʝ ʂ ʟʘʷʚʦʢ, 

ʦʪʙʨʘʩʳʚʘʝʪʩʷ, ʤʦʞʥʦ ʥʘʡʪʠ ʚʝʨʦʷʪʥʦʩʪʴ ʙʣʦʢʠʨʦʚʢʠ: 

                                    

î
î

í

î
î

ì

ë

=
+

¸
+-

-

=

.1ʝʩʣʠ,
1

1

;1ʝʩʣʠ,
11

)1(

r

r
r

rr

K

K

K

pK
 (3.3) 



56 
 

 

ɼʣʷ ʩʨʝʜʥʝʛʦ ʯʠʩʣʘ ʟʘʷʚʦʢ ʚ ʩʠʩʪʝʤʝ L ʩʧʨʘʚʝʜʣʠʚʘ ʬʦʨʤʫʣʘ  
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ʇʦʜʩʪʘʚʠʚ ʚ ʚʳʨʘʞʝʥʠʝ (3.4) 
np  ʠʟ ʬʦʨʤʫʣʳ (3.2), ʧʦʣʫʯʠʤ: 

                              

[ ]

î
î

í

î
î

ì

ë

=

¸
-Ö-

Ö++-Ö

=
+

+

.1ʝʩʣʠ,
2

;1ʝʩʣʠ,
)1()1(

)1(1
1

1

r

r
rr

rrr

K

KK

L
K

KK

               (3.5) 

 

ʇʦ ʬʦʨʤʫʣʝ ʃʠʪʪʣʘ ʜʣʷ ʩʠʩʪʝʤ ʩ ʧʦʪʝʨʷʤʠ [14] 

 

,    

ʦʪʢʫʜʘ, ʠʩʧʦʣʴʟʫʷ ʚʳʨʘʞʝʥʠʷ ʜʣʷ L ʠʟ ʬʦʨʤʫʣʳ (3.5), ʧʦʣʫʯʠʤ: 
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ʋʯʠʪʳʚʘʷ, ʯʪʦ 1blr= , ʧʦʣʫʯʠʤ: 

 

 

 

                       

(3.7)              

 

 

ʕʪʘ ʬʦʨʤʫʣʘ ʧʦʟʚʦʣʷʝʪ ʦʧʨʝʜʝʣʠʪʴ ʩʨʝʜʥʝʝ ʚʨʝʤʷ ʧʨʝʙʳʚʘʥʠʷ ʟʘʷʚʢʠ ʚ ʩʠʩʪʝʤʝ, ʢʦʪʦʨʦʝ 

ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ ʚʘʞʥʝʡʰʠʭ ʧʘʨʘʤʝʪʨʦʚ ʧʨʠ ʦʧʨʝʜʝʣʝʥʠʠ ʚʦʩʧʨʠʥʠʤʘʝʤʦʛʦ ʧʦʣʴʟʦʚʘʪʝʣʝʤ 

ʢʘʯʝʩʪʚʘ ʫʩʣʫʛʠ, ʧʦʩʢʦʣʴʢʫ ʦʥʦ ʷʚʣʷʝʪʩʷ ʦʜʥʦʡ ʠʟ ʩʦʩʪʘʚʣʷʶʱʠʭ ʩʫʤʤʘʨʥʦʛʦ ʚʨʝʤʝʥʠ ʦʪʢʣʠʢʘ. 

ʋʯʠʪʳʚʘʷ ʵʪʦ, ʤʦʞʥʦ, ʧʨʠʨʘʚʥʷʚ ʚ (3.7) Tʦʙʩʣ ʢ ʟʥʘʯʝʥʠʶ 0.1 ʩ, ʥʘʡʜʝʥʥʦʤʫ ʚʳʰʝ, ʨʝʰʠʪʴ 

ʦʜʥʠʤ ʠʟ ʯʠʩʣʝʥʥʳʭ ʤʝʪʦʜʦʚ (ʥʘʧʨʠʤʝʨ, ʤʝʪʦʜʦʤ ʅʴʶʪʦʥʘ) ʧʦʣʫʯʠʚʰʝʝʩʷ ʫʨʘʚʥʝʥʠʝ 

ʦʪʥʦʩʠʪʝʣʴʥʦ b1. ɼʘʣʝʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʧʦʜʦʙʥʳʭ ʨʘʩʯʝʪʦʚ.  

ɻʨʘʬʠʢʠ ʟʘʚʠʩʠʤʦʩʪʠ ʩʨʝʜʥʝʛʦ ʚʨʝʤʝʥʠ ʦʙʩʣʫʞʠʚʘʥʠʷ ʟʘʷʚʢʠ ʦʪ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʧʦʪʦʢʘ 

ʟʘʷʚʦʢ ʧʦʢʘʟʘʥʳ ʥʘ ʨʠʩʫʥʢʝ 3.1. 
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ʈʠʩ. 3.1. ɿʘʚʠʩʠʤʦʩʪʴ ʩʨʝʜʥʝʛʦ ʚʨʝʤʝʥʠ ʦʙʩʣʫʞʠʚʘʥʠʷ ʟʘʷʚʢʠ ʦʪ ʠʥʪʝʥʩʠʚʥʦʩʪʠ 

ʧʦʪʦʢʘ ʟʘʷʚʦʢ 

 

 

 

 

 

ɽʩʪʝʩʪʚʝʥʥʦ, ʯʪʦ ʫʚʝʣʠʯʝʥʠʝ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʚʭʦʜʷʱʝʛʦ ʧʦʪʦʢʘ ʚʳʥʫʞʜʘʝʪ ʩʠʩʪʝʤʫ 

ʦʙʩʣʫʞʠʚʘʪʴ ʢʘʞʜʫʶ ʟʘʷʚʢʫ ʙʳʩʪʨʝʝ ʜʣʷ ʩʦʭʨʘʥʝʥʠʷ ʢʦʤʬʦʨʪʥʦʛʦ ʚʨʝʤʝʥʠ ʦʪʢʣʠʢʘ ʜʣʷ 

ʢʘʞʜʦʛʦ ʧʦʣʴʟʦʚʘʪʝʣʷ, ʦʜʥʘʢʦ ʧʨʠ ʙʦʣʴʰʠʭ ʟʥʘʯʝʥʠʷʭ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʚʭʦʜʷʱʝʛʦ ʧʦʪʦʢʘ (ʪ.ʝ. 

ʧʨʠ ʯʠʩʣʝ ʧʦʣʴʟʦʚʘʪʝʣʝʡ n ʚ ʩʠʩʪʝʤʝ ʧʦʨʷʜʢʘ 100) ʫʤʝʥʴʰʝʥʠʝ ʚʨʝʤʝʥʠ ʦʙʩʣʫʞʠʚʘʥʠʷ ʢʘʞʜʦʡ 

ʟʘʷʚʢʠ ʩʣʘʙʦ ʚʳʨʘʞʝʥʦ.  

ɼʘʣʝʝ ʠʩʧʦʣʴʟʫʝʤ ʟʥʘʯʝʥʠʝ ʧʘʨʘʤʝʪʨʘ ɚ0, ʧʦʣʫʯʝʥʥʦʝ ʠʟ ʩʦʦʪʥʦʰʝʥʠʷ t/10 =l , ʛʜʝ t  ï 

ʩʨʝʜʥʠʡ ʧʨʦʤʝʞʫʪʦʢ ʚʨʝʤʝʥʠ ʤʝʞʜʫ ʩʦʩʝʜʥʠʤʠ ʪʨʝʙʦʚʘʥʠʷʤʠ ʦʪ ʦʜʥʦʛʦ ʧʦʣʴʟʦʚʘʪʝʣʷ , 

ʢʦʪʦʨʳʡ ʦʮʝʥʠʚʘʣʩʷ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʤ ʧʫʪʝʤ ʚ ʧ. 2.2.3, ʛʜʝ ʨʘʩʩʤʘʪʨʠʚʘʣʘʩʴ ʩʠʩʪʝʤʘ, 

ʠʤʝʶʱʘʷ 100 ʧʦʣʴʟʦʚʘʪʝʣʝʡ (ʵʪʦ ʢʦʣʠʯʝʩʪʚʦ ʧʦʣʴʟʦʚʘʪʝʣʝʡ ʚʝʩʴʤʘ ʪʠʧʠʯʥʦ ʜʣʷ ʩʠʩʪʝʤ, 

ʠʩʧʦʣʴʟʫʝʤʳʭ ʚ ʧʨʘʢʪʠʢʝ ʧʨʠʤʝʥʝʥʠʷ ʫʩʣʫʛʠ). ɺ ʨʝʟʫʣʴʪʘʪʝ ʠʟʤʝʨʝʥʠʡ ʩʨʝʜʥʠʡ ʧʨʦʤʝʞʫʪʦʢ 

ʚʨʝʤʝʥʠ ʤʝʞʜʫ ʩʦʩʝʜʥʠʤʠ ʪʨʝʙʦʚʘʥʠʷʤʠ ʩʦʩʪʘʚʠʣ 0.2 ʩ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ɚ0 = 5 ʩ
-1
, ʦʪʢʫʜʘ ɚ = 

5Ŀ100 = 500 ʩ
-1

.  

ɿʘʚʠʩʠʤʦʩʪʴ ʩʨʝʜʥʝʛʦ ʚʨʝʤʝʥʠ ʦʪʢʣʠʢʘ ʦʪ ʩʨʝʜʥʝʛʦ ʚʨʝʤʝʥʠ ʦʙʩʣʫʞʠʚʘʥʠʷ ʦʜʥʦʡ ʟʘʷʚʢʠ 

ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʟʥʘʯʝʥʠʷʭ ʂ ʠ ɚ = 500 ʩ
-1

 ʧʦʢʘʟʘʥʘ ʥʘ ʨʠʩʫʥʢʝ 3.2.  

ʕʪʘ ʟʘʚʠʩʠʤʦʩʪʴ ʧʦʟʚʦʣʷʝʪ ʥʘʡʪʠ ʧʦʨʦʛʦʚʦʝ ʟʥʘʯʝʥʠʝ b1, ʢʦʪʦʨʦʝ ʙʳ ʦʙʝʩʧʝʯʠʚʘʣʦ 

ʢʦʤʬʦʨʪʥʫʶ ʨʘʙʦʪʫ ʤʥʦʞʝʩʪʚʘ ʧʦʣʴʟʦʚʘʪʝʣʝʡ ʙʝʟ ʧʦʪʝʨʠ ʢʘʯʝʩʪʚʘ ʩ ʫʩʣʫʛʠ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ 

ʚʨʝʤʝʥʠ ʦʪʢʣʠʢʘ ʩʠʩʪʝʤʳ.  
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ʈʠʩ. 3.2. ʉʦʦʪʥʦʰʝʥʠʷ ʤʝʞʜʫ ʚʨʝʤʝʥʥʳʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʩʠʩʪʝʤʳ 

ʧʨʠ ʨʘʟʣʠʯʥʳʭ K 

ʈʠʩ. 3.3. ɿʘʚʠʩʠʤʦʩʪʴ ʩʨʝʜʥʝʛʦ ʚʨʝʤʝʥʠ ʦʪʢʣʠʢʘ ʦʪ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʯʠʩʣʘ 

ʟʘʷʚʦʢ ʚ ʩʠʩʪʝʤʝ 

 

 

 

ɿʘʚʠʩʠʤʦʩʪʴ ʤʝʞʜʫ ʩʨʝʜʥʠʤ ʚʨʝʤʝʥʝʤ ʦʪʢʣʠʢʘ ʠ ʯʠʩʣʦʤ ʦʜʥʦʚʨʝʤʝʥʥʦ ʦʙʩʣʫʞʠʚʘʝʤʳʭ 

ʧʦʣʴʟʦʚʘʪʝʣʝʡ ʚ ʬʘʟʝ ʫʩʪʘʥʦʚʣʝʥʠʷ ʪʝʨʤʠʥʘʣʴʥʦʡ ʩʝʩʩʠʠ ʧʦʢʘʟʘʥʘ ʥʘ ʨʠʩʫʥʢʝ 3.3.  
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3.2 ʇʦʠʩʢ ʤʥʦʞʝʩʪʚʘ ʟʥʘʯʝʥʠʡ ʧʘʨʘʤʝʪʨʦʚ ʫʩʣʫʛʠ, ʦʪʚʝʯʘʶʱʠʭ ʟʘʜʘʥʥʳʤ ʪʨʝʙʦʚʘʥʠʷʤ ʢ 

ʢʘʯʝʩʪʚʫ 

 

3.2.1 ʇʦʠʩʢ ʤʥʦʞʝʩʪʚʘ ʜʦʧʫʩʪʠʤʳʭ ʟʥʘʯʝʥʠʡ ʧʘʨʘʤʝʪʨʦʚ ʫʩʣʫʛʠ 

 

 

ʆʜʥʦʡ ʠʟ ʚʘʞʥʳʭ ʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʭ ʟʘʜʘʯ ʥʘ ʧʨʘʢʪʠʢʝ ʷʚʣʷʝʪʩʷ ʨʘʩʯʝʪ ʧʘʨʘʤʝʪʨʦʚ, 

ʦʧʨʝʜʝʣʷʶʱʠʭ ʢʘʯʝʩʪʚʦ ʫʩʣʫʛʠ, ʧʨʠ ʢʦʪʦʨʳʭ ʙʳ ʫʜʦʚʣʝʪʚʦʨʷʣʠʩʴ ʪʨʝʙʦʚʘʥʠʷ, ʧʨʝʜʲʷʚʣʷʝʤʳʝ ʢ 

ʢʘʯʝʩʪʚʫ. ɺ ʩʣʫʯʘʝ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʡ ʫʩʣʫʛʠ (ʝʝ ʧʝʨʚʦʡ ʬʘʟʳ) ʪʨʝʙʦʚʘʥʠʷ ʤʦʛʫʪ ʧʨʝʜʲʷʚʣʷʪʴʩʷ ʢ 

ʩʨʝʜʥʝʤʫ ʚʨʝʤʝʥʠ ʦʪʢʣʠʢʘ (ʊ), ʚʝʨʦʷʪʥʦʩʪʠ ʦʪʢʘʟʘ (pK) ʧʨʠ ʥʝʢʦʪʦʨʦʡ ʟʘʜʘʥʥʦʡ ʠʥʪʝʥʩʠʚʥʦʩʪʠ 

ʚʭʦʜʷʱʝʛʦ ʧʦʪʦʢʘ. ʊʨʝʙʫʝʪʩʷ ʥʘʡʪʠ ʪʘʢʠʝ ʟʥʘʯʝʥʠʷ b1 ʠ K, ʧʨʠ ʢʦʪʦʨʳʭ ʚʳʧʦʣʥʷʶʪʩʷ 

ʦʛʨʘʥʠʯʝʥʠʷ ʧʦ ʚʨʝʤʝʥʠ ʦʪʢʣʠʢʘ ʠ ʚʝʨʦʷʪʥʦʩʪʠ ʦʪʢʘʟʘ.  

ʇʨʦʚʘʡʜʝʨʫ ʥʝʦʙʭʦʜʠʤʦ ʟʥʘʪʴ ʤʠʥʠʤʘʣʴʥʳʝ ʪʨʝʙʦʚʘʥʠʷ ʢ ʩʝʨʚʝʨʫ (ʚʨʝʤʷ ʦʙʩʣʫʞʠʚʘʥʠʷ 

ʦʜʥʦʛʦ ʟʘʧʨʦʩʘ, ʢʦʣʠʯʝʩʪʚʦ ʧʦʜʢʣʶʯʘʝʤʳʭ ʧʦʣʴʟʦʚʘʪʝʣʝʡ ʫʩʣʫʛʠ), ʧʨʠ ʢʦʪʦʨʳʭ ʙʫʜʫʪ 

ʚʳʧʦʣʥʷʪʴʩʷ ʟʘʜʘʥʥʳʝ ʦʛʨʘʥʠʯʝʥʠʷ. ʉʧʦʩʦʙʘʤʠ ʫʤʝʥʴʰʠʪʴ ʟʥʘʯʝʥʠʝ b1 ʷʚʣʷʶʪʩʷ: ʫʩʪʘʥʦʚʢʘ 

ʙʦʣʝʝ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʛʦ ʧʨʦʮʝʩʩʦʨʘ, ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʘʧʧʘʨʘʪʥʦʛʦ ʫʩʢʦʨʝʥʠʷ, ʟʘʜʝʡʩʪʚʦʚʘʥʠʝ 

ʛʨʘʬʠʯʝʩʢʦʛʦ ʧʨʦʮʝʩʩʦʨʘ ʠ ʜʨ.; ʫʚʝʣʠʯʠʪʴ ʟʥʘʯʝʥʠʝ K ʚʦʟʤʦʞʥʦ ʟʘ ʩʯʝʪ ʫʚʝʣʠʯʝʥʠʷ ʨʝʩʫʨʩʦʚ 

ʤʝʥʝʜʞʝʨʘ ʧʦʜʢʣʶʯʝʥʠʡ (ʦʧʝʨʘʪʠʚʥʘʷ ʧʘʤʷʪʴ, ʙʳʩʪʨʦʜʝʡʩʪʚʠʝ ʚʠʨʪʫʘʣʴʥʦʛʦ ʧʨʦʮʝʩʩʦʨʘ). 

ʊʦʛʜʘ ʩʪʘʥʦʚʠʪʩʷ ʚʦʟʤʦʞʥʳʤ ʧʨʝʜʦʩʪʘʚʣʝʥʠʝ ʫʩʣʫʛʠ ʩ ʧʨʠʝʤʣʝʤʳʤ ʢʘʯʝʩʪʚʦʤ ʜʦʩʪʘʪʦʯʥʦ 

ʙʦʣʴʰʦʤʫ ʢʦʣʠʯʝʩʪʚʫ ʧʦʣʴʟʦʚʘʪʝʣʝʡ (ʠʩʭʦʜʷ ʠʟ ʧʨʘʢʪʠʯʝʩʢʦʛʦ ʦʧʳʪʘ ï ʜʦ 200, ʭʦʪʷ ʥʘ 

ʧʨʘʢʪʠʢʝ ʨʝʜʢʦ ʚʩʪʨʝʯʘʶʪʩʷ ʩʝʨʚʝʨʳ, ʦʙʩʣʫʞʠʚʘʶʱʠʝ ʙʦʣʝʝ 150 ʧʦʣʴʟʦʚʘʪʝʣʝʡ). 

ʇʦ ʫʩʣʦʚʠʷʤ ʟʘʜʘʯʠ ʥʫʞʥʦ, ʯʪʦʙʳ: pK (K, b1) Ò ʨ0, T(K, b1) Ò T0, ʛʜʝ ʨ0 ʠ T0 ï ʪʨʝʙʫʝʤʳʝ 

ʟʥʘʯʝʥʠʷ. 

ʊʨʝʙʦʚʘʥʠʷ ʤʦʛʫʪ ʚʳʧʦʣʥʷʪʴʩʷ ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʩʦʯʝʪʘʥʠʷʭ K ʠ b1, ʢʦʪʦʨʳʝ ʦʙʨʘʟʫʶʪ 

ʤʥʦʞʝʩʪʚʦ ʜʦʧʫʩʪʠʤʳʭ ʟʥʘʯʝʥʠʡ D: 

D = {(K, b1): pK (K, b1) Ò p0 ʠ T(K, b1) Ò T0}.  

ɿʘʤʝʪʠʤ, ʯʪʦ ʝʩʣʠ ʫʚʝʣʠʯʠʚʘʝʪʩʷ b1, ʪʦ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʊ ʠ ʫʚʝʣʠʯʠʚʘʝʪʩʷ pK; ʝʩʣʠ 

ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʂ, ʪʦ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʊ ʠ ʫʤʝʥʴʰʘʝʪʩʷ pK. ʇʦʵʪʦʤʫ ʜʣʷ ʧʦʩʪʨʦʝʥʠʷ ʤʥʦʞʝʩʪʚʘ D 

ʙʫʜʝʤ ʧʦʩʪʫʧʘʪʴ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ. ʇʨʠ ʬʠʢʩʠʨʦʚʘʥʥʦʤ b1 ʦʧʨʝʜʝʣʠʤ ʛʨʘʥʠʯʥʳʝ ʟʥʘʯʝʥʠʷ 

ʂ, ʧʨʠ ʢʦʪʦʨʳʭ ʚʳʧʦʣʥʷʶʪʩʷ ʟʘʜʘʥʥʳʝ ʦʛʨʘʥʠʯʝʥʠʷ: 

 

r1(b1) = min {K: pK (K, b1) Ò p0 ʠ T(K, b1) Ò T0},  

r2(b1) = max {K: pK (K, b1) Ò p0 ʠ T(K, b1) Ò T0}.  
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ʊʦʛʜʘ r1(b1) ʠ r2(b1) ï ʝʩʪʴ ʛʨʘʥʠʮʳ ʤʥʦʞʝʩʪʚʘ D. ɼʣʷ ʨʘʩʯʝʪʘ pK ʠʩʧʦʣʴʟʫʝʤ ʬʦʨʤʫʣʫ (3.3), 

ʜʣʷ ʨʘʩʯʝʪʘ ʊ ï ʬʦʨʤʫʣʫ (3.7). ʇʦʩʢʦʣʴʢʫ ʂ ʧʨʠʥʠʤʘʝʪ ʮʝʣʦʯʠʩʣʝʥʥʳʝ ʟʥʘʯʝʥʠʷ, ʤʥʦʞʝʩʪʚʦ D 

ʝʩʪʴ ʤʥʦʞʝʩʪʚʦ ʦʪʨʝʟʢʦʚ, ʧʘʨʘʣʣʝʣʴʥʳʭ ʦʩʠ ʘʙʩʮʠʩʩ, ʟʘʢʣʶʯʝʥʥʳʭ ʤʝʞʜʫ r1(b1) ʠ r2(b1). ʅʘ 

ʨʠʩʫʥʢʝ 3.4 ʦʩʠ ʘʙʩʮʠʩʩ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʟʥʘʯʝʥʠʷ b1, ʦʩʠ ʦʨʜʠʥʘʪ ï ʟʥʘʯʝʥʠʷ K. 

ɿʘʜʘʥʥʳʤ ʫʩʣʦʚʠʷʤ ʤʦʞʥʦ ʫʜʦʚʣʝʪʚʦʨʠʪʴ ʪʦʣʴʢʦ ʩʦʯʝʪʘʥʠʝʤ ʧʘʨʘʤʝʪʨʦʚ K ʠ b1, ʢʦʪʦʨʦʝ 

ʧʦʢʘʟʘʥʦ ʚ ʚʠʜʝ ʥʘʡʜʝʥʥʦʛʦ ʤʥʦʞʝʩʪʚʘ ʠʭ ʜʦʧʫʩʪʠʤʳʭ ʟʥʘʯʝʥʠʡ D (ʩʤ. ʨʠʩʫʥʦʢ 3.4). ʀʟ 

ʨʠʩʫʥʢʘ 3.4 ʚʠʜʥʦ, ʯʪʦ ʩʫʱʝʩʪʚʫʝʪ ʤʘʢʩʠʤʘʣʴʥʦʝ b1, ʧʨʠ ʢʦʪʦʨʦʤ ʚʦʟʤʦʞʥʦ ʫʜʦʚʣʝʪʚʦʨʠʪʴ 

ʟʘʜʘʥʥʳʤ ʫʩʣʦʚʠʷʤ. ʆʪʩʶʜʘ ʚʳʪʝʢʘʝʪ ʦʛʨʘʥʠʯʝʥʠʝ ʥʘ b1. ʅʘʧʨʠʤʝʨ, ʧʨʠ ʊ = 0.2 ʩ, ʂ = 70,        

pK = 10
-2

 , b1 Ò 2.8 ʤʩ. 

 

 

3.2.2 ʇʦʠʩʢ ʤʥʦʞʝʩʪʚʘ ʨʘʮʠʦʥʘʣʴʥʦʛʦ ʩʦʯʝʪʘʥʠʷ ʧʘʨʘʤʝʪʨʦʚ ʫʩʣʫʛʠ 

 

 

ɿʘʜʘʯʝʡ ʢʘʞʜʦʛʦ ʧʨʦʚʘʡʜʝʨʘ ʫʩʣʫʛ ʷʚʣʷʝʪʩʷ ʧʨʠ ʤʠʥʠʤʘʣʴʥʳʭ ʟʘʪʨʘʪʘʭ ʫʜʦʚʣʝʪʚʦʨʝʥʠʝ 

ʟʘʜʘʥʥʳʤ ʪʨʝʙʦʚʘʥʠʷʤ. ɺ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʤʠʥʠʤʘʣʴʥʳʝ ʟʘʪʨʘʪʳ ʦʟʥʘʯʘʶʪ ʧʨʠʤʝʥʝʥʠʝ ʙʦʣʝʝ 

ʜʝʰʝʚʦʛʦ ʩʝʨʚʝʨʘ, ʜʝʰʝʚʠʟʥʘ ʢʦʪʦʨʦʛʦ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʤʝʥʴʰʠʭ ʨʝʩʫʨʩʦʚ, ʪʘʢʠʭ, 

ʢʘʢ ʨʝʩʫʨʩ ʦʧʝʨʘʪʠʚʥʦʡ ʧʘʤʷʪʠ, ʧʨʦʮʝʩʩʦʨʘ, ʧʘʤʷʪʠ ʥʘ ʞʝʩʪʢʠʭ ʜʠʩʢʘʭ.  

ʆʜʥʦʟʥʘʯʥʦ ʦʧʨʝʜʝʣʠʪʴ ʩʦʦʪʥʦʰʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ ʩʝʨʚʝʨʘ, ʦʪʚʝʯʘʶʱʠʭ ʞʝʣʘʥʠʶ 

ʫʜʦʚʣʝʪʚʦʨʠʪʴ ʪʨʝʙʦʚʘʥʠʷ ʧʨʠ ʤʠʥʠʤʘʣʴʥʳʭ ʟʘʪʨʘʪʘʭ, ʥʝʚʦʟʤʦʞʥʦ: ʥʝʪ ʪʘʢʦʛʦ ʤʘʢʩʠʤʘʣʴʥʦʛʦ 

b1 ʠ ʤʠʥʠʤʘʣʴʥʦʛʦ ʂ ï ʫʚʝʣʠʯʝʥʠʝ ʦʜʥʦʛʦ ʧʨʠʚʦʜʠʪ ʢ ʫʤʝʥʴʰʝʥʠʶ ʜʨʫʛʦʛʦ. ʆʜʥʘʢʦ, 

ʩʫʱʝʩʪʚʫʝʪ ʥʘʙʦʨ ʪʘʢʠʭ ʟʥʘʯʝʥʠʡ K ʠ b1, ʥʘʭʦʜʷʩʴ ʚ ʨʘʤʢʘʭ ʢʦʪʦʨʦʛʦ ʚʩʝ ʝʱʝ ʤʦʞʥʦ 

ʫʜʦʚʣʝʪʚʦʨʷʪʴ ʟʘʜʘʥʥʳʤ ʪʨʝʙʦʚʘʥʠʷʤ. ʄʘʪʝʤʘʪʠʯʝʩʢʠ ʫʤʝʩʪʥʦ ʦʧʠʩʘʪʴ ʧʦʜʦʙʥʫʶ ʩʠʪʫʘʮʠʶ 

ʧʨʠ ʧʦʤʦʱʠ ʤʥʦʞʝʩʪʚʘ ʇʘʨʝʪʦ.  

ʄʥʦʞʝʩʪʚʦʤ ʇʘʨʝʪʦ ʧʨʠʥʷʪʦ ʩʯʠʪʘʪʴ ʪʘʢʦʝ ʤʥʦʞʝʩʪʚʦ ʩʦʩʪʦʷʥʠʡ ʠʣʠ ʧʘʨʘʤʝʪʨʦʚ 

ʩʠʩʪʝʤʳ, ʚ ʢʦʪʦʨʦʤ ʟʥʘʯʝʥʠʝ ʪʦʛʦ ʠʣʠ ʠʥʦʛʦ ʧʘʨʘʤʝʪʨʘ ʥʝ ʤʦʞʝʪ ʙʳʪʴ ʫʣʫʯʰʝʥʦ ʙʝʟ 

ʫʭʫʜʰʝʥʠʷ ʜʨʫʛʠʭ [21]. ɺ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʡ ʩʠʪʫʘʮʠʠ ʤʥʦʞʝʩʪʚʦ ʇʘʨʝʪʦ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ 

ʥʠʞʥʶʶ ʛʨʘʥʠʮʫ ʤʥʦʞʝʩʪʚʘ D, ʪ.ʝ. ʤʥʦʞʝʩʪʚʦ ʇ = {(K, b1)ÍD: (K - 1, b1)ÎD}. ɼʣʷ ʧʦʩʪʨʦʝʥʠʷ 

ʤʥʦʞʝʩʪʚʘ ʇʘʨʝʪʦ ʚʦʩʧʦʣʴʟʫʝʤʩʷ ʤʝʪʦʜʦʤ, ʦʧʠʩʘʥʥʦʤ ʚ [52]. ʊʦʯʢʠ ʤʥʦʞʝʩʪʚʘ ʇ ʦʙʦʟʥʘʯʝʥʳ 

ʥʘ ʨʠʩʫʥʢʝ 3.5 ʩʧʣʦʰʥʦʡ ʣʠʥʠʝʡ. 

ʈʘʩʩʤʦʪʨʠʤ ʯʠʩʣʝʥʥʳʡ ʧʨʠʤʝʨ, ʛʜʝ ʚ ʢʘʯʝʩʪʚʝ ʠʩʭʦʜʥʳʭ ʚʦʟʴʤʝʤ ʜʘʥʥʳʝ ʧʦʣʫʯʝʥʥʳʝ 

ʨʘʥʝʝ. ʇʫʩʪʴ ʊ0 Ò 2 ʩ ï ʜʦʧʫʩʪʠʤʦʝ ʚʨʝʤʷ ʦʪʢʣʠʢʘ, pK = 10
-2 
ï ʜʦʧʫʩʪʠʤʘʷ ʚʝʨʦʷʪʥʦʩʪʴ ʦʪʢʘʟʘ, ɚ 

= 500 1/ʩ.  

ʇʦʩʪʨʦʠʤ ʤʥʦʞʝʩʪʚʦ ʇ ʧʦ ʬʦʨʤʫʣʘʤ (3.3) ʠ (3.7), ʠʩʧʦʣʴʟʫʷ ʠʩʭʦʜʥʳʝ ʧʘʨʘʤʝʪʨʳ ʠʟ 

ʧʨʠʤʝʨʘ (ʩʤ. ʨʠʩʫʥʦʢ 3.4).  
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ʈʠʩ. 3.4. ʄʥʦʞʝʩʪʚʦ ʜʦʧʫʩʪʠʤʳʭ ʟʥʘʯʝʥʠʡ ʠ ʤʥʦʞʝʩʪʚʦ ʇʘʨʝʪʦ 

ʧʘʨʘʤʝʪʨʦʚ b1 ʠ K  

 
 

 

 

ʆʢʦʥʯʘʪʝʣʴʥʳʡ ʚʳʙʦʨ ʯʠʩʣʘ ʦʙʩʣʫʞʠʚʘʝʤʳʭ ʧʦʣʴʟʦʚʘʪʝʣʝʡ ʠ ʚʨʝʤʝʥʠ ʦʙʩʣʫʞʠʚʘʥʠʷ 

ʦʜʥʦʡ ʟʘʷʚʢʠ ʧʨʦʠʟʚʦʜʠʪʩʷ ʧʦ ʵʢʦʥʦʤʠʯʝʩʢʠʤ ʢʨʠʪʝʨʠʷʤ. ʇʨʠ ʩʨʘʚʥʝʥʠʠ ʚʘʨʠʘʥʪʦʚ ʜʦʩʪʘʪʦʯʥʦ 

ʦʛʨʘʥʠʯʠʪʴʩʷ ʨʘʩʩʤʦʪʨʝʥʠʝʤ ʥʝ ʚʩʝʛʦ ʤʥʦʞʝʩʪʚʘ ʠʭ ʜʦʧʫʩʪʠʤʳʭ ʟʥʘʯʝʥʠʡ, ʘ ʤʝʥʴʰʝʛʦ ʧʦ 

ʯʠʩʣʫ ʵʣʝʤʝʥʪʦʚ ʤʥʦʞʝʩʪʚʘ ʇʘʨʝʪʦ. ʇʦʣʫʯʝʥʥʳʝ ʩʦʦʪʥʦʰʝʥʠʷ ʧʦʟʚʦʣʷʶʪ, ʠʩʭʦʜʷ ʠʟ ʟʘʜʘʥʥʳʭ 

ʪʨʝʙʦʚʘʥʠʡ ʢ ʢʘʯʝʩʪʚʫ, ʨʘʩʩʯʠʪʘʪʴ ʚʨʝʤʷ ʦʙʩʣʫʞʠʚʘʥʠʷ ʠ ʢʦʣʠʯʝʩʪʚʦ ʦʜʥʦʚʨʝʤʝʥʥʦ 

ʦʙʩʣʫʞʠʚʘʝʤʳʭ ʧʦʣʴʟʦʚʘʪʝʣʝʡ ʫʩʣʫʛʠ. 

 

 

3.3 ɺʳʚʦʜʳ ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ ʪʨʝʪʴʝʛʦ ʨʘʟʜʝʣʘ 

 

 

ʊʨʝʪʠʡ ʨʘʟʜʝʣ ʧʦʩʚʷʱʝʥ ʘʥʘʣʠʪʠʯʝʩʢʦʤʫ ʤʦʜʝʣʠʨʦʚʘʥʠʶ ʧʝʨʚʦʡ ʬʘʟʳ ʧʨʝʜʦʩʪʘʚʣʝʥʠʷ 

ʫʩʣʫʛʠ çʚʠʨʪʫʘʣʴʥʳʡ ʨʘʙʦʯʠʡ ʩʪʦʣè. ɺ ʧ. 3.1.1 ʧʨʠʚʝʜʝʥʦ ʦʙʦʩʥʦʚʘʥʠʝ ʧʦʜʙʦʨʘ ʉʄʆ, ʥʘʠʙʦʣʝʝ 

ʘʜʝʢʚʘʪʥʦ ʦʧʠʩʳʚʘʶʱʝʡ ʨʘʙʦʪʫ ʫʩʣʫʛʠ ʚ ʧʝʨʚʦʡ ʝʝ ʬʘʟʝ, ʚʚʝʜʝʥʳ ʦʩʥʦʚʥʳʝ ʧʦʣʦʞʝʥʠʷ ʠ 

ʜʦʧʫʱʝʥʠʷ, ʩʬʦʨʤʫʣʠʨʦʚʘʥʘ ʧʦʩʪʘʥʦʚʢʘ ʟʘʜʘʯ, ʨʝʰʘʝʤʳʭ ʚ ʨʘʟʜʝʣʝ. 

ɺ ʧ. 3.1.2 ʦʮʝʥʝʥʦ ʩʨʝʜʥʝʝ ʚʨʝʤʷ ʦʪʢʣʠʢʘ ʚ ʧʝʨʚʦʡ ʬʘʟʝ. ʈʘʩʩʤʦʪʨʝʥʦ ʚʨʝʤʷ ʦʪʢʣʠʢʘ ʜʣʷ 

ʢʣʘʩʩʠʯʝʩʢʠʭ ʢʦʤʧʴʶʪʝʨʥʳʭ ʩʠʩʪʝʤ, ʩ ʫʯʝʪʦʤ ʩʧʝʮʠʬʠʢʠ ʨʘʙʦʪʳ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʡ ʦʙʣʘʯʥʦʡ 

ʫʩʣʫʛʠ ʚʥʝʩʝʥʳ ʧʦʧʨʘʚʢʠ (ʪʨʘʥʟʘʢʮʠʠ ʚ ʧʨʦʮʝʩʩʝ ʩʢʨʳʪʦʛʦ ʦʪ ʧʦʣʴʟʦʚʘʪʝʣʷ ʦʙʤʝʥʘ 

ʩʣʫʞʝʙʥʳʤʠ ʜʘʥʥʳʤʠ ʚ ʧʨʦʮʝʩʩʝ ʧʦʜʢʣʶʯʝʥʠʷ ʢ ʫʩʣʫʛʝ). ʇʨʠ ʧʦʤʦʱʠ ʬʦʨʤʫʣʳ ʜʣʷ ʩʨʝʜʥʝʛʦ 

ʚʨʝʤʝʥʠ ʦʪʢʣʠʢʘ, ʧʦʣʫʯʝʥʥʦʡ ʚ ʨʘʟʜʝʣʝ 2, ʨʘʩʩʯʠʪʘʥʦ ʩʨʝʜʥʝʝ ʚʨʝʤʷ ʦʙʩʣʫʞʠʚʘʥʠʷ ʥʘ ʩʝʨʚʝʨʝ. 

ɺ ʧ. 3.1.3 ʨʘʩʩʯʠʪʘʥʳ ʚʝʨʦʷʪʥʦʩʪʥʦ-ʚʨʝʤʝʥʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʠ ʧʦʣʫʯʝʥʳ ʢʣʶʯʝʚʳʝ 

ʟʘʚʠʩʠʤʦʩʪʠ: ʟʘʚʠʩʠʤʦʩʪʴ ʩʨʝʜʥʝʛʦ ʚʨʝʤʝʥʠ ʦʪʢʣʠʢʘ ʦʪ ʩʨʝʜʥʝʛʦ ʚʨʝʤʝʥʠ ʦʙʩʣʫʞʠʚʘʥʠʷ ʦʜʥʦʡ 
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ʟʘʷʚʢʠ ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʟʥʘʯʝʥʠʷʭ ʦʜʥʦʚʨʝʤʝʥʥʦ ʦʙʩʣʫʞʠʚʘʝʤʳʭ ʧʦʣʴʟʦʚʘʪʝʣʝʡ ʠ ʟʘʚʠʩʠʤʦʩʪʴ 

ʩʨʝʜʥʝʛʦ ʚʨʝʤʝʥʠ ʦʪʢʣʠʢʘ ʩʝʨʚʝʨʘ ʦʪ ʯʠʩʣʘ ʦʙʩʣʫʞʠʚʘʝʤʳʭ ʟʘʷʚʦʢ ʚ ʩʠʩʪʝʤʝ. 

ʇ. 3.2.1 ʧʦʩʚʷʱʝʥ ʨʝʰʝʥʠʶ ʟʘʜʘʯʠ ʧʦʠʩʢʘ ʤʥʦʞʝʩʪʚʘ ʜʦʧʫʩʪʠʤʳʭ ʟʥʘʯʝʥʠʡ ʚʨʝʤʝʥʠ 

ʦʙʩʣʫʞʠʚʘʥʠʷ ʦʜʥʦʡ ʟʘʷʚʢʠ b1 ʠ ʯʠʩʣʘ ʦʜʥʦʚʨʝʤʝʥʥʦ ʦʙʩʣʫʞʠʚʘʝʤʳʭ ʧʦʣʴʟʦʚʘʪʝʣʝʡ K, ʧʨʠ 

ʢʦʪʦʨʳʭ ʚʳʧʦʣʥʷʶʪʩʷ ʦʛʨʘʥʠʯʝʥʠʷ ʧʦ ʚʨʝʤʝʥʠ ʦʪʢʣʠʢʘ ʠ ʚʝʨʦʷʪʥʦʩʪʠ ʦʪʢʘʟʘ. ɿʘʜʘʥʥʳʤ 

ʫʩʣʦʚʠʷʤ ʤʦʞʥʦ ʫʜʦʚʣʝʪʚʦʨʠʪʴ ʪʦʣʴʢʦ ʩʦʯʝʪʘʥʠʝʤ ʧʘʨʘʤʝʪʨʦʚ K ʠ b1, ʢʦʪʦʨʦʝ ʧʦʢʘʟʘʥʦ ʚ ʚʠʜʝ 

ʥʘʡʜʝʥʥʦʛʦ ʤʥʦʞʝʩʪʚʘ ʠʭ ʜʦʧʫʩʪʠʤʳʭ ʟʥʘʯʝʥʠʡ D. 

ɺ ʧ. 3.2.2. ʚʠʜʝ ʤʥʦʞʝʩʪʚʘ ʇʘʨʝʪʦ ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʘʮʠʦʥʘʣʴʥʳʝ ʚʘʨʠʘʥʪʳ ʩʦʯʝʪʘʥʠʷ ʵʪʠʭ 

ʧʘʨʘʤʝʪʨʦʚ. ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʤʦʛʫʪ ʙʳʪʴ ʧʦʣʝʟʥʳ ʧʨʦʚʘʡʜʝʨʦʤ ʫʩʣʫʛʠ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ 

ʢʦʤʬʦʨʪʥʦʛʦ ʜʣʷ ʧʦʣʴʟʦʚʘʪʝʣʝʡ ʚʨʝʤʝʥʠ ʦʪʢʣʠʢʘ ʠ ʚʝʨʦʷʪʥʦʩʪʠ ʦʪʢʘʟʘ. ʕʪʦ ʤʦʞʝʪ ʙʳʪʴ 

ʜʦʩʪʠʛʥʫʪʦ ʧʫʪʝʤ ʠʟʤʝʥʝʥʠʷ ʪʘʢʠʭ ʧʘʨʘʤʝʪʨʦʚ, ʢʘʢ ʯʠʩʣʦ ʦʜʥʦʚʨʝʤʝʥʥʦ ʦʙʩʣʫʞʠʚʘʝʤʳʭ 

ʧʦʣʴʟʦʚʘʪʝʣʝʡ (K) ʠ ʩʨʝʜʥʝʝ ʚʨʝʤʷ ʦʙʩʣʫʞʠʚʘʥʠʷ ʦʜʥʦʡ ʟʘʷʚʢʠ (b1), ʯʪʦ ʤʦʞʝʪ ʦʩʫʱʝʩʪʚʣʷʪʴʩʷ 

ʟʘ ʩʯʝʪ ʫʚʝʣʠʯʝʥʠʷ ʧʨʦʛʨʘʤʤʥʦ-ʘʧʧʘʨʘʪʥʦʛʦ ʨʝʩʫʨʩʘ ʥʘ ʩʝʨʚʝʨʝ ʫʩʣʫʛʠ.  

ʈʝʟʫʣʴʪʘʪʳ, ʧʦʣʫʯʝʥʥʳʝ ʚ ʨʝʟʫʣʴʪʘʪʝ ʘʥʘʣʠʟʘ ʧʦʩʪʨʦʝʥʥʦʡ ʚ ʨʘʟʜʝʣʝ ʤʦʜʝʣʠ, ʙʫʜʫʪ 

ʠʩʧʦʣʴʟʦʚʘʥʳ ʜʘʣʝʝ ʧʨʠ ʬʦʨʤʫʣʠʨʦʚʘʥʠʠ ʨʝʢʦʤʝʥʜʘʮʠʡ ʧʦ ʦʙʝʩʧʝʯʝʥʠʶ ʧʨʠʝʤʣʝʤʦʛʦ ʢʘʯʝʩʪʚʘ 

ʫʩʣʫʛʠ ʥʘ ʵʪʘʧʝ ʝʝ ʫʩʪʘʥʦʚʣʝʥʠʷ. 
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ʈʘʟʜʝʣ 4. ʄʘʪʝʤʘʪʠʯʝʩʢʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʬʘʟʳ ʨʘʙʦʪʳ 

ʪʝʨʤʠʥʘʣʴʥʦʡ ʩʝʩʩʠʠ ʫʩʣʫʛʠ çʚʠʨʪʫʘʣʴʥʳʡ ʨʘʙʦʯʠʡ ʩʪʦʣè 

 

4.1 ʇʦʩʪʨʦʝʥʠʝ ʘʥʘʣʠʪʠʯʝʩʢʠʭ ʤʦʜʝʣʝʡ 

 

4.1.1 ɺʚʝʜʝʥʠʝ ʠ ʧʦʩʪʘʥʦʚʢʘ ʟʘʜʘʯʠ 

 

 

ʀʟʥʘʯʘʣʴʥʦ ʫʩʣʫʛʘ çʚʠʨʪʫʘʣʴʥʳʡ ʨʘʙʦʯʠʡ ʩʪʦʣè ʧʨʦʝʢʪʠʨʦʚʘʣʘʩʴ ʜʣʷ ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ 

ʧʨʝʜʦʩʪʘʚʣʝʥʠʷ ʧʦʣʴʟʦʚʘʪʝʣʶ ʪʦʣʴʢʦ ʨʘʙʦʯʝʛʦ ʩʪʦʣʘ. ʎʝʣʝʚʦʡ ʘʫʜʠʪʦʨʠʝʡ ʫʩʣʫʛʠ ʙʳʣʠ 

ʦʬʠʩʥʳʝ ʨʘʙʦʪʥʠʢʠ, ʧʦ ʩʧʝʮʠʬʠʢʝ ʩʚʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ, ʨʘʙʦʪʘʶʱʠʝ ʪʦʣʴʢʦ ʩ ʦʬʠʩʥʳʤʠ 

ʧʨʠʣʦʞʝʥʠʷʤʠ. ʊʘʢʦʡ ʩʮʝʥʘʨʠʡ ʨʘʙʦʪʳ ʫʩʣʫʛʠ ʙʫʜʝʤ ʥʘʟʚʘʪʴ ʙʘʟʦʚʳʤ. ɿʘʪʝʤ, ʩʦ ʚʨʝʤʝʥʝʤ, ʧʦ 

ʤʝʨʝ ʥʘʢʦʧʣʝʥʠʷ ʦʧʳʪʘ ʵʢʩʧʣʫʘʪʘʮʠʠ ʫʩʣʫʛʠ, ʧʦʚʳʰʝʥʠʷ ʝʝ ʧʨʠʚʣʝʢʘʪʝʣʴʥʦʩʪʠ ʜʣʷ ʙʦʣʝʝ 

ʰʠʨʦʢʦʛʦ ʢʨʫʛʘ ʧʦʣʴʟʦʚʘʪʝʣʝʡ, ʧʦʷʚʠʣʠʩʴ ʥʦʚʳʝ ʩʮʝʥʘʨʠʠ ʨʘʙʦʪʳ: ʩʮʝʥʘʨʠʡ, ʧʨʠ ʢʦʪʦʨʦʤ 

ʧʦʣʴʟʦʚʘʪʝʣʶ ʧʨʝʜʦʩʪʘʚʣʝʥʘ ʚʦʟʤʦʞʥʦʩʪʴ ʧʨʦʩʤʦʪʨʘ ʚʠʜʝʦ, ʟʘʧʫʩʢʘʝʤʦʛʦ ʚʥʫʪʨʠ ʨʘʙʦʯʝʛʦ 

ʩʪʦʣʘ ʠ ʩʮʝʥʘʨʠʡ, ʧʨʠ ʢʦʪʦʨʦʤ ʧʨʝʜʦʩʪʘʚʣʝʥʘ ʚʦʟʤʦʞʥʦʩʪʴ ʟʘʧʫʩʢʘ ʠ ʚʠʜʝʦ ʠ ʘʫʜʠʦ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʥʘ ʦʩʥʦʚʝ ʩʧʝʮʠʬʠʢʠ ʨʘʙʦʪʳ ʧʦʣʴʟʦʚʘʪʝʣʝʡ ʫʤʝʩʪʥʦ ʚʳʜʝʣʠʪʴ ʩʣʝʜʫʶʱʠʝ 

ʦʩʥʦʚʥʳʝ ʩʮʝʥʘʨʠʠ ʨʘʙʦʪʳ ʫʩʣʫʛʠ: 

1) ʙʘʟʦʚʳʡ; 

2) ʩʮʝʥʘʨʠʡ ʩ ʚʠʜʝʦ; 

3) ʩʮʝʥʘʨʠʡ ʩ ʚʠʜʝʦ ʠ ʘʫʜʠʦ. 

ʉʧʝʮʠʬʠʢʘ ʨʘʙʦʪʳ ʫʩʣʫʛʠ ʚ ʵʪʠʭ ʩʮʝʥʘʨʠʷʭ ʨʘʟʣʠʯʥʘ, ʯʪʦ ʧʦʪʨʝʙʫʝʪ ʧʦʩʪʨʦʝʥʠʷ 

ʦʪʜʝʣʴʥʳʭ ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʤʦʜʝʣʝʡ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʤʦʞʥʦ ʩʬʦʨʤʫʣʠʨʦʚʘʪʴ ʧʦʩʪʘʥʦʚʢʫ ʟʘʜʘʯ 

ʠʩʩʣʝʜʦʚʘʥʠʷ: ʩʦʩʪʘʚʠʪʴ ʘʥʘʣʠʪʠʯʝʩʢʠʝ ʤʦʜʝʣʠ, ʦʧʠʩʳʚʘʶʱʠʝ ʨʘʙʦʪʫ ʧʦʣʴʟʦʚʘʪʝʣʴʩʢʦʛʦ 

ʫʩʪʨʦʡʩʪʚʘ ʠ ʩʝʨʚʝʨʘ ʚ ʪʨʝʭ ʩʮʝʥʘʨʠʷʭ ʨʘʙʦʪʳ, ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʪʴ ʚʨʝʤʝʥʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ʵʪʠʭ ʤʦʜʝʣʝʡ. ʆʮʝʥʠʪʴ ʩʨʝʜʥʝʝ ʚʨʝʤʷ ʦʪʢʣʠʢʘ ʜʣʷ ʢʘʞʜʦʛʦ ʩʮʝʥʘʨʠʷ.  

 

 

4.1.2 ɸʥʘʣʠʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʪʝʨʤʠʥʘʣʴʥʦʡ ʩʝʩʩʠʠ ʚ ʙʘʟʦʚʦʤ ʩʮʝʥʘʨʠʠ ʨʘʙʦʪʳ 

 

 

ʇʨʦʘʥʘʣʠʟʠʨʫʝʤ ʧʨʦʮʝʩʩ ʨʘʙʦʪʳ ʪʝʨʤʠʥʘʣʴʥʦʡ ʩʝʩʩʠʠ. ʇʦʩʣʝ ʪʦʛʦ, ʢʘʢ ʧʦʣʴʟʦʚʘʪʝʣʴ 

ʘʚʪʦʨʠʟʦʚʘʥ ʠ ʧʦʜʢʣʶʯʝʥ ʢ ʫʩʣʫʛʝ, ʥʘʯʠʥʘʝʪʩʷ ʠʥʪʝʨʘʢʪʠʚʥʳʡ ʦʙʤʝʥ ʜʘʥʥʳʤʠ ʤʝʞʜʫ ʘʛʝʥʪʦʤ 

ʧʦʣʴʟʦʚʘʪʝʣʴʩʢʦʛʦ ʫʩʪʨʦʡʩʪʚʘ ʠ ʘʛʝʥʪʦʤ ʚʠʨʪʫʘʣʴʥʦʡ ʤʘʰʠʥʳ ʯʝʨʝʟ ʩʝʪʴ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ. 
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ʂʣʠʝʥʪ ʦʪʧʨʘʚʣʷʝʪ ʢʦʤʘʥʜʳ ʩʦʙʳʪʠʡ ʤʳʰʠ ʠ ʢʣʘʚʠʘʪʫʨʳ ʥʘ ʩʝʨʚʝʨ, ʚ ʦʪʚʝʪ ʥʘ ʥʠʭ ʩʝʨʚʝʨ 

ʦʪʧʨʘʚʣʷʝʪ ʧʦʪʦʢ ʜʘʥʥʳʭ ʢʣʠʝʥʪʫ. ɹʦʣʝʝ ʧʦʜʨʦʙʥʦ ʵʪʦʪ ʧʨʦʮʝʩʩ ʙʳʣ ʨʘʩʩʤʦʪʨʝʥ ʚ ʨʘʟʜʝʣʝ 1.  

ɹʦʣʴʰʠʥʩʪʚʦ ʩʦʚʨʝʤʝʥʥʳʭ ʧʦʣʴʟʦʚʘʪʝʣʴʩʢʠʭ ʫʩʪʨʦʡʩʪʚ (ʚ ʦʩʦʙʝʥʥʦʩʪʠ ï ʪʦʥʢʠʭ 

ʢʣʠʝʥʪʦʚ, ʧʨʝʜʥʘʟʥʘʯʝʥʥʳʭ ʩʧʝʮʠʘʣʴʥʦ ʜʣʷ ʫʩʣʫʛʠ çʚʠʨʪʫʘʣʴʥʳʡ ʨʘʙʦʯʠʡ ʩʪʦʣè) ʠʤʝʶʪ 

ʘʨʭʠʪʝʢʪʫʨʫ ʩ ʤʥʦʛʦʷʜʝʨʥʳʤʠ ʧʨʦʮʝʩʩʦʨʘʤʠ. ʆʧʝʨʘʮʠʦʥʥʘʷ ʩʠʩʪʝʤʘ ʫʩʪʨʦʡʩʪʚʘ ʨʘʩʧʨʝʜʝʣʷʝʪ 

ʦʙʨʘʙʘʪʳʚʘʝʤʫʶ ʠʥʬʦʨʤʘʮʠʶ ʤʝʞʜʫ ʧʨʦʮʝʩʩʦʨʘʤʠ ʜʣʷ ʫʚʝʣʠʯʝʥʠʷ ʙʳʩʪʨʦʜʝʡʩʪʚʠʷ ʦʙʨʘʙʦʪʢʠ 

ʜʘʥʥʳʭ. ʅʘ ʧʨʘʢʪʠʢʝ ʙʦʣʴʰʦʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʧʦʣʫʯʠʣʠ ʪʦʥʢʠʝ ʢʣʠʝʥʪʳ, ʠʤʝʶʱʠʝ 

ʜʚʫʭʲʷʜʝʨʥʳʝ ʧʨʦʮʝʩʩʦʨʳ. 

ʉʭʝʤʘ ʨʘʙʦʪʳ ʫʩʣʫʛʠ ʚ ʙʘʟʦʚʦʤ ʩʮʝʥʘʨʠʠ ʨʘʙʦʪʳ ʧʦʢʘʟʘʥʘ ʥʘ ʨʠʩʫʥʢʝ 4.1. 

 

ʈʠʩ. 4.1. ʉʭʝʤʘ ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ ʫʩʣʫʛʠ ʚ ʙʘʟʦʚʦʤ ʩʮʝʥʘʨʠʠ ʨʘʙʦʪʳ 

ɸʛʝʥʪ ʧʦʣʴʟʦʚʘʪʝʣʴʩʢʦʛʦ ʫʩʪʨʦʡʩʪʚʘ ʨʘʩʧʨʝʜʝʣʷʝʪ ʦʜʥʦʪʠʧʥʳʝ ʟʘʷʚʢʠ ʧʦ ʷʜʨʘʤ 

ʧʨʦʮʝʩʩʦʨʘ ʧʦʦʯʝʨʝʜʥʦ: ʦʜʥʘ ʟʘʷʚʢʘ ʥʘ ʷʜʨʦ ˉ1, ʚʪʦʨʘʷ ï ʥʘ ʷʜʨʦ ˉ 2.  

ʊʘʢʘʷ ʩʭʝʤʘ ʨʝʘʣʠʟʘʮʠʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʧʨʦʮʝʩʩʦʨʥʦʛʦ ʨʝʩʫʨʩʘ (ʷʜʝʨ) ʧʦʜʨʘʟʫʤʝʚʘʝʪ 

ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʟʘʷʚʦʢ ʨʘʚʥʦʤʝʨʥʦ ʥʘ ʦʙʘ ʷʜʨʘ. ʇʦʜʦʙʥʘʷ ʤʦʜʝʣʴ ʷʚʣʷʝʪʩʷ ʘʜʝʢʚʘʪʥʳʤ 

ʦʧʠʩʘʥʠʝʤ ʨʘʙʦʪʳ ʫʩʣʫʛʠ ʚ ʙʘʟʦʚʦʤ ʩʮʝʥʘʨʠʠ [47]. ʇʨʦʮʝʩʩ ʨʘʙʦʪʳ ʫʩʣʫʛʠ çʚʠʨʪʫʘʣʴʥʳʡ 

ʨʘʙʦʯʠʡ ʩʪʦʣè ʚ ʬʘʟʝ 2 ʫʤʝʩʪʥʦ ʦʧʠʩʘʪʴ ʩʝʪʴʶ ʤʘʩʩʦʚʦʛʦ ʦʙʩʣʫʞʠʚʘʥʠʷ (ʉʝʄʆ), ʩʦʩʪʦʷʱʝʡ ʠʟ 

ʯʝʪʳʨʝʭ ʉʄʆ: VM ð ʘʛʝʥʪ ɺʄ; A ð ʘʛʝʥʪ ʧʦʣʴʟʦʚʘʪʝʣʴʩʢʦʛʦ ʫʩʪʨʦʡʩʪʚʘ; C1 ʠ C2 ð ʷʜʨʘ 

ʧʨʦʮʝʩʩʦʨʘ ʧʦʣʴʟʦʚʘʪʝʣʴʩʢʦʛʦ ʫʩʪʨʦʡʩʪʚʘ. 

ʆʙʤʝʥ ʜʘʥʥʳʤʠ ʚ ʵʪʦʤ ʩʣʫʯʘʝ ʦʧʠʩʳʚʘʝʪʩʷ ʩʣʝʜʫʶʱʝʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴʶ. 

1. ɸʛʝʥʪ ʧʦʣʴʟʦʚʘʪʝʣʴʩʢʦʛʦ ʫʩʪʨʦʡʩʪʚʘ (A) ʠʥʠʮʠʠʨʫʝʪ ʥʘʯʘʣʦ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ ʩ ʩʝʨʚʝʨʘ 

ʪ. ʝ. ʦʪʧʨʘʚʣʷʝʪ ʧʦʪʦʢ ʟʘʷʚʦʢ, ʢʦʪʦʨʳʡ ʧʦʩʪʫʧʘʝʪ ʥʘ ʚʭʦʜ ʘʛʝʥʪʘ ɺʄ (VM).  ʇʦʩʪʫʧʘʶʱʠʝ 

ʘʛʝʥʪʫ ɺʄ ʟʘʷʚʢʠ, ʦʙʥʘʨʫʞʠʚ, ʯʪʦ ʧʨʠʙʦʨ ʟʘʥʷʪ, ʩʪʘʥʦʚʷʪʩʷ ʚ ʦʯʝʨʝʜʴ ʚ ʙʫʬʝʨ.  

2. ɸʛʝʥʪ ɺʄ (VM) ʦʙʨʘʙʘʪʳʚʘʝʪ ʧʦʩʪʫʧʠʚʰʠʝ ʟʘʷʚʢʠ, ʟʘʪʝʤ ʦʪʧʨʘʚʣʷʝʪ ʘʛʝʥʪʫ 

ʧʦʣʴʟʦʚʘʪʝʣʴʩʢʦʛʦ ʫʩʪʨʦʡʩʪʚʘ ʧʦʪʦʢ ʜʘʥʥʳʭ, ʩʦʜʝʨʞʘʱʠʝ ʠʟʦʙʨʘʞʝʥʠʷ ʨʘʙʦʯʝʛʦ ʩʪʦʣʘ.  
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3. ɸʛʝʥʪ ʧʦʣʴʟʦʚʘʪʝʣʴʩʢʦʛʦ ʫʩʪʨʦʡʩʪʚʘ (A) ʨʘʩʧʨʝʜʝʣʷʝʪ ʦʜʥʦʪʠʧʥʳʝ ʟʘʷʚʢʠ ʧʦ ʷʜʨʘʤ 

ʧʨʦʮʝʩʩʦʨʘ ʧʦʣʴʟʦʚʘʪʝʣʴʩʢʦʛʦ ʫʩʪʨʦʡʩʪʚʘ (C1 ʠ C2). ʇʦʩʪʫʧʘʶʱʠʝ ʘʛʝʥʪʫ ʟʘʷʚʢʠ, ʦʙʥʘʨʫʞʠʚ, 

ʯʪʦ ʧʨʠʙʦʨ ʟʘʥʷʪ, ʩʪʘʥʦʚʷʪʩʷ ʚ ʦʯʝʨʝʜʴ ʚ ʙʫʬʝʨ.  

4. ʗʜʨʘ C1, C2 ʦʙʨʘʙʘʪʳʚʘʶʪ ʧʦʩʪʫʧʠʚʰʠʝ ʟʘʷʚʢʠ. ʇʦʩʣʝ ʦʙʨʘʙʦʪʢʠ ʷʜʨʘ ʦʪʧʨʘʚʣʷʶʪ 

ʦʙʩʣʫʞʝʥʥʳʝ ʧʦʪʦʢʠ ʥʘ ʛʨʘʬʠʯʝʩʢʫʶ ʧʦʜʩʠʩʪʝʤʫ, ʢʦʪʦʨʘʷ ʦʪʨʠʩʦʚʳʚʘʝʪ ʢʘʨʪʠʥʢʫ 

ʧʦʣʴʟʦʚʘʪʝʣʶ. ʇʦʩʪʫʧʘʶʱʠʝ ʷʜʨʘʤ ʟʘʷʚʢʠ, ʦʙʥʘʨʫʞʠʚ, ʯʪʦ ʧʨʠʙʦʨʳ ʟʘʥʷʪʳ, ʩʪʘʥʦʚʷʪʩʷ ʚ 

ʦʯʝʨʝʜʴ ʚ ʙʫʬʝʨʳ.  

ɺʚʝʜʝʤ ʩʣʝʜʫʶʱʠʝ ʦʙʦʟʥʘʯʝʥʠʷ. 

pac1 ï ʚʝʨʦʷʪʥʦʩʪʴ ʧʝʨʝʭʦʜʘ ʟʘʷʚʢʠ ʚ ʷʜʨʦ ˉ1; pac2 ï ʚʝʨʦʷʪʥʦʩʪʴ ʧʝʨʝʭʦʜʘ ʟʘʷʚʢʠ ʚ ʷʜʨʦ ˉ2; ɚ1 

ï ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʚʭʦʜʷʱʝʛʦ ʚ ʫʟʝʣ C1 ʧʦʪʦʢʘ; ɚ2 ï ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʚʭʦʜʷʱʝʛʦ ʚ ʫʟʝʣ C2 ʧʦʪʦʢʘ; 

Õ1 ï ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʦʙʩʣʫʞʠʚʘʥʠʷ ʫʟʣʘ VM; Õ2 ï ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʦʙʩʣʫʞʠʚʘʥʠʷ ʫʟʣʘ A; Õ3 ï 

ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʦʙʩʣʫʞʠʚʘʥʠʷ ʫʟʣʘ C1; Õ4 ï ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʦʙʩʣʫʞʠʚʘʥʠʷ ʫʟʣʘ C2. 

ʇʫʩʪʴ ʚʨʝʤʷ ʦʙʩʣʫʞʠʚʘʥʠʷ ʢʘʞʜʦʡ ʟʘʷʚʢʠ ʥʘ ʣʶʙʦʤ ʠʟ ʧʨʠʙʦʨʦʚ ʩʝʪʠ ʷʚʣʷʝʪʩʷ ʩʣʫʯʘʡʥʦʡ 

ʚʝʣʠʯʠʥʦʡ (ʉɺ), ʥʝ ʟʘʚʠʩʷʱʝʡ ʦʪ ʩʦʩʪʦʷʥʠʷ ʩʝʪʠ ʠ ʝʝ ʧʨʝʜʳʩʪʦʨʠʠ, ʘ ʪʘʢʞʝ ʥʝ ʟʘʚʠʩʷʱʝʡ ʦʪ 

ʚʨʝʤʝʥʠ ʦʙʩʣʫʞʠʚʘʥʠʷ ʵʪʦʡ ʟʘʷʚʢʠ ʚ ʜʨʫʛʠʭ ʫʟʣʘʭ ʩʝʪʠ. ɹʫʜʝʤ ʧʦʣʘʛʘʪʴ, ʯʪʦ ʵʪʠ ʉɺ 

ʨʘʩʧʨʝʜʝʣʝʥ rʧʦ ʵʢʩʧʦʥʝʥʮʠʘʣʴʥʦʤʫ ʟʘʢʦʥʫ ʩ ʧʘʨʘʤʝʪʨʦʤ Õi, Ὥ πȟὓ.  ʇʦʩʣʝ ʦʙʩʣʫʞʠʚʘʥʠʷ ʚ 

ʫʟʣʝ i ʩ ʚʝʨʦʷʪʥʦʩʪʴʶ pij ʟʘʷʚʢʘ ʧʝʨʝʭʦʜʠʪ ʚ ʫʟʝʣ j. ʉ ʚʝʨʦʷʪʥʦʩʪʴʶ ὴʚʳʭ ρ В ὴij ʟʘʷʚʢʘ 

ʧʦʢʠʜʘʝʪ ʩʝʪʴ. ɺ ʢʘʞʜʦʤ ʫʟʣʝ ʟʘʷʚʢʘ ʦʙʩʣʫʞʠʚʘʝʪʩʷ ʝʜʠʥʦʞʜʳ, ʪʦ ʝʩʪʴ ʩʝʪʴ ʤʦʞʥʦ ʦʪʥʝʩʪʠ ʢ 

ʘʮʠʢʣʠʯʝʩʢʠʤ.  

ʇʦʜʦʙʥʳʝ ʩʠʩʪʝʤʳ, ʨʘʩʧʦʣʦʞʝʥʥʳʝ ʚ ʫʟʣʘʭ ʩʝʪʠ, ʤʦʛʫʪ ʙʳʪʴ ʦʧʠʩʘʥʳ ʉʄʆ ʚʠʜʘ M/M/1. 

ʊʘʢʘʷ ʉʄʆ ʯʘʩʪʦ ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʨʘʟʣʠʯʥʳʭ ʨʝʘʣʴʥʳʭ ʩʠʩʪʝʤ ʠ ʧʨʠʙʦʨʦʚ, 

ʧʦʩʢʦʣʴʢʫ ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʠʪʴ ʘʥʘʣʠʪʠʯʝʩʢʠʝ ʚʳʨʘʞʝʥʠʷ ʜʣʷ ʤʥʦʛʠʭ ʧʘʨʘʤʝʪʨʦʚ. 

ʀʩʭʦʜʷ ʠʟ ʣʦʛʠʢʠ ʨʘʙʦʪʳ ʫʩʣʫʛʠ ʚʦ ʚʪʦʨʦʡ ʝʝ ʬʘʟʝ (ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʘʷ ʧʝʨʝʜʘʯʘ ʜʘʥʥʳʭ ʦʪ 

ʩʝʨʚʝʨʘ ʢ ʢʣʠʝʥʪʫ), ʜʠʩʮʠʧʣʠʥʫ ʦʙʩʣʫʞʠʚʘʥʠʷ ʚ ʦʯʝʨʝʜʷʭ ʚʩʝʭ ʫʟʣʦʚ ʩʝʪʠ ʧʨʠʤʝʤ FCFS. ɺ 

ʨʘʤʢʘʭ ʤʦʜʝʣʠ ʙʫʜʝʤ ʩʯʠʪʘʪʴ ʚʩʝ ʙʫʬʝʨʳ ʙʝʩʢʦʥʝʯʥʳʤʠ. 

ʇʦʢʘʟʘʥʥʘʷ ʥʘ ʨʠʩʫʥʢʝ 4.2 ʩʝʪʴ ʤʘʩʩʦʚʦʛʦ ʦʙʩʣʫʞʠʚʘʥʠʷ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ 

ʩʦʚʦʢʫʧʥʦʩʪʴ ʢʦʥʝʯʥʦʛʦ ʯʠʩʣʘ ʚʟʘʠʤʦʩʚʷʟʘʥʥʳʭ ʫʟʣʦʚ ʦʙʩʣʫʞʠʚʘʥʠʷ, ʚ ʢʦʪʦʨʦʡ ʮʠʨʢʫʣʠʨʫʶʪ 

ʟʘʷʚʢʠ, ʧʝʨʝʭʦʜʷʱʠʝ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʤʘʨʰʨʫʪʥʦʡ ʤʘʪʨʠʮʝʡ ʩ ʚʳʭʦʜʘ ʦʜʥʦʛʦ ʫʟʣʘ ʥʘ ʚʭʦʜ 

ʜʨʫʛʦʛʦ. ʂʘʞʜʳʡ ʦʪʜʝʣʴʥʳʡ ʫʟʝʣ ʷʚʣʷʝʪʩʷ ʦʜʥʦʣʠʥʝʡʥʦʡ ʉʄʆ ʠ ʦʪʦʙʨʘʞʘʝʪ ʩʘʤʦʩʪʦʷʪʝʣʴʥʫʶ 

ʯʘʩʪʴ ʨʝʘʣʴʥʦʡ ʩʠʩʪʝʤʳ.  
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ʈʠʩ. 4.2. ʉʭʝʤʘ ʉʝʄʆ 

ʇʦʜ ʚʭʦʜʥʳʤ ʧʦʪʦʢʦʤ ʥʝʢʦʪʦʨʦʛʦ ʫʟʣʘ ʙʫʜʝʤ ʧʦʥʠʤʘʪʴ ʧʦʪʦʢ ʟʘʷʚʦʢ, ʧʨʠʭʦʜʷʱʠʭ ʥʘ 

ʚʭʦʜ ʵʪʦʛʦ ʫʟʣʘ ʠʟ ʧʨʝʜʳʜʫʱʝʛʦ ʫʟʣʘ ʠʣʠ ʠʟ ʚʥʝʰʥʝʡ ʩʨʝʜʳ (ʜʣʷ ʫʟʣʘ VM). 

ʇʦʪʦʢ ʟʘʷʚʦʢ ʧʦ ʩʚʦʝʡ ʧʨʠʨʦʜʝ ʷʚʣʷʝʪʩʷ ʥʝʨʘʚʥʦʤʝʨʥʳʤ ʚʦ ʚʨʝʤʝʥʠ: ʨʘʙʦʪʘ ʧʦʣʴʟʦʚʘʪʝʣʷ, 

ʩʚʦʝʡ ʘʢʪʠʚʥʦʩʪʴʶ (ʢʣʘʚʠʘʪʫʨʘ, ʤʳʰʴ) ʛʝʥʝʨʠʨʫʶʱʝʛʦ ʧʦʪʦʢ ʟʘʷʚʦʢ, ʥʝʨʘʚʥʦʤʝʨʥʘ: ʚ ʢʘʢʠʝ-ʪʦ 

ʤʦʤʝʥʪʳ ʚʨʝʤʝʥʠ ʧʦʣʴʟʦʚʘʪʝʣʴ ʨʘʙʦʪʘʝʪ (ʧʝʯʘʪʘʝʪ, ʜʚʠʛʘʝʪ ʤʳʰʴ), ʘ ʚ ʢʘʢʠʝ-ʪʦ ʤʦʤʝʥʪʳ 

ʯʠʪʘʝʪ ʩ ʵʢʨʘʥʘ. ʂ ʪʦʤʫ ʞʝ ʚ ʪʝʯʝʥʠʠ ʜʥʷ ʨʘʙʦʪʘ ʯʝʨʝʜʫʝʪʩʷ ʩ ʧʘʩʩʠʚʥʦʩʪʴʶ, ʘ ʧʦʩʣʝ ʦʢʦʥʯʘʥʠʷ 

ʨʘʙʦʯʝʛʦ ʜʥʷ ʚʦʦʙʱʝ ʧʨʝʢʨʘʱʘʝʪʩʷ. 

ʂʨʦʤʝ ʪʦʛʦ, ʦʩʦʙʝʥʥʦʩʪʴ ʨʘʙʦʪʳ ʧʨʦʪʦʢʦʣʦʚ ʚʠʨʪʫʘʣʠʟʘʮʠʠ ʪʘʢʦʚʘ, ʯʪʦ ʧʨʠ ʦʪʩʫʪʩʪʚʠʠ 

ʘʢʪʠʚʥʦʩʪʠ ʧʦʣʴʟʦʚʘʪʝʣʷ, ʧʦ ʩʝʪʠ ʧʝʨʝʜʘʶʪʩʷ ʪʦʣʴʢʦ ʚʩʧʦʤʦʛʘʪʝʣʴʥʳʝ ʜʘʥʥʳʝ ʧʨʦʪʦʢʦʣʘ 

ʚʠʨʪʫʘʣʠʟʘʮʠʠ, ʘ ʧʨʠ ʝʝ ʥʘʣʠʯʠʠ ʧʨʦʠʩʭʦʜʠʪ ʧʝʨʝʜʘʯʘ ʧʦʣʴʟʦʚʘʪʝʣʴʩʢʠʭ ʜʘʥʥʳʭ. ʊʘʢʠʤ 

ʦʙʨʘʟʦʤ, ʜʣʷ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʫʩʣʫʛʠ ʥʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʟʘʷʚʢʠ ʟʘ ʚʝʩʴ ʧʝʨʠʦʜ, 

ʢʦʛʜʘ ʫʩʪʨʦʡʩʪʚʦ ʚʢʣʶʯʝʥʦ, ʜʦʩʪʘʪʦʯʥʦ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʣʠʰʴ ʧʝʨʠʦʜ ʨʘʙʦʪʳ ʧʦʣʴʟʦʚʘʪʝʣʷ. 

ɹʫʜʝʤ ʧʦʣʘʛʘʪʴ, ʯʪʦ ʚ ʵʪʠ ʧʝʨʠʦʜʳ ʧʦʪʦʢ ʟʘʷʚʦʢ ʤʦʞʥʦ ʩʯʠʪʘʪʴ ʧʫʘʩʩʦʥʦʚʩʢʠʤ. 

ʉʦʛʣʘʩʥʦ ʪʝʦʨʝʤʝ ɹʝʨʢʘ [61] ʧʦʪʦʢ ʥʘ ʚʳʭʦʜʝ ʩʠʩʪʝʤʳ M/M/1 ʪʦʞʝ ʷʚʣʷʝʪʩʷ ʧʨʦʩʪʝʡʰʠʤ. 

ʕʪʦ ʦʟʥʘʯʘʝʪ, ʯʪʦ ʧʨʠ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʤ ʚʢʣʶʯʝʥʠʠ ʥʝʩʢʦʣʴʢʠʭ ʉʄʆ, ʠʭ ʤʦʞʥʦ ʨʘʩʩʤʘʪʨʠʚʘʪʴ 

ʢʘʢ ʥʝʟʘʚʠʩʠʤʳʝ ʉʄʆ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʦʜʦʙʥʘʷ ʉʝʄʆ ʫʜʦʚʣʝʪʚʦʨʷʝʪ ʪʝʦʨʝʤʝ ɼʞʝʢʩʦʥʘ [14] ʦʙ ʦʪʢʨʳʪʳʭ ʩʝʪʷʭ 

ʠ ʤʦʞʝʪ ʙʳʪʴ ʤʦʜʝʣʠʨʦʚʘʥʘ ʩʝʪʴʶ ɼʞʝʢʩʦʥʘ. ʇʨʠ ʵʪʦʤ ʦʮʝʥʢʫ, ʧʦʣʫʯʝʥʥʫʶ ʚ ʨʝʟʫʣʴʪʘʪʝ 

ʤʦʜʝʣʠʨʦʚʘʥʠʷ, ʤʦʞʥʦ ʩʯʠʪʘʪʴ ʦʮʝʥʢʦʡ ʩʚʝʨʭʫ, ʠʥʳʤʠ ʩʣʦʚʘʤʠ, ʤʦʜʝʣʴ ʙʫʜʝʪ ʦʧʠʩʳʚʘʪʴ 

ʥʘʠʭʫʜʰʠʡ ʚʘʨʠʘʥʪ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʨʘʙʦʪʳ ʫʩʣʫʛʠ.  

ʆʧʠʰʝʤ ʧʦʪʦʢʠ, ʮʠʨʢʫʣʠʨʫʶʱʠʝ ʚ ʩʝʪʠ. ʆʙʦʟʥʘʯʠʤ ɚij ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʧʦʪʦʢʘ ʟʘʷʚʦʢ, 

ʩʣʝʜʫʶʱʠʭ ʠʟ ʫʟʣʘ i ʚ ʫʟʝʣ j (ὭȟὮ πȟὓ, ‗00 π). 

ʀʥʪʝʥʩʠʚʥʦʩʪʴ ʩʫʤʤʘʨʥʦʛʦ ʧʦʩʪʫʧʘʶʱʝʛʦ ʚ ʫʟʝʣ i ʧʦʪʦʢʘ: ‗ȟ В ‗ji.  

ʀʥʪʝʥʩʠʚʥʦʩʪʴ ʩʫʤʤʘʨʥʦʛʦ ʚʳʭʦʜʷʱʝʛʦ ʠʟ ʫʟʣʘ i ʧʦʪʦʢʘ: ‗ȟ В ‗ij. 
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ʇʨʠʚʝʜʝʤ ʜʘʣʝʝ ʘʥʘʣʠʪʠʯʝʩʢʠʝ ʩʦʦʪʥʦʰʝʥʠʷ ʜʣʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʩʝʪʠ. ɹʫʜʝʤ ʧʦʣʘʛʘʪʴ, ʯʪʦ 

ʨʝʞʠʤ ʨʘʙʦʪʳ ʩʝʪʠ ï ʩʪʘʮʠʦʥʘʨʥʳʡ. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʧʦʩʪʫʧʘʶʱʝʛʦ ʚ ʫʟʝʣ i 

ʧʦʪʦʢʘ ʠ ʚʳʭʦʜʷʱʝʛʦ ʠʟ ʥʝʛʦ ʧʦʪʦʢʘ ʜʦʣʞʥʳ ʩʦʚʧʘʜʘʪʴ. ʉʠʩʪʝʤʘ ʫʨʘʚʥʝʥʠʡ ʨʘʚʥʦʚʝʩʠʷ 

ʩʦʛʣʘʩʥʦ [3] ʙʫʜʝʪ ʠʤʝʪʴ ʚʠʜ:  

                                                         ‗ В ‗ẗὴij ȟὮ πȟὓ.                                   (4.1) 

         

ʉʨʝʜʥʝʝ ʯʠʩʣʦ ʟʘʷʚʦʢ ʚ ʫʟʣʝ i ʦʙʦʟʥʘʯʠʤ Ni. ɽʛʦ ʤʦʞʥʦ ʦʧʨʝʜʝʣʠʪʴ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ 

ʩʦʛʣʘʩʥʦ [116]:  
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ʉʨʝʜʥʝʝ ʚʨʝʤʷ ʧʨʝʙʳʚʘʥʠʷ ʟʘʷʚʢʠ ʚ ʫʟʣʝ Ti ʤʦʞʥʦ ʥʘʡʪʠ ʠʟ ʬʦʨʤʫʣʳ ʃʠʪʪʣʘ:  

 

                                                            ‗ẗὝ ὔ  .                                                                  (4.3) 
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ʉʨʝʜʥʝʝ ʚʨʝʤʷ ʦʞʠʜʘʥʠʷ ʚ ʫʟʣʝ i: 
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ʉʫʤʤʘʨʥʦʝ ʩʨʝʜʥʝʝ ʯʠʩʣʦ ʟʘʷʚʦʢ ʚʦ ʚʩʝʡ ʩʝʪʠ ʤʦʞʥʦ ʥʘʡʪʠ ʠʟ ʬʦʨʤʫʣʳ: 

 

                                               ὔ В ὔ .                                                                              (4.6) 

 

ʉʫʤʤʘʨʥʦʝ ʩʨʝʜʥʝʝ ʚʨʝʤʷ ʧʨʝʙʳʚʘʥʠʷ ʟʘʷʚʢʠ ʚʦ ʚʩʝʡ ʩʝʪʠ (ʚʨʝʤʷ ʦʪʢʣʠʢʘ) T ʤʦʞʥʦ ʚʳʨʘʟʠʪʴ 

ʠʟ:  

                                                 ‗ᴂẗὝ ὔ .                                                                              (4.7) 

 

ʆʪʢʫʜʘ ʩʦʛʣʘʩʥʦ [116]:                 
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ʇʦʜ ʚʨʝʤʝʥʝʤ ʦʪʢʣʠʢʘ ʙʫʜʝʤ ʧʦʥʠʤʘʪʴ ʩʨʝʜʥʝʝ ʚʨʝʤʷ, ʧʨʦʭʦʜʷʱʝʝ ʩ ʤʦʤʝʥʪʘ ʚʭʦʞʜʝʥʠʷ 

ʟʘʷʚʢʠ ʚ ʩʠʩʪʝʤʫ ʜʦ ʤʦʤʝʥʪʘ ʝʝ ʚʳʭʦʜʘ ʦʙʩʣʫʞʝʥʥʦʡ. ʀʤʝʥʥʦ ʵʪʦ ʚʨʝʤʷ ʷʚʣʷʝʪʩʷ ʦʜʠʥ ʠʟ 

ʥʘʠʙʦʣʝʝ ʚʘʞʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʫʩʣʫʛʠ, ʧʦʩʢʦʣʴʢʫ ʥʘʧʨʷʤʫʶ ʚʣʠʷʝʪ ʥʘ ʚʦʩʧʨʠʥʠʤʘʝʤʦʝ 

ʧʦʣʴʟʦʚʘʪʝʣʝʤ ʢʘʯʝʩʪʚʦ ʫʩʣʫʛʠ. 

ɼʣʷ ʥʘʛʣʷʜʥʦʛʦ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʉʝʄʆ ʧʦʩʪʨʦʠʤ ʛʨʘʬ, ʚʝʨʰʠʥʳ ʢʦʪʦʨʦʛʦ ʩʦʦʪʚʝʪʩʪʚʫʶʪ 

ʦʪʜʝʣʴʥʳʤ ʫʟʣʘʤ ʩʝʪʠ, ʘ ʨʝʙʨʘ ï ʩʚʷʟʷʤ ʤʝʞʜʫ ʫʟʣʘʤʠ. ʇʝʨʝʭʦʜ ʟʘʷʚʦʢ ʤʝʞʜʫ ʫʟʣʘʤʠ 

ʧʨʦʠʩʭʦʜʠʪ ʤʛʥʦʚʝʥʥʦ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʧʝʨʝʭʦʜʥʳʤʠ ʚʝʨʦʷʪʥʦʩʪʷʤʠ, ʢʦʪʦʨʳʝ ʦʙʦʟʥʘʯʘʶʪ 

ʚʝʨʦʷʪʥʦʩʪʴ ʪʦʛʦ, ʯʪʦ ʟʘʷʚʢʘ ʧʦʩʣʝ ʦʙʩʣʫʞʠʚʘʥʠʷ ʚ ʫʟʣʝ i ʧʝʨʝʡʜʝʪ ʚ ʫʟʝʣ j. ɽʩʣʠ ʫʟʣʳ i ʠ j 

ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʤʝʞʜʫ ʩʦʙʦʡ ʥʝ ʩʚʷʟʘʥʳ, ʪʦ pij = 0. ɽʩʣʠ ʠʟ ʫʟʣʘ i ʚʦʟʤʦʞʝʥ ʧʝʨʝʭʦʜ ʪʦʣʴʢʦ ʚ 

ʫʟʝʣ j, ʪʦ pij = 1. ɻʨʘʬ, ʦʙʨʘʟʦʚʘʥʥʳʡ ʥʘ ʦʩʥʦʚʝ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʡ ʉʝʄʆ, ʧʦʢʘʟʘʥ ʥʘ ʨʠʩʫʥʢʝ 4.3. 
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ʈʠʩ. 4.3. ɻʨʘʬ ʉʝʄʆ 

ʆʙʦʟʥʘʯʠʤ 
ijpP=  ʤʘʪʨʠʮʫ ʧʝʨʝʭʦʜʦʚ (ʤʘʨʰʨʫʪʥʫʶ ʤʘʪʨʠʮʫ): 
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ö
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000

00100

00010

21 acac ppP  

ɺʝʣʠʯʠʥʘ 0'l  ʦʮʝʥʠʚʘʣʘʩʴ ʠʟ ʩʦʦʪʥʦʰʝʥʠʷ 
0

0

1
'

T
=l , ʛʜʝ ʚʝʣʠʯʠʥʘ 0T ʦʮʝʥʝʥʘ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʚ ʧʘʨʘʛʨʘʬʝ 2.2.3 ʠ ʩʦʩʪʘʚʠʣʘ 0.4 ʩ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, =l0'  2.5 ʩ
-1

. ʀʟ 

ʦʧʠʩʘʥʥʦʛʦ ʵʢʩʧʝʨʠʤʝʥʪʘ ʟʥʘʯʝʥʠʝ Ti ʩʦʩʪʘʚʠʣʦ 0.6 ʩ. ʊʦʛʜʘ ʠʟ ʬʦʨʤʫʣʳ (4.4) ʧʦʣʫʯʠʤ: 

1

1 5.10 -= cm . 

ɺʦʩʧʦʣʴʟʫʝʤʩʷ ʧʦʣʫʯʝʥʥʳʤʠ ʨʝʟʫʣʴʪʘʪʘʤʠ ʜʣʷ ʨʘʩʯʝʪʘ ʚʨʝʤʝʥʠ ʦʪʢʣʠʢʘ ʙʝʟ ʫʯʝʪʘ 

ʪʨʘʥʩʧʦʨʪʥʦʡ ʟʘʜʝʨʞʢʠ 'T . ɼʘʥʦ: Õ1 = 10.5 ʩ
-1

, =l0' 2.5 ʩ
-1

, pac1 = pac2 = 0.5. ʅʘʡʪʠ: 'T , ʦʮʝʥʠʪʴ 

ʊ. ʈʝʰʝʥʠʝ:  

1. ʀʟ ʩʚʦʡʩʪʚ ʩʝʪʠ ɼʞʝʢʩʦʥʘ ʚ ʫʟʣʝ VM ʟʥʘʯʝʥʠʝ ɚi = ɚ0. 

2. ʇʨʦʚʝʨʠʤ ʩʪʘʮʠʦʥʘʨʥʦʩʪʴ: 1328.0
5.10

5.2
B= . 

3. ʈʘʩʩʯʠʪʘʝʤ ɚ1 ʠ ɚ2: 25.15.25.0221121 =Ö=Ö=Ö== llll acac pp  c
-1

. 

4. ʈʘʩʩʯʠʪʘʝʤ 'T : 

373.0
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iT ʩ. 

ɺ ʨʘʤʢʘʭ ʦʧʠʩʳʚʘʝʤʦʡ ʤʦʜʝʣʠ ʧʨʦʮʝʩʩʦʨʳ ʫʩʪʨʦʡʩʪʚʘ ʧʦʣʘʛʘʣʠ ʦʜʠʥʘʢʦʚʳʤʠ, ʧʦʵʪʦʤʫ 

ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʦʙʩʣʫʞʠʚʘʥʠʷ ʚ ʷʜʨʘʭ ʧʨʦʮʝʩʩʦʨʘ (Õ3, Õ4) ʪʘʢʞʝ ʧʦʣʘʛʘʝʤ ʦʜʠʥʘʢʦʚʳʤʠ 

(ʩʪʦʣʙʮʳ 2 ʠ 3 ʪʘʙʣʠʮʳ ʇ.3 ʇʨʠʣʦʞʝʥʠʷ 1). 
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ɼʣʷ ʜʘʣʴʥʝʡʰʠʭ ʨʘʩʯʝʪʦʚ ʙʫʜʝʤ ʧʦʩʪʫʧʘʪʴ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ. ɿʘʜʘʚʘʷ ʨʘʟʣʠʯʥʳʝ 

ʟʥʘʯʝʥʠʷ Õ2, Õ3, Õ4, ʤʦʜʝʣʠʨʫʝʤ ʨʘʟʣʠʯʥʳʝ ʩʠʪʫʘʮʠʠ: ʢʦʛʜʘ ʫʟʝʣ A ʥʝʜʦʩʪʘʪʦʯʥʦ 

ʧʨʦʠʟʚʦʜʠʪʝʣʝʥ ʜʣʷ ʢʦʤʬʦʨʪʥʦʡ ʨʘʙʦʪʳ ʩ ʫʩʣʫʛʦʡ (ʙʶʜʞʝʪʥʦʝ ʫʩʪʨʦʡʩʪʚʦ ʩ ʥʠʟʢʦʡ 

ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴʶ), ʢʦʛʜʘ ʫʟʣʳ C1, C2 ʥʝʜʦʩʪʘʪʦʯʥʦ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʳ ʜʣʷ ʢʦʤʬʦʨʪʥʦʡ 

ʨʘʙʦʪʳ (ʫʩʪʨʦʡʩʪʚʦ ʩ ʙʶʜʞʝʪʥʳʤ ʤʘʣʦʤʦʱʥʳʤ ʧʨʦʮʝʩʩʦʨʦʤ), ʩʤʝʰʘʥʥʳʡ ʚʘʨʠʘʥʪ. ɼʣʷ ʵʪʦʛʦ:  

1) ʬʠʢʩʠʨʫʝʤ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʦʙʩʣʫʞʠʚʘʥʠʷ ʫʟʣʘ A (Õ2), ʫʚʝʣʠʯʠʚʘʝʤ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʚ 

ʫʟʣʘʭ C1 (Õ3), C2 (Õ4); 

2) ʫʚʝʣʠʯʠʚʘʝʤ Õ2, ʬʠʢʩʠʨʫʝʤ ʝʝ, ʠ ʩʥʦʚʘ ʫʚʝʣʠʯʠʚʘʝʤ Õ3, Õ4; 

3) ʧʦʚʪʦʨʷʝʤ, ʩʥʦʚʘ ʫʚʝʣʠʯʠʚ Õ2.  

4) ʧʦʚʪʦʨʷʝʤ ʝʱʝ ʨʘʟ, ʫʚʝʣʠʯʠʚ Õ2.  

ʄʦʜʝʣʠʨʫʝʤ ʩʠʪʫʘʮʠʶ ʤʘʣʦʤʦʱʥʳʭ ʧʨʦʮʝʩʩʦʨʦʚ: ʫʚʝʣʠʯʠʚʘʝʤ Õ2, ʧʨʠ ʵʪʦʤ Õ3, Õ4 ʚʘʨʴʠʨʫʝʤ ʦʪ 

5 ʜʦ 15 ʩ
-1
. ʈʝʟʫʣʴʪʘʪʳ ʨʘʩʯʝʪʦʚ ʩʚʝʜʝʤ ʚ ʪʘʙʣʠʮʫ ʇ.3 ʇʨʠʣʦʞʝʥʠʷ 1. 

ʈʝʟʫʣʴʪʘʪʳ ʧʨʦʠʟʚʝʜʝʥʥʳʭ ʨʘʩʯʝʪʦʚ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʝʩʣʠ ʧʨʦʮʝʩʩʦʨʳ ʤʘʣʦʤʦʱʥʳʝ 

(ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʦʙʩʣʫʞʠʚʘʥʠʷ ʦʪ 5 ʜʦ 15 1/ʩ), ʪʦ ʦʙʝʩʧʝʯʝʥʠʝ ʪʨʝʙʫʝʤʦʛʦ ʚʨʝʤʝʥʠ 'T  ʤʦʞʥʦ 

ʜʦʩʪʠʯʴ ʪʦʣʴʢʦ ʧʫʪʝʤ ʫʚʝʣʠʯʝʥʠʷ Õ2. ɺ ʪʝʨʤʠʥʘʭ ʤʦʜʝʣʠ ʪʨʝʙʦʚʘʥʠʝ ʙʫʜʝʪ ʩʦʩʪʦʷʪʴ ʚ 

ʩʣʝʜʫʶʱʝʤ: ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʦʙʩʣʫʞʠʚʘʥʠʷ ʫʟʣʘ ɸ ʜʦʣʞʥʘ ʙʳʪʴ ʥʝ ʤʝʥʝʝ 25 1/ʩ.  ʆʜʥʘʢʦ, ʠʟ 

ʨʘʩʯʝʪʦʚ ʚʠʜʥʦ, ʯʪʦ ʧʦʩʣʝ ʜʦʩʪʠʞʝʥʠʷ ʠʥʪʝʥʩʠʚʥʦʩʪʴʶ ʫʟʣʘ ɸ ʟʥʘʯʝʥʠʷ 25 1/ʩ ʚʳʠʛʨʳʰ ʚ 'T  

ʩʪʘʥʦʚʠʪʩʷ ʚʩʝ ʤʝʥʴʰʝ, ʜʦʩʪʠʛʘʷ ʣʠʰʴ 0.006 ʩ, ʯʪʦ ʥʝ ʦʢʘʟʳʚʘʝʪ ʩʫʱʝʩʪʚʝʥʥʦʛʦ ʚʣʠʷʥʠʷ ʥʘ 

ʧʦʣʴʟʦʚʘʪʝʣʴʩʢʦʝ ʚʦʩʧʨʠʷʪʠʝ. 

 ɺ ʪʝʨʤʠʥʘʭ ʧʨʠʢʣʘʜʥʦʛʦ ʫʨʦʚʥʷ ʵʪʦʪ ʚʳʚʦʜ ʪʨʘʥʩʬʦʨʤʠʨʫʝʪʩʷ ʚ ʨʝʢʦʤʝʥʜʘʮʠʶ ʢ ʘʛʝʥʪʫ 

ʧʦʣʴʟʦʚʘʪʝʣʴʩʢʦʛʦ ʫʩʪʨʦʡʩʪʚʘ. ɽʛʦ ʙʳʩʪʨʦʜʝʡʩʪʚʠʝ ʤʦʞʥʦ ʧʦʚʳʩʠʪʴ ʜʚʫʤʷ ʩʧʦʩʦʙʘʤʠ ʠʣʠ ʠʭ 

ʢʦʤʙʠʥʘʮʠʝʡ:  

¶ ʫʚʝʣʠʯʠʪʴ ʘʧʧʘʨʘʪʥʳʡ ʨʝʩʫʨʩ:  

ʘ) ʦʧʝʨʘʪʠʚʥʘʷ ʧʘʤʷʪʴ ʫʩʪʨʦʡʩʪʚʘ; 

ʙ) ʯʠʧ, ʦʙʩʣʫʞʠʚʘʶʱʠʡ ʘʛʝʥʪ ʧʦʣʴʟʦʚʘʪʝʣʴʩʢʦʛʦ ʫʩʪʨʦʡʩʪʚʘ. 

¶ ʦʧʪʠʤʠʟʠʨʦʚʘʪʴ ʘʛʝʥʪ ʧʦʣʴʟʦʚʘʪʝʣʴʩʢʦʛʦ ʫʩʪʨʦʡʩʪʚʘ ʧʨʦʛʨʘʤʤʥʦ. ʅʘ ʧʨʘʢʪʠʢʝ ʥʘ ʵʪʦʤ 

ʩʦʩʨʝʜʦʪʘʯʠʚʘʶʪ ʦʩʥʦʚʥʦʝ ʚʥʠʤʘʥʠʝ ʧʨʦʠʟʚʦʜʠʪʝʣʠ ʦʙʣʘʯʥʦʛʦ ʇʆ, ʧʦʩʢʦʣʴʢʫ ʚʳʙʦʨ 

ʯʠʧʦʚ ʜʣʷ ʫʩʪʨʦʡʩʪʚ ʦʛʨʘʥʠʯʝʥ ʪʝʤʠ, ʢʦʪʦʨʳʝ ʠʤʝʶʪ ʧʦʜʜʝʨʞʢʫ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ 

ʘʛʝʥʪʦʚ.  

ʈʘʩʩʤʦʪʨʝʥʥʳʡ ʟʜʝʩʴ ʩʣʫʯʘʡ ʤʦʜʝʣʠʨʫʝʪ ʯʘʩʪʫʶ ʩʠʪʫʘʮʠʶ ʠʟ ʧʨʘʢʪʠʢʠ, ʢʦʛʜʘ ʚ ʢʘʯʝʩʪʚʝ 

ʪʝʨʤʠʥʘʣʴʥʦʛʦ ʚʳʩʪʫʧʘʶʪ ʩʣʘʙʦʝ ʧʦ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤ ʦʙʦʨʫʜʦʚʘʥʠʝ, ʢʘʢ ʧʨʘʚʠʣʦ, ʵʪʦ 

ʥʝʜʦʨʦʛʠʝ ʪʝʨʤʠʥʘʣʳ. ʊʘʢʞʝ ʪʘʢʦʡ ʩʣʫʯʘʡ ʤʦʞʝʪ ʚʦʟʥʠʢʘʪʴ, ʢʦʛʜʘ ʧʦʣʴʟʦʚʘʪʝʣʴ ʧʦʜʢʣʶʯʘʝʪʩʷ 

ʢ ʫʩʣʫʛʝ, ʠʩʧʦʣʴʟʫʷ ʤʘʣʦʤʦʱʥʳʡ ʩʤʘʨʪʬʦʥ ʠʣʠ ʧʣʘʥʰʝʪʥʳʡ ʢʦʤʧʴʶʪʝʨ, ʠ ʚʦʦʙʱʝ ʣʶʙʦʝ 

ʫʩʪʨʦʡʩʪʚʦ ʧʦ ʢʘʢʠʤ-ʣʠʙʦ ʧʨʠʯʠʥʘʤ, ʥʝ ʦʙʝʩʧʝʯʠʚʘʶʱʝʝ ʥʝʦʙʭʦʜʠʤʳʝ ʜʣʷ ʢʦʤʬʦʨʪʥʦʡ ʨʘʙʦʪʳ 
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ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ. ʇʨʠ ʵʪʦʤ ʚ ʨʷʜʝ ʩʣʫʯʘʝʚ ʧʦʣʴʟʦʚʘʪʝʣʴ ʧʦʥʠʤʘʝʪ, ʯʪʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʪʘʢʦʛʦ 

ʫʩʪʨʦʡʩʪʚʘ ʫʭʫʜʰʘʝʪ ʢʦʤʬʦʨʪ ʨʘʙʦʪʳ, ʥʦ ʛʦʪʦʚ ʤʠʨʠʪʴʩʷ ʩ ʵʪʠʤ. ʇʦʜʦʙʥʘʷ ʩʠʪʫʘʮʠʷ ʚʝʩʴʤʘ 

ʯʘʩʪʦ ʚʩʪʨʝʯʘʝʪʩʷ ʥʘ ʧʨʘʢʪʠʢʝ, ʧʦʵʪʦʤʫ ʝʝ ʨʘʩʩʤʦʪʨʝʥʠʝ ʥʦʩʠʪ ʘʢʪʫʘʣʴʥʳʡ ʭʘʨʘʢʪʝʨ. 

ʅʘ ʨʠʩʫʥʢʝ 4.4. ʧʦʢʘʟʘʥ ʛʨʘʬʠʢ ʟʘʚʠʩʠʤʦʩʪʠ ʚʨʝʤʝʥʠ ʦʙʩʣʫʞʠʚʘʥʠʷ ʚ ʫʟʣʝ A ʦʪ ʚʨʝʤʝʥʠ 

'T  ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʚʘʨʠʘʥʪʘʭ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʦʙʩʣʫʞʠʚʘʥʠʷ (ʚʨʝʤʝʥʠ ʦʙʩʣʫʞʠʚʘʥʠʷ) ʚ ʫʟʣʘʭ C1, 

ʉ2. 

 

ʈʠʩ. 4.4. ɻʨʘʬʠʢ ʟʘʚʠʩʠʤʦʩʪʠ ʚʨʝʤʝʥʠ ʦʙʩʣʫʞʠʚʘʥʠʷ ʚ ʫʟʣʝ A ʦʪ ʚʨʝʤʝʥʠ 'T  

ʄʦʜʝʣʠʨʫʝʤ ʩʠʪʫʘʮʠʶ ʙʦʣʝʝ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʳʭ ʧʨʦʮʝʩʩʦʨʦʚ: ʫʚʝʣʠʯʠʚʘʝʤ Õ2, ʧʨʠ ʵʪʦʤ 

Õ3, Õ4 ʚʘʨʴʠʨʫʝʤ ʦʪ 15 ʜʦ 25 ʩ
-1
. ʈʝʟʫʣʴʪʘʪʳ ʨʘʩʯʝʪʦʚ ʩʚʝʜʝʤ ʚ ʪʘʙʣʠʮʫ ʇ.3 ʇʨʠʣʦʞʝʥʠʷ 1. 

ʈʝʟʫʣʴʪʘʪʳ ʧʨʦʠʟʚʝʜʝʥʥʳʭ ʨʘʩʯʝʪʦʚ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʝʩʣʠ ʧʨʦʮʝʩʩʦʨʳ ʙʦʣʝʝ ʤʦʱʥʳʝ 

(ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʦʙʩʣʫʞʠʚʘʥʠʷ ʦʪ 15 ʜʦ 25 1/ʩ), ʪʦ ʫʤʝʥʴʰʝʥʠʝ ʚʨʝʤʝʥʠ 'T  ʪʘʢʞʝ ʤʦʞʥʦ 

ʜʦʩʪʠʯʴ ʪʦʣʴʢʦ ʧʫʪʝʤ ʫʚʝʣʠʯʝʥʠʷ Õ2, ʦʜʥʘʢʦ ʚʳʠʛʨʳʰ ʚ 'T  ʥʘʩʪʫʧʘʝʪ ʟʘʤʝʪʥʦ ʙʳʩʪʨʝʝ, ʯʝʤ ʚ 

ʧʨʝʜʳʜʫʱʝʤ ʩʣʫʯʘʝ. ɺ ʪʝʨʤʠʥʘʭ ʧʨʠʢʣʘʜʥʦʛʦ ʫʨʦʚʥʷ ʵʪʦʪ ʚʳʚʦʜ ʪʨʘʥʩʬʦʨʤʠʨʫʝʪʩʷ ʚ 

ʨʝʢʦʤʝʥʜʘʮʠʶ ʢ ʘʛʝʥʪʫ ʧʦʣʴʟʦʚʘʪʝʣʴʩʢʦʛʦ ʫʩʪʨʦʡʩʪʚʘ. ɽʛʦ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʜʦʣʞʥʘ ʙʳʪʴ ʥʝ 

ʤʝʥʝʝ 25 1/ʩ. ʆʜʥʘʢʦ, ʠʟ ʨʘʩʯʝʪʦʚ ʚʠʜʥʦ, ʯʪʦ ʧʦʩʣʝ 30 1/ʩ ʚʳʠʛʨʳʰ ʚ 'T  ʩʪʘʥʦʚʠʪʩʷ ʚʩʝ ʤʝʥʴʰʝ, 

ʜʦʩʪʠʛʘʷ ʣʠʰʴ 0.005 ʩ, ʯʪʦ ʥʝ ʩʫʱʝʩʪʚʝʥʥʦ ʜʣʷ ʯʝʣʦʚʝʯʝʩʢʦʛʦ ʚʦʩʧʨʠʷʪʠʷ. 
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ʉʠʪʫʘʮʠʷ, ʦʧʠʩʘʥʥʘʷ ʤʦʜʝʣʴʶ, ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ çʢʣʘʩʩʠʯʝʩʢʠʡè ʩʣʫʯʘʡ, ʢʦʛʜʘ 

ʧʦʣʴʟʦʚʘʪʝʣʴʩʢʠʡ ʪʝʨʤʠʥʘʣ ʘʜʘʧʪʠʨʦʚʘʥ ʢ ʨʘʙʦʪʝ ʩ ʫʩʣʫʛʦʡ, ʵʪʦ ʫʩʪʨʦʡʩʪʚʦ ʩʨʝʜʥʝʛʦ ʮʝʥʦʚʦʛʦ 

ʜʠʘʧʘʟʦʥʘ, ʨʘʩʩʯʠʪʘʥʥʦʝ ʜʣʷ ʪʝʭ ʧʦʣʴʟʦʚʘʪʝʣʝʡ, ʢʦʪʦʨʳʝ ʟʘʥʠʤʘʶʪʩʷ ʩʪʘʥʜʘʨʪʥʦʡ ʦʬʠʩʥʦʡ 

ʨʘʙʦʪʦʡ.  

ʅʘ ʨʠʩʫʥʢʝ 4.5 ʧʦʢʘʟʘʥ ʛʨʘʬʠʢ ʟʘʚʠʩʠʤʦʩʪʠ ʚʨʝʤʝʥʠ ʦʙʩʣʫʞʠʚʘʥʠʷ ʚ ʫʟʣʝ A ʦʪ ʚʨʝʤʝʥʠ 

Tô ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʚʘʨʠʘʥʪʘʭ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʦʙʩʣʫʞʠʚʘʥʠʷ (ʚʨʝʤʝʥʠ ʦʙʩʣʫʞʠʚʘʥʠʷ) ʚ ʫʟʣʘʭ C1, 

C2. 

 

 

ʈʠʩ. 4.5. ɻʨʘʬʠʢ ʟʘʚʠʩʠʤʦʩʪʠ ʚʨʝʤʝʥʠ ʦʙʩʣʫʞʠʚʘʥʠʷ ʚ ʫʟʣʝ A ʦʪ ʚʨʝʤʝʥʠ 'T  

 

ʆʮʝʥʠʤ ʚʨʝʤʷ ʦʪʢʣʠʢʘ. ʂʘʢ ʙʳʣʦ ʧʦʢʘʟʘʥʦ ʚ ʨʘʟʜʝʣʝ 2, ʦʙʱʝʝ ʚʨʝʤʷ ʦʪʢʣʠʢʘ ʦʧʨʝʜʝʣʷʝʪʩʷ 

ʧʦ ʬʦʨʤʫʣʝ (2.1) ʠ ʩʦʩʪʦʠʪ ʠʟ ʥʝʩʢʦʣʴʢʠʭ ʩʣʘʛʘʝʤʳʭ. ʄʦʜʝʣʠʨʦʚʘʥʠʶ ʩʝʪʴʶ ɼʞʝʢʩʦʥʘ 

ʧʦʟʚʦʣʷʝʪ ʫʯʝʩʪʴ ʧʝʨʚʦʝ ʠ ʪʨʝʪʴʝ ʩʣʘʛʘʝʤʳʝ, ʟʥʘʯʠʪ ʪʝʧʝʨʴ ʜʣʷ ʦʮʝʥʢʠ ʚʨʝʤʝʥʠ ʦʪʢʣʠʢʘ ʚ 

ʨʝʘʣʴʥʳʭ ʫʩʣʦʚʠʷʭ, ʥʝʦʙʭʦʜʠʤʦ ʫʯʝʩʪʴ ʚʝʣʠʯʠʥʫ ʪʨʘʥʩʧʦʨʪʥʦʡ ʟʘʜʝʨʞʢʠ. ɹʫʜʝʤ ʠʩʧʦʣʴʟʦʚʘʪʴ 

ʜʠʘʧʘʟʦʥ ʧʨʠʝʤʣʝʤʦʡ ʟʘʜʝʨʞʢʠ, ʦʧʨʝʜʝʣʝʥʥʳʡ ʚ ʨʘʟʜʝʣʝ 2 ɼʣʷ ʨʘʩʯʝʪʦʚ, ʚʦʩʧʦʣʴʟʫʝʤʩʷ ʝʛʦ 

ʥʠʞʥʝʡ ʛʨʘʥʠʮʝʡ. ʉʚʝʜʝʤ ʚ ʦʙʱʫʶ ʪʘʙʣʠʮʫ 4.1 ʜʚʘ ʩʣʫʯʘʷ, ʨʘʩʩʤʦʪʨʝʥʥʳʝ ʚʳʰʝ (ʤʘʣʦ ʤʦʱʥʳʡ 

(ʘ) ʠ ʙʦʣʝʝ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʳʡ (ʙ) ʧʨʦʮʝʩʩʦʨ). 
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ʊʘʙʣʠʮʘ 4.1. ʉʨʝʜʥʝʝ ʚʨʝʤʷ ʦʪʢʣʠʢʘ ʜʣʷ ʩʣʫʯʘʝʚ (ʘ) ʠ (ʙ) 

'T  (ʩʣʫʯʘʡ ʘ), 

c 

T (ʩʣʫʯʘʡ ʘ), 

c 
'T  (ʩʣʫʯʘʡ 

ʙ), c 

T (ʩʣʫʯʘʡ ʙ), 

c 

0.792 0.912 0.598 0.718 

0.639 0.759 0.578 0.698 

0.598 0.718 0.567 0.687 

0.525 0.645 0.331 0.451 

0.373 0.493 0.312 0.432 

0.331 0.451 0.3 0.42 

0.472 0.592 0.278 0.398 

0.319 0.439 0.258 0.378 

0.278 0.398 0.247 0.367 

0.449 0.569 0.255 0.375 

0.296 0.416 0.235 0.355 

0.255 0.375 0.224 0.344 

0.436 0.556 0.242 0.362 

0.284 0.404 0.223 0.343 

0.242 0.362 0.212 0.332 

0.428 0.548 0.234 0.354 

0.276 0.396 0.215 0.335 

0.234 0.354 0.203 0.323 

0.422 0.542 0.228 0.348 

0.27 0.39 0.209 0.329 

0.228 0.348 0.198 0.318 

 

ʉʬʦʨʤʫʣʠʨʫʝʤ ʨʝʢʦʤʝʥʜʘʮʠʠ ʢ ʧʦʣʴʟʦʚʘʪʝʣʴʩʢʦʤʫ ʫʩʪʨʦʡʩʪʚʫ ʧʦ ʠʪʦʛʘʤ ʤʦʜʝʣʠʨʦʚʘʥʠʷ 

ʚ ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʪʝʨʤʠʥʘʭ ʠ ʚ ʬʠʟʠʯʝʩʢʠʭ ʪʝʨʤʠʥʘʭ, ʧʨʠʩʫʱʠʭ ʫʩʪʨʦʡʩʪʚʘʤ. 

ɼʣʷ ʩʣʫʯʘʷ (ʘ) ʧʨʠ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʦʙʩʣʫʞʠʚʘʥʠʷ ʫʟʣʦʚ C1, C2 ʦʪ 5 ʜʦ 15 1/c ʚʨʝʤʷ ʦʪʢʣʠʢʘ 

ʩʦʩʪʘʚʠʣʦ ʦʪ 0.912 ʜʦ 0.348 ʩ. ʉʦʛʣʘʩʥʦ ʤʦʜʝʣʠ ʥʘʠʤʝʥʴʰʠʤ (ʜʣʷ ʩʣʘʙʳʭ ʧʨʦʮʝʩʩʦʨʦʚ) ʦʥʦ 

ʩʪʘʥʦʚʠʪʩʷ ʧʨʠ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʦʙʩʣʫʞʠʚʘʥʠʷ ʘʛʝʥʪʘ ʧʦʣʴʟʦʚʘʪʝʣʴʩʢʦʛʦ ʫʩʪʨʦʡʩʪʚʘ ʥʝ ʤʝʥʝʝ 25 

1/ʩ. ɼʘʣʴʥʝʡʰʝʝ ʝʛʦ ʫʩʢʦʨʝʥʠʝ (ʧʨʠ ʤʘʣʦ ʤʦʱʥʳʭ ʧʨʦʮʝʩʩʦʨʘʭ), ʥʘʧʨʠʤʝʨ, ʜʦ 35 1/ʩ, ʧʨʠʚʦʜʠʪ 

ʢ ʥʝʟʥʘʯʠʪʝʣʴʥʦʤʫ ʫʤʝʥʴʰʝʥʠʶ ʚʨʝʤʝʥʠ ʦʪʢʣʠʢʘ, ʧʦʵʪʦʤʫ, ʝʩʣʠ ʦʥʦ ʧʦʜʨʘʟʫʤʝʚʘʝʪ ʙʦʣʴʰʠʝ 

ʟʘʪʨʘʪʳ, ʪʦ ʩʤʳʩʣʘ ʥʝ ʠʤʝʝʪ. 

ɼʣʷ ʚʘʨʠʘʥʪʘ ˉ2 (ʙʦʣʝʝ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʝ ʫʩʪʨʦʡʩʪʚʦ) ʧʨʠ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʦʙʩʣʫʞʠʚʘʥʠʷ 

ʫʟʣʦʚ C1, C2 ʦʪ 15 ʜʦ 25 1/c ʚʨʝʤʷ ʦʪʢʣʠʢʘ ʩʦʩʪʘʚʠʣʦ ʦʪ 0.718 ʜʦ 0.318 ʩ. 

ɺ ʬʠʟʠʯʝʩʢʠʭ ʪʝʨʤʠʥʘʭ ʫʚʝʣʠʯʝʥʠʝ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʦʙʩʣʫʞʠʚʘʥʠʷ ʘʛʝʥʪʘ 

ʧʦʣʴʟʦʚʘʪʝʣʴʩʢʦʛʦ ʫʩʪʨʦʡʩʪʚʘ ʦʟʥʘʯʘʝʪ ʫʚʝʣʠʯʝʥʠʝ ʝʛʦ ʙʳʩʪʨʦʜʝʡʩʪʚʠʷ. 
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4.1.3 ɸʥʘʣʠʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʩʮʝʥʘʨʠʷ ʧʨʝʜʦʩʪʘʚʣʝʥʠʷ ʫʩʣʫʛʠ ʧʨʠ ʟʘʧʫʩʢʝ ʚʠʜʝʦ ʚʥʫʪʨʠ 

ʨʘʙʦʯʝʛʦ ʩʪʦʣʘ 

 

 

ʈʘʩʩʤʦʪʨʠʤ ʚʪʦʨʦʡ ʩʮʝʥʘʨʠʡ, ʧʨʠ ʢʦʪʦʨʦʤ ʧʦʣʴʟʦʚʘʪʝʣʶ ʧʨʝʜʦʩʪʘʚʣʷʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴ 

ʧʨʦʩʤʘʪʨʠʚʘʪʴ ʚʠʜʝʦ ʥʘ ʨʘʙʦʯʝʤ ʩʪʦʣʝ. ʇʨʝʜʧʦʣʦʞʠʤ, ʯʪʦ ʘʛʝʥʪ ʧʦʣʴʟʦʚʘʪʝʣʴʩʢʦʛʦ ʫʩʪʨʦʡʩʪʚʘ 

(ʚ ʤʦʜʝʣʠ ʫʟʝʣ A) ʨʘʩʧʨʝʜʝʣʷʝʪ ʟʘʷʚʢʠ ʧʦ ʷʜʨʘʤ ʧʨʦʮʝʩʩʦʨʘ ʥʘ ʦʩʥʦʚʘʥʠʠ ʥʝʢʦʪʦʨʳʭ ʟʘʨʘʥʝʝ 

ʠʟʚʝʩʪʥʳʭ ʜʘʥʥʳʭ. ɸʛʝʥʪ ʚʠʨʪʫʘʣʴʥʦʡ ʤʘʰʠʥʳ (ʚ ʤʦʜʝʣʠ ʫʟʝʣ VM) ʠʤʝʝʪ ʤʝʭʘʥʠʟʤʳ 

ʨʘʩʧʦʟʥʘʚʘʥʠʷ ʬʘʢʪʘ ʟʘʧʫʩʢʘ ʧʦʣʴʟʦʚʘʪʝʣʝʤ ʚʠʜʝʦ ʠ ʥʘ ʦʩʥʦʚʘʥʠʠ ʧʨʠʥʘʜʣʝʞʥʦʩʪʠ ʧʘʢʝʪʘ ʢ 

ʪʦʤʫ ʠʣʠ ʠʥʦʤʫ ʪʠʧʫ, ʨʘʩʧʨʝʜʝʣʷʝʪ ʠʭ ʧʦ ʷʜʨʘʤ.  

ʂʦʛʜʘ ʧʦʣʴʟʦʚʘʪʝʣʴ ʟʘʧʫʩʢʘʝʪ ʚʠʜʝʦ ʠʣʠ ʘʫʜʠʦ, ʚ ʦʧʝʨʘʮʠʦʥʥʦʡ ʩʠʩʪʝʤʝ ʟʘʧʫʩʢʘʶʪʩʷ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʧʨʦʛʨʘʤʤʳ ʠ ʥʘʙʦʨʳ ʢʦʜʝʢʦʚ [38]. ʀʥʬʦʨʤʘʮʠʶ ʦʙ ʵʪʦʤ ʩʯʠʪʳʚʘʝʪ ʘʛʝʥʪ 

ʚʠʨʪʫʘʣʴʥʦʡ ʤʘʰʠʥʳ, ʟʘʪʝʤ ʬʦʨʤʠʨʫʝʪ ʚʳʜʝʣʝʥʥʳʝ ʚ ʦʪʜʝʣʴʥʳʝ ʦʪ ʧʦʪʦʢʘ ʠʟʦʙʨʘʞʝʥʠʡ 

ʨʘʙʦʯʝʛʦ ʩʪʦʣʘ ʧʦʜʧʦʪʦʢʠ, ʢʦʪʦʨʳʝ ʢʦʜʠʨʫʶʪʩʷ ʚʠʜʝʦ ʠ ʘʫʜʠʦ ʢʦʜʝʢʘʤʠ [96, 104, 102] ʠ ʧʦʩʣʝ 

ʧʝʨʝʜʘʯʠ ʧʦ ʩʝʪʠ ʜʝʢʦʜʠʨʫʶʪʩʷ ʥʘ ʧʦʣʴʟʦʚʘʪʝʣʴʩʢʦʤ ʫʩʪʨʦʡʩʪʚʝ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤ ʦʙʨʘʟʦʤ. 

ʅʝʢʦʪʦʨʳʝ ʬʠʨʤʳ-ʨʘʟʨʘʙʦʪʯʠʢʠ ʧʨʦʪʦʢʦʣʦʚ ʫʜʘʣʝʥʥʦʛʦ ʨʘʙʦʯʝʛʦ ʩʪʦʣʘ ʚʚʝʣʠ ʝʱʝ ʦʜʥʫ ʥʦʚʫʶ 

ʬʫʥʢʮʠʶ ʧʨʦʪʦʢʦʣʦʚ ʚʠʨʪʫʘʣʠʟʘʮʠʠ ī ʵʚʨʠʩʪʠʯʝʩʢʠʝ ʘʣʛʦʨʠʪʤʳ [96, 104], ʜʦʧʦʣʥʠʪʝʣʴʥʦ 

ʨʘʩʧʦʟʥʘʶʱʠʝ ʬʘʢʪ ʪʦʛʦ, ʯʪʦ ʧʦʣʴʟʦʚʘʪʝʣʴ ʚʢʣʶʯʠʣ ʚʠʜʝʦ ʥʘ ʩʚʦʝʤ ʨʘʙʦʯʝʤ ʩʪʦʣʝ ʥʘ ʦʩʥʦʚʝ 

ʘʥʘʣʠʟʘ ʩʝʛʤʝʥʪʦʚ ʵʢʨʘʥʘ, ʠʟʤʝʥʷʶʱʠʭʩʷ ʩ ʙʦʣʴʰʦʡ ʩʢʦʨʦʩʪʴʶ. ʊʘʢʫʶ ʤʦʜʝʣʴ ʨʘʙʦʪʳ ʧʨʠʥʷʪʦ 

ʥʘʟʳʚʘʪʴ çʘʧʧʘʨʘʪʥʳʤ ʫʩʢʦʨʝʥʠʝʤè [46], ʦʜʥʘʢʦ ʨʘʟʣʠʯʥʳʝ ʧʨʦʠʟʚʦʜʠʪʝʣʠ ʦʙʣʘʯʥʦʛʦ ʇʆ 

ʧʨʠʤʝʥʷʶʪ ʠ ʜʨʫʛʠʝ ʪʝʨʤʠʥʳ. 

ʇʨʠ ʵʪʦʤ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʦʙʦʩʥʦʚʘʥʥʳʤ ʢʦʥʩʪʨʫʠʨʦʚʘʥʠʝ ʘʨʭʠʪʝʢʪʫʨʳ ʧʦʣʴʟʦʚʘʪʝʣʴʩʢʦʛʦ 

ʫʩʪʨʦʡʩʪʚʘ (ʚ ʦʩʦʙʝʥʥʦʩʪʠ, ʩʧʝʮʠʘʣʴʥʦ ʧʨʝʜʥʘʟʥʘʯʝʥʥʦʛʦ ʠʤʝʥʥʦ ʜʣʷ ʫʩʣʫʛʠ DaaS ī ʪʦʥʢʦʛʦ 

ʢʣʠʝʥʪʘ) ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʯʪʦ ʦʪʜʝʣʴʥʦʝ ʷʜʨʦ ʧʨʦʮʝʩʩʦʨʘ ʧʨʝʜʥʘʟʥʘʯʝʥʦ ʜʣʷ ʦʙʨʘʙʦʪʢʠ ʘʫʜʠʦ ʠ 

ʚʠʜʝʦ ʧʦʪʦʢʦʚ. ʊʘʢʦʡ ʧʦʜʭʦʜ ʧʦʟʚʦʣʷʝʪ ʨʘʟʜʝʣʠʪʴ ʧʝʨʝʜʘʚʘʝʤʳʝ ʧʦ ʩʝʪʠ ʜʘʥʥʳʝ ʩʦʛʣʘʩʥʦ ʠʭ 

ʪʠʧʫ ʠ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʦʨʛʘʥʠʟʦʚʘʪʴ ʨʘʟʜʝʣʴʥʫʶ ʦʙʨʘʙʦʪʢʫ ʵʪʠʭ ʜʘʥʥʳʭ ʧʦʣʴʟʦʚʘʪʝʣʴʩʢʠʤʠ 

ʫʩʪʨʦʡʩʪʚʘʤʠ (ʚʠʜʝʦ ʠ ʘʫʜʠʦ ʜʘʥʥʳʝ ʦʙʨʘʙʘʪʳʚʘʶʪʩʷ ʷʜʨʘʤʠ ʧʨʦʮʝʩʩʦʨʘ, ʩʧʝʮʠʘʣʴʥʦ 

ʧʦʜʛʦʪʦʚʣʝʥʥʳʤʠ ʜʣʷ ʵʪʠʭ ʟʘʜʘʯ), ʯʪʦ ʧʦʣʦʞʠʪʝʣʴʥʦ ʩʢʘʟʳʚʘʝʪʩʷ ʥʘ ʚʦʩʧʨʠʷʪʠʠ ʢʘʯʝʩʪʚʘ 

ʫʩʣʫʛʠ. ʊʘʢʦʡ ʧʦʜʭʦʜ ʧʨʠʤʝʥʷʝʪʩʷ ʥʘ ʧʨʘʢʪʠʢʝ. ɹʫʜʝʤ ʦʮʝʥʠʚʘʪʴ ʚʨʝʤʷ ʦʪʢʣʠʢʘ ʦʪʜʝʣʴʥʦ ʜʣʷ 

ʢʘʞʜʦʛʦ ʧʦʜʧʦʪʦʢʘ. 

ʇʨʠ ʦʙʳʯʥʦʡ ʦʬʠʩʥʦʡ ʨʘʙʦʪʝ ʧʦʣʴʟʦʚʘʪʝʣʷ ʚʠʜʝʦ ʟʘʧʫʩʢʘʝʪʩʷ ʨʝʜʢʦ ʠ ʥʝ ʥʘ ʧʦʣʥʳʡ 

ʵʢʨʘʥ. ʉʣʫʯʘʡ, ʢʦʛʜʘ ʧʦʣʴʟʦʚʘʪʝʣʴ ʦʪʢʨʦʝʪ ʚʠʜʝʦ ʥʘ ʧʦʣʥʳʡ ʵʢʨʘʥ, ʯʪʦ ʙʫʜʝʪ ʦʟʥʘʯʘʪʴ ʧʝʨʝʜʘʯʫ 

ʪʦʣʴʢʦ ʚʠʜʝʦ ʟʘʷʚʦʢ, ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʥʝ ʙʫʜʝʤ, ʧʦʩʢʦʣʴʢʫ ʵʪʦ ʥʝ ʨʝʢʦʤʝʥʜʦʚʘʥʦ 

ʧʨʦʠʟʚʦʜʠʪʝʣʷʤʠ ʦʙʣʘʯʥʳʭ ʧʣʘʪʬʦʨʤ ʠ ʩʠʩʪʝʤ ʜʦʩʪʘʚʢʠ ʨʘʙʦʯʝʛʦ ʩʪʦʣʘ. ʕʪʦ ʧʨʦʜʠʢʪʦʚʘʥʦ 
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ʪʝʤ, ʯʪʦ ʢʘʯʝʩʪʚʦ ʫʩʣʫʛʠ ʧʨʠ ʵʪʦʤ ʨʝʟʢʦ ʧʘʜʘʝʪ: ʧʨʦʮʝʩʩʦʨ ʧʦʣʴʟʦʚʘʪʝʣʴʩʢʦʛʦ ʪʝʨʤʠʥʘʣʴʥʦʛʦ 

ʫʩʪʨʦʡʩʪʚʘ ʥʝ ʧʨʝʜʥʘʟʥʘʯʝʥ ʜʣʷ ʨʘʙʦʪʳ ʩ ʪʘʢʦʡ ʚʦʟʨʦʩʰʝʡ ʥʘʛʨʫʟʢʦʡ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ 

ʧʨʦʙʣʝʤʘʤ ʩ ʦʙʨʘʙʦʪʢʦʡ, ʠ ʢʘʢ ʩʣʝʜʩʪʚʠʝ, ʢ ʩʝʨʴʝʟʥʳʤ ʥʘʨʫʰʝʥʠʷʤ ʢʘʯʝʩʪʚʘ ʠʟʦʙʨʘʞʝʥʠʷ. 

ʂʨʦʤʝ ʪʦʛʦ, ʚʦʟʨʘʩʪʘʝʪ ʟʘʛʨʫʟʢʘ ʢʘʥʘʣʘ ʩʚʷʟʠ ʤʝʞʜʫ ʩʝʨʚʝʨʦʤ ʠ ʢʣʠʝʥʪʦʤ, ʯʪʦ ʥʝʠʟʙʝʞʥʦ 

ʧʨʠʚʦʜʠʪ ʢ ʠʩʢʘʞʝʥʠʷʤ ʚʠʜʝʦʨʷʜʘ. ʕʪʠ ʬʘʢʪʦʨʳ ʧʨʠʚʦʜʷʪ ʢ ʭʘʨʘʢʪʝʨʥʳʤ ʵʬʬʝʢʪʘʤ 

çʟʘʪʦʨʤʘʞʠʚʘʥʠʷè, ʨʝʟʢʠʤ ʨʳʚʢʘʤ, ʘʨʪʝʬʘʢʪʘʤ ʩʨʝʜʠ ʚʠʜʝʦʨʷʜʘ. 

ʈʘʩʩʤʦʪʨʠʤ ʯʠʩʣʝʥʥʳʡ ʧʨʠʤʝʨ. ɺ ʢʘʯʝʩʪʚʝ ʚʭʦʜʥʳʭ ʜʘʥʥʳʭ ʜʣʷ ʤʦʜʝʣʠ ʙʫʜʝʤ 

ʠʩʧʦʣʴʟʦʚʘʪʴ Õ1 ʠ 0'l, ʧʦʣʫʯʝʥʥʳʝ ʠʟ ʵʢʩʧʝʨʠʤʝʥʪʘ, ʦʧʠʩʘʥʥʦʛʦ ʚ ʧʘʨʘʛʨʘʬʝ 2.2.3, ʠ ʙʫʜʝʤ 

ʟʘʜʘʚʘʪʴ ʨʘʟʣʠʯʥʳʝ ʚʝʨʦʷʪʥʦʩʪʠ ʧʦʷʚʣʝʥʠʷ ʪʝʭ ʠʣʠ ʠʥʳʭ ʪʠʧʦʚ ʟʘʷʚʦʢ. 

ʇʫʩʪʴ Õ1 = 10.5 ʩ
-1

, 0'l  = 2.5 ʩ
-1
, ʊʪʨ = 120 ʤʩ. ʆʙʦʟʥʘʯʠʤ ps ï ʚʝʨʦʷʪʥʦʩʪʴ ʧʦʷʚʣʝʥʠʷ 

ʟʘʷʚʢʠ ʪʠʧʘ ʚʠʜʝʦ, pt ï ʚʝʨʦʷʪʥʦʩʪʴ ʧʦʷʚʣʝʥʠʷ ʟʘʷʚʢʠ ʪʠʧʘ ʠʟʦʙʨʘʞʝʥʠʷ.  

ʊʨʝʙʫʝʪʩʷ ʩʦʩʪʘʚʠʪʴ ʘʥʘʣʠʪʠʯʝʩʢʫ  ʁ ʤʦʜʝʣ,ɹ ʦʧʠʩʳʚʘʶʱʫ  ʁ ʨʘʙʦʪʫ ʧʦʣʴʟʦʚʘʪʝʣʴʩʢʦʛʦ 

ʫʩʪʨʦʡʩʪʚʘ ʠ ʩʝʨʚʝʨʘ ʚʦ ʚʪʦʨʦʤ ʩʮʝʥʘʨʠʠ ʨʘʙʦʪʳ ʪʝʨʤʠʥʘʣʴʥʦʡ ʩʝʩʩʠʠ ʫʩʣʫʛʠ. ʇʦʣʫʯʠʪʴ ʠ 

ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʪʴ ʚʨʝʤʝʥʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʢʦʤʧʦʥʝʥʪʦʚ ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ ʫʩʣʫʛʠ, ʦʮʝʥʠʪʴ 

ʩʨʝʜʥʝʝ ʚʨʝʤ ̫ʦʪʢʣʠʢʘ. 

ʅʘ ʦʩʥʦʚʘʥʠʠ ʩʧʝʮʠʬʠʢʠ ʝʛʦ ʨʘʙʦʪʳ ʧʨʦʮʝʩʩ ʨʘʙʦʪʳ ʫʩʣʫʛʠ çʚʠʨʪʫʘʣʴʥʳʡ ʨʘʙʦʯʠʡ ʩʪʦʣè 

ʚʦ ʚʪʦʨʦʤ ʩʮʝʥʘʨʠʠ ʝʝ ʨʘʙʦʪʳ ʫʤʝʩʪʥʦ ʦʧʠʩʘʪʴ ʩʝʪʴʶ ʤʘʩʩʦʚʦʛʦ ʦʙʩʣʫʞʠʚʘʥʠʷ (ʉʝʄʆ) ʩ ʜʚʫʤʷ 

ʪʠʧʘʤʠ ʟʘʷʚʦʢ, ʩʦʩʪʦʷʱʝʡ ʠʟ ʯʝʪʳʨʝʭ ʉʄʆ: VM  ï ʘʛʝʥʪ ɺʄ; A ï ʘʛʝʥʪ ʧʦʣʴʟʦʚʘʪʝʣʴʩʢʦʛʦ 

ʫʩʪʨʦʡʩʪʚʘ; C1 ʠ C2 ï ʷʜʨʘ ʧʨʦʮʝʩʩʦʨʘ ʧʦʣʴʟʦʚʘʪʝʣʴʩʢʦʛʦ ʫʩʪʨʦʡʩʪʚʘ. 

ʆʙʤʝʥ ʜʘʥʥʳʤʠ ʚ ʵʪʦʤ ʩʣʫʯʘʝ ʥʝʩʢʦʣʴʢʦ ʦʪʣʠʯʘʝʪʩʷ ʦʪ ʧʨʝʜʳʜʫʱʝʡ ʤʦʜʝʣʠ ʠ 

ʦʧʠʩʳʚʘʝʪʩʷ ʩʣʝʜʫʶʱʝʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴʶ. ʉʭʝʤʘ ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ ʫʩʣʫʛʠ ʚʦ ʚʪʦʨʦʤ 

ʩʮʝʥʘʨʠʠ ʝʝ ʨʘʙʦʪʳ ʧʦʢʘʟʘʥʘ ʥʘ ʨʠʩʫʥʢʝ 4.6. 

1. ɸʛʝʥʪ ʧʦʣʴʟʦʚʘʪʝʣʴʩʢʦʛʦ ʫʩʪʨʦʡʩʪʚʘ (A) ʠʥʠʮʠʠʨʫʝʪ ʥʘʯʘʣʦ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ ʩ ʩʝʨʚʝʨʘ 

ʪ. ʝ. ʦʪʧʨʘʚʣʷʝʪ ʧʦʪʦʢ ʟʘʷʚʦʢ, ʢʦʪʦʨʳʡ ʧʦʩʪʫʧʘʝʪ ʥʘ ʚʭʦʜ ʘʛʝʥʪʘ ɺʄ (VM).  ʇʦʩʪʫʧʘʶʱʠʝ 

ʘʛʝʥʪʫ ɺʄ ʟʘʷʚʢʠ, ʦʙʥʘʨʫʞʠʚ, ʯʪʦ ʧʨʠʙʦʨ ʟʘʥʷʪ, ʩʪʘʥʦʚʷʪʩʷ ʚ ʦʯʝʨʝʜʴ. 

2. ɸʛʝʥʪ ɺʄ (VM) ʦʙʨʘʙʘʪʳʚʘʝʪ ʧʦʩʪʫʧʠʚʰʠʝ ʟʘʷʚʢʠ, ʟʘʪʝʤ ʦʪʧʨʘʚʣʷʝʪ ʘʛʝʥʪʫ 

ʧʦʣʴʟʦʚʘʪʝʣʴʩʢʦʛʦ ʫʩʪʨʦʡʩʪʚʘ ʧʦʪʦʢ ʜʘʥʥʳʭ, ʩʦʩʪʦʷʱʠʡ ʠʟ ʜʚʫʭ ʧʦʜʧʦʪʦʢʦʚ (ʚʠʜʝʦ, 

ʠʟʦʙʨʘʞʝʥʠʷ ʨʘʙʦʯʝʛʦ ʩʪʦʣʘ).  

3. ɸʛʝʥʪ ʧʦʣʴʟʦʚʘʪʝʣʴʩʢʦʛʦ ʫʩʪʨʦʡʩʪʚʘ (A) ʨʘʩʧʦʟʥʘʝʪ ʧʨʠʥʘʜʣʝʞʥʦʩʪʴ ʦʯʝʨʝʜʥʦʡ ʟʘʷʚʢʠ 

ʦʜʥʦʤʫ ʠʟ ʧʦʜʧʦʪʦʢʦʚ ʠ ʨʘʩʧʨʝʜʝʣʷʝʪ ʟʘʷʚʢʠ ʧʦ ʷʜʨʘʤ ʧʨʦʮʝʩʩʦʨʘ ʧʦʣʴʟʦʚʘʪʝʣʴʩʢʦʛʦ 

ʫʩʪʨʦʡʩʪʚʘ (C1 ʠ C2). ʇʦʩʪʫʧʘʶʱʠʝ ʘʛʝʥʪʫ ʟʘʷʚʢʠ, ʦʙʥʘʨʫʞʠʚ, ʯʪʦ ʧʨʠʙʦʨ ʟʘʥʷʪ, ʩʪʘʥʦʚʷʪʩʷ ʚ 

ʦʯʝʨʝʜʴ. 

4. ʗʜʨʦ C1 ʦʙʨʘʙʘʪʳʚʘʝʪ ʟʘʷʚʢʠ, ʦʪʥʦʩʷʱʠʝʩʷ ʢ ʚʠʜʝʦ, ʷʜʨʦ C2 ʦʙʨʘʙʘʪʳʚʘʝʪ ʟʘʷʚʢʠ, 

ʦʪʥʦʩʷʱʠʝʩʷ ʢ ʠʟʦʙʨʘʞʝʥʠʷʤ. ʇʦʩʣʝ ʦʙʨʘʙʦʪʢʠ ʷʜʨʘ ʦʪʧʨʘʚʣʷʶʪ ʦʙʩʣʫʞʝʥʥʳʝ ʧʦʪʦʢʠ ʥʘ 
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ʛʨʘʬʠʯʝʩʢʫʶ ʧʦʜʩʠʩʪʝʤʫ, ʢʦʪʦʨʘʷ ʦʪʨʠʩʦʚʳʚʘʝʪ ʢʘʨʪʠʥʢʫ ʧʦʣʴʟʦʚʘʪʝʣʶ. ʇʦʩʪʫʧʘʶʱʠʝ ʷʜʨʘʤ 

ʟʘʷʚʢʠ, ʦʙʥʘʨʫʞʠʚ, ʯʪʦ ʧʨʠʙʦʨʳ ʟʘʥʷʪʳ, ʩʪʘʥʦʚʷʪʩʷ ʚ ʦʯʝʨʝʜʴ. 

ʉʦʚʦʢʫʧʥʦʩʪʴ ʧʝʨʝʯʠʩʣʝʥʥʳʭ ʫʟʣʦʚ ʠ ʩʦʝʜʠʥʠʪʝʣʴʥʳʭ ʣʠʥʠʡ ʤʝʞʜʫ ʥʠʤʠ ʙʫʜʝʤ 

ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʢʘʢ ʩʝʪʴ ʤʘʩʩʦʚʦʛʦ ʦʙʩʣʫʞʠʚʘʥʠʷ, ʢʦʪʦʨʫʶ ʤʦʞʥʦ ʧʨʠʯʠʩʣʠʪʴ ʢ ʢʣʘʩʩʫ 

ʦʪʢʨʳʪʳʭ ʉʝʄʆ, ʧʦʩʢʦʣʴʢʫ ʦʙʩʣʫʞʝʥʥʳʝ ʫʟʣʘʤʠ C1 ʠ C2 ʟʘʷʚʢʠ ʧʦʢʠʜʘʶʪ ʩʝʪʴ (ʦʪʧʨʘʚʣʷʶʪʩʷ 

ʥʘ ʛʨʘʬʠʯʝʩʢʫʶ ʧʦʜʩʠʩʪʝʤʫ ʧʦʣʴʟʦʚʘʪʝʣʷ). 

 

 

ʈʠʩ. 4.6. ʉʭʝʤʘ ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ ʫʩʣʫʛʠ ʚʦ ʚʪʦʨʦʤ ʩʮʝʥʘʨʠʠ ʨʘʙʦʪʳ 

 

ʅʘ ʦʩʥʦʚʘʥʠʠ ʧʨʠʚʝʜʝʥʥʦʛʦ ʘʥʘʣʠʟʘ ʩʧʝʮʠʬʠʢʠ ʨʘʙʦʪʳ ʫʩʣʫʛʠ, ʘʥʘʣʠʪʠʯʝʩʢʫʶ ʤʦʜʝʣʴ ʚ 

ʵʪʦʤ ʩʣʫʯʘʝ ʫʤʝʩʪʥʦ ʩʪʨʦʠʪʴ ʥʘ ʦʩʥʦʚʝ BCMP-ʩʝʪʠ, ʚʧʝʨʚʳʝ ʠʩʩʣʝʜʦʚʘʥʥʦʡ ʚ [59] ʠ 

ʨʘʩʩʤʦʪʨʝʥʥʦʡ ʚ [10]. BCMP-ʩʝʪʠ ʷʚʣʷʶʪʩʷ, ʧʦ ʩʫʪʠ, ʨʘʩʰʠʨʝʥʠʝʤ ʩʝʪʝʡ ɼʞʝʢʩʦʥʘ. ʉʦʛʣʘʩʥʦ 

ʘʧʧʘʨʘʪʫ BCMP ʉʝʄʆ ʩʦʩʪʦʠʪ ʠʟ ʥʝʩʢʦʣʴʢʠʭ ʫʟʣʦʚ ʦʙʩʣʫʞʠʚʘʥʠʷ, ʤʝʞʜʫ ʢʦʪʦʨʳʤʠ ʚ 

ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʤʘʪʨʠʮʝʡ ʧʝʨʝʭʦʜʦʚ ʮʠʨʢʫʣʠʨʫʶʪ ʥʝʩʢʦʣʴʢʦ ʢʣʘʩʩʦʚ (ʪʠʧʦʚ) ʟʘʷʚʦʢ. ʇʨʠ 

ʧʝʨʝʭʦʜʝ ʤʝʞʜʫ ʫʟʣʘʤʠ ʟʘʷʚʢʘ ʤʦʞʝʪ ʩʤʝʥʠʪʴ ʪʠʧ. 

ʉʦʛʣʘʩʥʦ BCMP-ʪʝʦʨʝʤʝ, ʣʝʞʘʱʝʡ ʚ ʦʩʥʦʚʝ BCMP-ʩʝʪʝʡ, ʩʫʱʝʩʪʚʫʝʪ ʯʝʪʳʨʝ ʪʠʧʘ ʫʟʣʦʚ 

BCMP. ɹʫʜʝʤ ʠʩʧʦʣʴʟʦʚʘʪʴ ʫʟʣʳ ʪʠʧʘ 1 ʢʘʢ ʥʘʠʙʦʣʝʝ ʧʦʜʭʦʜʷʱʠʝ ʧʦ ʩʤʳʩʣʫ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʡ 

ʫʩʣʫʛʠ.  

ʋʟʣʳ ʪʠʧʘ 1 ï ʵʪʦ ʫʟʣʳ ʩ ʜʠʩʮʠʧʣʠʥʦʡ ʦʙʩʣʫʞʠʚʘʥʠʷ FCFS ʠ ʵʢʩʧʦʥʝʥʮʠʘʣʴʥʳʤ 

ʚʨʝʤʝʥʝʤ ʦʙʩʣʫʞʠʚʘʥʠʷ. ʀʥʪʝʥʩʠʚʥʦʩʪʴ ʦʙʩʣʫʞʠʚʘʥʠʷ ʟʘʷʚʦʢ ʢʘʞʜʦʛʦ ʪʠʧʘ ʚʦ ʚʩʝʭ ʫʟʣʘʭ ʵʪʦʛʦ 

ʪʠʧʘ ʜʦʣʞʥʘ ʙʳʪʴ ʦʜʠʥʘʢʦʚʘ. ɺ ʫʟʣʝ ʪʠʧʘ 1 ʤʦʞʝʪ ʨʘʟʤʝʱʘʝʪʩʷ ʉʄʆ ʚʠʜʘ ./M/m (ʩʠʩʪʝʤʘ ʩ 

ʨʘʟʣʠʯʥʳʤ ʚʠʜʦʤ ʚʭʦʜʷʱʝʛʦ ʧʦʪʦʢʘ). ɺ ʨʘʤʢʘʭ ʤʦʜʝʣʠ ʙʫʜʝʤ ʠʩʧʦʣʴʟʦʚʘʪʴ ʩʠʩʪʝʤʫ M/M/1 ʜʣʷ 

ʩʨʘʚʥʝʥʠʷ ʩʦ ʩʣʫʯʘʷʤʠ 1 ʠ 2, ʨʘʩʩʤʦʪʨʝʥʥʳʤʠ ʨʘʥʝʝ. ʊʘʢʦʡ ʪʠʧ ʫʟʣʦʚ ʧʦʜʭʦʜʠʪ ʜʣʷ ʦʧʠʩʘʥʠʷ 

ʨʘʙʦʪʳ ʫʟʣʘ C2, ʧʦʣʫʯʘʶʱʝʛʦ ʟʘʷʚʢʠ ʦʜʥʦʛʦ ʪʠʧʘ ʠ ʦʙʨʘʙʘʪʳʚʘʶʱʝʛʦ ʠʭ ʧʦ ʧʦʨʷʜʢʫ 

ʧʦʩʪʫʧʣʝʥʠʷ. 
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ʉʦʛʣʘʩʥʦ [59] ʦʜʥʠʤ ʠʟ ʫʩʣʦʚʠʡ ʦʙʲʝʜʠʥʝʥʠʷ ʥʝʩʢʦʣʴʢʠʭ ʫʟʣʦʚ ʚ BCMP-ʩʝʪʴ ʩʦʩʪʦʠʪ ʚ 

ʪʦʤ, ʯʪʦ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʚʨʝʤʝʥʠ ʦʙʩʣʫʞʠʚʘʥʠʷ ʚ ʢʘʞʜʦʤ ʫʟʣʝ ʜʦʣʞʥʦ ʠʤʝʪʴ ʨʘʮʠʦʥʘʣʴʥʦʝ 

ʧʨʝʦʙʨʘʟʦʚʘʥʠʝ ʃʘʧʣʘʩʘ. ʕʪʦ ʫʩʣʦʚʠʝ ʚʳʧʦʣʥʷʝʪʩʷ, ʚ ʪʦʤ ʯʠʩʣʝ, ʜʣʷ ʫʟʣʦʚ ʪʠʧʘ 1. 

ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʚʨʝʤʝʥʠ ʦʙʩʣʫʞʠʚʘʥʠʷ ʚ ʨʘʟʣʠʯʥʳʭ ʫʟʣʘʭ ʤʦʞʝʪ ʙʳʪʴ ʨʘʟʣʠʯʥʳʤ (ʥʝ 

ʦʜʠʥʘʢʦʚʳʤ). ʇʦ ʪ. BCMP ʚʝʨʦʷʪʥʦʩʪʴ ʪʦʛʦ, ʯʪʦ ʚ ʫʟʣʘʭ ʩʠʩʪʝʤʳ ʥʘʭʦʜʠʪʩʷ ʦʧʨʝʜʝʣʝʥʥʦʝ 

ʢʦʣʠʯʝʩʪʚʦ ʟʘʷʚʦʢ, ʤʦʞʝʪ ʙʳʪʴ ʧʦʣʫʯʝʥʘ ʢʘʢ ʧʨʦʠʟʚʝʜʝʥʠʝ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʚʝʨʦʷʪʥʦʩʪʝʡ ʜʣʷ 

ʦʪʜʝʣʴʥʳʭ ʫʟʣʦʚ.  

ɺʚʝʜʝʤ ʩʣʝʜʫʶʱʠʝ ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʦʙʦʟʥʘʯʝʥʠʷ ʠ ʧʨʝʜʧʦʣʦʞʝʥʠʷ. 

1. ʆʙʦʟʥʘʯʠʤ ʪʠʧʳ ʟʘʷʚʦʢ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: s ï ʚʠʜʝʦ, t ï ʠʟʦʙʨʘʞʝʥʠʷ ʨʘʙʦʯʝʛʦ ʩʪʦʣʘ. 

2. ɺʨʝʤʝʥʘ ʦʙʩʣʫʞʠʚʘʥʠʷ ʟʘʷʚʦʢ ʪʠʧʦʚ s, t ʚ ʫʟʣʝ i ʨʘʩʧʨʝʜʝʣʝʥʳ ʵʢʩʧʦʥʝʥʮʠʘʣʴʥʦ ʩʦ ʩʨʝʜʥʠʤʠ 

1/ɛis; 1/ɛit.  

3. ʆʙʦʟʥʘʯʠʤ ʊs ï ʚʨʝʤʷ ʦʪʢʣʠʢʘ ʜʣʷ ʟʘʷʚʦʢ ʪʠʧʘ ʚʠʜʝʦ; ʊt ï ʚʨʝʤʷ ʦʪʢʣʠʢʘ ʜʣʷ ʟʘʷʚʦʢ ʪʠʧʘ 

ʠʟʦʙʨʘʞʝʥʠʷ. 

4. ɿʘʷʚʢʠ ʪʠʧʦʚ s ʠ t ʧʨʠʙʳʚʘʶʪ ʚ ʫʟʝʣ i ʠʟʚʥʝ ʩ ʠʥʪʝʥʩʠʚʥʦʩʪʷʤʠ ɚ0i,s; ɚ0i,t.  

ʇʨʠ ʵʪʦʤ 0'l  = ɚ0i,s+ ɚ0i,t ï ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʦʙʱʝʛʦ ʧʦʪʦʢʘ. 

5. ʆʯʝʨʝʜʠ ʫʟʣʦʚ ʩ ʜʠʩʮʠʧʣʠʥʦʡ FCFS ʠʤʝʶʪ ʙʝʩʢʦʥʝʯʥʳʡ ʙʫʬʝʨ. 

6. ʆʙʦʟʥʘʯʠʤ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʦʙʩʣʫʞʠʚʘʥʠʷ: 

¶ ʚ ʫʟʣʝ VM ʪʠʧʘ s - Õ1s, ʪʠʧʘ t - Õ1t;   

¶ ʚ ʫʟʣʝ A ʪʠʧʘ s - Õ2s, ʪʠʧʘ t - Õ2t;  

¶ ʚ ʫʟʣʝ C1 ʪʠʧʘ s - Õ3s;  

¶ ʚ ʫʟʣʝ C2 ʪʠʧʘ t -  Õ4t. 

7. ʆʙʦʟʥʘʯʠʤ L1, L2, L3 ʧʦʜʮʝʧʠ BCMP-ʩʝʪʠ. ɺ ʪʝʨʤʠʥʦʣʦʛʠʠ BCMP ʧʦʜʮʝʧʠ ï ʵʪʦ ʧʫʪʠ 

ʩʣʝʜʦʚʘʥʠʷ ʟʘʷʚʦʢ ʦʧʨʝʜʝʣʝʥʥʦʛʦ ʪʠʧʘ ʚʥʫʪʨʠ ʚʩʝʡ ʩʝʪʠ. 

ʅʘ ʨʠʩʫʥʢʝ 4.7 ʧʦʢʘʟʘʥ ʛʨʘʬ ʠʩʩʣʝʜʫʝʤʦʡ ʩʝʪʠ. ɼʣʷ ʫʜʦʙʩʪʚʘ ʜʘʣʴʥʝʡʰʝʛʦ ʧʦʩʪʨʦʝʥʠʷ 

ʫʨʘʚʥʝʥʠʡ ʚ ʛʨʘʬ ʩʝʪʠ ʚʥʝʩʝʥ ʠʩʪʦʯʥʠʢ ʟʘʷʚʦʢ 0.  

 
ʈʠʩ. 4.7. ɻʨʘʬ ʉʝʄʆ ʩ ʜʚʫʤʷ ʪʠʧʘʤʠ ʟʘʷʚʦʢ 

 

ɺʚʝʜʝʤ ʪʘʢʞʝ ʩʣʝʜʫʶʱʠʝ ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʦʙʦʟʥʘʯʝʥʠʷ: 
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ɚjs ï ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʧʦʪʦʢʘ ʟʘʷʚʦʢ ʪʠʧʘ s ʚ ʫʟʝʣ j; ɚ0,js ï ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʧʦʪʦʢʘ ʟʘʷʚʦʢ ʪʠʧʘ s ʠʟ 

ʫʟʣʘ 0 (ʠʩʪʦʯʥʠʢ ʟʘʷʚʦʢ) ʚ ʫʟʝʣ j; pi,js ï ʚʝʨʦʷʪʥʦʩʪʴ ʪʦʛʦ, ʯʪʦ ʟʘʷʚʢʘ ʪʠʧʘ s ʚʳʡʜʝʪ ʠʟ ʫʟʣʘ i ʠ 

ʧʝʨʝʡʜʝʪ ʚ ʫʟʝʣ j; p0,jt ï ʚʝʨʦʷʪʥʦʩʪʴ ʪʦʛʦ, ʯʪʦ ʟʘʷʚʢʘ ʪʠʧʘ t ʚʦʡʜʝʪ ʠʟʚʥʝ ʚ ʫʟʝʣ j; pjs,0 ï 

ʚʝʨʦʷʪʥʦʩʪʴ ʪʦʛʦ, ʯʪʦ ʟʘʷʚʢʘ ʪʠʧʘ s ʚʳʡʜʝʪ ʠʟ ʩʝʪʠ ʩʨʘʟʫ ʧʦʩʣʝ ʦʙʩʣʫʞʠʚʘʥʠʷ ʚ ʫʟʣʝ j 

(ʩʧʨʘʚʝʜʣʠʚʦ ʪʦʣʴʢʦ ʜʣʷ ʫʟʣʦʚ C1, C2).  

ɿʘʧʠʰʝʤ ʉʋʈ ʜʣʷ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʡ ʩʝʪʠ. 

ä Ö+=
si

jsiisjsjs p
,

,,0 lll , ä Ö+=
ti

jtiitjtjt p
,

,,0 lll . 

vsvs ,0ll = ; 

vtvt ,0ll = ; 

avsvsas p ,Ö=ll ; 

avtvtat p ,Ö=ll . 

1,1 CasasSC pÖ=ll ; 2,,2 CatattC pÖ=ll . 

ɼʣʷ ʫʟʣʦʚ ʪʠʧʘ 1 (FCFS) ʩʧʨʘʚʝʜʣʠʚʳ ʩʣʝʜʫʶʱʠʝ ʬʦʨʤʫʣʳ. 

ʉʨʝʜʥʝʝ ʚʨʝʤʷ ʦʙʩʣʫʞʠʚʘʥʠʷ ʚ ʫʟʣʝ ʟʘʷʚʢʠ ʪʠʧʘ r ʤʦʞʥʦ ʦʧʨʝʜʝʣʠʪʴ ʠʟ ʚʳʨʘʞʝʥʠʷ: 

                                                                         
ir

irt
m

1
=  .                                                                   (4.9) 

ʉʦʛʣʘʩʥʦ [22] ʚʨʝʤʷ ʦʞʠʜʘʥʠʷ ʚ ʫʟʣʝ ʟʘʷʚʢʠ ʪʠʧʘ rʦʧʨʝʜʝʣʷʝʪʩʷ ʧʦ ʬʦʨʤʫʣʝ: 

                                                                  
1)1(

)1(

--
Ö-

= i

iri

i

irW r
mr

r
.                                           (4.10) 

ʉʨʝʜʥʝʝ ʚʨʝʤʷ ʧʨʝʙʳʚʘʥʠʷ ʚ ʫʟʣʝ ʟʘʷʚʢʠ ʪʠʧʘ r ʙʫʜʝʪ ʨʘʚʥʦ: 

                                                                    
ir

ir

r

i WT
m

1
+= .                                        (4.11) 

ɼʘʣʝʝ ʦʧʨʝʜʝʣʠʤ ʩʨʝʜʥʝʝ ʚʨʝʤʷ ʦʪʢʣʠʢʘ ʜʣʷ ʟʘʷʚʦʢ ʪʠʧʘ s, ʢʦʪʦʨʦʝ ʙʫʜʝʪ ʦʧʨʝʜʝʣʷʪʴʩʷ ʚ 

ʚʠʜʝ ʩʫʤʤʳ ʩʨʝʜʥʠʭ ʚʨʝʤʝʥ ʧʨʝʙʳʚʘʥʠʷ ʟʘʷʚʢʠ ʚ ʫʟʣʘʭ ʚʩʝʡ ʧʦʜʮʝʧʠ (ʩ ʫʯʝʪʦʤ ʚʨʝʤʝʥʥʳʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ, ʧʦʣʫʯʝʥʥʳʭ ʜʣʷ ʨʘʟʥʳʭ ʪʠʧʦʚ ʫʟʣʦʚ): 

is

ist
m

1
=  , . 

, . 

ʉʨʝʜʥʝʝ ʚʨʝʤʷ ʦʪʢʣʠʢʘ ʜʣʷ ʟʘʷʚʦʢ ʪʠʧʦʚ s, t ʩ ʫʯʝʪʦʤ ʪʨʘʥʩʧʦʨʪʥʦʡ ʟʘʜʝʨʞʢʠ: 


