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ɺ ʩʙʦʨʥʠʢʝ ʥʘʫʯʥʳʭ ʪʨʫʜʦʚ ʧʨʝʜʩʪʘʚʣʝʥʳ ʜʦʢʣʘʜʳ ʘʩʧʠʨʘʥʪʦʚ, ʤʘʛʠʩʪʨʘʥʪʦʚ ʠ 

ʩʪʫʜʝʥʪʦʚ ʚʳʩʰʠʭ ʫʯʝʙʥʳʭ ʟʘʚʝʜʝʥʠʡ ʠʟ ʈʦʩʩʠʠ, ɼʅʈ ʠ ʃʅʈ, ʢʦʪʦʨʳʝ ʫʯʘʪʩʷ ʧʦ ʩʣʝʜʫʶʱʠʤ 

ʥʘʧʨʘʚʣʝʥʠʷʤ ʧʦʜʛʦʪʦʚʢʠ:  ʠʥʬʦʨʤʘʪʠʢʘ ʠ ʚʳʯʠʩʣʠʪʝʣʴʥʘʷ ʪʝʭʥʠʢʘ, ʢʦʤʧʴʶʪʝʨʥʳʝ ʠ 

ʠʥʬʦʨʤʘʮʠʦʥʥʳʝ ʥʘʫʢʠ, ʤʘʪʝʤʘʪʠʢʘ ʠ ʤʝʭʘʥʠʢʘ, ʫʧʨʘʚʣʝʥʠʝ ʚ ʪʝʭʥʠʯʝʩʢʠʭ ʥʘʫʢʘʭ. 
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ɸʢʩʸʥʦʚ ʉ.ɸ., ɻʨʠʛʦʨʴʝʚ ɸ.ɺ. ɸʥʘʣʠʟ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʚʦʟʤʦʞʥʦʩʪʝʡ ʩʦʚʨʝʤʝʥʥʳʭ ʩʠʩʪʝʤ 

ʫʧʨʘʚʣʝʥʠʷ ʙʝʩʧʠʣʦʪʥʳʭ ʘʚʪʦʤʦʙʠʣʝʡ ʠ ʧʝʨʩʧʝʢʪʠʚʳ ʨʘʟʚʠʪʠʷ. ɺ ʩʪʘʪʴʝ ʦʧʠʩʘʥʳ ʢʣʶʯʝʚʳʝ 

ʢʦʤʧʦʥʝʥʪʳ, ʩ ʧʦʤʦʱʴʶ ʢʦʪʦʨʳʭ ʤʦʞʥʦ ʩʦʟʜʘʪʴ ʙʝʩʧʠʣʦʪʥʳʡ ʘʚʪʦʤʦʙʠʣʴ, ʬʫʥʢʮʠʠ, ʥʘʜ 

ʢʦʪʦʨʳʤʠ ʜʦʣʞʥʘ ʦʩʫʱʝʩʪʚʣʷʪʴ ʢʦʥʪʨʦʣʴ ʩʠʩʪʝʤʘ ʘʚʪʦʤʘʪʠʯʝʩʢʦʛʦ ʫʧʨʘʚʣʝʥʠʷ, ʩʧʝʮʠʬʠʢʘ 

ʟʘʜʘʯʠ. ʇʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʥʳ ʤʝʪʦʜʳ ʨʝʘʣʠʟʘʮʠʠ ʧʦʜʦʙʥʦʛʦ ʨʦʜʘ ʩʠʩʪʝʤ, ʦʧʠʩʘʥʳ ʧʝʨʩʧʝʢʪʠʚʳ 

ʨʘʟʚʠʪʠʷ.  

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʙʝʩʧʠʣʦʪʥʳʡ ʘʚʪʦʤʦʙʠʣʴ, ʫʧʨʘʚʣʝʥʠʝ, ʜʘʪʯʠʢʠ, ʪʨʝʙʦʚʘʥʠʷ, 

ʬʫʥʢʮʠʦʥʘʣʴʥʦʩʪʴ, ʨʘʟʨʘʙʦʪʢʘ, ʘʚʪʦʧʠʣʦʪ. 

ɺʚʝʜʝʥʠʝ 
ɸʢʪʫʘʣʴʥʦʩʪʴ ʨʘʙʦʪʳ: ʚ ʜʘʥʥʦʝ ʚʨʝʤʷ ʤʥʦʛʠʝ ʢʨʫʧʥʳʝ ʢʦʨʧʦʨʘʮʠʠ, ʪʘʢ ʠ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʝ ʠʥʩʪʠʪʫʪʳ 

ʨʘʟʨʘʙʘʪʳʚʘʶʪ ʩʚʦʠ ʧʨʦʪʦʪʠʧʳ ʙʝʩʧʠʣʦʪʥʳʭ ʘʚʪʦʤʦʙʠʣʝʡ, ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʢʦʪʦʨʳʭ ʜʘʸʪ ʪʘʢʠʝ ʧʨʝʠʤʫʱʝʩʪʚʘ 

[1]:  

- ʚʦʟʤʦʞʥʦʩʪʴ ʙʝʟʦʧʘʩʥʦʡ ʧʝʨʝʚʦʟʢʠ ʛʨʫʟʦʚ ʚ ʦʧʘʩʥʳʭ ʟʦʥʘʭ, ʚʦ ʚʨʝʤʷ ʧʨʠʨʦʜʥʳʭ ʠ 

ʪʝʭʥʦʛʝʥʥʳʭ ʢʘʪʘʩʪʨʦʬ, ʚʦʝʥʥʳʭ ʜʝʡʩʪʚʠʡ; 

- ʧʦʚʳʰʝʥʠʝ ʧʨʦʧʫʩʢʥʦʡ ʩʧʦʩʦʙʥʦʩʪʠ ʜʦʨʦʛ, ʵʢʦʥʦʤʠʷ ʚʨʝʤʝʥʠ ʣʶʜʝʡ, ʥʳʥʝ ʟʘʪʨʘʯʠʚʘʝʤʦʛʦ ʥʘ 

ʫʧʨʘʚʣʝʥʠʝ ʪʨʘʥʩʧʦʨʪʥʳʤ ʩʨʝʜʩʪʚʦʤ; 

- ʤʠʥʠʤʠʟʘʮʠʷ ʜʦʨʦʞʥʦ-ʪʨʘʥʩʧʦʨʪʥʳʭ ʧʨʦʠʩʰʝʩʪʚʠʡ, ʢʘʢ ʩʣʝʜʩʪʚʠʝ ï ʫʤʝʥʴʰʝʥʠʝ 

ʯʝʣʦʚʝʯʝʩʢʠʭ ʞʝʨʪʚ; 

ʙʦʣʝʝ ʵʢʦʥʦʤʠʯʥʦʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʪʦʧʣʠʚʘ, ʩʥʠʞʝʥʠʝ ʩʪʦʠʤʦʩʪʠ ʧʝʨʝʚʦʟʢʠ ʛʨʫʟʦʚ ʠ ʣʶʜʝʡ ʟʘ ʩʯʸʪ 

ʵʢʦʥʦʤʠʠ ʥʘ ʟʘʨʘʙʦʪʥʦʡ ʧʣʘʪʝ ʚʦʜʠʪʝʣʝʡ.  

ʎʝʣʴ ʨʘʙʦʪʳ: ʠʩʩʣʝʜʦʚʘʥʠʝ ʠ ʘʥʘʣʠʟ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʚʦʟʤʦʞʥʦʩʪʝʡ ʧʨʦʪʦʪʠʧʦʚ ʙʝʩʧʠʣʦʪʥʳʭ 

ʘʚʪʦʤʦʙʠʣʝʡ, ʨʘʩʩʤʦʪʨʝʥʠʝ ʤʝʪʦʜʦʚ ʨʝʘʣʠʟʘʮʠʠ ʧʦʜʦʙʥʳʭ ʩʠʩʪʝʤ, ʠʭ ʧʝʨʩʧʝʢʪʠʚʳ ʨʘʟʚʠʪʠʷ. 

ʇʦʩʪʘʥʦʚʢʘ ʟʘʜʘʯʠ ʫʧʨʘʚʣʝʥʠʷ ʘʚʪʦʤʦʙʠʣʝʤ 

ʇʨʠ ʧʨʦʝʢʪʠʨʦʚʢʝ ʙʝʩʧʠʣʦʪʥʳʭ ʘʚʪʦʤʦʙʠʣʝʡ ʦʙʳʯʥʦ ʠʩʧʦʣʴʟʫʶʪʩʷ ʩʣʝʜʫʶʱʠʝ ʜʘʪʯʠʢʠ: 

- ʣʠʜʘʨ; 

- ʨʘʜʘʨʳ; 

- ʚʠʜʝʦʢʘʤʝʨʘ; 

- ʜʘʪʯʠʢ ʦʮʝʥʢʠ ʧʦʣʦʞʝʥʠʷ; 

- ʠʥʝʨʮʠʦʥʥʳʡ ʜʘʪʯʠʢ ʜʚʠʞʝʥʠʷ; 

- GPS/ɻʃʆʅɸʉʉ-ʧʨʠʸʤʥʠʢ. 

ʃʠʜʘʨ ʩʢʘʥʠʨʫʝʪ ʦʙʣʘʩʪʴ ʚʦʢʨʫʛ ʘʚʪʦʤʦʙʠʣʷ ʥʘ ʨʘʩʩʪʦʷʥʠʠ ʙʦʣʝʝ 60 ʤ ʠ ʩʦʟʜʘʝʪ ʪʦʯʥʫʶ ʪʨʝʭʤʝʨʥʫʶ 

ʢʘʨʪʠʥʫ ʝʛʦ ʦʢʨʫʞʝʥʠʷ. ʃʠʜʘʨ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʚʨʘʱʘʶʱʠʡʩʷ ʜʘʪʯʠʢ ʥʘ ʢʨʳʰʝ ʘʚʪʦʤʦʙʠʣʷ. 

ʈʘʜʘʨʳ ʧʦʤʦʛʘʶʪ ʦʧʨʝʜʝʣʠʪʴ ʪʦʯʥʦʝ ʧʦʣʦʞʝʥʠʝ ʫʜʘʣʝʥʥʳʭ ʦʙʲʝʢʪʦʚ. 

ɺʠʜʝʦʢʘʤʝʨʘ ʦʧʨʝʜʝʣʷʝʪ ʩʠʛʥʘʣʳ ʩʚʝʪʦʬʦʨʘ ʠ ʧʦʟʚʦʣʷʝʪ ʙʣʦʢʫ ʫʧʨʘʚʣʝʥʠʷ ʨʘʩʧʦʟʥʘʚʘʪʴ ʜʚʠʞʫʱʠʝʩʷ 

ʦʙʲʝʢʪʳ, ʚ ʪʦʤ ʯʠʩʣʝ ʧʝʰʝʭʦʜʦʚ ʠ ʚʝʣʦʩʠʧʝʜʠʩʪʦʚ. 

ɼʘʪʯʠʢ ʦʮʝʥʢʠ ʧʦʣʦʞʝʥʠʷ ʬʠʢʩʠʨʫʝʪ ʜʚʠʞʝʥʠʝ ʘʚʪʦʤʦʙʠʣʷ ʠ ʧʦʤʦʛʘʝʪ ʦʧʨʝʜʝʣʠʪʴ ʝʛʦ ʪʦʯʥʦʝ 

ʤʝʩʪʦʧʦʣʦʞʝʥʠʝ ʥʘ ʢʘʨʪʝ. ɼʘʪʯʠʢ ʦʮʝʥʢʠ ʧʦʣʦʞʝʥʠʷ ʫʩʪʘʥʦʚʣʝʥ ʥʘ ʣʝʚʦʤ ʟʘʜʥʝʤ ʢʦʣʝʩʝ. 

ʀʥʝʨʮʠʦʥʥʳʡ ʜʘʪʯʠʢ ʜʚʠʞʝʥʠʷ ʠʟʤʝʨʷʝʪ ʥʘʧʨʘʚʣʝʥʠʝ ʫʩʢʦʨʝʥʠʷ ʠʣʠ ʟʘʤʝʜʣʝʥʠʷ, ʧʨʦʜʦʣʴʥʳʡ ʠ 
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ʧʦʧʝʨʝʯʥʳʡ ʢʨʝʥ ʢʫʟʦʚʘ ʘʚʪʦʤʦʙʠʣʷ, ʧʨʠ ʝʛʦ ʜʚʠʞʝʥʠʠ. ʀʩʧʦʣʴʟʫʝʪʩʷ ʜʘʪʯʠʢ ʩʠʩʪʝʤʳ ʢʫʨʩʦʚʦʡ ʫʩʪʦʡʯʠʚʦʩʪʠ. 

ʉʠʛʥʘʣʳ ʦʪ ʚʭʦʜʥʳʭ ʫʩʪʨʦʡʩʪʚ ʧʝʨʝʜʘʶʪʩʷ ʚ ʵʣʝʢʪʨʦʥʥʳʡ ʙʣʦʢ ʫʧʨʘʚʣʝʥʠʷ (ʩʤ. ʨʠʩ. 1), ʛʜʝ 

ʧʨʦʠʟʚʦʜʠʪʩʷ ʠʭ ʦʙʨʘʙʦʪʢʘ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʟʘʣʦʞʝʥʥʦʡ ʧʨʦʛʨʘʤʤʦʡ ʠ ʬʦʨʤʠʨʦʚʘʥʠʝ ʫʧʨʘʚʣʷʶʱʠʭ 

ʚʦʟʜʝʡʩʪʚʠʡ ʥʘ ʠʩʧʦʣʥʠʪʝʣʴʥʳʝ ʫʩʪʨʦʡʩʪʚʘ. ɺ ʢʘʯʝʩʪʚʝ ʠʩʧʦʣʥʠʪʝʣʴʥʳʭ ʫʩʪʨʦʡʩʪʚ ʠʩʧʦʣʴʟʫʶʪʩʷ 

ʢʦʥʩʪʨʫʢʪʠʚʥʳʝ ʵʣʝʤʝʥʪʳ ʨʫʣʝʚʦʛʦ ʫʧʨʘʚʣʝʥʠʷ, ʪʦʨʤʦʟʥʦʡ ʩʠʩʪʝʤʳ, ʩʠʩʪʝʤʳ ʢʫʨʩʦʚʦʡ ʫʩʪʦʡʯʠʚʦʩʪʠ, ʩʠʩʪʝʤʳ 

ʫʧʨʘʚʣʝʥʠʷ ʜʚʠʛʘʪʝʣʝʤ [2]. 

 

 
ʈʠʩʫʥʦʢ 1 ï ʆʙʦʙʱʸʥʥʘʷ ʩʪʨʫʢʪʫʨʥʘʷ ʩʭʝʤʘ ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ ʙʝʩʧʠʣʦʪʥʦʛʦ ʘʚʪʦʤʦʙʠʣʷ 

 

ʉʠʩʪʝʤʘ ʫʧʨʘʚʣʝʥʠʷ ʙʝʩʧʠʣʦʪʥʦʛʦ ʘʚʪʦʤʦʙʠʣʷ ʜʦʣʞʥʘ ʢʦʥʪʨʦʣʠʨʦʚʘʪʴ ʨʘʟʥʦʦʙʨʘʟʥʳʝ ʵʣʝʤʝʥʪʳ 

ʘʚʪʦʤʦʙʠʣʷ. ʊʘʢ, ʥʘʧʨʠʤʝʨ, ʧʝʨʝʜʚʠʞʝʥʠʝ ʜʦʣʞʥʦ ʩʦʚʝʨʰʘʪʴʩʷ ʩʠʩʪʝʤʦʡ ʧʦʣʥʦʩʪʴʶ, ʘ ʜʣʷ ʵʪʦʛʦ ʦʥʘ ʜʦʣʞʥʘ 

ʦʩʫʱʝʩʪʚʣʷʪʴ ʨʫʣʝʚʦʝ ʫʧʨʘʚʣʝʥʠʝ, ʫʧʨʘʚʣʝʥʠʝ ʜʚʠʛʘʪʝʣʝʤ, ʪʦʨʤʦʟʥʦʡ ʩʠʩʪʝʤʦʡ, ʩʠʩʪʝʤʦʡ ʢʫʨʩʦʚʦʡ 

ʫʩʪʦʡʯʠʚʦʩʪʠ. 

ʉʠʛʥʘʣʳ ʦʪ ʚʭʦʜʥʳʭ ʫʩʪʨʦʡʩʪʚ ʧʝʨʝʜʘʶʪʩʷ ʚ ʵʣʝʢʪʨʦʥʥʳʡ ʙʣʦʢ ʫʧʨʘʚʣʝʥʠʷ, ʢʦʪʦʨʳʡ ʩ ʧʦʤʦʱʴʶ 

ʠʩʧʦʣʥʠʪʝʣʴʥʳʭ ʤʝʭʘʥʠʟʤʦʚ ʨʝʘʣʠʟʫʝʪ ʩʣʝʜʫʶʱʠʝ ʘʚʪʦʤʘʪʠʯʝʩʢʠʝ ʬʫʥʢʮʠʠ: 

- ʧʦʜʜʝʨʞʘʥʠʝ ʙʝʟʦʧʘʩʥʦʛʦ ʨʘʩʩʪʦʷʥʠʷ ʜʦ ʚʧʝʨʝʜʠ ʠʜʫʱʝʛʦ ʘʚʪʦʤʦʙʠʣʷ; 

- ʦʩʪʘʥʦʚʢʘ ʠ ʩʪʘʨʪ ʜʚʠʞʝʥʠʷ; 

- ʜʚʠʞʝʥʠʝ ʧʦ ʧʦʣʦʩʝ; 

- ʨʘʩʧʦʟʥʘʚʘʥʠʝ ʟʥʘʢʦʚ ʦʛʨʘʥʠʯʝʥʠʷ ʩʢʦʨʦʩʪʠ ʠ ʧʨʠʚʝʜʝʥʠʝ ʩʢʦʨʦʩʪʠ ʚ ʩʦʦʪʚʝʪʩʪʚʠʝ ʩ 

ʪʨʝʙʦʚʘʥʠʷʤʠ ʟʥʘʢʘ; 

- ʧʨʝʜʦʪʚʨʘʱʝʥʠʝ ʯʨʝʟʚʳʯʘʡʥʳʭ ʩʠʪʫʘʮʠʡ; 

- ʘʚʪʦʤʘʪʠʯʝʩʢʘʷ ʧʘʨʢʦʚʢʘ. 

ʉʧʝʮʠʬʠʢʘ ʟʘʜʘʯʠ ʩʦʟʜʘʥʠʷ ʙʝʩʧʠʣʦʪʥʦʛʦ ʘʚʪʦʤʦʙʠʣʷ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʩʦʟʜʘʥʠʠ ʩʣʦʞʥʦʡ ʩʠʩʪʝʤʳ 

ʫʧʨʘʚʣʝʥʠʷ, ʦʩʥʦʚʘʥʥʦʡ ʥʘ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʭ ʘʣʛʦʨʠʪʤʘʭ, ʢʦʪʦʨʘʷ ʙʫʜʝʪ ʢʦʤʧʣʝʢʩʥʦ ʧʦʜʭʦʜʠʪʴ ʢ ʫʧʨʘʚʣʝʥʠʶ 

ʚʩʝʤʠ ʜʘʪʯʠʢʘʤʠ ʠ ʩʠʩʪʝʤʘʤʠ. ɻʣʘʚʥʳʝ ʪʨʝʙʦʚʘʥʠʷ ʢ ʪʘʢʦʡ ʩʠʩʪʝʤʝ: 

- ʙʝʟʦʧʘʩʥʦʩʪʴ ʦʪ ʚʟʣʦʤʘ; 

- ʙʳʩʪʨʦʜʝʡʩʪʚʠʝ; 

- ʥʘʜʸʞʥʦʩʪʴ ʇʆ ʠ ʘʣʛʦʨʠʪʤʦʚ, ʣʝʞʘʱʠʭ ʚ ʦʩʥʦʚʝ ʩʠʩʪʝʤʳ; 

- ʧʨʦʩʪʦʪʘ ʠʩʧʦʣʴʟʦʚʘʥʠʷ. 
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ɸʥʘʣʠʟ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʚʦʟʤʦʞʥʦʩʪʝʡ ʩʦʚʨʝʤʝʥʥʳʭ ʩʠʩʪʝʤ ʫʧʨʘʚʣʝʥʠʷ ʙʝʩʧʠʣʦʪʥʳʭ 
ʘʚʪʦʤʦʙʠʣʝʡ 

ʈʘʩʩʤʦʪʨʠʤ ʬʫʥʢʮʠʦʥʘʣʴʥʳʝ ʚʦʟʤʦʞʥʦʩʪʠ ʥʘʠʙʦʣʝʝ ʪʠʧʠʯʥʳʭ ʩʦʚʨʝʤʝʥʥʳʭ ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ 

ʙʝʩʧʠʣʦʪʥʳʭ ʘʚʪʦʤʦʙʠʣʝʡ. 

ɹʝʩʧʠʣʦʪʥʳʡ ʘʚʪʦʤʦʙʠʣʴ Google ð ʧʨʦʝʢʪ ʢʦʤʧʘʥʠʠ ʧʦ ʨʘʟʚʠʪʠʶ ʪʝʭʥʦʣʦʛʠʠ ʙʝʩʧʠʣʦʪʥʦʛʦ 

ʘʚʪʦʤʦʙʠʣʷ (ʩʤ. ʨʠʩ. 2). 

 

ʈʠʩʫʥʦʢ 2 ï ɹʝʩʧʠʣʦʪʥʳʡ ʘʚʪʦʤʦʙʠʣʴ Google 

 

ʉʠʩʪʝʤʘ ʠʩʧʦʣʴʟʫʝʪ ʠʥʬʦʨʤʘʮʠʶ, ʩʦʙʨʘʥʥʫʶ ʩʝʨʚʠʩʦʤ Google Street View, ʚʠʜʝʦʢʘʤʝʨʳ, 

ʜʘʪʯʠʢ LIDAR, ʫʩʪʘʥʦʚʣʝʥʥʳʡ ʥʘ ʢʨʳʰʝ, ʨʘʜʘʨʳ ʚ ʧʝʨʝʜʥʝʡ ʯʘʩʪʠ ʘʚʪʦ ʠ ʜʘʪʯʠʢ, ʧʦʜʢʣʶʯʝʥʥʳʡ ʢ ʦʜʥʦʤʫ ʠʟ 

ʟʘʜʥʠʭ ʢʦʣʸʩ, ʢʦʪʦʨʳʡ ʧʦʤʦʛʘʝʪ ʦʧʨʝʜʝʣʠʪʴ ʧʦʟʠʮʠʶ ʘʚʪʦʤʦʙʠʣʷ ʥʘ ʢʘʨʪʝ (ʩʤ. ʨʠʩ. 3). 

ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʘʚʪʦʤʦʙʠʣʴ ʥʝ ʧʨʦʢʣʘʜʳʚʘʝʪ ʧʫʪʴ ʜʠʥʘʤʠʯʝʩʢʠ ï ʤʘʨʰʨʫʪ ʩʪʨʦʠʪʩʷ ʝʱʸ ʜʦ 

ʥʘʯʘʣʘ ʜʚʠʞʝʥʠʷ ʥʘ ʦʩʥʦʚʝ ʠʤʝʶʱʝʡʩʷ ʠʥʬʦʨʤʘʮʠʠ ʦ ʢʘʨʪʝ ʤʝʩʪʥʦʩʪʠ ʠ ʟʘʛʨʫʞʝʥʥʦʩʪʠ ʜʦʨʦʞʥʦʛʦ ʪʨʘʬʠʢʘ ʥʘ 

ʪʝʢʫʱʠʡ ʤʦʤʝʥʪ [3]. 

ʇʦ ʩʦʩʪʦʷʥʠʶ ʥʘ ʤʘʨʪ 2013 ʛʦʜʘ, ʘʚʪʦʤʦʙʠʣʠ Google ʥʝ ʤʦʛʫʪ ʧʝʨʝʜʚʠʛʘʪʴʩʷ ʧʦʜ ʧʨʦʣʠʚʥʳʤ ʜʦʞʜʸʤ ʠ 

ʚ ʫʩʣʦʚʠʷʭ ʟʘʩʥʝʞʝʥʥʦʡ ʤʝʩʪʥʦʩʪʠ. ʉʚʷʟʘʥʦ ʵʪʦ ʩ ʪʝʤ, ʯʪʦ ʠʜʝʥʪʠʬʠʢʘʮʠʷ ʤʝʩʪʥʦʩʪʠ ʧʨʦʠʟʚʦʜʠʪʩʷ 

ʧʦʩʨʝʜʩʪʚʦʤ ʩʨʘʚʥʝʥʠʷ ʟʘʙʣʘʛʦʚʨʝʤʝʥʥʦ ʦʪʩʥʷʪʳʭ ʬʦʪʦʛʨʘʬʠʡ ʩ ʨʝʟʫʣʴʪʘʪʘʤʠ ʚʠʟʫʘʣʠʟʘʮʠʠ ʦʢʨʫʞʘʶʱʝʛʦ 

ʣʘʥʜʰʘʬʪʘ ʩʢʘʥʠʨʫʶʱʠʤʠ ʩʠʩʪʝʤʘʤʠ ʘʚʪʦʤʦʙʠʣʷ. ɹʣʘʛʦʜʘʨʷ ʪʘʢʦʤʫ ʧʦʜʭʦʜʫ ʩʠʩʪʝʤʘ ʤʦʞʝʪ ʦʪʣʠʯʠʪʴ 

ʧʝʰʝʭʦʜʘ ʦʪ ʦʙʳʯʥʦʛʦ ʪʝʣʝʛʨʘʬʥʦʛʦ ʩʪʦʣʙʘ, ʥʦ ʧʨʠ ʧʣʦʭʠʭ ʧʦʛʦʜʥʳʭ ʫʩʣʦʚʠʷʭ ʩʠʩʪʝʤʘ ʩʜʝʣʘʪʴ ʵʪʦ ʙʝʩʩʠʣʴʥʘ. 

ʇʦ ʩʦʩʪʦʷʥʠʶ ʥʘ 28 ʘʚʛʫʩʪʘ 2014 ʘʚʪʦʤʦʙʠʣʠ Google ʥʝ ʚ ʩʦʩʪʦʷʥʠʠ ʨʘʩʧʦʟʥʘʚʘʪʴ ʚʨʝʤʝʥʥʳʝ 

ʩʠʛʥʘʣʳ ʩʚʝʪʦʬʦʨʘ. ʆʥʠ ʥʝ ʤʦʛʫʪ ʦʪʣʠʯʘʪʴ ʧʝʰʝʭʦʜʦʚ ʦʪ ʧʦʣʠʮʝʡʩʢʠʭ ʠʣʠ ʩʢʦʤʢʘʥʥʫʶ ʙʫʤʘʛʫ ʦʪ ʢʘʤʥʷ. ʏʪʦ 

ʪʘʢʞʝ ʥʝʤʘʣʦʚʘʞʥʦ, ʦʥʠ ʥʝ ʫʤʝʶʪ ʧʘʨʢʦʚʘʪʴʩʷ. Google ʧʣʘʥʠʨʫʝʪ ʠʩʧʨʘʚʠʪʴ ʵʪʠ ʥʝʜʦʩʪʘʪʢʠ ʢ 2020 ʛʦʜʫ [4]. 
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ʈʠʩʫʥʦʢ 3 ï ʇʨʠʤʝʨ ʧʦʩʪʨʦʝʥʥʦʡ ʤʦʜʝʣʠ ʩʨʝʜʳ ʙʝʩʧʠʣʦʪʥʳʤ ʘʚʪʦʤʦʙʠʣʝʤ Google 

 

ʊʘʢ ʞʝ, ʩʚʦʠ ʧʣʘʥʳ ʥʘ ʨʘʟʨʘʙʦʪʢʫ ʘʚʪʦʧʠʣʦʪʘ ʩʫʱʝʩʪʚʫʶʪ ʫ ʢʦʤʧʘʥʠʠ Tesla Motors, ʢʦʪʦʨʘʷ ʚʳʧʫʩʪʠʣʘ 

ʦʙʥʦʚʣʝʥʠʝ ʧʨʦʰʠʚʢʠ ʜʣʷ ʧʨʦʠʟʚʝʜʸʥʥʳʭ ʠʤʠ ʘʚʪʦʤʦʙʠʣʝʡ, ʘʢʪʠʚʠʨʦʚʘʚ ʧʨʠ ʵʪʦʤ ʬʫʥʢʮʠʶ ʘʚʪʦʧʠʣʦʪʘ (ʩʤ. 

ʨʠʩ. 4). 

 

ʈʠʩʫʥʦʢ 4 ï ʉʢʨʠʥʰʦʪ ʧʨʠʣʦʞʝʥʠʷ, ʫʧʨʘʚʣʷʶʱʝʛʦ ʘʚʪʦʤʦʙʠʣʷʤʠ Tesla ʚ ʨʝʞʠʤʝ ʘʚʪʦʧʠʣʦʪʘ 

 

ɸʚʪʦʤʦʙʠʣʠ Tesla ʧʦʢʘ ʥʝ ʩʧʦʩʦʙʥʳ ʧʝʨʝʜʚʠʛʘʪʴʩʷ ʘʙʩʦʣʶʪʥʦ ʘʚʪʦʥʦʤʥʦ. ɸʚʪʦʧʠʣʦʪ ʙʳʣ ʚʥʝʜʨʸʥ ʚ 

ʘʚʪʦʤʦʙʠʣʠ Tesla ʧʦʩʣʝ ʙʝʩʧʣʘʪʥʦʛʦ ʦʙʥʦʚʣʝʥʠʷ ʧʨʦʰʠʚʢʠ ʘʚʪʦʤʦʙʠʣʷ, ʩʠʩʪʝʤʘ ʘʚʪʦʧʠʣʦʪʘ ʧʝʨʚʦʡ ʚʝʨʩʠʠ 

ʩʦʜʝʨʞʠʪ ʩʣʝʜʫʶʱʠʝ, ʬʫʥʢʮʠʠ: 

- ɸʚʪʦʤʘʪʠʯʝʩʢʦʝ ʫʧʨʘʚʣʝʥʠʝ. ʅʘ ʩʢʦʨʦʩʪʷʭ ʩʚʳʰʝ 20 ʢʤ/ʯ Tesla ʩʘʤʘ ʨʘʟʛʦʥʷʝʪʩʷ, ʪʦʨʤʦʟʠʪ ʠ 

ʧʦʚʦʨʘʯʠʚʘʝʪ, ʚ ʯʝʤ ʝʡ ʧʦʤʦʛʘʝʪ ʩʚʷʟʢʘ ʩʝʥʩʦʨʦʚ ʠ ʢʘʤʝʨ. 

- ɸʚʪʦʤʘʪʠʯʝʩʢʦʝ ʧʝʨʝʩʪʨʦʝʥʠʝ. ɺ ʦʪʣʠʯʠʝ ʦʪ ʩʠʩʪʝʤ ʢʨʫʠʟ-ʢʦʥʪʨʦʣʷ, Tesla ʫʤʝʝʪ 

ʧʝʨʝʩʪʨʘʠʚʘʪʴʩʷ ʩʘʤʘ. ɺʦʜʠʪʝʣʶ ʜʦʩʪʘʪʦʯʥʦ ʣʠʰʴ ʚʳʙʨʘʪʴ ʥʘʧʨʘʚʣʝʥʠʝ ʧʝʨʝʩʪʨʦʝʥʠʷ. ʇʨʠ ʵʪʦʤ, ʤʘʰʠʥʘ 

ʩʜʝʣʘʝʪ ʵʪʦ ʙʝʟʦʧʘʩʥʦ, ʦʪʩʣʝʞʠʚʘʷ ʚʩʝ ʩʣʝʧʳʝ ʟʦʥʳ. 

- ɸʚʪʦʤʘʪʠʯʝʩʢʘʷ ʧʘʨʢʦʚʢʘ. ɺ Tesla Motors ʫʪʚʝʨʞʜʘʶʪ, ʯʪʦ ʠʭ ʩʠʩʪʝʤʘ ʫ ʙʣʠʞʘʡʰʝʤ ʙʫʜʫʱʝʤ 

ʙʫʜʝʪ ʩʘʤʘ ʟʘʝʟʞʘʪʴ ʜʘʞʝ ʚ ʛʘʨʘʞ.  

- ʕʢʩʪʨʝʥʥʦʝ ʪʦʨʤʦʞʝʥʠʝ. Tesla ʫʤʝʝʪ ʨʘʩʧʦʟʥʘʚʘʪʴ ʧʨʝʧʷʪʩʪʚʠʝ ʠ ʵʢʩʪʨʝʥʥʦ ʛʘʩʠʪʴ ʩʢʦʨʦʩʪʴ 

ʚʧʣʦʪʴ ʜʦ ʧʦʣʥʦʡ ʦʩʪʘʥʦʚʢʠ ʚ ʩʣʫʯʘʝ ʦʧʘʩʥʦʩʪʠ. 

- ʉʘʤʦʦʙʫʯʝʥʠʝ. ʄʘʰʠʥʘ ʫʯʠʪʳʚʘʝʪ ʧʦʣʦʩʳ ʜʚʠʞʝʥʠʷ, ʩʦʙʠʨʘʷ ʜʘʥʥʳʝ ʧʨʠ ʢʘʞʜʦʤ ʚʢʣʶʯʝʥʠʠ 

ʘʚʪʦʥʦʤʥʦʡ ʩʠʩʪʝʤʳ, ʟʘʪʝʤ ʦʪʧʨʘʚʣʷʷ ʠʭ ʥʘ ʩʝʨʚʝʨʘ Tesla Motors. ɸ ʧʦʪʦʤ ʧʦʣʫʯʝʥʥʳʝ ʜʘʥʥʳʝ ʘʥʘʣʠʟʠʨʫʶʪʩʷ 

ʢʦʤʧʘʥʠʝʡ, ʢʦʪʦʨʘʷ ʧʝʨʠʦʜʠʯʝʩʢʠ ʚʳʧʫʩʢʘʝʪ ʦʙʥʦʚʣʝʥʠʷ ʩʠʩʪʝʤʳ ʘʚʪʦʧʠʣʦʪʘ. 

ʉʠʩʪʝʤʘ ʨʘʙʦʪʳ ʘʚʪʦʧʠʣʦʪʘ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʜʘʥʥʳʝ ʦʪ ʨʘʙʦʪʳ ʢʘʤʝʨʳ ʚʳʩʦʢʦʛʦ ʨʘʟʨʝʰʝʥʠʷ, ʨʘʜʘʨʘ, 
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ʫʣʴʪʨʘʟʚʫʢʦʚʳʭ ʩʦʥʘʨʦʚ, ʩʪʦʷʱʠʭ ʚʦʢʨʫʛ ʠ ʩʧʫʪʥʠʢʦʚʳʡ ʥʘʚʠʛʘʮʠʠ ʠ ʢʘʨʪ ʚʳʩʦʢʦʡ ʜʝʪʘʣʠʟʘʮʠʠ [5]. 

ʇʝʨʩʧʝʢʪʠʚʳ ʨʘʟʚʠʪʠʷ ʩʠʩʪʝʤ ʫʧʨʘʚʣʝʥʠʷ ʙʝʩʧʠʣʦʪʥʳʭ ʘʚʪʦʤʦʙʠʣʝʡ 

ʅʝʜʘʚʥʦ Tesla Motors ʦʙʲʷʚʠʣʘ, ʯʪʦ ʥʦʚʳʝ ʘʚʪʦʤʦʙʠʣʠ, ʚʳʧʫʱʝʥʥʳʝ ʢʦʤʧʘʥʠʝʡ, ʧʦʣʫʯʘʪ ʥʦʚʦʝ 

ʦʙʦʨʫʜʦʚʘʥʠʝ ʜʣʷ ʘʚʪʦʧʠʣʦʪʘ, ʢʦʪʦʨʦʝ ʩʧʦʩʦʙʥʦ ʩʜʝʣʘʪʴ ʠʭ ʧʦʣʥʦʩʪʴʶ ʘʚʪʦʥʦʤʥʳʤʠ. ʅʝʡʨʦʥʥʘʷ ʩʝʪʴ Tesla 

Neural Net, ʚ ʩʦʯʝʪʘʥʠʠ ʩ ʛʠʜʨʦʣʦʢʘʪʦʨʦʤ ʠ ʧʨʦʛʨʘʤʤʥʳʤ ʦʙʝʩʧʝʯʝʥʠʝʤ ʜʣʷ ʦʙʨʘʙʦʪʢʠ ʨʘʜʠʦʣʦʢʘʮʠʦʥʥʳʭ 

ʜʘʥʥʳʭ, ʦʙʝʩʧʝʯʠʪ Model S, X ʠ Model 3 ʦʙʟʦʨʦʤ ʦʢʨʫʞʘʶʱʝʛʦ ʤʠʨʘ ʧʦ ʚʩʝʤ ʥʘʧʨʘʚʣʝʥʠʷʤ ʩ ʦʯʝʥʴ ʚʳʩʦʢʦʡ 

ʪʦʯʥʦʩʪʴʶ, ʥʝʜʦʩʪʫʧʥʦʡ ʣʶʜʷʤ. ɻʣʘʚʘ Telsa Motors, ʀʣʦʥ ʄʘʩʢ ʩʢʘʟʘʣ, ʯʪʦ ʥʦʚʦʝ ʦʙʦʨʫʜʦʚʘʥʠʝ ʨʘʙʦʪʘʝʪ ʥʘ 

ʙʘʟʝ ʩʫʧʝʨʢʦʤʧʴʶʪʝʨʘ ʩ ʛʨʘʬʠʯʝʩʢʠʤ ʧʨʦʮʝʩʩʦʨʦʤ Nvidia Titan. ʉʢʦʨʦʩʪʴ ʦʙʨʘʙʦʪʢʠ ʜʘʥʥʳʭ ʚʦʟʨʘʩʪʝʪ ʚ 40 ʨʘʟ. 

ʇʘʢʝʪ ʥʦʚʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ʚʢʣʶʯʘʝʪ ʪʨʠ ʧʝʨʝʜʥʠʭ ʚʠʜʝʦʢʘʤʝʨʳ. ʆʙʟʦʨ ʥʘ 360 ʛʨʘʜʫʩʦʚ ʦʙʝʩʧʝʯʘʪ 5 

ʢʘʤʝʨ, ʫʩʪʘʥʦʚʣʝʥʥʳʭ ʚʦʢʨʫʛ ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʩʨʝʜʩʪʚʘ. ʀʟʦʙʨʘʞʝʥʠʝ ʜʦʧʦʣʥʷʝʪʩʷ ʜʘʥʥʳʤʠ ʩ ʫʣʴʪʨʘʟʚʫʢʦʚʳʭ 

ʩʦʥʘʨʦʚ, ʢʦʪʦʨʳʝ ʪʘʢʞʝ ʧʦʢʨʳʚʘʶʪ 360 ʛʨʘʜʫʩʦʚ ʦʙʟʦʨʘ [6]. 

ʆʜʥʠʤ ʠʟ ʚʘʨʠʘʥʪʦʚ ʨʝʘʣʠʟʘʮʠʠ ʘʣʛʦʨʠʪʤʘ ʘʜʘʧʪʘʮʠʠ ʧʦʜʩʠʩʪʝʤʳ ʦʧʨʝʜʝʣʝʥʠʷ ʚʟʘʠʤʥʦʛʦ ʧʦʣʦʞʝʥʠʷ 

ʜʚʠʞʫʱʠʭʩʷ ʪʨʘʥʩʧʦʨʪʥʳʭ ʩʨʝʜʩʪʚ, ʙʳʣ ʧʨʝʜʣʦʞʝʥ ʠ ʧʨʦʪʝʩʪʠʨʦʚʘʥ ʀʚʘʥʦʚʳʤ ɸ. ʄ., ʐʘʜʨʠʥʳʤ ʉ. ʉ., 

ʂʘʨʧʫʭʠʥʳʤ ʂ.ɽ. ʠʟ ʄɸɼʀ [7] ʤʦʞʝʪ ʟʘʢʣʶʯʘʪʴʩʷ ʚ ʩʣʝʜʫʶʱʝʤ: 

1) ɺʳʜʝʣʝʥʠʝ ʠʥʪʝʨʝʩʫʶʱʝʡ ʦʙʣʘʩʪʠ ʚʠʜʝʦ ʧʦʪʦʢʘ; 

2) ʢʦʥʚʝʨʪʘʮʠʷ ʮʚʝʪʥʦʛʦ ʠʟʦʙʨʘʞʝʥʠʷ ʚ ʯʸʨʥʦ-ʙʝʣʦʝ; 

3) ʥʘʭʦʞʜʝʥʠʝ ʢʦʥʪʫʨʦʚ ʦʙʲʝʢʪʦʚ ʠ ʙʠʥʘʨʠʟʘʮʠʷ ʠʟʦʙʨʘʞʝʥʠʷ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʬʠʣʴʪʨʦʚ; 

4) ʧʨʠʤʝʥʝʥʠʝ ʬʫʥʢʮʠʠ ʦʧʪʠʯʝʩʢʦʛʦ ʩʣʝʞʝʥʠʷ ʟʘ ʠʟʤʝʥʝʥʠʝʤ ʧʠʢʩʝʣʝʡ ʩʦʩʝʜʥʠʭ ʢʚʘʜʨʘʪʦʚ ʩ 

ʦʧʨʝʜʝʣʝʥʠʝʤ ʚʝʢʪʦʨʦʚ ʩʢʦʨʦʩʪʝʡ; 

5) ʨʘʟʙʠʚʢʘ ʚʠʜʝʦ ʥʘ ʧʨʷʤʦʫʛʦʣʴʥʳʝ ʩʝʛʤʝʥʪʳ ʩ ʥʘʭʦʞʜʝʥʠʝʤ ʫʩʨʝʜʥʸʥʥʦʛʦ ʚʝʢʪʦʨʘ ʩʢʦʨʦʩʪʠ 

ʢʘʞʜʦʛʦ ʩʝʛʤʝʥʪʘ; 

6) ʬʠʣʴʪʨʘʮʠʷ ʩʠʛʥʘʣʦʚ; 

7) ʨʘʩʧʦʟʥʘʚʘʥʠʝ ʜʚʠʞʫʱʠʭʩʷ ʦʙʲʝʢʪʦʚ; 

8) ʚʳʚʦʜ ʨʝʟʫʣʴʪʘʪʦʚ. 

ɿʘʢʣʶʯʝʥʠʝ 

ɺ ʜʘʥʥʦʝ ʚʨʝʤʷ ʠʥʜʫʩʪʨʠʷ ʘʚʪʦʤʦʙʠʣʝʩʪʨʦʝʥʠʷ ʧʝʨʝʞʠʚʘʝʪ ʙʫʤ ʥʘ ʙʝʩʧʠʣʦʪʥʳʝ ʘʚʪʦʤʦʙʠʣʠ. ʈʘʟʚʠʪʠʝ 

ʪʝʭʥʦʣʦʛʠʠ ʧʝʨʝʜʚʠʞʝʥʠʷ ʙʝʩʧʠʣʦʪʥʦʛʦ ʪʨʘʥʩʧʦʨʪʘ ʧʨʠʥʝʩʸʪ ʩʫʱʝʩʪʚʝʥʥʳʝ ʧʨʝʠʤʫʱʝʩʪʚʘ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ 

ʘʚʪʦʤʦʙʠʣʷʤʠ, ʫʧʨʘʚʣʷʝʤʳʤʠ ʣʶʜʴʤʠ. ɼʘʥʥʘʷ ʪʝʭʥʦʣʦʛʠʷ ʟʘʠʥʪʝʨʝʩʫʝʪ ʚʦʝʥʥʳʭ, ʭʦʪʷ ʥʘ ʜʘʥʥʦʤ ʵʪʘʧʝ 

ʙʝʩʧʠʣʦʪʥʳʝ ʘʚʪʦʤʦʙʠʣʠ ʤʦʛʫʪ ʩʘʤʦʩʪʦʷʪʝʣʴʥʦ ʧʝʨʝʜʚʠʛʘʪʴʩʷ ʪʦʣʴʢʦ ʧʦ ʜʦʨʦʛʘʤ, ʝʸ ʜʦʨʘʙʦʪʢʘ ʧʦʟʚʦʣʠʪ 

ʠʩʧʦʣʴʟʦʚʘʪʴ ʙʝʩʧʠʣʦʪʥʳʝ ʪʨʘʥʩʧʦʨʪʥʳʝ ʩʨʝʜʩʪʚʘ ʧʦʯʪʠ ʥʘ ʣʶʙʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʠ ʤʝʩʪʥʦʩʪʠ.  ʉʝʡʯʘʩ ʞʝ, 

ʨʘʟʚʠʪʠʝ ʠʜʸʪ ʩ ʫʯʸʪʦʤ ʪʨʝʙʦʚʘʥʠʡ ʠ ʩʧʨʦʩʘ ʩʨʝʜʠ ʛʨʘʞʜʘʥʩʢʠʭ ʣʠʮ. 
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Aksyonov S.A. Grigoriev A.V. Analysis of the functional capabilities of modern unmanned vehicle 

control systems, and development prospects. This article describes the key components that can be used 

to create an unmanned vehicle, functions, over which should supervise the automatic control system, the 

specific objectives. Showcased methods of implementing such systems are described prospects. 

Keywords: unmanned vehicle control, sensors, requirements, functionality, design, autopilot 



12 

 

ʋɼʂ 004.92 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʘʣʛʦʨʠʪʤʦʚ ʙʠʥʘʨʠʟʘʮʠʠ ʨʘʩʪʨʦʚʳʭ  

ʠʟʦʙʨʘʞʝʥʠʡ ʰʣʠʬʦʚ ʤʝʪʘʣʣʦʚ ʠ ʩʧʣʘʚʦʚ 
ɼ.ʉ. ɹʦʨʦʜʠʥ 

ʄʦʩʢʦʚʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤʝʥʠ ʅ.ʕ. ɹʘʫʤʘʥʘ 

borodinds@student.bmstu.ru 

 

 

ɹʦʨʦʜʠʥ ɼ.ʉ. ʀʩʩʣʝʜʦʚʘʥʠʝ ʘʣʛʦʨʠʪʤʦʚ ʙʠʥʘʨʠʟʘʮʠʠ ʨʘʩʪʨʦʚʳʭ ʠʟʦʙʨʘʞʝʥʠʡ ʰʣʠʬʦʚ 

ʤʝʪʘʣʣʦʚ ʠ ʩʧʣʘʚʦʚ. ʉʪʘʪʴʷ ʧʦʩʚʷʱʝʥʘ ʚʦʧʨʦʩʫ ʙʠʥʘʨʠʟʘʮʠʠ ʨʘʟʣʠʯʥʳʭ ʧʦʣʫʪʦʥʦʚʳʭ 

ʠʟʦʙʨʘʞʝʥʠʡ ʤʝʪʘʣʣʦʚ ʠ ʩʧʣʘʚʦʚ, ʧʦʣʫʯʝʥʥʳʭ ʩ ʧʦʤʦʱʴʶ ʵʣʝʢʪʨʦʥʥʦʛʦ ʤʠʢʨʦʩʢʦʧʘ. ʀʩʩʣʝʜʫʶʪʩʷ 

ʤʝʪʦʜʳ ʛʣʦʙʘʣʴʥʦʡ (ʆʪʩʫ, ɸʙʫʪʘʣʝʙʘ, ʂʘʧʫʨʘ ʠ ʂʠʪʪʣʝʨʘ) ʠ ʣʦʢʘʣʴʥʦʡ (ɹʝʨʥʩʝʥʘ, ʅʠʙʣʵʢʘ ʠ 

ʜʨʫʛʠʝ) ʙʠʥʘʨʠʟʘʮʠʠ. ɺ ʨʘʙʦʪʝ ʦʧʨʝʜʝʣʝʥʳ ʠʩʩʣʝʜʫʝʤʳʝ ʢʦʣʠʯʝʩʪʚʝʥʥʳʝ ʠ ʢʘʯʝʩʪʚʝʥʥʳʝ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ, ʧʨʦʚʝʜʝʥ ʵʢʩʧʝʨʠʤʝʥʪ ʩ ʮʝʣʴʶ ʚʳʷʚʣʝʥʠʷ ʥʘʠʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʦʛʦ ʘʣʛʦʨʠʪʤʘ 

ʜʣʷ ʚʳʙʨʘʥʥʦʛʦ ʢʣʘʩʩʘ ʠʟʦʙʨʘʞʝʥʠʡ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʙʠʥʘʨʠʟʘʮʠʷ, ʨʘʩʧʦʟʥʘʚʘʥʠʝ ʦʙʲʝʢʪʦʚ, ʛʣʦʙʘʣʴʥʳʝ ʤʝʪʦʜʳ ʙʠʥʘʨʠʟʘʮʠʠ, 

ʣʦʢʘʣʴʥʳʝ ʤʝʪʦʜʳ ʙʠʥʘʨʠʟʘʮʠʠ, ʧʦʨʦʛʦʚʦʝ ʟʥʘʯʝʥʠʝ, ʨʘʩʪʨʦʚʦʝ ʠʟʦʙʨʘʞʝʥʠʝ, ʛʠʩʪʦʛʨʘʤʤʘ  

  

ɺʚʝʜʝʥʠʝ 

ʈʘʩʧʦʟʥʘʚʘʥʠʝ ʦʙʲʝʢʪʦʚ ʧʦ ʠʭ ʜʚʫʤʝʨʥʳʤ ʠʟʦʙʨʘʞʝʥʠʷʤ ʩʪʘʣʦ ʚ ʧʦʩʣʝʜʥʝʝ ʚʨʝʤʷ ʦʜʥʦʡ ʠʟ ʦʩʥʦʚʥʳʭ 

ʟʘʜʘʯ ʤʘʰʠʥʥʦʛʦ ʟʨʝʥʠʷ. ʀʩʭʦʜʥʘʷ ʠʥʬʦʨʤʘʮʠʷ ʚ ʪʘʢʠʭ ʠʟʦʙʨʘʞʝʥʠʷʭ ʦʙʳʯʥʦ ʧʨʝʜʩʪʘʚʣʝʥʘ ʚ ʚʠʜʝ ʯʠʩʣʦʚʦʡ 

ʤʘʪʨʠʮʳ, ʩʦʜʝʨʞʘʱʝʡ ʠʥʬʦʨʤʘʮʠʶ ʦ ʢʘʞʜʦʤ ʧʠʢʩʝʣʝ ʠʟʦʙʨʘʞʝʥʠʷ. ʅʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʩʫʱʝʩʪʚʫʝʪ 

ʜʦʩʪʘʪʦʯʥʦ ʤʥʦʛʦ ʤʝʪʦʜʦʚ ʨʘʩʧʦʟʥʘʚʘʥʠʷ ʦʙʲʝʢʪʦʚ: ʥʘʯʠʥʘʷ ʦʪ ʥʘʭʦʞʜʝʥʠʷ ʢʦʥʪʫʨʘ ʦʙʲʝʢʪʘ ʠ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʝʛʦ ʩʚʦʡʩʪʚ, ʟʘʢʘʥʯʠʚʘʷ ʠʩʢʫʩʩʪʚʝʥʥʳʤʠ ʥʝʡʨʦʥʥʳʤʠ ʩʝʪʷʤʠ ʠ ʙʦʣʝʝ ʧʨʦʩʪʳʤʠ ʤʝʪʦʜʘʤʠ ʨʘʩʧʦʟʥʘʚʘʥʠʷ. 

ʆʜʥʠʤ ʠʟ ʪʘʢʠʭ ʤʝʪʦʜʦʚ ʷʚʣʷʝʪʩʷ ʙʠʥʘʨʠʟʘʮʠʷ ʠʩʭʦʜʥʦʛʦ ʠʟʦʙʨʘʞʝʥʠʷ. 

 ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʠʩʩʣʝʜʫʝʪʩʷ ʩʣʝʜʫʶʱʘʷ ʧʨʦʙʣʝʤʘ - ʦʧʨʝʜʝʣʝʥʠʝ ʵʬʬʝʢʪʠʚʥʦʛʦ ʘʣʛʦʨʠʪʤʘ 

ʙʠʥʘʨʠʟʘʮʠʠ ʜʣʷ ʦʙʨʘʙʦʪʢʠ ʧʦʣʫʪʦʥʦʚʳʭ ʠʟʦʙʨʘʞʝʥʠʡ ʰʣʠʬʦʚ ʤʝʪʘʣʣʦʚ ʠ ʩʧʣʘʚʦʚ. ʈʝʰʝʥʠʝ ʵʪʦʡ ʧʨʦʙʣʝʤʳ 

ʧʦʟʚʦʣʠʪ ʫʩʢʦʨʠʪʴ ʦʙʨʘʙʦʪʢʫ ʦʧʨʝʜʝʣʝʥʥʦʛʦ ʢʣʘʩʩʘ ʨʘʩʪʨʦʚʳʭ ʠʟʦʙʨʘʞʝʥʠʡ, ʧʦʟʚʦʣʷʶʱʫʶ ʦʧʨʝʜʝʣʠʪʴ ʩ 

ʙʦʣʴʰʦʡ ʩʪʝʧʝʥʴʶ ʪʦʯʥʦʩʪʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʨʘʟʣʠʯʥʳʭ ʦʙʲʝʢʪʦʚ, ʠʩʩʣʝʜʫʝʤʳʭ ʚ ʤʘʪʝʨʠʘʣʦʚʝʜʝʥʠʠ, ʘ ʪʘʢʞʝ 

ʨʘʩʧʦʟʥʘʚʘʪʴ ʦʙʲʝʢʪʳ ʚ ʜʨʫʛʠʭ ʦʙʣʘʩʪʷʭ, ʠʩʧʦʣʴʟʫʶʱʠʭ ʦʙʨʘʙʦʪʢʫ ʧʦʣʫʪʦʥʦʚʳʭ ʠʟʦʙʨʘʞʝʥʠʡ, ʥʘʧʨʠʤʝʨ, 

ʨʘʩʧʦʟʥʘʚʘʥʠʝ ʪʝʢʩʪʘ. 

 ʎʝʣʴ ʨʘʙʦʪʳ - ʦʧʨʝʜʝʣʠʪʴ ʘʣʛʦʨʠʪʤ ʙʠʥʘʨʠʟʘʮʠʠ, ʢʦʪʦʨʳʡ ʙʫʜʝʪ ʦʙʝʩʧʝʯʠʚʘʪʴ ʥʝʦʙʭʦʜʠʤʳʝ 

ʚʨʝʤʝʥʥʳʝ ʠ ʢʘʯʝʩʪʚʝʥʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʨʠ ʦʙʨʘʙʦʪʢʝ ʚʳʜʝʣʝʥʥʦʛʦ ʢʣʘʩʩʘ ʨʘʩʪʨʦʚʳʭ ʠʟʦʙʨʘʞʝʥʠʡ. 

 ʂ ʦʩʥʦʚʥʳʤ ʟʘʜʘʯʘʤ, ʨʝʰʘʝʤʳʤ ʚ ʜʘʥʥʦʡ ʨʘʙʦʪʝ, ʤʦʞʥʦ ʦʪʥʝʩʪʠ ʩʣʝʜʫʶʱʠʝ: ʦʧʨʝʜʝʣʝʥʠʝ ʥʘʙʦʨʘ 

ʘʣʛʦʨʠʪʤʦʚ ʙʠʥʘʨʠʟʘʮʠʠ, ʦʧʨʝʜʝʣʝʥʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʠʩʩʣʝʜʫʝʤʳʭ ʘʣʛʦʨʠʪʤʦʚ, ʧʦʜʛʦʪʦʚʢʘ ʥʘʙʦʨʘ ʪʝʩʪʦʚʳʭ 

ʠʟʦʙʨʘʞʝʥʠʡ ʠ ʦʧʨʝʜʝʣʝʥʠʝ ʥʘ ʜʘʥʥʦʤ ʥʘʙʦʨʝ ʥʘʠʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʦʛʦ ʘʣʛʦʨʠʪʤʘ. 

 ʈʘʩʩʤʦʪʨʠʤ ʧʦʜʨʦʙʥʝʝ ʚʳʜʝʣʝʥʥʳʝ ʘʣʛʦʨʠʪʤʳ ʛʣʦʙʘʣʴʥʦʡ ʠ ʣʦʢʘʣʴʥʦʡ ʙʠʥʘʨʠʟʘʮʠʠ, ʧʦʣʫʯʠʚʰʠʝ 

ʧʨʘʢʪʠʯʝʩʢʦʝ ʧʨʠʤʝʥʝʥʠʝ. 

 

ʄʝʪʦʜ ʆʪʩʫ 

 ɸʣʛʦʨʠʪʤ ʧʦʟʚʦʣʷʝʪ ʨʘʟʜʝʣʠʪʴ ʧʠʢʩʝʣʠ ʜʚʫʭ ʪʠʧʦʚ (çʧʦʣʝʟʥʳʝè ʠ çʬʦʥʦʚʳʝè), ʚʳʙʠʨʘʷ ʪʘʢʦʡ ʧʦʨʦʛ, 

ʯʪʦʙʳ ʜʠʩʧʝʨʩʠʷ ʙʳʣʘ ʤʠʥʠʤʘʣʴʥʦʡ. ʆʙʳʯʥʦ ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʙʠʥʘʨʠʟʘʮʠʠ ʧʦʣʫʪʦʥʦʚʳʭ ʠʟʦʙʨʘʞʝʥʠʡ, ʥʦ 

ʪʘʢʞʝ ʤʦʞʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʠ ʜʣʷ ʠʟʦʙʨʘʞʝʥʠʡ ʠʥʦʛʦ ʨʦʜʘ. 

ʄʝʪʦʜ ʠʩʧʦʣʴʟʫʝʪ ʛʨʘʬʠʢ ʩʪʘʪʠʩʪʠʯʝʩʢʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʟʥʘʯʝʥʠʡ ʷʨʢʦʩʪʠ ʧʠʢʩʝʣʝʡ. ɻʠʩʪʦʛʨʘʤʤʘ 

ʜʝʣʠʪʩʷ ʥʘ ʜʚʘ ʢʣʘʩʩʘ ʩ ʧʦʤʦʱʴʶ ʧʦʨʦʛʦʚʦʛʦ ʟʥʘʯʝʥʠʷ ʷʨʢʦʩʪʠ k , k   ʮʝʣʦʝ ʟʥʘʯʝʥʠʝ ʦʪ 0 ʜʦ 255, ʯʠʩʣʦ 

ʛʨʘʜʘʮʠʡ ʦʪʪʝʥʢʦʚ ʩʝʨʦʛʦ. ʂʘʞʜʦʤʫ ʢʣʘʩʩʫ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʦʪʥʦʩʠʪʝʣʴʥʳʝ ʯʘʩʪʦʪʳ  ʩʦʚʦʢʫʧʥʳʝ ʤʦʤʝʥʪʳ 

ʥʫʣʝʚʦʛʦ ʠ ʧʝʨʚʦʛʦ ʧʦʨʷʜʢʘ ʜʦ ʫʨʦʚʥʷ k , ʟʘʪʝʤ ʚʳʯʠʩʣʷʶʪʩʷ ʩʨʝʜʥʠʝ ʫʨʦʚʥʠ ʷʨʢʦʩʪʠ ʜʣʷ ʢʘʞʜʦʛʦ ʢʣʘʩʩʦʚ. 

ɼʘʣʝʝ ʚʳʯʠʩʣʷʝʪʩʷ ʭʘʨʘʢʪʝʨʠʟʫʶʱʝʝ ʢʘʯʝʩʪʚʦ ʨʘʟʜʝʣʝʥʠʷ ʧʠʢʩʝʣʝʡ ʥʘ ʜʚʘ ʢʣʘʩʩʘ ʯʠʩʣʦ: 
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(
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)2( mmwws -=ʢʣ
  ʤʝʞʢʣʘʩʩʦʚʘʷ ʜʠʩʧʝʨʩʠʷ, ʘ )( 2

ʦʙʱs   ʜʠʩʧʝʨʩʠʷ ʜʣʷ ʮʝʣʦʛʦ ʠʟʦʙʨʘʞʝʥʠʷ. 

ɼʘʥʥʳʡ ʤʝʪʦʜ ʦʙʣʘʜʘʝʪ ʨʷʜʦʤ ʜʦʩʪʦʠʥʩʪʚ: 

1. ʄʝʪʦʜ ʦʯʝʥʴ ʧʨʦʩʪ ʚ ʨʝʘʣʠʟʘʮʠʠ ð ʪʨʝʙʫʝʪʩʷ ʣʠʰʴ ʚʳʯʠʩʣʝʥʠʝ ʥʫʣʝʚʦʛʦ ʠ ʧʝʨʚʦʩʪʝʧʝʥʥʦʛʦ 

ʩʦʚʦʢʫʧʥʦʛʦ ʤʦʤʝʥʪʘ ʛʠʩʪʦʛʨʘʤʤ ʦʪʪʝʥʢʦʚ ʩʝʨʦʛʦ; 

2. ʆʧʪʠʤʘʣʴʥʳʡ ʧʦʨʦʛ (ʠʣʠ ʥʘʙʦʨ ʧʦʨʦʛʦʚ) ʚʳʙʠʨʘʝʪʩʷ ʩʪʘʙʠʣʴʥʦ ʠ ʘʚʪʦʤʘʪʠʯʝʩʢʠ, ʥʝ ʙʘʟʠʨʫʷʩʴ ʥʘ 
ʜʠʬʬʝʨʝʥʮʠʘʮʠʠ (ʠʩʧʦʣʴʟʫʷ ʣʦʢʘʣʴʥʳʝ ʩʚʦʡʩʪʚʘ ʛʠʩʪʦʛʨʘʤʤʳ, ʪʘʢʠʝ ʢʘʢ ʚʧʘʜʠʥʳ), ʥʦ ʙʘʟʠʨʫʷʩʴ ʥʘ 

ʠʥʪʝʛʨʘʮʠʠ (ʠʩʧʦʣʴʟʫʷ ʛʣʦʙʘʣʴʥʳʝ ʩʚʦʡʩʪʚʘ); 

3. ʄʦʛʫʪ ʙʳʪʴ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥʳ ʜʘʣʴʥʝʡʰʠʝ ʚʘʞʥʳʝ ʘʩʧʝʢʪʳ (ʥʘʧʨʠʤʝʨ, ʦʮʝʥʢʘ ʢʣʘʩʩʘ ʩʨʝʜʥʠʭ ʫʨʦʚʥʝʡ 
ʷʨʢʦʩʪʠ, ʨʘʩʯʝʪ ʢʣʘʩʩʘ ʨʘʟʜʝʣʠʪʝʣʝʡ ʠ ʪ.ʜ.); 

4. ʄʝʪʦʜ ʜʦʚʦʣʴʥʦ ʦʙʱʠʡ ð ʦʥ ʧʦʢʨʳʚʘʝʪ ʜʦʚʦʣʴʥʦ ʙʦʣʴʰʦʡ ʩʧʝʢʪʨ ʙʝʩʢʦʥʪʨʦʣʴʥʳʭ ʨʝʰʝʥʠʡ [2]. 

ʂ ʥʝʜʦʩʪʘʪʢʘʤ ʦʪʥʦʩʷʪ ʧʦʣʫʯʝʥʠʝ ʨʘʟʤʳʪʳʭ ʣʠʥʠʡ, ʘ ʪʘʢʞʝ ʧʦʪʝʨʶ ʥʝʙʦʣʴʰʠʭ ʧʦ ʨʘʟʤʝʨʫ ʦʙʲʝʢʪʦʚ [1]. 

 
ʈʠʩ.1. ɸʚʪʦʤʘʪʠʯʝʩʢʘʷ ʙʠʥʘʨʠʟʘʮʠʷ ʧʦʣʫʪʦʥʦʚʦʛʦ ʠʟʦʙʨʘʞʝʥʠʷ ʩ ʧʦʤʦʱʴʶ ʤʝʪʦʜʘ ʆʪʩʫ. 

 

ʄʝʪʦʜ ɹʝʨʥʩʝʥʘ 

ɼʘʥʥʳʡ ʤʝʪʦʜ ʜʦʩʪʘʪʦʯʥʦ ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʫʝʪʩʷ ʧʨʠ ʦʙʨʘʙʦʪʢʝ ʨʘʟʣʠʯʥʳʭ ʩʭʝʤ. ʗʚʣʷʝʪʩʷ ʣʦʢʘʣʴʥʳʤ 

ʤʝʪʦʜʦʤ ʦʙʨʘʙʦʪʢʠ. 

ʇʨʠʥʮʠʧ ʨʘʙʦʪʳ ʘʣʛʦʨʠʪʤʘ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʩʣʝʜʫʶʱʝʤ: ʦʙʳʯʥʘʷ ʢʚʘʜʨʘʪʥʘʷ ʤʘʪʨʠʮʘ ʩ ʥʝʯʝʪʥʳʤ 

ʯʠʩʣʦʤ ʧʠʢʩʝʣʝʡ (ʥʘʧʨʠʤʝʨ, 3ʭ3) çʧʨʦʙʝʛʘʝʪè ʚ ʮʠʢʣʝ ʧʦ ʚʩʝʤ ʧʠʢʩʝʣʷʤ ʠʩʭʦʜʥʦʛʦ ʠʟʦʙʨʘʞʝʥʠʷ. ʅʘ ʢʘʞʜʦʤ 

ʰʘʛʝ ʥʘʭʦʜʠʪʩʷ ʵʢʩʪʨʝʤʘʣʴʥʳʝ ʟʥʘʯʝʥʠʷ ʷʨʢʦʩʪʠ ʧʠʢʩʝʣʝʡ. ɿʘʪʝʤ ʥʘʭʦʜʠʪʩʷ ʩʨʝʜʥʝʝ ʟʥʘʯʝʥʠʝ. ɽʩʣʠ ʨʘʟʥʦʩʪʴ 

ʩʘʤʦʛʦ ʚʳʩʦʢʦʛʦ ʠ ʩʘʤʦʛʦ ʥʠʟʢʦʛʦ ʫʨʦʚʥʝʡ ʧʨʝʚʳʰʘʝʪ ʥʝʢʦʪʦʨʳʡ ʧʦʨʦʛ, ʪʦ ʧʠʢʩʝʣʴ ʙʠʥʘʨʠʟʫʝʪʩʷ ʙʝʣʳʤ, ʣʠʙʦ 

ʯʝʨʥʳʤ. ɼʣʷ ʚʩʝʛʦ ʠʟʦʙʨʘʞʝʥʠʷ ʧʦʨʦʛ ʢʦʥʪʨʘʩʪʘ ʷʚʣʷʝʪʩʷ ʧʦʜʙʠʨʘʝʤʦʡ ʢʦʥʩʪʘʥʪʦʡ [1, 3]. 

ɼʘʥʥʳʡ ʤʝʪʦʜ ʠʤʝʝʪ ʥʝʜʦʩʪʘʪʦʢ ʚ ʚʠʜʝ ʧʦʤʝʭ, ʦʪʨʘʞʘʶʱʠʭʩʷ ʯʝʨʥʳʤʠ ʧʷʪʥʘʤʠ ʥʘ ʠʟʦʙʨʘʞʝʥʠʠ. ʆʥʠ 

ʤʦʛʫʪ ʙʳʪʴ ʫʩʪʨʘʥʝʥʳ ʜʦʧʦʣʥʠʪʝʣʴʥʦʡ ʦʙʨʘʙʦʪʢʦʡ ʠʟʦʙʨʘʞʝʥʠʷ. 

 

ʄʝʪʦʜ ʕʡʢʚʝʣʷ 

ʕʪʦʪ ʤʝʪʦʜ ʧʨʝʜʧʦʣʘʛʘʝʪ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʢʦʥʮʝʥʪʨʠʯʝʩʢʠʭ ʦʢʦʥ: ʤʘʣʦʛʦ S ʠ ʙʦʣʴʰʦʛʦ L (ʨʠʩ. 2). ɼʣʷ 

ʙʦʣʴʰʦʛʦ ʦʢʥʘ ʨʘʩʩʯʠʪʳʚʘʝʪʩʷ ʧʦʨʦʛʦʚʦʝ ʟʥʘʯʝʥʠʝ, ʧʦʟʚʦʣʷʶʱʝʝ ʧʦʜʝʣʠʪʴ ʧʠʢʩʝʣʠ ʥʘ ʜʚʘ ʢʣʘʩʩʘ. ɽʩʣʠ 

ʤʘʪʝʤʘʪʠʯʝʩʢʠʝ ʦʞʠʜʘʥʠʷ ʷʨʢʦʩʪʠ ʚ ʢʣʘʩʩʘʭ ʠʤʝʶʪ ʨʘʟʥʠʮʫ, ʧʨʝʚʳʰʘʶʱʫʶ ʟʘʜʘʥʥʳʡ ʫʨʦʚʝʥʴ, ʧʠʢʩʝʣʠ ʚ 

ʤʘʣʦʤ ʦʢʥʝ ʙʠʥʘʨʠʟʫʶʪʩʷ ʩ ʧʦʨʦʛʦʚʳʤ ʟʥʘʯʝʥʠʝʤ, ʧʦʣʫʯʝʥʥʳʤ ʧʦ ʤʝʪʦʜʫ ʆʪʩʫ, ʠʥʘʯʝ ʟʥʘʯʝʥʠʷ ʧʠʢʩʝʣʝʡ 

ʟʘʤʝʥʷʶʪ ʙʣʠʟʢʠʤʠ ʢ ʠʩʭʦʜʥʳʤ. 

 

 
 

ʈʠʩ. 2. ʇʝʨʝʤʝʱʝʥʠʝ ʦʢʦʥ ʚ ʤʝʪʦʜʝ ʕʡʢʚʝʣʷ. 

 

ʅʝʜʦʩʪʘʪʢʦʤ ʵʪʦʛʦ ʤʝʪʦʜʘ ʷʚʣʷʶʪʩʷ ʨʘʟʨʳʚʳ ʥʘ ʠʟʦʙʨʘʞʝʥʠʠ ʠ ʣʦʞʥʳʝ ʯʝʨʥʳʝ ʦʙʣʘʩʪʠ, ʢʦʪʦʨʳʝ 

ʤʦʞʥʦ ʫʩʪʨʘʥʠʪʴ ʜʦʧʦʣʥʠʪʝʣʴʥʦʡ ʦʙʨʘʙʦʪʢʦʡ (ʧʦʩʪʧʨʦʮʝʩʩʠʥʛʦʤ) [1].  

ʀʩʧʦʣʴʟʫʝʪʩʷ ʤʝʪʦʜ, ʚ ʦʩʥʦʚʥʦʤ, ʜʣʷ ʦʙʨʘʙʦʪʢʠ ʯʝʪʢʠʭ ʠʟʦʙʨʘʞʝʥʠʡ. 
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ʄʝʪʦʜ, ʠʩʧʦʣʴʟʫʶʱʠʡ ʜʚʫʤʝʨʥʫʶ ʵʥʪʨʦʧʠʶ (ʤʝʪʦʜ ɸʙʫʪʘʣʝʙʘ) 

ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʧʦʨʦʛʦʚʦʛʦ ʟʥʘʯʝʥʠʷ ʚ ʜʘʥʥʦʤ ʤʝʪʦʜʝ ʠʩʧʦʣʴʟʫʝʪʩʷ ʦʙʳʯʥʦʝ ʠ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʝ 

ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʦʪʪʝʥʢʦʚ ʩʝʨʦʛʦ. ʀʟʫʯʘʶʪʩʷ ʦʪʪʝʥʢʠ ʩʝʨʦʛʦ ʢʘʞʜʦʛʦ ʧʠʢʩʝʣʷ, ʘ ʪʘʢʞʝ ʩʨʝʜʥʝʝ ʟʥʘʯʝʥʠʝ ʦʪʪʝʥʢʦʚ 

ʩʝʨʦʛʦ ʦʢʨʫʞʘʶʱʠʭ ʧʠʢʩʝʣʝʡ. ɺʳʯʠʩʣʷʝʪʩʷ ʯʘʩʪʦʪʘ ʧʦʷʚʣʝʥʠʷ ʢʘʞʜʦʡ ʧʘʨʳ ʦʪʪʝʥʢʦʚ ʩʝʨʦʛʦ, ʠ ʪʘʢʠʤ ʦʙʨʘʟʦʤ 

ʧʦʣʫʯʘʶʪ ʧʦʚʝʨʭʥʦʩʪʴ, ʢʦʪʦʨʘʷ, ʧʨʝʜʧʦʣʦʞʠʪʝʣʴʥʦ, ʙʫʜʝʪ ʠʤʝʪʴ ʜʚʘ ʧʠʢʘ ʠ ʦʜʥʫ ʚʧʘʜʠʥʫ (ʨʠʩ. 3). ʇʠʢʠ 

ʦʪʚʝʯʘʶʪ ʟʘ ʧʝʨʝʜʥʠʡ ʠ ʟʘʜʥʠʡ ʬʦʥʳ. ʕʪʠ ʬʦʥʳ ʤʦʛʫʪ ʙʳʪʴ ʨʘʟʜʝʣʝʥʳ ʧʨʠ ʧʦʤʦʱʠ ʚʳʙʦʨʘ ʧʦʨʦʛʘ, ʢʦʪʦʨʳʡ 

ʤʘʢʩʠʤʠʟʠʨʫʝʪ ʵʥʪʨʦʧʠʶ ʜʚʫʭ ʛʨʫʧʧ ʧʠʢʩʝʣʝʡ. 

 
ʈʠʩ. 3. ʀʟʦʙʨʘʞʝʥʠʝ ʜʚʫʤʝʨʥʦʡ ʛʠʩʪʦʛʨʘʤʤʳ 

 

ʇʨʝʜʩʪʘʚʣʝʥʥʳʡ ʘʣʛʦʨʠʪʤ ʜʦʩʪʘʪʦʯʥʦ ʧʨʦʩʪ ʠ ʠʪʝʨʘʪʠʚʝʥ, ʥʦ ʚʤʝʩʪʝ ʩ ʪʝʤ ʧʨʠ ʙʠʥʘʨʠʟʘʮʠʠ ʥʝʢʦʪʦʨʳʭ 

ʠʟʦʙʨʘʞʝʥʠʡ ʜʘʥʥʳʤ ʤʝʪʦʜʦʤ ʧʦʣʫʯʘʝʪʩʷ ʣʠʰʴ ʫʪʦʥʯʝʥʥʘʷ ʚʝʨʩʠʷ ʠʩʭʦʜʥʦʛʦ ʠʟʦʙʨʘʞʝʥʠʷ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʧʨʠ 

ʨʘʙʦʪʝ ʩ ʵʪʠʤ ʘʣʛʦʨʠʪʤʦʤ ʤʦʞʝʪ ʧʦʪʨʝʙʦʚʘʪʴʩʷ ʜʠʣʘʪʘʮʠʷ. [4] 

 

ʄʝʪʦʜ ʅʠʙʣʵʢʘ 

ʆʩʥʦʚʥʘʷ ʠʜʝʷ ʵʪʦʛʦ ʘʣʛʦʨʠʪʤʘ ʩʦʩʪʦʠʪ ʚ ʪʦʤ, ʯʪʦʙʳ ʚʘʨʴʠʨʦʚʘʪʴ ʧʦʨʦʛ ʟʥʘʯʝʥʠʷ ʷʨʢʦʩʪʠ ʙʠʥʘʨʠʟʘʮʠʠ 

ʦʪ ʪʦʯʢʠ ʢ ʪʦʯʢʝ ʥʘ ʦʩʥʦʚʘʥʠʠ ʣʦʢʘʣʴʥʦʛʦ ʟʥʘʯʝʥʠʷ ʩʪʘʥʜʘʨʪʥʦʛʦ ʦʪʢʣʦʥʝʥʠʷ. ʇʦʨʦʛ ʷʨʢʦʩʪʠ ʚ ʪʦʯʢʝ (x,y) 

ʨʘʩʩʯʠʪʳʚʘʝʪʩʷ ʪʘʢ: 

),(*),(),( yxskyxmyxB +=  

ʛʜʝ m(x,y)  ʩʨʝʜʥʝʝ ʦʪʢʣʦʥʝʥʠʝ ʚʳʙʦʨʢʠ ʜʣʷ ʥʝʢʦʪʦʨʦʡ ʦʢʨʝʩʪʥʦʩʪʠ ʪʦʯʢʠ, s(x,y) ʩʪʘʥʜʘʨʪʥʦʝ ʦʪʢʣʦʥʝʥʠʝ.  

ʇʘʨʘʤʝʪʨ k ʦʧʨʝʜʝʣʷʝʪ ʯʘʩʪʴ ʛʨʘʥʠʮʳ ʦʙʲʝʢʪʘ, ʢʦʪʦʨʫʶ ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʚ ʢʘʯʝʩʪʚʝ ʦʙʲʝʢʪʘ. 

ɿʥʘʯʝʥʠʝ 2,0-=k ʟʘʜʘʝʪ ʜʦʩʪʘʪʦʯʥʦ ʭʦʨʦʰʝʝ ʨʘʟʜʝʣʝʥʠʝ ʦʙʲʝʢʪʦʚ, ʝʩʣʠ ʦʥʠ ʟʘʜʘʥʳ ʯʝʨʥʳʤ ʮʚʝʪʦʤ, 2,0=k   

ʝʩʣʠ ʟʘʜʘʥʳ ʙʝʣʳʤ. 

ʇʦʣʫʯʠʣ ʚʳʩʦʢʫʶ ʧʦʧʫʣʷʨʥʦʩʪʴ ʠʟ-ʟʘ ʝʛʦ ʠʥʪʝʛʨʘʮʠʠ ʩ ʵʪʘʧʦʤ ʧʦʩʪʧʨʦʮʝʩʩʠʥʛʘ [1] 

 

ʄʝʪʦʜ ʂʘʧʫʨʘ 

ʆʜʠʥ ʠʟ ʛʣʦʙʘʣʴʥʳʭ ʘʣʛʦʨʠʪʤʦʚ ʙʠʥʘʨʠʟʘʮʠʠ ʠʟʦʙʨʘʞʝʥʠʷ, ʠʩʧʦʣʴʟʫʶʱʠʡ ʤʝʪʦʜ ʥʘʭʦʞʜʝʥʠʷ 

ʧʦʨʦʛʦʚʦʛʦ ʟʥʘʯʝʥʠʷ, ʦʩʥʦʚʘʥʥʳʡ ʥʘ ʵʥʪʨʦʧʠʠ. ɼʘʥʥʳʡ ʤʝʪʦʜ ʤʘʢʩʠʤʠʟʠʨʫʝʪ ʵʥʪʨʦʧʠʠ ʢʣʘʩʩʦʚ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ 

ʙʳʪʴ ʠʥʪʝʨʧʨʝʪʠʨʦʚʘʥʳ, ʢʘʢ ʠʟʤʝʨʝʥʠʷ ʢʦʤʧʘʢʪʥʦʩʪʠ ʠ ʨʘʟʜʝʣʠʤʦʩʪʠ ʢʣʘʩʩʦʚ. ɺ ʪʘʢʦʤ ʩʣʫʯʘʝ, ʮʝʣʝʚʘʷ 

ʬʫʥʢʮʠʷ ʥʘʭʦʞʜʝʥʠʷ ʧʦʨʦʛʦʚʦʛʦ ʟʥʘʯʝʥʠʷ ʤʦʞʝʪ ʙʳʪʴ ʧʦʣʫʯʝʥʘ ʢʘʢ: 
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ʛʜʝ h(g) ð ʢʦʤʧʦʥʝʥʪʳ ʙʠʤʦʜʘʣʴʥʦʡ ʛʠʩʪʦʛʨʘʤʤʳ, n ð ʤʘʢʩʠʤʘʣʴʥʘʷ ʜʣʠʥʘ ʛʠʩʪʦʛʨʘʤʤʳ.  

ɺʝʣʠʯʠʥʘ J(T) ʤʘʢʩʠʤʠʟʠʨʫʝʪʩʷ, ʘ T, ʢʦʪʦʨʘʷ ʤʘʢʩʠʤʠʟʠʨʫʝʪ J(T) ʠ ʝʩʪʴ ʧʦʨʦʛʦʚʦʝ ʟʥʘʯʝʥʠʝ [5]. 

 

ʄʝʪʦʜ ʂʠʪʪʣʝʨʘ 

ɺ ʜʘʥʥʦʤ ʤʝʪʦʜʝ ʧʨʝʜʧʦʣʘʛʘʝʪʩʷ, ʯʪʦ ʢʦʤʧʦʥʝʥʪʳ ʙʠʤʦʜʘʣʴʥʦʡ ʛʠʩʪʦʛʨʘʤʤʳ ʦʪʪʝʥʢʦʚ ʩʝʨʦʛʦ h(g) 

ʥʦʨʤʘʣʴʥʦ ʨʘʩʧʨʝʜʝʣʝʥʳ [6]. ʅʦʨʤʘʣʴʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʦʧʨʝʜʝʣʷʝʪʩʷ ʠʭ ʟʥʘʯʝʥʠʷʤʠ 
im, ʩʪʘʥʜʘʨʪʥʳʤ 

ʦʪʢʣʦʥʝʥʠʝʤ 
is  ʠ ʘʧʨʠʦʨʥʳʤʠ ʚʝʨʦʷʪʥʦʩʪʷʤʠ 

iP. ɺ ʩʣʫʯʘʝ ʜʚʫʭ ʨʘʟʣʠʯʥʳʭ ʢʣʘʩʩʦʚ, ʟʘʜʥʝʛʦ ʠ ʧʝʨʝʜʥʝʛʦ ʬʦʥʘ, 

ʘ ʪʘʢʞʝ ʜʘʥʥʦʛʦ ʧʦʨʦʛʦʚʦʛʦ ʟʥʘʯʝʥʠʷ T, ʧʘʨʘʤʝʪʨʳ ʤʦʛʫʪ ʙʳʪʴ ʧʦʣʫʯʝʥʳ ʩʣʝʜʫʶʱʠʤʠ ʩʦʦʪʥʦʰʝʥʠʷʤʠ: 
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ɹʣʘʛʦʜʘʨʷ ʧʦʣʫʯʝʥʥʳʤ ʟʥʘʯʝʥʠʷʤ ʤʦʞʝʪ ʙʳʪʴ ʦʧʨʝʜʝʣʝʥʘ ʮʝʣʝʚʘʷ ʬʫʥʢʮʠʷ, ʢʦʪʦʨʘʷ ʚʧʦʩʣʝʜʩʪʚʠʠ 

ʤʠʥʠʤʠʟʠʨʫʝʪʩʷ ʜʣʷ ʫʤʝʥʴʰʝʥʠʷ ʧʦʨʦʛʦʚʦʡ ʦʰʠʙʢʠ [5]. 

 

ʄʝʪʦʜ ʗʥʦʚʠʮʘ-ɹʨʫʢʰʪʝʡʥʘ 

ʇʨʠʤʝʥʷʝʪʩʷ ʜʣʷ ʦʙʨʘʙʦʪʢʠ ʢʘʨʪʦʛʨʘʬʠʯʝʩʢʠʭ ʠʟʦʙʨʘʞʝʥʠʡ. 

ɺ ʢʘʯʝʩʪʚʝ ʧʦʨʦʛʦʚʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʙʠʥʘʨʠʟʘʮʠʠ ʠʩʧʦʣʴʟʫʝʪʩʷ ʧʦʚʝʨʭʥʦʩʪʴ ʧʦʪʝʥʮʠʘʣʦʚ, ʩʪʨʦʷʱʘʷʩʷ ʥʘ 

ʙʘʟʝ ʣʦʢʘʣʴʥʦʡ ʤʘʢʩʠʤʠʟʘʮʠʠ ʛʨʘʜʠʝʥʪʘ ʷʨʢʦʩʪʠ [7, 8].  ʇʦʜʩʯʝʪ ʧʦʚʝʨʭʥʦʩʪʠ ʚʝʜʝʪʩʷ ʦʪ ʢʦʥʪʫʨʥʳʭ ʧʠʢʩʝʣʝʡ. 

ɼʣʷ ʢʘʞʜʦʛʦ ʥʝʢʦʥʪʫʨʥʦʛʦ ʧʠʢʩʝʣʷ ʧʦʜʩʯʠʪʳʚʘʝʪʩʷ ʠʥʪʝʨʧʦʣʷʮʠʦʥʥʳʡ ʦʩʪʘʪʦʢ R(x,y), ʠ ʟʥʘʯʝʥʠʝ ʧʠʢʩʝʣʷ 

P(x,y) ʥʘ n+1  ʦʤ ʰʘʛʝ ʜʦʣʞʥʦ ʨʘʩʩʯʠʪʳʚʘʪʴʩʷ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʬʦʨʤʫʣʘʤʠ: 

4/),(*),(),(
1

yxnRyxnPyx
n

P b+=
+

),(*4)1,()1,(),1(),1(),( yxnPyxnPyxnPyxnPyxnPyxnR -++-+++-=
 

ʧʨʠʯʝʤ ʜʣʷ ʙʳʩʪʨʦʡ ʩʭʦʜʠʤʦʩʪʠ ʨʝʢʦʤʝʥʜʫʶʪ ʠʩʧʦʣʴʟʦʚʘʪʴ ʟʥʘʯʝʥʠʝ bʚ ʧʨʝʜʝʣʘʭ ʦʪ 1 ʜʦ 2. 

 ʅʝ ʧʨʦʠʟʚʦʜʠʪ ʜʦʧʦʣʥʠʪʝʣʴʥʦʛʦ ʰʫʤʘ ʥʘ ʠʟʦʙʨʘʞʝʥʠʠ. ɺʤʝʩʪʝ ʩ ʪʝʤ ʢʨʘʡʥʝ ʤʘʣʦʧʨʦʠʟʚʦʜʠʪʝʣʝʥ [1]. 

 

ʉʨʘʚʥʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ ʘʣʛʦʨʠʪʤʦʚ ʙʠʥʘʨʠʟʘʮʠʠ 

ɼʣʷ ʧʨʦʚʝʜʝʥʠʷ ʩʨʘʚʥʠʪʝʣʴʥʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʘʣʛʦʨʠʪʤʦʚ ʙʳʣʠ ʧʦʩʪʘʚʣʝʥʳ ʵʢʩʧʝʨʠʤʝʥʪʳ ʩ ʧʷʪʴʶ 

ʨʘʟʣʠʯʥʳʤʠ ʠʟʦʙʨʘʞʝʥʠʷʤʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʚʩʝʭ ʚʳʰʝʦʧʠʩʘʥʥʳʭ ʤʝʪʦʜʦʚ, ʧʨʠ ʵʪʦʤ ʧʨʦʚʦʜʠʣʠʩʴ ʟʘʤʝʨʳ 

ʚʨʝʤʝʥʠ ʚʳʧʦʣʥʝʥʠʷ ʥʘ ʢʦʤʧʴʶʪʝʨʝ ʩ ʧʨʦʮʝʩʩʦʨʦʤ AMD A8-550M APU with Radeon HD Graphics ʩ ʯʘʩʪʦʪʦʡ 

2,10 ɻɻʮ. ʆʜʥʦ ʠʟ ʠʩʩʣʝʜʦʚʘʥʥʳʭ ʚ ʨʘʙʦʪʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠʟʦʙʨʘʞʝʥʠʡ (ʨʠʩ.4) ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ 

ʧʦʣʫʯʝʥʥʦʝ ʩ ʧʦʤʦʱʴʶ ʵʣʝʢʪʨʦʥʥʦʛʦ ʤʠʢʨʦʩʢʦʧʘ ʧʦʣʫʪʦʥʦʚʦʝ ʠʟʦʙʨʘʞʝʥʠʝ ʩʧʝʮʠʘʣʴʥʦʛʦ ʩʧʣʘʚʘ, 

ʩʦʜʝʨʞʘʱʝʛʦ ʘʣʶʤʠʥʠʡ ʠ ʚʦʣʴʬʨʘʤʦʚʫʶ ʥʠʪʴ. ɼʣʷ ʵʪʦʛʦ ʠʟʦʙʨʘʞʝʥʠʷ ʧʨʦʠʟʚʦʜʠʣʠʩʴ ʟʘʤʝʨʳ ʚʨʝʤʝʥʠ ʧʫʪʝʤ 

ʤʥʦʛʦʢʨʘʪʥʦʛʦ ʚʳʧʦʣʥʝʥʠʷ ʘʣʛʦʨʠʪʤʘ ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʫʩʨʝʜʥʝʥʠʝʤ. 

 

 
ʈʠʩ. 4. ʊʝʩʪʦʚʦʝ ʠʟʦʙʨʘʞʝʥʠʝ 

 

ʈʝʟʫʣʴʪʘʪʳ ʧʨʠʤʝʥʝʥʠʷ ʙʠʥʘʨʠʟʘʮʠʦʥʥʳʭ ʤʝʪʦʜʦʚ ʦʮʝʥʠʚʘʣʠʩʴ ʧʦ ʩʣʝʜʫʶʱʠʤ ʢʨʠʪʝʨʠʷʤ: 

1. ʉʣʦʤʘʥʥʳʝ ʩʪʨʫʢʪʫʨʥʳʝ ʣʠʥʠʠ. ʇʦʜʩʯʠʪʳʚʘʣʠʩʴ ʧʨʦʙʝʣʳ ʚ ʣʠʥʠʷʭ ʨʘʟʣʠʯʥʦʡ ʪʦʣʱʠʥʳ, ʧʨʠʯʝʤ 
ʙʦʣʴʰʠʝ ʧʨʦʙʝʣʳ ʢʦʪʠʨʦʚʘʣʠʩʴ ʭʫʞʝ, ʯʝʤ ʤʘʣʝʥʴʢʠʝ; 

2. ʉʣʦʤʘʥʥʳʝ ʩʠʤʚʦʣʳ, ʪʝʢʩʪ ʠ ʪ.ʜ. ʋʯʠʪʳʚʘʣʠʩʴ ʩʠʤʚʦʣʳ ʠ ʵʣʝʤʝʥʪʳ ʪʝʢʩʪʘ ʩ ʧʨʦʙʝʣʘʤʠ, ʪʘʢʞʝ 

ʧʨʠʥʠʤʘʣʘʩʴ ʚʦ ʚʥʠʤʘʥʠʝ ʩʪʝʧʝʥʴ ʬʨʘʛʤʝʥʪʘʮʠʠ ʪʝʢʩʪʘ; 

3. ʅʝʯʝʪʢʦʩʪʴ ʣʠʥʠʡ, ʩʠʤʚʦʣʦʚ, ʪʝʢʩʪʘ. ʇʨʠʥʠʤʘʣʠʩʴ ʚʦ ʚʥʠʤʘʥʠʝ ʩʪʝʧʝʥʴ ʥʝʯʝʪʢʦʩʪʠ ʧʦʣʫʯʝʥʥʦʛʦ 
ʠʟʦʙʨʘʞʝʥʠʷ, ʘ ʪʘʢʞʝ ʯʠʩʣʦ ʨʘʟʤʳʪʳʭ ʥʘʧʝʯʘʪʘʥʥʳʭ ʦʙʲʝʢʪʦʚ; 

4. ʇʦʪʝʨʷ ʮʝʣʳʭ ʦʙʲʝʢʪʦʚ. ʇʦʜʩʯʠʪʳʚʘʣʦʩʴ ʯʠʩʣʦ ʧʦʣʥʦʩʪʴʶ ʧʦʪʝʨʷʥʥʳʭ ʥʘʧʝʯʘʪʘʥʥʳʭ ʦʙʲʝʢʪʦʚ; 

5. ʐʫʤ ʚ ʦʜʥʦʨʦʜʥʳʭ ʦʙʣʘʩʪʷʭ. ʋʯʠʪʳʚʘʣʦʩʴ ʯʠʩʣʦ ʠ ʨʘʟʤʝʨ ʰʫʤʦʚʳʭ çʪʦʯʝʢè ʠ ʣʦʞʥʳʭ ʦʙʲʝʢʪʦʚ. 

ʇʦ ʢʘʞʜʦʤʫ ʠʟ ʧʷʪʠ ʧʨʝʜʣʦʞʝʥʥʳʭ ʢʨʠʪʝʨʠʝʚ ʧʨʦʠʟʚʦʜʠʣʘʩʴ ʦʮʝʥʢʘ ʦʪ 0 ʜʦ 5. ʆʮʝʥʢʘ ʧʨʦʠʟʚʦʜʠʣʘʩʴ 

ʵʢʩʧʝʨʪʦʤ ʚ ʦʙʣʘʩʪʠ ʦʙʨʘʙʦʪʢʠ ʠʟʦʙʨʘʞʝʥʠʡ. ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʤʦʞʥʦ ʫʚʠʜʝʪʴ ʚ ʪʘʙʣʠʮʝ 1: 
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ʊʘʙʣʠʮʘ 1. ʉʨʘʚʥʠʪʝʣʴʥʘʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʤʝʪʦʜʦʚ ʙʠʥʘʨʠʟʘʮʠʠ. 

ʄʝʪʦʜ ʅʦʤʝʨ ʠʟʦʙʨʘʞʝʥʠʷ ʈʝʟʫʣʴʪʘʪ 

(ʩʫʤʤʘ 1-5) 

ɺʨʝʤʷ ʚʳʧʦʣʥʝʥʠʷ 

(ʩʝʢ.) 

1 2 3 4 5   

ʆʪʩʫ 14 17 14 13 15 73 0.294 

ɹʝʨʥʩʝʥ 14 16 20 13 21 85 1.756 

ʕʡʢʚʠʣʴ 15 20 21 18 13 87 13.023 

ɸʙʫʪʘʣʝʙ 8 10 17 15 7 57 2.023 

ʅʠʙʣʵʢ 20 21 16 19 13 89 1.005 

ʂʘʧʫʨ 12 10 17 14 3 56 0.588 

ʂʠʪʪʣʝʨ 8 8 17 11 6 50 0.344 

ʗʥʦʚʠʮ-ɹʨʫʢʰʪʝʡʥ 19 13 20 20 8 80 99.775 

ʅʘʠʙʦʣʝʝ ʨʝʟʫʣʴʪʘʪʠʚʥʦ ʩʧʨʘʚʠʣʩʷ ʤʝʪʦʜ ʅʠʙʣʵʢʘ  ʫ ʥʝʛʦ ʦʜʥʠ ʠʟ ʥʘʠʣʫʯʰʠʭ ʧʦʢʘʟʘʥʠʡ ʧʦ ʚʨʝʤʝʥʠ 

ʠ ʢʘʯʝʩʪʚʫ ʨʘʙʦʪʳ. ʄʝʪʦʜ ʆʪʩʫ ʧʨʝʚʦʩʭʦʜʠʪ ʤʥʦʛʠʝ ʠʟ ʛʣʦʙʘʣʴʥʳʭ ʘʣʛʦʨʠʪʤʦʚ ʙʠʥʘʨʠʟʘʮʠʠ (ʆʪʩʫ, ɸʙʫʪʘʣʝʙ, 

ʂʘʧʫʨ, ʂʠʪʪʣʝʨ) ʧʦ ʚʨʝʤʝʥʠ ʠ ʢʘʯʝʩʪʚʫ, ʦʜʥʘʢʦ ʚ ʩʨʘʚʥʝʥʠʠ ʩ ʣʦʢʘʣʴʥʳʤʠ ʘʣʛʦʨʠʪʤʘʤʠ, ʦʥ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʣ 

ʥʝʯʝʪʢʦʩʪʴ ʨʘʟʣʠʯʥʳʭ ʩʠʤʚʦʣʦʚ [9]. ʊʝʤ ʥʝ ʤʝʥʝʝ, ʤʝʪʦʜ ʆʪʩʫ ʩʧʨʘʚʠʣʩʷ ʩ ʟʘʜʘʯʝʡ ʙʠʥʘʨʠʟʘʮʠʠ ʙʳʩʪʨʝʝ ʠ 

ʚʠʟʫʘʣʴʥʦ ʣʫʯʰʝ ʘʣʛʦʨʠʪʤʦʚ, ʩʦʧʦʩʪʘʚʠʤʳʭ ʩ ʥʠʤ ʧʦ ʚʨʝʤʝʥʠ. ʊʘʢ ʢʘʢ ʦʙʨʘʙʦʪʢʘ ʩʠʤʚʦʣʴʥʳʭ ʦʙʦʟʥʘʯʝʥʠʡ 

ʚʳʭʦʜʠʪ ʟʘ ʨʘʤʢʠ ʧʨʝʜʣʦʞʝʥʥʦʛʦ ʦʙʲʝʢʪʘ ʠʩʩʣʝʜʦʚʘʥʠʷ ʠ ʩ ʫʯʝʪʦʤ ʦʙʦʟʥʘʯʝʥʥʳʭ ʚʳʰʝ ʧʨʝʠʤʫʱʝʩʪʚ ʤʝʪʦʜʘ 

ʆʪʩʫ, ʘ ʪʘʢʞʝ ʫʯʠʪʳʚʘʷ ʪʦʪ ʬʘʢʪ, ʯʪʦ ʘʣʛʦʨʠʪʤ ʠʤʝʝʪ ʧʦʥʷʪʥʳʡ ʩʪʘʪʠʩʪʠʯʝʩʢʠʡ ʩʤʳʩʣ ʠ ʷʚʣʷʝʪʩʷ ʵʬʬʝʢʪʠʚʥʳʤ 

ʩʧʦʩʦʙʦʤ ʥʘʭʦʞʜʝʥʠʷ ʧʦʨʦʛʘ ʙʠʤʦʜʘʣʴʥʳʭ ʠʟʦʙʨʘʞʝʥʠʡ [10], ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʚʳʙʨʘʪʴ ʚ ʢʘʯʝʩʪʚʝ ʨʘʙʦʯʝʛʦ 

ʘʣʛʦʨʠʪʤʘ ʙʠʥʘʨʠʟʘʮʠʠ ʠʤʝʥʥʦ ʝʛʦ. 

ɿʘʢʣʶʯʝʥʠʝ 

 ɺ ʜʘʥʥʦʡ ʩʪʘʪʴʝ ʙʳʣʘ ʧʨʠʚʝʜʝʥʘ ʢʣʘʩʩʠʬʠʢʘʮʠʷ ʘʣʛʦʨʠʪʤʦʚ ʙʠʥʘʨʠʟʘʮʠʠ ʨʘʟʣʠʯʥʳʭ ʨʘʩʪʨʦʚʳʭ 

ʠʟʦʙʨʘʞʝʥʠʡ ʚʳʜʝʣʝʥʥʦʛʦ ʚ ʨʘʤʢʘʭ ʠʩʩʣʝʜʦʚʘʥʠʷ ʢʣʘʩʩʘ, ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥʳ ʦʩʥʦʚʥʳʝ ʤʝʪʦʜʳ ʘʚʪʦʤʘʪʠʯʝʩʢʦʡ 

ʙʠʥʘʨʠʟʘʮʠʠ ʠʟʦʙʨʘʞʝʥʠʡ. ʉʦʛʣʘʩʥʦ ʚʳʙʨʘʥʥʳʤ ʢʨʠʪʝʨʠʷʤ ʙʳʣʘ ʧʨʦʠʟʚʝʜʝʥʘ ʦʮʝʥʢʘ ʧʨʝʜʣʦʞʝʥʥʳʭ ʤʝʪʦʜʦʚ, 

ʚʳʙʨʘʥʳ ʥʘʠʙʦʣʝʝ ʧʦʜʭʦʜʷʱʠʝ ʘʣʛʦʨʠʪʤʳ ʜʣʷ ʧʦʩʪʘʚʣʝʥʥʳʭ ʚ ʧʨʦʙʣʝʤʝ ʧʦʣʫʪʦʥʦʚʳʭ ʠʟʦʙʨʘʞʝʥʠʡ.  

ɺ ʢʘʯʝʩʪʚʝ ʥʘʧʨʘʚʣʝʥʠʷ ʜʘʣʴʥʝʡʰʝʡ ʨʘʙʦʪʳ ʤʦʞʥʦ ʨʘʩʩʤʦʪʨʝʪʴ ʜʦʧʦʣʥʠʪʝʣʴʥʦ ʜʨʫʛʠʝ ʤʝʪʦʜʳ 

ʘʚʪʦʤʘʪʠʯʝʩʢʦʡ ʙʠʥʘʨʠʟʘʮʠʠ, ʧʦʣʫʯʠʚʰʠʝ ʤʝʥʝʝ ʰʠʨʦʢʦʝ ʧʨʠʤʝʥʝʥʠʝ ʠʣʠ ʤʝʪʦʜʳ, ʦʩʥʦʚʘʥʥʳʝ ʥʘ ʙʘʟʝ 

ʧʨʝʜʣʦʞʝʥʥʳʭ, ʥʘʧʨʠʤʝʨ, ʤʝʪʦʜ Sauvola, Wolf, NICK, ʦʩʥʦʚʘʥʥʳʝ ʥʘ ʤʝʪʦʜʝ ʅʠʙʣʵʢʘ, ʠ ʜʨʫʛʠʝ. ʊʘʢʞʝ ʤʦʞʥʦ 

ʨʘʩʰʠʨʠʪʴ ʠʩʩʣʝʜʫʝʤʫʶ ʟʘʜʘʯʫ, ʨʘʩʩʤʘʪʨʠʚʘʷ ʘʣʛʦʨʠʪʤʳ ʙʠʥʘʨʠʟʘʮʠʠ ʚ ʩʦʚʦʢʫʧʥʦʩʪʠ ʩ ʵʪʘʧʦʤ 

ʧʦʩʪʧʨʦʮʝʩʩʠʥʛʘ ʥʘ ʠʟʦʙʨʘʞʝʥʠʠ (ʫʜʘʣʝʥʠʷ ʣʦʞʥʳʭ ʦʙʲʝʢʪʦʚ), ʯʪʦ, ʚʦʟʤʦʞʥʦ, ʦʪʨʘʟʠʪʩʷ ʥʘ ʢʘʯʝʩʪʚʝ 

ʧʦʣʫʯʘʝʤʳʭ ʨʝʟʫʣʴʪʘʪʦʚ, ʥʦ ʚʤʝʩʪʝ ʩ ʪʝʤ ʧʦʪʨʝʙʫʝʪ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʚʨʝʤʝʥʥʳʭ ʟʘʪʨʘʪ. 
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ɹʦʨʦʜʠʥ ɼ.ʉ. ʀʩʩʣʝʜʦʚʘʥʠʝ ʘʣʛʦʨʠʪʤʦʚ ʙʠʥʘʨʠʟʘʮʠʠ ʨʘʩʪʨʦʚʳʭ ʠʟʦʙʨʘʞʝʥʠʡ ʰʣʠʬʦʚ 

ʤʝʪʘʣʣʦʚ ʠ ʩʧʣʘʚʦʚ. ʉʪʘʪʴʷ ʧʦʩʚʷʱʝʥʘ ʚʦʧʨʦʩʫ ʙʠʥʘʨʠʟʘʮʠʠ ʨʘʟʣʠʯʥʳʭ ʧʦʣʫʪʦʥʦʚʳʭ 

ʠʟʦʙʨʘʞʝʥʠʡ ʤʝʪʘʣʣʦʚ ʠ ʩʧʣʘʚʦʚ, ʧʦʣʫʯʝʥʥʳʭ ʩ ʧʦʤʦʱʴʶ ʵʣʝʢʪʨʦʥʥʦʛʦ ʤʠʢʨʦʩʢʦʧʘ. ʀʩʩʣʝʜʫʶʪʩʷ 

ʤʝʪʦʜʳ ʛʣʦʙʘʣʴʥʦʡ (ʆʪʩʫ, ɸʙʫʪʘʣʝʙʘ, ʂʘʧʫʨʘ ʠ ʂʠʪʪʣʝʨʘ) ʠ ʣʦʢʘʣʴʥʦʡ (ɹʝʨʥʩʝʥʘ, ʅʠʙʣʵʢʘ ʠ 

ʜʨʫʛʠʝ) ʙʠʥʘʨʠʟʘʮʠʠ. ɺ ʨʘʙʦʪʝ ʦʧʨʝʜʝʣʝʥʳ ʠʩʩʣʝʜʫʝʤʳʝ ʢʦʣʠʯʝʩʪʚʝʥʥʳʝ ʠ ʢʘʯʝʩʪʚʝʥʥʳʝ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ, ʧʨʦʚʝʜʝʥ ʵʢʩʧʝʨʠʤʝʥʪ ʩ ʮʝʣʴʶ ʚʳʷʚʣʝʥʠʷ ʥʘʠʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʦʛʦ ʘʣʛʦʨʠʪʤʘ 

ʜʣʷ ʚʳʙʨʘʥʥʦʛʦ ʢʣʘʩʩʘ ʠʟʦʙʨʘʞʝʥʠʡ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʙʠʥʘʨʠʟʘʮʠʷ, ʨʘʩʧʦʟʥʘʚʘʥʠʝ ʦʙʲʝʢʪʦʚ, ʛʣʦʙʘʣʴʥʳʝ ʤʝʪʦʜʳ ʙʠʥʘʨʠʟʘʮʠʠ, 

ʣʦʢʘʣʴʥʳʝ ʤʝʪʦʜʳ ʙʠʥʘʨʠʟʘʮʠʠ, ʧʦʨʦʛʦʚʦʝ ʟʥʘʯʝʥʠʝ, ʨʘʩʪʨʦʚʦʝ ʠʟʦʙʨʘʞʝʥʠʝ, ʛʠʩʪʦʛʨʘʤʤʘ  

Borodin D.S. Metalsô and alloysô raster images binarization methods analysis. The article is devoted to 

the question of different metalsô and alloysô half-tone images binarization. Images are received with the 

electronical microscope. Global (Otsu, Abutaleb, Kapur, Kittler) and local (Bernsen, Niblack, etc.) 

binarization methods are analyzed. This work includes defined quantative and qualitative characteristics 

for effiency of binarization method evaluation. The results of a conducted experiment revealing the most 

effective method for chosen image class are provided. 

Keywords: binarization, object recognition, global binarization methods, local binarization methods, 

threshold, raster image, histogram. 
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ɺʦʨʦʙʴʝʚ ʃ.ʆ. ʂʦʤʧʠʣʠʨʫʝʤʳʡ ʷʟʳʢ ʦʧʠʩʘʥʠʷ ʧʨʦʛʨʘʤʤ ʜʣʷ ʵʤʫʣʷʪʦʨʘ ʤʘʰʠʥʳ ʊʴʶʨʠʥʛʘ. ɺ 

ʩʪʘʪʴʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʷʟʳʢ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ ʜʣʷ ʦʧʠʩʘʥʠʷ ʘʣʛʦʨʠʪʤʦʚ ʥʘ ʤʘʰʠʥʝ ʊʴʶʨʠʥʛʘ. 

ʇʨʦʘʥʘʣʠʟʠʨʦʚʘʥʳ ʩʫʱʝʩʪʚʫʶʱʠʝ ʩʧʦʩʦʙʳ ʟʘʧʠʩʠ ʧʨʦʛʨʘʤʤʳ ʜʣʷ ʤʘʰʠʥʳ ʊʴʶʨʠʥʛʘ. 

ʆʧʠʩʳʚʘʝʪʩʷ ʩʠʥʪʘʢʩʠʩ ʨʘʟʨʘʙʦʪʘʥʥʦʛʦ ʷʟʳʢʘ ʦʧʠʩʘʥʠʷ ʧʨʦʛʨʘʤʤ ʠ ʦʙʦʩʥʦʚʘʥʘ ʵʬʬʝʢʪʠʚʥʦʩʪʴ 

ʝʛʦ ʧʨʠʤʝʥʝʥʠʷ ʚ ʨʘʟʨʘʙʦʪʢʝ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ. 

 
ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʩʠʥʪʘʢʩʠʯʝʩʢʠʡ ʘʥʘʣʠʟ, ʢʦʤʧʠʣʷʮʠʷ, ʵʤʫʣʷʪʦʨ, ʤʘʰʠʥʘ ʊʴʶʨʠʥʛʘ, ʬʦʨʤʘ 

ɹʵʢʫʩʘ-ʅʘʫʨʘ 
 
ɺʚʝʜʝʥʠʝ 
 

ʎʝʣʴ ʨʘʙʦʪʳ: ʩʦʟʜʘʥʠʝ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʦʛʦ ʢʦʤʧʠʣʠʨʫʝʤʦʛʦ ʷʟʳʢʘ ʦʧʠʩʘʥʠʷ ʧʨʦʛʨʘʤʤ ʜʣʷ ʤʥʦ-

ʛʦʣʝʥʪʦʯʥʳʭ ʠ ʦʜʥʦʣʝʥʪʦʯʥʳʭ ʤʘʰʠʥ ʊʴʶʨʠʥʛʘ, ʧʦʩʣʝʜʫʶʱʘʷ ʨʘʟʨʘʙʦʪʢʘ ʠ ʨʝʘʣʠʟʘʮʠʷ ʢʦʤʧʠʣʷʪʦʨʘ ʜʣʷ ʩʦʟʜʘʥʥʦʛʦ 

ʷʟʳʢʘ ʠ ʥʘʧʠʩʘʥʠʝ ʵʬʬʝʢʪʠʚʥʳʭ ʘʣʛʦʨʠʪʤʦʚ ʠʥʪʝʨʧʨʝʪʘʮʠʠ ʩʢʦʤʧʠʣʠʨʦʚʘʥʥʳʭ ʧʨʦʛʨʘʤʤ.  
ʄʘʰʠʥʘ ʊʴʶʨʠʥʛʘ ð ʘʙʩʪʨʘʢʪʥʘʷ ʤʦʜʝʣʴ ʚʳʯʠʩʣʠʪʝʣʴʥʦʡ ʤʘʰʠʥʳ, ʩʦʩʪʦʷʱʘʷ ʠʟ ʙʝʩʢʦʥʝʯʥʦʡ ʣʝʥʪʳ ʠ 

ʛʦʣʦʚʢʠ, ʢʦʪʦʨʘʷ ʜʚʠʛʘʝʪʩʷ ʚʜʦʣʴ ʣʝʥʪʳ, ʩʯʠʪʳʚʘʝʪ ʠ ʟʘʧʠʩʳʚʘʝʪ ʩʦʜʝʨʞʠʤʦʝ ʷʯʝʝʢ, ʠ ʤʦʞʝʪ ʧʨʠʥʠʤʘʪʴ 

ʨʘʟʣʠʯʥʳʝ ʩʦʩʪʦʷʥʠʷ [1, ʩ. 83]. ɺ ʦʙʱʝʤ ʩʣʫʯʘʝ, ʩʫʱʝʩʪʚʫʶʪ ʪʘʢʞʝ ʤʥʦʛʦʣʝʥʪʦʯʥʳʝ ʤʘʰʠʥʳ ʊʴʶʨʠʥʛʘ (ʚ 

ʘʥʛʣʦʷʟʳʯʥʦʡ ʣʠʪʝʨʘʪʫʨʝ ð multitape Turing machines [2, ʩ. 126]), ʢʦʪʦʨʳʝ ʩʦʩʪʦʷʪ ʠʟ ʙʦʣʝʝ ʯʝʤ ʦʜʥʦʡ ʣʝʥʪʳ, 

ʧʝʨʝʤʝʱʘʶʱʠʭʩʷ ʥʝʟʘʚʠʩʠʤʦ ʜʨʫʛ ʦʪ ʜʨʫʛʘ.  
ʇʨʦʛʨʘʤʤʦʡ ʜʣʷ ʤʘʰʠʥʳ ʊʴʶʨʠʥʛʘ ʥʘʟʳʚʘʝʪʩʷ ʢʦʥʝʯʥʳʡ ʥʘʙʦʨ ʢʦʤʘʥʜ [1, c. 84], ʤʘʪʝʤʘʪʠʯʝʩʢʘʷ 

ʟʘʧʠʩʴ ʢʦʪʦʨʳʭ ʠʤʝʝʪ ʚʠʜ:  

qsai Ÿ qtaj d (1) 

ʛʜʝ qs, qt ð ʥʦʤʝʨʘ ʩʦʩʪʦʷʥʠʡ; ai, aj ð ʩʦʜʝʨʞʠʤʦʝ ʷʯʝʡʢʠ; d ð ʥʘʧʨʘʚʣʝʥʠʝ ʜʚʠʞʝʥʠʷ ʣʝʥʪʳ.  
ʂʦʤʘʥʜʘ, ʟʘʧʠʩʘʥʥʘʷ ʚ ʬʦʨʤʫʣʝ (1), ʦʟʥʘʯʘʝʪ, ʯʪʦ ʝʩʣʠ ʛʦʣʦʚʢʘ ʤʘʰʠʥʳ ʊʴʶʨʠʥʛʘ ʥʘʭʦʜʠʪʩʷ ʚ 

ʩʦʩʪʦʷʥʠʠ qs, ʘ ʥʘ ʣʝʥʪʝ ʟʘʧʠʩʘʥ ʩʠʤʚʦʣ ai, ʪʦ ʛʦʣʦʚʢʘ ʤʝʥʷʝʪ ʩʚʦʝ ʩʦʩʪʦʷʥʠʝ ʥʘ qt, ʥʘ ʣʝʥʪʫ ʟʘʧʠʩʳʚʘʝʪʩʷ 

ʩʠʤʚʦʣ aj , ʠ ʣʝʥʪʘ ʧʝʨʝʤʝʱʘʝʪʩʷ ʚ ʥʘʧʨʘʚʣʝʥʠʠ d. 
ʇʨʦʛʨʘʤʤʳ ʜʣʷ ʤʥʦʛʦʣʝʥʪʦʯʥʳʭ ʤʘʰʠʥ ʊʴʶʨʠʥʛʘ ʩʦʜʝʨʞʘʪ ʢʦʤʘʥʜʳ, ʢʦʪʦʨʳʝ ʠʤʝʶʪ ʚʠʜ: 

qs (ai1, ai2, ..., ain) Ÿ qt (aj1, aj2, ..., ajn) d (2)  
ʛʜʝ: aik, ajk ð ʩʦʜʝʨʞʠʤʦʝ ʷʯʝʝʢ ʥʘ ʣʝʥʪʝ ʧʦʜ ʥʦʤʝʨʦʤ k; n ð ʢʦʣʠʯʝʩʪʚʦ ʣʝʥʪ.  

ʄʘʰʠʥʳ ʊʴʶʨʠʥʛʘ ʠʩʧʦʣʴʟʫʝʪʩʷ ʚʦ ʤʥʦʞʝʩʪʚʝ ʪʝʦʨʝʪʠʯʝʩʢʠʭ ʠ ʧʨʘʢʪʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʷʭ. ʂ 

ʧʨʠʤʝʨʫ, ʚ ʩʪʘʪʴʝ [3] ʦʧʠʩʘʥʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʤʘʰʠʥʳ ʊʴʶʨʠʥʛʘ ʜʣʷ ʨʝʘʣʠʟʘʮʠʠ ʘʣʛʦʨʠʪʤʦʚ ʩʠʤʤʝʪʨʠʯʥʦʛʦ 

ʰʠʬʨʦʚʘʥʠʷ.  
ʇʨʝʜʣʘʛʘʝʤʘʷ ʧʨʦʛʨʘʤʤʥʘʷ ʩʠʩʪʝʤʘ ʤʦʞʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ, ʢʘʢ ʩʨʝʜʩʪʚʦ ʵʤʫʣʷʮʠʠ ʤʥʦʛʦʣʝʥʪʦʯʥʳʭ ʠ 

ʦʜʥʦʣʝʥʪʦʯʥʳʭ ʤʘʰʠʥ ʊʴʶʨʠʥʛʘ ʧʫʪʝʤ ʥʘʧʠʩʘʥʠʷ ʧʨʦʛʨʘʤʤ ʥʘ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʦʤ ʷʟʳʢʝ ʧʨʦ-

ʛʨʘʤʤʠʨʦʚʘʥʠʷ. ʈʘʟʨʘʙʦʪʘʥʥʳʡ ʵʤʫʣʷʪʦʨ ʤʘʰʠʥʳ ʊʴʶʨʠʥʛʘ ʠʤʝʝʪ ʦʪʢʨʳʪʳʡ API-ʠʥʪʝʨʬʝʡʩ ʜʣʷ ʷʟʳʢʦʚ C ʠ 

C++, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴ ʩʦʟʜʘʥʥʳʡ ʷʟʳʢ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ ʚ ʨʘʟʨʘʙʦʪʢʝ ʧʨʠʢʣʘʜʥʦʛʦ ʧʨʦʛʨʘʤʤʥʦʛʦ 

ʦʙʝʩʧʝʯʝʥʠʷ.  
ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʥʦʚʦʛʦ ʢʦʤʧʠʣʠʨʫʝʤʦʛʦ ʷʟʳʢʘ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ ʧʦʟʚʦʣʠʪ ʫʩʢʦʨʠʪʴ ʨʘʙʦʪʫ ʧʨʦʛʨʘʤʤʥʦʛʦ 

ʦʙʝʩʧʝʯʝʥʠʷ, ʠʩʧʦʣʴʟʫʶʱʝʛʦ ʤʝʭʘʥʠʟʤ ʤʘʰʠʥʳ ʊʴʶʨʠʥʛʘ. 
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ɸʥʘʣʠʟ ʩʫʱʝʩʪʚʫʶʱʠʭ ʨʝʰʝʥʠʡ 
 

ʇʨʦʛʨʘʤʤʥʘʷ ʩʠʩʪʝʤʘ, ʢʦʪʦʨʘʷ ʚʳʧʦʣʥʷʝʪ ʢʦʤʘʥʜʳ ʚʠʜʘ (1) ʠ (2) ʥʘʟʳʚʘʝʪʩʷ ʵʤʫʣʷʪʦʨʦʤ ʤʘʰʠʥʳ 

ʊʴʶʨʠʥʛʘ. ʄʘʪʝʤʘʪʠʯʝʩʢʦʡ ʤʦʜʝʣʴʶ ʪʘʢʦʡ ʩʠʩʪʝʤʳ ʤʦʞʥʦ ʩʯʠʪʘʪʴ ʫʥʠʚʝʨʩʘʣʴʥʫʶ ʤʘʰʠʥʫ ʊʴʶʨʠʥʛʘ [1, ʩ. 

87].  
ʅʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʩʫʱʝʩʪʚʫʝʪ ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʵʤʫʣʷʪʦʨʦʚ ʤʘʰʠʥʳ ʊʴʶʨʠʥʛʘ, ʢʦʪʦʨʳʝ 

ʠʩʧʦʣʴʟʫʶʪ ʨʘʟʣʠʯʥʳʡ ʩʠʥʪʘʢʩʠʩ ʪʝʢʩʪʦʚʳʭ ʬʘʡʣʦʚ ʜʣʷ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʧʨʦʛʨʘʤʤ.  
ʇʨʦʛʨʘʤʤʘ [4], ʥʘʧʠʩʘʥʥʘʷ ʥʘ ʷʟʳʢʝ ʇʘʩʢʘʣʴ, ʠʤʠʪʠʨʫʝʪ ʨʘʙʦʪʫ ʦʜʥʦʣʝʥʪʦʯʥʦʡ ʤʘʰʠʥʳ ʊʴʶʨʠʥʛʘ. 

ʇʨʠ ʵʪʦʤ ʧʨʦʛʨʘʤʤʳ ʜʣʷ ʵʤʫʣʷʮʠʠ ʟʘʜʘʶʪʩʷ ʚ ʚʠʜʝ ʪʘʙʣʠʮʳ ʧʝʨʝʭʦʜʦʚ, ʢʘʞʜʘʷ ʢʣʝʪʢʘ ʢʦʪʦʨʦʡ ʩʦʩʪʦʠʪ ʠʟ ʪʨʝʭ 

ʯʘʩʪʝʡ: 

  1) ʩʠʤʚʦʣ ʠʟ ʟʘʜʘʥʥʦʛʦ ʘʣʬʘʚʠʪʘ ʠʣʠ ʟʥʘʢ "_"ʜʣʷ ʦʙʦʟʥʘʯʝʥʠʷ çʧʫʩʪʦʛʦè ʩʠʤʚʦʣʘ; 

  2) ʥʘʧʨʘʚʣʝʥʠʝ ʧʝʨʝʤʝʱʝʥʠʷ: > (ʚʧʨʘʚʦ), < (ʚʣʝʚʦ) ʠʣʠ . (ʥʘ ʤʝʩʪʝ); 

  3) ʥʦʚʦʝ ʩʦʩʪʦʷʥʠʝ ʘʚʪʦʤʘʪʘ [4].  
ʉʫʱʝʩʪʚʫʝʪ ʦʥʣʘʡʥ-ʩʝʨʚʠʩ [5], ʧʨʝʜʦʩʪʘʚʣʷʶʱʠʡ ʚʦʟʤʦʞʥʦʩʪʴ ʚʳʧʦʣʥʝʥʠʷ ʧʨʦʛʨʘʤʤ ʜʣʷ ʦʜʥʦ-

ʣʝʥʪʦʯʥʦʡ ʤʘʰʠʥʳ ʊʴʶʨʠʥʛʘ. ʇʨʦʛʨʘʤʤʘ ʟʘʜʘʝʪʩʷ ʩʧʠʩʢʦʤ ʢʦʤʘʥʜ, ʥʘʠʙʦʣʝʝ ʙʣʠʟʢʠʭ ʢ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ 

ʟʘʧʠʩʠ ʚʠʜʘ (1) ʠ (2).  
ʇʨʦʛʨʘʤʤʘ JFLAP ʧʦʟʚʦʣʷʝʪ ʠʤʠʪʠʨʦʚʘʪʴ ʨʘʙʦʪʫ ʦʜʥʦʣʝʪʥʦʯʥʦʡ ʠ ʤʥʦʛʦʣʝʥʪʦʯʥʦʡ ʤʘʰʠʥʳ ʊʴʶ-

ʨʠʥʛʘ [2, ʩ. 126]. ʇʨʠ ʙʣʠʞʘʡʰʝʤ ʨʘʩʩʤʦʪʨʝʥʠʠ ʤʦʞʥʦ ʟʘʤʝʪʠʪʴ, ʯʪʦ ʧʨʦʛʨʘʤʤʳ ʜʣʷ ʤʘʰʠʥʳ ʊʴʶʨʠʥʛʘ 

ʟʘʜʘʶʪʩʷ ʚ ʚʠʜʝ ʛʨʘʬʘ ʧʝʨʝʭʦʜʦʚ, ʢʦʪʦʨʳʡ ʚʚʦʜʠʪʩʷ ʧʦʣʴʟʦʚʘʪʝʣʝʤ ʚ ʠʥʪʝʨʘʢʪʠʚʥʦʤ ʨʝʞʠʤʝ. 

 

ʇʦʩʪʘʥʦʚʢʘ ʟʘʜʘʯʠ 
 

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʥʝʦʙʭʦʜʠʤʦ ʩʧʨʦʝʢʪʠʨʦʚʘʪʴ ʩʠʥʪʘʢʩʠʩ ʷʟʳʢʘ ʦʧʠʩʘʥʠʷ ʧʨʦʛʨʘʤʤ ʜʣʷ ʤʥʦʛʦʣʝʥʪʦʯʥʳʭ 

ʠ ʦʜʥʦʣʝʥʪʦʯʥʳʭ ʤʘʰʠʥ ʊʴʶʨʠʥʛʘ. ʇʦʣʫʯʝʥʥʫʶ ʛʨʘʤʤʘʪʠʢʫ ʩʣʝʜʫʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴ ʜʣʷ ʧʦʩʪʨʦʝʥʠʷ 

ʢʦʤʧʠʣʷʪʦʨʘ, ʪʨʘʥʩʣʠʨʫʶʱʝʛʦ ʧʨʦʛʨʘʤʤʫ ʥʘ ʬʦʨʤʘʣʴʥʦʤ ʷʟʳʢʝ ʚ ʠʥʩʪʨʫʢʮʠʠ ʜʣʷ ʵʤʫʣʷʪʦʨʘ ʤʘʰʠʥʳ 

ʊʴʶʨʠʥʛʘ.  
ʈʘʟʨʘʙʦʪʢʘ ʩʠʥʪʘʢʩʠʩʘ ʜʣʷ ʥʦʚʦʛʦ ʬʦʨʤʘʣʴʥʦʛʦ ʷʟʳʢʘ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʥʝʦʨʜʠʥʘʨʥʫʶ ʟʘʜʘʯʫ. 

ʉʣʝʜʫʝʪ ʫʯʝʩʪʴ ʥʝʩʢʦʣʴʢʦ ʬʘʢʪʦʨʦʚ, ʢʦʪʦʨʳʝ ʚʣʠʷʶʪ ʥʘ ʢʘʯʝʩʪʚʦ ʧʨʦʝʢʪʠʨʫʝʤʦʛʦ ʩʠʥʪʘʢʩʠʩʘ:  
ï ʩʪʘʥʜʘʨʪʠʟʘʮʠʷ ð ʩʠʥʪʘʢʩʠʩ ʷʟʳʢʘ ʜʦʣʞʝʥ ʫʥʘʩʣʝʜʦʚʘʪʴ ʩʪʘʥʜʘʨʪʥʳʝ ʢʦʥʩʪʨʫʢʮʠʠ ʠʟ ʜʨʫʛʠʭ ʷʟʳʢʦʚ 

ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ [6, ʩ. 48];  
ï ʷʩʥʦʩʪʴ, ʧʨʦʩʪʦʪʘ ʝʜʠʥʦʦʙʨʘʟʠʝ ʧʦʥʷʪʠʡ ʷʟʳʢʘ [6, ʩ. 38];  
ï ʦʙʝʩʧʝʯʝʥʠʝ ʧʨʦʩʪʦʪʳ ʯʪʝʥʠʷ ʠ ʥʘʧʠʩʘʥʠʷ ʧʨʦʛʨʘʤʤʳ [6, c. 94].  
ʅʦʚʳʡ ʩʠʥʪʘʢʩʠʩ ʜʦʣʞʝʥ ʨʝʰʠʪʴ ʨʷʜ ʧʨʦʙʣʝʤ, ʩʚʷʟʘʥʥʳʭ ʩ ʦʧʠʩʘʥʠʝʤ ʧʨʦʛʨʘʤʤʳ ʜʣʷ ʤʘʰʠʥʳ 

ʊʴʶʨʠʥʛʘ.  
¶ ʂʦʤʘʥʜʳ ʤʦʛʫʪ ʥʝ ʠʩʧʦʣʴʟʦʚʘʪʴ ʟʘʧʠʩʴ ʥʘ ʣʝʥʪʫ ʥʦʚʦʛʦ ʟʥʘʯʝʥʠʷ, ʤʦʛʫʪ ʥʝ ʧʝʨʝʤʝʱʘʪʴ ʣʝʥʪʫ, ʥʝ 
ʠʩʧʦʣʴʟʦʚʘʪʴ ʧʝʨʝʭʦʜ ʚ ʜʨʫʛʦʝ ʩʦʩʪʦʷʥʠʝ.  
¶ ʇʨʦʛʨʘʤʤʘ ʤʦʞʝʪ ʩʦʜʝʨʞʘʪʴ ʥʝʩʢʦʣʴʢʦ ʩʦʩʪʦʷʥʠʡ, ʜʣʷ ʢʦʪʦʨʳʭ ʢʦʤʘʥʜʳ ʦʪʣʠʯʘʶʪʩʷ ʣʠʰʴ ʥʝʩʢʦʣʴ-

ʢʠʤʠ ʟʥʘʯʝʥʠʷʤʠ.  
¶ ʇʨʦʛʨʘʤʤʘ ʤʦʞʝʪ ʩʦʜʝʨʞʘʪʴ ʢʦʤʘʥʜʳ, ʚʳʧʦʣʥʷʶʱʠʝ ʦʜʥʦ ʠ ʪʦ ʞʝ ʜʝʡʩʪʚʠʝ ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʥʘʙʦʨʘʭ 
ʟʥʘʯʝʥʠʡ ʥʘ ʣʝʥʪʘʭ.  
ʈʝʰʝʥʠʝ ʜʘʥʥʳʭ ʧʨʦʙʣʝʤ ʧʦʟʚʦʣʠʪ ʩʦʢʨʘʪʠʪʴ ʦʧʠʩʘʥʠʝ ʧʨʦʛʨʘʤʤ ʜʣʷ ʤʘʰʠʥʳ ʊʴʶʨʠʥʛʘ. 

 

ʉʠʥʪʘʢʩʠʩ ʠ ʩʝʤʘʥʪʠʢʘ ʷʟʳʢʘ 
 

ʆʧʠʩʘʥʠʝ ʩʠʥʪʘʢʩʠʩʘ ʷʟʳʢʘ ʤʦʞʥʦ ʧʨʝʜʩʪʘʚʠʪʴ ʧʨʠ ʧʦʤʦʱʠ ɹʅʌ ð ʬʦʨʤʳ ɹʵʢʫʩʘ-ʅʘʫʨʘ [7, ʩ. 17]. 

ʗʟʳʢ ʦʧʠʩʘʥʠʷ ʧʨʦʛʨʘʤʤ ʜʣʷ ʤʘʰʠʥʳ ʊʴʶʨʠʥʛʘ ʠʤʝʝʪ ʩʠʥʪʘʢʩʠʩ, ʟʘʜʘʥʥʳʡ ʚ ʚʠʜʝ ɹʅʌ ʥʘ ʨʠʩ 1.  
ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ turing, template, begin, end, state, dir, char, nul, left, right, and, or, write, move, goto 

ʷʚʣʷʶʪʩʷ ʥʝʯʫʚʩʪʚʠʪʝʣʴʥʳʤʠ ʢ ʨʝʛʠʩʪʨʫ.  
ɺ ʢʘʯʝʩʪʚʝ ʠʜʝʥʪʠʬʠʢʘʪʦʨʘ (<identifier>) ʤʦʞʝʪ ʚʳʩʪʫʧʘʪʴ ʣʶʙʘʷ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʙʫʢʚ, ʮʠʬʨ, ʠ 

ʟʥʘʢʦʚ ç_è. ʅʘʯʘʣʦ ʠʜʝʥʪʠʬʠʢʘʪʦʨʘ ʥʝ ʤʦʞʝʪ ʙʳʪʴ ʮʠʬʨʦʡ ʠʣʠ ʟʥʘʢʦʤ ç$è.  
ʉʪʨʦʢʘ (<string>) ð ʣʶʙʘʷ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʩʠʤʚʦʣʦʚ, ʟʘʢʣʶʯʝʥʥʘʷ ʚ ʜʚʦʡʥʳʝ ʢʘʚʳʯʢʠ. 

ʉʠʤʚʦʣʴʥʘʷ ʢʦʥʩʪʘʥʪʘ (<character-constant>) ð ʩʠʤʚʦʣ ʠʣʠ ʝʛʦ ʰʝʩʪʥʘʜʮʘʪʝʨʠʯʥʦʝ ʧʨʝʜʩʪʘʚʣʝʥʠʝ, 

ʟʘʢʣʶʯʝʥʥʦʝ ʚ ʦʜʠʥʘʨʥʳʝ ʢʘʚʳʯʢʠ. ɿʘʧʠʩʴ ʩʠʤʚʦʣʘ ʚ ʰʝʩʪʥʘʜʮʘʪʝʨʠʯʥʦʤ ʧʨʝʜʩʪʘʚʣʝʥʠʠ ʠʤʝʝʪ ʚʠʜ: '\xHH', ʛʜʝ 

HH ð ʰʝʩʪʥʘʜʮʘʪʝʨʠʯʥʦʝ ʯʠʩʣʦ. ʉʠʤʚʦʣ ç\è ɿʘʜʘʝʪʩʷ ʩ ʧʦʤʦʱʴʶ ʢʦʥʩʪʨʫʢʮʠʠ '\\'. ʇʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ '\"', '\ 
ʧʦʟʚʦʣʷʶʪ ʟʘʜʘʚʘʪʴ ʩʠʤʚʦʣʳ ʢʘʚʳʯʝʢ ʚʥʫʪʨʠ ʩʪʨʦʢ ʠ ʩʠʤʚʦʣʴʥʳʭ ʢʦʥʩʪʘʥʪ.  

ʅʦʤʝʨ ʣʝʥʪʳ (<tape-number>) ð ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʮʠʬʨ, ʟʘʧʠʩʘʥʥʳʭ ʧʦʩʣʝ ʟʥʘʢʘ ç$è. 
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<translation-unit> ::= {<external-declaration>}* <external-declaration> 

::= <turing-definition>  
<turing-definition> ::= turing <identifier> { {<set-declaration>}* {<turing-declaration>}+ } <set-declaration> ::= <identifier> = 

<string>  
<character-list> ::= <character-constant>  

| <character-list>, <character-constant> <turing-declaration> 

::= <state-declaration>  
| <template-declaration>  

<template-declaration> ::= template <identifier> ( <parameter-list> ) {<transition-rule>}+ <state-declaration> ::= {begin}? state 

<identifier> {<transition-rule>}+  
| {begin}? state <identifier> : <identifier> ( <initializer-list> ) <parameter-list> ::= <parameter-

declaration>  
| <parameter-list> , <parameter-declaration> <parameter-

declaration> ::= <type-specifier> <identifier> <type-specifier> ::= dir | char | state  
<initializer-list> ::= <initializer>  

| <initializer-list> , <initializer> <initializer> ::= 

<character-expression>  
| <direction-expression> | <state-

expression>  
<character-expression> ::= <character-constant> | <identifier>  

| <tape-number> | nul  
<set-expression> ::= <string>  

| <identifier> <direction-expression> ::= 

<direction-constant>  
| <identifier> <direction-constant> 

::= left | right <state-expression> ::= <identifier> | end <conditional-

expression> ::= <or-expression> <or-expression> ::= <and-

expression>  
| <or-expression> or <and-expression> <and-expression> 

::= <equality-expression>  
| <and-expression> and <equality-expression> <equality-

expression> ::= <relational-expression>  
| <tape-number> == <character-expression> | <tape-number> 

!= <character-expression>  
<relational-expression> ::= <primary-expression>  

| <tape-number> < <character-expression> | <tape-number> > 

<character-expression> | <tape-number> <= <character-

expression> | <tape-number> >= <character-expression>  
<primary-expression> ::= <tape-expression> | ( <tape-list> )  
<tape-list> ::= <tape-expression>  

| <tape-list> , <tape-expression> <tape-expression> 

::= <character-expression>  
| <set-expression>  

<transition-rule> ::= <conditional-expression> : {<statement>}* <statement> ::= <write-

statement>  
| <move-statement> | <goto-

statement>  
<write-statement> ::= write <character-expression> ;  

| <tape-number> . write <character-expression> ; <move-statement> ::= 

move <direction-expression> ;  
| <tape-number> . move <direction-expression> ; <goto-statement> ::= 

goto <state-expression> ; 

 

ʈʠʩʫʥʦʢ 1 ð ʉʠʥʪʘʢʩʠʩ ʷʟʳʢʘ ʦʧʠʩʘʥʠʷ ʤʘʰʠʥʳ ʊʴʶʨʠʥʛʘ ʚ ʬʦʨʤʝ ɹʵʢʫʩʘ ð ʅʘʫʨʘ 

 

 

 

 

 



21 

 

ʇʨʦʛʨʘʤʤʘ ʜʣʷ ʤʘʰʠʥʳ ʊʴʶʨʠʥʛʘ, ʟʘʧʠʩʘʥʥʘʷ ʩ ʧʦʤʦʱʴʶ ʟʘʜʘʥʥʦʛʦ ʩʠʥʪʘʢʩʠʩʘ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦ-  
ʙʦʡ ʦʧʨʝʜʝʣʝʥʠʝ ʩʠʤʚʦʣʴʥʳʭ ʤʥʦʞʝʩʪʚ (<set-declaration>) ʠ ʦʧʠʩʘʥʠʝ ʧʨʘʚʠʣ ʧʝʨʝʭʦʜʘ (<transition-rule>), 

ʩʛʨʫʧʧʠʨʦʚʘʥʥʳʭ ʚ ʩʦʩʪʦʷʥʠʷ (<state-declaration>). ʆʧʠʩʘʥʠʝ ʧʨʘʚʠʣ ʧʝʨʝʭʦʜʘ ʩʦʩʪʦʷʪ ʠʟ ʫʩʣʦʚʠʷ 
(<conditional-expression>) ʠ ʩʧʘʠʩʢʘ ʦʧʝʨʘʪʦʨʦʚ (<statement>).  

ɽʩʣʠ ʩʦʩʪʦʷʥʠʷ ʠʤʝʶʪ ʧʦʭʦʞʠʝ ʧʨʘʚʠʣʘ ʧʝʨʝʭʦʜʘ (ʧʨʦʙʣʝʤʘ 2, ʩʤ. ʩʪʨ. 2), ʪʦʛʜʘ ʤʦʞʥʦ ʠʩʧʦʣʴ-

ʟʦʚʘʪʴ ʰʘʙʣʦʥʳ (<template-declaration>), ʢʦʪʦʨʳʝ ʦʧʠʩʠʚʘʶʪ ʧʨʘʚʠʣʘ ʧʝʨʝʭʦʜʘ ʠʩʧʦʣʴʟʫʷ ʧʘʨʘʤʝʪʨʳ ʠʟ 

ʩʧʠʩʢʘ (<parameter-list>). ɺ ʪʘʢʦʤ ʩʣʫʯʘʝ ʦʧʨʝʜʝʣʝʥʠʝ ʩʦʩʪʦʷʥʠʷ ʙʫʜʝʪ ʩʦʜʝʨʞʘʪʴ ʩʠʤʚʦʣ ç:è, 

ʠʜʝʥʪʠʬʠʢʘʪʦʨ ʰʘʙʦʥʘ ʠ ʩʧʠʩʦʢ ʬʘʢʪʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ (<initialiser-list>).  
ʇʨʦʙʣʝʤʘ, ʢʦʛʜʘ ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʥʘʙʦʨʘʭ ʟʥʘʯʝʥʠʡ ʥʘ ʣʝʥʪʘʭ ʘʚʪʦʤʘʪ ʚʳʧʦʣʥʷʝʪ ʦʜʠʥʘʢʦʚʳʝ ʜʝʡ-

ʩʪʚʠʷ (ʧʨʦʙʣʝʤʘ 3, ʩʤ. ʩʪʨ. 2), ʨʝʰʘʝʪʩʷ ʧʫʪʝʤ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʫʩʣʦʚʥʳʭ ʚʳʨʘʞʝʥʠʡ (<confitional-

expression>). ʂ ʧʨʠʤʝʨʫ, ʝʩʣʠ ʦʜʥʦ ʠ ʪʦ ʞʝ ʧʨʘʚʠʣʦ ʧʝʨʝʭʦʜʘ ʠʩʧʦʣʴʟʫʝʪʩʷ, ʢʦʛʜʘ ʥʘ ʜʚʫʭ ʣʝʥʪʘʭ 

ʟʘʧʠʩʘʥʳ ʦʜʠʥʘʢʦʚʳʝ ʟʥʘʯʝʥʠʷ ʠʟ ʤʥʦʞʝʩʪʚʘ alpha, ʪʦ ʫʩʣʦʚʥʦʝ ʚʳʨʘʞʝʥʠʝ ʤʦʞʝʪ ʠʤʝʪʴ ʚʠʜ:  
(alpha, alpha) and $2 == $1.  

ɺ ʩʣʫʯʘʝ, ʝʩʣʠ ʢʦʤʘʥʜʘ ʥʝ ʤʝʥʷʝʪ ʟʥʘʯʝʥʠʝ ʥʘ ʣʝʥʪʝ, ʥʝ ʧʝʨʝʜʚʠʛʘʝʪ ʣʝʥʪʫ ʠʣʠ ʥʝ ʧʝʨʝʚʦʜʠʪ 

ʘʚʪʦʤʘʪ ʚ ʥʦʚʦʝ ʩʦʩʪʦʷʥʠʝ (ʧʨʦʙʣʝʤʘ 1, ʩʤ. ʩʪʨ. 2), ʪʦ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʡ ʦʧʝʨʘʪʦʨ (<statement>) ʤʦʞʝʪ 

ʙʳʪʴ ʦʧʫʱʝʥ. 

 

ʆʧʠʩʘʥʠʝ ʩʪʨʫʢʪʫʨʳ ʨʘʟʨʘʙʦʪʘʥʥʦʡ ʩʠʩʪʝʤʳ 
 

ʈʘʟʨʘʙʦʪʘʥʥʘʷ ʩʠʩʪʝʤʘ ʩʦʩʪʦʠʪ ʠʟ ʢʦʤʧʠʣʷʪʦʨʘ mtrc, ʥʘʧʠʩʘʥʥʦʛʦ ʥʘ ʷʟʳʢʝ C++, ʠ ʠʥʪʝʨʧʨʝ-

ʪʘʪʦʨʘ ʧʨʘʚʠʣ ʧʝʨʝʭʦʜʘ, ʚʳʧʦʣʥʝʥʥʦʛʦ ʚ ʚʠʜʝ ʩʪʘʪʠʯʝʩʢʦʡ ʙʠʙʣʠʦʪʝʢʠ (statestep.lib), ʥʘʧʠʩʘʥʥʦʡ 
ʯʘʩʪʠʯʥʦ ʥʘ ʷʟʳʢʝ C ʠ ʥʘ ɸʩʩʝʤʙʣʝʨʝ.  

ʂʦʤʧʠʣʷʪʦʨ mtrc ð ʵʪʦ ʧʨʦʛʨʘʤʤʘ, ʢʦʪʦʨʘʷ ʩʯʠʪʳʚʘʝʪ ʪʝʢʩʪ ʧʨʦʛʨʘʤʤʳ, ʟʘʧʠʩʘʥʥʳʡ ʥʘ ʷʟʳʢʝ 

ʦʧʠʩʘʥʠʷ ʤʘʰʠʥ ʊʴʶʨʠʥʛʘ, ʠ ʪʨʘʥʩʣʠʨʫʝʪ (ʧʝʨʝʚʦʜʠʪ) ʝʛʦ ʚ ʵʢʚʠʚʘʣʝʥʪʥʫʶ ʧʨʦʛʨʘʤʤʫ ʜʣʷ 

ʠʥʪʝʨʧʨʝʪʘʪʦʨʘ ʧʨʘʚʠʣ ʧʝʨʝʭʦʜʘ (ʨʠʩ. 2). ɺ ʧʨʦʮʝʩʩʝ ʪʨʘʥʩʣʷʮʠʠ, ʢʦʤʧʠʣʷʪʦʨ ʤʦʞʝʪ ʩʦʦʙʱʘʪʴ 

ʧʦʣʴʟʦʚʘʪʝʣʶ ʦ ʥʘʣʠʮʠʠ ʦʰʠʙʦʢ ʚ ʠʩʭʦʜʥʦʡ ʧʨʦʛʨʘʤʤʝ [8]. 

 

ʀʩʭʦʜʥʘʷ ʧʨʦʛʨʘʤʤʘ 
ʂʦʤʧʠʣʷʪʦʨ MTRC 

  ʎʝʣʝʚʘʷ ʧʨʦʛʨʘʤʤʘ 
      

(ʬʘʡʣ increment.mtr) 
  

(ʬʘʡʣ increment.obj)     
       

      

   ʉʦʦʙʱʝʥʠʷ ʦʙ ʦʰʠʙʢʘʭ 

turing increment   section .text 

{     00: 3C 31 75 06 B8 00 00 32 

begin state q0   08: 00 C3 3C 00 75 06 B8 31 

 1:     10: 00 20 FF C3 B8 00 00 80 

move left;   18: 00 C3 

nul:      

write 1;   section .data 

goto end;   00: 04 00 00 00 01 00 00 00 

}     08: 00 00 00 00 

 

ʈʠʩʫʥʦʢ 2 ð ʂʦʤʧʠʣʷʪʦʨ mtrc 

 

ɺ ʢʘʯʝʩʪʚʝ ʧʨʠʤʝʨʘ ʜʣʷ ʠʩʭʦʜʥʦʡ ʧʨʦʛʨʘʤʤʳ ʠʩʧʦʣʴʟʦʚʘʥʘ ʤʘʰʠʥʘ ʊʴʶʨʠʥʛʘ, ʢʦʪʦʨʘʷ ʧʨʠʙʘʚʣʷʝʪ 1 ʢ 

ʯʠʩʣʫ ʚ ʫʥʘʨʥʦʤ ʢʦʜʝ. ʄʘʪʝʤʘʪʠʯʝʩʢʘʷ ʟʘʧʠʩʴ ʢʦʤʘʥʜ ʵʪʦʡ ʤʘʰʠʥʳ ʊʴʶʨʠʥʛʘ ʠʤʝʝʪ ʚʠʜ: 
 

q11 Ÿ q11L; (3) 

q1   Ÿ qz1N:  
ʂʦʤʧʠʣʷʪʦʨ ʩʦʟʜʘʝʪ ʦʙʲʝʢʪʥʳʡ ʬʘʡʣ, ʩʦʜʝʨʞʘʱʠʡ ʩʝʢʮʠʠ .data ʠ .text. ʉʝʢʮʠʷ .data ʩʦʜʝʨʞʠʪ 

ʪʘʙʣʠʮʫ ʩʦʩʪʦʷʥʠʡ, ʢʦʪʦʨʘʷ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʤʘʩʩʠʚ ʫʢʘʟʘʪʝʣʝʡ ʥʘ ʧʨʦʮʝʜʫʨʳ ʠʟ ʩʝʢʮʠʠ .text.  
ɺ ʜʘʥʥʦʤ ʧʨʠʤʝʨʝ ʢʦʤʧʠʣʷʪʦʨ ʩʦʟʜʘʣ ʦʜʥʫ ʧʨʦʮʝʜʫʨʫ ʜʣʷ ʩʦʩʪʦʷʥʠʷ, ʢʦʪʦʨʘʷ ʩʦʜʝʨʞʠʪʩʷ ʚ ʩʝʢʮʠʠ .text. 

ʉʝʤʘʥʪʠʢʘ ʵʪʦʡ ʧʨʦʮʝʜʫʨʳ ʤʦʞʝʪ ʙʳʪʴ ʦʧʠʩʘʥʘ ʩ ʧʦʤʦʱʴʶ ʘʩʩʝʤʙʣʝʨʥʳʭ ʢʦʤʘʥʜ ʠ ʷʟʳʢʘ C (ʪʘʙʣ. 1). 
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ʊʘʙʣʠʮʘ 1 ð ɼʠʟʘʩʩʝʤʙʣʠʨʦʚʘʥʠʝ ʩʢʦʤʧʠʣʠʨʦʚʘʥʥʦʛʦ ʦʙʲʝʢʪʥʦʛʦ ʤʦʜʫʣʷ  
ʄʘʰʠʥʥʳʡ ʢʦʜ ɸʩʩʝʤʙʣʝʨ x86 ʗʟʳʢ C 

00: 3C 31 cmp al, '1' switch(al) { 

02: 75 06 jne .e1 case '1': 

04: B8 00 00 32 00 mov eax, 00320000h return 0x00320000; 

09: C3 ret  case 0: 

0A: 3C 00 .e1: cmp al, 0 return 0xFF200031; 

0C: 75 06 jne .e2 default: 

0E: B8 31 00 20 FF mov eax, 0FF200031h return 0x00800000; 

13: C3 ret  }; 

14: B8 00 00 80 00 .e2: mov eax,00800000h  

19: C3 ret   
    

 
ʇʨʦʮʝʜʫʨʘ, ʩʦʟʜʘʥʥʘʷ ʢʦʤʧʠʣʷʪʦʨʦʤ, ʚʦʟʚʨʘʱʘʝʪ ʧʨʘʚʠʣʦ ʧʝʨʝʭʦʜʘ, ʢʦʪʦʨʦʝ ʟʘʚʠʩʠʪ ʦʪ ʟʥʘʯʝʥʠʷ 

ʨʝʛʠʩʪʨʘ AX. ɺ ʵʪʦʪ ʨʝʛʠʩʪʨ ʠʥʪʝʨʧʨʝʪʘʪʦʨ ʜʦʣʞʝʥ ʟʘʧʠʩʳʚʘʪʴ ʩʠʤʚʦʣʳ, ʩʦʜʝʨʞʘʱʠʡʩʷ ʥʘ ʣʝʥʪʘʭ ʚ ʪʝʢʫʱʝʤ 

ʩʦʩʪʦʷʥʠʠ ʤʘʰʠʥʳ. ɺ ʨʝʘʣʠʟʘʮʠʠ ʵʤʫʣʷʪʦʨʘ ʤʘʰʠʥʳ ʊʴʶʨʠʥʛʘ ʠʩʧʦʣʴʟʦʚʘʥʳ ʵʬʬʝʢʪʠʚʥʳʝ ʘʣʛʦʨʠʪʤʳ, 

ʟʘʧʠʩʘʥʥʳʝ ʥʘ ʷʟʳʢʝ ɸʩʩʝʤʙʣʝʨʘ, ʢʦʪʦʨʳʡ ʩʫʱʝʩʪʚʝʥʥʦ ʧʦʚʳʰʘʶʪ ʩʢʦʨʦʩʪʴ ʚʳʧʦʣʥʝʥʠʷ ʧʨʦʛʨʘʤʤʳ. ɼʣʷ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʧʨʦʛʨʘʤʤʳ, ʥʘʧʠʩʘʥʥʦʡ ʥʘ ʜʘʥʥʦʤ ʷʟʳʢʝ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ ʥʝʦʙʭʦʜʠʤʦ ʥʘʧʠʩʘʪʴ ʧʨʦʩʪʫʶ 

ʧʨʦʛʨʘʤʤʫ ʥʘ ʷʟʳʢʝ C, ʠʩʧʦʣʴʟʫʶʱʫʶ ʵʤʫʣʷʪʦʨ ʤʘʰʠʥʳ ʊʴʶʨʠʥʛʘ. 

 

ɺʳʚʦʜʳ 
 

ʈʘʟʨʘʙʦʪʘʥʥʳʡ ʷʟʳʢ ʦʧʠʩʘʥʠʷ ʧʨʦʛʨʘʤʤ ʜʣʷ ʵʤʫʣʷʪʦʨʘ ʤʘʰʠʥʳ ʊʴʶʨʠʥʛʘ ʥʝ ʷʚʣʷʝʪʩʷ ʧʦʣʥʦʮʝʥʥʳʤ 

ʷʟʳʢʦʤ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ, ʦʜʥʘʢʦ ʦʥ ʤʦʞʝʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥ ʚ ʧʨʦʛʨʘʤʤʥʳʭ ʨʘʟʨʘʙʦʪʢʘʭ ʚʤʝʩʪʝ ʩ ʷʟʳʢʘʤʠ 

C/C++, C#, ʠ ʜʨʫʛʠʤʠ.  
ʇʨʠʤʝʥʝʥʠʝ ʨʘʟʨʘʙʦʪʘʥʥʦʛʦ ʷʟʳʢʘ ʧʦʟʚʦʣʠʪ ʫʩʢʦʨʠʪʴ ʨʘʙʦʪʫ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ, ʢʦʪʦʨʦʝ 

ʠʩʧʦʣʴʟʫʝʪ ʤʝʭʘʥʠʟʤ ʤʘʰʠʥʳ ʊʴʶʨʠʥʛʘ. 
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ʆ.ʉ. ɻʨʠʱʝʥʢʦ, ɸ.ɺ. ʏʝʨʥʳʰʦʚʘ 

ɼʦʥʝʮʢʠʡ ʥʘʮʠʦʥʘʣʴʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ 

alla@donntu.org 

olleg1996@mail.ru 

ɻʨʠʱʝʥʢʦ ʆ.ʉ., ʏʝʨʥʳʰʦʚʘ ɸ.ɺ. ɿʘʱʠʪʘ ʠʥʬʦʨʤʘʮʠʠ ʚ ʧʨʠʣʦʞʝʥʠʷʭ ʜʣʷ ʤʛʥʦʚʝʥʥʦʡ 

ʧʝʨʝʜʘʯʠ ʩʦʦʙʱʝʥʠʡ. ʇʨʝʜʩʪʘʚʣʝʥ ʦʙʟʦʨ ʩʫʱʝʩʪʚʫʶʱʠʭ ʤʝʩʝʥʜʞʝʨʦʚ, ʧʦʜʜʝʨʞʠʚʘʶʱʠʭ 

ʟʘʱʠʪʫ ʥʘ ʫʨʦʚʥʝ ʩʦʦʙʱʝʥʠʡ, ʠ ʘʣʛʦʨʠʪʤʦʚ ʟʘʱʠʪʳ, ʠʩʧʦʣʴʟʫʝʤʳʭ ʚ ʵʪʠʭ ʧʨʠʣʦʞʝʥʠʷʭ. 

ʇʨʦʚʝʜʝʥ ʧʝʨʚʳʡ ʵʪʘʧ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʘʚʪʦʨʩʢʦʡ ʧʨʦʛʨʘʤʤʳ-ʤʝʩʝʥʜʞʝʨʘ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʤʝʩʝʥʜʞʝʨ, ʰʠʬʨʦʚʘʥʠʝ, ʢʨʠʧʪʦʛʨʘʬʠʯʝʩʢʠʡ ʧʨʦʪʦʢʦʣ, ʟʘʱʠʪʘ ʜʘʥʥʳʭ.  

ɺʚʝʜʝʥʠʝ 

 ʎʝʣʴ ʨʘʙʦʪʳ ï ʨʘʟʨʘʙʦʪʢʘ ʧʨʠʣʦʞʝʥʠʷ ʜʣʷ ʦʙʤʝʥʘ ʤʛʥʦʚʝʥʥʳʤʠ ʩʦʦʙʱʝʥʠʷʤʠ, ʧʨʝʜʦʩʪʘʚʣʷʶʱʝʛʦ 

ʟʘʱʠʪʫ ʧʦʣʴʟʦʚʘʪʝʣʴʩʢʠʭ ʜʘʥʥʳʭ ʠ ʫʜʦʚʣʝʪʚʦʨʷʶʱʝʛʦ ʩʦʚʨʝʤʝʥʥʳʤ ʪʨʝʙʦʚʘʥʠʷʤ ʢ ʙʝʟʦʧʘʩʥʦʩʪʠ 

ʧʦʣɹʟʦʚʘʪʝʣʴʩʢʦʡ ʧʝʨʝʧʠʩʢʠ. ʇʨʦʝʢʪʠʨʦʚʘʥʠʝ ʧʨʠʣʦʞʝʥʠʷ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʥʘ ʦʩʥʦʚʝ ʜʘʥʥʳʭ, ʧʦʣʫʯʝʥʥʳʭ ʧʨʠ 

ʘʥʘʣʠʟʝ ʥʘʠʙʦʣʝʝ ʟʘʱʠʱʝʥʥʳʭ ʩʫʱʝʩʪʚʫʶʱʠʭ ʧʨʠʣʦʞʝʥʠʡ. ʈʝʰʝʥʠʝ ʦ ʩʦʟʜʘʥʠʠ ʩʠʩʪʝʤʳ ʙʳʣʦ ʧʨʠʥʷʪʦ ʚ ʩʚʷʟʠ 

ʩ ʘʢʪʫʘʣʴʥʦʩʪʴʶ ʧʨʦʙʣʝʤʳ ʟʘʱʠʪʳ ʧʝʨʩʦʥʘʣʴʥʳʭ ʜʘʥʥʳʭ ʠ ʚʦʩʪʨʝʙʦʚʘʥʥʦʩʪʴʶ ʧʨʠʣʦʞʝʥʠʡ ʜʣʷ ʟʘʱʠʱʝʥʥʦʛʦ 

ʦʙʤʝʥʘ ʩʦʦʙʱʝʥʠʷʤʠ. ʅʝʦʙʭʦʜʠʤʦʩʪʴ ʦʙʝʩʧʝʯʝʥʠʷ ʙʝʟʦʧʘʩʥʦʩʪʠ ʧʝʨʩʦʥʘʣʴʥʳʭ ʜʘʥʥʳʭ ʚ ʥʘʰʝ ʚʨʝʤʷ ʦʯʝʥʴ 

ʚʘʞʥʘ. ʀʥʬʦʨʤʘʮʠʷ ʚʩʝʛʜʘ ʠʤʝʣʘ ʙʦʣʴʰʫʶ ʮʝʥʥʦʩʪʴ, ʥʦ ʚ ʩʚʷʟʠ ʩʦ ʩʪʨʝʤʠʪʝʣʴʥʳʤ ʨʘʟʚʠʪʠʝʤ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ 

ʪʝʭʥʦʣʦʛʠʡ ʟʘʱʠʪʘ ʣʠʯʥʳʭ ʜʘʥʥʳʭ ʚʳʭʦʜʠʪ ʥʘ ʥʦʚʳʡ ʫʨʦʚʝʥʴ. ʀʟ-ʟʘ ʵʪʦʛʦ ʧʨʠʣʦʞʝʥʠʷ, ʩʦʟʜʘʥʥʳʝ ʜʣʷ ʟʘʱʠʪʳ 

ʜʘʥʥʳʭ, ʩʝʡʯʘʩ ʦʙʨʝʪʘʶʪ ʚʩʝ ʙʦʣʴʰʫʶ ʧʦʧʫʣʷʨʥʦʩʪʴ.  

ʆʙʟʦʨ ʩʫʱʝʩʪʚʫʶʱʠʭ ʤʝʩʝʥʜʞʝʨʦʚ, ʧʦʜʜʝʨʞʠʚʘʶʱʠʭ ʟʘʱʠʪʫ ʥʘ ʫʨʦʚʥʝ ʩʦʦʙʱʝʥʠʡ 

Chatsecure [1] ð ʨʘʟʨʘʙʦʪʘʥʥʦʝ ʜʣʷ  iOS ʠ Android ʧʨʠʣʦʞʝʥʠʝ ʜʣʷ ʦʙʤʝʥʘ ʤʛʥʦʚʝʥʥʳʤʠ ʩʦʦʙʱʝʥʠʷʤʠ  

ʩ ʧʦʜʜʝʨʞʢʦʡ ʰʠʬʨʦʚʘʥʠʷ. ʈʘʟʨʘʙʦʪʯʠʢʦʤ ʷʚʣʷʝʪʩʷ GuardianProject. ʐʠʬʨʦʚʘʥʠʝ ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ ʩ ʧʦʤʦʱʴʶ 

ʧʨʦʪʦʢʦʣʘ OTR (Off-the-Record) [2], ʘ ʧʝʨʝʜʘʯʘ ʩʦʦʙʱʝʥʠʡ - ʧʦ ʧʨʦʪʦʢʦʣʫ XMPP[3]. ʉʦʦʙʱʝʥʠʷ ʦʩʪʘʶʪʩʷ 

ʧʨʠʚʘʪʥʳʤʠ ʝʩʣʠ ʦʙʘ ʩʦʙʝʩʝʜʥʠʢʘ ʠʩʧʦʣʴʟʫʶʪ ʧʨʠʣʦʞʝʥʠʷ ʩ ʧʦʜʜʝʨʞʢʦʡ OTR. ChatSecure ʥʝ ʩʦʭʨʘʥʷʝʪ 

ʦʪʧʨʘʚʣʝʥʥʳʝ ʩʦʦʙʱʝʥʠʷ ʚ ʧʘʤʷʪʠ ʫʩʪʨʦʡʩʪʚʘ. ʇʨʠʣʦʞʝʥʠʝ ʫʤʝʝʪ ʨʘʙʦʪʘʪʴ ʩ ʥʝʩʢʦʣʴʢʠʤʠ ʫʯʸʪʥʳʤʠ ʟʘʧʠʩʷʤʠ. 

ChatSecure ʧʦʟʚʦʣʷʝʪ ʧʨʦʚʦʜʠʪʴ ʛʨʫʧʧʦʚʳʝ ʯʘʪʳ. ʇʨʠʣʦʞʝʥʠʝ ʧʦʟʚʦʣʷʝʪ ʧʝʨʝʜʘʚʘʪʴ ʤʫʣʴʪʠʤʝʜʠʘ-ʩʦʦʙʱʝʥʠʷ, 

ʬʦʪʦʛʨʘʬʠʠ ʠ ʬʘʡʣʳ. ʗʚʣʷʝʪʩʷ ʦʪʢʨʳʪʳʤ. 

CryptoCat [4] ð ʧʨʦʛʨʘʤʤʘ ʜʣʷ ʦʙʤʝʥʘ ʩʦʦʙʱʝʥʠʷʤʠ ʩ ʧʦʜʜʝʨʞʢʦʡ ʰʠʬʨʦʚʘʥʠʷ. ʗʚʣʷʝʪʩʷ ʦʪʢʨʳʪʳʤ. 

ʄʦʞʝʪ ʨʘʙʦʪʘʪʴ ʚ ʙʨʘʫʟʝʨʘʭ Chrome, Firefox, Safari ʠ Opera, ʘ ʪʘʢʞʝ ʚ ʢʘʯʝʩʪʚʝ ʦʪʜʝʣʴʥʦʛʦ ʩʝʨʚʠʩʘ ʚ Apple OS 

X ʠ ʥʘ iPhone. ʀʩʧʦʣʴʟʫʝʪ ʰʠʬʨʦʚʘʥʠʝ ʜʘʥʥʳʭ ʯʝʨʝʟ ʧʨʦʪʦʢʦʣ OTR ʠ ʧʝʨʝʜʘʝʪ ʟʘʰʠʬʨʦʚʘʥʥʳʝ ʜʘʥʥʳʝ ʧʦ 

Jabber/XMPP. ʉʦʦʙʱʝʥʠʷ ʰʠʬʨʫʶʪʩʷ ʩ ʧʦʤʦʱʴʶ AES-256 [5]. ʇʦʩʣʝ ʦʢʦʥʯʘʥʠʷ ʜʠʘʣʦʛʘ ʧʝʨʝʧʠʩʢʘ ʫʜʘʣʷʝʪʩʷ 

ʘʚʪʦʤʘʪʠʯʝʩʢʠ ʚ ʪʝʯʝʥʠʝ ʥʝʩʢʦʣʴʢʠʭ ʤʠʥʫʪ. ʇʨʠ ʧʦʚʪʦʨʥʦʤ ʚʭʦʜʝ ʚ ʪʦʪ ʞʝ ʜʠʘʣʦʛ ʥʠʢʪʦ ʠʟ ʫʯʘʩʪʥʠʢʦʚ ʜʠʘʣʦʛʘ 

ʥʝ ʩʤʦʞʝʪ ʧʨʦʩʤʦʪʨʝʪʴ ʨʘʥʝʝ ʦʪʧʨʘʚʣʝʥʥʳʝ ʩʦʦʙʱʝʥʠʷ. 

Telegram [6] ð ʢʨʦʩʩʧʣʘʪʬʦʨʤʝʥʥʳʡ ʤʝʩʝʥʜʞʝʨ, ʧʦʟʚʦʣʷʶʱʠʡ ʦʙʤʝʥʠʚʘʪʴʩʷ ʪʝʢʩʪʦʚʳʤʠ 

ʩʦʦʙʱʝʥʠʷʤʠ ʠ ʬʘʡʣʘʤʠ ʨʘʟʤʝʨʦʤ ʜʦ 1,5 ɻʙ. ʆʙʝʩʧʝʯʠʚʘʝʪ ʟʘʱʠʪʫ ʜʘʥʥʳʭ ʩ ʧʦʤʦʱʴʶ ʧʨʦʪʦʢʦʣʘ MTProto, 

ʢʦʪʦʨʳʡ ʧʨʝʜʧʦʣʘʛʘʝʪ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʥʝʩʢʦʣʴʢʠʭ ʢʨʠʧʪʦʛʨʘʬʠʯʝʩʢʠʭ ʧʨʦʪʦʢʦʣʦʚ. ʇʨʠ ʘʚʪʦʨʠʟʘʮʠʠ ʠ 

ʘʫʪʝʥʪʠʬʠʢʘʮʠʠ ʧʦʣʴʟʦʚʘʪʝʣʷ ʧʨʠʣʦʞʝʥʠʝ ʠʩʧʦʣʴʟʫʶʪ ʘʣʛʦʨʠʪʤʳ RSA-2048[7] ʠ ɼʠʬʬʠ-ʍʝʣʣʤʘʥʘ [8]. ɼʣʷ 

ʰʠʬʨʦʚʘʥʠʷ ʩʦʦʙʱʝʥʠʡ ʠʩʧʦʣʴʟʫʝʪ AES. ɺ ʨʝʞʠʤʝ ʩʝʢʨʝʪʥʳʭ ʯʘʪʦʚ ʨʝʘʣʠʟʫʝʪ end-to-end ʰʠʬʨʦʚʘʥʠʝ [9].  

Signal [10] ʧʦʟʚʦʣʷʝʪ ʦʙʤʝʥʠʚʘʪʴʩʷ ʩʦʦʙʱʝʥʠʷʤʠ ʠ ʟʚʦʥʢʘʤʠ ʩ ʘʙʦʥʝʥʪʘʤʠ ʠʟ ʪʝʣʝʬʦʥʥʦʡ ʢʥʠʛʠ 

ʤʦʙʠʣʴʥʦʛʦ ʫʩʪʨʦʡʩʪʚʘ. ʇʨʠʣʦʞʝʥʠʝ ʧʨʝʜʦʩʪʘʚʣʷʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʦʪʧʨʘʚʣʷʪʴ ʧʝʨʝʧʠʩʢʠ ʚ ʘʨʭʠʚ. ʇʨʠʣʦʞʝʥʠʝ 

ʦʙʝʩʧʝʯʠʚʘʝʪ ʢʨʠʧʪʦʟʘʱʠʪʫ ʪʝʣʝʬʦʥʥʳʭ ʨʘʟʛʦʚʦʨʦʚ ʦʪ ʧʨʦʩʣʫʰʢʠ, ʟʘʧʠʩʠ ʠ ʧʝʨʝʭʚʘʪʘ. ɼʣʷ ʰʠʬʨʦʚʘʥʠʷ 

ʜʘʥʥʳʭ ʠʩʧʦʣʴʟʫʝʪʩʷ ʘʣʛʦʨʠʪʤ AES ʩ 256-ʙʠʪʥʳʤ ʢʣʶʯʦʤ.  Signal ʩʧʦʩʦʙʥʦ ʦʙʝʩʧʝʯʠʪʴ ʰʠʬʨʦʚʘʥʠʝ ʛʦʣʦʩʦʚʦʡ 

ʩʚʷʟʠ ʥʘ ʚʩʝʤ ʧʫʪʠ ʧʨʦʭʦʞʜʝʥʠʷ ʩʠʛʥʘʣʘ. ɼʣʷ ʵʪʦʛʦ ʠʩʧʦʣʴʟʫʝʪʩʷ Wi-Fi ʧʦʜʢʣʶʯʝʥʠʝ ʠʣʠ ʤʦʙʠʣʴʥʦʝ 

ʩʦʝʜʠʥʝʥʠʝ. ɼʣʷ ʟʘʱʠʪʳ ʦʪ ʧʨʦʩʣʫʰʢʠ ʥʘ ʵʢʨʘʥʝ ʦʪʦʙʨʘʞʘʶʪʩʷ ʜʚʘ ʩʣʫʯʘʡʥʳʭ ʩʣʦʚʘ, ʢʦʪʦʨʳʝ ʜʦʣʞʝʥ 

ʧʦʚʪʦʨʠʪʴ ʩʦʙʝʩʝʜʥʠʢ. 

TextSecure [10]  - ʤʝʩʝʥʜʞʝʨ ʜʣʷ ʙʝʟʦʧʘʩʥʦʡ ʧʝʨʝʜʘʯʠ ʤʛʥʦʚʝʥʥʳʭ ʩʦʦʙʱʝʥʠʡ, ʬʘʡʣʦʚ ʠ ʤʫʣʴʪʠʤʝʜʠʘ 

ʜʘʥʥʳʭ. TextSecure ʠʩʧʦʣʴʟʫʝʪ ʦʪʢʨʳʪʳʡ ʧʨʦʪʦʢʦʣ Signal, ʢʦʪʦʨʳʡ ʨʝʘʣʠʟʫʝʪ end-to-end ʰʠʬʨʦʚʘʥʠʝ ʜʘʥʥʳʭ. 

ʂʣʶʯʠ, ʠʩʧʦʣʴʟʫʶʱʠʝʩʷ ʜʣʷ ʰʠʬʨʦʚʘʥʠʷ, ʭʨʘʥʷʪʩʷ ʪʦʣʴʢʦ ʥʘ ʫʩʪʨʦʡʩʪʚʝ ʧʦʣʴʟʦʚʘʪʝʣʷ. ɼʣʷ ʧʨʦʚʝʨʢʠ 

ʧʦʜʣʠʥʥʦʩʪʠ ʩʦʙʝʩʝʜʥʠʢʘ ʧʨʝʜʫʩʤʦʪʨʝʥʦ ʨʫʯʥʦʝ ʩʨʘʚʥʝʥʠʷ ʦʪʧʝʯʘʪʢʦʚ ʢʣʶʯʝʡ ʥʘ ʫʩʪʨʦʡʩʪʚʘʭ, ʣʠʙʦ 

ʩʢʘʥʠʨʦʚʘʥʠʝ QR-ʢʦʜʘ. TextSecure ʧʨʝʜʦʩʪʘʚʣʷʝʪ ʪʘʢʞʝ ʚʦʟʤʦʞʥʦʩʪʴ ʩʦʟʜʘʥʠʷ ʛʨʫʧʧʦʚʳʭ ʯʘʪʦʚ, ʢʦʪʦʨʳʝ ʪʘʢʞʝ 

ʰʠʬʨʫʶʪʩʷ. ʇʨʠ ʵʪʦʤ ʩʝʨʚʝʨʳ ʥʝ ʠʤʝʶʪ ʜʦʩʪʫʧʘ ʢ ʤʝʪʘʜʘʥʥʳʤ ʛʨʫʧʧʳ. 

https://chatsecure.org/about/
https://ssd.eff.org/ru/glossary/%D1%88%D0%B8%D1%84%D1%80%D0%BE%D0%B2%D0%B0%D0%BD%D0%B8%D0%B5
https://ssd.eff.org/ru/glossary/record-otr
https://ssd.eff.org/ru/glossary/record-otr
https://ssd.eff.org/ru/glossary/xmpp
https://ssd.eff.org/ru/glossary/record-otr
https://crypto.cat/
https://blog.kaspersky.com/security-features-in-apple-os-x-yosemite/
https://blog.kaspersky.com/security-features-in-apple-os-x-yosemite/
https://ru.wikipedia.org/wiki/%D0%A1%D0%B8%D1%81%D1%82%D0%B5%D0%BC%D0%B0_%D0%BC%D0%B3%D0%BD%D0%BE%D0%B2%D0%B5%D0%BD%D0%BD%D0%BE%D0%B3%D0%BE_%D0%BE%D0%B1%D0%BC%D0%B5%D0%BD%D0%B0_%D1%81%D0%BE%D0%BE%D0%B1%D1%89%D0%B5%D0%BD%D0%B8%D1%8F%D0%BC%D0%B8
https://ru.wikipedia.org/wiki/%D0%A1%D0%B8%D1%81%D1%82%D0%B5%D0%BC%D0%B0_%D0%BC%D0%B3%D0%BD%D0%BE%D0%B2%D0%B5%D0%BD%D0%BD%D0%BE%D0%B3%D0%BE_%D0%BE%D0%B1%D0%BC%D0%B5%D0%BD%D0%B0_%D1%81%D0%BE%D0%BE%D0%B1%D1%89%D0%B5%D0%BD%D0%B8%D1%8F%D0%BC%D0%B8
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SilentCircle [11] ï ʵʪʦ ʢʦʤʧʣʝʢʩ ʧʨʠʣʦʞʝʥʠʡ, ʢʦʪʦʨʳʝ ʧʨʝʜʦʩʪʘʚʣʷʶʪ ʚʦʟʤʦʞʥʦʩʪʴ ʧʝʨʝʜʘʯʠ 

ʤʛʥʦʚʝʥʥʳʭ ʩʦʦʙʱʝʥʠʡ, email, ʧʦʟʚʦʣʷʶʪ ʩʦʚʝʨʰʘʪʴ ʟʚʦʥʢʠ ʠ ʫʩʪʨʘʠʚʘʪʴ ʚʠʜʝʦʢʦʥʬʝʨʝʥʮʠʠ. ʀʤʝʝʪ ʬʫʥʢʮʠʶ  

ʩʘʤʦʫʥʠʯʪʦʞʝʥʠʷ ʩʦʦʙʱʝʥʠʡ ʧʦ ʧʨʦʰʝʩʪʚʠʠ ʥʝʢʦʪʦʨʦʛʦ ʚʨʝʤʝʥʠ. SilentCircle ʷʚʣʷʝʪʩʷ ʩʝʨʚʠʩʦʤ ʩ ʧʣʘʪʥʦʡ 

ʧʦʜʧʠʩʢʦʡ. ʇʨʠʣʦʞʝʥʠʝ ʥʝʟʘʚʠʩʠʤʦ ʦʪ ʮʝʥʪʨʘʣʴʥʦʛʦ ʩʝʨʚʝʨʘ. ɺʩʝ ʢʣʶʯʠ, ʠʩʧʦʣʴʟʫʝʤʳʝ ʧʨʠ ʰʠʬʨʦʚʘʥʠʠ, 

ʭʨʘʥʷʪʩʷ ʥʘ ʫʩʪʨʦʡʩʪʚʝ ʧʦʣʴʟʦʚʘʪʝʣʷ. ʏʝʨʝʟ ʩʝʨʚʝʨʳ ʠʥʬʦʨʤʘʮʠʷ ʧʝʨʝʜʘʝʪʩʷ ʚ ʟʘʰʠʬʨʦʚʘʥʥʦʤ ʚʠʜʝ. 

SilentCIrcle ʠʩʧʦʣʴʟʫʝʪ SCIMP (ʦʩʥʦʚʘʥʥʳʡ ʥʘ ZRTP) ʜʣʷ ʛʝʥʝʨʘʮʠʠ ʢʣʶʯʝʡ, ʢʦʪʦʨʳʝ ʠʩʧʦʣʴʟʫʶʪʩʷ ʧʨʠ 

ʫʩʪʘʥʦʚʣʝʥʠʠ ʩʚʷʟʠ [11]. ʄʝʩʝʥʜʞʝʨ ʧʦʟʚʦʣʷʝʪ ʫʜʘʣʠʪʴ ʣʶʙʦʝ ʫʞʝ ʦʪʧʨʘʚʣʝʥʥʦʝ ʩʦʦʙʱʝʥʠʝ. 

ɺ ʪʘʙʣʠʮʘʭ ʥʠʞʝ ʧʨʝʜʩʪʘʚʣʝʥʦ ʩʨʘʚʥʝʥʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʭ ʤʝʩʝʥʜʞʝʨʦʚ. 

 

ʊʘʙʣʠʮʘ 1. ʉʨʘʚʥʝʥʠʝ ʦʙʱʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʭ ʤʝʩʝʥʜʞʝʨʦʚ. 

 ʅʘʟʚʘʥʠʝ 
ʂʨʠʧʪʦʛʨʘʬʠʯʝʩʢʠʡ 

ʧʨʦʪʦʢʦʣ 

ʆʙʤʝʥ 

ʪʝʢʩʪʦʚʳʤʠ 

ʩʦʦʙʱʝʥʠʷʤʠ 

ʍʨʘʥʝʥʠʝ 

ʩʦʦʙʱʝʥʠʡ 
ʆʪʢʨʳʪʳʡ 

ʆʙʤʝʥ 

ʤʫʣʴʪʠʤʝʜʠʘ 

ʜʘʥʥʳʤʠ 

ɹʝʩʧʣʘʪʥʳʡ 

Chatsecure OTR + - + + + 

CryptoCat OTR + - + - + 

Telegram  MTProto + + -(ʩʝʨʚʝʨ) - + 

Signal SignalProtocol + + + + + 

TextSecure SignalProtocol + + + + + 

SilentCircle SCIMP + + - + - 

 
 ʊʘʙʣʠʮʘ 2. ʉʨʘʚʥʝʥʠʝ ʩʨʝʜʩʪʚ ʟʘʱʠʪʳ ʤʝʩʝʥʜʞʝʨʦʚ. 

 ʅʘʟʚʘʥʠʝ 

ʉʠʤʝʪʨʠ

ʯʥʳʝ 

ʘʣʛʦʨʠʪʤ

 r

ʍʝʰ 

ʬʫʥʢʮʠ

ʠ 

ɸʫʪʝʥʪʠʬʠʢʘʮ

ʠʷ ʩʦʦʙʱʝʥʠʡ, 

ʟʘʱʠʪʘ 

ʮʝʣʦʩʪʥʦʩʪʠ 

ɺʦʟʤʦʞʥʦʩʪʴ 

ʫʜʘʣʠʪʴ 

ʦʪʧʨʘʚʣʝʥʥʦʝ 

ʩʦʦʙʱʝʥʠʝ 

ʈʘʟʨʘʙʦʪ-

ʯʠʢʠ ʥʝ 

ʠʤʝʶʪ 

ʜʦʩʪʫʧ ʢ 

ʜʘʥʥʳʤ 

ɼʘʥʥʳʝ 

ʟʘʱʠʱʝʥʳ 

ʧʨʠ ʢʨʘʞʝ 

ʢʣʶʯʝʡ  

ʉʧʦʩʦʙ 

ʩʦʛʣʘʩʦʚʘʥʠʷ 

ʢʣʶʯʝʡ 

Chatsecure AES SHA-1 HMAC - + + 

SIGMA, 

SKEME ʠ 

HMQV 

CryptoCat AES SHA-1 HMAC 

ʫʜʘʣʷʶʪʩʷ 

ʘʚʪʦʤʘʪʠʯʝʩʢ

ʠ 

+ + 

SIGMA, 

SKEME ʠ 

HMQV 

Telegram  AES 
SHA-1, 

MD5 

ʩʨʘʚʥʝʥʠʝ 

ʩʝʢʨʝʪʥʳʭ 

ʢʦʜʦʚ 

+ 
+(ʚ 

secretchats) 

+(ʚ 

secretchats) 

ʘʣʛʦʨʠʪʤ 

ɼʠʬʬʠ-

ʍʝʣʣʤʘʥʘ 

Signal AES  SHA 
HMAC-

SHA256 SAS 
- + + 

ZRTP ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝ

ʤ Curve25519 

TextSecure AES-256 SHA 
HMAC-

SHA256 
- + + 

ʘʣʛʦʨʠʪʤ  

ɼʠʬʬʠ-

ʍʝʣʣʤʘʥʘ 

SilentCircle AES  SHA SAS + + + ZRTP  

 
ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚʩʝ ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʝ ʧʨʦʪʦʢʦʣʳ ʧʨʝʜʦʩʪʘʚʣʷʶʪ ʚʦʟʤʦʞʥʦʩʪʴ ʦʙʤʝʥʘ ʟʘʰʠʬʨʦʚʘʥʥʳʤʠ 

ʩʦʦʙʱʝʥʠʷʤʠ, ʥʦ ʠʩʧʦʣʴʟʫʶʪ ʨʘʟʣʠʯʥʳʝ ʢʨʠʧʪʦʛʨʘʬʠʯʝʩʢʠʝ ʘʣʛʦʨʠʪʤʳ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʟʘʱʠʪʳ ʜʘʥʥʳʭ. 

ɹʦʣʴʰʠʥʩʪʚʦ ʨʘʩʩʤʦʪʨʝʥʥʳʭ ʤʝʩʝʥʜʞʝʨʦʚ ʧʦʟʚʦʣʷʶʪ ʭʨʘʥʠʪʴ ʩʦʦʙʱʝʥʠʷ, ʘ Telegram ʠ Chatsecure ʧʦʟʚʦʣʷʶʪ 

ʫʜʘʣʷʪʴ ʨʘʥʝʝ ʦʪʧʨʘʚʣʝʥʥʳʝ ʩʦʦʙʱʝʥʠʷ (ʭʦʪʷ ʧʦʩʣʝ ʫʜʘʣʝʥʠʷ ʩʦʦʙʱʝʥʠʡ ʚ Telegram ʥʘ ʢʦʤʧʴʶʪʝʨʘʭ ʢʣʠʝʥʪʦʚ 

ʤʦʛʫʪ ʦʩʪʘʪʴʩʷ ʥʝʢʦʪʦʨʳʝ ʜʘʥʥʳʝ, ʥʘʧʨʠʤʝʨ ʧʨʠʢʨʝʧʣʝʥʥʳʝ ʬʘʡʣʳ). ɺʩʝ ʨʘʩʩʤʦʪʨʝʥʥʳʝ ʤʝʩʝʥʜʞʝʨʳ ʢʨʦʤʝ 

SilentCircle ʠ ʩʝʨʚʝʨʥʦʡ ʯʘʩʪʠ Telegram  ʷʚʣʷʶʪʩʷ ʦʪʢʨʳʪʳʤʠ. ʆʙʤʝʥ ʤʫʣʴʪʠʤʝʜʠʡʥʳʤʠ ʜʘʥʥʳʤʠ ʥʝ 

ʧʦʜʜʝʨʞʠʚʘʶʪ ʪʦʣʴʢʦ CryptoCat ʠ Telegram. ɼʣʷ ʩʦʛʣʘʩʦʚʘʥʠʷ ʢʣʶʯʝʡ ʚʩʝ ʨʘʩʩʤʦʪʨʝʥʥʳʝ ʤʝʩʝʥʜʞʝʨʳ 

ʠʩʧʦʣʴʟʫʶʪ ʘʣʛʦʨʠʪʤʳ, ʦʩʥʦʚʘʥʥʳʝ ʥʘ ʘʣʛʦʨʠʪʤʝ ɼʠʬʬʠ-ʍʝʣʣʤʘʥʘ. ɼʣʷ ʰʠʬʨʦʚʘʥʠʷ ʜʘʥʥʳʭ ʚʩʝ 

ʨʘʩʩʤʦʪʨʝʥʥʳʝ ʤʝʩʝʥʜʞʝʨʳ ʠʩʧʦʣʴʟʫʶʪ ʘʣʛʦʨʠʪʤ AES ʠ ʧʨʝʜʧʦʣʘʛʘʶʪ ʟʘʱʠʪʫ ʜʘʥʥʳʭ ʜʘʞʝ ʧʨʠ ʧʝʨʝʭʚʘʪʝ 

ʢʣʶʯʝʡ ʙʝʟʦʧʘʩʥʦʩʪʠ. ɺʩʝ ʨʘʩʩʤʦʪʨʝʥʥʳʝ ʤʝʩʝʥʜʞʝʨʳ ʢʨʦʤʝ SilentCircle ʷʚʣʷʶʪʩʷ ʙʝʩʧʣʘʪʥʳʤʠ. ʂ 

ʥʝʜʦʩʪʘʪʢʘʤ ʦʧʠʩʘʥʥʳʭ ʤʝʩʝʥʜʞʝʨʦʚ ʤʦʞʥʦ ʦʪʥʝʩʪʠ: 

 Chatsecure ï ʥʝ ʜʨʫʞʝʩʪʚʝʥʥʳʡ ʠʥʪʝʨʬʝʡʩ, ʦʪʩʫʪʩʪʚʠʝ ʚʦʟʤʦʞʥʦʩʪʠ ʦʙʤʝʥʘ ʤʫʣʴʪʠʤʝʜʠʡʥʳʤʠ 

ʜʘʥʥʳʤʠ, ʥʝ ʩʦʦʙʱʘʝʪ ʦ ʧʦʩʪʫʧʠʚʰʠʭ ʟʘʰʠʬʨʦʚʘʥʥʳʭ ʩʦʦʙʱʝʥʠʷʭ, ʝʩʣʠ ʩʪʘʪʫʩ ʧʦʣʴʟʦʚʘʪʝʣʷ offline. 

CryptoCat - ʦʪʩʫʪʩʪʚʠʝ ʚʦʟʤʦʞʥʦʩʪʠ ʭʨʘʥʝʥʠʷ ʩʦʦʙʱʝʥʠʡ ʠ ʦʙʤʝʥʘ ʤʫʣʴʪʠʤʝʜʠʡʥʳʤʠ ʜʘʥʥʳʤʠ. 

Telegram  - ʟʘʢʨʳʪʘʷ ʩʝʨʚʝʨʥʘʷ ʯʘʩʪʴ, ʜʦʚʦʣʴʥʦ ʛʨʦʤʦʟʜʢʠʡ ʢʨʠʧʪʦʛʨʘʬʠʯʝʩʢʠʡ ʘʣʛʦʨʠʪʤ, ʦʪʩʫʪʩʪʚʠʝ 

ʚʦʟʤʦʞʥʦʩʪʠ ʦʙʤʝʥʘ ʤʫʣʴʪʠʤʝʜʠʡʥʳʤʠ ʜʘʥʥʳʤʠ. 

https://silentcircle.com/
https://chatsecure.org/about/
https://crypto.cat/
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Signal ï ʧʨʠʩʫʪʩʪʚʠʝ ʠʩʢʣʶʯʠʪʝʣʴʥʦ ʥʘ ʧʣʘʪʬʦʨʤʝ Android. 

TextSecure - ʜʦʚʦʣʴʥʦ ʙʝʜʥʘʷ ʬʫʥʢʮʠʦʥʘʣʴʥʦʩʪʴ, ʧʨʠʩʫʪʩʪʚʠʝ ʠʩʢʣʶʯʠʪʝʣʴʥʦ ʥʘ ʧʣʘʪʬʦʨʤʝ Android. 

SilentCIrcle - ʥʝʧʨʦʟʨʘʯʥʳʡ ʧʨʦʮʝʩʩ ʨʝʛʠʩʪʨʘʮʠʠ, ʟʥʘʯʠʪʝʣʴʥʘʷ ʩʪʦʠʤʦʩʪʴ ($100 ʚ ʛʦʜ). 

ʆʙʟʦʨ ʩʫʱʝʩʪʚʫʶʱʠʭ ʧʨʦʪʦʢʦʣʦʚ ʟʘʱʠʪʳ ʠʥʬʦʨʤʘʮʠʠ ʚ ʤʝʩʝʥʜʞʝʨʘʭ 

ʇʨʦʪʦʢʦʣ OTR ʦʪʚʝʯʘʝʪ ʩʣʝʜʫʶʱʠʤ ʪʨʝʙʦʚʘʥʠʷʤ ʢ ʙʝʟʦʧʘʩʥʦʩʪʠ ʧʝʨʝʜʘʚʘʝʤʳʭ ʜʘʥʥʳʭ: 

ï ʰʠʬʨʦʚʘʥʠʝ ʩʦʦʙʱʝʥʠʡ ð ʥʠʢʪʦ ʠʥʦʡ ʥʝ ʩʤʦʞʝʪ ʧʨʦʯʠʪʘʪʴ ʩʦʦʙʱʝʥʠʷ; 

ï ʘʫʪʝʥʪʠʬʠʢʘʮʠʷ ʩʦʙʝʩʝʜʥʠʢʦʚ ð ʫʚʝʨʝʥʥʦʩʪʴ ʚ ʪʦʤ, ʢʪʦ ʷʚʣʷʝʪʩʷ ʩʦʙʝʩʝʜʥʠʢʦʤ; 

ï perfectforwardsecrecy ð ʧʝʨʝʧʠʩʢʘ ʥʝ ʢʦʤʧʨʦʤʝʥʪʠʨʫʝʪʩʷ ʧʨʠ ʧʦʪʝʨʝ ʩʝʢʨʝʪʥʳʭ ʢʣʶʯʝʡ; 

ï ʚʦʟʤʦʞʥʦʩʪʴ ʦʪʨʝʯʝʥʠʷ ð ʪʨʝʪʴʝ ʣʠʮʦ ʥʝ ʩʤʦʞʝʪ ʜʦʢʘʟʘʪʴ ʧʨʠʥʘʜʣʝʞʥʦʩʪʴ ʩʦʦʙʱʝʥʠʡ[2]. 

OTR ʠʩʧʦʣʴʟʫʝʪ ʧʨʦʪʦʢʦʣʳ ʩʦʛʣʘʩʦʚʘʥʠʷ ʠ ʘʫʪʝʥʪʠʬʠʢʘʮʠʠ ʢʣʶʯʝʡ SIGMA, SKEME[12] ʠ MQV[13]. 

ɼʣʷ ʘʫʪʝʥʪʠʬʠʢʘʮʠʠ ʩʦʦʙʱʝʥʠʡ ʠʩʧʦʣʴʟʫʝʪʩʷ HMAC[14]. ʇʨʠ ʵʪʦʤ ʠʩʧʦʣʴʟʫʝʪʩʷ ʢʣʶʯ, ʧʦʣʫʯʝʥʥʳʡ 

ʭʝʰʠʨʦʚʘʥʠʝʤ ʢʣʶʯʘ, ʠʩʧʦʣʴʟʫʝʤʦʛʦ ʜʣʷ ʰʠʬʨʦʚʘʥʠʷ ʩʦʦʙʱʝʥʠʷ. ʂʦʛʜʘ ʩʪʦʨʦʥʘ A ʧʝʨʝʜʘʝʪ ʩʦʦʙʱʝʥʠʝ M 

ʜʨʫʛʦʡ ʩʪʦʨʦʥʝ B, ʚʤʝʩʪʝ ʩ ʩʦʦʙʱʝʥʠʝʤ ʦʥʘ ʧʝʨʝʜʘʝʪ ʚʳʯʠʩʣʝʥʥʦʝ ʩ ʧʦʤʦʱʴʶ ʦʙʱʝʛʦ ʢʣʶʯʘ ʟʥʘʯʝʥʠʝ 

HMAC(M, K). ʉʪʦʨʦʥʘ B, ʧʦʣʫʯʠʚ ʩʦʦʙʱʝʥʠʝ, ʤʦʞʝʪ ʪʘʢʞʝ ʚʳʯʠʩʣʠʪʴ HMAC(M, K).[2]  ɽʩʣʠ ʦʥʦ ʩʦʚʧʘʜʘʝʪ ʩ 

ʧʦʣʫʯʝʥʥʳʤ ʟʥʘʯʝʥʠʝʤ, ʪʦ ʩʦʦʙʱʝʥʠʝ ʙʳʣʦ ʧʝʨʝʜʘʥʦ ʦʜʥʦʡ ʠʟ ʩʪʦʨʦʥ, ʫʯʘʩʪʚʫʶʱʠʭ ʚ ʧʝʨʝʧʠʩʢʝ. ɺ ʪʦ ʞʝ 

ʚʨʝʤʷ ʠʩʧʦʣʴʟʦʚʘʥʠʝ HMAC ʦʙʝʩʧʝʯʠʚʘʝʪ ʦʪʨʠʮʘʝʤʦʩʪʴ. ɼʣʷ ʰʠʬʨʦʚʘʥʠʷ ʩʦʦʙʱʝʥʠʡ ʠʩʧʦʣʴʟʫʝʪʩʷ ʘʣʛʦʨʠʪʤ 

AES ʚ ʨʝʞʠʤʝ ʩʯʸʪʯʠʢʘ. ʇʦʩʪʨʦʝʥʥʳʡ ʪʘʢʠʤ ʦʙʨʘʟʦʤ ʰʠʬʨ ʦʙʝʩʧʝʯʠʪ ʩʧʦʨʥʦʝ ʰʠʬʨʦʚʘʥʠʝ. [2] 

SignalProtocol -  ʢʨʠʧʪʦʛʨʘʬʠʯʝʩʢʠʡ ʧʨʦʪʦʢʦʣ, ʠʩʧʦʣʴʟʫʶʱʠʡ end-to-end ʰʠʬʨʦʚʘʥʠʝ.  ʀʩʧʦʣʴʟʫʝʪ 

ʢʦʤʙʠʥʘʮʠʶ  DoubleRatchetAlgorithm ʧʨʝʜʚʘʨʠʪʝʣʴʥʳʭ ʢʣʶʯʝʡ ʠ ʧʨʦʪʦʢʦʣʘ ɼʠʬʬʠ-ʍʝʣʣʤʘʥʘ, ʠʣʠ ʧʨʦʪʦʢʦʣ  

ZRTP [15] ʩ ʘʣʛʦʨʠʪʤʦʤ Curve25519 [16] ʜʣʷ ʩʦʛʣʘʩʦʚʘʥʠʷ ʢʣʶʯʝʡ, ʘʣʛʦʨʠʪʤ AES ʜʣʷ ʰʠʬʨʦʚʘʥʠʷ ʜʘʥʥʳʭ ʠ 

HMAC ʜʣʷ ʘʫʪʝʥʪʠʬʠʢʘʮʠʠ ʠ ʟʘʱʠʪʳ ʮʝʣʦʩʪʥʦʩʪʠ ʩʦʦʙʱʝʥʠʡ. ʆʥ ʥʝ ʦʙʝʩʧʝʯʠʚʘʝʪ ʩʦʭʨʘʥʝʥʠʝ ʘʥʦʥʠʤʥʦʩʪʠ ʠ 

ʪʨʝʙʫʝʪ ʥʘʣʠʯʠʷ ʩʝʨʚʝʨʦʚ ʜʣʷ ʨʝʪʨʘʥʩʣʷʮʠʠ ʩʦʦʙʱʝʥʠʡ ʠ ʭʨʘʥʝʥʠʷ ʢʣʶʯʝʡ. ɼʣʷ ʘʫʪʝʥʪʠʬʠʢʘʮʠʠ, ʧʦʣʴʟʦʚʘʪʝʣʠ 

ʤʦʛʫʪ ʚʨʫʯʥʫʶ ʩʨʘʚʥʠʪʴ ʦʪʧʝʯʘʪʢʠ ʦʪʢʨʳʪʳʭ ʢʣʶʯʝʡ. ʇʦʣʠʪʠʢʘ ʢʦʥʬʠʜʝʥʮʠʘʣʴʥʦʩʪʠ Signal ʧʨʝʜʫʩʤʘʪʨʠʚʘʝʪ, 

ʯʪʦ ʠʜʝʥʪʠʬʠʢʘʪʦʨʳ ʧʦʣʫʯʘʪʝʣʝʡ ʭʨʘʥʷʪʩʷ ʥʘ ʩʝʨʚʝʨʘʭ Signal ʩʪʦʣʴʢʦ, ʩʢʦʣʴʢʦ ʥʝʦʙʭʦʜʠʤʦ ʜʣʷ ʪʦʛʦ, ʯʪʦʙʳ 

ʧʝʨʝʜʘʚʘʪʴ ʢʘʞʜʦʝ ʩʦʦʙʱʝʥʠʝ. [10] 

ɺ MTProto ʧʨʝʞʜʝ ʯʝʤ ʩʦʦʙʱʝʥʠʝ ʙʫʜʝʪ ʧʝʨʝʜʘʥʦ ʧʦ ʩʝʪʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʧʨʦʪʦʢʦʣʘ, 

ʦʥʦ ʰʠʬʨʫʝʪʩʷ ʠ ʚ ʥʘʯʘʣʦ ʩʦʦʙʱʝʥʠʷ ʜʦʙʘʚʣʷʝʪʩʷ ʚʥʝʰʥʠʡ ʟʘʛʦʣʦʚʦʢ, ʢʦʪʦʨʳʡ ʩʦʩʪʦʠʪ ʠʟ: 64-ʙʠʪʥʦʛʦ 

ʠʜʝʥʪʠʬʠʢʘʪʦʨʘ ʢʣʶʯʘ (ʢʦʪʦʨʳʡ ʫʥʠʢʘʣʴʥʦ ʠʜʝʥʪʠʬʠʮʠʨʫʝʪ ʢʣʶʯ ʘʚʪʦʨʠʟʘʮʠʠ ʜʣʷ ʩʝʨʚʝʨʘ, ʘ ʪʘʢʞʝ ʜʣʷ 

ʧʦʣʴʟʦʚʘʪʝʣʷ) ʠ 128-ʙʠʪʥʦʛʦ ʢʣʶʯʘ ʩʦʦʙʱʝʥʠʷ. ʂʣʶʯ ʶʟʝʨʘ ʚʤʝʩʪʝ ʩ ʢʣʶʯʦʤ ʩʦʦʙʱʝʥʠʷ ʦʧʨʝʜʝʣʷʝʪ 

ʘʢʪʫʘʣʴʥʳʡ 256-ʙʠʪʥʳʡ ʢʣʶʯ ʠ 256-ʙʠʪʥʳʡ ʚʝʢʪʦʨ ʠʥʠʮʠʘʣʠʟʘʮʠʠ, ʢʦʪʦʨʳʡ ʰʠʬʨʫʝʪ ʩʦʦʙʱʝʥʠʝ, ʠʩʧʦʣʴʟʫʷ 

AES-256 ʰʠʬʨʦʚʘʥʠʝ ʩ ʨʘʩʰʠʨʝʥʠʝʤ ʥʝʦʧʨʝʜʝʣʸʥʥʦʛʦ ʠʩʢʘʞʝʥʠʷ (infinitegarbleextension, IGE). ʂʣʶʯ 

ʩʦʦʙʱʝʥʠʷ ʦʧʨʝʜʝʣʷʝʪʩʷ 128 ʙʠʪʘʤʠ ʥʠʞʥʝʛʦ ʧʦʨʷʜʢʘ ʦʪ SHA1 ʪʝʣʘ ʩʦʦʙʱʝʥʠʷ. ʉʦʩʪʘʚʥʳʝ ʩʦʦʙʱʝʥʠʷ 

ʰʠʬʨʫʶʪʩʷ ʢʘʢ ʦʜʥʦ ʩʦʦʙʱʝʥʠʝ. [6] 

ʇʨʦʝʢʪʠʨʦʚʘʥʠʝ ʘʚʪʦʨʩʢʦʡ ʧʨʦʛʨʘʤʤʳ-ʤʝʩʝʥʜʞʝʨʘ 

ʇʦʩʣʝ ʘʥʘʣʠʟʘ ʩʫʱʝʩʪʚʫʶʱʠʭ ʟʘʱʠʱʝʥʥʳʭ ʤʝʩʝʥʜʞʝʨʦʚ ʙʳʣʦ ʧʨʠʥʷʪʦ ʨʝʰʝʥʠʝ ʦ ʨʘʟʨʘʙʦʪʢʝ ʥʦʚʦʛʦ 

ʤʝʩʝʥʜʞʝʨʘ ʩ ʧʦʜʜʝʨʞʢʦʡ  ʟʘʱʠʪʳ ʧʝʨʝʜʘʚʘʝʤʳʭ ʜʘʥʥʳʭ. ʆʩʥʦʚʳʚʘʷʩʴ ʥʘ ʘʥʘʣʠʟʝ ʤʝʭʘʥʠʟʤʦʚ ʟʘʱʠʪʳ 

ʩʫʱʝʩʪʚʫʶʱʠʭ ʧʨʦʜʫʢʪʦʚ, ʢ ʨʘʟʨʘʙʘʪʳʚʘʝʤʦʤʫ ʧʨʠʣʦʞʝʥʠʶ ʙʳʣʠ ʧʨʝʜʲʷʚʣʝʥʳ ʩʣʝʜʫʶʱʠʝ ʪʨʝʙʦʚʘʥʠʷ: 

 - ʦʙʝʩʧʝʯʝʥʠʝ ʥʘʜʝʞʥʦʛʦ ʤʝʭʘʥʠʟʤʘ ʩʦʛʣʘʩʦʚʘʥʠʷ ʢʣʶʯʝʡ; 

 - ʰʠʬʨʦʚʘʥʠʝ ʚʩʝʭ ʧʝʨʝʜʘʚʘʝʤʳʭ ʜʘʥʥʳʭ; 

 - ʭʨʘʥʝʥʠʝ ʩʦʦʙʱʝʥʠʡ ʚ ʟʘʰʠʬʨʦʚʘʥʥʦʤ ʚʠʜʝ; 

 - ʦʪʩʫʪʩʪʚʠʝ ʜʦʩʪʫʧʘ ʢ ʧʝʨʝʜʘʚʘʝʤʳʤ ʜʘʥʥʳʤ ʧʨʠ ʧʝʨʝʜʘʯʝ ʯʝʨʝʟ ʩʝʨʚʝʨ; 

 - ʧʨʦʚʝʨʢʘ ʮʝʣʦʩʪʥʦʩʪʠ ʩʦʦʙʱʝʥʠʡ. 

 ɼʣʷ ʨʘʟʨʘʙʘʪʳʚʘʝʤʦʛʦ ʧʨʦʜʫʢʪʘ ʙʳʣ ʩʧʨʦʝʢʪʠʨʦʚʘʥ ʧʨʦʪʦʢʦʣ, ʫʜʦʚʣʝʪʚʦʨʷʶʱʠʡ ʚʩʝʤ ʚʳʰʝ 

ʧʝʨʝʯʠʩʣʝʥʥʳʤ ʪʨʝʙʦʚʘʥʠʷʤ. ɼʣʷ ʩʦʛʣʘʩʦʚʘʥʠʷ ʢʣʶʯʝʡ ʧʨʦʪʦʢʦʣ ʠʩʧʦʣʴʟʫʝʪ ʘʣʛʦʨʠʪʤ RSA. ɼʣʷ ʰʠʬʨʦʚʘʥʠʷ 

ʧʝʨʝʜʘʚʘʝʤʳʭ ʜʘʥʥʳʭ ʠʩʧʦʣʴʟʫʝʪʩʷ ʘʣʛʦʨʠʪʤ AES, ʜʣʷ ʧʨʦʚʝʨʢʠ ʮʝʣʦʩʪʥʦʩʪʠ ʩʦʦʙʱʝʥʠʡ ʠʩʧʦʣʴʟʫʝʪʩʷ 

ʵʣʝʢʪʨʦʥʥʦ-ʮʠʬʨʦʚʘʷ ʧʦʜʧʠʩʴ. ʇʨʦʪʦʢʦʣ ʧʨʝʜʧʦʣʘʛʘʝʪ ʜʚʘ ʫʨʦʚʥʷ ʰʠʬʨʦʚʘʥʠʷ: ʰʠʬʨʦʚʘʥʠʝ ʢʘʥʘʣʘ ʤʝʞʜʫ 

ʢʣʠʝʥʪʦʤ ʠ ʩʝʨʚʝʨʦʤ ʠ ʰʠʬʨʦʚʘʥʠʝ ʧʝʨʝʜʘʚʘʝʤʳʭ ʩʦʦʙʱʝʥʠʡ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʤʝʞʜʫ ʢʣʠʝʥʪʘʤʠ. ʊʘʢʠʤ 

ʦʙʨʘʟʦʤ, ʩʦʦʙʱʝʥʠʷ ʢʣʠʝʥʪʦʚ ʙʫʜʫʪ ʭʨʘʥʠʪʴʩʷ ʥʘ ʩʝʨʚʝʨʝ ʚ ʟʘʰʠʬʨʦʚʘʥʥʦʤ ʚʠʜʝ, ʘ ʢʣʶʯʠ ʜʣʷ ʨʘʩʰʠʬʨʦʚʢʠ 

ʩʦʦʙʱʝʥʠʡ ʙʫʜʫʪ ʥʘʭʦʜʠʪʴʩʷ ʪʦʣʴʢʦ ʥʘ ʧʦʣʴʟʦʚʘʪʝʣʴʩʢʠʭ ʢʦʤʧʴʶʪʝʨʘʭ. ʅʘ ʪʨʘʥʩʧʦʨʪʥʦʤ ʫʨʦʚʥʝ ʠʩʧʦʣʴʟʫʝʪʩʷ 

ʧʨʦʪʦʢʦʣ TCP. ɺʦʟʤʦʞʥʘʷ ʩʭʝʤʘ ʨʘʙʦʪʳ  ʧʨʦʪʦʢʦʣʘ ʙʝʟʦʧʘʩʥʦʩʪʠ  ʤʝʩʝʥʜʞʝʨʘ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩʫʥʢʘʭ ʥʠʞʝ. 

 ʅʘ ʨʠʩ. 1 ʧʨʝʜʩʪʘʚʣʝʥ ʵʪʘʧ 1 - ʦʙʝʩʧʝʯʝʥʠʝ ʙʝʟʦʧʘʩʥʦʩʪʠ ʧʦʪʦʢʘ, ʧʦʜʛʦʪʦʚʢʘ ʢ ʘʫʪʝʥʪʠʬʠʢʘʮʠʠ. 

https://ru.wikipedia.org/wiki/Perfect_forward_secrecy
https://en.wikipedia.org/wiki/End-to-end_encryption
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ʈʠʩʫʥʦʢ 1 - ʆʙʝʩʧʝʯʝʥʠʝ ʙʝʟʦʧʘʩʥʦʩʪʠ ʧʦʪʦʢʘ, ʧʦʜʛʦʪʦʚʢʘ ʢ ʘʫʪʝʥʪʠʬʠʢʘʮʠʠ 

 

 ʅʘ ʵʪʘʧʝ 1 ʢʣʠʝʥʪ ʧʦʩʳʣʘʝʪ ʩʝʨʚʝʨʫ ʩʦʦʙʱʝʥʠʝ, ʩʦʜʝʨʞʘʱʝʝ ʪʝʛ <stream>. ʉʝʨʚʝʨ ʩʦʟʜʘʝʪ ʧʦʪʦʢ 

ʦʙʨʘʙʦʪʢʠ ʩʦʦʙʱʝʥʠʡ ʜʘʥʥʦʛʦ ʢʣʠʝʥʪʘ ʠ  ʦʪʚʝʯʘʝʪ ʢʣʠʝʥʪʫ ʩʦʦʙʱʝʥʠʝʤ, ʪʘʢʞʝ ʩʦʜʝʨʞʘʱʠʤ ʪʝʛ <stream>. 

ʇʦʩʣʝ ʵʪʦʛʦ ʩʝʨʚʝʨ ʛʝʥʝʨʠʨʫʝʪ ʧʫʙʣʠʯʥʳʡ ʢʣʶʯ RSA ʠ ʦʪʧʨʘʚʣʷʝʪ ʝʛʦ ʢʣʠʝʥʪʫ. ʂʣʠʝʥʪ ʧʨʠʥʠʤʘʝʪ ʧʫʙʣʠʯʥʳʡ 

ʢʣʶʯ RSA ʩʝʨʚʝʨʘ, ʛʝʥʝʨʠʨʫʝʪ ʩʦʙʩʪʚʝʥʥʳʡ ʧʫʙʣʠʯʥʳʡ ʢʣʶʯ RSA ʠ ʦʪʧʨʘʚʣʷʝʪ ʝʛʦ ʩʝʨʚʝʨʫ. ʉʝʨʚʝʨ ʛʝʥʝʨʠʨʫʝʪ 

ʩʠʤʤʝʪʨʠʯʥʳʡ ʢʣʶʯ AES, ʰʠʬʨʫʝʪ ʝʛʦ ʧʫʙʣʠʯʥʳʤ  ʢʣʶʯʦʤ ʢʣʠʝʥʪʘ ʠ ʦʪʧʨʘʚʣʷʝʪ ʢʣʠʝʥʪʫ. ʇʦʩʣʝ ʵʪʦʛʦ ʚʩʝ 

ʜʘʥʥʳʝ, ʧʝʨʝʜʘʚʘʝʤʳʝ ʤʝʞʜʫ ʢʣʠʝʥʪʦʤ ʠ ʩʝʨʚʝʨʦʤ, ʰʠʬʨʫʶʪʩʷ ʩ ʧʦʤʦʱʴʶ ʩʠʤʤʝʪʨʠʯʥʦʛʦ ʘʣʛʦʨʠʪʤʘ AES.  

ʉʝʨʚʝʨ ʩʦʦʙʱʘʝʪ ʦ ʟʘʚʝʨʰʝʥʠʠ ʩʦʛʣʘʩʦʚʘʥʠʷ ʙʝʟʦʧʘʩʥʦʩʪʠ ʧʦʪʦʢʘ, ʧʦʩʳʣʘʷ ʩʦʦʙʱʝʥʠʝ ʩ ʪʝʛʦʤ <processed>. 

 ʅʘ ʨʠʩ. 2 ʧʨʝʜʩʪʘʚʣʝʥ ʧʨʦʮʝʩʩ ʘʫʪʝʥʪʠʬʠʢʘʮʠʠ ʧʦʣʴʟʦʚʘʪʝʣʷ. 

 
ʈʠʩʫʥʦʢ 2 - ɸʫʪʝʥʪʠʬʠʢʘʮʠʠ ʧʦʣʴʟʦʚʘʪʝʣʷ 

 

 ʅʘ ʵʪʘʧʝ 2 ʩʝʨʚʝʨ ʧʦʩʳʣʘʝʪ ʢʣʠʝʥʪʫ ʩʦʦʙʱʝʥʠʝ ʩ ʪʝʛʦʤ <auth>, ʛʦʚʦʨʷʱʝʝ ʦ ʪʦʤ, ʯʪʦ ʢʣʠʝʥʪ ʜʦʣʞʝʥ 

ʘʫʪʝʥʪʠʬʠʮʠʨʦʚʘʪʴʩʷ. ʂʣʠʝʥʪ ʦʪʚʝʯʘʝʪ ʩʦʦʙʱʝʥʠʝʤ, ʩʦʜʝʨʞʘʱʠʤ ʝʛʦ ʣʦʛʠʥ ʠ ʭʝʰ ʦʪ ʧʘʨʦʣʷ. ʉʝʨʚʝʨ ʧʨʦʚʝʨʷʝʪ 

ʧʦʣʫʯʝʥʥʳʝ ʜʘʥʥʳʝ ʠ, ʝʩʣʠ ʘʫʪʝʥʪʠʬʠʢʘʮʠʷ ʧʨʦʰʣʘ ʫʩʧʝʰʥʦ, ʦʪʧʨʘʚʣʷʝʪ ʩʦʦʙʱʝʥʠʝ ʩ ʪʝʛʦʤ <sccess>. 

 ʅʘ ʨʠʩ. 3 ʧʨʝʜʩʪʘʚʣʝʥ ʧʨʦʮʝʩʩ ʦʙʝʩʧʝʯʝʥʠʷ ʙʝʟʦʧʘʩʥʦʩʪʠ ʜʘʥʥʳʭ ʥʘ ʫʨʦʚʥʝ ʧʦʣʴʟʦʚʘʪʝʣʝʡ. 

 
ʈʠʩʫʥʦʢ 3 - ʆʙʝʩʧʝʯʝʥʠʷ ʙʝʟʦʧʘʩʥʦʩʪʠ ʜʘʥʥʳʭ ʥʘ ʫʨʦʚʥʝ ʧʦʣʴʟʦʚʘʪʝʣʝʡ  

 ʉʦʦʙʱʝʥʠʷ ʤʝʞʜʫ ʢʣʠʝʥʪʘʤʠ ʦʪʧʨʘʚʣʷʶʪʩʷ ʯʝʨʝʟ ʩʝʨʚʝʨ. ʇʝʨʝʜ ʥʘʯʘʣʦʤ ʧʝʨʝʜʘʯʠ ʩʦʦʙʱʝʥʠʡ ʢʣʠʝʥʪʳ 

ʜʦʣʞʥʳ ʫʩʪʘʥʦʚʠʪʴ ʤʝʞʜʫ ʩʦʙʦʡ ʟʘʱʠʱʝʥʥʳʡ ʢʘʥʘʣ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ. ʂʣʠʝʥʪ, ʠʥʠʮʠʠʨʦʚʘʚʰʠʡ ʦʙʤʝʥ 

ʩʦʦʙʱʝʥʠʷʤʠ, ʧʝʨʝʜʘʝʪ ʩʚʦʡ ʧʫʙʣʠʯʥʳʡ RSA-ʢʣʶʯ ʢʣʠʝʥʪʫ-ʧʦʣʫʯʘʪʝʣʶ. ʇʦʣʫʯʘʪʝʣʴ ʛʝʥʝʨʠʨʫʝʪ ʩʦʙʩʪʚʝʥʥʳʡ 

ʧʫʙʣʠʯʥʳʡ ʢʣʶʯ ʠ ʦʪʧʨʘʚʣʷʝʪ ʝʛʦ ʠʥʠʮʠʘʪʦʨʫ. ʇʦʩʣʝ ʵʪʦʛʦ ʠʥʠʮʠʘʪʦʨ ʛʝʥʝʨʠʨʫʝʪ ʩʠʤʤʝʪʨʠʯʥʳʡ AES-ʢʣʶʯ, 

ʰʠʬʨʫʝʪ ʝʛʦ ʧʫʙʣʠʯʥʳʤ ʢʣʶʯʦʤ ʧʦʣʫʯʘʪʝʣʷ, ʦʪʧʨʘʚʣʷʝʪ ʧʦʣʫʯʘʪʝʣʶ. ʊʝʢʩʪ ʚʩʝʭ ʧʦʩʣʝʜʫʶʱʠʭ ʩʦʦʙʱʝʥʠʡ 

ʰʠʬʨʫʝʪʩʷ ʩ ʧʦʤʦʱʴʶ ʘʣʛʦʨʠʪʤʘ AES. ʇʦʩʣʝ ʵʪʦʛʦ ʠʥʠʮʠʘʪʦʨ ʠ ʧʦʣʫʯʘʪʝʣʴ ʦʙʤʝʥʠʚʘʶʪʩʷ ʧʫʙʣʠʯʥʳʤʠ RSA-

ʢʣʶʯʘʤʠ ʜʣʷ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʵʣʝʢʪʨʦʥʥʦ-ʮʠʬʨʦʚʦʡ ʧʦʜʧʠʩʠ. ʂʦʛʜʘ ʩʦʛʣʘʩʦʚʘʥʠʝ ʟʘʱʠʪʳ ʟʘʢʦʥʯʝʥʦ ʧʦʣʫʯʘʪʝʣʴ 

ʦʪʧʨʘʚʣʷʝʪ ʠʥʠʮʠʘʪʦʨʫ ʩʦʦʙʱʝʥʠʝ ʩʦ ʟʥʘʯʝʥʠʝʤ  success=true.  

 ʅʘ ʨʠʩ. 4 ʧʨʝʜʩʪʘʚʣʝʥ ʧʨʦʮʝʩʩ ʦʙʤʝʥʘ ʟʘʰʠʬʨʦʚʘʥʥʳʤʠ ʩʦʦʙʱʝʥʠʷʤʠ ʤʝʞʜʫ ʧʦʣʴʟʦʚʘʪʝʣʷʤʠ. 

  ʇʦʩʣʝ ʩʦʛʣʘʩʦʚʘʥʠʷ ʟʘʱʠʪʳ ʧʦʣʴʟʦʚʘʪʝʣʠ ʤʦʛʫʪ ʦʙʤʝʥʠʚʘʪʴʩʷ ʩʦʦʙʱʝʥʠʷʤʠ, ʢʦʪʦʨʳʝ ʰʠʬʨʫʶʪʩʷ ʩ 

ʧʦʤʦʱʴʶ ʘʣʛʦʨʠʪʤʘ AES ʠ ʧʦʜʧʠʩʳʚʘʶʪʩʷ ʩ ʧʦʤʦʱʴʶ ʵʣʝʢʪʨʦʥʥʦ-ʮʠʬʨʦʚʦʡ ʧʦʜʧʠʩʠ. 
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ʈʠʩʫʥʦʢ 4ïʇʨʦʮʝʩʩ ʦʙʤʝʥʘ ʟʘʰʠʬʨʦʚʘʥʥʳʤʠ ʩʦʦʙʱʝʥʠʷʤʠ ʤʝʞʜʫ ʢʣʠʝʥʪʘʤʠ 

ɺʳʚʦʜʳ 

 ɹʳʣ ʧʨʦʚʝʜʝʥ ʦʙʟʦʨ ʩʫʱʝʩʪʚʫʶʱʠʭ ʤʝʩʝʥʜʞʝʨʦʚ, ʧʦʜʜʝʨʞʠʚʘʶʱʠʭ ʟʘʱʠʪʫ ʥʘ ʫʨʦʚʥʝ ʩʦʦʙʱʝʥʠʡ. 

ɹʳʣʠ ʨʘʩʩʤʦʪʨʝʥʳ ʩʫʱʝʩʪʚʫʶʱʠʝ ʤʝʭʘʥʠʟʤʳ ʟʘʱʠʪʳ ʜʘʥʥʳʭ ʜʣʷ ʩʠʩʪʝʤ ʤʛʥʦʚʝʥʥʦʛʦ ʦʙʤʝʥʘ ʩʦʦʙʱʝʥʠʷʤʠ. ɺ 

ʨʘʤʢʘʭ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʙʳʣ ʧʨʦʚʝʜʝʥ ʥʘʯʘʣʴʥʳʡ ʵʪʘʧ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʘʚʪʦʨʩʢʦʡ ʧʨʦʛʨʘʤʤʳ-ʤʝʩʝʥʜʞʝʨʘ. ɺ 

ʜʘʣʴʥʝʡʰʝʤ ʧʣʘʥʠʨʫʝʪʩʷ ʨʝʘʣʠʟʦʚʘʪʴ ʦʧʠʩʘʥʥʦʝ ʧʨʠʣʦʞʝʥʠʝ ʠ ʨʘʩʰʠʨʠʪʴ ʝʛʦ ʬʫʥʢʮʠʦʥʘʣʴʥʦʩʪʴ 

ʚʦʟʤʦʞʥʦʩʪʴʶ ʦʨʛʘʥʠʟʘʮʠʠ ʟʘʱʠʱʝʥʥʳʭ ʛʨʫʧʧʦʚʳʭ ʯʘʪʦʚ ʠ ʧʝʨʝʜʘʯʝʡ ʬʘʡʣʦʚ.  
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ɽʛʦʨʦʚ ɸ.ɸ., ʏʝʨʥʳʰʦʚʘ ɸ.ɺ., ɻʫʙʝʥʢʦ ʅ.ɽ. ɸʥʘʣʠʟ ʩʨʝʜʩʪʚ ʟʘʱʠʪʳ ʙʦʣʴʰʠʭ ʜʘʥʥʳʭ ʚ 

ʨʘʩʧʨʝʜʝʣʝʥʥʳʭ ʩʠʩʪʝʤʘʭ. ɺ ʩʪʘʪʴʝ ʦʧʠʩʘʥʘ ʠ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥʘ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʙʝʟʦʧʘʩʥʦʩʪʠ 

ʨʘʩʧʨʝʜʝʣʝʥʥʘʷ ʤʦʜʝʣʴ ʦʙʨʘʙʦʪʢʠ ʜʘʥʥʳʭ (MapReduce). ɺʳʧʦʣʥʝʥ ʦʙʟʦʨ ʩʫʱʝʩʪʚʫʶʱʠʭ 

ʬʨʝʡʤʚʦʨʢʦʚ ʦʙʨʘʙʦʪʢʠ ʙʦʣʴʰʠʭ ʜʘʥʥʳʭ ʩ ʦʧʠʩʘʥʠʝʤ ʦʩʥʦʚʥʳʭ ʠʭ ʚʦʟʤʦʞʥʦʩʪʝʡ. ʇʨʝʜʩʪʘʚʣʝʥ 

ʘʥʘʣʠʟ ʩʫʱʝʩʪʚʫʶʱʠʭ ʩʨʝʜʩʪʚ ʟʘʱʠʪʳ ʜʣʷ ʨʘʩʧʨʝʜʝʣʝʥʥʳʭ ʩʠʩʪʝʤ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʨʘʩʧʨʝʜʝʣʝʥʥʘʷ ʩʠʩʪʝʤʘ, ʙʦʣʴʰʠʝ ʜʘʥʥʳʝ, ʦʙʨʘʙʦʪʢʘ ʜʘʥʥʳʭ, MapReduce, 

NoSQL, ʨʘʩʧʨʝʜʝʣʝʥʥʘʷ ʬʘʡʣʦʚʘʷ ʩʠʩʪʝʤʘ, ʙʝʟʦʧʘʩʥʦʩʪʴ ʜʘʥʥʳʭ, ʩʨʝʜʩʪʚʘ ʟʘʱʠʪʳ, SSL, TLS.  

 

ɺʚʝʜʝʥʠʝ 

ʂʦʥʮʝʧʮʠʷ ʙʦʣʴʰʠʭ ʜʘʥʥʳʭ (ñBigDataò) ʥʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʘʢʪʠʚʥʦ ʧʨʠʤʝʥʷʝʪʩʷ ʚʝʜʫʱʠʤʠ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʤʠ ʢʦʤʧʘʥʠʷʤʠ ʚʦ ʤʥʦʛʠʭ ʦʪʨʘʩʣʷʭ. ʅʘʠʙʦʣʝʝ ʧʦʧʫʣʷʨʥʦʝ ʠʭ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʟʘʤʝʯʝʥʦ ʚ 

ʪʦʨʛʦʚʣʝ, ʟʜʨʘʚʦʦʭʨʘʥʝʥʠʠ, ʪʝʣʝʢʦʤʤʫʥʠʢʘʮʠʷʭ, ʚ ʬʠʥʘʥʩʦʚʳʭ ʢʦʤʧʘʥʠʷʭ, ʘ ʪʘʢʞʝ ʚ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʤ 

ʫʧʨʘʚʣʝʥʠʠ [1].  

ʇʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʜʘʥʥʦʡ ʪʝʭʥʦʣʦʛʠʠ ʚ ʨʦʟʥʠʯʥʳʭ ʤʘʛʘʟʠʥʘʭ ʤʦʞʥʦ ʥʘʢʦʧʠʪʴ ʤʥʦʞʝʩʪʚʦ ʠʥʬʦʨʤʘʮʠʠ 

ʦ ʢʣʠʝʥʪʘʭ, ʩʠʩʪʝʤʝ ʫʧʨʘʚʣʝʥʠʷ ʟʘʧʘʩʘʤʠ, ʧʦʩʪʘʚʢʘʤʠ ʪʦʚʘʨʥʦʡ ʧʨʦʜʫʢʮʠʠ. ʉ ʧʦʤʦʱʴʶ ʧʦʣʫʯʝʥʥʦʡ 

ʠʥʬʦʨʤʘʮʠʠ ʤʦʞʥʦ ʧʨʦʛʥʦʟʠʨʦʚʘʪʴ ʩʧʨʦʩ ʠʣʠ ʧʦʩʪʘʚʢʠ ʪʦʚʘʨʘ, ʘ ʪʘʢʞʝ ʦʧʪʠʤʠʟʠʨʦʚʘʪʴ ʟʘʪʨʘʪʳ. 

ɺ ʬʠʥʘʥʩʦʚʳʭ ʢʦʤʧʘʥʠʷʭ ʙʦʣʴʰʠʝ ʜʘʥʥʳʝ ʧʨʝʜʦʩʪʘʚʣʷʶʪ ʚʦʟʤʦʞʥʦʩʪʴ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʪʴ 

ʢʨʝʜʠʪʦʩʧʦʩʦʙʥʦʩʪʴ ʟʘʝʤʱʠʢʘ, ʪ. ʝ. ʥʘ ʦʩʥʦʚʝ ʚʳʷʚʣʝʥʥʦʛʦ ʦʙʦʨʦʪʘ ʜʝʥʝʞʥʳʭ ʩʨʝʜʩʪʚ ʧʦʜʦʙʨʘʪʴ ʚʳʛʦʜʥʳʝ ʠ 

ʦʧʪʠʤʘʣʴʥʳʝ ʫʩʣʦʚʠʷ ʢʨʝʜʠʪʦʚʘʥʠʷ, ʧʨʝʜʣʦʞʠʪʴ ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʧʦʜʭʦʜʷʱʠʝ ʝʤʫ ʙʘʥʢʦʚʩʢʠʝ ʫʩʣʫʛʠ. 

ʇʨʠʤʝʥʝʥʠʝ ʪʘʢʦʛʦ ʧʦʜʭʦʜʘ ʧʦʟʚʦʣʠʪ ʟʥʘʯʠʪʝʣʴʥʦ ʩʦʢʨʘʪʠʪʴ ʚʨʝʤʷ ʨʘʩʩʤʦʪʨʝʥʠʷ ʟʘʷʚʦʢ.  

ʆʧʝʨʘʪʦʨʳ ʩʦʪʦʚʦʡ ʩʚʷʟʠ ʪʘʢʞʝ ʢʘʢ ʠ ʬʠʥʘʥʩʦʚʳʝ ʦʨʛʘʥʠʟʘʮʠʠ ʠʤʝʶʪ ʦʛʨʦʤʥʳʝ ʙʘʟʳ ʜʘʥʥʳʭ, ʯʪʦ 

ʧʦʟʚʦʣʷʝʪ ʠʤ ʧʨʦʚʦʜʠʪʴ ʜʝʪʘʣʴʥʳʡ ʘʥʘʣʠʟ ʥʘʢʦʧʣʝʥʥʦʡ ʠʥʬʦʨʤʘʮʠʠ. ʇʦʤʠʤʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ Big Data ʚ ʮʝʣʷʭ 

ʧʨʝʜʦʩʪʘʚʣʝʥʠʷ ʢʘʯʝʩʪʚʝʥʥʳʭ ʫʩʣʫʛ ʪʝʭʥʦʣʦʛʠʶ ʤʦʞʥʦ ʧʨʠʤʝʥʠʪʴ ʜʣʷ ʚʳʷʚʣʝʥʠʷ ʠ ʧʨʝʜʦʪʚʨʘʱʝʥʠʷ 

ʤʦʰʝʥʥʠʯʝʩʪʚʘ. 

ʇʨʝʜʧʨʠʷʪʠʷ ʛʦʨʥʦʜʦʙʳʚʘʶʱʝʡ ʠ ʪʦʧʣʠʚʥʦ-ʥʝʬʪʷʥʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʤʦʛʫʪ ʥʘʢʘʧʣʠʚʘʪʴ ʠʥʬʦʨʤʘʮʠʶ 

ʦ ʢʦʣʠʯʝʩʪʚʝ ʜʦʙʳʪʦʡ ʧʨʦʜʫʢʮʠʠ ʠ ʥʘ ʦʩʥʦʚʘʥʠʠ ʵʪʠʭ ʜʘʥʥʳʭ ʜʝʣʘʪʴ ʚʳʚʦʜʳ ʦʙ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʨʘʟʨʘʙʦʪʢʠ 

ʤʝʩʪʦʨʦʞʜʝʥʠʷ, ʩʣʝʜʠʪʴ ʟʘ ʩʦʩʪʦʷʥʠʝʤ ʦʙʦʨʫʜʦʚʘʥʠʷ, ʩʪʨʦʠʪʴ ʛʨʘʬʠʢʠ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʩʧʨʦʩʘ ʥʘ ʧʨʦʜʫʢʮʠʶ. 

ɺʩʝ ʚʳʰʝ ʧʝʨʝʯʠʩʣʝʥʥʳʝ ʧʨʠʤʝʥʝʥʠʷ ʪʝʭʥʦʣʦʛʠʠ ʙʦʣʴʰʠʭ ʜʘʥʥʳʭ ʥʫʞʜʘʶʪʩʷ ʚ ʦʧʨʝʜʝʣʝʥʥʦʡ ʟʘʱʠʪʝ 

ʠʥʬʦʨʤʘʮʠʠ. ʅʘʧʨʠʤʝʨ, ʥʘʯʠʥʘʶʱʝʡ ʬʠʥʘʥʩʦʚʦʡ ʢʦʤʧʘʥʠʠ ʤʦʞʥʦ ʥʘʥʝʩʪʠ ʙʦʣʴʰʦʡ ʤʘʪʝʨʠʘʣʴʥʳʡ ʫʱʝʨʙ, 

ʝʩʣʠ ʢʦʥʢʫʨʠʨʫʶʱʘʷ ʬʠʨʤʘ ʧʦʣʫʯʠʪ ʜʦʩʪʫʧ ʢ ʥʘʢʦʧʣʝʥʥʳʤ ʠʣʠ ʦʙʨʘʙʦʪʘʥʥʳʤ ʜʘʥʥʳʤ. ʅʦ ʥʘʠʙʦʣʴʰʠʡ ʫʨʦʥ 

ʤʦʞʥʦ ʥʘʥʝʩʪʠ ʪʦʧʣʠʚʥʦ-ʵʥʝʨʛʝʪʠʯʝʩʢʠʤ ʧʨʝʜʧʨʠʷʪʠʷʤ, ʢʦʪʦʨʳʝ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʩʚʷʟʘʥʳ ʩ ʛʦʩʫʜʘʨʩʪʚʦʤ. 

ɸʢʪʫʘʣʴʥʦʩʪʴ ʨʘʙʦʪʳ ʦʙʫʩʣʦʚʣʝʥʘ ʪʝʤ, ʯʪʦ ʙʦʣʴʰʠʝ ʜʘʥʥʳʝ, ʢʦʪʦʨʳʝ ʦʙʨʘʙʘʪʳʚʘʝʪ ʨʘʩʧʨʝʜʝʣʝʥʥʘʷ 

ʩʠʩʪʝʤʘ ʤʦʛʫʪ ʙʳʪʴ: 

- ʢʦʥʬʠʜʝʥʮʠʘʣʴʥʳʤʠ; 

- ʦʙʨʘʙʘʪʳʚʘʪʴʩʷ ʫ ʜʨʫʛʠʭ ʧʨʦʚʘʡʜʝʨʦʚ, ʧʨʝʜʦʩʪʘʚʣʷʶʱʠʭ ʦʙʣʘʯʥʫʶ ʠʥʬʨʘʩʪʨʫʢʪʫʨʫ ʢʘʢ ʫʩʣʫʛʫ 

(IaaS), ʥʘʧʨʠʤʝʨ Amazon EC2, Google Compute Engine, Microsoft Azure ʠ ʪ. ʜ. 

ʀʩʭʦʜʷ ʠʟ ʵʪʦʛʦ, ʥʝʦʙʭʦʜʠʤʦ ʧʦʩʪʨʦʠʪʴ/ʚʳʙʨʘʪʴ ʤʥʦʛʦʫʨʦʚʥʝʚʫʶ ʟʘʱʠʪʫ ʩ ʚʦʟʤʦʞʥʦʩʪʴʶ ʜʦʙʘʚʣʝʥʠʷ 

ʠʣʠ ʫʜʘʣʝʥʠʷ ʦʧʨʝʜʝʣʝʥʥʦʛʦ ʫʨʦʚʥʷ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʩʝʪʝʚʦʡ ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ ʠ ʦʙʨʘʙʘʪʳʚʘʝʤʳʭ ʜʘʥʥʳʭ, 

ʨʝʰʘʶʱʠʭ ʦʧʨʝʜʝʣʝʥʥʫʶ ʟʘʜʘʯʫ. 

ʎʝʣʴ ʨʘʙʦʪʳ: ʠʩʩʣʝʜʦʚʘʪʴ ʩʫʱʝʩʪʚʫʶʱʠʝ ʩʨʝʜʩʪʚʘ ʦʙʨʘʙʦʪʢʠ ʜʘʥʥʳʭ ʚ ʨʘʩʧʨʝʜʝʣʝʥʥʳʭ ʩʠʩʪʝʤʘʭ, 

ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʪʴ ʠʭ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʟʘʱʠʪʳ ʜʘʥʥʳʭ. 

ʄʦʜʝʣʴ ʦʙʨʘʙʦʪʢʠ ʜʘʥʥʳʭ ʠ ʘʥʘʣʠʟ ʝʝ ʙʝʟʦʧʘʩʥʦʩʪʠ 

ɺ ʦʩʥʦʚʫ ʦʙʨʘʙʦʪʢʠ ʜʘʥʥʳʭ ʚ ʨʘʩʧʨʝʜʝʣʝʥʥʳʭ ʩʠʩʪʝʤʘʭ ʧʦʣʦʞʝʥʘ ʤʦʜʝʣʴ MapReduce. ɻʣʘʚʥʳʤ 

ʜʦʩʪʦʠʥʩʪʚʦʤ ʪʘʢʦʡ ʤʦʜʝʣʠ ʷʚʣʷʝʪʩʷ ʧʨʦʩʪʘʷ ʤʘʩʰʪʘʙʠʨʫʝʤʦʩʪʴ ʧʨʠ ʥʘʣʠʯʠʠ ʥʝʩʢʦʣʴʢʠʭ ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ 

ʫʟʣʦʚ. ʈʘʙʦʪʘ MapReduce ʩʦʩʪʦʠʪ ʚ ʦʩʥʦʚʥʦʤ ʠʟ ʜʚʫʭ ʰʘʛʦʚ: Map (ʦʪʦʙʨʘʞʝʥʠʝ, ʨʘʩʧʨʝʜʝʣʝʥʠʝ) ʠ Reduce 
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(ʩʚʝʨʪʢʘ, ʨʝʜʫʢʮʠʷ) [2]. 

ʅʘ ʰʘʛʝ ʦʪʦʙʨʘʞʝʥʠʷ (Map) ʚʳʧʦʣʥʷʝʪʩʷ ʧʨʝʜʚʘʨʠʪʝʣʴʥʘʷ ʦʙʨʘʙʦʪʢʘ ʚʭʦʜʥʳʭ ʜʘʥʥʳʭ. ɼʣʷ ʵʪʦʛʦ ʦʜʠʥ ʠʟ 

ʛʣʘʚʥʳʭ ʫʟʣʦʚ (ʦʙʳʯʥʦ ʥʘʟʳʚʘʝʪʩʷ master ʠʣʠ leader node) ʧʦʣʫʯʘʝʪ ʚʭʦʜʥʳʝ ʜʘʥʥʳʝ ʨʝʰʘʝʤʦʡ ʟʘʜʘʯʠ ʠ 

ʨʘʟʜʝʣʷʝʪ ʠʭ ʥʘ ʥʝʟʘʚʠʩʠʤʳʝ ʯʘʩʪʠ. ʅʘʧʨʠʤʝʨ, ʬʘʡʣ ʩ ʣʦʛʘʤʠ ʩʦʜʝʨʞʘʱʠʡ 1000 ʩʪʨʦʢ, ʤʦʞʥʦ ʨʘʟʜʝʣʠʪʴ ʥʘ 10 

ʯʘʩʪʝʡ ʧʦ 100 ʩʪʨʦʢ. ʇʦʩʣʝ ʪʦʛʦ, ʢʘʢ ʜʘʥʥʳʝ ʨʘʟʜʝʣʝʥʳ, ʠʭ ʧʝʨʝʜʘʶʪ ʜʨʫʛʠʤ ʨʘʙʦʯʠʤ ʫʟʣʘʤ (slave ʠʣʠ follower 

nodes) ʜʣʷ ʜʘʣʴʥʝʡʰʝʡ ʦʙʨʘʙʦʪʢʠ. 

ʅʘ ʰʘʛʝ ʨʝʜʫʢʮʠʠ (Reduce) ʧʨʦʠʩʭʦʜʠʪ ʩʚʝʨʪʢʘ ʦʙʨʘʙʦʪʘʥʥʳʭ ʜʘʥʥʳʭ. ʋʟʝʣ, ʦʪʚʝʯʘʶʱʠʡ ʟʘ ʨʝʰʝʥʠʝ 

ʟʘʜʘʯʠ, ʧʦʣʫʯʘʝʪ ʦʪʚʝʪʳ ʦʪ ʨʘʙʦʯʠʭ ʫʟʣʦʚ ʠ ʥʘ ʠʭ ʦʩʥʦʚʝ ʬʦʨʤʠʨʫʝʪʩʷ ʨʝʟʫʣʴʪʘʪ. 

ʏʪʦʙʳ ʚʩʝ ʩʦʩʪʘʚʣʷʶʱʠʝ ʬʫʥʢʮʠʠ MapReduce ʤʦʛʣʠ ʢʦʨʨʝʢʪʥʦ ʠ ʩʦʚʤʝʩʪʥʦ ʚʳʧʦʣʥʷʪʴ ʚʳʯʠʩʣʝʥʠʷ, 

ʥʝʦʙʭʦʜʠʤʦ ʧʨʠʥʷʪʴ ʥʝʢʦʪʦʨʦʝ ʩʦʛʣʘʰʝʥʠʝ ʦ ʝʜʠʥʦʡ ʩʪʨʫʢʪʫʨʝ ʦʙʨʘʙʘʪʳʚʘʝʤʳʭ ʜʘʥʥʳʭ. ʆʥʦ ʜʦʣʞʥʦ ʙʳʪʴ 

ʜʦʩʪʘʪʦʯʥʦ ʛʠʙʢʠʤ ʠ ʦʙʱʠʤ, ʘ ʪʘʢʞʝ ʦʪʚʝʯʘʪʴ ʧʦʪʨʝʙʥʦʩʪʷʤ ʙʦʣʴʰʠʥʩʪʚʘ ʧʨʠʣʦʞʝʥʠʡ ʦʙʨʘʙʦʪʢʠ ʜʘʥʥʳʭ. ɺ 

MapReduce ʚ ʢʘʯʝʩʪʚʝ ʦʩʥʦʚʥʳʭ ʧʨʠʤʠʪʠʚʦʚ ʠʩʧʦʣʴʟʫʶʪʩʷ ʩʧʠʩʢʠ ʠ ʧʘʨʳ ʢʣʶʯ / ʟʥʘʯʝʥʠʝ. ɺ ʨʦʣʠ ʢʣʶʯʝʡ ʠ 

ʟʥʘʯʝʥʠʡ ʤʦʛʫʪ ʚʳʩʪʫʧʘʪʴ ʮʝʣʳʝ ʯʠʩʣʘ, ʩʪʨʦʢʠ ʠʣʠ ʩʦʩʪʘʚʥʳʝ ʦʙʲʝʢʪʳ, ʯʘʩʪʴ ʟʥʘʯʝʥʠʡ ʢʦʪʦʨʳʭ ʤʦʞʝʪ ʙʳʪʴ 

ʧʨʦʠʛʥʦʨʠʨʦʚʘʥʘ ʧʨʠ ʜʘʣʴʥʝʡʰʝʡ ʦʙʨʘʙʦʪʢʝ [3]. 

ʅʘ ʨʠʩʫʥʢʝ 1 ʧʦʢʘʟʘʥʘ ʫʧʨʦʱʝʥʥʘʷ ʩʭʝʤʘ ʧʦʪʦʢʘ ʜʘʥʥʳʭ ʚ ʤʦʜʝʣʠ MapReduce [4]. 

 

 
ʈʠʩʫʥʦʢ 1 ï ʉʭʝʤʘ ʧʦʪʦʢʘ ʜʘʥʥʳʭ ʚ ʤʦʜʝʣʠ MapReduce 

 

ʂʘʢ ʚʠʜʥʦ ʠʟ ʨʠʩʫʥʢʘ 1, ʜʘʥʥʘʷ ʤʦʜʝʣʴ ʠʤʝʝʪ ʤʥʦʛʦ ʪʦʯʝʢ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ ʠ ʧʦʵʪʦʤʫ ʥʫʞʜʘʝʪʩʷ ʚ 

ʦʧʨʝʜʝʣʝʥʥʦʡ ʟʘʱʠʪʝ ʠʥʬʦʨʤʘʮʠʠ. ʅʘʧʨʠʤʝʨ, ʧʨʠ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ ʧʦ ʩʝʪʠ ʧʦʩʣʝ ʛʨʫʧʧʠʨʦʚʢʠ ʧʦ ʢʣʶʯʫ, 

ʟʣʦʫʤʳʰʣʝʥʥʠʢ ʤʦʞʝʪ ʜʦʙʘʚʠʪʴ ʠʣʠ ʫʙʨʘʪʴ ʦʙʨʘʙʦʪʘʥʥʳʝ ʜʘʥʥʳʝ ʠ ʪʝʤ ʩʘʤʳʤ ʥʘʨʫʰʠʪʴ ʦʙʱʠʡ ʨʝʟʫʣʴʪʘʪ 

ʟʘʜʘʯʠ. ʉʠʪʫʘʮʠʶ ʤʦʞʝʪ ʫʩʫʛʫʙʠʪʴ ʬʘʢʪ ʪʦʛʦ, ʯʪʦ ʦʙʨʘʙʦʪʢʘ ʧʨʦʠʩʭʦʜʠʪ ʥʝ ʚ ʩʚʦʝʡ ʯʘʩʪʥʦʡ ʣʦʢʘʣʴʥʦʡ 

ʢʦʤʧʴʶʪʝʨʥʦʡ ʩʝʪʠ, ʘ ʠʩʧʦʣʴʟʫʝʪʩʷ ʠʥʬʨʘʩʪʨʫʢʪʫʨʘ ʜʨʫʛʠʭ ʧʨʦʚʘʡʜʝʨʦʚ. ʆʜʥʦ ʠʟ ʦʯʝʚʠʜʥʦʛʦ ʠ ʧʨʦʩʪʦʛʦ 

ʨʝʰʝʥʠʷ ʤʦʞʝʪ ʩʣʫʞʠʪʴ ʨʘʟʜʝʣʝʥʠʝ ʢʦʥʬʠʜʝʥʮʠʘʣʴʥʳʭ ʜʘʥʥʳʭ (ʠʤʝʥʠ, ʣʦʛʠʥʘ ʧʦʣʴʟʦʚʘʪʝʣʷ) ʠ ʝʛʦ 

ʦʙʨʘʙʘʪʳʚʘʝʤʳʭ ʜʘʥʥʳʭ (ʢʦʣʠʯʝʩʪʚʦ ʚʟʷʪʳʭ ʢʨʝʜʠʪʦʚ ʠ ʪ. ʜ.). ʇʨʠ ʵʪʦʤ ʚ ʢʘʯʝʩʪʚʝ ʢʣʶʯʘ ʤʦʞʝʪ 

ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʭʝʰ-ʟʥʘʯʝʥʠʝ ʢʦʥʬʠʜʝʥʮʠʘʣʴʥʳʭ ʜʘʥʥʳʭ. ʅʦ ʜʘʥʥʳʡ ʧʦʜʭʦʜ ʥʝ ʨʝʰʘʝʪ ʧʨʦʙʣʝʤʫ, ʝʩʣʠ ʩʘʤʠ 

ʟʥʘʯʝʥʠʷ ʦʙʨʘʙʘʪʳʚʘʝʤʳʭ ʜʘʥʥʳʭ ʷʚʣʷʶʪʩʷ ʩʝʢʨʝʪʥʳʤʠ. ʇʨʠ ʪʘʢʦʡ ʩʠʪʫʘʮʠʠ ʥʝʦʙʭʦʜʠʤʦ ʰʠʬʨʦʚʘʪʴ ʠ 

ʨʘʩʰʠʬʨʦʚʳʚʘʪʴ ʩʠʤʤʝʪʨʠʯʥʳʤʠ ʘʣʛʦʨʠʪʤʘʤʠ ʧʝʨʝʜʘʚʘʝʤʳʝ ʜʘʥʥʳʝ ʚʦ ʚʨʝʤʷ ʦʙʨʘʙʦʪʢʠ ʜʘʥʥʳʭ ʫʟʣʦʤ. 

ʆʙʟʦʨ ʠʥʩʪʨʫʤʝʥʪʦʚ ʜʣʷ ʦʙʨʘʙʦʪʢʠ ʜʘʥʥʳʭ 

ɹʦʣʴʰʠʥʩʪʚʦ ʜʦʢʫʤʝʥʪʥʦ-ʦʨʠʝʥʪʠʨʦʚʘʥʥʳʭ ʙʘʟ ʜʘʥʥʭr, ʥʘʧʨʠʤʝʨ, ʢʘʢ CouchDB, ʧʦʜʜʝʨʞʠʚʘʶʪ 

ʫʧʨʦʱʝʥʥʫʶ ʨʘʩʧʨʝʜʝʣʝʥʥʫʶ ʤʦʜʝʣʴ ʦʙʨʘʙʦʪʢʠ ʜʘʥʥʳʭ MapReduce. ʕʪʦ ʧʦʟʚʦʣʷʝʪ ʧʨʦʠʟʚʦʜʠʪʴ ʧʘʨʘʣʣʝʣʴʥʳʝ 

ʚʳʯʠʩʣʝʥʠʷ ʥʘ ʤʥʦʛʦʷʜʝʨʥʦʤ ʧʨʦʮʝʩʩʦʨʝ. ʅʦ ʢʘʢ ʪʘʢʦʚʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʚʳʯʠʩʣʝʥʠʡ ʥʘ ʥʝʩʢʦʣʴʢʦ ʫʟʣʦʚ ʥʝ 

ʧʨʦʠʟʚʦʜʠʪʩʷ, ʚʤʝʩʪʦ ʵʪʦʛʦ ʠʩʧʦʣʴʟʫʝʪʩʷ ʤʝʭʘʥʠʟʤ ʨʝʧʣʠʢʘʮʠʠ [5]. 
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ʇʦʤʠʤʦ NoSQL ʙʘʟ ʜʘʥʥʳʭ, ʩʫʱʝʩʪʚʫʶʪ ʠ ʨʘʟʣʠʯʥʳʝ ʬʨʝʡʤʚʦʨʢʠ, ʢʦʪʦʨʳʝ ʫʧʨʦʱʘʶʪ ʥʘʧʠʩʘʥʠʝ ʠ 

ʩʦʧʨʦʚʦʞʜʝʥʠʝ ʨʘʩʧʨʝʜʝʣʝʥʥʳʭ ʧʨʦʛʨʘʤʤ. ɹʦʣʴʰʠʥʩʪʚʦ ʧʨʦʛʨʘʤʤʥʳʭ ʢʘʨʢʘʩʦʚ ʠʤʝʶʪ ʦʪʢʨʳʪʳʡ ʠʩʭʦʜʥʳʡ 

ʢʦʜ (Open Source) ʠ ʧʦʜʜʝʨʞʠʚʘʶʪʩʷ ʦʛʨʦʤʥʳʤ ʩʦʦʙʱʝʩʪʚʦʤ ʧʨʦʛʨʘʤʤʠʩʪʦʚ ʩʦ ʚʩʝʛʦ ʤʠʨʘ. ʇʨʠʚʝʜʸʤ ʘʥʘʣʠʟ 

ʦʩʥʦʚʥʳʭ ʩʚʦʡʩʪʚ ʠ ʦʩʦʙʝʥʥʦʩʪʝʡ ʥʝʢʦʪʦʨʳʭ ʠʟ ʵʪʠʭ ʩʠʩʪʝʤ. 

Disco ï ʨʘʩʧʨʝʜʝʣʝʥʥʘʷ ʩʠʩʪʝʤʘ ʜʣʷ ʦʙʨʘʙʦʪʢʠ ʜʘʥʥʳʭ (MapReduce framework), ʥʘʧʠʩʘʥʥʘʷ ʥʘ ʷʟʳʢʘʭ 

Python/Erlang [6]. ʂʘʢ ʠ ʦʨʠʛʠʥʘʣʴʥʘʷ, ʨʘʩʧʨʝʜʝʣʝʥʥʘʷ MapReduce-ʩʠʩʪʝʤʘ, ʦʧʫʙʣʠʢʦʚʘʥʥʘʷ ʢʦʤʧʘʥʠʝʡ Google 

[7-8], ʧʦʜʜʝʨʞʠʚʘʝʪ ʧʘʨʘʣʣʝʣʴʥʳʝ ʚʳʯʠʩʣʝʥʠʷ ʥʘʜ ʙʦʣʴʰʠʤʠ ʦʙʲʝʤʘʤʠ ʜʘʥʥʳʭ ʥʘ ʢʣʘʩʪʝʨʝ ʢʦʤʧʴʶʪʝʨʦʚ. ʕʪʦ 

ʜʝʣʘʝʪ ʝʝ ʠʜʝʘʣʴʥʳʤ ʠʥʩʪʨʫʤʝʥʪʦʤ ʜʣʷ ʘʥʘʣʠʟʘ ʠ ʦʙʨʘʙʦʪʢʠ ʙʦʣʴʰʠʭ ʥʘʙʦʨʦʚ ʜʘʥʥʳʭ ʙʝʟ ʥʝʦʙʭʦʜʠʤʦʩʪʠ 

ʟʘʙʦʪʠʪʩɹʷ ʦ ʩʣʦʞʥʳʭ ʪʝʭʥʠʯʝʩʢʠʭ ʚʦʧʨʦʩʘʭ, ʩʚʷʟʘʥʥʳʭ ʩ ʨʘʩʧʨʝʜʝʣʝʥʥʦʡ ʦʙʨʘʙʦʪʢʦʡ, ʥʘʧʨʠʤʝʨ, ʪʘʢʠʭ, ʢʘʢ 

ʪʨʘʥʩʧʦʨʪʥʳʝ ʧʨʦʪʦʢʦʣʳ, ʙʘʣʘʥʩʠʨʦʚʢʘ ʥʘʛʨʫʟʢʠ, ʙʣʦʢʠʨʦʚʢʘ, ʨʘʩʧʠʩʘʥʠʝ ʟʘʜʘʯ ʠʣʠ ʦʪʢʘʟʦʫʩʪʦʡʯʠʚʦʩʪʴ. 

ʇʨʦʝʢʪ Disco ʙʳʣ ʩʦʟʜʘʥ ʚ 2008 ʛʦʜʫ ʮʝʥʪʨʦʤ ʠʩʩʣʝʜʦʚʘʥʠʷ Nokia ʜʣʷ ʨʝʰʝʥʠʷ ʟʥʘʯʠʤʳʭ ʧʨʦʙʣʝʤ ʧʨʠ ʨʘʙʦʪʝ ʩ 

ʙʦʣʴʰʠʤʠ ʦʙʲʝʤʘʤʠ ʜʘʥʥʳʭ. ʈʘʩʧʨʝʜʝʣʝʥʥʘʷ ʩʠʩʪʝʤʘ ʘʢʪʠʚʥʦ ʨʘʟʚʠʚʘʝʪʩʷ ʠ ʧʦʜʜʝʨʞʠʚʘʝʪʩʷ ʢʦʤʧʘʥʠʝʡ Nokia 

ʠ ʜʨʫʛʠʤʠ ʢʦʤʧʘʥʠʷʤʠ, ʢʦʪʦʨʳʝ ʠʩʧʦʣʴʟʫʶʪ ʝʝ ʜʣʷ ʮʝʣʝʡ ʘʥʘʣʠʟʘ ʣʦʛʦʚ ʧʦʣʴʟʦʚʘʪʝʣʝʡ, ʚʝʨʦʷʪʥʦʩʪʥʦʛʦ 

ʤʦʜʝʣʠʨʦʚʘʥʠʷ, ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʦʛʦ ʘʥʘʣʠʟʘ ʜʘʥʥʳʭ (Data Mining) ʠ ʧʦʣʥʦʪʝʢʩʪʦʚʦʛʦ ʠʥʜʝʢʩʠʨʦʚʘʥʠʷ. ʉʨʝʜʠ 

ʦʩʦʙʝʥʥʦʩʪʝʡ ʜʘʥʥʦʡ ʩʠʩʪʝʤʳ ʥʝʦʙʭʦʜʠʤʦ ʦʪʤʝʪʠʪʴ ʩʣʝʜʫʶʱʠʝ: 

- ʧʨʦʩʪʘʷ ʫʩʪʘʥʦʚʢʘ ʥʘ Linux, Mac OS X, ʠ FreeBSD; 

- ʵʬʬʝʢʪʠʚʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʜʘʥʥʳʭ ʟʘ ʩʯʝʪ ʨʘʩʧʨʝʜʝʣʝʥʥʦʡ ʬʘʡʣʦʚʦʡ ʩʠʩʪʝʤʳ Disco Distributed 

Filesystem; 

- ʧʦʜʜʝʨʞʢʘ ʧʨʦʬʠʣʠʨʦʚʘʥʠʷ ʠ ʦʪʣʘʜʢʠ ʟʘʜʘʥʠʡ MapReduce; 

- ʟʘʧʫʩʢ ʟʘʜʘʯ, ʥʘʧʠʩʘʥʥʳʭ ʥʘ ʨʘʟʥʳʭ ʷʟʳʢʘʭ, ʠʩʧʦʣʴʟʫʶʱʠʭ ʩʦʙʩʪʚʝʥʥʳʡ ʧʨʦʪʦʢʦʣ ʟʘʜʘʥʠʡ; 

- ʧʦʩʪʨʦʝʥʠʝ ʟʘʧʨʦʩʦʚ ʠ ʠʥʜʝʢʩʦʚ ʜʣʷ ʤʠʣʣʠʘʨʜʦʚ ʢʣʶʯʝʡ ʠ ʟʥʘʯʝʥʠʡ, ʠʩʧʦʣʴʟʫʷ ʙʘʟʫ ʜʘʥʥʳʭ 

DiscoDB [9]. 

Glow ï MapReduce-ʩʠʩʪʝʤʘ, ʢʦʪʦʨʘʷ ʧʨʦʩʪʘ ʚ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʠ ʧʦʣʥʦʩʪʴʶ ʥʘʧʠʩʘʥʘ ʥʘ ʷʟʳʢʝ GoLang. 

ɼʘʥʥʘʷ ʩʠʩʪʝʤʘ ʧʨʝʜʦʩʪʘʚʣʷʝʪ ʙʠʙʣʠʦʪʝʢʫ ʜʣʷ ʫʜʦʙʥʦʛʦ ʚʳʯʠʩʣʝʥʠʷ ʚ ʧʘʨʘʣʣʝʣʴʥʳʭ ʧʦʪʦʢʘʭ ʥʘ ʤʥʦʛʦʷʜʝʨʥʦʤ 

ʧʨʦʮʝʩʩʦʨʝ ʠʣʠ ʜʣʷ ʨʘʩʧʨʝʜʝʣʝʥʥʦʛʦ ʚʳʯʠʩʣʝʥʠʷ ʥʘ ʥʝʩʢʦʣʴʢʠʭ ʢʣʘʩʪʝʨʘʭ [10]. ɸʚʪʦʨ ʪʘʢʞʝ ʩʦʚʝʪʫʝʪ 

ʠʩʧʦʣʴʟʦʚʘʪʴ ʝʱʝ ʦʜʥʫ ʩʠʩʪʝʤʫ, ʨʘʙʦʪʘʶʱʫʶ ʥʘ Go+Luajit ï Gleam, ʢʦʪʦʨʘʷ ʷʚʣʷʝʪʩʷ ʙʦʣʝʝ ʛʠʙʢʦʡ ʠ 

ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʡ. Gleam ʩʦʯʝʪʘʝʪ ʧʘʨʘʣʣʝʣʠʟʤ Go ʩ ʚʳʩʦʢʦʡ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴʶ Luajit (ʜʠʥʘʤʠʯʝʩʢʠʡ 

ʢʦʤʧʠʣʷʪʦʨ ʜʣʷ Lua), ʩʠʩʪʝʤʘ ʪʘʢʞʝ ʧʦʟʚʦʣʷʝʪ ʟʘʧʫʩʢʘʪʴ ʧʨʦʛʨʘʤʤʳ ʘʚʪʦʥʦʤʥʦ ʠ ʥʘ ʥʝʩʢʦʣʴʢʠʭ ʫʟʣʘʭ [11]. 

ʇʨʦʝʢʪʳ Glow/Gleam ʥʘʭʦʜʷʪʩʷ ʥʘ ʥʘʯʘʣʴʥʦʡ ʩʪʘʜʠʠ, ʥʦ ʩʪʨʝʤʠʪʝʣʴʥʦ ʨʘʟʚʠʚʘʶʪʩʷ. 

Hadoop ï ʥʘʠʙʦʣʝʝ ʠʟʚʝʩʪʥʘʷ ʧʨʦʛʨʘʤʤʥʘʷ ʧʣʘʪʬʦʨʤʘ, ʩ ʧʦʤʦʱʴʶ ʢʦʪʦʨʦʡ ʤʦʞʥʦ ʧʦʩʪʨʦʠʪʴ 

ʨʘʩʧʨʝʜʝʣʝʥʥʳʝ ʧʨʠʣʦʞʝʥʠʷ ʜʣʷ ʤʘʩʩʦʚʦ-ʧʘʨʘʣʣʝʣʴʥʦʡ ʦʙʨʘʙʦʪʢʠ (Massive Parallel Processing, MPP) ʜʘʥʥʳʭ. 

ʉʦʟʜʘʥʘ ʥʘ ʦʩʥʦʚʝ ʜʦʢʣʘʜʦʚ ʧʨʦʛʨʘʤʤʠʩʪʦʚ Google [7-8]. ʈʘʙʦʪʘ ʥʘʜ ʧʨʦʝʢʪʦʤ ʙʳʣʘ ʥʘʯʘʪʘ ʚ 2005 ʛʦʜʫ. ʉ 2008 

ʛʦʜʘ Hadoop ʷʚʣʷʝʪʩʷ ʧʨʦʝʢʪʦʤ ʚʝʨʭʥʝʛʦ ʫʨʦʚʥʷ Apache Software Foundation. ʇʨʦʝʢʪ Hadoop ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ 

ʪʘʢʠʝ ʤʦʜʫʣʠ: 

- Hadoop Common: ʦʙʱʠʝ ʫʪʠʣʠʪʳ ʠ ʩʮʝʥʘʨʠʠ ʜʣʷ ʧʦʜʜʝʨʞʢʠ ʫʧʨʘʚʣʝʥʠʷ ʨʘʩʧʨʝʜʝʣʝʥʥʦʡ 

ʦʙʨʘʙʦʪʢʦʡ, ʬʘʡʣʦʚʦʡ ʩʠʩʪʝʤʦʡ, ʨʘʟʚʝʨʪʳʚʘʥʠʷ ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ; 

- Hadoop Distributed File System (HDFS): ʨʘʩʧʨʝʜʝʣʝʥʥʘʷ ʬʘʡʣʦʚʘʷ ʩʠʩʪʝʤʘ, ʢʦʪʦʨʘʷ ʧʨʝʜʦʩʪʘʚʣʷʝʪ 

ʚʳʩʦʢʦʩʢʦʨʦʩʪʥʦʡ ʜʦʩʪʫʧ ʢ ʜʘʥʥʳʤ ʧʨʠʣʦʞʝʥʠʷ; 

- Hadoop YARN: ʬʨʝʡʤʚʦʨʢ ʜʣʷ ʧʣʘʥʠʨʦʚʘʥʠʷ ʟʘʜʘʥʠʡ ʠ ʫʧʨʘʚʣʝʥʠʷ ʨʝʩʫʨʩʘʤʠ ʢʣʘʩʪʝʨʘ; 

- Hadoop MapReduce: ʩʠʩʪʝʤʘ ʜʣʷ ʧʘʨʘʣʣʝʣʴʥʦʡ ʦʙʨʘʙʦʪʢʠ ʙʦʣʴʰʠʭ ʥʘʙʦʨʦʚ ʜʘʥʥʳʭ. 

ʄʦʞʥʦ ʚʳʜʝʣʠʪʴ ʪʘʢʠʝ ʦʩʥʦʚʥʳʝ ʪʝʭʥʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʣʘʪʬʦʨʤʳ Hadoop: 

- ʤʘʩʰʪʘʙʠʨʫʝʤʦʩʪʴ: ʧʣʘʪʬʦʨʤʘ ʤʘʩʰʪʘʙʠʨʫʝʪʩʷ ʣʠʥʝʡʥʦ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʭʨʘʥʠʪʴ ʠ ʦʙʨʘʙʘʪʳʚʘʪʴ 

ʧʝʪʘʙʘʡʪʳ ʜʘʥʥʳʭ; 

- ʫʩʪʦʡʯʠʚʦʩʪʴ ʢ ʩʙʦʷʤ: ʚʩʝ ʭʨʘʥʷʱʠʝʩʷ ʜʘʥʥʳʝ ʠʟʙʳʪʦʯʥʳ (ʜʫʙʣʠʨʫʶʪʩʷ ʥʘ ʥʝʩʢʦʣʴʢʠʭ ʫʟʣʘʭ), ʚʩʝ 

ʥʝʫʜʘʯʥʦ ʚʳʧʦʣʥʝʥʥʳʝ ʟʘʜʘʥʠʷ ʧʦ ʦʙʨʘʙʦʪʢʝ ʜʘʥʥʳʭ ʧʝʨʝʟʘʧʫʩʢʘʶʪʩʷ; 

- ʢʨʦʩʩʧʣʘʪʬʦʨʤʝʥʥʦʩʪʴ: ʙʠʙʣʠʦʪʝʢʠ Hadoop ʥʘʧʠʩʘʥʳ (ʚ ʦʩʥʦʚʥʦʤ) ʥʘ Java, ʠ ʤʦʛʫʪ ʚʳʧʦʣʥʷʪʴʩʷ ʚ 

ʣʶʙʦʡ ʦʧʝʨʘʮʠʦʥʥʦʡ ʩʠʩʪʝʤʝ, ʧʦʜʜʝʨʞʠʚʘʶʱʝʡ Java Runtime Environment; 

- ʘʚʪʦʤʘʪʠʯʝʩʢʦʝ ʨʘʩʧʘʨʘʣʣʝʣʠʚʘʥʠʝ ʚʳʧʦʣʥʝʥʠʷ ʟʘʜʘʯʠ: Hadoop ʩʦʟʜʘʝʪ çʯʠʩʪʳʝè ʘʙʩʪʨʘʢʮʠʠ ʜʣʷ 

ʨʘʟʨʘʙʦʪʯʠʢʦʚ, ʩʥʠʤʘʷ ʩ ʥʠʭ ʨʘʙʦʪʫ ʧʦ ʧʣʘʥʠʨʦʚʘʥʠʶ, ʢʦʥʪʨʦʣʶ ʠ ʘʛʨʝʛʘʪʠʨʦʚʘʥʠʶ ʨʝʟʫʣʴʪʘʪʦʚ 

ʧʘʨʘʣʣʝʣʴʥʦʡ ʦʙʨʘʙʦʪʢʠ ʜʘʥʥʳʭ. 

ʀʩʧʦʣʴʟʫʷ Hadoop, ʤʦʞʥʦ ʧʦʣʫʯʠʪʴ ʪʘʢʠʝ ʙʠʟʥʝʩ-ʚʳʛʦʜʳ:  

- ʛʠʙʢʦʩʪʴ: ʭʨʘʥʝʥʠʝ ʠ ʘʥʘʣʠʟ ʩʪʨʫʢʪʫʨʠʨʦʚʘʥʥʳʭ ʠ ʥʝʩʪʨʫʢʪʫʨʠʨʦʚʘʥʥʳʭ ʪʠʧʦʚ ʜʘʥʥʳʭ; 

- ʬɻʬʝʢʪʠʚʥʦʩʪʴ: ʚ ʙʦʣʴʰʠʥʩʪʚʝ ʩʣʫʯʘʝʚ ʙʦʣʝʝ ʥʠʟʢʘʷ ʩʪʦʠʤʦʩʪʴ ʭʨʘʥʝʥʠʷ ʠ ʦʙʨʘʙʦʪʢʠ ʪʝʨʘʙʘʡʪʘ 

ʜʘʥʥʳʭ; 

- ʥʠʟʢʘʷ ʩʪʦʠʤʦʩʪʴ ʩʦʟʜʘʥʠʷ ʢʣʘʩʪʝʨʘ: ʜʣʷ ʩʦʟʜʘʥʠʷ Hadoop-ʢʣʘʩʪʝʨʘ ʥʝ ʪʨʝʙʫʝʪʩʷ ʜʦʨʦʛʦʝ ʩʝʨʚʝʨʥʦʝ 

ʘʧʧʘʨʘʪʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ. 

- ʩʨʘʚʥʠʪʝʣʴʥʘʷ ʣʝʛʢʦʩʪʴ ʘʜʘʧʪʘʮʠʠ: Hadoop ʠʤʝʝʪ ʰʠʨʦʢʫʶ ʠ ʘʢʪʠʚʥʦ ʨʘʟʚʠʚʘʶʱʫʶʩʷ ʩʠʩʪʝʤʫ 

ʧʨʦʝʢʪʦʚ; 

- ʤʠʥʠʤʘʣʴʥʳʝ ʨʠʩʢʠ, ʩʚʷʟʘʥʥʳʝ ʩ ʥʝʢʦʨʨʝʢʪʥʦʡ ʨʘʙʦʪʦʡ ʷʜʨʘ ʧʣʘʪʬʦʨʤʳ: ʥʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ 
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ʧʣʘʪʬʦʨʤʘ Hadoop ʫʩʧʝʰʥʦ ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʦʙʨʘʙʦʪʢʠ ʧʝʪʘʙʘʡʪ ʠʥʬʦʨʤʘʮʠʠ; 

- çOpen Sourceè ʣʠʮʝʥʟʠʨʦʚʘʥʠʝ: ʥʠʟʢʘʷ ʩʪʦʠʤʦʩʪʴ ʚʥʝʜʨʝʥʠʷ ʠ ʚʣʘʜʝʥʠʷ ʧʣʘʪʬʦʨʤʦʡ Hadoop, 

ʙʦʣʴʰʦʝ çdeveloper communityè [12]. 

ʍʨʘʥʠʣʠʱʝ ʜʘʥʥʳʭ (Data Storage) ʠ ʦʙʨʘʙʦʪʢʘ ʜʘʥʥʳʭ (Data Processing) ï ʦʜʥʠ ʠʟ ʛʣʘʚʥʳʭ ʫʨʦʚʥʝʡ 

ʩʠʩʪʝʤʳ. ɺ Hadoop ʨʝʘʣʠʟʦʚʘʥʦ ʭʨʘʥʝʥʠʝ ʢʘʢ ʥʝʩʪʨʫʢʪʫʨʠʨʦʚʘʥʥʳʭ ʜʘʥʥʳʭ ʚ ʨʘʩʧʨʝʜʝʣʝʥʥʦʡ ʬʘʡʣʦʚʦʡ 

ʩʠʩʪʝʤʝ HDFS, ʪʘʢ ʠ ʩʪʨʫʢʪʫʨʠʨʦʚʘʥʥʳʭ ʜʘʥʥʳʭ ʚ ʥʝʨʝʣʷʮʠʦʥʥʦʡ ʙʘʟʝ ʜʘʥʥʳʭ HBase. ɼʝʣʘʪʴ ʟʘʧʨʦʩʳ ʢ 

ʭʨʘʥʷʱʠʤʩʷ ʥʘ Hadoop-ʢʣʘʩʪʝʨʝ ʥʘʙʦʨʘʤ ʜʘʥʥʳʭ ʤʦʞʥʦ ʩ ʧʦʤʦʱʴʶ ʩʣʝʜʫʶʱʠʭ ʠʥʩʪʨʫʤʝʥʪʦʚ, ʚʭʦʜʷʱʠʭ ʚ 

ʩʠʩʪʝʤʫ Hadoop: Pig, Hive (ʠʤʝʝʪ ʩʚʦʡ SQL-ʧʦʜʦʙʥʳʡ ʷʟʳʢ ʟʘʧʨʦʩʦʚ HiveQL). ʉ ʧʦʤʦʱʴʶ ʠʥʩʪʨʫʤʝʥʪʘ Sqoop 

ʤʦʞʥʦ ʧʝʨʝʜʘʚʘʪʴ ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʜʘʥʥʳʭ. 

ʂʦʤʧʦʥʝʥʪʳ, ʦʪʥʦʩʷʱʠʝʩʷ ʢ ʚʟʘʠʤʦʜʝʡʩʪʚʠʶ ʫʧʨʘʚʣʝʥʠʷ (Management), ʦʪʚʝʯʘʶʱʠʝ ʟʘ ʜʦʩʪʫʧ ʢ ʜʘʥʥʳʤ 

(Data Access), ʘ ʪʘʢʞʝ ʥʝʨʝʣʷʮʠʦʥʥʘʷ ʙʘʟʘ ʜʘʥʥʳʭ HBase ʧʨʝʜʩʪʘʚʣʝʥʳ ʦʪʜʝʣʴʥʳʤʠ ʧʨʦʝʢʪʘʤʠ. ʅʘ ʨʠʩʫʥʢʝ 2 

ʧʦʢʘʟʘʥʘ ʯʘʩʪʴ ʩʠʩʪʝʤʳ ʧʨʦʝʢʪʦʚ Hadoop [13]. 

 

 
ʈʠʩʫʥʦʢ 2 ï ʏʘʩʪʴ ʩʠʩʪʝʤʳ ʧʨʦʝʢʪʦʚ Hadoop 

 

ɸʥʘʣʠʟ ʩʫʱʝʩʪʚʫʶʱʠʭ ʩʨʝʜʩʪʚ ʟʘʱʠʪʳ 

ʄʥʦʛʠʝ ʜʦʢʫʤʝʥʪʥʦ-ʦʨʠʝʥʪʠʨʦʚʘʥʥʳʝ ʙʘʟʳ ʜʘʥʥʳʭ ʥʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʫʞʝ ʧʦʜʜʝʨʞʠʚʘʶʪ ʚʩʪʨʦʝʥʥʦʝ 

ʚ ʩʚʦʡ ʜʠʩʪʨʠʙʫʪʠʚ SSL/TLS ʰʠʬʨʦʚʘʥʠʝ. ʅʘʧʨʠʤʝʨ, CouchDB, ʥʘʯʠʥʘʷ ʩ ʚʝʨʩʠʠ 1.3, ʠʟʥʘʯʘʣʴʥʦ 

ʧʦʜʜʝʨʞʠʚʘʝʪ (ʧʨʠ ʦʧʨʝʜʝʣʝʥʥʦʡ ʥʘʩʪʨʦʡʢʝ) ʧʝʨʝʜʘʯʫ ʧʦ ʧʨʦʪʦʢʦʣʫ HTTPS [14]. MongoDB ʪʘʢʞʝ ʧʦʟʚʦʣʷʝʪ 

ʚʳʙʨʘʪʴ ʚʝʨʩʠʶ ʜʠʩʪʨʠʙʫʪʠʚʘ, ʢʘʢ ʩ ʧʦʜʜʝʨʞʢʦʡ SSL/TLS, ʪʘʢ ʠ ʙʝʟ ʥʝʝ [15]. ʅʦ ʧʦʤʠʤʦ ʵʪʦʛʦ, ʚ ʢʦʤʤʝʨʯʝʩʢʦʡ 

ʚʝʨʩʠʠ (MongoDB Enterprise Server) ʩʫʱʝʩʪʚʫʶʪ ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʩʨʝʜʩʪʚʘ ʟʘʱʠʪʳ: ʰʠʬʨʦʚʘʥʠʝ ʜʘʥʥʳʭ ʚ 

ʩʦʩʪʦʷʥʠʠ ʧʦʢʦʷ, ʠʥʪʝʛʨʘʮʠʷ ʩ ʧʨʦʪʦʢʦʣʦʤ LDAP ʠ ʘʫʪʝʥʪʠʬʠʢʘʮʠʝʡ Kerberos [16]. ɼʣʷ ʦʩʪʘʣʴʥʳʭ NoSQL ɹɼ, 

ʢʦʪʦʨʳʝ ʥʝ ʧʦʜʜʝʨʞʠʚʘʶʪ ʚʩʪʨʦʝʥʥʦʝ SSL/TLS ʰʠʬʨʦʚʘʥʠʝ, ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ SSL-ʪʫʥʥʝʣʴ ʠʣʠ VPN, ʝʩʣʠ 

ʠʩʧʦʣʴʟʫʝʪʩʷ ʩʚʦʷ (ʜʦʚʝʨʝʥʥʘʷ) ʣʦʢʘʣʴʥʘʷ ʩʝʪʴ. ʇʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʫʩʣʫʛ ʦʙʣʘʯʥʦʛʦ ʧʨʦʚʘʡʜʝʨʘ, ʥʘʧʨʠʤʝʨ 

BaaS (Backend as a service), ʥʝʠʟʚʝʩʪʥʦ, ʢʘʢ ʟʘʱʠʱʝʥʘ ʩʝʪʝʚʘʷ ʠʥʬʨʘʩʪʨʫʢʪʫʨʘ ʟʘ ʦʙʨʘʪʥʳʤ ʧʨʦʢʩʠ-ʩʝʨʚʝʨʦʤ 

(reverse proxy). ɽʩʣʠ ʧʝʨʝʜʘʯʘ ʜʘʥʥʳʭ ʠ ʭʨʘʥʝʥʠʷ ʜʘʥʥʳʭ ʥʘ ʩʝʨʚʝʨʝ ʥʝ ʟʘʱʠʱʝʥʳ ʜʦʧʦʣʥʠʪʝʣʴʥʳʤʠ 

ʩʨʝʜʩʪʚʘʤʠ, ʪʦ ʵʪʦ ʩʫʱʝʩʪʚʝʥʥʦ ʧʦʚʳʰʘʝʪ ʚʝʨʦʷʪʥʦʩʪʴ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʩʣʝʜʫʶʱʠʭ ʨʠʩʢʦʚ:  

- ʫʪʝʯʢʠ ʜʘʥʥʳʭ; 

- ʧʦʜʤʝʥʳ ʜʘʥʥʳʭ ʧʨʠ ʝʝ ʦʙʨʘʙʦʪʢʝ; 

- ʧʦʣʥʦʛʦ ʠʣʠ ʯʘʩʪʠʯʥʦʛʦ ʫʥʠʯʪʦʞʝʥʠ ̫ʜʘʥʥʳʭ. 

ʅʘ ʨʠʩʫʥʢʝ 3 ʧʦʢʘʟʘʥ ʧʨʠʤʝʨ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʢʣʠʝʥʪʘ ʩ ʫʩʣʫʛʦʡ ʦʙʣʘʯʥʦʛʦ ʭʨʘʥʝʥʠʷ ʜʘʥʥʳʭ. 
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ʈʠʩʫʥʦʢ 3 ï ɺʟʘʠʤʦʜʝʡʩʪʚʠʝ ʢʣʠʝʥʪʘ ʩ ʩʝʨʚʝʨʦʤ ɹɼ ʯʝʨʝʟ ʦʙʨʘʪʥʳʡ ʧʨʦʢʩʠ-ʩʝʨʚʝʨ 

 

ɺ MapReduce-ʩʠʩʪʝʤʝ Disco ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʤʝʞʜʫ ʛʣʘʚʥʳʤ ʠ ʨʘʙʦʯʠʤʠ ʫʟʣʘʤʠ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ 

ʧʦʩʨʝʜʩʪʚʦʤ SSH. ʊʦʣʴʢʦ ʦʪʧʨʘʚʢʘ ʟʘʜʘʯʠ ʥʘ ʛʣʘʚʥʳʡ ʫʟʝʣ ʦʪ ʧʦʣʴʟʦʚʘʪʝʣʷ ʨʝʘʣʠʟʫʝʪʩʷ ʯʝʨʝʟ ʥʝʟʘʱʠʱʝʥʥʳʡ 

HTTP [17]. ʅʦ ʵʪʘ ʧʨʦʙʣʝʤʘ ʥʝ ʷʚʣʷʝʪʩʷ ʫʷʟʚʠʤʦʩʪʴʶ, ʝʩʣʠ ʦʪʧʨʘʚʢʘ ʟʘʜʘʯʠ ʧʨʦʠʩʭʦʜʠʪ ʩ ʛʣʘʚʥʦʛʦ ʫʟʣʘ, ʪʦ 

HTTP-ʟʘʧʨʦʩ ʥʝ ʚʳʭʦʜʠʪ ʚ ʩʝʪʴ (ʦʙʨʘʱʝʥʠʝ ʧʨʦʠʩʭʦʜʠʪ ʢ ʩʘʤʦʤʫ ʩʝʙʝ ï loopback). ɽʩʣʠ ʦʪʧʨʘʚʢʘ ʟʘʜʘʥʠʷ 

ʧʨʦʠʩʭʦʜʠʪ ʩ ʜʨʫʛʦʛʦ ʢʦʤʧʴʶʪʝʨʘ, ʪʦ ʥʘ ʛʣʘʚʥʦʤ ʫʟʣʝ ʥʝʦʙʭʦʜʠʤʦ ʟʘʧʫʩʪʠʪʴ ʦʪʜʝʣʴʥʳʤ ʧʨʦʮʝʩʩʦʤ ʦʙʨʘʪʥʳʡ 

ʧʨʦʢʩʠ-ʩʝʨʚʝʨ ʩ ʥʘʩʪʨʦʝʥʥʳʤ SSL-ʩʝʨʪʠʬʠʢʘʪʦʤ. 

ʇʨʦʝʢʪ Glow ʧʨʠ ʦʙʤʝʥʝ ʜʘʥʥʳʤʠ ʩ ʜʨʫʛʠʤʠ ʫʟʣʘʤʠ ʠʩʧʦʣʴʟʫʝʪ ʚʩʪʨʦʝʥʥʫʶ ʙʠʙʣʠʦʪʝʢʫ TLS, ʵʪʦ 

ʩʫʱʝʩʪʚʝʥʥʦ ʫʤʝʥʴʰʘʝʪ ʚʝʨʦʷʪʥʦʩʪʴ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʫʪʝʯʢʠ ʠ ʧʦʜʤʝʥʳ ʜʘʥʥʳʭ ʧʨʠ ʝʝ ʦʙʨʘʙʦʪʢʝ. ɸ ʧʨʦʝʢʪ 

Gleam ʥʝ ʠʩʧʦʣʴʟʫʝʪ ʰʠʬʨʦʚʘʥʠʝ ʧʨʠ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ, ʪʘʢ ʢʘʢ ʦʨʠʝʥʪʠʨʦʚʘʥ ʥʘ ʚʳʩʦʢʫʶ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ. 

ʂʘʢ ʦʜʠʥ ʠʟ ʚʘʨʠʘʥʪʦʚ, ʠʩʧʨʘʚʠʪʴ ʵʪʫ ʫʷʟʚʠʤʦʩʪʴ ʤʦʞʥʦ ʩ ʧʦʤʦʱʴʶ VPN. 

ʂʘʢ ʠ ʚʩʝ ʨʘʩʧʨʝʜʝʣʝʥʥʳʝ ʩʠʩʪʝʤʳ, Hadoop ʠʩʧʦʣʴʟʫʝʪ ʩʝʪʴ ʜʣʷ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʤʝʞʜʫ ʫʟʣʘʤʠ. ɺ 

ʢʘʯʝʩʪʚʝ ʧʨʦʪʦʢʦʣʘ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ ʧʦ ʫʤʦʣʯʘʥʠʶ ʠʩʧʦʣʴʟʫʝʪʩʷ HTTP, ʥʦ ʤʦʞʥʦ ʥʘʩʪʨʦʠʪʴ ʧʦʜʜʝʨʞʢʫ ʠ 

HTTPS [18]. ʂʘʢ ʠ ʚ ʚʳʰʝ ʫʧʦʤʷʥʫʪʳʭ ʨʘʩʧʨʝʜʝʣʝʥʥʳʭ ʩʠʩʪʝʤʘʭ, Hadoop ʧʦʟʚʦʣʷʝʪ ʰʠʬʨʦʚʘʪʴ ʜʘʥʥʳʝ ʧʨʠ 

ʧʝʨʝʜʘʯʠ ʤʝʞʜʫ ʫʟʣʘʤʠ, ʥʦ ʧʦʤʠʤʦ ʵʪʦʛʦ ʫ ʥʝʛʦ ʝʩʪʴ ʨʝʰʝʥʠʷ, ʧʨʝʜʥʘʟʥʘʯʝʥʥʳʝ ʜʣʷ ʟʘʱʠʪʳ ʜʘʥʥʳʭ ʩ 

ʧʦʤʦʱʴʶ ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ ʚʳʩʦʢʦ ʜʝʪʘʣʠʟʠʨʦʚʘʥʥʦʡ ʘʚʪʦʨʠʟʘʮʠʠ. 

ʈʝʰʝʥʠʝ Sentry ʧʦʜʜʝʨʞʠʚʘʝʪ ʩʦʟʜʘʥʥʫʶ ʨʘʥʝʝ ʤʦʜʝʣʴ ʜʦʩʪʫʧʘ ʥʘ ʦʩʥʦʚʝ ʨʦʣʝʡ ʧʦʜ ʥʘʟʚʘʥʠʝʤ (RBAC) 

(Role-based Access Control), ʢʦʪʦʨʘʷ ʬʫʥʢʮʠʦʥʠʨʫʝʪ "ʧʦʚʝʨʭ" ʬʦʨʤʳ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʜʘʥʥʳʭ. ʄʦʜʝʣʴ RBAC 

ʠʤʝʝʪ ʨʷʜ ʬʫʥʢʮʠʡ, ʧʨʝʜʥʘʟʥʘʯʝʥʥʳʭ ʜʣʷ ʟʘʱʠʪʳ ʢʦʨʧʦʨʘʪʠʚʥʦʡ ʩʨʝʜʳ ʙʦʣʴʰʠʭ ʜʘʥʥʳʭ. ʇʝʨʚʘʷ ʬʫʥʢʮʠʷ ï 

ʵʪʦ ʟʘʱʠʱʝʥʥʘʷ ʘʚʪʦʨʠʟʘʮʠʷ, ʢʦʪʦʨʘʷ ʦʙʝʩʧʝʯʠʚʘʝʪ ʦʙʷʟʘʪʝʣʴʥʦʝ ʫʧʨʘʚʣʝʥʠʝ ʜʦʩʪʫʧʦʤ ʢ ʜʘʥʥʳʤ ʜʣʷ 

ʘʫʪʝʥʪʠʬʠʮʠʨʦʚʘʥʥʳʭ ʧʦʣʴʟʦʚʘʪʝʣʝʡ. ʇʦʣʴʟʦʚʘʪʝʣʷʤ ʧʨʠʩʚʘʠʚʘʶʪʩʷ ʨʦʣʠ, ʘ ʟʘʪʝʤ ʧʨʝʜʦʩʪʘʚʣʷʶʪʩʷ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʧʦʣʥʦʤʦʯʠʷ ʧʦ ʜʦʩʪʫʧʫ ʢ ʜʘʥʥʳʤ. ʊʘʢʦʡ ʧʦʜʭʦʜ ʩʧʦʩʦʙʩʪʚʫʝʪ ʧʨʠ ʧʦʤʦʱʠ ʰʘʙʣʦʥʦʚ, 

ʤʘʩʰʪʘʙʠʨʦʚʘʥʠʶ ʤʦʜʝʣʠ, ʨʘʟʜʝʣʷʷ ʧʦʣʴʟʦʚʘʪʝʣʝʡ ʥʘ ʢʘʪʝʛʦʨʠʠ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʠʭ ʨʦʣʷʤʠ. ɼʨʫʛʘʷ ʬʫʥʢʮʠʷ 

ʧʦʟʚʦʣʷʝʪ ʦʨʛʘʥʠʟʦʚʘʪʴ ʘʜʤʠʥʠʩʪʨʠʨʦʚʘʥʠʝ ʧʦʣʴʟʦʚʘʪʝʣʴʩʢʠʭ ʧʦʣʥʦʤʦʯʠʡ ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʯʪʦʙʳ ʨʘʩʧʨʝʜʝʣʠʪʴ 

ʵʪʫ ʟʘʜʘʯʫ ʤʝʞʜʫ ʥʝʩʢʦʣʴʢʠʤʠ ʘʜʤʠʥʠʩʪʨʘʪʦʨʘʤʠ ʥʘ ʫʨʦʚʥʝ ʩʭʝʤʳ ʠʣʠ ʥʘ ʫʨʦʚʥʝ ʙʘʟʳ ʜʘʥʥʳʭ. ʊʘʢʞʝ Sentry 

ʨʝʘʣʠʟʫʝʪ ʘʫʪʝʥʪʠʬʠʢʘʮʠʶ ʩ ʧʦʤʦʱʴʶ ʧʨʦʪʦʢʦʣʘ ʘʫʪʝʥʪʠʬʠʢʘʮʠʠ Kerberos, ʠʥʪʝʛʨʠʨʦʚʘʥʥʦʛʦ ʚ Hadoop.  

Apache Knox Gateway ï ʵʪʦ ʨʝʰʝʥʠʝ ʜʣʷ ʟʘʱʠʪʳ ʧʝʨʠʤʝʪʨʘ Hadoop. ɺ ʦʪʣʠʯʠʝ ʦʪ ʨʝʰʝʥʠʷ Sentry, 

ʢʦʪʦʨʦʝ ʧʨʝʜʦʩʪʘʚʣʷʝʪ ʩʨʝʜʩʪʚʘ ʜʣʷ ʚʳʩʦʢʦʜʝʪʘʣʠʟʠʨʦʚʘʥʥʦʛʦ ʢʦʥʪʨʦʣʷ ʜʦʩʪʫʧʘ ʢ ʜʘʥʥʳʤ, ʨʝʰʝʥʠʝ Knox 

Gateway ʦʙʝʩʧʝʯʠʚʘʝʪ ʢʦʥʪʨʦʣʴ ʜʦʩʪʫʧʘ ʢ ʩʝʨʚʠʩʘʤ ʧʣʘʪʬʦʨʤʳ Hadoop. ʎʝʣʴ Knox Gateway ï ʧʨʝʜʦʩʪʘʚʠʪʴ 

ʝʜʠʥʫʶ ʪʦʯʢʫ ʙʝʟʦʧʘʩʥʦʛʦ ʜʦʩʪʫʧʘ ʢ Hadoop-ʢʣʘʩʪʝʨʘʤ. ɼʘʥʥʦʝ ʨʝʰʝʥʠʝ ʨʝʘʣʠʟʦʚʘʥʦ ʚ ʚʠʜʝ ʰʣʶʟʘ, ʢʦʪʦʨʳʡ 

ʧʨʝʜʩʪʘʚʣʷʝʪ ʜʦʩʪʫʧ ʢ Hadoop-ʢʣʘʩʪʝʨʘʤ ʧʦʩʨʝʜʩʪʚʦʤ REST API [19]. 

ɺʳʚʦʜʳ 

ɺ ʩʪʘʪʴʝ ʦʧʠʩʘʥʘ ʠ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥʘ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʙʝʟʦʧʘʩʥʦʩʪʠ ʨʘʩʧʨʝʜʝʣʝʥʥʘʷ ʤʦʜʝʣʴ ʦʙʨʘʙʦʪʢʠ 

ʜʘʥʥʳʭ (MapReduce). ɺʳʧʦʣʥʝʥ ʦʙʟʦʨ ʩʫʱʝʩʪʚʫʶʱʠʭ ʬʨʝʡʤʚʦʨʢʦʚ ʦʙʨʘʙʦʪʢʠ ʙʦʣʴʰʠʭ ʜʘʥʥʳʭ ʩ ʦʧʠʩʘʥʠʝʤ 

ʠʭ ʦʩʥʦʚʥʳʭ ʚʦʟʤʦʞʥʦʩʪʝʡ. ʇʨʝʜʩʪʘʚʣʝʥ ʘʥʘʣʠʟ ʩʫʱʝʩʪʚʫʶʱʠʭ ʩʨʝʜʩʪʚ ʟʘʱʠʪʳ ʜʣʷ ʨʘʩʧʨʝʜʝʣʝʥʥʳʭ ʩʠʩʪʝʤ. 

ʇʨʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ ʩʨʝʜʩʪʚ ʟʘʱʠʪr ʜʘʥʥʳʭ ʜʣʷ ʨʘʩʧʨʝʜʝʣʝʥʥʳʭ ʩʠʩʪʝʤ ʥʝʦʙʭʦʜʠʤʦ ʫʯʠʪʳʚʘʪʴ ʪʦ, ʯʪʦ ʩ 

ʦʜʥʦʡ ʩʪʦʨʦʥʳ ʦʥʠ ʜʦʣʞʥʳ ʥʘʜʝʞʥʦ ʩʦʭʨʘʥʷʪʴ ʢʦʥʬʠʜʝʥʮʠʘʣʴʥʳʝ ʜʘʥʥʳʝ, ʩ ʜʨʫʛʦʡ ï ʧʦʜʜʝʨʞʠʚʘʪ ɹ

ʤʥʦʛʦʫʨʦʚʥʝʚʫʶ ʟʘʱʠʪʫ ʩ ʚʦʟʤʦʞʥʦʩʪʴʶ ʜʦʙʘʚʣʝʥʠʷ ʠʣʠ ʫʜʘʣʝʥʠʷ ʦʧʨʝʜʝʣʝʥʥʦʛʦ ʫʨʦʚʥʷ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ 

ʩʝʪʝʚʦʡ ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ ʠ ʦʙʨʘʙʘʪʳʚʘʝʤʳʭ ʜʘʥʥʳʭ. 
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ɺʚʝʜʝʥʠʝ 

ʏʘʩʪʦ ʣʶʜʠ ʩʪʘʣʢʠʚʘʶʪʩʷ ʩ ʩʠʪʫʘʮʠʝʡ, ʢʦʛʜʘ ʥʝʦʙʭʦʜʠʤʦ ʫʟʥʘʪʴ ʩʤʳʩʣ ʠʣʠ ʧʝʨʝʚʝʩʪʠ ʦʧʨʝʜʝʣʝʥʥʦʝ 

ʩʣʦʚʦ ʠʣʠ ʬʨʘʟʫ ʩ ʠʥʦʩʪʨʘʥʥʦʛʦ ʷʟʳʢʘ. ɼʣʷ ʵʪʦʛʦ ʤʦʞʥʦ ʚʦʩʧʦʣʴʟʦʚʘʪʴʩʷ ʩʣʦʚʘʨʝʤ ʠʣʠ ʢʦʤʧʴʶʪʝʨʥʳʤ 

ʧʝʨʝʚʦʜʯʠʢʦʤ. ʆʜʥʘʢʦ ʧʨʠ ʧʦʩʪʦʷʥʥʦʡ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʧʦʠʩʢʘ ʟʥʘʯʝʥʠʡ ʪʝʢʩʪʘ, ʥʘʧʠʩʘʥʥʦʛʦ ʥʘ ñʯʫʞʦʤò ʷʟʳʢʝ, 

ʚʳʰʝʧʝʨʝʯʠʩʣʝʥʥʳʝ ʧʦʜʭʦʜʳ ʷʚʣʷʶʪʩʷ ʜʘʣʝʢʦ ʥʝ ʩʘʤʳʤʠ ʣʫʯʰʠʤʠ, ʪʘʢ ʢʘʢ ʪʨʘʪʠʪʩʷ ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ 

ʚʨʝʤʝʥʠ ʥʘ ʚʚʦʜ ʵʪʦʛʦ ʪʝʢʩʪʘ ʠʣʠ ʧʦʠʩʢ ʧʦ ʩʣʦʚʘʨʶ. 

ɿʘ ʧʦʩʣʝʜʥʠʝ ʥʝʩʢʦʣʴʢʦ ʣʝʪ ʩʠʩʪʝʤʳ ʘʚʪʦʤʘʪʠʯʝʩʢʦʛʦ ʧʝʨʝʚʦʜʘ ʜʦʩʪʠʛʣʠ ʙʦʣʴʰʦʛʦ ʧʨʦʛʨʝʩʩʘ. 

ʅʝʢʦʪʦʨʦʝ ʚʨʝʤʷ ʥʘʟʘʜ ʪʘʢʠʝ ʩʠʩʪʝʤʳ ʙʳʣʠ ʦʯʝʥʴ ʜʦʨʦʛʦʩʪʦʷʱʠʤʠ ʠ ʩ ʪʨʫʜʦʤ ʩʧʨʘʚʣʷʣʠʩʴ ʩ ʠʥʦʩʪʨʘʥʥʳʤʠ 

ʪʝʢʩʪʘʤʠ. ʊʘʢʞʝ ʩʪʨʘʜʘʣʦ ʠ ʢʘʯʝʩʪʚʦ ʧʝʨʝʚʦʜʘ. ʆʜʥʘʢʦ ʩʝʡʯʘʩ ʩʫʱʝʩʪʚʫʝʪ ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʧʨʠʣʦʞʝʥʠʡ, 

ʢʦʪʦʨʳʝ ʩ ʣʝʛʢʦʩʪʴʶ ʟʘʤʝʥʷʶʪ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʦʛʦ ʧʝʨʝʚʦʜʯʠʢʘ [1]. 

ʆʧʪʠʯʝʩʢʦʝ ʨʘʩʧʦʟʥʘʚʘʥʠʝ ʩʠʤʚʦʣʦʚ (OCR) ð ʵʪʦ ʤʝʭʘʥʠʯʝʩʢʠʡ ʠʣʠ ʵʣʝʢʪʨʦʥʥʳʡ 

ʧʝʨʝʚʦʜ ʠʟʦʙʨʘʞʝʥʠʡ ʨʫʢʦʧʠʩʥʦʛʦ, ʤʘʰʠʥʦʧʠʩʥʦʛʦ ʠʣʠ ʧʝʯʘʪʥʦʛʦ ʪʝʢʩʪʘ ʚ ʪʝʢʩʪʦʚʳʝ ʜʘʥʥʳʝ, ʠʩʧʦʣʴʟʫʶʱʠʝʩʷ 

ʜʣʷ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʩʠʤʚʦʣʦʚ ʚ ʢʦʤʧʴʶʪʝʨʝ (ʥʘʧʨʠʤʝʨ, ʚ ʪʝʢʩʪʦʚʦʤ ʨʝʜʘʢʪʦʨʝ) [2].  

ʎʝʣʴ ʨʘʙʦʪʳ ï ʦʙʟʦʨ ʩʫʱʝʩʪʚʫʶʱʠʭ ʧʨʠʣʦʞʝʥʠʡ, ʧʨʝʜʥʘʟʥʘʯʝʥʥʳʭ ʜʣʷ ʧʝʨʝʚʦʜʘ ʪʝʢʩʪʘ ʠ  

ʠʩʧʦʣʴʟʫʶʱʠʭ ʢʘʤʝʨʫ, ʠʭ ʘʥʘʣʠʟ ʠ ʩʨʘʚʥʝʥʠʝ ʜʣʷ ʬʦʨʤʠʨʦʚʘʥʠʷ ʪʨʝʙʦʚʘʥʠʡ ʢ ʨʘʟʨʘʙʦʪʢʝ ʩʚʦʝʡ ʧʨʦʛʨʘʤʤʥʦʡ 

ʩʠʩʪʝʤʳ, ʘ ʪʘʢʞʝ ʦʙʦʩʥʦʚʘʥʠʝ ʚʳʙʦʨʘ ʪʝʭʥʠʯʝʩʢʠʭ ʩʨʝʜʩʪʚ, ʥʝʦʙʭʦʜʠʤʳʭ ʜʣʷ ʨʝʘʣʠʟʘʮʠʠ ʩʦʙʩʪʚʝʥʥʦʛʦ 

ʧʨʦʜʫʢʪʘ. 

1 ɸʥʘʣʠʟ ʧʨʝʜʤʝʪʥʦʡ ʦʙʣʘʩʪʠ OCR 

ʆʜʥʠʤ ʠʟ ʩʘʤʳʭ ʚʘʞʥʳʭ ʩʚʦʡʩʪʚ ʣʶʙʦʡ ʧʨʦʛʨʘʤʤʥʦʡ ʩʠʩʪʝʤ,r ʩʚʷʟʘʥʥʦʡ ʩ ʦʙʨʘʙʦʪʢʦʡ ʠʣʠ ʧʝʨʝʚʦʜʦʤ 

ʧʝʯʘʪʥʦʛʦ ʠʣʠ ʨʫʢʦʧʠʩʥʦʛʦ ʪʝʢʩʪʘ, ʷʚʣʷʝʪʩʷ ʩʧʦʩʦʙʥʦʩʪʴ ʧʨʘʚʠʣʴʥʦ ʨʘʩʧʦʟʥʘʪʴ ʠʥʬʦʨʤʘʮʠʶ. ʕʪʦ ʦʯʝʥʴ 

ʩʣʦʞʥʘʷ ʠ ʪʨʫʜʦʝʤʢʘʷ ʟʘʜʘʯʘ, ʪʘʢ ʢʘʢ ʜʘʞʝ ʯʝʣʦʚʝʢ, ʯʠʪʘ̫  ʨʫʢʦʧʠʩʥʳʡ ʪʝʢʩʪ, ʤʦʞʝʪ ʜʦʧʫʩʢʘʪʴ ʦʧʨʝʜʝʣʝʥʥʳʝ 

ʦʰʠʙʢʠ ʠʟ-ʟʘ ʪʨʫʜʥʦʩʪʝʡ, ʩʚʷʟʘʥʥʳʭ ʩ ʧʦʥʠʤʘʥʠʝʤ ʧʦʯʝʨʢʘ. ɸ ʢ ʙʦʣʴʰʠʤ ʧʨʦʛʨʘʤʤʥʳʤ ʨʘʟʨʘʙʦʪʢʘʤ 

ʧʨʝʜʲʷʚʣʷʶʪ ʪʨʝʙʦʚʘʥʠʝ ʧʨʘʢʪʠʯʝʩʢʠ 98% ʪʦʯʥʦʩʪʠ ʧʨʠ ʨʘʩʧʦʟʥʘʚʘʥʠʠ ʪʝʢʩʪʘ [3]. 

ɹʣʘʛʦʜʘʨʷ ʩʦʚʨʝʤʝʥʥʳʤ ʪʝʭʥʦʣʦʛʠʷʤ ʠ ʧʦʩʪʦʷʥʥʳʤ ʨʘʟʨʘʙʦʪʢʘʤ ʩ ʢʘʞʜʳʤ ʛʦʜʦʤ ʧʦʷʚʣʷʶʪʩʷ ʚʩʝ 

ʥʦʚʳʝ ʠ ʥʦʚʳʝ ʤʝʪʦʜʳ ʜʣʷ ʦʙʨʘʙʦʪʢʠ ʠʟʦʙʨʘʞʝʥʠʡ, ʬʠʣʴʪʨʘʮʠʠ ʧʦʤʝʭ ʠ ʨʘʩʧʦʟʥʘʚʘʥʠʷ ʦʙʨʘʟʦʚ, ʯʪʦ ʜʘʝʪ 

ʩʧʝʮʠʘʣʠʩʪʘʤ ʚʦʟʤʦʞʥʦʩʪʴ ʚʩʝ ʯʝʪʯʝ ʠ ʧʨʘʚʠʣʴʥʝʝ ʨʘʟʨʘʙʘʪʳʚʘʪʴ ʠ ʨʝʰʘʪʴ ʩʚʦʠ ʟʘʜʘʯʠ. ʆʜʥʘʢʦ ʩʫʱʝʩʪʚʫʝʪ 

ʥʝʩʢʦʣʴʢʦ ʦʩʥʦʚʥʳʭ ʧʨʦʙʣʝʤ, ʩʚʷʟʘʥʥʳʭ ʩ ʨʘʩʧʦʟʥʘʚʘʥʠʝʤ ʩʠʤʚʦʣʦʚ: 

- ʠʩʢʘʞʝʥʠʝ ʠʟʦʙʨʘʞʝʥʥʳʭ ʩʠʤʚʦʣʦʚ; 

- ʨʘʟʥʦʦʙʨʘʟʠʝ ʬʦʨʤ ʥʘʯʝʨʪʘʥʠʷ ʩʠʤʚʦʣʦʚ; 

- ʤʥʦʞʝʩʪʚʦ ʨʘʟʣʠʯʥʳʭ ʨʘʟʤʝʨʦʚ ʠ ʤʘʩʰʪʘʙʘ ʪʝʢʩʪʘ [4].  

ʀʩʢʘʞʝʥʠʝ ʩʠʤʚʦʣʦʚ ʤʦʞʝʪ ʙʳʪʴ ʩʚʷʟʘʥʥʦ ʩ ʨʷʜʦʤ ʚʦʟʥʠʢʘʶʱʠʭ ʧʦʤʝʭ, ʥʝʜʦʩʪʘʪʢʘʤʠ ʧʝʯʘʪʠ, 

ʠʟʤʝʥʝʥʠʝʤ ʫʛʣʘ ʥʘʢʣʦʥʘ ʩʠʤʚʦʣʦʚ, ʚʧʣʦʪʴ ʜʦ ʦʩʚʝʱʝʥʠʷ ʠ ʪʝʥʝʡ. ʏʪʦ ʢʘʩʘʝʪʩʷ ʬʦʨʤ ʥʘʯʝʨʪʘʥʠʷ ʩʠʤʚʦʣʦʚ, ʪʦ 

ʤʦʞʥʦ ʟʘʤʝʪʠʪʴ, ʯʪʦ ʨʘʟʥʦʦʙʨʘʟʠʝ ʩʫʱʝʩʪʚʫʶʱʠʭ ʰʨʠʬʪʦʚ ʙʝʟʛʨʘʥʠʯʥʦ, ʠ ʚ ʩʚʷʟʠ ʩ ʵʪʠʤ, ʩʠʤʚʦʣʳ ʤʦʛʫʪ ʩ 

ʣʝʛʢʦʩʪʴʶ ʙʳʪʴ ʨʘʩʧʦʟʥʘʥʳ ʢʘʢ ʧʦʭʦʞʠʝ ʜʨʫʛ ʥʘ ʜʨʫʛʘ, ʥʘʧʨʠʤʝʨ, çZè ʠ ç2è [5]. ɽʱʝ ʦʜʥʦʡ ʚʝʨʦʷʪʥʦʡ ʧʦʤʝʭʦʡ 

ʤʦʞʝʪ ʙʳʪʴ ʨʘʟʣʠʯʠʝ ʤʘʩʰʪʘʙʘ ʠʩʭʦʜʥʦʛʦ ʪʝʢʩʪʘ. 
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ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʩʠʩʪʝʤʘ, ʨʘʩʧʦʟʥʘʶʱʘʷ ʩʠʤʚʦʣʳ ʜʦʣʞʥʘ ʫʤʝʪʴ ʩʧʨʘʚʣʷʪʴʩʷ ʩ ʙʦʣʴʰʠʭ ʯʠʩʣʦʤ 

ʧʦʪʝʥʮʠʘʣʴʥʦ ʚʦʟʥʠʢʘʶʱʠʭ ʧʝʨʝʜ ʥʝʡ ʧʨʦʙʣʝʤ ʠ ʦʙʣʘʜʘʪʴ ʜʦʩʪʘʪʦʯʥʦʡ ʩʪʝʧʝʥʴʶ ʫʩʪʦʡʯʠʚʦʩʪʠ ʢ ʚʥʝʰʥʠʤ 

ʬʘʢʪʦʨʘʤ. 

ɺ ʩʦʚʨʝʤʝʥʥʳʭ OCR-ʩʠʩʪʝʤʘʭ ʠʩʧʦʣʴʟʫʶʪʩʷ ʪʨʠ ʪʠʧʘ ʢʣʘʩʩʠʬʠʢʘʪʦʨʦʚ. ʆʩʥʦʚʥʦʡ ʢʣʘʩʩʠʬʠʢʘʪʦʨ ï 

ʩʪʨʫʢʪʫʨʥʳʡ. ɼʣʷ ʫʩʢʦʨʝʥʠʷ ʠ ʧʦʚʳʰʝʥʠʷ ʢʘʯʝʩʪʚʘ ʨʘʩʧʦʟʥʘʚʘʥʠʷ ʧʨʠʤʝʥʷʶʪʩʷ ʨʘʩʪʨʦʚʳʡ ʠ ʧʨʠʟʥʘʢʦʚʳʡ 

ʢʣʘʩʩʠʬʠʢʘʪʦʨʳ [6]. 

ʉʠʩʪʝʤʳ ʦʧʪʠʯʝʩʢʦʛʦ ʨʘʩʧʦʟʥʘʚʘʥʠʷ ʩʠʤʚʦʣʦʚ ʩʦʩʪʦʷʪ ʠʟ ʪʘʢʠʭ ʙʣʦʢʦʚ: 

- ʙʣʦʢ ʩʝʛʤʝʥʪʘʮʠʠ, ʣʦʢʘʣʠʟʘʮʠʠ ʠ ʚʳʜʝʣʝʥʠʷ ʵʣʝʤʝʥʪʦʚ ʪʝʢʩʪʘ; 

- ʙʣʦʢ ʧʨʝʜʦʙʨʘʙʦʪʢʠ ʠʟʦʙʨʘʞʝʥʠʷ; 

- ʙʣʦʢ ʚʳʜʝʣʝʥʠʷ ʧʨʠʟʥʘʢʦʚ; 

- ʙʣʦʢ ʨʘʩʧʦʟʥʘʚʘʥʠʷ ʩʠʤʚʦʣʦʚ; 

- ʙʣʦʢ ʧʦʩʪʦʙʨʘʙʦʪʢʠ ʨʝʟʫʣʴʪʘʪʦʚ ʨʘʩʧʦʟʥʘʚʘʥʠʷ. 

ʕʪʠ ʙʣʦʢʠ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʰʘʛʦʚ ʧʨʠ ʦʙʨʘʙʦʪʢʝ ʠʟʦʙʨʘʞʝʥʠʷ.  ɼʣʷ ʥʘʯʘʣʘ 

ʥʝʦʙʭʦʜʠʤʦ ʚʳʜʝʣʠʪʴ ʦʙʣʘʩʪʴ ʠ ʨʘʟʙʠʪʴ ʚʝʩʴ ʪʝʢʩʪ ʥʘ ʩʧʝʮʠʘʣʴʥʳʝ ʫʯʘʩʪʢʠ, ʢʘʞʜʳʡ ʠʟ ʢʦʪʦʨʳʭ ʧʨʝʜʥʘʟʥʘʯʝʥ 

ʜʣʷ ʦʪʜʝʣʴʥʦʛʦ ʩʠʤʚʦʣʘ. ɼʘʣʝʝ ʥʝʦʙʭʦʜʠʤʦ ʚʳʧʦʣʥʠʪʴ ʬʠʣʴʪʨʘʮʠʶ ʧʦʤʝʭ, ʩ ʮʝʣʴʶ ʧʦʣʫʯʝʥʠʷ ʯʠʩʪʦʛʦ ʫʯʘʩʪʢʘ 

ʠʟʦʙʨʘʞʝʥʠʷ, ʧʨʦʰʝʜʰʝʛʦ ʩʛʣʘʞʠʚʘʥʠʝ ʠ ʦʩʚʦʙʦʞʜʝʥʥʦʛʦ ʦʪ ʧʦʤʝʭ. ʇʦʩʣʝ ʯʝʛʦ, ʚʳʜʝʣʷʶʪʩʷ ʦʧʨʝʜʝʣʝʥʥʳʝ 

ʧʨʠʟʥʘʢʠ ʩʠʤʚʦʣʦʚ ʠ ʠʭ ʜʘʣʴʥʝʡʰʝʝ ʨʘʩʧʦʟʥʘʥʠʝ. ʇʦʩʣʝʜʥʠʡ ʙʣʦʢ ʧʨʝʜʥʘʟʥʘʯʝʥ ʜʣʷ ʢʦʨʨʝʢʪʠʨʦʚʦʢ 

ʧʦʣʫʯʝʥʥʦʛʦ ʨʝʟʫʣʴʪʘʪʘ, ʠʩʧʨʘʚʣʝʥʠʷ ʚʦʟʥʠʢʰʠʭ ʦʰʠʙʦʢ ʠ ʧʦʣʫʯʝʥʠʷ ʙʦʣʝʝ ʘʜʝʢʚʘʪʥʦʛʦ ʨʝʟʫʣʴʪʘʪʘ [4].  

2 ʆʙʟʦʨ ʩʫʱʝʩʪʚʫʶʱʠʭ ʧʨʠʣʦʞʝʥʠʡ, ʢʦʪʦʨʳʝ ʠʩʧʦʣʴʟʫʶʪ ʢʘʤʝʨʫ ʤʦʙʠʣʴʥʦʛʦ ʫʩʪʨʦʡʩʪʚʘ 
ʜʣʷ ʨʘʙʦʪʳ ʩ ʪʝʢʩʪʦʤ  

ʅʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʦʜʥʠʤ ʠʟ ʩʘʤʳʭ ʠʟʚʝʩʪʥʳʭ ʧʨʝʜʩʪʘʚʠʪʝʣʝʡ ʜʘʥʥʦʡ ʦʙʣʘʩʪʠ ʷʚʣʷʝʪʩʷ Google 

Translate. ɼʘʥʥʦʝ Android-ʧʨʠʣʦʞʝʥʠʝ ʦʪ ʢʦʤʧʘʥʠʠ Google Inc ʧʦʟʚʦʣʷʝʪ ʧʝʨʝʚʦʜʠʪʴ ʪʝʢʩʪ ʥʘ 103 ʷʟʳʢʘʭ, 

ʚʢʣʶʯʘʝʪ ʨʘʟʛʦʚʦʨʥʠʢ, ʨʫʯʥʦʡ ʚʚʦʜ, ʧʝʨʝʚʦʜ ʢʘʤʝʨʦʡ ʠ ʤʥʦʛʦʝ ʜʨʫʛʦʝ. ʀʥʪʝʨʬʝʡʩ ʧʨʠʣʦʞʝʥʠʷ ʩʚʷʟʳʚʘʝʪ 

ʙʦʣʴʰʦʡ ʬʫʥʢʮʠʦʥʘʣ ʩʠʩʪʝʤʳ, ʧʨʠ ʵʪʦʤ ʷʚʣʷʝʪʩʷ ʜʦʩʪʘʪʦʯʥʦ ʧʨʦʩʪʳʤ ʠ ʧʦʥʷʪʥʳʤ. ɿʜʝʩʴ ʧʨʠʩʫʪʩʪʚʫʶʪ ʢʥʦʧʢʠ 

ʚʳʙʦʨʘ ʛʦʪʦʚʳʭ ʠʟʦʙʨʘʞʝʥʠʡ, ʢʥʦʧʢʘ ʩʦʟʜʘʥʠʷ ʩʥʠʤʢʘ ʠ ʢʥʦʧʢʘ ʘʢʪʠʚʘʮʠʠ ʤʦʤʝʥʪʘʣʴʥʦʛʦ ʧʝʨʝʚʦʜʘ. ɼʘʥʥʘʷ 

ʬʫʥʢʮʠʷ, ʚ ʦʩʥʦʚʥʦʤ, ʧʨʝʜʥʘʟʥʘʯʝʥʘ ʜʣʷ ʧʝʨʝʚʦʜʘ ʢʦʨʦʪʢʠʭ ʩʣʦʚ ʠʣʠ ʬʨʘʟ, ʥʘʧʨʠʤʝʨ, ʚʳʚʝʩʦʢ ʚ ʤʘʛʘʟʠʥʝ ʠʣʠ 

ʤʝʥʶ ʚ ʨʝʩʪʦʨʘʥʝ, ʦʜʥʘʢʦ ʧʨʝʢʨʘʩʥʦ ʨʘʙʦʪʘʝʪ ʠ ʜʣʷ ʪʨʘʥʩʣʷʮʠʠ ʙʦʣʴʰʠʭ ʪʝʢʩʪʦʚ. ʇʨʦʜʫʢʪ ʦʙʣʘʜʘʝʪ 

ʜʦʩʪʘʪʦʯʥʳʤ ʙʳʩʪʨʦʜʝʡʩʪʚʠʝʤ. ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʢʘʯʝʩʪʚʦ ʧʝʨʝʚʦʜʘ ʥʘʭʦʜʠʪʩʷ ʥʘ ʚʳʩʦʢʦʤ ʫʨʦʚʥʝ, 

ʫʩʪʦʡʯʠʚʦʩʪʴ ʨʘʩʧʦʟʥʘʚʘʥʠʷ ʪʝʢʩʪʘ ʜʦʩʪʠʛʘʝʪʩʷ ʧʫʪʝʤ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʧʝʨʩʧʝʢʪʠʚ, ʧʨʠʤʝʥʝʥʠʷ ʚʩʧʳʰʢʠ 

ʢʘʤʝʨʳ ʠ ʢʦʥʪʨʘʩʪʘ. ɼʦʩʪʫʧʝʥ ʦʬʣʘʡʥ ʧʝʨʝʚʦʜ, ʥʦ ʜʣʷ ʵʪʦʛʦ ʥʝʦʙʭʦʜʠʤʦ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʩʢʘʯʘʪʴ ʥʝʦʙʭʦʜʠʤʳʡ 

ʩʣʦʚʘʨʴ. ʇʨʦʛʨʘʤʤʘ ʥʘʭʦʜʠʪʩʷ ʚ ʙʝʩʧʣʘʪʥʦʤ ʜʦʩʪʫʧʝ, ʯʪʦ ʫʩʠʣʠʚʘʝʪ ʚʩʝ ʚʳʰʝʧʝʨʝʯʠʩʣʝʥʥʳʝ ʜʦʩʪʦʠʥʩʪʚʘ. 

ʉʣʝʜʫʶʱʠʡ ʧʨʝʜʩʪʘʚʠʪʝʣʴ ʜʘʥʥʦʡ ʦʪʨʘʩʣʠ ï ʧʨʦʜʫʢʪ ʨʘʟʨʘʙʦʪʯʠʢʦʚ AugmReal ʧʦʜ ʥʘʟʚʘʥʠʝʤ Camera 

Traslator. ʈʘʩʧʦʟʥʘʝʪ ʪʝʢʩʪ ʥʘ 94%, ʨʘʙʦʪʘʝʪ ʠʩʢʣʶʯʠʪʝʣʴʥʦ ʚ ʨʝʞʠʤʝ ʤʛʥʦʚʝʥʥʦʛʦ ʧʝʨʝʚʦʜʘ, ʯʪʦ ʠʩʢʣʶʯʘʝʪ 

ʚʦʟʤʦʞʥʦʩʪʴ ʫʜʦʙʥʦʛʦ ʧʝʨʝʚʦʜʘ ʙʦʣʴʰʠʭ ʪʝʢʩʪʦʚ [7]. ʇʨʠʣʦʞʝʥʠʝ ʩ ʣʝʛʢʠʤ ʠ ʜʦʩʪʫʧʥʳʤ ʠʥʪʝʨʬʝʡʩʦʤ, 

ʢʦʪʦʨʳʡ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʢʥʦʧʢʫ ʥʘʩʪʨʦʝʢ, ʚʢʣʶʯʝʥʠʷ ʚʩʧʳʰʢʠ ʫʩʪʨʦʡʩʪʚʘ ʠ ʨʘʙʦʯʫʶ ʧʨʷʤʦʫʛʦʣʴʥʫʶ ʦʙʣʘʩʪʴ,  

ʢʦʪʦʨʫʶ ʥʝʦʙʭʦʜʠʤʦ ʥʘʚʦʜʠʪʴ ʥʘ ʠʥʪʝʨʝʩʫʶʱʠʡ ʪʝʢʩʪ. ʇʝʨʝʚʦʜ ʧʦʷʚʣʷʝʪʩʷ ʚ ʚʝʨʭʥʝʡ ʯʘʩʪʠ ʵʢʨʘʥʘ, ʟʜʝʩʴ ʞʝ 

ʤʦʞʥʦ ʧʨʦʩʤʦʪʨʝʪʴ ʠʩʪʦʨʠʶ ʧʝʨʝʚʦʜʘ ʦʜʥʦʛʦ ʩʝʘʥʩʘ. ɻʣʘʚʥʳʤ ʥʝʜʦʩʪʘʪʢʦʤ ʷʚʣʷʝʪʩʷ ʦʪʩʫʪʩʪʚʠʝ ʦʬʣʘʡʥ 

ʧʝʨʝʚʦʜʘ, ʯʪʦ ʜʝʣʘʝʪ ʧʦʣʴʟʦʚʘʪʝʣʷ ʟʘʚʠʩʠʤʳʤ ʦʪ ʧʦʜʢʣʶʯʝʥʠʷ ʢ ʀʥʪʝʨʥʝʪʫ. ʆʜʥʘʢʦ ʩʫʱʝʩʪʚʫʝʪ ʠ ʧʣʘʪʥʘʷ 

ʚʝʨʩʠʷ ʵʪʦʛʦ ʧʨʦʜʫʢʪʘ, ʢʦʪʦʨʘʷ ʦʙʣʘʜʘʝʪ ʙʦʣʝʝ ʩʦʚʝʨʰʝʥʥʳʤ ʬʫʥʢʮʠʦʥʘʣʦʤ ʠ ʙʦʣʴʰʠʤ ʢʦʣʠʯʝʩʪʚʦʤ ʷʟʳʢʦʚ. 

ʀʟʚʝʩʪʥʦʝ ʧʨʠʣʦʞʝʥʠʝ ʦʪ ʢʦʤʧʘʥʠʠ ABBYY, ʢʦʪʦʨʦʝ ʦʜʥʠʤ ʠʟ ʧʝʨʚʳʭ ʦʙʲʝʜʠʥʠʣʦ ʚ ʩʝʙʝ ʬʫʥʢʮʠʠ 

ʦʧʪʠʯʝʩʢʦʛʦ ʨʘʩʧʦʟʥʘʚʘʥʠʷ ʩʠʤʚʦʣʦʚ ʠ ʧʝʨʝʚʦʜʯʠʢʘ, ʥʘʟʳʚʘʝʪʩʷ ABBYY  Text Grabber+Translator. ʈʘʟʨʘʙʦʪʢʘ 

ʠʤʝʝʪ ʧʨʦʩʪʦʡ ʠʥʪʝʨʬʝʡʩ, ʢʦʪʦʨʳʡ ʩʦʩʪʦʠʪ ʠʟ ʜʚʫʭ ʢʥʦʧʦʢ, ʧʨʝʜʥʘʟʥʘʯʝʥʥʳʭ ʜʣʷ ʚʳʙʦʨʘ ʩʫʱʝʩʪʚʫʶʱʝʛʦ 

ʠʟʦʙʨʘʞʝʥʠʷ ʠʣʠ ʤʦʤʝʥʪʘʣʴʥʦʡ ʩʲʝʤʢʠ. ʈʘʙʦʪʘʝʪ ʧʨʠʣʦʞʝʥʠʝ ʜʦʩʪʘʪʦʯʥʦ ʩʪʘʙʠʣʴʥʦ ʠ  ʙʳʩʪʨʦ, ʦʜʥʘʢʦ 

ʢʘʯʝʩʪʚʦ ʨʘʩʧʦʟʥʘʚʘʥʠʷ ʪʝʢʩʪʘ ʥʝʫʜʦʚʣʝʪʚʦʨʠʪʝʣʴʥʦ, ʪʘʢ ʢʘʢ ʧʨʦʛʨʘʤʤʥʘʷ ʩʠʩʪʝʤʘ ʥʝ ʩʦʜʝʨʞʠʪ ʩʧʝʮʠʘʣʴʥʳʭ 

ʚʩʪʨʦʝʥʥʳʭ ʬʫʥʢʮʠʡ ʜʣʷ ʫʣʫʯʰʝʥʠʷ ʢʘʯʝʩʪʚʘ ʠʟʦʙʨʘʞʝʥʠʷ, ʯʪʦ ʟʥʘʯʠʪʝʣʴʥʦ ʟʘʪʨʫʜʥʷʝʪ ʚʦʟʤʦʞʥʦʩʪʴ 

ʢʘʯʝʩʪʚʝʥʥʦʛʦ ʧʝʨʝʚʦʜʘ ʪʝʢʩʪʘ. ʄʠʥʫʩʦʤ ʪʘʢʞʝ ʷʚʣʷʝʪʩʷ ʠʥʪʝʛʨʘʮʠʷ ʩ ʩʝʨʚʠʩʦʤ Google Translate ʜʣʷ ʧʝʨʝʚʦʜʘ 

ʪʝʢʩʪʘ, ʯʪʦ ʦʟʥʘʯʘʝʪ ʧʦʪʨʝʙʥʦʩʪʴ ʧʨʠʣʦʞʝʥʠʷ ʚ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʢʘʯʝʩʪʚʝʥʥʦʛʦ ʧʦʜʢʣʶʯʝʥʠʷ ʢ ʀʥʪʝʨʥʝʪʫ. 

ɼʘʥʥʳʡ ʧʨʦʜʫʢʪ ʧʨʝʜʩʪʘʚʣʝʥ ʠʩʢʣʶʯʠʪʝʣʴʥʦ ʚ ʧʣʘʪʥʦʤ ʩʝʛʤʝʥʪʝ, ʯʪʦ ʦʪʦʜʚʠʛʘʝʪ ʝʛʦ ʥʘ ʟʘʜʥʠʡ ʧʣʘʥ ʠʟ-ʟʘ 

ʥʘʣʠʯʠʷ ʙʦʣʝʝ ʢʘʯʝʩʪʚʝʥʥʳʭ ʠ ʙʝʩʧʣʘʪʥʳʭ ʧʨʠʣʦʞʝʥʠʡ. 

Smart Mobile Software ʧʨʝʜʣʘʛʘʝʪ ʩʚʦʶ ʚʝʨʩʠʶ ʧʝʨʝʚʦʜʯʠʢʘ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʢʘʤʝʨʳ ï Photo 

Translator Free. ʅʝʩʤʦʪʨʷ ʥʘ ʥʘʟʚʘʥʠʝ, ʧʨʦʜʫʢʪ ʧʨʝʜʩʪʘʚʣʝʥ ʠ ʚ ʧʣʘʪʥʦʤ ʚʘʨʠʘʥʪʝ ʩ ʨʘʩʰʠʨʝʥʥʳʤʠ 

ʚʦʟʤʦʞʥʦʩʪʷʤʠ, ʫʚʝʣʠʯʝʥʥʳʤ ʢʦʣʠʯʝʩʪʚʦʤ ʷʟʳʢʦʚ, ʙʝʟ ʨʝʢʣʘʤʳ ʠ ʩʪʘʨʪʦʚʦʛʦ ʦʢʥʘ. ɺ ʙʝʩʧʣʘʪʥʦʡ ʚʝʨʩʠʠ 

ʜʦʩʪʫʧʥʦ 5 ʟ̫ʳʢʦʚ, ʠʥʪʝʨʬʝʡʩ ʧʨʦʛʨʘʤʤʳ ʧʨʦʩʪʦʡ, ʦʜʥʘʢʦ ʥʘʛʨʦʤʦʞʜʝʥʠʝ ʠ ʨʘʟʤʝʨʳ ʢʥʦʧʦʢ ʟʘʪʨʫʜʥʷʶʪ 

ʨʘʙʦʪʫ ʩ ʧʨʠʣʦʞʝʥʠʝʤ. ɿʜʝʩʴ ʧʨʠʩʫʪʩʪʚʫʝʪ ʥʝʩʢʦʣʴʢʦ ʩʤʳʩʣʦʚʳʭ ʙʣʦʢʦʚ ʫʧʨʘʚʣʝʥʠʷ. ʇʝʨʚʳʡ ʧʨʝʜʥʘʟʥʘʯʝʥ ʜʣʷ 

ʧʦʣʫʯʝʥʠʷ ʠʟʦʙʨʘʞʝʥʠʷ, ʣʠʙʦ ʠʟ ʛʘʣʝʨʝʠ, ʣʠʙʦ ʩ ʧʦʤʦʱʴʶ ʢʘʤʝʨʳ. ɼʘʣʝʝ ʚʳʙʠʨʘʶʪʩʷ ʷʟʳʢʠ, ʜʣʷ ʢʦʪʦʨʳʭ 

ʧʝʨʝʚʦʜʠʪʩʷ ʪʝʢʩʪ. ɺʥʠʟʫ ʨʘʩʧʦʣʦʞʝʥʘ ʢʥʦʧʢʘ Translate, ʧʨʠ ʥʘʞʘʪʠʠ ʥʘ ʢʦʪʦʨʫʶ ʧʨʦʠʩʭʦʜʠʪ ʨʘʩʧʦʟʥʘʚʘʥʠʝ ʠ 

ʧʝʨʝʚʦʜ ʪʝʢʩʪʘ ʩ ʠʟʦʙʨʘʞʝʥʠʷ ʚ ʩʣʫʯʘʝ ʫʩʧʝʰʥʦʛʦ ʚʳʙʦʨʘ ʧʘʨʘʤʝʪʨʦʚ ʠ ʥʘʣʠʯʠʷ ʧʦʜʢʣʶʯʝʥʠʷ ʢ ʀʥʪʝʨʥʝʪʫ, 

ʠʥʘʯʝ ʚʳʜʘʝʪʩʷ ʩʦʦʙʱʝʥʠʝ ʦʙ ʦʰʠʙʢʝ. ɹʳʩʪʨʦʪʘ ʠ ʩʪʘʙʠʣʴʥʦʩʪʴ ʨʘʙʦʪʳ ʧʨʠʣʦʞʝʥʠʷ ʥʘʭʦʜʠʪʩʷ ʥʘ ʥʝʚʳʩʦʢʦʤ 
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ʫʨʦʚʥʝ, ʠ ʟʘʥʠʤʘʝʪ ʦʢʦʣʦ ʤʠʥʫʪʳ. ʊʘʢʞʝ ʤʠʥʫʩʦʤ ʷʚʣʷʝʪʩʷ ʦʪʩʫʪʩʪʚʠʝ ʨʫʩʠʬʠʮʠʨʦʚʘʥʥʦʡ ʚʝʨʩʠʠ ʧʨʦʜʫʢʪʘ ʠ 

ʦʪʩʫʪʩʪʚʠʝ ʨʫʩʩʢʦʛʦ ʷʟʳʢʦʚʦʛʦ ʧʘʢʝʪʘ, ʧʦ ʢʨʘʡʥʝʡ ʤʝʨʝ, ʚ ʙʝʩʧʣʘʪʥʦʡ ʚʝʨʩʠʠ.  

ʈʘʟʨʘʙʦʪʢʘ CamTranslator Pro, ʧʨʝʜʩʪʘʚʣʝʥʥʘʷ ʯʘʩʪʥʳʤ ʣʠʮʦʤ Dennis Kragek, ʷʚʣʷʝʪʩʷ ʚʘʨʠʘʥʪʦʤ ʜʣʷ 

ʧʦʣʴʟʦʚʘʪʝʣʝʡ Apple ʧʨʦʜʫʢʮʠʠ. ɼʘʥʥʦʝ ʧʨʠʣʦʞʝʥʠʝ ʦʧʪʠʤʠʟʠʨʦʚʘʥʦ ʪʦʣʴʢʦ ʧʦʜ IOS, ʧʦʜʜʝʨʞʠʚʘʝʪ ʙʦʣʝʝ 10-

ʪʠ ʷʟʳʢʦʚ, ʦʜʥʘʢʦ ʟʘ ʜʦʧʦʣʥʠʪʝʣʴʥʫʶ ʧʣʘʪʫ, ʤʦʞʥʦ ʫʩʪʘʥʦʚʠʪʴ ʧʨʘʢʪʠʯʝʩʢʠ ʣʶʙʦʡ ʠʥʪʝʨʝʩʫʶʱʠʡ ʧʘʢʝʪ. 

ʀʥʪʝʨʬʝʡʩ ʧʨʦʛʨʘʤʤʳ ʫʜʦʙʝʥ ʜʣʷ ʨʘʙʦʪʳ. ʇʦʩʣʝ ʩʦʟʜʘʥʠʷ ʬʦʪʦ ʧʦʣʴʟʦʚʘʪʝʣʶ ʧʨʝʜʣʘʛʘʝʪʩʷ ʚʳʙʨʘʪʴ 

ʠʥʪʝʨʝʩʫʶʱʠʡ ʝʛʦ ʫʯʘʩʪʦʢ ʪʝʢʩʪʘ, ʚʨrʝʟʘʪʴ ʝʛʦ ʠ ʧʝʨʝʜʘʪʴ ʥʘ ʧʝʨʝʚʦʜ. ʌʨʘʛʤʝʥʪʳ ʨʘʩʧʦʟʥʘʥʥʦʛʦ ʪʝʢʩʪʘ ʤʦʞʥʦ 

ʩʢʦʧʠʨʦʚʘʪʴ ʚ ʙʫʬʝʨ ʦʙʤʝʥʘ ʩ ʧʦʤʦʱʴʶ ʥʘʞʘʪʠʷ ʩʧʝʮʠʘʣʴʥʦʡ ʢʥʦʧʢʠ. ʊʘʢʞʝ ʧʨʠʩʫʪʩʪʚʫʝʪ ʬʫʥʢʮʠʷ 

ʤʛʥʦʚʝʥʥʦʛʦ ʧʝʨʝʚʦʜʘ, ʢʦʪʦʨʘʷ ʥʝʟʘʤʝʥʠʤʘ ʧʨʠ ʨʘʙʦʪʝ ʩ ʤʘʣʝʥʴʢʠʤʠ ʦʙʲʝʤʘʤʠ ʪʝʢʩʪʦʚ. ɹʳʩʪʨʦʪʘ ʠ ʢʘʯʝʩʪʚʦ 

ʧʝʨʝʚʦʜʘ ʥʘʧʨʷʤʫʶ ʟʘʚʠʩʷʪ ʦʪ ʢʘʯʝʩʪʚʘ ʬʦʪʦʛʨʘʬʠʠ ʠ ʦʩʚʝʱʝʥʠʷ, ʯʪʦ ʷʚʣʷʝʪʩʷ ʥʝʩʫʱʝʩʪʚʝʥʥʳʤ ʤʠʥʫʩʦʤ 

ʜʘʥʥʦʛʦ ʧʨʠʣʦʞʝʥʠʷ. ʂ ʜʦʩʪʦʠʥʩʪʚʘʤ ʤʦʞʥʦ ʦʪʥʝʩʪʠ ʥʘʣʠʯʠʝ ʦʬʣʘʡʥ ʧʝʨʝʚʦʜʘ ʠ ʥʝʙʦʣʴʰʦʝ ʧʦʪʨʝʙʣʝʥʠʝ 

ʨʝʩʫʨʩʦʚ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʜʦʣʴʰʝ ʩʦʭʨʘʥʷʪʴ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʴ ʙʘʪʘʨʝʠ.  

ɺ ʪʘʙʣʠʮʝ 1 ʧʨʝʜʩʪʘʚʣʝʥʳ ʦʩʥʦʚʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʘʥʘʣʦʛʦʚ ʨʘʟʨʘʙʘʪʳʚʘʝʤʦʡ ʩʠʩʪʝʤʳ [7]. 

 

ʊʘʙʣʠʮʘ 1. ʉʨʘʚʥʠʪʝʣʴʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ʍʘʨʘʢʪʝʨʠʩʪʠʢʠ Google 

Transalte 

Camera 

Translator*  

ABBYY  Text 

Grabber 

PhotoTranslator 

Free* 

CamTranslator 

Pro* 

ʂʦʣʠʯʝʩʪʚʦ 

ʷʟʳʢʦʚ 

103 14 60 5 10 

ʆʬʣʘʡʥ ʧʝʨʝʚʦʜ + - - - + 

ʉʢʦʨʦʩʪʴ 

ʧʝʨʝʚʦʜʘ 

<15 ʩʝʢ. + 

ʤʛʥʦʚʝʥʥʳʡ 

ʧʝʨʝʚʦʜ 

ʤʛʥʦʚʝʥʥʳʡ 

ʧʝʨʝʚʦʜ** 

<25 ʩʝʢ. >1 ʤʠʥ. <20 ʩʝʢ. 

% ʨʘʩʧʦʟʥʘʚʘʥʠʷ 

ʧʝʯʘʪʥʦʛʦ ʪʝʢʩʪʘ 

96% 94% 87% 90% 92% 

ʋʨʦʚʝʥʴ 

ʫʩʪʦʡʯʠʚʦʩʪʠ ʠ 

ʩʪʘʙʠʣʴʥʦʩʪʠ 

ʨʘʩʧʦʟʥʘʚʘʥʠʷ 

ɺʳʩʦʢʠʡ ɺʳʩʦʢʠʡ ʅʠʟʢʠʡ ʉʨʝʜʥʠʡ ʉʨʝʜʥʠʡ 

ʇʣʘʪʬʦʨʤʘ Android/IOS Android Android Android IOS 

ʈʘʟʤʝʨ 7,67 ʄʙ 7,7 ʄʙ 19 ʄʙ 2 ʄʙ 5 ʄʙ 

ʈʘʟʨʘʙʦʪʯʠʢ Google Inc AugmReal ABBYY  Smart Mobile 

Software 

Dennis Kragek 

* ï ʙʝʩʧʣʘʪʥʘʷ ʚʝʨʩʠʷ ʧʨʦʜʫʢʪʘ 

** ï ʩʣʦʚʘ ʠ ʢʦʨʦʪʢʠʝ ʬʨʘʟʳ 

 

ʇʦʜʚʦʜʷ ʠʪʦʛʠ, ʩʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʢʘʯʝʩʪʚʦ ʨʘʩʧʦʟʥʘʚʘʥʠʷ ʟʘʚʠʩʠʪ ʥʝ ʪʦʣʴʢʦ ʦʪ ʧʨʠʣʦʞʝʥʠʷ  ʠ 

ʥʘʣʠʯʠʷ ʩʧʝʮʠʘʣʴʥʳʭ ʠʥʩʪʨʫʤʝʥʪʦʚ ʜʣʷ ʦʙʨʘʙʦʪʢʠ ʠʟʦʙʨʘʞʝʥʠʡ, ʥʦ ʠ ʦʪ ʢʘʤʝʨʳ ʤʦʙʠʣʴʥʦʛʦ ʫʩʪʨʦʡʩʪʚʘ. 

ɸʥʘʣʠʟʠʨʫʝʤʳʝ ʧʨʠʣʦʞʝʥʠʷ ʧʦʢʘʟʘʣʠ ʨʘʟʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʧʨʠ ʪʝʩʪʠʨʦʚʘʥʠʠ. ʅʘʠʙʦʣʝʝ ʣʫʯʰʠʝ ʨʝʟʫʣʴʪʘʪʳ 

ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʣ Google Translate, ʯʪʦ ʥʝʫʜʠʚʠʪʝʣʴʥʦ, ʫʯʠʪʳʚʘʷ ʚʦʟʤʦʞʥʦʩʪʠ ʠ ʤʦʱʥʦʩʪʠ ʢʦʤʧʘʥʠʠ. ʊʘʢʞʝ 

ʩʪʦʠʪ ʦʪʤʝʪʠʪʴ ʜʚʘ ʥʝʧʣʦʭʠʭ ʚʘʨʠʘʥʪʘ Camera Translate ʠ CamTraslator. ɼʘʥʥʳʝ ʧʨʦʜʫʢʪʳ ʧʨʝʜʦʩʪʘʚʣʷʶʪ 

ʜʦʩʪʘʪʦʯʥʫʶ ʬʫʥʢʮʠʦʥʘʣʴʥʦʩʪʴ, ʠ ʚ ʧʦʣʥʦʡ ʤʝʨʝ ʨʘʩʢʨʳʚʘʶʪ ʩʚʦʡ ʧʦʪʝʥʮʠʘʣ ʚ ʧʣʘʪʥʳʭ ʚʝʨʩʠʷʭ.  

ʂʘʞʜʳʡ ʠʟ ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʚʘʨʠʘʥʪʦʚ ʠʤʝʝʪ ʩʚʦʠ ʥʝʜʦʩʪʘʪʢʠ. ʅʘʧʨʠʤʝʨ, ʧʨʠʣʦʞʝʥʠʝ Google Translate 

ʟʘʥʠʤʘʝʪ ʜʦʩʪʘʪʦʯʥʦ ʙʦʣʴʰʦʡ ʦʙʲʝʤ ʧʘʤʷʪʠ, ʘ ʧʦʩʪʦʷʥʥʳʝ ʦʙʥʦʚʣʝʥʠʷ ʠ ʩʢʘʯʠʚʘʥʠʷ ʩʣʦʚʘʨʝʡ ʫʚʝʣʠʯʠʚʘʶʪ ʝʛʦ 

ʚ ʨʘʟʳ. ɺʦ ʚʩʝʭ ʦʩʪʘʣʴʥʳʭ ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʧʨʠʣʦʞʝʥʠʷʭ, ʢʨʦʤʝ ʧʦʩʣʝʜʥʝʛʦ, ʦʪʩʫʪʩʪʚʫʝʪ ʦʬʣʘʡʥ ʧʝʨʝʚʦʜ, ʯʪʦ 

ʷʚʣʷʝʪʩʷ ʟʘʤʝʪʥʳʤ ʥʝʜʦʩʪʘʪʢʦʤ. ʊʘʢʞʝ, Camera Translator ʥʝ ʧʝʨʝʚʦʜʠʪ ʙʦʣʴʰʠʝ ʦʙʲʝʤʳ ʪʝʢʩʪʦʚ, ʘ ABBYY  

Text Grabber+Translator, ʧʦʤʠʤʦ ʙʦʣʴʰʦʛʦ ʨʘʟʤʝʨʘ, ʠʤʝʝʪ ʥʠʟʢʠʡ ʫʨʦʚʝʥʴ ʫʩʪʦʡʯʠʚʦʩʪʠ ʠ ʩʪʘʙʠʣʴʥʦʩʪʠ 

ʨʘʩʧʦʟʥʘʚʘʥʠʷ. ʉʢʦʨʦʩʪʴ ʧʝʨʝʚʦʜʘ ʧʨʠʣʦʞʝʥʠʷ PhotoTranlsator Free ʥʠʟʢʘʷ, ʘ ʦʪʩʫʪʩʪʚʠʝ ʨʫʩʩʢʦʡ ʚʝʨʩʠʠ ʠ 

ʥʘʣʠʯʠʝ ʚʩʝʛʦ 5-ʪʠ ʷʟʳʢʦʚ ʷʚʣʷʶʪʩʷ ʩʫʱʝʩʪʚʝʥʥʳʤʠ ʥʝʜʦʩʪʘʪʢʘʤʠ ʜʘʥʥʦʡ ʚʝʨʩʠʠ. ʆʩʥʦʚʥʳʤ ʤʠʥʫʩʦʤ 

CamTranslator Pro ʷʚʣʷʝʪʩʷ ʦʪʩʫʪʩʪʚʠʝ Android-ʚʝʨʩʠʠ, ʯʪʦ ʩʫʱʝʩʪʚʝʥʥʦ ʫʤʝʥʴʰʘʝʪ ʢʦʣʠʯʝʩʪʚʦ ʧʦʪʝʥʮʠʘʣʴʥʳʭ 

ʧʦʣʴʟʦʚʘʪʝʣʝʡ. 

ʈʘʟʨʘʙʘʪʳʚʘʝʤʳʡ ʧʨʦʜʫʢʪ ʧʨʠʟʚʘʥ ʦʙʲʝʜʠʥʠʪʴ ʚ ʩʝʙʝ ʣʫʯʰʠʝ ʢʘʯʝʩʪʚʘ ʩʫʱʝʩʪʚʫʶʱʠʭ ʘʥʘʣʦʛʦʚ, ʠ 

ʠʩʢʣʶʯʠʪʴ ʦʩʥʦʚʥʳʝ ʥʝʜʦʩʪʘʪʢʠ ʢʘʞʜʦʛʦ ʠʟ ʥʠʭ. 

3 ʊʨʝʙʦʚʘʥʠʷ ʢ ʧʨʦʛʨʘʤʤʥʦʡ ʩʠʩʪʝʤʝ çVlasiukTranslateè  

ʀʟʫʯʠʚ ʠ  ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʚ ʨʷʜ ʧʨʠʣʦʞʝʥʠʡ, ʠʩʧʦʣʴʟʫʶʱʠʭ ʢʘʤʝʨʫ ʤʦʙʠʣʴʥʳʭ ʫʩʪʨʦʡʩʪʚ ʜʣʷ 

ʦʙʝʩʧʝʯʝʥʠʷ ʚʚʦʜʘ ʠʩʭʦʜʥʦʡ ʠʥʬʦʨʤʘʮʠʠ, ʘ ʪʘʢʞʝ ʧʨʦʯʠʪʘʚ ʢʦʤʤʝʥʪʘʨʠʠ ʧʦʣʴʟʦʚʘʪʝʣʝʡ ʢ ʜʘʥʥʳʤ ʧʨʦʜʫʢʪʘʤ, 

ʤʦʞʥʦ ʩʬʦʨʤʠʨʦʚʘʪʴ ʙʘʟʠʩʥʳʝ ʪʨʝʙʦʚʘʥʠʷ ʠ ʚʠʜʝʥʠʝ ʙʫʜʫʱʝʛʦ ʧʨʦʛʨʘʤʤʥʦʛʦ ʧʨʦʜʫʢʪʘ. ʆʩʥʦʚʥʳʝ ʪʨʝʙʦʚʘʥʠʷ 

ʢ ʨʘʟʨʘʙʘʪʳʚʘʝʤʦʡ ʩʠʩʪʝʤʝ: 
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- ʦʬʣʘʡʥ ʧʝʨʝʚʦʜ (ʢʦʪʦʨʳʡ ʙʫʜʝʪ ʦʩʫʱʝʩʪʚʣʷʪʴʩʷ ʩ ʧʦʤʦʱʴʶ ʚʩʪʨʦʝʥʥʳʭ ʩʣʦʚʘʨʝʡ), 

- ʦʧʪʠʤʠʟʘʮʠʷ ʩʢʦʨʦʩʪʠ ʘʥʘʣʠʟʘ ʠ ʧʝʨʝʚʦʜʘ ʪʝʢʩʪʘ, 

- ʧʦʜʜʝʨʞʢʘ ʥʝʩʢʦʣʴʢʠʭ ʷʟʳʢʦʚ ʧʝʨʝʚʦʜʘ, 

- ʜʦʩʪʘʪʦʯʥʳʡ ʫʨʦʚʝʥʴ ʫʩʪʦʡʯʠʚʦʩʪʠ ʠ ʩʪʘʙʠʣʴʥʦʩʪʠ ʨʘʩʧʦʟʥʘʚʘʥʠʷ ʪʝʢʩʪʘ, 

- ʧʨʦʩʪʦʡ ʠ ʫʜʦʙʥʳʡ ʠʥʪʝʨʬʝʡʩ ʧʦʣʴʟʦʚʘʪʝʣʷ, 

- ʚʦʟʤʦʞʥʦʩʪʴ ʚʳʙʦʨʘ ʠʟʦʙʨʘʞʝʥʠʷ ʜʣʷ ʧʝʨʝʚʦʜʘ, 

- ʚʦʟʤʦʞʥʦʩʪʴ ʧʦʜʢʣʶʯʝʥʠʷ ʚʩʧʳʰʢʠ ʪʝʣʝʬʦʥʘ, 

- ʦʪʩʫʪʩʪʚʠʝ ʚʣʠʷʥʠʷ ʥʘ ʨʘʙʦʪʫ ʩʠʩʪʝʤʳ ʨʘʟʤʝʨʘ ʵʢʨʘʥʘ ʫʩʪʨʦʡʩʪʚʘ, 

- ʭʦʨʦʰʝʝ ʢʘʯʝʩʪʚʦ ʧʝʨʝʚʦʜʘ. 

ɺ ʧɻʦʭʫ ʧʦʩʪʦʷʥʥʦʛʦ ʨʘʟʚʠʪʠʷ ʤʦʙʠʣʴʥʳʭ ʫʩʪʨʦʡʩʪʚ ʜʦʩʪʘʪʦʯʥʦ ʩʣʦʞʥʦ ʧʨʦʠʟʚʝʩʪʠ ʪʘʢʦʡ ʧʨʦʜʫʢʪ, 

ʢʦʪʦʨʳʡ ʫʩʧʝʰʥʦ ʩʧʨʘʚʠʪʩʷ ʩ ʚʦʟʥʠʢʰʝʡ ʢʦʥʢʫʨʝʥʮʠʝʡ, ʦʜʥʘʢʦ ʢ ʵʪʦʤʫ ʥʝʦʙʭʦʜʠʤʦ ʩʪʨʝʤʠʪʴʩʷ. ʂʘʯʝʩʪʚʦ  

ʧʝʨʝʚʦʜʘ ʷʚʣʷʝʪʩʷ ʛʣʘʚʥʦʡ ʪʦʯʢʦʡ ʜʣʷ ʢʦʥʢʫʨʝʥʮʠʠ, ʧʦʪʦʤʫ ʯʪʦ ʠʤʝʥʥʦ ʚ ʵʪʦʤ ʘʩʧʝʢʪʝ ʥʝʪ ʠʜʝʘʣʴʥʦʛʦ 

ʧʨʦʜʫʢʪʘ. 

4 ɺʳʙʦʨ ʪʝʭʥʠʯʝʩʢʠʭ ʩʨʝʜʩʪʚ 

ʇʨʠʣʦʞʝʥʠʝ ʧʦ ʧʝʨʝʚʦʜʫ ʪʝʢʩʪʘ ʩ ʧʦʤʦʱʴʶ ʢʘʤʝʨʳ ʤʦʙʠʣʴʥʦʛʦ ʫʩʪʨʦʡʩʪʚʘ ʙʫʜʝʪ ʦʧʪʠʤʠʟʠʨʦʚʘʥʦ ʧʦʜ 

ʧʣʘʪʬʦʨʤʫ Android ʠ ʥʘʧʠʩʘʥʦ ʩ ʧʦʤʦʱʴʶ ʩʨʝʜʩʪʚ ʷʟʳʢʘ Java, ʘ ʪʘʢʞʝ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʙʠʙʣʠʦʪʝʢʠ OCR. 

ɼʘʥʥʳʡ ʚʳʙʦʨ ʥʝ ʩʣʫʯʘʝʥ, ʚʝʜʴ ʩʦʛʣʘʩʥʦ ʩʪʘʪʠʩʪʠʢʝ, ʚ 2014 ʛʦʜʫ 86% ʧʨʦʜʘʥʥʳʭ ʩʤʘʨʪʬʦʥʦʚ ʠʤʝʣʠ 

ʫʩʪʘʥʦʚʣʝʥʥʫʶ ʦʧʝʨʘʮʠʦʥʥʫʶ ʩʠʩʪʝʤʫ Android, ʘ Java ʚʳʩʪʫʧʘʝʪ ʦʩʥʦʚʥʳʤ ʷʟʳʢʦʤ ʨʘʟʨʘʙʦʪʢʠ ʤʦʙʠʣʴʥʳʭ 

ʧʨʠʣʦʞʝʥʠʡ. ɺ ʢʘʯʝʩʪʚʝ ʩʨʝʜʳ ʨʘʟʨʘʙʦʪʢʠ ʙʫʜʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ Android Studio. 

Android Studio ï ʠʥʪʝʛʨʠʨʦʚʘʥʥʘʷ ʩʨʝʜʘ ʨʘʟʨʘʙʦʪʢʠ (IDE) ʜʣʷ ʨʘʙʦʪʳ ʩ ʧʣʘʪʬʦʨʤʦʡ Android, 

ʦʩʥʦʚʘʥʥʘʷ ʥʘ ʧʨʦʛʨʘʤʤʥʦʤ ʦʙʝʩʧʝʯʝʥʠʠ IntelliJ IDEA ʦʪ ʢʦʤʧʘʥʠʠ JetBrains [8]. Android ï ʦʧʝʨʘʮʠʦʥʥʘʷ 

ʩʠʩʪʝʤʘ ʜʣʷ ʩʤʘʨʪʬʦʥʦʚ, ʠʥʪʝʨʥʝʪ-ʧʣʘʥʰʝʪʦʚ ʠ ʜʨʫʛʠʭ ʫʩʪʨʦʡʩʪʚ, ʢʦʪʦʨʘʷ ʧʦʟʚʦʣʷʝʪ ʩʦʟʜʘʚʘʪʴ Java-

ʧʨʠʣʦʞʝʥʠʷ, ʫʧʨʘʚʣʷʶʱʠʝ ʫʩʪʨʦʡʩʪʚʦʤ ʯʝʨʝʟ ʨʘʟʨʘʙʦʪʘʥʥʳʝ ʙʠʙʣʠʦʪʝʢʠ Google [9]. 

ɺ ʥʘʰʝ ʚʨʝʤʷ ʧʨʦʛʨʘʤʤʳ ʜʣʷ Android ʚʦʩʪʨʝʙʦʚʘʥʳ ʫ ʧʦʣʴʟʦʚʘʪʝʣʝʡ. ʕʪʦ ʩʚʷʟʘʥʥʦ ʩ ʪʝʤ, ʯʪʦ 

ʩʦʟʜʘʶʪʩʷ ʚʩʝ ʥʦʚʳʝ ʠ ʥʦʚʳʝ ʧʨʠʣʦʞʝʥʠʷ, ʧʨʠʟʚʘʥʥʳʝ ʧʦʤʦʯʴ ʠ ʫʧʨʦʩʪʠʪʴ ʚʳʧʦʣʥʝʥʠʝ ʥʝʢʦʪʦʨʳʭ ʜʝʡʩʪʚʠʡ 

ʜʣʷ ʦʙʳʯʥʦʛʦ ʯʝʣʦʚʝʢʘ, ʘ ʪʘʢʞʝ ʩʵʢʦʥʦʤʠʪʴ ʝʛʦ ʚʨʝʤʷ, ʢʘʢ, ʥʘʧʨʠʤʝʨ, ʚ ʩʣʫʯʘʝ ʩ ʘʚʪʦʤʘʪʠʯʝʩʢʠʤ ʧʝʨʝʚʦʜʦʤ. 

ʀʤʝʥʥʦ ʙʣʘʛʦʜʘʨʷ ʧʦʩʪʦʷʥʥʦʤʫ ʨʦʩʪʫ ʧʦʧʫʣʷʨʥʦʩʪʠ Android-ʫʩʪʨʦʡʩʪʚ ʠ ʰʠʨʦʢʦʤʫ ʩʧʝʢʪʨʫ ʚʦʟʤʦʞʥʦʩʪʝʡ ʜʣʷ 

ʨʘʟʨʘʙʦʪʯʠʢʦʚ ʠ ʙʳʣʘ ʚʳʙʨʘʥʘ Anroid-ʧʣʘʪʬʦʨʤʘ ʜʣʷ  ʨʘʟʨʘʙʦʪʢʠ ʧʨʦʛʨʘʤʤʥʦʛʦ ʧʨʦʜʫʢʪʘ.  

ɺʳʚʦʜʳ 

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥʳ ʩʫʱʝʩʪʚʫʶʱʠʝ ʧʨʦʛʨʘʤʤʳ ʜʣʷ ʫʜʦʙʥʦʛʦ ʠ ʙʳʩʪʨʦʛʦ ʧʝʨʝʚʦʜʘ 

ʪʝʢʩʪʘ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʢʘʤʝʨʳ. ʅʘ ʦʩʥʦʚʝ ʚʳʧʦʣʥʝʥʥʦʛʦ ʘʥʘʣʠʟʘ ʠ ʩʨʘʚʥʝʥʠʷ ʩʫʱʝʩʪʚʫʶʱʠʭ ʧʨʠʣʦʞʝʥʠʡ 

ʙʳʣʠ ʩʬʦʨʤʠʨʦʚʘʥʳ ʦʩʥʦʚʥʳʝ ʪʨʝʙʦʚʘʥʠʷ ʜʣʷ ʥʘʧʠʩʘʥʠʷ ʩʚʦʝʛʦ ʧʨʦʛʨʘʤʤʥʦʛʦ ʧʨʦʜʫʢʪʘ. ʊʘʢʞʝ ʨʝʟʫʣʴʪʘʪʦʤ 

ʧʨʦʜʝʣʘʥʥʦʡ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʦʙʦʩʥʦʚʘʥʠʝ ʚʳʙʦʨʘ ʪʝʭʥʠʯʝʩʢʠʭ ʩʨʝʜʩʪʚ, ʠʩʧʦʣʴʟʫʝʤʳʭ ʧʨʠ ʨʘʟʨʘʙʦʪʢʝ. ɺ 

ʜʘʣʴʥʝʡʰʝʤ ʪʨʝʙʦʚʘʥʠʷ ʢ ʨʘʟʨʘʙʘʪʳʚʘʝʤʦʡ ʧʨʦʛʨʘʤʤʥʦʡ ʩʠʩʪʝʤʝ ʤʦʛʫʪ ʙʳʪʴ ʫʪʦʯʥʝʥʳ,  ʥʦ ʚ ʨʘʤʢʘʭ ʦʩʥʦʚʥʳʭ, 

ʧʨʠʚʝʜʝʥʥʳʭ ʚ ʵʪʦʡ ʨʘʙʦʪʝ. 
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ʤʦʙʠʣʴʥʦʛʦ ʫʩʪʨʦʡʩʪʚʘ çVlasiukTranslateè. ɺ ʨʘʙʦʪʝ ʚʳʧʦʣʥʝʥ ʘʥʘʣʠʟ ʩʫʱʝʩʪʚʫʶʱʠʭ ʘʥʘʣʦʛʦʚ 
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Kolomoitseva I .A., Vlasiuk D.A. The application to translation text using mobile deviceôs camera  

çVlasiukTranslateè. This article provides an analysis of existing software systems that perform computer 

translation of texts. The purpose of comparison - to determine  requirements for their own program 

system "VlasiukTranslate". These requirements are also given in the article 
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ʙʠʩʝʨʦʧʣʝʪʝʥʠʷçCrochetBeadMasterè. ʎʝʣʴʶ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʦʧʠʩʘʥʠʝ ʥʘʯʘʣʴʥʦʛʦ 

ʵʪʘʧʘ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʧʨʦʛʨʘʤʤʥʦʡ ʩʠʩʪʝʤʳ çCrochetBeadMasterè. ɼʣʷ ʵʪʦʛʦ ʚʳʧʦʣʥʝʥʳ ʘʥʘʣʠʟ 

ʩʫʱʝʩʪʚʫʶʱʠʭ ʧʨʦʛʨʘʤʤʥʳʭ ʩʨʝʜʩʪʚ ʜʣʷ ʙʠʩʝʨʦʧʣʝʪʝʥʠʷ ʠ ʦʮʝʥʢʘ ʠʭ ʜʦʩʪʦʠʥʩʪʚ ʠ 

ʥʝʜʦʩʪʘʪʢʦʚ, ʘ ʪʘʢʞʝ ʩʬʦʨʤʫʣʠʨʦʚʘʥʳ ʪʨʝʙʦʚʘʥʠʷ ʠ ʦʧʨʝʜʝʣʝʥʳ ʬʫʥʢʮʠʦʥʘʣʴʥʳʝ ʤʦʜʫʣʠ ʜʣʷ 

ʩʦʙʩʪʚʝʥʥʦʛʦ ʧʨʦʜʫʢʪʘ. 
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ʩʠʩʪʝʤʘ.  

 

ɺʚʝʜʝʥʠʝ   

ʈʘʙʦʪʘ ʩ ʙʠʩʝʨʦʤ ʠʣʠ ʜʨʫʛʠʤʠ ʧʦʜʦʙʥʳʤʠ ʤʘʪʝʨʠʘʣʘʤʠ ʷʚʣʷʝʪʩʷ ʥʘʮʠʦʥʘʣʴʥʳʤ ʨʝʤʝʩʣʦʤ ʚʦ ʤʥʦʛʠʭ 

ʢʫʣʴʪʫʨʘʭ, ʘ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʵʪʦ ʠʩʢʫʩʩʪʚʦ ʟʘʚʦʝʚʘʣʦ ʠ ʚʝʩʴ ʤʠʨ ʩʚʦʝʡ ʥʝʧʦʚʪʦʨʠʤʦʡ 

ʢʨʘʩʦʪʦʡ, ʫʪʦʥʯʝʥʥʦʩʪʴʶ ʠ ʩʪʨʦʛʦʩʪʴʶ ʠʩʧʦʣʥʝʥʠʷ [1]. 

ɼʣʷ ʤʥʦʛʠʭ ʚʷʟʘʥʠʝ ʩ ʙʠʩʝʨʦʤ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʯʝʤ-ʪʦ ʪʨʫʜʦʸʤʢʠʤ ʠ ʩʦʚʝʨʰʝʥʥʦ ʥʝʜʦʩʪʫʧʥʳʤ. ʆʜʥʘʢʦ 

ʩʪʦʠʪ ʣʠʰʴ ʨʘʟʦʙʨʘʪʴʩʷ ʚ ʥʶʘʥʩʘʭ ʣʶʙʦʡ ʪʝʭʥʠʢʠ, ʠ ʫʞʝ ʥʝ ʪʘʢ ʩʪʨʘʰʥʦ ʙʨʘʪʴʩʷ ʟʘ ʜʝʣʦ. ʉʘʤʦʝ ʪʨʫʜʥʦʝ ʚ 

ʚʷʟʘʥʠʠ ʩ ʙʠʩʝʨʦʤ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʧʨʘʚʠʣʴʥʦʤ ʥʘʙʦʨʝ ʙʠʩʝʨʠʥʦʢ ʥʘ ʥʠʪʴ, ʪʘʢ ʢʘʢ ʦʪ ʵʪʦʛʦ ʟʘʚʠʩʠʪ ʫʟʦʨ, 

ʧʦʣʫʯʘʶʱʠʡʩʷ ʧʨʠ ʚʷʟʘʥʠʠ [2].  

ʇʦʩʪʦʷʥʥʦ ʨʘʩʪʫʱʘʷ ʧʦʧʫʣʷʨʥʦʩʪʴ ʙʠʩʝʨʦʧʣʝʪʝʥʠʷ ʥʝ ʤʦʛʣʘ ʥʝ ʢʦʩʥʫʪʴʩʷ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ 

ʪʝʭʥʦʣʦʛʠʡ: ʧʦʰʘʛʦʚʳʝ ʠʥʩʪʨʫʢʮʠʠ, ʚʠʜʝʦ-ʫʨʦʢʠ, ʬʦʨʫʤʳ, ʙʣʦʛʠ, ʠʥʪʝʨʥʝʪ-ʤʘʛʘʟʠʥʳ, ʢʦʪʦʨʳʝ ʩʝʛʦʜʥʷ 

ʜʦʩʪʫʧʥʳ ʚʩʝʤ ʠ ʢʘʞʜʦʤʫ. ɺ ʦʪʜʝʣʴʥʫʶ ʢʘʪʝʛʦʨʠʶ ʩʣʝʜʫʝʪ ʚʳʜʝʣʠʪʴ ʧʨʦʛʨʘʤʤʳ, ʧʨʝʜʦʩʪʘʚʣʷʶʱʠʝ 

ʚʦʟʤʦʞʥʦʩʪʴ ʩʘʤʦʩʪʦʷʪʝʣʴʥʦ ʩʦʩʪʘʚʣʷʪʴ ʩʭʝʤʳ ʜʣʷ ʚʷʟʘʥʠʷ ʙʠʩʝʨʦʤ ʠ ʚʦʩʧʨʦʠʟʚʦʜʠʪʴ ʠʭ ʟʚʫʢʦʚʦʡ ʘʥʘʣʦʛ ʜʣʷ 

ʥʘʙʦʨʘ ʙʠʩʝʨʘ ʨʫʢʦʜʝʣʴʥʠʮʝʡ.  
ʎʝʣʴʶ ʥʘʧʠʩʘʥʠʷ ʜʘʥʥʦʡ ʩʪʘʪʴʠ ʷʚʣʷʝʪʩʷ: 

- ʦʙʟʦʨ ʩʫʱʝʩʪʚʫʶʱʠʭ ʧʨʦʛʨʘʤʤʥʳʭ ʩʠʩʪʝʤ;  

- ʘʥʘʣʠʟ ʠʭ ʜʦʩʪʦʠʥʩʪʚ ʠ ʥʝʜʦʩʪʘʪʢʦʚ; 

- ʦʧʨʝʜʝʣʝʥʠʝ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʪʨʝʙʦʚʘʥʠʡ ʜʣʷ ʩʦʙʩʪʚʝʥʥʦʡ ʧʨʦʛʨʘʤʤʥʦʡ ʩʠʩʪʝʤʳ; 

- ʚʳʙʦʨ ʧʨʦʛʨʘʤʤʥʳʭ ʩʨʝʜʩʪʚ ʜʣʷ ʝʸ ʨʝʘʣʠʟʘʮʠʠ. 

 

ʆʙʟʦʨ ʩʫʱʝʩʪʚʫʶʱʠʭ ʧʨʦʛʨʘʤʤʥʳʭ ʩʠʩʪʝʤ    

ɸʥʘʣʠʟ ʩʫʱʝʩʪʚʫʶʱʠʭ ʧʨʦʛʨʘʤʤʥʳʭ ʩʠʩʪʝʤ - ʘʥʘʣʦʛʦʚ ʧʦʟʚʦʣʷʝʪ ʦʧʨʝʜʝʣʠʪʴ, ʢʘʢʠʝ ʧʦʣʦʞʠʪʝʣʴʥʳʝ 

ʬʫʥʢʮʠʠ ʠ ʘʣʛʦʨʠʪʤʳ ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʚ ʩʦʙʩʪʚʝʥʥʦʡ ʨʘʟʨʘʙʦʪʢʝ, ʯʪʦ ʥʝʦʙʭʦʜʠʤʦ ʜʦʙʘʚʠʪʴ, ʘ ʦʪ ʯʝʛʦ 

ʦʪʢʘʟʘʪʴʩʷ, ʯʪʦʙʳ ʛʦʪʦʚʳʡ ʧʨʦʜʫʢʪ ʙʳʣ ʢʦʥʢʫʨʝʥʪʦʩʧʦʩʦʙʥʳʤ ʠ ʧʦʣʴʟʦʚʘʪʝʣʴ ʚʳʙʨʘʣ ʠʤʝʥʥʦ ʝʛʦ.  

ʅʘ ʜʘʥʥʳʡ ʤʦʤʝʥʪ ʤʦʞʥʦ ʚʳʜʝʣʠʪʴ 4 ʧʨʦʛʨʘʤʤʳ,  ʦʙʝʩʧʝʯʠʚʘʶʱʠʝ ʦʩʥʦʚʥʦʡ ʬʫʥʢʮʠʦʥʘʣ ʜʣʷ ʨʘʙʦʪʳ 

ʩʦ ʩʭʝʤʘʤʠ. ʈʘʩʩʤʦʪʨʠʤ ʢʘʞʜʫʶ ʠʟ ʥʠʭ. 

ʇʨʠʣʦʞʝʥʠʷ JBead ʠ DB-Bead - ʵʪʦ ʧʨʠʣʦʞʝʥʠʷ, ʧʨʝʜʥʘʟʥʘʯʝʥʥʳʝ ʜʣʷ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʥʘ ʣʦʢʘʣʴʥʦʤ 

ʢʦʤʧʴʶʪʝʨʝ, ʧʨʘʢʪʠʯʝʩʢʠ ʠʜʝʥʪʠʯʥʳʝ ʤʝʞʜʫ ʩʦʙʦʡ. ɸʚʪʦʨ ʠ ʨʘʟʨʘʙʦʪʯʠʢ  DB-Bead ï Damian Brunold. 

ʇʨʦʛʨʘʤʤʘ ʥʘʭʦʜʠʪʩʷ ʚ ʩʚʦʙʦʜʥʦʤ ʜʦʩʪʫʧʝ ʠ ʣʠʮʝʥʟʠʨʦʚʘʥʘ ʧʦʜ GPL v3 [3]. ʊʘʢ ʢʘʢ ʚʝʨʩʠʷ DB-Bead 

ʠʩʧʦʣʴʟʫʝʪʩʷ ʯʘʱʝ ʠ ʠʤʝʝʪ ʦʪʢʨʳʪʳʡ ʢʦʜ, ʜʘʣʝʝ ʙʫʜʝʤ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʪʦʣʴʢʦ ʝʸ. ʕʪʘ ʧʨʦʛʨʘʤʤʘ ʧʦʤʦʞʝʪ 

ʩʦʩʪʘʚʠʪʴ ʩʭʝʤʳ ʫʟʦʨʦʚ ʜʣʷ ʚʷʟʘʥʳʭ ʞʛʫʪʦʚ ʠ ʜʣʷ ʤʦʟʘʠʯʥʳʭ ʞʛʫʪʦʚ. ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ  ʦʜʠʥ "ʥʝʜʦʩʪʘʪʦʢ" 

ʧʨʦʛʨʘʤʤʳ: ʝʸ ʠʥʪʝʨʬʝʡʩ ʧʦʜʜʝʨʞʠʚʘʝʪ ʪʦʣʴʢʦ ʘʥʛʣʠʡʩʢʠʡ ʠ ʥʝʤʝʮʢʠʡ ʷʟʳʢʠ. ʂ ʜʦʩʪʦʠʥʩʪʚʘʤ DB-Bead ʤʦʞʥʦ 

ʦʪʥʝʩʪʠ ʪʦ, ʯʪʦ ʦʥʘ ʙʝʩʧʣʘʪʥʘʷ ʠ ʣʝʛʢʘʷ ʚ ʦʩʚʦʝʥʠʠ[4].  

ʆʥʣʘʡʥ-ʨʝʜʘʢʪʦʨ CrochetBeadPaint ʧʦʟʚʦʣʷʝʪ ʩʦʟʜʘʚʘʪʴ, ʨʝʜʘʢʪʠʨʦʚʘʪʴ ʠ ʚʦʩʧʨʦʠʟʚʦʜʠʪʴ ʩʭʝʤʳ ʜʣʷ 

ʞʛʫʪʦʚ. ʇʦ ʩʚʦʠʤ ʚʦʟʤʦʞʥʦʩʪʷʤ ʦʥ ʧʦʭʦʞ ʥʘ ʧʨʦʛʨʘʤʤʫ JBead ʩ ʦʧʨʝʜʝʣʝʥʥʳʤʠ ʥʦʚʦʚʚʝʜʝʥʠʷʤʠ: ʵʪʦ ʚʝʙ-

http://62.213.67.173/img/diz/jbead_1.0.23_setup.rar
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ʧʨʠʣʦʞʝʥʠʝ ʧʦʟʚʦʣʷʝʪ ʠʤʧʦʨʪʠʨʦʚʘʪʴ ʩʭʝʤʳ ʠʟ ʬʦʨʤʘʪʦʚ *.jbb ʠ *.dbb, ʵʢʩʧʦʨʪʠʨʦʚʘʪʴ ʚ ʵʪʠ ʬʦʨʤʘʪʳ ʠ ʚ 

ʨʘʩʪʨʦʚʦʝ ʠʟʦʙʨʘʞʝʥʠʝ *.png. ʇʨʦʛʨʘʤʤʘ ʥʝ ʪʨʝʙʫʝʪ ʫʩʪʘʥʦʚʢʠ: ʚʩʷ ʨʘʙʦʪʘ ʚʝʜʝʪʩʷ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʥʘ ʩʘʡʪʝ. 

ʇʦʣʥʦʮʝʥʥʘʷ ʨʘʙʦʪʘ ʧʨʠʣʦʞʝʥʠʷ ʚʦʟʤʦʞʥʘ ʚ ʙʨʘʫʟʝʨʘʭ: Firefox ʚʝʨʩʠʠ 27 ʠ ʚʳʰʝ, Chrome ʚʝʨʩʠʠ 31 ʠ ʚʳʰʝ[5]. 

CrochetBeadReader ð ʤʦʙʠʣʴʥʦʝ ʧʨʠʣʦʞʝʥʠʝ,  ʢʦʪʦʨʦʝ ʚʦʩʧʨʦʠʟʚʦʜʠʪ ʬʘʡʣʳ ʬʦʨʤʘʪʦʚ *.dbb ʠ *.jbb ʚ 

ʘʫʜʠʦʬʦʨʤʝ. ɼʘʥʥʦʝ ʧʨʠʣʦʞʝʥʠʝ ʤʦʞʥʦ ʙʝʩʧʣʘʪʥʦ ʟʘʛʨʫʟʠʪʴ ʩ PlayMarketôʘ ʠ ʫʩʪʘʥʦʚʠʪʴ ʥʘ Android-

ʫʩʪʨʦʡʩʪʚʦ. ʆʩʥʦʚʥʦʡ ʬʫʥʢʮʠʦʥʘʣ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʦʟʚʫʯʠʚʘʥʠʠ ʟʘʨʘʥʝʝ ʟʘʛʨʫʞʝʥʥʦʡ ʥʘ ʫʩʪʨʦʡʩʪʚʦ ʩʭʝʤʳ ʩ 

ʚʦʟʤʦʞʥʦʩʪʴʶ ʠʟʤʝʥʝʥʠʷ ʮʚʝʪʦʚʦʡ ʧʘʣʠʪʨʳ, ʩʢʦʨʦʩʪʠ ʯʪʝʥʠʷ ʠ ʫʩʪʘʥʦʚʢʠ ʧʘʫʟʳ.  ɺ ʦʪʣʠʯʠʝ ʦʪ ʧʨʝʜʳʜʫʱʠʭ 

ʧʨʦʛʨʘʤʤ, ʜʘʥʥʦʝ ʧʨʠʣʦʞʝʥʠʝ ʥʝ ʧʦʟʚʦʣʷʝʪ ʨʝʜʘʢʪʠʨʦʚʘʪʴ ʩʭʝʤʳ, ʘ ʪʘʢ ʞʝ ʩʦʟʜʘʚʘʪʴ ʥʦʚʳʝ.  

ʉʨʘʚʥʝʥʠʝ ʧʨʦʛʨʘʤʤʥʳʭ ʩʠʩʪʝʤ DB-Bead ʠ CrochetBeadPaint ʧʦ ʦʩʥʦʚʥʳʤ ʬʫʥʢʮʠʦʥʘʣʴʥʳʤ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤ ʧʨʝʜʩʪʘʚʣʝʥʦ ʚ ʪʘʙʣʠʮʝ 1.  

 

ʊʘʙʣʠʮʘ 1. ɸʥʘʣʠʟ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʨʦʛʨʘʤʤʥʳʭ ʩʠʩʪʝʤ DB-Bead ʠ CrochetBeadPaint 

ʍʘʨʘʢʪʝʨʠʩʪʠʢʘ ʉrochetBeadPaint DB-Bead 

ʉʧʦʩʦʙ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʉʘʡʪ  ʇʨʠʣʦʞʝʥʠʝ 

ʌʦʨʤʘʪʳ ʚʭʦʜʥʳʭ ʬʘʡʣʦʚ  dbb, jbb dbb, jbb 

ʌʦʨʤʘʪʳ ʩʦʭʨʘʥʝʥʠʷ ʩʭʝʤ dbb, jbb, jpg, pdf dbb, jbb 

ʗʟʳʢ ʠʥʪʝʨʬʝʡʩʘ ɸʥʛʣʠʡʩʢʠʡ, ʨʫʩʩʢʠʡ, ʥʝʤʝʮʢʠʡ ʅʝʤʝʮʢʠʡ, ʘʥʛʣʠʡʩʢʠʡ 

ʗʟʳʢ ʨʘʟʨʘʙʦʪʢʠ Html, javaScript C++ 

ʂʦʣʠʯʝʩʪʚʦ ʨʷʜʦʚ ʧʦ ʫʤʦʣʯʘʥʠʶ  200+ 1600 ʨʷʜʦʚ 

ʂʦʣʠʯʝʩʪʚʦ ʚ ʜʠʘʤʝʪʨʝ  4+ 5-30 

ɿʘʢʨʘʩʠʪʴ ʚʝʩʴ ʞʛʫʪ ʦʜʥʠʤ ʮʚʝʪʦʤ + - 

ʂʦʧʠʨʦʚʘʪʴ ʬʨʘʛʤʝʥʪ + + 

ʆʪʨʘʟʠʪʴ ʚʳʜʝʣʝʥʥʦʝ 

ʛʦʨʠʟʦʥʪʘʣʴʥʦ/ʚʝʨʪʠʢʘʣʴʥʦ 

+ - 

ɺʩʪʘʚʠʪʴ ʩʪʨʦʢʠ + + 

ʋʜʘʣʠʪʴ ʩʪʨʦʢʠ - + 

ɺʳʙʦʨ ʮʚʝʪʘ  ɺ ʙrʦʨ ʠʟ ʧʦʣʥʦʡ ʧʘʣʠʪʨʳ 10 ʙʘʟʦʚʳʭ ʮʚʝʪʦʚ 

ʂʦʧʠʨʦʚʘʥʠʝ ʠʟ ʨʘʟʥʳʭ ʩʭʝʤ ʚ ʦʜʥʫ + - 

ʂʘʣʴʢʫʣʷʪʦʨ ʜʣʷ ʢʦʣʠʯʝʩʪʚʘ ʚʝʩʘ 

ʥʝʦʙʭʦʜʠʤʦʛʦ ʙʠʩʝʨʘ 

+ - 

ʀʥʩʪʨʫʢʮʠʷ + + 

ʅʘʣʠʯʠʝ ʦʟʚʫʯʠʚʘʥʠʷ + - 

3D ʦʙʟʦʨ ʠʟʜʝʣʠʷ + - 

ʍʨʘʥʝʥʠʝ ʩʭʝʤ + - 

ʇʝʯʘʪʴ ʩʭʝʤʳ - + 

 

ʅʘ ʦʩʥʦʚʝ ʩʨʘʚʥʝʥʠʷ ʬʫʥʢʮʠʦʥʘʣʘ ʧʨʦʛʨʘʤʤ ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʩʣʝʜʫʶʱʠʝ ʚʳʚʦʜʳ:  

- ʉrochetBeadPaint ʧʦʜʜʝʨʞʠʚʘʝʪ ʧʦʣʥʫʶ ʬʫʥʢʮʠʦʥʘʣʴʥʦʩʪʴ ʪʦʣʴʢʦ ʧʨʠ ʧʦʜʢʣʶʯʝʥʠʠ ʢ ʩʝʪʠ 

Internet, ʧʨʠ ʝʛʦ ʦʪʩʫʪʩʪʚʠʠ ʠʣʠ ʦʙʥʦʚʣʝʥʠʠ/ʦʯʠʩʪʢʝ ʙʨʘʫʟʝʨʘ ʣʦʢʘʣʴʥʳʝ ʩʭʝʤʳ ʫʜʘʣʷʶʪʩʷ ʩ ʚʦʟʤʦʞʥʦʩʪʴʶ 

ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʪʦʣʴʢʦ ʩ ʧʦʤʦʱʴʶ ʘʜʤʠʥʠʩʪʨʘʪʦʨʘ ʩʘʡʪʘ; 

- ʉrochetBeadPaint ʨʘʙʦʪʘʝʪ ʩ ʦʰʠʙʢʘʤʠ, ʦ ʢʦʪʦʨʳʭ ʛʦʚʦʨʠʪʩʷ ʚ ʠʥʩʪʨʫʢʮʠʠ, ʦʜʥʘʢʦ ʚ ʪʘʢʦʤ 

ʩʣʫʯʘʝ ʧʦʣʴʟʦʚʘʪʝʣʴ ʜʦʣʞʝʥ ʧʦʩʪʦʷʥʥʦ ʧʦʤʥʠʪʴ ʦ ʥʠʭ ʠ ʠʟʙʝʛʘʪʴ, ʯʪʦ ʥʝ ʧʦʟʚʦʣʷʝʪ ʧʦʣʥʦʩʪʴʶ ʫʜʝʣʠʪʴ 

ʚʥʠʤʘʥʠʝ ʨʘʟʨʘʙʦʪʢʝ; 

- DB-Bead ʥʝ ʠʤʝʝʪ ʨʫʩʩʢʦʛʦ ʷʟʳʢʘ, ʯʪʦ ʦʪʧʫʛʠʚʘʝʪ ʟʥʘʯʠʪʝʣʴʥʫʶ ʯʘʩʪʴ ʧʦʪʝʥʮʠʘʣʴʥʳʭ 

ʧʦʣʴʟʦʚʘʪʝʣʝʡ, ʭʦʪʷ ʠʥʪʝʨʬʝʡʩ ʤʘʢʩʠʤʘʣʴʥʦ ʧʨʠʙʣʠʞʝʥ ʢ ʩʪʘʥʜʘʨʪʥʳʤ Windows-ʧʨʦʛʨʘʤʤʘʤ;  

- ʉrochetBeadPaint ʠʤʝʝʪ ʟʥʘʯʠʪʝʣʴʥʦʝ ʧʨʝʚʦʩʭʦʜʩʪʚʦ ʚ ʬʫʥʢʮʠʦʥʘʣʝ, ʯʪʦ ʤʦʞʝʪ ʧʨʠʛʦʜʠʪʴʩʷ 

ʦʧʳʪʥʳʤ ʧʦʣʴʟʦʚʘʪʝʣʷʤ, ʦʜʥʘʢʦ ʠʥʪʝʨʬʝʡʩ ʧʝʨʝʛʨʫʞʝʥ, ʠ ʥʝʦʙʭʦʜʠʤʦ ʟʥʘʯʠʪʝʣʴʥʦ ʚʨʝʤʷ, ʯʪʦʙʳ ʦʟʥʘʢʦʤʠʪʩʷ 

ʩʦ ʚʩʝʤʠ ʚʦʟʤʦʞʥʦʩʪʷʤʠ;  

- ʉrochetBeadPaint ʠʤʝʝʪ ʢʘʣʴʢʫʣʷʪʦʨ ʜʣʷ ʧʦʜʩʯʝʪʘ ʢʦʣʠʯʝʩʪʚʘ ʠʩʭʦʜʥʳʭ ʤʘʪʝʨʠʘʣʦʚ, ʯʪʦ ʧʨʠ 

ʨʘʙʦʪʝ ʩ ʧʨʦʛʨʘʤʤʦʡ DB-Bead ʠ ʉrochetBeadReader ʥʝʦʙʭʦʜʠʤʦ ʙʫʜʝʪ ʜʝʣʘʪʴ ʚʨʫʯʥʫʶ; 

- ʧʨʠ ʨʘʙʦʪʝ ʩ ʉrochetBeadReader ʧʦʣʴʟʦʚʘʪʝʣʴ ʤʦʞʝʪ ʪʦʣʴʢʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʛʦʪʦʚʫʶ ʩʭʝʤʫ, ʜʣʷ 

ʤʠʥʠʤʘʣʴʥʦʡ ʝʸ ʢʦʨʨʝʢʮʠʠ ʠʣʠ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʛʦ ʧʨʦʩʯʝʪʘ ʢʦʣʠʯʝʩʪʚʘ ʥʝʦʙʭʦʜʠʤʳʭ ʤʘʪʝʨʠʘʣʦʚ 

ʥʝʦʙʭʦʜʠʤʦ ʧʝʨʝʥʦʩʠʪʴ ʩʭʝʤʫ ʥʘ ʢʦʤʧʴʶʪʝʨ ʠ ʠʩʧʦʣʴʟʦʚʘʪʴ ʜʨʫʛʦʝ ʧʨʦʛʨʘʤʤʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ; 

- ʧʨʦʛʨʘʤʤʳ ʉrochetBeadReader ʠ DB-Bead ʥʝ ʧʨʝʜʦʩʪʘʚʣʷʶʪ ʫʜʦʙʥʦʡ ʨʘʙʦʪʳ ʩ ʬʘʡʣʘʤʠ ʩʭʝʤ ï 

ʠʭ ʭʨʘʥʝʥʠʝ, ʩʦʨʪʠʨʦʚʢʫ. 
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ʇʨʦʝʢʪʠʨʦʚʘʥʠʝ ʨʘʟʨʘʙʘʪʳʚʘʝʤʦʛʦ ʧʨʦʛʨʘʤʤʥʦʛʦ ʧʨʦʜʫʢʪʘ CrochetBeadMaster 

ʇʨʦʘʥʘʣʠʟʠʨʦʚʘʚ ʠ ʦʙʦʙʱʠʚ ʧʦʣʫʯʝʥʥʫʶ ʠʥʬʦʨʤʘʮʠʶ ʦ ʧʨʦʛʨʘʤʤʘʭ ʘ ʪʘʢ ʞʝ ʞʘʣʦʙʳ ʠ ʧʦʞʝʣʘʥʠʷ 

ʧʦʣʴʟʦʚʘʪʝʣʝʡ, ʙʳʣʘ ʧʦʩʪʘʚʣʝʥʘ ʟʘʜʘʯʘ ʩʦʟʜʘʪʴ ʧʨʦʛʨʘʤʤʥʳʡ ʧʨʦʜʫʢʪ, ʦʙʦʙʱʘʶʱʠʡ ʢʦʥʩʪʨʫʢʪʦʨ, ʦʟʚʫʯʠʚʘʥʠʝ 

ʠ ʵʨʛʦʥʦʤʠʯʥʦʩʪʴ ʪʨʝʭ ʦʙʲʝʢʪʦʚ ï ʘʥʘʣʦʛʦʚ ʘ ʪʘʢ ʞʝ ʜʦʙʘʚʠʪʴ ʥʦʚʳʝ ʚʦʟʤʦʞʥʦʩʪʠ ʜʣʷ ʫʜʦʙʩʪʚʘ ʢʦʥʝʯʥʦʛʦ 

ʧʦʣʴʟʦʚʘʪʝʣʷ.  

ʉʠʩʪʝʤʘ ʜʦʣʞʥʘ: 

- ʧʦʜʜʝʨʞʠʚʘʪʴ ʬʦʨʤʘʪʳ ʚʭʦʜʥʳʭ ʬʘʡʣʦʚ ï dbb, jbb; 

- ʩʦʭʨʘʥʷʪʴ ʩʭʝʤʳ ʚ ʬʦʨʤʘʪʘʭ dbb, jbb, jpg; 

- ʧʦʜʜʝʨʞʠʚʘʪʴ ʜʚʘ ʷʟʳʢʘ ʠʥʪʝʨʬʝʡʩʘ ï  ʨʫʩʩʢʠʡ, ʘʥʛʣʠʡʩʢʠʡ; 

- ʠʤʝʪʴ ʧʦʜʩʠʩʪʝʤʫïʢʘʣʴʢʫʣʷʪʦʨ ʜʣʷ ʧʦʜʩʯʝʪʘ ʢʦʣʠʯʝʩʪʚʘ ʠʩʭʦʜʥʳʭ ʤʘʪʝʨʠʘʣʦʚ;  

- ʠʤʝʪʴ ʠʥʩʪʨʫʢʮʠʶ; 

- ʠʤʝʪʴ ʠʥʪʫʠʪʠʚʥʦ ʧʦʥʷʪʥʳʡ ʠ ʜʨʫʞʝʩʪʚʝʥʥʳʡ ʠʥʪʝʨʬʝʡʩ;  

- ʦʙʨʘʙʦʪʘʪʴ ʚʩʝ ʦʰʠʙʢʠ ʠ ʠʩʢʣʶʯʠʪʝʣʴʥʳʝ ʩʠʪʫʘʮʠʠ ʧʨʦʛʨʘʤʤʳ; 

- ʧʨʝʜʦʩʪʘʚʣʷʪʴ 3 ʩʭʝʤʳ ï ʦʙʨʘʟʮʘ;  

- ʦʙʝʩʧʝʯʠʚʘʪʴ ʭʨʘʥʝʥʠʝ 30 ʧʦʣʴʟʦʚʘʪʝʣʴʩʢʠʭ ʩʭʝʤ ʚ ʧʨʦʛʨʘʤʤʝ;  

- ʦʙʝʩʧʝʯʠʚʘʪʴ ʬʠʣʴʪʨʘʮʠʶ ʭʨʘʥʠʤʳʭ ʩʭʝʤ ʧʦ ʢʦʣʠʯʝʩʪʚʫ ʮʚʝʪʦʚ, ʪʦʣʱʠʥʝ; 

- ʧʨʝʜʦʩʪʘʚʣʷʪʴ ʚʦʟʤʦʞʥʦʩʪʴ ʟʘʤʝʥʳ ʮʚʝʪʘ ʚ ʩʭʝʤʝ;  

- ʦʙʝʩʧʝʯʠʚʘʪʴ ʚʦʟʤʦʞʥʦʩʪʴ ʧʨʠʢʨʝʧʠʪʴ ʬʦʪʦ ʛʦʪʦʚʦʛʦ ʞʛʫʪʘ ʠ ʧʨʦʩʤʦʪʨʝʪʴ ʠʟʦʙʨʘʞʝʥʠʝ ʠʟ 

ʧʨʦʛʨʘʤʤʳ. 

ʊʨʝʙʦʚʘʥʠʷ ʢ ʢʦʥʩʪʨʫʢʪʦʨʫ ʩʭʝʤ:   

- ʫʩʪʘʥʘʚʣʠʚʘʪʴ ʢʦʣʠʯʝʩʪʚʦ ʨʷʜʦʚ ʧʦ ʫʤʦʣʯʘʥʠʶ ï 50;  

- ʚʘʨʴʠʨʦʚʘʪʴ ʢʦʣʠʯʝʩʪʚʦ ʨʷʜʦʚ ʚ ʜʠʘʤʝʪʨʝ ï 5-30; 

- ʟʘʢʨʘʩʠʪʴ ʚʝʩʴ ʞʛʫʪ ʦʜʥʠʤ ʮʚʝʪʦʤ;  

- ʢʦʧʠʨʦʚʘʪʴ ʬʨʘʛʤʝʥʪ ʚʥʫʪʨʠ ʩʭʝʤʳ; 

- ʢʦʧʠʨʦʚʘʪʴ ʬʨʘʛʤʝʥʪ ʠʟ ʦʜʥʦʡ ʩʭʝʤʳ ʚ ʜʨʫʛʫʶ; 

- ʦʪʨʘʟʠʪʴ ʚʳʜʝʣʝʥʥʳʡ ʬʨʘʛʤʝʥʪ ʛʦʨʠʟʦʥʪʘʣʴʥʦ/ʚʝʨʪʠʢʘʣʴʥʦ;  

- ʚʩʪʘʚʠʪʴ ʩʪʨʦʢʫ; 

- ʫʜʘʣʠʪʴ ʩʪʨʦʢʫ; 

- ʦʩʫʱʝʩʪʚʣʷʪʴ ʚʳʙʦʨ ʮʚʝʪʘ ʠʟ ʧʘʣʠʪʨʳ ʚ 30 ʮʚʝʪʦʚ.  

ʊʨʝʙʦʚʘʥʠʷ ʢ ʦʟʚʫʯʠʚʘʥʠʶ ʩʭʝʤ:  

- ʧʨʝʜʦʩʪʘʚʣʷʪʴ ʚʦʟʤʦʞʥʦʩʪʴ ʚʳʙʠʨʘʪʴ ʩʢʦʨʦʩʪʴ ʯʪʝʥʠʷ;  

- ʧʨʝʜʦʩʪʘʚʣʷʪʴ ʚʦʟʤʦʞʥʦʩʪʴ ʩʪʘʚʠʪʴ ʥʘ ʧʘʫʟʫ. 

- ʧʨʝʜʫʩʤʦʪʨʝʪʴ ʧʨʦʚʝʨʦʯʥʳʡ ʨʝʞʠʤ ʯʪʝʥʠʷ;  

- ʦʪʦʙʨʘʞʘʪʴ ʢʦʣʠʯʝʩʪʚʦ ʙʠʩʝʨʠʥ ʚ ʜʠʘʤʝʪʨʝ;  

- ʦʪʦʙʨʘʞʘʪʴ ʢʦʣʠʯʝʩʪʚʦ ʥʝʦʙʭʦʜʠʤʳʭ ʨʘʧʧʦʨʪʦʚ ʜʣʷ ʟʘʜʘʥʥʦʡ ʜʣʠʥʳ. 

ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʦʧʠʩʘʥʥʦʛʦ ʬʫʥʢʮʠʦʥʘʣʘ ʧʦ ʩʤʳʩʣʦʚʳʤ ʤʦʜʫʣʷʤ ʧʨʝʜʩʪʘʚʣʝʥʦ ʥʘ ʨʠʩʫʥʢʝ 1 ʚ ʚʠʜʝ 

ʜʠʘʛʨʘʤʤʳ. 
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ʈʠʩʫʥʦʢ 1 ï ɼʠʘʛʨʘʤʤʘ ʤʦʜʫʣʝʡ ʩʠʩʪʝʤʳ CrochetBeadMaster 

 

 ʇʨʠ ʟʘʧʫʩʢʝ ʧʨʠʣʦʞʝʥʠʷ ʧʦʣʴʟʦʚʘʪʝʣʝʤ ʘʢʪʠʚʠʨʫʝʪʩʷ ʤʦʜʫʣʴ ʧʦʣʴʟʦʚʘʪʝʣʴʩʢʦʛʦ ʠʥʪʝʨʬʝʡʩʘ, ʢʦʪʦʨʳʡ 

ʩʦʜʝʨʞʠʪ ʦʧʠʩʘʥʠʝ ʦʢʦʥ ʧʨʠʣʦʞʝʥʠʷ, ʧʦʜʛʨʫʞʘʝʪ ʩʧʠʩʢʠ ʩʭʝʤ ʘ ʪʘʢ ʞʝ ʦʪʚʝʯʘʝʪ ʟʘ ʩʦʭʨʘʥʝʥʠʝ ʧʦʩʣʝʜʥʝʛʦ 

ʩʦʩʪʦʷʥʠʷ ʩʠʩʪʝʤʳ.  

ʄʦʜʫʣʴ ʧʦʣʴʟʦʚʘʪʝʣʴʩʢʦʛʦ ʠʥʪʝʨʬʝʡʩʘ ʘʢʪʠʚʝʥ ʥʘ ʧʨʦʪʷʞʝʥʠʠ ʚʩʝʡ ʨʘʙʦʪʳ ʧʨʦʛʨʘʤʤʳ. ʇʨʠ ʚʳʙʦʨʝ 

ʧʦʣʴʟʦʚʘʪʝʣʝʤ ʢʘʢʦʡ ʣʠʙʦ ʩʭʝʤʳ ʜʣʷ ʨʘʙʦʪʳ ʤʦʜʫʣʴ ʢʦʥʚʝʨʪʠʨʦʚʘʥʠʷ ʩʯʠʪʳʚʘʝʪ ʬʘʡʣ ʩʭʝʤʳ ʣʠʙʦ ʩʦʟʜʘʝʪ 

ʥʦʚʫʶ, ʘ ʪʘʢ ʞʝ ʦʙʝʩʧʝʯʠʚʘʝʪ ʩʦʭʨʘʥʝʥʠʝ ʩʭʝʤ ʚ ʫʢʘʟʘʥʥʳʭ ʚʳʰʝ ʬʦʨʤʘʪʘʭ. 
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 ʄʦʜʫʣʴ ʢʦʥʩʪʨʫʠʨʦʚʘʥʠʷ ï ʦʩʥʦʚʥʦʡ ʤʦʜʫʣʴ ʩʠʩʪʝʤʳ ï ʧʨʝʜʦʩʪʘʚʣʷʝʪ ʤʝʪʦʜʳ ʜʣʷ ʨʘʙʦʪʳ ʚ 

ʢʦʥʩʪʨʫʢʪʦʨʝ ʩʭʝʤ.  

ʄʦʜʫʣʴ ʦʟʚʫʯʠʚʘʥʠʷ ʦʙʝʩʧʝʯʠʚʘʝʪ ʨʘʙʦʪʫ ʚʦʩʧʨʦʠʟʚʝʜʝʥʠʷ ʟʚʫʢʦʚʦʛʦ ʘʥʘʣʦʛʘ ʩʭʝʤʳ ʩ ʧʦʤʦʱʴʶ 

ʩʠʥʪʝʟʘ ʨʝʯʠ ʣʠʙʦ ʠʩʧʦʣʴʟʫʷ ʛʦʪʦʚʳʝ ʛʦʣʦʩʦʚʳʝ ʙʠʙʣʠʦʪʝʢʠ.  

ʄʦʜʫʣʴ ʫʧʨʘʚʣʝʥʠʷ ʩʭʝʤʘʤʠ ʦʩʫʱʝʩʪʚʣʷʝʪ ʭʨʘʥʝʥʠʝ ʩʭʝʤ  ʠ ʠʥʬʦʨʤʘʮʠʠ ʦ ʥʠʭ ʚ ʙʘʟʝ ʜʘʥʥʳʭ MySQL, 

ʬʠʣʴʪʨʘʮʠʶ ʩʭʝʤ, ʠʭ ʙʳʩʪʨʳʡ ʧʦʠʩʢ ʠ ʫʜʦʙʥʳʡ ʜʦʩʪʫʧ ʜʣʷ ʧʨʦʩʤʦʪʨʘ ʠʥʬʦʨʤʘʮʠʠ ʦ ʥʠʭ ʠ ʝʸ ʨʝʜʘʢʪʠʨʦʚʘʥʠʷ. 

 ʂʘʣʴʢʫʣʷʪʦʨ ʩʭʝʤ ï ʧʦʜʩʠʩʪʝʤʘ, ʠʩʧʦʣʴʟʫʶʱʘʷ ʚʭʦʜʥʳʝ ʜʘʥʥʳʝ ʦʪ ʧʦʣʴʟʦʚʘʪʝʣʷ, ʠʥʬʦʨʤʘʮʠʶ ʦ 

ʚʳʙʨʘʥʥʦʡ ʩʭʝʤʝ ʜʣʷ ʧʦʜʩʯʝʪʘ ʥʝʦʙʭʦʜʠʤʳʭ ʜʣʷ ʨʘʙʦʪʳ ʤʘʪʝʨʠʘʣʦʚ.  

ɺʳʙʦʨ ʪʝʭʥʠʯʝʩʢʠʭ ʩʨʝʜʩʪʚ  

Android  ï ʦʧʝʨʘʮʠʦʥʥʘʷ ʩʠʩʪʝʤʘ ʜʣʷ ʩʤʘʨʪʬʦʥʦʚ, ʠʥʪʝʨʥʝʪ-ʧʣʘʥʰʝʪʦʚ, ʵʣʝʢʪʨʦʥʥʳʭ ʢʥʠʛ, ʮʠʬʨʦʚʳʭ 

ʧʨʦʠʛʨʳʚʘʪʝʣʝʡ, ʥʘʨʫʯʥʳʭ ʯʘʩʦʚ, ʠʛʨʦʚʳʭ ʧʨʠʩʪʘʚʦʢ, ʥʝʪʙʫʢʦʚ, ʩʤʘʨʪʙʫʢʦʚ, ʦʯʢʦʚ Google, ʪʝʣʝʚʠʟʦʨʦʚ
 
ʠ 

ʜʨʫʛʠʭ ʫʩʪʨʦʡʩʪʚ [6]. ʆʧʝʨʘʮʠʦʥʥʘʷ ʩʠʩʪʝʤʘ Android ʙʳʣʘ ʠ ʙʫʜʝʪ ʚʦʩʪʨʝʙʦʚʘʥʘ ʥʘ ʨʳʥʢʝ ʤʦʙʠʣʴʥʳʭ 

ʫʩʪʨʦʡʩʪʚ. ʆʩʥʦʚʥʦʡ ʧʨʠʯʠʥʦʡ ʵʪʦʛʦ ʷʚʣʷʝʪʩʷ ʣʦʷʣʴʥʦʝ ʦʪʥʦʰʝʥʠʝ ʢ ʧʦʣʴʟʦʚʘʪʝʣʷʤ. ʐʠʨʦʢʠʡ ʘʩʩʦʨʪʠʤʝʥʪ 

ʫʩʪʨʦʡʩʪʚ ʧʦʜ ʫʧʨʘʚʣʝʥʠʝʤ Android ʦʭʚʘʪʳʚʘʝʪ ʚʩʝ ʮʝʥʦʚʳʝ ʩʝʛʤʝʥʪʳ ï ʢʘʢ ʙʶʜʞʝʪʥʳʝ ʤʦʜʝʣʠ, ʪʘʢ ʠ ʧʨʝʤʠʫʤ 

ʢʣʘʩʩ, ʧʦʟʚʦʣʷʷ ʦʙʟʘʚʝʩʪʠʩʴ ʫʩʪʨʦʡʩʪʚʦʤ ʩ ʦʧʝʨʘʮʠʦʥʥʦʡ ʩʠʩʪʝʤʦʡ ʦʪ Google ʧʨʘʢʪʠʯʝʩʢʠ ʢʘʞʜʦʤʫ [7]. 

ʗʟʳʢ Java ʘʢʪʠʚʥʦ ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʩʦʟʜʘʥʠʷ ʤʦʙʠʣʴʥʳʭ ʧʨʠʣʦʞʝʥʠʡ ʧʦʜ ʦʧʝʨʘʮʠʦʥʥʫʶ ʩʠʩʪʝʤʫ 

Android. ʇʨʠ ʵʪʦʤ ʧʨʦʛʨʘʤʤʳ ʢʦʤʧʠʣʠʨʫʶʪʩʷ ʚ ʥʝʩʪʘʥʜʘʨʪʥʳʡ ʙʘʡʪ-ʢʦʜ ʜʣʷ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʠʭ ʚʠʨʪʫʘʣʴʥʦʡ 

ʤʘʰʠʥʦʡ. ɼʣʷ ʪʘʢʦʡ ʢʦʤʧʠʣʷʮʠʠ ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʦʧʦʣʥʠʪʝʣʴʥʳʡ ʠʥʩʪʨʫʤʝʥʪ, ʘ ʠʤʝʥʥʦ Android Software 

Development Kit [8]. 

ɺ ʢʘʯʝʩʪʚʝ ʧʣʘʪʬʦʨʤʳ ʨʘʟʨʘʙʦʪʢʠ ʚʳʙʨʘʥʘ ʧʣʘʪʬʦʨʤʘ Android, ʪʘʢ ʢʘʢ ʵʪʦ ʩʘʤʘʷ ʧʦʧʫʣʷʨʥʘʷ ʥʘ 

ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʧʣʘʪʬʦʨʤʘ, ʠ ʝʸ ʧʦʧʫʣʷʨʥʦʩʪʴ ʧʨʦʜʦʣʞʘʝʪ ʨʘʩʪʠ [7]. ɽʜʠʥʩʪʚʝʥʥʦʝ ʤʦʙʠʣʴʥʦʝ ʧʨʠʣʦʞʝʥʠʝ 

ʧʦ ʟʘʜʘʥʥʦʡ ʪʝʤʘʪʠʢʝ ʦʙʣʘʜʘʝʪ ʨʷʜʦʤ ʥʝʜʦʩʪʘʪʢʦʚ, ʟʥʘʯʠʪ, ʩʫʱʝʩʪʚʫʝʪ ʚʝʨʦʷʪʥʦʩʪʴ, ʯʪʦ ʧʨʦʛʨʘʤʤʘ 

CrochetBeadMaster ʙʫʜʝʪ ʚʦʩʪʨʝʙʦʚʘʥʥʦʡ ʠ ʘʢʪʫʘʣʴʥʦʡ.  

ɺʳʚʦʜʳ  

ʉʦʟʜʘʥʠʝ ʛʦʪʦʚʦʛʦ ʠʟʜʝʣʠʷ ʠʟ ʙʠʩʝʨʘ ʙʝʟ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʧʨʦʛʨʘʤʤʥʳʭ ʩʨʝʜʩʪʚ ʠʤʝʝʪ ʨʷʜ ʥʝʜʦʩʪʘʪʢʦʚ: 

- ʠʩʧʦʣʴʟʫʝʪʩʷ ʯʫʞʘʷ ʩʭʝʤʘ, ʯʪʦ ʠʩʢʣʶʯʘʝʪ ʫʥʠʢʘʣʴʥʦʩʪʴ ʠʟʜʝʣʠʷ; 

- ʩʚʦʷ ʩʭʝʤʘ ʤʦʞʝʪ ʙʳʪʴ ʩʦʟʜʘʥʘ ʪʦʣʴʢʦ ʦʪ ʨʫʢʠ ʥʘ ʙʫʤʘʛʝ ʣʠʙʦ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʇʆ ʜʨʫʛʦʛʦ 

ʥʘʟʥʘʯʝʥʠʷ, ʯʪʦ ʷʚʣʷʝʪʩʷ ʥʝʫʜʦʙʥʳʤ, ʪʨʫʜʦʝʤʢʠʤ ʠ ʠʩʢʣʶʯʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʩʦʟʜʘʥʠʷ ʢʘʯʝʩʪʚʝʥʥʦʡ ʩʭʝʤʳ; 

- ʧʨʠ ʩʘʤʦʩʪʦʷʪʝʣʴʥʦʤ ʥʘʙʦʨʝ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʙʠʩʝʨʘ ʧʦʚʳʰʘʝʪʩʷ ʨʠʩʢ ʥʝʢʦʨʨʝʢʪʥʦʛʦ 

ʥʘʙʦʨʘ, ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʥʘʛʨʫʟʢʘ ʥʘ ʯʝʣʦʚʝʢʘ;  

- ʜʠʢʪʦʚʢʘ ʜʨʫʛʦʛʦ ʯʝʣʦʚʝʢʘ ʧʦʚʳʰʘʝʪ ʩʢʦʨʦʩʪʴ ʥʘʙʦʨʘ, ʦʜʥʘʢʦ ʪʨʝʙʫʝʪ ʜʦʧʦʣʥʠʪʝʣʴʥʳʡ 

ʯʝʣʦʚʝʯʝʩʢʠʡ ʨʝʩʫʨʩ.  

ɺ ʭʦʜʝ ʨʘʙʦʪʳ ʨʘʩʩʤʦʪʨʝʥʳ ʜʦʩʪʦʠʥʩʪʚʘ ʠ ʥʝʜʦʩʪʘʪʢʠ ʩʫʱʝʩʪʚʫʶʱʠʭ ʧʨʦʛʨʘʤʤ, ʦʧʪʠʤʠʟʠʨʫʶʱʠʭ 

ʨʘʙʦʪʫ ʩʦ ʩʭʝʤʘʤʠ ʚʷʟʘʥʠʷ ʙʠʩʝʨʦʤ,  ʩʬʦʨʤʫʣʠʨʦʚʘʥʳ ʪʨʝʙʦʚʘʥʠʷ ʠ ʦʧʨʝʜʝʣʝʥʳ ʬʫʥʢʮʠʦʥʘʣʴʥʳʝ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʨʦʛʨʘʤʤʥʦʛʦ ʧʨʦʜʫʢʪʘ ʉrochetBeadMaster. ʊʘʢʞʝ ʦʙʦʩʥʦʚʘʥ ʚʳʙʦʨ ʧʨʦʛʨʘʤʤʥʳʭ ʩʨʝʜʩʪʚ ʜʣʷ 

ʨʘʟʨʘʙʦʪʢʠ ʧʨʦʛʨʘʤʤʥʦʡ ʩʠʩʪʝʤʳ ʉrochetBeadMaster ï ʷʟʳʢ Java ʜʣʷ ʆʉ Android.  
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ʂʦʣʦʤʦʡʮʝʚʘ ʀ.ɸ., ʉʪʦʨʦʞʫʢ ʅ.ʆ. ʇʨʦʝʢʪʠʨʦʚʘʥʠʝ ʧʨʦʛʨʘʤʤʥʦʡ ʩʠʩʪʝʤʳ ʜʣʷ 

ʙʠʩʝʨʦʧʣʝʪʝʥʠʷ çCrochetBeadMasterè. ʎʝʣʴʶ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʦʧʠʩʘʥʠʝ ʥʘʯʘʣʴʥʦʛʦ 

ʵʪʘʧʘ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʧʨʦʛʨʘʤʤʥʦʡ ʩʠʩʪʝʤʳ çCrochetBeadMasterè. ɼʣʷ ʵʪʦʛʦ ʚʳʧʦʣʥʝʥʳ ʘʥʘʣʠʟ 

ʩʫʱʝʩʪʚʫʶʱʠʭ ʧʨʦʛʨʘʤʤʥʳʭ ʩʨʝʜʩʪʚ ʜʣʷ ʙʠʩʝʨʦʧʣʝʪʝʥʠʷ ʠ ʦʮʝʥʢʘ ʠʭ ʜʦʩʪʦʠʥʩʪʚ ʠ 

ʥʝʜʦʩʪʘʪʢʦʚ, ʘ ʪʘʢʞʝ ʩʬʦʨʤʫʣʠʨʦʚʘʥʳ ʪʨʝʙʦʚʘʥʠʷ ʠ ʦʧʨʝʜʝʣʝʥʳ ʬʫʥʢʮʠʦʥʘʣʴʥʳʝ ʤʦʜʫʣʠ ʜʣʷ 

ʩʦʙʩʪʚʝʥʥʦʛʦ ʧʨʦʜʫʢʪʘ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʙʠʩʝʨ, ʩʭʝʤʘ, ʦʟʚʫʯʠʚʘʥʠʝ, ʢʦʥʩʪʨʫʢʪʦʨ, ʧʨʦʜʫʢʪ, ʨʝʜʘʢʪʦʨ, ʧʨʦʛʨʘʤʤʥʘʷ 

ʩʠʩʪʝʤʘ.  

 
Kolomoitseva I .A., Storozhuk N.O. Software system design beading çCrochetBeadMasterè. This 

paper describes the initial design phase the program system çCrochetBeadMasterè. For this purpose the 

authors carried out an analysis of existing software tools for beading and evaluated their advantages and 

disadvantages. The authors formulated the requirements and defined functional modules for their own 

product. 
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ʂʫʙʘʰʝʚʩʢʠʡ ɼ.ɺ., ʏʝʨʥʳʰʦʚʘ ɸ.ɺ. ʉʢʚʦʟʥʦʝ ʰʠʬʨʦʚʘʥʠʝ ʧʝʨʝʧʠʩʢʠ ʚ ʩʦʮʠʘʣʴʥʦʡ ʩʝʪʠ 

çɺʂʦʥʪʘʢʪʝè. 

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʚʳʧʦʣʥʝʥ ʘʥʘʣʠʟ ʤʝʩʩʝʥʜʞʝʨʦʚ, ʠʩʧʦʣʴʟʫʶʱʠʭ ʩʢʚʦʟʥʦʝ ʰʠʬʨʦʚʘʥʠʝ ʧʝʨʝʧʠʩʢʠ, 

ʠ ʧʨʝʜʩʪʘʚʣʝʥ ʥʦʚʳʡ ʤʝʭʘʥʠʟʤ ʩʢʚʦʟʥʦʛʦ ʰʠʬʨʦʚʘʥʠʷ ʥʘ ʙʘʟʝ ʩʠʩʪʝʤʳ ʤʛʥʦʚʝʥʥʦʛʦ ʦʙʤʝʥʘ 

ʩʦʦʙʱʝʥʠʷʤʠ ʚ ʩʦʮʠʘʣʴʥʦʡ ʩʝʪʠ çɺʂʦʥʪʘʢʪʝè. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʩʢʚʦʟʥʦʝ ʰʠʬʨʦʚʘʥʠʝ, ʩʠʩʪʝʤʘ ʤʛʥʦʚʝʥʥʦʛʦ ʦʙʤʝʥʘ ʩʦʦʙʱʝʥʠʷʤʠ, ʤʝʩʩʝʥʜʞʝʨ, 

ʢʨʠʧʪʦʛʨʘʬʠʷ, ʙʝʟʦʧʘʩʥʦʩʪʴ ʜʘʥʥʳʭ. 

ɺʚʝʜʝʥʠʝ 

ʆʙʱʝʥʠʝ ʷʚʣʷʝʪʩʷ ʦʩʥʦʚʥʦʡ ʯʘʩʪʴʶ ʥʘʰʝʡ ʞʠʟʥʠ. ʉ ʧʦʷʚʣʝʥʠʝʤ ʩʠʩʪʝʤ ʤʛʥʦʚʝʥʥʦʛʦ ʦʙʤʝʥʘ 

ʩʦʦʙʱʝʥʠʷʤʠ (ʘʥʛʣ. Instant messaging, IM) ʢʦʤʤʫʥʠʢʘʮʠʷ ʤʝʞʜʫ ʣʶʜʴʤʠ ʧʨʠʦʙʨʝʣʘ ʥʦʚʳʡ ʭʘʨʘʢʪʝʨ [1]. ʉʪʘʣʦ 

ʚʦʟʤʦʞʥʳʤ çʞʠʚʦʝè ʦʙʱʝʥʠʝ ʩ ʩʦʙʝʩʝʜʥʠʢʦʤ, ʢʦʪʦʨʳʡ ʥʘʭʦʜʠʪʩʷ ʚ ʧʨʦʪʠʚʦʧʦʣʦʞʥʦʡ ʪʦʯʢʝ ʟʝʤʥʦʛʦ ʰʘʨʘ. 

ʉʦʚʨʝʤʝʥʥʳʝ ʢʣʠʝʥʪʳ ʩʠʩʪʝʤ ʤʛʥʦʚʝʥʥʦʛʦ ʦʙʤʝʥʘ ʩʦʦʙʱʝʥʠʷʤʠ, ʢʦʪʦʨʳʝ ʥʘʟʳʚʘʶʪʩʷ 

ʤʝʩʩʝʥʜʞʝʨʘʤʠ, ʠʩʧʦʣʴʟʫʝʪ ʩʚʦʡ ʮʝʥʪʨʘʣʴʥʳʡ ʩʝʨʚʝʨ, ʥʘ ʢʦʪʦʨʦʤ ʭʨʘʥʠʪʩʷ ʚʩʷ ʠʩʪʦʨʠʷ ʧʝʨʝʧʠʩʢʠ ʢʘʞʜʦʛʦ ʠʟ 

ʧʦʣʴʟʦʚʘʪʝʣʝʡ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʣʠʮʘ, ʠʤʝʶʱʠʝ ʜʦʩʪʫʧ ʢ ʜʘʥʥʳʤ ʩʝʨʚʝʨʘ, ʤʦʛʫʪ ʠʟʫʯʠʪʴ ʩʦʜʝʨʞʠʤʦʝ 

ʧʝʨʝʧʠʩʢʠ. ʀʥʦʛʜʘ ʚʦʟʥʠʢʘʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʚ ʧʦʣʥʦʡ ʢʦʥʬʠʜʝʥʮʠʘʣʴʥʦʩʪʠ ʙʝʩʝʜʳ ʠ ʚ ʵʪʦʤ ʩʣʫʯʘʝ ʧʨʠʭʦʜʠʪʩʷ 

ʠʩʧʦʣʴʟʦʚʘʪʴ ʩʢʚʦʟʥʦʝ ʰʠʬʨʦʚʘʥʠʝ (End-to-End Encryption, E2EE) ð ʩʧʦʩʦʙ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ, ʢʦʛʜʘ ʜʦʩʪʫʧ ʢ 

ʩʦʦʙʱʝʥʠʷʤ ʠʤʝʶʪ ʠʩʢʣʶʯʠʪʝʣʴʥʦ ʧʦʣʴʟʦʚʘʪʝʣʠ, ʟʘʜʝʡʩʪʚʦʚʘʥʥʳʝ ʚ ʦʙʱʝʥʠʠ [2]. 

ʐʠʬʨʦʚʘʥʠʝ ʚ ʧʦʧʫʣʷʨʥʳʭ ʤʝʩʩʝʥʜʞʝʨʘʭ 

Facebook Messenger ð ʦʬʠʮʠʘʣʴʥʳʡ ʤʝʩʩʝʥʜʞʝʨ ʦʪ ʨʘʟʨʘʙʦʪʯʠʢʦʚ ʢʨʫʧʥʝʡʰʝʡ ʚ ʤʠʨʝ ʩʦʮʠʘʣʴʥʦʡ 

ʩʝʪʠ Facebook. ʉʫʱʝʩʪʚʫʶʪ ʚʝʨʩʠʠ ʜʣʷ ʧʝʨʩʦʥʘʣʴʥʳʭ ʢʦʤʧʴʶʪʝʨʦʚ ʠ ʤʦʙʠʣʴʥʳʭ ʫʩʪʨʦʡʩʪʚ. ʇʨʠʣʦʞʝʥʠʝ 

ʠʥʪʝʛʨʠʨʦʚʘʥʦ ʩ ʩʠʩʪʝʤʦʡ ʦʙʤʝʥʘ ʩʦʦʙʱʝʥʠʷʤʠ ʥʘ ʦʩʥʦʚʥʦʤ ʩʘʡʪʝ Facebook (Facebook Chat) ʠ ʧʦʩʪʨʦʝʥʦ ʥʘ 

ʙʘʟʝ ʦʪʢʨʳʪʦʛʦ ʧʨʦʪʦʢʦʣʘ MQTT [3]. ɼʘʥʥʳʡ ʤʝʩʩʝʥʜʞʝʨ ʧʦʟʚʦʣʷʝʪ ʦʙʤʝʥʠʚʘʪʴʩʷ ʬʘʡʣʘʤʠ ʠ ʬʦʪʦʛʨʘʬʠʷʤʠ. ʂ 

ʪʝʢʩʪʦʚʳʤ ʩʦʦʙʱʝʥʠʷʤ ʤʦʞʥʦ ʜʦʙʘʚʣʷʪʴ ʩʤʘʡʣʠʢʠ ʠ ʩʪʠʢʝʨʳ. ʄʦʙʠʣʴʥʘʷ ʚʝʨʩʠʷ ʤʝʩʩʝʥʜʞʝʨʘ ʧʨʝʜʦʩʪʘʚʣʷʝʪ 

ʛʦʣʦʩʦʚʫʶ ʠ ʚʠʜʝʦʩʚʷʟʴ, ʘ ʪʘʢʞʝ ʚʦʟʤʦʞʥʦʩʪʴ ʧʝʨʝʜʘʚʘʪʴ ʛʝʦʤʝʪʢʠ. 

ʉ ʠʶʣʷ 2016 ʛʦʜʘ Facebook ʥʘ ʩʚʦʸʤ ʥʦʚʦʩʪʥʦʤ ʧʦʨʪʘʣʝ ʩʦʦʙʱʠʣ ʦ ʟʘʧʫʩʢʝ ʪʝʩʪʠʨʦʚʘʥʠʷ ʩʢʚʦʟʥʦʛʦ 

(End-to-End) ʰʠʬʨʦʚʘʥʠʷ ʩ ʩʝʢʨʝʪʥʳʤʠ ʯʘʪʘʤʠ. ʊʝʧʝʨʴ ʧʦʷʚʠʣʘʩʴ ʚʦʟʤʦʞʥʦʩʪʴ ʩʦʟʜʘʚʘʪʴ ʩʝʢʨʝʪʥʳʡ ʜʠʘʣʦʛ, 

ʩʦʜʝʨʞʠʤʦʝ ʢʦʪʦʨʦʛʦ ʜʦʩʪʫʧʥʦ ʠʩʢʣʶʯʠʪʝʣʴʥʦ ʜʣʷ ʩʦʟʜʘʪʝʣʷ ʜʠʘʣʦʛʘ ʠ ʝʛʦ ʩʦʙʝʩʝʜʥʠʢʘ ð ʧʦʣʴʟʦʚʘʪʝʣʷ, 

ʧʨʠʛʣʘʰʸʥʥʦʛʦ ʚ ʩʝʢʨʝʪʥʳʡ ʯʘʪ. ʊʘʢʞʝ ʜʦʩʪʫʧʥʘ ʚʦʟʤʦʞʥʦʩʪʴ ʟʘʜʘʚʘʪʴ ʪʘʡʤʝʨ ð ʧʦʩʣʝ ʠʩʪʝʯʝʥʠʷ ʟʘʜʘʥʥʦʛʦ 

ʚʨʝʤʝʥʠ ʩʦʦʙʱʝʥʠʷ ʫʜʘʣʷʶʪʩʷ ʠʟ ʙʝʩʝʜʳ. ʉʢʚʦʟʥʦʝ ʰʠʬʨʦʚʘʥʠʝ ʚ ʩʝʢʨʝʪʥʳʭ ʯʘʪʘʭ ʦʩʥʦʚʘʥʦ ʥʘ ʙʘʟʝ ʧʨʦʪʦʢʦʣʘ 

Signal, ʨʘʟʨʘʙʦʪʘʥʥʦʛʦ ʥʝʢʦʤʤʝʨʯʝʩʢʦʡ ʦʨʛʘʥʠʟʘʮʠʝʡ ʨʘʟʨʘʙʦʪʯʠʢʦʚ ʦʪʢʨʳʪʦʛʦ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ 

çOpen Whisper Systemsè [4]. 

WhatsApp ð ʙʝʩʧʣʘʪʥʳʡ ʯʘʩʪʥʳʡ ʢʦʤʤʝʨʯʝʩʢʠʡ ʢʨʦʩʩʧʣʘʪʬʦʨʤʝʥʥʳʡ ʤʝʩʩʝʥʜʞʝʨ ʩ ʧʦʜʜʝʨʞʢʦʡ 

ʛʦʣʦʩʦʚʦʡ ʩʚʷʟʠ. ʇʦʟʚʦʣʷʝʪ ʧʝʨʝʩʳʣʘʪʴ ʪʝʢʩʪʦʚʳʝ ʩʦʦʙʱʝʥʠʷ, ʠʟʦʙʨʘʞʝʥʠʷ, ʚʠʜʝʦ ʠ ʘʫʜʠʦ. ʊʘʢʞʝ ʩʫʱʝʩʪʚʫʶʪ 

ʚʝʨʩʠʠ ʜʣʷ ʧʝʨʩʦʥʘʣʴʥʳʭ ʢʦʤʧʴʶʪʝʨʦʚ ʧʦʜ ʫʧʨʘʚʣʝʥʠʝʤ ʆʉ Windows ʠ ʤʦʙʠʣʴʥʳʭ ʫʩʪʨʦʡʩʪʚ ʧʦʜ 

ʫʧʨʘʚʣʝʥʠʝʤ ʆʉ Android, iOS, Windows Phone, BlackBerry, Nokia Symbian. WhatsApp ʠʩʧʦʣʴʟʫʝʪ 

ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʡ ʧʨʦʪʦʢʦʣ Extensible Messaging and Presence Protocol (XMPP, ʨʘʥʝʝ ʠʟʚʝʩʪʥʳʡ ʢʘʢ Jabber). 

ʉ ʘʧʨʝʣʷ 2016 ʛʦʜʘ ʩ ʚʳʭʦʜʦʤ ʦʙʥʦʚʣʝʥʠʷ ʚʝʨʩʠʠ 2.16.12 ʚ WhatsApp ʧʦʷʚʠʣʦʩʴ ʩʢʚʦʟʥʦʝ 

ʰʠʬʨʦʚʘʥʠʝ (End-to-End) ʥʘ ʙʘʟʝ ʧʨʦʪʦʢʦʣʘ Signal. ʐʠʬʨʦʚʘʥʠʝ ʨʘʩʧʨʦʩʪʨʘʥʷʝʪʩʷ ʥʘ ʚʩʝ ʪʠʧʳ ʩʦʦʙʱʝʥʠʡ: 

ʪʝʢʩʪ, ʬʦʪʦ, ʚʠʜʝʦ ʠ ʛʦʣʦʩʦʚʳʝ ʩʦʦʙʱʝʥʠʷ. ʐʠʬʨʦʚʘʥʠʝ ʪʘʢʞʝ ʜʦʩʪʫʧʥʦ ʚ ʛʨʫʧʧʦʚʳʭ ʯʘʪʘʭ. ɺ ʨʝʘʣʠʟʘʮʠʠ 

ʠʩʧʦʣʴʟʫʶʪʩʷ ʘʣʛʦʨʠʪʤʳ ECDH ʥʘ Curve25519, AES-256, AES-GCM, HMAC-SHA256, HDKF [5]. 

Viber ð ʦʜʠʥ ʠʟ ʧʦʧʫʣʷʨʥʝʡʰʠʭ ʤʝʩʩʝʥʜʞʝʨʦʚ, ʧʦʜʜʝʨʞʠʚʘʶʱʠʭ ʛʦʣʦʩʦʚʫʶ ʠ ʚʠʜʝʦʩʚʷʟʴ. ʈʘʙʦʪʘʝʪ 

ʥʘ ʧʣʘʪʬʦʨʤʘʭ Android, BlackBerry, iOS, Symbian, Windows Phone, Bada ʠ ʢʦʤʧʴʶʪʝʨʘʭ ʧʦʜ ʫʧʨʘʚʣʝʥʠʝʤ 

Windows, OS X ʠ Ubuntu. ʇʦʟʚʦʣʷʝʪ ʦʪʧʨʘʚʣʷʪʴ ʪʝʢʩʪʦʚʳʝ ʩʦʦʙʱʝʥʠʷ ʩʦ ʩʪʠʢʝʨʘʤʠ, ʘ ʪʘʢʞʝ ʥʘʨʠʩʦʚʘʥʥʳʝ 

ʧʨʷʤʦ ʚ ʧʨʠʣʦʞʝʥʠʠ ʢʘʨʪʠʥʢʠ. ʊʘʢʞʝ ʚ ʤʝʩʩʝʥʜʞʝʨʝ ʝʩʪʴ ʛʨʫʧʧʦʚʳʝ ʠ ʧʫʙʣʠʯʥʳʝ ʪʝʤʘʪʠʯʝʩʢʠʝ ʯʘʪʳ [6]. 
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ʅʘʯʠʥʘʷ ʩ ʚʝʨʩʠʠ 6.0, ʨʘʟʨʘʙʦʪʯʠʢʠ Viber ʚʥʝʜʨʠʣʠ ʚ ʩʚʦʡ ʩʝʨʚʠʩ ʩʢʚʦʟʥʦʝ ʰʠʬʨʦʚʘʥʠʝ. ʊʘʢʠʤ 

ʦʙʨʘʟʦʤ, ʚʩʝ ʩʦʦʙʱʝʥʠʷ, ʬʦʪʦʛʨʘʬʠʠ, ʚʠʜʝʦ, ʪʝʣʝʬʦʥʥʳʝ ʠ ʚʠʜʝʦʚʳʟʦʚʳ ʙʫʜʫʪ ʟʘʰʠʬʨʦʚʘʥʳ ʩ ʤʦʤʝʥʪʘ 

ʦʪʧʨʘʚʢʠ ʩ ʦʜʥʦʛʦ ʫʩʪʨʦʡʩʪʚʘ ʜʦ ʤʦʤʝʥʪʘ ʠʭ ʧʦʣʫʯʝʥʠʷ ʘʜʨʝʩʘʪʦʤ. ʂʘʢ ʟʘʷʚʣʷʶʪ ʨʘʟʨʘʙʦʪʯʠʢʠ, ʢʣʶʯ, 

ʥʝʦʙʭʦʜʠʤʳʡ ʜʣʷ ʨʘʩʰʠʬʨʦʚʢʠ ʜʘʥʥʳʭ, ʜʦʩʪʫʧʝʥ ʪʦʣʴʢʦ ʥʘ ʫʩʪʨʦʡʩʪʚʝ, ʠʩʧʦʣʴʟʫʝʤʦʤ ʜʣʷ ʦʪʧʨʘʚʢʠ 

ʩʦʦʙʱʝʥʠʷ, ʠ ʥʘ ʫʩʪʨʦʡʩʪʚʝ, ʠʩʧʦʣʴʟʫʝʤʦʤ ʜʣʷ ʧʨʠʸʤʘ ʩʦʦʙʱʝʥʠʷ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʥʠʢʪʦ ʜʨʫʛʦʡ ʥʝ ʤʦʞʝʪ 

ʨʘʩʰʠʬʨʦʚʘʪʴ ʧʝʨʝʜʘʚʘʝʤʳʝ ʜʘʥʥʳʝ. ɻʨʫʧʧʦʚʳʝ ʯʘʪʳ ʪʘʢʞʝ ʰʠʬʨʫʶʪʩʷ ʧʨʠ ʫʩʣʦʚʠʠ, ʯʪʦ ʚʩʝ ʫʯʘʩʪʥʠʢʠ ʯʘʪʘ 

ʠʤʝʶʪ ʚʝʨʩʠʶ ʤʝʩʩʝʥʜʞʝʨʘ 6.0 ʠʣʠ ʩʪʘʨʰʝ [7]. 

Telegram ð ʙʝʩʧʣʘʪʥʳʡ ʢʨʦʩʩʧʣʘʪʬʦʨʤʝʥʥʳʡ ʤʝʩʩʝʥʜʞʝʨ, ʧʦʟʚʦʣʷʶʱʠʡ ʦʙʤʝʥʠʚʘʪʴʩʷ ʪʝʢʩʪʦʚʳʤʠ 

ʩʦʦʙʱʝʥʠʷʤʠ ʩʦ ʩʤʘʡʣʠʢʘʤʠ ʠ ʩʪʠʢʝʨʘʤʠ, ʛʦʣʦʩʦʚʳʤʠ ʩʦʦʙʱʝʥʠʷʤʠ, ʘ ʪʘʢʞʝ ʨʘʟʣʠʯʥʳʤ ʤʝʜʠʘʢʦʥʪʝʥʪʦʤ. 

ʇʦʜʜʝʨʞʠʚʘʝʪ ʛʨʫʧʧʦʚʳʝ ʯʘʪʳ ʠ ʧʫʙʣʠʯʥʳʝ ʢʘʥʘʣʳ. ʉʝʨʚʠʩ ʦʨʠʝʥʪʠʨʦʚʘʥ ʥʘ ʧʨʠʚʘʪʥʦʩʪʴ ð ʤʝʩʩʝʥʜʞʝʨ 

ʛʘʨʘʥʪʠʨʫʝʪ, ʯʪʦ ʜʘʥʥʳʝ ʥʘʜʸʞʥʦ ʟʘʰʠʬʨʦʚʘʥʳ. ɺ ʥʘʩʪʨʦʡʢʘʭ ʙʝʟʦʧʘʩʥʦʩʪʠ ʜʦʩʪʫʧʥʘ ʚʦʟʤʦʞʥʦʩʪʴ 

çʩʘʤʦʣʠʢʚʠʜʘʮʠʠè ʘʢʢʘʫʥʪʘ ʚ ʩʣʫʯʘʝ ʜʣʠʪʝʣʴʥʦʛʦ ʦʪʩʫʪʩʪʚʠʷ ʧʦʣʴʟʦʚʘʪʝʣʷ ʚ ʩʝʪʠ. 

ɼʣʷ ʤʝʩʩʝʥʜʞʝʨʘ ʙʳʣ ʩʦʟʜʘʥ ʧʨʦʪʦʢʦʣ MTProto, ʧʨʝʜʧʦʣʘʛʘʶʱʠʡ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʥʝʩʢʦʣʴʢʠʭ 

ʧʨʦʪʦʢʦʣʦʚ ʰʠʬʨʦʚʘʥʠʷ. ʇʨʠ ʘʚʪʦʨʠʟʘʮʠʠ ʠ ʘʫʪʝʥʪʠʬʠʢʘʮʠʠ ʠʩʧʦʣʴʟʫʶʪʩʷ ʘʣʛʦʨʠʪʤʳ RSA-2048, DH-2048 ʜʣʷ 

ʰʠʬʨʦʚʘʥʠʷ, ʧʨʠ ʧʝʨʝʜʘʯʝ ʩʦʦʙʱʝʥʠʡ ʧʨʦʪʦʢʦʣʘ ʚ ʩʝʪʴ ʦʥʠ ʰʠʬʨʫʶʪʩʷ AES ʩ ʢʣʶʯʦʤ, ʠʟʚʝʩʪʥʳʤ ʢʣʠʝʥʪʫ ʠ 

ʩʝʨʚʝʨʫ. ʊʘʢʞʝ ʧʨʠʤʝʥʷʶʪʩʷ ʢʨʠʧʪʦʛʨʘʬʠʯʝʩʢʠʝ ʭʝʰ-ʘʣʛʦʨʠʪʤʳ SHA-1 ʠ MD5 [8]. 

ʉ 8 ʦʢʪʷʙʨʷ 2013 ʛʦʜʘ ʜʦʙʘʚʣʝʥʘ ʬʫʥʢʮʠʦʥʘʣʴʥʦʩʪʴ ʩʝʢʨʝʪʥʳʭ ʯʘʪʦʚ, ʚ ʢʦʪʦʨʳʭ ʨʝʘʣʠʟʫʝʪʩʷ ʩʢʚʦʟʥʦʝ 

ʰʠʬʨʦʚʘʥʠʝ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʘʣʛʦʨʠʪʤʘ AES-256 ʚ ʨʝʞʠʤʝ IGE ʜʣʷ ʧʝʨʝʩʳʣʘʝʤʳʭ ʩʦʦʙʱʝʥʠʡ [8]. ɺ ʦʪʣʠʯʠʝ ʦʪ 

Viber, ʚ Telegram ʩʝʢʨʝʪʥʳʝ ʯʘʪʳ ʜʦʩʪʫʧʥʳ ʜʣʷ ʜʚʫʭ ʧʦʣʴʟʦʚʘʪʝʣʝʡ. ʂʘʢ ʠ ʚ Facebook Messenger, ʚ ʩʝʢʨʝʪʥʦʤ 

ʯʘʪʝ Telegram ʝʩʪʴ ʚʦʟʤʦʞʥʦʩʪʴ ʟʘʜʘʥʠʷ ʪʘʡʤʝʨʘ. ʉʧʫʩʪʷ ʫʢʘʟʘʥʥʦʝ ʚʨʝʤʷ ʧʨʦʯʠʪʘʥʥʦʝ ʩʦʦʙʱʝʥʠʝ ʙʫʜʝʪ 

ʫʜʘʣʝʥʦ ʥʘ ʫʩʪʨʦʡʩʪʚʝ ʧʦʣʴʟʦʚʘʪʝʣʷ. 

qTox ð ʩʚʦʙʦʜʥʳʡ ʢʨʦʩʩʧʣʘʪʬʦʨʤʝʥʥʳʡ ʤʝʩʩʝʥʜʞʝʨ, ʨʝʘʣʠʟʦʚʘʥʥʳʡ ʥʘ ʙʘʟʝ ʧʨʦʪʦʢʦʣʘ Tox [9]. 

ʇʦʟʚʦʣʷʝʪ ʦʩʫʱʝʩʪʚʣʷʪʴ ʪʝʢʩʪʦʚʫʶ, ʛʦʣʦʩʦʚʫʶ, ʚʠʜʝʦʩʚʷʟʴ ʠ ʧʝʨʝʜʘʯʫ ʬʘʡʣʦʚ. ɼʦʩʪʫʧʝʥ ʨʝʞʠʤ ʢʦʥʬʝʨʝʥʮʠʠ 

(ʛʨʫʧʧʳ). ɼʘʥʥʳʡ ʤʝʩʩʝʥʜʞʝʨ ʦʪʣʠʯʘʝʪʩʷ ʦʪ ʨʘʥʝʝ ʨʘʩʩʤʦʪʨʝʥʥʳʭ ʪʝʤ, ʯʪʦ ʨʝʛʠʩʪʨʘʮʠʷ ʧʦʣʴʟʦʚʘʪʝʣʝʡ ʥʘ 

ʦʩʥʦʚʥʦʤ ʩʝʨʚʝʨʝ ʥʝ ʪʨʝʙʫʝʪʩʷ. ʇʦʩʣʝ ʫʩʪʘʥʦʚʢʠ qTox ʘʚʪʦʤʘʪʠʯʝʩʢʠ ʩʦʟʜʘʸʪʩʷ ʧʘʨʘ ʢʣʶʯʝʡ ð ʧʫʙʣʠʯʥʳʡ ʠ 

ʩʝʢʨʝʪʥʳʡ. ʇʫʙʣʠʯʥʳʡ ʢʣʶʯ ʩʣʫʞʠʪ ʢʘʢ ʫʥʠʢʘʣʴʥʳʡ ʠʜʝʥʪʠʬʠʢʘʪʦʨ ʜʣʷ ʧʦʠʩʢʘ ʩʦʙʝʩʝʜʥʠʢʘ. ʉʝʢʨʝʪʥʳʡ ʢʣʶʯ 

ʭʨʘʥʠʪʩʷ ʪʦʣʴʢʦ ʫ ʚʣʘʜʝʣʴʮʘ ʠ ʧʦʜʪʚʝʨʞʜʘʝʪ ʝʛʦ ʧʦʜʣʠʥʥʦʩʪʴ, ʥʝ ʨʘʩʢʨʳʚʘʷ ʧʝʨʩʦʥʘʣʴʥʳʝ ʜʘʥʥʳʝ. ʇʦʠʩʢ 

ʩʦʙʝʩʝʜʥʠʢʦʚ ʧʨʦʠʩʭʦʜʠʪ ʯʝʨʝʟ DHT [10]. ʀʟʥʘʯʘʣʴʥʦ ʚʩʷ ʧʝʨʝʧʠʩʢʘ ʚ qTox ʟʘʱʠʱʝʥʘ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʩʢʚʦʟʥʦʛʦ ʰʠʬʨʦʚʘʥʠʷ. 

Kate Mobile ð ʥʝʦʬʠʮʠʘʣʴʥʳʡ ʤʦʙʠʣʴʥʳʡ ʢʣʠʝʥʪ ʩʦʮʠʘʣʴʥʦʡ ʩʝʪʠ çɺʂʦʥʪʘʢʪʝè [11]. ʇʨʝʜʦʩʪʘʚʣʷʝʪ 

ʚʩʝ ʚʦʟʤʦʞʥʦʩʪʠ ʚʝʙ-ʚʝʨʩʠʠ ɺʂʦʥʪʘʢʪʝ ʜʣʷ ʚʝʜʝʥʠʷ ʧʝʨʝʧʠʩʢʠ ð ʦʙʤʝʥ ʪʝʢʩʪʦʚʦʡ ʠʥʬʦʨʤʘʮʠʝʡ ʩʦ 

ʩʤʘʡʣʠʢʘʤʠ ʠ ʩʪʠʢʝʨʘʤʠ, ʛʦʣʦʩʦʚʳʤʠ ʩʦʦʙʱʝʥʠʷʤʠ ʠ ʜʨʫʛʠʤ ʤʝʜʠʘʢʦʥʪʝʥʪʦʤ, ʚʢʣʶʯʘʷ ʬʘʡʣʳ ʜʦʧʫʩʪʠʤʳʭ 

ʬʦʨʤʘʪʦʚ. Kate Mobile ʷʚʣʷʝʪʩʷ ʪʦʥʢʠʤ ʢʣʠʝʥʪʦʤ, ʠʩʧʦʣʴʟʫʶʱʠʤ ʦʪʢʨʳʪʦʝ API, ʢʦʪʦʨʦʝ ʧʨʝʜʦʩʪʘʚʣʷʝʪʩʷ 

ʨʘʟʨʘʙʦʪʯʠʢʘʤʠ ɺʂʦʥʪʘʢʪʝ. 

ɺ ʩʦʮʠʘʣʴʥʦʡ ʩʝʪʠ çɺʂʦʥʪʘʢʪʝè ʦʪʩʫʪʩʪʚʫʝʪ ʰʠʬʨʦʚʘʥʠʝ ʧʝʨʝʧʠʩʢʠ, ʧʦʵʪʦʤʫ ʦʥʘ ʭʨʘʥʠʪʩʷ ʥʘ 

ʩʝʨʚʝʨʘʭ ʩʝʪʠ ʚ ʦʪʢʨʳʪʦʤ ʚʠʜʝ ʠ ʜʦʩʪʫʧʥʘ ʜʣʷ ʧʨʦʯʪʝʥʠʷ ʪʨʝʪʴʠʤ ʣʠʮʘʤ, ʠʤʝʶʱʠʤ ʜʦʩʪʫʧ ʢ ʩʝʨʚʝʨʘʤ. 

ʄʝʭʘʥʠʟʤ ʩʢʚʦʟʥʦʛʦ ʰʠʬʨʦʚʘʥʠʷ ʚ ʩʦʮʠʘʣʴʥʦʡ ʩʝʪʠ çɺʂʦʥʪʘʢʪʝè 

ʈʝʘʣʠʟʫʝʤʳʡ ʤʝʭʘʥʠʟʤ ʩʢʚʦʟʥʦʛʦ ʰʠʬʨʦʚʘʥʠʷ ʧʝʨʝʧʠʩʢʠ ʚ ʩʦʮʠʘʣʴʥʦʡ ʩʝʪʠ çɺʂʦʥʪʘʢʪʝè ʦʩʥʦʚʘʥ ʥʘ 

ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʩʠʤʤʝʪʨʠʯʥʦʛʦ ʠ ʘʩʩʠʤʝʪʨʠʯʥʦʛʦ ʘʣʛʦʨʠʪʤʦʚ ʰʠʬʨʦʚʘʥʠʷ, ʘʣʛʦʨʠʪʤʘ ʭʝʰʠʨʦʚʘʥʠʷ ʠ 

ʘʩʩʠʤʝʪʨʠʯʥʦʛʦ ʘʣʛʦʨʠʪʤʘ ʜʣʷ ʩʦʟʜʘʥʠʷ ʵʣʝʢʪʨʦʥʥʦʡ ʮʠʬʨʦʚʦʡ ʧʦʜʧʠʩʠ (ʕʎʇ). 

ɺ ʢʘʯʝʩʪʚʝ ʩʠʤʤʝʪʨʠʯʥʦʛʦ ʘʣʛʦʨʠʪʤʘ ʠʩʧʦʣʴʟʫʝʪʩʷ Rijndael ð ʩʠʤʤʝʪʨʠʯʥʳʡ ʘʣʛʦʨʠʪʤ ʙʣʦʯʥʦʛʦ 

ʰʠʬʨʦʚʘʥʠʷ [12]. ʉ ʧʦʤʦʱʴʶ Rijndael ʙʫʜʝʪ ʰʠʬʨʦʚʘʪʴʩʷ ʠʥʬʦʨʤʘʮʠʷ ʧʝʨʝʜ ʦʪʧʨʘʚʢʦʡ ʩʦʙʝʩʝʜʥʠʢʫ (ʥʘ 

ʩʝʨʚʝʨ ɺʂʦʥʪʘʢʪʝ). ʂʣʶʯ ʰʠʬʨʦʚʘʥʠʷ ʛʝʥʝʨʠʨʫʝʪʩʷ ʩʣʫʯʘʡʥʳʤ ʦʙʨʘʟʦʤ ʠ ʙʫʜʝʪ ʜʝʡʩʪʚʠʪʝʣʝʥ ʜʦ ʪʝʭ ʧʦʨ, ʧʦʢʘ 

ʧʦʣʴʟʦʚʘʪʝʣʝʤ ʥʝ ʙʫʜʝʪ ʟʘʧʨʦʰʝʥ ʥʦʚʳʡ ʢʣʶʯ. 

ɼʣʷ ʧʨʝʜʦʪʚʨʘʱʝʥʠʷ ʢʦʤʧʨʦʤʝʪʘʮʠʠ ʢʣʶʯʘ ʩʠʤʤʝʪʨʠʯʥʦʛʦ ʰʠʬʨʦʚʘʥʠʷ ʠʩʧʦʣʴʟʫʝʪʩʷ 

ʢʨʠʧʪʦʛʨʘʬʠʯʝʩʢʠʡ ʘʣʛʦʨʠʪʤ ʘʩʩʠʤʝʪʨʠʯʥʦʛʦ ʰʠʬʨʦʚʘʥʠʷ RSA [13]. ɼʘʥʥʳʡ ʘʣʛʦʨʠʪʤ ʧʦʟʚʦʣʠʪ ʙʝʟʦʧʘʩʥʦ 

ʧʝʨʝʜʘʪʴ ʢʣʶʯ ʩʠʤʤʝʪʨʠʯʥʦʛʦ ʰʠʬʨʦʚʘʥʠʷ ʩʦʙʝʩʝʜʥʠʢʫ ʧʦ ʦʪʢʨʳʪʦʤʫ ʢʘʥʘʣʫ ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʯʪʦ ʥʠʢʪʦ ʜʨʫʛʦʡ 

ʥʝ ʩʤʦʞʝʪ ʧʦʣʫʯʠʪʴ ʢʣʶʯ ʠ ʨʘʩʰʠʬʨʦʚʘʪʴ ʧʝʨʝʜʘʚʘʝʤʳʝ ʩʦʦʙʱʝʥʠʷ. 

ɼʣʷ ʧʦʜʪʚʝʨʞʜʝʥʠʷ ʣʠʯʥʦʩʪʠ ʘʚʪʦʨʘ ʧʝʨʝʜʘʚʘʝʤʳʭ ʩʦʦʙʱʝʥʠʡ ʠ ʦʙʝʩʧʝʯʝʥʠʷ ʛʘʨʘʥʪʠʠ ʠʭ 

ʮʝʣʦʩʪʥʦʩʪʠ ʚ ʜʘʥʥʦʤ ʤʝʭʘʥʠʟʤʝ ʩʢʚʦʟʥʦʛʦ ʰʠʬʨʦʚʘʥʠʷ ʠʩʧʦʣʴʟʫʝʪʩʷ ʵʣʝʢʪʨʦʥʥʘʷ ʮʠʬʨʦʚʘʷ ʧʦʜʧʠʩʴ, ʢʦʪʦʨʘʷ 

ʩʦʟʜʘʸʪʩʷ ʩ ʧʦʤʦʱʴʶ ʘʩʩʠʤʝʪʨʠʯʥʦʛʦ ʢʨʠʧʪʦʛʨʘʬʠʯʝʩʢʦʛʦ ʘʣʛʦʨʠʪʤʘ DSA [14] ʠ ʘʣʛʦʨʠʪʤʘ ʭʝʰʠʨʦʚʘʥʠʷ SHA-

1 [15]. 

API ɺʂʦʥʪʘʢʪʝ ʧʦʟʚʦʣʷʝʪ ʚʳʧʦʣʥʷʪʴ ʧʝʨʝʜʘʯʫ ʪʝʢʩʪʦʚʳʭ ʩʦʦʙʱʝʥʠʡ, ʯʪʦ ʷʚʣʷʝʪʩʷ ʜʦʩʪʘʪʦʯʥʳʤ 

ʫʩʣʦʚʠʝʤ ʜʣʷ ʧʝʨʝʜʘʯʠ ʣʶʙʳʭ ʜʘʥʥʳʭ ʩ ʧʦʤʦʱʴʶ ʤʝʪʦʜʘ ʢʦʜʠʨʦʚʘʥʠʷ Base64 [16]. ʉʪʦʠʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ 

ʟʘʰʠʬʨʦʚʘʥʥʳʝ ʩʦʦʙʱʝʥʠʷ ʙʫʜʫʪ ʚʠʜʥʳ ʥʘ ʚʝʙ-ʩʪʨʘʥʠʮʝ ɺʂʦʥʪʘʢʪʝ. ʉ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ, ʤʝʩʩʝʥʜʞʝʨ, ʢʦʪʦʨʳʡ 

ʙʫʜʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴ ʨʝʘʣʠʟʘʮʠʶ ʦʧʠʩʳʚʘʝʤʦʛʦ ʤʝʭʘʥʠʟʤʘ ʩʢʚʦʟʥʦʛʦ ʰʠʬʨʦʚʘʥʠʷ, ʪʘʢʞʝ ʙʫʜʝʪ ʧʦʣʫʯʘʪʴ ʚʩʝ 

ʥʦʚʳʝ ʩʦʦʙʱʝʥʠʷ, ʦʪʧʨʘʚʣʝʥʥʳʝ ʯʝʨʝʟ ʚʝʙ-ʩʪʨʘʥʠʮʫ ʚ ʥʝʟʘʰʠʬʨʦʚʘʥʥʦʤ ʚʠʜʝ (ʦʙʳʯʥʳʝ ʩʦʦʙʱʝʥʠʷ 

ʧʦʣʴʟʦʚʘʪʝʣʷ). ʇʦʵʪʦʤʫ, ʩ ʮʝʣʴʶ ʬʠʣʴʪʨʘʮʠʠ ʟʘʰʠʬʨʦʚʘʥʥʳʭ ʩʦʦʙʱʝʥʠʡ ʢʘʞʜʦʝ ʩʦʦʙʱʝʥʠʝ, ʦʪʧʨʘʚʣʝʥʥʦʝ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʜʘʥʥʦʛʦ ʤʝʭʘʥʠʟʤʘ, ʙʫʜʝʪ ʩʦʜʝʨʞʘʪʴ ʩʣʫʞʝʙʥʳʡ ʟʘʛʦʣʦʚʦʢ ç=== VKMessenger ===è, 
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ʩʦʩʪʦʷʱʠʡ ʠʟ 19 ʩʠʤʚʦʣʦʚ: ʪʨʸʭ ʩʠʤʚʦʣʦʚ çʨʘʚʥʦè, ʦʜʥʦʛʦ ʧʨʦʙʝʣʘ, ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʩʠʤʚʦʣʦʚ 

çVKMessengerè, ʦʜʥʦʛʦ ʧʨʦʙʝʣʘ ʠ ʪʨʸʭ ʩʠʤʚʦʣʦʚ çʨʘʚʥʦè. ʇʦʩʣʝ ʜʘʥʥʦʛʦ ʟʘʛʦʣʦʚʢʘ ʙʫʜʝʪ ʩʣʝʜʦʚʘʪʴ ʩʠʤʚʦʣ 

ʢʦʥʮʘ ʩʪʨʦʢʠ. ɿʘʪʝʤ ʩʣʝʜʫʝʪ ʩʦʜʝʨʞʠʤʦʝ ʩʣʫʞʝʙʥʦʛʦ ʩʦʦʙʱʝʥʠʷ, ʟʘʢʦʜʠʨʦʚʘʥʥʦʝ ʤʝʪʦʜʦʤ Base64. ʇʝʨʚʳʤ 

ʙʘʡʪʦʤ ʩʦʜʝʨʞʠʤʦʛʦ ʷʚʣʷʝʪʩʷ ʢʦʜ ʩʦʦʙʱʝʥʠʷ, ʢʦʪʦʨʳʡ ʦʧʠʩʳʚʘʝʪ ʪʠʧ ʩʣʫʞʝʙʥʦʛʦ ʩʦʦʙʱʝʥʠʷ. ɿʘʪʝʤ ʚ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʪʠʧʘ ʩʣʫʞʝʙʥʦʛʦ ʩʦʦʙʱʝʥʠʷ ʙʫʜʝʪ ʩʣʝʜʦʚʘʪʴ ʦʧʨʝʜʝʣʸʥʥʳʡ ʥʘʙʦʨ ʜʘʥʥʳʭ. ɼʘʣʝʝ ʙʫʜʝʪ ʦʧʠʩʘʥ 

ʧʨʦʪʦʢʦʣ ʧʝʨʝʜʘʯʠ ʩʦʦʙʱʝʥʠʡ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʢʚʦʟʥʦʛʦ ʰʠʬʨʦʚʘʥʠʷ. 

ʇʨʠ ʧʝʨʚʦʤ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʦʧʠʩʳʚʘʝʤʦʛʦ ʤʝʭʘʥʠʟʤʘ ʩʦʙʝʩʝʜʥʠʢʠ ʜʦʣʞʥʳ ʦʙʤʝʥʷʪʴʩʷ ʧʫʙʣʠʯʥʳʤʠ 

ʢʣʁʯʘʤʠ, ʩ ʧʦʤʦʱʴʶ ʢʦʪʦʨʳʭ ʙʫʜʝʪ ʦʩʫʱʝʩʪʚʣʷʪʴʩʷ ʰʠʬʨʦʚʘʥʠʝ ʢʣʶʯʝʡ ʜʣʷ ʰʠʬʨʦʚʘʥʠʷ ʩʦʦʙʱʝʥʠʡ. ɼʘʥʥʳʡ 

ʵʪʘʧ ʥʘʟʳʚʘʝʪʩʷ ʵʪʘʧʦʤ çʨʫʢʦʧʦʞʘʪʠʷè. ʇʫʩʪʴ ʩʦʙʝʩʝʜʥʠʢ ɸ ʩʦʙʠʨʘʝʪʩʷ ʦʪʧʨʘʚʠʪʴ ʩʦʦʙʱʝʥʠʝ ʩʦʙʝʩʝʜʥʠʢʫ ɹ. 

ʊʦʛʜʘ ʩʦʙʝʩʝʜʥʠʢ ɸ ʦʪʧʨʘʚʣʷʝʪ ʩʣʫʞʝʙʥʦʝ ʩʦʦʙʱʝʥʠʝ ʩ ʢʦʜʦʤ ç1è ʠ ʧʫʩʪʳʤ ʥʘʙʦʨʦʤ ʜʘʥʥʳʭ. ɼʘʥʥʦʝ 

ʩʣʫʞʝʙʥʦʝ ʩʦʦʙʱʝʥʠʝ ʦʟʥʘʯʘʝʪ ʟʘʧʨʦʩ ʧʫʙʣʠʯʥʦʛʦ ʢʣʶʯʘ. ʉʦʙʝʩʝʜʥʠʢ ɹ ʜʦʣʞʝʥ ʦʪʚʝʪʠʪʴ ʩʣʫʞʝʙʥʳʤ 

ʩʦʦʙʱʝʥʠʝʤ ʩ ʢʦʜʦʤ ç2è ʠ ʧʫʙʣʠʯʥʳʤ ʢʣʶʯʦʤ RSA ʨʘʟʤʝʨʦʤ 256 ʙʘʡʪ (2048 ʙʠʪ). 

ɼʣʷ ʦʪʧʨʘʚʢʠ ʧʦʣʴʟʦʚʘʪʝʣʴʩʢʠʭ ʩʦʦʙʱʝʥʠʡ ʠʩʧʦʣʴʟʫʶʪʩʷ ʩʣʫʞʝʙʥʳʝ ʩʦʦʙʱʝʥʠʷ ʩ ʢʦʜʦʤ ç3è. 

ʇʨʦʪʦʢʦʣʦʤ ʧʦʜʜʝʨʞʠʚʘʝʪʩʷ ʧʝʨʝʜʘʯʘ ʜʚʫʭ ʪʠʧʦʚ ʧʦʣʴʟʦʚʘʪʝʣʴʩʢʠʭ ʩʦʦʙʱʝʥʠʡ: ʪʝʢʩʪʘ ʠ ʬʘʡʣʘ ʩ ʫʢʘʟʘʥʠʝʤ ʝʛʦ 

ʠʤʝʥʠ. ʇʦʩʣʝ ʢʦʜʘ ʩʦʦʙʱʝʥʠʷ ʠʜʸʪ ʢʦʜ ʪʠʧʘ ʧʦʣʴʟʦʚʘʪʝʣʴʩʢʦʛʦ ʩʦʦʙʱʝʥʠʷ (1 ʙʘʡʪ), ʟʘʰʠʬʨʦʚʘʥʥʳʡ ʢʣʶʯ 

ʩʠʤʤʝʪʨʠʯʥʦʛʦ ʰʠʬʨʦʚʘʥʠʷ (256 ʙʘʡʪ ʠʣʠ 2048 ʙʠʪ) ʠ ʟʘʰʠʬʨʦʚʘʥʥʦʝ ʧʦʜʧʠʩʘʥʥʦʝ ʵʣʝʢʪʨʦʥʥʦʡ ʮʠʬʨʦʚʦʡ 

ʧʦʜʧʠʩʴʶ ʩʦʜʝʨʞʠʤʦʝ ʧʦʣʴʟʦʚʘʪʝʣʴʩʢʦʛʦ ʩʦʦʙʱʝʥʠʷ. 

ʌʦʨʤʘʪ ʧʦʣʴʟʦʚʘʪʝʣʴʩʢʠʭ ʩʦʦʙʱʝʥʠʡ ʧʝʨʝʜ ʠʭ ʰʠʬʨʦʚʢʦʡ ʟʘʚʠʩʠʪ ʦʪ ʪʠʧʘ ʧʦʣʴʟʦʚʘʪʝʣʴʩʢʦʛʦ 

ʩʦʦʙʱʝʥʠʷ. ɺ ʩʣʫʯʘʝ ʪʝʢʩʪʦʚʦʛʦ ʪʠʧʘ (ʢʦʜ ç1è) ʠʩʭʦʜʥʳʡ ʪʝʢʩʪ ʧʦʣʴʟʦʚʘʪʝʣʴʩʢʦʛʦ ʩʦʦʙʱʝʥʠʷ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴʶ ʙʘʡʪ ʚ ʢʦʜʠʨʦʚʢʝ çUTF-8è [17]. ɺ ʩʣʫʯʘʝ ʬʘʡʣʦʚʦʛʦ ʪʠʧʘ (ʢʦʜ ç2è) ʧʝʨʚʳʡ ʙʘʡʪ ʩʦʜʝʨʞʠʪ 

ʜʣʠʥʫ ʠʤʝʥʠ ʬʘʡʣʘ. ɿʘʪʝʤ ʩʣʝʜʫʝʪ ʫʢʘʟʘʥʥʦʝ ʯʠʩʣʦ ʙʘʡʪ, ʢʦʪʦʨʳʝ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʠʤʷ ʬʘʡʣʘ ʚ ʢʦʜʠʨʦʚʢʝ 

çASCIIè [18]. ʉʪʦʠʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʜʣʷ ʦʪʧʨʘʚʢʠ ʬʘʡʣʦʚ ʩ ʠʤʝʥʝʤ, ʢʦʪʦʨʦʝ ʩʦʜʝʨʞʠʪ ʩʠʤʚʦʣʳ ʦʪʣʠʯʥʳʝ ʦʪ 

ʣʘʪʠʥʩʢʠʭ, ʤʝʩʩʝʥʜʞʝʨ ʜʦʣʞʝʥ ʧʦʟʘʙʦʪʠʪʴʩʷ ʦ ʪʨʘʥʩʣʠʪʝʨʘʮʠʠ ʠʤʝʥʠ ʬʘʡʣʘ ʜʣʷ ʝʛʦ ʢʦʨʨʝʢʪʥʦʛʦ ʦʪʦʙʨʘʞʝʥʠʷ 

ʫ ʧʦʣʫʯʘʪʝʣʷ ʩʦʦʙʱʝʥʠʷ. ɼʘʣʝʝ ʩʣʝʜʫʶʪ ʯʝʪʳʨʝ ʙʘʡʪʘ, ʢʦʪʦʨʳʝ ʨʘʩʧʦʣʦʞʝʥʳ ʚ ʩʝʪʝʚʦʤ ʧʦʨʷʜʢʝ ʙʘʡʪ (big-

endian) ʠ ʦʧʨʝʜʝʣʷʶʪ ʨʘʟʤʝʨ ʬʘʡʣʘ ʚ ʙʘʡʪʘʭ [19]. ɿʘʪʝʤ ʩʣʝʜʫʶʪ ʙʘʡʪʳ ʩʦʜʝʨʞʠʤʦʛʦ ʬʘʡʣʘ. 

ʉʦʜʝʨʞʠʤʦʝ ʧʦʣʴʟʦʚʘʪʝʣʴʩʢʦʛʦ ʩʦʦʙʱʝʥʠʷ ʧʦʜʧʠʩʳʚʘʝʪʩʷ ʩ ʧʦʤʦʱʴʶ ʘʣʛʦʨʠʪʤʘ DSA. ʇʦʜʧʠʩʘʥʥʦʝ 

ʧʦʣʴʟʦʚʘʪʝʣʴʩʢʦʝ ʩʦʦʙʱʝʥʠʝ ʚ ʥʘʯʘʣʝ ʩʦʜʝʨʞʠʪ ʵʣʝʢʪʨʦʥʥʫʶ ʮʠʬʨʦʚʫʶ ʧʦʜʧʠʩʴ (40 ʙʘʡʪ) ʠ ʧʫʙʣʠʯʥʳʡ ʢʣʶʯ 

(444 ʙʘʡʪ), ʢʦʪʦʨʳʡ ʧʦʟʚʦʣʠʪ ʧʦʣʫʯʘʪʝʣʶ ʧʨʦʚʝʨʠʪʴ ʮʝʣʦʩʪʥʦʩʪʴ ʜʘʥʥʳʭ ʩ ʧʦʤʦʱʴʶ ʵʪʦʡ ʧʦʜʧʠʩʠ. ɼʘʣʝʝ 

ʧʦʜʧʠʩʘʥʥʦʝ ʧʦʣʴʟʦʚʘʪʝʣʴʩʢʦʝ ʩʦʦʙʱʝʥʠʝ ʰʠʬʨʫʝʪʩʷ ʩ ʧʦʤʦʱʴʶ ʩʣʫʯʘʡʥʦ ʩʛʝʥʝʨʠʨʦʚʘʥʥʦʛʦ ʢʣʶʯʘ 

ʩʠʤʤʝʪʨʠʯʥʦʛʦ ʰʠʬʨʦʚʘʥʠʷ ʜʣʠʥʦʡ 32 ʙʘʡʪ (256 ʙʠʪ). ʇʦʩʣʝ ʧʦʣʫʯʝʥʠʷ ʦʧʠʩʘʥʥʦʛʦ ʩʣʫʞʝʙʥʦʛʦ ʩʦʦʙʱʝʥʠʷ ʩ 

ʢʦʜʦʤ ç3è ʧʦʣʫʯʘʪʝʣʴ ʩʤʦʞʝʪ ʦʧʨʝʜʝʣʠʪʴ ʪʠʧ ʧʦʣʴʟʦʚʘʪʝʣʴʩʢʦʛʦ ʩʦʦʙʱʝʥʠʷ, ʨʘʩʰʠʬʨʦʚʘʪʴ ʩʦʜʝʨʞʠʤʦʝ 

ʧʦʣʴʟʦʚʘʪʝʣʴʩʢʦʛʦ ʩʦʦʙʱʝʥʠʷ ʩ ʧʦʤʦʱʴʶ ʩʚʦʝʛʦ ʧʨʠʚʘʪʥʦʛʦ ʢʣʶʯʘ ʠ ʧʨʦʚʝʨʠʪʴ ʧʦʜʧʠʩʴ, ʫʜʦʩʪʦʚʝʨʠʚʰʠʩʴ ʚ 

ʮʝʣʦʩʪʥʦʩʪʠ ʠ ʢʦʨʨʝʢʪʥʦʩʪʠ ʧʦʣʫʯʝʥʥʦʛʦ ʧʦʣʴʟʦʚʘʪʝʣʴʩʢʦʛʦ ʩʦʦʙʱʝʥʠʷ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʦʧʠʩʘʥʥʦʛʦ ʥʘʙʦʨʘ ʩʣʫʞʝʙʥʳʭ ʩʦʦʙʱʝʥʠʡ ʜʦʩʪʘʪʦʯʥʦ ʜʣʷ ʨʝʘʣʠʟʘʮʠʠ ʤʝʭʘʥʠʟʤʘ 

ʩʢʚʦʟʥʦʛʦ ʰʠʬʨʦʚʘʥʠʷ ʚ ʧʝʨʝʧʠʩʢʝ ʩʦʮʠʘʣʴʥʦʡ ʩʝʪʠ çɺʂʦʥʪʘʢʪʝè. 

ɺʳʚʦʜʳ 

ɺ ʭʦʜʝ ʚʳʧʦʣʥʝʥʠʷ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʙʳʣʠ ʨʘʩʩʤʦʪʨʝʥʳ ʩʫʱʝʩʪʚʫʶʱʠʝ ʨʝʘʣʠʟʘʮʠʠ ʤʝʭʘʥʠʟʤʘ 

ʩʢʚʦʟʥʦʛʦ ʰʠʬʨʦʚʘʥʠʷ ʧʝʨʝʧʠʩʢʠ ʥʘ ʧʨʠʤʝʨʝ ʤʝʩʩʝʥʜʞʝʨʦʚ ʜʣʷ ʩʠʩʪʝʤ ʤʛʥʦʚʝʥʥʦʛʦ ʦʙʤʝʥʘ ʩʦʦʙʱʝʥʠʷʤʠ, ʘ 

ʪʘʢʞʝ ʧʨʝʜʣʦʞʝʥ ʤʝʭʘʥʠʟʤ ʩʢʚʦʟʥʦʛʦ ʰʠʬʨʦʚʘʥʠʷ (End-to-End) ʧʝʨʝʧʠʩʢʠ ʚ ʩʦʮʠʘʣʴʥʦʡ ʩʝʪʠ çɺʂʦʥʪʘʢʪʝè, 

ʨʝʘʣʠʟʘʮʠʷ ʢʦʪʦʨʦʛʦ ʧʦʟʚʦʣʠʪ ʜʦʧʦʣʥʠʪʴ ʩʫʱʝʩʪʚʫʶʱʫʶ ʬʫʥʢʮʠʦʥʘʣʴʥʦʩʪʴ ʩʦʮʠʘʣʴʥʦʡ ʩʝʪʠ ʠ ʦʙʝʩʧʝʯʠʪʴ 

ʙʝʟʦʧʘʩʥʦʩʪʴ ʠ ʩʪʨʦʛʫʶ ʢʦʥʬʠʜʝʥʮʠʘʣʴʥʦʩʪʴ ʧʝʨʝʧʠʩʢʠ. 

ʆʩʥʦʚʥʳʤ ʧʨʝʠʤʫʱʝʩʪʚʦʤ ʦʧʠʩʘʥʥʦʛʦ ʤʝʭʘʥʠʟʤʘ ʷʚʣʷʝʪʩʷ ʪʦʪ ʬʘʢʪ, ʯʪʦ ʜʦ ʩʠʭ ʧʦʨ ʥʝ ʩʫʱʝʩʪʚʫʝʪ 

ʘʥʘʣʦʛʦʚ ʨʝʘʣʠʟʘʮʠʠ ʤʝʭʘʥʠʟʤʘ ʩʢʚʦʟʥʦʛʦ ʰʠʬʨʦʚʘʥʠʷ ʜʣʷ ʧʝʨʝʧʠʩʢʠ ʚ ʩʦʮʠʘʣʴʥʦʡ ʩʝʪʠ çɺʂʦʥʪʘʢʪʝè. 
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ʂʫʪʘʰʦʚ ʈ.ʀ., ʌʝʜʷʝʚ ʆ.ʀ. ʈʘʟʨʘʙʦʪʢʘ ʘʛʝʥʪʥʦ-ʦʨʠʝʥʪʠʨʦʚʘʥʥʦʡ ʤʦʜʝʣʠ ʢʘʬʝʜʨʳ 

ʫʥʠʚʝʨʩʠʪʝʪʘ ʩ ʧʦʤʦʱʴʶ Framework Jade. ʈʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʩʦʟʜʘʥʠʝ ʚʠʨʪʫʘʣʴʥʦʡ ʢʘʬʝʜʨʳ 

ʫʥʠʚʝʨʩʠʪʝʪʘ ʘʛʝʥʪʥʦ-ʦʨʠʝʥʪʠʨʦʚʘʥʥʦʛʦ ʪʠʧʘ. ʉ ʧʦʤʦʱʴʶ ʤʝʪʦʜʦʣʦʛʠʠ Gaia ʚʳʧʦʣʥʝʥ 

ʘʛʝʥʪʥʦ-ʦʨʠʝʥʪʠʨʦʚʘʥʥʳʡ ʘʥʘʣʠʟ ʧʨʦʮʝʩʩʘ ʠʟʫʯʝʥʠʷ ʩʪʫʜʝʥʪʘʤʠ ʦʜʥʦʛʦ ʫʯʝʙʥʦʛʦ ʢʫʨʩʘ ʚ 

ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʪʨʝʙʦʚʘʥʠʷʤʠ ʧʨʦʛʨʘʤʤʥʦʡ ʠʥʞʝʥʝʨʠʠ.  

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʩʪʘʪʴʷ, ʧʨʦʛʨʘʤʤʥʘʷ ʠʥʞʝʥʝʨʠʷ, ʪʨʝʙʦʚʘʥʠʷ, ʦʬʦʨʤʣʝʥʠʝ, ʩʙʦʨʥʠʢ ʪʨʫʜʦʚ. 

ɺʚʝʜʝʥʠʝ 

ʋʯʝʙʥʳʡ ʧʨʦʮʝʩʩ ʚ ʪʝʭʥʠʯʝʩʢʦʤ ɺʋɿʝ ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ ʝʛʦ ʧʦʜʨʘʟʜʝʣʝʥʠʷʤʠ ʩ ʞʝʩʪʢʦʡ ʠʝʨʘʨʭʠʯʝʩʢʦʡ 

ʩʪʨʫʢʪʫʨʦʡ (ʨʝʢʪʦʨʘʪ, ʬʘʢʫʣʴʪʝʪʳ, ʢʘʬʝʜʨʳ). ʅʘ ʥʠʞʥʝʤ ʢʘʬʝʜʨʘʣʴʥʦʤ ʫʨʦʚʥʝ ʦʙʫʯʝʥʠʝ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʦ 

ʦʨʠʝʥʪʠʨʦʚʘʥʦ, ʨʘʩʧʨʝʜʝʣʝʥʦ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ, ʨʝʛʣʘʤʝʥʪʠʨʦʚʘʥʦ ʧʦ ʚʨʝʤʝʥʠ, ʜʠʥʘʤʠʯʥʦ ʧʦ ʩʦʜʝʨʞʘʥʠʶ ʠ 

ʧʦʵʪʦʤʫ, ʢʘʢ ʧʨʦʮʝʩʩ ʧʦʜʛʦʪʦʚʢʠ ʠʥʞʝʥʝʨʥʳʭ ʢʘʜʨʦʚ, ʷʚʣʷʝʪʩʷ ʩʣʦʞʥʳʤ ʜʣʷ ʩʦʟʜʘʥʠʷ ʩʦʚʨʝʤʝʥʥʳʭ 

ʢʦʤʧʴʶʪʝʨʥʳʭ ʩʨʝʜʩʪʚ ʨʘʩʧʨʝʜʝʣʸʥʥʦʛʦ ʦʙʫʯʝʥʠʷ.  

ʋʩʪʘʥʦʚʣʝʥʥʳʝ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʧʨʘʚʠʣʘ ʧʦʣʫʯʝʥʠʷ ʦʙʨʘʟʦʚʘʥʠʷ ʥʝ ʧʦʟʚʦʣʷʶʪ ʩʚʦʝʚʨʝʤʝʥʥʦ 

ʨʝʘʛʠʨʦʚʘʪʴ ʥʘ ʠʟʤʝʥʝʥʠʝ ʪʨʝʙʦʚʘʥʠʡ ʨʳʥʢʘ, ʚ ʧʦʣʥʦʡ ʤʝʨʝ ʫʯʠʪʳʚʘʪʴ ʠʥʜʠʚʠʜʫʘʣʴʥʳʝ ʚʦʟʤʦʞʥʦʩʪʠ ʠ 

ʞʝʣʘʥʠʷ ʩʪʫʜʝʥʪʦʚ ʚ ʦʩʚʦʝʥʠʠ ʜʠʩʮʠʧʣʠʥʳ ʟʘ ʫʩʢʦʨʝʥʥʦʝ ʚʨʝʤʷ (ʵʢʩʪʝʨʥʦʤ), ʧʨʝʜʧʦʣʘʛʘʶʪ ʦʙʷʟʘʪʝʣʴʥʦʝ 

ʣʠʯʥʦʝ ʧʨʠʩʫʪʩʪʚʠʝ ʧʨʝʧʦʜʘʚʘʪʝʣʷ ʥʘ ʚʩʝʭ ʵʪʘʧʘʭ ʧʝʨʝʜʘʯʠ ʠ ʢʦʥʪʨʦʣʷ ʫʩʚʦʝʥʠʷ ʟʥʘʥʠʡ, ʞʝʩʪʢʫʶ ʧʨʠʚʷʟʢʫ 

ʩʪʫʜʝʥʪʦʚ ʢ ʨʘʩʧʠʩʘʥʠʶ ʟʘʥʷʪʠʡ. ʉʪʫʜʝʥʪ ʥʝ ʚʩʝʛʜʘ ʠʤʝʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʫʯʠʪʴʩʷ ʧʦ ʠʥʜʠʚʠʜʫʘʣʴʥʦʤʫ ʛʨʘʬʠʢʫ, 

ʧʦʩʢʦʣʴʢʫ ʙʝʟ ʦʙʱʝʥʠʷ ʩ ʧʨʝʧʦʜʘʚʘʪʝʣʝʤ, ʥʝʩʤʦʪʨʷ ʥʘ ʧʦʣʥʦʮʝʥʥʦʝ ʫʯʝʙʥʦ-ʤʝʪʦʜʠʯʝʩʢʦʝ ʦʙʝʩʧʝʯʝʥʠʝ, ʩʣʦʞʥʦ 

ʧʦʣʫʯʠʪʴ ʭʦʨʦʰʠʡ ʫʨʦʚʝʥʴ ʟʥʘʥʠʡ. ʉʦʚʨʝʤʝʥʥʘʷ ʪʝʥʜʝʥʮʠʷ ʚ ʠʥʞʝʥʝʨʥʦʤ ʦʙʨʘʟʦʚʘʥʠʠ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ 

ʚʥʝʜʨʝʥʠʝʤ ʠʥʜʠʚʠʜʫʘʣʴʥʳʭ ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʭ ʩʭʝʤ, ʚ ʧʦʣʥʦʡ ʤʝʨʝ ʦʪʚʝʯʘʶʱʠʭ ʙʳʩʪʨʳʤ ʠʟʤʝʥʝʥʠʷʤ 

ʢʦʥʲʶʥʢʪʫʨʳ ʨʳʥʢʘ. ʇʦʵʪʦʤʫ ʢʣʘʩʩʠʯʝʩʢʠʝ ʩʭʝʤʳ ʮʝʥʪʨʘʣʠʟʦʚʘʥʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ ʦʙʨʘʟʦʚʘʥʠʝʤ ʩ ʞʸʩʪʢʦʡ 

ʩʪʨʫʢʪʫʨʦʡ ʜʦʣʞʥʳ ʧʦʟʚʦʣʷʪʴ ʪʨʘʥʩʬʦʨʤʠʨʦʚʘʪʴʩʷ ʚ ʙʦʣʝʝ ʛʠʙʢʠʝ ʩʭʝʤʳ [1-4]. 

ɺ ʩʪʘʪʴʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʟʘʜʘʯʘ ʧʦʩʪʨʦʝʥʠʷ ʤʦʜʝʣʠ ʧʨʦʮʝʩʩʘ ʦʙʫʯʝʥʠʷ ʩʪʫʜʝʥʪʦʚ, ʢʦʪʦʨʘʷ ʥʘ ʦʩʥʦʚʝ 

ʩʦʭʨʘʥʝʥʠʷ ʙʣʠʟʢʠʭ ʢ ʨʝʘʣʴʥʦ ʩʫʱʝʩʪʚʫʶʱʠʤ ʚʟʘʠʤʦʦʪʥʦʰʝʥʠʷʤ ʤʝʞʜʫ ʫʯʘʩʪʥʠʢʘʤʠ ʫʯʝʙʥʦʛʦ ʧʨʦʮʝʩʩʘ ʠ 

ʧʨʝʜʦʩʪʘʚʣʝʥʠʷ ʚʦʟʤʦʞʥʦʩʪʠ ʘʚʪʦʥʦʤʥʦʛʦ ʠ ʨʘʩʧʨʝʜʝʣʸʥʥʦʛʦ ʚʳʧʦʣʥʝʥʠʷ ʫʯʝʙʥʦ-ʤʝʪʦʜʠʯʝʩʢʠʭ ʦʙʷʟʘʥʥʦʩʪʝʡ 

ʧʦʟʚʦʣʠʪ ʧʦʚʳʩʠʪʴ ʜʝʮʝʥʪʨʘʣʠʟʦʚʘʥʥʦʩʪʴ ʠ ʠʥʜʠʚʠʜʫʘʣʴʥʦʩʪʴ ʨʘʙʦʪʳ ʚʩʝʭ ʫʯʘʩʪʥʠʢʦʚ ʧʨʦʮʝʩʩʘ ʦʙʫʯʝʥʠʠ ʥʘ 

ʢʘʬʝʜʨʘʣʴʥʦʤ ʫʨʦʚʥʝ 

ʆʨʛʘʥʠʟʘʮʠʷ ʧʨʦʮʝʩʩʘ ʦʙʫʯʝʥʠʷ ʥʘ ʦʩʥʦʚʝ ʘʛʝʥʪʥʦ-ʦʨʠʝʥʪʠʨʦʚʘʥʥʦʛʦ ʧʦʜʭʦʜʘ 

ɺ ʫʯʝʙʥʦʤ ʧʨʦʮʝʩʩʝ, ʚʳʧʦʣʥʷʝʤʦʤ ʢʘʬʝʜʨʦʡ, ʫʯʘʩʪʚʫʶʪ ʩʣʝʜʫʶʱʠʝ ʩʫʙʲʝʢʪʳ: ʧʨʦʬʝʩʩʦʨʩʢʦ-

ʧʨʝʧʦʜʘʚʘʪʝʣʴʩʢʠʡ ʩʦʩʪʘʚ ʢʘʬʝʜʨʳ (ʟʘʚʝʜʫʶʱʠʡ ʢʘʬʝʜʨʦʡ ʄ, ʣʝʢʪʦʨʳ L1, L2,é, Ln, ʘʩʩʠʩʪʝʥʪʳ ʈ1, ʈ2,é, ʈk), 

ʣʘʙʦʨʘʥʪʳ (Y1, Y2,éYm), ʩʪʫʜʝʥʪʳ (ʍ1, ʍ2,é,ʍn). ʅʘ ʢʘʞʜʦʤ ʦʪʨʝʟʢʝ ʚʨʝʤʝʥʠ (ʩʝʤʝʩʪʨʝ) ʩʪʫʜʝʥʪʳ ʠʟʫʯʘʶʪ 

ʧʨʝʜʫʩʤʦʪʨʝʥʥʳʝ ʫʯʝʙʥʳʤ ʧʣʘʥʦʤ ʩʧʝʮʠʘʣʴʥʦʩʪʠ ʜʠʩʮʠʧʣʠʥʳ (D1, D2,é Dm). ʀʟʫʯʝʥʠʝ ʢʘʞʜʦʡ ʜʠʩʮʠʧʣʠʥʳ 

ʚʢʣʶʯʘʝʪ ʧʨʦʩʣʫʰʠʚʘʥʠʝ ʣʝʢʮʠʡ (Lect1, Lect2, éLectk), ʚʳʧʦʣʥʝʥʠʝ ʣʘʙʦʨʘʪʦʨʥʳʭ ʨʘʙʦʪ, ʚʦʟʤʦʞʥʦ 

ʚʳʧʦʣʥʝʥʠʝ ʢʫʨʩʦʚʦʡ ʨʘʙʦʪʳ ʠ ʩʜʘʯʫ ʵʢʟʘʤʝʥʘ (ʟʘʯʸʪʘ). ɼʣʷ ʫʩʧʝʰʥʦʡ ʫʯʝʙʳ ʩʪʫʜʝʥʪʘʤ ʥʝʦʙʭʦʜʠʤʦ ʧʦʩʝʱʘʪʴ 

ʣʝʢʮʠʠ ʠ ʦʙʱʘʪʴʩʷ ʩ ʧʨʝʧʦʜʘʚʘʪʝʣʷʤʠ ʥʘ ʧʨʘʢʪʠʯʝʩʢʠʭ ʠ ʣʘʙʦʨʘʪʦʨʥʳʭ ʟʘʥʷʪʠʷʭ, ʪ. ʝ. ʩʫʱʝʩʪʚʫʶʪ 

ʫʩʪʘʥʦʚʣʝʥʥʳʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʠ ʚʟʘʠʤʦʦʪʥʦʰʝʥʠʷ ʤʝʞʜʫ ʩʫʙʲʝʢʪʘʤʠ ʫʯʝʙʥʦʛʦ ʧʨʦʮʝʩʩʘ. 

ʋʯʝʙʥʳʡ ʧʨʦʮʝʩʩ ʤʦʞʝʪ ʙʳʪʴ ʦʧʠʩʘʥ ʩʣʝʜʫʶʱʠʤʠ ʢʦʤʧʦʥʝʥʪʘʤʠ:  

ʋʇ = (S, K, R, ɸct, I, T, U), 

ʛʜʝ S ={ʄ, (ʍ1, ʍ2,é,ʍn), ((L1,L2,éLm),(ʈ1, ʈ2,é, ʈk)), (Y1, Y2,éY l)} ï ʤʥʦʞʝʩʪʚʦ ʩʫʙʲʝʢʪʦʚ ʫʯʝʙʥʦʛʦ ʧʨʦʮʝʩʩʘ; 

K ï ʩʨʝʜʘ (ʢʘʬʝʜʨʘ), ʚ ʢʦʪʦʨʦʡ ʬʫʥʢʮʠʦʥʠʨʫʝʪ ʜʘʥʥʳʡ ʧʨʦʮʝʩʩ; R ï ʦʪʥʦʰʝʥʠʷ, ʫʩʪʘʥʦʚʣʝʥʥʳʝ ʜʣʷ ʩʫʙʲʝʢʪʦʚ 

ʫʯʝʙʥʦʛʦ ʧʨʦʮʝʩʩʘ (ʛʦʨʠʟʦʥʪʘʣʴʥʳʝ: ʣʝʢʪʦʨ-ʘʩʩʠʩʪʝʥʪ, ʣʝʢʪʦʨ-ʜʠʩʧʝʪʯʝʨ; ʚʝʨʪʠʢʘʣʴʥʳʝ: ʩʪʫʜʝʥʪ-ʣʝʢʪʦʨ, 

ʩʪʫʜʝʥʪ-ʘʩʩʠʩʪʝʥʪ, ʩʪʫʜʝʥʪ-ʜʠʩʧʝʪʯʝʨ); ɸct ï ʤʥʦʞʝʩʪʚʦ ʜʝʡʩʪʚʠʡ, ʚʳʧʦʣʥʷʝʤʳʭ ʩʫʙʲʝʢʪʘʤʠ; I ï ʤʥʦʞʝʩʪʚʦ 
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ʫʩʪʘʥʦʚʣʝʥʥʳʭ ʚʠʜʦʚ ʦʙʱʝʥʠʷ ʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ ʤʝʞʜʫ ʩʫʙʲʝʢʪʘʤʠ; T ï ʨʘʩʧʠʩʘʥʠʝ ʫʯʝʙʥʳʭ ʟʘʥʷʪʠʡ; U ï 

ʩʦʩʪʦʷʥʠʝ ʚʳʧʦʣʥʝʥʠʷ ʩʪʫʜʝʥʪʦʤ ʫʯʝʙʥʦʛʦ ʧʣʘʥʘ (ʞʫʨʥʘʣʳ ʫʩʧʝʚʘʝʤʦʩʪʠ, ʵʢʟʘʤʝʥʘʮʠʦʥʥʳʝ ʚʝʜʦʤʦʩʪʠ, 

ʫʯʝʙʥʦ-ʤʝʪʦʜʠʯʝʩʢʠʝ ʢʘʨʪʳ ʜʠʩʮʠʧʣʠʥ). 

ʋʯʝʙʥʳʡ ʧʨʦʮʝʩʩ ʥʘ ʢʘʬʝʜʨʝ (ʂ) ʚʳʧʦʣʥʷʝʪʩʷ ʧʦʩʨʝʜʩʪʚʦʤ ʜʝʡʩʪʚʠʡ (Act) ʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ (I) ʤʝʞʜʫ 

ʢʦʥʢʨʝʪʥʳʤʠ ʩʫʙʲʝʢʪʘʤʠ (X i, L i, Pi, Y i), ʦʧʨʝʜʝʣʷʝʤʳʤʠ ʢʘʬʝʜʨʦʡ ʦʪʥʦʰʝʥʠʝʤ R (ʥʘʧʨʠʤʝʨ, ʣʝʢʪʦʨ-

ʜʠʩʮʠʧʣʠʥʘ-ʩʪʫʜʝʥʪ, ʣʝʢʪʦʨ-ʘʩʩʠʩʪʝʥʪ), ʧʨʦʠʩʭʦʜʷʱʠʭ ʧʦ ʩʪʨʦʛʦʤʫ ʨʘʩʧʠʩʘʥʠʶ (ʊ). ʂʘʬʝʜʨʘ, ʢʘʢ ʩʨʝʜʘ ʜʣʷ 

ʧʨʦʚʝʜʝʥʠʷ ʫʯʝʙʥʦʛʦ ʧʨʦʮʝʩʩʘ, ʤʦʞʝʪ ʥʘʢʣʘʜʳʚʘʪʴ ʨʘʟʣʠʯʥʳʝ ʦʛʨʘʥʠʯʝʥʠʷ,  ʥʘʧʨʠʤʝʨ, ʚ ʚʠʜʝ ʜʝʬʠʮʠʪʘ 

ʘʫʜʠʪʦʨʠʡ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʫʯʝʙʥʳʡ ʧʨʦʮʝʩʩ ʢʘʢ ʦʙʲʝʢʪ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʷʚʣʷʝʪʩʷ ʨʘʩʧʨʝʜʝʣʸʥʥʳʤ ʠ 

ʜʠʥʘʤʠʯʥʳʤ. 

ʉʪʘʚʠʪʩʷ ʮʝʣʴ ʩʦʟʜʘʪʴ ʪʘʢʫʶ ʢʦʤʧʴʶʪʝʨʥʫʶ ʩʨʝʜʫ ʦʙʫʯʝʥʠʷ (ʚʠʨʪʫʘʣʴʥʫʶ ʢʘʬʝʜʨʫ ʂǋ), ʚ ʢʦʪʦʨʦʡ 

ʩʦʭʨʘʥʷʶʪʩʷ ʚʩʝ ʥʝʦʙʭʦʜʠʤʳʝ ʜʣʷ ʫʯʸʙʳ ʦʪʥʦʰʝʥʠʷ (R) ʠ ʫʩʪʨʘʥʷʶʪʩʷ ʞʸʩʪʢʠʝ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦ-ʚʨʝʤʝʥʥʳʝ 

ʦʛʨʘʥʠʯʝʥʠʷ ʚ ʚʠʜʝ ʨʘʩʧʠʩʘʥʠʷ ʟʘʥʷʪʠʡ (ʊ) (ʨʠʩ.1):  

ʋʇ = {S, Kǋ, R, Act, I, U}. 

ʊʘʢʘʷ ʩʨʝʜʘ ʤʦʞʝʪ ʙʳʪʴ ʫʩʧʝʰʥʦ ʧʦʩʪʨʦʝʥʘ ʥʘ ʦʩʥʦʚʝ ʘʛʝʥʪʥʦ-ʦʨʠʝʥʪʠʨʦʚʘʥʥʦʛʦ ʧʦʜʭʦʜʘ, 

ʠʩʧʦʣʴʟʫʶʱʝʛʦ ʧʨʠʥʮʠʧʳ ʨʘʩʧʨʝʜʝʣʸʥʥʦʛʦ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʠʥʪʝʣʣʝʢʪʘ [5]. 

 
ʈʠʩʫʥʦʢ 1. ʉʭʝʤʘ ʦʨʛʘʥʠʟʘʮʠʠ ʠʥʜʠʚʠʜʫʘʣʴʥʦʛʦ ʦʙʫʯʝʥʠʷ ʩʪʫʜʝʥʪʦʚ ʥʘ ʦʩʥʦʚʝ ʘʛʝʥʪʥʦ-ʦʨʠʝʥʪʠʨʦʚʘʥʥʦʛʦ 

ʧʦʜʭʦʜʘ 

 

ʄʥʦʛʦʘʛʝʥʪʥʘʷ ʩʠʩʪʝʤʘ (ʄɸʉ) ʩʪʨʦʠʪʩʷ ʢʘʢ ʦʙʲʝʜʠʥʝʥʠʝ ʦʪʜʝʣʴʥʳʭ ʧʦʜʩʠʩʪʝʤ (ʘʛʝʥʪʦʚ), ʦʩʥʦʚʘʥʥʳʭ 

ʥʘ ʟʥʘʥʠʷʭ, ʠ ʬʦʨʤʘʣʴʥʦ ʦʧʨʝʜʝʣʷʝʪʩʷ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ [1]:   

ʄɸC = (ɸ, ɽ, R, ORG, ACT, COM, EV), 

ʛʜʝ ɸ - ʤʥʦʞʝʩʪʚʦ ʘʛʝʥʪʦʚ, ʩʧʦʩʦʙʥʳʭ ʬʫʥʢʮʠʦʥʠʨʦʚʘʪʴ ʚ ʥʝʢʦʪʦʨʳʭ ʩʨʝʜʘʭ E, ʥʘʭʦʜʷʱʠʭʩʷ ʚ ʦʧʨʝʜʝʣʸʥʥʳʭ 

ʦʪʥʦʰʝʥʠʷʭ R ʠ ʚʟʘʠʤʦʜʝʡʩʪʚʫʶʱʠʭ ʜʨʫʛ ʩ ʜʨʫʛʦʤ, ʬʦʨʤʠʨʫʷ ʥʝʢʦʪʦʨʫʶ ʦʨʛʘʥʠʟʘʮʠʶ ORG, ʦʙʣʘʜʘʶʱʠʭ 

ʥʘʙʦʨʦʤ ʠʥʜʠʚʠʜʫʘʣʴʥʳʭ ʠ ʩʦʚʤʝʩʪʥʳʭ ʜʝʡʩʪʚʠʡ ACT (ʩʪʨʘʪʝʛʠʡ ʧʦʚʝʜʝʥʠʷ ʠ ʧʦʩʪʫʧʢʦʚ), ʚʢʣʶʯʘʷ ʚʦʟʤʦʞʥʳʝ 

ʢʦʤʤʫʥʠʢʘʪʠʚʥʳʝ ʜʝʡʩʪʚʠʷ ʉOM, ʠ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʷʤʠ ʵʚʦʣʶʮʠʠ EV. 

ʆʩʥʦʚʥʦʝ ʩʚʦʡʩʪʚʦ ʘʛʝʥʪʦʚ ʩʚʷʟʘʥʦ ʩ ʝʛʦ ʘʚʪʦʥʦʤʥʦʩʪʴʶ, ʪ. ʝ. ʩʧʦʩʦʙʥʦʩʪʴʶ ʬʫʥʢʮʠʦʥʠʨʦʚʘʪʴ ʩʘʤʦʩʪʦʷʪʝʣʴʥʦ. 

ʂʨʦʤʝ ʪʦʛʦ ʘʛʝʥʪʥʦ-ʦʨʠʝʥʪʠʨʦʚʘʥʥʘʷ ʜʝʢʦʤʧʦʟʠʮʠʷ ʧʦʟʚʦʣʷʝʪ ʩʥʠʟʠʪʴ ʩʣʦʞʥʦʩʪʴ ʩʦʟʜʘʥʠʷ ʧʨʦʛʨʘʤʤʥʳʭ 

ʩʠʩʪʝʤ, ʛʘʨʘʥʪʠʨʦʚʘʪʴ ʠʭ ʥʘʜʝʞʥʦʩʪʴ ʠ ʫʧʨʦʩʪʠʪʴ ʠʭ ʩʦʧʨʦʚʦʞʜʝʥʠʝ. 

ʇʨʦʝʢʪʠʨʦʚʘʥʠʝ ʘʛʝʥʪʥʦʡ ʤʦʜʝʣʠ ʢʘʬʝʜʨʳ 

ɼʣʷ ʨʘʟʨʘʙʦʪʢʠ ʤʥʦʛʦʘʛʝʥʪʥʦʛʦ ʧʨʠʣʦʞʝʥʠʷ, ʘʚʪʦʤʘʪʠʟʠʨʫʶʱʝʛʦ ʧʨʦʮʝʩʩ ʦʙʫʯʝʥʠʷ ʥʘ ʢʘʬʝʜʨʘʣʴʥʦʤ 

ʫʨʦʚʥʝ, ʙʳʣ ʧʨʦʚʝʜʝʥ ʘʛʝʥʪʥʦ-ʦʨʠʝʥʪʠʨʦʚʘʥʥʳʡ (ɸʆ) ʘʥʘʣʠʟ ʧʨʝʜʤʝʪʥʦʡ ʦʙʣʘʩʪʠ ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʛʦ ʧʨʦʮʝʩʩʘ 

ʧʦ ʤʝʪʦʜʦʣʦʛʠʠ Gaia [6]. ʉ ʧʦʤʦʱʴʶ ʵʪʦʡ ʤʝʪʦʜʦʣʦʛʠʠ ʨʘʟʨʘʙʦʪʘʥʳ ʤʦʜʝʣʠ, ʥʝʦʙʭʦʜʠʤʳʝ ʜʣʷ ʦʧʠʩʘʥʠʷ 

ʚʠʨʪʫʘʣʴʥʦʡ ʢʘʬʝʜʨʳ ʠ ʧʦʩʣʝʜʫʶʱʝʡ ʧʨʦʛʨʘʤʤʥʦʡ ʨʝʘʣʠʟʘʮʠʠ. ʇʨʦʮʝʩʩ ʦʙʫʯʝʥʠʷ, ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ 

ʤʝʪʦʜʦʣʦʛʠʝʡ Gaia, ʦʧʠʩʳʚʘʝʪʩʷ ʩʣʝʜʫʶʱʠʤʠ ʤʦʜʝʣʷʤʠ: ʤʦʜʝʣʴʶ ʨʦʣʝʡ, ʤʦʜʝʣʴʶ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ, ʤʦʜʝʣʴʶ 

ʘʛʝʥʪʦʚ, ʤʦʜʝʣʴʶ ʫʩʣʫʛ, ʤʦʜʝʣʴʶ ʩʚʷʟʝʡ. ʅʘ ʨʠʩʫʥʢʝ 2 ʧʦʢʘʟʘʥʳ ʚʟʘʠʤʦʩʚʷʟʠ ʠ ʩʦʜʝʨʞʘʥʠʝ ʤʦʜʝʣʝʡ ʧʨʠ 

ʘʛʝʥʪʥʦ-ʦʨʠʝʥʪʠʨʦʚʘʥʥʦʤ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ. 
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ɺʦʩʧʨʦʠʟʚʝʜʝʥʠʝ ʬʫʥʢʮʠʡ ʢʘʬʝʜʨʳ ɺʋɿʘ ʷʚʣʷʝʪʩʷ ʩʣʦʞʥʦʡ ʟʘʜʘʯʝʡ, ʢʦʪʦʨʫʶ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʤʝʪʦʜʦʣʦʛʠʝʡ 

Gaia, ʝʩʪʝʩʪʚʝʥʥʦ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʢʘʢ ʦʨʛʘʥʠʟʘʮʠʶ ʤʥʦʞʝʩʪʚʘ ʜʝʡʩʪʚʠʪʝʣʴʥʦ ʩʫʱʝʩʪʚʫʶʱʠʭ ʠ 

ʚʟʘʠʤʦʜʝʡʩʪʚʫʶʱʠʭ ʨʦʣʝʡ: ʣʝʢʪʦʨ, ʘʩʩʠʩʪʝʥʪ, ʣʘʙʦʨʘʥʪ, ʩʪʫʜʝʥʪ [7].  

ʈʘʟʨʘʙʦʪʘʥʥʳʝ ʘʛʝʥʪʥʦ-ʦʨʠʝʥʪʠʨʦʚʘʥʥʳʝ ʤʦʜʝʣʠ ʧʦʟʚʦʣʠʣʠ ʩʠʩʪʝʤʥʦ ʧʝʨʝʡʪʠ ʦʪ ʵʪʘʧʘ ʧʦʩʪʘʥʦʚʢʠ ʟʘʜʘʯʠ ʢ 

ʵʪʘʧʫ ʧʨʦʛʨʘʤʤʥʦʡ ʨʝʘʣʠʟʘʮʠʠ ʢʦʤʧʴʶʪʝʨʥʦʡ ʩʨʝʜʳ ʩ ʵʣʝʤʝʥʪʘʤʠ ʢʚʘʟʠʨʝʘʣʴʥʦʛʦ ʦʙʱʝʥʠʷ ʤʝʞʜʫ ʩʫʙʲʝʢʪʘʤʠ 

ʫʯʝʙʥʦʛʦ ʧʨʦʮʝʩʩʘ ʠʟʫʯʝʥʠʷ ʜʠʩʮʠʧʣʠʥ ʢʘʬʝʜʨʳ. 

ʇʦʩʢʦʣʴʢʫ ʧʨʦʛʨʘʤʤʥʳʤ ʘʛʝʥʪʘʤ ʜʝʣʝʛʠʨʫʝʪʩʷ ʚʳʧʦʣʥʝʥʠʝ ʧʦʣʥʦʤʦʯʠʡ ʩʫʙʲʝʢʪʦʚ ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʛʦ 

ʧʨʦʮʝʩʩʘ, ʪʦ ʦʥʠ ʜʦʣʞʥʳ ʠʤʠʪʠʨʦʚʘʪʴ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ, ʢʦʪʦʨʳʝ ʚ ʦʧʨʝʜʝʣʸʥʥʦʡ ʩʪʝʧʝʥʠ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʠʭ 

ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ. ɼʣʷ ʠʤʠʪʘʮʠʠ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ ʢʘʞʜʳʡ ʧʨʦʛʨʘʤʤʥʳʡ ʘʛʝʥʪ 

ʜʦʣʞʝʥ ʦʙʣʘʜʘʪʴ ʟʥʘʥʠʷʤʠ ʦ ʧʦʨʫʯʝʥʥʳʭ ʜʦʣʞʥʦʩʪʥʳʭ ʦʙʷʟʘʥʥʦʩʪʷʭ, ʟʥʘʥʠʷʤʠ ʦʙ ʘʛʝʥʪʘʭ, ʩ ʢʦʪʦʨʳʤʠ 

ʚʦʟʤʦʞʥʦ ʦʙʱʝʥʠʝ, ʘ ʪʘʢʞʝ ʧʨʘʚʠʣʘʤʠ, ʦʧʨʝʜʝʣʷʶʱʠʤʠ ʝʛʦ ʧʦʚʝʜʝʥʠʝ ʚ ʧʣʘʥʝ ʚʳʧʦʣʥʝʥʠʷ ʩʚʦʠʭ 

ʦʙʷʟʘʥʥʦʩʪʝʡ.  

 

 
ʈʠʩʫʥʦʢ 2 ï ɺʟʘʠʤʦʩʚʷʟʴ ʤʦʜʝʣʝʡ ʧʨʠ ʘʛʝʥʪʥʦ-ʦʨʠʝʥʪʠʨʦʚʘʥʥʦʤ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ ʧʨʦʮʝʩʩʘ ʦʙʫʯʝʥʠʷ 

 

ʀʟ ʭʘʨʘʢʪʝʨʘ ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʛʦ ʧʨʦʮʝʩʩʘ ʩʣʝʜʫʝʪ, ʯʪʦ ʢʨʦʤʝ ʨʝʘʢʪʠʚʥʦʩʪʠ, ʘʚʪʦʥʦʤʥʦʩʪʠ, ʘʢʪʠʚʥʦʩʪʠ ʠ 

ʢʦʤʤʫʥʠʢʘʙʝʣʴʥʦʩʪʠ, ʘʨʭʠʪʝʢʪʫʨʘ ʧʨʦʛʨʘʤʤʥʦʛʦ ʘʛʝʥʪʘ ʜʦʣʞʥʘ ʠʤʝʪʴ ʚʥʫʪʨʝʥʥʠʝ ʤʝʭʘʥʠʟʤʳ ʤʦʪʠʚʘʮʠʠ, 

ʢʦʪʦʨʳʝ ʟʘʜʘʶʪʩʷ ʤʝʥʪʘʣʴʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ, ʪʘʢʠʤʠ ʢʘʢ ʫʙʝʞʜʝʥʠʷ, ʦʙʷʟʘʪʝʣʴʩʪʚʘ, ʩʧʦʩʦʙʥʦʩʪʠ ʠ ʧʨʘʚʠʣʘ 

ʧʦʚʝʜʝʥʠʷ. ʀʟ ʩʫʱʝʩʪʚʫʶʱʝʡ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʜʣʷ ʩʦʟʜʘʚʘʝʤʦʡ ʩʠʩʪʝʤʳ ʙʦʣʴʰʝ ʧʦʜʭʦʜʠʪ ʘʨʭʠʪʝʢʪʫʨʘ, 

ʦʩʥʦʚʘʥʥʘʷ ʥʘ ʢʣʘʩʩʠʯʝʩʢʠʭ ʧʨʠʥʮʠʧʘʭ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʠʥʪʝʣʣʝʢʪʘ, ʪ. ʝ. ʘʨʭʠʪʝʢʪʫʨʘ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʦʛʦ ʘʛʝʥʪʘ 

ʥʘ ʦʩʥʦʚʝ ʧʨʦʜʫʢʮʠʦʥʥʳʭ ʧʨʘʚʠʣ. 

ʉʨʝʜʘ Jade ʜʣʷ ʨʘʟʨʘʙʦʪʢʠ ʘʛʝʥʪʥʦ-ʦʨʠʝʥʪʠʨʦʚʘʥʥʥʦʡ ʩʠʩʪʝʤʳ 

ɸʛʝʥʪʥʳʝ ʧʣʘʪʬʦʨʤʳ ʷʚʣʷʶʪʩʷ ʧʨʦʤʝʞʫʪʦʯʥʳʤ ʠʩʧʦʣʥʠʪʝʣʴʥʳʤ ʫʨʦʚʥʝʤ ʤʝʞʜʫ ʧʨʦʛʨʘʤʤʥʳʤʠ 

ʘʛʝʥʪʘʤʠ ʠ ʦʧʝʨʘʮʠʦʥʥʦʡ ʩʠʩʪʝʤʦʡ. ʄʥʦʛʦʘʛʝʥʪʥʘʷ ʩʠʩʪʝʤʘ ʨʘʙʦʪʘʝʪ çʧʦʚʝʨʭè ʘʛʝʥʪʥʦʡ ʧʣʘʪʬʦʨʤʳ ʠ 

ʠʩʧʦʣʴʟʫʝʪ ʝʝ ʩʝʨʚʠʩʳ.  

 ɼʣʷ ʨʘʟʨʘʙʦʪʢʠ ʘʛʝʥʪʥʦ-ʦʨʠʝʥʪʠʨʦʚʘʥʥʦʡ ʤʦʜʝʣʠ ʢʘʬʝʜʨʳ ʫʥʠʚʝʨʩʠʪʝʪʘ ʙʳʣʘ ʚʳʙʨʘʥʘ ʧʣʘʪʬʦʨʤʘ 

Jade (Java Agent Development Framework). ʕʪʦ ʧʨʦʛʨʘʤʤʥʘʷ ʩʨʝʜʘ ʨʘʟʨʘʙʦʪʢʠ ʤʫʣʴʪʠʘʛʝʥʪʥʳʭ ʩʠʩʪʝʤ ʠ 

ʧʨʠʣʦʞʝʥʠʡ, ʧʦʜʜʝʨʞʠʚʘʶʱʘʷ FIPA (Foundation for Intelligent Physical Agents) ʩʪʘʥʜʘʨʪʳ ʜʣʷ 

ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʭ ʘʛʝʥʪʦʚ, ʢʦʪʦʨʘʷ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ: 

1) ʩʨʝʜʫ ʚʳʧʦʣʥʝʥʠʷ ʘʛʝʥʪʦʚ, ʘʛʝʥʪʳ ʨʝʛʠʩʪʨʠʨʫʶʪʩʷ ʠ ʨʘʙʦʪʘʶʪ ʧʦʜ ʫʧʨʘʚʣʝʥʠʝʤ ʩʨʝʜʳ; 

2) ʙʠʙʣʠʦʪʝʢʫ ʢʣʘʩʩʦʚ, ʢʦʪʦʨʳʝ ʠʩʧʦʣʴʟʫʶʪʩʷ ʜʣʷ ʨʘʟʨʘʙʦʪʢʠ ʘʛʝʥʪʥʳʭ ʩʠʩʪʝʤ; 

3) ʥʘʙʦʨ ʛʨʘʬʠʯʝʩʢʠʭ ʫʪʠʣʠʪ ʜʣʷ ʘʜʤʠʥʠʩʪʨʠʨʦʚʘʥʠʷ ʠ ʥʘʙʣʶʜʝʥʠʷ ʟʘ ʞʠʟʥʝʜʝʷʪʝʣʴʥʦʩʪʴʶ ʘʢʪʠʚʥʳʭ 
ʘʛʝʥʪʦʚ. 

ʇʦʤʠʤʦ ʘʛʝʥʪʥʦʡ ʘʙʩʪʨʘʢʮʠʠ, Jade ʧʨʝʜʦʩʪʘʚʣʷʝʪ ʧʨʦʩʪʫʶ, ʥʦ ʤʦʱʥʫʶ ʤʦʜʝʣʴ ʚʳʧʦʣʥʝʥʠʷ ʠ 

ʩʪʨʫʢʪʫʨʠʨʦʚʘʥʠʷ ʟʘʜʘʯ, ʘ ʪʘʢʞʝ ʦʜʥʦʨʘʟʦʚʦʡ ʩʚʷʟʠ ʘʛʝʥʪʘ ʥʘ ʦʩʥʦʚʝ ʧʘʨʘʜʠʛʤʳ ʘʩʠʥʭʨʦʥʥʦʡ ʧʝʨʝʜʘʯʠ 

ʩʦʦʙʱʝʥʠʡ[9]. 

ʆʩʥʦʚʫ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʘʛʝʥʪʦʚ ʩʦʩʪʘʚʣʷʝʪ ʤʝʭʘʥʠʟʤ ʩʝʤʘʥʪʠʯʝʩʢʦʡ ʠʥʪʝʨʧʨʝʪʘʮʠʠ (Interpreter 
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Behaviour), ʢʦʪʦʨʳʡ ʙʘʟʠʨʫʝʪʩʷ ʥʘ ʜʚʫʭ ʢʣʶʯʝʚʳʭ ʧʦʥʷʪʠʷʭ ï ʩʝʤʘʥʪʠʯʝʩʢʦʡ ʨʝʧʨʝʟʝʪʘʮʠʠ (SR ï Semantic 

Representation) ʠ ʧʨʘʚʠʣʘ ʩʝʤʘʥʪʠʯʝʩʢʦʡ ʠʥʪʝʨʧʨʝʪʘʮʠʠ (SIP ï Semantic Interpretation Principle). 

ʆʩʥʦʚʥʘʷ ʜʝʷʪʝʣʴʥʦʩʪʴ ʘʛʝʥʪʘ ʩʦʩʪʦʠʪ ʚ ʜʝʜʫʢʮʠʠ ʚʦʩʧʨʠʥʠʤʘʝʤʳʭ ʩʦʙʳʪʠʡ ʠ ʩʫʱʝʩʪʚʫʶʱʝʡ 

ʤʦʜʠʬʠʢʘʮʠʠ ʫʙʝʞʜʝʥʠʡ ʠ ʰʘʙʣʦʥʦʚ ʧʦʚʝʜʝʥʠʷ ʘʛʝʥʪʘ ʥʘ ʦʩʥʦʚʝ ʦʙʨʘʙʦʪʢʠ ʩʝʤʘʥʪʠʯʝʩʢʦʡ ʨʝʧʨʝʟʝʥʪʘʮʠʠ, 

ʢʦʪʦʨʘʷ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʧʦʩʨʝʜʩʪʚʦʤ ʧʨʠʤʝʥʝʥʠʷ ʧʨʘʚʠʣ ʩʝʤʘʥʪʠʯʝʩʢʦʡ ʠʥʪʝʨʧʨʝʪʘʮʠʠ. 

ʆʩʥʦʚʥʳʤʠ ʢʦʤʧʦʥʝʥʪʘʤʠ ʬʨʝʡʤʚʦʨʢʘ (ʨʠʩ. 3) ʷʚʣʷʶʪʩʷ: 

1) ʙʘʟʘ ʫʙʝʞʜʝʥʠʡ ï ʫʙʝʞʜʝʥʠʷ ʘʛʝʥʪʘ; 

2) ʪʘʙʣʠʮʘ ʜʝʡʩʪʚʠʡ ï ʦʧʠʩʘʥʠʷ (ʧʨʝʜ- ʠ ʧʦʩʪʫʩʣʦʚʠʷ) ʠ ʢʦʜʳ ʚʩʝʭ ʜʝʡʩʪʚʠʡ, ʢʦʪʦʨʳʝ ʤʦʞʝʪ 

ʚʳʧʦʣʥʠʪʴ ʘʛʝʥʪ; 

3) ʪʠʧʦʚʘʷ ʥʘʜʩʪʨʦʡʢʘ ï ʩʨʝʜʩʪʚʘ ʥʘʜʩʪʨʦʡʢʠ; 

4) ʪʘʙʣʠʮʘ ʩʝʤʘʥʪʠʯʝʩʢʠʭ ʧʨʘʚʠʣ ʠʥʪʝʨʧʨʝʪʘʮʠʠ ï ʙʘʟʦʚʳʝ ʧʨʘʚʠʣʘ ʩʝʤʘʥʪʠʯʝʩʢʦʡ ʠʥʪʝʨʧʨʝʪʘʮʠʠ. 

 

 
ʈʠʩʫʥʦʢ 3 ï ʉʭʝʤʘ ʦʙʨʘʙʦʪʢʠ ʩʦʦʙʱʝʥʠʡ 

 

ʌʨʝʡʤʚʦʨʢ ʙʝʨʝʪ ʥʘ ʩʝʙʷ ʬʫʥʢʮʠʶ ʩʝʤʘʥʪʠʯʝʩʢʦʛʦ ʨʘʟʙʦʨʘ ʩʦʦʙʱʝʥʠʡ, ʫʩʪʨʘʥʷʷ ʝʝ ʠʟ 

ʬʫʥʢʮʠʦʥʘʣʴʥʦʩʪʠ ʘʛʝʥʪʦʚ, ʘ ʪʘʢ ʞʝ ʦʩʫʱʝʩʪʚʣʷʝʪ ʤʘʨʰʨʫʪʠʟʘʮʠʶ ʩʦʦʙʱʝʥʠʡ ʤʝʞʜʫ ʘʛʝʥʪʘʤʠ ʧʦʩʣʝ ʥʘʯʘʣʘ ʠʭ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʦʛʨʘʥʠʯʠʪʴ ʜʝʷʪʝʣʴʥʦʩʪʴ ʘʛʝʥʪʘ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʦʥʪʦʣʦʛʠʷ ʘʛʝʥʪʘ ʤʦʞʝʪ 

ʦʭʚʘʪʳʚʘʪʴ ʣʠʰʴ ʫʟʢʫʶ ʦʙʣʘʩʪʴ ʟʥʘʥʠʡ, ʥʝ ʠʤʝʷ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʦ ʩʠʩʪʝʤʝ ʚ ʮʝʣʦʤ[8].  

 

ɿʘʢʣʶʯʝʥʠʝ 

ɺʳʧʦʣʥʝʥ ʘʛʝʥʪʥʦ-ʦʨʠʝʥʪʠʨʦʚʘʥʥʳʡ ʘʥʘʣʠʟ ʧʨʦʮʝʩʩʘ ʦʙʫʯʝʥʠʷ ʩʪʫʜʝʥʪʦʚ ʥʘ ʢʘʬʝʜʨʘʣʴʥʦʤ ʫʨʦʚʥʝ, ʥʘ 

ʦʩʥʦʚʘʥʠʠ ʢʦʪʦʨʦʛʦ ʧʦʣʫʯʝʥʘ ʥʦʚʘʷ ʤʦʜʝʣʴ ʢʘʬʝʜʨʳ ɺʋɿʘ. ʂʘʬʝʜʨʘ ɺʋɿʘ ʧʨʝʜʩʪʘʚʣʝʥʘ ʚ ʚʠʜʝ ʨʘʩʧʨʝʜʝʣʝʥʥʦʡ 

ʩʠʩʪʝʤʳ, ʵʣʝʤʝʥʪʘʤʠ ʢʦʪʦʨʦʡ ʷʚʣʷʶʪʩʷ ʧʨʝʧʦʜʘʚʘʪʝʣʠ ʠ ʩʪʫʜʝʥʪʳ. ʀʭ ʧʦʚʝʜʝʥʠʝ ʠ ʧʦʣʥʦʤʦʯʠʝ ʜʝʣʝʛʠʨʦʚʘʥʳ 

ʠʩʢʫʩʩʪʚʝʥʥʳʤ ʧʨʦʛʨʘʤʤʥʳʤ ʘʛʝʥʪʦʤ ʧʨʠ ʧʦʤʦʱʠ ʤʦʜʝʣʠ ʨʦʣʝʡ. ʆʙʱʝʥʠʝ ʤʝʞʜʫ ʘʛʝʥʪʘʤʠ ʦʧʠʩʳʚʘʝʪʩʷ 

ʤʦʜʝʣʷʤʠ ʩʚʷʟʠ ʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ. 

ɺ ʢʘʯʝʩʪʚʝ ʬʠʟʠʯʝʩʢʦʡ ʧʣʘʪʬʦʨʤʳ, ʥʘ ʢʦʪʦʨʫʶ ʧʨʦʝʮʠʨʫʶʪʩʷ ʧʦʣʫʯʝʥʥʳʝ ʤʦʜʝʣʠ ʘʛʝʥʪʦʚ, ʙʳʣʘ 

ʚʳʙʨʘʥʘ ʠʥʩʪʨʫʤʝʥʪʘʣʴʥʘʷ ʩʨʝʜʘ Jade, ʢʦʪʦʨʘʷ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʧʨʦʩʪʦʡ, ʥʦ ʤʦʱʥʳʡ ʠʥʩʪʨʫʤʝʥʪ 

ʧʨʦʛʨʘʤʤʥʦʡ ʨʝʘʣʠʟʘʮʠʠ ʤʥʦʛʦʘʛʝʥʪʥʳʭ ʩʠʩʪʝʤ. ɺ ʜʘʣʴʥʝʡʰʝʤ ʧʣʘʥʠʨʫʝʪʩʷ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʝ ʘʛʝʥʪʦʚ 

ʚʠʨʪʫʘʣʴʥʦʡ ʢʘʬʝʜʨʳ ʩ ʧʦʤʦʱʴʶ ʠʥʩʪʨʫʤʝʥʪʘʣʴʥʳʭ ʩʨʝʜʩʪʚ Jade. 

 

 


