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  7 

ɺʉʊʋʇ 

ʆʜʥʠʤ ʟ ʥʘʧʨʷʤʢʽʚ ʜʽʷʣʴʥʦʩʪʽ ʩʪʫʜʝʥʪʽʚ ʟʘ ʩʧʝʮʽʘʣʴʥʽʩʪʶ 121 çɯʥʞʝʥʝʨʽʷ ʧʨʦʛʨʘʤʥʦʛʦ 

ʟʘʙʝʟʧʝʯʝʥʥʷè ʦʩʚʽʪʥʴʦʾ ʧʨʦʛʨʘʤʠ çɯʥʞʝʥʝʨʽʷ ʧʨʦʛʨʘʤʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ ʽʥʪʝʣʝʢʪʫʘʣʴʥʠʭ ʢʽʙʝʨ-

ʬʽʟʠʯʥʠʭ ʩʠʩʪʝʤ ʚ ʝʥʝʨʛʝʪʠʮʽè ʻ ʨʦʟʫʤʽʥʥʷ ʧʦʥʷʪʪʷ ʚʝʣʠʢʠʭ ʤʘʩʠʚʽʚ ʜʘʥʠʭ ʪʘ ʨʦʙʦʪʠ ʟ ʥʠʤʠ, 

ʟʦʢʨʝʤʘ ʟʜʽʡʩʥʝʥʥʷ ʘʥʘʣʽʪʠʯʥʦʾ ʜʽʷʣʴʥʦʩʪʽ ʥʘʜ ʚʝʣʠʢʠʤʠ ʤʘʩʠʚʘʤʠ ʜʘʥʠʭ.  

ʆʙʩʷʛ ʽʥʬʦʨʤʘʮʽʾ, ʷʢʠʡ ʥʝʚʧʠʥʥʦ ʟʙʽʣʴʰʫʻʪʴʩʷ ʫ ʩʫʯʘʩʥʦʤʫ ʩʚʽʪʽ, ʧʨʠʯʦʤʫ ʧʦʩʪʽʡʥʦ, 

ʧʦʪʨʝʙʫʻ ʦʙʨʦʙʢʠ ʪʘ ʦʮʽʥʢʠ ʜʣʷ ʧʝʨʝʪʚʦʨʝʥʥʷ ʫ ʜʘʥʽ, ʘ ʜʘʣʽ ʜʣʷ ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʴ. ɯ ʟʘʣʝʞʥʦ ʚʽʜ 

ʟʘʜʘʯ ʮʽ ʧʨʦʮʝʩʠ ʯʘʩʪʦ ʦʙʤʝʞʝʥʽ ʫ ʯʘʩʽ. ɺʨʘʭʦʚʫʶʯʠ ʪʦʡ ʬʘʢʪ, ʱʦ ʛʦʣʦʚʥʦʶ ʤʝʪʦʶ ʘʥʘʣʽʪʠʢʽʚ 

ʚʝʣʠʢʠʭ ʜʘʥʠʭ ʩʪʘʻ ʤʦʞʣʠʚʽʩʪʴ ʦʪʨʠʤʘʥʥʷ ʤʘʢʩʠʤʘʣʴʥʦʾ ʢʦʨʠʩʪʽ ʚʽʜ ʨʝʟʫʣʴʪʘʪʽʚ ʨʦʙʦʪʠ ʟ 

ʚʝʣʠʢʠʤʠ ʤʘʩʠʚʘʤʠ ʜʘʥʠʭ, ʪʦʙʪʦ ʨʝʟʫʣʴʪʘʪʦʤ ʜʽʷʣʴʥʦʩʪʽ ʘʥʘʣʽʪʠʢʘ ʤʘʶʪʴ ʩʪʘʚʘʪʠ ʚʠʩʥʦʚʢʠ, ʷʢʽ 

ʜʘʶʪʴ ʤʦʞʣʠʚʽʩʪʴ ʧʨʠʡʤʘʪʠ ʧʨʘʚʠʣʴʥʽ ʨʽʰʝʥʥʷ ʪʘ ʜʽʾ ʫ ʧʦʜʘʣʴʰʽʡ ʜʽʷʣʴʥʦʩʪʽ, ʥʝʟʘʣʝʞʥʦ ʚʽʜ 

ʩʬʝʨʠ ʜʽʷʣʴʥʦʩʪʽ. 

ɺʝʣʠʢʽ ʤʘʩʠʚʠ ʜʘʥʠʭ ʘʙʦ ʚʝʣʠʢʽ ʜʘʥʽ (Big Data) ï ʮʝ ʩʫʢʫʧʥʽʩʪʴ ʦʜʥʦʨʽʜʥʠʭ  ̔

ʥʝʦʜʥʦʨʽʜʥʠʭ, ʩʪʨʫʢʪʫʨʦʚʘʥʠʭ ʘʙʦ ʧʦʚʥʽʩʪʶ ʯʠ ʯʘʩʪʢʦʚʦ ʥʝʩʪʨʫʢʪʫʨʦʚʘʥʠʭ ʜʘʥʠʭ, ʟʽʙʨʘʥʠʭ ʟ 

ʨʽʟʥʠʭ ʜʞʝʨʝʣ ʽʥʬʦʨʤʘʮʽʾ, ʪʘ ʪʝʭʥʦʣʦʛʽʡ, ʧʦʢʣʠʢʘʥʠʭ ʟʜʽʡʩʥʶʚʘʪʠ ʦʧʝʨʘʮʽʾ ʥʘʜ ʮʠʤʠ ʜʘʥʠʤʠ, 

ʘ ʩʘʤʝ:  

- ʟʙʽʨ  ̔ʦʙʨʦʙʢʘ ʚʝʣʠʢʠʭ ʦʙôʻʤʽʚ ʜʘʥʠʭ (ʚ ʪʦʤʫ ʯʠʩʣʽ ʫ ʨʝʞʠʤʽ ʨʝʘʣʴʥʦʛʦ ʯʘʩʫ ï real 

time);  

- ʨʦʙʦʪʘ ʟ ʜʘʥʠʤʠ, ʱʦ ʰʚʠʜʢʦ ʥʘʜʭʦʜʷʪʴ ʫ ʜʫʞʝ ʚʝʣʠʢʠʭ ʦʙôʻʤʘʭ, ʚʽʜʧʦʚʽʜʥʦ ʜʦ 

ʟʘʜʘʯ;  

- ʨʦʙʦʪʘ ʟʽ ʩʪʨʫʢʪʫʨʦʚʘʥʠʤʠ ʽ ʥʝʩʪʨʫʢʪʫʨʦʚʘʥʠʤʠ ʜʘʥʠʤʠ ʧʘʨʘʣʝʣʴʥʦ ʽ ʦʧʪʠʤʘʣʴʥʦ. 

ʈʦʙʦʪʘ ʟ ʚʝʣʠʢʠʤʠ ʜʘʥʠʤʠ ʤʘʻ ʩʭʦʞʽ ʧʨʦʮʝʩʠ ʟ ʨʦʙʦʪʦʶ ʟ ʙʘʟʘʤʠ ʜʘʥʠʭ, ʘʣʝ ʘʥʘʣʽʪʠʢʘ 

ʚʝʣʠʢʠʭ ʜʘʥʠʭ ʤʘʻ ʰʠʨʰʠʡ ʩʧʝʢʪʨ ʟʘʜʘʯ ʪʘ ʚʠʢʦʥʫʻ ʩʪʨʘʪʝʛʽʯʥʦ ʙʽʣʴʰ ʚʘʞʣʠʚʽ ʟʘʜʘʯʽ, ʥʽʞ 

ʧʨʦʩʪʦ ʟʥʘʭʦʜʞʝʥʥʷ ʩʭʦʞʠʭ ʪʝʥʜʝʥʮʽʡ ʫ ʩʦʪʥʽ ʧʦʢʘʟʥʠʢʽʚ ʟ ʜʘʪʯʠʢʘ ʨʫʭʫ ʥʘ ʚʭʦʜʽ ʫ ʙʫʜʽʚʣʶ 

ʯʠ ʚʠʷʚʣʝʥʥʷ ʚʧʦʜʦʙʘʥʴ ʢʦʨʠʩʪʫʚʘʯʘ ʟʘ ʡʦʛʦ ʜʝʩʷʪʴʤʘ ʟʘʧʠʪʘʤʠ. 

ʎʽ çʚʤʽʥʥʷè ʜʦʟʚʦʣʷʶʪʴ ʚʠʷʚʣʷʪʠ ʧʨʠʭʦʚʘʥʽ ʟʘʢʦʥʦʤʽʨʥʦʩʪʽ, ʱʦ ʚʠʩʣʠʟʘʶʪʴ ʚʽʜ 

ʦʙʤʝʞʝʥʦʛʦ ʣʶʜʩʴʢʦʛʦ ʩʧʨʠʡʥʷʪʪʷ, ʜʦʟʚʦʣʷʶʪʴ ʧʨʠʡʤʘʪʠ ʨʽʰʝʥʥʷ ʥʘ ʦʩʥʦʚʽ ʚʝʣʠʢʦʛʦ ʦʙôʻʤʫ 

ʚʭʽʜʥʠʭ ʜʘʥʠʭ, ʘ ʟʥʘʯʠʪʴ ʤʘʢʩʠʤʘʣʴʥʦ ʪʦʯʥʽ, ʜʦʟʚʦʣʷʶʪʴ ʰʚʠʜʰʝ ʧʦʙʘʯʠʪʠ ʧʨʦʙʣʝʤʫ ʪʘ 

ʧʨʦʩʪʽʰʝ ʟʥʘʡʪʠ ʾʾ ʨʽʰʝʥʥʷ ʘʙʦ ʧʦʢʨʘʱʝʥʥʷ ʩʠʪʫʘʮʽʾ, ʘ ʪʘʢʦʞ ʥʘʜʘʶʪʴ ʚʝʣʠʢʫ ʧʝʨʝʚʘʛʫ ʫ ʨʽʟʥʠʭ 

ʩʬʝʨʘʭ ʜʽʷʣʴʥʦʩʪʽ ʣʶʜʠʥʠ, ʥʘʜʘʶʯʠ ʤʦʞʣʠʚʽʩʪʴ ʚʠʢʦʥʘʥʥʷ ʧʨʦʛʥʦʟʽʚ. 

ʎʝ ʜʘʻ ʙʝʟʧʨʝʮʝʜʝʥʪʥʽ ʤʦʞʣʠʚʦʩʪʽ ʦʧʪʠʤʽʟʘʮʽʾ ʙʘʛʘʪʴʦʭ ʩʬʝʨ ʥʘʰʦʛʦ ʞʠʪʪʷ, ʘ ʩʘʤʝ 

ʜʝʨʞʘʚʥʦʛʦ ʫʧʨʘʚʣʽʥʥʷ, ʤʝʜʠʮʠʥʠ, ʪʝʣʝʢʦʤʫʥʽʢʘʮʽʡ, ʬʽʥʘʥʩʽʚ, ʪʨʘʥʩʧʦʨʪʫ, ʚʠʨʦʙʥʠʮʪʚʘ, 

ʛʘʣʫʟʽ ʝʥʝʨʛʝʪʠʢʠ ʪʘ ʽʥʰʽ.  

ɺʠʟʥʘʯʘʣʴʥʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʜʣʷ ʚʝʣʠʢʠʭ ʜʘʥʠʭ, ʦʢʨʽʤ ʾʭ ʬʽʟʠʯʥʦʛʦ ʦʙôʻʤʫ, ʻ ʡ 

ʽʥʰʽ, ʷʢʽ ʧʽʜʢʨʝʩʣʶʶʪʴ ʩʢʣʘʜʥʽʩʪʴ ʟʘʜʘʯʽ ʦʙʨʦʙʢʠ ʪʘ ʘʥʘʣʽʟʫ ʮʠʭ ʜʘʥʠʭ, ʥʘʧʨʠʢʣʘʜ, ʥʘʙʽʨ ʜʘʥʠʭ 

VVV (volume ï ʬ̔ ʟʠʯʥʠʡ ʦʙôʻʤ ʜʘʥʠʭ, velocity ï ʰʚʠʜʢʽʩʪʴ ʧʨʠʨʦʩʪʫ ʜʘʥʠʭ ʽ ʥʝʦʙʭʽʜʥʽʩʪʴ ʾʭ 

ʰʚʠʜʢʦʾ ʦʙʨʦʙʢʠ ʪʘ variety ï ʟʜʘʪʥʽʩʪʴ ʦʙʨʦʙʣʷʪʠ ʜʘʥʽ ʨʽʟʥʠʭ ʪʠʧʽʚ ʽ ʟ ʨʽʟʥʠʭ ʜʞʝʨʝʣ 

ʥʘʜʭʦʜʞʝʥʥʷ ʮʠʭ ʜʘʥʠʭ).  

ʂʦʞʝʥ ʦʙʤʽʥ ʽʟ ʩʦʮʽʘʣʴʥʠʤʠ ʤʝʜʽʘ, ʢʦʞʝʥ ʮʠʬʨʦʚʠʡ ʧʨʦʮʝʩ, ʢʦʞʝʥ ʧʽʜʢʣʶʯʝʥʠʡ ʧʨʠʩʪʨʽʡ 

ʛʝʥʝʨʫʻ ʚʝʣʠʢʽ ʤʘʩʠʚʠ ʜʘʥʠʭ, ʷʢʽ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠʤʫʪʴʩʷ ʨʽʟʥʠʤʠ ʢʦʤʧʘʥʽʷʤʠ ʚ ʨʽʟʥʠʭ ʮʽʣʷʭ. 
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ʉʴʦʛʦʜʥʽ ʢʦʤʧʘʥʽʾ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ Big Data ʜʣʷ ʧʦʛʣʠʙʣʝʥʦʾ ʚʟʘʻʤʦʜʽʾ ʟ ʢʣʽʻʥʪʘʤʠ, 

ʦʧʪʠʤʽʟʘʮʽʾ ʦʧʝʨʘʮʽʡ, ʟʘʧʦʙʽʛʘʥʥʷ ʟʘʛʨʦʟʘʤ ʪʘ ʰʘʭʨʘʡʩʪʚʫ. ɿʘ ʨʦʢʠ ʪʘʢʽ ʢʦʤʧʘʥʽʾ, ʷʢ IBM, Google, 

Amazon, Uber ʩʪʚʦʨʠʣʠ ʩʦʪʥʽ ʨʦʙʦʯʠʭ ʤʽʩʮʴ ʜʣʷ ʧʨʦʛʨʘʤʽʩʪʽʚ ʪʘ Data Science. 

ʋ ʩʬʝʨʽ Big Data ʽʩʥʫʻ ʙʘʛʘʪʦ ʥʘʧʨʷʤʽʚ, ʘʣʝ ʚ ʟʘʛʘʣʴʥʽʡ ʢʣʘʩʠʬʽʢʘʮʽʾ ʾʭ ʨʦʟʜʽʣʷʶʪʴʩʷ ʥʘ ʜʚʽ 

ʚʠʱʽ ʢʘʪʝʛʦʨʽʾ: 

- ʽʥʞʝʥʝʨʽʷ ʚʝʣʠʢʠʭ ʜʘʥʠʭ (Big Data Engineering); 

- ʘʥʘʣʽʪʠʢʘ ʚʝʣʠʢʠʭ ʜʘʥʠʭ (Big Data Analytics). 

ʎʽ ʧʦʣʷ ʻ ʚʟʘʻʤʦʟʘʣʝʞʥʠʤʠ, ʘʣʝ ʚʽʜʨʽʟʥʷʶʪʴʩʷ ʦʜʠʥ ʚʽʜ ʦʜʥʦʛʦ. 

ɯʥʞʝʥʝʨʽʷ ʚʝʣʠʢʠʭ ʜʘʥʠʭ ʟʘʡʤʘʻʪʴʩʷ ʨʦʟʨʦʙʢʦʶ ʧʨʦʛʨʘʤʥʠʭ ʧʨʦʜʫʢʪʽʚ, ʻ ʪʘʢʠʤ ʩʦʙʽ 

ʢʘʨʢʘʩʦʤ - ʽʥʩʪʨʫʤʝʥʪʦʤ, ʧʨʠʟʥʘʯʝʥʠʤ ʜʣʷ ʟʙʠʨʘʥʥʷʤ ʪʘ ʟʙʝʨʽʛʘʥʥʷʤ ʙʫʜʴ-ʷʢʦʛʦ ʦʙôʻʤʫ ʜʘʥʠʭ 

ʨʽʟʥʠʭ ʚʠʜʽʚ, ʘ ʪʘʢʦʞ ʜʦʟʚʦʣʷʻ ʚʽʜʧʦʚʽʜʥʽ ʜʘʥʽ ʟʨʦʙʠʪʠ ʜʦʩʪʫʧʥʠʤʠ ʜʣʷ ʨʽʟʥʠʭ ʩʧʦʞʠʚʯʠʭ  ̔

ʚʥʫʪʨʽʰʥʽʭ ʜʦʜʘʪʢʽʚ (ʧʽʜʩʠʩʪʝʤ). 

ʋ ʪʦʡ ʯʘʩ ʷʢ ʘʥʘʣʽʪʠʢʘ ʚʝʣʠʢʠʭ ʜʘʥʠʭ ï ʮʝ ʩʝʨʝʜʦʚʠʱʝ ʚʠʢʦʨʠʩʪʘʥʥʷ ʚʝʣʠʢʠʭ ʦʙʩʷʛʽʚ 

ʜʘʥʠʭ ʽʟ ʛʦʪʦʚʠʭ ʩʠʩʪʝʤ, ʨʦʟʨʦʙʣʝʥʠʭ Big data Engineering.  

ɸʥʘʣʽʪʠʢʘ ʚʝʣʠʢʠʭ ʜʘʥʠʭ ʚʢʣʶʯʘʻ ʚ ʩʝʙʝ ʤʝʪʦʜʠ, ʟʘʩʦʙʠ ʪʘ ʽʥʩʪʨʫʤʝʥʪʠ, ʷʢʽ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʜʣʷ ʟʙʦʨʫ ʪʘ ʦʙʨʦʙʢʠ ʚʝʣʠʢʠʭ ʦʙôʻʤʽʚ (ʽʥʢʦʣʠ ʥʝʦʜʥʦʨʽʜʥʠʭ) ʥʘʙʦʨʽʚ ʜʘʥʠʭ, 

ʜʣʷ ʘʥʘʣʽʟʫ ʪʝʥʜʝʥʮʽʡ ʽ ʧʦʰʫʢʫ ʟʘʢʦʥʦʤʽʨʥʦʩʪʝʡ, ʜʣʷ ʨʦʟʨʦʙʢʠ ʨʽʟʥʠʭ ʩʠʩʪʝʤ ʢʣʘʩʠʬʽʢʘʮʽʾ ʪʘ 

ʜʦʙʫʚʘʥʥʷ ʮʽʥʥʦʾ ʽʥʬʦʨʤʘʮʽʾ ʟ ʥʝʦʙʨʦʙʣʝʥʦʛʦ ʤʘʩʠʚʫ ʜʘʥʠʭ, ʽ ʜʣʷ ʦʪʨʠʤʘʥʥʷ ʤʦʞʣʠʚʦʩʪʽ 

ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʥʘ ʦʩʥʦʚʽ ʦʧʨʘʮʴʦʚʘʥʠʭ ʜʘʥʠʭ. ʇʽʩʣʷ ʧʝʚʥʠʭ ʜʽʡ ʩʧʝʮʽʘʣʽʩʪ ï ʘʥʘʣʽʪʠʢ ʜʘʥʠʭ (Data 

Analytics (Scientist)) ï ʽʥʪʝʨʧʨʝʪʫʻ ʨʝʟʫʣʴʪʘʪʠ ʨʽʟʥʠʤʠ ʩʧʦʩʦʙʘʤʠ, ʟʘʣʝʞʥʦ ʚʽʜ ʟʘʜʘʯ. 

ʊʘʢʠʤ ʯʠʥʦʤ, ʘʥʘʣʽʪʠʢʘ ʚʝʣʠʢʠʭ ʜʘʥʠʭ ʚʢʣʶʯʘʻ ʨʦʟʰʠʨʝʥʽ ʤʦʞʣʠʚʦʩʪʽ ʘʥʘʣʽʟʫ ʜʘʥʠʭ. ʋ 

ʪʦʡ ʯʘʩ ʷʢ ʽʥʞʝʥʝʨʽʷ ʚʝʣʠʢʠʭ ʜʘʥʠʭ ʚʢʣʶʯʘʻ ʧʨʦʢ̒ʪʫʚʘʥʥʷ ʪʘ ʨʦʟʛʦʨʪʘʥʥʷ ʩʠʩʪʝʤ, ʥʘʜ ʷʢʠʤʠ 

ʤʘʶʪʴ ʚʠʢʦʥʫʚʘʪʠʩʴ ʦʙʯʠʩʣʝʥʥʷ ʪʘ ʘʥʘʣʽʟ. 

ɸʥʘʣʽʪʠʢʘ ʚʝʣʠʢʠʭ ʤʘʩʠʚʽʚ ʜʘʥʠʭ ʚʢʣʶʯʘʻ ʚ ʩʝʙʝ ʜʚʘ ʦʩʥʦʚʥʽ ʧʦʥʷʪʪʷ ï ʚʠʤʦʛʠ ʜʦ ʜʘʥʠʭ 

ʪʘ ʚʠʤʦʛʠ ʜʦ ʾʭ ʦʙʨʦʙʢʠ. 

ɺʠʤʦʛʠ ʜʦ ʜʘʥʠʭ 

ʗʢʱʦ ʜʘʥʽ ʟʙʝʨʽʛʘʶʪʴʩʷ ʚ ʧʝʚʥʽʡ ʤʦʜʝʣʽ ʜʘʥʠʭ (ʪʦʙʪʦ ʩʭʝʤʘʭ), ʚʦʥʠ ʥʘʟʠʚʘʶʪʴʩʷ 

ʩʪʨʫʢʪʫʨʦʚʘʥʠʤʠ ʜʘʥʠʤʠ. ʗʢʱʦ ʜʘʥʽ ʟʙʝʨʽʛʘʶʪʴʩʷ ʫ ʬʘʡʣʘʭ ʽ ʥʝ ʤʘʶʪʴ ʧʝʚʥʦʾ ʤʦʜʝʣʽ, ʪʦʜʽ ʚʦʥʠ 

ʥʘʟʠʚʘʶʪʴʩʷ ʥʝʩʪʨʫʢʪʫʨʦʚʘʥʠʤʠ ʜʘʥʠʤʠ.  

ɼʞʝʨʝʣʘ ʜʘʥʠʭ ʤʦʞʫʪʴ ʙʫʪʠ ʚʥʫʪʨʽʰʥʽʤʠ (ʥʘʧʨʠʢʣʘʜ, CRM- ʯʠ ERP-ʩʠʩʪʝʤʠ ʘʙʦ ʙʫʜʴ-ʷʢʽ 

ʜʞʝʨʝʣʘ, ʱʦ ʟʥʘʭʦʜʷʪʴʩʷ ʚʩʝʨʝʜʠʥʽ ʩʠʩʪʝʤʠ) ʘʙʦ ʟʦʚʥʽʰʥʽʤʠ (ʥʘʧʨʠʢʣʘʜ, ʩʦʮʤʝʨʝʞʽ, ɯʥʪʝʨʥʝʪ, 

ʪʦʱʦ). ʈʦʟʤʽʨʠ ʜʞʝʨʝʣ ʜʘʥʠʭ ʤʦʞʫʪʴ ʙʫʪʠ ʨʽʟʥʠʤʠ ʪʘ ʟʘʣʝʞʘʪʴ ʚʽʜ ʢʽʣʴʢʦʩʪʽ ʜʘʥʠʭ, ʷʢʽ ʚʦʥʠ 

ʧʦʚʠʥʥʽ ʧʨʠʡʤʘʪʠ ʪʘ ʧʨʦʧʫʩʢʘʪʠ ʜʘʣʽ ʟʘ ʧʨʦʮʝʩʦʤ. ɺʽʜʧʦʚʽʜʥʦ ʙʫʚʘʶʪʴ ʪʠʧʠ: S, M, L, XL, XXL, 

ʧʝʨʝʜʘʯʘ ʧʦʪʦʢʽʚ, ʜʝ ʧʨʦʧʫʩʢʥʘ ʟʜʘʪʥʽʩʪʴ ʚʠʟʥʘʯʘʻ, ʟ ʷʢʦʶ ʰʚʠʜʢʽʩʪʶ ʜʘʥʽ ʤʦʞʫʪʴ ʙʫʪʠ ʧʨʠʡʥʷʪʽ 

ʜʦ ʩʠʩʪʝʤʠ. ɸ ʪʘʢʦʞ ʻ ʪʠʧʠ: H, M, L, ʜʝ ʧʨʦʧʫʩʢʥʘ ʟʜʘʪʥʽʩʪʴ ʜʞʝʨʝʣʘ ʚʠʟʥʘʯʘʻ, ʟ ʷʢʦʶ ʰʚʠʜʢʽʩʪʶ 

ʜʘʥʽ ʤʦʞʫʪʴ ʙʫʪʠ ʦʥʦʚʣʝʥʽ ʪʘ ʧʝʨʝʪʚʦʨʝʥʽ ʥʘ ʩʠʩʪʝʤʫ.  

ɺʠʤʦʛʠ ʜʦ ʦʙʨʦʙʢʠ ʜʘʥʠʭ 

ʏʘʩ ʟʘʧʠʪʫ ï ʮʝ ʯʘʩ, ʷʢʠʡ ʟʥʘʜʦʙʠʪʴʩʷ ʩʠʩʪʝʤ ̔ʥʘ ʚʠʢʦʥʘʥʥʷ ʟʘʧʠʪʫ ʢʦʨʠʩʪʫʚʘʯʘ (ʘʙʦ 

ʩʝʨʚʝʨʘ). ʏʘʩ ʟʘʧʠʪʫ ʧʦʜʽʣʷʶʪʴ ʥʘ ʥʘʩʪʫʧʥʽ ʪʠʧʠ: Long, Medium  ̔ Short (ʜʦʚʛʠʡ, ʩʝʨʝʜʥʽʡ ʽ 

ʢʦʨʦʪʢʠʡ) ʎʝ ʦʟʥʘʯʘʻ, ʱʦ ʟʘʧʠʪ ʩʢʣʘʜʥʠʡ ʪʘ ʚʠʤʘʛʘʻ ʙʘʛʘʪʦ ʯʘʩʫ ʥʘ ʡʦʛʦ ʚʠʢʦʥʘʥʥʷ, ʘʙʦ ʯʘʩ, 

ʥʝʦʙʭʽʜʥʠʡ ʥʘ ʚʠʢʦʥʘʥʥʷ ʩʝʨʝʜʥʴʦʜʦʧʫʩʪʠʤʠʡ, ʘʙʦ ʟʘʧʠʪ ʙʫʜʝ ʚʠʢʦʥʘʥʦ ʰʚʠʜʢʦ.  

ʏʘʩ ʦʙʨʦʙʢʠ ï ʮʝ ʯʘʩ ʦʙʨʦʙʢʠ ʜʘʥʠʭ. ʏʘʩ ʦʙʨʦʙʢʠ ʪʘʢʦʞ ʧʦʜʽʣʷʶʪʴ ʥʘ ʪʠʧʠ: ʜʦʚʛʠʡ, 

ʩʝʨʝʜʥʽʡ  ̔ʢʦʨʦʪʢʠʡ. ɯ ʛʨʘʜʘʮʽʷ ʚʽʜʙʫʚʘʻʪʴʩʷ ʟʘ ʘʥʘʣʦʛʽʯʥʠʤʠ ʜʦ ʚʠʢʦʥʘʥʥʷ ʟʘʧʠʪʽʚ ʢʨʠʪʝʨʽʷʤʠ. 
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ʊʦʯʥʽʩʪʴ - ʮʝ ʪʦʯʥʽʩʪʴ ʦʙʨʦʙʢʠ ʜʘʥʠʭ. ʊʦʯʥʽʩʪʴ ʻ ʜʫʞʝ ʚʘʞʣʠʚʠʤ ʧʦʢʘʟʥʠʢʦʤ ʽ ʧʦʜʽʣʷʶʪʴ 

ʜʘʥ̔ ʟʘ ʪʦʯʥʽʩʪʶ ʦʙʨʦʙʢʠ ʪʽʣʴʢʠ ʥʘ ʜʚʘ ʪʠʧʠ: ʪʦʯʥʽ ʜʘʥʽ ʘʙʦ ʧʨʠʙʣʠʟʥʽ ʜʘʥʽ (Exact ʘʙʦ 

Approximate). 

ʆʙʣʘʩʪʴ Big Data ʨʦʟʙʠʪʘ ʥʘ ʨʽʟʥʽ ʪʝʭʥʦʣʦʛʽʾ. ɺʘʞʣʠʚʠʤ ʻ ʚʠʚʯʝʥʥʷ ʨʝʣʝʚʘʥʪʥʠʭ ʪʘ 

ʩʫʤʽʩʥʠʭ ʪʝʭʥʦʣʦʛʽʡ ʟʘ ʥʘʧʨʷʤʢʘʤʠ ʨʦʙʦʪʠ ʟ ʜʘʥʠʤʠ, ʱʦ ʪʨʦʭʠ ʚʽʜʨʽʟʥʷʻʪʴʩʷ ʚʽʜ ʪʘʢʦʛʦ 

ʥʘʧʨʷʤʢʫ, ʷʢ ʤʘʰʠʥʥʝ ʥʘʚʯʘʥʥʷ. ɺ ʦʩʥʦʚʥʦʤʫ ʙʽʣʴʰʽʩʪʴ ʪʝʭʥʦʣʦʛʽʡ ʜʘʥʠʭ ʥʘʧʠʩʘʥʘ ʥʘ Java ʘʙʦ 

Scala. ɸʣʝ ʤʦʞʥʘ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʪʘʢʽ ʤʦʚʠ ʷʢ Python ʘʙʦ R, ʪʦʤʫ ʱʦ ʙʽʣʴʰʽʩʪʴ ʪʝʭʥʦʣʦʛʽʡ 

ʦʙʨʦʙʢʠ ʚʝʣʠʢʠʭ ʜʘʥʠʭ ʮʽ ʤʦʚʠ ʧʨʦʛʨʘʤʫʚʘʥʥʷ ʧʽʜʪʨʠʤʫʻ. 

ɼʘʥʽ ʤʦʞʫʪʴ ʨʦʟʧʦʜʽʣʷʪʠʩʷ ʥʘ ʚʝʣʠʢʫ ʢʽʣʴʢʽʩʪʴ ʩʝʨʚʝʨʽʚ. ʊʦʤʫ ʜʣʷ ʰʚʠʜʢʦʛʦ ʟʥʘʭʦʜʞʝʥʥʷ 

ʧʘʢʝʪʽʚ ʪʘ ʚʠʚʘʥʪʘʞʝʥʥʷ ʤʘʩʠʚʽʚ ʧʦʪʨʽʙʥʝ ʥʘʧʠʩʘʥʥʷ SQL-ʟʘʧʠʪʽʚ. ʊʘʢʦʞ ʨʦʙʦʪʘ ʟ ʚʝʣʠʢʠʤʠ 

ʜʘʥʠʤʠ ʧʝʨʝʜʙʘʯʘʻ ʨʦʙʦʪʫ ʚ ʭʤʘʨʽ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʨʦʟʧʦʜʽʣʝʥʦʾ ʬʘʡʣʦʚʦʾ ʩʠʩʪʝʤʠ, ʥʘʧʨʠʢʣʘʜ 

ʬʘʡʣʦʚʦʾ ʩʠʩʪʝʤʠ Hadoop ʪʘ ʙʘʟʘʤʠ ʜʘʥʠʭ NoSQL. 

ɸʥʘʣʽʪʠʢʘ ʚʝʣʠʢʠʭ ʜʘʥʠʭ ʧʦʻʜʥʫʻ ʚ ʩʦʙʽ ʚʝʣʠʢʫ ʢʽʣʴʢʽʩʪʴ ʨʽʟʥʠʭ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʥʘʧʨʷʤʢʽʚ 

ʽ ʙʘʛʘʪʠʡ ʘʨʩʝʥʘʣ ʙʘʛʘʪʴʦʭ ʛʘʣʫʟʝʡ ʣʶʜʩʴʢʦʾ ʜʽʷʣʴʥʦʩʪʽ. ɺʝʜʝʥʥʷ ʘʥʘʣʽʪʠʯʥʦʾ ʜʽʷʣʴʥʦʩʪʽ 

ʩʧʠʨʘʻʪʴʩʷ ʥʘ ʩʪʘʪʠʯʥʽ ʪʝʭʥʽʢʠ ʚ ʦʩʥʦʚʽ (ʮʝ ʧʦʰʫʢ ʜʘʥʠʭ ʽ ʟʙʽʨ), ʤʝʪʦʜʠ ʧʨʝʜʩʪʘʚʣʝʥʥʷ ʜʘʥʠʭ (ʾʭ 

ʚʽʟʫʘʣʽʟʘʮʽʾ) ʽ ʤʝʪʦʜʠ ʦʧʪʠʤʽʟʘʮʽʾ ʜʘʥʠʭ; ʚʠʢʦʨʠʩʪʦʚʫʻ ʪʘ ʘʜʘʧʪʫʻ ʧʽʜ ʚʣʘʩʥʽ ʟʘʜʘʯʽ ʤʝʪʦʜʠ, 

ʪʝʭʥʽʢʠ ʨʦʙʦʪʠ ʟʽ ʟʥʘʥʥʷʤʠ ʪʘ ʪʝʭʥʦʣʦʛʽʾ ʩʘʤʦʥʘʚʯʘʥʥʷ. 

ʊʠʧʦʚʠʤʠ ʟʘʜʘʯʘʤʠ ʘʥʘʣʽʪʠʢʠ ʚ ʦʙʣʘʩʪʽ ʚʝʣʠʢʠʭ ʜʘʥʠʭ ʻ ʦʙʨʦʙʢʘ ʪʘ ʘʥʘʣʽʟ ʜʘʥʠʭ, ʘ ʩʘʤʝ: 

ʛʨʫʧʫʚʘʥʥʷ ʘʙʦ ʨʦʟʜʽʣʝʥʥʷ ʜʘʥʠʭ, ʧʦʚʝʨʭʥʝʚʠʡ ʦʧʠʩ ʜʘʥʠʭ, ʩʪʚʦʨʝʥʥʷ ʤʦʜʝʣʝʡ ʜʘʥʠʭ, ʚʠʷʚʣʝʥʥʷ 

ʟʘʢʦʥʦʤʽʨʥʦʩʪʝʡ, ʚʣʘʩʪʠʚʦʩʪʝʡ, ʩʪʨʫʢʪʫʨ, ʚʠʢʦʥʘʥʥʷ ʧʨʦʛʥʦʟʽʚ ʥʘ ʦʩʥʦʚʽ ʧʨʦʚʝʜʝʥʦʛʦ ʘʥʘʣʽʟʫ, 

ʟʥʘʭʦʜʞʝʥʥʷ ʪʝʥʜʝʥʮʽʡ ʪʘ ʚʠʚʝʜʝʥʥʷ ʨʝʢʦʤʝʥʜʘʮʽʡ. 

ɼʣʷ ʧʦʣʝʛʰʝʥʥʷ ʨʦʙʦʪʠ ʘʥʘʣʽʪʠʢʽʚ ʚʝʣʠʢʠʭ ʤʘʩʠʚʽʚ ʜʘʥʠʭ ʥʘʨʘʟʽ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʥʝ 

ʪʽʣʴʢʠ ʧʨʦʛʨʘʤʥʽ ʩʠʩʪʝʤʠ, ʨʦʟʛʦʨʥʫʪʽ ʥʘ ʦʢʨʝʤʦʤʫ ʢʦʤʧôʶʪʝʨʽ ʘʥʘʣʽʪʠʢʘ, ʘ ʡ ʚʝʙ-ʪʝʭʥʦʣʦʛʽʾ, 

ʟʦʢʨʝʤʘ ʩʝʤʘʥʪʠʯʥʠʡ ʚʝʙ (Semantic Web). ʊʝʭʥʦʣʦʛʽʾ ʩʝʤʘʥʪʠʯʥʦʛʦ ʚʝʙʫ ʥʘʜʘʶʪʴ ʤʦʞʣʠʚʦʩʪʽ 

ʘʚʪʦʤʘʪʠʟʫʚʘʪʠ, ʥʘʣʘʰʪʫʚʘʪʠ ʪʘ ʘʜʘʧʪʫʚʘʪʠ ʟʙʽʨ (ʥʘʧʨʠʢʣʘʜ, ʬʽʣʴʪʨʫʚʘʪʠ ʜʞʝʨʝʣʘ, ʟ ʷʢʠʭ ʙʫʜʫʪʴ 

ʧʨʠʡʤʘʪʠʩʴ ʚʝʣʠʢʽ ʜʘʥʽ, ʘʙʦ ʚʠʢʦʥʫʚʘʪʠ ʙʝʟʧʦʩʝʨʝʜʥʽʡ ʧʦʰʫʢ ʜʘʥʠʭ ʟʚʽʜʫʩʽʣʴ), ʘʥʘʣʽʟ (ʥʝ ʪʽʣʴʢʠ 

ʧʦ ʪʦʯʥʠʤ ʧʦʢʘʟʥʠʢʘʤ, ʘ ʧʨʦʚʦʜʠʪʠ ʧʦʚʥʽʩʪʶ ʘʚʪʦʤʘʪʠʟʦʚʘʥʫ ʽʥʪʝʣʝʢʪʫʘʣʴʥʫ ʦʙʨʦʙʢʫ ʜʘʥʠʭ), 

ʥʘʜʘʥʥʷ ʨʝʢʦʤʝʥʜʘʮʽʡ (ʥʘʧʨʠʢʣʘʜ, ʷʢʠʡ ʪʦʚʘʨ ʟ ʧʝʨʰʠʭ ʩʪʦʨʽʥʦʢ ʢʨʘʱʝ ʧʨʠʙʨʘʪʠ, ʙʦ ʚʽʥ ʥʝ ʻ 

ʧʦʧʫʣʷʨʥʠʤ ʘʙʦ ʥʘʚʧʘʢʠ ï ʘʢʮʝʥʪʫʚʘʪʠ ʥʘ ʥʴʦʤʫ ʫʚʘʛʫ ʧʦʢʫʧʮʽʚ, ʱʦʙ ʧʨʦʜʘʪʠ) ʪʘ ʚʠʢʦʥʘʥʥʷ 

ʧʨʦʛʥʦʟʥʠʭ ʨʽʰʝʥʴ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʩʠʩʪʝʤʦʶ ʜʣʷ ʧʦʣʝʛʰʝʥʥʷ ʨʦʙʦʪʠ ʩʧʝʮʽʘʣʽʩʪʘ-ʣʶʜʠʥʠ. 

ʊʦʤʫ ʟʘʚʜʘʥʥʷʤ ʜʘʥʦʛʦ ʧʽʜʨʫʯʥʠʢʘ çʈʦʙʦʪʘ ʟ ʚʝʣʠʢʠʤʠ ʜʘʥʠʤʠè, ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʩʠʣʘʙʫʩʽʚ 

ʥʘʚʯʘʣʴʥʠʭ ʜʠʩʮʠʧʣʽʥ çʆʙʨʦʙʣʝʥʥʷ ʥʘʜʚʝʣʠʢʠʭ ʤʘʩʠʚʽʚ ʜʘʥʠʭè, çʉʭʦʚʠʱʝ ʜʘʥʠʭ ʜʣʷ ʙʽʟʥʝʩ-

ʘʥʘʣʽʪʠʢʠè, çɯʥʞʝʥʝʨʽʷ ʜʘʥʠʭ ʪʘ ʟʥʘʥʴè ʻ ʨʦʟʛʣʷʜ ʪʘ ʚʠʚʯʝʥʥʷ ʦʩʥʦʚʥʠʭ ʧʽʜʭʦʜʽʚ ʱʦʜʦ ʘʥʘʣʽʪʠʢʠ 

ʚʝʣʠʢʠʭ ʤʘʩʠʚʽʚ ʜʘʥʠʭ, ʘ ʩʘʤʝ ʧʨʠʥʮʠʧʽʚ ʘʥʘʣʽʟʫ ʜʘʥʠʭ, ʾʭ ʧʨʝʜʩʪʘʚʣʝʥʥʷ, ʦʙʨʦʙʣʝʥʥʷ, 

ʚʽʟʫʘʣʽʟʘʮʽʷ ʪʘ ʟʙʝʨʽʛʘʥʥʷ, ʱʦ ʻ ʚʘʞʣʠʚʠʤ ʫ ʩʫʯʘʩʥʦʤʫ ʩʚʽʪʽ.  
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ʈʆɿɼɯʃ 1. ɸʅɸʃɯʊʀʂɸ ɼɸʅʀʍ/DATA ANALYTICS 

ʋ ʧʝʨʰʦʤʫ ʨʦʟʜʽʣʽ ʨʦʟʛʣʷʥʝʤʦ ʟʘʛʘʣʴʥʽ ʧʦʥʷʪʪʷ ʘʥʘʣʽʪʠʢʠ ʜʘʥʠʭ, ʧʦʥʷʪʪʷ ʚʝʣʠʢʠʭ ʜʘʥʠʭ, 

ʾʭ ʨʦʣʴ ʫ ʞʠʪʪ ̔ ʣʶʜʠʥʠ, ʥʝʦʙʭʽʜʥʽʩʪʴ ʪʘ ʢʦʨʠʩʪʴ ʚʠʢʦʨʠʩʪʘʥʥʷ ʚ ʩʫʯʘʩʥʠʭ ʽʥʬʦʨʤʘʮʽʡʥʠʭ 

ʪʝʭʥʦʣʦʛʽʷʭ ʽ, ʟʦʢʨʝʤʘ, ʚ ʝʥʝʨʛʝʪʠʯʥʽʡ ʩʬʝʨʽ. 

1.1. ʇʦʥʷʪʪʷ çɺʝʣʠʢʽ ʜʘʥʽè 

ɺʽʜʦʤʦ, ʱʦ ʪʝʨʤʽʥ çɺʝʣʠʢʽ ʜʘʥʽè ʚʧʝʨʰʝ ʟ'ʷʚʠʚʩʷ ʚ 2008 ʨʦʮʽ ʚ ʩʪʘʪʪʽ ʂʣʽʬʬʦʨʜʘ ʃʽʥʯʘ, 

ʨʝʜʘʢʪʦʨʘ ʦʜʥʦʛʦ ʟ ʥʘʡʚʽʜʦʤʽʰʠʭ ʞʫʨʥʘʣʽʚ Nature. ʉʧʝʮʽʘʣʴʥʠʡ ʚʠʧʫʩʢ ʙʫʣʦ ʧʨʠʩʚʷʯʝʥʦ ʪʝʤʽ 

çʱʦ ʤʦʞʫʪʴ ʦʟʥʘʯʘʪʠ ʚʝʣʠʢʽ ʥʘʙʦʨʠ ʜʘʥʠʭ ʜʣʷ ʩʫʯʘʩʥʦʾ ʥʘʫʢʠè. ɯ ʪʫʪ ʚʞʠʚʘʥʥʷ ʩʣʦʚʘ çʚʝʣʠʢʠʡè 

ʘʩʦʮʽʶʚʘʣʦʩʷ ʥʝ ʩʪʽʣʴʢʠ ʟ ʷʢʦʶʩʴ ʢʽʣʴʢʽʩʪʶ, ʩʢʽʣʴʢʠ ʟ ʷʢʽʩʥʦʶ ʦʮʽʥʢʦʶ [1]. ʏʘʩ ʧʽʜʪʚʝʨʜʠʚ 

ʩʧʨʘʚʝʜʣʠʚʽʩʪʴ ʚʠʜʽʣʝʥʥʷ çɺʝʣʠʢʠʭ ʜʘʥʠʭè ʷʢ ʦʢʨʝʤʦʛʦ ʷʚʠʱʘ. ʅʠʥʽ - ʮʝ ʪʝʨʤʽʥ, ʱʦ ʦʧʠʩʫʻ 

ʚʝʣʠʯʝʟʥʽ ʦʙʩʷʛʠ ʜʘʥʠʭ, ʷʢʽ ʟʽʙʨʘʥʽ, ʟʙʝʨʽʛʘʶʪʴʩʷ ʪʘ ʘʥʘʣʽʟʫʶʪʴʩʷ ʟ ʤʝʪʦʶ ʦʪʨʠʤʘʥʥʷ ʢʦʨʠʩʥʦʾ 

ʽʥʬʦʨʤʘʮʽʾ ʪʘ ʚʽʜʢʨʠʪʪʷ ʥʦʚʠʭ ʟʥʘʥʴ ʚ ʨʽʟʥʠʭ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʦʙʣʘʩʪʷʭ. ɺ ʪʦʡ ʞʝ ʯʘʩ, ʟʛʽʜʥʦ ʟ 

ʜʦʩʣʽʜʞʝʥʥʷʤʠ ʘʛʝʥʪʩʪʚʘ Gartner, ʪʝʨʤʽʥ çBʝʣʠʢʽ ʜʘʥʽè ʙʣʠʟʴʢʠʡ ʜʦ ʧʽʢʫ ʟʥʘʤʝʥʠʪʦʛʦ ʮʠʢʣʫ 

ʭʘʡʧʽʚ Gartner ï ʦʮʽʥʢʠ ʚʽʜʥʦʩʥʦʾ ʯʘʩʪʢʠ ʧʫʙʣʽʢʘʮʽʡ ʪʘ ʜʠʩʢʫʩʽʡ ʜʣʷ ʨʽʟʥʦʤʘʥʽʪʥʠʭ ʥʘʧʨʘʚʣʝʥʴ.  

ʅʘ ʨʠʩʫʥʢʫ 1.1 ʧʦʢʘʟʘʥʘ ʢʨʠʚʘ, ʱʦ ʚʠʟʥʘʯʘʻ ʮʠʢʣ Gartner ʥʦʚʽʪʥʽʭ ʪʝʭʥʦʣʦʛʽʡ ʥʘ 2023 ʨʽʢ [2]. 

 
ʈʠʩ. 1.1. ʎʠʢʣ ʘʞʽʦʪʘʞʫ (Hype Cycle) Gartner ʜʣʷ ʤʦʙʽʣʴʥʠʭ ʨʦʙʦʪʽʚ ʽ ʜʨʦʥʽʚ ʥʘ 2023 ʨʽʢ [2] 

 

ʋ ʩʫʯʘʩʥʦʤʫ ʩʚʽʪʽ ʽʥʬʦʨʤʘʪʠʢʠ, ʤʘʪʝʤʘʪʠʢʠ, ʬʽʟʠʢʠ, ʝʢʦʥʦʤʽʩʪʠ, ʣʽʢʘʨʽ, ʧʦʣʽʪʦʣʦʛʠ ʪʘ ʽʥʰʽ 

ʚʯʝʥʽ ʧʦʪʨʝʙʫʶʪʴ ʜʦʩʪʫʧʫ ʜʦ ʚʝʣʠʯʝʟʥʦʾ ʢʽʣʴʢʦʩʪʽ ʽʥʬʦʨʤʘʮʽʾ, ʩʪʚʦʨʝʥʦʾ ʣʶʜʴʤʠ, ʨʝʯʘʤʠ ʪʘ 

ʾʭʥʽʤʠ ʚʟʘʻʤʦʜʽʷʤʠ ʤʽʞ ʩʦʙʦʶ [2]. ɺʨʘʭʦʚʫʶʯʠ ʨʦʟʚʠʪʦʢ çɺʝʣʠʢʠʭ ʜʘʥʠʭè ʷʢ ʩʦʮʽʘʣʴʥʦ-

ʪʝʭʥʽʯʥʦʛʦ ʷʚʠʱʘ, ʫ 2012 ʨʦʮʽ ʧʨʦʚʽʜʥʽ ʥʘʫʢʦʚʮʽ ɼʘʥʠ ɹʦʡʜ ʽ ʂʝʪ ʂʨʦʫʬʦʨʜ [3] ʢʨʠʪʠʯʥʦ 

ʜʦʩʣʽʜʠʣʠ, ʯʠ ʜʦʧʦʤʦʞʫʪʴ ʣʶʜʠʥʽ ʚʝʣʠʢʽ ʧʦʰʫʢʦʚʽ ʜʘʥʽ ʩʪʚʦʨʠʪʠ ʢʨʘʱʽ ʽʥʩʪʨʫʤʝʥʪʠ ʪʘ ʧʦʩʣʫʛʠ 

ʜʣʷ ʩʫʩʧʽʣʴʩʪʚʘ. ʏʠ ʥʝ ʧʨʠʟʚʝʜʝ ʮʝ ʜʦ ʧʦʯʘʪʢʫ ʭʚʠʣʽ ʧʦʩʷʛʘʥʴ ʥʘ ʢʦʥʬʽʜʝʥʮʽʡʥʽʩʪʴ ʽ ʘʛʨʝʩʠʚʥʦʛʦ 
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ʤʘʨʢʝʪʠʥʛʫ? ʏʠ ʜʦʧʦʤʦʞʝ ʘʥʘʣʽʪʠʢʘ ʜʘʥʠʭ ʟʨʦʟʫʤʽʪʠ ʦʥʣʘʡʥ-ʩʧʽʣʴʥʦʪʠ, ʙʽʟʥʝʩ-ʧʨʦʮʝʩʠ ʪʘ 

ʧʦʣʽʪʠʯʥʽ ʥʘʧʨʘʚʣʝʥʥʷ? 

ʆʪʞʝ, çɺʝʣʠʢʽ ʜʘʥʽè ʙʫʣʦ ʚʠʟʥʘʯʝʥʦ, ʷʢ ʪʝʭʥʦʣʦʛʽʯʥʠʡ, ʢʫʣʴʪʫʨʥʠʡ, ʩʦʮʽʘʣʴʥʠʡ ʪʘ 

ʥʘʫʢʦʚʠʡ ʬʝʥʦʤʝʥ, ʱʦ ʙʘʟʫʻʪʴʩʷ ʥʘ ʚʟʘʻʤʦʜʽʾ ʪʝʭʥʦʣʦʛʽʾ (ʧʽʜʚʠʱʝʥʥʷ ʦʙʯʠʩʣʶʚʘʣʴʥʦʾ 

ʧʦʪʫʞʥʦʩʪ,̔ ʦʧʪʠʤʽʟʘʮʽʷ ʘʣʛʦʨʠʪʤʽʚ ʟʙʦʨʫ, ʘʥʘʣʽʟʫ, ʟʚ'ʷʟʫʚʘʥʥʷ ʪʘ ʧʦʨʽʚʥʷʥʥʷ ʚʝʣʠʯʝʟʥʠʭ ʥʘʙʦʨʽʚ 

ʜʘʥʠʭ), ʘʥʘʣʽʟʫ (ʟʦʙʨʘʞʝʥʥʷ ʚʝʣʠʯʝʟʥʠʭ ʥʘʙʦʨʽʚ ʜʘʥʠʭ ʜʣʷ ʚʠʷʚʣʝʥʥʷ ʟʘʢʦʥʦʤʽʨʥʦʩʪʝʡ ʟ ʤʝʪʦʶ 

ʧʨʝʜ'ʷʚʣʝʥʥʷ ʝʢʦʥʦʤʽʯʥʠʭ, ʩʦʮʽʘʣʴʥʠʭ, ʪʝʭʥʽʯʥʠʭ ʪʘ ʶʨʠʜʠʯʥʠʭ ʘʩʧʝʢʪʽʚ) ʽ ʥʘʚʽʪʴ ʤʽʬʦʣʦʛʽʾ 

(ʟʘʛʘʣʴʥʝ ʧʝʨʝʢʦʥʘʥʥʷ, ʱʦ ʚʝʣʠʯʝʟʥʽ ʥʘʙʦʨʠ ʜʘʥʠʭ ʷʚʣʷʶʪʴ ʩʦʙʦʶ ʚʠʱʫ ʬʦʨʤʫ ʟʥʘʥʴ ʪʘ 

ʽʥʬʦʨʤʘʮʽʾ, ʷʢʽ ʤʦʞʫʪʴ ʛʝʥʝʨʫʚʘʪʠ ʽʜʝʾ, ʱʦ ʨʘʥʽʰʝ ʙʫʣʠ ʥʝʤʦʞʣʠʚʠʤʠ, ʽ ʟ ʘʫʨʦʶ ʜʦʩʪʦʚʽʨʥʦʩʪʽ, 

ʦʙ'ʻʢʪʠʚʥʦʩʪʽ ʪʘ ʪʦʯʥʦʩʪʽ) [4]. 

ʉʣʽʜ ʟʘʟʥʘʯʠʪʠ, ʱʦ çɺʝʣʠʢʽ ʜʘʥʽè - ʮʝ ʥʘʩʪʽʣʴʢʠ ʚʝʣʠʢʠʡ ʽ ʩʢʣʘʜʥʠʡ ʥʘʙʽʨ ʜʘʥʠʭ, ʱʦ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʽʩʥʫʶʯʽ ʪʨʘʜʠʮʽʡʥʽ ʟʘʩʦʙʠ ʫʧʨʘʚʣʽʥʥʷ ʙʘʟʘʤʠ ʜʘʥʠʭ ʽ ʜʦʜʘʪʢʠ ʜʣʷ ʾʭ ʦʙʨʦʙʢʠ 

ʥʝʤʦʞʣʠʚʦ. ʇʦʪʨʽʙʥʦ ʟʽʙʨʘʪʠ, ʦʯʠʩʪʠʪʠ, ʟʙʝʨʽʛʘʪʠ, ʜʦʣʫʯʘʪʠ, ʤʘʪʠ ʜʦʩʪʫʧ, ʤʘʪʠ ʤʦʞʣʠʚʽʩʪʴ 

ʧʝʨʝʜʘʯʽ, ʨʦʙʠʪʠ ʘʥʘʣʽʟ ʪʘ ʚʽʟʫʘʣʽʟʘʮʽʶ ʪʘʢʠʭ ʥʘʙʦʨʽʚ ʜʘʥʠʭ ʷʢ ʮʽʣʽʩʥʦʾ ʩʫʪʥʦʩʪʽ, ʘ ʥʝ ʣʦʢʘʣʴʥʠʭ 

ʯʘʩʪʠʥ. ɺ ʷʢʦʩʪʽ ʚʠʟʥʘʯʘʣʴʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʜʣʷ çɺʝʣʠʢʠʭ ʜʘʥʠʭè ʚʽʜʟʥʘʯʘʶʪʴʩʷ çʪʨʠ Vè: ʦʙʩʷʛ 

(Volume - ʚ ʩʝʥʩʽ ʚʝʣʠʯʠʥʠ ʬʽʟʠʯʥʦʛʦ ʦʙ'ʻʤʫ), ʰʚʠʜʢʽʩʪʴ (Velocity - ʰʚʠʜʢʽʩʪʴ ʟʨʦʩʪʘʥʥʷ ʽ 

ʥʝʦʙʭʽʜʥʽʩʪʴ ʚʠʩʦʢʦʰʚʠʜʢʽʩʥʦʾ ʦʙʨʦʙʢʠ ʽ ʦʪʨʠʤʘʥʥʷ ʨʝʟʫʣʴʪʘʪʽʚ) ʪʘ ʨʽʟʥʦʤʘʥʽʪʥʽʩʪʴ (Variety - 

ʚʽʜʯʫʪʪʷ ʤʦʞʣʠʚʦʩʪʽ ʦʜʥʦʯʘʩʥʦʾ ʦʙʨʦʙʢʠ ʨʽʟʥʠʭ ʪʠʧʽʚ ʩʪʨʫʢʪʫʨʦʚʘʥʠʭ ʽ ʥʘʧʽʚʩʪʨʫʢʪʫʨʦʚʘʥʠʭ 

ʜʘʥʠʭ). ʇʨʦʚʽʜʥʦʶ ʭʘʨʘʢʪʝʨʠʩʪʠʢʦʶ ʪʫʪ ʻ ʢʽʣʴʢʽʩʪʴ ʜʘʥʠʭ, ʷʢʽ ʥʝʦʙʭʽʜʥʦ ʚʨʘʭʦʚʫʚʘʪʠ ʚ 

ʧʨʠʢʣʘʜʥʦʤʫ ʘʩʧʝʢʪʽ.  

ʋ ʪʘʙʣʠʮʽ 1.1 ʥʘʚʝʜʝʥʽ ʚʩʽ ʦʜʠʥʠʮʽ ʦʙʩʷʛʫ ʜʘʥʠʭ ʽʥʬʦʨʤʘʮʽʾ, ʧʦʭʽʜʥʽ ʚʽʜ ʙʽʪʘ [5]. 

 

ʊʘʙʣʠʮʷ 1.1. ʇʦʭʽʜʥʽ ʦʜʠʥʠʮʽ ʦʙʩʷʛʫ ʜʘʥʠʭ [5] 

ʅʘʟʚʘ ʈʦʟʤʽʨ (ʟʘ ʢʣʘʩʠʬʽʢʘʪʦʨʦʤ ʩʠʩʪʝʤʠ 

ʧʦʟʥʘʯʝʥʴ ʦʜʠʥʠʮʴ ʚʠʤʽʨʶʚʘʥʥʷ ʪʘ 

ʦʙʣʽʢʫ ɼʂ 011-96) 

ʉʠʤʚʦʣ ʇʨʠʤʽʪʢʘ: ʨʦʟʤʽʨ ʟʘ 

ʩʪʘʥʜʘʨʪʘʤʠ ʄɽʂ 

ʙʘʡʪ 8 ʙʽʪ B  

ʢʽʣʦʙʘʡʪ 103 B ʂB 210 =1024 ʙʘʡʪ 

ʤʝʛʘʙʘʡʪ 106 B ʄB 220 ʙʘʡʪ 

ʛʽʛʘʙʘʡʪ 109 B GB 230 ʙʘʡʪ 

ʪʝʨʘʙʘʡʪ 1012 B ʊɹ 240 ʙʘʡʪ 

ʧʝʪʘʙʘʡʪ 1015 B PB 250 ʙʘʡʪ 

ʝʢʟʘʙʘʡʪ 1018 B EB 260 ʙʘʡʪ 

ʟʝʪʪʘʙʘʡʪ 1021 B ZB 270 ʙʘʡʪ 

ʡʦʪʪʘʙʘʡʪ 1024 B YB 280 ʙʘʡʪ 

 

ʉʫʯʘʩʥʽʩʪʴ ʧʦʢʘʟʫʻ ʧʨʠʢʣʘʜʠ ʞʘʭʣʠʚʠʭ ʨʦʟʤʽʨʽʚ ʦʮʠʬʨʦʚʘʥʠʭ ʜʘʥʠʭ, ʱʦ ʛʝʥʝʨʫʶʪʴʩʷ 

ʩʴʦʛʦʜʥʽ. ɿʘ ʜʘʥʠʤʠ ʛʽʛʘʥʪʽʚ IT-ʽʥʜʫʩʪʨʽʾ (EMC, Cisco, IBM, Google), ʚ 2020 ʨʦʮʽ ʚ ʩʚʽʪʽ ʙʫʣʦ 

ʟʛʝʥʝʨʦʚʘʥʦ 35 ʟʝʪʪʘʙʘʡʪʽʚ ʜʘʥʠʭ (35*1021) [6]. ɼʞʝʨʝʣʘʤʠ ʮʴʦʛʦ ʧʦʪʦʢʫ ʜʘʥʠʭ ʻ ʥʝʟʯʠʩʣʝʥʥʽ 

ʮʠʬʨʦʚʽ ʧʨʠʩʪʨʦʾ, ʷʢʽ ʛʝʥʝʨʫʶʪʴ ʽ ʩʧʨʷʤʦʚʫʶʪʴ ʧʨʦʜʫʢʪʠ ʣʶʜʩʴʢʦʛʦ ʨʦʟʫʤʫ ʚ ʙʝʟʜʦʥʥʽ ʧʨʦʩʪʦʨʠ 

ʽʥʪʝʨʥʝʪʫ - ʧʦʩʪʠ ʚ ʩʦʮʽʘʣʴʥʽ ʤʝʨʝʞʽ, ʪʚʽʪʠ, ʟʘʧʠʪʠ ʚ ʧʦʰʫʢʦʚʽ ʩʠʩʪʝʤʠ, ʪʦʱʦ. ʎʝ - ʜʘʥʽ ʟ ʜʘʪʯʠʢʽʚ 

ʽ ʢʦʥʪʨʦʣʝʨʽʚ ʤʽʣʴʡʦʥʽʚ ʧʨʠʩʪʨʦʾʚ, ʱʦ ʚʠʤʽʨʶʶʪʴ ʧʘʨʘʤʝʪʨʠ ʨʫʭʫ ʘʚʪʦʤʦʙʽʣʽʚ ʧʽʜ ʯʘʩ ʜʦʨʦʞʥʴʦ- 
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ʪʨʘʥʩʧʦʨʪʥʦʾ ʧʨʠʛʦʜʠ, ʩʪʘʥ ʜʦʨʽʛ ʽ ʘʚʪʦʢʦʥʜʠʮʽʦʥʝʨʽʚ, ʟʯʠʪʫʶʪʴ ʧʦʚʝʜʽʥʢʫ ʚʦʜʽʷ, ʚʽʜʝʦʧʦʪʦʢʠ ʟ 

ʢʘʤʝʨ ʩʧʦʩʪʝʨʝʞʝʥʥʷ, ʦʮʠʬʨʦʚʘʥʽ ʘʫʜʽʦʩʠʛʥʘʣʠ, GPS-ʢʦʦʨʜʠʥʘʪʠ ʤʦʙʽʣʴʥʠʭ ʧʨʠʩʪʨʦʾʚ ʽ ʙʘʛʘʪʦ 

ʽʥʰʦʛʦ, ʱʦ ʛʝʥʝʨʫʻʪʴʩʷ ʤʘʰʠʥʘʤʠ ʩʘʤʦʩʪʽʡʥʦ ʚ ʧʨʦʮʝʩʽ ʝʢʩʧʣʫʘʪʘʮʽʾ ʦʙʣʘʜʥʘʥʥʷ ʪʘ ʦʙ'ʻʜʥʫʻʪʴʩʷ 

ʪʝʨʤʽʥʦʤ çʨʦʟʫʤʥʽ ʧʨʠʩʪʨʦʾè ʽ ʽʩʥʫʻ ʫ ʚʠʛʣʷʜʽ ʙʽʪ ʜʘʥʠʭ. ɺʩʽ ʮʽ ʜʘʥʽ ʟʙʝʨʽʛʘʶʪʴʩʷ ʚ ʨʽʟʥʠʭ ʙʘʟʘʭ 

ʜʘʥʠʭ, ʩʭʦʚʠʱʘʭ ʽ ʧʨʦʩʪʦ ʛʫʙʣʷʪʴʩʷ. ʏʘʩʪʠʥʘ ʮʠʭ ʜʘʥʠʭ ʜʦʩʪʫʧʥʘ ʯʝʨʝʟ ʽʥʪʝʨʥʝʪ, ʘ ʯʘʩʪʠʥʘ ʤʘʻ 

ʪʽʣʴʢʠ ʣʦʢʘʣʴʥʠʡ ʜʦʩʪʫʧ. ʋ ʙʫʜʴ-ʷʢʦʤʫ ʚʠʧʘʜʢʫ, ʟʘ ʦʮʽʥʢʘʤʠ ʩʚʽʪʦʚʠʭ ʝʢʩʧʝʨʪʽʚ, 

ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʚ ʩʝʨʝʜʥʴʦʤʫ 1 - 5 ʚʽʜʩʦʪʢʽʚ ʚʩʽʭ ʟʛʝʥʝʨʦʚʘʥʠʭ ʜʘʥʠʭ.  

ɿʘ ʦʮʽʥʢʘʤʠ ʜʦʩʣʽʜʥʠʮʴʢʦʾ ʢʦʤʧʘʥʽʾ IDC, ʜʘʥʽ ʧʦʩʪʽʡʥʦ ʟʨʦʩʪʘʶʪʴ ʥʘ 50 ʚʽʜʩʦʪʢʽʚ ʥʘ ʨʽʢ 

ʘʙʦ ʙʽʣʴʰ ʥʽʞ ʧʦʜʚʦʶʶʪʴʩʷ ʢʦʞʥʽ ʜʚʘ ʨʦʢʠ. ʎʝ ʥʝ ʧʨʦʩʪʦ ʙʽʣʴʰʝ ʧʦʪʦʢʽʚ ʜʘʥʠʭ, ʘʣʝ ʡ ʘʙʩʦʣʶʪʥʦ 

ʥʦʚʽ. ʅʘʧʨʠʢʣʘʜ, ʟʘʨʘʟ ʫ ʚʩʴʦʤʫ ʩʚʽʪʽ ʽʩʥʫʻ ʥʝʟʣʽʯʝʥʥʘ ʢʽʣʴʢʽʩʪʴ ʮʠʬʨʦʚʠʭ ʜʘʪʯʠʢʽʚ ʫ 

ʧʨʦʤʠʩʣʦʚʦʤʫ ʦʙʣʘʜʥʘʥʥʽ, ʘʚʪʦʤʦʙʽʣʷʭ, ʝʣʝʢʪʨʠʯʥʠʭ ʣʽʯʠʣʴʥʠʢʘʭ ʽ ʪʨʘʥʩʧʦʨʪʥʠʭ ʷʱʠʢʘʭ. ɺʦʥʠ 

ʤʦʞʫʪʴ ʚʠʤʽʨʶʚʘʪʠ ʪʘ ʧʦʚʽʜʦʤʣʷʪʠ ʧʨʦ ʤʽʩʮʝʟʥʘʭʦʜʞʝʥʥʷ, ʨʫʭ, ʚʽʙʨʘʮʽʶ, ʪʝʤʧʝʨʘʪʫʨʫ, ʚʦʣʦʛʽʩʪʴ 

ʽ ʥʘʚʽʪʴ ʭʽʤʽʯʥʽ ʟʤʽʥʠ ʚ ʧʦʚʽʪʨʽ. ʇʦʢʨʘʱʝʥʠʡ ʜʦʩʪʫʧ ʜʦ ʽʥʬʦʨʤʘʮʽʾ ʪʘʢʦʞ ʧʽʜʞʠʚʣʶʻ ʪʝʥʜʝʥʮʽʶ 

çɺʝʣʠʢʠʭ ʜʘʥʠʭè. ʅʘʧʨʠʢʣʘʜ, ʜʝʨʞʘʚʥʽ ʜʘʥʽ - ʜʘʥʽ ʧʨʦ ʟʘʡʥʷʪʽʩʪʴ ʪʘ ʽʥʰʘ ʽʥʬʦʨʤʘʮʽʷ - ʧʦʩʪʽʡʥʦ 

ʧʝʨʝʤʽʱʫʶʪʴʩʷ ʚ ɯʥʪʝʨʥʝʪ [7]. 

ɺʞʠʪʦʢ çɺʝʣʠʢʠʭ ʜʘʥʠʭè ʩʧʨʷʤʦʚʘʥʦ ʟʥʘʯʥʦ ʟʙʽʣʴʰʠʪʠ ʚʠʢʦʨʠʩʪʘʥʥʷ ʥʘʷʚʥʦʾ ʽʥʬʦʨʤʘʮʽʾ 

ʽ ʜʦʟʚʦʣʠʪʠ ʧʨʝʜʩʪʘʚʠʪʠ ʾʾ ʫ ʚʠʛʣʷʜʽ, ʟʨʫʯʥʦʤʫ ʜʣʷ ʧʨʘʢʪʠʯʥʦʛʦ ʟʘʩʪʦʩʫʚʘʥʥʷ (ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʴ 

ʣʶʜʠʥʦʶ ʘʙʦ ʘʚʪʦʤʘʪʠʯʥʝ ʫʧʨʘʚʣʽʥʥʷ ʩʠʩʪʝʤʘʤʠ), ʚʨʘʭʦʚʫʶʯʠ ʜʚʘ çVè (Volume ʽ Velocity). 

ʈʝʟʫʣʴʪʘʪʠ ʦʙʨʦʙʢʠ çɺʝʣʠʢʠʭ ʜʘʥʠʭè ʧʦʚʠʥʥʽ ʙʫʪʠ ʦʪʨʠʤʘʥʽ ʚ ʪʝʨʤʽʥʠ, ʚʠʟʥʘʯʝʥʽ ʚʠʨʽʰʫʚʘʥʠʤʠ 

ʟ ʾʭ ʜʦʧʦʤʦʛʦʶ ʟʘʚʜʘʥʥʷʤʠ. ɸ ʰʚʠʜʢʽʩʪʴ ʜʦʩʪʫʧʫ ʜʦ ʜʘʥʠʭ, ʰʚʠʜʢʽʩʪʴ ʾʭ ʦʙʨʦʙʢʠ ʻ ʚʘʞʣʠʚʠʤ 

ʢʨʠʪʝʨʽʻʤ ʷʢʦʩʪʽ ʪʝʭʥʦʣʦʛʽʡ, ʱʦ ʚʭʦʜʷʪʴ ʜʦ ʩʢʣʘʜʫ çɺʝʣʠʢʠʭ ʜʘʥʠʭè.  

ʅʘʨʝʰʪʽ, ʪʨʝʪʻ çVè ï ʨʽʟʥʦʤʘʥʽʪʪʷ ʜʘʥʠʭ, ʛʦʚʦʨʠʪʴ ʧʨʦ ʪʝ, ʱʦ çɺʝʣʠʢʽ ʜʘʥʽè ʧʦʚʠʥʥʽ 

ʝʬʝʢʪʠʚʥʦ ʦʙʨʦʙʣʷʪʠʩʷ, ʥʝʟʘʣʝʞʥʦ ʚʽʜ ʾʭ ʩʪʨʫʢʪʫʨʦʚʘʥʦʩʪʽ.  

ɿʘ ʩʪʫʧʝʥʝʤ ʩʪʨʫʢʪʫʨʦʚʘʥʦʩʪʽ ʚʠʜʽʣʷʶʪʴ ʪʨʠ ʦʩʥʦʚʥʠʭ ʪʠʧʠ çɺʝʣʠʢʠʭ ʜʘʥʠʭè, ʦʧʠʩʘʥʠʭ 

ʜʘʣʽ. 

1. ʇʝʨʰʠʡ ʪʠʧ - ʮʝ ʟʚʠʯʘʡʥʽ ʩʪʨʫʢʪʫʨʦʚʘʥʽ ʜʘʥʽ, ʷʢʽ ʤʦʞʫʪʴ ʙʫʪʠ ʧʨʝʜʩʪʘʚʣʝʥʽ ʽ 

ʨʦʟʜʽʣʷʶʪʴʩʷ ʟʘʟʜʘʣʝʛʽʜʴ ʚʠʟʥʘʯʝʥʠʤʠ ʧʦʣʷʤʠ, ʚ ʷʢʠʭ ʧʨʠʩʫʪʥʽ ʙʽʪʠ, ʱʦ ʤʘʶʪʴ ʨʽʟʥʫ ʩʝʤʘʥʪʠʢʫ. 

ʅʘʧʨʠʢʣʘʜ, ʚʩʽ ʪʘʙʣʠʮʽ ʤʘʶʪʴ ʟʘʛʦʣʦʚʢʠ ʚ ʧʝʚʥʦʤʫ ʧʦʣʽ ʟʘʜʘʥʦʾ ʜʦʚʞʠʥʠ, ʦʜʠʥ ʽʟ ʬʘʢʪʽʚ - ʚ 

ʽʥʰʦʤʫ, ʟʘʟʜʘʣʝʛʽʜʴ ʚʠʟʥʘʯʝʥʦʤʫ ʧʦʣʽ, ʘ ʽʥʰʠʡ ʽʟ ʬʘʢʪʽʚ, ʱʦ ʚʠʟʥʘʯʘʶʪʴ ʯʠʩʣʦʚʽ ʘʙʦ ʪʝʢʩʪʦʚʽ 

ʟʥʘʯʝʥʥʷ ʩʝʤʘʥʪʠʯʥʠʭ ʟʤʽʥʥʠʭ, ʱʦ ʤʽʩʪʷʪʴʩʷ ʚ ʟʘʛʦʣʦʚʢʘʭ ï ʚ ʜʨʫʛʦʤʫ ʧʦʣʽ. 

ʉʪʨʫʢʪʫʨʦʚʘʥʽ ʜʘʥʽ ʜʦʙʨʝ ʟʙʝʨʽʛʘʶʪʴʩʷ ʚ ʨʝʣʷʮʽʡʥʠʭ ʙʘʟʘʭ ʜʘʥʠʭ ʽ ʫʧʨʘʚʣʷʪʠ ʪʘʢʠʤʠ 

ʜʘʥʠʤʠ ʟʨʫʯʥʦ ʟʘ ʜʦʧʦʤʦʛʦʶ ʩʧʝʮʽʘʣʴʥʦʾ ʤʦʚʠ SQL (Structured Query Language ʘʙʦ ʤʦʚʘ 

ʩʪʨʫʢʪʫʨʦʚʘʥʠʭ ʟʘʧʠʪʽʚ). ʅʝʟʚʘʞʘʶʯʠ ʥʘ ʩʚʦʶ ʧʦʰʠʨʝʥʽʩʪʴ, ʪʘʢʽ ʜʘʥʽ ʚʠʟʥʘʯʘʶʪʴʩʷ ʣʠʰʝ ʚ 10 % 

ʚʽʜ ʟʘʛʘʣʴʥʦʛʦ ʦʙʩʷʛʫ ʟʛʝʥʝʨʦʚʘʥʠʭ ʜʘʥʠʭ. 

2. ɼʨʫʛʠʡ ʪʠʧ - ʮʝ ʥʘʧʽʚʩʪʨʫʢʪʫʨʦʚʘʥʽ ʜʘʥʽ. ɼʘʥʽ ʪʘʢʦʛʦ ʪʠʧʫ ʤʘʶʪʴ ʩʪʨʫʢʪʫʨʥʽ 

ʨʦʟʜʽʣʴʥʠʢʠ, ʘʣʝ ʥʝ ʤʦʞʫʪʴ ʙʫʪʠ ʧʨʝʜʩʪʘʚʣʝʥʽ ʫ ʚʠʛʣʷʜʽ ʪʘʙʣʠʮʽ ʟʘ ʚʽʜʩʫʪʥʦʩʪʽ ʜʝʷʢʠʭ ʘʪʨʠʙʫʪʽʚ 

ʨʽʟʥʠʭ ʜʘʥʠʭ. ʇʨʠʢʣʘʜʦʤ ʪʘʢʠʭ ʜʘʥʠʭ ʤʦʞʫʪʴ ʙʫʪʠ ʬʘʡʣʠ ʚ ʬʦʨʤʘʪʽ SGML - Standard Generalized 

Markup Language (ʉʪʘʥʜʘʨʪʥʘ ʫʟʘʛʘʣʴʥʝʥʘ ʤʦʚʘ ʨʦʟʤʽʪʢʠ) ʘʙʦ BibTex, ʚ ʷʢʠʭ ʥʝʤʘʻ ʧʝʚʥʦʾ ʩʭʝʤʠ 

ʟʙʝʨʽʛʘʥʥʷ ʜʘʥʠʭ, ʘʣʝ ʩʝʤʘʥʪʠʯʥʝ ʟʥʘʯʝʥʥʷ ʨʽʟʥʠʭ ʝʣʝʤʝʥʪʽʚ ʜʘʥʠʭ ʤʦʞʥʘ ʚʠʟʥʘʯʠʪʠ, 

ʧʨʦʘʥʘʣʽʟʫʚʘʚʰʠ ʩʘʤ ʬʘʡʣ. ɹʘʛʘʪʦ ʜʘʥʠʭ, ʱʦ ʟʙʝʨʽʛʘʶʪʴʩʷ ʚ ʄʝʨʝʞʽ, ʻ ʥʘʧʽʚʩʪʨʫʢʪʫʨʦʚʘʥʠʤʠ, 

ʥʘʧʨʠʢʣʘʜ, ʜʘʥʽ ʙʽʙʣʽʦʛʨʘʬʽʯʥʠʭ ʦʧʠʩʽʚ ʧʫʙʣʽʢʘʮʽʡ, ʥʘʫʢʦʚʽ ʜʘʥʽ, ʪʦʱʦ. 

3. ʊʨʝʪʽʡ ʪʠʧ - ʥʝʩʪʨʫʢʪʫʨʦʚʘʥʽ ʜʘʥʽ, ʷʢʽ, ʟʘ ʚʠʟʥʘʯʝʥʥʷʤ, ʥʝ ʤʦʞʫʪʴ ʧʽʜʭʦʜʠʪʠ ʧʽʜ 

ʨʘʥʽʰʝ ʦʧʠʩʘʥʽ ʪʠʧʠ. ɺʦʥʠ ʚʢʣʶʯʘʶʪʴ ʪʝʢʩʪʠ, ʥʘʧʠʩʘʥʽ ʨʽʟʥʠʤʠ ʤʦʚʘʤʠ, ʟʚʫʢʦʟʘʧʠʩʠ, ʥʝʨʫʭʦʤʽ 

ʟʦʙʨʘʞʝʥʥʷ, ʚʽʜʝʦʬʘʡʣʠ, ʧʦʚʽʜʦʤʣʝʥʥʷ ʝʣʝʢʪʨʦʥʥʦʾ ʧʦʰʪʠ, ʪʚʽʪʠ, ʧʨʝʟʝʥʪʘʮʽʾ ʪʘ ʽʥʰʫ ʜʽʣʦʚʫ 
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ʽʥʬʦʨʤʘʮʽʶ ʧʦʟʘ ʟʘʚʘʥʪʘʞʝʥʥʷʤ ʙʘʟʠ ʜʘʥʠʭ. ɺ ʩʝʨʝʜʥʴʦʤʫ, ʚʽʜ 80 - 90 % ʫʩʽʭ ʜʘʥʠʭ ʚ ʦʨʛʘʥʽʟʘʮʽʷʭ 

ï ʮʝ ʥʝʩʪʨʫʢʪʫʨʦʚʘʥʽ ʜʘʥʽ. ʏʘʩʪʦ ʚʚʝʜʝʥʽ ʚʠʱʝ ʥʘʧʽʚʩʪʨʫʢʪʫʨʦʚʘʥʽ ʜʘʥʽ ʪʘʢʦʞ ʥʘʟʠʚʘʶʪʴ 

ʥʝʩʪʨʫʢʪʫʨʦʚʘʥʠʤʠ. ɯʥʦʜʽ ʤʘʩʰʪʘʙ ʨʽʟʥʦʤʘʥʽʪʥʦʩʪʽ ʨʦʟʰʠʨʶʻʪʴʩʷ ʟʘ ʨʘʭʫʥʦʢ ʚʠʢʦʨʠʩʪʘʥʥʷ ʮʽʣʦʾ 

ʰʢʘʣʠ ʚʽʜ ʩʪʨʫʢʪʫʨʦʚʘʥʠʭ ʜʘʥʠʭ ʜʦ ʘʙʩʦʣʶʪʥʦ ʥʝʩʪʨʫʢʪʫʨʦʚʘʥʠʭ ʜʘʥʠʭ. ʆʪʞʝ, ʜʦʮʽʣʴʥʠʤ ʙʫʜʝ 

ʧʨʝʜʩʪʘʚʣʷʪʠ ʽʥʜʝʢʩ ʚʘʨʽʘʪʠʚʥʦʩʪʽ ʜʘʥʠʭ ʨʽʚʥʠʤ ʥʫʣʶ ʜʣʷ ʧʦʚʥʽʩʪʶ ʥʝʩʪʨʫʢʪʫʨʦʚʘʥʠʭ ʜʘʥʠʭ ʽ 

ʟʙʽʣʴʰʝʥʠʤ ʜʦ ʦʜʠʥʠʮʽ ʜʣʷ ʜʦʙʨʝ ʩʪʨʫʢʪʫʨʦʚʘʥʠʭ ʨʝʣʷʮʽʡʥʠʭ ʙʘʟ ʜʘʥʠʭ. 

ɺʠʢʦʨʠʩʪʦʚʫʶʯʠ ʪʘʢʽ ʰʢʘʣʠ ʜʣʷ ʚʩʽʭ ʪʨʴʦʭ çVè ʢʦʤʧʦʥʝʥʪʽʚ çɺʝʣʠʢʠʭ ʜʘʥʠʭè, ʤʦʞʥʘ 

ʧʨʝʜʩʪʘʚʠʪʠ ʦʮʽʥʢʠ ʦʙʩʷʛʫ, ʰʚʠʜʢʦʩʪʽ ʪʘ ʤʽʥʣʠʚʦʩʪʽ ʜʘʥʠʭ ʟ ʨʽʟʥʠʭ ʪʠʧʽʚ ʜʞʝʨʝʣ.  

ʅʘ ʨʠʩʫʥʢʫ 1.2 ʧʨʝʜʩʪʘʚʣʝʥʦ ʪʘʢʝ ʧʦʨʽʚʥʷʥʥʷ, ʟʨʦʙʣʝʥʝ ʥʘ ʦʩʥʦʚʽ [8]. 

 
ʈʠʩ. 1.2. ʍʘʨʘʢʪʝʨʠʩʪʠʢʠ çɺʝʣʠʢʠʭ ʜʘʥʠʭè ʟ ʨʽʟʥʠʭ ʜʞʝʨʝʣ 

1.2. ʈʦʣʴ ʚʝʣʠʢʠʭ ʜʘʥʠʭ ʫ ʪʝʭʥʽʮʽ, ʝʢʦʥʦʤʽʮʽ ʪʘ ʞʠʪʪʽ 

çɺʝʣʠʢʽ ʜʘʥʽè, ʷʢ ʷʚʠʱʝ, ʚʞʝ ʤʘʶʪʴ ʩʠʣʴʥʠʡ ʚʧʣʠʚ ʥʘ ʜʽʣʦʚʝ ʪʘ ʩʦʮʽʘʣʴʥʝ ʞʠʪʪʷ ʙʘʛʘʪʴʦʭ 

ʣʶʜʝʡ. ʏʘʩʪʦ ʮʝ ʚʽʜʙʫʚʘʻʪʴʩʷ ʥʝʧʦʤʽʪʥʦ ʜʣʷ ɿʄɯ, ʘʣʝ ʽʥʦʜʽ ʬʦʢʫʩ ʧʫʙʣʽʢʘʮʽʡ ʟʤʽʱʫʻʪʴʩʷ ʥʘ ʷʢʝʩʴ 

ʟʘʩʪʦʩʫʚʘʥʥʷ ʧʽʜʭʦʜʫ çɺʝʣʠʢʠʭ ʜʘʥʠʭè, ʽ ʥʝʧʨʦʬʝʩʽʡʥʽ ʤʘʩʠ ʧʦʯʠʥʘʶʪʴ ʫʩʚʽʜʦʤʣʶʚʘʪʠ 

ʚʝʣʠʯʝʟʥʽʩʪʴ ʽʥʩʪʨʫʤʝʥʪʫ, ʷʢʠʡ ʧʦʪʨʘʧʠʚ ʜʦ ʨʫʢ ʣʶʜʠʥʠ. ɸ ʨʦʣʴ ʽ ʤʦʞʣʠʚʦʩʪʽ çɺʝʣʠʢʠʭ ʜʘʥʠʭè 

ʧʨʦʜʦʚʞʫʶʪʴ ʟʨʦʩʪʘʪʠ ʚ ʤʽʨʫ ʟʨʦʩʪʘʥʥʷ ʚʧʣʠʚʫ ʢʦʤʧ'ʶʪʝʨʥʠʭ ʩʠʩʪʝʤ ʥʘ ʚʩʶ ʜʽʷʣʴʥʽʩʪʴ ʣʶʜʠʥʠ 

ʥʘ ʧʣʘʥʝʪʽ. ʅʠʥʽ ʤʦʞʥʘ ʛʦʚʦʨʠʪʠ ʧʨʦ ʪʦʡ ʢʽʙʝʨʧʨʦʩʪʽʨ, ʜʝ ʚʣʘʩʥʝ ʽ çʞʠʚʫʪʴè ʮʽ ʝʢʟʘʙʘʡʪʠ ʜʘʥʠʭ. 

ɺʠʷʚʠʣʦʩʷ, ʱʦ ʚʦʥʠ ʪʽʩʥʦ ʧʦʚôʷʟʘʥʽ ʟ ʨʝʘʣʴʥʠʤ ʩʚʽʪʦʤ, ʜʝ ʞʠʚʫʪʴ ʣʶʜʠ, ʨʫʭʘʻʪʴʩʷ ʪʨʘʥʩʧʦʨʪ, 

ʧʨʘʮʶʶʪʴ ʟʘʚʦʜʠ, ʨʦʩʪʫʪʴ ʜʝʨʝʚʘ. ɯ ʥʝ ʪʽʣʴʢʠ ʘʢʪʠʚʥʽʩʪʴ ʨʝʘʣʴʥʦʛʦ ʩʚʽʪʫ ʚʽʜʙʠʚʘʻʪʴʩʷ ʥʘ 

ʢʽʙʝʨʧʨʦʩʪʦʨʽ, ʘʣʝ ʽ ʧʨʦʮʝʩʠ ʚ ʢʽʙʝʨʧʨʦʩʪʦʨʽ ʢʦʥʪʨʦʣʶʶʪʴ ʙʘʛʘʪʦ ʯʦʛʦ, ʱʦ ʚʽʜʙʫʚʘʻʪʴʩʷ ʚ ʩʚʽʪʽ 

ʨʝʘʣʴʥʦʩʪʽ [9].  

ʆʩʪʘʥʥʽʤ ʯʘʩʦʤ ʥʘ ʨʠʥʢʫ ʟ'ʷʚʣʷʻʪʴʩʷ ʚʩʝ ʙʽʣʴʰʝ çʨʦʟʫʤʥʠʭè ʨʝʯʝʡ, ʨʝʯʝʡ, ʷʢʽ ʚʠʢʦʥʫʶʪʴ 

ʟʚʠʯʥʽ ʽ ʥʝʦʙʭʽʜʥʽ ʜʣʷ ʥʘʩ ʤʘʪʝʨʽʘʣʴʥʽ ʬʫʥʢʮʽʾ, ʘʣʝ ʤʽʩʪʷʪʴ ʢʝʨʫʶʯʽ ʢʦʤʧ'ʶʪʝʨʠ, ʱʦ ʜʦʟʚʦʣʷʶʪʴ 

ʛʨʘʥʠʯʥʦ ʫʨʽʟʥʦʤʘʥʽʪʥʠʪʠ ʩʚʦʶ ʧʦʚʝʜʽʥʢʫ, ʧʦʣʽʧʰʠʪʠ ʤʦʞʣʠʚʦʩʪʽ ʚʟʘʻʤʦʜʽʾ ʟ ʥʠʤʠ. ɯ ʮʽ ʨʝʯʽ 

ʦʜʨʘʟʫ ʙʫʜʫʶʪʴ ʩʚʦʻ ʚʽʜʦʙʨʘʞʝʥʥʷ ʫ ʢʽʙʝʨʧʨʦʩʪʦʨʽ. ɯʥʪʝʨʥʝʪ ʨʝʯʝʡ (IoT) ʟʨʦʩʪʘʻ ʚ ʛʝʦʤʝʪʨʠʯʥʽʡ 

ʧʨʦʛʨʝʩʽʾ, ʽ, ʚʟʘʻʤʦʜʽʶʯʠ ʟ ɯʥʪʝʨʥʝʪʦʤ ʣʶʜʝʡ, ʫʪʚʦʨʶʻ ʙʝʟʧʨʝʮʝʜʝʥʪʥʠʡ ʩʠʤʙʽʦʟ ʢʽʙʝʨʧʨʦʩʪʦʨʫ ʽ 

ʨʝʘʣʴʥʦʛʦ ʩʚʽʪʫ. çɺʝʣʠʢʽ ʜʘʥʽè ʜʦʟʚʦʣʷʶʪʴ ʧʦʙʘʯʠʪʠ ʥʘʷʚʥʽ ʚ ʢʽʙʝʨʧʨʦʩʪʦʨʽ ʜʘʥʽ ʟ ʧʨʘʛʤʘʪʠʯʥʦʾ 
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ʪʦʯʢʠ ʟʦʨʫ ʟʘʚʜʘʥʥʷ, ʱʦ ʩʪʘʚʠʪʴʩʷ ʧʝʨʝʜ ʣʶʜʠʥʦʶ. ɯ ʷʢʱʦ ʮʝ ʤʘʨʢʝʪʦʣʦʛ ʟ ʥʘʡʙʽʣʴʰʦʛʦ ʚ ʩʚʽʪʽ 

ʽʥʪʝʨʥʝʪ-ʤʘʛʘʟʠʥʫ Amazon, ʪʦ ʡʦʛʦ ʟʘʚʜʘʥʥʷ - ʩʧʦʩʪʝʨʽʛʘʪʠ ʟʘ ʩʣʽʜʘʤʠ ʚ ʢʽʙʝʨʧʨʦʩʪʦʨʽ, 

ʟʘʣʠʰʝʥʠʤʠ ʢʦʞʥʦʶ ʣʶʜʠʥʦʶ, ʧʨʠʜʫʤʫʚʘʪʠ, ʷʢʠʡ ʪʦʚʘʨ ʟʘʧʨʦʧʦʥʫʚʘʪʠ ʡʦʤʫ ʜʦ ʧʦʢʫʧʢʠ. 

ɺʠʪʷʛʫʶʯʠ ʟ ʦʢʝʘʥʫ ʜʘʥʠʭ ʚʩʝ, ʱʦ ʩʪʦʩʫʻʪʴʩʷ ʧʦʪʝʥʮʽʡʥʦʛʦ ʧʦʢʫʧʮʷ, ʤʘʨʢʝʪʦʣʦʛ ʘʥʘʣʽʟʫʻ, ʜʝ ʪʦʡ 

ʞʠʚʝ ʟʘ ʢʦʦʨʜʠʥʘʪʘʤʠ ʩʚʦʛʦ ʤʦʙʽʣʴʥʦʛʦ ʪʝʣʝʬʦʥʫ, ʱʦ ʰʫʢʘʚ ʚ ɻʫʛʣʽ, ʱʦ ʢʫʧʫʚʘʚ ʚ ʧʦʧʝʨʝʜʥʽ 

ʨʦʢʠ, ʩʢʽʣʴʢʠ ʟʘʧʣʘʪʠʚ ʟʘ ʪʦʚʘʨ, ʪʦʱʦ.  

ɼʦʙʨʝ, ʷʢʱʦ ʮʝʡ ʤʘʨʢʝʪʦʣʦʛ - ʘʥʘʣʽʪʠʢ ʟ ɸʛʝʥʪʩʪʚʘ ʥʘʮʽʦʥʘʣʴʥʦʾ ʙʝʟʧʝʢʠ. ɸʥʘʣʽʟʫʶʯʠ ʜʘʥʽ 

ʧʨʦ ʤʽʣʴʡʦʥʠ ʣʶʜʝʡ, ʷʢʽ ʚʦʥʠ ʩʘʤʽ ʟʘʣʠʰʠʣʠ ʧʽʩʣʷ ʩʝʙʝ ʚ ʢʽʙʝʨʧʨʦʩʪʦʨʽ, ʚʽʥ ʤʦʞʝ ʚʠʷʚʠʪʠ ʦʩʽʙ ʟ 

ʥʝʟʚʠʯʥʦʶ ʧʦʚʝʜʽʥʢʦʶ ʽ ʟʘʧʦʙʽʛʪʠ ʪʝʨʦʨʠʩʪʠʯʥʦʤʫ ʘʢʪʫ, ʷʢʠʡ ʤʽʛ ʟʘʙʨʘʪʠ ʩʦʪʥʽ ʽ ʪʠʩʷʯʽ ʞʠʪʪʽʚ. 

ɺʝʣʠʢʘ ʢʽʣʴʢʽʩʪʴ ʥʦʚʠʭ ʜʘʥʠʭ, ʫ ʩʚʦʶ ʯʝʨʛʫ, ʧʨʠʩʢʦʨʶʻ ʧʨʦʛʨʝʩ ʚ ʦʙʯʠʩʣʶʚʘʣʴʥʽʡ 

ʪʝʭʥʽʮʽ  - ʜʦʙʨʦʯʝʩʥʦʤʫ ʢʦʣʽ çɺʝʣʠʢʠʭ ʜʘʥʠʭè. ɸʣʛʦʨʠʪʤʠ ʤʘʰʠʥʥʦʛʦ ʥʘʚʯʘʥʥʷ, ʥʘʧʨʠʢʣʘʜ, 

ʥʘʚʯʘʶʪʴʩʷ ʥʘ ʜʘʥʠʭ, ʽ ʯʠʤ ʙʽʣʴʰʝ ʜʘʥʠʭ, ʪʠʤ ʙʽʣʴʰʝ ʥʘʚʯʘʶʪʴʩʷ ʤʘʰʠʥʠ. ɺʽʟʴʤʝʤʦ Siri, 

ʨʦʟʤʦʚʥʫ ʧʨʦʛʨʘʤʫ ʜʣʷ ʚʽʜʧʦʚʽʜʝʡ ʥʘ ʟʘʧʠʪʘʥʥʷ ʚ iPhone. ɰʾ ʚʠʪʦʢʠ ʩʷʛʘʶʪʴ ʜʦʩʣʽʜʥʠʮʴʢʦʛʦ 

ʧʨʦ̒ʢʪʫ ʇʝʥʪʘʛʦʥʫ, ʷʢʠʡ ʧʦʪʽʤ ʙʫʚ ʚʠʜʽʣʝʥʠʡ ʷʢ ʩʪʘʨʪʘʧ ʂʨʝʤʥʽʻʚʦʾ ʜʦʣʠʥʠ. Apple ʢʫʧʠʣʘ Siri ʚ 

2010 ʨʦʮʽ ʽ ʧʨʦʜʦʚʞʫʚʘʣʘ ʧʝʨʝʜʘʚʘʪʠ ʾʡ ʙʽʣʴʰʝ ʜʘʥʠʭ. ɿʘʨʘʟ, ʢʦʣʠ ʣʶʜʠ ʟʘʜʘʶʪʴ ʤʽʣʴʡʦʥʠ 

ʟʘʧʠʪʘʥʴ, Siri ʩʪʘʻ ʚʩʝ ʙʽʣʴʰ ʚʧʨʘʚʥʠʤ ʦʩʦʙʠʩʪʠʤ ʧʦʤʽʯʥʠʢʦʤ, ʧʨʦʧʦʥʫʶʯʠ ʥʘʛʘʜʫʚʘʥʥʷ, ʟʚʽʪʠ 

ʧʨʦ ʧʦʛʦʜʫ, ʧʨʦʧʦʟʠʮʽʾ ʨʝʩʪʦʨʘʥʽʚ ʽ ʚʽʜʧʦʚʽʜʽ ʥʘ ʚʩʝʩʚʽʪ ʟʘʧʠʪʘʥʴ, ʱʦ ʨʦʟʰʠʨʶʻʪʴʩʷ [7]. 

ɺʘʨʪʦ ʟʛʘʜʘʪʠ ʬʽʣʴʤ çMoneyballè ʟ ɹʨʝʜʦʤ ʇʽʪʪʦʤ ʫ ʛʦʣʦʚʥʽʡ ʨʦʣʽ, ʦʩʥʦʚʘʥʠʡ ʥʘ ʨʝʘʣʴʥʠʭ 

ʧʦʜʽʷʭ. ɻʝʥʝʨʘʣʴʥʠʡ ʤʝʥʝʜʞʝʨ ʤʘʣʦʙʶʜʞʝʪʥʦʾ ʢʦʤʘʥʜʠ Oakland Athletics ʟʙʠʨʘʚ ʜʘʥʽ ʪʘ 

ʪʘʻʤʥʠʯʫ ʙʝʡʩʙʦʣʴʥʫ ʩʪʘʪʠʩʪʠʢʫ, ʱʦʙ ʚʠʷʚʠʪʠ ʥʝʜʦʦʮʽʥʝʥʠʭ ʛʨʘʚʮʽʚ. 20 ʨʦʢʽʚ ʪʦʤʫ ʮʝ ʙʫʣʘ 

ʚʘʞʢʘ ʽ ʢʨʦʧʽʪʢʘ ʨʦʙʦʪʘ. ʅʠʥʽ ʘʥʘʣʽʟ çɺʝʣʠʢʠʭ ʜʘʥʠʭè ʩʪʘʚ ʩʪʘʥʜʘʨʪʦʤ ʥʝ ʣʠʰʝ ʚ ʙʝʡʩʙʦʣʽ, ʘ ʡ ʚ 

ʽʥʰʠʭ ʚʠʜʘʭ ʩʧʦʨʪʫ, ʚʢʣʶʯʘʶʯʠ ʘʥʛʣʽʡʩʴʢʠʡ ʬʫʪʙʦʣ.  

çɺʝʣʠʢʽ ʜʘʥʽè ʜʦʟʚʦʣʷʶʪʴ ʧʽʜʚʠʱʠʪʠ ʢʣʽʻʥʪʦʦʨʽʻʥʪʦʚʥʽʩʪʴ ʚ ʙʽʟʥʝʩʽ ʽ ʨʦʙʣʷʪʴ ʙʣʠʟʴʢʽʩʪʴ 

ʩʧʦʞʠʚʘʯʽʚ ʧʦʩʣʫʛ ʦʜʥʠʤ ʽʟ ʮʝʥʪʨʘʣʴʥʠʭ ʙʫʜʽʚʝʣʴʥʠʭ ʙʣʦʢʽʚ ʢʦʤʧʘʥʽʡ. ʊʘʢ, ʦʧʝʨʘʪʦʨ 

ʧôʷʪʠʟʽʨʢʦʚʠʭ ʨʦʟʢʽʰʥʠʭ ʛʦʪʝʣʽʚ ʽ ʢʫʨʦʨʪʽʚ ʫ ʚʩʴʦʤʫ ʩʚʽʪʽ Ritz-Carlton - ʧʝʨʰʘ ʡ ʻʜʠʥʘ ʛʦʪʝʣʴʥʘ 

ʢʦʤʧʘʥʽʷ, ʷʢʘ ʜʚʽʯʽ ʦʪʨʠʤʘʣʘ ʧʨʝʩʪʠʞʥʫ ʥʘʮʽʦʥʘʣʴʥʫ ʧʨʝʤʽʶ Malcolm Baldrige National Quality 

Award ʽ ʻ ʚʦʣʦʜʘʨʝʤ ʙʘʛʘʪʴʦʭ ʥʘʛʦʨʦʜ ʟʘ ʚʠʩʦʢʫ ʷʢʽʩʪʴ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʢʣʽʻʥʪʽʚ. ʂʦʤʧʘʥʽʷ 

ʟʦʩʝʨʝʜʞʫʻʪʴʩʷ ʥʘ ʣʦʷʣʴʥʦʩʪʽ ʢʣʽʻʥʪʽʚ ʟʘ ʜʦʧʦʤʦʛʦʶ ʥʘʣʘʰʪʫʚʘʥʴ, ʷʢʽ ʧʦʢʣʘʜʘʶʪʴʩʷ ʥʘ ʚʝʣʠʢʠʡ 

ʟʙʽʨ ʜʘʥʠʭ ʽ ʢʦʨʠʩʪʫʻʪʴʩʷ ʷʢ ʩʪʘʚʣʝʥʥʷʤ ʩʧʽʚʨʦʙʽʪʥʠʢʽʚ, ʪʘʢ ʽ ʤʦʞʣʠʚʦʩʪʷʤʠ ɯʊ. ɯʥʬʦʨʤʘʮʽʷ 

ʟʙʠʨʘʻʪʴʩʷ ʪʘ ʟʘʧʠʩʫʻʪʴʩʷ ʧʽʜ ʯʘʩ ʢʦʞʥʦʾ ʚʟʘʻʤʦʜʽʾ ʟ ʢʣʽʻʥʪʦʤ ʪʘ ʟʘʧʠʪʫ ʥʘ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ. 

ɯʥʬʦʨʤʘʮʽʷ ʩʠʩʪʝʤʘʪʠʯʥʦ ʟʘʥʦʩʠʪʴʩʷ ʚ ʙʘʟʫ ʜʘʥʠʭ, ʷʢʘ ʜʦʩʪʫʧʥʘ ʚʩʽʤ ʛʦʪʝʣʷʤ Ritz-Carlton ʧʦ 

ʚʩʴʦʤʫ ʩʚʽʪʫ. ɺʠʢʦʨʠʩʪʦʚʫʶʯʠ ʙʘʟʫ ʜʘʥʠʭ, ʧʝʨʩʦʥʘʣ ʛʦʪʝʣʶ ʥʘʤʘʛʘʻʪʴʩʷ ʱʦʜʥʷ ʧʝʨʝʜʙʘʯʘʪʠ 

ʧʦʪʨʝʙʠ ʢʦʞʥʦʛʦ ʛʦʩʪʷ ʪʘ ʽʥʽʮʽʶʚʘʪʠ ʢʨʦʢʠ, ʷʢʽ ʟʘʙʝʟʧʝʯʫʶʪʴ ʽʥʜʠʚʽʜʫʘʣʴʥʝ ʚʠʩʦʢʦʷʢʽʩʥʝ 

ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ. ɻʦʩʪʽ ʥʘʜʘʶʪʴ Ritz-Carlton ʜʝʜʘʣʽ ʪʦʯʥʽʰʫ ʽʥʬʦʨʤʘʮʽʶ ʧʨʦ ʩʚʦʾ ʚʧʦʜʦʙʘʥʥʷ ʪʘ 

ʧʦʪʨʝʙʠ, ʱʦ ʜʘʻ ʟʤʦʛʫ ʢʦʤʧʘʥʽʾ ʥʘʜʘʚʘʪʠ ʾʤ ʯʫʜʦʚʠʡ ʜʦʩʚʽʜ. ɿʘʚʜʷʢʠ ʮʴʦʤʫ ʜʦʩʚʽʜʫ ʛʦʩʪʽ ʣʦʷʣʴʥʽ 

ʜʦ Ritz-Carlton ʽ, ʷʢ ʧʨʘʚʠʣʦ, ʙʨʦʥʶʶʪʴ ʛʦʪʝʣʴ Ritz-Carlton, ʢʦʣʠ ʮʝ ʤʦʞʣʠʚʦ. ʎʝ, ʩʚʦʻʶ ʯʝʨʛʦʶ, 

ʜʘʻ Ritz-Carlton ʽʥʬʦʨʤʘʮʽʶ, ʷʢʘ ʜʘʻ ʟʤʦʛʫ ʾʾ ʧʝʨʩʦʥʘʣʫ ʦʙʩʣʫʛʦʚʫʚʘʪʠ ʛʦʩʪʝʡ ʢʨʘʱʝ, ʥʽʞ 

ʢʦʥʢʫʨʝʥʪʠ, ʩʪʚʦʨʶʶʯʠ ʛʽʜʥʠʡ ʮʠʢʣ: ʽʥʬʦʨʤʘʮʽʷ ʟʘʙʝʟʧʝʯʫʻ ʯʫʜʦʚʠʡ ʜʦʩʚʽʜ, ʱʦ ʧʨʠʟʚʦʜʠʪʴ ʜʦ 

ʣʦʷʣʴʥʦʩʪʽ ʢʣʽʻʥʪʽʚ, ʱʦ ʩʪʚʦʨʶʻ ʱʝ ʢʨʘʱʫ ʽʥʬʦʨʤʘʮʽʶ [8]. ʗʢ ʮʝ ʚʽʜʙʫʚʘʻʪʴʩʷ ʚ ʜʽʾ, ʥʘʦʯʥʦ 

ʚʽʜʦʙʨʘʞʝʥʦ ʚ ʭʫʜʦʞʥʴʦʤʫ ʬʽʣʴʤʽ çTower Heistè, ʚ ʙʫʜʠʥʢʫ, ʩʪʚʦʨʝʥʦʤʫ ʜʣʷ ʤʽʣʽʦʥʝʨʽʚ. 

ʉʣʽʜ ʟʘʟʥʘʯʠʪʠ, ʱʦ ʧʦʩʪʽʡʥʠʡ ʘʥʘʣʽʟ ʧʦʪʦʢʫ ʧʦʚʽʜʦʤʣʝʥʴ ʚ ʩʦʮʽʘʣʴʥʠʭ ʤʝʨʝʞʘʭ - ʘ ʮʝ 

ʪʠʧʦʚʝ ʟʘʚʜʘʥʥʷ çɺʝʣʠʢʠʭ ʜʘʥʠʭè - ʤʦʞʝ ʜʘʪʠ ʜʫʞʝ ʜʦʩʪʦʚʽʨʥʫ ʽʥʬʦʨʤʘʮʽʶ ʧʨʦ ʧʨʦʮʝʩʠ, ʱʦ 

ʚʽʜʙʫʚʘʶʪʴʩʷ ʚ ʩʫʩʧʽʣʴʩʪʚʽ. ʊʘʢ, ɼʞʦʥ ʂʣʷʡʥʙʝʨʛ, ʧʨʦʬʝʩʦʨ ʂʦʨʥʝʣʴʩʴʢʦʛʦ ʫʥʽʚʝʨʩʠʪʝʪʫ, ʥʘ 

ʤʽʞʥʘʨʦʜʥʦʤʫ ʩʠʤʧʦʟʽʫʤʽ Cornell / Microsoft Research ʽʟ ʩʘʤʦʦʨʛʘʥʽʟʘʮʽʾ ʦʥʣʘʡʥ-ʩʧʽʣʴʥʦʪ, ʩʢʘʟʘʚ: 
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çɺʝʣʠʢʽ ʜʘʥʽ ʜʦʟʚʦʣʷʶʪʴ ʤʝʥʽ ʚʠʟʥʘʯʠʪʠ ʛʘʨʷʯʽ ʪʦʯʢʠ, ʜʝ ʧʦʯʠʥʘʶʪʴʩʷ ʧʨʦʮʝʩʠ, ʷʢʽ ʙʫʜʫʪʴ 

ʜʦʤʽʥʫʚʘʪʠ ʚ ʤʘʡʙʫʪʥʴʦʤʫ. ʗʢʙʠ ʥʝ ʙʫʣʦ ʽʥʪʝʨʥʝʪʫ ʟ ʩʦʮʽʘʣʴʥʠʤʠ ʤʝʨʝʞʘʤʠ, ʷʢʙʠ ʥʝ ʙʫʣʦ 

ʧʽʜʭʦʜʫ ʜʦ çɺʝʣʠʢʠʭ ʜʘʥʠʭè, ʷ ʙ ʥʽʢʦʣʠ ʥʝ ʟʤʽʛ ʽʥʩʪʨʫʤʝʥʪʘʣʴʥʦ ʚʠʟʥʘʯʠʪʠ ʮʽ ʛʘʨʷʯʽ ʪʦʯʢʠè. 

ʂʦʞʥʦʛʦ ʜʥʷ ʚʝʣʠʯʝʟʥʘ ʢʽʣʴʢʽʩʪʴ ʣʶʜʝʡ ʚʠʢʦʨʠʩʪʦʚʫʻ ʩʦʪʥʽ ʦʥʣʘʡʥ-ʧʦʨʪʘʣʽʚ, ʣʝʥʜʠʥʛʽʚ ʽ 

ʩʪʦʨʽʥʦʢ ʫ ʩʦʮʽʘʣʴʥʠʭ ʤʝʨʝʞʘʭ. ʂʽʣʴʢʽʩʪʴ ʽʥʪʝʨʥʝʪ-ʢʦʨʠʩʪʫʚʘʯʽʚ ʧʝʨʝʚʠʱʠʣʘ 4 ʤʽʣʴʷʨʜʠ. ʊʠʩʷʯʽ 

ʬʦʪʦ ʽ ʚʽʜʝʦ ʛʝʥʝʨʫʶʪʴʩʷ ʫ ʧʦʰʫʢʦʚʽʡ ʩʠʩʪʝʤʽ ʙʝʟʧʝʨʝʨʚʥʦ. ʊʽʣʴʢʠ ʟʘ ʦʜʠʥ ʜʝʥʴ ʚʠʨʦʙʣʷʶʪʴʩʷ 

ʩʦʪʥʽ ʪʝʨʘʙʘʡʪʽʚ (1 ʊɹ = 1024 ɻɹ) ʽʥʬʦʨʤʘʮʽʾ. 

ʆʜʥʠʤ ʟ ʥʘʡʚʽʜʦʤʽʰʠʭ ʧʦʣʽʪʦʣʦʛʽʚ ʻ ɼʞʘʩʪʽʥ ɻʨʽʤʤʝʨ, ʧʨʦʬʝʩʦʨ ʢʘʬʝʜʨʠ ʧʦʣʽʪʠʯʥʠʭ ʥʘʫʢ 

ʉʪʝʥʬʦʨʜʩʴʢʦʛʦ ʫʥʽʚʝʨʩʠʪʝʪʫ, ʷʢʠʡ ʧʦʻʜʥʘʚ ʤʘʪʝʤʘʪʠʢʫ ʽ ʧʦʣʽʪʦʣʦʛʽʶ. ʁʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ 

ʟʘʩʥʦʚʘʥʽ ʥʘ ʦʙʨʦʙʮʽ çɺʝʣʠʢʠʭ ʜʘʥʠʭè, ʚʢʣʶʯʘʶʯʠ ʩʪʨʫʢʪʫʨʦʚʘʥʫ ʽ ʥʝʩʪʨʫʢʪʫʨʦʚʘʥʫ ʽʥʬʦʨʤʘʮʽʶ 

ʟ ʩʦʮʽʘʣʴʥʠʭ ʤʝʨʝʞ, ʙʣʦʛʽʚ, ʬʦʨʫʤʽʚ, ʚʠʩʪʫʧʽʚ ʚ ʂʦʥʛʨʝʩʽ, ʥʦʚʠʥʥʠʭ ʧʦʨʪʘʣʘʭ. ʉʫʪʴ ʡʦʛʦ ʨʦʙʦʪʠ 

ʧʦʣʷʛʘʻ ʫ ʚʠʟʥʘʯʝʥʥʽ ʪʦʛʦ, ʷʢ ʧʨʘʮʶʶʪʴ ʧʨʷʤʽ ʽ ʟʚʦʨʦʪʥʽ ʟʚ'ʷʟʢʠ, ʚʠʨʘʞʝʥʽ ʚ ʧʝʚʥʠʭ ʧʦʣʽʪʠʯʥʠʭ 

ʨʽʰʝʥʥʷʭ, ʤʽʞ ʯʣʝʥʘʤʠ ʂʦʥʛʨʝʩʫ ʪʘ ʡʦʛʦ ʚʠʙʦʨʮʷʤʠ.  

ɽʥʜʨʶ ɽʨʽʢ ɻʝʣʤʘʥ, ʘʤʝʨʠʢʘʥʩʴʢʠʡ ʩʪʘʪʠʩʪʠʢ ʽ ʧʨʦʬʝʩʦʨ ʩʪʘʪʠʩʪʠʢʠ ʪʘ ʧʦʣʽʪʦʣʦʛʽʾ ʚ 

ʂʦʣʫʤʙʽʡʩʴʢʦʤʫ ʫʥʽʚʝʨʩʠʪʝʪʽ, ʚʠʩʣʦʚʠʚʩʷ ʚ ʦʜʥʽʡ ʩʚʦʾʡ ʧʨʦʤʦʚʽ: çʄʝʪʦʜʠ ʥʝ ʟʤʽʥʠʣʠʩʷ, ʘʣʝ 

çɺʝʣʠʢʽ ɼʘʥʽè ʟʨʦʙʠʣʠ ʾʭ ʝʬʝʢʪʠʚʥʠʤʠ. ʊʝʧʝʨ ʤʘʪʝʤʘʪʠʢʘ ʽ ʩʪʘʪʠʩʪʠʢʘ - ʮʝ ʮʽʢʘʚʦ ʽ ʚʝʩʝʣʦ. ʎʝ 

ʧʨʦʩʪʦ ʢʨʫʪʦè. 

çɺʝʣʠʢʽ ʜʘʥʽè - ʮʝ ʜʽʡʩʥʦ ʢʨʫʪʦ. ʆʩʴ ʱʝ ʦʜʠʥ ʧʨʠʢʣʘʜ. ɸʥʘʣʽʟʫʶʯʠ ʚʝʣʠʢʽ ʜʘʥʽ ʟ ʽʥʪʝʨʥʝʪ-

ʟʘʧʠʪʽʚ, ʜʦʩʣʽʜʥʠʢʠ ʚʠʷʚʠʣʠ ʜʠʚʥʝ ʷʚʠʱʝ. ɺʞʝ ʢʽʣʴʢʘ ʨʦʢʽʚ ʩʧʣʝʩʢ ʧʦʰʫʢʦʚʠʭ ʟʘʧʠʪʽʚ Google ʟʘ 

ʪʘʢʠʤʠ ʪʝʨʤʽʥʘʤʠ, ʷʢ ʣʽʢʫʚʘʥʥʷ ʛʨʠʧʫ, ʩʠʤʧʪʦʤʠ ʛʨʠʧʫ ʪʦʱʦ, ʧʝʨʝʜʫʻ ʥʘʩʪʘʥʥʶ ʰʚʠʜʢʦʛʦ 

ʟʨʦʩʪʘʥʥʷ ʝʧʽʜʝʤʽʾ ʛʨʠʧʫ ʧʨʦʪʷʛʦʤ ʜʝʢʽʣʴʢʦʭ ʪʠʞʥʽʚ. ʎʷ ʟʘʢʦʥʦʤʽʨʥʽʩʪʴ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʚʞʝ 

ʩʴʦʛʦʜʥʽ ʜʣʷ ʧʨʦʚʝʜʝʥʥʷ ʧʨʦʬʽʣʘʢʪʠʯʥʠʭ ʟʘʭʦʜʽʚ ʱʦʜʦ ʟʘʧʦʙʽʛʘʥʥʷ ʝʧʽʜʝʤʽʾ ʛʨʠʧʫ ʚ ʙʘʛʘʪʴʦʭ 

ʰʪʘʪʘʭ, ʥʘʚʯʘʥʥʷ ʣʽʢʘʨʽʚ, ʟʚʽʣʴʥʝʥʥʷ ʤʝʜʠʯʥʠʭ ʣʽʞʦʢ, ʪʦʱʦ. ʉʣʽʜ ʟʘʟʥʘʯʠʪʠ, ʱʦ ʽʥʬʦʨʤʘʮʽʷ ʚʽʜ 

ʤʽʩʮʝʚʠʭ ʣʽʢʘʨʽʚ ʽ ʪʨʘʚʤʧʫʥʢʪʽʚ, ʱʦ ʨʘʥʽʰʝ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʘʩʷ, ʷʢ ʧʨʘʚʠʣʦ, ʚʽʜʩʪʘʚʘʣʘ ʚʽʜ 

ʨʝʘʣʴʥʦʾ ʢʘʨʪʠʥʠ.  

ɽʢʩʧʝʨʪʠ ʌʝʜʝʨʘʣʴʥʦʾ ʨʝʟʝʨʚʥʦʾ ʩʠʩʪʝʤʠ ʉʐɸ ʟ'ʷʩʫʚʘʣʠ, ʱʦ ʩʪʘʪʠʩʪʠʢʘ ʧʦʰʫʢʦʚʠʭ 

ʟʘʧʠʪʽʚ ɻʫʛʣ ʱʦʜʦ ʧʦʢʫʧʢʠ ʙʫʜʠʥʢʽʚ ʻ ʙʽʣʴʰ ʥʘʜʽʡʥʠʤ ʜʞʝʨʝʣʦʤ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʪʝʥʜʝʥʮʽʡ 

ʟʙʽʣʴʰʝʥʥʷ ʘʙʦ ʟʥʠʞʝʥʥʷ ʧʨʦʜʘʞʽʚ ʥʝʨʫʭʦʤʦʩʪʽ ʽ ʜʠʥʘʤʽʢʠ ʞʠʪʣʦʚʦʛʦ ʙʫʜʽʚʥʠʮʪʚʘ, ʥʽʞ ʧʨʦʛʥʦʟʠ 

ʝʢʦʥʦʤʽʩʪʽʚ.  

çɺʝʣʠʢʽ ʜʘʥʽè ʤʘʶʪʴ ʽ ʩʚʦʾ ʥʝʜʦʣʽʢʠ. ʉʚʽʪʦʚʽ ʩʪʘʪʠʩʪʠʢʠ ʪʘ ʽʥʬʦʨʤʘʪʠʢʠ ʚʽʜʟʥʘʯʘʶʪʴ, ʱʦ 

ʟ ʚʝʣʠʯʝʟʥʠʤʠ ʥʘʙʦʨʘʤʠ ʜʘʥʠʭ ʽ ʜʝʪʘʣʴʥʠʤʠ ʚʠʤʽʨʶʚʘʥʥʷʤʠ ʧʽʜʚʠʱʫʻʪʴʩʷ ʨʠʟʠʢ çfalse 

discoveriesè. ɼʘʥʽ ʦʙʨʦʙʣʷʶʪʴʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʢʦʤʧôʶʪʝʨʥʠʭ ʽ ʤʘʪʝʤʘʪʠʯʥʠʭ ʤʦʜʝʣʝʡ, ʱʦ 

ʢʦʨʠʩʥʽ ʜʣʷ ʨʦʟʫʤʽʥʥʷ, ʘʣʝ ʤʘʶʪʴ ʩʚʦʾ ʤʝʞʽ. ɿʘʭʠʩʥʠʢʠ ʢʦʥʬʽʜʝʥʮʽʡʥʦʩʪʽ ʜʘʥʠʭ ʚ ɯʥʪʝʨʥʝʪʽ 

ʧʦʧʝʨʝʜʞʫʶʪʴ, ʱʦ ʤʦʜʝʣʴ ʤʦʞʝ ʚʠʷʚʠʪʠ ʢʦʨʝʣʷʮʽʶ ʪʘ ʟʨʦʙʠʪʠ ʥʝʢʦʨʨʝʢʪʥʠʡ ʘʙʦ 

ʜʠʩʢʨʠʤʽʥʘʮʽʡʥʠʡ ʩʪʘʪʠʩʪʠʯʥʠʡ ʚʠʩʥʦʚʦʢ. ɯ ʮ ʥʝʛʘʪʠʚʥʦ ʚʧʣʠʥʝ ʥʘ ʙʘʥʢʽʚʩʴʢʽ ʢʨʝʜʠʪʠ, ʤʝʜʠʯʥʝ 

ʩʪʨʘʭʫʚʘʥʥʷ ʪʘ ʽʥʰʽ ʧʨʦʜʫʢʪʠ, ʷʢʽ ʧʨʦʧʦʥʫʶʪʴʩʷ ʣʶʜʠʥʽ. 

ɸʥʘʣʽʪʠʢʠ ʜʦʩʣʽʜʞʝʥʴ ʚʚʘʞʘʶʪʴ, ʱʦ çɺʝʣʠʢʽ ʜʘʥʽè ʩʪʘʥʫʪʴ ʞʠʪʪʻʚʦ-ʚʘʞʣʠʚʠʤ ʘʢʪʠʚʦʤ, ʘ 

ʙʝʟʧʝʢʘ ï ʢʨʠʪʠʯʥʦ ʚʘʞʣʠʚʠʤ ʬʫʥʜʘʤʝʥʪʦʤ ʫ ʞʠʪʪʽ. ʊʘʢʦʞ ʚʚʘʞʘʻʪʴʩʷ, ʱʦ ʪʝʭʥʦʣʦʛʽʷ ʟʤʽʥʠʪʴ 

ʝʢʦʥʦʤʽʯʥʠʡ ʣʘʥʜʰʘʬʪ, ʘ ʟʚʠʯʘʡʥʠʡ ʢʦʨʠʩʪʫʚʘʯ ʙʫʜʝ ʢʦʤʫʥʽʢʫʚʘʪʠ ʟ ʧʽʜʢʣʶʯʝʥʠʤʠ ʧʨʠʩʪʨʦʷʤʠ 

ʙʣʠʟʴʢʦ 4800 ʨʘʟ ʥʘ ʜʝʥʴ. 

ʗʢʱʦ ʩʧʨʦʙʫʚʘʪʠ ʦʮʽʥʠʪʠ ʨʦʣʴ çɺʝʣʠʢʠʭ ʜʘʥʠʭè ʚ ʝʢʦʥʦʤʽʮʽ ʪʘ ʨʦʟʚʠʪʢʫ ʙʽʟʥʝʩʫ ʚ 

ʥʘʮʽʦʥʘʣʴʥʦʤʫ ʤʘʩʰʪʘʙʽ, ʪʦ ʦʙʦʚ'ʷʟʢʦʚʦ ʚʘʨʪʦ ʦʟʥʘʡʦʤʠʪʠʩʷ ʟ ʜʦʧʦʚʽʜʜʶ ʢʦʥʩʘʣʪʠʥʛʦʚʦʾ 

ʢʦʤʧʘʥʽʾ McKinsey ʚ ʯʝʨʚʥʽ 2011 ʨʦʢʫ ʧʽʜ ʥʘʟʚʦʶ çɺʝʣʠʢʽ ʜʘʥʽ: ʅʘʩʪʫʧʥʠʡ ʨʫʙʽʞ ʚ ʽʥʥʦʚʘʮʽʷʭ, 

ʢʦʥʢʫʨʝʥʮʽʾ ʪʘ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽè, ʚ ʷʢʽʡ ʦʮʽʥʠʣʘ ʧʦʪʝʥʮʽʡʥʠʡ ʨʠʥʦʢ çɺʝʣʠʢʠʭ ʜʘʥʠʭè ʚ ʤʽʣʴʷʨʜʠ 
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ʜʦʣʘʨʽʚ. ɸʥʘʣʽʟ, ʧʨʦʚʝʜʝʥʠʡ ʽʥʩʪʠʪʫʪʦʤ McKinsey, ʧʦʢʘʟʘʚ, ʱʦ çBʝʣʠʢʽ ʜʘʥʽè ʜʦʜʘʣʦ 325 

ʤʽʣʴʷʨʜʽʚ ʜʦʣʘʨʽʚ ʜʦ ɺɺʇ ʩʪʘʥʦʤ ʥʘ 2020 ʨʽʢ (ʨʠʩʫʥʦʢ 1.3).  

  
ʈʠʩ. 1.3. ʇôʷʪʴ ʦʩʥʦʚʥʠʭ ʜʞʝʨʝʣ ʟʨʦʩʪʘʥʥʷ ɺɺʇ ʚ ʉʐɸ 

 

ʗʢ ʩʚʽʜʯʘʪʴ ʜʘʥʽ ʟʚʽʪʽʚ ʢʦʤʧʘʥʽʾ McKinsey, çɺʝʣʠʢʽ ʜʘʥʽè ʩʪʘʶʪʴ ʟʥʘʯʥʠʤ ʨʫʰʽʻʤ 

ʟʨʦʩʪʘʥʥʷ ʚʘʣʦʚʦʛʦ ʥʘʮʽʦʥʘʣʴʥʦʛʦ ʧʨʦʜʫʢʪʫ (ɺɺʇ). ɿʘ ʦʮʽʥʢʘʤʠ ɻʣʦʙʘʣʴʥʦʛʦ ɯʥʩʪʠʪʫʪʫ 

McKinsey, ʫ ʂʠʪʘʾ ʜʦ 22 % ʟʙʽʣʴʰʝʥʥʷ ɺɺʇ ʜʦ 2025 ʨʦʢʫ ʤʦʞʝ ʩʪʘʪʠʩʷ ʟʘ ʨʘʭʫʥʦʢ ɯʥʪʝʨʥʝʪ-

ʪʝʭʥʦʣʦʛʽʡ. ʋ ʉʐɸ ʦʯʽʢʫʚʘʥʠʡ ʧʨʠʨʽʩʪ ʚʘʨʪʦʩʪʽ, ʱʦ ʩʪʚʦʨʶʻʪʴʩʷ ʮʠʬʨʦʚʠʤʠ ʪʝʭʥʦʣʦʛʽʷʤʠ, 

ʚʨʘʞʘʻ ʥʝ ʤʝʥʰʝ ï ʪʫʪ ʚʽʥ ʜʦ 2025 ʨʦʢʫ ʤʦʞʝ ʩʪʘʥʦʚʠʪʠ 1,6 ï 2,2 ʪʨʣʥ ʜʦʣ. ʉʐɸ [9, 10]. ɯ ʮʝʡ 

ʚʥʝʩʦʢ ʮʽʣʢʦʤ ʤʦʞʥʘ ʧʦʨʽʚʥʷʪʠ ʟ ʽʥʰʠʤʠ ʬʘʢʪʦʨʘʤʠ, ʷʢʽ ʤʘʪʠʤʫʪʴ ʧʦʟʠʪʠʚʥʠʡ ʚʧʣʠʚ ʥʘ 

ʝʢʦʥʦʤʽʢʫ. ʎʝ ʝʥʝʨʛʝʪʠʢʘ (ʚʠʜʦʙʫʪʦʢ ʥʘʬʪʠ ʽ ʛʘʟʫ ʥʘ ʰʝʣʴʬʽ), ʪʦʨʛʽʚʣʷ, ʽʥʬʨʘʩʪʨʫʢʪʫʨʘ 

(ʽʥʚʝʩʪʠʮʽʾ ʚ ʪʨʘʥʩʧʦʨʪʥʫ ʤʝʨʝʞʫ, ʙʫʜʽʚʥʠʮʪʚʦ ʜʦʨʽʛ ʽ ʟʘʣʽʟʥʠʮʴ), ʘ ʪʘʢʦʞ ʦʩʚʽʪʘ ʽ ʟʘʡʥʷʪʽʩʪʴ.  

çɺʝʣʠʢʽ ɼʘʥʽè, ʟʚʠʯʘʡʥʦ, ʥʝ ʻ ʦʢʨʝʤʠʤ ʩʝʢʪʦʨʦʤ ʝʢʦʥʦʤʽʢʠ, ʽ ʚʠʜʽʣʝʥʥʷ ʮʽʻʾ ʩʬʝʨʠ 

ʣʶʜʩʴʢʦʾ ʜʽʷʣʴʥʦʩʪʽ ʽ ʚʽʜʧʦʚʽʜʥʠʭ ʙʽʟʥʝʩʽʚ ʧʦʢʣʠʢʘʥʝ ʣʠʰʝ ʧʦʢʘʟʘʪʠ, ʷʢʘ ʯʘʩʪʢʘ ʟʨʦʩʪʘʥʥʷ ɺɺʇ 

ʟʘʣʝʞʠʪʴ ʚʽʜ ʪʦʛʦ, ʯʠ ʙʫʜʫʪʴ ʧʽʜʧʨʠʻʤʩʪʚʘ ʽ ʦʨʛʘʥʽʟʘʮʽʾ ʨʽʟʥʠʭ ʩʬʝʨ ʜʽʷʣʴʥʦʩʪʽ ʚʧʨʦʚʘʜʞʫʚʘʪʠ 

ʪʝʭʥʦʣʦʛʽʾ ʽ ʩʝʨʚʽʩʠ ʽʥʜʫʩʪʨʽʾ çɺʝʣʠʢʠʭ ɼʘʥʠʭè ʚ ʩʚʦʾ ʙʽʟʥʝʩ-ʧʨʦʮʝʩʠ.  

ʉʬʝʨʠ, ʜʝ çɺʝʣʠʢʽ ɼʘʥʽè ʤʘʶʪʴ ʥʘʡʙʽʣʴʰʠʡ ʚʧʣʠʚ, - ʮʝ ʚʠʨʦʙʥʠʮʪʚʦ, ʧʽʜʧʨʠʻʤʥʠʮʪʚʦ ʪʘ 

ʽʥʥʦʚʘʮʽʾ. ʉʘʤʝ ʮʽ ʩʬʝʨʠ ʻ ʙʦʣʴʦʚʠʤʠ ʪʦʯʢʘʤʠ ʝʢʦʥʦʤʽʢʠ. ʉʪʘʨʽʥʥʷ ʥʘʩʝʣʝʥʥʷ, ʟʥʠʞʝʥʥʷ 

ʚʽʜʥʦʩʥʦʾ ʯʠʩʝʣʴʥʦʩʪʽ ʧʨʘʮʶʶʯʠʭ ʻ ʜʦʜʘʪʢʦʚʠʤ ʜʨʘʡʚʝʨʦʤ ʽʥʥʦʚʘʮʽʡ. ʉʧʽʚʚʽʜʥʦʰʝʥʥʷ ʤʽʞ 

ʯʠʩʝʣʴʥʽʩʪʶ ʥʝʧʨʘʮʝʟʜʘʪʥʦʛʦ ʥʘʩʝʣʝʥʥʷ (ʣʽʪʥʽ ʣʶʜʠ ʪʘ ʜʽʪʠ) ʪʘ ʥʘʩʝʣʝʥʥʷ ʫ ʧʨʘʮʝʟʜʘʪʥʦʤʫ ʚʽʮʽ 

ʫ ʉʭʽʜʥʽʡ ɸʟʽʾ ʟʨʦʩʪʝ ʜʦ 64 % ʫ 2030 ʨ., ʘ ʚ ɭʚʨʦʧʽ - ʜʦ 78 % [11, 12]. ɺʠʨʽʰʝʥʥʷ ʮʽʻʾ ʧʨʦʙʣʝʤʠ 

ʟʘʙʝʟʧʝʯʫʻʪʴʩʷ ʪʝʭʥʦʣʦʛʽʯʥʠʤʠ ʪʨʝʥʜʘʤʠ: ʘʚʪʦʤʘʪʠʟʘʮʽʻʶ, ʟʨʦʩʪʘʥʥʷʤ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʧʦʛʣʠʙʣʝʥʦʾ ʘʥʘʣʽʪʠʢʠ ʪʘ ʮʠʬʨʦʚʠʭ ʧʣʘʪʬʦʨʤ, ʱʦ ʜʦʟʚʦʣʷʶʪʴ ʧʨʘʮʶʚʘʪʠ ʚʽʜʜʘʣʝʥʦ. 

ʅʝʟʚʘʞʘʶʯʠ ʥʘ ʮʝ, ʥʝʤʦʞʣʠʚʦ ʦʤʠʥʫʪʠ ʜʝʬʽʮʠʪ ʚʠʩʦʢʦʢʚʘʣʽʬʽʢʦʚʘʥʠʭ ʢʘʜʨʽʚ ʪʘ ʥʘʜʣʠʰʦʢ 

ʥʠʟʴʢʦʾ ʩʝʨʝʜʥʴʦʢʚʘʣʽʬʽʢʦʚʘʥʦʾ ʨʦʙʦʯʦʾ ʩʠʣʠ, ʱʦ ʚʠʤʘʛʘʻ ʧʝʨʝʥʘʚʯʘʥʥʷ ʟʥʘʯʥʦʾ ʢʽʣʴʢʦʩʪʽ ʣʶʜʝʡ 

(ʥʦʚʽ ʪʝʭʥʦʣʦʛʽʾ ʩʪʚʦʨʶʶʪʴ ʧʦʧʠʪ ʥʘ ʥʦʚʽ ʧʨʦʬʝʩʽʾ ʪʘ ʚʠʩʦʢʦʽʥʪʝʣʝʢʪʫʘʣʴʥʫ ʧʨʘʮʶ). ʊʘʢ, ʫ 

ʢʨʘʾʥʘʭ ɿʘʭʽʜʥʦʾ ɭʚʨʦʧʠ ʪʘ ʉʐɸ ʜʦ 2030ʨ. ʘʚʪʦʤʘʪʠʟʘʮʽʷ ʪʘ ʚʧʨʦʚʘʜʞʝʥʥʷ ʪʝʭʥʦʣʦʛʽʡ ʰʪʫʯʥʦʛʦ 

ʽʥʪʝʣʝʢʪʫ ʧʨʠʟʚʝʜʝ ʜʦ ʟʨʦʩʪʘʥʥʷ ʧʦʧʠʪʫ ʥʘ ʪʝʭʥʦʣʦʛʽʯʥʽ ʥʘʚʠʯʢʠ ʥʘ 55 % ʪʘ ʟʥʠʞʝʥʥʷ ʧʦʪʨʝʙʠ ʫ 

ʧʨʘʮʽʚʥʠʢʘʭ, ʟʘʡʥʷʪʠʭ ʬʽʟʠʯʥʦʶ ʧʨʘʮʝʶ. 
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ɿʘ ʧʨʦʛʥʦʟʘʤʠ McKinsey, çɺʝʣʠʢʽ ɼʘʥʽè ʤʦʞʫʪʴ ʜʘʪʠ ʟʨʦʩʪʘʥʥʷ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ ʽ ʧʨʠʥʝʩʪʠ 

ʜʦʜʘʪʢʦʚʠʡ ʜʦʭʽʜ ʚ ʨʽʟʥʠʭ ʩʝʢʪʦʨʘʭ ʝʢʦʥʦʤʽʢʠ. ʊʘʢ ʦʭʦʨʦʥʘ ʟʜʦʨʦʚ'ʷ ʟʘʙʝʟʧʝʯʫʻ ʚ ʩʝʨʝʜʥʴʦʤʫ   

0,7 % ʟʨʦʩʪʘʥʥʷ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ (ʱʦʨʽʯʥʝ ʟʨʦʩʪʘʥʥʷ ʦʙʩʷʛʽʚ ʥʘ 300 ʤʽʣʴʷʨʜʽʚ ʜʦʣʘʨʽʚ), ʪʦʨʛʽʚʣʷ - 

0,5-1,0 % (ʱʦʨʽʯʥʝ ʟʨʦʩʪʘʥʥʷ ʦʙʩʷʛʽʚ ʥʘ 60 %) ʚʽʜʧʦʚʽʜʥʦ, ʚʠʨʦʙʥʠʮʪʚʦ - ʚ ʩʝʨʝʜʥʴʦʤʫ 7 % 

ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ (ʱʦʨʽʯʥʝ ʟʨʦʩʪʘʥʥʷ ʦʙʩʷʛʽʚ ʥʘ 50 %) [13].  

ɿʚʽʪ ʧʦʢʘʟʫʻ, ʱʦ ʜʣʷ ʘʜʤʽʥʽʩʪʨʘʮʽʾ ɭʚʨʦʧʝʡʩʴʢʦʛʦ ʉʦʶʟʫ ʚʠʢʦʨʠʩʪʘʥʥʷ ʪʝʭʥʦʣʦʛʽʡ 

çɺʝʣʠʢʠʭ ʜʘʥʠʭè ʤʦʞʝ ʧʨʠʥʝʩʪʠ ʱʦʨʽʯʥʠʡ ʜʦʭʽʜ ʫ ʨʦʟʤʽʨʽ 250 ʤʽʣʴʷʨʜʽʚ ʻʚʨʦ ʪʘ ʟʙʽʣʴʰʝʥʥʷ 

ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ ʥʘ 0,5 %. ɸ ʪʘʢʦʞ ʥʘʟʚʘʥʦ ʪʘʢʠʡ ʩʧʝʮʠʬʽʯʥʠʡ ʩʝʢʪʦʨ, ʷʢ ʛʣʦʙʘʣʴʥʽ ʜʘʥʽ ʧʨʦ 

ʦʩʦʙʠʩʪʝ ʤʽʩʮʝʟʥʘʭʦʜʞʝʥʥʷ (700 ʤʽʣʴʷʨʜʽʚ ʜʦʣʘʨʽʚ ʜʦʭʦʜʫ ʜʣʷ ʢʽʥʮʝʚʦʛʦ ʩʧʦʞʠʚʘʯʘ ʪʘ 100 

ʤʽʣʴʷʨʜʽʚ ʜʦʣʘʨʽʚ ʜʣʷ ʧʦʩʪʘʯʘʣʴʥʠʢʽʚ ʧʦʩʣʫʛ).  

ɼʝʪʘʣʴʥʽʰʝ ʪʨʠ ʦʩʥʦʚʥʽ ʩʝʢʪʦʨʠ: ʚʠʨʦʙʥʠʮʪʚʦ, ʦʭʦʨʦʥʘ ʟʜʦʨʦʚôʷ ʪʘ ʝʥʝʨʛʝʪʠʢʘ, 

ʨʦʟʛʣʷʥʝʤʦ ʜʘʣʽ. 

 

1.2.1. ɺʠʨʦʙʥʠʮʪʚʦ 

ʎʝʡ ʩʝʢʪʦʨ ʝʢʦʥʦʤʽʢʠ ʟʘʚʞʜʠ ʢʝʨʫʚʘʚʩʷ ʽʥʬʦʨʤʘʮʽʻʶ, ʱʦ ʤʽʩʪʠʪʴʩʷ ʚ ʨʽʟʥʠʭ ʜʘʥʠʭ. 

ʇʦʯʠʥʘʶʯʠ ʟ ʨʦʟʨʦʙʦʢ, ʟʘʩʥʦʚʘʥʠʭ ʥʘ ʤʘʨʢʝʪʠʥʛʦʚʠʭ ʜʦʩʣʽʜʞʝʥʥʷʭ ʪʘ ʤʘʢʝʪʘʭ ʤʘʡʙʫʪʥʽʭ 

ʚʠʨʦʙʽʚ, ʚʪʽʣʝʥʠʭ ʚ ʩʠʩʪʝʤʘʭ ʘʚʪʦʤʘʪʠʟʦʚʘʥʦʛʦ ʧʨʦʢ̒ʪʫʚʘʥʥʷ (CAD - ʢʦʤʧ'ʶʪʝʨʥʝ 

ʧʨʦ̒ʢʪʫʚʘʥʥʷ), ʘʚʪʦʤʘʪʠʟʦʚʘʥʠʭ ʚʠʨʦʙʥʠʯʠʭ ʩʠʩʪʝʤʘʭ (CAM - ʘʚʪʦʤʘʪʠʟʦʚʘʥʝ ʚʠʨʦʙʥʠʮʪʚʦ), 

ʢʦʥʪʨʦʣʶʶʯʠʭ ʚʠʨʦʙʥʠʯʽ ʧʨʦʮʝʩʠ ʽ ʟʘʢʽʥʯʫʶʯʠ ʩʠʩʪʝʤʘʤʠ ʚʟʘʻʤʠʥ ʟ ʢʣʽʻʥʪʘʤʠ (CRM ï 

ʫʧʨʘʚʣʽʥʥʷ ʚʽʜʥʦʩʠʥʘʤʠ ʟ ʢʣʽʻʥʪʘʤʠ), ʚʠʨʦʙʥʠʯʠʤ ʣʘʥʮʶʞʢʦʤ ʧʦʚʥʽʩʪʶ ʟʘʣʝʞʠʪʴ ʚʽʜ ʷʢʦʩʪʽ ʪʘ 

ʘʢʪʫʘʣʴʥʦʩʪʽ ʥʘʷʚʥʠʭ ʜʘʥʠʭ.   

çɺʝʣʠʢʽ ʜʘʥʽè ʨʦʟʰʠʨʶʶʪʴ ʤʦʞʣʠʚʦʩʪʽ ʚʠʨʦʙʥʠʯʠʭ ʩʠʩʪʝʤ ʽ ʟʘʙʝʟʧʝʯʫʶʪʴ, ʷʢ ʟʥʠʞʝʥʥʷ 

ʩʦʙʽʚʘʨʪʦʩʪʽ ʧʨʦʜʫʢʮʽʾ, ʪʘʢ ʽ ʙʝʟʧʨʝʮʝʜʝʥʪʥʝ ʧʨʠʩʢʦʨʝʥʥʷ ʚʧʨʦʚʘʜʞʝʥʥʷ ʥʦʚʠʭ ʧʨʦʜʫʢʪʽʚ. ɺ ʪʦʡ 

ʞʝ ʯʘʩ, çɺʝʣʠʢʽ ʜʘʥʽè ʦʧʪʠʤʽʟʫʶʪʴ ʦʨʛʘʥʽʟʘʮʽʶ ʣʘʥʮʶʛʽʚ ʧʦʩʪʘʚʦʢ ʽ ʫʧʨʘʚʣʽʥʥʷ ʪʨʫʜʦʚʠʤʠ 

ʨʝʩʫʨʩʘʤʠ. ɻʣʦʙʘʣʽʟʘʮʽʷ ʚʠʤʘʛʘʻ ʧʦʩʪʽʡʥʦʛʦ ʢʦʥʪʨʦʣʶ ʧʨʦʮʝʩʽʚ ʥʘ ʚʠʨʦʙʥʠʯʠʭ ʽ ʪʦʨʛʦʚʠʭ 

ʤʘʡʜʘʥʯʠʢʘʭ, ʨʦʟʢʠʜʘʥʠʭ ʧʦ ʚʩʽʡ ʧʣʘʥʝʪʽ. ʅʘʧʨʠʢʣʘʜ, ʢʦʤʧʘʥʽʷ çOathè - ʦʜʠʥ ʟ ʥʘʡʙʽʣʴʰʠʭ 

ʩʚʽʪʦʚʠʭ ʤʝʜʽʘ-ʢʦʥʛʣʦʤʝʨʘʪʽʚ, ʟʘ ʜʦʧʦʤʦʛʦʶ çɺʝʣʠʢʠʭ ʜʘʥʠʭè ʦʙʨʦʙʣʷʻ ʜʦ ʦʜʥʦʛʦ ʤʽʣʴʡʦʥʘ 

ʟʘʧʠʪʽʚ ʚ 1 ʩʝʢʫʥʜʫ ʪʘ ʜʦ 120 ʪʝʨʘʙʘʡʪʽʚ ʽʥʬʦʨʤʘʮʽʾ ʱʦʜʝʥʥʦ [14].  

ʆʩʥʦʚʥʽ ʥʘʧʨʷʤʢʠ ʚʠʢʦʨʠʩʪʘʥʥʷ çɺʝʣʠʢʠʭ ʜʘʥʠʭè ʫ ʚʠʨʦʙʥʠʯʦ-ʟʙʫʪʦʚʦʤʫ ʣʘʥʮʶʛʫ 

ʤʦʞʥʘ ʧʨʝʜʩʪʘʚʠʪʠ ʪʨʴʦʤʘ ʝʪʘʧʘʤ, ʦʧʠʩʘʥʠʤʠ ʜʘʣʽ. 

ɼʦʩʣʽʜʞʝʥʥʷ, ʨʦʟʨʦʙʢʘ ʪʘ ʜʠʟʘʡʥ ʧʨʦʜʫʢʪʫ 

ɺʠʢʦʨʠʩʪʘʥʥʷ çɺʝʣʠʢʠʭ ʜʘʥʠʭè ʪʫʪ ʜʦʟʚʦʣʷʻ ʧʨʠʩʢʦʨʠʪʠ ʚʠʨʦʙʥʠʯʠʡ ʧʨʦʮʝʩ, ʚʨʘʭʫʚʘʪʠ 

ʧʦʙʘʞʘʥʥʷ ʩʧʦʞʠʚʘʯʘ, ʟʥʠʟʠʪʠ ʩʦʙʽʚʘʨʪʽʩʪʴ ʨʦʟʨʦʙʢʠ ʟʘʚʜʷʢʠ ʧʽʜʭʦʜʫ ʚʽʜʢʨʠʪʠʭ ʽʥʥʦʚʘʮʽʡ. 

ʄʝʥʝʜʞʤʝʥʪ ʦʪʨʠʤʫʻ ʞʠʪʪʻʚʠʡ ʮʠʢʣ ʧʨʦʜʫʢʪʫ, ʷʢʠʡ ʚʨʘʭʦʚʫʻ ʩʪʚʦʨʝʥʥʷ ʽ ʨʦʟʛʦʨʪʘʥʥʷ ʧʣʘʪʬʦʨʤ 

ʩʧʽʣʴʥʦʾ ʧʨʘʮʽ. ʆʙʣʽʢ ʧʦʪʨʝʙ ʨʠʥʢʫ ʧʦʩʪʫʧʦʚʦ ʟʘʤʽʥʶʻʪʴʩʷ ʥʘ ʦʙʣʽʢ ʧʦʪʨʝʙ ʦʢʨʝʤʠʭ ʩʧʦʞʠʚʘʯʽʚ. 

ʊʘʢ, ʢʦʤʧʘʥʽʷ çSigma Softwareè ʟʘ ʜʦʧʦʤʦʛʦʶ çɺʝʣʠʢʠʭ ʜʘʥʠʭè ʨʦʟʨʦʙʠʣʘ ʩʝʨʽʶ ʚʝʙ- ʪʘ 

ʤʦʙʽʣʴʥʠʭ ʜʦʜʘʪʢʽʚ, ʷʢʽ ʜʦʟʚʦʣʠʣʠ ʚʘʥʪʘʞʥʠʤ ʘʚʪʦʤʦʙʽʣʷʤ çKnorr-Bremseè ʘʚʪʦʥʦʤʥʦ 

ʤʘʥʝʚʨʫʚʘʪʠ ʧʨʠ ʚôʾʟʜʽ ʪʘ ʚʠʾʟʜʽ ʟ ʥʘʚʘʥʪʘʞʫʚʘʣʴʥʦʛʦ ʤʘʡʜʘʥʯʠʢʘ, ʘ ʪʘʢʦʞ ʟʜʽʡʩʥʠʣʘ ʽʥʪʝʛʨʘʮʽʶ 

ʮʠʭ ʨʽʰʝʥʴ ʽʟ ʙʦʨʪʦʚʠʤʠ ʩʠʩʪʝʤʘʤʠ ʤʘʰʠʥ. ʎʽ ʨʽʰʝʥʥʷ ʜʝʤʦʥʩʪʨʫʶʪʴ ʥʦʚʝ ʧʦʢʦʣʽʥʥʷ ʩʠʩʪʝʤ 

ʘʚʪʦʤʘʪʠʟʘʮʽʾ ʪʘ ʫʧʨʘʚʣʽʥʥʷ ʜʣʷ ʢʦʤʝʨʮʽʡʥʠʭ ʪʨʘʥʩʧʦʨʪʥʠʭ ʟʘʩʦʙʽʚ, ʱʦ ʤʦʞʫʪʴ ʨʫʭʘʪʠʩʷ 

ʩʘʤʦʩʪʽʡʥʦ, ʷʢ ʥʘ ʘʚʪʦʧʽʣʦʪʽ [14].  
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ɺʠʛʦʪʦʚʣʝʥʥʷ 

ɼʣʷ ʚʠʨʦʙʥʠʮʪʚʘ ʨʦʟʨʦʙʣʝʥʘ ʮʠʬʨʦʚʘ ʤʦʜʝʣʴ ʪʨʘʥʩʬʦʨʤʫʻʪʴʩʷ ʚ ʪʝʭʥʦʣʦʛʽʯʥʫ ʤʦʜʝʣʴ, 

ʧʨʠʜʘʪʥʫ ʜʣʷ ʤʘʪʝʨʽʘʣʽʟʘʮʽʾ ʥʘ ʫʩʪʘʥʦʚʢʘʭ ʦʙʨʦʙʢʠ ʽ ʩʠʥʪʝʟʫ ʤʘʪʝʨʽʘʣʽʚ, ʤʝʭʘʥʽʯʥʦʾ ʦʙʨʦʙʢʠ 

ʜʝʪʘʣʝʡ ʘʙʦ 3D-ʜʨʫʢʫ.  

ɿʥʘʯʥʠʡ ʚʥʝʩʦʢ ʫ ʟʨʦʩʪʘʥʥʷ çɺʝʣʠʢʠʭ ʜʘʥʠʭè ʚʥʝʩʣʦ ʦʮʠʬʨʫʚʘʥʥʷ ʨʽʟʥʠʭ ʤʘʪʝʨʽʘʣʽʚ, 

ʪʘʢʠʭ ʷʢ ʢʥʠʛʠ, ʜʦʢʫʤʝʥʪʘʮʽʷ ʽ ʚʽʜʝʦ. ʌʫʥʜʘʤʝʥʪʘʣʴʥʦʶ ʦʩʥʦʚʦʶ ʫ ʚʠʛʦʪʦʚʣʝʥʥʽ ʻ ɯʥʪʝʨʥʝʪ ʨʝʯʝʡ 

(IoT): ʚʩʝ ʙʽʣʴʰʝ ʩʤʘʨʪʧʨʠʩʪʨʦʾʚ ʙʝʟʧʝʨʝʨʚʥʦ ʦʪʨʠʤʫʶʪʴ ʜʘʥʽ ʧʨʦ ʧʝʨʝʚʘʛʠ ʽ ʩʧʦʩʽʙ ʞʠʪʪʷ ʩʚʦʾʭ 

ʚʣʘʩʥʠʢʽʚ. ɯʥʬʦʨʤʘʮʽʷ ʟ ʩʝʥʩʦʨʥʠʭ ʨʦʟʧʦʜʽʣʝʥʠʭ ʤʝʨʝʞ ʜʦʟʚʦʣʷʻ ʦʧʪʠʤʽʟʫʚʘʪʠ ʚʠʨʦʙʥʠʯʽ 

ʧʨʦʮʝʩʠ. ɿʘ ʧʨʦʛʥʦʟʘʤʠ Statista/Wikibon, ʩʚʽʪʦʚʠʡ ʨʠʥʦʢ çɺʝʣʠʢʠʭ ʜʘʥʠʭè ʚʞʝ ʜʦ 2027 ʨʦʢʫ 

ʚʠʨʦʩʪʝ ʜʦ 103 ʤʽʣʴʷʨʜʽʚ ʜʦʣʘʨʽʚ.  

ʄʠʩʪʝʮʪʚʦ ʧʨʦʜʘʞʽʚ ʪʘ ʧʽʜʪʨʠʤʢʘ ʣʦʷʣʴʥʦʩʪʽ ʢʣʽʻʥʪʽʚ 

ʊʝʭʥʽʯʥʽ ʟʚʽʪʠ, ʚʽʜʛʫʢʠ ʪʘ ʧʝʨʩʦʥʘʣʴʥʽ ʜʘʥʽ ʩʧʦʞʠʚʘʯʽʚ ʜʦʟʚʦʣʷʶʪʴ ʚʧʣʠʚʘʪʠ ʥʘ ʤʘʡʙʫʪʥʽ 

ʥʘʧʨʷʤʢʠ ʨʦʟʚʠʪʢʫ ʢʦʤʧʘʥʽʡ, ʚʠʟʥʘʯʘʪʠ ʧʨʦʬʽʣʴ ʧʦʪʝʥʮʽʡʥʠʭ ʧʦʢʫʧʮʽʚ, ʟʘʙʝʟʧʝʯʫʚʘʪʠ ʩʚʦʻʯʘʩʥʝ 

ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʽ ʤʦʜʝʨʥʽʟʘʮʽʶ ʚʞʝ ʧʨʦʜʘʥʦʛʦ ʽ ʚʩʪʘʥʦʚʣʝʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ. ʊʘʢ, ʜʣʷ ʢʦʤʧʘʥʽʾ 

Volvo Sigma Software ʨʦʟʨʦʙʣʷʣʘ ʧʦʨʪʘʣʠ ʜʣʷ ʝʣʝʢʪʨʦʥʥʦʾ ʢʦʤʝʨʮʽʾ, ʷʢʽ ʜʦʟʚʦʣʷʶʪʴ ʣʝʛʢʦ ʨʦʙʠʪʠ 

ʟʘʤʦʚʣʝʥʥʷ ʜʝʪʘʣʝʡ, ʘʢʩʝʩʫʘʨʽʚ ʪʘ ʨʽʟʥʠʭ ʩʝʨʚʽʩʽʚ, ʩʧʣʘʯʫʚʘʪʠ ʟʘʤʦʚʣʝʥʥʷ, ʦʙʠʨʘʪʠ ʯʘʩ ʾʭʥʴʦʛʦ 

ʚʠʢʦʥʘʥʥʷ ʪʘ ʚʽʜʩʪʝʞʫʚʘʪʠ ʩʪʘʪʫʩ [14]. ʉʚʦʻʶ ʯʝʨʛʦʶ, ʘʚʪʦʤʦʙʽʣʴʥʽ ʢʦʤʧʘʥʽʾ ʟʘ ʜʦʧʦʤʦʛʦʶ ʮʠʭ 

ʧʦʨʪʘʣʽʚ ʤʘʶʪʴ ʟʤʦʛʫ ʙʝʟ ʟʘʡʚʠʭ ʧʨʦʙʣʝʤ ʜʦʜʘʚʘʪʠ, ʚʠʜʘʣʷʪʠ, ʨʝʜʘʛʫʚʘʪʠ ʰʠʨʦʢʠʡ ʢʘʪʘʣʦʛ 

ʪʦʚʘʨʽʚ ʪʘ ʧʦʩʣʫʛ. ɹʽʣʴʰ ʥʽʞ 5000 ʜʠʣʝʨʽʚ ʟ 61 ʢʨʘʾʥʠ ʩʚʽʪʫ ʱʦʜʝʥʥʦ ʧʨʘʮʶʶʪʴ ʟ ʧʦʨʪʘʣʘʤʠ, 

ʨʦʟʨʦʙʣʝʥʠʤʠ ʚ ʋʢʨʘʾʥʽ ʩʧʝʮʽʘʣʽʩʪʘʤʠ çSigma Softwareè [14]. 

ɺʠʨʦʙʥʠʮʪʚʦ ʝʣʝʢʪʨʠʯʥʦʾ ʝʥʝʨʛʽʾ ï ʦʩʦʙʣʠʚʘ ʯʘʩʪʠʥʘ ʧʨʦʤʠʩʣʦʚʦʛʦ ʩʝʢʪʦʨʘ, ʱʦ 

ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʰʠʨʦʢʠʤ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʪʝʭʥʦʣʦʛʽʡ, ʩʝʨʝʜ ʷʢʠʭ ʚʘʞʣʠʚʫ ʨʦʣʴ 

ʚʽʜʽʛʨʘʶʪʴ çɺʝʣʠʢʽ ʜʘʥʽè. ɼʘʥʽ ʪʘ ʽʥʪʝʣʝʢʪ ʱʝ ʥʽʢʦʣʠ ʥʝ ʙʫʣʠ ʥʘʩʪʽʣʴʢʠ ʚʘʞʣʠʚʠʤʠ ʜʣʷ 

ʧʨʠʙʫʪʢʦʚʦʾ ʜʦʩʪʘʚʢʠ ʯʠʩʪʦʾ ʝʥʝʨʛʽʾ. ɯʟ ʟʨʦʩʪʘʥʥʷʤ ʟʘʧʣʘʥʦʚʘʥʦʾ ʧʦʪʫʞʥʦʩʪʽ ʟʨʦʩʪʘʻ ʩʢʣʘʜʥʽʩʪʴ 

ʧʦʙʫʜʦʚʠ ʝʬʝʢʪʠʚʥʦʾ ʩʪʨʘʪʝʛʽʾ ʥʘ ʦʩʥʦʚʽ ʥʦʚʠʭ ʪʝʭʥʦʣʦʛʽʡ. ʊʘʢ, çS&P Global Commodity Insightsè 

ʦʙôʻʜʥʫʻ ʜʦʩʣʽʜʞʝʥʥʷ ʪʘ ʘʥʘʣʽʟ, ʱʦ ʦʭʦʧʣʶʻ ʣʘʥʮʶʞʢʠ ʧʦʩʪʘʚʦʢ, ʚʠʪʨʘʪʠ ʪʘ ʟʤʽʥʠ ʪʝʭʥʦʣʦʛʽʡ ʫ 

ʚʩʽʭ ʦʩʥʦʚʥʠʭ ʪʝʭʥʦʣʦʛʽʷʭ ʝʢʦʣʦʛʽʯʥʦ ʯʠʩʪʦʾ ʝʥʝʨʛʽʾ, ʚʢʣʶʯʘʶʯʠ: ʟʙʝʨʽʛʘʥʥʷ ʘʢʫʤʫʣʷʪʦʨʽʚ, 

ʚʦʜʝʥʴ, ʚʽʜʥʦʚʣʶʚʘʥʠʡ ʛʘʟ, ʩʦʥʷʯʥʫ ʬʦʪʦʝʣʝʢʪʨʠʯʥʫ ʝʥʝʨʛʽʶ, ʦʬʰʦʨʥʫ ʪʘ ʥʘʟʝʤʥʫ ʚʽʪʨʦʚʫ 

ʝʥʝʨʛʝʪʠʢʫ ʪʘ ʧʦʛʣʠʥʘʥʥʷ ʚʫʛʣʝʮʶ, ʱʦ ʜʦʟʚʦʣʷʻ ʧʽʜʧʨʠʻʤʩʪʚʘʤ ʧʦʚʥʦʶ ʤʽʨʦʶ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ 

ʧʝʨʝʚʘʛʠ ʤʦʞʣʠʚʦʩʪʽ, ʩʪʚʦʨʝʥʽ ʥʦʚʠʤʠ ʨʠʥʢʘʤʠ ʧʘʣʠʚʘ [15]. 

 

1.2.2. ʆʭʦʨʦʥʘ ʟʜʦʨʦʚôʷ 

ɺ ʝʢʦʥʦʤʽʮʽ ʨʦʟʚʠʥʝʥʠʭ ʢʨʘʾʥ ʦʭʦʨʦʥʘ ʟʜʦʨʦʚ'ʷ ʻ ʦʜʥʠʤ ʟ ʥʘʡʙʽʣʴʰʠʭ ʩʝʢʪʦʨʽʚ. ʊʘʢ, ʉʐɸ 

ʛʝʥʝʨʫʶʪʴ 17 % ɺɺʇ, ʧʨʘʮʝʚʣʘʰʪʦʚʫʶʯʠ 11 % ʚʽʜ ʟʘʛʘʣʴʥʦʾ ʯʠʩʝʣʴʥʦʩʪʽ ʨʦʙʦʯʦʾ ʩʠʣʠ. ʈʘʟʦʤ ʟ 

ʪʠʤ, ʚʠʪʨʘʪʠ ʥʘ ʦʭʦʨʦʥʫ ʟʜʦʨʦʚ'ʷ ʱʦʨʽʯʥʦ ʟʨʦʩʪʘʶʪʴ ʤʘʡʞʝ ʥʘ 5 %. ɸ ʮʝ ʥʝʤʠʥʫʯʝ ʚ ʫʤʦʚʘʭ 

ʩʪʘʨʽʥʥʷ ʥʘʩʝʣʝʥʥʷ. ɿʘ ʜʦʧʦʤʦʛʦʶ çɺʝʣʠʢʠʭ ʜʘʥʠʭè ʤʦʞʥʘ ʥʝ ʪʽʣʴʢʠ ʩʪʚʦʨʠʪʠ ʜʦʜʘʪʢʦʚʝ 

ʜʞʝʨʝʣʦ ʚʽʜʰʢʦʜʫʚʘʥʥʷ ʚʠʪʨʘʪ, ʘ ʽ ʧʽʜʚʠʱʠʪʠ ʷʢʽʩʪʴ ʤʝʜʠʯʥʦʛʦ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ. ɺ ʦʩʥʦʚʽ 

çɺʝʣʠʢʠʭ ʜʘʥʠʭè ʣʝʞʠʪʴ ʽʥʬʦʨʤʘʮʽʷ, ʱʦ ʟʙʝʨʽʛʘʻʪʴʩʷ ʚ ʯʦʪʠʨʴʦʭ ʦʩʥʦʚʥʠʭ ʧʫʣʘʭ ʜʘʥʠʭ, ʷʢʽ 

ʩʴʦʛʦʜʥʽ ʥʝ ʧʦʚ'ʷʟʘʥʽ ʤʽʞ ʩʦʙʦʶ:  

- ʬʘʨʤʘʮʝʚʪʠʯʥʽ ʜʘʥʽ, ʦʪʨʠʤʘʥʽ ʚ ʭʦʜʽ ʜʦʩʣʽʜʞʝʥʴ ʽ ʚʠʧʨʦʙʫʚʘʥʴ; 

- ʜʘʥʽ ʟ ʽʩʪʦʨʽʡ ʭʚʦʨʦʙʠ ʽ ʜʽʘʛʥʦʩʪʠʢʠ ʧʘʮʽʻʥʪʽʚ;  

- ʜʘʥʽ ʧʨʦ ʧʦʚʝʜʽʥʢʫ ʧʘʮʽʻʥʪʽʚ, ʾʭ ʧʦʢʫʧʢʠ, ʚʽʜʛʫʢʠ, ʜʘʥʽ ʟ ʜʦʤʘʰʥʽʭ ʤʝʜʠʯʥʠʭ ʧʨʠʩʪʨʦʾʚ 

ʽ ʥʘʚʽʪʴ ʟ ʦʜʷʛʫ ʽ ʚʟʫʪʪʷ, ʥʘʧʨʠʢʣʘʜ, ʢʨʦʩʽʚʦʢ ʟ ʜʘʪʯʠʢʘʤʠ;  
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- ʜʘʥʽ ʤʝʜʠʯʥʠʭ ʟʘʢʣʘʜʽʚ ʧʨʦ ʥʘʜʘʥʥʷ ʧʦʩʣʫʛ, ʘʧʪʝʢ ʧʨʦ ʚʽʜʧʫʩʢ ʣʽʢʘʨʩʴʢʠʭ ʟʘʩʦʙʽʚ, 

ʽʥʬʦʨʤʘʮʽʷ ʧʨʦ ʮʽʥʠ ʥʘ ʨʠʥʢʫ ʤʝʜʠʯʥʠʭ ʧʦʩʣʫʛ.  

ʅʘ ʦʩʥʦʚʽ ʘʥʘʣʽʟʫ ʚʩʽʭ ʮʠʭ ʜʘʥʠʭ ʨʦʟʨʦʙʣʷʻʪʴʩʷ ʧ'ʷʪʴ ʥʘʧʨʷʤʢʽʚ ʚʠʢʦʨʠʩʪʘʥʥʷ çɺʝʣʠʢʠʭ 

ʜʘʥʠʭè: 

- ʦʧʝʨʘʪʠʚʥʘ ʜʽʷʣʴʥʽʩʪʴ ʤʝʜʠʯʥʠʭ ʫʩʪʘʥʦʚ 

- ʮʽʥʦʫʪʚʦʨʝʥʥʷ ʪʘ ʩʠʩʪʝʤʘ ʦʧʣʘʪʠ; 

- ʜʦʩʣʽʜʞʝʥʥʷ ʪʘ ʨʦʟʨʦʙʢʠ; 

- ʥʦʚʽ ʙʽʟʥʝʩ-ʤʦʜʝʣʽ; 

- ʤʘʩʦʚʠʡ ʩʢʨʠʥʽʥʛ ʽ ʧʨʦʬʽʣʘʢʪʠʢʘ ʝʧʽʜʝʤʽʡ. 

ʆʧʝʨʘʪʠʚʥʘ ʜʽʷʣʴʥʽʩʪʴ ʤʝʜʠʯʥʠʭ ʫʩʪʘʥʦʚ 

ʆʯʽʢʫʻʪʴʩʷ, ʱʦ ʚʠʪʨʘʪʠ ʙʫʜʫʪʴ ʱʦʨʽʯʥʦ ʩʢʦʨʦʯʫʚʘʪʠʩʷ ʥʝ ʤʝʥʰʝ ʥʽʞ ʥʘ 165 ʤʽʣʴʷʨʜʽʚ 

ʱʦʨʽʯʥʦ. ʉʘʤʝ ʪʦʜʽ ʜʦʩʣʽʜʞʝʥʥʷ ʩʪʘʥʫʪʴ ʤʦʞʣʠʚʠʤʠ. 

ɽʬʝʢʪʠʚʥʽʩʪʴ ʣʽʢʫʚʘʥʥʷ ʦʙʫʤʦʚʣʝʥʘ ʦʙʨʦʙʢʦʶ ʚʩʽʻʾ ʜʦʩʪʫʧʥʦʾ ʽʥʬʦʨʤʘʮʽʾ ʧʨʦ ʧʨʘʢʪʠʢʫ 

ʣʽʢʫʚʘʥʥʷ. ʅʘ ʦʩʥʦʚʽ ʘʥʘʣʽʟʫ ʚʩʽʭ ʚʽʜʦʤʠʭ ʽʩʪʦʨʽʡ ʭʚʦʨʦʙ ʽ ʜʽʘʛʥʦʩʪʠʢʠ, ʧʨʘʢʪʠʢʘ ʣʽʢʘʨʽʚ ʙʫʜʝ 

ʚʢʣʶʯʘʪʠ ʚ ʩʝʙʝ ʰʠʨʦʢʝ ʚʠʢʦʨʠʩʪʘʥʥʷ ʩʠʩʪʝʤ ʧʽʜʪʨʠʤʢʠ ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʴ ʜʣʷ ʥʘʜʘʥʥʷ 

ʢʣʽʥʽʮʠʩʪʫ ʙʝʟʧʨʝʮʝʜʝʥʪʥʦʛʦ ʜʦʩʪʫʧʫ ʜʦ ʜʦʩʚʽʜʫ ʪʠʩʷʯ ʢʦʣʝʛ ʧʦ ʚʩʽʡ ʢʨʘʾʥʽ. 

ɿʥʘʯʥʝ ʟʥʠʞʝʥʥʷ ʚʠʪʨʘʪ ʽ ʧʽʜʚʠʱʝʥʥʷ ʷʢʦʩʪʽ ʞʠʪʪʷ ʟʘʙʝʟʧʝʯʫʻʪʴʩʷ ʤʝʪʦʜʘʤʠ ʦʩʦʙʠʩʪʦʾ ʪʘ 

ʧʨʦʬʽʣʘʢʪʠʯʥʦʾ ʤʝʜʠʮʠʥʠ, ʟʘʩʥʦʚʘʥʠʤʠ ʥʘ ʜʠʩʪʘʥʮʽʡʥʦʤʫ ʩʧʦʩʪʝʨʝʞʝʥʥʽ ʟʘ ʧʘʮʽʻʥʪʘʤʠ. 

ʇʦʰʠʨʝʥʥʷ ʧʽʜʢʣʶʯʝʥʠʭ ʜʦ ʩʤʘʨʪʬʦʥʽʚ ʨʽʟʥʠʭ ʜʘʪʯʠʢʽʚ ʜʽʷʣʴʥʦʩʪʽ ʦʨʛʘʥʽʟʤʫ ʣʶʜʠʥʠ ʟʥʠʞʫʻ 

ʧʦʪʨʝʙʫ ʚ ʣʘʙʦʨʘʪʦʨʥʠʭ ʜʦʩʣʽʜʞʝʥʥʷʭ, ʟʘʧʦʙʽʛʘʻ ʥʝʩʧʦʜʽʚʘʥʠʤ ʫʩʢʣʘʜʥʝʥʥʷʤ, ʘ ʘʚʪʦʤʘʪʠʯʥʝ 

ʥʘʛʘʜʫʚʘʥʥʷ ʧʨʦ ʥʝʦʙʭʽʜʥʽʩʪʴ ʩʘʤʦʩʪʽʡʥʠʭ ʣʽʢʫʚʘʣʴʥʦ-ʧʨʦʬʽʣʘʢʪʠʯʥʠʭ ʤʘʥʽʧʫʣʷʮʽʡ ʜʦʟʚʦʣʠʪʴ 

ʧʽʜʚʠʱʠʪʠ ʷʢʽʩʪʴ ʧʨʠʟʥʘʯʝʥʦʛʦ ʣʽʢʫʚʘʥʥʷ. 

ʎʽʥʦʫʪʚʦʨʝʥʥʷ ʪʘ ʩʠʩʪʝʤʘ ʦʧʣʘʪʠ 

ʆʯʢ̔ʫʻʪʴʩʷ, ʱʦ ʱʦʨʽʯʥʦ ʙʫʜʝ ʛʝʥʝʨʫʚʘʪʠʩʷ ʙʣʠʟʴʢʦ 50 ʤʽʣʴʷʨʜʽʚ ʜʦʣʘʨʽʚ, ʱʦ ʪʘʢʦʞ 

ʩʢʦʨʦʪʠʪʴ ʚʠʪʨʘʪʠ ʥʘ ʦʭʦʨʦʥʫ ʟʜʦʨʦʚ'ʷ. ɸʥʘʣʽʟ ʨʘʭʫʥʢʽʚ ʽ ʢʚʠʪʘʥʮʽʡ ʟʘ ʜʦʧʦʤʦʛʦʶ ʘʚʪʦʤʘʪʠʯʥʠʭ 

ʧʨʦʮʝʜʫʨ ʥʘ ʦʩʥʦʚʽ ʤʘʰʠʥʥʦʛʦ ʥʘʚʯʘʥʥʷ ʽ ʥʝʡʨʦʥʥʠʭ ʤʝʨʝʞ ʜʦʟʚʦʣʠʪʴ ʟʥʠʟʠʪʠ ʢʽʣʴʢʽʩʪʴ 

ʧʦʤʠʣʦʢ ʽ ʢʨʘʜʽʞʦʢ ʚ ʦʧʣʘʪʽ. ʅʠʥʽ ʚʽʜ 2 ʜʦ 4 % ʱʦʨʽʯʥʠʭ ʧʣʘʪʝʞʽʚ ʻ ʥʝʦʧʣʘʯʝʥʠʤʠ. ʊʘʢʦʞ 

ʟʙʽʣʴʰʫʻʪʴʩʷ ʟʘʛʘʣʴʥʠʡ ʦʙʩʷʛ ʬʦʨʤʫʚʘʥʥʷ ʮʽʥʦʚʠʭ ʧʣʘʥʽʚ, ʷʢʽ ʚʨʘʭʦʚʫʶʪʴ ʨʝʘʣʴʥʽ ʤʦʞʣʠʚʦʩʪʽ 

ʥʘʩʝʣʝʥʥʷ ʽ ʧʦʪʨʝʙʫ ʚ ʧʦʩʣʫʛʘʭ (ʢʚʠʪʘʥʮʽʾ ʚʽʜ ʧʘʮʽʻʥʪʽʚ). ʊʽʣʴʢʠ ʩʠʩʪʝʤʠ, ʷʢʽ ʧʨʘʮʶʶʪʴ ʟ 

çɺʝʣʠʢʠʤʠ ʜʘʥʠʤʠè, ʜʦʟʚʦʣʷʶʪʴ ʧʝʨʝʡʪʠ ʥʘ ʦʧʣʘʪʫ ʟʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʨʦʙʦʪʠ ʽ ʩʧʽʣʴʥʦ ʨʝʛʫʣʶʚʘʪʠ 

ʚʠʪʨʘʪʠ ʥʘ ʣʽʢʠ ʽ ʧʨʘʮʶ ʤʝʜʠʯʥʦʛʦ ʧʝʨʩʦʥʘʣʫ. 

ɼʦʩʣʽʜʞʝʥʥʷ ʪʘ ʨʦʟʨʦʙʢʠ 

çɺʝʣʠʢʽ ʜʘʥʽè ʚ ʮʴʦʤʫ ʩʝʢʪʦʨʽ ʦʭʦʨʦʥʠ ʟʜʦʨʦʚ'ʷ ʜʦʟʚʦʣʷʶʪʴ ʛʝʥʝʨʫʚʘʪʠ ʜʦʭʦʜʠ ʚ ʨʦʟʤʽʨʽ 

100 ʤʽʣʴʷʨʜʽʚ ʜʦʣʘʨʽʚ ʱʦʨʽʯʥʦ ʽ ʩʢʦʨʦʪʠʪʠ ʙʶʜʞʝʪʥʽ ʚʠʪʨʘʪʠ ʥʘ 25 ʤʽʣʴʷʨʜʽʚ ʜʦʣʘʨʽʚ ʚ ʨʽʢ. 

ʅʘʡʙʽʣʴʰʠʡ ʝʬʝʢʪ ʪʫʪ ʦʯʽʢʫʻʪʴʩʷ ʚʽʜ ʥʦʚʠʭ ʤʦʞʣʠʚʦʩʪʝʡ ʧʨʦʛʥʦʟʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ʚ ʨʦʟʨʦʙʮʽ 

ʣʽʢʘʨʩʴʢʠʭ ʟʘʩʦʙʽʚ. ʉʪʘʪʠʩʪʠʯʥʽ ʘʣʛʦʨʠʪʤʠ ʪʘ ʽʥʩʪʨʫʤʝʥʪʠ çɺʝʣʠʢʠʭ ʜʘʥʠʭè ʤʘʶʪʴ ʥʝ ʤʝʥʰʠʡ 

ʚʧʣʠʚ ʥʘ ʧʣʘʥʫʚʘʥʥʷ ʢʣʽʥʽʯʥʠʭ ʚʠʧʨʦʙʫʚʘʥʴ ʪʘ ʟʘʣʫʯʝʥʥʷ ʧʘʮʽʻʥʪʽʚ ʜʦ ʪʘʢʠʭ ʚʠʧʨʦʙʫʚʘʥʴ. 

ʆʙʨʦʙʢʘ ʨʝʟʫʣʴʪʘʪʽʚ ʪʘʢʠʭ ʪʝʩʪʽʚ ʻ ʱʝ ʦʜʥʠʤ ʚʘʞʣʠʚʠʤ ʟʘʩʪʦʩʫʚʘʥʥʷʤ çɺʝʣʠʢʠʭ ʜʘʥʠʭè.  

ɯʥʥʦʚʘʮʽʾ ʚ ʧʝʨʩʦʥʘʣʽʟʦʚʘʥʽʡ ʤʝʜʠʮʠʥʽ ʚ ʜʘʥʠʡ ʯʘʩ ʟʘʡʤʘʶʪʴ ʦʩʦʙʣʠʚʝ ʤʽʩʮʝ ʚ 

ʜʦʩʣʽʜʞʝʥʥʷʭ ʽ ʨʦʟʨʦʙʢʘʭ ʚ ʦʭʦʨʦʥʽ ʟʜʦʨʦʚô̫ . ̂ʨʫʥʪʫʶʯʠʩʴ ʥʘ ʦʙʨʦʙʮʽ ʚʝʣʠʯʝʟʥʠʭ ʦʙʩʷʛʽʚ 

ʛʝʥʝʪʠʯʥʦʾ ʽʥʬʦʨʤʘʮʽʾ, ʜʦʩʪʫʧʥʦʾ ʩʴʦʛʦʜʥʽ ʢʦʞʥʦʤʫ, ʣʽʢʘʨʽ ʟʤʦʞʫʪʴ ʧʨʠʟʥʘʯʘʪʠ ʘʙʩʦʣʶʪʥʦ 

ʫʥʽʢʘʣʴʥʽ ʣʽʢʠ ʽ ʤʝʪʦʜʠ ʣʽʢʫʚʘʥʥʷ. ʅʘʨʝʰʪʽ, ʨʦʟʨʦʙʢʠ ʫ ʚʠʷʚʣʝʥʥʽ ʟʘʢʦʥʦʤʽʨʥʦʩʪʝʡ ʟʘʭʚʦʨʶʚʘʥʥʷ 

ʟʘʙʝʟʧʝʯʘʪʴ ʭʦʨʦʰʽ ʧʨʦʛʥʦʩʪʠʯʥʽ ʦʮʽʥʢʠ ʨʦʟʚʠʪʢʫ ʨʽʟʥʠʭ ʚʠʜʽʚ ʟʘʭʚʦʨʶʚʘʥʴ ʽ ʜʘʜʫʪʴ ʤʦʞʣʠʚʽʩʪʴ 
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ʚʠʷʚʣʷʪʠ ʧʨʦʬʽʣʽ ʨʠʟʠʢʫ (ʥʝ ʪʽʣʴʢʠ ʧʨʦʚʦʜʠʪʠ ʧʨʦʬʽʣʘʢʪʠʯʥʽ ʟʘʭʦʜʠ, ʘ ʡ ʧʨʦʛʥʦʟʫʚʘʪʠ 

ʥʝʦʙʭʽʜʥʽʩʪʴ ʨʦʟʨʦʙʢʠ ʤʝʪʦʜʽʚ ʣʽʢʫʚʘʥʥʷ, ʝʬʝʢʪʠʚʥʠʭ ʧʨʠ ʤʘʡʙʫʪʥʽʭ ʚʠʜʘʭ ʟʘʭʚʦʨʶʚʘʥʴ). 

ʅʦʚʽ ʙʽʟʥʝʩ-ʤʦʜʝʣʽ 

ʨ̂ʫʥʪʫʶʯʠʩʴ ʥʘ ʮʠʬʨʦʚʠʭ ʜʘʥʠʭ ʚ ʦʭʦʨʦʥʽ ʟʜʦʨʦʚ'ʷ, ʮʽ ʤʦʜʝʣʽ ʤʦʞʫʪʴ ʜʦʧʦʚʥʶʚʘʪʠ 

ʽʩʥʫʶʯʽ ʘʙʦ ʥʘʚʽʪʴ ʢʦʥʢʫʨʫʶʪʴ ʟ ʜʝʷʢʠʤʠ ʟ ʥʠʭ. ʎʝ ʘʛʨʝʛʘʪʦʨʠ ʜʘʥʠʭ, ʷʢʽ ʧʦʩʪʘʯʘʶʪʴ ʦʯʠʱʝʥʽ ʽ 

ʟʽʙʨʘʥʽ ʙʣʦʢʠ ʜʘʥʠʭ, ʱʦ ʚʽʜʧʦʚʽʜʘʶʪʴ ʟʘʜʘʥʠʤ ʫʤʦʚʘʤ, ʪʨʝʪʽʤ ʦʩʦʙʘʤ. ʅʘʧʨʠʢʣʘʜ, ʚʩʽ ʽʩʪʦʨʽʾ 

ʭʚʦʨʦʙ ʧʘʮʽʻʥʪʽʚ, ʷʢʽ ʟʘʩʪʦʩʦʚʫʚʘʣʠ ʪʦʡ ʯʠ ʽʥʰʠʡ ʬʘʨʤʘʢʦʣʦʛʽʯʥʠʡ ʧʨʝʧʘʨʘʪ, ʚʘʞʣʠʚʽ ʜʣʷ 

ʬʘʨʤʘʮʝʚʪʠʯʥʠʭ ʧʽʜʧʨʠʻʤʩʪʚ, ʽ ʚʦʥʠ ʛʦʪʦʚʽ ʢʫʧʫʚʘʪʠ ʪʘʢʽ ʜʘʥʽ. ʑʝ ʦʜʠʥ ʧʦʪʝʥʮʽʘʣ ʥʦʚʠʭ ʙʽʟʥʝʩ  - 

ʤʦʜʝʣʝʡ ï ʦʥʣʘʡʥ-ʧʣʘʪʬʦʨʤʠ ʜʣʷ ʧʘʮʽʻʥʪʽʚ ʽ ʣʽʢʘʨʽʚ, ʤʝʜʠʯʥʠʭ ʜʦʩʣʽʜʥʠʢʽʚ ʽ ʬʘʨʤʘʢʦʣʦʛʽʚ. 

ʄʘʩʦʚʠʡ ʩʢʨʠʥʽʥʛ ʽ ʧʨʦʬʽʣʘʢʪʠʢʘ ʝʧʽʜʝʤʽʡ 

ʎʝʡ ʥʘʧʨʷʤʦʢ ʙʘʟʫʻʪʴʩʷ ʥʘ çɺʝʣʠʢʠʭ ʜʘʥʠʭè ʽ ʨʦʟʚʠʪʦʢ ʪʝʭʥʦʣʦʛʽʡ ʜʦʟʚʦʣʠʪʴ ʙʫʜʫʚʘʪʠ ʷʢ 

ʛʝʦʛʨʘʬʽʯʥʽ, ʪʘʢ ʽ ʩʦʮʽʘʣʴʥʽ ʤʦʜʝʣʽ ʛʨʦʤʘʜʩʴʢʦʛʦ ʟʜʦʨʦʚ'ʷ, ʘ ʪʘʢʦʞ ʧʨʦʛʥʦʟʥʽ ʤʦʜʝʣʽ ʨʦʟʚʠʪʢʫ 

ʝʧʽʜʝʤʽʯʥʠʭ ʩʧʘʣʘʭʽʚ. 

1.3. ɺʝʣʠʢʽ ʜʘʥʽ ʚ ʝʥʝʨʛʝʪʠʮʽ 

1.3.1. ɯʥʪʝʣʝʢʪʫʘʣʴʥʘ ʝʣʝʢʪʨʦʝʥʝʨʛʝʪʠʢʘ 

ɺ ʜʘʥʠʡ ʯʘʩ ʝʣʝʢʪʨʦʝʥʝʨʛʝʪʠʯʥʽ ʩʠʩʪʝʤʠ ʙʽʣʴʰʦʩʪʽ ʢʨʘʾʥ ʤʦʜʝʨʥʽʟʫʶʪʴʩʷ ʽ ʨʦʟʚʠʚʘʶʪʴʩʷ 

ʥʘ ʦʩʥʦʚʽ ʢʦʥʮʝʧʮʽʾ ʛʣʠʙʦʢʦʾ ʽʥʪʝʛʨʘʮʽʾ ʝʣʝʢʪʨʠʯʥʠʭ ʤʝʨʝʞ ʽ ʢʦʤʧôʁ ʪʝʨʥʠʭ ʤʝʨʝʞ ʘʙʦ ʷʢ ʾʭ ʱʝ 

ʥʘʟʠʚʘʶʪʴ ʽʥʬʦʢʦʤʫʥʽʢʘʮʽʾ. ʇʨʠ ʮʴʦʤʫ ʦʙʠʜʚʘ ʪʠʧʠ ʤʝʨʝʞ ʥʝ ʪʽʣʴʢʠ ʨʦʟʨʦʙʣʷʶʪʴʩʷ ʽ 

ʟʙʘʛʘʯʫʶʪʴʩʷ ʥʦʚʠʤʠ ʬʫʥʢʮʽʦʥʘʣʴʥʠʤʠ ʝʣʝʤʝʥʪʘʤʠ ʽ ʧʨʦʪʦʢʦʣʘʤʠ ʚʟʘʻʤʦʜʽʾ, ʘʣʝ ʛʝʥʝʨʫʶʪʴ 

ʛʣʠʙʦʢʠʡ ʩʠʥʝʨʛʝʪʠʯʥʠʡ ʝʬʝʢʪ, ʧʦʚô̫ ʟʘʥʠʡ ʟ ʙʝʟʧʨʝʮʝʜʝʥʪʥʠʤʠ ʤʦʞʣʠʚʦʩʪʷʤʠ ʘʥʘʣʽʟʫ ʩʪʘʥʫ 

ʮʽʣʦʛʦ. ɺʝʣʠʯʝʟʥʘ ʝʥʝʨʛʦʩʠʩʪʝʤʘ ʚ ʨʝʞʠʤʽ ʨʝʘʣʴʥʦʛʦ ʯʘʩʫ, ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʧʨʦʮʝʩʽʚ ʚ ɯʊ, 

ʽʥʪʝʨʘʢʪʠʚʥʘ ʚʟʘʻʤʦʜʽʷ ʟ ʢʣʽʻʥʪʘʤʠ ʽ ʫʧʨʘʚʣʽʥʥʷ ʦʙʣʘʜʥʘʥʥʷʤ. ʎʷ ʢʦʥʮʝʧʮʽʷ ʥʘʟʠʚʘʻʪʴʩʷ ʈʦʟʫʤʥʘ 

ʤʝʨʝʞʘ. ɿʘʛʘʣʴʥʘ ʬʫʥʢʮʽʦʥʘʣʴʥʘ ʽ ʪʝʭʥʦʣʦʛʽʯʥʘ ʽʜʝʦʣʦʛʽʷ ʮʽʻʾ ʢʦʥʮʝʧʮʽʾ ʚʽʜʦʙʨʘʞʝʥʘ ʚ IEEE 

ʚʠʟʥʘʯʝʥʥʽ ʈʦʟʫʤʥʘ ʤʝʨʝʞʘ ʷʢ ʢʦʥʮʝʧʮʽʾ ʧʦʚʥʽʩʪʶ ʽʥʪʝʛʨʦʚʘʥʦʾ, ʩʘʤʦʨʝʛʫʣʴʦʚʘʥʦʾ ʽ 

ʩʘʤʦʚʽʜʥʦʚʣʶʚʘʣʴʥʦʾ ʝʣʝʢʪʨʦʝʥʝʨʛʝʪʠʯʥʦʾ ʩʠʩʪʝʤʠ ʟ ʪʦʧʦʣʦʛʽʻʶ ʤʝʨʝʞʽ ʽ ʚʢʣʶʯʘʻ ʚʩʽ ʜʞʝʨʝʣʘ 

ʛʝʥʝʨʘʮʽʾ, ʤʝʨʝʞʽ ʧʝʨʝʜʘʯʽ ʽ ʨʦʟʧʦʜʽʣʫ ʽ ʚʩʽ ʚʠʜʠ ʩʧʦʞʠʚʘʯʽʚ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ, ʢʝʨʦʚʘʥʠʭ ʻʜʠʥʦʶ 

ʤʝʨʝʞʝʶ ʽʥʬʦʨʤʘʮʽʡʥʦ-ʢʝʨʫʶʯʠʭ ʧʨʠʩʪʨʦʾʚ ʽ ʩʠʩʪʝʤ ʚ ʨʝʞʠʤʽ ʨʝʘʣʴʥʦʛʦ ʯʘʩʫ.  

ʅʘ ʨʠʩʫʥʢʫ 1.4 ʥʘʚʝʜʝʥʦ ʢʦʥʮʝʧʮʽʶ çʨʦʟʫʤʥʦʾè ʝʣʝʢʪʨʦʤʝʨʝʞʽ (Smart Grid).  

ʎʷ ʢʦʥʮʝʧʮʽʷ ʻ ʜʝ-ʬʘʢʪʦ ʩʪʘʥʜʘʨʪʥʠʤ ʧʽʜʭʦʜʦʤ ʷʢ ʜʣʷ ʛʨʘʚʮʽʚ ʨʠʥʢʫ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ, ʪʘʢ  ʽ  

ʜʣʷ ʜʝʨʞʘʚʥʠʭ ʨʝʛʫʣʷʪʦʨʽʚ. ʊʘʢʠʡ ʧʽʜʭʽʜ ʟʥʘʭʦʜʠʪʴʩʷ ʥʘ ʧʦʯʘʪʢʦʚʽʡ ʬʘʟʽ ʨʦʟʚʠʪʢʫ ʽ ʨʝʘʣʽʟʫʻʪʴʩʷ 

ʚ ʢʦʥʮʝʧʮʽʾ ɯʥʪʝʣʝʢʪʫʘʣʴʥʦʾ  ʝʣʝʢʪʨʦʝʥʝʨʛʝʪʠʯʥʦʾ ʩʠʩʪʝʤʠ ʟ ʘʢʪʠʚʥʦ-ʘʜʘʧʪʠʚʥʦʶ ʤʝʨʝʞʝʶ (ɸɽʉ 

ɸɸʉ ), ʧʽʜ ʷʢʦʶ ʨʦʟʫʤʽʶʪʴ ʩʠʩʪʝʤʫ, ʚ ʷʢʽʡ ʚʩʽ ʩʫʙ'ʻʢʪʠ ʨʠʥʢʫ ʝʣʝʢʪʨʠʯʥʦʾ ʝʥʝʨʛʽʾ (ʛʝʥʝʨʘʮʽʷ, 

ʤʝʨʝʞʽ, ʩʧʦʞʠʚʘʯʽ) ʙʝʨʫʪʴ ʘʢʪʠʚʥʫ ʫʯʘʩʪʴ ʚ ʧʨʦʮʝʩʘʭ ʧʝʨʝʜʘʯʽ ʪʘ ʨʦʟʧʦʜʽʣʫ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ. 

ʍʘʨʘʢʪʝʨʠʩʪʠʢʠ ʘʢʪʠʚʥʦʛʦ ʝʣʝʤʝʥʪʫ, ʷʢʠʡ ʫʪʚʦʨʶʻʪʴʩʷ ʚ ʨʝʟʫʣʴʪʘʪʽ ʨʦʟʧʦʜʽʣʫ 

ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ ʪʘ ʧʝʨʝʪʚʦʨʝʥʥʷ ʝʣʝʢʪʨʠʯʥʦʾ ʤʝʨʝʞʽ ʘʪʦʤʥʦʾ ʝʣʝʢʪʨʦʩʪʘʥʮʽʾ ʟ ʧʘʩʠʚʥʦʛʦ ʧʨʠʩʪʨʦʶ 

ʪʨʘʥʩʧʦʨʪʫʚʘʥʥʷ, ʟʤʽʥʶʶʪʴʩʷ ʟʘʣʝʞʥʦ ʚʽʜ ʨʝʞʠʤʽʚ ʨʦʙʦʪʠ ʝʥʝʨʛʦʩʠʩʪʝʤʠ. 
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ʈʠʩ. 1.4. ʂʦʥʮʝʧʮʽʷ Smart Grid 

 

ʆʩʥʦʚʥʽ ʥʦʚʽ ʷʢʦʩʪʽ AES AAS 

ɿʘʙʝʟʧʝʯʝʥʥʷ ʨʽʚʥʦʛʦ ʜʦʩʪʫʧʫ ʚʩʽʭ ʚʠʨʦʙʥʠʢʽʚ ʪʘ ʩʧʦʞʠʚʘʯʽʚ ʝʣʝʢʪʨʠʯʥʦʾ ʝʥʝʨʛʽʾ ʜʦ 

ʽʥʬʨʘʩʪʨʫʢʪʫʨʥʠʭ ʧʦʩʣʫʛ. ʄʦʞʣʠʚʽʩʪʴ ʩʪʚʦʨʝʥʥʷ ̔ ʥʪʝʨʬʝʡʩʽʚ, ʱʦ ʜʦʟʚʦʣʷʶʪʴ ʧʘʨʘʣʝʣʴʥʫ ʨʦʙʦʪʫ 

ʚʩʝʨʝʜʠʥʽ ʩʠʩʪʝʤʠ, ʟ ʙʝʟʧʝʯʥʠʤ ʽ ʦʜʥʦʪʠʧʥʠʤ ʧʽʜʢʣʶʯʝʥʥʷʤ ʜʦ ʤʝʨʝʞ ʚʽʜʥʦʚʣʶʚʘʥʠʭ  ̔

ʥʝʪʨʘʜʠʮʽʡʥʠʭ ʜʞʝʨʝʣ ʝʥʝʨʛʽʾ. 

ʋʯʘʩʪʴ ʚ ʫʧʨʘʚʣʽʥʥʽ ʨʝʞʠʤʦʤ ʨʦʙʦʪʠ ʘʪʦʤʥʦʾ ʛʝʥʝʨʘʮʽʾ, ʢʝʨʦʚʘʥʠʭ ʝʣʝʤʝʥʪʽʚ ʤʝʨʝʞʝʚʦʾ 

ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ, ʩʧʦʞʠʚʘʯʽʚ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ.  

ɿʘʙʝʟʧʝʯʝʥʥʷ çʘʢʪʠʚʥʦʩʪʽè ʩʧʦʞʠʚʘʯʽʚ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ ʰʣʷʭʦʤ ʦʩʥʘʱʝʥʥʷ ʾʭ 

ʽʥʪʝʣʝʢʪʫʘʣʴʥʠʤʠ ʩʠʩʪʝʤʘʤʠ ʦʙʣʽʢʫ ʟ ʤʦʞʣʠʚʽʩʪʶ ʩʠʪʫʘʮʽʡʥʦʛʦ ʫʧʨʘʚʣʽʥʥʷ ʧʦʧʠʪʦʤ. ɺʽʜʧʦʚʽʜʥʦ 

ʟʘ ʨʘʭʫʥʦʢ ʟʘʩʪʦʩʫʚʘʥʥʷ ʪʘʢʠʭ ʩʠʩʪʝʤ ʩʪʘʻ ʤʦʞʣʠʚʠʤ ʨʘʮʽʦʥʘʣʴʥʝ ʚʠʢʦʨʠʩʪʘʥʥʷ ʝʥʝʨʛʽʾ ʚ ʽ 

ʫʧʨʘʚʣʽʥʥʷ ʩʧʦʞʠʚʘʥʥʷʤ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ ʟ ʤʝʪʦʶ ʧʽʜʪʨʠʤʢʠ ʥʝʦʙʭʽʜʥʠʭ ʧʘʨʘʤʝʪʨʽʚ 

ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʝʣʝʢʪʨʦʩʪʘʥʮʽʾ.   

ʅʘʷʚʥʽʩʪʴ ʜʦʩʪʘʪʥʴʦʾ ʢʽʣʴʢʦʩʪʽ ʽʥʬʦʨʤʘʮʽʾ ʧʨʦ ʧʦʪʦʯʥʠʡ ʩʪʘʥ ʝʣʝʢʪʨʠʯʥʦʾ ʤʝʨʝʞʽ ʪʘ ʾʾ 

ʝʣʝʤʝʥʪʽʚ (ʚʢʣʶʯʘʶʯʠ ʚʝʢʪʦʨʥʽ ʚʠʤʽʨʶʚʘʥʥʷ), ʘ ʪʘʢʦʞ ʧʨʦ ʟʦʚʥʽʰʥʻ ʩʝʨʝʜʦʚʠʱʝ (ʦʩʚʽʪʣʝʥʽʩʪʴ, 

ʦʧʘʜʠ, ʦʞʝʣʝʜʴ, ʚʽʪʨʦʚʽ ʥʘʚʘʥʪʘʞʝʥʥʷ ʪʘ ʽʥʰʽ ʤʝʪʝʦʨʦʣʦʛʽʯʥʽ ʬʘʢʪʦʨʠ), ʘ ʪʘʢʦʞ ʩʫʯʘʩʥʦʾ ʩʠʩʪʝʤʠ 

ʫʧʨʘʚʣʽʥʥʷ, ʱʦ ʜʦʟʚʦʣʷʻ ʦʙʨʦʙʣʷʪʠ ʮʶ ʽʥʬʦʨʤʘʮʽʶ ʚ ʨʝʞʠʤʽ ʨʝʘʣʴʥʦʛʦ ʯʘʩʫ.   

ɿʘʙʝʟʧʝʯʝʥʥʷ ʤʘʢʩʠʤʘʣʴʥʦʾ ʩʘʤʦʜʽʘʛʥʦʩʪʠʢʠ ʝʣʝʤʝʥʪʽʚ ɯɽʉ, ʚʠʢʦʨʠʩʪʘʥʥʷ ʾʾ ʨʝʟʫʣʴʪʘʪʽʚ ʚ 

ʘʣʛʦʨʠʪʤʘʭ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʩʠʩʪʝʤ ʘʚʪʦʤʘʪʠʯʥʦʛʦ ʫʧʨʘʚʣʽʥʥʷ ʽ ʧʨʦʪʠʘʚʘʨʽʡʥʦʛʦ ʫʧʨʘʚʣʽʥʥʷ. 

ʅʘʷʚʥʽʩʪʴ ʨʦʟʧʦʜʽʣʝʥʠʭ ʪʘ ʽʻʨʘʨʭʽʯʥʠʭ ʮʝʥʪʨʘʣʽʟʦʚʘʥʠʭ ʩʠʩʪʝʤ ʫʧʨʘʚʣʽʥʥʷ ʪʘ  

ʧʨʦʪʠʘʚʘʨʽʡʥʦʛʦ ʫʧʨʘʚʣʽʥʥʷ  ʥʘ ʦʩʥʦʚʽ  ʘʜʘʧʪʠʚʥʠʭ ʘʣʛʦʨʠʪʤʽʚ ʨʝʘʣʴʥʦʛʦ ʯʘʩʫ. 

ɺʠʢʦʨʠʩʪʘʥʥʷ ʚʠʩʦʢʦʰʚʠʜʢʽʩʥʠʭ ʧʨʦʛʨʘʤ ʽ ʦʙʯʠʩʣʶʚʘʣʴʥʠʭ ʨʝʩʫʨʩʽʚ ʟʘʙʝʟʧʝʯʫʻ 

ʤʦʞʣʠʚʽʩʪʴ ʥʝ ʪʽʣʴʢʠ ʘʚʪʦʤʘʪʠʟʘʮʽʾ ʢʝʨʫʚʘʥʥʷ, ʘ ʪʘʢʦʞ ʥʘʜʘʥʥʷ ʨʝʢʦʤʝʥʜʘʮʽʡ (ʥʘʧʨʠʢʣʘʜ, ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʝʢʩʧʝʨʪʥʠʭ ʩʠʩʪʝʤ) ʜʠʩʧʝʪʯʝʨʩʴʢʦʤʫ, ʝʢʩʧʣʫʘʪʘʮʽʡʥʦʤʫ, ʪʝʭʥʦʣʦʛʽʯʥʦʤʫ ʽ 

ʨʝʤʦʥʪʥʦʤʫ ʧʝʨʩʦʥʘʣʫ ʜʣʷ ʟʜʽʡʩʥʝʥʥʷ ʢʝʨʫʶʯʠʭ ʚʧʣʠʚʽʚ ʽ ʧʨʦʚʝʜʝʥʥʷ ʥʝʦʙʭʽʜʥʠʭ ʨʦʙʽʪ.    

ʎʽʣʴʦʚʽ ʬʫʥʢʮʽʾ ʥʦʚʦʾ ʢʦʥʮʝʧʮʽʾ ʨʦʟʚʠʪʢʫ ʝʣʝʢʪʨʦʤʝʨʝʞ çʈʦʟʫʤʥʘ ʤʝʨʝʞʘè ʙʽʣʴʰ ʟʘʛʘʣʴʥʦ 

ʚʽʜʦʙʨʘʞʝʥʽ ʚ ʜʦʢʫʤʝʥʪʘʭ ʄʽʥʽʩʪʝʨʩʪʚʘ ʝʥʝʨʛʝʪʠʢʠ ʉʐɸ (DOE) - ɼʝʧʘʨʪʘʤʝʥʪ ʝʥʝʨʛʝʪʠʢʠ). 
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ɺʽʜʧʦʚʽʜʥʦ ʜʦ ʮʠʭ ʜʦʢʫʤʝʥʪʽʚ çʈʦʟʫʤʥʘ ʤʝʨʝʞʘè ʥʘʮʽʣʝʥʘ ʥʘ ʟʘʙʝʟʧʝʯʝʥʥʷ ʢʣʶʯʦʚʠʭ ʮʽʥʥʦʩʪʝʡ 

(keygoals), ʘ ʩʘʤʝ: 

- ʜʦʩʪʫʧʥʽʩʪʴ ï ʜʣʷ ʩʧʦʞʠʚʘʯʽʚ ʮʝ ʥʝʦʙʤʝʞʝʥʝ ʟʘʙʝʟʧʝʯʝʥʥʷ ʾʭ ʝʥʝʨʛʽʻʶ, ʜʦʩʪʫʧʥʽʩʪʴ 

ʥʝ ʧʦʚʠʥʥʘ ʟʘʣʝʞʘʪʠ ʚʽʜ ʤʽʩʮʷ ʧʝʨʝʙʫʚʘʥʥʷ ʢʦʨʠʩʪʫʚʘʯʘ, ʘʣʝ ʟʘʣʝʞʥʘ ʚʽʜ ʪʦʛʦ, ʟʘ ʷʢʠʤ ʪʘʨʠʬʦʤ 

ʦʧʣʘʯʝʥʘ ʷʢʽʩʪʴ ʧʦʩʣʫʛʠ; 

- ʥʘʜʽʡʥʽʩʪʴ ï ʟʜʘʪʥʽʩʪʴ ʤʝʨʝʞʽ ʙʝʟ ʧʦʚʥʦʛʦ ʚʽʜʢʣʶʯʝʥʥʷ ʧʨʦʪʠʩʪʦʷʪʠ ʥʝʛʘʪʠʚʥʠʤ 

ʚʧʣʠʚʘʤ, ʟʜʘʪʥʽʩʪʴ ʜʦ ʩʘʤʦʚʽʜʥʦʚʣʝʥʥʷ ʘʙʦ ʤʦʞʣʠʚʽʩʪʴ ʧʨʦʚʝʩʪʠ ʚʽʜʥʦʚʣʶʚʘʣʴʥʽ ʨʦʙʦʪʠ ʙʝʟ 

ʚʝʣʠʢʠʭ ʚʠʪʨʘʪ; 

- ʙʝʟʧʝʢʘ ï ʧʦʧʝʨʝʜʞʝʥʥʷ ʪʘ ʢʦʥʪʨʦʣʴ ʥʝʙʝʟʧʝʯʥʠʭ ʩʠʪʫʘʮʽʡ, ʱʦ ʤʦʞʫʪʴ  ʥʝʩʪʠ ʟʘʛʨʦʟʫ 

ʜʣʷ ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ, ʩʧʦʞʠʚʘʯʽʚ ʯʠ ʨʦʙʽʪʥʠʢʽʚ; 

- ʝʬʝʢʪʠʚʥʽʩʪʴ ï ʟʜʘʪʥʽʩʪʴ ʤʘʢʩʠʤʘʣʴʥʦ ʝʬʝʢʪʠʚʥʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʨʝʩʫʨʩʠ ʧʽʜ ʯʘʩ 

ʚʠʨʦʙʥʠʮʪʚʘ, ʧʝʨʝʜʘʯʽ, ʨʦʟʧʦʜʽʣʫ ʪʘ ʩʧʦʞʠʚʘʥʥʷ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ; 

- ʝʢʦʥʦʤʽʯʥʘ ʝʬʝʢʪʠʚʥʽʩʪʴ ï ʟʜʘʪʥʽʩʪʴ ʦʧʪʠʤʽʟʘʮʽ ʾ ʪʘʨʠʬʽʚ ʥʘ ʝʣʝʢʪʨʦʝʥʝʨʛʽʶ ʜʣʷ 

ʩʧʦʞʠʚʘʯʽʚ, ʘ ʪʘʢʦʞ ʤʦʞʣʠʚʽʩʪʴ ʟʥʠʞʫʚʘʪʠ ʚʠʪʨʘʪʠ ʚʩʝʨʝʜʠʥʽ ʩʠʩʪʝʤʠ;  

- ʦʨʛʘʥʽʯʥʘ ʚʟʘʻʤʦʜʽʷ ʟ ʥʘʚʢʦʣʠʰʥʽʤ ʩʝʨʝʜʦʚʠʱʝʤ - ʤʘʢʩʠʤʘʣʴʥʦ ʤʦʞʣʠʚʝ ʟʥʠʞʝʥʥʷ 

ʥʝʛʘʪʠʚʥʠʭ ʚʧʣʠʚʽʚ ʥʘ ʥʘʚʢʦʣʠʰʥʻ ʩʝʨʝʜʦʚʠʱʝ. 

ʅʘ ʨʠʩʫʥʢʫ 1.5 ʧʨʝʜʩʪʘʚʣʝʥʘ ʚʟʘʻʤʦʜʽʷ ʩʢʣʘʜʦʚʠʭ ʯʘʩʪʠʥ ʫ çʈʦʟʫʤʥʽʡ ʤʝʨʝʞʽè. 

 
ʈʠʩ.1.5. ɺʟʘʻʤʦʜʽʷ ʫʯʘʩʥʠʢʽʚ ʽʥʪʝʣʝʢʪʫʘʣʴʥʦʾ ʝʣʝʢʪʨʦʝʥʝʨʛʝʪʠʯʥʦʾ ʩʠʩʪʝʤʠ ʥʘ ʦʩʥʦʚʽ ʢʦʥʮʝʧʮʽʾ 

çʈʦʟʫʤʥʘ ʤʝʨʝʞʘè 

 

ʊʘʢʽ ʩʢʣʘʜʥʽ ʽ ʨʽʟʥʦʤʘʥʽʪʥʽ ʚʟʘʻʤʦʜʽʾ ʨʝʛʫʣʶʶʪʴʩʷ ʧʨʦʪʦʢʦʣʘʤʠ, ʱʦ ʦʭʦʧʣʶʶʪʴ ʚʽʜ 

ʬʽʟʠʯʥʦʛʦ ʜʦ ʧʨʠʢʣʘʜʥʦʛʦ ʨʽʚʥʷ, ʟʘʙʝʟʧʝʯʫʶʯʠ ʝʬʝʢʪʠʚʥʫ ʩʫʤʽʩʥʽʩʪʴ ʽ ʧʽʜʪʨʠʤʫʶʯʠ 

ʪʝʭʥʦʣʦʛʽʯʥʠʡ ʧʨʦʛʨʝʩ ʫ ʚʜʦʩʢʦʥʘʣʝʥʥʽ ʚʩʽʭ ʢʦʤʧʦʥʝʥʪʽʚ ʝʥʝʨʛʦʩʠʩʪʝʤʠ. ʉʣʽʜ ʟʘʟʥʘʯʠʪʠ, ʱʦ 

ʥʝʟʚʘʞʘʶʯʠ ʥʘ ʽʩʥʫʚʘʥʥʷ ʻʜʠʥʦʾ ʢʦʥʮʝʧʮʽʾ ʪʘ ʾʾ ʧʽʜʪʨʠʤʢʫ ʫ ʚʩʽʭ ʢʨʘʾʥʘʭ, ʽʩʥʫʻ ʥʘʮʽʦʥʘʣʴʥʘ 

ʩʧʝʮʠʬʽʢʘ ʫ ʚʠʤʦʛʘʭ ʜʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʨʽʟʥʠʭ ʧʨʦʪʦʢʦʣʽʚ ʥʘ ʤʝʨʝʞʘʭ ʪʽʻʾ ʯʠ ʽʥʰʦʾ ʜʝʨʞʘʚʠ. ʅʘ 

ʦʩʦʙʣʠʚʫ ʫʚʘʛʫ ʪʫʪ ʟʘʩʣʫʛʦʚʫʻ  ʚʠʤʦʛʘ ʨʝʛʫʣʷʪʦʨʘ ʚ ʅʽʤʝʯʯʠʥʽ, ʜʝ ʥʝʦʙʭʽʜʥʦ ʟʘʙʝʟʧʝʯʠʪʠ ʚʽʜʢʨʠʪʽ 

ʧʨʦʪʦʢʦʣʠ ʚʟʘʻʤʦʜʽʾ, ʱʦʙ ʘʧʘʨʘʪʥʝ ʽ ʧʨʦʛʨʘʤʥʝ ʟʘʙʝʟʧʝʯʝʥʥʷ ʙʫʜʴ-ʷʢʦʛʦ ʧʦʩʪʘʯʘʣʴʥʠʢʘ ʤʦʛʣʠ 

ʧʨʘʮʶʚʘʪʠ ʨʘʟʦʤ, ʜʦʟʚʦʣʷʶʯʠ  ʩʧʦʞʠʚʘʯ ʤʦʞʝ ʚʠʙʠʨʘʪʠ ʧʦʩʪʘʯʘʣʴʥʠʢʽʚ ʥʘ ʢʦʥʢʫʨʝʥʪʥʽʡ ʦʩʥʦʚʽ, 

ʚʠʭʦʜʷʯʠ ʟ ʚʣʘʩʥʠʭ ʚʠʤʦʛ ʽ ʧʦʪʨʝʙ. 
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ʉʠʩʪʝʤʠ ʦʙʨʦʙʢʠ ʜʘʥʠʭ ʚ ʽʥʪʝʣʝʢʪʫʘʣʴʥʠʭ ʝʥʝʨʛʦʤʝʨʝʞʘʭ 

ʑʦʙ ʟʨʦʟʫʤʽʪʠ, ʯʦʤʫ ʩʫʯʘʩʥʽ ʩʠʩʪʝʤʠ ʦʙʨʦʙʢʠ ʜʘʥʠʭ ʚ ʨʦʟʫʤʥʠʭ ʤʝʨʝʞʘʭ ʨʦʟʚʠʚʘʶʪʴʩʷ ʚ 

ʩʬʝʨʘʭ, ʷʢʽ ʦʧʝʨʫʶʪʴ ʚʝʣʠʢʠʤʠ ʜʘʥʠʤʠ, ʥʝʦʙʭʽʜʥʦ, ʧʝʨʰ ʟʘ ʚʩʝ, ʚʠʭʦʜʠʪʠ ʟ ʦʩʥʦʚʥʠʭ ʪʝʥʜʝʥʮʽʡ 

ʨʦʟʚʠʪʢʫ ʩʫʯʘʩʥʦʾ ʝʣʝʢʪʨʦʝʥʝʨʛʝʪʠʢʠ. ʊʫʪ ʤʦʞʥʘ ʚʠʜʽʣʠʪʠ ʢʽʣʴʢʘ ʟ ʥʠʭ, ʷʢʽ ʤʘʶʪʴ ʥʘʡʙʽʣʴʰʠʡ 

ʚʧʣʠʚ ʥʘ ʽʥʬʦʨʤʘʮʽʡʥʫ ʩʢʣʘʜʦʚʫ. 

ʇʦ-ʧʝʨʰʝ, ʮʝ ʧʦʩʪʽʡʥʦ ʟʨʦʩʪʘʶʯʽ ʚʠʤʦʛʠ ʷʢ ʜʦ ʝʢʦʣʦʛʽʯʥʦʩʪʽ, ʪʘʢ ʽ ʜʦ ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʦʩʪʽ 

ʝʥʝʨʛʦʩʠʩʪʝʤ ʽ ʤʝʨʝʞ. ʎʝ ʧʨʠʟʚʝʣʦ ʜʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʰʠʨʦʢʦʛʦ ʩʧʝʢʪʨʫ ʚʽʜʥʦʚʣʶʚʘʥʠʭ ʜʞʝʨʝʣ 

ʝʥʝʨʛʽʾ, ʪʘʢʠʭ ʷʢ ʚʽʪʨʦʚʽ ʪʫʨʙʽʥʠ ʪʘ ʛʝʥʝʨʘʪʦʨʠ ʩʦʥʷʯʥʦʾ ʝʥʝʨʛʽʾ. ʆʜʥʘʢ ʯʝʨʝʟ ʥʝʩʪʘʙʽʣʴʥʠʡ 

ʭʘʨʘʢʪʝʨ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʾʭ ʛʝʥʝʨʘʮʽʾ ʽʩʥʫʶʪʴ ʚʠʤʦʛʠ ʜʦ ʝʬʝʢʪʠʚʥʦʛʦ ʰʚʠʜʢʦʛʦ ʫʧʨʘʚʣʽʥʥʷ 

ʥʘʚʘʥʪʘʞʝʥʥʷʤ ʚ ʝʥʝʨʛʦʩʠʩʪʝʤʘʭ. ʇʦʨʷʜ ʟ ʜʠʥʘʤʽʯʥʽʩʪʶ ʦʩʦʙʣʠʚʦ ʥʝʦʙʭʽʜʥʦ ʚʽʜʟʥʘʯʠʪʠ ʰʚʠʜʢʝ 

ʟʨʦʩʪʘʥʥʷ ʨʦʟʧʦʜʽʣʫ ʚʫʟʣʽʚ ʛʝʥʝʨʘʮʽʾ ʧʦ ʤʝʨʝʞʽ. ʇʨʘʢʪʠʯʥʦ ʢʦʞʝʥ ʩʧʦʞʠʚʘʯ, ʧʽʜʢʣʶʯʝʥʠʡ ʜʦ 

ʤʝʨʝʞʽ, ʤʦʞʝ ʚʠʷʚʠʪʠʩʷ ʜʞʝʨʝʣʦʤ ʝʥʝʨʛʽʾ, ʷʢʱʦ ʡʦʛʦ ʧʦʪʨʝʙʠ ʚʠʷʚʣʷʪʴʩʷ ʤʝʥʰʝ, ʥʽʞ ʤʦʞʣʠʚʦʩʪʽ 

ʡʦʛʦ ʣʦʢʘʣʴʥʠʭ ʝʣʝʢʪʨʦʛʝʥʝʨʘʪʦʨʽʚ ʥʘ ʧʝʚʥʦʤʫ ʯʘʩʦʚʦʤʫ ʽʥʪʝʨʚʘʣʽ. ʍʘʨʘʢʪʝʨʥʦ, ʱʦ ʟʥʘʯʥʝ 

ʧʦʰʠʨʝʥʥʷ ʽ ʚʠʩʦʢʘ ʜʠʥʘʤʽʯʥʽʩʪʴ ʧʨʦʷʚʣʷʶʪʴʩʷ ʥʘʚʽʪʴ ʚ ʪʽ ʚʠʧʘʜʢʠ, ʢʦʣʠ ʚ ʨʦʙʦʪʽ ʤʝʨʝʞʽ ʟʘʜʽʷʥʽ 

ʥʝ ʪʽʣʴʢʠ ʚʽʜʥʦʚʣʶʚʘʥʽ ʜʞʝʨʝʣʘ, ʘ  ʙʽʣʴʰ ʪʨʘʜʠʮʽʡʥʽ, ʘʣʝ ʩʫʯʘʩʥʽ, ʪʘʢʽ ʷʢ ʤʽʢʨʦʛʘʟʦʚʽ ʪʫʨʙʽʥʠ, 

ʙʽʦʛʝʥʝʨʘʪʦʨʠ, ʷʢʽ ʥʘʙʠʨʘʶʪʴ ʧʦʧʫʣʷʨʥʽʩʪʴ. ʇʦ-ʜʨʫʛʝ, ʘʩʧʝʢʪ ʧʦʚ'ʷʟʘʥʠʡ ʟ ʧʦʷʚʦʶ ʽ 

ʚʧʨʦʚʘʜʞʝʥʥʷʤ ʥʘʢʦʧʠʯʫʚʘʯʽʚ ʝʥʝʨʛʽʾ ʨʽʟʥʦʛʦ ʨʽʚʥʷ ʧʽʜʢʣʶʯʝʥʥʷ ʚ ʤʝʨʝʞʘʭ. ʉʴʦʛʦʜʥʽ ʧʦʷʚʘ 

ʧʦʙʫʪʦʚʠʭ ʜʦʧʦʤʽʞʥʠʭ ʘʢʫʤʫʣʷʪʦʨʽʚ ʩʪʘʻ ʜʫʞʝ ʧʦʧʫʣʷʨʥʠʤ ʨʽʰʝʥʥʷʤ ʚʠʨʽʚʥʶʚʘʥʥʷ ʩʧʦʞʠʚʘʥʥʷ 

ʝʥʝʨʛʽʾ ʽ ʧʝʨʝʥʝʩʝʥʥʷ ʧʽʢʽʚ ʩʧʦʞʠʚʘʥʥʷ ʟ ʚʠʩʦʢʦʦʧʣʘʯʫʚʘʥʠʭ  ʛʦʜʠʥ ʥʘ ʽʥʰʽ ʯʘʩʦʚʽ ʧʨʦʤʽʞʢʠ 

ʤʝʥʰ ʜʦʨʦʛʦʛʦ ʪʘʨʠʬʫ.  

ʊʘʢʠʤ ʯʠʥʦʤ, ʦʩʥʦʚʥʠʤʠ ʢʘʪʘʣʽʟʘʪʦʨʘʤʠ ʨʦʟʚʠʪʢʫ ʚʝʣʠʢʠʭ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʩʠʩʪʝʤ ʚ 

ʝʣʝʢʪʨʦʝʥʝʨʛʝʪʠʮʽ ʻ: 

- ʘʢʪʠʚʥʝ ʫʧʨʘʚʣʽʥʥʷ  ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʥʘʚʘʥʪʘʞʝʥʥʷ ʩʧʦʞʠʚʘʯʽʚ; 

- ʝʬʝʢʪʠʚʥʝ ʫʧʨʘʚʣʽʥʥʷ  ʨʦʟʧʦʜʽʣʝʥʠʤʠ ʩʠʩʪʝʤʘʤʠ ʛʝʥʝʨʘʮʽʾ ʟ ʚʝʣʠʢʦʶ ʢʽʣʴʢʽʩʪʶ 

ʜʞʝʨʝʣ; 

- ʝʬʝʢʪʠʚʥʝ ʫʧʨʘʚʣʽʥʥʷ ʪʘ ʤʦʥʽʪʦʨʠʥʛ ʜʣʷ ʯʠʩʣʝʥʥʠʭ ʜʠʥʘʤʽʯʥʦ ʥʝʩʪʘʙʽʣʴʥʠʭ ʩʠʩʪʝʤ 

ʛʝʥʝʨʘʮʽʾ. 

ɸʣʝ, ʟʚʠʯʘʡʥʦ, ʙʽʣʴʰ ʪʨʘʜʠʮʽʡʥʽ ʟʘʚʜʘʥʥʷ ʝʥʝʨʛʦʩʠʩʪʝʤ ʽ ʤʝʨʝʞ ʪʘʢʦʞ ʥʝ ʟʘʣʠʰʘʶʪʴʩʷ 

ʧʦʟʘ ʨʘʤʢʘʤʠ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʥʦʚʠʭ ʩʠʩʪʝʤ ʦʙʨʦʙʢʠ ʜʘʥʠʭ. ʈʦʟʛʣʷʥʝʤʦ ʜʘʣʽ ʪʘʢʽ ʟ ʥʠʭ, ʷʢ: 

- ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʥʘʚʘʥʪʘʞʝʥʥʷ ʪʘ ʝʬʝʢʪʠʚʥʝ ʫʧʨʘʚʣʽʥʥʷ ʝʣʝʤʝʥʪʘʤʠ ʤʝʨʝʞʽ ʟ ʤʝʪʦʶ 

ʝʢʦʥʦʤʽʾ ʝʥʝʨʛʽʾ ʪʘ ʟʘʧʦʙʽʛʘʥʥʷ ʧʝʨʝʚʘʥʪʘʞʝʥʴ; 

- ʛʥʫʯʢʠʡ ʙʽʣʽʥʛ ʽ ʚʠʷʚʣʝʥʥʷ ʚʠʪʦʢʽʚ ʽ ʢʨʘʜʽʞʦʢ; 

- ʫʧʨʘʚʣʽʥʥʷ  ʪʘ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʤʘʡʥʘ; 

- ʝʢʩʧʣʫʘʪʘʮʽʷ ʚ ʨʝʞʠʤʽ ʣʽʢʚʽʜʘʮʽʾ ʘʚʘʨʽʾ. 

ɺʩʽ ʩʠʩʪʝʤʠ, ʧʨʠʟʥʘʯʝʥʽ ʜʣʷ ʦʙʨʦʙʢʠ ʜʘʥʠʭ ʚ ʝʣʝʢʪʨʦʤʝʨʝʞʘʭ, ʷʢ ʧʨʘʚʠʣʦ, ʙʘʟʫʶʪʴʩʷ ʥʘ 

ʟʙʦʨʽ ʽʥʬʦʨʤʘʮʽʾ ʟ ʯʠʩʣʝʥʥʠʭ (ʤʽʣʴʡʦʥʽʚ) ʣʽʯʠʣʴʥʠʢʽʚ, ʚʢʣʶʯʘʶʯʠ ʽʥʪʝʣʝʢʪʫʘʣʴʥʽ ʧʨʠʣʘʜʠ ʦʙʣʽʢʫ 

(ʈʦʟʫʤʥʽ ʣʽʯʠʣʴʥʠʢʠ) ʽ ʧʨʦʤʠʩʣʦʚʽ ʧʨʠʣʘʜʠ ʪʘ ʩʠʩʪʝʤʠ ʦʙʣʽʢʫ (ʪʠʧʫ ɸʉʂʆɽ ï ɸʚʪʦʤʘʪʠʟʦʚʘʥʘ 

ʩʠʩʪʝʤʘ ʢʦʤʧʣʝʢʩʥʦʛʦ ʦʙʣʽʢʫ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ). ʊʘʢʦʞ ʟʘʨʘʟ ʮʝ ʚʩʽʣʷʢʽ ʜʘʪʯʠʢʠ ʥʘ ʦʙʣʘʜʥʘʥʥʽ 

ʝʣʝʢʪʨʦʤʝʨʝʞ, ʱʦ ʚʽʜʦʙʨʘʞʘʶʪʴ ʨʦʙʦʪʫ ʽ ʩʪʘʥ ʦʙʣʘʜʥʘʥʥʷ, ʜʘʪʯʠʢʠ ʪʘ ʽʥʬʦʨʤʘʮʽʡʥʽ ʩʠʩʪʝʤʠ 

ʧʦʛʦʜʥʠʭ ʫʤʦʚ ʽ ʢʣʽʤʘʪʫ. ʋ ʟʚôʷʟʢʫ ʟ ʚʠʢʣʶʯʥʦ ʚʝʣʠʢʠʤʠ ʦʙʩʷʛʘʤʠ ʦʙʨʦʙʣʶʚʘʥʠʭ ʜʘʥʠʭ, ʾʭ 

ʨʽʟʥʦʤʘʥʽʪʥʽʩʪʶ ʟʘ ʬʦʨʤʦʶ ʽ ʩʝʤʘʥʪʠʢʦʶ, ʚʠʤʦʛʘʤʠ ʜʦ ʾʭ ʦʧʝʨʘʪʠʚʥʦʾ ʽ ʮʽʣʽʩʥʦʾ ʦʙʨʦʙʢʠ, 

ʢʦʤʧôʶʪʝʨʥʽ ʩʠʩʪʝʤʠ, ʱʦ ʜʦʟʚʦʣʷʶʪʴ ʨʝʘʣʽʟʫʚʘʪʠ ʥʦʚʽ ʬʫʥʢʮʽʾ ʚ ʝʥʝʨʛʦʩʠʩʪʝʤʽ ʽ ʝʥʝʨʛʦʩʠʩʪʝʤʽ, 

ʚʽʜʥʦʩʷʪʴʩʷ ʜʦ ʢʘʪʝʛʦʨʽʾ ɺʝʣʠʢʽ ʜʘʥʽ. ɼʣʷ ʚʠʜʽʣʝʥʥʷ ʩʠʩʪʝʤ ʽ ʪʝʭʥʦʣʦʛʽʡ, ʧʦʚ'ʷʟʘʥʠʭ ʟ ʦʙʨʦʙʢʦʶ 
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ʜʘʥʠʭ ʚ ʈʦʟʫʤʥʘ ʤʝʨʝʞʘ, ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʪʝʨʤʽʥ ʈʦʟʫʤʥʘ ʤʝʨʝʞʘ.  ɸʥʘʣʽʟ ʧʦʪʦʯʥʦʛʦ ʩʪʘʥʫ ʽ 

ʥʘʡʙʽʣʴʰ ʚʜʘʣʽ ʧʨʠʢʣʘʜʠ ʟ ʈʦʟʫʤʥʘ ʤʝʨʝʞʘ ʧʨʝʜʩʪʘʚʣʝʥʽ ʚ ʥʘʩʪʫʧʥʠʭ ʧʘʨʘʛʨʘʬʘʭ. 

ʇʦʧʝʨʝʯʥʠʡ ʧʝʨʝʨʽʟ ʧʦʩʪʘʯʘʣʴʥʠʢʽʚ ʨʽʰʝʥʴ ʧʦ ʩʝʢʪʦʨʘʭ, ʱʦ ʚʠʟʥʘʯʘʶʪʴʩʷ ʦʙôʻʤʦʤ 

ʦʙʨʦʙʣʶʚʘʥʠʭ ʜʘʥʠʭ, ʧʨʝʜʩʪʘʚʣʝʥʠʡ ʥʘ ʨʠʩʫʥʢʫ 1.6 (GTM Research [16]). ɼʽʘʛʨʘʤʘ ʥʝ ʧʨʝʪʝʥʜʫʻ 

ʥʘ ʚʠʯʝʨʧʥʝ ʧʨʝʜʩʪʘʚʣʝʥʥʷ ʚʩʽʭ ʛʨʘʚʮʽʚ, ʘʣʝ ʚʦʥʘ ʜʦʩʠʪʴ ʨʝʧʨʝʟʝʥʪʘʪʠʚʥʘ. 

 
ʈʠʩ. 1.6. ʊʘʢʩʦʥʦʤʽʷ ʧʦʩʪʘʯʘʣʴʥʠʢʽʚ ʨʽʰʝʥʴ ʜʣʷ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʩʠʩʪʝʤ ʚ ʝʣʝʢʪʨʦʝʥʝʨʛʝʪʠʮʽ 

 

1.3.2. ʆʛʣʷʜ ʧʨʦʢ̒ʪʽʚ Soft Grid, ʦʨʽʻʥʪʦʚʘʥʠʭ ʥʘ ʘʥʘʣʽʪʠʢʫ ʚ ʨʦʟʧʦʜʽʣʝʥʠʭ ʩʠʩʪʝʤʘʭ 

ʈʽʰʝʥʥʷ ʟʘʚʜʘʥʴ ʚ ʮʽʡ ʦʙʣʘʩʪʽ ʧʦʟʥʘʯʘʻʪʴʩʷ ʪʝʨʤʽʥʦʤ çʘʥʘʣʽʪʠʢʘ ʥʘ ʤʝʨʝʞʘʭè - çGrid-

ʘʥʘʣʽʪʠʢʘè ʪʘ çʘʥʘʣʽʪʠʢʘ ʜʣʷ ʢʣʽʻʥʪʽʚè - ʮʝ ʜʘʥʽ ʢʣʽʻʥʪʘ ʘʥʘʣʽʪʠʢʘ. ʅʘ ʢʦʥʬʝʨʝʥʮʽʾ ɻʨʽʥʤʝʜʽʘ 2013 

ʙʫʣʦ ʚʽʜʟʥʘʯʝʥʦ, ʱʦ ʘʥʘʣʽʪʠʢʘ ʧʦ ʤʝʨʝʞʘʭ ʧʨʠʥʝʩʝ ʚʝʣʠʢʫ ʯʘʩʪʢʫ ʽʥʚʝʩʪʠʮʽʡ ʚ ʨʦʟʫʤʥʘ ʤʝʨʝʞʘ 

ʧʨʦ̒ʢʪʠ, ʷʢʽ ʩʢʣʘʜʫʪʴ  ʥʝ ʤʝʥʰʝ 8,7 ʤʽʣʴʷʨʜʽʚ ʜʦʣʘʨʽʚ ʜʦ 2020 ʨʦʢʫ.  ʆʩʥʦʚʥʠʤ ʟʘʚʜʘʥʥʷʤ ʪʫʪ ʻ 

ʦʧʪʠʤʽʟʘʮʽʷ ʨʦʟʧʦʜʽʣʝʥʠʭ ʤʝʨʝʞ ʟʘ ʜʦʧʦʤʦʛʦʶ ʧʨʦʛʨʘʤʥʦʛʦ ʫʧʨʘʚʣʽʥʥʷ ʪʘ ʘʥʘʣʽʪʠʢʠ. ʈʽʰʝʥʥʷ 

ʟʘʜʘʯ ʧʦʙʫʜʦʚʠ ʝʬʝʢʪʠʚʥʠʭ ʘʣʛʦʨʠʪʤʽʚ ʙʘʟʫʻʪʴʩʷ ʥʘ ʚʠʢʦʨʠʩʪʘʥʥʽ ʜʫʞʝ ʪʦʯʥʠʭ ʽʤʽʪʘʮʽʡʥʠʭ 

ʤʦʜʝʣʝʡ ʤʝʨʝʞʽ, ʪʘʢʠʭ ʷʢ GridLab-D, ʨʦʟʨʦʙʣʝʥʠʭ ʥʘ ʟʘʤʦʚʣʝʥʥʷ ʄʽʥʽʩʪʝʨʩʪʚʘ ʝʥʝʨʛʝʪʠʢʠ ʉʐɸ 

ʽ ʯʠʩʣʝʥʥʠʭ ʜʘʥʠʭ, ʟʽʙʨʘʥʠʭ ʷʢ ʟ ʽʩʥʫʶʯʠʭ ʽʥʪʝʣʝʢʪʫʘʣʴʥʠʭ ʣʽʯʠʣʴʥʠʢʽʚ, ʪʘʢ ʽ ʟ ʮʠʬʨʦʚʠʭ 

ʧʨʠʩʪʨʦʾʚ ʟʘʭʠʩʪʫ ʪʘ ʢʦʥʪʨʦʣʶ, ʚ ʧʦʻʜʥʘʥʥʽ ʟ ʧʨʦʛʨʘʤʥʠʤʠ ʨʽʰʝʥʥʷʤʠ ʽ ʢʦʤʫʥʽʢʘʮʽʾ ʜʣʷ 

ʫʧʨʘʚʣʽʥʥʷ ʥʠʤʠ. ʇʨʠ ʮʴʦʤʫ ʧʽʜʧʨʠʻʤʩʪʚʘ ʧʝʨʝʭʦʜʷʪʴ ʥʘ ʥʦʚʽ ʢʣʘʩʠ ʤʝʨʝʞʝʚʦʛʦ ʦʙʣʘʜʥʘʥʥʷ, ʷʢʽ 

ʥʝ ʤʦʞʫʪʴ ʧʣʘʚʥʦ ʚʭʦʜʠʪʠ ʚ ʽʩʥʫʶʯʽ ʨʝʞʠʤʠ ʨʦʙʦʪʠ. ʎʝ ʩʦʥʷʯʥʽ ʙʘʪʘʨʝʾ, ʚʽʪʨʦʛʝʥʝʨʘʪʦʨʠ ʪʘ ʽʥʰʽ 

ʨʦʟʧʦʜʽʣʝʥʽ ʜʞʝʨʝʣʘ ʝʥʝʨʛʽʾ, ʥʘʢʦʧʠʯʫʚʘʯʽ ʝʥʝʨʛʽʾ, ʷʢʽ ʙʘʣʘʥʩʫʶʪʴ ʤʽʩʮʝʚʝ ʩʧʦʞʠʚʘʥʥʷ ʥʘ ʦʩʥʦʚʽ 

ʤʽʥʣʠʚʠʭ ʫʤʦʚ ʽ ʟʘʧʠʪʽʚ ʙʝʟʣʽʯʽ ʜʞʝʨʝʣ. ɯʥʪʝʛʨʫʡʪʝ, ʦʧʪʠʤʽʟʫʡʪʝ ʪʘ ʢʝʨʫʡʪʝ ʜʘʥʠʤʠ ʜʣʷ 

ʨʦʟʧʦʜʽʣʝʥʦʛʦ ʫʧʨʘʚʣʽʥʥʷ ʝʥʝʨʛʽʻʶ ʻ ʛʽʜʥʠʤ ʟʘʚʜʘʥʥʷʤ ʜʣʷ ʩʢʣʘʜʥʠʭ ʘʣʛʦʨʠʪʤʽʚ ʽ ʪʝʭʥʦʣʦʛʽʡ 

ʚʝʣʠʢʠʭ ʜʘʥʠʭ. 

ɸʥʘʣʽʪʠʢʘ ʢʣʽʻʥʪʽʚ, ʟʘ ʦʮʽʥʢʘʤʠ, ʤʘʻ ʽʥʚʝʩʪʠʮʽʡʥʠʡ ʧʦʪʝʥʮʽʘʣ ʥʝ ʤʝʥʰʝ 7,1 ʤʽʣʴʷʨʜʽʚ 

ʜʦʣʘʨʽʚ. ɽʢʩʧʝʨʪʠ ʚʠʜʽʣʷʶʪʴ ʪʨʠ ʦʩʥʦʚʥʠʭ ʥʘʧʨʷʤʢʠ ʢʣʽʻʥʪʦʦʨʽʻʥʪʦʚʘʥʠʭ ʘʥʘʣʽʪʠʯʥʠʭ ʩʠʩʪʝʤ:  

- ʟʘʭʠʩʪ ʜʦʭʦʜʽʚ; 

- ʪʦʥʢʝ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʥʘʚʘʥʪʘʞʝʥʥʷ; 

- ʜʝʪʘʣʴʥʘ ʩʝʛʤʝʥʪʘʮʽʷ ʢʦʨʠʩʪʫʚʘʯʽʚ. 

ʇʨʦʻʢʪʠ ʚ ʮʽʡ ʩʬʝʨʽ ʜʦʟʚʦʣʷʶʪʴ ʛʝʥʝʨʫʚʘʪʠ ʧʨʠʚʘʙʣʠʚʽ ʜʣʷ ʩʧʦʞʠʚʘʯʽʚ ʛʥʫʯʢʽ ʧʨʦʛʨʘʤʠ 

ʮʽʥʦʫʪʚʦʨʝʥʥʷ, ʧʨʦʚʦʜʠʪʠ ʮʽʣʝʩʧʨʷʤʦʚʘʥʽ ʤʘʨʢʝʪʠʥʛʦʚʽ ʟʘʭʦʜʠ, ʙʫʜʫʚʘʪʠ ʤʦʜʝʣʽ  ʪʦʯʥʦʾ 

ʧʦʚʝʜʽʥʢʠ ʧʦʢʫʧʮʽʚ ʜʣʷ ʧʦʜʘʣʴʰʦʾ ʘʜʘʧʪʘʮʽʾ ʮʽʥʦʚʦʾ ʧʦʣʽʪʠʢʠ. 
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ʈʽhʝʥʥʷ General Electric 

General Electric ʫ ʩʽʯʥʽ 2013 ʨʦʢʫ ʟʘʧʫʩʪʠʣʘ ʩʚʦʶ ʧʣʘʪʬʦʨʤʫ ʚʝʣʠʢʠʭ  ʜʘʥʠʭ  Grid IQ Insight 

ʷʢ ̔ʥʩʪʨʫʤʝʥʪ ʜʣʷ ʢʦʥʩʦʣʽʜʘʮʽʾ ʚʩʽʭ ʜʘʥʠʭ ʟ ʽʩʥʫʶʯʠʭ ʩʠʩʪʝʤ ʫʧʨʘʚʣʽʥʥʷ ʤʝʨʝʞʝʶ, ʨʦʟʫʤʥʠʭ 

ʣʽʯʠʣʴʥʠʢʽʚ ʪʘ ʤʝʨʝʞʝʚʠʭ ʜʘʪʯʠʢʽʚ, ʘ ʪʘʢʦʞ ʥʝʩʪʨʫʢʪʫʨʦʚʘʥʠʭ ʤʝʪʝʦʨʦʣʦʛʽʯʥʠʭ ʜʘʥʠʭ ʪʘ ʩʪʨʽʯʦʢ 

ʧʫʙʣʽʢʘʮʽʡ ʟ ʌʝʡʩʙʫʢ ʪʘ ʊʚʽʪʪʝʨ. 

GE ʩʧʽʚʧʨʘʮʶʻ ʟ ʙʘʛʘʪʴʤʘ ʝʥʝʨʛʝʪʠʯʥʠʤʠ ʢʦʤʧʘʥʽʷʤʠ ʧʦ ʚʩʴʦʤʫ ʩʚʽʪʫ, ʜʦʚʦʜʷʯʠ  ʮʽʥʥʽʩʪʴ 

ʩʚʦʻʾ ʧʣʘʪʬʦʨʤʠ ʟʘ ʜʦʧʦʤʦʛʦʶ ʰʚʠʜʢʦʛʦ ʨʦʟʛʦʨʪʘʥʥʷ ʪʘ ʩʪʚʦʨʝʥʥʷ ʧʨʦʪʦʪʠʧʽʚ ʜʣʷ ʨʽʟʥʦʤʘʥʽʪʥʠʭ 

ʟʘʩʪʦʩʫʚʘʥʴ ʚʽʜ ʟʘʨʷʜʥʠʭ ʩʪʘʥʮʽʡ ʜʣʷ ʝʣʝʢʪʨʦʤʦʙʽʣʽʚ ʪʘ ʨʦʟʧʦʜʽʣʝʥʦʛʦ ʤʦʥʽʪʦʨʠʥʛʫ ʩʦʥʷʯʥʠʭ 

çʛʘʨʷʯʠʭ ʪʦʯʦʢè ʜʦ ʘʥʘʣʽʟʫ ʨʦʩʪʫ ʨʦʩʣʠʥ, ʱʦʙ ʜʦʧʦʤʦʛʪʠ ʧʽʜʧʨʠʻʤʩʪʚʘʤ ʟʙʝʨʝʛʪʠ ʣʽʥʽʾ 

ʝʣʝʢʪʨʦʧʝʨʝʜʘʯ ʚʽʣʴʥʠʤʠ ʚʽʜ ʛʽʣʦʢ ʜʝʨʝʚ. ʅʘ ʧʦʯʘʪʢʫ 2014 ʨʦʢʫ GE ʟʘʧʫʩʪʠʣʘ ʩʚʽʡ ɯʥʥʦʚʘʮʽʡʥʘ 

ʧʨʦʛʨʘʤʘ ʥʘ ʝʥʝʨʛʝʪʠʯʥʠʭ ʧʽʜʧʨʠʻʤʩʪʚʘʭ ʜʣʷ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʧʽʜʧʨʠʻʤʩʪʚʘ ʚʢʣʶʯʘʶʯʠ AEP ʪʘ 

Indianapolis Power & Light, ʷʢʽ ʜʦʧʦʤʘʛʘʶʪʴ ʩʪʘʪʠ ʧʘʨʪʥʝʨʘʤʠ ʮʝʥʪʨʫ ʟʘʚʜʷʢʠ ʦʙʤʽʥʫ ʜʘʥʠʤʠ ʪʘ 

ʽʜʝʷʤʠ. ʅʘʡʙʣʠʞʯʠʤ ʯʘʩʦʤ GE ʟʘʧʫʩʪʠʪʴ ʢʽʣʴʢʘ ʧʘʢʝʪʽʚ ʘʥʘʣʽʪʠʢʠ ʧʨʦʜʫʢʪʽʚ, ʧʽʜʪʨʠʤʫʚʘʥʠʭ 

ʧʣʘʪʬʦʨʤʦʶ Grid IQ. ʇʝʨʰ ʟʘ ʚʩʝ, ʮʷ ʧʣʘʪʬʦʨʤʘ ʩʪʘʥʝ ʦʩʥʦʚʦʶ ʜʣʷ ʨʦʟʫʤʽʥʥʷ ʚʠʤʽʨʶʚʘʥʥʷ 

çʤʝʪʨʦʚʦʛʦ ʨʦʟʫʤʽʥʥʷè, ʧʦʙʫʜʦʚʘʥʦʛʦ ʜʣʷ ʪʦʛʦ, ʱʦʙ ʩʢʦʨʠʩʪʘʪʠʩʷ ʧʝʨʝʚʘʛʘʤʠ ʜʦʩʪʫʧʫ ʜʦ ʤʘʩʠ 

ʜʞʝʨʝʣ, ʫ ʙʽʣʴʰʽʡ ʤʽʨʽ ʬʨʘʛʤʝʥʪʠ ʜʘʥʠʭ, ʷʢʽ ʜʦʩʽ ʥʝ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ, ʟ ʜʝʩʷʪʢʽʚ ʤʽʣʴʡʦʥʽʚ 

ʨʦʟʫʤʥʠʭ ʣʽʯʠʣʴʥʠʢʽʚ ʽ ʣʽʯʠʣʴʥʠʢʽʚ, ʨʦʟʛʦʨʥʫʪʠʭ ʧʦ ʚʩʴʦʤʫ ʩʚʽʪʫ. 

ʇʣʘʪʬʦʨʤʘ Grid IQ Insight ʧʨʦʮʚʽʪʘʻ, ʽ ʚ  ʥʘʡʙʣʠʞʯʽ ʤʽʩʷʮʽ ʚʦʥʘ ʤʦʞʝ ʩʪʘʪʠ ʧʝʨʰʠʤ 

ʘʥʘʣʽʪʠʯʥʠʤ ʽʥʩʪʨʫʤʝʥʪʦʤ, ʷʢʠʡ ʥʘʜʘʩʪʴ GE ʥʦʚʠʡ ʜʦʩʚʽʜ, ʱʦ ʧʨʦʩʪʷʛʘʻʪʴʩʷ ʚʽʜ ʰʠʨʦʢʦʛʦ 

ʩʧʝʢʪʨʫ ʤʝʨʝʞʝʚʠʭ ʧʨʦʜʫʢʪʽʚ ʚʽʜ ʪʨʘʥʩʬʦʨʤʘʪʦʨʽʚ ʽ ʧʽʜʩʪʘʥʮʽʡ ʜʦ ʧʨʦʛʨʘʤʥʠʭ ʧʣʘʪʬʦʨʤ ʜʣʷ 

ʤʦʥʽʪʦʨʠʥʛʫ ʪʘ ʫʧʨʘʚʣʽʥʥʷ ʤʝʨʝʞʘʤʠ. ʆʙô̒ ʜʥʫʶʯʠ ʜʘʥʽ ʟ ʨʦʟʫʤʥʠʭ ʣʽʯʠʣʴʥʠʢʽʚ ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʩʧʝʮʽʘʣʴʥʦʛʦ ʧʨʦʛʨʘʤʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ, ʧʣʘʪʬʦʨʤʘ ʜʦʟʚʦʣʷʻ ʨʝʘʣʽʟʫʚʘʪʠ ʥʘʡʨʽʟʥʦʤʘʥʽʪʥʽʰʽ 

ʬʫʥʢʮʽʾ,  ʥʘ ʦʩʥʦʚʽ ʜʫʞʝ ʪʦʥʢʦʛʦ ʘʥʘʣʽʟʫ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ɯʥʪʝʣʝʢʪʫʘʣʴʥʠʡ ʘʥʘʣʽʟ ʜʘʥʠʭ ʪʘ ʽʥʰʠʭ 

ʪʝʭʥʦʣʦʛʽʡ ʽ ʤʝʪʦʜʽʚ ʚʝʣʠʢʠʭ ʜʘʥʠʭ. 

ʉʝʨʝʜ ʘʥʘʣʽʪʠʯʥʠʭ ʬʫʥʢʮʽʡ, ʟʘʩʥʦʚʘʥʠʭ ʥʘ ʚʠʤʽʨʘʭ ʚ ʙʘʛʘʪʴʦʭ ʪʦʯʢʘʭ, GE ʧʨʦʧʦʥʫʻ ʜʫʞʝ 

ʝʬʝʢʪʠʚʥʠʡ ʩʧʦʩʽʙ ʚʠʷʚʣʝʥʥʷ ʨʦʟʢʨʘʜʘʥʴ ʝʥʝʨʛʽʾ - ʰʣʷʭʦʤ ʧʦʨʽʚʥʷʥʥʷ ʜʘʥʠʭ ʧʨʠʣʘʜʽʚ ʦʙʣʽʢʫ, ʥʘ 

ʧʽʜʩʪʘʥʮʽʷʭ ʽ ʜʘʪʯʠʢʽʚ ʥʘ ʪʨʘʥʩʬʦʨʤʘʪʦʨʘʭ, ʚʠʷʚʣʝʥʥʷ ʪʦʯʦʢ, ʜʝ ʝʥʝʨʛʽʷ ʤʦʞʝ ʙʫʪʠ ʚʪʨʘʯʝʥʘ ʘʙʦ 

ʚʢʨʘʜʝʥʘ. ɯ ʪʫʪ ʦʩʦʙʣʠʚʝ ʟʥʘʯʝʥʥʷ ʤʘʻ ʨʦʙʦʪʘ ʟ ʧô̫ ʪʥʘʜʮʷʪʠ ʭʚʠʣʠʥʥʠʤʠ ʽʥʪʝʨʚʘʣʘʤʠ ʜʣʷ 

ʢʨʘʱʦʛʦ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʥʘʚʘʥʪʘʞʝʥʥʷ. 

ɺʘʞʣʠʚʦ ʚʽʜʟʥʘʯʠʪʠ, ʱʦ ʤʽʣʴʡʦʥʠ ʨʦʟʫʤʥʠʭ ʣʽʯʠʣʴʥʠʢʽʚ, ʨʦʟʛʦʨʥʫʪʠʭ GE, ʤʦʞʫʪʴ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʦʙʣʘʜʥʘʥʥʷ ʽʥʰʠʭ ʚʠʨʦʙʥʠʢʽʚ ʡ ʫʩʧʽʰʥʦ ʧʨʘʮʶʚʘʪʠ ʚ ʤʝʨʝʞʘʭ AMI 

(ʋʜʦʩʢʦʥʘʣʝʥʘ ʽʥʬʨʘʩʪʨʫʢʪʫʨʘ ʦʙʣʽʢʫ), ʚʩʪʘʥʦʚʣʝʥʠʭ ʽʥʰʠʤʠ ʧʦʩʪʘʯʘʣʴʥʠʢʘʤʠ, ʪʘʢʠʤʠ ʷʢ 

ʄʝʨʝʞʽ ʉʽʣʚʝʨ ʉʧʨʽʥʛ ʚ ʉʐɸ ʘʙʦ ʉʽʪʯʘʩʪʘ ʤʝʨʝʞʘ ʚ ɸʚʩʪʨʘʣʽʷ. ʈʽʰʝʥʥʷ GE ʘʙʩʦʣʶʪʥʦ 

ʥʝʟʘʣʝʞʥʽ ʱʦʜʦ ʪʦʛʦ, ʷʢʝ ʦʙʣʘʜʥʘʥʥʷ ʙʫʜʝ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠʩʷ ʜʣʷ ʟʙʦʨʫ ʜʘʥʠʭ ʟ ʨʦʟʫʤʥʠʭ 

ʣʽʯʠʣʴʥʠʢʽʚ. 

ʋ ʪʦʡ ʞʝ ʯʘʩ GE ʟʘʧʫʩʪʠʣʘ ʩʚʽʡ ʚʣʘʩʥʠʡ ʧʘʢʝʪ ʽʥʪʝʣʝʢʪʫʘʣʴʥʠʭ ʚʠʤʽʨʶʚʘʣʴʥʠʭ ʦʧʝʨʘʮʽʡ 

(SMOS), ʷʢʠʡ ʦʧʠʩʫʻʪʴʩʷ ʷʢ ʧʦʚʥʘ ʩʠʩʪʝʤʘ ʚʠʤʽʨʶʚʘʥʥʷ ʪʘ ʫʧʨʘʚʣʽʥʥʷ  ʜʘʥʠʤʠ ʪʘ ʪʨʘʥʟʘʢʮʽʷʤʠ. 

SMOS ʚʢʣʶʯʘʻ ʽʥʩʪʨʫʤʝʥʪʠ ʜʣʷ ʤʦʥʽʪʦʨʠʥʛʫ, ʫʧʨʘʚʣʽʥʥʷ, ʧʽʜʪʨʠʤʢʠ ʨʦʙʦʪʠ 

GE ʘʢʪʠʚʽʟʫʻ ʩʧʽʚʧʨʘʮʶ ʟ ʢʦʤʧʘʥʽʷʤʠ-ʧʘʨʪʥʝʨʘʤʠ C3 Energy, ʘ ʚ ʢʚʽʪʥʽ 2013 ʨʦʢʫ 

ʢʦʨʧʦʨʘʮʽʷ ʽʥʚʝʩʪʫʚʘʣʘ 105 ʤʽʣʴʡʦʥʽʚ ʜʦʣʘʨʽʚ ʚ ʜʦʯʽʨʥʶ ʢʦʤʧʘʥʽʶ VMware ʽ EMC, ʷʢʘ ʨʦʟʨʦʙʠʣʘ 

ʭʤʘʨʥʫ ʧʣʘʪʬʦʨʤʫ ʘʥʘʣʽʟʫ ʜʘʥʠʭ. ʅʘ ʧʝʨʰʠʡ ʧʦʛʣʷʜ, ʩʝʥʩ ʪʘʢʦʾ ʽʥʚʝʩʪʠʮʽʾ ʚ ʢʦʥʢʫʨʫʶʯʠʡ 

ʧʨʦʜʫʢʪ ʥʝʟʨʦʟʫʤʽʣʠʡ, ʦʩʢʽʣʴʢʠ ʮʝ ʧʘʨʪʥʝʨʩʪʚʦ ʤʦʞʝ ʚʧʣʠʥʫʪʠ ʥʘ ʨʦʙʦʪʫ ʥʘʜ ʚʣʘʩʥʠʤ ʨʦʟʚʠʪʢʦʤ 

Grid IQ Insight. ɸʣʝ, ʤʘʙʫʪʴ, ʮʝ ʧʦʚô̫ ʟʘʥʦ ʟ ʪʠʤ, ʱʦ ʚʩʽ ʚʝʣʠʢʽ ʜʘʪʘ-ʧʨʦ̒ʢʪʠ ʻ ʧʽʣʦʪʥʠʤʠ, ʽ 

ʟʘʟʜʘʣʝʛʽʜʴ ʦʮʽʥʠʪʠ ʾʭ ʫʩʧʽʰʥʽʩʪʴ ʩʢʣʘʜʥʦ, ʪʦʤʫ ʚʘʨʪʦ ʟʨʦʙʠʪʠ ʮʝʡ ʨʠʥʦʢ ʤʘʢʩʠʤʘʣʴʥʦ 
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ʨʽʟʥʦʤʘʥʽʪʥʠʤ, ʱʦʙ ʷʢʦʤʦʛʘ ʰʚʠʜʰʝ ʚʠʡʪʠ ʥʘ ʚʝʣʠʢʽ ʢʦʥʪʨʘʢʪʠ ʟ ʝʥʝʨʛʝʪʠʢʘʤʠ ʚ ʤʘʡʙʫʪʥʴʦʤʫ, 

ʚ ʪʦʤʫ ʯʠʩʣʽ ʚ ʥʘʧʨʷʤʢʫ ʧʦʙʫʜʦʚʠ ʚʣʘʩʥʠʭ ʩʭʦʚʠʱ ʜʘʥʠʭ ʽ ʬʦʨʤʫʚʘʥʥʷ ʪʠʧʦʚʠʭ ʧʨʦʤʠʩʣʦʚʠʭ 

ʟʘʩʪʦʩʫʚʘʥʴ. ʊʦʜʽ, ʚʝʜʫʯʠ ʘʙʦ ʙʝʨʫʯʠ ʫʯʘʩʪʴ ʚ ʜʝʢʽʣʴʢʦʭ ʧʨʦʢ̒ʪʘʭ, ʢʦʤʧʘʥʽʷ ʤʘʻ ʙʽʣʴʰʝ ʰʘʥʩʽʚ 

ʩʪʘʪʠ ʫʩʧʽʰʥʦʶ ʥʘ ʥʦʚʦʤʫ ʨʠʥʢʫ. ʆʜʠʥ ʟ ʚʝʣʠʢʠʭ ʚʠʢʣʠʢʽʚ, ʷʢʠʡ ʦʯʽʢʫʻʪʴʩʷ ʚ ʥʘʡʙʣʠʞʯʦʤʫ 

ʤʘʡʙʫʪʥʴʦʤʫ ʚ ʘʥʘʣʽʪʠʮʽ ʜʘʥʠʭ ʚ ʝʥʝʨʛʝʪʠʮʽ ʩʘʤʝ ʚʽʥ ʧʦʙʫʜʫʻ ʥʘʡʙʽʣʴʰʫ ʘʥʘʣʽʪʠʯʥʫ ʙʽʙʣʽʦʪʝʢʫ ʽ 

ʥʘʡʰʚʠʜʰʫ. ʐʣʷʭ ʜʦ ʧʝʨʝʤʦʛʠ ʣʝʞʠʪʴ ʯʝʨʝʟ ʨʦʟʛʦʨʪʘʥʥʷ ʨʽʟʥʠʭ ʧʽʜʭʦʜʽʚ ʪʘ ʾʭ ʨʘʥʥʻ 

ʟʘʩʪʦʩʫʚʘʥʥʷ ʚ ʨʝʘʣʴʥʠʭ ʧʨʦ̒ʢʪʘʭ. 

ʇʦʩʪʘʯʘʣʴʥʠʢʠ ʘʥʘʣʽʪʠʢʠ ʜʘʥʠʭ, ʪʘʢʽ ʷʢ ʆʨʘʢʫʣ, EMC, SAP, IBM, ʊʝʨʘʜʘʪʘ ʪʦʱʦ, 

ʟʦʩʝʨʝʜʠʣʠʩʷ ʥʘ ʨʦʟʫʤʥʠʭ ʤʝʨʝʞʘʭ, ʩʢʦʨʠʩʪʘʚʰʠʩʴ ʪʠʤ ʬʘʢʪʦʤ, ʱʦ ʧʽʜʧʨʠʻʤʩʪʚʘ ʚ 

ʝʥʝʨʛʝʪʠʯʥʦʤʫ ʩʝʢʪʦʨʽ ʱʝ ʥʝʜʦʩʪʘʪʥʴʦ ʛʣʠʙʦʢʦ ʟʘʥʫʨʠʣʠʩʷ ʚ ʧʦʪʽʢ ʚʝʣʠʢʠʭ ʜʘʥʠʭ. ɿʛʽʜʥʦ ʟ 

ʚʽʜʦʤʠʤ ʟʚʽʪʦʤ ʗʜʝʨʥʽ ʜʦʩʣʽʜʞʝʥʥʷ 2011, ʥʘ ʢʦʞʝʥ ʜʦʣʘʨ, ʚʢʣʘʜʝʥʠʡ ʚ ʘʥʘʣʽʪʠʢʫ, ʚʠʭʦʜʠʪʴ 

ʨʝʥʪʘʙʝʣʴʥʽʩʪʴ ʽʥʚʝʩʪʠʮʽʡ (ROI) ʚ ʨʦʟʤʽʨʽ ʤʘʡʞʝ $11(10,66) ʧʨʠ ʨʦʟʛʣʷʜʽ ʙʽʣʴʰ ʥʽʞ 60 ʨʦʟʛʦʨʪʘʥʴ. 

ʉʫʜʷʯʠ ʟ ʫʩʴʦʛʦ, ʝʥʝʨʛʝʪʠʯʥʽ ʧʽʜʧʨʠʻʤʩʪʚʘ  ʤʦʞʥʘ ʦʯʽʢʫʚʘʪʠ ʪʘʢʦʾ ʞ ʨʝʥʪʘʙʝʣʴʥʦʩʪʽ ʽʥʚʝʩʪʠʮʽʡ. 

ʆʜʥʘʢ ʟʚʽʪ GTM ɼʦʩʣʽʜʥʠʮʴʢʘ ʤ'ʷʢʘ ʩʽʪʢʘ 2013-2020 ʧʦʢʘʟʫʻ, ʱʦ ʜʦ 2020 ʨʦʢʫ ʨʽʚʝʥʴ 

ʨʝʥʪʘʙʝʣʴʥʦʩʪʽ ʽʥʚʝʩʪʠʮʽʡ ʜʣʷ ʮʽʻʾ ʛʘʣʫʟʽ ʥʘʚʨʷʜ ʯʠ ʧʝʨʝʚʠʱʠʪʴ  $7 ʟʘ ʽʥʚʝʩʪʠʮʽʾ. ʇʨʠʯʠʥʠ - 

ʩʠʣʴʥʝ ʨʝʛʫʣʶʚʘʥʥʷ ʚ  ʛʘʣʫʟʽ ʽ ʥʝʤʦʞʣʠʚʽʩʪʴ ʨʦʟʨʘʭʦʚʫʚʘʪʠ ʥʘ ʟʨʦʩʪʘʥʥʷ ʩʧʦʞʠʚʘʥʥʷ, ʥʘʧʨʠʢʣʘʜ, 

ʚ ʪʦʨʛʽʚʣʽ. ʅʘʪʦʤʽʩʪʴ ʚ ʝʥʝʨʛʝʪʠʮʽ ʣʝʚʦʚʫ ʯʘʩʪʢʫ ʨʝʥʪʘʙʝʣʴʥʦʩʪʽ ʽʥʚʝʩʪʠʮʽʡ ʚ ʘʥʘʣʽʪʠʢʫ ʚʘʨʪʦ 

ʦʯʽʢʫʚʘʪʠ ʚʽʜ ʩʢʦʨʦʯʝʥʥʷ  ʚʠʪʨʘʪʠ, ʧʽʜʚʠʱʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʪʘ ʫʧʨʘʚʣʽʥʥʷ ʚ ʥʦʚʠʭ ʙʽʟʥʝʩʘʭ, 

ʪʘʢʠʭ ʷʢ ʚʠʢʦʨʠʩʪʘʥʥʷ ʟʝʣʝʥʠʭ ʪʝʭʥʦʣʦʛʽʡ ʪʘ ʟʘʭʠʩʪ ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ, ʘ ʪʘʢʦʞ 

ʟʨʦʩʪʘʶʯʘ ʧʦʷʚʘ ʢʦʨʠʩʪʫʚʘʯʽʚ ʟ ʚʣʘʩʥʠʤʠ ʜʞʝʨʝʣʘʤʠ ʝʥʝʨʛʽʾ, ʪʘʢʠʤʠ ʷʢ ʩʦʥʷʯʥʽ ʙʘʪʘʨʝʾ ʥʘ ʜʘʭʘʭ. 

ʈʦʟʛʣʷʥʝʤʦ ʱʝ ʢʽʣʴʢʘ ʧʨʦʢ̒ʪʽʚ ʫ ʩʬʝʨʽ ʘʥʘʣʽʪʠʢʠ ʝʥʝʨʛʦʩʠʩʪʝʤ, ʷʢʽ ʟʜʽʡʩʥʶʶʪʴ ʚʝʣʠʢʽ 

ʢʦʤʧʘʥʽʾ ʫ ʩʬʝʨʽ  ʧʣʘʪʬʦʨʤ ʜʣʷ ʨʦʟʫʤʥʠʭ ʣʽʯʠʣʴʥʠʢʽʚ. 

 

ʈʽʰʝʥʥʷ Siemens ʽ Teradata 

ʇʽʜʨʦʟʜʽʣ çʈʦʟʫʤʥʘ ʤʝʨʝʞʘè ʢʦʤʧʘʥʽʾ Siemens [17] ʽ ʢʦʨʧʦʨʘʮʽʷ Teradata [18], ʚʝʣʠʢʠʡ 

ʛʨʘʚʝʮʴ ʥʘ ʨʠʥʢʫ ʚʝʣʠʢʠʭ ʜʘʥʠʭ, ʦʛʦʣʦʩʠʣʠ ʧʨʦ ʛʣʦʙʘʣʴʥʝ ʩʪʨʘʪʝʛʽʯʥʝ ʩʧʽʚʨʦʙʽʪʥʠʮʪʚʦ ʚ ʦʙʣʘʩʪʽ 

ʚʝʣʠʢʠʭ ʜʘʥʠʭ. ɿʘʚʜʷʢʠ ʮʴʦʤʫ ʪʘʥʜʝʤʫ çʈʦʟʫʤʥʘ ʤʝʨʝʞʘè Siemens ʟʤʦʞʝ ʦʧʪʠʤʽʟʫʚʘʪʠ ʩʚʽʡ 

ʧʦʨʪʬʝʣʴ ʨʽʰʝʥʴ, ʩʧʨʷʤʦʚʘʥʠʭ ʥʘ ʧʽʜʚʠʱʝʥʥʷ ʧʨʦʟʦʨʦʩʪʽ ʦʧʝʨʘʮʽʡʥʦʾ ʜʽʷʣʴʥʦʩʪʽ ʤʝʨʝʞʝʚʠʭ ʽ 

ʨʦʟʜʨʽʙʥʠʭ ʝʥʝʨʛʝʪʠʯʥʠʭ ʢʦʤʧʘʥʽʡ. ɼʣʷ ʢʣʽʻʥʪʽʚ Siemens ʈʦʟʫʤʥʘ ʤʝʨʝʞʘ ʮʝ ʜʘʩʪʴ ʤʦʞʣʠʚʽʩʪʴ 

ʧʽʜʚʠʱʠʪʠ ʥʘʜʽʡʥʽʩʪʴ ʩʚʦʻʾ ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ ʽ ʙʽʣʴʰ ʝʬʝʢʪʠʚʥʦ ʫʧʨʘʚʣʷʪʠ ʩʚʦʾʤʠ 

ʝʣʝʢʪʨʦʤʝʨʝʞʘʤʠ ɭʜʠʥʘ ʘʨʭʽʪʝʢʪʫʨʘ ʜʘʥʠʭ, ʷʢʘ ʻ ʦʜʥʽʻʶ ʟ ʛʦʣʦʚʥʠʭ ʽʜʝʡ ʢʦʨʧʦʨʘʮʽʾ Teradata, ʻ 

ʦʩʥʦʚʦʶ ʜʣʷ ʨʝʘʣʽʟʘʮʽʾ ʫʧʨʘʚʣʽʥʥʷ, ʦʙʨʦʙʢʠ ʪʘ ʘʥʘʣʽʟʫ ʜʘʥʠʭ, ʜʦʟʚʦʣʷʶʯʠ ʢʦʤʫʥʘʣʴʥʠʤ 

ʧʽʜʧʨʠʻʤʩʪʚʘʤ  ʝʬʝʢʪʠʚʥʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʾʭ ʚʝʣʠʢʽ ʜʘʥʽ. ʊʘʢʠʡ ʦʙʩʷʛ ʜʘʥʠʭ ʥʝʤʠʥʫʯʝ ʚʠʥʠʢʘʻ, 

ʢʦʣʠ ʢʦʤʫʥʘʣʴʥʝ ʧʽʜʧʨʠʻʤʩʪʚʦ ʧʦʯʠʥʘʻ ʫʧʨʘʚʣʷʪʠ ʦʥʦʚʣʝʥʦʶ ʽʥʬʨʘʩʪʨʫʢʪʫʨʦʶ ʥʘ ʙʘʟʽ ʨʽʰʝʥʴ 

çʈʦʟʫʤʥʘ ʤʝʨʝʞʘè Siemens, ʧʦʻʜʥʫʶʯʠ ʚ ʩʦʙʽ ʧʝʨʝʜʦʚʫ ʘʚʪʦʤʘʪʠʟʘʮʽʶ, ʜʘʪʯʠʢʠ ʥʘʩʪʫʧʥʦʛʦ 

ʧʦʢʦʣʽʥʥʷ, ʩʠʩʪʝʤʠ ʟʚ'ʷʟʢʫ ʽ ʧʨʦʛʨʘʤʥʽ ʜʦʜʘʪʢʠ. 

ʂʣʽʻʥʪʠ Teradata, ʪʘʢʽ ʷʢ ʇʽʚʜʝʥʥʘ ʂʘʣʽʬʦʨʥʽʷ ɽʜʽʩʦʥ ʽ ʆʢʣʘʭʦʤʘ ɻʘʟ ʪʘ ɽʣʝʢʪʨʠʢ, ʚʞʝ 

ʦʙʨʦʙʣʷʶʪʴ ʽ ʘʥʘʣʽʟʫʶʪʴ ʚʝʣʠʯʝʟʥʽ ʦʙʩʷʛʠ ʜʘʥʠʭ, ʱʦ ʜʦʟʚʦʣʷʻ ʾʤ ʥʘʜʘʚʘʪʠ ʩʫʯʘʩʥʽ ʧʦʩʣʫʛʠ 

ʩʧʦʞʠʚʘʯʘʤ. ʂʦʤʫʥʘʣʴʥʽ ʩʣʫʞʙʠ ʪʝʧʝʨ ʤʦʞʫʪʴ ʰʚʠʜʢʦ ʦʮʽʥʠʪʠ ʚʠʪʨʘʪʠ ʪʘ ʯʘʩ, ʥʝʦʙʭʽʜʥʽ ʜʣʷ 

ʚʽʜʥʦʚʣʝʥʥʷ ʝʣʝʢʪʨʦʧʦʩʪʘʯʘʥʥʷ ʫ ʨʘʟʽ ʘʚʘʨʽʾ, ʪʘ ʽʥʬʦʨʤʫʚʘʪʠ ʩʚʦʾʭ ʢʣʽʻʥʪʽʚ. ɿʘ ʜʘʥʠʤʠ Teradata, 

ʟʘʧʠʪʠ ʧʨʦ ʚʪʨʘʪʠ ʧʨʠ ʧʝʨʝʜʘʯʽ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ, ʨʦʟʙʠʪʽ ʟʘ ʪʠʧʦʤ ʚʠʨʦʙʥʠʢʘ, ʛʝʦʛʨʘʬʽʯʥʠʤ 

ʨʦʟʪʘʰʫʚʘʥʥʷʤ ʪʘ ʧʦʛʦʜʥʠʤʠ ʫʤʦʚʘʤʠ, ʜʦʟʚʦʣʷʶʪʴ ʢʨʘʱʝ ʧʣʘʥʫʚʘʪʠ ʩʪʨʫʢʪʫʨʫ ʪʘ ʨʦʟʧʦʜʽʣ 

ʥʘʚʘʥʪʘʞʝʥʥʷ ʝʣʝʢʪʨʦʤʝʨʝʞʽ. ʊʝʭʥʽʯʥʝ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʪʝʧʝʨ ʤʦʞʥʘ ʧʨʦʚʦʜʠʪʠ ʥʘ ʦʩʥʦʚʽ 

ʬʘʢʪʠʯʥʠʭ ʜʘʥʠʭ ʧʨʦ ʩʪʘʥ ʽ ʟʥʦʩ  ʦʙʣʘʜʥʘʥʥʷ, ʘ ʥʝ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʟʘʪʚʝʨʜʞʝʥʦʛʦ ʛʨʘʬʽʢʘ. 
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ʙʨʠʛʘʜʠ. 

 

ʈʽʰʝʥʥʷ E.ON 

ɯʥʰʠʡ ʛʽʛʘʥʪ, Ericsson [19], ʩʪʘʻ ʦʧʝʨʘʪʦʨʦʤ ʙʽʣʴʰ ʥʽʞ 600 000 ʪʦʯʦʢ ʨʦʟʫʤʥʠʭ 

ʣʽʯʠʣʴʥʠʢʽʚ, ʱʦ ʟʙʽʣʴʰʠʪʴ ʜʦʩʪʘʚʢʫ ʜʘʥʠʭ ʜʣʷ E.ON, ʦʜʥʽʻʾ ʟ ʥʘʡʙʽʣʴʰʠʭ ʝʥʝʨʛʝʪʠʯʥʠʭ ʢʦʤʧʘʥʽʡ 

ʩʚʽʪʫ, ʥʘ 3000 %. ʈʦʟʫʤʥʽ ʤʝʨʝʞʽ ʟʘʙʝʟʧʝʯʘʪʴ ʙʽʣʴʰ ʝʬʝʢʪʠʚʥʝ ʫʧʨʘʚʣʽʥʥʷ  ʝʣʝʢʪʨʦʤʝʨʝʞʝʶ ʪʘ 

ʚʠʟʥʘʯʘʪʴ ʽʥʪʝʛʨʘʮʽʶ ʟ ʚʽʜʥʦʚʣʶʚʘʥʠʤʠ ʜʞʝʨʝʣʘʤʠ ʝʥʝʨʛʽʾ. ʑʝ ʦʜʠʥ ʢʨʦʢ ʜʦ Connected 

Community, ʜʝ ʚʝʣʠʢʽ ʜʘʥʽ ʪʘ ʭʤʘʨʥʽ ʦʙʯʠʩʣʝʥʥʷ ʚʠʟʥʘʯʘʶʪʴ ʢʦʥʪʫʨʠ ʤʘʡʙʫʪʥʴʦʛʦ ʜʣʷ 

ʝʥʝʨʛʝʪʠʯʥʦʾ, ʪʨʘʥʩʧʦʨʪʥʦʾ ʪʘ ɯʊ-ʛʘʣʫʟʝʡ.   

ʈʽʰʝʥʥʷ Ericsson ʙʫʜʫʪʴ ʟʙʠʨʘʪʠ ʜʘʥʽ ʟ ʨʦʟʫʤʥʠʭ ʣʽʯʠʣʴʥʠʢʽʚ ʽ ʧʦʩʪʘʯʘʪʠ ʾʭ ʚʠʨʦʙʥʠʯʽʡ 

IT-ʤʝʨʝʞʽ E.ON [20]. ɼʘʥʽ ʙʫʜʫʪʴ ʝʢʩʧʦʨʪʫʚʘʪʠʩʷ ʱʦʜʥʷ, ʱʦ ʟʙʽʣʴʰʫʻ ʾʭ ʦʙʩʷʛ ʥʘ 3000 ʚʽʜʩʦʪʢʽʚ 

ʫ ʧʦʨʽʚʥʷʥʥʽ ʟ ʱʦʤʽʩʷʯʥʠʤʠ ʚʠʤʽʨʶʚʘʥʥʷʤʠ. ɯʥʪʝʣʝʢʪʫʘʣʴʥʝ ʨʽʰʝʥʥʷ Ericsson ʜʣʷ  ʚʠʤʽʨʶʚʘʥʥʷ 

ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʷʢ ʧʦʩʣʫʛʘ ʽ ʜʦʟʚʦʣʷʻ E.ON ʩʪʘʪʠ ʙʽʣʴʰ ʝʬʝʢʪʠʚʥʠʤ. ʈʽʰʝʥʥʷ ʧʦʻʜʥʫʻ ʚ ʩʦʙʽ 

ʢʝʨʦʚʘʥʽ ʧʦʩʣʫʛʠ, ʩʠʩʪʝʤʠ ʢʦʥʩʫʣʴʪʘʮʽʡʥʠʭ ʪʘ ʽʥʪʝʛʨʘʮʽʡʥʠʭ ʧʦʩʣʫʛ, ʚʢʣʶʯʘʶʯʠ ʟʯʠʪʫʚʘʥʥʷ ʪʘ 

ʫʧʨʘʚʣʽʥʥʷ ʽʥʪʝʣʝʢʪʫʘʣʴʥʠʤʠ ʣʽʯʠʣʴʥʠʢʘʤʠ, ʤʦʥʽʪʦʨʠʥʛ ʝʣʝʤʝʥʪʽʚ ʚʠʤʽʨʶʚʘʣʴʥʦʾ ʤʝʨʝʞʽ. SLA 

(ʋʛʦʜʘ ʧʨʦ ʨʽʚʝʥʴ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ) ʚʠʟʥʘʯʘʻ ʫʧʨʘʚʣʽʥʥʷ ʧʨʘʮʝʶ, ʤʘʡʥʦʤ, ʙʽʟʥʝʩ-ʧʨʦʮʝʩʘʤʠ ʷʢ 

ʱʦʜʦ ʧʦʩʣʫʛ ʥʘ  ʤʽʩʮʷʭ,  ʪʘʢ ʽ  ʚ  ʜʠʩʧʝʪʯʝʨʩʴʢʦʤʫ  ʮʝʥʪʨʽ.  ʎʝ ʚʘʞʣʠʚʠʡ ʢʨʦʢ ʥʘ ʰʣʷʭʫ ʜʦ ʧʣʘʚʥʦʾ 

ʽʥʪʝʛʨʘʮʽʾ ʝʥʝʨʛʽʾ ʟ ʚʽʜʥʦʚʣʶʚʘʥʠʭ ʜʞʝʨʝʣ ʟ ʤʽʩʮʝʚʠʭ ʜʞʝʨʝʣ ʚ ʽʥʬʨʘʩʪʨʫʢʪʫʨʫ ʽʩʥʫʶʯʠʭ ʽ 

ʤʘʡʙʫʪʥʽʭ ʤʝʨʝʞ. ɿʘʢʦʥʦʜʘʚʩʪʚʦ ɭʚʨʦʧʝʡʩʴʢʦʛʦ ʉʦʶʟʫ ʚʠʤʘʛʘʻ ʚʽʜ ʚʠʨʦʙʥʠʢʽʚ ʝʥʝʨʛʽʾ ʘʙʦ 

ʦʧʝʨʘʪʦʨʽʚ ʨʦʟʧʦʜʽʣʝʥʠʭ ʩʠʩʪʝʤ ʨʦʟʛʦʨʪʘʪʠ ʽʥʪʝʣʝʢʪʫʘʣʴʥʽ ʩʠʩʪʝʤʠ ʟʙʦʨʫ ʜʘʥʠʭ ʧʨʦ ʩʧʦʞʠʚʘʥʥʷ 

ʝʥʝʨʛʽʾ ʟ ʤʝʪʦʶ ʚʞʠʪʪʷ ʟʘʭʦʜʽʚ ʜʣʷ ʧʽʜʚʠʱʝʥʥʷ ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʦʩʪʽ. ɽʨʽʢʩʩʦʥ ʇʨʝʟʠʜʝʥʪ ʫ 

ʇʽʚʥʽʯʥʽʡ ɭʚʨʦʧʽ ʪʘ ʎʝʥʪʨʘʣʴʥʽʡ ɸʟʽʾ ʈʦʙʝʨʪ ʇʫʩʢʘʨʽʯ ʩʢʘʟʘʚ: çʆʩʢʽʣʴʢʠ ʤʝʨʝʞʝʚʝ 

ʩʧʽʚʪʦʚʘʨʠʩʪʚʦ ʦʞʠʚʘʻ, ʽ ʤʠ ʟʥʘʭʦʜʠʤʦʩʷ ʥʘ ʰʣʷʭʫ ʜʦ ʧʽʜʢʣʶʯʝʥʥʷ ʥʘʰʠʭ 50 ʤʽʣʴʷʨʜʽʚ 

ʧʨʠʩʪʨʦʾʚ, ʤʠ ʚʧʝʚʥʝʥʽ, ʱʦ ʚʝʣʠʢʘ ʯʘʩʪʠʥʘ ʢʦʤʫʥʽʢʘʮʽʡ M2M (ʚʽʜ ʤʘʰʠʥʠ ʜʦ ʤʘʰʠʥʠ) ʮʝ ʙʫʜʫʪʴ 

çʈʦʟʫʤʥʽ ʤʝʨʝʞʽ ʽ Smart Meeteringè. Ericsson ʪʘʢʦʞ ʨʦʟʛʦʨʪʘʻ ʤʝʨʝʞʽ ʪʘ ʧʦʩʣʫʛʠ çʈʦʟʫʤʥʽ 

ʤʝʨʝʞʽè ʚ ɽʩʪʦʥʽʾ ʪʘ ɯʪʘʣʽʾ. 

E.ON ï ʦʜʥʘ ʟ ʥʘʡʙʽʣʴʰʠʭ ʧʨʠʚʘʪʥʠʭ ʝʥʝʨʛʝʪʠʯʥʠʭ ʢʦʤʧʘʥʽʡ ʫ ʩʚʽʪʽ, ʦʙʨʘʣʘ Ericsson ʜʣʷ 

ʢʦʥʩʘʣʪʠʥʛʦʚʠʭ ʩʠʩʪʝʤʥʠʭ ʨʽʰʝʥʴ ʟ ʽʥʪʝʛʨʘʮʽʾ ʧʦʩʣʫʛ ʥʝ ʚʠʧʘʜʢʦʚʦ ʨʦʟʫʤʥʽ ʤʝʨʝʞʽ ʜʦʩʪʫʧʥʽ ʜʣʷ 

ʩʚʦʾʭ ʢʣʽʻʥʪʽʚ. ɽʨʽʢʩʩʦʥ ʙʫʜʝ ʟʙʠʨʘʪʠ ʜʘʥʽ ʟ ʨʦʟʫʤʥʠʭ ʣʽʯʠʣʴʥʠʢʽʚ ʽ ʦʙʨʦʙʣʷʪʠ ʾʭ ʫ ʩʚʦʾʡ 

ʚʥʫʪʨʽʰʥʽʡ ʤʝʨʝʞʽ ʥʘ ʦʩʥʦʚʽ ʚʠʢʦʨʠʩʪʘʥʥʷ ʦʙʯʠʩʣʶʚʘʣʴʥʠʭ ʨʝʩʫʨʩʽʚ ʢʦʤʧʘʥʽʾ. ʋ ʪʦʡ ʞʝ ʯʘʩ 

E.ON ʚʠʚʯʘʻ ʰʣʷʭʠ ʫʩʫʥʝʥʥʷ ʧʨʷʤʦʛʦ ʘʫʪʩʦʨʩʠʥʛʫ ʦʙʯʠʩʣʶʚʘʣʴʥʠʭ ʧʨʦʮʝʩʽʚ ʩʪʦʨʦʥʥʽʡ 

ʢʦʤʧʘʥʽʾ. ʉʪʚʦʨʶʻʪʝ ʚʣʘʩʥʽ ʜʘʪʘ-ʮʝʥʪʨʠ?  ʗʢ ʥʘʡʢʨʘʱʝ ʜʣʷ ʥʽʤʝʮʴʢʠʭ ʝʥʝʨʛʝʪʠʯʥʠʭ ʢʦʤʧʘʥʽʡ 

ʧʦʻʜʥʘʪʠ ʥʝʚʠʟʥʘʯʝʥʝ ʤʘʡʙʫʪʥʻ ʤʝʨʝʞ ʟʙʦʨʫ ʜʘʥʠʭ ʨʦʟʫʤʥʠʭ ʣʽʯʠʣʴʥʠʢʽʚ ʪʘ ʧʦʩʪʽʡʥʠʡ ʪʠʩʢ ʥʘ 

ʫʧʨʘʚʣʽʥʥʷ ʥʘʡʙʽʣʴʰʦʶ ʨʦʟʜʽʣʝʥʦʶ ʧʦʪʫʞʥʽʩʪʶ ʩʦʥʷʯʥʠʭ ʝʣʝʢʪʨʦʩʪʘʥʮʽʡ? ʈʘʟʦʤ ʟ IBM, ʚʽʜʦʤʠʤ 

ʣʽʜʝʨʦʤ ʚ ʦʙʣʘʩʪʽ ʭʤʘʨʥʠʭ ʨʽʰʝʥʴ, E.ON ʦʛʦʣʦʩʠʣʘ ʧʨʦ ʧʦʪʝʥʮʽʡʥʝ ʨʽʰʝʥʥʷ,  ʷʢʝ ʤʦʞʝ  ʚʠʡʪʠ ʟʘ  

ʤʝʞʽ ʽ ʧʦʢʘʟʘʪʠ, ʷʢ ʭʤʘʨʥʘ ʽʥʬʨʘʩʪʨʫʢʪʫʨʘ ʤʦʞʝ ʙʫʪʠ ʟʘʩʪʦʩʦʚʘʥʘ ʜʣʷ ʚʠʨʽʰʝʥʥʷ ʧʨʦʙʣʝʤ 

ʨʦʟʫʤʥʠʭ ʝʥʝʨʛʦʩʠʩʪʝʤ ʥʘ ʙʣʘʛʦ ʝʥʝʨʛʝʪʠʯʥʠʭ ʧʽʜʧʨʠʻʤʩʪʚ ʜʣʷ ʧʦʩʪʽʡʥʦ ʟʨʦʩʪʘʶʯʠʭ ʚʠʢʣʠʢʽʚ 

ʚʝʣʠʢʠʭ ʜʘʥʠʭ. 

E.ON ʙʘʟʫʚʘʪʠʤʝ ʽʥʬʨʘʩʪʨʫʢʪʫʨʫ ʽʥʪʝʣʝʢʪʫʘʣʴʥʠʭ ʣʽʯʠʣʴʥʠʢʽʚ ʫ ʮʝʥʪʨʽ ʦʙʨʦʙʢʠ ʜʘʥʠʭ 

IBM ʫ ʅʽʤʝʯʯʠʥʽ, ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ ʩʚʦʶ ʽʥʪʝʣʝʢʪʫʘʣʴʥʫ ʭʤʘʨʫ ʪʘ ʽʥʪʝʣʝʢʪʫʘʣʴʥʫ ʧʣʘʪʬʦʨʤʫ 

ʝʥʝʨʛʝʪʠʯʥʠʭ ʧʦʩʣʫʛ (IESEP). ʄʝʪʘ ï ʧʦʢʨʘʱʠʪʠ ʚʧʨʦʚʘʜʞʝʥʥʷ ʪʘ ʫʧʨʘʚʣʽʥʥʷ ʨʦʟʫʤʥʠʤʠ 

ʣʽʯʠʣʴʥʠʢʘʤʠ, ʩʧʨʦʩʪʠʪʠ ʽʥʪʝʛʨʘʮʽʶ ʟ ʚʽʜʥʦʚʣʶʚʘʥʠʤʠ ʜʞʝʨʝʣʘʤʠ ʝʥʝʨʛʽʾ ʪʘ ʽʥʰʠʤʠ 

ʽʥʥʦʚʘʮʽʡʥʠʤʠ ʧʦʩʣʫʛʘʤʠ, ʦʜʥʦʯʘʩʥʦ ʧʦʢʨʘʱʠʚʰʠ ʨʽʚʝʥʴ ʧʦʩʣʫʛ ʜʣʷ ʩʧʦʞʠʚʘʯʽʚ ʝʥʝʨʛʽʾ. E.ON 
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ʚʦʣʦʜʽʻ 68 ʛʽʛʘʚʘʪʘʤʠ ʝʥʝʨʛʽʾ ʚ ɭʚʨʦʧʽ ʪʘ ʟʘʙʝʟʧʝʯʫʻ ʥʝʶ 26 ʤʽʣʴʡʦʥʽʚ ʩʧʦʞʠʚʘʯʽʚ. ʅʝʟʚʘʞʘʶʯʠ 

ʥʘ ʛʽʛʘʥʪʩʴʢʽ ʤʘʩʰʪʘʙʠ, ʢʦʨʧʦʨʘʮʽʷ ʥʝ ʟʙʠʨʘʻʪʴʩʷ ʨʦʟʛʦʨʪʘʪʠ ʙʘʛʘʪʦ ʢʦʤʧ'ʶʪʝʨʥʠʭ ʮʝʥʪʨʽʚ, ʘ 

ʧʦʯʠʥʘʻ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʧʨʠʚʘʪʥʫ ʭʤʘʨʫ ʜʣʷ ʢʣʽʻʥʪʽʚ ʚ ʅʽʤʝʯʯʠʥʽ, ɸʚʩʪʨʽʾ ʪʘ ʐʚʝʡʮʘʨʽʾ. 

ʇʝʨʰʠʤʠ ʢʨʦʢʘʤʠ ʜʣʷ ʜʦʜʘʪʢʽʚ, ʦʨʽʻʥʪʦʚʘʥʠʭ ʥʘ ʢʣʽʻʥʪʽʚ, ʻ çʧʨʦʬʽʣʽ ʚʠʢʦʨʠʩʪʘʥʥʷè ʜʣʷ 

ʽʥʬʦʨʤʘʮʽʾ ʧʨʦ çʯʘʩ ʚʠʢʦʨʠʩʪʘʥʥʷè, ʪʦʙʪʦ ʪʠʧʦʚʽ ʟʤʽʥʠ ʥʘʚʘʥʪʘʞʝʥʥʷ ʟ ʯʘʩʦʤ, ʩʧʝʮʠʬʽʯʥʽ ʜʣʷ 

ʢʦʞʥʦʛʦ ʦʢʨʝʤʦʛʦ ʢʦʨʠʩʪʫʚʘʯʘ ʪʘ ʧʨʝʜʩʪʘʚʣʝʥʽ ʩʧʝʮʽʘʣʴʥʠʤ ʢʦʜʫʚʘʥʥʷʤ. ɰʭ ʽʥʦʜʽ ʥʘʟʠʚʘʶʪʴ 

ʩʧʦʞʠʚʯʠʤʠ ʤʦʜʝʣʷʤʠ, ʷʢʽ ʤʦʞʥʘ ʧʦʨʽʚʥʷʪʠ ʟ ʽʩʪʦʨʠʯʥʠʤʠ ʜʘʥʠʤʠ. ʎʽ ʚʣʘʩʪʠʚʦʩʪʽ ʜʫʞʝ 

ʧʦʰʠʨʝʥʽ ʧʨʠ ʨʦʟʛʦʨʪʘʥʥʽ ʽʥʪʝʣʝʢʪʫʘʣʴʥʠʭ ʣʽʯʠʣʴʥʠʢʽʚ ʩʴʦʛʦʜʥʽ. ʇʽʜʧʨʠʻʤʩʪʚʘʤ, ʢʨʽʤ ʪʦʛʦ, 

ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʚʢʣʶʯʘʪʠ ʢʦʥʢʨʝʪʥʽ ʜʝʪʘʣʽ ʚ ʰʘʙʣʦʥʠ, ʢʨʽʤ ʚʠʢʦʨʠʩʪʦʚʫʚʘʥʦʾ ʜʠʥʘʤʽʢʠ 

ʥʘʚʘʥʪʘʞʝʥʥʷ  , ʷʢʽ ʨʝʘʣʽʟʫʶʪʴʩʷ  ʷʢ ʚ  ʢʣʽʻʥʪʦʦʨʽʻʥʪʦʚʘʥʠʭ (ʦʨʽʻʥʪʦʚʘʥʠʭ ʥʘ ʢʣʽʻʥʪʘ) ʜʦʜʘʪʢʘʭ, 

ʪʘʢ ʽ ʚ ʨʘʤʢʘʭ ʢʦʨʧʦʨʘʪʠʚʥʠʭ ʙʽʟʥʝʩ-ʢʝʡʩʽʚ ʜʣʷ ʧʣʘʪʬʦʨʤ. ɺʝʣʠʢʽ ʜʘʥʽ ʪʘ ʘʥʘʣʽʪʠʢʘ ʧʨʦʜʦʚʞʫʶʪʴ 

ʟʘʣʠʰʘʪʠʩʷ ʜʨʘʡʚʝʨʘʤʠ ʥʦʚʠʭ ʽʥʥʦʚʘʮʽʡ ʪʘ ʝʬʝʢʪʠʚʥʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʂʦʞʝʥ ʥʦʚʠʡ ʧʨʦʢ̒ʪ ʚʧʨʦʚʘʜʞʫʻ ʽʥʥʦʚʘʮʽʾ ʚ ʽʥʬʦʨʤʘʮʽʡʥʝ ʩʝʨʝʜʦʚʠʱʝ ʝʥʝʨʛʦʩʠʩʪʝʤ. 

Siemens ʽ Teradata ʧʨʦʧʦʥʫʶʪʴ ʥʘʩʢʨʽʟʥʫ ʽʥʪʝʛʨʘʮʽʶ ʦʧʝʨʘʪʠʚʥʠʭ ʜʘʥʠʭ ʟ ʜʘʥʠʤʠ 

ʽʥʪʝʣʝʢʪʫʘʣʴʥʠʭ ʣʽʯʠʣʴʥʠʢʽʚ ʜʣʷ ʘʥʘʣʽʟʫ ʥʘ ʻʜʠʥʽʡ ʧʣʘʪʬʦʨʤʽ, ʪʠʤ ʩʘʤʠʤ ʨʝʘʣʽʟʫʶʯʠ ʥʦʚʠʡ 

ʧʽʜʭʽʜ ʜʦ ʝʢʩʧʣʫʘʪʘʮʽʾ ʪʘ ʨʦʟʚʠʪʢʫ ʝʣʝʢʪʨʦʤʝʨʝʞ. ʂʦʤʧʘʥʽʾ ʩʧʽʚʧʨʘʮʶʶʪʴ ʜʣʷ ʨʦʟʨʦʙʢʠ ʤʦʜʝʣʝʡ 

ʜʘʥʠʭ ʥʘ ʦʩʥʦʚʽ  ʣʦʛʽʯʥʦʾ  ʤʦʜʝʣʽ ʜʘʥʠʭ ʄʦʜʝʣʴ ʜʘʥʠʭ Teradata Utilities [21], ʷʢʘ ʻ ʦʩʥʦʚʦʶ ʙʽʟʥʝʩ-

ʘʥʘʣʽʪʠʢʠ ʜʣʷ ʝʥʝʨʛʝʪʠʯʥʦʾ ʛʘʣʫʟʽ. ʎʷ ʤʦʜʝʣʴ ʟʘʙʝʟʧʝʯʫʻ ʩʪʨʫʢʪʫʨʫ ʪʘ ʩʪʘʥʜʘʨʪʠ ʜʘʥʠʭ ʜʣʷ 

ʨʽʰʝʥʥʷ ʚʘʞʣʠʚʠʭ ʙʽʟʥʝʩ-ʧʠʪʘʥʴ, ʨʦʙʠʪʴ ʜʘʥʽ ʜʦʩʪʫʧʥʠʤʠ ʟʘʙʝʟʧʝʯʫʻ ʾʭ ʧʦʚʪʦʨʥʝ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʚ ʽʥʰʠʭ ʜʦʜʘʪʢʘʭ, ʘ ʪʘʢʦʞ ʜʦʟʚʦʣʷʻ ʰʚʠʜʢʦ ʪʘ ʥʘʜʽʡʥʦ ʧʝʨʝʜʘʚʘʪʠ ʽʥʬʦʨʤʘʮʽʶ ʩʧʦʞʠʚʘʯʘʤ 

ʝʥʝʨʛʽʾ  ʪʘ ʢʦʥʪʨʦʣʶʶʯʠʤ ʦʨʛʘʥʘʤ. 

 

ʈʽʰʝʥʥʷ HyRef 

IBM ʨʦʟʨʦʙʠʣʘ ʪʝʭʥʦʣʦʛʽʶ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʛʽʙʨʠʜʥʦʾ ʚʽʜʥʦʚʣʶʚʘʥʦʾ ʝʥʝʨʛʝʪʠʢʠ (HyRef), 

ʷʢʘ ʧʨʠʟʥʘʯʝʥʘ ʜʣʷ ʝʬʝʢʪʠʚʥʦʛʦ ʚʧʨʦʚʘʜʞʝʥʥʷ ʚʽʜʥʦʚʣʶʚʘʥʠʭ ʜʞʝʨʝʣ ʝʥʝʨʛʽʾ ʚ ʤʝʨʝʞʫ 

ʝʥʝʨʛʦʧʦʩʪʘʯʘʥʥʷ.  

ɯʥʩʪʨʫʤʝʥʪ ʚʠʢʦʨʠʩʪʦʚʫʻ ʢʦʤʙʽʥʘʮʽʶ ʚʜʦʩʢʦʥʘʣʝʥʦʾ ʩʠʩʪʝʤʠ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʧʦʛʦʜʠ ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʘʥʘʣʽʟʫ ʟʦʙʨʘʞʝʥʴ ʭʤʘʨ ʽ ʢʘʤʝʨʠ, ʱʦ ʜʠʚʠʪʴʩʷ ʥʘ ʥʝʙʦ. ɿʘʩʪʦʩʫʚʘʥʥʷ ʤʦʞʝ ʙʫʪʠ 

ʟʦʩʝʨʝʜʞʝʥʦ ʥʘ ʜʝʪʘʣʽʟʘʮʽʾ ʦʜʥʽʻʾ ʚʽʪʨʦʚʦʾ ʪʫʨʙʽʥʠ. ɻʽʩʪʦʛʨʘʤʘ ʚʠʢʦʨʠʩʪʦʚʫʻ ʚʝʣʠʢʽ ʜʘʥʽ ʪʘ 

ʘʥʘʣʽʪʠʢʫ ʜʣʷ ʤʦʜʝʣʶʚʘʥʥʷ ʪʘ ʧʨʦʛʥʦʟʫʚʘʥʥʷ, ʢʦʣʠ ʽ ʷʢ ʙʫʜʫʪʴ ʧʨʘʮʶʚʘʪʠ ʪʫʨʙʽʥʠ. ʊʦʯʥʽʩʪʴ 

ʧʨʦʛʥʦʟʫ ʛʝʥʝʨʘʮʽʾ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ ʜʦʩʷʛʘʻ 10 %. ɼʝʨʞʘʚʥʘ ʤʝʨʝʞʝʚʘ ʢʦʨʧʦʨʘʮʽʷ ʂʠʪʘʶ (SGCC), 

ʝʥʝʨʛʝʪʠʯʥʘ ʢʦʤʧʘʥʽʷ ʚ ʂʠʪʘʾ, ʟʘʷʚʠʣʘ, ʱʦ ʚʞʝ ʨʦʟʛʦʨʥʫʣʘ ʩʠʩʪʝʤʫ ɻʽʩʪʦʛʨʘʤʘ  ʜʣʷ ʝʬʝʢʪʠʚʥʦʾ 

ʽʥʪʝʛʨʘʮʽʾ ʟ ʤʝʨʝʞʝʶ ʚʽʜʥʦʚʣʶʚʘʥʠʭ ʜʞʝʨʝʣ ʝʥʝʨʛʽʾ. ʅʘ ʨʠʩʫʥʢʫ 1.7 ʧʨʝʜʩʪʘʚʣʝʥʠʡ ʬʨʘʛʤʝʥʪ 

ʨʝʢʣʘʤʥʦʛʦ ʧʣʘʢʘʪʘ, ʷʢʠʡ ʨʦʟʢʨʠʚʘʻ ʧʝʨʝʚʘʛʠ ɻʽʩʪʦʛʨʘʤʘ. ʇʽʣʦʪʥʠʡ ʧʨʦʢ̒ʪ ʧʦʪʫʞʥʽʩʪʶ 670 

ʤʝʛʘʚʘʪ ʚ ʤʽʩʪʽ ʏʞʘʥʙʝʡ ʻ ʥʘʡʙʽʣʴʰʠʤ ʫ ʩʚʽʪʽ, ʷʢʠʡ ʧʦʻʜʥʫʻ ʚ ʩʦʙʽ ʝʥʝʨʛʽʶ ʚʽʪʨʫ ʽ ʩʦʥʮʷ, 

ʥʘʢʦʧʠʯʫʚʘʯʽ ʝʥʝʨʛʽʾ ʪʘ ʽʥʥʦʚʘʮʽʡʥʽ ʩʠʩʪʝʤʠ ʧʝʨʝʜʘʯʽ. 
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ʈʠʩ. 1.7. ʈʝʢʣʘʤʥʠʡ ʧʣʘʢʘʪ HyRef ʧʦʷʩʥʶʻ ʤʦʞʣʠʚʽʩʪʴ ʟʘ ʨʘʭʫʥʦʢ ʜʫʞʝ ʪʦʯʥʠʭ ʜʘʥʠʭ ʧʨʦ 

ʧʦʛʦʜʥʽ ʫʤʦʚʠ ʩʪʘʙʽʣʽʟʫʚʘʪʠ ʤʝʨʝʞʽ ʟʝʣʝʥʠʤʠ ʜʞʝʨʝʣʘʤʠ 

 

C3Energy 

ʋʥʽʢʘʣʴʥʘ ʩʠʩʪʝʤʘ ʚʝʣʠʢʠʭ ʜʘʥʠʭ ʙʫʣʘ ʨʦʟʛʦʨʥʫʪʘ ʜʦʩʣʽʜʥʠʢʘʤʠ ʟ IBM Lab ʚ ʂʠʪʘʾ ʽ TJ 

Watson Research Lab ʚ ʁʦʨʢʪʘʫʥʽ, ʰʪʘʪ ʅʴʶ-ʁʦʨʢ.  

ʅʘ ʨʠʥʢʫ ʢʦʤʧʘʥʽʡ, ʱʦ ʩʧʝʮʽʘʣʽʟʫʶʪʴʩʷ ʥʘ ʧʨʦʛʨʘʤʥʠʭ ʧʨʦʜʫʢʪʘʭ ʜʣʷ ʝʥʝʨʛʝʪʠʯʥʦʛʦ 

ʩʝʢʪʦʨʘ, ʯʽʣʴʥʝ ʤʽʩʮʝ ʟʘʡʤʘʻ C3Energy. ʆʩʪʘʥʥʽʤ ʯʘʩʦʤ ʚʦʥʘ ʧʨʦʚʝʣʘ ʚʝʣʠʢʫ ʨʦʙʦʪʫ ʟ 

ʟʘʩʪʦʩʫʚʘʥʥʷ ʩʚʦʛʦ ʧʨʦʛʨʘʤʥʦʛʦ ʨʽʰʝʥʥʷ ʜʣʷ ʘʛʨʝʛʘʮʽʾ ʪʘ ʘʥʘʣʽʪʠʢʠ ʚʝʣʠʢʠʭ ʜʘʥʠʭ ʜʦ ʨʦʟʫʤʥʠʭ 

ʤʝʨʝʞ. ʆʩʪʘʥʥʽ ʯʦʪʠʨʠ ʟʘʷʚʢʠ, ʘʥʦʥʩʦʚʘʥʽ ʚ ʮʽʡ ʩʬʝʨʽ, ʨʝʘʣʽʟʦʚʘʥʽ ʥʘ ʷʜʨʽ ʧʨʦʮʝʩʠʥʛʦʚʦʾ ʩʠʩʪʝʤʠ 

(ʜʚʠʞʦʢ ʜʘʥʠʭ), ʚʞʝ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʚʝʣʠʢʦʶ ʢʽʣʴʢʽʩʪʶ ʢʦʨʧʦʨʘʪʠʚʥʠʭ ʪʘ  ʽʥʩʪʠʪʫʮʽʡʥʠʭ 

ʢʣʽʻʥʪʽʚ ʜʣʷ ʝʥʝʨʛʝʪʠʯʥʦʛʦ ʪʘ ʤʘʡʥʦʚʦʛʦ ʧʣʘʥʫʚʘʥʥʷ.  

ʇʝʨʰʽ ʜʚʘ ʜʦʜʘʪʢʠ ʥʘʟʠʚʘʶʪʴʩʷ çC3 ʈʠʟʠʢ ʘʢʪʠʚʽʚ ʪʘ ʩʠʩʪʝʤʥʠʡ ʨʠʟʠʢè ̔  çC3 ʇʣʘʥʫʚʘʥʥʷ 

ʽʥʚʝʩʪʠʮʽʡ ʚ ʤʝʨʝʞʫè. ʇʝʨʰʠʡ ʟ ʧʝʨʝʨʘʭʦʚʘʥʠʭ ʜʦʟʚʦʣʷʻ ʧʦʩʪʽʡʥʦ ʦʮʽʥʶʚʘʪʠ ʩʪʘʥ ʧʦʢʘʟʥʠʢʽʚ ʧʦ 

ʦʙ'ʻʢʪʫ ʥʝʨʫʭʦʤʦʩʪʽ ʜʣʷ ʟʥʠʞʝʥʥʷ ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʭ ʚʠʪʨʘʪ, ʟʘʧʦʙʽʛʘʥʥʷ ʟʙʦʾʚ ʽ ʤʽʥʽʤʽʟʘʮʽʾ 

ʥʝʧʝʨʝʜʙʘʯʝʥʠʭ ʢʘʧʽʪʘʣʴʥʠʭ ʚʠʪʨʘʪ. ɼʨʫʛʠʡ ʜʦʜʘʪʦʢ, ̌ ʨʫʥʪʫʶʯʠʩʴ ʥʘ ʜʘʥʠʭ ʚʩʽʭ ʚʠʜʽʚ (ʛʨʦʰʦʚʠʡ 

ʧʦʪʽʢ, ʣʦʷʣʴʥʽʩʪʴ ʢʣʽʻʥʪʽʚ, ʚʧʣʠʚ ʥʘ ʤʝʨʝʞʫ) ʤʘʡʥʘ, ʦʮʽʥʶʻ ʨʘʥʛ ʨʽʟʥʠʭ ʚʠʜʽʚ ʽʥʚʝʩʪʠʮʽʡ ʚ 

ʤʝʨʝʞʫ. ɼʦʟʚʦʣʷʻ ʧʨʦʽʥʬʦʨʤʫʚʘʪʠ ʧʨʦ ʥʝʦʙʭʽʜʥʽʩʪʴ  ʚʠʪʨʘʪ ʥʘ ʟʘʤʽʥʫ ʝʣʝʤʝʥʪʽʚ ʤʝʨʝʞʽ. 

ɯʥʰʘ ʧʨʦʛʨʘʤʘ, çC3 ʆʧʝʨʘʮʽʾ AMIè, ʧʨʠʟʥʘʯʝʥʘ ʜʣʷ ʜʦʧʦʤʦʛʠ ʧʝʨʩʦʥʘʣʫ ʚ ʫʩʪʘʥʦʚʮʽ, 

ʚʚʝʜʝʥʥʽ ʚ ʝʢʩʧʣʫʘʪʘʮʽʶ ʪʘ ʦʙʩʣʫʛʦʚʫʚʘʥʥʽ  ̔ ʥʪʝʣʝʢʪʫʘʣʴʥʠʭ ʣʽʯʠʣʴʥʠʢʽʚ ʽ ʤʝʨʝʞʽ, ʷʢʘ ʾʭ ʟô̒ ʜʥʫʻ.  

 

ʉʠʩʪʝʤʠ ʘʚʪʦʤʘʪʠʯʥʠʭ ʝʣʝʢʪʨʦʤʝʨʝʞ 

ʐʚʠʜʢʦ ʟʨʦʩʪʘʶʯʠʡ ʨʠʥʦʢ ʧʨʠʚʘʙʣʶʻ ʥʦʚʠʭ ʛʨʘʚʮʽʚ. ɹʘʛʘʪʦ ʟ ʥʠʭ ʫʩʧʽʰʥʽ. ʉʠʩʪʝʤʠ 

ʘʚʪʦʤʘʪʠʯʥʠʭ ʝʣʝʢʪʨʦʤʝʨʝʞ [22], ʢʘʣʽʬʦʨʥʽʡʩʴʢʠʡ ʩʪʘʨʪʘʧ, ʟʘʩʥʦʚʘʥʠʡ ʫ 2011 ʨʦʮʽ, ʩʪʚʦʨʠʚ 

ʩʚʦʶ ʧʣʘʪʬʦʨʤʫ ʚʝʣʠʢʠʭ ʜʘʥʠʭ ʜʣʷ ʽʥʪʝʣʝʢʪʫʘʣʴʥʠʭ ʤʝʨʝʞ. ʅʝʱʦʜʘʚʥʦ ʷʧʦʥʩʴʢʠʡ ʛʽʛʘʥʪ NTT 

Data [23] ʧʨʠʜʙʘʚ ʣʽʮʝʥʟʽʶ ʥʘ ʮʶ ʧʣʘʪʬʦʨʤʫ.  ɺʣʘʩʥʠʡ ʧʨʦʜʫʢʪ ʥʘ ʦʩʥʦʚʽ ʮʽʻʾ ʧʣʘʪʬʦʨʤʠ ʽʥʪʝʛʨʫʻ 

ʨʦʟʫʤʥʽ ʣʽʯʠʣʴʥʠʢʠ ʪʘ ʫʧʨʘʚʣʽʥʥʷ ʨʝʘʢʮʽʻʶ ʧʦʧʠʪʫ ʜʣʷ ʷʧʦʥʩʴʢʠʭ ʧʽʜʧʨʠʻʤʩʪʚ ʪʘ ʙʫʜʽʚʝʣʴ. ʎʝ 

ʙʫʜʝ ʙʣʠʟʴʢʦ ʜʦ ʪʦʛʦ, ʱʦ  ʥʘʟʠʚʘʻʪʴʩʷ ʩʠʩʪʝʤʦʶ ʦʧʪʠʤʽʟʘʮʽʾ ʪʘ ʫʧʨʘʚʣʽʥʥʷ ʨʝʘʢʮʽʻʶ ʧʦʧʠʪʫ 

(DROMS). ʆʜʥʘʢ ʧʨʦʜʫʢʪ ʙʫʜʝ ʤʘʪʠ  ʩʧʝʮʠʬʽʯʥʽ ʦʩʦʙʣʠʚʦʩʪʽ. 
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ʇʣʘʪʬʦʨʤʘ çɸʚʪʦʩʽʪʢʘè ʚʠʢʦʨʠʩʪʦʚʫʻ ʽʥʪʝʛʨʘʮʽʶ ʜʘʥʠʭ ʟ ʨʽʟʥʠʭ ʜʞʝʨʝʣ ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʥʝʩʪʨʫʢʪʫʨʦʚʘʥʦʛʦ ʤʝʭʘʥʽʟʤʫ ʦʙʨʦʙʢʠ ʜʘʥʠʭ, ʽʥʩʪʨʫʤʝʥʪʫ ʽʥʪʝʛʨʘʮʽʾ ʜʘʥʠʭ ʙʽʣʴʰ ʚʠʩʦʢʦʛʦ ʨʽʚʥʷ. 

ʂʦʨʝʥʝʚʦʶ ʪʝʭʥʦʣʦʛʽʻʶ ʧʣʘʪʬʦʨʤʠ ʻ çʇʣʘʪʬʦʨʤʘ ʝʥʝʨʛʝʪʠʯʥʠʭ ʜʘʥʠʭè, ʭʤʘʨʥʠʡ ʨʫʰʽʡ ʜʣʷ 

ʘʥʘʣʽʪʠʢʠ ʪʘ ʫʧʨʘʚʣʽʥʥʷ ʥʝʩʪʨʫʢʪʫʨʦʚʘʥʠʤʠ ʜʘʥʠʤʠ. ɺʽʥ ʙʝʨʝ ʜʘʥʽ ʟ ʜʝʢʽʣʴʢʦʭ ʜʞʝʨʝʣ ʽ 

ʟʘʩʪʦʩʦʚʫʻ ʜʦ ʧʦʪʦʢʫ ʘʣʛʦʨʠʪʤ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʚ ʨʝʞʠʤʽ ʨʝʘʣʴʥʦʛʦ ʯʘʩʫ. ʂʦʤʧʘʥʽʷ ʻ ʧʦʤʽʪʥʠʤ 

ʛʝʥʝʨʘʪʦʨʦʤ ʽʜʝʡ ʽ ʪʝʨʤʽʥʽʚ. ʊʘʢ, ʥʘʧʨʠʢʣʘʜ, ʚ ʨʦʟʫʤʽʥʥʽ ʢʦʤʧʘʥʽʾ ɺʝʣʠʢʽ ʜʘʥʽ = ʢʦʥʪʨʦʣʴ 

ʧʨʠʩʪʨʦʾʚ, ʙʽʟʥʝʩ-ʘʥʘʣʽʪʠʢʘ ʪʘ ʽʥʰʝ.  

ʅʝʱʦʜʘʚʥʦ ʙʫʣʦ ʧʨʦʜʝʤʦʥʩʪʨʦʚʘʥʦ, ʱʦ ʚʞʝ ʧʨʘʮʶʶʯʠʡ ʜʦʜʘʪʦʢ ʥʘ ʦʩʥʦʚʽ ʧʣʘʪʬʦʨʤʠ 

ʝʥʝʨʛʝʪʠʯʥʠʭ ʜʘʥʠʭ ʧʨʘʮʶʻ ʷʢ ʯʘʩʪʠʥʘ ʩʠʩʪʝʤʠ ʨʝʘʛʫʚʘʥʥʷ ʥʘ ʧʦʧʠʪ DR ʟ ʧʽʜʚʠʱʝʥʦʶ 

ʝʣʘʩʪʠʯʥʽʩʪʶ. 

ʇʘʨʪʥʝʨʠ ʧʣʘʥʫʶʪʴ ʜʦʜʘʪʠ ʥʦʚʽ ʽʥʩʪʨʫʤʝʥʪʠ ʘʥʘʣʽʪʠʢʠ ʪʘ ʫʧʨʘʚʣʽʥʥʷ ʙʽʟʥʝʩʦʤ, ʷʢʽ ʤʦʛʣʠ 

ʙ ʨʘʥʞʫʚʘʪʠ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʩʧʦʞʠʚʘʥʥʷ ʝʥʝʨʛʽʾ ʜʣʷ ʢʣʽʻʥʪʽʚ ʪʘ ʧʦʚʝʜʽʥʢʦʚʫ ʘʥʘʣʽʪʠʢʫ, ʱʦʙ 

ʽʥʪʝʛʨʫʚʘʪʠ ʡʦʛʦ ʟ ʫʧʨʘʚʣʽʥʥʷʤ ʩʧʦʞʠʚʘʥʥʷʤ (DR), ʫʧʨʘʚʣʽʥʥʷʤ ʨʦʟʧʦʜʽʣʝʥʘ ʛʝʥʝʨʘʮʽʷ ʪʘ ʽʥʰʽ 

ʨʘʥʽʰʝ ʥʝʚʽʜʦʤʽ ʬʫʥʢʮʽʾ. ɯʩʥʫʻ ʢʽʣʴʢʘ ʩʮʝʥʘʨʽʾʚ ʨʦʟʚʠʪʢʫ ʨʠʥʢʫ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ, ʘʣʝ ʚ ʙʫʜʴ-ʷʢʦʤʫ 

ʚʠʧʘʜʢʫ, ʥʘ ʜʫʤʢʫ ʙʘʛʘʪʴʦʭ ʝʢʩʧʝʨʪʽʚ, ʥʝʦʙʭʽʜʥʦ ʡʪʠ ʰʣʷʭʦʤ ʚʽʜʢʨʠʪʪʷ ʮʽʣʦʛʦ ʢʦʤʧʣʝʢʩʫ 

ʩʪʨʘʪʝʛʽʯʥʠʭ ʧʠʪʘʥʴ ʱʦʜʦ ʚʩʽʭ ʩʢʣʘʜʦʚʠʭ ʣʘʥʮʶʞʢʘ ʩʪʚʦʨʝʥʥʷ ʚʘʨʪʦʩʪʽ ʚ ʥʽʤʝʮʴʢʦʤʫ 

ʜʝʨʝʛʫʣʴʦʚʘʥʦʤʫ ʝʥʝʨʛʝʪʠʯʥʦʤʫ ʣʘʥʜʰʘʬʪʽ. E.ON ʚʞʝ ʙʝʨʝ ʫʯʘʩʪʴ ʚ  ʘʥʘʣʦʛʽʯʥʦʤʫ  ʭʤʘʨʥʦʤʫ 

ʧʨʦ̒ʢʪʽ ʽʥʪʝʣʝʢʪʫʘʣʴʥʠʭ ʚʠʤʽʨʶʚʘʥʴ ʟ Ericsson, ʷʢʠʡ ʫʧʨʘʚʣʷʻ ʙʽʣʴʰ ʥʽʞ 600 000 ʪʦʯʦʢ 

ʚʠʤʽʨʶʚʘʥʥʷ ʚ ʨʝʞʠʤʽ ʨʝʘʣʴʥʦʛʦ ʯʘʩʫ. ɸʣʝ ʪʘʢʽ ʧʨʦʢ̒ʪʠ ʦʨʽʻʥʪʦʚʘʥʽ ʥʘ ʢʨʘʾʥʠ ʟ ʧʨʘʢʪʠʯʥʦ 

ʧʦʚʥʠʤ ʧʦʢʨʠʪʪʷʤ ʚʩʽʻʾ ʥʘʮʽʦʥʘʣʴʥʦʾ ʝʣʝʢʪʨʦʤʝʨʝʞʽ ʽʥʪʝʣʝʢʪʫʘʣʴʥʠʤʠ ʩʠʩʪʝʤʘʤʠ ʦʙʣʽʢʫ.   

ʅʘ ʚʽʜʤʽʥʫ ʚʽʜ ʌʨʘʥʮʽʾ, ɯʪʘʣʽʾ ʪʘ ɺʝʣʠʢʦʙʨʠʪʘʥʽʾ, ʫʨʷʜ ʅʽʤʝʯʯʠʥʠ ʚʽʜʭʠʣʠʚ ʧʨʠʡʥʷʪʪʷ 

ʨʝʢʦʤʝʥʜʘʮʽʾ ɭʚʨʦʧʝʡʩʴʢʦʛʦ ʉʦʶʟʫ çʧʨʦʰʪʦʚʭʥʫʪʠè ʨʦʟʫʤʥʽ ʣʽʯʠʣʴʥʠʢʠ ʚ ʤʘʩʠ ʜʦ 80 ʚʽʜʩʦʪʢʽʚ 

ʞʠʪʝʣʽʚ ʜʦ 2020 ʨʦʢʫ. ɿʘʤʽʩʪʴ ʮʴʦʛʦ ʅʽʤʝʯʯʠʥʘ ʰʫʢʘʻ ʙʽʣʴʰ ʦʧʪʠʤʘʣʴʥʫ ʤʦʜʝʣʴ ʽʥʪʝʣʝʢʪʫʘʣʴʥʠʭ 

ʚʠʤʽʨʶʚʘʥʴ, ʟʘʩʥʦʚʘʥʫ ʥʘ ʧʦʪʨʝʙʘʭ ʢʣʽʻʥʪʽʚ ʽ ʛʨʘʚʮʽʚ ʥʘ  ʜʝʨʝʛʫʣʴʦʚʘʥʦʤʫ ʝʥʝʨʛʝʪʠʯʥʦʤʫ ʨʠʥʢʫ. 

ɺʠʙʽʨ ʧʦʣʷʛʘʻ ʚ ʪʝʭʥʦʣʦʛʽʾ ʧʽʜʢʣʶʯʝʥʥʷ ʢʣʽʻʥʪʽʚ ʜʦ ʤʝʨʝʞʽ ʪʘ ʞʦʨʩʪʢʠʭ ʚʠʤʦʛʘʭ ʜʦ ʙʝʟʧʝʢʠ 

ʜʘʥʠʭ ʪʘ ʚʠʤʦʛ ʜʦ ʩʫʤʽʩʥʦʩʪʽ ʥʘ ʦʩʥʦʚʽ ʩʪʘʥʜʘʨʪʽʚ. ʅʘʨʘʟʽ ʨʝʛʫʣʷʪʦʨ ʫ ʅʽʤʝʯʯʠʥʽ ʚʠʤʘʛʘʻ 

ʚʩʪʘʥʦʚʣʝʥʥʷ ʨʦʟʫʤʥʠʭ ʣʽʯʠʣʴʥʠʢʽʚ ʫ ʚʩʽʭ ʥʦʚʦʙʫʜʦʚʘʭ ʪʘ ʜʣʷ ʩʧʦʞʠʚʘʯʽʚ ʧʦʥʘʜ 6 ʤʝʛʘʚʘʪ, ʘ 

ʪʘʢʦʞ ʜʣʷ ʦʙ'ʻʢʪʽʚ, ʱʦ ʚʠʨʦʙʣʷʶʪʴ ʧʦʥʘʜ 7 ʤʝʛʘʚʘʪ-ʛʦʜʠʥ ʫ ʨʦʟʧʦʜʽʣʝʥʽʡ ʤʝʨʝʞʽ ʛʝʥʝʨʘʮʽʾ. 

ɺʨʘʭʦʚʫʶʯʠ, ʱʦ ʜʦʩʽ ʚʧʨʦʚʘʜʞʝʥʥʷ ʽʥʪʝʣʝʢʪʫʘʣʴʥʠʭ ʚʠʤʽʨʶʚʘʣʴʥʠʭ ʧʨʠʣʘʜʽʚ ʥʝ ʙʫʣʦ 

ʨʝʥʪʘʙʝʣʴʥʠʤ, ʣʠʰʝ  23 %    ʧʣʘʥʫʶʪʴ ʚʩʪʘʥʦʚʠʪʠ ʪʘʢʽ ʧʨʠʩʪʨʦʾ ʬʝʨʤʝʨʩʴʢʠʭ ʛʦʩʧʦʜʘʨʩʪʚ ʜʦ 

2022 ʨʦʢʫ. ʆʜʥʘʢ ʥʽʤʝʮʴʢʠʡ ʧʣʘʥ ʚʢʣʶʯʘʻ ʽʥʰʽ ʢʦʤʧʦʥʝʥʪʠ, ʚʽʜʩʫʪʥʽ ʚ ʽʥʰʠʭ ʥʘʮʽʦʥʘʣʴʥʠʭ 

ʧʣʘʥʘʭ. ʎʝ, ʟʦʢʨʝʤʘ, ʽʜʝʷ ʮʝʥʪʨʘʣʴʥʦʛʦ ʢʦʥʮʝʥʪʨʘʪʦʨʘ ʘʙʦ ʜʦʤʘʰʥʴʦʛʦ ʰʣʶʟʫ, ʷʢʠʡ ʟ'ʻʜʥʫʻ 

ʣʽʯʠʣʴʥʠʢʠ ʚʦʜʠ, ʛʘʟʫ, ʝʣʝʢʪʨʠʢʠ ʪʘ ʽʥʰʦʾ ʧʦʙʫʪʦʚʦʾ ʪʝʭʥʽʢʠ ʟ ʤʘʛʽʩʪʨʘʣʴʥʠʤʠ ʤʝʨʝʞʘʤʠ 

ʧʦʩʪʘʯʘʣʴʥʠʢʽʚ. ʊʘʢ ʟʚʘʥʠʡ ʰʣʶʟ BSI,  ʥʘʟʚʘʥʠʡ ʥʘ ʯʝʩʪʴ ʄʽʥʽʩʪʝʨʩʪʚʘ ʙʝʟʧʝʢʠ ʅʽʤʝʯʯʠʥʠ, 

ʧʦʚʠʥʝʥ ʟʘʙʝʟʧʝʯʫʚʘʪʠ ʩʪʘʥʜʘʨʪʥʝ ʟʘʭʠʱʝʥʝ ʟô̒ ʜʥʘʥʥʷ ʧʨʠʩʪʨʦʾʚ ʙʘʛʘʪʴʦʭ ʚʠʨʦʙʥʠʢʽʚ [24]. ʎʝ 

ʧʦʚô̫ ʟʘʥʦ ʟ ʩʠʣʴʥʦ ʜʝʨʝʛʫʣʴʦʚʘʥʠʤ ʥʽʤʝʮʴʢʠʤ ʝʥʝʨʛʝʪʠʯʥʠʤ ʨʠʥʢʦʤ, ʜʝ ʥʝʦʙʭʽʜʥʦ ʟʘʙʝʟʧʝʯʠʪʠ 

ʥʘʷʚʥʽʩʪʴ ʙʝʟʣʽʯʽ ʧʨʦʜʘʚʮʽʚ ʝʥʝʨʛʽʾ ʟ ʾʭ ʨʽʟʥʠʤʠ ʧʨʠʣʘʜʘʤʠ ʽ ʧʦʩʣʫʛʘʤʠ ʥʘ ʙʘʟʽ ʻʜʠʥʦʾ ʤʝʨʝʞʽ. 

ʋʨʷʜ ʅʽʤʝʯʯʠʥʠ ʥʘʤʘʛʘʻʪʴʩʷ ʙʫʪʠ ʜʨʘʡʚʝʨʦʤ ʽʥʥʦʚʘʮʽʡ, ʚʠʤʘʛʘʶʯʠ ʨʦʟʛʦʨʪʘʥʥʷ ʚʽʜʢʨʠʪʦʾ 

ʧʣʘʪʬʦʨʤʠ, ʥʘ ʙʘʟʽ ʷʢʦʾ ʩʧʦʞʠʚʘʯʽ ʟ ʨʽʟʥʠʤʠ ʚʠʤʦʛʘʤʠ ʟʤʦʞʫʪʴ ʟʥʘʡʪʠ ʚʽʜʧʦʚʽʜʥʠʭ 

ʧʦʩʪʘʯʘʣʴʥʠʢʽʚ. 

ʋ ʪʦʡ ʞʝ ʯʘʩ ʅʽʤʝʯʯʠʥʘ ʻ ʢʨʘʾʥʦʶ ʟ ʥʘʡʙʽʣʴʰ ʨʦʟʚʠʥʝʥʦʶ ʤʝʨʝʞʝʶ ʨʦʟʧʦʜʽʣʝʥʠʭ 

ʩʦʥʷʯʥʠʭ ʝʣʝʢʪʨʦʩʪʘʥʮʽʡ ʟʘʛʘʣʴʥʦʶ ʧʦʪʫʞʥʽʩʪʶ 34,5 ʛʽʛʘʚʘʪ ʚ ʣʽʪʥʽʡ ʧʝʨʽʦʜ, ʟʘʙʝʟʧʝʯʫʶʯʠ 

ʙʣʠʟʴʢʦ 7 ʚʽʜʩʦʪʢʽʚ ʥʘʮʽʦʥʘʣʴʥʠʭ ʧʦʪʫʞʥʦʩʪʝʡ ʚ ʧʝʨʰʦʤʫ ʧʽʚʨʽʯʯʽ 2013 ʨʦʢʫ. ʆʪʞʝ, ʧʨʦʙʣʝʤʘ 

ʧʦʣʷʛʘʻ ʚ ʧʦʩʪʽʡʥʽʡ ʥʝʧʝʨʝʜʙʘʯʫʚʘʥʽʡ ʟʤʽʥʽ ʚʠʨʦʙʥʠʢʽʚ ʝʥʝʨʛʽʾ, ʱʦ ʚʭʦʜʷʪʴ ʜʦ ʤʝʨʝʞʽ, ʱʦ ʚʠʤʘʛʘʻ 
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ʚʠʢʦʥʘʥʥʷ ʚʠʤʦʛ ʱʦʜʦ ʩʪʘʙʽʣʽʟʘʮʽʾ ʝʣʝʤʝʥʪʽʚ ʤʝʨʝʞʽ. ɯʩʥʫʻ ʨʷʜ ʚʠʤʦʛ ʜʦ ʨʦʟʫʤʥʠʭ ʽʥʚʝʨʪʦʨʽʚ, ʷʢʽ 

ʤʦʞʫʪʴ ʜʦʧʦʤʦʛʪʠ ʟʙʘʣʘʥʩʫʚʘʪʠ ʨʦʟʧʦʜʽʣʝʥʽ ʩʦʥʷʯʥʽ ʝʣʝʢʪʨʦʩʪʘʥʮʽʾ ʧʨʠ ʾʭ ʚʢʣʶʯʝʥʥʽ ʚ ʟʘʛʘʣʴʥʫ 

ʤʝʨʝʞʫ. ɺʩʝ ʮʝ ʪʘʢʦʞ ʧʦʚôʷʟʘʥʦ ʟ ʨʠʥʢʦʤ ʟʙʝʨʽʛʘʥʥʷ ʝʥʝʨʛʽʾ, ʱʦ ʨʦʟʚʠʚʘʻʪʴʩʷ, ʱʦ ʪʘʢʦʞ 

ʜʦʧʦʤʘʛʘʻ ʟʤʝʥʰʠʪʠ ʚʧʣʠʚ ʚʝʣʠʢʦʾ ʢʽʣʴʢʦʩʪʽ ʩʦʥʷʯʥʠʭ ʧʘʥʝʣʝʡ ʥʘ ʨʦʟʧʦʜʽʣʝʥʽ ʤʝʨʝʞʽ. ɺ ʮʽʣʦʤʫ 

ʥʝʦʙʭʽʜʥʦ ʟʙʘʣʘʥʩʫʚʘʪʠ ʨʦʙʦʪʫ ʝʥʝʨʛʦʩʠʩʪʝʤʠ ʝʥʝʨʛʦʟʘʣʝʞʥʠʤʠ ʩʦʥʷʯʥʠʤʠ ʧʘʥʝʣʷʤʠ ʽ 

ʩʧʦʞʠʚʯʠʤʠ ʤʦʜʝʣʷʤʠ ʚʠʢʦʨʠʩʪʘʥʥʷ ʝʥʝʨʛʽʾ,  ʥʝ ʚʠʪʨʘʯʘʶʯʠ ʧʨʠ ʮʴʦʤʫ ʙʘʛʘʪʦ ʢʘʧʽʪʘʣʴʥʠʭ 

ʨʝʩʫʨʩʽʚ. ʆʩʢʽʣʴʢʠ ʩʧʦʞʠʚʘʯʽ ʩʪʘʶʪʴ ʝʥʝʨʛʦʟʘʣʝʞʥʠʤʠ, ʘ ʪʝʭʥʦʣʦʛʽʾ ʥʘʜʘʶʪʴ ʙʽʣʴʰʝ ʽʥʬʦʨʤʘʮʽʾ, 

ʩʪʘʻ ʤʦʞʣʠʚʠʤ ʦʪʨʠʤʘʥʥʷ ʧʝʨʝʚʘʛ ʷʢ ʜʣʷ ʩʧʦʞʠʚʘʯʽʚ, ʪʘʢ ʽ ʜʣʷ ʧʦʩʪʘʯʘʣʴʥʠʢʽʚ. ʊʘʢʘ ʚʠʩʦʢʘ 

ʩʢʣʘʜʥʽʩʪʴ ʘʣʛʦʨʠʪʤʽʚ ʦʙʨʦʙʢʠ ʽ ʚʝʣʠʯʝʟʥʽ ʦʙʩʷʛʠ ʜʘʥʠʭ ʚʠʤʘʛʘʶʪʴ ʦʨʛʘʥʽʟʘʮʽʾ ʝʬʝʢʪʠʚʥʠʭ 

ʦʙʯʠʩʣʶʚʘʣʴʥʠʭ ʧʨʦʮʝʩʽʚ ʜʣʷ ʾʭ ʨʝʘʣʽʟʘʮʽʾ. 

 

ʇʝʨʝʭʽʜ ʚʽʜ ʝʥʝʨʛʝʪʠʯʥʠʭ ʧʽʜʧʨʠʻʤʩʪʚ ʜʦ ʭʤʘʨʥʠʭ ʪʝʭʥʦʣʦʛʽʡ 

ɿʘ ʦʩʪʘʥʥʽ ʢʽʣʴʢʘ ʨʦʢʽʚ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʧʦʚʽʣʴʥʠʡ, ʘʣʝ ʧʦʩʪʽʡʥʦ ʟʨʦʩʪʘʶʯʠʡ ʧʝʨʝʭʽʜ 

ʝʥʝʨʛʝʪʠʯʥʠʭ ʧʽʜʧʨʠʻʤʩʪʚ ʥʘ ʭʤʘʨʥʽ ʢʦʤʧ'ʶʪʝʨʥʽ ʘʨʭʽʪʝʢʪʫʨʠ. ʎʝ ʚʽʜʙʫʚʘʻʪʴʩʷ ʜʫʞʝ ʧʦʚʽʣʴʥʦ, 

ʪʦʤʫ ʱʦ ʢʦʤʫʥʘʣʴʥʽ ʩʣʫʞʙʠ ʚʩʝ ʱʝ ʧʦʙʦʶʶʪʴʩʷ ʧʝʨʝʤʽʱʘʪʠ ʩʚʦʾ ɯʊ-ʧʦʪʨʝʙʠ ʚ ʭʤʘʨʫ, ʦʩʦʙʣʠʚʦ 

ʪʘʢʽ, ʷʢ ʫʧʨʘʚʣʽʥʥʷ ʤʝʨʝʞʝʶ. ɺʦʜʥʦʯʘʩ ʤʘʩʰʪʘʙʦʚʘʥʽʩʪʴ, ʛʥʫʯʢʽʩʪʴ ʪʘ ʚʠʩʦʢʘ ʘʜʘʧʪʠʚʥʽʩʪʴ ʜʦ 

ʥʦʚʠʭ ʚʠʢʣʠʢʽʚ, ʭʘʨʘʢʪʝʨʥʽ ʜʣʷ ʭʤʘʨʥʠʭ ʨʽʰʝʥʴ, ʻ ʜʫʞʝ ʧʨʠʚʘʙʣʠʚʠʤʠ ʜʣʷ ʝʥʝʨʛʝʪʠʯʥʠʭ 

ʢʦʤʧʘʥʽʡ, ʷʢʠʤ ʥʝʦʙʭʽʜʥʦ ʫʧʨʘʚʣʷʪʠ ʜʚʦʩʪʦʨʦʥʥʽʤʠ ʧʦʪʦʢʘʤʠ ʷʢ ʽʥʬʦʨʤʘʮʽʾ, ʪʘʢ ʽ ʝʥʝʨʛʽʾ ʤʽʞ 

ʥʠʤʠ ʪʘ ʪʝʭʥʦʣʦʛʽʯʥʦ ʦʩʥʘʱʝʥʠʤʠ ʩʧʦʞʠʚʘʯʘʤʠ. ʅʘ ʬʨʦʥʪʽ ʽʥʪʝʛʨʘʮʽʾ ʜʘʥʠʭ ʪʘ ʝʥʝʨʛʽʾ ʚ ʤʝʨʝʞʫ 

ʜʦʤʘʰʥʴʦʾ ʝʥʝʨʛʝʪʠʢʠ, IBM ʟʘʨʘʟ ʻ ʢʣʶʯʦʚʠʤ ʛʨʘʚʮʝʤ ʫ ʚʽʜʦʤʦʤʫ ʧʨʦʢ̒ʪʽ ɿʨʘʟʢʦʚʝ ʤʽʩʪʦ 

ʄʘʥʛʝʡʤ, ʜʝ ʨʦʟʨʦʙʣʷʶʪʴʩʷ ʪʘ ʪʝʩʪʫʶʪʴʩʷ ʤʘʡʙʫʪʥʽ ʪʝʭʥʦʣʦʛʽʾ ʜʣʷ ʽʥʪʝʣʝʢʪʫʘʣʴʥʠʭ ʤʝʨʝʞ ʜʣʷ 

ʚʩʽʻʾ ɭʚʨʦʧʠ. ɻʦʣʦʚʥʝ ʧʠʪʘʥʥʷ, ʷʢʝ ʜʦʩʣʽʜʞʫʻʪʴʩʷ, ʧʦʣʷʛʘʻ ʚ ʪʦʤʫ, ʩʢʽʣʴʢʠ ʤʝʨʝʞʝʚʠʭ ʬʫʥʢʮʽʡ 

ʤʦʞʥʘ ʧʝʨʝʥʝʩʪʠ ʚ ʭʤʘʨʫ, ʷʢʘ ʭʦʯ ʽ ʧʨʠʚʘʪʥʘ, ʘʣʝ ʢʦʥʮʝʥʪʨʫʻ ʚ ʩʦʙʽ ʙʘʛʘʪʦ ʢʣʶʯʦʚʦʾ ʽʥʬʦʨʤʘʮʽʾ 

ʧʨʦ ʚʩʽʭ ʛʨʘʚʮʽʚ. 

ʂʦʥʢʨʝʪʥʽ ʚʠʢʣʠʢʠ, ʱʦ ʩʪʦʷʪʴ  ʧʝʨʝʜ ʛʘʣʫʟʟʶ, ʦʙʛʦʚʦʨʶʚʘʣʠʩʷ ʥʘ ʢʦʥʬʝʨʝʥʮʽʾ SOFTGRID 

2013 1-2 ʞʦʚʪʥʷ 2013 ʨʦʢʫ ʧʽʜ ʥʘʟʚʦʶ: çɽʥʝʨʛʦʛʝʥʝʨʫʶʯʽ ʧʽʜʧʨʠʻʤʩʪʚʘ: ɺʝʣʠʢʘ ʢʘʨʪʠʥʘ ʯʝʨʝʟ 

ʚʝʣʠʢʽ ʜʘʥʽè [25]. ʉʫʜʷʯʠ ʟʽ ʟʚʽʪʽʚ ʝʢʩʧʝʨʪʽʚ, ʜʦ 2020  ʨʦʢʫ ʧʨʦʛʥʦʟʫʻʪʴʩʷ ʽʥʚʝʩʪʫʚʘʪʠ ʜʦ 4,2 

ʤʽʣʴʷʨʜʽʚ ʜʦʣʘʨʽʚ ʚ ʽʥʪʝʛʨʘʮʽʶ ʚʩʽʭ ʜʘʥʠʭ ʚʩʝʨʝʜʠʥʽ ʧʽʜʧʨʠʻʤʩʪʚ ʜʣʷ ʧʦʚʥʦʮʽʥʥʦʾ ʘʥʘʣʽʪʠʢʠ. 

ʈʦʟʜʽʣ çʈʦʟʨʦʙʢʘ ʙʽʟʥʝʩ-ʢʝʡʩʽʚ ʜʣʷ ʚʝʣʠʢʠʭ ʜʘʥʠʭ ʪʘ ʘʥʘʣʽʪʠʢʘ ʜʣʷ ʩʫʯʘʩʥʠʭ ʤʝʨʝʞè ʚʢʣʶʯʘʚ 

ʜʦʧʦʚʽʜʽ EMC, Oracle ʪʘ ʩʪʘʨʪʘʧʽʚ EcoFactor ʽ AutoGrid, ʚ ʷʢʠʭ ʘʢʮʝʥʪ ʙʫʚ ʟʨʦʙʣʝʥʠʡ ʥʘ ʧʝʨʰʠʭ 

ʦʧʝʨʘʮʽʷʭ ʥʘ ʧʽʜʧʨʠʻʤʩʪʚʘʭ ʫ ʭʤʘʨʥʽ ʦʙʯʠʩʣʝʥʥʷ ʪʘ ʷʢ ʧʨʦʜʘʚʘʪʠ ʘʥʘʣʽʪʠʯʥʽ ʤʦʞʣʠʚʦʩʪʽ ʚʽʜʜʽʣʘʤ 

ʚʠʨʦʙʥʠʮʪʚʘ ʝʥʝʨʛʽʾ. 

ɯʥʜʫʩʪʨʽʷ ʨʦʟʫʤʥʠʭ ʤʝʨʝʞ ʟʨʦʩʪʘʻ ʪʘ ʤʘʻ ʙʘʛʘʪʦ ʢʦʥʢʫʨʝʥʪʽʚ ʚʽʜ ʩʪʘʨʪʘʧʽʚ, ʪʘʢʠʭ ʷʢ 

AutoGrid, C3 Energy ʽ Verdeeco, ʜʦ ʛʽʛʘʥʪʩʴʢʠʭ ʢʦʨʧʦʨʘʮʽʡ, ʪʘʢʠʭ ʷʢ IBM, Oracle, Siemens ʽ 

General Electric, ʷʢʽ ʧʨʘʛʥʫʪʴ ʟʘʭʦʧʠʪʠ ʨʠʥʦʢ çʚʝʣʠʢʠʭ ʜʘʥʠʭè, ʚʧʝʚʥʝʥʦ ʧʨʠʭʦʜʷʯʠ ʚ 

ʝʥʝʨʛʝʪʠʯʥʽ ʢʦʤʧʘʥʽʾ ʧʦ ʚʩʴʦʤʫ ʩʚʽʪʫ. ɺʩʽ ʚʦʥʠ ʛʣʠʙʦʢʦ ʟʘʣʫʯʝʥʽ ʚ  ʦʙʤʽʥ  ʽʥʬʦʨʤʘʮʽʻʶ ʪʘ  

ʪʝʩʪʫʚʘʥʥʷ ʧʨʦʮʝʩʽʚ ʥʘ ʦʩʥʦʚʽ ʚʝʣʠʢʠʭ ʜʘʥʠʭ,  ʚ ʙʽʟʥʝʩ-ʧʨʦʮʝʩʘʭ ʝʥʝʨʛʝʪʠʯʥʦʾ ʛʘʣʫʟʽ, ʽ ʙʘʛʘʪʦ ʭʪʦ 

ʚʞʝ ʨʫʭʘʻʪʴʩʷ ʚʧʝʨʝʜ ʜʦ ʛʦʪʦʚʠʭ ʜʦ ʚʝʣʠʢʠʭ ʜʘʥʠʭ ʢʦʤʝʨʮʽʡʥʠʭ ʧʨʦʜʫʢʪʽʚ ʜʣʷ ʨʦʟʫʤʥʠʭ ʤʝʨʝʞ. 

ʆʩʴ ʱʝ ʢʽʣʴʢʘ ʧʨʠʢʣʘʜʽʚ.  

ʉʪʘʨʪʘʧ-ʢʦʤʧʘʥʽʷ ʄʝʨʝʞʽ ʉʽʣʚʝʨ ʉʧʨʽʥʛ [26] ʧʨʦʧʦʥʫʻ ʧʨʦʜʫʢʪ ʧʽʜ ʥʘʟʚʦʶ çʅʘʙʽʨ 

ʘʥʘʣʽʪʠʢʠ UtilityIQè, ʷʢʠʡ ʧʨʝʜʩʪʘʚʣʷʻ ʽʥʪʝʨʝʩ ʜʣʷ ʚʝʣʠʢʠʭ  ʧʦʩʪʘʯʘʣʴʥʠʢʽʚ ʨʦʟʫʤʥʠʭ 

ʣʽʯʠʣʴʥʠʢʽʚ, ʪʘʢʠʭ ʷʢ Itron ʪʘ Elster. ʎʝʡ ʧʨʦʜʫʢʪ ʚʢʣʶʯʘʻ ʚ ʩʝʙʝ ʮʽʣʠʡ ʥʘʙʽʨ ʧʨʦʛʨʘʤʥʦʛʦ 

ʟʘʙʝʟʧʝʯʝʥʥʷ ʜʣʷ ʚʠʨʽʰʝʥʥʷ ʨʽʟʥʠʭ ʟʘʚʜʘʥʴ ʝʥʝʨʛʝʪʠʯʥʠʭ ʢʦʤʧʘʥʽʡ. 

http://www.greentechmedia.com/articles/read/autogrid-schneider-electric-to-partner-on-home-demand-response
http://www.greentechmedia.com/articles/read/c3-energys-new-smart-grid-apps
http://www.greentechmedia.com/articles/read/verdeeco-launches-its-big-data-for-small-utilities-platform
http://www.greentechmedia.com/articles/read/silver-spring-and-the-big-smart-grid-picture
http://www.greentechmedia.com/articles/read/silver-spring-and-the-big-smart-grid-picture
http://www.greentechmedia.com/articles/read/silver-spring-and-the-big-smart-grid-picture
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UtilityIQ Advanced Metering Manager ï ʘʚʪʦʤʘʪʠʟʫʻ ʜʦʨʦʛʽ ʪʘ ʪʨʫʜʦʤʽʩʪʢʽ ʧʨʦʮʝʩʠ ʟʙʦʨʫ 

ʜʘʥʠʭ ʟ ʣʽʯʠʣʴʥʠʢʽʚ. ʇʽʜʪʨʠʤʫʶʯʠ ʧʦʩʪʽʡʥʠʡ ʟʚ'ʷʟʦʢ ʟ ʚʠʤʽʨʶʚʘʣʴʥʠʤʠ ʧʨʠʣʘʜʘʤʠ, ʚʠʨʽʙ 

ʜʦʟʚʦʣʷʻ ʧʽʜʚʠʱʠʪʠ ʪʦʯʥʽʩʪʴ ʟʙʦʨʫ ʜʘʥʠʭ ʽ ʜʠʩʪʘʥʮʽʡʥʦ ʧʽʜʢʣʶʯʘʪʠ ʽ ʚʽʜʢʣʶʯʘʪʠ ʦʢʨʝʤʽ ʧʨʠʣʘʜʠ 

ʜʣʷ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ. ʊʘʢʦʞ ʧʽʜʪʨʠʤʫʻʪʴʩʷ ʚʠʷʚʣʝʥʥʷ  ʥʝʩʧʨʘʚʥʦʩʪʝʡ  ʪʘ ʚʠʷʚʣʝʥʥʷ ʚʽʜʤʦʚ 

ʽʟʦʣʷʮʽʾ. ɿʘ ʜʦʧʦʤʦʛʦʶ ʃʽʯʠʣʴʥʠʢʠ UtilityIQ ʜʘʥʽ ʽʥʪʝʛʨʫʶʪʴʩʷ ʚ ʩʠʩʪʝʤʫ MDM ʝʥʝʨʛʦʩʠʩʪʝʤʠ. 

ʄʦʥʽʪʦʨ ʞʠʚʣʝʥʥʷ UtilityIQ ʟʘʙʝʟʧʝʯʫʻ ʧʨʦʘʢʪʠʚʥʠʡ ʨʝʞʠʤ ʦʧʦʚʽʱʝʥʥʷ ʧʨʦ ʟʤʽʥʫ ʨʽʚʥʽʚ 

ʥʘʧʨʫʛʠ ʧʦʥʘʜ ʚʩʪʘʥʦʚʣʝʥʠʡ ʧʽʜʧʨʠʻʤʩʪʚʦʤ ʧʦʨʽʛ ʜʣʷ ʢʦʞʥʦʛʦ ʦʢʨʝʤʦʛʦ ʣʽʯʠʣʴʥʠʢʘ ʟ ʬʽʢʩʘʮʽʻʶ 

ʡʦʛʦ ʤʽʩʮʷ ʨʦʟʪʘʰʫʚʘʥʥʷ. ɼʘʥʠʡ ʩʦʬʪ ʧʽʜʚʠʱʫʻ ʽʥʪʝʣʝʢʪ ʨʦʟʧʦʜʽʣʝʥʦʾ ʩʠʩʪʝʤʠ, ʦʩʢʽʣʴʢʠ 

ʜʦʟʚʦʣʷʻ ʢʦʥʪʨʦʣʶʚʘʪʠ ʪʽʣʴʢʠ ʣʽʯʠʣʴʥʠʢʠ ʟ ʜʘʥʠʤʠ, ʱʦ ʚʽʜʭʠʣʷʶʪʴʩʷ ʚʽʜ ʥʦʨʤʠ. 

ʉʠʩʪʝʤʘ ʚʠʷʚʣʝʥʥʷ ʚʽʜʢʣʶʯʝʥʴ UtilityIQ ʬʽʢʩʫʻ ʯʘʩ, ʪʠʧ, ʤʽʩʮʝ ʟʙʦʶ ʚ ʤʝʨʝʞʽ, 

ʩʧʽʚʚʽʜʥʦʩʷʯʠ ʟ ʽʥʰʠʤʠ ʪʦʯʢʘʤʠ ʚʽʜʤʦʚʠ, ʱʦ ʜʦʟʚʦʣʷʻ ʟʥʘʯʥʦ ʧʨʠʩʢʦʨʠʪʠ ʚʽʜʥʦʚʣʝʥʥʷ. 

ʂʦʨʝʣʷʮʽʷ ʜʘʥʠʭ ʧʨʦ ʥʝʩʧʨʘʚʥʦʩʪʽ ʤʽʞ ʜʝʢʽʣʴʢʦʤʘ ʝʣʝʤʝʥʪʘʤʠ ʤʝʨʝʞʽ ʜʦʟʚʦʣʷʻ ʧʽʜʧʨʠʻʤʩʪʚʫ 

ʰʚʠʜʰʝ ʚʠʷʚʣʷʪʠ ʪʘ ʚʠʷʚʣʷʪʠ ʤʝʨʝʞʝʚʽ ʧʨʦʙʣʝʤʠ, ʘʚʪʦʤʘʪʠʟʫʚʘʪʠ ʩʧʝʮʠʬʽʢʘʮʽʶ ʚʽʜʤʦʚ ʪʘ 

ʧʨʦʮʝʩʠ ʟʚʽʪʫʚʘʥʥʷ ʧʨʦ ʟʙʦʾ ʪʘ ʚʽʜʥʦʚʣʝʥʥʷ.    ʎʝʡ ʧʨʦʜʫʢʪ  ʪʘʢʦʞ  ʤʦʞʝ ʙʫʪʠ ʣʝʛʢʦ ʽʥʪʝʛʨʦʚʘʥʠʡ 

ʚ ʙʝʢ-ʦʬʽʩ OMS ʩʠʩʪʝʤʠ ʝʣʝʢʪʨʦʩʪʘʥʮʽʡ, ʘʥʘʣʦʛʽʯʥʦ UtilityIQ Advanced Metering Manager, 

ʄʝʥʝʜʞʝʨ ʨʝʘʛʫʚʘʥʥʷ ʥʘ ʧʦʧʠʪ UtilityIQ ʧʨʠʟʥʘʯʝʥʠʡ ʜʣʷ ʧʽʜʪʨʠʤʢʠ ʫʧʨʘʚʣʽʥʥʷ 

ʧʨʠʩʪʨʦʻʤ HAN, ʫʧʨʘʚʣʽʥʥʷ ʧʨʦʛʨʘʤʦʶ DR ʪʘ ʘʥʘʣʽʪʠʢʠ, ʥʝʦʙʭʽʜʥʦʾ ʜʣʷ ʨʝʘʣʽʟʘʮʽʾ ʧʨʦʛʨʘʤ 

ʫʧʨʘʚʣʽʥʥʷ ʥʘʚʘʥʪʘʞʝʥʥʷʤ ʷʢ ʜʣʷ ʚʠʪʨʘʪ ʝʥʝʨʛʽʾ, ʪʘʢ ʽ ʜʣʷ ʟʥʘʯʝʥʴ ʧʨʷʤʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ. ʎʝʡ 

ʧʨʦʜʫʢʪ ʧʨʘʮʶʻ ʩʧʽʣʴʥʦ ʟ IQ Advanced Metering Manager ʪʘ  ʚʝʙ-ʧʦʨʪʘʣʦʤ Silver Spring 

CustomerIQ energy  ʨʝʘʣʽʟʫʚʘʪʠ ʘʣʛʦʨʠʪʤʠ ʫʧʨʘʚʣʽʥʥʷ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʟʘʛʘʣʴʥʦʾ ʩʠʪʫʘʮʽʾ ʚ ʤʝʨʝʞʽ 

ʽ ʜʦʤʦʚʣʝʥʦʩʪʷʤʠ ʟʽ ʩʧʦʞʠʚʘʯʘʤʠ. 

ʄʝʥʝʜʞʝʨ ʤʝʨʝʞʝʚʠʭ ʝʣʝʤʝʥʪʽʚ UtilityIQ ʇʨʦʛʨʘʤʥʽ ʤʦʜʫʣʽ UtilityIQ Firmware Upgrader, 

ʷʢʽ ʥʘʜʘʶʪʴ ʨʽʟʥʦʤʘʥʽʪʥʽ ʚʘʨʽʘʥʪʠ ʧʝʨʝʢʦʥʬʽʛʫʨʘʮʽʾ  ʪʘ ʦʥʦʚʣʝʥʥʷ ʩʠʩʪʝʤʠ. ɯʥʰʠʡ  ʤʦʜʫʣʴ, 

GridScape ʜʣʷ  ʜʦʜʘʪʢʽʚ DA, ʟʘʙʝʟʧʝʯʫʻ ʬʫʥʢʮʽʾ ʢʦʥʬʽʛʫʨʘʮʽʾ, ʫʧʨʘʚʣʽʥʥʷ ʪʘ ʙʝʟʧʝʢʠ ʜʣʷ ʤʝʨʝʞ 

ʘʚʪʦʤʘʪʠʟʘʮʽʾ ʨʦʟʧʦʜʽʣʫ. 

ʎʽʢʘʚʽ ʧʨʦʜʫʢʪʠ ʢʦʤʧʘʥʽʾ ɽʣʝʢʪʨʦʥʥʠʡ ʣʽʯʠʣʴʥʠʢ [27] ʜʝʤʦʥʩʪʨʫʶʪʴ ʤʦʞʣʠʚʦʩʪʽ ʜʫʞʝ 

ʛʥʫʯʢʦʾ ʧʦʙʫʜʦʚʠ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʩʠʩʪʝʤ ʜʣʷ ʝʥʝʨʛʝʪʠʯʥʠʭ ʢʦʤʧʘʥʽʡ. ʂʦʤʧʘʥʽʷ ʥʘʣʝʞʠʪʴ 

ʢʦʤʧʘʥʽʾ Siemens, ʷʢʘ ʚ ʩʚʦʶ ʯʝʨʛʫ ʤʘʻ ʧʘʨʪʥʝʨʩʪʚʦ ʟ Teradata, ʚʽʜʦʤʠʤ ʧʦʩʪʘʯʘʣʴʥʠʢʦʤ ʨʽʰʝʥʴ 

ɺʝʣʠʢʽ ʜʘʥʽ. ʅʘʡʚʽʜʦʤʽʰʠʤ ʧʨʦʜʫʢʪʦʤ ʢʦʤʧʘʥʽʾ ʻ Energy IP, ʛʥʫʯʢʘ, ʤʘʩʰʪʘʙʦʚʘʥʘ ʧʣʘʪʬʦʨʤʘ 

ʜʣʷ ʜʦʜʘʪʢʽʚ Smart Grid. ʈʦʟʨʦʙʥʠʢʠ ʚʠʟʥʘʯʘʶʪʴ ʢʦʨʝʥʝʚʫ ʬʫʥʢʮʽʦʥʘʣʴʥʽʩʪʴ ʩʠʩʪʝʤʠ  ʷʢ 

çʮʝʥʪʨʘʣʴʥʫ ʥʝʨʚʦʚʫ ʩʠʩʪʝʤʫè ʜʣʷ ʝʥʝʨʛʝʪʠʯʥʠʭ ʧʽʜʧʨʠʻʤʩʪʚ. ʇʣʘʪʬʦʨʤʘ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʤʘʰʠʥʠ 

ʩʠʥʭʨʦʥʽʟʘʮʽʾ ʜʘʥʠʭ, ʩʭʦʚʠʱʘ ʜʘʥʠʭ ʽ ʧʦʙʫʜʦʚʘʥʘ ʥʘ ʙʘʟʽ SOA - ʆʨʽʻʥʪʦʚʘʥʠʡ ʥʘ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ  

ɸʨʭʽʪʝʢʪʫʨʘ, ʤʽʩʪʠʪʴ ʜʦʜʘʪʦʢ ʧʦʩʪʽʡʥʦʛʦ ʫʧʨʘʚʣʽʥʥʷ ʨʦʙʦʯʠʤ ʧʨʦʮʝʩʦʤ - ʨʫʰʽʡ ʨʦʙʦʯʦʛʦ 

ʧʨʦʮʝʩʫ, ʚʘʞʣʠʚʦʶ ʯʘʩʪʠʥʦʶ ʧʣʘʪʬʦʨʤʠ, ʷʢʘ ʛʘʨʘʥʪʫʻ ʥʘʜʽʡʥʽʩʪʴ ʚʠʢʦʨʠʩʪʘʥʥʷ ʻ ʊʨʝʢʝʨ ʘʫʜʠʪʫ, 

ʧʣʘʪʬʦʨʤʘ ʪʘʢʦʞ ʚʢʣʶʯʘʻ ʛʝʥʝʨʘʪʦʨ ʟʚʽʪʽʚ - ʟʚʽʪʠ ʪʘ ʩʠʩʪʝʤʘ ʟʚʽʪʥʦʩʪʽ ʽ ʧʽʜʩʠʩʪʝʤʫ ʧʦʩʪʽʡʥʦʾ 

ʚʘʣʽʜʘʮʽʾ VVV - ʧʝʨʝʚʽʨʢʘ, ʦʮʽʥʢʘ ʪʘ ʨʝʜʘʛʫʚʘʥʥʷ. ʆʜʥʽʻʶ ʟ ʦʩʥʦʚʥʠʭ ʧʨʦʙʣʝʤʥʦ-ʦʨʽʻʥʪʦʚʘʥʠʭ 

ʩʢʣʘʜʦʚʠʭ ʧʣʘʪʬʦʨʤʠ ʻ ʘʥʘʣʽʪʠʯʥʝ ʷʜʨʦ ɸʥʘʣʽʪʠʯʥʠʡ ʬʦʥʜ. 

ʑʝ ʦʜʥʘ ʚʘʞʣʠʚʘ ʦʩʦʙʣʠʚʽʩʪʴ ʧʣʘʪʬʦʨʤʠ - ʧʨʠʨʦʜʥʫ ʽʥʪʝʛʨʘʮʽʶ ʟ ʚʠʨʦʙʥʠʯʠʤʠ ʩʠʩʪʝʤʘʤʠ 

SAP. ʏʝʨʝʟ ʚʝʙ-ʩʝʨʚʽʩ MDUS ï ʣʽʯʠʣʴʥʠʢ ʜʘʥʠʭ, ʫʥʽʬʽʢʘʮʽʾ ʪʘ ʩʠʥʭʨʦʥʽʟʘʮʽʾ Energy IP 

ʽʥʪʝʛʨʫʻʪʴʩʷ ʟ ʩʠʩʪʝʤʦʶ SAP IS-U ʜʣʷ ʝʥʝʨʛʝʪʠʯʥʠʭ ʢʦʤʧʘʥʽʡ.  

ʅʘ ʨʠʥʢʫ ʘʥʘʣʽʪʠʯʥʠʭ ʩʠʩʪʝʤ ʜʣʷ ʝʥʝʨʛʝʪʠʢʠ ʟ'ʷʚʠʣʘʩʷ ʽ Toshiba, ʷʢʘ ʚʦʣʦʜʽʻ ʚʣʘʩʥʠʤ 

ʛʽʛʘʥʪʦʤ ʚ ʦʙʣʘʩʪʽ ʣʽʯʠʣʴʥʠʢʽʚ ʃʝʥʜʽʩ + ɻʽʨ ʽ ʚʽʜʦʤʠʤ ʧʦʩʪʘʯʘʣʴʥʠʢʦʤ ʨʽʰʝʥʴ MDM (ʋʧʨʘʚʣʽʥʥʷ 

ʜʘʥʠʤʠ ʣʽʯʠʣʴʥʠʢʽʚ) ʢʦʤʧʘʥʽʻʶ ɽʢʦʣʦʛʽʯʥʘ ʘʥʘʣʽʪʠʢʘ, ʷʢʘ ʪʘʢʦʞ ʧʦʟʠʮʽʦʥʫʻ ʩʚʦʾ ʥʦʚʽ ʨʦʟʨʦʙʢʠ 

ʷʢ ʘʥʘʣʽʪʠʯʥʽ ʩʠʩʪʝʤʠ.  

http://www.greentechmedia.com/articles/read/siemens-makes-claim-as-smart-grid-software-kingpin
http://www.greentechmedia.com/articles/read/siemens-makes-claim-as-smart-grid-software-kingpin
http://www.greentechmedia.com/articles/read/siemens-makes-claim-as-smart-grid-software-kingpin
http://www.greentechmedia.com/articles/read/teradata-and-siemens-partner-for-utility-big-data
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ɹʝʟʫʤʦʚʥʦ, ʻ ʙʘʛʘʪʦ ʤʽʩʮʷ ʜʣʷ ʚʜʦʩʢʦʥʘʣʝʥʥʷ ʟʘʩʪʦʩʫʚʘʥʥʷ ʨʦʟʫʤʥʠʭ ʣʽʯʠʣʴʥʠʢʽʚ. ʋʩʧʽʰʥʽ 

ʩʪʘʨʪʘʧʠ ʩʪʚʦʨʶʶʪʴ ʥʦʚʽ ʧʽʜʭʦʜʠ ʪʘ ʪʝʭʥʦʣʦʛʽʾ ʽ ʰʚʠʜʢʦ ʨʦʟʚʠʚʘʶʪʴʩʷ, ʦʩʢʽʣʴʢʠ ʙʽʣʴʰʽʩʪʴ 

ʧʽʚʥʽʯʥʦʘʤʝʨʠʢʘʥʩʴʢʠʭ ʢʦʤʫʥʘʣʴʥʠʭ ʧʽʜʧʨʠʻʤʩʪʚ ʡʜʫʪʴ ʰʣʷʭʦʤ ʽʥʪʝʛʨʘʮʽʾ ʜʘʥʠʭ ʚʠʤʽʨʶʚʘʥʴ ʫ 

ʤʝʨʝʞʫ ʪʘ ʫʧʨʘʚʣʽʥʥʷ ʙʽʟʥʝʩʦʤ. ɼʝʷʢʽ ʟ ʫʩʧʽʰʥʠʭ ʩʪʘʨʪʘʧʽʚ ʧʦʛʣʠʥʘʶʪʴʩʷ ʚʝʣʠʢʠʤʠ ʛʨʘʚʮʷʤʠ 

ʨʠʥʢʫ ʟʙʝʨʽʛʘʥʥʷ ʪʘ ʦʙʨʦʙʢʠ ʜʘʥʠʭ. ʗʢ ʧʨʠʢʣʘʜ, ʢʦʤʧʘʥʽ ̫Data Raker, ʷʢʘ ʫʩʧʽʰʥʦ ʚʠʡʰʣʘ ʥʘ 

ʨʠʥʦʢ ʭʤʘʨʥʠʭ ʘʥʘʣʽʪʠʯʥʠʭ ʧʣʘʪʬʦʨʤ, ʘ ʩʪʘʣʘ ʯʘʩʪʠʥʦʶ ʛʽʛʘʥʪʘ Oracle [28]. 

Oracle ʢʫʧʠʣʘ DataRaker, ʧʦʩʪʘʯʘʣʴʥʠʢʘ ʧʨʦʛʨʘʤʥʠʭ ʨʽʰʝʥʴ SaaS (ʇʨʦʛʨʘʤʥʝ 

ʟʘʙʝʟʧʝʯʝʥʥʷ ʷʢ ʧʦʩʣʫʛʘ)ʜʣʷ ʝʥʝʨʛʝʪʠʯʥʠʭ ʢʦʤʧʘʥʽʡ, ʚ ʧʝʨʰʫ ʯʝʨʛʫ ʜʣʷ ʦʙʨʦʙʢʠ ʜʘʥʠʭ ʟ 

ʨʦʟʫʤʥʠʭ ʣʽʯʠʣʴʥʠʢʽʚ. ʂʦʤʧʘʥʽʷ ʦʙʩʣʫʛʦʚʫʻ 24 ʤʽʣʴʡʦʥʠ ʤʝʪʨʽʚ ʟʘ ʢʦʥʪʨʘʢʪʦʤ (ʬʘʢʪʠʯʥʦ 

ʚʩʪʘʥʦʚʣʝʥʦ 18 ʤʽʣʴʡʦʥʽʚ) ʽ ʧʨʘʮʶʻ ʟ ʚʝʣʠʢʠʤʠ ʝʥʝʨʛʝʪʠʯʥʠʤʠ ʧʽʜʧʨʠʻʤʩʪʚʘʤʠ. ʂʦʨʠʩʪʫʚʘʯʽ 

ʩʝʨʚʽʩʽʚ DataRaker ʤʘʶʪʴ ʤʦʞʣʠʚʽʩʪʴ ʙʽʣʴʰ ʛʣʠʙʦʢʦʾ ʘʥʘʣʽʪʠʢʠ, ʥʽʞ ʚʩʽ ʨʦʟʛʦʨʥʫʪʽ ʩʠʩʪʝʤʠ. 

Oracle ʧʣʘʥʫʻ ʦʙ'ʻʜʥʘʪʠ ʘʥʘʣʽʪʠʢʫ DataRaker ʟʽ ʩʚʦʾʤ ʧʨʦʜʫʢʪʦʤ ʋʪʠʣʽʪʠ Oracle ʚ ʦʜʥʫ 

ʽʥʪʝʛʨʦʚʘʥʫ ʧʣʘʪʬʦʨʤʫ. ʇʨʦʜʫʢʪʠ ʢʦʤʧʘʥʽʾ ʦʭʦʧʣʶʶʪʴ ʽʥʬʦʨʤʘʮʽʡʥʽ ʩʠʩʪʝʤʠ ʢʦʨʠʩʪʫʚʘʯʽʚ, 

ʫʧʨʘʚʣʽʥʥʷ ʨʦʙʦʯʦʶ ʩʠʣʦʶ, ʫʧʨʘʚʣʽʥʥʷ ʨʝʩʫʨʩʘʤʠ ʧʽʜʧʨʠʻʤʩʪʚʘ, ʘ ʪʘʢʦʞ ʧʣʘʪʬʦʨʤʠ ʫʧʨʘʚʣʽʥʥʷ 

ʨʦʟʫʤʥʠʤʠ ʣʽʯʠʣʴʥʠʢʘʤʠ ʪʘ ʨʦʟʧʦʜʽʣʴʯʠʤʠ ʤʝʨʝʞʘʤʠ. ɺʠʭʽʜ ʥʘ ʨʠʥʦʢ ʘʥʘʣʽʪʠʢʠ 

ʽʥʪʝʣʝʢʪʫʘʣʴʥʠʭ ʤʝʨʝʞ ʤʘʻ ʪʘʢʠʭ ʢʦʥʢʫʨʝʥʪʽʚ, ʷʢ IBM, SAS, Teradata, EMC, SAP.  ɺʩʽ ʚʦʥʠ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʧʦʪʦʢʠ ʜʘʥʠʭ ʚʽʜ ʨʦʟʫʤʥʠʭ ʣʽʯʠʣʴʥʠʢʽʚ, ʜʘʪʯʠʢʽʚ ʥʘ ʣʽʥʽʷʭ, ʩʠʩʪʝʤ ʫʧʨʘʚʣʽʥʥʷ 

ʧʽʜʩʪʘʥʮʽʷʤʠ. Oracle ʨʦʟʛʦʨʪʘʻ ʥʘʩʢʨʽʟʥʠʡ ʭʤʘʨʥʠʡ ʩʝʨʚʽʩ ʨʦʟʰʠʨʝʥʦʾ ʘʥʘʣʽʪʠʢʠ. ʎʝ ʜʦʟʚʦʣʷʻ 

ʚʠʷʚʠʪʠ ʢʨʘʜʽʞʢʠ, ʟʘʧʦʙʽʛʪʠ ʟʙʦʷʤ, ʟʘʙʝʟʧʝʯʠʪʠ ʤʦʙʽʣʴʥʠʭ ʧʨʘʮʽʚʥʠʢʽʚ  ʥʝʦʙʭʽʜʥʦʶ 

ʽʥʬʦʨʤʘʮʽʻʶ. ʂʨʽʤ ʪʦʛʦ, ʮʝ ʜʦʟʚʦʣʷʻ ʦʨʽʻʥʪʫʚʘʪʠʩʷ ʥʘ ʫʧʨʘʚʣʽʥʥʷ ʙʘʣʘʥʩʦʤ ʥʘʚʘʥʪʘʞʝʥʥʷ,  

ʚʪʨʘʪʦʶ ʣʽʥʽʾ, ʫʧʨʘʚʣʽʥʥʷʤ ʥʘʧʨʫʛʦʶ ʪʘ ʧʨʦʛʥʦʟʥʠʤ ʤʦʜʝʣʶʚʘʥʥʷʤ ʥʘ ʢʦʨʠʩʪʴ ʤʝʨʝʞʝʚʠʭ 

ʦʧʝʨʘʪʦʨʽʚ. 

ʇʨʠʜʽʣʷʻʪʴʩʷ ʫʚʘʛʘ ʽʥʪʝʛʨʘʮʽʾ ʥʦʚʠʭ ʽʥʩʪʨʫʤʝʥʪʽʚ ʟʽ ʩʪʘʨʠʤʠ ʢʦʨʧʦʨʘʪʠʚʥʠʤʠ ʜʘʥʠʤʠ. ɼʣʷ 

ʮʴʦʛʦ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʝʥʝʨʛʦʩʧʝʮʠʬʽʯʥʘ ʬʦʨʤʘ ɿʘʛʘʣʴʥʦʾ ʽʥʬʦʨʤʘʮʽʡʥʦʾ ʤʦʜʝʣʽ (ʎɯʄ), ʷʢʘ 

ʧʝʨʝʪʚʦʨʶʻʪʴʩʷ ʚ ʩʪʘʥʜʘʨʪʥʽ ʬʦʨʤʘʪʠ ʜʘʥʠʭ. ɿʘʛʘʣʴʥʝ ʫʷʚʣʝʥʥʷ ʧʨʦ ʩʪʨʫʢʪʫʨʫ ʜʘʥʦʛʦ ʧʨʦʜʫʢʪʫ 

ʤʦʞʥʘ ʦʪʨʠʤʘʪʠ, ʧʦʜʠʚʠʚʰʠʩʴ ʥʘ ʩʢʣʘʜ ʡʦʛʦ ʜʦʜʘʪʢʽʚ ʽ ʾʭ ʩʧʨʷʤʦʚʘʥʽʩʪʴ ʥʘ ʨʠʩʫʥʢʫ 1.8.  

 
ʈʠʩ. 1.8. ɿʘʛʘʣʴʥʘ ʩʪʨʫʢʪʫʨʘ ʧʨʦʛʨʘʤʥʦʾ ʩʠʩʪʝʤʠ Oracle Utilities  [47] 
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Oracle ʧʨʘʮʶʻ ʥʘʜ ʪʝʭʥʦʣʦʛʽʷʤʠ ʘʥʘʣʽʪʠʢʠ ʚ ʧʘʤ'ʷʪʽ, ʱʦʙ ʦʪʨʠʤʘʪʠ ʧʝʨʝʚʘʛʫ ʥʘʜ 

ʢʦʥʢʫʨʝʥʪʘʤʠ ʟʘ ʨʘʭʫʥʦʢ ʙʽʣʴʰ ʰʚʠʜʢʠʭ ʧʨʦʮʝʩʽʚ ʦʙʨʦʙʢʠ. ɺʞʝ ʩʴʦʛʦʜʥʽ ʚ ʨʦʙʦʪʫ ʚʢʣʶʯʝʥʽ 

ʥʦʚʽʪʥʽ ʪʝʭʥʦʣʦʛʽʾ,  ʩʝʨʝʜ ʷʢʠʭ  ʧʨʠʣʘʜ ʙʘʟʠ ʜʘʥʠʭ Exadata, ʤʘʰʠʥʘ Exalytics ʚ ʧʘʤô̫ ʪʽ, ʱʦ ʨʦʙʠʪʴ 

ʛʦʣʦʚʥʠʡ ʧʣʘʥ ʢʦʤʧʘʥʽʾ ʨʝʘʣʴʥʠʤ - ʧʦʙʫʜʫʚʘʪʠ ʝʬʝʢʪʠʚʥʠʡ ʤʽʩʪ ʤʽʞ ʪʨʘʜʠʮʽʡʥʠʤʠ ʚʽʜʜʽʣʘʤʠ 

ʝʥʝʨʛʝʪʠʢʽʚ, ʪʘʢʠʤʠ ʷʢ ʚʽʜʜʽʣ ʨʦʟʨʘʭʫʥʢʽʚ ʟʽ ʩʧʦʞʠʚʘʯʘʤʠ, ʚʽʜʜʽʣ ʨʦʟʧʦʜʽʣʫ ʪʨʫʜʦʚʠʭ ʨʝʩʫʨʩʽʚ, 

ʫʧʨʘʚʣʽʥʥʷ ʤʘʡʥʦʤ ʽ ʪ. ʜ. ʇʣʘʥʫʻʪʴʩʷ ʚʚʦʜʠʪʠ ʚ ʝʢʩʧʣʫʘʪʘʮʽʶ ʥʦʚʠʡ ʢʦʞʥʽ ʰʽʩʪʴ-ʜʝʚ'ʷʪʴ ʤʽʩʷʮʽʚ 

ʜʝh ʙʦʨʜ (dashboard) ʜʣʷ ʚʠʢʦʨʠʩʪʘʥʥʷ ʧʝʨʩʦʥʘʣʦʤ ʢʦʤʧʘʥʽʾ. 

ʌʦʥʜ ɽʜʽʩʦʥʘ ʧʨʦʚʽʚ ʜʦʩʣʽʜʞʝʥʥʷ, ʷʢʽ ʧʦʢʘʟʘʣʠ, ʱʦ ʜʦ ʞʦʚʪʥʷ 2013 ʨʦʢʫ ʫ ʉʐɸ ʙʫʣʦ 

ʨʦʟʛʦʨʥʫʪʦ 46 ʤʽʣʴʡʦʥʽʚ ʨʦʟʫʤʥʠʭ ʣʽʯʠʣʴʥʠʢʽʚ, ʷʢʽ ʩʪʚʦʨʶʶʪʴ ʧʦʥʘʜ ʤʽʣʴʷʨʜ ʪʦʯʦʢ ʜʘʥʠʭ ʥʘ 

ʜʝʥʴ. ʎʝ ʜʫʞʝ ʟʥʘʯʫʱʝ ʜʞʝʨʝʣʦ ʽʥʬʦʨʤʘʮʽʾ, ʷʢʝ ʤʘʻ ʚʝʣʠʢʫ ʧʦʪʝʥʮʽʡʥʫ ʮʽʥʥʽʩʪʴ. ʅʘ ʢʦʥʬʝʨʝʥʮʽʾ 

çʄô̫ ʢʘ ʩʽʪʢʘ 2013è [25] ʧʽʜ ʯʘʩ ʩʝʢʮʽʾ çɸʥʘʣʽʪʠʢʘ ʦʩʪʘʥʥʴʦʾ ʤʠʣʽ: ʇʦʛʣʷʜ ʥʘ AMI, DG, EV  ̔ɿʘ 

ʤʝʞʘʤʠè ʘʥʘʣʽʪʠʢ ʟ ʜʦʩʣʽʜʞʝʥʥʷ GTM ʟʘʷʚʠʚ, ʱʦ ʩʧʦʯʘʪʢʫ ʤʝʨʝʞʽ AMI ʙʫʣʠ ʨʦʟʨʦʙʣʝʥʽ 

ʚʠʢʣʶʯʥʦ ʜʣʷ ʚʽʜʜʘʣʝʥʦʛʦ ʽʥʪʝʨʚʘʣʴʥʦʛʦ ʦʪʨʠʤʘʥʥʷ ʜʘʥʠʭ ʟ ʣʽʯʠʣʴʥʠʢʽʚ ʟ ʤʝʪʦʶ ʚʠʩʪʘʚʣʝʥʥʷ 

ʨʘʭʫʥʢʽʚ ʩʧʦʞʠʚʘʯʘʤ, ʘʣʝ ʦʯʝʚʠʜʥʦ, ʱʦ ʮʽ ʜʘʥʽ ʤʦʞʫʪʴ ʙʫʪʠ ʚʠʣʫʯʝʥʽ ʜʣʷ ʽʥʰʠʭ ʮʽʣʝʡ ʽ ʚ 

ʚʢʣʶʯʘʶʯʠ ʨʦʙʦʪʫ ʘʚʪʦʤʘʪʠʟʘʮʽʾ ʨʦʟʧʦʜʽʣʫ (DA). 

ʅʘ ʨʠʩʫʥʢʫ 1.9 ʧʨʝʜʩʪʘʚʣʝʥʘ ʝʚʦʣʶʮʽʷ ʘʨʭʽʪʝʢʪʫʨʠ ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ ʟʙʦʨʫ ʜʘʥʠʭ ʟ 

ʨʦʟʧʦʜʽʣʝʥʦʾ ʤʝʨʝʞʽ ʽʥʪʝʣʝʢʪʫʘʣʴʥʠʭ ʣʽʯʠʣʴʥʠʢʽʚ [29]. 

 
ʈʠʩ. 1.9. ɽʚʦʣʶʮʽʷ ʘʨʭʽʪʝʢʪʫʨʠ AMI 

 

ɹʘʛʘʪʦ ʢʦʤʧʘʥʽʡ ʙʫʜʫʶʪʴ ʩʧʝʮʽʘʣʴʥʽ ʤʝʨʝʞʝʚʽ ʨʽʰʝʥʥʷ ʜʣʷ ʧʦʚʥʦʛʦ ʚʠʨʽʰʝʥʥʷ ʧʦʜʽʙʥʠʭ 

ʟʘʚʜʘʥʴ. ɽʥʝʨʛʝʪʠʢʠ ʜʠʚʣʷʪʴʩʷ ʥʘ ʪʝ, ʷʢ ʤʦʞʥʘ ʧʨʦʘʥʘʣʽʟʫʚʘʪʠ ʽʥʬʦʨʤʘʮʽʶ ʧʨʦ ʢʦʨʠʩʪʫʚʘʯʽʚ ʽ 

ʧʝʨʝʪʚʦʨʠʪʠ ʾʾ ʥʘ ʢʦʨʠʩʥʫ. ʎʝʡ ʧʨʦʮʝʩ ʙʫʜʝ ʚʝʣʠʢʦʶ ʭʚʠʣʝʶ ,̔ ʤʦʞʣʠʚʦ, ʥʝ ʦʜʥʽʻʶ, ʩʣʽʜʦʤ ʟʘ 

ʭʚʠʣʝʶ ʽʥʥʦʚʘʮʽʡ. ʎʝ ʧʦʯʘʪʦʢ ʧʨʦʮʝʩʫ, ʷʢʠʡ ʪʨʠʚʘʪʠʤʝ ʱʝ ʜʦʚʛʦ ʽ ʜʘʣʽ ʥʘʰʦʛʦ ʯʘʩʫ ʞʠʪʪʷ. 
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ʑʝ ʦʜʠʥ ʘʢʪʠʚʥʠʡ ʛʨʘʚʝʮʴ ʥʘ ʨʠʥʢʫ ʘʥʘʣʽʪʠʯʥʠʭ ʩʠʩʪʝʤ ʚ ʝʥʝʨʛʝʪʠʯʥʦʤʫ ʩʝʢʪʦʨʽ, 3TIER 

[30] ʜʦʧʦʤʘʛʘʻ ʦʨʛʘʥʽʟʘʮʽʷʤ ʨʦʟʨʘʭʦʚʫʚʘʪʠ ʨʠʟʠʢʠ ʜʣʷ ʧʨʦʢ̒ʪʽʚ, ʧʦʚ'ʷʟʘʥʠʭ ʟ ʚʽʜʥʦʚʣʶʚʘʥʠʤʠ 

ʜʞʝʨʝʣʘʤʠ ʝʥʝʨʛʽʾ. ʈʽʰʝʥʥʷ ʢʦʤʧʘʥʽʾ ʜʦʟʚʦʣʷʶʪʴ ʧʨʦʛʥʦʟʫʚʘʪʠ ʥʝʩʪʘʙʽʣʴʥʽʩʪʴ ʧʦʛʦʜʥʠʭ ʫʤʦʚ ʽ, 

ʚʠʭʦʜʷʯʠ ʟ ʮʴʦʛʦ, ʧʨʦʛʥʦʟʫʚʘʪʠ ʨʠʟʠʢʠ ʚ ʚʽʪʨʦʚʽʡ ʽ ʩʦʥʷʯʥʽʡ ʝʥʝʨʛʝʪʠʮʽ. ɺʦʥʘ ʙʘʟʫʻʪʴʩʷ ʥʘ 

ʛʣʠʙʦʢʦʤʫ ʘʥʘʣʽʟʽ ʩʫʯʘʩʥʠʭ ʤʝʪʝʦʨʦʣʦʛʽʯʥʠʭ ʩʧʦʩʪʝʨʝʞʝʥʴ ʪʘ ʽʩʪʦʨʠʯʥʠʭ ʟʘʢʦʥʦʤʽʨʥʦʩʪʝʡ. 

ʉʝʨʚʽʩ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʜʚʦʭ ʢʦʤʧʦʥʝʥʪʽʚ: ʦʮʽʥʢʘ ʪʘ ʧʨʦʛʥʦʟʫʚʘʥʥʷ. ɺʽʥ ʜʦʩʪʫʧʥʠʡ ʯʝʨʝʟ ʽʥʪʝʨʥʝʪ, 

ʽ ʚʠʤʘʛʘʻ ʰʚʠʜʢʦʛʦ ʽ ʙʝʟʧʝʨʝʙʽʡʥʦʛʦ ʜʦʩʪʫʧʫ ʜʦ ʚʝʣʠʢʠʭ ʜʘʥʠʭ. ʆʙʨʦʙʣʷʻʪʴʩʷ ʚʝʣʠʢʘ ʢʽʣʴʢʽʩʪʴ 

ʜʘʥʠʭ ʧʨʦ ʧʦʛʦʜʫ ʽ ʢʣʽʤʘʪ ʽ ʩʪʚʦʨʶʻʪʴʩʷ ʚʝʣʠʯʝʟʥʘ ʢʽʣʴʢʽʩʪʴ ʤʦʜʝʣʶʚʘʥʥʷ, ʽ ʚʜʘʣʦʩʷ ʜʦʩʷʛʪʠ 

ʫʩʧʽʭʫ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʤʘʩʰʪʘʙʥʦʛʦ ʟʙʝʨʽʛʘʥʥʷ ʜʘʥʠʭ ɽʄʉ ɯʩʽʣʦʥ ʅɸʅ. 

eMeter ʟʘʧʫʩʪʠʚ ʙʽʟʥʝʩ-ʤʦʜʝʣʴ ʥʘ ʦʩʥʦʚʽ ʭʤʘʨʥʦʛʦ ʩʝʨʚʽʩʫ. ʄʘʡʞʝ ʚʽʜʨʘʟʫ ʢʦʤʧʘʥʽʷ ʉʽʤʝʥʩ 

ʦʛʦʣʦʩʠʣʘ ʧʨʦ ʤʦʞʣʠʚʽʩʪʴ ʚʠʢʦʨʠʩʪʘʥʥʷ ʩʚʦʛʦ ʧʘʢʝʪʫ ʜʘʥʠʭ ʣʽʯʠʣʴʥʠʢʽʚ EnergyIP ʚ ʭʤʘʨʥʦʤʫ 

ʨʝʞʠʤʽ. ʆʧʣʘʪʫ ʪʝʧʝʨ ʤʦʞʥʘ ʟʜʽʡʩʥʶʚʘʪʠ ʥʘ ʦʩʥʦʚʽ ʱʦʤʽʩʷʯʥʠʭ ʨʦʟʨʘʭʫʥʢʽʚ ʟʘ ʣʽʯʠʣʴʥʠʢ. 

ʉʣʽʜʦʤ ʟʘ ʮʠʤ eMeter ʦʛʦʣʦʩʠʚ ʧʨʦ ʟʘʧʫʩʢ ʘʥʘʣʽʪʠʯʥʠʭ ʽʥʩʪʨʫʤʝʥʪʽʚ ʚ ʭʤʘʨʥʦʤʫ ʩʝʨʚʽʩʽ. 

ɿʽʙʨʘʥʽ ʜʘʥʽ ʪʝʧʝʨ ʤʦʞʥʘ ʧʨʦʘʥʘʣʽʟʫʚʘʪʠ ʜʣʷ ʦʮʽʥʢʠ ʩʧʨʘʚʥʦʩʪʽ AMI, ʫʧʨʘʚʣʽʥʥʷ 

ʥʘʚʘʥʪʘʞʝʥʥʷʤ, ʘʥʘʣʽʟʫ ʥʝʩʧʨʘʚʥʦʩʪʝʡ ʪʘ ʧʦʜʽʡ, ʟʘʭʠʩʪʫ ʜʦʭʦʜʽʚ ʪʘ  ʤʦʥʽʪʦʨʠʥʛʫ ʥʘʚʘʥʪʘʞʝʥʥʷ.  

ʍʤʘʨʥʠʡ ʩʝʨʚʽʩ ʜʦʟʚʦʣʠʚ ʦʙ'ʻʜʥʘʪʠ ʜʘʥʽ ʥʝ ʪʽʣʴʢʠ ʟ ʨʦʟʫʤʥʠʭ ʣʽʯʠʣʴʥʠʢʽʚ, ʘʣʝ ʽ ʟ ɸʉʂʆɽ ʽ ʥʘʚʽʪʴ 

ʩʪʘʨʠʭ ʝʣʝʢʪʨʦʤʝʭʘʥʽʯʥʠʭ ʣʽʯʠʣʴʥʠʢʽʚ. ɺʩʝ ʮʝ ʨʦʙʠʪʴ ʢʦʤʧʘʥʽʶ ʦʜʥʠʤ ʟ ʥʘʡʤʘʩʰʪʘʙʥʽʰʠʭ 

ʨʦʟʫʤʥʠʭ ʣʽʯʠʣʴʥʠʢʽʚ ʥʘ ʨʠʥʢʫ. 

ʉʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʩʝʨʡʦʟʥʘ ʪʝʥʜʝʥʮʽʷ ʜʦ  ʧʝʨʝʥʝʩʝʥʥʷ ʚʩʽʻʾ ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ çʈʦʟʫʤʥʘ 

ʤʝʨʝʞʘè ʚ ʭʤʘʨʫ. IBM ʩʧʽʚʧʨʘʮʶʻ ʟ E.ON ʥʘʜ ʨʦʟʛʦʨʪʘʥʥʷʤ ʭʤʘʨʥʦʾ ʽʥʪʝʣʝʢʪʫʘʣʴʥʦʾ 

ʚʠʤʽʨʶʚʘʣʴʥʦʾ ɯʊ-ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ ʜʣʷ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʅʽʤʝʯʯʠʥʠ, ɸʚʩʪʨʽʾ ʪʘ ʐʚʝʡʮʘʨʽʾ. 

ʇʦʜʽʙʥʦ ʜʦ ʘʣʛʦʨʠʪʤʽʚ ʧʨʦʩʫʥʫʪʠʭ ʧʦʰʫʢʦʚʠʭ ʩʠʩʪʝʤ ʘʙʦ ʩʠʥʦʧʪʠʢʽʚ, ʩʠʩʪʝʤʘ ʚʞʝ 

ʨʦʟʛʣʷʥʫʪʦʾ ʚʠʱʝ ʧʣʘʪʬʦʨʤʠ ʝʥʝʨʛʝʪʠʯʥʠʭ ʜʘʥʠʭ ɸʚʪʦʩʽʪʢʘ [22] ʚʠʪʷʛʫʻ ʩʪʨʫʢʪʫʨʦʚʘʥʽ ʪʘ 

ʥʝʩʪʨʫʢʪʫʨʦʚʘʥʽ ʜʘʥʽ, ʱʦ ʛʝʥʝʨʫʶʪʴʩʷ ʝʣʝʢʪʨʦʤʝʨʝʞʝʶ ʪʘ ʧʽʜʢʣʶʯʝʥʠʤʠ ʜʦ ʥʝʾ ʧʨʠʩʪʨʦʷʤʠ, ʱʦʙ 

ʚʠʷʚʠʪʠ ʪʘ ʚʠʪʷʛʪʠ ʤʦʜʝʣʽ ʚʠʢʦʨʠʩʪʘʥʥʷ, ʚʩʪʘʥʦʚʣʶʻ ʢʦʨʝʣʷʮʽʶ ʤʽʞ ʮʽʥʘʤʠ ʪʘ ʚʠʢʦʨʠʩʪʘʥʥʷʤ 

ʘʙʦ ʘʥʘʣʽʟʫʻ ʚʟʘʻʤʦʟʚ'ʷʟʢʠ ʜʝʩʷʪʢʽʚ ʪʠʩʷʯ ʟʤʽʥʥʠʭ. ɿʘ ʜʦʧʦʤʦʛʦʶ ʮʽʻʾ ʧʣʘʪʬʦʨʤʠ ʢʦʤʫʥʘʣʴʥʽ 

ʩʣʫʞʙʠ ʤʦʞʫʪʴ ʧʝʨʝʜʙʘʯʠʪʠ, ʩʢʽʣʴʢʠ  ʝʥʝʨʛʽʾ  ʙʫʜʝ ʧʦʪʨʽʙʥʦ ʚ ʥʘʡʙʣʠʞʯʽ ʪʠʞʜʝʥʴ ʘʙʦ  ʥʘʚʽʪʴ 

ʭʚʠʣʠʥʫ ʘʙʦ ʩʝʢʫʥʜʫ. ɺʝʣʠʢʽ ʧʨʦʤʠʩʣʦʚʽ ʢʣʽʻʥʪʠ ʤʦʞʫʪʴ ʦʧʪʠʤʽʟʫʚʘʪʠ ʩʚʦʶ ʜʽʷʣʴʥʽʩʪʴ, ʱʦʙ 

ʫʥʠʢʥʫʪʠ ʰʪʨʘʬʽʚ ʟʘ ʧʝʨʝʚʘʥʪʘʞʝʥʥʷ. 

ʂʦʤʧʘʥʽʷ Itron ʻ ʚʠʨʦʙʥʠʢʦʤ ʣʽʯʠʣʴʥʠʢʽʚ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ [31]. ʆʩʪʘʥʥʽʤ ʯʘʩʦʤ ʦʩʥʦʚʥʦʶ 

ʤʝʪʦʶ ʩʪʘʣʦ ʟʘʙʝʟʧʝʯʝʥʥʷ ʾʭ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʚ ʩʢʣʘʜʽ AMI - ʧʝʨʝʜʦʚʦʾ ʚʠʤʽʨʶʚʘʣʴʥʦʾ 

ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ. ɺʦʥʘ ʚʞʝ ʩʪʘʣʘ ʟʨʽʣʦʶ ʛʘʣʫʟʟʶ ʚ ʇʽʚʥʽʯʥʽʡ ɸʤʝʨʠʮʽ, ʽ ʚʩʽ ʢʦʤʫʥʘʣʴʥʽ 

ʧʽʜʧʨʠʻʤʩʪʚʘ ʨʦʟʛʦʨʥʫʣʠ ʪʘʢʫ ʽʥʬʨʘʩʪʨʫʢʪʫʨʫ. ʆʜʥʘʢ ʚʠʢʦʨʠʩʪʘʥʥʷ ʚʩʽʭ ʤʦʞʣʠʚʦʩʪʝʡ ʪʘʢʦʾ 

ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ ʜʘʣʝʢʦ ʥʝ  ʧʦʚʥʝ. ʋ ʟʚʽʪʘʭ GTM ɼʦʩʣʽʜʞʝʥʥʷ ʡʜʝʪʴʩʷ ʧʨʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʜʘʥʠʭ ʚ 

AMI ʜʣʷ ʫʧʨʘʚʣʽʥʥʷ ʚʽʜʤʦʚʘʤʠ ʪʘ ʦʧʪʠʤʽʟʘʮʽʾ ʥʘʧʨʫʛʠ ʚ ʜʚʦʭ ʧʨʦʚʽʜʥʠʭ ʚʪʦʨʠʥʥʠʭ ʜʦʜʘʪʢʘʭ ʚ 

ʇʽʚʥʽʯʥʽʡ ɸʤʝʨʠʮʽ. ʆʜʠʥ ʚʠʧʘʜʦʢ, ʷʢʠʡ ʚʠʢʣʠʢʘʚ ʚʝʣʠʢʠʡ ʽʥʪʝʨʝʩ, ʥʘʟʠʚʘʻʪʴʩʷ CVR - ʟʙʝʨʝʞʝʥʥʷ 

ʟʥʠʞʝʥʥʷ ʥʘʧʨʫʛʠ. ʎʝ ʤʝʪʦʜ ʩʪʨʘʪʝʛʽʯʥʦʛʦ ʟʥʠʞʝʥʥʷ ʥʘʧʨʫʛʠ ʥʘ ʦʙʨʘʥʠʭ ʨʦʟʧʦʜʽʣʴʥʠʭ ʬʽʜʝʨʘʭ 

ʟ ʤʝʪʦʶ ʧʽʜʚʠʱʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ, ʧʽʜʚʠʱʝʥʥʷ  ʢʦʝʬʽʮʽʻʥʪʘ ʧʦʪʫʞʥʦʩʪʽ ʪʘ ʟʤʝʥʰʝʥʥʷ 

ʰʢʽʜʣʠʚʦʛʦ ʚʧʣʠʚʫ ʥʘ ʪʘʢʝ ʦʙʣʘʜʥʘʥʥʷ, ʷʢ ʨʦʟʧʦʜʽʣʴʥʽ ʪʨʘʥʩʬʦʨʤʘʪʦʨʠ. ɯʩʪʦʨʠʯʥʦ ʩʢʣʘʣʦʩʷ ʪʘʢ, 

ʱʦ CVR ʚʠʢʦʨʠʩʪʦʚʫʚʘʚʩʷ ʥʘ  ʦʩʥʦʚʽ ʤʦʜʝʣʴʥʦʛʦ ʧʽʜʭʦʜʫ ʜʦ  ʚʽʜʰʢʦʜʫʚʘʥʥʷ ʟʙʠʪʢʽʚ ʥʘ ʣʽʥʽʷʭ. 

ɸʣʝ ʟʘʨʘʟ ʙʽʣʴʰʝ ʪʨʝʪʠʥʠ ʢʦʤʫʥʘʣʴʥʠʭ ʩʣʫʞʙ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʤʦʞʣʠʚʽʩʪʴ ʚʠʤʽʨʶʚʘʥʥʷ ʥʘʧʨʫʛʠ 

ʚ ʢʽʥʮʷʭ ʣʽʥʽʡ ʟʘ ʜʦʧʦʤʦʛʦʶ ʨʦʟʫʤʥʠʭ ʣʽʯʠʣʴʥʠʢʽʚ ʽ ʟʘʩʪʦʩʫʚʘʥʥʷ CVR. ɼʣʷ  ʨʦʟʨʦʙʦʢ ʚ ʮʽʡ ʩʬʝʨʽ  

ʢʦʤʧʘʥʽʷ Itron ʚʠʙʨʘʣʘ ʜʦʩʚʽʜʯʝʥʦʛʦ ʧʘʨʪʥʝʨʘ, ʢʦʤʧʘʥʽʶ Beckwith Electric, ʚʽʜʦʤʫ ʩʚʦʻʶ 

ʧʨʦʜʫʢʮʽʻʶ ʷʢ ʚ ʦʙʣʘʩʪʽ CVR, ʪʘʢ ʽ ʽʥʰʦʶ ʪʝʭʥʦʣʦʛʽʻʶ ʧʽʜ ʥʘʟʚʦʶ Volt / ʆʧʪʠʤʽʟʘʮʽʷ VAr [32]. 

http://www.greentechmedia.com/articles/read/ibm-e.on-build-the-cloud-for-germanys-smart-meter-future
http://www.greentechmedia.com/articles/read/ibm-e.on-build-the-cloud-for-germanys-smart-meter-future
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ʇʣʘʪʬʦʨʤʘ DMMessenger ʨʦʟʨʦʙʣʝʥʘ ʢʦʤʧʘʥʽʻ  ʁLuxoft, ʱʦ ʚʭʦʜʠʪʴ ʜʦ ʩʢʣʘʜʫ IBS Group 

[33] ʜʦʧʦʤʘʛʘʻ ʟʥʠʟʠʪʠ ʩʧʦʞʠʚʘʥʥʷ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ ʧʨʠ ʧʽʢʦʚʠʭ ʥʘʚʘʥʪʘʞʝʥʥʷʭ ʰʣʷʭʦʤ ʘʥʘʣʽʟʫ 

ʪʝʨʘʙʘʡʪ ʜʘʥʠʭ, ʦʪʨʠʤʘʥʠʭ ʟ ʣʽʯʠʣʴʥʠʢʽʚ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ. ʇʣʘʪʬʦʨʤʘ DMMessenger ï ʮʝ 

ʽʥʩʪʨʫʤʝʥʪ ʘʥʘʣʽʟʫ ʜʘʥʠʭ ʧʨʦ ʩʧʦʞʠʚʘʥʥʷ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ, ʦʙʨʦʙʢʠ ʧʨʘʢʪʠʯʥʦ ʙʫʜʴ-ʷʢʠʭ ʦʙʩʷʛʽʚ 

ʜʘʥʠʭ, ʦʪʨʠʤʘʥʠʭ ʚʽʜ ʣʽʯʠʣʴʥʠʢʽʚ ʩʧʦʞʠʚʘʯʽʚ. DMMessenger ʧʨʠʟʥʘʯʝʥʠʡ ʜʣʷ ʨʦʟʨʦʙʥʠʢʽʚ 

ʨʽʰʝʥʴ Smart Grid, ʷʢʽ ʭʦʯʫʪʴ ʜʦʜʘʪʠ ʚ ʩʚʦʾ ʧʨʦʜʫʢʪʠ ʟʘʩʦʙʠ ʟʚ'ʷʟʢʫ ʟʽ ʩʧʦʞʠʚʘʯʘʤʠ, ʦʙʨʦʙʢʠ 

ʜʘʥʠʭ ʣʽʯʠʣʴʥʠʢʽʚ, ʨʦʟʧʦʜʽʣʝʥʦʛʦ ʟʙʝʨʽʛʘʥʥʷ ʜʘʥʠʭ, ʘ ʪʘʢʦʞ ʽʥʪʝʛʨʘʮʽʾ ʟ ʩʦʮʽʘʣʴʥʠʤʠ ʤʝʨʝʞʘʤʠ. 

ɸʨʭʽʪʝʢʪʫʨʘ DMMessenger ʚʠʨʽʰʫʻ ʧʨʦʙʣʝʤʫ ʘʥʘʣʽʟʫ ʚʝʣʠʢʠʭ ʜʘʥʠʭ ʟʘ ʨʘʭʫʥʦʢ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʨʦʟʧʦʜʽʣʝʥʦʛʦ ʩʭʦʚʠʱʘ, ʷʢʝ ʤʘʩʰʪʘʙʫʻʪʴʩʷ ʚ ʤʽʨʫ ʥʝʦʙʭʽʜʥʦʩʪʽ, ʘ ʪʘʢʦʞ 

ʧʘʨʘʣʝʣʴʥʠʭ ʦʙʯʠʩʣʝʥʴ ʚ ʭʤʘʨʽ. ʈʦʟʧʦʜʽʣʝʥʠʡ ʘʥʘʣʽʪʠʯʥʠʡ ʽʥʩʪʨʫʤʝʥʪ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʜʣʷ 

ʦʙʨʦʙʢʠ ʤʽʣʴʡʦʥʽʚ ʟʘʧʠʩʽʚ ʚ  ʨʝʞʠʤʽ ʨʝʘʣʴʥʦʛʦ ʯʘʩʫ ʽ ʧʘʨʘʣʝʣʴʥʦ.  

ɺʠʢʦʨʠʩʪʘʥʥʷ DMMessenger ʜʦʧʦʤʘʛʘʻ ʢʦʤʫʥʘʣʴʥʠʤ ʧʽʜʧʨʠʻʤʩʪʚʘʤ ʢʣʘʩʠʬʽʢʫʚʘʪʠ 

ʩʧʦʞʠʚʘʯʽʚ ʟʘ ʧʨʦʬʽʣʷʤʠ ʥʘʚʘʥʪʘʞʝʥʥʷ, ʤʽʩʮʝʤ ʨʦʟʪʘʰʫʚʘʥʥʷ ʪʘ ʽʥʰʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ, ʘ ʧʦʪʽʤ 

ʚʠʙʨʘʪʠ ʪʠʭ, ʭʪʦ ʤʦʞʝ ʟʘʙʝʟʧʝʯʠʪʠ ʥʘʡʙʽʣʴʰʫ ʚʠʛʦʜʫ, ʥʘʧʨʠʢʣʘʜ, ʦʙʤʝʞʠʚʰʠ ʩʧʦʞʠʚʘʥʥʷ 

ʝʥʝʨʛʽʾ ʧʽʜ ʯʘʩ ʧʽʢʦʚʠʭ ʥʘʚʘʥʪʘʞʝʥʴ. DMMessenger ʪʽʩʥʦ ʽʥʪʝʛʨʦʚʘʥʘ ʟ ɯʥʬʦʨʤʘʮʽʡʥʦʶ ʩʠʩʪʝʤʦʶ 

ʟʘʤʦʚʥʠʢʘ (ʂɯʉ) ʽ ʚʠʢʦʨʠʩʪʦʚʫʻ ʚʽʜʢʨʠʪʽ ʽʥʪʝʨʬʝʡʩʠ ʧʨʠʢʣʘʜʥʦʛʦ ʧʨʦʛʨʘʤʫʚʘʥʥʷ (API) ʜʣʷ 

ʟʘʧʠʪʫ ʜʦ ʙʘʟʠ ʜʘʥʠʭ ɯʥʬʦʨʤʘʮʽʡʥʦʾ ʩʠʩʪʝʤʠ ʟʘʤʦʚʥʠʢʘ (CIS). ʋ ʭʤʘʨʽ ʥʝ ʟʙʝʨʽʛʘʻʪʴʩʷ 

ʢʦʥʬʽʜʝʥʮʽʡʥʘ ʽʥʬʦʨʤʘʮʽʷ, ʱʦ ʜʦʟʚʦʣʷʻ ʟʘʭʠʩʪʠʪʠ ʧʝʨʩʦʥʘʣʴʥʽ ʜʘʥʽ ʢʣʽʻʥʪʘ. 

ʇʽʩʣʷ ʩʝʛʤʝʥʪʘʮʽʾ ʩʧʦʞʠʚʘʯʽʚ ʽ  ʚʠʷʚʣʝʥʥʷ  ʮʽʣʴʦʚʦʾ ʘʫʜʠʪʦʨʽʾ DMMessenger ʥʘʜʘʻ 

ʝʥʝʨʛʝʪʠʯʥʠʤ ʨʠʪʝʡʣʝʨʘʤ ʽʥʩʪʨʫʤʝʥʪ ʟ ʰʠʨʦʢʠʤʠ ʤʦʞʣʠʚʦʩʪʷʤʠ ʜʣʷ ʚʟʘʻʤʦʜʽʾ ʽ ʜʚʦʩʪʦʨʦʥʥʴʦʾ 

ʢʦʤʫʥʽʢʘʮʽʾ. ɿʘʧʠʪ ʥʘ ʟʥʠʞʝʥʥʷ ʩʧʦʞʠʚʘʥʥʷ ʥʘʜʩʠʣʘʻʪʴʩʷ ʢʣʽʻʥʪʘʤ ʫ ʚʠʛʣʷʜʽ ʝʣʝʢʪʨʦʥʥʠʭ ʣʠʩʪʽʚ, 

ʜʟʚʽʥʢʽʚ IVR, ʩʧʦʚʽʱʝʥʴ ʫ Facebook ʘʙʦ ʟʘ ʜʦʧʦʤʦʛʦʶ ʜʦʜʘʪʢʫ  ʜʣʷ  ʩʤʘʨʪʬʦʥʘ. ʅʝʟʘʣʝʞʥʦ ʚʽʜ 

ʩʧʦʩʦʙʫ ʢʦʥʪʘʢʪʫ ʟʽ ʩʧʦʞʠʚʘʯʝʤ, ʫʯʘʩʪʴ ʚ ʧʨʦʛʨʘʤʘʭ ʝʥʝʨʛʦʟʙʝʨʝʞʝʥʥʷ ʟʘʦʭʦʯʫʻʪʴʩʷ 

ʩʦʮʽʘʣʴʥʠʤʠ ʝʣʝʤʝʥʪʘʤʠ - ʽʛʨʘʤʠ, ʫʯʘʩʪʶ ʚ ʢʦʥʢʫʨʩʘʭ ʽ ʟʤʘʛʘʥʥʷʭ. 

ʇʽʣʦʪʥʽ ʧʨʦʢ̒ʪʠ ʚ ʩʠʩʪʝʤʘʭ ʦʙʨʦʙʢʠ ʚʝʣʠʢʠʭ ʜʘʥʠʭ ʚ ʝʣʝʢʪʨʦʝʥʝʨʛʝʪʠʮʽ ʯʘʩʪʦ ʟʘʯʽʧʘʶʪʴ 

ʜʫʞʝ ʛʣʠʙʦʢʽ ʦʩʥʦʚʠ ʧʦʙʫʜʦʚʠ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʩʠʩʪʝʤ. ʆʩʴ ʧʨʠʢʣʘʜ ʘʥʘʣʽʪʠʯʥʦʾ ʩʠʩʪʝʤʠ ʟ 

ʦʜʥʦʨʽʚʥʝʚʦʶ ʨʦʟʧʦʜʽʣʝʥʦʶ ʘʨʭʽʪʝʢʪʫʨʦʶ, ʟʘʩʥʦʚʘʥʦʾ ʥʘ ʚʽʜʩʫʪʥʦʩʪʽ  ʜʘʪʘ-ʮʝʥʪʨʽʚ. 

ʈʦʟʧʦʜʽʣʝʥʘ ʧʦ ʪʝʨʠʪʦʨʽʾ ʽʥʪʝʛʨʦʚʘʥʘ ʤʘʰʠʥʘ ʘʥʘʣʽʟʫ ʜʘʥʠʭ ʩʘʤʦʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʤʦʞʝ 

ʙʫʪʠ ʧʦʙʫʜʦʚʘʥʘ ʥʘ ʦʩʥʦʚʽ ʧʦʻʜʥʘʥʥʷ ʨʦʟʫʤʥʠʭ ʣʽʯʠʣʴʥʠʢʽʚ, ʩʦʥʷʯʥʠʭ ʧʘʥʝʣʝʡ, ʘʢʫʤʫʣʷʪʦʨʽʚ ʽ 

ʤʝʨʝʞʝʚʠʭ ʧʨʠʩʪʨʦʾʚ. ʎʝ ʙʫʣʦ ʟʨʦʙʣʝʥʦ ʧʽʜ ʯʘʩ ʧʨʦʢ̒ʪʫ ʚ ʐʘʨʣʦʪʪʽ, ʰʪʘʪ ʇʽʚʥʽʯʥʘ ʂʘʨʦʣʽʥʘ, ʥʘ 

ʝʣʝʢʪʨʦʩʪʘʥʮʽʾ ɼʶʢ ɽʥʝʨʜʞʽ [34]. ʇʽʜʢʣʶʯʠʚʰʠ 3000 ʰʪʫʢ ʤʽʢʨʦʢʦʤʧ'ʶʪʝʨʽʚ Raspberry Pi ʟʘ 35 

ʜʦʣʘʨʽʚ ʜʦ ʨʦʟʫʤʥʦʾ ʝʥʝʨʛʦʩʠʩʪʝʤʠ. ɺʜʘʣʦʩʷ ʨʝʘʣʽʟʫʚʘʪʠ ʧʦʚʥʽʩʪʶ ʨʦʟʧʦʜʽʣʝʥʽ ʦʙʯʠʩʣʝʥʥʷ ʜʣʷ 

ʚʠʢʦʥʘʥʥʷ ʘʥʘʣʽʪʠʢʠ ʽ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʤʝʨʝʞʽ. ɻʦʚʦʨʷʯʠ ʧʨʦ ʤʦʞʣʠʚʦʩʪʽ ʘʥʘʣʽʪʠʢʠ ʚ ʪʘʢʽʡ 

ʤʝʨʝʞʽ, ʜʣʷ ʧʦʨʽʚʥʷʥʥʷ ʤʦʞʥʘ ʥʘʚʝʩʪʠ  ʪʦʡ ʬʘʢʪ,  ʱʦ ʪʝ ʞ ʩʘʤʝ ʩʫʧʝʨʢʦʤʧôʁ ʪʝʨ Deep Blue, ʷʢʠʡ 

ʦʙʽʛʨʘʚ ɻʘʨʨʽ ʂʘʩʧʘʨʦʚʘ ʚ ʰʘʭʦʚʦʤʫ ʤʘʪʯʽ ʚ 1997 ʨʦʮʽ, ʤʘʚ ʦʙʯʠʩʣʶʚʘʣʴʥʫ ʧʦʪʫʞʥʽʩʪʴ. ʈʦʟʚʠʪʦʢ 

ʪʘʢʠʭ ʘʨʭʽʪʝʢʪʫʨ,  ʷʢʽ ʤʦʞʥʘ ʥʘʟʚʘʪʠ ʛʝʪʝʨʦʘʨʭʽʯʥʠʤʠ, ʪʨʠʚʘʻ. ʋ ʤʝʨʝʞʽ ʚ ʎʠʥʮʠʥʥʘʪʽ ʧʣʘʥʫʻʪʴʩʷ 

ʨʦʟʛʦʨʥʫʪʠ 150 000 ʢʦʤʧôʶʪʝʨʽʚ, ʽ ʮʷ ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ ʙʫʜʝ ʧʨʝʜʩʪʘʚʣʷʪʠ ʧʦʣʦʚʠʥʫ 

ʩʫʧʝʨʢʦʤʧôʶʪʝʨʘ IBM Watson. ʆʩʥʦʚʦʶ ʧʨʦʛʨʘʤʥʦʾ ʨʝʘʣʽʟʘʮʽʾ ʩʠʩʪʝʤʠ ʘʥʘʣʽʪʠʢʠ ʻ ʨʦʟʧʦʜʽʣʝʥʝ 

ʩʭʦʚʠʱʝ ʽ ʨʦʟʧʦʜʽʣʝʥʘ ʩʠʩʪʝʤʘ ʧʽʜʪʨʠʤʢʠ ʦʙʯʠʩʣʝʥʴ. ɺ ʮʽʣʦʤʫ ʜʣʷ ʦʨʛʘʥʽʟʘʮʽʾ ʨʦʟʧʦʜʽʣʝʥʦʾ 

ʤʝʨʝʞʽ ʽ ʧʽʜʪʨʠʤʢʠ  ʨʦʟʨʦʙʣʝʥʦ ʧʣʘʪʬʦʨʤʫ ʨʦʟʧʦʜʽʣʝʥʠʭ ʛʨʽʜ-ʦʙʯʠʩʣʝʥʴ  ʚʽʜ ʚʫʟʣʘ  ʚʛʦʨʫ.  ɼʘʥʘ 

ʩʠʩʪʝʤʘ ʷʚʣʷʻ  ʩʦʙʦʶ ʨʦʟʚʠʥʝʥʫ ʤʝʨʝʞʫ ʟ ʙʝʟʣʽʯʯʶ ʬʽʟʠʯʥʠʭ ʢʘʥʘʣʽʚ ʟʚ'ʷʟʢʫ ʤʽʞ ʚʫʟʣʘʤʠ. ɺʦʥʘ 

ʦʙ'ʻʜʥʘʣʘ ʥʦʚʽ ʽʥʪʝʣʝʢʪʫʘʣʴʥʽ ʣʽʯʠʣʴʥʠʢʠ ʯʝʨʝʟ ʤʝʨʝʞʫ 3G ʽ LTE ʨʘʟʦʤ ʟ 14 000 ʨʦʟʫʤʥʠʭ 

ʣʽʯʠʣʴʥʠʢʽʚ, ʷʢʽ ʧʝʨʝʜʘʶʪʴ ʜʘʥʽ ʯʝʨʝʟ PLC-ʤʦʜʝʤʠ. ʋ ʤʝʨʝʞʽ ʪʘʢʦʞ ʬʫʥʢʮʽʦʥʫʶʪʴ ʨʽʟʥʽ 

ʚʥʫʪʨʽʰʥʽ ʩʠʩʪʝʤʠ ʤʦʥʽʪʦʨʠʥʛʫ ʥʘʚʘʥʪʘʞʝʥʥʷ, ʫʧʨʘʚʣʽʥʥʷ ʧʨʠʣʘʜʘʤʠ ʪʘ ʜʘʪʯʠʢʽʚ. ɼʣʷ ʦʙʤʽʥʫ 
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ʧʦʚʽʜʦʤʣʝʥʥʷʤʠ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʣʝʛʢʠʡ ʧʨʦʪʦʢʦʣ MQTT ʘ ʜʣʷ ʙʽʣʴʰ ʥʘʜʽʡʥʦʛʦ ʪʨʘʬʽʢʫ - 

ʧʨʦʪʦʢʦʣ AMQP. ʆʜʥʦʯʘʩʥʦ ʪʨʘʥʩʣʶʶʪʴʩʷ ʧʨʦʤʠʩʣʦʚʽ ʧʨʦʪʦʢʦʣʠ  ʣʽʥʽʡʥʠʭ ʜʘʪʯʠʢʽʚ DNP-3 ʜʣʷ 

ʨʦʟʫʤʥʠʭ ʣʽʯʠʣʴʥʠʢʽʚ Modbus, ʽ SNMP ʜʣʷ ʤʦʥʽʪʦʨʠʥʛʫ ʪʨʘʥʩʬʦʨʤʘʪʦʨʽʚ. 

ɼʣʷ ʨʦʟʛʦʨʪʘʥʥʷ ʧʨʦʢ̒ʪʫ ʙʫʚ ʩʪʚʦʨʝʥʠʡ ʢʦʥʩʦʨʮʽʫʤ ʚʠʨʦʙʥʠʢʽʚ ʜʣʷ ʤʝʨʝʞʽ, ʩʝʨʝʜ ʷʢʠʭ 

ʪʘʢʽ ʷʢ ɸʪʤʦʩʬʝʨʘ, ʚʽʜʦʤʠʡ ʧʦʩʪʘʯʘʣʴʥʠʢ ʨʦʟʫʤʥʠʭ ʣʽʯʠʣʴʥʠʢʽʚ ɽʰʝʣʦʥ, DMS-ʧʨʦʚʘʡʜʝʨ 

ɸʪʤʦʩʬʝʨʘ,, IT-ʩʠʩʪʝʤʥʠʡ ʽʥʪʝʛʨʘʪʦʨ Accenture, ʧʦʩʪʘʯʘʣʴʥʠʢ ʨʽʰʝʥʴ ʜʣʷ ʤʝʨʝʞʝʚʦʾ ʽʥʪʝʛʨʘʮʽʾ 

ʩʭʦʚʠʱ ʽ ʨʦʟʧʦʜʽʣʝʥʦʾ ʘʚʪʦʤʘʪʠʟʘʮʽʾ S&C Electric ʽ ʤʦʙʽʣʴʥʠʡ ʦʧʝʨʘʪʦʨ Verizon. ɺ ʨʝʟʫʣʴʪʘʪʽ ʙʫʣʘ 

ʨʦʟʨʦʙʣʝʥʘ ʘʨʭʽʪʝʢʪʫʨʘ ODMBA (ʘʨʭʽʪʝʢʪʫʨʘ ʨʦʟʧʦʜʽʣʝʥʦʾ ʰʠʥʠ ʧʦʚʽʜʦʤʣʝʥʴ ʟ ʚʽʜʢʨʠʪʠʤ 

ʚʠʭʽʜʥʠʤ ʢʦʜʦʤ) ʨʦʟʧʦʜʽʣʝʥʘ ʰʠʥʘ ʦʙʤʽʥʫ ʧʦʚʽʜʦʤʣʝʥʥʷʤʠ. ɼʘʥʽ ʟ ʪʝʣʝʢʦʤʫʥʽʢʘʮʽʡʥʦʾ ʤʝʨʝʞʽ, 

ʤʝʪʝʦʨʦʣʦʛʽʯʥʽ ʜʘʥʽ, ʜʘʥʽ ʢʦʨʠʩʪʫʚʘʯʽʚ, ʜʘʥʽ ʨʦʟʧʦʜʽʣʝʥʠʭ ʝʥʝʨʛʝʪʠʯʥʠʭ ʨʝʩʫʨʩʽʚ 

ʥʦʨʤʘʣʽʟʫʶʪʴʩʷ, ʧʝʨʝʚʽʨʷʶʪʴʩʷ ʽ ʟʙʝʨʽʛʘʶʪʴʩʷ ʚ ʩʭʦʚʠʱʽ ʥʘ ʙʘʟʽ Hadoop. 

ʌʘʭʽʚʮʽ ʩʪʚʝʨʜʞʫʶʪʴ, ʱʦ ʢʦʤʧ'ʶʪʝʨʥʘ ʤʽʮʴ ʪʘʢʠʭ ʤʝʨʝʞ ʜʦʟʚʦʣʷʻ ʩʴʦʛʦʜʥʽ ʥʝ ʪʽʣʴʢʠ 

ʩʣʫʞʠʪʠ ʤʝʪʽ ʧʽʜʚʠʱʝʥʥʷ ʥʘʜʽʡʥʦʩʪʽ ʤʝʨʝʞ, ʘʣʝ ʽ ʧʝʨʝʪʚʦʨʶʚʘʪʠ ʧʨʠʟʥʘʯʝʥʽ ʜʣʷ ʢʦʨʠʩʪʫʚʘʯʘ 

ʜʘʥʽ ʚ ʢʦʨʠʩʥʫ ʜʣʷ ʥʠʭ ʽʥʬʦʨʤʘʮʽʶ. ʂʦʞʝʥ ʧʨʦʢ̒ʪ ʚ ʮʴʦʤʫ ʥʘʧʨʷʤʢʫ ʚʠʷʚʣʷʻʪʴʩʷ ʥʝ ʪʽʣʴʢʠ 

ʨʝʘʣʽʟʘʮʽʻʶ  ʝʥʝʨʛʦʟʙʝʨʽʛʘʶʯʠʭ ʘʣʛʦʨʠʪʤʽʚ, ʘ ʡ ʧʨʦ̒ʢʪʦʤ ʘʥʘʣʽʪʠʢʠ ʢʦʨʠʩʪʫʚʘʯʽʚ, ʚ ʨʘʤʢʘʭ ʷʢʦʛʦ 

ʢʦʨʠʩʪʫʚʘʯʽ ʦʪʨʠʤʫʶʪʴ ʤʦʞʣʠʚʽʩʪʴ ʘʥʘʣʽʟʫʚʘʪʠ ʜʘʥʽ ʧʨʦ ʩʚʦʻ ʩʧʦʞʠʚʘʥʥʷ, ʱʦʙ ʟʥʘʡʪʠ ʚʪʨʘʪʠ ʽ 

ʷʢʽ ʟ ʾʭ ʧʨʠʩʪʨʦʾʚ ʧʨʘʮʶʶʪʴ ʥʝʝʬʝʢʪʠʚʥʦ. 

ʄʦʞʥʘ ʩʢʘʟʘʪʠ, ʱʦ ʤʝʪʘ ʩʠʩʪʝʤ, ʨʝʘʣʽʟʦʚʘʥʠʭ ʚ ʧʨʦʢ̒ʪʽ, ʧʦʣʷʛʘʻ ʚ ʪʦʤʫ, ʱʦʙ ʧʝʨʝʪʚʦʨʠʪʠ 

ʝʥʝʨʛʝʪʠʯʥʽ ʢʦʤʧʘʥʽʾ ʚ çʜʦʚʽʨʝʥʠʭ ʝʥʝʨʛʝʪʠʯʥʠʭ ʢʦʥʩʫʣʴʪʘʥʪʽʚè ʜʣʷ ʩʚʦʾʭ ʢʣʽʻʥʪʽʚ. Landis+Gyr 

Americas [35], ʷʢʘ ʙʫʣʘ ʧʨʠʜʙʘʥʘ ʢʦʤʧʘʥʽʻʶ Toshiba ʟʘ 2,3 ʤʽʣʴʷʨʜʽʚ ʜʦʣʘʨʽʚ ʫ 2011 ʨʦʮʽ, ʨʦʙʠʪʴ 

ʟʥʘʯʥʽ ʽʥʚʝʩʪʠʮʽʾ ʚ ʘʥʘʣʽʪʠʢʫ ʜʘʥʠʭ. ɺʩʽ ʜʘʥʽ ʟ 3 ʤʽʣʴʡʦʥʽʚ ʤʝʪʨʽʚ ʚ ʰʪʘʪʽ ʊʝʭʘʩ ʪʘ ʽʥʰʠʭ ʚʞʝ 

ʥʘʜʭʦʜʷʪʴ ʜʣʷ ʘʥʘʣʽʟʫ ʩʝʨʚʽʩʥʠʭ ʜʟʚʽʥʢʽʚ, ʟʘʧʦʙʽʛʘʥʥʷ ʧʝʨʝʚʘʥʪʘʞʝʥʴ ʽ ʪʝʭʥʽʯʥʦʛʦ ʩʪʘʥʫ 

ʣʽʯʠʣʴʥʠʢʽʚ. ʎʽ ʜʘʥʽ ʪʘʢʦʞ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʚ ʤʽʩʮʝʚʽʡ ʤʫʥʽʮʠʧʘʣʴʥʽʡ ʝʥʝʨʛʝʪʠʯʥʽʡ ʢʦʤʧʘʥʽʾ 

ʜʣʷ ʨʦʙʦʪʠ ʟ ʦʢʨʝʤʠʤʠ ʩʧʦʞʠʚʘʯʘʤʠ, ʜʣʷ ʦʩʥʘʱʝʥʥʷ ʾʭ ʛʦʩʧʦʜʘʨʩʪʚ ʪʝʭʥʦʣʦʛʽʷʤʠ DR (demand 

response) ʘʙʦ ʫʩʪʘʥʦʚʢʠ ʜʣʷ ʥʠʭ ʩʦʥʷʯʥʠʭ ʧʘʥʝʣʝʡ. ʊʘʢʠʡ ʧʽʜʭʽʜ ʻ ʥʦʚʦʶ ʧʦʩʣʫʛʦʶ: ʥʘʜʘʥʥʷ 

ʜʘʥʠʭ ʪʨʝʪʽʡ ʩʪʦʨʦʥʽ ʜʣʷ ʧʽʜʢʣʶʯʝʥʥʷ ʧʨʦʜʘʚʮʽʚ ʚʽʜʧʦʚʽʜʥʠʭ ʪʦʚʘʨʽʚ ʽ ʧʦʩʣʫʛ. 

GE Digital Energy ʤʘʻ ʮʽʢʘʚʠʡ, ʘʣʝ ʜʫʞʝ ʚʘʞʣʠʚʠʡ ʜʣʷ ʧʨʘʢʪʠʯʥʠʭ ʝʥʝʨʛʝʪʠʢʽʚ ʜʦʩʚʽʜ 

ʟʘʩʪʦʩʫʚʘʥʥʷ ʤʝʨʝʞʽ ʟʙʦʨʫ ʪʘ ʦʙʨʦʙʢʠ ʜʘʥʠʭ ʟ ʨʦʟʫʤʥʠʭ ʣʽʯʠʣʴʥʠʢʽʚ, ʷʢʘ ʧʦʨʽʚʥʶʻ ʧʦʢʘʟʘʥʥʷ 

ʣʽʯʠʣʴʥʠʢʽʚ ʪʘ ʧʦʛʦʜʥʽ ʫʤʦʚʠ ʟ ʤʝʪʦʶ ʚʠʷʚʣʝʥʥʷ ʚʩʪʘʥʦʚʣʝʥʠʭ ʟʦʚʥʽ ʪʘ ʥʝʢʦʨʝʢʪʥʠʭ ʧʦʢʘʟʘʥʴ 

ʯʝʨʝʟ ʧʦʨʫʰʝʥʥʷ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʨʝʞʠʤʫ. ɿʘʛʘʣʦʤ, ʫ ʤʽʨʫ ʥʘʙʫʪʪʷ ʜʦʚʽʨʠ ʜʦ ʨʝʟʫʣʴʪʘʪʽʚ ʘʥʘʣʽʟʫ 

ʜʘʥʠʭ, ʝʥʝʨʛʝʪʠʢʠ ʧʦʯʠʥʘʶʪʴ ʚʧʨʦʚʘʜʞʫʚʘʪʠ ʪʘʢʽ ʩʠʩʪʝʤʠ ʚ ʫʧʨʘʚʣʽʥʥʷ ʚʠʨʦʙʥʠʯʠʤʠ 

ʟʘʚʜʘʥʥʷʤʠ ʟ ʤʝʪʦʶ ʘʚʪʦʤʘʪʠʟʘʮʽʾ. ʗʢ ʧʦʢʘʟʫʻ ʜʦʩʚʽʜ ʙʘʛʘʪʴʦʭ ʧʨʦʢ̒ʪʽʚ, ʢʦʣʠ ʝʥʝʨʛʝʪʠʢʠ 

ʧʦʯʠʥʘʶʪʴ ʩʧʽʚʧʨʘʮʶʚʘʪʠ ʟ ʧʘʨʪʥʝʨʘʤʠ ʚ ʘʥʘʣʽʪʠʮʽ ʚʝʣʠʢʠʭ ʜʘʥʠʭ, ʧʦʪʨʽʙʝʥ ʯʘʩ ʜʣʷ ʦʮʽʥʢʠ 

ʥʘʡʙʽʣʴʰ ʟʥʘʯʫʱʠʭ ʽ ʝʢʦʥʦʤʽʯʥʦ ʝʬʝʢʪʠʚʥʠʭ ʟʘʩʪʦʩʫʚʘʥʴ ʘʥʘʣʽʪʠʢʠ ʚ ʧʦʪʦʯʥʠʭ ʽ ʤʘʡʙʫʪʥʽʭ 

ʙʽʟʥʝʩ-ʧʨʦʮʝʩʘʭ. ʉʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʧʦʚʪʦʨʥʝ ʧʦʚʝʨʥʝʥʥʷ ʜʦ ʟʘʚʜʘʥʴ, ʷʢʽ ʚʞʝ ʚʠʨʽʰʝʥʽ. ʋ ʮʴʦʤʫ 

ʽʪʝʨʘʪʠʚʥʦʤʫ ʧʨʦʮʝʩʽ ʚʜʘʻʪʴʩʷ ʟʥʘʡʪʠ ʧʨʘʚʠʣʴʥʝ çʧʦʻʜʥʘʥʥʷ ʪʝʭʥʦʣʦʛʽʡè ʜʣʷ ʦʪʨʠʤʘʥʥʷ ʮʽʥʥʦʛʦ 

ʢʽʥʮʝʚʦʛʦ ʨʝʟʫʣʴʪʘʪʫ. ɹʽʣʴʰ ʪʦʛʦ, ʪʝʭʥʦʣʦʛʽʾ ʧʦʚʠʥʥʽ ʨʦʟʛʣʷʜʘʪʠʩʷ ʜʣʷ ʚʠʨʽʰʝʥʥʷ ʚʩʴʦʛʦ ʩʧʝʢʪʨʫ 

ʟʘʚʜʘʥʴ, ʧʦʚ'ʷʟʘʥʠʭ ʥʝ ʪʽʣʴʢʠ ʟ ʘʥʘʣʽʪʠʢʦʶ ʽ ʩʘʤʦʶ ʝʥʝʨʛʝʪʠʢʦʶ, ʘʣʝ ʽ ʟ ʬʽʟʠʯʥʠʤʠ ʢʘʥʘʣʘʤʠ 

ʟʚôʷʟʢʫ ʽ ʦʙʯʠʩʣʶʚʘʣʴʥʠʤʠ ʧʣʘʪʬʦʨʤʘʤʠ. ʉʶʜʠ ʚʭʦʜʷʪʴ ʨʽʟʥʽ ʪʝʭʥʦʣʦʛʽʾ ʙʝʟʜʨʦʪʦʚʦʛʦ ʟʚôʷʟʢʫ, 

ʦʧʪʠʯʥʽ ʤʝʨʝʞʽ, ʩʦʥʷʯʥʽ ʙʘʪʘʨʝʾ ʪʘ ʥʘʢʦʧʠʯʫʚʘʯʽ ʝʥʝʨʛʽʾ, ʽ, ʟʚʠʯʘʡʥʦ, ʨʦʟʫʤʥʽ ʣʽʯʠʣʴʥʠʢʠ. ɸʣʝ 

ʥʘʡʩʢʣʘʜʥʽʰʠʤ ʟʘʚʜʘʥʥʷʤ ʙʫʣʦ ʟʥʘʡʪʠ, ʭʪʦ  ̔ʷʢ ʟʘ ʚʩʝ ʮʝ ʟʘʧʣʘʪʠʪʴ. ɺʧʝʚʥʝʥʽʩʪʴ ʚ ʫʩʧʽʰʥʦʤʫ 

ʚʠʨʽʰʝʥʥʽ ʮʴʦʛʦ ʟʘʚʜʘʥʥʷ ʜʘʻ ʪʦʡ ʬʘʢʪ, ʱʦ ʚʞʝ ʟʘʚʝʨʰʝʥʽ ʧʨʦʢ̒ʪʠ ʧʦʢʘʟʫʶʪʴ, ʱʦ ʧʽʜʭʽʜ ʛʣʠʙʦʢʦʾ 

ʽʥʪʝʛʨʘʮʽʾ ʝʥʝʨʛʝʪʠʯʥʠʭ ʽ ʢʦʤʧôʶʪʝʨʥʠʭ ʪʝʭʥʦʣʦʛʽʡ ʝʢʦʥʦʤʽʯʥʦ ʚʠʛʽʜʥʠʡ. ʆʪʞʝ, ʧʨʦʜʦʚʞʝʥʥʷ 

ʨʦʙʦʪʠ ʚ ʜʘʥʠʡ ʯʘʩ ʤʘʻ ʙʫʪʠ ʨʦʟʰʠʨʝʥʦ ʽ ʩʧʨʷʤʦʚʘʥʦ ʥʘ ʧʦʰʫʢ ʝʬʝʢʪʠʚʥʠʭ ʙʽʟʥʝʩ-ʤʦʜʝʣʝʡ.  
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1.3.3. ʉʠʩʪʝʤʠ ʢʝʨʫʚʘʥʥʷ ʝʥʝʨʛʦʩʧʦʞʠʚʘʥʥʷ 

ɺʠʢʦʨʠʩʪʘʥʥʷ ʪʝʭʥʦʣʦʛʽʡ ʫʧʨʘʚʣʽʥʥʷ ʩʧʦʞʠʚʘʥʥʷʤ  Demand Response (DR) [36] (ʪʝʨʤʽʥ 

çʎʽʥʦʟʘʣʝʞʥʝ ʩʧʦʞʠʚʘʥʥʷè) ʧʦʣʷʛʘʻ ʚ ʦʨʛʘʥʽʟʘʮʽʾ ʧʨʦʮʝʩʽʚ ʬʽʟʠʯʥʦʛʦ ʟʥʠʞʝʥʥʷ 

ʝʥʝʨʛʦʩʧʦʞʠʚʘʥʥʷ ʚ ʯʘʩʦʚʠʭ ʧʨʦʤʽʞʢʘʭ ʧʽʜʚʠʱʝʥʠʭ ʮʽʥ ʥʘ ʝʣʝʢʪʨʦʝʥʝʨʛʽʶ. ʇʨʦʮʝʩʠ 

ʽʥʽʮʽʶʶʪʴʩʷ ʤʝʨʝʞʝʚʠʤ ʦʧʝʨʘʪʦʨʦʤ, ʷʢʠʡ ʟʘ ʜʦʧʦʤʦʛʦʶ ʩʧʝʮʽʘʣʴʥʦʛʦ ʧʨʦʪʦʢʦʣʫ ʚʽʜʧʨʘʚʣʷʻ 

ʩʚʦʾʤ ʩʧʦʞʠʚʘʯʘʤ ʧʦʚʽʜʦʤʣʝʥʥʷ ʧʨʦ ʥʝʦʙʭʽʜʥʽʩʪʴ ʟʥʠʞʝʥʥʷ ʩʧʦʞʠʚʘʥʥʷ ʘʙʦ ʧʝʨʝʭʦʜʫ ʥʘ 

ʜʦʜʘʪʢʦʚʽ ʛʝʥʝʨʘʪʦʨʠ ʯʝʨʝʟ ʟʘʜʘʥʠʡ ʧʨʦʤʽʞʦʢ ʯʘʩʫ. ʋ ʚʽʜʧʦʚʽʜʴ ʥʘ ʪʘʢʝ ʧʦʚʽʜʦʤʣʝʥʥʷ ʦʙʣʘʜʥʘʥʥʷ 

ʩʧʦʞʠʚʘʯʘ, ʱʦ ʜʦʟʚʦʣʷʻ ʟʜʽʡʩʥʶʚʘʪʠ ʢʦʨʦʪʢʦʯʘʩʥʽ ʚʽʜʢʣʶʯʝʥʥʷ ʙʝʟ ʽʩʪʦʪʥʦʾ ʚʪʨʘʪʠ ʬʫʥʢʮʽʡ, 

ʚʽʜʢʣʶʯʘʻʪʴʩʷ. ʊʘʢʽ ʥʘʚʘʥʪʘʞʝʥʥʷ ʤʘʶʪʴ,  ʥʘʧʨʠʢʣʘʜ,  ʚʦʜʦʥʘʛʨʽʚʘʯʽ, ʯʠʩʣʝʥʥʽ ʢʦʥʜʠʮʽʦʥʝʨʠ ʜʣʷ 

ʦʬʽʩʥʠʭ ʧʨʠʤʽʱʝʥʴ ʽ ʜʦʤʦʛʦʩʧʦʜʘʨʩʪʚ ʚ ʉʐɸ. ʉʧʦʞʠʚʘʯ ʪʘʢʦʞ ʚʽʜʧʨʘʚʣʷʻ ʧʦʚʽʜʦʤʣʝʥʥʷ 

ʦʧʝʨʘʪʦʨʫ ʤʝʨʝʞʽ ʧʨʦ ʧʨʦʮʝʩ ʟʥʠʞʝʥʥʷ ʥʘʚʘʥʪʘʞʝʥʥʷ.  

ʅʘ ʨʠʩʫʥʢʘʭ 1.10 ʽ 1.11 ʧʦʢʘʟʘʥʦ [37], ʷʢ ʧʨʦʮʝʩʠ DR ʨʝʘʣʽʟʫʶʪʴʩʷ ʚ ʟʘʛʘʣʴʥʽʡ ʩʪʨʫʢʪʫʨʽ 

çʈʦʟʫʤʥʘ ʤʝʨʝʞʘè. ʉʠʛʥʘʣʠ ʟʘʧʠʪʫ ʽ ʚʽʜʧʦʚʽʜʽ ʚ ʜʘʥʠʡ ʯʘʩ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʜʚʽ ʚʝʨʩʽʾ ʧʨʦʪʦʢʦʣʫ 

ʟʚôʷʟʢʫ, ʙʽʣʴʰ ʨʘʥʥʷ ʟ ʷʢʠʭ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʜʣʷ ʨʦʙʦʪʠ ʟ ʛʝʥʝʨʘʪʦʨʘʤʠ ʽ ʧʨʦʩʪʠʤʠ 

ʩʧʦʞʠʚʘʯʘʤʠ, ʘ ʙʽʣʴʰ ʧʽʟʥʷ ï ʜʣʷ ʨʦʙʦʪʠ ʟʽ ʩʧʦʞʠʚʘʯʘʤʠ, ʱʦ ʜʦʟʚʦʣʷʶʪʴ ʙʽʣʴʰ ʪʦʯʥʦ ʨʝʘʛʫʚʘʪʠ. 

 
ʈʠʩ. 1.10. ʄʽʩʮʝ ʧʨʦʮʝʩʽʚ ʨʝʘʛʫʚʘʥʥʷ  ʥʘ ʧʦʧʠʪ ʚ ʘʨʭʽʪʝʢʪʫʨʽ çʈʦʟʫʤʥʘ ʤʝʨʝʞʘè 
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ʈʠʩ. 1.11. ʇʦʨʽʚʥʷʥʥʷ ʨʦʟʪʘʰʫʚʘʥʥʷ ʚʝʨʩʽʡ ʧʨʦʪʦʢʦʣʽʚ OpenADR v1.0 ʪʘ OpenADR v2.0 

 

ʋ ʚ̔ʜʢʨʠʪʽʡ ʩʧʝʮʠʬʽʢʘʮʽ ʾʟʚôʷʟʢʫ ʘʚʪʦʤʘʪʠʟʦʚʘʥʦʛʦ ʨʝʘʛʫʚʘʥʥʷ ʥʘ ʧʦʧʠʪ (ʚʝʨʩʽʷ 1.0), 

ʅʘʮʽʦʥʘʣʴʥʘ ʣʘʙʦʨʘʪʦʨʽʷ ʚ ɹʝʨʢʣʽ (ʃʦʫʨʝʥʩ ɹʝʨʢʣʽ ʅʘʮʽʦʥʘʣʴʥʘ ʣʘʙʦʨʘʪʦʨʽʷ) ʦʧʠʩʘʥʦ OpenADR 

[37], ʷʢ ʤʦʜʝʣʴ ʜʘʥʠʭ ʟʚôʷʟʢʫ, ʱʦ ʧʨʠʟʥʘʯʝʥʘ ʜʣʷ ʫʧʨʘʚʣʽʥʥʷ ʚʽʜʧʨʘʚʢʦʶ ʽ ʧʨʠʡʦʤʦʤ ʩʠʛʥʘʣʽʚ 

DR ʚʽʜ ʝʣʝʢʪʨʦʩʪʘʥʮʽʾ ʘʙʦ ʥʝʟʘʣʝʞʥʦʛʦ ʩʠʩʪʝʤʥʦʛʦ ʦʧʝʨʘʪʦʨʘ ʩʧʦʞʠʚʘʯʘʤ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ. ʄʝʪʦʶ 

ʜʘʥʦʾ ʤʦʜʝʣʽ ʜʘʥʠʭ ʻ ʚʟʘʻʤʦʜʽʷ ʟ ʩʠʩʪʝʤʘʤʠ ʫʧʨʘʚʣʽʥʥʷ ʦʬʽʩʥʠʤʠ ʙʫʜʽʚʣʷʤʠ ʽ ʧʨʦʤʠʩʣʦʚʠʤʠ 

ʦʙ'ʻʢʪʘʤʠ, ʷʢʽ ʟʘʧʨʦʛʨʘʤʦʚʘʥʽ ʨʝʘʛʫʚʘʪʠ ʥʘ ʩʠʛʥʘʣ ʉʈ, ʧʦʚʥʽʩʪʶ ʘʚʪʦʤʘʪʠʯʥʦ, ʙʝʟ ʙʫʜʴ-ʷʢʦʛʦ 

ʨʫʯʥʦʛʦ ʚʪʨʫʯʘʥʥʷ. ʉʧʝʮʠʬʽʢʘʮʽʷ OpenADR ʜʫʞʝ ʛʥʫʯʢʘ, ʜʫʞʝ ʟʘʛʘʣʴʥʘ ʽ ʜʦʟʚʦʣʷʻ ʦʙʤʽʥʶʚʘʪʠʩʷ 

ʽʥʬʦʨʤʘʮʽʻʶ ʤʽʞ ʜʫʞʝ ʨʽʟʥʠʤʠ ʝʣʝʢʪʨʦʩʪʘʥʮʽʷʤʠ ʘʙʦ ʤʝʨʝʞʝʚʠʤʠ ʦʧʝʨʘʪʦʨʘʤʠ ï ʥʝʟʘʣʝʞʥʠʤ 

ʩʠʩʪʝʤʥʠʤ ʦʧʝʨʘʪʦʨʦʤ (ISO) ʽ ʡʦʛʦ ʢʽʥʮʝʚʠʤʠ ʢʦʨʠʩʪʫʚʘʯʘʤʠ. ʂʦʥʮʝʧʮʽʷ ʚʽʜʢʨʠʪʠʭ ʩʠʩʪʝʤ 

ʜʦʟʚʦʣʷʻ ʙʫʜʴ-ʷʢʽʡ ʣʶʜʠʥʽ ʨʝʘʣʽʟʫʚʘʪʠ ʩʠʛʥʘʣʴʥʫ ʩʠʩʪʝʤʫ, ʱʦ ʟʘʙʝʟʧʝʯʫʻ ʘʚʪʦʤʘʪʠʟʘʮʽʶ ʜʣʷ 

ʩʝʨʚʝʨʽʚ ʽ ʢʣʽʻʥʪʽʚ. ʎʷ ʩʧʝʮʠʬʽʢʘʮʽʷ ʪʘʢʦʞ ʚʠʟʥʘʯʘʻ  ʩʪʘʥʜʘʨʪ, ʷʢʠʡ  ʚʠʟʥʘʯʘʻ ʽʥʪʝʨʬʝʡʩ ʜʦ  

ʬʫʥʢʮʽʡ ʽ ʚʣʘʩʪʠʚʦʩʪʝʡ ʩʝʨʚʝʨʘ ʘʚʪʦʤʘʪʠʟʘʮʽʾ ʨʝʘʛʫʚʘʥʥʷ ʥʘ ʧʦʧʠʪ (DRAS), ʷʢʠʡ 

ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʜʣʷ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʨʽʟʥʠʭ ʧʨʦʛʨʘʤ ʨʝʘʛʫʚʘʥʥʷ ʥʘ ʧʦʧʠʪ ʽ  ʜʠʥʘʤʽʯʥʝ 

ʮʽʥʦʫʪʚʦʨʝʥʥʷ ʜʣʷ ʢʣʽʻʥʪʽʚ. ʇʽʜ ʯʘʩ ʧʦʜʽʾ ʨʝʘʛʫʚʘʥʥʷ ʥʘ ʧʦʧʠʪ ʝʣʝʢʪʨʦʩʪʘʥʮʽʷ ʘʙʦ ʦʧʝʨʘʪʦʨ 

ISO/RTO ʥʘʜʩʠʣʘʻ ʽʥʬʦʨʤʘʮʽʶ ʜʦ DRAS ʧʨʦ ʪʝ, ʱʦ ʟʤʽʥʠʣʦʩʷ ʽ ʱʦ ʧʦʪʨʽʙʥʦ ʟʘʧʣʘʥʫʚʘʪʠ, 

ʥʘʧʨʠʢʣʘʜ, ʯʘʩ ʧʦʯʘʪʢʫ ʪʘ ʟʘʢʽʥʯʝʥʥʷ. ʊʠʧʦʚʝ ʧʦʚʽʜʦʤʣʝʥʥʷ DRAS ʤʽʩʪʠʪʴ ʨʷʜʢʠ ʪʘʢʦʛʦ ʪʠʧʫ: 

- PRICE_ABSOLUTE ï ʮʽʥʘ ʟʘ ʢʽʣʦʚʘʪ-ʛʦʜʠʥʫ; 

- PRICE_RELATIVE ï ʟʤʽʥʘ ʮʽʥʠ ʟʘ ʢʽʣʦʚʘʪ-ʛʦʜʠʥʫ; 

- PRICE_MULTIPLE ï ʢʨʘʪʥʘ ʙʘʟʦʚʽʡ ʥʦʨʤʽ ʟʘ ʢʽʣʦʚʘʪ-ʛʦʜʠʥʫ; 

- LOAD_AMOUNT ï ʬʽʢʩʦʚʘʥʘ ʚʝʣʠʯʠʥʘ ʥʘʚʘʥʪʘʞʝʥʥʷ ʜʣʷ ʩʢʠʜʘʥʥʷ ʘʙʦ ʟʤʽʥʠ; 

- LOAD_PERCENTAGE ï ʚʽʜʩʦʪʦʢ ʥʘʚʘʥʪʘʞʝʥʥʷ ʜʣʷ ʩʢʠʜʘʥʥʷ ʘʙʦ ʟʤʽʥʠ. 

ɺʽʜʟʥʘʯʠʤʦ, ʱʦ ʚ ʧʝʨʰʠʭ ʪʨʴʦʭ ʚʠʧʘʜʢʘʭ ʩʘʤʦʤʫ ʢʣʽʻʥʪʫ ʥʘʜʘʻʪʴʩʷ ʤʦʞʣʠʚʽʩʪʴ 

ʥʘʡʢʨʘʱʠʤ ʯʠʥʦʤ ʚʽʜʨʝʘʛʫʚʘʪʠ ʥʘ ʟʤʽʥʠ.  
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ʅʘʧʨʠʢʣʘʜ, ʢʦʤʝʨʮʽʡʥʽ ʩʧʦʞʠʚʘʯʽ ʤʦʞʫʪʴ ʙʫʪʠ ʩʧʦʚʽʱʝʥʽ ʧʨʦ ʟʤʽʥʫ ʮʽʥʠ ʚ  ʧʨʦʤʽʞʢʫ 

ʧʽʢʦʚʦʛʦ ʧʝʨʽʦʜʫ ʽ ʩʘʤʦʩʪʽʡʥʦ ʧʨʠʡʥʷʪʠ ʨʽʰʝʥʥʷ  ʟʥʠʟʠʪʠ ʥʘʚʘʥʪʘʞʝʥʥʷ ʘʙʦ ʧʨʠʡʥʷʪʠ ʦʧʣʘʪʫ ʟʘ 

ʧʽʜʚʠʱʝʥʠʤ ʪʘʨʠʬʦʤ. 

ʉʠʩʪʝʤʘ ʝʥʝʨʛʦʤʝʥʝʜʞʤʝʥʪʫ (EMS) ʦʬʽʩʥʦʾ ʘʙʦ ʧʨʦʤʠʩʣʦʚʦʾ ʙʫʜʽʚʣʽ ʤʦʞʝ ʙʫʪʠ 

ʟʘʧʨʦʛʨʘʤʦʚʘʥʘ ʥʘ ʪʠʤʯʘʩʦʚʫ ʟʤʽʥʫ ʪʝʤʧʝʨʘʪʫʨʠ ʚ ʙʫʜʽʚʣʽ ʥʘ ʢʽʣʴʢʘ ʛʨʘʜʫʩʽʚ ʘʙʦ ʥʘ ʟʘʪʝʤʥʝʥʥʷ 

ʘʙʦ ʧʦʚʥʝ ʚʽʜʢʣʶʯʝʥʥʷ ʜʝʷʢʠʭ ʥʝʩʫʪʪʻʚʠʭ ʦʩʚʽʪʣʶʚʘʣʴʥʠʭ ʧʨʠʣʘʜʽʚ. ɺ ʦʩʪʘʥʥʽʭ ʜʚʦʭ ʚʠʧʘʜʢʘʭ 

ʥʦʨʤʘʣʴʥʝ ʩʢʠʜʘʥʥʷ ʥʘʚʘʥʪʘʞʝʥʥʷ ʚ ʘʚʪʦʤʘʪʠʯʥʦʤʫ ʨʝʞʠʤʽ ʚʽʜʙʫʚʘʻʪʴʩʷ ʥʘ ʧʽʜʩʪʘʚʽ ʽʩʥʫʶʯʠʭ 

ʜʦʛʦʚʦʨʽʚ. ʗʢʱʦ ʮʽʥʠ ʧʨʦʜʦʚʞʘʪʴ ʨʦʩʪʠ ʱʝ ʚʠʱʝ, ʪʦ EMS ʤʦʞʝ ʟʙʽʣʴʰʠʪʠ ʧʨʦʛʨʘʤʫ DR ʜʦ ʨʽʚʥʷ 

ʩʢʦʨʦʯʝʥʥʷ ʘʙʦ ʚʽʜʢʣʶʯʝʥʥʷ ʢʦʥʜʠʮʽʦʥʝʨʽʚ ʚ ʪʘʢʠʡ ʧʽʢʦʚʠʡ  ʧʝʨʽʦʜ. ɺʠʢʦʨʠʩʪʦʚʫʚʘʥʽ ʚ ʜʘʥʠʡ 

ʯʘʩ ʩʪʘʥʜʘʨʪʠ ʜʦʟʚʦʣʷʶʪʴ ʦʙʤʽʥʶʚʘʪʠʩʷ ʽ ʟʘʧʠʩʫʚʘʪʠ ʚʩʶ ʥʝʦʙʭʽʜʥʫ ʽʥʬʦʨʤʘʮʽʶ ʧʨʦ ʧʦʜʽʾ  ɼʈ, 

ʚʢʣʶʯʘʶʯʠ ʥʝʡʤʽʥʛ   ʪʘ ʽʜʝʥʪʠʬʽʢʘʪʦʨʠ ʧʦʜʽʡ, ʧʦʪʦʯʥʠʡ ʩʪʘʪʫʩ, ʨʝʞʠʤ ʚʠʢʦʥʘʥʥʷ, ʨʽʟʥʽ ʚʠʜʠ 

ʥʫʤʝʨʘʮʽʾ, ʪʨʠʚʦʛʠ ʪʘ ʩʪʘʥ ʧʝʨʝʭʦʜʫ ʥʘ ɺɼɽ ʽ ʥʘʚʧʘʢʠ, ʜʘʥʽ ʫʯʘʩʥʠʢʘ ʨʠʥʢʫ, ʪʝʩʪʦʚʽ ʩʠʛʥʘʣʠ ʪʘ 

ʙʘʛʘʪʦ ʚʩʽʣʷʢʠʭ ʢʦʨʠʩʥʠʭ ʜʘʥʠʭ. 

ʋ ɭʚʨʦʧʽ ʥʝʤʘʻ ʪʘʢʦʾ ʨʦʟʛʘʣʫʞʝʥʦʾ ʤʝʨʝʞʽ ʢʦʥʜʠʮʽʦʥʝʨʽʚ, ʷʢʽ ʩʪʚʦʨʶʶʪʴ ʦʩʥʦʚʥʝ 

ʥʘʚʘʥʪʘʞʝʥʥʷ ʚʣʽʪʢʫ, ʽ ʻ ʨʝʟʝʨʚʫʘʨʠ ʜʣʷ ʚʦʜʠ, ʜʦʩʪʫʧʥʽ ʜʣʷ ʟʙʝʨʽʛʘʥʥʷ ʝʥʝʨʛʽʾ. ʆʜʥʘʢ ʪʫʪ 

ʥʝʩʪʘʙʽʣʴʥʽʩʪʴ ʧʦʨʦʜʞʫʻʪʴʩʷ ʚʝʣʠʢʦʶ ʢʽʣʴʢʽʩʪʶ ʚʽʪʨʦʛʝʥʝʨʘʪʦʨʽʚ ʽ  ʩʦʥʷʯʥʠʭ ʧʘʥʝʣʝʡ. ʋ ʜʝʷʢʠʭ 

ʤʽʩʪʘʭ ʯʘʩʪʢʘ ʪʘʢʦʾ ʝʥʝʨʛʽʾ ʜʦʩʷʛʘʻ 50 %, ʘ ʚ ʩʝʨʝʜʥʴʦʤʫ ʩʪʘʥʦʚʠʪʴ 10 %, ʥʘ ʚʽʜʤʽʥʫ ʚʽʜ 2 % ʚ 

ʉʐɸ. 

ʊʘʢ ʟôʷʚʠʚʩʷ ʧʽʜʭʽʜ ʘʛʨʝʛʘʮʽʾ ʥʘʚʘʥʪʘʞʝʥʴ ʙʘʛʘʪʴʦʭ ʢʦʨʠʩʪʫʚʘʯʽʚ ʟ ʤʝʪʦʶ ʚʠʨʦʙʣʝʥʥʷ 

ʚʽʜʧʦʚʽʜʽ ʥʘ ʤʝʨʝʞʝʚʽ ʢʦʤʘʥʜʠ ʚ ʩʝʢʫʥʜʘʭ ʘʙʦ ʯʘʩʪʢʘʭ ʭʚʠʣʠʥʠ. ʗʢ ʧʨʠʢʣʘʜ ʨʦʟʛʣʷʥʝʤʦ 

ʙʝʣʴʛʽʡʩʴʢʫ ʢʦʤʧʘʥʽʶ Restore [38], ʷʢʘ ʧʦʙʫʜʫʚʘʣʘ  ʧʣʘʪʬʦʨʤʫ ʜʣʷ ʘʛʨʝʛʫʚʘʥʥʷ ʥʘʚʘʥʪʘʞʝʥʴ ʽ 

ʨʝʘʛʫʚʘʥʥʷ ʥʘ ʚʠʤʦʛʠ ʦʧʝʨʘʪʦʨʘ ʤʝʨʝʞʽ. ʂʦʤʧʘʥʽʷ ʫʢʣʘʣʘ ʜʦʛʦʚʽʨ ʟ ʦʧʝʨʘʪʦʨʦʤ ʝʥʝʨʛʦʩʠʩʪʝʤʠ 

Elia, ʷʢʠʡ ʻ ʦʧʝʨʘʪʦʨʦʤ ʩʠʩʪʝʤʠ ʧʝʨʝʜʘʯʽ (ʆʉʇ) ʧʝʨʝʜʘʯʘ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ (ʤʝʨʝʞʝʚʦʶ ʢʦʤʧʘʥʽʻʶ) 

ʚ ɹʝʣʴʛʽʾ, ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʨʝʘʢʮʽʾ ʚʽʜ ʤʝʨʝʞʽ, ʷʢʫ ʤʦʞʥʘ ʚʚʘʞʘʪʠ ʪʘʢʦʶ, ʱʦ ʚʽʜʧʦʚʽʜʘʻ ʪʘʢ 

ʟʚʘʥʠʤ ʚʠʤʦʛʘʤ ʧʝʨʚʠʥʥʦʛʦ ʨʝʟʝʨʚʫ ï ʘʥʘʣʦʛʽʯʥʦ ʧʦʩʣʫʛʘʤ, ʱʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʚ ʉʐɸ 

ʥʘʜʰʚʠʜʢʠʤ ʧʦʩʣʫʛʘʤ ʨʝʛʫʣʶʚʘʥʥʷ ʯʘʩʪʦʪʠ, ʘʣʝ ʥʝ ʚʠʤʘʛʘʶʪʴ ʩʧʝʮʽʘʣʴʥʠʭ ʟʘʧʘʤ'ʷʪʦʚʫʶʯʠʭ 

ʧʨʠʩʪʨʦʾʚ. ʊʝʭʥʦʣʦʛʽʷ ʧʦʣʷʛʘʻ ʚ ʪʦʤʫ, ʱʦ ʚʦʥʠ ʘʥʘʣʽʟʫʶʪʴʩʷ, ʧʨʦʛʥʦʟʫʶʪʴʩʷ ʽ ʚʠʨʽʚʥʶʶʪʴʩʷ 

ʧʦʭʚʠʣʠʥʥʦ ʽ ʱʦʛʦʜʠʥʠ  ʥʘ ʦʩʥʦʚʽ ʢʦʣʠʚʘʥʴ ʝʥʝʨʛʦʩʧʦʞʠʚʘʥʥʷ ʚʽʜ ʦʢʨʝʤʠʭ ʧʨʠʩʪʨʦʾʚ ʰʣʷʭʦʤ 

ʚʽʜʢʣʶʯʝʥʥʷ ʥʘʚʘʥʪʘʞʝʥʴ ʥʘ ʢʦʨʦʪʢʽ ʧʨʦʤʽʞʢʠ ʯʘʩʫ. ʎʝ ʜʦʟʚʦʣʠʣʦ ʧʨʦʪʷʛʦʤ ʪʨʠʚʘʣʦʛʦ ʧʝʨʽʦʜʫ 

ʯʘʩʫ ʫʥʠʢʘʪʠ ʚʽʜʢʣʶʯʝʥʴ ʤʝʨʝʞ ʟ ʪʘʢʠʤʠ ʧʦʪʫʞʥʠʤʠ ʩʧʦʞʠʚʘʯʘʤʠ, ʷʢ ʭʦʣʦʜʠʣʴʥʽ ʢʘʤʝʨʠ 

ʥʘʡʙʽʣʴʰʦʛʦ ʣʦʛʽʩʪʠʯʥʦʛʦ ʭʘʙʫ ɹʝʥʽʣʶʢʩʫ ʪʘ ʟʘʨʷʜʥʘ ʩʪʘʥʮʽʷ ʥʘ 175 ʝʣʝʢʪʨʦʤʦʙʽʣʽʚ. 

ɺʠʢʦʨʠʩʪʦʚʫʶʯʠ ʥʝʦʙʭʽʜʥʽ ʜʘʥʽ, ʩʠʩʪʝʤʘ ʙʫʜʫʻ ʭʦʨʦʰʠʡ ʧʨʦʛʥʦʟ, ʱʦʙ ʜʦʧʦʤʦʛʪʠ ʧʨʦʤʠʩʣʦʚʠʤ 

ʩʧʦʞʠʚʘʯʘʤ ʩʢʦʨʦʪʠʪʠ ʩʧʦʞʠʚʘʥʥʷ ʚ ʢʨʘʱʽ ʤʦʤʝʥʪʠ, ʱʦʙ ʫʥʠʢʥʫʪʠ ʟʙʽʣʴʰʝʥʥʷ ʰʪʨʘʬʽʚ ʟʘ 

ʧʝʨʝʚʠʪʨʘʪʠ. 

ʋ ʂʘʣʽʬʦʨʥʽʾ ʟôʷʚʣʷʻʪʴʩʷ ʚʩʝ ʙʽʣʴʰʝ ʩʦʥʷʯʥʠʭ ʧʘʥʝʣʝʡ ʥʘ ʜʘʭʘʭ ʙʫʜʠʥʢʽʚ, ʽ ʝʢʦʣʦʛʠ 

ʨʘʜʽʶʪʴ ʨʘʟʦʤ ʟ ʜʦʤʦʚʣʘʩʥʠʢʘʤʠ ʟ ʧʨʠʚʦʜʫ ʥʘʟʨʽʚʘʶʯʦʾ ʝʥʝʨʛʝʪʠʯʥʦʾ ʥʝʟʘʣʝʞʥʦʩʪʽ.  

ʆʜʥʘʢ ʮʝ ʥʦʚʽ ʚʠʢʣʠʢʠ ʜʣʷ ʝʥʝʨʛʝʪʠʯʥʠʭ ʢʦʤʧʘʥʽʡ ʪʘ ʦʧʝʨʘʪʦʨʽʚ ʤʝʨʝʞ. ɯ ʮʝ ʪʦʤʫ, ʱʦ 

ʩʠʩʪʝʤʠ ʩʦʥʷʯʥʦʾ ʛʝʥʝʨʘʮʽʾ ʤʘʡʞʝ ʧʦʚʥʽʩʪʶ ʧʦʟʙʘʚʣʝʥʽ ʽʥʩʪʨʫʤʝʥʪʽʚ, ʱʦʙ  ʩʢʘʟʘʪʠ ʝʥʝʨʛʝʪʠʢʘʤ, 

ʩʢʽʣʴʢʠ ʝʥʝʨʛʽʾ ʚʦʥʠ ʤʦʞʫʪʴ ʧʦʚʝʨʥʫʪʠ ʚ ʤʝʨʝʞʫ ʽ ʢʦʣʠ ʚʦʥʠ ʮʝ ʟʨʦʙʣʷʪʴ. ɯ ʷʢʱʦ ʾʭ ʙʫʣʦ ʥʝ ʪʘʢ 

ʙʘʛʘʪʦ, ʘʣʝ ʚ ʂʘʣʽʬʦʨʥʽʾ ʩʴʦʛʦʜʥʽ ʜʦ ʤʝʨʝʞʽ ʧʽʜʢʣʶʯʝʥʦ ʧʦʥʘʜ 170 000 ʨʦʟʧʦʜʽʣʝʥʠʭ  ʩʦʥʷʯʥʠʭ 

ʩʠʩʪʝʤ, ʽ  ʥʝ ʤʦʞʥʘ ʥʝ ʚʨʘʭʦʚʫʚʘʪʠ ʾʭ ʚʧʣʠʚ ʥʘ ʩʪʘʙʽʣʴʥʽʩʪʴ ʨʦʙʦʪʠ ʤʝʨʝʞʽ. ɯ ʩʦʥʷʯʥʽ ʙʘʪʘʨʝʾ ï ʮʝ 

ʣʠʰʝ ʦʜʥʘ ʟ ʧʨʦʙʣʝʤ, ʟ ʷʢʠʤʠ ʩʴʦʛʦʜʥʽ ʩʪʠʢʘʶʪʴʩʷ ʝʥʝʨʛʝʪʠʯʥʽ ʢʦʤʧʘʥʽʾ. ɯ ʪʫʪ ʤʦʞʫʪʴ ʜʦʧʦʤʦʛʪʠ 

ʽʥʥʦʚʘʮʽʾ ʚ ʨʦʟʫʤʥʠʭ ʣʽʯʠʣʴʥʠʢʘʭ, ʨʦʟʫʤʥʠʭ ʽʥʚʝʨʪʦʨʘʭ, ʩʠʩʪʝʤʘʭ ʤʦʥʽʪʦʨʠʥʛʫ. ʂʦʤʧʘʥʽʷ 

ʜʦʩʣʽʜʞʝʥʥʷ ʯʠʩʪʦʾ ʝʥʝʨʛʽʾ ʨʦʟʨʦʙʠʣʘ ʩʠʩʪʝʤʫ ʫʧʨʘʚʣʽʥʥʷ ʩʦʥʷʯʥʠʤʠ ʛʝʥʝʨʘʪʦʨʘʤʠ ʟʘ 
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ʜʦʧʦʤʦʛʦʶ ʚʽʨʪʫʘʣʴʥʠʭ ʚʠʤʽʨʶʚʘʥʴ. ɺʠʢʦʨʠʩʪʦʚʫʶʯʠ ʩʫʧʫʪʥʠʢʦʚʽ ʤʝʪʝʦʜʘʥʽ, ʤʦʞʥʘ 

ʚʠʢʦʥʫʚʘʪʠ ʪʦʯʥʽ ʧʨʦʛʥʦʟʠ ʧʦʭʚʠʣʠʥʥʦʛʦ ʩʪʘʥʫ ʛʝʥʝʨʘʮʽʾ ʥʘ ʢʦʞʥʽʡ ʟ ʩʦʥʷʯʥʠʭ ʧʘʥʝʣʝʡ. 

ʇʨʦʛʨʘʤʥʝ ʟʘʙʝʟʧʝʯʝʥʥʷ ʜʣʷ ʮʴʦʛʦ ʨʦʟʨʦʙʠʣʘ ʢʦʤʧʘʥʽʷ çʉʦʥʷʯʥʠʡ ʧʦʛʣʷʜ ʥʘ ʚʩʝ ʥʘʚʢʦʣʦè, ʷʢʘ 

ʩʧʽʚʧʨʘʮʶʻ ʟ ʦʧʝʨʘʪʦʨʦʤ ʤʝʨʝʞʽ ʰʪʘʪʫ ʽ ʦʪʨʠʤʘʣʘ ʛʨʘʥʪ ʚʽʜ ʚʽʜʦʤʩʪʚʘ ɽʥʝʨʛʽʷ. ʇʦʙʫʜʦʚʘ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʥʦʾ ʤʦʜʝʣʽ çʊʦʥʥʠè ʜʘʥʠʭ ʚʽʜ ʦʢʨʝʤʠʭ ʩʦʥʷʯʥʠʭ ʩʠʩʪʝʤ, ʪʘʢʠʭ ʷʢ ʢʽʣʴʢʽʩʪʴ 

ʛʝʥʝʨʘʮʽʾ ʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ, ʾʭ ʚʽʜʦʙʨʘʞʝʥʥʷ ʥʘ ʛʝʦʢʘʨʪʽ, ʽʥʬʦʨʤʘʮʽʷ ʧʨʦ ʚʟʘʻʤʥʽ ʟʚô̫ ʟʢʠ ʚ ʤʝʨʝʞʽ, 

ʜʦ ʷʢʦʾ ʧʽʜʢʣʶʯʝʥʽ ʜʞʝʨʝʣʘ. ʎʽ ʜʘʥʽ  ʧʦʨʽʚʥʶʚʘʣʠʩʷ ʟ  ʨʝʟʫʣʴʪʘʪʘʤʠ  ʤʦʜʝʣʶʚʘʥʥʷ ʽ ʜʘʥʠʤʠ ʟ 

ʩʫʧʫʪʥʠʢʽʚ ʚ ʨʝʞʠʤʽ ʨʝʘʣʴʥʦʛʦ ʯʘʩʫ. ʅʘ ʩʴʦʛʦʜʥʽʰʥʽʡ ʜʝʥʴ ʚʚʝʜʝʥʘ ʚ ʝʢʩʧʣʫʘʪʘʮʽʶ  ʨʦʙʦʯʘ ʚʝʨʩʽʷ 

ʧʨʦʛʨʘʤʠ ʜʣʷ ʤʦʜʝʣʶʚʘʥʥʷ ʚʠʭʦʜʽʚ ʚʩʽʭ 170 000 ʩʦʥʷʯʥʠʭ ʩʪʘʥʮʽʡ ʢʦʞʥʽ ʧʽʚʛʦʜʠʥʠ ʽ ʜʫʞʝ ʪʦʯʥʠʭ 

ʧʨʦʛʥʦʟʽʚ ʥʘ ʽʥʪʝʨʚʘʣ ʜʦ 30 ʭʚʠʣʠʥ ʚʧʝʨʝʜ. ɺʠʢʦʨʠʩʪʦʚʫʶʯʠ ʥʘʩʪʫʧʥʠʡ ʛʨʘʥʪ, ʢʦʤʧʘʥʽʷ ʧʣʘʥʫʻ 

ʽʥʪʝʛʨʫʚʘʪʠ ʮʽ ʜʘʥʽ ʟ  ʉʠʩʪʝʤʘ ʘʚʪʦʤʘʪʠʯʥʦʛʦ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʥʘʚʘʥʪʘʞʝʥʥʷ (ALFS), ʷʢʘ ʧʨʦʛʥʦʟʫʻ 

ʥʘ ʛʦʜʠʥʥʠʡ ʽʥʪʝʨʚʘʣ ʽ ʥʘ ʜʝʥʴ ʚʧʝʨʝʜ. ʎʷ ʽʥʪʝʛʨʘʮʽʷ ʜʦʟʚʦʣʠʪʴ ʘʚʪʦʤʘʪʠʯʥʦ ʽ ʟ ʚʝʣʠʢʦʶ ʪʦʯʥʽʩʪʶ 

ʨʦʟʨʦʙʣʷʪʠ ʚʠʤʦʛʠ ʜʦ ʙʘʣʘʥʩʫʚʘʥʥʷ ʥʘʚʘʥʪʘʞʝʥʥʷ ʜʣʷ ʢʦʞʥʦʾ ʛʦʜʠʥʠ. 

ɿʨʝʰʪʦʶ, ʙʫʜʝ ʧʦʙʫʜʦʚʘʥʘ ʩʠʩʪʝʤʘ ʘʚʪʦʤʘʪʠʯʥʦʛʦ ʧʝʨʝʥʘʣʘʰʪʫʚʘʥʥʷ ʤʝʨʝʞʽ, ʚʠʤʢʥʫʚʰʠ 

ʦʢʨʝʤʽ ʬʽʜʝʨʠ. ɯ ʯʠʤ ʥʠʞʯʝ ʟʝʨʥʠʩʪʽʩʪʴ ʤʝʨʝʞʝʚʦʾ  ʤʦʜʝʣʽ, ʪʠʤ ʙʽʣʴʰʝ ʤʦʞʥʘ ʦʪʨʠʤʘʪʠ ʝʬʝʢʪ ʚʽʜ 

ʪʘʢʦʛʦ ʫʧʨʘʚʣʽʥʥʷ. ʂʘʣʽʬʦʨʥʽʡʩʴʢʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʫ ʉʘʥ-ɼʽʻʛʦ ʦʪʨʠʤʘʚ ʛʨʘʥʪ ʫ ʨʦʟʤʽʨʽ 499 900 

ʜʦʣʘʨʽʚ ʉʐɸ ʥʘ ʜʝʤʦʥʩʪʨʘʮʽʶ ʧʨʦʛʨʘʤʠ, ʷʢʘ ʤʦʞʝ ʟʘʙʝʟʧʝʯʠʪʠ ʢʨʘʱʝ ʧʨʦʛʥʦʟʫʚʘʥʥʷ  ʚ ʨʝʞʠʤʽ 

ʨʝʘʣʴʥʦʛʦ ʯʘʩʫ ʝʬʝʢʪʽʚ, ʱʦ ʚʠʥʠʢʘʶʪʴ ʚʥʘʩʣʽʜʦʢ ʨʽʟʥʦʾ ʧʦʚʝʜʽʥʢʠ ʪʘ ʧʽʜʢʣʶʯʝʥʥʷ ʩʦʥʷʯʥʠʭ 

ʩʪʘʥʮʽʡ ʟʘ ʜʦʧʦʤʦʛʦʶ ʢʣʘʩʪʝʨʥʦʛʦ ʘʥʘʣʽʟʫ. 

ʊʘʢʦʞ ʨʦʟʨʦʙʣʷʻʪʴʩʷ ʩʠʩʪʝʤʘ ʜʣʷ ʙʝʟʧʦʩʝʨʝʜʥʴʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʮʠʭ ʜʘʥʠʭ ʜʣʷ 

ʫʧʨʘʚʣʽʥʥʷ ʣʽʥʽʷʤʠ ʨʦʟʧʦʜʽʣʴʯʦʾ ʤʝʨʝʞʽ. ʅʝ ʚʩʽ ʪʘʢʽ ʣʽʥʽʾ  ʩʴʦʛʦʜʥʽ ʢʝʨʦʚʘʥʽ, ʘʣʝ ʨʦʙʦʪʘ ʚʠʟʥʘʯʘʻ, 

ʷʢʘ ʟ ʥʠʭ ʝʬʝʢʪʠʚʥʦ ʚʧʣʠʥʝ ʥʘ ʥʘʚʘʥʪʘʞʝʥʥʷ ʽ ʟʘʞʘʜʘʻ ʧʝʨʚʠʥʥʦʾ ʤʦʜʝʨʥʽʟʘʮʽʾ.  

ɺ ʆʩʪʽʥʽ, ʰʪʘʪ ʊʝʭʘʩ, ʢʦʤʧʘʥʽʷ ʆʩʪʽʥ ɽʥʝʨʜʞʽ ʟʘʚʝʨʰʠʣʘ ʨʦʟʛʦʨʪʘʥʥʷ ʩʠʩʪʝʤʠ ʦʧʪʠʤʽʟʘʮʽʾ 

ʪʘ ʫʧʨʘʚʣʽʥʥʷ ʨʝʘʢʮʽʻʶ ʥʘ ʧʦʧʠʪ (DROMS), ʨʦʟʨʦʙʣʝʥʦʾ ʢʦʤʧʘʥʽʻʶ ɸʚʪʦʩʽʪʢʘ [22]. ʈʦʟʤʽʨ 

ʧʽʣʦʪʥʦʾ ʬʘʟʠ  ʥʝʚʝʣʠʢʠʡ  ʽ ʚʢʣʶʯʘʻ ʚ ʩʝʙʝ 60 ʪʝʨʤʦʩʪʘʪʽʚ ʽ 15 ʩʠʩʪʝʤ ʟʘʨʷʜʢʠ ʜʣʷ ʝʣʝʢʪʨʦʤʦʙʽʣʽʚ. 

ɯʥʪʝʛʨʘʮʽʷ  ʉʠʩʪʝʤʠ DR ʽʟ ʟʘʨʷʜʥʠʤʠ ʧʨʠʩʪʨʦʷʤʠ ʜʣʷ ʝʣʝʢʪʨʦʤʦʙʽʣʽʚ ï ʮʝ ʥʦʚʠʡ ʚʠʢʣʠʢ, ʽ ʧʝʨʰʽ 

ʨʝʟʫʣʴʪʘʪʠ ʜʘʶʪʴ ʙʘʛʘʪʦ ʤʘʪʝʨʽʘʣʫ ʜʣʷ ʨʦʟʫʤʽʥʥʷ ʪʘ ʧʨʦʢ̒ʪʫʚʘʥʥʷ ʤʘʡʙʫʪʥʽʭ ʘʣʛʦʨʠʪʤʽʚ. 

ʋ ʩʠʩʪʝʤʘʭ DR ʩʠʛʥʘʣʠ ʚʤʠʢʘʥʥʷ/ʚʠʤʠʢʘʥʥʷ ʧʦʚʠʥʥʽ ʜʦʩʷʛʘʪʠ ʚʩʽʭ ʩʧʦʞʠʚʘʶʯʠʭ 

ʧʨʠʣʘʜʽʚ ʟʘ ʢʦʨʦʪʢʠʡ ʯʘʩ ʥʘ ʦʩʥʦʚʽ ʾʭ ʢʣʘʩʠʬʽʢʘʮʽʾ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʪʠʧʦʚʠʭ ʧʨʦʬʽʣʽʚ ʥʘʚʘʥʪʘʞʝʥʥʷ, 

ʪʘʢʠʭ ʷʢ ʤʘʢʩʠʤʘʣʴʥʘ ʯʘʩʪʦʪʘ ʥʘʚʘʥʪʘʞʝʥʥʷ, ʪʦʙʪʦ ʩʢʽʣʴʢʠ ʨʘʟʽʚ ʥʘ ʜʝʥʴ ʚʦʥʠ ʧʦʚʠʥʥʽ ʩʧʦʞʠʚʘʪʠ 

ʥʘʡʙʽʣʴʰʝ ʝʥʝʨʛʽʾ. ɺʝʣʠʯʠʥʘ ʥʘʚʘʥʪʘʞʝʥʥʷ, ʷʢʘ ʤʦʞʝ ʟʤʽʥʶʚʘʪʠʩʷ ʜʫʞʝ ʰʚʠʜʢʦ, ʪʘʢʦʞ ʚʘʞʣʠʚʘ 

ʜʣʷ ʨʝʘʣʽʟʘʮʽʾ ʽʥʪʝʛʨʘʮʽʾ ʨʽʟʥʠʭ ʧʨʠʩʪʨʦʾʚ. ʏʠʤʘʣʫ ʨʦʣʴ ʚʽʜʽʛʨʘʻ ʦʩʥʘʱʝʥʥʷ ʚʩʽʭ ʩʧʦʞʠʚʘʯʽʚ-

ʧʨʠʩʪʨʦʾʚ ʜʘʪʯʠʢʘʤʠ ʽ ʪʝʣʝʤʝʪʨʽʻʶ ʜʣʷ ʩʪʚʦʨʝʥʥʷ ʟʚʦʨʦʪʥʦʛʦ ʟʚôʷʟʢʫ. ʎʝ ʟʘʙʝʟʧʝʯʫʻ ʘʛʨʝʛʘʮʽʶ 

ʥʘʚʘʥʪʘʞʝʥʥʷ ʟ ʚʝʣʠʢʦʶ ʛʥʫʯʢʽʩʪʶ ʽ ʰʚʠʜʢʽʩʪʶ ʚʠʢʦʥʘʥʥʷ ʢʦʤʘʥʜ ʟ ʮʝʥʪʨʘʣʴʥʦʾ ʧʣʘʪʬʦʨʤʠ 

ʫʧʨʘʚʣʽʥʥʷ. ʇʨʠ ʚʝʣʠʢʽʡ ʢʽʣʴʢʦʩʪʽ ʢʦʥʪʨʦʣʴʦʚʘʥʠʭ ʥʘʚʘʥʪʘʞʝʥʴ ʟʘʚʜʘʥʥʷ ʚʠʤʘʛʘʻ ʦʙʨʦʙʢʠ 

ʚʝʣʠʢʠʭ ʦʙʩʷʛʽʚ ʜʘʥʠʭ ʟ ʥʠʟʴʢʦʶ ʟʘʪʨʠʤʢʦʶ, ʱʦ ʚʠʤʘʛʘʻ ʥʦʚʠʭ ʘʣʛʦʨʠʪʤʽʚ ʽ ʧʨʦʛʨʘʤʥʠʭ ʨʽʰʝʥʴ. 

ɸʣʝ ʻ ʟʘʚʜʘʥʥʷ, ʷʢʽ ʚʠʤʘʛʘʶʪʴ ʱʝ ʙʽʣʴʰʦʾ ʰʚʠʜʢʦʩʪʽ ʦʙʨʦʙʢʠ ʽʥʬʦʨʤʘʮʽʾ. ɯʥʩʘʡʪ ʧʨʦ ʧʨʦʩʪʽʨ ʽ 

ʯʘʩ [39], ʚʽʜʦʤʘ ʩʚʦʾʤʠ ʨʦʟʨʦʙʢʘʤʠ ʚ ʦʙʣʘʩʪʽ ʩʠʪʫʘʮʽʡʥʦʾ ʘʥʘʣʽʪʠʢʠ, ʧʦʚʽʜʦʤʠʣʘ, ʱʦ ʧʨʘʮʶʻ ʥʘʜ 

ʧʨʦʙʣʝʤʘʤʠ ʫʧʨʘʚʣʽʥʥʷ ʥʘʜʰʚʠʜʢʠʤʠ ʜʘʥʠʤʠ ʟ ʝʣʝʢʪʨʦʤʝʨʝʞ, ʪʘʢʠʤʠ ʷʢ ʚʠʤʽʨʶʚʘʥʥʷ ʟ PMU 

(ʆʜʠʥʠʮʽ ʚʠʤʽʨʶʚʘʥʥʷ ʬʘʟʠ), ʷʢʽ ʟʙʠʨʘʶʪʴʩʷ 60 ʨʘʟʽʚ ʥʘ ʩʝʢʫʥʜʫ. ʈʝʟʫʣʴʪʘʪʠ ʧʨʝʜʩʪʘʚʣʝʥʽ ʚ 

ʧʨʦ̒ʢʪʽ ʟ ʅʘʫʢʦʚʦ-ʜʦʩʣʽʜʥʠʤ ʽʥʩʪʠʪʫʪʦʤ ʝʣʝʢʪʨʦʝʥʝʨʛʝʪʠʢʠ [40]. 
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1.3.4. ɺʨ̔ʪʫʘʣʴʥʽ ʝʣʝʢʪʨʦʩʪʘʥʮʽʾ 

ɻʝʥʝʨʘʮʽʷ ʝʥʝʨʛʽʾ ʟ ʚʽʜʥʦʚʣʶʚʘʥʠʭ ʜʞʝʨʝʣ ʝʥʝʨʛʽʾ ʟʘʣʝʞʠʪʴ ʚʽʜ ʧʦʛʦʜʠ ʽ ʯʘʩʪʦ ʜʦʩʷʛʘʻ 

ʧʽʢʦʚʠʭ ʟʥʘʯʝʥʴ, ʢʦʣʠ ʚʦʥʘ ʥʝ ʧʦʪʨʽʙʥʘ. 

ʉʴʦʛʦʜʥʽʰʥʽ ʛʘʟʦʛʝʥʝʨʘʪʦʨʠ, ʷʢʽ ʤʦʞʫʪʴ ʛʥʫʯʢʦ ʨʝʘʛʫʚʘʪʠ ʥʘ ʥʝʦʙʭʽʜʥʽʩʪʴ ʟʙʽʣʴʰʝʥʥʷ 

ʚʠʨʦʙʥʠʮʪʚʘ ʟʘ ʨʘʭʫʥʦʢ ʜʦʜʘʚʘʥʥʷ ʧʘʣʠʚʘ, ʻ ʜʦʨʦʛʠʤ ʽ  ʥʝʩʪʽʡʢʠʤ ʩʧʦʩʦʙʦʤ  ʚʠʨʽʰʝʥʥʷ ʮʽʻʾ 

ʧʨʦʙʣʝʤʠ. ʆʜʥʘʢ ʧʨʘʢʪʠʯʥʦ ʟʘʚʞʜʠ ʜʦʩʠʪʴ ʟʤʽʥʠʪʠ ʛʨʘʬʽʢ ʩʧʦʞʠʚʘʥʥʷ ʦʩʦʙʣʠʚʠʤ ʯʠʥʦʤ ʽ 

ʧʝʨʝʨʦʟʧʦʜʽʣʠʪʠ ʥʘʚʘʥʪʘʞʝʥʥʷ ʥʘ ʛʦʜʽʚʥʠʮʽ, ʷʢ ʥʝʦʙʭʽʜʥʽʩʪʴ ʚ ʜʦʜʘʪʢʦʚʠʭ ʛʝʥʝʨʘʪʦʨʘʭ ʤʦʞʝ 

ʚʽʜʧʘʩʪʠ. ʊʦʤʫ ʟô̫ ʚʠʚʩʷ ʧʽʜʭʽʜ, ʷʢʠʡ ʦʪʨʠʤʘʚ ʥʘʟʚʫ çʚʽʨʪʫʘʣʴʥʘ ʝʣʝʢʪʨʦʩʪʘʥʮʽʷè (ɺɽʉ) [41]. ʎʝ 

ʪʝʭʥʦʣʦʛʽʷ, ʧʦʚ'ʷʟʘʥʘ ʟ ʨʦʟʫʤʥʦʶ ʤʝʨʝʞʝʶ, ʷʢʘ ʧʦʣʷʛʘʻ ʚ ʩʢʦʦʨʜʠʥʦʚʘʥʦʤʫ ʫʧʨʘʚʣʽʥʥʽ 

ʩʧʦʞʠʚʘʥʥʷʤ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ ʚʝʣʠʢʦʾ ʢʽʣʴʢʦʩʪʽ ʙʫʜʠʥʢʽʚ ʪʘ ʦʬʽʩʽʚ, ʯʘʩʪʢʦʚʦʤʫ ʚʽʜʢʣʶʯʝʥʥʽ ʪʘ 

ʚʢʣʶʯʝʥʥʽ ʩʧʦʞʠʚʘʯʽʚ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʝʥʝʨʛʝʪʠʯʥʠʭ ʧʦʪʨʝʙ, ʱʦʙ ʩʠʥʭʨʦʥʽʟʫʚʘʪʠ ʩʧʦʞʠʚʘʥʥʷ ʟ 

ʧʽʜʡʦʤʘʤʠ ʘʙʦ ʧʘʜʽʥʥʷʤʠ ʙʘʛʘʪʴʦʭ  ʝʣʝʢʪʨʦʩʪʘʥʮʽʾ, ʚʢʣʶʯʘʶʯʠ ʚʩʽ ʚʽʜʥʦʚʣʶʚʘʥʽ ʜʞʝʨʝʣʘ. ɸʣʝ 

ʜʣʷ ʮʴʦʛʦ ʥʝʦʙʭʽʜʥʦ ʤʘʪʠ ʜʦʩʪʫʧ ʜʦ ʪʠʩʷʯ ʧʨʠʩʪʨʦʾʚ ʜʣʷ ʜʦʩʠʪʴ ʰʚʠʜʢʦʛʦ ʨʝʘʛʫʚʘʥʥʷ ʧʨʠ 

ʜʦʩʪʘʪʥʽʡ ʢʦʦʨʜʠʥʘʮʽʾ, ʘ ʮʝ ʷʚʣʷʻ ʩʦʙʦʶ ʩʝʨʡʦʟʥʝ ʟʘʚʜʘʥʥʷ. 

ɿʘ ʦʩʪʘʥʥʽ ʯʦʪʠʨʠ ʨʦʢʠ ʙʫʚ ʨʝʘʣʽʟʦʚʘʥʠʡ ʧʨʦʢ̒ʪ ʪʨʴʦʭ ʢʦʤʧʘʥʽʡ ʟ ʂʘʥʘʜʠ ʧʦ ʚʠʨʽʰʝʥʥʶ 

ʮʽʻʾ ʧʨʦʙʣʝʤʠ: ʧʨʠʤʦʨʩʴʢʠʭ ʧʨʦʚʽʥʮʽʡ ʅʴʶ-ɹʨʘʥʩʚʽʢ, ʅʦʚʘ ʐʦʪʣʘʥʜʽʷ ʽ ʦʩʪʨʽʚ ʇʨʠʥʮʘ ɽʜʫʘʨʜʘ. 

ʇʨʦ̒ʢʪ ʥʘʟʠʚʘʻʪʴʩʷ PowerShift ɸʪʣʘʥʪʠʯʥʠʡ ʽ ʨʝʘʣʽʟʫʻ ʩʧʽʣʴʥʝ ʫʧʨʘʚʣʽʥʥʷ ʢʦʤʙʽʥʘʮʽʻʶ 11,5 

ʤʝʛʘʚʘʪ ʧʽʜʢʣʶʯʝʥʠʭ ʥʘʚʘʥʪʘʞʝʥʴ, ʚʽʜ ʧʨʦʤʠʩʣʦʚʠʭ ʢʦʥʜʠʮʽʦʥʝʨʽʚ ʽ ʚʦʜʦʥʘʩʦʩʥʠʭ ʩʪʘʥʮʽʡ ʜʦ 

ʪʠʩʷʯ ʚʦʜʦʥʘʛʨʽʚʘʯʽʚ ʚ ʙʫʜʠʥʢʘʭ ʞʠʪʝʣʽʚ. ʅʘ ʚʽʜʤʽʥʫ ʚʽʜ ʢʣʘʩʠʯʥʠʭ ʩʠʩʪʝʤ ʨʝʘʛʫʚʘʥʥʷ ʥʘ ʧʦʧʠʪ, 

ʮʽ ʥʘʚʘʥʪʘʞʝʥʥʷ ʥʝ ʪʽʣʴʢʠ ʟʜʘʪʥʽ ʪʠʤʯʘʩʦʚʦ ʚʽʜʢʣʶʯʘʪʠʩʷ, ʱʦʙ ʟʤʝʥʰʠʪʠ ʟʙʫʨʝʥʥʷ ʚ ʤʝʨʝʞʽ, 

ʚʦʥʠ ʟʜʘʪʥʽ ʧʦʛʣʠʥʘʪʠ ʥʘʜʣʠʰʢʦʚʫ ʧʦʪʫʞʥʽʩʪʴ, ʱʦ ʻ ʢʨʠʪʠʯʥʦ ʚʘʞʣʠʚʦ  ʁʚʣʘʩʪʠʚʽʩʪ,ʁ ʱʦʙ 

ʫʥʠʢʥʫʪʠ ʥʝʦʙʭʽʜʥʦʩʪʽ ʩʢʦʨʦʯʝʥʥʷ ʛʝʥʝʨʘʮʽʾ ʟ ʤʦʨʩʴʢʠʭ ʽ ʢʦʥʪʠʥʝʥʪʘʣʴʥʠʭ ʚʽʪʨʦʚʠʭ ʪʫʨʙʽʥ ʥʘ 

675 ʤʝʛʘʚʘʪ. ʎʝ ʚʽʜʧʦʚʽʜʘʻ ʤʝʪʽ ʜʦʩʷʛʪʠ 40 % ʚʽʜʥʦʚʣʶʚʘʥʦʾ ʝʥʝʨʛʽʾ ʫ 2020 ʨʦʮʽ. ʊʘʢʠʤ ʯʠʥʦʤ, 

ʟʘʤʽʩʪʴ ʪʦʛʦ, ʱʦʙ ʧʨʦʩʠʪʠ ʙʘʛʘʪʴʦʭ ʩʧʦʞʠʚʘʯʽʚ ʚʽʜʢʣʶʯʠʪʠʩʷ ʚʽʜ ʤʝʨʝʞʽ çʚʩʝ ʘʙʦ ʥʽʯʦʛʦè, ʙʫʣʘ 

ʧʦʙʫʜʦʚʘʥʘ ʩʪʨʫʢʪʫʨʘ ʟ ʽʥʜʠʚʽʜʫʘʣʴʥʠʤ ʢʦʨʠʩʪʫʚʘʣʴʥʠʮʴʢʠʤ ʦʙʣʘʜʥʘʥʥʷʤ, ʦʙ'ʻʜʥʘʥʠʤ ʫ ʧ'ʷʪʴ 

ʦʢʨʝʤʠʭ ʧʦʩʪʘʯʘʣʴʥʠʢʽʚ ʧʦʩʣʫʛ ʟ ʫʧʨʘʚʣʽʥʥʷ ʧʦʧʠʪʦʤ ʜʣʷ ʤʦʥʽʪʦʨʠʥʛʫ ʪʘ ʫʧʨʘʚʣʽʥʥʷ ʥʠʤʠ ʥʘ 

ʨʝʛʽʦʥʘʣʴʥʽʡ ʦʩʥʦʚʽ. ɺʦʥʠ ʚ ʫ ʩʚʦʶ ʯʝʨʛʫ, ʚʦʥʠ ʧʽʜʢʣʶʯʘʶʪʴʩʷ ʜʦ ʮʝʥʪʨʘʣʽʟʦʚʘʥʦʾ çʚʽʨʪʫʘʣʴʥʦʾ 

ʝʣʝʢʪʨʦʩʪʘʥʮʽʾè (ʘʛʨʝʛʘʪʦʨʘ-ʘʛʨʝʛʘʪʦʨʘ) - ʩʠʩʪʝʤʠ, ʷʢʘ ʧʨʘʮʶʻ ʽʥʪʝʨʧʨʝʪʘʪʦʨʦʤ ʽ ʢʦʦʨʜʠʥʘʪʦʨʦʤ 

ʦʧʝʨʘʪʦʨʘ ʤʝʨʝʞʽ ʧʦ ʚʽʜʥʦʰʝʥʥʶ ʜʦ ʢʦʞʥʦʾ ʟ ʧ'ʷʪʠ ʛʨʫʧ, ʚʠʜʘʶʯʠ ʧʦʭʚʠʣʠʥʥʽ ʽʥʩʪʨʫʢʮʽʾ ʜʣʷ 

ʟʘʙʝʟʧʝʯʝʥʥʷ ʜʦʚʛʦʩʪʨʦʢʦʚʦʾ ʦʧʪʠʤʽʟʘʮʽʾ. ɺ ʾʾ ʦʩʥʦʚʽ ʣʝʞʠʪʴ ʽʜʝʷ ʨʦʟʧʦʜʽʣʝʥʦʾ ʽʻʨʘʨʭʽʯʥʦ 

ʢʝʨʦʚʘʥʦʾ ʩʠʩʪʝʤʠ ʙʘʣʘʥʩʫʚʘʥʥʷ ʤʝʨʝʞʽ. 

ʅʘ ʨʠʩʫʥʢʫ 1.12 ʧʨʝʜʩʪʘʚʣʝʥʘ ʘʛʨʝʛʘʮʽʷ ʩʧʦʞʠʚʘʯʽʚ ʽ ʛʝʥʝʨʘʪʦʨʽʚ ʚ ʫʟʛʦʜʞʝʥʽ ʢʣʘʩʪʝʨʠ, ʷʢʽ 

ʬʘʢʪʠʯʥʦ ʫʪʚʦʨʶʶʪʴ ʯʦʪʠʨʠ ʚʽʨʪʫʘʣʴʥʽ ʝʣʝʢʪʨʦʩʪʘʥʮʽʾ. 
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ʈʠʩ. 1.12. ʃʦʛʽʯʥʘ ʩʪʨʫʢʪʫʨʘ ʝʥʝʨʛʦʩʠʩʪʝʤʠ ʟ ʯʦʪʠʨʤʘ ʫʟʛʦʜʞʝʥʠʤʠ ʚʽʨʪʫʘʣʴʥʠʤʠ 

ʝʣʝʢʪʨʦʩʪʘʥʮʽʷʤʠ 

ʇʦʟʥʘʯʝʥʥʷ DG - ʨʦʟʧʦʜʽʣʝʥʠʡ ʚʠʭʽʜʥʠʡ ʢʦʜ; Critical Peak Pricing ï ʮʽʥʦʫʪʚʦʨʝʥʥʷ ʥʘ 

ʢʨʠʪʠʯʥʦʤʫ ʧʽʢʫ - ʮʽʥʦʫʪʚʦʨʝʥʥʷ ʚ ʧʽʢʦʚʠʡ ʧʝʨʽʦʜ; Storage ï ʟʙʝʨʽʛʘʥʥʷ ï ʥʘʢʦʧʠʯʫʚʘʯʽ; RT 

Pricing Program ï ʧʨʦʛʨʘʤʘ ʮʽʥʦʫʪʚʦʨʝʥʥʷ RT - ʫʯʘʩʥʠʢʠ ʧʨʦʛʨʘʤʠ ʦʧʣʘʪʠ ʚ ʨʝʘʣʴʥʦʤʫ ʯʘʩʽ. 

ʆʩʥʦʚʥʠʤʠ ʙʣʦʢʘʤʠ ʩʠʩʪʝʤʠ ʻ ʽʥʜʠʚʽʜʫʘʣʴʥʽ ʥʘʚʘʥʪʘʞʝʥʥʷ, ʷʢʽ ʜʦʟʚʦʣʷʶʪʴ ʟʤʽʱʫʚʘʪʠ ʚ 

ʯʘʩʽ ʽ ʚʽʜʩʽʢʘʪʠ ʩʧʦʞʠʚʘʥʥʷ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ. ɼʦ ʥʠʭ ʚʽʜʥʦʩʷʪʴʩʷ ʨʽʟʥʦʤʘʥʽʪʥʽ ʪʝʧʣʦʚʽ ʦʙʽʛʨʽʚʘʯʽ, 

ʪʘʢʽ ʷʢ ʚʦʜʦʥʘʛʨʽʚʘʯʽ, ʭʦʣʦʜʠʣʴʥʠʢʠ ʪʘ ʙʫʜʽʚʝʣʴʥʽ ʩʠʩʪʝʤʠ ʢʦʥʜʠʮʽʦʥʫʚʘʥʥʷ, ʷʢʽ ʧʦʚʽʣʴʥʦ 

ʟʤʽʥʶʶʪʴ ʪʝʤʧʝʨʘʪʫʨʥʽ ʥʘʣʘʰʪʫʚʘʥʥʷ ʧʨʦʪʷʛʦʤ ʜʥʷ. ɺʦʥʠ ʪʘʢʦʞ ʚʢʣʶʯʘʶʪʴ ʚʦʜʷʥʽ ʥʘʩʦʩʠ, ʷʢʽ 

ʤʦʞʫʪʴ ʚʠʙʠʨʘʪʠ, ʢʦʣʠ ʚʥʠʟʫ ʚʦʥʠ ʤʦʞʫʪʴ ʧʽʜʥʽʤʘʪʠ ʚʦʜʫ, ʽ ʤʦʞʫʪʴ ʨʦʙʠʪʠ ʮʝ ʯʝʨʝʟ ʚʽʜʧʦʚʽʜʥʠʡ 

ʽʥʪʝʨʚʘʣ ï ʯʘʩ. 

ʆʬʽʩʥʽ ʙʫʜʽʚʣʽ ʤʦʞʫʪʴ ʧʨʘʮʶʚʘʪʠ ʚ ʨʝʞʠʤʽ ʨʝʘʛʫʚʘʥʥʷ ʥʘ ʧʦʧʠʪ ʙʝʟ ʰʢʦʜʠ ʜʣʷ ʢʦʤʬʦʨʪʫ 

ʪʘ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ ʩʚʦʾʭ ʢʦʨʠʩʪʫʚʘʯʽʚ. ʅʘʨʝʰʪʽ, ʧʦʩʪʘʯʘʣʴʥʠʢʠ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ ʤʦʞʫʪʴ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʮʝʡ ʽʥʩʪʨʫʤʝʥʪ ʜʣʷ ʧʽʜʢʣʶʯʝʥʥʷ ʚʽʜʥʦʚʣʶʚʘʥʠʭ ʜʞʝʨʝʣ ʝʥʝʨʛʽʾ ʨʝʩʫʨʩʠ, ʪʘʢʽ ʷʢ 

ʚʽʪʨʦʚʽ ʪʫʨʙʽʥʠ ʪʘ ʩʦʥʷʯʥʽ ʙʘʪʘʨʝʾ, ʜʦ ʤʝʨʝʞʽ, ʱʦʙ ʤʽʥʽʤʽʟʫʚʘʪʠ ʧʝʨʝʨʠʚʯʘʩʪʠʡ ʭʘʨʘʢʪʝʨ ʮʠʭ 

ʨʝʩʫʨʩʽʚ.  

ʋ ʧʨʦʢ̒ʪʽ, ʦʧʠʩʘʥʦʤʫ ʚʠʱʝ, ʙʨʘʣʠ ʫʯʘʩʪʴ ʚʠʨʦʙʥʠʢʠ ʧʨʦʤʠʩʣʦʚʠʭ ʩʠʩʪʝʤ ʦʧʘʣʝʥʥʷ, 

ʩʠʩʪʝʤ ʧʽʜʪʨʠʤʢʠ ʪʝʤʧʝʨʘʪʫʨʠ ʽ ʩʪʘʨʪʘʧ, ʱʦ ʟʘʡʤʘʻʪʴʩʷ ʫʧʨʘʚʣʽʥʥʷʤ ʥʘʚʘʥʪʘʞʝʥʥʷʤ. ʆʜʠʥ ʟʽ 

ʩʪʘʨʪʘʧʽʚ, ɯʥʪʛʨʘʣ ɸʥʘʣʽʪʽʢʩ, ʤʘʻ ʧʨʦʛʨʘʤʥʠʡ ʧʨʦʜʫʢʪ ʜʣʷ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʪʘ ʫʧʨʘʚʣʽʥʥʷ 

ʥʘʚʘʥʪʘʞʝʥʥʷʤʠ, ʨʦʟʧʦʜʽʣʝʥʠʤʠ ʚʜʦʤʘ ʘʙʦ ʦʬʽʩʽ ʟ ʤʝʪʦʶ ʟʘʜʦʚʦʣʝʥʥʷ ʧʦʪʨʝʙ ʤʝʨʝʞʽ, ʽʥʰʠʡ 

ʩʪʘʨʪʘʧ ï ʄʝʨʝʞʘ Enbala Networks, ʷʢʠʡ ʟʘʡʤʘʻʪʴʩʷ ʪʝʭʥʦʣʦʛʽʷʤʠ ʰʚʠʜʢʦʛʦ ʫʧʨʘʚʣʽʥʥʷ 

ʚʦʜʷʥʠʤʠ ʥʘʩʦʩʘʤʠ ʪʘ ʥʘʢʦʧʠʯʫʚʘʯʘʤʠ ʝʥʝʨʛʽʾ ʚ ʩʠʩʪʝʤʘʭ ʰʚʠʜʢʦʛʦ ʨʝʘʛʫʚʘʥʥʷ  ʚ ʩʠʩʪʝʤʘʭ 

ʨʝʘʛʫʚʘʥʥʷ ʤʝʨʝʞʽ. ɺ  ʨʝʟʫʣʴʪʘʪʽ ʚʜʘʣʦʩʷ ʧʦʙʫʜʫʚʘʪʠ ʩʠʩʪʝʤʫ ʪʘʢʦʛʦ ʫʧʨʘʚʣʽʥʥʷ ʩʧʦʞʠʚʘʯʘʤʠ, 

ʱʦʙ ʟʥʠʟʠʪʠ ʤʽʥʣʠʚʽʩʪʴ ʧʨʦʬʽʣʶ ʥʘʚʘʥʪʘʞʝʥʥʷ ʜʣʷ ʛʨʫʧʠ ʚ ʮʽʣʦʤʫ. ʄʦʞʣʠʚʦ, ʢʦʛʦʩʴ ʟʘʮʽʢʘʚʠʪʴ 

ʙʽʣʴʰ ʜʦʢʣʘʜʥʠʡ ʦʧʠʩ ʽʜʝʾ ʘʛʨʝʛʘʮʽʾ ʥʘʚʘʥʪʘʞʝʥʴ. ʅʘ ʨʠʩʫʥʢʫ 1.13 ʧʦʢʘʟʘʥʦ, ʷʢ ʬʦʨʤʫʻʪʴʩʷ 

ʧʨʦʬʽʣʴ ʥʘʚʘʥʪʘʞʝʥʥʷ ʧʨʠ ʘʛʨʝʛʘʪʫʚʘʥʥʽ. 
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ʈʠʩ. 1.13. ʇʨʦʬʽʣʽ ʥʘʚʘʥʪʘʞʝʥʥʷ ʪʘ ʾʭ ʽʥʪʝʛʨʘʮʽʷ 

 

ɺʽʨʪʫʘʣʴʥʘ ʝʣʝʢʪʨʦʩʪʘʥʮʽʷ ʚʠʨʽʰʫʻ ʨʷʜ ʚʟʘʻʤʦʧʦʚ'ʷʟʘʥʠʭ ʧʨʦʙʣʝʤ, ʧʨʦʜʠʢʪʦʚʘʥʠʭ 

ʰʠʨʦʢʠʤ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʚʽʜʥʦʚʣʶʚʘʥʠʭ ʜʞʝʨʝʣ ʝʥʝʨʛʽʾ. ɺʠʭʦʜʷʯʠ ʟ ʚʘʨʪʦʩʪʽ ʚʠʢʠʜʽʚ ʉʆ2 ʚ 

ʘʪʤʦʩʬʝʨʫ, ʚʠʪʨʘʪ ʥʘ ʥʘʜʽʡʥʽʩʪʴ ʚʽʪʨʦʛʝʥʝʨʘʪʦʨʽʚ ʽ ʩʦʥʷʯʥʠʭ ʧʘʥʝʣʝʡ, ʚʘʨʪʦʩʪʽ ʪʦʯʥʦʛʦ ʧʨʦʛʥʦʟʫ 

ʩʧʦʞʠʚʘʥʥʷ, ʰʣʷʭʦʤ ʘʥʘʣʽʟʫ ʤʦʞʣʠʚʦʛʦ ʟʥʠʞʝʥʥʷ ʧʽʢʽʚ, ʧʝʨʝʨʠʚʯʘʩʪʦʩʪʽ ʛʝʥʝʨʘʮʽʾ, ʧʨʦʛʥʦʟʫ 

ʚʠʨʦʙʣʝʥʦʾ ʧʦʪʫʞʥʦʩʪʽ, ʛʘʨʷʯʦʛʦ ʨʝʟʝʨʚʫ ʬʦʨʤʫʶʪʴʩʷ ʚʩʽ ʥʝʦʙʭʽʜʥʽ ʢʦʤʘʥʜʠ ʜʣʷ ʟʥʠʞʝʥʥʷ 

ʩʧʦʞʠʚʘʥʥʷ, ʫʯʘʩʪʽ ɺɼɽ, ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʧʣʘʪʝʞʽʚ ʽ ʩʪʫʧʝʥʷ ʨʦʙʦʪʠ ʩʠʩʪʝʤ ʉʈ. ʅʘ ʨʠʩʫʥʢʫ 1.14 

ʧʦʢʘʟʘʥʦ  ʪʘʢʘ ʩʦʙʽ ʬʫʥʢʮʽʦʥʘʣʴʥʘ ʩʪʨʫʢʪʫʨʘ. 

 
ʈʠʩ. 1.14. ɺʟʘʻʤʦʧʦʚôʷʟʘʥʽ ʟʘʜʘʯʽ ʽʥʪʝʛʨʘʮʽʾ ʨʦʟʧʦʜʽʣʝʥʠʭ ʚʽʜʥʦʚʣʶʚʘʥʠʭ ʜʞʝʨʝʣ ʚ ʝʥʝʨʛʦʩʠʩʪʝʤʫ 

 

ʂʣʘʩʪʝʨʠʟʘʮʽʷ ʨʦʟʧʦʜʽʣʝʥʠʭ ʜʞʝʨʝʣ ʽ ʩʧʦʞʠʚʘʯʽʚ ʫ ʚʽʨʪʫʘʣʴʥʽ ʧʽʜʩʪʘʥʮʽʾ, ʟʘʩʥʦʚʘʥʘ ʥʘ 

ʝʬʝʢʪʠʚʥʽʡ ʘʛʨʝʛʘʮʽʾ,  ʻ ʚʘʞʣʠʚʦʶ ʯʘʩʪʠʥʦʶ ʨʦʟʛʦʨʪʘʥʥʷ ʚʽʨʪʫʘʣʴʥʦʾ ʝʣʝʢʪʨʦʩʪʘʥʮʽʾ. 
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ʈʽʟʥʽ ʢʣʘʩʪʝʨʠ ʤʦʞʫʪʴ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʨʽʟʥʽ ʪʝʭʥʦʣʦʛʽʾ ʫʧʨʘʚʣʽʥʥʷ ʥʘʚʘʥʪʘʞʝʥʥʷʤ ʽ 

ʛʝʥʝʨʘʮʽʻʶ. ʅʘ ʨʠʩʫʥʢʫ 1.15 ʧʦʢʘʟʘʥʦ, ʷʢ ʫ ʧʦʻʜʥʘʥʥʽ ʟ ʤʽʢʨʦʤʝʨʝʞʘʤʠ, ʪʘʢ ʽ ʟʚʠʯʘʡʥʠʤʠ 

ʬʽʜʝʨʥʠʤʠ ʟô̒ ʜʥʘʥʥʷʤʠ, ʫʯʘʩʥʠʢʠ ʝʥʝʨʛʦʩʠʩʪʝʤʠ ʤʦʞʫʪʴ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʤʽʩʮʝʚʽ ʧʽʜʩʠʩʪʝʤʠ 

ʨʝʘʛʫʚʘʥʥʷ ʥʘ ʧʦʧʠʪ ʪʘ ʣʦʢʘʣʴʥʽ ʨʦʟʧʦʜʽʣʝʥʽ ʩʠʩʪʝʤʠ ʫʧʨʘʚʣʽʥʥʷ ʛʝʥʝʨʘʪʦʨʘʤʠ, ʱʦʙ ʟʘʧʦʙʽʛʪʠ 

ʥʘʜʤʽʨʥʠʤ ʟʘʢʫʧʽʚʣʷʤ.  

 
ʈʠʩ. 1.15. ʉʪʚʦʨʝʥʥʷ ʚʽʨʪʫʘʣʴʥʠʭ ʧʽʜʩʪʘʥʮʽʡ ʚ ʢʣʘʩʪʝʨʥʠʭ ʝʥʝʨʛʦʩʠʩʪʝʤʘʭ 

ʊʝʨʤʽʥ çʚʽʨʪʫʘʣʴʥʘ ʝʣʝʢʪʨʦʩʪʘʥʮʽʷè ʧʽʜʪʨʠʤʘʣʠ ʛʨʘʚʮʽ ʨʠʥʢʫ. ʈʘʥʽʰʝ ʟʛʘʜʘʥʘ ʢʦʤʧʘʥʽʷ 

ɸʚʪʦʩʽʪʢʘ [22] ʚʠʧʫʩʪʠʣʘ ʧʨʦʜʫʢʪ ʧʽʜ ʥʘʟʚʦʶ ʇʨʦʛʨʘʤʥʦ-ʚʠʟʥʘʯʝʥʽ ʝʣʝʢʪʨʦʩʪʘʥʮʽʾ - ʧʨʦʛʨʘʤʥʦ 

ʨʝʘʣʽʟʦʚʘʥʘ ʝʣʝʢʪʨʦʩʪʘʥʮʽʷ. ɯ ʮʝ ʥʝ ʧʨʦʩʪʦ ʯʝʨʛʦʚʘ ʥʦʚʘ ʤʘʨʢʝʪʠʥʛʦʚʘ ʬʨʘʟʘ. ʎʷ ʩʠʩʪʝʤʘ ʜʦʟʚʦʣʷʻ 

ʚʠʨʦʙʥʠʢʘʤ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ ʙʽʣʴʰ ʪʦʯʥʦ ʨʦʟʨʘʭʦʚʫʚʘʪʠ ʚʠʢʦʨʠʩʪʘʥʥʷ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ, ʱʦʙ 

ʫʥʠʢʘʪʠ ʜʦʜʘʪʢʦʚʠʭ ʚʠʪʨʘʪ ʥʘ ʧʘʣʠʚʦ. 

ɽʥʝʨʛʦʝʬʝʢʪʠʚʥʽʩʪʴ ʤʝʨʝʞʽ ʟʨʦʩʪʘʻ ʽ ʧʨʠ ʦʜʥʘʢʦʚʠʭ ʚʠʪʨʘʪʘʭ ʢʦʨʠʩʪʫʚʘʯʽ ʤʦʞʫʪʴ 

ʦʪʨʠʤʫʚʘʪʠ ʜʦʜʘʪʢʦʚʽ ʦʙʩʷʛʠ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ, ʝʢʚʽʚʘʣʝʥʪʥʽ ʚʩʪʘʥʦʚʣʝʥʥʶ ʥʦʚʠʭ ʛʝʥʝʨʫʶʯʠʭ 

ʧʦʪʫʞʥʦʩʪʝʡ. ɺʠʢʦʨʠʩʪʦʚʫʶʯʠ ʧʨʦʛʥʦʟʥʫ ʘʥʘʣʽʪʠʢʫ, ʧʦʚʝʜʽʥʢʦʚʽ ʘʣʛʦʨʠʪʤʠ ʪʘ ʬʽʟʠʯʥʝ 

ʨʦʟʫʤʽʥʥʷ ʤʝʨʝʞʽ, ʩʠʩʪʝʤʘ ʜʦʟʚʦʣʷʻ ʧʽʜʧʨʠʻʤʩʪʚʘʤ ʙʘʯʠʪʠ ʪʘ ʢʝʨʫʚʘʪʠ ʨʦʟʧʦʜʽʣʦʤ 

ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ ʪʘ ʧʦʪʦʢʦʤ ʧʦ ʚʩʽʡ ʟʦʥʽ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʚ ʨʝʞʠʤʽ ʨʝʘʣʴʥʦʛʦ ʯʘʩʫ. ʈʘʟʦʤ ʟ 

ʇʣʘʪʬʦʨʤʦʶ ʝʥʝʨʛʝʪʠʯʥʠʭ ʜʘʥʠʭ (EDP) ʚʩʽ ʥʘʷʚʥʽ ʨʝʩʫʨʩʠ ʢʦʥʪʨʦʣʶʶʪʴʩʷ ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ 

ʻʜʠʥʦʛʦ ʫʧʨʘʚʣʽʥʥʷ ʽ ʧʦʩʪʽʡʥʦʾ ʦʧʪʠʤʽʟʘʮʽʾ ʙʘʣʘʥʩʫ ʝʥʝʨʛʝʪʠʯʥʠʭ ʧʦʪʦʢʽʚ. ʅʘ ʨʠʩʫʥʢʫ 1.16 

ʧʨʝʜʩʪʘʚʣʝʥʽ ʦʩʥʦʚʥʽ ʚʟʘʻʤʦʜʽʶʯʽ ʢʦʤʧʦʥʝʥʪʠ ʧʣʘʪʬʦʨʤʠ. 
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ʈʠʩ. 1.16. ɿʘʤʢʥʫʪʠʡ ʽʥʬʦʨʤʘʮʽʡʥʠʡ ʧʦʪʽʢ ʚ ʧʣʘʪʬʦʨʤʽ ʚʽʨʪʫʘʣʴʥʦʾ ʝʣʝʢʪʨʦʩʪʘʥʮʽʾ 

 

ʉʠʩʪʝʤʘ ʧʽʜʪʨʠʤʫʻ ʨʦʙʦʪʫ ʨʝʞʠʤʫ ʨʝʘʛʫʚʘʥʥʷ ʥʘ ʧʦʧʠʪ ʙʝʟ ʜʦʜʘʪʢʦʚʠʭ ʧʨʦʛʨʘʤʥʠʭ 

ʢʦʤʧʦʥʝʥʪʽʚ. ʊʘʢʦʞ ʜʘʥʠʡ ʢʦʤʧʣʝʢʩ ʜʦʟʚʦʣʷʻ ʽʥʪʝʛʨʫʚʘʪʠ ʚ ʤʝʨʝʞʫ ʧʦʥʦʚʣʶʚʘʥʽ ʜʞʝʨʝʣʘ ʝʥʝʨʛʽʾ 

ʽ ʚʧʨʦʚʘʜʞʫʚʘʪʠ ʚ ʤʝʨʝʞʫ ʥʘʢʦʧʠʯʫʚʘʯʽ, ʟʘʙʝʟʧʝʯʫʶʯʠ ʫʧʨʘʚʣʽʥʥʷ ʚʩʽʤʘ ʮʠʤʠ ʢʦʤʧʦʥʝʥʪʘʤʠ ʟ 

ʥʘʡʙʽʣʴʰʦʶ ʝʢʦʥʦʤʽʯʥʦʶ ʝʬʝʢʪʠʚʥʽʩʪʶ. ɺ ʨʝʟʫʣʴʪʘʪʽ ʩʢʦʨʦʯʫʶʪʴʩʷ ʢʘʧʽʪʘʣʴʥʽ ʚʠʪʨʘʪʠ, 

ʤʽʥʽʤʽʟʫʶʪʴʩʷ ʚʠʢʠʜʠ ʰʢʽʜʣʠʚʠʭ ʛʘʟʽʚ ʽ ʚʠʢʦʥʫʶʪʴʩʷ ʥʦʨʤʘʪʠʚʥʽ ʚʠʤʦʛʠ ʧʨʠ ʟʘʜʦʚʦʣʝʥʥʽ 

ʩʧʦʞʠʚʘʯʽʚ. 

ɺʽʜʟʥʘʯʠʤʦ, ʱʦ ʚʩʽ ʧʨʦʜʫʢʪʠ AutoGrid ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʜʚʽ ʚʠʟʥʘʯʘʣʴʥʽ ʩʢʣʘʜʦʚʽ ʨʠʥʢʫ 

ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ: ʬʽʟʠʢʫ ʽ ʧʦʚʝʜʽʥʢʫ ʣʶʜʠʥʠ. ʇʣʘʪʬʦʨʤʘ EDP ʪʘʢʦʞ ʙʘʟʫʻʪʴʩʷ ʥʘ ʨʽʜʠʥʥʽʡ, 

ʬʽʟʠʯʥʽʡ ʤʝʨʝʞʝʚʽʡ ʤʦʜʝʣʽ, ʷʢʘ ʚʨʘʭʦʚʫʻ ʧʦʚʝʜʽʥʢʫ ʚʩʽʭ ʧʽʜʢʣʶʯʝʥʠʭ ʜʦ ʥʝʾ ʧʨʠʩʪʨʦʾʚ - ʙʫʜʽʚʝʣʴ, 

ʝʣʝʢʪʨʦʣʽʯʠʣʴʥʠʢʽʚ, ʧʨʦʤʠʩʣʦʚʠʭ ʤʘʡʜʘʥʯʠʢʽʚ, ʟʘʨʷʜʥʠʭ ʧʨʠʩʪʨʦʾʚ ʜʣʷ ʝʣʝʢʪʨʦʤʦʙʽʣʽʚ, 

ʞʠʪʣʦʚʦʛʦ ʦʙʣʘʜʥʘʥʥʷ, ʣʽʥʽʡ ʝʣʝʢʪʨʦʤʝʨʝʞ, ʪʦʱʦ. ʈʦʟʨʦʙʥʠʢʠ ʚʽʜʟʥʘʯʘʶʪʴ, ʱʦ  ʧʝʨʰʦʨʷʜʥʝ 

ʟʥʘʯʝʥʥʷ ʪʫʪ ʤʘʶʪʴ ʜʝʪʘʣʽ, ʪʦʯʥʽʩʪʴ ʤʦʜʝʣʶʚʘʥʥʷ ʽ ʧʨʦʛʥʦʟʠ. ʃʽʢʘʨʥʽ ʤʘʶʪʴ ʟʦʚʩʽʤ ʽʥʰʽ ʟʘʧʠʪʠ, 

ʥʽʞ ʛʦʪʝʣʽ ʘʙʦ ʦʬʽʩʠ ʧʨʦʜʘʞʽʚ. ɽʥʝʨʛʦʩʧʦʞʠʚʘʥʥʷ ʦʬʽʩʥʠʭ ʙʫʜʽʚʝʣʴ ʢʦʣʠʚʘʻʪʴʩʷ ʧʨʦʪʷʛʦʤ ʜʥʷ ʚ 

ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʚʠʢʦʨʠʩʪʘʥʥʷ ʣʽʬʪʽʚ ʽ ʢʦʤʧ'ʶʪʝʨʽʚ. ʉʝʛʤʝʥʪ ʨʦʟʧʦʜʽʣʫ ʮʝʥʪʨʫ ʤʽʩʪʘ ʜʦʩʠʪʴ ʩʠʣʴʥʦ 

ʚʽʜʨʽʟʥʷʻʪʴʩʷ ʚʽʜ ʧʨʠʤʽʩʴʢʦʛʦ ʩʝʛʤʝʥʪʘ. ʄʦʜʝʣʴ ʤʦʞʝ ʟʘʧʫʩʢʘʪʠ ʩʮʝʥʘʨʽʾ ʥʘ ʦʩʥʦʚʽ ʽʩʪʦʨʠʯʥʠʭ 

ʜʘʥʠʭ ʘʙʦ ʦʯʽʢʫʚʘʥʦʾ ʧʦʚʝʜʽʥʢʠ. ʑʦ ʨʦʙʠʪʠ, ʷʢʱʦ ʪʝʤʧʝʨʘʪʫʨʘ ʟʤʽʥʠʪʴʩʷ ʥʘ 12 ʛʨʘʜʫʩʽʚ ʜʦ 

ʧʦʣʫʜʥʷ? ʗʢ ʟʤʽʥʷʪʴʩʷ ʚʠʤʦʛʠ ʚʽʜ ʢʦʥʜʠʮʽʦʥʝʨʽʚ ʫ ʮʝʥʪʨʽ ʤʽʩʪʘ? ʑʦ ʩʪʘʥʝʪʴʩʷ, ʷʢʱʦ ʮʽʥʘ ʟʘ 

ʢʽʣʦʚʘʪ-ʛʦʜʠʥʫ ʟʨʦʩʪʝ ʥʘ 2 ʮʝʥʪʠ, ʩʢʽʣʴʢʠ ʩʧʦʞʠʚʘʯʽʚ ʟʤʝʥʰʘʪʴ ʩʚʦʻ ʩʧʦʞʠʚʘʥʥʷ? ɸ ʷʢʱʦ ʚʦʥʘ 

ʟʙʽʣʴʰʠʪʴʩʷ ʥʘ 2,25 ʮʝʥʪʘ? ʗʢʱʦ ʢʦʨʦʪʢʦ, ʪʦ ʩʠʩʪʝʤʘ  ʜʦʟʚʦʣʷʻ ʨʦʟʛʣʷʜʘʪʠ ʤʝʨʝʞʫ ʥʝ ʷʢ  ʬʽʟʠʯʥʫ 

ʘʙʩʪʨʘʢʮʽʶ, ʘ ʷʢ ʨʝʘʣʴʥʝ ʞʠʪʪʷ. 

ɸʥʘʣʽʟ ʧʦʢʘʟʫʻ, ʱʦ ʚʽʨʪʫʘʣʴʥʘ ʝʣʝʢʪʨʦʩʪʘʥʮʽʷ ʧʦʪʫʞʥʽʩʪʶ ʜʦ 750 ʤʝʛʘʚʘʪ ʤʦʞʝ ʙʫʪʠ 

ʨʦʟʛʦʨʥʫʪʘ ʥʘ ʩʠʩʪʝʤʽ ʧʦʪʫʞʥʽʩʪʶ 3400 ʤʝʛʘʚʘʪ ʟʘʚʜʷʢʠ ʝʢʦʥʦʤʽʯʥʦʤʫ ʩʧʦʞʠʚʘʥʥʶ ʝʥʝʨʛʽʾ. ɺ 

ʨʝʟʫʣʴʪʘʪʽ ʙʫʜʝ ʦʪʨʠʤʘʥʦ 3,5 ʤʽʣʴʡʦʥʽʚ ʜʦʣʨʽʚ ʱʦʨʽʯʥʦʾ ʝʢʦʥʦʤʽʾ. ʊʘʢʠʤ ʯʠʥʦʤ, ʚʽʨʪʫʘʣʴʥʽ 
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ʝʣʝʢʪʨʦʩʪʘʥʮʽʾ ʟʘʡʤʘʶʪʴ ʤʽʩʮʝ ʧʦʨʷʜ ʟ ʤʽʢʨʦʛʨʽʜ ʚ ʪʝʥʜʝʥʮʽʷʭ ʨʦʟʚʠʪʢʫ ʝʣʝʢʪʨʦʝʥʝʨʛʝʪʠʯʥʠʭ 

ʩʠʩʪʝʤ. 

ʈʦʟʛʣʷʥʝʤʦ  ʱʝ ʦʜʠʥ ʘʩʧʝʢʪ ʚʠʢʦʨʠʩʪʘʥʥʷ  ʚʝʣʠʢʠʭ ʜʘʥʠʭ ʚ  ʪʝʥʜʝʥʮʽʷʭ  ʨʦʟʚʠʪʢʫ 

ʝʥʝʨʛʦʩʠʩʪʝʤ. ɰʭ ʝʚʦʣʶʮʽʷ ʚ ʜʘʥʠʡ ʯʘʩ ʚʧʣʠʥʫʣʘ ʥʘ ʟʨʦʩʪʘʥʥʷ ʚʠʢʦʨʠʩʪʘʥʥʷ  ʥʦʚʠʭ ʝʣʝʤʝʥʪʽʚ, 

ʪʘʢʠʭ ʷʢ ʥʘʢʦʧʠʯʫʚʘʯʽ ʝʥʝʨʛʽʾ ʨʽʟʥʦʛʦ ʨʽʚʥʷ.  

 

1.3.5. ʋʧʨʘʚʣʽʥʥʷ ʚ ʤʝʨʝʞʘʭ ʟ ʚʝʣʠʢʦʶ ʢʽʣʴʢʽʩʪʶ ʥʘʢʦʧʠʯʫʚʘʯʽʚ ʝʥʝʨʛʽʾ 

ʉʫʯʘʩʥʽ ʝʣʝʢʪʨʦʤʝʨʝʞʽ ʚʢʣʶʯʘʶʪʴ ʚ ʩʝʙʝ ʙʝʟʣʽʯ ʝʣʝʤʝʥʪʽʚ, ʷʢʽ ʜʦ ʥʝʜʘʚʥʴʦʛʦ ʯʘʩʫ ʙʫʣʠ 

ʨʽʜʢʽʩʪʶ ʽ  ʚʠʤʘʛʘʣʠ ʦʩʦʙʣʠʚʦʛʦ,  ʫʥʽʢʘʣʴʥʦʛʦ ʧʽʜʭʦʜʫ ʷʢ ʚ ʧʨʦʢ̒ʪʫʚʘʥʥʽ ʤʝʨʝʞʽ, ʪʘʢ ʽ ʚ 

ʝʢʩʧʣʫʘʪʘʮʽʾ.  ɼʦ ʪʘʢʠʭ ʝʣʝʤʝʥʪʽʚ, ʚ ʧʝʨʰʫ ʯʝʨʛʫ, ʚʽʜʥʦʩʷʪʴʩʷ ʥʘʢʦʧʠʯʫʚʘʯʽ ʝʣʝʢʪʨʠʯʥʦʾ ʝʥʝʨʛʽʾ. 

ɯʩʥʫʻ ʙʝʟʣʽʯ ʨʽʟʥʠʭ ʪʠʧʽʚ ʧʨʠʚʦʜʽʚ ʝʣʝʢʪʨʠʯʥʘ ʝʥʝʨʛʽʷ, ʷʢʘ ʤʦʞʝ ʙʫʪʠ ʚʠʢʦʨʠʩʪʘʥʘ ʩʫʯʘʩʥʠʤʠ 

ʩʧʦʞʠʚʘʯʘʤʠ. ʎʝ ʚʝʣʠʢʽ ʘʢʫʤʫʣʷʪʦʨʠ, ʩʠʩʪʝʤʠ ʩʪʠʩʥʝʥʦʛʦ ʧʦʚʽʪʨʷ, ʤʘʭʦʚʠʢʠ, ʧʦʚʽʪʨʷʥʽ 

ʦʭʦʣʦʜʞʫʚʘʯʽ, ʧʨʦʤʠʩʣʦʚʽ ʤʦʪʦʨʠ, ʚʦʜʷʥʽ ʥʘʩʦʩʠ ʽ ʪ. ʜ. ɸʣʝ ʧʠʪʘʥʥʷ ʧʨʦ ʪʝ, ʷʢ ʚʠʤʽʨʷʪʠ ʾʭ 

ʚʘʨʪʽʩʪʴ ʽ ʦʢʫʧʥʽʩʪʴ ʧʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ ʥʘ ʝʣʝʢʪʨʦʤʝʨʝʞʘʭ, ʜʫʞʝ ʩʢʣʘʜʥʠʡ. ɯ ʩʧʨʘʚʘ ʥʝ ʪʽʣʴʢʠ ʚ 

ʪʦʤʫ, ʱʦ ʮʝ ʥʦʚʽ ʪʝʭʥʦʣʦʛʽʾ ʽ ʻ ʙʘʛʘʪʦ ʧʨʦʙʣʝʤ ʪʽʣʴʢʠ ʜʣʷ ʾʭ ʧʽʜʢʣʶʯʝʥʥʷ ʜʦ ʤʝʨʝʞʽ, ʘ ʡ 

ʝʢʦʥʦʤʽʯʥʽ ʪʘ ʨʝʛʫʣʷʪʦʨʥʽ ʧʨʦʙʣʝʤʠ. ɿʚʠʯʘʡʥʦ, ʚ ʧʝʨʰʫ ʯʝʨʛʫ ʾʭ ʮʽʢʘʚʠʪʴ, ʷʢ ʧʦʚʝʨʥʫʪʴʩʷ 

ʚʢʣʘʜʝʥʥʷ ʚ ʮʽ ʜʫʞʝ ʜʦʨʦʛʽ ʧʨʠʩʪʨʦʾ ʜʣʷ ʾʭ ʚʣʘʩʥʠʢʽʚ. ɸʣʝ ʥʝ ʤʝʥʰ ʚʘʞʣʠʚʦ ʨʦʟʫʤʽʪʠ ʾʭ ʟʥʘʯʝʥʥʷ 

ʜʣʷ ʤʝʨʝʞʽ ʚ ʮʽʣʦʤʫ, ʜʝ ʥʘʷʚʥʽʩʪʴ ʥʘʢʦʧʠʯʫʚʘʯʽʚ ʚʧʣʠʚʘʻ ʥʘ ʟʛʣʘʜʞʫʚʘʥʥʷ ʧʽʢʽʚ ʥʘʚʘʥʪʘʞʝʥʥʷ, 

ʟʥʘʯʥʦ ʟʥʠʞʫʻ ʥʝʩʪʘʙʽʣʴʥʽʩʪʴ ʜʞʝʨʝʣ ʚʽʪʨʦʚʦʾ ʪʘ ʩʦʥʷʯʥʦʾ ʝʥʝʨʛʽʾ ʽ ʩʧʨʠʷʻ ʚʠʨʽʰʝʥʥʶ ʽʥʰʠʭ 

ʧʦʜʽʙʥʠʭ ʟʘʚʜʘʥʴ. ʄʦʜʝʣʶʚʘʥʥʷ ʩʠʩʪʝʤʥʦʛʦ ʚʧʣʠʚʫ ʧʨʠʚʦʜʽʚ ʥʘ ʨʦʙʦʪʫ ʤʝʨʝʞʽ ʻ ʩʘʤʦʩʪʽʡʥʠʤ 

ʟʘʚʜʘʥʥʷʤ, ʽ ʡʦʛʦ ʨʽʰʝʥʥʷ ʙʫʣʦ ʧʨʝʜʤʝʪʦʤ ʜʦʩʣʽʜʞʝʥʥʷ ʜʦʩʣʽʜʥʠʢʽʚ ʟ ʅʘʫʢʦʚʦ-ʜʦʩʣʽʜʥʦʛʦ 

ʽʥʩʪʠʪʫʪʫ ʝʣʝʢʪʨʦʝʥʝʨʛʝʪʠʢʠ (EPRI). ʆʜʥʠʤ ʟ ʨʝʟʫʣʴʪʘʪʽʚ ʾʭ ʜʦʩʣʽʜʞʝʥʴ ʩʪʘʚ ʽʥʩʪʨʫʤʝʥʪ ʦʮʽʥʢʠ 

ʥʘʢʦʧʠʯʫʚʘʯʽʚ ʝʥʝʨʛʽʾ (ESVT) [42]. ɿ ʡʦʛʦ ʜʦʧʦʤʦʛʦʶ ʤʦʞʥʘ ʧʝʨʝʪʚʦʨʠʪʠ ʜʘʥʽ ʧʨʦ ʤʝʨʝʞʫ ʟʽ 

ʩʭʦʚʠʱʝʤ ʚ ʚʠʤʽʨʶʚʘʥʥʷ, ʮʽʥʥʽ ʜʣʷ ʢʦʤʫʥʘʣʴʥʠʭ ʧʽʜʧʨʠʻʤʩʪʚ, ʤʝʨʝʞʝʚʠʭ ʦʧʝʨʘʪʦʨʽʚ, 

ʚʠʨʦʙʥʠʢʽʚ ʩʭʦʚʠʱ,  ʧʨʦʢ̒ʪʫʚʘʣʴʥʠʢʽʚ ʥʦʚʠʭ ʤʝʨʝʞ. 

ɼʘʚʘʡʪʝ ʧʦʜʠʚʠʤʦʩʷ ʥʘ ʧʨʠʟʥʘʯʝʥʠʡ ʜʣʷ ʢʦʨʠʩʪʫʚʘʯʘ ʽʥʪʝʨʬʝʡʩ ʮʴʦʛʦ ʽʥʩʪʨʫʤʝʥʪʫ, ʷʢʠʡ 

ʜʦʟʚʦʣʷʻ ʟʘʜʘʚʘʪʠ ʧʦʯʘʪʢʦʚʽ ʧʘʨʘʤʝʪʨʠ ʤʝʨʝʞʽ ʚ ʜʫʞʝ ʧʨʦʩʪʦʤʫ ʚʠʛʣʷʜʽ ʽ ʦʪʨʠʤʫʚʘʪʠ ʷʢ ʪʝʭʥʽʯʥʽ, 

ʪʘʢ ʽ ʬʽʥʘʥʩʦʚʽ ʨʝʟʫʣʴʪʘʪʠ ʚʽʜ ʚʠʢʦʨʠʩʪʘʥʥʷ ʥʘʢʦʧʠʯʫʚʘʯʽʚ. ʅʘ ʨʠʩʫʥʢʫ 1.17 ʟʦʙʨʘʞʝʥʦ 

ʛʨʘʬʽʯʥʠʡ ʽʥʪʝʨʬʝʡʩ ʢʦʨʠʩʪʫʚʘʯʘ, ʷʢʠʡ ʷʚʥʦ ʚʠʟʥʘʯʘʻ ʯʦʪʠʨʠ ʢʨʦʢʠ ʘʥʘʣʽʟʫ [43]. 
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ʈʠʩ. 1.17. ɯʥʪʝʨʬʝʡʩ ʢʦʨʠʩʪʫʚʘʯʘ ʘʥʘʣʽʪʠʯʥʦʛʦ ʽʥʩʪʨʫʤʝʥʪʫ ESVT  ʜʣʷ ʦʮʽʥʢʠ ʝʬʝʢʪʠʚʥʦʩʪʽ 

ʨʦʟʛʦʨʪʘʥʥʷ ʩʭʦʚʠʱ ʫ ʤʝʨʝʞʽ 

 

ʅʘ ʧʝʨʰʦʤʫ ʢʨʦʮʽ ʚʠʙʠʨʘʻʪʴʩʷ ʪʠʧ ʤʝʨʝʞʝʚʦʾ ʩʣʫʞʙʠ, ʷʢʫ ʧʦʪʨʽʙʥʦ ʧʨʦʘʥʘʣʽʟʫʚʘʪʠ. 

ʽʥʩʪʨʫʤʝʥʪ ʜʦʟʚʦʣʷʻ ʘʥʘʣʽʟʫʚʘʪʠ ʩʠʩʪʝʤʠ ʧʝʨʝʜʘʯʽ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ, ʩʠʩʪʝʤʠ ʨʦʟʧʦʜʽʣʫ, 

ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʢʦʨʠʩʪʫʚʘʯʽʚ, ʧʦʟʠʮʽʦʥʫʚʘʥʥʷ ʥʘ ʨʠʥʢʫ. ʅʘ ʜʨʫʛʦʤʫ ʢʨʦʮʽ ʟʘʜʘʶʪʴʩʷ ʬʽʥʘʥʩʦʚʦ-

ʝʢʦʥʦʤʽʯʥʽ ʧʘʨʘʤʝʪʨʠ. ʅʘ ʪʨʝʪʴʦʤʫ ʝʪʘʧʽ ʽʥʩʪʨʫʤʝʥʪ ʜʦʟʚʦʣʷʻ ʚʢʘʟʘʪʠ ʪʝʭʥʦʣʦʛʽʾ, ʱʦ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʜʣʷ ʰʠʨʦʢʦʛʦ ʩʧʝʢʪʨʫ ʧʨʠʚʦʜʽʚ: ʨʽʟʥʠʭ ʪʠʧʽʚ ʘʢʫʤʫʣʷʪʦʨʽʚ, ʥʘʢʦʧʠʯʫʚʘʯʽʚ 

ʩʪʠʩʥʝʥʦʛʦ ʧʦʚʽʪʨʷ (CAES), ʘʢʫʤʫʣʷʪʦʨʽʚ ʟ ʥʘʩʦʩʘʤʠ ʪʦʱʦ. ʏʝʪʚʝʨʪʠʡ ʢʨʦʢ ʟʘʧʫʩʢʘʻ ʧʨʦʮʝʩ 

ʘʥʘʣʽʟʫ ʽ ʜʦʟʚʦʣʷʻ ʦʪʨʠʤʘʪʠ ʨʝʟʫʣʴʪʘʪʠ ʚ ʨʽʟʥʦʤʘʥʽʪʥʠʭ ʟʨʫʯʥʠʭ ʬʦʨʤʘʭ ʜʣʷ ʧʦʜʘʣʴʰʦʛʦ 

ʚʠʢʦʨʠʩʪʘʥʥʷ. 

ʇʨʦʚʝʜʝʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʥʘʜʘʣʠ ʙʘʛʘʪʦ ʜʘʥʠʭ ʧʨʦ ʚʘʨʪʽʩʪʴ ʢʽʣʦʚʘʪʘ ʽ ʚʘʨʪʽʩʪʴ ʢʽʣʦʚʘʪ-

ʛʦʜʠʥʠ ʜʣʷ ʨʽʟʥʠʭ ʪʝʭʥʦʣʦʛʽʡ ʟʙʝʨʽʛʘʥʥʷ. ɿʘ ʜʦʧʦʤʦʛʦʶ ʮʴʦʛʦ ʽʥʩʪʨʫʤʝʥʪʫ ʤʦʞʥʘ ʘʥʘʣʽʟʫʚʘʪʠ ʷʢ 

ʤʽʣʽʩʝʢʫʥʜʥʫ ʨʝʘʢʮʽʶ ʙʘʣʘʥʩʫʚʘʥʥʷ ʤʝʨʝʞʽ, ʪʘʢ ʽ ʜʦʚʛʦʩʪʨʦʢʦʚʽ ʢʦʣʠʚʘʥʥʷ ʥʘʚʘʥʪʘʞʝʥʥʷ. ERPI 

ʧʨʦʚʦʜʠʣʘ ʩʚʦʾ ʜʦʩʣʽʜʞʝʥʥʷ ʟʘ ʢʦʥʪʨʘʢʪʦʤ ʟ ʢʦʤʽʩʽʻʶ ʟ ʢʦʤʫʥʘʣʴʥʠʭ ʧʦʩʣʫʛ ʂʘʣʽʬʦʨʥʽʾ. 

ʎʽʢʘʚʠʤʠ ʨʝʟʫʣʴʪʘʪʘʤʠ ʚʠʢʦʨʠʩʪʘʥʥʷ ʻ ʪʘʢʦʞ ʧʨʦʧʦʟʠʮʽʾ ʱʦʜʦ ʧʦʷʚʠ ʥʦʚʠʭ ʨʠʥʢʦʚʠʭ ʩʪʨʫʢʪʫʨ, 

ʷʢʽ ʚʽʜʩʫʪʥʽ ʚ ʩʫʯʘʩʥʽʡ ʝʥʝʨʛʝʪʠʮʽ, ʘʣʝ ʷʢʽ ʤʦʞʫʪʴ ʝʬʝʢʪʠʚʥʦ ʽʩʥʫʚʘʪʠ ʧʨʠ ʰʠʨʦʢʦʤʫ 

ʚʠʢʦʨʠʩʪʘʥʥʽ ʥʘʢʦʧʠʯʫʚʘʯʽʚ. ʆʩʢʽʣʴʢʠ ʚ ʜʘʥʠʡ ʯʘʩ ʽʩʥʫʻ ʙʘʛʘʪʦ ʥʝʧʦʨʦʟʫʤʽʥʴ ʚ ʮʽʡ ʩʬʝʨʽ, 

ʤʦʜʝʣʶʚʘʥʥʷ ʜʦʟʚʦʣʷʻ ʧʦʙʘʯʠʪʠ, ʷʢ ʧʦʷʚʘ ʪʝʭʥʦʣʦʛʽʡ ʟʙʝʨʽʛʘʥʥʷ ʚʧʣʠʚʘʻ ʥʘ ʨʠʥʦʢ ʽ ʪʝʭʥʽʯʥʽ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ, ʽ ʮʝ ʙʫʣʦ ʧʨʦʚʝʜʝʥʦ ʜʦʩʣʽʜʞʝʥʥʷ. ɸʣʝ ʮʝ ʤʦʞʥʘ ʚʚʘʞʘʪʠ ʣʠʰʝ ʧʝʨʰʠʤʠ ʜʚʦʤʘ 
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ʢʨʦʢʘʤʠ ʚ ʥʘʧʨʷʤʢʫ, ʚʠʟʥʘʯʝʥʦʤʫ ʜʦʩʣʽʜʥʠʢʘʤʠ. ɿʘʛʘʣʦʤ, ʦʙʨʦʙʢʫ ʜʘʥʠʭ ʚ ESVT ʤʦʞʥʘ 

ʧʨʝʜʩʪʘʚʠʪʠ ʦʩʥʦʚʥʠʤʠ ʢʨʦʢʘʤʠ, ʧʦʢʘʟʘʥʠʤʠ ʥʘ ʨʠʩʫʥʢʫ 1.18, ʜʝ ʭʦʨʦʰʘ ʤʦʜʝʣʴ ʻ ʢʣʶʯʦʚʦʶ [43]. 

 
ʈʠʩ. 1.18. ʆʩʥʦʚʥʽ ʧʦʪʦʢʠ ʦʙʨʦʙʢʠ ʚ ɽʉɺʊ. ʂʣʶʯʦʚʠʤ ʝʣʝʤʝʥʪʦʤ ʩʠʩʪʝʤʠ ʻ ʤʦʜʝʣʴ, ʷʢʘ ʚʨʘʭʦʚʫʻ 

ʙʘʛʘʪʦ ʘʩʧʝʢʪʽʚ 

 

ʅʘʩʪʫʧʥʠʡ ʢʨʦʢ ʫ ʨʦʟʨʦʙʮʽ ʮʴʦʛʦ ʽʥʩʪʨʫʤʝʥʪʫ ʙʫʜʝ ʩʧʨʷʤʦʚʘʥʠʡ ʥʘ ʘʥʘʣʽʟ ʥʝʧʨʷʤʦʛʦ 

ʚʧʣʠʚʫ ʨʦʟʛʦʨʪʘʥʥʷ ʥʘʢʦʧʠʯʫʚʘʯʽʚ ʥʘ ʤʝʨʝʞʽ ʪʘ ʥʘʚʢʦʣʠʰʥʻ ʩʝʨʝʜʦʚʠʱʝ. ɯ ʪʦʜʽ ʧʝʨʝʜʙʘʯʘʻʪʴʩʷ 

ʦʪʨʠʤʘʪʠ ʦʧʠʩ ʙʽʟʥʝʩ-ʢʝʡʩʽʚ, ʷʢʽ ʦʧʠʩʫʶʪʴ ʤʦʥʝʪʠʟʦʚʘʥʫ ʚʘʨʪʽʩʪʴ ʜʣʷ ʚʣʘʩʥʠʢʠ ʥʘʢʦʧʠʯʫʚʘʯʽʚ ʚ 

ʨʝʘʣʴʥʽʡ ʪʝʭʥʽʯʥʽʡ, ʝʢʦʥʦʤʽʯʥʽʡ  ʪʘ ʥʦʨʤʘʪʠʚʥʦ-ʧʨʘʚʦʚʦʤʫ ʩʝʨʝʜʦʚʠʱʽ. 

ɸʢʫʤʫʣʷʪʦʨʠ ʷʢ ʧʦʩʪʽʡʥʽ ʝʣʝʤʝʥʪʠ ʚ ʤʝʨʝʞʽ ʜʦʟʚʦʣʷʶʪʴ ʥʝ ʪʽʣʴʢʠ ʟʛʣʘʜʠʪʠ ʥʝʩʪʘʙʽʣʴʥʽʩʪʴ  

ʚʽʜʥʦʚʣʶʚʘʥʠʭ  ʜʞʝʨʝʣ ʝʥʝʨʛʽʾ, ʘʣʝ ʽ ʟʥʘʯʥʦ ʧʽʜʚʠʱʠʪʠ ʥʘʜʽʡʥʽʩʪʴ ʚ ʨʦʟʧʦʜʽʣʽ ʝʥʝʨʛʽʾ 

ʩʧʦʞʠʚʘʯʘʤ. ɼʣʷ ʚʠʨʽʰʝʥʥʷ ʪʘʢʠʭ ʟʘʚʜʘʥʴ ʧʦʪʨʽʙʥʝ ʚʠʢʦʨʠʩʪʘʥʥʷ ʜʫʞʝ ʪʦʯʥʠʭ ʤʦʜʝʣʝʡ ʤʝʨʝʞ, 

ʪʘʢʠʭ ʷʢ ʨʦʟʨʦʙʣʝʥʽ ʢʦʤʧʘʥʽʻʶ AutoGrid. ʄʦʜʝʣʴ ʙʘʟʫʻʪʴʩʷ ʥʘ ʧʦʻʜʥʘʥʥʽ ʜʚʦʭ ʩʢʣʘʜʦʚʠʭ ʨʠʥʢʫ 

ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ ï ʬʽʟʠʯʥʦʾ ʪʘ ʧʦʚʝʜʽʥʢʠ ʣʶʜʠʥʠ. ʉʧʝʮʽʘʣʴʥʦ ʨʦʟʨʦʙʣʝʥʘ ʧʨʦʛʨʘʤʥʘ ʩʠʩʪʝʤʘ 

ʇʣʘʪʬʦʨʤʘ ʝʥʝʨʛʝʪʠʯʥʠʭ ʜʘʥʠʭ ʚʠʢʦʨʠʩʪʦʚʫʻ ʨʽʜʠʥʥʫ ʬʽʟʠʯʥʫ ʤʦʜʝʣʴ ʤʝʨʝʞʽ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʚʩʽʭ 

ʢʦʤʧʦʥʝʥʪʽʚ, ʧʽʜʢʣʶʯʝʥʠʭ ʦʜʠʥ ʜʦ ʦʜʥʦʛʦ: ʙʫʜʽʚʝʣʴ, ʣʽʯʠʣʴʥʠʢʽʚ, ʧʨʦʤʠʩʣʦʚʠʭ ʙʫʜʽʚʝʣʴ, 

ʟʘʨʷʜʥʠʭ ʧʨʠʩʪʨʦʾʚ ʜʣʷ ʝʣʝʢʪʨʦʤʦʙʽʣʽʚ, ʞʠʪʣʦʚʠʭ ʢʦʤʧʣʝʢʩʽʚ, ʣʽʥʽʡ ʝʣʝʢʪʨʦʤʝʨʝʞ, ʪʦʱʦ. 

ʗʢ ʧʨʠʢʣʘʜ ʫʩʧʽʰʥʦʛʦ ʟʘʩʪʦʩʫʚʘʥʥʷ ʜʘʥʦʛʦ ʧʨʦʛʨʘʤʥʦʛʦ ʢʦʤʧʣʝʢʩʫ ʤʦʞʥʘ ʧʨʠʚʝʩʪʠ 

ʫʩʫʥʝʥʥʷ ʧʨʦʙʣʝʤʠ ʧʦʩʪʽʡʥʠʭ ʚʽʜʤʦʚ ʯʝʨʝʟ ʟʥʠʞʝʥʥʷ  ʨʽʚʥʷ ʥʘʧʨʫʛʠ ʥʘ ʦʜʥʦʤʫ ʟ ʬʽʜʝʨʽʚ ʤʝʨʝʞʽ 

ʋʥʽʚʝʨʩʠʪʝʪʫ ʰʪʘʪʫ ɺʘʰʠʥʛʪʦʥ ʚ ʧʽʢʦʚʽ ʧʝʨʽʦʜʠ. ʇʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ ʧ'ʷʪʠʭʚʠʣʠʥʥʠʭ ʟʨʘʟʢʽʚ 

ʟʥʘʯʝʥʴ ʥʘʧʨʫʛʠ ʯʝʨʝʟ ʧʣʘʪʬʦʨʤʫ ʟʙʦʨʫ ʜʘʥʠʭ ɺʽʜʢʨʠʪʠʡ ʰʣʷʭ ʢʦʤʧʘʥʽʷ-ʧʦʩʪʘʯʘʣʴʥʠʢ ʝʥʝʨʛʽʾ 

ʚʠʷʚʠʣʘ ʧʨʦʙʣʝʤʥʠʡ ʬʽʜʝʨ ʽ ʟʘʩʪʦʩʫʚʘʣʘ ʨʦʟʛʦʨʪʘʥʥʷ ʘʢʫʤʫʣʷʪʦʨʥʦʾ ʙʘʪʘʨʝʾ ʜʣʷ ʫʩʫʥʝʥʥʷ 

ʧʨʦʙʣʝʤ ʟ ʥʘʧʨʫʛʦʶ. 

ʋ ʙʽʣʴʰ ʩʢʣʘʜʥʠʭ ʚʠʧʘʜʢʘʭ ʜʦ ʨʦʟʧʦʜʽʣʝʥʠʭ ʩʠʩʪʝʤ ʟʙʦʨʫ ʜʘʥʠʭ ʚʽʜʥʦʩʷʪʴʩʷ 

ʛʝʦʽʥʬʦʨʤʘʮʽʡʥʽ ʩʠʩʪʝʤʠ ʽ ʚʽʜʧʦʚʽʜʥʽ ʤʦʜʝʣʽ ʽʥʪʝʛʨʫʶʪʴʩʷ ʟ  ʤʦʜʝʣʷʤʠ  AMI (ɯʥʬʨʘʩʪʨʫʢʪʫʨʘ 

ʧʦʧʝʨʝʜʥʴʦʛʦ ʦʙʣʽʢʫ), ʚʽʜʧʦʚʽʜʥʠʤʠ SCADA ʩʠʩʪʝʤʘʤʠ ʝʥʝʨʛʦʩʠʩʪʝʤ ʜʣʷ ʘʚʪʦʤʘʪʠʯʥʦʛʦ 

ʫʧʨʘʚʣʽʥʥʷ ʚʦʣʴʪ/ɺɸʈ ʥʘ ʦʩʥʦʚʽ ʤʦʜʝʣʶʚʘʥʥʷ ʧʦʪʦʢʽʚ ʧʦʪʫʞʥʦʩʪʽ ʪʘ ʽʤʽʪʘʮʽʡʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ 

ʤʝʨʝʞʽ ʪʘ ʩʧʦʞʠʚʘʯʽʚ. 

ʆʩʦʙʣʠʚʝ ʤʽʩʮʝ ʚ ʩʠʩʪʝʤʘʭ ʪʘʢʦʛʦ ʪʠʧʫ ʟʘʡʤʘʶʪʴ ʤʦʜʝʣʽ ʚʠʢʦʨʠʩʪʘʥʥʷ ʜʘʥʠʭ AMI ʜʣʷ 

ʤʝʨʝʞ ʟ ʚʽʜʥʦʚʣʶʚʘʥʠʤʠ ʜʞʝʨʝʣʘʤʠ ʽ ʤʽʢʨʦʤʝʨʝʞ, ʱʦ ʤʽʩʪʷʪʴ ʥʘʢʦʧʠʯʫʚʘʯʽ ʝʥʝʨʛʽʾ. ʐʚʠʜʢʝ 
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ʚʧʨʦʚʘʜʞʝʥʥʷ ʪʘʢʠʭ ʤʝʨʝʞ ʚ ʩʪʨʫʢʪʫʨʫ ʪʨʘʜʠʮʽʡʥʦʾ ʝʥʝʨʛʝʪʠʯʥʦʾ ʝʢʦʥʦʤʽʢʠ ʧʨʠʟʚʝʣʦ ʜʦ ʧʦʷʚʠ 

ʥʦʚʦʛʦ ʧʦʛʣʷʜʫ ʥʘ ʤʦʞʣʠʚʦʩʪʽ ʫʧʨʘʚʣʽʥʥʷ ʩʧʦʞʠʚʘʥʥʷʤ, ʚʽʜʤʽʥʥʦʛʦ ʚʽʜ ʪʦʛʦ, ʱʦ ʭʘʨʘʢʪʝʨʥʦ ʜʣʷ 

ʢʨʘʾʥ, ʜʝ ʚʽʥ ʙʫʚ ʚʠʥʘʡʜʝʥʠʡ. ʋ ʉʐɸ, ʜʝ ʚʧʝʨʰʝ ʙʫʚ ʚʠʥʘʡʜʝʥʠʡ ʧʽʜʭʽʜ DR, ʷʢ ʙʫʣʦ ʦʧʠʩʘʥʦ 

ʚʠʱʝ, ʢʦʤʫʥʘʣʴʥʝ ʧʽʜʧʨʠʻʤʩʪʚʦ ʘʙʦ ʦʧʝʨʘʪʦʨ ʤʝʨʝʞʽ ʧʦʧʝʨʝʜʞʘʻ ʟʘ ʜʦʙʫ ʘʙʦ ʟʘ ʛʦʜʠʥʫ ʜʦ 

ʟʥʠʞʝʥʥʷ ʩʧʦʞʠʚʘʥʥʷ, ʚʽʜʢʣʶʯʠʚʰʠ ʢʦʥʜʠʮʽʦʥʝʨʠ ʘʙʦ ʚʦʜʦʥʘʛʨʽʚʘʯʽ ʘʙʦ ʚʢʣʶʯʠʚʰʠ ʨʝʟʝʨʚʥʠʡ 

ʛʝʥʝʨʘʪʦʨ. ɺ ɭʚʨʦʧʽ ʥʝʤʘʻ ʪʘʢʦʾ ʨʦʟʛʘʣʫʞʝʥʦʾ ʤʝʨʝʞʽ ʢʦʥʜʠʮʽʦʥʝʨʽʚ ʚʣʽʪʢʫ ʽ ʚʦʜʘ ʜʦʩʪʫʧʥʽ 

ʨʝʟʝʨʚʫʘʨʠ ʜʣʷ ʟʙʝʨʽʛʘʥʥʷ ʝʥʝʨʛʽʾ. ʆʜʥʘʢ ʪʫʪ ʥʝʩʪʘʙʽʣʴʥʽʩʪʴ ʧʦʨʦʜʞʫʻʪʴʩʷ ʚʝʣʠʢʦʶ ʢʽʣʴʢʽʩʪʶ 

ʚʽʪʨʦʛʝʥʝʨʘʪʦʨʽʚ ʽ ʩʦʥʷʯʥʠʭ ʧʘʥʝʣʝʡ. ʋ ʜʝʷʢʠʭ ʤʽʩʪʘʭ ʯʘʩʪʢʘ ʪʘʢʦʾ ʝʥʝʨʛʽʾ ʜʦʩʷʛʘʻ 50 %, ʘ ʚ 

ʩʝʨʝʜʥʴʦʤʫ ʩʪʘʥʦʚʠʪʴ 10 %, ʥʘ ʚʽʜʤʽʥʫ ʚʽʜ 2 % ʚ ʉʐɸ. ɯ ʩʦʥʷʯʥʽ ʙʘʪʘʨʝʾ, ʽ ʚʽʪʨʦʛʝʥʝʨʘʪʦʨʠ ï ʮʝ 

ʣʠʰʝ ʦʜʥʘ ʟ ʛʦʣʦʚʥʠʭ ʧʨʦʙʣʝʤ, ʟ ʷʢʠʤʠ ʩʴʦʛʦʜʥʽ ʩʪʠʢʘʶʪʴʩʷ ʝʥʝʨʛʝʪʠʯʥʽ ʢʦʤʧʘʥʽʾ. ɯ ʪʫʪ ʧʦʩʪʽʡʥʦ 

ʚʽʜʙʫʚʘʶʪʴʩʷ ʨʦʟʨʦʙʢʠ, ʷʢʽ ʧʨʦʧʦʥʫʶʪʴ ʽʥʥʦʚʘʮʽʾ, ʱʦ ʧʦʻʜʥʫʶʪʴ ʨʦʟʫʤʥʽ ʣʽʯʠʣʴʥʠʢʠ, ʥʦʚʽ 

ʽʥʪʝʣʝʢʪʫʘʣʴʥʽ ʽʥʚʝʨʪʦʨʠ, ʩʠʩʪʝʤʠ ʤʦʥʽʪʦʨʠʥʛʫ ʪʘ ʫʧʨʘʚʣʽʥʥʷ ʦʙʣʘʜʥʘʥʥʷʤ. ʂʦʤʧʘʥʽʷ 

ɼʦʩʣʽʜʞʝʥʥʷ ʯʠʩʪʦʾ ʝʥʝʨʛʽʾ ʨʦʟʨʦʙʠʣʘ ʩʠʩʪʝʤʫ ʫʧʨʘʚʣʽʥʥʷ ʩʦʥʷʯʥʠʤʠ ʛʝʥʝʨʘʪʦʨʘʤʠ ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʚʽʨʪʫʘʣʴʥʠʭ ʚʠʤʽʨʶʚʘʥʴ. ɺʠʢʦʨʠʩʪʦʚʫʶʯʠ ʩʫʧʫʪʥʠʢʦʚʽ ʤʝʪʝʦʨʦʣʦʛʽʯʥʽ ʜʘʥʽ, ʤʦʞʥʘ 

ɺʠʢʦʥʫʚʘʪʠ ʪʦʯʥʽ ʧʨʦʛʥʦʟʠ ʧʦʭʚʠʣʠʥʥʦʛʦ ʩʪʘʥʫ ʛʝʥʝʨʘʮʽʾ ʥʘ ʢʦʞʥʽʡ ʟ ʩʦʥʷʯʥʠʭ ʧʘʥʝʣʝʡ. 

ʇʨʦʛʨʘʤʥʝ ʟʘʙʝʟʧʝʯʝʥʥʷ ʜʣʷ ʮʴʦʛʦ ʨʦʟʨʦʙʠʣʘ ʢʦʤʧʘʥʽʷ ʉʦʥʷʯʥʠʡ ʧʦʛʣʷʜ ʥʘ ʚʩʝ ʥʘʚʢʦʣʦ, ʷʢʘ 

ʩʧʽʚʧʨʘʮʶʻ ʟ ʦʧʝʨʘʪʦʨʦʤ ʤʝʨʝʞʽ ʰʪʘʪʫ ʽ ʦʪʨʠʤʘʣʘ ʛʨʘʥʪ ʚʽʜ ʄʽʥʽʩʪʝʨʩʪʚʘ ʝʥʝʨʛʝʪʠʢʠ. 

ʇʨʠ ʧʦʙʫʜʦʚʽ ʤʦʜʝʣʽ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠʩʷ ʪʦʥʥʠ ʜʘʥʠʭ ʚʽʜ ʦʢʨʝʤʠʭ ʩʦʥʷʯʥʠʭ ʩʠʩʪʝʤ, ʪʘʢʠʭ 

ʷʢ ʢʽʣʴʢʽʩʪʴ ʛʝʥʝʨʘʮʽʾ ʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ, ʚʽʜʦʙʨʘʞʝʥʥʷ ʾʭ ʥʘ ʛʝʦʢʘʨʪʽ, ʽʥʬʦʨʤʘʮʽʾ ʧʨʦ ʚʟʘʻʤʥʽ 

ʟʚôʷʟʢʠ ʚ ʤʝʨʝʞʽ, ʜʦ ʷʢʦʾ ʧʽʜʢʣʶʯʝʥʽ ʜʞʝʨʝʣʘ. ʎʽ ʜʘʥʽ ʧʦʨʽʚʥʶʶʪʴʩʷ ʟ ʨʝʟʫʣʴʪʘʪʘʤʠ ʤʦʜʝʣʶʚʘʥʥʷ 

ʽ ʜʘʥʠʤʠ ʟ ʩʫʧʫʪʥʠʢʽʚ ʚ ʨʝʞʠʤʽ ʨʝʘʣʴʥʦʛʦ ʯʘʩʫ. ʉʴʦʛʦʜʥʽ ʧʨʘʮʶʻ ʚʝʨʩʽʷ ʧʨʦʛʨʘʤʠ ʜʣʷ 

ʤʦʜʝʣʶʚʘʥʥʷ ʚʠʭʦʜʽʚ  ʚʩʽʭ 170 000 ʩʦʥʷʯʥʠʭ ʩʪʘʥʮʽʡ, ʨʦʟʛʦʨʥʫʪʠʭ ʚ ʂʘʣʽʬʦʨʥʽʾ, ʢʦʞʥʽ ʧʽʚʛʦʜʠʥʠ 

ʽ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʥʘ  ʢʦʞʥʽ ʥʘʩʪʫʧʥʽ ʧʽʚʛʦʜʠʥʥʽ ʽʥʪʝʨʚʘʣʠ. ɺʠʢʦʨʠʩʪʦʚʫʶʯʠ ʥʘʩʪʫʧʥʠʡ ʛʨʘʥʪ, 

ʢʦʤʧʘʥʽʷ ʧʣʘʥʫʻ ʽʥʪʝʛʨʫʚʘʪʠ ʮʽ ʜʘʥʽ ʟ ʩʠʩʪʝʤʦʶ ʘʚʪʦʤʘʪʠʯʥʦʛʦ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʥʘʚʘʥʪʘʞʝʥʥʷ 

(ALFS), ʷʢʘ ʧʨʦʛʥʦʟʫʻ ʥʘ ʛʦʜʠʥʥʠʡ ʽʥʪʝʨʚʘʣ ʽ ʥʘ ʜʝʥʴ ʚʧʝʨʝʜ. ʎʷ ʽʥʪʝʛʨʘʮʽʷ ʜʦʟʚʦʣʠʪʴ 

ʘʚʪʦʤʘʪʠʯʥʦ ʪʘ ʟ ʚʝʣʠʢʦʶ ʪʦʯʥʽʩʪʶ ʨʦʟʨʦʙʣʷʪʠ ʚʠʤʦʛʠ ʜʦ ʙʘʣʘʥʩʫ ʥʘʚʘʥʪʘʞʝʥʥʷ ʜʣʷ ʢʦʞʥʦʾ 

ʛʦʜʠʥʠ. 

ɿʨʝʰʪʦʶ, ʙʫʜʝ ʧʦʙʫʜʦʚʘʥʘ ʩʠʩʪʝʤʘ ʘʚʪʦʤʘʪʠʯʥʦʛʦ ʧʝʨʝʥʘʣʘʰʪʫʚʘʥʥʷ ʤʝʨʝʞʽ, ʚʠʤʢʥʫʚʰʠ 

ʦʢʨʝʤʽ ʬʽʜʝʨʠ. ɯ ʯʠʤ ʚʠʱʝ ʜʝʪʘʣʽʟʘʮʽʷ ʤʝʨʝʞʽ, ʪʠʤ ʙʽʣʴʰʠʡ ʝʬʝʢʪ ʚʽʜ ʪʘʢʦʛʦ ʫʧʨʘʚʣʽʥʥʷ. 

ʂʘʣʽʬʦʨʥʽʡʩʴʢʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʫ ʉʘʥ-ɼʽʻʛʦ ʦʪʨʠʤʘʚ ʛʨʘʥʪ ʫ ʨʦʟʤʽʨʽ 499900 ʜʦʣʘʨʽʚ ʉʐɸ ʥʘ 

ʜʝʤʦʥʩʪʨʘʮʽʶ ʧʨʦʛʨʘʤʠ, ʷʢʘ ʤʦʞʝ ʟʘʙʝʟʧʝʯʠʪʠ ʢʨʘʱʝ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʝʬʝʢʪʽʚ ʚʽʜ ʨʽʟʥʠʭ ʨʽʚʥʽʚ 

ʧʨʦʥʠʢʥʝʥʥʷ ʉʦʥʮʷ ʚ ʨʝʞʠʤʽ ʨʝʘʣʴʥʦʛʦ ʯʘʩʫ ʟʘ ʜʦʧʦʤʦʛʦʶ ʢʣʘʩʪʝʨʥʦʛʦ ʘʥʘʣʽʟʫ. ʊʘʢʦʞ 

ʨʦʟʨʦʙʣʷʻʪʴʩʷ ʩʠʩʪʝʤʘ ʜʣʷ ʙʝʟʧʦʩʝʨʝʜʥʴʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʮʠʭ ʜʘʥʠʭ ʜʣʷ ʫʧʨʘʚʣʽʥʥʷ ʣʽʥʽʷʤʠ 

ʨʦʟʧʦʜʽʣʴʯʦʾ ʤʝʨʝʞʽ. ʅʝ ʚʩʽ ʪʘʢʽ ʣʽʥʽʾ ʩʴʦʛʦʜʥʽ ʢʦʥʪʨʦʣʶʶʪʴʩʷ, ʘʣʝ ʨʦʙʦʪʘ ʚʠʟʥʘʯʘʻ, ʷʢʘ ʟ ʥʠʭ 

ʝʬʝʢʪʠʚʥʦ ʚʧʣʠʥʝ ʥʘ ʥʘʚʘʥʪʘʞʝʥʥʷ ʽ ʚʠʤʘʛʘʪʠʤʝ ʧʝʨʰʦʯʝʨʛʦʚʦʾ ʤʦʜʝʨʥʽʟʘʮʽʾ. 

ʈʦʟʛʣʷʥʝʤʦ ʱʝ ʦʜʠʥ ʧʨʦʢ̒ʪ ʝʥʝʨʛʦʩʠʩʪʝʤʠ ʟ ʥʘʢʦʧʠʯʫʚʘʯʘʤʠ, ʚʩʪʘʥʦʚʣʝʥʠʤʠ ʚ ʰʪʘʪʽ 

ʇʝʥʩʽʣʴʚʘʥʽʷ, ʉʐɸ ʥʘ ʟôʻʜʥʫʚʘʣʴʥʽʡ ʤʝʨʝʞʽ 10 ʥʘʡʙʽʣʴʰʠʭ ʦʧʝʨʘʪʦʨʽʚ ʧʝʨʝʜʘʯʽ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ 

ï ʄʽʞʜʝʨʞʘʚʥʝ ʟ'ʻʜʥʘʥʥʷ PJM [44]. ʂʦʤʧʘʥʽʷ Ecoult ʚʩʪʘʥʦʚʠʣʘ ʩʠʩʪʝʤʫ ʟʙʝʨʽʛʘʥʥʷ ʜʣʷ 

ʧʽʜʪʨʠʤʢʠ ʩʣʫʞʙ ʫʧʨʘʚʣʽʥʥʷ ʟʘʛʘʣʴʥʦʶ ʧʦʪʫʞʥʽʩʪʶ ʜʦ 3 ʄɺʪ. ʅʘ ʨʠʩʫʥʢʫ 1.19 ʧʨʝʜʩʪʘʚʣʝʥʘ 

ʢʦʥʩʪʨʫʢʮʽʷ ʢʦʥʪʝʡʥʝʨʘ ʘʢʫʤʫʣʷʪʦʨʥʦʛʦ ʧʨʠʚʦʜʫ [44]. 
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ʈʠʩ. 1.19. ʇʨʠʚʽʜ ʊʄ UBer ʧʦʪʫʞʥʽʩʪʶ 3 ʄɺʪ ʪʘ ʩʠʩʪʝʤʘ ʫʧʨʘʚʣʽʥʥʷ Ecoult ʥʘ ʤ̔ ʞʜʝʨʞʘʚʥʝ 

ʟô̒ ʜʥʘʥʥʷ PJM 

 

ʈʦʙʦʪʘ ʩʠʩʪʝʤʠ ʫʧʨʘʚʣʽʥʥʷ, ʷʢʘ ʥʘ ʦʩʥʦʚʽ ʘʥʘʣʽʟʫ ʩʠʛʥʘʣʫ ʚʽʜ ʤʝʨʝʞʽ ʜʫʞʝ ʪʦʯʥʦ ʧʨʦʛʥʦʟʫʻ 

ʪʘ ʢʦʤʧʝʥʩʫʻ ʧʦʪʫʞʥʽʩʪʴ, ʪʦʯʥʦ ʨʝʛʫʣʶʶʯʠ ʮʠʢʣʠ ʯʘʩʪʢʦʚʦʛʦ ʨʦʟʨʷʜʫ ʽ ʟʘʨʷʜʫ ʘʢʫʤʫʣʷʪʦʨʥʠʭ 

ʨʷʜʽʚ ʤʦʞʝ ʙʫʪʠ ʧʨʦʽʣʶʩʪʨʦʚʘʥʘ ʥʘʩʪʫʧʥʠʤ ʯʠʥʦʤ: ʷʢʽʩʪʴ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʚ ʩʠʩʪʝʤʽ ʤʦʞʥʘ 

ʧʨʦʽʣʶʩʪʨʫʚʘʪʠ ʷʢ ʥʘ ʨʠʩʫʥʢʫ 1.20, ʘ ʧʨʦʮʝʩʠ SOC ʜʣʷ ʦʢʨʝʤʠʭ ʨʷʜʽʚ ʘʢʫʤʫʣʷʪʦʨʽʚ ʧʦʢʘʟʫʶʪʴ 

ʷʢʽʩʪʴ ʙʘʣʘʥʩʫʚʘʥʥʷ ʨʦʟʛʦʨʥʫʪʦʾ ʩʠʩʪʝʤʠ ʧʨʠʚʦʜʫ (ʨʠʩʫʥʦʢ 1.21) [44]. 

 
ʈʠʩ. 1.20. ɻʨʘʬʽʢ ʩʠʛʥʘʣʫ ʚʽʜ PJM ʽ ʨʝʘʢʮʽʾ ʩʠʩʪʝʤʠ ʫʧʨʘʚʣʽʥʥʷ BESS (ʧʦʩʣʫʛʘ ʟʙʝʨʽʛʘʥʥʷ ʝʥʝʨʛʽʾ 

ʚʽʜ ʘʢʫʤʫʣʷʪʦʨʘ) 

 

 
ʈʠʩ. 1.21. ʇʨʦʮʝʩʠ ʟʘʨʷʜʢʠ ʘʢʫʤʫʣʷʪʦʨʥʦʾ ʙʘʪʘʨʝʾ ʥʘʢʦʧʠʯʫʚʘʯʘ ʧʦ ʩʝʨʽʷʭ ʝʣʝʤʝʥʪʽʚ 
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ʗʢ ʚʠʜʥʦ ʟ ʚʠʱʝʩʢʘʟʘʥʦʛʦ, ʧʦʷʚʘ ʢʝʨʦʚʘʥʠʭ ʥʘʢʦʧʠʯʫʚʘʯʽʚ ʝʥʝʨʛʽʾ ʚ ʤʝʨʝʞʘʭ ʜʦʟʚʦʣʷʻ 

ʜʫʞʝ ʝʬʝʢʪʠʚʥʦ ʢʦʤʧʝʥʩʫʚʘʪʠ ʥʝʩʪʘʙʽʣʴʥʽʩʪʴ ʥʘʚʘʥʪʘʞʝʥʥʷ ʽ  ʛʝʥʝʨʘʮʽʾ, ʱʦ ʚʠʷʚʣʷʻʪʴʩʷ ʚʘʛʦʤʠʤ 

ʬʘʢʪʦʨʦʤ ʨʦʟʚʠʪʢʫ ʝʥʝʨʛʦʩʠʩʪʝʤ ʟ ʨʦʟʧʦʜʽʣʝʥʠʤʠ ʚʽʜʥʦʚʣʶʚʘʥʠʤʠ ʜʞʝʨʝʣʘʤʠ ʽ ʩʢʣʘʜʥʠʤʠ 

ʪʦʧʦʣʦʛʽʷʤʠ ʚʟʘʻʤʥʠʭ ʟʚ'ʷʟʢʽʚ. ʆʜʥʘʢ ʚʠʢʦʨʠʩʪʘʥʥʷ ʪʘʢʠʭ ʥʘʢʦʧʠʯʫʚʘʯʽʚ ʚʠʤʘʛʘʻ ʟʙʦʨʫ ʽ ʚʠʩʦʢʦʾ 

ʰʚʠʜʢʦʩʪʽ ʦʙʨʦʙʢʠ ʚʝʣʠʢʦʛʦ ʦʙʩʷʛʫ ʜʘʥʠʭ.  

 

1.3.6. ʉʠʩʪʝʤʠ ʤʦʥʽʪʦʨʠʥʛʫ ʪʘ ʫʧʨʘʚʣʽʥʥʷ ʨʝʩʫʨʩʘʤʠ ʚ ʥʦʨʤʘʣʴʥʦʤʫ ʩʪʘʥʽ ʪʘ ʧʨʠ 

ʘʚʘʨʽʡʥʽʡ ʩʠʪʫʘʮʽʾ 

ʋ ʮʴʦʤʫ ʨʦʟʜʽʣʽ ʨʦʟʛʣʷʥʝʤʦ ʧʨʦʢ̒ʪʠ, ʷʢʽ ʻ ʙʽʣʴʰ ʪʨʘʜʠʮʽʡʥʠʤʠ, ʘʣʝ ʨʝʘʣʽʟʫʶʪʴʩʷ ʥʘ ʦʩʥʦʚʽ 

ʢʦʥʮʝʧʮʽʾ ʪʘ ʪʝʭʥʦʣʦʛʽʡ big data. 

ʅʝʱʦʜʘʚʥʦ ʧʨʦʩʪʦʨʦʚʦ-ʯʘʩʦʚʝ ʨʦʟʫʤʽʥʥʷ [39], ʩʪʘʨʪʘʧ, ʱʦ ʧʨʘʮʶʻ ʚ ʩʬʝʨʽ ʦʙ'ʻʜʥʘʥʥʷ 

ʜʘʥʠʭ ʨʝʘʣʴʥʦʛʦ ʯʘʩʫ ʽ ʧʨʦʛʥʦʟʥʦʛʦ ʘʥʘʣʽʟʫ, ʚʠʡʰʦʚ ʥʘ ʨʠʥʦʢ ʧʽʚʥʽʯʥʦʘʤʝʨʠʢʘʥʩʴʢʠʭ ʚʠʨʦʙʥʠʢʽʚ 

ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ,  ʪʘʢʠʭ ʷʢ ʇʽʚʜʝʥʥʘ ʂʘʣʽʬʦʨʥʽʷ Edison ʽ Hydro One, Florida power & Light San Diego 

Gas &; Electric, ʩʧʽʣʴʥʦ ʟ ʢʘʣʽʬʦʨʥʽʡʩʴʢʠʤ ʤʝʨʝʞʝʚʠʤ ʦʧʝʨʘʪʦʨʦʤ California ISO (ʅʝʟʘʣʝʞʥʠʡ 

ʩʠʩʪʝʤʥʠʡ ʦʧʝʨʘʪʦʨ).  

ʉʪʘʨʪʘʧ ʟʘʣʫʯʠʚ 20 ʤʽʣʴʡʦʥʽʚ ʨʘʫʥʜʽʚ C ʽ ʧʨʘʮʶʻ ʟ ʧʨʦʚʽʜʥʠʤʠ ʢʦʤʧʘʥʽʷʤʠ  ʝʥʝʨʛʝʪʠʯʥʦʛʦ 

ʩʝʢʪʦʨʫ, ʘ ʪʘʢʦʞ  ʚ ɸʟʽʾ ʪʘ ɭʚʨʦʧʽ. ʆʩʥʦʚʥʠʤ ʥʘʧʨʷʤʢʦʤ  ʨʦʟʚʠʪʢʫ ʢʦʤʧʘʥʽʾ ʻ ʨʦʟʚʠʪʦʢ ʫ ʥʘʧʨʷʤʢʫ 

ʘʥʘʣʽʪʠʢʠ ʘʢʪʠʚʽʚ ʪʘ ʤʝʨʝʞʝʚʘ ʨʦʟʚʽʜʢʘ. ʈʝʘʣʴʥʦ ʧʨʘʮʶʶʯʽ ʩʴʦʛʦʜʥʽ ʬʨʘʛʤʝʥʪʠ ʤʘʡʙʫʪʥʴʦʾ 

ʛʽʛʘʥʪʩʴʢʦʾ ʩʠʩʪʝʤʠ, ʨʦʟʛʦʨʥʫʪʽ ʢʦʤʧʘʥʽʻʶ, ʜʦʟʚʦʣʷʶʪʴ ʥʝ ʪʽʣʴʢʠ ʧʦʜʠʚʠʪʠʩʷ ʥʘ ʢʘʨʪʫ ʽ ʧʦʙʘʯʠʪʠ, 

ʜʝ ʟʘʨʘʟ ʟʥʘʭʦʜʷʪʴʩʷ ʚʘʰʽ ʪʨʘʥʩʧʦʨʪʥʽ ʟʘʩʦʙʠ ʽ ʣʽʪʘʢʠ, ʘʣʝ ʽ ʚʽʜʨʘʟʫ ʦʪʨʠʤʫʚʘʪʠ ʽʥʬʦʨʤʘʮʽʶ ʧʨʦ 

ʪʝ, ʱʦ ʟʥʘʭʦʜʠʪʴʩʷ ʥʘ ʮʠʭ ʘʧʘʨʘʪʘʭ. 

ʏʠ ʧʦʚʥʽʩʪʶ ʟʘʚʘʥʪʘʞʝʥʽ ʚʦʥʠ? ɺʦʥʠ ʟʘʧʽʟʥʶʶʪʴʩʷ ʘʙʦ ʡʜʫʪʴ ʟʘ ʛʨʘʬʽʢʦʤ. ʏʠ ʧʨʘʚʠʣʴʥʦ 

ʦʙʨʘʥʠʡ ʪʨʘʥʩʧʦʨʪʥʠʡ ʟʘʩʽʙ  ʜʣʷ ʜʦʩʪʘʚʢʠ? ʏʠ ʡʜʝ ʥʘʡʙʽʣʴʰ   ʧʨʘʚʠʣʴʥʠʤ ʽ ʝʬʝʢʪʠʚʥʠʤ ʰʣʷʭʦʤ? 

ʊʘʢʽ ʨʽʰʝʥʥʷ ʩʢʣʘʜʥʦ ʧʨʠʡʥʷʪʠ, ʷʢʱʦ ʫ ʚʘʩ ʥʝʜʦʩʪʘʪʥʴʦ ʽʥʬʦʨʤʘʮʽʾ. 

ʂʦʤʧʘʥʽʷ ʽʥʪʝʛʨʫʚʘʣʘ ʩʚʦʶ ʨʘʥʽʰʝ ʨʦʟʨʦʙʣʝʥʫ ʚʠʨʦʙʥʠʯʫ ʧʣʘʪʬʦʨʤʫ ʜʣʷ  ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ 

ʨʷʜʫ ʧʦʜʽʙʥʠʭ ʟʘʚʜʘʥʴ. ʅʘʧʨʠʢʣʘʜ, ʛʝʦʧʨʦʩʪʦʨʦʚʠʡ ʽʥʩʪʨʫʤʝʥʪ, ʨʦʟʨʦʙʣʝʥʠʡ ʜʚʘ ʨʦʢʠ ʪʦʤʫ ʜʣʷ 

ʚʠʨʦʙʥʠʯʦʛʦ ʤʫʥʽʮʠʧʘʣʴʥʦʛʦ ʨʘʡʦʥʫ ʉʘʢʨʘʤʝʥʪʦ, ʪʝʧʝʨ ʩʣʫʞʠʪʴ ʷʢ ʧʦʞʝʞʥʠʤ, ʪʘʢ ʽ 

ʊʝʨʠʪʦʨʽʘʣʴʥʠʡ ʚʦʜʦʢʘʥʘʣ. ɺʝʣʠʢʠʡ ʨʠʥʢʦʚʠʡ ʧʦʪʝʥʮʽʘʣ ʪʘʢʠʭ ʨʦʟʨʦʙʦʢ ʥʝ ʧʨʠʧʠʥʷʻ 

ʜʦʩʣʽʜʞʝʥʴ ʽ ʨʦʟʚʠʚʘʻ ʨʫʭ ʫ ʥʘʧʨʷʤʢʫ ʣʦʛʽʩʪʠʯʥʠʭ ʟʘʚʜʘʥʴ. ʈʦʟʚʠʪʦʢ  ʛʘʣʫʟʽ ʫʧʨʘʚʣʽʥʥʷ 

ʨʝʩʫʨʩʘʤʠ ʚʽʜʢʨʠʚ ʥʦʚʽ ʤʦʞʣʠʚʦʩʪʽ ʪʘ ʩʪʚʦʨʠʚ ʢʦʥʢʫʨʝʥʮʽʶ ʟ ʮʽʣʦʶ ʥʠʟʢʦʶ  ʧʦʩʪʘʯʘʣʴʥʠʢʽʚ 

ʪʝʭʥʦʣʦʛʽʡ ʚ ʝʣʝʢʪʨʦʝʥʝʨʛʝʪʠʮʽ. 

ɿʘʛʘʣʴʥʠʡ ʦʙʩʷʛ ʽʥʚʝʩʪʠʮʽʡ ʚ ʢʦʤʧʘʥʽʶ ʩʢʣʘʚ 45 ʤʽʣʴʡʦʥʽʚ. ɸ ʟʘ ʧʽʜʩʫʤʢʘʤʠ ʨʦʢʫ ʫʚʽʡʰʣʘ 

ʚ ʪʦʧ-10 ʧʦʩʪʘʯʘʣʴʥʠʢʽʚ ʤʦʥʽʪʦʨʠʥʛʫ ʩʠʩʪʝʤ çʈʦʟʫʤʥʘ ʤʝʨʝʞʘè. 

ɽʢʩʧʝʨʪʠ GTM Research ʚʽʜʟʥʘʯʠʣʠ ʫʩʧʽʰʥʫ ʽʥʪʝʛʨʘʮʽʶ ʪʨʘʜʠʮʽʡʥʠʭ ʽʥʩʪʨʫʤʝʥʪʽʚ ɻɯʉ ʪʘ 

ʤʦʞʣʠʚʦʩʪʝʡ ʦʙʨʦʙʢʠ ʪʘ ʘʥʘʣʽʪʠʢʠ ʜʘʥʠʭ ʥʘʩʪʫʧʥʦʛʦ ʧʦʢʦʣʽʥʥʷ. ʂʦʤʧʘʥʽʷ ʢʦʥʢʫʨʫʻ ʟ 

ʪʨʘʜʠʮʽʡʥʠʤʠ ʧʦʩʪʘʯʘʣʴʥʠʢʘʤʠ ɻɯʉ, ʪʘʢʠʤʠ ʷʢ Intergraph ʽ Esri, ʽ ʙʫʜʫʻ ʧʘʨʪʥʝʨʩʴʢʽ ʚʽʜʥʦʩʠʥʠ ʟ 

General Electric ʽ Google Maps. ʋ ʩʚʦʾʭ ʨʽʰʝʥʥʷʭ ʢʦʤʧʘʥʽʷ ʚʠʢʦʨʠʩʪʦʚʫʻ  ʽʥʪʝʛʨʘʮʽʶ ʜʘʥʠʭ 

ʨʝʘʣʴʥʦʛʦ ʯʘʩʫ ʟ ʩʠʩʪʝʤʘʤʠ, ʧʦʙʫʜʦʚʘʥʠʤʠ ʥʘ ʙʘʟʽ ʪʘʢʠʭ ʧʣʘʪʬʦʨʤ, ʷʢ EMC Greenplum, SAP 

HANA ʽ ʦʢʨʝʤʦ ʟ ʘʥʘʣʦʛʽʯʥʠʤʠ ʽʥʩʪʨʫʤʝʥʪʘʤʠ ʚʝʣʠʢʽ ʜʘʥʽ ʚʽʜ Oracle, IBM, OSI soft. 

ʄʝʪʘ ʢʦʤʧʘʥʽʾ ʧʦʣʷʛʘʻ ʚ ʪʦʤʫ, ʱʦʙ ʦʙ'ʻʜʥʘʪʠ ʧʨʦʩʪʦʨʦʚʽ ʪʘ ʯʘʩʦʚʽ ʜʘʥʽ ʟ ʤʝʨʝʞʝʚʠʤ 

ʚʫʟʣʦʚʠʤ ʧʽʜʭʦʜʦʤ, ʷʢʠʡ ʟʚ'ʷʞʝ ʨʽʟʥʽ ʧʦʣʷ ʜʘʥʠʭ ʟ ʢʦʥʢʨʝʪʥʠʤʠ ʪʦʯʢʘʤʠ, ʱʦ ʧʨʝʜʩʪʘʚʣʷʶʪʴ 

ʽʥʪʝʨʝʩ ʜʣʷ ʝʥʝʨʛʝʪʠʯʥʠʭ ʢʦʤʧʘʥʽʡ. ɺ ʦʩʪʘʥʥʽ ʨʦʢʠ ʢʦʤʧʘʥʽʷ ʪʘʢʦʞ ʜʦʜʘʣʘ ʥʘʙʽʨ  ʤʦʞʣʠʚʦʩʪʝʡ 

ʧʨʦʛʥʦʟʥʦʾ ʘʥʘʣʽʪʠʢʠ,  ʚʢʣʶʯʘʶʯʠ ʚʠʷʚʣʝʥʥʷ ʢʨʘʜʽʞʦʢ ʪʘ ʫʧʨʘʚʣʽʥʥʷ ʤʘʡʥʦʤ, ʧʨʦʛʥʦʟʫʚʘʥʥʷ 

ʰʪʦʨʤʽʚ ʪʘ ʧʦʛʦʜʠ ʪʘ ʽʥʪʝʛʨʘʮʽʶ ʚʽʜʥʦʚʣʶʚʘʥʠʭ ʜʞʝʨʝʣ ʝʥʝʨʛʽʾ. ɸʟʽʘʪʩʴʢʽ ʢʦʤʧʘʥʽʾ ʚʠʩʣʦʚʠʣʠ 
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ʟʘʮʽʢʘʚʣʝʥʽʩʪʴ ʫ ʚʠʨʽʰʝʥʥʽ ʟʘʚʜʘʥʴ ʚʠʤʽʨʶʚʘʥʥʷ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ ʚʽʪʨʦʛʝʥʝʨʘʪʦʨʽʚ ʚ ʧʦʻʜʥʘʥʥʽ ʟ 

ʘʥʘʣʽʪʠʢʦʶ ʧʦʛʦʜʠ. 

ʇʦʩʪʽʡʥʦ ʘʥʘʣʽʟʫʶʯʠ ʧʦʪʨʝʙʠ ʪʘ ʪʝʥʜʝʥʮʽʾ ʨʠʥʢʫ, ʧʨʦʩʪʦʨʦʚʦ-ʯʘʩʦʚʝ ʨʦʟʫʤʽʥʥʷ ʧʝʨʝʡʰʣʦ 

ʚʽʜ ʟʚʠʯʥʠʭ ʩʝʨʚʽʩʽʚ ʛʝʦʽʥʬʦʨʤʘʮʽʡʥʠʭ ʩʠʩʪʝʤ ʜʣʷ ʝʥʝʨʛʝʪʠʢʽʚ ʜʦ ʽʥʪʝʛʨʘʮʽʾ ʬʫʥʢʮʽʡ ʘʥʘʣʽʪʠʢʠ ʚ 

ʨʝʘʣʴʥʦʤʫ ʯʘʩʽ ʪʘ ʧʨʝʜʠʢʪʠʚʥʦʾ ʘʥʘʣʽʪʠʢʠ. ʇʝʨʰʽ ʨʝʟʫʣʴʪʘʪʠ ʙʫʣʠ ʦʪʨʠʤʘʥʽ ʚ ʩʬʝʨʽ 

ʪʨʘʥʩʧʦʨʪʫʚʘʥʥʷ ʛʘʟʫ ʽ ʥʘʬʪʠ ʜʣʷ ʢʦʤʧʘʥʽʡ ʧʨʠʙʝʨʝʞʥʦʾ ʟʦʥʠ ʽ ʢʦʤʧʘʥʽʡ ʛʣʦʙʘʣʴʥʠʭ ʩʣʫʞʙ 

ʜʦʩʪʘʚʢʠ. ʃʦʛʽʩʪʠʯʥʽ ʦʧʝʨʘʮʽʾ ʚʠʤʘʛʘʶʪʴ ʟʥʘʯʥʦʾ ʘʥʘʣʽʪʠʢʠ ʚ ʨʝʞʠʤʽ ʨʝʘʣʴʥʦʛʦ ʯʘʩʫ. ʉʝʥʩ 

ʧʦʜʘʣʴʰʦʾ ʨʦʙʦʪʠ ʧʦʣʷʛʘʻ ʚ ʪʦʤʫ, ʷʢ ʧʝʨʝʪʚʦʨʠʪʠ ʨʦʟʨʦʙʣʝʥʽ ʩʧʝʮʽʘʣʽʟʦʚʘʥʽ ʩʠʩʪʝʤʠ ʚ 

ʧʦʚʪʦʨʶʚʘʥʽ ʽ ʩʢʦʨʦʪʠʪʠ ʯʘʩ ʚʠʭʦʜʫ ʥʘ ʨʠʥʦʢ ʚ ʷʢʦʩʪʽ ʩʘʤʦʩʪʽʡʥʠʭ ʧʨʦʜʫʢʪʽʚ. ɿʘʚʜʘʥʥʷ, ʷʢʽ ʪʫʪ 

ʚʠʨʽʰʫʶʪʴʩʷ, - ʟô̫ ʩʫʚʘʪʠ, ʜʝ ʟʥʘʭʦʜʷʪʴʩʷ ʘʚʪʦʤʦʙʽʣʽ ʘʙʦ ʣʽʪʘʢʠ, ʱʦ ʚʝʟʫʪʴ, ʚʯʘʩʥʦ ʘʙʦ ʽʟ 

ʟʘʧʽʟʥʝʥʥʷʤ, ʷʢʽ ʤʘʨʰʨʫʪʠ ʥʘʡʙʽʣʴʰ ʝʬʝʢʪʠʚʥʽ, ʷʢ ʜʦʩʪʘʚʠʪʠ ʪʦʡ ʯʠ ʽʥʰʠʡ ʚʘʥʪʘʞ. 

ʆʩʥʦʚʥʦʶ ʧʨʦʙʣʝʤʦʶ ʙʫʣʦ ʝʬʝʢʪʠʚʥʝ ʚʠʨʽʰʝʥʥʷ ʧʨʦʙʣʝʤʠ ʽʥʪʝʛʨʘʮʽʾ ʛʝʦʩʝʨʚʽʩʽʚ ʟ ʥʦʚʠʤ 

ʧʦʢʦʣʽʥʥʷʤ ʟʙʦʨʫ ʪʘ ʦʙʨʦʙʢʠ ʜʘʥʠʭ. ɿʘʚʜʘʥʥʷ ʽʥʪʝʛʨʘʮʽʾ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʩʠʩʪʝʤ ʪʘʢʦʛʦ ʤʘʩʰʪʘʙʫ 

ʚʠʤʘʛʘʶʪʴ ʚʽʜ ʫʯʘʩʥʠʢʽʚ ʧʨʦʢ̒ʪʫ ʜʦʩʚʽʜʫ ʧʨʦʻʢʪʫʚʘʥʥʷ ʤʘʩʰʪʘʙʥʠʭ ʩʠʩʪʝʤ. 

ɿʘʚʜʘʥʥʷ ʤʦʥʽʪʦʨʠʥʛʫ, ʘʥʘʣʽʟʫ ʪʘ ʝʬʝʢʪʠʚʥʦʛʦ ʫʧʨʘʚʣʽʥʥʷ ʨʝʩʫʨʩʘʤʠ ʟʘʚʞʜʠ ʙʫʣʦ 

ʘʢʪʫʘʣʴʥʠʤ ʜʣʷ  ʛʘʣʫʟʽ  ʚ ʮʽʣʦʤʫ ʽ, ʟʦʢʨʝʤʘ, ʜʣʷ ʝʥʝʨʛʝʪʠʯʥʦʛʦ ʩʝʢʪʦʨʘ. ʆʜʥʘʢ ʤʦʞʣʠʚʦʩʪʽ ʨʦʙʦʪʠ 

ʟ ʚʝʣʠʢʠʤʠ ʜʘʥʠʤʠ ʚʽʜʢʨʠʣʠ ʪʫʪ ʥʦʚʽ ʤʦʞʣʠʚʦʩʪʽ. ɯ ʥʘ ʮʴʦʤʫ ʨʠʥʢʫ ʧʦʩʪʽʡʥʦ ʟ'ʷʚʣʷʶʪʴʩʷ ʥʦʚʽ 

ʛʨʘʚʮʽ.  

Schnider Electric [45] ʚʠʧʫʩʪʠʣʘ ʧʨʦʛʨʘʤʥʫ ʧʣʘʪʬʦʨʤʫ Orbit ʜʣʷ  ʽʥʪʝʛʨʘʮʽʾ ʽʩʥʫʶʯʠʭ ɻɯʉ ʟ 

ʤʦʙʽʣʴʥʠʤʠ ʩʠʩʪʝʤʘʤʠ ʜʣʷ  ʨʝʤʦʥʪʥʠʭ ʙʨʠʛʘʜ ʟʽ ʩʧʝʮʠʬʽʢʦʶ ʤʦʙʽʣʴʥʠʭ ʧʨʠʩʪʨʦʾʚ ʨʽʟʥʦʛʦ ʨʽʚʥʷ. 

Orbit ʧʦʙʫʜʦʚʘʥʠʡ ʷʢ ʭʤʘʨʥʠʡ ʩʝʨʚʽʩ ʟ ʤʦʙʽʣʴʥʠʤʠ ʢʣʽʻʥʪʘʤʠ ʽ ʚʠʢʦʨʠʩʪʦʚʫʻ ʚ ʷʢʦʩʪʽ ʩʚʦʛʦ ʷʜʨʘ 

ʭʤʘʨʥʫ ʧʣʘʪʬʦʨʤʫ ʄʘʡʢʨʦʩʦʬʪ Windows Azure. ʎʝ ʧʦʣʝʛʰʫʻ ʪʘ ʝʬʝʢʪʠʚʥʽʰʝ ʨʦʟʨʦʙʣʷʻ 

ʽʥʪʝʨʬʝʡʩʠ ʤʽʞ ʙʘʛʘʪʴʤʘ ʩʪʘʨʠʤʠ ʩʠʩʪʝʤʘʤʠ ʪʘ ʥʦʚʠʤʠ ʜʦʜʘʪʢʘʤʠ.   

ʉʠʩʪʝʤʘ ʚʠʷʚʠʣʘʩʷ ʜʫʞʝ ʝʬʝʢʪʠʚʥʦʶ ʧʽʜ ʯʘʩ ʪʝʩʪʫʚʘʥʥʷ ʟʘʚʜʘʥʥʷ ʧʣʘʥʦʚʦʾ ʧʝʨʝʚʽʨʢʠ 

ʝʥʝʨʛʝʪʠʯʥʠʭ ʢʦʤʧʘʥʽʡ. ɹʘʛʘʪʦ ʥʝʜʦʣʽʢʽʚ ʙʫʣʦ ʚʠʷʚʣʝʥʦ ʫ ʚʠʢʦʨʠʩʪʘʥʥʽ ʤʝʪʦʜʽʚ ʨʦʟʨʦʙʢʠ 

ʚʽʜʦʤʠʭ ʤʦʙʽʣʴʥʠʭ ʜʦʜʘʪʢʽʚ ʧʨʠ ʧʦʙʫʜʦʚʽ ʧʨʦʤʠʩʣʦʚʠʭ ʤʦʙʽʣʴʥʠʭ ʜʦʜʘʪʢʽʚ. ɿʥʘʜʦʙʠʚʩʷ ʯʘʩ, ʱʦʙ 

ʟʥʘʡʪʠ ʙʽʣʴʰ ʥʘʜʽʡʥʽ ʨʽʰʝʥʥʷ, ʽ ʪʝʧʝʨ ʧʨʦʙʣʝʤʠ ʚʠʧʨʘʚʣʝʥʽ. ɼʝʪʘʣʴʥʽʰʝ ʧʨʦ ʪʝ, ʷʢ ʧʨʘʮʶʻ Orbit, 

ʤʦʞʥʘ ʜʽʟʥʘʪʠʩʷ ʥʠʞʯʝ. ʉʠʩʪʝʤʘ ʚʽʜʥʦʩʠʪʴʩʷ ʜʦ ʤʦʙʽʣʴʥʠʭ ʜʦʜʘʪʢʽʚ, ʷʢʽ ʧʨʘʮʶʶʪʴ ʩʧʽʣʴʥʦ ʟ 

ʭʤʘʨʥʦʶ ʽʥʬʨʘʩʪʨʫʢʪʫʨʦʶ. ɺ ʜʘʥʠʡ ʯʘʩ ʽʩʥʫʶʪʴ ʚʝʨʩʽʾ ʜʣʷ  ʧʣʘʥʰʝʪʠ ʚ ʆʉ Windows 7, 8 ʽ iPad. 

ʅʘ ʨʠʩʫʥʢʫ 1.22 ʧʨʦʽʣʶʩʪʨʦʚʘʥʦ ʪʠʧʦʚʠʡ ʽʥʪʝʨʬʝʡʩ ʜʣʷ ʧʦʣʴʦʚʦʛʦ ʧʝʨʩʦʥʘʣʫ [46]. 

 
ʈʠʩ. 1.22. ɯʥʪʝʨʬʝʡʩ ʩʠʩʪʝʤʠ Orbit ʚ ʧʨʦʮʝʩʽ ʚʠʢʦʥʘʥʥʷ ʧʨʦʬʽʣʘʢʪʠʯʥʠʭ ʨʦʙʽʪ 
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ʉʠʩʪʝʤʫ ʤʦʞʥʘ ʨʦʟʛʣʷʜʘʪʠ ʷʢ ʩʧʝʮʽʘʣʽʟʦʚʘʥʫ ʛʝʦʧʨʦʩʪʦʨʦʚʫ ʩʠʩʪʝʤʫ, ʘʣʝ ʚʦʥʘ 

ʚʠʢʦʨʠʩʪʦʚʫʻ ʢʦʨʧʦʨʘʪʠʚʥʫ ɻɯʉ ʽ  ʥʝ ʟʙʝʨʽʛʘʻ ʛʝʦʜʘʥʽ ʚ ʩʦʙʽ, ʱʦ ʜʦʟʚʦʣʷʻ ʚʚʘʞʘʪʠ ʾʾ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʙʝʟʧʝʯʥʠʤ. ʂʦʨʠʩʪʫʚʘʯ ʪʽʣʴʢʠ ʚʩʪʘʥʦʚʣʶʻ ʚʠʜʠ ʨʦʙʽʪ, ʷʢʽ ʧʦʚʠʥʝʥ ʚʠʢʦʥʫʚʘʪʠ ʧʦʣʴʦʚʠʡ 

ʧʝʨʩʦʥʘʣ, ʰʚʠʜʢʦ ʢʦʨʠʛʫʻ ʪʘ ʜʦʧʦʚʥʶʻ ʾʭ ʩʧʠʩʦʢ. ʋ ʧʨʦʮʝʩʽ ʢʦʨʠʩʪʫʚʘʯʽ ʩʪʚʦʨʶʶʪʴ ʽ 

ʧʽʜʪʚʝʨʜʞʫʶʪʴ ʩʧʠʩʢʠ ʤʘʡʥʘ, ʦʪʨʠʤʘʪʠ ʜʦʩʪʫʧ ʜʦ ʜʦʢʫʤʝʥʪʘʮʽʾ ʽ ʟʘʚʜʘʥʴ, ʚʽʜʟʥʘʯʠʪʠ ʬʘʢʪ  

ʚʠʢʦʥʘʥʥʷ ʽ ʟʘʬʽʢʩʫʚʘʪʠ  ʩʪʘʥ  ʦʙ'ʻʢʪʘ, ʱʦ ʦʙʩʣʫʛʦʚʫʻʪʴʩʷ. ɺʥʫʪʨʽʰʥʶ ʩʪʨʫʢʪʫʨʫ ʩʠʩʪʝʤʠ ʤʦʞʥʘ 

ʦʧʠʩʘʪʠ ʩʭʝʤʦʶ, ʥʘʚʝʜʝʥʦʶ ʥʘ ʨʠʩʫʥʢʫ 1.23 [46]. 

 

ʈʠʩ. 1.23. ʇôʷʪʴ ʦʩʥʦʚʥʠʭ ʤʦʜʫʣʽʚ ʩʠʩʪʝʤʠ Orbit, ʱʦ ʚʟʘʻʤʦʜʽʶʪʴ ʟ ʛʝʦʧʨʦʩʪʦʨʦʚʦʶ ʩʣʫʞʙʦʶ 

ʧʽʜʧʨʠʻʤʩʪʚʘ ʯʝʨʝʟ ʩʝʨʚʝʨ ʩʠʩʪʝʤʠ ArcFM 

 

ɺʠʢʦʨʠʩʪʘʥʥʷ ʩʠʩʪʝʤ ʪʠʧʫ Orbit ʜʦʟʚʦʣʷʻ ʨʽʟʢʦ ʧʽʜʚʠʱʠʪʠ ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ ʧʦʣʴʦʚʦʛʦ 

ʧʝʨʩʦʥʘʣʫ, ʟʥʠʟʠʪʠ ʨʽʚʝʥʴ ʧʦʤʠʣʦʢ ʽ ʟʥʘʯʥʦ ʟʙʽʣʴʰʠʪʠ ʪʝʨʤʽʥ ʩʣʫʞʙʠ ʦʙʣʘʜʥʘʥʥʷ ʪʘ ʤʘʡʥʘ. 

ɼʫʞʝ ʚʘʞʣʠʚʽ ʩʬʝʨʠ ʟʘʩʪʦʩʫʚʘʥʥʷ  ʚʝʣʠʢʠʭ ʜʘʥʠʭ ʧʦʚ'ʷʟʘʥʽ ʟ  ʩʠʩʪʝʤʘʤʠ, ʚʽʜ  ʨʦʙʦʪʠ ʷʢʠʭ 

ʙʘʛʘʪʦ ʚ ʯʦʤʫ ʟʘʣʝʞʠʪʴ ʨʦʙʦʪʘ ʝʥʝʨʛʦʩʠʩʪʝʤ ʧʽʜ ʯʘʩ ʘʚʘʨʽʡ ʽ ʚʽʜʢʣʶʯʝʥʴ. ComEd (ʂʦʤʧʘʥʽʷ 

ʉʧʽʚʜʨʫʞʥʦʩʪʽ ɽʜʽʩʦʥʘ [47], ʯʘʩʪʠʥʘ ʯʠʢʘʟʴʢʦʾ ʢʦʨʧʦʨʘʮʽʾ Exelon) ʟʽʪʢʥʫʚʩʷ ʟ ʥʘʡʛʽʨʰʠʤ 

ʧʦʻʜʥʘʥʥʷʤ ʰʪʦʨʤʽʚ ʪʘ ʚʽʜʤʦʚ ʚ ʽʩʪʦʨʽʾ ʧʽʚʥʽʯʥʦʛʦ ɯʣʣʽʥʦʡʩʫ ʚʣʽʪʢʫ 2011 ʨʦʢʫ. 

ɺʽʜʢʣʶʯʝʥʥʷ ʪʦʨʢʥʫʣʦʩʷ 2,6 ʤʽʣʴʡʦʥʽʚ ʦʩʽʙ, ʱʦ ʙʽʣʴʰ ʥʽʞ ʫʜʚʽʯʽ ʧʝʨʝʚʠʱʫʻ ʩʝʨʝʜʥʶ 

ʪʨʠʨʽʯʥʫ ʢʽʣʴʢʽʩʪʴ ʚʽʜʢʣʶʯʝʥʴ. ʊʽʣʴʢʠ ʚ ʣʠʧʥʽ ʙʝʟ ʩʚʽʪʣʘ ʟʘʣʠʰʠʣʠʩʷ 18 ʪʠʩʷʯ ʘʚʘʨʽʡ ʦʩʚʽʪʣʝʥʥʷ, 

600 ʪʨʘʥʩʬʦʨʤʘʪʦʨʽʚ, 700 ʦʧʦʨ, 850 ʪʠʩʷʯ ʩʧʦʞʠʚʘʯʽʚ. ɿʘ ʧô̫ ʪʴ ʜʥʽʚ ʜʦ ʢʦʣ-ʮʝʥʪʨʫ ʥʘʜʽʡʰʣʦ 

ʧʦʥʘʜ ʤʽʣʴʡʦʥ ʜʟʚʽʥʢʽʚ. ʉʝʨʝʜ ʩʢʘʨʛ ʥʘ ʨʦʙʦʪʫ ʝʥʝʨʛʝʪʠʢʽʚ ʧʽʜ ʯʘʩ ʰʪʦʨʤʫ ʦʜʥʽʻʶ ʟ ʛʦʣʦʚʥʠʭ ʙʫʚ 

ʧʦʛʘʥʠʡ ʟʚô̫ ʟʦʢ ʟ ʝʥʝʨʛʝʪʠʢʘʤʠ. ʂʣʽʻʥʪʠ ʚʽʜʟʥʘʯʘʶʪʴ, ʱʦ ʜʦʩʪʫʧ ʜʦ ʚʝʙ-ʩʘʡʪʫ ʙʫʚ ʤʘʨʥʠʤ, 

ʦʩʢʽʣʴʢʠ ʚʽʥ ʥʝ ʤʽʩʪʠʚ ʥʝʦʙʭʽʜʥʦʾ ʽʥʬʦʨʤʘʮʽʾ. ʊʝʢʩʪʦʚʽ SMS-ʧʦʚʽʜʦʤʣʝʥʥʷ ʟʘ ʟʘʧʠʪʦʤ ʥʝ 

ʚʽʜʧʦʚʽʜʘʣʠ ʜʽʡʩʥʦʩʪʽ.  ʇʽʩʣʷ ʮʴʦʛʦ ʙʫʣʠ ʚʥʝʩʝʥʽ ʽʩʪʦʪʥʽ ʟʤʽʥʠ ʚ ʩʠʩʪʝʤʫ ʢʦʤʫʥʽʢʘʮʽʾ ʟ ʢʣʽʻʥʪʘʤʠ 

ʧʽʜ ʯʘʩ ʘʚʘʨʽʡ. ʈʦʟʛʦʨʥʫʪʦ ʩʧʝʮʽʘʣʴʥʫ ʩʠʩʪʝʤʫ ʟʚ'ʷʟʢʫ ʧʨʦ ʘʚʘʨʽʾ (OCS) (ʩʠʩʪʝʤʫ ʟʚô̫ ʟʢʫ ʧʨʦ 

ʚʽʜʢʣʶʯʝʥʥʷ), ʷʢʘ ʜʦʟʚʦʣʷʻ ʙʘʯʠʪʠ ʽʥʪʝʛʨʦʚʘʥʫ ʚʽʟʫʘʣʽʟʘʮʽʶ ʽʥʬʦʨʤʘʮʽʾ ʧʨʦ ʘʚʘʨʽʾ, 

ʚʜʦʩʢʦʥʘʣʝʥʠʡ ʚʽʟʫʘʣʽʟʘʪʦʨ ʰʪʦʨʤʦʚʦʛʦ ʜʝʪʝʢʪʦʨʘ, ʙʽʣʴʰ ʪʦʯʥʫ ʽʥʬʦʨʤʘʮʽʶ ʧʨʦ 

ʤʽʩʮʝʟʥʘʭʦʜʞʝʥʥʷ ʧʝʨʩʦʥʘʣʫ, ʚʜʦʩʢʦʥʘʣʝʥʫ ʩʠʩʪʝʤʫ ʢʘʜʨʦʚʦʾ ʟʚʽʪʥʦʩʪʽ. ʆʩʥʦʚʥʝ ʟʘʚʜʘʥʥʷ 

ʩʠʩʪʝʤ ʪʘʢʦʛʦ ʪʠʧʫ ʟʘʚʞʜʠ ʩʪʘʚʠʪʴʩʷ ʪʘʢ: ʤʘʪʠ çʦʜʥʫ ʚʝʨʩʽʶ ʧʨʘʚʜʠè ʜʣʷ ʧʝʨʩʦʥʘʣʫ ʪʘ ʟʦʚʥʽʰʥʽʭ 

ʢʦʨʠʩʪʫʚʘʯʽʚ. ʉʝʨʝʜʦʚʠʱʝ OCS ʤʘʻ ʙʘʟʫʚʘʪʠʩʷ ʥʘ ʽʥʪʝʛʨʦʚʘʥʽʡ ʧʣʘʪʬʦʨʤʽ ʫʧʨʘʚʣʽʥʥʷ 

ʽʥʬʦʨʤʘʮʽʻʶ ʪʘ ʧʨʦʘʢʪʠʚʥʦʾ ʢʦʤʫʥʽʢʘʮʽʾ. ʂʨʽʤ ʪʦʛʦ, ʧʣʘʪʬʦʨʤʘ ʧʦʚʠʥʥʘ ʟʘʙʝʟʧʝʯʫʚʘʪʠ 

ʤʘʡʙʫʪʥʽʡ ʘʥʘʣʽʟ ʽ ʟʚʽʪʥʽʩʪʴ ʜʣʷ ʽʥʰʠʭ ʪʠʧʽʚ ʦʧʝʨʘʪʠʚʥʠʭ ʜʘʥʠʭ. ʅʦʚʘ ʩʠʩʪʝʤʘ ʦʙʩʣʫʛʦʚʫʻ 

ʚʥʫʪʨʽʰʥʶ ʘʫʜʠʪʦʨʽʶ ʯʝʨʝʟ ʤʦʜʝʣʴ ʙʽʟʥʝʩ-ʘʥʘʣʽʪʠʢʠ (BI), ʥʘʜʘʶʯʠ ʟʥʘʥʥʷ ʧʨʦ ɼʊʇ ʯʝʨʝʟ 

ʜʝh ʙʦʨʜ, ʽʥʪʝʛʨʦʚʘʥʽ ʪʘʙʣʠʮʽ ʪʘ ʩʠʩʪʝʤʫ ʟʚʽʪʥʦʩʪʽ, ʚ ʪʦʤʫ ʯʠʩʣʽ ʯʝʨʝʟ ʤʦʙʽʣʴʥʽ ʧʨʠʩʪʨʦʾ 
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(ʥʘʧʨʠʢʣʘʜ, ʤʦʙʽʣʴʥʽ ʢʘʨʪʠ ʘʚʘʨʽʡ). ɿʦʚʥʽʰʥʷ ʘʫʜʠʪʦʨʽʷ, ʪʘʢʘ ʷʢ ʢʦʨʠʩʪʫʚʘʯʽ, ʤʝʜʽʘ, ʪʘʢʦʞ ʤʘʶʪʴ 

ʽʥʪʝʨʬʝʡʩʠ ʜʣʷ ʜʦʩʪʫʧʫ ʜʦ ʜʘʥʠʭ ʩʠʩʪʝʤʠ. ʆʨʛʘʥʠ ʤʽʩʮʝʚʦʛʦ ʩʘʤʦʚʨʷʜʫʚʘʥʥʷ ʪʘ ʨʝʛʫʣʷʪʦʨʠ 

ʤʦʞʫʪʴ ʦʪʨʠʤʫʚʘʪʠ ʽʥʬʦʨʤʘʮʽʶ ʯʝʨʝʟ ʨʽʟʥʽ ʢʘʥʘʣʠ, ʪʘʢʽ ʷʢ ɯʥʪʝʨʥʝʪ, ʜʦʜʘʪʢʠ ʜʣʷ ʩʤʘʨʪʬʦʥʽʚ 

Email, ʪʝʢʩʪʦʚʽ ʧʦʚʽʜʦʤʣʝʥʥʷ, ʽʥʪʝʨʘʢʪʠʚʥʽ ʛʦʣʦʩʦʚʽ ʩʠʩʪʝʤʠ ʽ ʥʘʚʽʪʴ ʬʘʢʩ. ɿ ʪʦʯʢʠ ʟʦʨʫ ʙʽʟʥʝʩ-

ʧʨʦʮʝʩʽʚ, OCS ʧʝʨʝʪʠʥʘʻʪʴʩʷ ʟ ʙʘʛʘʪʴʤʘ ʦʙʣʘʩʪʷʤʠ ʩʴʦʛʦʜʥʽʰʥʽʭ ʩʠʩʪʝʤ ʟʚô̫ ʟʢʫ ʟ ʢʘʪʘʩʪʨʦʬʘʤʠ. 

ɯ, ʱʦʙ ʟʘʙʝʟʧʝʯʠʪʠ ʨʦʟʛʦʨʪʘʥʥʷ ʥʦʚʦʾ ʩʠʩʪʝʤʠ, ʥʝʦʙʭʽʜʥʦ ʙʫʣʦ ʟʘʣʫʯʠʪʠ ʜʦ ʧʨʦʮʝʩʫ ʾʾ ʚʠʥʠʢʥʝʥʥʷ 

ʽ ʨʦʟʛʦʨʪʘʥʥʷ ʙʘʛʘʪʦ ʨʽʟʥʠʭ ʧʽʜʨʦʟʜʽʣʽʚ ʽ ʦʢʨʝʤʠʭ ʦʩʽʙ. ɹʫʣʠ ʦʨʛʘʥʽʟʦʚʘʥʽ  ʩʝʤʽʥʘʨʠ, ʥʘ ʷʢʠʭ 

ʦʙʛʦʚʦʨʶʚʘʚʩʷ ʬʫʥʢʮʽʦʥʘʣ ʩʠʩʪʝʤʠ, ʘ ʙʝʟ ʮʴʦʛʦ ʥʘʚʨʷʜ ʯʠ ʚʧʨʦʚʘʜʞʝʥʥʷ ʩʠʩʪʝʤʠ ʙʫʣʦ ʙ 

ʫʩʧʽʰʥʠʤ, ʷʢʙʠ ʨʽʰʝʥʥʷ ʧʨʠʡʤʘʣʦʩʷ ʚʠʢʣʶʯʥʦ ʜʠʨʝʢʮʽʻʶ. 

ʆʩʥʦʚʥʠʤ ʧʘʨʪʥʝʨʦʤ ʟ ʧʦʩʪʘʯʘʥʥʷ ʥʦʚʦʛʦ ʧʨʦʛʨʘʤʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ, ʚʢʣʶʯʘʶʯʠ 

ʘʥʘʣʽʪʠʯʥʫ ʩʠʩʪʝʤʫ, ʱʦ ʧʨʘʮʶʻ ʚ ʨʝʞʠʤʽ ʙʣʠʟʴʢʦʤʫ ʜʦ ʨʝʘʣʴʥʦʛʦ ʯʘʩʫ, ʚʠʩʪʫʧʠʣʘ ʢʦʤʧʘʥʽʷ 

Ventyx. ʋ ʚʝʨʭʥʽʡ ʯʘʩʪʠʥʽ ʢʦʨʝʥʝʚʦʾ ʧʣʘʪʬʦʨʤʠ ʟʥʘʭʦʜʷʪʴʩʷ ʽʥʩʪʨʫʤʝʥʪʠ ʘʥʘʣʽʪʠʢʠ, ʟʘʩʦʙʠ 

ʧʨʝʜʩʪʘʚʣʝʥʥʷ ʧʝʨʩʦʥʘʣʫ ʪʘ ʩʧʦʞʠʚʘʯʘ. ɼʨʫʛʠʡ ʨʽʚʝʥʴ ʧʣʘʪʬʦʨʤʠ ʟʘʡʤʘʶʪʴ ʟʘʩʦʙʠ 

ʜʚʦʥʘʧʨʘʚʣʝʥʦʛʦ ʟʚ'ʷʟʢʫ ʤʽʞ ʜʦʜʘʪʢʘʤʠ ʨʦʟʰʠʨʝʥʦʾ ʘʥʘʣʽʪʠʢʠ Ventyx ʽ ʟʦʚʥʽʰʥʽʡ ʚʠʛʣʷʜ 

ʜʦʜʘʪʢʘʤʠ ʜʣʷ ʩʧʽʣʢʫʚʘʥʥʷ ʟ ʢʦʨʠʩʪʫʚʘʯʘʤʠ (ʪʘʢʠʤʠ ʷʢ call-ʮʝʥʪʨ, ʧʦʰʪʦʚʘ ʩʠʩʪʝʤʘ, ʢʘʨʪʘ ʘʚʘʨʽʡ 

ʽ ʪ.ʜ.), ʘ ʪʘʢʦʞ ʟ ʜʦʜʘʪʢʘʤʠ ʜʣʷ ʚʥʫʪʨʽʰʥʴʦʾ ʘʫʜʠʪʦʨʽʾ ï  ʜʝʰʙʦʨʜ ʫʭʚʘʣʝʥʥʷ ʨʽʰʝʥʴ, ʚʠʨʦʙʥʠʯʽ 

ʢʘʨʪʠ ʘʚʘʨʽʡ ʪʦʱʦ.  

ʉʝʟʦʥ ʰʪʦʨʤʽʚ 2012 ʨʦʢʫ ʚʠʢʣʠʢʘʚ ʟʥʘʯʥʦ ʤʝʥʰ ʛʦʩʪʨʽ ʩʢʘʨʛʠ ʥʘ ʦʙʽʟʥʘʥʽʩʪʴ ʧʨʦ ʭʽʜ ʘʚʘʨʽʾ. 

ʇʝʨʩʦʥʘʣ, ʢʣʽʻʥʪʠ ʪʘ ʽʥʰʽ ʟʦʚʥʽʰʥʽ ʘʫʜʠʪʦʨʽʾ ʦʪʨʠʤʫʚʘʣʠ ʦʧʝʨʘʪʠʚʥʫ ʪʘ ʧʦʩʣʽʜʦʚʥʫ ʽʥʬʦʨʤʘʮʽʶ. 

ɿʘ ʮʝʡ ʩʝʟʦʥ ʙʫʣʦ ʦʬʦʨʤʣʝʥʦ 123 000 ʧʽʜʧʠʩʦʢ ʥʘ ʜʦʜʘʪʢʠ ʜʣʷ ʩʤʘʨʪʬʦʥʽʚ, 730 000  ʢʦʨʠʩʪʫʚʘʯʽʚ 

ʧʽʜʧʠʩʘʣʠʩʷ ʥʘ ʜʚʦʩʪʦʨʦʥʥʽ ʩʤʩ-ʨʦʟʩʠʣʢʠ. ɼʣʷ ʚʥʫʪʨʽʰʥʴʦʾ ʘʫʜʠʪʦʨʽʾ ʙʫʣʦ 40 ʜʦʰʦʢ ʧʨʠʡʥʷʪʪʷ 

ʨʽʰʝʥʴ, ʥʘ ʩʘʡʪʽ ʧʨʘʮʶʚʘʣʘ ʽʥʪʝʨʘʢʪʠʚʥʘ ʢʘʨʪʘ ʪʘ ʙʫʣʠ ʤʦʞʣʠʚʦʩʪʽ ʯʠʪʘʪʠ ʧʦʚʽʜʦʤʣʝʥʥʷ 

ʝʥʝʨʛʝʪʠʢʽʚ ʌʝʡʩʙʫʢ. 

ʉʴʦʛʦʜʥʽ ʥʘ ʩʘʡʪʽ ʢʦʤʧʘʥʽʾ http:// www.comed.com ʟʘʚʞʜʠ ʤʦʞʥʘ ʧʦʙʘʯʠʪʠ (ʨʠʩʫʥʦʢ 1.24) 

ʢʘʨʪʫ ʚʽʜʢʣʶʯʝʥʴ ʽ ʘʚʘʨʽʡ ʚ ʨʝʞʠʤʽ ʨʝʘʣʴʥʦʛʦ ʯʘʩʫ, ʧʦʙʘʯʠʪʠ ʧʨʦʮʝʩ ʙʦʨʦʪʴʙʠ ʟ ɼʊʇ, ʦʪʨʠʤʘʪʠ 

ʧʨʦʛʥʦʟ ʩʠʪʫʘʮʽʾ ʟʘ ʢʦʥʢʨʝʪʥʦʶ ʦʙʨʘʥʦʶ ʘʜʨʝʩʦʶ. 

 
ʈʠʩ. 1.24. ʄʽʩʮʝ ʤʦʥʽʪʦʨʠʥʛʫ ʘʚʘʨʽʡ ʪʘ ʚʽʜʢʣʶʯʝʥʴ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ ʢʦʤʧʘʥʽʾ ʉʧʽʚʜʨʫʞʥʦʩʪʽ 

 

http://www.comed.com/
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ʆʩʴ ʱʝ ʦʜʠʥ ʧʨʠʢʣʘʜ  ʟʘʩʪʦʩʫʚʘʥʥʷ  ʚʝʣʠʢʽ ʜʘʥʽ ʜʦ ʟʘʚʜʘʥʴ ʤʦʥʽʪʦʨʠʥʛʫ ʪʘ ʧʨʦʪʠʜʽʾ ʘʚʘʨʽʷʤ 

ʽ ʚʽʜʢʣʶʯʝʥʥʷʤ. ʇʨʠʢʣʘʜ ʩʪʦʩʫʻʪʴʩʷ ʟʘʛʘʣʴʥʦʥʘʮʽʦʥʘʣʴʥʦʾ ʝʥʝʨʛʦʩʠʩʪʝʤʠ ɯʥʜʽʾ.  

ɺ ɯʥʜʽʾ ʤʘʡʞʝ ʪʨʝʪʠʥʘ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ ʚ ʢʨʘʾʥʽ ʚʪʨʘʯʘʻʪʴʩʷ ʯʝʨʝʟ ʢʨʘʜʽʞʢʠ ʪʘ 

ʥʝʝʬʝʢʪʠʚʥʽʩʪʴ, ʘ ʱʝ ʧʦʣʦʚʠʥʘ ʥʘʩʝʣʝʥʥʷ ʚʟʘʛʘʣʽ ʥʝ ʤʘʻ ʜʦʩʪʫʧʫ ʜʦ ʝʣʝʢʪʨʦʤʝʨʝʞʽ. ʇʨʠ ʮʴʦʤʫ 

ʚʽʜʢʣʶʯʝʥʥʷ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ ʪʨʘʧʣʷʶʪʴʩʷ ʧʦʩʪʽʡʥʦ ʽ ʧʽʜ ʯʘʩ ʦʜʥʦʛʦ ʟ  ʦʩʪʘʥʥʽʭ ʟ ʥʠʭ ʤʘʡʞʝ 600 

ʤʽʣʴʡʦʥʽʚ ʣʶʜʝʡ ʟʘʣʠʰʠʣʠʩʷ ʚ ʪʝʤʨʷʚʽ. ɺʩʽ ʮʽ ʧʨʦʙʣʝʤʠ ʜʘʶʪʴ ʰʠʨʦʢʽ ʤʦʞʣʠʚʦʩʪʽ ʜʣʷ ʚʠʨʽʰʝʥʥʷ 

ʚʩʝʨʝʜʠʥʽ ʛʘʣʫʟʽ ʨʦʟʫʤʥʽ ʤʝʨʝʞʽ. ʎʝʥʪʨʘʣʴʥʠʡ ʫʨʷʜ ɯʥʜʽʾ ʽʥʽʮʽʶʚʘʚ ʇʨʦʛʨʘʤʫ ʧʨʠʩʢʦʨʝʥʦʛʦ 

ʨʦʟʚʠʪʢʫ ʪʘ ʨʝʬʦʨʤʫʚʘʥʥʷ ʨʝʩʪʨʫʢʪʫʨʠʟʦʚʘʥʦʾ ʝʥʝʨʛʝʪʠʢʠ, ʘʙʦ R-APDRP [48]. ʎʷ ʧʨʦʛʨʘʤʘ 

ʧʝʨʝʜʙʘʯʘʻ ʚʠʜʽʣʝʥʥʷ ʧʦʥʘʜ 10 ʤʽʣʴʷʨʜʽʚ ʜʦʣʘʨʽʚ ʥʘ ʤʦʜʝʨʥʽʟʘʮʽʶ ʤʝʨʝʞ ʫ ʥʘʡʙʣʠʞʯʽ ʨʦʢʠ. 

ʆʩʥʦʚʥʠʤʠ ʛʨʘʚʮʷʤʠ ʪʫʪ, ʷʢ ʦʯʽʢʫʻʪʴʩʷ, ʩʪʘʥʫʪʴ Infosys, Wipro ʽ ʂʦʥʩʘʣʪʠʥʛʦʚʽ ʧʦʩʣʫʛʠ Tata 

(TCS) - ʛʽʛʘʥʪʠ ʽʥʜʽʡʩʴʢʦʾ IT-ʽʥʜʫʩʪʨʽʾ. ʊʘ ʥʝʜʦʩʪʘʪʥʽ ʽʥʚʝʩʪʠʮʽʾ ʚ ʩʝʢʪʦʨ ʨʦʟʧʦʜʽʣʫ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ 

ʩʪʘʶʪʴ ʦʩʥʦʚʥʦʶ ʧʨʦʙʣʝʤʦʶ ʟ ʪʠʭ, ʷʢʽ ʻ ʧʝʨʝʰʢʦʜʘʤʠ ʧʽʜ ʯʘʩ ʨʝʘʣʽʟʘʮʽʾ ʮʽʻʾ ʧʨʦʛʨʘʤʠ. ɯ ʮʝ ʷʢ 

ʚʩʽʤ ʚʽʜʦʤʘ ʧʨʦʙʣʝʤʘ ʢʫʨʢʠ ʽ ʷʡʮʷ - ʙʝʟ ʯʽʪʢʦʾ ʢʘʨʪʠʥʠ, ʜʝ ʚʽʜʙʫʚʘʶʪʴʩʷ ʚʪʨʘʪʠ, ʥʝʟʨʦʟʫʤʽʣʦ, ʷʢ 

ʥʘʩʠʪʠʪʠ ʤʝʨʝʞʫ ʻʤʥʽʩʪʶ. ʊʦʤʫ ʙʫʣʦ ʧʨʠʡʥʷʪʦ ʨʽʰʝʥʥʷ ʽʥʚʝʩʪʫʚʘʪʠ 2 ʤʽʣʴʷʨʜʠ ʥʘ ʝʪʘʧʽ ʧʨʦʢ̒ʪʫ 

ʜʣʷ ʝʤʧʽʨʠʯʥʦʛʦ ʟʥʘʭʦʜʞʝʥʥʷ ʪʝʭʥʽʯʥʠʭ ʚʪʨʘʪ ʧʦ ʢʦʞʥʦʤʫ ʨʦʟʧʦʜʽʣʴʥʦʤʫ ʬʽʜʝʨʫ ʽ 

ʪʨʘʥʩʬʦʨʤʫʚʘʥʥʶ ʚ ʢʦʞʥʦʤʫ ʤʽʩʪʽ. ʈʽʰʝʥʥʷ ʮʴʦʛʦ ʥʝʧʨʦʩʪʦʛʦ ʜʣʷ ɯʥʜʽʾ ʟʘʚʜʘʥʥʷ ʚʢʣʶʯʘʻ ʚ ʩʝʙʝ 

ʨʦʟʛʦʨʪʘʥʥʷ ʚʠʤʽʨʶʚʘʣʴʥʦʾ ʤʝʨʝʞʽ, ʙʫʜʽʚʥʠʮʪʚʦ ɻɯʉ ʜʣʷ ʝʥʝʨʛʽʾ, ʤʝʨʝʞʽ ʘʚʪʦʤʘʪʠʯʥʦʛʦ ʟʘʧʠʩʫ 

ʚʠʤʽʨʶʚʘʥʴ ʥʘ ʢʦʞʥʦʤʫ ʪʨʘʥʩʬʦʨʤʘʪʦʨʽ ʽ ʣʽʥʽʾ, ʘ ʪʘʢʦʞ ʽʥʜʝʢʩʘʮʽʶ ʢʦʞʥʦʛʦ ʩʧʦʞʠʚʘʯʘ, ʱʦ 

ʦʙʩʣʫʛʦʚʫʻʪʴʩʷ ʮʠʤ ʪʨʘʥʩʬʦʨʤʘʪʦʨʦʤ.  

ʂʦʣʠ ʚʩʽ ʪʝʭʥʽʯʥʽ ʧʨʦʙʣʝʤʠ ʚʠʷʚʣʝʥʽ, ʤʦʞʥʘ ʪʘʢʦʞ ʦʮʽʥʠʪʠ ʢʦʤʝʨʮʽʡʥʽ, ʷʢʽ ʚʜʘʩʪʴʩʷ 

ʚʠʨʽʰʠʪʠ. ʎʝ ʚʠʷʚʣʝʥʥʷ ʥʝʟʘʢʦʥʥʠʭ ʧʽʜʢʣʶʯʝʥʴ, ʚʠʷʚʣʝʥʥʷ ʧʦʤʠʣʢʦʚʠʭ ʙʽʣʽʥʛʦʚʠʭ ʦʧʝʨʘʮʽʡ ʽ 

ʪ.ʜ.  ɼʣʷ ʧʦʢʨʠʪʪʷ ʥʘʡʜʨʽʙʥʽʰʠʭ  ʜʽʣʷʥʦʢ ʤʝʨʝʞʽ ʥʝʦʙʭʽʜʥʦ ʨʦʟʛʦʨʥʫʪʠ  ʜʦʜʘʪʢʦʚʽ ʢʦʤʫʥʽʢʘʮʽʾ ʜʦ 

ʽʩʥʫʶʯʠʭ ʪʨʘʥʩʬʦʨʤʘʪʦʨʽʚ ʽ ʨʦʟʛʦʨʥʫʪʠ ʩʠʩʪʝʤʠ ʤʦʥʽʪʦʨʠʥʛʫ ʜʣʷ ʥʠʭ ʯʝʨʝʟ ʤʝʨʝʞʽ 

ʩʪʽʣʴʥʠʢʦʚʦʛʦ ʟʚ'ʷʟʢʫ ʽ WiMAX. ɺʘʞʣʠʚʝ ʟʥʘʯʝʥʥʷ ʤʘʻ ʨʦʟʛʦʨʪʘʥʥʷ ʚʥʫʪʨʽʰʥʴʦʾ ʯʘʩʪʠʥʠ  

ɯʊ-ʩʠʩʪʝʤ ʜʣʷ ʚʠʩʪʘʚʣʝʥʥʷ ʨʘʭʫʥʢʽʚ, ʟʙʦʨʫ ʜʘʥʠʭ, ʪʦʯʥʠʭ ʚʠʤʽʨʶʚʘʥʴ ʤʘʩʠ ʥʦʚʠʭ ʜʘʥʠʭ. ʎʽ 

ʧʨʦ̒ʢʪʠ, ʙʝʟʫʤʦʚʥʦ, ʩʪʦʩʫʶʪʴʩʷ ʚʝʣʠʢʠʭ ʜʘʥʠʭ ʽ ʚʠʤʘʛʘʶʪʴ ʟʘʣʫʯʝʥʥʷ ʥʦʚʠʭ ʚʝʣʠʢʠʭ ̔ ʥʚʝʩʪʠʮʽʡ. 

ʅʝʤʠʥʫʯʽ ʬʽʥʘʥʩʦʚʽ ʦʙʤʝʞʝʥʥʷ ʜʠʢʪʫʶʪʴ ʧʦʝʪʘʧʥʠʡ ʭʘʨʘʢʪʝʨ ʤʦʜʝʨʥʽʟʘʮʽʾ ʥʘʮʽʦʥʘʣʴʥʦʾ 

ʝʥʝʨʛʝʪʠʯʥʦʾ ʤʝʨʝʞʽ. ʅʘ ʨʠʩʫʥʢʫ 1.25 ʧʨʝʜʩʪʘʚʣʝʥʘ ʩʭʝʤʘ ʜʣʷ ʧʽʣʦʪʥʦʾ ʟʦʥʠ, ʱʦ ʦʭʦʧʣʶʻ ʚʩʽ 

ʦʩʥʦʚʥʽ ʪʠʧʠ ʤʝʨʝʞ ʽ ʩʧʦʞʠʚʘʯʽʚ, ʜʝ ʪʝʩʪʫʶʪʴʩʷ ʥʦʚʽ ʨʦʟʨʦʙʣʝʥʽ ʨʽʰʝʥʥʷ ʽ ʪʝʭʥʦʣʦʛʽʾ [48]. 

ʋ ʩʽʯʥʽ 2014 ʨʦʢʫ ʄʽʥʽʩʪʝʨʩʪʚʦ ʝʥʝʨʛʝʪʠʢʠ ɯʥʜʽʾ ʥʘʟʚʘʣʦ 14 ʧʨʦʢ̒ʪʽʚ ʽʥʪʝʣʝʢʪʫʘʣʴʥʠʭ 

ʝʥʝʨʛʦʩʠʩʪʝʤ, ʷʢʽ ʧʦʻʜʥʫʶʪʴ ʚ ʩʦʙʽ ʨʦʟʛʦʨʪʘʥʥʷ ʽʥʪʝʣʝʢʪʫʘʣʴʥʠʭ ʣʽʯʠʣʴʥʠʢʽʚ ʽ ʚʧʨʦʚʘʜʞʝʥʥʷ 

ʩʠʩʪʝʤ ʫʧʨʘʚʣʽʥʥʷ ʥʝʩʧʨʘʚʥʦʩʪʷʤʠ ʽ ʧʽʢʦʚʠʤ ʥʘʚʘʥʪʘʞʝʥʥʷʤ, ʪʘʢʽ ʷʢ, ʥʘʧʨʠʢʣʘʜ, ʨʦʟʛʦʨʪʘʥʥʷ  

ʧʨʦ̒ʢʪʫ ʨʝʘʛʫʚʘʥʥʷ ʥʘ ʧʦʧʠʪ ʚʘʨʪʽʩʪʶ 100 ʤʽʣʴʡʦʥʽʚ ʜʦʣʘʨʽʚ. ʑʦʙ ʟʥʠʟʠʪʠ ʚʠʪʨʘʪʠ ʥʘ 

ʨʦʟʛʦʨʪʘʥʥʷ ʪʘʢʠʭ ʧʨʦʢ̒ʪʽʚ, ʄʽʥʽʩʪʝʨʩʪʚʦ ʝʥʝʨʛʝʪʠʢʠ ɯʥʜʽʾ ʦʛʦʣʦʩʠʣʦ ʢʦʥʢʫʨʩ ʥʘ ʣʦʫʢʦʩʪ  

ɯʥʪʝʣʝʢʪʫʘʣʴʥʠʡ ʣʽʯʠʣʴʥʠʢ ʟ ʧʽʜʚʠʱʝʥʦʶ ʩʝʢʨʝʪʥʽʩʪʶ, ʷʢʠʡ ʤʽʛ ʙʠ ʩʪʘʪʠ ʦʩʥʦʚʦʶ ʜʣʷ ʧʦʙʫʜʦʚʠ 

ʨʦʟʫʤʥʠʭ ʤʝʨʝʞ ʚ ʥʘʮʽʦʥʘʣʴʥʦʤʫ ʤʘʩʰʪʘʙʽ. 

ɺʨʘʭʦʚʫʶʯʠ ʭʘʨʘʢʪʝʨ ʚʽʜʢʣʶʯʝʥʴ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ ʚ ʝʥʝʨʛʦʩʠʩʪʝʤʽ ɯʥʜʽʾ,  ʜʣʷ ʙʘʛʘʪʴʦʭ 

ʚʝʣʠʢʠʭ ʧʨʦʤʠʩʣʦʚʠʭ, ʢʦʤʝʨʮʽʡʥʠʭ ʪʘ ʢʨʠʪʠʯʥʦ ʚʘʞʣʠʚʠʭ ʜʝʨʞʘʚʥʠʭ ʫʩʪʘʥʦʚ ʻ ʧʨʠʚʘʙʣʠʚʠʤ 

ʧʝʨʝʭʽʜ ʥʘ ʚʠʨʦʙʥʠʮʪʚʦ ʚʣʘʩʥʦʾ ʝʥʝʨʛʽʾ. ʅʘʚʽʪʴ ʚʽʜʜʘʣʝʥʽ ʩʽʣʴʩʴʢʽ ʛʨʦʤʘʜʠ ʥʘʮʽʣʝʥʽ ʥʘ ʩʦʥʷʯʥʽ 

ʛʝʥʝʨʘʪʦʨʠ ʪʘ ʩʠʩʪʝʤʠ ʛʝʥʝʨʘʮʽʾ, ʷʢʽ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʙʽʦʤʘʩʫ ʷʢ ʯʘʩʪʠʥʫ ʤʽʢʨʦʤʝʨʝʞ.  

ɼʦ 2017 ʨʦʢʫ ʚ ɯʥʜʽʾ ʤʘʻ ʟʘʧʨʘʮʶʚʘʪʠ ʧʦʥʘʜ 1000 ʤʽʢʨʦʤʝʨʝʞ ʷʢ ʜʣʷ ʩʽʣ, ʪʘʢ ʽ ʜʣʷ ʚʝʣʠʢʠʭ 

ʧʽʜʧʨʠʻʤʩʪʚ. ɻʽʜʥʦʶ ʙʫʜʝ ʢʦʦʨʜʠʥʘʮʽʷ ʾʭ ʨʦʙʦʪʠ, ʟʘʩʥʦʚʘʥʘ ʥʘ ʟʙʦʨʽ ʪʘ ʦʙʨʦʙʮʽ ʚʝʣʠʢʠʭ ʜʘʥʠʭ 

ʟʘʚʜʘʥʥʷ ʜʣʷ ʩʧʽʣʴʥʦʾ ʨʦʙʦʪʠ  ʧʽʜʧʨʠʻʤʩʪʚ ʪʘ  ʬʘʭʽʚʮʽʚ ʫ ʩʬʝʨʽ ʝʥʝʨʛʝʪʠʢʠ ʪʘ ʽʥʬʦʨʤʘʮʽʡʥʠʭ 

ʪʝʭʥʦʣʦʛʽʡ.  



  57 

 
ʈʠʩ. 1.25. ʂʦʥʮʝʧʮʽʷ ʽʥʪʝʣʝʢʪʫʘʣʴʥʠʭ ʝʥʝʨʛʦʩʠʩʪʝʤ ɯʥʜʽʾ ʟʛʽʜʥʦ ʟ ʦʜʥʠʤ ʽʟ ʧʨʦʢ̒ʪʽʚ R-APDRP 

ʂʦʥʪʨʦʣʴʥʽ ʟʘʧʠʪʘʥʥʷ ʜʦ ʨʦʟʜʽʣʫ 

1. ɼʣʷ ʯʦʛʦ ʥʝʦʙʭʽʜʥʠʡ ʘʥʘʣʽʟ ʜʘʥʠʭ ʢʦʤʧʘʥʽʷʤ? 

2. ʅʘʟʚʽʪʴ ʝʪʘʧʠ ʘʥʘʣʽʟʫ ʜʘʥʠʭ ʪʘ ʦʧʠʰʽʪʴ, ʱʦ ʚʽʜʙʫʚʘʻʪʴʩʷ ʥʘ ʢʦʞʥʦʤʫ ʝʪʘʧʽ. 

3. ʑʦ ʚʭʦʜʠʪʴ ʜʦ ʘʨʭʽʪʝʢʪʫʨʠ ʙʘʟ ʜʘʥʠʭ?  

4. ʅʘ ʩʢʽʣʴʢʠ ʨʽʚʥʽʚ ʨʦʟʧʦʜʽʣʷʻʪʴʩʷ ʘʨʭʽʪʝʢʪʫʨʘ ʙʘʟ ʜʘʥʠʭ ʪʘ ʱʦ ʚʽʜʙʫʚʘʻʪʴʩʷ ʥʘ ʢʦʞʥʦʤʫ 

ʨʽʚʥʽ? 

5. ʗʢʽ ʚʠʜʠ ʙʘʟ ʜʘʥʠʭ ʽʩʥʫʶʪʴ? ʆʭʘʨʘʢʪʝʨʠʟʫʡʪʝ ʢʦʞʥʠʡ ʚʠʜ. 

6. ʅʘʟʚʽʪʴ ʪʠʧʠ ʙʘʟ ʜʘʥʠʭ ʟʘ ʩʧʦʩʦʙʦʤ ʜʦʩʪʫʧʫ ʜʦ ʥʠʭ. 

7. ʅʘʟʚʽʪʴ ʦʩʥʦʚʥʽ ʽʥʩʪʨʫʤʝʥʪʠ ʩʫʯʘʩʥʦʛʦ ʙʽʟʥʝʩ-ʘʥʘʣʽʟʫ. 

8. ʑʦ ʪʘʢʝ ʙʽʟʥʝʩ-ʘʥʘʣʽʪʠʢʘ (Business Analytics)?  

9. ʏʦʤʫ ʙʽʟʥʝʩ-ʘʥʘʣʽʪʠʢʘ ʥʘʩʪʽʣʴʢʠ ʚʘʞʣʠʚʘ? 

10. ʗʢʽ ʽʥʩʪʨʫʤʝʥʪʠ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʜʣʷ ʙʽʟʥʝʩ-ʘʥʘʣʽʪʠʢʠ? 

11. ʅʘʟʚʽʪʴ ʜʝʩʷʪʴ ʧʝʨʝʚʘʛ ʧʨʦʛʨʘʤʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ ʜʣʷ ʙʽʟʥʝʩ-ʘʥʘʣʽʪʠʢʠ. 

12. ʗʢ ʙʽʟʥʝʩ-ʘʥʘʣʽʪʠʢʘ ʧʽʜʪʨʠʤʫʻ ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʴ? 

13. ɼʘʡʪʝ ʚʠʟʥʘʯʝʥʥʷ Business Intelligence. 

14. ʑʦ ʚʭʦʜʠʪʴ ʜʦ ʘʨʭʽʪʝʢʪʫʨʠ Business Intelligence? 

15. ʅʘʟʚʽʪʴ ʧʝʨʝʚʘʛʠ ʧʨʦʛʨʘʤʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ Business Intelligence. 
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ɿʘʚʜʘʥʥʷ ʜʣʷ ʩʪʫʜʝʥʪʽʚ 

1. ʇʨʦʚʝʩʪʠ ʩʦʨʪʫʚʘʥʥʷ ʩʪʨʽʯʢʠ ʥʦʚʠʥ ʢʦʨʠʩʪʫʚʘʯʘ ʩʦʮʽʘʣʴʥʦʾ ʤʝʨʝʞʽ, ʚʠʢʦʨʠʩʪʘʪʠ ʜʣʷ 

ʮʴʦʛʦ ʜʘʥʽ ʦʜʥʽʻʾ ʟ ʟʘʧʨʦʧʦʥʦʚʘʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ: ʪʝʢʩʪ ʘʙʦ ʟʦʙʨʘʞʝʥʥ.̫  

ɼʣʷ ʚʠʨʽʰʝʥʥʷ ʟʘʜʘʯʽ ʧʦʪʨʽʙʥʦ ʚʠʢʦʥʘʪʠ ʥʘʩʪʫʧʥʽ ʧʫʥʢʪʠ: 

- ʧʨʦʚʝʩʪʠ ʜʦʩʣʽʜʥʠʡ ʘʥʘʣʽʟ ʜʘʥʠʭ, ʧʦʙʫʜʫʚʘʪʠ ʛʨʘʬʽʢʠ; 

- ʧʨʦʘʥʘʣʽʟʫʚʘʪʠ ʩʪʘʪʠʩʪʠʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʦʟʥʘʢ ʚ ʜʘʥʠʭ, ʧʦʜʠʚʠʪʠʩʷ ʥʘ ʾʭ 

ʚʽʜʤʽʥʥʦʩʪʽ ʤʽʞ ʥʘʚʯʘʣʴʥʦʶ ʽ ʪʝʩʪʦʚʦʶ ʚʠʙʽʨʢʦʶ; 

- ʧʨʦʚʝʩʪʠ ʧʦʯʘʪʢʦʚʠʡ ʚʽʜʙʽʨ ʦʟʥʘʢ ʥʘ ʙʘʟʽ ʩʪʘʪʠʩʪʠʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ; 

- ʧʦʨʘʭʫʚʘʪʠ ʢʦʨʝʣʷʮʽʾ ʤʽʞ ʦʟʥʘʢʘʤʠ ʽ ʮʽʣʴʦʚʦʶ ʟʤʽʥʥʦʶ, ʘ ʪʘʢʦʞ ʢʨʦʩ-ʢʦʨʝʣʷʮʽʶ 

ʤʽʞ ʦʟʥʘʢʘʤʠ; 

- ʩʬʦʨʤʫʚʘʪʠ ʦʩʪʘʪʦʯʥʠʡ ʥʘʙʽʨ ʦʟʥʘʢ, ʥʘʚʯʠʪʠ ʤʦʜʝʣʴ ʽ ʧʝʨʝʚʽʨʠʪʠ ʾʾ ʷʢʽʩʪʴ; 

- ʧʨʦʘʥʘʣʽʟʫʚʘʪʠ ʚʥʫʪʨʽʰʥʽʡ ʫʩʪʨʽʡ ʤʦʜʝʣʽ ʜʣʷ ʽʜʝʥʪʠʬʽʢʘʮʽʾ ʪʦʯʦʢ ʟʨʦʩʪʘʥʥʷ. 

2. ʇʨʦʚʝʩʪʠ ʘʥʘʣʽʟ, ʜʣʷ ʯʦʛʦ ʚʠʢʦʥʘʪʠ ʥʘʩʪʫʧʥʽ ʜʽʾ: 

- ʜʦʩʣʽʜʠʪʠ, ʷʢ ʚʣʘʩʥʽ ʚʧʦʜʦʙʘʥʥʷ, ʧʦʰʠʨʝʥʥʷ ʪʘ ʧʫʙʣʽʢʘʮʽʾ ʚʧʣʠʚʘʶʪʴ ʥʘ ʬʦʨʤʫʚʘʥʥʷ 

ʥʦʚʠʥʥʦʾ ʩʪʨʽʯʢʠ ʌʝʡʩʙʫʢ; 

- ʜʦʩʣʽʜʠʪʠ ʷʢʠʤ ʯʠʥʦʤ ʬʦʨʤʫʶʪʴʩʷ ʨʝʢʦʤʝʥʜʘʮʽʾ ʥʦʚʠʭ ʜʨʫʟʽʚ, ʧʨʦʘʥʘʣʽʟʫʚʘʪʠ ʷʢ 

ʟôʷʚʣʷʶʪʴʩʷ ʨʝʢʦʤʝʥʜʘʮʽʾ ʣʶʜʝʡ, ʟ ʷʢʠʤʠ ʥʝʤʘʻ ʩʧʽʣʴʥʠʭ çɼʨʫʟʽʚè; 

- ʧʨʦʚʝʩʪʠ ʘʥʘʣʽʟ ʘʣʛʦʨʠʪʤʽʚ ʨʝʢʦʤʝʥʜʘʮʽʡ ʧʦʜʽʡ, ʜʨʫʟʽʚ, ʥʦʚʠʥ, ʪʦʱʦ ʥʘ ʙʫʜʴ-ʷʢʦʤʫ 

ʽʥʰʦʤʫ ʨʝʩʫʨʩʽ. ʉʢʣʘʩʪʠ ʧʦʨʽʚʥʷʣʴʥʠʡ ʟʚʽʪ, ʟʘʟʥʘʯʠʪʠ ʷʢʽʩʪʴ ʥʘʜʘʥʠʭ ʨʝʢʦʤʝʥʜʘʮʽʡ; 

- ʦʮʽʥʠʪʠ ʤʦʞʣʠʚʦʩʪʽ ʚʠʢʦʨʠʩʪʘʥʠʭ ʩʝʨʚʽʩʽʚ ʟ ʨʝʢʦʤʝʥʜʘʮʽʡʥʠʤʠ ʩʠʩʪʝʤʘʤʠ, ʾʭ 

ʦʩʦʙʣʠʚʦʩʪʝʡ ʪʘ ʬʫʥʢʮʽʦʥʘʣʴʥʠʭ ʤʦʞʣʠʚʦʩʪʝʡ. 
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ʈʆɿɼɯʃ 2. ʆɹʈʆɹʃɽʅʅʗ ɺɽʃʀʂʀʍ ʄɸʉʀɺɯɺ ɼɸʅʀʍ 

ɺʝʣʠʢʽ ʤʘʩʠʚʠ ʜʘʥʠʭ ʘʙʦ ʚʝʣʠʢʽ ʜʘʥʽ ï ʮʝ ʧʦʟʥʘʯʝʥʥʷ ʩʪʨʫʢʪʫʨʦʚʘʥʠʭ ʽ ʥʝʩʪʨʫʢʪʫʨʦʚʘʥʠʭ 

ʜʘʥʠʭ ʚʝʣʠʯʝʟʥʠʭ ʦʙʩʷʛʽʚ ʽ ʟʥʘʯʥʦʛʦ ʨʦʟʤʘʾʪʪʷ, ʢ̫ʽ ʤʦʞʥʘ ʝʬʝʢʪʠʚʥʦ ʦʙʨʦʙʣʷʪʠ ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʧʨʦʛʨʘʤʥʠʭ ʽʥʩʪʨʫʤʝʥʪʽʚ, ʱʦ ʥʘ ʜʘʥʠʡ ʯʘʩ ʟʘʤʽʥʶʶʪʴ ʪʨʘʜʠʮʽʡʥʽ ʩʠʩʪʝʤʠ ʫʧʨʘʚʣʽʥʥʷ ʙʘʟʘʤʠ 

ʜʘʥʠʭ ʽ ʨʽʰʝʥʥʷ ʜʣʷ ʙʽʟʥʝʩ-ʘʥʘʣʽʪʠʢʠ [49]. 

2.1. ʇʨʠʥʮʠʧʠ ʪʘ ʪʝʭʥʦʣʦʛʽʾ ʨʦʙʦʪʠ ʟ ʚʝʣʠʢʠʤʠ ʜʘʥʠʤʠ 

ɺʝʣʠʢʽ ʜʘʥʽ ï ʮʝ ʩʫʢʫʧʥʽʩʪʴ ʪʝʭʥʦʣʦʛʽʡ, ʧʦʢʣʠʢʘʥʠʭ ʟʜʽʡʩʥʶʚʘʪʠ ʪʨʠ ʦʧʝʨʘʮʽʾ: 

- ʦʙʨʦʙʢʘ ʙʽʣʴʰʠʭ ʦʙʩʷʛʽʚ ʜʘʥʠʭ, ʥʽʞ ʫ çʩʪʘʥʜʘʨʪʥʦʤʫè ʩʮʝʥʘʨʽʾ; 

- ʚʤʽʥʥʷ ʰʚʠʜʢʦ ʦʙʨʦʙʣʷʪʠ ʜʘʥʽ, ʷʢʽ ʥʘʜʭʦʜʷʪʴ ʫ ʚʝʣʠʢʠʭ ʦʙʩʷʛʘʭ. ɯʥʰʠʤʠ ʩʣʦʚʘʤʠ, ʥʝ 

ʧʨʦʩʪʦ ʙʘʛʘʪʦ ʜʘʥʠʭ, ʘ ʧʦʩʪʽʡʥʦ ʟʨʦʩʪʘʶʯʠʡ ʦʙʩʷʛ ʮʠʭ ʜʘʥʠʭ 

- ʦʙʨʦʙʢʘ ʩʪʨʫʢʪʫʨʦʚʘʥʠʭ ʪʘ ʥʝʩʪʨʫʢʪʫʨʦʚʘʥʠʭ ʜʘʥʠʭ ʧʘʨʘʣʝʣʴʥʦ ʪʘ ʟ ʨʽʟʥʠʭ ʘʩʧʝʢʪʽʚ. 

ɺʚʘʞʘʻʪʴʩʷ, ʱʦ ʮʷ çʥʘʚʠʯʢʘè ʜʦʟʚʦʣʷʻ ʚʠʷʚʣʷʪʠ ʧʨʠʭʦʚʘʥʽ ʟʘʢʦʥʦʤʽʨʥʦʩʪʽ, ʷʢʽ ʥʝʤʦʞʣʠʚʦ 

ʟʨʦʟʫʤʽʪʠ ʟʘ ʜʦʧʦʤʦʛʦʶ ʦʙʤʝʞʝʥʦʛʦ ʣʶʜʩʴʢʦʛʦ ʩʧʨʠʡʥʷʪʪʷ. ʎʝ ʚʽʜʢʨʠʚʘʻ ʙʝʟʧʨʝʮʝʜʝʥʪʥʽ 

ʤʦʞʣʠʚʦʩʪʽ ʜʣʷ ʦʧʪʠʤʽʟʘʮʽʾ ʙʘʛʘʪʴʦʭ ʩʬʝʨ ʥʘʰʦʛʦ ʞʠʪʪʷ, ʚʢʣʶʯʘʶʯʠ ʜʝʨʞʘʚʥʝ ʫʧʨʘʚʣʽʥʥʷ, 

ʦʭʦʨʦʥʫ ʟʜʦʨʦʚ'ʷ, ʪʝʣʝʢʦʤʫʥʽʢʘʮʽʾ, ʬʽʥʘʥʩʠ, ʪʨʘʥʩʧʦʨʪ, ʚʠʨʦʙʥʠʮʪʚʦ ʪʘ ʽʥ. [50].  

ɹʽʣʴʰʝ ʪʦʛʦ, ʫ ʞʦʚʪʥʽ 2015 ʨʦʢʫ ʢʦʤʧʘʥʽʷ Gartner ʚʠʣʫʯʠʣʘ ʚʝʣʠʢʽ ʜʘʥʽ ʟʽ ʩʧʠʩʢʫ 

ʧʦʧʫʣʷʨʥʠʭ ʪʨʝʥʜʽʚ. ɸʥʘʣʽʪʠʢʠ ʢʦʤʧʘʥʽʾ ʧʦʷʩʥʠʣʠ ʮʝ ʨʽʰʝʥʥʷ ʪʠʤ, ʱʦ ʧʦʥʷʪʪʷ çʚʝʣʠʢʽ ʜʘʥʽè 

ʚʢʣʶʯʘʻ ʚ ʩʝʙʝ ʟʥʘʯʥʫ ʢʽʣʴʢʽʩʪʴ ʪʝʭʥʦʣʦʛʽʡ, ʷʢʽ ʚʞʝ ʘʢʪʠʚʥʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʢʦʤʧʘʥʽʷʤʠ, 

ʯʘʩʪʢʦʚʦ ʧʦʚ'ʷʟʘʥʽ ʟ ʽʥʰʠʤʠ ʧʦʧʫʣʷʨʥʠʤʠ ʥʘʧʨʷʤʢʘʤʠ ʽ ʪʨʝʥʜʘʤʠ, ʘ ʪʘʢʦʞ ʩʪʘʣʠ ʧʦʚʩʷʢʜʝʥʥʠʤʠ 

ʨʦʙʦʯʠʤʠ ʽʥʩʪʨʫʤʝʥʪʘʤʠ. [51]. 

ʆʩʥʦʚʥʠʤʠ ʬʘʢʪʦʨʘʤʠ ʨʽʟʥʦʨʽʜʥʦʩʪʽ ʜʘʥʠʭ ʽ ʾʭ ʜʞʝʨʝʣ ʻ: 

- ʨʽʟʥʽ ʪʠʧʠ ʜʘʥʠʭ (ʣʦʛʽʯʥʠʡ, ʮʽʣʠʡ, ʨʝʯʦʚʠʥʥʠʡ, ʦʙôʻʢʪʥʠʡ ʽ ʽʥ.); 

- ʨʽʟʥʘ ʧʨʠʨʦʜʘ ʜʘʥʠʭ (ʯʠʩʣʦʚʽ ʤʘʩʠʚʠ, ʤʝʜʽʘ ʪʘ ʪʝʢʩʪʦʚʽ ʜʘʥʽ); 

- ʨʽʟʥʽ ʤʦʜʝʣʽ ʙʘʟ ʜʘʥʠʭ ï ʨʝʣʷʮʽʡʥʽ, ʽʻʨʘʨʭʽʯʥʽ, ʦʙôʻʢʪʥʦ-ʦʨʽʻʥʪʦʚʘʥʽ, ʤʝʨʝʞʝʚʽ, 

ʙʘʛʘʪʦʚʠʤʽʨʥʽ ʽ ʪ.ʧ.; 

- ʨʽʟʥʽ ʬʦʨʤʘʪʠ ʧʨʝʜʩʪʘʚʣʝʥʥʷ ʜʘʥʠʭ; 

- ʚʽʜʤʽʥʥʦʩʪʽ ʚ ʩʪʫʧʝʥʽ ʨʦʟʧʦʜʽʣʝʥʦʩʪʽ ʩʠʩʪʝʤ ʟʙʝʨʽʛʘʥʥʷ ʜʘʥʠʭ; 

- ʨʽʟʥʦʾ ʧʨʠʨʦʜʠ ʜʘʥʠʭ (ʥʘʧʨʠʢʣʘʜ, ʪʝʢʩʪʠ, ʟʦʙʨʘʞʝʥʥʷ, ʩʠʛʥʘʣʠ); 

- ʨʽʟʥʠʡ ʩʪʫʧʽʥʴ ʜʦʩʪʦʚʽʨʥʦʩʪʽ ʪʘ ʪʦʯʥʦʩʪʽ ʜʘʥʠʭ, ʚʠʤʽʨʶʚʘʥʠʭ ʚ ʨʽʟʥʠʭ ʤʘʩʰʪʘʙʘʭ ʽ 

ʦʜʠʥʠʮʷʭ ʚʠʤʽʨʫ; 

- ʨʽʟʥʠʡ ʩʪʫʧʽʥʴ ʽ ʬʦʨʤʘ ʩʪʨʫʢʪʫʨʦʚʘʥʦʩʪʽ ʜʘʥʠʭ ʽ ʪ.ʧ. 

ɻʦʣʦʚʥʠʤ ʟʘʚʜʘʥʥʷʤ ʪʝʭʥʦʣʦʛʽʾ ʟʣʠʪʪʷ ʜʘʥʠʭ (Data Fusion) ʻ ʦʙôʻʜʥʘʥʥʷ ʜʘʥʠʭ ʟ ʨʽʟʥʠʭ 

ʜʞʝʨʝʣ ʚ ʽʥʪʝʨʝʩʘʭ ʚʠʨʽʰʝʥʥʷ ʥʘʩʪʫʧʥʠʭ ʟʤʽʩʪʦʚʥʠʭ ʟʘʚʜʘʥʴ: ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʴ, ʢʣʘʩʠʬʽʢʘʮʽʷ, 

ʚʠʟʥʘʯʝʥʥʷ ʩʪʘʥʫ ʦʙôʻʢʪʽʚ, ʦʮʽʥʢʘ ʩʠʪʫʘʮʽʾ ʽ ʪ.ʜ. 

 

2.1.1. ʆʩʥʦʚʥʽ ʧʨʠʥʮʠʧʠ ʨʦʙʦʪʠ ʟ ʚʝʣʠʢʠʤʠ ʜʘʥʠʤʠ 

ʆʢʨʽʤ ʬʽʟʠʯʥʦʛʦ ʦʙʩʷʛʫ, ʚʠʟʥʘʯʘʣʴʥʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʚʝʣʠʢʠʭ ʜʘʥʠʭ ʻ ʡ ʽʥʰʽ 

ʦʩʦʙʣʠʚʦʩʪʽ, ʷʢʽ ʧʽʜʢʨʝʩʣʶʶʪʴ ʩʢʣʘʜʥʽʩʪʴ ʟʘʚʜʘʥʥʷ ʦʙʨʦʙʢʠ  ʪʘ ʘʥʘʣʽʟʫ ʮʠʭ ʜʘʥʠʭ [51]. 



  60 

ʅʘʙʽʨ ʜʘʥʠʭ VVV: ʦʙʩʷʛ (volume), ʰʚʠʜʢʽʩʪʴ (velocity), ʨʽʟʥʦʤʘʥʽʪʥʽʩʪʴ (variety) - 

ʨʦʟʨʦʙʣʝʥʠʡ ʢʦʤʧʘʥʽʻʶ Meta Group ʫ 2001 ʨʦʮʽ, ʚʢʘʟʫʻ ʥʘ ʦʜʥʘʢʦʚʫ ʚʘʞʣʠʚʽʩʪʴ ʫʧʨʘʚʣʽʥʥʷ 

ʜʘʥʠʤʠ ʫ ʚʩʽʭ ʪʨʴʦʭ ʘʩʧʝʢʪʘʭ. 

ʇʽʟʥʽʰʝ ʙʫʣʘ ʜʦʜʘʥʘ ʽʥʪʝʨʧʨʝʪʘʮʽʷ ʟ ʯʦʪʠʨʤʘ V ʜʦʜʘʥʘ ʜʦʩʪʦʚʽʨʥʽʩʪʴ (veracity), ʧôʷʪʴʤʘ V 

- ʤʽʥʣʠʚʽʩʪʴ (variability), ʰʽʩʪʴ V ï  ʚʽʟʫʘʣʽʟʘʮʽʷ (visualization), ʩʽʤʦʤʘ V - ʮʽʥʥʽʩʪʴ (Value). ɸʣʝ 

IDC, ʥʘʧʨʠʢʣʘʜ, ʽʥʪʝʨʧʨʝʪʫʻ ʯʝʪʚʝʨʪʠʡ V ʷʢ ʟʥʘʯʝʥʥʷ, ʧʽʜʢʨʝʩʣʶʶʯʠ ʝʢʦʥʦʤʽʯʥʫ ʜʦʮʽʣʴʥʽʩʪʴ 

ʦʙʨʦʙʢʠ ʚʝʣʠʢʦʾ ʢʽʣʴʢʦʩʪʽ ʜʘʥʠʭ ʟʘ ʚʽʜʧʦʚʽʜʥʠʭ ʫʤʦʚ. 

ɺʠʭʦʜʷʯʠ ʟ ʥʘʚʝʜʝʥʠʭ ʚʠʱʝ ʚʠʟʥʘʯʝʥʴ, ʦʩʥʦʚʥʽ ʧʨʠʥʮʠʧʠ ʨʦʙʦʪʠ ʟ ʚʝʣʠʢʠʤʠ ʜʘʥʠʤʠ ʮʝ: 

- ʛʦʨʠʟʦʥʪʘʣʴʥʘ ʤʘʩʰʪʘʙʦʚʘʥʽʩʪʴ - ʮʝ ʦʩʥʦʚʥʠʡ ʧʨʠʥʮʠʧ ʦʙʨʦʙʢʠ ʚʝʣʠʢʠʭ ʜʘʥʠʭ. ʗʢ 

ʫʞʝ ʟʛʘʜʫʚʘʣʦʩʷ, ʚʝʣʠʢʽ ʜʘʥʽ ʟʨʦʩʪʘʶʪʴ ʟ ʢʦʞʥʠʤ ʜʥʝʤ. ɺʽʜʧʦʚʽʜʥʦ, ʥʝʦʙʭʽʜʥʦ ʟʙʽʣʴʰʠʪʠ 

ʢʽʣʴʢʽʩʪʴ ʦʙʯʠʩʣʶʚʘʣʴʥʠʭ ʚʫʟʣʽʚ, ʥʘ ʷʢʽ ʨʦʟʧʦʜʽʣʷʶʪʴʩʷ ʮʽ ʜʘʥʽ, ʽ ʦʙʨʦʙʢʘ ʧʦʚʠʥʥʘ ʧʨʦʭʦʜʠʪʠ ʙʝʟ 

ʰʢʦʜʠ ʜʣʷ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ; 

- ʚʽʜʤʦʚʦʩʪʽʡʢʽʩʪʴ ï ʧʨʠʥʮʠʧ, ʷʢʠʡ ʚʠʧʣʠʚʘʻ ʟ ʧʦʧʝʨʝʜʥʴʦʛʦ ʧʨʠʥʮʠʧʫ. ʂʣʘʩʪʝʨ 

ʤʽʩʪʠʪʴ ʚʝʣʠʢʫ ʢʽʣʴʢʽʩʪʴ ʦʙʯʠʩʣʶʚʘʣʴʥʠʭ ʚʫʟʣʽʚ (ʽʥʦʜʽ ʜʝʩʷʪʢʠ ʪʠʩʷʯ), ʽ ʾʭ ʢʽʣʴʢʽʩʪʴ ʥʝʤʠʥʫʯʝ 

ʟʨʦʩʪʘʪʠʤʝ, ʡʤʦʚʽʨʥʽʩʪʴ ʚʠʭʦʜʫ ʤʘʰʠʥʠ ʟ ʣʘʜʫ ʟʨʦʩʪʘʻ. ʄʝʪʦʜʠ ʨʦʙʦʪʠ ʟ ʚʝʣʠʢʠʤʠ ʜʘʥʠʤʠ 

ʧʦʚʠʥʥʽ ʚʨʘʭʦʚʫʚʘʪʠ ʡʤʦʚʽʨʥʽʩʪʴ ʪʘʢʠʭ ʩʠʪʫʘʮʽʡ ʪʘ ʧʝʨʝʜʙʘʯʘʪʠ ʟʘʧʦʙʽʞʥʽ ʟʘʭʦʜʠ; 

- ʤʽʩʮʝʟʥʘʭʦʜʞʝʥʥʷ ʜʘʥʠʭ ï ʮʝ ʧʨʠʥʮʠʧ, ʟʘ ʷʢʠʤ ʜʘʥʽ ʨʦʟʧʦʜʽʣʷʶʪʴʩʷ ʧʦ ʚʝʣʠʢʽʡ 

ʢʽʣʴʢʦʩʪʽ ʦʙʯʠʩʣʶʚʘʣʴʥʠʭ ʚʫʟʣʽʚ, ʷʢʱʦ ʚʦʥʠ ʬʽʟʠʯʥʦ ʨʦʟʪʘʰʦʚʘʥʽ ʥʘ ʦʜʥʦʤʫ ʩʝʨʚʝʨʽ, ʘ 

ʦʙʨʦʙʣʷʶʪʴʩʷ ʥʘ ʽʥʰʦʤʫ ʩʝʨʚʝʨʽ, ʪʦʜʽ ʚʠʪʨʘʪʠ ʥʘ ʧʝʨʝʜʘʯʫ ʜʘʥʠʭ ʙʫʜʫʪʴ ʥʝʚʠʧʨʘʚʜʘʥʦ ʚʠʩʦʢʠʤʠ. 

ʊʦʤʫ ʢʨʘʱʝ ʦʙʨʦʙʣʷʪʠ ʜʘʥʽ ʥʘ ʤʘʰʠʥʽ, ʥʘ ʷʢʽʡ ʚʦʥʠ ʽ ʟʙʝʨʽʛʘʶʪʴʩʷ. 

ʎʽ ʧʨʠʥʮʠʧʠ ʚʽʜʤʽʥʥʽ ʚʽʜ ʽʩʥʫʶʯʠʭ ʪʨʘʜʠʮʽʡʥʠʭ, ʚʝʨʪʠʢʘʣʴʥʠʭ ʪʘ ʮʝʥʪʨʘʣʽʟʦʚʘʥʠʭ, 

ʤʦʜʝʣʝʡ ʟʙʝʨʽʛʘʥʥʷ ʩʪʨʫʢʪʫʨʦʚʘʥʠʭ ʜʘʥʠʭ. ʌʘʢʪʠʯʥʦ, ʧʽʜʭʦʜʠ ʪʘ ʪʝʭʥʦʣʦʛʽʾ ʨʦʟʨʦʙʣʷʶʪʴʩʷ ʜʣʷ 

ʨʦʙʦʪʠ ʟ ʚʝʣʠʢʠʤʠ ʜʘʥʠʤʠ [51]. ʎʝʡ ʧʨʠʥʮʠʧ ʚʽʜʨʽʟʥʷʻʪʴʩʷ ʚʽʜ ʪʨʘʜʠʮʽʡʥʦʾ ʮʝʥʪʨʘʣʽʟʦʚʘʥʦʾ 

ʚʝʨʪʠʢʘʣʴʥʦʾ ʤʦʜʝʣʽ ʟʙʝʨʽʛʘʥʥʷ ʩʪʨʫʢʪʫʨʦʚʘʥʠʭ ʜʘʥʠʭ. 

 

2.1.2. ʊʝʭʥʦʣʦʛʽʾ ʪʘ ʪʝʥʜʝʥʮʽʾ ʨʦʙʦʪʠ ʟ ʚʝʣʠʢʠʤʠ ʜʘʥʠʤʠ 

ʉʧʦʯʘʪʢʫ ʥʘʙʽʨ ʧʽʜʭʦʜʽʚ ʽ ʪʝʭʥʦʣʦʛʽʡ ʚʢʣʶʯʘʚ ʽʥʩʪʨʫʤʝʥʪʠ ʜʣʷ ʤʘʩʦʚʦʾ ʧʘʨʘʣʝʣʴʥʦʾ 

ʦʙʨʦʙʢʠ ʥʝʚʠʟʥʘʯʝʥʠʭ ʩʪʨʫʢʪʫʨʦʚʘʥʠʭ ʜʘʥʠʭ, ʪʘʢʽ ʷʢ ʙʘʟʠ ʜʘʥʠʭ NoSQL, ʘʣʛʦʨʠʪʤʠ MapReduce 

ʽ ʧʨʦʢ̒ʪʥʽ ʽʥʩʪʨʫʤʝʥʪʠ Hadoop. ʇʽʟʥʽʰʝ ʜʦ ʪʝʭʥʦʣʦʛʽʡ ʚʝʣʠʢʠʭ ʜʘʥʠʭ ʜʦʜʘʣʠʩʷ ʽʥʰʽ ʨʽʰʝʥʥʷ, ʷʢʽ 

ʟʘʙʝʟʧʝʯʫʶʪʴ ʘʥʘʣʦʛʽʯʥʽ ʤʦʞʣʠʚʦʩʪʽ ʦʙʨʦʙʢʠ ʜʫʞʝ ʚʝʣʠʢʠʭ ʥʘʙʦʨʽʚ ʜʘʥʠʭ, ʘ ʪʘʢʦʞ ʜʝʷʢʽ ʘʧʘʨʘʪʥʽ 

ʟʘʩʦʙʠ [52]. ɺ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʩʠʩʪʝʤʘʭ (ɯʉ) ʯʝʨʝʟ ʚʝʣʠʢʫ ʢʽʣʴʢʽʩʪʴ ʜʘʪʯʠʢʽʚ ʽ ʟʦʙʨʘʞʝʥʴ 

ʟʙʝʨʽʛʘʻʪʴʩʷ ʚʝʣʠʢʘ ʢʽʣʴʢʽʩʪʴ ʜʘʥʠʭ. ʎʽ ʜʘʥʽ ʻ ʨʽʟʥʠʤʠ, ʱʦ ʟʘʪʨʫʜʥʷʻ ʾʭ ʦʙʨʦʙʢʫ. ɼʣʷ ʚʠʨʽʰʝʥʥʷ 

ʮʽʻʾ ʧʨʦʙʣʝʤʠ ʙʫʣʦ ʚʠʨʽʰʝʥʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʭʤʘʨʥʽ ʪʝʭʥʦʣʦʛʽʾ. 

MapReduce - ʮʝ ʤʦʜʝʣʴ ʨʦʟʧʦʜʽʣʝʥʠʭ ʦʙʯʠʩʣʝʥʴ ʫ ʢʦʤʧ'ʶʪʝʨʥʠʭ ʢʣʘʩʪʝʨʘʭ, ʱʦ 

ʟʘʧʨʦʧʦʥʦʚʘʥʘ ʢʦʤʧʘʥʽʻʶ Google. ɿʛʽʜʥʦ ʟ ʮʽʻʶ ʤʦʜʝʣʣʶ, ʜʦʜʘʪʢʠ ʨʦʟʙʠʚʘʶʪʴʩʷ ʥʘ ʨʷʜ 

ʽʜʝʥʪʠʯʥʠʭ ʙʘʟʦʚʠʭ ʟʘʚʜʘʥʴ, ʷʢʽ ʚʠʢʦʥʫʶʪʴʩʷ ʥʘ ʚʫʟʣʘʭ ʢʣʘʩʪʝʨʫ ʽ ʧʨʠʨʦʜʥʠʤ ʯʠʥʦʤ 

ʦʙ'ʻʜʥʫʶʪʴʩʷ ʚ ʢʽʥʮʝʚʠʡ ʨʝʟʫʣʴʪʘʪ [53]. 

NoSQL (Not Only SQL) ï ʮʝ ʟʘʛʘʣʴʥʠʡ ʪʝʨʤʽʥ ʜʣʷ ʧʦʟʥʘʯʝʥʥʷ ʨʽʟʥʠʭ ʥʝʨʝʣʷʮʽʡʥʠʭ ʙʘʟ 

ʜʘʥʠʭ ʽ ʩʭʦʚʠʱ, ʽ ʥʝʚʽʜʥʦʩʠʪʴʩʷ ʜʦ ʷʢʦʾʩʴ ʢʦʥʢʨʝʪʥʦʾ ʪʝʭʥʦʣʦʛʽʾ ʘʙʦ ʧʨʦʜʫʢʪʫ. ʊʨʘʜʠʮʽʡʥʽ 

ʨʝʣʷʮʽʡʥʽ ʙʘʟʠ ʜʘʥʠʭ ʧʽʜʭʦʜʷʪʴ ʜʣʷ ʜʦʩʠʪʴ ʰʚʠʜʢʠʭ ʽ ʦʜʥʦʪʠʧʥʠʭ ʟʘʧʠʪʽʚ, ʘʣʝ ʜʣʷ ʩʢʣʘʜʥʠʭ ʽ 

ʛʥʫʯʢʦ ʧʦʙʫʜʦʚʘʥʠʭ ʟʘʧʠʪʽʚ, ʱʦ ʭʘʨʘʢʪʝʨʥʽ ʜʣʷ ʚʝʣʠʢʠʭ ʜʘʥʠʭ, ʥʘʚʘʥʪʘʞʝʥʥʷ ʧʝʨʝʚʠʱʫʻ ʨʦʟʫʤʥʽ 

ʤʝʞʽ ʽ ʚʠʢʦʨʠʩʪʘʥʥʷ ʉʋɹɼ ʪʘʢʦʾ ʩʪʘʻ ʥʝ ʝʬʝʢʪʠʚʥʠʤ. [54]. 
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Hadoop ï ʥʘʙʽʨ ʚʽʣʴʥʦ ʧʦʰʠʨʶʚʘʥʠʭ ʫʪʠʣʽʪ, ʙʽʙʣʽʦʪʝʢ ʽ ʬʨʝʡʤʚʦʨʢʽʚ ʜʣʷ ʨʦʟʨʦʙʢʠ ʽ 

ʟʘʧʫʩʢʫ ʨʦʟʧʦʜʽʣʝʥʠʭ ʜʦʜʘʪʢʽʚ, ʱʦ ʧʨʘʮʶʶʪʴ ʥʘ ʢʣʘʩʪʝʨʘʭ ʚʽʜ ʩʦʪʝʥʴ ʜʦ ʪʠʩʷʯ ʚʫʟʣʽʚ. ɺʚʘʞʘʻʪʴʩʷ 

ʦʜʥʽʻʶ ʟ ʙʘʟʦʚʠʭ ʪʝʭʥʦʣʦʛʽʡ ʙʽʣʴʰʦʩʪʽ ʮʝʥʪʨʽʚ ʦʙʨʦʙʢʠ ʜʘʥʠʭ [55]. 

R ï ʮʝ ʤʦʚʘ ʧʨʦʛʨʘʤʫʚʘʥʥʷ ʜʣʷ ʦʙʨʦʙʢʠ ʩʪʘʪʠʩʪʠʯʥʠʭ ʜʘʥʠʭ ʪʘ ʛʨʘʬʽʢʠ. ɺʦʥʘ ʰʠʨʦʢʦ 

ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʜʣʷ ʘʥʘʣʽʟʫ ʜʘʥʠʭ ʽ ʬʘʢʪʠʯʥʦ ʻ ʩʪʘʥʜʘʨʪʦʤ ʜʣʷ ʩʪʘʪʠʩʪʠʯʥʠʭ ʧʨʦʛʨʘʤ [56]. 

Python ï ʤʦʚʘ ʧʨʦʛʨʘʤʫʚʘʥʥʷ, ʷʢʘ ʽʜʝʘʣʴʥʦ ʧʽʜʭʦʜʠʪʴ ʜʣʷ ʘʥʘʣʽʟʫ ʜʘʥʠʭ ʪʘ ʤʘʻ ʚʝʣʠʢʠʡ 

ʩʧʝʢʪʨ ʙʽʙʣʽʦʪʝʢ. 

C# ï ʦʙôʻʢʪʥʦ-ʦʨʽʻʥʪʦʚʘʥʘ ʤʦʚʘ ʧʨʦʛʨʘʤʫʚʘʥʥʷ, ʷʢʘ ʢʨʘʱʝ ʧʽʜʭʦʜʠʪʴ ʜʣʷ ʘʥʘʣʽʟʫ ʚʝʣʠʢʠʭ 

ʜʘʥʠʭ, ʥʽʞ ʙʽʣʴʰʽʩʪʴ ʤʦʚ ʧʨʦʛʨʘʤʫʚʘʥʥʷ. Microsoft ʪʘʢʦʞ ʜʦʟʚʦʣʷʻ ʧʨʦʛʨʘʤʽʩʪʘʤ .NET 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ C# ʜʣʷ ʥʘʧʠʩʘʥʥʷ, ʧʦʚʪʦʨʥʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʪʘ ʚʠʢʦʨʠʩʪʘʥʥʷ ʚʝʣʠʯʝʟʥʠʭ 

ʥʘʙʦʨʽʚ ʜʘʥʠʭ ʜʣʷ ʨʦʟʨʦʙʢʠ ʝʬʝʢʪʠʚʥʦʾ ʙʽʟʥʝʩ - ʣʦʛʽʢʠ ʪʘ ʨʽʰʝʥʴ. 

ɸʧʘʨʘʪʥʽ ʨʽʰʝʥʥʷ. Teradata, EMC ʢʦʨʧʦʨʘʮʽʾ ʪʘ ʽʥʰʽ ʧʨʦʧʦʥʫʶʪʴ ʧʨʦʛʨʘʤʥʦ-ʘʧʘʨʘʪʥʽ 

ʢʦʤʧʣʝʢʩʠ, ʱʦ ʧʨʠʟʥʘʯʝʥʽ ʜʣʷ ʦʙʨʦʙʢʠ ʚʝʣʠʢʠʭ ʦʙʩʷʛʽʚ ʜʘʥʠʭ. ʎʽ ʩʠʩʪʝʤʠ ʧʨʦʧʦʥʫʶʪʴʩʷ ʫ 

ʚʠʛʣʷʜʽ ʛʦʪʦʚʠʭ ʜʦ ʚʩʪʘʥʦʚʣʝʥʥʷ ʢʦʤʫʥʽʢʘʮʽʡʥʠʭ ʰʘʬ, ʚʢʣʶʯʘʶʯʠ ʩʝʨʚʝʨʥʽ ʢʣʘʩʪʝʨʠ ʜʣʷ ʤʘʩʦʚʦʾ 

ʧʘʨʘʣʝʣʴʥʦʾ ʦʙʨʦʙʢʠ ʪʘ ʧʨʦʛʨʘʤʥʝ ʟʘʙʝʟʧʝʯʝʥʥʷ ʜʣʷ ʫʧʨʘʚʣʽʥʥʷ. ʎʝ ʤʦʞʫʪʴ ʙʫʪʠ ʘʧʘʨʘʪʥʽ 

ʨʽhʝʥʥʷ ʜʣʷ ʘʥʘʣʽʪʠʯʥʦʾ ʦʙʨʦʙʢʠ ʚ ʧʘʤ'ʷʪʽ, ʥʘʧʨʠʢʣʘʜ, ʪʘʢʽ ʷʢ ʧʨʦʛʨʘʤʥʦ-ʘʧʘʨʘʪʥʠʡ ʢʦʤʧʣʝʢʩ 

Hana ʚʽʜ SAP ʘʙʦ Exalytics ʚʽʜ Oracle [57]. 

ɻʦʨʠʟʦʥʪʘʣʴʥʘ ʤʘʩʰʪʘʙʦʚʘʥʽʩʪʴ, ʱʦ ʦʩʥʦʚʥʽ ʧʨʠʥʮʠʧʠ ʦʙʨʦʙʢʠ ʚʝʣʠʢʠʭ ʜʘʥʠʭ. ɼʘʥʽ 

ʨʦʟʧʦʜʽʣʷʶʪʴʩʷ ʤʽʞ ʦʙʯʠʩʣʶʚʘʣʴʥʠʤʠ ʚʫʟʣʘʤʠ ʽ ʦʙʨʦʙʣʷʶʪʴʩʷ ʙʝʟ ʰʢʦʜʠ ʜʣʷ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ. 

ɿʘ ʜʘʥʠʤʠ McKinsey Global Institute, ʙʘʛʘʪʦ ʘʥʘʣʽʪʠʢʽʚ ʚʚʘʞʘʶʪʴ, ʱʦ ʜʣʷ ʦʙʨʦʙʢʠ ʚʝʣʠʢʠʭ ʜʘʥʠʭ 

ʧʽʜʭʦʜʷʪʴ ʪʝʭʥʦʣʦʛʽʾ NoSQL, MapReduce, Hadoop ʽ R, ʘ ʪʘʢʦʞ ʘʧʘʨʘʪʥʽ ʨʽʰʝʥʥʷ ʽ ʪʝʭʥʦʣʦʛʽʾ 

ʙʽʟʥʝʩ-ʘʥʘʣʽʪʠʢʠ, ʨʝʣʷʮʽʡʥʽ ʩʠʩʪʝʤʠ ʫʧʨʘʚʣʽʥʥʷ ʙʘʟʘʤʠ ʜʘʥʠʭ, ʷʢʽ ʧʽʜʪʨʠʤʫʶʪʴ SQL ʩʝʨʝʜ ʽʥʰʠʭ 

[57]. 

 

2.1.3. ɽʪʘʧʠ ʨʦʙʦʪʠ ʟ ʚʝʣʠʢʠʤʠ ʜʘʥʠʤʠ 

ɸʥʘʣʽʟ ʚʝʣʠʢʠʭ ʦʙʩʷʛʽʚ ʩʪʨʫʢʪʫʨʦʚʘʥʦʾ ʪʘ ʥʝʩʪʨʫʢʪʫʨʦʚʘʥʦʾ ʽʥʬʦʨʤʘʮʽʾ ʚʠʢʦʥʫʻʪʴʩʷ ʚ 

ʢʽʣʴʢʘ ʝʪʘʧʽʚ, ʱʦʙ ʦʪʨʠʤʘʪʠ ʨʦʙʦʯʽ ʛʽʧʦʪʝʟʠ ʧʨʦ ʧʨʠʯʠʥʠ ʢʦʥʢʨʝʪʥʠʭ ʩʠʪʫʘʮʽʡ, ʥʘʧʨʠʢʣʘʜ, ʷʢ 

ʟʙʦʾ ʚ ʨʦʙʦʪʽ ʦʙʣʘʜʥʘʥʥʷ ʧʦʚô̫ ʟʘʥʽ ʟ ʫʤʦʚʘʤʠ ʧʦʜʘʯʽ ʥʘʧʨʫʛʠ, ʘʙʦ ʱʦʙ ʩʧʨʦʛʥʦʟʫʚʘʪʠ ʤʘʡʙʫʪʥʻ, 

ʥʘʧʨʠʢʣʘʜ, ʡʤʦʚʽʨʥʽʩʪʴ ʪʦʛʦ, ʱʦ ʦʢʨʝʤʽ ʧʦʟʠʯʘʣʴʥʠʢʠ ʚʯʘʩʥʦ ʧʦʛʘʩʷʪʴ ʩʚʦʾ ʢʨʝʜʠʪʠ [58]: 

- data cleaning - ʯʠʩʪʢʘ ʜʘʥʠʭ ï ʮʝ ʧʦʰʫʢ ʽ ʚʠʧʨʘʚʣʝʥʥʷ ʧʦʤʠʣʦʢ ʚ ʢʦʥʢʨʝʪʥʦʤʫ ʥʘʙʦʨʽ 

ʽʥʬʦʨʤʘʮʽʾ, ʥʘʧʨʠʢʣʘʜ, ʧʦʤʠʣʢʠ ʨʫʯʥʦʛʦ ʚʚʝʜʝʥʥʷ (ʧʦʤʠʣʢʠ), ʥʝʢʦʨʝʢʪʥʽ ʟʥʘʯʝʥʥʷ ʟ 

ʚʠʤʽʨʶʚʘʣʴʥʠʭ ʧʨʠʣʘʜʽʚ ʯʝʨʝʟ ʢʦʨʦʪʢʦʯʘʩʥʠʭ ʟʙʦʾʚ ʽ ʪ.ʜ.; 

- feature engineering - ʛʝʥʝʨʘʮʽʷ ʧʨʝʜʠʢʪʦʨʽʚ ï ʮʝ ʟʤʽʥʥʽ ʜʣʷ ʧʦʙʫʜʦʚʠ ʘʥʘʣʽʪʠʯʥʠʭ 

ʤʦʜʝʣʝʡ, ʥʘʧʨʠʢʣʘʜ, ʦʩʚʽʪʽ, ʩʪʘʞ ʨʦʙʦʪʠ, ʩʪʘʪʴ ʡ ʚʽʢ ʧʦʪʝʥʮʽʡʥʦʛʦ ʧʦʟʠʯʘʣʴʥʠʢʘ; 

- ʧʦʙʫʜʦʚʘ ʽ ʥʘʚʯʘʥʥʷ ʘʥʘʣʽʪʠʯʥʦʾ ʤʦʜʝʣʽ (model selection) ʜʣʷ ʧʝʨʝʜʙʘʯʝʥʥʷ ʮʽʣʴʦʚʦʾ 

(ʪʘʨʛʝʪʥʦʾ) ʟʤʽʥʥʦʾ. ʊʘʢ ʧʝʨʝʚʽʨʷʶʪʴʩʷ ʛʽʧʦʪʝʟʠ ʧʨʦ ʟʘʣʝʞʥʽʩʪʴ ʪʘʨʛʝʪʥʦʾ ʟʤʽʥʥʦʾ ʚʽʜ ʧʝʚʥʠʭ 

ʧʨʝʜʠʢʪʦʨʽʚ. ʗʢ ʧʨʠʢʣʘʜ, ʩʢʽʣʴʢʠ ʜʥʽʚ ʩʪʘʥʦʚʠʪʴ ʧʨʦʩʪʨʦʯʝʥʥʷ ʧʦ ʢʨʝʜʠʪʫ ʜʣʷ ʧʦʟʠʯʘʣʴʥʠʢʘ 

ʚʽʢʦʤ 25 ʨʦʢʽʚ ʽ ʩʪʘʞʝʤ ʨʦʙʦʪʠ ʤʝʥʰʝ 5-ʭ ʤʽʩʷʮʽʚ. 

 

2.1.4. ʉʭʦʚʠʱʘ ʜʘʥʠʭ ʜʣʷ ʙʽʟʥʝʩ-ʘʥʘʣʽʪʠʢʠ 

ɿ ʨʦʟʚʠʪʢʦʤ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʪʝʭʥʦʣʦʛʽʡ ʚ ʙʽʟʥʝʩʽ ʟôʷʚʠʣʘʩʴ ʥʝʦʙʭʽʜʥʽʩʪʴ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ 

ʥʘʢʦʧʠʯʝʥʫ ʽʥʬʦʨʤʘʮʽʶ ʜʣʷ ʧʨʠʡʥʷʪʪʷ ʫʧʨʘʚʣʽʥʩɹʢʠʭ ʨʽʰʝʥʴ. ɼʣʷ ʧʽʜʪʨʠʤʢʠ ʙʽʟʥʝʩʫ ʙʫʣʦ 

ʨʦʟʨʦʙʣʝʥʦ ʙʘʛʘʪʦ ʨʽʟʥʦʤʘʥʽʪʥʠʭ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʩʠʩʪʝʤ ʷʢʽ ʘʚʪʦʤʘʪʠʟʫʚʘʣʠ ʪʫ ʯʠ ʽʥʰʫ ʩʬʝʨʫ 
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ʜʽʷʣʴʥʦʩʪʽ. ʎʷ ʨʽʟʥʦʤʘʥʽʪʥʽʩʪʴ ʥʝ ʜʘʚʘʣʘ ʟʤʦʛʠ ʦʪʨʠʤʘʪʠ ʟʘʛʘʣʴʥʫ ʢʘʨʪʠʥʫ, ʢʦʥʩʦʣʽʜʫʚʘʪʠ ʜʘʥʽ. 

ʋ ʟʚôʷʟʢʫ ʟ ʮʠʤ ʫ 1992 ʨʦʮʽ ʙʫʣʦ ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʢʦʥʮʝʧʮʽʶ ʩʭʦʚʠʱ ʜʘʥʠʭ. 

ʉʭʦʚʠʱʘ ʜʘʥʠʭ ï ʮʝ ʩʧʝʮʽʘʣʽʟʦʚʘʥʽ ʩʠʩʪʝʤʠ ʢʝʨʫʚʘʥʥʷ ʜʘʥʠʤʠ, ʷʢʽ ʟʘʙʝʟʧʝʯʫʶʪʴ 

ʧʽʜʪʨʠʤʢʫ ʙʽʟʥʝʩ-ʘʥʘʣʽʪʠʢʠ. ʉʭʦʚʠʱʘ ʜʘʥʠʭ ʟʙʝʨʽʛʘʶʪʴ ʧʦʪʦʯʥʽ ʪʘ ʽʩʪʦʨʠʯʥʽ ʜʘʥʽ ʚ ʦʜʥʦʤʫ ʤʽʩʮʽ 

ʪʘ ʚʠʩʪʫʧʘʶʪʴ ʻʜʠʥʠʤ ʜʞʝʨʝʣʦʤ ʽʥʬʦʨʤʘʮʽʾ ʜʣʷ ʦʨʛʘʥʽʟʘʮʽʾ.  

ʄʽʞ ʩʭʦʚʠʱʘʤʠ ʜʘʥʠʭ ʪʘ ʙʘʟʘʤʠ ʜʘʥʠʭ ʽʩʥʫʶʪʴ ʥʘʩʪʫʧʥʽ ʚʽʜʤʽʥʥʦʩʪʽ: 

- ʪʠʧʠ ʟʙʝʨʝʞʝʥʠʭ ʜʘʥʠʭ. ɺ ʘʚʪʦʥʦʤʥʠʭ ɹɼ ʟʙʝʨʽʛʘʻʪʴʩʷ ʦʧʝʨʘʪʠʚʥʘ ʽʥʬʦʨʤʘʮʽʷ 

ʚʽʜʜʽʣʽʚ ʢʦʤʧʘʥʽʾ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʩʬʝʨʠ ʜʽʷʣʴʥʦʩʪʽ. ʉʭʦʚʠʱʝ ʜʘʥʠʭ ʤʽʩʪʠʪʴ ʽʥʬʦʨʤʘʮʽʶ ʽʟ ʨʽʟʥʠʭ 

ʧʽʜʨʦʟʜʽʣʽʚ ʢʦʤʧʘʥʽʾ; 

- ʦʙôʻʤʠ ʜʘʥʠʭ. ʋ ʟʚʠʯʘʡʥʠʭ ʙʘʟʘʭ ʜʘʥʠʭ ʤʽʩʪʠʪʴʩʷ ʽʥʬʦʨʤʘʮʽʷ ʷʢʦʶ ʢʦʨʠʩʪʫʶʪʴʩʷ ʚ 

ʧʦʪʦʯʥʠʡ ʤʦʤʝʥʪ ʯʘʩʫ, ʘ ʩʭʦʚʠʱʘ ʜʘʥʠʭ ʤʽʩʪʷʪʴ ʘʛʨʝʛʦʚʘʥʽ ʜʘʥʽ ʪʘ ʽʩʪʦʨʠʯʥʫ ʽʥʬʦʨʤʘʮʽʶ. ʎʷ 

ʽʥʬʦʨʤʘʮʽʷ ʥʝʦʙʭʽʜʥʘ ʜʣʷ ʘʥʘʣʽʟʫ, ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʧʨʠ ʚʠʨʽʰʝʥʥʽ ʫʧʨʘʚʣʽʥʩɹʢʠʭ ʨʽʰʝʥʴ; 

- ʤʽʩʮʝ ʚ ʨʦʙʦʯʠʭ ʧʨʦʮʝʩʘʭ. ɺ ʢʦʤʧʘʥʽʷʭ ʦʩʥʦʚʥʘ ʽʥʬʦʨʤʘʮʽʷ ʩʧʦʯʘʪʢʫ ʧʦʩʪʫʧʘʻ ʚ 

ʟʚʠʯʘʡʥʽ ʙʘʟʠ ʜʘʥʠʭ, ʘ ʧʦʪʽʤ ʽʥʬʦʨʤʘʮʽʷ ʟʘʚʘʥʪʘʞʫʻʪʴʩʷ ʚ ʩʭʦʚʠʱʘ ʜʘʥʠʭ. 

ʂʣʶʯʦʚʠʤʠ ʢʦʤʧʦʥʝʥʪʘʤʠ ʪʠʧʦʚʦʛʦ ʩʭʦʚʠʱʘ ʜʘʥʠʭ ʻ ʯʦʪʠʨʠ ʩʢʣʘʜʦʚʠʭ (ʨʠʩʫʥʦʢ 2.1):  

- ʮʝʥʪʨʘʣʴʥʘ ʙʘʟʘ ʜʘʥʠʭ; 

- ETL-ʟʘʩʦʙʠ; 

- ʤʝʪʘʜʘʥʽ; 

- ʟʘʩʦʙʠ ʜʦʩʪʫʧʫ. 

 
ʈʠʩ. 2.1. ʂʦʤʧʦʥʝʥʪʠ ʪʠʧʦʚʦʛʦ ʩʭʦʚʠʱʘ ʜʘʥʠʭ 

 

ʊʨʘʜʠʮʽʡʥʦ ʘʨʭʽʪʝʢʪʫʨʘ ʩʭʦʚʠʱʘ ʜʘʥʠʭ ʩʢʣʘʜʘʻʪʴʩʷ ʽʟ ʪʨʴʦʭ ʨʽʚʥʽʚ: 

- ʥʘ ʥʠʞʥʴʦʤʫ ʨʽʚʥʽ ʜʘʥʠʭ ʨʦʟʤʽʱʫʶʪʴʩʷ çʩʠʨʽè ʜʘʥʽ; 

- ʩʝʨʝʜʥʽʡ ʨʽʚʝʥʴ ʤʽʩʪʠʪʴ ʩʝʨʚʝʨ ʩʭʦʚʠʱʘ ʜʘʥʠʭ; 

- ʚʝʨʭʥʽʡ ʨʽʚʝʥʴ ʤʽʩʪʠʪʴ ʟʘʩʦʙʠ ʘʥʘʣʽʪʠʢʠ. 

ɺʠʜʽʣʷʶʪʴ ʪʨʠ ʦʩʥʦʚʥʠʭ ʪʠʧʠ ʩʭʦʚʠʱ ʜʘʥʠʭ: 

- Enterprise data warehouses (EDW); 

- ʆperational data stores (ODS); 

- Data marts. 

ʇʨʠʥʮʠʧʠ ʧʦʙʫʜʦʚʠ ʩʭʦʚʠʱʘ ʜʘʥʠʭ: 

- ʚʽʜʦʙʨʘʞʝʥʥʷ ʚʠʭʽʜʥʠʭ ʜʘʥʠʭ. ʉʭʦʚʠʱʝ ʜʘʥʠʭ ʦʪʨʠʤʫʻ ʽʥʬʦʨʤʘʮʽʶ ʽʟ ʨʽʟʥʦʤʘʥʽʪʥʠʭ 

ʜʞʝʨʝʣ ʜʘʥʠʭ; 

- ʽʥʪʝʛʨʦʚʘʥʽʩʪʴ; 

- ʟʙʝʨʽʛʘʥʥʷ ʩʪʨʫʢʪʫʨʦʚʘʥʠʭ ʜʘʥʠʭ; 

- ʽʩʪʦʨʠʯʥʽʩʪʴ; 

- ʥʝʟʤʽʥʥʽʩʪʴ. ɼʣʷ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʥʝʦʙʭʽʜʥʘ ʚʝʣʠʢʘ ʢʽʣʴʢʽʩʪʴ ʨʝʣʝʚʘʥʪʥʦʾ ʽʥʬʦʨʤʘʮʽʾ. 

ʊʦʤʫ ʜʘʥʽ, ʱʦ ʤʽʩʪʷʪʴʩʷ ʫ ʩʭʦʚʠʱʽ, ʥʝ ʧʨʠʟʥʘʯʝʥʽ ʜʣʷ ʚʠʜʘʣʝʥʥʷ. 
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ʎʝʥʪʨʘʣʴʥʘ ʙʘʟʘ ʜʘʥʠʭ ʻ ʦʩʥʦʚʦʶ ʩʭʦʚʠʱʘ ʜʘʥʠʭ.  

ʄʝʪʘʜʘʥʽ ï ʮʝ ʜʘʥʽ ʧʨʦ ʜʘʥʽ, ʪʦʙʪʦ ʦʧʠʩ ʜʘʥʠʭ, ʷʢʽ ʟʙʝʨʽʛʘʶʪʴʩʷ ʚ ʮʝʥʪʨʘʣʴʥʽʡ ʙʘʟʽ ʜʘʥʠʭ. 

ɿʘʩʦʙʠ ʜʦʩʪʫʧʫ ʜʦʟʚʦʣʷʶʪʴ ʢʦʨʠʩʪʫʚʘʯʘʤ ʚʟʘʻʤʦʜʽʷʪʠ ʽʟ ʜʘʥʠʤʠ ʫ ʩʭʦʚʠʱʽ. ɼʦ ʪʘʢʠʭ 

ʟʘʩʦʙʽʚ ʚʽʜʥʦʩʷʪʴ ʽʥʩʪʨʫʤʝʥʪʠ ʟʘʧʠʪʽʚ ʽ ʟʚʽʪʽʚ, ʽʥʩʪʨʫʤʝʥʪʠ ʽʥʪʝʣʝʢʪʫʘʣʴʥʦʛʦ ʘʥʘʣʽʟʫ ʜʘʥʠʭ ʽ 

OLAP, ̔ ʥʩʪʨʫʤʝʥʪʠ ʨʦʟʨʦʙʢʠ ʧʨʦʛʨʘʤ. 

ETL-ʟʘʩʦʙʠ ʧʨʠʟʥʘʯʝʥʽ ʜʣʷ ʚʠʣʫʯʝʥʥʷ, ʧʝʨʝʪʚʦʨʝʥʥʷ ʪʘ ʟʘʚʘʥʪʘʞʝʥʥʷ ʜʘʥʠʭ ʫ ʩʭʦʚʠʱʝ. 

ɼʣʷ ʝʬʝʢʪʠʚʥʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʜʘʥʠʭ ʚ ʘʥʘʣʽʪʠʯʥʠʭ ʟʘʜʘʯʘʭ ʥʝʦʙʭʽʜʥʦ ʟʘʚʘʥʪʘʞʫʚʘʪʠ ʜʘʥʽ 

ʫ ʩʭʦʚʠʱʘ, ʷʢʽ ʤʘʶʪʴ ʩʧʝʮʽʘʣʴʥʽ ʩʪʨʫʢʪʫʨʠ.  

ʆʜʥʽʻʶ ʟ ʪʘʢʠʭ ʩʪʨʫʢʪʫʨ ʻ ʩʭʝʤʘ çɿʽʨʢʘè, ʟʘʧʨʦʧʦʥʦʚʘʥʘ ʈʘʣʴʬʦʤ ʂʽʤʙʘʣʣʦʤ. ʉʭʝʤʘ 

ʩʢʣʘʜʘʻʪʴʩʷ ʽʟ ʪʘʙʣʠʮʴ ʚʠʤʽʨʽʚ, ʱʦ ʟʙʝʨʽʛʘʶʪʴʩʷ ʚ ʪʨʝʪʽʡ ʥʦʨʤʘʣʴʥʽʡ ʬʦʨʤʽ. ɺ ʮʝʥʪʨʽ ʩʭʝʤʠ 

ʨʦʟʤʽʱʫʻʪʴʩʷ ʪʘʙʣʠʮʷ ʬʘʢʪʽʚ (ʨʠʩʫʥʦʢ 2.2). 

 
ʈʠʩ. 2.2. ʉʭʝʤʘ çɿʽʨʢʘè 

 

ɯʥʰʦʶ ʧʦʧʫʣʷʨʥʦʶ ʩʭʝʤʦʶ ʩʭʦʚʠʱ ʜʘʥʠʭ ʻ ʩʭʝʤʘ çʉʥʽʞʠʥʢʘè (ʨʠʩʫʥʦʢ 2.3). ʋ ʮʽʡ ʩʭʝʤʽ 

ʜʝʷʢʽ  ʚʠʤʽʨʠ ʥʦʨʤʘʣʽʟʦʚʘʥʽ, ʱʦ ʧʨʠʚʦʜʠʪʴ ʜʦ ʨʦʟʙʠʪʪʷ ʜʘʥʠʭ ʥʘ ʜʦʜʘʪʢʦʚʽ ʪʘʙʣʠʮʽ. ʇʝʨʝʚʘʛʦʶ 

ʩʭʝʤʠ çʉʥʽʞʠʥʢʘè ʻ ʤʦʞʣʠʚʽʩʪʴ ʤʘʪʠ ʪʘʙʣʠʮʽ ʬʘʢʪʽʚ ʽʟ ʨʽʟʥʠʤ ʨʽʚʥʝʤ ʜʝʪʘʣʽʟʘʮʽʾ. 

ʎʽ ʜʚʽ ʩʭʝʤʠ ʚʽʜʨʽʟʥʷʶʪʴʩʷ ʟʚôʷʟʢʘʤʠ ʪʘʙʣʠʮʴ ʬʘʢʪʽʚ ʪʘ ʪʘʙʣʠʮʴ ʚʠʤʽʨʽʚ. ʇʨʠ ʩʪʚʦʨʝʥʥʽ 

ʩʭʦʚʠʱ ʜʘʥʠʭ ʥʘ ʦʩʥʦʚʽ ʨʝʣʷʮʽʡʥʠʭ ʙʘʟ ʜʘʥʠʭ ʧʨʦʚʦʜʷʪʴ ʜʝʥʦʨʤʘʣʽʟʘʮʽʶ ʜʘʥʠʭ. 

ɺ ʜʝʷʢʠʭ ʘʥʘʣʽʪʠʯʥʠʭ ʩʠʩʪʝʤʘʭ ʜʦʮʽʣʴʥʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʩʭʝʤʫ ʩʭʦʚʠʱ ʜʘʥʠʭ ʽʟ 

ʜʝʢʽʣʴʢʦʤʘ ʪʘʙʣʠʮʷʤʠ ʬʘʢʪʽʚ. ʎʷ ʩʭʝʤʘ ʥʘʟʠʚʘʻʪʴʩʷ çʉʫʟʽʨôʷ ʬʘʢʪʽʚè ʘʙʦ ʩʭʝʤʘ ʛʘʣʘʢʪʠʢʠ. 

ʋ 1991 ʨʦʮʽ ʘʥʘʣʽʪʠʯʥʦʶ ʢʦʤʧʘʥʽʻʶ Forrester Research ʙʫʣʦ ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʢʦʥʮʝʧʮʽʶ 

ʚʽʪʨʠʥ ʜʘʥʠʭ (Data Mart). ɯʜʝʷ ʚʽʪʨʠʥ ʜʘʥʠʭ ʧʦʣʷʛʘʻ ʚ ʪʦʤʫ, ʱʦ ʩʭʦʚʠʱʝ ʜʘʥʠʭ ʚʠʟʥʘʯʘʻʪʴʩʷ ʷʢ 

ʥʘʙʽʨ ʩʧʝʮʽʘʣʽʟʦʚʘʥʠʭ ʙʘʟ ʜʘʥʠʭ, ʱʦ ʤʽʩʪʷʪʴ ʚʽʜʦʤʦʩʪʽ ʷʢʽ ʻ ʩʧʝʮʠʬʽʯʥʠʤʠ ʜʣʷ ʚʠʟʥʘʯʝʥʠʭ 

ʥʘʧʨʷʤʢʽʚ ʜʽʷʣʴʥʦʩʪʽ ʢʦʨʧʦʨʘʮʽʾ. 
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ʈʠʩ. 2.3. ʉʭʝʤʘ çʉʥʽʞʠʥʢʘè 

 

ʅʘ ʨʠʩʫʥʢʫ 2.4 ʧʦʢʘʟʘʥʘ ʩʭʝʤʘ ʪʨʠʨʽʚʥʝʚʦʛʦ ʩʭʦʚʠʱʘ ʜʘʥʠʭ. ʗʢʱʦ ʜʘʥʠʭ ʫ ʚʽʪʨʠʥʽ 

ʥʝʜʦʩʪʘʪʥʴʦ, ʪʦ ʢʦʨʠʩʪʫʚʘʯʽ ʤʦʞʫʪʴ ʟʚʝʨʥʫʪʠʩʷ ʜʦ ʜʝʪʘʣʴʥʠʭ ʜʘʥʠʭ ʩʭʦʚʠʱʘ. 

 
ʈʠʩ. 2.4. ʉʭʦʚʠʱʝ ʜʘʥʠʭ ʟ ʚʽʪʨʠʥʘʤʠ ʜʘʥʠʭ 

 

ɿʘʚʘʥʪʘʞʝʥʥʷ ʜʘʥʠʭ ʚ ʩʭʦʚʠʱʝ ï ETL -ʧʨʦʮʝʩ 

ʋ ʩʫʯʘʩʥʠʭ ʢʦʤʧʘʥʽʷʭ ʜʘʥʽ ʟʘʟʚʠʯʘʡ ʟʙʝʨʽʛʘʶʪʴʩʷ ʚ ʨʽʟʥʠʭ ʤʽʩʮʷʭ: 

- ʙʘʟʠ ʜʘʥʠʭ; 

- ʬʘʡʣʠ Excel ʯʠ Google-ʪʘʙʣʠʮʽ; 

- CRʄ-ʩʠʩʪʝʤʠ; 

- ʧʦʰʪʘ; 

- ʩʦʮʽʘʣʴʥʽ ʤʝʨʝʞʽ ʪʘ ʽʥʰʝ. 
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ɼʘʥʠʭ ʩʪʘʻ ʜʫʞʝ ʙʘʛʘʪʦ ʽ ʚʦʥʠ ʟʥʘʭʦʜʷʪʴʩʷ ʚ ʨʽʟʥʠʭ ʤʽʩʮʷʭ. ʎʝ ʻ ʧʨʦʙʣʝʤʦʶ ʜʣʷ ʘʥʘʣʽʪʠʢʽʚ, 

ʦʩʢʽʣʴʢʠ ʘʥʘʣʽʪʠʯʥʽ ʟʘʧʠʪʠ ʧʨʘʮʶʶʪʴ ʜʫʞʝ ʜʦʚʛʦ. ʊʦʤʫ ʜʣʷ ʢʦʥʩʦʣʽʜʘʮʽʾ ʜʘʥʠʭ ʥʝʦʙʭʽʜʥʦ 

ʚʠʢʦʨʠʩʪʘʪʠ ʽʥʩʪʨʫʤʝʥʪʠ ʷʢʽ ʙʫʜʫʪʴ ʦʪʨʠʤʫʚʘʪʠ ʜʘʥʽ ʟ ʨʽʟʥʠʭ ʜʞʝʨʝʣ, ʧʝʨʝʪʚʦʨʶʚʘʪʠ ʾʭ ʜʦ 

ʻʜʠʥʦʛʦ ʬʦʨʤʘʪʫ, ʽ ʟʘʚʘʥʪʘʞʫʚʘʪʠ ʚ ʻʜʠʥʝ ʩʭʦʚʠʱʝ ʜʘʥʠʭ. ʊʘʢʠʡ ʧʨʦʮʝʩ ʧʝʨʝʥʦʩʫ ʜʘʥʠʭ 

ʥʘʟʠʚʘʻʪʴʩʷ ETL-ʧʨʦʮʝʩʦʤ, ʘ ʚʽʜʧʦʚʽʜʥʽ ʧʨʦʛʨʘʤʥʽ ʟʘʩʦʙʠ ï ETL-ʩʠʩʪʝʤʘʤʠ.  

ETL (ʘʥʛʣ. Extract, Transform, Load ï ʜʦʩʣʽʚʥʦ çʚʠʜʦʙʫʚʘʥʥʷ, ʧʝʨʝʪʚʦʨʝʥʥʷ, 

ʟʘʚʘʥʪʘʞʝʥʥʷè) ï ʮʝ ʦʜʠʥ ʽʟ ʦʩʥʦʚʥʠʭ ʧʨʦʮʝʩʽʚ ʫ ʢʝʨʫʚʘʥʥʽ ʩʭʦʚʠʱʘʤʠ ʜʘʥʠʭ, ʱʦ ʚʢʣʶʯʘʻ ʚ ʩʝʙʝ 

[59]: 

- Extract ï ʚʠʜʦʙʫʚʘʥʥʷ ʟʘʧʠʩʽʚ ʽʟ ʜʞʝʨʝʣʘ ʜʘʥʠʭ ʽ ʧʽʜʛʦʪʦʚʢʘ ʦʪʨʠʤʘʥʦʾ ʽʥʬʦʨʤʘʮʽʾ ʜʦ 

ʧʨʦʮʝʩʫ ʧʝʨʝʪʚʦʨʝʥʥʷ; 

- Transform ï ʧʽʜʛʦʪʦʚʢʘ ʜʘʥʠʭ ʜʦ ʨʦʟʤʽʱʝʥʥʷ ʚ ʩʭʦʚʠʱʽ ʜʘʥʠʭ ʽ ʧʨʠʚʝʜʝʥʥʷ ʾʭ ʜʦ 

ʬʦʨʤʘʪʫ, ʱʦ ʻ ʥʘʡʙʽʣʴʰ ʟʨʫʯʥʠʤ ʜʣʷ ʥʘʩʪʫʧʥʦʛʦ ʘʥʘʣʽʟʫ; 

- Load ï ʟʘʚʘʥʪʘʞʝʥʥʷ ʜʘʥʠʭ ʚ ʩʭʦʚʠʱʝ. 

ʅʘ ʧʝʨʰʦʤʫ ʝʪʘʧʽ ETL-ʧʨʦʮʝʩʫ ʚʠʟʥʘʯʘʶʪʴʩʷ ʜʞʝʨʝʣʘ ʜʘʥʠʭ ʚ ʷʢʠʭ ʟʙʝʨʽʛʘʶʪʴʩʷ ʜʘʥʽ. 

ʊʘʢʠʤʠ ʜʞʝʨʝʣʘʤʠ ʤʦʞʫʪʴ ʙʫʪʠ ʢʦʨʧʦʨʘʪʠʚʥʽ ʽʥʬʦʨʤʘʮʽʡʥʽ ʩʠʩʪʝʤʠ ʪʘ ʣʦʢʘʣʴʥʽ ʢʦʤʧôʶʪʝʨʠ 

ʢʦʨʠʩʪʫʚʘʯʽʚ. ʇʦʪʽʤ ʚʠʟʥʘʯʘʶʪʴʩʷ ʜʘʥʽ ʷʢʽ ʥʝʦʙʭʽʜʥʦ ʟʘʚʘʥʪʘʞʫʚʘʪʠ ʫ ʩʭʦʚʠʱʝ ʜʘʥʠʭ.  

ʋ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʪʠʧʫ ʜʞʝʨʝʣʘ ʜʘʥʠʭ ʧʨʦʮʝʩ ʚʠʜʦʙʫʚʘʥʥʷ ʜʘʥʠʭ ʩʫʪʪʻʚʦ ʚʽʜʨʽʟʥʷʻʪʴʩʷ.  

ʈʦʟʨʽʟʥʷʶʪʴ ʪʨʠ ʪʠʧʠ ʜʞʝʨʝʣ ʜʘʥʠʭ: 

1) ʙʘʟʠ ʜʘʥʠʭ; 

2) ʩʪʨʫʢʪʫʨʦʚʘʥʽ ʬʘʡʣʠ; 

3) ʥʝʩʪʨʫʢʪʫʨʦʚʘʥʽ ʜʞʝʨʝʣʘ. 

ʊʘʢʦʞ ʘʥʘʣʽʪʠʢʘʤ ʥʝʦʙʭʽʜʥʦ ʟʚʝʨʥʫʪʠ ʫʚʘʛʫ ʥʘ ʧʨʦʙʣʝʤʫ ʥʘʷʚʥʦʩʪʽ çʙʨʫʜʥʠʭè ʜʘʥʠʭ. ɼʣʷ 

ʧʽʜʚʠʱʝʥʥʷ ʷʢʦʩʪʽ ʜʘʥʠʭ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʤʝʪʦʜʠ ʦʯʠʱʝʥʥʷ ʜʘʥʠʭ.  

ʅʘ ʝʪʘʧʽ ʧʝʨʝʪʚʦʨʝʥʥʷ ʜʘʥʠʭ ʚ ETL-ʧʨʦʮʝʩʽ ʥʘʡʯʘʩʪʽʰʝ ʚʠʢʦʥʫʶʪʴʩʷ ʥʘʩʪʫʧʥʽ ʦʧʝʨʘʮʽʾ: 

- ʧʝʨʝʪʚʦʨʝʥʥʷ ʩʪʨʫʢʪʫʨʠ ʜʘʥʠʭ; 

- ʘʛʨʝʛʫʚʘʥʥʷ ʜʘʥʠʭ; 

- ʧʝʨʝʚʽʜ ʟʥʘʯʝʥʴ; 

- ʩʪʚʦʨʝʥʥʷ ʥʦʚʠʭ ʜʘʥʠʭ; 

- ʦʯʠʱʝʥʥʷ ʜʘʥʠʭ. 

ʅʘ ʦʩʪʘʥʥʴʦʤʫ ʝʪʘʧʽ ETL-ʧʨʦʮʝʩʫ ʟʜʽʡʩʥʶʻʪʴʩʷ ʧʝʨʝʥʦʩ ʜʘʥʠʭ ʽʟ ʧʨʦʤʽʞʥʠʭ ʪʘʙʣʠʮʴ ʚ 

ʩʪʨʫʢʪʫʨʠ ʩʭʦʚʠʱʘ ʜʘʥʠʭ (ʨʠʩʫʥʦʢ 2.5).  

 
ʈʠʩ. 2.5. ETL-ʧʨʦʮʝʩ 

 

ʉʭʦʞʠʤ ʧʨʦʮʝʩʦʤ ʧʦ ʧʝʨʝʥʝʩʝʥʥʶ ʜʘʥʠʭ ʻ ʤʽʛʨʘʮʽʷ ʜʘʥʠʭ (Data Migration). ʄʽʛʨʘʮʽʷ 

ʜʘʥʠʭ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʜʣʷ ʩʫʪʦ ʪʝʭʥʽʯʥʠʭ ʟʘʜʘʯ, ʪʘʢʠʭ ʷʢ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʙʘʟʠ ʜʘʥʠʭ, ʨʝʟʝʨʚʥʝ 
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ʢʦʧʽʶʚʘʥʥʷ, ʨʝʧʣʽʢʘʮʽʷ ʽʩʥʫʶʯʠʭ ʜʘʥʠʭ. ʇʨʠ ʮʴʦʤʫ ʜʘʥʽ ʧʝʨʝʥʦʩʷʪʴʩʷ ʪʘʢ ʷʢ ʻ, ʙʝʟ ʟʤʽʥ. ʅʘ 

ʚʽʜʤʽʥʫ ʚʽʜ ʤʽʛʨʘʮʽʾ ʜʘʥʠʭ ʫ ETL-ʧʨʦʮʝʩʽ ʚʽʜʙʫʚʘʻʪʴʩʷ ʪʨʘʥʩʬʦʨʤʘʮʽʷ. 

SQL Server Integration Services ï ʮʝ ʽʥʩʪʨʫʤʝʥʪ, ʷʢʠʡ ʜʦʟʚʦʣʷʻ ʦʨʛʘʥʽʟʫʚʘʪʠ ETL-ʧʨʦʮʝʩ ʚ 

ʨʘʤʢʘʭ SQL Server. Integration Services ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʜʣʷ ʘʚʪʦʤʘʪʠʟʘʮʽʾ ʟʘʜʘʯ ʧʦ ʧʽʜʛʦʪʦʚʮʽ, 

ʨʦʟʜʽʣʝʥʥʶ ʜʘʥʠʭ ʽ ʾʭ ʦʙôʻʜʥʘʥʥʶ. 

ʂʦʤʧʦʥʝʥʪʠ SSIS-ʧʘʢʝʪʫ:  

- ʧʦʪʽʢ ʢʝʨʫʚʘʥʥʷ; 

- ʧʦʪʽʢ ʜʘʥʠʭ; 

- ʦʙʨʦʙʥʠʢʠ ʧʦʜʽʡ; 

- ʧʘʨʘʤʝʪʨʠ; 

- ʢʦʥʪʝʡʥʝʨʠ; 

- ʟʘʜʘʯʽ. 

ʇʦʪʽʢ ʢʝʨʫʚʘʥʥʷ ʩʢʣʘʜʘʻʪʴʩʷ ʽʟ ʟʘʜʘʯ ʪʘ ʢʦʥʪʝʡʥʝʨʽʚ. 

 

ʄʦʚʘ ʟʘʧʠʪʽʚ MDX 

ʅʘ ʚʽʜʤʽʥʫ ʚʽʜ ʤʦʚʠ SQL ʷʢʘ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʜʣʷ ʩʪʚʦʨʝʥʥʷ ʟʘʧʠʪʽʚ ʜʦ ʨʝʣʷʮʽʡʥʠʭ ʙʘʟ 

ʜʘʥʠʭ, ʤʦʚʘ MDX ʜʦʟʚʦʣʷʻ ʩʪʚʦʨʶʚʘʪʠ ʟʘʧʠʪʠ ʜʦ ʙʘʛʘʪʦʚʠʤʽʨʥʠʭ ʙʘʟ ʜʘʥʠʭ ʚ ʷʢʠʭ ʽʥʬʦʨʤʘʮʽʷ 

ʤʽʩʪʠʪʴʩʷ ʚ OLAP-ʢʫʙʘʭ ʽ ʚʠʤʽʨʘʭ. 

ɺʠʙʽʨʢʘ ʚ MDX. ʊʠʧʦʚʘ ʽʥʩʪʨʫʢʮʽʷ SELECT ʤʦʚʠ MDX ʤʽʩʪʠʪʴ ʢʣʶʯʦʚʽ ʩʣʦʚʘ SELECT, 

FROM ʪʘ ʥʝʦʙʦʚôʷʟʢʦʚʫ ʫʤʦʚʫ WHERE. ʅʘ ʚʽʜʤʽʥʫ ʚʽʜ SQL ʚʠʙʠʨʘʶʪʴʩʷ ʥʝ ʩʪʦʚʧʮʽ ʽʟ ʪʘʙʣʠʮʽ, ʘ 

ʚʠʤʽʨʠ ʽʟ ʢʫʙʫ. ʉʠʥʪʘʢʩʠʩ ʪʠʧʦʚʦʛʦ MDX-ʟʘʧʠʪʫ ʥʘʚʝʜʝʥʦ ʥʘ ʨʠʩʫʥʢʫ 2.6. 

 
ʈʠʩ. 2.6. ʇʨʠʢʣʘʜ MDX-ʟʘʧʠʪʫ 

 

ɺʠʤʽʨʠ ʙʘʛʘʪʦʤʽʨʥʦʛʦ ʢʫʙʘ ʱʝ ʥʘʟʠʚʘʶʪʴ ʦʩʷʤʠ. ɺ ʟʘʧʠʪʘʭ ʤʦʞʫʪʴ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠʩʷ ʥʝ 

ʪʽʣʴʢʠ ʥʘʟʚʠ ʦʩʝʡ, ʘ ʪʘʢʦʞ ʾʭ ʧʩʝʚʜʦʥʽʤʠ. ʇʩʝʚʜʦʥʽʤʠ ʟʘʜʘʶʪʴʩʷ ʜʣʷ ʧʝʨʰʠʭ ʧôʷʪʠ ʦʩʝʡ, ʷʢ 

ʧʨʝʜʩʪʘʚʣʝʥʦ ʫ ʪʘʙʣʠʮʽ 2.1. 

ʋ SELECT-ʟʘʧʠʪʽ ʤʦʚʠ MDX ʤʦʞʝ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠʩʴ ʜʦ 128 ʦʩʝʡ. 

 

ʊʘʙʣʠʮʷ 2.1. ʇʝʨʰʽ ʧôʷʪʴ ʦʩʝʡ 

 ̄ ʅʘʟʚʘ ʦʩʽ ʇʦʷʩʥʝʥʥʷ 

0 COLUMNS ʉʪʦʚʧʮʽ (ʢʦʣʦʥʢʠ) 

1 ROWS ʈʷʜʢʠ 

2 PAGES ʉʪʦʨʽʥʢʠ 

3 SECTIONS ʈʦʟʜʽʣʠ 

4 CHAPTERS ɻʣʘʚʠ 

 

MDX-ʚʠʨʘʟʠ ï ʮʝ ̔ʥʩʪʨʫʢʮʽʾ ʤʦʚʠ MDX, ʷʢʽ ʦʙʯʠʩʣʶʶʪʴ ʚʠʟʥʘʯʝʥʽ ʟʥʘʯʝʥʥʷ. 
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ʆʧʝʨʘʪʦʨʠ MDX ʚʠʢʦʥʫʶʪʴ ʩʧʝʮʠʬʽʯʥʫ ʜʽʶ ʪʘ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʘʨʛʫʤʝʥʪʠ, ʪʦʙʪʦ ʚʦʥʠ ʻ 

ʬʫʥʢʮʽʷʤʠ. ɺ ʤʦʚʽ MDX ʻ ʜʝʢʽʣʴʢʘ ʪʠʧʽʚ ʦʧʝʨʘʪʦʨʽʚ: ʘʨʠʬʤʝʪʠʯʥʽ, ʣʦʛʽʯʥʽ, ʧʦʨʽʚʥʷʥʥʷ, 

ʦʧʝʨʘʪʦʨʠ ʥʘʙʦʨʽʚ ʪʘ ʩʧʝʮʽʘʣʴʥʽ. 

ɼʦ ʩʧʝʮʽʘʣʴʥʠʭ ʦʧʝʨʘʪʦʨʽʚ ʤʦʚʠ MDX ʥʘʣʝʞʘʪʴ ʬʽʛʫʨʥʽ ʜʫʞʢʠ, ʢʦʤʠ ʪʘ ʜʚʦʢʨʘʧʢʠ. 

ʌʫʥʢʮʽʾ ʤʦʚʠ MDX ʧʦʜʽʣʷʶʪʴʩʷ ʥʘ ʜʝʢʽʣʴʢʘ ʛʨʫʧ: 

- ʬʫʥʢʮʽʾ ʥʘʙʦʨʫ; 

- ʬʫʥʢʮʽʾ ʯʣʝʥʫ ʚʠʤʽʨʫ; 

- ʩʪʨʦʢʦʚʽ ʬʫʥʢʮʽʾ; 

- ʯʠʩʣʦʚʽ ʬʫʥʢʮʽʾ; 

- ʬʫʥʢʮʽʾ ʚʠʤʽʨʫ, ʨʽʚʥʷ, ʽʻʨʘʨʭʽʾ; 

- ʽʥʰʽ ʬʫʥʢʮʽʾ. 

 

ɿʘʩʽʙ SQL Server Analysis Services 

SQL Server Analysis Services ï ʮʝ ʯʘʩʪʠʥʘ SQL Server, ʱʦ ʟʘʙʝʟʧʝʯʫʻ ʽʥʪʝʨʘʢʪʠʚʥʫ 

ʘʥʘʣʽʪʠʯʥʫ ʦʙʨʦʙʢʫ (OLAP) ʽ ʬʫʥʢʮʽʾ ʽʥʪʝʣʝʢʪʫʘʣʴʥʦʛʦ ʘʥʘʣʽʟʫ ʜʘʥʠʭ ʚ ʩʭʦʚʠʱʘʭ ʜʘʥʠʭ ʜʣʷ ʟʘʜʘʯ 

ʙʽʟʥʝʩ-ʘʥʘʣʽʪʠʢʠ. 

ɼʣʷ ʨʦʟʨʦʙʢʠ ʧʨʦʢ̒ʪʽʚ Analysis Services ʫ ʦʩʪʘʥʥʽʭ ʚʝʨʩʽʷʭ ʩʝʨʝʜʦʚʠʱʘ Visual Studio (2019, 

2022) ʥʝʦʙʭʽʜʥʦ ʚʠʢʦʨʠʩʪʘʪʠ ʨʦʟʰʠʨʝʥʥʷ Microsoft Analysis Services Project. 

ɼʣʷ ʨʦʟʛʦʨʥʫʪʦʛʦ ʧʨʦʢ̒ʪʫ Analysis Services ʤʦʞʝ ʙʫʪʠ ʚʠʢʦʨʠʩʪʘʥʝ ʩʝʨʝʜʦʚʠʱʝ SQL 

Server Management Studio (ʨʠʩʫʥʦʢ 2.7). 

 
ʈʠʩ. 2.7. ʉʝʨʚʝʨ ʘʥʘʣʽʟʫ ʜʘʥʠʭ 

 

ʇʨʦʻʢʪ (ʙʘʟʘ ʜʘʥʠʭ) ʚ Analysis Services ʩʢʣʘʜʘʻʪʴʩʷ ʽʟ ʜʞʝʨʝʣ ʜʘʥʠʭ, ʧʨʝʜʩʪʘʚʣʝʥʴ ʜʞʝʨʝʣ 

ʜʘʥʠʭ, ʢʫʙʽʚ, ʚʠʤʽʨʽʚ, ʩʪʨʫʢʪʫʨ ʽʥʪʝʣʝʢʪʫʘʣʴʥʦʛʦ ʘʥʘʣʽʟʫ ʜʘʥʠʭ, ʨʦʣʝʡ ʪʘ ʟʙʽʨʦʢ. 
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ɼʞʝʨʝʣʦ ʜʘʥʠʭ ʧʨʝʜʩʪʘʚʣʷʻʪʴʩʷ ʨʷʜʢʦʤ ʧʽʜʢʣʶʯʝʥʥʷ, ʷʢ ʧʨʘʚʠʣʦ, ʜʦ ʙʘʟʠ ʜʘʥʠʭ. ʇʨʠ 

ʩʪʚʦʨʝʥʥʽ ʜʞʝʨʝʣʘ ʜʘʥʠʭ ʚʠʙʠʨʘʶʪʴ ʧʦʩʪʘʯʘʣʴʥʠʢʘ ʜʘʥʠʭ, ʟʘʜʘʶʪʴ ʦʙʣʽʢʦʚʽ ʜʘʥʽ ʪʘ ʧʘʨʘʤʝʪʨʠ 

ʧʝʨʩʦʥʽʬʽʢʘʮʽʾ. 

ʇʨʝʜʩʪʘʚʣʝʥʥʷ ʜʞʝʨʝʣ ʜʘʥʠʭ ʻ ʘʙʩʪʨʘʢʮʽʶ ʨʝʣʷʮʽʡʥʦʛʦ ʜʞʝʨʝʣʘ ʜʘʥʠʭ, ʱʦ ʻ ʦʩʥʦʚʦʶ 

ʢʫʙʽʚ ʽ ʚʠʤʽʨʶʚʘʥʴ, ʩʪʚʦʨʶʚʘʥʠʭ ʫ ʙʘʛʘʪʦʚʠʤʽʨʥʦʤʫ ʧʨʦʢ̒ʪʽ. ʇʨʝʜʩʪʘʚʣʝʥʥʷ ʜʞʝʨʝʣʘ ʜʘʥʠʭ 

ʜʦʟʚʦʣʷʻ ʢʝʨʫʚʘʪʠ ʩʪʨʫʢʪʫʨʘʤʠ ʜʘʥʠʭ, ʱʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʚ ʧʨʦʢ̒ʪʽ, ʪʘ ʥʝʟʘʣʝʞʥʦ ʧʨʘʮʶʚʘʪʠ 

ʟ ʙʘʟʦʚʠʤʠ ʜʞʝʨʝʣʘʤʠ ʜʘʥʠʭ (ʥʘʧʨʠʢʣʘʜ, ʤʦʞʥʘ ʧʝʨʝʡʤʝʥʫʚʘʪʠ ʘʙʦ ʦʙôʻʜʥʘʪʠ ʩʪʦʚʧʮʽ ʙʝʟ 

ʙʝʟʧʦʩʝʨʝʜʥʴʦʾ ʟʤʽʥʠ ʚʠʭʽʜʥʦʛʦ ʜʞʝʨʝʣʘ ʜʘʥʠʭ). 

ʂʫʙ ʻ ʙʘʛʘʪʦʚʠʤʽʨʥʦʶ ʩʪʨʫʢʪʫʨʦʶ, ʱʦ ʤʽʩʪʠʪʴ ʚʽʜʦʤʦʩʪʽ ʜʣʷ ʘʥʘʣʽʟʫ. ɻʦʣʦʚʥʠʤʠ 

ʩʢʣʘʜʦʚʠʤʠ ʝʣʝʤʝʥʪʘʤʠ ʢʫʙʘ ʻ ʚʠʤʽʨʠ ʪʘ ʤʽʨʠ. ɺʠʤʽʨʠ ʚʠʟʥʘʯʘʶʪʴ ʩʪʨʫʢʪʫʨʫ ʢʫʙʘ, ʱʦ 

ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʜʣʷ ʟʨʽʟʽʚ ʜʘʥʠʭ, ʘ ʤʽʨʠ ʥʘʜʘʶʪʴ ʩʪʘʪʠʩʪʠʯʥʦ ʦʙʯʠʩʣʝʥʽ ʯʠʩʣʦʚʽ ʟʥʘʯʝʥʥʷ, ʱʦ 

ʩʪʘʥʦʚʣʷʪʴ ʽʥʪʝʨʝʩ ʜʣʷ ʢʽʥʮʝʚʦʛʦ ʢʦʨʠʩʪʫʚʘʯʘ. ʗʢ ʣʦʛʽʯʥʘ ʩʪʨʫʢʪʫʨʘ ʢʫʙ ʜʦʟʚʦʣʷʻ ʢʣʽʻʥʪʩʴʢʦʤʫ 

ʜʦʜʘʪʢʫ ʦʪʨʠʤʫʚʘʪʠ ʟʥʘʯʝʥʥʷ ʤʽʨ ʫ ʚʠʛʣʷʜʽ ʢʦʤʽʨʦʢ ʢʫʙʘ, ʚʠʟʥʘʯʝʥʠʭ ʜʣʷ ʚʩʽʭ ʤʦʞʣʠʚʠʭ 

ʩʫʤʘʨʥʠʭ ʟʥʘʯʝʥʴ. ʂʦʤʽʨʢʘ ʢʫʙʘ ʚʠʟʥʘʯʘʻʪʴʩʷ ʧʝʨʝʪʠʥʦʤ ʝʣʝʤʝʥʪʽʚ ʚʠʤʽʨʶʚʘʥʥʷ ʪʘ ʤʽʩʪʠʪʴ 

ʩʪʘʪʠʩʪʠʯʥʦ ʦʙʯʠʩʣʶʚʘʥʽ ʟʥʘʯʝʥʥʷ ʟʘʭʦʜʽʚ ʫ ʮʴʦʤʫ ʢʦʥʢʨʝʪʥʦʤʫ ʧʝʨʝʪʠʥʽ [60]. 

ɺʠʤʽʨʠ ʙʘʟʠ ʜʘʥʠʭ ʻ ʢʦʣʝʢʮʽʻʶ ʦʙôʻʢʪʽʚ, ʷʢʽ ʥʘʟʠʚʘʶʪʴʩʷ ʘʪʨʠʙʫʪʘʤʠ, ʱʦ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʜʣʷ ʥʘʜʘʥʥʷ ʚʽʜʦʤʦʩʪʝʡ ʧʨʦ ʜʘʥʽ ʬʘʢʪʠ ʚ ʦʜʥʦʤʫ ʘʙʦ ʢʽʣʴʢʦʭ ʢʫʙʘʭ [60]. 

ʉʪʨʫʢʪʫʨʘ ʽʥʪʝʣʝʢʪʫʘʣʴʥʦʛʦ ʘʥʘʣʽʟʫ ʜʘʥʠʭ ʚʠʟʥʘʯʘʻ ʜʘʥʽ, ʥʘ ʦʩʥʦʚʽ ʷʢʠʭ ʙʫʜʫʶʪʴʩʷ ʤʦʜʝʣʽ 

ʽʥʪʝʣʝʢʪʫʘʣʴʥʦʛʦ ʘʥʘʣʽʟʫ ʜʘʥʠʭ: ʚʦʥʘ ʟʘʜʘʻ ʧʦʜʘʥʥʷ ʜʞʝʨʝʣʘ ʜʘʥʠʭ, ʢʽʣʴʢʽʩʪʴ ʽ ʪʠʧ ʩʪʦʚʧʮʽʚ, ʘ 

ʪʘʢʦʞ ʥʝʦʙʦʚôʷʟʢʦʚʝ ʩʝʢʮʽʦʥʫʚʘʥʥʷ ʥʘ ʥʘʚʯʘʣʴʥʠʡ ʪʘ ʧʝʨʝʚʽʨʦʯʥʠʡ ʥʘʙʦʨʠ. ʆʜʥʘ ʩʪʨʫʢʪʫʨʘ 

ʽʥʪʝʣʝʢʪʫʘʣʴʥʦʛʦ ʘʥʘʣʽʟʫ ʤʦʞʝ ʧʽʜʪʨʠʤʫʚʘʪʠ ʢʽʣʴʢʘ ʤʦʜʝʣʝʡ ʽʥʪʝʣʝʢʪʫʘʣʴʥʦʛʦ ʘʥʘʣʽʟʫ ʜʘʥʠʭ, ʷʢʽ 

ʩʧʽʣʴʥʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʦʜʠʥ ʜʦʤʝʥ [61]. 

SQL Server Analysis Services ʥʘʜʘʻ ʤʦʜʝʣʴ ʘʚʪʦʨʠʟʘʮʽʾ ʥʘ ʦʩʥʦʚʽ ʨʦʣʝʡ, ʷʢʘ ʥʘʜʘʻ ʜʦʩʪʫʧ 

ʜʦ ʦʧʝʨʘʮʽʡ, ʦʙôʻʢʪʽʚ ʪʘ ʜʘʥʠʭ. ʋʩʽ ʢʦʨʠʩʪʫʚʘʯʽ, ʷʢʽ ʟʚʝʨʪʘʶʪʴʩʷ ʜʦ ʝʢʟʝʤʧʣʷʨʘ ʘʙʦ ʙʘʟʠ ʜʘʥʠʭ 

SQL Server Analysis Services, ʧʦʚʠʥʥʽ ʟʨʦʙʠʪʠ ʮʝ ʚ ʢʦʥʪʝʢʩʪʽ ʨʦʣʽ. 

ɿʙʽʨʢʠ ʤʽʩʪʷʪʴ ʢʦʨʠʩʪʫʚʘʮʴʢʽ ʬʫʥʢʮʽʾ, ʱʦ ʨʦʟʰʠʨʶʶʪʴ ʚʙʫʜʦʚʘʥʽ ʤʦʞʣʠʚʦʩʪʽ ʤʦʚ 

Multidimensional Expression (MDX) ʪʘ Data Mining Extensions (DMX). 

2.2. ʄʝʪʦʜʠ ʘʥʘʣʽʟʫ ʚʝʣʠʢʠʭ ʜʘʥʠʭ 

ʅʘ ʜʘʥʠʡ ʯʘʩ ʽʩʥʫʻ ʜʦʩʠʪʴ ʚʝʣʠʢʝ ʨʽʟʥʦʤʘʥʽʪʪʷ ʤʝʪʦʜʽʚ ʽ ʪʝʭʥʽʢ ʘʥʘʣʽʟʫ ʚʝʣʠʢʠʭ ʜʘʥʠʭ 

ʯʝʨʝʟ ʾʭ ʰʠʨʦʢʝ ʚʠʢʦʨʠʩʪʘʥʥʷ ʪʘ ʧʦʧʫʣʷʨʥʽʩʪʴ. ʋ ʜʘʥʽʡ ʨʦʙʦʪʽ ʥʘʚʝʜʝʥʽ ʦʩʥʦʚʥʽ ʽ ʥʘʡʙʽʣʴʰ ʚʽʜʦʤʽ 

ʟ ʥʠʭ. 

 

2.2.1. ʐʪʫʯʥʽ ʥʝʡʨʦʥʥʽ ʤʝʨʝʞʽ 

ʐʪʫʯʥʽ ʥʝʡʨʦʥʥʽ ʤʝʨʝʞʽ, ʚ ʪʦʤʫ ʯʠʩʣʽ ʛʝʥʝʪʠʯʥʽ ʘʣʛʦʨʠʪʤʠ, ʻ ʝʚʨʠʩʪʠʯʥʠʤʠ ʧʦʰʫʢʦʚʠʤʠ 

ʘʣʛʦʨʠʪʤʘʤʠ, ʱʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʜʣʷ ʚʠʨʽʰʝʥʥʷ ʟʘʚʜʘʥʴ ʦʧʪʠʤʽʟʘʮʽʾ ʪʘ ʤʦʜʝʣʶʚʘʥʥʷ ʰʣʷʭʦʤ 

ʚʠʧʘʜʢʦʚʦʛʦ ʚʠʙʦʨʫ, ʢʦʤʙʽʥʫʚʘʥʥʷ ʪʘ ʚʘʨʽʶʚʘʥʥʷ ʥʝʦʙʭʽʜʥʠʭ ʧʘʨʘʤʝʪʨʽʚ, ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ 

ʤʝʭʘʥʽʟʤʠ, ʧʦʜʽʙʥʽ ʜʦ ʧʨʠʨʦʜʥʦʛʦ ʚʽʜʙʦʨʫ ʚ ʧʨʠʨʦʜʽ) [62]. ʎʝ ʜʫʞʝ ʧʦʧʫʣʷʨʥʘ ʪʝʤʘ ʚ ʥʘʰʽ ʜʥʽ, 

ʘʣʝ ʧʝʨʰ ʥʽʞ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʥʝʡʨʦʥʥʫ ʤʝʨʝʞʫ, ʘʥʘʣʽʪʠʢʠ ʧʦʚʠʥʥʽ ʾʾ çʥʘʚʯʠʪʠè (ʝʬʝʢʪʠʚʥʽʩʪʴ 

ʤʝʨʝʞʽ ʫ ʚʠʨʽʰʝʥʥʽ ʢʦʥʢʨʝʪʥʦʛʦ ʟʘʚʜʘʥʥʷ ʟʘʣʝʞʠʪʴ ʚʽʜ ʪʦʛʦ, ʥʘʩʢʽʣʴʢʠ ʜʦʙʨʝ, ʧʨʘʚʠʣʴʥʦ ʽ ʪʦʯʥʦ 

ʚʦʥʘ ʥʘʚʯʝʥʘ) [63]. 

ʋ ʤʘʰʠʥʥʦʤʫ ʥʘʚʯʘʥʥʽ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʨʽʟʥʽ ʤʝʪʦʜʠ ʪʘ ʘʣʛʦʨʠʪʤʠ, ʟʦʢʨʝʤʘ, 

ʜʠʩʢʨʠʤʽʥʘʥʪʥʠʡ ʘʥʘʣʽʟ, ʙʘʡʻʩʽʚʩʴʢʽ ʢʣʘʩʠʬʽʢʘʪʦʨʠ ʪʘ ʙʘʛʘʪʦ ʽʥʰʠʭ ʤʘʪʝʤʘʪʠʯʥʠʭ ʤʝʪʦʜʽʚ. ɸʣʝ 
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ʚ ʢʽʥʮʽ XX ʩʪʦʣʽʪʪʷ ʚʩʝ ʙʽʣʴʰʝ ʫʚʘʛʠ ʧʦʯʘʣʠ ʧʨʠʜʽʣʷʪʠ ʰʪʫʯʥʠʤ ʥʝʡʨʦʥʥʠʤ ʤʝʨʝʞʘʤ (ʐʅʄ). 

ʏʝʨʛʦʚʠʡ ʚʠʙʫʭ ʽʥʪʝʨʝʩʫ ʜʦ ʥʠʭ ʧʦʯʘʚʩʷ ʫ 1986 ʨ, ʧʽʩʣʷ ʽʩʪʦʪʥʦʛʦ ʨʦʟʚʠʪʢʫ ʪʘʢ ʟʚʘʥʦʛʦ çʄʝʪʦʜʫ 

ʟʚʦʨʦʪʥʦʛʦ ʧʦʰʠʨʝʥʥʷ ʧʦʤʠʣʢʠè, ʷʢʠʡ ʟ ʫʩʧʽʭʦʤ ʟʘʩʪʦʩʫʚʘʣʠ ʜʦ ʥʘʚʯʘʥʥʷ ʥʝʡʨʦʥʥʦʾ ʤʝʨʝʞʽ [64]. 

ʐʅʄ ï ʮʝ ʩʠʩʪʝʤʘ ʚʟʘʻʤʦʧʦʚô̫ʟʘʥʠʭ ʽ ʚʟʘʻʤʦʜʽʶʯʠʭ ʰʪʫʯʥʠʭ ʥʝʡʨʦʥʽʚ ʥʘ ʦʩʥʦʚʽ ʚʽʜʥʦʩʥʦ 

ʧʨʦʩʪʠʭ ʧʨʦʮʝʩʦʨʽʚ: ʢʦʞʝʥ ʧʨʦʮʝʩʦʨ ʚ ʐʅʄ ʧʝʨʽʦʜʠʯʥʦ ʦʪʨʠʤʫʻ ʩʠʛʥʘʣʠ ʚʽʜ ʽʥʰʠʭ ʧʨʦʮʝʩʦʨʽʚ 

(ʜʘʪʯʠʢʽʚ ʘʙʦ ʽʥʰʠʭ ʜʞʝʨʝʣ ʩʠʛʥʘʣʽʚ) ʽ ʧʝʨʽʦʜʠʯʥʦ ʥʘʜʩʠʣʘʻ ʩʠʛʥʘʣʠ ʽʥʰʠʤ ʧʨʦʮʝʩʦʨʘʤ. ʎʽ 

ʧʨʦʩʪʽ ʧʨʦʮʝʩʦʨʠ, ʦʙô̒ʜʥʘʥʽ ʚ ʤʝʨʝʞʫ, ʤʦʞʫʪʴ ʧʨʘʮʶʚʘʪʠ ʨʘʟʦʤ ʜʣʷ ʚʠʨʽʰʝʥʥʷ ʜʫʞʝ ʩʢʣʘʜʥʠʭ 

ʟʘʚʜʘʥʴ [64]. 

ʏʘʩʪʦ ʥʝʡʨʦʥʥ ̔ʤʝʨʝʞʽ ʨʦʟʪʘʰʦʚʫʶʪʴʩʷ ʟʘ ʨʽʚʥʷʤʠ (ʪʘʢʦʞ ʟʚʘʥʠʤʠ ʰʘʨʘʤʠ). ʅʝʡʨʦʥʠ ʥʘ 

ʧʝʨʰʦʤʫ ʨʽʚʥʽ ʟʘʟʚʠʯʘʡ ʻ ʚʭʽʜʥʠʤʠ ʥʝʡʨʦʥʘʤʠ. ʎʽ ʥʝʡʨʦʥʠ ʦʪʨʠʤʫʶʪʴ ʜʘʥʽ ʟʟʦʚʥʽ (ʥʘʧʨʠʢʣʘʜ, 

ʚʜ̔ ʜʘʪʯʠʢʽʚ ʫ ʩʠʩʪʝʤʽ ʨʦʟʧʽʟʥʘʚʘʥʥʷ ʦʙʣʠʯ), ʦʙʨʦʙʣʷʶʪʴ ʾʭ, ʘ ʧʦʪʽʤ ʧʝʨʝʜʘʶʪʴ ʽʤʧʫʣʴʩʠ ʯʝʨʝʟ 

ʩʠʥʘʧʩʠ ʥʝʡʨʦʥʽʚ ʥʘʩʪʫʧʥʦʛʦ ʨʽʚʥʷ. ʅʝʡʨʦʥʠ ʜʨʫʛʦʛʦ ʨʽʚʥʷ (ʱʦ ʻ ʧʨʠʭʦʚʘʥʠʤʠ, ʦʩʢʽʣʴʢʠ ʚʦʥʠ 

ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʥʝ ʧʦʚ'ʷʟʘʥʽ ʟ ʚʭʦʜʘʤʠ ʘʙʦ ʚʠʭʦʜʘʤʠ ʐʅʄ) ʦʙʨʦʙʣʷʶʪʴ ʦʪʨʠʤʘʥʽ ʽʤʧʫʣʴʩʠ ʽ 

ʧʝʨʝʜʘʶʪʴ ʾʭ ʥʝʡʨʦʥʘʤ ʥʘ ʚʠʭʽʜʥʦʤʫ ʨʽʚʥʽ. ʆʩʢʽʣʴʢʠ ʤʦʚʘ ʡʜʝ ʧʨʦ ʥʝʡʨʦʥʥʫ ʩʠʤʫʣʷʮʽʶ, ʢʦʞʝʥ 

ʧʨʦʮʝʩʦʨ ʚʭʽʜʥʦʛʦ ʨʽʚʥʷ ʟ'ʻʜʥʘʥʠʡ ʟ ʜʝʢʽʣʴʢʦʤʘ ʧʨʦʮʝʩʦʨʘʤʠ ʧʨʠʭʦʚʘʥʦʛʦ ʨʽʚʥʷ, ʢʦʞʝʥ ʟ ʷʢʠʭ 

ʟ'ʻʜʥʘʥʠʡ ʟ ʜʝʢʽʣʴʢʦʤʘ ʧʨʦʮʝʩʦʨʘʤʠ ʚʠʭʽʜʥʦʛʦ ʨʽʚʥʷ. ʎʝ ʥʘʡʧʨʦʩʪʽʰʘ ʘʨʭʽʪʝʢʪʫʨʘ ʐʅʄ, ʷʢʘ 

ʟʜʘʪʥʘ ʥʘʚʯʘʪʠʩʷ ʽ ʟʥʘʭʦʜʠʪʠ ʧʨʦʩʪʽ ʚʟʘʻʤʦʟʚ'ʷʟʢʠ ʚ ʜʘʥʠʭ [64]. 

 

2.2.2. ʂʨʘʫʜʩʦʨʩʠʥʛ 

ʂʨʘʫʜʩʦʨʩʠʥʛ ï ʢʣʘʩʠʬʽʢʘʮʽʷ ʪʘ ʟʙʘʛʘʯʝʥʥʷ ʜʘʥʠʭ ʥʝʚʠʟʥʘʯʝʥʦʶ ʢʽʣʴʢʽʩʪʶ ʦʩʽʙ, ʷʢʽ 

ʚʠʢʦʥʫʶʪʴ ʮʝ ʟʘʚʜʘʥʥʷ ʙʝʟ ʚʩʪʫʧʫ ʚ çʪʨʫʜʦʚʽè ʚʽʜʥʦʩʠʥʠ [49]. 

ʇʝʨʝʚʘʛʠ: 

- ʜʦʩʪʫʧ ʜʦ ʪʘʣʘʥʦʚʠʪʠʭ ʢʘʜʨʽʚ ʧʦ ʚʩʴʦʤʫ ʩʚʽʪʫ; 

- ʤʝʨʽʪʦʢʨʘʪʽʷ: ʟʥʘʯʝʥʥʷ ʤʘʻ ʪʽʣʴʢʠ ʢʦʥʢʨʝʪʥʠʡ ʧʨʦʜʫʢʪ. ʅʘʮʽʦʥʘʣʴʥʘ ʧʨʠʥʘʣʝʞʥʽʩʪʴ ʽ 

ʧʨʦʬʝʩʽʡʥʘ ʢʚʘʣʽʬʽʢʘʮʽʷ ʥʝ ʚʘʞʣʠʚʽ. ʗʢ ʧʦʢʘʟʘʣʦ ʜʦʩʣʽʜʞʝʥʥʷ, ʧʨʦʚʝʜʝʥʝ ʄʘʩʩʘʯʫʩʝʪʩʴʢʠʤ 

ʪʝʭʥʦʣʦʛʽʯʥʠʤ ʽʥʩʪʠʪʫʪʦʤ, ʙʽʣʴʰ ʫʩʧʽʰʥʠʤʠ ʟ ʟʘʨʝʻʩʪʨʦʚʘʥʠʭ ʫʯʘʩʥʠʢʽʚ InnoCentive ʙʫʣʠ ʪʽ, ʭʪʦ 

ʤʘʚ ʤʝʥʰʝ ʧʨʘʢʪʠʯʥʦʛʦ ʜʦʩʚʽʜʫ ʫ ʚʽʜʧʦʚʽʜʥʽʡ ʛʘʣʫʟʽ; 

- ʜʦʨʫʯʝʥʥʷ ʨʦʙʦʪʠ ʦʜʥʽʻʾ ʣʶʜʠʥʠ ʚʝʣʠʢʽʡ ʛʨʫʧʽ ʣʶʜʝʡ; 

- ʦʪʨʠʤʘʥʥʷ ʥʝʦʙʭʽʜʥʠʭ ʤʘʪʝʨʽʘʣʽʚ, ʽʜʝʡ ʪʘ ʽʥʰʦʾ ʽʥʬʦʨʤʘʮʽʾ ʷʢ ʨʝʟʫʣʴʪʘʪ ʨʦʙʦʪʠ 

ʟʘʣʫʯʝʥʦʾ ʘʫʜʠʪʦʨʽʾ. 

 

2.2.3. ɿʤʽʰʘʥʥʷ ʪʘ ʽʥʪʝʛʨʘʮʽʷ ʜʘʥʠʭ 

ɿʤʽʰʘʥʥʷ ʪʘ ʽʥʪʝʛʨʘʮʽʷ ʜʘʥʠʭ - ʨʷʜ ʤʝʪʦʜʽʚ (ʥʘʧʨʠʢʣʘʜ, ʮʠʬʨʦʚʘ ʦʙʨʦʙʢʘ ʩʠʛʥʘʣʽʚ, ʦʙʨʦʙʢʘ 

ʧʨʠʨʦʜʥʦʾ ʤʦʚʠ, ʪʦʥʘʣʴʥʠʡ ʘʥʘʣʽʟ), ʷʢʽ ʽʥʪʝʛʨʫʶʪʴ ʨʽʟʥʦʨʽʜʥʽ ʜʘʥʽ ʟ ʨʽʟʥʠʭ ʜʞʝʨʝʣ ʽ ʜʦʟʚʦʣʷʶʪʴ 

ʧʨʦʚʦʜʠʪʠ ʧʦʛʣʠʙʣʝʥʠʡ ʘʥʘʣʽʟ [49]. 

ɼʣʷ ʚʠʷʚʣʝʥʥʷ ʟʤʽʥ ʚ ʥʘʚʢʦʣʠʰʥʴʦʤʫ ʩʝʨʝʜʦʚʠʱʽ ʽ ʟʘʙʝʟʧʝʯʝʥʥʷ ʜʠʥʘʤʽʯʥʦʾ ʜʦʩʪʫʧʥʦʩʪʽ 

ʨʝʩʫʨʩʽʚ, ʩʠʩʪʝʤʘ, ʟʘʩʥʦʚʘʥʘ ʥʘ ʽʥʪʝʛʨʘʮʽʾ ʟ ʤʝʨʝʞʝʶ, ʚʠʢʦʨʠʩʪʦʚʫʻ ʪʨʠ ʪʠʧʠ ʢʦʤʧʦʥʝʥʪʽʚ 

(ʢʦʤʧʦʥʝʥʪʠ ʨʽʚʥʷ ʤʝʨʝʞʽ, ʢʦʤʧʦʥʝʥʪʠ ʩʝʨʝʜʥʴʦʛʦ ʨʽʚʥʷ ʽ ʢʦʤʧʦʥʝʥʪʠ ʧʨʦʛʨʘʤʠ). ʉʠʩʪʝʤʘ 

ʧʦʚʠʥʥʘ ʘʜʘʧʪʫʚʘʪʠʩʷ ʜʦ ʜʦʩʪʫʧʥʦʩʪʽ ʜʘʪʯʠʢʽʚ ʽ ʾʤ ʚʽʜʧʦʚʽʜʥʠʭ ʩʠʛʥʘʣʽʚ, ʪʘʢʦʞ ʩʠʩʪʝʤʘ ʧʦʚʠʥʥʘ 

ʧʨʠʩʪʦʩʫʚʘʪʠʩʷ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʜʦ ʟʤʽʥ ʫ ʚʠʤʽʨʘʭ. 

ʊʘʢʩʦʥʦʤʽʷ ʟʣʠʪʪʷ ʜʘʥʠʭ ʚʠʜʽʣʷʻ ʦʩʥʦʚʥʽ ʪʠʧʠ ʟʣʠʪʪʷ ʜʘʥʠʭ: ʜʘʥʽ, ʟʤʽʥʥʽ ʽ ʦʙôʻʜʥʘʥʥʷ 

ʜʘʥʠʭ ʽ ʟʤʽʥʥʠʭ. ʆʩʥʦʚʥʘ ʪʝʭʥʦʣʦʛʽʯʥʘ ʽʜʝʷ ʟʣʠʪʪʷ - ʮʝ ʧʦʜʽʣ ʥʘ ʨʽʚʥʽ, ʱʦ ʨʦʟʜʽʣʷʶʪʴ ʜʘʥʽ ʽ ʟʤʽʥʥʽ. 

ɼʘʥʽ - ʮʝ ʽʥʬʦʨʤʘʮʽʷ ʧʨʦ ʷʢʽʩʴ ʧʘʨʘʤʝʪʨʠ, ʦʪʨʠʤʘʥʘ ʚʽʜ ʜʘʪʯʠʢʘ ʘʙʦ ʽʥʰʦʛʦ ʜʞʝʨʝʣʘ. ʈʽʚʝʥʴ 
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ʟʤʽʥʥʠʭ ʚʠʟʥʘʯʘʻʪʴʩʷ ʘʥʘʣʽʟʦʤ ʜʘʥʠʭ ʰʣʷʭʦʤ ʚʠʜʽʣʝʥʥʷ ʬʫʥʢʮʽʦʥʘʣʴʥʠʭ ʦʟʥʘʢ. ʄʦʞʣʠʚʝ 

ʦʪʨʠʤʘʥʥʷ ʦʜʥʽʻʾ ʘʙʦ ʙʽʣʴʰʝ ʟʤʽʥʥʠʭ ʥʘ ʦʩʥʦʚʽ ʦʜʥʦʛʦ ʪʠʧʫ ʜʘʥʠʭ. ʅʘʧʨʠʢʣʘʜ, ʘʥʘʣʽʟʫʶʯʠ 

ʟʦʙʨʘʞʝʥʥʷ (ʥʝʦʙʨʦʙʣʝʥʽ ʜʘʥʽ), ʜʦʜʘʪʦʢ ʤʦʞʝ ʚʠʟʥʘʯʠʪʠ, ʯʠ ʤʽʩʪʠʪʴ ʚʦʥʦ ʬʽʛʫʨʫ ʣʶʜʠʥʠ (ʟʤʽʥʥʘ 

ʧʨʝʜʩʪʘʚʣʷʻ ʣʶʜʠʥʠ), ʪʚʘʨʠʥʥʦʛʦ (ʟʤʽʥʥʘ ʧʨʝʜʩʪʘʚʣʷʻ ʪʚʘʨʠʥʘ) ʘʙʦ ʽʥʰʦʛʦ ʦʙôʻʢʪʘ (ʟʤʽʥʥʘ 

ʧʨʝʜʩʪʘʚʣʷʻ ʦʙôʻʢʪ).  

ɺʠʨʽʰʝʥʥʷ ʮʠʭ ʟʘʚʜʘʥʴ ʤʦʞʝ ʙʫʪʠ ʧʨʦʤʽʞʥʠʤ ʢʨʦʢʦʤ ʘʙʦ ʦʩʥʦʚʥʦʶ ʤʝʪʦʶ ʧʨʦʛʨʘʤʠ. 

ɺʠʟʥʘʯʝʥʥʷ ʟʤʽʥʥʦʾ ʜʦʩʷʛʘʻʪʴʩʷ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʘʣʛʦʨʠʪʤʫ ʘʥʘʣʽʟʫ ʜʘʥʠʭ ʘʙʦ ʽʤʦʚʽʨʥʽʩʥʦʛʦ 

ʧʽʜʭʦʜʫ. ʇʨʠʢʣʘʜʦʤ ʤʦʞʝ ʙʫʪʠ ʟʘʩʪʦʩʫʚʘʥʥʷ ʥʝʡʨʦʥʥʦʾ ʤʝʨʝʞʽ, ʷʢʘ ʱʦʨʦʢʫ ʟʙʠʨʘʻ ʚʭʽʜʥʽ ʜʘʥʽ ʽ 

ʧʨʦʧʦʥʫʻ ʥʘ ʾʭ ʦʩʥʦʚʽ ʚʽʨʦʛʽʜʥʫ ʦʮʽʥʢʫ ʟʤʽʩʪʫ ʘʥʘʣʽʟʦʚʘʥʦʛʦ ʟʦʙʨʘʞʝʥʥʷ (ʥʘʧʨʠʢʣʘʜ, ʣʶʜʠʥʘ, 

ʪʚʘʨʠʥʘ ʘʙʦ ʽʥʰʠʡ ʦʙôʻʢʪ). ʊʘʢʠʤ ʯʠʥʦʤ, ʨʽʰʝʥʥʷ ʟʘʜʘʯʽ ʚʠʢʦʥʫʻʪʴʩʷ ʥʘ ʪʨʴʦʭ ʨʽʚʥʷʭ:  

- ʥʘ ʨʽʚʥʽ ʧʨʦʮʝʩʫ ʟʣʠʪʪʷ ʜʘʥʠʭ ʧʝʨʝʜ ʾʭ ʘʥʘʣʽʟʦʤ (ʥʘ ʨʽʚʥʽ ʜʘʥʠʭ);  

- ʥʘ ʩʝʨʝʜʥʴʦʤʫ ʨʽʚʥʽ, ʢʦʣʠ ʜʘʥʽ ʘʥʘʣʽʟʫʶʪʴʩʷ (ʨʽʚʝʥʴ ʟʤʽʥʥʠʭ);  

- ʥʘ ʨʽʚʥʽ ʢʦʤʙʽʥʫʚʘʥʥʷ ʥʝʦʙʨʦʙʣʝʥʠʭ ʜʘʥʠʭ ʽ ʟʤʽʥʥʠʭ (ʟʤʽʰʘʥʠʡ ʨʽʚʝʥʴ) [8]. 

 

2.2.4. ʄʘʰʠʥʥʝ ʥʘʚʯʘʥʥʷ 

ʄʘʰʠʥʥʝ ʥʘʚʯʘʥʥʷ, ʷʢʝ ʚʢʣʶʯʘʻ ʷʢ ʢʦʥʪʨʦʣʴʦʚʘʥʝ, ʪʘʢ ʽ ʥʝʢʦʥʪʨʦʣʴʦʚʘʥʝ ʥʘʚʯʘʥʥʷ ïʮʝ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʤʦʜʝʣʝʡ, ʱʦ ʧʦʙʫʜʦʚʘʥʽ ʥʘ ʦʩʥʦʚʽ ʩʪʘʪʠʩʪʠʯʥʦʛʦ ʘʥʘʣʽʟʫ ʘʙʦ ʤʘʰʠʥʥʦʛʦ ʥʘʚʯʘʥʥʷ, 

ʜʣʷ ʦʪʨʠʤʘʥʥʷ ʩʢʣʘʜʥʠʭ ʧʨʦʛʥʦʟʽʚ ʥʘ ʦʩʥʦʚʽ ʙʘʟʦʚʦʾ ʤʦʜʝʣʽ [65]. 

ʅʘʡʯʘʩʪʽʰʝ ʨʦʟʨʽʟʥʷʶʪʴ ʜʚʘ ʪʠʧʠ ʤʘʰʠʥʥʦʛʦ ʥʘʚʯʘʥʥʷ:  

- ʽʥʜʫʢʪʠʚʥʝ ʥʘʚʯʘʥʥʷ; 

- ʜʝʜʫʢʪʠʚʥʝ ʥʘʚʯʘʥʥʷ.  

ʊʝʨʤʽʥʠ çʤʘʰʠʥʥʝ ʥʘʚʯʘʥʥʷè ʽ çʥʘʚʯʘʥʥʷ ʥʘ ʦʩʥʦʚʽ ʧʨʝʮʝʜʝʥʪʽʚè ʤʦʞʥʘ ʚʚʘʞʘʪʠ 

ʩʠʥʦʥʽʤʘʤʠ, ʦʩʢʽʣʴʢʠ ʦʩʪʘʥʥʻ ʟʘʟʚʠʯʘʡ ʥʘʣʝʞʠʪʴ ʜʦ ʩʬʝʨʠ ʝʢʩʧʝʨʪʥʠʭ ʩʠʩʪʝʤ [65]. ʎʝʡ ʤʝʪʦʜ 

ʥʘʚʯʘʥʥʷ ʟʘʨʘʟ ʻ ʜʫʞʝ ʧʦʧʫʣʷʨʥʠʤ.  

ʅʘ ʚʽʜʤʽʥʫ ʚʽʜ ʧʝʨʰʠʭ, ʝʢʩʧʝʨʪʥʽ ʩʠʩʪʝʤʠ ʟʘʨʘʟ ʧʝʨʝʙʫʚʘʶʪʴ ʫ ʢʨʠʟʽ, ʦʩʢʽʣʴʢʠ ʚʦʥʠ 

ʙʘʟʫʶʪʴʩʷ ʥʘ ʙʘʟʘʭ ʟʥʘʥʴ, ʷʢʽ ʚʘʞʢʦ ʫʟʛʦʜʠʪʠ ʟ ʨʝʣʷʮʽʡʥʠʤʠ ʤʦʜʝʣʷʤʠ ʜʘʥʠʭ. ʊʦʤʫ ʧʨʦʤʠʩʣʦʚʽ 

ʉʋɹɼ ʥʝ ʤʦʞʫʪʴ ʙʫʪʠ ʝʬʝʢʪʠʚʥʦ ʚʠʢʦʨʠʩʪʘʥʽ ʜʣʷ ʥʘʧʦʚʥʝʥʥʷ ʙʘʟʠ ʟʥʘʥʴ ʝʢʩʧʝʨʪʥʠʭ ʩʠʩʪʝʤ [65]. 

ʅʘʚʯʘʥʥʷ ʥʘ ʦʩʥʦʚʽ ʧʨʝʮʝʜʝʥʪʽʚ ʤʦʞʥʘ ʨʦʟʜʽʣʠʪʠ ʥʘ ʪʨʠ ʦʩʥʦʚʥʽ ʪʠʧʠ: 

- supervised learning - ʢʦʥʪʨʦʣʴʦʚʘʥʝ ʥʘʚʯʘʥʥʷ (ʘʙʦ ʥʘʚʯʘʥʥʷ ʟ ʫʯʠʪʝʣʝʤ); 

- unsupervised learning - ʥʝʢʦʥʪʨʦʣʴʦʚʘʥʝ ʥʘʚʯʘʥʥʷ (ʘʙʦ ʥʘʚʯʘʥʥʷ ʙʝʟ ʫʯʠʪʝʣʷ); 

- reinforcement learning - ʥʘʚʯʘʥʥʷ ʟ ʧʽʜʢʨʽʧʣʝʥʥʷʤ. 

ʂʨʽʤ ʥʘʟʚʘʥʠʭ, ʨʦʟʨʦʙʣʷʶʪʴʩʷ ʡ ʽʥʰʽ ʤʝʪʦʜʠ ʥʘʚʯʘʥʥʷ: ʘʢʪʠʚʥʝ, ʙʘʛʘʪʦʟʘʜʘʯʥʝ, 

ʨʽʟʥʦʤʘʥʽʪʥʝ, ʪʨʘʥʩʬʝʨʥʝ ʪʘ ʽʥʰʽ. ʆʩʪʘʥʥʽʤʠ ʨʦʢʘʤʠ ʦʩʦʙʣʠʚʦʛʦ ʨʦʟʚʠʪʢʫ ʥʘʙʫʣʦ çʛʣʠʙʦʢʝ 

ʥʘʚʯʘʥʥʷè, ʱʦ ʧʦʻʜʥʫʻ ʚ ʩʦʙʽ ʘʣʛʦʨʠʪʤʠ ʥʘʚʯʘʥʥʷ ʷʢ ʟ ʜʦʧʦʤʦʛʦʶ ʫʯʠʪʝʣʷ, ʪʘʢ ʽ ʙʝʟ ʥʴʦʛʦ [65]. 

ʄʝʪʦʜʠ ʢʝʨʦʚʘʥʦʛʦ ʥʘʚʯʘʥʥʷ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ, ʢʦʣʠ ʻ ʚʝʣʠʢʘ ʢʽʣʴʢʽʩʪʴ ʜʘʥʠʭ, 

ʥʘʧʨʠʢʣʘʜ, ʪʠʩʷʯʽ ʬʦʪʦʛʨʘʬʽʡ ʜʦʤʘʰʥʽʭ ʪʚʘʨʠʥ ʟ ʤʘʨʢʝʨʘʤʠ (ʷʨʣʠʢʘʤʠ), ʥʘ ʷʢʠʭ ʥʘʧʠʩʘʥʦ, ʱʦ 

ʮʝ ʢʽʪ, ʘ ʮʝ ʩʦʙʘʢʘ. ʇʦʪʨʽʙʥʦ ʩʪʚʦʨʠʪʠ ʘʣʛʦʨʠʪʤ, ʷʢʠʡ ʙʠ ʚʠʟʥʘʯʘʚ, ʯʠ ʮʝ ʢʽʪ, ʯʠ ʩʦʙʘʢʘ ʥʘ 

ʬʦʪʦʛʨʘʬʽʾ, ʷʢʫ ʤʘʰʠʥʘ ʥʽʢʦʣʠ ʨʘʥʽʰʝ ʥʝ ʙʘʯʠʣʘ. ʋ ʮʴʦʤʫ ʚʠʧʘʜʢʫ ʨʦʣʴ çʫʯʠʪʝʣʷè ʚʠʢʦʥʫʻ 

ʣʶʜʠʥʘ, ʷʢʘ ʟʘʟʜʘʣʝʛʽʜʴ ʧʦʩʪʘʚʠʣʘ ʤʘʨʢʝʨ. ʆʟʥʘʢʠ, ʷʢʽ ʚʽʜʨʽʟʥʷʶʪʴ ʢʦʪʽʚ ʚʽʜ ʩʦʙʘʢ, ʚʠʙʠʨʘʻ ʩʘʤʘ 

ʤʘʰʠʥʘ. ʊʦʤʫ ʚ ʤʘʡʙʫʪʥʴʦʤʫ ʟʥʘʡʜʝʥʠʡ ʤʘʰʠʥʦʶ ʘʣʛʦʨʠʪʤ ʤʦʞʥʘ ʦʜʨʘʟʫ ʧʝʨʝʥʘʣʘʰʪʫʚʘʪʠ ʥʘ 

ʚʠʨʽʰʝʥʥʷ ʽʥʰʦʾ ʟʘʜʘʯʽ, ʥʘʧʨʠʢʣʘʜ, ʚʽʜʨʽʟʥʷʪʠ ʢʫʨʝʡ ʚʽʜ ʢʘʯʦʢ. ɯ, ʚ ʮʴʦʤʫ ʚʠʧʘʜʢʫ ʩʢʣʘʜʥʫ ʽ 

ʢʨʦʧʽʪʢʫ ʨʦʙʦʪʫ ʟ ʧʽʜʙʦʨʫ ʦʟʥʘʢ ʤʘʰʠʥʘ ʟʨʦʙʠʪʴ ʩʘʤʘ, ʟʘ ʷʢʠʤʠ ʙʫʜʝ ʨʦʟʨʽʟʥʷʪʠ ʮʠʭ ʧʪʘʭʽʚ. ɸ 
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ʥʝʡʨʦʥʥʘ ʤʝʨʝʞʘ, ʷʢʫ ʥʘʚʯʠʣʠ ʨʦʟʧʽʟʥʘʚʘʪʠ ʢʽʰʦʢ, ʤʦʞʥʘ ʰʚʠʜʢʦ ʥʘʚʯʠʪʠ ʦʙʨʦʙʣʷʪʠ ʨʝʟʫʣʴʪʘʪʠ 

ʢʦʤʧôʶʪʝʨʥʦʾ ʪʦʤʦʛʨʘʬʽʾ [64]. 

 

ʅʝʢʦʥʪʨʦʣʴʦʚʘʥʝ ʥʘʚʯʘʥʥʷ 

ʍʦʯʘ ʚʞʝ ʥʘʢʦʧʠʯʝʥʦ ʙʘʛʘʪʦ ʤʘʨʢʦʚʘʥʠʭ ʜʘʥʠʭ, ʻ ʱʝ ʙʘʛʘʪʦ ʜʘʥʠʭ ʙʝʟ ʤʘʨʢʝʨʽʚ. ɼʦ ʥʠʭ 

ʚʽʜʥʦʩʷʪʴʩʷ ʟʦʙʨʘʞʝʥʥʷ ʙʝʟ ʧʽʜʧʠʩʽʚ, ʘʫʜʽʦʟʘʧʠʩʠ ʙʝʟ ʢʦʤʝʥʪʘʨʽʚ ʽ ʪʝʢʩʪ ʙʝʟ ʘʥʦʪʘʮʽʡ. ɿʘʚʜʘʥʥʷʤ 

ʤʘʰʠʥʠ ʚ ʥʝʢʦʥʪʨʦʣʴʦʚʘʥʦʤʫ ʥʘʚʯʘʥʥʽ ʻ ʧʦʰʫʢ ʟʚ'ʷʟʢʽʚ ʤʽʞ ʦʢʨʝʤʠʤʠ ʜʘʥʠʤʠ, ʚʠʷʚʣʝʥʥʷ 

ʟʘʢʦʥʦʤʽʨʥʦʩʪʝʡ, ʚʠʜʽʣʝʥʥʷ ʟʘʢʦʥʦʤʽʨʥʦʩʪʝʡ, ʦʨʛʘʥʽʟʘʮʽʷ ʜʘʥʠʭ, ʦʧʠʩ ʾʭʥʴʦʾ ʩʪʨʫʢʪʫʨʠ ʪʘ 

ʢʣʘʩʠʬʽʢʘʮʽʷ ʜʘʥʠʭ. ʅʝʢʦʥʪʨʦʣʴʦʚʘʥʝ ʥʘʚʯʘʥʥʷ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ, ʥʘʧʨʠʢʣʘʜ, ʫ 

ʨʝʢʦʤʝʥʜʘʮʽʡʥʠʭ ʩʠʩʪʝʤʘʭ. ʅʘʧʨʠʢʣʘʜ, ʢʦʣʠ ʽʥʪʝʨʥʝʪ-ʤʘʛʘʟʠʥ ʧʨʦʧʦʥʫʻ ʪʦʚʘʨʠ, ʷʢʽ, ʡʤʦʚʽʨʥʦ, 

ʟʘʮʽʢʘʚʣʷʪʴ ʧʦʢʫʧʮʽʚ ʙʽʣʴʰʝ ʟʘ ʽʥʰʽ, ʥʘ ʦʩʥʦʚʽ ʘʥʘʣʽʟʫ ʾʭʥʽʭ ʤʠʥʫʣʠʭ ʧʦʢʫʧʦʢ. ɸʙʦ ʢʦʣʠ ʧʽʩʣʷ 

ʧʝʨʝʛʣʷʜʫ ʚʽʜʝʦ ʨʦʣʠʢʘ ʥʘ YouTube ʚʽʜʚʽʜʫʚʘʯʝʚʽ ʥʘʜʘʶʪʴʩʷ ʜʝʩʷʪʢʠ ʧʦʩʠʣʘʥʴ ʥʘ ʚʽʜʝʦ, ʷʢʽ 

ʯʠʤʦʩʴ ʩʭʦʞʽ ʥʘ ʧʝʨʝʛʣʷʥʫʪʠʡ ʨʦʣʠʢ. ɸʙʦ ʢʦʣʠ Google ʨʘʥʞʫʻ ʧʦʩʠʣʘʥʥʷ ʚ ʨʝʟʫʣʴʪʘʪʘʭ ʧʦʰʫʢʫ 

ʦʜʥʦʛʦ ʢʦʨʠʩʪʫʚʘʯʘ ʽʥʘʢʰʝ, ʥʽʞ ʧʦʩʠʣʘʥʥʷ ʚ ʨʝʟʫʣʴʪʘʪʘʭ ʧʦʰʫʢʫ ʽʥʰʦʛʦ ʢʦʨʠʩʪʫʚʘʯʘ ʟʘ ʪʠʤ 

ʩʘʤʠʤ ʟʘʧʠʪʦʤ, ʥʘ ʦʩʥʦʚʽ ʽʩʪʦʨʽʾ ʧʦʰʫʢʫ [64]. 

 

ʅʘʚʯʘʥʥʷ ʟ ʧʽʜʢʨʽʧʣʝʥʥʷʤ 

ʊʘʢʝ ʥʘʚʯʘʥʥʷ ʻ ʦʢʨʝʤʠʤ ʚʠʧʘʜʢʦʤ ʥʘʚʯʘʥʥʷ ʧʽʜ ʥʘʛʣʷʜʦʤ ʘʙʦ ʢʦʥʪʨʦʣʴʦʚʘʥʠʤ 

ʥʘʚʯʘʥʥʷʤ, ʚ ʷʢʦʤʫ ʚʠʢʣʘʜʘʯ ʻ çʩʝʨʝʜʦʚʠʱʝʤè. ɸ ʤʘʰʠʥʘ ʷʢʫ ʯʘʩʪʦ ʥʘʟʠʚʘʶʪʴ çʘʛʝʥʪè ʥʝ ʚʦʣʦʜʽʻ 

ʧʦʧʝʨʝʜʥʴʦʶ ʽʥʬʦʨʤʘʮʽʻʶ ʧʨʦ ʩʝʨʝʜʦʚʠʱʝ, ʘʣʝ ʤʘʻ ʤʦʞʣʠʚʽʩʪʴ ʚʠʨʦʙʣʷʪʠ ʚ ʥʽʡ ʙʫʜʴ-ʷʢʽ ʜʽʾ. 

ʉʝʨʝʜʦʚʠʱʝ ʨʝʘʛʫʻ ʥʘ ʮʽ ʜʽʾ, ʪʘʢʠʤ ʯʠʥʦʤ ʥʘʜʘʶʯʠ ʘʛʝʥʪʫ ʜʘʥʽ ʜʣʷ ʨʝʘʛʫʚʘʥʥʷ  ʪʘ ʥʘʚʯʘʥʥʷ. 

ʌʘʢʪʠʯʥʦ, ʘʛʝʥʪ ʽ ʩʝʨʝʜʦʚʠʱʝ ʫʪʚʦʨʶʶʪʴ ʩʠʩʪʝʤʫ ʟʚʦʨʦʪʥʦʛʦ ʟʚ'ʷʟʢʫ[64]. 

ʅʘʚʯʘʥʥʷ ʟ ʧʽʜʢʨʽʧʣʝʥʥʷʤ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʜʣʷ ʚʠʨʽʰʝʥʥʷ ʙʽʣʴʰ ʩʢʣʘʜʥʠʭ ʟʘʚʜʘʥʴ, ʥʽʞ 

ʥʘʚʯʘʥʥʷ ʟ ʫʯʠʪʝʣʝʤ ʘʙʦ ʙʝʟ ʥʴʦʛʦ. ɺʦʥʦ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʚ ʩʠʩʪʝʤʘʭ ʥʘʚʽʛʘʮʽʾ ʜʣʷ ʨʦʙʦʪʽʚ, ʷʢʽ 

ʥʘʚʯʘʶʪʴʩʷ ʫʥʠʢʘʪʠ ʟʽʪʢʥʝʥʴ ʟ ʧʝʨʝʰʢʦʜʘʤʠ ʜʦʩʚʽʜʯʝʥʠʤ ʰʣʷʭʦʤ, ʦʪʨʠʤʫʶʯʠ ʟʚʦʨʦʪʥʠʡ ʟʚôʷʟʦʢ 

ʧʨʠ ʢʦʞʥʦʤʫ ʟʽʪʢʥʝʥʥʽ. ʅʘʚʯʘʥʥʷ ʟ ʧʽʜʢʨʽʧʣʝʥʥʷʤ ʪʘʢʦʞ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʚ ʣʦʛʽʩʪʠʮʽ, ʩʢʣʘʜʘʥʥʽ 

ʨʦʟʢʣʘʜʫ ʪʘ ʧʣʘʥʫʚʘʥʥʽ ʟʘʚʜʘʥʴ,  ʘ ʪʘʢʦʞ ʫ ʥʘʚʯʘʥʥʽ ʤʘʰʠʥ ʛʨʘʪʠ  ʚ ʣʦʛʽʯʥʽ ʽʛʨʠ, ʚ ʪʘʢʽ ʷʢ ʥʘʨʜʠ 

ʪʘ ʛʦ [66]. 

 

çɻʣʠʙʦʢʝè ʥʘʚʯʘʥʥʷ 

ɻʣʠʙʦʢʝ ʥʘʚʯʘʥʥʷ ʤʦʞʥʘ ʟʘʩʪʦʩʫʚʘʪʠ ʣʠʰʝ ʜʦ ʙʽʣʴʰ ʩʢʣʘʜʥʠʭ ʰʪʫʯʥʠʭ ʥʝʡʨʦʥʥʠʭ ʤʝʨʝʞ, 

ʥʘʧʨʠʢʣʘʜ ʜʦ ʤʝʨʝʞ ANN (Artificial Neural Network), ʷʢʽ ʤʽʩʪʷʪʴ ʢʽʣʴʢʘ ʧʨʠʭʦʚʘʥʠʭ ʰʘʨʽʚ. ʋ 

ʮʴʦʤʫ ʚʠʧʘʜʢʫ ʨʽʚʥʽ ʥʝʡʨʦʥʽʚ ʯʝʨʛʫʶʪʴʩʷ ʟ ʰʘʨʘʤʠ, ʷʢʽ ʚʠʢʦʥʫʶʪʴ ʩʢʣʘʜʥʽ ʣʦʛʽʯʥʽ ʧʝʨʝʪʚʦʨʝʥʥʷ. 

ʂʦʞʝʥ ʨʽʚʝʥʴ ʤʝʨʝʞʽ ʜʦʩʣʽʜʞʫʻ ʚʟʘʻʤʦʟʚ'ʷʟʢʠ ʧʦʧʝʨʝʜʥʴʦʛʦ ʨʽʚʥʷ [64]. 

ʊʘʢʽ ʤʝʨʝʞʽ ANN ʤʦʞʫʪʴ ʟʥʘʭʦʜʠʪʠ ʥʝ ʣʠʰʝ ʧʨʦʩʪʽ ʚʽʜʥʦʰʝʥʥʷ, ʘ ʡ ʚʽʜʥʦʰʝʥʥʷ ʤʽʞ 

ʚʽʜʥʦʰʝʥʥʷʤʠ. ɿʘʚʜʷʢʠ ʧʝʨʝʭʦʜʫ ʥʘ ʥʝʡʨʦʥʥʽ ʤʝʨʝʞʽ ʛʣʠʙʦʢʦʛʦ ʥʘʚʯʘʥʥʷ ʢʦʤʧʘʥʽʷ Google 

ʟʤʦʛʣʘ ʟʥʘʯʥʦ ʧʦʢʨʘʱʠʪʠ ʷʢʽʩʪʴ ʩʚʦʛʦ ʧʦʧʫʣʷʨʥʦʛʦ ʧʨʦʜʫʢʪʫ Translate. ɿʦʢʨʝʤʘ, ʷʢʽʩʪʴ 

ʧʝʨʝʢʣʘʜʽʚ ʟ ʘʥʛʣʽʡʩʴʢʦʾ ʪʘ ʬʨʘʥʮʫʟʴʢʦʾ ʤʦʚ ʧʦʢʨʘʱʠʣʘʩʷ ʥʘ ʩʽʤ ʧʨʦʮʝʥʪʥʠʭ ʧʫʥʢʪʽʚ, ʘʙʦ ʥʘ 

ʧʦʥʘʜ 20 %, ʦʜʥʠʤ ʤʘʭʦʤ. ʇʦʧʝʨʝʜʥʷ ʩʠʩʪʝʤʘ, ʷʢʘ ʙʫʣʘ ʬʨʘʟʦʚʠʤ ʩʪʘʪʠʩʪʠʯʥʠʤ ʤʘʰʠʥʥʠʤ 

ʧʝʨʝʢʣʘʜʦʤ, ʜʦʩʷʛʣʘ ʧʦʜʽʙʥʠʭ ʧʦʢʨʘʱʝʥʴ ʟʘ ʚʝʩʴ ʯʘʩ ʩʚʦʛʦ ʽʩʥʫʚʘʥʥʷ (ʧʦʯʠʥʘʶʯʠ ʟ 2006 ʨʦʢʫ). 

[64]. 
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2.2.5. ʈʦʟʧʽʟʥʘʚʘʥʥʷ ʦʙʨʘʟʽʚ 

ʈʦʟʧʽʟʥʘʚʘʥʥʷ ʦʙʨʘʟʽʚ ï ʮʝ ʨʦʟʜʽʣ ʢʽʙʝʨʥʝʪʠʢʠ, ʱʦ ʧʨʠʩʚʷʯʝʥʠʡ ʩʪʚʦʨʝʥʥʶ ʪʝʦʨʝʪʠʯʥʠʭ 

ʦʩʥʦʚ ʢʣʘʩʠʬʽʢʘʮʽʾ ʪʘ ʽʜʝʥʪʠʬʽʢʘʮʽʾ ʦʙ'ʻʢʪʽʚ, ʷʚʠʱ, ʧʨʦʮʝʩʽʚ, ʩʠʛʥʘʣʽʚ ʽ ʩʠʪʫʘʮʽʡ [67]. 

ʆʙʨʘʟ (Pattern) ï ʮʝ ʤʦʜʝʣʴ, ʷʢʘ ʚʽʜʦʙʨʘʞʘʻ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʦʙ'ʻʢʪʫ ʨʦʟʧʽʟʥʘʚʘʥʥʷ. ʆʙʨʘʟ 

ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʥʘʙʦʨʦʤ ʦʟʥʘʢ ʨʦʟʧʽʟʥʘʚʘʥʥʷ, ʷʢʽ ʬʦʨʤʫʶʪʴ ʩʪʨʫʢʪʫʨʦʚʘʥʝ ʚʝʢʪʦʨʥʝ 

ʧʨʝʜʩʪʘʚʣʝʥʥʷ ʰʘʙʣʦʥʫ [67]. 

ʆʟʥʘʢʦʶ (Feature) ʨʦʟʧʽʟʥʘʚʘʥʥʷ ʥʘʟʠʚʘʻʪʴʩʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʧʝʚʥʦʾ ʚʣʘʩʪʠʚʦʩʪʽ ʦʙôʻʢʪʘ, 

ʱʦ ʘʥʘʣʽʟʫʻʪʴʩʷ. 

ɺʝʢʪʦʨʦʤ-ʨʝʘʣʽʟʘʮʽʻʶ ʥʘʟʠʚʘʻʪʴʩʷ ʩʪʨʫʢʪʫʨʦʚʘʥʘ, ʪʦʙʪʦ ʚʧʦʨʷʜʢʦʚʘʥʘ ʟʘ ʦʙʨʘʟʦʤ, 

ʧʦʩʣʽʜʦʚʥʽʩʪʴ ʦʟʥʘʢ ʨʦʟʧʽʟʥʘʚʘʥʥʷ, ʷʢʫ ʙʫʜʝʤʦ ʧʦʜʘʚʘʪʠ ʫ ʚʠʛʣʷʜʽ ʚʝʢʪʦʨ-ʨʷʜʢʘ. 

ɺʠʨʽʰʘʣʴʥʠʤ ʧʨʘʚʠʣʦʤ (ʢʣʘʩʠʬʽʢʘʪʦʨʦʤ) ʥʘʟʠʚʘʻʪʴʩʷ ʤʘʪʝʤʘʪʠʯʥʠʡ ʚʠʨʘʟ ʘʙʦ ʘʣʛʦʨʠʪʤ 

ʚʠʟʥʘʯʝʥʥʷ ʥʘʣʝʞʥʦʩʪʽ ʨʝʘʣʽʟʘʮʽʾ ʦʙʨʘʟʫ, ʱʦ ʨʦʟʧʽʟʥʘʻʪʴʩʷ, ʦʜʥʦʤʫ ʟ ʢʣʘʩʽʚ ʨʦʟʧʽʟʥʘʚʘʥʥʷ ʽʟ 

ʟʘʜʘʥʦʛʦ ʘʣʬʘʚʽʪʫ [67]. 

 

2.2.6. ʇʨʦʛʥʦʟʥʘ ʘʥʘʣʽʪʠʢʘ 

ʇʨʦʛʥʦʟʥʽ ʤʦʜʝʣʽ ï ʮʝ ʪʝʭʥʦʣʦʛʽʾ, ʷʢʽ ʩʧʠʨʘʶʪʴʩʷ ʥʘ ʚʝʣʠʢʽ ʤʘʩʠʚʠ ʜʘʥʠʭ, ʜʣʷ ʨʦʟʨʦʙʢʠ 

ʩʮʝʥʘʨʽʾʚ ʤʘʡʙʫʪʥʴʦʛʦ ʧʦʚʝʜʽʥʢʠ ʣʶʜʝʡ ʽ ʧʨʠʡʥʷʪʪʷ ʦʧʪʠʤʘʣʴʥʠʭ ʨʽʰʝʥʴ. ʇʨʦʛʥʦʟʥʘ ʘʥʘʣʽʪʠʢʘ 

ʚʠʢʦʨʠʩʪʦʚʫʻ ʙʘʛʘʪʦ ʤʝʪʦʜʽʚ ʟʽ ʩʪʘʪʠʩʪʠʢʠ, ʽʥʪʝʣʝʢʪʫʘʣʴʥʦʛʦ ʘʥʘʣʽʟʫ ʜʘʥʠʭ, ʘʥʘʣʽʟʫʻ ʷʢ ʧʦʪʦʯʥʽ 

ʜʘʥʽ, ʪʘʢ ʽ ʜʘʥʽ ʟʘ ʤʠʥʫʣʽ ʧʝʨʽʦʜʠ, ʥʘ ʦʩʥʦʚʽ ʷʢʠʭ ʩʪʚʦʨʶʻ ʧʨʦʛʥʦʟʠ ʧʨʦ ʤʘʡʙʫʪʥʽ ʧʦʜʽʾ. ʄʦʜʝʣʽ 

ʙʽʟʥʝʩ-ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʟʘʢʦʥʦʤʽʨʥʦʩʪʽ, ʟʘʩʥʦʚʘʥʽ ʥʘ ʜʘʥʠʭ ʟʘ ʧʝʚʥʠʡ ʧʝʨʽʦʜ ʯʘʩʫ, 

ʜʣʷ ʦʮʽʥʢʠ ʧʦʪʝʥʮʽʡʥʠʭ ʨʠʟʠʢʽʚ ʽ ʤʦʞʣʠʚʦʩʪʝʡ. ʄʦʜʝʣʽ ʚʠʷʚʣʷʶʪʴ ʟʚôʷʟʢʠ ʩʝʨʝʜ ʙʘʛʘʪʴʦʭ 

ʯʠʥʥʠʢʽʚ, ʱʦʙ ʫʤʦʞʣʠʚʠʪʠ ʦʮʽʥʢʫ ʨʠʟʠʢʽʚ ʘʙʦ ʧʦʪʝʥʮʽʘʣʫ, ʧʦʚôʷʟʘʥʦʛʦ ʟ ʢʦʥʢʨʝʪʥʠʤ ʥʘʙʦʨʦʤ 

ʫʤʦʚ. ʇʽʜʩʫʤʢʦʤ ʚʠʢʦʨʠʩʪʘʥʥʷ ʧʨʦʛʥʦʟʥʦʾ ʘʥʘʣʽʪʠʢʠ ʻ ʧʨʠʡʥʷʪʪʷ ʚʽʨʥʠʭ (ʤʘʢʩʠʤʘʣʴʥʦ 

ʝʬʝʢʪʠʚʥʠʭ ʜʣʷ ʙʽʟʥʝʩʫ) ʨʽʰʝʥʴ. ɿʘ ʜʦʧʦʤʦʛʦʶ ʤʦʜʝʣʝʡ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʤʦʞʥʘ ʧʝʨʝʜʙʘʯʠʪʠ 

ʧʦʚʝʜʽʥʢʫ ʧʦʪʝʥʮʽʡʥʠʭ ʢʣʽʻʥʪʽʚ, ʚʠʷʚʠʪʠ ʥʘʡʙʽʣʴʰ ʧʦʧʫʣʷʨʥʽ ʧʨʦʜʫʢʪʠ ʽ ʧʦʩʣʫʛʠ, ʟʨʦʟʫʤʽʪʠ, ʱʦ 

ʢʝʨʫʻ ʢʣʽʻʥʪʘʤʠ, ʢʦʣʠ ʚʦʥʠ ʡʜʫʪʴ, ʽ ʫʥʠʢʥʫʪʠ ʮʴʦʛʦ, ʽ ʪʘʢ ʜʘʣʽ. ɺʠʢʦʨʠʩʪʘʥʥʷ ʽʥʩʪʨʫʤʝʥʪʽʚ 

ʧʨʦʛʥʦʟʥʦʾ ʘʥʘʣʽʪʠʢʠ ʜʦʧʦʤʘʛʘʻ ʩʪʚʦʨʠʪʠ ʤʦʜʝʣʴ ʧʦʚʝʜʽʥʢʠ ʢʣʽʻʥʪʽʚ, ʘ ʟʥʘʯʠʪʴ ʽ ʟʙʽʣʴʰʠʪʠ 

ʧʨʠʙʫʪʦʢ ʢʦʤʧʘʥʽʾ. 

 

2.2.7. ʉʪʘʪʠʩʪʠʯʥʠʡ ʘʥʘʣʽʟ 

ʉʪʘʪʠʩʪʠʯʥʠʡ ʘʥʘʣʽʟ ʘʙʦ ʘʥʘʣʽʟ ʯʘʩʦʚʠʭ ʨʷʜʽʚ ʘʙʦ A/B-ʪʝʩʪʫʚʘʥʥʷ ʘʙʦ ʩʧʣʽʪ ʪʝʩʪʫʚʘʥʥʷ 

(A/B testing, split testing) ï ʤʝʪʦʜ ʤʘʨʢʝʪʠʥʛʦʚʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ; ʟʘ ʡʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷʤ 

ʢʦʥʪʨʦʣʴʥʘ ʛʨʫʧʘ ʧʦʨʽʚʥʶʻʪʴʩʷ ʽʟ ʥʘʙʦʨʦʤ ʪʝʩʪʦʚʠʭ ʛʨʫʧ ʝʣʝʤʝʥʪʽʚ, ʫ ʷʢʠʭ ʦʜʠʥ ʯʠ ʜʝʢʽʣʴʢʘ 

ʧʦʢʘʟʥʠʢʽʚ ʟʤʽʥʝʥʽ, ʜʣʷ ʚʠʷʩʥʝʥʥʷ, ʷʢʽ ʟʽ ʟʤʽʥ ʧʦʢʨʘʱʫʶʪʴ ʮʽʣʴʦʚʠʡ ʧʦʢʘʟʥʠʢ [68]. 

A/B testing ï ʮʝ ʤʝʪʦʜʠʢʘ, ʟʘ ʷʢʦʾ ʢʦʥʪʨʦʣʴʥʽ ʟʨʘʟʢʠ ʧʦ ʯʝʨʟʽ ʧʦʨʽʚʥʶʶʪʴʩʷ ʟ ʽʥʰʠʤʠ 

ʟʨʘʟʢʘʤʠ. ʊʘʢʠʤ ʯʠʥʦʤ, ʥʘʧʨʠʢʣʘʜ, ʤʦʞʥʘ ʚʠʟʥʘʯʠʪʠ ʥʘʡʢʨʘʱʫ ʢʦʤʙʽʥʘʮʽʶ ʧʦʢʘʟʥʠʢʽʚ ʜʣʷ 

ʜʦʩʷʛʥʝʥʥʷ ʥʘʡʢʨʘʱʦʾ ʨʝʘʢʮʽʾ ʩʧʦʞʠʚʘʯʽʚ ʥʘ ʤʘʨʢʝʪʠʥʛʦʚʫ ʧʨʦʧʦʟʠʮʽʶ. ɺʝʣʠʢʽ ʜʘʥʽ ʜʦʟʚʦʣʷʶʪʴ 

ʧʨʦʚʦʜʠʪʠ ʚʝʣʠʯʝʟʥʫ ʢʽʣʴʢʽʩʪʴ ʽʪʝʨʘʮʽʡ, ʚ ʨʝʟʫʣʴʪʘʪʽ ʯʦʛʦ ʦʪʨʠʤʫʶʪʴ ʩʪʘʪʠʩʪʠʯʥʦ ʜʦʩʪʦʚʽʨʥʽ 

ʨʝʟʫʣʴʪʘʪʠ [69]. 

 

2.2.8. ɯʥʪʝʣʝʢʪʫʘʣʴʥʠʡ ʘʥʘʣʽʟ ʜʘʥʠʭ 

ʅʘʩʪʫʧʥʘ ʛʨʫʧʘ ʤʝʪʦʜʽʚ ʚʝʣʠʢʠʭ ʜʘʥʠʭ  ̒ ʥʘʡʙʽʣʴʰ ʯʠʩʣʝʥʥʦ  ʁ ʪʘ ʨʽʟʥʦʤʘʥʽʪʥʦʶ ʪʘ 

ʩʪʦʩʫʻʪʴʩʷ ʚʠʣʫʯʝʥʥʷ ʜʘʥʠʭ ï ʮʝ ʽʥʪʝʣʝʢʪʫʘʣʴʥʠʡ ʘʥʘʣʽʟ ʜʘʥʠʭ. ʊʫʪ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ 

ʨʽʟʥʦʤʘʥʽʪʥʽ ʤʘʪʝʤʘʪʠʯʥʽ ʤʝʪʦʜʠ ʡ ʘʣʛʦʨʠʪʤʠ. ɼʝʷʢʽ ʟ ʥʠʭ ʩʧʠʨʘʶʪʴʩʷ ʥʘ ʩʢʣʘʜʥʽ ʤʘʪʝʤʘʪʠʯʥʽ 
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ʜʦʩʣʽʜʞʝʥʥʷ, ʘ ʜʝʷʢʽ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʤʝʪʦʜʠ çʛʨʫʙʦʾ ʩʠʣʠè ʟ ʜʝʷʢʠʤʠ ʝʚʨʠʩʪʠʢʘʤʠ, ʷʢʽ 

ʜʦʟʚʦʣʷʶʪʴ ʩʢʦʨʦʪʠʪʠ ʢʽʣʴʢʽʩʪʴ ʧʦʰʫʢʽʚ ʧʨʠ ʚʠʟʥʘʯʝʥʥʽ ʨʝʟʫʣʴʪʘʪʫ. 

 

ɯʤʽʪʘʮʽʡʥʝ ʤʦʜʝʣʶʚʘʥʥʷ 

ɯʤʽʪʘʮʽʡʥʝ ʤʦʜʝʣʶʚʘʥʥʷ ʘʙʦ ʩʠʤʫʣʷʮʽʷ (simulation) ï ʮʝ ʤʝʪʦʜ, ʷʢʠʡ ʜʦʟʚʦʣʷʻ ʙʫʜʫʚʘʪʠ 

ʤʦʜʝʣʽ, ʱʦ ʦʧʠʩʫʶʪʴ ʧʨʦʮʝʩʠ ʪʘʢ, ʷʢ ʚʦʥʠ ʚʽʜʙʫʚʘʶʪʴʩʷ ʚ ʨʝʘʣʴʥʦʩʪʽ. ɯʤʽʪʘʮʽʡʥʝ ʤʦʜʝʣʶʚʘʥʥʷ 

ʤʦʞʥʘ ʨʦʟʛʣʷʜʘʪʠ ʷʢ ʨʽʟʥʦʚʠʜ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ʪʝʩʪʫʚʘʥʥʷ [70]. 

 

ʇʨʦʩʪʦʨʦʚʠʡ ʘʥʘʣʽʟ 

Spatial Analysis - ʧʨʦʩʪʦʨʦʚʠʡ ʘʥʘʣʽʟ ï ʮʝ ʢʣʘʩ ʤʝʪʦʜʽʚ, ʱʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʪʦʧʦʣʦʛʽʯʥʫ, 

ʛʝʦʛʨʘʬʽʯʥʫ ʪʘ ʛʝʦʤʝʪʨʠʯʥʫ ʽʥʬʦʨʤʘʮʽʶ, ʱʦ ʚʠʣʫʯʘʻʪʴʩʷ ʟ ʜʘʥʠʭ. 

 

ʂʦʥʩʦʣʽʜʘʮʽʷ ʜʘʥʠʭ 

ʎʝ ʮʽʣʠʡ ʢʦʤʧʣʝʢʩ ʤʝʪʦʜʠʢ, ʩʧʨʷʤʦʚʘʥʠʭ ʥʘ ʚʠʣʫʯʝʥʥʷ ʜʘʥʠʭ ʟ ʨʽʟʥʠʭ ʜʞʝʨʝʣ, 

ʟʘʙʝʟʧʝʯʝʥʥʷ ʾʭ ʷʢʦʩʪʽ, ʧʝʨʝʪʚʦʨʝʥʥʷ ʚ ʻʜʠʥʠʡ ʬʦʨʤʘʪ ʽ ʟʘʚʘʥʪʘʞʝʥʥʷ ʚ ʩʭʦʚʠʱʝ ʜʘʥʠʭ ï 

çʘʥʘʣʽʪʠʯʥʫ ʧʽʩʦʯʥʠʮʶè ʘʙʦ çʦʟʝʨʦ ʜʘʥʠʭè [70]. ʄʝʪʦʜʠ ʢʦʥʩʦʣʽʜʘʮʽʾ ʜʘʥʠʭ ʨʦʟʨʽʟʥʷʶʪʴʩʷ ʟʘ 

ʪʠʧʦʤ ʘʥʘʣʽʪʠʢʠ, ʱʦ ʚʠʢʦʥʫʻʪʴʩʷ ʩʠʩʪʝʤʦʶ: 

1) ʧʘʢʝʪʥʘ ʘʥʘʣʽʪʠʢʘ (ʧʘʢʝʪʥʦ-ʦʨʽʻʥʪʦʚʘʥʘ); 

2) ʘʥʘʣʽʪʠʢʘ ʨʝʘʣʴʥʦʛʦ ʯʘʩʫ (ʦʨʽʻʥʪʦʚʘʥʘ ʥʘ ʨʝʘʣʴʥʠʡ ʯʘʩ); 

3) ʛʽʙʨʠʜʥʘ ʘʥʘʣʽʪʠʢʘ (ʛʽʙʨʠʜʥʘ). 

ʇʘʢʝʪʥʘ ʘʥʘʣʽʪʠʢʘ ʧʝʨʽʦʜʠʯʥʦ ʟʘʚʘʥʪʘʞʫʻ ʜʘʥʽ ʟ ʨʽʟʥʠʭ ʜʞʝʨʝʣ, ʘʥʘʣʽʟʫʻ ʜʘʥʽ ʥʘ ʥʘʷʚʥʽʩʪʴ 

ʥʝʩʧʨʘʚʥʠʭ ʬʨʘʛʤʝʥʪʽʚ, ʰʫʤʽʚ, ʬʽʣʴʪʨʫʻ ʾʭ.  

ʇʽʜ ʯʘʩ ʚʠʢʦʥʘʥʥʷ ʘʥʘʣʽʪʠʢʠ ʚ ʨʝʞʠʤʽ ʨʝʘʣʴʥʦʛʦ ʯʘʩʫ, ʜʘʥʽ ʙʝʟʧʝʨʝʨʚʥʦ ʩʪʚʦʨʶʶʪʴʩʷ 

ʜʞʝʨʝʣʘʤʠ ʪʘ ʫʪʚʦʨʶʶʪʴ ʥʘʙʽʨ ʧʦʪʦʢʽʚ ʜʘʥʠʭ. ɸʥʘʣʽʟ ʮʠʭ ʧʦʪʦʢʽʚ ʽ ʩʚʦʻʯʘʩʥʝ ʦʪʨʠʤʘʥʥʷ 

ʨʝʟʫʣʴʪʘʪʽʚ ʚ ʟʘʜʘʥʦʤʫ ʪʝʤʧʽ ʚʠʤʘʛʘʻ ʘʩʠʥʭʨʦʥʥʦʛʦ ʧʦʰʫʢʫ ʜʘʥʠʭ ʫ ʚʠʛʣʷʜʽ ʜʝʷʢʠʭ ʧʦʚʽʜʦʤʣʝʥʴ 

ʽ ʤʘʨʰʨʫʪʠʟʘʮʽʾ ʮʠʭ ʧʦʚʽʜʦʤʣʝʥʴ ʜʦ ʧʦʪʨʽʙʥʠʭ ʚʫʟʣʽʚ ʦʙʨʦʙʢʠ ʜʣʷ ʚʠʢʦʥʘʥʥʷ ʦʙʨʦʙʢʠ. 

ɼʣʷ ʛʽʙʨʠʜʥʦʾ ʘʥʘʣʽʪʠʢʠ, ʷʢ ʧʨʘʚʠʣʦ, ʧʦʚʽʜʦʤʣʝʥʥʷ ʜʘʥʠʭ ʧʦʚʠʥʥʽ ʙʫʪʠ ʥʝ ʪʽʣʴʢʠ 

ʩʧʨʷʤʦʚʘʥʽ ʥʘ ʦʙʨʦʙʢʫ, ʘʣʝ ʡ ʽʥʪʝʛʨʦʚʘʥʽ ʚ ʘʥʘʣʽʪʠʯʥʫ ʧʽʩʦʯʥʠʮʶ ʜʣʷ ʧʦʜʘʣʴʰʦʾ ʦʙʨʦʙʢʠ ʟʘ 

ʨʝʟʫʣʴʪʘʪʘʤʠ ʥʘʢʦʧʠʯʝʥʥʷ ʜʘʥʠʭ ʟʘ ʟʥʘʯʥʽ ʧʨʦʤʽʞʢʠ ʯʘʩʫ. 

ɼʘʥʽ, ʦʪʨʠʤʘʥʽ ʚ ʨʝʟʫʣʴʪʘʪʽ ʢʦʥʩʦʣʽʜʘʮʽʾ, ʧʦʚʠʥʥʽ ʚʽʜʧʦʚʽʜʘʪʠ ʧʝʚʥʠʤ ʢʨʠʪʝʨʽʷʤ ʷʢʦʩʪʽ. 

ʗʢʽʩʪʴ ʜʘʥʠʭ ï ʮʝ ʢʨʠʪʝʨʽʡ, ʷʢʠʡ ʚʠʟʥʘʯʘʻ ʧʦʚʥʦʪʫ, ʪʦʯʥʽʩʪʴ, ʘʢʪʫʘʣʴʥʽʩʪʴ ʽ ʽʥʪʝʨʧʨʝʪʘʮʽʶ 

ʜʘʥʠʭ. ɼʘʥʽ ʤʦʞʫʪʴ ʙʫʪʠ ʚʠʩʦʢʦʾ ʘʙʦ ʥʠʟʴʢʦʾ ʷʢʦʩʪʽ. 

ʗʢʽʩʥʽ ʜʘʥʽ ï ʮʝ ʧʦʚʥʽ, ʪʦʯʥʽ, ʘʢʪʫʘʣʴʥʽ ʜʘʥʽ, ʷʢʽ ʧʽʜʜʘʶʪʴʩʷ ʽʥʪʝʨʧʨʝʪʘʮʽʾ. ʊʘʢʽ ʜʘʥʽ ʜʘʶʪʴ 

ʷʢʽʩʥʠʡ ʨʝʟʫʣʴʪʘʪ: ʟʥʘʥʥʷ, ʷʢʽ ʤʦʞʫʪʴ ʧʽʜʪʨʠʤʘʪʠ ʧʨʦʮʝʩ ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʴ. 

ʅʠʟʴʢʦʷʢʽʩʥʽ ʜʘʥʽ ï ʮʝ ʪʘʢ ʟʚʘʥʽ ʙʨʫʜʥʽ ʜʘʥʽ. ɹʨʫʜʥʽ ʜʘʥʽ ʤʦʞʫʪʴ ʟôʷʚʣʷʪʠʩʷ ʟ ʨʽʟʥʠʭ 

ʧʨʠʯʠʥ, ʪʘʢʠʭ ʷʢ ʧʦʤʠʣʢʘ ʧʨʠ ʚʚʝʜʝʥʥʽ ʜʘʥʠʭ, ʚʠʢʦʨʠʩʪʘʥʥʷ ʨʽʟʥʠʭ ʬʦʨʤʘʪʽʚ ʧʨʝʜʩʪʘʚʣʝʥʥʷ ʘʙʦ 

ʦʜʠʥʠʮʴ ʚʠʤʽʨʶʚʘʥʥʷ, ʥʝʚʽʜʧʦʚʽʜʥʽʩʪʴ ʩʪʘʥʜʘʨʪʘʤ, ʚʽʜʩʫʪʥʽʩʪʴ ʩʚʦʻʯʘʩʥʠʭ ʦʥʦʚʣʝʥʴ, 

ʥʝʤʦʞʣʠʚʽʩʪʴ ʦʥʦʚʣʝʥʥʷ ʚʩʽʭ ʢʦʧʽʡ ʜʘʥʠʭ, ʥʝʚʜʘʣʝ ʚʠʜʘʣʝʥʥʷ ʧʦʚʪʦʨʶʚʘʥʠʭ ʟʘʧʠʩʽʚ ʽ ʪ.ʜ [71]. 

ʅʘʡʧʦʰʠʨʝʥʽʰʠʤʠ ʪʠʧʘʤʠ ʙʨʫʜʥʠʭ ʜʘʥʠʭ ʻ: 

- ʚʽʜʩʫʪʥʽ ʟʥʘʯʝʥʥʷ; 

- ʜʫʙʣʶʚʘʥʥʷ ʜʘʥʠʭ; 

- ʰʫʤ ʽ ʚʠʢʠʜʠ. 

ʎʽ ʪʠʧʠ ʙʨʫʜʥʠʭ ʜʘʥʠʭ ʤʦʞʥʘ ʦʯʠʩʪʠʪʠ ʨʽʟʥʠʤʠ ʤʝʪʦʜʘʤʠ ʟʘʣʝʞʥʦ ʚʽʜ ʾʭ ʪʠʧʫ (ʪʝʢʩʪ, 

ʮʠʬʨʠ, ʟʦʙʨʘʞʝʥʥʷ). 
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ɯʥʪʝʛʨʘʮʽʷ ʜʘʥʠʭ ʙʘʟʫʻʪʴʩʷ ʥʘ ʢʦʥʮʝʧʮʽʾ ʩʪʘʥʜʘʨʪʫ ʧʨʝʜʩʪʘʚʣʝʥʥʷ ʽʥʪʝʛʨʦʚʘʥʠʭ ʜʘʥʠʭ. 

ʉʪʘʥʜʘʨʪ ʦʧʠʩʫʻ ʬʦʨʤʘʪ ʟʙʝʨʽʛʘʥʥʷ ʽʥʬʦʨʤʘʮʽʾ. ɺʽʥ ʧʦʚʠʥʝʥ ʙʫʪʠ ʧʨʦʩʪʠʤ ʫ ʚʠʢʦʨʠʩʪʘʥʥʽ ʧʨʠ 

ʧʝʨʝʛʣʷʜʽ ʜʘʥʠʭ ʽ ʧʦʙʫʜʦʚʽ ʤʦʜʝʣʝʡ ʽʥʪʝʣʝʢʪʫʘʣʴʥʦʛʦ ʘʥʘʣʽʟʫ. ɯʩʥʫʻ ʨʷʜ ʩʧʝʮʠʬʽʢʘʮʽʡ, ʷʢʽ 

ʧʨʝʪʝʥʜʫʶʪʴ ʥʘ ʟʚʘʥʥʷ ʩʪʘʥʜʘʨʪʫ ʜʣʷ ʧʨʝʜʩʪʘʚʣʝʥʥʷ ʽʥʪʝʛʨʦʚʘʥʠʭ ʜʘʥʠʭ. XML ʩʪʘʚ ʰʠʨʦʢʦ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠʩʷ ʷʢ ʢʦʥʪʝʡʥʝʨ ʜʣʷ ʟʙʝʨʽʛʘʥʥʷ ʜʘʥʠʭ. ʉʧʦʯʘʪʢʫ ʮʷ ʤʦʚʘ ʨʦʟʤʽʪʢʠ 

ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʩʪʦʨʽʥʦʢ ʥʝ ʧʨʠʟʥʘʯʘʣʘʩʷ ʜʣʷ ʽʥʪʝʣʝʢʪʫʘʣʴʥʦʛʦ ʘʥʘʣʽʟʫ ʜʘʥʠʭ. ɸʣʝ ʨʦʟʚʠʪʦʢ 

ʥʝʨʝʣʷʮʽʡʥʠʭ ʙʘʟ ʜʘʥʠʭ ʧʨʠʟʚʽʚ ʜʦ ʪʦʛʦ, ʱʦ XML ʩʪʘʣʘ ʟʨʫʯʥʠʤ ʽʥʩʪʨʫʤʝʥʪʦʤ ʚ ʷʢʦʩʪʽ ʦʩʥʦʚʠ 

ʜʣʷ ʦʙôʻʜʥʘʥʥʷ ʜʘʥʠʭ ʟ ʨʽʟʥʠʭ ʜʞʝʨʝʣ. 

ɼʣʷ ʟʙʝʨʽʛʘʥʥʷ ʽʥʪʝʛʨʦʚʘʥʠʭ ʜʘʥʠʭ ʪʘʢʦʞ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʤʽʞʥʘʨʦʜʥʽ ʩʪʘʥʜʘʨʪʠ, 

ʩʧʝʮʽʘʣʴʥʦ ʨʦʟʨʦʙʣʝʥʽ ʜʣʷ ʟʦʚʩʽʤ ʽʥʰʠʭ ʮʽʣʝʡ. ʅʘʧʨʠʢʣʘʜ, ʰʠʨʦʢʦ ʚʽʜʦʤʠʡ ʩʪʘʥʜʘʨʪ ISO 15926.  

ʂʦʣʠ ʩʠʩʪʝʤʠ ʘʚʪʦʤʘʪʠʟʦʚʘʥʦʛʦ ʧʨʦʻʢʪʫʚʘʥʥʷ ʪʘ ʪʨʠʚʠʤʽʨʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ʙʫʣʠ ʚʧʝʨʰʝ 

ʢʦʤʧôʶʪʝʨʠʟʦʚʘʥʽ, ʚʠʥʠʢʣʘ ʧʦʪʨʝʙʘ ʚ ʩʪʘʥʜʘʨʪʽ, ʷʢʠʡ ʤʽʛ ʙʠ ʨʝʻʩʪʨʫʚʘʪʠ ʟʤʽʥʠ ʜʣʷ ʚʠʨʦʙʥʠʯʦʛʦ 

ʧʽʜʧʨʠʻʤʩʪʚʘ ʧʨʦʪʷʛʦʤ ʫʩʴʦʛʦ ʡʦʛʦ ʞʠʪʪʻʚʦʛʦ ʮʠʢʣʫ. ʉʪʘʥʜʘʨʪ ʧʦʚʠʥʝʥ ʙʫʚ ʦʧʠʩʫʚʘʪʠ ʩʭʦʚʠʱʝ 

ʜʘʥʠʭ, ʱʦ ʤʽʩʪʠʪʴ ʚʠʤʦʛʠ ʜʦ ʧʨʦʤʠʩʣʦʚʦʛʦ ʦʙôʻʢʪʘ, ʧʨʦʻʢʪʫʚʘʥʥʷ ʧʽʜʧʨʠʻʤʩʪʚʘ, ʘ ʪʘʢʦʞ ʬʽʟʠʯʥʽ 

ʦʙôʻʢʪʠ, ʱʦ ʚʭʦʜʷʪʴ ʜʦ ʩʢʣʘʜʫ ʧʨʦʤʠʩʣʦʚʦʛʦ ʦʙôʻʢʪʘ: ʦʙôʻʢʪ ʽ ʟʤʽʥʠ ʚʩʽʭ ʦʙôʻʢʪʽʚ ʟʙʝʨʽʛʘʥʥʷ. 

ʋ ʨʝʟʫʣʴʪʘʪʽ ʙʫʚ ʟʘʧʨʦʧʦʥʦʚʘʥʠʡ ʩʪʘʥʜʘʨʪ ISO 15926 - çʞʠʪʪʻʚʠʡ ʮʠʢʣ ʧʨʦʤʠʩʣʦʚʦʛʦ 

ʦʙôʻʢʪʘè. ɺʽʥ ʨʦʟʚʠʚʘʚʩʷ ʜʫʞʝ ʩʪʘʙʽʣʴʥʦ, ʽ ʟ ʡʦʛʦ ʨʦʟʚʠʪʢʦʤ ʽʜʝʷ ʚʧʨʦʚʘʜʞʝʥʥʷ ʮʴʦʛʦ ʩʪʘʥʜʘʨʪʫ 

ʥʘʙʫʚʘʣʘ ʚʩʝ ʙʽʣʴʰʦʛʦ ʧʦʰʠʨʝʥʥʷ ʚ ʧʨʦʤʠʩʣʦʚʦʩʪʽ. ɺʠʭʦʜʷʯʠ ʟʘ ʨʘʤʢʠ ʧʝʨʝʜʘʯʽ ʜʘʥʠʭ, ISO 

15926 ʰʚʠʜʢʦ ʩʪʘʚ ʩʪʘʥʜʘʨʪʦʤ ʜʣʷ ʩʧʽʚʽʩʥʫʚʘʥʥʷ ʪʘ ʩʧʽʣʴʥʦʾ ʨʦʙʦʪʠ ʩʢʣʘʜʥʠʭ ʤʦʜʝʣʝʡ ʜʘʥʠʭ ʫʩʽʭ 

ʪʠʧʽʚ, ʚʢʣʶʯʘʶʯʠ 2D ʪʘ 3D ʜʘʥʽ. 

ɺʠʙʽʨ ʽʥʪʝʛʨʦʚʘʥʦʛʦ ʩʪʘʥʜʘʨʪʫ ʜʘʥʠʭ ʙʘʛʘʪʦ ʚ ʯʦʤʫ ʚʠʟʥʘʯʘʻʪʴʩʷ ʭʘʨʘʢʪʝʨʦʤ 

ʦʙʨʦʙʣʶʚʘʥʦʾ ʽʥʬʦʨʤʘʮʽʾ, ʽʥʩʪʨʫʤʝʥʪʘʨʽʻʤ ʽ ʩʝʨʝʜʦʚʠʱʝʤ, ʜʦʩʪʫʧʥʠʤʠ ʽʥʪʝʛʨʘʪʦʨʫ, ʘ ʪʘʢʦʞ 

ʧʦʧʫʣʷʨʥʽʩʪʶ ʩʪʘʥʜʘʨʪʫ ʚ ʧʨʝʜʤʝʪʥʽʡ ʦʙʣʘʩʪʽ. ɭʜʠʥʦʛʦ ʩʪʘʥʜʘʨʪʫ ʜʣʷ ʚʩʽʭ ʩʠʩʪʝʤ ʘʥʘʣʽʟʫ ʜʘʥʠʭ 

ʥʝ ʽʩʥʫʻ. 

ʂʦʥʩʦʣʽʜʘʮʽʶ ʚʠʟʥʘʯʘʻ ʩʫʢʫʧʥʽʩʪʴ ETL-ʧʨʦʮʝʩʽʚ, ʪʦʙʪʦ ETL-ʟʘʩʦʙʽʚ ʧʨʠʟʥʘʯʝʥʠʭ ʜʣʷ 

ʚʠʣʫʯʝʥʥʷ, ʧʝʨʝʪʚʦʨʝʥʥʷ ʪʘ ʟʘʚʘʥʪʘʞʝʥʥʷ ʜʘʥʠʭ ʫ ʩʭʦʚʠʱʝ ʜʘʥʠʭ. ɼʦʜʘʪʢʠ ʙʽʟʥʝʩ-ʘʥʘʣʽʪʠʢʠ 

(Business Intelligence, BI) ʚʢʣʶʯʘʶʪʴ ʚ ʩʝʙʝ ʜʫʞʝ ʩʢʣʘʜʥʽ ʧʝʨʝʪʚʦʨʝʥʥʷ ʜʘʥʠʭ ʚ ETL-ʧʨʦʮʝʩʘʭ, 

ʪʘʢʽ ʷʢ ʢʚʘʥʪʫʚʘʥʥʷ, ʱʦ ʟʤʝʥʰʫʻ ʦʙʩʷʛ ʦʙʨʦʙʣʶʚʘʥʠʭ ʜʘʥʠʭ, ʥʦʨʤʘʣʽʟʘʮʽʶ ï ʧʨʦʮʝʩ ʧʨʠʚʝʜʝʥʥʷ 

ʨʝʣʷʮʽʡʥʠʭ ʪʘʙʣʠʮʴ ʜʦ ʢʘʥʦʥʽʯʥʦʛʦ ʚʠʛʣʷʜʫ ʘʙʦ ʯʠʩʣʦʚʠʭ ʜʘʥʠʭ ʜʦ ʻʜʠʥʦʛʦ ʤʘʩʰʪʘʙʫ, ʪʘ 

ʢʦʜʫʚʘʥʥʷ ʜʘʥʠʭ ï ʚʚʝʜʝʥʥʷ ʫʥʽʢʘʣʴʥʠʭ ʢʦʜʽʚ ʜʣʷ ʩʪʠʩʥʝʥʥʷ ʜʘʥʠʭ. 

ʄʝʪʦʜʠʢʠ ʚʝʣʠʢʠʭ ʜʘʥʠʭ ʟʘʟʚʠʯʘʡ ʢʦʥʮʝʥʪʨʫʶʪʴʩʷ ʥʘ ʥʝʦʙʭʽʜʥʦʩʪʽ ʧʨʘʮʶʚʘʪʠ 

ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʟ ʙʨʫʜʥʠʤʠ ʜʘʥʠʤʠ, ʪʘʢ ʷʢ ʯʘʩʪʦ ʩʘʤʝ ʧʨʠʨʦʜʘ ʟʙʦʾʚ ʤʦʞʝ ʙʫʪʠ ʧʨʝʜʤʝʪʦʤ ʘʥʘʣʽʟʫ, 

ʘ ʩʪʠʩʥʝʥʥʷ ʜʘʥʠʭ ʻ ʬʫʥʢʮʽʻʶ ʩʘʤʠʭ ʘʥʘʣʽʪʠʯʥʠʭ ʘʣʛʦʨʠʪʤʽʚ. ʄʦʞʣʠʚʽʩʪʴ ʟʙʝʨʽʛʘʥʥʷ ʜʘʥʠʭ ʚ 

ʧʝʨʚʽʩʥʦʤʫ ʚʠʛʣʷʜʽ ʧʦʚʠʥʥʘ ʟʘʙʝʟʧʝʯʫʚʘʪʠʩʷ ʪʝʭʥʽʯʥʠʤʠ ʟʘʩʦʙʘʤʠ ʘʥʘʣʽʪʠʯʥʦʾ ʩʠʩʪʝʤʠ. 

ʗʢʽʩʪʴ ʚʝʣʠʢʠʭ ʜʘʥʠʭ ʯʘʩʪʦ ʩʢʣʘʜʥʦ ʦʮʽʥʠʪʠ ʟʘ ʜʦʧʦʤʦʛʦʶ ʤʝʪʦʜʽʚ ʬʦʨʤʘʣʴʥʠʭ 

ʘʣʛʦʨʠʪʤʽʚ, ʽ ʪʦʜʽ ʚʜʘʶʪʴʩʷ ʜʦ ʚʽʟʫʘʣʽʟʘʮʽʾ ʥʘ ʨʘʥʥʽʡ ʩʪʘʜʽʾ ʜʦʩʣʽʜʞʝʥʥʷ. ʆʢʨʽʤ ʦʮʽʥʢʠ ʷʢʦʩʪʽ ʪʘ 

ʚʠʙʦʨʫ ʤʝʪʦʜʽʚ ʧʦʧʝʨʝʜʥʴʦʛʦ ʦʙʨʦʙʣʝʥʥʷ, ʚʽʟʫʘʣʽʟʘʮʽʷ ʜʦʧʦʤʘʛʘʻ ʧʝʨʝʡʪʠ ʜʦ ʚʘʞʣʠʚʦʛʦ ʝʪʘʧʫ 

ʘʥʘʣʽʪʠʢʠ-ʚʠʙʦʨʫ ʤʦʜʝʣʝʡ ʪʘ ʛʽʧʦʪʝʟ ʜʣʷ ʜʦʩʷʛʥʝʥʥʷ ʢʽʥʮʝʚʦʾ ʤʝʪʠ ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʴ. 

 

ʂʣʘʩʠʬʽʢʘʮʽʷ 

ʄʝʪʦʜ ʢʣʘʩʠʬʽʢʘʮʽʾ ʻ ʦʜʥʠʤ ʟ ʦʩʥʦʚʥʠʭ ʤʝʪʦʜʽʚ ʽʥʪʝʣʝʢʪʫʘʣʴʥʦʛʦ ʘʥʘʣʽʟʫ ʚʝʣʠʢʠʭ ʜʘʥʠʭ. 

ʁʦʛʦ ʯʘʩʪʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʧʨʠ ʧʦʙʫʜʦʚʽ ʤʦʜʝʣʽ ʘʥʘʣʽʪʠʯʥʠʭ ʩʠʩʪʝʤ ʧʦʨʷʜ ʟ ʽʥʰʦʶ ʤʝʪʦʜʠʢʦʶ 

ï ʢʣʘʩʪʝʨʠʟʘʮʽʻʶ. 
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ʂʣʘʩʠʬʽʢʘʮʽʷ ï ʮʝ ʨʦʟʧʦʜʽʣ ʦʙôʻʢʪʽʚ (ʩʧʦʩʪʝʨʝʞʝʥʴ, ʧʦʜʽʡ) ʜʦʩʣʽʜʞʝʥʥʷ ʥʘ ʨʘʥʽʰʝ ʚʽʜʦʤʽ 

ʢʣʘʩʠ ʥʘ ʦʩʥʦʚʽ ʧʦʜʽʙʥʦʩʪʽ ʦʟʥʘʢ. ʅʘ ʚʽʜʤʽʥʫ ʚʽʜ ʢʣʘʩʠʬʽʢʘʮʽʾ, ʢʣʘʩʪʝʨʠʟʘʮʽʷ ʨʦʟʧʦʜʽʣʷʻ ʦʙôʻʢʪʠ 

(ʩʧʦʩʪʝʨʝʞʝʥʥʷ, ʧʦʜʽʾ) ʥʘ ʟʘʟʜʘʣʝʛʽʜʴ ʥʝʚʽʜʦʤʽ ʢʣʘʩʠ. 

ʂʣʘʩʠʬʽʢʘʮʽʷ ʟʜʽʡʩʥʶʻʪʴʩʷ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʧʨʠʥʮʠʧʽʚ ʢʦʥʪʨʦʣʴʦʚʘʥʦʛʦ ʤʘʰʠʥʥʦʛʦ 

ʥʘʚʯʘʥʥʷ. ʂʣʘʩʠʬʽʢʘʮʽʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʤʘʪʝʤʘʪʠʯʥʠʭ ʤʝʪʦʜʽʚ ʚʠʤʘʛʘʻ ʬʦʨʤʘʣʴʥʦʛʦ ʦʧʠʩʫ 

ʦʙ'ʻʢʪʽʚ, ʷʢʠʤʠ ʤʦʞʥʘ ʤʘʥʽʧʫʣʶʚʘʪʠ ʟʘ ʜʦʧʦʤʦʛʦʶ ʤʘʪʝʤʘʪʠʯʥʦʛʦ ʘʧʘʨʘʪʫ ʢʣʘʩʠʬʽʢʘʮʽʾ [72]. 

ʂʦʞʝʥ ʦʙ'ʻʢʪ (ʟʘʧʠʩ ʙʘʟʠ ʜʘʥʠʭ) ʧʦʚʠʥʝʥ ʤʽʩʪʠʪʠ ʽʥʬʦʨʤʘʮʽʶ ʧʨʦ ʜʝʷʢʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʦʙ'ʻʢʪʫ. 

ʇʨʦʮʝʩ ʢʣʘʩʠʬʽʢʘʮʽʾ ʟʚʦʜʠʪʴʩʷ ʜʦ ʥʘʩʪʫʧʥʠʭ ʢʨʦʢʽʚ: 

1) ʥʘʙʽʨ ʚʠʭʽʜʥʠʭ ʜʘʥʠʭ (ʚʠʙʽʨʢʘ ʜʘʥʠʭ) ʜʽʣʠʪʴʩʷ ʥʘ ʜʚʘ ʥʘʙʦʨʠ: ʥʘʚʯʘʣʴʥʠʡ ʽ ʪʝʩʪʦʚʠʡ. 

ʅʘʚʯʘʣʴʥʘ ʤʥʦʞʠʥʘ ï ʮʝ ʥʘʙʽʨ, ʱʦ ʚʢʣʶʯʘʻ ʜʘʥʽ, ʱʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʜʣʷ ʧʦʙʫʜʦʚʠ ʤʦʜʝʣʽ. 

ʅʘʙʽʨ ʤʽʩʪʠʪʴ ʚʭʽʜʥʽ ʪʘ ʚʠʭʽʜʥʽ ʟʥʘʯʝʥʥʷ ʧʨʠʢʣʘʜʽʚ. ɺʠʭʽʜʥʽ ʘʙʦ ʱʝ ʥʘʟʠʚʘʶʪʴ ʮʽʣʴʦʚʽ ʟʥʘʯʝʥʥʷ 

ʧʨʠʟʥʘʯʝʥʽ ʜʣʷ ʥʘʚʯʘʥʥʷ ʤʦʜʝʣʽ. ʊʝʩʪʦʚʠʡ ʥʘʙʽʨ ʪʘʢʦʞ ʤʽʩʪʠʪʴ ʚʭʽʜʥʽ ʪʘ ʚʠʭʽʜʥʽ ʟʥʘʯʝʥʥʷ 

ʧʨʠʢʣʘʜʽʚ [72]. ʊʫʪ ʚʠʭʽʜʥʽ ʟʥʘʯʝʥʥʷ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʜʣʷ ʧʝʨʝʚʽʨʢʠ ʤʦʜʝʣʽ; 

2) ʢʦʞʝʥ ʝʣʝʤʝʥʪ ʥʘʙʦʨʫ ʜʘʥʠʭ ʥʘʣʝʞʠʪʴ ʜʦ ʦʜʥʦʛʦ ʟʘʟʜʘʣʝʛʽʜʴ ʚʠʟʥʘʯʝʥʦʛʦ ʢʣʘʩʫ. ʅʘ 

ʮʴʦʤʫ ʝʪʘʧʽ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʥʘʚʯʘʣʴʥʘ ʤʥʦʞʠʥʘ, ʽ ʙʫʜʫʻʪʴʩʷ ʤʦʜʝʣʴ. ʆʪʨʠʤʘʥʘ ʤʦʜʝʣʴ 

ʧʨʝʜʩʪʘʚʣʝʥʘ ʧʨʘʚʠʣʘʤʠ ʢʣʘʩʠʬʽʢʘʮʽʾ,  ʜʝʨʝʚʦʤ ʨʽʰʝʥʴ  ʘʙʦ ʤʘʪʝʤʘʪʠʯʥʠʤʠ ʬʦʨʤʫʣʘʤʠ [72]; 

3) ʦʮʽʥʶʻʪʴʩʷ ʧʨʘʚʠʣʴʥʽʩʪʴ ʤʦʜʝʣʽ.  ʇʝʚʥʽ ʟʥʘʯʝʥʥʷ ʟ  ʪʝʩʪʦʚʦʛʦ ʥʘʙʦʨʫ ʧʦʨʽʚʥʶʶʪʴʩʷ ʟ 

ʦʪʨʠʤʘʥʠʤʠ ʨʝʟʫʣʴʪʘʪʘʤʠ ʤʦʜʝʣʽ. ʈʦʟʨʘʭʦʚʫʻʪʴʩʷ ʨʽʚʝʥʴ ʪʦʯʥʦʩʪʽ ï ʚʽʜʩʦʪʦʢ ʧʨʘʚʠʣʴʥʦ 

ʢʣʘʩʠʬʽʢʦʚʘʥʠʭ ʦʙôʻʢʪʽʚ ʚ ʪʝʩʪʦʚʦʤʫ ʥʘʙʦʨʽ [73]. 

ɿʘʚʜʘʥʥʷʤ ʢʣʘʩʠʬʽʢʘʮʽʾ ʯʘʩʪʦ ʻ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʢʘʪʝʛʦʨʽʘʣʴʥʦʾ ʟʘʣʝʞʥʦʾ ʟʤʽʥʥʦʾ ʥʘ ʦʩʥʦʚʽ 

ʚʠʙʽʨʢʠ ʥʝʧʝʨʝʨʚʥʠʭ ʪʘ/ʘʙʦ ʢʘʪʝʛʦʨʽʘʣʴʥʠʭ ʟʤʽʥʥʠʭ [74].  

ʅʘʧʨʠʢʣʘʜ, ʤʦʞʥʘ ʩʧʨʦʛʥʦʟʫʚʘʪʠ, ʭʪʦ ʟ ʢʣʽʻʥʪʽʚ ʝʥʝʨʛʦʢʦʤʧʘʥʽʾ ʻ ʧʦʪʝʥʮʽʡʥʠʤ ʧʦʢʫʧʮʝʤ 

ʧʝʚʥʦʛʦ ʚʠʜʫ ʧʦʩʣʫʛ, ʘ ʭʪʦ ʥʽ, ʭʪʦ ʧʝʨʝʡʜʝ ʥʘ ʥʦʚʠʡ ʪʘʨʠʬʥʠʡ ʧʣʘʥ, ʘ ʭʪʦ ʥʽ ʽ ʪ. ʜ. ʎʝ ʟʘʚʜʘʥʥʷ 

ʙʽʥʘʨʥʦʾ ʢʣʘʩʠʬʽʢʘʮʽʾ, ʚ ʷʢʠʭ ʟʘʣʝʞʥʘ ʟʤʽʥʥʘ ʧʨʠʡʤʘʻ ʪʽʣʴʢʠ ʜʚʘ ʟʥʘʯʝʥʥʷ (ʥʘʧʨʠʢʣʘʜ, çʪʘʢ ʯʠ 

ʥʽè, ç0 ʘʙʦ 1è) [74].  

ʗʢʱʦ ʟʘʣʝʞʥʘ ʟʤʽʥʥʘ ʤʦʞʝ ʧʨʠʡʤʘʪʠ ʟʥʘʯʝʥʥʷ ʟ ʥʘʙʦʨʫ ʟʘʟʜʘʣʝʛʽʜʴ ʚʠʟʥʘʯʝʥʠʭ ʢʣʘʩʽʚ, ʪʦ 

ʪʘʢʘ ʢʣʘʩʠʬʽʢʘʮʽʷ ʻ ʙʘʛʘʪʦʬʘʢʪʦʨʥʦʶ. ʊʘʢʘ ʢʣʘʩʠʬʽʢʘʮʽʷ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ, ʥʘʧʨʠʢʣʘʜ, ʢʦʣʠ 

ʙʘʞʘʥʦ ʚʠʟʥʘʯʠʪʠ, ʷʢʠʡ ʪʘʨʠʬʥʠʡ ʧʣʘʥ ʭʦʯʝ ʚʠʙʨʘʪʠ ʢʣʽʻʥʪ. ʋ ʪʘʢʦʤʫ ʚʠʧʘʜʢʫ ʨʦʟʛʣʷʜʘʻʪʴʩʷ 

ʤʥʦʞʠʥʘ ʢʣʘʩʽʚ ʜʣʷ ʟʘʣʝʞʥʦʾ ʟʤʽʥʥʦʾ. 

ʂʽʣʴʢʽʩʪʴ ʦʟʥʘʢ ʦʙôʻʢʪʘ, ʱʦ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴ ʢʘʪʝʛʦʨʽʘʣʴʥʫ ʟʤʽʥʥʫ, ʤʦʞʝ ʙʫʪʠ ʨʽʟʥʠʤ.  

ʆʜʥʦʚʠʤʽʨʥʽ ʜʘʥʽ ʤʽʩʪʷʪʴ ʣʠʰʝ ʦʜʥʫ ʦʟʥʘʢʫ ʜʣʷ ʦʜʥʦʛʦ ʦʙôʻʢʪʘ. ʎʽ ʜʘʥʽ ʜʦʟʚʦʣʷʶʪʴ 

ʧʦʨʽʚʥʷʪʠ ʦʟʥʘʢʠ, ʚʩʪʘʥʦʚʠʪʠ, ʥʘʩʢʽʣʴʢʠ ʟʥʘʯʝʥʥʷ ʚʽʜʨʽʟʥʷʶʪʴʩʷ ʦʜʥʝ ʚʽʜ ʦʜʥʦʛʦ, ʦʩʦʙʣʠʚʫ ʫʚʘʛʫ 

ʧʨʠʜʽʣʠʪʠ ʦʙôʻʢʪʘʤ ʟ ʥʝʪʠʧʦʚʠʤʠ ʟʥʘʯʝʥʥʷʤʠ.  

ʇʨʠʢʣʘʜʦʤ ʦʜʥʦʚʠʤʽʨʥʠʭ ʜʘʥʠʭ ʻ ʽʥʬʦʨʤʘʮʽʷ ʧʨʦ ʩʝʨʝʜʥʻ ʩʧʦʞʠʚʘʥʥʷ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ ʚ 

ʨʝʛʽʦʥʽ ʧʦ ʨʘʡʦʥʘʭ. ʎʝ ʜʦʟʚʦʣʷʻ ʥʘʟʚʘʪʠ ʨʘʡʦʥ ʟ ʥʘʡʚʠʱʠʤʠ ʨʽʚʥʝʤ ʝʥʝʨʛʦʩʧʦʞʠʚʘʥʥʷ, ʱʦʙ 

ʟʨʦʟʫʤʽʪʠ, ʥʘʩʢʽʣʴʢʠ ʨʽʚʥʽ ʩʝʨʝʜʥʴʦʛʦ ʩʧʦʞʠʚʘʥʥʷ ʚ ʨʽʟʥʠʭ ʨʘʡʦʥʘʭ ʚʽʜʨʽʟʥʷʶʪʴʩʷ ʦʜʠʥ ʚʽʜ 

ʦʜʥʦʛʦ, ʟʚʝʨʥʫʪʠ ʫʚʘʛʫ ʥʘ ʩʬʝʨʠ, ʜʝ ʨʽʚʝʥʴ ʩʧʦʞʠʚʘʥʥʷ ʥʘʡʚʠʱʠʡ. 

ɼʚʦʚʠʤʽʨʥʽ ʜʘʥʽ ʤʽʩʪʷʪʴ ʽʥʬʦʨʤʘʮʽʶ ʧʨʦ ʜʚʘ ʘʪʨʠʙʫʪʠ ʢʦʞʥʦʛʦ ʦʙ'ʻʢʪʘ. ʆʢʨʽʤ, ʥʘʜʘʥʥʷ 

ʜʚʦʭ ʥʘʙʦʨʽʚ ʦʜʥʦʚʠʤʽʨʥʠʭ ʜʘʥʠʭ, ʜʚʦʚʠʤʽʨʥʽ ʜʘʥʽ ʜʦʟʚʦʣʷʶʪʴ ʚʠʟʥʘʯʠʪʠ, ʯʠ ʽʩʥʫʻ ʟʚ'ʷʟʦʢ ʤʽʞ 

ʜʚʦʤʘ ʘʪʨʠʙʫʪʘʤʠ ʽ ʥʘʩʢʽʣʴʢʠ ʩʠʣʴʥʦ ʮʽ ʦʟʥʘʢʠ ʧʦʚôʷʟʘʥʽ, ʯʠ ʤʦʞʥʘ ʧʝʨʝʜʙʘʯʠʪʠ ʟʥʘʯʝʥʥʷ ʦʜʥʽʻʾ 

ʦʟʥʘʢʠ ʟʽ ʟʥʘʯʝʥʥʷ ʽʥʰʦʾ ʪʘ, ʷʢʱʦ ʪʘʢ, ʪʦ ʟ ʷʢʦʶ ʜʦʩʪʦʚʽʨʥʽʩʪʶ.  

ʅʘʧʨʠʢʣʘʜ, ʟʘ ʜʘʥʠʤʠ ʦʧʠʪʫʚʘʥʥʷ ʧʽʜʧʨʠʻʤʩʪʚ ʧʨʦ ʪʝ, ʯʠ ʟʘʜʦʚʦʣʝʥʽ ʚʦʥʠ ʨʽʚʥʝʤ 

ʝʥʝʨʛʦʟʘʙʝʟʧʝʯʝʥʥʷ ʪʘ ʨʽʚʥʝʤ ʝʥʝʨʛʦʩʧʦʞʠʚʘʥʥʷ, ʤʦʞʥʘ ʚʩʪʘʥʦʚʠʪʠ, ʯʠ ʽʩʥʫʻ ʚʟʘʻʤʦʟʚôʷʟʦʢ ʤʽʞ 

ʨʽʚʥʷʤʠ ʝʥʝʨʛʦʟʘʙʝʟʧʝʯʝʥʥʷ ʡ ʝʥʝʨʛʦʩʧʦʞʠʚʘʥʥʷ ʥʘ ʧʽʜʧʨʠʻʤʩʪʚʽ. 
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ɹʘʛʘʪʦʚʠʤʽʨʥʽ ʜʘʥʽ ʤʽʩʪʷʪʴ ʽʥʬʦʨʤʘʮʽʶ ʧʨʦ ʪʨʠ ʘʙʦ ʙʽʣʴʰʝ ʦʟʥʘʢ ʜʣʷ ʢʦʞʥʦʾ ʬʫʥʢʮʽʾ. ʂʨʽʤ 

ʽʥʬʦʨʤʘʮʽʾ, ʷʢʫ ʤʦʞʥʘ ʚʠʪʷʛʪʠ ʟ ʦʜʥʦʚʠʤʽʨʥʠʭ ʽ ʜʚʦʚʠʤʽʨʥʠʭ ʤʥʦʞʠʥ, ʙʘʛʘʪʦʚʠʤʽʨʥʽ ʜʘʥʽ ʤʦʞʫʪʴ 

ʙʫʪʠ ʚʠʢʦʨʠʩʪʘʥʽ ʜʣʷ ʦʪʨʠʤʘʥʥʷ ʽʥʬʦʨʤʘʮʽʾ ʧʨʦ ʪʝ, ʯʠ ʽʩʥʫʻ ʟʚôʷʟʦʢ ʤʽʞ ʦʟʥʘʢʘʤʠ, ʷʢ ʚʦʥʠ 

ʚʟʘʻʤʦʧʦʚôʷʟʘʥʽ (ʤʦʚʘ ʡʜʝ ʥʝ ʪʽʣʴʢʠ ʧʨʦ ʧʦʧʘʨʥʫ ʟʘʣʝʞʥʽʩʪʴ ʦʟʥʘʢ, ʘ ʡ ʧʨʦ ʟʘʣʝʞʥʽʩʪʴ ʚ 

ʛʝʥʝʨʘʣʴʥʽʡ ʩʫʢʫʧʥʦʩʪʽ), ʯʠ ʤʦʞʥʘ ʧʝʨʝʜʙʘʯʠʪʠ ʟʥʘʯʝʥʥʷ ʦʜʥʽʻʾ ʟʤʽʥʥʦʾ ʥʘ ʦʩʥʦʚʽ ʟʥʘʯʝʥʴ ʽʥʰʠʭ. 

ʇʨʠʢʣʘʜ ʙʘʛʘʪʦʚʠʤʽʨʥʠʭ ʜʘʥʠʭ ʮʝ ʧʝʨʝʣʽʢ ʢʣʽʻʥʪʽʚ ʝʥʝʨʛʝʪʠʯʥʦʾ ʢʦʤʧʘʥʽʾ, ʚ ʷʢʦʤʫ ʚʢʘʟʘʥʽ 

ʨʽʚʥʽ ʝʥʝʨʛʦʩʧʦʞʠʚʘʥʥʷ, ʢʽʣʴʢʽʩʪʴ ʧʨʘʮʽʚʥʠʢʽʚ, ʨʽʯʥʠʡ ʦʙʦʨʦʪ ʢʦʰʪʽʚ ʪʘ ʧʨʦʬʽʣʴ (ʪʘʙʣʠʮʷ 2.2). 

 

ʊʘʙʣʠʮʷ 2.2. ʇʨʠʢʣʘʜ ʙʘʛʘʪʦʚʠʤʽʨʥʠʭ ʜʘʥʠʭ 

 ̄ ʂʣʽʻʥʪ ʏʠʩʝʣʴʥʽʩʪʴ 

ʩʧʽʚʨʦʙʽʪʥʠʢʽʚ 

ʈʽʯʥʠʡ ʦʙʦʨʦʪ 

(ʤʽʣʴʡʦʥʽʚ ʛʨʥ) 

ʉʧʦʞʠʚʘʥʥʷ 

ʝʥʝʨʛʽʾ 

(ʪʠʩ. ʢɺʪ/ʛʦʜ) 

ʇʨʦʬʽʣʴ 

1 ʆʆʆ çɺʪʦʨʈʝʩʫʨʩè 57 200 100 ʚʠʨʦʙʥʠʮʪʚʦ 

2 ɸʆ çʉʽʤè 32 200 100 ʚʠʨʦʙʥʠʮʪʚʦ 

3 ɸʜʤ. ʃʦʢʦʪʩʴʢʠʡ ʨ-ʥ 89 0 8 ʜʝʨʞ. 

4 ʆʆʆ çʄʦʨʥʘʙʽʨè 49 20 12 ʫʩʪʘʥʦʚʘ 

5 ʊʉɾ çɺʠʩʦʪʢʘè 4 5 30 ʥʘʚʯ. ʟʘʢʣʘʜ 

6 ʆɸʆ çʄʝʭʘʥʽʢè 27 20 400 ʧʦʩʣʫʛʠ 

7 ʆʆʆ çʅʘʩʪʨʽʡ-ʄʄè 36 1 300 ʚʠʨʦʙʥʠʮʪʚʦ 

8 ʆʆʆ çʉʫʭʧʘʡè 37 5 40 ɺʠʨʦʙʥʠʮʪʚʦ 

9 ʆɸʆ çʈʠʙʘè 83 7 400 ʚʠʨʦʙʥʠʮʪʚʦ 

10 ʆʆʆ çɺʦʜʦʩʪʽʢè 13 5 50 ʚʠʨʦʙʥʠʮʪʚʦ 

11 ʆʆʆ çʂʨʠʚʦʰʠʧè 14 3 9 ʪʦʨʛʽʚʣʷ 

12 ɯʇ çɯʚʘʥʦʚè 9 2 100 ʚʠʨʦʙʥʠʮʪʚʦ 

13 ʆʆʆ çʃʦʩʢʫʪè 1134 50 1000 ʚʠʨʦʙʥʠʮʪʚʦ 

14 ʆʆʆ çʄʽʢʨʦʪʝʭè 21 22 100 ʚʠʨʦʙʥʠʮʪʚʦ 

 

ʇʨʠ ʘʥʘʣʽʟʽ ʪʘʙʣʠʮʽ ʣʝʛʢʦ ʚʩʪʘʥʦʚʠʪʠ ʚʟʘʻʤʦʟʚôʷʟʦʢ ʤʽʞ ʧʨʦʬʽʣʝʤ ʽ ʩʧʦʞʠʚʘʥʥʷʤ ʝʥʝʨʛʽʾ. 

ʗʢʱʦ ʧʨʦʬʽʣʴ çʚʠʨʦʙʥʠʯʠʡè, ʪʦ ʝʥʝʨʛʦʩʧʦʞʠʚʘʥʥʷ ʚʠʩʦʢʝ. 

ɿʥʘʯʝʥʥʷ ʦʟʥʘʢ, ʷʢʽ ʚʠʨʘʞʘʶʪʴʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʯʠʩʝʣ, ʱʦ ʤʘʶʪʴ ʟʤʽʩʪʦʚʥʝ ʟʥʘʯʝʥʥʷ, 

ʥʘʟʠʚʘʶʪʴʩʷ ʢʽʣʴʢʽʩʥʠʤʠ ʜʘʥʠʤʠ. ɼʘʥʽ ʚ ʢʦʣʦʥʢʘʭ çʂʽʣʴʢʽʩʪʴ ʧʨʘʮʽʚʥʠʢʽʚè, çʈʽʯʥʠʡ ʦʙʦʨʦʪè ʽ 

çʉʧʦʞʠʚʘʥʥʷ ʝʥʝʨʛʽʾè ʪʘʙʣʠʮʽ ʻ ʢʽʣʴʢʽʩʥʠʤʠ. ʇʨʠ ʮʴʦʤʫ ʮʠʬʨʠ, ʥʘʚʝʜʝʥʽ ʚ ʧʝʨʰʽʡ ʢʦʣʦʥʮʽ ʮʽʻʾ 

ʪʘʙʣʠʮʽ, ʥʝ ʻ ʢʽʣʴʢʽʩʥʠʤʠ ʜʘʥʠʤʠ: ʚʦʥʠ ʣʠʰʝ ʚʢʘʟʫʶʪʴ ʥʦʤʝʨ ʢʣʽʻʥʪʘ ʚ ʨʝʻʩʪʨʽ. ʎʽ ʮʠʬʨʠ ʥʝ 

ʤʘʶʪʴ ʟʤʽʩʪʦʚʥʦʛʦ ʪʣʫʤʘʯʝʥʥʷ. 

ɿʘ ʜʦʧʦʤʦʛʦʶ ʢʽʣʴʢʽʩʥʠʭ ʜʘʥʠʭ ʤʦʞʥʘ ʚʠʢʦʥʫʚʘʪʠ ʚʩʽ ʟʚʠʯʘʡʥʽ ʦʧʝʨʘʮʽʾ ʥʘʜ ʯʠʩʣʘʤʠ, ʪʘʢʽ 

ʷʢ ʦʙʯʠʩʣʝʥʥʷ ʩʝʨʝʜʥʴʦʛʦ ʟʥʘʯʝʥʥʷ ʡ ʦʮʽʥʢʘ ʤʽʥʣʠʚʦʩʪʽ. 

ʗʢɦʦ ʜʘʥʽ ʬʽʢʩʫʶʪʴ ʧʝʚʥʫ ʷʢʽʩʪʴ, ʷʢʦʶ ʚʦʣʦʜʽʻ ʦʙôʻʢʪ, ʾʭ ʥʘʟʠʚʘʶʪʴ ʷʢʽʩʥʠʤʠ. ʗʢʱʦ 

ʟʥʘʯʝʥʥʷ ʷʢʦʩʪʽ ʤʦʞʥʘ ʟʽʩʪʘʚʠʪʠ ʟ ʯʠʩʣʘʤʠ, ʪʦʜʽ ʮʽ ʯʠʩʣʘ ʥʝ ʤʦʞʥʘ ʨʦʟʛʣʷʜʘʪʠ ʷʢ ʢʽʣʴʢʽʩʥʽ ʜʘʥʽ. 

ʇʨʠʢʣʘʜʦʤ ʷʢʽʩʥʠʭ ʜʘʥʠʭ ʤʦʞʝ ʩʣʫʞʠʪʠ ʛʨʘʬʘ çʇʨʦʬʽʣʴè ʚ ʪʘʙʣʠʮʽ ʚʠʱʝ. ɼʦ ʤʦʞʣʠʚʠʭ 

ʟʥʘʯʝʥʴ ʤʦʞʥʘ ʚʽʜʥʝʩʪʠ çʚʠʨʦʙʥʠʮʪʚʦè, çʪʦʨʛʽʚʣʷè, çʧʦʩʣʫʛʠè, çʜʝʨʞʘʚʥʘ ʫʩʪʘʥʦʚʘè. 



  77 

ɼʣʷ ʢʣʘʩʠʬʽʢʘʮʽʾ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʨʽʟʥʽ ʤʘʪʝʤʘʪʠʯʥʽ ʤʝʪʦʜʠ, ʟʚʘʥʽ çʤʘʰʠʥʥʠʤ 

ʥʘʚʯʘʥʥʷʤè. ʆʩʥʦʚʥʽ ʟ ʥʠʭ, ʷʢʽ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʧʨʠ ʘʥʘʣʽʟʽ ʚʝʣʠʢʠʭ ʜʘʥʠʭ [75]: 

- ʢʣʘʩʠʬʽʢʘʮʽʷ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʜʝʨʝʚ ʨʽʰʝʥʴ; 

- ʙʘʡʻʩʽʚʩʴʢʘ (ʥʘʾʚʥʘ) ʢʣʘʩʠʬʽʢʘʮʽʷ; 

- ʢʣʘʩʠʬʽʢʘʮʽʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʰʪʫʯʥʠʭ ʥʝʡʨʦʥʥʠʭ ʤʝʨʝʞ; 

- ʢʣʘʩʠʬʽʢʘʮʽʷ ʦʧʦʨʥʠʭ ʚʝʢʪʦʨʽʚ; 

- ʩʪʘʪʠʩʪʠʯʥʽ ʤʝʪʦʜʠ, ʟʦʢʨʝʤʘ, ʣʽʥʽʡʥʘ ʨʝʛʨʝʩʽʷ; 

- ʢʣʘʩʠʬʽʢʘʮʽʷ ʥʘʡʙʣʠʞʯʦʛʦ ʩʫʩʽʜʘ; 

- ʢʣʘʩʠʬʽʢʘʮʽʷ CBR; 

- ʢʣʘʩʠʬʽʢʘʮʽʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʛʝʥʝʪʠʯʥʠʭ ʘʣʛʦʨʠʪʤʽʚ. 

ʄʝʪʦʜʠ ʚʽʜʨʽʟʥʷʶʪʴʩʷ ʧʨʠʜʘʪʥʽʩʪʶ ʪʘ ʟʨʫʯʥʽʩʪʶ ʜʣʷ ʨʦʙʦʪʠ ʟ ʨʽʟʥʠʤʠ ʪʠʧʘʤʠ ʜʘʥʠʭ. ʆʜʥʽ 

ʜʦʙʨʝ ʧʽʜʭʦʜʷʪʴ ʜʣʷ ʨʦʙʦʪʠ ʟ ʢʽʣʴʢʽʩʥʠʤʠ ʦʟʥʘʢʘʤʠ, ʽʥʰʽ ï ʟ ʷʢʽʩʥʠʤʠ. ɸʣʛʦʨʠʪʤʠ, ʱʦ ʨʝʘʣʽʟʫʶʪʴ 

ʰʚʠʜʢʽ ʤʝʪʦʜʠ, ʯʘʩʪʦ ʧʦʩʪʫʧʘʶʪʴʩʷ ʟʘ ʷʢʽʩʪʶ ʙʽʣʴʰ ʧʦʚʽʣʴʥʠʤ. 

ʇʨʠʡʥʷʪʦ ʦʮʽʥʶʚʘʪʠ ʷʢʽʩʪʴ ʢʦʥʢʨʝʪʥʦʾ ʧʨʦʛʨʘʤʥʦʾ ʨʝʘʣʽʟʘʮʽʾ ʤʝʪʦʜʫ ʢʣʘʩʠʬʽʢʘʮʽʾ ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʤʝʪʦʜʠʢʠ, ʟʚʘʥʦʾ ʨʦʙʦʯʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʧʨʠʡʤʘʯʘ ʘʙʦ ʢʨʠʚʘ (ROC - receiver operating 

characteristic). ʎʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʪʘʢʦʞ ʥʘʟʠʚʘʻʪʴʩʷ ʢʨʠʚʦʶ ʧʦʭʠʙʢʠ ʽ ʧʦʢʘʟʫʻ ʟʚôʷʟʦʢ ʤʽʞ 

ʯʘʩʪʢʦʶ ʧʨʘʚʠʣʴʥʠʭ ʧʦʟʠʪʠʚʥʠʭ ʢʣʘʩʠʬʽʢʘʮʽʡ ʽʟ ʟʘʛʘʣʴʥʦʛʦ ʯʠʩʣʘ ʧʦʟʠʪʠʚʥʠʭ ʢʣʘʩʠʬʽʢʘʮʽʡ ï 

ʯʘʩʪʦʪʘ ʽʩʪʠʥʥʠʭ ʧʦʟʠʪʠʚʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ (TPR ï True positive rate) ʟ ʯʘʩʪʢʦʶ ʧʦʤʠʣʢʦʚʠʭ 

ʧʦʟʠʪʠʚʥʠʭ ʢʣʘʩʠʬʽʢʘʮʽʡ ʟ ʟʘʛʘʣʴʥʦʾ ʢʽʣʴʢʦʩʪʽ ʥʝʛʘʪʠʚʥʠʭ ʢʣʘʩʠʬʽʢʘʮʽʡ ï ʯʘʩʪʦʪʘ 

ʭʠʙʥʦʧʦʟʠʪʠʚʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ (FPR ï False positive rate). 

ʅʘ ʨʠʩʫʥʢʫ 2.8 ʧʦʢʘʟʘʥʦ ROC ï ʢʨʠʚʫ ʜʣʷ ʜʝʷʢʦʛʦ çʭʦʨʦʰʦʛʦè ʢʣʘʩʠʬʽʢʘʪʦʨʫ (ʩʫʮʽʣʴʥʘ 

ʣʽʥʽʷ), ʘ ʜʣʷ ʧʦʨʽʚʥʷʥʥʷ ʧʫʥʢʪʠʨʥʘ ʧʨʷʤʘ ʣʽʥʽʷ ʧʦʢʘʟʫʻ ʢʨʠʚʫ ʧʦʤʠʣʢʠ ʜʣʷ ʯʠʩʪʦ ʚʠʧʘʜʢʦʚʦʛʦ 

ʚʛʘʜʫʚʘʥʥʷ. 

 
ʈʠʩ. 2.8. ROC-ʢʨʠʚʘ 

 

ɸʛʨʝʛʦʚʘʥʦʶ ʭʘʨʘʢʪʝʨʠʩʪʠʢʦʶ ʷʢʦʩʪʽ ʢʣʘʩʠʬʽʢʘʪʦʨʘ ʻ ʧʣʦʱʘ ʧʽʜ ʢʨʠʚʦʶ ROC, ʟʚʘʥʘ AUC 

(ʧʣʦʱʘ ʧʽʜ ʢʨʠʚʦʶ). ʏʠʤ ʚʠʱʝ ʮʝ ʟʥʘʯʝʥʥʷ, ʪʠʤ ʢʨʘʱʝ ʤʦʜʝʣʴ ʢʣʘʩʠʬʽʢʘʮʽʾ. AUC ʟʘʟʚʠʯʘʡ 

ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʜʣʷ ʧʦʨʽʚʥʷʥʥʷ ʢʣʘʩʠʬʽʢʘʮʽʡʥʠʭ ʤʦʜʝʣʝʡ. 

 

ʂʣʘʩʪʝʨʠʟʘʮʽʷ 

ʄʝʪʦʜʠʢʘ ʢʣʘʩʪʝʨʠʟʘʮʽʾ ï ʮʝ ʧʽʜʭʽʜ ʜʦ ʢʣʘʩʠʬʽʢʘʮʽʾ ʜʘʥʠʭ ʫ ʪʦʤʫ ʚʠʧʘʜʢʫ, ʢʦʣʠ ʟʘʟʜʘʣʝʛʽʜʴ 

ʥʝʚʽʜʦʤʦ, ʜʦ ʷʢʦʛʦ ʢʣʘʩʫ ʩʣʽʜ ʚʽʜʥʝʩʪʠ ʙʫʜʴ-ʷʢʠʡ ʟ ʥʘʷʚʥʠʭ ʦʙôʻʢʪʽʚ. ʂʣʘʩʪʝʨʠʟʘʮʽʷ ʟʜʽʡʩʥʶʻʪʴʩʷ 

ʰʣʷʭʦʤ ʘʚʪʦʤʘʪʠʯʥʦʛʦ ʟʥʘʭʦʜʞʝʥʥʷ ʛʨʫʧ, ʥʘ ʷʢʽ ʩʣʽʜ ʨʦʟʜʽʣʠʪʠ ʘʥʘʣʽʟʦʚʘʥʽ ʦʙôʻʢʪʠ. ʊʘʢʠʡ 

ʧʨʦʮʝʩ ʤʦʞʥʘ ʨʦʟʛʣʷʜʘʪʠ ʷʢ ʤʘʰʠʥʥʝ ʥʘʚʯʘʥʥʷ ʙʝʟ ʥʘʛʣʷʜʫ. 
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ɺʽʜʦʤʦ ʙʽʣʴʰʝ 100 ʨʽʟʥʠʭ ʘʣʛʦʨʠʪʤʽʚ ʢʣʘʩʪʝʨʠʟʘʮʽʾ, ʥʘʡʙʽʣʴʰ ʪʠʧʦʚ ̔ʟ ʥʠʭ [75]:  

- ʽʻʨʘʨʭʽʯʥʠʡ ʢʣʘʩʪʝʨʥʠʡ ʘʥʘʣʽʟ; 

- ʢʣʘʩʪʝʨʠʟʘʮʽʷ ʤʝʪʦʜʦʤ k-ʩʝʨʝʜʥʽʭ. 

 

ɯʻʨʘʨʭʽʯʥʠʡ ʢʣʘʩʪʝʨʥʠʡ ʘʥʘʣʽʟ 

ɯʻʨʘʨʭʽʯʥʠʡ ʢʣʘʩʪʝʨʥʠʡ ʘʥʘʣʽʟ ʚʢʣʶʯʘʻ ʚ ʩʝʙʝ ʜʚʘ ʚʠʜʠ ʤʝʪʦʜʽʚ: 

1) ʘʛʣʦʤʝʨʘʪʠʚʥʠʡ; 

2) ʜʠʚʽʟʽʦʥʘʣʴʥʠʡ. 

ʅʘʡʙʽʣʴʰ ʧʦʰʠʨʝʥʠʤʠ ʻ ʽʻʨʘʨʭʽʯʥʽ ʘʛʣʦʤʝʨʘʪʠʚʥʽ ʤʝʪʦʜʠ. ʉʫʪʴ ʮʠʭ ʤʝʪʦʜʽʚ ʧʦʣʷʛʘʻ ʚ 

ʪʦʤʫ, ʱʦ ʩʧʦʯʘʪʢʫ ʢʦʞʝʥ ʦʙôʻʢʪ ʨʦʟʛʣʷʜʘʻʪʴʩʷ ʷʢ ʦʢʨʝʤʠʡ ʢʣʘʩʪʝʨ. ʂʣʘʩʪʝʨʠ ʦʙôʻʜʥʫʶʪʴʩʷ ʢʨʦʢ 

ʟʘ ʢʨʦʢʦʤ. ʅʘ ʦʩʥʦʚʽ ʤʘʪʨʠʮʽ ʚʽʜʩʪʘʥʝʡ ʘʙʦ ʤʘʪʨʠʮʽ ʧʦʜʽʙʥʦʩʪʽ ʦʟʥʘʢ ʦʙôʻʜʥʫʶʪʴʩʷ ʥʘʡʙʣʠʞʯʽ 

ʦʙôʻʢʪʠ. ʗʢʱʦ ʤʘʪʨʠʮʷ ʧʦʜʽʙʥʦʩʪʽ ʩʧʦʯʘʪʢʫ ʤʘʻ ʨʦʟʤʽʨʥʽʩʪʴ ά ά, ʪʦ ʧʽʩʣʷ ʢʨʦʢʽʚ ά ρ ʚʩʽ 

ʦʙôʻʢʪʠ ʙʫʜʫʪʴ ʦʙôʻʜʥʘʥʽ ʚ ʦʜʠʥ ʢʣʘʩʪʝʨ. 

ɹʘʛʘʪʦ ʤʝʪʦʜʽʚ ʽʻʨʘʨʭʽʯʥʦʛʦ ʢʣʘʩʪʝʨʥʦʛʦ ʘʥʘʣʽʟʫ ʚʽʜʨʽʟʥʷʶʪʴʩʷ ʚʠʢʦʨʠʩʪʦʚʫʚʘʥʠʤʠ 

ʧʦʢʘʟʥʠʢʘʤʠ ʙʣʠʟʴʢʦʩʪʽ ʡ ʘʣʛʦʨʠʪʤʘʤʠ ʫʥʽʬʽʢʘʮʽʾ. ʈʽʟʥʠʮʷ ʤʽʞ ʘʣʛʦʨʠʪʤʘʤʠ ʧʦʣʷʛʘʻ ʚ ʩʧʦʩʦʙʽ 

ʨʦʟʨʘʭʫʥʢʫ ʙʣʠʟʴʢʦʩʪʽ. 

ʆʙôʻʢʪʠ ʜʘʥʠʭ ʚʽʜʽʛʨʘʶʪʴ ʢʣʶʯʦʚʫ ʨʦʣʴ ʫ ʚʩʽʭ ʤʝʪʦʜʘʭ ʢʣʘʩʪʝʨʠʟʘʮʽʾ. ʂʨʠʪʝʨʽʡ ʙʣʠʟʴʢʦʩʪʽ 

ʜʚʦʭ ʦʙôʻʢʪʽʚ ʜʘʥʠʭ, ʷʢ ʧʨʘʚʠʣʦ, ʧʦʚôʷʟʘʥʠʡ ʽʟ ʩʝʤʘʥʪʠʯʥʠʤʠ ʘʩʧʝʢʪʘʤʠ: çʧʦʜʽʙʥʦʩʪʽè ʚ 

ʘʥʘʣʽʟʦʚʘʥʽʡ ʧʨʝʜʤʝʪʥʽʡ ʦʙʣʘʩʪʽ.  

ʋ ʟʘʛʘʣʴʥʦʤʫ ʚʠʛʣʷʜʽ ʘʣʛʦʨʠʪʤ ʽʻʨʘʨʭʽʯʥʦʛʦ ʢʣʘʩʪʝʨʥʦʛʦ ʘʥʘʣʽʟʫ ʤʦʞʥʘ ʧʨʝʜʩʪʘʚʠʪʠ ʫ 

ʚʠʛʣʷʜʽ ʧʦʩʣʽʜʦʚʥʦʩʪʽ ʥʘʩʪʫʧʥʠʭ ʧʨʦʮʝʜʫʨ [76]: 

1) ʥʦʨʤʫʚʘʥʥʷ ʟʥʘʯʝʥʴ ʧʦʯʘʪʢʦʚʠʭ ʦʟʥʘʢ; 

2) ʩʢʣʘʜʘʥʥʷ ʤʘʪʨʠʮʽ ʚʽʜʩʪʘʥʝʡ ʘʙʦ ʤʘʪʨʠʮʽ ʤʽʨ ʙʣʠʟʴʢʦʩʪʽ; 

3) ʟʥʘʭʦʜʞʝʥʥʷ ʧʘʨ ʥʘʡʙʣʠʞʯʠʭ ʩʢʫʧʯʝʥʴ; 

4) ʦʙôʻʜʥʘʥʥʷ ʜʚʦʭ ʢʣʘʩʪʝʨʽʚ ʟʘ ʦʙʨʘʥʠʤ ʘʣʛʦʨʠʪʤʦʤ. 

ʇʫʥʢʪʠ 2, 3 ʽ 4 ʧʦʚʪʦʨʶʶʪʴʩʷ, ʧʦʢʠ ʚʩʽ ʦʙôʻʢʪʠ ʥʝ ʙʫʜʫʪʴ ʦʙôʻʜʥʘʥʽ ʚ ʦʜʠʥ ʢʣʘʩʪʝʨ ʘʙʦ 

ʧʦʢʠ ʥʝ ʙʫʜʝ ʜʦʩʷʛʥʫʪʠʡ ʟʘʜʘʥʠʡ çʧʦʨʽʛè ʙʣʠʟʴʢʦʩʪʽ. 

ɸʣʛʦʨʠʪʤʠ ʽʻʨʘʨʭʽʯʥʦʛʦ ʢʣʘʩʪʝʨʥʦʛʦ ʘʥʘʣʽʟʫ ʜʽʣʷʪʴʩʷ ʥʘ ʜʚʽ ʛʨʫʧʠ: ʘʣʛʦʨʠʪʤʠ ʜʦʜʘʚʘʥʥʷ 

ʦʙôʻʢʪʘ ʚ ʢʣʘʩʪʝʨ ʽ ʘʣʛʦʨʠʪʤʠ ʦʙôʻʜʥʘʥʥʷ ʜʚʦʭ ʢʣʘʩʪʝʨʽʚ. ʈʽʟʥʽ ʘʣʛʦʨʠʪʤʠ ʘʛʨʝʛʘʮʽʾ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʜʣʷ ʚʢʣʶʯʝʥʥʷ ʥʦʚʦʛʦ ʦʙôʻʢʪʘ ʚ ʽʩʥʫʶʯʠʡ ʢʣʘʩʪʝʨ. 

ʈʦʟʛʣʷʥʝʤʦ ʜʝʢʽʣʴʢʘ ʟ ʧʦʰʠʨʝʥʠʭ ʤʝʪʦʜʽʚ ʽʻʨʘʨʭʽʯʥʦʛʦ ʢʣʘʩʪʝʨʥʦʛʦ ʘʥʘʣʽʟʫ ʜʝʪʘʣʴʥʽʰʝ. 

ɭʜʠʥʠʡ ʤʝʪʦʜ ʟʚôʷʟʢʫ. ʅʘ ʦʩʥʦʚʽ ʤʘʪʨʠʮʽ ʚʽʜʩʪʘʥʝʡ ʚʠʟʥʘʯʘʶʪʴʩʷ ʜʚʘ ʥʘʡʙʣʠʞʯʠʭ ʦʙôʻʢʪʘ, 

ʽ ʚʦʥʠ ʫʪʚʦʨʶʶʪʴ ʧʝʨʰʠʡ ʢʣʘʩʪʝʨ. ɼʘʣʽ ʚʠʙʠʨʘʻʤʦ ʦʙôʻʢʪ, ʷʢʠʡ ʙʫʜʝ ʚʭʦʜʠʪʠ ʚ ʮʝʡ ʢʣʘʩʪʝʨ. 

ʊʘʢʠʤ ʦʙôʻʢʪʦʤ ʙʫʜʝ ʪʦʡ, ʷʢʠʡ ʤʘʻ ʥʘʡʤʝʥʰʫ ʚʽʜʩʪʘʥʴ ʭʦʯʘ ʙ ʚʽʜ ʦʜʥʦʛʦ ʟ ʫʞʝ ʚʢʣʶʯʝʥʠʭ ʚ 

ʢʣʘʩʪʝʨ ʦʙôʻʢʪʽʚ. ʅʘ ʥʘʩʪʫʧʥʦʤʫ ʝʪʘʧʽ ʘʥʘʣʦʛʽʯʥʠʤ ʯʠʥʦʤ ʚʢʣʶʯʘʻʪʴʩʷ ʚ ʢʣʘʩʪʝʨ ʥʘʩʪʫʧʥʠʡ 

ʦʙôʻʢʪ, ʽ ʪʘʢ ʜʦ ʪʠʭ ʧʽʨ, ʧʦʢʠ ʥʝ ʙʫʜʝ ʩʬʦʨʤʦʚʘʥʠʡ ʻʜʠʥʠʡ ʢʣʘʩʪʝʨ. 

ʄʝʪʦʜ ʧʦʚʥʠʭ ʧʦʩʠʣʘʥʴ. ʅʦʚʠʡ ʦʙôʻʢʪ ʚʢʣʶʯʘʻʪʴʩʷ ʚ ʢʣʘʩʪʝʨ ʪʽʣʴʢʠ ʚ ʪʦʤʫ ʚʠʧʘʜʢʫ, ʷʢʱʦ 

ʚʽʜʩʪʘʥʴ ʤʽʞ ʦʙôʻʢʪʘʤʠ ʥʝ ʤʝʥʰʝ ʧʝʚʥʦʛʦ ʟʘʜʘʥʦʛʦ ʨʽʚʥʷ. 

ʉʧʦʩʽʙ ʩʝʨʝʜʥʴʦʾ ʤʫʬʪʠ. ʑʦʙ ʚʠʨʽʰʠʪʠ, ʯʠ ʚʢʣʶʯʘʪʠ ʥʦʚʠʡ ʦʙôʻʢʪ ʚ ʽʩʥʫʶʯʠʡ ʢʣʘʩʪʝʨ, 

ʨʦʟʨʘʭʦʚʫʻʪʴʩʷ ʩʝʨʝʜʥʻ ʟʥʘʯʝʥʥʷ ʤʽʨʠ ʙʣʠʟʴʢʦʩʪʽ, ʷʢʝ ʧʦʪʽʤ ʧʦʨʽʚʥʶʻʪʴʩʷ ʽʟ ʟʘʜʘʥʠʤ ʧʦʨʦʛʦʚʠʤ 

ʨ̔ ʚʥʝʤ (ʷʢ ʽ ʚ ʧʦʧʝʨʝʜʥʴʦʤʫ ʩʧʦʩʦʙʽ). 

ʄʝʪʦʜ ʋʦʨʜʘ. ʎʝʡ ʤʝʪʦʜ ʧʝʨʝʜʙʘʯʘʻ, ʱʦ ʩʧʦʯʘʪʢʫ ʢʦʞʝʥ ʢʣʘʩʪʝʨ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʦʜʥʦʛʦ 

ʦʙôʻʢʪʘ. ʉʧʦʯʘʪʢʫ ʚʽʜʙʫʚʘʻʪʴʩʷ ʦʙôʻʜʥʘʥʥʷ ʜʚʦʭ ʥʘʡʙʣʠʞʯʠʭ ʢʣʘʩʪʝʨʽʚ. ɼʣʷ ʥʠʭ ʚʠʟʥʘʯʘʶʪʴʩʷ 
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ʩʝʨʝʜʥʽ ʟʥʘʯʝʥʥʷ ʢʦʞʥʦʾ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʡ ʦʙʯʠʩʣʶʻʪʴʩʷ ʩʫʤʘ ʢʚʘʜʨʘʪʽʚ ʚʽʜʭʠʣʝʥʴ ʟʘ ʬʦʨʤʫʣʦʶ 

2.1 [76]. 

 

 ὺ    ὼ  ὼ ȟ̅ ̌ ̠̋̏̇̎̏̄̏ ̎̏̍̆̑́ ̋̌́̒̓̆̑́ Ὅ ̓  ́ 

 ̨̖̃̒ ̏ ǫ̤̃̄̂̋̓̃ ̈ ̘̉̒̌́̍̉ Ὥɴ ρȟὲ ȟ    Ὦɴ ρȟὯȟ (2.1) 

 

ʜʝ i - ʥʦʤʝʨ ʦʙôʻʢʪʘ; 

ὲὍ - ʢʽʣʴʢʽʩʪʴ ʦʙô̒ ʢʪʽʚ ʚ l - ʪʦʡ ʢʣʘʩʪʝʨ; 

j - ʥʦʤʝʨ ʦʟʥʘʢʠ; 

k - ʢʽʣʴʢʽʩʪʴ ʦʟʥʘʢ, ʱʦ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴ ʢʦʞʝʥ ʦʙôʻʢʪ. 

 

ʅʘʜʘʣʽ ʦʙôʻʜʥʫʶʪʴʩʷ ʪʽ ʦʙôʻʢʪʠ ʘʙʦ ʢʣʘʩʪʝʨʠ, ʷʢʽ ʜʘʶʪʴ ʥʘʡʤʝʥʰʠʡ ʧʨʠʨʽʩʪ ʟʥʘʯʝʥʥʷ ὺ. 

ɼʣʷ ʦʙôʻʜʥʘʥʥʷ ʜʚʦʭ ʢʣʘʩʪʝʨʽʚ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʥʘʩʪʫʧʥʽ ʘʣʛʦʨʠʪʤʠ: 

- ʤʝʪʦʜ ʜʘʣʝʢʦʛʦ ʩʫʩʽʜʘ. ʉʪʫʧʽʥʴ ʙʣʠʟʴʢʦʩʪʽ ʦʮʽʥʶʻʪʴʩʷ ʟʘ ʩʪʫʧʝʥʝʤ ʙʣʠʟʴʢʦʩʪʽ ʤʽʞ 

ʥʘʡʚʽʜʜʘʣʝʥʽʰʠʤʠ ʦʙôʻʢʪʘʤʠ ʩʢʫʧʯʝʥʴ; 

- ʤʝʪʦʜ ʥʘʡʙʣʠʞʯʦʛʦ ʩʫʩʽʜʘ. ʉʪʫʧʽʥʴ ʙʣʠʟʴʢʦʩʪʽ ʦʮʽʥʶʻʪʴʩʷ ʤʽʞ ʥʘʡʙʣʠʞʯʠʤʠ 

ʦʟʥʘʢʘʤʠ ʮʠʭ ʢʣʘʩʪʝʨʽʚ; 

- ʩʧʦʩʽʙ ʩʝʨʝʜʥʴʦʾ ʤʫʬʪʠ. ʉʪʫʧʽʥʴ ʙʣʠʟʴʢʦʩʪʽ  ʦʮʽʥʶʻʪʴʩʷ ʷʢ ʩʝʨʝʜʥʻ ʟʥʘʯʝʥʥʷ ʩʪʫʧʝʥʽʚ 

ʙʣʠʟʴʢʦʩʪʽ ʤʽʞ ʦʙôʻʢʪʘʤʠ ʢʣʘʩʪʝʨʽʚ; 

- ʤʝʪʦʜ ʤʝʜʽʘʥʥʠʭ ʚʽʜʥʦʩʠʥ. ɺʽʜʩʪʘʥʴ ʤʽʞ ʙʫʜʴ-ʷʢʠʤ ʢʣʘʩʪʝʨʦʤ S ʽ ʥʦʚʠʤ ʢʣʘʩʪʝʨʦʤ, 

ʦʪʨʠʤʘʥʠʤ ʚ ʨʝʟʫʣʴʪʘʪʽ ʦʙôʻʜʥʘʥʥʷ ʢʣʘʩʪʝʨʽʚ P ʽ Q, ʚʠʟʥʘʯʘʻʪʴʩʷ ʷʢ ʚʽʜʩʪʘʥʴ ʚʽʜ ʮʝʥʪʨʫ ʢʣʘʩʪʝʨʘ 

S ʜʦ ʩʝʨʝʜʠʥʠ ʚʽʜʨʽʟʢʘ, ʱʦ ʟôʻʜʥʫʻ ʮʝʥʪʨʠ ʢʣʘʩʪʝʨʽʚ P ʽ Q [77]. 

ʇʨʦʪʠʣʝʞʥʽ ʘʛʣʦʤʝʨʘʪʠʚʥʠʤ ʟʘ ʣʦʛʽʯʥʦʶ ʧʦʙʫʜʦʚʦʶ ʧʨʦʮʝʜʫʨ ʢʣʘʩʠʬʽʢʘʮʽʾ ʻ ʽʻʨʘʨʭʽʯʥʽ 

ʜʠʚʽʟʽʡʥʽ (ʘʙʦ ʜʠʚʽʟʽʦʥʘʣʴʥʽ) ʤʝʪʦʜʠ. ʇʦʯʘʪʢʦʚʦʶ ʫʤʦʚʦʶ ʜʠʚʽʟʽʡʥʠʭ ʤʝʪʦʜʽʚ ʻ ʪʝ, ʱʦ ʩʧʦʯʘʪʢʫ 

ʚʩʽ ʦʙôʻʢʪʠ ʦʙôʻʜʥʘʥʽ ʚ ʦʜʠʥ ʢʣʘʩʪʝʨ. ʋ ʧʨʦʮʝʩʽ ʢʣʘʩʠʬʽʢʘʮʽʾ ʟʘ ʧʝʚʥʠʤʠ ʧʨʘʚʠʣʘʤʠ ʧʦʩʪʫʧʦʚʦ 

ʚʽʜ ʮʴʦʛʦ ʢʣʘʩʪʝʨʘ ʚʽʜʦʢʨʝʤʣʶʶʪʴʩʷ ʛʨʫʧʠ ʩʭʦʞʠʭ ʤʽʞ ʩʦʙʦʶ ʦʙôʻʢʪʽʚ. ʊʘʢʠʤ ʯʠʥʦʤ, ʥʘ 

ʢʦʞʥʦʤʫ ʢʨʦʮʽ ʢʽʣʴʢʽʩʪʴ ʢʣʘʩʪʝʨʽʚ ʟʨʦʩʪʘʻ, ʘ ʤʽʨʘ ʚʽʜʩʪʘʥʽ ʤʽʞ ʢʣʘʩʪʝʨʘʤʠ ʟʤʝʥʰʫʻʪʴʩʷ [78]. 

 

ʄʝʪʦʜ k-ʩʝʨʝʜʥʽʭ 

ʑʝ ʦʜʥʽʻʶ ʛʨʫʧʦʶ ʤʝʪʦʜʽʚ ʢʣʘʩʪʝʨʠʟʘʮʽʾ ʻ ʢʣʘʩʪʝʨʠʟʘʮʽʷ ʤʝʪʦʜʦʤ k-ʩʝʨʝʜʥʽʭ. 

ʄʝʪʦʜʠ ʪʘʢʦʛʦ ʪʠʧʫ ʰʠʨʦʢʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʯʝʨʝʟ ʧʨʦʩʪʦʪʫ ʨʝʘʣʽʟʘʮʽʾ ʥʘ 

ʘʣʛʦʨʠʪʤʽʯʥʠʭ ʤʦʚʘʭ ʽ ʚʠʩʦʢʫ ʰʚʠʜʢʦʜʽʶ.  

ʉʫʪʴ k-ʩʝʨʝʜʥʴʦʾ ʢʣʘʩʪʝʨʠʟʘʮʽʾ ʧʦʣʷʛʘʻ ʚ ʪʦʤʫ, ʱʦ ʤʝʪʦʜ ʧʨʘʛʥʝ ʤʽʥʽʤʽʟʫʚʘʪʠ ʩʫʤʘʨʥʝ 

ʢʚʘʜʨʘʪʠʯʥʝ ʚʽʜʭʠʣʝʥʥʷ ʢʣʘʩʪʝʨʥʠʭ ʦʙôʻʢʪʽʚ ʚʽʜ ʮʝʥʪʨʽʚ ʮʠʭ ʢʣʘʩʪʝʨʽʚ. ʇʨʦʩʪʽʰʝ ʢʘʞʫʯʠ, ʮʝ 

ʽʪʝʨʘʪʠʚʥʠʡ ʘʣʛʦʨʠʪʤ, ʷʢʠʡ ʜʽʣʠʪʴ ʟʘʜʘʥʠʡ ʥʘʙʽʨ ʦʙôʻʢʪʽʚ ʥʘ k-ʢʣʘʩʪʝʨʽʚ, ʝʣʝʤʝʥʪʠ ʷʢʠʭ 

ʤʘʢʩʠʤʘʣʴʥʦ ʥʘʙʣʠʞʝʥʽ ʜʦ ʩʚʦʾʭ ʮʝʥʪʨʽʚ, ʘ ʩʘʤʘ ʢʣʘʩʪʝʨʠʟʘʮʽʷ ʚʽʜʙʫʚʘʻʪʴʩʷ ʟʘ ʨʘʭʫʥʦʢ ʟʤʽʱʝʥʥʷ 

ʦʜʥʠʭ ʽ ʪʠʭ ʞʝ ʮʝʥʪʨʽʚ. ʉʣʽʜ ʟʘʟʥʘʯʠʪʠ, ʱʦ ʤʝʪʦʜ k-ʩʝʨʝʜʥʽʭ ʜʫʞʝ ʯʫʪʣʠʚʠʡ ʜʦ ʚʠʢʠʜʽʚ ʽ ʰʫʤʽʚ, 

ʱʦ ʤʦʞʝ ʟʥʘʯʥʦ ʩʧʦʪʚʦʨʠʪʠ ʨʝʟʫʣʴʪʘʪʠ ʢʣʘʩʪʝʨʠʟʘʮʽʾ. ʊʦʤʫ ʧʝʨʝʜ ʢʣʘʩʪʝʨʠʟʘʮʽʻʶ ʯʘʩʪʦ 

ʥʝʦʙʭʽʜʥʦ ʧʨʦʧʫʩʪʠʪʠ ʦʙʨʦʙʣʝʥʽ ʜʘʥʽ ʯʝʨʝʟ ʬʽʣʴʪʨʠ, ʧʨʠʟʥʘʯʝʥʽ ʜʣʷ ʦʯʠʱʝʥʥʷ ʜʘʥʠʭ. 

ʇʨʦʮʝʩ ʥʘʡʧʨʦʩʪʽʰʦʾ ʢʣʘʩʪʝʨʠʟʘʮʽʾ ʤʝʪʦʜʦʤ k-ʩʝʨʝʜʥʽʭ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʥʘʩʪʫʧʥʠʭ ʝʪʘʧʽʚ: 

1) ʚʠʦʢʨʝʤʠʪʠ ʪʦʯʢʠ ʚ ʧʨʦʩʪʦʨʽ ʦʟʥʘʢ, ʷʢʽ ʙʫʜʫʪʴ ʮʝʥʪʨʦʾʜʘʤʠ (ʪʦʯʢʘʤʠ ʚ ʮʝʥʪʨʽ 

ʢʣʘʩʪʝʨʘ) ʚʽʜʧʦʚʽʜʥʠʭ k-ʢʣʘʩʪʝʨʽʚ. ɺʠʙʽʨʢʘ ʚʠʭʽʜʥʠʭ ʮʝʥʪʨʦʾʜʽʚ ʤʦʞʝ ʙʫʪʠ ʷʢ ʚʠʧʘʜʢʦʚʦʶ, ʪʘʢ ʽ 

ʟʘ ʧʝʚʥʠʤ ʘʣʛʦʨʠʪʤʦʤ; 
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2) ʫ ʮʠʢʣʽ, ʷʢʠʡ ʪʨʠʚʘʻ ʜʦ ʪʠʭ ʧʽʨ, ʧʦʢʠ ʮʝʥʪʨʦʾʜʠ ʢʣʘʩʪʝʨʽʚ ʥʝ ʧʝʨʝʩʪʘʥʫʪʴ ʟʤʽʥʶʚʘʪʠ 

ʩʚʦʻ ʧʦʣʦʞʝʥʥʷ, ʦʮʽʥʶʚʘʪʠ ʢʦʞʝʥ ʦʙôʻʢʪ ʽ ʩʧʦʩʪʝʨʽʛʘʪʠ, ʜʦ ʷʢʦʛʦ ʮʝʥʪʨʦʾʜʘ ʜʦ ʷʢʦʛʦ ʩʢʫʧʯʝʥʥʷ 

ʚʽʥ ʙʣʠʟʴʢʠʡ; 

3) ʷʢʱʦ ʟʥʘʡʜʝʥʦ ʩʫʩʽʜʥʽʡ ʮʝʥʪʨʦʾʜ, ʧʨʠʚôʷʟʘʪʠ ʦʙôʻʢʪ ʜʦ ʩʢʫʧʯʝʥʥʷ ʮʴʦʛʦ ʮʝʥʪʨʦʾʜʘ; 

4) ʢʦʣʠ ʚʩʽ ʦʙôʻʢʪʠ ʙʫʜʫʪʴ ʽʪʝʨʦʚʘʥʽ, ʦʙʯʠʩʣʠʪʠ ʥʦʚʽ ʢʦʦʨʜʠʥʘʪʠ ʮʝʥʪʨʦʾʜʽʚ k-ʢʣʘʩʪʝʨʽʚ; 

5) ʧʝʨʝʚʽʨʠʪʠ ʢʦʦʨʜʠʥʘʪʠ ʥʦʚʠʭ ʮʝʥʪʨʦʾʜʽʚ: ʷʢʱʦ ʚʦʥʠ ʚʽʜʧʦʚʽʜʥʦ ʨʽʚʥʽ ʧʦʧʝʨʝʜʥʽʤ 

ʮʝʥʪʨʦʾʜʘʤ, ʚʽʜʙʫʚʘʻʪʴʩʷ ʚʠʭʽʜ ʽʟ ʮʠʢʣʫ ʪʘ ʢʣʘʩʪʝʨʠʟʘʮʽʷ ʟʘʚʝʨʰʝʥʘ, ʷʢʱʦ ʥʝ ʨʽʚʥʽ, ʪʦ 

ʧʦʚʝʨʥʫʪʠʩʷ ʜʦ ʢʨʦʢʫ 2. 

ʅʘ ʨʠʩʫʥʢʫ 2.9 ʧʨʝʜʩʪʘʚʣʝʥʘ ʧʦʩʣʽʜʦʚʥʽʩʪʴ ʧʝʨʝʪʚʦʨʝʥʴ ʤʝʪʦʜʦʤ k-ʩʝʨʝʜʥʽʭ ʚ ʥʘʦʯʥʦʤʫ 

ʚʠʛʣʷʜʽ. 

 
ʈʠʩ. 2.9. ɻʨʘʬʽʯʥʝ ʧʨʝʜʩʪʘʚʣʝʥʥʷ ʝʪʘʧʽʚ ʧʝʨʝʪʚʦʨʝʥʥʷ ʜʘʥʠʭ ʧʨʠ ʢʣʘʩʪʝʨʠʟʘʮʽʾ 

 

ʇʨʠ ʨʦʙʦʪʽ ʟ ʚʝʣʠʢʠʤʠ ʜʘʥʠʤʠ ʰʠʨʦʢʦʛʦ ʧʦʰʠʨʝʥʥʷ ʥʘʙʫʚ ʘʣʛʦʨʠʪʤ ʢʣʘʩʪʝʨʠʟʘʮʽʾ ʧʽʜ 

ʥʘʟʚʦʶ çʇʨʦʧʘʛʘʥʜʘ ʩʧʦʨʽʜʥʝʥʦʩʪʽè ʘʙʦ AP. ʅʘ ʚʽʜʤʽʥʫ ʚʽʜ ʦʧʠʩʘʥʠʭ ʚʠʱʝ, ʚ ʡʦʛʦ ʦʩʥʦʚʽ ʣʝʞʠʪʴ 

ʢʦʥʮʝʧʮʽʷ ʧʨʦʭʦʜʞʝʥʥʷ ʧʦʚʽʜʦʤʣʝʥʴ ʤʽʞ ʪʦʯʢʘʤʠ, ʧʦʚôʷʟʘʥʠʤʠ ʟ ʘʥʘʣʽʟʦʚʘʥʠʤʠ ʦʙôʻʢʪʘʤʠ 

ʜʘʥʠʭ. ɸʣʛʦʨʠʪʤ AP ʥʝ ʚʠʤʘʛʘʻ ʧʦʧʝʨʝʜʥʽʭ ʟʥʘʥʴ ʧʨʦ ʢʽʣʴʢʽʩʪʴ ʢʣʘʩʪʝʨʽʚ, ʷʢ ʪʦʛʦ ʚʠʤʘʛʘʻ ʤʝʪʦʜ 

k-ʩʝʨʝʜʥʽʭ. ɺʽʜʟʥʘʯʠʤʦ ʡʦʛʦ ʦʩʥʦʚʥʽ ʦʩʦʙʣʠʚʦʩʪʽ ʽ ʦʧʠʰʝʤʦ ʦʩʥʦʚʥʽ ʝʪʘʧʠ. 

ʅʝʭʘʡ ʢʣʘʩʪʝʨʠʟʦʚʘʥʘ ʤʥʦʞʠʥʘ ʦʙôʻʢʪʽʚ ʜʘʥʠʭ ʤʦʞʝ ʙʫʪʠ ʧʦʚôʷʟʘʥʘ ʟ ʙʝʟʣʽʯʯʶ ʪʦʯʦʢ 

ʜʦʚʽʣʴʥʦʾ ʚʥʫʪʨʽʰʥʴʦʾ ʩʪʨʫʢʪʫʨʠ {xi}, ʜʣʷ ʙʫʜʴ-ʷʢʦʾ ʧʘʨʠ ʷʢʠʭ ʬʫʥʢʮʽʷ s(.....) ï ʧʦʜʽʙʥʽʩʪʴ, 

ʩʭʦʞʽʩʪʴ, ʪʘʢ ʱʦ ʷʢʱʦ s(xi, xj) > s(xi, xk), ʪʦ ʮʝ ʦʟʥʘʯʘʻ, ʱʦ  ʪʦʯʢʘ xj ʙʽʣʴʰʝ ʩʭʦʞʘ ʥʘ ʪʦʯʢʫ xi, ʥʽʞ 

ʪʦʯʢʘ xk. 

ɺʠʢʦʥʘʥʥʷ ʘʣʛʦʨʠʪʤʫ ʟʚʦʜʠʪʴʩʷ ʜʦ ʽʪʝʨʘʮʽʡʥʦʛʦ ʚʠʢʦʥʘʥʥʷ ʜʚʦʭ ʢʨʦʢʽʚ ʧʨʦʭʦʜʞʝʥʥʷ 

ʧʦʚʽʜʦʤʣʝʥʴ ʤʽʞ ʪʦʯʢʘʤʠ ʜʣʷ ʦʥʦʚʣʝʥʥʷ ʜʚʦʭ ʤʘʪʨʠʮʴ, ʱʦ ʛʝʥʝʨʫʶʪʴʩʷ ʘʣʛʦʨʠʪʤʦʤ: 

R ï ʤʘʪʨʠʮʷ ʧʘʩʠʚʽʚ ʟ ʝʣʝʤʝʥʪʘʤʠ r(i, k), ʟʥʘʯʝʥʥʷ ʷʢʠʭ ʧʦʢʘʟʫʶʪʴ, ʥʘʩʢʽʣʴʢʠ ʜʦʙʨʝ xk 

ʧʽʜʭʦʜʠʪʴ ʜʣʷ ʪʦʛʦ, ʱʦʙ ʩʣʫʞʠʪʠ ʝʢʟʝʤʧʣʷʨʦʤ xi ʧʦʨʽʚʥʷʥʦ ʟ ʽʥʰʠʤʠ ʢʘʥʜʠʜʘʪʘʤʠ ʥʘ ʝʢʟʝʤʧʣʷʨ 

ʜʣʷ xi. 

A ï ʮʝ ʤʘʪʨʠʮʷ ʜʦʩʪʫʧʥʦʩʪʽ ʟ ʝʣʝʤʝʥʪʘʤʠ a(i, k), ʟʥʘʯʝʥʥʷ ʷʢʠʭ ʧʦʢʘʟʫʶʪʴ, ʥʘʩʢʽʣʴʢʠ 

ʜʦʮʽʣʴʥʦ ʙʫʣʦ ʙ xi ʧʨʠʡʥʷʪʠ ʷʢ ʝʢʟʝʤʧʣʷʨ, ʙʝʨʫʯʠ ʜʦ ʫʚʘʛʠ ʧʝʨʝʚʘʛʫ ʽʥʰʠʭ ʪʦʯʦʢ ʷʢ ʪʘʢʦʛʦ 

ʝʢʟʝʤʧʣʷʨʘ. 

ʇʦʯʘʪʢʦʚʝ ʟʥʘʯʝʥʥʷ ʮʠʭ ʤʘʪʨʠʮʴ ʧʨʠʡʤʘʻʪʴʩʷ ʟʘ ʥʫʣʴ ̔  ʤʘʪʨʠʮʽ ʤʦʞʫʪʴ ʙʫʪʠ ʧʨʝʜʩʪʘʚʣʝʥʽ 

ʫ ʚʠʛʣʷʜʽ ʪʘʙʣʠʮʴ ʣʦʛʘʨʠʬʤʽʚ ʡʤʦʚʽʨʥʦʩʪʝʡ, ʜʣʷ ʟʨʫʯʥʦʩʪʽ ʦʧʝʨʘʮʽʡ. 

ʂʨʦʢʠ ʜʣʷ ʦʥʦʚʣʝʥʥʷ ʤʘʪʨʠʮʴ ʚʠʢʦʥʫʶʪʴʩʷ ʟʘ ʬʦʨʤʫʣʘʤʠ 2.2 ï 2.4:  

 

 ὶὭȟὯᴺίὭȟὯ ÍÁØὥὭȟὯ ίὭȟὯ ȟ̅ ̌ ̠Ὧᴂ Ὧ, (2.2) 

 

 ὥὭȟὯᴺÍÉÎ πȟὶὯȟὯ  ВÍÁØ πȟὶὭȟὯ ȟ   ̅̌ ̠Ὥ Ὧ ̓  ́Ὥᶱ ὭȟὯ, (2.3) 

 

 ὥὯȟὯᴺВÍÁØπȟὶὭȟὯ ȟ   Ὥᴂ Ὧ. (2.4) 
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ɸʣʛʦʨʠʪʤ AR ʚʽʜʥʦʩʥʦ ʥʦʚʠʡ, ʘʣʝ ʟʜʘʻʪʴʩʷ ʜʫʞʝ ʧʝʨʩʧʝʢʪʠʚʥʠʤ. ʁʦʛʦ ʘʚʪʦʨʠ ʧʦʢʘʟʘʣʠ 

ʥʘʜʟʚʠʯʘʡʥʫ ʝʬʝʢʪʠʚʥʽʩʪʴ ʡʦʛʦ ʨʦʙʦʪʠ ʚ ʩʠʩʪʝʤʽ ʨʦʟʧʦʜʽʣʝʥʠʭ ʦʙʯʠʩʣʝʥʴ ʽ ʟʙʝʨʽʛʘʥʥʷ ʜʘʥʠʭ [7]. 

ɺʠʙʽʨ ʤʝʪʦʜʫ ʢʣʘʩʪʝʨʠʟʘʮʽʾ ʟʘʣʝʞʠʪʴ ʚʽʜ ʥʘʙʦʨʫ ʜʘʥʠʭ, ʜʦ ʷʢʦʛʦ ʚʽʥ ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ, ʽ ʚʠʤʦʛ 

ʜʦ ʪʦʯʥʦʩʪʽ ʽ ʰʚʠʜʢʦʩʪʽ ʨʦʙʦʪʠ ʘʣʛʦʨʠʪʤʫ. ʋ ʨʽʟʥʠʭ ʩʠʪʫʘʮʽʷʭ ʧʝʨʝʚʘʛʘ ʚʽʜʜʘʻʪʴʩʷ ʨʽʟʥʠʤ 

ʧʽʜʭʦʜʘʤ. 

 

2.2.9. ʈʝʛʨʝʩʽʡʥʠʡ ʘʥʘʣʽʟ 

ʈʝʛʨʝʩʽʡʥʠʡ ʘʥʘʣʽʟ ï ʮʝ ʤʝʪʦʜʠʢʘ ʤʦʜʝʣʶʚʘʥʥʷ ʜʘʥʠʭ, ʩʧʨʷʤʦʚʘʥʘ ʥʘ ʚʠʚʯʝʥʥʷ ʾʭ 

ʚʟʘʻʤʦʟʚôʷʟʢʫ. ʋ ʥʘʡʧʨʦʩʪʽʰʦʤʫ ʚʠʧʘʜʢʫ ʨʝʛʨʝʩʽʡʥʠʡ ʘʥʘʣʽʟ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʜʣʷ ʧʦʙʫʜʦʚʠ 

ʤʦʜʝʣʝʡ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʥʦʚʠʭ ʯʠʩʣʦʚʠʭ ʟʥʘʯʝʥʴ ʥʘ ʦʩʥʦʚʽ ʥʘʙʦʨʫ ʚʽʜʦʤʠʭ ʟʥʘʯʝʥʴ. ʈʝʛʨʝʩʽʡʥʽ 

ʤʦʜʝʣʽ ʜʦʟʚʦʣʷʶʪʴ, ʟʦʢʨʝʤʘ, ʚʠʷʚʠʪʠ ʦʩʦʙʣʠʚʦʩʪʽ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʢʦʥʢʨʝʪʥʦʛʦ ʦʙôʻʢʪʘ ʪʘ ʥʘ ʾʭ 

ʦʩʥʦʚʽ ʩʧʨʦʛʥʦʟʫʚʘʪʠ ʤʘʡʙʫʪʥʶ ʧʦʚʝʜʽʥʢʫ ʦʙôʻʢʪʘ.  

ɼʘʥʽ ʚ ʨʝʛʨʝʩʽʡʥʦʤʫ ʘʥʘʣʽʟʽ ʜʽʣʷʪʴʩʷ ʥʘ ʧʘʨʠ: ʟʘʣʝʞʥʘ ʟʤʽʥʥʘ ï ʥʝʟʘʣʝʞʥʘ ʟʤʽʥʥʘ.  

ʈʝʛʨʝʩʽʡʥʘ ʤʦʜʝʣʴ ï ʮʝ ʬʫʥʢʮʽʷ ʥʝʟʘʣʝʞʥʦʾ ʟʤʽʥʥʦʾ ʪʘ ʧʘʨʘʤʝʪʨʽʚ ʟ ʜʦʜʘʥʦʶ ʚʠʧʘʜʢʦʚʦʶ 

ʚʝʣʠʯʠʥʦʶ [79]. ʆʩʥʦʚʥʝ ʟʘʚʜʘʥʥʷ ʧʦʙʫʜʦʚʠ ʤʦʜʝʣʽ ʧʦʣʷʛʘʻ ʚ ʥʘʣʘʰʪʫʚʘʥʥʽ ʧʘʨʘʤʝʪʨʽʚ ʪʘʢʠʤ 

ʯʠʥʦʤ, ʱʦʙ ʤʦʜʝʣʴ ʥʘʡʢʨʘʱʠʤ ʯʠʥʦʤ ʘʧʨʦʢʩʠʤʫʚʘʣʘ ʜʘʥʽ. ʊʦʙʪʦ ʧʝʨʰʠʤ ʝʪʘʧʦʤ ʨʝʛʨʝʩʽʡʥʦʛʦ 

ʘʥʘʣʽʟʫ ʻ ʬʦʨʤʫʚʘʥʥʷ ʤʘʩʠʚʫ ʜʘʥʠʭ ʽ ʚʠʙʽʨ ʚʠʜʫ ʬʫʥʢʮʽʾ ʜʣʷ ʘʧʨʦʢʩʠʤʘʮʽʾ ʮʠʭ ʜʘʥʠʭ. 

ɿʘʟʚʠʯʘʡ ʽʩʥʫʻ ʩʝʨʝʜʥʷ ʢʚʘʜʨʘʪʠʯʥʘ ʧʦʭʠʙʢʘ: ʩʫʤʘ ʢʚʘʜʨʘʪʽʚ ʨʽʟʥʠʮʽ ʤʽʞ ʟʥʘʯʝʥʥʷʤʠ 

ʤʦʜʝʣʽ ʪʘ ʟʘʣʝʞʥʦʾ ʟʤʽʥʥʦʾ ʜʣʷ ʚʩʽʭ ʟʥʘʯʝʥʴ ʧʦʷʩʥʶʚʘʣʴʥʦʾ ʟʤʽʥʥʦʾ ʚ ʷʢʦʩʪʽ ʘʨʛʫʤʝʥʪʫ [79]. ʗʢʱʦ 

ʤʦʜʝʣʴ ʦʧʠʩʫʻʪʴʩʷ ʣʽʥʽʡʥʠʤ ʨʽʚʥʷʥʥʷʤ, ʪʦ ʚʦʥʘ ʥʘʟʠʚʘʻʪʴʩʷ ʣʽʥʽʡʥʦʶ ʨʝʛʨʝʩʽʻʶ. ɿʘʣʝʞʥʦ ʚʽʜ 

ʢʽʣʴʢʦʩʪʽ ʧʦʷʩʥʶʚʘʣʴʥʠʭ ʟʤʽʥʥʠʭ ʨʝʛʨʝʩʽʷ ʤʦʞʝ ʙʫʪʠ ʧʨʦʩʪʦʶ ʘʙʦ ʤʥʦʞʠʥʥʦʶ. 

ʇʨʦʩʪʘ ʣʽʥʽʡʥʘ ʨʝʛʨʝʩʽʷ ʟʘʧʠʩʫʻʪʴʩʷ ʨʽʚʥʷʥʥʷʤ (2.5), ʘ ʚʽʟʫʘʣʴʥʦ ʧʨʝʜʩʪʘʚʣʷʻʪʴʩʷ ʷʢ ʛʨʘʬʽʢ 

ʧʨʷʤʦʾ ʣʽʥʽʾ (ʨʠʩʫʥʦʢ 2.10). 

 

 ώ ὥ ὦὼ, (2.5) 

 

ʜʝ x ï ʥʘʟʠʚʘʻʪʴʩʷ ʥʝʟʘʣʝʞʥʦʶ ʟʤʽʥʥʦʶ ʘʙʦ ʧʨʝʜʠʢʪʦʨʦʤ; 

y ï ʟʘʣʝʞʥʘ ʟʤʽʥʥʘ ʘʙʦ ʟʤʽʥʥʘ ʚʽʜʛʫʢʫ, ʮʝ ʟʥʘʯʝʥʥʷ, ʷʢʝ ʤʠ ʦʯʽʢʫʻʤʦ ʜʣʷ y, ʷʢʱʦ ʟʥʘʻʤʦ 

ʚʝʣʠʯʠʥʫ x; 

a ï ʚʽʣʴʥʠʡ ʫʯʘʩʥʠʢ ʦʮʽʥʦʯʥʦʾ ʣʽʥʽʾ; ʮʝ ʟʥʘʯʝʥʥʷ y ʧʨʠ x = 0; 

b ï ʢʫʪʦʚʠʡ ʢʦʝʬʽʮʽʻʥʪ ʘʙʦ ʛʨʘʜʽʻʥʪ ʨʦʟʨʘʭʫʥʢʦʚʦʾ ʣʽʥʽʾ; ʷʚʣʷʻ ʩʦʙʦʶ ʚʝʣʠʯʠʥʫ, ʥʘ ʷʢʫ y 

ʟʙʽʣʴʰʫʻʪʴʩʷ ʚ ʩʝʨʝʜʥʴʦʤʫ, ʷʢʱʦ ʟʙʽʣʴʰʠʪʠ x ʥʘ ʦʜʥʫ ʦʜʠʥʠʮʶ. 

 

 
ʈʠʩ. 2.10. ɻʨʘʬʽʢ ʣʽʥʽʡʥʦʾ ʨʝʛʨʝʩʽʾ 
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ʗʢʱʦ ʟʘʣʝʞʥʘ ʟʤʽʥʥʘ ʟʘʣʝʞʠʪʴ ʚʽʜ ʙʽʣʴʰ ʥʽʞ ʦʜʥʽʻʾ ʥʝʟʘʣʝʞʥʦʾ ʟʤʽʥʥʦʾ, ʪʦ ʤʦʜʝʣʴ ʨʝʛʨʝʩʽʾ 

ʥʘʟʠʚʘʻʪʴʩʷ ʤʥʦʞʠʥʥʦʶ ʣʽʥʽʡʥʦʶ ʨʝʛʨʝʩʽʻʶ ʪʘ ʟʘʧʠʩʫʻʪʴʩʷ ʟʘ ʬʦʨʤʫʣʦʶ 3.6. 

 

 ὣ  ὦ ὦὼ ὦὼ Ễ ὦὼ. (2.6) 

 

ʇʦʙʫʜʦʚʘ ʤʦʜʝʣʽ ʧʦʣʷʛʘʻ ʚ ʧʽʜʙʦʨʽ ʢʦʝʬʽʮʽʻʥʪʽʚ b0, b1, b2 ʽ ʪ.ʜ. bn. ʎʝʡ ʧʨʦʮʝʩ ʥʘʟʠʚʘʻʪʴʩʷ 

çʥʘʚʯʘʥʥʷʤè ʨʝʛʨʝʩʽʡʥʦʾ ʤʦʜʝʣʽ. ɼʣʷ ʥʘʚʯʘʥʥʷ ʤʦʞʥʘ ʚ ʥʘʡʧʨʦʩʪʽʰʦʤʫ ʚʠʧʘʜʢʫ ʟʥʘʡʪʠ ʨʽʰʝʥʥʷ 

ʩʠʩʪʝʤʠ ʣʽʥʽʡʥʠʭ ʨʽʚʥʷʥʴ ʟ ʥʝʚʽʜʦʤʠʤʠ b0, b1, b2, ʫʪʚʦʨʝʥʦʾ ʰʣʷʭʦʤ ʦʙôʻʜʥʘʥʥʷ ʚʽʜʥʦʩʠʥ ὣ

 ὦ ὦὼ Ễ ὦὼ ʜʣʷ m. 

çʅʘʚʯʘʣʴʥʽè ʥʘʙʦʨʠ ʜʘʥʠʭ ʚʟʷʪʽ ʟ ʨʝʘʣʴʥʠʭ ʝʢʩʧʝʨʠʤʝʥʪʽʚ ʘʙʦ ʢʦʤʧôʶʪʝʨʥʦʛʦ 

ʤʦʜʝʣʶʚʘʥʥʷ ʧʨʝʜʩʪʘʚʣʝʥʽ ʥʘ ʨʠʩʫʥʢʫ 2.11. 

 
ʈʠʩ. 2.11. ʇʨʠʢʣʘʜ çʥʘʚʯʘʣʴʥʦʛʦè ʥʘʙʦʨʫ ʜʘʥʠʭ 

 

ʈʽʰʝʥʥʷ ʩʠʩʪʝʤʠ ʤʦʞʣʠʚʦ ʨʽʟʥʠʤʠ ʩʧʦʩʦʙʘʤʠ. ʅʘʡʙʽʣʴʰ ʯʘʩʪʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʥʠʤ 

ʤʝʪʦʜʦʤ ʻ ʤʽʥʽʤʽʟʘʮʽʷ ʩʝʨʝʜʥʴʦʛʦ ʢʚʘʜʨʘʪʘ ʨʽʟʥʠʮʽ ʤʽʞ ʥʘʷʚʥʠʤʠ ʜʘʥʠʤʠ ʽ ʧʨʦʛʥʦʟʫʚʘʥʥʷ 

ʟʥʘʯʝʥʥʷ, ʦʪʨʠʤʘʥʦʛʦ ʟ ʤʦʜʝʣʽ. ʈʠʩʫʥʦʢ 2.12 ʽʣʶʩʪʨʫʻ ʪʘʢʠʡ ʧʽʜʭʽʜ. 

 
ʈʠʩ. 2.12. ɺʠʙʽʨ ʢʦʝʬʽʮʽʻʥʪʽʚ ʨʝʛʨʝʩʽʾ ʟʘ ʤʽʥʽʤʘʣʴʥʦʶ ʩʫʤʦʶ ʢʚʘʜʨʘʪʽʚ ʚʽʜʭʠʣʝʥʴ ʧʨʦʛʥʦʟʫ ʽ 

ʥʘʷʚʥʠʤʠ ʜʘʥʠʤʠ 

 

ʇʨʠ ʧʦʙʫʜʦʚʽ ʤʦʜʝʣʽ ʚʘʞʣʠʚʠʤ ʬʘʢʪʦʨʦʤ ʻ ʫʪʠʣʽʟʘʮʽʷ ʘʙʦ, ʥʘʚʧʘʢʠ, ʚʢʣʶʯʝʥʥʷ ʚʠʢʠʜʽʚ. 

ɺʠʢʣʶʯʝʥʥʷ ï ʮʝ ʪʦʯʢʘ, ʢʦʦʨʜʠʥʘʪʠ ʷʢʦʾ ʽʩʪʦʪʥʦ ʩʫʧʝʨʝʯʘʪʴ ʙʽʣʴʰʦʩʪʽ ʟʥʘʯʝʥʴ ʢʦʦʨʜʠʥʘʪ ʚ 

ʥʘʙʦʨʽ ʜʘʥʠʭ. ʆʯʠʱʝʥʥʷ ʜʘʥʠʭ ʚʽʜ ʚʠʢʠʜʽʚ ʤʦʞʝ ʨʽʟʢʦ ʟʤʽʥʠʪʠ ʦʜʠʥ ʘʙʦ ʢʽʣʴʢʘ ʧʘʨʘʤʝʪʨʽʚ ʤʦʜʝʣʽ 

(ʥʘʧʨʠʢʣʘʜ, ʢʫʪʦʚʠʡ ʢʦʝʬʽʮʽʻʥʪ ʘʙʦ ʚʽʣʴʥʠʡ ʪʝʨʤʽʥ). ʗʢʱʦ ʥʝʤʘʻ ʚʧʝʚʥʝʥʦʩʪʽ ʚ ʥʝʟʥʘʯʥʦʩʪʽ 

ʥʘʷʚʥʠʭ ʫ ʜʘʥʠʭ ʚʠʥʷʪʢʽʚ, ʤʦʜʝʣʽ ʜʦʩʣʽʜʞʫʶʪʴʩʷ, ʷʢ ʟ ʾʭ ʫʨʘʭʫʚʘʥʥʷʤ, ʪʘʢ ʽ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ 

ʦʯʠʱʝʥʠʭ ʜʘʥʠʭ. ʏʠ ʩʣʽʜ ʚʨʘʭʦʚʫʚʘʪʠ ʚʠʢʠʜ, ʚʠʨʽʰʫʻʪʴʩʷ ʧʽʩʣʷ ʨʦʟʛʣʷʜʫ ʟʤʽʥʠ ʢʦʝʬʽʮʽʻʥʪʽʚ 

ʨʝʛʨʝʩʽʾ. ʇʨʠ ʧʦʙʫʜʦʚʽ ʣʽʥʽʡʥʦʾ ʨʝʛʨʝʩʽʾ, ʛʽʧʦʪʝʟʘ ʧʨʦ ʪʝ, ʱʦ ʢʫʪʦʚʠʡ ʢʦʝʬʽʮʽʻʥʪ ʧʨʷʤʦʾ ʟʘʚʞʜʠ 

ʧʝʨʝʚʽʨʷʻʪʴʩʷ 

ʈʝʛʨʝʩ ʜʦʨʽʚʥʶʻ ʥʫʣʶ. ʊʦʙʪʦ, ʯʠ ʤʘʻ ʩʝʥʩ ʨʝʛʨʝʩʽʡʥʘ ʤʦʜʝʣʴ. ɹʫʜʴ-ʷʢʠʡ ʟ ʘʣʛʦʨʠʪʤʽʚ 

ʧʝʨʝʚʽʨʢʠ ʛʽʧʦʪʝʟ ʟʽ ʩʪʘʪʠʩʪʠʯʥʦʛʦ ʘʥʘʣʽʟʫ ʤʦʞʝ ʙʫʪʠ ʚʠʢʦʨʠʩʪʘʥʠʡ ʜʣʷ ʧʝʨʝʚʽʨʢʠ ʛʽʧʦʪʝʟʠ. 

ʉʬʝʨʠ ʟʘʩʪʦʩʫʚʘʥʥʷ ʨʝʛʨʝʩʽʡʥʦʛʦ ʘʥʘʣʽʟʫ ʜʫʞʝ ʨʽʟʥʦʤʘʥʽʪʥʽ. ɼʣʷ ʧʦʯʘʪʢʫ ʚʽʜʟʥʘʯʠʤʦ ʦʜʥʫ 

ʟ ʚʘʞʣʠʚʠʭ ï ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʟʥʘʯʝʥʴ ʧʝʚʥʦʛʦ ʯʘʩʦʚʦʛʦ ʨʷʜʫ. ʊʠʧʦʚʠʤʠ ʧʨʠʢʣʘʜʘʤʠ ʪʘʢʠʭ ʩʝʨʽʡ ʻ 
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ʪʝʤʧʝʨʘʪʫʨʘ ʧʦʚʽʪʨʷ ʚ ʜʘʥʦʤʫ ʤʽʩʮʽ, ʙʽʨʞʦʚʽ ʮʽʥʠ, ʧʦʢʘʟʘʥʥʷ ʽʥʪʝʣʝʢʪʫʘʣʴʥʦʛʦ ʣʽʯʠʣʴʥʠʢʘ ʚ 

ʝʣʝʢʪʨʦʤʝʨʝʞʽ, ʢʦʰʪʠ ʥʘ ʨʘʭʫʥʢʫ ʪʦʱʦ. 

ʋ ʮʽʡ ʟʘʜʘʯʽ ʧʨʦʛʥʦʟʦʚʘʥʝ ʟʥʘʯʝʥʥʷ ʚʝʣʠʯʠʥʠ ʚ ʱʝ ʥʝ ʥʘʩʪʫʧʘʶʯʽ ʤʦʤʝʥʪʠ ʯʘʩʫ 

ʨʦʟʛʣʷʜʘʻʪʴʩʷ ʷʢ ʟʘʣʝʞʥʘ ʟʤʽʥʥʘ, ʘ ʟʥʘʯʝʥʥʷ ʮʽʻʾ ʚʝʣʠʯʠʥʠ ʚ ʤʠʥʫʣʽ ʤʦʤʝʥʪʠ ʯʘʩʪʦ ʨʦʟʛʣʷʜʘʶʪʴʩʷ 

ʷʢ ʧʨʝʜʠʢʪʦʨʠ. ʊʘʢʠʤ ʯʠʥʦʤ, ʤʦʜʝʣʴ ʣʽʥʽʡʥʦʾ ʨʝʛʨʝʩʽʾ ʜʣʷ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʯʘʩʦʚʦʛʦ ʨʷʜʫ, ʪʦʙʪʦ 

ʟʥʘʯʝʥʥʷ ʟʤʽʥʥʦʾ y ʚ ʱʝ ʥʝ ʟʫʩʪʨʽʯʘʻʪʴʩʷ ʤʦʤʝʥʪ ʯʘʩʫ t+1 ʥʘ ʦʩʥʦʚʽ ʟʥʘʥʥʷ ʟʥʘʯʝʥʴ ʮʽʻʾ ʟʤʽʥʥʦʾ ʚ 

ʤʠʥʫʣʽ ʯʘʩʠ t, ʙʫʜʝ ʚʠʛʣʷʜʘʪʠ ʥʘʩʪʫʧʥʠʤ ʯʠʥʦʤ (2.7): 

 

 ώ  ὦώ ὦώ ὦώ ὦώ . (2.7) 

 

ʆʯʝʚʠʜʥʦ, ʱʦ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʟʚʦʜʠʪʴʩʷ ʜʦ ʧʨʘʚʠʣʴʥʦʛʦ ʧʽʜʙʦʨʫ ʢʦʝʬʽʮʽʻʥʪʽʚ b.̔ ʄʦʜʝʣʴ 

ʪʘʢʦʛʦ ʨʦʜʫ ʥʘʟʠʚʘʻʪʴʩʷ ʘʚʪʦʨʝʛʨʝʩʽʡʥʦʶ ʤʦʜʝʣʣʶ. 

ɹʽʣʴʰ ʩʢʣʘʜʥʽ ʤʦʜʝʣʽ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʽ ʜʣʷ ʧʨʦʛʥʦʟʫʚʘʥʥʷ, ʱʦ ʚʨʘʭʦʚʫʶʪʴ, ʢʨʽʤ 

ʤʠʥʫʣʠʭ ʟʥʘʯʝʥʴ ʘʥʘʣʽʟʦʚʘʥʦʛʦ ʟʥʘʯʝʥʥʷ, ʟʦʚʥʽʰʥʽ ʧʨʝʜʠʢʪʦʨʠ. 

ʊʘʢ, ʷʢʱʦ ʚʢʣʶʯʠʪʠ ʚ ʨʝʛʨʝʩʽʶ ʱʝ ʦʜʠʥ ʥʘʙʽʨ ʟʥʘʯʝʥʴ ʟʦʚʥʽʰʥʴʦʛʦ ʬʘʢʪʦʨʘ xt, ʪʦ ʤʦʜʝʣʴ, 

ʟʚʘʥʘ ʚ ʜʘʥʦʤʫ ʚʠʧʘʜʢʫ ʤʦʜʝʣʣʶ ʘʚʪʦʨʝʛʨʝʩʽʡʥʦʾ ʢʦʚʟʥʦʾ ʩʝʨʝʜʥʴʦʾ (ARIMA), ʙʫʜʝ ʚʠʛʣʷʜʘʪʠ 

ʥʘʩʪʫʧʥʠʤ ʯʠʥʦʤ (2.8): 

 

ώ  ὦώ ὦώ ὦώ ὦώ Ễ  ὥὼ ὥὼ ὥὼ Ễ . (2.8) 

 

ɼʣʷ ʚʠʢʦʨʠʩʪʘʥʥʷ ʪʘʢʦʾ ʤʦʜʝʣʽ ʪʘʢʦʞ  ʥʝʦʙʭʽʜʥʘ ʥʘʷʚʥʽʩʪʴ ʝʬʝʢʪʠʚʥʦʾ ʧʨʦʮʝʜʫʨʠ 

ʟʥʘʭʦʜʞʝʥʥʷ ʢʦʝʬʽʮʽʻʥʪʽʚ. 

ɯʩʥʫʶʪʴ ʽ ʽʥʰʽ, ʙʽʣʴʰ ʩʢʣʘʜʥʽ ʤʦʜʝʣʽ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʟʥʘʯʝʥʴ ʯʘʩʦʚʠʭ ʨʷʜʽʚ. ɸʣʛʦʨʠʪʤʠ, ʷʢʽ 

ʚʠʨʽʰʫʶʪʴ ʮʶ ʟʘʜʘʯʫ, ʥʘʟʠʚʘʶʪʴʩʷ ʧʨʦʛʥʦʩʪʠʯʥʠʤʠ. ɰʭ ʥʘʜʟʚʠʯʘʡʥʦ ʚʠʩʦʢʘ ʧʦʰʠʨʝʥʽʩʪʴ ʚ 

ʩʠʩʪʝʤʘʭ ʧʨʦʤʠʩʣʦʚʦʾ ʘʥʘʣʽʪʠʢʠ ʡ ʫʧʨʘʚʣʽʥʥʷ ʧʨʠʟʚʝʣʘ ʜʦ ʥʝʦʙʭʽʜʥʦʩʪʽ ʩʪʘʥʜʘʨʪʠʟʘʮʽʾ ʦʧʠʩʽʚ 

ʘʣʛʦʨʠʪʤʽʚ ʽ ʧʝʨʝʥʝʩʝʥʥʷ ʾʭ ʧʨʦʛʨʘʤʥʠʭ ʨʝʘʣʽʟʘʮʽʡ ʟ ʦʜʥʽʻʾ ʩʠʩʪʝʤʠ ʚ ʽʥʰʫ.  

ɼʣʷ ʮʠʭ ʮʽʣʝʡ ʙʫʣʘ ʨʦʟʨʦʙʣʝʥʘ ʩʧʝʮʽʘʣʴʥʘ ʤʦʚʘ PMML ï ʤʦʚʘ ʨʦʟʤʽʪʢʠ ʧʨʦʛʥʦʟʥʦʾ ʤʦʜʝʣʽ. 

PMML ʜʦʟʚʦʣʷʻ ʢʽʣʴʢʦʤ ʜʦʜʘʪʢʘʤ ʦʜʥʦʯʘʩʥʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʤʦʜʝʣʽ ʧʨʦʛʥʦʟʥʦʾ ʘʥʘʣʽʪʠʢʠ. 

ʅʘʧʨʠʢʣʘʜ, ʤʦʞʥʘ ʥʘʚʯʠʪʠ ʤʦʜʝʣʴ ʚ ʩʠʩʪʝʤʽ, ʷʢʘ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʜʣʷ ʧʣʘʥʫʚʘʥʥʷ ʚʠʭʦʜʫ 

ʚʽʜʧʦʚʽʜʥʦʛʦ ʧʨʦʜʫʢʪʫ ʟ ʢʦʥʚʝʻʨʘ, ʚʠʨʘʟʠʪʠ ʡʦʛʦ ʚ PMML, ʥʘʣʘʰʪʫʚʘʪʠ, ʧʨʦʪʝʩʪʫʚʘʪʠ ʚ 

ʩʝʨʝʜʦʚʠʱʽ ʨʦʟʨʦʙʢʠ, ʘ ʧʦʪʽʤ ʰʚʠʜʢʦ ʧʝʨʝʥʝʩʪʠ ʚ ʽʥʰʫ ʩʠʩʪʝʤʫ, ʜʝ ʾʾ ʤʦʞʥʘ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ, 

ʥʘʧʨʠʢʣʘʜ, ʜʣʷ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʚʠʭʦʜʫ ʧʨʦʜʫʢʪʫ ʚ ʽʥʰʦʤʫ ʚʠʨʦʙʥʠʯʦʤʫ ʧʨʦʮʝʩʽ.   

ʂʨʽʤ ʪʦʛʦ, PMML ʻ ʥʘʜʟʚʠʯʘʡʥʦ ʛʥʫʯʢʠʤ ʩʪʘʥʜʘʨʪʦʤ, ʨʦʟʨʦʙʣʝʥʠʤ ʜʣʷ ʟʘʜʦʚʦʣʝʥʥʷ 

ʧʦʪʨʝʙ ʩʫʯʘʩʥʠʭ ʙʽʟʥʝʩ-ʘʥʘʣʽʪʠʢʽʚ ʜʣʷ ʟʘʩʪʦʩʫʚʘʥʥʷ ʧʝʨʝʜʦʚʠʭ ʤʝʪʦʜʽʚ ʤʦʜʝʣʶʚʘʥʥʷ. 

ʅʘʧʨʠʢʣʘʜ, ʦʩʢʽʣʴʢʠ ʧʨʦʛʥʦʟʥʽ ʤʦʜʝʣʽ ʧʨʠʟʥʘʯʝʥʽ ʜʣʷ ʚʠʨʽʰʝʥʥʷ ʢʦʥʢʨʝʪʥʠʭ ʟʘʚʜʘʥʴ ʽ ʾʭ 

ʧʝʨʝʚʘʛʠ ʦʯʝʚʠʜʥʽ ʪʽʣʴʢʠ ʧʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ ʟʘ ʧʨʠʟʥʘʯʝʥʥʷʤ, ʚ ʩʢʣʘʜʥʠʭ ʚʠʧʘʜʢʘʭ ʦʜʥʽʻʾ ʤʦʜʝʣʽ 

ʙʫʜʝ ʥʝʜʦʩʪʘʪʥʴʦ ʜʣʷ ʧʦʰʫʢʫ ʨʽʰʝʥʥʷ. PMML ʜʘʻ ʤʦʞʣʠʚʽʩʪʴ ʩʪʚʦʨʶʚʘʪʠ ʜʦʜʘʪʢʠ ʟ ʜʝʢʽʣʴʢʦʤʘ 

ʤʦʜʝʣʷʤʠ, ʚʢʣʶʯʘʶʯʠ ʘʥʩʘʤʙʣʽ ʤʦʜʝʣʝʡ. 

ʂʦʞʥʘ ʤʦʜʝʣʴ ʤʦʞʝ ʙʫʪʠ ʝʢʩʧʦʨʪʦʚʘʥʘ ʚ PMML ʽ ʟʘʧʫʱʝʥʘ ʫ ʚʠʨʦʙʥʠʮʪʚʦ, ʷʢ ʧʣʘʥʫʚʘʣʦʩʷ 

ʚ ʜʦʜʘʪʢʫ. ʅʘʨʘʟʽ ʙʘʛʘʪʦ ʧʦʩʪʘʯʘʣʴʥʠʢʽʚ ʧʨʦʛʨʘʤʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ ʜʣʷ ʧʨʦʛʥʦʟʥʦʾ  ʘʥʘʣʽʪʠʢʠ 

ʥʘʜʘʶʪʴ PMML ʦʧʠʩ ʩʚʦʾʭ ʘʣʛʦʨʠʪʤʽʚ. 

ʂʨʽʤ ʣʽʥʽʡʥʠʭ ʤʦʜʝʣʝʡ ʨʝʛʨʝʩʽʾ ʟʘʩʪʦʩʦʚʫʶʪʴ ʽ ʥʝʣʽʥʽʡʥʽ. ʋ ʥʠʟʮʽ ʚʠʧʘʜʢʽʚ ʚʦʥʠ ʜʘʶʪʴ 

ʟʤʦʛʫ ʦʪʨʠʤʘʪʠ ʢʦʤʧʘʢʪʥʽʰʽ ʦʧʠʩʠ, ʟ ʤʝʥʰʠʤ ʯʠʩʣʦʤ ʧʘʨʘʤʝʪʨʽʚ ʨʝʛʨʝʩʽʾ.  
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ɯʩʥʫʻ ʢʽʣʴʢʘ ʢʣʘʩʽʚ ʥʝʣʽʥʽʡʥʠʭ ʨʝʛʨʝʩʽʡ: 

1) ʨʝʛʨʝʩʽʾ, ʥʝʣʽʥʽʡʥʽ ʚ ʧʨʝʜʠʢʘʪʘʭ, ʘʣʝ ʣʽʥʽʡʥʽ ʚ ʢʦʝʬʽʮʽʻʥʪʘʭ, ʥʘʧʨʠʢʣʘʜ, ʧʦʣʽʥʦʤʠ  

ώ  ὦὼ  ὦὼ  ὦὼ Ễ ʯʠ ʛʽʧʝʨʙʦʣʠ ώ ὥ ὦȠ 

2) ʨʝʛʨʝʩʽʾ, ʷʢʽ ʻ ʥʝʣʽʥʽʡʥʠʤʠ ʟʘ ʢʦʝʬʽʮʽʻʥʪʘʤʠ. 

ʅʝʣʽʥʽʡʥʫ ʨʝʛʨʝʩʽʶ ʜʨʫʛʦʛʦ ʢʣʘʩʫ ʨʦʟʛʣʷʥʝʤʦ ʜʝʪʘʣʴʥʽʰʝ ʥʘ ʧʨʠʢʣʘʜʽ ʚʝʣʴʤʠ ʚʘʞʣʠʚʦʾ 

ʣʦʛʽʩʪʠʯʥʦʾ ʨʝʛʨʝʩʽʾ ʘʙʦ ʣʦʛʽʪ-ʨʝʛʨʝʩʽʾ. 

ʎʷ ʨʝʛʨʝʩʽʷ ʚʠʟʥʘʯʘʻ ʟʥʘʯʝʥʥʷ ʟʘʣʝʞʥʦʾ ʟʤʽʥʥʦʾ Y ʟʘ ʜʦʧʦʤʦʛʦʶ ʥʝʣʽʥʽʡʥʦʾ ʬʫʥʢʮʽʾ 

ʦʩʦʙʣʠʚʦʛʦ ʚʠʛʣʷʜʫ ʧʨʝʜʩʪʘʚʣʝʥʦʾ ʟʘ ʬʦʨʤʫʣʦʶ 2.9 ʽ ʛʨʘʬʽʯʥʦ ʧʦʢʘʟʘʥʦʾ ʥʘ ʨʠʩʫʥʢʫ 2.13. 

 

 ὣ 
  Ễ

 . (2.9) 

 

 
ʈʠʩ. 2.13. ʃʦʛʽʩʪʠʯʥʘ ʢʨʠʚʘ, ʷʢʘ ʚʠʟʥʘʯʘʻ ʣʦʛʽʩʪʠʯʥʫ ʨʝʛʨʝʩʽʡʥʫ ʤʦʜʝʣʴ ʟ ʦʜʥʽʻʾ ʟʤʽʥʥʦʾ 

 

ʗʢ ʚʠʜʥʦ, ʟʤʽʥʥʘ Y ʙʝʨʝ ʟʥʘʯʝʥʥʷ ʟ ʽʥʪʝʨʚʘʣʫ (0,1) ʽ ʟʘʟʚʠʯʘʡ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʷʢ ʦʮʽʥʢʘ 

ʡʤʦʚʽʨʥʦʩʪʽ ʷʢʦʾʩʴ ʧʦʜʽʾ, ʥʘʧʨʠʢʣʘʜ, ʧʨʠʥʘʣʝʞʥʦʩʪʽ ʥʘʙʦʨʫ ʟʤʽʥʥʠʭ xi (ʧʨʦʚʽʩʥʠʢʽʚ) ʜʦ ʧʝʚʥʦʛʦ 

ʢʣʘʩʫ. ʋ ʮʴʦʤʫ ʚʠʧʘʜʢʫ ʣʦʛʽʩʪʠʯʥʘ ʨʝʛʨʝʩʽʷ ʤʦʞʝ ʙʫʪʠ ʚʠʢʦʨʠʩʪʘʥʘ ʷʢ ʘʣʛʦʨʠʪʤ ʢʣʘʩʠʬʽʢʘʮʽʾ 

ʜʘʥʠʭ. ʅʘʚʯʘʥʥʷ ʤʦʜʝʣʽ ʟʚʦʜʠʪʴʩʷ ʜʦ ʚʠʟʥʘʯʝʥʥʷ ʪʘʢʠʭ ʢʦʝʬʽʮʽʻʥʪʽʚ bi, ʜʣʷ ʷʢʠʭ ʥʘʙʦʨʠ ʜʘʥʠʭ, 

ʱʦ ʚʽʜʥʦʩʷʪʴʩʷ ʜʦ ʘʥʘʣʽʟʦʚʘʥʦʛʦ ʢʣʘʩʫ, ʛʝʥʝʨʫʶʪʴ ʟʥʘʯʥʦ ʙʽʣʴʰʽ ʥʘʙʦʨʠ ʜʘʥʠʭ ʥʘ ʥʘʚʯʘʣʴʥʽʡ 

ʚʠʙʽʨʮʽ ʟʥʘʯʝʥʥʷ Y ʧʦʨʽʚʥʷʥʦ ʟ ʥʘʙʦʨʘʤʠ ʜʘʥʠʭ, ʷʢʽ ʥʝ ʥʘʣʝʞʘʪʴ ʜʦ ʮʴʦʛʦ ʢʣʘʩʫ. ʗʢ ʽ ʚ ʽʥʰʠʭ 

ʘʣʛʦʨʠʪʤʘʭ ʢʣʘʩʠʬʽʢʘʮʽʾ, ʜʣʷ ʧʽʜʙʦʨʫ ʢʦʝʬʽʮʽʻʥʪʽʚ ʤʦʜʝʣʽ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʤʝʪʦʜ ʢʨʠʚʦʾ ROC. 

ʅʘʚʝʜʝʤʦ ʧʨʠʢʣʘʜ ʟʘʩʪʦʩʫʚʘʥʥʷ ʣʦʛʽʩʪʠʯʥʦʾ ʨʝʛʨʝʩʽʡʥʦʾ ʤʦʜʝʣʽ ʧʨʠ ʤʦʥʽʪʦʨʠʥʛʫ ʨʝʞʠʤʽʚ 

ʨʦʙʦʪʠ ʝʣʝʢʪʨʦʤʝʨʝʞʽ. ʅʝʭʘʡ ʧʨʝʜʠʢʪʦʨʠ ʚʠʟʥʘʯʘʶʪʴ ʟʥʘʯʝʥʥʷ ʧʦʪʫʞʥʦʩʪʽ ʚ ʜʝʷʢʠʭ ʬʽʜʝʨʘʭ 

ʤʝʨʝʞʽ ʽ ʾʭ ʟʥʘʯʝʥʥʷ xi ʚʠʤʽʨʶʶʪʴʩʷ ʨʦʟʫʤʥʠʤʠ ʣʽʯʠʣʴʥʠʢʘʤʠ ʽ ʧʦʜʘʶʪʴʩʷ ʚ ʘʥʘʣʽʪʠʯʥʠʡ ʮʝʥʪʨ. 

ɼʝʷʢʽ ʨʦʟʧʦʜʽʣʠ (ʥʘʙʦʨʠ) ʟʥʘʯʝʥʴ ʧʦʪʫʞʥʦʩʪʽ ʟ ʚʠʩʦʢʦʶ ʡʤʦʚʽʨʥʽʩʪʶ ʧʨʠʟʚʦʜʷʪʴ ʜʦ ʧʝʨʝʙʦʾʚ ʚ 

ʤʝʨʝʞʽ, ʘ ʟʘʚʜʘʥʥʷ ʟʘʧʦʙʽʛʘʥʥʷ ʘʚʘʨʽʡ ʪʘʢʦʛʦ ʪʠʧʫ ʤʦʞʝ ʙʫʪʠ ʟʚʝʜʝʥʘ ʜʦ ʚʠʷʚʣʝʥʥʷ ʪʘʢʠʭ 

ʢʦʤʙʽʥʘʮʽʡ ʧʦʪʫʞʥʦʩʪʽ ʚ ʦʙʨʘʥʠʭ ʬʽʜʝʨʘʭ. ɿʘ ʜʦʧʦʤʦʛʦʶ ʢʦʤʧôʶʪʝʨʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ʤʝʨʝʞʽ 

ʘʙʦ ʥʘ ʦʩʥʦʚʽ ʚʠʚʯʝʥʥʷ ʨʝʘʣʴʥʠʭ ʜʘʥʠʭ ʧʨʦ ʧʨʦʮʝʩʠ ʚ ʤʝʨʝʞʽ, ʷʢʽ ʧʨʠʟʚʝʣʠ ʜʦ ʘʚʘʨʽʡʥʠʭ 

ʚʽʜʢʣʶʯʝʥʴ, ʤʦʞʥʘ ʥʘʚʯʠʪʠ ʤʦʜʝʣʴ, ʪʦʙʪʦ ʟʥʘʡʪʠ ʪʘʢʠʡ ʥʘʙʽʨ ʢʦʝʬʽʮʽʻʥʪʠ bi, ʱʦ ʤʘʢʩʠʤʽʟʫʻ 

ʟʥʘʯʝʥʥʷ Y ʜʣʷ ʧʝʨʝʜʘʚʘʨʽʡʥʠʭ ʩʠʪʫʘʮʽʡ ʚ ʧʦʨʽʚʥʷʥʥʽ ʟʽ ʟʥʘʯʝʥʥʷʤʠ, ʚʽʜʧʦʚʽʜʥʠʤʠ ʧʨʦʮʝʩʘʤ, ʷʢʽ 

ʥʝ ʧʨʠʟʚʦʜʷʪʴ ʜʦ ʘʚʘʨʽʾ.  
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2.3. ʊʝʭʥʽʢʠ ʪʘ ʘʣʛʦʨʠʪʤʠ ʘʥʘʣʽʟʫ ʚʝʣʠʢʠʭ ʜʘʥʠʭ 

ɼʘʣʽ ʨʦʟʛʣʷʥʝʤʦ ʽʩʥʫʶʯʽ ʪʝʭʥʽʢʠ ʘʥʘʣʽʟʫ ʚʝʣʠʢʠʭ ʜʘʥʠʭ, ʷʢ ʽ ʜʣʷ ʯʦʛʦ ʚʦʥʠ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ. 

 

2.3.1. ɺʽʟʫʘʣʽʟʘʮʽʷ ʜʘʥʠʭ 

ʊʝʭʥʽʢʘ ʚʽʟʫʘʣʽʟʘʮʽʾ ʻ ʧʦʪʫʞʥʠʤ ʤʝʪʦʜʦʤ ʽʥʪʝʣʝʢʪʫʘʣʴʥʦʛʦ ʘʥʘʣʽʟʫ ʜʘʥʠʭ. ʗʢ ʧʨʘʚʠʣʦ, ʚʽʥ 

ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʜʣʷ ʧʝʨʝʛʣʷʜʫ ʪʘ ʧʝʨʝʚʽʨʢʠ ʜʘʥʠʭ ʧʝʨʝʜ ʩʪʚʦʨʝʥʥʷʤ ʤʦʜʝʣʽ, ʘ ʪʘʢʦʞ ʧʽʩʣʷ 

ʛʝʥʝʨʘʮʽʾ ʧʨʦʛʥʦʟʽʚ. 

ɺʽʟʫʘʣʽʟʘʮʽʷ ï ʮʝ ʧʝʨʝʪʚʦʨʝʥʥʷ ʯʠʩʣʦʚʠʭ ʜʘʥʠʭ ʚ ʚʽʟʫʘʣʴʥʠʡ ʦʙʨʘʟ, ʟ ʤʝʪʦʶ ʩʧʨʦʱʝʥʥʷ 

ʩʧʨʠʡʥʷʪʪʷ ʚʝʣʠʢʠʭ ʦʙʩʷʛʽʚ ʽʥʬʦʨʤʘʮʽʾ. 

ɼʣʷ ʚʽʟʫʘʣʽʟʘʮʽʾ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʚʽʟʫʘʣʽʟʘʪʦʨʠ. ɺʽʟʫʘʣʽʟʘʪʦʨʠ ʤʦʞʫʪʴ ʙʫʪʠ ʷʢ 

ʘʚʪʦʥʦʤʥʠʤ ʜʦʜʘʪʢʦʤ, ʧʣʘʛʽʥʦʤ, ʪʘʢ ʽ ʯʘʩʪʠʥʦʶ ʽʥʰʦʛʦ ʜʦʜʘʪʢʘ. ʄʦʞʣʠʚʦʩʪʽ ʚʽʟʫʘʣʽʟʘʪʦʨʽʚ ʜʫʞʝ 

ʰʠʨʦʢʽ. ɺ ʜʘʥʠʡ ʯʘʩ ʚʦʥʠ ʤʦʞʫʪʴ ʧʨʝʜʩʪʘʚʠʪʠ ʽʥʬʦʨʤʘʮʽʶ ʧʨʘʢʪʠʯʥʦ ʚ ʫʩʽʭ ʤʠʩʣʠʤʠʭ ʬʦʨʤʘʭ, 

ʷʢʱʦ ʪʽʣʴʢʠ ʘʥʘʣʽʪʠʢ ʤʦʞʝ ʩʬʦʨʤʫʣʶʚʘʪʠ ʪʝ, ʱʦ ʚʽʥ ʭʦʯʝ ʙʘʯʠʪʠ. 

ʅʘʡʧʨʦʩʪʽʰʽ ʚʽʟʫʘʣʽʟʘʮʽʾ ʟʘʩʥʦʚʘʥʽ ʥʘ ʜʚʦʚʠʤʽʨʥʠʭ ʜʽʘʛʨʘʤʘʭ ʽ ʛʽʩʪʦʛʨʘʤʘʭ, ʜʝ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʦʙôʻʢʪʽʚ ʜʘʥʠʭ ʙʫʜʫʶʪʴʩʷ ʧʦ ʦʩʷʭ ʽ ʢʦʞʥʽʡ ʪʦʯʮʽ ʥʘ ʛʨʘʬʽʢʫ ʚʽʜʧʦʚʽʜʘʻ ʦʙôʻʢʪ ʟ 

ʙʘʟʠ ʜʘʥʠʭ. 

ʅʘ ʨʠʩʫʥʢʘʭ 2.14 ʽ 2.15 ʧʦʢʘʟʘʥʽ ʟʚʠʯʘʡʥʽ ʪʦʯʢʦʚʽ ʛʽʩʪʦʛʨʘʤʠ. ɺʽʟʫʘʣʽʟʘʮʽʷ ʘʥʘʣʽʪʠʯʥʠʭ 

ʜʘʥʠʭ ï ʧʦʜʘʥʥʷ ʽʥʬʦʨʤʘʮʽʾ ʫ ʚʠʛʣʷʜʽ ʨʠʩʫʥʢʽʚ ʽ ʜʽʘʛʨʘʤ, ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʽʥʪʝʨʘʢʪʠʚʥʠʭ 

ʤʦʞʣʠʚʦʩʪʝʡ ʽ ʘʥʽʤʘʮʽʾ, ʷʢ ʜʣʷ ʦʪʨʠʤʘʥʥʷ ʨʝʟʫʣʴʪʘʪʽʚ ʘʥʘʣʽʟʫ, ʪʘʢ ʽ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʾʭ  ʷʢ ʚʭʽʜʥʽ 

ʜʘʥʽ ʜʣʷ ʧʦʜʘʣʴʰʦʛʦ ʘʥʘʣʽʟʫ. ʎʝ ʜʫʞʝ ʚʘʞʣʠʚʠʡ ʝʪʘʧ ʘʥʘʣʽʟʫ ʚʝʣʠʢʠʭ ʜʘʥʠʭ, ʥʘ ʷʢʦʤʫ 

ʥʘʡʚʘʞʣʠʚʽʰʽ ʨʝʟʫʣʴʪʘʪʠ ʘʥʘʣʽʟʫ ʤʦʞʫʪʴ ʙʫʪʠ ʧʨʝʜʩʪʘʚʣʝʥʽ ʫ ʥʘʡʙʽʣʴʰ ʟʨʫʯʥʠʡ ʩʧʦʩʽʙ [80]. 

 
ʈʠʩ. 2.14. ɻʨʘʬʽʢ ʟʘʣʝʞʥʦʩʪʽ ʦʜʥʽʻʾ ʜʽʡʩʥʦʾ ʟʤʽʥʥʦʾ ʚʽʜ ʟʥʘʯʝʥʴ ʽʥʰʦʾ ʟʤʽʥʥʦʾ 

 

 



  86 

 

ʈʠʩ. 2.15. ʉʪʦʚʧʯʠʢʦʚʘ ʜʽʘʛʨʘʤʘ ʟʘʣʝʞʥʦʩʪʽ ʮʽʣʦʯʠʩʝʣʴʥʦʾ ʟʤʽʥʥʦʾ ʚʽʜ ʽʥʰʦʾ ʮʽʣʦʯʠʩʝʣʴʥʦʾ 

ʟʤʽʥʥʦʾ (ʢʦʜʫ ʚʠʤʽʨʶʚʘʥʥʷ) 

 

ɺʽʟʫʘʣʽʟʘʮʽʷ ʤʦʞʝ ʙʫʪʠ ʙʘʛʘʪʴʦʭ ʚʠʜʽʚ, ʟʘʣʝʞʥʦ ʚʽʜ ʪʠʧʫ ʜʘʥʠʭ, ʨʦʟʛʣʷʥʝʤʦ ʜʝʷʢʽ 

ʫʟʘʛʘʣʴʥʝʥʽ ʚʠʜʠ ʜʘʣʽ. 

 

ɺʽʟʫʘʣʽʟʘʮʽʷ ʪʝʢʩʪʽʚ 

ʗʢʱʦ ʜʘʥʽ ʮʝ ʧʨʠʨʦʜʦʤʦʚʥʽ ʪʝʢʩʪʠ, ʪʦ ʚʽʟʫʘʣʽʟʘʮʽʷ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʨʦʟʤʽʯʝʥʦʛʦ ʪʝʢʩʪʫ 

ʤʦʞʝ ʥʘʜʘʪʠ ʧʝʨʚʠʥʥʫ ʜʦʧʦʤʦʛʫ ʚ ʘʥʘʣʽʟʽ. ɺʽʟʫʘʣʽʟʘʪʦʨ ʨʦʟʨʘʭʦʚʫʻ ʯʘʩʪʦʪʫ ʟʛʘʜʦʢ ʪʦʛʦ ʯʠ ʽʥʰʦʛʦ 

ʩʣʦʚʘ ʽ ʧʨʠʩʚʦʶʻ ʩʣʦʚʘʤ ʫʤʦʚʥʫ ʚʘʛʫ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʮʽʻʾ ʯʘʩʪʦʪʠ. ʉʣʦʚʘ ʨʽʟʥʦʾ ʚʘʛʠ ʧʨʠ 

ʚʽʟʫʘʣʽʟʘʮʽʾ ʤʘʶʪʴ ʨʽʟʥʫ ʨʦʟʤʽʪʢʫ, ʱʦ ʦʟʥʘʯʘʻ ʨʽʟʥʽ ʧʨʝʟʝʥʪʘʮʽʾ ʥʘ ʝʢʨʘʥʽ, ʪʦʙʪʦ ʜʝʷʢʽ ʩʣʦʚʘ 

ʚʠʛʣʷʜʘʶʪʴ ʙʽʣʴʰʠʤʠ ʟʘ ʽʥʰʽ (ʨʠʩʫʥʦʢ 2.16). 

ʎʝʡ ʚʠʜ ʚʽʟʫʘʣʽʟʘʮʽʾ ʜʦʧʦʤʘʛʘʻ ʜʦʩʣʽʜʥʠʢʫ ʜʫʞʝ ʰʚʠʜʢʦ ʚʣʦʚʠʪʠ ʦʩʥʦʚʥʽ ʽʜʝʾ ʪʝʢʩʪʫ. 

 
ʈʠʩ. 2.16. ɼʽʘʛʨʘʤʘ ʨʝʡʪʠʥʛʫ ʪʝʢʩʪʫ 

 

ɺʽʟʫʘʣʽʟʘʮʽʷ ʢʣʘʩʪʝʨʽʚ 

ʆʜʥʽʻʶ ʟ ʥʘʡʙʽʣʴʰ ʯʘʩʪʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʥʠʭ ʚʽʟʫʘʣʽʟʘʮʽʡ ʻ ʚʽʟʫʘʣʽʟʘʮʽʷ ʢʣʘʩʪʝʨʘ. ʂʣʘʩʪʝʨʠ 

ï ʮʝ ʛʨʫʧʠ ʦʙôʻʢʪʽʚ, ʷʢʽ ʩʭʦʞʽ ʟʘ ʚʣʘʩʪʠʚʦʩʪʷʤʠ ʘʙʦ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ. ɸʣʛʦʨʠʪʤʠ ʢʣʘʩʪʝʨʠʟʘʮʽʾ, 
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ʪʦʙʪʦ ʧʦʜʽʣʫ ʙʝʟʣʽʯʽ ʦʙôʻʢʪʽʚ ʥʘ ʛʨʫʧʠ, ʨʦʟʛʣʷʥʝʤʦ ʥʠʞʯʝ, ʘ ʪʫʪ ʣʠʰʝ ʧʦʢʘʞʝʤʦ, ʷʢ ʤʦʞʥʘ 

ʚʽʟʫʘʣʽʟʫʚʘʪʠ ʾʭ ʨʦʙʦʪʫ. 

ɹʽʣʴʰʽʩʪʴ ʚʽʟʫʘʣʽʟʘʪʦʨʽʚ ʧʽʜʪʨʠʤʫʶʪʴ ʘʣʛʦʨʠʪʤʠ ʢʣʘʩʪʝʨʠʟʘʮʽʾ ʪʘ ʟʜʘʪʥʽ ʜʽʣʠʪʠ ʜʘʥʽ ʥʘ 

ʢʣʘʩʪʝʨʠ. ɿʘʟʚʠʯʘʡ, ʜʣʷ ʚʽʟʫʘʣʴʥʦʛʦ ʧʨʝʜʩʪʘʚʣʝʥʥʷ ʢʣʘʩʪʝʨʽʚ ʜʣʷ ʦʙôʻʢʪʽʚ ʟ ʨʽʟʥʠʭ ʢʣʘʩʪʝʨʽʚ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʢʦʥʪʨʘʩʪʥʽ ʢʦʣʴʦʨʠ (ʨʠʩʫʥʦʢ 2.17). 

 

ʈʠʩ. 2.17. ɼʽʘʛʨʘʤʘ, ʱʦ ʽʣʶʩʪʨʫʻ ʢʣʘʩʪʝʨʠʟʘʮʽʶ ʚ ʪʨʠʚʠʤʽʨʥʦʤʫ ʧʨʦʩʪʦʨʽ 

 

ʆʩʥʦʚʥʦʶ ʧʨʦʙʣʝʤʦʶ ʧʨʠ ʢʣʘʩʪʝʨʠʟʘʮʽʾ ʜʘʥʠʭ ʻ ʚʠʟʥʘʯʝʥʥʷ ʦʧʪʠʤʘʣʴʥʦʾ ʢʽʣʴʢʦʩʪʽ 

ʢʣʘʩʪʝʨʽʚ. ɿ ʤʝʪʦʶ ʩʧʨʦʱʝʥʥʷ ʘʥʘʣʽʪʠʢʠ, ʦʮʽʥʢʠ ʪʘ ʧʦʨʽʚʥʷʥʥʷ ʨʽʟʥʠʭ ʚʘʨʽʘʥʪʽʚ ʜʝʷʢʽ 

ʚʽʟʫʘʣʽʟʘʪʦʨʠ ʧʨʦʧʦʥʫʶʪʴ ʧʦʙʫʜʦʚʫ ʢʣʘʩʪʝʨʦʛʨʘʤ ï ʟʘʣʝʞʥʦʩʪʽ ʨʦʟʤʽʨʽʚ ʢʣʘʩʪʝʨʽʚ ʚʽʜ ʾʭ ʢʽʣʴʢʦʩʪʽ 

(ʨʠʩʫʥʦʢ 2.18). 

 

ʈʠʩ. 2.18. ʇʨʠʢʣʘʜ ʢʣʘʩʪʝʨʦʛʨʘʤʠ 

 

ɺʽʟʫʘʣʽʟʘʮʽʷ ʘʩʦʮʽʘʮʽʡ 

ɺʽʟʫʘʣʽʟʘʮʽʷ ʘʩʦʮʽʘʮʽʡ ʜʝʤʦʥʩʪʨʫʻ ʯʘʩʪʦʪʫ ʟôʻʜʥʘʥʥʷ ʪʠʭ ʯʠ ʽʥʰʠʭ ʝʣʝʤʝʥʪʽʚ ʚ ʥʘʙʦʨʽ 

ʜʘʥʠʭ, ʟʘʚʜʷʢʠ ʷʢʽʡ ʚʠʟʥʘʯʘʻʪʴʩʷ ʩʪʨʫʢʪʫʨʘ ʦʨʛʘʥʽʟʘʮʽʾ ʜʘʥʠʭ (ʥʘʧʨʠʢʣʘʜ, ʤʦʞʥʘ ʛʦʚʦʨʠʪʠ ʧʨʦ 
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ʪʝ, ʷʢʽ ʪʦʚʘʨʠ ʯʘʩʪʦ ʧʨʦʜʘʶʪʴʩʷ ʨʘʟʦʤ). ʊʘʢʦʞ ʤʦʞʥʘ ʚʽʟʫʘʣʽʟʫʚʘʪʠ ʽʥʬʦʨʤʘʮʽʶ ʧʨʦ ʩʠʣʫ 

ʘʩʦʮʽʘʮʽʾ ʜʘʥʠʭ. 

ʋ ʨʽʟʥʠʭ ʚʽʟʫʘʣʽʟʘʪʦʨʘʭ ʢʘʨʪʠʥʢʘ ʙʫʜʝ ʚʽʜʨʽʟʥʷʪʠʩʷ, ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʦʙʨʘʥʠʭ ʧʦʟʥʘʯʝʥʴ. 

ʗʢʱʦ ʧʨʘʚʠʣʘ ʧʨʝʜʩʪʘʚʣʝʥʽ ʥʘ ʩʽʪʮʽ, ʘ ʚʠʜʠ ʽ ʩʠʣʘ ʘʩʦʮʽʘʮʽʾ ʟʦʙʨʘʞʝʥʽ ʚ ʪʦʯʢʘʭ ʟʯʣʝʥʫʚʘʥʥʷ ʚʫʟʣʽʚ 

ʩʽʪʢʠ ʫ ʚʠʛʣʷʜʽ ʩʪʦʚʧʮʽʚ, ʜʠʩʢʽʚ ʽ ʤʽʪʦʢ, ʪʦ ʚʽʟʫʘʣʽʟʘʮʽʷ ʘʩʦʮʽʘʮʽʡ ʙʫʜʝ ʚʠʛʣʷʜʘʪʠ ʪʘʢ, ʷʢ ʧʦʢʘʟʘʥʦ, 

ʥʘʧʨʠʢʣʘʜ, ʥʘ ʨʠʩʫʥʢʫ 2.19. 

 
ʈʠʩ. 2.19. ɼʽʘʛʨʘʤʘ ʘʩʦʮʽʘʪʠʚʥʠʭ ʟʚôʷʟʢʽʚ ʤʽʞ ʪʝʢʩʪʦʚʠʤʠ ʩʣʦʚʘʤʠ 

 

ʋ ʚʠʩʦʢʦʷʢʽʩʥʠʭ ʚʽʟʫʘʣʽʟʘʪʦʨʘʭ ʩʽʪʢʫ ʟ 3D-ʧʨʘʚʠʣʘʤʠ ʤʦʞʥʘ ʤʘʩʰʪʘʙʫʚʘʪʠ, ʧʦʚʝʨʪʘʪʠ ʪʘ 

ʧʘʥʦʨʘʤʫʚʘʪʠ. ʋ ʥʠʭ ʤʦʞʥʘ ʟʤʽʥʶʚʘʪʠ ʢʦʣʴʦʨʠ ʪʘ ʰʨʠʬʪʠ, ʝʢʩʧʦʨʪʫʚʘʪʠ ʢʘʨʪʠʥʢʫ ʚ ʨʽʟʥʽ 

ʬʦʨʤʘʪʠ. 

ʆʢʨʝʤʠʤ ʚʠʧʘʜʢʦʤ ʚʽʟʫʘʣʽʟʘʮʽʾ ʘʩʦʮʽʘʮʽʡ ʻ ʚʽʟʫʘʣʽʟʘʮʽʷ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʧʦʪʦʢʽʚ. ʇʨʠ ʮʴʦʤʫ 

ʤʘʩʠʚ ʜʞʝʨʝʣ ʽ ʧʨʠʡʤʘʯʽʚ ʽʥʬʦʨʤʘʮʽʾ ʟʦʙʨʘʞʫʻʪʴʩʷ ʙʫʜʴ-ʷʢʠʤ ʦʙʨʘʥʠʤ ʩʧʦʩʦʙʦʤ, ʘ ʧʦʪʽʤ ʚʦʥʠ 

ʟôʻʜʥʫʶʪʴʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʩʠʤʚʦʣʽʚ. ʅʘ ʨʠʩʫʥʢʫ 2.20 ʧʨʝʜʩʪʘʚʣʝʥʘ ʚʽʟʫʘʣʽʟʘʮʽʷ ʪʦʯʢʦʚʠʭ 

ʩʧʽʚʚʽʜʥʦʰʝʥʴ, ʷʢʽ ʤʘʶʪʴ ʧʝʚʥʫ ʧʨʠʚôʷʟʢʫ ʜʦ ʛʝʦʛʨʘʬʽʯʥʠʭ ʢʦʦʨʜʠʥʘʪ. 

 

ʈʠʩ. 2.20. ɻʨʘʬʦʚʘ ʤʦʜʝʣʴ ʙʽʥʘʨʥʦʛʦ ʟʚôʷʟʢʫ ʟ ʯʠʩʝʣʴʥʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ ʟʚôʷʟʢʫ ʪʘ ʛʝʦʽʥʬʦʨʤʘʮʽʾ 
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ʋ ʧʨʠʢʣʘʜʽ, ʥʘʚʝʜʝʥʦʤʫ ʥʘ ʨʠʩʫʥʢʫ 2.20, ʚʽʟʫʘʣʽʟʦʚʘʥʦ IP-ʪʨʘʬʽʢ ʤʽʩʪʘ ʅʴʶ-ʁʦʨʢ ʚ ʉʐɸ. 

ɼʫʛʠ ʟôʻʜʥʫʶʪʴ ʡʦʛʦ ʟ ʽʥʰʠʤʠ ʤʽʩʪʘʤʠ ʩʚʽʪʫ. ʈʦʟʤʽʨ ʩʧʘʣʘʭʽʚ ʧʦʢʘʟʫʻ ʚʽʜʥʦʩʥʠʡ ʦʙʩʷʛ IP-ʪʨʘʬʽʢʫ, 

ʪʦʤʫ ʚʽʜʨʘʟʫ ʤʦʞʥʘ ʩʢʘʟʘʪʠ, ʚ ʷʢʦʤʫ ʤʽʩʪʽ ʘʢʪʠʚʥʽʰʝ ʦʙʤʽʥʶʻʪʴʩʷ ʽʥʬʦʨʤʘʮʽʻʶ. 

 

ɺʽʟʫʘʣʽʟʘʮʽʷ ʣʘʥʜʰʘʬʪʫ 

ʃʘʥʜʰʘʬʪʥʘ ʚʽʟʫʘʣʽʟʘʮʽʷ ï ʮʝ ʧʨʝʜʩʪʘʚʣʝʥʥʷ ʜʘʥʠʭ ʫ ʚʠʛʣʷʜʽ ʪʨʠʚʠʤʽʨʥʦʛʦ ʣʘʥʜʰʘʬʪʫ ï 

ʛʽʩʪʦʛʨʘʤʠ, ʟ ʽʥʜʠʚʽʜʫʘʣʴʥʦʶ ʚʠʩʦʪʦʶ ʽ ʢʦʣʴʦʨʦʤ, ʱʦ ʜʦʟʚʦʣʷʻ ʧʦʢʘʟʘʪʠ ʢʽʣʴʢʽʩʥʽ ʪʘ ʨʝʣʷʮʽʡʥʽ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʜʘʥʠʭ ʽ ʰʚʠʜʢʦ ʚʠʷʚʠʪʠ ʪʝʥʜʝʥʮʽʾ ʪʘ ʚʟʘʻʤʦʟʚôʷʟʢʠ ʚ ʜʘʥʠʭ, ʘ ʪʘʢʦʞ ʘʥʦʤʘʣʽʾ. 

ʊʠʧʦʚʠʡ ʣʘʥʜʰʘʬʪʥʠʡ ʚʽʟʫʘʣʽʟʘʪʦʨ ʜʦʟʚʦʣʷʻ ʘʥʘʣʽʪʠʢʘʤ ʩʧʦʩʪʝʨʽʛʘʪʠ ʟʘ ʨʦʟʛʦʨʪʘʥʥʷʤ ʜʘʥʠʭ, 

ʬʽʣʴʪʨʫʚʘʪʠ ʾʭ ʥʘ ʣʴʦʪʫ ʽ ʛʝʥʝʨʫʚʘʪʠ ʘʥʽʤʦʚʘʥʽ ʧʨʝʟʝʥʪʘʮʽʡʥʽ ʚʽʜʝʦ. ʊʘʢʠʡ ʚʽʟʫʘʣʽʟʘʪʦʨ ʨʦʙʠʪʴ 

ʧʨʦʩʪʦʨʦʚʦ-ʦʨʽʻʥʪʦʚʘʥʫ ʽʥʬʦʨʤʘʮʽʶ ʜʦʩʪʫʧʥʦʶ ʜʣʷ ʰʚʠʜʢʦʛʦ ʨʦʟʫʤʽʥʥʷ ʡ ʦʩʤʠʩʣʝʥʥʷ, ʷʢ, 

ʥʘʧʨʠʢʣʘʜ, ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩʫʥʢʫ 2.21. 

 
ʈʠʩ. 2.21. ʃʘʥʜʰʘʬʪʥʘ ʜʽʘʛʨʘʤʘ ʚ ʛʝʦʢʦʦʨʜʠʥʘʪʘʭ 

 

ʇʨʠ ʟʘʧʫʱʝʥʦʤʫ ʣʘʥʜʰʘʬʪʥʦʤʫ ʚʽʟʫʘʣʽʟʘʪʦʨʽ, ʷʢ ʧʨʘʚʠʣʦ, ʜʦʩʪʫʧʥʽ ʚʩʽ ʦʧʝʨʘʮʽʾ ʥʘʚʽʛʘʮʽʾ 

ʧʦ ʣʘʥʜʰʘʬʪʫ: ʧʘʥʦʨʘʤʫʚʘʥʥʷ, ʦʙʝʨʪʘʥʥʷ ʚ 3D-ʧʨʦʩʪʦʨʽ, ʤʘʩʰʪʘʙʫʚʘʥʥʷ ʟʽ ʟʙʽʣʴʰʝʥʥʷʤ ʮʽʢʘʚʠʭ 

ʦʙʣʘʩʪʝʡ ʽ ʪ.ʜ. ʂʦʨʠʩʪʫʚʘʯ ʤʦʞʝ ʚʠʢʦʥʘʪʠ ʷʢ ʦʧʝʨʘʮʽʶ ʤʘʩʰʪʘʙʫʚʘʥʥʷ, ʱʦʙ ʦʪʨʠʤʘʪʠ ʜʝʪʘʣʴʥʫ 

ʽʥʬʦʨʤʘʮʽʶ ʧʨʦ ʢʦʥʢʨʝʪʥʽ ʜʘʥʽ, ʪʘʢ ʽ ʦʧʝʨʘʮʽʶ ʧʽʜʡʦʤʫ (ʟʤʝʥʰʝʥʥʷ ʣʘʥʜʰʘʬʪʫ), ʱʦʙ ʧʦʙʘʯʠʪʠ, 

ʷʢ ʜʘʥʽ ʚʙʫʜʦʚʘʥʽ ʩʝʨʝʜʦʚʠʱʝ. 

 

ɺʽʟʫʘʣʽʟʘʮʽʷ ʛʽʧʦʪʝʟ 

ɺʽʟʫʘʣʽʟʘʮʽʷ ʛʽʧʦʪʝʟ ʜʦʟʚʦʣʷʻ ʧʦʢʘʟʘʪʠ ʚʠʷʚʣʝʥʽ ʟʘʢʦʥʦʤʽʨʥʦʩʪʽ, ʷʢʽ ʧʽʜʪʚʝʨʜʞʫʶʪʴ 

ʚʠʩʫʥʫʪʽ ʛʽʧʦʪʝʟʠ. ʇʦʜʘʯʘ ʽʥʬʦʨʤʘʮʽʾ ʚ ʨʽʟʥʠʭ ʚʽʟʫʘʣʽʟʘʪʦʨʘʭ ʚʽʜʨʽʟʥʷʻʪʴʩʷ. ʅʘʧʨʠʢʣʘʜ, ʷʢʱʦ 

ʨʷʜʢʠ 3D-ʢʨʫʛʦʚʠʭ ʜʽʘʛʨʘʤ ʧʨʝʜʩʪʘʚʣʷʶʪʴ ʦʟʥʘʢʠ, ʱʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʢʣʘʩʠʬʽʢʘʪʦʨʦʤ, ʪʦ 

ʢʦʞʥʘ ʩʝʢʪʦʨʥʘ ʜʽʘʛʨʘʤʘ ʚʽʜʦʙʨʘʞʘʻ ʡʤʦʚʽʨʥʽʩʪʴ ʪʦʛʦ, ʱʦ ʟʥʘʯʝʥʥʷ ʦʟʥʘʢʠ ʘʙʦ ʜʽʘʧʘʟʦʥ ʟʥʘʯʝʥʴ 

ʧʨʠʜʘʪʥʽ ʜʣʷ ʢʣʘʩʠʬʽʢʘʮʽʾ. 

ʅʘ ʨʠʩʫʥʢʫ 2.22 ʧʨʦʘʥʘʣʽʟʦʚʘʥʦ ʟʘʨʦʙʽʪʥʫ ʧʣʘʪʫ ʧʨʘʮʝʟʜʘʪʥʦʛʦ ʥʘʩʝʣʝʥʥʷ ʉʐɸ.  

 
ʈʠʩ. 2.22. ɼʽʘʛʨʘʤʘ ʤʥʦʞʠʥʥʠʭ ʦʮʽʥʦʢ ʜʣʷ ʧʽʜʪʨʠʤʢʠ ʦʮʽʥʢʠ ʛʽʧʦʪʝʟ 
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ɺʽʟʫʘʣʽʟʘʪʦʨ ʚʽʜʦʙʨʘʞʘʻ ʘʪʨʠʙʫʪʠ, ʷʢʽ ʤʦʞʫʪʴ ʚʧʣʠʥʫʪʠ ʥʘ ʢʣʘʩʠʬʽʢʘʮʽʶ ʟʘʨʧʣʘʪ. 

ɸʪʨʠʙʫʪʠ ʧʨʝʜʩʪʘʚʣʝʥʽ ʨʷʜʘʤʠ ʩʝʢʪʦʨʥʠʭ ʪʨʠʚʠʤʽʨʥʠʭ ʜʽʘʛʨʘʤ. ɺʠʩʦʪʘ ʩʝʢʪʦʨʥʦʾ ʜʽʘʛʨʘʤʠ 

(ʮʠʣʽʥʜʨʘ) ʧʦʢʘʟʫʻ ʢʽʣʴʢʽʩʪʴ ʟʘʧʠʩʽʚ ʫ ʮʽʡ ʢʘʪʝʛʦʨʽʾ; ʢʦʣʽʨ ʚʢʘʟʫʻ ʥʘ ʪʝ, ʱʦ ʟʘʨʧʣʘʪʘ ʙʽʣʴʰʘ ʘʙʦ 

ʤʝʥʰʝ 50 000 ʜʦʣʘʨʽʚ. 

ɼʣʷ ʢʦʞʥʦʛʦ ʘʪʨʠʙʫʪʘ ʤʦʞʝ ʙʫʪʠ ʢʽʣʴʢʘ ʩʝʢʪʦʨʥʠʭ ʜʽʘʛʨʘʤ, ʥʘʧʨʠʢʣʘʜ, ʻ ʜʚʽ ʜʽʘʛʨʘʤʠ ʜʣʷ 

ʩʪʘʪʽ (ʯʦʣʦʚʽʢʠ/ʞʽʥʢʠ) ʽ ʚʽʩʽʤ ʜʽʘʛʨʘʤ ʜʣʷ ʚʽʢʫ. ɰʭ ʢʽʣʴʢʽʩʪʴ ʟʘʣʝʞʠʪʴ ʚʽʜ ʢʽʣʴʢʦʩʪʽ ʚʠʷʚʣʝʥʠʭ 

ʚʽʟʫʘʣʽʟʘʪʦʨʦʤ ʧʘʪʝʨʥʽʚ. 

 

ɺʽʟʫʘʣʽʟʘʮʽʷ ʜʝʨʝʚ ʨʽʰʝʥʴ 

ɺʽʟʫʘʣʽʟʘʮʽʷ ʜʝʨʝʚʘ ʨʽʰʝʥʴ ʜʦʟʚʦʣʷʻ ʚʽʜʦʙʨʘʞʘʪʠ ʽʻʨʘʨʭʽʯʥʦ ʦʨʛʘʥʽʟʦʚʘʥʫ ʽʥʬʦʨʤʘʮʽʶ ʫ 

ʚʠʛʣʷʜʽ ʣʘʥʜʰʘʬʪʫ, ʜʝ ʚʝʩʴ ʘʙʦ ʯʘʩʪʠʥʫ ʥʘʙʦʨʫ ʜʘʥʠʭ ʤʦʞʥʘ ʜʦʩʣʽʜʞʫʚʘʪʠ ʫ ʚʠʛʣʷʜʽ ʚʫʟʣʽʚ ʽ 

ʛʽʣʦʢ. ʃʘʥʜʰʘʬʪʠ ʤʦʞʫʪʴ ʙʫʪʠ ʜʚʦʚʠʤʽʨʥʠʤʠ ʘʙʦ ʪʨʠʚʠʤʽʨʥʠʤʠ. ʂʽʣʴʢʽʩʥʽ ʪʘ ʨʝʣʷʮʽʡʥʽ 

ʚʣʘʩʪʠʚʦʩʪʽ ʜʘʥʠʭ ʩʪʘʶʪʴ ʚʠʜʠʤʠʤʠ ʟʘ ʜʦʧʦʤʦʛʦʶ ʽʻʨʘʨʭʽʯʥʦ ʧʦʚôʷʟʘʥʠʭ ʚʫʟʣʽʚ. ʂʦʞʝʥ ʚʫʟʦʣ 

ʤʽʩʪʠʪʴ ʯʠʩʣʘ (ʜʚʦʚʠʤʽʨʥʠʡ ʚʘʨʽʘʥʪ) ʘʙʦ ʛʽʩʪʦʛʨʘʤʠ, ʚʠʩʦʪʘ ʽ ʢʦʣʽʨ ʷʢʠʭ ʚʽʜʧʦʚʽʜʘʶʪʴ ʟʥʘʯʝʥʥʷʤ 

ʜʘʥʠʭ (ʪʨʠʚʠʤʽʨʥʠʡ ʚʘʨʽʘʥʪ). ʃʽʥʽʾ, ʱʦ ʟôʻʜʥʫʶʪʴ ʚʫʟʣʠ, ʧʦʢʘʟʫʶʪʴ ʚʽʜʥʦʩʠʥʠ (ʨʠʩʫʥʦʢ 2.23). 

 
ʈʠʩ. 2.23. ɼʽʘʛʨʘʤʘ ʜʝʨʝʚʘ ʨʽʰʝʥʴ 

 

ɺʽʟʫʘʣʽʟʘʪʦʨ ʜʦʟʚʦʣʷʻ ʘʥʘʣʽʟʫʚʘʪʠ ʜʫʞʝ ʩʢʣʘʜʥʽ ʜʝʨʝʚʘ ʨʽʰʝʥʴ. ʂʦʞʝʥ ʚʫʟʦʣ ʫ ʜʝʨʝʚʽ 

ʧʨʝʜʩʪʘʚʣʷʻ ʪʦʯʢʫ ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʴ. ɻʽʣʢʘ ʦʙʠʨʘʻʪʴʩʷ ʟʘʣʝʞʥʦ ʚʽʜ ʪʦʛʦ, ʷʢ ʤʦʜʝʣʴ ʦʮʽʥʶʻ ʜʘʥʽ 

ʧʦ ʚʽʜʥʦʰʝʥʥʶ ʜʦ ʨʽʰʝʥʥʷ. ʅʘ ʨʠʩʫʥʢʫ 2.24 ʧʦʢʘʟʘʥʘ ʨʦʙʦʪʘ ʪʘʢʦʛʦ ʚʽʟʫʘʣʽʟʘʪʦʨʘ ʧʨʠ ʦʙʨʦʙʮʽ 

ʚʽʢʦʚʦ-ʜʦʭʽʜʥʠʭ ʟʘʣʝʞʥʦʩʪʝʡ. 
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ʈʠʩ. 2.24. ɼʽʘʛʨʘʤʘ ʛʨʘʬʘ ʨʽʰʝʥʴ 

 

ɹʘʛʘʪʦʚʠʤʽʨʥʘ ʚʽʟʫʘʣʽʟʘʮʽʷ 

ʅʘʙʽʨ ʜʘʥʠʭ ʽʥʦʜʽ ʟʘʥʘʜʪʦ ʩʢʣʘʜʥʠʡ, ʱʦʙ ʧʨʝʜʩʪʘʚʠʪʠ ʡʦʛʦ ʚ ʜʚʦʚʠʤʽʨʥʦʤʫ ʘʙʦ ʥʘʚʽʪʴ 

ʪʨʠʚʠʤʽʨʥʦʤʫ ʧʦʜʘʥʥʽ. ʋ ʮʴʦʤʫ ʚʠʧʘʜʢʫ ʟʨʫʯʥʦ ʟʚʝʨʥʫʪʠʩʷ ʜʦ ʙʘʛʘʪʦʚʠʤʽʨʥʠʭ ʩʠʩʪʝʤ 

ʚʽʟʫʘʣʽʟʘʮʽʾ ʜʘʥʠʭ. ɼʦ ʟʚʠʯʘʡʥʦʾ 3D-ʩʠʩʪʝʤʠ ʢʦʦʨʜʠʥʘʪ ʜʦʜʘʶʪʴʩʷ ʜʦʜʘʪʢʦʚʽ ʨʦʟʤʽʨʠ, ʧʦʚôʷʟʘʥʽ, 

ʥʘʧʨʠʢʣʘʜ, ʟ ʨʦʟʤʽʨʦʤ ʽ ʢʦʣʴʦʨʦʤ ʝʣʝʤʝʥʪʽʚ ʜʘʥʠʭ (ʨʠʩʫʥʦʢ 2.25). 

 
ʈʠʩ. 2.25. ɼʽʘʛʨʘʤʘ ʧʨʝʜʩʪʘʚʣʝʥʥʷ ʜʘʥʠʭ ʫ ʧôʷʪʠʚʠʤʽʨʥʦʤʫ ʧʨʦʩʪʦʨʽ (ʯʝʪʚʝʨʪʠʡ ʚʠʤʽʨ ʟʘʜʘʻʪʴʩʷ 

ʢʦʣʴʦʨʦʤ, ʘ ʟʥʘʯʝʥʥʷ ʟʘʜʘʶʪʴʩʷ ʨʦʟʤʽʨʦʤ ʝʣʝʤʝʥʪʘ) 

 

2.3.2 ɸʥʘʣʽʟ ʘʩʦʮʽʘʪʠʚʥʠʭ ʧʨʘʚʠʣ 

ʊʝʭʥʽʢʘ ʘʥʘʣʽʟʫ ʧʨʘʚʠʣ ʘʩʦʮʽʘʮʽʾ ʻ ʦʜʥʠʤ ʟ ʥʘʡʧʦʰʠʨʝʥʽʰʠʭ ʤʝʪʦʜʽʚ ʽʥʪʝʣʝʢʪʫʘʣʴʥʦʛʦ 

ʘʥʘʣʽʟʫ ʜʘʥʠʭ. ɺʽʥ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʜʣʷ ʧʦʙʫʜʦʚʠ ʤʦʜʝʣʽ ʩʠʩʪʝʤʠ, ʟʥʘʥʥʷ ʧʨʦ ʷʢʫ ʤʦʞʥʘ 

ʚʠʪʷʛʪʠ, ʚʠʷʚʠʚʰʠ ʟʘʢʦʥʦʤʽʨʥʦʩʪʽ ʤʽʞ ʧʦʚôʷʟʘʥʠʤʠ ʦʙôʻʢʪʘʤʠ. 

ʇʨʘʚʠʣʘ ʘʩʦʮʽʘʮʽʾ ï ʮʝ ʧʨʘʚʠʣʘ ʢʽʣʴʢʽʩʥʦʾ ʦʮʽʥʢʠ ʚʟʘʻʤʦʟʚôʷʟʢʫ ʤʽʞ ʜʚʦʤʘ ʘʙʦ ʙʽʣʴʰʝ 

ʧʦʜʽʷʤʠ. ʇʨʠʢʣʘʜʠ ʟʘʩʪʦʩʫʚʘʥʥʷ ʧʨʘʚʠʣ ʘʩʦʮʽʘʮʽʾ ʚʢʣʶʯʘʶʪʴ ʥʘʩʪʫʧʥʽ ʟʘʚʜʘʥʥʷ: 

- ʚʠʟʥʘʯʝʥʥʷ ʥʘʙʦʨʽʚ ʧʦʩʣʫʛ, ʷʢʽ ʯʘʩʪʦ ʟʘʤʦʚʣʷʶʪʴʩʷ ʨʘʟʦʤ ʘʙʦ ʥʽʢʦʣʠ ʥʝ ʟʘʤʦʚʣʷʶʪʴʩʷ 

ʨʘʟʦʤ; 

- ʚʠʟʥʘʯʝʥʥʷ ʯʘʩʪʢʠ ʢʣʽʻʥʪʽʚ, ʷʢʽ ʧʦʟʠʪʠʚʥʦ ʩʪʘʚʣʷʪʴʩʷ ʜʦ ʟʤʽʥ ʪʘʨʠʬʥʠʭ ʧʣʘʥʽʚ; 

- ʚʠʟʥʘʯʝʥʥʷ ʧʨʦʬʽʣʶ ʩʧʦʞʠʚʘʯʽʚ ʝʣʝʢʪʨʠʯʥʦʾ ʝʥʝʨʛʽʾ;  

- ʚʠʟʥʘʯʝʥʥʷ ʯʘʩʪʢʠ ʚʠʧʘʜʢʽʚ, ʚ ʷʢʠʭ ʟʘʙʦʨʛʦʚʘʥʽʩʪʴ ʢʣʽʻʥʪʘ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʟʙʠʪʢʽʚ 

ʢʨʝʜʠʪʦʨʘ. 
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ɼʣʷ ʦʧʠʩʫ ʾʭ ʨʽʰʝʥʥʷ ʨʦʟʨʦʙʣʝʥʘ ʩʧʝʮʽʘʣʴʥʘ ʪʝʨʤʽʥʦʣʦʛʽʷ. ʅʘʡʚʘʞʣʠʚʽʰʠʤʠ ʧʦʥʷʪʪʷʤʠ ʻ 

ʫʛʦʜʘ ʘʙʦ ʪʨʘʥʟʘʢʮʽʷ ʽ ʧʨʝʜʤʝʪʥʠʡ ʥʘʙʽʨ ʘʙʦ ʥʘʙʽʨ ʪʝʤ. ʊʨʘʥʟʘʢʮʽʷ ï ʮʝ ʩʫʢʫʧʥʽʩʪʴ ʧʦʜʽʡ, ʷʢʽ 

ʚʽʜʙʫʚʘʶʪʴʩʷ ʨʘʟʦʤ. ʅʘʙʽʨ ʪʝʤ ï ʮʝ ʥʝʧʦʨʦʞʥʽʡ ʥʘʙʽʨ ʝʣʝʤʝʥʪʽʚ, ʷʢʽ ʟôʷʚʣʷʶʪʴʩʷ ʚ ʦʜʥʽʡ 

ʪʨʘʥʟʘʢʮʽʾ.  

ʋ ʧʨʠʢʣʘʜʽ ʟ ʬʦʨʤʫʚʘʥʥʷʤ ʽ ʢʫʧʽʚʣʝʶ ʢʣʽʻʥʪʦʤ ʧʘʢʝʪʘ ʧʦʩʣʫʛ ʫʛʦʜʘ ʙʫʜʝ ʧʦʜʽʷʤʠ 

ʬʦʨʤʫʚʘʥʥʷ ʽ ʧʨʠʜʙʘʥʥʷ, ʘ ʧʨʝʜʤʝʪʥʠʤ ʥʘʙʦʨʦʤ - ʧʝʨʝʣʽʢ ʧʦʩʣʫʛ, ʱʦ ʚʭʦʜʷʪʴ ʚ ʧʨʠʜʙʘʥʠʡ ʧʘʢʝʪ. 

ʇʨʘʚʠʣʦ ʘʩʦʮʽʘʮʽʾ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʜʚʦʭ ʩʫʙôʻʢʪʥʠʭ ʤʥʦʞʠʥ, ʟʚʘʥʠʭ ʫʤʦʚʦʶ ʽ ʝʬʝʢʪʦʤ, ʟʘʧʠʩʘʥʠʭ 

ʷʢ X Ÿ Y, ʷʢʠʡ ʟʚʫʯʠʪʴ ʥʘʩʪʫʧʥʠʤ  ʯʠʥʦʤ: çʟ X ʩʣʽʜʫʻ Yè. ʊʘʢʠʤ ʯʠʥʦʤ, ʧʨʘʚʠʣʦ ʘʩʦʮʽʘʮʽʾ 

ʬʦʨʤʫʣʶʻʪʴʩʷ ʫ ʚʠʛʣʷʜʽ: çʗʢʱʦ <ʫʤʦʚʘ>, ʪʦ <ʥʘʩʣʽʜʦʢ>è.  

ʇʨʘʚʠʣʘ ʟʘʟʚʠʯʘʡ ʚʽʜʦʙʨʘʞʘʶʪʴʩʷ ʩʪʨʽʣʢʘʤʠ, ʱʦ ʩʣʽʜʫʶʪʴ ʚʽʜ ʫʤʦʚʠ ʜʦ ʥʘʩʣʽʜʢʫ, 

ʥʘʧʨʠʢʣʘʜ ʧʦʩʣʫʛʘ1 Ÿ ʧʦʩʣʫʛʘ3. ʋʤʦʚʘ ʽ ʥʘʩʣʽʜʦʢ ʽʥʦʜʽ ʥʘʟʠʚʘʶʪʴʩʷ ʣʽʚʰʘʤʠ ʽ ʧʨʘʚʰʘʤʠ (ʣʽʚʠʤʠ 

ʽ ʧʨʘʚʠʤʠ ʢʦʤʧʦʥʝʥʪʘʤʠ) ʧʨʘʚʠʣʘ ʘʩʦʮʽʘʮʽʾ ʚʽʜʧʦʚʽʜʥʦ.  

ʇʨʘʚʠʣʘ ʘʩʦʮʽʘʮʽʾ ʤʘʶʪʴ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ, ʷʢʽ ʚʽʜʦʙʨʘʞʘʶʪʴ ʦʩʦʙʣʠʚʦʩʪʽ ʚʟʘʻʤʦʟʚôʷʟʢʫ ʤʽʞ 

ʫʤʦʚʦʶ ʽ ʥʘʩʣʽʜʢʦʤ. ɺ ʦʩʥʦʚʥʦʤʫ ʚʦʥʠ ʦʧʝʨʫʶʪʴ ʜʚʦʤʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ - ʧʽʜʪʨʠʤʢʦʶ 

(ʟʘʧʠʩʫʻʪʴʩʷ ʷʢ supp ʘʙʦ S) ʽ ʥʘʜʽʡʥʽʩʪʶ (ʟʘʧʠʩʫʻʪʴʩʷ ʷʢ conf ʘʙʦ C). 

ʇʽʜʪʨʠʤʢʘ ï ʮʝ ʚʽʜʥʦʰʝʥʥʷ ʢʽʣʴʢʦʩʪʽ ʪʨʘʥʟʘʢʮʽʡ, ʱʦ ʤʽʩʪʷʪʴ ʷʢ ʫʤʦʚʫ, ʪʘʢ ʽ ʥʘʩʣʽʜʦʢ, ʜʦ 

ʟʘʛʘʣʴʥʦʾ ʢʽʣʴʢʦʩʪʽ ʪʨʘʥʟʘʢʮʽʡ (2.10): 

 

 Ὓὃᴼὄ  ὖ ὃ᷊ὄ  
̨̨̝̝̋̌̋̒̓ ̨̗̓̑́̎̈́̋̊ȟ   ̚  ̨̠̏̍̒̓̓ ̝̱ ̨ ˏ

̝̈́̄́̌̎́ ̨̨̝̝̋̌̋̒̓ ̨̗̓̑́̎̈́̋̊
. (2.10) 

 

ʅʘʜʽʡʥʽʩʪʴ ï ʮʝ ʤʽʨʘ ʪʦʯʥʦʩʪʽ ʧʨʘʚʠʣ ʘʩʦʮʽʘʮʽʾ, ʚʦʥʘ ʚʠʟʥʘʯʘʻʪʴʩʷ ʷʢ ʚʽʜʥʦʰʝʥʥʷ ʯʠʩʣʘ 

ʦʧʝʨʘʮʽʡ, ʱʦ ʤʽʩʪʷʪʴ ʫʤʦʚʫ ʽ ʥʘʩʣʽʜʦʢ, ʜʦ ʯʠʩʣʘ ʦʧʝʨʘʮʽʡ, ʱʦ ʤʽʩʪʷʪʴ ʪʽʣʴʢʠ ʫʤʦʚʫ (2.11): 

 

 ὅὃᴼὄ ὖ ὄȿὃ ὖ ὄ᷊ὃȾὖ ὃ
̨̨̝̝̋̌̋̒̓ ̨̗̓̑́̎̈́̋̊ȟ   ̚  ̨̠̝̏̍̒̓̓ ̱ ̨ ˏ

̨̨̝̝̋̌̋̒̓ ̨̗̓̑́̎̈́̋̊ȟ   ̚  ̨̠̝̏̍̒̓̓ ̨̝̓̌̋̉ ̱
. (2.11) 

 

ʈʦʟʨʘʭʫʚʘʚʰʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʟôʻʜʥʘʥʥʷ, ʤʦʞʥʘ ʟʨʦʙʠʪʠ ʘʥʘʣʽʪʠʯʥʽ ʚʠʩʥʦʚʢʠ: ʷʢʱʦ 

ʧʽʜʪʨʠʤʢʘ ʪʘ ʚʧʝʚʥʝʥʽʩʪʴ ʜʦʩʠʪʴ ʚʠʩʦʢʽ, ʤʦʞʥʘ ʩʪʚʝʨʜʞʫʚʘʪʠ, ʱʦ ʙʫʜʴ-ʷʢʘ ʤʘʡʙʫʪʥʷ ʫʛʦʜʘ, ʷʢʘ 

ʚʢʣʶʯʘʻ ʫʤʦʚʫ, ʪʘʢʦʞ ʙʫʜʝ ʤʽʩʪʠʪʠ ʥʘʩʣʽʜʦʢ. 

ʈʦʟʛʣʷʥʝʤʦ ʧʨʠʢʣʘʜ ʧʨʝʜʩʪʘʚʣʝʥʠʡ ʫ ʪʘʙʣʠʮʽ 2.3. 

 

ʊʘʙʣʠʮʷ 2.3. ʇʨʠʢʣʘʜ ʥʘʙʦʨʫ ʦʧʝʨʘʮʽʡ 

 ̄ ʊʨʘʥʟʘʢʮʽʷ 

1 ʇʝʨʝʜʘʯʘ ʜʘʥʠʭ, ʝʣʝʢʪʨʦʧʦʩʪʘʯʘʥʥʷ, ʤʦʙʽʣʴʥʘ ʥʦʪʠʬʽʢʘʮʽʷ 

2 ʊʝʣʝʙʘʯʝʥʥʷ, ɯʥʪʝʨʥʝʪ 

3 ɯʥʪʝʨʥʝʪ 

4 ɹʝʟʘʢʮʝʧʪʥʘ ʦʧʣʘʪʘ, ʚʽʟʫʘʣʽʟʘʮʽʷ ʚʠʪʨʘʪ, ʤʦʙʽʣʴʥʘ ʥʦʪʠʬʽʢʘʮʽʷ, ʧʦʩʣʫʛʠ ʢʫʨôʻʨʘ, ɯʥʪʝʨʥʝʪ 

5 ɹʝʟʘʢʮʝʧʪʥʘ ʦʧʣʘʪʘ, ʝʣʝʢʪʨʦʧʦʩʪʘʯʘʥʥʷ, ɯʥʪʝʨʥʝʪ, ʤʦʙʽʣʴʥʘ ʥʦʪʠʬʽʢʘʮʽʷ 

6 ʊʝʣʝʙʘʯʝʥʥʷ, ʤʦʙʽʣʴʥʘ ʥʦʪʠʬʽʢʘʮʽʷ 

7 ɽʣʝʢʪʨʦʧʦʩʪʘʯʘʥʥʷ, ʤʦʙʽʣʴʥʘ ʥʦʪʠʬʽʢʘʮʽʷ 

8 ɽʣʝʢʪʨʦʧʦʩʪʘʯʘʥʥʷ, ʚʽʟʫʘʣʽʟʘʮʽʷ ʚʠʪʨʘʪ, ʤʦʙʽʣʴʥʘ ʥʦʪʠʬʽʢʘʮʽʷ, ɯʥʪʝʨʥʝʪ 

9 ɹʝʟʘʢʮʝʧʪʥʘ ʦʧʣʘʪʘ, ʧʝʨʝʜʘʯʘ ʜʘʥʠʭ, ʚʽʟʫʘʣʽʟʘʮʽʷ ʚʠʪʨʘʪ, ʤʦʙʽʣʴʥʘ ʥʦʪʠʬʽʢʘʮʽʷ, ɯʥʪʝʨʥʝʪ 
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ɺʽʟʴʤʝʤʦ ʘʩʦʮʽʘʮʽʶ ʝʣʝʢʪʨʦʞʠʚʣʝʥʥʷ Ÿ ʤʦʙʽʣʴʥʠʤ ʧʦʚʽʜʦʤʣʝʥʥʷʤ. ʆʩʢʽʣʴʢʠ ʢʽʣʴʢʽʩʪʴ 

ʪʨʘʥʟʘʢʮʽʡ, ʱʦ ʤʽʩʪʷʪʴ ʷʢ ʝʣʝʢʪʨʦʞʠʚʣʝʥʥʷ, ʪʘʢ ʽ ʤʦʙʽʣʴʥʝ ʧʦʚʽʜʦʤʣʝʥʥʷ ï 4, ʘ ʟʘʛʘʣʴʥʘ ʢʽʣʴʢʽʩʪʴ 

ʪʨʘʥʟʘʢʮʽʡ ï 9, ʧʽʜʪʨʠʤʢʘ ʮʴʦʛʦ ʦʙôʻʜʥʘʥʥʷ ʩʪʘʥʦʚʠʪʠʤʝ: S(ʝʣʝʢʪʨʦʞʠʚʣʝʥʥʷ Ÿ ʤʦʙʽʣʴʥʝ 

ʧʦʚʽʜʦʤʣʝʥʥʷ) =  4/9 = 0,44. 

ʆʩʢʽʣʴʢʠ ʢʽʣʴʢʽʩʪʴ ʦʧʝʨʘʮʽʡ, ʱʦ ʤʽʩʪʷʪʴ ʪʽʣʴʢʠ ʚʽʜʧʫʩʢ ʝʣʝʢʪʨʠʯʥʦʾ ʝʥʝʨʛʽʾ (ʩʪʘʥ), 

ʜʦʨʽʚʥʶʻ 4, ʥʘʜʽʡʥʽʩʪʶ ʮʴʦʛʦ ʦʙôʻʜʥʘʥʥʷ ʙʫʜʝ: ʉ(ʝʣʝʢʪʨʦʞʠʚʣʝʥʥʷ Ÿ ʤʦʙʽʣʴʥʝ ʧʦʚʽʜʦʤʣʝʥʥʷ) = 

4/4 = 1. 

ɯʥʰʠʤʠ ʩʣʦʚʘʤʠ, ʚʩʽ ʦʧʝʨʘʮʽʾ, ʱʦ ʤʽʩʪʷʪʴ ʧʦʩʪʘʯʘʥʥʷ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ, ʪʘʢʦʞ ʤʽʩʪʷʪʴ 

ʤʦʙʽʣʴʥʝ ʧʦʚʽʜʦʤʣʝʥʥʷ, ʟ ʯʦʛʦ ʨʦʙʠʤʦ ʚʠʩʥʦʚʦʢ, ʱʦ ʜʘʥʝ ʦʙôʻʜʥʘʥʥʷ ʤʦʞʥʘ ʚʚʘʞʘʪʠ ʧʨʘʚʠʣʦʤ. 

ɺʩʽ ʢʣʽʻʥʪʠ, ʷʢʽ ʟʘʤʦʚʣʷʶʪʴ ʝʣʝʢʪʨʦʝʥʝʨʛʽʶ, ʪʘʢʦʞ ʢʦʨʠʩʪʫʶʪʴʩʷ ʧʦʩʣʫʛʦʶ ʤʦʙʽʣʴʥʦʛʦ 

ʦʧʦʚʽʱʝʥʥʷ.  

ʄʝʪʦʜʠ ʧʦʰʫʢʫ ʧʨʘʚʠʣ ʘʩʦʮʽʘʮʽʾ ʧʨʠʟʥʘʯʝʥʽ ʜʣʷ ʚʠʷʚʣʝʥʥʷ ʚʩʽʭ ʘʩʦʮʽʘʮʽʡ, ʷʢʽ 

ʟʘʜʦʚʦʣʴʥʷʶʪʴ ʦʙʤʝʞʝʥʥʷʤ ʧʽʜʪʨʠʤʢʠ ʪʘ ʚʘʣʽʜʥʦʩʪʽ, ʥʘʢʣʘʜʝʥʠʤ ʘʥʘʣʽʪʠʢʦʤ. ʇʨʠ ʘʥʘʣʽʟʽ 

ʚʝʣʠʢʠʭ ʜʘʥʠʭ ʚʠʥʠʢʘʻ ʥʝʦʙʭʽʜʥʽʩʪʴ ʨʦʟʛʣʷʜʘʪʠ ʜʝʩʷʪʢʠ ʽ ʩʦʪʥʽ ʪʠʩʷʯ ʘʩʦʮʽʘʮʽʡ. 

ɺʨʫʯʥʫ ʦʙʨʦʙʠʪʠ ʩʪʽʣʴʢʠ ʧʨʘʚʠʣ ʥʝʨʝʘʣʴʥʦ. ʂʽʣʴʢʽʩʪʴ ʧʨʘʚʠʣ ʧʦʪʨʽʙʥʦ ʩʢʦʨʦʪʠʪʠ. ʆʜʥʘʢ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʽʜʪʨʠʤʢʠ ʪʘ ʜʦʚʽʨʠ ʥʝʜʦʩʪʘʪʥʴʦ, ʱʦʙ ʟʚʫʟʠʪʠ ʢʦʣʦ ʘʩʦʮʽʘʮʽʡ, ʚʘʞʣʠʚʠʭ ʜʣʷ 

ʩʠʩʪʝʤʠ. ʇʦʪʨʽʙʥʦ ʬʽʣʴʪʨʫʚʘʪʠ ʧʨʘʚʠʣʘ ʟʘ ʚʘʞʣʠʚʽʩʪʶ. 

ʏʠʤ ʚʠʱʝ ʟʥʘʯʠʤʽʩʪʴ, ʪʠʤ ʚʠʱʝ ʟʘʣʝʞʥʽʩʪʴ ʧʨʝʜʤʝʪʥʠʭ ʤʥʦʞʠʥ. ʗʢʱʦ ʫʤʦʚʘ ʽ ʥʘʩʣʽʜʦʢ 

ʥʝʟʘʣʝʞʥʽ, ʪʦ ʧʽʜʪʨʠʤʢʘ ʧʨʘʚʠʣʘ ʧʨʠʙʣʠʟʥʦ ʚʽʜʧʦʚʽʜʘʻ ʜʦʙʫʪʢʫ ʦʧʦʨ ʫʤʦʚʠ ʡ ʝʬʝʢʪʫ, ʪʦʙʪʦ 

Ὓὃᴼὄ Ὓὃ Ὓzὄ. ʎʝ ʦʟʥʘʯʘʻ, ʱʦ ʭʦʯʘ ʩʪʘʥ ʽ ʥʘʩʣʽʜʦʢ ʯʘʩʪʦ ʚʠʥʠʢʘʶʪʴ ʨʘʟʦʤ, ʚʦʥʠ 

ʦʜʥʘʢʦʚʦ ʧʦʰʠʨʝʥʽ ʦʢʨʝʤʦ. ʅʘʧʨʠʢʣʘʜ, ʷʢʱʦ  ʧʦʩʣʫʛʘ 1 ʚʽʜʙʫʣʘʩʷ ʚ 90 ʪʨʘʥʟʘʢʮʽʷʭ ʟʽ 100, ʘ 

ʧʦʩʣʫʛʘ 2 ï ʚ 60 ʽ 50 ʪʨʘʥʟʘʢʮʽʷʭ ʟʽ 100 ʚʦʥʠ ʟʫʩʪʨʽʯʘʶʪʴʩʷ ʨʘʟʦʤ, ʪʦ, ʥʝʟʚʘʞʘʶʯʠ ʥʘ ʚʠʩʦʢʫ 

ʧʽʜʪʨʠʤʢʫ Ὓ̐̏̒̌̔̄́ᴼ̐̏̒̌̔̄π́Ȣυ) ʮʝ ʥʝ ʦʙʦʚôʷʟʢʦʚʦ ʧʨʘʚʠʣʦ. ʎʽ ʧʦʩʣʫʛʠ ʢʫʧʫʶʪʴʩʷ 

ʥʝʟʘʣʝʞʥʦ ʦʜʠʥ ʚʽʜ ʦʜʥʦʛʦ, ʘʣʝ ʟʘʚʜʷʢʠ ʩʚʦʾʡ ʧʦʧʫʣʷʨʥʦʩʪʽ ʯʘʩʪʦ ʟʫʩʪʨʽʯʘʶʪʴʩʷ ʚ ʦʜʥʽʡ ʫʛʦʜʽ. 

ʆʩʢʽʣʴʢʠ ʜʦʙʫʪʦʢ ʫʤʦʚʥʦʛʦ ʝʬʝʢʪʫ ʧʽʜʪʨʠʤʫʻ S(ʧʦʩʣʫʛʘ1)*S(ʧʦʩʣʫʛʘ2)) = 0,9 Ŀ 0,6 = 0,54 

ʚʽʜʨʽʟʥʷʻʪʴʩʷ ʚʽʜ S(ʧʦʩʣʫʛʘ1Ÿ ʧʦʩʣʫʛʘ2) = 0,5 ʚʩʴʦʛʦ ʥʘ 0,04, ʪʦ ʧʨʠʧʫʱʝʥʥʷ ʧʨʦ ʥʝʟʘʣʝʞʥʽʩʪʴ 

ʧʦʩʣʫʛ 1 ʽ 2 ʜʦʩʠʪʴ ʨʦʟʫʤʥʦ. ʗʢʱʦ ʫʤʦʚʘ ʽ ʥʘʩʣʽʜʦʢ ʥʝʟʘʣʝʞʥʽ, ʪʦ ʧʨʘʚʠʣʦ ʥʘʚʨʷʜ ʯʠ ʙʫʜʝ 

ʧʨʝʜʩʪʘʚʣʷʪʠ ʽʥʪʝʨʝʩ, ʥʘʚʽʪʴ ʷʢʱʦ ʡʦʛʦ ʧʽʜʪʨʠʤʢʘ ʽ ʦʙˇʨʫʥʪʦʚʘʥʽʩʪʴ ʚʠʩʦʢʽ. ɸʩʦʮʽʘʮʽʷ ʥʝ ʤʘʻ 

ʚʝʣʠʢʦʛʦ ʟʥʘʯʝʥʥʷ ʜʣʷ ʤʦʜʝʣʽ ʩʠʩʪʝʤʠ. ɼʣʷ ʚʠʤʽʨʶʚʘʥʥʷ ʟʥʘʯʫʱʦʩʪʽ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ 

ʩʫʙôʻʢʪʠʚʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʟʚôʷʟʢʫ, ʷʢʽ ʥʘʟʠʚʘʶʪʴʩʷ ʣʽʬʪ (interest lift  ï ʧʽʜʚʠʱʝʥʥʷ ʽʥʪʝʨʝʩʫ) ʽ 

ʣʝʚʝʨʠʜʞ (leverage ï ʚʘʞʽʣʴ, ʧʣʝʯʝ). 

ʃʽʬʪ ʘʙʦ ʧʽʜʡʦʤʥʠʡ ʢʦʝʬʽʮʽʻʥʪ - ʮʝ ʚʽʜʥʦʰʝʥʥʷ ʯʘʩʪʦʪʠ ʧʦʷʚʠ ʫʤʦʚʠ ʚ ʪʨʘʥʟʘʢʮʽʾ, ʷʢʘ 

ʪʘʢʦʞ ʚʢʣʶʯʘʻ ʥʘʩʣʽʜʦʢ, ʜʦ ʯʘʩʪʦʪʠ ʧʦʷʚʠ ʥʘʩʣʽʜʢʫ ʚ ʮʽʣʦʤʫ. ɿʥʘʯʝʥʥʷ, ʙʽʣʴʰʽ  ʟʘ1,ʚʢʘʟʫʶʪʴ ʥʘ 

ʪʝ, ʱʦ ʫʤʦʚʘ ʟʫʩʪʨʽʯʘʻʪʴʩʷ ʯʘʩʪʽʰʝ ʚ ʪʨʘʥʟʘʢʮʽʷʭ ʷʢʽ ʚʢʣʶʯʘʶʪʴ ʥʘʩʣʽʜʢʠ, ʥʽʞ ʽʥʰʽ ʫʤʦʚʠ. ʄʦʞʥʘ 

ʩʢʘʟʘʪʠ, ʱʦ ʧʽʜʡʦʤʥʠʡ ʢʦʝʬʽʮʽʻʥʪ ʻ ʫʟʘʛʘʣʴʥʝʥʦʶ ʤʽʨʦʶ ʚʟʘʻʤʦʟʚ'ʷʟʢʫ ʤʽʞ ʜʚʦʤʘ ʥʘʙʦʨʘʤʠ 

ʦʙ'ʻʢʪʽʚ [81]: ʟʘ ʟʥʘʯʝʥʴ ʣʽʬʪʘ > 1 ʟʚôʷʟʦʢ ʧʦʟʠʪʠʚʥʠʡ, ʟʘ 1 ʚʽʥ ʚʽʜʩʫʪʥʽʡ, ʘ ʟʘ ʟʥʘʯʝʥʴ <1 - 

ʥʝʛʘʪʠʚʥʠʡ. ɯʥʪʝʨʝʩ ʦʙʯʠʩʣʶʻʪʴʩʷ ʥʘʩʪʫʧʥʠʤ ʯʠʥʦʤ (2.12): 

 

 L(A Ÿ B) = C(A Ÿ B)/S(B).  (2.12) 

 

ʈʦʟʛʣʷʥʝʤʦ ʟʚôʷʟʦʢ ʤʦʙʽʣʴʥʦʛʦ ʦʧʦʚʽʱʝʥʥʷ Ÿ ʙʣʦʢʦʤ ʞʠʚʣʝʥʥʷ: S(ʝʣʝʢʪʨʦʞʠʚʣʝʥʥʷ) = 

4/9 = 0,44, ʉ(ʤʦʙʽʣʴʥʝ ʧʦʚʽʜʦʤʣʝʥʥʷ Ÿ ʝʣʝʢʪʨʦʞʠʚʣʝʥʥʷ) = 4/7 = 0,57. 

ɺʽʜʧʦʚʽʜʥʦ, L(ʤʦʙʽʣʴʥʝ ʧʦʚʽʜʦʤʣʝʥʥʷ  Ÿ ʝʣʝʢʪʨʦʞʠʚʣʝʥʥʷ)  = 0,57/0,44 = 1,295. 
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ʊʝʧʝʨ ʨʦʟʛʣʷʥʝʤʦ ʘʩʦʮʽʘʮʽʶ ʤʦʙʽʣʴʥʦʛʦ ʦʧʦʚʽʱʝʥʥʷ Ÿ ɯʥʪʝʨʥʝʪʦʤ: S(ɯʥʪʝʨʥʝʪ) = 6/9= 

0,67, C (ʤʦʙʽʣʴʥʝ ʧʦʚʽʜʦʤʣʝʥʥʷ Ÿ ɯʥʪʝʨʥʝʪ) = 4/7 = 0,57. 

ʊʦʜʽ L (ʤʦʙʽʣʴʥʝ ʧʦʚʽʜʦʤʣʝʥʥʷ Ÿ ɯʥʪʝʨʥʝʪ) = 0,57/0,67 = 0,85. 

ɹʽʣʴʰʝ ʟʥʘʯʝʥʥʷ ʽʥʪʝʨʝʩʫ ʟʘ ʧʝʨʰʠʤ ʧʨʘʚʠʣʦʤ ʧʦʢʘʟʫʻ, ʱʦ ʧʽʜʢʣʶʯʝʥʥʷ ʤʦʙʽʣʴʥʦʛʦ 

ʧʦʚʽʜʦʤʣʝʥʥʷ ʤʘʻ ʙʽʣʴʰʠʡ ʚʧʣʠʚ ʥʘ ʟʘʢʫʧʽʚʣʶ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ, ʥʽʞ ɯʥʪʝʨʥʝʪ. ʍʦʯʘ ʽʥʪʝʨʝʩ ʰʠʨʦʢʦ 

ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ, ʚʽʥ ʥʝ ʟʘʚʞʜʠ ʻ ʭʦʨʦʰʠʤ ʧʦʢʘʟʥʠʢʦʤ ʟʥʘʯʫʱʦʩʪʽ ʧʨʘʚʠʣʘ. ʇʨʘʚʠʣʦ ʟ ʤʝʥʰʦʶ 

ʧʽʜʪʨʠʤʢʦʶ ʪʘ ʙʽʣʴʰʠʤ ʽʥʪʝʨʝʩʦʤ ʤʦʞʝ ʙʫʪʠ ʤʝʥʰ ʟʥʘʯʫʱʠʤ, ʥʽʞ ʘʣʴʪʝʨʥʘʪʠʚʥʝ ʧʨʘʚʠʣʦ ʟ 

ʙʽʣʴʰʦʶ ʧʽʜʪʨʠʤʢʦʶ ʪʘ ʤʝʥʰʠʤ ʽʥʪʝʨʝʩʦʤ, ʦʩʢʽʣʴʢʠ ʦʩʪʘʥʥʻ ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ ʜʦ ʙʽʣʴʰʦʾ ʢʽʣʴʢʦʩʪʽ 

ʪʨʘʥʟʘʢʮʽʡ. ɿʙʽʣʴʰʝʥʥʷ ʢʽʣʴʢʦʩʪʽ ʫʛʦʜ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʟʙʽʣʴʰʝʥʥʷ ʟʥʘʯʠʤʽʩʪʴ ʚʟʘʻʤʦʟʚôʷʟʢʫ ʤʽʞ 

ʩʪʘʥʦʤ ʽ ʥʘʩʣʽʜʢʦʤ. ʑʦʙ ʚʨʘʭʫʚʘʪʠ ʮʶ ʟʥʘʯʠʤʽʩʪʴ, ʚʚʝʜʝʥʦ ʧʦʥʷʪʪʷ ʨʽʚʥʷ. ʈʽʚʝʥʴ - ʮʝ ʨʽʟʥʠʮʷ ʤʽʞ 

ʩʧʦʩʪʝʨʝʞʫʚʘʥʦʶ ʯʘʩʪʦʪʦʶ, ʟ ʷʢʦʶ ʩʪʘʥ ʽ ʝʬʝʢʪ ʟôʷʚʣʷʶʪʴʩʷ ʨʘʟʦʤ (ʪʦʙʪʦ ʧʽʜʪʨʠʤʢʘ ʘʩʦʮʽʘʮʽʾ), ʽ 

ʜʦʙʫʪʢʦʤ ʯʘʩʪʦʪ ʚʠʥʠʢʥʝʥʥʷ (ʧʽʜʪʨʠʤʢʠ) ʩʪʘʥʫ ʡ ʝʬʝʢʪʫ ʦʢʨʝʤʦ (2.13): 

 

 4 ! ᴼ "   3 ! ᴼ "  ɀ S(A)S(B). (2.13) 

 

ʈʦʟʛʣʷʥʝʤʦ ʘʩʦʮʽʘʮʽʾ ʚʽʟʫʘʣʽʟʘʮʽʾ ʚʠʪʨʘʪ Ÿ ʤʦʙʽʣʴʥʦʛʦ ʦʧʦʚʽʱʝʥʥʷ ʪʘ ʞʠʚʣʝʥʥʷ Ÿ 

ʤʦʙʽʣʴʥʦʛʦ ʦʧʦʚʽʱʝʥʥʷ, ʷʢʽ ʤʘʶʪʴ ʦʜʥʘʢʦʚʫ ʧʽʜʪʨʠʤʢʫ ʉ = 1, ʦʩʢʽʣʴʢʠ ʚʽʟʫʘʣʽʟʘʮʽʷ ʚʠʪʨʘʪ ʪʘ 

ʧʦʩʪʘʯʘʥʥʷ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ ʟʘʚʞʜʠ ʧʨʦʜʘʶʪʴʩʷ ʨʘʟʦʤ ʟ ʤʦʙʽʣʴʥʠʤ ʧʦʚʽʜʦʤʣʝʥʥʷʤ. ɯʥʪʝʨʝʩʠ ʫ ʮʠʭ 

ʦʙôʻʜʥʘʥʴ ʪʘʢʦʞ ʙʫʜʫʪʴ ʦʜʥʘʢʦʚʠʤʠ, ʦʩʢʽʣʴʢʠ ʚ ʦʙʦʭ ʦʙôʻʜʥʘʥʥʷʭ ʻ ʧʽʜʪʨʠʤʢʘ ʨʦʟʩʣʽʜʫʚʘʥʥʷ S 

(ʤʦʙʽʣʴʥʝ ʩʧʦʚʽʱʝʥʥʷ) = 7/9 = 0,77. 

ʊʦʜʽ: L(ʚʽʟʫʘʣʽʟʘʮʽʷ ʚʠʪʨʘʪ Ÿ ʤʦʙʽʣʴʥʝ ʧʦʚʽʜʦʤʣʝʥʥʷ) = L(ʝʣʝʢʪʨʦʞʠʚʣʝʥʥʷ Ÿ ʤʦʙʽʣʴʥʘ 

ʥʦʪʠʬʽʢʘʮʽʷ) = 1 /0,77 = 1,3, S(ʚʽʟʫʘʣʽʟʘʮʽʷ ʚʠʪʨʘʪ Ÿ ʤʦʙʽʣʴʥʝ ʧʦʚʽʜʦʤʣʝʥʥʷ)=3/9=0,33, 

S(ʚʽʟʫʘʣʽʟʘʮʽʷ ʚʠʪʨʘʪ) = 0,33, S(ʤʦʙʽʣʴʥʘ ʥʦʪʠʬʽʢʘʮʽʷ) = 0,77. 

ʊʘʢʠʤ ʯʠʥʦʤ, T (ʚʽʟʫʘʣʽʟʘʮʽʷ ʚʠʪʨʘʪ Ÿ ʤʦʙʽʣʴʥʝ ʧʦʚʽʜʦʤʣʝʥʥʷ) = 0,33 ï 0,33 ??? 0,77 = 

0,08, S(ʝʣʝʢʪʨʦʞʠʚʣʝʥʥʷ Ÿ ʤʦʙʽʣʴʥʘ ʥʦʪʠʬʽʢʘʮʽʾ) = 0,44, S(ʝʣʝʢʪʨʦʞʠʚʣʝʥʥʷ) = 0,44; 

S(ʤʦʙʽʣʴʥʘ ʥʦʪʠʬʽʢʘʮʽʷ) = 0,77. 

ɺʽʜʧʦʚʽʜʥʦ, T(ʝʣʝʢʪʨʦʞʠʚʣʝʥʥʷ Ÿ ʤʦʙʽʣʴʥʘ ʥʦʪʠʬʽʢʘʮʽʾ)  = 0,44  ï 0,44 Ā 0,77 = 0,1. 

ʆʪʞʝ, ʟʥʘʯʠʤʽʩʪʴ ʜʨʫʛʦʾ ʘʩʦʮʽʘʮʽʾ ʙʽʣʴʰʝ, ʥʽʞ ʧʝʨʰʦʾ. ʇʨʘʚʠʣʦ ʙʣʦʢʫ ʞʠʚʣʝʥʥʷ Ÿ 

ʤʦʙʽʣʴʥʦʛʦ ʦʧʦʚʽʱʝʥʥʷ ʚʘʞʣʠʚʽʰʝ ʜʣʷ ʤʦʜʝʣʽ, ʪʘʢ ʷʢ ʚʦʥʦ ʙʽʣʴʰ ʧʦʰʠʨʝʥʝ, ʪʦʙʪʦ ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ 

ʜʦ ʙʽʣʴʰʦʾ ʢʽʣʴʢʦʩʪʽ ʪʨʘʥʟʘʢʮʽʡ 

ɼʦʚʽʨʘ, ʧʽʜʪʨʠʤʢʘ, ʽʥʪʝʨʝʩ ʽ ʨʽʚʝʥʴ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʜʣʷ ʧʦʜʘʣʴʰʦʛʦ ʦʙʤʝʞʝʥʥʷ ʥʘʙʦʨʫ 

ʘʩʦʮʽʘʮʽʡ, ʧʨʦ ʷʢʽ ʡʜʝ ʤʦʚʘ, ʚʩʪʘʥʦʚʣʶʶʯʠ ʧʦʨʽʛ ʟʥʘʯʫʱʦʩʪʽ, ʥʠʞʯʝ ʷʢʦʛʦ ʘʩʦʮʽʘʮʽʾ ʚʽʜʢʠʜʘʶʪʴʩʷ. 

ɯʩʥʫʻ ʨʷʜ ʘʣʛʦʨʠʪʤʽʚ, ʷʢʽ ʜʦʟʚʦʣʷʶʪʴ ʟʨʦʙʠʪʠ ʮʝ ʧʽʜ ʯʘʩ ʚʽʜʢʨʠʪʪʷ ʧʨʘʚʠʣ  ʘʩʦʮʽʘʮʽʾ. 

ʅʘʡʧʨʦʩʪʽʰʠʡ ʘʣʛʦʨʠʪʤ ʟʥʘʭʦʜʞʝʥʥʷ ʧʨʘʚʠʣ ʘʩʦʮʽʘʮʽʾ ʧʝʨʝʙʠʨʘʻ ʚʩʽ ʤʦʞʣʠʚʽ ʢʦʤʙʽʥʘʮʽʾ ʫʤʦʚ ʽ 

ʥʘʩʣʽʜʢʽʚ, ʦʮʽʥʶʻ ʧʽʜʪʨʠʤʢʫ ʽ ʚʘʣʽʜʥʽʩʪʴ ʜʣʷ ʥʠʭ, ʘ ʧʦʪʽʤ ʚʠʢʣʶʯʘʻ ʚʩʽ ʘʩʦʮʽʘʮʽʾ, ʷʢʽ ʥʝ 

ʟʘʜʦʚʦʣʴʥʷʶʪʴ ʟʘʜʘʥʠʤ ʦʙʤʝʞʝʥʥʷʤ. ʂʽʣʴʢʽʩʪʴ ʤʦʞʣʠʚʠʭ ʘʩʦʮʽʘʮʽʡ ʟʨʦʩʪʘʻ ʟʽ ʟʙʽʣʴʰʝʥʥʷʤ 

ʢʽʣʴʢʦʩʪʽ ʧʨʝʜʤʝʪʽʚ ʝʢʩʧʦʥʝʥʮʽʘʣʴʥʦ. ʗʢʱʦ ʚ ʙʘʟʽ ʜʘʥʠʭ ʪʨʘʥʟʘʢʮʽʡ ʻ k ʝʣʝʤʝʥʪʽʚ ʽ ʚʩʽ ʘʩʦʮʽʘʮʽʾ ʻ 

ʙʽʥʘʨʥʠʤʠ (ʪʦʙʪʦ ʤʽʩʪʷʪʴ ʦʜʠʥ ʩʫʙôʻʢʪ ʚ ʫʤʦʚʽ ʽ ʝʬʝʢʪʽ), ʪʦ ʧʦʪʨʽʙʥʦ ʧʨʦʚʝʩʪʠ ʘʥʘʣʽʟ 

Ὧ ʘʩʦʮʽʘʮʽʾ. ʆʩʢʽʣʴʢʠ ʬʘʢʪʠʯʥʽ ʙʘʟʠ ʜʘʥʠʭ ʪʨʘʥʟʘʢʮʽʡ, ʱʦ ʨʦʟʛʣʷʜʘʶʪʴʩʷ ʚ ʽʥʪʝʣʝʢʪʫʘʣʴʥʦʤʫ 

ʘʥʘʣʽʟʽ ʜʘʥʠʭ, ʟʘʟʚʠʯʘʡ ʤʽʩʪʷʪʴ ʪʠʩʷʯʽ ʟʘʧʠʩʽʚ, ʦʙʯʠʩʣʶʚʘʣʴʥʽ ʥʘʢʣʘʜʥʽ ʚʠʪʨʘʪʠ ʥʘ ʧʦʰʫʢ ʧʨʘʚʠʣ  

ʘʩʦʮʽʘʮʽʾ ʚʝʣʠʯʝʟʥʽ. 

ɼʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʧʨʠʡʥʷʪʥʦʾ ʝʬʝʢʪʠʚʥʦʩʪʽ ʚ ʧʨʦʮʝʩʽ ʛʝʥʝʨʘʮʽʾ ʧʨʘʚʠʣ ʘʩʦʮʽʘʮʽʡ ʰʠʨʦʢʦ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʘʣʛʦʨʠʪʤʠ ʟʤʝʥʰʝʥʥʷ ʢʽʣʴʢʦʩʪʽ ʘʩʦʮʽʘʮʽʡ, ʷʢʽ ʥʝʦʙʭʽʜʥʦ ʧʨʦʘʥʘʣʽʟʫʚʘʪʠ. ɿ 



  95 

ʥʘʡʧʦʰʠʨʝʥʽʰʠʭ - ʮʝ ʤʝʪʦʜʠʢʘ, ʱʦ ʟʘʩʥʦʚʘʥʘ ʥʘ ʚʠʷʚʣʝʥʥʽ, ʪʘʢ ʟʚʘʥʠʭ, ʯʘʩʪʠʭ ʤʥʦʞʠʥ, ʢʦʣʠ 

ʘʥʘʣʽʟʫʶʪʴʩʷ ʪʽʣʴʢʠ ʪʽ ʘʩʦʮʽʘʮʽʾ, ʷʢʽ ʚʠʥʠʢʘʶʪʴ ʜʦʩʠʪʴ ʯʘʩʪʦ. ʎʷ ʤʝʪʦʜʠʢʘ ʥʘʟʠʚʘʻʪʴʩʷ ɸʧʨʽʦʨʽ. 

ɸʣʛʦʨʠʪʤ ɸʧʨʽʦʨʽ ʚʢʣʶʯʘʻ ʚ ʩʝʙʝ ʢʽʣʴʢʘ ʝʪʘʧʽʚ: 

1) ʧʦʧʝʨʝʜʥʷ ʦʙʨʦʙʢʘ ʜʘʥʠʭ: ʚʩʽ ʜʘʥʽ ʧʝʨʝʪʚʦʨʶʶʪʴʩʷ ʚ ʜʚʽʡʢʦʚʫ ʬʦʨʤʫ; ʪʠʧ ʜʘʥʠʭ 

ʟʤʽʥʠʪʴʩʷ; 

2) ʽʜʝʥʪʠʬʽʢʘʮʽʷ ʯʘʩʪʦ ʟʫʩʪʨʽʯʘʶʪʴʩʷ ʥʘʙʦʨʽʚ ʝʣʝʤʝʥʪʽʚ: ʧʽʜʨʘʭʦʚʫʶʪʴʩʷ 1-ʝʣʝʤʝʥʪʥʽ 

ʯʘʩʪʠʥʠ ʤʥʦʞʠʥʠ; 

3) ʛʝʥʝʨʘʮʽʷ ʧʨʝʜʤʝʪʽʚ: ʛʝʥʝʨʫʶʪʴʩʷ ʧʦʪʝʥʮʽʡʥʦ ʟʘʛʘʣʴʥʽ ʥʘʙʦʨʠ ʧʨʝʜʤʝʪʽʚ (ʷʢʽ 

ʥʘʟʠʚʘʶʪʴʩʷ ʢʘʥʜʠʜʘʪʘʤʠ) ʪʘ ʧʽʜʨʘʭʦʚʫʶʪʴʩʷ ʧʽʜʪʨʠʤʢʠ ʢʘʥʜʠʜʘʪʽʚ; 

4) ʩʢʨʠʥʽʥʛ ʢʘʥʜʠʜʘʪʽʚ: ʯʠ ʚʽʜʧʦʚʽʜʘʶʪʴ ʟʥʘʯʝʥʥʷ ʧʽʜʪʨʠʤʢʠ ʢʘʥʜʠʜʘʪʽʚ ʤʽʥʽʤʘʣʴʥʦʤʫ 

ʧʦʨʦʛʫ; 

5) ʚʠʣʫʯʝʥʥʷ ʧʨʘʚʠʣʘ: ʑʦʙ ʚʠʪʷʛʪʠ ʧʨʘʚʠʣʦ ʽʟ ʟʘʛʘʣʴʥʦʾ ʤʥʦʞʠʥʠ F, ʤʠ ʧʦʚʠʥʥʽ ʟʥʘʡʪʠ 

ʚʩʽ ʡʦʛʦ ʥʝʧʦʨʦʞʥʽ ʧʽʜʤʥʦʞʠʥʠ; ʜʣʷ ʢʦʞʥʦʾ ʧʽʜʤʥʦʞʠʥʠ ʄ ʤʠ ʟʤʦʞʝʤʦ ʩʬʦʨʤʫʣʶʚʘʪʠ ʧʨʘʚʠʣʦ 

ὓᴼ Ὂ ὓ, ʷʢʱʦ ʜʦʩʪʦʚʽʨʥʽʩʪʴ ʧʨʘʚʠʣʘ ὅὓὊ ὓ ὛὊȾὛὓ  ʥʝ ʤʝʥʰʝ ʟʘ 

ʚʩʪʘʥʦʚʣʝʥʠʡ ʧʦʨʽʛ ʜʦʩʪʦʚʽʨʥʦʩʪʽ [82]. 

ɹʽʣʴʰ ʜʦʢʣʘʜʥʦ ʧʨʦ ʨʝʘʣʽʟʘʮʽʶ ʘʣʛʦʨʠʪʤʫ ʤʦʞʥʘ ʧʨʦʯʠʪʘʪʠ ʚ ʩʧʝʮʽʘʣʴʥʽʡ ʣʽʪʝʨʘʪʫʨʽ [12]. 

ɸʣʛʦʨʠʪʤ ɸʧʨʽʦʨʽ ʛʘʣʴʤʫʻʪʴʩʷ ʧʨʦʮʝʩʦʤ ʛʝʥʝʨʘʮʽʾ ʢʘʥʜʠʜʘʪʽʚ ʜʣʷ ʧʦʧʫʣʷʨʥʠʭ ʪʝʤʘʪʠʯʥʠʭ 

ʥʘʙʦʨʽʚ. ʂʨʽʤ ʪʦʛʦ, ʙʘʟʫ ʜʘʥʠʭ ʪʨʘʥʟʘʢʮʽʡ ʧʦʪʨʽʙʥʦ ʩʢʘʥʫʚʘʪʠ ʢʽʣʴʢʘ ʨʘʟʽʚ. ʊʦʤʫ ʟʘʧʨʦʧʦʥʦʚʘʥʦ 

ʥʠʟʢʫ ʘʣʛʦʨʠʪʤʽʚ, ʷʢʽ ʜʦʟʚʦʣʷʶʪʴ ʫʥʠʢʥʫʪʠ ʛʝʥʝʨʘʮʽʾ ʢʘʥʜʠʜʘʪʽʚ ʪʘ ʟʤʝʥʰʠʪʠ ʥʝʦʙʭʽʜʥʫ 

ʢʽʣʴʢʽʩʪʴ ʩʢʘʥʫʚʘʥʴ ʥʘʙʦʨʫ ʜʘʥʠʭ. 

ʆʜʥʠʤ ʟ ʢʨʘʱʠʭ ʤʝʪʦʜʽʚ ʧʦʰʫʢʫ ʧʨʘʚʠʣ ʘʩʦʮʽʘʮʽʾ ʻ ʘʣʛʦʨʠʪʤ ʧʽʜ ʥʘʟʚʦʶ ʏʘʩʪʝ ʟʨʦʩʪʘʥʥʷ 

ʰʘʙʣʦʥʫ (FPG), ʷʢʠʡ ʤʦʞʥʘ ʧʝʨʝʢʣʘʩʪʠ ʷʢ çʢʫʣʴʪʠʚʫʚʘʥʥʷ ʯʘʩʪʦ ʟʫʩʪʨʽʯʘʶʪʴʩʷ ʧʨʝʜʤʝʪʥʠʭ 

ʥʘʙʦʨʽʚè. ʎʝ ʜʦʟʚʦʣʷʻ ʥʝ ʪʽʣʴʢʠ ʫʥʠʢʥʫʪʠ ʚʠʪʨʘʪʥʦʾ ʧʨʦʮʝʜʫʨʠ ʛʝʥʝʨʘʮʽʾ ʢʘʥʜʠʜʘʪʽʚ, ʘʣʝ ʡ 

ʩʢʦʨʦʪʠʪʠ ʥʝʦʙʭʽʜʥʫ ʢʽʣʴʢʽʩʪʴ ʧʨʦʧʫʩʢʽʚ ʜʦ ʜʚʦʭ. FPG ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʥʘʩʪʫʧʥʠʭ ʢʨʦʢʽʚ: 

1) ʩʪʠʩʢʘʪʠ ʪʨʘʥʟʘʢʮʽʡʥʽ ʙʘʟʠ ʜʘʥʠʭ ʫ ʢʦʤʧʘʢʪʥʫ ʩʪʨʫʢʪʫʨʫ ʪʘ ʚʠʪʷʛʫʚʘʪʠ ʥʘʙʦʨʠ 

ʟʘʛʘʣʴʥʠʭ ʪʝʤ ʜʫʞʝ ʝʬʝʢʪʠʚʥʦ [83]; 

2) ʧʦʙʫʜʦʚʘ FP-ʜʝʨʝʚʘ ʟʘ ʪʝʭʥʦʣʦʛʽʻʶ ʨʦʟʱʝʧʣʝʥʥʷ ʽ ʟʘʭʦʧʣʝʥʥʷ, ʱʦ ʜʦʟʚʦʣʷʻ ʨʦʟʢʣʘʩʪʠ 

ʦʜʥʫ ʩʢʣʘʜʥʫ ʟʘʜʘʯʫ ʥʘ ʙʝʟʣʽʯ ʙʽʣʴʰ ʧʨʦʩʪʠʭ; 

3) ʚʠʣʫʯʝʥʥʷ ʟʘʛʘʣʴʥʠʭ ʪʝʤʘʪʠʯʥʠʭ ʤʥʦʞʠʥ ʟ ʜʝʨʝʚʘ FP ʟʘ ʜʦʧʦʤʦʛʦʶ ʫʤʦʚʥʠʭ 

ʜʝʨʝʚ FP; 

4) ʦʪʨʠʤʘʥʥʷ ʧʨʘʚʠʣ. 

ʅʘ ʨʠʩʫʥʢʫ 2.26, ʟʘʧʦʟʠʯʝʥʦʤʫ ʟ [13], ʧʦʢʘʟʘʥʦ ʜʝʩʷʪʴ ʦʧʝʨʘʮʽʡ (TID=1,2,3... 10), ʙʫʜʫʻʪʴʩʷ 

FP-ʜʝʨʝʚʦ ʧʨʝʜʤʝʪʥʠʭ ʤʥʦʞʠʥ ʟ ʝʣʝʤʝʥʪʽʚ a, b, c, d. 

ɹʽʣʴʰ ʜʝʪʘʣʴʥʦ ʧʨʦ ʨʦʙʦʪʫ ʘʣʛʦʨʠʪʤʫ ʤʦʞʥʘ ʜʽʟʥʘʪʠʩʷ ʥʘ ʨʝʩʫʨʩʽ [14]. 

ɸʥʘʣʽʟ ʧʨʘʚʠʣ ʘʩʦʮʽʘʮʽʡ ʧʦʩʪʽʡʥʦ ʨʦʟʚʠʚʘʻʪʴʩʷ. ɿôʷʚʣʷʶʪʴʩʷ ʥʦʚʽ ʤʝʪʦʜʠʢʠ ʽ ʘʣʛʦʨʠʪʤʠ. 

ɺʘʞʣʠʚʽʩʪʴ ʮʽʻʾ ʤʝʪʦʜʠʢʠ ʘʥʘʣʽʟʫ ʜʘʥʠʭ ʜʣʷ ʚʠʨʽʰʝʥʥʷ ʟʘʚʜʘʥʴ, ʱʦ ʤʘʶʪʴ ʩʧʨʘʚʫ ʟ ʧʨʝʜʤʝʪʥʠʤʠ 

ʤʥʦʞʠʥʘʤʠ, ʟʘʣʠʰʘʻʪʴʩʷ ʥʝʟʤʽʥʥʦʶ.  
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ʈʠʩ. 2.26. ɯʣʶʩʪʨʘʮʽʷ ʨʦʙʦʪʠ ʘʣʛʦʨʠʪʤʫ Frequent Pattern-Growth 

 

2.3.3. ɸʣʛʦʨʠʪʤʠ Data Mining  

ɸʣʛʦʨʠʪʤʠ ʽʥʪʝʣʝʢʪʫʘʣʴʥʦʛʦ ʘʥʘʣʽʟʫ ʜʘʥʠʭ Data Mining ̌ ʨʫʥʪʫʶʪʴʩʷ ʥʘ ʥʘʙʦʨʽ ʤʝʪʦʜʽʚ ʜʣʷ 

ʚʠʷʚʣʝʥʥʷ ʥʝʚʽʜʦʤʠʭ, ʥʝʦʯʝʚʠʜʥʠʭ ʽ ʧʨʘʢʪʠʯʥʦ ʢʦʨʠʩʥʠʭ ʟʥʘʥʴ ʫ ʜʘʥʠʭ ʜʣʷ ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʴ. 

ʎʽ ʤʝʪʦʜʠ ʚʢʣʶʯʘʶʪʴ, ʟʦʢʨʝʤʘ, ʚʠʚʯʝʥʥʷ ʧʨʘʚʠʣ ʘʩʦʮʽʘʮʽʡ, ʢʣʘʩʠʬʽʢʘʮʽʶ (ʨʦʟʛʘʣʫʞʝʥʥʷ ʥʘ 

ʢʘʪʝʛʦʨʽʾ), ʢʣʘʩʪʝʨʥʠʡ ʘʥʘʣʽʟ, ʨʝʛʨʝʩʽʡʥʠʡ ʘʥʘʣʽʟ, ʘ ʪʘʢʦʞ ʚʠʷʚʣʝʥʥʷ ʪʘ ʘʥʘʣʽʟ ʚʠʢʠʜʽʚ [84]. 

ɼʝʷʢʽ ʟ ʤʝʪʦʜʽʚ ʽʥʪʝʣʝʢʪʫʘʣʴʥʦʛʦ ʘʥʘʣʽʟʫ ʜʘʥʠʭ ʥʘʚʝʜʝʥʦ ʜʘʣʽ [71]: 

- ʢʣʘʩʪʝʨʠʟʘʮʽʷ ï ʧʦʰʫʢ ʪʘ ʦʙô̒ ʜʥʘʥʥʷ ʩʭʦʞʠʭ ʩʪʨʫʢʪʫʨ ʪʘ ʦʙô̒ ʢʪʽʚ (ʩʣʦʚʦ çʢʣʘʩʪʝʨè 

ʦʟʥʘʯʘʻ ʩʢʫʧʯʝʥʥʷ ʘʙʦ ʧʫʯʦʢ), ʥʝ ʜʦʧʦʤʘʛʘʻ ʨʦʙʠʪʠ ʚʠʩʥʦʚʢʠ, ʣʠʰʝ ʟʥʘʭʦʜʠʪʴ ʽ ʦʙôʻʜʥʫʻ ʦʙôʻʢʪʠ 

ʽʟ ʟʘʛʘʣʴʥʠʤʠ ʚʣʘʩʪʠʚʦʩʪʷʤʠ; 

- ʘʣʛʦʨʠʪʤ k-ʩʝʨʝʜʥʽʭ (k-means, ʰʚʠʜʢʠʡ ʢʣʘʩʪʝʨʥʠʡ ʘʥʘʣʽʟ) - ʜʦʧʦʤʘʛʘʻ ʚʠʟʥʘʯʠʪʠ 

ʛʽʧʦʪʝʟʠ ʱʦʜʦ ʢʽʣʴʢʦʩʪʽ ʢʣʘʩʪʝʨʽʚ, ʟʥʘʯʝʥʥʷ k ʟʘʣʝʞʠʪʴ ʚʽʜ ʨʘʥʽʰʝ ʧʨʦʚʝʜʝʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʘʙʦ 

ʧʨʠʧʫʱʝʥʴ ʯʠ ʥʘʚʽʪʴ ʽʥʪʫʾʮʽʾ; 

- ʙʘʡʻʩʽʚʩʴʢʽ ʤʝʨʝʞʽ - ʛʨʘʬʽʯʥʽ ʩʪʨʫʢʪʫʨʠ, ʱʦ ʧʨʝʜʩʪʘʚʣʷʶʪʴ ʡʤʦʚʽʨʥʽ ʩʪʦʩʫʥʢʠ ʤʽʞ 

ʚʝʣʠʯʝʟʥʠʤ ʤʘʩʠʚʦʤ ʟʤʽʥʥʠʭ, ʩʣʫʞʘʪʴ ʜʣʷ ʩʪʚʦʨʝʥʥʷ ʽʤʦʚʽʨʥʽʩʥʦʛʦ ʚʠʚʝʜʝʥʥʷ ʥʘ ʦʩʥʦʚʽ ʮʠʭ 

ʟʤʽʥʥʠʭ. 

Analysis Services ʜʣʷ ʚʠʨʽʰʝʥʥʷ ʨʽʟʥʦʤʘʥʽʪʥʠʭ ʙʽʟʥʝʩ-ʟʘʜʘʯ ʥʘʜʘʻ ʜʝʚôʷʪʴ ʘʣʛʦʨʠʪʤʽʚ Data 

Mining, ʷʢʽ ʤʦʞʥʘ ʨʦʟʜʽʣʠʪʠ ʧʦ ʧôʷʪʠ ʥʘʩʪʫʧʥʠʤ ʢʘʪʝʛʦʨʽʷʤ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʪʠʧʫ ʟʘʜʘʯ: 

- ʢʣʘʩʠʬʽʢʘʮʽʷ; 

- ʨʝʛʨʝʩʽʷ; 

- ʩʝʛʤʝʥʪʘʮʽʷ; 

- ʘʥʘʣʽʟ ʧʦʩʣʽʜʦʚʥʦʩʪʝʡ; 

- ʘʥʘʣʽʟ ʘʩʦʮʽʘʮʽʡ. 

ɼʝʨʝʚʦ ʨʽʰʝʥʴ (Microsoft Decision Trees) ï ʻ ʦʜʥʠʤ ʽʟ ʥʘʡʧʦʰʠʨʝʥʽʰʠʭ ʘʣʛʦʨʠʪʤʽʚ 

ʽʥʪʝʣʝʢʪʫʘʣʴʥʦʛʦ ʘʥʘʣʽʟʫ ʜʘʥʠʭ. ɸʣʛʦʨʠʪʤ ʷʚʣʷʻ ʩʦʙʦʶ ʢʣʘʩʠʬʽʢʘʮʽʾ, ʱʦ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʜʣʷ 

ʤʦʜʝʣʶʚʘʥʥʷ ʧʨʦʛʥʦʟʽʚ ʪʘ ʾʭ ʘʥʘʣʽʟʫ. 

ʂʣʘʩʪʝʨʠʟʘʮʽʷ (Microsoft Clustering). ɸʣʛʦʨʠʪʤ Microsoft Clustering ï ʮʝ ʘʣʛʦʨʠʪʤ 

ʩʝʛʤʝʥʪʘʮʽʾ ʘʙʦ ʢʣʘʩʪʝʨʠʟʘʮʽʾ, ʷʢʠʡ ʧʝʨʝʙʠʨʘʻ ʝʢʟʝʤʧʣʷʨʠ ʚ ʥʘʙʦʨʽ ʜʘʥʠʭ, ʱʦʙ ʟʛʨʫʧʫʚʘʪʠ ʾʭ ʫ 

ʢʣʘʩʪʝʨʠ ʟʽ ʩʭʦʞʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ. ʎʽ ʛʨʫʧʫʚʘʥʥʷ ʢʦʨʠʩʥʽ ʜʣʷ ʚʠʚʯʝʥʥʷ ʜʘʥʠʭ, ʚʠʷʚʣʝʥʥʷ 

ʘʥʦʤʘʣʽʡ ʫ ʜʘʥʠʭ ʽ ʩʪʚʦʨʝʥʥʷ ʧʨʦʛʥʦʟʽʚ. 
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çʅʘʾʚʥʠʡè (ʉʧʨʦʱʝʥʠʡ) ɹʘʻʩ (Microsoft Naive Bayes) ï ʮʝ ʘʣʛʦʨʠʪʤ ʢʣʘʩʠʬʽʢʘʮʽʾ ʥʘ ʦʩʥʦʚʽ 

ʪʝʦʨʝʤʠ ɹʘʡʻʩʘ, ʷʢʠʡ ʤʦʞʥʘ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʷʢ ʜʣʷ ʜʦʩʣʽʜʥʠʮʴʢʦʛʦ, ʪʘʢ ʽ ʜʣʷ ʧʨʦʛʥʦʟʥʦʛʦ 

ʤʦʜʝʣʶʚʘʥʥʷ. ʉʣʦʚʦ ʥʘʾʚʥʠʡ ʫ ʥʘʟʚʽ Naive Bayes ʧʦʭʦʜʠʪʴ ʚʽʜ ʪʦʛʦ ʬʘʢʪʫ, ʱʦ ʘʣʛʦʨʠʪʤ 

ʚʠʢʦʨʠʩʪʦʚʫʻ ʙʘʡʻʩʽʚʩʴʢʽ ʤʝʪʦʜʠ, ʘʣʝ ʥʝ ʚʨʘʭʦʚʫʻ ʟʘʣʝʞʥʦʩʪʽ, ʷʢʽ ʤʦʞʫʪʴ ʽʩʥʫʚʘʪʠ. 

ʂʣʘʩʪʝʨʠʟʘʮʽʷ ʧʦʩʣʽʜʦʚʥʦʩʪʝʡ (Microsoft Sequence Clustering) ï ʮʝ ʘʣʛʦʨʠʪʤ, ʱʦ ʧʦʻʜʥʫʻ 

ʘʥʘʣʽʟ ʧʦʩʣʽʜʦʚʥʦʩʪʽ ʟ ʢʣʘʩʪʝʨʠʟʘʮʽʻʶ. ʎʝʡ ʘʣʛʦʨʠʪʤ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʜʣʷ ʜʦʩʣʽʜʞʝʥʥʷ ʜʘʥʠʭ, 

ʷʢʽ ʤʽʩʪʷʪʴ ʧʦʜʽʾ, ʷʢʽ ʤʦʞʥʘ ʟʚôʷʟʘʪʠ ʚ ʧʦʩʣʽʜʦʚʥʽʩʪʴ. ɸʣʛʦʨʠʪʤ ʟʥʘʭʦʜʠʪʴ ʥʘʡʧʦʰʠʨʝʥʽʰʽ 

ʧʦʩʣʽʜʦʚʥʦʩʪʽ ʪʘ ʚʠʢʦʥʫʻ ʢʣʘʩʪʝʨʠʟʘʮʽʶ ʜʣʷ ʧʦʰʫʢʫ ʧʦʜʽʙʥʠʭ ʧʦʩʣʽʜʦʚʥʦʩʪʝʡ. 

ʏʘʩʦʚʽ ʨʷʜʠ (Microsoft Time Series). ɸʣʛʦʨʠʪʤ ʯʘʩʦʚʠʭ ʨʷʜʽʚ Microsoft ʥʘʜʘʻ ʢʽʣʴʢʘ 

ʘʣʛʦʨʠʪʤʽʚ, ʦʧʪʠʤʽʟʦʚʘʥʠʭ ʜʣʷ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʙʝʟʧʝʨʝʨʚʥʠʭ ʟʥʘʯʝʥʴ, ʥʘʧʨʠʢʣʘʜ, ʧʨʦʜʘʞʽʚ 

ʧʨʦʜʫʢʪʽʚ, ʧʨʦʪʷʛʦʤ ʧʝʚʥʦʛʦ ʯʘʩʫ [85]. 

ɸʩʦʮʽʘʪʠʚʥʽ ʧʨʘʚʠʣʘ (Microsoft Association) ï ʮʝ ʘʣʛʦʨʠʪʤ, ʷʢʠʡ ʯʘʩʪʦ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ 

ʜʣʷ ʤʝʭʘʥʽʟʤʽʚ ʨʝʢʦʤʝʥʜʘʮʽʡ. ʉʠʩʪʝʤʘ ʨʝʢʦʤʝʥʜʘʮʽʡ ʨʝʢʦʤʝʥʜʫʻ ʪʦʚʘʨʠ ʢʣʽʻʥʪʘʤ ʥʘ ʦʩʥʦʚʽ 

ʪʦʚʘʨʽʚ, ʷʢʽ ʚʦʥʠ ʚʞʝ ʢʫʧʠʣʠ ʘʙʦ ʜʦ ʷʢʠʭ ʚʠʷʚʠʣʠ ʽʥʪʝʨʝʩ ʧʽʜ ʯʘʩ ʚʽʜʚʽʜʫʚʘʥʥʷ ɯʥʪʝʨʥʝʪ-ʤʘʛʘʟʠʥʫ. 

ɸʣʛʦʨʠʪʤ Microsoft Association ʪʘʢʦʞ ʢʦʨʠʩʥʠʡ ʜʣʷ ʘʥʘʣʽʟʫ ʩʧʦʞʠʚʘʮʴʢʦʛʦ ʢʦʰʠʢʘ. 

ʅʝʡʨʦʥʥʘ ʤʝʨʝʞʘ (Microsoft Neural Network). ɸʣʛʦʨʠʪʤ ʥʝʡʨʦʥʥʦʾ ʤʝʨʝʞʽ Microsoft ʻ 

ʨʝʘʣʽʟʘʮʽʻʶ ʧʦʧʫʣʷʨʥʦʾ ʡ ʘʜʘʧʪʦʚʘʥʦʾ ʘʨʭʽʪʝʢʪʫʨʠ ʥʝʡʨʦʥʥʦʾ ʤʝʨʝʞʽ ʜʣʷ ʤʘʰʠʥʥʦʛʦ ʥʘʚʯʘʥʥʷ. 

ɸʣʛʦʨʠʪʤ ʧʨʘʮʶʻ, ʧʝʨʝʚʽʨʷʶʯʠ ʢʦʞʝʥ ʤʦʞʣʠʚʠʡ ʩʪʘʥ ʚʭʽʜʥʦʛʦ ʘʪʨʠʙʫʪʘ ʟ ʢʦʞʥʠʤ ʤʦʞʣʠʚʠʤ 

ʩʪʘʥʦʤ ʧʝʨʝʜʙʘʯʫʚʘʥʦʛʦ ʘʪʨʠʙʫʪʘ ʪʘ ʦʙʯʠʩʣʶʶʯʠ ʡʤʦʚʽʨʥʦʩʪʽ ʜʣʷ ʢʦʞʥʦʾ ʢʦʤʙʽʥʘʮʽʾ ʥʘ ʦʩʥʦʚʽ 

ʥʘʚʯʘʣʴʥʠʭ ʜʘʥʠʭ. ʎʽ ʡʤʦʚʽʨʥʦʩʪʽ ʤʦʞʥʘ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʷʢ ʜʣʷ ʟʘʜʘʯ ʢʣʘʩʠʬʽʢʘʮʽʾ, ʪʘʢ ʽ ʜʣʷ 

ʨʝʛʨʝʩʽʾ, ʱʦʙ ʧʝʨʝʜʙʘʯʠʪʠ ʨʝʟʫʣʴʪʘʪ ʥʘ ʦʩʥʦʚʽ ʜʝʷʢʠʭ ʚʭʽʜʥʠʭ ʘʪʨʠʙʫʪʽʚ. ʅʝʡʨʦʥʥʫ ʤʝʨʝʞʫ ʪʘʢʦʞ 

ʤʦʞʥʘ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʜʣʷ ʘʥʘʣʽʟʫ ʘʩʦʮʽʘʮʽʡ. 

ʃʽʥʽʡʥʘ ʨʝʛʨʝʩʽʷ (Microsoft Linear Regression) ï ʮʝ ʨʽʟʥʦʚʠʜ ʘʣʛʦʨʠʪʤʫ Microsoft Decision 

Trees, ʷʢʠʡ ʜʦʧʦʤʘʛʘʻ ʦʙʯʠʩʣʠʪʠ ʣʽʥʽʡʥʠʡ ʟʚôʷʟʦʢ ʤʽʞ ʟʘʣʝʞʥʦʶ ʪʘ ʥʝʟʘʣʝʞʥʦʶ ʟʤʽʥʥʠʤʠ, ʘ 

ʧʦʪʽʤ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʮʝʡ ʟʚôʷʟʦʢ ʜʣʷ ʧʨʦʛʥʦʟʫʚʘʥʥʷ. 

ʃʦʛʽʩʪʠʯʥʘ ʨʝʛʨʝʩʽʷ (Microsoft Logistic Regression) ï ʮʝ ʜʦʙʨʝ ʚʽʜʦʤʠʡ ʩʪʘʪʠʩʪʠʯʥʠʡ ʤʝʪʦʜ, 

ʷʢʠʡ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʜʣʷ ʤʦʜʝʣʶʚʘʥʥʷ ʙʽʥʘʨʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ. 

 

2.3.4. ɸʣʛʦʨʠʪʤ çʜʝʨʝʚʦ ʨʽʰʝʥʴè 

ɼʝʨʝʚʦ ʨʽʰʝʥʴ ï ʮʝ ̔ʥʩʪʨʫʤʝʥʪ ʽʥʪʝʣʝʢʪʫʘʣʴʥʦʛʦ ʘʥʘʣʽʟʫ ʜʘʥʠʭ ʪʘ ʧʝʨʝʜʙʘʯʫʚʘʥʦʾ 

ʘʥʘʣʽʪʠʢʠ. ɺʽʥ ʜʦʧʦʤʘʛʘʻ ʫ ʚʠʨʽʰʝʥʥʽ ʟʘʚʜʘʥʴ ʽʟ ʢʣʘʩʠʬʽʢʘʮʽʾ ʪʘ ʨʝʛʨʝʩʽʾ [86]. 

ɼʝʨʝʚʦ ʨʽʰʝʥʴ ʚʠʛʣʷʜʘʻ ʪʘʢ çʗʢʱʦ é, ʪʦ ...è ʽ ʷʚʣʷʻ ʩʦʙʦʶ ʽʻʨʘʨʭʽʯʥʫ ʜʝʨʝʚʦʧʦʜʽʙʥʫ 

ʩʪʨʫʢʪʫʨʫ. ɿʘ ʨʘʭʫʥʦʢ ʥʘʚʯʘʣʴʥʦʾ ʤʥʦʞʠʥʠ ʧʨʘʚʠʣʘ ʛʝʥʝʨʫʶʪʴʩʷ ʘʚʪʦʤʘʪʠʯʥʦ ʚ ʧʨʦʮʝʩʽ 

ʥʘʚʯʘʥʥʷ [86]. 

ʅʘ ʚʽʜʤʽʥʫ ʚʽʜ ʥʝʡʨʦʥʥʠʭ ʤʝʨʝʞ, ʜʝʨʝʚʘ ʷʢ ʘʥʘʣʽʪʠʯʥʽ ʤʦʜʝʣʽ ʧʨʦʩʪʽʰʝ, ʪʘʢ ʷʢ ʧʨʘʚʠʣʘ 

ʛʝʥʝʨʫʶʪʴʩʷ ʧʨʠʨʦʜʥʦʶ ʤʦʚʦʶ: ʥʘʧʨʠʢʣʘʜ, çʗʢʱʦ ʨʝʢʣʘʤʘ ʧʨʠʚʝʣʘ 1000 ʢʣʽʻʥʪʽʚ, ʪʦ ʚʦʥʘ 

ʥʘʣʘʰʪʦʚʘʥʘ ʜʦʙʨʝè [87]. 

ʇʨʘʚʠʣʘ ʛʝʥʝʨʫʶʪʴʩʷ ʰʣʷʭʦʤ ʫʟʘʛʘʣʴʥʝʥʥʷ ʥʘʙʦʨʫ ʦʢʨʝʤʠʭ ʩʧʦʩʪʝʨʝʞʝʥʴ (ʥʘʚʯʘʣʴʥʠʭ 

ʧʨʠʢʣʘʜʽʚ), ʱʦ ʦʧʠʩʫʶʪʴ ʧʨʝʜʤʝʪʥʫ ʦʙʣʘʩʪʴ. ʏʝʨʝʟ ʮʝ ʾʭ ʥʘʟʠʚʘʶʪʴ ʽʥʜʫʢʪʠʚʥʠʤʠ ʧʨʘʚʠʣʘʤʠ, ʘ 

ʧʨʦʮʝʩ ʥʘʚʯʘʥʥʷ ï ʽʥʜʫʢʮʽʻʶ ʜʝʨʝʚ ʨʽʰʝʥʴ [86]. 

ʆʩʢʽʣʴʢʠ ʜʝʨʝʚʘ ʨʽʰʝʥʴ - ʮʝ ʤʦʜʝʣʽ, ʱʦ ʩʪʚʦʨʝʥʽ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʥʘʚʯʘʥʥʷ ʟ ʫʯʠʪʝʣʝʤ, 

ʧʨʠʢʣʘʜʠ ʧʦʚʠʥʥʽ ʤʘʪʠ ʮʽʣʴʦʚʽ ʟʥʘʯʝʥʥʷ ʚ ʥʘʚʯʘʣʴʥʦʤʫ ʥʘʙʦʨʽ. ɿʘ ʪʠʧʦʤ ʟʤʽʥʥʦʾ ʚʠʜʽʣʷʶʪʴ ʜʚʘ 

ʪʠʧʠ ʜʝʨʝʚ [88]: 

- ʜʝʨʝʚʦ ʢʣʘʩʠʬʽʢʘʮʽʾ ï ʢʦʣʠ ʮʽʣʴʦʚʘ ʟʤʽʥʥʘ ʜʠʩʢʨʝʪʥʘ; 
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- ʜʝʨʝʚʦ ʨʝʛʨʝʩʽʾ ï ʢʦʣʠ ʮʽʣʴʦʚʘ ʟʤʽʥʥʘ ʙʝʟʧʝʨʝʨʚʥʘ. 

ʈʦʟʚʠʪʦʢ ʽʥʩʪʨʫʤʝʥʪʫ ʨʦʟʧʦʯʘʚʩʷ ʫ 1950-ʭ ʨʦʢʘʭ. ʊʦʜʽ ʙʫʣʠ ʟʘʧʨʦʧʦʥʦʚʘʥʽ ʦʩʥʦʚʥʽ ʽʜʝʾ ʚ 

ʛʘʣʫʟʽ ʜʦʩʣʽʜʞʝʥʴ ʤʦʜʝʣʶʚʘʥʥʷ ʣʶʜʩʴʢʦʾ ʧʦʚʝʜʽʥʢʠ ʟʘ ʜʦʧʦʤʦʛʦʶ ʢʦʤʧ'ʶʪʝʨʥʠʭ ʩʠʩʪʝʤ [89]. 

 

ʉʪʨʫʢʪʫʨʘ ʜʝʨʝʚʘ ʨʽʰʝʥʴ 

ʈʦʟʛʣʷʥʝʤʦ ʧʦʥʷʪʪʷ ʜʦʢʣʘʜʥʽʰʝ. ɺ ʽʥʪʝʣʝʢʪʫʘʣʴʥʦʤʫ ʘʥʘʣʽʟʽ ʜʘʥʠʭ ʜʝʨʝʚʘ ʨʽʰʝʥʴ ʤʦʞʥʘ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʷʢ ʤʘʪʝʤʘʪʠʯʥʫ ʪʘ ʦʙʯʠʩʣʶʚʘʣʴʥʫ ʪʝʭʥʽʢʫ, ʱʦ ʜʦʧʦʤʘʛʘʻ ʦʧʠʩʫʚʘʪʠ, 

ʢʣʘʩʠʬʽʢʫʚʘʪʠ ʪʘ ʫʟʘʛʘʣʴʥʶʚʘʪʠ ʥʘʙʦʨʠ ʜʘʥʠʭ [88]. 

ɼʝʨʝʚʦ ʨʽʰʝʥʴ ï ʤʝʪʦʜ ʧʨʝʜʩʪʘʚʣʝʥʥʷ ʚʠʨʽʰʘʣʴʥʠʭ ʧʨʘʚʠʣ ʫ ʧʝʚʥʽʡ ʽʻʨʘʨʭʽʾ, ʱʦ ʤʽʩʪʠʪʴ 

ʝʣʝʤʝʥʪʠ ʜʚʦʭ ʪʠʧʽʚ ï node ʘʙʦ ʚʫʟʣʠ ʽ leaf ʘʙʦ ʣʠʩʪʷ. ɺʫʟʣʠ ʤʽʩʪʷʪʴ ʦʩʪʘʪʦʯʥʽ ʧʨʘʚʠʣʘ ʪʘ 

ʧʨʠʢʣʘʜʠ ʧʝʨʝʚʽʨʦʢ ʥʘ ʚʽʜʧʦʚʽʜʥʽʩʪʴ ʦʙʨʘʥʠʤ ʘʪʨʠʙʫʪʘʤ ʥʘʚʯʘʣʴʥʦʾ ʤʥʦʞʠʥʠ [90]. 

ʇʨʦʩʪʠʡ ʚʠʧʘʜʦʢ: ʧʨʠʢʣʘʜʠ ʧʦʤʽʱʘʶʪʴʩʷ ʫ ʚʫʟʣʠ, ʧʝʨʝʚʽʨʷʶʪʴʩʷ ʽ ʨʦʟʙʠʚʘʶʪʴʩʷ ʥʘ ʜʚʽ 

ʧʽʜʤʥʦʞʠʥʠ [90]: 

- ʧʽʜʤʥʦʞʠʥʘ 1 ï ʪʽ, ʷʢʽ ʟʘʜʦʚʦʣʴʥʷʶʪʴ ʚʩʪʘʥʦʚʣʝʥʝ ʧʨʘʚʠʣʦ; 

- ʧʽʜʤʥʦʞʠʥʘ 2 ï ʪʽ, ʷʢʽ ʥʝ ʟʘʜʦʚʦʣʴʥʷʶʪʴ ʚʩʪʘʥʦʚʣʝʥʝ ʧʨʘʚʠʣʦ. 

ʇʨʠʢʣʘʜ ʧʦʙʫʜʦʚʠ ʜʝʨʝʚʘ ʨʽʰʝʥʴ ʧʨʝʜʩʪʘʚʣʝʥʦ ʥʘ ʨʠʩʫʥʢʫ 2.27 ʜʣʷ ʚʠʨʽʰʝʥʥʷ ʟʘʜʘʯʽ ʯʠ 

ʜʘʚʘʪʠ ʢʨʝʜʠʪ. 

 

ʈʠʩ. 2.27. ʇʨʠʢʣʘʜ ʜʝʨʝʚʘ ʨʽʰʝʥʴ 

 

ʇʦʪʽʤ ʧʨʘʚʠʣʘ ʟʥʦʚʫ ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ ʜʦ ʢʦʞʥʦʾ ʧʽʜʤʥʦʞʠʥʠ ʽ ʮʷ ʧʨʦʮʝʜʫʨʘ ʧʦʚʪʦʨʶʻʪʴʩʷ. 

ʎʝ ʪʨʠʚʘʻ ʜʦ ʪʠʭ ʧʽʨ, ʧʦʢʠ ʘʣʛʦʨʠʪʤ ʥʝ ʟʫʧʠʥʠʪʴʩʷ. ʆʩʪʘʥʥʴʦʶ ʧʝʨʝʚʽʨʝʥʦʶ ʽ ʨʦʟʜʽʣʝʥʦʶ 

ʚʝʨʰʠʥʦʶ ʻ ʣʠʩʪʦʢ [90]. 

ʃʠʩʪʦʢ ʚʢʘʟʫʻ ʨʽʰʝʥʥʷ ʜʣʷ ʧʨʠʢʣʘʜʫ, ʱʦ ʚ ʥʴʦʛʦ ʧʦʪʨʘʧʠʚ. ɼʣʷ ʜʝʨʝʚ ʢʣʘʩʠʬʽʢʘʮʽʾ - ʮʝ 

ʢʣʘʩ, ʱʦ ʘʩʦʮʽʶʻʪʴʩʷ ʟ ʚʫʟʣʦʤ, ʘ ʜʣʷ ʜʝʨʝʚ ʨʝʛʨʝʩʽʾ ï ʤʦʜʘʣʴʥʠʡ ʽʥʪʝʨʚʘʣ ʮʽʣʴʦʚʦʾ ʟʤʽʥʥʦʾ, ʱʦ 

ʚʽʜʧʦʚʽʜʘʻ ʣʠʩʪʢʫ. ʃʠʩʪʦʢ ʥʝ ʤʽʩʪʠʪʴ ʧʨʘʚʠʣ, ʘʣʝ ʤʽʩʪʠʪʴ ʧʽʜʤʥʦʞʠʥʫ ʦʙ'ʻʢʪʽʚ, ʷʢʽ ʟʘʜʦʚʦʣʴʥʷʶʪʴ 

ʫʩʽʤ ʧʨʘʚʠʣʘʤ ʛʽʣʢʠ, ʱʦ ʟʘʢʽʥʯʫʻʪʴʩʷ ʥʘ ʮʴʦʤʫ ʣʠʩʪʢʫ [90]. 

ʇʨʠʢʣʘʜ ʚʢʣʶʯʘʻʪʴʩʷ ʜʦ ʣʠʩʪʢʘ, ʷʢʱʦ ʚʽʥ ʟʘʜʦʚʦʣʴʥʷʻ ʚʩʽʤ ʧʨʘʚʠʣʘʤ ʥʘ ʰʣʷʭʫ ʜʦ ʥʴʦʛʦ. 

ɼʦ ʢʦʞʥʦʛʦ ʣʠʩʪʢʘ ʤʦʞʝ ʙʫʪʠ ʣʠʰʝ ʦʜʠʥ ʰʣʷʭ. ʆʪʞʝ, ʧʨʠʢʣʘʜ ʤʦʞʝ ʙʫʪʠ ʚʢʣʶʯʝʥʠʡ ʣʠʰʝ ʚ 

ʦʜʠʥ ʣʠʩʪʦʢ [88]. 

 

ʊʝʨʤʽʥʦʣʦʛʽʷ 

ʋ ʪʘʙʣʠʮʽ 2.4 ʥʘʚʝʜʝʥʦ ʦʩʥʦʚʥʽ ʪʝʦʨʝʪʠʯʥʽ ʧʦʥʷʪʪʷ, ʱʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʜʣʷ ʜʝʨʝʚ 

ʨʽʰʝʥʴ, ʱʦʙ ʫ ʧʦʜʘʣʴʰʦʤʫ ʙʫʣʦ ʧʨʦʩʪʽʰʝ ʟʘʩʚʦʶʚʘʪʠ ʥʦʚʠʡ ʤʘʪʝʨʽʘʣ. 
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ʊʘʙʣʠʮʷ 2.4. ʆʩʥʦʚʥʽ ʧʦʥʷʪʪʷ ʜʝʨʝʚ ʨʽʰʝʥʴ 

ʅʘʟʚʘ ɺʠʟʥʘʯʝʥʥʷ 

ʆʙôʻʢʪʠ ʇʨʠʢʣʘʜ, ʩʧʦʩʪʝʨʝʞʝʥʥʷ, ʰʘʙʣʦʥ 

ɸʪʨʠʙʫʪʠ ʅʝʟʘʣʝʞʥʘ ʟʤʽʥʥʘ, ʚʣʘʩʪʠʚʽʩʪʴ, ʦʟʥʘʢʘ,  

ʎʽʣʴʦʚʽ ʟʤʽʥʥʽ ʄʽʪʢʘ ʢʣʘʩʫ, ʟʘʣʝʞʥʘ ʟʤʽʥʥʘ  

ɺʫʟʣʠ ɺʫʟʦʣ ʧʝʨʝʚʽʨʢʠ, ʚʥʫʪʨʽʰʥʽʡ ʚʫʟʦʣ ʜʝʨʝʚʘ 

ʂʦʨʝʥʝʚʠʡ ʚʫʟʦʣ ʇʦʯʘʪʢʦʚʠʡ ʚʫʟʦʣ ʜʝʨʝʚʘ ʨʽʰʝʥʴ 

ʃʠʩʪʷ ɺʫʟʦʣ ʨʽʰʝʥʥʷ, ʪʝʨʤʽʥʘʣʴʥʠʡ ʚʫʟʦʣ, ʢʽʥʮʝʚʠʡ ʚʫʟʦʣ ʜʝʨʝʚʘ  

ʇʨʘʚʠʣʦ ʚʠʨʽʰʝʥʥʷ ʋʤʦʚʘ ʫ ʚʫʟʣʽ, ʧʝʨʝʚʽʨʢʘ 

 

ʗʢʽ ʟʘʚʜʘʥʥʷ ʚʠʨʽʰʫʻ ʜʝʨʝʚʦ ʨʽʰʝʥʴ 

ɺʦʥʦ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʜʣʷ ʧʽʜʪʨʠʤʢʠ ʧʨʦʮʝʩʽʚ ʧʨʠʡʥʷʪʪʷ ʫʧʨʘʚʣʽʥʩɹʢʠʭ ʨʽʰʝʥʴ, ʱʦ 

ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ ʚ ʩʪʘʪʠʩʪʠʮʽ, ʘʥʘʣʽʟʽ ʜʘʥʠʭ ʪʘ ʤʘʰʠʥʥʦʤʫ ʥʘʚʯʘʥʥʽ [89]. ɯʥʩʪʨʫʤʝʥʪ ʜʦʧʦʤʘʛʘʻ ʫ 

ʚʠʨʽʰʝʥʥʽ ʥʘʩʪʫʧʥʠʭ ʟʘʚʜʘʥʴ: 

- ʢʣʘʩʠʬʽʢʘʮʽʷ ï ʮʝ ʚʽʜʥʝʩʝʥʥʷ ʦʙ'ʻʢʪʫ ʜʦ ʦʜʥʦʛʦ ʟ ʧʦʧʝʨʝʜʥʴʦ ʚʠʟʥʘʯʝʥʠʭ ʢʣʘʩʽʚ. 

ʎʽʣʴʦʚʽ ʟʤʽʥʥʽ ʚʢʣʶʯʘʶʪʴ ʜʠʩʢʨʝʪʥʽ ʟʘʚʜʘʥʥʷ; 

- ʨʝʛʨʝʩʽʷ ʘʙʦ ʯʠʩʝʣʴʥʝ ʧʝʨʝʜʙʘʯʝʥʥʷ ï ʮʝ ʧʨʦʨʦʮʪʚʦ ʯʠʩʣʦʚʦʛʦ ʟʥʘʯʝʥʥʷ ʥʝʟʘʣʝʞʥʦʾ 

ʟʤʽʥʥʦʾ ʜʣʷ ʚʭʽʜʥʦʛʦ ʚʝʢʪʦʨʘ; 

- ʦʧʠʩ ʦʙ'ʻʢʪʽʚ ï ʮʝ ʥʘʙʽʨ ʧʨʘʚʠʣ ʫ ʜʝʨʝʚʘʭ ʨʽʰʝʥʴ ʜʦʟʚʦʣʷʻ ʯʽʪʢʦ ʦʧʠʩʫʚʘʪʠ ʦʙ'ʻʢʪʠ. 

ʊʘʢʠʤ ʯʠʥʦʤ, ʟʘʤʽʩʪʴ ʩʢʣʘʜʥʠʭ ʩʪʨʫʢʪʫʨ ʜʣʷ ʦʧʠʩʫ ʦʙ'ʻʢʪʽʚ ʤʦʞʥʘ ʟʙʝʨʽʛʘʪʠ ʜʝʨʝʚʘ ʨʽʰʝʥʴ. 

 

ʇʨʦʮʝʩ ʧʦʙʫʜʦʚʠ ʜʝʨʝʚʘ ʨʽʰʝʥʴ 

ʆʩʥʦʚʥʠʤ ʟʘʚʜʘʥʥʷʤ ʧʦʙʫʜʦʚʠ ʜʝʨʝʚʘ ʨʽʰʝʥʴ ʻ ʧʦʩʣʽʜʦʚʥʝ ʪʘ ʨʝʢʫʨʩʠʚʥʝ ʨʦʟʙʠʪʪʷ 

ʥʘʚʯʘʣʴʥʦʾ ʤʥʦʞʠʥʠ ʥʘ ʧʽʜʤʥʦʞʠʥʠ  ʟʘ ʜʦʧʦʤʦʛʦʶ ʚʫʟʣʦʚʠʭ ʧʨʘʚʠʣ ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʴ [91]. ɸʣʝ 

ʷʢ ʜʦʚʛʦ ʪʨʝʙʘ ʨʦʟʙʠʚʘʪʠ? ʎʝʡ ʧʨʦʮʝʩ ʧʨʦʜʦʚʞʫʶʪʴ ʜʦʪʠ, ʜʦʢʠ ʚʩʽ ʚʫʟʣʠ ʥʘʧʨʠʢʽʥʮʽ ʛʽʣʦʢ ʩʪʘʥʫʪʴ 

ʣʠʩʪʘʤʠ. 

ɺʫʟʦʣ ʩʪʘʻ ʣʠʩʪʦʤ ʫ ʜʚʦʭ ʚʠʧʘʜʢʘʭ: 

1) ʧʨʠʨʦʜʥʠʤ ʯʠʥʦʤ ï ʢʦʣʠ ʚʽʥ ʤʽʩʪʠʪʴ ʻʜʠʥʠʡ ʦʙ'ʻʢʪ ʯʠ ʦʙ'ʻʢʪ ʣʠʰʝ ʦʜʥʦʛʦ ʢʣʘʩʫ; 

2) ʧʽʩʣʷ ʜʦʩʷʛʥʝʥʥʷ ʟʘʜʘʥʦʾ ʫʤʦʚʠ ʟʫʧʠʥʝʥʥʷ ʘʣʛʦʨʠʪʤʫ ð ʥʘʧʨʠʢʣʘʜ, ʤʽʥʽʤʘʣʴʥʦ 

ʜʦʧʫʩʪʠʤʘ ʢʽʣʴʢʽʩʪʴ ʧʨʠʢʣʘʜʽʚ ʫ ʚʫʟʣʽ ʯʠ ʤʘʢʩʠʤʘʣʴʥʘ ʛʣʠʙʠʥʘ ʜʝʨʝʚʘ. 

ʎʷ ʢʦʥʩʪʨʫʢʮʽʷ ʙʘʟʫʻʪʴʩʷ ʥʘ çʞʘʜʽʙʥʦʤʫè ʘʣʛʦʨʠʪʤʽ, ʷʢʠʡ ʜʦʟʚʦʣʷʻ ʦʪʨʠʤʘʪʠ ʣʦʢʘʣʴʥʦ 

ʦʧʪʠʤʘʣʴʥʠʡ ʨʦʟʚ'ʷʟʦʢ ʥʘ ʢʦʞʥʦʤʫ ʢʨʦʮʽ (ʨʦʟʙʠʪʪʷ ʫ ʚʫʟʣʽ) ʽ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʦʧʪʠʤʘʣʴʥʦʛʦ 

ʢʽʥʮʝʚʦʛʦ ʨʦʟʚ'ʷʟʢʫ. ʎʝ ʦʟʥʘʯʘʻ, ʱʦ ʧʨʠ ʚʠʙʦʨʽ ʦʜʥʦʛʦ ʘʪʨʠʙʫʪʫ ʽ ʚʠʢʦʥʘʥʥʽ ʨʦʟʙʠʪʪʷ ʥʘ ʥʴʦʛʦ, 

ʥʘʚʽʪʴ ʷʢʱʦ ʮʝ ʜʘʻ ʦʧʪʠʤʘʣʴʥʝ ʢʽʥʮʝʚʝ ʨʦʟʙʠʪʪʷ, ʘʣʛʦʨʠʪʤ ʥʝ ʤʦʞʝ ʧʦʚʝʨʥʫʪʠʩʷ ʥʘʟʘʜ ʽ ʚʠʙʨʘʪʠ 

ʽʥʰʠʡ ʘʪʨʠʙʫʪ. ʆʪʞʝ, ʥʘ ʝʪʘʧʽ ʧʦʙʫʜʦʚʠ ʜʝʨʝʚʘ ʨʽʰʝʥʴ ʥʝ ʤʦʞʥʘ ʪʦʯʥʦ ʩʪʚʝʨʜʞʫʚʘʪʠ, ʱʦ 

ʚʜʘʩʪʴʩʷ ʜʦʩʷʛʪʠ ʦʧʪʠʤʘʣʴʥʦʛʦ ʨʦʟʙʠʪʪʷ [91]. 

ʇʦʧʫʣʷʨʥʽ ʘʣʛʦʨʠʪʤʠ ʙʫʜʫʶʪʴʩʷ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʧʨʠʥʮʠʧʫ çʧʦʜʽʣʷʡ ʽ ʚʣʘʜʘʨʶʡè. ɿʘʜʘʶʪʴ 

ʟʘʛʘʣʴʥʫ ʤʥʦʞʠʥʫ S, ʱʦ ʤʽʩʪʠʪʴ: 

- n ʧʨʠʢʣʘʜʽʚ, ʢʦʞʥʦʛʦ ʟ ʷʢʠʭ ʟʘʜʘʥʘ ʤʽʪʢʘ ʢʣʘʩʫ Ci(i = 1..k); 

- m ʘʪʨʠʙʫʪʽʚ Aj(j = 1..m), ʱʦ ʚʠʟʥʘʯʘʶʪʴ ʥʘʣʝʞʥʽʩʪʴ ʦʙ'ʻʢʪʫ ʜʦ ʧʝʚʥʦʛʦ ʢʣʘʩʫ. 
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ʊʦʜʽ ʤʦʞʣʠʚʽ ʪʘʢʽ ʪʨʠ ʚʠʧʘʜʢʠ [87]: 

1) ʫʩʽ ʧʨʠʢʣʘʜʠ ʚ ʤʥʦʞʠʥʽ S ʤʘʶʪɹ ʦʜʥʘʢʦʚʫ ʤʽʪʢʫ Ci, ʪʦʤʫ ʚʩʽ ʥʘʚʯʘʣʴʥʽ ʧʨʠʢʣʘʜʠ 

ʥʘʣʝʞʘʪʴ ʜʦ ʦʜʥʦʛʦ ʢʣʘʩʫ. ʋ ʮʴʦʤʫ ʚʠʧʘʜʢʫ ʥʘʚʯʘʥʥʷ ʥʝ ʤʘʻ ʩʝʥʩʫ, ʦʩʢʽʣʴʢʠ ʚʩʽ ʧʨʠʢʣʘʜʠ ʤʦʜʝʣʽ 

ʙʫʜʫʪʴ ʥʘʣʝʞʘʪʠ ʜʦ ʦʜʥʦʛʦ ʢʣʘʩʫ ʽ ʤʦʜʝʣʴ ʙʫʜʝ çʥʘʚʯʝʥʘè ʽ ʨʦʟʧʽʟʥʘʥʘ. ʉʘʤʝ ʜʝʨʝʚʦ ʚʠʛʣʷʜʘʻ ʷʢ 

ʦʜʠʥ ʚʝʣʠʢʠʡ ʣʠʩʪʦʢ, ʧʦʚô̫ ʟʘʥʠʡ ʟ ʢʣʘʩʦʤ Ci. ʋ ʮʴʦʤʫ ʚʠʧʘʜʢʫ ʚʩʽ ʥʦʚʽ ʦʙô̒ ʢʪʠ ʥʘʣʝʞʘʪʴ ʜʦ 

ʦʜʥʦʛʦ ʢʣʘʩʫ, ʪʦʤʫ ʾʭ ʚʠʢʦʨʠʩʪʘʥʥʷ ʥʝ ʤʘʻ ʩʝʥʩʫ; 

2) ʙʝʟʣʽʯ S ð ʧʦʨʦʞʥʷ ʤʥʦʞʠʥʘ ʙʝʟ ʧʨʠʢʣʘʜʽʚ. ɺʽʥ ʩʬʦʨʤʫʻʪʴʩʷ ʣʠʩʪ, ʢʣʘʩ ʷʢʦʛʦ 

ʚʠʙʝʨʝʪʴʩʷ ʟ ʽʥʰʦʛʦ ʙʝʟʣʽʯʽ. ʅʘʧʨʠʢʣʘʜ, ʥʘʡʧʦʰʠʨʝʥʽʰʠʡ ʟ ʙʘʪʴʢʽʚʩʴʢʦʾ ʤʥʦʞʠʥʠ ʢʣʘʩ; 

3) ʙʝʟʣʽʯ S ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʥʘʚʯʘʣʴʥʠʭ ʧʨʠʢʣʘʜʽʚ ʚʩʽʭ ʢʣʘʩʽʚ Ck. ʋ ʪʘʢʦʤʫ ʨʘʟʽ ʙʝʟʣʽʯ 

ʨʦʟʙʠʚʘʻʪʴʩʷ ʥʘ ʧʝʚʥʽ ʧʽʜʤʥʦʞʠʥʠ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʢʣʘʩʽʚ. ɼʣʷ ʚʠʢʦʥʘʥʥʷ ʜʘʥʦʛʦ ʢʨʦʢʫ ʚʠʙʠʨʘʶʪʴ 

ʦʜʠʥ ʽʟ ʘʪʨʠʙʫʪʽʚ Aj ʤʥʦʞʠʥʠ S, ʷʢʘ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʜʚʦʭ ʽ ʙʽʣʴʰʝ ʫʥʽʢʘʣʴʥʠʭ ʟʥʘʯʝʥʴ ʦʟʥʘʢʠ: a1, 

a2, é, ap), ʜʝ p ï ʮʝ ʯʠʩʣʦ ʫʥʽʢʘʣʴʥʠʭ ʟʥʘʯʝʥʴ. ɹʘʛʘʪʦ ʤʥʦʞʠʥ S ʨʦʟʙʠʚʘʶʪʴ ʥʘ p ʧʽʜʤʥʦʞʠʥʠ 

(S1, S2, é, Sp), ʷʢʽ ʩʢʣʘʜʘʶʪʴʩʷ ʟ ʧʨʠʢʣʘʜʽʚ ʟ ʧʝʚʥʠʤʠ ʟʥʘʯʝʥʥʷʤʠ ʘʪʨʠʙʫʪʫ. ʎʝʡ ʧʨʦʮʝʩ ʨʦʟʙʠʪʪʷ 

ʪʨʠʚʘʻ, ʘʣʝ ʟ ʥʘʩʪʫʧʥʠʤ ʘʪʨʠʙʫʪʦʤ ʚʽʥ ʧʦʚʪʦʨʶʻʪʴʩʷ, ʧʦʢʠ ʚʩʽ ʧʨʠʢʣʘʜʠ ʚ ʨʝʟʫʣʴʪʫʶʯʠʭ 

ʧʽʜʤʥʦʞʠʥʘʭ ʥʝ ʚʠʷʚʣʷʪʴʩʷ ʦʜʥʦʛʦ ʢʣʘʩʫ. ʊʨʝʪʽʡ ʚʠʧʘʜʦʢ ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ ʫ ʙʽʣʴʰʦʩʪʽ ʘʣʛʦʨʠʪʤʽʚ, 

ʱʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʜʣʷ ʧʦʙʫʜʦʚʠ ʩʘʤʝ ʜʝʨʝʚ ʨʽʰʝʥʴ. ʎʷ ʤʝʪʦʜʠʢʘ ʬʦʨʤʫʻ ʩʘʤʝ ʜʝʨʝʚʦ, 

ʧʦʯʠʥʘʶʯʠ ʟʚʝʨʭʫ ʜʦʥʠʟʫ, ʪʦʙʪʦ ʚʽʜ ʢʦʨʝʥʝʚʦʛʦ ʚʫʟʣʘ ʜʦ ʣʠʩʪʷ. 

 

ʆʩʥʦʚʥʽ ʝʪʘʧʠ ʧʦʙʫʜʦʚʠ ʜʝʨʝʚʘ ʨʽʰʝʥʴ 

ʇʦʙʫʜʦʚʘ ʜʝʨʝʚʘ ʨʽʰʝʥʴ ʟʜʽʡʩʥʶʻʪʴʩʷ ʚ ʯʦʪʠʨʠ ʝʪʘʧʠ: 

1) ʚʠʙʽʨ ʘʪʨʠʙʫʪʫ ʜʣʷ ʨʦʟʙʠʪʪʷ ʚ ʜʘʥʦʤʫ ʚʫʟʣʽ; 

2) ʚʠʟʥʘʯʝʥʥʷ ʢʨʠʪʝʨʽʷ ʟʫʧʠʥʝʥʥʷ ʥʘʚʯʘʥʥʷ; 

3) ʚʠʙʽʨ ʩʧʦʩʦʙʫ ʚʽʜʩʽʢʘʥʥʷ ʛʽʣʦʢ; 

4) ʦʮʽʥʢʘ ʪʦʯʥʦʩʪʽ ʟʙʫʜʦʚʘʥʦʛʦ ʜʝʨʝʚʘ. 

ɼʘʣʽ ʨʦʟʛʣʷʥʝʤʦ ʢʦʞʝʥ ʜʦʢʣʘʜʥʽʰʝ. 

 

ɺʠʙʽʨ ʘʪʨʠʙʫʪʫ ʨʦʟʙʠʪʪʷ 

ʈʦʟʙʠʪʪʷ ʧʦʚʠʥʥʝ ʟʜʽʡʩʥʶʚʘʪʠʩʷ ʟʘ ʢʦʥʢʨʝʪʥʠʤ ʧʨʘʚʠʣʦʤ, ʜʣʷ ʷʢʦʛʦ ʽ ʚʠʙʠʨʘʶʪʴ ʧʝʚʥʠʡ 

ʘʪʨʠʙʫʪ. ʊʦʤʫ ʚʠʙʨʘʥʠʡ ʘʪʨʠʙʫʪ ʧʦʚʠʥʝʥ ʨʦʟʙʠʪʠ ʙʝʟʣʽʯ ʩʧʦʩʪʝʨʝʞʝʥʴ ʫ ʚʫʟʣʽ ʪʘʢʠʤ ʯʠʥʦʤ, ʱʦʙ 

ʨʝʟʫʣʴʪʫʶʯ ̔ʧʽʜʤʥʦʞʠʥʠ ʤʽʩʪʠʣʠ ʧʨʠʢʣʘʜʠ ʟ ʦʜʥʘʢʦʚʠʤʠ ʤʽʪʢʘʤʠ ʢʣʘʩʫ ʯʠ ʙʫʣʠ ʤʘʢʩʠʤʘʣʴʥʦ 

ʧʨʠʙʣʠʞʝʥʽ ʜʦ ʮʴʦʛʦ. ɯʥʰʠʤʠ ʩʣʦʚʘʤʠ, ʢʽʣʴʢʽʩʪʴ ʦʙ'ʻʢʪʽʚ ʟ ʽʥʰʠʭ ʢʣʘʩʽʚ ʫ ʢʦʞʥʽʡ ʟ ʮʠʭ ʤʥʦʞʠʥ 

ʧʦʚʠʥʥʘ ʙʫʪʠ ʷʢ ʥʘʡʤʝʥʰʝ [92]. 

ɹʘʛʘʪʦ ʽʩʥʫʻ ʢʨʠʪʝʨʽʾʚ, ʘʣʝ ʥʘʡʙʽʣʴʰʦʶ ʧʦʧʫʣʷʨʥʽʩʪʶ ʢʦʨʠʩʪʫʶʪʴʩʷ ʩʪʘʪʠʩʪʠʯʥʠʡ ʪʘ 

ʪʝʦʨʝʪʠʢʦ-ʽʥʬʦʨʤʘʮʽʡʥʠʡ ʢʨʠʪʝʨʽʾ [92]. 

 

ʊʝʦʨʝʪʠʢʦ-ʽʥʬʦʨʤʘʮʽʡʥʠʡ ʢʨʠʪʝʨʽʡ 

ɺ ʦʩʥʦʚʽ ʪʝʦʨʝʪʠʢʦ-ʽʥʬʦʨʤʘʮʽʡʥʦʛʦ ʢʨʠʪʝʨʽʶ ʣʝʞʠʪʴ ʽʥʬʦʨʤʘʮʽʡʥʘ ʝʥʪʨʦʧʽʷ, ʷʢʘ 

ʚʠʟʥʘʯʘʻʪʴʩʷ ʟʘ ʬʦʨʤʫʣʦʶ 2.14 [92]. 

 

 Ὄ   В ÌÏÇ ȟ (2.14) 

 

ʜʝ n ï ʮʝ ʯʠʩʣʦ ʢʣʘʩʽʚ ʫ ʚʠʭʽʜʥʽʡ ʧʽʜʤʥʦʞʠʥʽ,  

Ni ï ʯʠʩʣʦ ʧʨʠʢʣʘʜʽʚ ʧʝʚʥʦʛʦ i-ʛʦ ʢʣʘʩʫ,  
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N ï ʮʝ ʟʘʛʘʣʴʥʘ ʢʽʣʴʢʽʩʪʴ ʧʨʠʢʣʘʜʽʚ ʫ ʮʽʡ ʧʽʜʤʥʦʞʠʥʽ. 

 

ɽʥʪʨʦʧʽʷ ʩʧʨʠʡʤʘʻʪʴʩʷ ʷʢ ʤʽʨʘ ʥʝʦʜʥʦʨʽʜʥʦʩʪʽ ʧʽʜʤʥʦʞʠʥʠ ʧʦ ʧʨʝʜʩʪʘʚʣʝʥʠʭ ʫ ʥʴʦʤʫ 

ʢʣʘʩʘʭ. ɯ ʷʢʱʦ ʢʣʘʩʠ ʧʨʝʜʩʪʘʚʣʝʥʽ ʫ ʨʽʚʥʠʭ ʯʘʩʪʢʘʭ, ʘ ʥʝʚʠʟʥʘʯʝʥʽʩʪʴ ʢʣʘʩʠʬʽʢʘʮʽʾ ʥʘʡʙʽʣʴʰʘ, ʪʦ 

ʝʥʪʨʦʧʽʷ ʪʝʞ ʤʘʢʩʠʤʘʣʴʥʘ. ʃʦʛʘʨʠʬʤ ʚʽʜ ʦʜʠʥʠʮʽ ʧʝʨʝʪʚʦʨʶʚʘʪʠʤʝ ʝʥʪʨʦʧʽʶ ʚ ʥʫʣʴ, ʷʢʱʦ ʚʩʽ 

ʧʨʠʢʣʘʜʠ ʚʫʟʣʘ ʚʽʜʥʦʩʷʪʴʩʷ ʜʦ ʦʜʥʦʛʦ ʢʣʘʩʫ [93]. 

ʗʢʱʦ ʦʙʨʘʥʠʡ ʘʪʨʠʙʫʪ ʨʦʟʙʠʪʪʷ Aj ʟʘʙʝʟʧʝʯʫʻ ʤʘʢʩʠʤʘʣʴʥʝ ʟʥʠʞʝʥʥʷ ʝʥʪʨʦʧʽʾ 

ʨʝʟʫʣʴʪʫʶʯʦʛʦ ʧʽʜʤʥʦʞʠʥʠ ʱʦʜʦ ʙʘʪʴʢʽʚʩʴʢʦʛʦ, ʡʦʛʦ ʤʦʞʥʘ ʚʚʘʞʘʪʠ ʥʘʡʢʨʘʱʠʤ [93]. 

ɸʣʝ ʥʘʩʧʨʘʚʜʽ ʧʨʦ ʝʥʪʨʦʧʽʶ ʛʦʚʦʨʷʪʴ ʨʽʜʢʦ. ʌʘʭʽʚʮʽ ʧʨʠʜʽʣʷʶʪʴ ʫʚʘʛʫ ʟʚʦʨʦʪʥʽʡ ʚʝʣʠʯʠʥʽ 

ï ʽʥʬʦʨʤʘʮʽʾ. ʋ ʪʘʢʦʤʫ ʨʘʟʽ ʥʘʡʢʨʘʱʠʤ ʘʪʨʠʙʫʪʦʤ ʙʫʜʝ ʪʦʡ, ʷʢʠʡ ʟʘʙʝʟʧʝʯʠʪʴ ʤʘʢʩʠʤʘʣʴʥʠʡ 

ʧʨʠʨʽʩʪ ʽʥʬʦʨʤʘʮʽʾ ʨʝʟʫʣʴʪʫʶʯʦʛʦ ʚʫʟʣʘ ʱʦʜʦ ʚʠʭʽʜʥʦʛʦ (2.15): 

 

 ὋὥὭὲὃ ὍὲὪέὛ ὍὲὪέὛ ȟ (2.15) 

 

ʜʝ Info(S) ï ʮʝ ʽʥʬʦʨʤʘʮʽʷ, ʱʦ ʧʦʚ'ʷʟʘʥʘ ʟ ʧʽʜʤʥʦʞʠʥʦʶ S ʜʦ ʨʦʟʙʠʪʪʷ,  

Info(Sa) ï ʮʝ ʽʥʬʦʨʤʘʮʽʷ, ʱʦ ʧʦʚ'ʷʟʘʥʘ ʟ ʧʽʜʤʥʦʞʠʥʦʶ, ʦʪʨʠʤʘʥʦʶ ʧʨʠ ʨʦʟʙʠʪʪʽ ʘʪʨʠʙʫʪʫ A. 

 

ɿʘʚʜʘʥʥʷ ʚʠʙʦʨʫ ʘʪʨʠʙʫʪʫ ʚ ʪʘʢʽʡ ʩʠʪʫʘʮʽʾ ʧʦʣʷʛʘʻ ʫ ʤʘʢʩʠʤʽʟʘʮʽʾ ʚʝʣʠʯʠʥʠ Gain(A), ʷʢʫ 

ʥʘʟʠʚʘʶʪʴ ʧʨʠʨʦʩʪʦʤ ʽʥʬʦʨʤʘʮʽʾ. ʊʦʤʫ ʪʝʦʨʝʪʠʢʦ-ʽʥʬʦʨʤʘʮʽʡʥʠʡ ʧʽʜʭʽʜ ʪʘʢʦʞ ʚʽʜʦʤʠʡ ʟʘ 

ʥʘʟʚʦʶ çʢʨʠʪʝʨʽʡ ʧʨʠʨʦʩʪʫ ʽʥʬʦʨʤʘʮʽʾ [93]. 

 

ʉʪʘʪʠʩʪʠʯʥʠʡ ʧʽʜʭʽʜ 

ʉʪʘʪʠʩʪʠʯʥʠʡ ʧʽʜʭʜ̔ ʙʘʟʫʻʪʴʩʷ ʥʘ ʚʠʢʦʨʠʩʪʘʥʥʷ ʽʥʜʝʢʩʫ ɼʞʠʥʽ. ʎʝʡ ʽʥʜʝʢʩ ʧʦʢʘʟʫʻ, ʷʢ 

ʯʘʩʪʦ ʚʠʧʘʜʢʦʚʦ ʚʠʙʨʘʥʠʡ ʧʨʠʢʣʘʜ ʥʘʚʯʘʣʴʥʦʾ ʤʥʦʞʠʥʠ ʙʫʜʝ ʨʦʟʧʽʟʥʘʥʠʡ ʥʝʧʨʘʚʠʣʴʥʦ. ɺʘʞʣʠʚʘ 

ʫʤʦʚʘ ð ʮʽʣʴʦʚʽ ʟʥʘʯʝʥʥʷ ʤʘʶʪʴ ʙʨʘʪʠʩʷ ʟ ʧʝʚʥʦʛʦ ʩʪʘʪʠʩʪʠʯʥʦʛʦ ʨʦʟʧʦʜʽʣʫ [93]. 

ʊʦʙʪʦ ʽʥʜʝʢʩ ɼʞʠʥʽ ʧʦʢʘʟʫʻ ʚʽʜʩʪʘʥʴ ʤʽʞ ʨʦʟʧʦʜʽʣʘʤʠ ʮʽʣʴʦʚʠʭ ʟʥʘʯʝʥʴ ʪʘ ʧʨʦʛʥʦʟʘʤʠ 

ʤʦʜʝʣʽ. ʄʽʥʽʤʘʣʴʥʝ ʟʥʘʯʝʥʥʷ ʧʦʢʘʟʥʠʢʘ ʛʦʚʦʨʠʪʴ ʧʨʦ ʭʦʨʦʰʫ ʨʦʙʦʪʫ ʤʦʜʝʣʽ. ɯʥʜʝʢʩ ɼʞʽʥʽ 

ʨʦʟʨʘʭʦʚʫʻʪʴʩʷ ʟʘ ʬʦʨʤʫʣʦʶ 2.16. 

 

 ὋὭὲὭὗ ρ  В ὴȟ (2.16) 

 

ʜʝ Q ï ʨʝʟʫʣʴʪʫʶʯʘ ʤʥʦʞʠʥʘ, n ï ʯʠʩʣʦ ʢʣʘʩʽʚ ʫ ʥʴʦʤʫ, pi ï ʡʤʦʚʽʨʥʽʩʪʴ i-ʛʦ ʢʣʘʩʫ, ʱʦ ʚʠʨʘʞʝʥʘ 

ʷʢ ʚʽʜʥʦʩʥʘ ʯʘʩʪʦʪʘ ʜʣʷ ʧʨʠʢʣʘʜʽʚ ʚʽʜʧʦʚʽʜʥʦʛʦ ʢʣʘʩʫ. 

ɿʥʘʯʝʥʥʷ ʧʦʢʘʟʥʠʢʘ ʤʦʞʝ ʟʤʽʥʶʚʘʪʠʩʷ ʚʽʜ 0 ʜʦ 1. ʗʢʱʦ ʽʥʜʝʢʩ ʜʦʨʽʚʥʶʻ ʟʥʘʯʝʥʥʶ 0, ʪʦʜʽ, 

ʚʩʽ ʧʨʠʢʣʘʜʠ ʨʝʟʫʣʴʪʫʶʯʦʾ ʤʥʦʞʠʥʠ ʚʽʜʥʦʩʷʪʴʩʷ ʜʦ ʦʜʥʦʛʦ ʢʣʘʩʫ. ʗʢʱʦ ʽʥʜʝʢʩ ʜʦʨʽʚʥʶʻ 1 - ʮʝ 

ʟʥʘʯʠʪʴ ʢʣʘʩʠ ʧʨʝʜʩʪʘʚʣʝʥʽ ʚ ʨʽʚʥʠʭ ʧʨʦʧʦʨʮʽʷʭ ʽ ʨʽʚʥʦ ʡʤʦʚʽʨʥʽ. ʆʧʪʠʤʘʣʴʥʠʤ ʚʚʘʞʘʶʪʴ ʪʝ 

ʨʦʟʙʠʪʪʷ, ʜʣʷ ʷʢʦʛʦ ʟʥʘʯʝʥʥʷ ʽʥʜʝʢʩʫ ɼʞʠʥʽ ʤʽʥʽʤʘʣʴʥʝ [93]. 

 

ʂʨʠʪʝʨʽʡ ʟʫʧʠʥʝʥʥʷ ʘʣʛʦʨʠʪʤʫ 

ɸʣʛʦʨʠʪʤ ʧʨʘʮʶʻ ʜʣʷ ʦʪʨʠʤʘʥʥʷ çʯʠʩʪʠʭè ʧʽʜʤʥʦʞʠʥ ʽʟ ʧʨʠʢʣʘʜʘʤʠ ʦʜʥʦʛʦ ʢʣʘʩʫ. ʋ 

ʪʘʢʦʤʫ ʚʠʧʘʜʢʫ ʚʠʩʦʢʘ ʤʦʞʣʠʚʽʩʪʴ ʦʪʨʠʤʘʪʠ ʜʝʨʝʚʦ, ʚ ʷʢʦʤʫ ʜʣʷ ʢʦʞʥʦʛʦ ʧʨʠʢʣʘʜʫ ʙʫʜʝ 

ʩʪʚʦʨʝʥʠʡ ʦʢʨʝʤʠʡ ʣʠʩʪ. ʊʘʢʝ ʜʝʨʝʚʦ ʥʝ ʚʜʘʩʪʴʩʷ ʟʘʩʪʦʩʦʚʫʚʘʪʠ ʥʘ ʧʨʘʢʪʠʮʽ ʯʝʨʝʟ 

ʧʝʨʝʥʘʚʯʝʥʽʩʪʴ. ʂʦʞʥʦʤʫ ʧʨʠʢʣʘʜʫ ʚʽʜʧʦʚʽʜʘʪʠʤʝ ʩʚʽʡ ʫʥʽʢʘʣʴʥʠʡ ʰʣʷʭ ʫ ʜʝʨʝʚʽ. ɺʠʡʜʝ ʥʘʙʽʨ 

ʧʨʘʚʠʣ, ʘʢʪʫʘʣʴʥʠʡ ʣʠʰʝ ʜʣʷ ʮʴʦʛʦ ʧʨʠʢʣʘʜʫ [94]. 
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ʇʝʨʝʥʘʚʯʘʥʥʷ ʫ ʚʠʧʘʜʢʫ ʜʝʨʝʚʘ ʨʽʰʝʥʴ ʤʘʻ ʩʭʦʞʽ ʟ ʥʝʡʨʦʥʥʠʤʠ ʤʝʨʝʞʘʤʠ ʥʘʩʣʽʜʢʠ. ɺʦʥʦ 

ʪʦʯʥʦ ʨʦʟʧʽʟʥʘʚʘʪʠʤʝ ʚʩʽ ʧʨʠʢʣʘʜʠ ʟ ʥʘʚʯʘʥʥʷ, ʘʣʝ ʥʝ ʟʤʦʞʝ ʧʨʘʮʶʚʘʪʠ ʟ ʥʦʚʠʤʠ ʦʪʨʠʤʘʥʠʤʠ 

ʜʘʥʠʤʠ. ʑʝ ʦʜʠʥ ʤʽʥʫʩ ʮʴʦʛʦ ʘʣʛʦʨʠʪʤʫ ï ʮʝ ʪʝ, ʱʦ ʩʪʨʫʢʪʫʨʘ ʧʝʨʝʥʘʚʯʝʥʦʛʦ ʜʝʨʝʚʘ ʩʢʣʘʜʥʘ ʽ 

ʧʦʛʘʥʦ ʽʥʪʝʨʧʨʝʪʫʻʪʴʩʷ [94]. 

ʌʘʭʽʚʮʽ ʚʠʨʽʰʠʣʠ ʧʨʠʤʫʩʦʚʦ ʟʫʧʠʥʷʪʠ ʙʫʜʽʚʥʠʮʪʚʦ ʜʝʨʝʚʘ, ʱʦʙ ʚʦʥʦ ʥʝ ʩʪʘʚʘʣʦ 

çʧʝʨʝʥʘʚʯʝʥʠʤè. ɼʣʷ ʮʴʦʛʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʪʘʢʽ ʧʽʜʭʦʜʠ: 

- ʨʘʥʥʷ ʟʫʧʠʥʢʘ. ɼʘʥʠʡ ʘʣʛʦʨʠʪʤ ʟʫʧʠʥʷʻʪʴʩʷ ʧʽʩʣʷ ʪʦʛʦ, ʷʢ ʜʦʩʷʛʥʝ ʟʘʜʘʥʦʛʦ ʟʥʘʯʝʥʥʷ 

ʢʨʠʪʝʨʽʶ (ʥʘʧʨʠʢʣʘʜ, ʧʨʦʮʝʥʪʥʦʾ ʯʘʩʪʢʠ ʨʦʟʧʽʟʥʘʥʠʭ ʧʨʠʢʣʘʜʽʚ). ʇʝʨʝʚʘʛʘ ʤʝʪʦʜʫ ï ʩʢʦʨʦʯʝʥʥʷ 

ʪʠʤʯʘʩʦʚʠʭ ʚʠʪʨʘʪ ʟʘ ʥʘʚʯʘʥʥʷ. ɻʦʣʦʚʥʠʡ ʥʝʜʦʣʽʢ - ʨʘʥʥʷ ʟʫʧʠʥʢʘ ʥʝʛʘʪʠʚʥʦ ʚʧʣʠʚʘʻ ʥʘ ʪʦʯʥʽʩʪʴ 

ʜʝʨʝʚʘ. ʏʝʨʝʟ ʮʝ ʙʘʛʘʪʦ ʬʘʭʽʚʮʽʚ ʨʘʜʷʪʴ ʚʽʜʜʘʚʘʪʠ ʧʝʨʝʚʘʛʫ ʚʽʜʩʽʢʘʥʥʶ ʛʽʣʦʢ. 

- ʦʙʤʝʞʝʥʥʷ ʛʣʠʙʠʥʠ ʜʝʨʝʚʘ. ɸʣʛʦʨʠʪʤ ʟʫʧʠʥʷʻʪʴʩʷ ʧʽʩʣʷ ʜʦʩʷʛʥʝʥʥʷ ʚʩʪʘʥʦʚʣʝʥʦʾ 

ʢʽʣʴʢʦʩʪʽ ʨʦʟʙʠʪʪʷ ʫ ʛʽʣʢʘʭ. ʎʝʡ ʧʽʜʭʽʜ ʥʝʛʘʪʠʚʥʦ ʧʦʟʥʘʯʘʻʪʴʩʷ ʥʘ ʪʦʯʥʦʩʪʽ ʜʝʨʝʚʘ. 

- ʟʘʚʜʘʥʥʷ ʤʽʥʽʤʘʣʴʥʦ ʜʦʧʫʩʪʠʤʦʾ ʢʽʣʴʢʦʩʪʽ ʧʨʠʢʣʘʜʽʚ ʫ ʚʫʟʣʽ. ɺʩʪʘʥʦʚʣʶʻʪʴʩʷ 

ʦʙʤʝʞʝʥʥʷ ʥʘ ʩʪʚʦʨʝʥʥʷ ʚʫʟʣʽʚ ʟ ʯʠʩʣʦʤ, ʥʘʧʨʠʢʣʘʜ ʤʝʥʰʠʤ ʟʘʜʘʥʦʛʦ. ʋ ʪʘʢʦʤʫ ʨʘʟʽ ʥʝ 

ʩʪʚʦʨʶʚʘʪʠʤʫʪʴʩʷ ʪʨʠʚʽʘʣʴʥʽ ʨʦʟʙʠʪʪʷ ʪʘ ʤʘʣʦʟʥʘʯʫʱʽ ʧʨʘʚʠʣʘ. 

ʎʠʤʠ ʧʽʜʭʦʜʘʤʠ ʢʦʨʠʩʪʫʶʪʴʩʷ ʜʦʩʪʘʪʥʴʦ ʨʽʜʢʦ, ʯʝʨʝʟ ʪʝ ʱʦ ʚʦʥʠ ʥʝ ʛʘʨʘʥʪʫʶʪʴ ʢʨʘʱʦʛʦ 

ʨʝʟʫʣʴʪʘʪʫ. ɼʦʚʦʣʽ ʯʘʩʪʦ ʚʦʥʠ ʧʨʘʮʶʶʪʴ ʪʽʣʴʢʠ ʚ ʷʢʠʭʦʩʴ ʢʦʥʢʨʝʪʥʠʭ ʚʠʧʘʜʢʘʭ. ʗʢʠʭʦʩʴ 

ʨʝʢʦʤʝʥʜʘʮʽʡ ʩʪʦʩʦʚʥʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʙʫʜʴ-ʷʢʦʛʦ ʤʝʪʦʜʫ ʥʝʤʘʻ, ʪʦʤʫ ʘʥʘʣʽʪʠʢʘʤ ʜʦʚʦʜʠʪʴʩʷ 

ʦʪʨʠʤʫʚʘʪʠ ʧʨʘʢʪʠʯʥʠʡ ʜʦʩʚʽʜ ʰʣʷʭʦʤ ʩʧʨʦʙ ʽ ʧʦʤʠʣʦʢ [94]. 

 

ɺʽʜʩʽʢʘʥʥʷ ʛʽʣʦʢ 

ɹʝʟ ʧʝʚʥʦʛʦ ʦʙʤʝʞʝʥʥʷ çʟʨʦʩʪʘʥʥʷè ʜʝʨʝʚʦ ʨʽʰʝʥʴ ʩʪʘʥʝ ʚʝʣʠʢʠʤ ʽ ʩʢʣʘʜʥʠʤ, ʱʦ ʟʨʦʙʠʪʴ 

ʥʝʤʦʞʣʠʚʠʤ ʧʦʜʘʣʴʰʫ ʽʥʪʝʨʧʨʝʪʘʮʽʶ. ɸ ʷʢʱʦ ʞ ʨʦʙʠʪʠ ʚʠʨʽʰʘʣʴʥʽ ʧʨʘʚʠʣʘ ʜʣʷ ʧʦʙʫʜʦʚʠ 

ʚʫʟʣʽʚ, ʚ ʷʢʽ ʧʦʪʨʘʧʣʷʪʠʤʫʪʴ ʧʦ 2-3 ʧʨʠʢʣʘʜʠ, ʪʦ ʚʦʥʠ ʥʝ ʚʪʨʘʪʷʪʴ ʧʨʘʢʪʠʯʥʫ ʮʽʥʥʽʩʪʴ. 

ʊʦʤʫ ʙʘʛʘʪʦ ʬʘʭʽʚʮʽʚ ʚʽʜʜʘʶʪʴ ʧʝʨʝʚʘʛʫ ʘʣʴʪʝʨʥʘʪʠʚʥʦʤʫ ʚʘʨʽʘʥʪʫ ð ʧʦʙʫʜʫʚʘʪʠ ʚʩʽ 

ʤʦʞʣʠʚʽ ʜʝʨʝʚʘ, ʘ ʧʦʪʽʤ ʚʠʙʨʘʪʠ ʪʽ, ʷʢʽ ʟʘ ʨʦʟʫʤʥʦʾ ʛʣʠʙʠʥʠ ʟʘʙʝʟʧʝʯʫʶʪʴ ʧʨʠʡʥʷʪʥʠʡ ʨʽʚʝʥʴ 

ʧʦʤʠʣʢʠ ʨʦʟʧʽʟʥʘʚʘʥʥʷ. ʆʩʥʦʚʥʝ ʟʘʚʜʘʥʥʷ ʚ ʪʘʢʽʡ ʩʠʪʫʘʮʽʾ ï ʧʦʰʫʢ ʥʘʡʙʽʣʴʰ ʚʠʛʽʜʥʦʛʦ ʙʘʣʘʥʩʫ 

ʤʽʞ ʩʢʣʘʜʥʽʩʪʶ ʪʘ ʪʦʯʥʽʩʪʶ ʜʝʨʝʚʘ. 

ɸʣʝ ʡ ʪʫʪ ʻ ʧʨʦʙʣʝʤʘ: ʪʘʢʝ ʟʘʚʜʘʥʥʷ ʥʘʣʝʞʠʪʴ ʜʦ ʢʣʘʩʫ NP-ʧʦʚʥʠʭ ʟʘʚʜʘʥʴ, ʘ ʚʦʥʠ, ʷʢ 

ʚʽʜʦʤʦ, ʝʬʝʢʪʠʚʥʠʭ ʨʽʰʝʥʴ ʥʝ ʤʘʶʪʴ. ʊʦʤʫ ʚʜʘʶʪʴʩʷ ʜʦ ʤʝʪʦʜʫ ʚʽʜʩʽʢʘʥʥʷ ʛʽʣʦʢ, ʷʢʠʡ 

ʨʝʘʣʽʟʫʻʪʴʩʷ ʫ ʪʨʠ ʢʨʦʢʠ: 

1) ʙʫʜʽʚʥʠʮʪʚʦ ʧʦʚʥʦʛʦ ʜʝʨʝʚʘ, ʚ ʷʢʦʤʫ ʣʠʩʪʷ ʤʽʩʪʠʪʴ ʧʨʠʢʣʘʜʠ ʦʜʥʦʛʦ ʢʣʘʩʫ; 

2) ʚʠʟʥʘʯʝʥʥʷ ʜʚʦʭ ʧʦʢʘʟʥʠʢʽʚ: ʘ) ʚʽʜʥʦʩʥʫ ʪʦʯʥʽʩʪʴ ʤʦʜʝʣʽ ï ʮʝ ʚʽʜʥʦʰʝʥʥʷ ʯʠʩʣʘ 

ʧʨʘʚʠʣʴʥʦ ʨʦʟʧʽʟʥʘʥʠʭ ʧʨʠʢʣʘʜʽʚ ʜʦ ʟʘʛʘʣʴʥʦʛʦ ʯʠʩʣʘ ʧʨʠʢʣʘʜʽʚ; ʙ) ʘʙʩʦʣʶʪʥʫ ʧʦʤʠʣʢʫ - ʯʠʩʣʦ 

ʥʝʧʨʘʚʠʣʴʥʦ ʢʣʘʩʠʬʽʢʦʚʘʥʠʭ ʧʨʠʢʣʘʜʽʚ; 

3) ʚʠʜʘʣʝʥʥʷ ʣʠʩʪʽʚ ʪʘ ʚʫʟʣʽʚ, ʚʪʨʘʪʘ ʷʢʠʭ ʤʽʥʽʤʘʣʴʥʦ ʧʦʟʥʘʯʠʪʴʩʷ ʥʘ ʪʦʯʥʦʩʪʽ ʤʦʜʝʣʽ ʪʘ 

ʟʙʽʣʴʰʝʥʥʽ ʧʦʤʠʣʢʠ. 

ɺʽʜʩʽʢʘʥʥʷ ʛʽʣʦʢ ʧʨʦʚʦʜʷʪʴ ʧʨʦʪʠʣʝʞʥʦ ʨʦʩʪʫ ʜʝʨʝʚʘ, ʪʦʙʪʦ ʟʥʠʟʫ ʚʛʦʨʫ, ʰʣʷʭʦʤ 

ʧʦʩʣʽʜʦʚʥʦʛʦ ʧʝʨʝʪʚʦʨʝʥʥʷ ʚʫʟʣʽʚ ʥʘ ʣʠʩʪʷ [95]. 

ɻʦʣʦʚʥʘ ʚʽʜʤʽʥʥʽʩʪʴ ʤʝʪʦʜʫ ʚʽʜʩʽʢʘʥʥʷ ʛʽʣʦʢ ʚʽʜ ʧʝʨʝʜʯʘʩʥʦʾ ʟʫʧʠʥʢʠ ð ʚʠʭʦʜʠʪʴ ʟʥʘʡʪʠ 

ʦʧʪʠʤʘʣʴʥʝ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʤʽʞ ʪʦʯʥʽʩʪʶ ʽ ʟʨʦʟʫʤʽʣʽʩʪʶ. ʇʨʠ ʮʴʦʤʫ ʧʦʪʨʽʙʥʦ ʙʽʣʴʰʝ ʯʘʩʫ ʥʘ 

ʥʘʚʯʘʥʥʷ, ʪʦʤʫ ʱʦ ʚ ʨʘʤʢʘʭ ʮʴʦʛʦ ʧʽʜʭʦʜʫ ʩʧʦʯʘʪʢʫ ʙʫʜʫʻʪʴʩʷ ʧʦʚʥʝ ʜʝʨʝʚʦ. 
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ɺʠʣʫʯʝʥʥʷ ʧʨʘʚʠʣ 

ɯʥʦʜʽ ʩʧʨʦʱʝʥʥʷ ʜʝʨʝʚʘ ʥʝʜʦʩʪʘʪʥʴʦ, ʱʦʙ ʚʦʥʦ ʣʝʛʢʦ ʩʧʨʠʡʤʘʣʦʩʷ ʪʘ ʽʥʪʝʨʧʨʝʪʫʚʘʣʦʩʷ. 

ʊʦʜʽ ʬʘʭʽʚʮʽ ʚʠʪʷʛʫʶʪʴ ʽʟ ʜʝʨʝʚʘ ʚʠʨʽʰʘʣʴʥʽ ʧʨʘʚʠʣʘ ʽ ʩʢʣʘʜʘʶʪʴ ʽʟ ʥʠʭ ʥʘʙʦʨʠ, ʱʦ ʦʧʠʩʫʶʪʴ 

ʢʣʘʩʠ.  

ɼʣʷ ʦʪʨʠʤʘʥʥʷ ʧʨʘʚʠʣ ʥʝʦʙʭʽʜʥʦ ʚʽʜʩʪʝʞʫʚʘʪʠ ʚʩʽ ʰʣʷʭʠ, ʧʦʯʠʥʘʶʯʠ ʚʽʜ ʢʦʨʝʥʝʚʦʛʦ ʚʫʟʣʘ 

ʜʦ ʣʠʩʪʷ ʜʝʨʝʚʘ. ʂʦʞʝʥ ʪʘʢʠʡ ʰʣʷʭ ʥʘʜʘʻ ʩʚʦʻ ʧʨʘʚʠʣʦ ʟ ʙʝʟʣʽʯʯʶ ʫʤʦʚ ʟ ʧʝʨʝʚʽʨʢʦʶ ʚ ʢʦʞʥʦʤʫ 

ʚʫʟʣʽ ʰʣʷʭʫ. 

ʗʢʱʦ ʫʷʚʠʪʠ ʩʢʣʘʜʥʝ ʜʝʨʝʚʦ ʨʽʰʝʥʴ ʷʢ ʚʠʨʽʰʘʣʴʥʝ ʧʨʘʚʠʣʦ (ʟʘʤʽʩʪʴ ʽʻʨʘʨʭʽʯʥʦʾ ʩʪʨʫʢʪʫʨʠ 

ʚʫʟʣʽʚ), ʚʦʥʦ ʙʫʜʝ ʧʨʦʩʪʽʰʝ ʩʧʨʠʡʤʘʪʠʩʷ ʽ ʽʥʪʝʨʧʨʝʪʫʚʘʪʠʩʷ. 

 

ʇʝʨʝʚʘʛʠ ʪʘ ʥʝʜʦʣʽʢʠ ʜʝʨʝʚʘ ʨʽʰʝʥʴ 

ɼʘʣʽ ʥʘʚʝʜʝʤʦ ʧʝʨʝʚʘʛʠ ʪʘ ʥʝʜʦʣʽʢʠ ʜʝʨʝʚʘ ʨʽʰʝʥʴ ʪʘ ʛʘʣʫʟʽ, ʚ ʷʢʠʭ ʜʝʨʝʚʘ ʻ ʜʽʡʩʥʦ 

ʢʦʨʠʩʥʠʤ ʨʽʰʝʥʥʷʤ [96]. 

ʇʝʨʝʚʘʛʠ: 

- ʬʦʨʤʫʶʪʴ ʯʽʪʢʽ ʪʘ ʟʨʦʟʫʤʽʣʽ ʧʨʘʚʠʣʘ ʢʣʘʩʠʬʽʢʘʮʽʾ. ʅʘʧʨʠʢʣʘʜ, çʷʢʱʦ ʚʽʢ < 40 ʽ ʥʝʤʘʻ 

ʷʢʦʾʩʴ ʟʘʩʪʘʚʠ (ʥʘʧʨʠʢʣʘʜ, ʤʘʡʥʘ), ʪʦʜʽ ʚʽʜʤʦʚʠʪʠ ʫ ʢʨʝʜʠʪʽè. ʊʦʙʪʦ ʩʘʤʦ ʜʝʨʝʚʦ ʨʽʰʝʥʴ ʜʦʙʨʝ ʪʘ 

ʰʚʠʜʢʦ ʽʥʪʝʨʧʨʝʪʫʻʪʴʩʷ; 

- ʯʠ ʟʜʘʪʥʽ ʛʝʥʝʨʫʚʘʪʠ ʧʨʘʚʠʣʘ ʚ ʛʘʣʫʟʷʭ, ʜʝ ʬʘʭʽʚʮʶ ʚʘʞʢʦ ʬʦʨʤʘʣʽʟʫʚʘʪʠ ʩʚʦʾ ʟʥʘʥʥʷ; 

- ʜʦʩʪʘʪʥʴʦ ʣʝʛʢʦ ʚʽʟʫʘʣʽʟʫʶʪʴʩʷ ʽ ʤʦʞʫʪʴ çʽʥʪʝʨʧʨʝʪʫʚʘʪʠʩʷè ʥʝ ʣʠʰʝ ʷʢ ʤʦʜʝʣʴ 

ʟʘʛʘʣʦʤ, ʘ ʡ ʷʢ ʧʨʦʛʥʦʟ ʜʣʷ ʧʝʚʥʦʛʦ ʦʢʨʝʤʦʛʦ ʪʝʩʪʦʚʦʛʦ ʩʫʙ'ʻʢʪʫ (ʰʣʷʭ ʫ ʜʝʨʝʚʽ); 

- ʰʚʠʜʢʦ ʤʦʞʫʪʴ ʥʘʚʯʘʪʠʩʷ ʪʘ ʟʜʘʪʥʽ ʧʨʦʛʥʦʟʫʚʘʪʠ; 

- ʥʝ ʧʦʪʨʽʙʥʘ ʚʝʣʠʢʘ ʢʽʣʴʢʽʩʪʴ ʧʘʨʘʤʝʪʨʽʚ ʤʦʜʝʣʽ; 

- ʧʽʜʪʨʠʤʫʶʪʴ ʷʢ ʢʘʪʝʛʦʨʽʘʣʴʥʽ ʪʘ ʽ ʯʠʩʣʦʚʽ ʦʟʥʘʢʠ. 

ʅʝʜʦʣʽʢʠ: 

- ʯʫʪʣʠʚʽ ʜʦ ʰʫʤʽʚ ʫ ʚʭʽʜʥʠʭ ʜʘʥʠʭ. ʆʩʢʽʣʴʢʠ ʥʝʚʝʣʠʢʽ ʟʤʽʥʠ ʥʘʚʯʘʣʴʥʦʾ ʚʠʙʽʨʢʠ 

ʤʦʞʫʪʴ ʧʨʠʟʚʦʜʠʪʠ ʜʦ ʛʣʦʙʘʣʴʥʠʭ ʢʦʨʠʛʫʚʘʥʴ ʤʦʜʝʣʽ, ʘ ʮʝ ʧʦʟʥʘʯʠʪʴʩʷ ʥʘ ʟʤʽʥʽ ʧʨʘʚʠʣ 

ʢʣʘʩʠʬʽʢʘʮʽʾ ʪʘ ʽʥʪʝʨʧʨʝʪʦʚʘʥʦʩʪʽ ʤʦʜʝʣʽ; 

- ʨʦʟʜʽʣʷʶʯʘ ʤʝʞʘ ʤʘʻ ʢʦʥʢʨʝʪʥʽ ʦʙʤʝʞʝʥʥʷ, ʯʝʨʝʟ ʱʦ ʜʝʨʝʚʘ ʨʽʰʝʥʴ ʱʦʜʦ ʷʢʦʩʪʽ 

ʢʣʘʩʠʬʽʢʘʮʽʾ ʤʦʞʝ ʧʦʩʪʫʧʘʪʠʩʷ ʽʥʰʠʤ ʤʝʪʦʜʘʤ; 

- ʤʦʞʣʠʚʝ ʧʝʨʝʥʘʚʯʘʥʥʷ ʜʝʨʝʚʘ ʨʽʰʝʥʴ, ʪʦʤʫ ʜʦʚʦʜʠʪʴʩʷ ʚʜʘʚʘʪʠʩʷ ʜʦ ʪʘʢʦʛʦ ʩʧʦʩʦʙʫ 

ʷʢ ʚʽʜʩʽʢʘʥʥʷ ʛʽʣʦʢ ʪʘ ʚʩʪʘʥʦʚʣʝʥʥʷ ʤʽʥʽʤʘʣʴʥʦʾ ʢʽʣʴʢʦʩʪʽ ʝʣʝʤʝʥʪʽʚ ʫ ʣʠʩʪʢʫ ʜʝʨʝʚʘ ʘʙʦ 

ʤʘʢʩʠʤʘʣʴʥʦʾ ʛʣʠʙʠʥʠ ʜʝʨʝʚʘ; 

- ʜʦʩʪʘʪʥʴʦ ʩʢʣʘʜʥʠʡ ʧʦʰʫʢ ʦʧʪʠʤʘʣʴʥʦʛʦ ʜʝʨʝʚʘ ʨʽʰʝʥʴ, ʱʦ ʧʨʠʟʚʦʜʠʪʴ ʜʦ 

ʥʝʦʙʭʽʜʥʦʩʪʽ ʚʠʢʦʨʠʩʪʘʥʥʷ ʝʚʨʠʩʪʠʢʠ ʧʦ ʪʠʧʫ ʞʘʜʽʙʥʦʛʦ ʧʦʰʫʢʫ ʦʟʥʘʢʠ ʟ ʤʘʢʩʠʤʘʣʴʥʠʤ 

ʧʨʠʨʦʩʪʦʤ ʽʥʬʦʨʤʘʮʽʾ, ʷʢʽ ʟʨʝʰʪʦʶ ʥʝ ʜʘʶʪʴ 100 % ʛʘʨʘʥʪʽʾ ʟʥʘʭʦʜʞʝʥʥʷ ʦʧʪʠʤʘʣʴʥʦʛʦ ʜʝʨʝʚʘ; 

- ʨʦʙʠʪʴ ʢʦʥʩʪʘʥʪʥʠʡ ʧʨʦʛʥʦʟ ʜʣʷ ʦʙ'ʻʢʪʽʚ, ʱʦ ʧʝʨʝʙʫʚʘʶʪʴ ʚ ʦʟʥʘʢʦʚʦʤʫ ʧʨʦʩʪʦʨʽ ʧʦʟʘ 

ʧʘʨʘʣʝʣʝʧʽʧʝʜʦʤ, ʱʦ ʦʭʦʧʣʶʻ ʥʝ ʚʩʽ ʦʙ'ʻʢʪʠ ʥʘʚʯʘʣʴʥʦʾ ʚʠʙʽʨʢʠ.  

ʄʦʜʫʣʽ ʜʝʨʝʚ ʨʽʰʝʥʴ, ʱʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʜʣʷ ʧʦʙʫʜʦʚʠ ʪʘ ʜʦʩʣʽʜʞʝʥʥʷ ʚʭʦʜʷʪʴ ʜʦ 

ʩʢʣʘʜʫ ʙʝʟʣʽʯʽ ʘʥʘʣʽʪʠʯʥʠʭ ʧʣʘʪʬʦʨʤ. ʎʝ ʜʦʩʪʘʪʥʴʦ ʟʨʫʯʥʠʡ ʽʥʩʪʨʫʤʝʥʪ, ʷʢʠʡ ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ ʫ 

ʩʠʩʪʝʤʘʭ ʧʽʜʪʨʠʤʢʠ ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʴ ʪʘ ʽʥʪʝʣʝʢʪʫʘʣʴʥʦʛʦ ʘʥʘʣʽʟʫ ʜʘʥʠʭ. 

ʅʘʡʫʩʧʽʰʥʽʰʝ ʜʝʨʝʚʘ ʟʘʩʪʦʩʦʚʫʶʪʴ ʫ ʥʘʩʪʫʧʥʠʭ ʛʘʣʫʟʷʭ: 

- ʙʘʥʢʽʚʩʴʢʘ ʩʧʨʘʚʘ. ʆʮʽʥʢʘ ʢʨʝʜʠʪʦʩʧʨʦʤʦʞʥʦʩʪʽ ʢʣʽʻʥʪʽʚ ʙʘʥʢʫ ʧʽʜ ʯʘʩ ʚʠʜʘʯʽ 

ʢʨʝʜʠʪʽʚ; 
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- ʧʨʦʤʠʩʣʦʚʽʩʪʴ. ʂʦʥʪʨʦʣʴ ʷʢʦʩʪʽ ʧʨʦʜʫʢʮʽʾ (ʚʠʷʚʣʝʥʥʷ ʜʝʬʝʢʪʽʚ ʫ ʛʦʪʦʚʠʭ ʪʦʚʘʨʘʭ), 

ʚʠʧʨʦʙʫʚʘʥʥʷ ʙʝʟ ʧʦʨʫʰʝʥʴ (ʥʘʧʨʠʢʣʘʜ, ʧʝʨʝʚʽʨʢʘ ʷʢʦʩʪʽ ʟʚʘʨʶʚʘʥʥʷ) ʪʦʱʦ; 

- ʤʝʜʠʮʠʥʘ. ɼʽʘʛʥʦʩʪʠʢʘ ʟʘʭʚʦʨʶʚʘʥʴ ʨʽʟʥʦʾ ʩʢʣʘʜʥʦʩʪʽ; 

- ʤʦʣʝʢʫʣʷʨʥʘ ʙʽʦʣʦʛʽʷ. ɸʥʘʣʽʟ ʙʫʜʦʚʠ ʘʤʽʥʦʢʠʩʣʦʪ; 

- ʪʦʨʛʽʚʣʷ. ʂʣʘʩʠʬʽʢʘʮʽʷ ʢʣʽʻʥʪʽʚ ʪʘ ʪʦʚʘʨ. 

ʎʝ ʥʝ ʚʠʯʝʨʧʥʠʡ ʩʧʠʩʦʢ ʩʬʝʨ ʟʘʩʪʦʩʫʚʘʥʥʷ ʜʝʨʝʚʘ ʨʽʰʝʥʴ. ʂʦʣʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʧʦʩʪʽʡʥʦ 

ʨʦʟʰʠʨʶʻʪʴʩʷ, ʘ ʜʝʨʝʚʘ ʨʽʰʝʥʴ ʧʦʩʪʫʧʦʚʦ ʩʪʘʶʪʴ ʜʦʩʠʪʴ ʚʘʞʣʠʚʠʤ ʽʥʩʪʨʫʤʝʥʪʦʤ ʧʨʠ ʫʧʨʘʚʣʽʥʥʽ 

ʙʽʟʥʝʩ-ʧʨʦʮʝʩʘʤʠ ʪʘ ʧʽʜʪʨʠʤʮʽ ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʴ. 

 

2.3.5. ɸʣʛʦʨʠʪʤ çʚʠʧʘʜʢʦʚʠʡ ʣʽʩè 

ɼʝʨʝʚʘ ʨʽʰʝʥʴ - ʮʝ ʦʜʠʥ ʟ ʤʝʪʦʜʽʚ ʘʚʪʦʤʘʪʠʯʥʦʛʦ ʘʥʘʣʽʟʫ ʚʝʣʠʢʠʭ ʤʘʩʠʚʽʚ ʜʘʥʠʭ. ɯʜʝʷ 

ʤʝʪʦʜʫ ʜʝʨʝʚ ʨʽʰʝʥʴ ʧʦʣʷʛʘʻ ʚ ʪʦʤʫ, ʱʦʙ ʨʦʟʙʠʪʠ ʤʥʦʞʠʥʫ ʤʦʞʣʠʚʠʭ ʟʥʘʯʝʥʴ ʚʝʢʪʦʨʘ ʦʟʥʘʢ 

(ʥʝʟʘʣʝʞʥʦʾ ʟʤʽʥʥʦʾ) ʥʘ ʤʥʦʞʠʥʠ, ʱʦ ʥʝʧʝʨʝʪʠʥʘʶʪʴʩʷ ʽ ʧʽʜʽʙʨʘʪʠ ʧʨʦʩʪʫ ʤʦʜʝʣʴ ʜʦ ʢʦʞʥʦʾ ʪʘʢʦʾ 

ʤʥʦʞʠʥʠ. ʊʘʢʠʤ ʯʠʥʦʤ, ʤʝʪʦʶ ʤʝʪʦʜʫ ʻ ʩʪʚʦʨʝʥʥʷ ʤʦʜʝʣʽ, ʷʢʘ ʧʨʦʛʥʦʟʫʻ ʟʥʘʯʝʥʥʷ ʮʽʣʴʦʚʦʾ 

ʟʤʽʥʥʦʾ ʥʘ ʦʩʥʦʚʽ ʨʷʜʫ ʚʭʽʜʥʠʭ ʟʤʽʥʥʠʭ [97]. 

ʆʙʣʘʩʪʽ, ʜʝ ʥʘʡʙʽʣʴʰʝ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʤʝʪʦʜ ʜʝʨʝʚʘ ʨʽʰʝʥʴ: 

- ʦʧʠʩ ʜʘʥʠʭ - ʜʝʨʝʚʘ ʨʽʰʝʥʴ ʜʦʟʚʦʣʷʶʪʴ ʟʙʝʨʽʛʘʪʠ ʽʥʬʦʨʤʘʮʽʶ ʧʨʦ ʧʝʚʥʫ ʚʠʙʽʨʢʫ ʜʘʥʠʭ 

ʫ ʟʨʫʯʥʽʡ ʜʣʷ ʦʙʨʦʙʢʠ ʬʦʨʤʽ, ʷʢʘ ʤʽʩʪʠʪʴ ʫ ʩʦʙʽ ʢʦʥʢʨʝʪʥʽ ʦʧʠʩʠ ʦʙôʻʢʪʽʚ; 

- ʢʣʘʩʠʬʽʢʘʮʽʷ ï ʜʝʨʝʚʘ ʨʽʰʝʥʴ ʪʦʯʥʦ ʚʠʨʽʰʫʶʪʴ ʟʘʜʘʯʽ ʢʣʘʩʠʬʽʢʘʮʽʾ, ʪʦʙʪʦ 

ʩʧʽʚʚʽʜʥʝʩʝʥʥʷ ʧʝʚʥʠʭ ʦʙôʻʢʪʽʚ ʜʦ ʦʜʥʦʛʦ ʟ ʨʘʥʽʰʝ ʦʧʠʩʘʥʠʭ ʢʣʘʩʽʚ; 

- ʨʝʛʨʝʩʽʷ - ʷʢʱʦ ʟʤʽʥʥʘ ʤʘʻ ʥʝʪʦʯʥʽ ʟʥʘʯʝʥʥʷ, ʪʦ ʜʝʨʝʚʘ ʨʽʰʝʥʴ ʤʦʞʫʪʴ ʚʠʟʥʘʯʠʪʠ 

ʟʘʣʝʞʥʽʩʪʴ ʮʽʣʴʦʚʦʾ ʟʤʽʥʥʦʾ ʚʽʜ ʥʝʟʘʣʝʞʥʠʭ (ʚʭʽʜʥʠʭ) ʟʤʽʥʥʠʭ. 

ɺʠʧʘʜʢʦʚʠʡ ʣʽʩ (random forest) ï ʮʝ ʘʣʛʦʨʠʪʤ ʤʘʰʠʥʥʦʛʦ ʥʘʚʯʘʥʥʷ, ʟʘʧʨʦʧʦʥʦʚʘʥʠʡ ʃʝʦ 

ɹʨʝʡʤʘʥʦʤ ʪʘ ɸʜʝʣʴ ʂʘʪʣʝʨ, ʷʢʠʡ ʧʦʣʷʛʘʻ ʫ ʚʠʢʦʨʠʩʪʘʥʥʽ ʘʥʩʘʤʙʣʶ ʜʝʨʝʚ ʨʽʰʝʥʴ [98]. ʊʘʢʠʤ 

ʯʠʥʦʤ, ʘʥʩʘʤʙʣʽ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ, ʢʦʣʠ ʧʦʪʨʽʙʥʦ ʚʠʨʽʰʠʪʠ ʩʢʣʘʜʥʽ ʦʙʯʠʩʣʶʚʘʣʴʥʽ ʟʘʚʜʘʥʥʷ ʽ 

ʦʜʠʥ ʘʣʛʦʨʠʪʤ ʥʝ ʻ ʧʦʚʥʠʤ. ɸʥʩʘʤʙʣʴ ï ʮʝ ʢʦʤʙʽʥʘʮʽʷ ʜʝʢʽʣʴʢʦʭ ʘʣʛʦʨʠʪʤʽʚ, ʷʢʽ ʥʘʚʯʘʶʪʴʩʷ 

ʦʜʥʦʯʘʩʥʦ ʽ ʚʠʧʨʘʚʣʷʶʪʴ ʧʦʤʠʣʢʠ ʦʜʠʥ ʦʜʥʦʛʦ. ʉʴʦʛʦʜʥʽ ʘʥʩʘʤʙʣʽ ʥʘʡʯʘʩʪʽʰʝ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʫ ʚʩʽʭ ʚʝʣʠʢʠʭ ʢʦʤʧʘʥʽʷʭ, ʷʢʠʤ ʧʦʪʨʽʙʥʦ ʰʚʠʜʢʦ ʦʙʨʦʙʣʷʪʠ ʚʝʣʠʢʽ ʦʙʩʷʛʠ 

ʜʘʥʠʭ, ʦʩʢʽʣʴʢʠ ʚʦʥʠ ʟʘʙʝʟʧʝʯʫʶʪʴ ʥʘʡʙʽʣʴʰ ʪʦʯʥʽ ʨʝʟʫʣʴʪʘʪʠ. 

 

ʇʨʠʥʮʠʧ ʨʦʙʦʪʠ ʘʥʩʘʤʙʣʽʚ  

ɼʦʩʪʘʪʥʴʦ ʧʨʦʩʪʘ ʽʜʝʷ - ʜʘʪʠ ʚʩʽʤ ʦʜʥʫ ʟʘʜʘʯʫ ʪʘ ʩʧʦʩʪʝʨʽʛʘʪʠ ʷʢ ʚʦʥʠ ʟʥʘʡʜʫʪʴ ʜʝʩʷʪʢʠ ʽ 

ʙʽʣʴʰ ʥʦʚʠʭ ʩʧʦʩʦʙʽʚ ʚʠʨʽʰʠʪʠ ʟʘʚʜʘʥʥʷ. ʅʘʡʢʨʘʱʠʡ ʨʝʟʫʣʴʪʘʪ ʦʪʨʠʤʫʶʪʴ, ʢʦʣʠ ʘʣʛʦʨʠʪʤʠ ʚ 

ʘʥʩʘʤʙʣʷʭ ʤʘʢʩʠʤʘʣʴʥʦ ʨʽʟʥʷʪʴʩʷ. ʅʘʧʨʠʢʣʘʜ, ʨʝʛʨʝʩʽʷ (Regression)  ʧʣʶʩ ʜʝʨʝʚʘ ʨʽʰʝʥʴ 

(Decision Trees) ʧʦʻʜʥʫʶʪʴʩʷ ʥʘ ʚʽʜʤʽʥʥʦ. ɸ ʧʦʻʜʥʘʥʥʷ ʅʘʾʚʥʠʡ ɹʘʻʩ (Naive Bayes) ʽ ʤʝʪʦʜ k-

ʥʘʡʙʣʠʞʯʠʭ ʩʫʩʽʜʽʚ (k-method) ʚ ʘʥʩʘʤʙʣʷʭ ʥʝ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ, ʪʦʤʫ ʱʦ ʚʦʥʠ ʟʘʥʘʜʪʦ ʩʪʘʙʽʣʴʥʽ 

ʽ ʥʝ ʤʦʞʫʪʴ ʚʠʡʪʠ ʟʘ ʟʚʠʯʥʽ ʨʘʤʢʠ ʨʽʰʝʥʴ [98].  

ɼʣʷ ʟʙʦʨʫ ʘʥʩʘʤʙʣʽʚ ʟʘʩʪʦʩʦʚʫʶʪʴ ʥʘʩʪʫʧʥʽ ʧʽʜʭʦʜʠ: 

- ʙʫʩʪʠʥʛ (boosting); 

- ʩʪʝʢʽʥʛ (stacking); 

- ʙʝʛʛʽʥʛ (bagging). 

ʉʪʝʢʽʥʛ ï ʮʝ ʤʝʪʘ-ʘʥʩʘʤʙʣʶʚʘʥʥʷ ʘʙʦ ʤʝʪʘ-ʘʥʩʘʤʙʣʴ (Meta Ensembling). 
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ʉʧʦʯʘʪʢʫ ʥʘʚʯʘʶʪʴ ʜʝʢʽʣʴʢʘ ʘʣʛʦʨʠʪʤʽʚ, ʘ ʧʦʪʽʤ ʨʝʟʫʣʴʪʘʪʠ ʾʭ ʨʦʙʦʪʠ ʧʦʢʘʟʫʶʪʴ 

ʦʩʪʘʥʥʴʦʤʫ ʘʣʛʦʨʠʪʤʫ. ɯ ʩʘʤʝ ʚʽʥ ʧʨʠʡʤʘʻ ʦʩʪʘʪʦʯʥʝ ʨʽʰʝʥʥʷ. ʉʪʝʢʽʥʛ ï ʮʝ ʭʦʨʦʰʠʡ, ʘʣʝ 

ʥʘʡʤʝʥʰ ʪʦʯʥʠʡ ʘʥʩʘʤʙʣʴ ʩʝʨʝʜ ʽʥʰʠʭ ʘʥʩʘʤʙʣʽʚ [98].  

ʇʨʠʢʣʘʜ ʩʪʝʢʽʥʛʫ ʟʦʙʨʘʞʝʥʦ ʥʘ ʨʠʩʫʥʢʫ 2.28. 

 
ʈʠʩ. 2.28. ʇʨʠʢʣʘʜ ʩʪʝʢʽʥʛʫ 

 

ɹʝʛʛʽʥʛ ï ʮʝ ʙʫʪʩʪʨʘʧ ʘʛʨʝʛʘʮʽʷ (Bootstrap AGGregatING). 

ʊʠʧ ʜʘʥʦʛʦ ʥʘʚʯʘʥʥʷ ʦʟʥʘʯʘʻ: ʙʘʛʘʪʦ ʨʘʟʽʚ ʥʘʚʯʘʪʠ ʘʥʩʘʤʙʣʴ ʥʘ ʚʠʧʘʜʢʦʚʠʭ ʚʠʙʽʨʢʘʭ ʜʘʥʠʭ 

- ʚ ʢʽʥʮʝʚʦʤʫ ʧʽʜʩʫʤʢʫ ʧʦʪʨʽʙʥʦ ʫʩʝʨʝʜʥʠʪʠ ʚʽʜʧʦʚʽʜʽ. ʎʝ ʚʠʛʣʷʜʘʻ, ʥʘʧʨʠʢʣʘʜ, ʷʢ ʛʦʣʦʩʫʚʘʥʥʷ 

ʟʘ ʥʘʡʙʽʣʴʰ ʧʦʧʫʣʷʨʥʫ ʚʽʜʧʦʚʽʜʴ, ʜʝ ʙʘʛʘʪʦ ʤʦʜʝʣʝʡ ʧʨʘʮʶʶʪʴ ʧʘʨʘʣʝʣʴʥʦ [98].  

ʈʝʟʫʣʴʪʘʪʠ ʮʴʦʛʦ ʩʧʦʩʦʙʫ ʚʠʜʥʦ, ʢʦʣʠ ʧʦʪʨʽʙʥʦ ʟʨʦʙʠʪʠ ʬʦʪʦ, ʘ ʢʘʤʝʨʘ ʟʥʘʭʦʜʠʪʴ ʽ 

ʦʙʚʦʜʠʪʴ ʦʩʽʙ ʚ ʢʘʜʨʽ (ʨʠʩʫʥʦʢ 2.29). 

 
ʈʠʩ. 2.29. ʇʨʠʢʣʘʜ ʙʝʛʛʽʥʛʫ 

 

ɹʫʩʪʽʥʛ ï ʮʝ ʙʫʢʚʘʣʴʥʦ çʧʽʜʩʠʣʝʥʥʷè, ʘʣʝ ʛʦʚʦʨʷʪʴ ʟʘʚʞʜʠ çʙʫʩʪʽʥʛè (Boosting). 

ɼʘʥʠʡ ʩʧʦʩʽʙ ʚʢʣʶʯʘʻ ʚ ʩʝʙʝ ʧʦʩʣʽʜʦʚʥʝ ʥʘʚʯʘʥʥʷ ʘʣʛʦʨʠʪʤʽʚ. ʊʦʤʫ ʩʧʝʨʰʫ ʥʘʚʯʘʻʤʦ 

ʧʝʨʰʠʡ ʽ ʚʽʜʟʥʘʯʘʻʤʦ ʤʽʩʮʷ, ʜʝ ʚʽʥ ʧʦʤʠʣʠʚʩʷ. ɸ ʧʦʪʽʤ ʚʞʝ ʥʘʚʯʘʻʤʦ ʜʨʫʛʠʡ, ʧʨʠʜʽʣʷʶʯʠ 

ʦʩʦʙʣʠʚʫ ʫʚʘʛʫ ʤʽʩʮʷʤ, ʥʘ ʷʢʠʭ ʧʦʤʠʣʠʚʩʷ ʧʝʨʰʠʡ. ɯ ʪʘʢ ʜʘʣʽ ʜʦ ʥʝʦʙʭʽʜʥʦʛʦ ʨʝʟʫʣʴʪʘʪʫ [98]. 

ʇʨʠʢʣʘʜ ʙʫʩʪʽʥʛʫ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩʫʥʢʫ 2.30. 
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ʈʠʩ. 2.30. ʇʨʠʢʣʘʜ ʙʫʩʪʽʥʛʫ 

 

ɿʥʦʚʫ ʞ ʪʘʢʠ, ʜʘʥʽ ʚʠʙʠʨʘʶʪʴʩʷ, ʘʣʝ ʥʝʚʠʧʘʜʢʦʚʦ. ʊʫʪ ʢʦʞʥʘ ʥʘʩʪʫʧʥʘ ʚʠʙʽʨʢʘ ʩʢʣʘʜʘʻʪʴʩʷ 

ʟ ʜʘʥʠʭ, ʥʘ ʷʢʠʭ ʧʦʧʝʨʝʜʥʽʡ ʘʣʛʦʨʠʪʤ ʟʨʦʙʠʚ ʧʦʤʠʣʢʫ. ʎʝʡ ʤʝʪʦʜ ʜʘʻ ʥʘʡʷʢʽʩʥʽʰʽ ʨʝʟʫʣʴʪʘʪʠ, 

ʘʣʝ ʪʽʣʴʢʠ ʷʢʱʦ ʥʝ ʧʦʪʨʽʙʥʽ ʧʘʨʘʣʝʣʴʥʽ ʤʝʪʦʜʠ [98]. 

ʗʢ ʧʨʠʢʣʘʜ, ʘʣʛʦʨʠʪʤ ʤʘʰʠʥʥʦʛʦ ʥʘʚʯʘʥʥʷ çʚʠʧʘʜʢʦʚʠʡ ʣʽʩè ʧʦʻʜʥʫʻ ʚ ʩʦʙʽ ʜʚʽ ʦʩʥʦʚʥʽ 

ʽʜʝʾ: ʤʝʪʦʜ ʙʘʛʛʽʥʛʫ - ʪʦʙʪʦ ʜʝʨʝʚʘ ʥʘʚʯʘʶʪʴʩʷ ʧʦ ʚʠʧʘʜʢʦʚʠʤ ʧʽʜʚʠʙʽʨʢʘʤ ʽ ʤʝʪʦʜ ʚʠʧʘʜʢʦʚʠʭ 

ʧʽʜʧʨʦʩʪʦʨʽʚ. ʎʝʡ ʘʣʛʦʨʠʪʤ ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ  ʩʘʤʝ ʜʣʷ ʟʘʜʘʯ ʢʣʘʩʠʬʽʢʘʮʽʾ, ʨʝʛʨʝʩʽʾ ʽ ʢʣʘʩʪʝʨʠʟʘʮʽʾ 

[99]. 

ɺʠʧʘʜʢʦʚʠʤ ʣʽʩʦʤ ʥʘʟʠʚʘʻʪʴʩʷ ʧʝʚʥʠʡ ʢʣʘʩʠʬʽʢʘʪʦʨ, ʱʦ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʥʘʙʦʨʫ ʜʝʨʝʚ 

Ὤὼȟ—ȟὯ ρȟȣ , ʜʝ — ï ʮʝ ʥʝʟʘʣʝʞʥʽ ʦʜʥʘʢʦʚʦ ʨʦʟʧʦʜʽʣʝʥʽ ʚʠʧʘʜʢʦʚʽ ʚʝʢʪʦʨʠ ʪʘ ʢʦʞʥʝ 

ʜʝʨʝʚʦ ʚʥʦʩʠʪʴ ʦʜʠʥ ʛʦʣʦʩ ʧʨʠ ʚʠʟʥʘʯʝʥʥʽ ʢʣʘʩʫ X. ɺʽʜʧʦʚʽʜʥʦ ʟʘ ʮʠʤ ʚʠʟʥʘʯʝʥʥʷʤ, ʚʠʧʘʜʢʦʚʠʤ 

ʣʽʩʦʤ ʻ ʧʝʚʥʠʡ ʢʣʘʩʠʬʽʢʘʪʦʨ, ʷʢʠʡ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʘʥʩʘʤʙʣʶ ʜʝʨʝʚ ʨʽʰʝʥʴ, ʜʝ ʢʦʞʥʝ ʜʝʨʝʚʦ 

ʙʫʜʫʻʪʴʩʷ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʙʝʛʛʽʥʛʘ. ɺ ʮʴʦʤʫ ʚʠʧʘʜʢʫ — ̒  ʥʝʟʘʣʝʞʥʠʤʠ ʦʜʥʘʢʦʚʦ ʨʦʟʧʦʜʽʣʝʥʠʤʠ 

l-ʤʽʨʥʠʤʠ ʚʠʧʘʜʢʦʚʠʤʠ ʚʝʢʪʦʨʘʤʠ, ʢʦʦʨʜʠʥʘʪʠ ʷʢʠʭ ʻ ʥʝʟʘʣʝʞʥʠʤʠ ʜʠʩʢʨʝʪʥʠʤʠ ʚʠʧʘʜʢʦʚʠʤʠ 

ʚʝʣʠʯʠʥʘʤʠ, ʱʦ ʧʨʠʡʤʘʶʪʴ ʟʥʘʯʝʥʥʷ ʟ ʢʦʥʢʨʝʪʥʦʾ ʧʽʜʤʥʦʞʠʥʠ {1, 2, 3, él} ʟ ʨʽʚʥʠʤʠ 

ʡʤʦʚʽʨʥʦʩʪʷʤʠ. ʈʝʘʣʽʟʘʮʽʷ ʚʠʧʘʜʢʦʚʦʛʦ ʚʝʢʪʦʨʘ — ʚʠʟʥʘʯʘʻ ʥʦʤʝʨʘ ʧʨʝʮʝʜʝʥʪʽʚ ʥʘʚʯʘʣʴʥʦʾ 

ʚʠʙʽʨʢʠ, ʷʢʽ ʫʪʚʦʨʶʶʪʴ ʙʫʪʩʪʨʘʧ ï ʪʦʙʪʦ ʚʠʙʽʨʢʘ ʟ ʧʦʚʝʨʥʝʥʥʷʤ, ʮʝ ʚʠʙʽʨʢʘ, ʷʢʘ 

ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʧʨʠ ʧʦʙʫʜʦʚʽ k-ʛʦ ʜʝʨʝʚʘ ʨʽʰʝʥʴ [99]. 

ɸʣʛʦʨʠʪʤ ʽʥʜʫʢʮʽʾ çʚʠʧʘʜʢʦʚʦʛʦ ʣʽʩʫè ʤʦʞʝ ʙʫʪʠ ʧʨʝʜʩʪʘʚʣʝʥʠʡ ʫ ʚʠʛʣʷʜʽ ʨʦʟʛʣʷʥʫʪʦʤʫ 

ʜʘʣʽ. 

1. ɼʣʷ Ὥ ρȟςȟȣȟὄ, ʜʝ B ï ʮʝ ʢʽʣʴʢʽʩʪʴ ʜʝʨʝʚ ʚ ʘʥʩʘʤʙʣʽ - ʥʝʦʙʭʽʜʥʦ ʚʠʢʦʥʘʪʠ ʪʘʢʽ ʜʽʾ, ʘ 

ʩʘʤʝ: 

¶ cʬʦʨʤʫʚʘʪʠ ʙʫʪʩʪʨʘʧ-ʚʠʙʽʨʢʫ S ʧʝʚʥʦʛʦ ʨʦʟʤʽʨʫ l ʧʦ ʚʠʭʽʜʥʽʡ ʥʘʚʯʘʣʴʥʽʡ ʚʠʙʽʨʮʽ  

Ὀ ὼȟώ ; 

¶ ʧʦ ʙʫʪʩʪʨʘʧ-ʚʠʙʽʨʮʽ S ʽʥʜʫʢʫʚʘʪʠ ʥʝ ʫʩʽʯʝʥʝ ʜʝʨʝʚʦ ʨʽʰʝʥʴ Ti ʟʘ ʤʽʥʽʤʘʣʴʥʦʶ 

ʢʽʣʴʢʽʩʪʶ ʩʧʦʩʪʝʨʝʞʝʥʴ ʚ ʪʝʨʤʽʥʘʣʴʥʠʭ ʚʝʨʰʠʥʘʭ, ʷʢʝ ʜʦʨʽʚʥʶʻ nmin, ʨʝʢʫʨʩʠʚʥʦ 

ʩʣʽʜʫʶʯʠ ʥʘʩʪʫʧʥʦʤʫ ʘʣʛʦʨʠʪʤʫ: 

- ʟ ʚʠʭʽʜʥʦʛʦ ʥʘʙʦʨʫ n ʦʟʥʘʢ ʚʠʧʘʜʢʦʚʦ ʦʙʨʘʪʠ p ʦʟʥʘʢ; 

- ʟ p ʦʟʥʘʢ ʦʙʨʘʪʠ ʦʟʥʘʢʫ, ʷʢʘ ʟʘʙʝʟʧʝʯʫʻ ʥʘʡʢʨʘʱʝ ʨʦʟʱʝʧʣʝʥʥʷ; 
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- ʨʦʟʱʝʧʠʪʠ ʪʫ ʚʠʙʽʨʢʫ, ʷʢʘ ʚʽʜʧʦʚʽʜʘʻ ʦʙʨʦʙʣʝʥʽʡ ʚʝʨʰʠʥʽ, ʥʘ ʨʽʚʥʽ ʜʚʽ 

ʧʽʜʚʠʙʽʨʢʠ; 

2. ʋ ʨʝʟʫʣʴʪʘʪʽ ʚʠʢʦʥʘʥʥʷ ʢʨʦʢʫ 1 ʚʠʭʦʜʠʪʴ ʘʥʩʘʤʙʣʴ ʜʝʨʝʚ ʨʽʰʝʥʴ Ὕ . 

3. ʇʝʨʝʜʙʘʯʝʥʥʷ ʥʦʚʠʭ ʩʧʦʩʪʝʨʝʞʝʥʴ ʟʜʽʡʩʥʶʻʪʴʩʷ ʥʘʩʪʫʧʥʠʤ ʯʠʥʦʤ: 

¶ ʜʣʷ ʨʝʛʨʝʩʽʾ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʬʦʨʤʫʣʘ: Ὂ Ὢὼ   В Ὕὼ; 

¶ ʜʣʷ ʢʣʘʩʠʬʽʢʘʮʽʾ: ʥʝʭʘʡ ύ ὼ‭ ύȟύȟȣȟύ  ï ʮʝ ʢʣʘʩ, ʱʦ ʧʝʨʝʜʙʘʯʝʥʠʡ ʜʝʨʝʚʦʤ 

ʨʽʰʝʥʴ Ti, ʘ ʩʘʤʝ  Ὕὼ  ύ ὼ; ʪʦʜʽ ύ  Ὢὼ ï ʢʣʘʩ, ʷʢʠʡ ʥʘʡʯʘʩʪʽʰʝ ʟʫʩʪʨʽʯʘʻʪʴʩʷ ʚ 

ʤʥʦʞʠʥʽ ύ ὼ . 

ʆʜʥʽʻʶ ʟ ʧʝʨʝʚʘʛ ʘʣʛʦʨʠʪʤʫ ʚʠʧʘʜʢʦʚʠʭ ʣʽʩʽʚ ʧʦʣʷʛʘʻ ʚ ʪʦʤʫ, ʱʦ ʜʣʷ ʦʮʽʥʢʠ ʡʤʦʚʽʨʥʦʩʪʽ 

ʧʦʤʠʣʢʦʚʦʾ ʢʣʘʩʠʬʽʢʘʮʽʾ ʥʝ ʚʠʥʠʢʘʻ ʥʝʦʙʭʽʜʥʽʩʪʴ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʢʨʦʩ-ʧʝʨʝʚʽʨʢʫ (cross-

validation) ʘʙʦ ʪʝʩʪʦʚʫ ʚʠʙʽʨʢʫ. ʊʘʢʘ ʦʮʽʥʢʘ ʡʤʦʚʽʨʥʦʩʪʽ ʧʦʤʠʣʢʦʚʦʾ ʢʣʘʩʠʬʽʢʘʮʽʾ ʘʣʛʦʨʠʪʤʫ 

ʚʠʧʘʜʢʦʚʦʛʦ ʣʽʩʫ ʟʜʽʡʩʥʶʻʪʴʩʷ ʤʝʪʦʜʦʤ çOut-of-Bagè (OOB). ʎʝʡ ʤʝʪʦʜ ʧʦʣʷʛʘʻ ʫ ʥʘʩʪʫʧʥʦʤʫ: 

ʪʘʢ ʷʢ, ʢʦʞʥʘ ʙʫʪʩʪʘʧ-ʚʠʙʽʨʢʘ ʥʝ ʤʽʩʪʠʪʴ ʧʨʠʙʣʠʟʥʦ 37 % ʩʧʦʩʪʝʨʝʞʝʥʴ ʚʠʭʽʜʥʦʾ ʥʘʚʯʘʣʴʥʦʾ 

ʚʠʙʽʨʢʠ, ʪʘʢ ʷʢ ʮʷ ʚʠʙʽʨʢʘ ʟ ʧʦʚʝʨʥʝʥʥʷʤ, ʪʦʜʽ ʜʝʷʢʽ ʩʧʦʩʪʝʨʝʞʝʥʥʷ ʚ ʥʝʾ ʥʝ ʧʦʪʨʘʧʣʷʶʪʴ, ʘ ʜʝʷʢʽ 

ï ʜʝʢʽʣʴʢʘ ʨʘʟ). ʂʣʘʩʠʬʽʢʫʻʤʦ ʜʝʷʢʠʡ ʚʝʢʪʦʨ ὼ ‭ Ὀ. ɼʣʷ ʢʣʘʩʠʬʽʢʘʮʽʾ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʪʽʣʴʢʠ ʪʽ 

ʜʝʨʝʚʘ ʚʠʧʘʜʢʦʚʦʛʦ ʣʽʩʫ, ʷʢʽ ʙʫʜʫʚʘʣʠʩʷ ʧʦ ʙʫʪʩʪʨʘʧ ʚʠʙʽʨʢʘʤ, ʱʦ ʥʝ ʤʽʩʪʷʪʴ x, ʽ ʷʢ ʟʚʠʯʘʡʥʦ 

ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʤʝʪʦʜ ʛʦʣʦʩʫʚʘʥʥʷ. ʏʘʩʪʦʪʘ ʧʦʤʠʣʢʦʚʦ ʢʣʘʩʠʬʽʢʦʚʘʥʠʭ ʚʝʢʪʦʨʽʚ ʥʘʚʯʘʣʴʥʦʾ 

ʚʠʙʽʨʢʠ ʧʨʠ ʪʘʢʦʤʫ ʩʧʦʩʦʙʽ ʢʣʘʩʠʬʽʢʘʮʽʾ ʽ ʧʨʝʜʩʪʘʚʣʷʻ ʩʦʙʦʶ ʦʮʽʥʢʫ ʡʤʦʚʽʨʥʦʩʪʽ ʧʦʤʠʣʢʦʚʦʾ 

ʢʣʘʩʠʬʽʢʘʮʽʾ ʘʣʛʦʨʠʪʤʫ ʚʠʧʘʜʢʦʚʦʛʦ ʣʽʩʫ ʤʝʪʦʜʦʤ ʆʆɺ. ʅʘ ʧʨʘʢʪʠʮʽ ʟʘʩʪʦʩʫʚʘʥʥʷ ʦʮʽʥʢʠ ʆʆɺ 

ʧʦʢʘʟʫʻ, ʱʦ ʫ ʚʠʧʘʜʢʫ ʚʝʣʠʢʦʾ ʢʽʣʴʢʦʩʪʽ ʜʝʨʝʚ, ʮʷ ʦʮʽʥʢʘ ʤʘʻ ʚʠʩʦʢʫ ʪʦʯʥʽʩʪʴ [99]. 

ɸʣʛʦʨʠʪʤ ʚʠʧʘʜʢʦʚʽ ʣʽʩʠ ʤʘʶʪʴ ʧʝʚʥʫ ʢʽʣʴʢʽʩʪʴ ʧʝʨʝʚʘʛ, ʧʦʨʽʚʶʶʯʠ ʟ ʜʝʨʝʚʘʤʠ ʨʽʰʝʥʴ, 

ʱʦ ʽ ʟʫʤʦʚʠʣʦ ʾʭ ʰʠʨʦʢʝ ʟʘʩʪʦʩʫʚʘʥʥʷ: 

1) ʟʘʙʝʟʧʝʯʫʶʪʴ ʟʥʘʯʥʝ ʧʽʜʚʠʱʝʥʥʷ ʪʦʯʥʦʩʪʽ, ʯʝʨʝʟ ʪʝ ʱʦ ʜʝʨʝʚʘ ʚ ʘʥʩʘʤʙʣʽ 

ʩʣʘʙʦʢʦʨʝʣʴʦʚʘʥʽ ʚʥʘʩʣʽʜʦʢ ʧʦʜʚʽʡʥʦʾ ʽʥ'ʻʢʮʽʾ ʚʠʧʘʜʢʦʚʦʩʪʽ ʚ ʽʥʜʫʢʪʠʚʥʠʡ ʘʣʛʦʨʠʪʤ ï ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʙʝʛʛʽʥʛʘ ʽ ʚʠʢʦʨʠʩʪʘʥʥʷ ʤʝʪʦʜʫ ʚʠʧʘʜʢʦʚʠʭ ʧʽʜʧʨʦʩʪʦʨʽʚ ʧʨʠ ʨʦʟʱʝʧʣʝʥʥʽ ʢʦʞʥʦʾ 

ʚʝʨʰʠʥʠ; 

2) ʘʣʛʦʨʠʪʤʽʯʥʦ ʪʘ ʤʝʪʦʜʠʯʥʦ ʩʢʣʘʜʥʝ ʟʘʚʜʘʥʥʷ ʦʙʨʽʟʘʥʥʷ ʮʽʣʦʛʦ ʜʝʨʝʚʘ ʨʽʰʝʥʴ 

ʟʥʽʤʘʻʪʴʩʷ, ʪʦʤʫ ʱʦ ʜʝʨʝʚʘ ʫ ʚʠʧʘʜʢʦʚʦʤʫ ʣʽʩʽ ʥʝ ʦʙʨʽʟʘʶʪʴʩʷ, ʱʦ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʚʠʩʦʢʦʾ 

ʦʙʯʠʩʣʶʚʘʣʴʥʦʾ ʝʬʝʢʪʠʚʥʦʩʪʽ; 

3) ʚʽʜʩʫʪʥʷ ʧʨʦʙʣʝʤʘ overfitting, ʘ ʩʘʤʝ ʧʝʨʝʥʘʚʯʘʥʥʷ. ʅʘʚʽʪʴ ʧʨʠ ʢʽʣʴʢʦʩʪʽ ʦʟʥʘʢ, ʷʢʘ 

ʧʝʨʝʚʠʱʫʻ ʢʽʣʴʢʽʩʪʴ ʩʧʦʩʪʝʨʝʞʝʥʴ ʥʘʚʯʘʣʴʥʦʾ ʚʠʙʽʨʢʠ ʪʘ ʚʝʣʠʢʽʡ ʢʽʣʴʢʦʩʪʽ ʜʝʨʝʚ. ʉʘʤʝ ʮʠʤ  

ʟʥʽʤʘʻʪʴʩʷ ʜʦʩʪʘʪʥʴʦ ʩʢʣʘʜʥʘ ʧʨʦʙʣʝʤʘ ʚʽʜʙʦʨʫ ʦʟʥʘʢ, ʱʦ ʥʝʦʙʭʽʜʥʘ ʜʣʷ ʽʥʰʠʭ ʘʥʩʘʤʙʣʝʚʠʭ 

ʢʣʘʩʠʬʽʢʘʪʦʨʽʚ; 

4) ʧʨʦʩʪʦʪʘ ʟʘʩʪʦʩʫʚʘʥʥʷ. ʊʦʤʫ ʱʦ ʻʜʠʥʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ ʘʣʛʦʨʠʪʤʫ ʻ ʢʽʣʴʢʽʩʪʴ ʜʝʨʝʚ ʚ 

ʘʥʩʘʤʙʣʽ ʪʘ ʢʽʣʴʢʽʩʪʴ ʦʟʥʘʢ, ʱʦ ʚʠʧʘʜʢʦʚʦ ʚʽʜʽʙʨʘʥʽ ʜʣʷ ʨʦʟʱʝʧʣʝʥʥʷ ʚ ʢʦʞʥʽʡ ʚʝʨʰʠʥʽ ʜʝʨʝʚʘ; 

5) ʜʦʩʪʘʪʥʷ ʣʝʛʢʽʩʪʴ ʦʨʛʘʥʽʟʘʮʽʾ ʧʘʨʘʣʝʣʴʥʠʭ ʦʙʯʠʩʣʝʥʴ. 

ɼʦ ʥʝʜʦʣʽʢʽʚ ʘʣʛʦʨʠʪʤʫ ʚʠʧʘʜʢʦʚʠʭ ʣʽʩʽʚ, ʧʦʨʽʚʥʶʶʯʠ ʟ ʜʝʨʝʚʘʤʠ ʨʽʰʝʥʴ ʻ ʚʽʜʩʫʪʥʽʩʪʴ 

ʚʽʟʫʘʣʽʟʘʮʽʾ ʧʨʝʜʩʪʘʚʣʝʥʥʷ ʧʨʦʮʝʩʫ ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʴ ʽ ʩʢʣʘʜʥʽʩʪʴ ʽʥʪʝʨʧʨʝʪʘʮʽʾ ʨʽʰʝʥʴ [99]. 

ɸʣʛʦʨʠʪʤ ʚʠʧʘʜʢʦʚʠʭ ʣʽʩʽʚ ʜʦʩʪʘʪʥʴʦ ʰʚʠʜʢʦ ʦʪʨʠʤʘʚ ʚʠʟʥʘʥʥʷ ʷʢ ʚ ʩʪʘʪʠʩʪʠʯʥʦʤʫ 

ʩʧʽʚʪʦʚʘʨʠʩʪʚʽ, ʪʘʢ ʽ ʚ ʩʝʨʝʜʦʚʠʱʽ ʜʦʩʣʽʜʥʠʢʽʚ ʪʘ ʥʘ ʜʘʥʠʡ ʯʘʩ ʻ ʦʜʥʠʤ ʟ ʥʘʡʙʽʣʴʰ ʧʦʧʫʣʷʨʥʠʭ 

ʘʣʛʦʨʠʪʤʽʚ ʢʣʘʩʠʬʽʢʘʮʽʾ ʽ ʥʝʧʘʨʘʤʝʪʨʠʯʥʦʾ ʨʝʛʨʝʩʽʾ. ɼʘʥʠʡ ʘʣʛʦʨʠʪʤ ʤʘʻ ʚʙʫʜʦʚʘʥʫ ʦʮʽʥʢʫ 

ʷʢʦʩʪʝʡ ʪʘ ʧʦʢʘʟʫʻ ʚʠʩʦʢʫ ʝʬʝʢʪʠʚʥʽʩʪʴ ʩʘʤʝ ʧʨʠ ʨʦʙʦʪʽ ʟ ʚʝʣʠʢʦʶ ʢʽʣʴʢʽʩʪʶ ʦʟʥʘʢ. ʎʝʡ ʘʣʛʦʨʠʪʤ 

ʚʠʧʘʜʢʦʚʠʭ ʣʽʩʽʚ ʩʪʘʚ ʦʩʥʦʚʦʶ ʜʣʷ ʨʦʟʨʦʙʢʠ ʨʽʟʥʠʭ ʡʦʛʦ ʤʦʜʠʬʽʢʘʮʽʡ, ʱʦ ʻ ʚʘʞʣʠʚʠʤʠ ʜʣʷ 
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ʜʦʜʘʪʢʽʚ. ʂʨʽʤ ʪʦʛʦ, ʜʘʚ ʽʤʧʫʣʴʩ ʜʣʷ ʨʦʟʨʦʙʢʠ ʤʝʪʦʜʽʚ ʪʘ ʘʣʛʦʨʠʪʤʽʚ, ʚ ʦʩʥʦʚʽ ʷʢʠʭ ʣʝʞʠʪʴ 

ʙʣʠʟʴʢʘ ʩʭʝʤʘ, ʱʦ ʥʝ ʚʠʢʦʨʠʩʪʦʚʫʻ ʜʝʨʝʚʘ ʨʽʰʝʥʴ ʚ ʷʢʦʩʪʽ ʦʩʥʦʚʥʦʛʦ ʢʣʘʩʠʬʽʢʘʪʦʨʫ [99]. 

ʅʘ ʙʘʟʽ ʧʝʨʝʚʘʛ ʘʣʛʦʨʠʪʤʫ ʚʠʧʘʜʢʦʚʠʭ ʣʽʩʽʚ ʪʘ ʡʦʛʦ ʩʫʪʥʦʩʪʽ ʚʠʥʠʢʘʻ ʚʠʩʥʦʚʦʢ ʧʨʦ 

ʧʝʨʩʧʝʢʪʠʚʥʽʩʪʴ ʡʦʛʦ ʟʘʩʪʦʩʫʚʘʥʥʷ ʚ ʟʘʜʘʯʘʭ ʢʣʘʩʠʬʽʢʘʮʽʾ ʜʘʥʠʭ, ʟʦʢʨʝʤʘ ʟʦʙʨʘʞʝʥʴ [99]. 

2.4. ɯʥʩʪʨʫʤʝʥʪʠ ʘʥʘʣʽʟʫ ʜʘʥʠʭ 

ʅʘ ʜʘʥʠʡ ʤʦʤʝʥʪ ʽʩʥʫʻ ʜʫʞʝ ʙʘʛʘʪʦ ʽʥʩʪʨʫʤʝʥʪʽʚ ʽ ʩʝʨʚʽʩʽʚ ʜʣʷ ʨʝʘʣʽʟʘʮʽʾ ʘʥʘʣʽʟʫ ʜʘʥʠʭ. ɺ 

ʮʴʦʤʫ ʨʦʟʜʽʣʽ ʥʘʚʝʜʝʥʽ ʛʦʣʦʚʥʽ ʟ ʥʠʭ. 

 

2.4.1. Xplenty 

ʇʣʘʪʬʦʨʤʘ ʜʣʷ ʽʥʪʝʛʨʘʮʽʾ, ʦʙʨʦʙʢʠ ʪʘ ʧʽʜʛʦʪʦʚʢʠ ʜʘʥʠʭ ʜʣʷ ʘʥʘʣʽʪʠʢʠ ʚ ʭʤʘʨʽ. ɺʽʥ ʦʙôʻʜʥʘʻ 

ʚʩʽ ʚʘʰʽ ʜʞʝʨʝʣʘ ʜʘʥʠʭ. ʁʦʛʦ ̔ ʥʪʫʾʪʠʚʥʦ ʟʨʦʟʫʤʽʣʠʡ ʛʨʘʬʽʯʥʠʡ ʽʥʪʝʨʬʝʡʩ ʜʦʧʦʤʦʞʝ ʟ ʨʝʘʣʽʟʘʮʽʻʶ 

ETL ʘʙʦ ʨʽʰʝʥʥʷʤ ʨʝʧʣʽʢʘʮʽʾ. 

Xplenty ï ʮʝ ʧʦʚʥʠʡ ʥʘʙʽʨ ʽʥʩʪʨʫʤʝʥʪʽʚ ʜʣʷ ʧʦʙʫʜʦʚʠ ʢʦʥʚʝʻʨʽʚ ʜʘʥʠʭ ʟ ʥʠʟʴʢʠʤ ʢʦʜʦʤ ʪʘ 

ʙʝʟ ʢʦʜʫ. ʋ ʥʴʦʤʫ ʻ ʨʽʰʝʥʥʷ ʜʣʷ ʤʘʨʢʝʪʠʥʛʫ, ʧʨʦʜʘʞʽʚ, ʧʽʜʪʨʠʤʢʠ ʪʘ ʨʦʟʨʦʙʥʠʢʽʚ. 

Xplenty ʜʦʧʦʤʦʞʝ ʤʘʢʩʠʤʘʣʴʥʦ ʚʠʢʦʨʠʩʪʘʪʠ ʜʘʥʽ, ʥʝ ʚʠʪʨʘʯʘʶʯʠ ʢʦʰʪʽʚ ʥʘ ʦʙʣʘʜʥʘʥʥʷ, 

ʧʨʦʛʨʘʤʥʝ ʟʘʙʝʟʧʝʯʝʥʥʷ ʘʙʦ ʚʽʜʧʦʚʽʜʥʠʡ ʧʝʨʩʦʥʘʣ. Xplenty ʥʘʜʘʻ ʧʽʜʪʨʠʤʢʫ ʯʝʨʝʟ ʝʣʝʢʪʨʦʥʥʫ 

ʧʦʰʪʫ, ʯʘʪʠ, ʪʝʣʝʬʦʥ ʪʘ ʦʥʣʘʡʥ-ʟʫʩʪʨʽʯʽ. 

ʇʝʨʝʚʘʛʠ: 

- ʝʣʘʩʪʠʯʥʘ ʪʘ ʤʘʩʰʪʘʙʦʚʘʥʘ ʭʤʘʨʥʘ ʧʣʘʪʬʦʨʤʘ; 

- ʦʪʨʠʤʘʥʥʷ ʥʝʛʘʡʥʦʛʦ ʧʽʜʢʣʶʯʝʥʥʷ ʜʦ ʨʽʟʥʦʤʘʥʽʪʥʠʭ ʩʭʦʚʠʱ ʜʘʥʠʭ ʪʘ ʙʘʛʘʪʠʡ ʥʘʙʽʨ 

ʥʝʩʪʘʥʜʘʨʪʥʠʭ ʢʦʤʧʦʥʝʥʪʽʚ ʧʝʨʝʪʚʦʨʝʥʥʷ ʜʘʥʠʭ; 

- ʨʝʘʣʽʟʘʮʽʷ ʩʢʣʘʜʥʠʭ ʬʫʥʢʮʽʾ ʧʽʜʛʦʪʦʚʢʠ ʜʘʥʠʭ, ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ ʨʦʟʰʠʨʝʥʫ ʤʦʚʫ 

ʚʠʨʘʟʽʚ Xplenty; 

- ʻ ʢʦʤʧʦʥʝʥʪ API ʜʣʷ ʨʦʟʰʠʨʝʥʦʛʦ ʥʘʣʘʰʪʫʚʘʥʥʷ ʪʘ ʛʥʫʯʢʦʩʪʽ. 

ʅʝʜʦʣʽʢʠ: ʜʦʩʪʫʧʥʘ ʣʠʰʝ ʨʽʯʥʘ ʬʦʨʤʘ ʚʠʩʪʘʚʣʝʥʥʷ ʨʘʭʫʥʢʽʚ, ʱʦ ʥʝ ʜʦʟʚʦʣʷʻ ʦʬʦʨʤʠʪʠ 

ʱʦʤʽʩʷʯʥʫ ʧʽʜʧʠʩʢʫ. 

ɺʘʨʪʽʩʪʴ: ʤʦʞʥʘ ʦʪʨʠʤʘʪʠ ʧʨʦʧʦʟʠʮʽʶ ʱʦʜʦ ʜʝʪʘʣʝʡ ʮʽʥʠ, ʘʣʝ ʧʣʘʪʬʦʨʤʘ ʤʘʻ ʤʦʜʝʣʴ 

ʮʽʥʦʫʪʚʦʨʝʥʥʷ ʥʘ ʦʩʥʦʚʽ ʧʽʜʧʠʩʢʠ. ʄʦʞʥʘ ʦʪʨʠʤʘʪʠ ʙʝʟʢʦʰʪʦʚʥʫ ʧʽʜʧʠʩʢʫ ʥʘ 7 ʜʥʽʚ. 

 

2.4.2. Apache 

Apache Hadoop ï ʮʝ ʧʨʦʛʨʘʤʥʝ ʟʘʙʝʟʧʝʯʝʥʥʷ, ʱʦ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʜʣʷ ʢʣʘʩʪʝʨʥʦʾ 

ʬʘʡʣʦʚʦʾ ʩʠʩʪʝʤʠ ʪʘ ʦʙʨʦʙʢʠ ʚʝʣʠʢʠʭ ʜʘʥʠʭ. ɺʽʥ ʦʙʨʦʙʣʷʻ ʤʘʩʠʚʠ ʜʘʥʠʭ ʚʝʣʠʢʠʭ ʜʘʥʠʭ ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʤʦʜʝʣʽ ʧʨʦʛʨʘʤʫʚʘʥʥʷ MapReduce. 

Hadoop ï ʮʝ ʬʨʝʡʤʚʦʨʢ ʟ ʚʽʜʢʨʠʪʠʤ ʢʦʜʦʤ, ʷʢʠʡ ʥʘʧʠʩʘʥʠʡ ʥʘ Java ʽ ʟʘʙʝʟʧʝʯʫʻ ʧʽʜʪʨʠʤʢʫ 

ʤʽʞ ʧʣʘʪʬʦʨʤʘʤʠ. 

ɹʝʟ ʩʫʤʥʽʚʫ, ʮʝ ʥʘʡʚʠʱʠʡ ʽʥʩʪʨʫʤʝʥʪ ʜʣʷ ʦʙʨʦʙʢʠ ʚʝʣʠʢʠʭ ʜʘʥʠʭ. ʅʘʩʧʨʘʚʜʽ ʧʦʥʘʜ 

ʧʦʣʦʚʠʥʘ ʢʦʤʧʘʥʽʡ ʽʟ ʩʧʠʩʢʫ Fortune 50 ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ Hadoop, ʩʝʨʝʜ ʥʠʭ: ʚʝʙ-ʩʝʨʚʽʩʠ Amazon, 

Hortonworks, IBM, Intel, Microsoft, Facebook ʪʦʱʦ. 

ʇʝʨʝʚʘʛʠ: 

- ʦʩʥʦʚʥʦʶ ʩʠʣʦʶ Hadoop ʻ HDFS (ʨʦʟʧʦʜʽʣʝʥʘ ʬʘʡʣʦʚʘ ʩʠʩʪʝʤʘ Hadoop), ʷʢʘ ʤʘʻ 

ʤʦʞʣʠʚʽʩʪʴ ʟʙʝʨʽʛʘʪʠ ʚʩʽ ʪʠʧʠ ʜʘʥʠʭ - ʚʽʜʝʦ, ʟʦʙʨʘʞʝʥʥʷ, JSON, XML ʪʘ ʟʚʠʯʘʡʥʠʡ ʪʝʢʩʪ ʚ ʦʜʥʽʡ 

ʽ ʪʽʡ ʞʝ ʬʘʡʣʦʚʽʡ ʩʠʩʪʝʤʽ; 
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- ʜʫʞʝ ʢʦʨʠʩʥʠʡ ʜʣʷ ʥʘʫʢʦʚʦ-ʜʦʩʣʽʜʥʠʭ ʮʽʣʝʡ; 

- ʟʘʙʝʟʧʝʯʫʻ ʰʚʠʜʢʠʡ ʜʦʩʪʫʧ ʜʦ ʜʘʥʠʭ; 

- ʚʠʩʦʢʦ ʤʘʩʰʪʘʙʦʚʘʥʠʡ; 

- ʜʦʩʪʫʧʥʘ ʧʦʩʣʫʛʘ, ʱʦ ʩʧʠʨʘʻʪʴʩʷ ʥʘ ʢʣʘʩʪʝʨ ʢʦʤʧôʶʪʝʨʽʚ. 

ʅʝʜʦʣʽʢʠ: 

- ʽʥʦʜʽ ʧʨʦʙʣʝʤʠ ʟ ʜʠʩʢʦʚʠʤ ʧʨʦʩʪʦʨʦʤ ʤʦʞʫʪʴ ʚʠʥʠʢʘʪʠ ʯʝʨʝʟ ʪʨʠʨʘʟʦʚʫ ʥʘʜʤʽʨʥʽʩʪʴ 

ʜʘʥʠʭ; 

- ʦʧʝʨʘʮʽʾ ʚʚʦʜʫ-ʚʠʚʦʜʫ ʤʦʞʥʘ ʙʫʣʦ ʙ ʦʧʪʠʤʽʟʫʚʘʪʠ ʜʣʷ ʢʨʘʱʦʾ ʨʦʙʦʪʠ. 

ɺʘʨʪʽʩʪʴ: ʮʝ ʧʨʦʛʨʘʤʥʝ ʟʘʙʝʟʧʝʯʝʥʥʷ ʤʦʞʥʘ ʙʝʟʢʦʰʪʦʚʥʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʣʠʰʝ ʟʘ 

ʣʽʮʝʥʟʽʻʶ Apache. 

ɯʩʪʦʨʽʷ Hadoop ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʧʦʚôʷʟʘʥʘ ʟ ʨʦʟʨʦʙʢʦʶ ʬʘʡʣʦʚʦʾ ʩʠʩʪʝʤʠ Google(2003), ʘ 

ʧʦʪʽʤ ʟ ʚʧʨʦʚʘʜʞʝʥʥʷʤ ʪʝʭʥʦʣʦʛʽʾ MapReduce (2004). ʅʘ ʦʩʥʦʚʽ ʮʠʭ ʢʦʤʧʦʥʝʥʪʽʚ ʚ 2005 ʨʦʮʽ 

ʟôʷʚʠʣʦʩʷ ʽʥʬʦʨʤʘʮʽʡʥʦ-ʧʦʰʫʢʦʚʠʡ ʜʦʜʘʪʦʢ Apache Nutch, ʷʢʝ ʥʘ ʥʘʩʪʫʧʥʠʡ ʨʽʢ ʧʦʩʪʫʧʠʣʦʩʷ 

ʤʽʩʮʝʤ ʧʨʦʢ̒ʪʫ Apache Hadoop. 

Apache Hadoop ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʯʦʪʠʨʴʦʭ ʬʫʥʢʮʽʦʥʘʣʴʥʠʭ ʯʘʩʪʠʥ: 

1) Apache Hadoop Common; 

2) Apache Hadoop HDFS; 

3) Apache Hadoop MapReduce; 

4) Apache Hadoop Yarn. 

Hadoop Common ʷʚʣʷʻ ʩʦʙʦʶ ʥʘʙʽʨ ʙʽʙʣʽʦʪʝʢ ʽ ʫʪʠʣʽʪ, ʥʝʦʙʭʽʜʥʠʭ ʜʣʷ ʥʦʨʤʘʣʴʥʦʛʦ 

ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʪʝʭʥʦʣʦʛʽʾ. ɺʽʥ ʚʢʣʶʯʘʻ ʚ ʩʝʙʝ ʩʧʝʮʽʘʣʽʟʦʚʘʥʠʡ ʩʧʨʦʱʝʥʠʡ ʽʥʪʝʨʧʨʝʪʘʪʦʨ 

ʢʦʤʘʥʜʥʦʛʦ ʨʷʜʢʘ. 

HDFS (ʨʦʟʧʦʜʽʣʝʥʘ ʬʘʡʣʦʚʘ ʩʠʩʪʝʤʘ Hadoop) ï ʮʝ ʨʦʟʧʦʜʽʣʝʥʘ ʬʘʡʣʦʚʘ ʩʠʩʪʝʤʘ ʜʣʷ 

ʟʙʝʨʽʛʘʥʥʷ ʜʘʥʠʭ ʥʘ ʜʝʢʽʣʴʢʦʭ ʤʘʰʠʥʘʭ ʫ ʚʝʣʠʢʠʭ ʦʙʩʷʛʘʭ. ɺʽʥ ʙʫʚ ʨʦʟʨʦʙʣʝʥʠʡ ʜʣʷ 

ʟʘʙʝʟʧʝʯʝʥʥʷ: 

- ʥʘʜʽʡʥʝ ʟʙʝʨʽʛʘʥʥʷ ʜʘʥʠʭ ʥʘ ʜʝʰʝʚʽʡ ʦʩʥʦʚʽ; 

- ʥʝʥʘʜʽʡʥʝ ʦʙʣʘʜʥʘʥʥʷ; 

- ʚʠʩʦʢʘ  ʧʨʦʧʫʩʢʥʘ ʟʜʘʪʥʽʩʪʴ ʯʠʪʘʥʥʷ-ʟʘʧʠʩʫ; 

- ʧʦʪʦʢʦʚʠʡ ʜʦʩʪʫʧ ʜʦ ʜʘʥʠʭ; 

- ʩʧʨʦʱʝʥʘ ʤʦʜʝʣʴ ʫʟʛʦʜʞʝʥʦʩʪʽ; 

- ʘʨʭʽʪʝʢʪʫʨʫ ʘʥʘʣʦʛʽʯʥʘ ʬʘʡʣʦʚʽʡ ʩʠʩʪʝʤʽ Google. 

ɺ ʦʩʥʦʚʽ ʘʨʭʽʪʝʢʪʫʨʠ HDFS ʣʝʞʘʪʴ ʚʫʟʣʠ ʟʙʝʨʽʛʘʥʥʷ ï ʩʝʨʚʝʨʠ ʩʪʘʥʜʘʨʪʥʦʾ ʘʨʭʽʪʝʢʪʫʨʠ, ʥʘ  

ʚʥʫʪʨʽʰʥʽʭ ʜʠʩʢʘʭ ʷʢʠʭ ʟʙʝʨʽʛʘʶʪʴʩʷ ʜʘʥʽ. ɼʣʷ ʚʩʽʭ ʜʘʥʠʭ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʻʜʠʥʠʡ ʘʜʨʝʩʥʠʡ 

ʧʨʦʩʪʽʨ. ʇʨʠ ʮʴʦʤʫ ʟʘʙʝʟʧʝʯʫʻʪʴʩʷ ʧʘʨʘʣʝʣʴʥʝ ʚʚʝʜʝʥʥʷ-ʚʠʚʝʜʝʥʥʷ ʽʥʬʦʨʤʘʮʽʾ ʟ ʨʽʟʥʠʭ ʚʫʟʣʽʚ. 

ʊʘʢʠʤ ʯʠʥʦʤ, ʛʘʨʘʥʪʫʻʪʴʩʷ ʚʠʩʦʢʘ ʧʨʦʧʫʩʢʥʘ ʟʜʘʪʥʽʩʪʴ ʩʠʩʪʝʤʠ. HDFS ʧʨʘʮʶʻ ʥʘ ʜʚʦʭ ʨʽʚʥʷʭ: 

ʧʨʦʩʪʽʨ ʽʤʝʥ ʽ ʧʦʩʣʫʛʘ ʟʙʝʨʽʛʘʥʥʷ ʙʣʦʢʽʚ (ʨʠʩʫʥʦʢ 2.31). 

 
ʈʠʩ. 2.31. ʉʪʨʫʢʪʫʨʘ ʬʘʡʣʦʚʦʾ ʩʠʩʪʝʤʠ HDFS 
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ʇʨʦʩʪʽʨ ʽʤʝʥ ʧʽʜʪʨʠʤʫʻʪʴʩʷ ʮʝʥʪʨʘʣʴʥʠʤ ʚʫʟʣʦʤ ʽʤʝʥ, ʷʢʠʡ ʟʙʝʨʽʛʘʻ ʤʝʪʘʜʘʥʽ ʬʘʡʣʦʚʦʾ 

ʩʠʩʪʝʤʠ ʪʘ ʤʝʪʘʽʥʬʦʨʤʘʮʽʶ ʧʨʦ ʨʦʟʧʦʜʽʣ ʬʘʡʣʦʚʠʭ ʙʣʦʢʽʚ.  

ʂʽʣʴʢʘ ʚʫʟʣʽʚ ʜʘʥʠʭ (Datanodes) ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʟʙʝʨʽʛʘʶʪʴ ʬʘʡʣʠ. ɺʫʟʦʣ ʽʤʝʥʽ ʚʽʜʧʦʚʽʜʘʻ 

ʟʘ ʦʙʨʦʙʢʫ ʦʧʝʨʘʮʽʡ ʬʘʡʣʦʚʦʾ ʩʠʩʪʝʤʠ, ʪʘʢʠʭ ʷʢ ʚʽʜʢʨʠʪʪʷ ʽ ʟʘʢʨʠʪʪʷ ʬʘʡʣʽʚ, ʤʘʥʽʧʫʣʶʚʘʥʥʷ 

ʢʘʪʘʣʦʛʘʤʠ ʽ ʪʘʢ ʜʘʣʽ. ɺʫʟʣʠ ʜʘʥʠʭ ʚʠʢʦʥʫʶʪʴ ʦʧʝʨʘʮʽʾ ʟʘʧʠʩʫ ʽ ʯʠʪʘʥʥʷ ʜʘʥʠʭ. ɺʫʟʦʣ ʽʤʝʥ ʽ ʚʫʟʣʠ 

ʜʘʥʠʭ ʟʘʙʝʟʧʝʯʫʶʪʴʩʷ ʚʝʙ-ʩʝʨʚʝʨʘʤʠ, ʷʢʽ ʚʽʜʦʙʨʘʞʘʶʪʴ ʧʦʪʦʯʥʠʡ ʩʪʘʥ ʽ ʜʦʟʚʦʣʷʶʪʴ ʧʝʨʝʛʣʷʜʘʪʠ 

ʚʤʽʩʪ ʬʘʡʣʦʚʦʾ ʩʠʩʪʝʤʠ.  

HDFS ʥʝ ʩʫʤʽʩʥʠʡ ʟ ʧʦʰʠʨʝʥʥʷʤ. ʂʦʤʘʥʜʠ Unix ~ls, ~cp ʽ ʧʦʜʽʙʥʽ ʥʝ ʧʨʘʮʶʶʪʴ. ɼʣʷ 

ʤʦʥʪʫʚʘʥʥʷ HDFS ʥʘ ʆʉ Linux ʧʦʪʨʽʙʥʽ ʩʧʝʮʽʘʣʴʥʽ ʽʥʩʪʨʫʤʝʥʪʠ, ʥʘʧʨʠʢʣʘʜ, HDFS-Fuse. ʌʘʡʣʠ 

ʨʦʟʧʦʜʽʣʷʶʪʴʩʷ ʙʣʦʢ ʟʘ ʙʣʦʢʦʤ ʤʽʞ ʚʫʟʣʘʤʠ.  ɺʩʽ ʙʣʦʢʠ ʚ ʬʫʥʢʮʽʦʥʘʣʴʥʽʡ ʯʘʩʪʠʥʽ HDFS, ʦʢʨʽʤ 

ʦʩʪʘʥʥʴʦʛʦ ʙʣʦʢʫ ʬʘʡʣʫ, ʤʘʶʪʴ ʦʜʥʘʢʦʚʠʡ ʨʦʟʤʽʨ - ʚʽʜ 64 ʜʦ 256 ʄʙ. ɼʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʩʪʽʡʢʦʩʪʽ 

ʜʦ ʟʙʦʾʚ ʩʝʨʚʝʨʘ ʢʦʞʝʥ ʙʣʦʢ  ʤʦʞʝ ʜʫʙʣʶʚʘʪʠʩʷ ʥʘ ʜʝʢʽʣʴʢʦʭ ʚʫʟʣʘʭ. ʂʦʝʬʽʮʽʻʥʪ ʨʝʧʣʽʢʘʮʽʾ ï ʮʝ 

ʢʽʣʴʢʽʩʪʴ ʚʫʟʣʽʚ, ʥʘ ʷʢʠʭ ʨʦʟʤʽʱʫʻʪʴʩʷ ʢʦʞʝʥ ʙʣʦʢ, ʚʠʟʥʘʯʘʻʪʴʩʷ ʚ ʥʘʣʘʰʪʫʚʘʥʥʷʭ ʬʘʡʣʫ. ʌʘʡʣʠ 

ʚ HDFS ʤʦʞʥʘ ʟʘʧʠʩʘʪʠ ʣʠʰʝ ʦʜʠʥ ʨʘʟ (ʤʦʜʠʬʽʢʘʮʽʷ ʥʝ ʧʽʜʪʨʠʤʫʻʪʴʩʷ), ʽ ʣʠʰʝ ʦʜʠʥ ʧʨʦʮʝʩ ʤʦʞʝ 

ʦʜʥʦʯʘʩʥʦ ʟʘʧʠʩʫʚʘʪʠ ʜʦ ʬʘʡʣʫ. ʊʘʢʠʤ ʧʨʦʩʪʠʤ ʩʧʦʩʦʙʦʤ ʨʝʘʣʽʟʫʻʪʴʩʷ ʫʟʛʦʜʞʝʥʽʩʪʴ ʜʘʥʠʭ. 

Hadoop MapReduce ʻ ʥʘʡʧʦʧʫʣʷʨʥʽʰʦʶ ʧʨʦʛʨʘʤʥʦʶ ʨʝʘʣʽʟʘʮʽʻʶ ʤʦʜʝʣʽ ʧʘʨʘʣʝʣʴʥʦʾ 

ʦʙʨʦʙʢʠ ʚʝʣʠʢʠʭ ʦʙʩʷʛʽʚ ʜʘʥʠʭ ʰʣʷʭʦʤ ʧʦʜʽʣʫ ʾʭ ʥʘ ʥʝʟʘʣʝʞʥʽ ʟʘʚʜʘʥʥʷ, ʱʦ ʚʠʨʽʰʫʶʪʴʩʷ 

ʬʫʥʢʮʽʷʤʠ ʂʘʨʪʘ ʽ ɿʤʝʥʰʠʪʠ. 

ɸʣʛʦʨʠʪʤ ʟʤʝʥʰʝʥʥʷ ʂʘʨʪʠ ʧʨʠʡʤʘʻ ʟʘ ʚʭʽʜʥʽ ʜʘʥʽ ʪʨʠ ʘʨʛʫʤʝʥʪʠ: ʚʠʭʽʜʥʠʡ ʟʙʽʨ ʜʘʥʠʭ, 

ʬʫʥʢʮʽʶ ʢʘʨʪʫ ʽ ʬʫʥʢʮʽʶ ʟʤʝʥʰʝʥʥʷ, ʪʘ ʧʦʚʝʨʪʘʻ ʨʝʟʫʣʴʪʫʶʯʠʡ ʟʙʽʨ ʜʘʥʠʭ.  

ɺʠʭʽʜʥʽ ʢʦʣʝʢʮʽʾ ʜʘʥʠʭ (Collection MapReduce) - ʮʝ ʥʘʙʦʨʠ ʟʘʧʠʩʽʚ ʦʩʦʙʣʠʚʦʛʦ ʨʦʜʫ; ʮʝ 

ʪʘʢʘ ʩʪʨʫʢʪʫʨʘ ʜʘʥʠʭ ʪʠʧʫ ʢʣʶʯ:ʟʥʘʯʝʥʥʷ (KEY, VALUE). ɺ ʜʘʥʦʤʫ ʚʠʧʘʜʢʫ ʢʦʨʠʩʪʫʚʘʯʝʚʽ 

ʥʝʦʙʭʽʜʥʦ ʚʢʘʟʘʪʠ ʬʫʥʢʮʽʾ ʦʙʨʦʙʢʠ ʢʘʨʪʘ ʽ ʟʤʝʥʰʝʥʥʷ. ɸʣʛʦʨʠʪʤ ʩʘʤ ʧʽʢʣʫʻʪʴʩʷ ʧʨʦ ʩʦʨʪʫʚʘʥʥʷ 

ʜʘʥʠʭ, ʟʘʧʫʩʢʫ ʬʫʥʢʮʽʡ ʦʙʨʦʙʢʠ, ʧʦʚʪʦʨʥʦʤʫ ʚʠʢʦʥʘʥʥʽ ʚʠʧʘʣʠ ʪʨʘʥʟʘʢʮʽʡ ʽ ʙʘʛʘʪʦ ʽʥʰʦʛʦ. 

ʆʪʨʠʤʘʥʠʡ ʟʙʽʨʥʠʢ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʨʝʟʫʣʴʪʘʪʽʚ ʘʥʘʣʽʟʫ ʚ ʣʝʛʢʦ ʽʥʪʝʨʧʨʝʪʫʻʪʴʩʷ ʬʦʨʤʽ. ʈʦʙʦʪʘ 

ʘʣʛʦʨʠʪʤʫ MapReduce ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʪʨʴʦʭ ʦʩʥʦʚʥʠʭ ʝʪʘʧʽʚ: ʂʘʨʪʘ, ʛʨʫʧʘ ʽ ʟʤʝʥʰʝʥʥʷ.  

ɺ ʷʢʦʩʪʽ ʧʝʨʰʦʛʦ ʢʨʦʢʫ ʥʘ ʢʦʞʥʦʤʫ ʝʣʝʤʝʥʪʽ ʚʠʭʽʜʥʦʾ ʢʦʣʝʢʮʽʾ ʚʠʢʦʥʫʻʪʴʩʷ ʬʫʥʢʮʽʷ 

ʂʘʨʪʘ. ʗʢ ʧʨʘʚʠʣʦ, ʚʽʥ ʧʨʠʡʤʘʻ ʷʢ ʚʭʽʜʥʽ ʜʘʥʽ ʦʜʠʥ ʟʘʧʠʩ ʚʠʜʫ (ʂʃʖʏ, ʎɯʅʅɯʉʊʔ), ʽ ʧʦʚʝʨʪʘʻ 

ʧʝʚʥʫ ʢʽʣʴʢʽʩʪʴ ʥʦʚʠʭ ʟʘʧʠʩʽʚ (ʂʃʖʏ1, ɿʅɸʏɽʅʅʗ1), (ʂʃʖʏ2, ɿʅɸʏɽʅʅʗ2), ..., ʪʦʙʪʦ 

ʧʝʨʝʪʚʦʨʶʻʪʴʩʷ ʚʭʽʜʥʘ ʧʘʨʘ {ʢʣʶʯ:ʟʥʘʯʝʥʥʷ} ʚ ʥʘʙʽʨ ʧʨʦʤʽʞʥʠʭ ʧʘʨ. ʎʷ ʬʫʥʢʮʽʷ ʪʘʢʦʞ ʛʨʘʻ ʨʦʣʴ 

ʬʽʣʴʪʨʘ - ̫ ʢʱʦ ʥʝ ʧʦʪʨʽʙʥʦ ʧʦʚʝʨʪʘʪʠ ʙʫʜʴ-ʷʢʽ ʧʨʦʤʽʞʥʽ ʟʥʘʯʝʥʥʷ ʜʣʷ ʮʽʻʾ ʧʘʨʠ, ʬʫʥʢʮʽʷ ʧʦʚʝʨʪʘʻ 

ʧʦʨʦʞʥʽʡ ʩʧʠʩʦʢ. 

ʄʦʞʥʘ ʩʢʘʟʘʪʠ, ʱʦ ʦʙʦʚôʷʟʢʦʤ ʬʫʥʢʮʽʾ ʂʘʨʪʘ ʻ ʧʝʨʝʪʚʦʨʝʥʥʷ ʝʣʝʤʝʥʪʽʚ ʚʠʭʽʜʥʦʾ ʢʦʣʝʢʮʽʾ 

ʚ ʥʫʣʴ ʘʙʦ ʢʽʣʴʢʘ ʝʢʟʝʤʧʣʷʨʽʚ ʦʙôʻʢʪʽʚ {key:value}. ʎʝ ʧʨʦʜʝʤʦʥʩʪʨʦʚʘʥʦ ʥʘ ʨʠʩʫʥʢʫ 2.32 ʥʠʞʯʝ: 

 
ʈʠʩ. 2.32. ʌʦʨʤʫʚʘʥʥʷ ʩʪʨʫʢʪʫʨʠ ʜʘʥʠʭ ʢʣʶʯ-ʟʥʘʯʝʥʥʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʬʫʥʢʮʽʾ ʂʘʨʪʘ 
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ʅʘ ʜʨʫʛʦʤʫ ʢʨʦʮʽ (ɻʨʫʧʘ) ʘʣʛʦʨʠʪʤ ʩʦʨʪʫʻ ʚʩʽ ʧʘʨʠ {ʢʣʶʯ: ʟʥʘʯʝʥʥʷ} ʽ ʩʪʚʦʨʶʻ ʥʦʚʽ 

ʝʢʟʝʤʧʣʷʨʠ ʦʙôʻʢʪʽʚ, ʟʛʨʫʧʦʚʘʥʠʭ ʟʘ ʢʣʶʯʝʤ. ʆʧʝʨʘʮʽʷ ʛʨʫʧʫʚʘʥʥʷ ʚʠʢʦʥʫʻʪʴʩʷ ʚʩʝʨʝʜʠʥʽ 

ʘʣʛʦʨʠʪʤʫ MapReduce ʽ ʥʝ ʟʘʜʘʻʪʴʩʷ ʢʦʨʠʩʪʫʚʘʯʝʤ. ʋ ʨʝʟʫʣʴʪʘʪʽ ʚʩʽ ʟʥʘʯʝʥʥʷ ʦʜʥʦʛʦ ʢʣʶʯʘ 

ʦʙôʻʜʥʫʶʪʴʩʷ, ʽ ʨʝʟʫʣʴʪʘʪʦʤ ʻ ʧʘʨʘ {ʢʣʶʯ: ʩʧʠʩʦʢ ʟʥʘʯʝʥʴ }, ʷʢ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩʫʥʢʫ 2.33. 

 

ʈʠʩ. 2.33. ɻʨʫʧʫʚʘʥʥʷ ʜʘʥʠʭ ʟʘ ʢʣʶʯʝʤ 

 

ʆʩʪʘʥʥʽʤ ʢʨʦʢʦʤ ʻ ʚʠʢʦʥʘʥʥʷ ʬʫʥʢʮʽʾ Reduce (ʨʠʩʫʥʦʢ 2.34) ʜʣʷ ʢʦʞʥʦʛʦ ʟʛʨʫʧʦʚʘʥʦʛʦ 

ʝʢʟʝʤʧʣʷʨʘ ʦʙôʻʢʪʘ {ʢʣʶʯ: ʩʧʠʩʦʢ ʟʥʘʯʝʥʴ}: ItemResult Reduce (KeyWithArrayOfValues item). 

ʌʦʨʤʘʣʴʥʦ ʬʫʥʢʮʽʷ ʧʨʘʮʶʻ ʟʘ ʧʨʠʥʮʠʧʦʤ {(ʂʃʖʏ, ɿʅɸʏɽʅʅʗ1), (ʂʃʖʏ, ɿʅɸʏɽʅʅʗ2), ...} 

Ÿ (ʂʃʖʏ1, ɿʅɸʏɽʅʅʗ1), (ʂʃʖʏ2, ɿʅɸʏɽʅʅʗ2),é 

 

ʈʠʩ. 2.34. ɺʠʢʦʥʘʥʥʷ ʬʫʥʢʮʽʾ Reduce, ʷʢʘ ʧʦʚʝʨʪʘʻ ʟʙʽʨ ʚʩʴʦʛʦ ʤʘʩʠʚʫ ʜʘʥʠʭ ʟʘʧʠʪʫʚʘʥʠʤ ʢʣʶʯʝʤ 

 

ʌʫʥʢʮʽʷ Reduce ʧʦʚʝʨʪʘʻ ʝʢʟʝʤʧʣʷʨʠ ʦʙôʻʢʪʘ {ʢʣʶʯ: ʟʛʦʨʥʫʪʝ ʟʥʘʯʝʥʥʷ}, ʷʢʽ ʚʢʣʶʯʝʥʦ ʜʦ 

ʨʝʟʫʣʴʪʫʶʯʦʾ ʢʦʣʝʢʮʽʾ. 

ɼʣʷ ʧʨʠʢʣʘʜʫ ʨʦʟʛʣʷʥʝʤʦ ʩʧʨʦʱʝʥʠʡ ʚʘʨʽʘʥʪ ʟʘʚʜʘʥʥʷ, ʱʦ ʩʪʦʾʪʴ ʧʝʨʝʜ ʧʦʰʫʢʦʚʠʤʠ 

ʩʠʩʪʝʤʘʤʠ. ʅʝʭʘʡ ʤʘʻʤʦ ʙʘʟʫ ʜʘʥʠʭ ʩʪʦʨʽʥʦʢ ʚ ɯʥʪʝʨʥʝʪʽ, ʧʦʪʨʽʙʥʦ ʚʠʟʥʘʯʠʪʠ ʩʢʽʣʴʢʠ ʨʘʟʽʚ ʢʦʞʥʘ 

ʩʪʦʨʽʥʢʘ ʧʦʚôʷʟʘʥʘ ʟ ʪʽʻʶ ʯʠ ʽʥʰʦʶ ʩʪʦʨʽʥʢʦʶ. ʇʨʠʧʫʩʪʠʤʦ, ʻ first.com ʩʪʦʨʽʥʢʘ ʟ ʧʦʩʠʣʘʥʥʷʤʠ 

ʥʘ first.com, second.com, third.com, second.com ʩʪʦʨʽʥʢʘ ʟ ʜʚʦʤʘ ʧʦʩʠʣʘʥʥʷʤʠ ʥʘ first.com ʽ 

ʩʪʦʨʽʥʢʘ third.com, ʷʢʘ ʚʟʘʛʘʣʽ ʥʝ ʤʘʻ ʧʦʩʠʣʘʥʴ.  

ʑʦʙ ʤʘʪʠ ʫʟʛʦʜʞʝʥʠʡ ʬʦʨʤʘʪ ʜʣʷ ʟʙʦʨʫ ʚʠʭʽʜʥʠʭ ʜʘʥʠʭ ʚʠʟʥʘʯʠʤʦ ʚʠʛʣʷʜ ʢʦʞʥʦʾ 

ʟʙʝʨʝʞʝʥʦʾ ʩʪʦʨʽʥʢʠ ʷʢ (ʂʃʖʏ = URL, ɿʅɸʏɽʅʅʗ = ʊɽʂʉʊ). 

ɿʘʧʫʩʪʠʤʦ ʦʧʝʨʘʮʽʶ ʂʘʨʪʘ ʜʣʷ ʮʽʻʾ ʙʘʟʠ ʜʘʥʠʭ. ʆʪʨʠʤʘʚʰʠ ʚ ʷʢʦʩʪʽ ʚʭʽʜʥʠʭ ʜʘʥʠʭ ʪʝʢʩʪ 

ʩʪʦʨʽʥʢʠ, ʚʦʥʘ ʚʠʜʽʣʠʪʴ ʚʩʽ ʚʠʭʽʜʥʽ ʧʦʩʠʣʘʥʥʷ ʪʘʢ, ʷʢ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩʫʥʢʫ 2.35. 

 
ʈʠʩ. 2.35. ɿʘʧʫʩʢ ʦʧʝʨʘʮʽʾ ʂʘʨʪʘ 

 

ʆʪʨʠʤʘʻʤʦ ʩʧʠʩʦʢ ʟʘʧʠʩʽʚ ʬʦʨʤʠ (ʂʃʖʏ = URL, ɿʅɸʏɽʅʅʗ = 1) (ʨʠʩʫʥʦʢ 2.36). 
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ʈʠʩ. 2.36. ʈʝʟʫʣʴʪʘʪ ʚʠʢʦʥʘʥʥʷ ʦʧʝʨʘʮʽʾ ʂʘʨʪʘ 

 

ʆʜʠʥʠʮʷ ʧʦʟʥʘʯʘʻ ʦʜʥʫ ʚʠʷʚʣʝʥʫ ʣʘʥʢʫ. ʅʘ ʢʨʦʮʽ ʛʨʫʧʫʚʘʥʥʷ ʪʘʙʣʠʮʶ ʚʽʜʩʦʨʪʦʚʘʥʦ ʪʘʢʠʤ 

ʯʠʥʦʤ, ʱʦʙ ʤʦʞʥʘ ʙʫʣʦ ʦʙôʻʜʥʘʪʠ ʟʘʧʠʩʠ ʟ ʦʜʥʠʤ ʢʣʶʯʝʤ (ʨʠʩʫʥʦʢ 2.37). 

 
ʈʠʩ. 2.37. ʈʝʟʫʣʴʪʘʪ ʩʦʨʪʫʚʘʥʥʷ ʟʘʧʠʩʽʚ ʪʘʙʣʠʮʽ 

 

ɼʘʣʽ ʟʘʧʠʩʠ ʟʛʨʫʧʫʶʪʴʩʷ ʟʘ ʢʣʶʯʘʤʠ (ʨʠʩʫʥʦʢ 2.38). 

 
ʈʠʩ. 2.38. ʈʝʟʫʣʴʪʘʪ ʛʨʫʧʫʚʘʥʥʷ ʟʘʧʠʩʽʚ ʟʘ ʢʣʶʯʘʤʠ 

 

ɼʘʣʽ ʚʠʢʦʥʫʻʪʴʩʷ ʢʨʦʢ ʟʤʝʥʰʝʥʥʷ, ʥʘ ʷʢʦʤʫ ʧʽʜʨʘʭʦʚʫʶʪʴʩʷ ʚʩʽ ʟʘʧʠʩʠ ʟʘ ʦʜʥʠʤ ʢʣʶʯʝʤ 

(ʪʦʙʪʦ ʦʜʥʘʢʦʚʦʶ URL-ʘʜʨʝʩʦʶ). ʇʩʝʚʜʦʢʦʜ ʬʫʥʢʮʽʾ ʥʘʚʝʜʝʥʦ ʥʘ ʨʠʩʫʥʢʫ 2.39. 

 
ʈʠʩ. 2.39. ʇʩʝʚʜʦʢʦʜ ʬʫʥʢʮʽʾ ʟʤʝʥʰʝʥʥʷ 

 

ʇʽʩʣʷ ʚʠʢʦʥʘʥʥʷ ʟʤʝʥʰʝʥʥʷ ʚʠʭʽʜʥʘ ʪʘʙʣʠʮʷ ʤʘʪʠʤʝ ʪʘʢʠʡ ʚʠʛʣʷʜ, ʷʢ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩʫʥʢʫ 

2.40. 

 
ʈʠʩ. 2.40. ʈʝʟʫʣʴʪʘʪ ʟʤʝʥʰʝʥʥʷ 

 

ʊʘʢʽ ʨʝʟʫʣʴʪʘʪʠ ʣʝʛʢʦ ʽʥʪʝʨʧʨʝʪʫʚʘʪʠ. 

Java ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʚ ʷʢʦʩʪʽ ʙʘʟʦʚʦʾ ʤʦʚʠ ʜʣʷ ʥʘʧʠʩʘʥʥʷ ʬʫʥʢʮʽʡ. ɼʣʷ ʧʨʦʛʨʘʤʫʚʘʥʥʷ 

ʽʩʥʫʻ ʧʦʧʫʣʷʨʥʠʡ ʧʣʘʛʽʥ Hadoop ʚ Eclipse. ɸʣʝ ʤʦʞʥʘ ʦʙʽʡʪʠʩʷ ʽ ʙʝʟ ʥʴʦʛʦ: ʧʦʪʦʢʦʚʽ ʫʪʠʣʽʪʠ 

Hadoop ʜʦʟʚʦʣʷʶʪʴ  ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʚ ʷʢʦʩʪʽ Map ʽ Reduce ʙʫʜʴ-ʷʢʠʡ ʚʠʢʦʥʫʚʘʥʠʡ ʬʘʡʣ, ʷʢʠʡ 

ʧʨʘʮʶʻ ʟʽ ʩʪʘʥʜʘʨʪʥʠʤ ʚʚʝʜʝʥʥʷʤ-ʚʠʚʦʜʦʤ ʦʧʝʨʘʮʽʡʥʦʾ ʩʠʩʪʝʤʠ (ʥʘʧʨʠʢʣʘʜ, ʫʪʠʣʽʪʠ ʦʙʦʣʦʥʢʠ 

UNIX, ʩʢʨʠʧʪʠ Python, Ruby ʽ ʪ.ʜ.), ʪʘʢʦʞ ʻ SWIG-ʩʫʤʽʩʥʠʡ ʽʥʪʝʨʬʝʡʩ ʧʨʠʢʣʘʜʥʦʛʦ 

ʧʨʦʛʨʘʤʫʚʘʥʥʷ Pipes Hadoop ʚ C++. ʂʨʽʤ ʪʦʛʦ, ʜʠʩʪʨʠʙʫʪʠʚʠ Hadoop ʚʢʣʶʯʘʶʪʴ ʨʝʘʣʽʟʘʮʽʾ ʨʽʟʥʠʭ 

ʦʙʨʦʙʥʠʢʽʚ, ʱʦ ʥʘʡʯʘʩʪʽʰʝ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʧʨʠ ʨʦʟʧʦʜʽʣʝʥʽʡ ʦʙʨʦʙʮʽ. 

http://ru.wikipedia.org/wiki/%D0%9A%D0%BE%D0%BC%D0%B0%D0%BD%D0%B4%D0%BD%D0%B0%D1%8F_%D0%BE%D0%B1%D0%BE%D0%BB%D0%BE%D1%87%D0%BA%D0%B0_UNIX
http://ru.wikipedia.org/wiki/%D0%98%D1%81%D0%BF%D0%BE%D0%BB%D0%BD%D0%B8%D0%BC%D1%8B%D0%B9_%D0%BC%D0%BE%D0%B4%D1%83%D0%BB%D1%8C
http://ru.wikipedia.org/wiki/%D0%9A%D0%BE%D0%BC%D0%B0%D0%BD%D0%B4%D0%BD%D0%B0%D1%8F_%D0%BE%D0%B1%D0%BE%D0%BB%D0%BE%D1%87%D0%BA%D0%B0_UNIX
http://ru.wikipedia.org/wiki/%D0%9A%D0%BE%D0%BC%D0%B0%D0%BD%D0%B4%D0%BD%D0%B0%D1%8F_%D0%BE%D0%B1%D0%BE%D0%BB%D0%BE%D1%87%D0%BA%D0%B0_UNIX
http://ru.wikipedia.org/wiki/SWIG
http://ru.wikipedia.org/wiki/C%2B%2B
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ʆʩʥʦʚʥʦʶ ʦʩʦʙʣʠʚʽʩʪʶ Hadoop ʻ ʧʝʨʝʤʽʱʝʥʥʷ ʦʙʯʠʩʣʝʥʴ ʷʢʦʤʦʛʘ ʙʣʠʞʯʝ ʜʦ ʜʘʥʠʭ. ʉʘʤʝ 

ʪʦʤʫ ʢʦʨʠʩʪʫʚʘʮʴʢʽ ʟʘʚʜʘʥʥʷ ʚʠʢʦʥʫʶʪʴʩʷ ʥʘ ʚʫʟʣʽ, ʷʢʠʡ ʤʽʩʪʠʪʴ ʜʘʥʽ, ʱʦ ʧʽʜʣʷʛʘʶʪʴ ʦʙʨʦʙʮʽ.  

ʅʘʧʨʠʢʽʥʮʽ ʝʪʘʧʫ ʢʘʨʪʠ ʧʨʦʤʽʞʥʽ ʩʧʠʩʢʠ ʜʘʥʠʭ ʧʝʨʝʤʽʱʫʶʪʴʩʷ ʜʣʷ ʦʙʨʦʙʢʠ ʬʫʥʢʮʽʻʶ 

ʟʤʝʥʰʝʥʥʷ. ɰʭ ʦʙʩʷʛ, ʷʢ  ʧʨʘʚʠʣʦ, ʥʝʚʝʣʠʢʠʡ, ʱʦ ʟʘʙʝʟʧʝʯʫʻ ʚʠʩʦʢʫ ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ ʩʠʩʪʝʤʠ. ʅʘ 

ʨʠʩʫʥʢʫ 2.41 ʧʦʢʘʟʘʥʽ ʦʩʥʦʚʥʽ ʢʨʦʢʠ ʚʠʢʦʥʘʥʥʷ ʦʙʯʠʩʣʝʥʴ ʚ ʨʦʟʧʦʜʽʣʝʥʦʤʫ ʩʝʨʝʜʦʚʠʱʽ Hadoop. 

 

ʈʠʩ. 2.41. ʇôʷʪʴ ʦʩʥʦʚʥʠʭ ʢʨʦʢʽʚ ʜʣʷ ʚʠʢʦʥʘʥʥʷ ʟʘʚʜʘʥʥʷ ʚ Hadoop 

 

ʂʨʽʤ Hadoop, ʽʩʥʫʶʪʴ ʨʽʟʥʽ ʨʝʘʣʽʟʘʮʽʾ. ɼʝʪʘʣʴʥʽʰʝ ʨʦʟʛʣʷʥʝʤʦ ʜʝʷʢʽ ʫ ʧʽʜʧʫʥʢʪʘʭ ʜʘʣʽ. 

 

2.4.3. CDH (ʨʦʟʜʽʣ Cloudera ʜʣʷ Hadoop) 

CDH ʥʘʮʽʣʝʥʠʡ ʥʘ ʨʦʟʛʦʨʪʘʥʥʷ ʮʽʻʾ ʪʝʭʥʦʣʦʛʽʾ ʚ ʢʦʨʧʦʨʘʪʠʚʥʦʤʫ ʢʣʘʩʽ. ɺʽʥ ʧʦʚʥʽʩʪʶ 

ʚʽʜʢʨʠʪʠʡ ʽ ʤʘʻ ʙʝʟʢʦʰʪʦʚʥʠʡ ʜʠʩʪʨʠʙʫʪʠʚ ʧʣʘʪʬʦʨʤʠ, ʷʢʠʡ ʦʭʦʧʣʶʻ Apache Hadoop, Apache 

Spark, Apache Impala ʪʘ ʙʘʛʘʪʦ ʽʥʰʠʭ. 

ʎʝ ʜʦʟʚʦʣʷʻ ʟʙʠʨʘʪʠ, ʦʙʨʦʙʣʷʪʠ, ʘʜʤʽʥʽʩʪʨʫʚʘʪʠ, ʢʝʨʫʚʘʪʠ, ʚʠʷʚʣʷʪʠ, ʤʦʜʝʣʶʚʘʪʠ ʪʘ 

ʨʦʟʧʦʚʩʶʜʞʫʚʘʪʠ ʥʝʦʙʤʝʞʝʥʫ ʢʽʣʴʢʽʩʪʴ ʜʘʥʠʭ. 

ʇʝʨʝʚʘʛʠ: 

- ʚʩʝʙʽʯʥʠʡ ʨʦʟʧʦʜʽʣ; 

- Cloudera Manager ʜʫʞʝ ʜʦʙʨʝ ʘʜʤʽʥʽʩʪʨʫʻ ʢʣʘʩʪʝʨ Hadoop; 

- ʧʨʦʩʪʦʪʘ ʨʝʘʣʽʟʘʮʽʾ; 

- ʤʝʥʰ ʩʢʣʘʜʥʝ ʚʚʝʜʝʥʥʷ; 

- ʚʠʩʦʢʠʡ ʨʽʚʝʥʴ ʙʝʟʧʝʢʠ ʪʘ ʫʧʨʘʚʣʽʥʥʷ. 

ʅʝʜʦʣʽʢʠ: 

- ʤʘʣʦ ʫʩʢʣʘʜʥʶʶʯʠʭ ʬʫʥʢʮʽʡ ʽʥʪʝʨʬʝʡʩʫ, ʪʘʢʠʭ ʷʢ ʜʽʘʛʨʘʤʠ ʥʘ ʩʣʫʞʙʽ CM; 

- ʢʽʣʴʢʘ ʨʝʢʦʤʝʥʜʦʚʘʥʠʭ ʧʽʜʭʦʜʽʚ ʜʦ ʚʩʪʘʥʦʚʣʝʥʥʷ ʟʚʫʯʘʪʴ ʥʝʟʨʦʟʫʤʽʣʦ. ʆʜʥʘʢ ʮʽʥʘ 

ʣʽʮʝʥʟʫʚʘʥʥʷ ʜʣʷ ʢʦʞʥʦʛʦ ʚʫʟʣʘ ʻ ʜʦʩʠʪʴ ʜʦʨʦʛʦʶ. 

ɺʘʨʪʽʩʪʴ: CDH ï ʮʝ ʙʝʟʢʦʰʪʦʚʥʘ ʚʝʨʩʽʷ ʧʨʦʛʨʘʤʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ ʚʽʜ Cloudera. ʆʜʥʘʢ, 

ʷʢʱʦ ʮʽʢʘʚʦ ʜʽʟʥʘʪʠʩʴ ʧʨʦ ʚʘʨʪʽʩʪʴ ʢʣʘʩʪʝʨʘ Hadoop, ʪʦ ʚʘʨʪʽʩʪʴ ʢʦʞʥʦʛʦ ʚʫʟʣʘ ʩʢʣʘʜʘʻ ʚʽʜ 1000 

ʜʦ 2000 ʜʦʣʘʨʽʚ ʟʘ ʪʝʨʘʙʘʡʪ. 

 

2.4.4. Apache Cassandra 

Apache Cassandra ʻ ʙʝʟʢʦʰʪʦʚʥʦʶ ʪʘ ʨʦʟʧʦʜʽʣʝʥʦʶ ʉʋɹɼ NoSQL ʟ ʚʽʜʢʨʠʪʠʤ ʢʦʜʦʤ, 

ʩʪʚʦʨʝʥʦʶ ʜʣʷ ʫʧʨʘʚʣʽʥʥʷ ʚʝʣʠʯʝʟʥʠʤʠ ʦʙʩʷʛʘʤʠ ʜʘʥʠʭ, ʨʦʟʧʦʜʽʣʝʥʠʤʠ ʥʘ ʯʠʩʣʝʥʥʠʭ ʪʦʚʘʨʥʠʭ 
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ʩʝʨʚʝʨʘʭ, ʟʘʙʝʟʧʝʯʫʶʯʠ ʚʠʩʦʢʫ ʜʦʩʪʫʧʥʽʩʪʴ. ɼʣʷ ʚʟʘʻʤʦʜʽʾ ʟ ʙʘʟʦʶ ʜʘʥʠʭ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ CQL 

(ʄʦʚʘ ʩʪʨʫʢʪʫʨʠ ʂʘʩʩʘʥʜʨʠ). 

ɼʝʷʢʽ ʟ ʛʫʯʥʠʭ ʢʦʤʧʘʥʽʡ, ʱʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ Cassandra, ʚʢʣʶʯʘʶʪʴ Accenture, American 

Express, Facebook, General Electric, Honeywell, Yahoo ʪʦʱʦ. 

ʇʝʨʝʚʘʛʠ: 

- ʞʦʜʥʦʾ ʪʦʯʢʠ ʚʽʜʤʦʚʠ; 

- ʦʙʨʦʙʣʷʻ ʤʘʩʠʚʥʽ ʜʘʥʽ ʜʫʞʝ ʰʚʠʜʢʦ; 

- ʩʪʨʫʢʪʫʨʦʚʘʥʝ ʞʫʨʥʘʣʦʤ ʩʭʦʚʠʱʝ; 

- ʘʚʪʦʤʘʪʠʟʦʚʘʥʘ ʨʝʧʣʽʢʘʮʽʷ; 

- ʣʽʥʽʡʥʘ ʤʘʩʰʪʘʙʦʚʘʥʽʩʪʴ; 

- ʧʨʦʩʪʘ ʘʨʭʽʪʝʢʪʫʨʘ ʢʽʣʴʮʷ. 

ʅʝʜʦʣʽʢʠ: 

- ʧʦʪʨʽʙʥʽ ʜʦʜʘʪʢʦʚʽ ʟʫʩʠʣʣʷ ʟ ʧʦʰʫʢʫ ʪʘ ʫʩʫʥʝʥʥʷ ʥʝʩʧʨʘʚʥʦʩʪʝʡ; 

- ʢʣʘʩʪʝʨʠʟʘʮʽʶ ʤʦʞʥʘ ʙʫʣʦ ʙ ʧʦʢʨʘʱʠʪʠ; 

- ʬʫʥʢʮʽʷ ʙʣʦʢʫʚʘʥʥʷ ʥʘ ʨʽʚʥʽ ʨʷʜʢʘ ʚʽʜʩʫʪʥʷ. 

ɺʘʨʪʽʩʪʴ: ʮʝʡ ʽʥʩʪʨʫʤʝʥʪ ʙʝʟʢʦʰʪʦʚʥʠʡ. 

 

2.4.5. KNIME  

KNIME ʨʦʟʰʠʬʨʦʚʫʻʪʴʩʷ ʷʢ Konstanz Information Miner, ʷʢʠʡ ʻ ʽʥʩʪʨʫʤʝʥʪʦʤ ʟ ʚʽʜʢʨʠʪʠʤ 

ʢʦʜʦʤ, ʷʢʠʡ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʜʣʷ ʟʚʽʪʫʚʘʥʥʷ ʧʽʜʧʨʠʻʤʩʪʚ, ʽʥʪʝʛʨʘʮʽʷ, ʜʦʩʣʽʜʞʝʥʥʷ, CRM, ʘʥʘʣʽʟ 

ʜʘʥʠʭ, ʘʥʘʣʽʟ ʜʘʥʠʭ, ʘʥʘʣʽʟ ʪʝʢʩʪʫ ʪʘ ʙʽʟʥʝʩ-ʘʥʘʣʽʪʠʢʘ. ɺʽʥ ʧʽʜʪʨʠʤʫʻ ʦʧʝʨʘʮʽʡʥʽ ʩʠʩʪʝʤʠ Linux, 

OS X ʪʘ Windows. 

ʎʝ ʤʦʞʥʘ ʨʦʟʛʣʷʜʘʪʠ ʷʢ ʭʦʨʦʰʫ ʘʣʴʪʝʨʥʘʪʠʚʫ SAS. ɼʝʷʢʽ ʟ ʥʘʡʢʨʘʱʠʭ ʢʦʤʧʘʥʽʡ, ʱʦ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ Knime, ʚʢʣʶʯʘʶʪʴ Comcast, Johnson & Johnson, Canadian Tire ʪʦʱʦ. 

ʇʝʨʝʚʘʛʠ: 

- ʧʨʦʩʪʽ ʦʧʝʨʘʮʽʾ ETL; 

- ʜʫʞʝ ʜʦʙʨʝ ʽʥʪʝʛʨʫʻʪʴʩʷ ʟ ʽʥʰʠʤʠ ʪʝʭʥʦʣʦʛʽʷʤʠ ʪʘ ʤʦʚʘʤʠ; 

- ʙʘʛʘʪʠʡ ʥʘʙʽʨ ʘʣʛʦʨʠʪʤʽʚ; 

- ʚʠʩʦʢʦ ʟʨʫʯʥʽ ʪʘ ʦʨʛʘʥʽʟʦʚʘʥʽ ʨʦʙʦʯʽ ʧʨʦʮʝʩʠ; 

- ʘʚʪʦʤʘʪʠʟʫʻ ʙʘʛʘʪʦ ʨʫʯʥʠʭ ʨʦʙʽʪ; 

- ʥʝʤʘʻ ʧʨʦʙʣʝʤ ʟʽ ʩʪʘʙʽʣʴʥʽʩʪʶ; 

- ʧʨʦʩʪʦʪʘ ʥʘʣʘʰʪʫʚʘʥʥʷ. 

ʅʝʜʦʣʽʢʠ: 

- ʧʦʪʫʞʥʽʩʪʴ ʦʙʨʦʙʢʠ ʜʘʥʠʭ ʤʦʞʥʘ ʧʦʢʨʘʱʠʪʠ; 

- ʟʘʡʤʘʻ ʤʘʡʞʝ ʚʩʶ ʦʧʝʨʘʪʠʚʥʫ ʧʘʤôʷʪʴ; 

- ʤʦʞʝ ʜʦʟʚʦʣʠʪʠ ʽʥʪʝʛʨʘʮʽʶ ʟ ʙʘʟʘʤʠ ʜʘʥʠʭ ʛʨʘʬʽʢʽʚ. 

ɺʘʨʪʽʩʪʴ: ʧʣʘʪʬʦʨʤʘ Knime ʙʝʟʢʦʰʪʦʚʥʘ. ʆʜʥʘʢ ʚʦʥʠ ʧʨʦʧʦʥʫʶʪʴ ʽʥʰʽ ʢʦʤʝʨʮʽʡʥʽ 

ʧʨʦʜʫʢʪʠ, ʷʢʽ ʨʦʟʰʠʨʶʶʪʴ ʤʦʞʣʠʚʦʩʪʽ ʘʥʘʣʽʪʠʯʥʦʾ ʧʣʘʪʬʦʨʤʠ Knime. 

 

2.4.6. Datawrapper 

Datawrapper ï ʮʝ ʧʣʘʪʬʦʨʤʘ ʟ ʚʽʜʢʨʠʪʠʤ ʢʦʜʦʤ ʜʣʷ ʚʽʟʫʘʣʽʟʘʮʽʾ ʜʘʥʠʭ, ʷʢʘ ʜʦʧʦʤʘʛʘʻ ʩʚʦʾʤ 

ʢʦʨʠʩʪʫʚʘʯ ʜʫʞʝ ʰʚʠʜʢʦ ʩʪʚʦʨʶʚʘʪʠ ʧʨʦʩʪʽ, ʪʦʯʥʽ ʪʘ ʚʙʫʜʦʚʘʥʽ ʜʽʘʛʨʘʤʽ [100]. 
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ʆʩʥʦʚʥʠʤʠ ʾʾ ʢʣʽʻʥʪʘʤʠ ʻ ʨʝʜʘʢʮʽʾ, ʷʢʽ ʨʦʟʧʦʚʩʶʜʞʝʥʽ ʧʦ ʚʩʴʦʤʫ ʩʚʽʪʫ. ɼʝʷʢʽ ʽʤʝʥʘ 

ʚʢʣʶʯʘʶʪʴʩʷ The Times, Fortune, Mother Jones, Bloomberg, Twitter ʪʦʱʦ. 

ʇʝʨʝʚʘʛʠ: 

- ʧʨʠʩʪʨʽʡ ʟʨʫʯʥʠʡ. ɼʫʞʝ ʜʦʙʨʝ ʧʨʘʮʶʻ ʥʘ ʚʩʽʭ ʪʠʧʘʭ ʧʨʠʩʪʨʦʾʚ - ʤʦʙʽʣʴʥʠʭ, 

ʧʣʘʥʰʝʪʥʠʭ ʘʙʦ ʥʘʩʪʽʣʴʥʠʭ; 

- ʧʦʚʥʽʩʪʶ ʯʫʪʪʻʚʠʡ; 

- ʰʚʠʜʢʦ ʽʥʪʝʨʘʢʪʠʚʥʠʡ; 

- ʫʩʽ ʛʨʘʬʽʢʠ ʚ ʦʜʥʦʤʫ ʤʽʩʮʽ; 

- ʯʫʜʦʚʽ ʤʦʞʣʠʚʦʩʪʽ ʥʘʣʘʰʪʫʚʘʥʥʷ ʪʘ ʝʢʩʧʦʨʪ; 

- ʧʦʪʨʽʙʥʝ ʥʫʣʴʦʚʝ ʢʦʜʫʚʘʥʥʷ. 

ʅʝʜʦʣʽʢʠ: ʦʙʤʝʞʝʥʘ ʧʘʣʽʪʨʘ ʢʦʣʴʦʨʽʚ. 

ɺʘʨʪʽʩʪʴ: ʚʽʥ ʧʨʦʧʦʥʫʻ ʙʝʟʢʦʰʪʦʚʥʽ ʚʠʤʦʛʠ ʧʦʩʣʫʛʠ, ʘ ʪʘʢʦʞ ʥʘʩʪʨʦʶʚʘʥʥʽ ʧʣʘʪʥʽ 

ʚʘʨʽʘʥʪʠ, ʷʢ ʟʘʟʥʘʯʝʥʦ ʥʠʞʯʝ: 

- ʽʥʜʠʚʽʜʫʘʣʴʥʘ ʚʝʨʩʽʷ: 279 ú / ʤʽʩʷʮʴ; 

- ʢʦʨʧʦʨʘʪʠʚʥʘ ʚʝʨʩʽʷ: 879 ú +. 

 

2.4.7. MongoDB 

MongoDB ï ʮʝ NoSQL, ʦʨʽʻʥʪʦʚʘʥʘ ʥʘ ʜʦʢʫʤʝʥʪʠ ʙʘʟʘ ʜʘʥʠʭ, ʥʘʧʠʩʘʥʘ ʥʘ C, C ++ ʪʘ 

JavaScript. ɺʽʥ ʙʝʟʢʦʰʪʦʚʥʘ ʽ ʻ ʽʥʩʪʨʫʤʝʥʪʦʤ ʟ ʚʽʜʢʨʠʪʠʤ ʢʦʜʦʤ, ʷʢʠʡ ʧʽʜʪʨʠʤʫʻ ʢʽʣʴʢʘ 

ʦʧʝʨʘʮʽʡʥʠʭ ʩʠʩʪʝʤ, ʚʢʣʶʯʘʶʯʠ Windows Vista (ʽ ʧʽʟʥʽʰʽ ɺʝʨʩʽʾ), OS X (10.7 ʽ ʧʽʟʥʽʰʽ ɺʝʨʩʽʾ), 

Linux, Solaris ʪʘ FreeBSD. 

ʁʦʛʦ ʦʩʥʦʚʥʽ ʬʫʥʢʮʽʾ ʚʢʣʶʯʘʶʪʴʩʷ ʘʛʨʝʛʘʮʽʶ, Adhoc-ʟʘʧʠʪʠ, ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʬʦʨʤʘʪ 

BSON, ʰʘʨʜʠʥʛ, ʽʥʜʝʢʩʘʮʽʶ, ʨʝʧʣʽʢʘʮʽʶ, ʩʝʨʚʝʨʥʽ ʚʠʢʦʥʘʥʥʷ javascript, ʙʝʟ ʩʭʝʤʠ, ʦʙʤʝʞʝʥʘ 

ʢʦʣʝʢʮʽʷ, ʩʣʫʞʙʘ ʫʧʨʘʚʣʽʥʥʷ MongoDB (MMS), ʙʘʣʘʥʩʫʚʘʥʥʷ ʥʘʚʘʥʪʘʞʝʥʥʷ ʪʘ ʟʙʝʨʽʛʘʥʥʷ ʬʘʡʣʽʚ. 

ʉʝʨʝʜ ʦʩʥʦʚʥʠʭ ʢʣʽʻʥʪʽʚ, ʷʢʽ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ MongoDB, ʻ Facebook, eBay, MetLife, Google 

ʪʦʱʦ. 

ʇʝʨʝʚʘʛʠ: 

- ʟʘʙʝʟʧʝʯʫʻ ʧʽʜʪʨʠʤʢʫ ʜʝʢʽʣʴʢʦʭ ʪʝʭʥʦʣʦʛʽʡ ʪʘ ʧʣʘʪʬʦʨʤ; 

- ʧʨʦʩʪʦʪʘ ʪʘ ʩʪʘʙʽʣʴʥʽʩʪʴ ʚ ʫʩʪʘʥʦʚʮʽ ʪʘ ʦʙʩʣʫʛʦʚʫʚʘʥʥʽ; 

- ʥʘʜʽʡʥʠʡ ʽ ʥʠʟʴʢʘ ʚʘʨʪʽʩʪʴ. 

ʅʝʜʦʣʽʢʠ: 

- ʦʙʤʝʞʝʥʘ ʘʥʘʣʽʪʠʢʘ; 

- ʧʦʚʽʣʴʥʽʡ ʜʣʷ ʜʝʷʢʠʭ ʚʠʧʘʜʢʽʚ ʚʠʢʦʨʠʩʪʘʥʥʷ. 

ɺʘʨʪʽʩʪʴ: ʚʝʨʩʽʾ ʜʣʷ ʤʘʣʦʛʦ ʪʘ ʩʝʨʝʜʥʴʦʛʦ ʙʽʟʥʝʩʫ MongoDB ʧʣʘʪʥʽ. 

 

2.4.8. Lumify  

Lumify ï ʮʝ ʙʝʟʢʦʰʪʦʚʥʠʡ ʽʥʩʪʨʫʤʝʥʪ ʟ ʚʽʜʢʨʠʪʠʤ ʢʦʜʦʤ ʜʣʷ ʟʣʠʪʪʷ/ʽʥʪʝʛʨʘʮʽʾ ʚʝʣʠʢʠʭ 

ʜʘʥʠʭ, ʘʥʘʣʽʪʠʢʠ ʪʘ ʚʽʟʫʘʣʽʟʘʮʽʾ. 

ʁʦʛʦ ʦʩʥʦʚʥʽ ʬʫʥʢʮʽʾ ʚʢʣʶʯʘʶʪʴʩʷ ʧʦʚʥʦʪʝʢʩʪʦʚʠʡ ʧʦʰʫʢ, ʚʽʟʫʘʣʽʟʘʮʽʶ 2D ʪʘ 3D ʛʨʘʬʽʢʽʚ, 

ʘʚʪʦʤʘʪʠʯʥʽ ʤʘʢʝʪʠ, ʘʥʘʣʽʟ ʟʚôʷʟʢʽʚ ʤʽʞ ʦʙôʻʢʪʘʤʠ ʛʨʘʬʽʢʘ, ʽʥʪʝʛʨʘʮʽʶ ʽʟ ʩʠʩʪʝʤʘʤʠ 

ʚʽʜʦʙʨʘʞʝʥʥʷ, ʛʝʦʧʨʦʩʪʦʨʦʚʠʡ ʘʥʘʣʽʟ, ʤʫʣʴʪʠʤʝʜʽʡʥʠʡ ʘʥʘʣʽʟ, ʩʧʽʚʧʨʘʮʶ ʚ ʨʝʘʣʴʥʦʤʫ ʯʘʩʽ ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʥʘʙʦʨʫ ʧʨʦʢ̒ʪʽʚ ʘʙʦ ʨʦʙʦʯʠʭ ʦʙʣʘʩʪʝʡ. 
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ʇʝʨʝʚʘʛʠ: 

- ʤʘʩʰʪʘʙʦʚʘʥʘ ʩʠʩʪʝʤʘ; 

- ʙʝʟʧʝʯʥʘ ʩʠʩʪʝʤʘ. 

ɺʘʨʪʽʩʪʴ: ʮʝʡ ʽʥʩʪʨʫʤʝʥʪ ʙʝʟʢʦʰʪʦʚʥʠʡ. 

 

2.4.9. HPPC 

HPCC ï ʮʝ ʧʦʚʥʝ ʨʽʰʝʥʥʷ ʜʣʷ ʚʝʣʠʢʠʭ ʜʘʥʠʭ ʥʘ ʚʠʩʦʢʦʤʘʩʰʪʘʙʦʚʘʥʽʡ ʩʫʧʝʨʢʦʤʧôʶʪʝʨʥʽʡ 

ʧʣʘʪʬʦʨʤʽ. HPCC ʪʘʢʦʞ ʥʘʟʠʚʘʻʪʴʩʷ DAS (D ï ʜʘʥʽ, A ï ʘʥʘʣʽʪʠʢʘ, S - ʥʘʜʢʦʤʧôʶʪʝʨ). ʎʝʡ 

ʽʥʩʪʨʫʤʝʥʪ ʨʦʟʨʦʙʣʝʥʠʡ ʢʦʤʧʘʥʽʻʶ LexisNexis Risk Solutions. 

ʎʝʡ ʽʥʩʪʨʫʤʝʥʪ ʥʘʧʠʩʘʥʠʡ ʥʘ C++, ʘ ʤʦʚʘ ʧʨʦʛʨʘʤʫʚʘʥʥʷ, ʦʨʽʻʥʪʦʚʘʥʘ ʥʘ ʜʘʥʽ, ʚʽʜʦʤʘ ʷʢ 

ECL (Enterprise Control Language). ɺʽʥ ʟʘʩʥʦʚʘʥʠʡ ʥʘ ʘʨʭʽʪʝʢʪʫʨʽ ʊʦʨʘ, ʷʢʘ ʧʽʜʪʨʠʤʫʻ ʧʘʨʘʣʝʣʽʟʤ 

ʜʘʥʠʭ, ʧʘʨʘʣʝʣʽʟʤ ʢʦʥʚʝʻʨʘ ʪʘ ʧʘʨʘʣʝʣʽʟʤ ʩʠʩʪʝʤʠ. ʎʝ ʽʥʩʪʨʫʤʝʥʪ ʟ ʚʽʜʢʨʠʪʠʤ ʢʦʜʦʤ ʽ ʻ ʭʦʨʦʰʠʤ 

ʟʘʤʽʥʥʠʢʦʤ Hadoop ʪʘ ʜʝʷʢʠʭ ʽʥʰʠʭ ʧʣʘʪʬʦʨʤ ʚʝʣʠʢʠʭ ʜʘʥʠʭ. 

ʇʝʨʝʚʘʛʠ: 

- ʘʨʭʽʪʝʢʪʫʨʘ ʙʘʟʫʻʪʴʩʷ ʥʘ ʪʦʚʘʨʥʠʭ ʦʙʯʠʩʣʶʚʘʣʴʥʠʭ ʢʣʘʩʪʝʨʘʭ, ʷʢʽ ʟʘʙʝʟʧʝʯʫʶʪʴ 

ʚʠʩʦʢʫ ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ; 

- ʧʘʨʘʣʝʣʴʥʘ ʦʙʨʦʙʢʘ ʜʘʥʠʭ; 

- ʰʚʠʜʢʠʡ, ʧʦʪʫʞʥʠʡ ʽ ʤʘʩʰʪʘʙʦʚʘʥʠʡ; 

- ʧʽʜʪʨʠʤʫʻ ʚʠʩʦʢʦʧʨʦʜʫʢʪʠʚʥʽ ʧʨʦʛʨʘʤʠ ʜʣʷ ʦʥʣʘʡʥ-ʟʘʧʠʪʽʚ; 

- ʝʢʦʥʦʤʽʯʥʦ ʝʬʝʢʪʠʚʥʠʡ. 

ɺʘʨʪʽʩʪʴ: ʮʝʡ ʽʥʩʪʨʫʤʝʥʪ ʙʝʟʢʦʰʪʦʚʥʠʡ. 

 

2.4.10. Apache Storm 

Apache Storm ï ʮʝ ʧʣʘʪʬʦʨʤʘ ʟ ʨʦʟʧʦʜʽʣʝʥʦʶ ʦʙʨʦʙʢʦʶ ʧʦʪʦʢʽʚ ʪʘ ʦʙʯʠʩʣʶʚʘʣʴʥʘ ʙʘʟʘ, 

ʱʦ ʟʘʭʠʱʘʻ ʚʽʜ ʥʝʩʧʨʘʚʥʦʩʪʝʡ ʚ ʨʝʞʠʤʽ ʨʝʘʣʴʥʦʛʦ ʯʘʩʫ. ɺʦʥʘ ʙʝʟʢʦʰʪʦʚʥʘ ʪʘ ʟ ʚʽʜʢʨʠʪʠʤ ʢʦʜʦʤ. 

ɼʦ ʨʦʟʨʦʙʥʠʢʽʚ ʰʪʦʨʤʫ ʥʘʣʝʞʘʪʴ Backtype ʽ Twitter. ʅʘʧʠʩʘʥʘ ʤʦʚʦʶ Clojure ʪʘ Java.  

ʉʝʨʝʜ ʙʘʛʘʪʴʦʭ ʚʽʜʦʤʠʭ ʦʨʛʘʥʽʟʘʮʽʡ, ʱʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ Apache Storm, ʻ Groupon, Yahoo, 

Alibaba ʪʘ The Weather Channel. 

ʇʝʨʝʚʘʛʠ: 

- ʥʘʜʽʡʥʠʡ ʫ ʤʘʩʰʪʘʙʽ; 

- ʜʫʞʝ ʰʚʠʜʢʠʡ ʽ ʩʪʽʡʢʠʡ ʜʦ ʥʝʩʧʨʘʚʥʦʩʪʝʡ; 

- ʛʘʨʘʥʪʫʻ ʦʙʨʦʙʢʫ ʜʘʥʠʭ; 

- ʚʽʥ ʤʘʻ ʢʽʣʴʢʘ ʚʠʧʘʜʢʽʚ ʚʠʢʦʨʠʩʪʘʥʥʷ - ʘʥʘʣʽʪʠʢʘ ʚ ʨʝʞʠʤʽ ʨʝʘʣʴʥʦʛʦ ʯʘʩʫ, ʦʙʨʦʙʢʘ 

ʞʫʨʥʘʣʽʚ, ETL (Extract-Transform-Load), ʥʝʧʝʨʝʨʚʥʽ ʦʙʯʠʩʣʝʥʥʷ, ʨʦʟʧʦʜʽʣʝʥʠʡ RPC, ʤʘʰʠʥʥʝ 

ʥʘʚʯʘʥʥʷ. 

ʅʝʜʦʣʽʢʠ: 

- ʚʘʞʢʦ ʚʯʠʪʠʩʷ ʪʘ ʢʦʨʠʩʪʫʚʘʪʠʩʷ; 

- ʪʨʫʜʥʦʱʽ ʟ ʥʘʣʘʛʦʜʞʝʥʥʷʤ; 

- ʚʠʢʦʨʠʩʪʘʥʥʷ Native Scheduler ʪʘ Nimbus ʩʪʘʶʪʴ ʚʫʟʴʢʠʤʠ ʤʽʩʮʷʤʠ. 

ɺʘʨʪʽʩʪʴ: ʮʝʡ ʽʥʩʪʨʫʤʝʥʪ ʙʝʟʢʦʰʪʦʚʥʠʡ. 
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2.4.11. Apache Samoa 

SAMOA ʨʦʟʰʠʬʨʦʚʫʻʪʴʩʷ ʷʢ Scalable Advanced Massive Online Analysis. ʎʝ ʧʣʘʪʬʦʨʤʘ ʟ 

ʚʽʜʢʨʠʪʠʤ ʢʦʜʦʤ ʜʣʷ ʚʠʜʦʙʫʪʢʫ ʚʝʣʠʢʠʭ ʜʘʥʠʭ ʪʘ ʤʘʰʠʥʥʦʛʦ ʥʘʚʯʘʥʥʷ. 

ɼʦʟʚʦʣʷʻ ʩʪʚʦʨʶʚʘʪʠ ʘʣʛʦʨʠʪʤʠ ʨʦʟʧʦʜʽʣʝʥʦʛʦ ʧʦʪʦʢʦʚʦʛʦ ʤʘʰʠʥʥʦʛʦ ʥʘʚʯʘʥʥʷ (ML) ʪʘ 

ʟʘʧʫʩʢʘʪʠ ʾʭ ʥʘ ʜʝʢʽʣʴʢʦʭ DSPE (ʤʝʭʘʥʽʟʤʘʭ ʦʙʨʦʙʢʠ ʨʦʟʧʦʜʽʣʝʥʠʭ ʧʦʪʦʢʽʚ). ʅʘʡʙʣʠʞʯʦʶ 

ʘʣʴʪʝʨʥʘʪʠʚʦʶ Apache SAMOA ʻ ʽʥʩʪʨʫʤʝʥʪ BigML. 

ʇʝʨʝʚʘʛʠ: 

- ʧʨʦʩʪʠʡ ʽ ʮʽʢʘʚʠʡ ʫ ʚʠʢʦʨʠʩʪʘʥʥʽ; 

- ʰʚʠʜʢʠʡ ʽ ʤʘʩʰʪʘʙʦʚʘʥʠʡ; 

- ʩʧʨʘʚʞʥʻ ʧʦʪʦʢʦʚʝ ʧʝʨʝʜʘʚʘʥʥʷ ʚ ʨʝʘʣʴʥʦʤʫ ʯʘʩʽ. 

ɺʘʨʪʽʩʪʴ: ʮʝʡ ʽʥʩʪʨʫʤʝʥʪ ʙʝʟʢʦʰʪʦʚʥʠʡ. 

 
2.4.12. Talend 

ɼʦ ʧʨʦʜʫʢʪʽʚ ʽʥʪʝʛʨʘʮʽʾ ʚʝʣʠʢʠʭ ʜʘʥʠʭ Talend ʥʘʣʝʞʘʪʴ: 

1) ʚʽʜʢʨʠʪʘ ʩʪʫʜʽʷ ʜʣʷ ʚʝʣʠʢʠʭ ʜʘʥʠʭ: ʚʦʥʘ ʧʦʩʪʘʯʘʻʪʴʩʷ ʧʽʜ ʙʝʟʢʦʰʪʦʚʥʫ ʣʽʮʝʥʟʽʶ ʟ 

ʚʽʜʢʨʠʪʠʤ ʢʦʜʦʤ ʁʦʛʦ ʢʦʤʧʦʥʝʥʪʘʤʠ ʪʘ ʨʦʟôʻʤʘʤʠ ʻ Hadoop ʪʘ NoSQL; 

2) ʧʣʘʪʬʦʨʤʘ ʚʝʣʠʢʠʭ ʜʘʥʠʭ: ʚʦʥʘ ʧʦʩʪʘʯʘʻʪʴʩʷ ʟ ʢʦʨʠʩʪʫʚʘʮʴʢʦʶ ʣʽʮʝʥʟʽʻʶ ʥʘ 

ʧʝʨʝʜʧʣʘʪʫ. ʁʦʛʦ ʢʦʤʧʦʥʝʥʪʘʤʠ ʪʘ ʨʦʟôʻʤʘʤʠ ʻ MapReduce ʪʘ Spark. ɺʽʥ ʥʘʜʘʻ ʧʽʜʪʨʠʤʢʫ 

ɯʥʪʝʨʥʝʪʫ, ʝʣʝʢʪʨʦʥʥʦʾ ʧʦʰʪʠ ʪʘ ʪʝʣʝʬʦʥʫ; 

3) ʧʣʘʪʬʦʨʤʘ ʚʝʣʠʢʠʭ ʜʘʥʠʭ ʫ ʨʝʞʠʤʽ ʨʝʘʣʴʥʦʛʦ ʯʘʩʫ: ʚʦʥʘ ʧʽʜʧʘʜʘʻ ʧʽʜ 

ʢʦʨʠʩʪʫʚʘʣʴʥʠʮʴʢʫ ʣʽʮʝʥʟʽʶ ʥʘ ʧʝʨʝʜʧʣʘʪʫ. ʁʦʛʦ ʢʦʤʧʦʥʝʥʪʠ ʪʘ ʨʦʟôʻʤʠ ʚʢʣʶʯʘʶʪʴ ʧʦʪʦʢʦʚʝ 

ʧʝʨʝʜʘʚʘʥʥʷ Spark, ʤʘʰʠʥʥʝ ʥʘʚʯʘʥʥʷ ʪʘ IoT. ɺʽʥ ʥʘʜʘʻ ʧʽʜʪʨʠʤʢʫ ɯʥʪʝʨʥʝʪʫ, ʝʣʝʢʪʨʦʥʥʦʾ ʧʦʰʪʠ 

ʪʘ ʪʝʣʝʬʦʥʫ. 

ʇʝʨʝʚʘʛʠ: 

- ʦʧʪʠʤʽʟʫʻ ETL ʪʘ ELT ʜʣʷ ʚʝʣʠʢʠʭ ʜʘʥʠʭ; 

- ʜʦʩʷʛʪʠ ʰʚʠʜʢʦʩʪʽ ʪʘ ʤʘʩʰʪʘʙʫ ʽʩʢʨʠ; 

- ʧʨʠʩʢʦʨʶʻ ʚʘʰ ʧʝʨʝʭʽʜ ʫ ʨʝʘʣʴʥʦʤʫ ʯʘʩʽ; 

- ʦʙʨʦʙʣʷʻ ʢʽʣʴʢʘ ʜʞʝʨʝʣ ʜʘʥʠʭ; 

- ʟʘʙʝʟʧʝʯʫʻ ʯʠʩʣʝʥʥʽ ʨʦʟôʻʤʠ ʧʽʜ ʦʜʥʠʤ ʜʘʭʦʤ, ʱʦ ʜʦʟʚʦʣʷ ̒ʥʘʣʘʰʪʫʚʘʪʠ ʨʽʰʝʥʥʷ 

ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʧʦʪʨʝʙ. 

ʅʝʜʦʣʽʢʠ: 

- ʤʦʞʝ ʤʘʪʠ ʚʜʦʩʢʦʥʘʣʝʥʠʡ ʪʘ ʧʨʦʩʪʠʡ ʫ ʚʠʢʦʨʠʩʪʘʥʥʽ ʽʥʪʝʨʬʝʡʩ; 

- ʚʘʞʢʦ ʜʦʜʘʪʠ ʢʦʨʠʩʪʫʚʘʣʴʥʠʮʴʢʠʡ ʢʦʤʧʦʥʝʥʪ ʜʦ ʧʘʣʽʪʨʠ. 

ɺʘʨʪʽʩʪʴ: ʚʽʜʢʨʠʪʘ ʩʪʫʜʽʷ ʜʣʷ ʚʝʣʠʢʠʭ ʜʘʥʠʭ ʙʝʟʢʦʰʪʦʚʥʘ. ɼʣʷ ʨʝʰʪʠ ʧʨʦʜʫʢʪʽʚ ʚʽʥ 

ʧʨʦʧʦʥʫʻ ʛʥʫʯʢʽ ʚʠʪʨʘʪʠ ʥʘ ʦʩʥʦʚʽ ʧʝʨʝʜʧʣʘʪʠ. ʋ ʩʝʨʝʜʥʴʦʤʫ ʮʝ ʤʦʞʝ ʢʦʰʪʫʚʘʪʠ ʚ ʩʝʨʝʜʥʴʦʤʫ 

50 ʪʠʩ. ʜʦʣʘʨʽʚ ʜʣʷ 5 ʢʦʨʠʩʪʫʚʘʯʽʚ ʥʘ ʨʽʢ. ʆʜʥʘʢ ʦʩʪʘʪʦʯʥʘ ʚʘʨʪʽʩʪʴ ʟʘʣʝʞʠʪʴ ʚʽʜ ʢʽʣʴʢʦʩʪʽ 

ʢʦʨʠʩʪʫʚʘʯʽʚ ʪʘ ʚʠʜʘʥʥʷ. 

 

2.4.13. Rapidminder 

Rapidminer ï ʮʝ ʤʽʞʧʣʘʪʬʦʨʤʝʥʥʠʡ ʽʥʩʪʨʫʤʝʥʪ, ʷʢʠʡ ʧʨʦʧʦʥʫʻ ʽʥʪʝʛʨʦʚʘʥʝ ʩʝʨʝʜʦʚʠʱʝ 

ʜʣʷ ʥʘʫʢʠ ʧʨʦ ʜʘʥʽ, ʤʘʰʠʥʥʦʛʦ ʥʘʚʯʘʥʥʷ ʪʘ ʧʨʦʛʥʦʟʥʦʾ ʘʥʘʣʽʪʠʢʠ. ɺʽʥ ʧʽʜʧʘʜʘʻ ʧʽʜ ʨʽʟʥʽ ʣʽʮʝʥʟʽʾ, 

ʱʦ ʧʨʦʧʦʥʫʶʪʴ ʥʝʚʝʣʠʢʽ, ʩʝʨʝʜʥʽ ʪʘ ʚʝʣʠʢʽ ʚʣʘʩʥʽ ʚʝʨʩʽʾ, ʘ ʪʘʢʦʞ ʙʝʟʢʦʰʪʦʚʥʫ ʚʝʨʩʽʶ, ʷʢʘ 

ʜʦʟʚʦʣʷʻ ʤʘʪʠ 1 ʣʦʛʽʯʥʠʡ ʧʨʦʮʝʩʦʨ ʽ ʜʦ 10000 ʨʷʜʢʽʚ ʜʘʥʠʭ. 
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ʊʘʢʽ ʦʨʛʘʥʽʟʘʮʽʾ, ʷʢ Hitachi, BMW, Samsung, Airbus ʪʦʱʦ, ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ RapidMiner. 

ʇʝʨʝʚʘʛʠ: 

- ʷʜʨʦ Java ʟ ʚʽʜʢʨʠʪʠʤ ʢʦʜʦʤ; 

- ʟʨʫʯʥʽʩʪʴ ʧʝʨʝʜʦʚʠʭ ʽʥʩʪʨʫʤʝʥʪʽʚ ʪʘ ʘʣʛʦʨʠʪʤʽʚ ʥʘʫʢʠ ʧʨʦ ʜʘʥʽ; 

- ʤʦʞʣʠʚʽʩʪʴ ʜʦʜʘʪʢʦʚʦʛʦ ʛʨʘʬʽʯʥʦʛʦ ʽʥʪʝʨʬʝʡʩʫ ʢʦʜʫ; 

- ʜʦʙʨʝ ʽʥʪʝʛʨʫʻʪʴʩʷ ʟ API ʪʘ ʭʤʘʨʦʶ; 

- ʯʫʜʦʚʝ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʢʣʽʻʥʪʽʚ ʪʘ ʪʝʭʥʽʯʥʘ ʧʽʜʪʨʠʤʢʘ. 

ʅʝʜʦʣʽʢʠ: ɯʥʪʝʨʥʝʪ-ʧʦʩʣʫʛʠ ʧʝʨʝʜʘʯʽ ʜʘʥʠʭ ʩʣʽʜ ʚʜʦʩʢʦʥʘʣʠʪʠ. 

ɺʘʨʪʽʩʪʴ: ʢʦʤʝʨʮʽʡʥʘ ʮʽʥʘ Rapidminer ʧʦʯʠʥʘʻʪʴʩʷ ʟ 2500 ʜʦʣʘʨʽʚ. 

 

2.4.14. Quobole 

ʇʦʩʣʫʛʘ ʧʝʨʝʜʘʯʽ ʜʘʥʠʭ Qubole - ʮʝ ʥʝʟʘʣʝʞʥʘ ʚʩʝʦʩʷʞʥʘ ʧʣʘʪʬʦʨʤʘ ʚʝʣʠʢʠʭ ʜʘʥʠʭ, ʷʢʘ 

ʩʘʤʦʩʪʽʡʥʦ ʢʝʨʫʻ, ʚʠʚʯʘʻ ʪʘ ʦʧʪʠʤʽʟʫʻ ʟ ʚʘʰʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ. ʎʝ ʜʦʟʚʦʣʷʻ ʢʦʤʘʥʜʽ ʜʘʥʠʭ 

ʩʢʦʥʮʝʥʪʨʫʚʘʪʠʩʷ ʥʘ ʨʝʟʫʣʴʪʘʪʘʭ ʙʽʟʥʝʩʫ, ʘ ʥʝ ʥʘ ʢʝʨʫʚʘʥʥʽ ʧʣʘʪʬʦʨʤʦʶ.  

ɯʟ ʙʘʛʘʪʴʦʭ ʚʽʜʦʤʠʭ ʽʤʝʥ, ʱʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ Qubole, ʤʦʞʥʘ ʥʘʟʚʘʪʠ ʤʫʟʠʯʥʫ ʛʨʫʧʫ 

Warner, Adobe ʪʘ Gannett. ʅʘʡʙʣʠʞʯʠʤ ʢʦʥʢʫʨʝʥʪʦʤ Qubole ʻ Revulytics. 

ʇʝʨʝʚʘʛʠ: 

- ʚhʠʜʰʠʡ ʯʘʩ ʜʣʷ ʦʮʽʥʢʠ; ʧʽʜʚʠʱʝʥʘ ʛʥʫʯʢʽʩʪʴ ʪʘ ʤʘʩʰʪʘʙʥʽʩʪʴ; 

- ʦʧʪʠʤʽʟʦʚʘʥʽ ʚʠʪʨʘʪʠ; 

- ʨʦʟʰʠʨʝʥʝ ʧʨʠʡʥʷʪʪʷ ʘʥʘʣʽʪʠʢʠ ʚʝʣʠʢʠʭ ʜʘʥʠʭ; 

- ʧʨʦʩʪʠʡ ʫ ʚʠʢʦʨʠʩʪʘʥʥʽ; 

- ʫʩʫʚʘʻ ʙʣʦʢʫʚʘʥʥʷ ʧʦʩʪʘʯʘʣʴʥʠʢʽʚ ʪʘ ʪʝʭʥʦʣʦʛʽʡ; 

- ʜʦʩʪʫʧʥʦ ʚ ʫʩʽʭ ʨʝʛʽʦʥʘʭ AWS ʧʦ ʚʩʴʦʤʫ ʩʚʽʪʫ [15].  

 

2.4.15. MapReduce 

MapReduce ï ʥʘʡʙʽʣʴʰ ʚʽʜʦʤʘ ʪʝʭʥʦʣʦʛʽʷ ʜʣʷ ʧʘʨʘʣʝʣʴʥʦʾ ʦʙʨʦʙʢʠ ʜʘʥʠʭ ʟ ʚʝʣʠʢʠʤʠ 

ʦʙʩʷʛʘʤʠ. ʆʩʦʙʣʠʚʽʩʪʶ ʜʘʥʥʦʾ ʦʙʨʦʙʢʠ ʻ ʨʦʟʜʽʣʝʥʥʷ ʣʦʛʽʢʠ ʧʨʦʛʨʘʤʠ ʥʘ ʧʝʚʥʽ ʧʽʜʟʘʜʘʯʽ ʨʦʟʙʠʪʪʷ 

ʜʘʥʠʭ ʪʘ ʧʦʪʽʤ ʦʙôʻʜʥʘʥʥʷ ʧʨʦʤʽʞʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ ʟ ʤʦʞʣʠʚʽʩʪʶ ʥʝʦʙʤʝʞʝʥʦʛʦ ʛʦʨʠʟʦʥʪʘʣʴʥʦʛʦ 

ʤʘʩʰʪʘʙʫʚʘʥʥʷ ʟʘʚʜʷʢʠ ʜʦʜʘʚʘʥʥʶ ʦʙʯʠʩʣʶʚʘʣʴʥʠʭ ʚʫʟʣʽʚ ʜʦ ʢʣʘʩʪʝʨʫ [53]. 

ʈʦʙʦʪʘ ʟ MapReduce ʟʚʦʜʠʪʴʩʷ ʜʦ ʜʚʦʭ ʢʨʦʢʽʚ ï ʮʝ ʨʦʟʜʽʣʝʥʥʷ ʪʘ ʟʛʦʨʪʘʥʥʷ. ʅʘ ʧʝʨʰʦʤʫ 

ʢʨʦʮʽ ʨʦʟʜʽʣʝʥʥʷ çmapè ʚʠʢʦʥʫʻʪʴʩʷ ʧʦʧʝʨʝʜʥʷ ʦʙʨʦʙʢʘ ʚʭʽʜʥʠʭ ʜʘʥʠʭ. ɼʣʷ ʚʠʢʦʥʘʥʥʷ ʮʽʻʾ 

ʦʧʝʨʘʮʽʾ ʦʜʠʥ ʟ ʢʦʤʧôʶʪʝʨʽʚ ʦʪʨʠʤʫʻ ʚʭʽʜʥʽ ʜʘʥʽ ʟʘʜʘʯʽ, ʧʦʪʽʤ ʨʦʟʜʽʣʷʻ ʾʭ ʥʘ ʯʘʩʪʠʥʠ ʽ ʧʝʨʝʜʘʻ 

ʽʥʰʠʤ ʢʦʤʧôʶʪʝʨʘʤ ʜʣʷ ʦʙʨʦʙʢʠ. ʅʘ ʜʨʫʛʦʤʫ ʢʨʦʮʽ çreduceè ʚʠʢʦʥʫʻʪʴʩʷ ʟʛʦʨʪʘʥʥʷ ʧʦʧʝʨʝʜʥʴʦ 

ʦʙʨʦʙʣʝʥʠʭ ʜʘʥʠʭ. ɻʦʣʦʚʥʠʡ ʚʫʟʦʣ ʤʘʻ ʟʤʦʛʫ ʦʪʨʠʤʘʪʠ ʚʽʜʧʦʚʽʜʽ ʚʽʜ ʨʦʙʦʯʠʭ ʚʫʟʣʽʚ ʽ ʥʘ ʾʭ ʦʩʥʦʚʽ 

ʩʬʦʨʤʫʚʘʪʠ ʨʝʟʫʣʴʪʘʪ, ʪʦʙʪʦ ʨʦʟʚôʷʟʦʢ ʟʘʜʘʯʽ [53].  

ʇʝʨʝʚʘʛʦʶ MapReduce ʻ ʪʝ, ʱʦ ʚʽʥ ʜʦʟʚʦʣʷʻ ʨʦʟʧʦʜʽʣʣʝʥʦ ʚʠʢʦʥʫʚʘʪʠ ʦʧʝʨʘʮʽʾ 

ʧʦʧʝʨʝʜʥʴʦʾ ʦʙʨʦʙʢʠ ʽ ʟʛʦʨʪʘʥʥʷ. ʆʧʝʨʘʮʽʾ ʧʦʧʝʨʝʜʥʴʦʛʦ ʦʙʨʦʙʢʠ ʧʨʘʮʶʶʪʴ ʥʝʟʘʣʝʞʥʦ ʦʜʥʘ ʚʽʜ 

ʦʜʥʦʾ ʽ ʤʦʞʫʪʴ ʚʠʢʦʥʫʚʘʪʠʩʷ ʧʘʨʘʣʝʣʴʥʦ ɸʥʘʣʦʛʽʯʥʦ, ʤʥʦʞʠʥʘ ʨʦʙʦʯʠʭ ʚʫʟʣʽʚ ʤʦʞʝ ʚʠʢʦʥʫʚʘʪʠ 

ʟʛʦʨʪʘʥʥʷ ï ʜʣʷ ʮʴʦʛʦ ʥʝʦʙʭʽʜʥʦ ʱʦʙ ʚʩʽ ʨʝʟʫʣʴʪʘʪʠ ʧʦʧʝʨʝʜʥʴʦʛʦ ʦʙʨʦʙʢʠ ʟ ʦʜʥʠʤ ʢʦʥʢʨʝʪʥʠʤ 

ʟʥʘʯʝʥʥʷʤ ʢʣʶʯʘ ʦʙʨʦʙʣʷʣʠʩʴ ʦʜʥʠʤ ʨʦʙʦʯʠʤ ʚʫʟʣʦʤ ʚ ʧʝʚʥʠʡ ʤʦʤʝʥʪ ʯʘʩʫ [53]. 
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2.4.16. Apache Spark 

Apache Spark ï ʮʝ ʬʨʝʡʤʚʦʨʢ ʜʣʷ ʦʙʨʦʙʢʠ ʚʝʣʠʢʠʭ ʦʙʩʷʛʽʚ ʜʘʥʠʭ ʟ ʚʽʜʢʨʠʪʠʤ ʚʠʭʽʜʥʠʤ 

ʢʦʜʦʤ ʜʣʷ ʨʦʟʧʦʜʽʣʝʥʦʾ ʧʘʢʝʪʥʦʾ ʽ ʧʦʪʦʢʦʚʦʾ ʦʙʨʦʙʢʠ ʷʢ ʥʝʩʪʨʫʢʪʫʨʦʚʘʥʠʭ, ʪʘʢ ʽ 

ʩʣʘʙʦʩʪʨʫʢʪʫʨʦʚʘʥʠʭ ʜʘʥʠʭ, ʷʢʽ ʚʭʦʜʠʪʴ ʚ ʝʢʦʩʠʩʪʝʤʫ ʧʨʦʢ̒ʪʽʚ Hadoop [101]. 

ʅʘ ʚʽʜʤʽʥʫ ʚʽʜ ʢʣʘʩʠʯʥʦʛʦ ʦʙʨʦʙʥʠʢʘ ʷʜʨʘ Apache Hadoop ʟ ʜʚʦʨʽʚʥʝʚʦʾ ʢʦʥʮʝʧʮʽʻʶ 

MapReduce ʥʘ ʙʘʟʽ ʜʠʩʢʦʚʦʛʦ ʩʭʦʚʠʱʘ, Spark ʚʠʢʦʨʠʩʪʦʚʫʻ ʩʧʝʮʽʘʣʽʟʦʚʘʥʽ ʧʨʠʤʽʪʠʚʠ ʜʣʷ 

ʨʝʢʫʨʝʥʪʥʦʾ ʦʙʨʦʙʢʠ ʚ ʦʧʝʨʘʪʠʚʥʽʡ ʧʘʤôʷʪʽ. ɿʘʚʜʷʢʠ ʮʴʦʤʫ ʙʘʛʘʪʦ ʦʙʯʠʩʣʶʚʘʣʴʥʠʭ ʟʘʚʜʘʥʴ 

ʨʝʘʣʽʟʫʶʪʴʩʷ ʚ Spark ʟʥʘʯʥʦ ʰʚʠʜʰʝ. ʅʘʧʨʠʢʣʘʜ, ʟʘʚʘʥʪʘʞʝʥʥ̫  ʚ ʧʘʤôʷʪʴ, ʧʨʠʟʥʘʯʝʥʠʭ ʜʣʷ 

ʢʦʨʠʩʪʫʚʘʯʘ ʜʘʥʠʭ ʟ ʤʦʞʣʠʚʽʩʪʶ ʙʘʛʘʪʦʨʘʟʦʚʦʛʦ ʜʦʩʪʫʧʫ ï ʮʝ ʜʦʟʚʦʣʠʪʴ ʝʬʝʢʪʠʚʥʦ ʧʨʘʮʶʚʘʪʠ ʟ 

ʘʣʛʦʨʠʪʤʘʤʠ ʤʘʰʠʥʥʦʛʦ ʥʘʚʯʘʥʥʷ (Machine Learning) [101].  

Spark ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʥʘʩʪʫʧʥʠʭ ʢʦʤʧʦʥʝʥʪʽʚ:  

1) ʷʜʨʦ (Core); 

2) SQL ï ʽʥʩʪʨʫʤʝʥʪ ʜʣʷ ʘʥʘʣʽʪʠʯʥʦʾ ʦʙʨʦʙʢʠ ʜʘʥʠʭ ʟʘ ʜʦʧʦʤʦʛʦʶ SQL-ʟʘʧʠʪʽʚ;  

3) Streaming ï ʥʘʜʙʫʜʦʚʘ ʜʣʷ ʦʙʨʦʙʢʠ ʧʦʪʦʢʦʚʠʭ ʜʘʥʠʭ;  

4) MLlib ï ʥʘʙʽʨ ʙʽʙʣʽʦʪʝʢ ʤʘʰʠʥʥʦʛʦ ʥʘʚʯʘʥʥʷ;  

5) GraphX ï ʤʦʜʫʣʴ ʨʦʟʧʦʜʽʣʝʥʦʾ ʦʙʨʦʙʢʠ ʛʨʘʬʽʚ. 

 

2.4.17. ʄʦʚʘ ʧʨʦʛʨʘʤʫʚʘʥʥʷ R 

ʆʩʪʘʥʥʽʤ ʯʘʩʦʤ R ʩʪʘʚ ʜʝ-ʬʘʢʪʦ ʦʩʥʦʚʥʦʶ ʤʦʚʦʶ ʅʘʫʢʠ ʧʨʦ ʜʘʥʽ, ʥʘʙʫʚʰʠ ʰʠʨʦʢʦʛʦ 

ʧʦʰʠʨʝʥʥʷ ʩʝʨʝʜ ʘʥʘʣʽʪʠʢʽʚ ʚʝʣʠʢʠʭ ʜʘʥʠʭ. ʇʝʨʰ ʟʘ ʚʩʝ, ʤʦʚʘ ʧʨʦʛʨʘʤʫʚʘʥʥʷ R ï ʮʝ ʤʦʚʘ ʜʣʷ 

ʩʪʘʪʠʩʪʠʯʥʦʾ ʦʙʨʦʙʢʠ ʜʘʥʠʭ ʪʘ ʨʦʙʦʪʠ ʟ ʛʨʘʬʽʢʦʶ, ʘʣʝ ʪʘʢʦʞ ʮʝ ʚʽʣʴʥʝ ʧʨʦʛʨʘʤʥʝ ʩʝʨʝʜʦʚʠʱʝ ʟ 

ʚʽʜʢʨʠʪʠʤ ʚʠʭʽʜʥʠʤ ʢʦʜʦʤ, ʷʢʝ ʨʦʟʚʠʚʘʻʪʴʩʷ ʚ ʨʘʤʢʘʭ ʧʨʦʢ̒ʪʫ GNU [102]. 

ʆʩʢʽʣʴʢʠ R ʻ ʢʦʥʢʨʝʪʥʠʤ ʧʨʦʛʨʘʤʥʠʤ ʟʘʙʝʟʧʝʯʝʥʥʷʤ ʟ ʚʽʜʢʨʠʪʠʤ ʚʠʭʽʜʥʠʤ ʢʦʜʦʤ, ʡʦʛʦ 

ʪʘʢʦʞ ʤʦʞʥʘ ʟʘʚʘʥʪʘʞʫʚʘʪʠ ʪʘ ʚʩʪʘʥʦʚʣʶʚʘʪʠ ʘʙʩʦʣʶʪʥʦ ʚʽʣʴʥʦ [17].  

R ʧʨʘʮʶʻ ʚ ʨʝʞʠʤʽ ʢʦʤʘʥʜʥʦʛʦ ʨʷʜʢʘ ʪʘ ʜʣʷ ʟʨʫʯʥʦʩʪʽ ʟʘʟʚʠʯʘʡ ʢʦʨʠʩʪʫʶʪʴʩʷ ʫʩʪʘʥʦʚʢʦʶ 

ʛʨʘʬʽʯʥʦʾ ʦʙʦʣʦʥʢʠ R-Studio [18]. ʈʦʙʦʪʘ ʟ R ʘʥʘʣʦʛʽʯʥʘ ʨʦʙʦʪʽ ʟ ʥʘʫʢʦʚʠʤ ʢʘʣʴʢʫʣʷʪʦʨʦʤ, 

ʦʩʢʽʣʴʢʠ ʚʠʢʦʥʘʥʥʷ ʨʷʜʢʽʚ ʧʨʦʛʨʘʤʥʦʛʦ ʢʦʜʫ ʚʽʜʙʫʚʘʻʪʴʩʷ ʚ ʤʽʨʫ ʟʘʚʝʨʰʝʥʥʷ ʢʦʞʥʦʾ ʚʠʢʦʥʫʚʘʥʦʾ 

ʢʦʥʩʪʨʫʢʮʽʾ. ʇʨʦʛʨʘʤʥʠʡ ʢʦʜ R ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʚʠʨʘʟʽʚ, ʷʢʽ ʤʦʞʫʪʴ ʙʫʪʠ ʥʘʩʪʫʧʥʠʭ ʚʠʜʽʚ: 

- ʧʨʠʟʥʘʯʝʥʥʷ; 

- ʫʤʦʚʥʽ ʚʠʨʘʟʠ; 

- ʘʨʠʬʤʝʪʠʯʥʽ ʚʠʨʘʟʠ. 

ʇʨʠʢʣʘʜʠ ʚʠʨʘʟʽʚ ʚ R ʥʘʚʝʜʝʥʽ ʥʘ ʨʠʩʫʥʢʫ 2.42. 

 
ʈʠʩ. 2.42. ʇʨʠʢʣʘʜʠ ʚʠʨʘʟʽʚ R 

 

ʂʦʤʧʦʥʝʥʪʘʤʠ ʚʠʨʘʟʽʚ ʚ R ʻ ʦʙôʻʢʪʠ ʘʙʦ ʬʫʥʢʮʽʾ. ɿʘʟʚʠʯʘʡ ʢʦʞʝʥ ʚʠʨʘʟ ʟʘʧʠʩʫʻʪʴʩʷ ʚ 

ʦʢʨʝʤʦʤʫ ʨʷʜʢʫ, ʘʣʝ ʜʦʧʫʩʢʘʻʪʴʩʷ ʟʘʧʠʩ ʜʝʢʽʣʴʢʦʭ ʚʠʨʘʟʽʚ ʚ ʦʜʥʦʤʫ ʨʷʜʢʫ, ʚʽʜʦʢʨʝʤʣʶʶʯʠ ʾʭ 

ʢʨʘʧʢʦʶ ʟ ʢʦʤʦʶ, ʷʢ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩʫʥʢʫ 2.43. 
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ʈʠʩ. 2.43. ɿʘʧʠʩ ʜʝʢʽʣʴʢʦʭ ʚʠʨʘʟʽʚ ʚ ʦʜʥʦʤʫ ʨʷʜʢʫ 

 

ʆʙôʻʢʪ ʤʦʞʥʘ ʨʦʟʛʣʷʜʘʪʠ ʷʢ ʝʣʝʤʝʥʪʘʨʥʠʡ ʢʦʤʧʦʥʝʥʪ (çʨʽʯè) ʤʦʚʠ ʧʨʦʛʨʘʤʫʚʘʥʥʷ R: 

- ʯʠʩʣʦʚʠʡ ʚʝʢʪʦʨ; 

- ʩʠʤʚʦʣʴʥʠʡ ʚʝʢʪʦʨ; 

- ʩʧʠʩʦʢ; 

- ʬʫʥʢʮʽʷ. 

ʇʨʠʢʣʘʜʠ ʦʙôʻʢʪʽʚ ʚ R ʧʨʝʜʩʪʘʚʣʝʥʽ ʥʘ ʨʠʩʫʥʢʫ 2.44. 

 
ʈʠʩ. 2.44. ʇʨʠʢʣʘʜʠ ʦʙôʻʢʪʽʚ ʚ R 

 

ʉʠʤʚʦʣ ʚ R ï ʮʝ ʽʤôʷ ʟʤʽʥʥʦʾ. ʊʦʤʫ, ʷʢʱʦ ʟʤʽʥʥʽʡ ʧʨʠʟʥʘʯʘʻʪʴʩʷ ʦʙôʻʢʪ, ʪʦ ʦʙôʻʢʪʫ 

ʧʨʠʟʥʘʯʘʻʪʴʩʷ ʩʠʤʚʦʣ. ʉʝʨʝʜʦʚʠʱʝ ʚ R ï ʮʝ ʥʘʙʽʨ ʪʘʢʠʭ ʩʠʤʚʦʣʽʚ, ʩʪʚʦʨʝʥʠʡ ʜʣʷ ʧʝʚʥʦʾ ʤʝʪʠ. 

ʇʨʠʢʣʘʜ ʩʠʤʚʦʣʽʚ ʚ R ʧʨʝʜʩʪʘʚʣʝʥʠʡ ʥʘ ʨʠʩʫʥʢʫ 2.45. 

 
ʈʠʩ. 2.45. ʇʨʠʢʣʘʜ ʩʠʤʚʦʣʽʚ ʚ R 

 

ʋ ʥʘʚʝʜʝʥʦʤʫ ʚʠʱʝ ʧʨʠʢʣʘʜʽ x ʽ y ʻ ʩʠʤʚʦʣʘʤʠ. 

ʋ R ʬʫʥʢʮʽʷ ï ʮʝ ʦʙôʻʢʪ, ʷʢʠʡ ʧʨʠʡʤʘʻ ʽʥʰʽ ʦʙôʻʢʪʠ ʷʢ ʘʨʛʫʤʝʥʪʠ ʪʘ ʧʦʚʝʨʪʘʻ ʦʙôʻʢʪ ʚ 

ʨʝʟʫʣʴʪʘʪʽ.  

ʆʧʝʨʘʪʦʨ ʧʨʠʩʚʦʻʥʥʷ çŶè ʪʘʢʦʞ ʻ ʬʫʥʢʮʽʻʶ. ɿʘʤʽʩʪʴ ʚʠʨʘʟʫ ʧʦʢʘʟʘʥʦʤʫ ʚ ʧʝʨʰʦʤʫ ʨʷʜʢʫ 

ʨʠʩʫʥʢʘ 2.45, ʤʦʞʥʘ ʚʠʢʣʠʢʘʪʠ ʬʫʥʢʮʽʶ çŶè ʟ ʘʨʛʫʤʝʥʪʘʤʠ çaè ʽ ç1è ʷʢ ʧʦʢʘʟʘʥʦ ʫ ʜʨʫʛʦʤʫ 

ʨʷʜʢʫ ʨʠʩʫʥʢʘ 2.46. 

 
ʈʠʩ. 2.46. ɺʘʨʽʘʥʪʠ ʟʘʧʠʩʫ ʦʧʝʨʘʪʦʨʘ ʧʨʠʩʚʦʻʥʥʷ 

 

ɼʝʢʽʣʴʢʘ ʧʨʠʢʣʘʜʽʚ ʬʫʥʢʮʽʾ ʚ R: 

- çŶè ï ʧʨʠʩʚʦʻʥʥʷ;  

- ç+è ï ʩʫʤʫʚʘʥʥʷ; 

- çifè ï ʦʧʝʨʘʪʦʨ; 

- ç[è ï ʧʦʩʠʣʘʥʥʷ ʥʘ ʚʝʢʪʦʨ.  
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ʇʨʠʢʣʘʜʠ ʚʠʢʦʨʠʩʪʘʥʥʷ ʬʫʥʢʮʽʡ ʚ R ʧʨʝʜʩʪʘʚʣʝʥʽ ʥʘ ʨʠʩʫʥʢʫ 2.47. 

 
ʈʠʩ. 2.47. ʇʨʠʢʣʘʜʠ ʚʠʢʦʨʠʩʪʘʥʥʷ ʬʫʥʢʮʽʡ 

 

ʋ R ʦʙôʻʢʪʠ ʥʝ ʟʤʽʥʶʶʪʴʩʷ. ʎʝ ʦʟʥʘʯʘʻ, ʱʦ R ʙʫʜʝ ʢʦʧʽʶʚʘʪʠ ʦʙôʻʢʪ, ʘ ʥʝ ʪʽʣʴʢʠ ʧʦʩʠʣʘʥʥʷ 

ʥʘ ʦʙôʻʢʪ. ʌʫʥʢʮʽʷ, ʷʢʘ ʧʨʠʩʚʦʶʻ i-ʤʫ ʝʣʝʤʝʥʪʫ ʚʝʢʪʦʨʘ x ʟʥʘʯʝʥʥʷ 4, ʧʦʢʘʟʘʥʘ ʥʘ ʨʠʩʫʥʢʫ 2.48. 

 
ʈʠʩ. 2.48. ʌʫʥʢʮʽʷ ʧʨʠʩʚʦʻʥʥʷ 

 

ɿʘʧʠʩ ʚʠʟʥʘʯʝʥʥʷ ʚʝʢʪʦʨʫ w ʽ ʧʝʨʝʜʘʯʘ ʡʦʛʦ ʚ ʷʢʦʩʪʽ ʘʨʛʫʤʝʥʪʫ ʬʫʥʢʮʽʾ f ʥʘ ʨʠʩʫʥʢʫ 2.49. 

 
ʈʠʩ. 2.49. ɿʘʧʠʩ ʽ ʡʦʛʦ ʧʝʨʝʜʘʯʘ ʚ ʷʢʦʩʪʽ ʘʨʛʫʤʝʥʪʫ 

 

ɺʝʢʪʦʨ w, ʢʦʣʠ ʚʽʥ ʧʝʨʝʜʘʻʪʴʩʷ ʬʫʥʢʮʽʾ, ʧʨʦʩʪʦ ʢʦʧʽʶʻʪʴʩʷ, ʪʦʤʫ ʬʫʥʢʮʽʷ ʥʝ ʤʦʜʠʬʽʢʫʻ 

ʩʘʤ ʚʝʢʪʦʨ.  

ɺʩʝ ʚ R ʻ ʦʙôʻʢʪʦʤ. ɺʦʥʠ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʥʝ ʪʽʣʴʢʠ ʜʣʷ ʟʙʝʨʽʛʘʥʥʷ ʜʘʥʠʭ ʫ ʚʠʧʘʜʢʫ 

ʚʝʢʪʦʨʽʚ, ʩʧʠʩʢʽʚ ʘʙʦ ʽʥʰʠʭ ʩʪʨʫʢʪʫʨ ʜʘʥʠʭ. ɯʥʰʠʤʠ ʧʨʠʢʣʘʜʘʤʠ ʦʙôʻʢʪʽʚ ʚ R ʻ ʬʫʥʢʮʽʾ, ʩʠʤʚʦʣʠ 

ʘʙʦ ʚʠʨʘʟʠ. ʅʘʧʨʠʢʣʘʜ, ʽʤʝʥʘ ʬʫʥʢʮʽʾ ʚ R ï ʮʝ ʩʠʤʚʦʣʽʯʥʽ ʦʙôʻʢʪʠ, ʷʢʽ ʚʢʘʟʫʶʪʴ ʥʘ ʬʫʥʢʮʽʾ (ʷʢʽ 

ʪʘʢʦʞ ʻ ʦʙôʻʢʪʘʤʠ), ʷʢ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩʫʥʢʫ 2.50. 

 
ʈʠʩ. 2.50. ʇʨʠʢʣʘʜ ʚʠʢʦʨʠʩʪʘʥʥʷ ʽʤʝʥ ʬʫʥʢʮʽʡ ʚ ʷʢʦʩʪʽ ʦʙôʻʢʪʽʚ 

 

ʋ R ʻ ʜʝʷʢʽ ʩʧʝʮʽʘʣʴʥʽ ʧʦʟʥʘʯʝʥʥʷ, ʘ ʩʘʤʝ: 

- NA ï ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʜʣʷ ʧʨʝʜʩʪʘʚʣʝʥʥʷ ʚʽʜʩʫʪʥʽʭ ʟʥʘʯʝʥʴ, ʦʟʥʘʯʘʻ çʥʝʜʦʩʪʫʧʥʠʡè; 

- Inf ʘʙʦ -Inf ï ʨʝʟʫʣʴʪʘʪ ʦʙʯʠʩʣʝʥʴ, ʢʦʣʠ ʦʪʨʠʤʘʥʝ ʯʠʩʣʦ ʟʘʥʘʜʪʦ ʚʝʣʠʢʝ, ʟʘʥʘʜʪʦ ʤʘʣʝ 

ʘʙʦ ʻ ʜʽʣʝʥʥʷ ʥʘ ʥʫʣʴ; 

- NaN ï ʨʝʟʫʣʴʪʘʪ ʦʙʯʠʩʣʝʥʴ, ʷʢʠʡ ʥʝ ʤʦʞʝ ʽʩʥʫʚʘʪʠ, ʥʘʧʨʠʢʣʘʜ, ʧʨʠ ʨʦʟʧʦʜʽʣʽ ʥʫʣʷ ʥʘ 

ʥʫʣʴ, ʦʟʥʘʯʘʻ çʥʝ ʯʠʩʣʦè; 

- NULL ï ʯʘʩʪʦ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʷʢ ʘʨʛʫʤʝʥʪ ʜʣʷ ʬʫʥʢʮʽʡ, ʦʟʥʘʯʘʻ, ʱʦ ʮʴʦʤʫ 

ʘʨʛʫʤʝʥʪʫ ʥʝ ʧʨʠʩʚʦʶʻʪʴʩʷ ʞʦʜʥʝ ʟʥʘʯʝʥʥʷ. 

R ʯʘʩʪʦ ʧʝʨʝʜʘʻ ʦʜʠʥ ʪʠʧ ʜʘʥʠʭ ʽʥʰʦʤʫ. ʅʘʧʨʠʢʣʘʜ, ʷʢʱʦ ʚʠʢʣʠʢʘʪʠ ʬʫʥʢʮʽʶ ʟ 

ʘʨʛʫʤʝʥʪʦʤ ʥʝʧʨʘʚʠʣʴʥʦʛʦ ʪʠʧʫ, R ʥʘʤʘʛʘʻʪʴʩʷ ʧʝʨʝʪʚʦʨʠʪʠ ʮʝʡ ʘʨʛʫʤʝʥʪ, ʱʦʙ ʬʫʥʢʮʽʷ ʤʦʛʣʘ 

ʧʨʘʮʶʚʘʪʠ. ɯʥʰʠʤ ʧʨʠʢʣʘʜʦʤ ʻ ʚʠʧʘʜʦʢ, ʢʦʣʠ ʚʠʟʥʘʯʘʻʤʦ ʚʝʢʪʦʨ ʟ ʯʠʩʣʦʚʠʤʠ ʟʥʘʯʝʥʥʷʤʠ. ʋ 

ʮʴʦʤʫ ʚʠʧʘʜʢʫ R ʧʨʠʟʥʘʯʘʻ ʚʝʢʪʦʨʥʠʡ ʪʠʧ çʮʽʣʝ ʯʠʩʣʦè (ʨʠʩʫʥʦʢ 2.51). 
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ʈʠʩ. 2.51. ɺʝʢʪʦʨʥʠʡ ʪʠʧ ʜʘʥʠʭ 

 

ʗʢʱʦ ʟʤʽʥʠʪʠ ʟʥʘʯʝʥʥʷ ʯʝʪʚʝʨʪʦʛʦ ʝʣʝʤʝʥʪʘ ʚʝʢʪʦʨʘ x, R ʘʚʪʦʤʘʪʠʯʥʦ ʟʤʽʥʠʪʴ ʪʠʧ ʚʝʢʪʦʨʘ 

ʥʘ çdoubleè (ʯʠʩʣʦ ʟ ʧʣʘʚʘʶʯʦʶ ʢʦʤʦʶ ʘʙʦ ʯʠʩʣʦ ʧʦʜʚʽʡʥʦʾ ʪʦʯʥʦʩʪʽ), ʷʢ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩʫʥʢʫ 

2.52. 

 
ʈʠʩ. 2.52. ɿʘʤʽʥʝʥʠʡ ʪʠʧ ʟ integer ʥʘ double 

 

ɯʥʪʝʨʧʨʝʪʘʪʦʨ ï ʮʝ ʧʨʦʛʨʘʤʘ, ʷʢʘ ʚʠʢʦʥʫʻ ʧʠʩʴʤʦʚʠʡ ʢʦʜ. ʅʝʤʘʻ ʥʝʦʙʭʽʜʥʦʩʪʽ 

ʢʦʤʧʽʣʶʚʘʪʠ R-ʢʦʜ, ʷʢ ʫ ʚʠʧʘʜʢʫ ʟ C, C++ ʘʙʦ Java. ʎʝ ʦʟʥʘʯʘʻ, ʱʦ R ʻ ʽʥʪʝʨʧʨʝʪʦʚʘʥʦʶ ʤʦʚʦʶ. 

ɯʥʪʝʨʧʨʝʪʘʪʦʨ R ʦʙʨʦʙʣʷʻ R-ʚʠʨʘʟʠ ʚ ʢʽʣʴʢʘ ʢʨʦʢʽʚ. ʉʧʦʯʘʪʢʫ ʚʽʥ ʘʥʘʣʽʟʫʻ ʚʠʨʘʟʠ ʪʘ 

ʧʝʨʝʚʦʜʠʪʴ ʾʭ ʫ ʚʽʜʧʦʚʽʜʥʫ ʬʫʥʢʮʽʦʥʘʣʴʥʫ ʬʦʨʤʫ, ʮʝ ʤʦʞʥʘ ʧʦʙʘʯʠʪʠ ʚʠʢʦʥʘʚʰʠ ʚʠʢʣʠʢ ʬʫʥʢʮʽʾ 

quote() (ʨʠʩʫʥʦʢ 2.53). 

 
ʈʠʩ. 2.53. ɺʠʢʦʨʠʩʪʘʥʥʷ ʬʫʥʢʮʽʾ quote() 

 

ʅʘʚʝʜʝʥʠʡ ʚʠʱʝ ʚʠʨʘʟ ʧʦʚʝʨʪʘʻ ʦʙôʻʢʪ çʤʦʚʘè. ʑʦʙ ʧʦʙʘʯʠʪʠ, ʷʢ R ʦʙʨʦʙʣʷʻ ʚʠʨʘʟ, 

ʩʪʚʦʨʶʻʪʴʩʷ ʜʝʨʝʚʦ ʘʥʘʣʽʟʫ, ʷʢ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩʫʥʢʫ 2.54. 

 
ʈʠʩ. 2.54. ʉʪʚʦʨʝʥʥʷ ʜʝʨʝʚʘ ʘʥʘʣʽʟʫ 

 

ɼʘʣʽ ʜʦ ʝʣʝʤʝʥʪʽʚ ʩʧʠʩʢʫ ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ ʬʫʥʢʮʽʶ typeof() (ʪʠʧ ʜʘʥʠʭ), ʷʢʘ ʧʦʢʘʞʝ, ʷʢ 

ʽʥʪʝʨʧʨʝʪʫʻʪʴʩʷ ʚʠʨʘʟ ʚ R (ʨʠʩʫʥʦʢ 2.55). 

 
ʈʠʩ. 2.55. ɿʘʩʪʦʩʫʚʘʥʥʷ ʬʫʥʢʮʽʾ typeof() 
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ɼʝʷʢʽ ʯʘʩʪʠʥʠ ʦʧʝʨʘʪʦʨʘ, ʷʢʽ ʥʝ ʚʢʣʶʯʝʥʽ ʚ ʧʨʦʘʥʘʣʽʟʦʚʘʥʠʡ ʚʠʨʘʟ, ʟʥʘʭʦʜʷʪʴʩʷ ʚ ʝʣʝʤʝʥʪʽ 

ʽʥʘʢʰʝ. ʊʘʢʦʞ, ʚʘʨʪʦ ʚʽʜʟʥʘʯʠʪʠ, ʱʦ ʧʝʨʰʠʤ ʝʣʝʤʝʥʪʦʤ ʩʧʠʩʢʫ ʻ ʩʠʤʚʦʣ, ʷʢʠʡ ʚʢʘʟʫʻ ʥʘ ʬʫʥʢʮʽʶ 

if(). ʅʝʟʚʘʞʘʶʯʠ ʥʘ ʪʝ, ʱʦ ʩʠʥʪʘʢʩʠʩ ʽʥʩʪʨʫʢʮʽʾ if ʚʽʜʨʽʟʥʷʻʪʴʩʷ ʚʽʜ ʚʠʢʣʠʢʫ ʬʫʥʢʮʽʾ, 

ʽʥʪʝʨʧʨʝʪʘʪʦʨ R ʧʝʨʝʪʚʦʨʶʻ ʚʠʨʘʟ ʥʘ ʚʠʢʣʠʢ ʬʫʥʢʮʽʾ ʟ ʽʤʝʥʝʤ ʬʫʥʢʮʽʾ ʷʢ ʧʝʨʰʠʤ ʘʨʛʫʤʝʥʪʦʤ ʪʘ 

ʽʥʰʠʤʠ ʘʨʛʫʤʝʥʪʘʤʠ, ʷʢ ʫ ʩʧʠʩʢʫ ʚʠʱʝ. 

ʎʷ ʢʦʨʦʪʢʘ ʽʣʶʩʪʨʘʮʽʷ ʢʦʥʩʪʨʫʢʮʽʡ ʤʦʚʠ R ʜʦʟʚʦʣʷʻ ʧʦʙʘʯʠʪʠ ʨʷʜ ʟʨʫʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ 

ʜʣʷ ʡʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʚ ʟʘʚʜʘʥʥʷʭ ʦʙʨʦʙʢʠ ʜʘʥʠʭ. ʆʜʥʘʢ  ʥʘʡʛʦʣʦʚʥʽʰʦʶ ʧʝʨʝʚʘʛʦʶ R ʻ 

ʥʘʷʚʥʽʩʪʴ ʛʽʛʘʥʪʩʴʢʠʭ ʟ ʪʦʯʢʠ ʟʦʨʫ ʰʠʨʦʪʠ ʽ ʤʦʞʣʠʚʦʩʪʝʡ ʛʦʪʦʚʠʭ ʬʫʥʢʮʽʡ ʦʙʨʦʙʢʠ. ɰʭ ʟʘʟʚʠʯʘʡ 

ʦʙôʻʜʥʫʶʪʴ ʚ ʧʘʢʝʪʠ. ʅʘʡʙʽʣʴʰ ʚʽʜʦʤʠʤʠ ʽ ʧʦʧʫʣʷʨʥʠʤʠ ʻ ʧʘʢʝʪʠ ʬʫʥʢʮʽʡ, ʱʦ ʚʭʦʜʷʪʴ ʚ ʪʘʢ 

ʟʚʘʥʫ CRAN ï ʚʩʝʦʩʷʞʥʘ ʤʝʨʝʞʘ ʘʨʭʽʚʽʚ R [19]. ʊʫʪ ʥʘʚʝʜʝʥʽ ʣʠʰʝ ʥʘʟʚʠ ʦʩʥʦʚʥʠʭ ʛʨʫʧ ʧʘʢʝʪʽʚ 

ʬʫʥʢʮʽʡ R, ʦʩʢʽʣʴʢʠ ʧʦʚʥʠʡ ʦʧʠʩ ʧʘʢʝʪʽʚ ʤʦʞʝ ʟʘʡʤʘʪʠ ʩʦʪʥʽ ʩʪʦʨʽʥʦʢ: 

- ʙʘʡʻʩʽʚʩʴʢʠʡ ʽʥʪʝʨʬʝʡʩ; 

- ʭʤ̔ʽʦʤʝʪʨʽʷ ʪʘ ʦʙʯʠʩʣʶʚʘʣʴʥʘ  ʬʽʟʠʢʘ; 

- ʘʥʘʣʽʟ, ʤʦʥʽʪʦʨʠʥʛ ʪʘ ʨʦʟʨʦʙʢʘ ʢʣʽʥʽʯʥʠʭ ʜʦʩʣʽʜʞʝʥʴ; 

- ʢʣʘʩʪʝʨʥʠʡ ʘʥʘʣʽʟ ʪʘ ʤʦʜʝʣʽ ʩʢʽʥʯʝʥʥʠʭ ʝʣʝʤʝʥʪʽʚ; 

- ʜʠʬʝʨʝʥʮʽʘʣʴʥʽ ʨʽʚʥʷʥʥʷ; 

- ʽʤʦʚʽʨʥʽʩʥʽ ʨʦʟʧʦʜʽʣʠ; 

- ʦʙʯʠʩʣʶʚʘʣʴʥʘ ʝʢʦʥʦʤʝʪʨʠʢʘ; 

- ʘʥʘʣʽʟ ʝʢʦʣʦʛʽʯʥʠʭ ʪʘ ʝʢʦʣʦʛʽʯʥʠʭ ʜʘʥʠʭ  ʽ ʜʘʥʠʭ;  

- ʨʦʟʨʦʙʢʘ ʝʢʩʧʝʨʠʤʝʥʪʫ ʪʘ ʘʥʘʣʽʟ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʘʥʠʭ; 

- ʝʤʧʽʨʠʯʥʽ ʬʽʥʘʥʩʠ; 

- ʩʪʘʪʠʩʪʠʯʥʘ ʛʝʥʝʪʠʢʘ; 

- ʛʨʘʬʽʯʥʝ ʚʽʜʦʙʨʘʞʝʥʥʷ, ʜʠʥʘʤʽʯʥʘ ʛʨʘʬʽʢʘ ʪʘ ʚʽʟʫʘʣʽʟʘʮʽʷ; 

- ʚʠʩʦʢʦʧʨʦʜʫʢʪʠʚʥʽ e ʽ ʧʘʨʘʣʝʣʴʥʽ ʦʙʯʠʩʣʝʥʥʷ ʥʘ R; 

- ʤʘʰʠʥʥʝ ʥʘʚʯʘʥʥʷ ʪʘ ʩʪʘʪʠʩʪʠʯʥʝ ʥʘʚʯʘʥʥʷ; 

- ʘʥʘʣʽʟ ʤʝʜʠʯʥʠʭ ʟʦʙʨʘʞʝʥʴ; 

- ʤʝʪʘ-ʘʥʘʣʽʟ; 

- ʙʘʛʘʪʦʚʠʤʽʨʥʘ ʩʪʘʪʠʩʪʠʢʘ; 

- ʦʙʨʦʙʢʘ ʧʨʠʨʦʜʥʦʾ ʤʦʚʠ; 

- ʯʠʩʝʣʴʥʘ ʤʘʪʝʤʘʪʠʢʘ; 

- ʦʬʽʮʽʡʥʘ ʩʪʘʪʠʩʪʠʢʘ ʪʘ ʤʝʪʦʜʦʣʦʛʽʷ  ʦʧʠʪʫʚʘʥʥʷ; 

- ʦʧʪʠʤʽʟʘʮʽʷ ʪʘ ʤʘʪʝʤʘʪʠʯʥʝ ʧʨʦʛʨʘʤʫʚʘʥʥʷ; 

- ʘʥʘʣʽʟ ʜʘʥʠʭ ʬʘʨʤʘʢʦʢʽʥʝʪʠʢʠ; 

- ʬʽʣʦʛʝʥʝʪʠʢʘ, ʬʝʥʝʪʠʯʥʽ ʪʘ ʢʣʘʜʠʩʪʠʯʥʽ ʤʝʪʦʜʠ ʤʝʪʦʜʠ; 

- ʧʩʠʭʦʤʝʪʨʠʯʥʽ ʤʦʜʝʣʽ ʪʘ ʤʝʪʦʜʠ; 

- ʜʦʩʣʽʜʞʝʥʥʷ ʨʝʧʨʦʜʫʢʫʚʘʥʥʷ; 

- ʥʘʜʽʡʥʽ ʩʪʘʪʠʩʪʠʯʥʽ ʤʝʪʦʜʠ; 

- ʩʪʘʪʠʩʪʠʢʘ ʩʦʮʽʘʣʴʥʠʭ ʜʦʩʣʽʜʞʝʥʴ; 

- ʘʥʘʣʽʟ ʧʨʦʩʪʦʨʦʚʠʭ ʜʘʥʠʭ; 

- ʫʧʨʘʚʣʽʥʥʷ ʪʘ ʘʥʘʣʽʟ ʧʨʦʩʪʦʨʦʚʦ-ʯʘʩʦʚʠʭ ʜʘʥʠʭ; 

- ʘʥʘʣʽʟ ʩʧʦʩʪʝʨʝʞʝʥʴ; 

- ʘʥʘʣʽʟ ʯʘʩʦʚʠʭ ʨʷʜʽʚ; 
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- ʚʝʙ-ʪʝʭʥʦʣʦʛʽʾ ʪʘ ʩʝʨʚʽʩʠ; 

- ʛʨʘʬʽʯʥʽ ʤʦʜʝʣʽ ʚ R. 

ʇʨʘʢʪʠʯʥʦ ʙʫʜʴ-ʷʢʫ ʟʘʜʘʯʫ ʦʙʨʦʙʢʠ ʜʘʥʠʭ ʩʴʦʛʦʜʥʽ ʤʦʞʥʘ ʚʠʨʽʰʠʪʠ ʧʨʘʚʠʣʴʥʠʤ 

ʟʘʩʪʦʩʫʚʘʥʥʷʤ ʬʫʥʢʮʽʡ ʟ ʧʝʨʝʨʘʭʦʚʘʥʠʭ ʚʠʱʝ ʧʘʢʝʪʽʚ.  

ʊʦʤʫ, ʧʝʨʰ ʥʽʞ ʧʨʠʩʪʫʧʠʪʠ ʜʦ ʥʘʧʠʩʘʥʥʷ ʧʨʦʛʨʘʤʠ ʧʽʜ ʩʚʦʻ ʟʘʚʜʘʥʥʷ, ʥʘʩʪʽʡʥʦ 

ʨʝʢʦʤʝʥʜʫʻʤʦ ʧʨʠʜʽʣʠʪʠ ʯʘʩ ʚʠʚʯʝʥʥʶ ʛʦʪʦʚʠʭ ʬʫʥʢʮʽʡ ʦʙʨʦʙʢʠ. ʗʢ ʧʨʘʚʠʣʦ, ʯʘʩ, ʚʠʪʨʘʯʝʥʠʡ 

ʥʘ ʮʝ, ʟ ʣʠʰʢʦʤ ʢʦʤʧʝʥʩʫʻʪʴʩʷ ʝʢʦʥʦʤʽʻʶ ʥʘ ʢʦʜʫʚʘʥʥʽ ʽ ʥʘʣʘʛʦʜʞʝʥʥʽ ʚʣʘʩʥʦʛʦ ʢʦʜʫ.  

2.5. ɯʥʩʪʨʫʤʝʥʪʠ Data Science ʜʣʷ ʚʽʟʫʘʣʽʟʘʮʽʾ ʚʝʣʠʢʠʭ ʤʘʩʠʚʽʚ ʜʘʥʠʭ 

ɼʘʣʽ ʨʦʟʛʣʷʥʝʤʦ ʽʩʥʫʶʯʽ ʽʥʩʪʨʫʤʝʥʪʠ Data Science ʜʣʷ ʚʽʟʫʘʣʽʟʘʮʽʾ ʥʘʜʚʝʣʠʢʠʭ ʤʘʩʠʚʽʚ 

ʜʘʥʠʭ ʽ ʧʨʠʢʣʘʜ ʨʦʟʨʦʙʢʠ ʪʘʢʦʾ ʩʠʩʪʝʤʠ. 

 

2.5.1. ʆʩʥʦʚʥʽ ʩʠʩʪʝʤʠ ʟ ʚʽʟʫʘʣʽʟʘʮʽʾ ʜʘʥʠʭ 

ɿʘʜʘʯʘ ʚʽʟʫʘʣʽʟʘʮʽʾ ʚʝʣʠʢʠʭ ʤʘʩʠʚʽʚ ʜʘʥʠʭ ʥʝ ʻ ʥʦʚʦʶ. ʊʘʢʦʞ ʽʩʥʫʻ ʨʽʟʥʦʤʘʥʽʪʥʘ ʢʽʣʴʢʽʩʪʴ 

ʽʥʩʪʨʫʤʝʥʪʽʚ, ʱʦ ʜʦʟʚʦʣʷʻ ʧʽʜʛʦʪʫʚʘʪʠ ʜʘʥʽ ʫ ʩʧʝʮʽʘʣʴʥʦʤʫ ʬʦʨʤʘʪʽ ʪʘ ʚʽʟʫʘʣʽʟʫʚʘʪʠ ʾʭ.  

 

Tableau 

ʆʜʥʽʻʶ ʟ ʪʘʢʠʭ ʩʠʩʪʝʤʘ ʻ Tableau (ʨʠʩʫʥʦʢ 2.56).  

 

ʈʠʩ. 2.56. ʂʦʨʦʪʢʠʡ ʦʧʠʩ ʧʨʦʜʫʢʪʫ Tableau 

 

ʎʝ ̔ʥʩʪʨʫʤʝʥʪ ʚʽʟʫʘʣʽʟʘʮʽʾ ʜʘʥʠʭ ʜʣʷ ʩʪʚʦʨʝʥʥʷ ʽʥʪʝʨʘʢʪʠʚʥʠʭ ʛʨʘʬʽʢʽʚ, ʜʽʘʛʨʘʤ ʽ ʢʘʨʪ. 

Tableau Desktop ʤʘʻ ʚʝʨʩʽʶ ʜʣʷ ʩʪʚʦʨʝʥʥʷ ʩʪʘʪʠʯʥʠʭ ʚʽʟʫʘʣʽʟʘʮʽʡ, ʷʢʽ ʤʦʞʫʪʴ ʙʫʪʠ ʦʧʫʙʣʽʢʦʚʘʥʽ 

ʥʘ ʦʜʥʽʡ ʘʙʦ ʜʝʢʽʣʴʢʦʭ ʚʝʙ-ʩʪʦʨʽʥʢʘʭ, ʘʣʝ ʥʝʤʘʻ ʤʦʞʣʠʚʦʩʪʽ ʩʪʚʦʨʶʚʘʪʠ ʽʥʪʝʨʘʢʪʠʚʥʽ ʢʘʨʪʠ. ɯʩʥʫʻ 

ʙʝʟʢʦʰʪʦʚʥʘ ʚʝʨʩʽʷ ʟ ʜʝʷʢʠʤʠ ʦʙʤʝʞʝʥʥʷʤʠ, ʦʩʢʽʣʴʢʠ ʩʘʤʘ ʧʣʘʪʬʦʨʤʘ ʧʣʘʪʥʘ. ʊʘʢʦʞ ʻ ʪʨʠ ʧʣʘʪʥʽ 

ʚʝʨʩʽʾ: Creator, Researcher ʪʘViewer (ʨʠʩʫʥʦʢ 2.57).  
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ʈʠʩ. 2.57. ɺʝʨʩʽʾ ʧʨʦʛʨʘʤʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ Tableau 

 

ʅʘʧʨʠʢʣʘʜ, ʧʨʠ ʧʽʜʢʣʶʯʝʥʥʽ ʧʘʢʝʪʫ Creator, ʢʦʨʠʩʪʫʚʘʯ ʦʪʨʠʤʫʻ ʤʦʞʣʠʚʦʩʪʽ: 

- ʧʽʜʢʣʶʯʝʥʥʷ ʜʦʚʽʣʴʥʠʭ ʜʘʥʠʭ; 

- ʧʫʙʣʽʢʘʮʽʾ  ʧʝʚʥʠʭ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʧʘʥʝʣʝʡ; 

- ʨʦʙʦʯʦʛʦ ʩʪʦʣʫ Tableau; 

- ʢʦʥʩʪʨʫʢʪʦʨʫ Tableau Prep; 

- ʦʜʥʽʻʾ ʣʽʮʝʥʟʽʾ Creator Tableau Cloud. 

ʇʣʘʪʬʦʨʤʘ ʪʘʢʦʞ ʧʨʦʧʦʥʫʻ ʰʠʨʦʢʠʡ ʩʧʝʢʪʨ ʤʝʪʦʜʽʚ ʚʽʟʫʘʣʽʟʘʮʽʾ ʜʣʷ ʝʬʝʢʪʠʚʥʦʛʦ ʪʘ 

ʧʨʠʚʘʙʣʠʚʦʛʦ ʧʨʝʜʩʪʘʚʣʝʥʥʷ ʜʘʥʠʭ. ʅʘʧʨʠʢʣʘʜ, ʤʦʞʣʠʚʽ ʪʘʢʽ ʟʘʛʘʣʴʥʽ ʩʧʦʩʦʙʠ ʚʽʟʫʘʣʽʟʘʮʽʾ ʜʘʥʠʭ: 

ʜʽʘʛʨʘʤʠ, ʪʘʙʣʠʮʽ, ʛʨʘʬʽʢʠ, ʢʘʨʪʠ, ʽʥʬʦʛʨʘʬʽʢʘ ʪʘ ʽʥʬʦʨʤʘʮʽʡʥʽ ʧʘʥʝʣʽ. ʊʘʢʦʞ ʜʦʩʪʫʧʥʽ 

ʩʧʝʮʠʬʽʯʥʽ ʤʝʪʦʜʠ ʚʽʟʫʘʣʽʟʘʮʽʾ ʜʘʥʠʭ, ʪʘʢʽ ʷʢ ʩʝʢʪʦʨʥʽ ʜʽʘʛʨʘʤʠ, ʛʽʩʪʦʛʨʘʤʠ, ʙʫʣʴʙʘʰʢʦʚʽ ʭʤʘʨʠ, 

ʤʘʨʢʝʨʥʽ ʜʽʘʛʨʘʤʠ, ʢʘʨʪʦʛʨʘʤʠ, ʢʨʫʛʦʚʽ ʜʽʘʛʨʘʤʠ, ʜʽʘʛʨʘʤʠ ʨʦʟʧʦʜʽʣʫ ʪʦʯʦʢ ʽ ʪʝʧʣʦʚʽ ʢʘʨʪʠ. 

 

ɯʥʩʪʨʫʤʝʥʪ QlikView 

QlikView - ʮʝ ʱʝ ʦʜʠʥ ʽʥʩʪʨʫʤʝʥʪ ʚʽʟʫʘʣʽʟʘʮʽʾ ʜʘʥʠʭ ʽ ʧʣʘʪʬʦʨʤʘ ʜʣʷ ʧʦʰʫʢʫ ʜʘʥʠʭ, ʷʢʘ 

ʧʨʠʩʢʦʨʶʻ ʘʥʘʣʽʪʠʢʫ ʽ ʧʽʜʚʠʱʫʻ ʪʦʯʥʽʩʪʴ ʨʝʟʫʣʴʪʘʪʽʚ, ʜʦʟʚʦʣʷʶʯʠ ʢʦʨʠʩʪʫʚʘʯʘʤ ʧʨʠʡʤʘʪʠ ʙʽʣʴʰ 

ʰʚʠʜʢʽ ʪʘ ʦʙˇʨʫʥʪʦʚʘʥʽ ʨʽʰʝʥʥʷ (ʨʠʩʫʥʦʢ 2.58). 
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ʈʠʩ. 2.58. ʇʨʠʢʣʘʜ ʧʨʦʛʨʘʤʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ QlikView 

 

ʇʣʘʪʬʦʨʤʘ ʚʢʣʶʯʘʻ ʽʥʪʫʾʪʠʚʥʦ ʟʨʦʟʫʤʽʣʠʡ ʥʘʙʽʨ ʜʣʷ ʨʦʟʨʦʙʢʠ ʧʨʦʛʨʘʤʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ, 

ʱʦ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʦʨʛʘʥʽʟʘʮʽʷʤʠ ʧʦ ʚʩʴʦʤʫ ʩʚʽʪʫ. QlikView ʧʦʻʜʥʫʻ ʨʽʟʥʽ ʪʠʧʠ ʜʞʝʨʝʣ ʜʘʥʠʭ 

ʟ ʢʦʣʴʦʨʦʚʠʤʠ ʪʘʙʣʠʮʷʤʠ, ʛʽʩʪʦʛʨʘʤʘʤʠ, ʣʽʥʽʡʥʠʤʠ ʜʽʘʛʨʘʤʘʤʠ, ʩʝʢʪʦʨʥʠʤʠ ʜʽʘʛʨʘʤʘʤʠ ʪʘ 

ʩʣʘʡʜʝʨʘʤʠ ʚʽʟʫʘʣʽʟʘʮʽʾ. QlikView ʨʦʟʨʦʙʣʝʥʠʡ ʟʘ ʜʦʧʦʤʦʛʦʶ ʽʥʪʝʨʬʝʡʩʫ ʚʽʟʫʘʣʽʟʘʮʽʾ 

ʧʝʨʝʪʷʛʫʚʘʥʥʷ, ʷʢʠʡ ʜʦʟʚʦʣʷʻ ʢʦʨʠʩʪʫʚʘʯʘʤ ʣʝʛʢʦ ʜʦʜʘʚʘʪʠ ʜʘʥʽ ʟʨʽʟʥʠʭ ʜʞʝʨʝʣ, ʪʘʢʠʭ ʷʢ ʙʘʟʠ 

ʜʘʥʠʭ ʽ ʝʣʝʢʪʨʦʥʥʽ ʪʘʙʣʠʮʽ, ʙʝʟ ʥʘʧʠʩʘʥʥʷ ʢʦʜʫ. ʎʽ ʬʫʥʢʮʽʾ ʨʦʙʣʷʪʴ QlikView ʚʽʜʥʦʩʥʦ ʧʨʦʩʪʠʤ 

ʫ ʚʠʚʯʝʥʥʽ ʪʘ ʨʦʟʫʤʽʥʥʽ (ʨʠʩʫʥʦʢ 2.59).  

ɼʣʷ ʚʠʢʦʨʠʩʪʘʥʥʷ ʮʽʻʾ ʩʠʩʪʝʤʠ ʥʝʧʦʪʨʽʙʥʦ ʟʘʚʘʥʪʘʞʫʚʘʪʠ ʘʙʦ ʚʩʪʘʥʦʚʣʶʚʘʪʠ ʞʦʜʥʦʛʦ 

ʧʨʦʛʨʘʤʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ. ɺʝʩʴ ʚʽʟʫʘʣʴʥʠʡ ʘʥʘʣʽʟ ʟʙʝʨʽʛʘʻʪʴʩʷ ʚ ʟʘʭʠʱʝʥʦʤʫ ʭʤʘʨʥʦʤʫ 

ʩʝʨʝʜʦʚʠʱʽ ʟʘ ʜʦʧʦʤʦʛʦʶ ʧʦʪʫʞʥʦʛʦ ʤʝʭʘʥʽʟʤʫ ʘʩʦʮʽʘʮʽʡ Qlik. ʉʠʩʪʝʤʘ ʚʢʣʶʯʘʻ ʚ ʩʝʙʝ 

ʘʚʪʦʤʘʪʠʯʥʫ ʩʠʩʪʝʤʫ ʧʦʨʘʜ ʟʽ ʰʪʫʯʥʠʤ ʽʥʪʝʣʝʢʪʦʤ. ʊʘʢʦʞ ʤʦʞʥʘ ʥʘʣʘʰʪʫʚʘʪʠ ʘʚʪʦʤʘʪʠʯʥʝ 

ʦʥʦʚʣʝʥʥʷ ʜʘʥʠʭ. ɼʣʷ ʦʪʨʠʤʘʥʥʷ ʙʝʟʢʦʰʪʦʚʥʦʾ ʚʝʨʩʽʾ ʥʝʦʙʭʽʜʥʦ ʧʨʦʡʪʠ ʘʚʪʝʥʪʠʬʽʢʘʮʽʶ ʪʘ 

ʚʝʨʠʬʽʢʘʮʽʶ. ʎʝ ʧʨʦʛʨʘʤʥʝ ʟʘʙʝʟʧʝʯʝʥʥʷ ʥʘʜʘʻʪʴʩʷ ʣʠʰʝ ʜʣʷ ʧʨʦʬʝʩʽʡʥʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ. 



  127 

 
ʈʠʩ. 2.59. ʇʨʠʢʣʘʜ ʧʝʨʝʭʦʜʫ ʟ ʧʘʩʠʚʥʦʛʦ ʥʘ ʘʢʪʠʚʥʠʡ ʘʥʘʣʽʟ ʫ ʧʨʦʛʨʘʤʽ Qlki 

 

ɯʥʩʪʨʫʤʝʥʪ Plotly 

Plotly - ʮʝ ̔ʥʩʪʨʫʤʝʥʪ ʚʽʟʫʘʣʽʟʘʮʽʾ ʜʘʥʠʭ ʜʣʷ ʩʪʚʦʨʝʥʥʷ ʽʥʪʝʨʘʢʪʠʚʥʠʭ ʛʨʘʬʽʢʽʚ, ʜʽʘʛʨʘʤʽ 

ʤʘʧ; ʪʘʢʦʞ ʤʦʞʥʘ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ Plotly ʜʣʷ ʩʪʚʦʨʝʥʥʷ ʚʽʟʫʘʣʽʟʘʮʽʡ ʥʘʙʦʨʽʚ ʜʘʥʠʭ ʽ ʜʽʣʠʪʠʩʷ 

ʧʦʩʠʣʘʥʥʷʤʠ ʥʘ ʮʽ ʚʽʟʫʘʣʽʟʘʮʽʾ ʟ ʙʫʜʴ-ʢʠʤ. ɻʨʘʬʽʢʠ, ʩʪʚʦʨʝʥʽ ʟʘ ʜʦʧʦʤʦʛʦʶ Plotly, ʻ 

ʽʥʪʝʨʘʢʪʠʚʥʠʤʠ ʽ ʤʘʶʪʴ ʫʥʽʢʘʣʴʥʽ ʚʝʙ-ʧʦʩʠʣʘʥʥʷ. ʂʦʨʠʩʪʫʚʘʯʽ ʤʦʞʫʪʴ ʥʘʚʝʩʪʠ ʢʫʨʩʦʨ ʥʘ ʪʦʯʢʫ 

ʜʘʥʠʭ, ʱʦʙ ʧʦʙʘʯʠʪʠ ʽʥʬʦʨʤʘʮʽʶ ʧʨʦ ʥʝʾ ʽ ʜʽʟʥʘʪʠʩʷ, ʷʢ ʙʫʣʘ ʩʪʚʦʨʝʥʘ ʚʽʟʫʘʣʽʟʘʮʽʷ; ʽʥʪʝʨʬʝʡʩ 

Plotly ʧʨʦʩʪʠʡ ʫ ʚʠʢʦʨʠʩʪʘʥʥʽ ʽ ʜʦʟʚʦʣʷʻ ʣʝʛʢʦ ʩʪʚʦʨʶʚʘʪʠ ʢʨʘʩʠʚʽ ʛʨʘʬʽʢʠ. ʂʨʽʤ ʪʦʛʦ, Plotly ʤʘʻ 

ʚʝʣʠʢʫ ʙʽʙʣʽʦʪʝʢʫ ʪʠʧʽʚ ʚʽʟʫʘʣʽʟʘʮʽʾ ʟ ʚʽʜʢʨʠʪʠʤ ʚʠʭʽʜʥʠʤ ʢʦʜʦʤ, ʟ ʷʢʦʾ ʤʦʞʥʘ ʚʠʙʨʘʪʠ ʪʝ, ʱʦ 

ʧʦʪʨʽʙʥʦ ʜʣʷ ʩʪʚʦʨʝʥʥʷ ʨʽʟʥʦʤʘʥʽʪʥʠʭ ʛʨʘʬʽʢʽʚ ʽ ʢʘʨʪ. 

ʂʦʞʥʘ ʟ ʮʠʭ ʩʠʩʪʝʤ ʤʘʻ ʩʚʦʾ ʩʠʣʴʥʽ ʪʘ ʩʣʘʙʢʽ ʩʪʦʨʦʥʠ. ʅʘʧʨʠʢʣʘʜ, Tableau ʤʘʻ ʥʠʟʢʫ 

ʚʠʩʦʢʦ ʽʥʪʝʨʘʢʪʠʚʥʠʭ ʽʥʩʪʨʫʤʝʥʪʽʚ, ʘʣʝ ʚʦʥʠ ʜʦʩʪʫʧʥʽ ʣʠʰʝ ʚ ʧʣʘʪʥʽʡ ʚʝʨʩʽʾ. ʗʢʱʦ ʢʦʨʠʩʪʫʚʘʯʽ 

ʭʦʯʫʪʴ ʩʧʨʦʙʫʚʘʪʠ ʾʭ ʙʝʟʢʦʰʪʦʚʥʦ, ʚʦʥʠ ʦʪʨʠʤʫʶʪʴ ʦʙʤʝʞʝʥʫ ʚʝʨʩʽʶ ʚʽʟʫʘʣʽʟʘʮʽʾ. ɯ ʥʘʚʧʘʢʠ, ʫ 

QlikView ʜʦʩʪʫʧʥʘ ʧʦʚʥʘ ʩʠʩʪʝʤʥʘ ʚʝʨʩʽʷ ʧʨʦʜʫʢʪʫ, ʘʣʝ ʢʦʨʠʩʪʫʚʘʯʽ ʧʦʚʠʥʥʽ ʧʝʨʝʚʽʨʠʪʠ, ʯʠ ʙʫʜʝ 

ʮʝʡ ʧʨʦʛʨʘʤʥʠʡ ʧʨʦʜʫʢʪ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠʩʷ ʚ ʾʭʥʴʦʤʫ ʙʽʟʥʝʩʽ. ʎʷ ʚʝʨʩʽʷ ʤʘʻ ʧʦʚʥʠʡ ʬʫʥʢʮʽʦʥʘʣ, 

ʘʣʝ ʜʦʩʪʫʧʥʘ ʣʠʰʝ ʧʨʦʪʷʛʦʤ ʦʙʤʝʞʝʥʦʛʦ ʧʝʨʽʦʜʫ ʯʘʩʫ. ʇʽʩʣʷ ʮʴʦʛʦ ʥʝʦʙʭʽʜʥʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ 

ʧʣʘʪʥʫ ʚʝʨʩʽʶ. 

ʑʦ ʩʪʦʩʫʻʪʴʩʷ ʧʣʘʪʬʦʨʤʠ ʚʽʟʫʘʣʽʟʘʮʽʾ, Plotly, ʪʦ ʚʦʥʘ ʤʘʻ ʧʨʦʩʪʠʡ ʫ ʚʠʢʦʨʠʩʪʘʥʥʽ 

ʽʥʪʝʨʬʝʡʩ. ɺʽʥ ʜʦʟʚʦʣʷʻ ʢʦʨʠʩʪʫʚʘʯʘʤ ʩʪʚʦʨʶʚʘʪʠ ʧʨʦʩʪʽ, ʟʨʦʟʫʤʽʣʽ ʛʨʘʬʽʢʠ ʙʝʟ ʥʝʦʙʭʽʜʥʦʩʪʽ 

ʧʠʩʘʪʠ ʢʦʜ, ʘʣʝ ʙʽʣʴʰ ʩʢʣʘʜʥʽ ʚʽʟʫʘʣʽʟʘʮʽʾ ʚʠʤʘʛʘʶʪʴ ʛʣʠʙʦʢʠʭ ʟʥʘʥʴ ʧʣʘʪʬʦʨʤʠ. ʂʨʽʤ ʪʦʛʦ, ʜʝʷʢʽ 

ʙʽʙʣʽʦʪʝʢʠ Plotly ʤʘʶʪʴ ʚʽʜʢʨʠʪʠʡ ʚʠʭʽʜʥʠʡ ʢʦʜ. ʗʢ ʧʨʠʢʣʘʜ ʪʦʛʦ, ʥʘʩʢʽʣʴʢʠ ʣʝʛʢʦ ʥʘʣʘʰʪʫʚʘʪʠ 

ʪʘʢʝ ʧʨʦʛʨʘʤʥʝ ʟʘʙʝʟʧʝʯʝʥʥʷ, ʤʦʞʥʘ ʟʥʘʡʪʠ ʧʨʠʢʣʘʜ ʥʘ ʦʬʽʮʽʡʥʽʡ ʩʪʦʨʽʥʮʽ Plotly, ʷʢʠʡ 

ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʪʨʴʦʭ ʢʨʦʢʽʚ: 

1) ʙʫʜʫʚʘʥʥʷ; 

2) ʨʦʟʛʦʨʪʘʥʥʷ; 

3) ʤʘʩʰʪʘʙʫʚʘʥʥʷ. 

ʉʧʦʯʘʪʢʫ ʢʦʨʠʩʪʫʚʘʯ ʩʪʚʦʨʶʻ ʜʦʜʘʪʦʢ (ʨʠʩʫʥʦʢ 2.60). 
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ʈʠʩ. 2.60. ʂʨʦʢ çɹʫʜʫʚʘʥʥʷè 

 

ʇʦʪʽʤ ʥʝʦʙʭʽʜʥʦ ʨʦʟʛʦʨʥʫʪʠ ʜʦʜʘʪʦʢ (ʨʠʩʫʥʦʢ 2.61). 

 
ʈʠʩ. 2.61. ʂʨʦʢ çʈʦʟʛʦʨʪʘʥʥʷè 

 

ɯ ʜʣʷ ʟʘʚʝʨʰʝʥʥʷ ʢʦʨʠʩʪʫʚʘʯ ʤʦʞʝ ʣʝʛʢʦ ʤʘʩʰʪʘʙʫʚʘʪʠ ʜʦʜʘʪʦʢ (ʨʠʩʫʥʦʢ 2.62). 

 
ʈʠʩ. 2.62. ʄʘʩʰʪʘʙʫʚʘʥʥʷ 

 

ʑʦ ʩʪʦʩʫʻʪʴʩʷ ʢʦʥʬʽʜʝʥʮʽʡʥʦʩʪʽ, ʪʦ ʢʨʘʱʝ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʧʨʦʛʨʘʤʥʝ ʟʘʙʝʟʧʝʯʝʥʥʷ ʟ 

ʚʽʜʢʨʠʪʠʤ ʢʦʜʦʤ. ʎʝ ʧʦʚ'ʷʟʘʥʦ ʟ ʪʠʤ, ʱʦ ʪʽʣʴʢʠ ʪʘʢ ʤʦʞʥʘ ʛʘʨʘʥʪʫʚʘʪʠ ʙʝʟʧʝʢʫ ʜʘʥʠʭ, ʷʢʽ 

ʦʙʨʦʙʣʷʶʪʴʩʷ ʧʣʘʪʬʦʨʤʦʶ. ʊʘʢʦʞ ʚʘʨʪʦ ʚʽʜʟʥʘʯʠʪʠ ʚʽʜʤʽʥʥʠʡ ʽ ʟʨʫʯʥʠʡ ʽʥʪʝʨʬʝʡʩ ʜʦʢʫʤʝʥʪʘʮʽʾ 

(ʨʠʩʫʥʦʢ 2.63). 

ɺʽʜʢʨʠʪʠʡ ʚʠʭʽʜʥʠʡ ʢʦʜ ʜʦʧʦʤʘʛʘʻ ʚʠʟʥʘʯʠʪʠ ʤʦʚʠ, ʷʢʽ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠʩʷ ʧʨʠ ʨʦʟʨʦʙʮʽ, 

ʘ ʪʘʢʦʞ ʧʨʦʘʥʘʣʽʟʫʚʘʪʠ ʩʪʨʫʢʪʫʨʫ ʧʨʦʢ̒ʪʫ ʽ ʪʝ, ʷʢ ʚʽʥ ʨʦʟʚʠʚʘʚʩʷ (ʨʠʩʫʥʦʢ 2.64). 
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ʇʨʦʘʥʘʣʽʟʫʚʘʚʰʠ ʮʽ ʧʣʘʪʬʦʨʤʠ, ʚʠʥʠʢʘʻ ʚʠʩʥʦʚʦʢ, ʱʦ ʧʨʦʛʨʘʤʥʽ ʧʨʦʜʫʢʪʠ ʟ ʚʽʜʢʨʠʪʠʤ 

ʚʠʭʽʜʥʠʤ ʢʦʜʦʤ ʜʦʮʽʣʴʥʦ ʩʪʚʦʨʶʚʘʪʠ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʷʢ ʧʨʦʩʪʠʭ, ʪʘʢ ʽ ʩʢʣʘʜʥʠʭ ʚʽʟʫʘʣʽʟʘʮʽʡ 

ʚʝʣʠʢʠʭ ʤʘʩʠʚʽʚ ʜʘʥʠʭ. 

 
ʈʠʩ. 2.63. ʆʬʽʮʽʡʥʘ ʜʦʢʫʤʝʥʪʘʮʽʷ Plotly 

 

 
ʈʠʩʫʥʦʢ 2.64. ɺʠʭʽʜʥʠʡ ʢʦʜ ʧʨʦʛʨʘʤʥʦʛʦ ʧʨʦʜʫʢʪʫ Plotly 
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2.5.2. ɿʚʽʪʠ ʚ ʩʝʨʚʽʩʽ Report Services 

SQL Server Reporting Services (SSRS)  ï ʮʝ ʩʝʨʚʽʩʠ ʜʣʷ ʨʦʟʨʦʙʢʠ, ʜʦʩʪʘʚʢʠ ʪʘ ʧʝʨʝʛʣʷʜʫ 

ʟʚʽʪʽʚ. ɿʘʛʘʣʴʥʘ ʘʨʭʽʪʝʢʪʫʨʘ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩʫʥʢʫ 2.65. 

 
ʈʠʩ. 2.65. ɸʨʭʽʪʝʢʪʫʨʘ SSRS 

 

ɿʘ ʜʦʧʦʤʦʛʦʶ Reporting Services ʤʦʞʥʘ ʩʪʚʦʨʶʚʘʪʠ ʢʦʨʧʦʨʘʪʠʚʥʽ ʟʚʽʪʠ ʟ ʧʽʜʪʨʠʤʢʦʶ ʚʝʙ-

ʽʥʪʝʨʬʝʡʩʫ, ʧʫʙʣʽʢʫʚʘʪʠ ʟʚʽʪʠ ʫ ʨʽʟʥʦʤʘʥʽʪʥʠʭ ʬʦʨʤʘʪʘʭ, ʮʝʥʪʨʘʣʽʟʦʚʘʥʦ ʢʝʨʫʚʘʪʠ ʙʝʟʧʝʢʦʶ ʽ 

ʧʽʜʧʠʩʢʘʤʠ. 

ɼʣʷ ʨʦʟʨʦʙʢʠ ʧʨʦʢ̒ʪʽʚ Reporting Services ʫ ʦʩʪʘʥʥʽʭ ʚʝʨʩʽʷʭ ʩʝʨʝʜʦʚʠʱʘ Visual Studio 

(2019, 2022) ʥʝʦʙʭʽʜʥʦ ʚʠʢʦʨʠʩʪʘʪʠ ʨʦʟʰʠʨʝʥʥʷ. 

Report Builder ï ʽʥʩʪʨʫʤʝʥʪ ʜʣʷ ʩʪʚʦʨʝʥʥʷ ʟʚʽʪʽʚ ʥʘ ʩʪʦʨʦʥʽ ʢʣʽʻʥʪʘ. 

 

ʄʦʚʘ RDL 

ɼʣʷ ʦʧʠʩʫ ʟʚʽʪʽʚ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʤʦʚʘ RDL (Report Definition Language). ʄʦʚʘ ʦʧʠʩʫʻ 

ʚʩʽ ʤʦʞʣʠʚʽ ʝʣʝʤʝʥʪʠ ʟʚʽʪʫ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʛʨʘʤʘʪʠʢʠ XML, ʷʢʘ ʧʝʨʝʚʽʨʷʻʪʴʩʷ ʩʭʝʤʦʶ XML.  

ʇʨʠʢʣʘʜ ʜʽʘʛʨʘʤʠ ʤʦʚʠ RDL ʟʦʙʨʘʞʝʥʦ ʥʘ ʨʠʩʫʥʢʫ 2.66. 

 
ʈʠʩ. 2.66. ɼʽʘʛʨʘʤʘ ʤʦʚʠ RDL 
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ʂʦʨʝʥʝʚʠʤ ʪʝʛʦʤ ʫ ʟʚʽʪʽ ʻ ʪʝʛ Report. ɻʦʣʦʚʥʠʤʠ ʨʦʟʜʽʣʘʤʠ ʙʫʜʴ-ʷʢʦʛʦ RDL-ʬʘʡʣʫ ʻ 

ʨʦʟʤʽʪʢʘ ʩʪʦʨʽʥʢʠ, ʦʧʠʩ ʧʦʣʽʚ ʪʘ ʧʘʨʘʤʝʪʨʠ ʽ ʟôʻʜʥʘʥʥʷ ʟ ʙʘʟʦʶ ʜʘʥʠʭ (ʨʠʩʫʥʦʢ 2.67). 

 
ʈʠʩ. 2.67. ʇʨʠʢʣʘʜ ʣʽʩʪʠʥʛʫ ʟʚʽʪʫ ʤʦʚʦʶ RDL 

 

ɿʘ ʜʦʧʦʤʦʛʦʶ SSRS ʤʦʞʣʠʚʦ ʨʦʟʨʦʙʣʷʪʠ ʜʝʢʽʣʴʢʘ ʚʠʜʽʚ ʟʚʽʪʽʚ. ʋʩʽ ʪʠʧʠ ʟʚʽʪʽʚ ʨʘʟʦʤ ʽʟ ʾʭ 

ʦʧʠʩʦʤ ʟʚʝʜʝʥʦ ʜʦ ʪʘʙʣʠʮʽ 2.4. 

 

ʊʘʙʣʠʮʷ 2.4. ʊʠʧʠ ʟʚʽʪʽʚ, ʱʦ ʨʦʟʨʦʙʣʷʶʪʴʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ SSRS 

ʊʠʧ ʟʚʽʪʫ ʆʧʠʩ ʟʚʽʪʫ 

ʇʘʨʘʤʝʪʨʠʟʦʚʘʥʽ 

ʟʚʽʪʠ 

ɿʚʽʪ ʚʠʢʦʨʠʩʪʦʚʫʻ ʚʭʽʜʥʽ ʟʥʘʯʝʥʥʷ ʜʣʷ ʟʘʚʝʨʰʝʥʥʷ ʟʚʽʪʫ ʯʠ ʦʙʨʦʙʢʠ ʜʘʥʠʭ 

ɿʚôʷʟʘʥʽ ʟʚʽʪʠ ɿʚôʷʟʘʥʠʡ ʟʚʽʪ ʧʨʦʧʦʥʫʻ ʪʦʯʢʫ ʜʣʷ ʽʩʥʫʶʯʦʛʦ ʟʚʽʪʫ. ʎʝʡ ʪʠʧ ʟʚʽʪʫ ʦʪʨʠʤʘʥʠʡ ʽʟ 

ʽʩʥʫʶʯʦʛʦ ʟʚʽʪʫ ʽ ʟʙʝʨʽʛʘʻ ʚʠʟʥʘʯʝʥʥʷ ʦʨʠʛʽʥʘʣʴʥʦʛʦ ʟʚʽʪʫ 

ɿʚʽʪʠ ʧʨʦ ʟʥʽʤʢʠ ɿʚʽʪ ʧʨʦ ʟʥʽʤʦʢ ʤʽʩʪʠʪʴ ʽʥʬʦʨʤʘʮʽʶ ʧʨʦ ʤʘʢʝʪ ʽ ʨʝʟʫʣʴʪʘʪʠ ʟʘʧʠʪʫ, ʷʢʽ ʤʦʞʥʘ 

ʦʪʨʠʤʘʪʠ ʫ ʚʠʟʥʘʯʝʥʠʡ ʤʦʤʝʥʪ ʯʘʩʫ 

ɼʝʪʘʣʽʟʦʚʘʥʽ ʟʚʽʪʠ ʎʝ ʩʪʘʥʜʘʨʪʥʽ ʟʚʽʪʠ, ʜʦʩʪʫʧ ʜʦ ʷʢʠʭ ʤʦʞʥʘ ʦʪʨʠʤʘʪʠ ʟʘ ʜʦʧʦʤʦʛʦʶ ʧʦʩʠʣʘʥʥʷ ʥʘ 

ʪʝʢʩʪʦʚʝ ʧʦʣʝ ʫ ʚʠʭʽʜʥʦʤʫ ʟʚʽʪʽ 

ɺʢʣʘʜʝʥʽ ʟʚʽʪʠ ɿʚʽʪʠ, ʷʢʽ ʚʽʜʦʙʨʘʞʘʶʪʴʩʷ ʚʩʝʨʝʜʠʥʽ ʪʽʣʘ ʦʩʥʦʚʥʦʛʦ ʟʚʽʪʫ 

 

ɼʣʷ ʥʘʣʘʰʪʫʚʘʥʥʷ ʩʣʫʞʙ Reporting Services ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʫʪʠʣʽʪʘ Reporting Services 

Configuration Manager (ʨʠʩʫʥʦʢ 2.68).  

ɿʘ ʜʦʧʦʤʦʛʦʶ ʮʽʻʾ ʫʪʠʣʽʪʠ ʤʦʞʥʘ ʤʦʜʠʬʽʢʫʚʘʪʠ ʥʘʩʪʫʧʥʽ ʥʘʣʘʰʪʫʚʘʥʥʷ: 

- Database; 

- E-Mail Settings; 

- Execution Account; 

- Encryption Keys; 

- Power BI Integration: 

- Service Account; 

- Subscription Settings; 

- Web Service URL; 

- Web Portal URL. 
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ʈʠʩ. 2.68. ʄʝʥʝʜʞʝʨ ʢʦʥʬʽʛʫʨʘʮʽʾ Report Services 

 

ɿʚʽʪʠ ʤʦʞʥʘ ʧʝʨʝʛʣʷʜʘʪʠ ʚ ʙʨʘʫʟʝʨʽ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʝʣʝʤʝʥʪʫ ʢʝʨʫʚʘʥʥʷ ReportViewer 

(ʨʠʩʫʥʦʢ 2.69).  

 
ʈʠʩ. 2.69. ɿʘʩʽʙ ʧʝʨʝʛʣʷʜʫ ʟʚʽʪʽʚ ReportViewer 

 

ʋ ʚʝʨʭʥʽʡ ʯʘʩʪʠʥʽ ReportViewer ʤʽʩʪʠʪʴʩʷ ʧʘʥʝʣʴ ʽʥʩʪʨʫʤʝʥʪʽʚ, ʱʦ ʜʦʟʚʦʣʷ ̒

ʧʝʨʝʤʽʱʫʚʘʪʠʩʷ ʧʦ ʟʘʧʠʩʘʤ ʟʚʽʪʫ, ʤʘʩʰʪʘʙʫʚʘʪʠ ʟʚʽʪ, ʟʙʝʨʽʛʘʪʠ ʟʚʽʪ ʫ ʨʽʟʥʠʭ ʬʦʨʤʘʪʘʭ, ʜʨʫʢʫʚʘʪʠ 

ʟʚʽʪ, ʟʜʽʡʩʥʶʚʘʪʠ ʧʦʰʫʢ ʧʦ ʟʚʽʪʫ. ʂʨʽʤ ʚʝʙ-ʜʦʜʘʪʢʽʚ, ReportViewer ʤʦʞʝ ʙʫʪʠ ʚʠʢʦʨʠʩʪʘʥʠʡ ʫ 

ʚʽʢʦʥʥʠʭ ʜʦʜʘʪʢʘʭ, ʥʘʧʨʠʢʣʘʜ, WinForms. 

 

ɻʨʘʬʽʯʥʽ ʝʣʝʤʝʥʪʠ ʫ ʟʚʽʪʘʭ Report Services 

ʋ ʟʚʽʪʘʭ, ʢʨʽʤ ʪʘʙʣʠʯʥʠʭ ʜʘʥʠʭ, ʤʦʞʥʘ ʨʦʟʤʽʱʫʚʘʪʠ ʛʨʘʬʽʯʥʫ ʽʥʬʦʨʤʘʮʽʶ. ɿʚʽʪʠ ʤʦʞʫʪʴ 

ʤʽʩʪʠʪʠ ʜʽʘʛʨʘʤʠ, ʜʘʪʯʠʢʠ, ʤʘʧʠ. 

ɼʘʥʽ ʜʣʷ ʚʽʜʦʙʨʘʞʝʥʥʷ ʫ ʟʚʽʪʽ ʤʦʞʫʪʴ ʙʫʪʠ ʣʽʥʽʡʥʠʤʠ, ʙʘʛʘʪʦʟʥʘʯʥʠʤʠ, ʚʽʜʥʦʰʝʥʥʷʤʠ, 

ʽʥʬʦʨʤʘʮʽʻʶ ʧʨʦ ʘʢʮʽʾ.  

ɿʨʫʯʥʽʩʪʴ ʩʧʨʠʡʥʷʪʪʷ ʜʘʥʠʭ ʟʨʦʩʪʘʻ, ʷʢʱʦ ʦʙʨʘʥʠʡ ʧʨʘʚʠʣʴʥʠʡ ʪʠʧ ʜʽʘʛʨʘʤʠ: 

- ʜʽʘʛʨʘʤʘ ʟ ʦʙʣʘʩʪʷʤʠ; 

- ʣʽʥʽʡʯʘʪʘ ʜʽʘʛʨʘʤʘ; 

- ʛʽʩʪʦʛʨʘʤʘ; 

- ʛʨʘʬʽʢ; 

- ʢʨʫʛʦʚʘ ʜʽʘʛʨʘʤʘ; 
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- ʧʦʣʷʨʥʘ ʜʽʘʛʨʘʤʘ; 

- ʜʽʘʛʨʘʤʘ ʜʽʘʧʘʟʦʥʽʚ; 

- ʪʦʯʢʦʚʘ ʜʽʘʛʨʘʤʘ; 

- ʬʽʛʫʨʥʘ ʜʽʘʛʨʘʤʘ; 

- ʩʧʘʨʢʣʘʡʥ; 

- ʙʽʨʞʦʚʘ ʜʽʘʛʨʘʤʘ. 

Reporting Services ʥʘʜʘʶʪʴ ʜʚʘ ʪʠʧʠ ʜʘʪʯʠʢʽʚ:  

1) ʣʽʥʽʡʥʠʡ; 

2) ʨʘʜʽʘʣʴʥʠʡ. 

ʄʘʧʠ ʙʫʜʫʶʪʴʩʷ ʟʘ ʧʨʦʩʪʦʨʦʚʠʤʠ ʜʘʥʠʤʠ, ʷʢʽ ʟʘʟʚʠʯʘʡ ʻ ʥʘʙʦʨʦʤ ʪʦʯʦʢ, ʣʽʥʽʡ ʽ 

ʙʘʛʘʪʦʢʫʪʥʠʢʽʚ.  

ʅʘʧʨʠʢʣʘʜ, ʙʘʛʘʪʦʢʫʪʥʠʢ ʤʦʞʝ ʧʨʝʜʩʪʘʚʣʷʪʠ ʢʦʥʪʫʨʠ ʢʨʘʾʥʠ, ʣʽʥʽʷ ï ʜʦʨʦʛʫ, ʘ ʪʦʯʢʘ ʤʦʞʝ 

ʧʦʟʥʘʯʘʪʠ ʨʦʟʪʘʰʫʚʘʥʥʷ ʤʽʩʪʘ. ʋʩʽ ʪʠʧʠ ʧʨʦʩʪʦʨʦʚʠʭ ʜʘʥʠʭ ʚʽʜʦʙʨʘʞʘʶʪʴʩʷ ʥʘ ʦʢʨʝʤʦʤʫ ʰʘʨʽ 

ʤʘʧʠ ʫ ʚʠʛʣʷʜʽ ʥʘʙʦʨʫ ʝʣʝʤʝʥʪʽʚ ʤʘʧʠ. 

 

2.5.3. ʈʦʟʨʦʙʢʘ ʩʠʩʪʝʤʠ ʜʣʷ ʟʘʜʘʯ ʚʽʟʫʘʣʽʟʘʮʽʾ ʜʘʥʠʭ 

ʋ ʧʨʦʮʝʩʽ ʨʦʟʨʦʙʢʠ ʧʨʦʢ̒ʪʫ ʙʫʣʦ ʧʨʦʘʥʘʣʽʟʦʚʘʥʦ ʥʠʟʢʫ ʪʝʭʥʦʣʦʛʽʡ ʪʘ ʤʦʚ ʧʨʦʛʨʘʤʫʚʘʥʥʷ. 

ɺ ʨʝʟʫʣʴʪʘʪʽ ʙʫʣʦ ʚʠʟʥʘʯʝʥʦ ʜʝʢʽʣʴʢʘ ʥʘʡʙʽʣʴʰ ʛʥʫʯʢʠʭ, ʰʚʠʜʢʠʭ ʪʘ ʧʨʦʩʪʠʭ ʫ ʚʠʢʦʨʠʩʪʘʥʥʽ 

ʪʝʭʥʦʣʦʛʽʡ. ɹʫʣʦ ʚʠʨʽʰʝʥʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʩʘʤʝ ʮʽ ʪʝʭʥʦʣʦʛʽʾ, ʦʩʢʽʣʴʢʠ ʚʦʥʠ ʻ ʜʫʞʝ 

ʧʝʨʩʧʝʢʪʠʚʥʠʤʠ ʪʘ ʩʦʮʽʘʣʴʥʦ ʧʽʜʪʨʠʤʫʚʘʥʠʤʠ. 

ʆʩʥʦʚʥʦʶ ʤʦʚʦʶ ʧʨʦʛʨʘʤʫʚʘʥʥʷ ʙʫʣʦ ʦʙʨʘʥʦ JavaScript [20]. ʎʝ ʤʦʚʘ ʧʨʦʛʨʘʤʫʚʘʥʥʷ 

ʚʠʩʦʢʦʛʦ ʨʽʚʥʷ ʪʘ ʦʜʥʘ ʟ ʦʩʥʦʚʥʠʭ ʪʝʭʥʦʣʦʛʽʡ ɺʩʝʩʚʽʪʥʴʦʾ ʧʘʚʫʪʠʥʠ. ʄʘʡʞʝ ʚʩʽ ʚʝʙ-ʩʘʡʪʠ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ JavaScript ʜʣʷ ʧʦʚʝʜʽʥʢʠ ʧʝʚʥʠʭ ʚʝʙ-ʩʪʦʨʽʥʦʢ. ʋʩʽ ʦʩʥʦʚʥʽ ʚʝʙ-ʙʨʘʫʟʝʨʠ ʤʘʶʪʴ 

ʩʧʝʮʽʘʣʴʥʽ JavaScript-ʨʫʰʽʾ ʜʣʷ ʟʘʧʫʩʢʫ ʢʦʜʫ ʥʘ ʧʨʠʩʪʨʦʾ ʢʦʨʠʩʪʫʚʘʯʘ [20]. ʅʘʡʚʽʜʦʤʽʰʠʤ 

ʨʫʰʽʷʤʠ JavaScript ʟ ʚʽʜʢʨʠʪʠʤ ʢʦʜʦʤ ʻ ʨʫʰʽʡ V8. ʁʦʛʦ ʨʦʟʨʦʙʠʚ ʜʘʪʩʴʢʠʡ ʧʽʜʨʦʟʜʽʣ Google; ʥʘ 

ʦʬʽʮʽʡʥʽʡ ʩʪʦʨʽʥʮʽ ʨʫʰʽʷ V8 ʧʫʙʣʽʢʫʶʪʴʩʷ ʥʦʚʠʥʠ ʧʨʦ ʦʩʪʘʥʥʽ ʦʥʦʚʣʝʥʥʷ ʨʫʰʽʷ ʪʘ ʥʦʚʽ 

ʤʦʞʣʠʚʦʩʪʽ ʤʦʚʠ ʧʨʦʛʨʘʤʫʚʘʥʥʷ JavaScript (ʨʠʩʫʥʦʢ 2.70). 

 
ʈʠʩ. 2.70. ɹʘʟʦʚʘ ʩʪʦʨʽʥʢʘ ʨʫʰʽʷ V8 
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ʗʢ ʽ ʙʫʜʴ-ʷʢʘ ʤʦʚʘ ʧʨʦʛʨʘʤʫʚʘʥʥʷ, JavaScript ʤʘʻ ʩʚʦʾ ʧʝʨʝʚʘʛʠ ʪʘ ʥʝʜʦʣʽʢʠ: ʮʝ 

çʽʥʪʝʨʧʨʝʪʦʚʘʥʘè ʤʦʚʘ, ʱʦ ʦʟʥʘʯʘʻ, ʪʝ ʱʦ ʚʦʥʘ ʜʦʟʚʦʣʷʻ ʩʢʦʨʦʪʠʪʠ ʯʘʩ, ʱʦ ʥʝʦʙʭʽʜʥʠʡ ʜʣʷ 

ʢʦʤʧʽʣʷʮʽʾ ʽʥʰʠʭ ʤʦʚ ʧʨʦʛʨʘʤʫʚʘʥʥʷ, ʪʘʢʠʭ ʷʢ Java. ʂʨʽʤ ʪʦʛʦ, ʚʠʢʦʨʠʩʪʘʥʥʷ JavaScript ʥʘ 

ʩʪʦʨʦʥʽ ʢʣʽʻʥʪʘ ʝʢʦʥʦʤʠʪʴ ʯʘʩ ʥʘ ʟ'ʻʜʥʘʥʥʷ ʟ ʩʝʨʚʝʨʦʤ, ʟʘʚʜʷʢʠ ʯʦʤʫ ʜʦʜʘʪʢʠ ʧʨʘʮʶʶʪʴ ʰʚʠʜʰʝ; 

JavaScript ʣʝʛʢʦ ʟʨʦʟʫʤʽʪʠ ʽ ʚʠʚʯʠʪʠ, ʚʦʥʘ ʤʘʻ ʧʨʦʩʪʫ ʩʪʨʫʢʪʫʨʫ ʷʢ ʜʣʷ ʢʦʨʠʩʪʫʚʘʯʽʚ, ʪʘʢ ʽ ʜʣʷ 

ʨʦʟʨʦʙʥʠʢʽʚ [103]; JavaScript ʪʘʢʦʞ ʤʘʻ ʤʝʭʘʥʽʟʤ ʮʠʢʣʫ ʦʙʨʦʙʢʠ ʧʦʜʽʡ, ʱʦ ʜʦʟʚʦʣʷʻ ʣʝʛʢʦ 

ʚʠʢʦʥʫʚʘʪʠ ʘʩʠʥʭʨʦʥʥʫ ʦʙʨʦʙʢʫ (ʨʠʩʫʥʦʢ 2.71). 

 
ʈʠʩ. 2.71. ʇʨʠʢʣʘʜ ʨʦʙʦʪʠ Event Loop ʚ ʨʫʰʽʾ V8 JavaScript 

 

ʆʩʢʽʣʴʢʠ ʧʨʦʛʨʘʤʠ ʥʘ JavaScript ʣʝʛʢʦ ʨʝʘʣʽʟʫʚʘʪʠ, ʪʦʤʫ ʨʦʟʨʦʙʥʠʢʠ ʤʦʞʫʪʴ ʟʥʘʯʥʦ 

ʩʢʦʨʦʪʠʪʠ ʚʠʪʨʘʪʠ ʥʘ ʨʦʟʨʦʙʢʫ ʜʠʥʘʤʽʯʥʦʛʦ ʢʦʥʪʝʥʪʫ ʜʣʷ ɺʩʝʩʚʽʪʥʴʦʾ ʧʘʚʫʪʠʥʠ. JavaScript 

ʙʝʟʜʦʛʘʥʥʦ ʧʨʘʮʶʻ ʟ ʽʥʰʠʤʠ ʤʦʚʘʤʠ ʧʨʦʛʨʘʤʫʚʘʥʥʷ, ʩʘʤʝ ʪʦʤʫ ʙʘʛʘʪʦ ʨʦʟʨʦʙʥʠʢʽʚ ʧʨʠ ʨʦʟʨʦʙʮʽ 

ʙʘʛʘʪʴʦʭ ʜʦʜʘʪʢʽʚ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʚʽʜʜʘʶʪʴ ʧʝʨʝʚʘʛʫ ʚʠʢʦʨʠʩʪʘʥʥʶ JavaScript, ʪʦʤʫ ʱʦ ʤʦʞʥʘ 

ʚʙʫʜʦʚʫʚʘʪʠ ʚ ʙʫʜʴ-ʷʢʫ ʚʝʙ-ʩʪʦʨʽʥʢʫ ʽ ʚ ʩʢʨʠʧʪʠ  ʥʘ ʽʥʰʠʭ ʤʦʚʘʭ ʧʨʦʛʨʘʤʫʚʘʥʥʷ; ʦʩʢʽʣʴʢʠ 

JavaScript ʧʨʘʮʶʻ ʥʘ ʩʪʦʨʦʥʽ ʢʣʽʻʥʪʘ, ʧʝʨʝʚʽʨʢʫ ʜʘʥʠʭ ʤʦʞʝ ʟʜʽʡʩʥʶʚʘʪʠ ʩʘʤ ʙʨʘʫʟʝʨ, ʙʝʟ 

ʥʝʦʙʭʽʜʥʦʩʪʽ ʥʘʜʩʠʣʘʪʠ ʾʭ ʥʘ ʩʝʨʚʝʨ [20]. ʋ ʨʘʟʽ ʚʠʷʚʣʝʥʥʷ ʨʦʟʙʽʞʥʦʩʪʝʡ ʥʝ ʧʦʪʨʽʙʥʦ 

ʧʝʨʝʟʘʚʘʥʪʘʞʫʚʘʪʠ ʚʝʩʴ ʚʝʙ-ʩʘʡʪ. ɹʨʘʫʟʝʨʫ ʧʦʪʨʽʙʥʦ ʣʠʰʝ ʦʥʦʚʠʪʠ ʚʠʙʨʘʥʽ ʩʝʛʤʝʥʪʠ ʩʪʦʨʽʥʢʠ. 

ʄʦʚʘ ʧʨʦʛʨʘʤʫʚʘʥʥʷ ʪʘʢʦʞ ʥʘʜʘʻ ʨʦʟʨʦʙʥʠʢʘʤ ʨʽʟʥʦʤʘʥʽʪʥʽ ʽʥʪʝʨʬʝʡʩʠ ʜʣʷ ʩʪʚʦʨʝʥʥʷ 

ʧʨʠʚʘʙʣʠʚʠʭ ʚʝʙ-ʩʪʦʨʽʥʦʢ [103]. ʂʦʤʧʦʥʝʥʪʠ ʪʘ ʧʦʚʟʫʥʢʠ ʧʝʨʝʪʷʛʫʚʘʥʥʷ ʤʦʞʫʪʴ ʥʘʜʘʪʠ ʚʝʙ-

ʩʪʦʨʽʥʢʘʤ ʧʦʢʨʘʱʝʥʦʛʦ ʽʥʪʝʨʬʝʡʩʫ. ʎʝ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʧʦʢʨʘʱʝʥʥʷ ʢʦʨʠʩʪʫʚʘʮʴʢʦʾ 

ʽʥʪʝʨʘʢʪʠʚʥʦʩʪʽ ʚʝʙ-ʩʪʦʨʽʥʦʢ; JavaScript ʪʘʢʦʞ ʧʦʢʨʘʱʫʻ ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ ʚʝʙ-ʩʘʡʪʽʚ ʽ ʚʝʙ-

ʜʦʜʘʪʢʽʚ ʟʘ ʨʘʭʫʥʦʢ ʟʤʝʥʰʝʥʥʷ ʜʦʚʞʠʥʠ ʢʦʜʫ. ɺʽʥ ʚʠʢʦʨʠʩʪʦʚʫʻ ʨʽʟʥʦʤʘʥʽʪʥʽ ʚʙʫʜʦʚʘʥʽ ʬʫʥʢʮʽʾ 

ʜʣʷ ʮʠʢʣʽʚ ʽ ʜʦʩʪʫʧʫ ʜʦ DOM, ʱʦ ʦʟʥʘʯʘʻ ʤʝʥʰʝ ʥʘʢʣʘʜʥʠʭ ʚʠʪʨʘʪ ʫ ʢʦʜʽ [20] (ʨʠʩʫʥʦʢ 2.72). 

ɼʣʷ ʩʪʚʦʨʝʥʥʷ ʩʢʣʘʜʥʠʭ ʧʨʦʢ̒ʪʽʚ ʥʝʦʙʭʽʜʥʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʙʽʣʜʝʨʠ. ʎʝ ʙʘʟʫʻʪʴʩʷ ʥʘ 

ʪʝʭʥʦʣʦʛʽʾ Node.js - ʢʨʦʩʧʣʘʪʬʦʨʤʥʦʤʫ ʩʝʨʝʜʦʚʠʱʽ ʚʠʢʦʥʘʥʥʷ JavaScript ʟ ʚʽʜʢʨʠʪʠʤ ʢʦʜʦʤ, ʷʢʝ 

ʧʨʘʮʶʻ ʥʘ ʨʫʰʽʾ V8 ʽ ʚʠʢʦʥʫʻ ʢʦʜ ʟʘ ʤʝʞʘʤʠ ʚʝʙ-ʙʨʘʫʟʝʨʘ. ʈʦʟʨʦʙʥʠʢʠ ʤʦʞʫʪʴ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ 

JavaScript ʜʣʷ ʥʘʧʠʩʘʥʥʷ ʽʥʩʪʨʫʤʝʥʪʽʚ ʢʦʤʘʥʜʥʦʛʦ ʨʷʜʢʘ ʪʘ ʩʝʨʚʝʨʥʠʭ ʩʮʝʥʘʨʽʾʚ. ʎʷ ʪʝʭʥʦʣʦʛʽʷ 

ʧʨʝʜʩʪʘʚʣʷʻ ʧʘʨʘʜʠʛʤʫ çJavaScript ʚʩʶʜʠè, ʷʢʘ ʦʙ'ʻʜʥʫʻ ʨʦʟʨʦʙʢʫ ʚʝʙ-ʜʦʜʘʪʢʽʚ ʦʜʥʽʻʶ ʤʦʚʦʶ 

ʧʨʦʛʨʘʤʫʚʘʥʥʷ, ʟʘʤʽʩʪʴ ʪʦʛʦ, ʱʦʙ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʨʽʟʥʽ ʤʦʚʠ ʜʣʷ ʥʘʧʠʩʘʥʥʷ ʩʮʝʥʘʨʽʾʚ ʥʘ ʩʪʦʨʦʥʽ 
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ʩʝʨʚʝʨʘ ʽ ʥʘ ʩʪʦʨʦʥʽ ʢʣʽʻʥʪʘ. ʅʘʧʨʠʢʣʘʜ, ʥʘ Node.js ʜʫʞʝ ʣʝʛʢʦ ʥʘʣʘʰʪʫʚʘʪʠ ʧʨʦʩʪʠʡ ʚʝʙ-ʩʝʨʚʝʨ 

[103] (ʨʠʩʫʥʦʢ 2.73). 

 
ʈʠʩ. 2.72. ʇʨʠʢʣʘʜ ʧʨʝʜʩʪʘʚʣʝʥʥʷ HTML DOM 

 

 
ʈʠʩ. 2.73. ʉʪʚʦʨʝʥʥʷ ʧʨʦʩʪʦʛʦ ʚʝʙ-ʩʝʨʚʝʨʫ ʥʘ Node.js 

 

ɯʩʥʫʶʪʴ ʨʽʟʥʽ ʢʦʤʧʣʝʢʪʫʚʘʣʴʥʠʢʠ ʜʣʷ ʚʘʞʢʠʭ ʚʝʙ-ʜʦʜʘʪʢʽʚ, ʥʘʧʨʠʢʣʘʜ: Webpack, Rollup, 

Esbuild, ParcelʪʘVite [21]. ʊʦʤʫ ʦʙʨʘʥʦ Vite ʚ ʷʢʦʩʪʽ ʢʦʤʧʣʝʢʪʫʚʘʣʴʥʠʢʘ; Vite ʚʠʨʽʰʫʻ ʧʨʦʙʣʝʤʫ, 

ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ ʥʦʚʽ ʜʦʩʷʛʥʝʥʥʷ ʚ ʝʢʦʩʠʩʪʝʤʽ: ʥʘʷʚʥʽʩʪʴ ʥʘʪʠʚʥʠʭ ʤʦʜʫʣʽʚ ES ʫ ʙʨʘʫʟʝʨʽ ʪʘ 

ʨʦʟʨʦʙʢʫ ʽʥʩʪʨʫʤʝʥʪʽʚ JavaScript, ʥʘʧʠʩʘʥʠʭ ʥʘ ʥʘʪʠʚʥʠʭ ʤʦʚʘʭ ʢʦʤʧʽʣʷʮʽʾ. Vite ʪʘʢʦʞ ʚʠʨʽʰʫʻ 

ʧʨʦʙʣʝʤʫ çHotModuleReplacemntè, ʢʦʣʠ ʨʝʜʘʛʫʚʘʥʥʷ ʬʘʡʣʽʚ ʟʘʡʤʘʻ ʢʽʣʴʢʘ ʩʝʢʫʥʜ, ʱʦʙ ʟ'ʷʚʠʪʠʩʷ 
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ʚ ʙʨʘʫʟʝʨʽ. ʇʦʚʽʣʴʥʽ ʮʠʢʣʠ ʟʚʦʨʦʪʥʦʛʦ ʟʚ'ʷʟʢʫ ʤʦʞʫʪʴ ʤʘʪʠ ʟʥʘʯʥʠʡ ʚʧʣʠʚ ʥʘ ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ ʽ 

ʩʘʤʦʧʦʯʫʪʪʷ ʨʦʟʨʦʙʥʠʢʘ (ʨʠʩʫʥʦʢ 2.74). 

 
ʈʠʩ. 2.74. ʆʩʥʦʚʥʘ ʩʪʦʨʽʥʢʘ ʧʨʦʛʨʘʤʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ Vite ʟ ʡʦʛʦ ʧʝʨʝʚʘʛʘʤʠ 

 

ʇʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ Node.js ʧʦʪʨʽʙʥʦ ʧʦʜʫʤʘʪʠ ʧʨʦ ʤʦʞʣʠʚʽʩʪʴ ʚʠʢʦʨʠʩʪʘʥʥʷ ʜʦʜʘʪʢʦʚʠʭ 

ʤʦʜʫʣʽʚ ʘʙʦ ʙʽʙʣʽʦʪʝʢ. ʅʘʡʢʨʘʱʠʡ ʩʧʦʩʽʙ ʟʨʦʙʠʪʠ ʮʝ ï ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ npm. ʎʝ ʤʝʥʝʜʞʝʨ 

ʧʘʢʝʪʽʚ ʜʣʷ ʤʦʚʠ ʧʨʦʛʨʘʤʫʚʘʥʥʷ JavaScript ʜʣʷ ʩʝʨʝʜʦʚʠʱʘ Node.js, ʱʦ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʢʣʽʻʥʪʫ 

ʢʦʤʘʥʜʥʦʛʦ ʨʷʜʢʘ ʧʽʜ ʥʘʟʚʦʶ npm ʽ ʙʘʟʠ ʜʘʥʠʭ, ʱʦ ʤʽʩʪʠʪʴ ʧʫʙʣʽʯʥʽ ʽ ʧʨʠʚʘʪʥʽ ʧʘʢʝʪʠ, ʷʢʽ ʤʦʞʥʘ 

ʧʝʨʝʛʣʷʜʘʪʠ ʽ ʰʫʢʘʪʠ ʥʘ ʩʘʡʪʽ npm. ʅʘ ʦʩʥʦʚʽ npm ʙʫʣʦ ʩʪʚʦʨʝʥʦ ʽʥʰʠʡ ʤʝʥʝʜʞʝʨ ʧʘʢʝʪʽʚ ʧʽʜ 

ʥʘʟʚʦʶ yarn. Yarn ʤʘʻ ʢʽʣʴʢʘ ʧʝʨʝʚʘʛ ʥʘʜ npm. ʇʘʢʫʥʦʢ npm ʤʽʩʪʠʪʴ ʜʫʞʝ ʢʦʨʠʩʥʫ  ̔ʢʦʤʧʘʢʪʥʫ 

ʜʦʢʫʤʝʥʪʘʮʽʶ ʧʨʦʪʝ, ʷʢ ʢʦʨʠʩʪʫʚʘʪʠʩʷ ʨʽʟʥʠʤʠ ʙʽʙʣʽʦʪʝʢʘʤʠ ʢʦʨʠʩʪʫʚʘʯʘ. ɺʽʥ ʤʽʩʪʠʪʴ ʜʫʞʝ 

ʢʦʨʠʩʥʫ  ̔ʢʦʤʧʘʢʪʥʫ ʜʦʢʫʤʝʥʪʘʮʽʶ (ʨʠʩʫʥʦʢ 2.75). 

 
ʈʠʩ. 2.75. ʇʘʢʝʪʠ ʽ ʤʦʜʫʣʽ ʟ ʦʬʽʮʽʡʥʦʾ ʜʦʢʫʤʝʥʪʘʮʽʾ npm 






































































































































































































































































































































































































































