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ɸʅʆʊɸʎɯʗ 

 

ʊʠʪʘʨʯʫʢ ɭ. ʆ. ɿʘʭʠʩʪ ʧʝʨʩʦʥʘʣʴʥʦʾ ʽʥʬʦʨʤʘʮʽʾ ʢʦʨʠʩʪʫʚʘʯʽʚ 

ʢʦʤʧ'ʶʪʝʨʥʠʭ ʩʠʩʪʝʤ ʧʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ ʧʫʙʣʽʯʥʠʭ ʭʤʘʨʥʠʭ ʩʝʨʚʽʩʽʚ. ï 

ʂʚʘʣʽʬʽʢʘʮʽʡʥʘ ʥʘʫʢʦʚʘ ʧʨʘʮʷ ʥʘ ʧʨʘʚʘʭ ʨʫʢʦʧʠʩʫ. 

ɼʠʩʝʨʪʘʮʽʷ ʥʘ ʟʜʦʙʫʪʪʷ ʥʘʫʢʦʚʦʛʦ ʩʪʫʧʝʥʷ ʢʘʥʜʠʜʘʪʘ ʪʝʭʥʽʯʥʠʭ ʥʘʫʢ ʟʘ 

ʩʧʝʮʽʘʣʴʥʽʩʪʶ 05.13.05 çʂʦʤʧôʶʪʝʨʥʽ ʩʠʩʪʝʤʠ ʪʘ ʢʦʤʧʦʥʝʥʪʠè. ï ɺʽʥʥʠʮʴʢʠʡ 

ʥʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ. ï ɺʽʥʥʠʮʷ, 2018. 

ʋ ʜʠʩʝʨʪʘʮʽʡʥʽʡ ʨʦʙʦʪʽ ʧʦʩʪʘʚʣʝʥʘ ʪʘ ʚʠʨʽʰʝʥʘ ʘʢʪʫʘʣʴʥʘ ʟʘʜʘʯʘ ʟʘʭʠʩʪʫ 

ʧʝʨʩʦʥʘʣʴʥʦʾ ʽʥʬʦʨʤʘʮʽʾ ʢʦʨʠʩʪʫʚʘʯʽʚ ʢʦʤʧôʶʪʝʨʥʦʾ ʩʠʩʪʝʤʠ, ʦʜʥʠʤ ʽʟ 

ʢʦʤʧʦʥʝʥʪʽʚ ʷʢʦʾ ʻ ʧʫʙʣʽʯʥʠʡ ʭʤʘʨʥʠʡ ʩʝʨʚʽʩ, ʰʣʷʭʦʤ ʫʜʦʩʢʦʥʘʣʝʥʥʷ ʤʦʜʝʣʽ 

ʚʟʘʻʤʦʜʽʾ ʢʦʤʧʦʥʝʥʪʽʚ ʢʦʤʧôʶʪʝʨʥʦʾ ʩʠʩʪʝʤʠ. 

ʅʘʫʢʦʚʘ ʥʦʚʠʟʥʘ ʦʜʝʨʞʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ ʽ ʧʦʣʦʞʝʥʴ, ʱʦ ʚʠʥʦʩʷʪʴʩʷ 

ʥʘ ʟʘʭʠʩʪ, ʧʦʣʷʛʘʻ ʚ ʧʦʜʘʣʴʰʦʤʫ ʨʦʟʚʠʪʢʫ ʪʝʦʨʝʪʠʯʥʠʭ ʟʘʩʘʜ ʧʦʙʫʜʦʚʠ 

ʟʘʭʠʱʝʥʠʭ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʩʠʩʪʝʤ, ʱʦ ʚʠʢʦʥʫʶʪʴ ʦʙʯʠʩʣʝʥʥʷ ʫ ʧʫʙʣʽʯʥʠʭ 

ʭʤʘʨʥʠʭ ʩʝʨʚʽʩʘʭ, ʷʢʽ ʜʦʟʚʦʣʠʣʠ ʟʥʠʟʠʪʠ ʨʠʟʠʢ ʚʪʨʘʪʠ ʧʝʨʩʦʥʘʣʴʥʦʾ 

ʽʥʬʦʨʤʘʮʽʾ ʢʦʨʠʩʪʫʚʘʯʽʚ ʜʘʥʠʭ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʩʠʩʪʝʤ. 

ɺ ʨʦʙʦʪʽ ʦʪʨʠʤʘʥʦ ʪʘʢʽ ʥʘʫʢʦʚʽ ʨʝʟʫʣʴʪʘʪʠ: 

1. ɿʘʧʨʦʧʦʥʦʚʘʥʦ ʪʘ ʨʦʟʨʦʙʣʝʥʦ ʥʦʚʫ ʤʘʪʝʤʘʪʠʯʥʫ ʤʦʜʝʣʴ ʩʝʨʚʽʩʫ 

ʜʝʧʝʨʩʦʥʘʣʽʟʘʮʽʾ ʢʦʨʠʩʪʫʚʘʯʽʚ, ʷʢʘ ʥʘ ʚʽʜʤʽʥʫ ʚʽʜ ʽʩʥʫʶʯʠʭ, ʚʠʢʦʨʠʩʪʦʚʫʻ 

ʤʝʪʦʜ ʯʘʩʪʢʦʚʦ ʛʦʤʦʤʦʨʬʥʦʛʦ ʰʠʬʨʫʚʘʥʥʷ ʥʘ ʦʩʥʦʚʽ ʝʣʽʧʪʠʯʥʠʭ ʢʨʠʚʠʭ, ʱʦ 

ʜʦʟʚʦʣʷʻ ʟʘʭʠʩʪʠʪʠ ʽʥʬʦʨʤʘʮʽʶ ʢʦʨʠʩʪʫʚʘʯʘ ʚʽʜ ʥʝʩʘʥʢʮʽʦʥʦʚʘʥʦʛʦ ʜʦʩʪʫʧʫ 

ʜʦ ʥʝʾ ʟʽ ʩʪʦʨʦʥʠ ʧʨʦʚʘʡʜʝʨʘ ʭʤʘʨʥʦʛʦ ʩʝʨʚʽʩʫ ʚʨʘʭʦʚʫʶʯʠ ʥʝʦʙʭʽʜʥʽʩʪʴ ʾʾ 

ʦʙʨʦʙʢʠ. 

2. ɿʘʧʨʦʧʦʥʦʚʘʥʦ ʥʦʚʠʡ ʤʝʪʦʜ ʯʘʩʪʢʦʚʦ ʛʦʤʦʤʦʨʬʥʦʛʦ ʰʠʬʨʫʚʘʥʥʷ 

ʚʽʜʥʦʩʥʦ ʦʧʝʨʘʮʽʾ ʜʦʜʘʚʘʥʥʷ, ʱʦ ʥʘ ʚʽʜʤʽʥʫ ʚʽʜ ʽʩʥʫʶʯʠʭ ʘʥʘʣʦʛʽʚ 

ʚʠʢʦʨʠʩʪʦʚʫʻ ʤʘʪʝʤʘʪʠʯʥʠʡ ʘʧʘʨʘʪ ʝʣʽʧʪʠʯʥʠʭ ʢʨʠʚʠʭ,  ʷʢʠʡ, ʧʨʠ ʦʜʥʘʢʦʚʽʡ 

ʢʨʠʧʪʦʛʨʘʬʽʯʥʽʡ ʩʪʽʡʢʦʩʪʽ ʟʘʧʨʦʧʦʥʦʚʘʥʦʛʦ ʘʣʛʦʨʠʪʤʫ ʨʦʙʠʪʴ ʡʦʛʦ ʰʚʠʜʰʠʤ, 

ʥʽʞ ʘʥʘʣʦʛʽʯʥʽ ʘʣʛʦʨʠʪʤʠ ʚʽʜʥʦʩʥʦ ʯʘʩʫ ʚʠʢʦʥʘʥʥʷ ʦʜʥʘʢʦʚʦʾ ʢʽʣʴʢʦʩʪʽ 

ʦʧʝʨʘʮʽʡ ʛʦʤʦʤʦʨʬʥʦʛʦ ʜʦʜʘʚʘʥʥʷ ʟʘ ʩʝʢʫʥʜʫ (141.4 ʦʧ/ʩ ʧʨʦʪʠ 119 ʦʧ/ʩ 
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ʘʣʛʦʨʠʪʤʫ ʇʝʡʻ), ʘ ʡʦʛʦ ʜʦʚʞʠʥʫ ʢʣʶʯʘ ï ʤʝʥʰʦʶ (256 ʙʽʪ ʧʨʦʪʠ 2048 ʙʽʪ 

ʘʣʛʦʨʠʪʤʫ ʇʝʡʻ) 

3. ɿʘʧʨʦʧʦʥʦʚʘʥʦ ʤʝʪʦʜ ʢʦʜʫʚʘʥʥʷ ʯʠʩʝʣ ʪʦʯʢʘʤʠ ʝʣʽʧʪʠʯʥʦʾ ʢʨʠʚʦʾ ʟ 

ʧʦʧʝʨʝʜʥʴʦʶ ʧʦʙʫʜʦʚʦʶ ʪʘʙʣʠʮʽ ʚʽʜʧʦʚʽʜʥʦʩʪʽ, ʱʦ ʥʘ ʚʽʜʤʽʥʫ ʚʽʜ ʽʩʥʫʶʯʠʭ 

ʘʥʘʣʦʛʽʚ ʚʢʣʶʯʘʻ ʝʪʘʧ ʧʦʧʝʨʝʜʥʴʦʾ ʛʝʥʝʨʘʮʽʾ n-ʪʦʯʦʢ ʝʣʽʧʪʠʯʥʦʾ ʢʨʠʚʦʾ (ʜʝ n ï 

ʤʘʢʩʠʤʘʣʴʥʝ ʯʠʩʣʦ, ʷʢʝ ʥʝʦʙʭʽʜʥʦ ʜʝʢʦʜʫʚʘʪʠ), ʱʦ ʜʦʟʚʦʣʷʻ ʚʠʢʦʥʫʚʘʪʠ 

ʦʧʝʨʘʮʽʶ ʜʝʢʦʜʫʚʘʥʥʷ ʯʠʩʣʘ, ʧʨʠ ʚʽʜʦʤʦʤʫ ʡʦʛʦ ʤʘʢʩʠʤʘʣʴʥʦʤʫ ʨʦʟʤʽʨʽ. 

ʇʨʘʢʪʠʯʥʝ ʟʥʘʯʝʥʥʷ ʦʜʝʨʞʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ ʨʦʙʦʪʠ ʧʦʣʷʛʘʻ ʫ 

ʩʪʚʦʨʝʥʥʽ, ʥʘ ʦʩʥʦʚʽ ʨʦʟʨʦʙʣʝʥʠʭ ʤʦʜʝʣʝʡ ʪʘ ʤʝʪʦʜʽʚ, ʘʣʛʦʨʠʪʤʽʯʥʦʛʦ ʪʘ 

ʧʨʦʛʨʘʤʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ ʽʥʬʦʨʤʘʮʽʡʥʦʾ ʩʠʩʪʝʤʠ ʟʘʙʝʟʧʝʯʝʥʥʷ ʘʥʦʥʽʤʥʦʩʪʽ 

ʢʦʨʠʩʪʫʚʘʯʽʚ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʯʘʩʪʢʦʚʦ ʛʦʤʦʤʦʨʬʥʦʛʦ ʰʠʬʨʫʚʘʥʥʷ ʥʘ 

ʝʣʽʧʪʠʯʥʠʭ ʢʨʠʚʠʭ. 

ʆʙˇʨʫʥʪʦʚʘʥʦ ʤʝʪʦʜ ʟʘʭʠʩʪʫ ʽʥʬʦʨʤʘʮʽʾ ʢʦʨʠʩʪʫʚʘʯʽʚ, ʚ ʦʩʥʦʚʫ ʷʢʦʛʦ 

ʧʦʢʣʘʜʝʥʦ ʧʝʨʝʪʚʦʨʝʥʥʷ ʤʦʜʝʣʽ ʚʠʢʦʥʘʥʥʷ ʦʙʯʠʩʣʝʥʴ ʫ ʢʦʤʧôʶʪʝʨʥʽʡ ʩʠʩʪʝʤʽ 

ʪʘ ʚʠʢʦʨʠʩʪʘʥʥʷ ʘʣʛʦʨʠʪʤʽʚ ʯʘʩʪʢʦʚʦ ʛʦʤʦʤʦʨʬʥʦʛʦ ʰʠʬʨʫʚʘʥʥʷ. 

ʇʨʦʧʦʥʫʻʪʴʩʷ ʚʠʢʦʨʠʩʪʘʥʥʷ ʯʘʩʪʢʦʚʦ ʛʦʤʦʤʦʨʬʥʦʛʦ ʘʣʛʦʨʠʪʤʫ ʰʠʬʨʫʚʘʥʥʷ 

ʥʘ ʦʩʥʦʚʽ ʝʣʽʧʪʠʯʥʠʭ ʢʨʠʚʠʭ, ʱʦ ʛʦʤʦʤʦʨʬʥʠʡ ʚʽʜʥʦʩʥʦ ʦʧʝʨʘʮʽʾ ʜʦʜʘʚʘʥʥʷ. 

ʇʨʦʮʝʩ ʧʦʙʫʜʦʚʠ ʟʘʭʠʱʝʥʦʾ ʢʦʤʧôʶʪʝʨʥʦʾ ʩʠʩʪʝʤʠ ʧʦʣʷʛʘʻ ʫ ʧʝʨʝʥʝʩʝʥʥʽ 

ʨʝʩʫʨʩʦʚʠʪʨʘʪʥʠʭ ʟʘʜʘʯ, ʱʦ ʩʢʣʘʜʘʶʪʴʩʷ ʟ ʧʦʩʣʽʜʦʚʥʦʩʪʽ ʦʧʝʨʘʮʽʡ 

ʘʨʠʬʤʝʪʠʯʥʦʛʦ ʜʦʜʘʚʘʥʥʷ, ʫ ʧʫʙʣʽʯʥʠʡ ʭʤʘʨʥʠʡ ʩʝʨʚʽʩ ʟ ʧʦʜʘʣʴʰʠʤ 

ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʘʣʛʦʨʠʪʤʫ ʯʘʩʪʢʦʚʦ ʛʦʤʦʤʦʨʬʥʦʛʦ ʰʠʬʨʫʚʘʥʥʷ. 

ɺ ʷʢʦʩʪʽ ʘʣʛʦʨʠʪʤʫ ʯʘʩʪʢʦʚʦ ʛʦʤʦʤʦʨʬʥʦʛʦ ʰʠʬʨʫʚʘʥʥʷ ʧʨʦʧʦʥʫʻʪʴʩʷ 

ʤʦʜʠʬʽʢʦʚʘʥʠʡ ʘʣʛʦʨʠʪʤ ʰʠʬʨʫʚʘʥʥʷ ʥʘ ʦʩʥʦʚʽ ʝʣʽʧʪʠʯʥʠʭ ʢʨʠʚʠʭ. 

ʄʦʜʠʬʽʢʘʮʽʷ ʧʨʦʮʝʩʫ ʰʠʬʨʫʚʘʥʥʷ ʪʘ ʨʦʟʰʠʬʨʫʚʘʥʥʷ ʪʦʯʦʢ ʝʣʽʧʪʠʯʥʦʾ ʢʨʠʚʦʾ 

ʥʘʜʘʻ ʘʣʛʦʨʠʪʤʫ ʛʦʤʦʤʦʨʬʥʠʭ ʦʟʥʘʢ ʚʽʜʥʦʩʥʦ ʦʧʝʨʘʮʽʾ ʜʦʜʘʚʘʥʥʷ. 

ʇʨʦʚʝʜʝʥʦ ʘʥʘʣʽʟ ʢʨʠʧʪʦʛʨʘʬʽʯʥʦʾ ʩʪʽʡʢʦʩʪʽ ʧʨʝʜʩʪʘʚʣʝʥʦʛʦ ʘʣʛʦʨʠʪʤʫ 

ʰʣʷʭʦʤ ʧʦʨʽʚʥʷʥʥʷ ʟ ʥʝ ʤʦʜʠʬʽʢʦʚʘʥʠʤ ʘʣʛʦʨʠʪʤʦʤ ʰʠʬʨʫʚʘʥʥʷ ʥʘ 

ʝʣʽʧʪʠʯʥʠʭ ʢʨʠʚʠʭ. ʏʝʨʝʟ ʪʝ, ʱʦ ʧʨʠ ʚʠʢʦʥʘʥʥʷ ʦʧʝʨʘʮʽʡ ʛʦʤʦʤʦʨʬʥʦʛʦ 

ʜʦʜʘʚʘʥʥʷ, ʨʝʟʫʣʴʪʫʶʯʘ ʪʦʯʢʘ ʧʦʚôʷʟʘʥʘ ʟ ʧʦʯʘʪʢʦʚʠʤ ʧʨʠʚʘʪʥʠʤ ʢʣʶʯʝʤ 

ʰʠʬʨʫʚʘʥʥʷ, ʢʨʠʧʪʦʛʨʘʬʽʯʥʘ ʩʪʽʡʢʽʩʪʴ ʟʘʧʨʦʧʦʥʦʚʘʥʦʛʦ ʘʣʛʦʨʠʪʤʫ ʥʠʞʯʘ 



4 

 

ʚʽʜʥʦʩʥʦ ʧʦʯʘʪʢʦʚʦʾ ʥʘ ʢʽʣʴʢʽʩʪʴ ʚʠʢʦʥʘʥʠʭ ʦʧʝʨʘʮʽʡ ʜʦʜʘʚʘʥʥʷ (ʧʨʠ 

ʚʠʨʘʞʝʥʘ ʩʪʽʡʢʦʩʪʽ ʫ ʢʽʣʴʢʦʩʪʽ ʦʧʝʨʘʮʽʡ, ʱʦ ʥʝʦʙʭʽʜʥʘ ʜʣʷ ʨʦʟʢʨʠʪʪʷ 

ʧʨʠʚʘʪʥʦʛʦ ʢʣʶʯʘ ʰʠʬʨʫʚʘʥʥʷ). 

ʈʦʟʨʦʙʣʝʥʦ ʧʨʦʛʨʘʤʥʽ ʟʘʩʦʙʠ, ʷʢʽ ʜʘʶʪʴ ʤʦʞʣʠʚʽʩʪʴ ʚʠʟʥʘʯʠʪʠ 

ʰʚʠʜʢʽʩʪʴ ʚʠʢʦʥʘʥʥʷ ʦʧʝʨʘʮʽʡ ʛʦʤʦʤʦʨʬʥʦʛʦ ʜʦʜʘʚʘʥʥʷ ʪʘ ʥʝʦʙʭʽʜʥʫ 

ʢʽʣʴʢʽʩʪʴ ʪʘʢʪʽʚ ʧʨʦʮʝʩʦʨʫ ʢʦʤʧ`ʶʪʝʨʥʦʾ ʩʠʩʪʝʤʠ ʜʣʷ ʧʨʦʛʨʘʤʥʦʾ ʨʝʘʣʽʟʘʮʽʾ 

ʟʘʧʨʦʧʦʥʦʚʘʥʦʛʦ ʤʝʪʦʜʫ ʪʘ ʘʥʘʣʦʛʽʯʥʦʛʦ ʘʣʛʦʨʠʪʤʫ ʯʘʩʪʢʦʚʦ ʛʦʤʦʤʦʨʬʥʦʛʦ 

ʚʽʜʥʦʩʥʦ ʦʧʝʨʘʮʽʾ ʜʦʜʘʚʘʥʥʷ ʘʣʛʦʨʠʪʤʫ ʇʝʡʻ. 

ɼʣʷ ʧʝʨʝʚʽʨʢʠ ʰʚʠʜʢʦʜʽʾ ʧʨʝʜʩʪʘʚʣʝʥʦʛʦ ʘʣʛʦʨʠʪʤʫ ʨʦʟʨʦʙʣʝʥʦ 

ʧʨʦʛʨʘʤʥʝ ʟʘʙʝʟʧʝʯʝʥʥʷ ʥʘ ʤʦʚʽ ʧʨʦʛʨʘʤʫʚʘʥʥʷ C#. ʇʦʨʽʚʥʷʥʥʷ ʟ ʚʽʜʦʤʠʤ 

ʘʣʛʦʨʠʪʤʦʤ ʯʘʩʪʢʦʚʦ ʛʦʤʦʤʦʨʬʥʦʛʦ ʰʠʬʨʫʚʘʥʥʷ ï ʇʝʡʻ ʧʦʢʘʟʘʣʦ ʧʝʨʝʚʘʛʫ 

ʧʨʝʜʩʪʘʚʣʝʥʦʛʦ ʘʣʛʦʨʠʪʤʫ ʫ ʰʚʠʜʢʦʩʪʽ ʚʠʢʦʥʘʥʥʷ ʦʧʝʨʘʮʽʡ ʛʦʤʦʤʦʨʬʥʦʛʦ 

ʜʦʜʘʚʘʥʥʷ ʧʨʠ ʩʧʽʚʚʽʜʥʦʩʥʽʡ ʧʦ ʢʨʠʧʪʦʛʨʘʬʽʯʥʽʡ ʩʪʽʡʢʦʩʪʽ ʜʦʚʞʠʥʽ ʢʣʶʯʘ 

ʰʠʬʨʫʚʘʥʥʷ. ɿʘʛʘʣʴʥʠʡ ʯʘʩ ʚʠʢʦʥʘʥʥʷ ʦʧʝʨʘʮʽʾ ʰʠʬʨʫʚʘʥʥʷ, 100 ʦʧʝʨʘʮʽʡ 

ʛʦʤʦʤʦʨʬʥʦʛʦ ʜʦʜʘʚʘʥʥʷ ʪʘ ʦʧʝʨʘʮʽʾ ʨʦʟʰʠʬʨʫʚʘʥʥʷ ʧʨʝʜʩʪʘʚʣʝʥʦʛʦ 

ʘʣʛʦʨʠʪʤʫ ʥʘ 38% ʤʝʥʰʠʡ ʥʽʞ ʫ ʘʣʛʦʨʠʪʤʫ ʇʝʡʻ. 

ɼʦ ʥʝʜʦʣʽʢʽʚ ʩʣʽʜ ʚʽʜʥʝʩʪʠ ʥʝʦʙʭʽʜʥʽʩʪʴ ʧʦʧʝʨʝʜʥʴʦʾ ʛʝʥʝʨʘʮʽʾ ʪʦʯʦʢ 

ʝʣʽʧʪʠʯʥʦʾ ʢʨʠʚʦʾ ʫ ʦʙʣʘʩʪʽ ʤʦʞʣʠʚʦʾ ʩʫʤʠ ʜʦʜʘʥʢʽʚ. ʋ ʜʘʥʦʤʫ ʨʦʟʜʽʣʽ ʙʫʣʦ 

ʧʨʦʘʥʘʣʽʟʦʚʘʥʦ ʯʘʩ ʛʝʥʝʨʘʮʽʾ ʢʽʣʴʢʦʩʪʽ ʪʦʯʦʢ, ʜʦʩʪʘʪʥʴʦʾ ʜʣʷ ʢʦʜʫʚʘʥʥʷ 

ʜʦʚʽʣʴʥʦʛʦ ʮʽʣʦʛʦ ʯʦʪʠʨʴʦʭ ʙʘʡʪʥʦʛʦ ʯʠʩʣʘ. ʊʘʢʦʞ ʙʫʣʦ ʧʨʦʘʥʘʣʽʟʦʚʘʥʦ ʦʙʩʷʛ 

ʧʘʤôʷʪʽ, ʥʝʦʙʭʽʜʥʠʡ ʜʣʷ ʟʙʝʨʝʞʝʥʥʷ ʥʝʦʙʭʽʜʥʦʾ ʢʽʣʴʢʦʩʪʽ ʪʦʯʦʢ. 

ʈʦʟʨʦʙʣʝʥʦ ʤʝʪʦʜ ʢʦʜʫʚʘʥʥʷ ʪʘ ʜʝʢʦʜʫʚʘʥʥʷ ʯʠʩʝʣ ʪʦʯʢʘʤʠ ʝʣʽʧʪʠʯʥʦʾ 

ʢʨʠʚʦʾ, ʱʦ ʜʦʟʚʦʣʷʻ ʚʠʢʦʥʫʚʘʪʠ ʤʘʪʝʤʘʪʠʯʥʽ ʨʦʟʨʘʭʫʥʢʠ ʟ ʟʘʰʠʬʨʦʚʘʥʠʤʠ 

ʯʠʩʣʘʤʠ ʨʦʟʤʽʨʦʤ ʜʦ 4ʭ ʙʘʡʪ. ʇʨʝʜʩʪʘʚʣʝʥʠʡ ʤʝʪʦʜ ʚʢʣʶʯʘʻ ʚ ʩʝʙʝ ʝʪʘʧ 

ʛʝʥʝʨʘʮʽʾ ʪʦʯʦʢ ʤʝʪʦʜʦʤ ʬʽʢʩʦʚʘʥʦʾ ʪʦʯʢʠ ʟʘʩʪʦʩʦʚʘʥʦʛʦ ʚʽʜʥʦʩʥʦ ʯʠʩʣʘ, ʱʦ 

ʥʝʦʙʭʽʜʥʦ ʟʘʢʦʜʫʚʘʪʠ, ʪʘ ʬʦʨʤʫʚʘʥʥʷ ʭʝʰ-ʪʘʙʣʠʮʽ ʢʣʶʯʝʤ ʷʢʦʾ ʻ ʟʥʘʯʝʥʥʷ ʭʝʰ 

ʬʫʥʢʮʽʾ ʟ ʢʦʦʨʜʠʥʘʪ ʪʦʯʢʠ, ʘ ʟʥʘʯʝʥʥʷʤʠ ʩʧʠʩʦʢ ʪʦʯʦʢ ʪʘ ʯʠʩʝʣ, ʷʢʽ ʚʠʥʠ 

ʢʦʜʫʶʪʴ. ɯʥʬʦʨʤʘʮʽʷ ʥʝʦʙʭʽʜʥʦʾ ʜʣʷ ʜʝʢʦʜʫʚʘʥʥʷ ʤʦʞʝ ʙʫʪʠ ʧʨʝʜʩʪʘʚʣʝʥʘ 

ʜʚʦʤʘ ʬʘʡʣʘʤʠ ï ʬʘʡʣʦʤ ʟ ʢʣʶʯʘʤʠ ʭʝʰ-ʪʘʙʣʠʮʽ, ʪʘ ʬʘʡʣʦʤ, ʱʦ ʤʽʩʪʠʪʴ ʪʦʯʢʠ 

ʝʣʽʧʪʠʯʥʦʾ ʢʨʠʚʦʾ. ʆʙʩʷʛ ʬʘʡʣʽʚ ʩʢʣʘʜʘʻ 36 ɻʙ ʪʘ 256 ɻʙ ʚʽʜʧʦʚʽʜʥʦ. 



5 

 

ʇʨʝʜʩʪʘʚʣʝʥʦ ʤʝʪʦʜ ʛʝʥʝʨʘʮʽʾ ʩʧʽʣʴʥʦʛʦ ʢʣʶʯʘ ʩʠʤʝʪʨʠʯʥʦʛʦ ʘʣʛʦʨʠʪʤʫ 

ʰʠʬʨʫʚʘʥʥʷ ʥʘ ʦʩʥʦʚʽ ʝʣʽʧʪʠʯʥʠʭ ʢʨʠʚʠʭ, ʱʦ ʤʦʞʝ ʙʫʪʠ ʚʠʢʦʨʠʩʪʘʥʠʡ ʫ 

ʢʦʤʧôʶʪʝʨʥʽʡ ʩʠʩʪʝʤʽ, ʱʦ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʜʝʢʽʣʴʢʦʭ ʢʦʤʧʦʥʝʥʪʽʚ, ʢʦʞʝʥ ʟ ʷʢʠʭ 

ʤʘʻ ʜʦʩʪʫʧ ʜʦ ʻʜʠʥʦʛʦ ʭʤʘʨʥʦʛʦ ʩʭʦʚʠʱʘ ʜʘʥʠʭ. ʆʩʦʙʣʠʚʽʩʪʶ ʤʝʪʦʜʫ ʻ 

ʤʦʞʣʠʚʽʩʪʴ ʬʦʨʤʫʚʘʥʥʷ ʩʠʤʝʪʨʠʯʥʦʛʦ ʢʣʶʯʘ ʰʠʬʨʫʚʘʥʥʷ ʜʣʷ ʛʨʫʧʠ 

ʢʦʤʧʦʥʝʥʪʽʚ ʢʦʤʧôʶʪʝʨʥʦʾ ʩʠʩʪʝʤʠ, ʱʦ ʟʘʧʦʙʽʛʘʻ ʥʝʦʙʭʽʜʥʦʩʪʽ ʫ ʧʦʚʪʦʨʥʦʤʫ 

ʰʠʬʨʫʚʘʥʥʽ ʽʥʬʦʨʤʘʮʽʾ ʜʣʷ ʢʦʞʥʦʛʦ ʦʢʨʝʤʦʛʦ ʢʦʤʧʦʥʝʥʪʫ. 

ʇʨʝʜʩʪʘʚʣʝʥʦ ʤʝʪʦʜʠʢʫ ʟʘʭʠʩʪʫ ʢʦʤʧôʶʪʝʨʥʠʭ ʩʠʩʪʝʤ ʪʘ ʤʝʨʝʞ ʟ 

ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʩʠʩʪʝʤʠ ʜʝʧʝʨʩʦʥʘʣʽʟʘʮʽʾ ʢʦʨʠʩʪʫʚʘʯʽʚ ʥʘ ʦʩʥʦʚʽ ʯʘʩʪʢʦʚʦ 

ʛʦʤʦʤʦʨʬʥʦʛʦ ʘʣʛʦʨʠʪʤʫ ʰʠʬʨʫʚʘʥʥʷ, ʱʦ ʧʦʣʷʛʘʻ ʫ ʧʝʨʝʪʚʦʨʝʥʥʽ ʤʦʜʝʣʽ 

ʦʙʯʠʩʣʝʥʴ ʢʦʤʧôʶʪʝʨʥʦʾ ʩʠʩʪʝʤʠ ʟ ʚʠʥʝʩʝʥʥʷʤ ʨʝʩʫʨʩʦʚʠʪʨʘʪʥʠʭ ʦʧʝʨʘʮʽʡ ʫ 

ʧʫʙʣʽʯʥʠʡ ʭʤʘʨʥʠʡ ʩʝʨʚʽʩ, ʷʢʠʡ ʦʧʝʨʫʻ ʣʠʰʝ ʟʘʰʠʬʨʦʚʘʥʠʤʠ ʜʘʥʠʤʠ.  

ʅʘ ʦʩʥʦʚʽ ʟʘʧʨʦʧʦʥʦʚʘʥʠʭ ʘʣʛʦʨʠʪʤʽʚ ʪʘ ʤʦʜʝʣʝʡ ʨʦʟʨʦʙʣʝʥʦ 

ʧʨʦʛʨʘʤʥʠʡ ʤʦʜʫʣʴ, ʱʦ ʨʝʘʣʽʟʫʻ ʩʭʝʤʫ ʯʘʩʪʢʦʚʦ ʛʦʤʦʤʦʨʬʥʦʛʦ ʰʠʬʨʫʚʘʥʥʷ 

ʚʽʜʥʦʩʥʦ ʦʧʝʨʘʮʽʾ ʜʦʜʘʚʘʥʥʷ ʥʘ ʦʩʥʦʚʽ ʝʣʽʧʪʠʯʥʠʭ ʢʨʠʚʠʭ.  

ʈʝʘʣʽʟʦʚʘʥʦ ʧʨʦʛʨʘʤʥʝ ʟʘʙʝʟʧʝʯʝʥʥʷ, ʱʦ ʨʝʘʣʽʟʫʻ ʷʜʨʦ ʩʠʩʪʝʤʠ 

ʜʝʧʝʨʩʦʥʘʣʽʟʘʮʽʾ ʢʦʨʠʩʪʫʚʘʯʽʚ ʧʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ ʽʥʬʦʨʤʘʮʽʡʥʦʾ ʩʠʩʪʝʤʠ, ʱʦ 

ʚʠʢʦʥʫʻ ʦʙʯʠʩʣʝʥʥʷ ʥʘ ʩʪʦʨʦʥʽ ʭʤʘʨʥʦʛʦ ʩʝʨʚʽʩʫ ʧʫʙʣʽʯʥʦʛʦ ʪʠʧʫ. 

ʇʨʝʜʩʪʘʚʣʝʥʦ ʧʽʜʭʽʜ ʜʦ ʩʪʚʦʨʝʥʥʷ ʢʦʤʧ'ʶʪʝʨʥʦʾ ʩʠʩʪʝʤʠ ʝʣʝʢʪʨʦʥʥʦʛʦ 

ʛʦʣʦʩʫʚʘʥʥʷ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʯʘʩʪʢʦʚʦ ʛʦʤʦʤʦʨʬʥʦʛʦ ʘʣʛʦʨʠʪʤʫ ʰʠʬʨʫʚʘʥʥʷ 

ʜʣʷ ʟʘʭʠʩʪʫ ʧʨʠʥʮʠʧʽʚ ʪʘʻʤʥʦʩʪʽ ʚʠʙʦʨʫ ʫʯʘʩʥʠʢʽʚ. ʅʘʚʝʜʝʥʦ ʧʨʠʢʣʘʜ ʨʦʙʦʪʠ 

ʤʘʪʝʤʘʪʠʯʥʦʾ ʤʦʜʝʣʽ ʩʠʩʪʝʤʠ ʪʘ ʯʘʩ ʚʠʢʦʥʘʥʥʷ ʟʘʪʨʘʪʥʦʾ ʦʧʝʨʘʮʽʾ ʛʝʥʝʨʘʮʽʾ 

ʪʘʙʣʠʮʽ ʢʦʜʫʚʘʥʥʷ ʮʽʣʠʭ ʯʠʩʝʣ ʪʦʯʢʘʤʠ ʝʣʽʧʪʠʯʥʦʾ ʢʨʠʚʦʾ. ʇʝʨʝʚʘʛʦʶ ʜʘʥʦʛʦ 

ʧʽʜʭʦʜʫ ʻ ʥʝʤʦʞʣʠʚʽʩʪʴ ʚʽʜʩʣʽʜʢʦʚʫʚʘʥʥʷ ʚʠʙʦʨʫ ʢʦʨʠʩʪʫʚʘʯʽʚ ʥʘ ʩʪʦʨʦʥʽ 

ʭʤʘʨʥʦʛʦ ʩʝʨʚʽʩʫ ʥʘʚʽʪʴ ʧʽʩʣʷ ʟʘʚʝʨʰʝʥʥʷ ʛʦʣʦʩʫʚʘʥʥʷ ʪʘ ʨʦʟʢʨʠʪʪʷ ʢʽʣʴʢʦʩʪʽ 

ʚʠʙʦʨʽʚ ʢʦʞʥʦʛʦ ʦʢʨʝʤʦʛʦ ʚʘʨʽʘʥʪʫ. ʊʘʢʠʤ ʯʠʥʦʤ, ʥʘ ʚʽʜʤʽʥʫ ʚʽʜ ʽʩʥʫʶʯʠʭ 

ʘʥʘʣʦʛʽʚ, ʽʥʬʦʨʤʘʮʽʷ ʧʨʦ ʚʠʙʽʨ ʦʢʨʝʤʦʾ ʣʶʜʠʥʠ ʻ ʥʝʜʦʩʷʞʥʦʶ ʥʝ ʪʽʣʴʢʠ ʜʣʷ 

ʩʪʦʨʦʥʥʽʭ ʦʩʽʙ, ʘ ʽ ʜʣʷ ʚʣʘʩʥʠʢʽʚ ʦʙʯʠʩʣʶʚʘʣʴʥʠʭ ʨʝʩʫʨʩʽʚ ʥʘ ʷʢʠʭ ʧʨʘʮʶʻ 

ʩʠʩʪʝʤʘ. 
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ɹʫʣʦ ʨʦʟʨʦʙʣʝʥʦ ʪʘ ʚʧʨʦʚʘʜʞʝʥʦ ʽʥʬʦʨʤʘʮʽʡʥʦ ʟʘʭʠʱʝʥʫ ʢʦʤʧôʶʪʝʨʥʫ 

ʩʠʩʪʝʤʫ ʜʣʷ ʩʪʚʦʨʝʥʥʷ ʚʽʜʛʫʢʽʚ ʜʣʷ ʤʦʙʽʣʴʥʦʛʦ ʜʦʜʘʪʢʫ. ʇʝʨʝʚʘʛʦʶ ʜʘʥʦʾ 

ʩʠʩʪʝʤʠ ʥʘʜ ʽʩʥʫʶʯʠʤʠ ʘʥʘʣʦʛʘʤʠ ʻ ʥʝʤʦʞʣʠʚʽʩʪʴ ʜʦʩʪʫʧʫ ʜʦ ʧʨʠʚʘʪʥʦʾ 

ʽʥʬʦʨʤʘʮʽʾ ʢʦʨʠʩʪʫʚʘʯʽʚ ʪʘ ʟʘʛʘʣʴʥʦʾ ʩʪʘʪʠʩʪʠʯʥʦʾ ʽʥʬʦʨʤʘʮʽʾ ʜʦʜʘʪʢʫ. ʋ ʭʦʜʽ 

ʨʦʙʦʪʠ ʙʫʣʦ ʚʠʢʦʥʘʥʦ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʝ ʜʦʩʣʽʜʞʝʥʥʷ, ʨʝʟʫʣʴʪʘʪʠ ʷʢʦʛʦ 

ʧʦʢʘʟʘʣʠ ʧʝʨʝʚʘʛʫ ʫ ʰʚʠʜʢʦʜʽʾ ʟʘʧʨʦʧʦʥʦʚʘʥʦʛʦ ʘʣʛʦʨʠʪʤʫ ʰʠʬʨʫʚʘʥʥʷ ʥʘʜ 

ʽʩʥʫʶʯʠʤʠ ʘʥʘʣʦʛʘʤʠ. 

ʈʝʟʫʣʴʪʘʪʠ ʧʨʦʚʝʜʝʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʚʧʨʦʚʘʜʞʝʥʦ ʚ ʽʥʪʝʣʝʢʪʫʘʣʴʥʽ 

ʧʨʦʛʨʘʤʥʽ ʟʘʩʦʙʠ ʟʘʙʝʟʧʝʯʝʥʥʷ ʘʥʦʥʽʤʥʦʩʪʽ ʥʘ ʦʩʥʦʚʽ ʘʣʛʦʨʠʪʤʫ ʯʘʩʪʢʦʚʦ 

ʛʦʤʦʤʦʨʬʥʦʛʦ ʰʠʬʨʫʚʘʥʥʷ ʢʦʨʠʩʪʫʚʘʯʽʚ ʢʦʤʧôʶʪʝʨʥʦʾ ʩʠʩʪʝʤʠ çLiquidityè 

ʊʆɺ "ʉʂɸʁʉʆʌʊʊɽʂ" (ʂʦʜ ʨʝʻʩʪʨʘʮʽʾ 40524859, ʤ. ɺʽʥʥʠʮʷ) ʜʣʷ ʟʙʦʨʫ 

ʘʥʦʥʽʤʥʠʭ ʚʽʜʛʫʢʽʚ ʪʘ ʧʘʨʘʤʝʪʨʽʚ ʚʠʢʦʨʠʩʪʘʥʥʷ ʤʦʙʽʣʴʥʦʛʦ ʜʦʜʘʪʢʫ. ɸʢʪ 

ʚʧʨʦʚʘʜʞʝʥʥʷ ˉ5 ʚʽʜ 14 ʛʨʫʜʥʷ 2017 ʨʦʢʫ. 

 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʧʫʙʣʽʯʥʠʡ ʭʤʘʨʥʠʡ ʩʝʨʚʽʩ, ʯʘʩʪʢʦʚʦ ʛʦʤʦʤʦʨʬʥʝ 

ʰʠʬʨʫʚʘʥʥʷ, ʝʣʽʧʪʠʯʥʘ ʢʨʠʚʘ, ʛʙ̔ʨʠʜʥʝ ʰʠʬʨʫʚʘʥʥʷ, ʢʦʜʫʚʘʥʥʷ ʯʠʩʝʣ 

ʪʦʯʢʘʤʠ ʝʣʽʧʪʠʯʥʦʾ ʢʨʠʚʦʾ. 
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ʉʧʠʩʦʢ ʧʫʙʣʽʢʘʮʽʡ ʟʜʦʙʫʚʘʯʘ 

1. ʅʘʫʢʦʚʽ ʧʨʘʮʽ, ʚ ʷʢʠʭ ʦʧʫʙʣʽʢʦʚʘʥʽ ʦʩʥʦʚʥʽ ʥʘʫʢʦʚʽ ʨʝʟʫʣʴʪʘʪʠ 

ʜʠʩʝʨʪʘʮʽʾ 

ʄʘʪʝʨʽʘʣʠ ʜʠʩʝʨʪʘʮʽʡʥʦʾ ʨʦʙʦʪʠ, ʚʠʢʣʘʜʝʥʽ ʫ ʚʠʜʘʥʥʷʭ, ʱʦ ʚʥʝʩʝʥʽ ʜʦ 

ʧʝʨʝʣʽʢʫ ʬʘʭʦʚʠʭ ʜʣʷ ʟʘʭʠʩʪʫ ʜʠʩʝʨʪʘʮʽʡ ʟ ʪʝʭʥʽʯʥʠʭ ʥʘʫʢ: 

[1] ɭ. ʆ. ʊʠʪʘʨʯʫʢ, çɿʘʭʠʩʪ ʜʘʥʠʭ ʚ ʭʤʘʨʥʠʭ ʪʝʭʥʦʣʦʛʽʷʭ ʢʦʤʧôʶʪʝʨʥʠʭ 

ʦʙʯʠʩʣʝʥʴè, ʇʨʠʜʥʽʧʨʦʚʩʴʢʠʡ ʥʘʫʢʦʚʠʡ ʚʽʩʥʠʢ, ̄  5 (152), ʩ. 77ï82, 2014. 

[2] ʈ. ʅ. ʂʚʻʪʥʠʡ ʽ ɭ. ʆ. ʊʠʪʘʨʯʫʢ, çɺʠʢʦʨʠʩʪʘʥʥʷ ʛʽʙʨʠʜʥʦʾ ʢʨʠʧʪʦʛʨʘʬʽʾ ʚ 

ʭʤʘʨʥʠʭ ʪʝʭʥʦʣʦʛʽʷʭ ʢʦʤʧôʶʪʝʨʥʠʭ ʦʙʯʠʩʣʝʥʴè, ʉʙʦʨʥʠʢ ʥʘʫʯʥʳʭ 

ʪʨʫʜʦʚ Sworld, ˉ 3, ʩ. 63ï67, 2014. 

[3] ʈ. ʅ. ʂʚʻʪʥʠʡ, ɭ. ʆ. ʊʠʪʘʨʯʫʢ, ʽ ɸ. ɸ. ɻʫʨʞʽʡ, çʄʝʪʦʜ ʪʘ ʘʣʛʦʨʠʪʤ ʦʙʤʽʥʫ 

ʢʣʶʯʘʤʠ ʩʝʨʝʜ ʛʨʫʧ ʢʦʨʠʩʪʫʚʘʯʽʚ ʥʘ ʦʩʥʦʚʽ ʘʩʠʤʝʪʨʠʯʥʠʭ ʰʠʬʨʽʚ ECC 

ʪʘ RSAè, ɯʥʬʦʨʤʘʮʽʡʥʽ ʪʝʭʥʦʣʦʛʽʾ ʪʘ ʢʦʤʧôʶʪʝʨʥʘ ʽʥʞʝʥʝʨʽʷ,  ̄3 (37), 

ʩ 38ï44, 2016. 

[4] ʈ. ʅ. ʂʚʻʪʥʠʡ ʽ ɭ. ʆ. ʊʠʪʘʨʯʫʢ, çɺʠʢʦʨʠʩʪʘʥʥʷ ʯʘʩʪʢʦʚʦ ʛʦʤʦʤʦʨʬʥʦʛʦ 

ʘʣʛʦʨʠʪʤʫ ʰʠʬʨʫʚʘʥʥʷ ʥʘ ʝʣʽʧʪʠʯʥʠʭ ʢʨʠʚʠʭ ʫ ʭʤʘʨʥʽʡ ʩʠʩʪʝʤʽ 

ʝʣʝʢʪʨʦʥʥʦʛʦ ʛʦʣʦʩʫʚʘʥʥʷè, ʆʧʪʠʢʦ-ʝʣʝʢʪʨʦʥʥi iʥʬʦʨʤʘʮiʡʥʦ-

ʝʥʝʨʛʝʪʠʯʥi ʪʝʭʥʦʣʦʛiʾ, ̄  32 (2), ʩ. 14ï22, 2016. 

[5] R. N. Kvyetnyy, E. A. Titarchuk, O. N. Romanyuk, K. Gromaszek, ʽ N. 

Mussabekov, çUsage of the hybrid encryption in a cloud instant messages 

exchange systemè, Photonics Appl. Astron. Commun. Ind. High-Energy Phys. 

Exp., no 10031, pp 117-126, 2016. 

[6] ʈ. ʅ. ʂʚʻʪʥʠʡ ʽ ɭ. ʆ. ʊʠʪʘʨʯʫʢ, çɸʥʘʣʽʟ ʢʨʠʧʪʦʩʪʽʡʢʦʩʪʽ ʯʘʩʪʢʦʚʦ 

ʛʦʤʦʤʦʨʬʥʦʛʦ ʘʣʛʦʨʠʪʤʫ ʰʠʬʨʫʚʘʥʥʷ ʥʘ ʦʩʥʦʚʽ ʝʣʽʧʪʠʯʥʠʭ ʢʨʠʚʠʭè, 

ɯʥʬʦʨʤʘʮʽʡʥʽ ʪʝʭʥʦʣʦʛʽʾ ʪʘ ʢʦʤʧôʶʪʝʨʥʘ ʽʥʞʝʥʝʨʽʷ, ˉ 1 (38), ʩ 83-87, 

2017. 

[7] ʈ. ʅ. ʂʚʻʪʥʠʡ ʽ ɭ. ʆ. ʊʠʪʘʨʯʫʢ, çʍʤʘʨʥʘ ʩʠʩʪʝʤʘ ʦʙʤʽʥʫ ʝʣʝʢʪʨʦʥʥʠʤʠ 

ʛʨʦʰʠʤʘ ʥʘ ʦʩʥʦʚʽ ʘʣʛʦʨʠʪʤʫ ʯʘʩʪʢʦʚʦ ʛʦʤʦʤʦʨʬʥʦʛʦ ʰʠʬʨʫʚʘʥʥʷè, 

ɯʥʬʦʨʤʘʮʽʡʥʽ ʪʝʭʥʦʣʦʛʽʾ ʪʘ ʢʦʤʧôʶʪʝʨʥʘ ʽʥʞʝʥʝʨʽʷ, ̄  2, 2017. 

ʄʘʪʝʨʽʘʣʠ, ʦʧʫʙʣʽʢʦʚʘʥʽ ʫ ʚʠʜʘʥʥʷʭ ʟʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʤʽʞʥʘʨʦʜʥʠʭ 
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ʥʘʫʢʦʚʦ-ʪʝʭʥʽʯʥʠʭ ʢʦʥʬʝʨʝʥʮʽʡ: 

[8] ɭ. ʆ. ʊʠʪʘʨʯʫʢ, çɿʘʭʠʩʪ ʜʘʥʠʭ ʚ ʭʤʘʨʥʠʭ ʪʝʭʥʦʣʦʛʽʷʭ ʢʦʤʧôʶʪʝʨʥʠʭ 

ʦʙʯʠʩʣʝʥʴè, ʚ XLII ʨʝʛʽʦʥʘʣʴʥʘ ʥʘʫʢʦʚʦ-ʪʝʭʥʽʯʥʘ ʢʦʥʬʝʨʝʥʮʽʷ 

ʧʨʦʬʝʩʦʨʩʴʢʦ-ʚʠʢʣʘʜʘʮʴʢʦʛʦ ʩʢʣʘʜʫ, ʩʧʽʚʨʦʙʽʪʥʠʢʽʚ ʪʘ ʩʪʫʜʝʥʪʽʚ 

ʫʥʽʚʝʨʩʠʪʝʪʫ ʟ ʫʯʘʩʪʶ ʧʨʘʮʽʚʥʠʢʽʚ ʥʘʫʢʦʚʦ-ʜʦʩʣʽʜʥʠʭ ʦʨʛʘʥʽʟʘʮʽʡ ʪʘ 

ʽʥʞʝʥʝʨʥʦ-ʪʝʭʥʽʯʥʠʭ ʧʨʘʮʽʚʥʠʢʽʚ ʧʽʜʧʨʠʻʤʩʪʚ ʤ. ɺʽʥʥʠʮʽ ʪʘ ʦʙʣʘʩʪʽ, 

2013, ʩ 3.  

[9] ʈ. ʅ. ʂʚʻʪʥʠʡ ʽ ɭ. ʆ. ʊʠʪʘʨʯʫʢ, çɺʠʢʦʨʠʩʪʘʥʥʷ ʛʽʙʨʠʜʥʦʾ ʢʨʠʧʪʦʛʨʘʬʽʾ ʚ 

ʭʤʘʨʥʠʭ ʪʝʭʥʦʣʦʛʽʷʭ ʢʦʤʧôʶʪʝʨʥʠʭ ʦʙʯʠʩʣʝʥʴè, ʚ ʄʽʞʥʘʨʦʜʥʘ ʥʘʫʢʦʚʦ-

ʧʨʘʢʪʠʯʥʘ ɯʥʪʝʨʥʝʪ-ʢʦʥʬʝʨʝʥʮʽʷ. ʅʘʫʢʦʚʽ ʜʦʩʣʽʜʞʝʥʥʷ ʽ ʾʭ ʧʨʘʢʪʠʯʥʝ 

ʟʘʩʪʦʩʫʚʘʥʥʷ. ʉʫʯʘʩʥʠʡ ʩʪʘʥ ʪʘ ʰʣʷʭʠ ʨʦʟʚʠʪʢʫ ó2014, 2014, p 5. 

[10] ʈ. ʅ. ʂʚʻʪʥʠʡ ʽ ɭ. ʆ. ʊʠʪʘʨʯʫʢ, çɺʠʢʦʨʠʩʪʘʥʥʷ ʛʽʙʨʠʜʥʦʛʦ ʰʠʬʨʫʚʘʥʥʷ 

ʚ ʭʤʘʨʥʠʭ ʪʝʭʥʦʣʦʛʽʷʭ ʢʦʤʧôʶʪʝʨʥʠʭ ʦʙʯʠʩʣʝʥʴè, ʚ IX ʄʽʞʥʘʨʦʜʥʘ 

ʥʘʫʢʦʚʦ-ʧʨʘʢʪʠʯʥʘ ʢʦʥʬʝʨʝʥʮʽʷ ɯʆʅ2014, ʩ. 181-182, 2014. 

[11] ʈ. ʅ. ʂʚʻʪʥʠʡ ʽ ɭ. ʆ. ʊʠʪʘʨʯʫʢ, çɿʘʭʠʩʪ ʜʘʥʠʭ ʚ ʭʤʘʨʥʠʭ ʪʝʭʥʦʣʦʛʽʷʭ 

ʢʦʤʧôʶʪʝʨʥʠʭ ʦʙʯʠʩʣʝʥʴè, ʚ XII ʄʽʞʥʘʨʦʜʥʘ ʢʦʥʬʝʨʝʥʮʽʷ. ʂʦʥʪʨʦʣʴ ʽ 

ʫʧʨʘʚʣʽʥʥʷ ʚ ʩʢʣʘʜʥʠʭ ʩʠʩʪʝʤʘʭ. ʂʋʉʉ 2014, 2014, p 2. 

[12] ʈ. ʅ. ʂʚʻʪʥʠʡ ʽ ɭ. ʆ. ʊʠʪʘʨʯʫʢ, çɺʠʢʦʨʠʩʪʘʥʥʷ ʛʽʙʨʠʜʥʦʛʦ ʰʠʬʨʫʚʘʥʥʷ 

ʚ ʭʤʘʨʥʽʡ ʩʠʩʪʝʤʽ ʦʙʤʽʥʫ ʤʠʪʪʻʚʠʤʠ ʧʦʚʽʜʦʤʣʝʥʥʷʤʠè, ʚ InfoCom 2015: 

ʄʘʪʝʨʽʘʣʠ 1-ʾ ʄʽʞʥʘʨʦʜʥʦʾ ʢʦʥʬʝʨʝʥʮʽʾ ʧʨʠʩʚʷʯʝʥʦʾ 70-ʨʽʯʯʶ ʢʘʬʝʜʨʠ 

ʘʚʪʦʤʘʪʠʢʠ ʪʘ ʫʧʨʘʚʣʽʥʥʷ ʚ ʪʝʭʥʽʯʥʠʭ ʩʠʩʪʝʤʘʭ, ʩ. 170-172, 2015. 

[13] ʈ. ʅ. ʂʚʻʪʥʠʡ ʽ ɭ. ʆ. ʊʠʪʘʨʯʫʢ, çɸʣʛʦʨʠʪʤ ʯʘʩʪʢʦʚʦ ʛʦʤʦʤʦʨʬʥʦʛʦ 

ʰʠʬʨʫʚʘʥʥʷ ʥʘ ʦʩʥʦʚʽ ʝʣʽʧʪʠʯʥʠʭ ʢʨʠʚʠʭè, ʚ XIII ʤʽʞʥʘʨʦʜʥʘ 

ʢʦʥʬʝʨʝʥʮʽʷ çʂʦʥʪʨʦʣʴ ʽ ʫʧʨʘʚʣʽʥʥʷ ʚ ʩʢʣʘʜʥʠʭ ʩʠʩʪʝʤʘʭ (ʂʋʉʉ-2016)è, 

ʩ. 90-91, 2016. 

[14] ʈ. ʅ. ʂʚʻʪʥʠʡ ʽ ɭ. ʆ. ʊʠʪʘʨʯʫʢ, çʍʤʘʨʥʘ ʩʠʩʪʝʤʘ ʦʙʤʽʥʫ ʝʣʝʢʪʨʦʥʥʠʤʠ 

ʛʨʦʰʠʤʘ ʥʘ ʦʩʥʦʚʽ ʘʣʛʦʨʠʪʤʫ ʯʘʩʪʢʦʚʦ ʛʦʤʦʤʦʨʬʥʦʛʦ ʰʠʬʨʫʚʘʥʥʷè, ʚ 

ɺʠʤʽʨʶʚʘʥʥʷ, ʢʦʥʪʨʦʣʴ ʪʘ ʜʽʘʛʥʦʩʪʠʢʘ ʚ ʪʝʭʥʽʯʥʠʭ ʩʠʩʪʝʤʘʭ (ɺʂɼʊʉ-

2017), ʩ. 202-204, 2017.  
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ABSTRACT 

 

Titarchuk E. A. Protection of personal information of users of computer 

systems which use public cloud services. ï Qualification scientific paper as 

manuscript.  

Thesis for PhD degree in technical sciences on the speciality 05.13.05 

çComputer systems and componentsè (123 ï Computer engineering). ï Vinnytsia 

National Technical University. ï Vinnytsia, 2018. 

Thesis solves the urgent task of protection of personal information of users of 

the computer system, one of the components of which is a public cloud service, by 

improving the model of interaction of components of the computer system. 

The scientific novelty of the obtained results and the provisions put forward in 

defense is the further development of the theoretical foundations for the construction 

of secure information systems that perform calculations in public cloud services, 

which allowed to reduce the risk of loss of personal information users of these 

information systems. 

The following scientific results were obtained in the work: 

1. A new mathematical model of user depersonalization service is proposed 

and developed, which, unlike existing ones, uses a partially homomorphic 

encryption method based on elliptic curves, which allows to protect user information 

from unauthorized access to it from the side of the cloud service provider, taking 

into account the need for its processing. 

2. A new method of partially homomorphic encryption related to the addition 

process is proposed, which, in contrast to existing analogues, uses the mathematical 

apparatus of elliptic curves, which, with the same cryptographic stability of the 

proposed algorithm, makes it faster than similar algorithms with respect to the time 

of execution of the same number of homomorphic addition operations per second 

(141.4 op/s versus 119 op/s Paillierôs algorithm), and its key length is smaller (256 

bits versus 2048 bits of the Paillierôs algorithm). 

3. The method of encoding numbers with the points of an elliptic curve with 
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the preliminary construction of the table of correspondence, which, in contrast to the 

existing analogues, includes the stage of the previous generation of n-points of the 

elliptic curve (where n is the maximum number that needs to be decoded), which 

allows the operation of decoding the number, known to its maximum size. 

The practical value of the results obtained is to create, based on developed 

models and methods, algorithmic and software information anonymity system for 

users using partly homomorphic encryption on elliptic curves. 

There has been substantiated a method of information protection of users, 

which is based on the transformation of the model of computing performance into a 

computer system and the use of algorithms for partially homomorphic encryption. It 

is proposed to use a partially homomorphic encryption algorithm based on elliptic 

curves, which is homomorphic with respect to the addition operation. The process 

of constructing a secure computer system consists in transferring resource-

consuming tasks consisting of a sequence of operations of arithmetic adding to a 

public cloud service with the subsequent use of the partially homomorphic 

encryption algorithm.  

As an algorithm for partially homomorphic encryption, a modified encryption 

algorithm based on elliptic curves is proposed. The modification of the encryption 

process and the deciphering of the points of the elliptic curve provides an algorithm 

of homomorphic features in relation to the addition operation.  

Has been performed an analysis of the cryptographic strength of the presented 

algorithm is performed by comparing it with an unmodified encryption algorithm on 

elliptic curves. Due to the fact that when performing homomorphic addition 

operations, the resulting point is associated with the initial private key of encryption, 

the cryptographic strength of the proposed algorithm is lower relative to the initial 

number of executed add operations (with the expressed stability in the number of 

operations required to open the private key of encryption). 

Software tools have been developed that enable to determine the speed of 

execution of operations of homomorphic addition and the required number of steps 

for the processor of the computer system for the program implementation of the 
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proposed method and the similar algorithm is partially homomorphic with respect to 

the addition operation algorithm Paillier. 

To test the performance of the presented algorithm, software was developed 

in the C # programming language. Comparison with a known algorithm for partially 

homomorphic encryption ï Paillier showed the advantage of the presented algorithm 

at the rate of execution of operations of homomorphic addition at the relative 

cryptographic stability of the length of the encryption key. The total execution time 

of the encryption operation, 100 operations of homomorphic addition and the 

decryption operation of the presented algorithm is 38% less than that of the Paillierôs 

algorithm. 

The disadvantages include the need for the preliminary generation of points 

of the elliptic curve in the area of the possible sum of terms. In this section, the time 

of generating the number of points was sufficiently analyzed to encode an arbitrary 

integer of four byte numbers. Also, the amount of memory needed to save the 

required number of points was analyzed. 

The method of encoding and decoding of numbers by points of an elliptic 

curve is developed, which allows to execute mathematical calculations with 

encrypted numbers up to 4 bytes in size. The presented method involves the step of 

generating points by a fixed point method applied to the number to be encoded, and 

the formation of a hash table whose key is the value of the hash function from the 

point coordinates, and the values of the list of points and numbers that are guilty of 

coding. The information necessary for decoding can be represented by two files - a 

file with the hash table keys, and a file containing the points of the elliptical curve. 

The file size is 36 GB and 256 GB, respectively. 

The method of generating a common key for a symmetric encryption 

algorithm based on elliptic curves is presented, which can be used in a computer 

system consisting of several components, each of which has access to a single cloud 

data warehouse. A feature of the method is the possibility of forming a symmetric 

encryption key for a group of components of the computer system, which prevents 

the need for re-encryption of information for each individual component. 
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The method of protection of computer systems and networks with the use of 

user depersonalization system is based on a partly homomorphic encryption 

algorithm, which consists in transformation of computer computing model with 

passing of resource-cost operations into public cloud service, which operates only 

with encrypted data. 

On the basis of the proposed algorithms and models, a software module that 

implements a partially homomorphic encryption scheme with respect to the addition 

operation on the basis of elliptic curves is developed. 

Has been made a software that implements the core of the user's 

depersonalization system with the use of an information system that performs 

computing on the side of a cloud-based public-service service. 

An approach to the creation of a computer system of electronic voting with 

the use of a partially homomorphic encryption algorithm is presented for protection 

of the principles of secrecy of the choice of participants. An example of the work of 

a mathematical model of the system and the time of execution of an expense 

operation of generating a table of encoding of integers by points of an elliptic curve 

is given. The advantage of this approach is the impossibility of tracking the choice 

of users on the side of the cloud service, even after the end of voting and the 

disclosure of the number of elections for each individual option. Thus, unlike the 

existing analogues, information about the choice of an individual is not accessible 

not only to third parties, but also to the owners of computing resources on which the 

system operates. 

An informatively protected cloud system was developed and implemented to 

create responses for a mobile application. The advantage of this system over existing 

counterparts is the inability to access the private information of users and the general 

statistical information of the application. During the work, an experimental study 

was carried out, the results of which showed an advantage in the speed of the 

proposed encryption algorithm over existing analogues. 

The results of the conducted researches are implemented in intelligent 

software for ensuring anonymity on the basis of the algorithm of partially 
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homomorphic encryption of users of the computer system "Liquidity" LLC 

"SKYSOFTTEK" (registration code 40524859, Vinnitsa) for collecting anonymous 

reviews and usage parameters of the mobile application. Implementation Act No. 5 

dated December 14, 2017. 

 

Key words: public cloud service, partially homomorphic encryption, elliptic 

curve, hybrid encryption, encoding of numbers by points of an elliptic curve. 

  



14 

 

List of publications 

1. Scientific papers, highlighting the main scientific results of thesis 

Papers in scientific specialised issues of Ukraine: 

[1] E. A. Titarchuk, çData protection in cloud computing technologiesè, 

Pridneprovsky research journal, ˉ 5, no 152, p. 77ï82, 2014. 

[2] R. N. Kvyetnyy and E. A. Titarchuk, çUsage of the hybrid cryptography in 

cloud computing technologiesè, Collection of scientific papers Sworld, ˉ 3, 

p. 63ï67, 2014. 

[3] R. N. Kvyetnyy, E. A. Titarchuk, and ɸ. ɸ. Hurgij, çMethod and algorithm 

for key exchange among user groups based on asymmetric ECC and RSA 

ciphersè, Information Technology and Computer Engineering, vol 3, no 37, pp 

38ï44, 2016. 

[4] R. N. Kvyetnyy and E. A. Titarchuk, çUsing a partially homomorphic 

encryption algorithm on elliptical curves in a cloud-based electronic voting 

systemè, Optoelectronic information and energy technologies, vol 32, no 2, pp 

14ï22, 2016. 

[5] R. N. Kvyetnyy, E. A. Titarchuk, O. N. Romanyuk, K. Gromaszek, ʽ N. 

Mussabekov, çUsage of the hybrid encryption in a cloud instant messages 

exchange systemè, Photonics Appl. Astron. Commun. Ind. High-Energy Phys. 

Exp., no 10031, p 8, 2016. 

[6] R. N. Kvyetnyy and E. A. Titarchuk, çAnalysis of cryptostability of partially 

homomorphic encryption algorithm on the basis of elliptic curvesè, 

Information Technology and Computer Engineering, vol 1, no 38, pp 83ï87, 

2017. 

[7] R. N. Kvyetnyy and E. A. Titarchuk, çCloud system of exchange of electronic 

money on the basis of partially homomorphic encryption algorithmè, 

Information Technology and Computer Engineering, vol 2, 2017. 

 

 

 



15 

 

Scientific papers highlighting the approbation of thesis materials: 

[8] E. A. Titarchuk, çData protection in cloud computing technologiesè, in XLII 

regional scientific and technical conference of professors, staff and students 

of the University with the participation of employees of research organizations 

and engineering and technical workers of enterprises of Vinnytsia and region, 

2013, p 8. 

[9] R. N. Kvyetnyy and E. A. Titarchuk, çUsage of the hybrid cryptography in 

cloud computing technologiesè, in International scientific and practical 

Internet conference. Scientific research and their practical application. 

Current state and development paths ó2014, 2014, p 5. 

[10] R. N. Kvyetnyy and E. A. Titarchuk, çUsage of the hybrid cryptography in 

cloud computing technologiesè, in IX International scientific and practical 

conference IES, 2014, p 2. 

[11] R. N. Kvyetnyy and E. A. Titarchuk, çData protection in cloud computing 

technologiesè, ʚ XII International Conference Measurement and control in 

complex systems (MCCS ï 2014), 2014, p 2. 

[12] R. N. Kvyetnyy and E. A. Titarchuk, çUsing hybrid encryption in cloud-based 

instant messaging systemsè, in InfoCom 2015: I International Conference is 

devoted to the 70th anniversary of the Department of Automation and Control 

in the technical systems of NTUU "KPI", 2015, p 2. 

[13] R. N. Kvyetnyy and E. A. Titarchuk, çAn algorithm for partially homomorphic 

encryption based on elliptic curvesè, in XIII International Conference 

Measurement and control in complex systems (MCCS ï 2016)è, 2016, p 2. 

[14] R. N. Kvyetnyy and E. A. Titarchuk, çCloud system of exchange of electronic 

money on the basis of partially homomorphic encryption algorithmè, ʚ 

Measurement, control and diagnostics in technical systems (MCDʊS-2017), 

2017, p 2 

  



16 

 

ɿʄɯʉʊ 

 

ɺʩʪʫʧ ................................................................................................................... 19 

ʈʦʟʜʽʣ 1 ɸʥʘʣʽʟ ʩʪʘʥʫ ʟʘʜʘʯʽ .............................................................................. 27 

1.1 ɸʥʘʣʽʟ ʭʤʘʨʥʠʭ ʩʝʨʚʽʩʽʚ ʪʘ ʤʦʜʝʣʝʡ ʾʭ ʨʦʟʛʦʨʪʘʥʥʷ ............................... 27 

1.2 ɸʥʘʣʽʟ ʟʘʛʨʦʟ ʽʥʬʦʨʤʘʮʽʡʥʦʾ ʙʝʟʧʝʢʠ ʧʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ ʧʫʙʣʽʯʥʠʭ 

ʭʤʘʨʥʠʭ ʩʝʨʚʽʩʽʚ ʫ ʩʢʣʘʜʽ ʢʦʤʧôʶʪʝʨʥʦʾ ʩʠʩʪʝʤʠ ......................................... 36 

1.3 ɸʥʘʣʽʟ ʤʝʪʦʜʽʚ ʟʘʭʠʩʪʫ ʽʥʬʦʨʤʘʮʽʾ ʫ ʢʦʤʧôʶʪʝʨʥʠʭ ʩʠʩʪʝʤʘʭ............... 41 

1.4 ɸʥʘʣʽʟ ʽʩʥʫʶʯʠʭ ʘʣʛʦʨʠʪʤʽʚ ʯʘʩʪʢʦʚʦ ʛʦʤʦʤʦʨʬʥʦʛʦ ʰʠʬʨʫʚʘʥʥʷ ...... 44 

1.4.1 ʏʘʩʪʢʦʚʠʡ ʛʦʤʦʤʦʨʬʽʟʤ ʫ ʘʣʛʦʨʠʪʤʽ RSA ......................................... 44 

1.4.2 ʏʘʩʪʢʦʚʠʡ ʛʦʤʦʤʦʨʬʽʟʤ ʫ ʘʣʛʦʨʠʪʤʽ ɽʣʴ-ɻʘʤʘʣʷ ............................. 46 

1.4.3 ʏʘʩʪʢʦʚʠʡ ʛʦʤʦʤʦʨʬʽʟʤ ʫ ʘʣʛʦʨʠʪʤʽ ʇʝʡʻ ........................................ 48 

1.6 ʄʘʪʝʤʘʪʠʯʥʠʡ ʘʧʘʨʘʪ ʝʣʽʧʪʠʯʥʠʭ ʢʨʠʚʠʭ ............................................... 49 

1.5 ʆʙˇʨʫʥʪʫʚʘʥʥʷ ʥʘʧʨʷʤʢʫ ʪʘ ʟʘʜʘʯ ʜʦʩʣʽʜʞʝʥʥʷ ...................................... 52 

ʈʦʟʜʽʣ 2 ʄʘʪʝʤʘʪʠʯʥʘ ʤʦʜʝʣʴ ʤʝʪʦʜʫ ʟʘʭʠʩʪʫ ʽʥʬʦʨʤʘʮʽʾ ʢʦʨʠʩʪʫʚʘʯʽʚ 

ʢʦʤʧôʶʪʝʨʥʦʾ ʩʠʩʪʝʤʠ ....................................................................................... 54 

2.1 ʌʦʨʤʘʣʽʟʘʮʽʷ ʢʦʤʧʦʥʝʥʪʽʚ ʢʦʤʧôʶʪʝʨʥʦʾ ʩʠʩʪʝʤʠ, ʱʦ ʚʠʢʦʨʠʩʪʦʚʫʻ 

ʭʤʘʨʥʠʡ ʩʝʨʚʽʩ. ................................................................................................ 54 

2.2 ʄʘʪʝʤʘʪʠʯʥʘ ʤʦʜʝʣʴ ʘʣʛʦʨʠʪʤʫ ʯʘʩʪʢʦʚʦ ʛʦʤʦʤʦʨʬʥʦʛʦ ʰʠʬʨʫʚʘʥʥʷ ʥʘ 

ʦʩʥʦʚʽ ʝʣʽʧʪʠʯʥʠʭ ʢʨʠʚʠʭ ............................................................................... 57 

2.3 ʄʘʪʝʤʘʪʠʯʥʘ ʤʦʜʝʣʴ ʘʣʛʦʨʠʪʤʫ ʛʽʙʨʠʜʥʦʛʦ ʰʠʬʨʫʚʘʥʥʷ ʥʘ ʦʩʥʦʚʽ 

ʝʣʽʧʪʠʯʥʠʭ ʢʨʠʚʠʭ .......................................................................................... 61 

2.4 ɸʥʘʣʽʟ ʢʨʠʧʪʦʛʨʘʬʽʯʥʦʾ ʩʪʽʡʢʦʩʪʽ ʘʣʛʦʨʠʪʤʫ ʯʘʩʪʢʦʚʦ ʛʦʤʦʤʦʨʬʥʦʛʦ 

ʰʠʬʨʫʚʘʥʥʷ ʥʘ ʝʣʽʧʪʠʯʥʠʭ ʢʨʠʚʠʭ ................................................................ 64 

2.5 ɺʠʟʥʘʯʝʥʥʷ ʧʘʨʘʤʝʪʨʽʚ ʝʬʝʢʪʠʚʥʦʩʪʽ ʤʝʪʦʜʫ ......................................... 67 

2.6 ɺʠʩʥʦʚʢʠ .................................................................................................... 69 



17 

 

ʈʦʟʜʽʣ 3 ʈʦʟʨʦʙʢʘ ʤʝʪʦʜʫ ʟʘʭʠʩʪʫ ʽʥʬʦʨʤʘʮʽʾ ʫ ʢʦʤʧôʶʪʝʨʥʽʡ ʩʠʩʪʝʤʽ ʟ 

ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʯʘʩʪʢʦʚʦ ʛʦʤʦʤʦʨʬʥʦʛʦ ʰʠʬʨʫʚʘʥʥʷ ʥʘ ʦʩʥʦʚʽ ʝʣʽʧʪʠʯʥʠʭ 

ʢʨʠʚʠʭ ................................................................................................................. 70 

3.1 ʉʪʚʦʨʝʥʥʷ ʩʠʩʪʝʤʠ ʜʝʧʝʨʩʦʥʘʣʽʟʘʮʽʾ ʢʦʨʠʩʪʫʚʘʯʽʚ ʢʦʤʧôʶʪʝʨʥʦʾ 

ʩʠʩʪʝʤʠ, ʱʦ ʚʠʢʦʨʠʩʪʦʚʫʻ ʭʤʘʨʥʠʡ ʩʝʨʚʽʩ. ................................................... 70 

3.2 ɸʣʛʦʨʠʪʤ ʛʦʤʦʤʦʨʬʥʦʛʦ ʜʦʜʘʚʘʥʥʷ ʯʠʩʝʣ .............................................. 74 

3.3 ɸʣʛʦʨʠʪʤ ʢʦʜʫʚʘʥʥʷ ʪʘ ʜʝʢʦʜʫʚʘʥʥʷ ʯʠʩʝʣ ʪʦʯʢʘʤʠ ʝʣʽʧʪʠʯʥʦʾ ʢʨʠʚʦʾ 76 

3.4 ʇʦʨʽʚʥʷʥʥʷ ʰʚʠʜʢʦʜʽʾ ............................................................................... 82 

3.4.1 ɺʠʟʥʘʯʝʥʥʷ ʧʘʨʘʤʝʪʨʽʚ ʧʦʨʽʚʥʷʥʥʷ.................................................... 82 

3.4.2 ʇʦʨʽʚʥʷʥʥʷ ʟ ʘʥʘʣʦʛʘʤʠ ...................................................................... 84 

3.5 ɺʠʩʥʦʚʢʠ ................................................................................................ 88 

ʈʦʟʜʽʣ 4 ʇʨʘʢʪʠʯʥʘ ʨʝʘʣʽʟʘʮʽʷ ʢʦʤʧôʶʪʝʨʥʦʾ ʩʠʩʪʝʤʠ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ 

ʯʘʩʪʢʦʚʦ ʛʦʤʦʤʦʨʬʥʦʛʦ ʰʠʬʨʫʚʘʥʥʷ ............................................................... 90 

4.1 ʄʝʪʦʜʠʢʘ ʟʘʭʠʩʪʫ ʢʦʤʧôʶʪʝʨʥʠʭ ʩʠʩʪʝʤ ʪʘ ʤʝʨʝʞ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ 

ʩʠʩʪʝʤʠ ʨʦʟʧʦʜʽʣʫ ʜʦʩʪʫʧʫ ............................................................................. 90 

4.2 ʂʦʤʧôʶʪʝʨʥʘ ʩʠʩʪʝʤʘ ʝʣʝʢʪʨʦʥʥʦʛʦ ʛʦʣʦʩʫʚʘʥʥʷ, ʱʦ ʚʠʢʦʨʠʩʪʦʚʫʻ 

ʧʫʙʣʽʯʥʠʡ ʭʤʘʨʥʠʡ ʩʝʨʚʽʩ .............................................................................. 93 

4.2.1 ɸʚʪʝʥʪʠʬʽʢʘʮʽʷ ʚʠʙʦʨʮʽʚ .................................................................... 98 

4.2.2 ɺʟʘʻʤʦʜʽʷ ʢʦʤʧʦʥʝʥʪʽʚ ʢʦʤʧôʶʪʝʨʥʦʾ ʩʠʩʪʝʤʠ ʥʘ ʝʪʘʧʽ ʛʦʣʦʩʫʚʘʥʥʷ 

ʚʠʙʦʨʮʽʚ ...................................................................................................... 100 

4.2.3 ɸʣʛʦʨʠʪʤ ʨʦʟʰʠʬʨʫʚʘʥʥʷ ʪʘ ʜʝʢʦʜʫʚʘʥʥʷ ʦʪʨʠʤʘʥʦʛʦ ʨʝʟʫʣʴʪʘʪʫ

 ..................................................................................................................... 103 

4.3 ʂʦʤʧôʶʪʝʨʥʘ ʩʠʩʪʝʤʘ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʧʫʙʣʽʯʥʦʛʦ ʭʤʘʨʥʦʛʦ ʩʝʨʚʽʩʫ ʜʣʷ 

ʥʘʢʦʧʠʯʝʥʥʷ ʪʘ ʦʙʨʦʙʢʠ ʘʥʦʥʽʤʥʠʭ ʚʽʜʛʫʢʽʚ ............................................... 105 

4.3.1 ʆʧʠʩ ʢʦʤʧôʶʪʝʨʥʦʾ ʩʠʩʪʝʤʠ ʘʥʦʥʽʤʥʠʭ ʚʽʜʛʫʢʽʚ ............................ 107 

4.3.2 ʈʦʟʨʦʙʢʘ ʢʦʤʧʦʥʝʥʪʫ ʛʦʤʦʤʦʨʬʥʦʛʦ ʰʠʬʨʫʚʘʥʥʷ ......................... 113 



18 

 

4.3.3 ɽʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ........................................................ 114 

4.4 ʂʦʤʧôʶʪʝʨʥʘ ʩʠʩʪʝʤʘ, ʱʦ ʨʝʘʣʽʟʫʻ ʬʫʥʢʮʽʶ ʦʙʤʽʥʫ ʝʣʝʢʪʨʦʥʥʠʤʠ 

ʛʨʦʰʠʤʘ ʯʝʨʝʟ ʧʫʙʣʽʯʥʠʡ ʭʤʘʨʥʠʡ ʩʝʨʚʽʩ ................................................... 116 

4.5 ɺʠʩʥʦʚʢʠ .................................................................................................. 122 

ɺʠʩʥʦʚʢʠ ........................................................................................................... 125 

ʉʧʠʩʦʢ ʚʠʢʦʨʠʩʪʘʥʦʾ ʣʽʪʝʨʘʪʫʨʠ ..................................................................... 128 

ɼʦʜʘʪʢʠ ............................................................................................................. 139 

ɼʦʜʘʪʦʢ ɸ ɸʢʪ ʚʧʨʦʚʘʜʞʝʥʥʷ ......................................................................... 140 

ɼʦʜʘʪʦʢ ɹ ʃʽʩʪʠʥʛ ʨʝʘʣʽʟʘʮʽʾ ʘʣʛʦʨʠʪʤʫ ʯʘʩʪʢʦʚʦ ʛʦʤʦʤʦʨʬʥʦʛʦ ʰʠʬʨʫʚʘʥʥʷ 

ʥʘ ʝʣʽʧʪʠʯʥʠʭ ʢʨʠʚʠʭ ....................................................................................... 144 

ɼʦʜʘʪʦʢ ɺ ʃʽʩʪʠʥʛ ʨʝʘʣʽʟʘʮʽʾ ʤʘʪʝʤʘʪʠʯʥʦʛʦ ʘʧʘʨʘʪʫ ʝʣʽʧʪʠʯʥʠʭ ʢʨʠʚʠʭ .. 148 

ɼʦʜʘʪʦʢ ɼ ʃʽʩʪʠʥʛ ʧʨʦʛʨʘʤʠ ʚʠʤʽʨʫ ʯʘʩʫ ʛʝʥʝʨʘʮʽʾ ʧʝʨʰʠʭ n ʪʦʯʦʢ ʝʣʽʧʪʠʯʥʦʾ 

ʢʨʠʚʦʾ ................................................................................................................ 151 

ɼʦʜʘʪʦʢ ɭ ʃʽʩʪʠʥʛ ʧʨʦʛʨʘʤʠ ʩʝʨʽʘʣʽʟʘʮʽʾ ʩʧʠʩʢʫ ʪʦʯʦʢ ʝʣʽʧʪʠʯʥʦʾ ʢʨʠʚʦʾ ʫ 

ʬʘʡʣ ................................................................................................................... 153 

ɼʦʜʘʪʦʢ ɾ ʃʽʩʪʠʥʛ ʧʨʦʛʨʘʤʠ ʧʦʨʽʚʥʷʥʥʷ ʯʘʩʫ ʚʠʢʦʥʘʥʥʷ ʦʧʝʨʘʮʽʡ ʜʦʜʘʚʘʥʥʷ

 ........................................................................................................................... 155 

ɼʦʜʘʪʦʢ ʂ ʉʧʠʩʦʢ ʧʫʙʣʽʢʘʮʽʡ ......................................................................... 159 

 

 

  



19 

 

ɺʉʊʋʇ 

 

ʆʙˇʨʫʥʪʫʚʘʥʥʷ ʚʠʙʦʨʫ ʪʝʤʠ ʜʦʩʣʽʜʞʝʥʥʷ. ʉʫʯʘʩʥʽ ʪʝʭʥʦʣʦʛʽʾ 

ʢʦʤʧ`ʶʪʝʨʥʠʭ ʩʠʩʪʝʤ  ̔ ʤʝʨʝʞ ʜʘʶʪʴ ʨʦʟʚʠʪʦʢ ʚʝʣʠʢʽʡ ʢʽʣʴʢʦʩʪʽ ʥʦʚʠʭ 

ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʩʝʨʚʽʩʽʚ ʪʘ ʩʣʫʞʙ. ʈʦʟʧʦʚʩʶʜʞʝʥʥʷ ʤʝʨʝʞ ʟ ʚʠʩʦʢʦʶ 

ʧʦʪʫʞʥʽʩʪʶ, ʥʠʟʴʢʘ ʚʘʨʪʽʩʪʴ ʢʦʤʧ'ʶʪʝʨʽʚ ʽ ʧʨʠʩʪʨʦʾʚ ʟʙʝʨʽʛʘʥʥʷ ʜʘʥʠʭ, ʘ ʪʘʢʦʞ 

ʰʠʨʦʢʝ ʚʧʨʦʚʘʜʞʝʥʥʷ ʚʽʨʪʫʘʣʽʟʘʮʽʾ, ʩʝʨʚʽʩ-ʦʨʽʻʥʪʦʚʘʥʦʾ ʘʨʭʽʪʝʢʪʫʨʠ, ʧʨʠʚʝʣʠ 

ʜʦ ʟʥʘʯʥʦʛʦ ʨʦʟʚʠʪʢʫ ʭʤʘʨʥʠʭ ʩʝʨʚʽʩʽʚ, ʱʦ ʜʘʶʪʴ ʤʦʞʣʠʚʽʩʪʴ ʢʦʨʠʩʪʫʚʘʯʘʤ 

ʚʠʢʦʥʫʚʘʪʠ ʦʙʯʠʩʣʝʥʥʷ ʪʘ ʟʙʝʨʽʛʘʪʠ ʜʘʥʽ ʥʘ ʚʽʜʜʘʣʝʥʠʭ ʽʥʪʝʨʥʝʪ-ʩʝʨʚʝʨʘʭ. 

ɿʘʭʠʩʪ ʽʥʬʦʨʤʘʮʽʾ ʚʽʜ ʥʝʩʘʥʢʮʽʦʥʦʚʘʥʦʛʦ ʜʦʩʪʫʧʫ ï ʦʜʥʘ ʟ ʛʦʣʦʚʥʠʭ ʟʘʜʘʯ ʧʦ 

ʟʘʙʝʟʧʝʯʝʥʥʶ ʢʦʥʬʽʜʝʥʮʽʡʥʦʩʪʽ, ʮʽʣʽʩʥʦʩʪʽ ʪʘ ʘʚʪʝʥʪʠʯʥʦʩʪʽ ʜʘʥʠʭ, ʱʦ 

ʧʝʨʝʜʘʶʪʴʩʷ. 

ɺ ʦʩʪʘʥʥʽ ʨʦʢʠ, çʭʤʘʨʥʽè ʩʝʨʚʽʩʠ ʩʪʘʶʪʴ ʦʜʥʠʤ ʟ ʦʩʥʦʚʥʠʭ ʢʦʤʧʦʥʝʥʪʽʚ 

ʩʫʯʘʩʥʠʭ ʢʦʤʧôʶʪʝʨʥʠʭ ʩʠʩʪʝʤ. ʇʨʦʪʝ, ʧʨʠ ʾʭ ʚʠʢʦʨʠʩʪʘʥʥʽ, ʢʦʥʬʽʜʝʥʮʽʡʥʘ 

ʽʥʬʦʨʤʘʮʽʷ ʩʪʘʻ ʜʦʩʪʫʧʥʦʶ ʪʨʝʪʽʡ ʩʪʦʨʦʥʽ ï ʧʨʦʚʘʡʜʝʨʫ ʭʤʘʨʥʦʛʦ ʨʽʰʝʥʥʷ, 

ʘʜʞʝ ʪʘʢʽ ʩʝʨʚʽʩʠ ʦʧʝʨʫʶʪʴ ʧʨʠʚʘʪʥʦʶ ʽʥʬʦʨʤʘʮʽʻʶ ʢʦʨʠʩʪʫʚʘʯʽʚ 

ʢʦʤʧôʶʪʝʨʥʦʾ ʩʠʩʪʝʤʠ.[1] 

ʍʤʘʨʥʽ ʦʙʯʠʩʣʝʥʥʷ ï ʮʝ ʤʦʜʝʣʴ ʟʘʙʝʟʧʝʯʝʥʥʷ ʟʨʫʯʥʦʛʦ ʜʦʩʪʫʧʫ ʥʘ 

ʚʠʤʦʛʫ ʯʝʨʝʟ ʤʝʨʝʞʫ ʜʦ ʨʦʟʧʦʜʽʣʝʥʦʛʦ ʩʪʝʢʫ ʦʙʯʠʩʣʶʚʘʣʴʥʠʭ ʨʝʩʫʨʩʽʚ 

(ʤʝʨʝʞ, ʩʝʨʚʝʨʽʚ, ʤʽʩʮʴ ʜʣʷ ʟʙʝʨʽʛʘʥʥʷ, ʜʦʜʘʪʢʽʚ ʪʘ ʩʝʨʚʽʩʽʚ), ʷʢʽ ʤʦʞʫʪʴ ʙʫʪʠ 

ʥʘʣʘʰʪʦʚʘʥʽ, ʦʧʝʨʘʪʠʚʥʦ ʥʘʜʘʥʽ ʪʘ ʟʚʽʣʴʥʝʥʽ ʟ ʤʽʥʽʤʘʣʴʥʠʤʠ ʫʧʨʘʚʣʽʥʩʴʢʠʤʠ 

ʟʘʪʨʘʪʘʤʠ ʪʘ ʟʚʝʨʥʝʥʥʷʤʠ ʜʦ ʧʨʦʚʘʡʜʝʨʘ. [2] 

ɽʢʦʥʦʤʽʯʥʘ ʩʪʦʨʦʥʘ ʚʠʢʦʨʠʩʪʘʥʥʷ ʭʤʘʨʥʠʭ ʩʝʨʚʽʩʽʚ ʜʦʙʨʝ ʚʽʜʦʤʘ. 

ɿʘʚʜʷʢʠ ʩʚʦʻʤʫ ʜʦʩʚʽʜʫ, ʧʨʦʚʘʡʜʝʨʠ ʭʤʘʨʥʠʭ ʩʝʨʚʽʩʽʚ ʤʦʞʫʪʴ ʧʦʙʫʜʫʚʘʪʠ 

ʚʝʣʠʢʽ ʜʘʪʘ ʮʝʥʪʨʠ ʟ ʚʽʜʥʦʩʥʦ ʥʠʟʴʢʦʶ ʩʦʙʽʚʘʨʪʽʩʪʶ, ʘ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʚʽʨʪʫʘʣʽʟʘʮʽʾ ʜʦʟʚʦʣʷʻ ʦʧʪʠʤʘʣʴʥʦ ʨʦʟʧʦʜʽʣʠʪʠ ʥʘʚʘʥʪʘʞʝʥʥʷ ʥʘ ʨʦʟʛʦʨʥʫʪʦʤʫ 

ʦʙʣʘʜʥʘʥʥʽ. ʎʠʤ ʜʦʩʷʛʘʻʪʴʩʷ ʟʙʽʣʴʰʝʥʥʷ ʜʦʭʦʜʽʚ ʧʦʩʪʘʯʘʣʴʥʠʢʽʚ 

ʦʙʯʠʩʣʶʚʘʣʴʥʠʭ ʨʝʩʫʨʩʽʚ ʪʘ ʟʥʠʞʝʥʥʷ ʚʠʪʨʘʪ ʜʣʷ ʾʭ ʢʦʨʠʩʪʫʚʘʯʽʚ. 

ʈʝʟʫʣʴʪʫʶʯʘ ʤʦʜʝʣʴ ʦʙʯʠʩʣʝʥʴ ʥʘ ʚʠʤʦʛʫ ʜʦʟʚʦʣʷʻ ʧʨʦʚʘʡʜʝʨʘʤ ʭʤʘʨʥʠʭ 

ʨʽʰʝʥʴ ʜʦʩʷʛʪʠ ʢʨʘʱʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʨʝʩʫʨʩʽʚ ʟʘ ʜʦʧʦʤʦʛʦʶ ʩʪʘʪʠʩʪʠʯʥʦʛʦ 
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ʤʫʣʴʪʠʧʣʝʢʩʫʚʘʥʥʷ, ʘ ʪʘʢʦʞ ʜʦʟʚʦʣʷʻ ʢʦʨʠʩʪʫʚʘʯʘʤ ʫʥʠʢʘʪʠ ʚʠʪʨʘʪ ʥʘ 

ʧʝʨʝʚʠʱʝʥʥʷ ʨʝʩʫʨʩʽʚ ʟʘ ʨʘʭʫʥʦʢ ʜʠʥʘʤʽʯʥʦʛʦ ʤʘʩʰʪʘʙʫʚʘʥʥʷ [3]. 

ʉʫʯʘʩʥʽ ʢʦʤʧôʶʪʝʨʥʽ ʩʠʩʪʝʤʠ ʚʩʝ ʯʘʩʪʽʰʝ ʤʽʩʪʷʪʴ ʫ ʩʚʦʻʤʫ ʩʢʣʘʜʽ 

ʚʽʜʨʘʟʫ ʜʝʢʽʣʴʢʘ ʢʦʤʧʦʥʝʥʪʽʚ ʧʨʝʜʩʪʘʚʣʝʥʠʭ ʧʫʙʣʽʯʥʠʤʠ ʯʠ ʧʨʠʚʘʪʥʠʤʠ 

ʭʤʘʨʥʠʤʠ ʩʝʨʚʽʩʘʤʠ. ɺʠʢʦʨʠʩʪʘʥʥʷ ʢʦʤʧʦʥʝʥʪʽʚ, ʱʦ ʧʨʝʜʩʪʘʚʣʝʥʽ ʩʪʦʨʦʥʥʽʤʠ 

ʭʤʘʨʥʠʤʠ ʩʝʨʚʽʩʘʤʠ, ʜʦʟʚʦʣʷʻ ʟʥʘʯʥʦ ʩʧʨʦʩʪʠʪʠ ʨʦʟʨʦʙʢʫ ʢʦʤʧôʶʪʝʨʥʦʾ 

ʩʠʩʪʝʤʠ ʪʘ ʧʦʢʨʘʱʠʪʠ ʾʾ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʟʘ ʨʘʭʫʥʦʢ ʛʥʫʯʢʦʛʦ ʤʘʩʰʪʘʙʫʚʘʥʥʷ 

ʦʙʯʠʩʣʶʚʘʣʴʥʠʭ ʨʝʩʫʨʩʽʚ, ʟʙʦʨʫ ʩʪʘʪʠʩʪʠʢʠ ʚʠʢʦʨʠʩʪʘʥʥʷ, ʚʠʙʽʨ ʤʽʩʮʷ 

ʬʽʟʠʯʥʦʛʦ ʨʦʟʪʘʰʫʚʘʥʥʷ ʩʝʨʚʝʨʽʚ, ʪʦʱʦ. [1], [2] 

ʇʨʦʪʝ ʚ ʮʴʦʤʫ ʧʨʦʷʚʣʷʻʪʴʩʷ ʛʦʣʦʚʥʠʡ ʥʝʜʦʣʽʢ ʭʤʘʨʥʠʭ ʩʝʨʚʽʩʽʚ ï 

ʧʨʠʚʘʪʥʘ ʽʥʬʦʨʤʘʮʽʷ ʢʦʨʠʩʪʫʚʘʯʘ ʬʘʢʪʠʯʥʦ ʩʪʘʻ ʜʦʩʪʫʧʥʘ ʪʨʝʪʽʡ ʩʪʦʨʦʥʽ ï 

ʧʨʦʚʘʡʜʝʨʫ, ʢʨʽʤ ʮʴʦʛʦ, ʜʘʥʥʽ ʤʦʞʫʪʴ ʩʪʘʪʠ ʚʨʘʟʣʠʚʠʤʠ ʧʽʜ ʯʘʩ ʾʭ ʧʝʨʝʜʘʯʽ 

ʢʘʥʘʣʘʤʠ ʟʚ'ʷʟʢʫ, ʦʙʨʦʙʮʽ ʪʘ ʟʙʝʨʽʛʘʥʥʽ. [4] 

ʆʜʥʠʤ ʟ ʦʩʥʦʚʥʠʭ ʟʘʩʦʙʽʚ ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʟʘʭʠʩʪʫ ʽʥʬʦʨʤʘʮʽʾ, ʧʨʠ 

ʚʠʢʦʨʠʩʪʘʥʥʽ ʪʘʢʠʭ ʩʣʫʞʙ, ʻ ʢʨʠʧʪʦʛʨʘʬʽʯʥʽ ʘʣʛʦʨʠʪʤʠ. ɺʦʥʠ ʧʨʠʟʥʘʯʝʥ ̔ʜʣʷ 

ʟʘʭʠʩʪʫ ʧʨʠʢʣʘʜʥʦʛʦ ʨʽʚʥʷ ʢʘʥʘʣʽʚ ʢʦʤʧ`ʶʪʝʨʥʠʭ ʤʝʨʝʞ. ʂʣʘʩʠ 

ʢʨʠʧʪʦʛʨʘʬʽʯʥʠʭ ʘʣʛʦʨʠʪʤʽʚ  ̔ ʢʨʠʧʪʦ ʘʥʘʣʽʪʠʯʥʠʭ ʘʪʘʢ ʥʘʚʝʜʝʥʽ ʚ 

ʣʽʪʝʨʘʪʫʨʽ [5]. 

ʇʨʦʪʝ, ʽʩʥʫʶʯʽ ʤʝʪʦʜʠ ʟʘʭʠʩʪʫ ʽʥʬʦʨʤʘʮʽʾ ʥʝ ʚʨʘʭʦʚʫʶʪʴ ʩʧʝʮʠʬʽʢʠ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʭʤʘʨʥʠʭ ʩʝʨʚʽʩʽʚ, ʘ ʩʘʤʝ ʥʝʦʙʭʽʜʥʦʩʪʽ ʚʠʢʦʥʘʥʥʷ ʜʦʜʘʪʢʦʚʠʭ 

ʦʙʯʠʩʣʝʥʴ ʥʘ ʜʘʥʠʤʠ, ʱʦ ʜʦ ʥʠʭ ʧʝʨʝʜʘʶʪʴʩʷ. 

ʊʦʤʫ, ʦʩʪʘʥʥʽʤ ʯʘʩʦʤ, ʚʩʝ ʙʽʣʴʰʝ ʟʨʦʩʪʘʻ ʧʦʪʨʝʙʘ ʚ ʩʠʩʪʝʤʘʭ, ʷʢʽ ʟʜʘʪʥʽ 

ʥʝ ʣʠʰʝ ʚʠʢʦʥʫʚʘʪʠ ʦʙʯʠʩʣʝʥʥʷ ʯʠ ʟʙʝʨʽʛʘʪʠ ʜʘʥʽ ʫ ʭʤʘʨʥʠʭ ʩʝʨʚʽʩʘʭ, ʘʣʝ ʡ 

ʟʘʙʝʟʧʝʯʫʚʘʪʠ ʥʘʣʝʞʥʠʡ ʽʥʬʦʨʤʘʮʽʡʥʠʡ ʟʘʭʠʩʪ ʧʨʠʚʘʪʥʦʾ ʽʥʬʦʨʤʘʮʽʾ 

ʢʦʨʠʩʪʫʚʘʯʽʚ. ʆʜʥʠʤ ʟ ʪʘʢʠʭ ʤʝʪʦʜʽʚ ʟʘʭʠʩʪʫ ʤʦʞʝ ʩʪʘʪʠ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʨʽʟʥʦʤʘʥʽʪʥʠʭ ʩʭʝʤ ʛʦʤʦʤʦʨʬʥʦʛʦ ʰʠʬʨʫʚʘʥʥʷ ʫ ʩʢʣʘʜʽ ʧʨʦʛʨʘʤʥʠʭ ʟʘʩʦʙʽʚ, 

ʱʦ ʚʠʢʦʥʫʶʪʴ ʦʙʯʠʩʣʝʥʥʷ ʥʘ ʩʪʦʨʦʥʽ ʭʤʘʨʥʦʛʦ ʩʝʨʚʽʩʫ. 

ʇʦʚʥʽʩʪʶ ʛʦʤʦʤʦʨʬʥʝ ʰʠʬʨʫʚʘʥʥʷ (FHE) ï ʮʝ ʪʘʢʘ ʩʭʝʤʘ ʰʠʬʨʫʚʘʥʥʷ, 

ʷʢʘ ʜʦʟʚʦʣʷʻ ʚʠʢʦʥʫʚʘʪʠ ʘʨʠʬʤʝʪʠʯʥʽ ʦʧʝʨʘʮʽʾ ʥʘʜ ʟʘʰʠʬʨʦʚʘʥʠʤ ʪʝʢʩʪʦʤ, 

ʙʝʟ ʚʠʢʦʨʠʩʪʘʥʥʷ ʢʣʶʯʘ ʰʠʬʨʫʚʘʥʥʷ. ʆʯʝʚʠʜʥʦ, ʱʦ, ʪʘʢʘ ʘʣʛʝʙʨʘʾʯʥʘ ʩʭʝʤʘ 
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ʜʦʟʚʦʣʷʻ ʚʠʢʦʥʫʚʘʪʠ ʙʫʜʴ-ʷʢʽ ʦʧʝʨʘʮʽʾ ʥʘʜ ʚʭʽʜʥʠʤʠ ʙʽʪʘʤʠ ʧʫʙʣʽʯʥʦ. ʎʝʡ 

ʧʦʪʫʞʥʠʡ ʤʘʪʝʤʘʪʠʯʥʠʡ ʘʧʘʨʘʪ ʩʪʘʚ ʪʝʤʦʶ ʘʢʪʠʚʥʠʭ ʜʦʩʣʽʜʞʝʥ ɹʧʨʦʪʷʛʦʤ 

ʦʩʪʘʥʥʽʭ ʧôʷʪʠ ʨʦʢʽʚ. 

ɿʘʜʘʯʘʤ ʟʘʙʝʟʧʝʯʝʥʥʷ ʽʥʬʦʨʤʘʮʽʡʥʦʾ ʙʝʟʧʝʢʠ ʭʤʘʨʥʠʭ ʩʝʨʚʽʩʽʚ 

ʢʦʤʧôʶʪʝʨʥʠʭ ʦʙʯʠʩʣʝʥʴ, ʘ ʪʘʢʦʞ ʟʘʩʦʙʘʤ ʟʘʭʠʩʪʫ ʧʨʠʚʘʪʥʦʾ ʽʥʬʦʨʤʘʮʽʾ 

ʢʦʨʠʩʪʫʚʘʯʽʚ, ʟʦʢʨʝʤʘ, ʟʘʩʪʦʩʫʚʘʥʥʶ ʛʦʤʦʤʦʨʬʥʦʛʦ ʰʠʬʨʫʚʘʥʥʷ, ʧʨʠʜʽʣʝʥʘ 

ʚʝʣʠʢʘ ʫʚʘʛʘ ʚ ʨʦʙʦʪʘʭ ɼʞ. ʈʠʟʘ [6], ʇ. ʌʠʥʛʘʨʘ [7], ɺ. ʈʦʤʘʥʯʝʥʢʦ [8], ʂʨʝʡʛʘ 

ɼʞʝʥʪʨʽ [9], [10] 

ʅʝ ʜʠʚʣʷʯʠʩʴ ʥʘ ʟʥʘʯʥʫ ʢʽʣʴʢʽʩʪʴ ʩʝʨʡʦʟʥʠʭ ʥʘʫʢʦʚʠʭ ʜʦʩʣʽʜʞʝʥʴ, 

ʪʝʦʨʝʪʠʯʥʠʭ ʨʦʙʽʪ ʽ ʯʠʩʣʝʥʥʠʭ ʧʫʙʣʽʢʘʮʽʡ, ʟʘʜʘʯʘ ʟʘʭʠʩʪʫ ʧʨʠʚʘʪʥʦʾ 

ʽʥʬʦʨʤʘʮʽʾ ʢʦʨʠʩʪʫʚʘʯʽʚ ʥʘ ʩʫʯʘʩʥʦʤʫ ʝʪʘʧʽ ʨʦʟʚʠʪʢʫ ʥʘʫʢʦʚʦ-ʜʦʩʣʽʜʥʦʾ ʙʘʟʠ 

ʩʪʦʩʫʻʪʴʩʷ ʚ ʦʩʥʦʚʥʦʤʫ ʧʨʦʙʣʝʤ ʟʘʭʠʩʪʫ ʚʽʜ ʜʦʩʪʫʧʫ ʜʦ ʢʦʥʬʽʜʝʥʮʽʡʥʦʾ 

ʽʥʬʦʨʤʘʮʽʾ ʟ ʙʦʢʫ ʦʩʽʙ, ʱʦ ʻ ʩʪʦʨʦʥʥʽʤʠ ʜʦ ʦʙʯʠʩʣʶʚʘʣʴʥʦʛʦ ʧʨʦʮʝʩʫ, ʯʠ ʾʾ 

ʟʙʝʨʽʛʘʥʥʷ. ʇʨʦʪʝ, ʟʘʣʠʰʘʻʪʴʩʷ ʥʝʜʦʩʣʽʜʞʝʥʠʤ ʤʝʭʘʥʽʟʤ ʟʘʭʠʩʪʫ ʽʥʬʦʨʤʘʮʽʾ 

ʢʦʨʠʩʪʫʚʘʯʽʚ ʚʽʜ ʥʝʧʨʘʚʦʤʽʨʥʦʛʦ ʜʦʩʪʫʧʫ ʜʦ ʥʝʾ ʟʽ ʩʪʦʨʦʥʠ ʧʨʦʚʘʡʜʝʨʫ 

ʭʤʘʨʥʦʛʦ ʩʝʨʚʽʩʫ, ʘ ʩʘʤʝ, ʥʝ ʚʠʷʚʣʝʥʽ ʦʩʦʙʣʠʚʦʩʪʽ ʟʘʩʪʦʩʫʚʘʥʥʷ ʛʽʙʨʠʜʥʦʾ 

ʢʨʠʧʪʦʛʨʘʬʽʾ ʜʣʷ ʟʘʭʠʩʪʫ ʽʥʬʦʨʤʘʮʽʾ ʧʽʜ ʯʘʩ ʾʾ ʟʙʝʨʽʛʘʥʥʷ ʫ ʭʤʘʨʥʦʤʫ ʩʭʦʚʠʱʽ, 

,̔ ʦʩʦʙʣʠʚʦ, ʟʘʭʠʩʪ ʽʥʬʦʨʤʘʮʽʾ ʧʽʜ ʯʘʩ ʚʠʢʦʥʘʥʥʷ ʦʙʯʠʩʣʝʥʴ ʥʘ ʩʪʦʨʦʥʽ 

ʭʤʘʨʥʦʛʦ ʩʝʨʚʽʩʫ. ɹʽʣʴʰʽʩʪʴ ʩʫʯʘʩʥʠʭ ʭʤʘʨʥʠʭ ʩʝʨʚʽʩʽʚ ʩʪʚʦʨʝʥʽ ʩʘʤʝ ʜʣʷ 

ʦʙʨʦʙʢʠ ʽʥʬʦʨʤʘʮʽʾ. ʄʦʞʣʠʚʠʤ ʫʥʽʚʝʨʩʘʣʴʥʠʤ ʨʽʰʝʥʥʷʤ ʟʘʜʘʯʽ ʤʦʛʣʦ ʙ ʩʪʘʪʠ 

ʩʘʤʝ ʛʦʤʦʤʦʨʬʥʝ ʰʠʬʨʫʚʘʥʥʷ, ʧʨʦʪʝ ʡʦʛʦ ʥʘʜʟʚʠʯʘʡʥʦ ʥʠʟʴʢʘ 

ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ ʦʙʤʝʞʫʻ ʤʦʞʣʠʚʽʩʪʴ ʟʘʩʪʦʩʫʚʘʥʥʷ ʪʘʢʠʭ ʩʠʩʪʝʤ [11], [12]. 

ʊʘʢʠʤ ʯʠʥʦʤ, ʥʘʨʘʟʽ ʥʝ ʽʩʥʫʻ ʫʥʽʚʝʨʩʘʣʴʥʠʭ ʪʘ ʜʦʩʢʦʥʘʣʠʭ ʧʽʜʭʦʜʽʚ ʜʦ ʟʘʭʠʩʪʫ 

ʽʥʬʦʨʤʘʮʽʾ ʧʽʜ ʯʘʩ ʚʠʢʦʥʘʥʥʷ ʦʙʯʠʩʣʝʥʴ ʥʘʜ ʜʘʥʠʤʠ ʥʘ ʙʦʮʽ ʭʤʘʨʥʦʛʦ ʩʝʨʚʽʩʫ. 

ʊʦʤʫ, ʻ ʘʢʪʫʘʣʴʥʦʶ ʥʝ ʪʽʣʴʢʠ ʟʘʜʘʯʘ ʘʥʘʣʽʟʫ ʥʝʜʦʣʽʢʽʚ ʽʩʥʫʶʯʠʭ 

ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʩʠʩʪʝʤ ʪʘ ʧʦʙʫʜʦʚʠ ʥʦʚʠʭ, ʱʦ ʦʨʛʘʥʽʟʦʚʫʶʪʴ ʦʙʯʠʩʣʝʥʥʷ ʫ 

ʧʫʙʣʽʯʥʦʤʫ ʭʤʘʨʥʦʤʫ ʩʝʨʚʽʩʽ, ʘʣʝ ʡ ʩʪʚʦʨʝʥʥʷ ʥʦʚʠʭ ʤʝʪʦʜʽʚ ʰʠʬʨʫʚʘʥʥʷ, ʱʦ 

ʜʦʟʚʦʣʷʪʴ ʨʝʘʣʽʟʫʚʘʪʠ ʟʘʭʠʩʪ ʜʘʥʠʭ ʧʨʠ ʚʠʢʦʥʘʥʥʽ ʦʙʯʠʩʣʝʥʴ ʫ ʪʘʢʠʭ ʩʝʨʚʽʩʘʭ 

ʟ ʚʠʩʦʢʦʶ ʝʬʝʢʪʠʚʥʽʩʪʶ.    
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ɿʚôʷʟʦʢ ʨʦʙʦʪʠ ʟ ʥʘʫʢʦʚʠʤʠ ʧʨʦʛʨʘʤʘʤʠ, ʧʣʘʥʘʤʠ, ʪʝʤʘʤʠ. ʈʦʙʦʪʘ 

ʚʠʢʦʥʫʚʘʣʘʩʷ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʋʢʘʟʫ ʇʨʝʟʠʜʝʥʪʘ ʋʢʨʘʾʥʠ çʇʨʦ ʇʦʣʦʞʝʥʥʷ ʧʨʦ  

ʪʝʭʥʽʯʥʠʡ ʟʘʭʠʩʪ ʽʥʬʦʨʤʘʮʽʾ ʚ ʋʢʨʘʾʥʽè (ʫ ʨʝʜʘʢʮʽʾ ʚʽʜ  11.04.2008) ʪʘ ʟʛʽʜʥʦ 

ʧʦʣʦʞʝʥʥʶ çɿʘʭʠʩʪ ʽʥʬʦʨʤʘʮʽʾ ʥʘ ʦʙôʻʢʪʘʭ ʽʥʬʦʨʤʘʮʽʡʥʦʾ ʜʽʷʣʴʥʦʩʪʽ. 

ʉʪʚʦʨʝʥʥʷ ʢʦʤʧʣʝʢʩʫ ʪʝʭʥʽʯʥʦʛʦ ʟʘʭʠʩʪʫ ʽʥʬʦʨʤʘʮʽʾ.è ɼʝʨʞʘʚʥʦʾ ʩʣʫʞʙʠ 

ʩʧʝʮʽʘʣʴʥʦʛʦ ʟʚ'ʷʟʢʫ ʪʘ ʟʘʭʠʩʪʫ ʽʥʬʦʨʤʘʮʽʾ ʋʢʨʘʾʥʠ (ʅɼ ʊɿɯ 1.1-005-07). 

ʆʩʥʦʚʥʠʡ ʟʤʽʩʪ ʨʦʙʦʪʠ ʩʢʣʘʜʘʶʪʴ ʥʘʫʢʦʚʽ ʜʦʩʣʽʜʞʝʥʥʷ, ʱʦ ʙʫʣʠ 

ʧʨʦʚʝʜʝʥʽ ʥʘ ʢʘʬʝʜʨʽ ʘʚʪʦʤʘʪʠʢʠ ʪʘ ʽʥʬʦʨʤʘʮʽʡʥʦ-ʚʠʤʽʨʶʚʘʣʴʥʦʾ ʪʝʭʥʽʢʠ 

ɺʽʥʥʠʮʴʢʦʛʦ ʥʘʮʽʦʥʘʣʴʥʦʛʦ ʪʝʭʥʽʯʥʦʛʦ ʫʥʽʚʝʨʩʠʪʝʪʫ ʚ 2012-2017 ʨʦʢʘʭ. 

ʄʝʪʘ ̔ ʟʘʚʜʘʥʥʷ ʜʦʩʣʽʜʞʝʥʥʷ. ʄʝʪʦʶ ʨʦʙʦʪʠ ʻ ʧʽʜʚʠʱʝʥʥʷ 

ʝʬʝʢʪʠʚʥʦʩʪʽ ʟʘʭʠʩʪʫ ʽʥʬʦʨʤʘʮʽʾ ʚ ʢʦʤʧ`ʶʪʝʨʥʠʭ ʩʠʩʪʝʤʘʭ, ʱʦ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʫ ʩʚʦʻʤʫ ʩʢʣʘʜʽ ʧʫʙʣʽʯʥʽ ʭʤʘʨʥʽ ʩʝʨʚʽʩʠ, ʥʘ ʦʩʥʦʚʽ ʨʦʟʨʦʙʢʠ 

ʪʘ ʚʧʨʦʚʘʜʞʝʥʥʷ ʥʦʚʠʭ ʤʝʪʦʜʽʚ  ̔ʟʘʩʦʙʽʚ ʰʠʬʨʫʚʘʥʥʷ. 

ʆʩʥʦʚʥʠʤʠ ʟʘʜʘʯʘʤʠ ʜʦʩʣʽʜʞʝʥʥʷ ʻ: 

1. ɸʥʘʣʽʟ ʟʘʜʘʯ ʧʦʚôʷʟʘʥʠʭ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʧʫʙʣʽʯʥʠʭ ʭʤʘʨʥʠʭ ʪʝʭʥʦʣʦʛʽʡ 

ʫ ʩʢʣʘʜʽ ʢʦʤʧôʶʪʝʨʥʦʾ ʩʠʩʪʝʤʠ: ʦʛʣʷʜ ʽʩʥʫʶʯʠʭ ʤʦʜʝʣʝʡ ʪʘ ʩʪʨʘʪʝʛʽʡ 

ʨʦʟʛʦʨʪʘʥʥʷ ʭʤʘʨʥʠʭ ʩʝʨʚʽʩʽʚ; ʘʥʘʣʽʟ ʩʫʯʘʩʥʠʭ ʤʝʪʦʜʽʚ ʟʘʭʠʩʪʫ ʽʥʬʦʨʤʘʮʽʾ, ʧʽʜ 

ʯʘʩ ʾʾ ʧʝʨʝʜʘʚʘʥʥʷ, ʟʙʝʨʽʛʘʥʥʷ ʪʘ ʦʙʨʦʙʣʶʚʘʥʥʷ ʫ ʧʫʙʣʽʯʥʦʤʫ ʭʤʘʨʥʦʤʫ 

ʩʝʨʚʽʩʽ. 

2. ʈʦʟʨʦʙʣʝʥʥʷ ʤʝʪʦʜʫ ʟʘʭʠʩʪʫ ʽʥʬʦʨʤʘʮʽʾ ʢʦʨʠʩʪʫʚʘʯʽʚ ʫ ʢʦʤʧôʶʪʝʨʥʽʡ 

ʩʠʩʪʝʤʽ, ʱʦ ʤʽʩʪʠʪʴ ʫ ʩʚʦʻʤʫ ʩʢʣʘʜʽ ʧʫʙʣʽʯʥ ̔ʭʤʘʨʥ ̔ʩʝʨʚʽʩʠ ʢʦʤʧôʶʪʝʨʥʠʭ 

ʦʙʯʠʩʣʝʥʴ, ʥʘ ʦʩʥʦʚʽ ʯʘʩʪʢʦʚʦ ʛʦʤʦʤʦʨʬʥʦʛʦ ʘʣʛʦʨʠʪʤʫ ʰʠʬʨʫʚʘʥʥʷ. 

3. ɺʠʟʥʘʯʝʥʥʷ ʢʨʠʪʝʨʽ ʁ ʝʬʝʢʪʠʚʥʦʩʪʽ ʤʝʪʦʜʫ ʯʘʩʪʢʦʚʦ ʛʦʤʦʤʦʨʬʥʦʛʦ 

ʰʠʬʨʫʚʘʥʥʷ, ʱʦ ʦʨʽʻʥʪʦʚʘʥʠʡ ʥʘ ʚʠʢʦʨʠʩʪʘʥʥʷ ʫ ʩʢʣʘʜʽ ʢʦʤʧôʶʪʝʨʥʦʾ 

ʩʠʩʪʝʤʠ, ʦʜʠʥ ʘʙʦ ʜʝʢʽʣʴʢʘ ʢʦʤʧʦʥʝʥʪʽʚ ʷʢʦʾ ʧʨʝʜʩʪʘʚʣʝʥʽ ʧʫʙʣʽʯʥʠʤʠ 

ʭʤʘʨʥʠʤʠ ʩʝʨʚʽʩʘʤʠ. 

4. ʈʦʟʨʦʙʣʝʥʥʷ ʪʝʦʨʝʪʠʯʥʦ ʦʙˇʨʫʥʪʦʚʘʥʦʾ ʤʦʜʠʬʽʢʘʮʽ ʾ ʤʝʪʦʜʫ 

ʢʨʠʧʪʦʛʨʘʬʽʾ ʥʘ ʦʩʥʦʚʽ ʝʣʽʧʪʠʯʥʠʭ ʢʨʠʚʠʭ ʟ ʤʝʪʦʶ ʥʘʜʘʥʥʷ ʾʡ ʛʦʤʦʤʦʨʬʥʠʭ 

ʚʣʘʩʪʠʚʦʩʪʝʡ ʚʽʜʥʦʩʥʦ ʦʧʝʨʘʮʽʾ ʜʦʜʘʚʘʥʥʷ. 
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5. ʈʦʟʨʦʙʣʝʥʥʷ ʤʘʪʝʤʘʪʠʯʥʦ ʾʤʦʜʝʣʽ ʢʦʤʧôʶʪʝʨʥʦʾ ʩʠʩʪʝʤʠ ʟ ʦʙʤʝʞʝʥʥʷʤ 

ʜʦʩʪʫʧʫ ʜʦ ʽʥʬʦʨʤʘʮʽʾ, ʱʦ ʚ ʥʽʡ ʦʙʨʦʙʣʷʻʪʴʩʷ, ʟʽ ʩʪʦʨʦʥʠ ʧʨʦʚʘʡʜʝʨʫ ʭʤʘʨʥʦʛʦ 

ʩʝʨʚʽʩʫ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʯʘʩʪʢʦʚʦ ʛʦʤʦʤʦʨʬʥʦʛʦ ʘʣʛʦʨʠʪʤʫ ʰʠʬʨʫʚʘʥʥʷ ʥʘ 

ʦʩʥʦʚʽ ʝʣʽʧʪʠʯʥʠʭ ʢʨʠʚʠʭ. 

6. ʈʝʘʣʽʟʘʮʽʷ ʨʦʟʨʦʙʣʝʥʦʛʦ ʘʣʛʦʨʠʪʤʫ ʯʘʩʪʢʦʚʦ ʛʦʤʦʤʦʨʬʥʦʛʦ 

ʰʠʬʨʫʚʘʥʥʷ ʥʘ ʦʩʥʦʚʽ ʝʣʽʧʪʠʯʥʠʭ ʢʨʠʚʠʭ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʦʙʯʠʩʣʶʚʘʣʴʥʠʭ 

ʧʦʪʫʞʥʦʩʪʝʡ ʪʝʭʥʽʯʥʠʭ ʟʘʩʦʙʽʚ. 

7. ʈʦʟʨʦʙʣʝʥʥʷ ʘʣʛʦʨʠʪʤʽʯʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ ʪʘ ʧʨʦʛʨʘʤʥʦʛʦ 

ʤʦʜʝʣʶʚʘʣʴʥʦʛʦ ʢʦʤʧʣʝʢʩʫ. 

8. ɿʘʙʝʟʧʝʯʝʥʥʷ ʧʨʘʢʪʠʯʥʦʛʦ ʚʧʨʦʚʘʜʞʝʥʥʷ ʨʝʟʫʣʴʪʘʪʽʚ ʨʦʙʦʪʠ. 

ʆʙ'ʻʢʪʦʤ ʜʦʩʣʽʜʞʝʥʥʷ ʻ ʧʨʦʮʝʩ ʦʙʨʦʙʣʝʥʥʷ ʜʘʥʠʭ ʧʫʙʣʽʯʥʠʤ ʭʤʘʨʥʠʤ 

ʩʝʨʚʽʩʦʤ ʫ ʩʢʣʘʜʽ ʢʦʤʧôʶʪʝʨʥʦʾ ʩʠʩʪʝʤʠ. 

ʇʨʝʜʤʝʪʦʤ ʜʦʩʣʽʜʞʝʥʥʷ ʻ ʤʝʪʦʜʠ ʪʘ ʟʘʩʦʙʠ ʧʦʙʫʜʦʚʠ ʩʠʩʪʝʤʠ ʜʣʷ 

ʨʝʘʣʽʟʘʮʽʾ ʘʥʦʥʽʤʥʦʩʪʽ ʢʦʨʠʩʪʫʚʘʯʽʚ ʫ ʭʤʘʨʥʦʤʫ ʩʝʨʚʽʩʽ ʢʦʤʧôʶʪʝʨʥʠʭ 

ʦʙʯʠʩʣʝʥʴ.  

ʄʝʪʦʜʠ ʜʦʩʣʽʜʞʝʥʥʷ. ɺ ʨʦʙʦʪʽ ʚʠʢʦʨʠʩʪʘʥʦ ʤʝʪʦʜʠ ʘʙʩʪʨʘʢʪʥʦʾ 

ʘʣʛʝʙʨʠ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʪʦʯʦʢ ʝʣʽʧʪʠʯʥʦʾ ʢʨʠʚʦʾ, ʩʠʩʪʝʤʥʦʛʦ ʘʥʘʣʽʟʫ ʩʭʝʤ 

ʯʘʩʪʢʦʚʦ ʛʦʤʦʤʦʨʬʥʦʛʦ ʰʠʬʨʫʚʘʥʥʷ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʾʭ ʧʝʨʝʚʘʛ ʪʘ ʥʝʜʦʣʽʢʽʚ, 

ʢʦʤʧôʶʪʝʨʥʝ ʤʦʜʝʣʶʚʘʥʥʷ ʪʘ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʝ ʜʦʩʣʽʜʞʝʥʥʷ ʦʧʠʩʫʚʘʥʠʭ 

ʩʭʝʤ ʰʠʬʨʫʚʘʥʥʷ ʜʣʷ ʘʥʘʣʽʟʫ ʪʘ ʧʝʨʝʚʽʨʢʠ ʜʦʩʪʦʚʽʨʥʦʩʪʽ ʦʪʨʠʤʘʥʠʭ 

ʪʝʦʨʝʪʠʯʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ. ʈʝʘʣʽʟʘʮʽʾ ʘʣʛʦʨʠʪʤʫ ʯʘʩʪʢʦʚʦ ʛʦʤʦʤʦʨʬʥʦʛʦ 

ʰʠʬʨʫʚʘʥʥʷ ʚʠʢʦʥʫʚʘʣʦʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʩʝʨʝʜʦʚʠʱʘ ʧʨʦʛʨʘʤʫʚʘʥʥʷ 

Microsoft Visual Studio 2015. ʆʙʨʦʙʣʝʥʥʷ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʘʥʠʭ 

ʚʠʢʦʥʫʚʘʣʦʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʧʨʦʛʨʘʤʠ Microsoft Excel ʧʘʢʝʪʫ MS Office. 

ʅʘʫʢʦʚʘ ʥʦʚʠʟʥʘ ʦʪʨʠʤʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ ʧʦʣʷʛʘʻ ʚ ʧʦʜʘʣʴʰʦʤʫ 

ʨʦʟʚʠʪʢʫ ʪʝʦʨʝʪʠʯʥʠʭ ʟʘʩʘʜ ʧʦʙʫʜʦʚʠ ʟʘʭʠʱʝʥʠʭ ʽʥʬʦʨʤʘʮʽʡʥʠʭ 

ʢʦʤʧôʶʪʝʨʥʠʭ ʩʠʩʪʝʤ, ʱʦ ʚʠʢʦʥʫʶʪʴ ʦʙʯʠʩʣʝʥʥʷ ʫ ʧʫʙʣʽʯʥʠʭ ʭʤʘʨʥʠʭ 

ʩʝʨʚʽʩʘʭ, ̫ʢ̔ ʜʦʟʚʦʣʠʣʠ ʟʥʠʟʠʪʠ ʨʠʟʠʢ ʚʪʨʘʪʠ ʧʝʨʩʦʥʘʣʴʥʦʾ ʽʥʬʦʨʤʘʮʽʾ 

ʢʦʨʠʩʪʫʚʘʯʽʚ ʜʘʥʠʭ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʩʠʩʪʝʤ. 
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ī ɿʘʧʨʦʧʦʥʦʚʘʥʦ ʪʘ ʨʦʟʨʦʙʣʝʥʦ ʥʦʚʫ ʤʘʪʝʤʘʪʠʯʥʫ ʤʦʜʝʣʴ ʚʟʘʻʤʦʜʽʾ 

ʢʦʤʧʦʥʝʥʪʽʚ ʢʦʤʧôʶʪʝʨʥʦʾ ʩʠʩʪʝʤʠ, ʷʢʘ ʥʘ ʚʽʜʤʽʥʫ ʚʽʜ ʽʩʥʫʶʯʠʭ, 

ʚʠʢʦʨʠʩʪʦʚʫʻ ʤʝʪʦʜ ʯʘʩʪʢʦʚʦ ʛʦʤʦʤʦʨʬʥʦʛʦ ʰʠʬʨʫʚʘʥʥ̫ ʥʘ ʦʩʥʦʚʽ 

ʝʣʽʧʪʠʯʥʠʭ ʢʨʠʚʠʭ, ʱʦ ʜʦʟʚʦʣʷʻ ʟʘʭʠʩʪʠʪʠ ʽʥʬʦʨʤʘʮʽʶ ʢʦʨʠʩʪʫʚʘʯʘ ʚʽʜ 

ʥʝʩʘʥʢʮʽʦʥʦʚʘʥʦʛʦ ʜʦʩʪʫʧʫ ʜʦ ʥʝʾ ʟʽ ʩʪʦʨʦʥʠ ʧʨʦʚʘʡʜʝʨʘ ʭʤʘʨʥʦʛʦ ʩʝʨʚʽʩʫ 

ʚʨʘʭʦʚʫʶʯʠ ʥʝʦʙʭʽʜʥʽʩʪʴ ʾʾ ʦʙʨʦʙʢʠ. 

ī ɿʘʧʨʦʧʦʥʦʚʘʥʦ ʥʦʚʠʡ ʤʝʪʦʜ ʯʘʩʪʢʦʚʦ ʛʦʤʦʤʦʨʬʥʦʛʦ ʰʠʬʨʫʚʘʥʥʷ 

ʚʽʜʥʦʩʥʦ ʦʧʝʨʘʮʽʾ ʜʦʜʘʚʘʥʥʷ, ʱʦ ʥʘ ʚʽʜʤʽʥʫ ʚʽʜ ʽʩʥʫʶʯʠʭ ʘʥʘʣʦʛʽʚ 

ʚʠʢʦʨʠʩʪʦʚʫʻ ʤʘʪʝʤʘʪʠʯʥʠʡ ʘʧʘʨʘʪ ʝʣʽʧʪʠʯʥʠʭ ʢʨʠʚʠʭ,  ʷʢʠʡ, ʧʨʠ ʦʜʥʘʢʦʚʽʡ 

ʢʨʠʧʪʦʛʨʘʬʽʯʥʽʡ ʩʪʽʡʢʦʩʪʽ ʟʘʧʨʦʧʦʥʦʚʘʥʦʛʦ ʘʣʛʦʨʠʪʤʫ ʨʦʙʠʪʴ ʡʦʛʦ h ʚʠʜʰʠʤ, 

ʥʽʞ ʘʥʘʣʦʛʽʯʥʽ ʘʣʛʦʨʠʪʤʠ ʚʽʜʥʦʩʥʦ ʯʘʩʫ ʚʠʢʦʥʘʥʥʷ ʦʜʥʘʢʦʚʦʾ ʢʽʣʴʢʦʩʪʽ 

ʦʧʝʨʘʮʽʡ ʛʦʤʦʤʦʨʬʥʦʛʦ ʜʦʜʘʚʘʥʥʷ ʟʘ ʩʝʢʫʥʜʫ (141.4 ʦʧ/ʩ ʧʨʦʪʠ 119 ʦʧ/ʩ 

ʘʣʛʦʨʠʪʤʫ ʇʘʡʻ), ʘ ʡʦʛʦ ʜʦʚʞʠʥʫ ʢʣʶʯʘ ï ʤʝʥʰʦʶ (256 ʙʽʪ ʧʨʦʪʠ 2048 ʙʽʪ 

ʘʣʛʦʨʠʪʤʫ ʇʘʡʻ) 

ī ɿʘʧʨʦʧʦʥʦʚʘʥʦ ʤʝʪʦʜ ʢʦʜʫʚʘʥʥʷ ʯʠʩʝʣ ʪʦʯʢʘʤʠ ʝʣʽʧʪʠʯʥʦʾ ʢʨʠʚʦʾ ʟ 

ʧʦʧʝʨʝʜʥʴʦʶ ʧʦʙʫʜʦʚʦʶ ʪʘʙʣʠʮʽ ʚʽʜʧʦʚʽʜʥʦʩʪʽ, ʱʦ ʥʘ ʚʽʜʤʽʥʫ ʚʽʜ ʽʩʥʫʶʯʠʭ 

ʘʥʘʣʦʛʽʚ ʚʢʣʶʯʘʻ ʝʪʘʧ ʧʦʧʝʨʝʜʥʴʦʾ ʛʝʥʝʨʘʮʽʾ n-ʪʦʯʦʢ ʝʣʽʧʪʠʯʥʦʾ ʢʨʠʚʦʾ (ʜʝ n ï 

ʤʘʢʩʠʤʘʣʴʥʝ ʯʠʩʣʦ, ʷʢʝ ʥʝʦʙʭʽʜʥʦ ʜʝʢʦʜʫʚʘʪʠ), ʱʦ ʜʦʟʚʦʣʷʻ ʚʠʢʦʥʫʚʘʪʠ 

ʦʧʝʨʘʮʽʶ ʜʝʢʦʜʫʚʘʥʥʷ ʯʠʩʣʘ, ʧʨʠ ʚʽʜʦʤʦʤʫ ʡʦʛʦ ʤʘʢʩʠʤʘʣʴʥʦʤʫ ʨʦʟʤʽʨ.̔ 

ʇʨʘʢʪʠʯʥʝ ʟʥʘʯʝʥʥʷ ʦʪʨʠʤʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ. ʅʘ ʦʩʥʦʚʽ ʨʦʟʨʦʙʣʝʥʠʭ 

ʤʦʜʝʣʝʡ ʪʘ ʤʝʪʦʜʽʚ ʩʪʚʦʨʝʥʦ ʘʣʛʦʨʠʪʤʽʯʥʝ ʪʘ ʧʨʦʛʨʘʤʥʝ ʟʘʙʝʟʧʝʯʝʥʥʷ 

ʽʥʬʦʨʤʘʮʽʡʥʦʾ ʩʠʩʪʝʤʠ ʟʘʙʝʟʧʝʯʝʥʥʷ ʘʥʦʥʽʤʥʦʩʪʽ ʢʦʨʠʩʪʫʚʘʯʽʚ ʟ 

ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʯʘʩʪʢʦʚʦ ʛʦʤʦʤʦʨʬʥʦʛʦ ʰʠʬʨʫʚʘʥʥʷ ʥʘ ʝʣʽʧʪʠʯʥʠʭ ʢʨʠʚʠʭ.  

ī ʈʦʟʨʦʙʣʝʥʦ ʤʝʪʦʜʠʢʫ ̔ ʥʬʦʨʤʘʮʽʡʥʦʛʦ ʟʘʭʠʩʪʫ ʢʦʤʧôʶʪʝʨʥʠʭ ʩʠʩʪʝʤ, ʱʦ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʧʫʙʣʽʯʥʽ ʭʤʘʨʥʽ ʩʝʨʚʽʩʠ, ʥʘ ʦʩʥʦʚʽ ʘʣʛʦʨʠʪʤʫ ʯʘʩʪʢʦʚʦ 

ʛʦʤʦʤʦʨʬʥʦʛʦ ʰʠʬʨʫʚʘʥʥʷ.  

ī ʅʘ ʦʩʥʦʚʽ ʟʘʧʨʦʧʦʥʦʚʘʥʠʭ ʘʣʛʦʨʠʪʤʽʚ ʪʘ ʤʦʜʝʣʝʡ ʨʦʟʨʦʙʣʝʥʦ 

ʧʨʦʛʨʘʤʥʠʡ ʤʦʜʫʣʴ, ʱʦ ʨʝʘʣʽʟʫʻ ʩʭʝʤʫ ʯʘʩʪʢʦʚʦ ʛʦʤʦʤʦʨʬʥʦʛʦ ʰʠʬʨʫʚʘʥʥʷ 

ʚʽʜʥʦʩʥʦ ʦʧʝʨʘʮʽʾ ʜʦʜʘʚʘʥʥʷ ʥʘ ʦʩʥʦʚʽ ʝʣʽʧʪʠʯʥʠʭ ʢʨʠʚʠʭ. 
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ī ʈʝʘʣʽʟʦʚʘʥʦ ʧʨʦʛʨʘʤʥʝ ʟʘʙʝʟʧʝʯʝʥʥʷ, ʱʦ ʨʝʘʣʽʟʫʻ ʷʜʨʦ ʩʠʩʪʝʤʠ 

ʜʝʧʝʨʩʦʥʘʣʽʟʘʮʽʾ ʢʦʨʠʩʪʫʚʘʯʽʚ ʧʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ ʽʥʬʦʨʤʘʮʽʡʥʦʾ ʩʠʩʪʝʤʠ, ʱʦ 

ʚʠʢʦʥʫʻ ʦʙʯʠʩʣʝʥʥʷ ʥʘ ʩʪʦʨʦʥʽ ʭʤʘʨʥʦʛʦ ʩʝʨʚʽʩʫ ʧʫʙʣʽʯʥʦʛʦ ʪʠʧʫ. 

ī ʈʝʟʫʣʴʪʘʪʠ ʧʨʦʚʝʜʝʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʚʧʨʦʚʘʜʞʝʥʦ ʚ ʽʥʪʝʣʝʢʪʫʘʣʴʥʽ 

ʧʨʦʛʨʘʤʥʽ ʟʘʩʦʙʠ ʟʘʙʝʟʧʝʯʝʥʥʷ ʘʥʦʥʽʤʥʦʩʪʽ ʥʘ ʦʩʥʦʚʽ ʘʣʛʦʨʠʪʤʫ ʯʘʩʪʢʦʚʦ 

ʛʦʤʦʤʦʨʬʥʦʛʦ ʰʠʬʨʫʚʘʥʥʷ ʢʦʨʠʩʪʫʚʘʯʽʚ ʢʦʤʧôʶʪʝʨʥʦʾ ʩʠʩʪʝʤʠ çLiquidityè 

ʊʆɺ "ʉʂɸʁʉʆʌʊʊɽʂ" (ʂʦʜ ʨʝʻʩʪʨʘʮʽʾ 40524859, ʤ.ɺʽʥʥʠʮʷ) ʜʣʷ ʟʙʦʨʫ 

ʘʥʦʥʽʤʥʠʭ ʚʽʜʛʫʢʽʚ ʪʘ ʧʘʨʘʤʝʪʨʽʚ ʚʠʢʦʨʠʩʪʘʥʥʷ ʤʦʙʽʣʴʥʦʛʦ ʜʦʜʘʪʢʫ. ɸʢʪ 

ʚʧʨʦʚʘʜʞʝʥʥʷ ˉ5 ʚʽʜ 14 ʛʨʫʜʥʷ 2017 ʨʦʢʫ. 

ʆʩʦʙʠʩʪʠʡ ʚʥʝʩʦʢ ʟʜʦʙʫʚʘʯʘ ʫ ʨʦʙʦʪʘʭ, ʷʢʽ ʚʠʢʦʥʘʥʽ ʫ ʩʧʽʚʘʚʪʦʨʩʪʚʽ, 

ʧʦʣʷʛʘʻ ʚ ʥʘʩʪʫʧʥʦʤʫ: [13] ï ʚʠʢʦʥʘʥʦ ʘʥʘʣʽʟ ʦʩʥʦʚʥʠʭ ʥʘʧʨʷʤʽʚ ʘʪʘʢ ʥʘ 

ʧʫʙʣʽʯʥʠʡ ʭʤʘʨʥʠʡ ʩʝʨʚʽʩ; [14] ï ʨʦʟʨʦʙʣʝʥʦ ʘʣʛʦʨʠʪʤ ʪʘ ʧʨʦʛʨʘʤʥʠʡ ʟʘʩʽʙ, 

ʱʦ ʡʦʛʦ ʨʝʘʣʽʟʫʻ ʜʣʷ ʰʠʬʨʫʚʘʥʥʷ ʽʥʬʦʨʤʘʮʽʾ ʢʦʨʠʩʪʫʚʘʯʘ, ʧʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ 

ʭʤʘʨʥʦʛʦ ʩʝʨʚʽʩʫ DropBox; [15] ï ʨʦʟʨʦʙʣʝʥʦ ʤʘʪʝʤʘʪʠʯʥʫ ʤʦʜʝʣʴ ʧʨʦʪʦʢʦʣʫ 

ʦʙʤʽʥʫ ʢʣʶʯʘʤʠ ʩʝʨʝʜ ʛʨʫʧ ʢʦʨʠʩʪʫʚʘʯʽʚ ʙʝʟ ʚʠʢʦʨʠʩʪʘʥʥʷ ʮʝʥʪʨʘʣʴʥʦʛʦ 

ʩʝʨʚʝʨʫ; [16] ï ʨʦʟʨʦʙʣʝʥʦ ʧʨʦʪʦʢʦʣ ʚʟʘʻʤʦʜʽʾ ʝʣʝʤʝʥʪʽʚ ʩʠʩʪʝʤʠ ʛʦʣʦʩʫʚʘʥʥʷ, 

ʱʦ ʜʦʟʚʦʣʷʻ ʽʥʬʦʨʤʘʮʽʡʥʦ ʟʘʭʠʩʪʠʪʠ ʧʝʨʩʦʥʘʣʴʥʽ ʜʘʥʽ ʢʦʨʠʩʪʫʚʘʯʽʚ; [17] ï 

ʨʦʟʨʦʙʣʝʥʦ ʤʘʪʝʤʘʪʠʯʥʫ ʤʦʜʝʣʴ ʘʣʛʦʨʠʪʤʫ ʰʠʬʨʫʚʘʥʥʷ ʥʘ ʦʩʥʦʚʽ ʝʣʽʧʪʠʯʥʠʭ 

ʢʨʠʚʠʭ ʪʘ ʤʦʜʝʣʴ ʜʝʧʝʨʩʦʥʘʣʽʟʘʮʽʾ ʢʦʨʠʩʪʫʚʘʯʽʚ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʘʣʛʦʨʠʪʤʫ 

ʯʘʩʪʢʦʚʦ ʛʦʤʦʤʦʨʬʥʦʛʦ ʰʠʬʨʫʚʘʥʥʷ ʥʘ ʦʩʥʦʚʽ ʝʣʽʧʪʠʯʥʠʭ ʢʨʠʚʠʭ; [18] ï 

ʧʨʦʚʝʜʝʥʦ ʘʥʘʣʽʟ ʢʨʠʧʪʦʛʨʘʬʽʯʥʦʾ ʩʪʽʡʢʦʩʪʽ ʘʣʛʦʨʠʪʤʫ ʯʘʩʪʢʦʚʦ 

ʛʦʤʦʤʦʨʬʥʦʛʦ ʰʠʬʨʫʚʘʥʥʷ ʥʘ ʝʣʽʧʪʠʯʥʠʭ ʢʨʠʚʠʭ; [19] ï ʨʦʟʨʦʙʣʝʥʦ ʧʨʦʪʦʢʦʣ 

ʚʟʘʻʤʦʜʽʾ ʝʣʝʤʝʥʪʽʚ ʬʽʥʘʥʩʦʚʦʾ ʩʠʩʪʝʤʠ, ʱʦ ʜʦʟʚʦʣʷʻ ʟʘʭʠʩʪʠʪʠ ʧʝʨʩʦʥʘʣʴʥʽ 

ʜʘʥʽ ʢʦʨʠʩʪʫʚʘʯʽʚ. 

ɸʧʨʦʙʘʮʽʷ ʤʘʪʝʨʽʘʣʽʚ ʜʠʩʝʨʪʘʮʽʾ. ʆʩʥʦʚʥʽ ʨʝʟʫʣʴʪʘʪʠ ʪʘ ʧʦʣʦʞʝʥʥʷ 

ʜʠʩʝʨʪʘʮʽʡʥʦʾ ʨʦʙʦʪʠ ʜʦʧʦʚʽʜʘʣʠʩʴ ʪʘ ʦʙʛʦʚʦʨʶʚʘʣʠʩʴ ʥʘ ʤʽʞʥʘʨʦʜʥʠʭ 

ʥʘʫʢʦʚʠʭ ʢʦʥʬʝʨʝʥʮʽʷʭ [20]ï[26]: 

ï ɺʩʝʫʢʨʘʾʥʩʴʢʦʤʫ ʢʦʥʢʫʨʩʽ ʥʘʫʢʦʚʠʭ ʨʦʙʽʪ ʟ ʥʘʧʨʷʤʢʫ çɯʥʬʦʨʤʘʪʠʢʘ ʪʘ 

ʢʽʙʝʨʥʝʪʠʢʘè, ʜʝ ʨʦʙʦʪʘ ʙʫʣʘ ʥʘʛʦʨʦʜʞʝʥʘ ʜʠʧʣʦʤʦʤ ʧʝʨʝʤʦʞʮʷ IɯI 

ʩʪʫʧʝʥʷ. ï ʤ. ɺʽʥʥʠʮʷ, 2014;  
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ï XLI, XLII, XLIII, XLIV ʨʝʛʽʦʥʘʣʴʥʽ ʥʘʫʢʦʚʦ-ʪʝʭʥʽʯʥʽ ʢʦʥʬʝʨʝʥʮʽʾ 

ʧʨʦʬʝʩʦʨʩʴʢʦ-ʚʠʢʣʘʜʘʮʴʢʦʛʦ ʩʢʣʘʜʫ, ʩʧʽʚʨʦʙʽʪʥʠʢʽʚ ʪʘ ʩʪʫʜʝʥʪʽʚ ɺʅʊʋ 

ʟ ʫʯʘʩʪʶ ʧʨʘʮʽʚʥʠʢʽʚ ʥʘʫʢʦʚʦ-ʜʦʩʣʽʜʥʠʭ ʦʨʛʘʥʽʟʘʮʽʡ ʪʘ ʽʥʞʝʥʝʨʥʦ-

ʪʝʭʥʽʯʥʠʭ ʧʨʘʮʽʚʥʠʢʽʚ ʧʽʜʧʨʠʻʤʩʪʚ ʤ. ɺʽʥʥʠʮʽ ʪʘ ʦʙʣʘʩʪʽ. ï ʤ. ɺʽʥʥʠʮʷ, 

2013, 2014, 2015, 2016; 

ï I ʄʽʞʥʘʨʦʜʥʘ ʢʦʥʬʝʨʝʥʮʽʷ Infocom Advanced Solution 2015 ʧʨʠʩʚʷʯʝʥʘ 

70-ʨʽʯʯʶ ʢʘʬʝʜʨʠ ʘʚʪʦʤʘʪʠʢʠ ʪʘ ʫʧʨʘʚʣʽʥʥʷ ʚ ʪʝʭʥʽʯʥʠʭ ʩʠʩʪʝʤʘʭ 

ʅʊʋʋ ñʂʇɯò. ï ʤ. ʂʠʾʚ, 2015 

ï ʄʽʞʥʘʨʦʜʥʘ ʥʘʫʢʦʚʦ-ʧʨʘʢʪʠʯʥʘ ɯʥʪʝʨʥʝʪ-ʢʦʥʬʝʨʝʥʮʽʷ. ʅʘʫʢʦʚʽ 

ʜʦʩʣʽʜʞʝʥʥʷ ʽ ʾʭ ʧʨʘʢʪʠʯʥʝ ʟʘʩʪʦʩʫʚʘʥʥʷ. ʉʫʯʘʩʥʠʡ ʩʪʘʥ ʪʘ ʰʣʷʭʠ 

ʨʦʟʚʠʪʢʫ. ï 2014; 

ï IX ʄʽʞʥʘʨʦʜʥʘ ʥʘʫʢʦʚʦ-ʧʨʘʢʪʠʯʥʘ ʢʦʥʬʝʨʝʥʮʽʷ çɯʥʪʝʨʥʝʪ-ʆʩʚʽʪʘ-

ʅʘʫʢʘ. ɯʆʅ2014è. ï ʤ. ɺʽʥʥʠʮʷ, 2014; 

ï XII ʄʽʞʥʘʨʦʜʥʘ ʢʦʥʬʝʨʝʥʮʽʷ çʂʦʥʪʨʦʣʴ ʽ ʫʧʨʘʚʣʽʥʥʷ ʚ ʩʢʣʘʜʥʠʭ 

ʩʠʩʪʝʤʘʭ. ʂʋʉʉ 2014è. ï ʤ. ɺʽʥʥʠʮʷ, 2014; 

ï XIII ʤʽʞʥʘʨʦʜʥʘ ʢʦʥʬʝʨʝʥʮʽʷ çʂʦʥʪʨʦʣʴ ʽ ʫʧʨʘʚʣʽʥʥʷ ʚ ʩʢʣʘʜʥʠʭ 

ʩʠʩʪʝʤʘʭ. ʂʋʉʉ-2016è. ï ʤ. ɺʽʥʥʠʮʷ, 2016; 

ï IV ʄʽʞʥʘʨʦʜʥʘ ʥʘʫʢʦʚʘ ʢʦʥʬʝʨʝʥʮʽʷ çɺʠʤʽʨʶʚʘʥʥʷ, ʢʦʥʪʨʦʣʴ ʪʘ 

ʜʽʘʛʥʦʩʪʠʢʘ ʚ ʪʝʭʥʽʯʥʠʭ ʩʠʩʪʝʤʘʭè. ï ʤ. ɺʽʥʥʠʮʷ, 2017; 

ʇʫʙʣʽʢʘʮʽʾ. ɿʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʚʠʢʦʥʘʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʦʧʫʙʣʽʢʦʚʘʥʦ 14 

ʥʘʫʢʦʚʠʭ ʧʨʘʮʴ: 4 ʩʪʘʪʪʽ [15], [16], [18], [19] ʫ ʚʠʜʘʥʥʷʭ, ʱʦ ʚʭʦʜʷʪʴ ʜʦ 

ʧʝʨʝʣʽʢʫ ʬʘʭʦʚʠʭ ʚʠʜʘʥʴ ʋʢʨʘʾʥʠ, 1 ʩʪʘʪʪʷ ʫ ʞʫʨʥʘʣʽ, ʱʦ ʚʭʦʜʠʪʴ ʜʦ ʥʘʫʢʦ 

ʤʝʪʨʠʯʥʦʾ ʙʘʟʠ Scopus [17], 2 ʩʪʘʪʽ ʫ ʽʥʰʠʭ ʚʠʜʘʥʥʷʭ, ʱʦ ʥʝ ʚʭʦʜʷʪʴ ʜʦ 

ʧʝʨʝʣʽʢʫ ɺɸʂ [13], [14], 7 ʪʝʟ ʜʦʧʦʚʽʜʝʡ. 

ʉʪʨʫʢʪʫʨʘ ʪʘ ʦʙʩʷʛ ʜʠʩʝʨʪʘʮʽʾ. ɼʠʩʝʨʪʘʮʽʡʥʘ ʨʦʙʦʪʘ ʩʢʣʘʜʘʻʪʴʩʷ ʟʽ 

ʚʩʪʫʧʫ, ʯʦʪʠʨʴʦʭ ʨʦʟʜʽʣʽʚ, ʚʠʩʥʦʚʢʽʚ, ʩʧʠʩʢʫ ʚʠʢʦʨʠʩʪʘʥʠʭ ʜʞʝʨʝʣ ʪʘ 

ʜʦʜʘʪʢʽʚ. ʈʦʙʦʪʘ ʤʽʩʪʠʪʴ 108 ʩʪʦʨʽʥʦʢ ʦʩʥʦʚʥʦʛʦ ʜʨʫʢʦʚʘʥʦʛʦ ʪʝʢʩʪʫ, 29 

ʨʠʩʫʥʢʽʚ, 9 ʪʘʙʣʠʮʴ, ʩʧʠʩʦʢ ʚʠʢʦʨʠʩʪʘʥʠʭ ʜʞʝʨʝʣ ʽʟ 110 ʥʘʡʤʝʥʫʚʘʥʴ ʪʘ ʩʽʤ 

ʜʦʜʘʪʢʽʚ. ɿʘʛʘʣʴʥʠʡ ʦʙʩʷʛ ʨʦʙʦʪʠ ï 160 ʩʪʦʨʽʥʢʠ.   
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ʈʆɿɼɯʃ 1 

 

ɸʅɸʃɯɿ ʉʊɸʅʋ ɿɸɼɸʏɯ 

 

1.1 ɸʥʘʣʽʟ ʭʤʘʨʥʠʭ ʩʝʨʚʽʩʽʚ ʪʘ ʤʦʜʝʣʝʡ ʾʭ ʨʦʟʛʦʨʪʘʥʥʷ 

 

ʍʤʘʨʥʽ ʦʙʯʠʩʣʝʥʥʷ (ʘʥʛʣ. Cloud Computing) ï ʮʝ ʤʦʜʝʣʴ ʟʘʙʝʟʧʝʯʝʥʥʷ 

ʧʦʚʩʶʜʥʦʛʦ ʪʘ ʟʨʫʯʥʦʛʦ ʜʦʩʪʫʧʫ ʥʘ ʚʠʤʦʛʫ ʯʝʨʝʟ ʤʝʨʝʞʫ ʜʦ ʩʧʽʣʴʥʦʛʦ ʧʫʣʫ 

ʦʙʯʠʩʣʶʚʘʣʴʥʠʭ ʨʝʩʫʨʩʽʚ, ʱʦ ʧʽʜʣʷʛʘʶʪʴ ʥʘʣʘʰʪʫʚʘʥʥʶ (ʥʘʧʨʠʢʣʘʜ, ʜʦ 

ʢʦʤʫʥʽʢʘʮʽʡʥʠʭ ʤʝʨʝʞ, ʩʝʨʚʝʨʽʚ, ʟʘʩʦʙʽʚ ʟʙʝʨʝʞʝʥʥʷ ʜʘʥʠʭ, ʧʨʠʢʣʘʜʥʠʭ 

ʧʨʦʛʨʘʤ ʪʘ ʩʝʨʚʽʩʽʚ), ʽ ʷʢʽ ʤʦʞʫʪʴ ʙʫʪʠ ʦʧʝʨʘʪʠʚʥʦ ʥʘʜʘʥʽ ʪʘ ʟʚʽʣʴʥʝʥʽ ʟ 

ʤʽʥʽʤʘʣʴʥʠʤʠ ʫʧʨʘʚʣʽʥʩʴʢʠʤʠ ʟʘʪʨʘʪʘʤʠ ʪʘ ʟʚʝʨʥʝʥʥʷʤʠ ʜʦ ʧʨʦʚʘʡʜʝʨʘ. ʉʘʤʘ 

ʥʘʟʚʘ ï çʍʤʘʨʥʽ ʦʙʯʠʩʣʝʥʥʷè ʟôʷʚʠʣʘʩʴ ʟʘʚʜʷʢʠ ʩʠʤʚʦʣʫ ʭʤʘʨʢʠ, ʷʢʠʡ ʯʘʩʪʦ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʜʣʷ ʧʨʝʜʩʪʘʚʣʝʥʥʷ ɯʥʪʝʨʥʝʪʫ ʚ ʙʣʦʢ-ʩʭʝʤʘʭ ʪʘ ʜʽʘʛʨʘʤʘʭ. [2] 

ʇʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ ʭʤʘʨʥʠʭ ʦʙʯʠʩʣʝʥʴ, ʧʨʦʛʨʘʤʥʝ ʟʘʙʝʟʧʝʯʝʥʥʷ 

ʥʘʜʘʻʪʴʩʷ ʢʦʨʠʩʪʫʚʘʯʝʚʽ ʷʢ ɯʥʪʝʨʥʝʪ-ʩʝʨʚʽʩ. ʂʦʤʧôʶʪʝʨʠ, ʱʦ ʥʘʜʘʶʪʴ 

ʥʝʦʙʭʽʜʥʽ ʩʝʨʚʽʩʠ, ʥʘʟʠʚʘʶʪʴʩʷ çʦʙʯʠʩʣʶʚʘʣʴʥʦʶ ʭʤʘʨʦʶè. ʇʨʠ ʮʴʦʤʫ 

ʥʘʚʘʥʪʘʞʝʥʥʷ ʤʽʞ ʢʦʤʧôʶʪʝʨʘʤʠ, ʱʦ ʚʭʦʜʷʪʴ ʜʦ çʦʙʯʠʩʣʶʚʘʣʴʥʦʾ ʭʤʘʨʠè 

[27], ʨʦʟʧʦʜʽʣʷʻʪʴʩʷ ʘʚʪʦʤʘʪʠʯʥʦ (ʬʘʢʪʠʯʥʦ, cloud computing ï ʮʝ ʧʦʚʝʨʥʝʥʥʷ, 

ʘʣʝ ʚʞʝ ʥʘ ʥʦʚʦʤʫ ʨʽʚʥʽ ʩʪʨʘʪʝʛʽʾ ʨʦʟʚʠʪʢʫ, ʜʦ ʝʧʦʭʠ ʤʝʡʥʬʨʝʡʤʽʚ ï 

ʛʽʛʘʥʪʩʴʢʠʭ ʩʫʧʝʨʢʦʤʧôʶʪʝʨʽʚ). [1] 

ʂʦʨʠʩʪʫʚʘʯ ʤʘʻ ʜʦʩʪʫʧ ʜʦ ʚʣʘʩʥʠʭ ʜʘʥʠʭ, ʘʣʝ ʥʝ ʤʦʞʝ ʫʧʨʘʚʣʷʪʠ, ʽ ʥʝ 

ʧʦʚʠʥʝʥ ʧʽʢʣʫʚʘʪʠʩʷ ʧʨʦ ʽʥʬʨʘʩʪʨʫʢʪʫʨʫ, ʦʧʝʨʘʮʽʡʥʫ ʩʠʩʪʝʤʫ  ̔ʧʨʦʛʨʘʤʥʝ 

ʟʘʙʝʟʧʝʯʝʥʥʷ, ʟ ʷʢʠʤ ʚʽʥ ʧʨʘʮʶʻ. çʍʤʘʨʦʶè ʤʝʪʘʬʦʨʠʯʥʦ ʥʘʟʠʚʘʶʪʴ ɯʥʪʝʨʥʝʪ, 

ʷʢʠʡ ʧʨʠʭʦʚʫʻ ʚʩʽ ʪʝʭʥʽʯʥʽ ʜʝʪʘʣʽ. ʍʤʘʨʥʽ ʦʙʯʠʩʣʝʥʥʷ ï ʮʝ ʧʘʨʘʜʠʛʤʘ, ʚ ʨʘʤʢʘʭ 

ʷʢʦʾ ʽʥʬʦʨʤʘʮʽʷ ʧʦʩʪʽʡʥʦ ʟʙʝʨʽʛʘʻʪʴʩʷ ʥʘ ʩʝʨʚʝʨʘʭ ʫ ʤʝʨʝʞʽ ʽʥʪʝʨʥʝʪ ʽ 

ʪʠʤʯʘʩʦʚʦ ʢʝʰʫʻʪʴʩʷ ʥʘ ʢʣʽʻʥʪʩʴʢʽʡ ʩʪʦʨʦʥʽ, ʥʘʧʨʠʢʣʘʜ ʥʘ ʧʝʨʩʦʥʘʣʴʥʠʭ 

ʢʦʤʧ'ʶʪʝʨʘʭ, ʽʛʨʦʚʠʭ ʧʨʠʩʪʘʚʢʘʭ, ʥʦʫʪʙʫʢʘʭ, ʩʤʘʨʪʬʦʥʘʭ, ʪʦʱʦ [28]. 

ʇʨʦʚʘʡʜʝʨʠ ʭʤʘʨʥʠʭ ʨʽʰʝʥʴ ʜʦʟʚʦʣʷʶʪʴ ʦʨʝʥʜʫʚʘʪʠ ʯʝʨʝʟ ʽʥʪʝʨʥʝʪ 

ʦʙʯʠʩʣʶʚʘʣʴʥʽ ʧʦʪʫʞʥʦʩʪʽ ʪʘ ʜʠʩʢʦʚʠʡ ʧʨʦʩʪʽʨ. ʇʝʨʝʚʘʛʠ ʪʘʢʦʛʦ ʧʽʜʭʦʜʫ ï 
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ʜʦʩʪʫʧʥʽʩʪʴ (ʢʦʨʠʩʪʫʚʘʯ ʧʣʘʪʠʪʴ ʣʠʰʝ ʟʘ ʪʽ ʨʝʩʫʨʩʠ, ʷʢʽ ʡʦʤʫ ʧʦʪʨʽʙʥʽ) ʽ 

ʤʦʞʣʠʚʽʩʪʴ ʛʥʫʯʢʦʛʦ ʤʘʩʰʪʘʙʫʚʘʥʥʷ. ʂʣʽʻʥʪʠ ʧʦʟʙʘʚʣʷʶʪʴʩʷ ʚʽʜ ʥʝʦʙʭʽʜʥʦʩʪʽ 

ʩʪʚʦʨʶʚʘʪʠ ʽ ʧʽʜʪʨʠʤʫʚʘʪʠ ʚʣʘʩʥʫ ʦʙʯʠʩʣʶʚʘʣʴʥʫ ʽʥʬʨʘʩʪʨʫʢʪʫʨʫ [29]. 

ɿʘ ʦʮʽʥʢʘʤʠ ʝʢʩʧʝʨʪʽʚ, ʚʠʢʦʨʠʩʪʘʥʥʷ ʭʤʘʨʥʠʭ ʪʝʭʥʦʣʦʛʽʡ ʫ ʙʘʛʘʪʴʦʭ 

ʚʠʧʘʜʢʘʭ ʜʦʟʚʦʣʷʻ ʩʢʦʨʦʪʠʪʠ ʚʠʪʨʘʪʠ ʚ ʜʚʘ-ʪʨʠ ʨʘʟʠ ʫ ʧʦʨʽʚʥʷʥʥʽ ʟ 

ʫʪʨʠʤʘʥʥʷʤ ʚʣʘʩʥʦʾ ʨʦʟʚʠʥʝʥʦʾ IT-ʩʪʨʫʢʪʫʨʠ [29]. 

ʍʤʘʨʥʠʡ ʩʝʨʚʽʩ ʚʽʜʢʨʠʚʘʻ ʥʦʚʠʡ ʧʽʜʭʽʜ ʜʦ ʦʙʯʠʩʣʝʥʴ, ʧʨʠ ʷʢʦʤʫ ʘʥʽ 

ʦʙʣʘʜʥʘʥʥʷ, ʘʥʽ ʧʨʦʛʨʘʤʥʝ ʟʘʙʝʟʧʝʯʝʥʥʷ ʥʝ ʥʘʣʝʞʘʪʴ ʧʽʜʧʨʠʻʤʩʪʚʫ. ɿʘʤʽʩʪʴ 

ʮʴʦʛʦ ʧʨʦʚʘʡʜʝʨ ʥʘʜʘʻ ʟʘʤʦʚʥʠʢʫ ʚʞʝ ʛʦʪʦʚʠʡ ʩʝʨʚʽʩ. 

ɺʠʢʦʨʠʩʪʘʥʥʷ "ʭʤʘʨ" ʰʠʨʦʢʦ ʨʦʟʧʦʚʩʶʜʞʝʥʝ ʩʝʨʝʜ ʤʦʣʦʜʠʭ ʢʦʤʧʘʥʽʡ-

ʩʪʘʨʪʘʧʽʚ, ʷʢʽ ʧʦʪʨʝʙʫʶʪʴ ʚʝʣʠʢʠʭ ʦʙʯʠʩʣʶʚʘʣʴʥʠʭ ʨʝʩʫʨʩʽʚ ʜʣʷ 

ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʢʦʨʠʩʪʫʚʘʯʽʚ, ʘʣʝ ʥʝ ʤʦʞʫʪʴ ʜʦʟʚʦʣʠʪʠ ʩʦʙʽ ʩʪʚʦʨʝʥʥʷ ʽ 

ʝʢʩʧʣʫʘʪʘʮʽʶ ʚʣʘʩʥʦʛʦ ʜʘʪʘ-ʮʝʥʪʨʫ. 

ʆʜʥʠʤ ʟ ʧʝʨʰʠʭ ʰʠʨʦʢʦʜʦʩʪʫʧʥʠʭ ʭʤʘʨʥʠʭ ʽʥʪʝʨʥʝʪ-ʩʝʨʚʽʩʽʚ ʩʪʘʣʘ 

ʝʣʝʢʪʨʦʥʥʘ ʧʦʰʪʘ ʟ ʚʝʙ-ʽʥʪʝʨʬʝʡʩʦʤ. ʋ ʮʴʦʤʫ ʚʠʧʘʜʢʫ ʚʩʽ ʜʘʥʽ ʟʙʝʨʽʛʘʶʪʴʩʷ 

ʥʘ ʚʽʜʜʘʣʝʥʠʭ ʩʝʨʚʝʨʘʭ, ʘ ʢʦʨʠʩʪʫʚʘʯ ʦʪʨʠʤʫʻ ʜʦʩʪʫʧ ʜʦ ʩʚʦʾʭ ʣʠʩʪʽʚ ʯʝʨʝʟ 

ʙʨʘʫʟʝʨ ʟ ʙʫʜʴ-ʷʢʦʛʦ ʢʦʤʧ'ʶʪʝʨʘ, ʘʙʦ ʜʦʩʪʘʪʥʴʦ ʧʦʪʫʞʥʦʛʦ ʤʦʙʽʣʴʥʦʛʦ 

ʧʨʠʩʪʨʦʶ. 

ʅʘʮʽʦʥʘʣʴʥʠʤ ʽʥʩʪʠʪʫʪʦʤ ʩʪʘʥʜʘʨʪʽʚ ʽ ʪʝʭʥʦʣʦʛʽʡ ʉʐɸ ʚʩʪʘʥʦʚʣʝʥʽ ʪʘʢʽ 

ʦʙʦʚ'ʷʟʢʦʚʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʭʤʘʨʥʠʭ ʦʙʯʠʩʣʝʥʴ [2]: 

-  ʩʘʤʦʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʥʘ ʚʠʤʦʛʫ (ʘʥʛʣ. Selfservice on demand) ï 

ʩʧʦʞʠʚʘʯ ʩʘʤʦʩʪʽʡʥʦ ʚʠʟʥʘʯʘʻ ʽ ʟʤʽʥʶʻ ʦʙʯʠʩʣʶʚʘʣʴʥʽ ʧʦʪʨʝʙʠ, ʪʘʢʽ ʷʢ 

ʩʝʨʚʝʨʥʠʡ ʯʘʩ, ʰʚʠʜʢʦʩʪʽ ʜʦʩʪʫʧʫ ʪʘ ʦʙʨʦʙʢʠ ʜʘʥʠʭ, ʦʙʩʷʛ ʟʙʝʨʝʞʝʥʠʭ ʜʘʥʠʭ 

ʙʝʟ ʚʟʘʻʤʦʜʽʾ ʟ ʧʨʝʜʩʪʘʚʥʠʢʦʤ ʧʦʩʪʘʯʘʣʴʥʠʢʘ ʧʦʩʣʫʛ; 

-  ʫʥʽʚʝʨʩʘʣʴʥʠʡ ʜʦʩʪʫʧ ʧʦ ʤʝʨʝʞʽ ï ʧʦʩʣʫʛʠ ʜʦʩʪʫʧʥʽ ʩʧʦʞʠʚʘʯʘʤ 

ʯʝʨʝʟ ʤʝʨʝʞʫ ʧʝʨʝʜʘʯʽ ʜʘʥʠʭ ʥʝʟʘʣʝʞʥʦ ʚʽʜ ʪʝʨʤʽʥʘʣʴʥʦʛʦ ʧʨʠʩʪʨʦʶ; 

-  ʦʙ'ʻʜʥʘʥʥʷ ʨʝʩʫʨʩʽʚ (ʘʥʛʣ. resourcepooling) ï  ʧʦʩʪʘʯʘʣʴʥʠʢ ʧʦʩʣʫʛ 

ʦʙ'ʻʜʥʫʻ ʨʝʩʫʨʩʠ ʜʣʷ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʚʝʣʠʢʦʾ ʢʽʣʴʢʦʩʪʽ ʩʧʦʞʠʚʘʯʽʚ ʚ ʻʜʠʥʠʡ 

ʧʫʣ ʜʣʷ ʜʠʥʘʤʽʯʥʦʛʦ ʧʝʨʝʨʦʟʧʦʜʽʣʫ ʧʦʪʫʞʥʦʩʪʝʡ ʤʽʞ ʩʧʦʞʠʚʘʯʘʤʠ ʚ ʫʤʦʚʘʭ 

ʧʦʩʪʽʡʥʦʾ ʟʤʽʥʠ ʧʦʧʠʪʫ ʥʘ ʧʦʪʫʞʥʦʩʪʽ; ʧʨʠ ʮʴʦʤʫ ʩʧʦʞʠʚʘʯʽ ʢʦʥʪʨʦʣʶʶʪʴ 
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ʪʽʣʴʢʠ ʦʩʥʦʚʥʽ ʧʘʨʘʤʝʪʨʠ ʧʦʩʣʫʛʠ (ʥʘʧʨʠʢʣʘʜ, ʦʙʩʷʛ ʜʘʥʠʭ, ʰʚʠʜʢʽʩʪʴ 

ʜʦʩʪʫʧʫ), ʘʣʝ ʬʘʢʪʠʯʥʠʡ ʨʦʟʧʦʜʽʣ ʨʝʩʫʨʩʽʚ, ʱʦ ʥʘʜʘʶʪʴʩʷ ʩʧʦʞʠʚʘʯʝʚʽ, 

ʟʜʽʡʩʥʶʻ ʧʦʩʪʘʯʘʣʴʥʠʢ (ʚ ʜʝʷʢʠʭ ʚʠʧʘʜʢʘʭ ʩʧʦʞʠʚʘʯʽ ʚʩʝ ʞ ʤʦʞʫʪʴ ʫʧʨʘʚʣʷʪʠ 

ʜʝʷʢʠʤʠ ʬʽʟʠʯʥʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ ʧʝʨʝʨʦʟʧʦʜʽʣʫ, ʥʘʧʨʠʢʣʘʜ, ʚʢʘʟʫʚʘʪʠ 

ʙʘʞʘʥʠʡ ʮʝʥʪʨ ʦʙʨʦʙʢʠ ʜʘʥʠʭ ʟ ʤʽʨʢʫʚʘʥʴ ʛʝʦʛʨʘʬʽʯʥʦʾ ʙʣʠʟʴʢʦʩʪʽ); 

-  ʝʣʘʩʪʠʯʥʽʩʪʴ ï ʧʦʩʣʫʛʠ ʤʦʞʫʪʴ ʙʫʪʠ ʥʘʜʘʥʽ, ʨʦʟʰʠʨʝʥʽ, ʟʚʫʞʝʥʽ ʚ 

ʙʫʜʴ-ʷʢʠʡ ʤʦʤʝʥʪ ʯʘʩʫ, ʙʝʟ ʜʦʜʘʪʢʦʚʠʭ ʚʠʪʨʘʪ ʥʘ ʚʟʘʻʤʦʜʽʶ ʟ ʧʦʩʪʘʯʘʣʴʥʠʢʦʤ, 

ʷʢ ʧʨʘʚʠʣʦ, ʚ ʘʚʪʦʤʘʪʠʯʥʦʤʫ ʨʝʞʠʤʽ; 

-  ʦʙʣʽʢ ʩʧʦʞʠʚʘʥʥʷ, ʧʦʩʪʘʯʘʣʴʥʠʢ ʧʦʩʣʫʛ ʘʚʪʦʤʘʪʠʯʥʦ ʦʙʯʠʩʣʶʻ 

ʩʧʦʞʠʪʽ ʨʝʩʫʨʩʠ ʥʘ ʧʝʚʥʦʤʫ ʨʽʚʥʽ ʘʙʩʪʨʘʢʮʽʾ (ʥʘʧʨʠʢʣʘʜ, ʦʙʩʷʛ ʟʙʝʨʝʞʝʥʠʭ 

ʜʘʥʠʭ, ʧʨʦʧʫʩʢʥʘ ʟʜʘʪʥʽʩʪʴ, ʢʽʣʴʢʽʩʪʴ ʢʦʨʠʩʪʫʚʘʯʽʚ, ʢʽʣʴʢʽʩʪʴ ʪʨʘʥʟʘʢʮʽʡ), ʽ ʥʘ 

ʦʩʥʦʚʽ ʮʠʭ ʜʘʥʠʭ ʦʮʽʥʶʻ ʦʙʩʷʛ ʥʘʜʘʥʠʭ ʩʧʦʞʠʚʘʯʘʤ ʧʦʩʣʫʛ. 

ɿ ʪʦʯʢʠ ʟʦʨʫ ʧʦʩʪʘʯʘʣʴʥʠʢʘ, ʟʘʚʜʷʢʠ ʦʙ'ʻʜʥʘʥʥʶ ʨʝʩʫʨʩʽʚ  ̔ʥʝʧʦʩʪʽʡʥʦʤʫ 

ʭʘʨʘʢʪʝʨʫ ʩʧʦʞʠʚʘʥʥʷ ʟ ʙʦʢʫ ʩʧʦʞʠʚʘʯʽʚ, ʭʤʘʨʥʽ ʦʙʯʠʩʣʝʥʥʷ ʜʦʟʚʦʣʷʶʪʴ 

ʝʢʦʥʦʤʠʪʠ ʥʘ ʤʘʩʰʪʘʙʘʭ, ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ ʤʝʥʰʽ ʘʧʘʨʘʪʥʽ ʨʝʩʫʨʩʠ, ʥʽʞ ʧʨʠ 

ʚʠʜʽʣʝʥʥʽ ʘʧʘʨʘʪʥʠʭ ʧʦʪʫʞʥʦʩʪʝʡ ʜʣʷ ʢʦʞʥʦʛʦ ʩʧʦʞʠʚʘʯʘ. ɿʘ ʨʘʭʫʥʦʢ 

ʘʚʪʦʤʘʪʠʟʘʮʽʾ ʧʨʦʮʝʜʫʨ ʤʦʜʠʬʽʢʘʮʽʾ ʚʠʜʽʣʝʥʥʷ ʨʝʩʫʨʩʽʚ ʽʩʪʦʪʥʦ ʟʥʠʞʫʶʪʴʩʷ 

ʚʠʪʨʘʪʠ ʥʘ ʘʙʦʥʝʥʪʩʴʢʝ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ. 

ɿ ʪʦʯʢʠ ʟʦʨʫ ʩʧʦʞʠʚʘʯʘ, ʮʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʜʦʟʚʦʣʷʶʪʴ ʦʪʨʠʤʘʪʠ 

ʧʦʩʣʫʛʠ ʟ ʚʠʩʦʢʠʤ ʨʽʚʥʝʤ ʜʦʩʪʫʧʥʦʩʪʽ (ʘʥʛʣ. high availability) ʽ ʥʠʟʴʢʠʤʠ 

ʨʠʟʠʢʘʤʠ ʥʝʧʨʘʮʝʟʜʘʪʥʦʩʪʽ, ʟʘʙʝʟʧʝʯʠʪʠ ʰʚʠʜʢʝ ʤʘʩʰʪʘʙʫʚʘʥʥʷ 

ʦʙʯʠʩʣʶʚʘʣʴʥʦʾ ʩʠʩʪʝʤʠ ʟʘʚʜʷʢʠ ʝʣʘʩʪʠʯʥʦʩʪʽ ʙʝʟ ʥʝʦʙʭʽʜʥʦʩʪʽ ʩʪʚʦʨʝʥʥʷ, 

ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʽ ʤʦʜʝʨʥʽʟʘʮʽʾ ʚʣʘʩʥʦʾ ʘʧʘʨʘʪʥʦʾ ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ. 

ɿʨʫʯʥʽʩʪʴ ʽ ʫʥʽʚʝʨʩʘʣʴʥʽʩʪʴ ʜʦʩʪʫʧʫ ʟʘʙʝʟʧʝʯʫʻʪʴʩʷ ʰʠʨʦʢʦʶ 

ʜʦʩʪʫʧʥʽʩʪʶ ʧʦʩʣʫʛ ʽ ʧʽʜʪʨʠʤʢʦʶ ʨʽʟʥʦʛʦ ʢʣʘʩʫ ʪʝʨʤʽʥʘʣʴʥʠʭ ʧʨʠʩʪʨʦʾʚ 

(ʧʝʨʩʦʥʘʣʴʥʠʭ ʢʦʤʧ'ʶʪʝʨʽʚ, ʤʦʙʽʣʴʥʠʭ ʪʝʣʝʬʦʥʽʚ, ʽʥʪʝʨʥʝʪ-ʧʣʘʥʰʝʪʽʚ). 

ʇʦʩʣʫʛʠ ʷʢʽ ʥʘʜʘʻ ʧʨʦʚʘʡʜʝʨ ʭʤʘʨʥʦʛʦ ʩʝʨʚʽʩʫ ʨʦʟʧʦʜʽʣʷʶʪʴʩʷ ʚ 

ʟʘʣʝʞʥʦʩʪʽ ʧʨʘʚ ʢʦʨʠʩʪʫʚʘʯʘ, ʧʨʦʛʨʘʤʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ ʪʘ ʤʝʪʦʜʽʚ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʭʤʘʨʠ.  
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ʇʨʦʛʨʘʤʥʝ ʟʘʙʝʟʧʝʯʝʥʥʷ ʷʢ ʧʦʩʣʫʛʘ (ʘʥʛʣ. Software as ʘ service, SaaS) ð 

ʮʝ ʤʦʜʝʣʴ ʧʨʦʧʦʟʠʮʽʾ ʧʨʦʛʨʘʤʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ ʩʧʦʞʠʚʘʯʝʚʽ, ʧʨʠ ʷʢʽʡ 

ʧʦʩʪʘʯʘʣʴʥʠʢ ʨʦʟʨʦʙʣʷʻ ʚʝʙ-ʜʦʜʘʪʦʢ, ʨʦʟʤʽʱʫʻ ʡʦʛʦ ʽ ʫʧʨʘʚʣʷʻ ʥʠʤ 

(ʩʘʤʦʩʪʽʡʥʦ ʘʙʦ ʯʝʨʝʟ ʪʨʝʪʽʭ ʦʩʽʙ) ʟ ʤʝʪʦʶ ʽ ʤʦʞʣʠʚʽʩʪʶ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʟʘʤʦʚʥʠʢʘʤʠ ʯʝʨʝʟ ʽʥʪʝʨʥʝʪ. ɿʘʤʦʚʥʠʢʠ ʧʣʘʪʷʪʴ ʥʝ ʟʘ ʚʦʣʦʜʽʥʥʷ ʧʨʦʛʨʘʤʥʠʤ 

ʟʘʙʝʟʧʝʯʝʥʥʷʤ ʷʢ ʪʘʢʠʤ, ʘ ʟʘ ʡʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ (ʯʝʨʝʟ API, ʱʦ ʜʦʩʪʫʧʥʠʡ 

ʯʝʨʝʟ ʚʝʙ ʽ ʯʘʩʪʦ ʚʠʢʦʨʠʩʪʦʚʫʻ ʚʝʙ-ʩʣʫʞʙʠ). ɹʣʠʟʴʢʠʤ ʜʦ ʪʝʨʤʽʥʫ SaaS ʻ 

ʪʝʨʤʽʥ çʜʦʜʘʪʦʢ ʟʘ ʟʘʧʠʪʦʤè (On-Demand). 

ʇʨʠʥʮʠʧʦʚʦʶ ʚʽʜʤʽʥʥʽʩʪʶ ʤʦʜʝʣʽ SaaS ʚʽʜ ʧʦʧʝʨʝʜʥʽʭ (Hosted 

Applications ʽ Application Service Provider (ASP)) ʻ ʪʝ, ʱʦ ʦʪʨʠʤʫʻʪʴʩʷ ʩʘʤʝ 

ʧʦʩʣʫʛʘ ʽ ʽʥʪʝʨʬʝʡʩ (ʧʨʠʟʥʘʯʝʥʠʡ ʜʣʷ ʢʦʨʠʩʪʫʚʘʯʘ ʘʙʦ ʧʨʦʛʨʘʤʥʠʡ), ʪʦʙʪʦ 

ʜʝʷʢʘ ʬʫʥʢʮʽʦʥʘʣʴʥʽʩʪʴ ʙʝʟ ʞʦʨʩʪʢʦʾ ʧʨʠʚ'ʷʟʢʠ ʜʦ ʩʧʦʩʦʙʫ ʾʾ ʨʝʘʣʽʟʘʮʽʾ. 

ʊʦʤʫ, ʫ ʪʘʢʽʡ ʤʦʜʝʣʽ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʤʦʞʥʘ ʚʠʜʽʣʠʪʠ ʪʘʢʽ 

ʦʩʦʙʣʠʚʦʩʪʽ [2], [27]: 

-  ʜʦʜʘʪʦʢ ʧʨʠʩʪʦʩʦʚʘʥʠʡ ʜʣʷ ʚʽʜʜʘʣʝʥʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ; 

-  ʦʜʥʠʤ ʜʦʜʘʪʢʦʤ ʢʦʨʠʩʪʫʻʪʴʩʷ ʜʝʢʽʣʴʢʘ ʢʣʽʻʥʪʽʚ; 

-  ʦʧʣʘʪʘ ʩʪʷʛʫʻʪʴʩʷ ʷʢ ʱʦʤʽʩʷʯʥʘ ʘʙʦʥʝʥʪʩʴʢʘ ʧʣʘʪʘ ʘʙʦ ʥʘ ʦʩʥʦʚʽ 

ʦʙʩʷʛʫ ʪʨʘʥʟʘʢʮʽʡ; 

-  ʧ̔ ʜʪʨʠʤʢʘ ʜʦʜʘʪʢʫ ʚʭʦʜʠʪʴ ʜʦ ʩʢʣʘʜʫ ʦʧʣʘʪʠ; 

-  ʤʦʜʝʨʥʽʟʘʮʽʷ ʜʦʜʘʪʢʫ ʚʽʜʙʫʚʘʻʪʴʩʷ ʧʣʘʚʥʦ ʽ ʧʨʦʟʦʨʦ ʜʣʷ ʢʣʽʻʥʪʽʚ; 

-  ʧʦʩʪʘʯʘʣʴʥʠʢ ʩʝʨʚʽʩʫ SaaS ʟʘʙʝʟʧʝʯʫʻ ʽʥʬʦʨʤʘʮʽʡʥʫ ʙʝʟʧʝʢʫ ʪʘ 

ʮʽʣʽʩʥʽʩʪʴ ʜʘʥʠʭ. 

ʇʨʠʢʣʘʜʘʤʠ ʩʝʨʚʽʩʽʚ ʟ ʜʘʥʦʶ ʤʦʜʝʣʣʶ ʨʦʟʛʦʨʪʘʥʥʷ ʻ DropBox [30], 

Google Drive [31], Office 365 [32], UniSender [33], Twilio [34], SalesForce [35] 

ʪʘ ʙʘʛʘʪʦ ʽʥʰʠʭ. 

ʇʣʘʪʬʦʨʤʘ ʷʢ ʧʦʩʣʫʛʘ (ʘʥʛʣ. Platformas a service, PaaS) ð ʮʝ ʤʦʜʝʣʴ 

ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ, ʚ ʤʝʞʘʭ ʷʢʦʾ ʩʧʦʞʠʚʘʯʫ ʥʘʜʘʻʪʴʩʷ ʤʦʞʣʠʚʽʩʪʴ ʨʦʟʛʦʨʪʘʥʥʷ 

ʥʘ ʙʘʟʽ ʭʤʘʨʥʦʾ ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ ʩʪʚʦʨʝʥʠʭ ʘʙʦ ʧʨʠʜʙʘʥʠʭ ʩʧʦʞʠʚʘʯʝʤ 

ʧʨʠʢʣʘʜʥʠʭ ʧʨʦʛʨʘʤ, ʷʢʽ ʨʦʟʨʦʙʣʝʥʽ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʤʦʚ ʧʨʦʛʨʘʤʫʚʘʥʥʷ, 

ʙʽʙʣʽʦʪʝʢ, ʩʝʨʚʽʩʽʚ ʪʘ ʽʥʩʪʨʫʤʝʥʪʽʚ ʥʘʜʘʥʠʭ ʭʤʘʨʥʠʤ ʧʨʦʚʘʡʜʝʨʦʤ. PaaS 
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ʜʦʟʚʦʣʷʻ ʢʦʤʧʘʥʽʷʤ ʨʦʟʨʦʙʣʷʪʠ ʜʦʜʘʪʢʠ ʟʥʘʯʥʦ ʰʚʠʜʰʝ ʪʘ ʝʬʝʢʪʠʚʥʽʰʝ ʚ 

ʭʤʘʨʥʦʤʫ ʩʝʨʝʜʦʚʠʱʽ ʟʘ ʜʦʧʦʤʦʛʦʶ ʤʦʚ ʧʨʦʛʨʘʤʫʚʘʥʥʷ ʪʘ ʽʥʩʪʨʫʤʝʥʪʽʚ ʱʦ 

ʧʽʜʪʨʠʤʫʶʪʴʩʷ ʧʨʦʚʘʡʜʝʨʦʤ ʭʤʘʨʥʦʛʦ ʩʝʨʚʽʩʫ. ʉʧʦʞʠʚʘʯ ʥʝ ʤʘʻ ʟʤʦʛʠ 

ʫʧʨʘʚʣʷʪʠ ʪʘ ʢʦʥʪʨʦʣʶʚʘʪʠ ʙʘʟʦʚʫ ʽʥʬʨʘʩʪʨʫʢʪʫʨʫ ʭʤʘʨʠ (ʜʦ ʾʾ ʩʢʣʘʜʫ ʚʭʦʜʷʪʴ 

ʢʦʤʫʥʽʢʘʮʽʡʥʽ ʤʝʨʝʞʽ, ʩʝʨʚʝʨʠ, ʦʧʝʨʘʮʽʡʥʽ ʩʠʩʪʝʤʠ, ʟʘʩʦʙʠ ʟʙʝʨʝʞʝʥʥʷ), ʧʨʦʪʝ 

ʚʽʥ ʢʦʥʪʨʦʣʶʻ ʨʦʟʛʦʨʥʫʪʽ ʧʨʠʢʣʘʜʥʽ ʧʨʦʛʨʘʤʠ ʪʘ, ʤʦʞʣʠʚʦ, ʥʘʣʘʰʪʫʚʘʥʥʷ 

ʩʝʨʝʜʦʚʠʱʘ, ʚ ʷʢʦʤʫ ʚʦʥʠ ʨʦʟʤʽʱʝʥʽ. [2] 

ʇʨʠʢʣʘʜʘʤʠ ʩʝʨʚʽʩʽʚ, ʱʦ ʦʙʩʣʫʛʦʚʫʶʪʴʩʷ ʟʘ ʮʽʻʶ ʤʦʜʝʣʶʶ ʻ Azure Web 

App [36], Google App Engine [37], Heroku [38]. 

ɯʥʬʨʘʩʪʨʫʢʪʫʨʘ ʷʢ ʧʦʩʣʫʛʘ (ʘʥʛʣ. Infrastructure as a service, IaaS) ð ʮʝ 

ʤʦʜʝʣʴ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ, ʚ ʤʝʞʘʭ ʷʢʦʾ ʩʧʦʞʠʚʘʯʫ ʥʘʜʘʻʪʴʩʷ ʤʦʞʣʠʚʽʩʪʴ 

ʫʧʨʘʚʣʷʪʠ ʟʘʩʦʙʘʤʠ ʦʙʨʦʙʢʠ ʪʘ ʟʙʝʨʝʞʝʥʥʷ, ʢʦʤʫʥʽʢʘʮʽʡʥʠʤʠ ʤʝʨʝʞʘʤʠ, ʪʘ 

ʽʥʰʠʤʠ ʬʫʥʜʘʤʝʥʪʘʣʴʥʠʤʠ ʦʙʯʠʩʣʶʚʘʣʴʥʠʤʠ ʨʝʩʫʨʩʘʤʠ, ʥʘ ʙʘʟʽ ʷʢʠʭ 

ʩʧʦʞʠʚʘʯ ʤʦʞʝ ʨʦʟʛʦʨʪʘʪʠ ʪʘ ʚʠʢʦʥʫʚʘʪʠ ʜʦʚʽʣʴʥʝ ʧʨʦʛʨʘʤʥʝ ʟʘʙʝʟʧʝʯʝʥʥʷ, 

ʜʦ ʩʢʣʘʜʫ ʷʢʦʛʦ ʤʦʞʫʪʴ ʚʭʦʜʠʪʠ ʦʧʝʨʘʮʽʡʥʽ ʩʠʩʪʝʤʠ ʪʘ ʧʨʠʢʣʘʜʥʽ ʧʨʦʛʨʘʤʠ. 

ʉʧʦʞʠʚʘʯ ʥʝ ʫʧʨʘʚʣʷʻ ʬʽʟʠʯʥʦʶ ʪʘ ʚʽʨʪʫʘʣʴʥʦʶ ʽʥʬʨʘʩʪʨʫʢʪʫʨʦʶ, ʱʦ ʣʝʞʠʪʴ 

ʚ ʦʩʥʦʚʽ ʭʤʘʨʠ, ʧʨʦʪʝ ʚʽʥ ʢʦʥʪʨʦʣʶʻ ʦʧʝʨʘʮʽʡʥʽ ʩʠʩʪʝʤʠ, ʩʠʩʪʝʤʠ ʟʙʝʨʝʞʝʥʥʷ, 

ʚʩʪʘʥʦʚʣʝʥʽ ʧʨʦʛʨʘʤʠ ʪʘ, ʤʦʞʣʠʚʦ, ʤʘʻ ʦʙʤʝʞʝʥʠʡ ʢʦʥʪʨʦʣʴ ʥʘʜ ʜʝʷʢʠʤʠ 

ʤʝʨʝʞʝʚʠʤʠ ʢʦʤʧʦʥʝʥʪʘʤʠ (ʥʘʧʨʠʢʣʘʜ, ʤʝʨʝʞʝʚʠʤʠ ʝʢʨʘʥʘʤʠ ʚʫʟʣʽʚ) [2]. 

IaaS ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʪʨʴʦʭ ʦʩʥʦʚʥʠʭ ʢʦʤʧʦʥʝʥʪʽʚ: 

-  ʘʧʘʨʘʪʥʽ ʟʘʩʦʙʠ (ʩʝʨʚʝʨʠ, ʩʠʩʪʝʤʠ ʟʙʝʨʽʛʘʥʥʷ ʜʘʥʠʭ, ʢʣʽʻʥʪʩʴʢʽ 

ʩʠʩʪʝʤʠ, ʤʝʨʝʞʝʚʝ ʦʙʣʘʜʥʘʥʥʷ); 

-  ʦʧʝʨʘʮʽʡʥʽ ʩʠʩʪʝʤʠ ʪʘ ʩʠʩʪʝʤʥʝ ʇɿ (ʟʘʩʦʙʠ ʚʽʨʪʫʘʣʽʟʘʮʽʾ, 

ʘʚʪʦʤʘʪʠʟʘʮʽʾ, ʦʩʥʦʚʥʽ ʟʘʩʦʙʠ ʫʧʨʘʚʣʽʥʥʷ ʨʝʩʫʨʩʘʤʠ); 

-  ʟʚ'ʷʟʫʶʯʝ ʇɿ (ʥʘʧʨʠʢʣʘʜ, ʜʣʷ ʫʧʨʘʚʣʽʥʥʷ ʩʠʩʪʝʤʘʤʠ). 

ɹʽʣʴʰ ʥʘʛʣʷʜʥʦ ʨʽʟʥʠʮʶ ʭʤʘʨʥʦʾ ʤʦʜʝʣʽ ʚ ʧʦʨʽʚʥʷʥʽ ʟ ʟʚʠʯʘʡʥʦʶ ʪʘ ʨʽʟʥʠʮʶ 

ʤʽʞ ʪʨʴʦʤʘ ʥʘʚʝʜʝʥʠʤʠ ʚʠʱʝ ʤʦʜʝʣʷʤʠ ʨʦʟʛʦʨʪʘʥʥʷ ʤʦʞʥʘ ʧʦʙʘʯʠʪʠ ʥʘ ʩʭʝʤʽ, 

ʱʦ ʥʘʚʝʜʝʥʘ ʫ ʨʠʩʫʥʢʫ 1.1. ʊʘʢ, ʥʘʡʙʽʣʴʰ ʝʢʦʥʦʤʽʯʥʦ ʚʠʛʽʜʥʦʶ ʜʣʷ 

ʢʦʨʠʩʪʫʚʘʯʘ ʻ ʤʦʜʝʣʴ SaaS, ʧʨʦʪʝ, ʷʢʱʦ ʢʦʨʠʩʪʫʚʘʯʫ ʥʝʦʙʭʽʜʥʦ ʩʘʤʦʤʫ 
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ʦʙʠʨʘʪʠ ʦʧʝʨʘʮʽʡʥʫ ʩʠʩʪʝʤʫ, ʙʘʟʫ ʜʘʥʠʭ, ʪʦʱʦ ʡʦʛʦ ʚʠʙʽʨ ʧʦʚʠʥʝʥ ʟʫʧʠʥʠʪʠʩʷ 

ʥʘ ʤʦʜʝʣʽ IaaS. 

 ʇʨʠʢʣʘʜʘʤʠ ʩʝʨʚʽʩʽʚ ʟ ʜʘʥʦʶ ʤʦʜʝʣʣʶ ʨʦʟʛʦʨʪʘʥʥʷ ʻ Azure Virtual 

Machines [39], Amazon Web Services [40]. 
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ʈʠʩʫʥʦʢ 1.1 ï ʄʦʜʝʣʽ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʭʤʘʨʥʠʭ ʩʝʨʚʽʩʽʚ 

 

ʊʘʢʦʞ, ʜʣʷ ʭʤʘʨʥʠʭ ʩʝʨʚʽʩʽʚ ʭʘʨʘʢʪʝʨʥʽ ʜʝʢʽʣʴʢʘ ʤʦʜʝʣʝʡ ʨʦʟʛʦʨʪʘʥʥʷ. 

ʇʨʠʚʘʪʥʘ ʭʤʘʨʘ (ʘʥʛʣ. private cloud) ï ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʜʣʷ ʥʘʜʘʥʥʷ 

ʩʝʨʚʽʩʽʚ ʚʩʝʨʝʜʠʥʽ ʦʜʥʽʻʾ ʢʦʤʧʘʥʽʾ, ʷʢʘ ʻ ʦʜʥʦʯʘʩʥʦ ʽ ʟʘʤʦʚʥʠʢʦʤ ʽ ʢʦʤʧʘʥʽʻʶ, 

ʱʦ ʥʘʜʘʻ ʧʦʩʣʫʛʠ. ʎʝ ʚʘʨʽʘʥʪ ʨʝʘʣʽʟʘʮʽʾ çʭʤʘʨʥʦʾ ʢʦʥʮʝʧʮʽʾè, ʢʦʣʠ ʢʦʤʧʘʥʽʷ 

ʩʪʚʦʨʶʻ ʾʾ ʜʣʷ ʩʝʙʝ, ʚ ʨʘʤʢʘʭ ʦʨʛʘʥʽʟʘʮʽʾ. ɺ ʧʝʨʰʫ ʯʝʨʛʫ ʪʘʢʽ ʚʧʨʦʚʘʜʞʝʥʥʷ 

ʩʧʨʷʤʦʚʘʥʽ ʥʘ ʟʘʙʝʟʧʝʯʝʥʥʷ ʧʨʠʚʘʪʥʦʩʪʽ. ʉʪʚʦʨʝʥʥʷ ʧʨʠʚʘʪʥʠʭ ʭʤʘʨ ʟʥʽʤʘʻ 

ʦʜʥʝ ʽʟ ʚʘʞʣʠʚʠʭ ʧʠʪʘʥʴ, ʷʢʝ ʥʝʦʜʤʽʥʥʦ ʚʠʥʠʢʘʻ ʫ ʟʘʤʦʚʥʠʢʽʚ ʧʨʠ 

ʦʟʥʘʡʦʤʣʝʥʥʽ ʟ ʮʽʻʶ ʢʦʥʮʝʧʮʽʻʶ ï ʧʠʪʘʥʥʷ ʧʨʦ ʟʘʭʠʩʪ ʜʘʥʠʭ ʟ ʪʦʯʢʠ ʟʦʨʫ 

ʽʥʬʦʨʤʘʮʽʡʥʦʾ ʙʝʟʧʝʢʠ. ʊʘʢ, ʷʢ çʧʨʠʚʘʪʥʘ ʭʤʘʨʘè ʦʙʤʝʞʝʥʘ ʨʘʤʢʘʤʠ ʩʘʤʦʾ 
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ʢʦʤʧʘʥʽʾ, ʮʝ ʧʠʪʘʥʥʷ ʚʠʨʽʰʫʻʪʴʩʷ ʩʪʘʥʜʘʨʪʥʠʤʠ ʽʩʥʫʶʯʠʤʠ ʤʝʪʦʜʘʤʠ. ɼʣʷ 

private cloud ʭʘʨʘʢʪʝʨʥʝ ʟʥʠʞʝʥʥʷ ʚʘʨʪʦʩʪʽ ʦʙʣʘʜʥʘʥʥʷ ʟʘ ʨʘʭʫʥʦʢ ʤʦʞʣʠʚʦʩʪʽ 

ʚʠʟʥʘʯʠʪʠ ʧʦʪʝʥʮʽʡʥʫ ʢʽʣʴʢʽʩʪʴ ʢʦʨʠʩʪʫʚʘʯʽʚ ʚ ʟʚôʷʟʢʫ ʟ ʪʠʤ, ʱʦ ʧʝʨʝʣʽʢ 

ʥʝʦʙʭʽʜʥʠʭ ʩʝʨʚʽʩʽʚ ʽ ʧʦʪʝʥʮʽʡʥʘ ʢʽʣʴʢʽʩʪʴ ʢʦʨʠʩʪʫʚʘʯʽʚ ʚʽʜʦʤʘ ʥʘ ʝʪʘʧʽ 

ʧʨʦʝʢʪʫʚʘʥʥʷ. [2], [41] 

ʇʫʙʣʽʯʥʘ ʭʤʘʨʘ (ʘʥʛʣ. public cloud) ï ʮʝ ʭʤʘʨʥʘ ʽʥʬʨʘʩʪʨʫʢʪʫʨʘ, ʷʢʘ 

ʧʨʠʟʥʘʯʝʥʘ ʜʣʷ ʚʽʣʴʥʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʰʠʨʦʢʠʤ ʟʘʛʘʣʦʤ. ʇʫʙʣʽʯʥʘ ʭʤʘʨʘ 

ʤʦʞʝ ʧʝʨʝʙʫʚʘʪʠ ʫ ʚʣʘʩʥʦʩʪʽ, ʫʧʨʘʚʣʽʥʥʽ ʪʘ ʝʢʩʧʣʫʘʪʘʮʽʾ ʢʦʤʝʨʮʽʡʥʠʭ, 

ʘʢʘʜʝʤʽʯʥʠʭ (ʦʩʚʽʪʥʽʭ ʪʘ ʥʘʫʢʦʚʠʭ) ʘʙʦ ʜʝʨʞʘʚʥʠʭ ʦʨʛʘʥʽʟʘʮʽʡ (ʯʠ ʙʫʜʴ-ʷʢʦʾ ʾʭ 

ʢʦʤʙʽʥʘʮʽʾ). ʇʫʙʣʽʯʥʘ ʭʤʘʨʘ ʧʝʨʝʙʫʚʘʻ ʚ ʶʨʠʩʜʠʢʮʽʾ ʧʦʩʪʘʯʘʣʴʥʠʢʘ ʭʤʘʨʥʠʭ 

ʧʦʩʣʫʛ. 

ɻʽʙʨʠʜʥʘ ʭʤʘʨʘ (ʘʥʛʣ. hybrid cloud) ï ʮʝ ʭʤʘʨʥʘ ʽʥʬʨʘʩʪʨʫʢʪʫʨʘ, ʱʦ 

ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʜʚʦʭ ʘʙʦ ʙʽʣʴʰʝ ʨʽʟʥʠʭ ʭʤʘʨʥʠʭ ʽʥʬʨʘʩʪʨʫʢʪʫʨ (ʧʨʠʚʘʪʥʠʭ, 

ʛʨʦʤʘʜʩʴʢʠʭ ʘʙʦ ʧʫʙʣʽʯʥʠʭ), ʷʢʽ ʟʘʣʠʰʘʶʪʴʩʷ ʫʥʽʢʘʣʴʥʠʤʠ ʩʫʪʥʦʩʪʷʤʠ, ʘʣʝ 

ʟôʻʜʥʘʥʥʽ ʤʽʞ ʩʦʙʦʶ ʩʪʘʥʜʘʨʪʠʟʦʚʘʥʠʤʠ ʘʙʦ ʧʨʠʚʘʪʥʠʤʠ ʪʝʭʥʦʣʦʛʽʷʤʠ, ʱʦ 

ʫʤʦʞʣʠʚʣʶʶʪʴ ʧʝʨʝʥʦʩʠʤʽʩʪʴ ʜʘʥʠʭ ʪʘ ʧʨʠʢʣʘʜʥʠʭ ʧʨʦʛʨʘʤ (ʥʘʧʨʠʢʣʘʜ, 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʨʝʩʫʨʩʽʚ ʧʫʙʣʽʯʥʦʾ ʭʤʘʨʠ ʜʣʷ ʙʘʣʘʥʩʫʚʘʥʥʷ ʥʘʚʘʥʪʘʞʝʥʥʷ ʤʽʞ 

ʭʤʘʨʘʤʠ). [2] 

ɺʽʨʪʫʘʣʽʟʘʮʽʷ ï ʮʝ ʧʨʦʮʝʩ ʘʙʩʪʨʘʛʫʚʘʥʥʷ ʦʙʯʠʩʣʶʚʘʣʴʥʠʭ ʨʝʩʫʨʩʽʚ ʚʽʜ 

ʬʽʟʠʯʥʦʾ ʦʩʥʦʚʠ ʥʘ ʷʢʽʡ ʚʦʥʠ ʧʦʙʫʜʦʚʘʥʽ 

ɺʽʨʪʫʘʣʽʟʘʮʽʷ ʜʦʟʚʦʣʷʻ ʨʦʟʧʦʜʽʣ ʘʧʘʨʘʪʥʠʭ ʨʝʩʫʨʩʽʚ ʬʽʟʠʯʥʦʾ ʤʘʰʠʥʠ 

ʤʽʞ ʨʽʟʥʠʤʠ ʢʦʧʽʷʤʠ ʚʽʨʪʫʘʣʴʥʠʭ ʤʘʰʠʥ, ʥʘ ʢʦʞʥʽʡ ʟ ʷʢʠʭ ʤʦʞʝ ʙʫʪʠ 

ʚʩʪʘʥʦʚʣʝʥʘ ʩʚʦʷ ʦʧʝʨʘʮʽʡʥʘ ʩʠʩʪʝʤʘ. ʇʣʘʩʪ ʧʨʦʛʨʘʤʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ, ʱʦ 

ʚʠʢʦʥʫʻ ʚʽʨʪʫʘʣʽʟʘʮʽʶ ʪʘ ʫʧʨʘʚʣʷʻ ʥʘʚʘʥʪʘʞʝʥʥʷʤ ʥʘ ʦʢʨʝʤʽ ʝʢʟʝʤʧʣʷʨʠ 

ʚʽʨʪʫʘʣʴʥʠʭ ʤʘʰʠʥ, ʥʘʟʠʚʘʻʪʴʩʷ ʛʽʧʝʨʚʽʟʦʨʦʤ. ɻʽʧʝʨʚʽʟʦʨ ʪʘʢʦʞ ʤʦʞʝ (ʘʣʝ ʥʝ 

ʟʦʙʦʚ'ʷʟʘʥʠʡ) ʥʘʜʘʚʘʪʠ ʧʨʘʮʶʶʯʠʤ ʧʽʜ ʡʦʛʦ ʫʧʨʘʚʣʽʥʥʷʤ ʆʉ ʟʘʩʦʙʠ ʟʚ'ʷʟʢʫ ʽ 

ʚʟʘʻʤʦʜʽʾ ʤʽʞ ʩʦʙʦʶ (ʥʘʧʨʠʢʣʘʜ, ʯʝʨʝʟ ʦʙʤʽʥ ʬʘʡʣʘʤʠ ʘʙʦ ʤʝʨʝʞʝʚʽ ʟ'ʻʜʥʘʥʥʷ) 

ʪʘʢ, ʥʽʙʠ ʮʽ ʆʉ ʚʠʢʦʥʫʚʘʣʠʩʷ ʥʘ ʨʽʟʥʠʭ ʬʽʟʠʯʥʠʭ ʢʦʤʧ'ʶʪʝʨʘʭ ʪʘ ʤʦʜʝʣʶʚʘʪʠ 

ʥʝ ʽʩʥʫʶʯʝ ʥʘ ʭʦʩʪ-ʤʘʰʠʥʽ ʘʧʘʨʘʪʥʝ ʟʘʙʝʟʧʝʯʝʥʥʷ.[11] 
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ɻʽʧʝʨʚʽʟʦʨ ʩʘʤ ʧʦ ʩʦʙʽ ʚ ʜʝʷʢʦʤʫ ʨʦʜʽ ʻ ʤʽʥʽʤʘʣʴʥʦʶ ʦʧʝʨʘʮʽʡʥʦʶ 

ʩʠʩʪʝʤʦʶ (ʤʽʢʨʦʷʜʨʦʤ ʘʙʦ ʥʘʥʦʷʜʨʦʤ). ɺʽʥ ʥʘʜʘʻ ʟʘʧʫʱʝʥʠʤ ʧʽʜ ʡʦʛʦ 

ʫʧʨʘʚʣʽʥʥʷʤ ʦʧʝʨʘʮʽʡʥʠʭ ʩʠʩʪʝʤ ʩʝʨʚʽʩ ʚʽʨʪʫʘʣʴʥʠʭ ʤʘʰʠʥ, ʚʽʨʪʫʘʣʽʟʫʶʯʠ 

ʘʙʦ ʝʤʫʣʶʶʯʠ ʘʧʘʨʘʪʥʝ ʟʘʙʝʟʧʝʯʝʥʥʷ (ʚ ʪʦʤʫ ʯʠʩʣʽ ʧʨʦʮʝʩʦʨ), ʽ ʫʧʨʘʚʣʷʻ ʮʠʤʠ 

ʚʽʨʪʫʘʣʴʥʠʤʠ ʤʘʰʠʥʘʤʠ. ɻʽʧʝʨʚʽʟʦʨ ʜʦʟʚʦʣʷʻ ʥʝʟʘʣʝʞʥʝ çʚʢʣʶʯʝʥʥʷè, 

çʧʝʨʝʟʘʚʘʥʪʘʞʝʥʥʷè, çʚʠʤʢʥʝʥʥʷè ʢʦʞʥʦʾ ʟ ʚʽʨʪʫʘʣʴʥʠʭ ʤʘʰʠʥ ʟ ʪʽʻʶ ʯʠ 

ʽʥʰʦʶ ʆʉ. ʇʨʠ ʮʴʦʤʫ ʦʧʝʨʘʮʽʡʥʘ ʩʠʩʪʝʤʘ, ʱʦ ʧʨʘʮʶʻ ʫ ʚʽʨʪʫʘʣʴʥʽʡ ʤʘʰʠʥʽ 

ʧʽʜ ʫʧʨʘʚʣʽʥʥʷʤ ʛʽʧʝʨʚʽʟʦʨʫ, ʤʦʞʝ, ʘʣʝ ʥʝ ʟʦʙʦʚ'ʷʟʘʥʘ çʟʥʘʪʠè, ʱʦ ʚʦʥʘ 

ʚʠʢʦʥʫʻʪʴʩʷ ʫ ʚʽʨʪʫʘʣʴʥʽʡ ʤʘʰʠʥʽ, ʘ ʥʝ ʥʘ ʨʝʘʣʴʥʦʤʫ ʘʧʘʨʘʪʥʦʤʫ 

ʟʘʙʝʟʧʝʯʝʥʥʽ. 

ɻʽʧʝʨʚʽʟʦʨʠ ʧʦʜʽʣʷʶʪʴʩʷ ʥʘ 3 ʪʠʧʠ:  

ɸʚʪʦʥʦʤʥʠʡ ʛʽʧʝʨʚʽʟʦʨ (ʊʠʧ 1) ï ʤʘʻ ʩʚʦʾ ʚʙʫʜʦʚʘʥʽ ʜʨʘʡʚʝʨʠ ʧʨʠʩʪʨʦʾʚ, 

ʤʦʜʝʣʽ ʜʨʘʡʚʝʨʽʚ ʽ ʧʣʘʥʫʚʘʣʴʥʠʢ ʽ ʪʦʤʫ ʥʝ ʟʘʣʝʞʠʪʴ ʚʽʜ ʙʘʟʦʚʦʾ ʆʉ. ʆʩʢʽʣʴʢʠ 

ʘʚʪʦʥʦʤʥʠʡ ʛʽʧʝʨʚʽʟʦʨ ʧʨʘʮʶʻ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʥʘ ʦʙʣʘʜʥʘʥʥʽ, ʪʦ ʚʽʥ 

ʧʨʦʜʫʢʪʠʚʥʽʰʠʡ. ɼʘʥʠʡ ʪʠʧ ʛʽʧʝʨʚʽʟʦʨʽʚ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʫ VMware ESX. 

ʅʘ ʦʩʥʦʚʽ ʙʘʟʦʚʦʾ ʆʉ (ʊʠʧ 2, V) ï ʮʝ ʢʦʤʧʦʥʝʥʪ, ʷʢʠʡ ʧʨʘʮʶʻ ʚ ʦʜʥʦʤʫ 

ʢʽʣʴʮʽ ʟ ʷʜʨʦʤ ʦʩʥʦʚʥʦʾ ʆʉ (ʢʽʣʴʮʝ 0). ɻʦʩʪʴʦʚʠʡ ʢʦʜ ʤʦʞʝ ʚʠʢʦʥʫʚʘʪʠʩʷ 

ʧʨʷʤʦ ʥʘ ʬʽʟʠʯʥʦʤʫ ʧʨʦʮʝʩʦʨʽ, ʘʣʝ ʜʦʩʪʫʧ ʜʦ ʧʨʠʩʪʨʦʾʚ ʚʚʦʜʫ-ʚʠʚʦʜʫ 

ʢʦʤʧ'ʶʪʝʨʘ ʟ ʛʦʩʪʴʦʚʦʾ ʆʉ ʟʜʽʡʩʥʶʻʪʴʩʷ ʯʝʨʝʟ ʜʨʫʛʠʡ ʢʦʤʧʦʥʝʥʪ, ʟʚʠʯʘʡʥʠʡ 

ʧʨʦʮʝʩ ʦʩʥʦʚʥʦʾ ʆʉ ï ʤʦʥʽʪʦʨ ʨʽʚʥʷ ʢʦʨʠʩʪʫʚʘʯʘ. ʇʨʠʢʣʘʜʦʤ ʻ VMware 

Workstation, VMware Player, VirtualBox 

ɻʽʙʨʠʜʥʠʡ (ʊʠʧ 1+) ï ʛʽʙʨʠʜʥʠʡ ʛʽʧʝʨʚʽʟʦʨ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʜʚʦʭ ʯʘʩʪʠʥ: ʟ 

ʪʦʥʢʦʛʦ ʛʽʧʝʨʚʽʟʦʨʘ, ʱʦ ʢʦʥʪʨʦʣʶʻ ʧʨʦʮʝʩʦʨ ʽ ʧʘʤ'ʷʪʴ, ʘ ʪʘʢʦʞ ʧʨʘʮʶʶʯʦʾ ʧʽʜ 

ʡʦʛʦ ʫʧʨʘʚʣʽʥʥʷʤ ʩʧʝʮʽʘʣʴʥʦʾ ʩʝʨʚʽʩʥʦʾ ʆʉ ʚ ʢʽʣʴʮʽ ʟʥʠʞʝʥʦʛʦ ʨʽʚʥʷ. ʏʝʨʝʟ 

ʩʝʨʚʽʩʥʫ ʆʉ ʛʦʩʪʴʦʚʽ ʆʉ ʦʪʨʠʤʫʶʪʴ ʜʦʩʪʫʧ ʜʦ ʬʽʟʠʯʥʦʛʦ ʫʩʪʘʪʢʫʚʘʥʥʷ. ɼʘʥʠʡ 

ʪʠʧ ʛʽʧʝʨʚʽʟʦʨʽʚ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʫ ʥʘʩʪʫʧʥʠʭ ʩʠʩʪʝʤʘʭ: Microsoft Hyper-V 

[42], Oracle VM Server. 

ʍʤʘʨʥʽ ʩʝʨʚʽʩʠ ʧʨʦʧʦʥʫʶʪʴ ʷʢ ʨʝʩʫʨʩʠ ʜʣʷ ʩʪʚʦʨʝʥʥʷ ʜʦʜʘʪʢʽʚ (IaaS, 

SaaS) ʪʘʢ ʽ ʚʞʝ ʛʦʪʦʚʽ ʧʨʦʛʨʘʤʥʽ ʧʨʦʜʫʢʪʠ ʱʦ ʚʞʝ ʬʫʥʢʮʽʦʥʫʶʪʴ ʫ ʭʤʘʨʽ 

(PaaS). ɯ ʯʠʤ ʙʽʣʴʰ ʥʠʟʴʢʦʛʦ ʨʽʚʥʷ ʢʦʥʪʨʦʣʴ ʥʘʜ ʽʥʬʨʘʩʪʨʫʢʪʫʨʦʶ, ʱʦ ʡʦʛʦ 
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ʥʘʜʘʻ ʭʤʘʨʥʠʡ ʧʨʦʚʘʡʜʝʨ, ʪʠʤ ʙʽʣʴʰ ʜʦʨʦʞʯʠʤ ʩʪʘʻ ʭʤʘʨʥʝ ʨʽʰʝʥʥʷ ʜʣʷ 

ʦʨʛʘʥʽʟʘʮʽʾ, ʷʢʘ ʡʦʛʦ ʧʦʪʨʝʙʫʻ.  

ʇʨʦʪʝ, ʟʘʟʚʠʯʘʡ, ʫʥʽʢʘʣʴʥʽʩʪʴ ʚʠʤʦʛ, ʱʦ ʩʪʦʾʪʴ ʧʝʨʝʜ ʦʨʛʘʥʽʟʘʮʽʻʶ ʧʨʠ 

ʩʪʚʦʨʝʥʥʽ ʥʦʚʦʾ ʩʠʩʪʝʤʠ, ʫʥʝʤʦʞʣʠʚʣʶʶʪʴ ʚʠʢʦʨʠʩʪʘʥʥʷ ʮʽʣʽʩʥʠʭ, ʛʦʪʦʚʠʭ 

ʨʽhʝʥʴ. ʊʦʤʫ ʦʩʪʘʥʥʽʤ ʯʘʩʦʤ ʥʘʙʫʣʘ ʧʦʧʫʣʷʨʥʦʩʪʽ ʤʦʜʝʣʴ ʢʦʤʧôʶʪʝʨʥʦʾ 

ʩʠʩʪʝʤʠ, ʱʦ ʚʠʢʦʨʠʩʪʦʚʫʻ ʫ ʩʚʦʻʤʫ ʩʢʣʘʜʽ ʦʜʠʥ ʘʙʦ ʜʝʢʽʣʴʢʘ ʫʥʽʚʝʨʩʘʣʴʥʠʭ 

ʭʤʘʨʥʠʭ ʩʝʨʚʽʩʽʚ, ʷʢ ʩʢʣʘʜʦʚʠʡ ʝʣʝʤʝʥʪ. ʇʨʠʢʣʘʜ ʪʘʢʦʾ ʩʠʩʪʝʤʠ ʟʦʙʨʘʞʝʥʦ ʥʘ 

ʨʠʩʫʥʢʫ 1.2. 

 

text

̆ͣ͊ͪͤ͊ ͫͯ͗͋͊͡ 
͍͍͙͒ͨͪ͊͜͟ 
͍͔ͨͦ͒ͦͣͤ͜͡Έ

͙͚̆ͣ͊ͪͤ ͔͍ͫͪͫ͜ 
ͦ͋;͙͔ͫͤ͡Έ/͔ͣ͒͊͜ 
͔ͦͤͭͤͭͯ͟

ˣ͊͊͘ ͙͒͊ͤͻ

˿͔͍͔ͪͪ 
͍͙͊ͭͦͪ͊͘ͼ͜͝

˿͔͍͔ͪͪ 
͔͋ͤͫ͘͜ ͎͙ͦ͜͟͡

˭͙͊ͨͭ ͤ͊ ͦ͋;͙͔ͫͤͤ͡Ύ

ˤ͍͒ͨͪ͊͊͜͟ ͍͔ͨͦ͒ͦͣͤͤ͜͡Ύ

˴ͦͣΩͨΌ͔ͭͪͤ͊ ͙͔ͫͫͭͣ͊

˶ͦ͊͟͡Έ͙͚ͤ ͔͍͔ͫͪͪ ͎ͦͪ͊ͤ͊͘͜ͼ͜͝

˴͜͡Ί͙ͤͭ ͙͔͙ͫͫͭͣ

˾͔ͯ͘͡Έͭ͊ͭ ͦ͋;͙͔ͫͤ͡Έ

˩͔͙͚ͭͪͦͤͤ͟͡ ͙ͫͭ͡

Push-͍͔ͨͦ͒ͦͣͤͤ͜͡Ύ

 

ʈʠʩʫʥʦʢ 1.2 ï ʍʤʘʨʥʠʡ ʩʝʨʚʽʩ ʫ ʩʢʣʘʜʽ ʢʦʤʧôʶʪʝʨʥʦʾ ʩʠʩʪʝʤʠ 

 

ʇʨʠʢʣʘʜʘʤʠ ʪʘʢʠʭ ʭʤʘʨʥʠʭ ʩʝʨʚʝʨʽʚ, ʱʦ ʯʘʩʪʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʫ ʩʢʣʘʜʽ 

ʩʫʯʘʩʥʠʭ ʢʦʤʧôʶʪʝʨʥʠʭ ʩʠʩʪʝʤ ʤʦʞʫʪʴ ʙʫʪʠ ʤʝʜʽʘ ʩʝʨʚʽʩʠ TokBox [43], 
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Kurento, ʩʝʨʚʽʩ ʜʣʷ ʚʽʜʧʨʘʚʢʠ ʧʦʚʽʜʦʤʣʝʥʴ SendGrid, ʘʙʦ ʞ ʦʜʠʥ ʟ ʚʝʣʠʢʦʾ 

ʢʽʣʴʢʦʩʪʽ ʩʝʨʚʽʩʽʚ ʚʠʢʣʘʜʝʥʠʭ ʫ ʤʘʛʘʟʠʥʽ Microsoft Azure Marketplace ʪʘ ʾʭ 

ʘʥʘʣʦʛʽʚ. 

 

1.2 ɸʥʘʣʽʟ ʟʘʛʨʦʟ ʽʥʬʦʨʤʘʮʽʡʥʦʾ ʙʝʟʧʝʢʠ ʧʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ 

ʧʫʙʣʽʯʥʠʭ ʭʤʘʨʥʠʭ ʩʝʨʚʽʩʽʚ ʫ ʩʢʣʘʜʽ ʢʦʤʧôʶʪʝʨʥʦʾ ʩʠʩʪʝʤʠ 

 

ʇʝʨʩʦʥʘʣʴʥʽ ʜʘʥʽ - ʚʽʜʦʤʦʩʪʽ ʯʠ ʩʫʢʫʧʥʽʩʪʴ ʚʽʜʦʤʦʩʪʝʡ ʧʨʦ ʬʽʟʠʯʥʫ 

ʦʩʦʙʫ, ʷʢʘ ʽʜʝʥʪʠʬʽʢʦʚʘʥʘ ʘʙʦ ʤʦʞʝ ʙʫʪʠ ʢʦʥʢʨʝʪʥʦ ʽʜʝʥʪʠʬʽʢʦʚʘʥʘ. [44] 

ʄʦʞʥʘ ʚʠʜʽʣʠʪʠ ʪʨʠ ʦʩʥʦʚʥʽ ʚʝʢʪʦʨʠ ʘʪʘʢʠ ʟʣʦʚʤʠʩʥʠʢʘ ʥʘ ʭʤʘʨʥʠʡ 

ʩʝʨʚʽʩ, ʱʦ ʚʝʜʫʪʴ ʜʦ ʨʦʟʢʨʠʪʪʷ ʧʨʠʚʘʪʥʦʾ ʽʥʬʦʨʤʘʮʽʾ ʢʦʨʠʩʪʫʚʘʯʽʚ (ʪʘ 

ʧʦʨʫʰʫʶʪʴ ʯʠʥʝ ʟʘʢʦʥʦʜʘʚʩʪʚʦ [44], [45]):  

ɸʪʘʢʠ ʥʘʧʨʘʚʣʝʥʽ ʥʘ ʩʭʦʚʠʱʝ ʜʘʥʠʭ. ɯʩʥʫʻ ʜʝʢʽʣʴʢʘ ʚʘʨʽʘʥʪʽʚ ʨʦʟʚʠʪʢʫ 

ʘʪʘʢʠ ʧʨʠ ʚʟʣʦʤʽ ʟʘʭʠʩʪʫ ʭʤʘʨʥʦʛʦ ʩʭʦʚʠʱʘ ʜʘʥʠʭ. ʆʪʨʠʤʘʚʰʠ ʯʘʩʪʢʦʚʠʡ 

ʜʦʩʪʫʧ ʟʣʦʚʤʠʩʥʠʢ ʤʦʞʝ ʤʦʜʠʬʽʢʫʚʘʪʠ ʜʘʥʽ ʙʝʟ ʾʭ ʨʦʟʙʦʨʫ/ʜʝʰʠʬʨʫʚʘʥʥʷ 

(ʧʦʨʫʰʝʥʥʷ ʮʽʣʽʩʥʦʩʪʽ ʜʘʥʠʭ). ɺ ʪʘʢʦʤʫ ʚʠʧʘʜʢʫ ʭʤʘʨʥʠʡ ʩʝʨʚʽʩ ʥʘ ʟʘʧʠʪ 

ʢʦʨʠʩʪʫʚʘʯʘ ʟʘ ʡʦʛʦ ʜʘʥʠʤʠ ʧʦʚʝʨʥʝ ʢʦʨʠʩʪʫʚʘʯʫ ʣʠʰʝ ʥʘʙʽʨ ʚʠʧʘʜʢʦʚʠʭ 

ʯʠʩʝʣ. ɹʽʣʴʰ ʥʝʙʝʟʧʝʯʥʠʤ ʻ ʚʠʧʘʜʦʢ ʢʦʣʠ ʟʣʦʚʤʠʩʥʠʢ, ʦʪʨʠʤʘʚʰʠ ʧʦʚʥʠʡ 

ʜʦʩʪʫʧ ʜʦ ʽʥʬʦʨʤʘʮʽʾ ʢʦʨʠʩʪʫʚʘʯʘ, ʤʘʻ ʟʤʦʛʫ ʩʢʦʧʽʶʚʘʪʠ ʡʦʛʦ ʧʨʠʚʘʪʥʫ 

ʽʥʬʦʨʤʘʮʽʶ (ʧʦʨʫʰʝʥʥʷ ʢʦʥʬʽʜʝʥʮʽʡʥʦʩʪʽ) ʘʙʦ ʥʘʚʽʪʴ ʤʦʜʠʬʽʢʫʚʘʪʠ ʟ ʤʝʪʦʶ 

ʦʪʨʠʤʘʥʥʷ ʚʠʛʦʜʠ ʜʣʷ ʩʝʙʝ. 

ɸʪʘʢʠ ʥʘʧʨʘʚʣʝʥʽ ʥʘ ʧʨʦʮʝʩ ʦʙʯʠʩʣʝʥʥʷ. ɿʘʟʚʠʯʘʡ ʧʨʦʮʝʩ ʦʙʯʠʩʣʝʥʥʷ 

ʤʦʞʥʘ ʧʨʝʜʩʪʘʚʠʪʠ ʟʘʧʠʪʦʤ ʥʘ ʦʙʯʠʩʣʝʥʥʷ F, ʱʦ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʥʘʙʦʨʫ 

ʧʽʜʟʘʜʘʯ ὪȟὪȟȣȟὪ  ʢʦʞʥʘ ʟ ʷʢʠʭ ʦʪʨʠʤʫʻ ʥʘ ʚʭʽʜ ʜʘʥʽ ὼ  ʨʦʟʤʽʱʝʥʽ ʥʘ 

ʭʤʘʨʥʦʤʫ ʩʝʨʚʝʨʽ. ʊʘʢʠʤ ʯʠʥʦʤ ʨʝʟʫʣʴʪʘʪ ʦʙʯʠʩʣʝʥʴ Ὑ: 

 

 Ὑ Ὢὼ ȟὪὼ ȟȣȟὪ ὼ  (1.1) 
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ɸʪʘʢʘ ʤʦʞʝ ʨʦʟʚʠʚʘʪʠʩʷ ʫ ʪʨʴʦʭ ʥʘʧʨʷʤʢʘʭ: ʟʣʦʚʤʠʩʥʠʢ ʤʦʞʝ ʯʘʩʪʢʦʚʦ 

ʦʙʨʘʭʫʚʘʪʠ Ὢὼ  ʜʣʷ ʦʜʥʦʛʦ ʟ (ὼȟρ  Ὥ ὲ) ʪʘ ʧʦʚʝʨʥʫʪʠ ʥʘʙʽʨ 

ʚʠʧʘʜʢʦʚʠʭ ʜʘʥʠʭ ʜʣʷ ʫʩʽʭ ʽʥʰʠʭ ʚʭʽʜʥʠʭ ʧʘʨʘʤʝʪʨʽʚ; ʚʠʢʦʨʠʩʪʘʪʠ ʜʣʷ 

ʚʭʽʜʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ὼʜʝ ὼᶱὢ, ʱʦ ʤʦʞʝ ʧʨʠʚʝʩʪʠ ʜʦ ʟʥʘʯʥʦ ʤʝʥʰʦʾ 

ʦʙʯʠʩʣʶʚʘʣʴʥʦʾ ʚʘʨʪʦʩʪʽ; ʘʙʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʢʦʨʝʢʪʥʠʡ ʚʭʽʜʥʠʡ ʧʘʨʘʤʝʪʨ x 

ʽ ʚʠʢʨʘʜʘʪʠ ʨʝʟʫʣʴʪʘʪ ʦʙʯʠʩʣʝʥʴ. 

ɸʪʘʢʠ ʥʘʧʨʘʚʣʝʥʽ ʥʘ ʨʦʟʢʨʠʪʪʷ ʦʩʦʙʠ ʢʦʨʠʩʪʫʚʘʯʘ. ɼʘʥʠʡ ʚʠʜ ʘʪʘʢ 

ʧʦʜʽʙʥʠʡ ʜʦ ʦʙʦʭ ʧʦʧʝʨʝʜʥʽʭ ʚʠʜʽʚ ʘʪʘʢ, ʧʨʦʪʝ ʛʦʣʦʚʥʦʶ ʤʝʪʦʶ ʻ ʨʦʟʢʨʠʪʪʷ 

ʦʩʦʙʠ ʢʦʨʠʩʪʫʚʘʯʘ ʥʘ ʦʩʥʦʚʽ ʜʦʙʫʪʦʾ ʽʥʬʦʨʤʘʮʽʾ. ʋ ʪʘʢʦʤʫ ʚʠʧʘʜʢʫ ʥʘʧʘʜʥʠʢʫ 

ʥʘʚʽʪʴ ʥʝ ʧʦʪʨʽʙʥʦ ʨʦʟʰʠʬʨʦʚʫʚʘʪʠ ʜʘʥʽ ʢʦʨʠʩʪʫʚʘʯʘ ʘ ʣʠʰʝ ʜʽʟʥʘʪʠʩʴ 

IP/MAC ʘʜʨʝʩʫ, ʝʤʝʡʣ, ʪʦʱʦ ï ʚʩʝ ʱʦ ʟʣʦʚʤʠʩʥʠʢ ʟʤʦʞʝ ʩʧʽʚʚʽʜʥʦʩʠʪʠ ʟ 

ʨʝʘʣʴʥʦʶ ʦʩʦʙʦʶ ʢʦʨʠʩʪʫʚʘʯʘ.  

ʅʘʨʘʟʽ ʥʘʡʙʽʣʴʰ ʨʦʟʧʦʚʩʶʜʞʝʥʠʤ ʤʝʪʦʜʦʤ ʽʥʬʦʨʤʘʮʽʡʥʦʛʦ ʟʘʭʠʩʪʫ ʚʽʜ 

ʙʘʛʘʪʴʦʭ ʚʠʜʽʚ ʘʪʘʢ ʥʘ ʭʤʘʨʥʽ ʩʝʨʚʽʩʠ ʻ ʚʠʢʦʨʠʩʪʘʥʥʷ ʩʠʤʝʪʨʠʯʥʠʭ ʪʘ 

ʘʩʠʤʝʪʨʠʯʥʠʭ ʘʣʛʦʨʠʪʤʽʚ ʰʠʬʨʫʚʘʥʥʷ ʽʥʬʦʨʤʘʮʽʾ ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʮʽʣʽʩʥʦʩʪʽ 

ʪʘ ʢʦʥʬʽʜʝʥʮʽʡʥʦʩʪʽ ʽʥʬʦʨʤʘʮʽʾ, ʘ ʪʘʢʦʞ ʩʝʨʪʠʬʽʢʘʪʽʚ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ 

ʘʚʪʝʥʪʠʯʥʦʩʪʽ ʢʦʤʧôʶʪʝʨʥʠʭ ʩʠʩʪʝʤ ʱʦ ʙʝʨʫʪʴ ʫʯʘʩʪʴ ʫ ʦʙʤʽʥʽ ʽʥʬʦʨʤʘʮʽʶ. 

ʇʨʦʪʝ ʜʣʷ ʚʠʢʦʥʘʥʥʷ ʦʙʯʠʩʣʝʥʴ ʽʥʬʦʨʤʘʮʽʷ ʨʦʟʰʠʬʨʦʚʫʻʪʴʩʷ ʽ ʩʪʘʻ 

ʜʦʩʪʫʧʥʦʶ ʜʣʷ ʥʝʩʘʥʢʮʽʦʥʦʚʘʥʦʛʦ ʜʦʩʪʫʧʫ. ɿʘʨʘʟ ʣʠʰʝ ʟôʷʚʣʷʶʪʴʩʷ ʤʝʪʦʜʠ ʪʘ 

ʘʣʛʦʨʠʪʤʠ ʦʨʽʻʥʪʦʚʘʥʽ ʥʘ ʟʘʭʠʩʪ ʽʥʬʦʨʤʘʮʽʾ ʧʽʜʯʘʩ ʦʙʯʠʩʣʝʥʴ ʫ ʭʤʘʨʥʽʡ 

ʩʠʩʪʝʤʽ. ʋʥʽʚʝʨʩʘʣʴʥʠʤʠ ʤʝʪʦʜʘʤʠ ʟʘʭʠʩʪʫ ʻ ʤʝʪʦʜʠ ʛʦʤʦʤʦʨʬʥʦʛʦ 

ʰʠʬʨʫʚʘʥʥʷ, ʧʨʦʪʝ ʾʭ ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ ʥʘʜʟʚʠʯʘʡʥʦ ʥʠʟʴʢʘ, ʱʦ ʨʦʙʠʪʴ 

ʘʢʪʫʘʣʴʥʠʤ ʨʦʟʨʦʙʢʫ ʙʽʣʴʰ ʚʫʟʴʢʦ ʦʨʽʻʥʪʦʚʘʥʠʭ ʤʦʜʝʣʝʡ ʟ ʚʠʱʦʶ 

ʧʨʦʜʫʢʪʠʚʥʽʩʪʶ. 

ɺʘʞʣʠʚʦʶ ʚʣʘʩʪʠʚʽʩʪʶ ʭʤʘʨʥʠʭ ʩʝʨʚʽʩʽʚ ʻ ʜʦʩʪʫʧʥʽʩʪʴ, ʱʦ ʦʟʥʘʯʘʻ 

ʚʧʝʚʥʝʥʽʩʪʴ ʚ ʪʦʤʫ, ʱʦ ʢʦʨʠʩʪʫʚʘʯ ʤʦʞʝ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʭʤʘʨʥʠʡ ʩʝʨʚʽʩ ʚ 

ʙʫʜʴ-ʷʢʠʡ ʤʦʤʝʥʪ ʽ ʟ ʙʫʜʴ-ʷʢʦʛʦ ʤʽʩʮʷ. ʎʝ ʦʟʥʘʯʘʻ ʜʦʩʪʫʧʥʽʩʪʴ 

ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ, ʧʨʦʛʨʘʤʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ, ʪʘ ʜʘʥʠʭ. 



38 

 

ʂʦʣʠ ʜʘʥʽ ʟʙʝʨʽʛʘʶʪʴʩʷ ʥʘ ʚʽʜʜʘʣʝʥʽʡ ʩʠʩʪʝʤʽ ʚʣʘʩʥʠʢʦʤ ʷʢʦʾ ʻ ʽʥʰʘ 

ʦʨʛʘʥʽʟʘʮʽʷ, ʚʣʘʩʥʠʢ ʜʘʥʠʭ ʤʦʞʝ ʟʘʟʥʘʪʠ ʧʨʦʙʣʝʤ ʜʦʩʪʫʧʫ ʚʽʜ ʩʠʩʪʝʤʥʠʭ ʟʙʦʾʚ 

ʥʘ ʩʪʦʨʦʥʽ ʭʤʘʨʥʦʛʦ ʧʨʦʚʘʡʜʝʨʫ. ʗʢʱʦ, ʭʤʘʨʘ ʩʪʘʻ ʥʝʦʧʝʨʘʙʝʣʴʥʦʶ, ʜʘʥʽ 

ʩʪʘʁʪʴ ʥʝʜʦʩʷʞʥʠʤʠ ʪʘʢ ʷʢ ʟʘʣʝʞʘʪʴ ʚʽʜ ʻʜʠʥʦʛʦ ʧʨʦʚʘʡʜʝʨʫ. ʍʤʘʨʥʠʡ 

ʜʦʜʘʪʦʢ ʧʦʚʠʥʝʥ ʟʘʙʝʟʧʝʯʫʚʘʪʠ ʮʽʣʦʜʦʙʦʚʝ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʧʽʜʧʨʠʻʤʩʪʚ. ʎʝ 

ʧʝʨʝʜʙʘʯʘʻ ʚʥʝʩʝʥʥʷ ʘʨʭʽʪʝʢʪʫʨʥʠʭ ʟʤʽʥ ʥʘ ʧʨʠʢʣʘʜʥʦʤʫ ʪʘ 

ʽʥʬʨʘʩʪʨʫʢʪʫʨʥʦʤʫ ʨʽʚʥʷʭ ʜʣʷ ʟʙʽʣʴʰʝʥʥʷ ʤʘʩʰʪʘʙʦʚʘʥʦʩʪʽ ʪʘ ʚʠʩʦʢʦʾ 

ʜʦʩʪʫʧʥʦʩʪʽ. ʋʩʽ ʤʦʜʝʣʽ ʭʤʘʨʥʠʭ ʦʙʯʠʩʣʝʥʴ (SaaS, PaaS, IaaS) ʜʦʟʚʦʣʷʶʪʴ 

ʩʚʦʾʤ ʢʦʨʠʩʪʫʚʘʯʘʤ ʦʪʨʠʤʘʪʠ ʜʦʩʪʫʧ ʚ ʙʫʜʴ-ʷʢʠʡ ʯʘʩ, ʽ ʱʦʙ ʜʦʩʷʛʪʠ ʮʴʦʛʦ, 

ʭʤʘʨʥʽ ʩʝʨʚʽʩʠ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʨʽʟʥʦʤʘʥʽʪʥʽ ʪʝʭʥʦʣʦʛʽʾ ʚʽʨʪʫʘʣʽʟʘʮʽʾ ʟ ʤʝʪʦʶ 

ʩʪʚʦʨʝʥʥʷ ʽʣʶʟʽʾ ʥʝʧʝʨʝʨʚʥʦʩʪʽ ʦʙʯʠʩʣʶʚʘʣʴʥʠʭ ʨʝʩʫʨʩʽʚ. ɹʘʛʘʪʦʨʽʚʥʝʚʘ 

ʘʨʭʽʪʝʢʪʫʨʘ ʧʦʚʠʥʥʘ ʙʫʪʠ ʘʜʘʧʪʦʚʘʥʦʶ ʜʣʷ ʧʽʜʪʨʠʤʢʠ ʙʘʣʘʥʩʫʚʘʥʥʷ 

ʥʘʚʘʥʪʘʞʝʥʥʷ ʨʽʟʥʠʭ ʝʢʟʝʤʧʣʷʨʽʚ ʜʦʜʘʪʢʫ, ʱʦ ʚʠʢʦʥʫʶʪʴʩʷ ʥʘ ʟʤʽʥʥʽʡ 

ʢʽʣʴʢʦʩʪʽ ʩʝʨʚʝʨʽʚ. 

ɿʘʭʠʩʪ ʚʽʜ ʘʧʘʨʘʪʥʠʭ/ʧʨʦʛʨʘʤʥʠʭ ʟʙʦʾʚ, ʘ ʪʘʢʦʞ ʘʪʘʢ ʚʽʜʤʦʚʠ ʚ 

ʦʙʩʣʫʛʦʚʫʚʘʥʥʽ, ʧʦʚʠʥʝʥ ʙʫʪʠ ʧʦʙʫʜʦʚʘʥʠʡ ʟ ʥʫʣʷ ʚ ʨʘʤʢʘʭ ʩʠʩʪʝʤʠ. ʋ ʪʦʡ ʞʝ 

ʯʘʩ, ʜʣʷ ʙʫʜʴ-ʷʢʠʭ ʥʝʧʝʨʝʜʙʘʯʝʥʠʭ ʥʘʜʟʚʠʯʘʡʥʠʭ ʩʠʪʫʘʮʽʡ ʥʝʦʙʭʽʜʥʦ 

ʨʦʟʛʣʷʥʫʪʠ ʚʽʜʧʦʚʽʜʥʠʡ ʧʣʘʥ ʜʽʡ ʱʦʜʦ ʙʝʟʧʝʨʝʨʚʥʦʩʪʽ ʙʽʟʥʝʩʫ ʪʘ ʘʚʘʨʽʡʥʦʛʦ 

ʚʽʜʥʦʚʣʝʥʥʷ. [46] 

ɿ ʽʥʰʦʾ ʩʪʦʨʦʥʠ, ʥʝʙʝʟʧʝʢʦʶ ʜʣʷ ʢʦʨʠʩʪʫʚʘʯʽʚ ʤʦʞʝ ʙʫʪʠ ʦʙʤʝʞʝʥʥʷ 

ʥʘʢʣʘʜʝʥʽ ʧʦʣʽʪʠʯʥʠʤ ʢʝʨʽʚʥʠʮʪʚʦʤ ʢʨʘʾʥʠ, ʫ ʷʢʽʡ ʟʘʨʝʻʩʪʨʦʚʘʥʘ ʬʽʨʤʘ-

ʧʨʦʚʘʡʜʝʨ ʭʤʘʨʥʦʛʦ ʨʽʰʝʥʥʷ, ʘʙʦ ʪʦʾ, ʫ ʷʢʽʡ ʬʽʟʠʯʥʦ ʟʥʘʭʦʜʠʪʴʩʷ ʢʦʨʠʩʪʫʚʘʯ. 

ɯʥʰʦʶ ʟʘʛʨʦʟʦʶ ʧʦʚôʷʟʘʥʦʶ ʟ ʭʤʘʨʥʠʤʠ ʩʝʨʚʽʩʘʤʠ ʻ ʥʝʧʨʘʚʦʤʽʨʥʝ 

ʚʠʢʦʨʠʩʪʘʥʥʷ. IaaS ʧʨʦʚʘʡʜʝʨʠ ʧʨʦʧʦʥʫʶʪʴ ʽʣʶʟʽʶ ʥʝʩʢʽʥʯʝʥʥʠʭ ʨʝʩʫʨʩʽʚ, 

ʥʘʜʘʥʥʷ ʷʢʠʭ ʚ ʢʦʨʠʩʪʫʚʘʥʥʷ ʧʨʦʭʦʜʠʪʴ ʜʫʞʝ ʧʨʦʩʪʦ ʽ ʰʚʠʜʢʦ. ʏʘʩʪʦ ʮʝ 

ʩʫʤʽʱʝʥʦ ʟ ʨʝʻʩʪʨʘʮʽʻʶ ʥʦʚʦʛʦ ʢʦʨʠʩʪʫʚʘʯʘ, ʢʦʣʠ ʟʘʨʝʻʩʪʨʫʚʘʪʠʩʷ ʤʦʞʝ ʙʫʜʴ-

ʷʢʘ ʣʶʜʠʥʘ, ʫ ʷʢʦʾ ʻ ʢʨʝʜʠʪʥʘ ʢʘʨʪʢʘ. ɺʠʢʦʨʠʩʪʦʚʫʶʯʠ ʧʨʦʩʪʦʪʫ ʨʝʻʩʪʨʘʮʽʾ 

ʩʧʘʤʝʨʠ, ʘʚʪʦʨʠ ʥʝʧʨʘʚʦʤʽʨʥʦʛʦ ʢʦʜʫ ʪʘ ʽʥʰʽ ʟʣʦʚʤʠʩʥʠʢʠ ʤʦʞʫʪʴ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʭʤʘʨʥʠʡ ʩʝʨʚʽʩ ʫ ʩʚʦʾʭ ʟʣʦʯʠʥʥʠʭ ʮʽʣʷʭ. ʈʘʥʽʰʝ ʪʽʣʴʢʠ PaaS 

ʧʨʦʚʘʡʜʝʨʠ ʩʪʨʘʞʜʘʣʠ ʚʽʜ ʪʘʢʦʛʦ ʨʦʜʫ ʘʪʘʢ, ʦʜʥʘʢ, ʦʩʪʘʥʥʽ ʜʦʩʣʽʜʞʝʥʥʷ [3] 
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ʜʝʤʦʥʩʪʨʫʶʪʴ, ʱʦ ʭʘʢʝʨʠ ʧʦʯʘʣʠ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ IaaS ʩʝʨʚʽʩ ʜʣʷ ʦʨʛʘʥʽʟʘʮʽʾ 

ʟʣʘʤʫ ʧʘʨʦʣʝʡ, DDOS ʘʪʘʢ (ɸʪʘʢʘ ʥʘ ʚʽʜʤʦʚʫ ʚ ʦʙʩʣʫʛʦʚʫʚʘʥʥʽ), ʨʦʟʤʽʱʝʥʥʷ 

ʟʣʦʚʤʠʩʥʦʛʦ ʢʦʜʫ ʪʘ ʧʨʦʛʨʘʤʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ, ʩʪʚʦʨʝʥʥʷ ʙʦʪʥʝʪ ʤʝʨʝʞ ʪʘ 

ʽʥʰʦʛʦ.  

ʅʘʧʨʠʢʣʘʜ, IaaS ʩʝʨʚʽʩ ʙʫʚ ʚʠʢʦʨʠʩʪʘʥʠʡ ʜʣʷ ʩʪʚʦʨʝʥʥʷ ʥʘʡʙʽʣʴʰʦʾ 

ʙʦʪʥʝʪ ʤʝʨʝʞʽ ZeuS ʚʪʨʘʪʠ ʚʽʜ ʷʢʦʾ ʪʽʣʴʢʠ ʚ ʉʐɸ ʩʢʣʘʣʠ 70 ʤʽʣʴʡʦʥʽ 

ʜʦʣʘʨʽʚ [47], ʟʙʝʨʝʞʝʥʥʷ ʪʨʦʷʥʩʴʢʦʛʦ ʢʦʥʷ InfoStealer ʪʘ ʨʦʟʤʽʱʝʥʥʷ ʨʽʟʥʠʭ 

ʚʨʘʟʣʠʚʦʩʪʝʡ ʚ Microsoft Office ʪʘ Adobe PDF. ʂʨʽʤ ʪʦʛʦ ʚʝʣʠʢʠʤ ʥʝʜʦʣʽʢʦʤ ʻ 

ʪʝ ʱʦ ʙʦʪʥʝʪ ʤʝʨʝʞʽ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠ IaaS ʩʝʨʚʽʩʠ ʜʣʷ ʫʧʨʘʚʣʽʥʥʷ ʩʚʦʾʤʠ 

ʧʽʨʘʤʠ ʪʘ ʨʦʟʧʦʚʩʶʜʞʝʥʥʷ ʩʧʘʤʫ. ʇʨʠ ʮʴʦʤʫ ʜʝʷʢʽ IaaS ʩʝʨʚʽʩʠ ʧʦʪʨʘʧʣʷʣʠ ʚ 

ʯʦʨʥʽ ʩʧʠʩʢʠ, ʘ ʾʭ ʢʦʨʠʩʪʫʚʘʯʽ ʧʦʚʥʽʩʪʶ ʽʛʥʦʨʫʚʘʣʠʩʴ ʧʦʯʪʦʚʠʤʠ ʩʝʨʚʝʨʘʤʠ. 

ɿʥʘʯʥʫ ʟʘʛʨʦʟʫ ʙʝʟʧʝʢʠ ʪʘʢʦʞ ʥʝʩʫʪʴ ʥʝʟʘʭʠʱʝʥʽ ʧʨʦʛʨʘʤʥʽ ʽʥʪʝʨʬʝʡʩʠ 

ʭʤʘʨʥʦʛʦ ʩʝʨʚʽʩʫ. ʇʨʦʚʘʡʜʝʨʠ ʭʤʘʨʥʦʾ ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ ʥʘʜʘʶʪʴ ʢʦʨʠʩʪʫʚʘʯʘʤ 

ʥʘʙʽʨ ʧʨʦʛʨʘʤʥʠʭ ʽʥʪʝʨʬʝʡʩʽʚ ʜʣʷ ʫʧʨʘʚʣʽʥʥʷ ʨʝʩʫʨʩʘʤʠ, ʚʽʨʪʫʘʣʴʥʠʤʠ 

ʤʘʰʠʥʘʤʠ ʯʠ ʩʝʨʚʽʩʘʤʠ. ɹʝʟʧʝʯʥʽʩʪʴ ʚʩʽʻʾ ʩʠʩʪʝʤʠ ʟʘʣʝʞʠʪʴ ʚʽʜ ʟʘʭʠʱʝʥʦʩʪʽ 

ʮʠʭ ʽʥʪʝʨʬʝʡʩʽʚ. ʇʦʯʠʥʘʶʯʠ ʚʽʜ ʧʨʦʮʝʩʽʚ ʘʚʪʝʥʪʠʬʽʢʘʮʽʾ ʪʘ ʘʚʪʦʨʠʟʘʮʽʾ, ʽ 

ʟʘʢʽʥʯʫʶʯʠ ʰʠʬʨʫʚʘʥʥʷʤ ʧʨʦʛʨʘʤʥʽ ʽʥʪʝʨʬʝʡʩʠ ʧʦʚʠʥʥʽ ʟʘʙʝʟʧʝʯʫʚʘʪʠ 

ʤʘʢʩʠʤʘʣʴʥʠʡ ʨʽʚʝʥʴ ʟʘʭʠʩʪʫ ʚʽʜ ʨʽʟʥʦʛʦ ʪʠʧʫ ʘʪʘʢ ʟʣʦʚʤʠʩʥʠʢʽʚ.  

ɸʥʦʥʽʤʥʠʡ ʜʦʩʪʫʧ ʯʠ ʤʦʞʣʠʚʽʩʪʴ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʬʘʢʪʦʨ 

ʘʚʪʝʥʪʠʬʽʢʘʮʽʾ (ʧʘʨʦʣʴ ʯʠ ʪʦʢʝʥ), ʘ ʪʘʢʦʞ ʧʝʨʝʜʘʯʘ ʨʝʻʩʪʨʘʮʽʡʥʠʭ ʜʘʥʠʭ 

ʚʽʜʢʨʠʪʠʤ ʪʝʢʩʪʦʤ ʻ ʦʩʥʦʚʥʠʤʠ ʦʟʥʘʢʘʤʠ ʥʝʙʝʟʧʝʯʥʠʭ ʧʨʦʛʨʘʤʥʠʭ 

ʽʥʪʝʨʬʝʡʩʽʚ. ʆʙʤʝʞʝʥʽʩʪʴ ʤʦʞʣʠʚʦʩʪʝʡ ʤʦʥʽʪʦʨʠʥʛʫ ʚʠʢʦʨʠʩʪʘʥʥʷ API, 

ʚʽʜʩʫʪʥʽʩʪʴ ʩʠʩʪʝʤ ʚʝʜʝʥʥʷ ʞʫʨʥʘʣʫ, ʘ ʪʘʢʦʞ ʥʝʚʽʜʦʤʽ ʚʟʘʻʤʦʟʚôʷʟʢʠ ʤʽʞ 

ʨʽʟʥʠʤʠ ʩʝʨʚʽʩʘʤʠ ʪʽʣʴʢʠ ʟʙʽʣʴʰʫʶʪʴ ʨʠʟʠʢʠ ʟʣʦʤʫ 

ʆʜʥʽʻʶ ʟ ʥʘʡʙʽʣʴʰ ʥʝʙʝʟʧʝʯʥʠʭ ʟʘʛʨʦʟ ʧʨʠʚʘʪʥʽʡ ʽʥʬʦʨʤʘʮʽʾ 

ʢʦʨʠʩʪʫʚʘʯʽʚ ʻ ʚʥʫʪʨʽʰʥʽ ʧʦʨʫʰʥʠʢʠ ʥʘ ʩʪʦʨʦʥʽ ʭʤʘʨʥʦʛʦ ʩʝʨʚʽʩʫ. ʇʨʦʙʣʝʤʘ 

ʥʝʧʨʘʚʦʤʽʨʥʦʛʦ ʜʦʩʪʫʧʫ ʜʦ ʽʥʬʦʨʤʘʮʽʾ ʟʩʝʨʝʜʠʥʠ ʥʘʜʟʚʠʯʘʡʥʦ ʥʝʙʝʟʧʝʯʥʘ. 

ʏʘʩʪʦ, ʥʘ ʩʪʦʨʦʥʽ ʧʨʦʚʘʡʜʝʨʫ ʥʝ ʚʚʝʜʝʥʘ ʩʠʩʪʝʤʘ ʤʦʥʽʪʦʨʠʥʛʫ ʘʢʪʠʚʥʦʩʪʽ 

ʩʧʽʚʨʦʙʽʪʥʠʢʽʚ, ʽ ʮʝ ʦʟʥʘʯʘʻ, ʱʦ ʟʣʦʚʤʠʩʥʠʢ ʤʦʞʝ ʦʪʨʠʤʘʪʠ ʜʦʩʪʫʧ ʜʦ 

ʽʥʬʦʨʤʘʮʽʾ ʢʦʨʠʩʪʫʚʘʯʘ, ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ ʩʚʦʻ ʩʣʫʞʙʦʚʝ ʧʦʣʦʞʝʥʥʷ. ʊʘʢ ʷʢ 



40 

 

ʧʨʦʚʘʡʜʝʨʠ ʥʝ ʨʦʟʢʨʠʚʘʶʪʴ ʩʚʦʻʾ ʧʦʣʽʪʠʢʠ ʥʘʙʦʨʫ ʩʧʽʚʨʦʙʽʪʥʠʢʽʚ, ʟʘʛʨʦʟʘ 

ʤʦʞʝ ʥʘʜʭʦʜʠʪʠ, ʷʢ ʚʽʜ ʭʘʢʝʨʘ ʣʶʙʠʪʝʣʷ ʪʘʢ ʽ ʚʽʜ ʦʨʛʘʥʽʟʦʚʘʥʦʾ ʟʣʦʯʠʥʥʦʾ 

ʩʪʨʫʢʪʫʨʠ, ʱʦ ʧʨʦʥʠʢʥʫʣʘ ʚ ʨʷʜʠ ʩʧʽʚʨʦʙʽʪʥʠʢʽʚ ʧʨʦʚʘʡʜʝʨʘ. 

ʇʨʠʢʣʘʜʘʤʠ ʮʴʦʛʦ ʻ ʟʚʽʣʴʥʝʥʥʷ ʜʚʦʭ ʩʧʽʚʨʦʙʽʪʥʠʢʽʚ Google, ʷʢʽ, ʚ ʨʽʟʥʠʡ 

ʯʘʩ, ʢʦʨʠʩʪʫʶʯʠʩʴ ʩʚʦʾʤ ʩʣʫʞʙʦʚʠʤ ʧʦʣʦʞʝʥʥʷʤ ʘʜʤʽʥʽʩʪʨʘʪʦʨʘ, ʜʦʙʫʚʘʣʠ 

ʢʦʥʬʽʜʝʥʮʽʡʥʫ ʽʥʬʦʨʤʘʮʽʶ ʧʨʦ ʣʦʛʠ ʯʘʪʫ, ʣʦʛʠ ʜʟʚʽʥʢʽʚ GoogleVoice, ʪʘ ʧʦʰʪʫ 

ʢʦʨʠʩʪʫʚʘʯʽʚ [48], [49]. ɸʙʦ ʧʨʦʜʘʞ ʥʘ ʯʦʨʥʦʤʫ ʨʠʥʢʫ ʙʘʟ ʜʘʥʠʭ ʨʦʩʽʡʩʴʢʠʭ 

ʩʪʨʘʭʦʚʠʭ ʢʦʤʧʘʥʽʡ, ʱʦ ʤʽʩʪʷʪʴ 5,6 ʤʣʥ ʟʘʧʠʩʽʚ [50]. ɯʥʦʜʽ ʢʦʥʬʽʜʝʥʮʽʡʥʘ 

ʽʥʬʦʨʤʘʮʽʷ ʧʦʪʨʘʧʣʷʻ ʫ ʚʽʜʢʨʠʪʠʡ ʜʦʩʪʫʧ ʧʦ ʥʝʦʙʝʨʝʞʥʦʩʪʽ ʧʨʘʮʽʚʥʠʢʽʚ, ʷʢ 

ʪʨʘʧʠʣʦʩʴ ʟ ʚʠʭʽʜʥʠʤ ʢʦʜʦʤ ʢʦʤʧʘʥʽʾ Apple [51]. 

ɯʥʰʠʤ ʥʘʧʨʷʤʢʦʤ ʘʪʘʢ ʟʣʦʚʤʠʩʥʠʢʽʚ ʻ ʨʽʟʥʦʤʘʥʽʪʥʽ ʚʨʘʟʣʠʚʽʩʪʽ ʚ 

ʭʤʘʨʥʠʭ ʪʝʭʥʦʣʦʛʽʷʭ. ɺʽʨʪʫʘʣʽʟʘʮʽʷ ʮʝ ʦʜʠʥ ʟ ʛʦʣʦʚʥʠʭ ʢʦʤʧʦʥʝʥʪʽʚ ʭʤʘʨʠ. 

ɺʽʨʪʫʘʣʴʥʽ ʤʘʰʠʥʠ ʜʠʥʘʤʽʯʥʽ ï ʪʦʙʪʦ ʤʦʞʫʪʴ ʙʫʪʠ ʰʚʠʜʢʦ ʧʦʚʝʨʥʫʪʽ ʜʦ 

ʧʦʧʝʨʝʜʥʴʦʛʦ ʩʪʘʥʫ, ʟʫʧʠʥʝʥʽ, ʧʝʨʝʟʘʧʫʱʝʥʽ, ʩʢʦʧʽʡʦʚʘʥʽ ʘʙʦ ʧʝʨʝʤʽʱʝʥʽ. 

ʆʜʥʘ ʟ ʦʩʥʦʚʥʠʭ ʟʘʜʘʯ ʚʽʨʪʫʘʣʽʟʘʮʽʾ ʧʦʣʷʛʘʻ ʚ ʪʦʤʫ, ʱʦ ʨʽʟʥʽ ʝʢʟʝʤʧʣʷʨʠ 

ʚʽʨʪʫʘʣʴʥʠʭ ʤʘʰʠʥ, ʟʘʧʫʱʝʥʽ ʥʘ ʦʜʥʦʤʫ ʽ ʪʦʤʫ ʞ ʬʽʟʠʯʥʦʤʫ ʩʝʨʚʝʨʽ, ʻ 

ʽʟʦʣʴʦʚʘʥʠʤʠ ʦʜʥʘ ʚʽʜ ʦʜʥʦʾ. ʊʘʢʘ ʜʠʥʘʤʽʯʥʽʩʪʴ ʚʽʨʪʫʘʣʴʥʠʭ ʤʘʰʠʥ ʧʦʨʦʜʞʫʻ 

ʟʥʘʯʥʽ ʩʢʣʘʜʥʦʩʪʽ ʾʭ ʧʨʦʝʢʪʫʚʘʥʥʷ ʪʘ ʥʘʣʘʰʪʫʚʘʥʥʷ. ɿʘ ʯʘʩ ʽʩʥʫʚʘʥʥʷ ʙʫʣʦ 

ʟʥʘʡʜʝʥʦ ʚʝʣʠʢʫ ʢʽʣʴʢʽʩʪʴ ʧʦʤʠʣʦʢ ʚ ʫʩʽʭ ʧʦʧʫʣʷʨʥʠʭ ʛʽʧʝʨʚʽʟʦʨʘʭ 

ʚʽʨʪʫʘʣʴʥʠʭ ʤʘʰʠʥ, ʱʦ ʜʦʟʚʦʣʷʶʪʴ ʟʣʦʚʤʠʩʥʠʢʫ ʚʠʨʚʘʪʠʩʷ ʟʘ ʤʝʞʽ 

ʚʽʨʪʫʘʣʴʥʦʛʦ ʩʝʨʝʜʦʚʠʱʘ. ɺʨʘʟʣʠʚʽʩʪʴ ʫ Microsoft Virtual PC ʪʘ Microsoft 

Virtual Server ʤʦʛʣʘ ʜʦʟʚʦʣʠʪʠ ʛʦʩʪʴʦʚʽʡ ʦʧʝʨʘʮʽʡʥʽʡ ʩʠʩʪʝʤʽ ʢʦʨʠʩʪʫʚʘʯʘ 

ʟʘʧʫʩʢʘʪʠ ʢʦʜ ʥʘ ʙʘʪʴʢʽʚʩʴʢʽʡ ʘʙʦ ʽʥʰʽʡ ʛʦʩʪʴʦʚʽʡ ʦʧʝʨʘʮʽʡʥʽʡ ʩʠʩʪʝʤʽ ʚ ʦʙʭʽʜ 

ʛʽʧʝʨʚʽʟʦʨʘ. ɺʨʘʟʣʠʚʽʩʪʴ, ʱʦ ʙʫʣʘ ʟʥʘʡʜʝʥʘ ʫ ʤʝʭʘʥʽʟʤʽ ʩʧʽʣʴʥʠʭ ʧʘʧʦʢ 

VMware, ʥʘʜʘʚʘʣʘ ʢʦʨʠʩʪʫʚʘʯʘʤ ʛʦʩʪʴʦʚʦʾ ʩʠʩʪʝʤʠ ʤʦʞʣʠʚʽʩʪʴ ʯʠʪʘʥʥʷ ʪʘ 

ʟʘʧʠʩʫ ʜʦ ʙʫʜʴ-ʷʢʦʾ ʯʘʩʪʠʥʠ ʬʘʡʣʦʚʦʾ ʩʠʩʪʝʤʠ ʭʦʩʪʘ, ʚʢʣʶʯʘʶʯʠ ʩʠʩʪʝʤʥʫ 

ʧʘʧʢʫ ʪʘ ʽʥʰʽ ʙʝʟʧʝʢʦ-ʯʫʪʣʠʚʽ ʬʘʡʣʠ. ɺʨʘʟʣʠʚʽʩʪʴ ʚ ʛʽʧʝʨʚʽʟʦʨʽ çXenè ʤʦʞʝ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠʩʷ "ʢʦʨʝʥʝʚʠʤʠ" ʢʦʨʠʩʪʫʚʘʯʘʤʠ ʛʦʩʪʝʚʦʛʦ ʜʦʤʝʥʫ ʜʣʷ 

ʚʠʢʦʥʘʥʥʷ ʜʦʚʽʣʴʥʠʭ ʢʦʤʘʥʜ. ʆʢʨʝʤʠʤ ʧʠʪʘʥʥʷʤ ʻ ʢʦʥʪʨʦʣʴ ʥʘʜ 

ʘʜʤʽʥʽʩʪʨʘʪʦʨʦʤ ʫ ʭʦʩʪʦʚʠʭ ʪʘ ʛʦʩʪʴʦʚʠʭ ʦʧʝʨʘʮʽʡʥʠʭ ʩʠʩʪʝʤʘʭ. ʇʦʪʦʯʥʽ 
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VMM (Virtual Machine Monitor, ʛʽʧʝʨʚʽʟʦʨ) ʥʝ ʧʨʦʧʦʥʫʶʪʴ ʽʜʝʘʣʴʥʦʾ ʽʟʦʣʷʮʽʾ. 

ɻʽʧʝʨʚʽʟʦʨ ʚʽʨʪʫʘʣʴʥʦʾ ʤʘʰʠʥʠ ʧʦʚʠʥʝʥ ʙʫʪʠ "root secure", ʱʦ ʦʟʥʘʯʘʻ, ʱʦ 

ʢʦʨʠʩʪʫʚʘʯ ʚʽʨʪʫʘʣʴʥʦʛʦ ʩʝʨʝʜʦʚʠʱʘ, ʷʢʽ ʙ ʧʨʠʚʽʣʝʡ ʚʽʥ ʥʝ ʤʘʚ, ʧʦʚʠʥʝʥ ʥʝ 

ʤʘʪʠ ʟʤʦʛʠ ʚʪʨʫʯʘʪʠʩʷ ʚ ʩʠʩʪʝʤʫ ʭʦʩʪʘ.  

ɿʥʘʯʥʦʾ ʟʘʛʨʦʟʠ ʤʦʞʫʪʴ ʪʘʢʦʞ ʩʪʘʥʦʚʠʪʠ ʘʪʘʢʠ, ʱʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ 

ʘʧʘʨʘʪʥʽ ʚʨʘʟʣʠʚʦʩʪʽ ʧʨʦʮʝʩʦʨʽʚ Meltdown ʪʘ Spectre. ɼʘʥʽ ʫʨʘʟʣʠʚʦʩʪʽ 

ʧʦʢʣʘʜʘʶʪʴʩʷ ʥʘ ʚʘʜʠ ʨʝʘʣʽʟʘʮʽʾ ʤʝʭʘʥʽʟʤʽʚ ʩʧʝʢʫʣʷʪʠʚʥʦʛʦ ʚʠʢʦʥʘʥʥʷ ʚ 

ʩʫʯʘʩʥʠʭ ʤʽʢʨʦʧʨʦʮʝʩʦʨʘʭ ʪʘ, ʫ ʨʘʟʽ ʫʩʧʽʰʥʦʾ ʘʪʘʢʠ, ʜʦʟʚʦʣʷʶʪʴ ʟʣʦʚʤʠʩʥʠʢʫ 

ʯʘʩʪʠʥʫ ʚʤʽʩʪʫ ʦʧʝʨʘʪʠʚʥʦʾ ʧʘʤôʷʪʽ ʽʥʰʦʛʦ ʧʨʦʮʝʩʫ. [52], [53]  

ʋ ʟʘʛʘʣʴʥʦʤʫ, ʭʤʘʨʥʽ ʩʝʨʚʽʩʠ ʪʘ ʤʝʨʝʞʽ ʧʝʨʝʜʘʯʽ ʜʘʥʠʭ ʻ ʥʘʡʙʽʣʴʰʠʤ 

ʜʞʝʨʝʣʦʤ ʚʠʪʦʢʫ ʧʨʠʚʘʪʥʦʾ ʽʥʬʦʨʤʘʮʽʾ. ʅʘ ʥʠʭ ʧʨʠʧʘʜʘʻ 69,5 % ʫʩʽʭ ʚʠʧʘʜʢʽʚ 

ʚʪʨʘʪ ʧʨʠʚʘʪʥʦʾ ʽʥʬʦʨʤʘʮʽʾ ʢʦʨʠʩʪʫʚʘʯʽʚ [54]. ʊʦʤʫ ʻ ʥʘʜʟʚʠʯʘʡʥʦ ʚʘʞʣʠʚʠʤ 

ʟʘʭʠʩʪʠʪʠ ʧʨʠʚʘʪʥʫ ʽʥʬʦʨʤʘʮʽʶ ʢʦʨʠʩʪʫʚʘʯʽʚ ʢʦʤʧôʶʪʝʨʥʦʾ ʩʠʩʪʝʤʠ ʩʘʤʝ ʧʨʠ 

ʚʠʢʦʨʠʩʪʘʥʥʽ ʧʫʙʣʽʯʥʠʭ ʭʤʘʨʥʠʭ ʩʝʨʚʽʩʽʚ. 

 

1.3 ɸʥʘʣʽʟ ʤʝʪʦʜʽʚ ʟʘʭʠʩʪʫ ʽʥʬʦʨʤʘʮʽʾ ʫ ʢʦʤʧôʶʪʝʨʥʠʭ ʩʠʩʪʝʤʘʭ 

 

ɿʘʛʘʣʴʥʘ ʽʩʪʦʨʽʷ ʢʨʠʧʪʦʛʨʘʬʽʾ ʥʘʣʽʯʫʻ ʙʣʠʟʴʢʦ 4 ʪʠʩʷʯ ʨʦʢʽʚ, ʙʫʣʦ 

ʨʦʟʨʦʙʣʝʥʦ ʚʝʣʠʢʫ ʢʽʣʴʢʽʩʪʴ ʘʣʛʦʨʠʪʤʽʚ ʰʠʬʨʫʚʘʥʥʷ. ʋ ʥʘʰ ʯʘʩ ʜʣʷ ʟʘʭʠʩʪʫ 

ʧʨʠʚʘʪʥʦʾ ʽʥʬʦʨʤʘʮʽʾ ʢʦʨʠʩʪʫʚʘʯʘ ʧʨʠ ʡʦʛʦ ʚʟʘʻʤʦʜʽʾ ʟ ʢʦʤʧôʶʪʝʨʥʦʶ 

ʩʠʩʪʝʤʦʶ ʧʨʠʡʥʷʪʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʧʦʻʜʥʘʥʥʷ ʚʽʜʨʘʟʫ ʜʝʢʽʣʴʢʦʭ ʘʣʛʦʨʠʪʤʽʚ 

ʰʠʬʨʫʚʘʥʥʷ, ʢʦʞʝʥ ʟ ʷʢʠʭ ʚʠʢʦʥʫʻ ʩʚʦʶ ʮʽʣʴ [55]: 

1. ɼʣʷ ʟʙʝʨʝʞʝʥʥʷ ʢʦʥʬʽʜʝʥʮʽʡʥʦʩʪʽ ʟʥʘʯʥʠʭ ʦʙôʻʤʽʚ ʽʥʬʦʨʤʘʮʽʾ 

ʧʨʠʡʥʷʪʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʩʠʤʝʪʨʠʯʥʽ ʘʣʛʦʨʠʪʤʠ ʰʠʬʨʫʚʘʥʥʷ. ʅʘʡʙʽʣʴʰ 

ʨʦʟʧʦʚʩʶʜʞʝʥʠʤʠ ʻ ʘʣʛʦʨʠʪʤʠ AES, DES, Blowfish. ʉʠʤʝʪʨʠʯʥʽ ʰʠʬʨʠ 

ʚʦʣʦʜʽʶʪʴ ʜʦʩʪʘʪʥʴʦʶ ʢʨʠʧʪʦʛʨʘʬʽʯʥʦʶ ʩʪʽʡʢʽʩʪʶ ʪʘ ʰʚʠʜʢʦʜʽʻʶ ʧʨʦʪʝ 

ʤʘʶʪʴ ʟʥʘʯʥʠʡ ʥʝʜʦʣʽʢ ï ʦʜʥʘʢʦʚʠʡ ʢʣʶʯ ʜʣʷ ʰʠʬʨʫʚʘʥʥʷ ʪʘ ʨʦʟhʠʬʨʫʚʘʥʥʷ, 

ʱʦ ʨʦʙʠʪʴ ʥʝʤʦʞʣʠʚʠʤ ʧʝʨʝʜʘʯʫ ʮʴʦʛʦ ʢʣʶʯʘ ʧʦ ʚʽʜʢʨʠʪʠʤ ʢʘʥʘʣʘʤ ʟʚôʷʟʢʫ. 

[56], [57]  
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2. ɼʣʷ ʬʦʨʤʫʚʘʥʥʷ ʩʧʽʣʴʥʦʛʦ ʢʣʶʯʘ ʰʠʬʨʫʚʘʥʥʷ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ 

ʦʜʠʥ ʟ ʘʩʠʤʝʪʨʠʯʥʠʭ ʘʣʛʦʨʠʪʤʽʚ. ʇʦʻʜʥʘʥʥʷ ʩʠʤʝʪʨʠʯʥʠʭ ʪʘ ʘʩʠʤʝʪʨʠʯʥʠʭ 

ʩʭʝʤ ʰʠʬʨʫʚʘʥʥʷ ʧʨʠʡʥʷʪʦ ʥʘʟʠʚʘʪʠ çʛʽʙʨʠʜʥʦʶè (ʘʙʦ çʢʦʤʙʽʥʦʚʘʥʦʶè) 

ʢʨʠʧʪʦʩʠʩʪʝʤʦʶ [58]. ʅʘʡʙʽʣʴʰ ʧʦʰʠʨʝʥʠʤʠ ʘʣʛʦʨʠʪʤʘʤʠ ʘʩʠʤʝʪʨʠʯʥʦʛʦ 

ʰʠʬʨʫʚʘʥʥʷ ʻ RSA, ElGamal.  

3. ɼʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʘʚʪʝʥʪʠʯʥʦʩʪʽ ʧʫʙʣʽʯʥʦʛʦ ʢʣʶʯʘ ʰʠʬʨʫʚʘʥʥʷ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʘʣʛʦʨʠʪʤʠ ʮʠʬʨʦʚʦʛʦ ʩʝʨʪʠʬʽʢʘʪʫ - ʮʠʬʨʦʚʦʛʦ ʜʦʢʫʤʝʥʪʫ, 

ʱʦ ʧʽʜʪʚʝʨʜʞʫʻ ʚʽʜʧʦʚʽʜʥʽʩʪʴ ʤʽʞ ʚʽʜʢʨʠʪʠʤ (ʧʫʙʣʽʯʥʠʤ) ʢʣʶʯʝʤ ʽ 

ʽʥʬʦʨʤʘʮʽʻʶ, ʱʦ ʽʜʝʥʪʠʬʽʢʫʻ ʚʣʘʩʥʠʢʘ ʢʣʶʯʘ.  

ʇʦʻʜʥʘʥʥʷ ʧʝʨʝʨʘʭʦʚʘʥʠʭ ʤʝʪʦʜʽʚ ʜʘʻ ʤʦʞʣʠʚʽʩʪʴ ʙʝʟʧʝʯʥʦ ʧʝʨʝʜʘʚʘʪʠ 

ʽʥʬʦʨʤʘʮʽʶ ʚʽʜ ʝʣʝʤʝʥʪʽʚ ʢʦʤʧôʶʪʝʨʥʦʾ ʩʠʩʪʝʤʠ ʜʦ ʭʤʘʨʥʦʛʦ ʩʝʨʚʽʩʫ ʪʘ/ʘʙʦ 

ʟʙʝʨʽʛʘʪʠ ʾʾ.  

ɸʣʝ, ʧʨʠ ʥʘʷʚʥʦʩʪʽ ʫ ʩʢʣʘʜʽ ʢʦʤʧôʶʪʝʨʥʦʾ ʩʠʩʪʝʤʠ ʧʫʙʣʽʯʥʦʛʦ ʭʤʘʨʥʦʛʦ 

ʩʝʨʚʽʩʫ, ʚʠʥʠʢʘʻ ʥʝʦʙʭʽʜʥʽʩʪʴ ʜʦʜʘʪʢʦʚʦ ʾʦʙʨʦʙʢʠ ʽʥʬʦʨʤʘʮʽʾ, ʱʦ ʧʨʠʟʚʦʜʠʪʴ 

ʜʦ ʨʦʟʰʠʬʨʫʚʘʥʥʷ ʮʽʻʾ ʽʥʬʦʨʤʘʮʽʾ. ʊʘʢʠʤ ʯʠʥʦʤ ʚʩʽ ʚʠʭʽʜʥʽ ʜʘʥʽ ʩʪʘʶʪʴ 

ʜʦʩʪʫʧʥʽ ʧʨʦʚʘʡʜʝʨʫ ʭʤʘʨʥʦʛʦ ʨʽʰʝʥʥʷ. 

ɿʘʟʚʠʯʘʡ, ʰʠʬʨʫʚʘʥʥʷ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʷʢ ʟʘʩʽʙ ʜʣʷ ʟʙʝʨʝʞʝʥʥʷ ʜʘʥʠʭ 

ʢʦʥʬʽʜʝʥʮʽʡʥʠʤʠ ʪʘ ʮʽʣʽʩʥʠʤʠ ʧʽʜ ʯʘʩ ʾʭ ʧʝʨʝʜʘʯʽ ʽʥʰʠʤ ʩʪʦʨʦʥʘʤ ʘʙʦ 

ʟʙʝʨʽʛʘʥʥʷ. ʇʨʘʢʪʠʯʥʘ ʙʽʣʴʰʽʩʪʴ ʥʘʡʙʽʣʴʰ ʨʦʟʧʦʚʩʶʜʞʝʥʠʭ ʟʘʨʘʟ ʩʭʝʤ 

ʰʠʬʨʫʚʘʥʥʷ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʫ ʢʦʥʪʝʢʩʪʽ ʦʧʝʨʘʮʽʡ ʟʯʠʪʫʚʘʥʥʷ ʪʘ ʟʘʧʠʩʫ 

ʽʥʬʦʨʤʘʮʽʾ. ʅʘʧʨʠʢʣʘʜ, ʪʘʢʽ ʘʣʛʦʨʠʪʤʠ ʰʠʬʨʫʚʘʥʥʷ, ʷʢ RSA [59], ʘ ʪʘʢʦʞ 

ʰʠʬʨʫʚʘʥʥʷ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʘʣʛʦʨʠʪʤʫ ʦʙʤʽʥʫ ʢʣʶʯʘʤʠ Diffie-Hellman [60], 

ʩʪʚʦʨʝʥʽ ʜʣʷ ʪʦʛʦ, ʱʦʙ ʜʦʟʚʦʣʠʪʠ ʩʪʦʨʦʥʘʤ ʰʠʬʨʫʚʘʪʠ ʜʘʥʥʽ ʧʨʠ ʧʦʪʨʝʙʽ 

ʟʘʧʠʩʫ ʘʙʦ ʧʝʨʝʜʘʯʽ ʧʦʚʽʜʦʤʣʝʥʴ, ʪʘ ʨʦʟhʠʬʨʦʚʫʚʘʪʠ ʾʭ ʧʨʠ ʟʯʠʪʫʚʘʥʥʽ ʯʠ 

ʦʪʨʠʤʘʥʥʽ. ɰʭ ʜʦʩʪʘʪʥʴʦ ʜʣʷ ʧʨʦʩʪʦʛʦ ʟʘʩʪʦʩʫʚʘʥʥʷ, ʪʘʢʦʛʦ ʷʢ ʧʝʨʝʜʘʯʘ ʯʠ 

ʟʙʝʨʽʛʘʥʥʷ ʽʥʬʦʨʤʘʮʽʾ, ʘʣʝ ʙʽʣʴʰ ʟʥʘʯʥʽ ʧʝʨʝʚʘʛʠ ʤʦʞʝ ʥʘʜʘʪʠ ʤʦʞʣʠʚʽʩʪʴ 

ʤʦʜʠʬʽʢʘʮʽʾ ʽʥʬʦʨʤʘʮʽʾ ʙʝʟ ʾʾ ʨʦʟʰʠʬʨʫʚʘʥʥʷ. ʉʭʝʤʠ ʰʠʬʨʫʚʘʥʥʷ, ʱʦ 

ʜʦʟʚʦʣʷʶʪʴ ʚʠʢʦʥʫʚʘʪʠ ʘʨʠʬʤʝʪʠʯʥʽ ʦʧʝʨʘʮʽʾ ʟ ʟʘʰʠʬʨʦʚʘʥʠʤʠ ʪʝʢʩʪʘʤʠ ʙʝʟ 

ʾʭ ʨʦʟʰʠʬʨʫʚʘʥʥʷ ʥʘʟʠʚʘʶʪʴʩʷ ʛʦʤʦʤʦʨʬʥʠʤʠ. ʇʨʠ ʮʴʦʤʫ, ʦʪʨʠʤʘʥʠʡ 

ʨʝʟʫʣʴʪʘʪ ʧʽʩʣʷ ʡʦʛʦ ʨʦʟhʠʬʨʫʚʘʥʥʷ ʚʽʜʧʦʚʽʜʘʻ ʯʠʩʣʫ, ʱʦ ʤʦʞʥʘ ʙ ʙʫʣʦ 
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ʦʪʨʠʤʘʪʠ ʧʨʠ ʚʠʢʦʥʘʥʥʽ ʪʠʭ ʩʘʤʠʭ ʘʨʠʬʤʝʪʠʯʥʠʭ ʜʽʡ ʥʘʜ ʚʽʜʢʨʠʪʠʤʠ ʜʘʥʠʤʠ 

ʟ ʥʘʩʪʫʧʥʠʤ ʰʠʬʨʫʚʘʥʥʷʤ.  

ʇʦʚʥʽʩʪʶ ʛʦʤʦʤʦʨʬʥʝ ʰʠʬʨʫʚʘʥʥʷ (ʘʥʛʣ. Fully homomorphic encryption 

(FHE)) ï ʮʝ ʪʘʢʘ ʩʭʝʤʘ ʰʠʬʨʫʚʘʥʥʷ ʷʢʘ ʜʦʟʚʦʣʷʻ, ʟ ʟʘʰʠʬʨʦʚʘʥʦʛʦ ʪʝʢʩʪʫ Ὁὥ 

ʪʘ Ὁὦ, ʱʦ ʙʫʚ ʦʪʨʠʤʘʥʠʡ ʧʽʩʣʷ ʟʘʰʠʬʨʫʚʘʥʥʷ ʧʦʩʣʽʜʦʚʥʦʩʪʽ ʙʽʪʽʚ a ʪʘ b, 

ʦʪʨʠʤʘʪʠ ʟʘʰʠʬʨʦʚʘʥʽ ʨʝʟʫʣʴʪʘʪʠ ʣʦʛʽʯʥʠʭ ʦʧʝʨʘʮʽʡ: Ὁὥ, Ὁὥ ὦ) ʽ ὉὥϽ

ὦ, ʙʝʟ ʚʠʢʦʨʠʩʪʘʥʥʷ ʢʣʶʯʘ ʰʠʬʨʫʚʘʥʥʷ [9]. ʆʯʝʚʠʜʥʦ, ʱʦ ʪʘʢʘ ʘʣʛʝʙʨʘʾʯʥʘ 

ʩʭʝʤʘ ʜʦʟʚʦʣʷʻ ʚʠʢʦʥʫʚʘʪʠ ʙʫʜʴ-ʷʢʽ ʦʧʝʨʘʮʽʾ ʥʘʜ ʧʦʩʣʽʜʦʚʥʽʩʪʶ ʚʭʽʜʥʠʭ ʙʽʪ̔ʚ 

ʧʫʙʣʽʯʥʦ [9]. 

ʈʝʘʣʽʟʘʮʽʷ ʧʦʚʥʽʩʪʶ ʛʦʤʦʤʦʨʬʥʦʛʦ ʰʠʬʨʫʚʘʥʥʷ ʤʘʻ ʟʘʜʦʚʦʣʴʥʷʪʠ 

ʪʘʢʠʤ ʚʠʤʦʛʘʤ [61]:  

1. ʉʧʝʢʪʨ ʧʽʜʪʨʠʤʫʚʘʥʠʭ ʤʘʪʝʤʘʪʠʯʥʠʭ ʬʫʥʢʮʽʡ ʧʦʢʨʠʚʘʻ ʧʦʚʩʷʢʜʝʥʥʽ 

ʧʦʪʨʝʙʠ ʧʨʦʛʨʘʤʽʩʪʽʚ.  

2. ɼʽʘʧʘʟʦʥʠ ʟʥʘʯʝʥʴ ʯʠʩʝʣ ʧʦʢʨʠʚʘʶʪʴ ʧʨʠʥʘʡʤʥʽ ʩʪʘʥʜʘʨʪʥʽ ʪʠʧʠ 

ʜʘʥʠʭ, ʘ ʦʙʯʠʩʣʝʥʥʷ, ʚʠʢʦʥʘʥʽ ʥʘʜ ʟʘʰʠʬʨʦʚʘʥʠʤʠ ʜʘʥʠʤʠ, ʤʘʶʪʴ ʥʝʦʙʭʽʜʥʫ 

ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ.  

3. ʊʦʯʥʽʩʪʴ ʽ ʰʚʠʜʢʽʩʪʴ ʥʝ ʟʤʽʥʶʶʪʴʩʷ ʧʨʦʪʷʛʦʤ ʫʩʽʭ ʦʙʯʠʩʣʝʥʴ.  

4. ʉʢʣʘʜʥʽʩʪʴ ʨʝʘʣʽʟʘʮʽʾ ʧʨʠʤʽʪʠʚʥʠʭ ʦʧʝʨʘʮʽʡ ʥʘʜ ʟʘʰʠʬʨʦʚʘʥʠʤʠ 

ʜʘʥʠʤʠ ï ὕὲ ÌÏÇὲ  ʘʙʦ ὕὲ, ʜʝ ὲ ï ʦʙôʻʤ ʜʘʥʠʭ.  

5. ʂʨʠʧʪʦʩʪʽʡʢʽʩʪʴ ʧʦʚʠʥʥʘ ʤʘʪʠ ʧʦʨʷʜʦʢ ʩʫʤʽʨʥʠʡ ʟ ʧʦʨʷʜʢʦʤ ʚʽʜʦʤʠʭ 

ʤʝʪʦʜʽʚ ʰʠʬʨʫʚʘʥʥʷ.  

ʈʝʘʣʽʟʦʚʘʥʘ ʥʘ ʧʨʘʢʪʠʮʽ, ʩʭʝʤʘ ʛʦʤʦʤʦʨʬʥʦʛʦ ʰʠʬʨʫʚʘʥʥʷ, ʦʪʨʠʤʘʣʘ ʙ 

ʰʠʨʦʢʝ ʟʘʩʪʦʩʫʚʘʥʥʷ ʫ ʭʤʘʨʥʠʭ ʪʝʭʥʦʣʦʛʽʷʭ ʢʦʤʧôʶʪʝʨʥʠʭ ʦʙʯʠʩʣʝʥʴ ʪʘ 

ʟʙʝʨʽʛʘʥʥʷ ʽʥʬʦʨʤʘʮʽʾ. ʆʜʥʘʢ ʽʩʪʦʪʥʠʤ ʥʝʜʦʣʽʢʦʤ ʽʩʥʫʶʯʠʭ ʩʭʝʤ 

ʛʦʤʦʤʦʨʬʥʦʛʦ ʰʠʬʨʫʚʘʥʥʷ ʻ ʾʭ ʢʨʘʡʥʻ ʥʠʟʴʢʘ ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ. 
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1.4 ɸʥʘʣʽʟ ʽʩʥʫʶʯʠʭ ʘʣʛʦʨʠʪʤʽʚ ʯʘʩʪʢʦʚʦ ʛʦʤʦʤʦʨʬʥʦʛʦ 

ʰʠʬʨʫʚʘʥʥʷ 

 

ʏʘʩʪʢʦʚʦ ʛʦʤʦʤʦʨʬʥʠʤʠ, ʥʘ ʚʽʜʤʽʥʫ ʚʽʜ ʧʦʚʥʽʩʪʶ ʛʦʤʦʤʦʨʬʥʠʭ, 

ʥʘʟʠʚʘʶʪʴ ʪʘʢʽ ʩʠʩʪʝʤʠ ʰʠʬʨʫʚʘʥʥʷ ʱʦ ʟʜʘʪʥʽ ʚʠʢʦʥʫʚʘʪʠ ʪʽʣʴʢʠ ʦʜʥʫ ʟ 

ʦʧʝʨʘʮʽʡ ï ʜʦʜʘʚʘʥʥʷ ʘʙʦ ʤʥʦʞʝʥʥʷ, ʥʘʜ ʟʘʰʠʬʨʦʚʘʥʠʤ ʪʝʢʩʪʦʤ. ʍʦʯʘ ʦʙʣʘʩʪʴ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʪʘʢʠʭ ʘʣʛʦʨʠʪʤʽʚ ʻ ʚʽʜʥʦʩʥʦ ʥʝʚʝʣʠʢʦʶ, ʾʭ ʰʚʠʜʢʽʩʪʴ ʟʥʘʯʥʦ 

ʚʠʱʝ ʥʽʞ ʫ ʧʦʚʥʽʩʪʶ ʛʦʤʦʤʦʨʬʥʠʭ. 

ʇʨʠʢʣʘʜʘʤʠ ʯʘʩʪʢʦʚʦ ʛʦʤʦʤʦʨʬʥʠʭ ʩʠʩʪʝʤ ʰʠʬʨʫʚʘʥʥʷ ʻ RSA, 

ElGamal, Paillier. ʇʝʨʰʽ ʜʚʽ ʩʠʩʪʝʤʠ ʛʦʤʦʤʦʨʬʥʽ ʚʽʜʥʦʩʥʦ ʦʧʝʨʘʮʽʾ ʤʥʦʞʝʥʥʷ, 

ʘ ʩʠʩʪʝʤʘ ʰʠʬʨʫʚʘʥʥʷ ʇʝʡʻ  ï ʚʽʜʥʦʩʥʦ ʦʧʝʨʘʮʽʾ ʜʦʜʘʚʘʥʥʷ. 

 

1.4.1 ʏʘʩʪʢʦʚʠʡ ʛʦʤʦʤʦʨʬʽʟʤ ʫ ʘʣʛʦʨʠʪʤʽ RSA 

 

ɺ ʦʩʥʦʚʫ ʢʨʠʧʪʦʛʨʘʬʽʯʥʦʾ ʩʠʩʪʝʤʠ ʟ ʚʽʜʢʨʠʪʠʤ ʢʣʶʯʝʤ RSA ʧʦʢʣʘʜʝʥʘ 

ʩʢʣʘʜʥʽʩʪʴ ʟʘʜʘʯʽ ʬʘʢʪʦʨʠʟʘʮʽʾ ʜʦʙʫʪʢʫ ʜʚʦʭ ʚʝʣʠʢʠʭ ʧʨʦʩʪʠʭ ʯʠʩʝʣ. ɼʣʷ 

ʰʠʬʨʫʚʘʥʥʷ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʦʧʝʨʘʮʽʷ ʧʽʜʥʝʩʝʥʥʷ ʜʦ ʩʪʫʧʝʥʷ ʟʘ ʤʦʜʫʣʝʤ 

ʚʝʣʠʢʦʛʦ ʯʠʩʣʘ. ɼʣʷ ʨʦʟhʠʬʨʫʚʘʥʥʷ (ʟʚʦʨʦʪʥʦʾ ʦʧʝʨʘʮʽʾ) ʟʘ ʯʘʩ, ʩʫʤʽʩʥʠʡ ʟ 

ʧʦʪʫʞʥʦʩʪʷʤʠ ʩʫʯʘʩʥʠʭ ʢʦʤʧôʶʪʝʨʥʠʭ ʩʠʩʪʝʤ ʪʘ ʤʝʨʝʞ, ʥʝʦʙʭʽʜʥʦ ʚʤʽʪʠ 

ʦʙʯʠʩʣʶʚʘʪʠ ʬʫʥʢʮʽʶ ɽʡʣʝʨʘ ʚʽʜ ʜʘʥʦʛʦ ʚʝʣʠʢʦʛʦ ʯʠʩʣʘ, ʜʣʷ ʯʦʛʦ ʥʝʦʙʭʽʜʥʦ 

ʟʥʘʪʠ ʨʦʟʢʣʘʜ ʯʠʩʣʘ ʥʘ ʧʨʦʩʪʽ ʤʥʦʞʥʠʢʠ. [59] 

ʋ ʢʨʠʧʪʦʛʨʘʬʽʯʥʽʡ ʩʠʩʪʝʤʽ ʟ ʚʽʜʢʨʠʪʠʤ ʢʣʶʯʝʤ ʢʦʞʥʠʡ ʫʯʘʩʥʠʢ ʤʘʻ ʷʢ 

ʚʽʜʢʨʠʪʠʡ ʢʣʶʯ (ʘʥʛʣ. Public key), ʪʘʢ ʽ ʟʘʢʨʠʪʠʡ ʢʣʶʯ (ʘʥʛʣ. Private key). ʋ 

ʢʨʠʧʪʦʛʨʘʬʽʯʥʽʡ ʩʠʩʪʝʤʽ RSA ʢʦʞʥʠʡ ʢʣʶʯ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʧʘʨʠ ʮʽʣʠʭ ʯʠʩʝʣ. 

ʂʦʞʥʠʡ ʫʯʘʩʥʠʢ ʩʪʚʦʨʶʻ ʩʚʽʡ ʚʽʜʢʨʠʪʠʡ ʽ ʟʘʢʨʠʪʠʡ ʢʣʶʯ ʩʘʤʦʩʪʽʡʥʦ. 

ɿʘʢʨʠʪʠʡ ʢʣʶʯ ʢʦʞʝʥ ʟ ʥʠʭ ʪʨʠʤʘʻ ʚ ʩʝʢʨʝʪʽ, ʘ ʚʽʜʢʨʠʪʽ ʢʣʶʯʽ ʤʦʞʥʘ 

ʧʦʚʽʜʦʤʣʷʪʠ ʙʫʜʴ-ʢʦʤʫ ʘʙʦ ʥʘʚʽʪʴ ʧʫʙʣʽʢʫʚʘʪʠ ʾʭ. ɺʽʜʢʨʠʪʠʡ ʽ ʟʘʢʨʠʪʠʡ ʢʣʶʯʽ 

ʢʦʞʥʦʛʦ ʟ ʫʯʘʩʥʠʢʽʚ ʦʙʤʽʥʫ ʧʦʚʽʜʦʤʣʝʥʥʷʤʠ ʚ ʢʨʠʧʪʦʩʠʩʪʝʤʽ RSA ʫʪʚʦʨʶʶʪʴ 

çʫʟʛʦʜʞʝʥʫ ʧʘʨʫè ʚ ʪʦʤʫ ʩʝʥʩʽ, ʱʦ ʚʦʥʠ ʻ ʚʟʘʻʤʥʦ ʟʚʦʨʦʪʥʠʤʠ. [62] 

ʇʨʦʮʝʩ ʛʝʥʝʨʘʮʽʾ ʢʣʶʯʽʚ ʚ ʘʣʛʦʨʠʪʤʽ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʥʘʩʪʫʧʥʠʭ ʝʪʘʧʽʚ [63]: 
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1. ʆʙʠʨʘʻʤʦ ʜʚʘ ʚʠʧʘʜʢʦʚʠʭ ʧʨʦʩʪʠʭ ʯʠʩʣʘ ὴ ʪʘ ή ʟʘʜʘʥʦʛʦ ʨʦʟʤʽʨʫ 

(ʨʦʟʠʤʽʨ ʢʣʶʯʘ ʚʠʟʥʘʯʘʻ ʢʨʠʧʪʦʩʪʽʡʢʽʩʪʴ ʩʠʩʪʝʤʠ) 

2. ʆʙʨʘʭʦʚʫʻʤʦ ʾʭ ʜʦʙʫʪʦʢ (çʤʦʜʫʣʴè): 

 

 ὲ ὴϽή (1.2) 

 

3. ʆʙʨʘʭʦʚʫʻʤʦ ʟʥʘʯʝʥʥʷ ʬʫʥʢʮʽʾ ɽʡʣʝʨʘ ʚʽʜ ʯʠʩʣʘ n: 

 

 •ὲ ὴ ρϽή ρ (1.3) 

 

4. ʆʙʠʨʘʻʤʦ ʮʽʣʝ ʯʠʩʣʦ Ὡ ρ Ὡ •ὲ , ʚʟʘʻʤʥʦ ʧʨʦʩʪʝ ʜʦ ʟʥʘʯʝʥʥʷ 

ʬʫʥʢʮʽʾ •ὲ. ʏʠʩʣʦ Ὡ ʥʘʟʠʚʘʻʪʴʩʷ ʚʽʜʢʨʠʪʦʶ ʝʢʩʧʦʥʝʥʪʦʶ (ʘʥʛʣ. public 

exponent). ɿʘʟʚʠʯʘʡ ʚ ʷʢʦʩʪʽ Ὡ ʧʨʠʡʤʘʶʪʴ ʧʨʦʩʪʽ ʯʠʩʣʘ, ʱʦ ʤʽʩʪʷʪʴ ʥʝʚʝʣʠʢʫ 

ʢʽʣʴʢʽʩʪʴ ʦʜʠʥʠʯʥʠʭ ʙʽʪʽʚ ʚ ʜʚʽʡʢʦʚʦʤʫ ʟʘʧʠʩʽ, ʥʘʧʨʠʢʣʘʜ ʧʨʦʩʪʽ ʯʠʩʣʘ ʌʝʨʤʘ 

17, 257, 65537, ʧʨʠʯʠʥʦʶ ʮʴʦʛʦ ʻ ʪʝ ʱʦ ʯʘʩ ʥʝʦʙʭʽʜʥʠʡ ʜʣʷ ʰʠʬʨʫʚʘʥʥʷ ʟ 

ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʘʣʛʦʨʠʪʤʫ ʰʚʠʜʢʦʛʦ ʧʽʜʥʝʩʝʥʥʷ ʜʦ ʩʪʫʧʝʥʶ ʧʨʷʤʦ 

ʧʨʦʧʦʨʮʽʡʥʠʡ ʯʠʩʣʫ ʦʜʠʥʠʯʥʠʭ ʙʽʪʽʚ ʚ ʯʠʩʣʫ Ὡ. ʇʨʦʪʝ ʟʘʥʘʜʪʦ ʤʘʣʽ ʟʥʘʯʝʥʥʷ e 

ʧʦʪʝʥʮʽʡʥʦ ʤʦʞʫʪʴ ʧʦʩʣʘʙʠʪʠ ʙʝʟʧʝʢʫ ʩʭʝʤʠ RSA. 

5. ʆʙʯʠʩʣʶʻʤʦ ʯʠʩʣʦ d, ʱʦ ʻ ʤʫʣʴʪʠʧʣʽʢʘʪʠʚʥʦ ʟʚʦʨʦʪʥʝ ʜʦ ʯʠʩʣʘ e ʧʦ 

ʤʦʜʫʣʶ •ὲ, ʪʦʙʪʦ ʯʠʩʣʦ, ʱʦ ʟʘʜʦʚʦʣʴʥʷʻ ʨʽʚʥʷʥʥʶ: 

 

 ὨϽὩḳρ ÍÏÄ •ὲ (1.4) 

 

6. ʇʘʨʘ Ὡȟὲ ʧʫʙʣʽʢʫʻʪʴʩʷ ʫ ʚʠʛʣʷʜʽ ʚʽʜʢʨʠʪʦʛʦ ʢʣʶʯʘ RSA (ʘʥʛʣ. RSA 

public key). 

7. ʇʘʨʘ (d, n) ʚʽʜʽʛʨʘʻ ʨʦʣʴ ʟʘʢʨʠʪʦʛʦ ʢʣʶʯʘ RSA (ʘʥʛʣ. RSA private key) ʠ 

ʪʨʠʤʘʻʪʴʩʷ ʚ ʪʘʻʤʥʠʮʽ. 

ʌʫʥʢʮʽʷ ʰʠʬʨʫʚʘʥʥʷ (Ὁ) ʘʣʛʦʨʠʪʤʫ ʜʣʷ ʮʽʣʦʛʦ ʯʠʩʣʘ (ὥ) ʚʠʛʣʷʜʘʻ 

ʥʘʩʪʫʧʥʠʤ ʯʠʥʦʤ: 
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 Ὁὥ ὥÍÏÄ ὲ (1.5) 

 

ʇʦʢʘʞʝʤʦ, ʱʦ ʘʣʛʦʨʠʪʤ RSA ʛʦʤʦʤʦʨʬʥʠʡ ʚʽʜʥʦʩʥʦ ʦʧʝʨʘʮʽʾ ʤʥʦʞʝʥʥʷ. 

 

 Ὁὥ ϽὉὥ ὥϽὥÍÏÄ ὲ (1.6) 

 

ʗʢʱʦ ʚʠʥʝʩʪʠ ʝʢʩʧʦʥʝʥʪʫ Ὡ ʟʘ ʜʫʞʢʠ ʦʪʨʠʤʘʻʤʦ: 

 

 ὥϽὥÍÏÄ ὲ ὥϽὥ ÍÏÄ ὲ (1.7) 

 

ʑʦ ʝʢʚʽʚʘʣʝʥʪʥʦ ʟʘʰʠʬʨʦʚʘʥʦʤʫ ʜʦʙʫʪʢʫ ʯʠʩʝʣ ὥ ʪʘ ὥ: 

 

 ὥϽὥ ÍÏÄ ὲ ὉὥϽὥ  (1.8) 

 

ʊʘʢʠʤ ʯʠʥʦʤ, ʟ ʬʦʨʤʫʣʠ 1.8 ʤʦʞʥʘ ʧʦʙʘʯʠʪʠ, ʱʦ ʩʭʝʤʘ ʰʠʬʨʫʚʘʥʥʷ 

RSA ʻ ʛʦʤʦʤʦʨʬʥʦʶ ʚʽʜʥʦʩʥʦ ʦʧʝʨʘʮʽʾ ʤʥʦʞʝʥʥʷ. 

 

1.4.2 ʏʘʩʪʢʦʚʠʡ ʛʦʤʦʤʦʨʬʽʟʤ ʫ ʘʣʛʦʨʠʪʤʽ ɽʣ-ɹɻʘʤʘʣʷ 

 

ɺ ʦʩʥʦʚʫ ʢʨʠʧʪʦʛʨʘʬʽʯʥʦʾ ʩʠʩʪʝʤʠ ʟ ʚʽʜʢʨʠʪʠʤ ʢʣʶʯʝʤ ɽʣʴ-ɻʘʤʘʣʷ 

ʧʦʢʣʘʜʝʥʘ ʩʢʣʘʜʥʽʩʪʴ ʦʙʯʠʩʣʝʥʥʷ ʜʠʩʢʨʝʪʥʠʭ ʣʦʛʘʨʠʬʤʽʚ ʚ ʢʽʥʮʝʚʦʤʫ ʧʦʣʽ. 

ʉʭʝʤʘ ʙʫʣʘ ʟʘʧʨʦʧʦʥʦʚʘʥʘ ʊʘʭʝʨʘ ɽʣʴ-ɻʘʤʘʣʴ ʚ 1985 ʨʦʮʽ.  ɽʣʴ-ɻʘʤʘʣʴ  

ʫʜʦʩʢʦʥʘʣʠʚ ʩʠʩʪʝʤʫ ɼʽʬʬʽ-ɻʝʣʣʤʘʥʘ ʽ ʦʪʨʠʤʘʚ ʜʚʘ ʘʣʛʦʨʠʪʤʠ, ʷʢʽ ʧʨʠʟʥʘʯʝʥʽ 

ʜʣʷ ʰʠʬʨʫʚʘʥʥʷ ʽ ʜʣʷ ʘʚʪʝʥʪʠʬʽʢʘʮʽʾ. [64] ʅʘ ʚʽʜʤʽʥʫ ʚʽʜ RSA ʘʣʛʦʨʠʪʤ ɽʣʴ-

ɻʘʤʘʣʷ ʥʝ ʟʘʧʘʪʝʥʪʦʚʘʥʠʡ ʽ, ʪʦʤʫ, ʩʪʘʚ ʜʝʰʝʚʰʦʶ ʘʣʴʪʝʨʥʘʪʠʚʦʶ, ʦʩʢʽʣʴʢʠ ʥʝ 

ʧʦʪʨʽʙʥʘ ʦʧʣʘʪʘ ʚʥʝʩʢʽʚ ʟʘ ʣʽʮʝʥʟʽʶ. ɺʚʘʞʘʻʪʴʩʷ, ʱʦ ʘʣʛʦʨʠʪʤ ʧʦʪʨʘʧʣʷʻ ʧʽʜ 

ʜʽʶ ʧʘʪʝʥʪʫ ɼʽʬʬʽ-ɻʝʣʣʤʘʥʘ [65].  

ʇʨʦʮʝʩ ʛʝʥʝʨʘʮʽʾ ʢʣʶʯʽʚ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʪʘʢʠʭ ʝʪʘʧʽʚ [65], [66]: 
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1. ʆʙʠʨʘʻʤʦ ʚʠʧʘʜʢʦʚʝ ʧʨʦʩʪʝ ὴ ʯʠʩʣʦ ʜʦʚʞʠʥʦʶ ή ʙʽʪ. 

2. ʆʙʠʨʘʻʤʦ ʚʠʧʘʜʢʦʚʠʡ ʧʨʠʤʽʪʠʚʥʠʡ ʝʣʝʤʝʥʪ g ʮʠʢʣʽʯʥʦ ʾʛʨʫʧʠ Ὃ. 

3. ʆʙʠʨʘʻʤʦ ʚʠʧʘʜʢʦʚʝ ʮʽʣʝ ʯʠʩʣʦ ὼ ʪʘʢʝ, ʱʦ ρ ὼ ὴ ρ 

4. ʆʙʯʠʩʣʶʻʤʦ ʚʽʜʢʨʠʪʠʡ ʢʣʶʯ: 

 

 ώ Ὣ ÍÏÄ ὴ (1.9) 

 

ɺʽʜʢʨʠʪʠʤ ʢʣʶʯʝʤ ʩʠʩʪʝʤʠ ʻ ʧʘʨʘʤʝʪʨʠ ὴȟὫȟώ. ɿʘʢʨʠʪʠʤ ʢʣʶʯʝʤ ï 

ʯʠʩʣʦ ὼ. 

ʇʝʨʝʜ ʰʠʬʨʫʚʘʥʥʷʤ ʥʝʦʙʭʽʜʥʦ ʦʙʨʘʪʠ ʩʝʘʥʩʦʚʠʡ ʢʣʶʯ Ὧ ʪʘʢʠʡ, ʱʦ Ὧᶰ

πȟȣȟή ρ. ʊʦʜʽ, ʬʫʥʢʮʽʷ ʰʠʬʨʫʚʘʥʥʷ (Ὁ) ʘʣʛʦʨʠʪʤʫ ʜʣʷ ʮʽʣʦʛʦ ʯʠʩʣʘ (ὥ) 

ʚʠʛʣʷʜʘʻ ʥʘʩʪʫʧʥʠʤ ʯʠʥʦʤ: 

 

 Ὁὥ ὫȟὥϽώ  (1.10) 

 

ʇʦʢʘʞʝʤʦ, ʱʦ ʘʣʛʦʨʠʪʤ ɽʣʴ-ɻʘʤʘʣʷ ʛʦʤʦʤʦʨʬʥʠʡ ʚʽʜʥʦʩʥʦ ʦʧʝʨʘʮʽʾ 

ʤʥʦʞʝʥʥʷ. 

 

 Ὁὥ ϽὉὥ Ὣ ȟὥϽώ Ὣ ȟὥϽώ  (1.11) 

 

ʗʢʱʦ ʧʝʨʝʤʥʦʞʠʪʠ ʧʨʘʚʽ ʪʘ ʣʽʚʽ ʯʘʩʪʠʥʠ ʚʽʜʧʦʚʽʜʥʦ ʦʪʨʠʤʘʻʤʦ: 

 

 Ὣ ȟὥϽώ Ὣ ȟὥϽώ Ὣ ȟὥϽὥ ώ  (1.12) 

 

ʑʦ ʝʢʚʽʚʘʣʝʥʪʥʦ ʟʘʰʠʬʨʦʚʘʥʦʤʫ ʜʦʙʫʪʢʫ ʯʠʩʝʣ ὥ ʪʘ ὥ: 

 

 Ὣ ȟὥϽὥ ώ ὉὥϽὥ  (1.13) 

 



48 

 

ʊʘʢʠʤ ʯʠʥʦʤ, ʟ ʬʦʨʤʫʣʠ 1.13 ʤʦʞʥʘ ʧʦʙʘʯʠʪʠ, ʱʦ ʩʭʝʤʘ ʰʠʬʨʫʚʘʥʥʷ 

ɽʣʴ-ɻʘʤʘʣʷ ʻ ʛʦʤʦʤʦʨʬʥʦʶ ʚʽʜʥʦʩʥʦ ʦʧʝʨʘʮʽʾ ʤʥʦʞʝʥʥʷ. 

 

1.4.3 ʏʘʩʪʢʦʚʠʡ ʛʦʤʦʤʦʨʬʽʟʤ ʫ ʘʣʛʦʨʠʪʤʽ ʇʝʡʻ 

 

ʗʢ ʽ ʚ ʢʨʠʧʪʦʩʠʩʪʝʤʽ RSA ï ʚ ʦʩʥʦʚʫ ʢʨʠʧʪʦʛʨʘʬʽʯʥʦʾ ʩʠʩʪʝʤʠ ʟ 

ʚʽʜʢʨʠʪʠʤ ʢʣʶʯʝʤ ʇʝʡʻ ʧʦʢʣʘʜʝʥʘ ʩʢʣʘʜʥʽʩʪʴ ʟʘʚʜʘʥʥʷ ʬʘʢʪʦʨʠʟʘʮʽʾ ʜʦʙʫʪʢʫ 

ʜʚʦʭ ʚʝʣʠʢʠʭ ʧʨʦʩʪʠʭ ʯʠʩʝʣ [67], [68]. 

ʉʠʩʪʝʤʘ ʰʠʬʨʫʚʘʥʥʷ ʇʝʡʻ ʛʦʤʦʤʦʨʬʥʘ ʚʽʜʥʦʩʥʦ ʦʧʝʨʘʮʽʾ ʜʦʜʘʚʘʥʥʷ. 

ɼʣʷ ʛʦʤʦʤʦʨʬʥʦʛʦ ʰʠʬʨʫʚʘʥʥʷ ʯʠʩʝʣ ʥʝʦʙʭʽʜʥʦ ʟʛʝʥʝʨʫʚʘʪʠ ʜʚʘ ʧʨʦʩʪʽ ʯʠʩʣʘ 

- ὴȟή. ʊʝʧʝʨ ʦʪʨʠʤʫʻʤʦ ʧʝʨʰʫ ʯʘʩʪʠʥʫ ʚʽʜʢʨʠʪʦʛʦ (Ὤ) ʪʘ ʟʘʢʨʠʪʦʛʦ ʢʣʶʯʽʚ (‗): 

 

 Ὤ ὴήȟ (1.14) 

 

 ‗ ÌÃÍὴ ρȟή ρ (1.15) 

 

ʜʝ, ÌÃÍ ï ʥʘʡʤʝʥʰʝ ʩʧʽʣʴʥʝ ʢʨʘʪʥʝ ʯʠʩʝʣ ὴ ρ ʪʘ ή ρ 

ɺ ʷʢʦʩʪʽ ʜʨʫʛʦʾ ʧʦʣʦʚʠʥʠ ʧʨʠʚʘʪʥʦʛʦ ʢʣʶʯʘ ʛʝʥʝʨʫʻʤʦ ʯʠʩʣʦ Ὣ (Ὣᶰὤ ), ʪʘ 

ʚʠʟʥʘʯʘʻʤʦ ʜʨʫʛʫ ʯʘʩʪʠʥʫ ʟʘʢʨʠʪʦʛʦ ʢʣʶʯʘ: 

 

 ‘ ὒὫÍÏÄ Ὤ ÍÏÄ Ὤȟ (1.16) 

 

 
ὒὼ

ὼ ρ

Ὤ
 (1.17) 

 

ʇʝʨʝʜ ʰʠʬʨʫʚʘʥʥʷʤ ʥʝʦʙʭʽʜʥʦ ʟʛʝʥʝʨʫʚʘʪʠ ʚʠʧʘʜʢʦʚʝ ʯʠʩʣʦ (ὯȟὯᶰὤ) ï 

ʩʝʘʥʩʦʚʠʡ ʢʣʶʯ ʰʠʬʨʫʚʘʥʥʷ. ʐʠʬʨʫʚʘʥʥʷ ʪʦʯʦʢ ʚʽʜʢʨʠʪʠʤ ʢʣʶʯʝʤ : 

 

 Ὁὲὧὥ Ὣ ὯÍÏÄ Ὤ (1.18) 
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ʉʫʤʫʚʘʥʥʷ ʯʠʩʝʣ ʚʽʜʙʫʚʘʻʪʴʩʷ ʧʨʠ ʤʥʦʞʝʥʥʽ ʾʭ ʰʠʬʨʦʪʝʢʩʪʽʚ: 

 

 
Ὁὲὧὥ Ὣ Ὧ ÍÏÄ Ὤ ὫВ ὯÍÏÄ Ὤ (1.19) 

 

ɿʚʽʜʢʠ ʚʠʧʣʠʚʘʻ: 

 
ὫВ ὯÍÏÄ Ὤ Ὁ ὥ  (1.20) 

 

ɼʣʷ ʨʦʟʰʠʬʨʫʚʘʥʥʷ ʩʫʤʠ (Ὓ): 

 

 Ὓ ὒὉὛ ÍÏÄ Ὤ Ͻ‘ ÍÏÄ Ὤ (1.21) 

 

ʊʘʢʠʤ ʯʠʥʦʤ, ʟ ʬʦʨʤʫʣʠ 1.20 ʤʦʞʥʘ ʧʦʙʘʯʠʪʠ, ʱʦ ʩʭʝʤʘ ʰʠʬʨʫʚʘʥʥʷ 

ʇʝʡʻ ʻ ʛʦʤʦʤʦʨʬʥʦʶ ʚʽʜʥʦʩʥʦ ʦʧʝʨʘʮʽʾ ʜʦʜʘʚʘʥʥʷ. 

 

1.6 ʄʘʪʝʤʘʪʠʯʥʠʡ ʘʧʘʨʘʪ ʝʣʽʧʪʠʯʥʠʭ ʢʨʠʚʠʭ 

 

ɺ 1985 ʨʦʮʽ ʅʽʣʦʤ ʂʦʙʣʽʮʝʤ ʪʘ ɺʽʢʪʦʨʦʤ ʄʽʣʣʝʨʦʤ ʥʝʟʘʣʝʞʥʦ ʦʜʠʥ ʚʽʜ 

ʦʜʥʦʛʦ, ʙʫʣʦ ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʚ ʢʨʠʧʪʦʛʨʘʬʽʾ ʘʣʛʝʙʨʘʾʯʥʠʭ 

ʚʣʘʩʪʠʚʦʩʪʝʡ ʝʣʽʧʪʠʯʥʠʭ ʢʨʠʚʠʭ. ɿ ʮʴʦʛʦ ʤʦʤʝʥʪʫ ʧʦʯʘʚʩʷ ʙʫʨʭʣʠʚʠʡ 

ʨʦʟʚʠʪʦʢ ʥʦʚʦʛʦ ʥʘʧʨʷʤʫ ʢʨʠʧʪʦʛʨʘʬʽʾ, ʜʣʷ ʷʢʦʛʦ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʪʝʨʤʽʥ 

çʢʨʠʧʪʦʛʨʘʬʽʷ ʥʘ ʝʣʽʧʪʠʯʥʠʭ ʢʨʠʚʠʭè. [65], [69], [70] 

ʅʘʨʘʟʽ, ʟ ʘʩʠʤʝʪʨʠʯʥʠʭ ʘʣʛʦʨʠʪʤʽʚ ʰʠʬʨʫʚʘʥʥʷ, ʘʣʛʦʨʠʪʤʠ, ʱʦ 

ʧʨʘʮʶʶʪʴ ʟ ʝʣʽʧʪʠʯʥʠʤʠ ʢʨʠʚʠʤʠ ʻ ʥʘʡʙʽʣʴʰ ʣʝʛʢʠʤʠ ʟʽ ʩʪʦʨʦʥʠ 

ʦʙʯʠʩʣʶʚʘʣʴʥʦʾ ʩʢʣʘʜʥʦʩʪʽ, ʜʣʷ ʨʝʘʣʽʟʘʮʽʾ ʥʘ ʘʧʘʨʘʪʥʽʡ ʙʘʟʽ. [71], [72]  

ɽʣʽʧʪʠʯʥʘ ʢʨʠʚʘ (Ὁ) ï ʮʝ ʤʥʦʞʠʥʘ ʨʽʰʝʥʴ (ὼȟώ) ʨʽʚʥʷʥʥʷ ʚʠʜʫ: 

 

 ώ ὼ ὥὼὦ (1.22) 
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ɺʘʞʣʠʚʦʶ ʚʣʘʩʪʠʚʽʩʪʶ ʥʝʩʠʥʛʫʣʷʨʥʠʭ ʢʨʠʚʠʭ ʻ ʪʝ, ʱʦ ʙʫʜʴ-ʷʢʘ ʧʨʷʤʘ, 

ʷʢʘ ʧʨʦʭʦʜʠʪʴ ʯʝʨʝʟ ʨʽʟʥʽ ʪʦʯʢʠ ʢʨʠʚʦʾ ʧʝʨʝʪʠʥʘʻ ʢʨʠʚʫ ʚ ʻʜʠʥʽʡ ʪʦʯʮʽ. ʂʨʽʤ 

ʪʦʛʦ, ʜʦʪʠʯʥʘ ʜʦ ʝʣʽʧʪʠʯʥʦʾ ʚ ʙʫʜʴ-ʷʢʽʡ ʪʦʯʮʽ (ʢʨʽʤ ʪʦʯʦʢ ʧʝʨʝʛʠʥʫ) ʧʝʨʝʪʠʥʘʻ 

ʾʾ ʱʝ ʚ ʦʜʥʽʡ ʪʦʯʮʽ. 

ʊʘʢʽ ʦʩʦʙʣʠʚʦʩʪʽ ʜʦʟʚʦʣʷʶʪʴ ʟʘʜʘʪʠ ʛʨʫʧʦʚʫ ʦʧʝʨʘʮʽʶ, ʷʢʫ ʥʘʟʠʚʘʶʪʴ 

ʜʦʜʘʚʘʥʥʷ ʪʦʯʦʢ ʝʣʽʧʪʠʯʥʦʾ ʢʨʠʚʦʾ.[69], [73] 

ʈʦʣʴ ʦʩʥʦʚʥʦʾ ʢʨʠʧʪʦʛʨʘʬʽʯʥʦʾ ʦʧʝʨʘʮʽʾ ʚʠʢʦʥʫʻ ʦʧʝʨʘʮʽʷ ʩʢʘʣʷʨʥʦʛʦ 

ʤʥʦʞʝʥʥʷ ʪʦʯʢʠ ʥʘ ʝʣʽʧʪʠʯʥʽʡ ʢʨʠʚʽʡ ʥʘ ʜʘʥʝ ʮʽʣʝ ʯʠʩʣʦ, ʱʦ ʚʠʟʥʘʯʘʻʪʴʩʷ 

ʯʝʨʝʟ ʦʧʝʨʘʮʽʾ ʜʦʜʘʚʘʥʥʷ ʽ ʧʦʜʚʦʻʥʥʷ ʪʦʯʦʢ ʝʣʽʧʪʠʯʥʦʾ ʢʨʠʚʦʾ. ʆʩʪʘʥʥʽ, ʚ ʩʚʦʶ 

ʯʝʨʛʫ, ʚʠʢʦʥʫʶʪʴʩʷ ʥʘ ʦʩʥʦʚʽ ʦʧʝʨʘʮʽʡ ʜʦʜʘʚʘʥʥʷ, ʤʥʦʞʝʥʥʷ ʽ ʽʥʚʝʨʪʫʚʘʥʥʷ ʚ 

ʢʽʥʮʝʚʦʤʫ ʧʦʣʽ, ʥʘʜ ʷʢʠʤʠ ʨʦʟʛʣʷʜʘʻʪʴʩʷ ʢʨʠʚʘ. (ʨʠʩ. 1.3). [56], [74] 

 

  

ʈʠʩʫʥʦʢ 1.3 ï ʇʨʘʚʠʣʦ ʜʦʜʘʚʘʥʥʷ ʪʦʯʦʢ ʥʘ ʝʣʽʧʪʠʯʥʽʡ ʢʨʠʚʽʡ 

 

ʇʦʜʚʦʻʥʥʷ ʪʦʯʦʢ (ʜʦʜʘʚʘʥʥʷ ʪʦʯʢʠ ʩʘʤʦʾ ʜʦ ʩʝʙʝ) ʤʦʞʥʘ ʚʠʛʣʷʜʘʻ 

ʥʘʩʪʫʧʥʠʤ ʯʠʥʦʤ (ʨʠʩ. 1.4) [75]: 

 

ὖ 

ὖ 

ὖ ὖ Ὑ 

Ὑ 
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ʈʠʩʫʥʦʢ 1.4 ï ʇʦʜʚʦʻʥʥʷ ʪʦʯʢʠ 

 

ʇʨʠ ʜʦʜʘʚʘʥʥʽ ʪʦʯʦʢ ὖ ʪʘ ὖ ʟ ʢʦʦʨʜʠʥʘʪʘʤʠ ὼȟώ ʪʘ ὼȟώ ʚʚʦʜʠʪʴʩʷ 

ʜʦʜʘʪʢʦʚʘ ʪʦʯʢʘ (ὕ), ʱʦ ʬʘʢʪʠʯʥʦ ʥʝ ʥʘʣʝʞʠʪʴ ʤʥʦʞʠʥʽ XY ï ʚʚʘʞʘʻʪʴʩʷ ʱʦ 

ʚʦʥʘ ʥʝʩʢʽʥʯʝʥʥʦ ʚʽʜʜʘʣʝʥʘ ʚʽʜ ὖ ʪʘ ὖ ʪʘ ʚʽʜʽʛʨʘʻ ʨʦʣʴ ʥʫʣʴʦʚʦʛʦ ʝʣʝʤʝʥʪʘ.  

ʊʘʢʠʤ ʯʠʥʦʤ ʟʘʢʦʥ ʜʦʜʘʚʘʥʥʷ ʥʘ ʝʣʽʧʪʠʯʥʽʡ ʢʨʠʚʽʡ (Ὁ) ʤʘʻ ʥʘʩʪʫʧʥʽ 

ʦʩʦʙʣʠʚʦʩʪʽ: 

1. ʅʝʡʪʨʘʣʴʥʠʡ ʝʣʝʤʝʥʪ: 

 

 ὖ ὕ ὕ ὖ ὖ (1.23) 

 

2. ʆʙʝʨʥʝʥʠʡ ʝʣʝʤʝʥʪ: 

 

 ὖ ὖ ὕ (1.24) 

 

3. ɸʩʦʮʽʘʪʠʚʥʽʩʪʴ: 

 

 ὖ ὗ Ὑ ὖ ὗ Ὑ (1.25) 

ὖ 

Ὑ 

ςὖ ὖ ὖ Ὑ 

ὖ 
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4. ʂʦʤʫʪʘʪʠʚʥʽʩʪʴ: 

 

 ὖ ὗ ὗ ὖ (1.26) 

 

ɿʚʽʜʢʠ ʚʠʜʥʦ, ʱʦ ʩʫʢʫʧʥʽʩʪʴ ʪʦʯʦʢ ʝʣʽʧʪʠʯʥʦʾ ʢʨʠʚʦʾ Ὁ ʬʦʨʤʫʶʪ ɹ

ʢʦʤʫʥʽʢʘʪʠʚʥʫ ʛʨʫʧʫ. 

 

1.5 ʆʙˇʨʫʥʪʫʚʘʥʥʷ ʥʘʧʨʷʤʢʫ ʪʘ ʟʘʜʘʯ ʜʦʩʣʽʜʞʝʥʥʷ 

 

ʋ ʜʘʥʦʤʫ ʨʦʟʜʽʣʽ ʧʨʦʚʝʜʝʥʦ ʘʥʘʣʽʟ ʽʩʥʫʶʯʠʭ ʤʦʜʝʣʝʡ ʭʤʘʨʥʠʭ ʩʝʨʚʽʩʽʚ, 

ʟʘʛʨʦʟʠ ʙʝʟʧʝʢʠ, ʱʦ ʚʠʥʠʢʘʶʪʴ ʧʨʠ ʾʭ ʚʠʢʦʨʠʩʪʘʥʥʽ ʪʘ ʥʘʡʙʽʣʴʰ ʧʦʰʠʨʝʥʽ 

ʤʝʪʦʜʫ ʟʘʭʠʩʪʫ ʽʥʬʦʨʤʘʮʽʾ ʚ ʢʦʤʧôʶʪʝʨʥʠʭ ʩʠʩʪʝʤʘʭ ʪʘ ʤʝʨʝʞʘʭ ʧʽʜ ʯʘʩ 

ʨʦʙʦʪʠ ʟ ʧʫʙʣʽʯʥʠʤʠ ʭʤʘʨʥʠʤʠ ʩʝʨʚʝʨʘʤʠ. 

 ʇʨʦʚʝʜʝʥʦ ʘʥʘʣʽʟ ʟʘʜʘʯ, ʧʦʚôʷʟʘʥʠʭ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʧʫʙʣʽʯʥʠʭ ʭʤʘʨʥʠʭ 

ʪʝʭʥʦʣʦʛʽʡ ʢʦʤʧôʶʪʝʨʥʠʭ ʦʙʯʠʩʣʝʥʴ. ɺʠʢʦʥʘʥʦ ʘʥʘʣʽʟ ʽʩʥʫʶʯʠʭ ʤʦʜʝʣʝʡ ʪʘ 

ʩʪʨʘʪʝʛʽʡ ʨʦʟʛʦʨʪʘʥʥʷ ʭʤʘʨʥʠʭ ʩʝʨʚʽʩʽʚ, ʩʫʯʘʩʥʠʭ ʤʝʪʦʜʽʚ ʟʘʭʠʩʪʫ ʽʥʬʦʨʤʘʮʽʾ, 

ʧʨʠ ʾʾ ʧʝʨʝʜʘʯʽ, ʟʙʝʨʽʛʘʥʥʽ ʪʘ ʦʙʨʦʙʮʽ ʫ ʧʫʙʣʽʯʥʦʤʫ ʭʤʘʨʥʦʤʫ ʩʝʨʚʽʩʽ, ʧʨʠ ʡʦʛʦ 

ʚʠʢʦʨʠʩʪʘʥʥʽ ʫ ʩʢʣʘʜʽ ʢʦʤʧôʶʪʝʨʥʦʾ ʩʠʩʪʝʤʽ. 

 ʇʽʜ ʯʘʩ ʦʛʣʷʜʫ ʽʩʥʫʶʯʠʭ ʨʽʰʝʥʴ ʚʠʷʚʣʝʥʦ, ʱʦ ʩʫʯʘʩʥʽ ʭʤʘʨʥʽ ʩʝʨʚʽʩʠ, 

ʷʢʽ ʦʙʨʦʙʣʷʶʪʴ ʜʘʥʽ ʢʦʨʠʩʪʫʚʘʯʽʚ, ʤʽʩʪʷʪʴ ʯʘʩʪʠʥʫ ʜʘʥʠʭ, ʱʦ ʦʙʨʦʙʣʷʻʪʴʩʷ ʫ 

ʚʽʜʢʨʠʪʦʤʫ ʚʠʛʣʷʜʽ, ʘ ʮʝ ʨʦʙʠʪʴ ʾʭ ʫʨʘʟʣʠʚʠʤʠ ʜʦ ʯʠʪʘʥʥʷ/ʢʦʧʽʶʚʘʥʥʷ.  

ɼʣʷ ʜʦʩʷʛʥʝʥʥʷ ʤʝʪʠ ʜʠʩʝʨʪʘʮʽʾ ʥʘ ʦʩʥʦʚʽ ʧʨʦʚʝʜʝʥʦʛʦ ʘʥʘʣʽʟʫ 

ʥʝʦʙʭʽʜʥʦ ʧʨʦʜʦʚʞʠʪʠ ʜʦʩʣʽʜʞʝʥʥʷ ʚ ʥʘʧʨʷʤʢʫ ʨʦʟʨʦʙʢʠ ʤʝʪʦʜʽʚ ʟʘʭʠʩʪʫ 

ʽʥʬʦʨʤʘʮʽʾ ʧʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ ʫ ʩʢʣʘʜʽ ʢʦʤʧôʶʪʝʨʥʦʾ ʩʠʩʪʝʤʠ ʧʫʙʣʽʯʥʠʭ 

ʭʤʘʨʥʠʭ ʩʝʨʚʽʩʽʚ ʟʘ ʥʝʦʙʭʽʜʥʦʩʪʽ ʧʦʜʘʣʴʰʦʾ ʦʙʨʦʙʢʠ ʽʥʬʦʨʤʘʮʽʾ. ɼʣʷ 

ʜʦʩʷʛʥʝʥʥʷ ʤʝʪʠ ʜʠʩʝʨʪʘʮʽʾ ʧʦʪʨʽʙʥʦ ʨʦʟʚ`ʷʟʘʪʠ ʪʘʢʽ ʟʘʜʘʯʽ: 

- ʨʦʟʨʦʙʠʪʠ ʩʠʩʪʝʤʫ ʜʝʧʝʨʩʦʥʘʣʽʟʘʮʽʾ ʢʦʨʠʩʪʫʚʘʯʽʚ, ʧʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ 

ʧʫʙʣʽʯʥʦʛʦ ʭʤʘʨʥʦʛʦ ʩʝʨʚʽʩʫ ʢʦʤʧôʶʪʝʨʥʠʭ ʦʙʯʠʩʣʝʥʴ ʥʘ ʦʩʥʦʚʽ ʯʘʩʪʢʦʚʦ 

ʛʦʤʦʤʦʨʬʥʦʛʦ ʘʣʛʦʨʠʪʤʫ ʰʠʬʨʫʚʘʥʥʷ. 
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- ʚʠʟʥʘʯʠʪʠ ʢʨʠʪʝʨʽʡ ʝʬʝʢʪʠʚʥʦʩʪʽ ʘʣʛʦʨʠʪʤʫ ʯʘʩʪʢʦʚʦ ʛʦʤʦʤʦʨʬʥʦʛʦ 

ʰʠʬʨʫʚʘʥʥʷ, ʱʦ ʦʨʽʻʥʪʦʚʘʥʘ ʥʘ ʚʠʢʦʨʠʩʪʘʥʥʷ ʫ ʩʢʣʘʜʽ ʩʠʩʪʝʤʠ 

ʜʝʧʝʨʩʦʥʘʣʽʟʘʮʽʾ ʢʦʨʠʩʪʫʚʘʯʽʚ. 

- ʨʦʟʨʦʙʠʪʠ ʪʝʦʨʝʪʠʯʥʦ ʦʙˇʨʫʥʪʦʚʘʥʫ ʤʦʜʠʬʽʢʘʮʽʶ ʩʭʝʤʠ ʰʠʬʨʫʚʘʥʥʷ 

ʥʘ ʦʩʥʦʚʽ ʝʣʽʧʪʠʯʥʠʭ ʢʨʠʚʠʭ ʟ ʤʝʪʦʶ ʥʘʜʘʥʥʷ ʾʡ ʛʦʤʦʤʦʨʬʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ 

ʚʽʜʥʦʩʥʦ ʦʧʝʨʘʮʽʾ ʜʦʜʘʚʘʥʥʷ. 

- ʧʨʦʘʥʘʣʽʟʫʚʘʪʠ ʢʨʠʧʪʦʩʪʽʡʢʽʩʪʴ ʯʘʩʪʢʦʚʦ ʛʦʤʦʤʦʨʬʥʦʛʦ ʘʣʛʦʨʠʪʤʫ ʥʘ 

ʦʩʥʦʚʽ ʝʣʽʧʪʠʯʥʠʭ ʢʨʠʚʠʭ. 

- ʨʦʟʨʦʙʠʪʠ ʤʘʪʝʤʘʪʠʯʥʽ ʤʦʜʝʣʽ ʩʠʩʪʝʤʠ ʜʝʧʝʨʩʦʥʘʣʽʟʘʮʽʾ ʢʦʨʠʩʪʫʚʘʯʽʚ 

ʭʤʘʨʥʦʛʦ ʩʝʨʚʽʩʫ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʯʘʩʪʢʦʚʦ ʛʦʤʦʤʦʨʬʥʦʛʦ ʘʣʛʦʨʠʪʤʫ 

ʰʠʬʨʫʚʘʥʥʷ ʥʘ ʦʩʥʦʚʽ ʝʣʽʧʪʠʯʥʠʭ ʢʨʠʚʠʭ. 

- ʨʝʘʣʽʟʫʚʘʪʠ ʨʦʟʨʦʙʣʝʥʽ ʦʙʯʠʩʣʶʚʘʣʴʥʽ ʧʨʦʮʝʜʫʨʠ ʯʘʩʪʢʦʚʦ 

ʛʦʤʦʤʦʨʬʥʦʛʦ ʰʠʬʨʫʚʘʥʥʷ ʥʘ ʦʩʥʦʚʽ ʝʣʽʧʪʠʯʥʠʭ ʢʨʠʚʠʭ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ 

ʦʙʯʠʩʣʶʚʘʣʴʥʠʭ ʧʦʪʫʞʥʦʩʪʝʡ ʪʝʭʥʽʯʥʠʭ ʟʘʩʦʙʽʚ. 

- ʨʦʟʨʦʙʠʪʠ ʘʣʛʦʨʠʪʤʽʯʥʝ ʟʘʙʝʟʧʝʯʝʥʥʷ ʪʘ ʧʨʦʛʨʘʤʥʠʡ ʤʦʜʝʣʶʶʯʠʡ 

ʢʦʤʧʣʝʢʩ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʤʦʚ ʧʨʦʛʨʘʤʫʚʘʥʥʷ ʚʠʩʦʢʦʛʦ ʨʽʚʥʷ. 

- ʟʘʙʝʟʧʝʯʠʪʠ ʧʨʘʢʪʠʯʥʝ ʚʧʨʦʚʘʜʞʝʥʥʷ ʨʝʟʫʣʴʪʘʪʽʚ ʨʦʙʦʪʠ. 
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ʈʆɿɼɯʃ 2 

 

ʄɸʊɽʄɸʊʀʏʅɸ ʄʆɼɽʃʔ ʄɽʊʆɼʋ ɿɸʍʀʉʊʋ ɯʅʌʆʈʄɸʎɯɰ 

ʂʆʈʀʉʊʋɺɸʏɯɺ ʂʆʄʇôʖʊɽʈʅʆɰ ʉʀʉʊɽʄʀ 

 

2.1 ʌʦʨʤʘʣʽʟʘʮʽʷ ʢʦʤʧʦʥʝʥʪʽʚ ʢʦʤʧôʶʪʝʨʥʦʾ ʩʠʩʪʝʤʠ, ʱʦ 

ʚʠʢʦʨʠʩʪʦʚʫʻ ʭʤʘʨʥʠʡ ʩʝʨʚʽʩ. 

 

ʇʨʦʧʦʥʫʻʪʴʩʷ ʪʘʢʝ ʚʠʟʥʘʯʝʥʥʷ ʩʢʣʘʜʫ ʥʘʡʧʨʦʩʪʽʰʦʾ ʢʦʤʧôʶʪʝʨʥʦʾ 

ʩʠʩʪʝʤʠ, ɦ ʦ ʚʠʢʦʨʠʩʪʦʚʫʻ ʭʤʘʨʥʠʡ ʩʝʨʚʽʩ ʟ ʪʨʴʦʭ ʦʩʥʦʚʥʠʭ ʢʦʤʧʦʥʝʥʪʽʚ. 

ʂʣʽʻʥʪʩʴʢʘ ʧʨʦʛʨʘʤʘ ï ʢʦʤʧʦʥʝʥʪ ʢʦʤʧôʶʪʝʨʥʦʾ ʩʠʩʪʝʤʠ, ʱʦ ʤʦʞʝ ʙʫʪʠ 

ʧʨʝʜʩʪʘʚʣʝʥʠʡ ʜʦʜʘʪʢʦʤ ʜʣʷ ʧʝʨʩʦʥʘʣʴʥʦʛʦ ʢʦʤʧôʶʪʝʨʘ, ʩʢʦʤʧʽʣʴʦʚʘʥʠʡ ʜʣʷ 

ʨʽʟʥʦʤʘʥʽʪʥʠʭ ʦʧʝʨʘʮʽʡʥʠʭ ʩʠʩʪʝʤ, ʜʦʜʘʪʢʦʤ ʜʣʷ ʤʦʙʽʣʴʥʦʛʦ ʧʨʠʩʪʨʦʶ, ʘʙʦ ʫ 

ʚʠʛʣʷʜʽ ʚʝʙ-ʩʘʡʪʫ ʱʦ ʚʠʢʦʥʫʻʪʴʩʷ ʚ ʙʨʘʫʟʝʨʽ ʢʽʥʮʝʚʦʛʦ ʢʦʨʠʩʪʫʚʘʯʘ ʩʠʩʪʝʤʠ. 

ʆʩʦʙʣʠʚʽʩʪʶ ʢʣʽʻʥʪʩʴʢʦʾ ʧʨʦʛʨʘʤʠ ʫ ʩʠʩʪʝʤʽ ʻ ʪʝ, ʱʦ ʚʦʥʘ ʚʟʘʻʤʦʜʽʻ ʟ 

ʢʦʨʠʩʪʫʚʘʯʝʤ, ʥʘʜʘʻ ʜʘʥʽ ʜʣʷ ʦʙʨʦʙʢʠ, ʧʨʦʪʝ ʧʦʪʨʝʙʫʻ ʽʟʦʣʷʮʽʾ ʚʽʜ ʽʥʰʠʭ 

ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʧʦʪʦʢʽʚ ʩʠʩʪʝʤʠ. 

ʃʦʢʘʣʴʥʠʡ ʩʝʨʚʝʨ ï ʩʝʨʚʝʨ, ʱʦ ʨʦʟʛʦʨʥʫʪʠʡ ʥʘ ʦʙʯʠʩʣʶʚʘʣʴʥʠʭ 

ʨʝʩʫʨʩʘʭ ʦʨʛʘʥʽʟʘʮʽʾ, ʷʢʘ ʚʦʣʦʜʽʻ ʢʦʤʧôʶʪʝʨʥʦʶ ʩʠʩʪʝʤʦʶ. ʄʦʞʝ ʙʫʪʠ 

ʨʦʟʛʦʨʥʫʪʘ ʷʢ ʜʦʜʘʪʦʢ ʥʘ ʬʽʟʠʯʥʦʤʫ ʩʝʨʚʝʨʽ, ʪʘʢ ʽ ʫ ʚʠʛʣʷʜʽ ʧʨʠʚʘʪʥʦʾ ʭʤʘʨʠ, 

ʧʨʦʪʝ ʜʦʩʪʫʧ ʨʽʚʥʷ ʘʜʤʽʥʽʩʪʨʘʪʦʨʘ ʜʦ ʩʝʨʚʝʨʫ, ʦʧʝʨʘʮʽʡʥʦʾ ʩʠʩʪʝʤʠ ʪʘ ʬʽʟʠʯʥʦʾ 

ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ ʤʘʶʪʴ ʣʠʰʝ ʧʨʘʮʽʚʥʠʢʠ ʢʦʤʧʘʥʽʾ. ʃʦʢʘʣʴʥʠʡ ʩʝʨʚʝʨ ʧʨʠʡʤʘʻ 

ʫʯʘʩʪʴ ʫ ʦʙʤʽʥʽ ʽʥʬʦʨʤʘʮʽʻʶ ʟ ʢʦʨʠʩʪʫʚʘʯʝʤ ʪʘ ʪʝʦʨʝʪʠʯʥʦ ʤʘʻ ʚʽʣʴʥʠʡ ʜʦʩʪʫʧ 

ʜʦ ʫʩʽʭ ʜʘʥʠʭ ʫʩʽʭ ʢʦʨʠʩʪʫʚʘʯʽʚ, ʷʢʽ ʚʦʥʠ ʥʘʜʘʶʪʴ ʩʠʩʪʝʤʽ ʙʝʟʧʦʩʝʨʝʜʥʴʦ, ʘʙʦ 

ʚʦʥʠ ʟʙʠʨʘʶʪʴʩʷ ʢʣʽʻʥʪʩʴʢʠʤ ʧʨʦʛʨʘʤʥʠʤ ʟʘʙʝʟʧʝʯʝʥʥʷʤ. ɿʘʟʚʠʯʘʡ ʣʦʢʘʣʴʥʠʡ 

ʩʝʨʚʝʨ ʤʽʩʪʠʪʴ ʚʣʘʩʥʫ ʙʘʟʫ ʚ ʷʢʽʡ ʤʽʩʪʠʪʴʩʷ ʽʥʬʦʨʤʘʮʽʷ ʱʦ ʜʦʟʚʦʣʷʻ 

ʽʜʝʥʪʠʬʽʢʫʚʘʪʠ ʢʦʨʠʩʪʫʚʘʯʽʚ ʩʠʩʪʝʤʠ. 

ʍʤʘʨʥʠʡ ʩʝʨʚʽʩ ï ʚʽʜʜʘʣʝʥʠʡ ʩʝʨʚʝʨ, ʱʦ ʜʦʟʚʦʣʷʻ ʚʠʢʦʥʘʪʠ ʧʝʚʥʫ 

ʦʧʝʨʘʮʽʶ (Ὂ), ʱʦ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʦʢʨʝʤʠʭ ʧʽʜʟʘʜʘʯ (Ὢ). ɿʘʟʚʠʯʘʡ ʭʤʘʨʥʠʡ ʩʝʨʚʝʨ 

ʨʝʘʣʽʟʦʚʫʻ ʦʜʥʫ ʟ ʬʫʥʢʮʽʡ ʩʠʩʪʝʤʠ, ʱʦ ʧʦʪʨʝʙʫʻ ʟʥʘʯʥʠʭ ʦʙʯʠʩʣʶʚʘʣʴʥʠʭ 
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ʨʝʩʫʨʩʽʚ, ʛʥʫʯʢʦʛʦ ʤʘʩʰʪʘʙʫʚʘʥʥʷ ʘʙʦ ʤʽʞʨʝʛʽʦʥʘʣʴʥʦʛʦ ʨʦʟʧʦʜʽʣʝʥʥʷ. ɺ 

ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʩʧʝʮʠʬʽʢʠ ʤʦʞʣʠʚʦʩʪʝʡ ʷʢʫ ʥʘʜʘʻ ʢʦʤʧôʶʪʝʨʥʘ ʩʠʩʪʝʤʘ, 

ʭʤʘʨʥʠʡ ʩʝʨʚʽʩ ʤʦʞʝ ʚʟʘʻʤʦʜʽʷʪʠ ʟ ʢʣʽʻʥʪʩʴʢʠʤ ʜʦʜʘʪʢʦʤ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʘʙʦ 

ʯʝʨʝʟ ʣʦʢʘʣʴʥʠʡ ʩʝʨʚʝʨ. ʍʤʘʨʥʠʡ ʩʝʨʚʽʩ ʥʝ ʤʘʻ ʧʨʷʤʦʛʦ ʜʦʩʪʫʧʫ ʜʦ ʽʥʬʦʨʤʘʮʽʾ 

ʧʨʦ ʦʢʨʝʤʠʭ ʢʦʨʠʩʪʫʚʘʯʽʚ, ʧʨʦʪʝ ʦʧʨʘʮʴʦʚʫʻ ʽʥʬʦʨʤʘʮʽʶ (ὢ) ʷʢʘ ʾʤ ʥʘʣʝʞʠʪʴ.  

 

 Ὂὢ Ὢὢ ᷾Ὢὢ᷾ȣ᷾Ὢὢ  (2.1) 

 

ʉʧʨʦʱʝʥʫ ʙʣʦʢ-ʩʭʝʤʘ ʢʦʤʧôʶʪʝʨʥʦʾ ʩʠʩʪʝʤʠ, ʱʦ ʚʠʢʦʥʫʻ ʯʘʩʪʠʥʫ 

ʦʙʯʠʩʣʝʥʴ ʫ ʧʫʙʣʽʯʥʦʤʫ ʭʤʘʨʥʦʤʫ ʩʝʨʚʽʩʽ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩʫʥʢʫ 2.1. 

 

ʂʣʽʻʥʪʩʴʢʘ 

ʧʨʦʛʨʘʤʘ

ʃʦʢʘʣʴʥʠʡ 

ʩʝʨʚʝʨ

ʍʤʘʨʥʠʡ ʩʝʨʚʽʩ

 

ʈʠʩʫʥʦʢ 2.1 ï ʂʦʤʧôʶʪʝʨʥʘ ʩʠʩʪʝʤʘ ʟ ʧʫʙʣʽʯʥʠʤ ʩʝʨʚʽʩʦʤ 

 

ʗʢ ʙʫʣʦ ʧʦʢʘʟʘʥʦ ʚ ʧʦʧʝʨʝʜʥʴʦʤʫ ʨʦʟʜʽʣʽ, ʧʨʠ ʧʝʨʝʜʘʯʽ ʽʥʬʦʨʤʘʮʽʾ 

ʭʤʘʨʥʦʤʫ ʩʝʨʚʝʨʽ ʜʘʥʽ ʩʪʘʶʪʴ ʚʨʘʟʣʠʚʠʤʠ. ɼʣʷ ʟʘʭʠʩʪʫ ʽʥʬʦʨʤʘʮʽʾ ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʤʝʪʦʜʽʚ ʯʘʩʪʢʦʚʦ ʛʦʤʦʤʦʨʬʥʦʛʦ ʰʠʬʨʫʚʘʥʥʷ ʥʝʦʙʭʽʜʥʦ ʦʙʤʝʞʠʪʠ 

ʢʽʣʴʢʽʩʪʴ ʘʨʠʬʤʝʪʠʯʥʠʭ ʦʧʝʨʘʮʽʡ ʢʦʞʥʦʾ ʧʽʜʟʘʜʘʯʽ ὪᴼὪ  ʪʘ ʟʘʛʘʣʴʥʫ 

ʬʫʥʢʮʽʶ (ὊᴼὊ  ʜʦ ʪʦʛʦ ʥʘʙʦʨʫ, ʷʢʠʡ ʧʽʜʪʨʠʤʫʻ ʦʙʨʘʥʠʡ ʤʝʪʦʜ 

ʛʦʤʦʤʦʨʬʥʦʛʦ ʰʠʬʨʫʚʘʥʥʷ ʙʝʟ ʥʝʦʙʭʽʜʥʦʩʪʽ ʜʦʜʘʪʢʦʚʦʛʦ ʨʦʟhʠʬʨʫʚʘʥʥʷ.  

ɿʘʰʠʬʨʦʚʘʥʠʡ ʚʝʢʪʦʨ ʚʭʽʜʥʠʭ ʜʘʥʠʭ (ὢ) ʤʦʞʝ ʥʘʜʭʦʜʠʪʠ ʜʦ ʭʤʘʨʥʦʛʦ 

ʩʝʨʚʽʩʫ ʷʢ ʟ ʣʦʢʘʣʴʥʦʛʦ ʩʝʨʚʝʨʫ ʦʨʛʘʥʽʟʘʮʽʾ, ʪʘʢ ʽ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʚʽʜ 

ʢʣʽʻʥʪʩʴʢʠʭ ʜʦʜʘʪʢʽʚ. ʎʝ ʜʘʻ ʤʦʞʣʠʚʽʩʪʴ ʟʥʘʯʥʦ ʟʥʠʟʠʪʠ ʥʘʚʘʥʪʘʞʝʥʥʷ ʥʘ 
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ʣʦʢʘʣʴʥʠʡ ʩʝʨʚʝʨ. ʇʨʦʪʝ ʚ ʮʴʦʤʫ ʚʠʧʘʜʢʫ ʢʦʞʝʥ ʦʢʨʝʤʠʡ ʥʘʙʽʨ ʚʭʽʜʥʠʭ ʜʘʥʠʭ 

ʧʦʚʠʥʝʥ ʙʫʪʠ ʟʘʰʠʬʨʦʚʘʥʠʡ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʨʽʟʥʠʭ ʩʝʘʥʩʦʚʠʭ ʢʣʶʯʽʚ 

ʰʠʬʨʫʚʘʥʥʷ (Ὧ), ʱʦ ʫʥʝʤʦʞʣʠʚʠʪʴ ʽʜʝʥʪʠʬʽʢʘʮʽʶ ʦʢʨʝʤʠʭ ʢʦʨʠʩʪʫʚʘʯʽʚ ʧʽʩʣʷ 

ʦʧʨʠʣʶʜʥʝʥʥʷ ʦʜʥʦʛʦ ʟ ʨʝʟʫʣʴʪʘʪʽʚ ʨʦʙʦʪʠ ʬʫʥʢʮʽʾ Ὂ.   

ɿʘʰʠʬʨʫʻʤʦ ʚʭʽʜʥʽ ʜʘʥʽ: 

 

 ὢ Ὁὢ Ὧȟ (2.2) 

 

ʜʝ, ὢ ï ʚʝʢʪʦʨ ʚʭʽʜʥʠʭ ʜʘʥʠʭ, 

Ὧ ï ʩʝʘʥʩʦʚʠʡ ʢʣʶʯ ʰʠʬʨʫʚʘʥʥʷ, 

Ὁ ï ʦʧʝʨʘʮʽʷ ʰʠʬʨʫʚʘʥʥʷ 

ʊʦʜʽ, ʜʣʷ ʤʝʪʦʜʫ ʰʠʬʨʫʚʘʥʥʷ ʛʦʤʦʤʦʨʬʥʦʛʦ ʚʽʜʥʦʩʥʦ ʦʧʝʨʘʮʽʾ 

ʜʦʜʘʚʘʥʥʷ: 

 

 Ὂ ὢ Ὢ ὢ Ὢ ὢ Ễ Ὢ ὢ  (2.3) 

 

ʇʽʩʣʷ ʦʪʨʠʤʘʥʥʷ ʨʝʟʫʣʴʪʘʪʽʚ, ʾʭ ʥʝʦʙʭʽʜʥʦ ʨʦʟhʠʬʨʫʚʘʪʠ, ʪʘ ʚʠʢʦʥʘʪʠ 

ʟʚʦʨʦʪʥʝ ʚʽʜʦʙʨʘʞʝʥʥʷ ὊᴼὊ.   

ɿʥʘʯʥʠʤ ʥʝʜʦʣʽʢʦʤ ʪʘʢʦʛʦ ʤʝʪʦʜʫ ʻ ʚʠʩʦʢʘ ʦʙʯʠʩʣʶʚʘʣʴʥʘ ʩʢʣʘʜʥʽʩʪʴ, 

ʘʙʦ ʚʟʘʛʘʣʽ ʥʝʤʦʞʣʠʚʽʩʪʴ ʧʝʨʝʪʚʦʨʝʥʥʷ ʬʫʥʢʮʽʾ ʷʢʫ ʚʠʢʦʥʫʻ ʭʤʘʨʥʠʡ ʩʝʨʚʽʩ. 

ʂʨʽʤ ʪʦʛʦ, ʚ ʙʽʣʴʰʦʩʪʽ ʚʠʧʘʜʢʽʚ, ʤʝʪʦʜ ʚʽʜʦʙʨʘʞʝʥʥʷ ʬʫʥʢʮʽʾ Ὂ ʙʫʜʝ 

ʧʨʝʜʩʪʘʚʣʝʥʠʡ ʨʽʟʥʠʤʠ ʘʣʛʦʨʠʪʤʘʤʠ ʜʣʷ ʨʽʟʥʠʭ ʢʦʤʧôʶʪʝʨʥʠʭ ʩʠʩʪʝʤ. [76] 

ɺʘʞʣʠʚʠʤ ʝʣʝʤʝʥʪʦʤ ʢʦʤʧôʶʪʝʨʥʦʾ ʩʠʩʪʝʤʠ ʻ ʧʨʦʮʝʩ ʟʙʝʨʽʛʘʥʥʷ 

ʽʥʬʦʨʤʘʮʽʾ. ɼʣʷ ʟʙʝʨʽʛʘʥʥʷ ʽʥʬʦʨʤʘʮʽʾ ʫ ʢʦʤʧôʶʪʝʨʥʽʡ ʩʠʩʪʝʤʽ ʜʦʮʽʣʴʥʦ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʤʝʪʦʜʠ ʛʽʙʨʠʜʥʦʛʦ ʰʠʬʨʫʚʘʥʥʷ ï ʘʩʠʤʝʪʨʠʯʥʠʡ ʘʣʛʦʨʠʪʤ 

ʜʣʷ ʛʝʥʝʨʘʮʽʾ ʢʣʶʯʘ ʰʠʬʨʫʚʘʥʥʷ ʪʘ ʩʠʤʝʪʨʠʯʥʠʡ ʜʣʷ ʚʣʘʩʥʝ ʰʠʬʨʫʚʘʥʥʷ 

ʽʥʬʦʨʤʘʮʽʾ. 
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2.2 ʄʘʪʝʤʘʪʠʯʥʘ ʤʦʜʝʣʴ ʘʣʛʦʨʠʪʤʫ ʯʘʩʪʢʦʚʦ ʛʦʤʦʤʦʨʬʥʦʛʦ 

ʰʠʬʨʫʚʘʥʥʷ ʥʘ ʦʩʥʦʚʽ ʝʣʽʧʪʠʯʥʠʭ ʢʨʠʚʠʭ 

 

ɼʣʷ ʧʦʢʨʘʱʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʩʪʚʦʨʶʚʘʥʦʛʦ ʤʝʪʦʜʫ ʟʘʭʠʩʪʫ ʽʥʬʦʨʤʘʮʽʾ 

ʥʝʦʙʭʽʜʥʦ ʨʦʟʨʦʙʠʪʠ ʘʣʛʦʨʠʪʤ ʰʠʬʨʫʚʘʥʥʷ, ʱʦ ʜʘʩʪʴ ʟʤʦʛʫ ʚʠʢʦʥʫʚʘʪʠ 

ʘʨʠʬʤʝʪʠʯʥʫ ʜʽʶ ʜʦʜʘʚʘʥʥʷ ʤʽʞ ʟʘʰʠʬʨʦʚʘʥʠʤʠ ʮʽʣʠʤʠ ʯʠʩʣʘʤʠ ʰʚʠʜʰʝ ʟʘ 

ʘʥʘʣʦʛʠ. ʉʪʚʦʨʝʥʠʡ ʘʣʛʦʨʠʪʤ ʧʦʚʠʥʝʥ ʤʘʪʠ ʥʘʩʪʫʧʥʽ ʦʩʦʙʣʠʚʦʩʪʽ:  

- ʤʦʞʣʠʚʽʩʪʴ ʜʦʜʘʥʥʷ ʟʘʰʠʬʨʦʚʘʥʠʭ ʯʠʩʝʣ ʙʝʟ ʾʭ ʨʦʟʰʠʬʨʫʚʘʥʥʷ 

- ʰʠʬʨʦʪʝʢʩʪʠ ʦʜʥʦʛʦ ʽ ʪʦʛʦ ʞ ʩʘʤʦʛʦ ʯʠʩʣʘ ʧʦʚʠʥʥʽ ʙʫʪʠ ʨʽʟʥʠʤʠ 

- ʨʦʟʠhʬʨʦʚʘʥʝ ʯʠʩʣʦ ʧʦʚʠʥʥʦ ʚʽʜʧʦʚʽʜʘʪʠ ʩʫʤʽ ʯʠʩʝʣ, ʰʠʬʨʦʪʝʢʩʪʠ 

ʷʢʠʭ ʙʫʣʦ ʜʦʜʘʥʦ 

ɼʣʷ ʧʦʙʫʜʦʚʠ ʘʣʛʦʨʠʪʤʫ ʚʠʢʦʨʠʩʪʘʻʤʦ ʽʩʥʫʶʯʠʡ ʘʣʛʦʨʠʪʤ ɽʣʴ-ɻʘʤʘʣʷ ʥʘ 

ʝʣʽʧʪʠʯʥʠʭ ʢʨʠʚʠʭ [64], [66], [73], [74], [77].  

ɻʦʣʦʚʥʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ ʩʠʩʪʝʤʠ ʰʠʬʨʫʚʘʥʥʷ ʦʩʥʦʚʘʥʽʡ ʥʘ ʝʣʽʧʪʠʯʥʽʡ 

ʢʨʠʚʽʡ ʻ ʧʘʨʘʤʝʪʨʠ ʱʦ ʚʠʟʥʘʯʘʶʪʴ ʩʘʤʫ ʝʣʽʧʪʠʯʥʫ ʢʨʠʚʫ: ʚʝʣʠʢʝ ʧʨʦʩʪʝ ʯʠʩʣʦ 

(ὴ) ï ʤʦʜʫʣʴ ʧʦʣʷ ʝʣʽʧʪʠʯʥʦʾ ʢʨʠʚʦʾ, ʢʦʝʬʽʮʽʻʥʪʠ ʢʨʠʚʦʾ (ὥȟὦ), ʘ ʪʘʢʦʞ, 

ʧʘʨʘʤʝʪʨʠ ʪʦʯʢʠ ʛʝʥʝʨʘʪʦʨʘ (Ὃ), ʱʦ ʥʘʣʝʞʠʪʴ ʝʣʽʧʪʠʯʥʽʡ ʢʨʠʚʽʡ: ʾʾ ʢʦʦʨʜʠʥʘʪʠ 

(ὋȟὋ) ʪʘ ʧʦʨʷʜʦʢ (ὶ) ï ʚʝʣʠʢʝ ʧʨʦʩʪʝ ʯʠʩʣʦ. [74] 

ʆʪʞʝ ʚʽʜʢʨʠʪʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ ʩʠʩʪʝʤʠ (ʚʽʜʦʤʠʤʠ ʚʩʽʤ ʫʯʘʩʥʠʢʘʤ) ʻ 

ʢʨʠʚʘ Ὁ ὥȟὦ, ʾʾ ʧʘʨʘʤʝʪʨʠ, ʢʽʣʴʢʽʩʪʴ ʪʦʯʦʢ ʢʨʠʚʦʾ (ὔ, ʬʘʢʪʠʯʥʦ, ʤʦʜʫʣʴ ʧʦʣʷ 

ʫʪʚʦʨʝʥʦʛʦ ʪʦʯʢʘʤʠ ʢʨʠʚʦʾ) ʪʘ ʪʦʯʢʘ-ʛʝʥʝʨʘʪʦʨ, ʱʦ ʥʘʣʝʞʠʪʴ ʮʽʡ 

ʢʨʠʚʽʡ ï Ὃ. [5], [56], [74] 

ʅʝʭʘʡ ʥʝʦʙʭʽʜʥʦ ʙʝʟʧʝʯʥʦ ʜʦʜʘʪʠ ʥʘʙʽʨ ʮʽʣʠʭ ʯʠʩʝʣ (ὥȟὥȟȣȟὥ). 

ʇʝʨʝʜ ʰʠʬʨʫʚʘʥʥʷʤ ʥʝʦʙʭʽʜʥʦ ʚʠʢʦʥʘʪʠ ʢʦʜʫʚʘʥʥʷ ʫʩʽʭ ʯʠʩʝʣ (ὥȟὥȟȣȟὥ), 

ʷʢʽ ʥʝʦʙʭʽʜʥʦ ʛʦʤʦʤʦʨʬʥʦ ʜʦʜʘʪʠ, ʪʦʯʢʘʤʠ ʝʣʽʧʪʠʯʥʦʾ ʢʨʠʚʦʾ Ὁ 

(ὃȟὃȟȣȟὃ). ʇʨʦʧʦʥʫʻʪʴʩʷ ʚʠʢʦʥʘʪʠ ʢʦʜʫʚʘʥʥʷ ʯʠʩʣʘ ʰʣʷʭʦʤ ʡʦʛʦ 

ʤʥʦʞʝʥʥʷ ʥʘ ʪʦʯʢʫ-ʛʝʥʝʨʘʪʦʨ ʝʣʽʧʪʠʯʥʦʾ ʢʨʠʚʦʾ ï ʬʦʨʤʫʣʘ 2.4.  

 

 ὃ ὥὋ (2.4) 
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ɺʩʽ ʦʧʝʨʘʮʽʾ ʚʽʜʙʫʚʘʶʪʴʩʷ ʫ ʧʦʣʽ ʝʣʽʧʪʠʯʥʦʾ ʢʨʠʚʦʾ Ὁ ʪʦʤʫ ʧʽʩʣʷ ʢʦʞʥʦʾ 

ʜʽʾ ʥʝʦʙʭʽʜʥʦ ʚʠʢʦʥʘʪʠ ʦʧʝʨʘʮʽʶ ʤʦʜʫʣʷ ʧʦ ʯʠʩʣʫ ὴ. ɼʣʷ ʚʽʟʫʘʣʴʥʦʛʦ 

ʩʧʨʦʱʝʥʥʷ ʬʦʨʤʫʣ, ʮʷ ʜʽʷ ʧʨʦʧʫʱʝʥʘ. 

ʇʽʩʣʷ ʯʦʛʦ ʥʝʦʙʭʽʜʥʦ ʟʛʝʥʝʨʫʚʘʪʠ ʟʘʢʨʠʪʠʡ ʢʣʶʯ ʰʠʬʨʫʚʘʥʥʷ ʩʠʩʪʝʤʠ ï 

ʚʠʧʘʜʢʦʚʝ, ʮʽʣʝ ʯʠʩʣʦ ὲ, ʪʘʢʝ ʱʦ ὲ ὴ, ʜʝ ὴ ï ʤʦʜʫʣʴ ʧʦʣʷ ʝʣʽʧʪʠʯʥʦʾ ʢʨʠʚʦʾ. 

ʅʘ ʦʩʥʦʚʽ ʟʘʢʨʠʪʦʛʦ ʢʣʶʯʘ ʛʝʥʝʨʫʻʪʴʩʷ ʪʘ ʦʧʫʙʣʽʢʦʚʫʻʪʴʩʷ ʚʽʜʢʨʠʪʠʡ ʢʣʶʯ 

ʰʠʬʨʫʚʘʥʥʷ (ὖ) ʩʠʩʪʝʤʠ [65], [66]: 

 

 ὖ ὲὋ (2.5) 

 

ʆʪʨʠʤʘʚʰʠ ʧʫʙʣʽʯʥʠʡ ʢʣʶʯ ʰʠʬʨʫʚʘʥʥʷ ʢʦʞʥʘ ʟ ʩʪʦʨʽʥ ʛʝʥʝʨʫʻ 

ʟʘʢʨʠʪʠʡ ʩʝʘʥʩʦʚʠʡ ʢʣʶʯ (ὯȟὯ ὴ) ʜʣʷ ʢʦʞʥʦʛʦ ʯʠʩʣʘ, ʧʽʩʣʷ ʯʦʛʦ ʰʠʬʨʫʻ 

ʟʘʢʦʜʦʚʘʥʽ ʯʠʩʣʘ ʫ ʚʠʛʣʷʜʽ ʧʘʨʠ ʪʦʯʦʢ ï ʚʣʘʩʥʝ ʟʘʰʠʬʨʦʚʘʥʦʛʦ ʯʠʩʣʘ, ʪʘ 

ʧʽʜʢʘʟʢʠ ʥʝʦʙʭʽʜʥʦʾ ʜʣʷ ʡʦʛʦ ʨʦʟʰʠʬʨʫʚʘʥʥʷ: 

 

 ὃ ὯὋȟὃ Ὧὖ ÍÏÄ ὴ (2.6) 

 

ʊʘʢʠʤ ʯʠʥʦʤ, ʰʠʬʨʦʪʝʢʩʪ ʦʜʥʦ ʡ ʪʦʛʦ ʩʘʤʦʛʦ ʯʠʩʣʘ ʙʫʜʝ ʨʽʟʥʠʤ ʧʨʠ 

ʧʦʚʪʦʨʥʦʤʫ ʰʠʬʨʫʚʘʥʥ̔ . ɼʦʜʘʚʘʥʥʷ ʪʦʯʦʢ ʝʣʽʧʪʠʯʥʦʾ ʢʨʠʚʦʾ (ὃȟὄ) ʟ 

ʢʦʦʨʜʠʥʘʪʘʤʠ ὼȟώ ʚʽʜʙʫʚʘʻʪʴʩʷ ʟʘ ʬʦʨʤʫʣʘʤʠ 2.7-2.9 [65], [66], [73]:  

 

 

ὃ ὄ

ὃ ὄ
ȟ (2.7) 

 

 ὃ ὄ  ὃ ὄȟ  (2.8) 

 

 ὃ ὄ ὄ Ͻὄ ὃ Ȣ (2.9) 
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ʆʧʝʨʘʮʽʷ ʤʥʦʞʝʥʥʷ ʚʠʤʘʛʘʻ ʧʦʜʚʦʻʥʥʷ ʪʦʯʢʠ. ʂʦʝʬʽʮʽʻʥʪ  

(ʬʦʨʤʫʣʘ 2.7) ʧʨʠ ʧʦʜʚʦʻʥʥʽ ʪʦʯʦʢ ʚʠʛʣʷʜʘʻ ʥʘʩʪʫʧʥʠʤ ʯʠʥʦʤ: 

 

 

σὃ ὥ

ςὃ
 (2.10) 

 

ɼʣʷ ʥʘʜʘʥʥʷ ʤʝʪʦʜʫ ʰʠʬʨʫʚʘʥʥʷ ʛʦʤʦʤʦʨʬʥʠʭ ʨʠʩ ʚʽʜʥʦʩʥʦ ʦʧʝʨʘʮʽʾ 

ʜʦʜʘʚʘʥʥʷ ʟʘʰʠʬʨʦʚʘʥʠʭ ʪʦʯʦʢ ʧʨʦʧʦʥʫʻʪʴʩʷ ʚʠʢʦʥʫʚʘʪʠ ʜʦʜʘʚʘʥʥʷ 

ʥʘʩʪʫʧʥʠʤ ʯʠʥʦʤ ï ʜʦʜʘʚʘʪʠ ʦʢʨʝʤʦ ʧʨʘʚʽ ʪʘ ʣʽʚʽ ʯʘʩʪʠʥʠ: 

 

 
ὃ ὯὋȟ ὃ Ὧὖ  (2.11) 

 

ʇʨʠʢʣʘʜ ʜʣʷ ʪʨʴʦʭ ʜʦʜʘʥʢʽʚ: 

 

 ὃ ὃ ὃ ὯὋ ὯὋ ὯὋȟὃ ὃ  

ὃ Ὧὖ Ὧὖ Ὧὖ 
(2.12) 

 

ɼʣʷ ʨʦʟhʠʬʨʫʚʘʥʥʷ ʨʝʟʫʣʴʪʘʪʫ ʥʝʦʙʭʽʜʥʦ ʧʦʤʥʦʞʠʪʠ ʧʝʨʰʫ ʯʘʩʪʠʥʫ 

ʟʘʰʠʬʨʦʚʘʥʦʛʦ ʨʝʟʫʣʴʪʘʪʫ ʥʘ ʧʨʠʚʘʪʥʠʡ ʢʣʶʯ ʰʠʬʨʫʚʘʥʥʷ ʪʘ ʚʽʜʥʷʪʠ ʾʾ ʚʽʜ 

ʜʨʫʛʦʾ: 

 

 
ὃ ὃ Ὧὖ ὲ ὯὋ  

ὃ Ὧὖ Ὧὖ ὃ 

(2.13) 

 

ʇʨʠʢʣʘʜ ʜʣʷ ʪʨʴʦʭ ʜʦʜʘʥʢʽʚ: 
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 ὃ ὃ ὃ ὃ ὃ ὃ Ὧὖ Ὧὖ Ὧὖ  

ὲὯὋ ὯὋ ὯὋ 
(2.14) 

ɿʚʽʜʢʠ: 

 ὃ ὃ ὃ Ὧὖ Ὧὖ Ὧὖ  

Ὧὖ Ὧὖ Ὧὖ ὖ ὖ ὖ 
 

 

ʆʪʨʠʤʘʥʠʡ ʨʝʟʫʣʴʪʘʪ ʷʚʣʷʻ ʩʦʙʦʶ ʯʠʩʣʦ ʟʘʢʦʜʦʚʘʥʝ ʪʦʯʢʦʶ ʝʣʽʧʪʠʯʥʦʾ 

ʢʨʠʚʦʾ Ὁ, ʱʦ ʻ ʩʫʤʦʶ (Ὓ) ʪʦʯʦʢ, ʷʢʠʤʠ ʙʫʣʦ ʟʘʢʦʜʦʚʘʥʦ ʚʭʽʜʥʠʡ ʥʘʙʽʨ ʯʠʩʝʣ 

(ὥ). 

 
Ὓ ὃ ὥὋ (2.15) 

 

ɼʣʷ ʜʝʢʦʜʫʚʘʥʥʷ ʮʽʻʾ ʩʫʤʠ ʥʝʦʙʭʽʜʥʦ ʟʛʝʥʝʨʫʚʘʪʠ ʪʘʙʣʠʯʥʫ ʬʫʥʢʮʽʶ, 

ʚʽʜʥʦʩʥʦ ʧʝʨʰʠʭ ὲ  ʪʦʯʦʢ ʝʣʽʧʪʠʯʥʦʾ ʢʨʠʚʦʾ, ʜʝ ὲ  ï ʮʝ ʤʘʢʩʠʤʘʣʴʥʝ 

ʯʠʩʣʦ ʷʢʝ ʤʦʞʝ ʙʫʪʠ ʜʝʢʦʜʦʚʘʥʦ. 

 

 Ὂὖ ὥ (2.16) 

 

ʊʘʙʣʠʮʷ 2.1 ʧʦʢʘʟʫʻ ʧʦʩʣʽʜʦʚʥʽʩʪʴ ʛʝʥʝʨʘʮʽʾ ὲ  ʪʦʯʦʢ ʝʣʽʧʪʠʯʥʦʾ 

ʢʨʠʚʦʾ: 

 

ʊʘʙʣʠʮʷ 2.1 ï ʊʘʙʣʠʯʥʘ ʬʫʥʢʮʽʷ ʧʝʨʰʠʭ ὲ ʪʦʯʦʢ ʝʣʽʧʪʠʯʥʦʾ ʢʨʠʚʦʾ 

ˉ ʧ/ʧ ʊʦʯʢʘ ʢʨʠʚʦʾ 

1 ρϽὋ 

2 ςϽὋ 

é 

Ὥ ὭϽὋ 

é 

ὲ  ὲ ϽὋ 
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ɻʝʥʝʨʘʮʽʷ ʪʦʯʦʢ ʥʝʦʙʭʽʜʥʘ ʪʽʣʴʢʠ ʦʜʠʥ ʨʘʟ, ʧʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ ʥʦʚʦʾ 

ʢʨʠʚʦʾ Ὁ, ʧʨʦʪʝ ʤʦʞʝ ʟʘʡʥʷʪʠ ʟʥʘʯʥʠʡ ʧʝʨʽʦʜ ʯʘʩʫ. 

ɿʙʝʨʝʞʝʥʥʷ ʞ ʫʩʴʦʛʦ ʦʙʩʷʛʫ ʪʦʯʦʢ ʤʦʞʝ ʧʦʪʨʝʙʫʚʘʪʠ ʟʥʘʯʥʦʛʦ ʦʙʩʷʛʫ 

ʧʘʤôʷʪʽ. ʈʦʟʨʘʭʫʻʤʦ ʦʙʩʷʛ ʧʘʤôʷʪʽ ʥʝʦʙʭʽʜʥʠʡ ʜʣʷ ʟʙʝʨʝʞʝʥʥʷ ʯʠʩʣʘ ʪʦʯʦʢ ὔ , 

ʱʦ ʚʽʜʧʦʚʽʜʘʻ ʙʝʟʟʥʘʢʦʚʦʤʫ ʮʽʣʦʤʫ ʯʠʩʣʫ ʨʦʟʨʷʜʥʽʩʪʶ ʫ ʯʦʪʠʨʠ ʙʘʡʪʠ ï ς . 

ɼʣʷ ʧʨʠʢʣʘʜʫ ʚʠʢʦʨʠʩʪʘʻʤʦ ʝʣʽʧʪʠʯʥʫ ʢʨʠʚʫ P-256 [74]. ʆʙʩʷʛ ʧʘʤôʷʪʽ 

ʥʝʦʙʭʽʜʥʦʾ ʜʣʷ ʟʙʝʨʝʞʝʥʥʷ ʦʜʥʽʻʾ ʢʦʦʨʜʠʥʘʪʠ ʪʦʯʢʠ ʜʘʥʦʾ ʝʣʽʧʪʠʯʥʦʾ ʢʨʠʚʦʾ ὠ 

ʜʦʨʽʚʥʶʻ 256 ʙʽʪʘʤ. ʊʦʤʫ ʤʽʥʽʤʘʣʴʥʘ ʢʽʣʴʢʽʩʪʴ Gb ʧʘʤ'ʷʪʽ ʥʝʦʙʭʽʜʥʘ ʜʣʷ 

ʟʙʝʨʝʞʝʥʥʷ ʮʽʻʾ ʢʽʣʴʢʦʩʪʽ ʪʦʯʦʢ ʜʦʨʽʚʥʶʻ:   

 

 
ὠ
ςϽὠϽὔ

ςϽς

ςϽςυφϽς

ςϽς
ςυφ 'Â (2.17) 

  

ɼʘʥʠʡ ʦʙʩʷʛ ʧʘʤôʷʪʽ ʻ ʟʥʘʯʥʠʤ, ʧʨʦʪʝ ʩʧʽʚʚʽʜʥʦʩʥʠʤ ʟ ʦʙʩʷʛʘʤʠ ʙʘʟ 

ʜʘʥʠʭ ʩʫʯʘʩʥʠʭ ʟʘʩʪʦʩʫʥʢʽʚ, ʪʦʤʫ ʤʦʞʥʘ ʟʨʦʙʠʪʠ ʚʠʩʥʦʚʦʢ, ʱʦ ʤʝʪʦʜ 

ʜʝʢʦʜʫʚʘʥʥʷ ʪʦʯʦʢ ʧʨʠʜʘʪʥʠʡ ʜʦ ʨʝʘʣʽʟʘʮʽʾ ʥʘ ʙʽʣʴʰʦʩʪʽ ʟ ʩʫʯʘʩʥʠʭ ʧʣʘʪʬʦʨʤ. 

 

2.3 ʄʘʪʝʤʘʪʠʯʥʘ ʤʦʜʝʣʴ ʘʣʛʦʨʠʪʤʫ ʛʽʙʨʠʜʥʦʛʦ ʰʠʬʨʫʚʘʥʥʷ ʥʘ 

ʦʩʥʦʚʽ ʝʣʽʧʪʠʯʥʠʭ ʢʨʠʚʠʭ 

 

ʇʨʠ ʧʦʙʫʜʦʚʽ ʢʦʤʧôʶʪʝʨʥʦʾ ʩʠʩʪʝʤʠ, ʯʘʩʪʦ ʚʠʥʠʢʘʻ ʥʝʦʙʭʽʜʥʽʩʪʴ ʫ 

ʟʙʝʨʝʞʝʥʥʽ ʟʥʘʯʥʠʭ ʦʙʩʷʛʽʚ ʽʥʬʦʨʤʘʮʽʾ, ʱʦ ʨʦʙʠʪʴ ʜʦʮʽʣʴʥʠʤ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʩʠʤʝʪʨʠʯʥʠʭ ʘʣʛʦʨʠʪʤʽʚ ʰʠʬʨʫʚʘʥʥʷ [56], [78]. ʇʨʦʪʝ ʫ ʚʠʧʘʜʢʫ ʢʦʣʠ 

ʢʦʤʧôʶʪʝʨʥʘ ʩʠʩʪʝʤʘ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʙʘʛʘʪʴʦʭ ʢʦʤʧʦʥʝʥʪʽʚ, ʷʢʽ ʧʦʚôʷʟʘʥʽ ʟ 

ʭʤʘʨʥʠʤ ʩʝʨʚʽʩʦʤ ʟʙʝʨʝʞʝʥʥʷ ʽʥʬʦʨʤʘʮʽʾ, ʘʣʝ ʥʝ ʦʜʠʥ ʟ ʦʜʥʠʤ, ʚʠʥʠʢʘʻ 

ʧʨʦʙʣʝʤʘ ʛʝʥʝʨʘʮʽʾ ʩʧʽʣʴʥʦʛʦ ʢʣʶʯʘ ʰʠʬʨʫʚʘʥʥʷ (ʨʠʩ. 2.2). 
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˴͔ͦͣͨͦͤͤͭ 1

͙͚̆ͣ͊ͪͤ ͔͍ͫͪͫ͜

˴͔ͦͣͨͦͤͤͭ 2 ˴͔ͦͣͨͦͤͤͭ 3

 

ʈʠʩʫʥʦʢ 2.2 ï ɺʟʘʻʤʦʜʽʷ ʢʦʤʧʦʥʝʥʪʽʚ ʢʦʤʧôʶʪʝʨʥʦʾ ʩʠʩʪʝʤʠ 

 

ʇʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ ʤʘʪʝʤʘʪʠʯʥʦʛʦ ʘʧʘʨʘʪʫ ʝʣʽʧʪʠʯʥʠʭ ʢʨʠʚʠʭ ʫ 

ʘʣʛʦʨʠʪʤʽ ʯʘʩʪʢʦʚʦ ʛʦʤʦʤʦʨʬʥʦʛʦ ʰʠʬʨʫʚʘʥʥʷ, ʻ ʜʦʮʽʣʴʥʠʤʠ ʚʠʢʦʨʠʩʪʘʪʠ 

ʮʝʡ ʘʧʘʨʘʪ ʽ ʜʣʷ ʛʝʥʝʨʘʮʽʾ ʩʧʽʣʴʥʦʛʦ ʢʣʶʯʘ ʰʠʬʨʫʚʘʥʥʷ ʽʥʬʦʨʤʘʮʽʾ ʧʨʠ ʾʾ 

ʟʙʝʨʝʞʝʥʥʽ ʫ ʧʫʙʣʽʯʥʫ ʭʤʘʨʫ. 

ɼʣʷ ʮʴʦʛʦ ʧʨʦʧʦʥʫʻʪʴʩʷ, ʥʘ ʩʪʦʨʦʥʽ ʧʨʦʛʨʘʤʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ ʢʦʞʥʦʛʦ 

ʦʢʨʝʤʦʛʦ ʢʦʤʧʦʥʝʥʪʘ ʩʠʩʪʝʤʠ, ʥʝʟʘʣʝʞʥʦ, ʥʘ ʦʩʥʦʚʽ ʩʧʽʣʴʥʠʭ ʧʘʨʘʤʝʪʨʽʚ 

ʦʙʨʘʥʦʾ ʢʨʠʧʪʦʩʠʩʪʝʤʠ, ʩʬʦʨʤʫʚʘʪʠ ʘʩʠʤʝʪʨʠʯʥʫ ʧʘʨʫ ʢʣʶʯʽʚ (ὑ ȟὑ ), ʘ 

ʧʦʪʽʤ ʦʙʤʽʥʶʶʯʠʩʴ ʥʠʤʠ ʩʬʦʨʤʫʚʘʪʠ ʩʧʽʣʴʥʠʡ ʩʝʢʨʝʪʥʠʡ ʢʣʶʯ ʰʠʬʨʫʚʘʥʥʷ. 

ʇʫʙʣʽʯʥʠʡ ʢʣʶʯ ʰʠʬʨʫʚʘʥʥʷ ʩʠʩʪʝʤʠ ʚʠʟʥʘʯʘʻʪʴʩʷ ʬʦʨʤʫʣʦʶ 2.5. 

ʉʧʽʣʴʥʠʡ ʢʣʶʯ ʰʠʬʨʫʚʘʥʥʷ (ὑ ) ʜʣʷ i-ʪʦʛʦ ʢʦʤʧʦʥʝʥʪʫ ʩʠʩʪʝʤʠ ʧʨʠ 

ʢʽʣʴʢʦʩʪʽ ʢʦʤʧʦʥʝʥʪʽʚ ï N, ʪʘ ʚʠʙʦʨʽ ʘʣʛʦʨʠʪʤʫ ʰʠʬʨʫʚʘʥʥʷ ECC ʤʘʻ 

ʥʘʩʪʫʧʥʠʡ ʚʠʛʣʷʜ [17]: 

 

 
ὑ ὑ ὖ (2.18) 

 

ʊʘʢ, ʷʢ, ʚ ʝʣʽʧʪʠʯʥʽʡ ʢʨʠʧʪʦʛʨʘʬʽʾ ʦʧʝʨʘʮʽʷ ʤʥʦʞʝʥʥʷ ʪʦʯʢʠ ʥʘ ʪʦʯʢʫ ʥʝ 

ʚʠʟʥʘʯʝʥʘ, ʧʨʠ ʨʝʘʣʽʟʘʮʽʾ ʜʘʥʦʾ ʬʦʨʤʫʣʠ ʚʽʜʙʫʚʘʻʪʴʩʷ ʧʝʨʝʜʘʯʘ ʯʘʩʪʢʦʚʠʭ 

ʢʣʶʯʽʚ ʤʽʞ ʢʦʤʧʦʥʝʥʪʘʤʠ. ʊʦʙʪʦ, ʢʦʞʝʥ ʟ ʢʦʤʧʦʥʝʥʪʽʚ ʚʽʜʧʦʚʽʜʘʶʯʠ ʥʘ ʟʘʧʠʪ 

ʽʥʰʦʛʦ ʢʦʤʧʦʥʝʥʪʫ, ʧʦʤʥʦʞʫʻ ʨʝʢʫʨʩʠʚʥʦ ʦʪʨʠʤʘʥʠʡ ʧʦʧʝʨʝʜʥʽʡ ʢʣʶʯ ʩʚʽʡ 
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ʩʝʢʨʝʪʥʠʡ ʢʣʶʯ ʪʘ ʧʦʚʝʨʪʘʻ ʨʝʟʫʣʴʪʘʪ. ʊʘʢʠʭ ʽʪʝʨʘʮʽʡ ʧʦʚʠʥʥʦ ʙʫʪʠ ʩʪʨʦʛʦ 

ὔ ρ, ʧʨʠ ʙʽʣʴʰʦʤʫ ʯʠʩʣʽ ʟʘʧʠʪʽʚ ʤʘʻ ʤʽʩʮʝ ʘʪʘʢʘ Men-in-Middle [79] ̔  ʟʚ'ʷʟʦʢ 

ʥʝʦʙʭʽʜʥʦ ʨʦʟʽʨʚʘʪʠ. ʊʘʢʦʞ, ʚʩʽ ʧʝʨʝʜʘʯʽ ʢʣʶʯʽʚ ʧʦʚʠʥʥʽ ʧʨʦʭʦʜʠʪʠ ʧʝʨʝʚʽʨʢʫ 

ʥʘ ʘʚʪʝʥʪʠʯʥʽʩʪʴ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʧʦʩʪʽʡʥʠʭ ʚʽʜʢʨʠʪʠʭ ʢʣʶʯʽʚ ʰʠʬʨʫʚʘʥʥʷ.  

ʇʽʩʣʷ ʦʩʪʘʥʥʴʦʛʦ ʟʘʧʠʪʫ ʢʦʤʧʦʥʝʥʪ ʩʠʩʪʝʤʠ ʤʥʦʞʠʪʴ ʢʣʶʯ ʥʘ ʚʣʘʩʥʠʡ 

ʧʨʠʚʘʪʥʠʡ ʢʣʶʯ, ʫʪʚʦʨʶʶʯʠ, ʪʘʢʠʤ ʯʠʥʦʤ, ʩʧʽʣʴʥʠʡ ʩʠʤʝʪʨʠʯʥʠʡ ʢʣʶʯ 

ʰʠʬʨʫʚʘʥʥʷ. ʊʘʢ, ʷʢ ʧʨʠ ʨʽʟʥʽʡ ʢʽʣʴʢʦʩʪʽ ʢʦʤʧʦʥʝʥʪʽʚ ʤʦʞʣʠʚʽ ʨʽʟʥʽ ʧʦ 

ʜʦʚʞʠʥʽ ʢʦʤʙʽʥʘʮʽʾ ʯʘʩʪʢʦʚʠʭ ʢʣʶʯʽʚ, ʧʨʠ ʽʥʽʮʽʘʣʽʟʘʮʽʾ ʢʦʞʥʦʛʦ ʥʘʩʪʫʧʥʦʛʦ 

ʩʝʘʥʩʫ ʰʠʬʨʫʚʘʥʥʷ ʧʨʦʮʝʜʫʨʫ ʥʝʦʙʭʽʜʥʦ ʧʦʚʪʦʨʶʚʘʪʠ ʟ ʥʦʚʠʤʠ ʧʘʨʘʤʠ 

ʘʩʠʤʝʪʨʠʯʥʠʭ ʢʣʶʯʽʚ. [80], [81] 

ʗʢʱʦ ʧʽʜʩʪʘʚʠʪʠ ʬʦʨʤʫʣʫ 2.5 ʫ ʬʦʨʤʫʣʫ 2.18, ʪʦ ʦʯʝʚʠʜʥʦ, ʱʦ ʧʽʩʣʷ 

ʨʝʘʣʽʟʘʮʽʾ ʟʘʧʨʦʧʦʥʦʚʘʥʦʛʦ ʘʣʛʦʨʠʪʤʫ, ʢʦʞʝʥ ʟ ʢʦʤʧʦʥʝʥʪʽʚ ʩʠʩʪʝʤʠ ʦʪʨʠʤʘʻ 

ʦʜʥʘʢʦʚʠʡ ʩʠʤʝʪʨʠʯʥʠʡ ʢʣʶʯ ʰʠʬʨʫʚʘʥʥʷ: 

 

 
ὑ ὔ Ὃ ὲ (2.19) 

 

ʇʝʨʝʚʘʛʦʶ ʜʘʥʦʛʦ ʧʽʜʭʦʜʫ ʻ ʥʝʤʦʞʣʠʚʽʩʪʴ ʜʣʷ ʭʤʘʨʥʦʛʦ ʧʨʦʚʘʡʜʝʨʫ 

ʚʽʜʪʚʦʨʠʪʠ ʩʧʽʣʴʥʠʡ ʢʣʶʯ ʰʠʬʨʫʚʘʥʥʷ ʩʠʩʪʝʤʠ, ʽ ʪʘʢʠʤ ʯʠʥʦʤ ʥʝʤʦʞʣʠʚʽʩʪʴ 

ʜʦʩʪʫʧʫ ʜʦ ʧʝʨʩʦʥʘʣʴʥʦʾ ʽʥʬʦʨʤʘʮʽʾ ʢʦʨʠʩʪʫʚʘʯʽʚ, ʟʽ ʟʙʝʨʝʞʝʥʥʷʤ ʟʨʫʯʥʦʩʪʽ 

ʡʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ. ʆʩʦʙʣʠʚʽʩʪʶ ʘʣʛʦʨʠʪʤʫ ʻ ʤʦʞʣʠʚʽʩʪʴ ʬʦʨʤʫʚʘʥʥʷ 

ʩʠʤʝʪʨʠʯʥʦʛʦ ʢʣʶʯʘ ʰʠʬʨʫʚʘʥʥʷ ʜʣʷ ʛʨʫʧʠ ʢʦʤʧʦʥʝʥʪʽʚ ʢʦʤʧôʶʪʝʨʥʦʾ 

ʩʠʩʪʝʤʠ, ʱʦ ʟʘʧʦʙʽʛʘʻ ʥʝʦʙʭʽʜʥʦʩʪʽ ʫ ʧʦʚʪʦʨʥʦʤʫ ʰʠʬʨʫʚʘʥʥʽ ʽʥʬʦʨʤʘʮʽʾ ʜʣʷ 

ʢʦʞʥʦʛʦ ʥʦʚʦʛʦ ʩʫʙôʻʢʪʫ ʧʨʦʮʝʩʫ ʦʙʯʠʩʣʝʥʴ. 
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2.4 ɸʥʘʣʽʟ ʢʨʠʧʪʦʛʨʘʬʽʯʥʦʾ ʩʪʽʡʢʦʩʪʽ ʘʣʛʦʨʠʪʤʫ ʯʘʩʪʢʦʚʦ 

ʛʦʤʦʤʦʨʬʥʦʛʦ ʰʠʬʨʫʚʘʥʥʷ ʥʘ ʝʣʽʧʪʠʯʥʠʭ ʢʨʠʚʠʭ 

 

ʈʦʟʛʣʷʥʝʤʦ ʢʽʥʮʝʚʝ ʧʦʣʝ Ὂ, ʜʝ ὴ ï ʧʨʦʩʪʝ ʯʠʩʣʦ. ɿʘʜʘʯʝʶ ʜʠʩʢʨʝʪʥʦʛʦ 

ʣʦʛʘʨʠʬʤʫʚʘʥʥʷ (DLP) ʧʦ ʦʩʥʦʚʽ ήᶰὊᶻ ʻ ʟʥʘʭʦʜʞʝʥʥʷ ʜʣʷ ʜʘʥʦʛʦ ὴɴ Ὂᶻ 

ʪʘʢʦʛʦ ʮʽʣʦʛʦ ʯʠʩʣʘ ὼ, ʪʘʢʦʛʦ ʱʦ ή ὴ. 

ɺʠʟʥʘʯʠʤʦ E(Ὂ) ï ʷʢ ʝʣʽʧʪʠʯʥʫ ʢʨʠʚʫ ʫ ʢʽʥʮʝʚʦʤʫ ʧʦʣʽ Ὂ. 

ɿʘʜʘʯʘ ʜʠʩʢʨʝʪʥʦʛʦ ʣʦʛʘʨʠʬʤʫʚʘʥʥʷ ʥʘ ʝʣʽʧʪʠʯʥʽʡ ʢʨʠʚʽʡ (elliptic curve 

discrete logarithm problem, ECDLP) E(Ὂ) ʟ ʦʩʥʦʚʦʶ ήɴ ὉὊ  ʧʦʣʷʛʘʻ ʫ 

ʟʥʘʭʦʜʞʝʥʥʽ ʜʣʷ ʜʘʥʦʛʦ ὴɴ ὉὊ  ʪʘʢʦʛʦ ʮʽʣʦʛʦ ʯʠʩʣʘ ὼ, ʱʦ ὼή ὴ (ʷʢʱʦ 

ʚʦʥʦ ʽʩʥʫʻ). 

ʅʘʡʢʨʘʱʠʤʠ ʟ ʚʽʜʦʤʠʭ ʥʘ ʩʴʦʛʦʜʥʽʰʥʽʡ ʜʝʥʴ ʘʣʛʦʨʠʪʤʽʚ ʨʽʰʝʥʥʷ 

ECDLP ʻ ʤʝʪʦʜ çɺʝʣʠʢʠʭ ʪʘ ʤʘʣʠʭ ʢʨʦʢʽʚè ʘ ʪʘʢʦʞ ”-ʤʝʪʦʜ ʇʦʣʘʨʜʘ. 

ʇʝʨʝʚʘʛʦʶ ʦʩʪʘʥʥʴʦʛʦ ʻ ʤʝʥʰʠʡ ʦʙʩʷʛ ʚʠʢʦʨʠʩʪʘʥʥʷ ʧʘʤ'ʷʪʽ ʪʘ ʤʦʞʣʠʚʽʩʪʴ 

ʨʦʟʧʦʜʽʣʝʥʠʭ ʦʙʯʠʩʣʝʥʴ. ɸʣʛʦʨʠʪʤ ʇʦʣʘʨʜʘ ʤʘʻ ʩʢʣʘʜʥʽʩʪʴ ὕ ὴ ʦʧʝʨʘʮʽʡ 

ʩʢʣʘʜʘʥʥʷ ʚ ʛʨʫʧʽ ộὉὊȟ Ớ. [69], [72], [82]ï[85] 

ɺʠʟʥʘʯʠʤʦ ʦʮʽʥʢʫ ʩʢʣʘʜʥʦʩʪʽ ʘʣʛʦʨʠʪʤʫ ʇʦʣʘʨʜʘ: 

ʅʝʭʘʡ ὲ, ὶ ï ʥʘʪʫʨʘʣʴʥʽ ʯʠʩʣʘ, ὶ ὲ ʇʦʢʘʞʝʤʦ, ʱʦ ʜʣʷ ʙʫʜʴ-ʷʢʦʛʦ 

ʮʽʣʦʛʦ ὼ ʤʦʞʥʘ ʚʢʘʟʘʪʠ ʮʽʣʽ ʯʠʩʣʘ ί ʽ ὸ ʪʘʢʽ, ʱʦ: 

 

ὼḳίὶὸÍÏÄ ὲȠ π ί ὶȟπ ὸ  ὶ (2.20) 

 

ʅʝʭʘʡ, π ὼ ὶ. ʊʦʜʽ ί  ȟὸ ὼ ίὶ. ɿʚʽʜʢʠ ʤʦʞʥʘ ʧʦʙʘʯʠʪʠ, ʱʦ: 

 

π ί
ὼ

ὶ

ὲ

ὶ
ὶȢ (2.21) 

 

ɿ ʽʥʰʦʛʦ ʙʦʢʫ: 
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π ί
ὼ

ὶ
ί ρ (2.22) 

 

ʊʦʤʫ ίὶὼ ίὶὶ, ʘʙʦ π ὼ ίὶὸ ὶȢ 

ʅʝʭʘʡ ộὉὊȟ Ớ ï ʢʽʥʮʝʚʘ ʛʨʫʧʘ ʪʦʯʦʢ ʝʣʽʧʪʠʯʥʦʾ ʢʨʠʚʦʾ ʥʘʜ ʢʽʥʮʝʚʠʤ 

ʧʦʣʝʤ ὊȢὗȟὖ- ʝʣʝʤʝʥʪʠ ʮʽʻʾ ʛʨʫʧʠ, ὲ ï ʧʦʨʷʜʦʢ ʝʣʝʤʝʥʪʘ ὖ, 

 

Ὧὖ ὗ (2.23) 

 

ʊʦʜʽ ʯʠʩʣʦ k ʤʦʞʥʘ ʟʥʘʡʪʠ ʚʠʢʦʥʘʚʰʠ ʥʝ ʙʽʣʴʰʝ ʥʽʞ ςЍὲ ÌÏÇὲ ρ 

ʦʧʝʨʘʮʽʡ ʜʦʜʘʚʘʥʥʷ ʚ ʛʨʫʧʽ ộὉὊȟ Ớ. [82]ï[84] 

ʆʮʽʥʠʤʦ ʘʣʛʦʨʠʪʤʽʯʥʫ ʩʢʣʘʜʥʽʩʪʴ ʟʘʧʨʦʧʦʥʦʚʘʥʦʛʦ ʤʝʪʦʜʫ. ɼʣʷ 

ʜʦʚʝʜʝʥʥʷ ʚʽʟʴʤʝʤʦ ὶ Ѝὲ ρ. ʈʦʟʛʣʷʥʝʤʦ ʨʷʜʠ: 

 

πϽὖ ὕȠ ρϽὖ  ὋȟςϽὖȟȣȟὶ ρϽὖ (2.24) 

 

ὗȟὗ ρϽ ὶ Ͻὖȟὗ  ςϽ ὶ Ͻὖȟȣȟὗ ὶ ρϽ ὶ Ͻὖ (2.25) 

 

ʄʦʞʥʘ ʧʦʤʽʪʠʪʠ, ʱʦ ʷʢʱʦ ʨʽʚʥʷʥʥʷ ὯὋ ὗ (2.4) ʤʦʞʥʘ ʚʠʨʽʰʠʪʠ 

ʚʽʜʥʦʩʥʦ Ὧ, ʪʦ ʚʨʘʭʦʚʫʶʯʠ, ʱʦ ὶ ὲ, ʧʨʝʜʩʪʘʚʠʤʦ Ὧ ʫ ʚʠʛʣʷʜʽ: 

 

Ὧḳὸ ίὶ ÍÏÄ ὲȟπ ὸ ὶȢ (2.26) 

 

ʜʝ, ὲ ï ʧʦʨʷʜʦʢ ʛʨʫʧʠ, ʦʪʨʠʤʘʻʤʦ ï Ὧὖ ίὶὸὖ ὗ, ʷʢʱʦ: 

 

ὸὖ ὗ ίὶὖ (2.27) 

 

ʪʦʙʪʦ, ʢʦʣʠ ʟʥʘʡʜʝʪʴʩʷ ʝʣʝʤʝʥʪ ʜʨʫʛʦʛʦ ʨʷʜʫ, ʱʦ ʩʧʽʚʧʘʜʘʻ ʟ ʜʝʷʢʠʤ 

ʝʣʝʤʝʥʪʦʤ ʧʝʨʰʦʛʦ ʨʷʜʫ [84]. 



66 

 

ʇʨʠ ʦʙʯʠʩʣʝʥʥʽ ʝʣʝʤʝʥʪʽʚ ʧʝʨʰʦʛʦ ʨʷʜʫ, ʥʝʦʙʭʽʜʥʦ ʚʠʢʦʥʘʪʠ ʥʝ ʙʽʣʴʰʝ 

ὶ ς ʜʦʜʘʚʘʥʴ ʫ ʛʨʫʧʽ ʝʣʽʧʪʠʯʥʦʾ ʢʨʠʚʦʾ. ɼʣʷ ʦʙʯʠʩʣʝʥʥʷ ὶὋ ὲ ὶὋ 

ʥʝʦʙʭʽʜʥʦ ʚʠʢʦʥʘʪʠ ʥʝ ʙʽʣʴʰʝ ςÌÏÇὲ ʤʥʦʞʝʥʴ. ɼʣʷ ʦʙʯʠʩʣʝʥʴ ʝʣʝʤʝʥʪʽʚ 

ʜʨʫʛʦʛʦ ʨʷʜʫ ʥʝʦʙʭʽʜʥʦ ʚʠʢʦʥʘʪʠ ʥʝ ʙʽʣʴʰʝ ὶ ρ ʦʧʝʨʘʮʽʡ ʜʦʜʘʚʘʥʥʷ.  

ʊʘʢʠʤ ʯʠʥʦʤ, ʟʘʛʘʣʴʥʘ ʢʽʣʴʢʽʩʪʴ ʛʨʫʧʦʚʠʭ ʦʧʝʨʘʮʽʾ ʜʣʷ ʟʥʘʭʦʜʞʝʥʥʷ 

ʥʘʪʫʨʘʣʴʥʦʛʦ ʯʠʩʣʘ Ὧ ʥʝ ʧʝʨʝʚʠʱʫʻ: [82]ï[84] 

 

ςὶ σ ςÌÏÇὲ ςЍὲ ÌÏÇὲ ρȢ (2.28) 

 

ʈʦʟʛʣ̫ʥʝʤʦ ʤʘʪʝʤʘʪʠʯʥʫ ʤʦʜʝʣʴ ʯʘʩʪʢʦʚʦ ʛʦʤʦʤʦʨʬʥʦʛʦ ʰʠʬʨʫʚʘʥʥʷ 

ʥʘ ʝʣʽʧʪʠʯʥʠʭ ʢʨʠʚʠʭ: 

 

ὃ ὯὋȟ ὃ Ὧὖ  (2.29) 

 

ɿʚʽʜʢʠ ʤʦʞʥʘ ʚʠʜʽʣʠʪʠ ʩʫʤʫ ʩʝʘʥʩʦʚʠʭ ʢʣʶʯʽʚ ʰʠʬʨʫʚʘʥʥʷ, ʢʨʠʧʪʦʩʪʽʡʢʽʪʴ 

ʷʢʦʾ ʚʠʟʥʘʯʘʻ ʢʨʠʧʪʦʩʪʽʡʢʽʩʪʴ ʘʣʛʦʨʠʪʤʫ ʰʠʬʨʫʚʘʥʥʷ: 

 

ὯὋ ὗ (2.30) 

 

ʜʝ, m ï ʢʽʣʴʢʽʩʪʴ ʜʦʜʘʥʢʽʚ.  

ʊʘʢ ʷʢ, ʩʝʘʥʩʦʚʽ ʢʣʶʯʽ ʘʣʛʦʨʠʪʤʫ ʩʪʘʪʠʩʪʠʯʥʦ ʥʝʧʦʚôʷʟʘʥʽ ʟ ʧʨʠʚʘʪʥʠʤ 

ʢʣʶʯʝʤ ʰʠʬʨʫʚʘʥʥʷ, ʧʝʨʝʭʦʧʣʝʥʥʷ ʫʩʽʭ ʜʦʜʘʥʢʽʚ ʥʝ ʥʘʜʘʩʪʴ ʜʦʜʘʪʢʦʚʦʾ 

ʧʝʨʝʚʘʛʠ ʧʨʠ ʟʥʘʭʦʜʞʝʥʥʽ ʤʥʦʞʥʠʢʽʚ.  

ʄʦʞʥʘ ʧʦʙʘʯʠʪʠ, ʱʦ ʢʽʣʴʢʽʩʪʴ ʦʧʝʨʘʮʽʡ ʷʢʽ ʥʝʦʙʭʽʜʥʦ ʚʠʢʦʥʘʪʠ ʫ 

ʥʘʡʛʽʨʰʦʤʫ ʚʠʧʘʜʢʫ ʩʢʦʨʦʯʫʻʪʴʩʷ ʥʘ ά (ʢʽʣʴʢʽʩʪʴ ʚʠʢʦʥʘʥʠʭ ʦʧʝʨʘʮʽʡ 

ʜʦʜʘʚʘʥʥʷ): 
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ὶ Ѝὲ ρ ά (2.31) 

 

ʜʝ, ὲ ï ʧʦʨʷʜʦʢ ʛʨʫʧʠ ʪʦʯʦʢ ʝʣʽʧʪʠʯʥʦʾ ʢʨʠʚʦʾ (ὲḻά) 

ɸʣʛʦʨʠʪʤ ʇʦʣʘʨʜʘ ʻ ʦʜʥʠʤ ʟ ʥʘʡʰʚʠʜʰʠʭ ʘʣʛʦʨʠʪʤʽʚ ʨʦʟʢʣʘʜʘʥʥʷ 

ʯʠʩʝʣ ʥʘ ʤʥʦʞʥʠʢʠ ʚ ʦʙʣʘʩʪʽ ʪʦʯʦʢ ʝʣʽʧʪʠʯʥʦʾ ʢʨʠʚʦʾ ʽ ʪʦʤʫ, ʬʘʢʪʠʯʥʦ, 

ʚʠʟʥʘʯʘʻ ʢʨʠʧʪʦʩʪʽʡʢʽʩʪʴ ʘʣʛʦʨʠʪʤʫ ʯʘʩʪʢʦʚʦ ʛʦʤʦʤʦʨʬʥʦʛʦ ʰʠʬʨʫʚʘʥʥʷ ʥʘ 

ʝʣʽʧʪʠʯʥʠʭ ʢʨʠʚʠʭ. 

ɺʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʢʨʠʧʪʦʩʪʽʡʢʽʩʪʴ ʯʘʩʪʢʦʚʦ ʛʦʤʦʤʦʨʬʥʦʛʦ ʘʣʛʦʨʠʪʤʫ 

ʰʠʬʨʫʚʘʥʥʷ ʟʤʝʥʰʫʻʪʴʩʷ ʥʘ ʢʽʣʴʢʽʩʪʴ ʦʧʝʨʘʮʽʡ ʛʦʤʦʤʦʨʬʥʦʛʦ ʜʦʜʘʚʘʥʥʷ (m) 

ʚʽʜʥʦʩʥʦ ʚʠʭʽʜʥʦʛʦ ʘʣʛʦʨʠʪʤʫ ECDH, ʧʨʦʪʝ, ʪʘʢ ʷʢ ʧʦʨʷʜʦʢ m ʟʥʘʯʥʦ ʤʝʥʰʠʡ 

n ʮʝ ʥʝ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʟʥʘʯʥʦʾ ʚʪʨʘʪʠ ʢʨʠʧʪʦʛʨʘʬʽʯʥʦʾ ʩʪʽʡʢʦʩʪʽ. 

 

2.5 ɺʠʟʥʘʯʝʥʥʷ ʧʘʨʘʤʝʪʨʽʚ ʝʬʝʢʪʠʚʥʦʩʪʽ ʤʝʪʦʜʫ 

 

ʅʝʦʙʭʽʜʥʦ ʨʦʟʜʽʣʠʪʠ ʝʬʝʢʪʠʚʥʽʩʪʴ ʥʘ ʷʢʽʩʥʫ ʪʘ ʢʽʣʴʢʽʩʥʫ. ʗʢʽʩʥʠʤ 

ʝʣʝʤʝʥʪʦʤ ʝʬʝʢʪʠʚʥʦʩʪʽ ʻ ʚʣʘʩʥʝ ʥʝʤʦʞʣʠʚʽʩʪʴ ʜʦʩʪʫʧʫ ʜʦ ʽʥʬʦʨʤʘʮʽʾ 

ʢʦʨʠʩʪʫʚʘʯʘ ʟʽ ʩʪʦʨʦʥʠ ʧʨʦʚʘʡʜʝʨʫ ʭʤʘʨʥʦʛʦ ʩʝʨʚʽʩʫ. ɿʥʘʯʥʠʡ ʝʬʝʢʪ ʤʘʻ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʨʽʟʥʠʭ ʩʝʘʥʩʦʚʠʭ ʢʣʶʯʽʚ ʧʨʠ ʢʦʞʥʦʤʫ ʟʚʝʨʥʝʥʥʽ ʜʦ ʭʤʘʨʥʦʛʦ 

ʩʝʨʚʽʩʫ, ʱʦ ʫʥʝʤʦʞʣʠʚʣʶʻ ʩʧʽʚʩʪʘʚʣʝʥʥʷ ʢʦʨʠʩʪʫʚʘʯʘ ʩʠʩʪʝʤʠ ʪʘ ʡʦʛʦ 

ʟʘʰʠʬʨʦʚʘʥʽ ʜʘʥʽ ʢʽʣʴʢʽʩʥʦ ï ʥʘ ʦʩʥʦʚʽ ʽʥʬʦʨʤʘʮʽʾ ʧʨʦ ʩʪʨʫʢʪʫʨʫ ʬʫʥʢʮʽʾ Ὂ, 

ʷʢʫ ʨʝʘʣʽʟʦʚʫʻ ʭʤʘʨʘ, ʪʘ ʟʘʛʘʣʴʥʠʤʠ ʨʝʟʫʣʴʪʘʪʦʤ ʾʾ ʨʦʙʦʪʠ. ʊʘʢʠʤ ʯʠʥʦʤ, 

ʬʘʢʪʠʯʥʦ, ʜʦʩʷʛʘʻʪʴʩʷ ʜʝʧʝʨʩʦʥʘʣʽʟʘʮʽʷ ʢʦʨʠʩʪʫʚʘʯʽʚ, ʽ ʚʦʥʠ ʤʦʞʫʪʴ 

ʧʫʙʣʽʢʫʚʘʪʠ ʨʝʟʫʣʴʪʘʪ ʨʦʙʦʪʠ ʩʝʨʚʽʩʫ ʙʝʟ ʦʩʪʨʘʭʫ ʙʫʪʠ ʽʜʝʥʪʠʬʽʢʦʚʘʥʠʤʠ ʧʨʠ 

ʥʘʩʪʫʧʥʦʤʫ ʚʠʢʦʨʠʩʪʘʥʥʽ. 

ʂʽʣʴʢʽʩʥʘ ʩʢʣʘʜʦʚʘ ʝʬʝʢʪʠʚʥʦʩʪʽ ï ʰʚʠʜʢʦʜʽʷ ʘʣʛʦʨʠʪʤʫ ʛʦʤʦʤʦʨʬʥʦʛʦ 

ʰʠʬʨʫʚʘʥʥʷ, ʱʦ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʫ ʩʠʩʪʝʤʽ. ʆʩʥʦʚʥʠʡ ʨʝʞʠʤ ʨʦʙʦʪʠ 

ʘʣʛʦʨʠʪʤʫ ʤʽʩʪʠʪʴ ʪʨʠ ʦʩʥʦʚʥʽ ʬʘʟʠ: ʰʠʬʨʫʚʘʥʥʷ, ʧʦʩʣʽʜʦʚʥʦʩʪʽ 

ʘʨʠʬʤʝʪʠʯʥʠʭ ʦʧʝʨʘʮʽʡ, ʱʦ ʨʝʘʣʽʟʫʶʪʴ ʬʫʥʢʮʽʶ Ὂ, ʪʘ ʨʦʟhʠʬʨʫʚʘʥʥʷ 

(ʨʠʩ. 2.3). 
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ʐʠʬʨʫʚʘʥʥʷ

ˢ͙ͪͺ͔͙ͣͭ;ͤ͊ 
͔ͦͨͪ͊ͼ͜Ύ

ʈʦʟhʠʬʨʫʚʘʥʥʷ

ˢ͙ͪͺ͔͙ͣͭ;ͤ͊ 
͔ͦͨͪ͊ͼ͜Ύ

ˢ͙ͪͺ͔͙ͣͭ;ͤ͊ 
͔ͦͨͪ͊ͼ͜Ύ

. . .

 

ʈʠʩʫʥʦʢ 2.3 ï ʇʦʩʣʽʜʦʚʥʽʩʪʴ ʦʙʨʦʙʢʠ ʽʥʬʦʨʤʘʮʽʾ ʫ ʩʠʩʪʝʤʽ, ʜʣʷ ʦʜʥʦʛʦ 

ʚʠʢʣʠʢʫ ʭʤʘʨʥʦʛʦ ʩʝʨʚʽʩʫ 

 

ʆʩʦʙʣʠʚʽʩʪʶ ʩʪʚʦʨʶʚʘʥʦʾ ʩʠʩʪʝʤʠ, ʻ ʪʝ, ʱʦ ʫʩʽ ʪʨʠ ʩʢʣʘʜʦʚʽ ʧʨʦʮʝʩʫ 

ʚʽʜʙʫʚʘʶʪʴʩʷ ʫ ʨʽʟʥʠʭ ʩʢʣʘʜʦʚʠʭ ʢʦʤʧôʶʪʝʨʥʦʾ ʩʠʩʪʝʤʠ. ʊʘʢ ʰʠʬʨʫʚʘʥʥʷ 

ʜʘʥʠʭ ʚʽʜʙʫʚʘʻʪʴʩʷ ʫ ʢʣʽʻʥʪʩʴʢʦʤʫ ʜʦʜʘʪʢʫ, ʛʦʤʦʤʦʨʬʥʝ ʜʦʜʘʚʘʥʥʷ ï ʫ 

ʭʤʘʨʥʦʤʫ ʩʝʨʚʽʩʽ, ʘ ʨʦʟhʠʬʨʫʚʘʥʥʷ ʥʘ ʣʦʢʘʣʴʥʦʤʫ ʩʝʨʚʝʨʽ. ɺʘʨʪʦ ʚʨʘʭʫʚʘʪʠ, 

ʱʦ ʥʘʡʙʽʣʴʰ ʟʘʚʘʥʪʘʞʝʥʠʤ ʚʽʜʥʦʩʥʦ ʢʽʣʴʢʦʩʪʽ ʟʘʧʠʪʽʚ ʻ ʩʘʤʝ ʭʤʘʨʥʠʡ ʩʝʨʚʽʩ, 

ʪʦʤʫ ʻ ʥʘʜʟʚʠʯʘʡʥʦ ʚʘʞʣʠʚʠʤ ʟʤʝʥʰʠʪʠ ʯʘʩ ʷʢʠʡ ʚʠʪʨʘʯʘʻ ʭʤʘʨʥʠʡ ʩʝʨʚʽʩ ʥʘ 

ʧʝʚʥʫ ʢʽʣʴʢʽʩʪʴ ʦʧʝʨʘʮʽʡ ʛʦʤʦʤʦʨʬʥʦʛʦ ʜʦʜʘʚʘʥʥʷ, ʧʨʠ ʦʜʥʘʢʦʚʽʡ 

ʦʙʯʠʩʣʶʚʘʣʴʥʽʡ ʟʜʘʪʥʦʩʪʽ.  

Ὧ
ὸ

ὅ
ȟ (2.32) 

 

ʜʝ ὅ  ï ʢʽʣʴʢʽʩʪʴ ʦʧʝʨʘʮʽʡ 

ʏʘʩ ʚʠʪʨʘʯʝʥʠʡ ʥʘ ʰʠʬʨʫʚʘʥʥʷ (ὸ ) ʪʘ ʨʦʟhʠʬʨʫʚʘʥʥʷ (ὸ ) ʜʘʥʠʭ 

ʜʦʜʘʻʪʴʩʷ ʜʦ ʯʘʩʫ ʦʙʨʦʙʢʠ ʜʘʥʠʭ ʪʘ ʟʙʽʣʴʰʫʻ ʟʘʛʘʣʴʥʽʡ ʯʘʩ ʦʯʽʢʫʚʘʥʥʷ 

ʨʝʟʫʣʴʪʘʪʽʚ ʦʙʨʦʙʢʠ ʢʣʽʻʥʪʦʤ ʽ ʪʦʤʫ ʪʝʞ ʧʦʚʠʥʝʥ ʙʫʪʠ ʤʽʥʽʤʽʟʦʚʘʥʠʡ. 

 

ὸ ὸ ὸ  (2.33) 
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ʊʘʢʠʤ ʯʠʥʦʤ ʝʬʝʢʪʠʚʥʽʩʪʴ ʘʣʛʦʨʠʪʤʫ ʯʘʩʪʢʦʚʦ ʛʦʤʦʤʦʨʬʥʦʛʦ 

ʰʠʬʨʫʚʘʥʥʷ ʧʨʦʧʦʥʫʻʪʴʩʷ ʚʠʟʥʘʯʘʪʠ ʥʘ ʦʩʥʦʚʽ ʜʚʦʭ ʥʝʟʘʣʝʞʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ï 

ʢʽʣʴʢʦʩʪʽ ʘʨʠʬʤʝʪʠʯʥʠʭ ʦʧʝʨʘʮʽʡ ʱʦ ʚʠʢʦʥʫʻʪʴʩʷ ʘʣʛʦʨʠʪʤʦʤ ʟʘ ʦʜʠʥʠʮʶ 

ʯʘʩʫ (Ὧ ) ʪʘ ʯʘʩʦʤ ʚʠʪʨʘʯʝʥʠʤ ʥʘ ʰʠʬʨʫʚʘʥʥʷ ʪʘ ʨʦʟhʠʬʨʫʚʘʥʥʷ ʜʘʥʠʭ (ὸ). 

 

2.6 ɺʠʩʥʦʚʢʠ 

 

ʋ ʜʘʥʦʤʫ ʨʦʟʜʽʣʽ ʙʫʣʦ ʨʦʟʨʦʙʣʝʥʦ ʩʠʩʪʝʤʫ ʜʝʧʝʨʩʦʥʘʣʽʟʘʮʽʾ 

ʢʦʨʠʩʪʫʚʘʯʽʚ, ʧʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ ʧʫʙʣʽʯʥʦʛʦ ʭʤʘʨʥʦʛʦ ʩʝʨʚʽʩʫ ʢʦʤʧôʶʪʝʨʥʠʭ 

ʦʙʯʠʩʣʝʥʴ ʥʘ ʦʩʥʦʚʽ ʯʘʩʪʢʦʚʦ ʛʦʤʦʤʦʨʬʥʦʛʦ ʘʣʛʦʨʠʪʤʫ ʰʠʬʨʫʚʘʥʥʷ. 

ʅʘʚʝʜʝʥʦ ʤʘʪʝʤʘʪʠʯʥʫ ʤʦʜʝʣʴ ʛʦʤʦʤʦʨʬʥʦʛʦ ʚʽʜʥʦʩʥʦ ʦʧʝʨʘʮʽʾ ʜʦʜʘʚʘʥʥʷ 

ʘʣʛʦʨʠʪʤʫ ʰʠʬʨʫʚʘʥʥʷ ʥʘ ʦʩʥʦʚʽ ʝʣʽʧʪʠʯʥʠʭ ʢʨʠʚʠʭ. ʉʪʚʦʨʝʥʠʡ ʘʣʛʦʨʠʪʤ 

ʜʦʟʚʦʣʷʻ ʛʦʤʦʤʦʨʬʥʦ ʜʦʜʘʪʠ ʜʚʘ ʟʘʰʠʬʨʦʚʘʥʠʭ ʯʠʩʣʘ ʙʝʟ ʾʭ ʨʦʟʰʠʬʨʫʚʘʥʥʷ, 

ʪʘ ʦʪʨʠʤʘʪʠ ʢʦʨʝʢʪʥʠʡ ʨʝʟʫʣʴʪʘʪ ʧʽʩʣʷ ʨʦʟʰʠʬʨʫʚʘʥʥʷ. ʆʩʦʙʣʠʚʽʩʪʶ 

ʘʣʛʦʨʠʪʤʫ ʻ ʚʠʢʦʨʠʩʪʘʥʥʷ ʩʝʘʥʩʦʚʠʭ ʢʣʶʯʽʚ ʰʠʬʨʫʚʘʥʥʷ, ʟʘ ʨʘʭʫʥʦʢ ʯʦʛʦ 

ʜʦʩʷʛʘʻʪʴʩʷ ʨʽʟʥʠʮʷ ʤʽʞ ʟʘʰʠʬʨʦʚʘʥʠʤʠ ʪʝʢʩʪʘʤʠ ʥʘʚʽʪʴ ʦʜʥʘʢʦʚʠʭ ʯʠʩʝʣ.  

ʉʪʚʦʨʝʥʠʡ ʘʣʛʦʨʠʪʤ ʙʫʣʦ ʧʝʨʝʚʽʨʝʥʦ ʥʘ ʢʨʠʧʪʦʛʨʘʬʽʯʥʫ ʩʪʽʡʢʽʩʪʴ 

ʰʣʷʭʦʤ ʡʦʛʦ ʧʦʨʽʚʥʷʥʥʷ ʟ ʢʨʠʧʪʦʛʨʘʬʽʯʥʦʶ ʩʪʽʡʢʽʩʪʶ ʙʘʟʦʚʦʛʦ ʘʣʛʦʨʠʪʤʫ 

ʰʠʬʨʫʚʘʥʥʷ ʥʘ ʝʣʽʧʪʠʯʥʠʭ ʢʨʠʚʠʭ, ʪʘ ʧʦʢʘʟʘʥʦ, ʱʦ ʟʥʠʞʝʥʥʷ ʢʨʠʧʪʦʩʪʽʡʢʦʩʪʽ 

ʻ ʥʝʟʥʘʯʥʠʤ (ʢʽʣʴʢʽʩʪʴ ʦʧʝʨʘʮʽʡ ʛʦʤʦʤʦʨʬʥʦʛʦ ʜʦʜʘʚʘʥʥʷ, ά). 

ʇʨʠ ʟʙʝʨʝʞʝʥʥʽ ʽʥʬʦʨʤʘʮʽʾ ʫ ʧʫʙʣʽʯʥʽʡ ʭʤʘʨʽ ʻ ʜʦʮʽʣʴʥʠʤ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʩʠʤʝʪʨʠʯʥʠʭ ʘʣʛʦʨʠʪʤʽʚ ʰʠʬʨʫʚʘʥʥʷ. ʋ ʨʦʟʜʽʣʽ ʙʫʣʦ ʥʘʚʝʜʝʥʦ ʤʘʪʝʤʘʪʠʯʥʫ 

ʤʦʜʝʣʴ ʬʦʨʤʫʚʘʥʥʷ ʩʧʽʣʴʥʦʛʦ ʢʣʶʯʘ ʰʠʬʨʫʚʘʥʥʷ ʜʣʷ ʙʘʛʘʪʴʦʭ ʫʯʘʩʥʠʢʽʚ.  

ɹʫʣʦ ʚʠʟʥʘʯʝʥʦ ʢʨʠʪʝʨʽʡ ʝʬʝʢʪʠʚʥʦʩʪʽ ʘʣʛʦʨʠʪʤʫ ʯʘʩʪʢʦʚʦ 

ʛʦʤʦʤʦʨʬʥʦʛʦ ʰʠʬʨʫʚʘʥʥʷ ʚʽʜʥʦʩʥʦ ʩʪʚʦʨʶʚʘʥʦʾ ʩʠʩʪʝʤʠ. ʊʘʢ, ʧʦʢʘʟʘʥʦ, ʱʦ 

ʥʘʡʙʽʣʴʰʠʡ ʚʧʣʠʚ ʥʘ ʯʘʩ ʚʠʢʦʥʘʥʥʷ ʦʧʝʨʘʮʽʡ ʦʙʨʦʙʢʠ ʽʥʬʦʨʤʘʮʽʾ ʜʣʷ ʩʠʩʪʝʤʠ 

ʜʝʧʝʨʩʦʥʘʣʽʟʘʮʽʾ ʤʘʪʠʤʝ ʯʘʩ ʚʠʢʦʥʘʥʥʷ ʛʦʤʦʤʦʨʬʥʠʭ ʘʨʠʬʤʝʪʠʯʥʠʭ ʦʧʝʨʘʮʽʡ 

ʫ ʧʫʙʣʽʯʥʽʡ ʭʤʘʨʽ (ʬʦʨʤʫʣʘ 2.31). ʈʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʥʷ, ʱʦ ʧʨʝʜʩʪʘʚʣʝʥʽ ʚ 

ʜʨʫʛʦʤʫ ʨʦʟʜʽʣʽ, ʦʧʫʙʣʽʢʦʚʘʥʦ ʚ [14], [18].   
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ʈʆɿɼɯʃ 3 

 

ʈʆɿʈʆɹʂɸ ʄɽʊʆɼʋ ɿɸʍʀʉʊʋ ɯʅʌʆʈʄɸʎɯɰ ʋ ʂʆʄʇôʖʊɽʈʅɯʁ 

ʉʀʉʊɽʄɯ ɿ ɺʀʂʆʈʀʉʊɸʅʅʗʄ ʏɸʉʊʂʆɺʆ ɻʆʄʆʄʆʈʌʅʆɻʆ 

ʐʀʌʈʋɺɸʅʅʗ ʅɸ ʆʉʅʆɺɯ ɽʃɯʇʊʀʏʅʀʍ ʂʈʀɺʀʍ 

 

3.1 ʉʪʚʦʨʝʥʥʷ ʩʠʩʪʝʤʠ ʜʝʧʝʨʩʦʥʘʣʽʟʘʮʽʾ ʢʦʨʠʩʪʫʚʘʯʽʚ ʢʦʤʧôʶʪʝʨʥʦʾ 

ʩʠʩʪʝʤʠ, ʱʦ ʚʠʢʦʨʠʩʪʦʚʫʻ ʭʤʘʨʥʠʡ ʩʝʨʚʽʩ. 

 

ɺʘʞʣʠʚʦʶ ʤʝʪʦʶ ʩʪʚʦʨʶʚʘʥʦʾ ʩʠʩʪʝʤʠ ʻ ʟʘʙʝʟʧʝʯʝʥʥʷ ʥʝʜʦʩʪʫʧʥʦʩʪʽ 

ʧʨʠʚʘʪʥʦʾ ʽʥʬʦʨʤʘʮʽʾ ʢʦʨʠʩʪʫʚʘʯʽʚ ʜʣʷ ʭʤʘʨʥʦʛʦ ʩʝʨʚʽʩʫ, ʱʦ ʚʠʢʦʥʫʻ 

ʦʙʯʠʩʣʝʥʥʷ ʟ ʦʜʥʦʛʦ ʙʦʢʫ ʪʘ ʨʦʟʚʘʥʪʘʞʝʥʥʷ ʧʨʠʚʘʪʥʠʭ ʩʝʨʚʝʨʽʚ ʢʦʤʧʘʥʽʡ 

ʰʣʷʭʦʤ ʚʠʥʝʩʝʥʥʷ ʟʘʪʨʘʪʥʠʭ ʦʧʝʨʘʮʽʡ ʫ ʭʤʘʨʥʠʡ ʩʝʨʚʽʩ. ʆʪʞʝ, ʩʪʘʻ ʚʘʞʣʠʚʠʤ 

ʧʨʘʚʠʣʴʥʝ ʬʦʨʤʫʚʘʥʥʷ ʧʨʦʪʦʢʦʣʫ ʦʙʤʽʥʫ ʽʥʬʦʨʤʘʮʽʻʶ ʤʽʞ ʧʨʠʚʘʪʥʠʤ 

ʩʝʨʚʝʨʦʤ, ʭʤʘʨʥʠʤ ʩʝʨʚʽʩʦʤ ʪʘ ʢʦʨʠʩʪʫʚʘʯʝʤ. ɿ ʧʫʥʢʪʽʚ 2.1-2.2 ʤʦʞʥʘ 

ʚʠʜʽʣʠʪʠ ʥʘʩʪʫʧʥʽ ʝʪʘʧʠ: 

1. ʌʦʨʤʘʣʽʟʘʮʽʷ ʟʘʜʘʯʽ ʦʙʯʠʩʣʝʥʥʷ ï ʥʘ ʮʴʦʤʫ ʝʪʘʧʽ ʚʠʚʦʜʠʪʴʩʷ ʦʩʥʦʚʥʘ 

ʤʘʪʝʤʘʪʠʯʥʘ ʤʦʜʝʣʴ ʦʙʯʠʩʣʝʥʴ ʷʢʽ ʥʝʦʙʭʽʜʥʦ ʟʜʽʡʩʥʠʪʠ ʜʣʷ ʜʦʩʷʛʥʝʥʥʷ ʤʝʪʠ.  

2. ʇʝʨʝʪʚʦʨʝʥʥʷ ʤʦʜʝʣʽ ï ʥʘ ʮʴʦʤʫ ʝʪʘʧʽ ʥʝʦʙʭʽʜʥʦ ʚʠʜʽʣʠʪʠ 

ʨʝʩʫʨʩʦʚʠʪʨʘʪʥʫ ʯʘʩʪʠʥʫ ʦʙʯʠʩʣʝʥʴ ʷʢʫ ʤʦʞʣʠʚʦ ʧʝʨʝʥʝʩʪʠ ʚ ʧʫʙʣʽʯʥʠʡ 

ʭʤʘʨʥʠʡ ʩʝʨʚʽʩ. ʊʘʢʦʞ ʥʝʦʙʭʽʜʥʦ ʚʠʢʦʥʘʪʠ ʚʽʜʦʙʨʘʞʝʥʥʷ ʧʽʜʟʘʜʘʯ, ʷʢʽ 

ʚʠʢʦʥʫʚʘʪʠʤʝ ʭʤʘʨʥʠʡ ʩʝʨʚʽʩ ʟ ʤʝʪʦʶ ʦʙʤʝʞʝʥʥʷ ʢʽʣʴʢʦʩʪʽ ʘʨʠʬʤʝʪʠʯʥʠʭ 

ʦʧʝʨʘʮʽʡ ʜʦ ʪʦʾ ʷʢʫ ʧʽʜʪʨʠʤʫʻ ʦʙʨʘʥʠʡ ʘʣʛʦʨʠʪʤ ʛʦʤʦʤʦʨʬʥʦʛʦ ʰʠʬʨʫʚʘʥʥʷ 

(ʬʦʨʤʫʣʘ 2.4). ʆʙʨʘʥʥʷ ʯʘʩʪʢʦʚʦʛʦ ʛʦʤʦʤʦʨʬʥʦʛʦ ʰʠʬʨʫ ʦʙʤʝʞʫʻ ʮʶ 

ʢʽʣʴʢʽʩʪʴ ʜʦ ʦʜʥʽʻʾ, ʧʨʦʪʝ ʜʦʟʚʦʣʷʻ ʜʦʩʷʛʪʠ ʧʨʠʡʥʷʪʥʦʾ ʰʚʠʜʢʦʜʽʾ ʫʩʽʻʾ 

ʩʠʩʪʝʤʠ. 

3. ɺʠʜʽʣʝʥʥʷ ʛʦʣʦʚʥʠʭ ʩʪʨʫʢʪʫʨʥʠʭ ʝʣʝʤʝʥʪʽʚ ï ʩʫʙôʻʢʪʽʚ, ʱʦ ʙʝʨʫʪʴ 

ʫʯʘʩʪʴ ʫ ʦʙʯʠʩʣʶʚʘʣʴʥʦʤʫ ʧʨʦʮʝʩʽ, ʘʙʦ ʻ ʩʢʣʘʜʦʚʠʤʠ ʢʦʤʧôʶʪʝʨʥʦʾ ʩʠʩʪʝʤʠ. 

ʇʨʠ ʮʴʦʤʫ ʚʠʟʥʘʯʘʻʪʴʩʷ ʨʽʚʝʥʴ ʜʦʩʪʫʧʥʦʩʪʽ ʽʥʬʦʨʤʘʮʽʾ ʷʢʦʶ ʦʧʝʨʫʻ 

ʢʦʤʧôʶʪʝʨʥʘ ʩʠʩʪʝʤʘ ʜʣʷ ʢʦʞʥʦʛʦ ʟ ʩʫʙôʻʢʪʽʚ. 
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4. ʉʪʚʦʨʝʥʥʷ ʧʨʦʪʦʢʦʣʫ ʩʠʩʪʝʤʠ ï ʟʘʚʝʨʰʘʣʴʥʠʡ ʝʪʘʧ ʧʨʦʝʢʪʫʚʘʥʥʷ 

ʤʦʜʝʣʽ ʦʙʯʠʩʣʝʥʴ. ʅʘ ʮʴʦʤʫ ʝʪʘʧʽ ʚʠʟʥʘʯʘʻʪʴʩʷ ʧʦʩʣʽʜʦʚʥʽʩʪʴ ʧʝʨʝʜʘʯʽ 

ʽʥʬʦʨʤʘʮʽʾ, ʢʣʶʯʽʚ ʰʠʬʨʫʚʘʥʥʷ, ʧʨʦʮʝʩʽʚ ʰʠʬʨʫʚʘʥʥʷ ʪʘ ʨʦʟhʠʬʨʫʚʘʥʥʷ 

ʽʥʬʦʨʤʘʮʽʾ.   

ʋʟʘʛʘʣʴʥʝʥʘ ʜʽʘʛʨʘʤʘ ʚʠʢʦʨʠʩʪʘʥʥʷ ʩʠʩʪʝʤʠ ʟ ʧʨʦʮʝʩʘʤʠ ʦʙʤʽʥʫ ʪʘ 

ʰʠʬʨʫʚʘʥʥʷ ʽʥʬʦʨʤʘʮʽʾ ʧʦʢʘʟʘʥʘ ʥʘ ʨʠʩʫʥʢʫ 3.1: 

 

˴͜͡ΊͤͭͫΈ͙͚͟ ͒ͦ͒͊ͭͦ͟ ˽͙͍͙͚ͪ͊ͭͤ ͔͍͔ͫͪͪ

˥ͦͣͦͣͦͪͺ͔ͤ 
΄͙ͺ͍ͪͯ͊ͤͤΎ

˻͋ͣͤ͜ ͨͯ͋͜͡;ͤͦΌ 
ͤ͜ͺͦͪͣ͊ͼ͜ΊΌ

˻͋ͪͦ͋͊͟ ͤ͜ͺͦͪͣ͊ͼ͜͝
˨͔΄͙ͺ͍ͪͯ͊ͤͤΎ 
ͤ͜ͺͦͪͣ͊ͼ͜͝

͙̊ͺ͍ͪͯ͊ͤͤΎ 
͙͔͙ͫͣͭͪ;͙ͤͣ 
͎͙͊ͦͪͭͣͦͣ͡

˭͔͔͔͋ͪ͗ͤͤΎ 
ͤ͜ͺͦͪͣ͊ͼ͜͝

͍̅ͦͪͣͯ͊ͤͤΎ 
͙͔͙ͫͣͭͪ;͎ͤͦͦ ͟͡Ό;͊ 
΄͙ͺ͍ͪͯ͊ͤͤΎ

͙̊ͺ͍ͪͯ͊ͤͤΎ 
͙͔͙ͫͣͭͪ;͙ͤͣ 
͎͙͊ͦͪͭͣͦͣ͡

 

ʈʠʩʫʥʦʢ 3.1 ï ɼʽʘʛʨʘʤʘ ʚʠʢʦʨʠʩʪʘʥʥʷ ʩʠʩʪʝʤʠ 

 

ʉʪʨʫʢʪʫʨʥʫ ʙʣʦʢ-ʩʭʝʤʫ ʩʠʩʪʝʤʠ, ʱʦ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʪʨʴʦʭ ʦʩʥʦʚʥʠʭ 

ʢʦʤʧʦʥʝʥʪʽʚ (ʛʦʣʦʚʥʦʛʦ ʩʝʨʚʝʨʫ, ʭʤʘʨʥʦʛʦ ʩʝʨʚʽʩʫ, ʢʣʽʻʥʪʩʴʢʦʛʦ ʜʦʜʘʪʢʫ), 

ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩʫʥʢʫ 3.2.  



72 

 

ˣͦ͟͡ 
͎ͦͣͦͣͦͪͺ͎ͤͦͦ 
ͪͦ͘΄͙ͺ͍ͪͯ͊ͤͤΎ

ˣͦ͟͡ ͍͙͊ͭͦͪ͊͘ͼ͜͝ 
ͭ͊ 

͍͔͙͊ͭͤͭͺ͊͜͟ͼ͜͝

ˣͦ͟͡ ͎͙͎͋ͪ͒ͤͦͦ͜ 
΄͙ͺ͍ͪͯ͊ͤͤΎ

˴͜͡Ίͤͭ ͻ͎ͣ͊ͪͤͦͦ 
͔͍ͫͪͫͯ͜

API ͻ͎ͣ͊ͪͤͦͦ 
͔͍ͫͪͫͯ͜

ˣ͊͊͘ ͙͒͊ͤͻ
ˣͦ͟͡ ͔͋ͤͫ͘͜ 
͎͙ͦ͜͟͡

ˣͦ͟͡ 
͎ͦͣͦͣͦͪͺ͎ͤͦͦ 
΄͙ͺ͍ͪͯ͊ͤͤΎ

͚͍͙͚̅͊ͦ͡ 
͙͍ͣ͊ͫ

˾͔͙͚ͨͦͭͦͪ͘͜ 
͙͒͊ͤͻ

ˣͦ͟͡ ͔͋ͤͫ͘͜ 
͎͙ͦ͜͟͡

˴͜͡Ίͤͭ ͻ͎ͣ͊ͪͤͦͦ 
͔͍ͫͪͫͯ͜

˴͜͡Ίͤͭ ͔͍͔ͫͪͪͯ

ˣͦ͟͡ 
͎ͦͣͦͣͦͪͺ͎ͤͦͦ 
΄͙ͺ͍ͪͯ͊ͤͤΎ

˥ͪ͊ͺ͜;͙͚ͤ 
͔ͤͭͪ͜ͺ͔͚ͫ

ˣ͔ͤͫ͘͜ ͎ͦ͊͜͟͡

API ͡ ͦ͊͟͡Έ͎ͤͦͦ 
͔͍͔ͫͪͪͯ

˽͙͔͒ͫͫͭͣ͊͜ 
͔͎͋ͪ͊ͤͤ͘͜Ύ ͙͒͊ͤͻ

͙͚̆ͣ͊ͪͤ ͔͍ͫͪͫ͜˶ͦ͊͟͡Έ͙͚ͤ ͔͍͔ͫͪͪ

˴͜͡ΊͤͭͫΈ͙͚͟ ͒ͦ͒͊ͭͦ͟

 

ʈʠʩʫʥʦʢ 3.2 ï ʉʪʨʫʢʪʫʨʥʘ ʩʭʝʤʘ ʢʦʤʧôʶʪʝʨʥʦʾ ʩʠʩʪʝʤʠ ʟ ʧʫʙʣʽʯʥʠʤ ʭʤʘʨʥʠʤ ʩʝʨʚʽʩʦʤ
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ʇʨʝʜʩʪʘʚʣʝʥʘ ʢʦʤʧôʶʪʝʨʥʘ ʩʠʩʪʝʤʘ ʧʦʙʫʜʦʚʘʥʘ ʥʘ ʦʩʥʦʚʽ ʤʽʢʨʦ-

ʩʝʨʚʽʩʥʦʾ ʘʨʭʽʪʝʢʪʫʨʠ [86]. ɼʘʥʘ ʘʨʭʽʪʝʢʪʫʨʘ ʜʦʟʚʦʣʷʻ ʤʘʢʩʠʤʘʣʴʥʦ ʽʟʦʣʶʚʘʪʠ 

ʢʦʤʧʦʥʝʥʪʠ ʩʠʩʪʝʤʠ ʤʽʞ ʩʦʙʦʶ. ʂʦʞʝʥ ʟ ʢʦʤʧʦʥʝʥʪʽʚ ʩʠʩʪʝʤʠ ʩʢʣʘʜʘʻʪʴʩʷ ʟ 

ʪʨʴʦʭ ʦʩʥʦʚʥʠʭ ʰʘʨʽʚ, ʱʦ ʚʠʢʦʥʫʶʪʴ ʥʘʩʪʫʧʥʽ ʬʫʥʢʮʽʾ:  

-  ʦʪʨʠʤʘʥʥʷ ʽʥʬʦʨʤʘʮʽʾ ʚʽʜ ʥʦʩʽʷ ʘʙʦ ʽʥʰʦʛʦ ʩʝʨʚʽʩʫ; 

-  ʦʙʨʦʙʢʘ ʽʥʬʦʨʤʘʮʽʾ ʫ ʚʽʜʧʦʚʽʜʥʦʩʪʽ ʜʦ ʙʽʟʥʝʩ ʣʦʛʽʢʠ ʢʦʤʧʦʥʝʥʪʘ; 

-  ʨʝʘʣʽʟʘʮʽʷ ʽʥʪʝʨʬʝʡʩʫ ʜʣʷ ʧʦʚʝʨʥʝʥʥʷ ʽʥʬʦʨʤʘʮʽʾ ʽʥʰʦʤʫ ʢʦʤʧʦʥʝʥʪʫ 

ʘʙʦ ʥʘ ʽʥʪʝʨʬʝʡʩ ʢʦʨʠʩʪʫʚʘʯʘ. 

ʊʘʢ, ʥʘ ʨʠʩʫʥʢʫ 3.2, ʭʤʘʨʥʠʡ ʩʝʨʚʽʩ ʤʽʩʪʠʪʴ ʙʘʟʫ ʜʘʥʠʭ ʜʣʷ ʟʙʝʨʝʞʝʥʥʷ 

ʩʪʨʫʢʪʫʨʦʚʘʥʦʾ ʽʥʬʦʨʤʘʮʽʾ ʪʘ ʬʘʡʣʦʚʠʡ ʤʘʩʠʚ ʜʣʷ ʘʨʭʽʚʽʚ ʪʘ 

ʥʝʩʪʨʫʢʪʫʨʦʚʘʥʦʾ ʽʥʬʦʨʤʘʮʽʾ. ɼʣʷ ʜʦʩʪʫʧʫ ʜʦ ʽʥʬʦʨʤʘʮʽʾ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ 

ʰʘʙʣʦʥ ʧʨʦʝʢʪʫʚʘʥʥʷ çʈʝʧʦʟʠʪʦʨʽʡè, ʱʦ ʜʦʟʚʦʣʷʻ ʛʥʫʯʢʦ ʟʘʤʽʥʶʚʘʪʠ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʥʫ ʙʘʟʫ ʜʘʥʠʭ. ɹʣʦʢ ʙʽʟʥʝʩ ʣʦʛʽʢʠ ʚʽʜʦʢʨʝʤʣʝʥʠʡ ʚʽʜ ʥʘʙʦʨʫ 

ʬʫʥʢʮʽʡ ʩʠʩʪʝʤʠ, ʱʦ ʜʦʟʚʦʣʷʻ, ʧʨʠ ʥʝʦʙʭʽʜʥʦʩʪʽ ʟʘʤʽʥʶʚʘʪʠ ʧʨʦʪʦʢʦʣ 

ʚʟʘʻʤʦʜʽʾ ʤʽʞ ʢʦʤʧʦʥʝʥʪʘʤʠ ʩʠʩʪʝʤʠ (HTTP, TCP, FTP). 

 ʇʽʜʩʠʩʪʝʤʘ ʜʦʩʪʫʧʫ ʜʦ ʽʥʬʦʨʤʘʮʽʾ ʣʦʢʘʣʴʥʦʛʦ ʩʝʨʚʽʩʫ ʧʨʝʜʩʪʘʚʣʝʥʘ 

ʣʠʰʝ ʢʣʽʻʥʪʦʤ ʚʽʜʧʦʚʽʜʥʦʛʦ ʢʘʥʘʣʫ ʟʚôʷʟʢʫ, ʱʦ ʜʦʟʦʣʷʻ ʚʠʢʣʠʢʘʪʠ ʬʫʥʢʮʽʾ ʷʢʽ 

ʨʝʘʣʽʟʦʚʫʻ API ʭʤʘʨʥʦʛʦ ʩʝʨʚʽʩʫ. ʃʦʢʘʣʴʥʠʡ ʩʝʨʚʽʩ, ʫ ʩʚʦʶ ʯʝʨʛʫ, ʪʘʢʦʞ 

ʨʝʘʣʽʟʦʚʫʻ ʥʘʙʽʨ ʤʝʪʦʜʽʚ ʚʟʘʻʤʦʜʽʾ. ʂʨʽʤ ʮʴʦʛʦ, ʣʦʢʘʣʴʥʠʡ ʩʝʨʚʽʩ ʤʦʞʝ 

ʤʽʩʪʠʪʠ ʧʽʜʩʠʩʪʝʤʫ ʘʚʪʝʥʪʠʬʽʢʘʮʽʾ ʪʘ ʘʚʪʦʨʠʟʘʮʽʾ ʢʦʨʠʩʪʫʚʘʯʽʚ. 

ʂʣʽʻʥʪʩʴʢʠʡ ʜʦʜʘʪʦʢ ʦʪʨʠʤʫʻ ʽʥʬʦʨʤʘʮʽʶ ʚʽʜ ʭʤʘʨʥʦʛʦ ʩʝʨʚʽʩʫ ʪʘ ʣʦʢʘʣʴʥʦʛʦ 

ʩʝʨʚʝʨʫ ʟʘ ʜʦʧʦʤʦʛʦʶ ʚʽʜʧʦʚʽʜʥʠʭ ʧʨʦʛʨʘʤʥʠʭ ʢʦʤʧʦʥʝʥʪʽʚ. ʇʽʩʣʷ ʦʙʨʦʙʢʠ 

ʽʥʬʦʨʤʘʮʽʾ ʫ ʚʽʜʧʦʚʽʜʥʦʩʪʽ ʜʦ ʙʽʟʥʝʩ ʣʦʛʽʢʠ, ʢʣʽʻʥʪʩʴʢʠʡ ʜʦʜʘʪʦʢ ʚʠʚʦʜʠʪʴ 

ʽʥʬʦʨʤʘʮʽʶ ʢʦʨʠʩʪʫʚʘʯʫ ʩʠʩʪʝʤʠ. 

ɼʣʷ ʩʧʨʦʱʝʥʥʷ ʥʘ ʩʭʝʤʽ ʥʝ ʚʢʘʟʘʥʦ ʧʽʜʩʠʩʪʝʤʠ ʜʣʷ ʘʚʪʝʥʪʠʬʽʢʘʮʽʾ ʤʽʞ 

ʩʝʨʚʽʩʥʦʾ ʚʟʘʻʤʦʜʽʾ, ʘ ʪʘʢʦʞ ʤʦʞʣʠʚʽʩʪʴ ʚʠʢʦʨʠʩʪʘʥʥʷ ʧʦʜʽʻ-ʦʨʽʻʥʪʦʚʘʥʠʭ 

ʧʽʜʭʦʜʽʚ ʦʨʛʘʥʽʟʘʮʽʾ ʧʝʨʝʜʘʯʽ ʽʥʬʦʨʤʘʮʽʾ.  

ʊʘʢʦʞ ʥʘ ʨʠʩʫʥʢʫ ʪʦʚʩʪʽʰʦʶ ʣʽʥʽʻʶ ʚʠʜʽʣʝʥʦ ʢʦʤʧʦʥʝʥʪʠ 

ʰʠʬʨʫʚʘʥʥʷ, ʱʦ ʙʫʣʦ ʨʝʘʣʽʟʦʚʘʥʦ ʫ ʭʦʜʽ ʜʠʩʝʨʪʘʮʽʡʥʦʾ ʨʦʙʦʪʠ. 
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3.2 ɸʣʛʦʨʠʪʤ ʛʦʤʦʤʦʨʬʥʦʛʦ ʜʦʜʘʚʘʥʥʷ ʯʠʩʝʣ 

 

ʆʩʥʦʚʥʦʶ ʤʝʪʦʶ ʩʪʚʦʨʶʚʘʥʦʛʦ ʘʣʛʦʨʠʪʤʫ ʰʠʬʨʫʚʘʥʥʷ ʻ ʤʦʞʣʠʚʽʩʪʴ 

ʜʦʜʘʚʘʥʥʷ ʟʘʰʠʬʨʦʚʘʥʠʭ ʯʠʩʝʣ. ɼʦʜʘʚʘʥʥʷ ὲ ʟʘʰʠʬʨʦʚʘʥʠʭ ʯʠʩʝʣ, 

ʧʨʝʜʩʪʘʚʣʝʥʠʭ ʪʦʯʢʘʤʠ ʝʣʽʧʪʠʯʥʦʾ ʢʨʠʚʦʾ, ʧʦʢʘʟʘʥʦ ʫ ʬʦʨʤʫʣʽ 2.11. 

ɼʣʷ ʛʦʤʦʤʦʨʬʥʦʛʦ ʰʠʬʨʫʚʘʥʥʷ ʪʘ ʜʦʜʘʚʘʥʥʷ ʤʘʩʠʚʫ ʯʠʩʝʣ ὥὲ, 

ʥʝʦʙʭʽʜʥʦ ʚʠʟʥʘʯʠʪʠ ʧʘʨʘʤʝʪʨʠ ʝʣʽʧʪʠʯʥʦʾ ʢʨʠʚʦʾ, ʾʾ ʪʦʯʢʫ ʛʝʥʝʨʘʪʦʨ ʪʘ 

ʟʛʝʥʝʨʫʚʘʪʠ ʧʫʙʣʽʯʥʠʡ ʢʣʶʯ ʩʠʩʪʝʤʠ.  

ɸʣʛʦʨʠʪʤ ʜʦʜʘʚʘʥʥʷ ʥʘʚʝʜʝʥʦ ʥʘ ʨʠʩʫʥʢʫ 3.3. 

 

1

2

1

2

 

ʈʠʩʫʥʦʢ 3.3 ï ɸʣʛʦʨʠʪʤ ʛʦʤʦʤʦʨʬʥʦʛʦ ʜʦʜʘʚʘʥʥʷ ʪʦʯʦʢ 

 

 

 

ὥὲȟὉὥȟὦ 
 ὋȟὛ ȟὛ   

˥͔͔ͤͪ͊ͼ͜Ύ ͨͯ͋͜͡;͎ͤͦͦ 
͟͡Ό;ͯΣ ὖ 

˽ͦ;͊ͭͦ͟ 

Ὥ πȠὭ ὲȠὭ ρ 

˴͔ͤ͜ͼΈ 

˥͔͔ͤͪ͊ͼ͜Ύ 
͔͍͎ͫ͊ͤͫͦͦͦ ͟͡Ό;ͯΣ Ὧ 

ὃὒ Ὧ Ὃ 

ὃ ὥὭ Ὃ 

ὃὙ ὃ Ὧ ὖ 

Ὓ Ὓ ὃὙ 
Ὓ Ὓ ὃὒ 
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ʇʽʩʣʷ ʯʦʛʦ ʜʣʷ ʢʦʞʥʦʾ ʪʦʯʢʠ: 

1. ɿʛʝʥʝʨʫʚʘʪʠ ʩʝʘʥʩʦʚʠʡ ʢʣʶʯ ʰʠʬʨʫʚʘʥʥʷ Ὧ. 

2. ɿʘʢʦʜʫʚʘʪʠ ʯʠʩʣʦ ʟ ʤʘʩʠʚʫ (ὥ) ʪʦʯʢʦʶ ʝʣʽʧʪʠʯʥʦʾ ʢʨʠʚʦʾ (ὃ) 

(ʬʦʨʤʫʣʘ 2.4) 

3. ʆʙʨʘʭʫʚʘʪʠ ʧʽʜʢʘʟʢʫ ʜʣʷ ʨʦʟʰʠʬʨʫʚʘʥʥʷ ʯʠʩʣʘ, ʧʦʤʥʦʞʠʚʰʠ 

ʩʝʘʥʩʦʚʠʡ ʢʣʶʯ ʰʠʬʨʫʚʘʥʥʷ ʥʘ ʪʦʯʢʫ ʛʝʥʝʨʘʪʦʨ ʝʣʽʧʪʠʯʥʦʾ ʢʨʠʚʦʾ. 

4. ʉʬʦʨʤʫʚʘʪʠ ʧʽʜʢʘʟʢʫ ʜʣʷ ʨʦʟʰʠʬʨʫʚʘʥʥʷ (ὃὒ) 

5. ɿʘʰʠʬʨʫʚʘʪʠ ʪʦʯʢʫ ʟʘ ʜʦʧʦʤʦʛʦʶ ʩʝʘʥʩʦʚʦʛʦ ʪʘ ʧʫʙʣʽʯʥʦʛʦ 

ʢʣʶʯʽʚ (ὃὙ).  

6. ʇʽʜʩʫʤʫʚʘʪʠ ʧʽʜʢʘʟʢʫ ʪʘ ʟʘʰʠʬʨʦʚʘʥʫ ʪʦʯʢʫ ʟ ʦʙʨʘʭʦʚʘʥʠʤʠ ʩʫʤʘʤʠ ʥʘ 

ʧʦʧʝʨʝʜʥʽʭ ʢʨʦʢʘʭ (Ὓ ȟὛ ). 

ɼʣʷ ʨʦʟhʠʬʨʫʚʘʥʥʷ ʪʦʯʢʠ ʝʣʽʧʪʠʯʥʦʾ ʧʨʷʤʦʾ ʥʝʦʙʭʽʜʥʦ ʧʦʤʥʦʞʠʪʠ 

ʧʽʜʢʘʟʢʫ ʜʣʷ ʨʦʟʰʠʬʨʫʚʘʥʥʷ ʨʝʟʫʣʴʪʘʪʫ ʥʘ ʧʨʠʚʘʪʥʠʡ ʢʣʶʯ ʰʠʬʨʫʚʘʥʥʷ ʪʘ 

ʚʽʜʥʷʪʠ ʾʾ ʚʽʜ ʟʘʰʠʬʨʦʚʘʥʦʛʦ ʯʠʩʣʘ (ʬʦʨʤʫʣʘ 2.13). 

ɸʣʛʦʨʠʪʤ ʜʣʷ ʨʦʟhʠʬʨʫʚʘʥʥʷ ʟʘʰʠʬʨʦʚʘʥʦʾ ʪʦʯʢʠ ʧʨʝʜʩʪʘʚʣʝʥʦ ʥʘ 

ʨʠʩʫʥʢʫ 3.4: 

 

 

ʈʠʩʫʥʦʢ 3.4 ï ɹʣʦʢ-ʩʭʝʤʘ ʘʣʛʦʨʠʪʤʫ ʨʦʟhʠʬʨʫʚʘʥʥʷ 

 

˽ͦ;͊ͭͦ͟ 

Ὁὥȟὦȟ  
Ὓ ȟὛ   

˴͔ͤ͜ͼΈ 

ὝὩάὴὲ ὃὒ  

ὃ ὃὙ ὝὩάὴ 
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ʆʜʝʨʞʘʥʘ ʪʦʯʢʘ (ὃ) ̒  ʟʘʢʦʜʦʚʘʥʦʶ ʩʫʤʦʶ ʯʠʩʝʣ, ʱʦ ʙʫʣʠ ʛʦʤʦʤʦʨʬʥʦ 

ʜʦʜʘʥʽ ʥʘ ʧʦʧʝʨʝʜʥʴʦʤʫ ʝʪʘʧʽ. ɼʣʷ ʦʪʨʠʤʘʥʥʷ ʩʫʤʠ ʾʾ ʥʝʦʙʭʽʜʥʦ ʜʝʢʦʜʫʚʘʪʠ. 

ʃʽʩʪʠʥʛ ʧʨʦʛʨʘʤʠ, ʷʢʘ ʨʝʘʣʽʟʫʻ ʘʣʛʦʨʠʪʤ ʨʦʟʨʦʙʣʝʥʦʛʦ ʤʝʪʦʜʫ ʯʘʩʪʢʦʚʦ 

ʛʦʤʦʤʦʨʬʥʦʛʦ ʰʠʬʨʫʚʘʥʥʷ ʥʘʚʝʜʝʥʦ ʚ ʜʦʜʘʪʢʫ ɹ. ʃʽʩʪʠʥʛ ʢʣʘʩʫ, ʱʦ ʨʝʘʣʽʟʫʻ 

ʦʩʥʦʚʥʽ ʦʧʝʨʘʮʽʾ ʥʘʜ ʪʦʯʢʘʤʠ ʝʣʽʧʪʠʯʥʦʾ ʢʨʠʚʦʾ ʥʘʚʝʜʝʥʦ ʫ ʜʦʜʘʪʢʫ ɺ. 

 

3.3 ɸʣʛʦʨʠʪʤ ʢʦʜʫʚʘʥʥʷ ʪʘ ʜʝʢʦʜʫʚʘʥʥʷ ʯʠʩʝʣ ʪʦʯʢʘʤʠ ʝʣʽʧʪʠʯʥʦʾ 

ʢʨʠʚʦʾ 

 

ɼʣʷ ʢʦʜʫʚʘʥʥʷ ʯʠʩʣʘ ʪʦʯʢʦʶ ʝʣʽʧʪʠʯʥʦʾ ʢʨʠʚʦʾ ʡʦʛʦ ʥʝʦʙʭʽʜʥʦ 

ʧʦʤʥʦʞʠʪʠ ʥʘ ʪʦʯʢʫ-ʛʝʥʝʨʘʪʦʨ ʮʽʻʾ ʢʨʠʚʦʾ (ʬʦʨʤʫʣʘ 2.4). ɺʠʥʷʪʢʦʤ ʻ ʯʠʩʣʦ 

0, ʷʢʝ ʥʝʦʙʭʽʜʥʦ ʟʘʢʦʜʫʚʘʪʠ ʪʦʯʢʦʶ ὕ (ʜʠʚ. ʧ. 1.6). ʆʧʝʨʘʮʽ ̫ʢʦʜʫʚʘʥʥʷ ʻ 

ʚʽʜʥʦʩʥʦ ʧʨʦʩʪʦʶ ʪʘ ʥʝ ʚʠʤʘʛʘʻ ʟʥʘʯʥʠʭ ʟʘʪʨʘʪ ʯʘʩʫ. [66], [73], [76], [87] 

ɺ ʟʘʛʘʣʴʥʦʤʫ ʚʠʧʘʜʢʫ ʟʘʜʘʯʘ ʜʝʢʦʜʫʚʘʥʥʷ ʪʦʯʢʠ ʻ ʩʢʣʘʜʥʦʶ ʟʘʜʘʯʝʶ, 

ʘʜʞʝ ʚʠʤʘʛʘʻ ʟʥʘʭʦʜʞʝʥʥʷ ʜʠʩʢʨʝʪʥʦʛʦ ʣʦʛʘʨʠʬʤʫ ʫ ʦʙʣʘʩʪʽ ʪʦʯʦʢ 

ʝʣʽʧʪʠʯʥʦʾ ʢʨʠʚʦʾ. ʇʨʦʪʝ ʟʥʘʶʯʠ, ʱʦ ʦʙʯʠʩʣʝʥʘ ʪʦʯʢʘ ʣʝʞʠʪʴ ʥʘ ʧʨʦʤʽʞʢʫ 

ʚʽʜ 0 ʜʦ ʧʝʚʥʦʛʦ, ʚʽʜʥʦʩʥʦ ʥʝʚʝʣʠʢʦʛʦ ʮʽʣʦʛʦ ʯʠʩʣʘ ὲ  (ὥᶰπȣὲ ), 

ʤʦʞʥʘ ʚʠʢʦʨʠʩʪʘʪʠ ʧʦʧʝʨʝʜʥʴʦ ʟʛʝʥʝʨʦʚʘʥʦ ʜʠʩʢʨʝʪʥʫ ʬʫʥʢʮʽʶ, ʷʢʘ 

ʧʦʚʝʨʪʘʻ ʟʥʘʯʝʥʥʷ ʯʠʩʣʘ ʥʘ ʦʩʥʦʚʽ ʪʦʯʢʠ ʝʣʽʧʪʠʯʥʦʾ ʢʨʠʚʦʾ.  

ɻʝʥʝʨʘʮʽʷ ʜʘʥʠʭ ʜʣʷ ʜʠʩʢʨʝʪʥʦʾ ʬʫʥʢʮʽʾ ʤʦʞʝ ʚʽʜʙʫʚʘʪʠʩʷ ʰʣʷʭʦʤ 

ʮʠʢʣʽʯʥʦʛʦ ʤʥʦʞʝʥʥʷ ʪʦʯʢʠ-ʛʝʥʝʨʘʪʦʨʘ ʝʣʽʧʪʠʯʥʦʾ ʢʨʠʚʦʾ ʥʘ ʥʝʦʙʭʽʜʥʠʡ 

ʢʦʝʬʽʮʽʻʥʪ, ʘʙʦ ʰʣʷʭʦʤ ʮʠʢʣʽʯʥʦʾ ʘʛʨʝʛʘʮʽʾ ʪʦʯʢʠ-ʛʝʥʝʨʘʪʦʨʘ. ʇʝʨʰʠʡ 

ʚʘʨʽʘʥʪ ʜʦʟʚʦʣʷʻ ʦʪʨʠʤʘʪʠ ʜʦʚʽʣʴʥʠʡ ʜʽʘʧʘʟʦʥ ʪʦʯʦʢ ʧʨʦʪʝ ʚʠʤʘʛʘʻ ʚʝʣʠʢʦʾ 

ʢʽʣʴʢʦʩʪʽ ʦʧʝʨʘʮʽʡ ʧʦʜʚʦʻʥʴ, ʢʦʞʥʘ ʟ ʷʢʠʭ ʚʢʣʶʯʘʻ ʚ ʩʝʙʝ ʥʝʦʙʭʽʜʥʽʩʪʴ 

ʟʥʘʭʦʜʞʝʥʥʷ ʯʠʩʣʘ ʦʙʝʨʥʝʥʦʛʦ ʟʘ ʤʦʜʫʣʝʤ ʧʦʣʷ ʝʣʽʧʪʠʯʥʦʾ ʢʨʠʚʦʾ, ʱʦ ʻ 

ʨʝʩʫʨʩʦʟʘʪʨʘʪʥʦʶ ʦʧʝʨʘʮʽʻʶ. ʏʘʩ ʛʝʥʝʨʘʮʽʾ ʪʦʯʦʢ ʘʣʛʦʨʠʪʤʦʤ ʤʥʦʞʝʥʥʷ ʥʘ 

ʢʦʝʬʽʮʽʻʥʪ ʤʦʞʥʘ ʧʦʙʘʯʠʪʠ ʥʘ ʨʠʩʫʥʢʫ 3.5 (.NET Framework 4.5.2, Windows 

10, Intel i5-6600, 16Gb RAM, ʦʜʠʥ ʧʦʪʽʢ). 
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ʃʽʩʪʠʥʛ ʧʨʦʛʨʘʤʠ, ʷʢʘ ʨʝʘʣʽʟʫʻ ʘʣʛʦʨʠʪʤ ʛʝʥʝʨʘʮʽʾ ʪʦʯʦʢ ʟ ʧʽʜʨʘʭʫʥʢʦʤ 

ʯʘʩʫ ʛʝʥʝʨʘʮʽʾ ʥʘʚʝʜʝʥʦ ʚ ʜʦʜʘʪʢʫ ɼ. 

 

ʈʠʩʫʥʦʢ 3.5 ï ɻʝʥʝʨʘʮʽʷ ʪʦʯʦʢ ʰʣʷʭʦʤ ʤʥʦʞʝʥʥʷ ʪʦʯʢʠ-ʛʝʥʝʨʘʪʦʨʘ ʥʘ 

ʢʦʝʬʽʮʽʻʥʪ 

 

ɼʨʫʛʠʡ ʚʘʨʽʘʥʪ ʙʘʟʫʻʪʴʩʷ ʥʘ ʤʝʪʦʜʽ ʬʽʢʩʦʚʘʥʦʾ ʪʦʯʢʠ [65], 

ʟʘʩʪʦʩʦʚʘʥʦʛʦ ʚʽʜʥʦʩʥʦ ʯʠʩʣʘ, ʱʦ ʥʝʦʙʭʽʜʥʦ ʟʘʢʦʜʫʚʘʪʠ. ʏʘʩ ʛʝʥʝʨʘʮʽʾ ʪʦʯʦʢ 

ʘʣʛʦʨʠʪʤʦʤ ʜʦʜʘʚʘʥʥʷ ʪʦʯʢʠ ʛʝʥʝʨʘʪʦʨʘ ʧʦʢʘʟʘʥʠʡ ʥʘ ʨʠʩʫʥʢʫ 3.6: 

 

 

ʈʠʩʫʥʦʢ 3.6 ï ɻʝʥʝʨʘʮʽʷ ʪʦʯʦʢ ʰʣʷʭʦʤ ʮʠʢʣʽʯʥʦʛʦ ʜʦʜʘʚʘʥʥʷ  
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ɿ ʛʨʘʬʽʢʽʚ ʚʠʜʥʦ, ʱʦ ʯʘʩ ʛʝʥʝʨʘʮʽʾ ʪʦʯʦʢ ʜʨʫʛʠʤ ʘʣʛʦʨʠʪʤʦʤ ʟʥʘʯʥʦ 

ʰʚʠʜʰʠʡ: ʧʨʠ ʮʠʢʣʽʯʥʦʤʫ ʤʥʦʞʝʥʥʽ ʥʘ ʢʦʝʬʽʮʽʻʥʪ ʟʘ 4 ʛʦʜʠʥʠ ʙʫʣʦ 

ʟʛʝʥʝʨʦʚʘʥʦ 45 ʤʣʥ ʪʦʯʦʢ ʚ ʪʦʡ ʯʘʩ, ʷʢ ʧʨʠ ʮʠʢʣʽʯʥʦʤʫ ʜʦʜʘʚʘʥʥʽ ʪʦʯʦʢ ʟʘ 3 

ʛʦʜʠʥʠ ʙʫʣʦ ʟʛʝʥʝʨʦʚʘʥʦ 1 ʤʣʨʜ. ʪʦʯʦʢ. ɿ ʨʠʩʫʥʢʫ 3.5 ʚʠʜʥʦ, ʱʦ ʛʨʘʬʽʢ 

ʟʘʣʝʞʥʦʩʪʽ ʯʘʩʫ ʚʽʜ ʢʽʣʴʢʦʩʪʽ ʪʦʯʦʢ ʣʽʥʽʡʥʠʡ, ʟʚʽʜʩʠ ʤʦʞʥʘ ʟʨʦʙʠʪʠ ʚʠʩʥʦʚʦʢ, 

ʱʦ ʥʘ ʛʝʥʝʨʘʮʽʶ 4,294,967,295 ʪʦʯʦʢ (ʙʝʟʟʥʘʢʦʚʝ 4ʭ-ʙʘʡʪʥʝ ʮʽʣʝ ʯʠʩʣʦ) 

ʟʥʘʜʦʙʠʪʴʩʷ 13 ʛʦʜ. 9 ʭʚ. 51 ʩʝʢ. ʫ ʦʜʥʦʧʦʪʦʢʦʚʦʤʫ ʨʝʞʠʤʽ.  

ʇʨʠ ʛʝʥʝʨʘʮʽʾ ʪʦʯʦʢ ʻ ʜʦʮʽʣʴʥʠʤ ʚʠʢʦʨʠʩʪʘʪʠ ʭʝʰ-ʪʘʙʣʠʮʶ ʟ ʟʘʜʘʥʠʤ 

ʨʦʟʤʽʨʦʤ [88]. ʇʨʠ ʮʴʦʤʫ ʫ ʷʢʦʩʪʽ ʭʝʰ ʬʫʥʢʮʽʾ Ὄὼ ʧʨʦʧʦʥʫʻʪʴʩʷ ʚʟʷʪʠ ʩʫʤʫ 

ʢʦʦʨʜʠʥʘʪ ʪʦʯʢʠ ʧʦ ʤʦʜʫʣʶ ʢʽʣʴʢʦʩʪʽ ʟʛʝʥʝʨʦʚʘʥʠʭ ʪʦʯʦʢ ʪʘ ʣʘʥʮʶʞʢʦʚʠʡ 

ʤʝʪʦʜ ʚʠʨʽʰʝʥʥʷ ʢʦʣʽʟʽʡ.  

ʇʦʨʽʚʥʷʥʦ ʟ ʽʥʰʠʤʠ, ʪʘʢʠʡ ʤʝʪʦʜ ʚʠʨʽʰʝʥʥʷ ʢʦʣʽʟʽʡ ʜʘʩʪʴ ʩʪʘʙʽʣʴʥʠʡ 

ʨʝʟʫʣʴʪʘʪ ʚʩʪʘʚʢʠ (ὕρ) ʥʘʚʽʪʴ ʧʨʠ ʟʥʘʯʥʦʤʫ ʪʘ ʥʝʨʽʚʥʦʤʽʨʥʦʤʫ ʟʘʧʦʚʥʝʥʥʽ 

ʪʘʙʣʠʮʽ ʟʘ ʨʘʭʫʥʦʢ ʯʘʩʫ ʦʧʝʨʘʮʽʾ ʟʯʠʪʫʚʘʥʥʷ. ʋ ʥʘʡʛʽʨʰʦʤʫ ʚʠʧʘʜʢʫ ʢʽʣʴʢʽʩʪʴ 

ʦʧʝʨʘʮʽʡ ʟʯʠʪʫʚʘʥʥʷ ʙʫʜʝ ʜʦʨʽʚʥʶʚʘʪʠ ὕὲ, ʧʨʦʪʝ ʯʘʩ ʟʯʠʪʫʚʘʥʥʷ ʥʝ ʻ ʪʘʢʠʤ 

ʢʨʠʪʠʯʥʠʤ ʜʣʷ ʜʘʥʦʾ ʟʘʜʘʯʽ. [88]ï[90]. 

 

 Ὄὃ ὃ ὃ  ÍÏÄ ὲ  (3.1) 

 

ʊʘʢʠʤ ʯʠʥʦʤ, ʩʪʨʫʢʪʫʨʘ ʜʘʥʠʭ ʜʣʷ ʟʙʝʨʽʛʘʥʥʷ ʪʦʯʦʢ ʤʘʪʠʤʝ ʥʘʩʪʫʧʥʠʡ 

ʚʠʛʣʷʜ (ʨʠʩ. 3.7):  

 

 

ʈʠʩʫʥʦʢ 3.7 ï ʉʪʨʫʢʪʫʨʘ ʭʝʰ-ʪʘʙʣʠʮʽ ʜʣʷ ʟʙʝʨʝʞʝʥʥʷ ʪʦʯʦʢ 
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ɹʣʦʢ-ʩʭʝʤʘ ʘʣʛʦʨʠʪʤʫ ʛʝʥʝʨʘʮʽʾ ʪʦʯʦʢ ʜʣʷ ʜʠʩʢʨʝʪʥʦʾ ʬʫʥʢʮʽʾ 

ʜʝʢʦʜʫʚʘʥʥʷ ʪʘ ʟʙʝʨʝʞʝʥʥʷ ʫ ʪʘʙʣʠʮʶ (Ὕ) ʧʦʢʘʟʘʥʘ ʥʘ ʨʠʩʫʥʢʫ 3.8. 

 

 

ʈʠʩʫʥʦʢ 3.8 ï ɹʣʦʢ-ʩʭʝʤʘ ʘʣʛʦʨʠʪʤʫ ʛʝʥʝʨʘʮʽʾ ʪʦʯʦʢ ʜʣʷ ʬʫʥʢʮʽʾ 

ʜʝʢʦʜʫʚʘʥʥʷ 

 

ɼʣʷ ʜʝʢʦʜʫʚʘʥʥʷ ʯʠʩʣʘ ὥ ʟ ʪʦʯʢʠ ὃ ʥʝʦʙʭʽʜʥʦ: 

1. ʆʙʨʘʭʫʚʘʪʠ ʟʥʘʯʝʥʥʷ ʭʝʰ-ʬʫʥʢʮʽʾ (ʬʦʨʤʫʣʘ 3.1) 

2. ɿʜʽʡʩʥʠʪʠ ʧʦʰʫʢ ʧʦ ʢʣʶʯʫ ʫ ʭʝʰ ʪʘʙʣʠʮʽ. ʗʢʱʦ ʪʘʙʣʠʮʷ ʥʝ ʤʽʩʪʠʪʴ 

ʟʘʧʠʩʽʚ ʟ ʪʘʢʠʤ ʢʣʶʯʝʤ ʧʦʚʝʨʥʫʪʠ ʽʥʬʦʨʤʘʮʽʶ ʧʨʦ ʧʦʤʠʣʢʫ. 
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3. ɿʜʽʡʩʥʠʪʠ ʧʦʰʫʢ ʚ ʩʧʠʩʢʫ ʚʢʘʟʽʚʥʠʢ ʥʘ ʷʢʠʡ ʙʫʣʦ ʟʥʘʡʜʝʥʦ ʥʘ 

ʧʦʧʝʨʝʜʥʴʦʤʫ ʢʨʦʮʽ. 

4. ʗʢʱʦ ʢʦʦʨʜʠʥʘʪʠ ʪʦʯʢʠ, ʱʦ ʟʙʝʨʝʞʝʥʘ ʚ ʩʧʠʩʢʫ ʚʽʜʧʦʚʽʜʘʶʪʴ 

ʢʦʦʨʜʠʥʘʪʘʤ ʟʘʢʦʜʦʚʘʥʦʛʦ ʯʠʩʣʘ, ʧʦʚʝʨʥʫʪʠ ʯʠʩʣʦ, ʱʦ ʟʙʝʨʽʛʘʻʪʴʩʷ 

ʨʘʟʦʤ ʟ ʢʦʦʨʜʠʥʘʪʘʤʠ. 

ɿʥʘʯʥʠʡ ʦʙʩʷʛ ʟʛʝʥʝʨʦʚʘʥʠʭ ʪʦʯʦʢ ʨʦʙʠʪʴ ʥʝʤʦʞʣʠʚʠʤ ʨʦʟʤʽʱʝʥʥʷ 

ʫʩʽʻʾ ʽʥʬʦʨʤʘʮʽʾ ʫ ʦʧʝʨʘʪʠʚʥʽʡ ʧʘʤ'ʷʪʽ ʢʦʤʧ'ʶʪʝʨʥʦʾ ʩʠʩʪʝʤʠ. ʊʦʤʫ ʜʣʷ 

ʦʧʪʠʤʽʟʘʮʽʾ ʧʨʦʮʝʩʫ ʟʯʠʪʫʚʘʥʥʷ ʧʨʦʧʦʥʫʻʪʴʩʷ ʨʦʟʜʽʣʠʪʠ ʩʧʠʩʦʢ ʭʝʰʽʚ ʪʦʯʦʢ 

ʪʘ ʚʣʘʩʥʝ ʩʘʤʽ ʪʦʯʢʠ. ʇʨʠ ʮʴʦʤʫ ʬʘʡʣ ʟ ʭʝʰʘʤʠ ʤʽʩʪʠʪʠʤʝ ʽʥʜʝʢʩʠ ʢʦʦʨʜʠʥʘʪ 

ʪʦʯʦʢ ʚ ʽʥʰʦʤʫ ʬʘʡʣʽ. 

ɼʣʷ ʦʧʪʠʤʽʟʘʮʽʾ ʨʦʟʤʽʨʫ ʬʘʡʣʽʚ ʧʨʦʧʦʥʫʻʪʴʩʷ ʥʘʩʪʫʧʥʘ ʾʭ ʩʪʨʫʢʪʫʨʘ: 

1. ʌʘʡʣ ʟ ʭʝʰ-ʪʘʙʣʠʮʝʶ ʤʽʩʪʠʪʴ ʧʦʩʣʽʜʦʚʥʽʩʪʴ ʭʝʰ-ʢʦʜʽʚ ʪʦʯʢʠ 

Ὄὖ (4 ʙʘʡʪʠ), ʢʽʣʴʢʽʩʪʴ ʪʦʯʦʢ ʚ ʷʢʠʭ ʩʧʽʚʧʘʜʘʻ ʜʘʥʠʡ ʭʝʰ-ʢʦʜ ὔ (4 ʙʘʡʪʠ), 

ʪʘ ʧʦʩʣʽʜʦʚʥʽʩʪʴ ʽʥʜʝʢʩʽʚ ʮʠʭ ʪʦʯʦʢ ʫ ʬʘʡʣʽ ʪʦʯʦʢ Ὅ (4 ʙʘʡʪʠ).  

ɿʘʛʘʣʴʥʘ ʩʪʨʫʢʪʫʨʘ ʬʘʡʣʫ ʧʦʢʘʟʘʥʘ ʥʘ ʨʠʩʫʥʢʫ 3.9: 

 

 

ʈʠʩʫʥʦʢ 3.9 ï ʉʪʨʫʢʪʫʨʘ ʬʘʡʣʫ ʭʝʰ-ʢʦʜʽʚ ʟʛʝʥʝʨʦʚʘʥʠʭ ʪʦʯʦʢ 

 

2. ʌʘʡʣ ʟ ʢʦʦʨʜʠʥʘʪʘʤʠ ʪʦʯʦʢ ʝʣʽʧʪʠʯʥʦʾ ʢʨʠʚʦʾ ʤʽʩʪʠʪʴ 

ʧʦʩʣʽʜʦʚʥʽʩʪʴ ʢʦʦʨʜʠʥʘʪ ὢ ʪʘ ὣ ʚʽʜʧʦʚʽʜʥʠʭ ʪʦʯʦʢ. 

ɿʘʛʘʣʴʥʘ ʩʪʨʫʢʪʫʨʘ ʬʘʡʣʫ ʧʦʢʘʟʘʥʘ ʥʘ ʨʠʩʫʥʢʫ 3.10. 

 

 

ʈʠʩʫʥʦʢ 3.10 ï ʉʪʨʫʢʪʫʨʘ ʬʘʡʣʫ ʟ ʪʦʯʢʘʤʠ ʝʣʽʧʪʠʯʥʦʾ ʢʨʠʚʦʾ 

 

ʃʽʩʪʠʥʛ ʢʦʜʫ ʢʣʘʩʫ, ʱʦ ʩʝʨʽʘʣʽʟʫʻ ʪʦʯʢʠ ʪʘ ʭʝʰ-ʪʘʙʣʠʮʶ ʫ ʬʘʡʣ ʥʘʚʝʜʝʥʦ 

ʫ ʜʦʜʘʪʢʫ ɭ. 

ȣ Ὄὖ  ὔ Ὅ  ȣ ȣ Ὄὖ  Ὅ  

ȣ ȣ ὢ ὣ ὢ  ὣ  
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ɹʣʦʢ-ʩʭʝʤʘ ʘʣʛʦʨʠʪʤʫ ʧʦʰʫʢʫ ʟʘʢʦʜʦʚʘʥʦʛʦ ʯʠʩʣʘ ʟʘ ʪʦʯʢʦʶ 

ʝʣʽʧʪʠʯʥʦʾ ʢʨʠʚʦʾ ʫ ʬʘʡʣʘʭ, ʱʦ ʚʽʜʪʚʦʨʶʶʪʴ ʟʘʧʨʦʧʦʥʦʚʘʥʫ ʩʪʨʫʢʪʫʨʫ ʜʘʥʠʭ 

ʧʨʝʜʩʪʘʚʣʝʥʦ ʥʘ ʨʠʩʫʥʢʫ 3.11: 

 

 

ʈʠʩʫʥʦʢ 3.11 ï ʘʣʛʦʨʠʪʤ ʧʦʰʫʢʫ ʟʘʢʦʜʦʚʘʥʦʛʦ ʯʠʩʣʘ ʫ ʬʘʡʣʽ 

 

ɿʘʧʨʦʧʦʥʦʚʘʥʘ ʩʪʨʫʢʪʫʨʘ ʬʘʡʣʽʚ ʜʦʟʚʦʣʷʻ ʙʘʛʘʪʦ ʧʦʪʦʯʥʠʡ ʨʝʞʠʤ 

ʧʦʰʫʢʫ ʽʥʜʝʢʩʫ ʰʫʢʘʥʦʾ ʪʦʯʢʠ. ʆʧʪʠʤʘʣʴʥʦʶ ʻ ʢʽʣʴʢʽʩʪʴ ʧʦʪʦʢʽʚ, ʱʦ 

˽ͦ;͊ͭͦ͟ ͨ ͦͭͦͯ͟ 

start, end, 
 Ὄὖ, ὖ 

offset = start 
offset < end 

offset = count*4+4 

index = offset+4 
count =  

ReadCount(Index) 

i = 0; i < count; i++ 

index =  
ReadPoint(offset+i*4+8) 

point =  
ReadPoint(index) 

point = P 1 0 

index 

˴͔ͤ͜ͼΈ ͨͦͭͦͯ͟ 
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ʥʘʙʣʠʞʘʻʪʴʩʷ ʢʽʣʴʢʽʩʪʶ ʜʦ ʢʽʣʴʢʦʩʪʽ ʦʙʯʠʩʣʶʚʘʣʴʥʠʭ ʷʜʝʨ ʧʨʦʮʝʩʦʨʫ 

ʢʦʤʧôʶʪʝʨʥʦʾ ʩʠʩʪʝʤʠ. ʇʨʦʪʝ ʮʝ ʚʠʤʘʛʘʻ ʟʙʝʨʝʞʝʥʥʷ ʟʩʫʚʽʚ ʭʝʰ-ʢʦʜʽʚ, ʟ ʷʢʠʭ 

ʧʦʯʥʝ ʧʦʰʫʢ ʢʦʞʝʥ ʥʦʚʠʡ ʧʦʪʽʢ ʚʽʜʥʦʩʥʦ ʧʦʯʘʪʢʫ ʬʘʡʣʫ. 

ʋ ʪʘʙʣʠʮʽ 3.1 ʥʘʚʝʜʝʥʽ ʨʦʟʤʽʨʠ ʬʘʡʣʽʚ ʜʣʷ ρπ ʪʦʯʦʢ. 

 

ʊʘʙʣʠʮʷ 3.1 ï ʈʦʟʤʽʨ ʬʘʡʣʽʚ ʟ ʪʦʯʢʘʤʠ ʝʣʽʧʪʠʯʥʦʾ ʢʨʠʚʦʾ 

ʌʘʡʣ ʈʦʟʤʽʨ (ʙʘʡʪ) 

ɿ ʪʦʯʢʘʤʠ ʝʣʽʧʪʠʯʥʦʾ ʢʨʠʚʦʾ 63,995,904 

ɿ ʭʝʰ-ʢʦʜʘʤʠ ʪʦʯʦʢ 9,056,012 

 

ʗʢʱʦ ʝʢʩʪʨʘʧʦʣʶʚʘʪʠ ʨʦʟʤʽʨ ʬʘʡʣʫ ʟ ʪʦʯʢʘʤʠ ʝʣʽʧʪʠʯʥʦʾ ʢʨʠʚʦʾ ʜʦ ς  

ʪʦʯʦʢ ʪʦ ʦʪʨʠʤʘʻʤʦ ʨʦʟʤʽʨ ʬʘʡʣʫ ʨʽʚʥʠʡ ʦʙʨʘʭʦʚʘʥʦʤʫ ʫ ʬʦʨʤʫʣʽ 2.17. 

ʇʨʠ ʥʝʨʽʚʥʦʤʽʨʥʦʤʫ ʨʦʟʧʦʜʽʣʽ ʪʘ ʟʥʘʯʥʽʡ ʜʦʚʞʠʥʽ ʣʘʥʮʶʞʢʽʚ, ʜʦʮʽʣʴʥʦ 

ʚʠʢʦʨʠʩʪʘʪʠ ʩʦʨʪʫʚʘʥʥʷ ʩʧʠʩʢʽʚ, ʱʦ ʧʨʝʜʩʪʘʚʣʷʶʪʴ ʩʦʙʦʶ ʣʘʥʮʶʞʦʢ, ʧʽʩʣʷ 

ʝʪʘʧʫ ʛʝʥʝʨʘʮʽʾ ʪʦʯʦʢ. ʎʝ ʜʦʟʚʦʣʠʪʴ ʚʠʢʦʨʠʩʪʘʪʠ ʙʽʥʘʨʥʠʡ ʧʦʰʫʢ ʥʘ ʝʪʘʧʽ 

ʜʝʢʦʜʫʚʘʥʥʷ ʪʦʯʢʠ. 

 

3.4 ʇʦʨʽʚʥʷʥʥʷ ʰʚʠʜʢʦʜʽʾ 

 

3.4.1 ɺʠʟʥʘʯʝʥʥʷ ʧʘʨʘʤʝʪʨʽʚ ʧʦʨʽʚʥʷʥʥʷ 

 

ɹʝʟʧʝʢʘ, ʱʦ ʟʘʙʝʟʧʝʯʫʻʪʴʩʷ ʢʨʠʧʪʦʛʨʘʬʽʯʥʠʤ ʧʽʜʭʦʜʦʤ ʥʘ ʦʩʥʦʚʽ 

ʝʣʽʧʪʠʯʥʠʭ ʢʨʠʚʠʭ ʟʘʣʝʞʠʪʴ ʚʽʜ ʪʦʛʦ ʥʘʩʢʽʣʴʢʠ ʚʘʞʢʦʶ ʜʣʷ ʚʠʨʽʰʝʥʥʷ 

ʚʠʷʚʣʷʻʪʴʩʷ ʟʘʜʘʯʘ, ʚʠʟʥʘʯʝʥʥʷ ὲ ʟʘ ʚʽʜʦʤʠʤʠ ὲὖ ʪʘ ὖ. ʎʶ ʟʘʜʘʯʫ ʟʘʟʚʠʯʘʡ 

ʥʘʟʠʚʘʶʪʴ ʧʨʦʙʣʝʤʦʶ ʣʦʛʘʨʠʬʤʫʚʘʥʥʷ ʥʘ ʝʣʽʧʪʠʯʥʽʡ ʢʨʠʚʽʡ. ʅʘʡʙʽʣʴʰ 

ʰʚʠʜʢʠʤ ʟ ʚʽʜʦʤʠʭ ʥʘ ʩʴʦʛʦʜʥʽ ʤʝʪʦʜʽʚ ʣʦʛʘʨʠʬʤʫʚʘʥʥʷ ʥʘ ʝʣʽʧʪʠʯʥʽʡ ʢʨʠʚʽʡ 

ʻ ʪʘʢ ʟʚʘʥʠʡ ”-ʤʝʪʦʜ ʇʦʣʣʘʨʜʘ. ʏʘʩ ʥʝʦʙʭʽʜʥʠʡ ʜʣʷ ʨʦʟʢʨʠʪʪʷ ʧʨʠʚʘʪʥʦʛʦ 

ʢʣʶʯʘ ʰʠʬʨʫʚʘʥʥʷ ʚʠʨʘʞʝʥʠʡ ʫ MIPS-ʨʦʢʘʭ ʚʢʘʟʘʥʦ ʫ ʪʘʙʣʠʮʽ 3.2. 
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ʊʘʙʣʠʮʷ 3.2 ï ʃʦʛʘʨʠʬʤʫʚʘʥʥʷ ʥʘ ʝʣʽʧʪʠʯʥʽʡ ʢʨʠʚʽʡ ʟʘ ʜʦʧʦʤʦʛʦʶ ”-

ʤʝʪʦʜʘ ʇʦʣʣʘʨʜʘ 

Key size (bit) MIPS-year 

150 3.8Ŀ1010 

205 7.1Ŀ1018 

234 1.6Ŀ1028 

 

ʄʝʪʦʜ ʇʝʡʻ (ʷʢ ʽ ʤʝʪʦʜ RSA) ʦʩʥʦʚʘʥʠʡ ʥʘ ʩʢʣʘʜʥʦʩʪʽ ʬʘʢʪʦʨʠʟʘʮʽʾ 

ʩʢʣʘʜʝʥʦʛʦ ʯʠʩʣʘ, ʱʦ ʻ ʜʦʙʫʪʢʦʤ ʜʚʦʭ ʧʨʦʩʪʠʭ ʯʠʩʝʣ. ɼʣʷ ʚʠʨʽʰʝʥʥʷ ʮʽʻʾ 

ʟʘʜʘʯʽ ʤʦʞʥʘ ʚʠʢʦʨʠʩʪʘʪʠ ʤʝʪʦʜ ʨʦʟʢʣʘʜʘʥʥʷ ʥʘ ʧʨʦʩʪʽ ʤʥʦʞʥʠʢʠ ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʨʝʰʽʪʢʠ ʫ ʧʦʣʽ ʯʠʩʝʣ ʟʘʛʘʣʴʥʦʛʦ ʚʠʛʣʷʜʫ. ʏʘʩ ʥʝʦʙʭʽʜʥʠʡ ʜʣʷ 

ʨʦʟʢʨʠʪʪʷ ʧʨʠʚʘʪʥʦʛʦ ʢʣʶʯʘ ʤʝʪʦʜʫ ʇʝʡʻ ʥʘʚʝʜʝʥʦ ʫ ʪʘʙʣʠʮʽ 3.3 

 

ʊʘʙʣʠʮʷ 3.3 ï ʈʦʟʢʣʘʜʘʥʥʷ ʥʘ ʤʥʦʞʥʠʢʠ ʟʘ ʜʦʧʦʤʦʛʦʶ ʤʝʪʦʜʫ ʨʝʰʽʪʢʠ 

ʚ ʧʦʣʽ ʯʠʩʝʣ ʟʘʛʘʣʴʥʦʛʦ ʚʠʜʫ  

Key size (bit) MIPS-year 

512 3Ŀ104 

1024 3Ŀ1011 

1280 1Ŀ1014 

1536 3Ŀ1016 

2048 3Ŀ1020 

 

ɺ ʧʫʥʢʪʽ 2.5 ʙʫʣʦ ʚʠʟʥʘʯʝʥʦ, ʱʦ ʰʚʠʜʢʦʜʽʶ ʘʣʛʦʨʠʪʤʫ ʯʘʩʪʢʦʚʦ 

ʛʦʤʦʤʦʨʬʥʦʛʦ ʰʠʬʨʫʚʘʥʥʷ ʻ ʢʽʣʴʢʽʩʪʴ ʯʘʩʫ ʱʦ ʟʘʪʨʘʯʫʻ ʘʣʛʦʨʠʪʤ ʥʘ 

ʚʠʟʥʘʯʝʥʫ ʢʽʣʴʢʽʩʪʴ ʦʧʝʨʘʮʽʡ ʰʠʬʨʫʚʘʥʥʷ ʯʠʩʝʣ, ʜʦʜʘʚʘʥʥʷ ʾʭ ʰʠʬʨʦʪʝʢʩʪʽʚ 

ʜʦ ʧʨʦʤʽʞʥʦʛʦ ʨʝʟʫʣʴʪʘʪʫ ʪʘ ʦʜʥʝ ʨʦʟʰʠʬʨʫʚʘʥʥʷ ʟʘʛʘʣʴʥʦʾ ʩʫʤʠ (ʬʦʨʤʫʣʠ 

2.32, 2.33). 
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3.4.2 ʇʦʨʽʚʥʷʥʥʷ ʟ ʘʥʘʣʦʛʘʤʠ 

 

ɼʣʷ ʧʦʨʽʚʥʷʥʥʷ ʰʚʠʜʢʦʜʽʾ, ʦʙʝʨʝʤʦ ʜʦʚʞʠʥʠ ʢʣʶʯʽʚ ʟ ʩʧʽʚʚʽʜʥʦʩʥʦʶ 

ʢʨʠʧʪʦʩʪʽʡʢʽʩʪʶ: 2048 ʜʣʷ ʘʣʛʦʨʠʪʤʫ ʇʝʡʻ, ʪʘ 256 ʜʣʷ ʘʣʛʦʨʠʪʤʫ ʥʘ 

ʝʣʽʧʪʠʯʥʠʭ ʢʨʠʚʠʭ. ʇʘʨʘʤʝʪʨʠ ʢʨʠʚʦʾ ʚʽʜʧʦʚʽʜʘʶʪʴ ʢʨʠʚʽʡ P-256 (ʝʣʽʧʪʠʯʥʽ 

ʢʨʠʚʽ ʨʝʢʦʤʝʥʜʦʚʘʥʽ NIST [74]). ʇʘʨʘʤʝʪʨʠ ʢʨʠʚʦʾ ʚʢʘʟʘʥʽ ʫ ʪʘʙʣʠʮʽ 3.4. 

 

ʊʘʙʣʠʮʷ 3.4 ï ʇʘʨʘʤʝʪʨʠ ʢʨʠʚʦʾ P-256 

ὴ 6277101735386680763835789423207666416083908700390324961279 

ὔ 6277101735386680763835789423176059013767194773182842284081 

ὥ -3 

ὦ 64210519e59c80e70fa7e9ab72243049feb8deecc146b9b1 

Ὃ 188da80eb03090f67cbf20eb43a18800f4ff0afd82ff1012 

Ὃ  07192b95ffc8da78631011ed6b24cdd573f977a11e794811 

 

ʅʘʡʙʽʣʴʰ ʟʘʪʨʘʪʥʦʶ ʦʧʝʨʘʮʽʻʶ ʫ ʘʣʛʦʨʠʪʤʽ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ 

ʝʣʽʧʪʠʯʥʠʭ ʢʨʠʚʠʭ ʻ ʦʧʝʨʘʮʽʷ ʤʥʦʞʝʥʥʷ ʪʦʯʦʢ ʝʣʽʧʪʠʯʥʦʾ ʢʨʠʚʦʾ ʥʘ ʯʠʩʣʦ, ɦ ʦ 

ʧʦʣʷʛʘʻ ʫ ʙʘʛʘʪʦʨʘʟʦʚʦʤʫ ʩʢʣʘʜʘʥʥʽ ʪʦʯʢʠ, ʽ ʚʠʤʘʛʘʻ ʟʥʘʭʦʜʞʝʥʥʷ ʟʚʦʨʦʪʥʦʛʦ 

ʯʠʩʣʘ ʫ ʧʦʣʽ ʝʣʽʧʪʠʯʥʦʾ ʢʨʠʚʦʾ. ʇʨʦʪʝ, ʪʦʯʢʠ ʥʘ ʝʣʽʧʪʠʯʥʽʡ ʢʨʠʚʽʡ ʤʦʞʫʪʴ 

ʙʫʪʠ ʧʨʝʜʩʪʘʚʣʝʥʽ ʚ ʨʽʟʥʠʭ ʩʠʩʪʝʤʘʭ ʢʦʦʨʜʠʥʘʪ, ʷʢʽ ʥʝ ʚʠʤʘʛʘʶʪʴ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʦʧʝʨʘʮʽʾ ʟʚʝʨʥʝʥʥʷ ʧʨʠ ʜʦʜʘʚʘʥʥʽ ʪʦʯʦʢ (ʥʘʧʨʠʢʣʘʜ ʩʠʩʪʝʤʘ 

ʢʦʦʨʜʠʥʘʪ ʗʢʦʙʽ). ʆʜʥʽʻʶ ʧʝʨʝʚʘʛʦʶ ʢʨʠʚʠʭ, ʨʝʢʦʤʝʥʜʦʚʘʥʠʭ NIST, ʻ ʚʠʙʽʨ 

ʟʥʘʯʝʥʥʷ ʧʘʨʘʤʝʪʨʫ ὥ σ, ʱʦ ʧʨʠʩʢʦʨʶʻ ʦʧʝʨʘʮʽʶ ʩʢʣʘʜʘʥʥʷ ʚ 

ʢʦʦʨʜʠʥʘʪʘʭ ʗʢʦʙʽ. ʊʘʢʦʞ ʧʨʠʰʚʠʜʰʠʪʠ ʨʦʟʧʦʜʽʣ ʧʦ ʤʦʜʫʣʶ ὴ (ʷʢʝ 

ʥʝʦʙʭʽʜʥʦ ʜʣʷ ʦʧʝʨʘʮʽʡ ʜʦʜʘʚʘʥʥʷ ʽ ʤʥʦʞʝʥʥʷ) ʤʦʞʥʘ, ʷʢʱʦ ʷʢ ὴ ʚʠʙʨʘʪʠ 

ʧʨʦʩʪʝ ʯʠʩʣʦ ʙʣʠʟʴʢʝ ʜʦ ʩʪʫʧʝʥʷ ʯʠʩʣʘ 2. ɿʦʢʨʝʤʘ, ʚ ʨʦʣʽ ὴ ʤʦʞʝ ʚʠʩʪʫʧʘʪʠ 

ʧʨʦʩʪʝ ʯʠʩʣʦ ʄʝʨʩʝʥʥʘ. ʂʨʽʤ ʚʠʙʦʨʫ ʢʨʠʚʦʾ ʥʘ ʰʚʠʜʢʦʜʽ ʁ ʤʦʞʫʪʴ 

ʧʦʟʥʘʯʠʪʠʩʷ ʨʽʟʥʦʤʘʥʽʪʥʽ ʦʧʪʠʤʽʟʘʮʽʾ [70], [85], [91], ʪʘʢʽ ʷʢ ʚʠʢʦʥʘʥʥʷ 

ʤʥʦʞʝʥʥʷ ʫ ʨʽʟʥʠʭ ʧʦʪʦʢʘʭ ʧʘʨʘʣʝʣʴʥʦ. 
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ɺʠʟʥʘʯʝʥʥʷ ʰʚʠʜʢʦʜʽʾ ʘʣʛʦʨʠʪʤʽʚ ʰʠʬʨʫʚʘʥʥʷ ʧʨʦʚʝʜʝʤʦ ʜʚʦʤʘ 

ʨʽʟʥʠʤʠ ʩʧʦʩʦʙʘʤʠ. ʇʝʨʰʠʡ ʩʧʦʩʽʙ ʙʫʜʝ ʚʠʟʥʘʯʘʪʠ ʢʽʣʴʢʽʩʪʴ ʯʘʩʫ, ʱʦ 

ʥʝʦʙʭʽʜʥʠʡ ʜʣʷ ʚʠʢʦʥʘʥʥʷ ʧʝʚʥʦʾ ʢʽʣʴʢʦʩʪʽ ʦʧʝʨʘʮʽʡ ʛʦʤʦʤʦʨʬʥʦʛʦ 

ʜʦʜʘʚʘʥʥʷ. ɼʨʫʛʠʡ ʩʧʦʩʽʙ ʙʫʜʝ ʚʠʟʥʘʯʘʪʠ ʢʽʣʴʢʽʩʪʴ ʪʘʢʪʽʚ ʢʦʤʧ`ʶʪʝʨʥʦʾ 

ʩʠʩʪʝʤʠ, ʷʢʽ ʥʝʦʙʭʽʜʥʽ ʜʣʷ ʚʠʢʦʥʘʥʥʷ ʮʽʻʾ ʢʽʣʴʢʦʩʪʽ ʦʧʝʨʘʮʽʡ ʙʣʦʢʫ ʜʘʥʠʭ. 

ʇʝʨʰʠʡ ʩʧʦʩʽʙ ʚʠʢʦʨʠʩʪʦʚʫʻ ʢʣʘʩ ʤʦʚʠ ʉ# ĂStopwatchò, ʱʦ ʷʚʣʷʻ ʩʦʙʦʶ 

ʦʙʛʦʨʪʢʫ ʜʦʚʢʦʣʘ ʩʠʩʪʝʤʥʠʭ ʬʫʥʢʮʽʡ ĂQueryPerformanceFrequencyò ʪʘ 

ĂQueryPerformanceCounterò, ʱʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ HPET (High Precision Event 

Timer, ʪʘʡʤʝʨ ʧʦʜʽʡ ʚʠʩʦʢʦʾ ʪʦʯʥʦʩʪʽ). ʌʫʥʢʮʽʾ ʜʘʥʦʛʦ ʢʣʘʩʫ ʜʦʟʚʦʣʷʶʪʴ 

ʚʠʟʥʘʯʘʪʠ ʟʥʘʯʝʥʥʷ ʯʘʩʫ ʚʠʪʨʘʯʝʥʦʛʦ ʥʘ ʚʠʢʦʥʘʥʥʷ ʦʧʝʨʘʮʽʾ ʛʦʤʦʤʦʨʬʥʦʛʦ 

ʜʦʜʘʚʘʥʥʷ. [92], [93] 

ʏʘʩ ʚʠʢʦʥʘʥʥʷ ʪʘ ʢʽʣʴʢʦʩʪʽ ʚʠʢʦʥʘʥʠʭ ʦʧʝʨʘʮʽʡ ʜʦʜʘʚʘʥʥʷ ʧʦʜʘʥʦ ʥʘ 

ʨʠʩʫʥʢʫ 3.12 . 

 

ʈʠʩʫʥʦʢ. 3.12 ï ɿʘʣʝʞʥʽʩʪʴ ʯʘʩʫ ʚʠʢʦʥʘʥʥʷ ʚʽʜ ʢʽʣʴʢʦʩʪʽ ʚʠʢʦʥʘʥʠʭ ʦʧʝʨʘʮʽʡ 

ʜʦʜʘʚʘʥʥʷ 
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ʊʝʩʪ ʙʫʣʦ ʚʠʢʦʥʘʥʦ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʤʦʚʠ ʧʨʦʛʨʘʤʫʚʘʥʥʷ C#, .NET 

Framework 4.5, ʤʘʪʝʤʘʪʠʯʥʦʾ ʙʽʙʣʽʦʪʝʢʠ Mpir.NET 3.2, ʥʘ ʢʦʤʧôʶʪʝʨʽ ʟ CPU 

Intel i5 6600, 16Gb RAM, ʚ ʦʜʥʦ ʧʦʪʦʯʥʦʤʫ ʨʝʞʠʤʽ. 

ʇʝʨʝʚʘʛʘ ʘʣʛʦʨʠʪʤʫ ʥʘ ʝʣʽʧʪʠʯʥʠʭ ʢʨʠʚʠʭ ʩʢʣʘʜʘʻ ~1.4 ʩʝʢʫʥʜʠ ʥʘ 1000 

ʦʧʝʨʘʮʽʡ ʜʦʜʘʚʘʥʥʷ.  

ɼʨʫʛʠʡ ʩʧʦʩʽʙ ʙʫʜʝ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʘʩʝʤʙʣʝʨʥʫ ʽʥʩʪʨʫʢʮʽʶ çrdtscè, 

ʱʦ ʚʠʟʥʘʯʘʻ ʟʥʘʯʝʥʥʷ ʣʽʯʠʣʴʥʠʢʫ ʯʘʩʫ. ʇʦ ʮʽʡ ʧʨʠʯʠʥʽ ʧʝʨʝʨʠʚʘʥʥʷ ʤʘʶʪʴ 

ʙʫʪʠ ʚʽʜʢʣʶʯʝʥʽ. ʂʨʽʤ ʪʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʮʴʦʛʦ ʩʧʦʩʦʙʫ ʥʝ ʟʘʣʝʞʠʪʴ ʚʽʜ 

ʰʚʠʜʢʦʩʪʽ ʨʦʙʦʪʠ ʤʽʢʨʦʧʨʦʮʝʩʦʨʫ ʢʦʤʧ`ʶʪʝʨʥʦʾ ʩʠʩʪʝʤʠ. ʊʘ ʞ ʩʘʤʘ ʢʽʣʴʢʽʩʪʴ 

ʪʘʢʪʽʚ ʙʫʜʝ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠʩʴ ʜʣʷ h ʠʬʨʫʚʘʥʥʷ ʥʘ ʤʽʢʨʦʧʨʦʮʝʩʦʨʘʭ ʟ ʨʽʟʥʦʶ 

ʪʘʢʪʦʚʦʶ ʯʘʩʪʦʪʦʶ. 

ʃʽʩʪʠʥʛ ʧʨʦʛʨʘʤʠ, ʷʢʘ ʨʝʘʣʽʟʫʻ ʧʽʜʨʘʭʫʥʦʢ ʪʘʢʪʽʚ ʧʨʦʮʝʩʦʨʘ 

ʢʦʤʧ`ʶʪʝʨʥʦʾ ʩʠʩʪʝʤʠ ʪʘ ʯʘʩʫ ʚʠʢʦʥʘʥʥʷ ʥʘʚʝʜʝʥʦ ʚ ʜʦʜʘʪʢʫ ɿ. 

ʂʽʣʴʢʽʩʪʴ ʪʘʢʪʽʚ ʥʝʦʙʭʽʜʥʘ ʜʣʷ ʚʠʢʦʥʘʥʥʷ 20000 ʦʧʝʨʘʮʽʡ ʥʘʚʝʜʝʥʘ ʫ 

ʪʘʙʣʠʮʽ 3.5  

 

ʊʘʙʣʠʮʷ 3.5 ï ʂʽʣʴʢʽʩʪʴ ʪʘʢʪʽʚ ʟʘʪʨʘʯʝʥʠʭ ʥʘ ʛʦʤʦʤʦʨʬʥʝ ʜʦʜʘʚʘʥʥʷ 

 ʂʽʣʴʢʽʩʪʴ ʪʘʢʪʽʚ 

ʂʽʣʴʢʽʩʪʴ ʦʧʝʨʘʮʽʡ ECC ʇʝʡʻ 

100 2144509398 2944547932 

500 10607415320 14616484832 

4000 85480277210 117032076186 

20000 433757808476 586015919140 

 

ʂʦʝʬʽʮʽʻʥʪ Ὧ  ʜʣʷ ʢʦʞʥʦʛʦ ʟ ʘʣʛʦʨʠʪʤʽʚ ʥʘʚʝʜʝʥʦ ʫ ʪʘʙʣʠʮʽ 3.6: 
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ʊʘʙʣʠʮʷ 3.6 ï ʂʦʝʬʽʮʽʻʥʪ ʝʬʝʢʪʠʚʥʦʩʪʽ ʘʣʛʦʨʠʪʤʽʚ ʯʘʩʪʢʦʚʦ 

ʛʦʤʦʤʦʨʬʥʦʛʦ ʰʠʬʨʫʚʘʥʥʷ 

ɸʣʛʦʨʠʪʤ Ὧ  (ʩʝʢ) Ὧ  (ʪʘʢʪʽʚ) 

ECC 0.00653795 21687890 

ʇʝʡʻ 0.00884065 29300795 

 

ʏʘʩ ʨʦʟhʠʬʨʫʚʘʥʥʷ ʨʝʟʫʣʴʪʘʪʫ ʥʘʚʝʜʝʥʦ ʫ ʪʘʙʣʠʮʽ 3.7: 

 

ʊʘʙʣʠʮʷ 3.7 ï ʏʘʩ ʨʦʟhʠʬʨʫʚʘʥʥʷ 

ɸʣʛʦʨʠʪʤ ʏʘʩ ʨʦʟhʠʬʨʫʚʘʥʥʷ (ʩʝʢ) ʏʘʩ ʨʦʟhʠʬʨʫʚʘʥʥʷ (ʪʘʢʪʽʚ) 

ECC 0.003 6834558 

Paillier 0.008 32391680 

 

ɿʘʛʘʣʴʥʽʡ ʢʦʝʬʽʮʽʻʥʪ ʝʬʝʢʪʠʚʥʦʩʪʽ ʟ ʬʦʨʤʫʣʠ 2.32 ʜʣʷ 100 ʦʧʝʨʘʮʽʡ 

ʛʦʤʦʤʦʨʬʥʦʛʦ ʜʦʜʘʚʘʥʥʷ: 

 

 ὸ ὸ ὸ ςπττυπωσωψφψστυυψςπυρστσωυφ (3.2) 

 

 ὸ ὸ ὸ ςωττυτχωσςσςσωρφψπ

ςωχφωσωφρς 
(3.3) 

 

ʇʦʨʽʚʥʷʻʤʦ ʨʝʟʫʣʴʪʘʪʠ:  

 

 
Ў
ὸ

ὸ

ςωχφωσωφρς

ςρυρστσωυφ
ρȢσψ (3.4) 

 

ʆʪʞʝ ʘʣʛʦʨʠʪʤ ʦʩʥʦʚʘʥʠʡ ʥʘ ʝʣʽʧʪʠʯʥʠʭ ʢʨʠʚʠʭ ʰʚʠʜʰʠʡ ʥʘ 38%. 

 



88 

 

3.5 ɺʠʩʥʦʚʢʠ 

 

ɺ ʜʘʥʦʤʫ ʨʦʟʜʽʣʽ ʨʦʟʨʦʙʣʝʥʦ ʟʘʛʘʣʴʥʫ ʤʝʪʦʜʠʢʫ ʜʣʷ ʧʦʙʫʜʦʚʠ 

ʢʦʤʧôʶʪʝʨʥʠʭ ʩʠʩʪʝʤ, ʱʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʧʫʙʣʽʯʥʽ ʭʤʘʨʥʽ ʩʝʨʚʽʩʠ, ʟ 

ʟʘʭʠʩʪʦʤ ʧʨʠʚʘʪʥʦʾ ʽʥʬʦʨʤʘʮʽʾ ʢʦʨʠʩʪʫʚʘʯʘ ʚʽʜ ʧʨʦʚʘʡʜʝʨʽʚ ʭʤʘʨʥʦʛʦ 

ʨʽʰʝʥʥʷ ʧʦʙʫʜʦʚʘʥʦʤʫ ʥʘ ʦʩʥʦʚʽ ʘʣʛʦʨʠʪʤʫ ʯʘʩʪʢʦʚʦ ʛʦʤʦʤʦʨʬʥʦʛʦ 

ʰʠʬʨʫʚʘʥʥʷ.  

ɹʫʣʦ ʨʦʟʨʦʙʣʝʥʦ ʘʣʛʦʨʠʪʤ ʯʘʩʪʢʦʚʦ ʛʦʤʦʨʬʥʦʛʦ ʰʠʬʨʫʚʘʥʥʷ ʥʘ ʦʩʥʦʚʽ 

ʤʘʪʝʤʘʪʠʯʥʦʾ ʤʦʜʝʣʽ, ʧʨʝʜʩʪʘʚʣʝʥʦʾ ʫ ʨʦʟʜʽʣʽ 2.  

ʈʦʟʨʦʙʣʝʥʦ ʧʨʦʛʨʘʤʥʽ ʟʘʩʦʙʠ, ʷʢʽ ʜʘʶʪʴ ʤʦʞʣʠʚʽʩʪʴ ʚʠʟʥʘʯʠʪʠ 

ʰʚʠʜʢʽʩʪʴ ʚʠʢʦʥʘʥʥʷ ʦʧʝʨʘʮʽʡ ʛʦʤʦʤʦʨʬʥʦʛʦ ʜʦʜʘʚʘʥʥʷ ʪʘ ʥʝʦʙʭʽʜʥʫ 

ʢʽʣʴʢʽʩʪʴ ʪʘʢʪʽʚ ʧʨʦʮʝʩʦʨʫ ʢʦʤʧ`ʶʪʝʨʥʦʾ ʩʠʩʪʝʤʠ ʜʣʷ ʧʨʦʛʨʘʤʥʦʾ ʨʝʘʣʽʟʘʮʽʾ 

ʟʘʧʨʦʧʦʥʦʚʘʥʦʛʦ ʤʝʪʦʜʫ ʪʘ ʘʥʘʣʦʛʽʯʥʦʛʦ ʘʣʛʦʨʠʪʤʫ ʯʘʩʪʢʦʚʦ ʛʦʤʦʤʦʨʬʥʦʛʦ 

ʚʽʜʥʦʩʥʦ ʦʧʝʨʘʮʽʾ ʜʦʜʘʚʘʥʥʷ ʘʣʛʦʨʠʪʤʫ ʇʝʡʻ.  

ʇʽʩʣʷ ʧʦʨʽʚʥʷʥʥʷ ʘʣʛʦʨʠʪʤʫ ʤʦʞʥʘ ʚʠʜʽʣʠʪʠ ʥʘʩʪʫʧʥʽ ʡʦʛʦ ʧʝʨʝʚʘʛʠ: 

- ʄʝʥʰʘ ʜʦʚʞʠʥʘ ʢʣʶʯʘ, ʱʦ ʟʘʙʝʟʧʝʯʫʻ ʚʽʜʧʦʚʽʜʥʫ ʘʥʘʣʦʛʘʤ 

ʢʨʠʧʪʦʩʪʽʡʢʽʩʪʴ 

- ɹʽʣʴʰʘ ʰʚʠʜʢʽʩʪʴ ʚʠʢʦʥʘʥʥʷ ʦʧʝʨʘʮʽʾ ʜʦʜʘʚʘʥʥʷ. 

- ʄʝʥʰʠʡ ʯʘʩ ʚʠʢʦʥʘʥʥʷ ʦʧʝʨʘʮʽʾ ʨʦʟhʠʬʨʫʚʘʥʥʷ. 

ɼʦ ʥʝʜʦʣʽʢʽʚ ʩʣʽʜ ʚʽʜʥʝʩʪʠ ʥʝʦʙʭʽʜʥʽʩʪʴ ʧʦʧʝʨʝʜʥʴʦʾ ʛʝʥʝʨʘʮʽʾ ʪʦʯʦʢ 

ʝʣʽʧʪʠʯʥʦʾ ʢʨʠʚʦʾ ʫ ʦʙʣʘʩʪʽ ʤʦʞʣʠʚʦʾ ʩʫʤʠ ʜʦʜʘʥʢʽʚ. ʋ ʜʘʥʦʤʫ ʨʦʟʜʽʣʽ ʙʫʣʦ 

ʧʨʦʘʥʘʣʽʟʦʚʘʥʦ ʯʘʩ ʛʝʥʝʨʘʮʽʾ ʢʽʣʴʢʦʩʪʽ ʪʦʯʦʢ, ʜʦʩʪʘʪʥʴʦʾ ʜʣʷ ʢʦʜʫʚʘʥʥʷ 

ʜʦʚʽʣʴʥʦʛʦ ʮʽʣʦʛʦ ʯʦʪʠʨʴʦʭ ʙʘʡʪʥʦʛʦ ʯʠʩʣʘ. ʊʘʢʦʞ ʙʫʣʦ ʧʨʦʘʥʘʣʽʟʦʚʘʥʦ ʦʙʩʷʛ 

ʧʘʤôʷʪʽ, ʥʝʦʙʭʽʜʥʠʡ ʜʣʷ ʟʙʝʨʝʞʝʥʥʷ ʥʝʦʙʭʽʜʥʦʾ ʢʽʣʴʢʦʩʪʽ ʪʦʯʦʢ. 

ʊʘʢʦʞ, ʥʝʦʙʭʽʜʥʦ ʟʘʟʥʘʯʠʪʠ, ʱʦ ʦʧʠʩʘʥʠʡ ʫ ʨʦʙʦʪʽ ʘʣʛʦʨʠʪʤ ʯʘʩʪʢʦʚʦ 

ʛʦʤʦʤʦʨʬʥʦʛʦ ʰʠʬʨʫʚʘʥʥʷ ʥʘ ʝʣʽʧʪʠʯʥʠʭ ʢʨʠʚʠʭ ʤʘʻ ʟʥʘʯʥʠʡ ʧʦʪʝʥʮʽʘʣ ʜʦ 

ʟʙʽʣʴʰʝʥʥʷ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ ʧʨʠ ʨʝʘʣʽʟʘʮʽʾ ʟʛʘʜʘʥʠʭ ʚʠʱʝ ʦʧʪʠʤʽʟʘʮʽʡ, ʪʘ 

ʘʜʘʧʪʘʮʽʾ ʩʭʝʤʠ ʜʦ ʩʫʯʘʩʥʠʭ ʙʘʛʘʪʦʧʨʦʮʝʩʦʨʥʠʭ ʩʠʩʪʝʤ. 



89 

 

ʈʦʟʨʦʙʣʝʥʦ ʘʣʛʦʨʠʪʤ ʜʣʷ ʛʝʥʝʨʘʮʽʾ ʪʦʯʦʢ ʝʣʽʧʪʠʯʥʦʾ ʢʨʠʚʦʾ, ʱʦ 

ʥʝʦʙʭʽʜʥʽ ʜʣʷ ʬʫʥʢʮʽʾ ʜʝʢʦʜʫʚʘʥʥʷ ʯʠʩʝʣ, ʟʘʢʦʜʦʚʘʥʠʭ ʪʦʯʢʦʶ ʝʣʽʧʪʠʯʥʦʾ 

ʢʨʠʚʦʾ. ʇʨʝʜʩʪʘʚʣʝʥʦ ʩʪʨʫʢʪʫʨʫ ʜʘʥʠʭ ʜʣʷ ʟʙʝʨʽʛʘʥʥʷ ʟʛʝʥʝʨʦʚʘʥʠʭ ʪʦʯʦʢ.  

ʈʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʥʷ, ʱʦ ʧʨʝʜʩʪʘʚʣʝʥʽ ʚ ʪʨʝʪʴʦʤʫ ʨʦʟʜʽʣʽ, 

ʦʧʫʙʣʽʢʦʚʘʥʦ ʚ [19]. 
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ʈʆɿɼɯʃ 4 

 

ʇʈɸʂʊʀʏʅɸ ʈɽɸʃɯɿɸʎɯʗ ʂʆʄʇôʖʊɽʈʅʆɰ ʉʀʉʊɽʄʀ ɿ 

ɺʀʂʆʈʀʉʊɸʅʅʗʄ ʏɸʉʊʂʆɺʆ ɻʆʄʆʄʆʈʌʅʆɻʆ 

ʐʀʌʈʋɺɸʅʅʗ 

 

4.1 ʄʝʪʦʜʠʢʘ ʟʘʭʠʩʪʫ ʢʦʤʧôʶʪʝʨʥʠʭ ʩʠʩʪʝʤ ʪʘ ʤʝʨʝʞ ʟ 

ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʩʠʩʪʝʤʠ ʨʦʟʧʦʜʽʣʫ ʜʦʩʪʫʧʫ 

 

ʈʦʟʨʦʙʣʝʥʽ ʫ 2 ʨʦʟʜʽʣʽ ʤʦʜʝʣʽ ʘʣʛʦʨʠʪʤʫ ʯʘʩʪʢʦʚʦ ʛʦʤʦʤʦʨʬʥʦʛʦ ʪʘ 

ʛʽʙʨʠʜʥʦʛʦ ʰʠʬʨʫʚʘʥʥʷ, ʜʦʟʚʦʣʷʶʪʴ ʨʝʘʣʽʟʫʚʘʪʠ ʪʘʢʠʡ ʘʩʧʝʢʪ ʟʘʭʠʩʪʫ 

ʽʥʬʦʨʤʘʮʽʾ ʚ ʢʦʤʧ`ʶʪʝʨʥʠʭ ʩʠʩʪʝʤʘʭ ʪʘ ʤʝʨʝʞʘʭ, ʷʢ ʢʦʥʬʽʜʝʥʮʽʡʥʽʩʪʴ.  

ʅʘʨʘʟʽ, ʧʫʙʣʽʯʥʽ ʭʤʘʨʥʽ ʩʝʨʚʽʩʠ ʧʨʦʝʢʪʫʶʪʴʩʷ ʜʣʷ ʟʘʭʠʩʪʫ ʚʽʜ 

ʩʪʦʨʦʥʥʴʦʛʦ ʚʪʨʫʯʘʥʥʷ, ʧʨʦʪʝ ʥʝ ʟʘʙʝʟʧʝʯʫʶʪʴ ʢʦʥʬʽʜʝʥʮʽʡʥʦʩʪʽ 

ʢʦʨʠʩʪʫʚʘʯʽʚ ʚʽʜʥʦʩʥʦ ʧʨʦʚʘʡʜʝʨʽʚ ʭʤʘʨʠ. 

ʊʦʤʫ, ʜʣʷ ʟʘʭʠʩʪʫ ʽʥʬʦʨʤʘʮʽʾ ʧʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ ʭʤʘʨʥʠʭ ʩʝʨʚʽʩʽʚ 

ʥʝʦʙʭʽʜʥʦ ʟʜʽʡʩʥʶʚʘʪʠ ʰʠʬʨʫʚʘʥʥʷ. ɺʘʞʣʠʚʠʤ ʝʣʝʤʝʥʪʦʤ ʟʘʜʘʯʽ ʟʘʭʠʩʪʫ 

ʢʦʥʬʽʜʝʥʮʽʡʥʦʩʪʽ ʢʦʨʠʩʪʫʚʘʯʽʚ, ʧʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ ʧʫʙʣʽʯʥʠʭ ʭʤʘʨʥʠʭ 

ʩʝʨʚʽʩʽʚ ʻ ʪʝ, ɦ ʦ ʜʘʥʽ ʧʦʚʠʥʥʽ ʙʫʪʠ ʟʘʭʠʱʝʥʽ ʥʝ ʣʠʰʝ ʧʨʦʪʷʛʦʤ ʾʭ ʧʝʨʝʙʫʚʘʥʥʷ 

ʫ ʢʘʥʘʣʽ ʟʚôʷʟʢʫ, ʘʣʝ ʡ ʧʨʠ ʚʠʢʦʥʘʥʥʷ ʦʙʯʠʩʣʝʥʴ ʥʘʜ ʥʠʤʠ. ɼʣʷ ʟʘʭʠʩʪʫ 

ʽʥʬʦʨʤʘʮʽʾ ʥʝʦʙʭʽʜʥʦ ʚʠʢʦʨʠʩʪʘʪʠ ʤʦʜʝʣʴ ʩʠʩʪʝʤʠ ʜʝʧʝʨʩʦʥʘʣʽʟʘʮʽʾ 

ʢʦʨʠʩʪʫʚʘʯʽʚ (ʨʦʟʜʽʣ 3.1).  

ʇʨʠ ʟʘʩʪʦʩʫʚʘʥʥʽ ʘʣʛʦʨʠʪʤʫ ʜʝʧʝʨʩʦʥʘʣʽʟʘʮʽʾ ʢʦʨʠʩʪʫʚʘʯʽʚ, ʜʣʷ 

ʩʪʚʦʨʝʥʥʷ ʢʦʤʧôʶʪʝʨʥʦʾ ʩʠʩʪʝʤʠ ʝʣʝʢʪʨʦʥʥʦʛʦ ʛʦʣʦʩʫʚʘʥʥʷ, ʤʝʪʦʜʠʢʘ 

ʟʜʽʡʩʥʝʥʥʷ ʟʘʭʠʩʪʫ ʽʥʬʦʨʤʘʮʽʾ ʟʘ ʜʦʧʦʤʦʛʦʶ ʨʦʟʨʦʙʣʝʥʠʭ ʤʝʪʦʜʽʚ 

ʰʠʬʨʫʚʘʥʥʷ ʚ ʢʦʤʧ`ʶʪʝʨʥʠʭ ʩʠʩʪʝʤʘʭ ʤʘʻ ʩʢʣʘʜʘʪʠʩʷ ʟ ʥʘʩʪʫʧʥʠʭ ʝʪʘʧʽʚ: 

1. ɺʠʟʥʘʯʝʥʥʷ ʽʥʬʦʨʤʘʮʽʾ, ʷʢʘ ʙʫʜʝ ʧʝʨʝʜʘʚʘʪʠʩʷ ʫ ʧʫʙʣʽʯʥʠʡ 

ʭʤʘʨʥʠʡ ʩʝʨʚʽʩ ʫ ʚʽʜʢʨʠʪʦʤʫ ʪʘ ʟʘʢʨʠʪʦʤʫ ʚʠʛʣʷʜʽ. ʊʘʢʦʶ ʽʥʬʦʨʤʘʮʽʻʶ ʻ 
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ʟʘʰʠʬʨʦʚʘʥʘ ʢʽʣʴʢʽʩʪʴ ʛʦʣʦʩʽʚ ʚʽʜʜʘʥʠʭ ʟʘ ʧʝʚʥʦʛʦ ʢʘʥʜʠʜʘʪʘ, ʪʘ ʜʦʩʪʫʧʥʘ 

ʧʫʙʣʽʯʥʘ ʽʥʬʦʨʤʘʮʽʷ ʧʨʦ ʢʘʥʜʠʜʘʪʽʚ ï ʾʭ ʽʤʝʥʘ ʪʘ ʟʘʢʦʜʦʚʘʥʽ ʥʦʤʝʨʠ. 

2. ʅʘ ʜʨʫʛʦʤʫ ʝʪʘʧʽ ʥʝʦʙʭʽʜʥʦ ʧʝʨʝʪʚʦʨʠʪʠ ʤʦʜʝʣʴ ʧʨʦʪʦʢʦʣʫ 

ʛʦʣʦʩʫʚʘʥʥʷ. ʊʘʢʠʤ ʧʝʨʝʪʚʦʨʝʥʥʷʤ ʻ ʚʠʥʝʩʝʥʥʷ ʧʨʦʮʝʩʫ ʩʫʤʫʚʘʥʥʷ, ʪʘ 

ʛʦʣʦʩʽʚ ʚʠʙʦʨʮʽʚ ʫ ʭʤʘʨʫ. ʎʝ ʟʥʘʯʥʦ ʟʤʝʥʰʠʪʴ ʥʘʚʘʥʪʘʞʝʥʥʷ ʥʘ ʧʨʠʚʘʪʥʽ 

ʩʝʨʚʝʨʠ ʚʠʙʦʨʯʦʾ ʢʦʤʽʩʽʾ ʪʘ ʜʘʩʪʴ ʤʦʞʣʠʚʽʩʪʴ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʪʘʢʫ ʧʝʨʝʚʘʛʫ 

ʭʤʘʨʥʠʭ ʩʝʨʚʽʩʽʚ ʷʢ ʝʣʘʩʪʠʯʥʝ ʤʘʩʰʪʘʙʫʚʘʥʥʷ. 

3. ʇʽʜ ʯʘʩ ʚʠʜʽʣʝʥʥʷ ʩʫʙôʻʢʪʽʚ, ʷʢʽ ʙʝʨʫʪʴ ʫʯʘʩʪʴ ʫ 

ʦʙʯʠʩʣʶʚʘʣʴʥʦʤʫ ʧʨʦʮʝʩʽ, ʚʠʟʥʘʯʘʻʤʦ ʦʩʥʦʚʥʽ ʩʪʨʫʢʪʫʨʥʽ ʝʣʝʤʝʥʪʠ ʩʠʩʪʝʤʠ 

ʪʘ ʧʦʚʥʦʚʘʞʝʥʥʷ ʷʢʠʤʠ ʚʦʥʠ ʚʦʣʦʜʽʶʪʴ. ʊʘʢ, ʩʠʩʪʝʤʘ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʪʨʴʦʭ 

ʯʘʩʪʠʥ ï ʢʣʽʻʥʪʩʴʢʦʛʦ ʜʦʜʘʪʢʫ, ʧʨʠʚʘʪʥʠʭ ʩʝʨʚʝʨʽʚ  ̔ʧʫʙʣʽʯʥʦʾ ʭʤʘʨʠ. ʇʨʠ 

ʮʴʦʤʫ, ʢʣʽʻʥʪʩʴʢʠʡ ʜʦʜʘʪʦʢ ʚʦʣʦʜʽʻ ʫʩʽʻʶ ʽʥʬʦʨʤʘʮʽʻʶ ʧʨʦ ʢʦʨʠʩʪʫʚʘʯʘ (ʭʪʦ, 

ʟʘ ʢʦʛʦ ʛʦʣʦʩʫʚʘʚ), ʧʨʠʚʘʪʥʽ ʩʝʨʚʝʨʠ ʚʦʣʦʜʽʶʪʴ ʦʙʤʝʞʝʥʦʶ ʽʥʬʦʨʤʘʮʽʻʶ ʧʨʦ 

ʢʦʨʠʩʪʫʚʘʯʘ ʪʘ ʽʥʬʦʨʤʘʮʽʶ ʧʨʦ ʩʠʩʪʝʤʫ ʚ ʮʽʣʦʤʫ (ʭʪʦ ʢʦʨʠʩʪʫʚʘʯʽ, ʯʠ 

ʛʦʣʦʩʫʚʘʚ), ʭʤʘʨʥʠʡ ʩʝʨʚʽʩ ï ʣʠʰʝ ʚʠʢʦʥʫʻ ʦʙʯʠʩʣʝʥʥʷ. 

4. ʅʘ ʝʪʘʧʽ ʬʦʨʤʫʚʘʥʥʷ ʧʨʦʪʦʢʦʣʫ ʩʠʩʪʝʤʠ, ʥʝʦʙʭʽʜʥʦ ʚʠʟʥʘʯʠʪʠ, 

ʷʢ ʧʝʨʝʜʘʻʪʴʩʷ ʽʥʬʦʨʤʘʮʽʷ ʚʽʜ ʩʝʨʚʝʨʽʚ ʜʦ ʭʤʘʨʠ ʪʘ ʜʦ ʢʣʽʻʥʪʘ, ʽ ʥʘʚʧʘʢʠ; 

ʚʠʟʥʘʯʘʶʪʴʩʷ ʘʣʛʦʨʠʪʤʠ ʰʠʬʨʫʚʘʥʥʷ ʩʠʩʪʝʤʠ ʪʘ ʩʪʦʨʦʥʠ, ʱʦ ʚʠʢʦʥʫʶʪʴ 

ʰʠʬʨʫʚʘʥʥʷ ʪʘ ʨʦʟhʠʬʨʫʚʘʥʥʷ ʽʥʬʦʨʤʘʮʽʾ; ʧʨʦʮʝʩ ʬʦʨʤʫʚʘʥʥʷ ʪʘ ʧʝʨʝʜʘʯʽ 

ʧʨʠʚʘʪʥʠʭ, ʧʫʙʣʽʯʥʠʭ ʪʘ ʩʝʘʥʩʦʚʠʭ ʢʣʶʯʽʚ ʰʠʬʨʫʚʘʥʥʷ. 

ʆʧʠʩ ʩʪʚʦʨʝʥʦʾ ʧʦ ʮʽʡ ʤʝʪʦʜʠʮʽ ʩʠʩʪʝʤʠ ʧʨʝʜʩʪʘʚʣʝʥʦ ʫ ʧʫʥʢʪʽ 4.2. 

ʇʨʠ ʟʘʩʪʦʩʫʚʘʥʥʽ ʘʣʛʦʨʠʪʤʫ ʜʝʧʝʨʩʦʥʘʣʽʟʘʮʽʾ ʢʦʨʠʩʪʫʚʘʯʽʚ, ʜʣʷ 

ʩʪʚʦʨʝʥʥʷ ʭʤʘʨʥʦʛʦ ʩʝʨʚʽʩʫ ʦʙʨʦʙʢʠ ʚʽʜʛʫʢʽʚ ʢʦʨʠʩʪʫʚʘʯʽʚ, ʤʝʪʦʜʠʢʘ 

ʟʜʽʡʩʥʝʥʥʷ ʟʘʭʠʩʪʫ ʽʥʬʦʨʤʘʮʽʾ ʟʘ ʜʦʧʦʤʦʛʦʶ ʨʦʟʨʦʙʣʝʥʠʭ ʤʝʪʦʜʽʚ 

ʰʠʬʨʫʚʘʥʥʷ ʚ ʢʦʤʧ`ʶʪʝʨʥʠʭ ʩʠʩʪʝʤʘʭ ʤʘʻ ʩʢʣʘʜʘʪʠʩʷ ʟ ʥʘʩʪʫʧʥʠʭ ʝʪʘʧʽʚ 

1. ʋ ʜʘʥʦʤʫ ʚʠʧʘʜʢʫ ʜʦ ʧʫʙʣʽʯʥʦʛʦ ʭʤʘʨʥʦʛʦ ʩʝʨʚʽʩʫ ʥʝʦʙʭʽʜʥʦ 

ʧʝʨʝʜʘʪʠ ʤʝʪʘʽʥʬʦʨʤʘʮʽʶ ʧʨʦ ʪʠʧ ʚʽʜʛʫʢʫ (ʧʦʟʠʪʠʚʥʠʡ, ʥʝʛʘʪʠʚʥʠʡ, ʘʙʦ 

ʧʨʦʛʨʘʤʥʠʡ ʟʙʽʡ), ʘ ʪʘʢʦʞ ʪʽʣʦ ʚʽʜʛʫʢʫ, ʱʦ ʤʦʞʝ ʤʽʩʪʠʪʠ ʪʝʢʩʪ, ʝʤʝʡʣ 

ʢʦʨʠʩʪʫʚʘʯʘ, ʯʠ ʽʥʬʦʨʤʘʮʽʶ ʧʨʦ ʤʽʩʮʝ ʚ ʷʢʦʤʫ ʩʪʘʣʘʩʴ ʧʦʤʠʣʢʘ. ʇʨʠ ʮʴʦʤʫ 
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ʫʩʷ ʮʷ ʽʥʬʦʨʤʘʮʽʷ ʧʦʚʠʥʥʘ ʙʫʪʠ ʟʘʭʠʱʝʥʘ ʚʽʜ ʧʨʦʚʘʡʜʝʨʫ ʭʤʘʨʥʦʛʦ ʨʽʰʝʥʥʷ 

ʪʘ ʩʪʦʨʦʥʥʽʭ ʦʩʽʙ. 

2. ʅʘ ʜʨʫʛʦʤʫ ʝʪʘʧʽ ʥʝʦʙʭʽʜʥʦ ʧʝʨʝʪʚʦʨʠʪʠ ʤʝʪʦʜ ʟʙʦʨʫ ʩʪʘʪʠʩʪʠʢʠ 

ʜʣʷ ʢʦʞʥʦʛʦ ʟ ʪʠʧʽʚ ʚʽʜʛʫʢʽʚ. 

3. ʇʽʜ ʯʘʩ ʚʠʜʽʣʝʥʥʷ ʩʫʙôʻʢʪʽʚ, ʷʢʽ ʙʝʨʫʪʴ ʫʯʘʩʪʴ ʫ 

ʦʙʯʠʩʣʶʚʘʣʴʥʦʤʫ ʧʨʦʮʝʩʽ, ʚʠʟʥʘʯʘʻʤʦ ʦʩʥʦʚʥʽ ʩʪʨʫʢʪʫʨʥʽ ʝʣʝʤʝʥʪʠ ʩʠʩʪʝʤʠ 

ʪʘ ʧʦʚʥʦʚʘʞʝʥʥʷ ʷʢʠʤʠ ʚʦʥʠ ʚʦʣʦʜʽʶʪʴ. ʊʘʢ, ʩʠʩʪʝʤʘ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʪʨʴʦʭ 

ʯʘʩʪʠʥ ï ʢʣʽʻʥʪʩʴʢʦʛʦ ʜʦʜʘʪʢʫ ʫ ʷʢʠʡ ʽʥʪʝʛʨʦʚʘʥʝ SDK ʩʝʨʚʽʩʫ, ʢʣʽʻʥʪʫ 

ʨʦʟʨʦʙʥʠʢʽʚ ʜʦʜʘʪʢʫ, ʪʘ ʧʫʙʣʽʯʥʦʾ ʭʤʘʨʠ, ʥʘ ʷʢʽʡ ʧʨʘʮʶʻ ʩʝʨʚʝʨ ʩʝʨʚʽʩʫ. ʗʢ ʽ 

ʫ ʧʦʧʝʨʝʜʥʴʦʤʫ ʚʠʧʘʜʢʫ, ʢʣʽʻʥʪʩʴʢʠʡ ʜʦʜʘʪʦʢ ʚʦʣʦʜʽʻ ʫʩʽʻʶ ʽʥʬʦʨʤʘʮʽʻʶ ʧʨʦ 

ʢʦʨʠʩʪʫʚʘʯʘ, ʢʣʽʻʥʪ ʨʦʟʨʦʙʥʠʢʽʚ ʜʦʜʘʪʢʫ ʧʦʚʠʥʝʥ ʤʘʪʠ ʟʤʦʛʫ ʧʝʨʝʛʣʷʜʫ 

ʫʟʘʛʘʣʴʥʝʥʦʾ ʩʪʘʪʠʩʪʠʢʠ ʪʘ ʜʝʪʘʣʝʡ ʢʦʞʥʦʛʦ ʚʽʜʛʫʢʫ), ʭʤʘʨʥʠʡ ʩʝʨʚʽʩ ʚʠʢʦʥʫʻ 

ʥʘʢʦʧʠʯʝʥʥʷ ʽʥʬʦʨʤʘʮʽʾ ʪʘ ʦʙʯʠʩʣʝʥʥʷ ʩʪʘʪʠʩʪʠʢʠ. 

4. ʅʘ ʯʝʪʚʝʨʪʦʤʫ ʝʪʘʧʽ ʚʠʟʥʘʯʘʻʪʴʩʷ ʧʦʩʣʽʜʦʚʥʽʩʪʴ ʜʽʡ ʧʨʠ 

ʚʠʢʦʥʘʥʥʽ ʬʽʥʘʥʩʦʚʠʭ ʦʧʝʨʘʮʽʡ; ʚʠʟʥʘʯʘʶʪʴʩʷ ʘʣʛʦʨʠʪʤʠ ʰʠʬʨʫʚʘʥʥʷ 

ʩʠʩʪʝʤʠ ʪʘ ʩʪʦʨʦʥʠ ʱʦ ʚʠʢʦʥʫʶʪʴ ʰʠʬʨʫʚʘʥʥʷ ʪʘ ʨʦʟhʠʬʨʫʚʘʥʥʷ 

ʽʥʬʦʨʤʘʮʽʾ; ʧʨʦʮʝʩ ʬʦʨʤʫʚʘʥʥʷ ʪʘ ʧʝʨʝʜʘʯʽ ʧʨʠʚʘʪʥʠʭ, ʧʫʙʣʽʯʥʠʭ ʪʘ 

ʩʝʘʥʩʦʚʠʭ ʢʣʶʯʽʚ ʰʠʬʨʫʚʘʥʥʷ. 

ʆʧʠʩ ʩʪʚʦʨʝʥʦʾ ʧʦ ʮʽʡ ʤʝʪʦʜʠʮʽ ʩʠʩʪʝʤʠ ʧʨʝʜʩʪʘʚʣʝʥʦ ʫ ʧʫʥʢʪʽ 4.3. 

ʇʨʠ ʟʘʩʪʦʩʫʚʘʥʥʽ ʘʣʛʦʨʠʪʤʫ ʜʝʧʝʨʩʦʥʘʣʽʟʘʮʽʾ ʢʦʨʠʩʪʫʚʘʯʽʚ, ʜʣʷ 

ʩʪʚʦʨʝʥʥʷ ʬʽʥʘʥʩʦʚʦʾ ʢʦʤʧôʶʪʝʨʥʦʾ ʩʠʩʪʝʤʠ, ʤʝʪʦʜʠʢʘ ʟʜʽʡʩʥʝʥʥʷ ʟʘʭʠʩʪʫ 

ʽʥʬʦʨʤʘʮʽʾ ʟʘ ʜʦʧʦʤʦʛʦʶ ʨʦʟʨʦʙʣʝʥʠʭ ʤʝʪʦʜʽʚ ʰʠʬʨʫʚʘʥʥʷ ʚ ʢʦʤʧ`ʶʪʝʨʥʠʭ 

ʩʠʩʪʝʤʘʭ ʤʘʻ ʩʢʣʘʜʘʪʠʩʷ ʟ ʥʘʩʪʫʧʥʠʭ ʝʪʘʧʽʚ: 

1. ʋ ʜʘʥʦʤʫ ʚʠʧʘʜʢʫ ʜʦ ʧʫʙʣʽʯʥʦʛʦ ʭʤʘʨʥʦʛʦ ʩʝʨʚʽʩʫ ʧʦʚʠʥʥʽ ʙʫʪʠ 

ʧʝʨʝʜʘʥʽ ʢʽʣʴʢʽʩʪʴ ʢʦʰʪʽʚ (ʫ ʟʘʰʠʬʨʦʚʘʥʦʤʫ ʚʠʛʣʷʜʽ) ʪʘ ʥʦʤʝʨʠ ʨʘʭʫʥʢʽʚ ʟ 

ʷʢʠʤʠ ʧʦʪʨʽʙʥʦ ʧʨʦʚʝʩʪʠ ʬʽʥʘʥʩʦʚʽ ʦʧʝʨʘʮʽʾ. ʊʠʧ ʬʽʥʘʥʩʦʚʦʾ ʦʧʝʨʘʮʽʾ ʪʘʢʦʞ 

ʧʦʚʠʥʝʥ ʙʫʪʠ ʥʝʚʽʜʦʤʠʡ ʥʘʧʨʷʤʫ ʭʤʘʨʥʦʤʫ ʩʝʨʚʽʩʫ. 

2. ʅʘ ʜʨʫʛʦʤʫ ʝʪʘʧʽ ʥʝʦʙʭʽʜʥʦ ʧʝʨʝʪʚʦʨʠʪʠ ʤʦʜʝʣʴ ʧʨʦʪʦʢʦʣʫ 

ʧʨʦʚʝʜʝʥʥʷ ʬʽʥʘʥʩʦʚʠʭ ʦʧʝʨʘʮʽʡ. ʊʘʢʠʤ ʧʝʨʝʪʚʦʨʝʥʥʷʤ ʻ ʚʠʥʝʩʝʥʥʷ ʧʨʦʮʝʩʫ 
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ʩʫʤʫʚʘʥʥʷ ʢʦʰʪʽʚ ʥʘ ʨʘʭʫʥʢʘʭ ʢʦʨʠʩʪʫʚʘʯʽʚ ʫ ʧʨʠʚʘʪʥʫ ʭʤʘʨʫ. ʎʝ ʟʥʘʯʥʦ 

ʟʤʝʥʰʠʪʴ ʥʘʚʘʥʪʘʞʝʥʥʷ ʥʘ ʧʨʠʚʘʪʥʽ ʩʝʨʚʝʨʠ ʙʘʥʢʫ, ʪʘ ʜʘʩʪʴ ʤʦʞʣʠʚʽʩʪʴ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʪʘʢʫ ʧʝʨʝʚʘʛʫ ʭʤʘʨʥʠʭ ʩʝʨʚʽʩʽʚ, ʷʢ ʝʣʘʩʪʠʯʥʝ 

ʤʘʩʰʪʘʙʫʚʘʥʥʷ. 

3. ʇʽʜ ʯʘʩ ʚʠʜʽʣʝʥʥʷ ʩʫʙôʻʢʪʽʚ, ʷʢʽ ʙʝʨʫʪʴ ʫʯʘʩʪʴ ʫ 

ʦʙʯʠʩʣʶʚʘʣʴʥʦʤʫ ʧʨʦʮʝʩʽ ʚʠʟʥʘʯʘʻʤʦ ʦʩʥʦʚʥʽ ʩʪʨʫʢʪʫʨʥʽ ʝʣʝʤʝʥʪʠ ʩʠʩʪʝʤʠ, 

ʪʘ ʧʦʚʥʦʚʘʞʝʥʥʷ ʷʢʠʤʠ ʚʦʥʠ ʚʦʣʦʜʽʶʪʴ. ʊʘʢ, ʩʠʩʪʝʤʘ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʪʨʴʦʭ 

ʯʘʩʪʠʥ ï ʢʣʽʻʥʪʩʴʢʦʛʦ ʜʦʜʘʪʢʫ, ʧʨʠʚʘʪʥʠʭ ʩʝʨʚʝʨʽʚ ʙʘʥʢʫ, ʪʘ ʧʫʙʣʽʯʥʦʾ ʭʤʘʨʠ, 

ʷʢʫ ʚʠʢʦʨʠʩʪʦʚʫʻ ʙʘʥʢ. ʇʨʠ ʮʴʦʤʫ, ʨʽʟʥʽ ʙʘʥʢʠ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʨʽʟʥʽ ʭʤʘʨʥʽ 

ʩʝʨʚʽʩʠ, ʘʙʦ ʝʢʟʝʤʧʣʷʨʠ ʜʦʜʘʪʢʫ ʫ ʪʦʤʫ ʞ ʩʘʤʦʤʫ ʩʝʨʚʽʩʽ [41]. ʗʢ ʽ ʫ 

ʧʦʧʝʨʝʜʥʴʦʤʫ ʚʠʧʘʜʢʫ, ʢʣʽʻʥʪʩʴʢʠʡ ʜʦʜʘʪʦʢ ʚʦʣʦʜʽʻ ʫʩʽʻʶ ʽʥʬʦʨʤʘʮʽʻʶ ʧʨʦ 

ʢʦʨʠʩʪʫʚʘʯʘ, ʧʨʦʪʝ ʧʨʠʚʘʪʥʽ ʩʝʨʚʝʨʠ ʙʘʥʢʫ ʧʦʚʠʥʥʽ ʚʦʣʦʜʽʪʠ ʫʩʽʻʶ 

ʽʥʬʦʨʤʘʮʽʻʶ ʧʨʦ ʩʠʩʪʝʤʫ ʚ ʮʽʣʦʤʫ (ʭʪʦ ʢʦʨʠʩʪʫʚʘʯʽ, ʩʢʽʣʴʢʠ ʚ ʥʠʭ ʢʦʰʪʽʚ, ̫ ʢʽ 

ʪʘ ʢʦʣʠ ʬʽʥʘʥʩʦʚʽ ʦʧʝʨʘʮʽʾ ʚʦʥʠ ʧʨʦʚʦʜʠʣʠ), ʭʤʘʨʥʠʡ ʩʝʨʚʽʩ ʚʠʢʦʥʫʻ 

ʦʙʯʠʩʣʝʥʥʷ ʧʨʠ ʧʝʨʝʚʦʜʽ ʢʦʰʪʽʚ ʟ ʨʘʭʫʥʢʫ ʥʘ ʨʘʭʫʥʦʢ. 

4. ʅʘ ʯʝʪʚʝʨʪʦʤʫ ʝʪʘʧʽ ʚʠʟʥʘʯʘʻʪʴʩʷ ʧʦʩʣʽʜʦʚʥʽʩʪʴ ʜʽʡ ʧʨʠ 

ʚʠʢʦʥʘʥʥʽ ʬʽʥʘʥʩʦʚʠʭ ʦʧʝʨʘʮʽʡ; ʚʠʟʥʘʯʘʶʪʴʩʷ ʘʣʛʦʨʠʪʤʠ ʰʠʬʨʫʚʘʥʥʷ 

ʩʠʩʪʝʤʠ ʪʘ ʩʪʦʨʦʥʠ ʱʦ ʚʠʢʦʥʫʶʪʴ ʰʠʬʨʫʚʘʥʥʷ ʪʘ ʨʦʟhʠʬʨʫʚʘʥʥʷ 

ʽʥʬʦʨʤʘʮʽʾ; ʧʨʦʮʝʩ ʬʦʨʤʫʚʘʥʥʷ ʪʘ ʧʝʨʝʜʘʯʽ ʧʨʠʚʘʪʥʠʭ, ʧʫʙʣʽʯʥʠʭ ʪʘ 

ʩʝʘʥʩʦʚʠʭ ʢʣʶʯʽʚ ʰʠʬʨʫʚʘʥʥʷ. 

ʆʧʠʩ ʩʪʚʦʨʝʥʦʾ ʧʦ ʮʽʡ ʤʝʪʦʜʠʮʽ ʩʠʩʪʝʤʠ ʧʨʝʜʩʪʘʚʣʝʥʦ ʫ ʧʫʥʢʪʽ 4.4. 

 

4.2 ʂʦʤʧôʶʪʝʨʥʘ ʩʠʩʪʝʤʘ ʝʣʝʢʪʨʦʥʥʦʛʦ ʛʦʣʦʩʫʚʘʥʥʷ, ʱʦ 

ʚʠʢʦʨʠʩʪʦʚʫʻ ʧʫʙʣʽʯʥʠʡ ʭʤʘʨʥʠʡ ʩʝʨʚʽʩ 

 

ɺʘʞʣʠʚʠʤ ʝʣʝʤʝʥʪʦʤ ʜʝʤʦʢʨʘʪʠʯʥʠʭ ʩʠʩʪʝʤ ʫʧʨʘʚʣʽʥʥʷ ʫ ʙʘʛʘʪʴʦʭ 

ʢʨʘʾʥʘʭ ʩʚʽʪʫ ʻ ʚʠʙʦʨʠ. ɺʦʥʠ ʻ ʨʝʘʣʴʥʠʤ ʚʠʨʘʞʝʥʥʷʤ ʚʦʣʽ ʥʘʨʦʜʫ, 

ʢʦʥʩʪʠʪʫʮʽʡʥʠʤ ʩʧʦʩʦʙʦʤ ʬʦʨʤʫʚʘʥʥʷ ʥʝ ʪʽʣʴʢʠ ʦʨʛʘʥʽʚ ʜʝʨʞʘʚʥʦʾ ʚʣʘʜʠ, ʘ 
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ʡ ʦʨʛʘʥʽʚ ʤʽʩʮʝʚʦʛʦ ʩʘʤʦʚʨʷʜʫʚʘʥʥʷ, ʥʘ ʦʩʥʦʚʽ ʚʽʣʴʥʦʛʦ ʪʘ ʥʝʚʠʤʫʰʝʥʦʛʦ 

ʚʦʣʝʚʠʷʚʣʝʥʥʷ ʛʨʦʤʘʜʷʥ. 

ʗʢ ʽ ʫ ʚʩʽʭ ʩʬʝʨʘʭ ʣʶʜʩʴʢʦʾ ʜʽʷʣʴʥʦʩʪʽ ʫ ʩʫʯʘʩʥʦʤʫ ʩʚʽʪʽ, ʛʦʣʦʚʥʦʶ 

ʪʝʥʜʝʥʮʽʻʶ ʚʠʙʦʨʯʦʛʦ ʧʨʦʮʝʩʫ ʻ ʡʦʛʦ ʥʘʩʠʯʝʥʥʷ ʥʘʡʨʽʟʥʦʤʘʥʽʪʥʽʰʠʤʠ 

ʽʥʬʦʨʤʘʪʠʟʦʚʘʥʠʤʠ ʪʘ ʘʚʪʦʤʘʪʠʟʦʚʘʥʠʤʠ ʝʣʝʢʪʨʦʥʥʠʤʠ ʟʘʩʦʙʘʤʠ. ɸʜʞʝ, 

ʨʦʟʚʠʪʦʢ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʽ ʢʦʤʫʥʽʢʘʪʠʚʥʠʭ ʪʝʭʥʦʣʦʛʽʡ ʙʘʛʘʪʦ ʚ ʯʦʤʫ ʚʠʟʥʘʯʘʻ 

ʩʫʩʧʽʣʴʥʠʡ ʽ ʧʦʣʽʪʠʯʥʠʡ ʧʨʦʛʨʝʩ ʢʦʞʥʦʾ ʜʝʨʞʘʚʠ, ʱʦ ʜʦ ʨʝʯʽ ʻ ʘʢʪʫʘʣʴʥʠʤ 

ʜʣʷ ʥʘʰʦʾ ʢʨʘʾʥʠ. ʃʦʛʽʯʥʠʤ ʥʘʧʨʷʤʢʦʤ ʚʠʢʦʨʠʩʪʘʥʥʷ ʩʫʯʘʩʥʠʭ 

ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʪʝʭʥʦʣʦʛʽʡ ʻ ʨʦʟʚʠʪʦʢ ʝʣʝʢʪʨʦʥʥʦʛʦ ʛʦʣʦʩʫʚʘʥʥʷ 

ʚʠʙʦʨʮʽʚ. [94] 

ɽʣʝʢʪʨʦʥʥʝ ʛʦʣʦʩʫʚʘʥʥʷ (ʘʥʛʣ. e-voting) ʪʝʨʤʽʥ, ʱʦ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ 

ʜʣʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʨʽʟʥʠʭ ʪʠʧʽʚ ʛʦʣʦʩʫʚʘʥʥʷ, ʪʘ ʦʭʦʧʣʶʻ ʷʢ ʧʨʦʮʝʩ 

ʟʜ̔ʡʩʥʝʥʥʷ ʛʦʣʦʩʫʚʘʥʥʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʝʣʝʢʪʨʦʥʥʠʭ ʟʘʩʦʙʽʚ, ʪʘʢ ʽ ʧʨʦʮʝʩ 

ʘʚʪʦʤʘʪʠʯʥʦʛʦ ʧʽʜʨʘʭʫʥʢʫ ʛʦʣʦʩʽʚ ʟʘ ʜʦʧʦʤʦʛʦʶ ʝʣʝʢʪʨʦʥʥʠʭ ʧʨʠʩʪʨʦʾʚ ʪʘ 

ʩʧʝʮʽʘʣʴʥʦʛʦ ʧʨʦʛʨʘʤʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ. [95], [96] 

ʐʚʝʡʮʘʨʽʷ ï ʣʽʜʝʨ ʫ ʟʘʧʨʦʚʘʜʞʝʥʥʽ ʩʠʩʪʝʤ ʝʣʝʢʪʨʦʥʥʦʛʦ ʛʦʣʦʩʫʚʘʥʥʷ. 

ʋ ʢʨʘʾʥʽ ʚʚʝʜʝʥʘ ʩʠʩʪʝʤʘ ʝʣʝʢʪʨʦʥʥʦʛʦ ʛʦʣʦʩʫʚʘʥʥʷ çEVotingè ʫ ʨʘʤʢʘʭ 

ʨʝʘʣʽʟʘʮʽʾ ʩʪʨʘʪʝʛʽʯʥʦʛʦ ʧʨʦʝʢʪʫ çVote ®lectroniqueè. ɽʢʩʧʝʨʠʤʝʥʪʘʣʴʥʝ 

ʝʣʝʢʪʨʦʥʥʝ ʛʦʣʦʩʫʚʘʥʥʷ ʚʽʜʙʫʣʦʩʷ ʚʧʝʨʰʝ ʫ 2003 ʨ. ɿʘ ʧʦʧʝʨʝʜʥʽʤʠ ʧʣʘʥʘʤʠ 

ʰʚʝʡʮʘʨʩʴʢʦʛʦ ʫʨʷʜʫ, ʥʘ ʧʘʨʣʘʤʝʥʪʩʴʢʠʭ ʚʠʙʦʨʘʭ ʫ 2015 ʨ. ʚ ʤʝʨʝʞʽ ɯʥʪʝʨʥʝʪ 

ʧʣʘʥʫʚʘʣʘʩʷ ʤʦʞʣʠʚʽʩʪʴ ʧʨʦʛʦʣʦʩʫʚʘʪʠ ʜʣʷ ʘʙʩʦʣʶʪʥʦʾ ʙʽʣʴʰʦʩʪʽ ʛʨʦʤʘʜʷʥ, 

ʥʘʚʽʪʴ ʪʠʭ, ʷʢʽ ʧʝʨʝʙʫʚʘʪʠʤʫʪʴ ʧʦʟʘ ʤʝʞʘʤʠ ʢʨʘʾʥʠ. ʇʨʦʪʝ, ʯʝʨʝʟ ʧʽʜʦʟʨʠ ʥʘ 

ʧʨʠʩʫʪʥʽʩʪʴ ʩʧʝʮʽʘʣʴʥʠʭ çʯʦʨʥʠʭ ʭʦʜʽʚè ʫ ʇɿ ʩʠʩʪʝʤʠ, ʱʦ ʜʘʣʠ ʙ ʟʤʦʛʫ 

ʧʦʨʫʰʠʪʠ ʢʦʥʬʽʜʝʥʮʽʡʥʽʩʪʴ ʚʠʙʦʨʮʽʚ, ʚʚʝʜʝʥʥʷ ʩʠʩʪʝʤʠ ʙʫʣʦ ʦʙʤʝʞʝʥʝ ʣʠʰʝ 

ʜʚʦʤʘ ʢʘʥʪʦʥʘʤʠ ʪʘ ʛʨʦʤʘʜʷʥʘʤʠ ʱʦ ʟʥʘʭʦʜʷʪʴʩʷ ʧʦʟʘ ʤʝʞʘʤʠ ʢʨʘʥʠ, ʱʦ 

ʩʪʘʥʦʚʠʪʴ ʧʨʠʙʣʠʟʥʦ 30% ʫʩʽʭ ʚʠʙʦʨʮʽʚ. [97], [98] 

ʆʩʥʦʚʥʠʤʠ ʧʨʦʙʣʝʤʘʤʠ ʝʣʝʢʪʨʦʥʥʦʛʦ ʛʦʣʦʩʫʚʘʥʥʷ, ʱʦ ʟʘʚʘʞʘʶʪʴ ʡʦʛʦ 

ʟʘʛʘʣʴʥʦʤʫ ʚʠʢʦʨʠʩʪʘʥʥʶ ʚʞʝ ʩʴʦʛʦʜʥʽ ʻ ʧʨʦʙʣʝʤʠ ʘʚʪʝʥʪʠʬʽʢʘʮʽʾ ʚʠʙʦʨʮʽʚ, 
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ʨʽʚʥʦʛʦ ʚʠʙʦʨʯʦʛʦ ʧʨʘʚʘ, ʟʘʙʝʟʧʝʯʝʥʥʷ ʧʨʠʥʮʠʧʫ ʪʘʻʤʥʦʩʪʽ ʛʦʣʦʩʫʚʘʥʥʷ ʪʘ 

ʧʨʦʙʣʝʤʘ ʜʦʚʽʨʠ ʚʠʙʦʨʮʽʚ ʜʦ ʽʥʬʦʨʤʘʮʽʡʥʦʾ ʩʠʩʪʝʤʠ. 

ɯ ʷʢʱʦ ʜʣʷ ʨʽʰʝʥʥʷ ʧʝʨʰʠʭ ʜʚʦʭ ʧʨʦʙʣʝʤ ʽʩʥʫʶʪʴ ʤʝʪʦʜʠ, ʱʦ ʚʞʝ 

ʜʘʚʥʦ ʪʘ ʫʩʧʽʰʥʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʫ ʽʥʰʠʭ ʚʠʜʘʭ ʽʥʪʝʨʥʝʪ ʧʦʩʣʫʛ, ʪʦ ʜʣʷ 

ʚʠʨʽʰʝʥʥʷ ʧʨʦʙʣʝʤ ʪʘʻʤʥʦʩʪʽ ʚʠʙʦʨʫ ʪʘ ʜʦʚʽʨʠ ʚʠʙʦʨʮʽʚ ʜʦ ʽʥʬʦʨʤʘʮʽʡʥʦʾ 

ʩʠʩʪʝʤʠ ʥʝʦʙʭʽʜʥʦ ʨʦʟʨʦʙʠʪʠ ʥʦʚʽ ʧʽʜʭʦʜʠ ʪʘ ʩʠʩʪʝʤʠ, ʱʦ ʾʭ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ.  

ʊʦʤʫ ʤʝʪʦʶ ʜʘʥʦʾ ʨʦʙʦʪʠ ʻ ʨʦʟʨʦʙʢʘ ʥʦʚʦʾ ʤʦʜʝʣʽ ʭʤʘʨʥʦʾ ʩʠʩʪʝʤʠ 

ʝʣʝʢʪʨʦʥʥʦʛʦ ʛʦʣʦʩʫʚʘʥʥʷ, ʱʦ ʜʘʩʪʴ ʢʦʨʠʩʪʫʚʘʯʘʤ ʩʠʩʪʝʤʠ ʤʦʞʣʠʚʽʩʪʴ 

ʚʧʝʚʥʠʪʠʩʷ ʫ ʚʽʨʥʦʩʪʽ ʟʘʨʘʭʫʚʘʥʥʷ ʾʭ ʚʠʙʦʨʫ ʽ ʧʨʠ ʮʴʦʤʫ ʟʘʙʝʟʧʝʯʠʪʴ ʡʦʛʦ 

ʪʘʻʤʥʽʩʪʴ. 

ʈʦʟʛʣʷʥʝʤʦ ʦʩʥʦʚʥʽ ʨʠʟʠʢʠ ʩʠʩʪʝʤʠ ʝʣʝʢʪʨʦʥʥʦʛʦ ʛʦʣʦʩʫʚʘʥʥʷ ʫ 

ʧʦʨʷʜʢʫ, ʚ ʷʢʦʤʫ ʾʭ ʧʦʚʠʥʥʘ ʚʠʨʽʰʫʚʘʪʠ ʩʠʩʪʝʤʘ ʝʣʝʢʪʨʦʥʥʦʛʦ ʛʦʣʦʩʫʚʘʥʥʷ: 

¶ ʧʨʦʙʣʝʤʘ ʘʚʪʝʥʪʠʬʽʢʘʮʽʾ ʚʠʙʦʨʮʽʚ 

¶ ʧʨʦʙʣʝʤʘ ʟʘʙʝʟʧʝʯʝʥʥʷ ʨʽʚʥʦʛʦ ʚʠʙʦʨʯʦʛʦ ʧʨʘʚʘ 

¶ ʧʨʦʙʣʝʤʘ ʟʘʙʝʟʧʝʯʝʥʥʷ ʧʨʠʥʮʠʧʫ ʪʘʻʤʥʦʛʦ ʛʦʣʦʩʫʚʘʥʥʷ 

¶ ʧʨʦʙʣʝʤʘ ʜʦʚʽʨʠ ʚʠʙʦʨʮʽʚ ʜʦ ʩʠʩʪʝʤʠ 

ʇʨʦʙʣʝʤʘ ʘʚʪʝʥʪʠʬʽʢʘʮʽʾ ʚʠʙʦʨʮʽʚ ï ʧʦʣʷʛʘʻ ʫ ʥʝʦʙʭʽʜʥʦʩʪʽ ʚʠʟʥʘʯʝʥʥʽ 

ʦʩʦʙʠ ʚʠʙʦʨʮʷ ʧʝʨʝʜ ʛʦʣʦʩʫʚʘʥʥʷʤ ʜʣʷ ʧʝʨʝʚʽʨʢʠ ʡʦʛʦ ʧʨʘʚʦʤʽʨʥʦʩʪʽ. ʉʝʨʝʜ 

ʦʩʥʦʚʥʠʭ ʚʽʜʦʤʦʩʪʝʡ, ʱʦ ʥʝʦʙʭʽʜʥʦ ʚʠʟʥʘʯʠʪʠ, ʻ ʧʦʚʥʝ ʽʤôʷ, ʚʽʢ, 

ʛʨʦʤʘʜʷʥʩʪʚʦ, ʧʨʘʚʦ ʛʦʣʦʩʫʚʘʪʠ. ɼʣʷ ʨʽʰʝʥʥʷ ʮʽʻʾ ʧʨʦʙʣʝʤʠ ʟʘʩʪʦʩʦʚʫʶʪʴ 

ʤʝʪʦʜʠ, ʱʦ ʚʞʝ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʫ ʽʥʰʠʭ ʚʠʜʘʭ ʽʥʪʝʨʥʝʪ ʧʦʩʣʫʛ (ʥʘʧʨʠʢʣʘʜ 

ʽʥʪʝʨʥʝʪ ʙʘʥʢʽʥʛ, ʜʝʢʣʘʨʫʚʘʥʥʷ ʜʦʭʦʜʽʚ) ï ʮʠʬʨʦʚʽ ʧʽʜʧʠʩʠ ʪʘ ʽʜʝʥʪʠʬʽʢʘʮʽʡʥʽ 

ʢʘʨʪʢʠ. 

ʇʨʦʙʣʝʤʘ ʨʽʚʥʦʛʦ ʚʠʙʦʨʯʦʛʦ ʧʨʘʚʘ ï ʞʦʜʝʥ ʟ ʢʦʨʠʩʪʫʚʘʯʽʚ ʩʠʩʪʝʤʠ ʥʝ 

ʧʦʚʠʥʝʥ ʤʘʪʠ ʧʨʘʚʦ ʛʦʣʦʩʫʚʘʪʠ ʙʽʣʴʰʝ ʥʽʞ ʦʜʠʥ ʨʘʟ, ʯʠ ʚʧʣʠʚʘʪʠ ʥʘ ʛʦʣʦʩʠ 

ʽʥʰʠʭ ʢʦʨʠʩʪʫʚʘʯʽʚ. ɿʘʟʚʠʯʘʡ ʢʦʞʥʘ ʟ ʽʩʥʫʶʯʠʭ ʩʠʩʪʝʤ ʤʘʻ ʦʜʥʫ 

ʮʝʥʪʨʘʣʽʟʦʚʘʥʫ ʙʘʟʫ ʜʘʥʠʭ ʚʠʙʦʨʮʽʚ, ʟʘ ʜʦʧʦʤʦʛʦʶ ʷʢʦʾ ʚʝʜʝʪʴʩʷ ʦʙʣʽʢ 

ʚʠʙʦʨʮʽʚ. ɼʦ ʚʧʣʠʚʫ ʥʘ ʽʥʰʠʭ ʢʦʨʠʩʪʫʚʘʯʽʚ ʚʘʨʪʦ ʚʽʜʥʝʩʪʠ ʪʘʢʽ ʚʘʞʣʠʚʽ 

ʧʨʦʙʣʝʤʠ ʷʢ ʧʽʜʢʫʧ, ʚʤʦʚʣʷʥʥʷ, ʧʦʛʨʦʞʫʚʘʥʥʷ ʪʘ ʽʥʰʝ. ʎʠʤ ʥʝʙʝʟʧʝʢʘʤ 
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ʚʘʞʢʦ ʟʘʧʦʙʽʛʪʠ ʧʨʠ ʛʦʣʦʩʫʚʘʥʥʽ ʥʘ ʜʦʤʫ, ʪʦʤʫ ʚ ʙʘʛʘʪʴʦʭ ʢʨʘʾʥʘʭ ʩʚʽʪʫ 

ʝʣʝʢʪʨʦʥʥʝ ʛʦʣʦʩʫʚʘʥʥʷ ʚʽʜʙʫʚʘʻʪʴʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʩʧʝʮʽʘʣʽʟʦʚʘʥʠʭ 

ʪʝʨʤʽʥʘʣʘʭ ʥʘ ʚʠʙʦʨʯʠʭ ʜʽʣʴʥʠʮʷʭ [99].  

ʇʨʦʙʣʝʤʘ ʟʘʙʝʟʧʝʯʝʥʥʷ ʧʨʠʥʮʠʧʫ ʪʘʻʤʥʦʛʦ ʛʦʣʦʩʫʚʘʥʥʷ ï ʩʠʩʪʝʤʘ ʥʝ 

ʧʦʚʠʥʥʘ ʟʙʠʨʘʪʠ ʞʦʜʥʠʭ ʜʘʥʠʭ ʧʨʦ ʚʠʙʽʨ ʦʢʨʝʤʦʛʦ ʟ ʢʦʨʠʩʪʫʚʘʯʽʚ. ɿʘ 

ʟʚʠʯʘʡʥʦʾ ʩʭʝʤʠ ʚʠʙʦʨʽʚ ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʪʘʻʤʥʠʮʽ ʛʦʣʦʩʫʚʘʥʥʷ ʜʦʩʪʘʪʥʴʦ 

ʥʝ ʬʦʪʦʛʨʘʬʫʚʘʪʠ ʙʶʣʝʪʝʥʴ, ʚʧʝʚʥʠʪʠʩʴ, ʱʦ ʙʶʣʝʪʝʥʴ ʥʝ ʧʽʜʧʠʩʘʥʠʡ ʚʘʰʦʶ 

ʬʘʤʽʣʽʻʶ, ʽ ʱʦ ʚ ʢʘʙʽʥʮʽ ʜʣʷ ʛʦʣʦʩʫʚʘʥʥʷ ʥʝ ʧʨʠʩʫʪʥʽ ʩʪʦʨʦʥʥʽ ʦʩʦʙʠ. ʇʨʠ 

ʟʘʩʪʦʩʫʚʘʥʥʽ ʩʠʩʪʝʤ ʜʠʩʪʘʥʮʽʡʥʦʛʦ ʛʦʣʦʩʫʚʘʥʥʷ ʚʠʙʦʨʮʽ ʚʞʝ ʥʝ ʤʦʞʫʪʴ 

ʩʘʤʦʩʪʽʡʥʦ ʚʧʝʚʥʠʪʠʩʴ, ʱʦ ʽʥʬʦʨʤʘʮʽʷ, ʷʢʘ ʜʦʟʚʦʣʷʻ ʽʜʝʥʪʠʬʽʢʫʚʘʪʠ ʾʭ 

ʦʩʦʙʠʩʪʽʩʪʴ, ʥʝ ʙʫʣʘ ʧʨʠʢʨʽʧʣʝʥʘ ʜʦ ʝʣʝʢʪʨʦʥʥʦʛʦ ʙʶʣʝʪʝʥʷ, ʧʨʠ ʥʘʜʩʠʣʘʥʥʽ 

ʡʦʛʦ ʜʦ ʩʝʨʚʝʨʫ. ʅʘ ʧʨʘʢʪʠʮʽ, ʚʠʨʦʙʣʝʥʽ ʜʦʩʪʘʪʥʴʦ ʫʥʽʚʝʨʩʘʣʴʥʽ ʧʽʜʭʦʜʠ ʜʦ 

ʚʠʨʽʰʝʥʥʷ ʮʴʦʛʦ ʧʠʪʘʥʥʷ. ʊʘʢ, ʥʘʧʨʠʢʣʘʜ, ʚ ʐʚʝʡʮʘʨʽʾ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ 

ʧʽʜʭʽʜ, ʷʢʠʡ ʟʘʙʝʟʧʝʯʫʻ ʪʘʻʤʥʠʮʶ ʛʦʣʦʩʫʚʘʥʥʷ ʚʽʜʩʫʪʥʽʩʪʶ ʧʦʽʤʝʥʥʦʛʦ 

ʩʧʠʩʢʫ ʚʠʙʦʨʮʽʚ, ʱʦ ʤʽʩʪʠʪʴ ʽʜʝʥʪʠʬʽʢʫʶʯʽ ʚʠʙʦʨʮʷ ʜʘʥʥʽ, ʘ ʣʠʰʝ ʥʘʷʚʥʽʩʪʶ 

ʩʧʠʩʢʫ, ʱʦ ʤʽʩʪʠʪʴ ʥʦʤʝʨʘ ʜʽʡʩʥʠʭ ʢʘʨʪʦʢ ʜʣʷ ʛʦʣʦʩʫʚʘʥʥʷ. ɯʥʰʠʡ ʤʝʪʦʜ 

ʧʦʣʷʛʘʻ ʫ ʚʠʢʦʨʠʩʪʘʥʥʽ ʩʝʨʚʝʨʽʚ ʜʝʧʝʨʩʦʥʽʬʽʢʘʮʽʾ. ʇʨʦʪʝ, ʩʢʣʘʜʥʽʩʪʴ 

ʨʝʘʣʽʟʘʮʽʾ ʫʩʽʭ ʮʠʭ ʟʘʩʦʙʽʚ ʧʦʣʷʛʘʻ ʚ ʪʦʤʫ, ʱʦ ʦʨʛʘʥʽʟʘʪʦʨʠ ʚʠʙʦʨʯʦʛʦ 

ʧʨʦʮʝʩʫ ʻ ʦʜʥʽʻʶ ʟ ʟʘʮʽʢʘʚʣʝʥʠʭ ʫ ʢʦʥʬʽʜʝʥʮʽʡʥʽʡ ʽʥʬʦʨʤʘʮʽʾ ʩʪʦʨʽʥ, ʽ ʜʘʥʽ 

ʤʝʪʦʜʠ ʩʪʘʶʪʴ ʥʝʝʬʝʢʪʠʚʥʠʤʠ, ʧʨʠ ʥʝʧʨʘʚʦʤʽʨʥʠʭ ʜʽʷʭ ʥʘ ʩʪʦʨʦʥʽ ʩʝʨʚʝʨʫ 

ʛʦʣʦʩʫʚʘʥʥʷ.  

ʇʨʦʙʣʝʤʘ ʜʦʚʽʨʠ ʚʠʙʦʨʮʽʚ ʜʦ ʩʠʩʪʝʤʠ ï ʚ ʧʝʚʥʽʡ ʤʽʨʽ ʮʷ ʧʨʦʙʣʝʤʘ 

ʧʦʚôʷʟʘʥʘ ʟ ʜʚʦʤʘ ʚʠʱʝ ʟʛʘʜʘʥʠʤʠ. ɿʘ ʟʚʠʯʘʡʥʦʾ ʩʭʝʤʠ ʚʠʙʦʨʽʚ ʻ ʚʝʣʠʢʘ 

ʢʽʣʴʢʽʩʪʴ ʧʠʩʴʤʦʚʠʭ ʧʽʜʪʚʝʨʜʞʝʥʴ ʧʝʨʝʤʦʛʠ ʦʜʥʦʛʦ ʟ ʢʘʥʜʠʜʘʪʽʚ/ʧʨʦʧʦʟʠʮʽʡ 

ʫ ʚʠʛʣʷʜʽ ʙʶʣʝʪʝʥʽʚ ʪʘ ʧʨʦʪʦʢʦʣʽʚ. ʊʘʢ, ʧʽʩʣʷ ʚʢʠʜʘʥʥʷ ʙʶʣʝʪʝʥʶ ʚ ʫʨʥʫ ʥʘ 

ʚʠʙʦʨʯʽʡ ʜʽʣʴʥʠʮʽ, ʚʽʥ ʙʫʜʝ ʦʙʨʦʙʣʝʥʠʡ ʣʶʜʴʤʠ ʟ ʚʠʙʦʨʯʦʾ ʢʦʤʽʩʽʾ ʧʽʜ 

ʥʘʛʣʷʜʦʤ ʩʧʝʮʽʘʣʴʥʦ ʦʙʨʘʥʠʭ ʥʘʛʣʷʜʘʯʽʚ. ʇʦ ʟʘʚʝʨʰʝʥʥʽ ʛʦʣʦʩʫʚʘʥʥʷ, 

ʚʠʙʦʨʝʮʴ ʤʦʞʝ ʙʫʪʠ ʚʧʝʚʥʝʥʠʡ, ʱʦ ʡʦʛʦ ʛʦʣʦʩ (ʙʶʣʝʪʝʥʴ) ʚʞʝ ʥʝ ʙʫʜʝ 

ʚʠʢʦʨʠʩʪʘʥʠʡ.  
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ʋ ʚʠʧʘʜʢʫ ʞ ʩʫʯʘʩʥʠʭ ʩʠʩʪʝʤ ʝʣʝʢʪʨʦʥʥʦʛʦ ʛʦʣʦʩʫʚʘʥʥʷ, ʧʽʩʣʷ ʦʙʨʘʥʥʷ 

ʦʜʥʦʛʦ ʟ ʟʘʧʨʦʧʦʥʦʚʘʥʠʭ ʚʘʨʽʘʥʪʽʚ, ʚʠʙʦʨʝʮʴ ʚʞʝ ʥʝ ʤʦʞʝ ʙʫʪʠ ʚʧʝʚʥʝʥʠʡ, ʷʢ 

ʩʘʤʝ ʟʘʨʘʭʫʚʘʚʩʷ ʡʦʛʦ ʛʦʣʦʩ ʫ ʩʠʩʪʝʤʽ, ʘʜʞʝ ʦʩʦʙʘ ʟ ʜʦʩʪʫʧʦʤ ʜʦ ʚʥʫʪʨʽʰʥʽʭ 

ʩʝʨʚʝʨʽʚ ʤʘʻ ʟʤʦʛʫ ʧʽʜʪʘʩʫʚʘʪʠ ʢʽʥʮʝʚʠʡ ʨʝʟʫʣʴʪʘʪ ʙʝʟ ʞʦʜʥʠʭ ʩʣʽʜʽʚ. ɼʣʷ 

ʚʠʨʽʰʝʥʥʷ ʜʘʥʦʾ ʧʨʦʙʣʝʤʠ ʫ ʧʨʝʜʩʪʘʚʣʝʥʽʡ ʩʠʩʪʝʤʽ ʧʨʦʧʦʥʫʻʪʴʩʷ 

ʩʧʝʮʽʘʣʴʥʠʡ ʤʝʭʘʥʽʟʤ, ʱʦ ʫ ʟʨʫʯʥʽʡ ʬʦʨʤʽ (ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ QR ʢʦʜʽʚ) 

ʜʦʟʚʦʣʠʪʴ ʚʠʙʦʨʮʶ ʚʠʟʥʘʯʠʪʠ ʧʨʘʚʠʣʴʥʽʩʪʴ ʟʘʨʘʭʫʚʘʥʥʷ ʡʦʛʦ ʛʦʣʦʩʫ ʧʽʩʣʷ 

ʟʘʚʝʨʰʝʥʥʷ ʪʘ ʦʛʦʣʦʰʝʥʥʷ ʨʝʟʫʣʴʪʘʪʽʚ ʚʠʙʦʨʽʚ, ʦʩʥʦʚʦʶ ʷʢʦʛʦ ʻ ʯʘʩʪʢʦʚʦ 

ʛʦʤʦʤʦʨʬʥʝ ʰʠʬʨʫʚʘʥʥʷ ʥʘ ʝʣʽʧʪʠʯʥʠʭ ʢʨʠʚʠʭ. 

ʅʘ ʚʽʜʤʽʥʫ ʚʽʜ ʩʪʘʨʦʛʦ ʰʪʨʠʭ-ʢʦʜʫ, ʷʢʠʡ ʩʢʘʥʫʶʪʴ ʪʦʥʢʠʤ ʧʨʦʤʝʥʝʤ, 

QR-ʢʦʜ ʚʠʟʥʘʯʘʻʪʴʩʷ ʩʝʥʩʦʨʦʤ ʷʢ ʜʚʦʚʠʤʽʨʥʝ ʟʦʙʨʘʞʝʥʥʷ. ʊʨʠ ʢʚʘʜʨʘʪʠ ʚ 

ʢʫʪʘʭ ʟʦʙʨʘʞʝʥʥʷ ʪʘ ʤʝʥʰʽ ʩʠʥʭʨʦʥʽʟʫʶʯʽ ʢʚʘʜʨʘʪʠʢʠ ʧʦ ʚʩʴʦʤʫ ʢʦʜʫ 

ʜʦʟʚʦʣʷʶʪʴ ʥʦʨʤʘʣʽʟʫʚʘʪʠ ʨʦʟʤʽʨ ʟʦʙʨʘʞʝʥʥʷ ʽ ʡʦʛʦ ʦʨʽʻʥʪʘʮʽʶ, ʘ ʪʘʢʦʞ ʢʫʪ, 

ʧʽʜ ʷʢʠʤ ʩʝʥʩʦʨ ʨʦʟʪʘʰʦʚʘʥʠʡ ʜʦ ʧʦʚʝʨʭʥʽ ʟʦʙʨʘʞʝʥʥʷ. ʊʦʯʢʠ ʧʝʨʝʚʦʜʷʪʴʩʷ 

ʚ ʜʚʽʡʢʦʚʽ ʯʠʩʣʘ ʟ ʧʝʨʝʚʽʨʢʦʶ ʢʦʥʪʨʦʣʴʥʠʭ ʩʫʤ. ʆʩʥʦʚʥʘ ʧʝʨʝʚʘʛʘ QR-ʢʦʜʫ 

ð ʮʝ ʣʝʛʢʝ ʨʦʟʧʽʟʥʘʚʘʥʥʷ ʩʢʘʥʫʶʯʠʤ ʦʙʣʘʜʥʘʥʥʷʤ (ʚ ʪʦʤʫ ʯʠʩʣʽ ʽ 

ʬʦʪʦʢʘʤʝʨʦʶ ʤʦʙʽʣʴʥʦʛʦ ʪʝʣʝʬʦʥʫ).[100] 

ʉʠʩʪʝʤʘ ʝʣʝʢʪʨʦʥʥʦʛʦ ʛʦʣʦʩʫʚʘʥʥʷ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʪʨʴʦʭ ʯʘʩʪʠʥ: 

ʢʝʨʫʶʯʦʛʦ ʤʦʜʫʣʶ, ʤʦʜʫʣʶ ʛʦʣʦʩʫʚʘʥʥʷ, ʢʣʽʻʥʪʩʴʢʦʛʦ ʤʦʜʫʣʶ.  

ʂʝʨʫʶʯʠʡ ʤʦʜʫʣʴ (Control server) ï ʮʝ ʧʨʠʚʘʪʥʠʡ ʩʝʨʚʝʨ ʱʦ ʚʽʜʧʦʚʽʜʘʻ 

ʟʘ ʘʚʪʦʨʠʟʘʮʽʶ ʢʦʨʠʩʪʫʚʘʯʽʚ (ʚʠʜʘʻ access token), ʟʙʝʨʽʛʘʻ ʫ ʚʽʜʢʨʠʪʦʤʫ 

ʚʠʛʣʷʜʽ ʚʘʛʠ ʚʘʨʽʘʥʪʽʚ ʜʣʷ ʛʦʣʦʩʫʚʘʥʥʷ (Vote value) ʪʘ ʟʘ ʦʪʨʠʤʘʥʥʷ, 

ʨʦʟʰʠʬʨʫʚʘʥʥʷ ʽ ʦʙʨʦʙʢʫ ʨʝʟʫʣʴʪʘʪʽʚ ʛʦʣʦʩʫʚʘʥʥʷ (Decrypt and Decode 

result). 

ʄʦʜʫʣʴ ʛʦʣʦʩʫʚʘʥʥʷ (Voting server) ï ʮʝ ʧʫʙʣʽʯʥʠʡ ʭʤʘʨʥʠʡ ʩʝʨʚʽʩ ʥʘ 

ʷʢʦʤʫ ʟʙʝʨʽʛʘʻʪʴʩʷ ʧʦʪʦʯʥʠʡ ʩʪʘʥ ʚʠʙʦʨʯʦʾ ʩʠʩʪʝʤʠ, ʜʦ ʥʴʦʛʦ ʟʚʝʨʪʘʶʪʴʩʷ 

ʢʣʽʻʥʪʩʴʢʽ ʤʦʜʫʣʽ ʚʠʙʦʨʮʽʚ ʜʣʷ ʨʝʻʩʪʨʘʮʽʾ ʩʚʦʛʦ ʚʠʙʦʨʫ. 
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ʂʣʽʻʥʪʩʴʢʠʡ ʤʦʜʫʣʴ (Client program) ï ʮʝ ʜʦʜʘʪʦʢ, ʱʦ ʚʠʢʦʨʠʩʪʦʚʫʻ 

ʚʠʙʦʨʝʮʴ ʜʣʷ ʘʚʪʦʨʠʟʘʮʽʾ ʫ ʩʠʩʪʝʤʽ (Token request) ʪʘ ʧʨʦʮʝʩʫ ʛʦʣʦʩʫʚʘʥʥʷ 

(Voting).  

UML ʜʽʘʛʨʘʤʫ ʧʨʝʮʝʜʝʥʪʽʚ ʩʠʩʪʝʤʠ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩʫʥʢʫ 4.1.  

 

ˤ͙͔͋ͦͪͼΈ

˭͙͊ͨͭ "͔ͭͦͤ͊͟" "͔ͭͦͤ͟" ͔͒ͦͫͭͯͨͯͨͪͫͦͤ. ͜ ͤͺ

͙̊ͺ͍ͪͯ͊ͤͤΎ
͔ͪͯ͘͡Έͭ͊ͭͯ

˥͍ͦͦͫͯ͊ͤͤ͡Ύ

˽͙͚ͪͦͣ͗ͤ͜ 
͔ͪͯ͘͡Έͭ͊ͭ

token

ˤ͙͋ͦͪ;͊
ͦͣͫ͟͜͜Ύ

˨͔͍͙͚ͦ͒ͦ͊ͤ͟
͔ͪͯ͘͡Έͭ͊ͭ

˽͔͔͍ͪͪ͊͜͟ 
"͔ͭͦͪͤͯ͟"

<<extend>>

˴ͦ͒ ͍͙͊ͪ͊ͤͭͯ̊͜ͺ͍ͪͯ͊ͤͤΎ ͍͙͋ͦͪͯ

<<extend>>

˾ͦ͘΄͙ͺ͍͙͚ͪͦ͊ͤ
͔ͪͯ͘͡Έͭ͊ͭ

˭͙͊ͨͫ ͯ ͗ͯͪͤ͊͡

˭͔͔͔͋ͪ͗ͤͤΎ

 

ʈʠʩʫʥʦʢ 4.1 ï ɼʽʘʛʨʘʤʘ ʧʨʝʮʝʜʝʥʪʽʚ 

 

4.2.1 ɸʚʪʝʥʪʠʬʽʢʘʮʽʷ ʚʠʙʦʨʮʽʚ 

 

ɼʣʷ ʽʜʝʥʪʠʬʽʢʘʮʽʾ ʢʦʨʠʩʪʫʚʘʯʘ ʫ ʩʠʩʪʝʤʽ ʧʨʦʧʦʥʫʻʪʴʩʷ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʩʧʝʮʽʘʣʴʥʠʭ ID ʢʘʨʪʦʢ. ʄʘʛʥʽʪʥʫ ID ʢʘʨʪʫ ʚʠʙʦʨʝʮʴ ʧʦʚʠʥʝʥ ʦʪʨʠʤʘʪʠ ʥʘ 

ʦʜʥʽʡ ʟ ʚʠʙʦʨʯʠʭ ʜʽʣʴʥʠʮʴ ʩʚʦʛʦ ʤʽʩʪʘ. ɺʦʥʘ ʤʽʩʪʠʪʴ ʧʽʜʧʠʩʘʥʽ ʩʝʨʪʠʬʽʢʘʪʦʤ, 

ʦʩʦʙʠʩʪʽ ʜʘʥʥʽ ʚʠʙʦʨʮʷ. ɻʦʣʦʩʫʚʘʥʥʷ ʚʽʜʙʫʚʘʻʪʴʩʷ ʥʘ ʚʠʙʦʨʯʽʡ ʜʽʣʴʥʠʮʽ, ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʧʽʜʛʦʪʦʚʘʥʠʭ ʦʙʯʠʩʣʶʚʘʣʴʥʠʭ ʤʘʰʠʥ, ʟ ʚʩʪʘʥʦʚʣʝʥʦʶ 

ʩʝʨʪʠʬʽʢʦʚʘʥʦʶ ʢʣʽʻʥʪʩʴʢʦʶ ʧʨʦʛʨʘʤʦʶ ʪʘ ʟʯʠʪʫʚʘʯʝʤ ʜʣʷ ʤʘʛʥʽʪʥʠʭ ʢʘʨʪʦʢ. 

ID ʢʘʨʪʢʠ ʜʘʜʫʪʴ ʟʤʦʛʫ ʢʦʨʠʩʪʫʚʘʯʫ ʙʫʪʠ ʚʧʝʚʥʝʥʠʤʠ, ʱʦ ʥʽʭʪʦ ʥʝ ʟʤʦʞʝ 

ʧʨʦʛʦʣʦʩʫʚʘʪʠ ʟʘʤʽʩʪʴ ʥʴʦʛʦ, ʥʘʚʽʪʴ ʟʥʘʶʯʠ ʡʦʛʦ ʦʩʦʙʠʩʪʽ ʜʘʥʽ. ʊʘʢʦʞ ʥʝ ʻ 

ʢʨʠʪʠʯʥʦʶ ʚʪʨʘʪʘ ʩʘʤʦʾ ʢʘʨʪʢʠ, ʘʜʞʝ pin ʢʦʜ ʜʦ ʥʝʾ ʚʽʜʦʤʠʡ ʪʽʣʴʢʠ 

ʢʦʨʠʩʪʫʚʘʯʫ ʽ ʥʽʢʦʤʫ ʢʨʽʤ ʥʴʦʛʦ.  
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ʇʽʩʣʷ ʟʘʧʫʩʢʫ ʢʣʽʻʥʪʩʴʢʦʾ ʧʨʦʛʨʘʤʠ ʢʦʨʠʩʪʫʚʘʯ ʘʚʪʦʨʠʟʫʻʪʴʩʷ ʫ 

ʩʠʩʪʝʤʽ ʟʘ ʜʦʧʦʤʦʛʦʶ ʩʚʦʻʾ ID ʢʘʨʪʢʠ ʪʘ pin ʢʦʜʫ ʜʦ ʥʝʾ. ʆʩʦʙʠʩʪʘ ʽʥʬʦʨʤʘʮʽʷ 

ʢʦʨʠʩʪʫʚʘʯʘ ʧʝʨʝʜʘʻʪʴʩʷ ʧʦ ʟʘʭʠʱʝʥʦʤʫ SSL ʧʨʦʪʦʢʦʣʫ ʥʘ ʢʝʨʫʶʯʠʡ ʩʝʨʚʝʨ, 

ʜʝ ʚʠʢʦʥʫʻʪʴʩʷ ʾʾ ʧʝʨʝʚʽʨʢʘ. ʇʨʦʪʦʢʦʣ SSL ʟʘʙʝʟʧʝʯʫʻ ʢʦʥʬʽʜʝʥʮʽʡʥʽʩʪʴ 

ʦʙʤʽʥʫ ʜʘʥʠʤʠ ʤʽʞ ʢʣʽʻʥʪʦʤ ʽ ʩʝʨʚʝʨʦʤ, ʱʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ TCP/IP, ʧʨʠʯʦʤʫ 

ʜʣʷ ʰʠʬʨʫʚʘʥʥʷ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʘʩʠʤʝʪʨʠʯʥʠʡ ʘʣʛʦʨʠʪʤ ʟ ʚʽʜʢʨʠʪʠʤ 

ʢʣʶʯʝʤ. ʇʨʠ ʰʠʬʨʫʚʘʥʥʽ ʟ ʚʽʜʢʨʠʪʠʤ ʢʣʶʯʝʤ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʜʚʘ ʢʣʶʯʽ, 

ʧʨʠʯʦʤʫ ʙʫʜʴ-ʷʢʠʡ ʟ ʥʠʭ ʤʦʞʝ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠʩʷ ʜʣʷ ʰʠʬʨʫʚʘʥʥʷ 

ʧʦʚʽʜʦʤʣʝʥʥʷ. ʊʘʢʠʤ ʯʠʥʦʤ, ʷʢʱʦ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʦʜʠʥ ʢʣʶʯ ʜʣʷ 

ʰʠʬʨʫʚʘʥʥʷ, ʪʦ ʚʽʜʧʦʚʽʜʥʦ ʜʣʷ ʨʦʟʰʠʬʨʫʚʘʥʥʷ ʧʦʪʨʽʙʥʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ 

ʽʥʰʠʡ ʢʣʶʯ. ʋ ʪʘʢʽʡ ʩʠʪʫʘʮʽʾ ʤʦʞʥʘ ʦʪʨʠʤʫʚʘʪʠ ʟʘʭʠʱʝʥʽ ʧʦʚʽʜʦʤʣʝʥʥʷ, 

ʧʫʙʣʽʢʫʶʯʠ ʚʽʜʢʨʠʪʠʡ ʢʣʶʯ, ʽ ʟʙʝʨʽʛʘʶʯʠ ʚ ʪʘʻʤʥʠʮʽ ʩʝʢʨʝʪʥʠʡ ʢʣʶʯ. [101], 

[102] 

ʂʝʨʫʶʯʠʡ ʩʝʨʚʝʨ ʤʽʩʪʠʪʴ ʟʘʛʘʣʴʥʽʡ ʧʝʨʝʣʽʢ ʚʠʙʦʨʮʽʚ. ʗʢʱʦ, 

ʢʦʨʠʩʪʫʚʘʯ ʤʦʞʝ ʙʫʪʠ ʜʦʧʫʱʝʥʠʡ ʜʦ ʛʦʣʦʩʫʚʘʥʥʷ, ʢʝʨʫʶʯʠʡ ʩʝʨʚʝʨ ʧʦʚʝʨʪʘʻ 

ʢʣʽʻʥʪʩʴʢʽʡ ʧʨʦʛʨʘʤʽ ʢʦʨʠʩʪʫʚʘʯʘ ʩʧʝʮʽʘʣʴʥʦ ʟʛʝʥʝʨʦʚʘʥʠʡ ʢʣʶʯ ʜʦʩʪʫʧʫ 

(token), ʱʦ ʤʽʩʪʠʪʴ ʭʝʰ ʜʘʥʠʭ ʢʦʨʠʩʪʫʚʘʯʘ (ʦʪʨʠʤʘʥʠʡ ʟʘ ʜʦʧʦʤʦʛʦʶ ʭʝʰ-

ʬʫʥʢʮʽʾ (Ὄ) ʥʘ ʦʩʥʦʚʽ ʧʝʨʩʦʥʘʣʴʥʠʭ ʜʘʥʠʭ ʢʦʨʠʩʪʫʚʘʯʘ ʟ ʡʦʛʦ ID ʢʘʨʪʢʠ) 

ʧʽʜʧʠʩʘʥʠʡ ʩʝʨʪʠʬʽʢʘʪʦʤ ʢʝʨʫʶʯʦʛʦ ʩʝʨʚʝʨʫ ʪʘ ʪʝʨʤʽʥ ʡʦʛʦ ʜʽʾ.  

 

 ὝέὯὩὲᴼὌὖὩὶίέὲὥὰ ὨὥὸὥὅὩὶὸὭὪὭὧὥὸὩ (4.1) 

 

ʇʽʩʣʷ ʦʪʨʠʤʘʥʥʷ, ʮʝʡ ʢʣʶʯ ʤʦʞʝ ʙʫʪʠ ʚʠʢʦʨʠʩʪʘʥʠʡ ʢʣʽʻʥʪʩʴʢʦʶ ʧʨʦʛʨʘʤʦʶ 

ʜʣʷ ʜʦʩʪʫʧʫ ʥʘ ʩʝʨʚʝʨ ʛʦʣʦʩʫʚʘʥʥʷ. 

 

 

 



100 

 

4.2.2 ɺʟʘʻʤʦʜʽʷ ʢʦʤʧʦʥʝʥʪʽʚ ʢʦʤʧôʶʪʝʨʥʦʾ ʩʠʩʪʝʤʠ ʥʘ ʝʪʘʧʽ 

ʛʦʣʦʩʫʚʘʥʥʷ ʚʠʙʦʨʮʽʚ 

 

ʇʝʨʝʜ ʛʦʣʦʩʫʚʘʥʥʷʤ, ʢʦʤʧôʶʪʝʨʠ ʥʘ ʚʠʙʦʨʯʽʡ ʜʽʣʴʥʠʮʽ ʧʦʚʠʥʥʽ ʙʫʪʠ 

ʧʝʚʥʠʤ ʯʠʥʦʤ ʥʘʣʘʰʪʦʚʘʥʽ. ʋ ʢʦʞʥʦʤʫ ʟ ʢʦʤʧôʶʪʝʨʽʚ ʧʦʚʠʥʝʥ ʙʫʪʠ ʚʽʜʦʤʠʡ 

IP ʘʜʨʝʩ ʩʝʨʚʝʨʽʚ ʜʣʷ ʛʦʣʦʩʫʚʘʥʥʷ ʪʘ ʘʚʪʦʨʠʟʘʮʽʾ, ʘ ʪʘʢʦʞ ʧʝʨʝʣʽʢ ʢʦʤʧôʶʪʝʨʽʚ 

ʩʚʦʻʾ ʚʠʙʦʨʯʦʾ ʜʽʣʴʥʠʮʽ ʪʘ ʾʭ ʘʜʨʝʩʠ. ʆʜʠʥ ʟ ʢʦʤʧôʶʪʝʨʽʚ ʦʙʠʨʘʻʪʴʩʷ 

ʣʦʢʘʣʴʥʠʤ ʩʝʨʚʝʨʦʤ ʚʠʙʦʨʯʦʾ ʜʽʣʴʥʠʮʽ. ʂʦʥʪʨʦʣʴʥʽ ʩʫʤʠ ʧʨʦʛʨʘʤ (CRC) 

ʧʦʚʠʥʥʽ ʙʫʪʠ ʧʝʨʝʚʽʨʝʥʽ ʥʘʛʣʷʜʘʯʘʤʠ ʚʠʙʦʨʯʦʾ ʜʽʣʴʥʠʮʽ. 

ʇʨʠ ʛʦʣʦʩʫʚʘʥʥʽ, ʢʣʽʻʥʪʩʴʢʘ ʧʨʦʛʨʘʤʘ ʢʦʨʠʩʪʫʚʘʯʘ, ʧʝʨʝʜʘʻ ʩʝʨʚʝʨʫ 

ʜʣʷ ʛʦʣʦʩʫʚʘʥʥʷ ʦʪʨʠʤʘʥʠʡ ʧʨʠ ʘʚʪʦʨʠʟʘʮʽʾ ʢʣʶʯ ʜʦʩʪʫʧʫ. ʉʝʨʚʝʨ ʜʣʷ 

ʛʦʣʦʩʫʚʘʥʥʷ ʧʝʨʝʚʽʨʷʻ ʡʦʛʦ ʢʦʨʝʢʪʥʽʩʪʴ ʫ ʥʘʩʪʫʧʥʦʤʫ ʧʦʨʷʜʢʫ: 

ʇʝʨʝʚʽʨʷʻ, ʯʠ ʥʝ ʛʦʣʦʩʫʚʘʚ ʢʦʨʠʩʪʫʚʘʯ ʟ ʪʘʢʠʤ ʢʣʶʯʝʤ ʨʘʥʽʰʝ. ʋ 

ʚʠʧʘʜʢʫ, ʷʢʱʦ ʢʣʶʯ ʟʫʩʪʨʽʚʩʷ ʫ ʙʘʟʽ ʜʘʥʠʭ ʩʝʨʚʝʨʘ ʜʣʷ ʛʦʣʦʩʫʚʘʥʥʷ, ʩʝʨʚʝʨ 

ʧʦʚʝʨʪʘʻ ʢʣʽʻʥʪʫ ʧʦʚʽʜʦʤʣʝʥʥʷ ʧʨʦ ʥʝʤʦʞʣʠʚʽʩʪʴ ʧʦʚʪʦʨʥʦʛʦ ʛʦʣʦʩʫʚʘʥʥʷ. 

ʇʝʨʝʚʽʨʷʻ, ʯʠ ʥʝ ʚʠʡʰʦʚ ʪʝʨʤʽʥ ʜʽʾ ʪʦʢʝʥʫ. ʗʢʱʦ ʪʦʢʝʥ ʧʨʦʩʪʨʦʯʝʥʠʡ, 

ʩʝʨʚʝʨ ʧʦʚʝʨʪʘʻ ʢʣʽʻʥʪʫ ʧʦʚʽʜʦʤʣʝʥʥʷ ʧʨʦ ʥʝʦʙʭʽʜʥʽʩʪʴ ʧʦʚʪʦʨʥʦʾ 

ʘʚʪʦʨʠʟʘʮʽʾ. 

ʇʝʨʝʚʽʨʷʻ, ʯʠ ʚʽʜʧʦʚʽʜʘʻ ʭʝʰ ʧʦʩʣʽʜʦʚʥʽʩʪʴ ʧʽʜʧʠʩʫ. ʇʨʠ 

ʥʝʚʽʜʧʦʚʽʜʥʦʩʪʽ, ʘʙʦ ʥʝʧʨʘʚʠʣʴʥʦʩʪʽ ʩʝʨʪʠʬʽʢʘʪʫ ʢʝʨʫʶʯʦʛʦ ʩʝʨʚʝʨʘ, ʩʝʨʚʝʨ 

ʧʝʨʝʜʘʻ ʢʣʽʻʥʪʫ ʧʦʚʽʜʦʤʣʝʥʥʷ ʧʨʦ ʧʦʤʠʣʢʫ ʪʘ ʨʦʟʨʠʚʘʻ ʟôʻʜʥʘʥʥʷ. 

ʇʽʩʣʷ ʘʚʪʦʨʠʟʘʮʽʾ ʫ ʢʝʨʫʶʯʦʤʫ ʩʝʨʚʝʨʽ, ʢʣʽʻʥʪʩʴʢʘ ʧʨʦʛʨʘʤʘ, ʢʨʽʤ 

ʢʣʶʯʫ ʜʦʩʪʫʧʫ ʦʪʨʠʤʫʻ ʩʧʠʩʦʢ ʚʘʨʽʘʥʪʽʚ ʚʽʜʧʦʚʽʜʝʡ (ὥȟὥȟȣ ȟὥ), ʾʭ 

ʪʝʢʩʪʦʚʠʡ ʦʧʠʩ ʪʘ ʚʽʜʢʨʠʪʽ ʧʘʨʘʤʝʪʨʠ ʘʣʛʦʨʠʪʤʫ ʰʠʬʨʫʚʘʥʥʷ ï ʧʫʙʣʽʯʥʠʡ 

ʢʣʶʯ ʩʠʩʪʝʤʠ (ὖ), ʪʘ ʧʘʨʘʤʝʪʨʠ ʝʣʽʧʪʠʯʥʦʾ ʢʨʠʚʦʾ. ʏʠʩʣʦʚʝ ʟʥʘʯʝʥʥʷ 

ʢʦʞʥʦʛʦ ʚʘʨʽʘʥʪʫ ʩʠʩʪʝʤʠ (ʚʘʛʘ) ʫ ʜʘʥʦʤʫ ʚʠʧʘʜʢʫ ʨʽʚʥʝ 2 ʷʢʱʦ ʢʦʨʠʩʪʫʚʘʯ 

ʛʦʣʦʩʫʻ ʟʘ ʮʝʡ ʚʘʨʽʘʥʪ ʽ 1 ʷʢʱʦ ʧʨʦʪʠ. ʇʘʨʘʤʝʪʨʘʤʠ ʝʣʽʧʪʠʯʥʦʾ ʢʨʠʚʦʾ ʜʣʷ 

ʘʣʛʦʨʠʪʤʫ ʰʠʬʨʫʚʘʥʥʷ ʥʘ ʝʣʽʧʪʠʯʥʠʭ ʢʨʠʚʠʭ ʻ ʚʣʘʩʥʝ ʝʣʽʧʪʠʯʥʘ ʢʨʠʚʘ E(a, 
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b), ʪʦʯʢʘ-ʛʝʥʝʨʘʪʦʨ G, ʱʦ ʥʘʣʝʞʠʪʴ ʜʘʥʽʡ ʢʨʠʚʽʡ, ʾʾ ʧʦʨʷʜʦʢ NG, ʘ ʪʘʢʦʞ 

ʧʨʦʩʪʝ ʯʠʩʣʦ (ὖ) ï ʤʦʜʫʣʴ ʧʦʣʷ ʢʨʠʚʦʾ.  

ɹʝʟʧʝʢʘ, ʱʦ ʟʘʙʝʟʧʝʯʫʻʪʴʩʷ ʢʨʠʧʪʦʛʨʘʬʽʯʥʠʤ ʧʽʜʭʦʜʦʤ ʥʘ ʦʩʥʦʚʽ 

ʝʣʽʧʪʠʯʥʠʭ ʢʨʠʚʠʭ ʟʘʣʝʞʠʪʴ ʚʽʜ ʪʦʛʦ ʥʘʩʢʽʣʴʢʠ ʚʘʞʢʦʶ ʜʣʷ ʚʠʨʽʰʝʥʥʷ 

ʚʠʷʚʣʷʻʪʴʩʷ ʟʘʜʘʯʘ, ʚʠʟʥʘʯʝʥʥʷ n ʟʘ ʚʽʜʦʤʠʤʠ nP ʪʘ P. ʎʶ ʟʘʜʘʯʫ ʟʘʟʚʠʯʘʡ 

ʥʘʟʠʚʘʶʪʴ ʧʨʦʙʣʝʤʦʶ ʣʦʛʘʨʠʬʤʫʚʘʥʥʷ ʥʘ ʝʣʽʧʪʠʯʥʽʡ ʢʨʠʚʽʡ. 

ʂʨʠʧʪʦʩʪʽʡʢʽʩʪʴ ʧʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ ʢʣʶʯʫ ʰʠʬʨʫʚʘʥʥʷ ʫ 192 ʙʽʪʠ ʻ 

ʩʧʽʚʚʽʜʥʦʩʥʦʶ ʜʦ ʢʨʠʧʪʦʩʪʽʡʢʦʩʪʽ ʘʣʛʦʨʠʪʤʫ RSA ʟ ʜʦʚʞʠʥʦʶ ʢʣʶʯʘ 1024 

ʙʽʪʠ. [60], [69], [73], [103] 

ʂʦʣʠ ʢʦʨʠʩʪʫʚʘʯ ʦʙʠʨʘʻ ʦʜʠʥ ʟ ʚʘʨʽʘʥʪʽʚ (ὥ), ʢʣʽʻʥʪʩʴʢʘ ʧʨʦʛʨʘʤʘ 

ʧʦʚʠʥʥʘ ʚʽʜʦʙʨʘʟʠʪʠ ʯʠʩʣʦ-ʚʘʛʫ ʦʙʨʘʥʦʛʦ ʚʘʨʽʘʥʪʫ (1 ʘʙʦ 2) ʫ ʦʙʣʘʩʪʴ 

ʝʣʽʧʪʠʯʥʦʾ ʢʨʠʚʦʾ (ὖ). ʎʝ ʤʦʞʥʘ ʟʨʦʙʠʪʠ ʧʦʤʥʦʞʠʚʰʠ ʟʥʘʯʝʥʥʷ ʚʘʨʽʘʥʪʫ ʥʘ 

ʪʦʯʢʫ-ʛʝʥʝʨʘʪʦʨ ʝʣʽʧʪʠʯʥʦʾ ʢʨʠʚʦʾ: 

 

 ὖ ὥ ϽὋ (4.2) 

 

ʆʪʨʠʤʘʥʫ, ʫ ʨʝʟʫʣʴʪʘʪʽ ʧʦʧʝʨʝʜʥʴʦʾ ʜʽʾ, ʪʦʯʢʫ ʥʝʦʙʭʽʜʥʦ ʟʘʰʠʬʨʫʚʘʪʠ, 

ʚʠʢʦʨʠʩʪʘʚʰʠ ʚʽʜʢʨʠʪʠʡ ʢʣʶʯ ʩʠʩʪʝʤʠ, ʦʪʨʠʤʘʥʠʡ ʫ ʢʝʨʫʶʯʦʛʦ ʩʝʨʚʝʨʫ. ɼʣʷ 

ʮʴʦʛʦ ʢʣʽʻʥʪʩʴʢʘ ʧʨʦʛʨʘʤʘ ʛʝʥʝʨʫʻ ʚʠʧʘʜʢʦʚʝ ʯʠʩʣʦ (Ὧȟὥ Ͻὲ ρ Ὧ ὖ) 

ï ʩʝʘʥʩʦʚʠʡ ʧʨʠʚʘʪʥʠʡ ʢʣʶʯ. ɺ ʨʝʟʫʣʴʪʘʪʽ ʰʠʬʨʫʚʘʥʥʷ ʦʪʨʠʤʘʻʤʦ ʧʘʨʫ 

ʪʦʯʦʢ (ὖ) ʝʣʽʧʪʠʯʥʦʾ ʢʨʠʚʦʾ Ὁ. 

 

 ὖ ὯὋȟὖ Ὧὖ  (4.3) 

 

ʇʝʨʰʘ ʯʘʩʪʠʥʘ (ὒὖ ὯὋ) ʜʘʥʦʾ ʧʘʨʠ ï ʧʽʜʢʘʟʢʘ, ʱʦ ʜʦʟʚʦʣʷʻ ʚʣʘʩʥʠʢʫ 

ʚʽʜʢʨʠʪʦʛʦ ʢʣʶʯʘ, ʚʠʢʦʨʠʩʪʘʚʰʠ ʧʨʠʚʘʪʥʠʡ ʢʣʶʯ ʚʠʜʽʣʠʪʠ ʧʦʯʘʪʢʦʚʫ ʪʦʯʢʫ 

ʟ ʜʨʫʛʦʾ ʯʘʩʪʠʥʠ ʧʘʨʠ (Ὑὖ ὖ Ὧὖ). ʊʦʯʢʫ Ὑὖ ʥʝʦʙʭʽʜʥʦ ʛʦʤʦʤʦʨʬʥʦ 

ʜʦʜʘʪʠ ʜʦ ʟʘʛʘʣʴʥʦʛʦ ʧʦʧʝʨʝʜʥʴʦʛʦ ʨʝʟʫʣʴʪʘʪʫ ʛʦʣʦʩʫʚʘʥʥʷ (Ὓ ), ʱʦ 
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ʟʙʝʨʽʛʘʻʪʴʩʷ ʥʘ ʩʝʨʚʝʨʽ ʛʦʣʦʩʫʚʘʥʥʷ. ʉʫʤʫʚʘʥʥʷ ʚʽʜʙʫʚʘʻʪʴʩʷ ʧʦ ʢʦʞʥʦʤʫ ʟ 

ʚʘʨʽʘʥʪʽʚ ʦʢʨʝʤʦ. 

 

 Ὓ Ὓ Ὑὖȟ (4.4) 

 

 
Ὓ Ὑὖ  (4.5) 

 

ʇʨʦʮʝʜʫʨʘ ʛʦʣʦʩʫʚʘʥʥʷ ʚʠʢʦʥʫʻʪʴʩʷ ʣʦʢʘʣʴʥʦ ʢʦʞʥʠʤ ʟ ʢʦʨʠʩʪʫʚʘʯʽʚ. 

ʉʫʤʘ Ὓ ʟʙʝʨʽʛʘʻʪʴʩʷ ʥʘ ʢʦʞʥʦʤʫ ʢʦʤʧôʶʪʝʨʫ ʚʠʙʦʨʯʦʾ ʜʽʣʷʥʢʠ ʜʦ ʢʽʥʮʷ 

ʛʦʣʦʩʫʚʘʥʥʷ. ʇʦʩʣʽʜʦʚʥʽʩʪʴ ʜʽʡ ʚʠʛʣʷʜʘʻ ʥʘʩʪʫʧʥʠʤ ʯʠʥʦʤ: 

ʂʣʽʻʥʪʩʴʢʘ ʧʨʦʛʨʘʤʘ ʨʦʙʠʪʴ ʟʘʧʠʪ ʜʦ ʣʦʢʘʣʴʥʦʛʦ ʩʝʨʚʝʨʫ ʚʠʙʦʨʯʦʾ 

ʜʽʣʴʥʠʮʽ, ʱʦʙ ʦʪʨʠʤʘʪʠ ʧʦʪʦʯʥʝ ʟʥʘʯʝʥʥʷ ʛʦʣʦʩʫʚʘʥʥʷ (Ὓ) ʧʦ ʢʦʞʥʦʤʫ ʟ 

ʚʘʨʽʘʥʪʽʚ.  

ʃʦʢʘʣʴʥʠʡ ʩʝʨʚʝʨ ʩʪʘʚʠʪʴ ʢʣʽʻʥʪʘ ʫ ʯʝʨʛʫ ʽʥʰʠʭ ʢʣʽʻʥʪʽʚ, ʱʦ ʟʨʦʙʠʣʠ 

ʟʘʧʠʪ ʨʘʥʽʰʝ. 

ʂʦʣʠ ʯʝʨʛʘ ʜʦʭʦʜʠʪʴ ʜʦ ʦʜʥʦʛʦ ʟ ʢʣʽʻʥʪʽʚ, ʣʦʢʘʣʴʥʠʡ ʩʝʨʚʝʨ ʧʝʨʝʜʘʻ 

ʡʦʤʫ ʧʦʪʦʯʥʝ ʟʥʘʯʝʥʥʷ ʛʦʣʦʩʫʚʘʥʥʷ (Ὓ ) ʧʦ ʢʦʞʥʦʤʫ ʟ ʚʘʨʽʘʥʪʽʚ. 

ʂʣʽʻʥʪ ʜʦʜʘʻ ʜʦ ʧʦʪʦʯʥʦʛʦ ʟʥʘʯʝʥʥʷ ʟʘʰʠʬʨʦʚʘʥʫ ʚʘʛʫ ʩʚʦʛʦ ʚʠʙʦʨʫ 

(Ὑὖ), ʪʘ ʧʦʚʝʨʪʘʻ ʡʦʛʦ ʩʝʨʚʝʨʫ ʨʘʟʦʤ ʟ ʧʽʜʢʘʟʢʦʶ (ὒὖ). 

ʂʣʽʻʥʪʩʴʢʘ ʧʨʦʛʨʘʤʘ ʚʠʚʦʜʠʪʴ ʥʘ ʝʢʨʘʥ ʢʦʨʠʩʪʫʚʘʯʫ ʯʠʩʣʘ Ὓ ʪʘ Ὓ  ʧʦ 

ʢʦʞʥʦʤʫ ʟ ʚʘʨʽʘʥʪʽʚ ʫ ʚʠʛʣʷʜʽ QR-ʢʦʜʫ. ʎʝ ʟʘʙʝʟʧʝʯʠʪʴ ʚʠʙʦʨʮʶ ʤʦʞʣʠʚʽʩʪʴ 

ʧʝʨʝʚʽʨʠʪʠ ʧʨʘʚʠʣʴʥʽʩʪʴ ʟʘʨʘʭʫʚʘʥʥʷ ʩʚʦʛʦ ʚʠʙʦʨʫ ʧʦ ʟʘʚʝʨʰʝʥʥʶ ʚʠʙʦʨʽʚ. 

ʃʦʢʘʣʴʥʠʡ ʩʝʨʚʝʨ ʧʝʨʝʜʘʻ ʧʦʪʦʯʥʝ ʟʥʘʯʝʥʥʷ ʽʥʰʠʤ ʢʦʤʧôʶʪʝʨʘʤ 

ʜʽʣʴʥʠʮʽ. 

ʉʪʚʦʨʝʥʥʷ ʟʘʛʘʣʴʥʦʾ ʩʫʤʠ ʚʘʨʽʘʥʪʽʚ ʚʠʙʦʨʽʚ ʢʦʨʠʩʪʫʚʘʯʽʚ ʥʘ 

ʢʣʽʻʥʪʩʴʢʽʡ ʤʘʰʠʥʽ ʟʘʙʝʟʧʝʯʠʪʴ ʥʝʤʦʞʣʠʚʽʩʪʴ ʜʽʟʥʘʪʠʩʴ ʚʠʙʽʨ ʢʦʨʠʩʪʫʚʘʯʘ 

ʥʘʚʽʪʴ ʧʽʩʣʷ ʨʦʟʢʨʠʪʪʷ ʧʨʠʚʘʪʥʦʛʦ ʧʘʨʦʣʶ ʢʝʨʫʶʯʦʛʦ ʩʝʨʚʝʨʫ ʧʦ ʟʘʚʝʨʰʝʥʥʶ 

ʪʝʨʤʽʥʫ ʛʦʣʦʩʫʚʘʥʥʷ. 
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4.2.3 ɸʣʛʦʨʠʪʤ ʨʦʟʰʠʬʨʫʚʘʥʥʷ ʪʘ ʜʝʢʦʜʫʚʘʥʥʷ ʦʪʨʠʤʘʥʦʛʦ 

ʨʝʟʫʣʴʪʘʪʫ 

 

ʇʦ ʟʘʚʝʨʰʝʥʥʽ ʪʝʨʤʽʥʫ ʧʨʦʚʝʜʝʥʥʷ ʛʦʣʦʩʫʚʘʥʥʷ, ʢʝʨʫʶʯʠʡ ʩʝʨʚʝʨ 

ʨʦʙʠʪʴ ʟʘʧʠʪ ʜʦ ʩʝʨʚʝʨʫ ʛʦʣʦʩʫʚʘʥʥʷ ʜʣʷ ʦʪʨʠʤʘʥʥʷ ʟʘʛʘʣʴʥʦʛʦ ʨʝʟʫʣʴʪʘʪʫ. 

ʉʝʨʚʝʨ ʛʦʣʦʩʫʚʘʥʥʷ ʫ ʩʚʦʶ ʯʝʨʛʫ ʦʧʠʪʫʻ ʢʦʞʥʫ ʟ ʚʠʙʦʨʯʠʭ ʜʽʣʴʥʠʮʴ. 

ʃʦʢʘʣʴʥʠʡ ʩʝʨʚʝʨ ʚʠʙʦʨʯʦʾ ʜʽʣʴʥʠʮʽ ʧʝʨʝʜʘʻ ʩʝʨʚʝʨʫ ʛʦʣʦʩʫʚʘʥʥʷ 

ʟʘʰʠʬʨʦʚʘʥʫ ʩʫʤʫ Ὓ ʧʦ ʢʦʞʥʦʤʫ ʟ ʚʘʨʽʘʥʪʽʚ ʚʽʜʧʦʚʽʜʝʡ ʪʘ ʩʧʠʩʦʢ ʧʽʜʢʘʟʦʢ 

ὒὖ . 

ɼʣʷ ʦʪʨʠʤʘʥʥʷ ʨʦʟʰʠʬʨʦʚʘʥʦʾ ʩʫʤʠ ʚʘʛ ʚʘʨʽʘʥʪʽʚ ʚʽʜʧʦʚʽʜʝʡ, ʩʝʨʚʝʨ 

ʧʦʚʠʥʝʥ ʧʦʤʥʦʞʠʪʠ ʢʦʞʥʫ ʟ ʧʽʜʢʘʟʦʢ ʥʘ ʧʨʠʚʘʪʥʠʡ ʢʣʶʯ ʰʠʬʨʫʚʘʥʥʷ 

ʩʠʩʪʝʤʠ (ὴ) ʪʘ ʚʽʜʥʷʪʠ ʨʝʟʫʣʴʪʘʪ ʚʽʜ ʩʫʤʠ (Ὓ). 

 

 
Ὓ Ὓ ὴϽὙὖ  (4.6) 

 

ʗʢʱʦ ʧʽʜʩʪʘʚʠʪʠ ʟʥʘʯʝʥʥʷ Ὓ ʪʘ Ὑὖ ʦʪʨʠʤʘʻʤʦ ʨʦʟʰʠʬʨʦʚʘʥʝ 

ʟʥʘʯʝʥʥʷ ʩʫʤʠ ʚʘʛ ʚʘʨʽʘʥʪʽʚ ʛʦʣʦʩʫʚʘʥʥʷ ʢʦʨʠʩʪʫʚʘʯʽʚ: 

 

 
Ὓ Ὓ ὴϽὯϽὋ ὖ Ὧὖ Ὧὖ ὖ  (4.7) 

 

ʇʽʩʣʷ ʦʪʨʠʤʘʥʥʷ ʨʦʟʰʠʬʨʦʚʘʥʦʛʦ ʚʘʨʽʘʥʪʫ ʥʝʦʙʭʽʜʥʦ ʚʽʜʦʙʨʘʟʠʪʠ ʡʦʛʦ 

ʟ ʦʙʣʘʩʪʽ ʪʦʯʦʢ ʝʣʽʧʪʠʯʥʦʾ ʢʨʠʚʦʾ, ʥʘʟʘʜ ʫ ʦʙʣʘʩʪʴ ʮʽʣʠʭ ʯʠʩʝʣ. ɼʣʷ ʮʴʦʛʦ 

ʩʝʨʚʝʨ ʧʦʚʠʥʝʥ ʟʛʝʥʝʨʫʚʘʪʠ ʧʝʨʰʽ Ὤ ʪʦʯʦʢ ʝʣʽʧʪʠʯʥʦʾ ʢʨʠʚʦʾ, ʜʝ Ὤ: 

 

 Ὤ ὲϽὼ (4.8) 
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ɼʽʘʛʨʘʤʘ ʧʦʩʣʽʜʦʚʥʦʩʪʝʡ ʧʦʢʘʟʘʥʘ ʥʘ ʨʠʩʫʥʢʫ 4.2: 

 

˴͜͡ΊͤͭͫΈ͙͚͟ 
͒ͦ͒͊ͤͦ͟

˴͙͍ͦͪͫͭͯ͊;
̆ͣ͊ͪ͊ 

͎͍ͦͦͫͯ͊ͤͤ͡Ύ
˴ͦͤͭͪͦ͡ΌΌ;͙͚ 
͔͍͔ͫͪͪ

ˤ͍͔͔͒ͤͤΎ ͨͤ͜ ͦ͒ͯ͟ ͭ͊ ID ͟ ͙͊ͪͭ͟

ˢ͍͙ͭͦͪ͊͘ͼ͜Ύ ͙͍ͦͪͫͭͯ͊͟;͊

ˢ͍͙ͭͦͪ͊͘ͼ͚͙͚ͤ͜ ͔ͭͦͤ͟

˨͊ͤ͜ ͒͡Ύ ͎͍ͦͦͫͯ͊ͤͤ͡Ύ

ˢ͍͙ͭͦͪ͊͘ͼ͜Ύ ͯ ͻͣ͊ͪ͜

˽͔͔͍ͪͪ͊͜͟ ͔ͭͦͤͯ͟

˽ͯ͋͜͡;ͤ͊ ͤ͜ͺͦͪͣ͊ͼ͜Ύ

ˤ͙͋ͪ͜ ͙͊ͤ͒͒͊ͭ͊͟

˥ͦͣͦͣͦͪͺ͔ͤ 
΄͙ͺ͍ͪͯ͊ͤͤΎ

˭͊΄͙ͺ͍͔ͪͦ͊ͤ ;͙ͫͦ͡

˥ͦͣͦͣͦͪͺ͔ͤ
͍͒ͦ͒͊͊ͤͤΎ

˭͊ͪ͊ͻ͍ͯ͊ͤͤΎ ͍͙͋ͦͪͯ ͭ͊ 
;͙͍͔ͫͦ͡ ͤ͊͘;͔ͤͤΎ ͔ͪͯ͘͡Έͭ͊ͭͯ

˽͍͔ͦ͒ͦͣͤͤ͜͡Ύ ͨͪͦ ͊ͪ͊͘ͻ͍ͯ͊ͤͤΎ ͍͙͋ͦͪͯ

͍̅ͦͪͣͯ͊ͤͤΎ
QR-ͦ͒ͯ͟

QR ͟ ͦ͒ ͒͡Ύ ͔͔͍͙ͨͪͪ͜͟

˭͙͊ͨͭ ͔ͪͯ͘͡Έͭ͊ͭͯ

˭͊΄͙ͺ͍͙͚ͪͦ͊ͤ ͔ͪͯ͘͡Έͭ͊ͭ
˨͔΄͙ͺ͍ͪͯ͊ͤͤΎ
 ͭ ͊ ͔͍͒ͦ͒ͯ͊ͤͤ͟Ύ 

ˤ͜ ͔͒ͦ͋ͪ͊͗ͤͤΎ ͔ͪͯ͘͡Έͭ͊ͭͯ

 

ʈʠʩʫʥʦʢ 4.2 ï ɼʽʘʛʨʘʤʘ ʧʦʩʣʽʜʦʚʥʦʩʪʝʡ ʢʦʤʧôʶʪʝʨʥʦʾ ʩʠʩʪʝʤʠ 

ʛʦʣʦʩʫʚʘʥʥʷ ʟ ʧʫʙʣʽʯʥʠʤ ʭʤʘʨʥʠʤ ʩʝʨʚʽʩʦʤ 
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ʊʘʢ ʷʢ ʚʽʜʧʦʚʽʜʴ ʅʽ (ʢʦʣʠ ʚʠʙʦʨʝʮʴ ʥʝ ʛʦʣʦʩʫʻ) ʢʦʜʫʻʪʴʩʷ ʷʢ 1 ʪʘ ʪʘʢʦʞ 

ʜʦʜʘʻʪʴʩʷ ʜʦ ʩʫʤʠ ʛʦʣʦʩʽʚ, ʩʝʨʚʝʨʫ ʥʝʦʙʭʽʜʥʦ ʚʠʜʽʣʠʪʠ ʢʽʣʴʢʽʩʪʴ ʛʦʣʦʩʽʚ ʚ 

ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʟʘʛʘʣʴʥʦʾ ʢʽʣʴʢʦʩʪʽ ʧʨʦʛʦʣʦʩʫʚʘʚʰʠʭ ὔ : 

 

 ςὼ ώ Ὓ
ὼ ώ ὔ

 (4.9) 

 

ʜʝ, ὼ ï ʢʽʣʴʢʽʩʪʴ ʣʶʜʝʡ ʧʨʦʛʦʣʦʩʫʚʘʚʰʠʭ ʟʘ ʚʘʨʽʘʥʪ, ʘ ώ ï ʧʨʦʪʠ. 

ɺʽʜʦʙʨʘʟʠʚʰʠ ʩʫʤʫ ʧʦ ʢʦʞʥʦʤʫ ʟ ʚʘʨʽʘʥʪʽʚ ʩʝʨʚʝʨ ʦʪʨʠʤʫʻ ʤʦʞʣʠʚʽʩʪʴ 

ʧʦʨʽʚʥʷʪʠ ʾʭ ʪʘ ʚʠʟʥʘʯʠʪʠ ʧʝʨʝʤʦʞʮʷ. ʊʘʢʦʞ, ʟʘ ʨʘʭʫʥʦʢ ʟʘʧʠʪʫ ʩʫʤ ʛʦʣʦʩʽʚ 

ʩʝʨʚʝʨʫ ʚʠʙʦʨʯʦʾ ʜʽʣʴʥʠʮʽ, ʫ ʩʠʩʪʝʤʽ ʟʘʢʣʘʜʝʥʘ ʤʦʞʣʠʚʽʩʪʴ ʦʛʦʣʦʰʝʥʥʷ 

ʨʝʟʫʣʴʪʘʪʽʚ ʧʦ ʢʦʞʥʽʡ ʟ ʚʠʙʦʨʯʠʭ ʜʽʣʴʥʠʮʴ ʦʢʨʝʤʦ.  

ɼʣʷ ʧʝʨʝʚʽʨʢʠ ʢʦʨʝʢʪʥʦʩʪʽ ʚʨʘʭʫʚʘʥʥʷ ʛʦʣʦʩʫ ʚʠʙʦʨʮʷʤʠ, ʥʝʦʙʭʽʜʥʦ 

ʦʧʨʠʣʶʜʥʠʪʠ ʟʘʢʨʠʪʠʡ ʢʣʶʯ ʛʦʣʦʩʫʚʘʥʥʷ. ʊʦʜʽ ʢʦʞʝʥ ʟ ʚʠʙʦʨʮʽʚ ʤʦʞʝ 

ʩʢʦʨʠʩʪʘʪʠʩʴ ʙʫʜʴ-ʷʢʠʤ ʩʪʦʨʦʥʥʽʤ ʜʦʜʘʪʢʦʤ, ʱʦ ʥʘ ʦʩʥʦʚʽ QR ʢʦʜʫ ʚʠʙʦʨʮʷ, 

ʦʧʫʙʣʽʢʦʚʘʥʦʛʦ ʟʘʢʨʠʪʦʛʦ ʢʣʶʯʘ ʩʠʩʪʝʤʠ ʪʘ ʬʦʨʤʫʣʘʤʠ 2-8, ʜʦʟʚʦʣʠʪʴ 

ʚʠʟʥʘʯʠʪʠ ʚʘʨʽʘʥʪ ʛʦʣʦʩʫʚʘʥʥʷ ʱʦ ʙʫʚ ʟʘʨʘʭʦʚʘʥʠʡ ʩʠʩʪʝʤʦʶ. 

 

4.3 ʂʦʤʧôʶʪʝʨʥʘ ʩʠʩʪʝʤʘ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʧʫʙʣʽʯʥʦʛʦ ʭʤʘʨʥʦʛʦ 

ʩʝʨʚʽʩʫ ʜʣʷ ʥʘʢʦʧʠʯʝʥʥʷ ʪʘ ʦʙʨʦʙʢʠ ʘʥʦʥʽʤʥʠʭ ʚʽʜʛʫʢʽʚ 

 

ɺʽʜʛʫʢʠ ʢʦʨʠʩʪʫʚʘʯʽʚ ʥʘʜʟʚʠʯʘʡʥʦ ʚʘʞʣʠʚʽ ʧʨʠ ʩʪʚʦʨʝʥʥʽ 

ʥʘʡʨʽʟʥʦʤʘʥʽʪʥʽʰʠʭ ʜʦʜʘʪʢʽʚ ʧʽʜ ʨʽʟʥʽ ʧʣʘʪʬʦʨʤʠ.  

ɺʽʜʛʫʢʠ ʜʦʟʚʦʣʷʶʪʴ ʨʦʟʨʦʙʥʠʢʘʤ ʧʨʦʛʨʘʤʥʠʭ ʨʽʰʝʥʴ ʜʽʟʥʘʚʘʪʠʩʷ ʧʨʦ 

ʧʝʨʝʚʘʛʠ ʪʘ ʥʝʜʦʣʽʢʠ ʦʙʨʘʥʠʭ ʨʽʰʝʥʴ, ʧʦʤʠʣʢʠ, ʱʦ ʥʝ ʙʫʣʦ ʚʠʷʚʣʝʥʦ ʧʽʜ ʯʘʩ 

ʪʝʩʪʫʚʘʥʥʷ, ʧʨʦʧʦʟʠʮʽʾ ʢʦʨʠʩʪʫʚʘʯʽʚ ʧʨʦ ʜʦʜʘʪʢʦʚʠʡ ʬʫʥʢʮʽʦʥʘʣ, ʪʘ 

ʽʥʬʦʨʤʘʮʽʶ ʧʨʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʽʩʥʫʶʯʦʛʦ.  

ɺʽʜʛʫʢʠ ʢʦʨʠʩʪʫʚʘʯʽʚ ʩʪʚʦʨʶʶʪʴ ʟʚʦʨʦʪʥʽʡ ʟʚôʷʟʦʢ ʧʨʠ ʨʦʟʨʦʙʮʽ 

ʧʨʦʛʨʘʤʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ.   
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˾ͦͪͦ͋͊͘͟ ң 
˽ͯ͋͊͜͟͡ͼ͜Ύ 
͙͔͙ͫͫͭͣ

˭͙͊ͪͭͭ͟Ύ ͔ͨͪͦͭͯ͟

ˤ͎͙͒ͯ͜͟

 

ʈʠʩʫʥʦʢ 4.3 ï ɺʽʜʛʫʢʠ ʢʦʨʠʩʪʫʚʘʯʽʚ ʧʨʠ ʨʦʟʨʦʙʮʽ ʩʠʩʪʝʤʠ 

 

ʉʝʨʝʜ ʚʝʣʠʢʦʛʦ ʨʽʟʥʦʤʘʥʽʪʪʷ ʚʽʜʛʫʢʽʚ ʢʦʨʠʩʪʫʚʘʯʽʚ ʥʝʦʙʭʽʜʥʦ ʚʠʜʽʣʠʪʠ 

ʜʝʢʽʣʴʢʘ ʨʽʟʥʦʚʠʜʽʚ: 

1. ɿʘʛʘʣʴʥʠʡ ʧʦʟʠʪʠʚʥʠʡ ʚʽʜʛʫʢ ï ʜʘʻ ʽʥʬʦʨʤʘʮʽʶ ʧʨʦ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʩʠʩʪʝʤʠ. ʂʦʨʠʩʪʫʚʘʯ, ʱʦ ʟʘʣʠʰʠʚ ʚʽʜʛʫʢ, ʥʘʡʙʽʣʴʰ ʡʤʦʚʽʨʥʦ ʧʨʦʜʦʚʞʠʪʴ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʜʦʜʘʪʢʫ. 

2. ɿʘʛʘʣʴʥʠʡ ʥʝʛʘʪʠʚʥʠʡ ʚʽʜʛʫʢ ï ʪʘʢʦʞ ʜʘʻ ʽʥʬʦʨʤʘʮʽʶ ʧʨʦ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʩʠʩʪʝʤʠ, ʧʨʦʪʝ ʢʦʨʠʩʪʫʚʘʯ, ʱʦ ʡʦʛʦ ʟʘʣʠʰʠʚ, ʡʤʦʚʽʨʥʦ ʥʝ 

ʩʪʘʥʝ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʩʠʩʪʝʤʫ ʜʦ ʥʘʩʪʫʧʥʦʛʦ ʦʥʦʚʣʝʥʥʷ. 

3. ɯʥʬʦʨʤʘʮʽʷ ʧʨʦ ʧʨʦʛʨʘʤʥʫ ʧʦʤʠʣʢʫ ï ʧʦʪʨʝʙʫʻ ʜʦʜʘʪʢʦʚʦʾ 

ʦʙʨʦʙʢʠ, ʧʨʦʪʝ ʜʘʻ ʽʥʬʦʨʤʘʮʽʶ ʧʨʦ ʧʦʤʠʣʢʫ ʫ ʚʝʣʠʢʦʤʫ ʨʽʟʥʦʤʘʥʽʪʪʽ ʩʠʩʪʝʤ 

ʪʘ ʩʮʝʥʘʨʽʾʚ ʢʦʨʠʩʪʫʚʘʯʽʚ. 

4. ʇʨʦʧʦʟʠʮʽʷ ʜʦʜʘʥʥʷ ʜʦʜʘʪʢʦʚʠʭ ʬʫʥʢʮʽʡ, ʱʦ ʤʦʞʫʪʴ ʚʢʘʟʘʪʠ 

ʨʦʟʨʦʙʥʠʢʘʤ ʩʬʝʨʫ ʚʠʢʦʨʠʩʪʘʥʥʷ ʩʠʩʪʝʤʠ ʢʦʨʠʩʪʫʚʘʯʘʤʠ. 

5. ɸʚʪʦʤʘʪʠʟʦʚʘʥʠʡ ʟʙʽʨ ʽʥʬʦʨʤʘʮʽʾ ʧʨʦ ʟʙʦʾ ʫ ʨʦʙʦʪʽ ʩʠʩʪʝʤʠ ï ʪʘʢʘ 

ʽʥʬʦʨʤʘʮʽʷ ʤʦʞʝ ʙʫʪʠ ʟʽʙʨʘʥʘ ʙʝʟ ʫʯʘʩʪʽ ʢʦʨʠʩʪʫʚʘʯʽʚ ʩʠʩʪʝʤʠ, ʪʘ ʥʘʜʘʻ 

ʨʦʟʛʦʨʥʫʪʫ ʽʥʬʦʨʤʘʮʽʶ ʧʨʦ ʦʙʣʘʜʥʘʥʥʷ, ʱʦ ʚʠʢʦʨʠʩʪʦʚʫʻ ʢʦʨʠʩʪʫʚʘʯ, ʡʦʛʦ 

ʦʧʝʨʘʮʽʡʥʫ ʩʠʩʪʝʤʫ, ʩʮʝʥʘʨʽʡ ʫ ʷʢʦʤʫ ʩʪʘʣʘʩʷ ʧʦʤʠʣʢʘ ʪʘ ʥʘʚʽʪʴ ʢʦʥʢʨʝʪʥʝ 

ʤʽʩʮʝ ʧʨʦʛʨʘʤʥʦʛʦ ʢʦʜʫ ʫ ʷʢʦʤʫ ʩʪʘʣʘʩʴ ʚʠʥʷʪʢʦʚʘ ʩʠʪʫʘʮʽʷ. 

6. ɸʚʪʦʤʘʪʠʟʦʚʘʥʠʡ ʟʙʽʨ ʽʥʬʦʨʤʘʮʽʾ ʧʨʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʬʫʥʢʮʽʡ ʪʘ 

ʛʨʘʬʽʯʥʠʭ ʝʣʝʤʝʥʪʽʚ ʩʠʩʪʝʤʠ ï ʥʘʜʘʻ ʚʝʣʠʢʠʡ ʦʙʩʷʛ ʽʥʬʦʨʤʘʮʽʾ ʨʦʟʨʦʙʥʠʢʘʤ, 

ʪʘ ʜʦʧʦʤʘʛʘʻ ʟʨʦʟʫʤʽʪʠ ʷʢ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʾʭ ʧʨʦʜʫʢʪ ʪʘ ʥʘʧʨʷʤʢʠ, ʱʦ 

ʧʦʪʨʝʙʫʶʪʴ ʚʜʦʩʢʦʥʘʣʝʥʥʷ. ʅʘʧʨʠʢʣʘʜ, ʥʘ ʦʩʥʦʚʽ ʮʽʻʾ ʽʥʬʦʨʤʘʮʽʾ ʨʦʟʨʦʙʥʠʢʠ 



107 

 

ʤʦʞʫʪʴ ʦʧʪʠʤʽʟʫʚʘʪʠ UI ʜʦʜʘʪʢʫ ʰʣʷʭʦʤ ʜʦʜʘʚʘʥʥʷ ʩʧʝʮʽʘʣʽʟʦʚʘʥʠʭ ʢʥʦʧʦʢ 

ʜʣʷ ʯʘʩʪʦ ʚʞʠʚʘʥʠʭ ʬʫʥʢʮʽʾ.  

ɿʘʜʘʯʘ ʩʪʚʦʨʝʥʥʷ ʤʦʜʫʣʶ, ʷʢʠʡ ʙʠ ʚʽʜʧʦʚʽʜʘʚ ʟʘ ʘʚʪʦʤʘʪʠʟʦʚʘʥʠʡ ʟʙʽʨ 

ʽʥʬʦʨʤʘʮʽʾ ʪʘ ʬʦʨʤʫʚʘʥʥʷ ʟʚʽʪʽʚ ʥʘ ʦʩʥʦʚʽ ʚʽʜʛʫʢʽʚ ʢʦʨʠʩʪʫʚʘʯʽʚ ʻ ʜʦʩʠʪʴ 

ʪʨʫʜʦʤʽʩʪʢʦʶ ʽ ʨʦʟʧʦʚʩʶʜʞʝʥʦʶ, ʪʦʤʫ ʽʩʥʫʻ ʟʥʘʯʥʘ ʢʽʣʴʢʽʩʪʴ ʩʝʨʚʽʩʽʚ, ʱʦ 

ʥʘʜʘʶʪʴ ʮʝʡ ʬʫʥʢʮʽʦʥʘʣ. ʇʨʠʢʣʘʜʘʤʠ ʪʘʢʠʭ ʩʝʨʚʽʩʽʚ ʻ Uservoice [104], 

HelpStack [105], Zendesk [106], SimpleFeedback [107], HappyFox [108]. 

ʉʧʽʣʴʥʠʤ ʥʝʜʦʣʽʢʦʤ ʜʘʥʠʭ ʩʠʩʪʝʤ ʻ ʥʘʢʦʧʠʯʝʥʥʷ ʽʥʬʦʨʤʘʮʽʾ ʧʨʦ 

ʢʦʨʠʩʪʫʚʘʯʽʚ ʜʦʜʘʪʢʽʚ, ʚ ʷʢʠʭ ʚʦʥʠ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ. ɿʘ ʟʚʠʯʘʡʥʠʭ ʫʤʦʚ, ʮʷ 

ʽʥʬʦʨʤʘʮʽʷ ʟʘʭʠʱʝʥʘ ʧʨʠ ʧʝʨʝʜʘʯʽ ʪʘ ʟʙʝʨʝʞʝʥʥʽ. ʇʨʦʪʝ, ʚʦʥʘ ʩʪʘʻ ʚʨʘʟʣʠʚʦʶ 

ʧ̔ ʜ ʯʘʩ ʦʙʨʦʙʢʠ ʫ ʭʤʘʨʥʦʤʫ ʩʝʨʚʽʩʽ. ʇʨʠʢʣʘʜʦʤ ʪʘʢʦʾ ʦʙʨʦʙʢʠ ʻ ʟʙʽʨ 

ʩʪʘʪʠʩʪʠʢʠ. ʇʨʦʚʘʡʜʝʨ ʭʤʘʨʥʦʛʦ ʩʝʨʚʽʩʫ ʤʘʻ ʧʦʚʥʠʡ ʜʦʩʪʫʧ ʜʦ ʮʽʻʾ 

ʽʥʬʦʨʤʘʮʽʾ, ʘʣʝ ʢʨʽʤ ʮʴʦʛʦ ʽʥʬʦʨʤʘʮʽʷ ʤʦʞʝ ʙʫʪʠ ʚʠʢʨʘʜʝʥʘ ʽ ʩʪʦʨʦʥʥʽʤʠ 

ʦʩʦʙʘʤʠ ʧʨʠ ʨʝʘʣʽʟʘʮʽʾ ʘʪʘʢ, ʱʦ ʦʧʠʩʘʥʽ ʫ ʧʫʥʢʪʽ 1.2.5 (ʥʘʧʨʠʢʣʘʜ ʘʪʘʢʠ 

Meltdown ʪʘ Spectre).  

ʊʘʢʠʤ ʯʠʥʦʤ, ʤʝʪʦʶ ʜʘʥʦʾ ʨʦʙʦʪʠ ʻ ʨʦʟʨʦʙʢʘ ʩʠʩʪʝʤʠ, ʱʦ ʦʧʝʨʫʻ 

ʽʥʬʦʨʤʘʮʽʻʶ ʫ ʟʘʰʠʬʨʦʚʘʥʦʤʫ ʚʠʛʣʷʜʽ ʨʦʙʣʷʯʠ ʾʾ ʥʝʜʦʩʪʫʧʥʦʶ ʜʣʷ 

ʧʨʦʚʘʡʜʝʨʘ ʭʤʘʨʥʦʛʦ ʨʽʰʝʥʥʷ ʪʘ ʽʥʰʠʭ ʩʪʦʨʦʥʥʽʭ ʦʩʽʙ. 

 

4.3.1 ʆʧʠʩ ʢʦʤʧôʶʪʝʨʥʦʾ ʩʠʩʪʝʤʠ ʘʥʦʥʽʤʥʠʭ ʚʽʜʛʫʢʽʚ 

 

ɺʠʟʥʘʯʠʤʦ ʥʘʩʪʫʧʥʠʡ ʧʝʨʝʣʽʢ ʬʫʥʢʮʽʡ, ʱʦ ʧʦʚʠʥʥʘ ʨʝʘʣʽʟʫʚʘʪʠ 

ʩʠʩʪʝʤʘ: 

1. ɺʚʽʜ ʧʦʟʠʪʠʚʥʦʛʦ ʚʽʜʛʫʢʫ. 

2. ɺʚʽʜ ʥʝʛʘʪʠʚʥʦʛʦ ʚʽʜʛʫʢʫ. 

3. ɺʚʽʜ ʽʥʬʦʨʤʘʮʽʾ ʧʨʦ ʟʙʽʡ ʫ ʜʦʜʘʪʢʫ. 

4. ʇʝʨʝʛʣʷʜ ʫʟʘʛʘʣʴʥʝʥʦʾ ʩʪʘʪʠʩʪʠʢʠ. 
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ʉʠʩʪʝʤʘ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʪʨʴʦʭ ʦʩʥʦʚʥʠʭ ʝʣʝʤʝʥʪʽʚ: 

1. ʄʦʙʽʣʴʥʠʡ ʜʦʜʘʪʦʢ. ɿʘ ʜʦʧʦʤʦʛʦʶ ʬʫʥʢʮʽʡ ʽʥʪʝʛʨʦʚʘʥʠʭ ʧʨʠ 

ʚʠʢʦʨʠʩʪʘʥʥʽ SDK ʩʝʨʚʽʩʫ, ʤʘʻ ʤʦʞʣʠʚʽʩʪʴ ʰʠʬʨʫʚʘʪʠ ʢʣʽʻʥʪʩʴʢʽ ʚʽʜʛʫʢʠ 

ʧʝʨʝʜ ʾʭ ʚʽʜʧʨʘʚʣʝʥʥʷʤ ʥʘ ʩʝʨʚʝʨ. 

2. ʉʝʨʚʝʨ ʟʙʦʨʫ ʩʪʘʪʠʩʪʠʢʠ. ʍʤʘʨʥʠʡ ʩʝʨʚʝʨ ʷʢʠʡ ʚʽʜʧʦʚʽʜʘʻ ʟʘ 

ʟʙʝʨʝʞʝʥʥʷ ʚʽʜʛʫʢʽʚ ʢʦʨʠʩʪʫʚʘʯʽʚ ʪʘ ʟʙʽʨ ʩʪʘʪʠʩʪʠʢʠ. 

3. ʂʣʽʻʥʪ ʨʦʟʨʦʙʥʠʢʽʚ ʜʦʜʘʪʢʫ. ʅʝʦʙʭʽʜʥʠʡ ʜʣʷ ʧʝʨʝʛʣʷʜʫ ʩʪʘʪʠʩʪʠʢʠ 

ʪʘ ʚʽʜʛʫʢʽʚ ʨʦʟʨʦʙʥʠʢʘʤʠ. 

ʋʟʘʛʘʣʴʥʝʥʘ ʘʨʭʽʪʝʢʪʫʨʘ ʩʠʩʪʝʤʠ ʧʦʢʘʟʘʥʘ ʥʘ ʨʠʩʫʥʢʫ 4.4.  

ɼʣʷ ʨʝʘʣʽʟʘʮʽʾ ʬʫʥʢʮʽʾ ʟʙʦʨʫ ʩʪʘʪʠʩʪʠʢʠ ʟʘ ʫʤʦʚ ʰʠʬʨʫʚʘʥʥʷ ʚʽʜʛʫʢʽʚ, 

ʥʝʦʙʭʽʜʥʦ ʚʠʜʽʣʠʪʠ ʩʧʝʮʽʘʣʴʥʫ ʤʝʪʘʽʥʬʦʨʤʘʮʽʾ, ʱʦ ʟʤʦʞʝ ʙʫʪʠ ʦʙʨʦʙʣʝʥʘ ʫ 

ʟʘʰʠʬʨʦʚʘʥʦʤʫ ʚʠʛʣʷʜʽ. ʊʘʢʦʶ ʤʝʪʘʽʥʬʦʨʤʘʮʽʻʶ ʻ ʪʠʧ ʚʽʜʛʫʢʽʚ.  

ʈʦʙʦʪʘ ʩʠʩʪʝʤʠ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʧʽʜʛʦʪʦʚʯʦʛʦ ʝʪʘʧʫ ʪʘ ʧʨʦʮʝʩʫ ʟʙʦʨʫ 

ʚʽʜʛʫʢʽʚ ʧʽʜ ʯʘʩ ʷʢʦʛʦ ʦʙʨʘʭʦʚʫʻʪʴʩʷ ʢʽʣʴʢʽʩʪʴ ʚʽʜʛʫʢʽʚ ʢʦʞʥʦʛʦ ʪʠʧʫ. 

ʅʘ ʧʽʜʛʦʪʦʚʯʦʤʫ ʝʪʘʧʽ ʜʦʜʘʪʦʢ ʨʦʟʨʦʙʥʠʢʽʚ ʚʠʟʥʘʯʘʻ ʜʣʷ ʢʣʽʻʥʪʩʴʢʠʭ 

ʜʦʜʘʪʢʽʚ ʚʽʜʢʨʠʪʽ ʧʘʨʘʤʝʪʨʠ ʩʭʝʤʠ ʰʠʬʨʫʚʘʥʥʷ (ʧʘʨʘʤʝʪʨʠ ʝʣʽʧʪʠʯʥʦʾ ʢʨʠʚʦʾ 

Ὁὥȟὦ, ʪʦʯʢʘ-ʛʝʥʝʨʘʪʦʨ Ὃ, ʱʦ ʥʘʣʝʞʠʪʴ ʜʘʥʽʡ ʢʨʠʚʽʡ, ʾʾ ʧʦʨʷʜʦʢ NG, ʧʨʦʩʪʝ 

ʯʠʩʣʦ ὴ  ï ʤʦʜʫʣʴ ʧʦʣʷ ʢʨʠʚʦʾ, ʧʫʙʣʽʯʥʠʡ ʢʣʶʯ ʩʠʩʪʝʤʠ ὖ), ʘ ʪʘʢʦʞ 

ʤʦʞʣʠʚʽ ʪʠʧʠ ʚʽʜʛʫʢʽʚ. 

 

͙͚̆ͣ͊ͪͤ ͔͍ͫͪͫ͜

ˣ͊͊͘ 
͙͒͊ͤͻ

˿͔͍͔ͪͪ ͙ͦ͋ͪͦ͋͟ 
͍͎͍͒ͯ͜͟͜

˸ͦ͋͜͡Έ͙͚ͤ ͒ͦ͒͊ͭͦ͟

SDK ͫ ͔͍ͪͫͯ͜
˥ͪ͊ͺ͜;͙͚ͤ 
͔ͤͭͪ͜ͺ͔͚ͫ

˨ͦ͒͊ͭͦ͟ 
͙͍ͪͦͪͦ͋ͤ͘͟͜

 

ʈʠʩʫʥʦʢ 4.4 ï ɸʨʭʽʪʝʢʪʫʨʘ ʩʠʩʪʝʤʠ 
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SDK ʩʝʨʚʽʩʫ ʤʽʩʪʠʪʴ ʧʨʠʚʘʪʥʠʡ ʢʣʶʯ, ʥʝʚʽʜʦʤʠʡ ʭʤʘʨʥʦʤʫ ʩʝʨʚʝʨʫ 

ʦʙʨʦʙʢʠ ʚʽʜʛʫʢʽʚ. ʇʽʩʣʷ ʩʪʚʦʨʝʥʥʷ ʚʽʜʛʫʢʫ (ʚʚʝʜʝʥʦʛʦ ʢʦʨʠʩʪʫʚʘʯʝʤ, ʘʙʦ 

ʟʛʝʥʝʨʦʚʘʥʦʛʦ ʘʚʪʦʤʘʪʠʯʥʦ) ʢʣʽʻʥʪʩʴʢʠʡ ʜʦʜʘʪʦʢ ʰʠʬʨʫʻ ʩʘʤ ʚʽʜʛʫʢ ʪʘ ʡʦʛʦ 

ʪʠʧ. ʐʠʬʨʫʚʘʥʥʷ ʪʽʣʘ ʚʽʜʛʫʢʫ ʚʽʜʙʫʚʘʻʪʴʩʷ ʤʝʪʦʜʘʤʠ ʛʽʙʨʠʜʥʦʾ ʢʨʠʧʪʦʛʨʘʬʽʾ: 

ʜʦ ʪʽʣʘ ʚʽʜʛʫʢʫ ʧʨʠʢʨʽʧʣʷʻʪʴʩʷ ʧʫʙʣʽʯʥʠʡ ʢʣʶʯ, ʟʛʝʥʝʨʦʚʘʥʠʡ ʤʦʙʽʣʴʥʠʤ 

ʜʦʜʘʪʢʦʤ, ʘ ʧʫʙʣʽʯʥʠʡ ʢʣʶʯ ʜʦʜʘʪʢʫ ʨʦʟʨʦʙʥʠʢʽʚ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʜʣʷ 

ʛʝʥʝʨʘʮʽʾ ʢʣʶʯʘ ʜʣʷ ʩʠʤʝʪʨʠʯʥʦʛʦ ʘʣʛʦʨʠʪʤʫ ʰʠʬʨʫʚʘʥʥʷ (ʧʫʥʢʪ 2.3). 

ɼʣʷ ʰʠʬʨʫʚʘʥʥʷ ʪʠʧʫ ʧʦʚʽʜʦʤʣʝʥʥʷ ʤʦʙʽʣʴʥʠʡ ʜʦʜʘʪʦʢ ʛʝʥʝʨʫʻ 

ʩʝʘʥʩʦʚʠʡ ʢʣʶʯ ʰʠʬʨʫʚʘʥʥʷ (Ὧ), ʜʣʷ ʢʦʞʥʦʛʦ ʟ ʽʩʥʫʶʯʠʭ ʪʠʧʽʚ, ʦʪʨʠʤʘʥʠʭ 

ʚʽʜ ʭʤʘʨʥʦʛʦ ʩʝʨʚʽʩʫ. ɿʘ ʩʪʚʦʨʝʥʠʭ ʩʝʘʥʩʦʚʠʭ ʢʣʶʯʽʚ, ʜʦʜʘʪʦʢ ʰʠʬʨʫʻ ʯʠʩʣʦ 

ç1è ʷʢʱʦ ʪʠʧ ʚʽʜʧʦʚʽʜʘʻ ʪʠʧʫ ʚʽʜʛʫʢʫ, ʪʘ ç0è ʷʢʱʦ ʥʝ ʚʽʜʧʦʚʽʜʘʻ. ʇʨʠ ʮʴʦʤʫ 

ç0è ʢʦʜʫʻʪʴʩʷ ʪʦʯʢʦʶ ὕ, ʘ ç1è ï ʪʦʯʢʦʶ Ὃ. 

ɺ ʨʝʟʫʣʴʪʘʪʽ ʰʠʬʨʫʚʘʥʥʷ ʦʪʨʠʤʘʻʤʦ ʧʘʨʫ ʪʦʯʦʢ (ὖ) ʝʣʽʧʪʠʯʥʦʾ ʢʨʠʚʦʾ 

Ὁ ʜʣʷ ʢʦʞʥʦʛʦ ʪʠʧʫ ʚʽʜʛʫʢʽʚ. 

 

 ὖ ὯὋȟὋ Ὧὖ  (4.10) 

 

 ὖ ὯὋȟὕ Ὧὖ  (4.11) 

 

ʇʽʩʣʷ ʰʠʬʨʫʚʘʥʥʷ ʚʽʜʛʫʢ ʧʝʨʝʜʘʻʪʴʩʷ ʥʘ ʭʤʘʨʥʠʡ ʩʝʨʚʽʩ, ʜʝ ʚʽʥ 

ʟʙʝʨʽʛʘʻʪʴʩʷ ʫ ʙʘʟʫ ʜʘʥʠʭ.  

ʉʪʨʫʢʪʫʨʘ JSON ʬʘʡʣʫ, ʱʦ ʧʝʨʝʜʘʻʪʴʩʷ ʥʘ ʩʝʨʚʝʨ: 

 

{  

    "types": { 

        "pos": { 

     "l": {  

         "x": "NTIxOWZiéQ4dTg=", 

  "y": "MzRyZWéMzNHc=" 
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     }  

     "r": {  

         "x": "NjdlZXllNDU éNjc=", 

  "y": "c2RmdzQ1MzRybGc0ZéZjM="  

     }  

 },  

 "neg": { ... },  

 "sys": { ... }  

    },  

    "body": "ICAzZSBiIGJlIgNm..." 

}  

 

ɼʣʷ ʧʽʜʨʘʭʫʥʢʫ ʩʪʘʪʠʩʪʠʢʠ ʭʤʘʨʥʠʡ ʩʝʨʚʽʩ ʛʦʤʦʤʦʨʬʥʦ ʜʦʜʘʻ 

ʟʘʰʠʬʨʦʚʘʥʠʡ ʪʠʧ ʢʦʞʥʦʛʦ ʟ ʦʪʨʠʤʘʥʠʭ ʚʽʜʛʫʢʽʚ, ʜʦ ʚʞʝ ʽʩʥʫʶʯʠʭ ʩʫʤ.  

 

 
ὃ ὯὋȟ ὕȟὋ Ὧὖ  (4.12) 

 

ʜʝ m ï ʟʘʛʘʣʴʥʘ ʢʽʣʴʢʽʩʪʴ ʚʽʜʛʫʢʽʚ. 

ʅʘ ʨʠʩʫʥʢʫ 4.5 ʧʦʢʘʟʘʥʘ ʩʪʨʫʢʪʫʨʘ ʪʘʙʣʠʮ ɹʜʣʷ ʟʙʝʨʝʞʝʥʥʷ ʽʥʬʦʨʤʘʮʽʾ 

ʧʨʦ ʚʽʜʛʫʢ.  

 

Feedbacks FeedbackTypesFeedbacksTypesData

IDPK

Body

Time

IDPK

Name

Description

IdPK

FeedbackIDFK

TypeIDFK

Value
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ɼʣʷ ʢʦʞʥʦʛʦ ʪʠʧʫ ʚʽʜʛʫʢʽʚ ʽʩʥʫʻ ʜʝʢʽʣʴʢʘ ʚʠʜʽʚ ʩʫʤ ï ʟʘ ʚʝʩʴ ʯʘʩ, ʟʘ ʨʽʢ, 

ʟʘ ʤʽʩʷʮʴ, ʟʘ ʦʩʪʘʥʥʽʡ ʪʠʞʜʝʥʴ, ʟʘ ʩʴʦʛʦʜʥʽ. ʎʝ ʜʘʻ ʟʤʦʛʫ ʜʦʜʘʪʢʫ ʨʦʟʨʦʙʥʠʢʽʚ 

ʦʪʨʠʤʘʪʠ ʩʪʘʪʠʩʪʠʢʫ ʟʘ ʚʽʜʧʦʚʽʜʥʽ ʧʨʦʤʽʞʢʠ ʯʘʩʫ. 

ʆʩʦʙʣʠʚʽʩʪʶ ʨʦʙʦʪʠ ʚʝʙ-ʩʣʫʞʙ ʨʦʟʛʦʨʥʫʪʠʭ ʫ ʭʤʘʨʥʦʤʫ ʩʝʨʚʽʩʽ ʻ 

ʙʘʛʘʪʦʧʦʪʦʢʦʚʝ ʦʧʨʘʮʶʚʘʥʥʷ ʟʘʧʠʪʽʚ. ʊʦʤʫ, ʧʨʠ ʜʦʜʘʚʘʥʥʽ ʥʦʚʦʛʦ ʚʽʜʛʫʢʫ 

ʥʝʦʙʭʽʜʥʦ ʟʘʙʝʟʧʝʯʠʪʠ ʩʠʥʭʨʦʥʽʟʘʮʽʶ ʤʽʞ ʨʽʟʥʠʤʠ ʧʦʪʦʢʘʤʠ.  

ʇʽʜ ʯʘʩ ʧʦʙʫʜʦʚʠ ʧʨʦʛʨʘʤʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ, ʱʦ ʚʠʢʦʥʫʚʘʪʠʤʝʪʴʩʷ ʫ 

ʧʫʙʣʽʯʥʦʤʫ ʭʤʘʨʥʦʤʫ ʩʝʨʚʽʩʽ, ʚʠʙʨʘʥʘ ʤʦʜʠʬʽʢʦʚʘʥʘ ʘʨʭʽʪʝʢʪʫʨʘ MVC, ʚ ʷʢʽʡ 

ʩʝʨʚʽʩ, ʱʦ ʦʙʨʦʙʣʷʻ ʟʘʧʠʪʠ ʥʘ ʜʦʜʘʚʘʥʥʷ ʚʽʜʛʫʢʫ ʽʥʽʮʽʘʣʽʟʫʻʪʴʩʷ ʫ 

ʚʽʜʧʦʚʽʜʥʦʩʪʽ ʜʦ ʰʘʙʣʦʥʫ çʦʜʠʥʘʢè.  

ɸʨʭʽʪʝʢʪʫʨʫ ʤʦʜʫʣʶ ʤʦʞʥʘ ʧʦʙʘʯʠʪʠ ʥʘ ʨʠʩʫʥʢʫ 4.6. 

 

Controller

DependencyInjector

ICountersRepository

IFeedbackCountingService FeedbackCountingService

CountersRepository

Entity Framework

<<interface>>

<<interface>> <<create>>

<<create>>
<<inject>>

<<create>>

 

ʈʠʩʫʥʦʢ 4.6 ï UML ʜʽʘʛʨʘʤʘ ʢʣʘʩʽʚ ʤʦʜʫʣʶ ʧʽʜʨʘʭʫʥʢʫ ʚʽʜʛʫʢʽʚ ʫ 

ʧʫʙʣʽʯʥʦʤʫ ʭʤʘʨʥʦʤʫ ʩʝʨʚʽʩʽ 

 



112 

 

ɼʽʘʛʨʘʤʘ ʧʦʩʣʽʜʦʚʥʦʩʪʝʡ ʧʨʦʮʝʩʫ ʩʪʚʦʨʝʥʥʷ ʦʜʥʦʛʦ ʚʽʜʛʫʢʫ 

ʽʥʽʮʽʡʦʚʘʥʦʛʦ ʢʦʨʠʩʪʫʚʘʯʝʤ ʤʦʙʽʣʴʥʦʛʦ ʜʦʜʘʥʢʫ ʧʦʢʘʟʘʥʘ ʥʘ ʨʠʩʫʥʢʫ 4.7 

 

˸ͦ͋͜͡Έ͙͚ͤ 
͒ͦ͒͊ͭͦ͟

˴͙͍ͦͪͫͭͯ͊; ͙͚̆ͣ͊ͪͤ ͔͍ͫͪͫ͜
˨ͦ͒͊ͭͦ͟ 
͙͍ͪͦͪͦ͋ͤ͘͟͜

ˤ͍͔͔͒ͤͤΎ ͍͎͒ͯͯ͜͟

ˢ͍͙ͭͦͪ͊͘ͼ͜Ύ ͒ͦ͒͊ͭͯ͟

ˢ͍͙ͭͦͪ͊͘ͼ͚͙͚ͤ͜ ͔ͭͦͤ͟

˭͙͊ͨͭ ͊͘ ͨͯ͋͜͡;ͤͦΌ ͤ͜ͺͦͪͣ͊ͼ͜ΊΌ

˽͔͔͍ͪͪ͊͜͟ ͔ͭͦͤͯ͟

˽ͯ͋͜͡;ͤ͊ ͤ͜ͺͦͪͣ͊ͼ͜Ύ

˥ͦͣͦͣͦͪͺ͔ͤ 
΄͙ͺ͍ͪͯ͊ͤͤΎ

˹͙͊͒ͫ͊ͤͤ͡Ύ ͍͎͒ͯͯ͜͟

˥ͦͣͦͣͦͪͺ͔ͤ
͍͒ͦ͒͊͊ͤͤΎ

˭͊ͪ͊ͻ͍ͯ͊ͤͤΎ ͍͙͋ͦͪͯ ͭ͊ 
;͙͍͔ͫͦ͡ ͤ͊͘;͔ͤͤΎ ͔ͪͯ͘͡Έͭ͊ͭͯ

˽͍͔ͦ͒ͦͣͤͤ͜͡Ύ ͨͪͦ ͊ͪ͊͘ͻ͍ͯ͊ͤͤΎ 
͍͙͋ͦͪͯ

˭͙͊ͨͭ ͙͙͙ͫͭ͊ͭͫͭ͟

˭͊΄͙ͺ͍͙͚ͪͦ͊ͤ ͔ͪͯ͘͡Έͭ͊ͭ
˾ͦ͘΄͙ͺ͍ͪͯ͊ͤͤΎ
 ͭ ͊ ͔͍͒ͦ͒ͯ͊ͤͤ͟Ύ 

˭͔͔͔͋ͪ͗ͤͤΎ 
͍͎͒ͯͯ͜͟

ˤ˱͔͒ͦ͋ͪ͊͗ͤͤΎ ͔ͪͯ͘͡Έͭ͊ͭͯ

 

ʈʠʩʫʥʦʢ 4.7. ï ɼʽʘʛʨʘʤʘ ʧʦʩʣʽʜʦʚʥʦʩʪʝʡ ʧʨʦʮʝʩʫ ʟʙʝʨʝʞʝʥʥʷ ʚʽʜʛʫʢʫ 

 

ɼʣʷ ʦʪʨʠʤʘʥʥʷ ʨʦʟʰʠʬʨʦʚʘʥʦʾ ʩʫʤʠ ʚʽʜʛʫʢʽʚ ʧʦ ʢʦʞʥʦʤʫ ʟ ʪʠʧʽʚ, 

ʜʦʜʘʪʦʢ ʨʦʟʨʦʙʥʠʢʽʚ, ʧʦʚʠʥʝʥ ʧʦʤʥʦʞʠʪʠ ʢʦʞʥʫ ʟ ʧʽʜʢʘʟʦʢ ʥʘ ʧʨʠʚʘʪʥʠʡ 

ʢʣʶʯ ʰʠʬʨʫʚʘʥʥʷ ʩʠʩʪʝʤʠ (ὴ) ʪʘ ʚʽʜʥʷʪʠ ʨʝʟʫʣʴʪʘʪ ʚʽʜ ʩʫʤʠ (Ὓ). 
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Ὓ Ὓ ὴϽ ὯὋ (4.13) 

 

ɼʣʷ ʦʪʨʠʤʘʥʥʷ ʜʝʪʘʣʽʟʦʚʘʥʦʾ ʽʥʬʦʨʤʘʮʽʾ ʧʦ ʢʦʞʥʦʤʫ ʚʽʜʛʫʢʫ, 

ʟʘʧʠʪʫʻʪʴʩʷ ʩʧʠʩʦʢ ʚʽʜʛʫʢʽʚ ʟʘ ʥʝʦʙʭʽʜʥʠʡ ʧʝʨʽʦʜ. ʂʦʞʝʥ ʚʽʜʛʫʢ ʤʽʩʪʠʪʠʤʝ 

ʧʫʙʣʽʯʥʠʡ ʢʣʶʯ ʩʠʩʪʝʤʠ, ʜʝ ʚʽʥ ʙʫʚ ʟʘʰʠʬʨʦʚʘʥʠʡ. ʇʦʤʥʦʞʠʚʰʠ ʡʦʛʦ ʥʘ 

ʚʣʘʩʥʠʡ ʧʨʠʚʘʪʥʠʡ ʢʣʶʯ, ʦʪʨʠʤʘʻʤʦ ʢʣʶʯ ʩʠʤʝʪʨʠʯʥʦʛʦ ʘʣʛʦʨʠʪʤʫ 

ʰʠʬʨʫʚʘʥʥʷ ʜʣʷ ʨʦʟʰʠʬʨʫʚʘʥʥʷ ʚʽʜʛʫʢʫ. 

 

4.3.2 ʈʦʟʨʦʙʢʘ ʢʦʤʧʦʥʝʥʪʫ ʛʦʤʦʤʦʨʬʥʦʛʦ ʰʠʬʨʫʚʘʥʥʷ 

 

ʄʦʚʦʶ ʧʨʦʛʨʘʤʫʚʘʥʥʷ ʧʨʠ ʨʦʟʨʦʙʮʽ ʙʫʣʦ ʦʙʨʘʥʦ ʤʦʚʫ C# ʪʘ ʧʣʘʪʬʦʨʤʫ 

.NET Framework ʚʝʨʩʽʾ 4.5.  

Common Language Runtime, ʩʢʦʨʦʯʝʥʦ CLR ð çʟʘʛʘʣʴʥʝ ʩʝʨʝʜʦʚʠʱʝ 

ʚʠʢʦʥʘʥʥʷ ʤʦʚè ð ʮʝ ʢʦʤʧʦʥʝʥʪ ʧʘʢʝʪʫ Microsoft .NET Framework, 

ʚʽʨʪʫʘʣʴʥʘ ʤʘʰʠʥʘ, ʥʘ ʷʢʽʡ ʚʠʢʦʥʫʶʪʴʩʷ ʚʩʽ ʤʦʚʠ ʧʣʘʪʬʦʨʤʠ .NET 

Framework. 

CLR ʪʨʘʥʩʣʶʻʪʴʩʷ ʧʦʯʘʪʢʦʚʠʡ ʢʦʜ ʚ ʙʘʡʪ-ʢʦʜ ʥʘ ʤʦʚʽ IL, ʨʝʘʣʽʟʘʮʽʷ 

ʢʦʤʧʽʣʷʮʽʾ ʷʢʦʛʦ ʢʦʤʧʘʥʽʻʶ Microsoft ʥʘʟʠʚʘʻʪʴʩʷ MSIL, ʘ ʪʘʢʦʞ ʥʘʜʘʻ MSIL-

ʧʨʦʛʨʘʤʘʤ (ʘ ʦʪʞʝ, ʽ ʧʨʦʛʨʘʤʘʤ, ʥʘʧʠʩʘʥʠʤ ʥʘ ʤʦʚʘʭ ʚʠʩʦʢʦʛʦ ʨʽʚʥʷ, ʱʦ 

ʧʽʜʪʨʠʤʫʶʪʴ .NET Framework) ʜʦʩʪʫʧ ʜʦ ʙʽʙʣʽʦʪʝʢʠ ʢʣʘʩʽʚ .NET Framework, 

ʘʙʦ ʪʘʢ ʟʚʘʥʦʶ .NET FCL (ʘʥʛʣ. Framework Class Library). 

ʇʦʧʝʨʝʜʥʷ ʢʦʤʧʽʣʷʮʽʷ ʢʦʜʫ ʚʠʢʦʥʫʻʪʴʩʷ JIT ʢʦʤʧʽʣʷʪʦʨʦʤ 

ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʧʝʨʝʜ ʚʠʢʦʥʘʥʥʷʤ. ʎʝ ʜʦʟʚʦʣʷʻ ʜʦʩʷʛʪʠ ʩʧʽʚʚʽʜʥʦʩʥʦʾ ʟ 

ʤʦʚʘʤʠ C ʪʘ ʉ++ ʰʚʠʜʢʦʜʽʾ. ʇʨʦʪʝ ʯʘʩʪʽ ʟʙʦʨʢʠ ʧʘʤôʷʪʽ, ʚʠʜʽʣʝʥʽ, ʧʽʜ 

ʢʦʨʦʪʢʦʞʠʚʫʯʽ ʦʙôʻʢʪʠ, ʤʦʞʫʪʴ ʩʧʦʚʽʣʴʥʠʪʠ ʧʨʦʛʨʘʤʫ. ʋ ʢʦʤʧʦʥʝʥʪʽ 

ʛʦʤʦʤʦʨʬʥʦʛʦ ʰʠʬʨʫʚʘʥʥʷ ʪʘʢʠʤʠ ʦʙôʻʢʪʘʤʠ ʻ ʢʣʘʩʠ ʜʣʷ ʚʠʢʦʥʘʥʥʷ 

ʦʙʨʘʭʫʥʢʽʚ ʥʘʜ ʚʝʣʠʢʠʤʠ ʯʠʩʣʘʤʠ. ɼʣʷ ʧʨʠʰʚʠʜʰʝʥʥʷ ʨʦʙʦʪʠ ʟ ʥʠʤʠ ʙʫʣʘ 
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ʚʠʢʦʨʠʩʪʘʥʘ ʙʽʙʣʽʦʪʝʢʘ ʟ ʚʽʜʢʨʠʪʠʤ ʢʦʜʦʤ MPIR (Multiple Precision Integers 

and Rationals) [109] ʪʘ ʦʙôʻʢʪʥʘ ʦʙʛʦʨʪʢʘ ʜʣʷ ʥʝʾ ï MPIR.NET [110].  

ʅʘ ʨʠʩʫʥʢʫ 4.8 ʧʨʝʜʩʪʘʚʣʝʥʘ UML ʜʽʘʛʨʘʤʘ ʢʣʘʩʽʚ ʤʦʜʫʣʶ ʰʠʬʨʫʚʘʥʥʷ 

ʥʘ ʦʩʥʦʚʽ ʝʣʽʧʪʠʯʥʠʭ ʢʨʠʚʠʭ. 

 

ECCManager

static Default: ECCManager

Curve: EllipticCurve
GeneratorPoint: GeneratortPoint

EncryptNumber(number, key)
GenerateKey()

ECCPoint

X: mpz_t

operator +

EllipticCurve

FieldModule: mpz_t

GetPoint(x, y)

Y: mpz_t
IsInf: bool
Curve: EllipticCurve

operator -

Double()
Multiply()

GeneratorPoint

PointDemention: mpz_t
B: mpz_t
A: mpz_t

SetGeneratorPoint(x, y)

EncryptionResult

Left: ECCPoint
Right: ECCPoint

 

ʈʠʩʫʥʦʢ 4.8 ï UML ʜʽʘʛʨʘʤʘ ʢʣʘʩʽʚ ʤʦʜʫʣʶ ʰʠʬʨʫʚʘʥʥʷ ʥʘ ʦʩʥʦʚʽ 

ʝʣʽʧʪʠʯʥʠʭ ʢʨʠʚʠʭ 

 

ʇʨʝʜʩʪʘʚʣʝʥʠʡ ʤʦʜʫʣʴ ʜʦʟʚʦʣʷʻ ʚʠʢʦʥʫʚʘʪʠ ʤʘʪʝʤʘʪʠʯʥʽ ʧʝʨʝʪʚʦʨʝʥʥʷ 

ʦʧʠʩʘʥʽ ʫ ʨʦʟʜʽʣʽ 2. ʃʽʩʪʠʥʛ ʢʣʘʩʽʚ ʧʨʝʜʩʪʘʚʣʝʥʦ ʫ ʜʦʜʘʪʢʘʭ ɹ ʪʘ ɺ. 

 

4.3.3 ɽʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʜʦʩʣʽʜʞʝʥʥʷ 

 

ɽʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʥʘʚʝʜʝʥʠʭ ʚʠʱʝ ʘʣʛʦʨʠʪʤʽʚ ʚ 

ʢʦʤʧ`ʶʪʝʨʥʠʭ ʩʠʩʪʝʤʘʭ ʥʝʦʙʭʽʜʥʦ ʧʨʦʚʝʩʪʠ ʜʣʷ ʧʦʨʽʚʥʷʥʥʷ ʦʙʯʠʩʣʶʚʘʣʴʥʠʭ 
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ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʟʘʧʨʦʧʦʥʦʚʘʥʠʭ ʤʝʪʦʜʽʚ ʟ ʦʙʯʠʩʣʶʚʘʣʴʥʠʤʠ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʽʩʥʫʶʯʠʭ ʤʝʪʦʜʽʚ ʰʠʬʨʫʚʘʥʥʷ.  

 ʆʩʥʦʚʥʘ ʦʙʯʠʩʣʶʚʘʣʴʥʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʘʣʛʦʨʠʪʤʫ ʷʢʘ ʚʠʟʥʘʯʘʻ 

ʝʬʝʢʪʠʚʥʽʩʪʴ ʤʝʪʦʜʫ ʰʠʬʨʫʚʘʥʥʷ (ʧʫʥʢʪ 2.5) ï ʮʝ ʰʚʠʜʢʽʩʪʴ ʨʦʙʦʪʠ 

ʘʣʛʦʨʠʪʤʫ. ʊʦʤʫ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʙʫʜʝʤʦ ʧʨʦʚʦʜʠʪʠ ʚ 

ʥʘʧʨʷʤʢʫ ʚʠʟʥʘʯʝʥʥʷ ʩʘʤʝ ʮʽʻʾ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʘʣʛʦʨʠʪʤʫ ʥʘʡʙʽʣʴʰ 

ʧʦʰʠʨʝʥʠʭ ʤʝʪʦʜʽʚ ʰʠʬʨʫʚʘʥʥʷ ʪʘ ʟʘʧʨʦʧʦʥʦʚʘʥʠʭ ʘʣʛʦʨʠʪʤʽʚ. ʗʢ 

ʚʠʟʥʘʯʝʥʦ ʚ ʧʝʨʰʦʤʫ ʨʦʟʜʽʣʽ ʥʘʡʙʽʣʴʰ ʧʦʰʠʨʝʥʠʤ ʘʣʛʦʨʠʪʤʦʤ ʯʘʩʪʢʦʚʦ 

ʛʦʤʦʤʦʨʬʥʦʛʦ ʚʽʜʥʦʩʥʦ ʦʧʝʨʘʮʽʾ ʜʦʜʘʚʘʥʥʷ ʰʠʬʨʫʚʘʥʥʷ ʻ ʘʣʛʦʨʠʪʤ 

ʇʝʡʻ [67]. 

 ʋ ʧʫʙʣʽʯʥʠʡ ʭʤʘʨʥʠʡ ʩʝʨʚʽʩ ʚʠʥʝʩʝʥʦ 3 ʣʽʯʠʣʴʥʠʢʠ ʜʣʷ ʟʙʦʨʫ 

ʫʟʘʛʘʣʴʥʝʥʠʭ ʚʽʜʛʫʢʽʚ ʢʦʨʠʩʪʫʚʘʯʽʚ ʫ ʘʚʪʦʤʘʪʠʟʦʚʘʥʦʤʫ ʨʝʞʠʤʽ: 

¶ ʧʦʟʠʪʠʚʥʠʡ ʚʽʜʛʫʢ 

¶ ʥʝʛʘʪʠʚʥʠʡ ʚʽʜʛʫʢ 

¶ ʧʦʚʽʜʦʤʣʝʥʥʷ ʧʨʦ ʧʦʤʠʣʢʫ 

ʇʽʜ ʯʘʩ ʪʝʩʪʫʚʘʥʥʷ ʙʫʣʦ ʜʦʜʘʥʦ 1000 ʚʽʜʛʫʢʽʚ ʢʦʞʥʦʛʦ ʪʠʧʫ. ɼʣʷ 

ʪʝʩʪʫʚʘʥʥʷ ʚʠʢʦʨʠʩʪʦʚʫʚʘʚʩʷ ʤʝʪʦʜ ʜʝʧʝʨʩʦʥʘʣʽʟʘʮʽʾ ʥʘ ʦʩʥʦʚʽ ʯʘʩʪʢʦʚʦ 

ʛʦʤʦʤʦʨʬʥʦʛʦ ʰʠʬʨʫʚʘʥʥʷ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʘʣʛʦʨʠʪʤʫ ʥʘ ʦʩʥʦʚʽ ʝʣʽʧʪʠʯʥʠʭ 

ʢʨʠʚʠʭ ʪʘ ʥʘ ʦʩʥʦʚʽ ʘʣʛʦʨʠʪʤʫ ʇʝʡʻ. ʏʘʩ ʚʠʢʦʥʘʥʥʷ ʪʝʩʪʫ ʜʣʷ ʢʦʞʥʦʛʦ ʟ 

ʘʣʛʦʨʠʪʤʽʚ ʥʘʚʝʜʝʥʦ ʫ ʪʘʙʣʠʮʽ 4.1. 

 

ʊʘʙʣʠʮʷ 4.1 ï ʏʘʩ ʚʠʢʦʥʘʥʥʷ ʪʝʩʪʫ 

ʅʘʟʚʘ ʤʝʪʦʜʫ ʏʘʩ ʚʠʢʦʥʘʥʥʷ 

ɸʣʛʦʨʠʪʤ ʥʘ ʦʩʥʦʚʽ ʝʣʽʧʪʠʯʥʠʭ 

ʢʨʠʚʠʭ 
4152 ʤʩ 

ɸʣʛʦʨʠʪʤ ʇʝʡʻ 4156 ʤʩ 

 

ɿʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʝʢʩʧʝʨʠʤʝʥʪʫ ʚʠʷʚʣʝʥʦ, ʱʦ ʩʝʨʝʜʥʷ ʰʚʠʜʢʽʩʪʴ 

ʦʧʨʘʮʶʚʘʥʥʷ ʦʜʥʦʛʦ ʚʽʜʛʫʢʫ ʧʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ ʩʠʩʪʝʤʠ ʟʘʙʝʟʧʝʯʝʥʥʷ 
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ʘʥʦʥʽʤʥʦʩʪʽ ʥʘ ʦʩʥʦʚʽ ʤʝʪʦʜʫ ʯʘʩʪʢʦʚʦ ʛʦʤʦʤʦʨʬʥʦʛʦ ʰʠʬʨʫʚʘʥʥʷ ʥʘ 

ʝʣʽʧʪʠʯʥʠʭ ʢʨʠʚʠʭ ʻ ʥʘ 2% ʰʚʠʜʰʠʤ ʥʽʞ ʧʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ ʤʝʪʦʜʫ ʇʝʡʻ. 

ɿʥʘʯʥʘ ʨʦʟʙʽʞʥʽʩʪʴ ʟ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʤʠ ʟʥʘʯʝʥʥʷʤʠ ʦʪʨʠʤʘʥʠʤʠ ʚ 

3ʤʫ ʨʦʟʜʽʣʽ ʧʦʷʩʥʶʻʪʴʩʷ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʙʽʙʣʽʦʪʝʢʠ LibPaillier 0.8 [111], ʱʦ 

ʨʝʘʣʽʟʦʚʘʥʘ ʥʘ ʤʦʚʽ ʙʽʣʴʰ ʥʠʟʴʢʦʛʦ ʨʽʚʥʷ ʥʽʞ ʫ ʧʦʧʝʨʝʜʥʽʭ ʝʢʩʧʝʨʠʤʝʥʪʘʭ. 

 

4.4 ʂʦʤʧôʶʪʝʨʥʘ ʩʠʩʪʝʤʘ, ʱʦ ʨʝʘʣʽʟʫʻ ʬʫʥʢʮʽʶ ʦʙʤʽʥʫ 

ʝʣʝʢʪʨʦʥʥʠʤʠ ʛʨʦʰʠʤʘ ʯʝʨʝʟ ʧʫʙʣʽʯʥʠʡ ʭʤʘʨʥʠʡ ʩʝʨʚʽʩ 

 

ɽʣʝʢʪʨʦʥʥʽ ʛʨʦʰʽ ʤʽʮʥʦ ʟʘʢʨʽʧʠʣʠʩʷ ʚ ʥʘʰʦʤʫ ʧʦʚʩʷʢʜʝʥʥʦʤʫ ʞʠʪʪʽ. 

ʎʝʡ ʚʠʜ ʛʨʦʰʝʡ ʙʫʚ ʚʚʝʜʝʥʠʡ ʜʣʷ ʩʧʨʦʱʝʥʥʷ ʨʦʟʨʘʭʫʥʢʽʚ ʫ ʤʝʨʝʞʽ ɯʥʪʝʨʥʝʪ. 

ɿʘʨʘʟ ʾʭ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʜʣʷ ʦʧʣʘʪʠ ʪʦʚʘʨʽʚ ʪʘ ʧʦʩʣʫʛ, ʨʦʙʦʪʠ ʚʽʜʜʘʣʝʥʠʭ 

ʨʦʙʽʪʥʠʢʽʚ, ʧʝʨʝʢʘʟʽʚ ʪʨʘʜʠʮʽʡʥʠʭ ʛʨʦʰʝʡ, ʪʦʱʦ.  

ɽʣʝʢʪʨʦʥʥʽ ʛʨʦʰʽ ï ʚʽʜʥʦʩʥʦ ʥʦʚʘ ʬʦʨʤʘ ʛʨʦʰʝʡ. ɰʭ ʽʩʪʦʨʽʷ ʙʝʨʝ 

ʧʦʯʘʪʦʢ ʟ 50-ʭ ʨʦʢʽʚ ʍʍ ʩʪʦʨʽʯʯʷ, ʢʦʣʠ ʟʘʧʠʩʠ ʙʘʥʢʽʚʩʴʢʠʭ ʨʘʭʫʥʢʽʚ ʧʦʯʘʣʠ 

ʧʝʨʝʥʦʩʠʪʠ ʟ ʧʘʧʝʨʦʚʠʭ ʥʦʩʽʾʚ ʽʥʬʦʨʤʘʮʽʾ ʥʘ ʝʣʝʢʪʨʦʥʥʽ. ʅʘʩʪʫʧʥʠʡ ʝʪʘʧ 

ʨʦʟʚʠʪʢʫ ʝʣʝʢʪʨʦʥʥʠʭ ʛʨʦʰʝʡ ʩʪʘʚʩʷ ʫ ʢʽʥʮʽ 70-ʭ, ʢʦʣʠ ɼʝʚʽʜ ʏʘʫʤ, 

ʘʤʝʨʠʢʘʥʩʴʢʠʡ ʥʘʫʢʦʚʝʮʴ ʫ ʦʙʣʘʩʪʽ ʢʨʠʧʪʦʛʨʘʬʽʾ, ʟʘʧʨʦʧʦʥʫʚʘʚ ʽʜʝʶ 

çʝʣʝʢʪʨʦʥʥʦʾ ʛʦʪʽʚʢʠè. ʎʝ ʩʪʘʣʦ ʤʦʞʣʠʚʠʤ ʧʽʩʣʷ ʩʪʚʦʨʝʥʥʷ ʧʝʨʰʠʭ ʩʠʩʪʝʤ 

ʝʣʝʢʪʨʦʥʥʦʛʦ ʧʽʜʧʠʩʫ. [112] 

ʅʘ ʚʽʜʤʽʥʫ ʚʽʜ ʧʦʧʫʣʷʨʥʠʭ ʢʨʝʜʠʪʥʠʭ ʢʘʨʪʦʢ, ʥʦʚʠʡ ʚʠʜ ʛʨʦʰʝʡ ʥʘ ʪʦʡ 

ʤʦʤʝʥʪ ʭʘʨʘʢʪʝʨʠʟʫʚʘʚʩʷ ʘʥʦʥʽʤʥʽʩʪʶ. ɽʣʝʢʪʨʦʥʥʽ ʛʨʦʰʽ ʥʝ ʚʨʘʭʦʚʫʚʘʣʠʩʴ 

ʥʘ ʙʘʥʢʽʚʩʴʢʠʭ ʨʘʭʫʥʢʘʭ ʢʣʽʻʥʪʽʚ ʩʠʩʪʝʤʠ, ʘ ʧʨʠ ʧʨʦʚʝʜʝʥʥʽ ʧʣʘʪʝʞʫ ʦʩʦʙʠʩʪʽ 

ʜʘʥʽ ʧʣʘʪʥʠʢʘ ʥʝ ʨʝʻʩʪʨʫʚʘʣʠʩʷ. ɸʣʝ, ʚ ʪʦʡ ʯʘʩ ʝʣʝʢʪʨʦʥʥʽ ʛʨʦʰʽ ʱʝ ʥʝ ʤʦʛʣʠ 

ʙʫʪʠ ʧʦʚʥʦʮʽʥʥʠʤ ʟʘʩʦʙʦʤ ʦʙʤʽʥʫ, ʪʦʙʪʦ ʫ ʦʜʝʨʞʫʚʘʯʘ ʥʝ ʙʫʣʦ ʤʦʞʣʠʚʦʩʪʽ 

ʟʜʽʡʩʥʠʪʠ ʟʘ ʥʠʭ ʨʦʟʨʘʭʫʥʢʠ, ʚʽʥ ʤʘʚ ʧʨʘʚʦ ʣʠʰʝ ʦʪʨʠʤʘʪʠ ʫ ʦʙʩʣʫʛʦʚʫʶʯʦʛʦ 

ʙʘʥʢʫ ʛʨʦʰʦʚʠʡ ʝʢʚʽʚʘʣʝʥʪ ʝʣʝʢʪʨʦʥʥʠʭ ʟʘʩʦʙʽʚ. 

ɿ ʧʦʷʚʦʶ ʫ 90-ʭ ʨʦʢʘʭ ʯʝʨʛʦʚʦʛʦ ʚʠʜʫ ʝʣʝʢʪʨʦʥʥʠʭ ʛʨʦʰʝʡ ʜʘʥʘ 

ʧʨʦʙʣʝʤʘ ʯʘʩʪʢʦʚʦ ʙʫʣʘ ʚʠʨʽʰʝʥʘ. ʂʦʨʠʩʪʫʚʘʯʽ ʪʘ ʧʦʩʪʘʯʘʣʴʥʠʢʠ ʪʦʚʘʨʽʚ 
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ʦʪʨʠʤʘʣʠ ʤʦʞʣʠʚʽʩʪʴ ʧʝʨʝʚʦʜʠʪʠ ʟʘʩʦʙʠ ʦʜʠʥ ʦʜʥʦʤʫ ʙʝʟ ʫʯʘʩʪʽ ʙʘʥʢʽʚ. ɺ 

ʧʝʨʽʦʜ ʰʚʠʜʢʦʛʦ ʨʦʟʚʠʪʢʫ ɯʥʪʝʨʥʝʪ-ʪʝʭʥʦʣʦʛʽʡ ʥʘ ʤʝʞʽ ʩʪʦʨʽʯʴ ʚ ʉʐɸ, 

ɭʚʨʦʩʦʶʟʽ ʪʘ ʗʧʦʥʽʾ ʙʫʣʦ ʩʪʚʦʨʝʥʦ ʙʣʠʟʴʢʦ ʜʚʘʜʮʷʪʠ ʧʣʘʪʽʞʥʠʭ ɯʥʪʝʨʥʝʪ-

ʩʠʩʪʝʤ. ɸʣʝ ʙʘʛʘʪʦ ʽʟ ʥʠʭ ʜʦʩʠʪʴ ʰʚʠʜʢʦ ʧʝʨʝʩʪʘʣʠ ʽʩʥʫʚʘʪʠ, ʘʙʦ ʞ 

ʟʙʘʥʢʨʫʪʫʚʘʣʠ, ʷʢ ʥʘʧʨʠʢʣʘʜ, Beenz, Flooz, Goldmoney ʪʘ ʽʥʰʽ. 

ɺ ʥʘʰ ʯʘʩ ʝʣʝʢʪʨʦʥʥʽ ʛʨʦʰʽ ʧʦʩʪʫʧʦʚʦ ʟʘʤʽʱʫʶʪʴ ʧʘʧʝʨʦʚʽ, ʘʜʞʝ ʚʦʥʠ 

ʤʘʶʪʴ ʟʥʘʯʥʫ ʢʽʣʴʢʽʩʪʴ ʧʝʨʝʚʘʛ: ʟʨʫʯʥʽʩʪʴ ʪʘ ʜʦʩʪʫʧʥʽʩʪʴ, ʝʢʦʥʦʤʽʷ ʯʘʩʫ; 

ʘʜʞʝ ʧʣʘʪʝʞʽ ʚʽʜʙʫʚʘʶʪʴʩʷ ʤʠʪʪʻʚʦ ʪʘ ʤʦʞʫʪʴ ʙʫʪʠ ʘʚʪʦʤʘʪʠʟʦʚʘʥʽ, ʟʘʟʚʠʯʘʡ 

ʚʠʤʘʛʘʶʪʴ ʤʝʥʰʝ ʢʦʤʽʩʽʡʥʠʭ ʪʘ ʜʦʟʚʦʣʷʶʪʴ ʟʙʝʨʽʛʘʪʠ ʘʥʦʥʽʤʥʽʩʪʴ. ʇʨʦʪʝ 

ʟʥʘʯʥʠʤʠ ʻ ʽ ʥʝʜʦʣʽʢʠ: ʡʤʦʚʽʨʥʽʩʪʴ ʟʣʘʤʫ, ʥʝʦʙʭʽʜʥʽʩʪʴ ʧʽʜʢʣʶʯʝʥʥʷ ʜʦ 

ʤʝʨʝʞʽ, ʘ ʪʘʢʦʞ ʥʝʟʘʭʠʱʝʥʽʩʪʴ ï ʘʜʞʝ ʛʘʨʘʥʪʦʤ ʝʣʝʢʪʨʦʥʥʠʭ ʛʨʦʰʝʡ ʻ ʣʠʰʝ 

ʝʤʽʪʝʥʪ, ʜʝʨʞʘʚʘ ʞ ʥʝ ʥʘʜʘʻ ʞʦʜʥʠʭ ʛʘʨʘʥʪʽʡ ʽ ʥʝ ʥʝʩʝ ʞʦʜʥʦʾ 

ʚʽʜʧʦʚʽʜʘʣʴʥʦʩʪʽ.  

ʅʘʜʟʚʠʯʘʡʥʠʡ ʨʦʟʚʠʪʦʢ ʭʤʘʨʥʠʭ ʩʝʨʚʽʩʽʚ ʟʘʩʪʘʚʣʷʻ ʙʘʥʢʠ ʚʩʝ ʯʘʩʪʽʰʝ 

ʟʚʝʨʪʘʪʠ ʫʚʘʛʫ ʥʘ ʤʦʞʣʠʚʽʩʪʴ ʧʝʨʝʥʝʩʝʥʥʷ ʦʙʯʠʩʣʶʚʘʣʴʥʠʭ ʧʦʪʫʞʥʦʩʪʝʡ 

ʥʝʦʙʭʽʜʥʠʭ ʜʣʷ ʩʫʯʘʩʥʦʾ ʙʘʥʢʽʚʩʴʢʦʾ ʩʠʩʪʝʤʠ ʫ çʭʤʘʨʫè. ʇʨʦʪʝ ʥʝʙʝʟʧʝʢʦʶ 

ʪʘʢʠʭ ʜʽʡ ʻ ʚʽʜʢʨʠʪʪʷ ʬʽʥʘʥʩʦʚʦʾ ʽʥʬʦʨʤʘʮʽʾ ʢʦʨʠʩʪʫʚʘʯʽʚ ʧʨʦʚʘʡʜʝʨʫ 

ʭʤʘʨʥʦʛʦ ʩʝʨʚʽʩʫ. [13] 

ʄʝʪʦʶ ʜʘʥʦʾ ʨʦʙʦʪʠ ʻ ʧʽʜʚʠʱʝʥʥʷ ʟʘʭʠʱʝʥʦʩʪʽ ʛʨʦʰʦʦʙʤʽʥʫ ʰʣʷʭʦʤ 

ʩʪʚʦʨʝʥʥʷ ʭʤʘʨʥʦʾ ʤʦʜʝʣʽ ʬʽʥʘʥʩʦʚʦʾ ʩʠʩʪʝʤʠ ʫ ʷʢʽʡ ʢʦʨʠʩʪʫʚʘʯʽ ʪʘ 

ʢʦʥʪʨʦʣʶʶʯʠʡ ʦʨʛʘʥ ʟʤʦʞʫʪʴ ʟʙʝʨʽʛʘʪʠ ʨʘʭʫʥʢʠ ʪʘ ʚʠʢʦʥʫʚʘʪʠ ʬʽʥʘʥʩʦʚʽ 

ʪʨʘʥʟʘʢʮʽʾ ʙʝʟ ʨʦʟʢʨʠʪʪʷ ʦʩʦʙʠʩʪʦʾ ʪʘ ʬʽʥʘʥʩʦʚʦʾ ʽʥʬʦʨʤʘʮʽʾ. 

ʄʽʥʽʤʘʣʴʥʘ ʩʠʩʪʝʤʘ ʥʝʦʙʭʽʜʥʘ ʜʣʷ ʟʘʭʠʱʝʥʦʾ ʪʨʘʥʟʘʢʮʽʾ ʩʢʣʘʜʘʻʪʴʩʷ ʟ 

ʥʘʩʪʫʧʥʠʭ ʝʣʝʤʝʥʪʽʚ:  

¶ ʪʨʴʦʭ ʢʦʨʠʩʪʫʚʘʯʽʚ ʩʠʩʪʝʤʠ, ʾʭ ʢʣʽʻʥʪʩʴʢʠʭ ʜʦʜʘʪʢʽʚ ʪʘ ʨʘʭʫʥʢʽʚ ʫ 

ʙʘʥʢʽʚʩʴʢʽʡ ʩʣʫʞʙʽ; 

¶ ʙʘʥʢʫ, ʡʦʛʦ ʣʦʢʘʣʴʥʦʛʦ ʩʝʨʚʝʨʫ ʪʘ ʩʣʫʞʙʠ ʫ ʭʤʘʨʽ. 

 ɼʣʷ ʟʘʭʠʩʪʫ ʧʝʨʩʦʥʘʣʴʥʦʾ ʽʥʬʦʨʤʘʮʽʾ ʢʦʨʠʩʪʫʚʘʯʽʚ ʫ ʧʨʦʪʦʢʦʣʽ 

ʪʨʘʥʟʘʢʮʽʾ ʧʨʦʧʦʥʫʻʪʴʩʷ ʚʠʢʦʨʠʩʪʘʥʥʷ ʯʘʩʪʢʦʚʦ ʛʦʤʦʤʦʨʬʥʦʛʦ ʚʽʜʥʦʩʥʦ 
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ʦʧʝʨʘʮʽʾ ʜʦʜʘʚʘʥʥʷ ʘʣʛʦʨʠʪʤʫ ʰʠʬʨʫʚʘʥʥʷ ʥʘ ʦʩʥʦʚʽ ʝʣʽʧʪʠʯʥʠʭ ʢʨʠʚʠʭ. [16], 

[18], [113]  

ʈʦʙʦʪʘ ʩʠʩʪʝʤʠ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʧʽʜʛʦʪʦʚʯʦʛʦ ʝʪʘʧʫ ʪʘ ʩʝʘʥʩʽʚ ʟʜʽʡʩʥʝʥʥʷ 

ʟʘʭʠʱʝʥʠʭ ʪʨʘʥʟʘʢʮʽʡ ï ʦʩʥʦʚʥʦʛʦ ʝʪʘʧʫ.  

ʅʘ ʧʽʜʛʦʪʦʚʯʦʤʫ ʝʪʘʧʽ ʙʘʥʢʽʚʩʴʢʠʡ ʩʝʨʚʝʨ ʚʠʟʥʘʯʘʻ ʜʣʷ ʢʣʽʻʥʪʩʴʢʠʭ 

ʜʦʜʘʪʢʽʚ ʚʽʜʢʨʠʪʽ ʧʘʨʘʤʝʪʨʠ ʩʭʝʤʠ ʰʠʬʨʫʚʘʥʥʷ (ʧʘʨʘʤʝʪʨʠ ʝʣʽʧʪʠʯʥʦʾ ʢʨʠʚʦʾ 

Ὁὥȟὦ, ʪʦʯʢʘ-ʛʝʥʝʨʘʪʦʨ Ὃ, ʱʦ ʥʘʣʝʞʠʪʴ ʜʘʥʽʡ ʢʨʠʚʽʡ, ʾʾ ʧʦʨʷʜʦʢ NG, ʧʨʦʩʪʝ 

ʯʠʩʣʦ ὖ  ï ʤʦʜʫʣʴ ʧʦʣʷ ʢʨʠʚʦʾ), ʘ ʪʘʢʦʞ ʘʜʨʝʩʠ ʘʙʦʥʝʥʪʽʚ (ʥʘʙʽʨ ʮʽʣʠʭ ʯʠʩʝʣ 

ὥȟὥȟȣ ȟὥ ).  

ɼʣʷ ʛʝʥʝʨʘʮʽʾ ʯʠʩʝʣ-ʘʜʨʝʩ ὥ ʩʝʨʚʝʨʫ ʥʝʦʙʭʽʜʥʦ ʟʥʘʪʠ ʢʽʣʴʢʽʩʪʴ ʣʶʜʝʡ 

(m), ʱʦ ʤʘʶʪʴ ʨʘʭʫʥʢʠ ʫ ʭʤʘʨʥʦʤʫ ʩʝʨʚʽʩʽ ʪʘ ʤʘʢʩʠʤʘʣʴʥʝ ʯʠʩʣʦ (n) ʢʦʰʪʽʚ, 

ʱʦ ʤʦʞʝ ʙʫʪʠ ʟʙʝʨʝʞʝʥʦ ʥʘ ʦʜʥʦʤʫ ʨʘʭʫʥʢʫ. ɯʥʬʦʨʤʘʮʽʷ ʧʨʦ ʤʘʢʩʠʤʘʣʴʥʫ 

ʢʽʣʴʢʽʩʪʴ ʢʦʰʪʽʚ ʥʝʦʙʭʽʜʥʘ ʧʨʠʚʘʪʥʦʤʫ ʩʝʨʚʝʨʫ ʙʘʥʢʫ, ʱʦʙ ʧʽʟʥʽʰʝ ʤʘʪʠ 

ʟʤʦʛʫ ʜʝʢʦʜʫʚʘʪʠ ʟʥʘʯʝʥʥʷ ʢʦʰʪʽʚ, ʷʢʝ ʣʝʞʠʪʴ ʥʘ ʢʦʞʥʦʤʫ ʦʢʨʝʤʦʤʫ ʨʘʭʫʥʢʫ 

ʨʽʟʥʠʭ ʢʦʨʠʩʪʫʚʘʯʽʚ (ʜʠʚ. ʧʫʥʢʪ 3.3).  

ʊʦʜʽ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʘʜʨʝʩʠ ʤʦʞʥʘ ʩʢʦʨʠʩʪʘʪʠʩʷ ʬʦʨʤʫʣʦʶ, ʱʦ ʻ 

ʽʜʝʥʪʠʯʥʦʶ ʬʦʨʤʫʣʽ ʜʣʷ ʨʦʟʨʘʭʫʥʢʫ ʚʘʛʠ ʧʨʠ ʛʦʣʦʩʫʚʘʥʥʽ ʟ ʨʽʟʥʠʤʠ ʚʘʛʘʤʠ: 

 

ὥ ρȟ (4.14) 

 

ὥ ὥ Ͻὲ ρȟ (4.15) 

 

Ὥ ρȟςȟȣȟά Ȣ (4.16) 

 

ʇʽʩʣʷ ʨʝʻʩʪʨʘʮʽʾ ʢʦʨʠʩʪʫʚʘʯʘ ʥʘ ʣʦʢʘʣʴʥʦʤʫ ʩʝʨʚʝʨʽ ʙʘʥʢʽʚʩʴʢʦʾ 

ʩʠʩʪʝʤʠ ʢʣʽʻʥʪ ʦʪʨʠʤʘʻ ʧʝʨʩʦʥʘʣʴʥʠʡ ʧʨʠʚʘʪʥʠʡ ʢʣʶʯ (ὴ). ʊʘʢʦʞ ʣʦʢʘʣʴʥʠʡ 

ʩʝʨʚʝʨ ʙʘʥʢʫ ʛʝʥʝʨʫʻ ʪʘ ʧʦʚʽʜʦʤʣʷʻ ʽʥʰʠʤ ʫʯʘʩʥʠʢʘʤ ʩʠʩʪʝʤʠ ʧʫʙʣʽʯʥʠʡ 

ʢʣʶʯ ʘʣʛʦʨʠʪʤʫ ʰʠʬʨʫʚʘʥʥʷ, ʪʦʯʢʫ (ὖ).  

ʉʧʨʦʱʝʥʘ ʜʽʘʛʨʘʤʘ ʩʝʘʥʩʫ ʪʨʘʥʟʘʢʮʽʾ ʧʦʢʘʟʘʥʘ ʥʘ ʨʠʩʫʥʢʫ 4.9: 
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˿͔͍͔ͪͪ ͋͊ͤͯ͟

˾͊ͻͯͤͦ͟ 
͙͍ͪͫͭͯ͊͟;͊ C

˨ͦ͒͊ͭͦ͟ 
˴͙͍ͦͪͫͭͯ͊;͊ B

˨ͦ͒͊ͭͦ͟ 
˴͙͍ͦͪͫͭͯ͊;͊ ˢ

˾͊ͻͯͤͦ͟ 
͙͍ͪͫͭͯ͊͟;͊ A

˨ͦ͒͊ͭͦ͟ 
˴͙͍ͦͪͫͭͯ͊;͊ C

˾͊ͻͯͤͦ͟ 
͙͍ͪͫͭͯ͊͟;͊ B

̆ͣ͊ͪͤ͊ 
ͫͯ͗͋͊͡ ͋͊ͤͯ͟

4 5

1

2
6

3
6

3
6

 

ʈʠʩʫʥʦʢ. 4.9 ï ʉʝʘʥʩ ʜʣʷ ʟʜʽʡʩʥʝʥʥʷ ʟʘʭʠʱʝʥʦʾ ʪʨʘʥʟʘʢʮʽʾ 

 

ʇʨʦʪʦʢʦʣ ʟʜʽʡʩʥʝʥʥʷ ʟʘʭʠʱʝʥʦʾ ʪʨʘʥʟʘʢʮʽʾ ʚʢʣʶʯʘʻ ʚ ʩʝʙʝ ʥʘʩʪʫʧʥʫ 

ʧʦʩʣʽʜʦʚʥʽʩʪʴ ʜʽʡ: 

1. ʅʦʪʠʬʽʢʘʮʽʷ ʢʣʽʻʥʪʽʚ ʧʨʦ ʤʦʞʣʠʚʽʩʪʴ ʟʜʽʡʩʥʝʥʥʷ ʪʨʘʥʟʘʢʮʽʾ (1) ï 

ʟʜʽʡʩʥʶʻʪʴʩʷ ʭʤʘʨʥʠʤ ʩʝʨʚʽʩʦʤ ʟ ʟʘʜʘʥʦʶ ʧʝʨʽʦʜʠʯʥʽʩʪʶ. ʅʝʦʙʭʽʜʥʘ ʜʣʷ 

ʽʥʬʦʨʤʫʚʘʥʥʷ ʢʣʽʻʥʪʩʴʢʠʭ ʜʦʜʘʪʢʽʚ ʧʨʦ ʧʦʯʘʪʦʢ ʩʝʘʥʩʫ ʧʝʨʝʜʘʯʽ ʢʦʰʪʽʚ. 

2. ʆʪʨʠʤʘʚʰʠ ʥʦʪʠʬʽʢʘʮʽʶ ʢʣʽʻʥʪʩʴʢʠʡ ʜʦʜʘʥʦʢ ʛʝʥʝʨʫʻ ʧʨʠʚʘʪʥʽ 

ʩʝʘʥʩʦʚʽ ʢʣʶʯʽ ʰʠʬʨʫʚʘʥʥʷ. ɼʣʷ ʮʴʦʛʦ ʢʣʽʻʥʪʩʴʢʘ ʧʨʦʛʨʘʤʘ ʛʝʥʝʨʫʻ 

ʚʠʧʘʜʢʦʚʝ ʯʠʩʣʦ (Ὧȟὥ Ͻὲ ρ Ὧ ὖ). ʇʽʩʣʷ ʛʝʥʝʨʘʮʽʾ ʩʝʘʥʩʦʚʦʛʦ ʢʣʶʯʘ 

ʢʣʽʻʥʪ ʧʦʚʠʥʝʥ ʟʤʽʥʠʪʠ ʩʚʽʡ ʩʧʝʮʽʘʣʴʥʠʡ ʦʧʝʨʘʮʽʡʥʠʡ ʨʘʭʫʥʦʢ (2) ʪʘ (3). ʇʨʠ 

ʮʴʦʤʫ, ʷʢʱʦ ʢʣʽʻʥʪ A ʭʦʯʝ ʧʝʨʝʢʘʟʘʪʠ ʢʦʰʪʠ ʢʣʽʻʥʪʫ B, ʪʦ ʚʽʥ ʧʦʚʠʥʝʥ 

ʟʘʰʠʬʨʫʚʘʪʠ ʢʽʣʴʢʽʩʪʴ ʢʦʰʪʽʚ, ʷʢʫ ʭʦʯʝ ʧʝʨʝʨʘʭʫʚʘʪʠ ʪʘ ʯʠʩʣʦ, ʱʦ 

ʧʨʝʜʩʪʘʚʣʷʻ ʘʜʨʝʩʘʥʪʘ.  ʂʦʣʠ ʢʦʨʠʩʪʫʚʘʯ ʦʙʠʨʘʻ ʦʜʥʦʛʦ ʟ ʘʜʨʝʩʘʥʪʽʚ (ὥ), ʘ 

ʪʘʢʦʞ ʩʫʤʫ ʜʣʷ ʧʝʨʝʢʘʟʫ (̒), ʪʘ ʧʝʨʝʤʥʦʞʫʻ ʾʭ ʤʽʞ ʩʦʙʦʶ:  

 

 ὥὧ ὥ Ͻ̒  (4.17) 
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ʂʣʽʻʥʪʩʴʢʘ ʧʨʦʛʨʘʤʘ ʧʦʚʠʥʥʘ ʚʽʜʦʙʨʘʟʠʪʠ ʨʝʟʫʣʴʪʘʪ ʫ ʦʙʣʘʩʪʴ 

ʝʣʽʧʪʠʯʥʦʾ ʢʨʠʚʦʾ (ὖ). ʎʝ ʤʦʞʥʘ ʟʨʦʙʠʪʠ ʧʦʤʥʦʞʠʚʰʠ ʟʥʘʯʝʥʥʷ ʚʘʨʽʘʥʪʫ ʥʘ 

ʪʦʯʢʫ-ʛʝʥʝʨʘʪʦʨ ʝʣʽʧʪʠʯʥʦʾ ʢʨʠʚʦʾ: 

 

 ὖ ὥὧϽὋ (4.18) 

 

ʆʪʨʠʤʘʥʫ, ʫ ʨʝʟʫʣʴʪʘʪʽ ʧʦʧʝʨʝʜʥʴʦʾ ʜʽʾ, ʪʦʯʢʫ ʥʝʦʙʭʽʜʥʦ ʟʘʰʠʬʨʫʚʘʪʠ, 

ʚʠʢʦʨʠʩʪʘʚʰʠ ʚʽʜʢʨʠʪʠʡ ʢʣʶʯ ʩʠʩʪʝʤʠ, ʟʛʝʥʝʨʦʚʘʥʠʡ ʣʦʢʘʣʴʥʠʤ ʩʝʨʚʝʨʦʤ 

ʙʘʥʢʫ: 

 

 ὖ ὯὋȟὖ Ὧὖ  (4.19) 

 

ɿʘʰʠʬʨʦʚʘʥʠʡ ʨʝʟʫʣʴʪʘʪ ʢʣʽʻʥʪʩʴʢʘ ʧʨʦʛʨʘʤʘ ʟʘʥʦʩʠʪʴ ʥʘ ʩʧʝʮʽʘʣʴʥʠʡ 

ʦʧʝʨʘʮʽʡʥʠʡ ʨʘʭʫʥʦʢ (2). ʇʝʨʰʘ ʯʘʩʪʠʥʘ (ὒὖ ὯὋ) ʜʘʥʦʾ ʧʘʨʠ ï ʧʽʜʢʘʟʢʘ, 

ʱʦ ʜʦʟʚʦʣʷʻ ʚʣʘʩʥʠʢʫ ʚʽʜʢʨʠʪʦʛʦ ʢʣʶʯʘ, ʚʠʢʦʨʠʩʪʘʚʰʠ ʧʨʠʚʘʪʥʠʡ ʢʣʶʯ, 

ʚʠʜʽʣʠʪʠ ʧʦʯʘʪʢʦʚʫ ʪʦʯʢʫ ʟ ʜʨʫʛʦʾ ʯʘʩʪʠʥʠ ʧʘʨʠ (Ὑὖ ὖ Ὧὖ). 

3. ʂʣʽʻʥʪʠ ʩʠʩʪʝʤʠ, ʱʦ ʥʝ ʙʘʞʘʶʪʴ ʟʜʽʡʩʥʶʚʘʪʠ ʬʽʥʘʥʩʦʚʠʭ ʦʧʝʨʘʮʽʡ, 

ʪʘʢʦʞ ʛʝʥʝʨʫʶʪʴ ʩʝʘʥʩʦʚʠʡ ʢʣʶʯ, ʧʨʦʪʝ, ʟʘʰʠʬʨʦʚʫʶʪʴ ʟʘ ʜʦʧʦʤʦʛʦʶ ʥʴʦʛʦ 

ʯʠʩʣʦ 0. ɿʘʰʠʬʨʦʚʘʥʠʡ ʨʝʟʫʣʴʪʘʪ ʪʘʢ ʩʘʤʦ, ʷʢ ʽ ʥʘ ʧʦʧʝʨʝʜʥʴʦʤʫ ʢʨʦʮʽ, 

ʨʦʟʤʽʱʫʻʪʴʩʷ ʥʘ ʦʧʝʨʘʮʽʡʥʦʤʫ ʨʘʭʫʥʢʫ (3). 

4. ʅʘ ʥʘʩʪʫʧʥʦʤʫ ʝʪʘʧʽ, ʙʘʥʢʽʚʩʴʢʘ ʩʣʫʞʙʘ ʫ ʭʤʘʨʥʦʤʫ ʩʝʨʚʽʩʽ 

ʛʦʤʦʤʦʨʬʥʦ ʜʦʜʘʻ ʟʘʰʠʬʨʦʚʘʥʽ ʯʠʩʣʘ ʱʦ ʟʥʘʭʦʜʷʪʴʩʷ ʥʘ ʦʧʝʨʘʮʽʡʥʠʭ 

ʨʘʭʫʥʢʘʭ ʫʩʽʭ ʢʣʽʻʥʪʽʚ (4).  

 

 
ὃ ὯὋȟ ὖ Ὧὖ  (4.20) 
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5. ʋʪʚʦʨʝʥʘ ʩʫʤʘ ʧʝʨʝʜʘʻʪʴʩʷ ʥʘ ʣʦʢʘʣʴʥʠʡ ʩʝʨʚʝʨ ʙʘʥʢʫ ʜʣʷ ʧʝʨʝʚʽʨʢʠ ʪʘ 

ʘʨʭʽʚʫʚʘʥʥʷ ʟʜʽʡʩʥʝʥʠʭ ʪʨʘʥʟʘʢʮʽʡ (5). 

6. ʂʦʞʥʠʡ ʦʢʨʝʤʠʡ ʢʣʽʻʥʪ ʚʠʟʥʘʯʘʻʪʴʩʷ ʨʽʟʥʦʶ ʚʘʛʦʶ ʚ ʫʪʚʦʨʝʥʽʡ ʩʫʤʽ. 

ʊʦʤʫ ʜʣʷ ʟʜʽʡʩʥʝʥʥʷ ʪʨʘʥʟʘʢʮʽʾ ʭʤʘʨʥʦʤʫ ʩʝʨʚʽʩʫ ʥʝʦʙʭʽʜʥʦ ʜʦʜʘʪʠ ʫʪʚʦʨʝʥʝ 

ʯʠʩʣʦ ʜʦ ʦʢʨʝʤʠʭ ʨʘʭʫʥʢʽʚ ʢʦʞʥʦʛʦ ʟ ʢʣʽʻʥʪʽʚ (4). 

7. ʆʩʪʘʥʥʽʡ ʝʪʘʧ ï ʨʦʟʰʠʬʨʫʚʘʥʥʷ ʨʝʟʫʣʴʪʘʪʫ ʪʨʘʥʟʘʢʮʽʾ ʢʣʽʻʥʪʩʴʢʦʶ 

ʧʨʦʛʨʘʤʦʶ. ɼʣʷ ʦʪʨʠʤʘʥʥʷ ʨʦʟʰʠʬʨʦʚʘʥʦʾ ʩʫʤʠ ʢʦʰʪʽʚ ʥʘ ʨʘʭʫʥʢʫ, ʩʝʨʚʝʨ 

ʧʦʚʠʥʝʥ ʧʦʤʥʦʞʠʪʠ ʢʦʞʥʫ ʟ ʧʽʜʢʘʟʦʢ ʥʘ ʧʨʠʚʘʪʥʠʡ ʢʣʶʯ ʰʠʬʨʫʚʘʥʥʷ 

ʩʠʩʪʝʤʠ (ὴ) ʪʘ ʚʽʜʥʷʪʠ ʨʝʟʫʣʴʪʘʪ ʚʽʜ ʩʫʤʠ (Ὓ). 

 

 
Ὓ Ὓ ὴϽὙὖ  (4.21) 

 

ʗʢʱʦ ʧʽʜʩʪʘʚʠʪʠ ʟʥʘʯʝʥʥʷ Ὓ ʪʘ Ὑὖ  ʦʪʨʠʤʘʻʤʦ ʨʦʟʰʠʬʨʦʚʘʥʝ 

ʟʥʘʯʝʥʥʷ ʜʦʙʫʪʢʫ ʘʜʨʝʩʠ ʢʦʨʠʩʪʫʚʘʯʘ ʥʘ ʩʫʤʫ ʧʝʨʝʨʘʭʦʚʘʥʠʭ ʢʦʰʪʽʚ: 

 

 
Ὓ Ὓ ὴϽὯϽὋ ὖ Ὧὖ Ὧὖ ὖ  (4.22) 

 

ʇʽʩʣʷ ʦʪʨʠʤʘʥʥʷ ʨʦʟʰʠʬʨʦʚʘʥʦʛʦ ʨʝʟʫʣʴʪʘʪʫ, ʥʝʦʙʭʽʜʥʦ ʚʽʜʦʙʨʘʟʠʪʠ 

ʡʦʛʦ ʟ ʦʙʣʘʩʪʽ ʪʦʯʦʢ ʝʣʽʧʪʠʯʥʦʾ ʢʨʠʚʦʾ ʥʘʟʘʜ ʫ ʦʙʣʘʩʪʴ ʮʽʣʠʭ ʯʠʩʝʣ. ɼʣʷ ʮʴʦʛʦ 

ʭʤʘʨʥʘ ʩʣʫʞʙʘ ʧʦʚʠʥʥʘ ʟʛʝʥʝʨʫʚʘʪʠ ʧʝʨʰʽ Ὤ ʪʦʯʦʢ ʝʣʽʧʪʠʯʥʦʾ ʢʨʠʚʦʾ, ʜʝ Ὤ: 

 

 Ὤ ὲϽὼ (4.23) 

 

ʇʽʩʣʷ ʧʽʜʩʪʘʥʦʚʢʠ ʨʦʟʰʠʬʨʦʚʘʥʦʾ ʪʦʯʢʠ ʫ ʦʪʨʠʤʘʥʫ ʪʘʙʣʠʮʶ 

ʚʽʜʧʦʚʽʜʥʦʩʪʽ ʢʣʽʻʥʪ ʦʪʨʠʤʫʻ ʢʽʥʮʝʚʫ ʩʫʤʫ ʥʘ ʨʘʭʫʥʢʫ, ʧʽʩʣʷ ʟʜʽʡʩʥʝʥʥʷ 

ʪʨʘʥʟʘʢʮʽʾ. 
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ʋʩʢʣʘʜʥʝʥʥʷʤ ʩʠʩʪʝʤʠ ʻ ʩʪʚʦʨʝʥʥʷ ʟʘʭʠʱʝʥʦʾ ʪʨʘʥʟʘʢʮʽʾ ʤʽʞ ʜʚʦʤʘ 

ʩʝʨʚʽʩʘʤʠ ʫ ʤʝʞʘʭ ʦʜʥʽʻʾ ʘʙʦ ʤʽʞ ʨʽʟʥʠʤʠ ʭʤʘʨʘʤʠ. ʇʨʠʢʣʘʜ ʭʤʘʨʥʠʭ ʩʝʨʚʽʩʽʚ 

ʜʚʦʭ ʨʽʟʥʠʭ ʙʘʥʢʽʚ ʫ ʤʝʞʘʭ ʦʜʥʽʻʾ ʭʤʘʨʠ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩʫʥʢʫ 4.10. 

 

˿͔͍͔ͪͪ ͋͊ͤͯ͟ 1

˨ͦ͒͊ͭͦ͟ 
˴͙͍ͦͪͫͭͯ͊;͊ B

˨ͦ͒͊ͭͦ͟ 
˴͙͍ͦͪͫͭͯ͊;͊ ˢ

˾͊ͻͯͤͦ͟ 
͙͍ͪͫͭͯ͊͟;͊ A

˾͊ͻͯͤͦ͟ 
͙͍ͪͫͭͯ͊͟;͊ B

̆ͣ͊ͪͤ͊ ͫͯ͗͋͊͡ 
͋͊ͤͯ͟ 1

5

2
6

3
6

˿͔͍͔ͪͪ ͋͊ͤͯ͟ 2
˨ͦ͒͊ͭͦ͟ 

˴͙͍ͦͪͫͭͯ͊;͊ D
˾͊ͻͯͤͦ͟ 

͙͍ͪͫͭͯ͊͟;͊ D
̆ͣ͊ͪͤ͊ ͫͯ͗͋͊͡ 
͋͊ͤͯ͟ 2

4 5
3
6

 

ʈʠʩʫʥʦʢ 4.10 ï ɼʽʘʛʨʘʤʘ ʧʨʦʪʦʢʦʣʫ ʪʨʘʥʟʘʢʮʽʡ ʤʽʞ ʜʚʦʤʘ ʭʤʘʨʥʠʤʠ 

ʩʣʫʞʙʘʤʠ 

 

ʆʩʦʙʣʠʚʽʩʪʶ ʪʘʢʦʛʦ ʧʽʜʭʦʜʫ ʻ ʦʙôʻʜʥʘʥʥʷ ʨʽʟʥʠʭ ʩʣʫʞʙ ʫ ʩʧʽʣʴʥʫ 

ʤʝʨʝʞʫ ʟ ʦʜʥʦʯʘʩʥʦʶ ʥʦʪʠʬʽʢʘʮʽʻʶ ʢʣʽʻʥʪʽʚ. ʇʨʠ ʚʩʪʘʥʦʚʣʝʥʥʽ ʟʚôʷʟʢʫ, 

ʢʣʽʻʥʪʠ ʚʽʜʧʦʚʽʜʥʠʭ ʙʘʥʢʽʚ ʽʥʬʦʨʤʫʶʪʴʩʷ ʧʨʦ ʧʨʠʻʜʥʘʥʥʷ ʥʦʚʠʭ ʯʣʝʥʽʚ 

ʤʝʨʝʞʽ ʪʘ ʾʭ ʘʜʨʝʩʠ. 

 

4.5 ɺʠʩʥʦʚʢʠ 

 

ɺ ʜʘʥʦʤʫ ʨʦʟʜʽʣʽ ʙʫʣʦ ʨʦʟʛʣʷʥʫʪʦ ʧʠʪʘʥʥʷ ʧʨʘʢʪʠʯʥʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʤʝʪʦʜʠʢʠ ʟʘʭʠʩʪʫ ʜʘʥʠʭ ʢʦʨʠʩʪʫʚʘʯʘ ʧʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ ʧʫʙʣʽʯʥʠʭ ʭʤʘʨʥʠʭ 

ʩʝʨʚʽʩʽʚ. ʇʨʝʜʩʪʘʚʣʝʥʦ ʧʽʜʭʽʜ ʜʦ ʩʪʚʦʨʝʥʥʷ ʭʤʘʨʥʦʛʦ ʩʝʨʚʽʩʫ ʝʣʝʢʪʨʦʥʥʦʛʦ 

ʛʦʣʦʩʫʚʘʥʥʷ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʯʘʩʪʢʦʚʦ ʛʦʤʦʤʦʨʬʥʦʛʦ ʘʣʛʦʨʠʪʤʫ 
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ʰʠʬʨʫʚʘʥʥʷ ʜʣʷ ʟʘʭʠʩʪʫ ʧʨʠʥʮʠʧʽʚ ʪʘʻʤʥʦʩʪʽ ʚʠʙʦʨʫ ʫʯʘʩʥʠʢʽʚ. ʅʘʚʝʜʝʥʦ 

ʧʨʠʢʣʘʜ ʨʦʙʦʪʠ ʤʘʪʝʤʘʪʠʯʥʦʾ ʤʦʜʝʣʽ ʩʠʩʪʝʤʠ ʪʘ ʯʘʩ ʚʠʢʦʥʘʥʥʷ ʟʘʪʨʘʪʥʦʾ 

ʦʧʝʨʘʮʽʾ ʛʝʥʝʨʘʮʽʾ ʪʘʙʣʠʮʽ ʢʦʜʫʚʘʥʥʷ ʮʽʣʠʭ ʯʠʩʝʣ ʪʦʯʢʘʤʠ ʝʣʽʧʪʠʯʥʦʾ ʢʨʠʚʦʾ. 

ʇʝʨʝʚʘʛʦʶ ʜʘʥʦʛʦ ʧʽʜʭʦʜʫ ʻ ʥʝʤʦʞʣʠʚʽʩʪʴ ʚʽʜʩʣʽʜʢʦʚʫʚʘʥʥʷ ʚʠʙʦʨʫ 

ʢʦʨʠʩʪʫʚʘʯʽʚ ʥʘ ʩʪʦʨʦʥʽ ʭʤʘʨʥʦʛʦ ʩʝʨʚʽʩʫ ʥʘʚʽʪʴ ʧʽʩʣʷ ʟʘʚʝʨʰʝʥʥʷ 

ʛʦʣʦʩʫʚʘʥʥʷ ʪʘ ʨʦʟʢʨʠʪʪʷ ʢʽʣʴʢʦʩʪʽ ʚʠʙʦʨʽʚ ʢʦʞʥʦʛʦ ʦʢʨʝʤʦʛʦ ʚʘʨʽʘʥʪʫ. 

ʊʘʢʠʤ ʯʠʥʦʤ, ʥʘ ʚʽʜʤʽʥʫ ʚʽʜ ʽʩʥʫʶʯʠʭ ʘʥʘʣʦʛʽʚ, ʽʥʬʦʨʤʘʮʽʷ ʧʨʦ ʚʠʙʽʨ ʦʢʨʝʤʦʾ 

ʣʶʜʠʥʠ ʻ ʥʝʜʦʩʷʞʥʦʶ ʥʝ ʪʽʣʴʢʠ ʜʣʷ ʩʪʦʨʦʥʥʽʭ ʦʩʽʙ, ʘ ʽ ʜʣʷ ʚʣʘʩʥʠʢʽʚ 

ʦʙʯʠʩʣʶʚʘʣʴʥʠʭ ʨʝʩʫʨʩʽʚ ʥʘ ʷʢʠʭ ʧʨʘʮʶʻ ʩʠʩʪʝʤʘ. ɸ ʚʠʢʦʨʠʩʪʘʥʥʷ ʯʘʩʪʢʦʚʦ 

ʛʦʤʦʤʦʨʬʥʦʛʦ ʘʣʛʦʨʠʪʤʫ ʰʠʬʨʫʚʘʥʥʷ ʥʘ ʝʣʽʧʪʠʯʥʠʭ ʢʨʠʚʠʭ ʜʦʟʚʦʣʷʻ 

ʜʦʩʷʛʪʠ ʜʦʩʪʘʪʥʴʦʾ ʜʣʷ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʩʠʩʪʝʤʠ ʰʚʠʜʢʦʜʽʾ, ʢʦʣʠ ʯʘʩ 

ʚʠʢʦʥʘʥʥʷ ʦʧʝʨʘʮʽʡ ʥʝ ʚʧʣʠʚʘʻ ʩʫʪʪʻʚʦ ʥʘ ʧʨʦʮʝʜʫʨʫ ʛʦʣʦʩʫʚʘʥʥʷ. ʆʢʨʽʤ 

ʮʴʦʛʦ, ʩʠʩʪʝʤʘ ʜʦʟʚʦʣʷʻ ʢʦʞʥʦʤʫ ʟ ʙʘʞʘʶʯʠʭ ʧʝʨʝʚʽʨʠʪʠ ʧʨʘʚʠʣʴʥʽʩʪʴ 

ʚʨʘʭʫʚʘʥʥʷ ʾʭ ʛʦʣʦʩʫ ʧʽʩʣʷ ʟʘʢʽʥʯʝʥʥʷ ʛʦʣʦʩʫʚʘʥʥʷ ʪʘ ʨʦʟʢʨʠʪʪʷ ʧʨʠʚʘʪʥʦʛʦ 

ʢʣʶʯʘ ʰʠʬʨʫʚʘʥʥʷ, ʟʘ ʜʦʧʦʤʦʛʦʶ ʟʨʫʯʥʦʛʦ QR ʢʦʜʫ. ʎʝ ʧʽʜʚʠʱʫʻ ʜʦʚʽʨʫ 

ʚʠʙʦʨʮʽʚ ʜʦ ʩʠʩʪʝʤʠ ʪʘ ʫʩʢʣʘʜʥʶʻ ʾʭ ʧʽʜʢʫʧ. 

ɺ ʭʦʜʽ ʜʘʥʦʛʦ ʨʦʟʜʽʣʫ ʙʫʣʦ ʨʦʟʨʦʙʣʝʥʦ ʪʘ ʚʧʨʦʚʘʜʞʝʥʦ ʽʥʬʦʨʤʘʮʽʡʥʦ 

ʟʘʭʠʱʝʥʫ ʭʤʘʨʥʫ ʩʠʩʪʝʤʫ ʜʣʷ ʩʪʚʦʨʝʥʥʷ ʚʽʜʛʫʢʽʚ ʜʣʷ ʤʦʙʽʣʴʥʦʛʦ ʜʦʜʘʪʢʫ. 

ʇʝʨʝʚʘʛʦʶ ʜʘʥʦʾ ʩʠʩʪʝʤʠ ʥʘʜ ʽʩʥʫʶʯʠʤʠ ʘʥʘʣʦʛʘʤʠ ʻ ʥʝʤʦʞʣʠʚʽʩʪʴ ʜʦʩʪʫʧʫ 

ʜʦ ʧʨʠʚʘʪʥʦʾ ʽʥʬʦʨʤʘʮʽʾ ʢʦʨʠʩʪʫʚʘʯʽʚ ʪʘ ʟʘʛʘʣʴʥʦʾ ʩʪʘʪʠʩʪʠʯʥʦʾ ʽʥʬʦʨʤʘʮʽʾ 

ʜʦʜʘʪʢʫ. ʋ ʭʦʜʽ ʨʦʙʦʪʠ ʙʫʣʦ ʚʠʢʦʥʘʥʦ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʝ ʜʦʩʣʽʜʞʝʥʥʷ, 

ʨʝʟʫʣʴʪʘʪʠ ʷʢʦʛʦ ʧʦʢʘʟʘʣʠ ʧʝʨʝʚʘʛʫ ʫ ʰʚʠʜʢʦʜʽʾ ʟʘʧʨʦʧʦʥʦʚʘʥʦʛʦ ʘʣʛʦʨʠʪʤʫ 

ʰʠʬʨʫʚʘʥʥʷ ʥʘʜ ʽʩʥʫʶʯʠʤʠ ʘʥʘʣʦʛʘʤʠ. 

ʊʘʢʦʞ ʙʫʣʦ ʧʨʝʜʩʪʘʚʣʝʥʦ ʧʽʜʭʽʜ ʜʦ ʩʪʚʦʨʝʥʥʷ ʭʤʘʨʥʦʛʦ ʬʽʥʘʥʩʦʚʦʛʦ 

ʩʝʨʚʽʩʫ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʯʘʩʪʢʦʚʦ ʛʦʤʦʤʦʨʬʥʦʛʦ ʘʣʛʦʨʠʪʤʫ ʰʠʬʨʫʚʘʥʥʷ, ʜʣʷ 

ʟʘʭʠʩʪʫ ʦʩʦʙʠʩʪʦʾ ʪʘ ʬʽʥʘʥʩʦʚʦʾ ʽʥʬʦʨʤʘʮʽʾ ʫʯʘʩʥʠʢʽʚ. ʅʘʚʝʜʝʥʦ ʦʧʠʩ 

ʩʠʩʪʝʤʠ, ʧʨʠʢʣʘʜ ʨʦʙʦʪʠ ʤʘʪʝʤʘʪʠʯʥʦʾ ʤʦʜʝʣʽ. ʇʝʨʝʚʘʛʦʶ ʜʘʥʦʛʦ ʧʽʜʭʦʜʫ ʻ 

ʥʝʤʦʞʣʠʚʽʩʪʴ ʚʽʜʩʣʽʜʢʦʚʫʚʘʥʥʷ ʬʽʥʘʥʩʦʚʠʭ ʦʧʝʨʘʮʽʡ ʢʦʨʠʩʪʫʚʘʯʽʚ ʥʘ ʩʪʦʨʦʥʽ 

ʭʤʘʨʥʦʛʦ ʩʝʨʚʽʩʫ, ʥʘʚʽʪʴ ʧʽʩʣʷ ʟʘʚʝʨʰʝʥʥʷ ʪʨʘʥʟʘʢʮʽʾ ʪʘ ʨʦʟʢʨʠʪʪʷ ʨʘʭʫʥʢʽʚ 
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ʦʢʨʝʤʠʭ ʢʦʨʠʩʪʫʚʘʯʽʚ ʤʝʨʝʞʽ. ʊʘʢʠʤ ʯʠʥʦʤ, ʥʘ ʚʽʜʤʽʥʫ ʚʽʜ ʽʩʥʫʶʯʠʭ 

ʘʥʘʣʦʛʽʚ, ʽʥʬʦʨʤʘʮʽʷ ʧʨʦ ʪʨʘʥʟʘʢʮʽʶ ʢʦʰʪʽʚ ʦʢʨʝʤʦʾ ʣʶʜʠʥʠ ʻ ʥʝʜʦʩʷʞʥʦʶ 

ʥʝ ʪʽʣʴʢʠ ʜʣʷ ʩʪʦʨʦʥʥʽʭ ʦʩʽʙ, ʘ ʽ ʜʣʷ ʚʣʘʩʥʠʢʽʚ ʦʙʯʠʩʣʶʚʘʣʴʥʠʭ ʨʝʩʫʨʩʽʚ ʥʘ 

ʷʢʠʭ ʧʨʘʮʶʻ ʩʠʩʪʝʤʘ. ɸ ʚʠʢʦʨʠʩʪʘʥʥʷ ʯʘʩʪʢʦʚʦ ʛʦʤʦʤʦʨʬʥʦʛʦ ʘʣʛʦʨʠʪʤʫ 

ʰʠʬʨʫʚʘʥʥʷ ʥʘ ʝʣʽʧʪʠʯʥʠʭ ʢʨʠʚʠʭ ʜʦʟʚʦʣʷʻ ʜʦʩʷʛʪʠ ʜʦʩʪʘʪʥʴʦʾ, ʜʣʷ 

ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʩʠʩʪʝʤʠ, ʰʚʠʜʢʦʜʽʾ, ʢʦʣʠ ʯʘʩ ʚʠʢʦʥʘʥʥʷ ʦʧʝʨʘʮʽʡ ʥʝ ʚʧʣʠʚʘʻ 

ʩʫʪʪʻʚʦ ʥʘ ʧʨʦʮʝʜʫʨʫ ʧʝʨʝʢʘʟʫ ʢʦʰʪʽʚ. ʇʨʝʜʩʪʘʚʣʝʥʘ ʩʠʩʪʝʤʘ ʤʘʻ ʙʘʛʘʪʦ 

ʩʭʦʞʠʭ ʨʠʩ ʟ ʩʫʯʘʩʥʠʤʠ ʢʨʠʧʪʦʚʘʣʶʪʘʤʠ, ʧʨʦʪʝ, ʥʘ ʚʽʜʤʽʥʫ ʚʽʜ ʥʠʭ, ʤʽʩʪʠʪʴ 

ʮʝʥʪʨʘʣʽʟʦʚʘʥʠʡ ʩʝʨʚʝʨ, ʱʦ ʜʘʻ ʟʤʦʛʫ ʮʝʥʪʨʘʣʽʟʦʚʘʥʦʛʦ ʢʦʥʪʨʦʣʶ ʥʘʜ 

ʬʽʥʘʥʩʦʚʦʶ ʩʠʩʪʝʤʦʶ. 

ɿʥʘʯʥʠʤ ʥʝʜʦʣʽʢʦʤ ʩʠʩʪʝʤʠ ʻ ʛʝʦʤʝʪʨʠʯʥʝ ʟʨʦʩʪʘʥʥʷ ʧʘʤôʷʪʽ, 

ʥʝʦʙʭʽʜʥʝ ʜʣʷ ʟʙʝʨʽʛʘʥʥʷ ʟʘʰʠʬʨʦʚʘʥʦʾ ʩʫʤʠ ʢʦʰʪʽʚ ʧʨʠ ʟʨʦʩʪʘʥʥʽ ʢʽʣʴʢʦʩʪʽ 

ʢʦʨʠʩʪʫʚʘʯʽʚ ʩʠʩʪʝʤʠ, ʱʦ ʚʠʧʣʠʚʘʻ ʽʟ ʬʦʨʤʫʣ 4.9-4.11 

ʈʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʥʷ, ʱʦ ʧʨʝʜʩʪʘʚʣʝʥʽ ʚ ʯʝʪʚʝʨʪʦʤʫ ʨʦʟʜʽʣʽ 

ʦʧʫʙʣʽʢʦʚʘʥʦ ʚ [16], [19].  
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ɺʀʉʅʆɺʂʀ 

 

ʋ ʜʠʩʝʨʪʘʮʽʡʥʽʡ ʨʦʙʦʪʽ ʧʨʦʚʝʜʝʥʦ ʜʦʩʣʽʜʞʝʥʥʷ ʧʨʠʩʚʷʯʝʥʽ 

ʧʽʜʚʠʱʝʥʥʶ ʝʬʝʢʪʠʚʥʦʩʪʽ ʤʝʪʦʜʽʚ ʟʘʭʠʩʪʫ ʽʥʬʦʨʤʘʮʽʾ ʚ ʢʦʤʧ`ʶʪʝʨʥʠʭ 

ʩʠʩʪʝʤʘʭ, ʱʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʫ ʩʚʦʻʤʫ ʩʢʣʘʜʽ ʧʫʙʣʽʯʥʽ ʭʤʘʨʥʽ ʩʝʨʚʽʩʠ ʥʘ 

ʦʩʥʦʚʽ ʨʦʟʨʦʙʢʠ ʥʦʚʠʭ ʤʝʪʦʜʽʚ ʪʘ ʟʘʩʦʙʽʚ ʰʠʬʨʫʚʘʥʥʷ. 

ʆʩʥʦʚʥʽ ʨʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʴ ʻ ʪʘʢʠʤʠ: 

1. ʇʨʦʚʝʜʝʥʦ ʘʥʘʣʽʟ ʧʨʦʙʣʝʤ ʧʦʚôʷʟʘʥʠʭ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ 

ʧʫʙʣʽʯʥʠʭ ʭʤʘʨʥʠʭ ʪʝʭʥʦʣʦʛʽʡ ʢʦʤʧôʶʪʝʨʥʠʭ ʦʙʯʠʩʣʝʥʴ. ʇʦʢʘʟʘʥʦ, ʱʦ 

ʟʥʘʯʥʦʶ ʟʘʛʨʦʟʦʶ ʜʣʷ ʩʫʯʘʩʥʠʭ ʢʦʤʧôʶʪʝʨʥʠʭ ʩʠʩʪʝʤ ʻ ʥʝʧʨʘʚʦʤʽʨʥʽ ʜʽʾ 

ʟʯʠʥʝʥʽ ʚʣʘʩʥʠʢʘʤʠ ʩʪʦʨʦʥʥʽʭ ʦʙʯʠʩʣʶʚʘʣʴʥʠʭ ʨʝʩʫʨʩʽʚ ʷʢʽ ʚʠʢʦʨʠʩʪʦʚʫʻ 

ʢʦʤʧôʶʪʝʨʥʘ ʩʠʩʪʝʤʘ. ʅʘ ʦʩʥʦʚʽ ʦʛʣʷʜʫ ʽʩʥʫʶʯʠʭ ʤʦʜʝʣʝʡ ʪʘ ʩʪʨʘʪʝʛʽʡ 

ʨʦʟʛʦʨʪʘʥʥʷ ʭʤʘʨʥʠʭ ʩʝʨʚʽʩʽʚ, ʟʨʦʙʣʝʥʦ ʚʠʩʥʦʚʦʢ, ʱʦ ʦʩʦʙʣʠʚʘ ʫʚʘʛʘ 

ʧʦʚʠʥʥʘ ʙʫʪʠ ʧʨʠʜʽʣʝʥʘ ʧʫʙʣʽʯʥʠʤ ʭʤʘʨʥʠʤ ʩʝʨʚʽʩʘʤ. ʇʨʦʚʝʜʝʥʦ ʘʥʘʣʽʟ 

ʩʫʯʘʩʥʠʭ ʤʝʪʦʜʽʚ ʟʘʭʠʩʪʫ ʽʥʬʦʨʤʘʮʽʾ, ʧʨʠ ʾʾ ʧʝʨʝʜʘʯʽ, ʟʙʝʨʽʛʘʥʥʽ ʪʘ ʦʙʨʦʙʮʽ ʫ 

ʧʫʙʣʽʯʥʦʤʫ ʭʤʘʨʥʦʤʫ ʩʝʨʚʽʩʽ, ʧʨʠ ʡʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʽ ʫ ʩʢʣʘʜʽ ʢʦʤʧôʶʪʝʨʥʦʾ 

ʩʠʩʪʝʤʠ. 

2. ʈʦʟʨʦʙʣʝʥʦ ʩʠʩʪʝʤʫ ʜʝʧʝʨʩʦʥʘʣʽʟʘʮʽʾ ʢʦʨʠʩʪʫʚʘʯʽʚ, ʧʨʠ 

ʚʠʢʦʨʠʩʪʘʥʥʽ ʧʫʙʣʽʯʥʦʛʦ ʭʤʘʨʥʦʛʦ ʩʝʨʚʽʩʫ ʢʦʤʧôʶʪʝʨʥʠʭ ʦʙʯʠʩʣʝʥʴ ʥʘ 

ʦʩʥʦʚʽ ʯʘʩʪʢʦʚʦ ʛʦʤʦʤʦʨʬʥʦʛʦ ʘʣʛʦʨʠʪʤʫ ʰʠʬʨʫʚʘʥʥʷ, ʱʦ ʜʦʟʚʦʣʠʣʘ 

ʚʠʢʦʥʫʚʘʪʠ ʦʙʯʠʩʣʝʥʥʷ ʫ ʧʫʙʣʽʯʥʦʤʫ ʭʤʘʨʥʦʤʫ ʩʝʨʚʽʩʽ ʙʝʟ ʨʦʟʢʨʠʪʪʷ 

ʧʨʠʚʘʪʥʦʾ ʽʥʬʦʨʤʘʮʽʾ ʢʦʨʠʩʪʫʚʘʯʽʚ. 

3. ɺʠʟʥʘʯʝʥʦ ʢʨʠʪʝʨʽʡ ʝʬʝʢʪʠʚʥʦʩʪʽ ʘʣʛʦʨʠʪʤʫ ʯʘʩʪʢʦʚʦ 

ʛʦʤʦʤʦʨʬʥʦʛʦ ʰʠʬʨʫʚʘʥʥʷ, ʱʦ ʦʨʽʻʥʪʦʚʘʥʘ ʥʘ ʚʠʢʦʨʠʩʪʘʥʥʷ ʫ ʩʢʣʘʜʽ 

ʩʠʩʪʝʤʠ ʜʝʧʝʨʩʦʥʘʣʽʟʘʮʽʾ ʢʦʨʠʩʪʫʚʘʯʽʚ, ʢʽʣʴʢʽʩʪʴ ʯʘʩʫ ʚʠʪʨʘʯʝʥʦʛʦ ʥʘ ʦʜʥʫ 

ʦʧʝʨʘʮʽʶ ʛʦʤʦʤʦʨʬʥʦʛʦ ʜʦʜʘʚʘʥʥʷ. ɼʘʥʠʡ ʢʨʠʪʝʨʽʡ ʤʦʞʝ ʙʫʪʠ ʚʠʢʦʨʠʩʪʘʥʠʡ 

ʜʣʷ ʧʦʨʽʚʥʷʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʘʣʛʦʨʠʪʤʽʚ ʯʘʩʪʢʦʚʦ ʛʦʤʦʤʦʨʬʥʦʛʦ 

ʰʠʬʨʫʚʘʥʥʷ ʧʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ ʧʫʙʣʽʯʥʦʛʦ ʭʤʘʨʥʦʛʦ ʩʝʨʚʽʩʫ. 
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4. ʈʦʟʨʦʙʣʝʥʦ ʪʝʦʨʝʪʠʯʥʦ ʦʙˇʨʫʥʪʦʚʘʥʫ ʤʦʜʠʬʽʢʘʮʽʶ ʩʭʝʤʠ 

ʰʠʬʨʫʚʘʥʥʷ ʥʘ ʦʩʥʦʚʽ ʝʣʽʧʪʠʯʥʠʭ ʢʨʠʚʠʭ ʟ ʤʝʪʦʶ ʥʘʜʘʥʥʷ ʾʡ ʛʦʤʦʤʦʨʬʥʠʭ 

ʚʣʘʩʪʠʚʦʩʪʝʡ ʚʽʜʥʦʩʥʦ ʦʧʝʨʘʮʽʾ ʜʦʜʘʚʘʥʥʷ. ʇʨʦʘʥʘʣʽʟʦʚʘʥʦ ʢʨʠʧʪʦʩʪʽʡʢʽʩʪʴ 

ʯʘʩʪʢʦʚʦ ʛʦʤʦʤʦʨʬʥʦʛʦ ʘʣʛʦʨʠʪʤʫ ʥʘ ʦʩʥʦʚʽ ʝʣʽʧʪʠʯʥʠʭ ʢʨʠʚʠʭ. ɺʠʢʦʥʘʥʦ 

ʧʦʨʽʚʥʷʥʥʷ ʩʪʚʦʨʝʥʦʛʦ ʘʣʛʦʨʠʪʤʫ ʟ ʘʥʘʣʦʛʦʤ ï ʘʣʛʦʨʠʪʤʦʤ ʇʝʡʻ (ʩʪʚʦʨʝʥʠʡ 

ʘʣʛʦʨʠʪʤ ʰʚʠʜʰʠʡ ʥʘ 38%). 

5. ʈʦʟʨʦʙʣʝʥʦ ʤʘʪʝʤʘʪʠʯʥʽ ʤʦʜʝʣʽ ʩʠʩʪʝʤʠ ʜʝʧʝʨʩʦʥʘʣʽʟʘʮʽʾ 

ʢʦʨʠʩʪʫʚʘʯʽʚ ʭʤʘʨʥʦʛʦ ʩʝʨʚʽʩʫ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʯʘʩʪʢʦʚʦ ʛʦʤʦʤʦʨʬʥʦʛʦ 

ʘʣʛʦʨʠʪʤʫ ʰʠʬʨʫʚʘʥʥʷ ʥʘ ʦʩʥʦʚʽ ʝʣʽʧʪʠʯʥʠʭ ʢʨʠʚʠʭ, ʱʦ ʜʦʟʚʦʣʷʶʪʴ 

ʟʘʭʠʩʪʠʪʠ ʧʨʠʚʘʪʥʫ ʽʥʬʦʨʤʘʮʽʶ ʢʦʨʠʩʪʫʚʘʯʽʚ ʢʦʤʧôʶʪʝʨʥʦʾ ʩʠʩʪʝʤʠ, ʱʦ 

ʚʠʢʦʨʠʩʪʦʚʫʻ ʭʤʘʨʥʠʡ ʩʝʨʚʽʩ ʷʢ ʦʜʠʥ ʽʟ ʩʢʣʘʜʦʚʠʭ ʢʦʤʧʦʥʝʥʪʽʚ. 

6. ʈʦʟʨʦʙʣʝʥʦ ʤʝʪʦʜʠʢʫ ʜʝʢʦʜʫʚʘʥʥʷ ʯʠʩʝʣ, ʟʘʢʦʜʦʚʘʥʠʭ ʪʦʯʢʘʤʠ 

ʝʣʽʧʪʠʯʥʦʾ ʢʨʠʚʦʾ. ʇʨʦʮʝʩ ʜʝʢʦʜʫʚʘʥʥʷ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʜʚʦʭ ʝʪʘʧʽʚ ï 

ʧʦʧʝʨʝʜʥʴʦʛʦ (ʛʝʥʝʨʘʮʽʷ ʜʦʩʪʘʪʥʴʦʾ ʢʽʣʴʢʦʩʪʽ ʪʦʯʦʢ ʝʣʽʧʪʠʯʥʦʾ ʢʨʠʚʦʾ, 

ʩʧʦʩʦʙʦʤ, ʱʦ ʙʘʟʫʻʪʴʩʷ ʥʘ ʤʝʪʦʜʽ ʟ ʬʽʢʩʦʚʘʥʦʶ ʪʦʯʢʦʶ), ʪʘ ʜʝʢʦʜʫʚʘʥʥʷ 

(ʟʥʘʭʦʜʞʝʥʥʷ ʟʘʢʦʜʦʚʘʥʦʛʦ ʯʠʩʣʘ ʧʦ ʢʦʦʨʜʠʥʘʪʘʤ ʟʘʢʦʜʦʚʘʥʦʾ ʪʦʯʢʠ). ʋ ʭʦʜʽ 

ʨʦʙʦʪʠ ʙʫʣʦ ʚʠʟʥʘʯʝʥʦ ʢʽʣʴʢʽʩʪʴ ʧʘʤôʷʪʽ ʥʝʦʙʭʽʜʥʦʛʦ ʜʣʷ ʟʙʝʨʝʞʝʥʥʷ ς  

ʪʦʯʦʢ ʝʣʽʧʪʠʯʥʦʾ ʢʨʠʚʦʾ ï 256 Gb, ʪʘ ʯʘʩ ʥʝʦʙʭʽʜʥʠʡ ʜʣʷ ʛʝʥʝʨʘʮʽʾ ʜʘʥʦʛʦ 

ʯʠʩʣʘ ʪʦʯʦʢ ʫ ʦʜʥʦ ʧʦʪʦʯʥʦʤʫ ʨʝʞʠʤʽ ï 13 ʛʦʜ 9 ʭʚ. ɼʘʥʠʡ ʤʝʪʦʜ ʜʦʟʚʦʣʠʚ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʘʣʛʦʨʠʪʤʠ ʰʠʬʨʫʚʘʥʥʷ ʥʘ ʦʩʥʦʚʽ ʝʣʽʧʪʠʯʥʠʭ ʢʨʠʚʠʭ 

ʚʽʜʥʦʩʥʦ ʮʽʣʠʭ ʯʠʩʝʣ. 

7. ʈʦʟʨʦʙʣʝʥʦ ʤʝʪʦʜʠʢʫ ʩʪʚʦʨʝʥʥʷ ʩʠʩʪʝʤ, ʱʦ ʦʨʽʻʥʪʦʚʘʥʽ ʥʘ ʟʘʭʠʩʪ 

ʧʨʠʚʘʪʥʦʾ ʽʥʬʦʨʤʘʮʽʾ ʢʦʨʠʩʪʫʚʘʯʽʚ, ʰʣʷʭʦʤ ʧʝʨʝʪʚʦʨʝʥʥʷ ʤʦʜʝʣʽ ʦʙʯʠʩʣʝʥʴ 

ʟ ʤʝʪʦʶ ʚʠʢʦʨʠʩʪʘʥʥʷ ʘʣʛʦʨʠʪʤʽʚ ʯʘʩʪʢʦʚʦʛʦ ʘʙʦ ʧʦʚʥʽʩʪʶ ʛʦʤʦʤʦʨʬʥʦʛʦ 

ʰʠʬʨʫʚʘʥʥʷ. ʆʩʥʦʚʥʦʶ ʮʽʣʣʶ ʩʪʚʦʨʝʥʦʾ ʤʝʪʦʜʠʢʠ ʻ ʚʠʦʢʨʝʤʣʝʥʥʷ 

ʦʙʯʠʩʣʶʚʘʣʴʥʠʭ ʧʨʦʮʝʜʫʨ, ʷʢʽ ʙʫʜʫʪʴ ʚʠʢʦʥʫʚʘʪʠʩʷ ʥʘ ʩʪʦʨʦʥʽ ʧʫʙʣʽʯʥʦʛʦ 

ʭʤʘʨʥʦʛʦ ʩʝʨʚʽʩʫ, ʪʘ ʧʝʨʝʥʝʩʝʥʥʷ ʾʭ ʥʘ ʘʨʠʬʤʝʪʠʯʥʫ ʙʘʟʫ ʦʙʨʘʥʦʛʦ ʤʝʪʦʜʫ 

ʰʠʬʨʫʚʘʥʥʷ. 
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8. ʈʝʘʣʽʟʦʚʘʥʦ ʧʨʦʛʨʘʤʥʝ ʟʘʙʝʟʧʝʯʝʥʥʷ, ʱʦ ʚʠʢʦʨʠʩʪʦʚʫʻ 

ʦʙʯʠʩʣʶʚʘʣʴʥʽ ʧʨʦʮʝʜʫʨʠ ʯʘʩʪʢʦʚʦ ʛʦʤʦʤʦʨʬʥʦʛʦ ʰʠʬʨʫʚʘʥʥʷ ʥʘ ʦʩʥʦʚʽ 

ʝʣʽʧʪʠʯʥʠʭ ʢʨʠʚʠʭ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʦʙʯʠʩʣʶʚʘʣʴʥʠʭ ʧʦʪʫʞʥʦʩʪʝʡ ʪʝʭʥʽʯʥʠʭ 

ʟʘʩʦʙʽʚ. 

9. ʈʦʟʨʦʙʣʝʥʦ ʘʣʛʦʨʠʪʤʽʯʥʝ ʟʘʙʝʟʧʝʯʝʥʥʷ ʪʘ ʧʨʦʛʨʘʤʥʠʡ 

ʤʦʜʝʣʶʶʯʠʡ ʢʦʤʧʣʝʢʩ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʤʦʚ ʧʨʦʛʨʘʤʫʚʘʥʥʷ ʚʠʩʦʢʦʛʦ ʨʽʚʥʷ. 

10. ʈʝʟʫʣʴʪʘʪʠ ʧʨʦʚʝʜʝʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʚʧʨʦʚʘʜʞʝʥʦ ʚ ʊʆɺ 

Ăʉʢʘʡʩʦʬʪʪʝʢò, ʧʨʠ ʧʨʦʝʢʪʫʚʘʥʥʽ ʟʘʩʦʙʽʚ ʪʘ ʧʨʠʩʪʨʦʾʚ, ʱʦ ʦʙʨʦʙʣʷʶʪʴ 

ʽʥʬʦʨʤʘʮʽʶ ʫ ʧʫʙʣʽʯʥʦʤʫ ʭʤʘʨʥʦʤʫ ʩʝʨʚʽʩʽ.    



128 

 

ʉʇʀʉʆʂ ɺʀʂʆʈʀʉʊɸʅʆɰ ʃɯʊɽʈɸʊʋʈʀ 

 

[1] Y. Jadeja ʽ K. Modi, çCloud computing - Concepts, architecture and 

challengesè, 2012 Int. Conf. Comput. Electron. Electr. Technol. ICCEET 

2012, no November, pp 877ï880, 2012. 

[2] P. Mell ʽ T. Grance, çThe NIST Definition of Cloud Computing 

Recommendations of the National Institute of Standards and Technologyè, 

Natl. Inst. Stand. Technol. Inf. Technol. Lab., vol 145, p 7, 2011. 

[3] Y. Chen, V. Paxson, ʽ R. H. Katz, çWhatôs New About Cloud Computing 

Security?è, Electr. Eng. Comput. Sci. Univ. Calif. Berkeley, vol 20, no 2010, 

pp 1ï8, 2010. 

[4] D. Hubbard ʽ M. Sutton, çTop Threats to Cloud Computingè, Cloud Secur. 

Alliance, no March, pp 1ï14, 2010. 

[5] ʅ. ʌʝʨʛʶʩʦʥ ʽ ɹ. ʐʥʘʡʝʨ, çʇʨʘʢʪʠʯʝʩʢʘʷ ʢʨʠʧʪʦʛʨʘʬʠʷ.pdfè. 

ɼʠʘʣʝʢʪʠʢʘ, ʄ., p 420, 2005. 

[6] G. Reese, Cloud Application Architectures, 1st ed, no 1. Sebastopol, CA, 

2009. 

[7] ʇʠʪʝʨ ʌʠʥʛʘʨ, Dot.Cloud: ʦʙʣʘʯʥʳʝ ʚʳʯʠʩʣʝʥʠʷ ï ʙʠʟʥʝʩ-ʧʣʘʪʬʦʨʤʘ 

XXI ʚʝʢʘ. ʄ.: ɸʢʚʘʤʘʨʠʥʦʚʘʷ ʂʥʠʛʘ, 2011. 

[8] ɺ. ʈʦʤʘʥʯʝʥʢʦ, ʆʙʣʘʯʥʳʝ ʚʳʯʠʩʣʝʥʠʷ ʥʘ ʢʘʞʜʳʡ ʜʝʥʴ. ʄ.: ɺʽʣʴʷʤʩ, 

2009. 

[9] Craig Gentry, çFully homomorphic encryption using ideal latticesè, STOC, 

pp 169ï178, 2009. 

[10] Craig Gentry, A. Sahai, ʽ B. Waters, çHomomorphic Encryption from 

Learning with Errors: Conceptually-Simpler, Asymptotically-Faster, 

Attribute-Basedè, Adv. Cryptol., vol 8042, p 18, 2013. 

[11] M. Tebaa, S. El Hajji,  a El Ghazi, S. El Hajji, ʽ A. El Ghazi, çHomomorphic 

Encryption Applied to the Cloud Computing Securityè, Proc. World Congr. 

Eng., vol 1, pp 4ï6, 2012. 



129 

 

[12] M. Naehrig, çCan homomorphic encryption be practical?è, ACM Comput. 

Commun. Secur., pp 113ï124, 2011. 

[13] ɭ. ʆ. ʊʠʪʘʨʯʫʢ, çɿʘʭʠʩʪ ʜʘʥʠʭ ʚ ʭʤʘʨʥʠʭ ʪʝʭʥʦʣʦʛʽʷʭ ʢʦʤʧôʶʪʝʨʥʠʭ 

ʦʙʯʠʩʣʝʥʴè, ʇʨʠʜʥʽʧʨʦʚʩʴʢʠʡ ʥʘʫʢʦʚʠʡ ʚʽʩʥʠʢ, vol 5, no 152, pp 77ï82, 

2014. 

[14] ʈ. ʅ. ʂʚʻʪʥʠʡ ʽ ɭ. ʆ. ʊʠʪʘʨʯʫʢ, çɺʠʢʦʨʠʩʪʘʥʥʷ ʛʽʙʨʠʜʥʦʾ ʢʨʠʧʪʦʛʨʘʬʽʾ ʚ 

ʭʤʘʨʥʠʭ ʪʝʭʥʦʣʦʛʽʷʭ ʢʦʤʧôʶʪʝʨʥʠʭ ʦʙʯʠʩʣʝʥʴè, ʉʙʦʨʥʠʢ ʥʘʫʯʥʳʭ 

ʪʨʫʜʦʚ Sworld, no 3, pp 63ï67, 2014. 

[15] ʈ. ʅ. ʂʚʻʪʥʠʡ, ɭ. ʆ. ʊʠʪʘʨʯʫʢ, ʽ ɸ. ɸ. ɻʫʨʞʽʡ, çʄʝʪʦʜ ʪʘ ʘʣʛʦʨʠʪʤ 

ʦʙʤʽʥʫ ʢʣʶʯʘʤʠ ʩʝʨʝʜ ʛʨʫʧ ʢʦʨʠʩʪʫʚʘʯʽʚ ʥʘ ʦʩʥʦʚʽ ʘʩʠʤʝʪʨʠʯʥʠʭ 

ʰʠʬʨʽʚ ECC ʪʘ RSAè, ɯʥʬʦʨʤʘʮʽʡʥʽ ʪʝʭʥʦʣʦʛʽʾ ʪʘ ʢʦʤʧôʶʪʝʨʥʘ 

ʽʥʞʝʥʝʨʽʷ, vol 3, no 37, pp 38ï44, 2016. 

[16] ʈ. ʅ. ʂʚʻʪʥʠʡ ʽ ɭ. ʆ. ʊʠʪʘʨʯʫʢ, çɺʠʢʦʨʠʩʪʘʥʥʷ ʯʘʩʪʢʦʚʦ ʛʦʤʦʤʦʨʬʥʦʛʦ 

ʘʣʛʦʨʠʪʤʫ ʰʠʬʨʫʚʘʥʥʷ ʥʘ ʝʣʽʧʪʠʯʥʠʭ ʢʨʠʚʠʭ ʫ ʭʤʘʨʥʽʡ ʩʠʩʪʝʤʽ 

ʝʣʝʢʪʨʦʥʥʦʛʦ ʛʦʣʦʩʫʚʘʥʥʷè, ʆʧʪʠʢʦ-ʝʣʝʢʪʨʦʥʥi iʥʬʦʨʤʘʮiʡʥʦ-

ʝʥʝʨʛʝʪʠʯʥi ʪʝʭʥʦʣʦʛiʾ, vol 32, no 2, pp 14ï22, 2016. 

[17] R. N. Kvyetnyy, E. A. Titarchuk, O. N. Romanyuk, K. Gromaszek, ʽ N. 

Mussabekov, çUsage of the hybrid encryption in a cloud instant messages 

exchange systemè, Photonics Appl. Astron. Commun. Ind. High-Energy Phys. 

Exp., no 10031, p 8, 2016. 

[18] ʈ. ʅ. ʂʚʻʪʥʠʡ ʽ ɭ. ʆ. ʊʠʪʘʨʯʫʢ, çɸʥʘʣʽʟ ʢʨʠʧʪʦʩʪʽʡʢʦʩʪʽ ʯʘʩʪʢʦʚʦ 

ʛʦʤʦʤʦʨʬʥʦʛʦ ʘʣʛʦʨʠʪʤʫ ʰʠʬʨʫʚʘʥʥʷ ʥʘ ʦʩʥʦʚʽ ʝʣʽʧʪʠʯʥʠʭ ʢʨʠʚʠʭè, 

ɯʥʬʦʨʤʘʮʽʡʥʽ ʪʝʭʥʦʣʦʛʽʾ ʪʘ ʢʦʤʧôʶʪʝʨʥʘ ʽʥʞʝʥʝʨʽʷ, vol 1, no 38, pp 83ï

87, 2017. 

[19] ʈ. ʅ. ʂʚʻʪʥʠʡ ʽ ɭ. ʆ. ʊʠʪʘʨʯʫʢ, çʍʤʘʨʥʘ ʩʠʩʪʝʤʘ ʦʙʤʽʥʫ ʝʣʝʢʪʨʦʥʥʠʤʠ 

ʛʨʦʰʠʤʘ ʥʘ ʦʩʥʦʚʽ ʘʣʛʦʨʠʪʤʫ ʯʘʩʪʢʦʚʦ ʛʦʤʦʤʦʨʬʥʦʛʦ ʰʠʬʨʫʚʘʥʥʷè, 

ɯʥʬʦʨʤʘʮʽʡʥʽ ʪʝʭʥʦʣʦʛʽʾ ʪʘ ʢʦʤʧôʶʪʝʨʥʘ ʽʥʞʝʥʝʨʽʷ, vol 2, 2017. 

[20] ɭ. ʆ. ʊʠʪʘʨʯʫʢ, çɿʘʭʠʩʪ ʜʘʥʠʭ ʚ ʭʤʘʨʥʠʭ ʪʝʭʥʦʣʦʛʽʷʭ ʢʦʤʧôʶʪʝʨʥʠʭ 

ʦʙʯʠʩʣʝʥʴè, ʚ XLII ʨʝʛʽʦʥʘʣʴʥʘ ʥʘʫʢʦʚʦ-ʪʝʭʥʽʯʥʘ ʢʦʥʬʝʨʝʥʮʽʷ 



130 

 

ʧʨʦʬʝʩʦʨʩʴʢʦ-ʚʠʢʣʘʜʘʮʴʢʦʛʦ ʩʢʣʘʜʫ, ʩʧʽʚʨʦʙʽʪʥʠʢʽʚ ʪʘ ʩʪʫʜʝʥʪʽʚ 

ʫʥʽʚʝʨʩʠʪʝʪʫ ʟ ʫʯʘʩʪʶ ʧʨʘʮʽʚʥʠʢʽʚ ʥʘʫʢʦʚʦ-ʜʦʩʣʽʜʥʠʭ ʦʨʛʘʥʽʟʘʮʽʡ ʪʘ 

ʽʥʞʝʥʝʨʥʦ-ʪʝʭʥʽʯʥʠʭ ʧʨʘʮʽʚʥʠʢʽʚ ʧʽʜʧʨʠʻʤʩʪʚ ʤ. ɺʽʥʥʠʮʽ ʪʘ ʦʙʣʘʩʪʽ, 

2013, p 8. 

[21] ʈ. ʅ. ʂʚʻʪʥʠʡ ʽ ɭ. ʆ. ʊʠʪʘʨʯʫʢ, çɺʠʢʦʨʠʩʪʘʥʥʷ ʛʽʙʨʠʜʥʦʾ ʢʨʠʧʪʦʛʨʘʬʽʾ ʚ 

ʭʤʘʨʥʠʭ ʪʝʭʥʦʣʦʛʽʷʭ ʢʦʤʧôʶʪʝʨʥʠʭ ʦʙʯʠʩʣʝʥʴè, ʚ ʄʽʞʥʘʨʦʜʥʘ 

ʥʘʫʢʦʚʦ-ʧʨʘʢʪʠʯʥʘ ɯʥʪʝʨʥʝʪ-ʢʦʥʬʝʨʝʥʮʽʷ. ʅʘʫʢʦʚʽ ʜʦʩʣʽʜʞʝʥʥʷ ʽ ʾʭ 

ʧʨʘʢʪʠʯʥʝ ʟʘʩʪʦʩʫʚʘʥʥʷ. ʉʫʯʘʩʥʠʡ ʩʪʘʥ ʪʘ ʰʣʷʭʠ ʨʦʟʚʠʪʢʫ ó2014, 

2014, p 5. 

[22] ʈ. ʅ. ʂʚʻʪʥʠʡ ʽ ɭ. ʆ. ʊʠʪʘʨʯʫʢ, çɺʠʢʦʨʠʩʪʘʥʥʷ ʛʽʙʨʠʜʥʦʛʦ ʰʠʬʨʫʚʘʥʥʷ 

ʚ ʭʤʘʨʥʠʭ ʪʝʭʥʦʣʦʛʽʷʭ ʢʦʤʧôʶʪʝʨʥʠʭ ʦʙʯʠʩʣʝʥʴè, ʚ IX ʄʽʞʥʘʨʦʜʥʘ 

ʥʘʫʢʦʚʦ-ʧʨʘʢʪʠʯʥʘ ʢʦʥʬʝʨʝʥʮʽʷ ɯʆʅ2014, 2014, p 2. 

[23] ʈ. ʅ. ʂʚʻʪʥʠʡ ʽ ɭ. ʆ. ʊʠʪʘʨʯʫʢ, çɿʘʭʠʩʪ ʜʘʥʠʭ ʚ ʭʤʘʨʥʠʭ ʪʝʭʥʦʣʦʛʽʷʭ 

ʢʦʤʧôʶʪʝʨʥʠʭ ʦʙʯʠʩʣʝʥʴè, ʚ XII ʄʽʞʥʘʨʦʜʥʘ ʢʦʥʬʝʨʝʥʮʽʷ. ʂʦʥʪʨʦʣʴ ʽ 

ʫʧʨʘʚʣʽʥʥʷ ʚ ʩʢʣʘʜʥʠʭ ʩʠʩʪʝʤʘʭ. ʂʋʉʉ 2014, 2014, p 2. 

[24] ʈ. ʅ. ʂʚʻʪʥʠʡ ʽ ɭ. ʆ. ʊʠʪʘʨʯʫʢ, çɺʠʢʦʨʠʩʪʘʥʥʷ ʛʽʙʨʠʜʥʦʛʦ ʰʠʬʨʫʚʘʥʥʷ 

ʚ ʭʤʘʨʥʽʡ ʩʠʩʪʝʤʽ ʦʙʤʽʥʫ ʤʠʪʪʻʚʠʤʠ ʧʦʚʽʜʦʤʣʝʥʥʷʤʠè, ʚ InfoCom 2015: 

ʄʘʪʝʨʽʘʣʠ 1-ʾ ʄʽʞʥʘʨʦʜʥʦʾ ʢʦʥʬʝʨʝʥʮʽʾ ʧʨʠʩʚʷʯʝʥʦʾ 70-ʨʽʯʯʶ ʢʘʬʝʜʨʠ 

ʘʚʪʦʤʘʪʠʢʠ ʪʘ ʫʧʨʘʚʣʽʥʥʷ ʚ ʪʝʭʥʽʯʥʠʭ ʩʠʩʪʝʤʘʭ, 2015, p 2. 

[25] ʈ. ʅ. ʂʚʻʪʥʠʡ ʽ ɭ. ʆ. ʊʠʪʘʨʯʫʢ, çɸʣʛʦʨʠʪʤ ʯʘʩʪʢʦʚʦ ʛʦʤʦʤʦʨʬʥʦʛʦ 

ʰʠʬʨʫʚʘʥʥʷ ʥʘ ʦʩʥʦʚʽ ʝʣʽʧʪʠʯʥʠʭ ʢʨʠʚʠʭè, ʚ XIII ʤʽʞʥʘʨʦʜʥʘ 

ʢʦʥʬʝʨʝʥʮʽʷ çʂʦʥʪʨʦʣʴ ʽ ʫʧʨʘʚʣʽʥʥʷ ʚ ʩʢʣʘʜʥʠʭ ʩʠʩʪʝʤʘʭ (ʂʋʉʉ-

2016)è, 2016, p 2. 

[26] ʈ. ʅ. ʂʚʻʪʥʠʡ ʽ ɭ. ʆ. ʊʠʪʘʨʯʫʢ, çʍʤʘʨʥʘ ʩʠʩʪʝʤʘ ʦʙʤʽʥʫ ʝʣʝʢʪʨʦʥʥʠʤʠ 

ʛʨʦʰʠʤʘ ʥʘ ʦʩʥʦʚʽ ʘʣʛʦʨʠʪʤʫ ʯʘʩʪʢʦʚʦ ʛʦʤʦʤʦʨʬʥʦʛʦ ʰʠʬʨʫʚʘʥʥʷè, ʚ 

ɺʠʤʽʨʶʚʘʥʥʷ, ʢʦʥʪʨʦʣʴ ʪʘ ʜʽʘʛʥʦʩʪʠʢʘ ʚ ʪʝʭʥʽʯʥʠʭ ʩʠʩʪʝʤʘʭ (ɺʂɼʊʉ-

2017), 2017, p 2. 

[27] ɼ. ʄʫʪʫʨ ʽ ɺ. ɸ. ɹʭʘʪ, çVirtual computing labè, IBM Dev., p 14, 2011. 

[28] C. Hewitt, çORGs for Scalable, Robust, Privacy-Friendly Client Cloud 



131 

 

Computingè, IEEE Internet Comput., vol 12, no 5, 2008. 

[29] L. Columbus, çRoundup Of Cloud Computing Forecasts And Market 

Estimatesè. [Online]. Available at: 

https://www.forbes.com/sites/louiscolumbus/2016/03/13/roundup-of-cloud-

computing-forecasts-and-market-estimates-2016/#145e3a712187. 

[Accessed: 16-ɾʦʚ-2017]. 

[30] çDropboxè, Official site. [Online]. Available at: https://www.dropbox.com/. 

[Accessed: 03-ʃ ʪʁ-2018]. 

[31] çGoogle Driveè, Official site. [Online]. Available at: 

https://www.google.com/drive/. [Accessed: 03-ʃʶʪ-2018]. 

[32] Microsoft, çOffice 365è, Official site. [Online]. Available at: 

https://www.office.com/. 

[33] çUniSenderè, Official site. [Online]. Available at: 

https://www.unisender.com/. [Accessed: 03-ʃʶʪ-2018]. 

[34] çTwilioè, Official site. [Online]. Available at: https://www.twilio.com/. 

[Accessed: 03-ʃʶʪ-2018]. 

[35] çSalesForceè, Official site. [Online]. Available at: 

https://www.salesforce.com. [Accessed: 02-ɹʝʨ-2018]. 

[36] çAzure Portalè, Official site. [Online]. Available at: https://portal.azure.com/. 

[Accessed: 02-ɹʝʨ-2018]. 

[37] çGoogle App Engineè, Official site. [Online]. Available at: 

https://cloud.google.com/appengine/. [Accessed: 03-ʃʶʪ-2018]. 

[38] çHerokuè, Official site. [Online]. Available at: https://www.heroku.com/. 

[Accessed: 03-ʃʶʪ-2018]. 

[39] çAzure Virtual Machinesè, Official site. [Online]. Available at: 

https://azure.microsoft.com/services/virtual-machines/. [Accessed: 03-ʃʶʪ-

2018]. 

[40] çAmazon Web Servicesè, Official site. [Online]. Available at: 

https://aws.amazon.com/. [Accessed: 03-ʃʶʪ-2018]. 



132 

 

[41] Microsoft, çCloud computing termsè, 2015. [Online]. Available at: 

https://azure.microsoft.com/en-us/overview/cloud-computing-dictionary/. 

[Accessed: 02-ɹʝʨ-2018]. 

[42] çHyper-V Technology Overviewè, 2016. [Online]. Available at: 

https://docs.microsoft.com/en-us/windows-server/virtualization/hyper-

v/hyper-v-technology-overview. [Accessed: 03-ʃʶʪ-2018]. 

[43] OpenTok, çOpenTok Basicsè. [Online]. Available at: 

https://tokbox.com/developer/guides/basics/. 

[44] ʇʨʦ ʟʘʭʠʩʪ ʧʝʨʩʦʥʘʣʴʥʠʭ ʜʘʥʠʭ. 2010. 

[45] ɼʠʨʝʢʪʠʚʘ 95/46/ɭʉ ɭʚʨʦʧʝʡʩʴʢʦʛʦ ʇʘʨʣʘʤʝʥʪʫ ʽ ʈʘʜʠ çʇʨʦ ʟʘʭʠʩʪ 

ʬʽʟʠʯʥʠʭ ʦʩʽʙ ʧʨʠ ʦʙʨʦʙʮʽ ʧʝʨʩʦʥʘʣʴʥʠʭ ʜʘʥʠʭ ʽ ʧʨʦ ʚʽʣʴʥʝ ʧʝʨʝʤʽʱʝʥʥʷ 

ʪʘʢʠʭ ʜʘʥʠʭè. ʋʢʨʘʾʥʘ, 1995. 

[46] L. Wei et al., çSecurity and privacy for storage and computation in cloud 

computingè, Inf. Sci. (Ny)., vol 258, pp 371ï386, 2014. 

[47] Wikipedia, çZeus (malware)è, 2017. [Online]. Available at: 

https://en.wikipedia.org/wiki/Zeus_(malware). [Accessed: 16-ɾʦʚ-2017]. 

[48] J. Kincaid, çGoogle Confirms That It Fired Engineer For Breaking Internal 

Privacy Policiesè, 2010. [Online]. Available at: 

https://techcrunch.com/2010/09/14/google-engineer-spying-fired/. 

[Accessed: 16-ɾʦʚ-2017]. 

[49] J. Kincaid, çThis Is The Second Time A Google Engineer Has Been Fired 

For Accessing User Dataè, 2010. [Online]. Available at: 

https://techcrunch.com/2010/09/14/google-engineer-fired-security/. 

[Accessed: 16-ɾʦʚ-2017]. 

[50] InfoWatch, çInfoWatch ʧʨʝʜʩʪʘʚʠʣʘ ʜʘʡʜʞʝʩʪ ʛʣʘʚʥʳʭ ʫʪʝʯʝʢ 2017 

ʛʦʜʘè, 2017. [Online]. Available at: http://www.cnews.ru/news/line/2017-

12-27_infowatch_predstavila_dajdzhest_glavnyh_utechek. [Accessed: 03-

ʃʠʩ-2018]. 

[51] çApple: The leaked iPhone source code is outdatedè, 2018. [Online]. 



133 

 

Available at: https://www.cnet.com/news/apple-calls-leaked-iphone-source-

code-outdated/. [Accessed: 03-ʃʠʩ-2018]. 

[52] M. Lipp et al., çMeltdownè, 2018. 

[53] çMeltdown and Spectre attackè, 2017. [Online]. Available at: 

https://meltdownattack.com/. [Accessed: 03-ʃʶʪ-2018]. 

[54] çʏʠʩʣʦ ʫʪʝʯʝʢ ʢʦʥʬʠʜʝʥʮʠʘʣʴʥʦʡ ʠʥʬʦʨʤʘʮʠʠ ʠʟ ʦʨʛʘʥʠʟʘʮʠʡ 

ʫʚʝʣʠʯʠʣʦʩʴ ʥʘ 80% ʚ 2016 ʛʦʜʫè, 2017. [Online]. Available at: 

https://www.infowatch.ru/presscenter/news/17498. [Accessed: 03-ʃʠʩ-

2018]. 

[55] ɺ. ʉʪʦʣʣʠʥʛʩ, ʂʨʠʧʪʦʛʨʘʬʠʷ ʠ ʟʘʱʠʪʘ ʩʝʪʝʡ: ʧʨʠʥʮʠʧʳ ʠ ʧʨʘʢʪʠʢʘ. 

ʄ.: ʀʟʜʘʪʝʣʴʩʢʠʡ ʜʦʤ çɺʠʣʴʷʤʩè, 2002. 

[56] J. Hoffstein, J. Pipher, ʽ J. H. Silverman, An Introduction to Mathematical 

Cryptography, vol XVI. San Francisco, CA, USA: Mathematics Department 

of San Francisco State University, 2008. 

[57] J. Daemen ʽ V. Rijmen, çThe Design of Rijndael. AES: The Advanced 

Encryption Standardè, Springer ï Berlin, vol 234, pp 24 ï 28, 2002. 

[58] R. Cramer ʽ V. Shoup, çDesign and Analysis of Practical Public-Key 

Encryption Schemes Secure against Adaptive Chosen Ciphertext Attackè, 

SIAM J. Comput., vol 33, no 1, pp 167ï226, 2003. 

[59] R. L. Rivest, A. Shamir, ʽ L. Adleman, çA method for obtaining digital 

signatures and public-key cryptosystemsè, Commun. ACM, vol 21, no 2, pp 

120ï126, 1978. 

[60] W. Diffie, W. Diffie, ʽ M. E. Hellman, çNew Directions in Cryptographyè, 

IEEE Trans. Inf. Theory, vol 22, no 6, pp 644ï654, 1976. 

[61] ʊ. ɻ. ɹʽʣʦʚʘ, çʇʨʦʙʣʝʤʠ ʪʘ ʧʝʨʩʧʝʢʪʠʚʠ ʚʠʢʦʨʠʩʪʘʥʥʷ ʤʝʪʦʜʽʚ 

ʛʦʤʦʤʦʨʬʥʦʛʦ ʰʠʬʨʫʚʘʥʥʷ ʚ ʭʤʘʨʥʠʭ ʦʙʯʠʩʣʝʥʥʷʭè, ʈʦʟʚʠʪʦʢ 

ʨʘʜ̔ʦʪʝʭʥʽʯʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ, ɸʉʋ ʪʘ ʟʚôʷʟʢʫ ʇʦʚʽʪʨʷʥʠʭ ʉʠʣ, vol 3, no 

24, pp 115ï118, 2016. 

[62] ɹ. ʐʥʝʡʝʨ, ʇʨʠʢʣʘʜʥʘʷ ʢʨʠʧʪʦʛʨʘʬʠʷ. ʇʨʦʪʦʢʦʣʳ, ʘʣʛʦʨʠʪʤʳ, 



134 

 

ʠʩʭʦʜʥʳʝ ʪʝʢʩʪʳ ʥʘ ʷʟʳʢʝ ʉʠ, 2nd ed. ʄʦʩʢʚʘ: ɼʠʘʣʝʢʪʠʢʘ, 2003. 

[63] ʉ. ʂʦʫʪʠʥʭʦ, ɺʚʝʜʝʥʠʝ ʚ ʪʝʦʨʠʶ ʯʠʩʝʣ ɸʣʛʦʨʠʪʤ RSA.pdf. ʄʦʩʢʚʘ: 

ʇʦʩʪʤʘʨʢʝʪ, 2001. 

[64] T. Elgamal, çA public key cryptosystem and a signature scheme based on 

discrete logarithmsè, Inf. Theory, IEEE Trans., vol 31, no 4, pp 469ï472, 

1985. 

[65] D. Hankerson, S. Vanstone, ʽ A. Menezes, Guide to elliptic curve 

cryptography. New York: Springer-Verlag, 2004. 

[66] I. Blake, G. Seroussi, ʽ N. Smart, Elliptic Curves in Cryptography. 

Cambridge: Cambridge University Press, 1999. 

[67] T. Volkhausen, çPaillier Cryptosystem: A Mathematical Introductionè, J. 

Cryptol., vol 3, 2006. 

[68] C. Jost, H. Lam, A. Maximov, ʽ B. Smeets, çEncryption performance 

improvements of the Paillier cryptosystemè, Retrieved Febr., vol 8, p 2016, 

2015. 

[69] N. Koblitz, A. Menezes, ʽ S. Vanstone, çThe State of Elliptic Curve 

Cryptographyè, Des. Codes Cryptogr., vol 193, no 2, pp 173ï193, 2000. 

[70] P. Longa, çAccelerating the Scalar Multiplication on Elliptic Curve 

Cryptosystems over Prime Fieldsè, Masterôs Thesis, Univ. Ottawa, June, 

2007. 

[71] ɸ. ɽ. ɾʫʢʦʚ, çʃʝʛʢʦʚʝʩʥʘʷ ʢʨʠʧʪʦʛʨʘʬʠʷè, ɺʦʧʨʦʩʳ 

ʢʠʙʝʨʙʝʟʦʧʘʩʥʦʩʪʠ, vol 2, no 10, p 10, 2015. 

[72] ɸ. ʂʦʯʫʙʠʥʩʢʠʡ, çʇʨʠʥʮʠʧʳ ʧʦʩʪʨʦʝʥʠʷ ʢʨʠʧʪʦʛʨʘʬʠʯʝʩʢʠʭ 

ʘʣʛʦʨʠʪʤʦʚ ʥʘ ʵʣʣʠʧʪʠʯʝʩʢʠʭ ʢʨʠʚʳʭè, ʇʨʘʚʦʚʝ, ʥʦʨʤʘʪʠʚʥʝ ʪʘ 

ʤʝʪʨʦʣʦʛʽʯʥʝ ʟʘʙʝʟʧʝʯʝʥʥʷ ʩʠʩʪʝʤʠ ʟʘʭʠʩʪʫ ʽʥʬʦʨʤʘʮʽʾ ʚ ʋʢʨʘʾʥʽ, vol 

6, pp 55ï63, 2003. 

[73] A. W. Knapp, Elliptic Curves, 1st ed. Princeton: Princeton University 

Press, 1992. 

[74] NIST, Recommended elliptic curves for federal government use, no July. 



135 

 

Maryland, USA: National Institute of Standards and Technology, 1999. 

[75] ɺ. ʂʦʚʪʫʥ, çʂʨʠʧʪʦʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʚ ʛʨʫʧʧʘʭ ʪʦʯʝʢ ʵʣʣʠʧʪʠʯʝʩʢʠʭ 

ʢʨʠʚʳʭè, ʉʙʦʨʥʠʢ ʃʝʢʮʠʡ, 2011. 

[76] ʂʣʦʜ ʐʝʥʦʥ, ʊʝʦʨʠʷ ʩʚʷʟʠ ʚ ʩʝʢʨʝʪʥʳʭ ʩʠʩʪʝʤʘʭ. ʄ.: ʉʚʷʟʴ, 1978. 

[77] ʅ. ʂʦʙʣʠʮ, ʂʫʨʩ ʪʝʦʨʠʠ ʯʠʩʝʣ ʠ ʢʨʠʧʪʦʛʨʘʬʠʠ.pdf. ʄ.: ʅʘʫʯʥʦʝ 

ʠʟʜʘʪʝʣʴʩʪʚʦ çʊɺʇè, 2001. 

[78] M. Mathur, çComparison between DES , 3DES , RC2 , RC6 , BLOWFISH 

and AESè, Proc. Natl. Conf. New Horizons IT, pp 143ï148, 2013. 

[79] F. Callegati, W. Cerroni, ʽ M. Ramilli, çMan-in-the-Middle Attack to the 

HTTPS Protocolè, IEEE Secur. Priv., vol 7, no 1, pp 78ï81, 2009. 

[80] ɺ. ʃʫʞʝʮʴʢʠʡ ʽ ʖ. ʗʨʝʤʯʫʢ, çɺʠʢʦʨʠʩʪʘʥʥʷ ʨʝʢʫʨʝʥʪʥʠʭ 

ʧʦʩʣʽʜʦʚʥʦʩʪʝʡ ʜʣʷ ʨʦʟʧʦʚʩʶʜʞʝʥʥʷ ʩʝʢʨʝʪʥʠʭ ʢʣʶʯʽʚè, ɺʠʤʽʨʶʚʘʣʴʥʘ 

ʪʘ ʦʙʯʠʩʣʶʚʘʣʴʥʘ ʪʝʭʥʽʢʘ ʚ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʧʨʦʮʝʩʘʭ, vol 2, pp 16ï23, 

1999. 

[81] ʂ. ʐʝʥʥʦʥ, ʈʘʙʦʪʳ ʧʦ ʪʝʦʨʠʠ ʠʥʬʦʨʤʘʮʠʠ ʠ ʢʠʙʝʨʥʝʪʠʢʝ. ʄʦʩʢʚʘ: 

ʀʟʜʘʪʝʣʴʩʪʚʦ ʠʥʦʩʪʨʘʥʥʦʡ ʣʠʪʝʨʘʪʫʨʳ, 1963. 

[82] L. Morris, çAnalysis of Partially and Fully Homomorphic Encryptionè, IEEE 

Trans. Dependable Secur. Comput., 2013. 

[83] S. D. Galbraith ʽ P. Gaudry, çRecent progress on the elliptic curve discrete 

logarithm problemè, Des. Codes, Cryptogr., vol 78, no 1, pp 51ï72, 2016. 

[84] ɺ. ʖ. ʃʸʚʠʥ ʽ ɺ. ɸ. ʅʦʩʦʚ, çɸʥʘʣʠʟ ʧʦʚʳʰʝʥʠʷ ʢʨʠʧʪʦʛʨʘʬʠʯʝʩʢʦʡ 

ʩʣʦʞʥʦʩʪʠ ʩʠʩʪʝʤ ʧʨʠ ʧʝʨʝʭʦʜʝ ʥʘ ʵʣʣʠʧʪʠʯʝʩʢʠʝ ʢʨʠʚʳʝè, 

ʀʥʪʝʣʣʝʢʪʫʘʣʴʥʳʝ ʩʠʩʪʝʤʳ. ʊʝʦʨʠʷ ʠ ʧʨʠʣʦʞʝʥʠʷ (ʨʘʥʝʝ 

ʀʥʪʝʣʣʝʢʪʫʘʣʴʥʳʝ ʩʠʩʪʝʤʳ ʧʦ 2014, ˉ 2, ISSN 2075-9460), vol 12, no 

1ï4, pp 253ï270, 2008. 

[85] R. P. Gallant, R. J. Lambert, ʽ S. a Vanstone, çFaster Point Multiplication on 

Elliptic Curves with Efficient Endomorphismsè, Crypto 2001 - Lncs, no d, pp 

190ï200, 2001. 

[86] L. Chen, çMicroservices: Architecting for Continuous Delivery and 



136 

 

DevOpsè, IEEE Int. Conf. Softw. Archit., no April, 2018. 

[87] R. Schoof, çCounting Points on Elliptic Curves over Finite Fieldsè, J. Theor. 

des Nombres Bordeaux, vol 7, no 1, pp 219ï254, 1995. 

[88] ʅ. ɺʠʨʪ, ɸʣʛʦʨʠʪʤʳ ʠ ʩʪʨʫʢʪʫʨʳ ʜʘʥʥʳʭ. ʄ.: ʄʠʨ, 1989. 

[89] ʊ. ʂʦʨʤʝʥ ʽ ʏ. ʃʝʡʟʝʨʩʦʥ, ɸʣʛʦʨʠʪʤʳ. ʇʦʩʪʨʦʝʥʠʝ ʠ ʘʥʘʣʠʟ. ɺʠʣʴʷʤʩ, 

2013. 

[90] ɺ. ɸ. ʃʫʞʝʮʴʢʠʡ ʽ ɸ. ʆ. ʆʣʝʢʩʶʢ, çʄʝʪʦʜ ʰʚʠʜʢʦʛʦ ʭʝʰʫʚʘʥʥʷ ʥʘ 

ʦʩʥʦʚʽ ʝʣʽʧʪʠʯʥʠʭ ʢʨʠʚʠʭè, ɯʥʬʦʨʤʘʮʽʡʥʽ ʪʝʭʥʦʣʦʛʽʾ ʪʘ ʢʦʤʧôʶʪʝʨʥʘ 

ʽʥʞʝʥʝʨʽʷ, pp 156ï157, 2013. 

[91] T. Izu, B. Mºller, ʽ T. Takagi, çA Fast Parallel Elliptic Curve Multiplication 

Resistant against Side Channel Attacksè, Prog. CryptologyðINDOCRYPT 

2002, pp 296ï313, 2002. 

[92] ɻ. ʊʠʤʫʨ, çʇʦʜ ʢʘʧʦʪʦʤ ʫ Stopwatchè, 2014. [Online]. Available at: 

https://habrahabr.ru/post/226279/. [Accessed: 02-ɹʝʨ-2018]. 

[93] MSDN, çʂʣʘʩʩ Stopwatchè, 2016. [Online]. Available at: 

https://msdn.microsoft.com/ru-ru/library/system.diagnostics.stopwatch. 

[94] ɻ. ɯ. ʐʝʣʫʜʴʢʦ, çɽʣʝʢʪʨʦʥʥʝ ʛʦʣʦʩʫʚʘʥʥʷ ʷʢ ʨʽʟʥʦʚʠʜ ʚʠʙʦʨʯʠʭ 

ʽʥʬʦʨʤʘʮʽʡʥʦ - ʢʦʤʫʥʽʢʘʪʠʚʥʠʭ ʪʝʭʥʦʣʦʛʽʡ: ʟʘʨʫʙʽʞʥʠʡ ʪʘ ʚʽʪʯʠʟʥʷʥʠʡ 

ʜʦʩʚʽʜè, Soc. Stud. Sci., pp 76ï80, 2015. 

[95] Wikipedia, çɽʣʝʢʪʨʦʥʥʝ ʛʦʣʦʩʫʚʘʥʥʷè. [Online]. Available at: 

http://uk.wikipedia.org/wiki/ɽʣʝʢʪʨʦʥʥʝʛʦʣʦʩʫʚʘʥʥʷ. [Accessed: 02-ɹʝʨ-

2018]. 

[96] R. Litan, çLaw and Policy in the Age of the Internetè, vol 50, no 4, pp 1045ï

1085, 2001. 

[97] SwissInfo, çHacking fears jeopardise e-voting rolloutè, 2016. [Online]. 

Available at: http://www.swissinfo.ch/directdemocracy/voting-with-a-

click_hacking-fears-jeopardise-e-voting-rollout/41635672. [Accessed: 25-

ʏʝʨ-2016]. 

[98] SwissInfo, çʇʨʷʤʘ ʜʝʤʦʢʨʘʪʽʷ ʐʚʝʡʮʘʨʽʾ ʫ ʮʠʬʨʦʚʫ ʝʨʫè, 2016. [Online]. 



137 

 

Available at: 

http://www.swissinfo.ch/rus/detail/content.html?cid=36670692&link=cto. 

[Accessed: 25-ʏʝʨ-2016]. 

[99] Wikipedia, çElections in Brazilè, 2012. [Online]. Available at: 

https://en.wikipedia.org/wiki/Elections_in_Brazil#The_Brazilian_voting_m

achines. [Accessed: 20-ʏʝʨ-2016]. 

[100] D. Pons, R. Vall®s, M. Abarca, ʽ F. Rubio, çQR codes in use: the experience 

at the UPV Libraryè, Ser. J. Ser. Community, vol 24, no 0, pp S47ïS56, 2011. 

[101] I. Ristiĺ, Bulletproof SSL and TLS. London: Feisty Duck, 2015. 

[102] S. A. Thomas ʽ J. Wiley, çSSL and TLS Essentials - Securing the Web.pdfè. 

[103] O. N. Zdanov, Methods and tools of cryptographic information protection. 

Krasnoyarsk: SibHau, 2007. 

[104] çUservoiceè, Official site, 2017. [Online]. Available at: 

https://www.uservoice.com/product/. [Accessed: 05-ʃʶʪ-2018]. 

[105] çHelpStackè, Official site, 2017. [Online]. Available at: 

http://www.helpstack.io/. [Accessed: 05-ʃʶʪ-2018]. 

[106] çZendeskè, Official site, 2017. [Online]. Available at: 

https://www.zendesk.com/. [Accessed: 05-ʃʶʪ-2018]. 

[107] çSimpleFeedbackè, 2017. [Online]. Available at: 

http://www.simplefeedback.com/. [Accessed: 05-ʃʶʪ-2018]. 

[108] çHappyFoxè, Official site, 2017. [Online]. Available at: 

https://www.happyfox.com/. [Accessed: 05-ʃʶʪ-2018]. 

[109] çMPIR: Multiple Precision Integers and Rationalsè. [Online]. Available at: 

http://mpir.org/. [Accessed: 05-ɺʝʨ-2018]. 

[110] J. Reynolds, çMpir.NETè. [Online]. Available at: 

http://wezeku.github.io/Mpir.NET/. [Accessed: 05-ɺʝʨ-2018]. 

[111] çPaillier Libraryè. . 

[112] D. Chaum, çBlind Signatures for Untraceable Paymentsè, Advances in 

Cryptology. University of California, Santa Barbara, pp 199ï203, 1983. 



138 

 

[113] R. N. Kvyetnyy ʽ E. A. Titarchuk, çPartially homomorphic encryption 

algorithm based on elliptic curvesè. 

  



139 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

ɼʆɼɸʊʂʀ 

  



140 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

ɼʦʜʘʪʦʢ ɸ 

ɸʢʪ ʚʧʨʦʚʘʜʞʝʥʥʷ 

 



141 

 

 



142 

 

 



143 

 

 

  



144 

 

ɼʦʜʘʪʦʢ ɹ 

ʃʽʩʪʠʥʛ ʨʝʘʣʽʟʘʮʽʾ ʘʣʛʦʨʠʪʤʫ ʯʘʩʪʢʦʚʦ ʛʦʤʦʤʦʨʬʥʦʛʦ ʰʠʬʨʫʚʘʥʥʷ ʥʘ 

ʝʣʽʧʪʠʯʥʠʭ ʢʨʠʚʠʭ 

 

namespace Cryptography.ECC  
{  
    public  class  ECCManager 
    {  
        private  static  object  Sync = new object ();  
 
        private  static  ECCManager _defaul t512;  
        public  static  ECCManager Default1  
        {  
            get  
            {  
                if  (_default512 == null )  
                {  
                    lock  (Sync)  
                    {  
                        if  (_default512 == null )  
                        {  
                            _default512 = InitNew(  
               p:  "68647976601306097149819007990813932172694353001433054093944634591" + 
                   "85543183397656052122559640661454554977296311391480858037121987999" + 
                   "716643812574028291115057151" ,  
               a:  " - 3" ,  
               b:  "051953eb9618e1c9a1f929a21a0b68540eea2da725b99b315f3b8b489918ef109"  + 
                   "e156193951ec7e937b1652c0bd3bb1bf073573df883d2c34f1ef451fd46b503f00" ,  
               gx: "0c6858e06b70404e9cd9e3ecb662395b4429c648139053fb521f828af606b4d3d"  + 
                   "baa14b5e77efe75928fe1dc127a2ffa8de3348b3c1856a429bf97e7e31c2e5bd66" ,  
               gy: "11839296a789a3bc0045c8a5fb42c7d1bd998f54449579b446817afbd17273e66"  + 
                   "2c97ee72995ef42640c550b9013fad0761353c7086a272c24088be94769fd16650" ,  
               n:  "686479766013060971498190079908139321726943530014330540939446345918" 
+ 
                   "554318339765539424505774633321719753296399637136332111386476861244"  
+ 
                   "0380340372808892707005449" );  
                        }  
                    }  
                }  
 
                return  _default512;  
            }  
        }  
 
        private  static  ECCManager _default192;  
        public  sta tic  ECCManager Default192  
        {  
            get  
            {  
                if  (_default192 == null )  
                {  
                    lock  (Sync)  
                    {  
                        if  (_default192 == null )  
                        {  
                            _default192 = InitNew(  
               p: "6277101735386680763835789423207666416083908700390324961279",  
               a: " - 3" ,  
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               b: "64210519e59c80e70fa7e9ab72243049feb8deecc146b9b1" ,  
               gx: "188da80eb03090f67cbf20eb43a18800f4ff0afd82ff1012" ,  
                gy: "07192b95ffc8da78631011ed6b24cdd573f977a11e794811" ,  
                n: "6277101735386680763835789423176059013767194773182842284081");  
                        }  
                    }  
                }  
 
                return  _default192;  
            }  
        }  
 
 
        private  static  ECCManager _default256;  
        public  static  ECCManager Default  
        {  
            get  
            {  
                if  (_default256 == null )  
                {  
                    lock  (Sync)  
                    {  
                        if  (_default256 == null )  
                        {  
                            _default256 = InitNew(  
                                p: 
"115792089210356248762697446949407573530086143415290314195533631308867097853951",  
                                a: " - 3" ,  
                                b: 
"5ac635d8aa3a93e7b3ebbd55769886bc651d06b0cc53b0f63bce3c3e27d2604b" ,  
                                gx: 
"6b17d1f2e12c4247f8bce6e563a440f277037d 812deb33a0f4a13945d898c296" ,  
                                gy: 
"4fe342e2fe1a7f9b8ee7eb4a7c0f9e162bce33576b315ececbb6406837bf51f5" ,  
                                n: 
"115792089210356248762697446949407573529996955224135760342422259061068512044369");  
                        }  
                    }  
                }  
 
                return  _default256;  
            }  
        }  
         
        public  CacheHelper  CacheHelper { get ; protected  set ; }  
 
        public  EllipticCurve  Curve { get ; protected  set ; }  
 
        public  GeneratorPoint  GeneratorPoint { get ; set ; }  
 
        public  ECCManager(EllipticCurve  curve, GeneratorPoint  generator)  
        {  
            Curve = curve;  
            GeneratorPoint = generator;  
        }  
         
        ///  <summary> 
        ///  Encode number into elliptic curve poin. Encrypt encoded point.  
        ///  </summary> 
        ///  <param name="number"> Number for encription </param> 
        ///  <param name="openKey"> Open key</param> 
        ///  <returns> Item1 -  tip for decription. L eft part of encrypted number  
        ///  Item2 -  encrypted number. Right part </returns>  
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        public  EncriptionResult  EncryptNumber( int  number, ECCPoint openKey)  
        {  
            var  seancePrivateKey = GeneratePrivateKey(GeneratorPoint.PointDimentio n);  
            var  encodedNumber = ECCPoint.Multiply(number, GeneratorPoint);  
 
            var  left = ECCPoint.Multiply(seancePrivateKey, GeneratorPoint); //tip for 
decryption  
            var  right = encodedNumber + ECCPoint.Multiply(seancePrivateKey, ope nKey); 
//encrypted point  
 
            return  new EncriptionResult (left, right);  
        }  
 
        public  EncriptionResult  EncryptNumberOpt( int  number, ECCPoint openKey)  
        {  
            var  seancePrivateKey = GeneratePrivateKey(GeneratorPoint.PointDi mention);  
            var  encodedNumber = ECCPoint.MultiplyOptimized(number, GeneratorPoint, 
CacheHelper);  
             
            var  left = ECCPoint.MultiplyOptimized(seancePrivateKey, GeneratorPoint, 
CacheHelper); //tip for decryption  
            var  r ight = encodedNumber + ECCPoint.MultiplyOptimized(seancePrivateKey, 
openKey, CacheHelper); //encrypted point  
             
            return  new EncriptionResult (left, right);  
        }  
 
        public  EncriptionResult  EncryptEncodedNumber( ECCPoint encodedNumber, ECCPoint 
openKey)  
        {  
            var  seancePrivateKey = GeneratePrivateKey(GeneratorPoint.PointDimention);  
 
            var  left = ECCPoint.Multiply(seancePrivateKey, GeneratorPoint); //tip for 
decryption  
            var  right = encodedNumbe r + ECCPoint.Multiply(seancePrivateKey, openKey); 
//encrypted point  
 
            return  new EncriptionResult (left, right);  
        }  
 
        public  EncriptionResult  Add(EncriptionResult  a, EncriptionResult  b)  
        {  
            var  sResRight = a.Right + b.Right;  
            var  sResLeft = a.Left + b.Left;  
             
            return  new EncriptionResult (sResLeft, sResRight);  
        }  
 
        private  static  ECCManager InitNew( string  p, string  a, string  b, string  gx, 
string  gy, string  n)  
        {  
            var  pvalue = new mpz_t( BigInteger .Parse(p, NumberStyles .Integer));  
            var  avalue = new mpz_t( BigInteger .Parse(a, NumberStyles .Integer));  
            var  bvalue = new mpz_t( BigInteger .Parse(b, NumberStyles .HexNumber));  
 
            var  curve = new EllipticCurve (avalue, bvalue, pvalue);  
 
            var  generator = curve.SetGeneratorPoint(  
                new mpz_t( BigInteger .Parse(gx, NumberStyles .HexNumber)),  
                new mpz_t( BigInteger .Parse(gy, NumberStyles .HexNumber)),  
                new mpz_t( BigInteger .Parse(n, NumberStyles .Integer)));  
 
            var  newManger = new ECCManager(curve, generator);  
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            newManger.CacheHelper = new CacheHelper (generator);  
 
            return  newManger; 
        }  
 
        public  ECCPoint  DecryptPoint( ECCPoint right, ECCPoint left, ECCKey keys)  
        {  
            return  right -  ECCPoint.Multiply(keys.PrivateKey, left);  
        }  
 
        private  mpz_t GeneratePrivateKey( mpz_t demention)  
        {  
            Random random = new Random();  
            var  bytes = new byte [64];  
            random.NextBytes(bytes);  
 
            var  privateKey = new mpz_t(bytes, 0) % demention;  
            if  (privateKey < 0) privateKey = privateKey * - 1;  
            return  privateKey;  
        }  
 
        public  ECCKey GenerateKey()  
        {  
            var  key = new ECCKey();  
            key.PrivateKey = GeneratePrivateKey(GeneratorPoint.PointDimention);  
            key.OpenKey = ECCPoint.Multiply(key.PrivateKey, GeneratorPoint);  
 
            key.P = Genera torPoint.Curve.FieldModule;  
            key.G = GeneratorPoint;  
 
            return  key;  
        }  
 
        public  ECCPoint CreatePoint()  
        {  
            Random = new Random();  
            var  bytes = new byte [64];  
            random.NextBytes(bytes) ;  
 
            var  privateKey = new mpz_t(bytes, 0) % GeneratorPoint.PointDimention;  
            if  (privateKey < 0) privateKey = privateKey * - 1;  
            return  ECCPoint.Multiply(privateKey, GeneratorPoint);  
        }  
    }  
 
    public  class  Encriptio nResult  
    {  
        ///  <summary> 
        ///  Tip for decription  
        ///  </summary> 
        public  ECCPoint Left { get ; set ; }  
 
        ///  <summary> 
        ///  Encrypted number  
        ///  </summary> 
        public  ECCPoint Right { get ; set ; }  
 
        public  EncriptionResult( ECCPoint left, ECCPoint right)  
        {  
            Left = left;  
            Right = right;  
        }  }}   
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ɼʦʜʘʪʦʢ ɺ 

ʃʽʩʪʠʥʛ ʨʝʘʣʽʟʘʮʽʾ ʤʘʪʝʤʘʪʠʯʥʦʛʦ ʘʧʘʨʘʪʫ ʝʣʽʧʪʠʯʥʠʭ ʢʨʠʚʠʭ 

 

public  class  ECCPoint 
{  
    public  static  ECCPoint  O = new ECCPoint();  
 
    public  mpz_t X { get ; set ; }  
 
    public  mpz_t Y { get ; set ; }  
 
    public  bool  IsInf { get ; set ; }  
 
    public  EllipticCurve  Curve { get ; set ; }  
 
    protected  ECCPoint()  
    {  
        IsInf = true ;  
    }  
 
    public  ECCPoint( mpz_t  x, mpz_t y, EllipticCurve  curve)  
    {  
        X = x;  
        Y = y;  
        Curve = curve;  
    }  
 
    public  static  ECCPoint operator  +( ECCPoint first, ECCPoint second)  
    {  
        if  (first == O) return  second;  
        if  (second == O) return  first ;  
 
        var  curve = first.Curve;  
 
        var  firstX = new mpz_t(first.X);  
        var  firstY = new mpz_t(first.Y);  
        var  secondX = new mpz_t(second.X);  
        var  secondY = new mpz_t(second.Y);  
        var  module = new mpz_t(curve.FieldModule);  
             
        var  dy = secondY -  firstY;  
        var  dx = secondX -  firstX;  
 
        if  (dx == 0)  
            return  O; 
 
        if  (dx < 0)  
            dx += module;  
        if  (dy < 0)  
            dy += module;  
 
        var  dxInverse = dx.InvertMo d(module);  
        var  m = (dy * dxInverse) % module;  
 
        if  (m < 0)  
            m += module;  
        var  resultX = (m * m -  firstX -  secondX) % module;  
        var  resultY = (m * (firstX -  resultX) -  firstY) % module;  
        if  (resultX < 0)  
            resultX += module;  
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        if  (resultY < 0)  
            resultY += module;  
             
        return  curve.GetPoint(resultX, resultY);  
    }  
 
    public  static  ECCPoint operator  - ( ECCPoint first, ECCPoint second)  
    {  
        second.Y = - 1*second.Y ;  
        if  (first == O) return  second;  
        if  (second == O) return  first;  
 
        var  curve = first.Curve;  
 
        var  firstX = new mpz_t(first.X);  
        var  firstY = new mpz_t(first.Y);  
        var  secondX = new mpz_t(second.X);  
        var  secondY = new mpz_t(second.Y);  
        var  module = new mpz_t(curve.FieldModule);  
 
        var  dy = secondY -  firstY;  
        var  dx = secondX -  firstX;  
 
        if  (dx == 0)  
            return  O; 
 
        if  (dx < 0)  
            dx += module;  
        if  (dy <  0)  
            dy += module;  
 
        var  dxInverse = dx.InvertMod(module);  
        var  m = (dy * dxInverse) % module;  
 
        if  (m < 0)  
            m += module;  
        var  resultX = (m * m -  firstX -  secondX) % module;  
        var  resultY = (m * (firs tX -  resultX) -  firstY) % module;  
        if  (resultX < 0)  
            resultX += module;  
        if  (resultY < 0)  
            resultY += module;  
 
        return  curve.GetPoint(resultX, resultY);  
    }  
         
    public  static  ECCPoint Double( ECCPoint point)  
    {  
        var  pointX = new mpz_t(point.X);  
        var  pointY = new mpz_t(point.Y);  
        var  module = new mpz_t(point.Curve.FieldModule);  
        var  curveAkof = new mpz_t(point.Curve.A);  
 
        if  (point == O)  
            return  O; 
             
        var  dy = 3 * pointX * pointX + curveAkof;  
        var  dx = 2 * pointY;  
 
        if  (dx < 0)  
            dx += module;  
        if  (dy < 0)  
            dy += module;  
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        var  dxInverse = dx.InvertMod(module);  
        var  m = (dy * dxInverse) % module;  
 
        var  resultX = (m * m -  pointX -  pointX) % module;  
        var  resultY = (m * (pointX -  resultX) -  pointY) % module;  
        if  (resultX < 0)  
            resultX += module;  
        if  (resultY < 0)  
            resultY += module;  
 
        return  point.Curve.GetPoint(resultX, resultY);  
    }  
 
    public  static  ECCPoint Multiply( mpz_t x, ECCPoint p)  
    {  
        ECCPoint temp = p;  
            
        x = x -  1;  
        while  (x != 0)  
        {  
 
            if  (x % 2 != 0)  
            {  
                if  (temp.X == p.X || temp.Y == p.Y)  
                    temp = Double(temp);  
                else  
                    temp = temp + p;  
                x = x -  1;  
            }  
            x = x / 2;  
            p = Double(p);  
        }  
        r eturn  temp;  
    }  
 
    public  static  bool  operator  ==( ECCPoint first, ECCPoint second)  
    {  
        if  (ReferenceEquals(first, second))  
            return  true ;  
 
        if  (ReferenceEquals(first, null ))  
            return  false ;  
 
        if  (ReferenceEqu als(second, null ))  
            return  false ;  
 
        if  (first.IsInf && second.IsInf)  
            return  true ;  
 
        return  first.X == second.X && first.Y == second.Y;  
    }  
 
    public  static  bool  operator  !=( ECCPoint first, ECCPoint second)  
    {  
        return  !(first == second);  
    }  
 
    public  override  string  ToString()  
    {  
        if  (IsInf) return  "Infinity" ;  
        return  $"( {X} , {Y} )" ;  
    }}   
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ɼʦʜʘʪʦʢ ɼ 

ʃʽʩʪʠʥʛ ʧʨʦʛʨʘʤʠ ʚʠʤʽʨʫ ʯʘʩʫ ʛʝʥʝʨʘʮʽʾ ʧʝʨʰʠʭ n ʪʦʯʦʢ ʝʣʽʧʪʠʯʥʦʾ ʢʨʠʚʦʾ 

 

class  Program 
{  
    static  void  Main( string [] args)  
    {  
        //prevent the JIT Compiler from optimizing Fkt calls away  
        long  seed = Environment .TickCount;  
 
        //use the second Core/Processor for the test  
        Process .GetCurrentProcess().ProcessorAffi nity = new IntPtr (2);  
 
        //prevent "Normal" Processes from interrupting Threads  
        Process .GetCurrentProcess().PriorityClass = ProcessPriorityClass .High;  
 
        //prevent "Normal" Threads from interrupting this thread  
        Thread .CurrentThr ead.Priority = ThreadPriority .Highest;  
 
        EncodeNumberts(10);  
 
        var  maxNumber = 10000;  
 
        System. Console .WriteLine( "Start" );  
 
        ulong  startTicks = Rdtsc .Timestamp();  
 
        var  encodedArray = EncodeNumberts(maxNumber);  
 
        ulong  endTicks = Rdtsc .Timestamp();  
        var  totalTicks = endTicks -  startTicks;  
        System. Console .WriteLine( $"Total ticks: {totalTicks} " );  
 
        System. Console .WriteLine( "Start stopwatch" );  
 
        StopWatch.Reset();  
        StopWatch.Start();  
 
        var  encodedArray2 = EncodeNumberts(maxNumber);  
 
        StopWatch.Stop();  
        var  time = StopWatch.Elapsed;  
        var  formatedTime = $" {time.Minutes} : {time.Seconds} . {time.Milliseconds :000 } " ;  
        System. Console .WriteLine(formatedTime);  
 
        var  end = System. Console .ReadKey();  
    }  
 
    static  readonly  Stopwatch  StopWatch = new Stopwatch ();  
 
    static  ECCPoint[] EncodeNumberts( int  max) 
    {  
        var  pointsArray = new ECCPoint[max];  
             
        for  ( int  i = 1; i <= max; i+ +)  
        {  
            pointsArray[i - 1] = EncodeNumber(i);  
        }  
 
        return  pointsArray;  
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    }  
 
    static  ECCPoint EncodeNumber(int  number)  
    {  
        return  ECCPoint.Multiply(number, ECCManager.Default.GeneratorPoint);  
    }  

}  
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ɼʦʜʘʪʦʢ ɭ 

ʃ̔ ʩʪʠʥʛ ʧʨʦʛʨʘʤʠ ʩʝʨʽʘʣʽʟʘʮʽʾ ʩʧʠʩʢʫ ʪʦʯʦʢ ʝʣʽʧʪʠʯʥʦʾ ʢʨʠʚʦʾ ʫ ʬʘʡʣ 

 

namespace Cryptography.Console  
{  
    class  Program 
    {  
        static  Stopwatch  StopWatch = new Stopwatch ();  
 
        static  void  Main( string [] args)  
        {  
            //prevent the JIT Compiler from optimizing Fkt calls away  
            long  seed = Environment .TickCount;  
 
            //use the second Core/Processor for the test  
            Process .GetCurrentProcess().ProcessorAffinity = new IntPtr (2);  
 
            //prevent "Normal" Processes from interrupting Threads  
            Process .GetCurrentProcess().PriorityClass = ProcessPriorityClass .High;  
 
            //prevent "Normal" Threads from interrupting this thread  
            Thread .CurrentThread.Priority = ThreadPriority .Highest;  
 
            uint  iterationsCount = 1000000;  
 
            SerializePoints(iterationsCount);  
 
            System. Console .WriteLine( "Done" );  
 
            var  end = System. Console .ReadKey();  
        }  
 
        static  void  SerializePoints( uint  pointsCount)  
        {  
            var  pointsList = new List <ECCPoint>(1000);  
 
            var  previousPoint = ECCPoint.Multiply(2, ECCManager.Default.GeneratorPoint);  
            pointsList.Add(previousPoint);  
 
            for  ( int  i = 1; i < pointsCount -  1; i++)  
            {  
                var  point = previousPoint + ECCManager.Default.GeneratorPoint;  
                previousPoint = point;  
 
                if  (point.IsInf)  
                {  
                    System. Console .WriteLine( "Error"  + i);  
                    return ;  
                }  
 
                pointsList.Add(previousPoint);  
            }  
 
            var  listToSerialize = new List <byte []>();  
            var  hashTable = new Dictionary <uint , List <uint >>();  
            uint  index = 0;  
            foreach  ( var  point in  pointsList)  
            {  
                listToSerialize.Add(point.X.ToByteArray(1));  
                listToSerialize.Add(point.Y.ToByteArray(1));  
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                var  hash = Hash(point, pointsCount);  
                if  (hashTable.ContainsKe y(hash))  
                {  
                    hashTable[hash].Add(index);  
                }  
                else  
                {  
                    hashTable.Add(hash, new List <uint > { index });  
                }  
                index++;  
            }  
 
            SavePointsToFile(listToSerialize);  
            SaveDictionaryToFile(hashTable);  
        }  
 
        static  void  SavePointsToFile( List <byte []> listToSerialize)  
        {  
            using  ( var  file = new FileStream ( "serializedPoints.bin" , FileMo de.Create))  
            {  
                foreach  ( var  bytes in  listToSerialize)  
                {  
                    file.Write(bytes, 0, bytes.Length);  
                }  
            }  
        }  
 
        static  void  SaveDictionaryToFile( Dictionary <uint , List <uint >> indexDictionary)  
        {  
            using  ( var  file = new FileStream ( "serializedDictionary.bin" , 
FileMode .Create))  
            {  
                foreach  ( var  pair in  indexDictionary)  
                {  
                    var  hash = BitConver ter .GetBytes(pair.Key);  
                    file.Write(hash, 0, hash.Length);  
 
                    var  pointIndexes = pair.Value;  
                    var  pointsCount = BitConverter .GetBytes(pointIndexes.Count);  
 
                    file.Write(pointsCount, 0, pointsCount.Length);  
                    foreach  ( var  pointIndex in  pointIndexes)  
                    {  
                        var  point = BitConverter .GetBytes(pointIndex);  
                        file.Write(point, 0, point.Length);  
                    }  
                }  
            }  
        }  
 
        static  uint  Hash(ECCPoint point, uint  totalPointsCount)  
        {  
            var  sum = point.X + point.Y;  
            return  sum.ModAsUInt32(totalPointsCount);  
        }  
    }  
}  
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ɼʦʜʘʪʦʢ ɾ 

ʃʽʩʪʠʥʛ ʧʨʦʛʨʘʤʠ ʧʦʨʽʚʥʷʥʥʷ ʯʘʩʫ ʚʠʢʦʥʘʥʥʷ ʦʧʝʨʘʮʽʡ ʜʦʜʘʚʘʥʥʷ 

 

static  Stopwatch  StopWatch = new Stopwatch ();  
 
static  void  Main( string [] args)  
{  
    //prevent the JIT Compiler from optimizing Fkt calls away  
    long  seed = Environment .TickCount;  
 
    //use the secon d Core/Processor for the test  
    Process .GetCurrentProcess().ProcessorAffinity = new IntPtr (2);  
 
    //prevent "Normal" Processes from interrupting Threads  
    Process .GetCurrentProcess().PriorityClass = ProcessPriorityClass .High;  
 
    //prevent "Normal" Threads from interrupting this thread  
    Thread .CurrentThread.Priority = ThreadPriority .Highest;  
 
    var  file = new FileWriter ();  
    int  iterationsCount = 20000;  
 
 
    MeasurePaillier(file, iterationsCount);             
    MeasureEcc(file, iterationsCo unt);  
 
    MeasurePaillierTicks(file, iterationsCount);  
    MeasureEccTicks(file, iterationsCount);  
 
    var  end = System. Console .ReadKey();  
}  
 
 
static  void  MeasurePaillier( FileWriter  file, int  iterationsCount)  
{  
    var  log = string .Empty;  
 
    WarmUpPaillier();  
 
    var  keyPaillier = PaillierManager .Default.GenerateKey();  
 
    file.Write( "Paillier cryptosystem -  Addition started"  + Environment .NewLine);  
 
    //reset stopwatch  
    StopWatch.Reset();  
    StopWatch.Start();  
 
    var  sumPaillier = PaillierMan ager .Default.EncryptNumber(0, keyPaillier);  
 
    for  ( var  i = 0; i <= iterationsCount; i++)  
    {  
        var  newNumber = PaillierManager .Default.EncryptNumber(i + 1, keyPaillier);  
 
        sumPaillier = PaillierManager .Default.Multiply(sumPaillier, newNum ber, 
keyPaillier);  
 
        if  (IsKeyOperation(i))  
        {  
            log = AddElapsedTimeToLog(log, StopWatch.Elapsed, i);  
        }  
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    }  
    file.Write(log);  
    file.Write( "Paillier cryptosystem -  Addition finished"  + Environment .NewLine);  
    file. Flush();  
 
    StopWatch.Reset();  
    StopWatch.Start();  
 
    PaillierManager .Default.DecryptNumber(sumPaillier, keyPaillier);  
 
    file.Write(AddElapsedTimeToLog( string .Empty, StopWatch.Elapsed, "decrypt" ));  
    file.Write( "Paillier cryptosystem -  Decrypti on finished"  + Environment .NewLine);  
    file.Flush();  
}  
 
static  void  MeasurePaillierTicks( FileWriter  file, int  iterationsCount)  
{  
    var  log = string .Empty;  
 
    WarmUpPaillier();  
 
    var  keyPaillier = PaillierManager .Default.GenerateKey();  
 
    file.Wr ite( "Paillier cryptosystem -  Addition started"  + Environment .NewLine);  
 
    var  start = Rdtsc .Timestamp();  
             
    var  sumPaillier = PaillierManager .Default.EncryptNumber(0, keyPaillier);  
 
    for  ( var  i = 0; i <= iterationsCount; i++)  
    {  
        var  newNumber = PaillierManager .Default.EncryptNumber(i + 1, keyPaillier);  
 
        sumPaillier = PaillierManager .Default.Multiply(sumPaillier, newNumber, 
keyPaillier);  
 
        if  (IsKeyOperation(i))  
        {  
            log = AddElapsedTicksToLog(log , start, i);  
        }  
    }  
    file.Write(log);  
    file.Write( "Paillier cryptosystem -  Addition finished"  + Environment .NewLine);  
    file.Flush();  
 
    start = Rdtsc .Timestamp();  
 
    PaillierManager .Default.DecryptNumber(sumPaillier, keyPaillier);  
 
    file.Write(AddElapsedTicksToLog( string .Empty, start, "decrypt" ));  
    file.Write( "Paillier cryptosystem -  Decryption finished"  + Environment .NewLine);  
    file.Flush();  
}  
 
static  void  MeasureEcc( FileWriter  file, int  iterationsCount)  
{  
    var  log = strin g.Empty;  
 
    //Elliptic curves cryptography  
    WarmUpEcc(); 
 
    file.Write( "Start ECC"  + Environment .NewLine);  
    file.Flush();  
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    var  keyEcc = ECCManager.Default.GenerateKey();  
             
    List <ECCPoint> rightParts = new List <ECCPoint>(iteratio nsCount + 1);  
    List <ECCPoint> leftParts = new List <ECCPoint>(iterationsCount + 1);  
    ECCPoint sumRight = null ;  
    ECCPoint sumLeft = null ;  
 
    StopWatch.Reset();  
    StopWatch.Start();  
 
    for  ( var  i = 0; i <= iterationsCount; i++)  
    {  
        var  encryptedNumber = ECCManager.Default.EncryptNumber(i + 1, keyEcc.OpenKey);  
        rightParts.Add(encryptedNumber.Right);  
        leftParts.Add(encryptedNumber.Left);  
 
        if  (i == 2)  
        {  
            sumRight = rightParts[0] + rightParts[1];  
            sumLeft = leftParts[0] + leftParts[1];  
        }  
 
        if  (i > 2)  
        {  
            sumRight = sumRight + encryptedNumber.Right;  
            sumLeft = sumLeft + encryptedNumber.Left;  
        }  
 
        if  (IsKeyOperation(i))  
        {  
            log = AddElapsedTimeToLog(log, StopWatch.Elapsed, i);  
        }  
    }  
    file.Write(log);  
    file.Write( "ECC cryptosystem -  Addition finished"  + Environment .NewLine);  
    file.Flush();  
 
    StopWatch.Reset();  
    StopWatch.Start();  
 
    ECCManager .Default.DecryptPoint(sumRight, sumLeft, keyEcc);  
 
    file.Write(AddElapsedTimeToLog( string .Empty, StopWatch.Elapsed, "decrypt" ));  
    file.Write( "ECC cryptosystem -  Decryption finished" );  
    file.Flush();  
 
}  
 
static  void  MeasureEccTicks( FileWriter  file , int  iterationsCount)  
{  
    var  log = string .Empty;  
 
    //Elliptic curves cryptography  
    WarmUpEcc(); 
 
    file.Write( "Start ECC"  + Environment .NewLine);  
    file.Flush();  
 
    var  keyEcc = ECCManager.Default.GenerateKey();  
 
    List <ECCPoint> rightPar ts = new List <ECCPoint>(iterationsCount + 1);  
    List <ECCPoint> leftParts = new List <ECCPoint>(iterationsCount + 1);  
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    ECCPoint sumRight = null ;  
    ECCPoint sumLeft = null ;  
 
    var  start = Rdtsc .Timestamp();  
 
    for  ( var  i = 0; i <= iterationsCount; i++)  
    {  
        var  encryptedNumber = ECCManager.Default.EncryptNumber(i + 1, keyEcc.OpenKey);  
        rightParts.Add(encryptedNumber.Right);  
        leftParts.Add(encryptedNumber.Left);  
 
        if  (i == 2)  
        {  
            sumRight = rightParts[0 ] + rightParts[1];  
            sumLeft = leftParts[0] + leftParts[1];  
        }  
 
        if  (i > 2)  
        {  
            sumRight = sumRight + encryptedNumber.Right;  
            sumLeft = sumLeft + encryptedNumber.Left;  
        }  
 
        if  (IsKeyOperati on(i))  
        {  
            log = AddElapsedTicksToLog(log, start, i);  
        }  
    }  
 
    file.Write(log);  
    file.Write( "ECC cryptosystem -  Addition finished"  + Environment .NewLine);  
    file.Flush();  
 
    start = Rdtsc .Timestamp();  
 
    ECCManager.Default.DecryptPoint(sumRight, sumLeft, keyEcc);  
 
    file.Write(AddElapsedTicksToLog( string .Empty, start, "decrypt" ));  
    file.Write( "ECC cryptosystem -  Decryption finished" );  
    file.Flush();  
}  
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ɼʦʜʘʪʦʢ ʂ 
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