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ʄɽʊʆɼ ʈɸʉʇʆɿʅɸɺɸʅʀʗ ʆʊʇɽʏɸʊʂʆɺ ʇɸʃʔʎɽɺ, ʆʉʅʆɺɸʅʅʓʁ 
ʅɸ ʇʈʀʄɽʅɽʅʀʀ ɺɽʁɺʃɽʊ-ʇʈɽʆɹʈɸɿʆɺɸʅʀʗ 

ɸʙʨʘʤʦʚʠʯ ʅ.ɸ. 

ɹʝʣʦʨʫʩʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʥʬʦʨʤʘʪʠʢʠ ʠ ʨʘʜʠʦʵʣʝʢʪʨʦʥʠʢʠ 
ʛ. ʄʠʥʩʢ, ʈʝʩʧʫʙʣʠʢʘ ɹʝʣʘʨʫʩʴ 

ʅʘʩʫʨʦ ɽ.ɺ. ï ʢ.ʪ.ʥ.,ʜʦʮʝʥʪ 

ɺ ʩʪʘʪʴʝ ʧʨʝʜʩʪʘʚʣʝʥ ʤʝʪʦʜ ʨʘʩʧʦʟʥʘʚʘʥʠʷ ʦʪʧʝʯʘʪʢʦʚ ʧʘʣʴʮʝʚ, ʦʩʥʦʚʘʥʥʳʡ ʥʘ ʠʥʬʦʨʤʘʮʠʠ, ʠʟʚʣʝʯʝʥʥʦʡ ʠʟ ɺʝʡʣʚʝʪ-
ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʜʠʩʢʨʝʪʥʦʛʦ ʠʟʦʙʨʘʞʝʥʠʷ. ʄʝʪʦʜ ʠʤʝʝʪ ʧʨʝʠʤʫʱʝʩʪʚʘ ʚ ʩʢʦʨʦʩʪʠ ʠ ʚʳʯʠʩʣʠʪʝʣʴʥʦʡ ʩʣʦʞʥʦʩʪʠ ʧʝʨʝʜ 
ʢʣʘʩʩʠʯʝʩʢʠʤʠ ʟʘ ʩʯʸʪ ʧʨʠʤʝʥʝʥʠʷ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʢ ʠʟʦʙʨʘʞʝʥʠʶ, ʙʝʟ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʡ ʬʠʣʴʪʨʘʮʠʠ. 

ʆʧʦʟʥʘʥʠʝ ʧʦ ʦʪʧʝʯʘʪʢʘʤ ʧʘʣʴʮʝʚ ï ʦʜʠʥ ʠʟ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʭ ʤʝʪʦʜʦʚ ʠʜʝʥʪʠʬʠʢʘʮʠʠ 
ʣʠʯʥʦʩʪʠ [1]. ʇʨʠʯʠʥʳ ʝʛʦ ʧʦʧʫʣʷʨʥʦʩʪʠ ʭʦʨʦʰʦ ʠʟʚʝʩʪʥʳ: ʦʪʧʝʯʘʪʦʢ ʧʘʣʴʮʘ ʦʙʣʘʜʘʝʪ ʜʚʫʤʷ 
ʚʘʞʥʳʤʠ ʜʣʷ ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʩʚʦʡʩʪʚʘʤʠ. 

1) ʋʟʦʨ ʢʘʞʜʦʛʦ ʦʪʧʝʯʘʪʢʘ ʧʘʣʴʮʝʚ ʦʩʪʘʸʪʩʷ ʥʝʠʟʤʝʥʥʳʤ ʜʦ ʢʦʥʮʘ ʞʠʟʥʠ (ʥʝʠʟʤʝʥʥʦʩʪʴ) 
[2]; 

2) ʆʪʧʝʯʘʪʢʠ ʨʘʟʣʠʯʘʶʪʩʷ ʜʘʞʝ ʫ ʙʣʠʟʥʝʮʦʚ (ʫʥʠʢʘʣʴʥʦʩʪʴ) [2]. 
ɺ ʣʠʪʝʨʘʪʫʨʥʳʭ ʠʩʪʦʯʥʠʢʘʭ ʧʨʝʜʣʘʛʘʝʪʩʷ ʤʥʦʞʝʩʪʚʦ ʨʘʟʣʠʯʥʳʭ ʧʦʜʭʦʜʦʚ ʢ ʘʚʪʦʤʘʪʠʯʝʩʢʦʤʫ 

ʨʘʩʧʦʟʥʘʚʘʥʠʶ. ʉʘʤʳʤʠ ʠʟʚʝʩʪʥʳʤʠ ʠʟ ʥʠʭ ʷʚʣʷʶʪʩʷ ʩʣʝʜʫʶʱʠʝ: ʧʦʜʭʦʜ, ʦʩʥʦʚʘʥʥʳʡ ʥʘ 
ʨʘʩʧʦʟʥʘʚʘʥʠʠ ʤʝʣʢʠʭ ʜʝʪʘʣʝʡ ʫʟʦʨʘ ʠ ʧʦʜʭʦʜ, ʦʩʥʦʚʘʥʥʳʡ ʥʘ ʨʘʩʧʦʟʥʘʚʘʥʠʠ ʠʟʦʙʨʘʞʝʥʠʷ. 

ʇʦʜʭʦʜ, ʦʩʥʦʚʘʥʥʳʡ ʥʘ ʤʝʣʢʠʭ ʜʝʪʘʣʷʭ ʥʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʩʘʤʳʡ ʧʦʧʫʣʷʨʥʳʡ, ʠ 
ʠʩʧʦʣʴʟʫʝʪʩʷ ʧʦʯʪʠ ʚʦ ʚʩʝʭ ʩʠʩʪʝʤʘʭ ʘʚʪʦʤʘʪʠʯʝʩʢʦʡ ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʠ ʚʝʨʠʬʠʢʘʮʠʠ. ʍʦʪʷ ʧʦʜʭʦʜʳ, 
ʦʩʥʦʚʘʥʥʳʝ ʥʘ ʤʝʣʢʠʭ ʜʝʪʘʣʷʭ, ʤʦʛʫʪ ʩʠʣʴʥʦ ʦʪʣʠʯʘʪʩʷ ʜʨʫʛ ʦʪ ʜʨʫʛʘ, ʚʩʝ ʦʥʠ ʪʨʝʙʫʶʪ ʜʦʨʦʛʠʭ 
ʦʧʝʨʘʮʠʡ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʡ ʦʙʨʘʙʦʪʢʠ ʜʣʷ ʠʟʚʣʝʯʝʥʠʷ ʜʝʪʘʣʝʡ ʠ ʧʦʵʪʦʤʫ ʨʘʙʦʪʘʶʪ ʦʪʥʦʩʠʪʝʣʴʥʦ 
ʤʝʜʣʝʥʥʦ ʠ ʪʨʝʙʫʶʪ ʙʦʣʴʰʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ ʨʝʩʫʨʩʦʚ. 

ɼʘʥʥʫʶ ʧʨʦʙʣʝʤʫ ʧʦʟʚʦʣʷʶʪ ʨʝʰʠʪʴ ʧʦʜʭʦʜʳ, ʦʩʥʦʚʘʥʥʳʝ ʥʘ ʨʘʩʧʦʟʥʘʥʠʠ ʠʟʦʙʨʘʞʝʥʠʷ. 
ʇʦʜʦʙʥʳʝ ʧʦʜʭʦʜʳ ʦʙʳʯʥʦ ʥʝ ʥʫʞʜʘʶʪʩʷ ʚ ʦʧʝʨʘʮʠʷʭ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʡ ʦʙʨʘʙʦʪʢʠ ʠ ʦʩʥʦʚʘʥʳ ʥʘ 
ʧʨʠʤʝʥʝʥʠʠ ʨʘʟʣʠʯʥʳʭ ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʝʜʦʨʦʛʠʭ ʧʨʝʦʙʨʘʟʦʚʘʥʠʡ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʢ ʠʩʭʦʜʥʦʤʫ 
ʯʝʨʥʦ-ʙʝʣʦʤʫ ʠʟʦʙʨʘʞʝʥʠʶ, ʧʦʪʨʝʙʣʷʷ ʪʘʢʠʤ ʦʙʨʘʟʦʤ ʟʥʘʯʠʪʝʣʴʥʦ ʤʝʥʴʰʝ ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ 
ʨʝʩʫʨʩʦʚ [4]. 

ɺ ʜʦʢʣʘʜʝ ʙʫʜʝʪ ʠʟʣʦʞʝʥ ʤʝʪʦʜ ʨʘʩʧʦʟʥʘʥʠʷ ʦʪʧʝʯʘʪʢʘ ʧʘʣʴʮʘ, ʦʩʥʦʚʘʥʥʳʡ ʥʘ ʨʘʩʧʦʟʥʘʥʠʠ 
ʠʟʦʙʨʘʞʝʥʠʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ɺʝʡʚʣʝʪ-ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ, ʧʨʠʤʝʥʷʶʱʝʤʫʩʷ ʢ ʠʩʭʦʜʥʦʤʫ 
ʠʟʦʙʨʘʞʝʥʠʶ, ʢʦʪʦʨʳʡ ʚʳʧʦʣʥʷʝʪʩʷ ʜʦʩʪʘʪʦʯʥʦ ʙʳʩʪʨʦ. ʇʦʩʣʝ ʯʝʛʦ ʚʳʯʠʩʣʷʝʪʩʷ ʧʨʠʟʥʘʢʦʚʦʝ 
ʦʧʠʩʘʥʠʝ, ʦʩʥʦʚʘʥʥʦʝ ʥʘ ʩʨʝʜʥʝʢʚʘʜʨʘʪʠʯʥʦʤ ʦʪʢʣʦʥʝʥʠʠ ʧʦʜʠʟʦʙʨʘʞʝʥʠʡ, ʧʦʣʫʯʝʥʥʳʭ ʚ ʨʝʟʫʣʴʪʘʪʝ 
ɺʝʡʚʣʝʪ-ʜʝʢʦʤʧʦʟʠʮʠʠ. ɼʣʷ ʫʣʫʯʰʝʥʠʷ ʨʝʟʫʣʴʪʘʪʦʚ ʤʝʪʦʜʘ ɺʝʡʚʣʝʪ-ʧʨʝʦʙʨʘʟʦʚʘʥʠʝ ʧʨʠʤʝʥʷʝʪʩʷ ʥʝ 
ʩʨʘʟʫ ʢ ʮʝʣʦʤʫ ʠʩʭʦʜʥʦʤʫ ʠʟʦʙʨʘʞʝʥʠʶ, ʘ ʢ ʥʝʩʢʦʣʴʢʠʤ ʢʚʘʜʨʘʪʥʳʤ ʥʝʧʝʨʝʢʨʳʚʘʶʱʠʤʩʷ ʫʯʘʩʪʢʘʤ, 
ʚr ʜʝʣʝʥʥʳʤ ʠʟ ʠʩʭʦʜʥʦʛʦ ʠʟʦʙʨʘʞʝʥʠʷ ʠ ʨʘʩʧʦʣʘʛʘʶʱʠʤʩʷ ʚ ʧʨʝʜʝʣʘʭ ʟʦʥ ʠʥʪʝʨʝʩʘ, ʢʦʪʦʨʳʝ 
ʩʪʨʦʷʪʩʷ ʚʦʢʨʫʛ ʢʣʶʯʝʚʳʭ ʪʦʯʝʢ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʧʝʮʠʘʣʴʥʦʛʦ ʘʣʛʦʨʠʪʤʘ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʨʘʟʨʘʙʦʪʘʥʥʳʡ ʘʣʛʦʨʠʪʤ ʚʳʧʦʣʥʷʝʪʩʷ ʚ ʩʣʝʜʫʶʱʝʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ: 
1) ʆʧʨʝʜʝʣʷʶʪʩʷ ʢʣʶʯʝʚʳʝ ʪʦʯʢʠ ʜʣʷ ʠʟʦʙʨʘʞʝʥʠʷ ʦʪʧʝʯʘʪʢʘ ʧʘʣʴʮʘ; 
2) ɺʳʜʝʣʷʝʪʩʷ ʧʨʷʤʦʫʛʦʣʴʥʘʷ ʦʙʣʘʩʪʴ, ʨʘʩʧʦʣʦʞʝʥʥʘʷ ʚʥʫʪʨʠ ʠʟʦʙʨʘʞʝʥʠʷ ʦʪʧʝʯʘʪʢʘ 

ʧʘʣʴʮʘ ʩ ʮʝʥʪʨʦʤ ʚ ʢʣʶʯʝʚʦʡ ʪʦʯʢʝ; 
3) ʆʙʣʘʩʪʴ ʨʘʟʙʠʚʘʝʪʩʷ ʥʘ ʥʝʧʝʨʝʢʨʳʚʘʶʱʠʝʩʷ ʢʚʘʜʨʘʪʥʳʝ ʙʣʦʢʠ; 
4) ɼʣʷ ʢʘʞʜʦʛʦ ʠʟ ʙʣʦʢʦʚ ʚʳʧʦʣʥʷʝʪʩʷ ɺʝʡʚʣʝʪ-ʜʝʢʦʤʧʦʟʠʮʠʷ ʥʘ n ʦʢʪʘʚ, ʠʟ ʢʦʪʦʨʦʡ 

ʧʦʣʫʯʘʝʪʩʷ ʧʨʠʟʥʘʢʦʚʦʝ ʦʧʠʩʘʥʠʝ ʜʣʠʥʦʡ 3n; 
5) ʇʦʣʫʯʝʥʥʳʝ ʧʨʠʟʥʘʢʦʚʳʝ ʦʧʠʩʘʥʠʷ ʢʦʤʙʠʥʠʨʫʶʪʩʷ ʚ ʦʜʥʦ, ʢʦʪʦʨʦʝ ʠ ʠʩʧʦʣʴʟʫʝʪʩʷ ʚ 

ʢʣʘʩʩʠʬʠʢʘʪʦʨʝ. 
ʀʥʬʦʨʤʘʮʠʷ ʜʣʷ ɺʝʡʚʣʝʪ-ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ  ʠʟʚʣʝʢʘʝʪʩʷ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʠʟ ʯʸʨʥʦ-ʙʝʣʦʛʦ 

ʠʟʦʙʨʘʞʝʥʠʷ ʠ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʧʨʝʜʣʦʞʝʥʥʳʡ ʤʝʪʦʜ ʪʨʝʙʫʝʪ ʤʝʥʴʰʝ ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ ʨʝʩʫʨʩʦʚ, ʯʝʤ 
ʤʝʪʦʜʳ, ʦʩʥʦʚʘʥʥʳʝ ʥʘ ʤʝʣʢʠʭ ʜʝʪʘʣʷʭ. ʄʝʪʦʜ ʙʳʣ ʩʨʘʚʥʸʥ ʩ ʦʜʥʠʤ ʠʟ ʧʨʝʜʣʦʞʝʥʥʳʭ ʚ 
ʣʠʪʝʨʘʪʫʨʥʳʭ ʠʩʪʦʯʥʠʢʘʭ ʠ ʧʦʢʘʟʘʣ ʧʦʣʦʞʠʪʝʣʴʥʳʝ ʨʝʟʫʣʴʪʘʪʳ. ɺʳʩʦʢʠʡ ʧʨʦʮʝʥʪ ʪʦʯʥʦʩʪʠ ʠ ʥʠʟʢʘʷ 
ʚʳʯʠʩʣʠʪʝʣʴʥʘʷ ʩʣʦʞʥʦʩʪʴ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʤʝʪʦʜ ʤʦʞʝʪ ʙʳʪʴ ʵʬʬʝʢʪʠʚʥʦ ʠʩʧʦʣʴʟʦʚʘʥ ʚ ʩʠʩʪʝʤʘʭ, 
ʩʦʜʝʨʞʘʱʠʭ ʥʝʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʦʪʧʝʯʘʪʢʦʚ ʧʘʣʴʮʝʚ. 
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ʉɺɽʈʊʆʏʅɸʗ ʅɽʁʈʆʅʅɸʗ ʉɽʊʔ ɻʃʋɹʆʂʆɻʆ ʆɹʋʏɽʅʀʗ ɼʃʗ 
ʄʆʅʀʊʆʈʀʅɻɸ ʀɿʄɽʅɽʅʀʗ ʈɸʂʆɺʆʁ ʆʇʋʍʆʃʀ 

ɸʣʴʨʦʤʭ ɸ.ʄ. 

ɹʝʣʦʨʫʩʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʥʬʦʨʤʘʪʠʢʠ ʠ ʨʘʜʠʦʵʣʝʢʪʨʦʥʠʢʠ 
ʛ. ʄʠʥʩʢ, ʈʝʩʧʫʙʣʠʢʘ ɹʝʣʘʨʫʩʴ 

ʀʚʘʥʦʚ ʅ.ʅ. ï ʢ.ʬ.-ʤ.ʥ.,ʜʦʮʝʥʪ 

ʆʧʠʩʘʥʘ ʩʪʨʫʢʪʫʨʘ ʧʨʠʣʦʞʝʥʠʷ, ʘʥʘʣʠʟʠʨʫʶʱʝʝ ʠʟʤʝʥʝʥʠʝ ʬʦʨʤʳ ʠ ʨʘʟʤʝʨʘ ʛʣʠʦʤʳ ʛʦʣʦʚʥʦʛʦ ʤʦʟʛʘ ʥʘ ʦʩʥʦʚʝ ʧʦʣʫʯʝʥʥʳʭ ʚ 
ʪʝʯʝʥʠʝ ʥʝʢʦʪʦʨʦʛʦ ʧʝʨʠʦʜʘ ʚʨʝʤʝʥʠ, ʦʥ 3 ʤʝʩʷʮʝʚ ʜʦ ʦʜʥʦʛʦ ʛʦʜʘ ʥʘ ʩʢʘʥʥʝʨʝ ʄʈʊ ʪʨʝʭʤʝʨʥʳʭ ʠʟʦʙʨʘʞʝʥʠʡ ʨʘʟʣʠʯʥʳʭ 
ʤʦʜʘʣʴʥʦʩʪʝʡ. 

ɺ ʦʢʪʷʙʨʝ 1971 ʛ. ʨʝʥʪʛʝʥʦʣʦʛʠ ʛʦʩʧʠʪʘʣʷ ʉʚ. ɼʞʦʨʜʞʘ ʚ ʃʦʥʜʦʥʝ ʧʦʤʝʩʪʠʣʠ ʧʘʮʠʝʥʪʘ ʚ ʥʦʚʫʶ 
ʩʢʘʥʠʨʫʶʱʫʶ ʤʘʰʠʥʫ ʠ ʧʦʣʫʯʠʣʠ ʧʝʨʚʦʝ ʚ ʤʠʨʝ ʤʝʜʠʮʠʥʩʢʦʝ ʤʘʛʥʠʪʥʦ-ʨʝʟʦʥʘʥʩʥʦʝ ʠʟʦʙʨʘʞʝʥʠʝ. 
ʊʘʢ ʥʘʯʘʣʦʩʴ ʧʨʘʢʪʠʯʝʩʢʦʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʥʦʚʦʛʦ ʥʝʠʥʚʘʟʠʚʥʦʛʦ ʤʝʪʦʜʘ ʠʩʩʣʝʜʦʚʘʥʠʷ. ɿʘ 45 ʩ 
ʣʠʰʥʠʤ ʣʝʪ ʨʘʟʚʠʪʠʷ ʬʠʟʠʯʝʩʢʦʡ ʪʝʦʨʠʠ ʩʣʘʙʳʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ ʙʳʣʦ ʩʦʟʜʘʥʦ ʤʘʩʩʦʚʦʝ 
ʧʨʦʠʟʚʦʜʩʪʚʦ ʩʢʘʥʥʝʨʦʚ ʄʈʊ, ʨʘʟʨʘʙʦʪʘʥʳ ʥʦʚʳʝ ʤʦʜʘʣʴʥʦʩʪʠ ʩʢʘʥʠʨʦʚʘʥʠʷ, ʩʦʟʜʘʥʳ ʥʘʜʝʞʥʳʝ 
ʧʨʦʛʨʘʤʤʥʳʝ ʧʨʦʜʫʢʪʳ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʛʦ ʨʘʩʧʦʟʥʘʚʘʥʠʷ ʤʘʛʥʠʪʥʦ-ʨʝʟʦʥʘʥʩʥʳʭ ʪʦʤʦʛʨʘʤʤ [1]. 
ʊʝʤ ʥʝ ʤʝʥʝʝ, ʧʨʦʜʦʣʞʘʶʪʩʷ ʰʠʨʦʢʠʝ ʥʘʫʯʥʳʝ ʪʝʦʨʝʪʠʯʝʩʢʠʝ ʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚ 
ʵʪʦʡ ʦʙʣʘʩʪʠ. 

ɺ ʵʪʦʤ ʩʦʦʙʱʝʥʠʠ ʦʧʠʩʳʚʘʝʪʩʷ ʦʜʠʥ ʤʝʪʦʜ ʘʚʪʦʤʘʪʠʯʝʩʢʦʛʦ ʦʪʩʣʝʞʠʚʘʥʠʷ ʠʟʤʝʥʝʥʠʷ ʛʣʠʦʤʳ 
ʧʘʮʠʝʥʪʘ ï ʩʘʤʦʡ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʦʡ ʦʧʫʭʦʣʠ ʛʦʣʦʚʥʦʛʦ ʤʦʟʛʘ. ʀʤʝʝʪʩʷ ʜʦʩʪʘʪʦʯʥʦ ʙʦʣʴʰʦʝ 
ʢʦʣʠʯʝʩʪʚʦ ʧʫʙʣʠʢʘʮʠʡ ʧʦ ʵʪʦʡ ʪʝʤʝ [2], [3], [4]. ɿʜʝʩʴ ʩʨʘʚʥʠʚʘʶʪʩʷ 2 ʘʣʛʦʨʠʪʤʘ ʤʦʥʠʪʦʨʠʥʛʘ 
ʛʦʣʦʚʥʦʛʦ ʤʦʟʛʘ, ʚ ʢʦʪʦʨʦʤ ʫʞʝ ʙʳʣʘ ʜʦʩʪʦʚʝʨʥʦ ʦʙʥʘʨʫʞʝʥʘ ʟʣʦʢʘʯʝʩʪʚʝʥʥʘʷ ʦʧʫʭʦʣʴ. 
ʇʨʝʜʧʦʣʘʛʘʝʪʩʷ, ʯʪʦ ʦʪ ʤʦʤʝʥʪʘ ʦʙʥʘʨʫʞʝʥʠʷ ʟʘʙʦʣʝʚʘʥʠʷ ʜʦ ʪʝʢʫʱʝʛʦ ʤʦʤʝʥʪʘ ʧʦʩʪʦʷʥʥʦ 
ʧʨʦʚʦʜʷʪʩʷ ʣʝʯʝʙʥʳʝ ʤʝʨʦʧʨʠʷʪʠʷ ʩ ʢʦʥʪʨʦʣʝʤ ʄʈʊ. ʇʨʝʜʣʘʛʘʝʤʳʝ ʧʨʦʛʨʘʤʤʥʳʝ ʧʨʠʣʦʞʝʥʠʷ ʜʘʶʪ 
ʦʮʝʥʢʫ ʭʦʜʘ ʣʝʯʝʥʠʷ ʠ ʢʣʘʩʩʠʬʠʮʠʨʫʶʪ ʨʘʟʚʠʪʠʝ ʦʧʫʭʦʣʠ ʥʘ ʦʩʥʦʚʝ ʧʨʠʤʝʥʝʥʠʷ ʩʚʝʨʪʦʯʥʳʭ 
ʛʣʫʙʦʢʠʭ ʥʝʡʨʦʥʥʳʭ ʩʝʪʝʡ. 

ɼʣʷ ʘʥʘʣʠʟʘ ʪʝʢʫʱʝʛʦ ʩʦʩʪʦʷʥʠʷ ʦʧʫʭʦʣʠ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʧʨʠʤʝʥʝʥʠʝ ʜʚʫʭ ʧʨʠʣʦʞʝʥʠʡ, ʦʜʥʦ 
ʠʟ ʥʠʭ ʢʣʘʩʩʠʯʝʩʢʦʝ, ʩʨʘʚʥʠʚʘʶʱʝʝ ʩʪʝʢ ʪʨʝʭʤʝʨʥʳʭ ʄʈʀ ʚ ʤʦʜʘʣʴʥʦʩʪʷʭ, ʢʦʪʦʨʳʝ ʠʩʧʦʣʴʟʦʚʘʣʠ 
ʨʝʥʪʛʝʥʦʣʦʛʠ. ɺʪʦʨʦʝ ʧʨʠʣʦʞʝʥʠʝ ʩʦʜʝʨʞʠʪ ʵʣʝʤʝʥʪ ʥʦʚʠʟʥʳ, ʩʪʝʢ ʪʨʝʭʤʝʨʥʳʭ ʠʟʦʙʨʘʞʝʥʠʡ 
ʨʝʛʠʩʪʨʠʨʫʝʪʩʷ ʠ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʢʘʢ ʝʜʠʥʦʝ ʯʝʪʳʨʝʭʤʝʨʥʦʝ ʠʟʦʙʨʘʞʝʥʠʝ. ʕʪʦ ʠʟʦʙʨʘʞʝʥʠʝ 
ʦʙʨʘʙʘʪʳʚʘʝʪʩʷ ʩʚʝʨʪʢʘʤʠ ʩ ʯʝʪʳʨʝʭʤʝʨʥʳʤʠ ʷʜʨʘʤʠ ʩ ʮʝʣʴʶ ʚʳʷʚʣʝʥʠʷ ʯʝʪʳʨʝʭʤʝʨʥʳʭ 
ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʠʟʤʝʥʝʥʠʷ ʦʧʫʭʦʣʠ ʧʦ ʧʝʨʝʤʝʥʥʦʡ ʚʨʝʤʝʥʠ. ʇʨʠ ʵʪʦʤ ʯʝʪʳʨʝʭʤʝʨʥʘʷ ʤʦʜʝʣʴ 
ʩʪʨʦʠʪʩʷ ʠʟ ʩʪʝʢʘ ʪʨʝʭʤʝʨʥʳʭ ʤʦʜʝʣʝʡ ʚ ʢʦʣʠʯʝʩʪʚʝ ʥʝ ʤʝʥʝʝ ʯʝʪʳʨʝʭ ʩʪʝʢʦʚ, ʚʳʧʦʣʥʝʥʥʳʭ ʚ 
ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʝ ʤʦʤʝʥʪʳ ʚʨʝʤʝʥʠ ʚ ʠʥʪʝʨʚʘʣʝ ʦʪ ʯʝʪʳʨʝʭ ʤʝʩʷʮʝʚ ʜʦ 2 ʣʝʪ. ʕʪʦ ʧʦʟʚʦʣʷʝʪ 
ʩʜʝʣʘʪʴ ʚʳʚʦʜ ʦ ʩʢʦʨʦʩʪʠ ʠʟʤʝʥʝʥʠʷ ʦʧʫʭʦʣʠ ʠ ʜʘʝʪ ʥʝʦʙʭʦʜʠʤʫʶ ʠʥʬʦʨʤʘʮʠʶ ʣʝʯʘʱʠʤ ʚʨʘʯʘʤ. 

ʆʙʘ ʧʨʠʣʦʞʝʥʠʷ ʚʳʧʦʣʥʷʶʪ ʩʣʝʜʫʶʱʠʝ ʰʘʛʠ: 
1) ʥʦʨʤʘʣʠʟʘʮʠʷ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʪʨʝʭʤʝʨʥʳʭ ʩʪʝʢʦʚ ʠʟʦʙʨʘʞʝʥʠʷ; 
2) ʨʘʟʤʳʚʘʥʠʝ ʠʟʦʙʨʘʞʝʥʠʷ ʛʘʫʩʩʦʚʦʡ ʧʠʨʘʤʠʜʦʡ ʩ ʮʝʣʴʶ ʫʜʘʣʝʥʠʷ ʰʫʤʦʚ ʠ ʥʝʩʫʱʝʩʪʚʝʥʥʳʭ 
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5) ʊʝʩʪʦʚʘʷ ʧʨʦʚʝʨʢʘ ʨʘʙʦʪʳ ʘʣʛʦʨʠʪʤʦʚ. 
6) ɸʥʘʣʠʟ ʥʦʚʳʭ ʠʟʦʙʨʘʞʝʥʠʡ.  
ʂʘʢ ʦʙʳʯʥʦ ʚ ʥʝʡʨʦʥʥʳʭ ʩʝʪʷʭ, ʦʩʥʦʚʥʳʝ ʫʩʠʣʠʷ ʧʦʩʣʝ ʦʪʣʘʜʢʠ ʠ ʧʨʦʚʝʨʢʠ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʠ 

ʧʨʠʣʦʞʝʥʠʡ ʧʨʠʣʘʛʘʶʪʩʷ ʢ ʧʦʥʠʤʘʥʠʶ ʪʦʛʦ, ʧʦ ʢʘʢʠʤ ʧʨʠʟʥʘʢʘʤ ʧʦʩʪʨʦʝʥʥʘʷ ʥʝʡʨʦʥʥʘʷ ʩʝʪʴ 
ʢʣʘʩʩʠʬʠʮʠʨʫʝʪ ʦʙʲʝʢʪʳ. ɼʣʷ ʵʪʦʛʦ ʧʨʠʭʦʜʠʪʩʷ ʩʪʨʦʠʪʴ ʠʩʢʫʩʩʪʚʝʥʥʳʝ ʠʟʦʙʨʘʞʝʥʠʷ ʠ ʠʟʫʯʘʪʴ 
ʧʨʦʤʝʞʫʪʦʯʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʥʘ ʩʢʨʳʪʳʭ ʩʣʦʷʭ ʩʝʪʠ. ʂʨʦʤʝ ʪʦʛʦ, ʧʨʠʭʦʜʠʪʩʷ ʵʢʩʧʝʨʠʤʝʥʪʠʨʦʚʘʪʴ ʩ 
ʚʳʙʦʨʦʤ ʢʦʣʠʯʝʩʪʚʘ ʩʢʨʳʪʳʭ ʩʣʦʝʚ ʠ ʢʦʣʠʯʝʩʪʚʘ ʥʝʡʨʦʥʦʚ ʚ ʢʘʞʜʦʤ ʩʣʦʝ. 
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ɹʘʩʦʚ ɼ.ɸ., ɾʫʢ ɼ.ɸ. 

ɹʝʣʦʨʫʩʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʥʬʦʨʤʘʪʠʢʠ ʠ ʨʘʜʠʦʵʣʝʢʪʨʦʥʠʢʠ 
ʛ. ʄʠʥʩʢ, ʈʝʩʧʫʙʣʠʢʘ ɹʝʣʘʨʫʩʴ 

ʉʝʣʝʟʥʸʚ ʀ.ʃ.  ï ʢ.ʪ.ʥ.,ʜʦʮʝʥʪ 

ʋʩʪʨʦʡʩʪʚʘ, ʩʦʩʪʘʚʣʷʶʱʠʝ ʠʥʬʨʘʩʪʨʫʢʪʫʨʫ IoT ʫʧʨʘʚʣʷʶʪ ʠ ʩʦʙʠʨʘʶʪ ʚʩʝʚʦʟʤʦʞʥʳʝ ʬʦʨʤʘʪʳ ʜʘʥʥʳʭ, ʯʪʦ ʩʫʱʝʩʪʚʝʥʥʦ 
ʧʦʚʳʰʘʝʪ ʩʣʦʞʥʦʩʪʴ ʨʘʟʨʘʙʦʪʢʠ, ʧʦʜʜʝʨʞʢʠ ʠ ʨʘʩʰʠʨʷʝʤʦʩʪʠ ʨʝʰʝʥʠʡ ʚ ʜʘʥʥʦʡ ʦʙʣʘʩʪʠ. ɺʦʟʤʦʞʥʳʤ ʚʘʨʠʘʥʪʦʤ ʚʳʭʦʜʘ ʠʟ 
ʜʘʥʥʦʡ ʩʠʪʫʘʮʠʠ ʷʚʣʷʝʪʩʷ ʧʨʝʦʙʨʘʟʦʚʘʥʠʝ ʜʘʥʥʳʭ IoT ʚ ʙʘʟʫ ʜʘʥʥʳʭ ʧʦʣʴʟʦʚʘʪʝʣʝʡ ʠ ʦʙʝʩʧʝʯʠʪʴ ʚʳʧʦʣʥʝʥʠʝ ʟʘʧʨʦʩʦʚ ʢ ʥʝʡ 
ʩ ʧʦʤʦʱʴʶ ʤʠʢʨʦʩʝʨʚʠʩʦʚ. ʕʪʦ ʨʝʰʝʥʠʝ ʧʦʟʚʦʣʷʝʪ ʵʬʬʝʢʪʠʚʥʦ ʧʨʦʚʦʜʠʪʴ ʧʨʦʚʝʨʢʫ ʧʦʜʣʠʥʥʦʩʪʠ ʜʘʥʥʳʭ ʦʪ ʢʦʥʪʨʦʣʣʝʨʦʚ IoT 
ʠ ʧʨʦʚʦʜʠʪʴ ʘʥʘʣʠʪʠʢʫ ʚ ʬʦʨʤʘʪʝ ʙʦʣʴʰʠʭ ʜʘʥʥʳʭ. 

ʀʥʪʝʨʥʝʪ ʚʝʱʝʡ (IoT), ʢʦʪʦʨʳʡ ʩʦʝʜʠʥʷʝʪ ʠ ʦʙʝʩʧʝʯʠʚʘʝʪ ʩʚʷʟʴ ʤʝʞʜʫ ʦʙʰʠʨʥʦʡ ʩʝʪʴʶ 
ʜʘʪʯʠʢʦʚ, ʧʨʠʙʦʨʦʚ ʠ ʦʙʲʝʢʪʦʚ, ʷʚʣʷʝʪʩʷ ʩʝʛʦʜʥʷ ʦʜʥʦʡ ʠʟ ʩʘʤʳʭ ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʀʊ ʢʦʥʮʝʧʮʠʡ. IoT 
ʥʘ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʧʨʦʠʟʚʦʜʠʪ ʨʝʚʦʣʶʮʠʶ ʚʦ ʤʥʦʛʠʭ ʩʬʝʨʘʭ, ʦʪ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʚʦʞʜʝʥʠʷ 
ʘʚʪʦʤʦʙʠʣʝʡ ʜʦ ʣʠʯʥʳʭ ʧʦʤʦʱʥʠʢʦʚ. ɹʠʟʥʝʩ ʨʘʩʩʤʘʪʨʠʚʘʝʪ IoT ʢʘʢ ʚʦʟʤʦʞʥʦʩʪʴ ʧʦʜʢʣʶʯʠʪʴ 
ʤʠʣʣʠʘʨʜʳ ʥʦʚʳʭ ʫʩʪʨʦʡʩʪʚ ʢ ʀʥʪʝʨʥʝʪʫ ʠ ʛʝʥʝʨʠʨʦʚʘʪʴ ʙʦʣʴʰʠʝ ʩʫʤʤʳ ʜʦʭʦʜʦʚ. 

ʕʪʠ ʘʨʛʫʤʝʥʪʳ ʟʘʩʪʘʚʣʷʶʪ ʟʘʜʘʪʴ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʡ ʚʦʧʨʦʩ, ʯʪʦ ʞʝ ʥʘ ʩʘʤʦʤ ʜʝʣʝ ʦʟʥʘʯʘʝʪ 
IoT? ɹʦʣʴʰʠʥʩʪʚʦ ʧʨʠʥʠʤʘʝʪ ʵʪʦʪ ʪʝʨʤʠʥ ʜʦʩʣʦʚʥʦ, ʧʦʣʘʛʘʷ, ʯʪʦ ʦʥ ʧʨʦʩʪʦ ʧʦʜʨʘʟʫʤʝʚʘʝʪ 
ʧʦʜʢʣʶʯʝʥʠʝ ʜʘʪʯʠʢʦʚ ʥʘ ʨʘʟʣʠʯʥʳʭ ʫʩʪʨʦʡʩʪʚʘʭ ʠ ʩʘʤʠ ʤʘʰʠʥʳ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʢ ʩʝʪʠ ʀʥʪʝʨʥʝʪ. 
ʊʝʤ ʥʝ ʤʝʥʝʝ, ʵʪʘ ʤʦʜʝʣʴ ʩʦʟʜʘʝʪ ʧʦʪʝʥʮʠʘʣʴʥʳʝ ʧʨʦʙʣʝʤʳ. ɽʩʣʠ IoT ʜʘʪʯʠʢʠ ʠ ʵʣʝʤʝʥʪʳ 
ʫʧʨʘʚʣʝʥʠʷ ʥʘʭʦʜʷʪʩʷ ʚ ʩʝʪʠ ʀʥʪʝʨʥʝʪ, ʦʥʠ ʤʦʛʫʪ ʙʳʪʴ ʧʦʜʚʝʨʞʝʥʳ ʘʪʘʢʘʤ ʠʟ ʣʶʙʦʡ ʪʦʯʢʠ 
ʚʩʝʤʠʨʥʦʡ ʧʘʫʪʠʥʳ. 

ɺ ʪʦ ʞʝ ʚʨʝʤʷ, ʩʝʛʦʜʥʷ ʫʞʝ ʤʠʣʣʠʘʨʜʳ ʜʘʪʯʠʢʦʚ ʠ ʵʣʝʤʝʥʪʦʚ ʫʧʨʘʚʣʝʥʠʷ ʨʘʟʤʝʱʝʥʳ ʢʘʢ ʚ 
ʜʦʤʘʭ, ʪʘʢ ʠ ʚ ʦʬʠʩʘʭ ï ʠ ʦʥʠ ʥʝ ʧʨʦʩʪʦ ʧʦʜʢʣʶʯʝʥʳ ʢ ʀʥʪʝʨʥʝʪ. ʃʠʥʠʠ ʧʠʪʘʥʠʷ ʠ ʧʦʜʢʣʶʯʝʥʠʷ 
ʙʦʣʴʰʠʥʩʪʚʘ ʩʦʚʨʝʤʝʥʥʳʭ ʜʘʪʯʠʢʦʚ ʠ ʵʣʝʤʝʥʪʦʚ ʫʧʨʘʚʣʝʥʠʷ ʦʙʝʩʧʝʯʠʚʘʶʪ ʠʭ ʩʚʷʟʴ ʩ ʝʜʠʥʳʤ 
ʢʦʥʪʨʦʣʣʝʨʦʤ, ʢʦʪʦʨʳʡ ʠʥʪʝʨʧʨʝʪʠʨʫʝʪ ʧʦʣʫʯʝʥʥʳʝ ʜʘʥʥʳʝ ʠ ʜʝʡʩʪʚʫʝʪ ʥʘ ʦʩʥʦʚʝ ʨʝʟʫʣʴʪʘʪʦʚ ʠʭ 
ʦʙʨʘʙʦʪʢʠ. ɺ ʧʦʩʣʝʜʥʝʝ ʚʨʝʤʷ ʵʪʠ ʢʦʥʪʨʦʣʣʝʨʳ ʧʦʣʫʯʠʣʠ ʚʦʟʤʦʞʥʦʩʪʴ ʧʦʜʢʣʶʯʝʥʠʷ ʢ ʩʝʪʠ ʀʥʪʝʨʥʝʪ, 
ʠ ʙʦʣʴʰʠʥʩʪʚʦ ʩʠʩʪʝʤ çʋʤʥʳʡ ʜʦʤè ʠʩʧʦʣʴʟʫʝʪ ʠʤʝʥʥʦ ʵʪʫ ʤʦʜʝʣʴ. 

ɺ ʤʦʜʝʣʠ ʢʦʥʪʨʦʣʣʝʨʘ ʚʣʘʜʝʣʝʮ ʜʦʤʘ ʠʣʠ ʙʠʟʥʝʩʘ ʫʩʪʘʥʘʚʣʠʚʘʝʪ ʜʘʪʯʠʢʠ ʠ ʢʦʥʪʨʦʣʴʥʳʝ 
ʪʦʯʢʠ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʝ ʩʚʷʟʴ ʩ ʢʦʥʪʨʦʣʣʝʨʦʤ. ʂʦʥʪʨʦʣʴʥʘʷ ʪʦʯʢʘ ʦʩʫʱʝʩʪʚʣʷʝʪ ʦʩʥʦʚʥʳʝ ʬʫʥʢʮʠʠ 
ʫʧʨʘʚʣʝʥʠʷ, ʘ ʪʘʢʞʝ ʤʦʞʝʪ ʦʪʧʨʘʚʣʷʪʴ ʜʘʥʥʳʝ ʥʘ ʤʦʙʠʣʴʥʦʝ ʫʩʪʨʦʡʩʪʚʦ ʜʣʷ ʫʜʘʣʝʥʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ. 
ʂʦʥʪʨʦʣʣʝʨ ʜʦʣʞʝʥ ʙʳʪʴ ʧʦʜʢʣʶʯʝʥ ʢ ʩʝʪʠ ʀʥʪʝʨʥʝʪ ʠ ʦʙʝʩʧʝʯʠʚʘʪʴ ʛʘʨʘʥʪʠʠ ʙʝʟʦʧʘʩʥʦʩʪʠ. ɼʘʥʥʘʷ 
ʤʦʜʝʣʴ ʢʦʥʪʨʦʣʣʝʨʘ ʤʦʞʝʪ ʨʝʰʠʪʴ ʤʥʦʛʠʝ ʚʦʧʨʦʩʳ ʙʝʟʦʧʘʩʥʦʩʪʠ IoT ʜʣʷ ʧʦʣʴʟʦʚʘʪʝʣʝʡ. ʊʝʤ ʥʝ 
ʤʝʥʝʝ, ʜʨʫʛʠʝ ʧʨʦʙʣʝʤʳ ʦʩʪʘʶʪʩʷ, ʥʘʧʨʠʤʝʨ, ʥʝʦʧʨʝʜʝʣʝʥʥʦʩʪʴ ʩ ʧʨʦʪʦʢʦʣʠʨʦʚʘʥʠʝʤ ʠ 
ʩʝʨʪʠʬʠʢʘʮʠʝʡ ʬʦʨʤʘʪʦʚ ʜʘʥʥʳʭ, ʟʘʜʘʯʘ ʧʦʠʩʢʘ ʠ ʘʫʪʝʥʪʠʬʠʢʘʮʠʠ ʜʘʪʯʠʢʘ. ʈʝʰʝʥʠʝ ʵʪʠʭ ʚʦʧʨʦʩʦʚ 
ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ ʚʥʝʜʨʝʥʠʶ ʟʥʘʯʠʪʝʣʴʥʳʭ ʠʟʤʝʥʝʥʠʡ ʜʣʷ ʦʙʣʘʯʥʦʡ ʩʨʝʜʳ ʦʨʛʘʥʠʟʘʮʠʠ. 

ʇʝʨʝʦʩʤʳʩʣʝʥʠʝ ʧʦʜʭʦʜʘ ʢ IoT. ʉʝʥʩʦʨʥʳʝ ʫʩʪʨʦʡʩʪʚʘ ʫʧʨʘʚʣʷʶʪ ʠ ʩʦʙʠʨʘʶʪ ʨʘʟʣʠʯʥʳʝ 
ʬʦʨʤʘʪʳ ʜʘʥʥʳʭ. ʇʦʣʴʟʦʚʘʪʝʣʠ, ʧʦʜʢʣʶʯʘʶʱʠʝʩʷ ʢ ʜʘʪʯʠʢʫ IoT, ʚʨʷʜ ʣʠ ʟʥʘʶʪ ʬʦʨʤʘʪ ʜʘʥʥʳʭ 
ʦʙʤʝʥʘ, ʢʨʦʤʝ ʩʣʫʯʘʷ, ʢʦʛʜʘ ʦʥʠ ʩʪʘʥʜʘʨʪʠʟʠʨʦʚʘʥʳ. ʅʝ ʟʥʘʷ ʬʦʨʤʘʪʘ ʜʘʥʥʳʭ, ʠʥʪʝʨʧʨʝʪʠʨʦʚʘʪʴ ʠʭ 
ʠ ʦʩʫʱʝʩʪʚʣʷʪʴ ʫʧʨʘʚʣʝʥʠʝ ʥʝʚʦʟʤʦʞʥʦ. ʈʘʟʚʠʪʘʷ ʠʥʬʨʘʩʪʨʫʢʪʫʨʘ IoT ʧʨʝʜʧʦʣʘʛʘʝʪ ʙʦʣʴʰʦʝ 
ʢʦʣʠʯʝʩʪʚʦ ʜʘʪʯʠʢʦʚ ʠ ʤʥʦʞʝʩʪʚʦ ʠʭ ʤʝʩʪ ʨʘʟʤʝʱʝʥʠʷ. ɼʘʥʥʳʝ, ʧʦʩʪʫʧʘʶʱʠʝ ʦʪ ʦʜʥʦʛʦ ʪʠʧʘ 
ʩʝʥʩʦʨʦʚ ʩʠʪʫʘʪʠʚʥʳ ʠ ʦʪʨʘʞʘʶʪ ʫʩʣʦʚʠʷ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʚ ʟʦʥʝ ʩʚʦʝʛʦ ʦʭʚʘʪʘ. 

ʆʜʥʠʤ ʠʟ ʨʝʰʝʥʠʡ ʷʚʣʷʝʪʩʷ ʧʨʝʦʙʨʘʟʦʚʘʥʠʝ ʜʘʥʥʳʭ IoT ʚ ʙʘʟʫ ʜʘʥʥʳʭ ʧʦʣʴʟʦʚʘʪʝʣʝʡ, 
ʦʙʝʩʧʝʯʝʥʠʝ ʚʳʧʦʣʥʝʥʠʷ ʟʘʧʨʦʩʘ ʢ ʢʦʪʦʨʦʡ ʤʦʞʥʦ ʦʩʫʱʝʩʪʚʣʷʪʴ ʩ ʧʦʤʦʱʴʶ ʤʠʢʨʦʩʝʨʚʠʩʦʚ. 
ɸʥʘʣʠʪʠʢʠ ʤʦʛʫʪ ʠʟʚʣʝʯʴ ʜʘʥʥʳʝ ʧʦ ʟʘʧʨʦʩʫ -- ʥʝ ʪʦʣʴʢʦ ʥʘ ʪʝʢʫʱʠʡ ʧʝʨʠʦʜ, ʥʦ ʪʘʢʞʝ ʠ ʟʘ ʧʨʦʰʣʳʝ 
ʧʝʨʠʦʜʳ, ʝʩʣʠ ʧʨʦʚʝʨʢʫ ʧʦʜʣʠʥʥʦʩʪʠ ʜʘʥʥʳʭ ʦʪ ʢʦʥʪʨʦʣʣʝʨʦʚ IoT ʩʦʙʠʨʘʪʴ ʚ ʫʜʦʙʥʦʤ ʬʦʨʤʘʪʝ 
ʙʦʣʴʰʠʭ ʜʘʥʥʳʭ. ʇʨʦʮʝʩʩ ʭʨʘʥʝʥʠʷ ʤʦʞʝʪ ʧʦʤʦʯʴ ʩʦʛʣʘʩʦʚʘʪʴ ʬʦʨʤʘʪʳ ʜʘʥʥʳʭ ʦʪ ʨʘʟʥʳʭ ʜʘʪʯʠʢʦʚ 
ʚ ʦʙʱʠʡ ʩʣʦʡ ʠ ʠʜʝʥʪʠʬʠʮʠʨʦʚʘʪʴ ʜʘʥʥʳʝ ʧʦ ʤʝʩʪʦʧʦʣʦʞʝʥʠʶ ʠʣʠ ʤʥʦʞʝʩʪʚʫ ʜʨʫʛʠʭ ʬʘʢʪʦʨʦʚ, 
ʢʦʪʦʨʳʝ ʦʙʣʝʛʯʘʶʪ ʢ ʥʠʤ ʜʦʩʪʫʧ ʠ ʠʭ ʠʩʧʦʣʴʟʦʚʘʥʠʝ. 

ʇʨʝʜʣʘʛʘʝʤʘʷ ʤʦʜʝʣʴ ʙʘʟʳ ʜʘʥʥʳʭ ʧʝʨʝʥʦʩʠʪ IoT ʠʟ ʣʦʢʘʣʴʥʦʡ ʩʝʪʠ ʚ ʦʙʣʘʢʦ (ʨʠʩʫʥʦʢ 1). 
ʇʦʣʴʟʦʚʘʪʝʣʷʤ ʧʦ-ʧʨʝʞʥʝʤʫ ʥʝʦʙʭʦʜʠʤʦ ʩʦʙʠʨʘʪʴ ʜʘʥʥʳʝ ʦʪ ʫʩʪʨʦʡʩʪʚ IoT, ʥʦ ʪʘʢʞʝ 
ʠʜʝʥʪʠʬʠʮʠʨʦʚʘʪʴ ʠ ʭʨʘʥʠʪʴ ʠʭ, ʯʪʦʙʳ ʦʙʝʩʧʝʯʠʪʴ ʣʝʛʢʦʩʪʴ ʜʦʩʪʫʧʘ. ʕʪʘ ʤʦʜʝʣʴ ʪʘʢʞʝ ʪʨʝʙʫʝʪ, 
ʯʪʦʙʳ ʨʝʰʝʥʠʷ ʙʝʟʦʧʘʩʥʦʩʪʠ IoT ʦʨʛʘʥʠʟʘʮʠʠ ʧʝʨʝʰʣʠ ʥʘ ʫʨʦʚʝʥʴ ʦʙʣʘʯʥʳʭ ʩʨʝʜ, ʘ ʥʝ ʦʩʪʘʚʘʣʠʩʴ 
ʥʘ ʫʨʦʚʥʝ ʩʝʪʠ. ʆʙʣʘʯʥʳʝ ʘʢʪʠʚʳ, ʨʘʟʚʠʚʘʶʱʠʝʩʷ ʜʣʷ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʯʝʨʝʟ ʧʨʠʣʦʞʝʥʠʷ ʙʝʟ 
ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʛʦ ʫʯʘʩʪʠʷ ʧʨʠʣʦʞʝʥʠʡ (ʢʘʢ ʠ ʘʢʪʠʚʳ IoT, ʧʦʩʢʦʣʴʢʫ ʜʘʪʯʠʢʠ ʥʝ ʷʚʣʷʶʪʩʷ ʯʘʩʪʴʶ 
ʧʦʣʴʟʦʚʘʪʝʣʴʩʢʠʭ ʧʨʠʣʦʞʝʥʠʡ) ʪʘʢʞʝ ʪʨʝʙʫʶʪ ʩʧʝʮʠʘʣʴʥʦʛʦ ʧʣʘʥʠʨʦʚʘʥʠʷ ʜʣʷ ʨʝʰʝʥʠʷ ʚʦʧʨʦʩʦʚ 
ʬʦʨʤʘʪʦʚ ʜʘʥʥʳʭ ʠ ʧʦʜʜʝʨʞʢʠ ʩʠʥʭʨʦʥʠʟʠʨʦʚʘʥʥʦʛʦ ʘʥʘʣʠʟʘ ʜʘʥʥʳʭ ʦʪ ʥʝʩʢʦʣʴʢʠʭ ʠʩʪʦʯʥʠʢʦʚ IoT. 
ɽʩʣʠ ʘʨʭʠʪʝʢʪʫʨʘ ʥʘ ʦʩʥʦʚʝ ʢʦʥʪʨʦʣʣʝʨʦʚ, ʤʦʞʝʪ ʨʝʰʠʪʴ ʵʪʫ ʧʨʦʙʣʝʤʫ, ʪʦ ʤʘʩʰʪʘʙʠʨʫʝʤʦʩʪʴ 
ʧʨʠʣʦʞʝʥʠʡ IoT ʤʦʞʝʪ ʦʢʘʟʘʪʴʩʷ ʩʣʦʞʥʦʡ ʟʘʜʘʯʝʡ. 

http://www.it-matika.pro/blog/informacionnnye-tehnologii/razvitie-oblakov-iot
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IoT ʧʦʜʭʦʜ ʥʘ ʦʩʥʦʚʝ ʙʘʟ ʜʘʥʥʳʭ ʠ ʤʠʢʨʦʩʝʨʚʠʩʦʚ ʪʘʢʞʝ ʧʨʝʜʣʘʛʘʝʪ ʫʣʫʯʰʝʥʠʝ ʧʦʜʜʝʨʞʢʠ 
ʢʦʥʬʠʜʝʥʮʠʘʣʴʥʦʩʪʠ ʠ ʧʦʣʠʪʠʢʠ ʙʝʟʦʧʘʩʥʦʩʪʠ. ʊʘʢ ʢʘʢ ʰʘʙʣʦʥʳ ʟʘʧʨʦʩʦʚ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʚʠʜʥʳ, 
IoT ʩʠʩʪʝʤʳ, ʦʩʥʦʚʘʥʥʳʝ ʥʘ ʤʠʢʨʦʩʝʨʚʠʩʘʭ ʠ ʟʘʧʨʦʩʘʭ, ʣʝʛʯʝ ʦʙʥʘʨʫʞʠʪʴ ʧʨʠ ʧʦʧʳʪʢʝ ʦʪʩʣʝʞʠʚʘʪʴ 
ʤʝʩʪʦʧʦʣʦʞʝʥʠʝ ʯʝʣʦʚʝʢʘ. 

 

 
ʈʠʩʫʥʦʢ 1 ï ʇʝʨʝʥʦʩ IoT ʠʟ ʣʦʢʘʣʴʥʦʡ ʩʝʪʠ ʚ ʦʙʣʘʢʦ 

 

ʄʠʩʩʠʷ IoT ʩʦʩʪʦʠʪ ʚ ʧʦʜʢʣʶʯʝʥʠʠ ʘʢʪʠʚʦʚ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʭ ʧʦʩʪʫʧʣʝʥʠʝ ʮʝʥʥʦʡ ʠʥʬʦʨʤʘʮʠʠ 
ʠ ʚʣʠʷʶʱʠʭ ʥʘ ʚʳʧʦʣʥʝʥʠʝ ʚʘʞʥʳʭ ʟʘʜʘʯ, ʥʦ ʧʦʪʦʢ ʠʥʬʦʨʤʘʮʠʠ ʦʪ ʵʪʠʭ ʘʢʪʠʚʦʚ ʷʚʣʷʝʪʩʷ ʦʩʥʦʚʦʡ ʚ 
ʠʥʬʨʘʩʪʨʫʢʪʫʨʝ ʠʥʪʝʨʥʝʪʘ ʚʝʱʝʡ. ʇʨʠʥʷʪʠʝ ʧʦʜʭʦʜʘ ʢ IoT, ʦʩʥʦʚʘʥʥʦʛʦ ʥʘ ʙʘʟʘʭ ʜʘʥʥʳʭ, ʤʦʞʝʪ 
ʧʨʝʜʦʩʪʘʚʠʪʴ ʚʩʶ ʥʝʦʙʭʦʜʠʤʫʶ ʥʘʤ ʠʥʬʦʨʤʘʮʠʶ ʙʝʟ ʧʦʪʝʥʮʠʘʣʴʥʳʭ ʨʠʩʢʦʚ ʠ ʟʘʪʨʘʪ. 

 
ʉʧʠʩʦʢ ʠʩʧʦʣʴʟʦʚʘʥʥʳʭ ʠʩʪʦʯʥʠʢʦʚ: 
1. Building Microservices: Designing Fine-Grained Systems / Sam Newman // O'Reilly Media 2015 -- 280 s 
2. ʀʥʪʝʨʥʝʪ ʚʝʱʝʡ. ʀʩʩʣʝʜʦʚʘʥʠʷ ʠ ʦʙʣʘʩʪʴ ʧʨʠʤʝʥʥʝʥʠʷ /  ɽ. ɿʘʨʘʤʝʥʩʢʠʭ, ʀ. ɸʨʪʝʤʴʝʚ // ʀʥʬʨʘ-ʄ 2017 ï 188 ʩ. 
3. ɸʨʭʠʪʝʢʪʫʨʘ ʠʥʪʝʨʥʝʪʘ ʚʝʱʝʡ / ʃʠ ʇʝʨʨʠ // ɼʄʂ-ʇʨʝʩʩ, 2019 ï 454 ʩ. 

 

 

ʇʈʀʄɽʅɽʅʀɽ ɸʃɻʆʈʀʊʄɸ ʆɹʈɸʊʅʆɻʆ ʈɸʉʇʈʆʉʊʈɸʅɽʅʀʗ 
ʆʐʀɹʂʀ ɼʃʗ ʂʆʃʆʈʀɿɸʎʀʀ ʀɿʆɹʈɸɾɽʅʀʁ 

ɹʝʣʠʢʦʚʘ ʊ.ʆ., ɽʚʩʘʝʚ ʇ.ɺ. 

ɹʝʣʦʨʫʩʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʥʬʦʨʤʘʪʠʢʠ ʠ ʨʘʜʠʦʵʣʝʢʪʨʦʥʠʢʠ 
ʛ. ʄʠʥʩʢ, ʈʝʩʧʫʙʣʠʢʘ ɹʝʣʘʨʫʩʴ 

ʃʫʢʘʰʝʚʠʯ ʄ.ʄ. ï ʢ.ʪ.ʥ., ʜʦʮʝʥʪ 

ʂʦʣʦʨʠʟʘʮʠʷ ï ʣʶʙʦʡ ʧʨʦʮʝʩʩ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʢʦʪʦʨʦʛʦ ʚ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʠʟʦʙʨʘʞʝʥʠʡ ʠʣʠ ʚ 
ʤʦʥʦʭʨʦʤʥʦʝ ʠʟʦʙʨʘʞʝʥʠʝ ʜʦʙʘʚʣʷʝʪʩʷ ʮʚʝʪ.  

ɸʣʛʦʨʠʪʤ ʦʙʨʘʪʥʦʛʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʦʰʠʙʢʠ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʩʠʛʥʘʣʦʚ 
ʦʰʠʙʢʠ ʦʪ ʚʳʭʦʜʦʚ ʩʝʪʠ ʢ ʝʸ ʚʭʦʜʘʤ, ʧʨʠʤʝʥʷʷ ʛʨʘʜʠʝʥʪʥʳʝ ʤʝʪʦʜʳ ʦʧʪʠʤʠʟʘʮʠʠ ʠ ʦʩʫʱʝʩʪʚʣʷʷ 
ʧʦʜʙʦʨ ʚʝʩʦʚ ʜʣʷ ʤʥʦʛʦʩʣʦʡʥʦʡ ʩʝʪʠ [1]. ʂʣʶʯʝʚʳʤ ʬʘʢʪʦʨʦʤ ʟʜʝʩʴ ʷʚʣʷʝʪʩʷ ʮʝʣʝʚʘʷ ʬʫʥʢʮʠʷ, 
ʢʦʪʦʨʘʷ ʬʦʨʤʠʨʫʝʪʩʷ ʚ ʚʠʜʝ ʢʚʘʜʨʘʪʠʯʥʦʡ ʩʫʤʤʳ ʨʘʟʥʦʩʪʝʡ ʤʝʞʜʫ ʧʦʣʫʯʝʥʥʳʤʠ ʠ ʪʨʝʙʫʝʤʳʤʠ 
ʟʥʘʯʝʥʠʷʤʠ ʚʳʭʦʜʥʳʭ ʩʠʛʥʘʣʦʚ.  

ɼʣʷ ʦʙʫʯʝʥʠʷ ʩʝʪʠ ʥʫʞʥʳ ʦʙʫʯʘʶʱʘʷ ʚʳʙʦʨʢʘ ʠ ʨʘʩʯʸʪ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʟʥʘʯʝʥʠʡ ʩʠʛʥʘʣʦʚ  
ʥʝʡʨʦʥʥʦʡ ʩʝʪʠ, ʘ ʪʘʢʞʝ ʥʝʦʙʭʦʜʠʤʦ ʤʠʥʠʤʠʟʠʨʦʚʘʪʴ  ʟʥʘʯʝʥʠʷ ʮʝʣʝʚʦʡ ʬʫʥʢʮʠʠ. ɺʳʙʦʨʢʘ ʙʫʜʝʪ 
ʩʦʩʪʦʷʪʴ ʠʟ ʮʚʝʪʥʳʭ ʠʟʦʙʨʘʞʝʥʠʡ, ʠʭ ʧʦʣʫʪʦʥʦʚʳʭ ʢʦʧʠʡ ʠʟʦʙʨʘʞʝʥʠʡ ʣʦʢʘʣʴʥʳʭ ʧʨʠʟʥʘʢʦʚ, 
ʧʦʩʪʨʦʝʥʥʳʝ ʜʣʷ ʢʘʞʜʦʛʦ ʧʦʣʫʪʦʥʦʚʦʛʦ ʠʟʦʙʨʘʞʝʥʠʷ. ʆʜʥʠʤ ʠʟ ʩʧʦʩʦʙʦʚ ʦʙʫʯʝʥʠʷ ʜʣʷ ʥʝʧʨʝʨʳʚʥʦʡ 
ʮʝʣʝʚʦʡ ʬʫʥʢʮʠʠ ʷʚʣʷʝʪʩʷ ʛʨʘʜʠʝʥʪʥʳʝ ʤʝʪʦʜʳ ʦʧʪʠʤʠʟʘʮʠʠ.  

ʂʘʞʜʳʡ ʮʠʢʣ ʦʙʫʯʝʥʠʷ ʩʦʩʪʦʠʪ ʠʟ ʩʣʝʜʫʶʱʠʭ ʵʪʘʧʦʚ [1]: 
1) ʩʛʝʥʝʨʠʨʦʚʘʪʴ ʚʭʦʜʥʳʝ ʩʠʛʥʘʣʳ ʠ ʚʳʯʠʩʣʠʪʴ ʧʨʦʠʟʚʦʜʥʳʝ ʟʥʘʯʝʥʠʷ ʬʫʥʢʮʠʠ 

ʘʢʪʠʚʘʮʠʠ ʢʘʞʜʦʛʦ ʩʣʦʷ, ʟʥʘʯʝʥʠʷ ʚʳʭʦʜʥʳʭ ʩʣʦʸʚ (ʚʢʣʶʯʘʷ ʩʢʨʳʪʳʡ ʩʣʦʡ); 
2) ʠʟʤʝʥʠʪʴ ʥʘʧʨʘʚʣʝʥʠʷ ʩʠʛʥʘʣʦʚ ʠ ʟʘʤʝʥʠʪʴ ʬʫʥʢʮʠʠ ʘʢʪʠʚʘʮʠʠ ʥʘ ʧʨʦʠʟʚʦʜʥʳʝ ʦʪ 

ʥʠʭ, ʧʦʜʘʪʴ ʨʘʟʥʦʩʪʴ ʤʝʞʜʫ ʦʞʠʜʘʝʤʳʤ ʠ ʧʦʣʫʯʝʥʥʳʤ ʟʥʘʯʝʥʠʝʤ ʥʘ ʥʦʚʳʡ ʚʭʦʜ ʩʝʪʠ ʠ ʧʨʦʠʟʚʝʩʪʠ 
ʨʘʩʯʸʪ ʟʥʘʯʝʥʠʡ ʪʨʝʙʫʝʤʳʭ ʦʙʨʘʪʥʳʭ ʨʘʟʥʦʩʪʝʡ; 

3) ʥʘ ʦʩʥʦʚʝ ʨʝʟʫʣʴʪʘʪʦʚ, ʧʦʣʫʯʝʥʥʳʭ ʚ ʧ.1 ʠ 2, ʦʙʫʯʠʪʴ ʦʨʠʛʠʥʘʣʴʥʫʶ ʩʝʪʴ ʠ ʩʝʪʴ 
ʦʙʨʘʪʥʦʛʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʦʰʠʙʢʠ; 
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4) ʜʣʷ ʢʘʞʜʦʡ ʦʙʫʯʘʶʱʝʡ ʚʳʙʦʨʢʠ ʥʝʦʙʭʦʜʠʤʦ ʧʦʚʪʦʨʠʪʴ ʧʫʥʢʪʳ 1,2 ʠ 3. ʇʨʦʮʝʩʩ 
ʦʩʪʘʥʦʚʠʪʩʷ, ʢʦʛʜʘ ʥʦʨʤʘ ʛʨʘʜʠʝʥʪʘ ʫʧʘʜʝʪ ʥʠʞʝ ʟʥʘʯʝʥʠʷ ʪʦʯʥʦʩʪʠ ʧʨʦʮʝʩʩʘ ʦʙʫʯʝʥʠʷ. 

ʇʦ ʦʧʠʩʘʥʥʦʤʫ ʘʣʛʦʨʠʪʤʫ ʥʝʡʨʦʥʥʘʷ ʩʝʪʴ ʦʙʫʯʠʪʩʷ ʚʦʩʩʪʘʥʘʚʣʠʚʘʪʴ ʪʦʣʴʢʦ ʦʜʥʫ ʮʚʝʪʦʚʫʶ 
ʢʦʤʧʦʥʝʥʪʫ. ʇʦʩʨʝʜʩʪʚʘʤ ʪʦʛʦ, ʯʪʦ ʣʶʙʦʡ ʮʚʝʪ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʚ ʚʠʜʝ ʪʨʸʭ ʢʦʤʧʦʥʝʥʪ: ʢʨʘʩʥʳʡ, 
ʟʝʣʝʥʳʡ ʠ ʩʠʥʠʡ (RGB) [2] ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜ, ʯʪʦ ʜʣʷ ʢʦʣʦʨʠʟʘʮʠʠ ʠʟʦʙʨʘʞʝʥʠʷ ʧʦʥʘʜʦʙʠʪʩʷ ʪʨʠ 
ʥʝʡʨʦʥʥʳʭ ʩʝʪʠ.  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ ʜʣʷ ʢʘʞʜʦʡ ʩʦʩʪʘʚʣʷʶʱʝʡ ʮʚʝʪʘ ʙʫʜʝʪ ʩʚʦʷ ʥʝʡʨʦʥʥʘʷ ʩʝʪʴ (ʨʠʩʫʥʦʢ 1).  
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ʠʟʦʙʨʘʞʝʥʠʡ ʣʦʢʘʣʴʥʳʭ 

ʧʨʠʟʥʘʢʦʚ

 
ʈʠʩʫʥʦʢ 1 ï ʉʭʝʤʘ ʧʦʣʫʯʝʥʠʷ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʮʚʝʪʘ ʤʦʥʦʭʨʦʤʥʦʛʦ ʠʟʦʙʨʘʞʝʥʠʷ 

 

ʇʦʩʣʝ ʦʙʫʯʝʥʠʷ, ʧʨʠʤʝʥʷʝʪʩʷ ʘʣʛʦʨʠʪʤ ʨʘʩʢʨʘʰʠʚʘʥʠʷ ʠʟʦʙʨʘʞʝʥʠʡ: 
1) ʚʳʙʠʨʘʝʪʩʷ ʪʠʧ ʩʮʝʥʳ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʡ ʩʦʜʝʨʞʘʥʠʶ ʠʩʭʦʜʥʦʛʦ ʤʦʥʦʭʨʦʤʥʦʛʦ 

ʠʟʦʙʨʘʞʝʥʠʷ; 
2) ʧʨʦʠʩʭʦʜʠʪ ʧʦʩʪʨʦʝʥʠʝ ʥʘʙʦʨʘ ʣʦʢʘʣʴʥʳʭ ʧʨʠʟʥʘʢʦʚ ʠʟʦʙʨʘʞʝʥʠʷ; 
3) ʬʦʨʤʠʨʫʝʪʩʷ ʩʠʥʷʷ ʩʦʩʪʘʚʣʷʶʱʘʷ ʚʳʭʦʜʥʦʛʦ ʮʚʝʪʥʦʛʦ ʠʟʦʙʨʘʞʝʥʠʷ. ʅʝʡʨʦʥʥʘʷ ʩʝʪʴ 

ʧʨʦʭʦʜʠʪ ʧʦ ʢʘʞʜʦʡ ʪʦʯʢʝ ʧʦʣʫʪʦʥʦʚʦʛʦ ʠʟʦʙʨʘʞʝʥʠʷ; 
4) ʧʫʥʢʪ 3 ʧʦʚʪʦʨʷʝʪʩʷ ʜʣʷ ʢʨʘʩʥʦʡ ʠ ʟʝʣʸʥʦʡ ʩʦʩʪʘʚʣʷʶʱʝʡ ʚʳʭʦʜʥʦʛʦ ʠʟʦʙʨʘʞʝʥʠʷ; 
5) ʠʟ ʪʨʸʭ ʧʦʣʫʯʝʥʥʳʭ ʢʦʤʧʦʥʝʥʪ ʩʦʙʠʨʘʝʪʩʷ ʮʚʝʪʥʦʝ ʠʟʦʙʨʘʞʝʥʠʝ. 
 
ʉʧʠʩʦʢ ʠʩʧʦʣʴʟʦʚʘʥʥʳʭ ʠʩʪʦʯʥʠʢʦʚ: 
1. Haykin S. Neural networks, a comprehensive foundation. ï N.Y.: Macmillan College Publishing Company, 1994 
2. ɻʦʥʩʘʣʝʩ ʈ., ɺʫʜʩ ʈ. ʎʠʬʨʦʚʘʷ ʦʙʨʘʙʦʪʢʘ ʠʟʦʙʨʘʞʝʥʠʡ, 3-ʝ ʠʟʜʘʥʠʝ, ʠʩʧʨʘʚʣʝʥʥʦʝ ʠ ʜʦʧʦʣʥʝʥʥʦʝ. ð ʄ.: 

ʊʝʭʥʦʩʬʝʨʘ, 2012. ð 1104 ʩ. 

 
 

ʂʃɸʉʉʀʌʀʂɸʎʀʗ ɻɸʃɸʂʊʀʂ ʉ ʇʆʄʆʑʔʖ  
ʂɸʇʉʋʃʔʅʓʍ ʅɽʁʈʆʅʅʓʍ ʉɽʊɽʁ 

ɹʝʨʝʩʥʝʚ ɼ.ɺ. 

ɹʝʣʦʨʫʩʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʥʬʦʨʤʘʪʠʢʠ ʠ ʨʘʜʠʦʵʣʝʢʪʨʦʥʠʢʠ 
ʛ. ʄʠʥʩʢ, ʈʝʩʧʫʙʣʠʢʘ ɹʝʣʘʨʫʩʴ 

ʉʘʤʘʣʴ ɼ.ʀ. ï ʢ.ʪ.ʥ.,ʜʦʮʝʥʪ 

ʈʘʩʩʤʦʪʨʝʥʘ ʧʨʦʙʣʝʤʘʪʠʢʘ ʚʦʧʨʦʩʘ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʛʘʣʘʢʪʠʢ. ɼʘʥʦ ʦʧʠʩʘʥʠʝ ʜʘʥʥʳʭ, ʘ ʪʘʢʞʝ ʠʭ ʩʧʝʮʠʬʠʢʘ. ʇʨʝʜʩʪʘʚʣʝʥʘ 
ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʢʘʧʩʫʣʴʥʳʭ ʥʝʡʨʦʥʥʳʭ ʩʝʪʝʡ. ʈʘʩʩʤʦʪʨʝʥʳ ʦʩʦʙʝʥʥʦʩʪʠ ʘʨʭʠʪʝʢʪʫʨʳ ʢʘʧʩʫʣʴʥʳʭ ʥʝʡʨʦʥʥʳʭ ʩʝʪʝʡ. 
ʈʘʩʩʤʦʪʨʝʥʦ ʧʨʠʤʝʥʝʥʠʝ ʢʘʧʩʫʣʴʥʳʭ ʥʝʡʨʦʥʥʳʭ ʩʝʪʝʡ ʜʣʷ ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʛʘʣʘʢʪʠʢ. ʇʨʠʚʝʜʝʥʳ ʨʝʟʫʣʴʪʘʪʳ 
ʨʘʙʦʪʳ ʢʘʧʩʫʣʴʥʦʡ ʥʝʡʨʦʥʥʦʡ ʩʝʪʠ ʥʘ ʪʨʝʥʠʨʦʚʦʯʥʦʤ ʠ ʪʝʩʪʦʚʦʤ ʥʘʙʦʨʝ ʜʘʥʥʳʭ. ʉʜʝʣʘʥʳ ʚʳʚʦʜʳ ʢʘʩʘʪʝʣʴʥʦ ʧʨʠʤʝʥʠʤʦʩʪʠ 
ʢʘʧʩʫʣʴʥʳʭ ʥʝʡʨʦʥʥʳʭ ʩʝʪʝʡ ʜʣʷ ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ ʤʦʨʬʦʣʦʛʠʯʝʩʢʦʡ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʛʘʣʘʢʪʠʢ, ʘ ʪʘʢʞʝ ʦʪʤʝʯʝʥʳ ʧʝʨʩʧʝʢʪʠʚʳ 
ʜʘʣʴʥʝʡʰʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ.  

ʆʯʝʥʴ ʙʳʩʪʨʳʝ ʪʝʤʧʳ ʧʨʠʨʦʩʪʘ ʦʙʲʝʤʦʚ ʠʥʬʦʨʤʘʮʠʠ, ʫʣʫʯʰʝʥʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʩʦʙʨʘʥʥʳʭ 
ʜʘʥʥʳʭ ʧʦʟʚʦʣʷʶʪ ʦʩʚʘʠʚʘʪʴ ʥʦʚʳʝ ʥʘʧʨʘʚʣʝʥʠʷ ʠʩʩʣʝʜʦʚʘʥʠʡ ʚ ʘʩʪʨʦʥʦʤʠʠ ʠ ʘʩʪʨʦʬʠʟʠʢʝ. ʆʜʥʘʢʦ 
ʟʘʜʘʯʠ ʭʨʘʥʝʥʠʷ ʠ ʩʪʨʫʢʪʫʨʠʟʘʮʠʠ ʦʯʝʥʴ ʙʦʣʴʰʠʭ ʤʘʩʩʠʚʦʚ ʩʦʙʨʘʥʥʳʭ ʜʘʥʥʳʭ ʪʨʝʙʫʶʪ ʚʥʝʜʨʝʥʠʷ 
ʩʦʚʝʨʰʝʥʥʦ ʥʦʚʳʭ ʧʦʜʭʦʜʦʚ ʚ ʦʙʨʘʙʦʪʢʝ ʠ ʨʘʟʨʘʙʦʪʢʠ ʥʦʚʳʭ ʤʝʪʦʜʦʚ ʘʥʘʣʠʟʘ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, 
ʚʦʟʥʠʢʘʝʪ ʦʩʪʨʘʷ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʧʨʠʤʝʥʝʥʠʷ ʥʦʚʳʭ ʤʝʪʦʜʦʚ ʢ ʧʦʩʣʝʜʥʠʤ ʩʦʙʨʘʥʥʳʤ ʜʘʥʥʳʤ, ʠ 
ʘʩʪʨʦʥʦʤʠʯʝʩʢʠʝ ʩʥʠʤʢʠ ʛʘʣʘʢʪʠʢ ʥʝ ʷʚʣʷʶʪʩʷ ʠʩʢʣʶʯʝʥʠʝʤ. ʇʦʵʪʦʤʫ ʨʝʰʝʥʠʝ ʟʘʜʘʯʠ 
ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʛʘʣʘʢʪʠʢ ʢʨʘʡʥʝ ʘʢʪʫʘʣʴʥʦ ʩʝʛʦʜʥʷ ʚ ʘʩʪʨʦʥʦʤʠʠ ʠ ʘʩʪʨʦʬʠʟʠʢʝ. 

ɻʘʣʘʢʪʠʢʘ ð ʵʪʦ ʤʘʩʩʠʚʥʘʷ ʩʚʷʟʘʥʥʘʷ ʛʨʘʚʠʪʘʮʠʝʡ ʩʠʩʪʝʤʘ, ʢʦʪʦʨʘʷ ʩʦʩʪʦʠʪ ʠʟ ʟʚʝʟʜ, 
ʟʚʝʟʜʥʳʭ ʦʩʪʘʪʢʦʚ, ʤʝʞʟʚʝʟʜʥʦʛʦ ʚʝʱʝʩʪʚʘ ʠ ʙʦʣʴʰʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʥʝʢʦʪʦʨʦʡ ʩʫʙʩʪʘʥʮʠʠ, ʢʦʪʦʨʘʷ ʚ 



55-ʷ ʶʙʠʣʝʡʥʘʷ ʥʘʫʯʥʘʷ ʢʦʥʬʝʨʝʥʮʠʷ ʘʩʧʠʨʘʥʪʦʚ, ʤʘʛʠʩʪʨʘʥʪʦʚ ʠ ʩʪʫʜʝʥʪʦʚ ɹɻʋʀʈ, 2019 ʛ. 
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ʩʦʚʨʝʤʝʥʥʦʡ ʘʩʪʨʦʥʦʤʠʯʝʩʢʦʡ ʠ ʘʩʪʨʦʬʠʟʠʯʝʩʢʦʡ ʣʠʪʝʨʘʪʫʨʝ ʫʩʣʦʚʥʦ ʥʘʟʳʚʘʝʪʩʷ ʪʝʤʥʦʡ 
ʤʘʪʝʨʠʝʡ.[1] ʈʝʰʝʥʠʝ ʟʘʜʘʯʠ ʤʦʨʬʦʣʦʛʠʯʝʩʢʦʡ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʛʘʣʘʢʪʠʢ ð ʵʪʦ ʧʨʦʮʝʩʩ ʨʘʟʨʘʙʦʪʢʠ 

ʩʠʩʪʝʤʳ ʨʘʟʜʝʣʝʥʠʷ ʛʘʣʘʢʪʠʢ ʥʘ ʛʨʫʧʧʳ ʧʦ ʚʠʟʫʘʣʴʥʳʤ ʧʨʠʟʥʘʢʘʤ, ʠʩʧʦʣʴʟʫʝʤʘʷ ʚ ʘʩʪʨʦʥʦʤʠʠ ʠ 
ʘʩʪʨʦʬʠʟʠʢʝ. ɺ ʩʦʚʨʝʤʝʥʥʦʡ ʘʩʪʨʦʥʦʤʠʠ ʝʩʪʴ ʥʝʩʢʦʣʴʢʦ ʩʭʝʤ ʜʣʷ ʨʘʟʜʝʣʝʥʠʷ ʛʘʣʘʢʪʠʢ ʥʘ 
ʤʦʨʬʦʣʦʛʠʯʝʩʢʠʝ ʪʠʧʳ ʠ ʦʜʥʘ ʠʟ ʥʘʠʙʦʣʝʝ ʧʦʧʫʣʷʨʥʳʭ ʩʭʝʤ ʙʳʣʘ ʚʳʜʚʠʥʫʪʘ ʕʜʚʠʥʦʤ ʍʘʙʙʣʦʤ, ʠ 
ʚʧʦʩʣʝʜʩʪʚʠʠ ʜʦʨʘʙʦʪʘʥʘ ʜʨʫʛʠʤʠ ʠʩʩʣʝʜʦʚʘʪʝʣʷʤʠ. ʅʘ ʨʠʩ. 1 ʠʟʦʙʨʘʞʝʥʘ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ 
ʍʘʙʙʣʘ, ʢʦʪʦʨʘʷ ʦʪʦʙʨʘʞʘʝʪ ʩʭʝʤʫ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʥʘ ʪʨʠ ʦʩʥʦʚʥʳʭ ʪʠʧʘ ʛʘʣʘʢʪʠʢ: ʵʣʣʠʧʪʠʯʝʩʢʠʝ 
(ʧʨʠʤʝʨ ʵʣʣʠʧʪʠʯʝʩʢʦʡ ʛʘʣʘʢʪʠʢʠ ʠʟʦʙʨʘʞʝʥ ʥʘ ʨʠʩ. 2), ʩʧʠʨʘʣʴʥʳʝ (ʧʨʠʤʝʨ ʩʧʠʨʘʣʴʥʦʡ ʛʘʣʘʢʪʠʢʠ 
ʠʟʦʙʨʘʞʝʥ ʥʘ ʨʠʩ. 3) ʠ ʠʨʨʝʛʫʣʷʨʥʳʝ (ʧʨʠʤʝʨ ʠʨʨʝʛʫʣʷʨʥʦʡ ʛʘʣʘʢʪʠʢʠ ʠʟʦʙʨʘʞʝʥ ʥʘ ʨʠʩ. 4). 

 

 
ʈʠʩʫʥʦʢ 1 ï ʇʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʍʘʙʙʣʘ 

 
ʈʠʩʫʥʦʢ 2 ï 
ʕʣʣʠʧʪʠʯʝʩʢʘʷ 
ʛʘʣʘʢʪʠʢʘ 

 
ʈʠʩʫʥʦʢ 3 ï ʉʧʠ- 
ʨʘʣʴʥʘʷ ʛʘʣʘʢʪʠʢʘ 

 
ʈʠʩʫʥʦʢ 4 ï ʀʨʨʝʛʫʣʷʨʥʘʷ ʛʘʣʘʢʪʠʢʘ 

 

ɼʘʥʥʳʝ, ʢʦʪʦʨʳʝ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʜʣʷ ʘʥʘʣʠʟʘ ʚ ʨʘʤʢʘʭ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʙʳʣʠ ʚʟʷʪʳ ʠʟ ʧʨʦʝʢʪʘ 
GalaxyZoo. GalaxyZoo ð ʵʪʦ ʤʝʞʜʫʥʘʨʦʜʥʳʡ ʧʨʦʝʢʪ ʢʨʘʫʜʩʦʨʩʠʥʛʦʚʦʡ (ʛʨʘʞʜʘʥʩʢʦʡ) ʥʘʫʢʠ, ʦʜʥʦʡ ʠʟ 
ʟʘʜʘʯ ʢʦʪʦʨʦʛʦ ʷʚʣʷʝʪʩʷ ʢʣʘʩʩʠʬʠʢʘʮʠʷ ʠʟʦʙʨʘʞʝʥʠʡ ʛʘʣʘʢʪʠʢ, ʩʦʙʨʘʥʥʳʭ ʪʝʣʝʩʢʦʧʘʤʠ ʧʨʦʝʢʪʘ 
SDSS. Sloan Digital Sky Survey (ʘʥʛʣ. çʉʣʦʘʥʦʚʩʢʠʡ ʮʠʬʨʦʚʦʡ ʥʝʙʝʩʥʳʡ ʦʙʟʦʨè) ð ʧʨʦʝʢʪ 
ʢʨʫʧʥʦʤʘʩʰʪʘʙʥʦʛʦ ʤʥʦʛʦʩʧʝʢʪʨʘʣʴʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʠʟʦʙʨʘʞʝʥʠʡ ʠ ʩʧʝʢʪʨʦʚ ʢʨʘʩʥʦʛʦ ʩʤʝʱʝʥʠʷ 
ʟʚʸʟʜ ʠ ʛʘʣʘʢʪʠʢ ʧʨʠ ʧʦʤʦʱʠ ʪʝʣʝʩʢʦʧʘ, ʢʦʪʦʨʳʡ ʨʘʩʧʦʣʦʞʝʥ ʚ ʦʙʩʝʨʚʘʪʦʨʠʠ ɸʧʘʯʠ-ʇʦʡʥʪ ʚ ʰʪʘʪʝ 
ʅʴ-ʁʄʝʢʩʠʢʦ. ʉʪʦʠʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʙʦʣʴʰʦʡ ʦʙʲʝʤ ʜʘʥʥʳʭ ʚ ʧʨʦʝʢʪʝ GalaxyZoo ʢʣʘʩʩʠʬʠʮʠʨʦʚʘʣʩʷ 
ʚʨʫʯʥʫʶ ʚʦʣʦʥʪʝʨʘʤʠ ʚʩʝʛʦ ʤʠʨʘ, ʯʪʦ ʙʝʟʫʩʣʦʚʥʦ ʦʯʝʥʴ ʤʝʜʣʝʥʥʦ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʯʪʦʙʳ ʧʦʚʳʩʠʪʴ 
ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʨʘʙʦʪʳ ʩ ʜʘʥʥʳʤʠ, ʢʨʘʡʥʝ ʥʝʦʙʭʦʜʠʤʦ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʪʴ ʧʨʦʮʝʩʩ ʧʦʩʨʝʜʩʪʚʦʤ 
ʨʘʟʨʘʙʦʪʢʠ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʦʡ ʩʠʩʪʝʤʳ ʥʘ ʙʘʟʝ ʪʝʭʥʦʣʦʛʠʡ ʛʣʫʙʠʥʥʦʛʦ ʦʙʫʯʝʥʠʷ. ʇʦʵʪʦʤʫ, ʚ ʨʘʤʢʘʭ 
ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʤʦʜʝʣʴ ʢʘʧʩʫʣʴʥʦʡ ʥʝʡʨʦʥʥʦʡ ʩʝʪʠ ʜʣʷ ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ 
ʤʦʨʬʦʣʦʛʠʯʝʩʢʦʡ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʛʘʣʘʢʪʠʢ. ʊʘʢʞʝ, ʜʣʷ ʨʝʰʝʥʠʷ ʜʘʥʥʦʡ ʟʘʜʘʯʠ ʠʩʧʦʣʴʟʦʚʘʣʩʷ 
ʧʨʘʢʪʠʢʦ-ʦʨʠʝʥʪʠʨʦʚʘʥʥʳʡ ʤʝʪʦʜ, ʥʘ ʙʘʟʝ ʢʦʪʦʨʦʛʦ ʧʨʦʠʟʚʦʜʠʣʦʩʴ ʧʦʩʪʨʦʝʥʠʝ ʧʨʦʛʨʘʤʤʥʦʛʦ 
ʩʨʝʜʩʪʚʘ ʜʣʷ ʢʣʘʩʩʠʬʠʢʘʮʠʠ, ʧʦʜʨʦʙʥʦ ʦʧʠʩʘʥ ʚ [2]. ɼʘʥʥʳʡ ʧʦʜʭʦʜ ʠʩʧʦʣʴʟʫʝʪ çʜʝʨʝʚʦ ʧʨʠʥʷʪʠʷ 
ʨʝʰʝʥʠʷè ʠʟ ʧʨʦʝʢʪʘ GalaxyZoo. 

ʂʘʧʩʫʣʴʥʘʷ ʥʝʡʨʦʥʥʘʷ ʩʝʪʴ (capsule neural network, CapsNet) ð ʵʪʦ ʘʨʭʠʪʝʢʪʫʨʘ 
ʠʩʢʫʩʩʪʚʝʥʥʳʭ ʥʝʡʨʦʥʥʳʭ ʩʝʪʝʡ, ʢʦʪʦʨʘʷ ʨʘʟʨʘʙʦʪʘʥʘ ʜʣʷ ʨʝʰʝʥʠʷ ʟʘʜʘʯ ʨʘʩʧʦʟʥʘʚʘʥʠʷ 
ʠʟʦʙʨʘʞʝʥʠʡ. ʇʦʣʦʞʠʪʝʣʴʥʳʤʠ ʦʩʦʙʝʥʥʦʩʪʷʤʠ ʜʘʥʥʦʡ ʥʝʡʨʦʩʝʪʝʚʦʡ ʘʨʭʠʪʝʢʪʫʨʳ ʷʚʣʷʶʪʩʷ 
ʟʥʘʯʠʪʝʣʴʥʦ ʤʝʥʴʰʝʝ ʢʦʣʠʯʝʩʪʚʦ ʜʘʥʥʳʭ, ʢʦʪʦʨʦʝ ʪʨʝʙʫʝʪʩʷ ʜʣʷ ʧʨʦʮʝʩʩʘ ʦʙʫʯʝʥʠʷ, ʘ ʪʘʢʞʝ 
ʪʦʯʥʦʩʪʴ ʨʘʩʧʦʟʥʘʚʘʥʠʷ, ʢʦʪʦʨʘʷ ʚʳʰʝ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩʦ ʩʚʝʨʪʦʯʥʳʤʠ ʥʝʡʨʦʥʥʳʤʠ ʩʝʪʷʤʠ. 
ɺʘʞʥʝʡʰʠʤ ʥʦʚʰʝʩʪʚʦʤ ʢʘʧʩʫʣʴʥʳʭ ʥʝʡʨʦʩʝʪʝʡ ʷʚʣʷʶʪʩʷ ʢʘʧʩʫʣʳ ð ʵʪʦ ʩʪʨʫʢʪʫʨʥʳʝ ʝʜʠʥʠʮʳ 
ʢʘʧʩʫʣʴʥʦʡ ʥʝʡʨʦʥʥʦʡ ʩʝʪʠ, ʷʚʣʷʶʱʠʝʩʷ ʧʨʦʤʝʞʫʪʦʯʥʳʤʠ ʤʝʞʜʫ ʩʣʦʷʤʠ ʠ ʥʝʡʨʦʥʘʤʠ. ʂʘʧʩʫʣʳ ð 
ʵʪʦ ʛʨʫʧʧʳ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʭ ʥʝʡʨʦʥʦʚ, ʢʦʪʦʨʳʝ ʦʪʩʣʝʞʠʚʘʶʪ ʥʝ ʪʦʣʴʢʦ ʦʪʜʝʣʴʥʳʝ ʜʝʪʘʣʠ ʠ 
ʬʨʘʛʤʝʥʪʳ ʠʟʦʙʨʘʞʝʥʠʷ, ʥʦ ʠ ʨʘʩʧʦʣʦʞʝʥʠʝ ʵʪʠʭ ʬʨʘʛʤʝʥʪʦʚ ʜʨʫʛ ʦʪʥʦʩʠʪʝʣʴʥʦ ʜʨʫʛʘ. ɼʘʥʥʘʷ 
ʘʨʭʠʪʝʢʪʫʨʘ ʙʳʣʘ ʧʨʠʜʫʤʘʥʘ ɼʞʝʬʬʨʠ ʍʠʥʪʦʥʦʤ ʚ 1979 ʛʦʜʫ, ʩʬʦʨʤʫʣʠʨʦʚʘʥʘ ʚ 2011 ʛʦʜʫ ʠ 
ʦʧʫʙʣʠʢʦʚʘʥʘ ʚ 2017 ʛʦʜʫ. ɸʨʭʠʪʝʢʪʫʨʘ ʢʘʧʩʫʣʴʥʦʡ ʥʝʡʨʦʥʥʦʡ ʩʝʪʠ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩ. 5 [3]. 

ʅʘ ʚʭʦʜ ʥʝʡʨʦʥʥʦʡ ʩʝʪʠ CapsNet ʧʦʜʘʝʪʩʷ ʠʟʦʙʨʘʞʝʥʠʝ, ʢʦʪʦʨʦʝ, ʩʪʦʠʪ ʦʪʤʝʪʠʪʴ, ʠʤʝʝʪ 
ʪʨʝʭʤʝʨʥʦʝ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʚʚʠʜʫ ʥʘʣʠʯʠʷ ʮʚʝʪʦʚʦʛʦ ʢʘʥʘʣʘ. ʇʝʨʚʘʷ ʯʘʩʪʴ ʥʝʡʨʦʩʝʪʠ CapsNet ð
ʩʚʝʨʪʦʯʥʳʡ ʩʣʦʡ. ʎʝʣʴʶ ʜʘʥʥʦʛʦ ʩʣʦʷ ʷʚʣʷʝʪʩʷ ʠʟʚʣʝʯʝʥʠʝ ʠʟ ʚʭʦʜʥʦʛʦ ʠʟʦʙʨʘʞʝʥʠʷ ʙʘʟʦʚʳʭ 
ʧʨʠʟʥʘʢʦʚ. ReLU ð ʵʪʦ ʘʢʪʠʚʘʮʠʦʥʥʘʷ ʬʫʥʢʮʠʷ, ʘʨʛʫʤʝʥʪʦʤ ʢʦʪʦʨʦʡ ʷʚʣʷʝʪʩʷ ʟʥʘʯʝʥʠʝ. ɽʩʣʠ ʵʪʦ 
ʟʥʘʯʝʥʠʝ ʦʪʨʠʮʘʪʝʣʴʥʦ, ReLU ʟʘʥʫʣʷʝʪʩʷ, ʝʩʣʠ ʧʦʣʦʞʠʪʝʣʴʥʦʝ ð ʧʨʠʥʠʤʘʝʪ ʟʥʘʯʝʥʠʝ ʘʨʛʫʤʝʥʪʘ. 
ʎʝʣʴʶ ʜʘʥʥʦʛʦ ʘʢʪʠʚʘʮʠʦʥʥʦʛʦ ʩʣʦʷ ʷʚʣʷʝʪʩʷ ʜʦʙʘʚʣʝʥʠʝ ʥʝʣʠʥʝʡʥʦʩʪʠ, ʢʦʪʦʨʘʷ ʧʦʟʚʦʣʷʝʪ 
ʦʧʠʩʳʚʘʪʴ ʚʩʝ ʚʠʜʳ ʬʫʥʢʮʠʡ. ɼʘʣʝʝ ʩʣʝʜʫʝʪ ʩʣʦʡ PrimaryCaps, ʢʦʪʦʨʳʡ ʩʦʩʪʦʠʪ ʠʟ ʤʥʦʞʝʩʪʚʘ 
ʢʘʧʩʫʣ. ʂʘʧʩʫʣʘ ð ʵʪʦ ʛʨʫʧʧʘ ʥʝʡʨʦʥʦʚ ʚ ʥʝʢʦʪʦʨʦʤ ʩʣʦʝ ʢʘʧʩʫʣʴʥʦʡ ʀʅʉ, ʢʦʪʦʨʳʝ ʷʚʣʷʶʪʩʷ 
ʚʳʭʦʜʥʳʤ ʧʨʝʜʩʪʘʚʣʝʥʠʝʤ ʩʚʦʡʩʪʚ ʥʝʢʦʪʦʨʦʡ ʩʫʱʥʦʩʪʠ ʥʘ ʠʟʦʙʨʘʞʝʥʠʠ. ɿʘʪʝʤ ʩʣʝʜʫʝʪ ʧʨʦʮʝʩʩ 
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ʩʞʘʪʠʷ, ʢʦʪʦʨʳʡ ʧʨʝʦʙʨʘʟʫʝʪ ʟʥʘʯʝʥʠʷ ʚʳʭʦʜʥʦʛʦ ʚʝʢʪʦʨʘ ʢʘʧʩʫʣ ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʯʪʦ ʤʝʥʷʝʪʩʷ 
ʪʦʣʴʢʦ ʝʛʦ ʜʣʠʥʘ, ʘ ʫʛʣʳ ʦʩʪʘʶʪʩʷ ʧʦʩʪʦʷʥʥʳʤʠ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʦʣʫʯʘʝʪʩʷ ʚʝʢʪʦʨ ʚ ʜʠʘʧʘʟʦʥʝ 
ʟʥʘʯʝʥʠʡ ʦʪ 0 ʜʦ 1, ʯʪʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʚʝʨʦʷʪʥʦʩʪʠ. ʉʣʝʜʫʶʱʠʡ ʰʘʛ ð ʵʪʦ ʧʨʠʤʝʥʝʥʠʝ ʘʣʛʦʨʠʪʤʘ 
ʜʠʥʘʤʠʯʝʩʢʦʡ ʤʘʨʰʨʫʪʠʟʘʮʠʠ. ɺ CNN ʠʩʧʦʣʴʟʫʝʪʩʷ ʦʧʝʨʘʮʠʷ max pooling ʢʘʢ ʩʧʦʩʦʙ ʫʤʝʥʴʰʠʪʴ 
ʨʘʟʤʝʨ. ʆʜʥʘʢʦ ʚ ʢʘʧʩʫʣʴʥʳʭ ʩʝʪʷʭ ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʨʫʛʦʡ ʤʝʪʦʜ ð ʥʘʧʨʘʚʣʝʥʠʝ ʧʦ ʩʦʛʣʘʰʝʥʠʶ 
(routing by agreement). 

 

 
ʈʠʩʫʥʦʢ 5 ï ɸʨʭʠʪʝʢʪʫʨʘ ʢʘʧʩʫʣʴʥʦʡ ʥʝʡʨʦʥʥʦʡ ʩʝʪʠ 

ʂʘʧʩʫʣʴʥʳʝ ʥʝʡʨʦʥʥʳʝ ʩʝʪʠ ð ʢʨʘʡʥʝ ʧʝʨʩʧʝʢʪʠʚʥʘʷ ʘʨʭʠʪʝʢʪʫʨʘ ʥʝʡʨʦʥʥʳʭ ʩʝʪʝʡ ʜʣʷ 
ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ ʢʣʘʩʩʠʬʠʢʘʮʠʠ, ʢʦʪʦʨʘʷ ʫʣʫʯʰʘʝʪ ʨʘʩʧʦʟʥʘʚʘʥʠʝ ʠʟʦʙʨʘʞʝʥʠʡ ʧʨʠ ʠʟʤʝʥʷʶʱʠʭʩʷ 
ʨʘʢʫʨʩʘʭ ʠ ʠʝʨʘʨʭʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʦʡ. ʇʨʦʮʝʩʩ ʦʙʫʯʝʥʠʷ ʢʘʧʩʫʣʴʥʳʭ ʥʝʡʨʦʥʥʳʭ ʩʝʪʝʡ 
ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʩ ʧʦʤʦʱʴʶ ʜʠʥʘʤʠʯʝʩʢʦʡ ʤʘʨʰʨʫʪʠʟʘʮʠʠ ʤʝʞʜʫ ʢʘʧʩʫʣʘʤʠ. ʂʘʧʩʫʣʴʥʳʝ ʩʝʪʠ 
ʩʥʠʞʘʶʪ ʦʰʠʙʢʫ ʨʘʩʧʦʟʥʘʚʘʥʠʷ ʦʙʲʝʢʪʘ ʚ ʜʨʫʛʦʤ ʨʘʢʫʨʩʝ ʚ ʩʨʘʚʥʝʥʠʠ ʩʦ ʩʚʝʨʪʦʯʥʳʤʠ ʥʝʨʦʩʝʪʷʤʠ 
[4,5]. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʜʘʥʥʘʷ ʘʨʭʠʪʝʢʪʫʨʘ ʤʦʜʠʬʠʮʠʨʫʝʪʩʷ ʠ ʜʦʨʘʙʘʪʳʚʘʝʪʩʷ ʩ ʮʝʣʴʶ ʧʦʣʫʯʝʥʠʷ 
ʨʝʟʫʣʴʪʘʪʦʚ ʥʘ ʩʨʘʚʥʠʪʝʣʴʥʦ ʤʝʥʴʰʝʤ ʦʙʲʝʤʝ ʜʘʥʥʳʭ, ʯʝʤ ʵʪʦʛʦ ʪʨʝʙʫʶʪ CNN [6, 7].  
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ɿʅɸɽʊɽ ʃʀ ɺʓ, ʏʊʆ ʇʈʆʀʉʍʆɼʀʊ,  
ʂʆɻɼɸ ɻʆɺʆʈʀʊɽ ʄʀʈʋ ñʇʈʀɺɽʊ!ò? 

ɹʦʨʫʰʢʦ ɸ.ʅ. 

ɹʝʣʦʨʫʩʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʥʬʦʨʤʘʪʠʢʠ ʠ ʨʘʜʠʦʵʣʝʢʪʨʦʥʠʢʠ 
ʛ. ʄʠʥʩʢ, ʈʝʩʧʫʙʣʠʢʘ ɹʝʣʘʨʫʩʴ 

ʂʠʢʣʝʚʠʯ ʋ.ʉ. ï ʘʩʩʠʩʪʝʥʪ ʢʘʬʝʜʨʳ ʕɺʄ 

ɺ ʜʘʥʥʦʡ ʩʪʘʪʴʝ ʥʘ ʧʨʠʤʝʨʝ ʧʨʦʩʪʝʡʰʝʡ ʧʨʦʛʨʘʤʤʳ ʧʦʢʘʟʳʚʘʝʪʩʷ, ʯʪʦ ʚ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʠ ʟʘ ʧʨʦʩʪʳʤʠ ʚʝʱʘʤʠ ʩʪʦʷʪ ʙʦʣʝʝ 
ʩʣʦʞʥʝʡʰʠʝ ʘʙʩʪʨʘʢʮʠʠ. 

ʇʨʠ ʥʳʥʝʰʥʠʭ ʩʢʦʨʦʩʪʷʭ ʨʘʟʚʠʪʠʷ ʷʟʳʢʦʚ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ, ʧʦʷʚʣʝʥʠʷ ʥʦʚʳʭ ʪʝʭʥʠʢ, 
ʬʨʝʡʤʚʦʨʢʦʚ ʠ ʪʝʭʥʦʣʦʛʠʡ ʤʳ ʥʘʯʠʥʘʝʤ ʟʘʙʳʚʘʪʴ ʪʦ, ʩ ʯʝʛʦ ʚʩʝ ʥʘʯʠʥʘʣʠ.   

ʂʘʞʜʳʡ, ʢʪʦ ʭʦʪʴ ʢʦʛʜʘ-ʥʠʙʫʜʴ ʧʨʦʙʦʚʘʣ ʥʘʧʠʩʘʪʴ ʩʚʦʶ ʧʝʨʚʫʶ ʩʪʨʦʯʢʫ ʢʦʜʘ, ʧʠʩʘʣ ʠʤʝʥʥʦ 
ñHello, World!ò. 

ɺʩʝ ʟʥʘʶʪ, ʯʪʦ ʵʪʦ ʪʘʢʦʝ ʠ ʯʪʦ ʤʳ ʧʦʣʫʯʠʤ ʚ ʢʦʥʩʦʣʠ, ʥʦ ʜʘʣʝʢʦ ʥʝ ʢʘʞʜʳʡ ʟʥʘʝʪ ʪʦ, ʢʘʢ 
ʨʘʙʦʪʘʝʪ ʧʨʦʛʨʘʤʤʘ ñʇʨʠʚʝʪ, ʤʠʨ!ò 



55-ʷ ʶʙʠʣʝʡʥʘʷ ʥʘʫʯʥʘʷ ʢʦʥʬʝʨʝʥʮʠʷ ʘʩʧʠʨʘʥʪʦʚ, ʤʘʛʠʩʪʨʘʥʪʦʚ ʠ ʩʪʫʜʝʥʪʦʚ ɹɻʋʀʈ, 2019 ʛ. 
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ʂʦʛʜʘ ʣʶʜʠ ʧʠʰʫʪ ʪʘʢʠʝ ʥʝʟʘʤʳʩʣʦʚʘʪʳʝ ʧʨʦʛʨʘʤʤʳ, ʦʥʠ ʜʘʞʝ ʥʝ ʧʦʜʦʟʨʝʚʘʶʪ, ʯʪʦ ʩʪʦʠʪ ʟʘ 
ʥʝʩʢʦʣʴʢʠʤʠ ʩʪʨʦʢʘʤʠ ʢʦʜʘ. 

ʅʘ ʧʨʠʤʝʨʝ ʷʟʳʢʘ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ ʉʠ ʠ ʦʧʝʨʘʮʠʦʥʥʦʡ ʩʠʩʪʝʤʳ Windows ʷ ʙʦʣʝʝ ʧʦʜʨʦʙʥʦ 
ʨʘʩʩʤʦʪʨʶ ʧʨʠʥʮʠʧ ʨʘʙʦʪʳ ʧʨʦʩʪʝʡʰʝʡ ʧʨʦʛʨʘʤʤʳ. 

ʇʝʨʚʦʝ, ʯʪʦ ʧʨʦʠʩʭʦʜʠʪ ʚ ʧʨʦʮʝʩʩʝ ʢʦʤʧʠʣʷʮʠʠ ï ʥʘʜ ʧʨʦʛʨʘʤʤʦʡ ʥʘʯʠʥʘʝʪ ʨʘʙʦʪʘʪʴ 
ʧʨʝʧʨʦʮʝʩʩʦʨ. ʆʥ ʙʫʢʚʘʣʴʥʦ ʢʦʧʠʨʫʝʪ ʚ ʥʘʰ main.c ʬʘʡʣ ʚʩʝ, ʯʪʦ ʟʘʜʘʥʦ ʩ ʧʦʤʦʱʴʶ #include. ʊʘʢʠʤ 
ʞʝ ʦʙʨʘʟʦʤ ʤʳ ʧʦʜʢʣʶʯʘʝʤ ʢ ʥʘʰʝʡ ʧʨʦʛʨʘʤʤʝ ʙʠʙʣʠʦʪʝʢʫ stdio.h. ʇʨʝʧʨʦʮʝʩʩʦʨ ʞʝ ʢʦʧʠʨʫʝʪ ʚ 
ʥʘʫh ʧʨʦʛʨʘʤʤʫ ʚʩʝ ʩʪʘʥʜʘʨʪʥʳʝ ʬʫʥʢʮʠʠ, ʢʦʪʦʨʳʝ ʦʙʲʷʚʣʝʥʳ ʚ ʟʘʛʦʣʦʚʦʯʥʦʤ ʬʘʡʣʝ standard 
input/output.  

ʇʦʩʣʝ ʯʝʛʦ ʢʦʤʧʠʣʷʪʦʨ ʥʘʯʥʝʪ ʧʝʨʝʚʦʜʠʪʴ ʥʘʰ ʢʦʜ ʚ ʤʘʰʠʥʥʳʡ. 
ʂʦʤʧʦʥʦʚʱʠʢʫ (linker) ʧʝʨʝʜʘʝʪʩʷ ʧʘʨʘʤʝʪʨ /subsystem, ʢʦʪʦʨʳʡ ʟʘʜʘʝʪ ʪʠʧ ʧʨʠʣʦʞʝʥʠʷ, 

ʥʘʧʨʠʤʝʨ /SUBSYSTEM:WINDOWS ʜʣʷ ʦʢʦʥʥʳʭ ʧʨʦʛʨʘʤʤ, ʠʣʠ /SUBSYSTEM:CONSOLE ʜʣʷ 
ʢʦʥʩʦʣʴʥʳʭ ʧʨʦʛʨʘʤʤ. ʕʪʦ ʥʫʞʥʦ ʦʧʝʨʘʮʠʦʥʥʦʡ ʩʠʩʪʝʤʝ. ʇʦ ʪʠʧʫ ʧʨʠʣʦʞʝʥʠʷ, ʢʦʪʦʨʳʡ 
ʧʨʦʧʠʩʳʚʘʝʪʩʷ ʚ ʟʘʛʦʣʦʚʢʝ .exe ʬʘʡʣʘ, ʦʧʝʨʘʮʠʦʥʥʘʷ ʩʠʩʪʝʤʘ ʧʦʥʠʤʘʝʪ, ʢʘʢʦʝ ʧʨʠʣʦʞʝʥʠʝ ʝʡ ʥʫʞʥʦ 
ʟʘʧʫʩʢʘʪʴ - ʦʢʦʥʥʦʝ ʠʣʠ ʢʦʥʩʦʣʴʥʦʝ. 

ʅʘ ʩʪʨʦʯʢʝ int main ʤʳ ʦʙʦʟʥʘʯʘʝʤ ʚʭʦʜʥʫʶ ʪʦʯʢʫ(entry point)  ʜʣʷ ʥʘʰʝʡ ʧʨʦʛʨʘʤʤʳ.  
ʅʘ ʩʘʤʦʤ ʜʝʣʝ ʪʦʯʢʦʡ ʚʭʦʜʘ ʷʚʣʷʝʪʩʷ ʥʝʢʦʪʦʨʘʷ ʬʫʥʢʮʠʷ, ʢʦʪʦʨʘʷ ʙʫʜʝʪ ʚʳʟʚʘʥʘ 

ʦʧʝʨʘʮʠʦʥʥʦʡ ʩʠʩʪʝʤʦʡ ʧʨʠ ʩʪʘʨʪʝ ʧʨʠʣʦʞʝʥʠʷ. ɺ ʉ/ʉ++ ʵʪʦ ʬʫʥʢʮʠʷ ʨʘʥʪʘʡʤʘ (CRT), ʢʦʪʦʨʘʷ 
ʧʨʦʚʦʜʠʪ ʠʥʠʮʠʘʣʠʟʘʮʠʶ CRT, ʚʳʟʳʚʘʝʪ ʢʦʥʩʪʨʫʢʪʦʨʳ ʛʣʦʙʘʣʴʥʳʭ ʦʙʲʝʢʪʦʚ. ɼʣʷ ʢʘʞʜʦʡ ʧʣʘʪʬʦʨʤʳ 
ʵʪʘ ʬʫʥʢʮʠʷ ʠʤʝʝʪ ʩʚʦʝ ʥʘʟʚʘʥʠʝ. ɼʣʷ Windows ʵʪʦ mainCRTStartup. ɽʩʣʠ ʞʝ ʵʪʦʡ ʩʪʘʨʪʦʚʦʡ ʪʦʯʢʠ 
ʥʝ ʙʫʜʝʪ ʫ ʚʘʩ ʧʨʦʛʨʘʤʤʝ, ʪʦ ʢʦʤʧʠʣʷʪʦʨ ʚʳʜʘʩʪ ʦʰʠʙʢʫ: 

 ñEntry point must be definedò. 
ʉʪʘʨʪʦʚʳʝ ʪʦʯʢʠ ʤʦʛʫʪ ʙʳʪʴ ʘʙʩʦʣʶʪʥʦ ʨʘʟʥʳʤʠ. ʇʦ ʫʤʦʣʯʘʥʠʶ ʩʪʘʨʪʦʚʦʡ ʪʦʯʢʦʡ ʷʚʣʷʝʪʩʷ 

ʬʫʥʢʮʠʷ int main, ʢʦʪʦʨʘʷ ʚʦʟʚʨʘʱʘʝʪ ʯʠʩʣʦ ʨʦʜʠʪʝʣʴʩʢʦʤʫ ʧʨʦʮʝʩʩʫ. ɺ ʥʘʰʝʤ ʩʣʫʯʘʝ ʨʦʜʠʪʝʣʴʩʢʠʤ 
ʧʨʦʮʝʩʩʦʤ ʷʚʣʷʝʪʩʷ ʪʝʨʤʠʥʘʣ. ʊʝʨʤʠʥʘʣʦʤ ʦʧʨʝʜʝʣʝʥʦ, ʯʪʦ ʜʦʯʝʨʥʠʝ ʧʨʦʮʝʩʩʳ ʜʦʣʞʥʳ ʚʦʟʚʨʘʱʘʪʴ 
8-ʤʠ ʙʠʪʥʳʝ ʮʝʣʳʝ ʯʠʩʣʘ, ʢʦʪʦʨʳʝ ʩʣʫʞʘʪ ʠʥʜʠʢʘʪʦʨʦʤ ʫʩʧʝʰʥʦʛʦ ʟʘʚʝʨʰʝʥʠʷ ʧʨʦʛʨʘʤʤʳ ʠʣʠ 
ʟʘʚʝʨʰʝʥʠʷ ʩ ʦʰʠʙʢʦʡ. 

 ɺʥʫʪʨʠ ʵʪʦʡ ʬʫʥʢʮʠʠ ʤʳ ʦʧʨʝʜʝʣʷʝʤ ʧʦʚʝʜʝʥʠʝ ʧʨʦʛʨʘʤʤʳ. ɺ ʥʘʰʝʤ ʩʣʫʯʘʝ ʤʳ ʚʳʟʳʚʘʝʤ 
ʬʫʥʢʮʠʶ printf ʠʟ ʩʪʘʥʜʘʨʪʥʦʡ ʙʠʙʣʠʦʪʝʢʠ, ʢʦʪʦʨʘʷ ʤʦʞʝʪ ʚʳʚʦʜʠʪʴ ʜʘʥʥʳʝ ʨʘʟʥʳʭ ʪʠʧʦʚ ʚ 
ʪʝʨʤʠʥʘʣ. ɺ ʢʦʥʮʝ ʤʳ ʚʦʟʚʨʘʱʘʝʤ ʯʠʩʣʦ ʥʦʣʴ ʨʦʜʠʪʝʣʴʩʢʦʤʫ ʧʨʦʮʝʩʩʫ, ʯʪʦʙʳ ʦʙʦʟʥʘʯʠʪʴ ʫʩʧʝʰʥʦʝ 
ʟʘʚʝʨʰʝʥʠʝ ʧʨʦʛʨʘʤʤʳ. 

 ʉʪʘʥʜʘʨʪʥʳʡ ʢʦʤʧʠʣʷʪʦʨ Windows ʧʦʟʚʦʣʷʝʪ ʩʢʦʤʧʠʣʠʨʦʚʘʪʴ ʉʠ ʢʦʜ, ʥʦ ʥʝ ʧʨʦʚʦʜʠʪʴ 
ʢʦʤʧʦʥʦʚʢʫ, ʯʪʦ ʜʘʝʪ ʥʘʤ ʚʦʟʤʦʞʥʦʩʪʴ ʧʨʦʩʤʦʪʨʝʪʴ .obj ʬʘʡʣ ʥʘʰʝʡ ʧʨʦʛʨʘʤʤʳ. ɺ ʥʝʤ ʭʨʘʥʠʪʩʷ 
ʤʘʰʠʥʥʳʡ ʢʦʜ ʧʨʦʛʨʘʤʤʳ. ɺ ʟʘʛʦʣʦʚʢʝ ʦʙʲʝʢʪʥʦʛʦ ʬʘʡʣʘ ʠʤʝʶʪʩʷ ʪʨʠ ʦʩʥʦʚʥʳʭ ʩʝʛʤʝʥʪʘ: .data, 
.drectve, .text$mn. 

ɺ ʩʝʢʮʠʠ .data ʭʨʘʥʷʪʩʷ ʠʥʠʮʠʘʣʠʟʠʨʦʚʘʥʥʳʝ ʛʣʦʙʘʣʴʥʳʝ ʠ ʩʪʘʪʠʯʝʩʢʠʝ ʧʦʣʷ. 
ɺ .drectve ʭʨʘʥʷʪʩʷ ʢʦʤʘʥʜʳ ʜʣʷ ʢʦʤʧʦʥʦʚʱʠʢʘ. ɼʘʥʥʘʷ ʩʝʢʮʠʷ ʫʜʘʣʷʝʪʩʷ ʧʦʩʣʝ ʢʦʤʧʦʥʦʚʢʠ 

ʦʙʲʝʢʪʥʦʛʦ ʬʘʡʣʘ.  
.text$mn ʠʣʠ text segment ʩʦʜʝʨʞʠʪ ʚ ʩʝʙʝ ʩʢʦʤʧʠʣʠʨʦʚʘʥʥʳʝ ʧʦʜ ʧʣʘʪʬʦʨʤʫ X ʤʘʰʠʥʥʳʝ 

ʠʥʩʪʨʫʢʮʠʠ. ɺʦ ʚʨʝʤʷ ʚʳʧʦʣʥʝʥʠʷ .exe ʬʘʡʣʘ ʟʘʛʨʫʟʯʠʢ ʧʨʦʛʨʘʤʤ ʥʘʧʦʣʥʠʪ ʦʧʨʝʜʝʣʝʥʥʳʡ ʩʝʢʪʦʨ 
ʧʨʦʮʝʩʩʘ ʥʘʰʝʡ ʧʨʦʛʨʘʤʤʳ ʵʪʠʤʠ ʠʥʩʪʨʫʢʮʠʷʤʠ.  

ʇʦʩʣʝ ʢʦʤʧʠʣʷʮʠʠ ʛʝʥʝʨʠʨʫʝʪʩʷ ʩʠʤʚʦʣʴʥʘʷ ʪʘʙʣʠʮʘ ʠ ʪʘʙʣʠʮʘ ʧʝʨʝʥʘʧʨʘʚʣʝʥʠʡ.  
ʉʠʤʚʦʣʴʥʘʷ ʪʘʙʣʠʮʘ (ʈʠʩʫʥʦʢ 1) ʩʦʜʝʨʞʠʪ ʚʩʶ ʠʥʬʦʨʤʘʮʠʶ ʧʦ ʠʩʧʦʣʴʟʦʚʘʥʥʳʤ ʩʠʤʚʦʣʘʤ, ʥʘ 

ʢʦʪʦʨʳʝ ʩʩʳʣʘʝʪʩʷ ʧʦʜʘʚʘʝʤʳʡ ʥʘ ʚʭʦʜ ʢʦʤʧʠʣʷʪʦʨʘ ʠʩʭʦʜʥʳʡ ʪʝʢʩʪ.  
ɺ ʧʝʨʚʦʡ ʢʦʣʦʥʢʝ ʪʘʙʣʠʮʳ ʩʦʜʝʨʞʠʪʩʷ ʠʥʜʝʢʩ ʩʠʤʚʦʣʘ ʠʣʠ ʝʛʦ ʥʦʤʝʨ. ɺʦ ʚʪʦʨʦʡ ʚʠʜʝʥ ʘʜʨʝʩ 

ʩʠʤʚʦʣʘ ʧʝʨʝʜ ʧʝʨʝʤʝʱʝʥʠʝʤ.  
ɽʩʣʠ ʚ ʪʨʝʪʴʝʡ ʢʦʣʦʥʢʝ ʩʦʜʝʨʞʠʪʩʷ SECT ʠ ʥʦʤʝʨ ï ʵʪʦ ʦʟʥʘʯʘʝʪ, ʯʪʦ ʩʠʤʚʦʣ ʦʧʨʝʜʝʣʝʥ ʚ 

ʜʘʥʥʦʡ ʩʝʢʮʠʠ ʦʙʲʝʢʪʥʦʛʦ ʬʘʡʣʘ, ʝʩʣʠ UNDEF, ʪʦ ʩʠʤʚʦʣ ʥʘʭʦʜʠʪʩʷ ʚ ʛʣʫʙʠʥʝ CRT. ʊʘʢʞʝ ʚ 
ʩʠʤʚʦʣʴʥʦʡ ʪʘʙʣʠʮʝ ʤʦʞʥʦ ʫʚʠʜʝʪʴ ʷʚʣʷʝʪʩʷ ʣʠ ʩʠʤʚʦʣ External ʠʣʠ Static. ɽʩʣʠ ʦʥ Static, ʪʦ 
ʩʠʤʚʦʣ ʚʠʜʝʥ ʪʦʣʴʢʦ ʚ ʠʩʭʦʜʥʦʤ ʪʝʢʩʪʝ ʥʘʰʝʡ ʧʨʦʛʨʘʤʤʳ (translation unit), ʝʩʣʠ External, ʪʦ ʦʥ 
ʚʠʜʝʥ ʚʩʝʤ ʦʩʪʘʣʴʥʳʤ ʬʘʡʣʘʤ. 

 ɺ ʪʘʙʣʠʮʝ ʧʝʨʝʥʘʧʨʘʚʣʝʥʠʡ, ʚ ʢʦʣʦʥʢʝ ʧʦʜ ʥʘʟʚʘʥʠʝʤ Offset, ʫʢʘʟʳʚʘʝʪʩʷ ʘʜʨʝʩ, ʢʫʜʘ ʤʳ 
ʧʝʨʝʥʘʧʨʘʚʣʷʝʤ ʩʠʤʚʦʣ. ɸ ʚ ʢʦʣʦʥʢʝ Applied To ʫʢʘʟʘʥ ʘʜʨʝʩ ʩʠʤʚʦʣʘ ʚ ʪʦʡ ʠʣʠ ʠʥʦʡ ʩʝʢʮʠʠ 
ʦʙʲʝʢʪʥʦʛʦ ʬʘʡʣʘ. 

 ʉ ʧʦʤʦʱʴʶ ʩʠʩʪʝʤʥʦʡ ʫʪʠʣʠʪʳ dumpbin ʤʳ ʤʦʞʝʤ ʧʨʦʩʤʦʪʨʝʪʴ assembly ʢʦʜ. ʊʘʢ ʢʘʢ 
assembly ʠʤʝʝʪ ʦʜʠʥʘʢʦʚʳʝ ʤʘʧʧʠʥʛʠ ʩ ʤʘʰʠʥʥʳʤ ʢʦʜʦʤ, ʪʦ ʚ ʥʝʤ ʝʩʪʴ: ʘʜʨʝʩ ʧʘʤʷʪʠ, ʤʘʰʠʥʥʳʡ ʢʦʜ 
ʠ ʵʢʚʠʚʘʣʝʥʪʥʳʝ ʝʤʫ ʢʦʤʘʥʜʳ assembly. ɺ ʥʝʤ ʩʦʜʝʨʞʠʪʩʷ ʬʫʥʢʮʠʷ _main, ʢʦʪʦʨʘʷ ʜʝʣʘʝʪ ʚʳʟʦʚ 
_printf. ʉʘʤ _printf ʜʝʣʘʝʪ ʝʱʝ ʜʚʘ ʚʳʟʦʚʘ, ʦʜʠʥ ʧʨʷʤʠʢʦʤ ʚ CRT ʯʪʦʙʳ ʜʦʙʘʚʠʪʴ ʚʦʟʤʦʞʥʦʩʪʴ 
ʩʪʘʥʜʘʨʪʥʦʛʦ ʚʚʦʜʘ/ʚʳʚʦʜʘ, ʠ _vfprintf_l, ʢʦʪʦʨʘʷ ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʨʘʙʦʪʳ ʩʘʤʦʡ ʬʫʥʢʮʠʠ printf. ɺ 
ʚʝʨʩʠʠ ʢʦʤʧʠʣʷʪʦʨʘ ʥʘʯʠʥʘʷ ʩ 2015 ʛʦʜʘ, ʯʘʩʪʠ ʬʫʥʢʮʠʠ printf ʫʞʝ ʩʦʜʝʨʞʘʪʩʷ ʚ ʟʘʛʦʣʦʚʦʯʥʦʤ 
ʬʘʡʣʝ. 
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 ɼʣʷ ʪʦʛʦ, ʯʪʦʙʳ ʧʦʣʫʯʠʪʴ .exe ʬʘʡʣ, ʥʫʞʥʦ ʧʨʦʚʝʩʪʠ ʢʦʤʧʦʥʦʚʢʫ ʦʙʲʝʢʪʥʦʛʦ ʬʘʡʣʘ. ɺ 
ʟʘʛʦʣʦʚʢʝ .exe ʬʘʡʣʘ ʤʦʞʥʦ ʫʚʠʜʝʪʴ ʜʦʧʦʣʥʠʪʝʣʴʥʫʶ ʩʝʢʮʠʶ .rdata. ʀʤʝʥʥʦ ʚ ʵʪʦʡ ʩʝʢʮʠʠ ʥʘʭʦʜʠʪʩʷ 
ʩʪʨʦʯʢʘ ʩʦ ʟʥʘʯʝʥʠʝʤ ñHello, World!ò 

 ʊʘʢʠʤ ʦʙʨʘʟʦʤ ʷ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʣ, ʯʪʦ ʚ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʠ ʥʠʯʝʛʦ ʥʝ ʨʘʙʦʪʘʝʪ ʧʨʦʩʪʦ ʪʘʢ. 
ɼʘʞʝ ʟʘ ʩʘʤʦʡ ʤʠʥʠʤʘʣʴʥʦʡ ʧʨʦʛʨʘʤʤʦʡ ʣʝʞʠʪ ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ñʧʨʦʩʣʦʝʢò, ʢʦʪʦʨʳʝ ʨʘʙʦʪʘʶʪ 
ʥʝ ʠʜʝʘʣʴʥʦ ʠ ʪʨʝʙʫʶʪ ʧʦʩʪʦʷʥʥʳʭ ʜʦʨʘʙʦʪʦʢ ʠ ʦʧʪʠʤʠʟʘʮʠʠ.  

 

 
ʈʠʩʫʥʦʢ 1 ï ʉʠʤʚʦʣʴʥʘʷ ʪʘʙʣʠʮʘ 

 
 

ɺʓʗɺʃɽʅʀɽ DNS ʊʋʅʅɽʃʀʈʆɺɸʅʀʗ 
ɺ ʂʆʄʇʔʖʊɽʈʅʆʁ ʉɽʊʀ ʄɽʊʆɼʆʄ POMDP 

ɹʫʙʥʦʚ ʗ.ɺ. 

ɹʝʣʦʨʫʩʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʥʬʦʨʤʘʪʠʢʠ ʠ ʨʘʜʠʦʵʣʝʢʪʨʦʥʠʢʠ 
ʛ. ʄʠʥʩʢ, ʈʝʩʧʫʙʣʠʢʘ ɹʝʣʘʨʫʩʴ 

ʀʚʘʥʦʚ ʅ.ʅ ï ʢ.ʬʠʟ-ʤ.ʥ.,ʜʦʮʝʥʪ 

ɺ ʩʪʘʪʴʝ ʧʨʝʜʣʘʛʘʝʪʩʷ ʩʧʦʩʦʙ ʚʳʷʚʣʝʥʠʷ ʮʝʣʝʚʦʡ ʢʠʙʝʨʘʪʘʢʠ, ʚ ʯʘʩʪʥʦʩʪʠ DNS ʪʫʥʥʝʣʠʨʦʚʘʥʠʷ ʚ ʢʦʤʧʴʶʪʝʨʥʦʡ ʩʝʪʠ. 
ʇʨʝʜʣʦʞʝʥʥʳʡ ʤʝʪʦʜ ʙʘʟʠʨʫʝʪʩʷ ʥʘ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʧʘʨʘʤʝʪʨʠʟʠʨʦʚʘʥʥʦʛʦ ʯʘʩʪʠʯʥʦ-ʥʘʙʣʶʜʘʝʤʦʛʦ ʤʘʨʢʦʚʩʢʦʛʦ ʧʨʦʮʝʩʩʘ 
ʧʨʠʥʷʪʠʷ ʨʝʰʝʥʠʡ. 

DNS ʪʫʥʥʝʣʠʨʦʚʘʥʠʝ ð ʵʪʦ ʪʝʭʥʠʢʘ ʠʥʢʘʧʩʫʣʷʮʠʠ ʧʨʦʠʟʚʦʣʴʥʳʭ ʜʘʥʥʳʭ ʯʝʨʝʟ ʧʨʦʪʦʢʦʣ 
ʩʠʩʪʝʤʳ ʜʦʤʝʥʥʳʭ ʠʤʝʥ. ɺ ʪʝʯʝʥʠʝ ʧʦʩʣʝʜʥʠʭ ʣʝʪ ʘʪʘʢʠ, ʩʚʷʟʘʥʥʳʝ ʩ ʢʨʘʞʝʡ ʠʥʬʦʨʤʘʮʠʠ ʠʟ 
ʧʣʘʪʝʞʥʳʭ ʩʠʩʪʝʤ, ʪʘʢ ʠʣʠ ʠʥʘʯʝ ʵʢʩʧʣʫʘʪʠʨʦʚʘʣʠ ʜʘʥʥʫʶ ʫʷʟʚʠʤʦʩʪʴ ʧʨʦʪʦʢʦʣʘ. ʗʨʢʠʤ ʧʨʠʤʝʨʦʤ 
ʤʦʞʝʪ ʩʣʫʞʠʪʴ ʧʨʦʛʨʘʤʤʘ FrameworkPOS [1], ʩ ʧʦʤʦʱʴʶ ʢʦʪʦʨʦʡ ʚ 2014-2015 ʛʦʜʘʭ ʦʩʫʱʝʩʪʚʣʷʣʘʩʴ 
ʤʘʩʰʪʘʙʥʘʷ ʢʨʘʞʘ ʠʥʬʦʨʤʘʮʠʠ ʦ ʢʨʝʜʠʪʥʳʭ ʢʘʨʪʘʭ ʩ ʧʣʘʪʝʞʥʳʭ ʩʠʩʪʝʤ. ʆʩʥʦʚʥʘʷ ʪʨʫʜʥʦʩʪʴ, 
ʩʚʷʟʘʥʥʘʷ ʩ ʚʳʷʚʣʝʥʠʝʤ DNS ʪʫʥʥʝʣʠʨʦʚʘʥʠʷ, ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʩʣʦʞʥʦʩʪʠ ʜʠʬʬʝʨʝʥʮʠʘʮʠʠ 
ʪʫʥʥʝʣʠʨʫʝʤʦʛʦ ʪʨʘʬʠʢʘ ʦʪ ʦʙʳʯʥʦʛʦ. 

ɺ ʚʠʜʫ ʪʦʛʦ, ʯʪʦ ʦʪʢʣʶʯʝʥʠʝ ʩʠʩʪʝʤʳ DNS ʚ ʢʦʤʧʴʶʪʝʨʥʳʭ ʩʝʪʷʭ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ 
ʧʨʠʥʮʠʧʠʘʣʴʥʦ ʥʝʚʦʟʤʦʞʥʳʤ, ʪʨʝʙʫʶʪʩʷ ʙʦʣʝʝ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʝ ʩʧʦʩʦʙʳ ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ ï 
ʦʙʥʘʨʫʞʝʥʠʷ DNS ʪʫʥʥʝʣʠʨʦʚʘʥʠʷ. 

ɿʘ ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʨʦʙʣʝʤʳ ʦʙʥʘʨʫʞʝʥʠʷ DNS ʪʫʥʥʝʣʠʨʦʚʘʥʠʷ ʚ 
ʢʦʤʧʴʶʪʝʨʥʳʭ ʩʝʪʷʭ ʧʨʝʜʣʦʞʝʥʦ ʥʝʢʦʪʦʨʦʝ ʢʦʣʠʯʝʩʪʚʦ ʧʦʜʭʦʜʦʚ ʚ ʧʦʩʪʨʦʝʥʠʠ ʜʝʪʝʢʪʦʨʦʚ. 
ʅʘʧʨʠʤʝʨ, ʚ ʩʪʘʪʴʝ [2] ʅʘʜʣʝʨ, ɸʤʠʥʦʚ ʠ ʐʘʙʪʘʡ ʨʝʰʘʶʪ ʧʨʦʙʣʝʤʫ ʦʙʥʘʨʫʞʝʥʠʷ ʪʫʥʥʝʣʠʨʦʚʘʥʠʷ 
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ʤʝʪʦʜʦʤ ʙʠʥʘʨʥʦʡ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʩʝʪʝʚʦʛʦ ʪʨʘʬʠʢʘ, ʜʦʙʠʚʰʠʩʴ ʚ ʩʚʦʠʭ ʵʢʩʧʝʨʠʤʝʥʪʘʭ 99-
ʧʨʦʮʝʥʪʥʦʡ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ ʜʝʪʝʢʪʦʨʘ. ɺ ʩʪʘʪʴʝ [3] ʘʚʪʦʨ ʧʨʝʜʣʘʛʘʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴ ʤʥʦʛʦʩʣʦʡʥʫʶ 
feedforward ʥʝʡʨʦʥʥʫʶ ʩʝʪʴ ʜʣʷ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʪʨʘʬʠʢʘ ʧʦ ʨʘʟʣʠʯʥʳʤ ʤʝʪʦʜʠʢʘʤ ʪʫʥʥʝʣʠʨʦʚʘʥʠʷ, 
ʯʪʦ ʧʨʝʜʦʩʪʘʚʣʷʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʜʠʬʬʝʨʝʥʮʠʘʮʠʠ ʧʦʣʠʪʠʢ ʙʣʦʢʠʨʦʚʢʠ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʧʦʜʚʠʜʘ 
ʘʪʘʢʠ. ɸʚʪʦʨ ʜʝʤʦʥʩʪʨʠʨʫʝʪ 85-ʧʨʦʮʝʥʪʥʫʶ ʪʦʯʥʦʩʪʴ ʜʝʪʝʢʪʦʨʘ ʥʘ ʪʝʩʪʦʚʦʤ ʥʘʙʦʨʝ ʜʘʥʥʳʭ. 

ʅʘ ʧʨʘʢʪʠʢʝ, ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʚʳʰʝʫʧʦʤʷʥʫʪʳʭ ʩʧʦʩʦʙʦʚ ʦʙʥʘʨʫʞʝʥʠʷ DNS ʪʫʥʥʝʣʠʨʦʚʘʥʠʷ ʚ 
ʟʥʘʯʠʪʝʣʴʥʦʡ ʩʪʝʧʝʥʠ ʟʘʚʠʩʷʪ ʦʪ ʠʩʭʦʜʥʦʛʦ, ʦʙʫʯʘʶʱʝʛʦ ʥʘʙʦʨʘ ʜʘʥʥʳʭ. ʇʨʦʮʝʩʩ ʦʙʫʯʝʥʠʷ ʤʦʜʝʣʠ, 
ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʩʪʘʥʦʚʠʪʩʷ ʟʘʚʠʩʠʤʳʤ ʦʪ ʪʠʧʦʚ ʪʫʥʥʝʣʠʨʦʚʘʥʠʷ, ʤʘʩʰʪʘʙʦʚ ʠ ʢʦʥʬʠʛʫʨʘʮʠʠ ʩʝʪʠ. 

ʉ ʮʝʣʴʶ ʨʝʰʝʥʠʷ ʧʦʩʪʘʚʣʝʥʥʦʡ ʧʨʦʙʣʝʤʳ: ʜʝʪʝʢʪʠʨʦʚʘʥʠʷ DNS ʪʫʥʥʝʣʠʨʦʚʘʥʠʷ ʧʨʠ 
ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʥʝʠʜʝʘʣʴʥʳʭ ʜʝʪʝʢʪʦʨʦʚ, ʚ ʨʘʙʦʪʝ [4] ʄʘʢʂʘʨʪʠ ʧʨʝʜʣʘʛʘʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴ 
ʤʦʜʠʬʠʢʘʮʠʶ POMDP, ʘ ʠʤʝʥʥʦ - ʚʠʨʪʫʘʣʴʥʦ-ʨʘʩʧʨʝʜʝʣʝʥʥʳʡ POMDP. ɺ ʩʚʦʝʡ ʨʘʙʦʪʝ ʄʘʢʂʘʨʪʠ 
ʩʪʨʦʠʪ ʤʝʭʘʥʠʟʤ ʧʨʠʥʷʪʠʷ ʨʝʰʝʥʠʷ ʦ ʙʣʦʢʠʨʦʚʢʝ ʜʦʤʝʥʥʦʛʦ ʠʤʝʥʠ ʠʩʭʦʜʷ ʠʟ ʦʙʲʝʤʘ ʠ ʮʝʥʥʦʩʪʠ 
ʪʨʘʬʠʢʘ, ʥʘʧʨʘʚʣʷʝʤʦʛʦ ʚ ʜʘʥʥʳʡ ʜʦʤʝʥ. 

ʆʯʝʚʠʜʥʳʝ ʪʨʫʜʥʦʩʪʠ, ʢʦʪʦʨʳʝ ʚʦʟʥʠʢʘʶʪ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʧʦʜʭʦʜʘ ʄʘʢʂʘʨʪʠ, ʩʚʷʟʘʥʳ ʩ 
ʥʝʦʙʭʦʜʠʤʦʩʪʴʶ ʘʥʘʣʠʟʘ ʩʦʚʦʢʫʧʥʦʛʦ ʪʨʘʬʠʢʘ ʩʝʪʠ, ʯʪʦ ʧʨʠ ʚʦʟʨʘʩʪʘʥʠʠ ʤʘʩʰʪʘʙʦʚ ʩʝʪʠ, 
ʩʪʘʥʦʚʠʪʩʷ ʪʨʫʜʥʦʚʳʧʦʣʥʠʤʳʤ. ɺʤʝʩʪʦ ʘʥʘʣʠʟʘ ʩʦʚʦʢʫʧʥʦʛʦ ʪʨʘʬʠʢʘ ʜʦʣʞʝʥ ʧʨʦʠʟʚʦʜʠʪʴʩʷ 
ʣʦʢʘʣʴʥʳʡ ʘʥʘʣʠʟ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ DNS ʟʘʧʨʦʩʘ. 

ɼʣʷ ʵʬʬʝʢʪʠʚʥʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ POMDP ʧʨʠ ʦʙʥʘʨʫʞʝʥʠʠ DNS ʪʫʥʥʝʣʠʨʦʚʘʥʠʷ, ʬʫʥʢʮʠʷ 
ʚʦʟʥʘʛʨʘʞʜʝʥʠʷ ʜʦʣʞʥʘ ʙʳʪʴ ʩʬʦʨʤʫʣʠʨʦʚʘʥʘ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ. ʇʫʩʪʴ L ⱦ [0, 1] ð ʵʪʦ ʪʨʝʙʫʝʤʳʡ 
ʫʨʦʚʝʥʴ ʦʙʝʩʧʝʯʝʥʠʷ ʙʝʟʦʧʘʩʥʦʩʪʠ ʩʝʪʠ. ʊʦʛʜʘ, ʧʨʠ L = 0 ʜʦʩʪʠʛʘʝʪʩʷ ʥʘʠʤʝʥʴʰʘʷ ʩʪʝʧʝʥʴ 
ʟʘʱʠʱʝʥʥʦʩʪʠ ʩʝʪʠ, ʠ ʚ ʪʦ ʞʝ ʚʨʝʤʷ ʥʘʠʙʦʣʴʰʠʡ ʫʨʦʚʝʥʴ ʜʦʩʪʫʧʥʦʩʪʠ ʩʠʩʪʝʤʳ, ʪʘʢ ʢʘʢ ʚʝʨʦʷʪʥʦʩʪʴ 
ʟʘʙʣʦʢʠʨʦʚʘʪʴ ʚʘʞʥʳʡ ʜʣʷ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʩʠʩʪʝʤʳ ʜʦʤʝʥ ʩʚʦʜʠʪʩʷ ʢ ʥʫʣʶ. ʇʨʠ L = 1 ʜʦʩʪʠʛʘʝʪʩʷ 
ʥʘʠʙʦʣʴʰʘʷ ʩʪʝʧʝʥʴ ʟʘʱʠʱʝʥʥʦʩʪʠ, ʦʜʥʘʢʦ ʚʝʨʦʷʪʥʦʩʪʴ ʣʦʞʥʦ ʧʦʟʠʪʠʚʥʳʭ ʙʣʦʢʠʨʦʚʦʢ ʜʦʤʝʥʦʚ 
ʚʦʟʨʘʩʪʘʝʪ, ʯʪʦ ʩʢʘʟʳʚʘʝʪʩʷ ʥʘ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʠ ʩʝʪʠ. 

ʀʩʭʦʜʷ ʠʟ ʵʪʦʛʦ, L-ʧʘʨʘʤʝʪʨʠʟʠʨʦʚʘʥʥʫʶ POMDP ʤʦʜʝʣʴ ʜʣʷ ʦʙʥʘʨʫʞʝʥʠʷ DNS 
ʪʫʥʥʝʣʠʨʦʚʘʥʠʷ ʤʦʞʥʦ ʟʘʜʘʪʴ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: 

 
S = {Blocking, Passing} 
A = {Analyze, Block, Pass} 
O = {OK, Bad} 
 
ɻʜʝ S ð ʩʦʚʦʢʫʧʥʦʩʪʴ ʩʦʩʪʦʷʥʠʡ ʩʠʩʪʝʤʳ: DNS ʟʘʧʨʦʩ ʙʣʦʢʠʨʫʝʪʩʷ ʠʣʠ ʧʨʦʧʫʩʢʘʝʪʩʷ ʩʠʩʪʝʤʦʡ. 

A ð ʩʦʚʦʢʫʧʥʦʩʪʴ ʚʦʟʤʦʞʥʳʭ ʜʝʡʩʪʚʠʡ ʩʠʩʪʝʤʳ: ʦʧʨʦʩʠʪʴ ʜʝʪʝʢʪʦʨ, ʟʘʙʣʦʢʠʨʦʚʘʪʴ ʟʘʧʨʦʩ ʠʣʠ 
ʧʨʦʧʫʩʪʠʪʴ ʟʘʧʨʦʩ. O ð ʩʦʚʦʢʫʧʥʦʩʪʴ ʚʦʟʤʦʞʥʳʭ ʥʘʙʣʶʜʝʥʠʡ: ʜʝʪʝʢʪʦʨ ʦʧʨʝʜʝʣʠʣ ʟʘʧʨʦʩ ʢʘʢ 
ʙʝʟʦʧʘʩʥʳʡ, ʜʝʪʝʢʪʦʨ ʦʪʥʝʩ ʟʘʧʨʦʩ ʢ ʢʣʘʩʩʫ DNS ʪʫʥʥʝʣʝʡ. 

ʇʫʪʴ Q ð ʪʦʯʥʦʩʪʴ ʜʝʪʝʢʪʦʨʘ, ʘ L ð ʫʨʦʚʝʥʴ ʙʝʟʦʧʘʩʥʦʩʪʠ, ʘ K ð ʢʦʵʬʬʠʮʠʝʥʪ ʩʣʦʞʥʦʩʪʠ 
ʜʦʩʪʫʧʘ ʢ ʜʝʪʝʢʪʦʨʫ, ʪʦʛʜʘ ʬʫʥʢʮʠʷ ʚʦʟʥʘʛʨʘʞʜʝʥʠʷ R(O, A) ʦʧʠʩʳʚʘʝʪʩʷ ʚ ʪʘʙʣʠʮʝ 1. 
 

ʊʘʙʣʠʮʘ 1 - ʌʫʥʢʮʠʷ ʚʦʟʥʘʛʨʘʞʜʝʥʠʷ 

 O A R(O, A) 

Bad Block L 

OK Block -(1-L) 

Bad Pass 1-L 

OK Pass L 

Bad Analyze L*K 

OK Analyze L*K 

 
ɼʣʷ ʧʨʦʚʝʜʝʥʠʷ ʵʢʩʧʝʨʠʤʝʥʪʘ ʠʩʧʦʣʴʟʦʚʘʣʘʩʴ ʪʝʩʪʦʚʘʷ ʫʩʪʘʥʦʚʢʘ, ʩʦʩʪʦʷʱʘʷ ʠʟ ʢʣʠʝʥʪʩʢʦʡ ʠ 

ʩʝʨʚʝʨʥʦʡ ʩʪʘʥʮʠʡ, ʤʝʞʜʫ ʢʦʪʦʨʳʤʠ ʫʩʪʘʥʦʚʣʝʥʦ SSH ʩʦʝʜʠʥʝʥʠʝ ʯʝʨʝʟ DNS ʪʫʥʥʝʣʴ ʩ ʧʦʤʦʱʴʶ 
ʧʘʢʝʪʘ iodine [5]. ʅʘ ʢʣʠʝʥʪʩʢʦʡ ʩʪʘʥʮʠʠ ʫʩʪʘʥʦʚʣʝʥ ʜʝʪʝʢʪʦʨ, ʧʨʝʜʣʦʞʝʥʥʳʡ ʚ [3], ʘ ʪʘʢʞʝ L-
ʧʘʨʘʤʝʪʨʠʟʠʨʦʚʘʥʥʘʷ POMDP ʩʠʩʪʝʤʘ, ʧʨʠʥʠʤʘʶʱʘʷ ʨʝʰʝʥʠʝ ʦ ʙʣʦʢʠʨʦʚʢʝ ʠʩʭʦʜʷʱʠʭ DNS 
ʟʘʧʨʦʩʦʚ. 

ʅʘ ʦʧʠʩʘʥʥʦʡ ʫʩʪʘʥʦʚʢʝ ʧʦʩʪʘʚʣʝʥʳ ʵʢʩʧʝʨʠʤʝʥʪʳ ʩʦ ʟʥʘʯʝʥʠʝʤ ʧʘʨʘʤʝʪʨʘ L ⱦ [0,5; 1,0]. ɺ 
ʜʘʥʥʦʤ ʵʢʩʧʝʨʠʤʝʥʪʝ ʦʩʥʦʚʥʦʡ ʟʘʜʘʯʝʡ ʷʚʣʷʝʪʩʷ ʧʦʠʩʢ ʦʧʪʠʤʘʣʴʥʦʡ ʧʦʣʠʪʠʢʠ ʜʣʷ ʧʨʠʥʷʪʠʷ 
ʨʝʰʝʥʠʷ ʦ ʙʣʦʢʠʨʦʚʢʝ ʟʘʧʨʦʩʘ. ʇʦʠʩʢ ʦʧʪʠʤʘʣʴʥʦʡ ʧʦʣʠʪʠʢʠ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʩ ʧʦʤʦʱʴʶ ʘʣʛʦʨʠʪʤʘ 
çʠʥʢʨʝʤʝʥʪʘʣʴʥʦʡ ʯʠʩʪʢʠè, ʦʧʠʩʘʥʥʦʡ ʚ [6]. 

ʇʫʩʪʴ ʜʝʪʝʢʪʦʨ ʩ ʚʝʨʦʷʪʥʦʩʪʴʶ Q = 0,85 ʢʦʨʨʝʢʪʥʦ ʦʪʥʦʩʠʪ ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʡ DNS ʟʘʧʨʦʩ ʢ 
ʥʫʞʥʦʤʫ ʢʣʘʩʩʫ. ʊʦʛʜʘ ʪʦʯʥʦʩʪʴ ʨʘʩʧʦʟʥʘʚʘʥʠʷ DNS ʪʫʥʥʝʣʝʡ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ L ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ 
ʨʠʩʫʥʢʝ 1a, ʛʜʝ ʰʪʨʠʭʦʚʦʡ ʣʠʥʠʝʡ ʦʪʤʝʯʝʥʘ ʪʦʯʥʦʩʪʴ ʨʘʩʧʦʟʥʘʚʘʥʠʷ ʠʩʭʦʜʥʦʛʦ ʜʝʪʝʢʪʦʨʘ. ʂʘʯʝʩʪʚʦ 
ʢʣʘʩʩʠʬʠʢʘʮʠʠ DNS ʪʫʥʥʝʣʠʨʦʚʘʥʠʷ ʦʮʝʥʠʚʘʝʪʩʷ ʧʦ ʧʦʩʪʨʦʝʥʥʳʤ ROC-ʢʨʠʚʳʤ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʤʠ 
ʥʘ ʨʠʩʫʥʢʝ 1ʙ. 
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     ʘ                                                                                   ʙ 

ʈʠʩʫʥʦʢ 1ʘ ï ʟʘʚʠʩʠʤʦʩʪʴ ʪʦʯʥʦʩʪʠ ʤʦʜʝʣʠ ʦʪ ʧʘʨʘʤʝʪʨʘ L, 
1ʙ ï ROC-ʢʨʠʚʳʝ ʜʣʷ ʨʘʟʣʠʯʥʳʭ ʟʥʘʯʝʥʠʡ ʧʘʨʘʤʝʪʨʘ L 

 

ʀʟ ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʚʠʜʥʦ, ʯʪʦ ʨʦʩʪ ʧʘʨʘʤʝʪʨʘ L ʧʦʣʦʞʠʪʝʣʴʥʦ ʚʣʠʷʝʪ ʥʘ ʪʦʯʥʦʩʪʴ 
ʨʘʩʧʦʟʥʘʚʘʥʠʷ DNS ʪʫʥʥʝʣʠʨʦʚʘʥʠʷ. ɺ ʪʦ ʞʝ ʚʨʝʤʷ, ʧʨʠ L < 0,6 ʢʘʯʝʩʪʚʦ ʨʘʩʧʦʟʥʘʚʘʥʠʷ ʨʝʟʢʦ 
ʩʥʠʞʘʝʪʩʷ, ʠ ʧʨʠ L = 0,5 ʥʦʩʠʪ ʭʘʨʘʢʪʝʨ ʩʣʫʯʘʡʥʦʛʦ ʛʘʜʘʥʠʷ. ʉʪʦʠʪ ʦʪʤʝʪʴ, ʯʪʦ ʚ ʵʪʦʤ ʩʣʫʯʘʝ, 
ʩʠʩʪʝʤʘ ʧʨʦʠʟʚʦʜʠʪ ʤʝʥʴʰʝʝ ʢʦʣʠʯʝʩʪʚʦ ʣʦʞʥʦ ʧʦʣʦʞʠʪʝʣʴʥʳʭ ʦʰʠʙʦʢ, ʥʦ ʙʦʣʴʰʝʝ ʢʦʣʠʯʝʩʪʚʦ 
ʣʦʞʥʦ ʦʪʨʠʮʘʪʝʣʴʥʳʭ ʦʰʠʙʦʢ. ʕʪʦ ʦʙʲʷʩʥʷʝʪʩʷ ʪʝʤ, ʯʪʦ ʩʠʩʪʝʤʘ ʧʨʦʧʫʩʢʘʝʪ ʙʦʣʴʰʝ 
ʧʦʜʦʟʨʠʪʝʣʴʥʦʛʦ ʪʨʘʬʠʢʘ ʩ ʮʝʣʴʶ ʦʙʝʩʧʝʯʝʥʠʷ ʜʦʩʪʫʧʥʦʩʪʠ ʩʝʪʠ ʚ ʮʝʣʦʤ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚ ʧʦʩʪʘʚʣʝʥʥʦʤ ʵʢʩʧʝʨʠʤʝʥʪʝ, ʩ ʧʦʤʦʱʴʶ L-ʧʘʨʘʤʝʪʨʠʟʠʨʦʚʘʥʥʦʛʦ POMDP 
ʫʜʘʣʦʩʴ ʜʦʙʠʪʴʩʷ ʫʚʝʣʠʯʝʥʠʷ ʪʦʯʥʦʩʪʠ ʨʘʩʧʦʟʥʘʚʘʥʠʷ DNS ʪʫʥʥʝʣʠʨʦʚʘʥʠʷ ʥʘ 10% ʚ ʩʨʘʚʥʝʥʠʠ ʩ 
ʜʝʪʝʢʪʦʨʦʤ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʤ ʚ ʩʪʘʪʴʝ [3]. 

 
ʉʧʠʩʦʢ ʠʩʧʦʣʴʟʦʚʘʥʥʳʭ ʠʩʪʦʯʥʠʢʦʚ: 
1. Valenzuela, I. Game Changer: Identifying and Defending Against Data Exfiltration Attempts. ï Boston : Sans Institute, 2015. 
2. Nadler, A. Detection of Malicious and Low Throughput Data Exfiltration Over the DNS protocol / A. Nadler, A. Aminov, A. 

Shabtai ï Negev : Ben Gurion University of the Negev, 2017. 
3.  Bubnov, Y. DNS Tunneling Detection Using Feedforward Neural Network / Y. Bubnov // European Journal of Engineering 

Research & Science. ï 2018. ï Vol. 3, ˉ 11. ï P. 16-19. 
4. McCarthy, S.Data Exfiltration Detection and Prevention: Virtually Distributed POMDPs for Practically Safer Networks / S. 

McCarthy, A. Sinha, M. Tambe, P. Manadhata ï Los Angeles : University of Southern California, 2016. 

5. Iodine ώ͔̏ͭͪͦͤͤ͟͡·͚ ͔ͪͫͯͪͫϐΦ ς ˾ ͔͙͗ͣ ͒ͦͫͭͯͨ͊Υ http://code.kryo.se/iodine. ς ˨ ͊ͭ͊ ͒ͦͫͭͯͨ͊Υ лоΦннΦнлмфΦ 

6. Cassandra, A. Incremental Pruning: A Simple, Fast, Exact Method for Partially Observable Markov Decision Process / A. 
Cassandra, M. Littman, N. Zhang // Proceedings of the Thirteen Conference on Uncertainty in Artificial Intelligence. ï 1997. ï P. 54-61. 

 
 

ʉɺɽʈʊʆʏʅɸʗ ʅɽʁʈʆʅʅɸʗ ʉɽʊʔ ɼʃʗ ʈɸʉʇʆɿʅɸɺɸʅʀʗ 
ʈʋʂʆʇʀʉʅʓʍ ʉʀʄɺʆʃʆɺ 

ɻʘʜʞʠʝʚ ʉ. ʉ. 

ɹʝʣʦʨʫʩʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʥʬʦʨʤʘʪʠʢʠ ʠ ʨʘʜʠʦʵʣʝʢʪʨʦʥʠʢʠ,  
ʛ. ʄʠʥʩʢ, ʈʝʩʧʫʙʣʠʢʘ ɹʝʣʘʨʫʩʴ 

ɺʦʨʦʥʦʚ ɸ. ɸ. ï ʢ.ʪ.ʥ.,ʜʦʮʝʥʪ 

ʈʘʩʩʤʦʪʨʝʥʳ ʚʦʧʨʦʩʳ ʧʦʩʪʨʦʝʥʠʷ ʩʚʝʨʪʦʯʥʦʡ ʥʝʡʨʦʥʥʦʡ ʩʝʪʠ ʜʣʷ ʨʘʩʧʦʟʥʘʚʘʥʠʷ ʨʫʢʦʧʠʩʥʳʭ ʩʠʤʚʦʣʦʚ. ʆʧʨʝʜʝʣʝʥʘ ʦʩʥʦʚʥʘʷ 
ʤʦʜʝʣʴ, ʧʨʠʚʝʜʝʥʳ ʧʨʠʤʝʨʳ ʩʣʦʝʚ ʥʝʡʨʦʥʥʦʡ ʩʝʪʠ.  

ɺ ʵʪʦʡ ʩʪʘʪʴʝ ʦʧʠʰʝʤ ʩʪʨʫʢʪʫʨʫ ʩʚʝʨʪʦʯʥʦʡ ʥʝʡʨʦʥʥʦʡ ʩʝʪʠ ʜʣʷ ʨʘʩʧʦʟʥʘʚʘʥʠʷ ʨʫʢʦʧʠʩʥʳʭ 
ʩʠʤʚʦʣʦʚ. ʂʣʘʩʩʠʯʝʩʢʘʷ ʘʨʭʠʪʝʢʪʫʨʘ ʉʅʉ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩʫʥʢʝ 1: 

 

 
ʈʠʩ. 1- ɸʨʭʠʪʝʢʪʫʨʘ ʉʅʉ 

 
ʈʘʩʩʤʦʪʨʠʤ, ʢʘʢʠʝ ʜʝʡʩʪʚʠʷ ʩʝʪʴ ʙʫʜʝʪ ʚʳʧʦʣʥʷʪʴ ʥʘ ʚʳʩʦʢʦʤ ʫʨʦʚʥʝ. ɺʩʝ ʬʠʣʴʪʨʳ ʤʦʞʝʤ 

ʨʘʩʩʤʦʪʨʝʪʴ, ʢʘʢ ʠʜʝʥʪʠʬʠʢʘʪʦʨʳ ʩʚʦʡʩʪʚʘ. ʉʚʦʡʩʪʚʦʤ ʤʦʛʫʪ ʙʳʪʴ ʢʨʠʚʳʝ, ʧʨʷʤʳʝ ʛʨʘʥʠʮʳ, 
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ʟʥʘʯʝʥʠʝ ʮʚʝʪʘ. ʅʘʧʨʠʤʝʨ, ʧʝʨʚʳʡ ʬʠʣʴʪʨ ʙʫʜʝʪ ʠʤʝʪʴ ʨʘʟʤʝʨ 9 X 9, ʠ ʦʥ ʙʫʜʝʪ ʷʚʣʷʪʴʩʷ 
ʜʝʪʝʢʪʦʨʦʤ ʧʨʷʤʳʭ ʛʨʘʥʠʮ. ʌʠʣʴʪʨ ʠʤʝʝʪ ʧʠʢʩʝʣʴʥʫʶ ʩʪʨʫʢʪʫʨʫ, ʯʠʩʣʝʥʥʳʝ ʟʥʘʯʝʥʠʷ  ʢʦʪʦʨʦʡ ʚʳʰʝ 
ʚʜʦʣʴ ʦʙʣʘʩʪʠ, ʠʜʝʥʪʠʬʠʮʠʨʫʶʱʝʡ ʬʦʨʤʫ ʧʨʷʤʦʡ ʣʠʥʠʠ. ʂʦʛʜʘ ʚ ʣʝʚʦʤ ʚʝʨʭʥʝʤ ʫʛʣʫ ʥʘʯʘʣʴʥʦʛʦ 
ʠʟʦʙʨʘʞʝʥʠʷ ʥʘʯʠʥʘʝʪ ʧʨʦʭʦʜʠʪʴ ʬʠʣʴʪʨ, ʦʥ ʫʤʥʦʞʘʝʪ ʟʥʘʯʝʥʠʝ ʬʠʣʴʪʨʘ ʥʘ ʟʥʘʯʝʥʠʷ ʧʠʢʩʝʣʝʡ 
ʚʳʜʝʣʝʥʥʦʡ ʟʦʥʳ.  

 ɺʳʰʝ ʙʳʣʦ ʫʧʦʤʷʥʫʪʦ, ʯʪʦ ʫʤʝʶʪ ʜʝʣʘʪʴ ʬʠʣʴʪʨʳ ʧʝʨʚʦʛʦ ʩʚʸʨʪʦʯʥʦʛʦ ʩʣʦʷ. ʆʥʠ 
ʠʜʝʥʪʠʬʠʮʠʨʫʶʪ ʪʘʢʠʝ ʩʚʦʡʩʪʚʘ ʙʘʟʦʚʦʛʦ ʫʨʦʚʥʷ, ʢʘʢ ʛʨʘʥʠʮʳ ʠ ʢʨʠʚʳʝ. ʂʘʢ ʤʦʞʥʦ ʩʝʙʝ 
ʧʨʝʜʧʦʣʦʞʠʪʴ, ʯʪʦʙʳ ʧʨʝʜʩʪʘʚʠʪʴ ʢʘʢʦʡ ʪʠʧ ʦʙʲʝʢʪʘ ʧʨʠʩʫʪʩʪʚʫʝʪ ʥʘ ʢʘʨʪʠʥʢʝ, ʥʘʤ ʥʫʞʥʘ ʥʝʡʨʦʥʥʘʷ 
ʩʝʪʴ, ʢʦʪʦʨʘʷ ʤʦʞʝʪ ʨʘʩʧʦʟʥʘʪʴ ʩʚʦʡʩʪʚʘ ʙʦʣʝʝ ʚʳʩʦʢʦʛʦ ʫʨʦʚʥʷ, ʢʘʢ ʢ ʧʨʠʤʝʨʫ ʛʣʘʟʘ, ʣʠʮʦ ʠʣʠ ʫʰʠ. 
ʅʫʞʥʦ ʧʦʜʫʤʘʪʴ, ʢʘʢʘʷ ʢʘʨʪʠʥʢʘ ʙʫʜʝʪ ʧʨʠʭʦʜʠʪʴ ʥʘ ʧʝʨʚʳʡ ʩʣʦʡ. ʂ ʧʨʠʤʝʨʫ ʝʛʦ ʨʘʟʤʝʨ ʙʫʜʝʪ 32 X 
32. ʂʦʛʜʘ ʨʠʩʫʥʦʢ ʧʨʦʡʜʝʪ ʯʝʨʝʟ ʧʝʨʚʳʡ ʩʚʸʨʪʦʯʥʳʡ ʩʣʦʡ, ʚʳʭʦʜ ʵʪʦʛʦ ʩʣʦʷ ʩʪʘʥʝʪ ʚʭʦʜʥʳʤ 
ʧʘʨʘʤʝʪʨʦʤ ʚʪʦʨʦʛʦ ʩʣʦʷ. ʉʝʡʯʘʩ ʧʨʝʜʩʪʘʚʠʪʴ ʵʪʦ ʥʝʤʥʦʛʦ ʩʣʦʞʥʝʝ ʚ ʚʠʟʫʘʣʴʥʦʤ ʚʠʜʝ. ʂʦʛʜʘ 
ʦʧʠʩʳʚʘʣʠ ʧʝʨʚʳʡ ʩʣʦʡ, ʚʭʦʜʦʤ ʙʳʣʠ ʪʦʣʴʢʦ ʜʘʥʥʳʝ ʠʩʭʦʜʥʦʛʦ ʠʟʦʙʨʘʞʝʥʠʷ. ʅʦ ʢʦʛʜʘ ʤʳ ʧʝʨʝʰʣʠ 
ʢʦ ʚʪʦʨʦʤʫ ʩʣʦʶ, ʚʭʦʜʥʳʤ ʧʘʨʘʤʝʪʨʦʤ ʜʣʷ ʥʝʛʦ ʙʫʜʝʪ ʦʜʥʘ ʠʣʠ ʞʝ ʥʝʩʢʦʣʴʢʦ ʢʘʨʪ ʩʚʦʡʩʪʚ ð ʠʩʭʦʜ 
ʨʘʙʦʪʳ ʧʝʨʚʦʛʦ ʩʣʦʷ. ɺʩʝ ʥʘʙʦʨʳ ʚʭʦʜʥʳʭ ʜʘʥʥʳʭ ʦʧʨʝʜʝʣʷʶʪ ʤʝʩʪʘ, ʛʜʝ ʥʘ ʠʩʭʦʜʥʦʤ ʦʙʨʘʟʝ 
ʥʘʭʦʜʷʪʩʷ ʪʨʝʙʫʝʤʳʝ ʙʘʟʦʚʳʝ ʧʨʠʟʥʘʢʠ. 

ʉʝʡʯʘʩ, ʢʦʛʜʘ ʚʳ ʠʩʧʦʣʴʟʫʝʪʝ ʥʘʙʦʨ ʬʠʣʴʪʨʦʚ ʧʦʚʝʨʭ ʵʪʦʛʦ ʥʘ ʚʳʭʦʜʝ ʘʢʪʠʚʠʟʠʨʫʶʪʩʷ 
ʬʠʣʴʪʨʳ, ʢʦʪʦʨʳʝ ʠʤʝʶʪ ʙʦʣʝʝ ʚʳʩʦʢʠʡ ʫʨʦʚʝʥʴ. ʏʝʤ ʙʦʣʴʰʝ ʢʦʣʠʯʝʩʪʚʦ ʩʚʸʨʪʦʯʥʳʭ ʩʣʦʸʚ 
ʦʙʨʘʙʘʪʳʚʘʝʪ ʢʘʨʪʠʥʢʫ ʠ ʯʝʤ ʛʣʫʙʞʝ ʦʥʦ ʜʚʠʞʝʪʩʷ ʧʦ ʩʝʪʠ, ʪʝʤ ʙʦʣʝʝ ʩʣʦʞʥʳʝ ʩʚʦʡʩʪʚʘ ʙʫʜʫʪ 
ʚʭʦʜʠʪʴ ʚ ʢʘʨʪʳ ʘʢʪʠʚʘʮʠʠ. ɺ ʢʦʥʮʝ ʩʝʪʠ ʤʦʛʫʪ ʙʳʪʴ ʬʠʣʴʪʨʳ, ʢʦʪʦʨʳʝ ʘʢʪʠʚʠʟʠʨʫʶʪʩʷ, ʢʦʛʜʘ ʥʘ 
ʨʠʩʫʥʢʝ ʝʩʪʴ ʨʫʢʦʧʠʩʥʳʡ ʪʝʢʩʪ, ʝʩʪʴ ʨʦʟʦʚʳʝ ʦʙʲʝʢʪʳ ʠ ʪ.ʜ.  

ɽʱʝ ʦʜʠʥ ʫʚʣʝʢʘʪʝʣʴʥʳʡ ʤʦʤʝʥʪ. ʂʦʛʜʘ ʚʳ ʧʝʨʝʜʚʠʛʘʝʪʝʩʴ ʜʘʣʴʰʝ ʚʥʫʪʨʴ ʩʝʪʠ, ʬʠʣʴʪʨʳ 
ʦʪʨʘʙʘʪʳʚʘʶʪ ʩʦ ʚʩʝ ʙʦʣʴʰʠʤ ʧʦʣʝʤ ʚʦʩʧʨʠʷʪʠʷ, ʠ ʟʥʘʯʠʪ, ʦʥʠ ʤʦʛʫʪ ʦʙʨʘʙʘʪʳʚʘʪʴ ʜʘʥʥʳʝ ʩ 
ʙʦʣʴʰʝʡ ʧʣʦʱʘʜʴʶ ʥʘʯʘʣʴʥʦʛʦ ʨʠʩʫʥʢʘ. 

ʊʝʧʝʨʴ, ʢʦʛʜʘ ʤʳ ʠʤʝʝʤ ʚʦʟʤʦʞʥʦʩʪʴ ʦʙʥʘʨʫʞʠʪʴ ʚʳʩʦʢʦʫʨʦʚʥʝʚʳʝ ʩʚʦʡʩʪʚʘ, ʤʳ ʤʦʞʝʤ 
ʥʘʯʠʥʘʪʴ ʧʨʠʚʷʟʳʚʘʪʴ ʧʦʣʥʦʩʚʷʟʥʳʡ ʩʣʦʡ ʚ ʢʦʥʝʮ ʩʝʪʠ. ʇʦʣʥʦʩʚʷʟʥʳʡ ʩʣʦʡ ʙʝʨʸʪ ʚʭʦʜʥʫʶ 
ʠʥʬʦʨʤʘʮʠʶ ʠ ʚʳʚʦʜʠʪ N-ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʡ ʚʝʢʪʦʨ, ʛʜʝ N ð ʢʦʣʠʯʝʩʪʚʦ ʢʣʘʩʩʦʚ, ʠʟ ʢʦʪʦʨʳʭ ʙʫʜʝʪ 
ʚʳʙʨʘʥ ʥʫʞʥʳʡ. ʂ ʧʨʠʤʝʨʫ, ʝʩʣʠ ʪʨʝʙʫʝʪʩʷ ʥʝʡʨʦʥʥʘʷ ʩʝʪʴ ʧʦ ʨʘʩʧʦʟʥʘʚʘʥʠʶ ʩʠʤʚʦʣʦʚ ʣʘʪʠʥʩʢʦʛʦ 
ʘʣʬʘʚʠʪʘ, ʠ N ʙʫʜʝʪ ʠʤʝʪʴ ʟʥʘʯʝʥʠʝ 12, ʪʦ ʝʩʪʴ ʚʦʟʴʤʝʤ ʜʣʷ ʧʨʠʤʝʨʘ ʧʝʨʚʳʝ 12 ʩʠʤʚʦʣʦʚ ʠʟ 
ʘʣʬʘʚʠʪʘ. ɺʩʝ ʩʠʤʚʦʣʳ ʚ ʵʪʦʤ N-ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʤ ʚʝʢʪʦʨʝ ʙʫʜʫʪ ʧʨʝʜʩʪʘʚʣʷʪʴ ʩʦʙʦʡ ʚʝʨʦʷʪʥʦʩʪʴ 
ʦʧʨʝʜʝʣʝʥʥʦʛʦ ʢʣʘʩʩʘ. ʂ ʧʨʠʤʝʨʫ, ʝʩʣʠ ʨʝʟʫʣʴʪʠʨʫʶʱʠʤ ʚʝʢʪʦʨʦʤ ʜʣʷ ʩʝʪʠ, ʢʦʪʦʨʘʷ ʨʘʩʧʦʟʥʘʝʪ 
ʩʠʤʚʦʣʳ ʷʚʣʷʝʪʩʷ ʚʝʢʪʦʨ (0 0,2 0,15 0,8 0 0 0,02, 0,01 0 0 0,02), ʵʪʦ ʦʟʥʘʯʘʝʪ ʯʪʦ ʝʩʪʴ 20% 
ʚʝʨʦʷʪʥʦʩʪʴ, ʯʪʦ ʥʘ ʨʠʩʫʥʢʝ "B", 15% ʚʝʨʦʷʪʥʦʩʪʴ, ʯʪʦ ʥʘ ʨʠʩʫʥʢʝ "C", 80% ʚʝʨʦʷʪʥʦʩʪʴ ð "D", ʠ 2% 
ʚʝʨʦʷʪʥʦʩʪʴ ð "I". 

ʄʝʪʦʜ, ʙʣʘʛʦʜʘʨʷ ʢʦʪʦʨʦʤʫ ʨʘʙʦʪʘʝʪ ʧʦʣʥʦʩʚʷʟʥʳʡ ʩʣʦʡ ð ʵʪʦ ʦʙʨʘʱʝʥʠʝ ʢ ʚʳʭʦʜʫ 
ʧʨʝʜʳʜʫʱʝʛʦ ʩʣʦʷ ʠ ʥʘʭʦʞʜʝʥʠʝ ʧʘʨʘʤʝʪʨʦʚ, ʢʦʪʦʨʳʝ ʙʦʣʝʝ ʭʘʨʘʢʪʝʨʝʟʫʶʪ ʦʧʨʝʜʝʣʝʥʥʳʡ ʢʣʘʩʩ. ʂ 
ʧʨʠʤʝʨʫ, ʝʩʣʠ ʩʝʪʴ ʠʜʝʥʪʠʬʠʮʠʨʫʝʪ ʥʘ ʢʘʢʦʤ-ʣʠʙʦ ʦʙʨʘʟʝ ʢʦʪʘ, ʫ ʥʘʙʦʨʘ ʩʚʦʡʩʪʚ, ʢʦʪʦʨʳʝ ʦʪʨʘʞʘʶʪ 
ʚʳʩʦʢʦʫʨʦʚʥʝʚʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ, ʪʘʢʠʝ ʢʘʢ ʣʘʧʳ ʠʣʠ ʤʦʨʜʫ ʢʦʪʘ, ʜʦʣʞʥʳ ʠʤʝʪʴ ʚʳʩʦʢʠʝ ʧʘʨʘʤʝʪʨʳ. 
ʊʦʯʥʦ ʪʘʢ ʞʝ, ʝʩʣʠ ʩʝʪʴ ʠʜʝʥʪʠʬʠʮʠʨʫʝʪ, ʯʪʦ ʥʘ ʠʟʦʙʨʘʞʝʥʠʠ ʯʝʨʝʧʘʭʘ ð ʫ ʥʝʸ ʙʫʜʫʪ ʚʳʩʦʢʠʝ 
ʟʥʘʯʝʥʠʷ ʚ ʥʘʙʦʨʘʭ ʩʚʦʡʩʪʚ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʚʳʩʦʢʦʫʨʦʚʥʝʚʳʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʪʘʢʠʤʠ ʢʘʢ 
ʨʘʟʤʝʨ ʠ ʬʦʨʤʘ ʧʘʥʮʠʨʷ ʠʣʠ ʣʘʧʳ.  

ʇʦʣʥʦʩʚʷʟʥʳʡ ʩʣʦʡ ʩʩʳʣʘʝʪʩʷ ʥʘ ʪʦ, ʯʪʦ ʬʫʥʢʮʠʠ ʙʦʣʝʝ ʚʳʩʦʢʦʛʦ ʫʨʦʚʥʷ ʩʠʣʴʥʦ ʧʨʠʚʷʟʘʥʳ ʢ 
ʦʧʨʝʜʝʣʝʥʥʦʤʫ ʢʣʘʩʩʫ ʠ ʠʤʝʶʪ ʥʝʢʦʪʦʨʳʝ ʚʝʩʘ, ʚ ʪʘʢʦʤ ʩʣʫʯʘʝ, ʢʦʛʜʘ ʚʳʩʯʠʪʳʚʘʶʪʩʷ ʧʨʦʠʟʚʝʜʝʥʠʷ 
ʚʝʩʦʚ ʩ ʧʨʝʜʳʜʫʱʠʤ ʩʣʦʝʤ, ʪʦ ʧʦʣʫʯʘʝʪʩʷ ʚʝʨʥʳʝ ʚʝʨʦʷʪʥʦʩʪʠ ʜʣʷ ʨʘʟʣʠʯʥʳʭ ʢʣʘʩʩʦʚ. 

ʆʙʫʯʝʥʠʝ ï ʵʪʦ ʦʜʠʥ ʠʟ ʘʩʧʝʢʪʦʚ ʥʝʡʨʦʥʥʳʭ ʩʝʪʝʡ, ʦ ʢʦʪʦʨʦʤ ʜʦ ʩʠʭ ʧʦʨ ʥʝ ʫʧʦʤʠʥʘʣʦʩʴ. 
ɺʝʨʦʷʪʥʦ, ʵʪʦ ʩʘʤʘʷ ʚʘʞʥʘʷ ʯʘʩʪʴ. ʉʝʡʯʘʩ ʤʳ ʟʘʜʘʝʤʩʷ ʚʦʧʨʦʩʘʤʠ. ʂʘʢ ʬʠʣʴʪʨʳ ʧʝʨʚʦʛʦ 
ʩʚʸʨʪʦʯʥʦʛʦ ʩʣʦʷ ʫʟʥʘʶʪ, ʯʪʦ ʥʫʞʥʦ ʥʘʡʪʠ ʛʨʘʥʠʮʳ ʠ ʢʨʠʚʳʝ? ʂʘʢ ʧʦʣʥʦʩʚʷʟʥʳʡ ʩʣʦʡ ʫʟʥʘʝʪ, ʯʪʦ 
ʜʦʣʞʥʘ ʥʘʡʪʠ ʥʘʙʦʨ ʩʚʦʡʩʪʚ? ʂʘʢ ʬʠʣʴʪʨʳ ʢʘʞʜʦʛʦ ʩʣʦʷ ʫʟʥʘʶʪ, ʯʪʦ ʠʤʝʥʥʦ ʭʨʘʥʠʪʴ? ʄʝʪʦʜ, ʩ 
ʢʦʪʦʨʳʤ ʤʘʰʠʥʘ ʩʧʦʩʦʙʥʘ ʧʦʜʙʠʨʘʪʴ ʟʥʘʯʝʥʠʷ ʬʠʣʴʪʨʘ ð ʵʪʦ ʦʙʫʯʘʶʱʠʡ ʧʨʦʮʝʩʩ, ʢʦʪʦʨʳʡ 
ʠʟʚʝʩʪʝʥ ʢʘʢ ʤʝʪʦʜ ʦʙʨʘʪʥʦʛʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʦʰʠʙʢʠ. 

ʄʝʪʦʜ ʦʙʨʘʪʥʦʛʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʦʰʠʙʢʠ ʤʦʞʥʦ ʧʦʜʝʣʠʪʴ ʥʘ 4 ʨʘʟʣʠʯʥʳʭ ʙʣʦʢʘ:  
ʧʨʷʤʦʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ;  
ʬʫʥʢʮʠʶ ʧʦʪʝʨʠ;  
ʦʙʥʦʚʣʝʥʠʝ ʚʝʩʘ;   
ʦʙʨʘʪʥʦʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ.  
ʂʦʛʜʘ ʧʨʦʠʩʭʦʜʠʪ ʧʨʷʤʦʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ, ʙʝʨʸʪʩʷ ʪʨʝʥʠʨʦʚʦʯʥʳʡ ʦʙʨʘʟ ð ʢ ʧʨʠʤʝʨʫ, ʵʪʦ 

ʤʘʪʨʠʮʘ 28 X 28  ð ʠ ʦʙʨʘʟ ʧʨʦʧʫʩʢʘʶʪ ʯʝʨʝʟ ʚʩʶ ʩʝʪʴ. ɺ ʧʝʨʚʦʤ ʦʙʫʯʘʶʱʝʤ ʧʨʠʤʝʨʝ, ʪʘʢ ʢʘʢ ʚʩʝ 
ʚʝʩʘ ʠʣʠ ʟʥʘʯʝʥʠʷ ʬʠʣʴʪʨʘ ʙʳʣʠ ʠʥʠʮʠʘʣʠʟʠʨʦʚʘʥʳ ʩʣʫʯʘʡʥʳʤ ʦʙʨʘʟʦʤ, ʚʳʭʦʜʥʳʤ ʟʥʘʯʝʥʠʝʤ 
ʙʫʜʝʪ ʯʪʦ-ʪʦ ʚʨʦʜʝ [.11 .15 .01 .1 .07 .09 .13 .11 .11 .07], ʪʦ ʝʩʪʴ ʪʘʢʦʝ ʟʥʘʯʝʥʠʝ, ʢʦʪʦʨʦʝ ʥʝ ʜʘʩʪ 
ʧʨʝʜʧʦʯʪʝʥʠʷ ʢʘʢʦʤʫ-ʪʦ ʦʧʨʝʜʝʣʸʥʥʦʤʫ ʯʠʩʣʫ. ʅʝʡʨʦʥʥʘʷ ʩʝʪʴ ʩ ʪʘʢʠʤʠ ʚʝʩʘʤʠ ʥʝ ʩʤʦʞʝʪ ʥʘʡʪʠ 
ʧʘʨʘʤʝʪʨʳ ʙʘʟʦʚʦʛʦ ʫʨʦʚʥʷ ʠ ʥʝ ʤʦʞʝʪ ʦʙʦʩʥʦʚʘʥʥʦ ʠʜʝʥʪʠʬʠʮʠʨʦʚʘʪʴ ʢʣʘʩʩ ʦʙʨʘʟʘ. ʕʪʦ ʧʨʠʚʦʜʠʪ ʢ 
ʬʫʥʢʮʠʠ ʧʦʪʝʨʠ. ɼʣʷ ʦʙʫʯʝʥʠʷ ʪʨʝʙʫʶʪʩʷ ʦʙʫʯʘʶʱʠʝ ʜʘʥʥʳʝ. ʋ ʪʘʢʠʭ ʜʘʥʥʳʭ ʝʩʪʴ ʠ ʠʟʦʙʨʘʞʝʥʠʝ, ʠ 



55-ʷ ʶʙʠʣʝʡʥʘʷ ʥʘʫʯʥʘʷ ʢʦʥʬʝʨʝʥʮʠʷ ʘʩʧʠʨʘʥʪʦʚ, ʤʘʛʠʩʪʨʘʥʪʦʚ ʠ ʩʪʫʜʝʥʪʦʚ ɹɻʋʀʈ, 2019 ʛ. 

24 
 

ʷʨʣʳʢ. ɼʦʧʫʩʪʠʤ, ʧʝʨʚʦʝ ʦʙʫʯʘʶʱʝʝ ʠʟʦʙʨʘʞʝʥʠʝ ð ʵʪʦ ʮʠʬʨʘ 2. ʗʨʣʳʢʦʤ ʠʟʦʙʨʘʞʝʥʠʷ ʙʫʜʝʪ [0 0 1 
0 0 0 0 0 0 0]. ʌʫʥʢʮʠʷ ʧʦʪʝʨʠ ʤʦʞʝʪ ʙʳʪʴ ʚʳʨʘʞʝʥʘ ʧʦ-ʨʘʟʥʦʤʫ. ɺ ʥʘʰʝʤ ʩʣʫʯʘʝ ʧʨʠʤʝʥʷʝʪʩʷ 
ʩʨʝʜʥʝʢʚʘʜʨʘʪʠʯʝʩʢʘʷ ʦʰʠʙʢʘ, ʵʪʦ 0.5 ʫʤʥʦʞʠʪʴ ʥʘ (ʨʝʘʣʴʥʦʩʪʴ ð ʧʨʝʜʩʢʘʟʘʥʠʝ) ʚ ʢʚʘʜʨʘʪʝ.  

ʇʨʠʤʝʤ ʵʪʦʪ ʧʘʨʘʤʝʪʨ ʟʘ ʧʝʨʝʤʝʥʥʫʶ L. ʂʘʢ ʤʦʞʥʦ ʜʦʛʘʜʘʪʴʩʷ, ʧʦʪʝʨʷ ʙʫʜʝʪ ʠʤʝʪʴ ʦʯʝʥʴ 
ʚʳʩʦʢʦʝ ʟʥʘʯʝʥʠʝ ʜʣʷ ʧʝʨʚʳʭ ʜʚʫʭ ʦʙʫʯʘʶʱʠʭ ʦʙʨʘʟʦʚ. ʊʝʧʝʨʴ ʜʘʚʘʡʪʝ ʧʦʜʫʤʘʝʤ ʦʙ ʵʪʦʤ 
ʠʥʪʫʠʪʠʚʥʦ. ʄʳ ʭʦʪʠʤ ʜʦʙʠʪʴʩʷ ʪʦʛʦ, ʯʪʦʙʳ ʧʨʝʜʩʢʘʟʘʥʥʳʡ ʢʣʘʩʩ ʙʳʣ ʪʘʢʠʤ ʞʝ, ʢʘʢ ʢʣʘʩʩ 
ʦʙʫʯʘʶʱʝʛʦ ʠʟʦʙʨʘʞʝʥʠʷ. ʏʪʦʙʳ ʜʦʙʠʪʴʩʷ ʵʪʦʛʦ, ʥʫʞʥʦ ʧʨʠʚʝʩʪʠ ʢ ʤʠʥʠʤʫʤʫ ʢʦʣʠʯʝʩʪʚʦ ʧʦʪʝʨʴ, 
ʢʦʪʦʨʦʝ ʠʤʝʝʪʩʷ.  

ʉʢʦʨʦʩʪʴ ʦʙʫʯʝʥʠʷ ð ʵʪʦ ʧʘʨʘʤʝʪʨ, ʢʦʪʦʨʳʡ ʚʳʙʠʨʘʝʪʩʷ ʧʨʠ ʨʘʟʨʘʙʦʪʢʝ ʩʝʪʠ. ɺʳʩʦʢʘʷ 
ʩʢʦʨʦʩʪʴ ʦʙʫʯʝʥʠʷ ʦʟʥʘʯʘʝʪ, ʯʪʦ ʚ ʦʙʥʦʚʣʝʥʠʷʭ ʚʝʩʦʚ ʚʳʧʦʣʥʷʣʠʩʴ ʙʦʣʴʰʠʝ ʰʘʛʠ, ʧʦʵʪʦʤʫ ʦʙʨʘʟʫ 
ʤʦʞʝʪ ʧʦʥʘʜʦʙʠʪʴʩʷ ʤʝʥʴʰʝ ʚʨʝʤʝʥʠ, ʜʣʷ ʪʦʛʦ ʯʪʦ ʙʳ ʥʘʙʨʘʣʩʷ ʚʝʨʥʳʡ ʥʘʙʦʨ ʚʝʩʦʚ. ʅʦ ʩʣʠʰʢʦʤ 
ʚʳʩʦʢʘʷ ʩʢʦʨʦʩʪʴ ʦʙʫʯʝʥʠʷ ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ ʦʯʝʥʴ ʢʨʫʧʥʳʤ ʠ ʥʝʪʦʯʥʳʤ ʰʘʛʘʤ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ 
ʧʦʤʝʰʘʶʪ ʥʘʙʨʘʪʴ ʦʧʪʠʤʘʣʴʥʳʝ ʧʦʢʘʟʘʪʝʣʠ. ʇʨʦʮʝʩʩ ʧʨʷʤʦʛʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ, ʬʫʥʢʮʠʶ ʧʦʪʝʨʠ, 
ʦʙʨʘʪʥʦʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʠ ʦʙʥʦʚʣʝʥʠʝ ʚʝʩʦʚ, ʦʙʳʯʥʦ ʥʘʟʳʚʘʶʪ ʦʜʥʦʡ ʵʧʦʭʦʡ. ʇʨʦʛʨʘʤʤʘ ʙʫʜʝʪ 
ʧʦʚʪʦʨʷʪʴ ʵʧʦʭʫ ʦʧʨʝʜʝʣʝʥʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʨʘʟ ʜʣʷ ʢʘʞʜʦʛʦ ʦʙʫʯʘʶʱʝʛʦ ʦʙʨʘʟʘ. ʇʦʩʣʝ ʪʦʛʦ, ʢʘʢ 
ʟʘʚʝʨʰʠʪʩʷ ʦʙʥʦʚʣʝʥʠʝ ʩʚʦʡʩʪʚ ʥʘ ʧʦʩʣʝʜʥʝʤ ʦʙʫʯʘʶʱʝʤ ʦʙʨʘʟʮʝ, ʩʝʪʴ ʧʨʝʜʧʦʣʦʞʠʪʝʣʴʥʦ ʜʦʣʞʥʘ 
ʙʳʪʴ ʜʦʩʪʘʪʦʯʥʦ ʭʦʨʦʰʦ ʦʙʫʯʝʥʘ ʠ ʚʝʩʘ ʩʣʦʸʚ ʥʘʩʪʨʦʝʥʳ ʚʝʨʥʦ. 

ɼʣʷ ʧʦʩʪʨʦʝʥʠʷ ʤʦʜʝʣʠ ʥʝʡʨʦʥʥʦʡ ʩʝʪʠ ʙʳʣʦ ʠʩʧʦʣʴʟʦʚʘʥʘ ʙʠʙʣʠʦʪʝʢʘ Tensor Flow. ɹʳʣʦ 
ʧʨʦʪʝʩʪʠʨʦʚʘʥʦ ʥʘ ʙʘʟʝ ʜʘʥʥʳʭ MNIST. ʈʝʟʫʣʴʪʘʪ ʟʘʚʠʩʝʣ ʦʪ ʢʦʣʠʯʝʩʪʚʘ ʵʧʦʭ ʜʣʷ ʦʙʫʯʝʥʠʷ 
ʥʝʡʨʦʥʥʦʡ ʩʝʪʠ. ʂ ʧʨʠʤʝʨʫ, ʝʩʣʠ ʠʩʧʦʣʴʟʦʚʘʪʴ 10 ʵʧʦʭ, ʪʦ ʧʨʦʮʝʥʪ ʨʘʩʧʦʟʥʘʚʘʥʠʷ ʙʫʜʝʪ 60%. ʉ 
ʫʚʝʣʠʯʝʥʠʝʤ ʢʦʣʠʯʝʩʪʚʘ ʵʧʦʭ ʜʦ 100 ʢ ʧʨʠʤʝʨʫ ʧʨʦʮʝʥʪ ʨʘʩʧʦʟʥʘʚʘʥʠʷ ʧʦʜʥʷʣʦʩʴ ʜʦ 85%. ʊʘʢ ʞʝ 
ʩʪʦʠʪ ʫʯʠʪʳʚʘʪʴ ʢʦʣʠʯʝʩʪʚʦ ʢʣʘʩʩʦʚ ʜʣʷ ʦʙʫʯʝʥʠʷ. ʏʝʤ ʙʦʣʴʰʝ ʢʣʘʩʩʦʚ, ʪʝʤ ʤʝʥʴʰʝ ʧʨʦʮʝʥʪ 
ʨʘʩʧʦʟʥʘʚʘʥʠʷ. 
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ʇʈʀʅʎʀʇʓ ʈɸɹʆʊʓ ɼʀʅɸʄʀʏɽʉʂʆʁ ɼʀʉʇɽʊʏɽʈʀɿɸʎʀʀ 
ʄɽʊʆɼʆɺ ɺ ʈɸɿʃʀʏʅʓʍ ʗɿʓʂɸʍ ʇʈʆɻʈɸʄʄʀʈʆɺɸʅʀʗ 

ɻʘʥʥʫʩʝʥʢʦ ʅ.ʅ. 

ɹʝʣʦʨʫʩʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʥʬʦʨʤʘʪʠʢʠ ʠ ʨʘʜʠʦʵʣʝʢʪʨʦʥʠʢʠ 
ʛ. ʄʠʥʩʢ, ʈʝʩʧʫʙʣʠʢʘ ɹʝʣʘʨʫʩʴ 

ʀʚʘʥʦʚ ʅ.ʅ. ï ʢ.ʬ.-ʤ.ʥ., ʜʦʮʝʥʪ 

ʇʨʠ ʨʘʟʨʘʙʦʪʢʝ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʨʘʟʣʠʯʥʳʝ ʧʘʨʘʜʠʛʤʳ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ. ʀ ʯʘʩʪʦ ʜʣʷ ʠʭ 
ʧʨʠʤʝʥʝʥʠʷ ʠʩʧʦʣʴʟʫʶʪʩʷ ʧʦʣʠʤʦʨʬʥʳʝ ʦʙʲʝʢʪʳ ï ʵʪʦ ʦʙʲʝʢʪʳ, ʢʦʪʦʨʳʝ ʤʝʥʷʶʪ ʩʚʦʸ ʧʦʚʝʜʝʥʠʝ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ 
ʦʙʩʪʦʷʪʝʣʴʩʪʚ. ʀ ʜʠʥʘʤʠʯʝʩʢʘʷ ʜʠʩʧʝʪʯʝʨʠʟʘʮʠʷ ʤʝʪʦʜʦʚ ï ʦʜʠʥ ʠʟ ʩʧʦʩʦʙʦʚ ʫʧʦʪʨʝʙʣʝʥʠʷ ʪʘʢʠʭ ʦʙʲʝʢʪʦʚ. ɼʠʥʘʤʠʯʝʩʢʘʷ 
ʜʠʩʧʝʪʯʝʨʠʟʘʮʠʷ ʤʝʪʦʜʦʚ ï ʵʪʦ ʤʝʭʘʥʠʟʤ ʚʳʙʦʨʘ ʨʝʘʣʠʟʘʮʠʠ ʧʦʣʠʤʦʨʬʥʦʡ ʦʧʝʨʘʮʠʠ ʥʘ ʵʪʘʧʝ ʚʨʝʤʝʥʠ ʚʳʧʦʣʥʝʥʠʷ 
ʧʨʦʛʨʘʤʤʳ. ɸ ʤʝʭʘʥʠʟʤʳ ʠʭ ʨʝʘʣʠʟʘʮʠʠ ʫʞʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʧʦ-ʨʘʟʥʦʤʫ ʚ ʢʘʞʜʦʤ ʠʟ ʷʟʳʢʦʚ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ. 

ɺ ʭʦʜʝ ʠʟʫʯʝʥʠʷ ʩʧʦʩʦʙʦʚ ʨʝʘʣʠʟʘʮʠʠ ʜʠʥʘʤʠʯʝʩʢʦʡ ʜʠʩʧʝʪʯʝʨʠʟʘʮʠʠ ʤʝʪʦʜʦʚ ʚ ʨʘʟʥʳʭ 
ʷʟʳʢʘʭ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ ʵʪʠ ʤʝʭʘʥʠʟʤʳ ʤʦʞʥʦ ʨʘʟʜʝʣʠʪʴ ʥʘ ʧʦʜʭʦʜʳ: 

ī ʧʨʠʤʝʥʝʥʠʝ ʚʠʨʪʫʘʣʴʥʳʭ ʪʘʙʣʠʮ ʤʝʪʦʜʦʚ; 
ī ʧʨʠʤʝʥʝʥʠʝ ʪʦʣʩʪʳʭ ʫʢʘʟʘʪʝʣʝʡ; 
ī ʦʙʨʘʱʝʥʠʝ ʯʝʨʝʟ ʪʘʙʣʠʮʳ ʧʦʠʩʢʘ; 
ī ʧʦʠʩʢ ʧʦʩʨʝʜʩʪʚʦʤ ʧʝʨʝʩʳʣʢʠ ʩʦʦʙʱʝʥʠʡ; 
ī ʧʝʨʝʭʦʜʳ ʯʝʨʝʟ ʫʢʘʟʘʪʝʣʠ ʥʘ ʬʫʥʢʮʠʠ. 
ɺ ʪʘʢʠʭ ʷʟʳʢʘʭ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ, ʢʘʢ ʉ++, Java, C#, Swift, ʠʩʧʦʣʴʟʫʶʪʩʷ ʚʠʨʪʫʘʣʴʥʳʝ ʪʘʙʣʠʮʳ 

ʤʝʪʦʜʦʚ. ʍʦʪʴ ʠʭ ʨʝʘʣʠʟʘʮʠʠ ʠ ʨʘʟʣʠʯʘʶʪʩʷ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʥʘʣʠʯʠʷ ʤʥʦʞʝʩʪʚʝʥʥʦʛʦ 
ʥʘʩʣʝʜʦʚʘʥʠʷ [1], ʦʪ ʥʘʣʠʯʠʷ ʠʥʪʝʨʬʝʡʩʦʚ [2] ʠʣʠ ʧʨʦʪʦʢʦʣʦʚ [3, 4], ʥʦ ʫ ʨʝʘʣʠʟʘʮʠʡ ʝʩʪʴ ʦʙʱʝʝ ï 
ʚʳʜʝʣʝʥʠʝ ʚʳʟʦʚʦʚ ʜʠʥʘʤʠʯʝʩʢʦʛʦ ʧʦʚʝʜʝʥʠʷ ʚ ʦʪʜʝʣʴʥʳʝ ʚʠʨʪʫʘʣʴʥʳʝ ʪʘʙʣʠʮʳ ʤʝʪʦʜʦʚ [5], ʘ 
ʜʦʩʪʫʧ ʢ ʥʠʤ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʧʦʩʨʝʜʩʪʚʦʤ ʦʙʨʘʱʝʥʠʷ ʢ ʫʢʘʟʘʪʝʣʷʤ ʥʘ ʩʚʷʟʘʥʥʳʝ ʪʘʙʣʠʮʳ, ʩʩʳʣʢʠ 
ʢʦʪʦʨʳʭ ʭʨʘʥʷʪʩʷ ʫ ʢʘʞʜʦʛʦ ʦʙʲʝʢʪʘ ʢʣʘʩʩʘ. ʇʨʠʤʝʨ ʚʠʨʪʫʘʣʴʥʦʡ ʪʘʙʣʠʮʳ ʤʝʪʦʜʦʚ ʧʨʝʜʩʪʘʚʣʝʥ ʥʘ 
ʨʠʩʫʥʢʝ 1. 

ɺ ʪʘʢʠʭ ʷʟʳʢʘʭ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ, ʢʘʢ Rust ʠʣʠ Go, ʠʩʧʦʣʴʟʫʝʪʩʷ ʢʦʥʮʝʧʮʠʷ ʪʦʣʩʪʳʭ 
ʫʢʘʟʘʪʝʣʝʡ. ʇʨʠʥʮʠʧ ʝʸ ʨʘʙʦʪʳ ʩʭʦʞ ʩ ʧʦʜʭʦʜʦʤ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚʠʨʪʫʘʣʴʥʳʭ ʪʘʙʣʠʮ ʤʝʪʦʜʦʚ, ʥʦ 
ʠʤʝʝʪʩʷ ʨʘʟʥʠʮʘ ʚ ʪʦʤ, ʛʜʝ ʢʦʥʢʨʝʪʥʦ ʭʨʘʥʠʪʩʷ ʫʢʘʟʘʪʝʣʴ ʥʘ ʚʠʨʪʫʘʣʴʥʫʶ ʪʘʙʣʠʮʫ ʤʝʪʦʜʦʚ. ɺ 
ʪʦʣʩʪʳʭ ʫʢʘʟʘʪʝʣʷʭ ʩʩʳʣʢʠ ʥʘ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʚʠʨʪʫʘʣʴʥʳʝ ʪʘʙʣʠʮʳ ʤʝʪʦʜʦʚ ʭʨʘʥʷʪʩʷ ʚʤʝʩʪʝ 
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ʫʢʘʟʘʪʝʣʝʤ ʥʘ ʩʘʤ ʦʙʲʝʢʪ, ʘ ʥʝ ʚʥʫʪʨʠ ʝʛʦ ʜʘʥʥʳʭ [6, 7]. ʇʨʠʤʝʨ ʪʦʣʩʪʦʛʦ ʫʢʘʟʘʪʝʣʷ ʧʨʝʜʩʪʘʚʣʝʥ ʥʘ 
ʨʠʩʫʥʢʝ 2. 
 

 
ʈʠʩʫʥʦʢ 1 ï ʇʨʠʤʝʨ ʚʠʨʪʫʘʣʴʥʦʡ ʪʘʙʣʠʮʳ ʤʝʪʦʜʦʚ ʜʣʷ ñCatò 

 

 
ʈʠʩʫʥʦʢ 2 ï ʇʨʠʤʝʨ ʪʦʣʩʪʦʛʦ ʫʢʘʟʘʪʝʣʷ ʜʣʷ ñCatò 

 
ɺ ʠʥʪʝʨʧʨʝʪʠʨʫʝʤʳʭ ʷʟʳʢʘʭ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ, ʪʘʢʠʭ ʢʘʢ Python, Ruby, Javascript, ʨʘʟʨʝʰʘʝʪʩʷ 

ʧʦʠʩʢ ʤʝʪʦʜʦʚ ʧʦʩʨʝʜʩʪʚʦʤ ʦʙʨʘʱʝʥʠʷ ʢ ʥʠʤ ʯʝʨʝʟ ʪʘʙʣʠʮʳ ʧʦʠʩʢʘ [8]. ʇʨʠ ʪʘʢʦʤ ʧʦʜʭʦʜʝ ʚ ʢʘʞʜʦʤ 
ʦʙ̡ʝʢʪʝ ʭʨʘʥʠʪʩʷ ʩʩʳʣʢʘ ʥʘ ʩʚʦʶ ʪʘʙʣʠʮʫ ʧʦʠʩʢʘ ʤʝʪʦʜʦʚ ʠ ʧʦʠʩʢ ʢʦʥʢʨʝʪʥʦʡ ʨʝʘʣʠʟʘʮʠʠ ʧʨʦʠʩʭʦʜʠʪ 
ʯʝʨʝʟ ʦʙʭʦʜ ʪʘʙʣʠʮʳ ʧʦʠʩʢʘ ʚ ʪʝʢʫʱʝʤ ʦʙʲʝʢʪʝ ʠ ʚ ʠʥʳʭ ʩʚʷʟʘʥʥʳʭ ʤʝʩʪʘʭ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ 
ʦʧʨʝʜʝʣʝʥʥʦʛʦ ʧʦʨʷʜʢʘ ʨʘʟʨʝʰʝʥʠʷ ʤʝʪʦʜʦʚ ʚ ʢʦʥʢʨʝʪʥʦʤ ʷʟʳʢʝ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ. 

ɺ ʷʟʳʢʝ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ Objective-C, ʘ ʪʘʢʞʝ ʚ ʨʘʤʢʘʭ ʦʙʨʘʪʥʦʡ ʩʦʚʤʝʩʪʠʤʦʩʪʠ ʠ ʚ Swift, 
ʤʝʪʦʜʳ ʨʘʟʨʝʰʘʶʪʩʷ ʧʦʩʨʝʜʩʪʚʦʤ ʤʝʭʘʥʠʟʤʘ ʧʝʨʝʩʳʣʢʠ ʩʦʦʙʱʝʥʠʡ [9]. ɺ ʨʝʘʣʠʟʘʮʠʠ ʵʪʦʛʦ 
ʤʝʭʘʥʠʟʤʘ ʚ ʜʘʥʥʳʭ ʷʟʳʢʘʭ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ ʚ ʢʘʞʜʦʤ ʦʙʲʝʢʪʝ ʭʨʘʥʠʪʩʷ ʩʩʳʣʢʘ ʥʘ ʤʝʪʘʜʘʥʥʳʝ, ʚ 
ʢʦʪʦʨʳʭ ʝʩʪʴ ʫʢʘʟʘʪʝʣʴ ʥʘ ʚʩʝ ʨʝʘʣʠʟʦʚʘʥʥʳʝ ʤʝʪʦʜʳ. ʀ ʧʦʠʩʢ ʤʝʪʦʜʘ ʧʨʦʠʩʭʦʜʠʪ ʧʫʪʝʤ 
ʢʦʥʚʝʨʪʠʨʦʚʘʥʠʷ ʠʤʝʥʠ ʤʝʪʦʜʦʚ ʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʠʥʜʝʢʩʳ ʤʝʪʦʜʦʚ ʢʣʘʩʩʘ, ʧʦ ʢʦʪʦʨʳʤ ʧʦʪʦʤ ʠʜʝʪ 
ʦʙʨʘʱʝʥʠʝ ʚ ʩʧʠʩʦʢ ʤʝʪʦʜʦʚ ʤʝʪʘʢʣʘʩʩʘ ʦʙʲʝʢʪʘ. ʇʨʠʤʝʨ ʟʘʧʦʣʥʝʥʠʷ ʤʝʪʦʜʦʚ ʤʝʪʘʢʣʘʩʩʦʚ ʧʨʠ 
ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʤʝʭʘʥʠʟʤʘ ʧʝʨʝʩʳʣʢʠ ʩʦʦʙʱʝʥʠʡ ʧʨʝʜʩʪʘʚʣʝʥ ʥʘ ʨʠʩʫʥʢʝ 3. 

ɺ ʷʟʳʢʝ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ ʉ ʪʘʢʞʝ ʠʤʝʝʪʩʷ ʤʝʭʘʥʠʟʤ ʜʠʥʘʤʠʯʝʩʢʦʡ ʜʠʩʧʝʪʯʝʨʠʟʘʮʠʠ 
ʤʝʪʦʜʦʚ, ʠ ʜʦʩʪʠʛʘʝʪʩʷ ʦʥ ʧʦʩʨʝʜʩʪʚʦʤ ʤʘʥʠʧʫʣʠʨʦʚʘʥʠʷ ʫʢʘʟʘʪʝʣʷʤʠ ʥʘ ʬʫʥʢʮʠʠ [10]. ɼʣʷ ʪʦʛʦ, 
ʯʪʦʙʳ ʵʪʦʪ ʤʝʭʘʥʠʟʤ ʠʩʧʦʣʴʟʦʚʘʪʴ, ʦʧʨʝʜʝʣʷʝʪʩʷ ʩʪʨʫʢʪʫʨʘ ʜʘʥʥʳʭ ʩʦ ʚʩʝʤʠ ʩʚʷʟʘʥʥʳʤʠ 
ʫʢʘʟʘʪʝʣʷʤʠ ʥʘ ʬʫʥʢʮʠʠ ʠ ʜʘʣʝʝ ʟʘʧʦʣʥʷʝʪʩʷ ʩʩʳʣʢʘʤʠ ʥʘ ʥʝʦʙʭʦʜʠʤʳʝ ʫʢʘʟʘʪʝʣʠ ʥʘ ʬʫʥʢʮʠʠ ʚ 
ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʪʨʝʙʫʝʤʦʛʦ ʧʦʚʝʜʝʥʠʷ ʚ ʢʦʥʢʨʝʪʥʦʡ ʟʘʜʘʯʝ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʙʳʣʠ ʚʳʜʝʣʝʥʳ ʨʘʟʣʠʯʥʳʝ ʧʦʜʭʦʜʳ ʢ ʨʝʘʣʠʟʘʮʠʠ ʤʝʭʘʥʠʟʤʘ ʜʠʥʘʤʠʯʝʩʢʦʡ 
ʜʠʩʧʝʪʯʝʨʠʟʘʮʠʠ ʤʝʪʦʜʦʚ, ʘ ʪʘʢʞʝ ʢʨʘʪʢʦ ʨʘʩʩʤʦʪʨʝʥʳ ʠʭ ʢʦʥʢʨʝʪʥʳʝ ʨʝʘʣʠʟʘʮʠʠ ʚ ʨʘʟʣʠʯʥʳʭ 
ʷʟʳʢʘʭ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ. 
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ʈʠʩʫʥʦʢ 3 ï ʇʨʠʤʝʨ ʨʝʘʣʠʟʘʮʠʠ ʤʝʭʘʥʠʟʤʘ ʧʝʨʝʩʳʣʢʠ ʩʦʦʙʱʝʥʠʡ 

 
ʉʧʠʩʦʢ ʠʩʧʦʣʴʟʦʚʘʥʥʳʭ ʠʩʪʦʯʥʠʢʦʚ: 
1. Understanding Virtual Tables in C++ [ʕʣʝʢʪʨʦʥʥʳʡ ʨʝʩʫʨʩ]. ï ʈʝʞʠʤ ʜʦʩʪʫʧʘ: 

https://pabloariasal.github.io/2017/06/10/understanding-virtual-tables/ ï ɼʘʪʘ ʜʦʩʪʫʧʘ: 19.03.2019. 
2. The Black Magic of (Java) Method Dispatch [ʕʣʝʢʪʨʦʥʥʳʡ ʨʝʩʫʨʩ]. ï ʈʝʞʠʤ ʜʦʩʪʫʧʘ: https://shipilev.net/blog/2015/black-

magic-method-dispatch/ ï ɼʘʪʘ ʜʦʩʪʫʧʘ: 19.03.2019. 
3. Method Dispatch in Swift [ʕʣʝʢʪʨʦʥʥʳʡ ʨʝʩʫʨʩ]. ï ʈʝʞʠʤ ʜʦʩʪʫʧʘ: https://www.raizlabs.com/dev/2016/12/swift-method-

dispatch/ ï ɼʘʪʘ ʜʦʩʪʫʧʘ: 20.03.2019. 
4. Secrets of Swift's Speed [ʕʣʝʢʪʨʦʥʥʳʡ ʨʝʩʫʨʩ]. ï ʈʝʞʠʤ ʜʦʩʪʫʧʘ: https://www.mikeash.com/pyblog/friday-qa-2014-07-04-

secrets-of-swifts-speed.html ï ɼʘʪʘ ʜʦʩʪʫʧʘ: 20.03.2019. 
5. Interface dispatch [ʕʣʝʢʪʨʦʥʥʳʡ ʨʝʩʫʨʩ]. ï ʈʝʞʠʤ ʜʦʩʪʫʧʘ: https://lukasatkinson.de/2018/interface-dispatch/ ï ɼʘʪʘ 

ʜʦʩʪʫʧʘ: 20.03.2019. 
6. Exploring Dynamic Dispatch in Rust [ʕʣʝʢʪʨʦʥʥʳʡ ʨʝʩʫʨʩ]. ï ʈʝʞʠʤ ʜʦʩʪʫʧʘ: 

https://alschwalm.com/blog/static/2017/03/07/exploring-dynamic-dispatch-in-rust/ ï ɼʘʪʘ ʜʦʩʪʫʧʘ: 21.03.2019. 
7. ɹʣʵʥʜʠ ɼʞ., ʆʨʝʥʜʦʨʬ ɼʞ., ʇʨʦʛʨʘʤʤʠʨʦʚʘʥʠʝ ʥʘ ʷʟʳʢʝ Rust / ʧʝʨ. ʩ ʘʥʛ. ɸ. ɸ. ʉʣʠʥʢʠʥʘ. ï ʄ.: ɼʄʂ, ʇʨʝʩʩ, 2018. ï 

550 ʩ.: ʠʣ, ʩʪʨ. 227 ï 228. 
8. Method resolution order in Python Inheritance [ʕʣʝʢʪʨʦʥʥʳʡ ʨʝʩʫʨʩ]. ï ʈʝʞʠʤ ʜʦʩʪʫʧʘ: 

https://www.geeksforgeeks.org/method-resolution-order-in-python-inheritance/ ï ɼʘʪʘ ʜʦʩʪʫʧʘ: 21.03.2019. 
9. Objective-C vs Swift messages dispatch [ʕʣʝʢʪʨʦʥʥʳʡ ʨʝʩʫʨʩ]. ï ʈʝʞʠʤ ʜʦʩʪʫʧʘ: 

https://blog.untitledkingdom.com/objective-c-vs-swift-messages-dispatch-9d5b7fd58327 ï ɼʘʪʘ ʜʦʩʪʫʧʘ: 21.03.2019. 
10. ʄʘʨʪʠʥ ʈ., ʏʠʩʪʘʷ ʘʨʭʠʪʝʢʪʫʨʘ. ʀʩʢʫʩʩʪʚʦ ʨʘʟʨʘʙʦʪʢʠ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ. ï ʉʇʙ.: ʇʠʪʝʨ, 2018. ï 

352 ʩ.: ʠʣ., ʩʪʨ. 60 ï 63. 
 
 

ʇʈʆɻʈɸʄʄʅɸʗ ʈɽɸʃʀɿɸʎʀʗ ʉʀʉʊɽʄʓ ʍʈɸʅɽʅʀʗ ʆɹʒɽʂʊʆɺ 
ɸɺʊʆʈʉʂʀʍ ʇʈɸɺ ʅɸ ʆʉʅʆɺɽ ʊɽʍʅʆʃʆɻʀʀ ɹʃʆʂʏɽʁʅ 

ɻʣʦʙʘ ɸ.ɸ. 

ɹʝʣʦʨʫʩʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʥʬʦʨʤʘʪʠʢʠ ʠ ʨʘʜʠʦʵʣʝʢʪʨʦʥʠʢʠ 
ʛ. ʄʠʥʩʢ, ʈʝʩʧʫʙʣʠʢʘ ɹʝʣʘʨʫʩʴ 

ɻʘʥʞʘ ɺ.ɸ. ï ʢ.ʬʠʟ.-ʤʘʪ.ʥ.,ʜʦʮʝʥʪ 

ʈʘʟʨʘʙʘʪʳʚʘʝʤʘʷ ʩʠʩʪʝʤʘ ʩʣʫʞʠʪ ʜʣʷ ʭʨʘʥʝʥʠʷ ʦʙʲʝʢʪʦʚ ʘʚʪʦʨʩʢʠʭ ʧʨʘʚ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 
ʪʝʭʥʦʣʦʛʠʠ ʙʣʦʢʯʝʡʥ. ɹʣʦʢʯʝʡʥ ʚ ʦʙʱʝʤ ʚʠʜʝ ï ʵʪʦ ʚʳʩʪʨʦʝʥʥʘʷ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʦʧʨʝʜʝʣʝʥʥʳʤʠ 
ʧʨʘʚʠʣʘʤʠ ʮʝʧʦʯʢʘ ʙʣʦʢʦʚ, ʩʦʜʝʨʞʘʱʠʭ ʢʘʢʫʶ-ʣʠʙʦ ʠʥʬʦʨʤʘʮʠʶ. ʆʙʳʯʥʦ ʢʦʧʠʠ ʮʝʧʦʯʝʢ ʭʨʘʥʷʪʩʷ 
ʨʘʩʧʨʝʜʝʣʸʥʥʦ ʥʘ ʨʘʟʥʳʭ ʫʩʪʨʦʡʩʪʚʘʭ ʚ ʧʨʝʜʝʣʘʭ ʦʜʥʦʡ ʩʝʪʠ. ʉ ʵʪʦʡ ʙʘʟʳ ʜʘʥʥʳʭ ʥʝʚʦʟʤʦʞʥʦ 
ʥʠʯʝʛʦ ʫʜʘʣʠʪʴ ʠʣʠ ʧʨʦʚʝʩʪʠ ʟʘʤʝʥʫ/ʧʦʜʤʝʥʫ ʙʣʦʢʘ, ʜʦʩʪʫʧʥʦ ʪʦʣʴʢʦ ʯʪʝʥʠʝ. 

ɺ ʜʘʥʥʳʡ ʤʦʤʝʥʪ ʨʘʟʨʘʙʘʪʳʚʘʝʤʘʷ ɹɼ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʩʪʨʫʢʪʫʨʫ, ʧʨʝʜʩʪʘʚʣʝʥʥʫʶ ʥʘ 
ʨʠʩ.1: 

ɺ ʭʦʜʝ ʨʘʟʨʘʙʦʪʢʠ ʩʠʩʪʝʤʳ ʜʣʷ ʭʨʘʥʝʥʠʷ ʘʚʪʦʨʩʢʠʭ ʧʨʘʚ, ʙʳʣʦ ʧʨʠʥʷʪʦ ʨʝʰʝʥʠʝ ʨʘʟʜʝʣʠʪʴ ɹɼ 
ʥʘ ʥʝʩʢʦʣʴʢʦ ʮʝʧʦʯʝʢ, ʛʜʝ ʢʘʞʜʦʤʫ ʪʠʧʫ ʜʘʥʥʳʭ (ʪʝʢʩʪʦʚʳʝ, ʘʫʜʠʦ-, ʠʟʦʙʨʘʞʝʥʠʷ) ʩʦʦʪʚʝʪʩʪʚʦʚʘʣʘ 
ʩʚʦʷ ʮʝʧʦʯʢʘ. ɹʦʣʝʝ ʪʦʛʦ, ʥʘ ʢʘʞʜʫʶ ʦʪʜʝʣʴʥʫʶ ʮʝʧʦʯʢʫ ʥʘʢʣʘʜʳʚʘʣʠʩʴ ʩʚʦʠ ʧʨʘʚʠʣʘ ʜʣʷ 
ʧʨʦʭʦʞʜʝʥʠʷ ʚʘʣʠʜʘʮʠʠ. ʊʘʢʦʡ ʧʦʜʭʦʜ ʦʙʝʩʧʝʯʠʚʘʝʪ ʛʠʙʢʦʩʪʴ ʠ ʦʪʥʦʩʠʪʝʣʴʥʦ ʣʝʛʢʫʶ 
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ʨʘʩʰʠʨʷʝʤʦʩʪʴ. ʂʘʞʜʦʡ ʮʝʧʦʯʢʝ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʩʚʦʡ ʬʘʡʣ ʩ ʜʘʥʥʳʤʠ, ʚ ʢʦʪʦʨʦʤ ʩʚʷʟʴ 
ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʯʝʨʝʟ ʧʦʣʝ id, ʘ ʢʦʥʪʨʦʣʴ ʮʝʣʦʩʪʥʦʩʪʠ ï ʩ ʧʦʤʦʱʴʶ ʭʵʰʘ MD5. 
 

 
ʈʠʩ.1 ï ʩʪʨʫʢʪʫʨʘ ʜʘʥʥʳʭ ʚ ʨʘʟʨʘʙʘʪʳʚʘʝʤʦʡ ʩʠʩʪʝʤʝ 

 
ʉʘʤʘ ʨʘʟʨʘʙʘʪʳʚʘʝʤʘʷ ʩʠʩʪʝʤʘ ʨʘʟʜʝʣʝʥʘ ʥʘ 3 ʫʨʦʚʥʷ: 
1. ʋʨʦʚʝʥʴ ʜʘʥʥʳʭ (ʮʝʧʦʯʢʠ ʙʣʦʢʯʝʡʥ). 
2. ʋʨʦʚʝʥʴ API ï HTTP-ʠʥʪʝʨʬʝʡʩ ʜʣʷ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩ ʮʝʧʦʯʢʘʤʠ. 
3. ʋʨʦʚʝʥʴ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ï ʛʨʘʬʠʯʝʩʢʠʡ ʠʥʪʝʨʬʝʡʩ ʧʦʣʴʟʦʚʘʪʝʣʷ. 
ɺʘʞʥʳʤ ʫʩʣʦʚʠʝʤ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʠ ʨʘʟʨʘʙʘʪʳʚʘʝʤʦʡ ʩʠʩʪʝʤʳ ʷʚʣʷʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴ 

ʦʙʤʝʥʘ ʜʘʥʥʳʤʠ ʠ ʦʙʥʦʚʣʝʥʠʷʤʠ ʤʝʞʜʫ ʫʟʣʘʤʠ ʩʝʪʠ, ʘ ʪʘʢʞʝ ʨʘʟʨʝʰʝʥʠʝ ʚʦʟʤʦʞʥʳʭ ʢʦʥʬʣʠʢʪʦʚ 
ʧʨʠ ʵʪʦʤ. ɼʣʷ ʵʪʦʛʦ ʠʩʧʦʣʴʟʫʝʪʩʷ ʩʣʝʜʫʶʱʠʡ ʘʣʛʦʨʠʪʤ (ʧʨʠʤʝʨ ʜʣʷ ʦʜʥʦʛʦ ʪʠʧʘ ʮʝʧʦʯʢʠ): 

1. ʋʟʝʣ ʟʘʧʨʘʰʠʚʘʝʪ ʮʝʧʦʯʢʠ ʦʪ ʚʩʝʭ ʠʟʚʝʩʪʥʳʭ ʝʤʫ ʫʟʣʦʚ. 
2. ɽʩʣʠ ʧʦʣʫʯʘʝʪ ʮʝʧʦʯʢʫ, ʜʣʠʥʘ ʢʦʪʦʨʦʡ ʙʦʣʴʰʝ, ʯʝʤ ʜʣʠʥʘ ʮʝʧʦʯʢʠ ʜʘʥʥʦʛʦ ʫʟʣʘ 

(ὒ ὒ ), ʪʦ ʥʦʚʘʷ ʮʝʧʦʯʢʘ ʧʨʦʭʦʜʠʪ ʚʘʣʠʜʘʮʠʶ. ʊʘʢ ʞʝ ʧʨʠ ʵʪʦʤ ʦʪ ʫʜʘʣʝʥʥʦʛʦ ʫʟʣʘ 
ʩʢʘʯʠʚʘʝʪʩʷ ʙʣʦʢ ʜʘʥʥʳʭ ʩ ʬʘʡʣʘʤʠ, ʢʦʪʦʨʳʝ ʪʘʢʞʝ ʧʨʦʭʦʜʷʪ ʚʘʣʠʜʘʮʠʶ. 

3. ɽʩʣʠ ʧʨʦʚʝʨʢʘ ʥʦʚʦʡ ʮʝʧʦʯʢʠ ʠ ʥʦʚʳʭ ʜʘʥʥʳʭ ʧʨʦʰʣʘ ʫʩʧʝʰʥʦ, ʪʦ ʫʟʝʣ ʦʙʥʦʚʣʷʝʪ 
ʟʘʤʝɦʘʝʪ ʩʚʦʶ ʮʝʧʦʯʢʫ ʥʦʚʦʡ, ʘ ʪʘʢʞʝ ʜʦʧʦʣʥʷʝʪ ʜʘʥʥʳʝ ʥʦʚʳʤʠ ʬʘʡʣʘʤʠ, ʝʩʣʠ ʥʝʪ ï ʧʨʦʜʦʣʞʘʝʪ 
ʧʦʠʩʢ. 

4. ʇʦʠʩʢ ʦʙʥʦʚʣʝʥʠʡ ʜʣʷ ʢʘʞʜʦʛʦ ʪʠʧʘ ʜʘʥʥʳʭ (ʪʝʢʩʪ, ʠʟʦʙʨʘʞʝʥʠʷ ʠ ʪ.ʧ.) ʧʨʦʭʦʜʠʪ 
ʦʪʜʝʣʴʥʦ ʠ ʥʝʟʘʚʠʩʠʤʦ ʜʨʫʛ ʦʪ ʜʨʫʛʘ. 
 

ɺʘʣʠʜʘʮʠʷ ʧʨʠ ʵʪʦʤ ʧʨʦʭʦʜʠʪ ʚ ʥʝʩʢʦʣʴʢʦ ʵʪʘʧʦʚ ʠ ʩʯʠʪʘʝʪʩʷ ʫʩʧʝʰʥʦʡ, ʝʩʣʠ ʚʳʧʦʣʥʝʥʳ 
ʩʣʝʜʫʶʱʠʝ ʫʩʣʦʚʠʷ: 

1. ʍʵ-hʩʫʤʤʳ ʙʣʦʢʦʚ ʢʦʨʨʝʢʪʥʳ. 
2. ʍʵ-hʩʫʤʤʘ ʙʣʦʢʘ N ʠ ʟʥʘʯʝʥʠʝ ʧʦʣʷ previousHash ʙʣʦʢʘ N+1 ʩʦʚʧʘʜʘʶʪ ʜʣʷ ʚʩʝʭ 

ʙʣʦʢʦʚ. 
3. ɼʘʥʥʳʝ (ʪʝʢʩʪ, ʠʟʦʙʨʘʞʝʥʠʷ, ʘʫʜʠʦʟʘʧʠʩʠ) ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʦʧʠʩʘʥʥʳʤ ʚ ʩʠʩʪʝʤʝ 

ʪʨʝʙʦʚʘʥʠʷʤ, ʚ ʪʦʤ ʯʠʩʣʝ ʠ ʥʘ ʧʦʚʪʦʨ/ʧʣʘʛʠʘʪ. 
4. ʆʮʝʥʢʘ ʪʝʢʩʪʦʚʦʛʦ ʬʘʡʣʘ ʥʘ ʧʣʘʛʠʘʪ, ʚ ʯʘʩʪʥʦʩʪʠ, ʩʦʚʝʨʰʘʝʪʩʷ ʧʫʪʸʤ ʧʦʧʘʨʥʦʛʦ 

ʩʨʘʚʥʝʥʠʷ ʥʦʚʦʛʦ ʠ ʩʪʘʨʳʭ ʪʝʢʩʪʦʚ ʩ ʧʦʤʦʱʴʶ ʬʫʥʢʮʠʡ TF-IDF ʠ ʢʦʩʠʥʫʩʘ ʚʝʢʪʦʨʦʚ.  
TF-IDF ð ʩʪʘʪʠʩʪʠʯʝʩʢʘʷ ʤʝʨʘ, ʠʩʧʦʣʴʟʫʝʤʘʷ ʜʣʷ ʦʮʝʥʢʠ ʚʘʞʥʦʩʪʠ ʩʣʦʚʘ ʚ ʢʦʥʪʝʢʩʪʝ 

ʜʦʢʫʤʝʥʪʘ. ɺʝʩ ʥʝʢʦʪʦʨʦʛʦ ʩʣʦʚʘ ʧʨʷʤʦ ʧʨʦʧʦʨʮʠʦʥʘʣʝʥ ʯʘʩʪʦʪʝ ʫʧʦʪʨʝʙʣʝʥʠʷ ʵʪʦʛʦ ʩʣʦʚʘ ʚ ʩʪʨʦʢʝ 
ʠ ʦʙʨʘʪʥʦ ʧʨʦʧʦʨʮʠʦʥʘʣʝʥ ʯʘʩʪʦʪʝ ʫʧʦʪʨʝʙʣʝʥʠʷ ʩʣʦʚʘ ʚʦ ʚʩʝʭ ʩʪʨʦʢʘʭ ʢʦʣʣʝʢʮʠʠ.  

TF-IDF ʩʦʩʪʦʠʪ ʠʟ: 
1. TF (term frequency ð ʯʘʩʪʦʪʘ ʩʣʦʚʘ) ð ʩʦʦʪʥʦʰʝʥʠʝ ʢʦʣʠʯʝʩʪʚʘ ʚʭʦʞʜʝʥʠʡ 

ʥʝʢʦʪʦʨʦʛʦ ʩʣʦʚʘ ʢ ʦʙʱʝʡ ʩʫʤʤʝ ʯʠʩʣʘ ʩʣʦʚ ʜʦʢʫʤʝʥʪʘ. ʇʦ ʬʦʨʤʫʣʝ (1) ʦʮʝʥʠʚʘʝʪʩʷ ʚʘʞʥʦʩʪʴ ʩʣʦʚʘ 
ʚ ʧʨʝʜʝʣʘʭ ʦʪʜʝʣʴʥʦʛʦ ʜʦʢʫʤʝʥʪʘ, ʛʜʝ ʚ ʯʠʩʣʠʪʝʣʝ ʥʘʭʦʜʠʪʩʷ ʯʠʩʣʦ ʚʭʦʞʜʝʥʠʡ ʩʣʦʚʘ ʚ ʜʦʢʫʤʝʥʪ, ʘ ʚ 
ʟʥʘʤʝʥʘʪʝʣʝ ð ʦʙʱʝʝ ʯʠʩʣʦ ʩʣʦʚ ʚ ʜʘʥʥʦʤ ʜʦʢʫʤʝʥʪʝ.  

 

                                                          ὸὪὸȟὨ
В

,                                                     (1) 

 
ʛʜʝ ὲ ï ʯʠʩʣʦ ʚʭʦʞʜʝʥʠʡ ʩʣʦʚʘ ὸ ʚ ʜʦʢʫʤʝʥʪ. 



55-ʷ ʶʙʠʣʝʡʥʘʷ ʥʘʫʯʥʘʷ ʢʦʥʬʝʨʝʥʮʠʷ ʘʩʧʠʨʘʥʪʦʚ, ʤʘʛʠʩʪʨʘʥʪʦʚ ʠ ʩʪʫʜʝʥʪʦʚ ɹɻʋʀʈ, 2019 ʛ. 
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2. IDF (inverse document frequency ð ʦʙʨʘʪʥʘʷ ʯʘʩʪʦʪʘ ʜʦʢʫʤʝʥʪʘ) ð ʠʥʚʝʨʩʠʷ ʯʘʩʪʦʪʳ, 
ʩ ʢʦʪʦʨʦʡ ʥʝʢʦʪʦʨʦʝ ʩʣʦʚʦ ʚʩʪʨʝʯʘʝʪʩʷ ʚ ʜʦʢʫʤʝʥʪʘʭ ʢʦʣʣʝʢʮʠʠ.  

 

                                                 ὭὨὪὸȟὈ
ȿȿ

ȿᶰ ȿ
,                                         (2) 

 

ʛʜʝ |D| - ʢʦʣʠʯʝʩʪʚʦ ʜʦʢʫʤʝʥʪʦʚ ʚ ʢʦʣʣʝʢʮʠʠ, ȿὸɴ ὨὭȿ ï ʯʠʩʣʦ ʜʦʢʫʤʝʥʪʦʚ ʠʟ ʢʦʣʣʝʢʮʠʠ D, ʚ 
ʢʦʪʦʨʳʭ ʚʩʪʨʝʯʘʝʪʩʷ ʩʣʦʚʦ ὸ. 

ʂʘʢ ʨʝʟʫʣʴʪʘʪ ʚʳʧʦʣʥʝʥʠʷ ʬʫʥʢʮʠʠ TF-IDF ʧʦʣʫʯʘʝʤ ʩʚʷʟʥʳʡ ʩʧʠʩʦʢ ʪʠʧʘ çʢʣʶʯ-ʟʥʘʯʝʥʠʝè, ʛʜʝ 
ʢʘʞʜʦʤʫ ʩʣʦʚʫ ʧʨʠʩʚʦʝʥ ʦʧʨʝʜʝʣʝʥʥʳʡ ʢʦʵʬʬʠʮʠʝʥʪ. ʇʦʣʫʯʝʥʥʳʝ ʟʥʘʯʝʥʠʷ ʠʩʧʦʣʴʟʫʶʪʩʷ ʜʣʷ 

ʦʧʨʝʜʝʣʝʥʠʷ ʩʭʦʜʩʪʚʘ ʪʝʢʩʪʦʚ ʩ ʧʦʤʦʱʴʶ ʢʦʩʠʥʫʩ-ʬʫʥʢʮʠʠ: ὧέί ὥȟὦ
ȟ

ȿȿȿȿ
 (3). ʇʦʣʫʯʝʥʥʦʝ 

ʟʥʘʯʝʥʠʝ ʠ ʦʧʨʝʜʝʣʷʝʪ ʩʭʦʜʩʪʚʦ ʪʝʢʩʪʦʚ, ʝʩʣʠ ʦʥʦ ʩʣʠʰʢʦʤ ʚʝʣʠʢʦ, ʥʦʚʳʡ ʬʘʡʣ ʥʝ ʧʨʦʭʦʜʠʪ 
ʚʘʣʠʜʘʮʠʶ. 

ɸʥʘʣʦʛʠʯʥʳʝ ʧʨʦʚʝʨʢʠ ʥʘ ʧʣʘʛʠʘʪ ʧʣʘʥʠʨʫʝʪʩʷ ʨʝʘʣʠʟʦʚʘʪʴ ʠ ʜʣʷ ʦʩʪʘʣʴʥʳʭ ʪʠʧʦʚ ʜʘʥʥʳʭ. 

 
ʉʧʠʩʦʢ ʠʩʧʦʣʴʟʦʚʘʥʥʳʭ ʠʩʪʦʯʥʠʢʦʚ: 
1. Jones K. S., A statistical interpretation of term specificity and its application in retrieval. 
2. Saul Schleimer, Daniel S. Wilkerson, Alex Aiken Winnowing: Local Algorithms for Document Fingerprinting. 

 

 

ʆɹʈɸɹʆʊʂɸ ʇʆʉʊʆʗʅʅʆɻʆ ʇʆʊʆʂɸ ɼɸʅʅʓʍ ʉ ɸʇʇɸʈɸʊʅʓʍ ʀ 
ɺʀʈʊʋɸʃʔʅʓʍ ʇʃɸʊʌʆʈʄ CISCO 

ɻʫʙʠʥ ʀ.ʖ. 

ɹʝʣʦʨʫʩʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʥʬʦʨʤʘʪʠʢʠ ʠ ʨʘʜʠʦʵʣʝʢʪʨʦʥʠʢʠ 
ʛ. ʄʠʥʩʢ, ʈʝʩʧʫʙʣʠʢʘ ɹʝʣʘʨʫʩʴ 

ʀʚʘʥʦʚ ʅ.ʅ. ï ʢ.ʪ.ʥ.,ʜʦʮʝʥʪ 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʧʦʪʨʝʙʥʦʩʪʠ ʘʙʦʥʝʥʪʦʚ ʢ ʧʨʦʧʫʩʢʥʦʡ ʩʧʦʩʦʙʥʦʩʪʠ ʩʝʪʠ ʨʘʩʪʫʪ ʩ ʢʘʞʜʳʤ 
ʜʥʸʤ, ʪʘʢ ʩʪʘʨʘʷʩʴ ʫʜʦʚʣʝʪʚʦʨʠʪʴ  ʵʪʠ  ʧʦʪʨʝʙʥʦʩʪʠ, ʦʧʝʨʘʪʦʨʳ ʩʚʷʟʠ ʚʝʜʫʪ ʘʢʪʠʚʥʦʝ ʚʥʝʜʨʝʥʠʝ 
ʥʦʚʳʡ ʘʧʧʘʨʘʪʥʳʭ ʠ ʚʠʨʪʫʘʣʴʥʳʭ ʨʝʰʝʥʠʡ, ʢʦʪʦʨʳʝ ʤʦʛʣʠ ʙʳ ʦʙʝʩʧʝʯʠʪʴ ʦʙʨʘʙʦʪʢʫ ʙʦʣʴʰʦʛʦ 
ʦʙʲʝʤʘ ʪʨʘʬʠʢʘ. ɸ ʧʨʠ ʙʦʣʴʰʦʤ ʢʦʣʠʯʝʩʪʚʝ ʦʙʦʨʫʜʦʚʘʥʠʷ, ʢʘʢ ʘʧʧʘʨʘʪʥʦʛʦ, ʪʘʢ ʠ ʚʠʨʪʫʘʣʴʥʦʛʦ, ʟʘ 
ʥʠʤ ʥʘʜʦ ʥʘʙʣʶʜʘʪʴ, ʧʦʣʫʯʘʪʴ ʩʪʘʪʠʩʪʠʯʝʩʢʠʝ ʜʘʥʥʳʝ, ʦʙʨʘʙʘʪʳʚʘʪʴ ʠʭ ʠ ʩʪʨʦʠʪʴ ʧʨʦʛʥʦʟʳ ʜʣʷ 
ʣʫʯʰʝʡ ʙʘʣʘʥʩʠʨʦʚʢʠ ʠ ʨʝʘʢʮʠʠ ʥʘ ʧʨʦʙʣʝʤʳ ʚ ʤʦʤʝʥʪʳ ʧʠʢʦʚʦʡ ʥʘʛʨʫʟʢʠ. ɺʩʝ ʵʪʦ ʚʳʪʝʢʘʝʪ ʚ ʩʙʦʨ, 
ʦʙʨʘʙʦʪʢʫ ʠ ʭʨʘʥʝʥʠʝ ʦʛʨʦʤʥʦʛʦ ʢʦʣʠʯʝʩʪʚʦ ʜʘʥʥʳʭ. 

ɺ ʭʦʜʝ ʜʦʢʣʘʜʘ ʙʫʜʝʪ ʨʘʩʩʢʘʟʘʥʦ, ʢʘʢʠʤ ʦʙʨʘʟʦʤ ʠ ʢʘʢʠʝ ʜʘʥʥʳʝ ʩʦʙʠʨʘʶʪʩʷ, ʢʘʢ ʩ ʘʧʧʘʨʘʪʥʳʭ, 
ʪʘʢ ʠ ʚʠʨʪʫʘʣʴʥʳʭ ʧʣʘʪʬʦʨʤ. ʂʘʢ ʧʨʦʠʩʭʦʜʠʪ ʧʨʝʜʦʙʨʘʙʦʪʢʘ ʠ ʦʙʨʘʙʦʪʢʘ ʩʪʘʪʠʩʪʠʯʝʩʢʠʭ ʜʘʥʥʳʭ 
ʦʙʦʨʫʜʦʚʘʥʠʷ. ʂʘʢ ʭʨʘʥʷʪʩʷ ʵʪʠ ʜʘʥʥʳʝ ʠ ʢʘʢʠʤ ʦʙʨʘʟʦʤ ʧʦʣʫʯʘʝʪʩʷ ʢ ʥʠʤ ʜʦʩʪʫʧ. 

ʊʘʢ ʞʝ ʙʫʜʝʪ ʠʟʣʦʞʝʥʦ ʦ ʧʦʣʴʟʝ ʩʙʦʨʘ ʠ ʘʥʘʣʠʟʘ ʜʘʥʥʳʭ, ʢʘʢʠʝ ʚʳʚʦʜʳ ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʥʘ 
ʦʩʥʦʚʝ ʧʦʣʫʯʝʥʥʳʭ ʦʪʯʝʪʦʚ, ʢʘʢ ʵʪʦ ʤʦʞʝʪ ʧʦʚʣʠʷʪʴ ʥʘ ʢʦʤʤʝʨʯʝʩʢʫʶ ʩʦʩʪʘʚʣʷʶʱʫʶ, ʘ ʪʘʢʞʝ ʢʘʢ 
ʩʪʘʪʠʩʪʠʯʝʩʢʠʝ ʜʘʥʥʳʝ ʧʦʤʦʛʘʶʪ ʠʟʙʝʞʘʪʴ ʘʚʘʨʠʡ ʠ ʚʦʚʨʝʤʷ ʩʨʝʘʛʠʨʦʚʘʪʴ ʧʨʠ ʜʦʩʪʠʞʝʥʠʷ 
ʦʧʨʝʜʝʣʝʥʥʳʭ ʣʠʤʠʪʦʚ ʧʦ ʨʝʩʫʨʩʘʤ ʠ ʤʥʦʛʦ ʜʨʫʛʦʝ. 

ɹʫʜʫʪ ʨʘʩʩʤʦʪʨʝʥʳ ʚʘʨʠʘʥʪʳ ʚʠʟʫʘʣʠʟʘʮʠʠ ʜʘʥʥʳʭ, ʧʦʩʨʝʜʩʪʚʦʤ Grafana ï ʦʪʢʨʳʪʦʡ 
ʧʣʘʪʬʦʨʤʳ ʜʣʷ ʘʥʘʣʠʟʘ ʠ ʤʦʥʠʪʦʨʠʥʛʘ, ʥʘ ʢʦʪʦʨʦʡ ʦʪʦʙʨʘʞʘʶʪʩʷ ʥʫʞʥʳʝ ʛʨʘʬʠʢʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 
ʦʙʨʘʙʦʪʘʥʥʳʭ ʜʘʥʥʳʭ ʠʟ ʙʘʟ ʜʘʥʥʳʭ. 

ʂʨʦʤʝ ʚʘʨʠʘʥʪʦʚ ʚʠʟʫʘʣʠʟʘʮʠʠ, ʪʘʢ ʞʝ ʙʫʜʫʪ ʨʘʩʩʤʦʪʨʝʥʳ ʘʣʛʦʨʠʪʤʳ ʧʦʣʫʯʝʥʠʷ ʜʘʥʥʳʭ 
ʥʘʧʨʷʤʫʶ ʩ ʘʧʧʘʨʘʪʥʦʡ ʧʣʘʪʬʦʨʤʳ, ʘ ʪʘʢʞʝ ʩʙʦʨ ʜʘʥʥʳʭ ʧʦʩʣʝ ʧʨʝʜʦʙʨʘʙʦʪʢʠ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʤ 
ʇʆ. 

ɹʫʜʝʪ ʟʘʪʨʦʥʫʪʘ ʪʝʤʘ ʦʙʨʘʙʦʪʢʠ ʜʘʥʥʳʭ ʥʘ ʷʟʳʢʝ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ Python 3, ʘ ʪʘʢʞʝ 
ʙʠʙʣʠʦʪʝʢʘ, ʧʨʝʜʥʘʟʥʘʯʝʥʥʘʷ ʜʣʷ ʨʘʙʦʪʳ ʩ ʙʦʣʴʰʠʤʠ ʧʦʪʦʢʘʤʠ ʠ ʦʙʲʝʤʘʤʠ ʜʘʥʥʳʭ pandas ï ʵʪʦ 
ʧʨʦʛʨʘʤʤʥʘʷ ʙʠʙʣʠʦʪʝʢʘ ʥʘ ʷʟʳʢʝ Python ʜʣʷ ʦʙʨʘʙʦʪʢʠ ʠ ʘʥʘʣʠʟʘ ʜʘʥʥʳʭ. ʈʘʙʦʪʘ pandas ʩ ʜʘʥʥʳʤʠ 
ʩʪʨʦʠʪʩʷ ʧʦʚʝʨʭ ʙʠʙʣʠʦʪʝʢʠ NumPy, ʷʚʣʷʶʱʝʡʩʷ ʠʥʩʪʨʫʤʝʥʪʦʤ ʙʦʣʝʝ ʥʠʟʢʦʛʦ ʫʨʦʚʥʷ. 
ʇʨʝʜʦʩʪʘʚʣʷʝʪ ʩʧʝʮʠʘʣʴʥʳʝ ʩʪʨʫʢʪʫʨʳ ʜʘʥʥʳʭ ʠ ʦʧʝʨʘʮʠʠ ʜʣʷ ʤʘʥʠʧʫʣʠʨʦʚʘʥʠʷ ʯʠʩʣʦʚʳʤʠ 
ʪʘʙʣʠʮʘʤʠ ʠ ʚʨʝʤʝʥʥʳʤʠ ʨʷʜʘʤʠ. 

ɺ ʠʪʦʛʝ ʙʫʜʫʪ ʩʜʝʣʘʥʳ ʚʳʚʦʜʳ ʦ ʧʨʦʜʝʣʘʥʥʦʡ ʨʘʙʦʪʝ, ʧʦʣʫʯʝʥʥʦʤ ʦʧʳʪʝ ʧʨʠ ʨʘʟʨʘʙʦʪʢʝ ʠ 
ʧʦʣʝʟʥʦʩʪʠ ʚ ʧʨʠʤʝʥʝʥʠʠ ʜʘʥʥʦʛʦ ʧʦʜʭʦʜʘ ʜʣʷ ʧʨʦʜʘʢʰʥ ʧʨʦʝʢʪʘ. ɹʫʜʝʪ ʨʘʩʩʢʘʟʘʥʦ ʦ ʧʣʘʥʝ 
ʙʫʜʫʱʝʛʦ ʨʘʟʚʠʪʠʷ ʧʨʦʝʢʪʘ, ʢʘʢʠʝ ʤʦʜʫʣʠ ʙʫʜʫʪ ʜʦʙʘʚʣʝʥʳ ʧʦ ʚʦʟʤʦʞʥʦʩʪʠ ʚ ʙʫʜʫʱʝʤ ʠ ʧʨʦʩʪʦʪʝ 
ʨʘʩʰʠʨʝʥʠʷ. 



55-ʷ ʶʙʠʣʝʡʥʘʷ ʥʘʫʯʥʘʷ ʢʦʥʬʝʨʝʥʮʠʷ ʘʩʧʠʨʘʥʪʦʚ, ʤʘʛʠʩʪʨʘʥʪʦʚ ʠ ʩʪʫʜʝʥʪʦʚ ɹɻʋʀʈ, 2019 ʛ. 
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ʀ ʚ ʟʘʢʣʶʯʝʥʠʠ ʙʫʜʝʪ ʩʢʘʟʘʥʦ ʦʙ ʘʥʘʣʠʪʠʢʝ ʩʦʩʪʦʷʥʠʠ ʩʝʪʠ ʚ ʮʝʣʦʤ, ʦ ʚʦʟʤʦʞʥʦʩʪʠ 
ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʩʠʪʫʘʮʠʡ ʠ ʥʘʛʨʫʟʦʢ ʥʘ ʩʝʪʴ ʙʣʘʛʦʜʘʨʷ ʥʘʣʠʯʠʶ ʙʦʣʴʰʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʜʘʥʥʳʭ, 
ʧʨʠʤʝʥʝʥʠʠ ʩʦʚʨʝʤʝʥʥʳʭ ʘʣʛʦʨʠʪʤʦʚ ʠʟ ʦʙʨʘʙʦʪʢʠ ʠ ʤʘʰʠʥʥʦʛʦ ʦʙʫʯʝʥʠʷ. ʀ ʢʘʢʫʶ ʧʦʣʴʟʫ ʚʩʝ ʵʪʦ 
ʤʦʞʝʪ ʧʨʠʥʝʩʪʠ ʢʘʢ ʚʣʘʜʝʣʴʮʫ ʩʝʨʚʠʩʘ, ʪʘʢ ʠ ʧʦʣʴʟʦʚʘʪʝʣʷʤ. 
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ɹʝʣʦʨʫʩʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʥʬʦʨʤʘʪʠʢʠ ʠ ʨʘʜʠʦʵʣʝʢʪʨʦʥʠʢʠ 
ʛ. ʄʠʥʩʢ, ʈʝʩʧʫʙʣʠʢʘ ɹʝʣʘʨʫʩʴ 
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ʆʩʥʦʚʥʳʤ ʥʘʧʨʘʚʣʝʥʠʝʤ ʠʟʫʯʝʥʠʷ ʩʧʦʩʦʙʦʚ ʤʠʛʨʘʮʠʠ ʩʭʝʤ ʜʘʥʥʳʭ ʠʟ ʦʜʥʦʡ ʩʪʨʫʢʪʫʨʳ ʚ ʜʨʫʛʫʶ ʷʚʣʷʝʪʩʷ ʦʧʨʝʜʝʣʝʥʠʝ 
ʦʧʪʠʤʘʣʴʥʳʭ ʧʨʠʥʮʠʧʦʚ ʤʦʜʠʬʠʢʘʮʠʠ ʩʪʨʫʢʪʫʨ ʠ ʘʣʛʦʨʠʪʤʘ ʧʝʨʝʩʪʨʦʝʥʠʷ ʦʙʲʝʢʪʦʚ ʩ ʫʯʝʪʦʤ ʩʫʱʝʩʪʚʫʶʱʠʭ ʟʘʚʠʩʠʤʦʩʪʝʡ. 

ɸʢʪʫʘʣʴʥʦʩʪʴ ʘʥʘʣʠʟʘ ʩʧʦʩʦʙʦʚ ʤʠʛʨʘʮʠʠ ʩʭʝʤ ʜʘʥʥʳʭ ʦʙʫʩʣʦʚʣʝʥʘ ʥʝʦʙʭʦʜʠʤʦʩʪʴʶ 
ʧʦʩʪʦʷʥʥʦʡ ʧʦʜʜʝʨʞʢʠ ʩʪʨʫʢʪʫʨʳ ʙʘʟʳ ʜʘʥʥʳʭ ʠ ʝʝ ʧʦʩʣʝʜʫʶʱʝʡ ʦʧʪʠʤʠʟʘʮʠʠ ʧʨʠ ʚʳʭʦʜʝ ʥʦʚʦʡ 
ʚʝʨʩʠʠ ʧʨʦʛʨʘʤʤʥʦʛʦ ʧʨʦʜʫʢʪʘ. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʧʨʦʮʝʩʩʫ ʤʠʛʨʘʮʠʠ ʜʘʥʥʳʭ ʯʘʩʪʦ ʩʦʧʫʪʩʪʚʫʶʪ 
ʧʨʦʙʣʝʤʳ ʠʭ ʜʫʙʣʠʨʦʚʘʥʠʷ ʠ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʦʰʠʙʦʢ, ʩʚʷʟʘʥʥʳʭ ʩ ʠʟʤʝʥʝʥʠʝʤ ʩʪʨʫʢʪʫʨʳ ʜʘʥʥʳʭ.   

ʇʨʠ ʨʘʟʨʘʙʦʪʢʝ ʧʨʦʛʨʘʤʤʥʦʛʦ ʧʨʦʜʫʢʪʘ ʠ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʥʘʧʠʩʘʥʠʠ ʢʦʜʘ ʨʘʟʨʘʙʦʪʯʠʢʠ 
ʧʦʣʴʟʫʶʪʩʷ ʩʠʩʪʝʤʘʤʠ ʢʦʥʪʨʦʣʷ ʚʝʨʩʠʡ, ʪʘʢʠʤʠ ʢʘʢ Git ʠʣʠ Subversion. ɼʘʥʥʳʝ ʩʠʩʪʝʤʳ ʧʦʟʚʦʣʷʶʪ 
ʚʝʩʪʠ ʩʦʚʤʝʩʪʥʳʡ ʧʨʦʮʝʩʩ ʨʘʟʨʘʙʦʪʢʠ ʥʝʩʢʦʣʴʢʠʤʠ ʩʦʪʨʫʜʥʠʢʘʤʠ, ʭʨʘʥʠʪʴ ʪʦʣʴʢʦ ʨʘʟʥʠʮʫ ʤʝʞʜʫ 
ʚʝʨʩʠʷʤʠ ʢʦʜʘ, ʦʪʩʣʝʞʠʚʘʪʴ ʠ, ʧʨʠ ʥʝʦʙʭʦʜʠʤʦʩʪʠ, ʚʦʟʚʨʘʱʘʪʴʩʷ ʢ ʢʦʥʢʨʝʪʥʦʡ ʚʝʨʩʠʠ ʠʩʭʦʜʥʦʛʦ 
ʢʦʜʘ. ɺ ʪʦ ʞʝ ʚʨʝʤʷ ʧʨʠʤʝʥʝʥʠʝ ʩʠʩʪʝʤ ʢʦʥʪʨʦʣʷ ʚʝʨʩʠʡ ʧʨʠ ʨʘʙʦʪʝ ʩʦ ʩʪʨʫʢʪʫʨʘʤʠ ʩʭʝʤ ʜʘʥʥʳʭ 
ʜʦʚʦʣʴʥʦ ʦʛʨʘʥʠʯʝʥʦ. 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʚ ʧʨʦʮʝʩʩʝ ʨʘʟʚʠʪʠʷ ʧʨʦʛʨʘʤʤʥʦʛʦ ʧʨʦʜʫʢʪʘ ʦʪʩʣʝʜʠʪʴ ʠʟʤʝʥʝʥʠʷ ʩʪʨʫʢʪʫʨʳ 
ʜʘʥʥʳʭ ʚʝʩʴʤʘ ʧʨʦʙʣʝʤʘʪʠʯʥʦ ʚʚʠʜʫ ʪʦʛʦ, ʯʪʦ DDL, ʷʟʳʢ ʦʧʨʝʜʝʣʝʥʠʷ ʩʭʝʤ ʜʘʥʥʳʭ, ʥʝ 
ʧʨʝʜʫʩʤʘʪʨʠʚʘʝʪ ʜʦʢʫʤʝʥʪʠʨʦʚʘʥʠʝ ʠʟʤʝʥʝʥʠʷ ʩʪʨʫʢʪʫʨʳ ʥʘ ʢʘʞʜʦʤ ʰʘʛʝ [1]. 

ʆʜʥʠʤ ʠʟ ʤʝʪʦʜʦʚ ʨʝʰʝʥʠʷ ʜʘʥʥʦʡ ʟʘʜʘʯʠ ʷʚʣʷʝʪʩʷ ʩʦʟʜʘʥʠʝ ʚ ʢʘʪʘʣʦʛʝ ʧʨʦʝʢʪʘ 
ʧʨʦʥʫʤʝʨʦʚʘʥʥʳʭ ʩʢʨʠʧʪʦʚ ʤʦʜʠʬʠʢʘʮʠʠ ʩʪʨʫʢʪʫʨʳ ʙʘʟʳ ʜʘʥʥʳʭ ʧʨʠ ʵʪʦʤ, ʥʝ ʧʨʠʙʝʛʘʷ ʢ 
ʠʩʧʦʣʴʟʦʚʘʥʠʶ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʠʥʩʪʨʫʤʝʥʪʦʚ. ɺ ʪʘʢʦʤ ʩʣʫʯʘʝ ʚʩʝ ʠʟʤʝʥʝʥʠʷ ʙʫʜʫʪ ʥʘʢʘʧʣʠʚʘʪʴʩʷ ʚ 
ʧʨʦʝʢʪʝ ʧʨʠ ʫʩʣʦʚʠʠ ʩʦʙʣʶʜʝʥʠʷ ʟʘʨʘʥʝʝ ʦʧʨʝʜʝʣʝʥʥʳʭ ʧʨʘʚʠʣ ʫʯʘʩʪʥʠʢʘʤʠ ʧʨʦʝʢʪʘ.  

ʆʜʥʠʤ ʠʟ ʥʘʠʙʦʣʝʝ ʩʦʚʨʝʤʝʥʥʳʭ ʠ ʧʨʘʢʪʠʯʥʳʭ ʩʧʦʩʦʙʦʚ ʢʦʥʪʨʦʣʷ ʩʪʨʫʢʪʫʨʳ ʩʭʝʤ ʜʘʥʥʳʭ 
ʷʚʣʷʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʜʦʧʦʣʥʠʪʝʣʴʥʦʛʦ ʠʥʩʪʨʫʤʝʥʪʘ Liquibase. ʆʩʥʦʚʥʦʡ ʟʘʜʘʯʝʡ ʩʠʩʪʝʤʳ 
ʷʚʣʷʝʪʩʷ ʢʦʥʪʨʦʣʴ ʥʦʤʝʨʘ ʧʦʩʣʝʜʥʝʛʦ ʚʳʧʦʣʥʝʥʥʦʛʦ ʩʢʨʠʧʪʘ ʠʟʤʝʥʝʥʠʷ ʩʪʨʫʢʪʫʨʳ ʜʘʥʥʳʭ ʠ 
ʦʙʝʩʧʝʯʝʥʠʝ ʝʜʠʥʦʚʨʝʤʝʥʥʦʛʦ ʣʠʥʝʡʥʦʛʦ ʚʳʧʦʣʥʝʥʠʷ ʩʢʨʠʧʪʦʚ ʧʦ ʠʟʤʝʥʝʥʠʶ ʩʪʨʫʢʪʫʨʳ ʜʘʥʥʳʭ. 
ʆʜʥʘʢʦ, ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʠʥʩʪʨʫʤʝʥʪʦʚ, ʚ ʦʩʥʦʚʝ ʢʦʪʦʨʳʭ ʣʝʞʠʪ ʧʨʠʥʮʠʧ ʥʘʢʦʧʣʝʥʠʷ change-ʩʢʨʠʧʪʦʚ, 
ʥʝ ʧʦʟʚʦʣʷʝʪ ʨʝʰʠʪʴ ʟʘʜʘʯʫ ʪʘʢ ʞʝ ʣʝʛʢʦ, ʢʘʢ ʥʘʧʠʩʘʪʴ ʧʨʦʛʨʘʤʤʥʳʡ ʢʦʜ ʧʨʠʣʦʞʝʥʠʷ. ɻʣʘʚʥʳʤ 
ʤʠʥʫʩʦʤ ʜʘʥʥʦʛʦ ʧʦʜʭʦʜʘ ʷʚʣʷʝʪʩʷ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʭʨʘʥʝʥʠʷ ʦʛʨʦʤʥʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʥʝʘʢʪʫʘʣʴʥʳʭ 
change-ʩʢʨʠʧʪʦʚ, ʯʪʦ ʟʘʪʨʫʜʥʷʝʪ ʧʦʣʫʯʝʥʠʝ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʦ ʬʘʢʪʠʯʝʩʢʠ ʠʩʧʦʣʴʟʫʝʤʦʡ ʩʪʨʫʢʪʫʨʝ 
ʩʭʝʤʳ ʜʘʥʥʳʭ.  

ɼʣʷ ʨʝʰʝʥʠʷ ʧʦʩʪʘʚʣʝʥʥʳʭ ʟʘʜʘʯ ʠʩʩʣʝʜʦʚʘʥʳ ʪʘʢʠʝ ʧʨʠʥʮʠʧʳ, ʢʘʢ ʢʦʥʚʝʨʛʝʥʪʥʦʩʪʴ ʠ 
ʠʜʝʤʧʦʪʝʥʪʥʦʩʪʴ. ʉʦʙʣʶʜʝʥʠʝ ʧʨʠʚʝʜʝʥʥʳʭ ʧʨʠʥʮʠʧʦʚ ʚ ʨʘʟʨʘʙʦʪʘʥʥʦʤ ʤʦʜʫʣʝ ʤʠʛʨʘʮʠʠ ʧʦʟʚʦʣʷʝʪ 
ʥʘʠʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʦ ʢʦʥʪʨʦʣʠʨʦʚʘʪʴ ʩʦʩʪʦʷʥʠʝ ʩʭʝʤʳ ʜʘʥʥʳʭ ʠ ʥʝ ʜʦʧʫʩʢʘʪʴ ʧʦʚʪʦʨʥʦʛʦ 
ʚʳʧʦʣʥʝʥʠʷ ʩʢʨʠʧʪʘ ʤʠʛʨʘʮʠʠ ʜʘʥʥʳʭ ʧʨʠ ʝʛʦ ʫʩʧʝʰʥʦʤ ʟʘʧʫʩʢʝ ʨʘʥʝʝ. 

ʅʘʠʙʦʣʝʝ ʦʧʪʠʤʘʣʴʥʳʤ ʨʝʰʝʥʠʝʤ ʟʘʜʘʯʠ ʤʠʛʨʘʮʠʠ ʩʭʝʤ ʜʘʥʥʳʭ ʠ ʷʚʣʷʝʪʩʷ ʩʣʝʜʦʚʘʥʠʝ 
ʜʘʥʥʳʤ ʧʨʠʥʮʠʧʘʤ: ʠʜʝʤʧʦʪʝʥʪʥʦʩʪʠ ʠ ʢʦʥʚʝʨʛʝʥʪʥʦʩʪʠ [2]. ʆʪʣʠʯʠʪʝʣʴʥʦʡ ʦʩʦʙʝʥʥʦʩʪʴʶ ʪʘʢʦʛʦ 
ʧʦʜʭʦʜʘ ʷʚʣʷʝʪʩʷ ʪʦ, ʯʪʦ ʩʢʨʠʧʪ, ʢʦʪʦʨʳʡ ʫʜʦʚʣʝʪʚʦʨʷʝʪ ʫʩʣʦʚʠʷʤ ʧʨʠʥʮʠʧʦʚ, ʦʧʠʩʳʚʘʝʪ ʩʦʩʪʦʷʥʠʝ, 
ʢ ʢʦʪʦʨʦʤʫ ʦʙʲʝʢʪ ʜʦʣʞʝʥ ʙʳʪʴ ʧʨʠʚʝʜʝʥ, ʘ ʥʝ ʜʝʡʩʪʚʠʷ, ʢʦʪʦʨʳʝ ʪʨʝʙʫʝʪʩʷ ʧʨʦʠʟʚʝʩʪʠ ʥʘʜ ʥʠʤ. 

ʀʜʝʤʧʦʪʝʥʪʥʦʩʪʴ ʦʙʝʩʧʝʯʠʚʘʝʪ ʦʪʩʫʪʩʪʚʠʝ ʠʟʤʝʥʝʥʠʡ ʦʙʲʝʢʪʘ ʧʨʠ ʚʳʧʦʣʥʝʥʠʠ ʩʢʨʠʧʪʘ 
ʧʦʚʪʦʨʥʦ ʚ ʩʣʫʯʘʝ, ʝʩʣʠ ʩʢʨʠʧʪ ʙʳʣ ʚʳʧʦʣʥʝʥ ʫʩʧʝʰʥʦ ʧʨʠ ʧʝʨʚʦʤ ʝʛʦ ʟʘʧʫʩʢʝ. ʉʦʙʣʶʜʝʥʠʝ ʜʘʥʥʦʛʦ 
ʧʨʠʥʮʠʧʘ ʧʦʟʚʦʣʷʝʪ ʠʟʙʝʞʘʪʴ ʜʫʙʣʠʨʦʚʘʥʠʷ ʠ ʠʩʢʘʞʝʥʠʷ ʜʘʥʥʳʭ. ʆʜʥʘʢʦ, ʚ ʩʣʫʯʘʝ ʥʝʚʳʧʦʣʥʝʥʠʷ 
ʩʢʨʠʧʪʘ ʠʣʠ ʥʝʫʜʘʯʥʦʛʦ ʟʘʚʝʨʰʝʥʠʷ ʝʛʦ ʚʳʧʦʣʥʝʥʠʷ, ʩʠʩʪʝʤʘ, ʧʨʠ ʧʦʚʪʦʨʥʦʤ ʚʳʧʦʣʥʝʥʠʠ ʜʘʥʥʦʛʦ 
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ʩʢʨʠʧʪʘ, ʙʫʜʝʪ ʧʳʪʘʪʴʩʷ ʧʨʠʡʪʠ ʢ ʪʦʤʫ ʩʦʩʪʦʷʥʠʶ, ʢʦʪʦʨʦʝ ʙʳʣʦ ʟʘʜʘʥʦ ʚ ʢʘʯʝʩʪʚʝ ʞʝʣʘʝʤʦʛʦ. ʊʘʢʦʝ 
ʧʦʚʝʜʝʥʠʝ ʩʠʩʪʝʤʳ ʦʙʫʩʣʦʚʣʝʥʦ ʧʨʠʥʮʠʧʦʤ ʢʦʥʚʝʨʛʝʥʪʥʦʩʪʠ, ʢʦʪʦʨʳʡ ʥʘʧʨʘʚʣʝʥ ʥʘ ʧʨʠʚʝʜʝʥʠʝ 
ʩʠʩʪʝʤʳ ʚ ʥʫʞʥʦʝ ʩʦʩʪʦʷʥʠʝ ʧʨʠ ʢʘʞʜʦʤ ʩʣʝʜʫʶʱʝʤ ʟʘʧʫʩʢʝ ʦʜʥʦʛʦ ʠ ʪʦʛʦ ʞʝ ʩʢʨʠʧʪʘ ʙʝʟ 
ʚʳʧʦʣʥʝʥʠʷ ʦʧʝʨʘʮʠʡ, ʫʩʧʝʰʥʦ ʚʳʧʦʣʥʝʥʥʳʭ ʨʘʥʝʝ. ʊ.ʝ. ʠʟʤʝʥʝʥʠʷ, ʥʝ ʚʳʧʦʣʥʝʥʥʳʝ ʧʨʠ ʦʜʥʦʡ 
ʧʦʧʳʪʢʝ, ʩʠʩʪʝʤʘ ʙʫʜʝʪ ʧʳʪʘʪʴʩʷ ʚʳʧʦʣʥʠʪʴ ʝʱʝ ʨʘʟ ʧʨʠ ʧʦʚʪʦʨʥʦʤ ʟʘʧʫʩʢʝ.  

 
ʉʧʠʩʦʢ ʠʩʧʦʣʴʟʦʚʘʥʥʳʭ ʠʩʪʦʯʥʠʢʦʚ: 
1.  ʂʣʝʧʧʤʘʥ. ʄ. ɺʳʩʦʢʦʥʘʛʨʫʞʝʥʥʳʝ ʧʨʠʣʦʞʝʥʠʷ. ʇʨʦʛʨʘʤʤʠʨʦʚʘʥʠʝ, ʤʘʩʰʪʘʙʠʨʦʚʘʥʠʝ, ʧʦʜʜʝʨʞʢʘ/ʄ. ʂʣʝʧʧʤʘʥ // 

ʉʇʙ: ʇʠʪʝʨ, 2018. 
2.  Database Migration: What It Is and How to Do It [ʕʣʝʢʪʨʦʥʥʳʡ ʨʝʩʫʨʩ] - ʈʝʞʠʤ ʜʦʩʪʫʧʘ: https://rollout.io/blog/database-

migration - ɼʘʪʘ ʜʦʩʪʫʧʘ: 22.03.2019 
 
 

ʇʈʆɻʈɸʄʄʅɸʗ ʉʀʉʊɽʄɸ ʉʀʄʋʃʗʎʀʀ ʈɸɿʈʋʐɸɽʄʆʉʊʀ ʅɸ 
ʆʉʅʆɺɽ UNREAL ENGINE 4 

ɼʤʠʪʨʠʝʚ ɸ.ʉ. 

ɹʝʣʦʨʫʩʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʥʬʦʨʤʘʪʠʢʠ ʠ ʨʘʜʠʦʵʣʝʢʪʨʦʥʠʢʠ 
ʛ. ʄʠʥʩʢ, ʈʝʩʧʫʙʣʠʢʘ ɹʝʣʘʨʫʩʴ 

ɿʦʣʦʪʦʨʝʚʠʯ ʃ.ɸ., ʜʦʮʝʥʪ 

ɺ ʜʘʥʥʦʡ ʩʪʘʪʴʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʦʜʥʘ ʠʟ ʚʦʟʤʦʞʥʳʭ ʨʝʘʣʠʟʘʮʠʡ ʩʠʩʪʝʤʳ ʩʠʤʫʣʷʮʠʠ ʨʘʟʨʫʰʘʝʤʦʩʪʠ ʚ Unreal Engine 4. ɼʣʷ 
ʨʝʘʣʠʟʘʮʠʠ ʦʪʜʝʣʴʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ ʠʩʧʦʣʴʟʫʝʪʩʷ ʚʥʝʰʥʠʡ ʧʣʘʛʠʥ Apex Destruction ʜʣʷ Unreal Engine ʠ ʦʪʜʝʣʴʥʘʷ ʧʨʦʛʨʘʤʤʘ 
PhysX Lab. 

ɺ ʦʩʥʦʚʝ ʨʘʟʨʘʙʘʪʳʚʘʝʤʦʡ ʩʠʩʪʝʤʳ ʩʠʤʫʣʷʮʠʠ ʧʨʠʤʝʥʷʝʪʩʷ Unreal Engine 4 ʢʘʢ ʦʜʠʥ ʠʟ 
ʥʘʠʙʦʣʝʝ ʩʪʘʙʠʣʴʥʳʭ ʠ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʳʭ ʜʚʠʞʢʦʚ. ʇʨʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ ʩʠʩʪʝʤʳ ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ 
ʤʘʪʝʨʠʘʣʳ ʦʙʲʝʢʪʦʚ ʨʘʟʨʫʰʝʥʠʷ ʙʳʣʠ ʨʘʟʙʠʪʳ ʥʘ ʯʝʪʳʨʝ ʛʨʫʧʧʳ: 

1) ʧʦʨʦʜʳ ï ʨʘʟʣʠʯʥʳʝ ʢʘʤʝʥʥʳʝ ʦʙʨʘʟʦʚʘʥʠʷ ʠ ʩʪʨʫʢʪʫʨʳ; 
2) ʤʝʪʘʣʣ ï ʪʫʛʦʧʣʘʚʢʠʝ ʤʘʪʝʨʠʘʣʳ ʠ ʤʝʪʘʣʣʦʢʦʥʩʪʨʫʢʮʠʠ; 
3) ʜʝʨʝʚʦ ï ʜʨʝʚʝʩʠʥʘ ʠ ʠʟʜʝʣʠʷ ʜʝʨʝʚʦʦʙʨʘʙʘʪʳʚʘʶʱʝʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ; 
4) ʩʪʝʢʣʦ ï ʠʟʜʝʣʠʷ ʩʪʝʢʦʣʴʥʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʠ ʙʴʶʱʠʝʩʷ ʤʘʪʝʨʠʘʣʳ. 
ɼʣʷ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʨʘʟʨʫʰʘʝʤʦʩʪʠ ʦʙʲʝʢʪʦʚ ʧʝʨʚʦʡ ʛʨʫʧʧʳ ʠʩʧʦʣʴʟʫʝʪʩʷ ʘʣʛʦʨʠʪʤ ɺʦʨʦʥʦʚʘ, 

ʦʩʥʦʚʘʥʥʳʡ ʥʘ ʦʜʥʦʠʤʝʥʥʦʡ ʜʠʘʛʨʘʤʤʝ ʠʣʠ ʪʘʢ ʥʘʟʳʚʘʝʤʦʤ ʨʘʟʙʠʝʥʠʠ ɼʠʨʠʭʣʝ. ɺ ʢʘʯʝʩʪʚʝ ʝʛʦ 
ʧʨʦʛʨʘʤʤʥʦʡ ʨʝʘʣʠʟʘʮʠʠ ʠʩʧʦʣʴʟʫʝʪʩʷ ʚʥʝʰʥʠʡ ʧʣʘʛʠʥ Apex Destruction ʜʣʷ Unreal Engine 4, ʢʦʪʦʨʳʡ 
ʟʘʨʘʥʝʝ ʜʝʣʠʪ ʦʙʲʝʢʪʳ ʥʘ ʩʮʝʥʝ ʥʘ ʦʧʨʝʜʝʣʝʥʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʵʣʝʤʝʥʪʦʚ, ʥʘʟʳʚʘʝʤʳʭ ʯʘʥʢʘʤʠ. ɺʩʝ 
ʯʘʥʢʠ ʷʚʣʷʶʪʩʷ ʧʘʨʘʣʣʝʣʝʧʠʧʝʜʘʤʠ ʨʘʟʣʠʯʥʳʭ ʨʘʟʤʝʨʦʚ, ʩʦʜʝʨʞʘʱʠʤʠ ʦʜʠʥ ʠʟ ʙʫʜʫʱʠʭ ʦʙʣʦʤʢʦʚ 
ʨʘʟʨʫʰʘʝʤʦʛʦ ʦʙʲʝʢʪʘ. ʊʘʢ ʢʘʢ ʨʘʟʜʝʣʝʥʠʝ ʦʙʲʝʢʪʘ ʟʘʧʝʢʘʝʪʩʷ ʟʘʨʘʥʝʝ, ʨʘʟʨʫʰʘʝʤʦʩʪʴ ʷʚʣʷʝʪʩʷ 
ʜʦʚʦʣʴʥʦ ʧʨʝʜʩʢʘʟʫʝʤʦʡ, ʥʦ ʩ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ ʧʦʟʚʦʣʷʝʪ ʦʙʝʩʧʝʯʠʪʴ ʚʳʩʦʢʫʶ ʩʢʦʨʦʩʪʴ 
ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʚ ʨʝʞʠʤʝ ʨʝʘʣʴʥʦʛʦ ʚʨʝʤʝʥʠ (ʨʠʩʫʥʦʢ 1). 
 

 
ʈʠʩʫʥʦʢ 1 ï ʇʨʠʤʝʨ ʜʝʣʝʥʠʷ ʦʙʲʝʢʪʦʚ ʚ Apex Destruction 

 

ɺʪʦʨʘʷ ʛʨʫʧʧʘ ʦʩʥʦʚʘʥʘ ʥʘ ʪʨʸʭʤʝʨʥʦʡ ʨʘʟʤʝʪʢʝ ʤʦʜʝʣʠ ʠ ʝʸ ʢʦʤʧʦʥʝʥʪʦʚ ʠʣʠ ʪʘʢ ʥʘʟʳʚʘʝʤʦʤ 
ʩʢʝʣʝʪʘʣ ʤʝʰʝ. ʂʘʞʜʘʷ ʪʘʢʘʷ ʪʦʯʢʘ ʚ ʨʘʟʤʝʪʢʝ ʥʘʟʳʚʘʝʪʩʷ ʥʦʜʦʤ. ʇʦʣʦʞʝʥʠʝ ʢʘʞʜʦʛʦ ʥʦʜʘ ʤʦʞʝʪ 
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ʙʳʪʴ ʠʟʤʝʥʝʥʦ ʜʠʥʘʤʠʯʝʩʢʠ ʚʦ ʚʨʝʤʷ ʨʘʙʦʪʳ ʧʨʦʛʨʘʤʤʳ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ ʤʦʞʥʦ ʩʠʤʫʣʠʨʦʚʘʪʴ 
ʧʣʘʚʣʝʥʠʝ ʤʝʪʘʣʣʠʯʝʩʢʠʭ ʢʦʥʩʪʨʫʢʮʠʡ ʧʫʪʝʤ ʧʦʩʪʝʧʝʥʥʦʛʦ ʩʤʝʱʝʥʠʷ ʥʦʜʦʚ ʠ, ʩʦʙʩʪʚʝʥʥʦ, ʩʞʘʪʠʷ 
ʩʘʤʦʡ ʤʦʜʝʣʠ. ʂʨʦʤʝ ʪʦʛʦ, ʧʨʠ ʫʜʘʨʘʭ ʠ ʜʘʚʣʝʥʠʠ ʥʘ ʦʙʲʝʢʪ ʤʦʞʥʦ ʩʤʝʱʝʥʠʝʤ ʥʦʜʦʚ ʩʠʤʫʣʠʨʦʚʘʪʴ 
ʠʩʢʨʠʚʣʝʥʠʝ ʩʘʤʦʡ ʢʦʥʩʪʨʫʢʮʠʠ.  

ɼʣʷ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʨʘʟʨʫʰʝʥʠʷ ʦʙʲʝʢʪʘ ʠʟ ʜʝʨʝʚʘ ʠʩʧʦʣʴʟʫʝʪʩʷ ʚʥʝʰʥʷʷ ʧʨʦʛʨʘʤʤʘ PhysX 
Lab, ʧʦʟʚʦʣʷʶʱʘʷ ʜʝʣʘʪʴ ʨʘʟʤʝʪʢʫ ʨʘʟʨʫʰʘʝʤʳʭ ʦʙʲʝʢʪʦʚ ʩʭʦʞʠʤ ʦʙʨʘʟʦʤ ʩ ʧʣʘʛʠʥʦʤ Apex 
Destruction, ʦʜʥʘʢʦ ʠʩʧʦʣʴʟʫʷ ʜʨʫʛʦʡ ʘʣʛʦʨʠʪʤ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʟʘʜʘʝʪʩʷ ʢʦʣʠʯʝʩʪʚʦ ʧʘʨʘʣʣʝʣʴʥʳʭ 
ʨʘʟʨʝʟʦʚ ʧʦ ʢʘʞʜʦʡ ʠʟ ʦʩʝʡ, ʧʦʩʣʝ ʯʝʛʦ ʫʞʝ ʥʘ ʢʘʞʜʳʡ ʠʟ ʢʫʩʢʦʚ ʥʘʢʣʘʜʳʚʘʝʪʩʷ ʟʘʰʫʤʣʝʥʠʝ. ʊʘʢʠʤ 
ʦʙʨʘʟʦʤ, ʧʦʣʫʯʘʝʪʩʷ ʥʘʙʦʨ ʯʘʥʢʦʚ ʦʜʠʥʘʢʦʚʦʛʦ ʨʘʟʤʝʨʘ. ɺʩʝ ʜʘʥʥʳʝ ʧʦ ʯʘʩʪʷʤ ʜʝʢʦʤʧʦʟʠʮʠʠ 
ʭʨʘʥʷʪʩʷ ʚ ʬʦʨʤʘʪʝ, ʧʨʠʛʦʜʥʦʤ ʜʣʷ ʠʤʧʦʨʪʘ ʚ Unreal Engine 4. ʇʨʠ ʪʘʢʦʤ ʜʝʣʝʥʠʠ ʦʙʣʦʤʢʠ 
ʧʦʣʫʯʘʶʪʩʷ ʙʦʣʝʝ ʚʳʪʷʥʫʪʳʤʠ ʠ ʙʦʣʴʰʝ ʧʦʭʦʜʷʱʠʤʠ ʥʘ ʪʝ, ʢʦʪʦʨʳʝ ʦʙʨʘʟʦʚʳʚʘʶʪʩʷ ʧʨʠ 
ʨʘʟʨʫʰʝʥʠʠ ʜʝʨʝʚʷʥʥʳʭ ʢʦʥʩʪʨʫʢʮʠʡ (ʨʠʩʫʥʦʢ 2). 
 

 
ʈʠʩʫʥʦʢ 2 ï ʇʨʠʤʝʨ ʜʝʣʝʥʠʷ ʦʙʲʝʢʪʦʚ ʚ PhysX Lab 

 

ʄʦʜʝʣʠʨʦʚʘʥʠʝ ʧʨʦʮʝʩʩʦʚ ʨʘʟʨʫʰʝʥʠʷ ʦʙʲʝʢʪʦʚ ʯʝʪʚʝʨʪʦʡ ʛʨʫʧʧʳ ʷʚʣʷʝʪʩʷ ʥʘʠʙʦʣʝʝ 
ʩʣʦʞʥʳʤ ʧʦ ʩʣʝʜʫʶʱʝʡ ʧʨʠʯʠʥʝ - ʩʪʝʢʣʦ ʚʩʝʛʜʘ ʙʴʝʪʩʷ ʨʘʜʠʘʣʴʥʦ ʦʪ ʪʦʯʢʠ ʧʦʧʘʜʘʥʠʷ ʧʦ ʚʩʝʡ ʩʚʦʝʡ 
ʧʦʚʝʨʭʥʦʩʪʠ. ʊʘʢ ʢʘʢ ʪʦʯʢʘ ʧʦʧʘʜʘʥʠʷ ʤʦʞʝʪ ʙʳʪʴ ʣʶʙʦʡ, ʧʨʝʜʫʩʤʦʪʨʝʪʴ ʪʘʢʦʝ ʢʦʣʠʯʝʩʪʚʦ 
ʟʘʛʦʪʦʚʣʝʥʥʳʭ ʟʘʨʘʥʝʝ ʚʘʨʠʘʥʪʦʚ ʥʝʚʦʟʤʦʞʥʦ ʠʣʠ ʥʝʨʘʮʠʦʥʘʣʴʥʦ. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʥʝʦʙʭʦʜʠʤʦ 
ʨʘʟʨʘʙʦʪʘʪʴ ʘʣʛʦʨʠʪʤ, ʢʦʪʦʨʳʡ ʩʧʦʩʦʙʝʥ ʚ ʨʝʘʣʴʥʦʤ ʚʨʝʤʝʥʠ ʨʘʜʠʘʣʴʥʦ ʨʘʟʙʠʚʘʪʴ ʤʦʜʝʣʴ ʦʪ ʪʦʯʢʠ 
ʧʦʧʘʜʘʥʠʷ. ɼʘʥʥʘʷ ʟʘʜʘʯʘ ʧʦʢʘ ʦʩʪʘʝʪʩʷ ʥʝʨʝʰʝʥʥʦʡ.  

ʉʣʝʜʫʶʱʠʤ ʵʪʘʧʦʤ ʷʚʣʷʝʪʩʷ ʦʙʲʝʜʠʥʝʥʠʝ ʧʨʝʜʳʜʫʱʠʭ ʛʨʫʧʧ ʚ ʝʜʠʥʳʝ ʢʦʥʩʪʨʫʢʮʠʠ. ɼʝʣʘʝʪʩʷ 
ʵʪʦ ʧʨʠ ʧʦʤʦʱʠ ʢʦʤʧʦʥʝʥʪʦʚ ʚ Blueprint-ʢʣʘʩʩʘʭ. ʂʘʞʜʳʡ Blueprint-ʢʣʘʩʩ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʥʘʙʦʨ 
ʚʠʟʫʘʣʴʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ ʩʦ ʚʩʪʨʦʝʥʥʦʡ ʣʦʛʠʢʦʡ, ʢʦʪʦʨʘʷ ʤʦʞʝʪ ʙʳʪʴ ʚʳʟʚʘʥʘ ʠʟʚʥʝ ʜʝʡʩʪʚʠʷʤʠ 
ʜʨʫʛʠʭ Blueprint-ʢʣʘʩʩʦʚ ʠʣʠ ʩʦʙʳʪʠʷʤʠ ʥʘ ʩʮʝʥʝ. 

ʈʘʩʩʤʦʪʨʠʤ ʵʪʦ ʥʘ ʧʨʠʤʝʨʝ ʨʘʟʨʫʰʝʥʠʷ ʞʝʣʝʟʦʙʝʪʦʥʥʦʡ ʙʘʣʢʠ. ɽʩʣʠ ʦʧʫʩʪʠʪʴ ʚʩʝ ʪʦʥʢʦʩʪʠ, ʪʦ 
ʚ ʮʝʥʪʨʝ ʪʘʢʦʡ ʢʦʥʩʪʨʫʢʮʠʠ ʙʫʜʝʪ ʥʘʭʦʜʠʪʴʩʷ ʤʝʪʘʣʣʠʯʝʩʢʠʡ ʢʘʨʢʘʩ, ʚʦʢʨʫʛ ʢʦʪʦʨʦʛʦ ʙʫʜʫʪ 
ʥʘʭʦʜʠʪʴʩʷ ʙʝʪʦʥʥʳʝ ʧʣʘʩʪʠʥʳ. ʇʨʠ ʩʪʦʣʢʥʦʚʝʥʠʠ ʤʘʩʩʠʚʥʦʛʦ ʦʙʲʝʢʪʘ ʩ ʦʙʲʝʢʪʦʤ ʜʘʥʥʦʛʦ ʢʣʘʩʩʘ 
ʩʥʘʯʘʣʘ ʙʫʜʫʪ ʨʘʟʨʫʰʘʪʴʩʷ ʚʥʝʰʥʠʝ ʧʣʘʩʪʠʥʳ, ʘ ʟʘʪʝʤ ʫʞʝ ʩʪʘʥʝʪ ʛʥʫʪʴʩʷ ʚʥʫʪʨʝʥʥʷʷ ʢʦʥʩʪʨʫʢʮʠʷ, 
ʧʨʠʯʝʤ ʧʨʠ ʩʠʣʴʥʦʤ ʠʟʛʠʙʝ, ʪʘʢ ʢʘʢ ʢʦʣʣʠʟʠʷ ʚʥʫʪʨʝʥʥʝʡ ʢʦʥʩʪʨʫʢʮʠʠ ʧʝʨʝʩʝʯʝʪʩʷ ʩ ʢʦʣʣʠʟʠʝʡ 
ʧʣʘʩʪʠʥ ʩ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ, ʦʥʠ ʪʘʢʞʝ ʙʫʜʫʪ ʨʘʟʨʫʰʝʥʳ, ʢʘʢ ʵʪʦ ʙʳʣʦ ʙʳ ʚ ʨʝʘʣʴʥʦʩʪʠ. 

ɼʘʣʝʝ ʢʦʤʙʠʥʠʨʦʚʘʥʥʳʤ ʢʦʤʧʦʥʝʥʪʘʤ ʧʨʠʩʚʘʠʚʘʝʪʩʷ ʦʧʨʝʜʝʣʝʥʥʘʷ ʧʨʦʯʥʦʩʪʴ. ʉʜʝʣʘʥʦ ʵʪʦ 
ʜʣʷ ʪʦʛʦ, ʯʪʦʙʳ ʩʠʤʫʣʠʨʦʚʘʪʴ ʨʘʟʨʫʰʝʥʠʝ ʦʙʲʝʢʪʦʚ ʚʦ ʚʨʝʤʝʥʠ. ʌʫʥʢʮʠʷ ʠʟʤʝʥʝʥʠʷ ʧʨʦʯʥʦʩʪʠ 
ʠʤʝʝʪ ʚʠʜ ʧʨʷʤʦʣʠʥʝʡʥʦʡ ʬʫʥʢʮʠʠ, ʧʝʨʝʭʦʜʷʱʝʡ ʚ ʛʠʧʝʨʙʦʣʫ. ʌʫʥʢʮʠʷ ʦʪʨʘʞʘʝʪ ʟʘʚʠʩʠʤʦʩʪʴ 
ʧʨʦʯʥʦʩʪʠ ʦʙʲʝʢʪʘ ʦʪ ʚʨʝʤʝʥʠ.  ʊʦʯʢʘ ʧʝʨʝʭʦʜʘ ʤʝʞʜʫ ʬʫʥʢʮʠʷʤʠ ʷʚʣʷʝʪʩʷ ʛʨʘʥʠʮʝʡ ʚʝʪʭʦʛʦ 
ʩʦʩʪʦʷʥʠʷ. 

ʇʨʠ ʤʦʜʝʣʠʨʦʚʘʥʠʠ ʨʘʟʨʫʰʝʥʠʷ ʩʣʦʞʥʳʭ ʢʦʥʩʪʨʫʢʮʠʡ, ʥʘʧʨʠʤʝʨ ʟʜʘʥʠʡ, ʤʘʩʩʘ, ʜʘʚʷʱʘʷ ʥʘ 
ʦʙʲʝʢʪ, ʠʟʚʣʝʢʘʝʪʩʷ ʠʟ ʬʠʟʠʯʝʩʢʦʡ ʯʘʩʪʠ ʜʚʠʞʢʘ. ʆʪʪʫʜʘ ʞʝ ʠʟʚʣʝʢʘʝʪʩʷ ʠ ʩʢʦʨʦʩʪʴ ʦʙʲʝʢʪʦʚ, ʝʩʣʠ 
ʦʥʘ ʥʝ ʨʘʚʥʘ ʥʫʣʶ. ʊʘʢʞʝ ʫʯʠʪʳʚʘʝʪʩʷ ʠ ʫʩʢʦʨʝʥʠʝ ʩʚʦʙʦʜʥʦʛʦ ʧʘʜʝʥʠʷ. ɿʘʪʝʤ ʙʝʨʫʪʩʷ ʢʨʘʡʥʠʝ 
ʪʦʯʢʠ ʩʦʧʨʠʢʦʩʥʦʚʝʥʠʷ ʦʙʲʝʢʪʦʚ, ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʣʦʱʘʜʴ ʩʦʧʨʠʢʦʩʥʦʚʝʥʠʷ ʠ ʩʠʣʘ ʜʘʚʣʝʥʠʷ ʥʘ 
ʦʙʲʝʢʪ. 

ʂʦʛʜʘ ʩʠʣʘ ʜʘʚʣʝʥʠʷ ʥʝʤʥʦʛʦ ʧʨʝʚʳʰʘʝʪ ʪʝʢʫʱʫʶ ʧʨʦʯʥʦʩʪʴ, ʦʙʲʝʢʪ ʥʘʯʠʥʘʝʪ ʨʘʟʨʫʰʘʪʴʩʷ 
ʙʳʩʪʨʝʝ. ʇʨʠ ʧʨʝʚʳʰʝʥʠʠ ʣʠʤʠʪʘ ʦʙʲʝʢʪ ʪʝʨʷʝʪ ʧʨʦʯʥʦʩʪʴ ʠ ʤʦʤʝʥʪʘʣʴʥʦ ʦʩʳʧʘʝʪʩʷ. 

ɼʣʷ ʚʠʟʫʘʣʴʥʦʛʦ ʦʪʨʘʞʝʥʠʷ ʩʪʘʨʝʥʠʷ ʦʙʲʝʢʪʦʚ ʠʩʧʦʣʴʟʫʶʪʩʷ ʠʥʩʪʘʥʩʳ ʤʘʪʝʨʠʘʣʦʚ. ʕʪʦ ʢʦʧʠʠ 
ʤʘʪʝʨʠʘʣʦʚ, ʧʦʟʚʦʣʷʶʱʠʝ ʤʝʥʷʪʴ ʠʭ ʦʪʜʝʣʴʥʳʝ ʧʘʨʘʤʝʪʨʳ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʩʦʟʜʘʚ ʠʥʩʪʘʥʩʳ 
ʤʘʪʝʨʠʘʣʦʚ ʛʨʷʟʠ, ʧʣʝʩʝʥʠ ʠ ʨʞʘʚʯʠʥʳ, ʤʳ ʤʦʞʝʤ ʥʘʣʦʞʠʪʴ ʠʭ ʧʦʚʝʨʭ ʪʝʢʩʪʫʨ ʦʙʲʝʢʪʦʚ ʩʮʝʥʳ ʠ 
ʧʦʩʪʝʧʝʥʥʦ ʠʟʤʝʥʷʪʴ ʠʭ ʩʪʝʧʝʥʴ ʦʪʨʠʩʦʚʢʠ. ɺʳʛʣʷʜʠʪ ʵʪʦ ʢʘʢ ʧʦʩʪʝʧʝʥʥʦʝ ʧʦʷʚʣʝʥʠʝ ʛʨʷʟʠ, ʧʣʝʩʝʥʠ 
ʠʣʠ ʨʞʘʚʯʠʥʳ ʥʘ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʦʙʲʝʢʪʘʭ. 

ʈʘʟʨʘʙʘʪʳʚʘʝʤʘʷ ʩʠʩʪʝʤʘ ʤʦʞʝʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʘ ʥʝ ʪʦʣʴʢʦ ʚ ʢʦʤʧʴʶʪʝʨʥʳʭ ʠʛʨʘʭ, ʥʦ ʠ ʧʨʠ 
ʤʦʜʝʣʠʨʦʚʘʥʠʠ ʧʨʦʮʝʩʩʦʚ ʨʘʟʨʫʰʘʝʤʦʩʪʠ ʦʙʲʝʢʪʦʚ ʠʥʞʝʥʝʨʥʦʛʦ ʪʠʧʘ. ʋʧʦʨ ʚ ʜʘʥʥʦʤ ʧʦʜʭʦʜʝ 
ʩʜʝʣʘʥ ʥʘ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʠ ʙʳʩʪʨʦʜʝʡʩʪʚʠʝ, ʘ ʥʝ ʥʘ ʪʦʯʥʦʩʪʴ ʤʦʜʝʣʝʡ. ʆʜʥʘʢʦ ʩʠʩʪʝʤʘ ʤʦʞʝʪ 
ʤʘʩʰʪʘʙʠʨʦʚʘʪʴʩʷ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʤʦʱʥʦʩʪʠ ʧʨʠʤʝʥʷʝʤʦʡ ʕɺʄ. 



55-ʷ ʶʙʠʣʝʡʥʘʷ ʥʘʫʯʥʘʷ ʢʦʥʬʝʨʝʥʮʠʷ ʘʩʧʠʨʘʥʪʦʚ, ʤʘʛʠʩʪʨʘʥʪʦʚ ʠ ʩʪʫʜʝʥʪʦʚ ɹɻʋʀʈ, 2019 ʛ. 
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ʇʈʆɻʈɸʄʄɸ ʃʆʗʃʔʅʆʉʊʀ ɼʃʗ ʂʃʀɽʅʊʆɺ ʉʇʆʈʊʀɺʅʓʍ ʂʃʋɹʆɺ 
ʅɸ ɹɸɿɽ ʊɽʍʅʆʃʆɻʀʀ ɹʃʆʂʏɽʁʅ 

ɽʚʩʘʝʚ ʇ.ɺ., ɹʝʣʠʢʦʚʘ ʊ.ʆ. 

ɹʝʣʦʨʫʩʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʥʬʦʨʤʘʪʠʢʠ ʠ ʨʘʜʠʦʵʣʝʢʪʨʦʥʠʢʠ 
ʛ. ʄʠʥʩʢ, ʈʝʩʧʫʙʣʠʢʘ ɹʝʣʘʨʫʩʴ 

ʌʨʦʣʦʚ ʀ.ʀ. ï ʢ.ʪ.ʥ.,ʜʦʮʝʥʪ 

ʀʩʩʣʝʜʦʚʘʥʠʷ ʨʳʥʢʘ ʢʣʠʝʥʪʩʢʦʡ ʣʦʷʣʴʥʦʩʪʠ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʧʨʦʛʨʘʤʤ ʣʦʷʣʴʥʦʩʪʠ ʧʘʜʘʝʪ. ʕʪʦ ʩʚʷʟʳʚʘʶʪ ʩ 
ʥʝʫʜʦʙʩʪʚʘʤʠ, ʩʚʷʟʘʥʥʳʤʠ ʩ ʭʨʘʥʝʥʠʝʤ ʙʦʣʴʰʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʜʠʩʢʦʥʪʥʳʭ ʢʘʨʪ/ʫʩʪʘʥʦʚʢʦʡ ʙʦʣʴʰʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʤʦʙʠʣʴʥʳʭ 
ʧʨʠʣʦʞʝʥʠʡ. ʈʘʟʨʘʙʦʪʢʘ ʩʠʩʪʝʤʳ, ʷʚʣʷʶʱʝʡʩʷ ʝʜʠʥʦʡ ʪʦʯʢʦʡ ʫʧʨʘʚʣʝʥʠʷ ʧʨʦʛʨʘʤʤʘʤʠ ʣʦʷʣʴʥʦʩʪʠ ʜʣʷ ʦʨʛʘʥʠʟʘʮʠʡ ʠ ʠʭ 
ʢʣʠʝʥʪʦʚ ʚʠʜʠʪʩʷ ʩʚʦʝʚʨʝʤʝʥʥʳʤ ʠ ʘʢʪʫʘʣʴʥʳʤ. 

ʇʦ ʧʨʦʛʥʦʟʘʤ ʵʢʩʧʝʨʪʦʚ, ʦʙʲʝʤ ʨʳʥʢʘ ʢʣʠʝʥʪʩʢʦʡ ʣʦʷʣʴʥʦʩʪʠ ʢ 2020 ʛʦʜʫ ʧʦʜʦʡʜʝʪ ʢ ʦʪʤʝʪʢʝ ʚ 
48 ʤʠʣʣʠʘʨʜʦʚ ʜʦʣʣʘʨʦʚ ʉʐɸ. ʅʝʩʤʦʪʨʷ ʥʘ ʚʥʫʰʠʪʝʣʴʥʳʡ ʦʙʦʨʦʪ, ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ 
ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʧʨʦʛʨʘʤʤ ʣʦʷʣʴʥʦʩʪʠ ʩʥʠʞʘʝʪʩʷ. ʕʪʦ ʩʚʷʟʳʚʘʶʪ ʩ ʪʝʤ, ʯʪʦ ʢʘʞʜʘʷ ʧʨʦʛʨʘʤʤʘ 
ʣʦʷʣʴʥʦʩʪʠ ʪʨʝʙʫʝʪ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʢʘʨʪʳ ʣʠʙʦ ʤʦʙʠʣʴʥʦʛʦ ʧʨʠʣʦʞʝʥʠʷ, ʯʪʦ ʩʥʠʞʘʝʪ 
ʧʨʠʚʣʝʢʘʪʝʣʴʥʦʩʪʴ ʢʘʞʜʦʡ ʩʣʝʜʫʶʱʝʡ ʧʨʦʛʨʘʤʤʳ ʜʣʷ ʧʦʪʨʝʙʠʪʝʣʷ. ʉʦʟʜʘʥʠʝ ʝʜʠʥʦʡ ʩʠʩʪʝʤʳ ʜʣʷ 
ʟʘʧʫʩʢʘ ʧʨʦʛʨʘʤʤ ʣʦʷʣʴʥʦʩʪʠ ʩʥʠʟʠʪ ʧʦʩʪʘʚʱʠʢʘʤ ʪʦʚʘʨʦʚ ʠ ʫʩʣʫʛ ʠʟʜʝʨʞʢʠ ʥʘ ʦʙʩʣʫʞʠʚʘʥʠʝ 
ʩʦʙʩʪʚʝʥʥʦʡ CRM ʩʠʩʪʝʤʳ ʠ ʧʦʟʚʦʣʠʪ ʠʤʝʪʴ ʝʜʠʥʳʡ ʢʘʥʘʣ ʩʚʷʟʠ ʩ ʘʫʜʠʪʦʨʠʝʡ ʧʦʪʨʝʙʠʪʝʣʝʡ ʚʩʝʭ 
ʦʨʛʘʥʠʟʘʮʠʡ-ʫʯʘʩʪʥʠʢʦʚ ʩʝʪʠ. ʉ ʪʦʯʢʠ ʟʨʝʥʠʷ ʧʦʣʴʟʦʚʘʪʝʣʷ, ʥʘʣʠʯʠʝ ʧʦʜʦʙʥʦʡ ʩʠʩʪʝʤʳ ʧʦʟʚʦʣʠʪ 
ʠʤʝʪʴ ʝʜʠʥʫʶ ʪʦʯʢʫ ʫʧʨʘʚʣʝʥʠʷ ʚʩʝʤʠ ʙʦʥʫʩʥʳʤʠ ʙʘʣʣʘʤʠ ʠ ʘʢʮʠʦʥʥʳʤʠ ʧʨʝʜʣʦʞʝʥʠʷʤʠ. 

ʇʨʠ ʚʳʙʦʨʝ ʠʥʩʪʨʫʤʝʥʪʦʚ ʜʣʷ ʨʘʟʨʘʙʦʪʢʠ ʧʨʦʝʢʪʘ, ʚʳʙʦʨ ʙʳʣ ʩʜʝʣʘʥ ʚ ʧʦʣʴʟʫ ʩʪʝʢʘ 
Hyperledger. ʉʪʝʢ Hyperledger ʧʦʟʚʦʣʷʝʪ ʩʦʟʜʘʚʘʪʴ ʙʣʦʢʯʝʡʥʳ ʩ ʦʛʨʘʥʠʯʝʥʠʝʤ ʧʨʘʚ ʜʦʩʪʫʧʘ ʜʣʷ 
ʫʯʘʩʪʥʠʢʦʚ ʩʝʪʠ, ʦʧʨʝʜʝʣʷʪʴ ʩʦʙʩʪʚʝʥʥʫʶ ʤʦʜʝʣʴ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʤʝʞʜʫ ʫʯʘʩʪʥʠʢʘʤʠ ʩʝʪʠ ʯʝʨʝʟ 
ʩʪʨʦʛʦ ʦʧʨʝʜʝʣʝʥʥʳʡ ʥʘʙʦʨ ʪʨʘʥʟʘʢʮʠʡ. ɺʦʟʤʦʞʥʦʩʪʴ ʦʙʥʦʚʣʝʥʠʷ ʯʝʡʥʢʦʜʘ ʜʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ 
ʧʨʦʚʦʜʠʪʴ ʨʘʟʨʘʙʦʪʢʫ ʚ ʠʪʝʨʘʮʠʦʥʥʦʤ ʬʦʨʤʘʪʝ, ʧʦʩʪʝʧʝʥʥʦ ʨʘʩʰʠʨʷʷ ʬʫʥʢʮʠʦʥʘʣʴʥʦʩʪʠ ʩʠʩʪʝʤʳ. 
ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʧʨʠʚʠʣʝʛʠʨʦʚʘʥʥʦʛʦ ʙʣʦʢʯʝʡʥʘ ʠ ʦʙʷʟʘʪʝʣʴʥʳʡ ʧʨʦʮʝʩʩ ʠʜʝʥʪʠʬʠʢʘʮʠʠ 
ʧʦʣʴʟʦʚʘʪʝʣʷ ʩʥʠʞʘʝʪ ʨʠʩʢ ʘʪʘʢʠ ʥʘ ʩʝʪʴ ʠ ʩʥʠʤʘʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʚʟʠʤʘʪʴ ʧʣʘʪʫ ʟʘ ʧʨʦʚʝʜʝʥʠʝ 
ʪʨʘʥʟʘʢʮʠʠ.  

ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʙʠʟʥʝʩ-ʮʝʣʷʤʠ, ʚ ʩʝʪʠ ʥʝʦʙʭʦʜʠʤʦ ʠ ʜʦʩʪʘʪʦʯʥʦ ʥʘʣʠʯʠʝ ʜʚʫʭ ʪʠʧʦʚ 
ʫʯʘʩʪʥʠʢʦʚ: ʦʨʛʘʥʠʟʘʮʠʷ ʠ ʧʦʪʨʝʙʠʪʝʣʴ. ʆʨʛʘʥʠʟʘʮʠʠ ʜʦʣʞʥʳ ʠʤʝʪʴ ʧʨʘʚʦ ʫʧʨʘʚʣʷʪʴ ʧʨʦʛʨʘʤʤʘʤʠ 
ʣʦʷʣʴʥʦʩʪʠ, ʫʯʘʩʪʥʠʢʠ - ʠʤʝʪʴ ʚʦʟʤʦʞʥʦʩʪʴ ʚʩʪʫʧʘʪʴ/ʚʳʭʦʜʠʪʴ ʠʟ ʧʨʦʛʨʘʤʤ ʣʦʷʣʴʥʦʩʪʠ. ʆʙʘ ʪʠʧʘ 
ʫʯʘʩʪʥʠʢʦʚ ʜʦʣʞʥʳ ʠʤʝʪʴ ʧʨʘʚʦ ʦʩʫʱʝʩʪʚʣʷʪʴ ʧʝʨʝʚʦʜʳ ʪʦʢʝʥʦʚ ʧʨʦʛʨʘʤʤ ʣʦʷʣʴʥʦʩʪʠ ʜʨʫʛʠʤ 
ʫʯʘʩʪʥʠʢʘʤ ʩʝʪʠ. 

ʇʨʦʮʝʩʩ ʟʘʧʫʩʢʘ ʧʨʦʛʨʘʤʤʳ ʣʦʷʣʴʥʦʩʪʠ ʤʦʞʝʪ ʚʳʛʣʷʜʝʪʴ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: ʧʨʠ ʩʦʟʜʘʥʠʠ 
ʦʨʛʘʥʠʟʘʮʠʝʡ ʧʨʦʛʨʘʤʤʳ ʣʦʷʣʴʥʦʩʪʠ, ʫ ʥʝʝ ʩʦʟʜʘʝʪʩʷ ʢʦʰʝʣʝʢ, ʥʘ ʢʦʪʦʨʳʡ ʧʦʩʪʫʧʘʝʪ ʚʝʩʴ ʦʙʲʝʤ 
ʵʤʠʪʠʨʦʚʘʥʥʳʭ ʚ ʨʘʤʢʘʭ ʧʨʦʛʨʘʤʤʳ ʣʦʷʣʴʥʦʩʪʠ ʪʦʢʝʥʦʚ. ɼʘʣʝʝ, ʦʨʛʘʥʠʟʘʮʠʷ ʚʳʩʳʣʘʝʪ ʢʣʠʝʥʪʘʤ 
ʧʨʠʛʣʘʰʝʥʠʷ. ʂʦʛʜʘ ʧʦʪʨʝʙʠʪʝʣʴ ʧʨʠʥʠʤʘʝʪ ʧʨʠʛʣʘʰʝʥʠʝ, ʫ ʥʝʛʦ ʩʦʟʜʘʝʪʩʷ ʧʨʠʚʷʟʘʥʥʳʡ ʢ ʵʪʦʡ 
ʧʨʦʛʨʘʤʤʝ ʣʦʷʣʴʥʦʩʪʠ ʢʦʰʝʣʝʢ, ʥʘ ʢʦʪʦʨʳʡ/ʩ ʢʦʪʦʨʦʛʦ ʝʤʫ ʤʦʛʫʪ ʧʦʩʪʫʧʘʪʴ ʪʦʢʝʥʳ. ʊʦʢʝʥʳ ʷʚʣʷʶʪʩʷ 
ʫʥʠʢʘʣʴʥʳʤʠ ʜʣʷ ʧʨʦʛʨʘʤʤʳ ʣʦʷʣʴʥʦʩʪʠ ʠ ʤʦʛʫʪ ʙʳʪʴ ʨʝʘʣʠʟʦʚʘʥʳ ʣʠʙʦ ʧʝʨʝʜʘʥʳ ʜʨʫʛʦʤʫ ʢʣʠʝʥʪʫ-
ʫʯʘʩʪʥʠʢʫ ʧʨʦʛʨʘʤʤʳ. 

ɼʣʷ ʜʦʩʪʫʧʘ ʢ ʫʧʨʘʚʣʝʥʠʶ ʩʚʦʠʤʠ ʨʝʩʫʨʩʘʤʠ ʫʯʘʩʪʥʠʢʘʤ ʩʝʪʠ ʥʝʦʙʭʦʜʠʤʦ ʧʨʦʡʪʠ ʧʨʦʮʝʩʩ 
ʠʜʝʥʪʠʬʠʢʘʮʠʠ. ʇʨʠ ʨʝʛʠʩʪʨʘʮʠʠ, ʥʦʚʦʤʫ ʫʯʘʩʪʥʠʢʫ ʩʝʪʠ ʝʤʫ ʚʳʜʘʝʪʩʷ ʧʝʨʩʦʥʘʣʴʥʳʡ ʩʝʨʪʠʬʠʢʘʪ, 
ʚʳʧʫʱʝʥʥʳʡ ʜʦʚʝʨʝʥʥʳʤ ʜʣʷ ʧʨʦʝʢʪʘ ʮʝʥʪʨʦʤ ʚʳʜʘʯʠ ʩʝʨʪʠʬʠʢʘʪʦʚ. ʉʦʦʪʚʝʪʩʪʚʫʶʱʘʷ ʩʝʨʪʠʬʠʢʘʪʫ 
ʧʘʨʘ ʢʣʶʯʝʡ ʩʦʭʨʘʥʷʝʪʩʷ ʣʦʢʘʣʴʥʦ ʠ ʙʫʜʝʪ ʠʩʧʦʣʴʟʦʚʘʥʘ ʧʨʠ ʩʣʝʜʫʶʱʝʤ ʚʭʦʜʝ ʚ ʩʠʩʪʝʤʫ. 

ɺ ʢʘʯʝʩʪʚʝ ʥʘʧʨʘʚʣʝʥʠʡ ʜʣʷ ʨʘʟʚʠʪʠʷ ʩʦʟʜʘʚʘʝʤʦʡ ʩʠʩʪʝʤʳ ʤʦʞʥʦ ʨʘʩʩʤʦʪʨʝʪʴ ʚʦʟʤʦʞʥʦʩʪʴ 
ʟʘʧʫʩʢʘ ʩʦʚʤʝʩʪʥʳʭ ʧʨʦʛʨʘʤʤ ʣʦʷʣʴʥʦʩʪʠ ʜʣʷ ʥʝʩʢʦʣʴʢʠʭ ʦʨʛʘʥʠʟʘʮʠʡ, ʨʝʘʣʠʟʦʚʘʪʴ ʠʥʪʝʛʨʘʮʠʶ ʩ 
ʜʝʡʩʪʚʫʶʱʠʤʠ CRM ʩʠʩʪʝʤʘʤʠ. ʅʘʣʠʯʠʝ ʛʠʙʢʦʛʦ, ʬʫʥʢʮʠʦʥʠʨʫʶʱʝʛʦ ʧʦ ʦʧʠʩʘʥʥʦʤʫ ʘʣʛʦʨʠʪʤʫ 
ʧʨʦʝʢʪʘ ʧʦʤʦʞʝʪ ʨʝʰʠʪʴ ʩʫʱʝʩʪʚʫʶʱʠʝ ʧʨʦʙʣʝʤʳ ʥʘ ʨʳʥʢʝ ʢʣʠʝʥʪʩʢʦʡ ʣʦʷʣʴʥʦʩʪʠ, ʘ ʠʩʧʦʣʴʟʦʚʘʥʠʝ 
ʨʘʩʧʨʝʜʝʣʝʥʥʦʛʦ ʨʝʝʩʪʨʘ ʜʣʷ ʭʨʘʥʝʥʠʷ ʜʘʥʥʳʭ ʦʙ ʦʧʝʨʘʮʠʷʭ ʜʘʝʪ ʭʦʨʦʰʠʡ ʬʫʥʜʘʤʝʥʪ ʜʣʷ ʨʘʟʚʠʪʠʷ 
ʧʨʦʝʢʪʘ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʬʠʥʘʥʩʦʚʦʛʦ ʘʫʜʠʪʘ. 
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ʄʀʂʈʆʉɽʈɺʀʉ ɼʃʗ ʋɼɸʃɪʅʅʆɻʆ ʋʇʈɸɺʃɽʅʀʗ ʏʇʋ ʉʊɸʅʂʆʄ 

ɾʫʢ ɼ.ɸ., ɹʘʩʦʚ ɼ.ɸ. 

ɹʝʣʦʨʫʩʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʥʬʦʨʤʘʪʠʢʠ ʠ ʨʘʜʠʦʵʣʝʢʪʨʦʥʠʢʠ 
ʛ. ʄʠʥʩʢ, ʈʝʩʧʫʙʣʠʢʘ ɹʝʣʘʨʫʩʴ 

ʉʝʣʝʟʥʝʚ ʀ.ʃ. ï ʢ.ʪ.ʥ.,ʜʦʮʝʥʪ 

ʋʜʘʣʝʥʥʳʡ ʜʦʩʪʫʧ ʧʦʟʚʦʣʷʝʪ ʧʦʣʴʟʦʚʘʪʝʣʶ, ʥʘʭʦʜʷʱʝʤʫʩʷ ʥʘ ʦʜʥʦʤ ʢʦʤʧʴʶʪʝʨʝ, ʚʟʘʠʤʦʜʝʡʩʪʚʦʚʘʪʴ ʩ ʫʜʘʣʝʥʥʦʡ ʤʘʰʠʥʦʡ ʠ 
ʚʳʧʦʣʥʷʪʴ ʥʘ ʥʝʡ ʠʥʪʝʨʘʢʪʠʚʥʳʡ ʩʝʘʥʩ ʨʘʙʦʪʳ. ʋʜʘʣʝʥʥʳʡ ʜʦʩʪʫʧ ʧʦʟʚʦʣʷʝʪ ʩʦʟʜʘʪʴ ʚʧʝʯʘʪʣʝʥʠʝ, ʯʪʦ ʪʝʨʤʠʥʘʣ 
ʧʦʣʴʟʦʚʘʪʝʣʷ ʠʣʠ ʝʛʦ ʨʘʙʦʯʘʷ ʩʪʘʥʮʠʷ ʧʨʠʩʦʝʜʠʥʝʥʳ ʥʘʧʨʷʤʫʶ ʢ ʫʜʘʣʝʥʥʦʡ ʤʘʰʠʥʝ, ʧʦʩʳʣʘʷ ʢʘʞʜʳʡ ʩʠʤʚʦʣ, ʥʘʞʘʪʳʡ ʥʘ 
ʢʣʘʚʠʘʪʫʨʝ ʧʦʣʴʟʦʚʘʪʝʣʷ ʥʘ ʫʜʘʣʝʥʥʫʶ ʤʘʰʠʥʫ ʠ ʦʪʦʙʨʘʞʘʷ ʢʘʞʜʳʡ ʩʠʤʚʦʣ, ʚʦʟʚʨʘʱʝʥʥʳʡ ʩ ʫʜʘʣʝʥʥʦʡ ʤʘʰʠʥʳ, ʥʘ ʵʢʨʘʥʝ 
ʪʝʨʤʠʥʘʣʘ ʧʦʣʴʟʦʚʘʪʝʣʷ. 

ʋʜʘʣʝʥʥʳʡ ʜʦʩʪʫʧ ð ʬʫʥʢʮʠʷ, ʢʦʪʦʨʘʷ ʜʘʸʪ ʧʦʣʴʟʦʚʘʪʝʣʶ ʚʦʟʤʦʞʥʦʩʪʴ ʧʦʜʢʣʶʯʘʪʴʩʷ ʢ 
ʢʦʤʧʴʶʪʝʨʫ ʧʨʠ ʧʦʤʦʱʠ ʜʨʫʛʦʛʦ ʫʩʪʨʦʡʩʪʚʘ ʯʝʨʝʟ ʠʥʪʝʨʥʝʪ. ʇʦʣʴʟʦʚʘʪʝʣʴ ʨʘʙʦʪʘʝʪ ʩ ʬʘʡʣʘʤʠ ʠ 
ʧʨʦʛʨʘʤʤʘʤʠ ʪʦʯʥʦ ʪʘʢ ʞʝ, ʢʘʢ ʝʩʣʠ ʙʳ ʦʥ ʥʘʭʦʜʠʣʩʷ ʚʦʟʣʝ ʵʪʦʛʦ ʢʦʤʧʴʶʪʝʨʘ. ʕʪʘ ʬʫʥʢʮʠʷ 
ʧʨʠʛʦʜʠʪʩʷ ʪʝʤ ʢʦʤʧʘʥʠʷʤ, ʚ ʢʦʪʦʨʳʭ ʙʦʣʴʰʠʥʩʪʚʦ ʩʦʪʨʫʜʥʠʢʦʚ ʥʘʭʦʜʠʪʩʷ ʟʘ ʧʨʝʜʝʣʘʤʠ ʦʬʠʩʘ, 
ʘʫʪʩʦʨʩʠʥʛʝ ʠʣʠ ʚ ʢʦʤʘʥʜʠʨʦʚʢʘʭ. ʀʤ ʥʝ ʥʫʞʥʦ ʙʫʜʝʪ ʩʢʘʯʠʚʘʪʴ ʚʩʝ ʥʝʦʙʭʦʜʠʤʳʝ ʜʣʷ ʨʘʙʦʪʳ ʜʘʥʥʳʝ 
ʥʘ ʚʥʝʰʥʠʡ ʥʦʩʠʪʝʣʴ ʠʣʠ ʦʪʧʨʘʚʣʷʪʴ ʠʭ ʧʦ ʧʦʯʪʝ ð ʜʦʩʪʘʪʦʯʥʦ ʩʚʷʟʘʪʴʩʷ ʩ ʦʬʠʩʥʳʤ ʢʦʤʧʴʶʪʝʨʦʤ. 
ʋʜʘʣʝʥʥʳʡ ʜʦʩʪʫʧ ʠʩʧʦʣʴʟʫʝʪʩʷ ʩʠʩʪʝʤʥʳʤ ʘʜʤʠʥʠʩʪʨʘʪʦʨʦʤ ʜʣʷ ʫʧʨʘʚʣʝʥʠʷ ʨʘʙʦʪʦʡ ʩʠʩʪʝʤʳ ʠ 
ʫʩʪʨʘʥʝʥʠʷ ʦʰʠʙʦʢ, ʘ ʪʘʢʞʝ ʨʫʢʦʚʦʜʠʪʝʣʷʤʠ, ʞʝʣʘʶʱʠʤʠ ʧʨʦʢʦʥʪʨʦʣʠʨʦʚʘʪʴ ʧʨʦʮʝʩʩ ʚʳʧʦʣʥʝʥʠʷ 
ʨʘʙʦʪʳ ʩʚʦʠʤʠ ʩʦʪʨʫʜʥʠʢʘʤʠ. ʇʨʠʤʝʥʷʝʪʩʷ ʦʥ ʠ ʜʣʷ ʜʠʩʪʘʥʮʠʦʥʥʦʡ ʬʦʨʤʳ ʦʙʫʯʝʥʠʷ ʚ 
ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʭ ʫʯʨʝʞʜʝʥʠʷʭ. 

ɽʩʪʴ ʜʚʘ ʩʧʦʩʦʙʘ ʦʨʛʘʥʠʟʘʮʠʠ ʫʜʘʣʝʥʥʦʛʦ ʜʦʩʪʫʧʘ 
ī  ʚʠʨʪʫʘʣʴʥʳʡ ʨʘʙʦʯʠʡ ʩʪʦʣ - DaaS (desktop as a service); 
ī  ʫʩʪʘʥʦʚʢʘ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʦʛʦ ʇʆ. 
ʇʝʨʚʳʡ ʩʧʦʩʦʙ - desktop as a service. ʕʪʦʪ ʩʧʦʩʦʙ ʧʨʝʜʦʩʪʘʚʣʷʝʪ ʧʦʣʴʟʦʚʘʪʝʣʶ ʜʦʩʪʫʧ ʢ 

ʛʦʪʦʚʦʤʫ ʫʜʘʣʝʥʥʦʤʫ ʨʘʙʦʯʝʤʫ ʩʪʦʣʫ. ɺ ʥʝʛʦ ʤʦʞʝʪ ʚʭʦʜʠʪʴ ʚʝʩʴ ʥʝʦʙʭʦʜʠʤʳʡ ʧʦʣʴʟʦʚʘʪʝʣʶ 
ʬʫʥʢʮʠʦʥʘʣ, ʢʦʪʦʨʳʡ ʧʨʠ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʚʦʟʤʦʞʥʦ ʨʘʩʰʠʨʠʪʴ. ʈʘʙʦʪʘʪʴ ʤʦʞʥʦ ʩ ʣʶʙʦʛʦ ʫʩʪʨʦʡʩʪʚʘ 
- ʨʘʙʦʯʠʡ ʩʪʦʣ ʚʝʟʜʝ ʙʫʜʝʪ ʦʜʠʥ ʠ ʪʦʪ ʞʝ. ɺʩʝ ʜʝʡʩʪʚʠʷ ʚʳʧʦʣʥʷʶʪʩʷ ʥʝ ʥʘ ʇʂ ʧʦʣʴʟʦʚʘʪʝʣʷ, ʘ ʥʘ 
ʩʝʨʚʝʨʝ ʧʦʩʪʘʚʱʠʢʘ ʫʩʣʫʛ, ʥʘʛʨʫʟʢʘ ʥʘ ʢʣʠʝʥʪʩʢʫʶ ʤʘʰʠʥʫ ʤʠʥʠʤʘʣʴʥʘ, ʧʦʵʪʦʤʫ ʠ ʪʨʝʙʦʚʘʥʠʷʭ 
ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤ ʥʝ ʩʫʱʝʩʪʚʝʥʥʳ. ɼʣʷ ʨʘʙʦʪʳ ʜʘʥʥʳʝ ʧʦʣʴʟʦʚʘʪʝʣʷ ʠʠ ʧʨʦʛʨʘʤʤʳ ʨʘʟʤʝʱʘʶʪʩʷ ʚ 
ʩʝʪʠ ʠʥʪʝʨʥʝʪ, ʘ ʥʝ ʥʘ ʣʦʢʘʣʴʥʦʤ ʩʝʨʚʝʨʝ. ɺʦʩʧʦʣʴʟʦʚʘʪʴʩʷ ʠʤʠ ʤʦʞʥʦ ʠʟ ʣʶʙʦʛʦ ʫʜʦʙʥʦʛʦ ʤʝʩʪʘ, 
ʛʜʝ ʝʩʪʴ ʠʥʪʝʨʥʝʪ ʩʦʝʜʠʥʝʥʠʝ. ʇʨʠʤʝʨʘʤʠ ʪʘʢʠʭ ʧʨʦʛʨʘʤʤ ʷʚʣʷʶʪʩʷ Vmware ESXi, Microsoft Hyper-V, 
Citrix XenServer. 

ɺʦ ʚʪʦʨʦʤ ʩʧʦʩʦʙʝ ʜʣʷ ʩʦʟʜʘʥʠʷ ʫʜʘʣʝʥʥʦʛʦ ʧʦʜʢʣʶʯʝʥʠʷ ʠʩʧʦʣʴʟʫʝʪʩʷ ʩʧʝʮʠʘʣʴʥʦʝ 
ʧʨʦʛʨʘʤʤʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ. ɺʘʞʥʦʡ ʯʘʩʪʴʶ ʷʚʣʷʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴ ʧʦʩʪʦʷʥʥʦʛʦ ʜʦʩʪʫʧʘ ʚ ʠʥʪʝʨʥʝʪ, 
ʩʝʨʚʝʨʘ, ʨʘʙʦʯʠʭ ʤʘʰʠʥ, ʦʙʣʘʜʘʶʱʠʭ ʥʝʦʙʭʦʜʠʤʳʤʠ ʧʘʨʘʤʝʪʨʘʤʠ. ʏʝʨʝʟ ʠʥʪʝʨʥʝʪ ʜʚʘ ʢʦʤʧʴʶʪʝʨʘ 
ʩʚʷʟʳʚʘʶʪʩʷ ʫʜʘʣʸʥʥʳʤ ʧʦʜʢʣʶʯʝʥʠʝʤ. ɽʩʣʠ ʨʘʙʦʯʠʡ ʇʂ ʥʘʭʦʜʠʪʩʷ ʚ ʣʦʢʘʣʴʥʦʡ ʩʝʪʠ, ʪʦ ʧʦʣʫʯʠʪʴ 
ʜʦʩʪʫʧ ʢ ʥʝʤʫ ʠʟʚʥʝ ʚʦʟʤʦʞʥʦ ʪʦʣʴʢʦ ʩ ʧʦʤʦʱʴʶ ʩʧʝʮʠʘʣʴʥʳʭ ʧʨʦʛʨʘʤʤ. ʊʘʢʦʝ ʧʨʦʛʨʘʤʤʥʦʝ 
ʦʙʝʩʧʝʯʝʥʠʝ ʜʝʣʘʝʪ ʚʦʟʤʦʞʥʳʤ ʧʦʜʢʣʶʯʝʥʠʝ ʢ ʜʨʫʛʦʤʫ ʢʦʤʧʴʶʪʝʨʫ ʠʟ ʣʶʙʦʛʦ ʫʜʦʙʥʦʛʦ ʤʝʩʪʘ. 
ʇʨʦʛʨʘʤʤ ʜʘʶʪ ʚʦʟʤʦʞʥʦʩʪʴ ʨʘʙʦʪʘʪʴ ʪʘʢ, ʢʘʢ ʝʩʣʠ ʙʳ ʧʦʣʴʟʦʚʘʪʝʣʴ ʨʘʙʦʪʘʣ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʟʘ 
ʢʦʤʧʴʶʪʝʨʦʤ. ɺʦʟʤʦʞʥʦ ʚʠʜʝʪʴ ʨʘʙʦʯʠʡ ʩʪʦʣ ʠ ʚʳʧʦʣʥʷʪʴ ʚʩʝ ʜʝʡʩʪʚʠʷ ʥʘ ʫʜʘʣʝʥʥʦʤ ʫʩʪʨʦʡʩʪʚʝ, 
ʠʟʤʝʥʷʪʴ ʥʘʩʪʨʦʡʢʠ ʇʆ, ʦʙʤʝʥʠʚʘʪʴʩʷ ʬʘʡʣʘʤʠ, ʰʠʬʨʦʚʘʪʴ ʧʝʨʝʜʘʚʘʝʤʳʝ ʜʘʥʥʳʝ, ʧʦʜʢʣʶʯʘʪʴ ʚʝʙ-
ʢʘʤʝʨʳ, ʫʜʘʣʝʥʥʳʝ ʧʨʦʝʢʪʦʨʳ ʠ ʧʨʦʯʠʝ ʩʝʪʝʚʳʝ ʫʩʪʨʦʡʩʪʚʘ. ʇʨʠʤʝʨʘʤʠ ʪʘʢʦʛʦ ʇʆ ʷʚʣʷʶʪʩʷ Team 
Viewer, RAdmin, Ammyy Admin. 

ʄʠʥʫʩʦʤ ʵʪʦʛʦ ʩʧʦʩʦʙʘ ʷʚʣʷʝʪʩʷ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʚ ʥʘʩʪʨʦʡʢʝ ʩʝʪʝʚʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ. ʇʦʤʠʤʦ 
ʵʪʦʛʦ, ʥʝʦʙʭʦʜʠʤʦ ʧʦʥʠʤʘʪʴ, ʯʪʦ ʫʤʝʥʴʰʘʝʪʩʷ ʙʝʟʦʧʘʩʥʦʩʪʴ ʩʝʪʠ, ʧʦʷʚʣʷʝʪʩʷ ʰʘʥʩ ʧʨʦʥʠʢʥʦʚʝʥʠʷ 
ʩʪʦʨʦʥʥʠʭ ʣʠʮ ʚ ʣʦʢʘʣʴʥʫʶ ʩʝʪʴ. 

ɹʦʣʴʰʠʥʩʪʚʦ ʏʇʋ ʩʪʘʥʢʦʚ, ʢʘʢ ʧʨʘʚʠʣʦ ʦʩʥʘʱʝʥʦ ʇʂ ʩ ʫʩʪʘʨʝʚʰʠʤʠ ʢʦʤʧʣʝʢʪʫʶʱʠʤʠ, 
ʤʘʣʦʧʨʦʠʟʚʦʜʠʪʝʣʴʥʳʤʠ, ʩʧʦʩʦʙʥʳʤʠ ʣʠʰʴ ʟʘʧʫʩʢʘʪʴ ʧʨʦʛʨʘʤʤʫ ʜʣʷ ʫʧʨʘʚʣʝʥʠʷ ʩʪʘʥʢʦʤ. ʀʥʦʛʜʘ 
ʚʦʟʥʠʢʘʶʪ ʩʠʪʫʘʮʠʠ, ʚ ʢʦʪʦʨʳʭ ʥʫʞʥʦ ʠʟʤʝʥʠʪʴ ʧʨʦʛʨʘʤʤʫ, ʠ ʜʣʷ ʵʪʦʛʦ ʥʝʦʙʭʦʜʠʤ ʝʱʸ ʦʜʠʥ 
ʧʦʣʥʦʮʝʥʥʳʡ ʨʘʙʦʯʠʡ ʢʦʤʧʴʶʪʝʨ. 



55-ʷ ʶʙʠʣʝʡʥʘʷ ʥʘʫʯʥʘʷ ʢʦʥʬʝʨʝʥʮʠʷ ʘʩʧʠʨʘʥʪʦʚ, ʤʘʛʠʩʪʨʘʥʪʦʚ ʠ ʩʪʫʜʝʥʪʦʚ ɹɻʋʀʈ, 2019 ʛ. 
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ɺʳʭʦʜʦʤ ʠʟ ʜʘʥʥʦʡ ʩʠʪʫʘʮʠʠ ʩʣʫʞʠʪ ʪʝʨʤʠʥʘʣʴʥʳʡ ʜʦʩʪʫʧ ʩ ʨʘʙʦʯʝʛʦ ʇʂ ʢ ʢʦʤʧʴʶʪʝʨʫ ʩʦ 
ʚʩʝʤʠ ʥʝʦʙʭʦʜʠʤʳʤʠ ʧʨʦʛʨʘʤʤʘʤʠ. ɼʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʪʘʢʦʛʦ ʜʦʩʪʫʧʘ ʥʝʦʙʭʦʜʠʤʦ ʣʠʰʴ ʥʘʣʠʯʠʝ 
ʢʣʠʝʥʪʩʢʦʡ ʯʘʩʪʦ ʇʆ Citrix ʠ ʜʘʥʥʳʝ ʧʦʣʴʟʦʚʘʪʝʣʷ ʜʣʷ ʧʦʜʢʣʶʯʝʥʠʷ ʢ ʩʝʨʚʝʨʫ Citrix. 

ʇʣʶʩʘʤʠ ʜʘʥʥʦʛʦ ʩʧʦʩʦʙʘ ʷʚʣʷʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʦʜʥʦʛʦ ʠ ʪʦʛʦ ʞʝ ʧʨʠʣʦʞʝʥʠʷ 
ʥʝʩʢʦʣʴʢʠʤʠ ʧʦʣʴʟʦʚʘʪʝʣʷʤʠ ʦʜʥʦʚʨʝʤʝʥʥʦ, ʥʝʟʘʚʠʩʠʤʦ ʜʨʫʛ ʦʪ ʜʨʫʛʘ. 

 
ʉʧʠʩʦʢ ʠʩʧʦʣʴʟʦʚʘʥʥʳʭ ʠʩʪʦʯʥʠʢʦʚ: 

1. ȻɆɖəɓ ȪɆɓɎɎɑ, ȷɔɍɊɆɓɎɋ ɇɋɍɊɎɗɐɔɈɡɛ ɘɋɖɒɎɓɆɑɔɈ Windows RDP (Citrix ICA) ɓɆ ɇɆɍɋ FreeBSD.  
2. ʀʥʬʦʨʤʘʮʠʦʥʥʳʝ ʪʝʭʥʦʣʦʛʠʠ ʠ ʫʧʨʘʚʣʝʥʠʝ : ʤʘʪʝʨʠʘʣʳ 49 ʥʘʫʯ. ʢʦʥʬ. ʘʩʧʠʨʘʥʪʦʚ, ʤʘʛʠʩʪʨʘʥʪʦʚ ʠ ʩʪʫʜʝʥʪʦʚ, 
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2013. ï 103 ʩ. 

3. William Manning, Citrix Certified Administrator for Citrix XenApp 5 for Windows Server 2008 Certification Exam Preparation 
Course, London, UK, UK É2010  
 
 

ɺʅʋʊʈɽʅʅʗʗ ʀ ɺʅɽʐʅʗʗ ʆʎɽʅʂɸ 

ʂʆʅɺɽʈʉʀʀ ʉʃʆɺɸ ɺ ɺɽʂʊʆʈ 

ʀʛʥʘʪʴʝʚ ɽ.ɼ. 

ɹʝʣʦʨʫʩʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʥʬʦʨʤʘʪʠʢʠ ʠ ʨʘʜʠʦʵʣʝʢʪʨʦʥʠʢʠ 
ʛ. ʄʠʥʩʢ, ʈʝʩʧʫʙʣʠʢʘ ɹʝʣʘʨʫʩʴ 

ʀʚʘʥʦʚ ʅ.ʅ. ï ʢ.ʪ.ʥ.,ʜʦʮʝʥʪ 

ɺ ʧʦʩʣʝʜʥʝʝ ʚʨʝʤʷ ʢʦʣʠʯʝʩʪʚʦ ʠʩʩʣʝʜʦʚʘʥʠʡ ʚ ʩʬʝʨʝ ʩʝʤʘʥʪʠʢʠ ʥʝʫʢʣʦʥʥʦ ʨʘʩʪʸʪ. ɼʣʷ ʧʨʦʚʝʜʝʥʠʷ ʪʘʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ 
ʷʟʳʢʘ, ʟʘʯʘʩʪʫʶ ʧʨʠʙʝʛʘʶʪ ʢ ʠʩʧʦʣʴʟʦʚʘʥʠʶ ʢʦʥʚʝʨʪʠʨʦʚʘʥʥʳʭ ʚ ʚʝʢʪʦʨ ʩʣʦʚ. ʅʦ ʧʨʠ ʧʨʦʚʝʜʝʥʠʡ ʢʦʥʚʝʨʪʘʮʠʠ ʤʦʛʫʪ 
ʚʩʪʨʝʯʘʡʩʷ ʨʘʟʣʠʯʥʳʝ ʦʰʠʙʢʠ ʢʦʪʦʨʳʝ ʚ ʢʦʥʝʯʥʦʤ ʠʪʦʛʝ ʧʦʚʣʠʷʶʪ ʥʘ ʪʦʯʥʦʩʪʴ ʠ ʢʘʯʝʩʪʚʦ ʠʩʩʣʝʜʦʚʘʥʠʷ. ʇʦʵʪʦʤʫ ʥʝʦʙʭʦʜʠʤʦ 
ʧʨʦʚʦʜʠʪʴ ʦʮʝʥʢʫ ʪʘʢʦʡ ʢʦʥʚʝʨʪʘʮʠʠ. 

ɺ 2013 ʛʦʜʫ ʢʦʤʧʘʥʠʷ ʩʦʩʪʦʷʣʩʷ ʨʝʣʠʟ ʠʥʩʪʨʫʤʝʥʪʘ word2vec ʧʨʝʜʣʘʛʘʷ ʥʦʚʳʡ ʧʦʜʭʦʜ ʚ 
ʧʨʝʜʩʪʘʚʣʝʥʠʠ ʩʣʦʚʘ [1]. ɺ 2015 ʛʦʜʫ ʙʳʣʘ ʧʨʦʚʝʜʝʥʘ ʩʠʩʪʝʤʘʪʠʟʘʮʠʷ ʚʩʝʭ ʤʝʪʦʜ ʦʮʝʥʢʠ ʠ ʠʭ 
ʨʘʟʜʝʣʝʥʠʝ ʥʘ ʚʥʫʪʨʝʥʥʠʝ ʠ ʚʥʝʰʥʠʝ [2]. 

ʄʝʪʦʜʳ ʚʥʫʪʨʝʥʥʝʡ ʦʮʝʥʢʠ ð ʵʪʦ ʵʢʩʧʝʨʠʤʝʥʪʳ, ʚ ʢʦʪʦʨʳʭ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʩʣʦʚ ʩʨʘʚʥʠʚʘʶʪʩʷ 
ʩ ʯʝʣʦʚʝʯʝʩʢʠʤʠ ʩʫʞʜʝʥʠʷʤʠ ʦ ʩʣʦʚʝʩʥʳʭ ʦʪʥʦʰʝʥʠʷʭ. ʉʦʟʜʘʥʥʳʝ ʚʨʫʯʥʫʶ ʥʘʙʦʨʳ ʩʣʦʚ ʯʘʩʪʦ 
ʠʩʧʦʣʴʟʫʶʪʩʷ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʦʮʝʥʦʢ ʯʝʣʦʚʝʢʘ, ʘ ʟʘʪʝʤ ʵʪʠ ʦʮʝʥʢʠ ʩʨʘʚʥʠʚʘʶʪʩʷ ʩ ʚʣʦʞʝʥʠʷʤʠ ʩʣʦʚ 
(ʵʪʦʪ ʤʝʪʦʜ ʩʙʦʨʘ ʩʫʞʜʝʥʠʡ ʥʘʟʳʚʘʝʪʩʷ ʘʙʩʦʣʶʪʥʦʡ ʚʥʫʪʨʝʥʥʝʡ ʦʮʝʥʢʦʡ). ʄʝʪʦʜʳ ʚʥʫʪʨʝʥʥʝʡ 
ʦʮʝʥʢʠ-ʵʪʦ ʵʢʩʧʝʨʠʤʝʥʪʳ, ʚ ʢʦʪʦʨʳʭ ʚʣʦʞʝʥʠʷ ʩʣʦʚ ʩʨʘʚʥʠʚʘʶʪʩʷ ʩ ʯʝʣʦʚʝʯʝʩʢʠʤʠ ʩʫʞʜʝʥʠʷʤʠ ʦ 
ʩʣʦʚʝʩʥʳʭ ʦʪʥʦʰʝʥʠʷʭ. ʉʦʟʜʘʥʥʳʝ ʚʨʫʯʥʫʶ ʥʘʙʦʨʳ ʩʣʦʚ ʯʘʩʪʦ ʠʩʧʦʣʴʟʫʶʪʩʷ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʦʮʝʥʦʢ 
ʦʪ ʯʝʣʦʚʝʢʘ, ʘ ʟʘʪʝʤ ʵʪʠ ʦʮʝʥʢʠ ʩʨʘʚʥʠʚʘʶʪʩʷ ʩ ʧʨʝʜʩʪʘʚʣʝʥʠʷʤʠ ʩʣʦʚ (ʵʪʦʪ ʤʝʪʦʜ ʩʙʦʨʘ ʩʫʞʜʝʥʠʡ 
ʥʘʟʳʚʘʝʪʩʷ ʘʙʩʦʣʶʪʥʦʡ ʚʥʫʪʨʝʥʥʝʡ ʦʮʝʥʢʦʡ).  

ʀʥʦʛʜʘ ʣʶʜʝʡ ʧʨʦʩʷʪ ʦʮʝʥʠʪʴ ʢʘʯʝʩʪʚʦ ʚʣʦʞʝʥʠʡ ʩʣʦʚ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ, ʥʘʧʨʠʤʝʨ, ʢʦʛʜʘ 
ʨʘʟʥʳʝ ʤʦʜʝʣʠ ʧʨʦʠʟʚʦʜʷʪ ʨʘʟʥʳʝ ʩʫʞʜʝʥʠʷ ʦ ʩʣʦʚʝʩʥʳʭ ʦʪʥʦʰʝʥʠʷʭ, ʠ ʟʘʜʘʯʘ ʯʝʣʦʚʝʢʘ ð ʩʢʘʟʘʪʴ, 
ʢʘʢʘʷ ʤʦʜʝʣʴ ʨʘʙʦʪʘʝʪ ʣʫʯʰʝ (ʪʘʢʦʡ ʤʝʪʦʜ ʥʘʟʳʚʘʝʪʩʷ ʩʨʘʚʥʠʪʝʣʴʥʦʡ ʚʥʫʪʨʝʥʥʝʡ ʦʮʝʥʢʦʡ). 
ʉʨʘʚʥʠʪʝʣʴʥʘʷ ʚʥʫʪʨʝʥʥʷʷ ʦʮʝʥʢʘ ʧʦʟʚʦʣʷʝʪ ʥʝ ʦʮʝʥʠʚʘʪʴ ʘʙʩʦʣʶʪʥʦʝ ʢʘʯʝʩʪʚʦ ʚʣʦʞʝʥʠʡ, ʘ 
ʥʘʭʦʜʠʪʴ ʥʘʠʙʦʣʝʝ ʘʜʝʢʚʘʪʥʳʝ ʚʣʦʞʝʥʠʷ ʚ ʟʘʜʘʥʥʦʤ ʤʥʦʞʝʩʪʚʝ.  

ɹʦʣʴʰʠʥʩʪʚʦ ʤʝʪʦʜʦʚ ʘʙʩʦʣʶʪʥʦʡ ʚʥʫʪʨʝʥʥʝʡ ʦʮʝʥʢʠ ʧʨʝʜʥʘʟʥʘʯʝʥʳ ʜʣʷ ʩʙʦʨʘ ʜʘʥʥʳʭ, 
ʷʚʣʷʶʱʠʭʩʷ ʨʝʟʫʣʴʪʘʪʦʤ ʩʦʟʥʘʪʝʣʴʥʳʭ ʧʨʦʮʝʩʩʦʚ ʚ ʯʝʣʦʚʝʯʝʩʢʦʤ ʤʦʟʛʝ (ʜʨʫʛʠʤʠ ʩʣʦʚʘʤʠ, ʫ 
ʦʮʝʥʱʠʢʦʚ ʝʩʪʴ ʚʨʝʤʷ ʧʦʜʫʤʘʪʴ ʥʘʜ ʦʪʚʝʪʘʤʠ). ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʩʫʱʝʩʪʚʫʝʪ ʚʝʨʦʷʪʥʦʩʪʴ ʪʦʛʦ, ʯʪʦ 
ʪʘʢʠʝ ʦʪʚʝʪʳ ʧʨʝʜʚʟʷʪʳ ʦʧʨʝʜʝʣʝʥʥʳʤʠ ʩʫʙʲʝʢʪʠʚʥʳʤʠ ʬʘʢʪʦʨʘʤʠ (ʥʘʧʨʠʤʝʨ, ʠʟ-ʟʘ ʦʪʩʫʪʩʪʚʠʷ 
ʯʝʪʢʦʛʦ ʦʧʨʝʜʝʣʝʥʠʷ ʟʥʘʯʝʥʠʷ ʢʘʞʜʳʡ ʯʝʣʦʚʝʢ ʠʥʪʝʨʧʨʝʪʠʨʫʝʪ ʦʪʥʦʰʝʥʠʷ ʩʣʦʚ ʧʦ-ʩʚʦʝʤʫ, ʚʥʦʩʷ 
ʚʘʨʠʘʪʠʚʥʦʩʪʴ ʚ ʦʮʝʥʢʠ). ʀ ʥʝʷʩʥʦ, ʜʝʡʩʪʚʠʪʝʣʴʥʦ ʣʠ ʩʦʟʥʘʪʝʣʴʥʳʝ ʦʮʝʥʢʠ ʩʧʦʩʦʙʥʳ ʩʦʦʙʱʠʪʴ 
ʩʪʨʫʢʪʫʨʫ ʩʝʤʘʥʪʠʢʠ ʥʘ ʝʩʪʝʩʪʚʝʥʥʦʤ ʷʟʳʢʝ. 

ʄʝʪʦʜʳ ʚʥʝʰʥʝʡ ʦʮʝʥʢʠ ʦʮʝʥʢʠ ʦʩʥʦʚʘʥʳ ʥʘ ʚʦʟʤʦʞʥʦʩʪʠ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʩʣʦʚ ʚ ʢʘʯʝʩʪʚʝ 
ʚʝʢʪʦʨʦʚ ʧʨʠʟʥʘʢʦʚ ʘʣʛʦʨʠʪʤʦʚ ʢʦʥʪʨʦʣʠʨʫʝʤʦʛʦ ʤʘʰʠʥʥʦʛʦ ʦʙʫʯʝʥʠʷ (ʥʘʧʨʠʤʝʨ, ʤʦʜʝʣʠ 
ʤʘʢʩʠʤʘʣʴʥʦʡ ʵʥʪʨʦʧʠʠ), ʠʩʧʦʣʴʟʫʝʤʳʭ ʚ ʦʜʥʦʡ ʠʟ ʨʘʟʣʠʯʥʳʭ ʟʘʜʘʯ ʦʙʨʘʙʦʪʢʠ ʝʩʪʝʩʪʚʝʥʥʦʛʦ ʷʟʳʢʘ. 
ʇʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʢʦʥʪʨʦʣʠʨʫʝʤʦʡ ʤʦʜʝʣʠ (ʠʟʤʝʨʷʝʤʘʷ ʚ ʥʘʙʦʨʝ ʜʘʥʥʳʭ ʜʣʷ ʟʘʜʘʯʠ ʦʙʨʘʙʦʪʢʠ 
ʝʩʪʝʩʪʚʝʥʥʦʛʦ ʷʟʳʢʘ) ʬʫʥʢʮʠʦʥʠʨʫʝʪ ʢʘʢ ʤʝʨʘ ʢʘʯʝʩʪʚʘ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʩʣʦʚ. ʅʝʢʦʪʦʨʳʝ 
ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʨʝʜʧʦʣʘʛʘʶʪ, ʯʪʦ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʩʣʦʚ, ʧʦʢʘʟʳʚʘʶʱʝʝ ʭʦʨʦʰʠʡ ʨʝʟʫʣʴʪʘʪ ʧʦ ʦʜʥʦʡ 
ʟʘʜʘʯʝ, ʧʦʢʘʞʝʪ ʭʦʨʦʰʠʡ ʨʝʟʫʣʴʪʘʪ ʧʦ ʜʨʫʛʠʤ, ʘ ʨʝʟʫʣʴʪʘʪʳ ʚʩʪʨʘʠʚʘʥʠʷ ʩʣʦʚ ʧʦ ʨʘʟʥʳʤ ʟʘʜʘʯʘʤ 
ʢʦʨʨʝʣʠʨʫʶʪ, ʦʧʨʝʜʝʣʷʷ ʢʘʢʦʡ-ʪʦ ʛʣʦʙʘʣʴʥʳʡ ʦʮʝʥʦʯʥʳʡ ʙʘʣʣ ʜʣʷ ʜʠʩʪʨʠʙʫʪʠʚʥʦʡ ʩʝʤʘʥʪʠʢʠ [3]. 

ʇʨʝʜʩʪʘʚʣʝʥʠʝ ʩʣʦʚ, ʚʝʨʦʷʪʥʦ, ʤʦʞʝʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʦ ʧʨʘʢʪʠʯʝʩʢʠ ʚ ʣʶʙʦʡ ʟʘʜʘʯʝ 
ʦʙʨʘʙʦʪʢʠ ʝʩʪʝʩʪʚʝʥʥʦʛʦ ʷʟʳʢʘ, ʠ ʠʩʩʣʝʜʦʚʘʪʝʣʠ (ʦʧʠʩʳʚʘʷ ʚʦʟʤʦʞʥʳʝ ʚʘʨʠʘʥʪʳ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 
ʧʨʝʜʩʪʘʚʣʝʥʠʡ ʩʣʦʚ ʚ ʜʨʫʛʠʭ ʧʦʩʣʝʜʫʶʱʠʭ ʟʘʜʘʯʘʭ) ʥʝ ʫʧʦʤʠʥʘʶʪ ʟʘʜʘʯʫ ʦʮʝʥʢʠ ʧʨʝʜʩʪʘʚʣʝʥʠʡ 
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ʩʣʦʚ. ʊʝʤ ʥʝ ʤʝʥʝʝ, ʩʦʛʣʘʩʥʦ ʦʧʨʝʜʝʣʝʥʠʶ ʚʥʝʰʥʝʡ ʦʮʝʥʢʠ, ʧʨʠʚʝʜʝʥʥʦʤʫ ʚʳʰʝ, ʣʶʙʘʷ 
ʧʦʩʣʝʜʫʶʱʘʷ ʟʘʜʘʯʘ ʤʦʞʝʪ ʨʘʩʩʤʘʪʨʠʚʘʪʴʩʷ ʚ ʢʘʯʝʩʪʚʝ ʤʝʪʦʜʘ ʦʮʝʥʢʠ. 

ʂʦʥʝʯʥʦ, ʚʥʝʰʥʷʷ ʦʮʝʥʢʘ ʠʤʝʝʪ ʦʧʨʝʜʝʣʝʥʥʳʝ ʧʨʝʠʤʫʱʝʩʪʚʘ, ʠ ʚ ʪʝʭ ʩʣʫʯʘʷʭ, ʢʦʛʜʘ 
ʚʩʪʨʘʠʚʘʥʠʝ ʩʣʦʚ ʧʨʝʜʧʦʣʘʛʘʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʪʴ ʪʦʣʴʢʦ ʜʣʷ ʨʝʰʝʥʠʷ ʢʦʥʢʨʝʪʥʦʡ ʟʘʜʘʯʠ, ʦʮʝʥʢʘ 
ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʢʦʥʪʨʦʣʠʨʫʝʤʦʡ ʤʦʜʝʣʠ ʧʦ ʵʪʦʡ ʟʘʜʘʯʝ ʜʘʩʪ ʥʘʠʙʦʣʝʝ ʘʜʝʢʚʘʪʥʫʶ ʦʮʝʥʢʫ 
ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʚʩʪʨʘʠʚʘʥʠʷ ʩʣʦʚ. ʅʦ ʚʥʝʰʥʷʷ ʦʮʝʥʢʘ ʪʝʨʧʠʪ ʥʝʫʜʘʯʫ, ʝʩʣʠ ʚʣʦʞʝʥʠʷ, ʢʦʪʦʨʳʝ 
ʚʳ ʭʦʪʠʪʝ ʦʮʝʥʠʪʴ, ʦʙʫʯʝʥʳ ʩʣʫʞʠʪʴ ʚ ʰʠʨʦʢʦʤ ʜʠʘʧʘʟʦʥʝ ʨʘʟʣʠʯʥʳʭ ʟʘʜʘʯ, ʪʘʢ ʢʘʢ ʦʮʝʥʢʠ 
ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʚʣʦʞʝʥʠʡ word ʚ ʨʘʟʣʠʯʥʳʭ ʟʘʜʘʯʘʭ ʥʝ ʢʦʨʨʝʣʠʨʫʶʪ ʤʝʞʜʫ ʩʦʙʦʡ.  
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ʇʈʀʄɽʅɽʅʀɽ ɸʃɻʆʈʀʊʄɸ ʉɽɻʄɽʅʊɸʎʀʀ ʀɿʆɹʈɸɾɽʅʀʁ ʅɸ 
ʆʉʅʆɺɽ ɻʈɸʌʆɺ ɼʃʗ ɸʅɸʃʀɿɸ ʌʆʊʆʉʅʀʄʂʆɺ ʊʆʇʆʃʆɻʀʁ 

ʀʅʊɽɻʈɸʃʔʅʓʍ ʄʀʂʈʆʉʍɽʄ 

ʂʘʥʘʰ ɺ.ʅ. 

ɹʝʣʦʨʫʩʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʥʬʦʨʤʘʪʠʢʠ ʠ ʨʘʜʠʦʵʣʝʢʪʨʦʥʠʢʠ 
ʛ. ʄʠʥʩʢ, ʈʝʩʧʫʙʣʠʢʘ ɹʝʣʘʨʫʩʴ 

ɺʦʨʦʥʦʚ ɸ.ɸ. ï ʢ.ʪ.ʥ.,ʜʦʮʝʥʪ 

ʆʧʠʩʘʥ ʘʣʛʦʨʠʪʤ ʩʝʛʤʝʥʪʘʮʠʠ ʠʟʦʙʨʘʞʝʥʠʡ ʥʘ ʦʩʥʦʚʝ ʛʨʘʬʦʚ, ʘ ʪʘʢʞʝ ʨʘʩʩʤʦʪʨʝʥʘ ʚʦʟʤʦʞʥʦʩʪʴ ʧʨʠʤʝʥʝʥʠʷ ʘʣʛʦʨʠʪʤʘ ʜʣʷ 
ʨʝʰʝʥʠʷ ʟʘʜʘʯ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʡ ʦʙʨʘʙʦʪʢʠ ʠʟʦʙʨʘʞʝʥʠʡ ʠʥʪʝʛʨʘʣʴʥʳʭ ʤʠʢʨʦʩʭʝʤ ʜʣʷ ʧʦʩʣʝʜʫʶʱʝʛʦ ʘʥʘʣʠʟʘ ʩ ʧʨʠʤʝʥʝʥʠʝʤ 
ʥʝʡʨʦʥʥʳʭ ʩʝʪʝʡ. 

ʀʟʦʙʨʘʞʝʥʠʷ ʪʦʧʦʣʦʛʠʡ ʠʥʪʝʛʨʘʣʴʥʳʭ ʤʠʢʨʦʩʭʝʤ, ʧʦʣʫʯʝʥʥʳʝ ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ ʦʪʣʠʯʘʶʪʩʷ 
ʙʦʣʴʰʠʤ ʨʘʟʨʝʰʝʥʠʝʤ, ʘ ʪʘʢʞʝ ʥʘʣʠʯʠʝʤ ʤʥʦʞʝʩʪʚʘ ʤʝʣʢʠʭ ʵʣʝʤʝʥʪʦʚ, ʟʘʪʨʫʜʥʷʶʱʠʭ ʧʨʦʮʝʩʩ 
ʘʥʘʣʠʟʘ ʠ ʢʦʥʪʨʦʣʷ. ɼʣʷ ʦʙʨʘʙʦʪʢʠ ʪʘʢʠʭ ʠʟʦʙʨʘʞʝʥʠʡ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʠʩʧʦʣʴʟʫʶʪʩʷ ʨʘʟʣʠʯʥʳʝ 
ʤʝʪʦʜʳ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʦʛʦ ʘʥʘʣʠʟʘ ʜʘʥʥʳʭ, ʚ ʪʦʤ ʯʠʩʣʝ ʥʝʡʨʦʥʥʳʝ ʩʝʪʠ. ʆʜʥʘʢʦ ʜʣʷ ʪʦʛʦ, ʯʪʦʙʳ 
ʵʬʬʝʢʪʠʚʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʥʝʡʨʦʥʥʳʝ ʩʝʪʠ ʜʣʷ ʘʥʘʣʠʟʘ ʠʟʦʙʨʘʞʝʥʠʡ ʙʦʣʴʰʦʛʦ ʨʘʟʤʝʨʘ, ʥʝʦʙʭʦʜʠʤʦ 
ʚʳʜʝʣʷʪʴ ʥʘ ʥʠʭ ʥʝʢʦʪʦʨʳʝ ñʪʦʯʢʠ ʠʥʪʝʨʝʩʘò - ʦʪʜʝʣʴʥʳʝ ʬʨʘʛʤʝʥʪʳ, ʢʦʪʦʨʳʝ ʩʦʜʝʨʞʘʪ ʚ ʩʝʙʝ 
ʙʦʣʴʰʝ ʧʦʣʝʟʥʦʡ ʠʥʬʦʨʤʘʮʠʠ, ʯʝʤ ʜʨʫʛʠʝ ʯʘʩʪʠ ʠʟʦʙʨʘʞʝʥʠʷ. ɼʣʷ ʧʦʠʩʢʘ ʪʘʢʠʭ ʬʨʘʛʤʝʥʪʦʚ ʚ 
ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʦʙʳʯʥʦ ʧʨʠʤʝʥʷʝʪʩʷ ʤʝʪʦʜ ʩʢʦʣʴʟʷʱʝʛʦ ʦʢʥʘ. ʆʥ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʪʦʤ, ʯʪʦ ʚ 
ʢʦʥʪʝʢʩʪʝ ʨʝʰʘʝʤʦʡ ʟʘʜʘʯʠ ʟʘʜʘʝʪʩʷ ʢʦʥʬʠʛʫʨʘʮʠʷ çʦʢʥʘ ʦʙʨʘʙʦʪʢʠè ï ʜʚʫʤʝʨʥʦʡ ʦʙʣʘʩʪʠ, 
ʦʭʚʘʪʳʚʘʶʱʝʡ ʢʦʥʝʯʥʦʝ ʤʥʦʞʝʩʪʚʦ ʧʠʢʩʝʣʝʡ ʚʭʦʜʥʦʛʦ ʠʟʦʙʨʘʞʝʥʠʷ. ɺ ʧʨʦʮʝʩʩʝ ʦʙʨʘʙʦʪʢʠ ʵʪʦ ʦʢʥʦ 
ʩʤʝʱʘʝʪʩʷ ʧʦ ʠʟʦʙʨʘʞʝʥʠʶ, ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ ʟʘʥʠʤʘʷ ʚʩʝ ʚʦʟʤʦʞʥʳʝ ʧʦʣʦʞʝʥʠʷ. ʌʨʘʛʤʝʥʪʳ 
ʠʟʦʙʨʘʞʝʥʠʷ, ʧʦʢʨʳʚʘʝʤʳʝ ʦʢʥʦʤ ʥʘ ʪʝʢʫʱʝʤ ʰʘʛʝ ʠʩʧʦʣʴʟʫʶʪʩʷ ʚ ʢʘʯʝʩʪʚʝ ʚʭʦʜʥʳʭ ʜʘʥʥʳʭ ʜʣʷ 
ʙʦʣʝʝ ʩʣʦʞʥʳʭ ʤʝʪʦʜʦʚ ʘʥʘʣʠʟʘ. ʅʝʜʦʩʪʘʪʢʦʤ ʜʘʥʥʦʛʦ ʧʦʜʭʦʜʘ ʷʚʣʷʝʪʩʷ ʪʦ, ʯʪʦ ʜʣʷ ʧʨʦʭʦʞʜʝʥʠʷ 
ʦʢʥʘ ʧʦ ʚʩʝʤʫ ʠʟʦʙʨʘʞʝʥʠʶ ʠ ʧʘʨʘʣʣʝʣʴʥʦʛʦ ʧʨʠʤʝʥʝʥʠʷ ʥʝʡʨʦʥʥʦʡ ʩʝʪʠ ʜʣʷ ʢʘʞʜʦʛʦ ʧʦʣʦʞʝʥʠʷ 
ʦʢʥʘ ʪʨʝʙʫʝʪʩʷ ʜʦʧʦʣʥʠʪʝʣʴʥʦʝ ʚʨʝʤʷ. ʊʘʢʞʝ ʪʨʝʙʫʝʪʩʷ ʨʝʰʠʪʴ ʟʘʜʘʯʫ ʚʳʙʦʨʘ ʦʧʪʠʤʘʣʴʥʦʛʦ 
ʤʘʩʰʪʘʙʘ ʦʢʥʘ. 

ɺ ʜʘʥʥʦʤ ʜʦʢʣʘʜʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴ ʧʨʠʤʝʥʝʥʠʷ ʘʣʛʦʨʠʪʤʘ ʩʝʛʤʝʥʪʘʮʠʠ 
ʠʟʦʙʨʘʞʝʥʠʷ ʥʘ ʦʩʥʦʚʝ ʛʨʘʬʦʚ (Graph-Based Segmentation) ʜʣʷ ʚʳʜʝʣʝʥʠʷ ʦʪʜʝʣʴʥʳʭ ʬʨʘʛʤʝʥʪʦʚ ʥʘ 
ʠʟʦʙʨʘʞʝʥʠʷʭ ʪʦʧʦʣʦʛʠʡ ʠʥʪʝʛʨʘʣʴʥʳʭ ʤʠʢʨʦʩʭʝʤ ʚ ʮʝʣʷʭ ʧʦʜʛʦʪʦʚʢʠ ʠʟʦʙʨʘʞʝʥʠʷ ʜʣʷ 
ʧʦʩʣʝʜʫʶʱʝʛʦ ʘʥʘʣʠʟʘ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʩʚʝʨʪʦʯʥʳʭ ʥʝʡʨʦʥʥʳʭ ʩʝʪʝʡ.   

ɸʣʛʦʨʠʪʤ ʩʝʛʤʝʥʪʘʮʠʠ ʠʟʦʙʨʘʞʝʥʠʷ ʥʘ ʦʩʥʦʚʝ ʛʨʘʬʦʚ (Efficient Graph-Based Image 
Segmentation) ʙʳʣ ʚʧʝʨʚʳʝ ʦʧʠʩʘʥ ʚ 2004 ʛʦʜʫ [1]. ʆʥ ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʫʝʪʩʷ ʚ ʟʘʜʘʯʘʭ ʘʥʘʣʠʟʘ 
ʠʟʦʙʨʘʞʝʥʠʡ ʠʟ-ʟʘ ʧʨʦʩʪʦʪʳ ʨʝʘʣʠʟʘʮʠʠ ʠ ʚʳʩʦʢʦʡ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ. ɸʣʛʦʨʠʪʤ ʠʩʧʦʣʴʟʫʝʪ 
ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʠʟʦʙʨʘʞʝʥʠʷ ʚ ʚʠʜʝ ʚʟʚʝʰʝʥʥʦʛʦ ʩʚʷʟʥʦʛʦ ʥʝʦʨʠʝʥʪʠʨʦʚʘʥʥʦʛʦ ʛʨʘʬʘ, ʛʜʝ ʢʘʞʜʳʡ 
ʧʠʢʩʝʣʴ ʠʟʦʙʨʘʞʝʥʠʷ ʷʚʣʷʝʪʩʷ ʦʪʜʝʣʴʥʦʡ ʚʝʨʰʠʥʦʡ. ʈʝʙʨʘ ʛʨʘʬʘ ʩʚʷʟʳʚʘʶʪ ʩʦʩʝʜʥʠʝ ʧʠʢʩʝʣʠ 
ʤʝʞʜʫ ʩʦʙʦʡ. ɺʦʟʤʦʞʥʦ 2 ʚʘʨʠʘʥʪʘ ʧʦʩʪʨʦʝʥʠʷ ʪʘʢʦʛʦ ʛʨʘʬʘ: ʢʘʞʜʳʡ ʧʠʢʩʝʣʴ ʩʚʷʟʳʚʘʝʪʩʷ ʩ 4 
ʙʣʠʞʘʡʰʠʤʠ ʩʦʩʝʜʷʤʠ, ʣʠʙʦ ʩ 8. ɺ ʩʣʫʯʘʝ ʧʦʣʫʪʦʥʦʚʳʭ ʠʟʦʙʨʘʞʝʥʠʡ, ʚʝʩ (ʜʣʠʥʘ) ʨʝʙʨʘ, 
ʩʦʝʜʠʥʷʶʱʝʛʦ ʩʦʩʝʜʥʠʝ ʚʝʨʰʠʥʳ, ʚʳʨʘʞʘʝʪʩʷ ʬʦʨʤʫʣʦʡ (1) 

 

ύὺȟὺ ȿὍὴ Ὅὴ ȿ (1)  



55-ʷ ʶʙʠʣʝʡʥʘʷ ʥʘʫʯʥʘʷ ʢʦʥʬʝʨʝʥʮʠʷ ʘʩʧʠʨʘʥʪʦʚ, ʤʘʛʠʩʪʨʘʥʪʦʚ ʠ ʩʪʫʜʝʥʪʦʚ ɹɻʋʀʈ, 2019 ʛ. 
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ʛʜʝ I(pi) ï ʠʥʪʝʥʩʠʚʥʦʩʪʴ (ʷʨʢʦʩʪʴ) ʧʠʢʩʝʣʷ pi 
ʂ ʵʪʦʤʫ ʛʨʘʬʫ ʧʨʠʤʝʥʷʝʪʩʷ ʘʣʛʦʨʠʪʤ ʂʨʘʩʢʘʣʘ [2], ʢʦʪʦʨʳʡ ʧʨʝʜʥʘʟʥʘʯʝʥ ʜʣʷ ʥʘʭʦʞʜʝʥʠʷ 

ʤʠʥʠʤʘʣʴʥʦʛʦ ʦʩʪʦʚʥʦʛʦ ʜʝʨʝʚʘ ʛʨʘʬʘ. ɼʘʥʥʳʡ ʘʣʛʦʨʠʪʤ ʧʨʝʜʧʦʣʘʛʘʝʪ ʩʦʨʪʠʨʦʚʢʫ ʚʩʝʭ ʨʝʙʝʨ ʛʨʘʬʘ 
ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʧʦʩʪʨʦʝʥʠʝʤ ʤʠʥʠʤʘʣʴʥʦʛʦ ʜʝʨʝʚʘ ʟʘ ʦʜʠʥ ʧʨʦʭʦʜ. ɺ ʩʣʫʯʘʝ ʘʣʛʦʨʠʪʤʘ ʩʝʛʤʝʥʪʘʮʠʠ 
ʠʟʦʙʨʘʞʝʥʠʡ ʚ ʘʣʛʦʨʠʪʤ ʂʨʘʩʢʘʣʘ ʚʥʦʩʷʪʩʷ ʠʟʤʝʥʝʥʠʷ. ʊʘʢ, ʝʩʣʠ ʚʥʫʪʨʠ ʩʫʱʝʩʪʚʫʶʱʝʛʦ ʧʦʜʜʝʨʝʚʘ 
ʚʝʣʠʯʠʥʘ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʧʝʨʝʧʘʜʘ ʠʥʪʝʥʩʠʚʥʦʩʪʝʡ ʙʦʣʴʰʝ, ʯʝʤ ʧʝʨʝʧʘʜ ʠʥʪʝʥʩʠʚʥʦʩʪʝʡ ʤʝʞʜʫ 
ʜʚʫʤʷ ʜʝʨʝʚʴʷʤʠ, ʪʦ ʵʪʠ ʜʚʘ ʩʝʛʤʝʥʪʘ ʧʦʜʣʝʞʘʪ ʦʙʲʝʜʠʥʝʥʠʶ. ɺ ʧʨʦʪʠʚʥʦʤ ʩʣʫʯʘʝ ʵʪʠ ʩʝʛʤʝʥʪʳ 
ʦʩʪʘʥʫʪʩʷ ʨʘʟʜʝʣʝʥʥʳʤʠ. 

ɼʣʷ ʧʦʚʳʰʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʘʣʛʦʨʠʪʤʘ, ʧʝʨʝʜ ʦʙʨʘʙʦʪʢʦʡ ʢ ʠʟʦʙʨʘʞʝʥʠʶ ʧʨʠʤʝʥʷʝʪʩʷ 
ʬʠʣʴʪʨ ɻʘʫʩʩʘ. ʕʪʦ ʥʝʦʙʭʦʜʠʤʦ ʜʣʷ ʪʦʛʦ, ʯʪʦʙʳ ʠʩʢʣʶʯʠʪʴ ʚʦʟʤʦʞʥʳʡ ʰʫʤ ʠ ʘʨʪʝʬʘʢʪʳ. ɼʣʷ 
ʫʧʨʘʚʣʝʥʠʷ ʚʝʣʠʯʠʥʦʡ ʨʘʟʤʳʪʠʷ ʚ ʘʣʛʦʨʠʪʤ ʚʚʦʜʠʪʩʷ ʧʘʨʘʤʝʪʨ ů. 

ɺ ʥʘʯʘʣʝ ʨʘʙʦʪʳ ʘʣʛʦʨʠʪʤʘ ʤʝʞʜʫ ʩʦʩʝʜʥʠʤʠ ʧʠʢʩʝʣʷʤʠ ʤʦʞʝʪ ʥʘʙʣʶʜʘʪʴʩʷ ʩʫʱʝʩʪʚʝʥʥʳʡ 
ʧʝʨʝʧʘʜ ʠʥʪʝʥʩʠʚʥʦʩʪʝʡ, ʤʝʰʘʶʱʠʡ ʦʙʲʝʜʠʥʝʥʠʶ ʠʭ ʚ ʦʜʠʥ ʩʝʛʤʝʥʪ ʊʘʢ ʢʘʢ ʩʦʩʝʜʥʠʝ ʧʠʢʩʝʣʠ ʩ 
ʙʦʣʴʰʦʡ ʚʝʨʦʷʪʥʦʩʪʴʶ ʷʚʣʷʶʪʩʷ ʩʦʩʪʘʚʣʷʶʱʠʤʠ ʯʘʩʪʷʤʠ ʦʜʥʦʛʦ ʩʝʛʤʝʥʪʘ, ʧʨʠ ʚʳʯʠʩʣʝʥʠʠ 
ʧʝʨʝʧʘʜʘ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʚʥʫʪʨʠ ʩʫʱʝʩʪʚʫʶʱʠʭ ʩʝʛʤʝʥʪʦʚ, ʢ ʧʦʣʫʯʝʥʥʦʤʫ ʟʥʘʯʝʥʠʶ ʜʦʙʘʚʣʷʶʪ 
ʚʝʣʠʯʠʥʫ T, ʟʘʚʠʩʷʱʫʶ ʦʪ ʨʘʟʤʝʨʘ ʧʦʩʪʨʦʝʥʥʦʛʦ ʩʝʛʤʝʥʪʘ (2) 

 

Ὕὅ  
Ὧ

ȿὅȿ
 

(

(2) 

 
ʛʜʝ |C| ï ʤʦʱʥʦʩʪʴ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʛʦ ʩʝʛʤʝʥʪʘ ʘ k ï ʧʘʨʘʤʝʪʨ ʩʝʛʤʝʥʪʘʮʠʠ, ʟʘʜʘʚʘʝʤʳʡ ʚʨʫʯʥʫʶ. 
ʕʪʦ ʧʦʟʚʦʣʷʝʪ ʦʙʲʝʜʠʥʷʪʴ ʥʘʭʦʜʷʱʠʝʩʷ ʨʷʜʦʤ ʧʠʢʩʝʣʠ ʚ ʩʝʛʤʝʥʪʳ ʥʘ ʥʘʯʘʣʴʥʳʭ ʵʪʘʧʘʭ ʨʘʙʦʪʳ 
ʘʣʛʦʨʠʪʤʘ. 
 ɼʣʷ ʪʝʩʪʠʨʦʚʘʥʠʷ ʤʦʜʝʣʠ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʧʦʣʫʪʦʥʦʚʳʝ ʬʦʪʦʩʥʠʤʢʠ ʀʉ, ʧʦʣʫʯʝʥʥʳʝ ʧʨʠ 
ʫʚʝʣʠʯʝʥʠʠ (ʩʤ. ʨʠʩʫʥʦʢ 1). ʈʝʟʫʣʴʪʘʪʦʤ ʨʘʙʦʪʳ ʘʣʛʦʨʠʪʤʘ ʩ ʧʘʨʘʤʝʪʨʘʤʠ k=500, ů =1 ʷʚʣʷʝʪʩʷ 
ʢʘʨʪʘ ʩʝʛʤʝʥʪʦʚ ʠʟʦʙʨʘʞʝʥʠʷ (ʩʤ. ʨʠʩʫʥʦʢ 2), ʚ ʮʝʣʷʭ ʚʠʟʫʘʣʠʟʘʮʠʠ ʢʘʞʜʳʡ ʩʝʛʤʝʥʪ ʚʳʜʝʣʝʥ 
ʦʪʜʝʣʴʥʳʤ ʮʚʝʪʦʤ.   
ʇʦʩʣʝ ʪʦʛʦ ʢʘʢ ʙʳʣʘ ʧʨʦʚʝʜʝʥʘ ʩʝʛʤʝʥʪʘʮʠʷ ʠʟʦʙʨʘʞʝʥʠʷ, ʧʦʣʫʯʝʥʥʫʶ ʠʥʬʦʨʤʘʮʠʶ ʤʦʞʥʦ 
ʠʩʧʦʣʴʟʦʚʘʪʴ ʜʣʷ ʜʘʣʴʥʝʡʰʝʛʦ ʘʥʘʣʠʟʘ ï ʢ ʧʨʠʤʝʨʫ, ʚʳʜʝʣʠʪʴ ʩʝʛʤʝʥʪʳ ʦʧʨʝʜʝʣʝʥʥʦʛʦ ʨʘʟʤʝʨʘ (ʩʤ. 
ʨʠʩʫʥʦʢ 3) ʠ ʠʩʧʦʣʴʟʦʚʘʪʴ ʩʚʝʨʪʦʯʥʫʶ ʥʝʡʨʦʥʥʫʶ ʩʝʪʴ ʜʣʷ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʦʙʲʝʢʪʦʚ ʥʘ ʠʟʦʙʨʘʞʝʥʠʠ. 
 

 
 

ʈʠʩʫʥʦʢ 1 ï ʀʩʭʦʜʥʳʝ ʠʟʦʙʨʘʞʝʥʠʷ 
 

 
 

ʈʠʩʫʥʦʢ 2 ï ʉʝʛʤʝʥʪʠʨʦʚʘʥʥʳʝ ʠʟʦʙʨʘʞʝʥʠʷ 
 

 
 

ʈʠʩʫʥʦʢ 3 ï ʀʩʭʦʜʥʳʝ ʠʟʦʙʨʘʞʝʥʠʷ ʩ ʚʳʜʝʣʝʥʥʳʤʠ ʛʨʘʥʠʮʘʤʠ ʯʘʩʪʠ ʩʝʛʤʝʥʪʦʚ 

 



55-ʷ ʶʙʠʣʝʡʥʘʷ ʥʘʫʯʥʘʷ ʢʦʥʬʝʨʝʥʮʠʷ ʘʩʧʠʨʘʥʪʦʚ, ʤʘʛʠʩʪʨʘʥʪʦʚ ʠ ʩʪʫʜʝʥʪʦʚ ɹɻʋʀʈ, 2019 ʛ. 
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ʆʩʦʙʝʥʥʦʩʪʷʤʠ ʟʘʜʘʯʠ ʘʥʘʣʠʟʘ ʪʦʧʦʣʦʛʠʡ ʤʠʢʨʦʩʭʝʤ ʷʚʣʷʝʪʩʷ ʙʦʣʴʰʦʡ ʨʘʟʤʝʨ ʠʩʭʦʜʥʳʭ 
ʠʟʦʙʨʘʞʝʥʠʡ ʩ ʤʥʦʞʝʩʪʚʦʤ ʤʝʣʢʠʭ ʜʝʪʘʣʝʡ. ʇʨʠ ʵʪʦʤ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʥʝʡʨʦʥʥʳʭ ʩʝʪʝʡ ʧʨʠ ʘʥʘʣʠʟʝ 
ʠʟʦʙʨʘʞʝʥʠʡ ʧʨʝʜʧʦʣʘʛʘʝʪ, ʯʪʦ ʥʘ ʚʭʦʜ ʩʝʪʠ ʙʫʜʫʪ ʧʦʜʘʚʘʪʴʩʷ ʫʯʘʩʪʢʠ ʠʟʦʙʨʘʞʝʥʠʷ ʥʝʙʦʣʴʰʠʭ 
ʨʘʟʤʝʨʦʚ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʤʝʪʦʜʘ ʩʢʦʣʴʟʷʱʝʛʦ ʦʢʥʘ ʚʳʥʫʞʜʘʝʪ ʧʨʦʧʫʩʢʘʪʴ ʯʝʨʝʟ ʥʝʡʨʦʥʥʫʶ ʩʝʪʴ 
ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʬʨʘʛʤʝʥʪʦʚ ʠʟʦʙʨʘʞʝʥʠʷ, ʢʦʪʦʨʳʝ ʥʝ ʩʦʜʝʨʞʘʪ ʚ ʩʝʙʝ ʧʦʣʝʟʥʳʭ ʜʘʥʥʳʭ. 
ʇʦʵʪʦʤʫ ʧʨʝʜʚʘʨʠʪʝʣʴʥʘʷ ʦʙʨʘʙʦʪʢʘ ʠʟʦʙʨʘʞʝʥʠʷ, ʧʦʟʚʦʣʷʶʱʘʷ ʚʳʜʝʣʠʪʴ ʥʘ ʥʝʤ ʦʧʨʝʜʝʣʝʥʥʳʝ 
ʪʦʯʢʠ ʠʥʪʝʨʝʩʘ ʧʨʠʚʝʜʝʪ ʢ ʵʢʦʥʦʤʠʠ ʚʨʝʤʝʥʠ ʠ ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ ʤʦʱʥʦʩʪʝʡ. ɸʣʛʦʨʠʪʤ ʩʝʛʤʝʥʪʘʮʠʠ 
ʠʟʦʙʨʘʞʝʥʠʡ ʥʘ ʦʩʥʦʚʝ ʛʨʘʬʦʚ ʧʦʟʚʦʣʷʝʪ ʨʘʟʜʝʣʠʪʴ ʠʟʦʙʨʘʞʝʥʠʝ ʥʘ ʤʥʦʞʝʩʪʚʦ ʩʝʛʤʝʥʪʦʚ 
ʦʪʥʦʩʠʪʝʣʴʥʦ ʧʝʨʝʧʘʜʦʚ ʷʨʢʦʩʪʠ ʩʦʩʝʜʥʠʭ ʧʠʢʩʝʣʝʡ. ʇʦʣʴʟʫʷʩʴ ʧʦʣʫʯʝʥʥʦʡ ʢʘʨʪʦʡ ʩʝʛʤʝʥʪʦʚ 
ʚʦʟʤʦʞʥʦ ʧʦʩʪʨʦʝʥʠʝ ʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʳʭ ʘʣʛʦʨʠʪʤʦʚ ʜʣʷ ʧʦʠʩʢʘ ʠ ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʦʙʲʝʢʪʦʚ ʩ 
ʧʨʠʤʝʥʝʥʠʝʤ ʥʝʡʨʦʥʥʳʭ ʩʝʪʝʡ. ʂ ʧʨʠʤʝʨʫ, ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʤʝʪʦʜʘ ʩʢʦʣʴʟʷʱʝʛʦ ʦʢʥʘ ʤʦʞʝʪ ʙʳʪʴ 
ʦʛʨʘʥʠʯʝʥʦ ʦʙʣʘʩʪʴʶ ʠʟʦʙʨʘʞʝʥʠʷ, ʩʦʜʝʨʞʘʱʫʶ ʩʝʛʤʝʥʪʳ ʦʧʨʝʜʝʣʝʥʥʦʛʦ ʨʘʟʤʝʨʘ. 
 

ʉʧʠʩʦʢ ʠʩʧʦʣʴʟʦʚʘʥʥʳʭ ʠʩʪʦʯʥʠʢʦʚ: 
1. Felzenszwalb P. F., Huttenlocher D. P. Efficient graph-based image segmentation // International journal of computer vision. ï 

2004. ï ʊ. 59. ï ˉ. 2. ï ʉ. 167-181.  
2. Joseph. B. Kruskal. On the Shortest Spanning Subtree of a Graph and the Traveling Salesman Problem. // Proc. AMS. 1956. 
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ɺʀɼ ʈɸʉʇʈɽɼɽʃɽʅʀʗ ɺɽʂʊʆʈʆɺ ɿʅɸʏɽʅʀʁ ʅɽʁʈʆʅʆɺ ʅɸ 
ʄʅʆɻʆʉʃʆʁʅʆʄ ʇɽʈʉɽʇʊʈʆʅɽ 

ʂʘʨʘʢʠ ʖ.ʐ. 

ɹʝʣʦʨʫʩʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʥʬʦʨʤʘʪʠʢʠ ʠ ʨʘʜʠʦʵʣʝʢʪʨʦʥʠʢʠ 
ʛ. ʄʠʥʩʢ, ʈʝʩʧʫʙʣʠʢʘ ɹʝʣʘʨʫʩʴ 

ʀʚʘʥʦʚ ʅ.ʅ. ï ʢ.ʬ.-ʤ.ʥ.,ʜʦʮʝʥʪ 

ʇʦʩʪʨʦʝʥʠʝ ʵʬʬʝʢʪʠʚʥʳʭ ʘʣʛʦʨʠʪʤʦʚ ʥʝʦʙʭʦʜʠʤʦ ʜʣʷ ʤʠʥʠʤʠʟʘʮʠʠ ʟʘʪʨʘʪ, ʪʨʝʙʫʝʤʳʭ ʜʣʷ ʨʝʰʝʥʠʷ ʟʘʜʘʯ. ɺ ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ 
ʦʩʪʨʦ ʩʪʦʠʪ ʚʦʧʨʦʩ ʦ ʧʘʨʘʤʝʪʨʘʭ ʥʝʡʨʦʥʥʳʭ ʩʝʪʝʡ, ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʫʝʤʳʭ ʚ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʷʭ. ɺ ʩʦʦʙʱʝʥʠʠ 
ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʤʝʪʦʜʳ ʦʧʪʠʤʠʟʘʮʠʠ ʧʘʨʘʤʝʪʨʦʚ ʩʚʝʨʪʦʯʥʳʭ ʥʝʡʨʦʥʥʳʭ ʩʝʪʝʡ, ʧʨʠʤʝʥʷʝʤʳʭ ʜʣʷ ʦʙʨʘʙʦʪʢʠ ʠʟʦʙʨʘʞʝʥʠʡ. 

ɺ ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ ʚ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʷʭ ʰʠʨʦʢʦ ʧʨʠʤʝʥʷʶʪʩʷ ʠʩʢʫʩʩʪʚʝʥʥʳʝ 
ʥʝʡʨʦʥʥʳʝ ʩʝʪʠ. ʆʜʥʘʢʦ ʚʳʯʠʩʣʠʪʝʣʴʥʦ ʪʨʫʜʥʳʝ ʟʘʜʘʯʠ ʪʨʝʙʫʶʪ ʧʦʩʪʨʦʝʥʠʷ ʥʝʡʨʦʥʥʳʭ ʩʝʪʝʡ, 
ʩʦʜʝʨʞʘʱʠʭ ʤʠʣʣʠʦʥʳ ʠ ʤʠʣʣʠʘʨʜʳ ʫʟʣʦʚ ʠ ʩʚʷʟʳʚʘʶʱʠʭ ʠʭ ʜʫʛ. ɺ 1996 ʛ. ʙʳʣʘ ʧʦʩʪʘʚʣʝʥʘ ʟʘʜʘʯʘ 
ʦʧʪʠʤʠʟʘʮʠʠ ʪʘʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʥʝʡʨʦʥʥʦʡ ʩʝʪʠ ʢʘʢ ʢʦʣʠʯʝʩʪʚʦ ʩʢʨʳʪʳʭ ʩʣʦʝʚ, ʢʦʣʠʯʝʩʪʚʘ ʫʟʣʦʚ ʚ 
ʩʣʦʷʭ, ʩʦʢʨʘʱʝʥʠʷ ʩʚʷʟʝʡ ʤʝʞʜʫ ʩʣʦʷʤʠ ʠ ʧʨ. [1]. ʉʫʱʝʩʪʚʝʥʥʳʭ ʜʦʩʪʠʞʝʥʠʡ ʟʘ ʧʨʦʰʝʜʰʠʝ 23 ʛʦʜʘ 
ʜʦʩʪʠʛʥʫʪʦ ʥʝ ʙʳʣʦ.  

ʇʨʠ ʘʥʘʣʠʟʝ ʠʟʦʙʨʘʞʝʥʠʡ ʧʦʜʘʚʣʷʶʱʝʝ ʯʠʩʣʦ ʩʦʚʨʝʤʝʥʥʳʭ ʧʫʙʣʠʢʘʮʠʡ ʧʦʩʚʷʱʘʝʪʩʷ 
ʧʨʠʤʝʥʝʥʠʶ ʉʚʝʨʪʦʯʥʳʭ ɻʣʫʙʦʢʠʭ ʅʝʡʨʦʥʥʳʭ ʉʝʪʝʡ (ʉɻʅʉ). ɼʣʷ ʠʟʚʣʝʯʝʥʠʷ ʨʝʙʝʨ ʦʙʲʝʢʪʦʚ ʥʘ 
ʠʟʦʙʨʘʞʝʥʠʠ ʥʘ ʵʪʠʭ ʩʝʪʠ ʧʨʠʤʝʥʷʶʪ ʩʚʝʨʪʢʠ ʩ ʷʜʨʘʤʠ ʨʘʟʤʝʨʥʦʩʪʠ ʦʪ 2ʭ2 ʜʦ 5ʭ5. ʆʙʳʯʥʦ ʥʘ 
ʩʣʝʜʫʶʱʝʤ ʧʦʩʣʝ ʩʚʝʨʪʢʠ ʰʘʛʝ ʚʳʧʦʣʥʷʝʪʩʷ ʦʧʝʨʘʮʠʷ ʧʦʜʚʳʙʦʨʢʠ, ʪʦ ʝʩʪʴ ʷʯʝʡʢʠ ʩʝʪʢʘ, 
ʥʘʢʣʘʜʳʚʘʝʤʦʡ ʥʘ ʘʥʘʣʠʟʠʨʫʝʤʦʝ ʠʟʦʙʨʘʞʝʥʠʝ ʩ ʨʘʟʤʝʨʦʤ ʷʯʝʡʢʠ 2ʭ2 ʟʘʤʝʥʷʶʪʩʷ ʦʜʥʠʤ ʠʟ 
ʧʠʢʩʝʣʝʡ ʷʯʝʡʢʠ, ʯʪʦ ʫʤʝʥʴʰʘʝʪ ʨʘʟʤʝʨ ʠʟʦʙʨʘʞʝʥʠʷ ʚ 4 ʨʘʟʘ. ʕʪʘ ʦʧʝʨʘʮʠʷ ʩʦʢʨʘʱʘʝʪ ʚʨʝʤʷ 
ʦʙʨʘʙʦʪʢʠ. ʆʙʳʯʥʦ ʧʨʠ ʦʙʨʘʙʦʪʢʝ ʠʟʦʙʨʘʞʝʥʠʷ ʩʚʝʨʪʢʘ ʩ ʧʦʩʣʝʜʫʶʱʝʡ ʧʦʜʚʳʙʦʨʢʦʡ ʧʨʠʤʝʥʷʝʪʩʷ 
ʥʝʩʢʦʣʴʢʦ ʨʘʟ. ʅʝʡʨʦʥʳ ʢʘʞʜʦʛʦ ʩʢʨʳʪʦʛʦ ʩʣʦʷ ʉɻʅʉ ʘʢʪʠʚʠʟʠʨʫʶʪʩʷ ʩ ʮʝʣʴʶ ʫʤʝʥʴʰʝʥʠʷ ʨʘʟʙʨʦʩʘ 
ʠʭ ʯʠʩʣʦʚʳʭ ʟʥʘʯʝʥʠʡ. ɸʢʪʠʚʠʟʘʮʠʷ ʚʳʧʦʣʥʷʝʪʩʷ ʥʝʢʦʪʦʨʦʡ ʥʝʣʠʥʝʡʥʦʡ ʬʫʥʢʮʠʝʡ, ʢʦʪʦʨʘʷ ʯʘʩʪʦ 
ʩʦʜʝʨʞʠʪ ʵʢʧʦʥʝʥʪʫ. 

ʇʨʠʤʝʥʝʥʠʝ ʩʚʝʨʪʦʢ ʠ ʜʨʫʛʠʭ ʦʧʝʨʘʮʠʡ ʚʳʜʝʣʷʝʪ ʥʝʢʦʪʦʨʳʝ ʯʝʨʪʳ ʦʙʲʝʢʪʦʚ ʥʘ ʠʟʦʙʨʘʞʝʥʠʠ, 
ʥʦ ʧʦʣʴʟʦʚʘʪʝʣʶ ʵʪʠ ʦʩʦʙʝʥʥʦʩʪʠ ʠʟʦʙʨʘʞʝʥʠʡ ʥʝ ʠʟʚʝʩʪʥʳ. ʉɻʅʉ ʦʧʨʝʜʝʣʷʝʪ ʵʪʠ ʯʝʨʪʳ ʚ ʧʨʦʮʝʩʩʝ 
ʦʙʫʯʝʥʠʷ, ʥʘ ʢʦʪʦʨʦʤ ʥʝʡʨʦʥʥʘʷ ʩʝʪʴ ʙʝʟ ʫʯʘʩʪʠʷ ʧʦʣʴʟʦʚʘʪʝʣʷ ʟʘʜʘʝʪ ʢʦʥʢʨʝʪʥʳʝ ʚʝʩʘ ʜʫʛʘʤ, 
ʩʚʷʟʳʚʘʶʱʠʤ ʥʝʡʨʦʥʳ. ʇʦʩʣʝ ʦʢʦʥʯʘʥʠʷ ʘʚʪʦʤʘʪʠʯʝʩʢʦʛʦ ʢʦʥʩʪʨʫʠʨʦʚʘʥʠʷ ʧʘʨʘʤʝʪʨʦʚ ʉɻʅʉ 
ʧʦʣʴʟʦʚʘʪʝʣʴ ʧʦʜʘʝʪ ʥʘ ʚʭʦʜ ʉɻʅʉ ʠʩʩʣʝʜʫʝʤʦʝ ʤʥʦʞʝʩʪʚʦ ʠʟʦʙʨʘʞʝʥʠʡ ʠ ʧʦʣʫʯʘʝʪ ʝʛʦ ʨʘʟʙʠʝʥʠʝ 
ʥʘ ʢʣʘʩʩʳ (ʥʘʧʨʠʤʝʨ, ʥʘ ʞʝʥʩʢʠʝ ʠ ʤʫʞʩʢʠʝ ʣʠʮʘ), ʯʪʦ ʠ ʷʚʣʷʝʪʩʷ ʮʝʣʴʶ ʠʩʩʣʝʜʦʚʘʥʠʷ.  

ɼʚʝ ʦʩʥʦʚʥʳʝ ʟʘʜʘʯʠ ʦʧʪʠʤʠʟʘʮʠʠ ʛʠʧʝʨʧʘʨʘʤʝʪʨʦʚ ʉɻʅʉ ï ʵʪʦ ʚʳʯʠʩʣʝʥʠʝ ʦʧʪʠʤʘʣʴʥʦʛʦ 
ʯʠʩʣʘ ʩʢʨʳʪʳʭ ʩʣʦʝʚ ʥʝʡʨʦʩʝʪʠ ʠ ʥʘʭʦʞʜʝʥʠʝ ʦʧʪʠʤʘʣʴʥʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʥʝʡʨʦʥʦʚ ʩ ʢʘʞʜʦʤ ʩʣʦʝ. ʕʪʠ 
ʟʘʜʘʯʠ ʧʦʩʪʘʚʠʣ ʝʱʝ ʂʝʚʠʥ ʉʚʠʥʛʝʨ [1], ʦʥ ʞʝ ʙʝʟ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʦʙʦʩʥʦʚʘʥʠʷ ʧʨʝʜʣʦʞʠʣ ʦʮʝʥʢʠ 
ʜʣʷ ʵʪʠʭ ʧʘʨʘʤʝʪʨʦʚ. ʉʣʦʞʥʦʩʪʴ ʵʪʠʭ ʟʘʜʘʯ ʢʨʦʤʝ ʚʩʝʛʦ ʧʨʦʯʝʛʦ ʦʙʫʩʣʦʚʣʝʥʘ ʜʚʫʤʷ ʬʘʢʪʦʨʘʤʠ: 1) 
ʦʪʩʫʪʩʪʚʠʷ ʧʦʥʠʤʘʥʠʷ ʪʦʛʦ, ʢʘʢʠʝ ʯʝʨʪʳ ʠʟʦʙʨʘʞʝʥʠʡ ʧʨʠʥʠʤʘʝʪ ʚʦ ʚʥʠʤʘʥʠʝ ʉɻʅʉ ʧʨʠ 
ʢʣʘʩʩʠʬʠʢʘʮʠʠ; 2) ʥʘʩʢʦʣʴʢʦ ʨʝʧʨʝʟʝʥʪʘʪʠʚʥʦ ʦʙʫʯʘʶʱʝʝ ʤʥʦʞʝʩʪʚʦ. ɻʣʘʚʥʳʡ ʧʦʜʭʦʜ ʢ ʟʘʜʘʯʝ 
ʦʧʪʠʤʠʟʘʮʠʠ ʢʦʣʠʯʝʩʪʚʘ ʩʢʨʳʪʳʭ ʩʣʦʝʚ ʩʝʪʠ ʩʦʩʪʦʠʪ ʚ ʘʧʦʩʪʝʦʨʥʦʤ ʦʮʝʥʠʚʘʥʠʠ ʚʝʨʦʷʪʥʦʩʪʠ 
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ʧʨʘʚʠʣʴʥʦʡ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʠʩʩʣʝʜʫʝʤʦʛʦ ʤʥʦʞʝʩʪʚʘ ʠʟʦʙʨʘʞʝʥʠʡ. ɽʛʦ ʠʜʝʷ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʪʦʤ, ʯʪʦ 
ʜʣʷ ʠʩʧʦʣʴʟʫʝʤʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʩʢʨʳʪʳʭ ʩʣʦʝʚ ʚʳʯʠʩʣʷʝʪʩʷ ʯʘʩʪʦʪʘ ʧʨʘʚʠʣʴʥʦ ʨʘʩʧʦʟʥʘʥʥʳʭ 
ʦʙʲʝʢʪʦʚ ʠ ʟʘʪʝʤ ʵʪʘ ʯʘʩʪʦʪʘ ʠʥʪʝʨʧʦʣʠʨʫʝʪʩʷ ʥʘ ʧʦʩʣʝʜʫʶʱʠʝ ʦʜʠʥ-ʜʚʘ ʩʣʦʷ. ʕʢʩʧʝʨʪ ʦʮʝʥʠʚʘʝʪ, 
ʩʣʝʜʫʝʪ ʣʠ ʜʦʙʘʚʠʪʴ ʩʢʨʳʪʳʝ ʩʣʦʠ. ʇʨʠ ʵʪʦʤ ʜʣʷ ʫʧʨʦʱʝʥʠʷ ʦʮʝʥʦʢ ʙʝʟ ʢʘʢʠʭ-ʣʠʙʦ ʦʙʦʩʥʦʚʘʥʠʡ 
ʧʨʝʜʧʦʣʘʛʘʝʪʩʷ, ʯʪʦ ʚʝʢʪʦʨʳ ʪʝʢʫʱʠʭ ʟʥʘʯʝʥʠʡ ʥʝʡʨʦʥʦʚ ʥʘ ʩʣʦʷʭ ʠʤʝʶʪ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ɻʘʫʩʩʘ [2].  

ɼʣʷ ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ ʦʙ ʦʧʪʠʤʘʣʴʥʦʤ ʢʦʣʠʯʝʩʪʚʝ ʥʝʡʨʦʥʦʚ ʚ ʩʣʦʷʭ ʠʩʧʦʣʴʟʫʝʪʩʷ ʛʝʥʝʪʠʯʝʩʢʠʡ 
ʘʣʛʦʨʠʪʤ [3]. 

ʀʥʪʝʥʩʠʚʥʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʛʠʧʝʨʧʘʨʘʤʝʪʨʦʚ ʥʝʡʨʦʥʥʳʭ ʩʝʪʝʡ ʥʘʯʘʣʦʩʴ ʩ 2014 ʛ. ʠ ʜʦ 
ʥʘʩʪʦʷʱʝʛʦ ʚʨʝʤʝʥʠ ʥʝ ʧʨʠʥʝʩʣʦ ʩʫʱʝʩʪʚʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ. 

 
ʉʧʠʩʦʢ ʠʩʧʦʣʴʟʦʚʘʥʥʳʭ ʠʩʪʦʯʥʠʢʦʚ: 
1. Swingler, K. Applying Neural Networks. A practical Guide / K. Swingler. ï Burlington, Massachusetts: Morgan Kaufmann, 

1996. 303 p.  
2. Hinz T. Speeding up the Hyperparameter Optimization of Deep Convolutional Neural Networks / T. Hinz, N.as Navarro-

Guerrero, S. Magg, S. Wermteraman // International Journal of Computational Intelligence and Applications ï 2018. ï Vol. 17, No. 2. ï 
P. 1-15. 

3. S. Safarik, J. Genetic algorithm for automatic tuning of neural network hyperparameters / J. Safarik, J. Jalowiczor, E. Gresak, 
J. Rozhon // Proc SPIE-Intl Soc Optical Eng, Orlando, Florida. ï May 2018. ï Vol. 10643. ï P. 1-7. 

 
 

ʈɽɸʃʀɿɸʎʀʗ MVC ʂʆʅʎɽʇʎʀʀ ʅɸ ʇʈʀʄɽʈɽ ɺɽɹ-ʇʈʀʃʆɾɽʅʀʗ ʉ 
ʊɽʉʊʀʈʆɺɸʅʀɽʄ 

ʂʘʨʥʶʱʝʥʢʦ ɺ.ɺ. 

ɹʝʣʦʨʫʩʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʥʬʦʨʤʘʪʠʢʠ ʠ ʨʘʜʠʦʵʣʝʢʪʨʦʥʠʢʠ 
ʛ. ʄʠʥʩʢ, ʈʝʩʧʫʙʣʠʢʘ ɹʝʣʘʨʫʩʴ 

ɿʦʣʦʪʦʨʝʚʠʯ ʃ.ɸ,ï ʢ.ʪ.ʥ.,ʜʦʮʝʥʪ 

ʂʦʥʮʝʧʮʠʷ MVC ʣʝʛʣʘ ʚ ʩʦʟʜʘʥʠʝ ʬʨʝʡʤʚʦʨʢʘ, ʩ ʧʦʤʦʱʴʶ ʢʦʪʦʨʦʛʦ ʙʳʣʦ ʨʝʘʣʠʟʦʚʘʥʦ ʜʘʥʥʦʝ ʚʝʙ-ʧʨʠʣʦʞʝʥʠʝ. ʈʝʘʣʠʟʘʮʠʷ ʚ 
ʬʦʨʤʝ ʚʝʙ-ʧʨʠʣʦʞʝʥʠʷ ʧʦʟʚʦʣʠʪ ʦʙʫʯʘʝʤʦʤʫ ʨʘʙʦʪʘʪʴ ʩ ʤʘʪʝʨʠʘʣʦʤ ʜʠʩʪʘʥʮʠʦʥʥʦ, ʘ ʦʙʫʯʘʶʱʝʤʫ ʥʝ ʪʨʘʪʠʪʴ ʚʨʝʤʝʥʠ ʥʘ 
ʧʨʦʚʝʨʢʫ ʪʝʩʪʦʚ. ɼʘʥʥʦʝ ʧʨʦʛʨʘʤʤʥʦʝ ʩʨʝʜʩʪʚʦ ʨʘʟʨʘʙʦʪʘʥʦ ʩ ʮʝʣʴʶ ʩʜʝʣʘʪʴ ʧʨʦʮʝʩʩ ʦʙʫʯʝʥʠʷ ʠʥʪʝʨʝʩʥʝʝ ʠ ʧʨʦʜʫʢʪʠʚʥʝʝ.  

ɼʣʷ ʨʝʘʣʠʟʘʮʠʠ ʬʨʝʡʤʚʦʨʢʘ, ʠ ʢʘʢ ʩʣʝʜʩʪʚʠʝ, ʚʝʙ-ʧʨʠʣʦʞʝʥʠʷ ʙʳʣʘ ʚʳʙʨʘʥʘ ʦʜʥʘ ʠʟ 
ʥʘʠʙʦʣʝʝ ʧʦʧʫʣʷʨʥʳʭ ʚ ʩʨʝʜʝ ʚʝʙ-ʨʘʟʨʘʙʦʪʯʠʢʦʚ ʢʦʥʮʝʧʮʠʷ ʨʘʟʨʘʙʦʪʢʠ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ ʠ 
ʵʪʦ ï MVC ʢʦʥʮʝʧʮʠʷ. ʉʫʪʴ ʜʘʥʥʦʡ ʠʜʝʠ ʩʦʩʪʦʠʪ ʚ ʨʘʟʜʝʣʝʥʠʠ ʜʘʥʥʳʭ ʧʨʦʛʨʘʤʤʥʦʛʦ ʩʨʝʜʩʪʚʘ: 
ʨʘʙʦʪʳ ʩ ʙʘʟʦʡ ʜʘʥʥʳʭ(Models), ʧʦʣʴʟʦʚʘʪʝʣʴʩʢʦʛʦ ʠʥʪʝʨʬʝʡʩʘ(Views) ʠ ʣʦʛʠʢʠ 
ʧʨʠʣʦʞʝʥʠʷ(Controllers)[1]. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʤʦʜʠʬʠʢʘʮʠʷ ʢʘʞʜʦʛʦ ʢʦʤʧʦʥʝʥʪʘ ʤʦʞʝʪ ʦʩʫʱʝʩʪʚʣʷʪʴʩʷ 
ʥʝʟʘʚʠʩʠʤʦ. ʇʨʠʥʮʠʧ ʢʦʥʮʝʧʮʠʠ MVC ʧʨʝʜʩʪʘʚʣʝʥ ʥʘ ʨʠʩʫʥʢʝ 1. 
 

 
ʈʠʩʫʥʦʢ 1 ï ʆʩʥʦʚʥʘʷ ʩʭʝʤʘ ʢʦʥʮʝʧʮʠʠ MVC  

 

ʆʜʥʠʤ ʠʟ ʦʩʥʦʚʥʳʭ ʧʣʶʩʦʚ ʜʘʥʥʦʡ ʢʦʥʮʝʧʮʠʠ ʷʚʣʷʝʪʩʷ ʪʦ, ʯʪʦ ʫ ʨʘʟʨʘʙʦʪʯʠʢʘ ʥʝʪ ʧʨʠʚʷʟʢʠ ʢ 
ʢʘʢʦʤʫ-ʣʠʙʦ ʢʦʥʢʨʝʪʥʦʤʫ ʷʟʳʢʫ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ. ɺʳ ʤʦʞʝʪʝ ʧʠʩʘʪʴ ʦʩʥʦʚʥʫʶ ʣʦʛʠʢʫ ʧʨʠʣʦʞʝʥʠʷ 
ʥʘ ʣʶʙʦʤ ʷʟʳʢʫ ʧʨʠʣʦʞʝʥʠʷ. ʈʝʰʝʥʠʷ ʚʝʙ-ʧʨʠʣʦʞʝʥʠʡ ʨʝʘʣʠʟʦʚʘʥʥʳʭ ʩ ʧʦʤʦʱʴʶ ʬʨʝʡʤʚʦʨʢʦʚ 
ʟʘʯʘʩʪʫʶ ʨʘʙʦʪʘʶʪ ʟʥʘʯʠʪʝʣʴʥʦ ʙʳʩʪʨʝʝ ʠ ʚʳʜʝʨʞʠʚʘʶʪ ʙʦʣʴʰʫʶ ʥʘʛʨʫʟʢʫ. ʉ ʵʪʠʤ ʩʚʷʟʘʥ ʙʦʣʴʰʦʡ 
ʧʨʦʮʝʥʪ ʚ ʩʝʪʠ ʠʥʪʝʨʥʝʪïʤʘʛʘʟʠʥʦʚ ʥʘʧʠʩʘʥʥʳʭ ʩ ʧʦʤʦʱʴʶ ʬʨʝʡʤʚʦʨʢʦʚ. ʆʜʥʘʢʦ ʜʣʷ ʫʩʧʝʰʥʦʡ 
ʨʘʟʨʘʙʦʪʢʠ ʥʘ ʬʨʝʡʤʚʦʨʢʝ ʪʨʝʙʫʝʪʩʷ ʥʝ ʪʦʣʴʢʦ ʥʘʣʠʯʠʝ ʭʦʨʦʰʝʛʦ ʦʧʳʪʘ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ, ʥʦ ʠ 
ʧʦʥʠʤʘʥʠʝ ʧʨʝʜʩʪʦʷʱʠʭ ʙʠʟʥʝʩ-ʧʨʦʮʝʩʩʦʚ. ʂ ʧʨʠʤʝʨʫ, ʬʨʝʡʤʚʦʨʢʠ ʚ ʦʪʣʠʯʠʠ ʦʪ ʢʦʨʦʙʦʯʥʳʭ 
ʨʝʰʝʥʠʡ ʠʤʝʝʪ ʪʦʣʴʢʦ ʥʝʦʙʭʦʜʠʤʳʡ ʬʫʥʢʮʠʦʥʘʣ ʜʣʷ ʧʦʩʣʝʜʫʶʱʝʡ ʨʘʟʨʘʙʦʪʢʠ ʧʨʦʛʨʘʤʤʠʩʪʦʤ.  
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ɼʣʷ ʥʘʧʠʩʘʥʠʷ ʬʨʝʡʤʚʦʨʢʘ ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʦʜʠʥ ʠʟ ʥʘʠʙʦʣʝʝ ʧʦʧʫʣʷʨʥʳʭ, ʘ ʪʘʢʞʝ ʭʦʨʦʰʦ ʩʝʙʷ 
ʟʘʨʝʢʦʤʝʥʜʦʚʘʚʰʠʭ ʚ ʨʘʟʨʘʙʦʪʢʘʭ ʚʝʙ-ʧʨʠʣʦʞʝʥʠʡ ʩʢʨʠʧʪʦʚʳʡ ʷʟʳʢ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ PHP. 
ʀʩʧʦʣʴʟʫʷ PHP ʠ ʆʆʇ(ʦʙʲʝʢʪʥʦ-ʦʨʠʝʥʪʠʨʦʚʘʥʥʦʝ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʝ) ʙʳʣ ʥʘʧʠʩʘʥ ʨʷʜ 
ʢʣʘʩʩʦʚ(ʢʦʥʪʨʦʣʣʝʨʦʚ), ʦʪʚʝʯʘʶʱʠʭ ʟʘ ʣʦʛʠʢʫ ʧʨʠʣʦʞʝʥʠʷ, ʪʘʢʠʤ ʦʙʨʘʟʦʤ ʠʩʧʦʣʥʠʚ ʚʩʶ 
ʥʝʦʙʭʦʜʠʤʫʶ ʥʘʛʨʫʟʢʫ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʩʝʨʚʝʨʥʳʭ ʦʧʝʨʘʮʠʡ. PHP ʧʦʢʘʟʘʣ ʩʝʙʷ ʚ ʧʨʦʮʝʩʩʝ ʨʘʟʨʘʙʦʪʢʠ 
ʚʝʩʴʤʘ ʜʦʩʪʦʡʥʦ, ʵʪʦ ʢʘʩʘʝʪʩʷ ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʧʨʦʩʪʦʪʳ ʥʘʧʠʩʘʥʠʷ ʢʦʜʘ ʠ ʤʘʩʰʪʘʙʠʨʫʝʤʦʩʪʠ 
ʧʨʦʝʢʪʘ. 

ɺʩʝ ʥʝʦʙʭʦʜʠʤʳʝ ʦʧʝʨʘʮʠʠ ʩ ʙʘʟʦʡ ʜʘʥʥʳʭ, ʘ ʠʤʝʥʥʦ CRUD(create-read-update-delete) ʚʝʣʠʩʴ ʩ 
ʧʦʤʦʱʴʶ ʉʋɹɼ(ʩʠʩʪʝʤʘ ʫʧʨʘʚʣʝʥʠʷ ʙʘʟʦʡ ʜʘʥʥʳʭ) MySQL. ɺ ʢʘʯʝʩʪʚʝ ʦʩʥʦʚʥʦʛʦ ʜʚʠʞʢʘ ʜʣʷ 
ʧʦʩʪʨʦʝʥʠʷ ʪʘʙʣʠʮ ʙʳʣ ʩʜʝʣʘʥ ʚʳʙʦʨ ʚ ʧʦʣʴʟʫ InnoDB, ʪ.ʢ. ʚ ʦʪʣʠʯʠʠ ʦʪ ʩʚʦʠʭ ʢʦʥʢʫʨʝʥʪʦʚ ʦʙʣʘʜʘʝʪ 
ʧʦʣʝʟʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ ʥʝʦʙʭʦʜʠʤʳʤ ʧʨʠ ʨʝʘʣʠʟʘʮʠʠ ʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʵʬʬʝʢʪʠʚʥʳʭ ʟʘʧʨʦʩʦʚ: 
ʪʨʘʥʟʘʢʮʠʠ ʠ ʚʥʝʰʥʠʝ ʢʣʶʯʠ. ʇʨʠ ʩʦʟʜʘʥʠʠ ʧʨʦʩʪʳʭ ʟʘʧʨʦʩʦʚ ʠʩʧʦʣʴʟʦʚʘʣʩʷ Propel(ʦʙʲʝʢʪʥʦ-
ʨʝʣʷʮʠʦʥʥʦʝ ʦʪʦʙʨʘʞʝʥʠʝ), ʜʘʥʥʘʷ ʪʝʭʥʦʣʦʛʠʷ ʪʘʢʞʝ ʥʝʧʣʦʭʦ ʩʝʙʷ ʟʘʨʝʢʦʤʝʥʜʦʚʘʣʘ ʚ ʪʝʭ ʩʣʫʯʘʷʭ, 
ʢʦʛʜʘ ʙʳʣʘ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʧʨʦʩʪʦʡ ʚʳʙʦʨʢʠ ʩ ʪʘʙʣʠʮʳ ʙʘʟʳ ʜʘʥʥʳʭ, ʚ ʩʣʫʯʘʷʭ, ʢʦʛʜʘ ʙʳʣʦ 
ʥʝʦʙʭʦʜʠʤʘ ʙʦʣʝʝ ʩʣʦʞʥʘʷ ʬʠʣʴʪʨʦʚʢʘ ʜʘʥʥʳʭ ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʯʠʩʪʳʡ SQL. 

ɿʘ ʧʨʦʮʝʩʩ ʧʦʩʪʨʦʝʥʠʷ ʩʪʨʘʥʠʮ (ʧʨʝʜʩʪʘʚʣʝʥʠʡ) ʚʝʙ-ʧʨʠʣʦʞʝʥʠʷ, ʘ ʪʘʢʞʝ ʠʭ ʦʧʪʠʤʠʟʘʮʠʶ 
ʦʪʚʝʯʘʣ ʰʘʙʣʦʥʠʟʘʪʦʨ TWIG. ʕʪʦ ʢʦʤʧʠʣʠʨʫʶʱʠʡ ʦʙʨʘʙʦʪʯʠʢ ʩ ʦʪʢʨʳʪʳʤ ʠʩʭʦʜʥʳʤ ʢʦʜʦʤ ʧʦʤʦʛʘʣ 
ʠʟʙʘʚʠʪʩʷ ʦʪ ʙʦʣʴʰʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʧʦʚʪʦʨʷʶʱʝʡʩʷ ʠʥʬʦʨʤʘʮʠʠ ʥʘ ʩʪʨʘʥʠʮʘʭ ʚʝʙ-ʧʨʠʣʦʞʝʥʠʷ. 

 
ʉʧʠʩʦʢ ʠʩʧʦʣʴʟʦʚʘʥʥʳʭ ʠʩʪʦʯʥʠʢʦʚ: 
1. ʇʴʶʨʠʚʘʣ ʉ. ʆʩʥʦʚʳ ʨʘʟʨʘʙʦʪʢʠ ʚʝʙ-ʧʨʠʣʦʞʝʥʠʡ. ʉʇʙ: ʇʠʪʝʨ, 2015 ï 272 ʩ. 

 
 

ʈɸʉʇʆɿʅɸɺɸʅʀɽ ʕʄʆʎʀʁ ʏɽʃʆɺɽʂɸ ʇʆ ʌʆʊʆ 

ʂʝʩʩʦ ʇ.ʀ. 

ɹʝʣʦʨʫʩʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʥʬʦʨʤʘʪʠʢʠ ʠ ʨʘʜʠʦʵʣʝʢʪʨʦʥʠʢʠ 
ʛ. ʄʠʥʩʢ, ʈʝʩʧʫʙʣʠʢʘ ɹʝʣʘʨʫʩʴ 

ʀʩʢʨʘ ʅ.ɸ. ï ʩʪʘʨʰʠʡ ʧʨʝʧʦʜʘʚʘʪʝʣʴ 

ʀʥʬʦʨʤʘʮʠʷ ʦʙ ʵʤʦʮʠʷʭ ʤʦʞʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʚ ʨʘʟʣʠʯʥʳʭ ʩʬʝʨʘʭ ʜʝʷʪʝʣʴʥʦʩʪʠ ʩʦʚʨʝʤʝʥʥʦʛʦ ʦʙʱʝʩʪʚʘ. ɺʨʘʯʠ ʤʦʛʫʪ 
ʠʩʧʦʣʴʟʦʚʘʪʴ ʵʪʫ ʠʥʬʦʨʤʘʮʠʶ ʜʣʷ ʦʪʩʣʝʞʠʚʘʥʠʷ ʵʤʦʮʠʦʥʘʣʴʥʦʛʦ ʟʜʦʨʦʚʴʷ ʧʘʮʠʝʥʪʦʚ. ʀʩʭʦʜʷ ʠʟ ʵʤʦʮʠʦʥʘʣʴʥʦʛʦ ʩʦʩʪʦʷʥʠʷ 
ʚʦʟʤʦʞʥʦ ʦʮʝʥʠʚʘʪʴ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʩʦʪʨʫʜʥʠʢʦʚ. ʕʤʦʮʠʠ ʤʦʛʫʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʚ ʤʘʨʢʝʪʠʥʛʦʚʳʭ ʮʝʣʷʭ ʜʣʷ ʫʣʫʯʰʝʥʠʷ 
ʢʘʯʝʩʪʚʘ ʠʥʜʠʚʠʜʫʘʣʴʥʦʡ ʨʝʢʣʘʤʳ. ʍʦʨʦʰʠʝ ʨʝʟʫʣʴʪʘʪʳ ʚ ʟʘʜʘʯʘʭ ʘʥʘʣʠʟʘ ʠʟʦʙʨʘʞʝʥʠʡ, ʜʦʩʪʠʛʥʫʪʳʝ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ 
ʩʚʝʨʪʦʯʥʳʭ ʥʝʡʨʦʥʥʳʭ ʩʝʪʝʡ, ʛʦʚʦʨʷʪ ʦ ʚʦʟʤʦʞʥʦʩʪʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʘʣʛʦʨʠʪʤʦʚ ʛʣʫʙʦʢʦʛʦ ʤʘʰʠʥʥʦʛʦ ʦʙʫʯʝʥʠʷ ʜʣʷ ʨʝʰʝʥʠʷ 
ʟʘʜʘʯʠ ʨʘʩʧʦʟʥʘʚʘʥʠʷ ʵʤʦʮʠʡ ʯʝʣʦʚʝʢʘ ʧʦ ʬʦʪʦ. 

ɺ 1970 ʛʦʜʫ ʧʩʠʭʦʣʦʛ ʇʦʣ ʕʢʤʘʥ ʚʳʜʝʣʠʣ 6 ʙʘʟʦʚʳʭ ʵʤʦʮʠʡ ʧʨʠʩʫʱʠʭ, ʧʦ ʝʛʦ ʤʥʝʥʠʶ, ʚʩʝʤ 
ʯʝʣʦʚʝʯʝʩʢʠʤ ʢʫʣʴʪʫʨʘʤ [1]. ʆʥ ʚʳʜʝʣʠʣ ʰʝʩʪʴ ʦʩʥʦʚʥʳʭ ʯʝʣʦʚʝʯʝʩʢʠʭ ʵʤʦʮʠʠ: ʩʯʘʩʪʴʝ, ʧʝʯʘʣʴ, 
ʦʪʚʨʘʱʝʥʠʝ, ʩʪʨʘʭ, ʫʜʠʚʣʝʥʠʝ, ʟʣʦʩʪʴ. ʏʝʣʦʚʝʯʝʩʢʠʝ ʵʤʦʮʠʠ ʚʳʨʘʞʘʶʪʩʷ ʚʦ ʤʥʦʛʠʭ ʘʩʧʝʢʪʘʭ: 
ʚʳʨʘʞʝʥʠʝ ʣʠʮʘ, ʞʝʩʪʳ, ʨʝʯʴ (ʢʘʢ ʫʩʪʥʘʷ, ʪʘʢ ʠ ʧʠʩʴʤʝʥʥʘʷ). 

ʅʘ ʜʘʥʥʳʡ ʤʦʤʝʥʪ ʤʦʞʥʦ ʚʳʜʝʣʠʪʴ ʜʚʘ ʧʦʜʭʦʜʘ ʢ ʨʘʩʧʦʟʥʘʚʘʥʠʶ ʵʤʦʮʠʡ ʯʝʣʦʚʝʢʘ, 
ʦʩʥʦʚʘʥʥʳʭ ʥʘ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʥʝʡʨʦʥʥʳʭ ʩʝʪʝʡ. 

ʂʣʘʩʩʠʯʝʩʢʠʡ ʧʦʜʭʦʜ ʢ ʟʘʜʘʯʝ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʵʤʦʮʠʡ ʦʩʥʦʚʘʥ ʥʘ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʢʣʶʯʝʚʳʭ 
ʪʦʯʝʢ ʯʝʣʦʚʝʯʝʩʢʦʛʦ ʣʠʮʘ. ʈʘʩʧʦʣʦʞʝʥʠʝ ʢʣʶʯʝʚʳʭ ʪʦʯʝʢ ʬʠʢʩʠʨʫʝʪ ʞʝʩʪʢʠʝ ʠ ʥʝʞʝʩʪʢʠʝ 
ʜʝʬʦʨʤʘʮʠʠ ʣʠʮʘ ʠʟ-ʟʘ ʜʚʠʞʝʥʠʡ ʛʦʣʦʚʳ ʠ ʤʠʤʠʢʠ. ɼʣʷ ʧʦʣʫʯʝʥʠʷ ʢʣʶʯʝʚʳʭ ʪʦʯʝʢ ʯʝʣʦʚʝʯʝʩʢʦʛʦ 
ʣʠʮʘ ʤʦʛʫʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʪʘʢʠʝ ʘʣʛʦʨʠʪʤʳ ʢʘʢ PDM, CML, AAM, DPM ʠʣʠ CNN [2]. ʉʣʝʜʫʶʱʠʡ ʵʪʘʧ 
ʨʘʩʧʦʟʥʘʚʘʥʠʷ ʧʨʠ ʢʣʘʩʩʠʯʝʩʢʦʤ ʧʦʜʭʦʜʝ, ʵʪʦ ʢʣʘʩʩʠʬʠʢʘʮʠʷ ʢʣʶʯʝʚʳʭ ʪʦʯʝʢ. ɼʣʷ ʢʣʘʩʩʠʬʠʢʘʮʠʠ 
ʢʣʶʯʝʚʳʭ ʪʦʯʝʢ ʭʦʨʦʰʦ ʧʦʜʭʦʜʠʪ ʤʝʪʦʜ ʦʧʦʨʥʳʭ ʚʝʢʪʦʨʦʚ.  

ʅʘ ʜʘʥʥʳʡ ʤʦʤʝʥʪ ʧʨʦʙʣʝʤʘ ʧʦʠʩʢʘ ʢʣʶʯʝʚʳʭ ʪʦʯʝʢ ʜʦʩʪʘʪʦʯʥʦ ʭʦʨʦʰʦ ʠʟʫʯʝʥʘ ʠ ʠʤʝʝʪʩʷ 
ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʘʣʛʦʨʠʪʤʦʚ, ʧʦʟʚʦʣʷʶʱʠʭ ʧʦʣʫʯʠʪʴ ʢʣʶʯʝʚʳʝ ʪʦʯʢʠ ʩ ʪʦʯʥʦʩʪʴʶ, ʜʦʩʪʘʪʦʯʥʦʡ 
ʜʣʷ ʜʘʣʴʥʝʡʰʝʡ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʧʦ ʵʪʠʤ ʪʦʯʢʘʤ ʵʤʦʮʠʡ ʯʝʣʦʚʝʢʘ. ʅʦ, ʜʣʷ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 
ʢʣʘʩʩʠʯʝʩʢʦʛʦ ʧʦʜʭʦʜʘ ʥʝʦʙʭʦʜʠʤʦ ʯʪʦʙʳ ʧʦʣʦʞʝʥʠʝ ʣʠʮʘ ʥʘ ʠʟʦʙʨʘʞʝʥʠʠ ʙʳʣʦ ʚʳʨʦʚʥʝʥʦ.  

ɸʣʴʪʝʨʥʘʪʠʚʦʡ ʠʩʧʦʣʴʟʦʚʘʥʠʶ ʢʣʘʩʩʠʯʝʩʢʦʛʦ ʧʦʜʭʦʜʘ ʷʚʣʷʝʪʩʷ ʧʦʜʭʦʜ, ʦʩʥʦʚʘʥʥʳʡ ʥʘ 
ʩʚʝʨʪʦʯʥʳʭ ʥʝʡʨʦʥʥʳʭ ʩʝʪʷʭ. 

ʉʚʝʨʪʦʯʥʘʷ ʥʝʡʨʦʥʥʘʷ ʩʝʪʴ ï ʵʪʦ ʘʨʭʠʪʝʢʪʫʨʘ ʠʩʢʫʩʩʪʚʝʥʥʳʭ ʥʝʡʨʦʥʥʳʭ ʩʝʪʝʡ, ʥʘʮʝʣʝʥʥʘʷ ʥʘ 
ʵʬʬʝʢʪʠʚʥʦʝ ʨʘʩʧʦʟʥʘʚʘʥʠʝ ʦʙʨʘʟʦʚ. ʉʚʝʨʪʦʯʥʳʝ ʩʝʪʠ ʷʚʣʷʶʪʩʷ ʭʦʨʦʰʠʤ ʙʘʟʦʚʳʤ ʨʝʰʝʥʠʝʤ ʜʣʷ 
ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʨʘʟʣʠʯʥʳʭ ʚʠʟʫʘʣʴʥʳʭ ʜʘʥʥʳʭ.  

ʇʦʜʭʦʜ ʦʩʥʦʚʘʥʥʳʡ ʥʘ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʤʘʰʠʥʥʦʛʦ ʦʙʫʯʝʥʠʷ ʤʦʞʝʪ ʙʳʪʴ ʨʘʟʜʝʣʝʥ ʥʘ ʜʚʝ 
ʦʩʥʦʚʥʳʝ ʢʘʪʝʛʦʨʠʠ: ʩʪʘʪʠʯʝʩʢʠʝ ʠ ʜʠʥʘʤʠʯʝʩʢʠʝ ʤʝʪʦʜʳ. ɺ ʩʪʘʪʠʯʝʩʢʠʭ ʤʝʪʦʜʘʭ, ʚ ʢʘʯʝʩʪʚʝ 
ʠʥʬʦʨʤʘʮʠʠ ʜʣʷ ʨʘʩʧʦʟʥʘʚʘʥʠʷ, ʠʩʧʦʣʴʟʫʝʪʩʷ ʝʜʠʥʠʯʥʦʝ ʠʟʦʙʨʘʞʝʥʠʝ ʯʝʣʦʚʝʯʝʩʢʦʛʦ ʣʠʮʘ. ʊʦʛʜʘ 
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ʢʘʢ ʚ ʜʠʥʘʤʠʯʝʩʢʠʭ ʤʝʪʦʜʘʭ ʠʩʧʦʣʴʟʫʝʪʩʷ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʠʟʦʙʨʘʞʝʥʠʡ. ʂʨʦʤʝ ʠʥʬʦʨʤʘʮʠʠ ʦ 
ʢʘʞʜʦʤ ʠʟʦʙʨʘʞʝʥʠʠ ʚ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ, ʜʠʥʘʤʠʯʝʩʢʠʝ ʤʝʪʦʜʳ ʫʯʠʪʳʚʘʶʪ ʚʨʝʤʝʥʥʫʶ ʩʚʷʟʴ 
ʤʝʞʜʫ ʩʤʝʞʥʳʤʠ ʠʟʦʙʨʘʞʝʥʠʷʤʠ [3].  

ʆʩʥʦʚʥʦʡ ʧʨʦʙʣʝʤʦʡ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʩʚʝʨʪʦʯʥʳʭ ʥʝʡʨʦʥʥʳʭ ʩʝʪʝʡ ʧʨʠ ʨʝʰʝʥʠʠ ʟʘʜʘʯʠ 
ʨʘʩʧʦʟʥʘʚʘʥʠʷ ʯʝʣʦʚʝʯʝʩʢʠʭ ʵʤʦʮʠʡ ʧʦ ʬʦʪʦ ʷʚʣʷʝʪʩʷ ʦʪʩʫʪʩʪʚʠʷ ʜʦʩʪʘʪʦʯʥʦʡ ʦʙʫʯʘʶʱʝʡ ʚʳʙʦʨʢʠ, 
ʠʟ-ʟʘ ʯʝʛʦ ʚʦʟʥʠʢʘʝʪ ʧʨʦʙʣʝʤʘ ʧʝʨʝʦʙʫʯʝʥʠʷ ʩʝʪʠ. ʊʘʢʞʝ ʧʨʦʙʣʝʤʦʡ ʷʚʣʷʝʪʩʷ ʥʘʣʠʯʠʝ ʠʟʙʳʪʦʯʥʦʡ 
ʠʥʬʦʨʤʘʮʠʠ ʥʘ ʠʟʦʙʨʘʞʝʥʠʷʭ, ʠʩʧʦʣʴʟʫʝʤʳʭ ʜʣʷ ʦʙʫʯʝʥʠʷ ʩʝʪʠ ʪʘʢʠʭ ʪʘʢ ʧʦʟʠʮʠʷ ʛʦʣʦʚʳ ʠ 
ʥʝʨʘʚʥʦʤʝʨʥʦʝ ʦʩʚʝʱʝʥʠʝ [4]. 

ʉʨʝʜʠ ʜʦʩʪʫʧʥʳʭ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʥʘʙʦʨʦʚ ʜʘʥʥʳʭ ʜʣʷ ʘʥʘʣʠʟʘ ʚʳʨʘʞʝʥʠʷ ʯʝʣʦʚʝʯʝʩʢʦʛʦ 
ʣʠʮʘ ʤʦʞʥʦ ʚʳʜʝʣʠʪʴ SFEW/AFEW [5], ʢʦʪʦʨʳʡ ʚ ʦʪʣʠʯʠʠ ʦʪ ʙʦʣʴʰʠʥʩʪʚʘ ʜʦʩʪʫʧʥʳʭ ʥʘʙʦʨʦʚ 
ʜʘʥʥʳʭ, ʥʝ ʙʳʣ ʩʦʟʜʘʥʳ ʚ ʩʪʨʦʛʦ ʢʦʥʪʨʦʣʠʨʫʝʤʳʭ ʣʘʙʦʨʘʪʦʨʥʳʭ ʫʩʣʦʚʠʷʭ. 

ɼʣʷ ʥʘʙʦʨʘ ʜʘʥʥʳʭ SFEW/AFEW ʨʝʘʣʠʟʦʚʘʥ SPI (Strictly Person Independent) ʧʨʦʪʦʢʦʣ, 
ʧʦʟʚʦʣʷʶʱʠʡ ʧʨʦʚʦʜʠʪʴ ʦʮʝʥʢʫ ʘʣʛʦʨʠʪʤʦʚ ʨʘʩʧʦʟʥʘʚʘʥʠʷ ʯʝʣʦʚʝʯʝʩʢʠʭ ʵʤʦʮʠʡ. ʄʝʪʨʠʢʘʤʠ ʜʣʷ 
ʠʟʤʝʨʝʥʠʷ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʩʠʩʪʝʤ ʨʘʩʧʦʟʥʘʚʘʥʠʷ ʵʤʦʮʠʡ ʷʚʣʷʶʪʩʷ ʪʦʯʥʦʩʪʴ, ʧʦʣʥʦʪʘ ʠ 
ʩʧʝʮʠʬʠʯʥʦʩʪʴ [6].  
 

ʉʧʠʩʦʢ ʠʩʧʦʣʴʟʦʚʘʥʥʳʭ ʠʩʪʦʯʥʠʢʦʚ: 
1. Paul Ekman - Basic Emotions (1970) 
2. Yue Wu and Qiang Ji - Facial Landmark Detection: a Literature Survey (2016) 
3. Xiangyun Zhao - Peak-Piloted Deep Network for Facial Expression Recognition (2017) 
4. Shan Li and Weihong Deng - Deep Facial Expression Recognition: A Survey (2018) 
5. Abhinav Dhall - Acted Facial Expressions In The Wild Database (2011) 
6. Abhinav Dhall - Static Facial Expression Analysis in Tough Conditions: Data, Evaluation Protocol and Benchmark(2011) 

 
 

ʇʈʆɻʈɸʄʄʅʆɽ ʉʈɽɼʉʊɺʆ ʂʃɸʉʉʀʌʀʂɸʎʀʀ ʆɹʈɸɿʆɺ ʉ 
ʀʉʇʆʃʔɿʆɺɸʅʀɽʄ ʉɺɽʈʊʆʏʅʆʁ ʅɽʁʈʆʅʅʆʁ ʉɽʊʀ ɻʃʋɹʆʂʆɻʆ 

ʆɹʋʏɽʅʀʗ 
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ɹʝʣʦʨʫʩʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʥʬʦʨʤʘʪʠʢʠ ʠ ʨʘʜʠʦʵʣʝʢʪʨʦʥʠʢʠ 
ʛ. ʄʠʥʩʢ, ʈʝʩʧʫʙʣʠʢʘ ɹʝʣʘʨʫʩʴ 

ʀʚʘʥʦʚ ʅ.ʅ. ï ʢʘʥʜʠʜʘʪ ʬʠʟ-ʤʘʪ ʥʘʫʢ, ʜʦʮʝʥʪ 

ɺ ʩʦʦʙʱʝʥʠʠ ʜʘʥʦ ʢʨʘʪʢʦʝ ʦʧʠʩʘʥʠʝ ʧʨʠʣʦʞʝʥʠʷ, ʨʘʟʜʝʣʷʶʱʝʛʦ ʤʥʦʞʝʩʪʚʦ ʮʚʝʪʥʳʭ ʬʦʪʦʛʨʘʬʠʡ ʣʠʮ ʣʶʜʝʡ ʥʘ 2 ʢʣʘʩʩʘ: 
ʤʫʞʩʢʠʝ ʠ ʞʝʥʩʢʠʝ ʣʠʮʘ. ʇʨʝʜʧʦʣʘʛʘʝʪʩʷ, ʯʪʦ ʬʦʪʦʛʨʘʬʠʠ ʠʤʝʶʪ ʦʙʳʯʥʦʝ ʢʘʯʝʩʪʚʦ ʩʪʫʜʠʡʥʦʡ ʬʦʪʦʩʲʝʤʢʠ ʩ ʨʘʟʤʝʨʦʤ 9ʭ9 
ʩʤ., ʬʦʪʦ ʚ ʬʘʩ ʠʣʠ 3/4. ɼʣʷ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʧʦʩʪʨʦʝʥʘ ʩʝʪʴ ʛʣʫʙʦʢʦʛʦ ʦʙʫʯʝʥʠʷ ʵʣʝʤʝʥʪʘʤʠ ʠʥʩʪʨʫʤʝʥʪʘ Deep Learning 
Toolbox ʧʘʢʝʪʘ ʧʨʠʢʣʘʜʥʳʭ ʧʨʦʛʨʘʤʤ MATLAB. 

ɺ ʦʩʥʦʚʫ ʘʨʭʠʪʝʢʪʫʨʳ ʧʦʩʪʨʦʝʥʥʦʡ ʥʝʡʨʦʥʥʦʡ ʩʝʪʠ ʧʦʣʦʞʝʥʘ ʧʨʝʜʦʙʫʯʝʥʥʘʷ ʩʚʝʨʪʦʯʥʘʷ 
ʥʝʡʨʦʥʥʘʷ ʩʝʪʴ ʛʣʫʙʦʢʦʛʦ ʦʙʫʯʝʥʠʷ AlexNet. ʉʚʝʨʪʦʯʥʘʷ ʥʝʡʨʦʥʥʘʷ ʩʝʪʴ AlexNet ʙʳʣʘ ʨʘʟʨʘʙʦʪʘʥʘ 
ɸʣʝʢʩʦʤ ʂʨʠʞʝʚʩʢʠʤ ʠ ʦʧʫʙʣʠʢʦʚʘʥʘ ʩʦʚʤʝʩʪʥʦ ʩ ʀʣʴʝʡ ʉʫʮʢʝʚʝʨʦʤ ʠ ɼʞʝʬʬʨʠ ʍʠʥʪʦʥʦʤ [1]. ɺ 
2012 ʛʦʜʫ ʜʘʥʥʘʷ ʩʚʝʨʪʦʯʥʘʷ ʥʝʡʨʦʥʥʘʷ ʩʝʪʴ ʦʜʝʨʞʘʣʘ ʧʦʙʝʜʫ ʚ ʢʦʥʢʫʨʩʝ ʧʦ ʨʘʩʧʦʟʥʘʚʘʥʠʶ 
ʠʟʦʙʨʘʞʝʥʠʡ ImageNet Large Scale Visual Recognition Challenge ʩ ʦʪʨʳʚʦʤ ʚ 10,8% ʦʰʠʙʦʢ ʦʪ 
ʙʣʠʞʘʡʰʝʡ ʩʝʪʠ-ʢʦʥʢʫʨʝʥʪʘ. ɺ ʦʨʠʛʠʥʘʣʝ ʩʝʪʴ ʠʤʝʣʘ ʚʳʭʦʜʥʦʡ ʩʣʦʡ ʠʟ 1000 ʥʝʡʨʦʥʦʚ, 
ʧʦʜʨʘʟʫʤʝʚʘʣʘ ʨʘʟʜʝʣʝʥʠʝ ʦʙʨʘʟʦʚ ʥʘ 1000 ʢʣʘʩʩʦʚ. ɼʣʷ ʧʦʩʪʘʚʣʝʥʥʦʡ ʟʘʜʘʯʠ ʢʦʣʠʯʝʩʪʚʦ ʚʳʭʦʜʥʳʭ 
ʥʝʡʨʦʥʦʚ ʩʝʪʠ ʙʳʣʦ ʫʤʝʥʴʰʝʥʦ ʜʦ 2 ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʧʦʩʪʘʚʣʝʥʥʦʡ ʟʘʜʘʯʝʡ. ʇʦʩʪʨʦʝʥʥʘʷ ʩʝʪʴ ʙʳʣʘ 
ʦʙʫʯʝʥʘ ʥʘ ʦʩʥʦʚʝ ʙʘʟʳ ʦʙʨʘʟʦʚ Caltech 101, ʩʦʜʝʨʞʘʱʝʡ ʠʟʦʙʨʘʞʝʥʠʷ ʣʠʮ ʣʶʜʝʡ ʨʘʟʤʝʨʦʤ 300ʭ300 
ʧʠʢʩʝʣʝʡ [2]. ʇʨʝʜʚʘʨʠʪʝʣʴʥʦ ʨʘʟʤʝʨʳ ʬʦʪʦʛʨʘʬʠʡ ʙʳʣʠ ʧʨʠʚʝʜʝʥʳ ʢ 227ʭ227 ʧʠʢʩʝʣʝʡ ʩʦʛʣʘʩʥʦ 
ʯʠʩʣʫ ʚʭʦʜʥʳʭ ʥʝʡʨʦʥʦʚ. ʀʩʭʦʜʥʳʡ ʥʘʙʦʨ ʠʟʦʙʨʘʞʝʥʠʡ ʙʳʣ ʨʘʟʜʝʣʝʥ ʥʘ ʦʙʫʯʘʶʱʫʶ (80%) ʠ 
ʪʝʩʪʦʚʫʶ (20%) ʚʳʙʦʨʢʠ. ɼʣʷ ʧʨʦʮʝʩʩʘ ʦʙʫʯʝʥʠʷ ʩ ʘʣʛʦʨʠʪʤʦʤ ʃʝʚʝʥʙʝʨʛʘ-ʄʘʨʢʚʘʨʜʪʘ ʦʢʘʟʘʣʦʩʴ 
ʜʦʩʪʘʪʦʯʥʦ 10 ʵʧʦʭ. 

ʆʙʫʯʝʥʥʘʷ ʩʚʝʨʪʦʯʥʘʷ ʥʝʡʨʦʥʥʦʡ ʩʝʪʴ ʠʟʚʣʝʢʘʝʪ ʯʝʨʪʳ ʣʠʮ, ʧʨʠʤʝʥʷʷ ʩʪʘʥʜʘʨʪʥʳʝ ʷʜʨʘ 
ʩʚʝʨʪʦʢ, ʪʘʢʠʝ ʢʘʢ ʬʠʣʴʪʨʳ ʉʦʙʝʣʷ, ʈʦʜʞʝʨʩʘ, ʇʨʝʚʠʪʪʘ. ɼʣʷ ʫʤʝʥʴʰʝʥʠʷ ʨʘʟʤʝʨʥʦʩʪʠ ʜʘʥʥʳʭ ʠ 
ʩʦʢʨʘʱʝʥʠʷ ʚʨʝʤʝʥʠ ʨʘʙʦʪʳ ʧʨʠʣʦʞʝʥʠʷ ʧʨʠʤʝʥʷʣʠʩʴ ʦʧʝʨʘʮʠʠ ʧʦʜʚʳʙʦʨʦʢ. ɼʘʣʝʝ ʧʨʠʣʦʞʝʥʠʝ 
ʦʙʨʘʙʘʪʳʚʘʝʪ ʧʦʣʫʯʝʥʥʳʝ ʯʝʨʪʳ ʧʦ ʤʝʪʦʜʫ ʦʧʦʨʥʳʭ ʚʝʢʪʦʨʦʚ (SVM), ʧʨʠʥʘʜʣʝʞʘʱʝʤʫ ʩʝʤʝʡʩʪʚʫ 
ʣʠʥʝʡʥʳʭ ʢʣʘʩʩʠʬʠʢʘʪʦʨʦʚ, ʢʦʪʦʨʳʡ ʪʘʢʞʝ ʤʦʞʝʪ ʨʘʩʩʤʘʪʨʠʚʘʪʴʩʷ ʢʘʢ ʩʧʝʮʠʘʣʴʥʳʡ ʩʣʫʯʘʡ 
ʨʝʛʫʣʷʨʠʟʘʮʠʠ ʧʦ ʊʠʭʦʥʦʚʫ, ʧʦʣʫʯʘʷ ʦʢʦʥʯʘʪʝʣʴʥʳʡ ʨʝʟʫʣʴʪʘʪ. ɸʥʘʣʠʟ ʨʘʙʦʪʳ ʘʣʛʦʨʠʪʤʘ 
ʚʳʧʦʣʥʷʣʩʷ ʥʘ ʩʣʫʯʘʡʥʦʡ ʚʳʙʦʨʢʝ ʬʦʪʦʛʨʘʬʠʡ ʠʟ ʚʩʝʤʠʨʥʦʡ ʧʘʫʪʠʥʳ. ʕʪʠ ʬʦʪʦʛʨʘʬʠʠ ʣʠʮ ʥʝ 
ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʧʨʠ ʦʙʫʯʝʥʠʠ ʥʝʡʨʦʥʥʦʡ ʩʝʪʠ.  



55-ʷ ʶʙʠʣʝʡʥʘʷ ʥʘʫʯʥʘʷ ʢʦʥʬʝʨʝʥʮʠʷ ʘʩʧʠʨʘʥʪʦʚ, ʤʘʛʠʩʪʨʘʥʪʦʚ ʠ ʩʪʫʜʝʥʪʦʚ ɹɻʋʀʈ, 2019 ʛ. 

41 
 

 
ʈʠʩʫʥʦʢ 1 ï ʉʪʨʫʢʪʫʨʘ ʩʚʝʨʪʦʯʥʦʡ ʥʝʡʨʦʥʥʦʡ ʩʝʪʠ AlexNet 

 

ʅʝʡʨʦʥʥʘʷ ʩʝʪʴ ʠʤʝʝʪ 8 ʩʢʨʳʪʳʭ ʩʣʦʝʚ ʥʝʡʨʦʥʥʦʡ ʦʙʨʘʙʦʪʢʠ ʜʘʥʥʳʭ, ʘ ʠʤʝʥʥʦ: 5 ʩʚʝʨʪʦʯʥʳʭ 
ʩʣʦʝʚ, ʟʘ ʪʨʝʤʷ ʠʟ ʢʦʪʦʨʳʭ ʩʣʝʜʫʶʪ ʩʣʦʠ ʧʦʜʚʳʙʦʨʢʠ (ʠʥʘʯʝ ʩʣʦʠ ʧʫʣʠʥʛʘ ʣʠʙʦ ʩʣʦʠ 
ʩʫʙʜʠʩʢʨʝʪʠʟʘʮʠʠ), ʠ 3 ʧʦʣʥʦʩʚʷʟʥʳʭ ʩʣʦʷ, ʢʦʪʦʨʳʝ ʟʘʚʝʨʰʘʶʪʩʷ ʨʝʘʣʠʟʘʮʠʝʡ ʘʣʛʦʨʠʪʤʘ ʦʧʦʨʥʳʭ 
ʚʝʢʪʦʨʦʚ. ʉʝʪʴ ʠʩʧʦʣʴʟʫʝʪ ʬʫʥʢʮʠʶ ʘʢʪʠʚʘʮʠʠ ReLU (rectified linear unit). ɺʩʝ 40 ʪʝʩʪʦʚʳʭ 
ʬʦʪʦʛʨʘʬʠʡ ʙʳʣʠ ʨʘʩʧʦʟʥʘʥʳ ʧʨʘʚʠʣʴʥʦ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʦʣʫʯʝʥʦ ʧʨʦʛʨʘʤʤʥʦʝ ʩʨʝʜʩʪʚʦ ʜʣʷ 
ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʣʠʮ ʤʫʞʯʠʥ ʠ ʞʝʥʱʠʥ.  

 
ʉʧʠʩʦʢ ʠʩʧʦʣʴʟʦʚʘʥʥʳʭ ʠʩʪʦʯʥʠʢʦʚ: 
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Communications of the ACM. ï 2017. ï Vol. 60, ˉ 6. ï P. 84ï90. 
2. Fei-Fei, L. Learning generative visual models from few training examples: An incremental Bayesian approach tested on 101 

object categories / L. Fei-Fei, R. Fergus, P. Perona // Computer Vision and Image Understanding. ï 2007. ï Vol. 106, ˉ 1. ï P. 59ï70. 

 
 

ʄɽʊʆɼʀʂɸ ʈɸʉʇʆɿʅɸɺɸʅʀʗ ʇʆʂɸɿɸʅʀʁ ʉʊʈɽʃʆʏʅʓʍ 
ʇʈʀɹʆʈʆɺ ʅɸ ʆʉʅʆɺɽ ɸʅɸʃʀɿɸ ʀɿʆɹʈɸɾɽʅʀʁ 

ʂʦʚʘʣʝʥʢʦ ɻ.ʆ. 

ɹʝʣʦʨʫʩʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʥʬʦʨʤʘʪʠʢʠ ʠ ʨʘʜʠʦʵʣʝʢʪʨʦʥʠʢʠ 
ʛ. ʄʠʥʩʢ, ʈʝʩʧʫʙʣʠʢʘ ɹʝʣʘʨʫʩʴ 

ʆʜʠʥʝʮ ɼ.ʅ. ï ʢ.ʪ.ʥ.,ʜʦʮʝʥʪ 

ʉʠʩʪʝʤʳ ʘʚʪʦʤʘʪʠʟʘʮʠʠ, ʚʥʝʜʨʷʝʤʳʝ ʚ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʧʨʦʮʝʩʩʳ ʥʘ ʧʨʝʜʧʨʠʷʪʠʠ, ʟʘʯʘʩʪʫʶ ʧʦʜʨʘʟʫʤʝʚʘʶʪ ʟʘʤʝʥʫ ʠʣʠ 
ʜʫʙʣʠʨʦʚʘʥʠʝ ʦʧʝʨʘʪʦʨʦʚ, ʢʦʪʦʨʳʝ ʩʣʝʜʷʪ ʟʘ ʩʦʩʪʦʷʥʠʝʤ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʧʨʦʮʝʩʩʘ (ʩʪʨʝʣʦʯʥʳʤ ʧʨʠʙʦʨʘʤ). ʇʨʝʜʣʘʛʘʝʪʩʷ 
ʚʘʨʠʘʥʪ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʦʛʦ ʧʨʦʛʨʘʤʤʥʦʛʦ ʩʨʝʜʩʪʚʘ, ʢʦʪʦʨʦʝ ʧʦʟʚʦʣʷʝʪ ʙʝʟ ʫʯʘʩʪʠʷ ʦʧʝʨʘʪʦʨʘ ʚʳʧʦʣʥʷʪʴ ʨʘʩʧʦʟʥʘʚʘʥʠʝ 
ʧʦʢʘʟʘʥʠʡ ʩʪʨʝʣʦʯʥʦʛʦ ʧʨʠʙʦʨʘ.  

ɺ ʧʦʩʣʝʜʥʠʝ ʜʝʩʷʪʠʣʝʪʠʷ ʜʚʘʜʮʘʪʦʛʦ ʚʝʢʘ ʤʘʩʩʦʚʦʝ ʧʨʦʠʟʚʦʜʩʪʚʦ ʩʪʨʝʣʦʯʥʳʭ ʠʟʤʝʨʠʪʝʣʴʥʳʭ 
ʧʨʠʙʦʨʦʚ ʜʦʩʪʠʛʣʦ ʟʥʘʯʠʪʝʣʴʥʳʭ ʦʙʲʝʤʦʚ. ʂ ʪʨʫʜʥʦʩʪʷʤ, ʚʦʟʥʠʢʘʶʱʠʤ ʧʨʠ ʨʘʙʦʪʝ ʩ ʘʥʘʣʦʛʦʚʳʤʠ 
ʩʪʨʝʣʦʯʥʳʤʠ ʧʨʠʙʦʨʘʤʠ, ʤʦʞʥʦ ʦʪʥʝʩʪʠ ʦʪʩʫʪʩʪʚʠʝ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʚʳʭʦʜʘ ʜʣʷ ʠʥʜʠʢʘʮʠʠ 
ʨʝʟʫʣʴʪʘʪʦʚ ʠʟʤʝʨʝʥʠʡ. ʆʜʥʠʤ ʠʟ ʚʘʨʠʘʥʪʦʚ ʨʝʰʝʥʠʷ ʧʨʦʙʣʝʤʳ ʨʘʩʧʦʟʥʘʚʘʥʠʷ ʧʦʢʘʟʘʥʠʡ ʧʨʠʙʦʨʘ 
ʧʨʠ ʦʪʩʫʪʩʪʚʠʠ ʜʘʥʥʦʛʦ ʚʳʭʦʜʘ ʷʚʣʷʝʪʩʷ ʧʨʠʤʝʥʝʥʠʝ ʤʝʪʦʜʦʚ ʥʘ ʦʩʥʦʚʝ ʘʥʘʣʠʟʘ ʠʟʦʙʨʘʞʝʥʠʷ. 

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʩʠʩʪʝʤ ʢʦʤʧʴʶʪʝʨʥʦʛʦ ʟʨʝʥʠʷ ʧʦʤʦʛʘʝʪ ʧʨʠ ʨʝʰʝʥʠʠ ʤʥʦʞʝʩʪʚʦ ʧʨʘʢʪʠʯʝʩʢʠʭ 
ʟʘʜʘʯ. ʆʜʥʦʡ ʠʟ ʢʣʘʩʩʠʯʝʩʢʠʭ ʟʘʜʘʯ ʚ ʢʦʤʧʴʶʪʝʨʥʦʤ ʟʨʝʥʠʠ, ʦʙʨʘʙʦʪʢʝ ʠʟʦʙʨʘʞʝʥʠʡ ʠ ʤʘʰʠʥʥʦʤ 
ʟʨʝʥʠʠ ʷʚʣʷʝʪʩʷ ʨʘʩʧʦʟʥʘʚʘʥʠʝ ʦʙʲʝʢʪʦʚ ʥʘ ʠʟʦʙʨʘʞʝʥʠʠ. ɺ ʜʘʥʥʳʡ ʤʦʤʝʥʪ ʩʫʱʝʩʪʚʫʝʪ ʤʥʦʞʝʩʪʚʦ 
ʤʝʪʦʜʦʚ ʜʣʷ ʨʝʰʝʥʠʷ ʵʪʦʡ ʟʘʜʘʯʠ. ʅʘ ʚʳʙʦʨ ʢʦʥʢʨʝʪʥʦʛʦ ʤʝʪʦʜʘ ʚʣʠʷʝʪ ʪʠʧ ʦʙʲʝʢʪʘ, ʢʦʪʦʨʳʡ 
ʥʝʦʙʭʦʜʠʤʦ ʦʙʥʘʨʫʞʠʪʴ ʥʘ ʠʟʦʙʨʘʞʝʥʠʠ, ʘ ʪʘʢʞʝ ʦʧʨʝʜʝʣʝʥʥʳʝ ʫʩʣʦʚʠʷ, ʢ ʢʦʪʦʨʳʤ ʦʪʥʦʩʷʪʩʷ 
ʦʩʚʝʱʝʥʠʝ, ʬʦʥ ʠ ʧʦʣʦʞʝʥʠʝ ʦʙʲʝʢʪʘ ʦʪʥʦʩʠʪʝʣʴʥʦ ʢʘʤʝʨʳ [1]. 

ʄʝʪʦʜʠʢʘ ʦʧʨʝʜʝʣʝʥʠʷ ʧʦʢʘʟʘʥʠʷ ʩʪʨʝʣʦʯʥʦʛʦ ʧʨʠʙʦʨʘ, ʨʘʟʨʘʙʦʪʘʥʥʘʷ ʚ ʨʘʤʢʘʭ 
ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʦʩʥʦʚʘʥʘ ʥʘ ʦʧʨʝʜʝʣʝʥʠʠ ʫʛʣʘ ʦʪʢʣʦʥʝʥʠʷ ʩʪʨʝʣʦʯʥʦʛʦ ʫʢʘʟʘʪʝʣʷ ʩ 
ʧʦʤʦʱʴʶ ʩʣʝʜʫʶʱʝʛʦ ʘʣʛʦʨʠʪʤʘ: 

1) ʧʦʣʫʯʝʥʠʝ ʠʟʦʙʨʘʞʝʥʠʷ; 
2) ʧʨʠʚʝʜʝʥʠʝ ʠʟʦʙʨʘʞʝʥʠʷ ʢ ʛʨʘʜʘʮʠʷʤ ʩʝʨʦʛʦ; 
3) ʧʨʠʤʝʥʝʥʠʝ ʬʠʣʴʪʨʘ ɻʘʫʩʩʘ; 
4) ʧʨʠʤʝʥʝʥʠʝ ʤʝʜʠʘʥʥʦʛʦ ʬʠʣʴʪʨʘ; 
5) ʧʨʠʤʝʥʝʥʠʝ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʍʘʬʘ ʜʣʷ ʥʘʭʦʞʜʝʥʠʷ ʦʢʨʫʞʥʦʩʪʠ; 
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6) ʥʘʭʦʞʜʝʥʠʝ ʩʪʨʝʣʦʯʥʦʛʦ ʫʢʘʟʘʪʝʣʷ; 
7) ʦʧʨʝʜʝʣʝʥʠʝ ʫʛʣʘ ʦʪʢʣʦʥʝʥʠʷ ʩʪʨʝʣʢʠ ʧʨʠʙʦʨʘ. 
ʇʨʝʦʙʨʘʟʦʚʘʥʠʝ ʍʘʬʘ ï ʵʪʦ ʘʣʛʦʨʠʪʤ, ʢʦʪʦʨʳʡ ʧʦʟʚʦʣʷʝʪʩʷ ʠʟʚʣʝʢʘʪʴ ʵʣʝʤʝʥʪʳ ʠʟ 

ʠʟʦʙʨʘʞʝʥʠʷ. ɺ ʥʘʰʝʤ ʩʣʫʯʘʝ ʦʥ ʧʨʝʜʥʘʟʥʘʯʝʥ ʜʣʷ ʧʦʠʩʢʘ ʦʙʲʝʢʪʦʚ, ʧʨʠʥʘʜʣʝʞʘʱʠʭ 
ʦʧʨʝʜʝʣʸʥʥʦʤʫ ʢʣʘʩʩʫ ʬʠʛʫʨ (ʦʢʨʫʞʥʦʩʪʴ). ɼʣʷ ʵʪʦʛʦ ʠʩʧʦʣʴʟʫʝʪʩʷ ʧʨʦʮʝʜʫʨʘ ʛʦʣʦʩʦʚʘʥʠʷ, ʢʦʪʦʨʘʷ 
ʧʨʠʤʝʥʷʝʪʩʷ ʢ ʧʨʦʩʪʨʘʥʩʪʚʫ ʧʘʨʘʤʝʪʨʦʚ. ʇʨʦʩʪʨʘʥʩʪʚʦ ʧʘʨʘʤʝʪʨʦʚ ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʧʦʣʫʯʝʥʠʷ 
ʦʙʲʝʢʪʦʚ, ʧʨʠʥʘʜʣʝʞʘʱʠʭ ʢ ʦʧʨʝʜʝʣʝʥʥʦʤʫ ʢʣʘʩʩʫ ʬʠʛʫʨ, ʧʦ ʣʦʢʘʣʴʥʦʤʫ ʤʘʢʩʠʤʫʤʫ ʚ ʪʘʢ 
ʥʘʟʳʚʘʝʤʦʤ ʥʘʢʦʧʠʪʝʣʴʥʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ. ʇʦʩʪʨʦʝʥʠʝ ʜʘʥʥʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ ʚʳʧʦʣʥʷʝʪʩʷ ʧʨʠ 
ʚʳʯʠʩʣʝʥʠʠ ʪʨʘʥʩʬʦʨʤʘʮʠʠ ʍʘʬʘ [2]. ʀʟʥʘʯʘʣʴʥʦ ʤʝʪʦʜ ʙʳʣ ʧʨʝʜʥʘʟʥʘʯʝʥ ʜʣʷ ʧʦʠʩʢʘ ʧʨʷʤʳʭ 
ʣʠʥʠʡ ʥʘ ʠʟʦʙʨʘʞʝʥʠʠ, ʦʜʥʘʢʦ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʧʦʷʚʠʣʠʩʴ ʨʘʟʣʠʯʥʳʝ ʤʦʜʠʬʠʢʘʮʠʠ 
ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʍʘʬʘ, ʢʦʪʦʨʳʝ ʧʦʟʚʦʣʷʶʪ ʚʳʜʝʣʠʪʴ ʥʘ ʠʟʦʙʨʘʞʝʥʠʠ ʵʣʣʠʧʩʳ ʠ ʜʨʫʛʠʝ ʠʟʚʝʩʪʥʳʝ 
ʚʠʜʳ ʘʥʘʣʠʪʠʯʝʩʢʠʭ ʢʨʠʚʳʭ [3]. 

ʉʪʨʝʣʦʯʥʳʡ ʫʢʘʟʘʪʝʣʴ ʚ ʦʙʱʝʤ ʚʠʜʝ ʧʨʝʜʩʪʘʚʣʷʝʪ ʠʟ ʩʝʙʷ ʧʨʷʤʫʶ ʣʠʥʠʶ. ɼʣʷ ʥʘʭʦʞʜʝʥʠʷ 
ʧʨʷʤʳʭ ʣʠʥʠʡ ʥʘ ʠʟʦʙʨʘʞʝʥʠʠ ʠʩʧʦʣʴʟʫʝʪʩʷ ʤʝʪʦʜ Line Segment Dector [4]. ʀʟ ʥʘʡʜʝʥʥʦʛʦ ʤʘʩʩʠʚʘ 
ʣʠʥʠʡ ʧʨʦʠʟʚʦʜʠʪʩʷ ʠʩʢʣʶʯʝʥʠʝ ʪʝʭ ʣʠʥʠʡ, ʢʦʪʦʨʳʝ ʥʝ ʚʭʦʜʷʪ ʚ ʦʢʨʫʞʥʦʩʪʴ, ʧʦʣʫʯʝʥʥʫʶ ʥʘ 
ʧʨʝʜʳʜʫʱʝʤ ʰʘʛʝ. ɼʘʣʝʝ ʦʩʫʱʝʩʪʚʣʷʶʪʩʷ ʘʥʘʣʠʟ ʧʦʣʫʯʝʥʥʦʛʦ ʧʨʝʦʙʨʘʟʦʚʘʥʥʦʛʦ ʤʘʩʩʠʚʘ ʣʠʥʠʡ ʜʣʷ 
ʥʘʭʦʞʜʝʥʠʷ ʩʪʨʝʣʦʯʥʦʛʦ ʫʢʘʟʘʪʝʣʷ. 

ʆʧʨʝʜʝʣʝʥʠʝ ʫʛʣʘ ʦʪʢʣʦʥʝʥʠʷ ʩʪʨʝʣʦʯʥʦʛʦ ʫʢʘʟʘʪʝʣʷ ʩʚʦʜʠʪʩʷ ʢ ʥʘʭʦʞʜʝʥʠʶ ʫʛʣʘ ʧʝʨʝʩʝʯʝʥʠʷ 
ʩʪʨʝʣʢʠ ʩ ʛʦʨʠʟʦʥʪʘʣʴʶ ʠ ʧʦʩʣʝʜʫʶʱʝʡ ʢʦʨʨʝʢʪʠʨʦʚʢʝ ʟʥʘʯʝʥʠʷ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʢʚʘʜʨʘʥʪʘ, ʚ 
ʢʦʪʦʨʦʤ ʥʘʭʦʜʠʪʩʷ ʩʪʨʝʣʢʘ. 

 
ʉʧʠʩʦʢ ʠʩʧʦʣʴʟʦʚʘʥʥʳʭ ʠʩʪʦʯʥʠʢʦʚ: 
1. Forsyth D.A., Ponce J. Computer Vision: A Modern Approach / Forsyth D.A., Ponce J. - Pearson Education, Prʝntiʩe Hall. ï 

2012. - 793 p. 
2. Hough transform [ʕʣʝʢʪʨʦʥʥʳʡ ʨʝʩʫʨʩ]. ʈʝʞʠʤ ʜʦʩʪʫʧʘ: - https://en.wikipedia.org/wiki/Hough_transform 
3. ʇʨʝʦʙʨʘʟʦʚʘʥʠʝ ʍʘʬʘ, ʝʛʦ ʦʙʦʙʱʝʥʠʷ ʠ ʤʦʜʠʬʠʢʘʮʠʠ [ʕʣʝʢʪʨʦʥʥʳʡ ʨʝʩʫʨʩ]. ʈʝʞʠʤ ʜʦʩʪʫʧʘ: ï  
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4. . OpenCV [ʕʣʝʢʪʨʦʥʥʳʡ ʨʝʩʫʨʩ]. ʈʝʞʠʤ ʜʦʩʪʫʧʘ: - https://opencv.org 
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ʂʦʚʙʘʩʘ ɻ. ɸ., ʖʨʝʚʠʯ ɺ. ʉ. 

ɹʝʣʦʨʫʩʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʥʬʦʨʤʘʪʠʢʠ ʠ ʨʘʜʠʦʵʣʝʢʪʨʦʥʠʢʠ 
ʛ. ʄʠʥʩʢ, ʈʝʩʧʫʙʣʠʢʘ ɹʝʣʘʨʫʩʴ 

ʉʪʨʘʢʦʚʠʯ ɸ. ʀ. ï ʘʩʩʠʩʪʝʥʪ 

ɿʘʜʘʯʠ, ʩʚʷʟʘʥʥʳʝ ʩ ʢʦʤʧʴʶʪʝʨʥʳʤ ʟʨʝʥʠʝʤ, ʷʚʣʷʶʪʩʷ ʚʝʩʴʤʘ ʩʣʦʞʥʳʤʠ ʜʣʷ ʨʝʰʝʥʠʷ ʥʘ ʦʩʥʦʚʝ ʘʨʭʠʪʝʢʪʫʨʳ ʩʦʚʨʝʤʝʥʥʳʭ 
ʢʦʤʧʴʶʪʝʨʦʚ. ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʨʘʩʩʤʦʪʨʝʥ ʤʝʭʘʥʠʟʤ ʩʦʟʜʘʥʠʷ ʨʦʙʦʪʘ ʩ ʚʦʟʤʦʞʥʦʩʪʴʶ ʨʘʩʧʦʟʥʘʚʘʥʠʷ ʣʠʮʘ ʧʦʣʴʟʦʚʘʪʝʣʷ, 
ʦʧʠʩʘʥʠʝ ʠʩʧʦʣʴʟʦʚʘʥʥʳʭ ʘʣʛʦʨʠʪʤʦʚ, ʘ ʪʘʢʞʝ ʩʧʦʩʦʙʳ ʧʨʠʤʝʥʝʥʠʷ ʪʘʢʦʛʦ ʨʦʙʦʪʘ. 

ʄʥʦʞʝʩʪʚʦ ʟʘʜʘʯ, ʩʚʷʟʘʥʥʳʭ ʩ ʢʦʤʧʴʶʪʝʨʥʳʤ ʟʨʝʥʠʝʤ ʠ ʨʘʩʧʦʟʥʘʚʘʥʠʝʤ ʦʙʨʘʟʦʚ, ʷʚʣʷʶʪʩʷ 
ʥʝʪʨʠʚʠʘʣʴʥʳʤʠ, ʪʘʢ ʢʘʢ ʨʘʟʨʘʙʦʪʢʘ ʘʣʛʦʨʠʪʤʦʚ ʨʝʰʝʥʠʡ ʟʘʚʠʩʠʪ ʦʪ ʢʦʥʢʨʝʪʥʦʡ ʟʘʜʘʯʠ. ʆʜʥʘʢʦ 
ʞʠʚʳʝ ʩʫʱʝʩʪʚʘ, ʠʤʝʶʱʠʝ ʟʨʝʥʠʝ, ʥʘʧʨʠʤʝʨ, ʪʘʨʘʢʘʥʳ, ʦʪʣʠʯʥʦ ʩʧʨʘʚʣʷʶʪʩʷ ʩ ʜʘʥʥʳʤʠ ʟʘʜʘʯʘʤʠ. 
ʋʚʠʜʝʚ ʯʝʣʦʚʝʢʘ, ʪʘʨʘʢʘʥʫ ʥʝ ʥʘʜʦ ʤʥʦʛʦ ʚʨʝʤʝʥʠ, ʯʪʦʙʳ ʦʩʦʟʥʘʪʴ ʫʛʨʦʟʫ ʠ ʨʘʩʩʯʠʪʘʪʴ ʧʦʣʦʞʝʥʠʝ 
ʙʣʠʞʘʡʰʝʡ ʱʝʣʠ ʚ ʪʨʸʭʤʝʨʥʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ. ɼʘʥʥʳʡ ʥʘʙʦʨ ʜʝʡʩʪʚʠʡ ʧʨʦʠʩʭʦʜʠʪ ʥʘ ʫʨʦʚʥʝ 
ʠʥʩʪʠʥʢʪʦʚ. ʇʨʠ ʵʪʦʤ ʜʣʷ ʨʝʰʝʥʠʷ ʟʘʜʘʯ ʦʙʥʘʨʫʞʝʥʠʷ ʯʝʣʦʚʝʢʘ ʠ ʨʘʩʯʝʪʘ ʪʨʘʝʢʪʦʨʠʠ ʜʚʠʞʝʥʠʷ ʧʨʠ 
ʧʦʤʦʱʠ ʢʦʤʧʴʶʪʝʨʥʦʛʦ ʟʨʝʥʠʷ ʠʩʧʦʣʴʟʫʶʪʩʷ ʜʦʩʪʘʪʦʯʥʦ ʩʣʦʞʥʳʝ ʘʣʛʦʨʠʪʤʳ. ɿʘʜʘʯʠ, ʢʦʪʦʨʳʝ 
ʚʩʪʘʶʪ ʧʝʨʝʜ ʨʘʟʨʘʙʦʪʯʠʢʘʤʠ ʚ ʜʘʥʥʦʡ ʦʙʣʘʩʪʠ, ʚʦʟʤʦʞʥʦ ʨʝʰʘʪʴ ʨʘʟʣʠʯʥʳʤʠ ʩʧʦʩʦʙʘʤʠ, ʚ 
ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ ʤʦʱʥʦʩʪʝʡ ʧʣʘʪʬʦʨʤʳ ʠ ʚʨʝʤʝʥʥʳʭ ʨʝʩʫʨʩʦʚ.  

ɺ ʢʘʯʝʩʪʚʝ ʧʨʠʤʝʨʘ ʨʝʘʣʠʟʘʮʠʠ ʟʘʜʘʯ ʦʙʥʘʨʫʞʝʥʠʷ ʯʝʣʦʚʝʢʘ ʥʘ ʚʩʪʨʦʝʥʥʳʭ ʩʠʩʪʝʤʘʭ ʤʦʞʥʦ 
ʫʧʦʤʷʥʫʪʴ ʨʘʟʨʘʙʦʪʢʠ ʪʘʢʠʭ ʢʦʤʧʘʥʠʡ, ʢʘʢ Google ʠ Microsoft, ʢʦʪʦʨʳʝ ʧʨʝʜʣʦʞʠʣʠ ʦʩʥʘʩʪʠʪʴ 
ʢʦʤʧʴʶʪʝʨ Raspberry Pi ʩʠʩʪʝʤʦʡ ʨʘʩʧʦʟʥʘʚʘʥʠʷ ʣʠʮ ʠ ʨʝʯʠ [1,2]. Raspberry Pi ʩ ʩʠʩʪʝʤʦʡ 
ʨʘʩʧʦʟʥʘʚʘʥʠʷ ʦʙʨʘʟʦʚ ʤʦʞʥʦ ʙʫʜʝʪ ʚʩʪʨʘʠʚʘʪʴ ʚ ʢʦʨʤʫʰʢʫ ʜʣʷ ʜʦʤʘʰʥʠʭ ʞʠʚʦʪʥʳʭ, ʧʦʣʠʚʦʯʥʫʶ 
ʩʠʩʪʝʤʫ ʠ ʩʠʩʪʝʤʫ ʵʣʝʢʪʨʦʥʥʳʭ ʟʘʤʢʦʚ. ʈʘʥʝʝ ʨʘʟʨʘʙʦʪʯʠʢʠ ʚ Microsoft ʫʞʘʣʠ ʘʣʛʦʨʠʪʤ ʥʝʡʨʦʥʥʦʡ 
ʩʝʪʠ ʜʦ ʥʝʩʢʦʣʴʢʠʭ ʙʠʪ, ʧʨʠʯʝʤ ʪʦʯʥʦʩʪʴ ʨʘʩʧʦʟʥʘʚʘʥʠʷ ʠʟʦʙʨʘʞʝʥʠʡ ʩʞʘʪʦʡ ʚʝʨʩʠʝʡ ʘʣʛʦʨʠʪʤʘ ʥʝ 
ʫʩʪʫʧʘʝʪ ʪʦʯʥʦʩʪʠ ʧʦʣʥʦʡ [2]. ʅʘ ʩʣʝʜʫʶʱʝʤ ʰʘʛʝ ʧʨʝʜʧʦʣʘʛʘʝʪʩʷ ʟʘʛʨʫʟʠʪʴ ʥʝʡʨʦʥʥʫʶ ʩʝʪʴ ʥʘ 
ʫʩʪʨʦʡʩʪʚʦ ʠ ʩʦʢʨʘʪʠʪʴ ʝʝ ʵʥʝʨʛʦʧʦʪʨʝʙʣʝʥʠʝ ʚ 10 ʪʳʩʷʯ ʨʘʟ [2]. ɸ ʢʦʤʧʘʥʠʠ Raspberry Pi ʠ Google 
ʧʨʝʜʣʦʞʠʣʠ çʢʦʥʩʪʨʫʢʪʦʨè ʜʦʤʘʰʥʝʛʦ ʛʦʣʦʩʦʚʦʛʦ ʧʦʤʦʱʥʠʢʘ [3]. 

ɺ ʜʘʥʥʦʤ ʧʨʦʝʢʪʝ ʤʝʭʘʥʠʟʤ ʨʘʩʧʦʟʥʘʚʘʥʠʷ ʣʠʮʘ ʯʝʣʦʚʝʢʘ ʨʝʘʣʠʟʦʚʘʥ ʥʘ ʙʘʟʝ ʨʦʙʦʪʘ ʥʘ 4 
ʢʦʣʝʩʘʭ. ʂʨʦʤʝ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʨʘʩʧʦʟʥʘʚʘʥʠʷ ʣʠʮʘ, ʦʥ ʩʧʦʩʦʙʝʥ ʚʳʧʦʣʥʷʪʴ ʩʣʝʜʫʶʱʠʝ ʜʝʡʩʪʚʠʷ: 
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1. ʇʦʜʲʝʟʞʘʪʴ ʢ ʧʦʣʴʟʦʚʘʪʝʣʶ, ʧʨʠ ʦʙʥʘʨʫʞʝʥʠʠ ʣʠʮʘ ʧʦʣʴʟʦʚʘʪʝʣʷ ʚ ʧʦʣʝ ʟʨʝʥʠʷ 
ʨʦʙʦʪʘ; 

2. ʀʟʙʝʛʘʪʴ ʧʨʝʧʷʪʩʪʚʠʡ ʧʨʠ ʜʚʠʞʝʥʠʠ; 
3. ʈʝʘʛʠʨʦʚʘʪʴ ʥʘ ʟʚʫʢʠ ʠ ʜʚʠʞʝʥʠʷ ʧʦʣʴʟʦʚʘʪʝʣʷ; 
4. ɿʘʧʦʤʠʥʘʪʴ ʦʧʨʝʜʝʣʝʥʥʦʛʦ ʧʦʣʴʟʦʚʘʪʝʣʷ ʠ ʚ ʜʘʣʴʥʝʡʰʝʤ ʨʘʩʧʦʟʥʘʚʘʪʴ ʝʛʦ ʢʘʢ 

ʭʦʟʷʠʥʘ; 
5. ʀʟʜʘʚʘʪʴ ʭʘʨʘʢʪʝʨʥʳʝ ʟʚʫʢʠ. 
ʈʘʟʨʘʙʘʪʳʚʘʝʤʳʡ ʨʦʙʦʪ ʬʫʥʢʮʠʦʥʠʨʫʝʪ ʥʘ ʙʘʟʝ ʧʣʘʪʬʦʨʤʳ Raspberry Pi 3 Model B+, ʢʦʪʦʨʘʷ 

ʦʪʚʝʯʘʝʪ ʟʘ ʘʣʛʦʨʠʪʤʳ ʨʘʩʧʦʟʥʘʚʘʥʠʷ ʣʠʮ ʠ ʨʘʩʯʝʪ ʪʨʘʝʢʪʦʨʠʠ ʜʚʠʞʝʥʠʷ. ʅʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʟʘ 
ʜʚʠʞʝʥʠʝ ʨʦʙʦʪʘ ʦʪʚʝʯʘʝʪ ʧʣʘʪʬʦʨʤʘ Arduino Uno. ɹʳʣ ʨʘʟʨʘʙʦʪʘʥ ʥʘʙʦʨ ʢʦʤʘʥʜ ʜʣʷ 
ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʜʘʥʥʳʭ ʧʣʘʪʬʦʨʤ ʧʨʠ ʧʦʤʦʱʠ ʵʤʫʣʷʮʠʠ COM-ʧʦʨʪʘ ʯʝʨʝʟ USB. ɼʣʷ ʵʪʦʛʦ ʨʦʙʦʪ 
ʦʩʥʘʱʝʥ ʜʘʪʯʠʢʘʤʠ ʠ ʢʘʤʝʨʦʡ ʚ ʧʝʨʝʜʥʝʡ ʯʘʩʪʠ ʢʦʨʧʫʩʘ. ʄʦʜʫʣʴ ʢʘʤʝʨʳ Raspberry Pi ʤʦʞʥʦ 
ʠʩʧʦʣʴʟʦʚʘʪʴ ʜʣʷ ʩʲʝʤʢʠ ʚʠʜʝʦ ʚʳʩʦʢʦʡ ʯʝʪʢʦʩʪʠ, ʘ ʪʘʢʞʝ ʬʦʪʦʛʨʘʬʠʡ ʥʝʧʦʜʚʠʞʥʳʭ ʦʙʲʝʢʪʦʚ.  

ʇʨʦʛʨʘʤʤʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ ʨʦʙʦʪʘ, ʦʙʝʩʧʝʯʠʚʘʶʱʝʝ ʨʘʩʧʦʟʥʘʚʘʥʠʝ ʯʝʣʦʚʝʯʝʩʢʦʛʦ ʣʠʮʘ, 
ʦʩʥʦʚʘʥʦ ʥʘ OpenCV ʠ ʷʟʳʢ Python. OpenCV (Open Source Computer Vision Library) [4] ʧʨʝʜʩʪʘʚʣʷʝʪ 
ʩʦʙʦʡ ʙʠʙʣʠʦʪʝʢʫ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ ʜʣʷ ʢʦʤʧʴʶʪʝʨʥʦʛʦ ʟʨʝʥʠʷ ʠ ʤʘʰʠʥʥʦʛʦ ʦʙʫʯʝʥʠʷ ʩ 
ʦʪʢʨʳʪʳʤ ʠʩʭʦʜʥʳʤ ʢʦʜʦʤ. OpenCV ʙʳʣʘ ʩʦʟʜʘʥʘ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʦʙʱʝʡ ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ 
ʧʨʠʣʦʞʝʥʠʡ ʜʣʷ ʢʦʤʧʴʶʪʝʨʥʦʛʦ ʟʨʝʥʠʷ ʠ ʫʩʢʦʨʝʥʠʷ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚʦʩʧʨʠʷʪʠʷ ʤʘʰʠʥʳ ʚ 
ʢʦʤʤʝʨʯʝʩʢʠʭ ʧʨʦʜʫʢʪʘʭ. ɼʘʥʥʘʷ ʙʠʙʣʠʦʪʝʢʘ ʩʦʜʝʨʞʠʪ ʙʦʣʝʝ 2500 ʦʧʪʠʤʠʟʠʨʦʚʘʥʥʳʭ ʘʣʛʦʨʠʪʤʦʚ, 
ʢʦʪʦʨʳʝ ʚʢʣʶʯʘʶʪ ʚ ʩʝʙʷ ʧʦʣʥʳʡ ʥʘʙʦʨ ʢʣʘʩʩʠʯʝʩʢʠʭ ʠ ʩʦʚʨʝʤʝʥʥʳʭ ʘʣʛʦʨʠʪʤʦʚ ʤʘʰʠʥʥʦʛʦ 
ʦʙʫʯʝʥʠʷ ʠ ʢʦʤʧʴʶʪʝʨʥʦʛʦ ʟʨʝʥʠʷ. ʕʪʠ ʘʣʛʦʨʠʪʤʳ ʤʦʛʫʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʜʣʷ ʠʜʝʥʪʠʬʠʢʘʮʠʠ 
ʦʙʲʝʢʪʦʚ, ʦʙʥʘʨʫʞʝʥʠʷ ʠ ʨʘʩʧʦʟʥʘʚʘʥʠʷ ʣʠʮ, ʦʪʩʣʝʞʠʚʘʥʠʷ ʜʚʠʞʝʥʠʷ ʢʘʤʝʨʳ, ʢʣʘʩʩʠʬʠʢʘʮʠʠ 
ʜʝʡʩʪʚʠʡ ʯʝʣʦʚʝʢʘ ʚ ʚʠʜʝʦ, ʠʟʚʣʝʯʝʥʠʷ 3D-ʤʦʜʝʣʝʡ ʦʙʲʝʢʪʦʚ ʠ ʦʪʩʣʝʞʠʚʘʥʠʷ ʜʚʠʞʫʱʠʭʩʷ ʦʙʲʝʢʪʦʚ.  

ʇʨʦʮʝʩʩ ʨʘʩʧʦʟʥʘʚʘʥʠʷ ʣʠʮʘ ʤʦʞʥʦ ʨʘʟʜʝʣʠʪʴ ʥʘ ʩʣʝʜʫʶʱʠʝ ʵʪʘʧʳ: 
ī ʆʙʥʘʨʫʞʝʥʠʝ ʣʠʮʘ ʥʘ ʠʟʦʙʨʘʞʝʥʠʠ; 
ī ʉʦʟʜʘʥʠʝ ʥʘʙʦʨʘ ʜʘʥʥʳʭ ʩ ʠʟʦʙʨʘʞʝʥʠʷʤʠ; 
ī ʆʙʫʯʝʥʠʝ ʨʘʩʧʦʟʥʘʚʘʪʝʣʷ ʥʘ ʩʦʟʜʘʥʥʦʤ ʥʘʙʦʨʝ; 
ī ʉʨʘʚʥʝʥʠʝ ʦʙʥʘʨʫʞʝʥʥʦʛʦ ʣʠʮʘ ʩ ʫʞʝ ʠʟʚʝʩʪʥʳʤʠ (ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʨʘʩʧʦʟʥʘʚʘʥʠʝ). 
ɼʣʷ ʦʙʥʘʨʫʞʝʥʠʷ ʣʠʮ ʥʘ ʠʟʦʙʨʘʞʝʥʠʠ ʠʩʧʦʣʴʟʫʝʪʩʷ ʤʝʪʦʜ ʢʘʩʢʘʜʦʚ ʍʘʘʨʘ [5], ʪʘʢʞʝ ʠʟʚʝʩʪʥʳʡ 

ʢʘʢ ʘʣʛʦʨʠʪʤ ɺʠʦʣʳ-ɼʞʦʥʩʘ. ʕʪʦʪ ʧʦʜʭʦʜ ʦʩʥʦʚʘʥ ʥʘ ʤʝʭʘʥʠʟʤʝ ʦʙʫʯʝʥʠʷ: ʢʘʩʢʘʜʥʘʷ ʬʫʥʢʮʠʷ 
ʦʙʫʯʘʝʪʩʷ ʥʘ ʤʥʦʞʝʩʪʚʝ ʧʦʣʦʞʠʪʝʣʴʥʳʭ ʠ ʦʪʨʠʮʘʪʝʣʴʥʳʭ ʠʟʦʙʨʘʞʝʥʠʡ. ɿʘʪʝʤ ʧʦʣʫʯʝʥʥʳʝ ʢʘʩʢʘʜʳ 
ʍʘʘʨʘ ʠʩʧʦʣʴʟʫʶʪʩʷ ʜʣʷ ʦʙʥʘʨʫʞʝʥʠʷ ʦʙʲʝʢʪʦʚ ʥʘ ʜʨʫʛʠʭ ʠʟʦʙʨʘʞʝʥʠʷʭ. ɼʣʷ ʪʦʛʦ, ʯʪʦʙʳ 
ʦʧʨʝʜʝʣʠʪʴ, ʷʚʣʷʝʪʩʷ ʣʠ ʦʙʲʝʢʪ ʯʝʣʦʚʝʯʝʩʢʠʤ ʣʠʮʦʤ, ʥʝʦʙʭʦʜʠʤʦ ʚʳʜʝʣʠʪʴ ʧʨʠʤʠʪʠʚʳ, ʪʘʢʠʝ ʢʘʢ 
ʛʫʙʳ, ʥʦʩ, ʛʣʘʟʘ, ʣʦʙ. ɽʩʣʠ ʜʘʥʥʳʝ ʰʘʙʣʦʥʳ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʢʦʥʢʨʝʪʥʳʤ ʦʙʣʘʩʪʷʤ ʥʘ ʠʟʦʙʨʘʞʝʥʠʠ, 
ʜʝʣʘʝʪʩʷ ʚʳʚʦʜ, ʯʪʦ ʣʠʮʦ ʥʘ ʠʟʦʙʨʘʞʝʥʠʠ ʝʩʪʴ. ʏʪʦʙʳ ʦʧʨʝʜʝʣʷʪʴ ʥʘ ʠʟʦʙʨʘʞʝʥʠʠ ʣʠʮʘ ʨʘʟʥʦʛʦ 
ʨʘʟʤʝʨʘ, ʠʩʧʦʣʴʟʫʝʪʩʷ ʤʝʪʦʜ ʩʢʦʣʴʟʷʱʝʛʦ ʦʢʥʘ. ɺʳʰʝʥʘʟʚʘʥʥʳʝ ʧʨʠʤʠʪʠʚʳ ʚʳʯʠʩʣʷʶʪʩʷ ʚʥʫʪʨʠ 
ʦʢʥʘ, ʢʦʪʦʨʦʝ ʧʝʨʝʤʝʱʘʝʪʩʷ ʧʦ ʠʟʦʙʨʘʞʝʥʠʶ. ʇʦʩʣʝ ʵʪʦʛʦ ʨʘʟʤʝʨ ʦʢʥʘ ʫʚʝʣʠʯʠʚʘʝʪʩʷ, ʠ ʚʳʯʠʩʣʝʥʠʷ 
ʧʨʦʠʟʚʦʜʷʪʩʷ ʝʱʝ ʨʘʟ. ʇʦʚʪʦʨʷʝʪʩʷ ʵʪʦ ʜʦ ʪʝʭ ʧʦʨ, ʧʦʢʘ ʨʘʟʤʝʨ ʦʢʥʘ ʥʝ ʩʦʚʧʘʜʸʪ ʩ ʨʘʟʤʝʨʦʤ 
ʠʩʭʦʜʥʦʛʦ ʠʟʦʙʨʘʞʝʥʠʷ. ɼʣʷ ʜʦʩʪʘʪʦʯʥʦ ʯʘʩʪʦ ʠʩʧʦʣʴʟʫʝʤʦʛʦ ʘʣʛʦʨʠʪʤʘ ʜʝʪʝʢʪʠʨʦʚʘʥʠʷ ʣʠʮ, 
OpenCV ʠʤʝʝʪ ʫʞʝ ʦʙʫʯʝʥʥʳʡ ʢʣʘʩʩʠʬʠʢʘʪʦʨ, ʥʦ ʪʘʢʞʝ ʧʨʝʜʦʩʪʘʚʣʷʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴ ʦʙʫʯʠʪʴ ʩʚʦʡ 
ʩʦʙʩʪʚʝʥʥʳʡ ʢʣʘʩʩʠʬʠʢʘʪʦʨ ʜʣʷ ʦʙʥʘʨʫʞʝʥʠʷ ʣʶʙʦʛʦ ʦʙʲʝʢʪʘ.  

ɼʣʷ ʦʙʫʯʝʥʠʷ ʨʘʩʧʦʟʥʘʚʘʪʝʣʷ ʥʝʦʙʭʦʜʠʤʦ ʩʦʟʜʘʪʴ ʥʘʙʦʨ ʜʘʥʥʳʭ, ʩʦʜʝʨʞʘʱʠʡ ʠʟʦʙʨʘʞʝʥʠʷ 
ʣʠʮ, ʧʦʜʣʝʞʘʱʠʭ ʠʜʝʥʪʠʬʠʢʘʮʠʠ. ɼʣʷ ʨʘʩʧʦʟʥʘʚʘʥʠʷ ʣʠʮ ʠʩʧʦʣʴʟʦʚʘʥ ʤʝʪʦʜ ʣʦʢʘʣʴʥʳʭ ʙʠʥʘʨʥʳʭ 
ʰʘʙʣʦʥʦʚ (LBPH) [6]. ʉʫʪʴ ʝʛʦ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʪʦʤ, ʯʪʦ ʠʟʦʙʨʘʞʝʥʠʝ ʨʘʟʙʠʚʘʝʪʩʷ ʥʘ ʯʘʩʪʠ ʠ ʚ ʢʘʞʜʦʡ 
ʯʘʩʪʠ ʢʘʞʜʳʡ ʧʠʢʩʝʣʴ ʩʨʘʚʥʠʚʘʝʪʩʷ ʩ ʩʦʩʝʜʥʠʤʠ ʧʠʢʩʝʣʷʤʠ. ɽʩʣʠ ʟʥʘʯʝʥʠʝ ʮʝʥʪʨʘʣʴʥʦʛʦ ʧʠʢʩʝʣʷ 
ʙʦʣʴʰʝ ʩʦʩʝʜʥʝʛʦ, ʪʦ ʥʘ ʩʦʦʪʚʝʪʩʪʚʫʶʱʫʶ ʧʦʟʠʮʠʶ ʟʘʧʠʩʳʚʘʝʪʩʷ 0, ʚ ʧʨʦʪʠʚʥʦʤ ʩʣʫʯʘʝ 1. ʌʫʥʢʮʠʠ, 
ʧʨʝʜʦʩʪʘʚʣʷʝʤʳʝ OpenCV, ʧʦʟʚʦʣʷʶʪ ʟʘʜʘʚʘʪʴ ʢʦʣʠʯʝʩʪʚʦ ʩʦʩʝʜʥʠʭ ʧʠʢʩʝʣʝʡ ʜʣʷ ʩʨʘʚʥʝʥʠʷ, ʘ 
ʪʘʢʞʝ ʠʭ ʫʜʘʣʝʥʥʦʩʪʴ ʦʪ ʮʝʥʪʨʘʣʴʥʦʛʦ ʧʠʢʩʝʣʷ. ʏʝʤ ʙʦʣʴʰʝ ʧʠʢʩʝʣʝʡ ʚ ʦʢʨʝʩʪʥʦʩʪʠ ʪʦʯʢʠ ʙʫʜʝʪ 
ʦʙʨʘʙʦʪʘʥʦ, ʪʝʤ ʪʦʯʥʝʝ ʙʫʜʝʪ ʨʘʩʧʦʟʥʘʚʘʥʠʝ. ɼʣʷ ʢʘʞʜʦʛʦ ʧʠʢʩʝʣʷ ʧʦʣʫʯʘʝʪʩʷ ʦʧʨʝʜʝʣʝʥʥʦʝ ʯʠʩʣʦ. 
ɼʘʣʝʝ ʥʘ ʦʩʥʦʚʝ ʵʪʠʭ ʯʠʩʝʣ ʜʣʷ ʚʩʝʭ ʯʘʩʪʝʡ, ʥʘ ʢʦʪʦʨʳʝ ʨʘʟʙʠʚʘʣʘʩʴ ʬʦʪʦʛʨʘʬʠʷ, ʩʯʠʪʘʝʪʩʷ 
ʛʠʩʪʦʛʨʘʤʤʘ. ɺʩʝ ʛʠʩʪʦʛʨʘʤʤʳ ʩʦ ʚʩʝʭ ʯʘʩʪʝʡ ʦʙʲʝʜʠʥʷʶʪʩʷ ʚ ʦʜʠʥ ʚʝʢʪʦʨ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʡ 
ʠʟʦʙʨʘʞʝʥʠʝ ʚ ʮʝʣʦʤ. ʏʪʦʙʳ ʫʟʥʘʪʴ, ʢʘʢ ʩʠʣʴʥʦ ʧʦʭʦʞʠ ʜʚʘ ʣʠʮʘ, ʜʣʷ ʢʘʞʜʦʛʦ ʠʟ ʥʠʭ ʥʝʦʙʭʦʜʠʤʦ 
ʚʳʯʠʩʣʠʪʴ ʪʘʢʦʡ ʚʝʢʪʦʨ ʠ ʩʨʘʚʥʠʪʴ ʠʭ. ʆʙʫʯʝʥʠʝ ʨʘʩʧʦʟʥʘʚʘʪʝʣʷ ʪʘʢʞʝ ʧʨʦʚʦʜʠʪʩʷ ʩʨʝʜʩʪʚʘʤʠ 
OpenCV [7].  

ɿʘʢʣʶʯʠʪʝʣʴʥʳʤ ʵʪʘʧʦʤ ʷʚʣʷʝʪʩʷ ʨʘʩʧʦʟʥʘʚʘʥʠʝ ʣʠʮʘ. ʂʘʞʜʦʝ ʣʠʮʦ, ʦʙʥʘʨʫʞʝʥʥʦʝ ʢʘʤʝʨʦʡ 
ʨʦʙʦʪʘ, ʙʫʜʝʪ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥʦ ʨʘʩʧʦʟʥʘʚʘʪʝʣʝʤ. ɼʣʷ ʠʟʦʙʨʘʞʝʥʠʷ ʯʝʣʦʚʝʢʘ, ʫʞʝ ʠʟʚʝʩʪʥʦʛʦ 
ʨʘʩʧʦʟʥʘʚʘʪʝʣʶ, ʙʫʜʝʪ ʚʦʟʚʨʘʱʝʥ ʠʜʝʥʪʠʬʠʢʘʪʦʨ ʵʪʦʛʦ ʯʝʣʦʚʝʢʘ, ʘ ʪʘʢʞʝ ʠʥʜʝʢʩ, ʧʦʢʘʟʳʚʘʶʱʠʡ 
ʩʪʝʧʝʥʴ ʫʚʝʨʝʥʥʦʩʪʠ ʨʘʩʧʦʟʥʘʚʘʪʝʣʷ. ɺʘʞʥʦ ʫʯʠʪʳʚʘʪʴ, ʯʪʦ ʠʥʜʝʢʩ ʜʦʚʝʨʠʷ ʙʫʜʝʪ ʚʦʟʚʨʘʱʘʪʴ 0, 
ʝʩʣʠ ʦʥ ʙʫʜʝʪ ʩʯʠʪʘʪʴʩʷ ʠʜʝʘʣʴʥʳʤ ʩʦʚʧʘʜʝʥʠʝʤ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʢʦʤʙʠʥʘʮʠʷ ʤʝʪʦʜʦʚ ʍʘʘʨʘ ʠ LBPH ʷʚʣʷʝʪʩʷ ʦʧʪʠʤʘʣʴʥʳʤ ʚʘʨʠʘʥʪʦʤ, ʪʘʢ ʢʘʢ 
ʜʘʥʥʳʡ ʧʦʜʭʦʜ ʥʝ ʩʣʦʞʝʥ ʚ ʨʝʘʣʠʟʘʮʠʠ ʠ ʵʬʬʝʢʪʠʚʝʥ ʜʣʷ ʚʩʪʨʦʝʥʥʳʭ ʠ ʤʦʙʠʣʴʥʳʭ ʩʠʩʪʝʤ ʧʨʠ 
ʧʨʘʚʠʣʴʥʦʤ ʧʦʜʭʦʜʝ. 



55-ʷ ʶʙʠʣʝʡʥʘʷ ʥʘʫʯʥʘʷ ʢʦʥʬʝʨʝʥʮʠʷ ʘʩʧʠʨʘʥʪʦʚ, ʤʘʛʠʩʪʨʘʥʪʦʚ ʠ ʩʪʫʜʝʥʪʦʚ ɹɻʋʀʈ, 2019 ʛ. 

44 
 

 ɺ ʢʘʯʝʩʪʚʝ ʧʨʝʠʤʫʱʝʩʪʚ ʧʝʨʝʜ ʥʝʡʨʦʥʥʳʤʠ ʩʝʪʷʤʠ ʩʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ ʙʦʣʝʝ ʥʠʟʢʦʝ 
ʵʥʝʨʛʦʧʦʪʨʝʙʣʝʥʠʝ, ʤʝʥʴʰʝʝ ʚʨʝʤʷ, ʥʝʦʙʭʦʜʠʤʦʝ ʜʣʷ ʦʙʫʯʝʥʠʷ, ʘ ʪʘʢʞʝ ʙʦʣʴʰʝʝ ʢʦʣʠʯʝʩʪʚʦ 
ʠʩʪʦʯʥʠʢʦʚ ʠʥʬʦʨʤʘʮʠʠ. 

ɼʘʥʥʦʝ ʫʩʪʨʦʡʩʪʚʦ ʠʤʝʝʪ ʙʦʣʴʰʦʡ ʧʦʪʝʥʮʠʘʣ ʢ ʧʨʠʤʝʥʝʥʠʶ ʚ ʨʝʘʣʴʥʦʡ ʞʠʟʥʠ. ʈʦʙʦʪʘ ʤʦʞʥʦ 
ʠʩʧʦʣʴʟʦʚʘʪʴ ʜʣʷ ʫʜʘʣʝʥʥʦʛʦ ʤʦʥʠʪʦʨʠʥʛʘ ʩʦʩʪʦʷʥʠʷ ʧʦʤʝʱʝʥʠʷ, ʧʨʠ ʜʣʠʪʝʣʴʥʦʤ ʦʪʲʝʟʜʝ ʠʟ ʜʦʤʘ, ʚ 
ʢʘʯʝʩʪʚʝ ʠʥʪʝʨʘʢʪʠʚʥʦʡ ʦʭʨʘʥʥʦʡ ʩʠʩʪʝʤʳ ʠʣʠ ʧʨʦʩʪʦ ʢʘʢ ʨʘʟʚʣʝʯʝʥʠʝ ʜʣʷ ʜʝʪʝʡ ʠʣʠ ʚʩʝʡ ʩʝʤʴʠ. 
ʎʝʥʪʨʘʣʠʟʦʚʘʥʥʦ ʫʧʨʘʚʣʷʶʱʫʶ ʥʝʩʢʦʣʴʢʠʤʠ ʨʦʙʦʪʘʤʠ ʩʠʩʪʝʤʫ ʥʘ ʦʩʥʦʚʝ ʨʘʟʨʘʙʦʪʘʥʥʦʡ ʥʘʤʠ 
ʤʦʜʝʣʠ ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʜʣʷ ʧʝʨʝʚʦʟʢʠ ʛʨʫʟʦʚ ʚ ʫʩʣʦʚʠʷʭ ʧʨʦʠʟʚʦʜʩʪʚʘ ʠʣʠ ʜʣʷ ʧʨʦʢʣʘʜʢʠ 
ʢʘʙʝʣʷ ʚ ʰʘʭʪʝ, ʩʚʦʠʤʠ ʨʘʟʤʝʨʘʤʠ ʥʝ ʧʦʟʚʦʣʷʶʱʝʡ ʨʘʙʦʪʘʪʴ ʪʘʤ ʯʝʣʦʚʝʢʫ. 

ɺʘʞʥʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʧʦʜʢʣʶʯʘʷ ʪʘʢʦʛʦ ʨʦʙʦʪʘ ʥʘ ʧʦʩʪʦʷʥʥʦʡ ʦʩʥʦʚʝ ʢ ʩʝʪʠ ʠʥʪʝʨʥʝʪ 
ʥʝʦʙʭʦʜʠʤʦ ʪʱʘʪʝʣʴʥʦ ʧʨʦʜʫʤʘʪʴ ʚʩʝ ʘʩʧʝʢʪʳ ʚ ʧʣʘʥʝ ʩʝʪʝʚʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ ʠ ʰʠʬʨʦʚʘʥʠʷ ʜʘʥʥʳʭ, 
ʯʪʦʙʳ ʥʝ ʜʦʧʫʩʪʠʪʴ ʧʦʣʫʯʝʥʠʷ ʜʦʩʪʫʧʘ ʢ ʠʥʩʪʨʫʤʝʥʪʘʤ ʨʦʙʦʪʘ ʠ ʠʥʬʦʨʤʘʮʠʠ ʥʘ ʥʝʤ ʧʦʩʪʦʨʦʥʥʠʤ 
ʣʠʮʘʤ.  

ʈʘʩʰʠʨʷʪʴ ʠ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʪʴ ʬʫʥʢʮʠʦʥʘʣ ʫʩʪʨʦʡʩʪʚʘ ʤʦʞʥʦ ʥʝ ʪʦʣʴʢʦ ʧʨʠ ʧʦʤʦʱʠ 
ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʜʘʪʯʠʢʦʚ ʠ ʫʩʪʨʦʡʩʪʚ, ʪʘʢʠʭ ʢʘʢ ʜʘʪʯʠʢ ʜʘʚʣʝʥʠʷ, ʚʣʘʞʥʦʩʪʠ ʚʦʟʜʫʭʘ, ʪʝʤʧʝʨʘʪʫʨʳ, 
ʜʦʧʦʣʥʠʪʝʣʴʥʳʡ ʤʦʜʫʣʴ ʢʘʤʝʨʳ, ʥʦ ʪʘʢʞʝ ʩʦʚʝʨʰʝʥʩʪʚʫʷ ʘʣʛʦʨʠʪʤ ʨʘʩʧʦʟʥʘʚʘʥʠʷ ʣʠʮ ʠʣʠ ʜʦʙʘʚʣʷʷ 
ʥʦʚʳʝ ʬʫʥʢʮʠʠ ʜʣʷ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩ ʧʦʣʴʟʦʚʘʪʝʣʝʤ. ʅʘʧʨʠʤʝʨ, ʧʨʠʚʝʪʩʪʚʠʝ ʧʦʣʴʟʦʚʘʪʝʣʷ ʧʦ 
ʠʤʝʥʠ, ʟʘʜʘʥʥʦʤ ʧʨʠ ʧʝʨʚʦʤ ʧʦʷʚʣʝʥʠʠ ʚ ʧʦʣʝ ʟʨʝʥʠʷ ʨʦʙʦʪʘ. ʊʘʢʞʝ ʚʦʟʤʦʞʥʦ ʫʩʦʚʝʨʰʝʥʩʪʚʦʚʘʪʴ ʠ 
ʩʘʤʫ ʢʦʥʩʪʨʫʢʮʠʶ ʨʦʙʦʪʘ: ʠʩʧʦʣʴʟʦʚʘʪʴ ʙʦʣʝʝ ʥʘʜʝʞʥʫʶ ʠ ʤʦʱʥʫʶ ʧʣʘʪʬʦʨʤʫ ʩ ʜʚʠʛʘʪʝʣʷʤʠ, 
ʜʦʙʘʚʠʪʴ ʟʘʱʠʪʥʳʡ ʢʦʨʧʫʩ, ʯʪʦʙʳ ʠʟʙʝʞʘʪʴ ʧʦʚʨʝʞʜʝʥʠʷ ʘʧʧʘʨʘʪʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ, ʜʦʙʘʚʠʪʴ 
ʩʦʣʥʝʯʥʳʝ ʧʘʥʝʣʠ ʜʣʷ ʧʦʜʟʘʨʷʜʢʠ ʚʦ ʚʨʝʤʷ ʨʘʙʦʪʳ ʠ ʤʥʦʛʦʝ ʜʨʫʛʦʝ. ɼʘʣʴʥʝʡʰʘʷ ʤʦʜʝʨʥʠʟʘʮʠʷ 
ʫʩʪʨʦʡʩʪʚʘ ʦʛʨʘʥʠʯʠʚʘʝʪʩʷ ʣʠʰʴ ʯʠʩʣʦʤ ʧʦʨʪʦʚ ʚʚʦʜʘ-ʚʳʚʦʜʘ ʢʘʢ ʥʘ ʢʦʥʪʨʦʣʣʝʨʝ Arduino, ʪʘʢ ʠ ʥʘ 
ʦʜʥʦʧʣʘʪʥʦʤ ʢʦʤʧʴʶʪʝʨʝ Raspberry. 
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ʀɼɽʅʊʀʌʀʂɸʎʀʗ ʇʆʃʔɿʆɺɸʊɽʃʗ 
ʇʆ ɽɻʆ ʈʋʂʆʇʀʉʅʆʁ ʇʆɼʇʀʉʀ 

ʂʦʣʷʛʦ ʅ.ʈ. 

ɹʝʣʦʨʫʩʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʥʬʦʨʤʘʪʠʢʠ ʠ ʨʘʜʠʦʵʣʝʢʪʨʦʥʠʢʠ 
ʛ. ʄʠʥʩʢ, ʈʝʩʧʫʙʣʠʢʘ ɹʝʣʘʨʫʩʴ 

ʀʩʢʨʘ ʅ.ɸ. ï ʩʪʘʨʰʠʡ ʧʨʝʧʦʜʘʚʘʪʝʣʴ 

ɺ ʜʘʥʥʦʡ ʩʪʘʪʴʝ ʠʟʫʯʘʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʪʴ ʫʩʪʨʦʡʩʪʚʦ ʩ ʩʝʥʩʦʨʥʳʤ ʵʢʨʘʥʦʤ ʚ ʢʘʯʝʩʪʚʝ ʧʨʠʩʧʦʩʦʙʣʝʥʠʷ ʜʣʷ ʩʙʦʨʘ 
ʦʙʨʘʟʮʦʚ ʧʦʜʧʠʩʝʡ, ʨʘʟʣʠʯʥʳʝ ʩʧʦʩʦʙʳ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʦʙʨʘʟʮʘ (ʦʬʣʘʡʥʦʚʳʡ ʠ ʦʥʣʘʡʥʦʚʳʡ) ʠ ʘʣʛʦʨʠʪʤʳ ʚʝʨʠʬʠʢʘʮʠʠ 
ʧʦʜʧʠʩʝʡ ʥʘ ʦʩʥʦʚʝ ʜʠʥʘʤʠʯʝʩʢʦʡ ʪʨʘʥʩʬʦʨʤʘʮʠʠ ʚʨʝʤʝʥʥʦʡ ʰʢʘʣʳ, ʚʳʜʝʣʝʥʠʷ ʣʦʢʘʣʴʥʳʭ ʵʢʩʪʨʝʤʫʤʦʚ, ʨʘʟʣʦʞʝʥʠʷ 
ʬʫʥʢʮʠʡ ʚ ʨʷʜʳ, ʩʢʨʳʪʦʡ ʤʘʨʢʦʚʩʢʦʡ ʤʦʜʝʣʠ, ʥʝʡʨʦʥʥʳʭ ʩʝʪʝʡ. 

ʈʘʩʧʦʟʥʘʚʘʥʠʝ ʣʶʜʝʡ - ʦʯʝʥʴ ʚʘʞʥʳʡ ʚ ʩʦʚʨʝʤʝʥʥʦʤ ʤʠʨʝ ʚʠʜ ʜʝʷʪʝʣʴʥʦʩʪʠ. ɺʦ ʤʥʦʞʝʩʪʚʝ 
ʧʨʠʣʦʞʝʥʠʡ ʛʘʨʘʥʪʠʷ ʠʜʝʥʪʠʯʥʦʩʪʠ ʣʠʯʥʦʩʪʠ ʠ ʝʝ ʘʚʪʦʨʠʟʘʮʠʷ ʷʚʣʷʶʪʩʷ ʥʝʦʙʭʦʜʠʤʳʤ ʫʩʣʦʚʠʝʤ. 
ʆʜʥʠʤ ʠʟ ʤʥʦʞʝʩʪʚʘ ʩʧʦʩʦʙʦʚ ʨʘʩʧʦʟʥʘʪʴ ʯʝʣʦʚʝʢʘ ʷʚʣʷʝʪʩʷ ʙʠʦʤʝʪʨʠʷ. 

ɹʠʦʤʝʪʨʠʷ - ʥʘʫʢʘ ʦʙ ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʠʣʠ ʚʝʨʠʬʠʢʘʮʠʠ ʣʠʯʥʦʩʪʠ ʧʦ ʬʠʟʠʦʣʦʛʠʯʝʩʢʠʤ ʠʣʠ 
ʧʦʚʝʜʝʥʯʝʩʢʠʤ ʦʪʣʠʯʠʪʝʣʴʥʳʤ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤ. 

ɹʠʦʤʝʪʨʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʩʫʱʝʩʪʚʫʝʪ ʤʥʦʞʝʩʪʚʦ. ʆʥʠ ʤʦʛʫʪ ʙʳʪʴ ʬʠʟʠʯʝʩʢʠʤʠ ʠ 
ʧʦʚʝʜʝʥʯʝʩʢʠʤʠ. ʌʠʟʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ, ʚ ʮʝʣʦʤ, ʜʦʚʦʣʴʥʦ ʩʪʘʪʠʯʥʳ ʠ ʨʝʜʢʦ ʧʦʜʚʝʨʛʘʶʪʩʷ ʩʠʣʴʥʳʤ 
ʠʟʤʝʥʝʥʠʷʤ. ɼʘʞʝ ʩ ʚʦʟʨʘʩʪʦʤ ʦʥʠ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʠʟʤʝʥʷʶʪʩʷ. ɽʜʠʥʩʪʚʝʥʥʳʡ ʩʣʫʯʘʡ, ʢʦʛʜʘ ʵʪʠ 
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ʧʘʨʘʤʝʪʨʳ ʤʦʛʫʪ ʩʠʣʴʥʦ ʠʟʤʝʥʠʪʴʩʷ - ʢʘʢʦʝ-ʣʠʙʦ ʚʦʟʜʝʡʩʪʚʠʝ ʥʘ ʦʨʛʘʥʠʟʤ, ʥʘʧʨʠʤʝʨ, ʪʨʘʚʤʘ, 
ʭʠʨʫʨʛʠʯʝʩʢʘʷ ʦʧʝʨʘʮʠʷ ʠʣʠ ʙʦʣʝʟʥʴ. ʇʦʚʝʜʝʥʯʝʩʢʠʝ ʞʝ ʧʘʨʘʤʝʪʨʳ ʠʟʤʝʥʷʶʪʩʷ ʚ ʪʝʯʝʥʠʝ 
ʦʧʨʝʜʝʣʝʥʥʦʛʦ ʧʝʨʠʦʜʘ ʚʨʝʤʝʥʠ ʠ ʤʦʛʫʪ ʙʳʪʴ ʥʘʤʝʨʝʥʥʦ ʠʟʤʝʥʝʥʳ. 

ʆʩʪʘʥʦʚʠʤʩʷ ʧʦʧʦʜʨʦʙʥʝʝ ʥʘ ʧʦʚʝʜʝʥʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʘʭ, ʘ ʚ ʯʘʩʪʥʦʩʪʠ, ʥʘ ʨʫʢʦʧʠʩʥʦʡ 
ʧʦʜʧʠʩʠ. ʀʟ ʙʠʦʤʝʪʨʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʨʫʢʦʧʠʩʥʘʷ ʧʦʜʧʠʩʴ ʧʨʠʤʝʥʷʝʪʩʷ ʜʦʣʴʰʝ ʠ ʯʘʱʝ ʚʩʝʭ. 
ʇʦʜʧʠʩʴ ʠʥʪʝʨʝʩʥʘ ʪʝʤ, ʯʪʦ ʧʦʜʧʠʩʳʚʘʶʱʠʡʩʷ ʤʦʞʝʪ ʩʘʤ ʦʧʨʝʜʝʣʠʪʴ çʦʪʣʠʯʠʪʝʣʴʥʳʝ ʧʨʠʟʥʘʢʠè ʠ 
çʫʥʠʢʘʣʴʥʦʩʪʴè ʩʚʦʝʡ ʧʦʜʧʠʩʠ. ʇʦʜʜʝʣʢʘ ʟʜʝʩʴ ʤʦʞʝʪ ʙʳʪʴ ʩ ʥʫʣʝʚʳʤ ʫʩʠʣʠʝʤ, ʧʦʩʣʝ ʪʨʝʥʠʨʦʚʢʠ, 
ʠʟ-ʟʘ ʧʣʝʯʘ ʠ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʘʷ ʧʦʜʜʝʣʢʘ. 

ʊʝʭʥʦʣʦʛʠʠ ʘʚʪʦʤʘʪʠʯʝʩʢʦʡ ʚʝʨʠʬʠʢʘʮʠʠ ʧʦʜʧʠʩʝʡ ʜʝʣʷʪʩʷ ʥʘ ʩʣʝʜʫʶʱʠʝ ʚʠʜʳ ʧʦ ʩʧʦʩʦʙʘʤ 
ʧʦʣʫʯʝʥʠʷ ʦʙʨʘʟʮʦʚ: 

1) ʦʬʣʘʡʥʦʚʳʝ (çʩʪʘʪʠʩʪʠʯʝʩʢʠʝè) - ʧʦʜʧʠʩʴ ʧʦʣʫʯʘʝʪʩʷ ʚ ʚʠʜʝ ʠʟʦʙʨʘʞʝʥʠʷ. ɽʜʠʥʩʪʚʝʥʥʘʷ 
ʜʦʩʪʫʧʥʘʷ ʠʥʬʦʨʤʘʮʠʷ - ʢʦʦʨʜʠʥʘʪʳ ʪʦʯʝʢ ʧʦʜʧʠʩʠ; 

2) ʦʥʣʘʡʥʦʚʳʝ - ʩʦʜʝʨʞʘʪ ʜʠʥʘʤʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ, ʪʘʢʠʝ ʢʘʢ ʢʦʦʨʜʠʥʘʪʘ ʧʝʨʘ ʚ 
ʢʦʥʢʨʝʪʥʳʡ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ, ʫʛʦʣ ʥʘʢʣʦʥʘ ʧʝʨʘ, ʩʠʣʘ ʥʘʞʘʪʠʷ. 

ʅʝʜʦʩʪʘʪʢʦʤ ʦʬʣʘʡʥʦʚʳʭ ʪʝʭʥʦʣʦʛʠʡ ʷʚʣʷʝʪʩʷ ʪʦ, ʯʪʦ ʠʭ ʧʨʦʱʝ ʧʦʜʜʝʣʘʪʴ, ʪʘʢ ʢʘʢ ʜʦʩʪʘʪʦʯʥʦ 
ʧʦʜʜʝʣʘʪʴ ʪʦʣʴʢʦ ʬʦʨʤʫ ʧʦʜʧʠʩʠ. ʇʨʝʠʤʫʱʝʩʪʚʦ ʦʥʣʘʡʥʦʚʳʭ ʪʝʭʥʦʣʦʛʠʡ - ʢʨʦʤʝ ʬʦʨʤʳ ʧʦʜʧʠʩʠ 
ʟʣʦʫʤʳʰʣʝʥʥʠʢʫ ʥʝʦʙʭʦʜʠʤʦ ʧʦʚʪʦʨʠʪʴ ʝʱʝ ʠ ʜʠʥʘʤʠʢʫ ʥʘʯʝʨʪʘʥʠʷ ʧʦʜʧʠʩʠ, ʯʪʦ ʥʘ ʧʦʨʷʜʦʢ 
ʩʣʦʞʥʝʝ. ʅʝʜʦʩʪʘʪʦʢ ʫ ʥʠʭ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʦʬʣʘʡʥʦʚʳʤʠ, ʧʦʞʘʣʫʡ, ʚʩʝʛʦ ʦʜʠʥ - ʥʝʦʙʭʦʜʠʤʦ ʙʦʣʝʝ 
ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʦʝ ʦʙʦʨʫʜʦʚʘʥʠʝ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʦʙʨʘʟʮʘ. 

ʄʝʪʦʜʳ ʚʝʨʠʬʠʢʘʮʠʠ ʧʦʜʧʠʩʠ ʚʝʩʴʤʘ ʨʘʟʥʦʦʙʨʘʟʥʳ. ʉʨʝʜʠ ʥʠʭ ʙʳʣʠ ʚʳʙʨʘʥʳ ʩʣʝʜʫʶʱʠʝ: 
1) ʘʣʛʦʨʠʪʤ ʜʠʥʘʤʠʯʝʩʢʦʡ ʪʨʘʥʩʬʦʨʤʘʮʠʠ ʚʨʝʤʝʥʥʦʡ ʰʢʘʣʳ. ɸʣʛʦʨʠʪʤ ʥʝ ʦʪʣʠʯʘʝʪʩʷ 

ʪʦʯʥʦʩʪʴʶ. ʆʥ ʥʝ ʩʘʤʳʡ ʥʘʜʝʞʥʳʡ, ʥʦ ʥʘʠʙʦʣʝʝ ʧʨʦʩʪ ʚ ʨʝʘʣʠʟʘʮʠʠ; 
2) ʘʣʛʦʨʠʪʤ ʚʳʜʝʣʝʥʠʷ ʣʦʢʘʣʴʥʳʭ ʵʢʩʪʨʝʤʫʤʦʚ. ɹʦʣʝʝ ʪʦʯʝʥ, ʯʝʤ ʜʠʥʘʤʠʯʝʩʢʘʷ 

ʪʨʘʥʩʬʦʨʤʘʮʠʷ ʚʨʝʤʝʥʥʦʡ ʰʢʘʣʳ, ʪʘʢ ʢʘʢ ʟʜʝʩʴ ʜʣʷ ʩʨʘʚʥʝʥʠʷ ʠʩʧʦʣʴʟʫʝʪʩʷ ʥʝ ʧʨʠʚʝʜʝʥʥʘʷ ʬʦʨʤʘ 
ʢʨʠʚʦʡ ʧʦʜʧʠʩʠ, ʘ ʝʝ ñʧʨʠʤʝʯʘʪʝʣʴʥʳʝ ʪʦʯʢʠò - ʣʦʢʘʣʴʥʳʝ ʵʢʩʪʨʝʤʫʤʳ ʪʨʘʝʢʪʦʨʠʠ; 

3) ʘʣʛʦʨʠʪʤ ʥʘ ʦʩʥʦʚʝ ʨʘʟʣʦʞʝʥʠʷ ʬʫʥʢʮʠʡ ʚ ʨʷʜʳ ï ʚʨʝʤʝʥʥʳʝ ʬʫʥʢʮʠʠ ʢʦʦʨʜʠʥʘʪ ʪʦʯʝʢ 
ʧʦʜʧʠʩʠ ʨʘʩʢʣʘʜʳʚʘʶʪʩʷ ʚ ʨʷʜʳ, ʥʘ ʦʩʥʦʚʘʥʠʠ ʢʦʪʦʨʳʭ ʧʨʦʠʩʭʦʜʠʪ ʩʨʘʚʥʝʥʠʝ; 

4) ʘʣʛʦʨʠʪʤ ʥʘ ʦʩʥʦʚʝ ʩʢʨʳʪʦʡ ʤʘʨʢʦʚʩʢʦʡ ʤʦʜʝʣʠ. ʀʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʚʝʨʠʬʠʢʘʮʠʠ 
ʦʬʣʘʡʥʦʚʳʭ ʦʙʨʘʟʮʦʚ; 

5) ʥʝʡʨʦʥʥʳʝ ʩʝʪʠ. ʄʦʛʫʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ ʢʘʢ ʜʣʷ ʨʘʩʧʦʟʥʘʥʠʷ ʦʬʣʘʡʥʦʚʳʭ, ʪʘʢ ʠ 
ʦʥʣʘʡʥʦʚʳʭ ʦʙʨʘʟʮʦʚ. ɺ ʧʝʨʚʦʤ ʩʣʫʯʘʝ, ʧʨʦʮʝʩʩ ʩʚʦʜʠʪʩʷ ʢ ʨʘʩʧʦʟʥʘʥʠʶ ʙʠʥʘʨʥʦʛʦ ʠʟʦʙʨʘʞʝʥʠʷ, ʚʦ 
ʚʪʦʨʦʤ - ʢ ʨʘʩʧʦʟʥʘʥʠʶ ʚʨʝʤʝʥʥʦʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʪʦʯʝʢ. 
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ʂʆʈʈɽʂʊʀʈʆɺʂɸ ɺɽʂʊʆʈɸ ɼɺʀɾɽʅʀʗ ɺ ʈɽɸʃʔʅʆʄ ɺʈɽʄɽʅʀ 

ʂʦʥʠʢʦʚ ɸ.ɼ. 

ɹʝʣʦʨʫʩʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʥʬʦʨʤʘʪʠʢʠ ʠ ʨʘʜʠʦʵʣʝʢʪʨʦʥʠʢʠ 
ʛ. ʄʠʥʩʢ, ʈʝʩʧʫʙʣʠʢʘ ɹʝʣʘʨʫʩʴ 

ʉʘʤʘʣʴ ɼ.ʀ. ï ʢ.ʪ.ʥ.,ʜʦʮʝʥʪ 

ɸʚʪʦʥʦʤʥʳʝ ʤʦʙʠʣʴʥʳʝ ʨʦʙʦʪʳ ʧʨʠʤʝʥʷʶʪʩʷ ʚʦ ʤʥʦʛʠʭ ʦʙʣʘʩʪʷʭ ʞʠʟʥʝʜʝʷʪʝʣʴʥʦʩʪʠ ʯʝʣʦʚʝʢʘ. ɼʣʷ ʫʤʝʥʴʰʝʥʠʷ ʛʘʙʘʨʠʪʦʚ ʠ 
ʩʪʦʠʤʦʩʪʠ ʩʠʩʪʝʤʳ ʤʦʞʝʪ ʧʨʠʤʝʥʷʪʴʩʷ ʤʥʦʞʝʩʪʚʦ ʠʜʝʥʪʠʯʥʳʭ ʢʦʤʧʘʢʪʥʳʭ ʩʘʤʦʦʨʛʘʥʠʟʫʶʱʠʭʩʷ ʨʦʙʦʪʦʚ. ɺ ʜʘʥʥʦʡ ʩʪʘʪʴʝ 
ʨʘʩʩʤʦʪʨʝʥʘ ʩʠʩʪʝʤʘ ʧʝʨʝʤʝʱʝʥʠʷ ʢʦʤʧʘʢʪʥʦʛʦ ʨʦʙʦʪʘ ʧʨʠ ʧʦʤʦʱʠ ʦʜʥʦʛʦ ʧʴʝʟʦʵʣʝʤʝʥʪʘ, ʘ ʪʘʢʞʝ ʧʨʦʚʝʜʸʥ ʘʥʘʣʠʟ ʧʨʦʙʣʝʤ, 
ʚʦʟʥʠʢʰʠʭ ʚ ʭʦʜʝ ʨʘʟʨʘʙʦʪʢʠ, ʠ ʧʨʠʚʝʜʝʥʳ ʧʫʪʠ ʠʭ ʨʝʰʝʥʠʷ. 

ʉʬʝʨʘ ʘʚʪʦʥʦʤʥʳʭ ʤʦʙʠʣʴʥʳʭ ʨʦʙʦʪʦʚ ʥʘʙʠʨʘʝʪ ʚʳʩʦʢʫʶ ʧʦʧʫʣʷʨʥʦʩʪʴ ʠ ʧʦʣʫʯʘʝʪ ʚʩʸ 
ʙʦʣʴʰʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ. ʅʘʠʙʦʣʴʰʝʝ ʨʘʟʚʠʪʠʝ ʦʥʘ ʧʦʣʫʯʠʪ ʚ ʪʝʯʝʥʠʝ ʙʣʠʞʘʡʰʠʭ 5-10 ʣʝʪ [1]. 
ʆʜʥʠʤ ʠʟ ʥʘʧʨʘʚʣʝʥʠʡ ʚ ʜʘʥʥʦʡ ʦʙʣʘʩʪʠ ʷʚʣʷʶʪʩʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʢʦʣʣʝʢʪʠʚʥʦʛʦ ʠʥʪʝʣʣʝʢʪʘ, ʠʥʳʤʠ 
ʩʣʦʚʘʤʠ ʨʦʝʚʦʛʦ ʧʦʚʝʜʝʥʠʷ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʤʥʦʞʝʩʪʚʦ ʥʝʟʘʚʠʩʠʤʳʭ ʢʦʤʧʘʢʪʥʳʭ ʠ ʥʝ ʦʯʝʥʴ ʨʦʙʦʪʦʚ 
ʤʦʛʫʪ ʦʙʲʝʜʠʥʷʪʴʩʷ ʜʣʷ ʨʝʰʝʥʠʷ ʦʜʥʦʡ ʙʦʣʴʰʦʡ ʠ ʩʣʦʞʥʦʡ ʟʘʜʘʯʠ, ʥʝʧʦʩʠʣʴʥʦʡ ʜʣʷ ʨʝʰʝʥʠʷ ʦʜʥʠʤ 
ʨʦʙʦʪʦʤ, ʥʘʧʨʠʤʝʨ, ʧʝʨʝʤʝʱʝʥʠʝ ʢʨʫʧʥʦʛʦ ʠ ʪʷʞʸʣʦʛʦ ʦʙʲʝʢʪʘ.  ʫʤʝʥʴʰʝʥʠʝ ʚʨʝʤʝʥʠ ʚʳʧʦʣʥʝʥʠʷ 
ʟʘʜʘʯʠ, ʧʫʪʸʤ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʯʘʩʪʝʡ ʟʘʜʘʯʠ ʤʝʞʜʫ ʛʨʫʧʧʦʡ ʨʦʙʦʪʦʚ.   

ʅʘʠʙʦʣʝʝ ʧʦʜʭʦʜʷʱʠʤʠ ʜʣʷ ʨʝʘʣʠʟʘʮʠʠ ʢʦʤʧʘʢʪʥʳʭ ʨʦʙʦʪʦʚ ʷʚʣʷʶʪʩʷ ʵʣʝʢʪʨʠʯʝʩʢʠʝ, ʚ ʪʦʤ 
ʯʠʩʣʝ ʠ ʚʠʙʨʘʮʠʦʥʥʳʝ ʜʚʠʛʘʪʝʣʠ, ʪ.ʢ. ʦʥʠ ʦʙʣʘʜʘʶʪ ʦʯʝʥʴ ʚʳʩʦʢʠʤ ʦʪʥʦʰʝʥʠʝʤ ʤʦʱʥʦʩʪʴ/ʚʝʩ, 



55-ʷ ʶʙʠʣʝʡʥʘʷ ʥʘʫʯʥʘʷ ʢʦʥʬʝʨʝʥʮʠʷ ʘʩʧʠʨʘʥʪʦʚ, ʤʘʛʠʩʪʨʘʥʪʦʚ ʠ ʩʪʫʜʝʥʪʦʚ ɹɻʋʀʈ, 2019 ʛ. 
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ʠʤʝʶʪ ʢʦʤʧʘʢʪʥʳʝ ʨʘʟʤʝʨʳ, ʦʙʣʘʜʘʶʪ ʥʠʟʢʠʤ ʪʝʧʣʦʚʳʜʝʣʝʥʠʝʤ, ʫʨʦʚʥʝʤ ʰʫʤʘ, ʘ ʪʘʢʞʝ ʚʳʩʦʢʠʤ 
ʂʇɼ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʜʚʠʛʘʪʝʣʷʤʠ ʚʥʫʪʨʝʥʥʝʛʦ ʩʛʦʨʘʥʠʷ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʩʫʱʝʩʪʚʝʥʥʦ ʫʚʝʣʠʯʠʪʴ ʚʨʝʤʷ 
ʘʚʪʦʥʦʤʥʦʡ ʨʘʙʦʪʳ ʨʦʙʦʪʘ. 

ɺ ʜʘʥʥʦʤ ʧʨʦʝʢʪʝ ʧʨʠʤʝʥʷʝʪʩʷ ʚʠʙʨʘʮʠʦʥʥʳʡ ʜʚʠʛʘʪʝʣʴ ʥʘ ʦʩʥʦʚʝ ʧʴʝʟʦʵʣʝʤʝʥʪʘ 
ʨʘʟʨʘʙʦʪʘʥʥʳʡ ʠ ʟʘʧʘʪʝʥʪʦʚʘʥʥʳʡ ʧʨʦʬʝʩʩʦʨʦʤ ɺʣʘʜʠʤʠʨʦʤ ʊʠʤʦʬʝʝʚʠʯʝʤ ʄʠʥʯʝʥʝʡ [2].  

ʇʣʘʪʬʦʨʤʘ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʨʘʚʥʦʙʝʜʨʝʥʥʳʡ ʪʨʝʫʛʦʣʴʥʠʢ ʩ ʟʘʛʥʫʪʳʤʠ ʢʨʘʷʤʠ, 
ʠʟʛʦʪʦʚʣʝʥʥʳʡ ʠʟ ʥʝʨʞʘʚʝʶʱʝʡ ʩʪʘʣʠ, ʢ ʢʦʪʦʨʦʤʫ ʧʨʠʢʣʝʝʥ ʧʴʝʟʦʵʣʝʤʝʥʪ (ʨʠʩʫʥʢʠ 1ʘ,ʙ). ʇʨʠ ʧʦʜʘʯʝ 
ʧʝʨʝʤʝʥʥʦʛʦ ʥʘʧʨʷʞʝʥʠʷ ʩ ʦʧʨʝʜʝʣʸʥʥʦʡ ʯʘʩʪʦʪʦʡ, ʦʧʨʝʜʝʣʷʝʤʦʡ ʵʤʧʠʨʠʯʝʩʢʠ, ʥʘ ʧʴʝʟʦʵʣʝʤʝʥʪ, 
ʥʘʯʠʥʘʶʪʩʷ ʢʦʣʝʙʘʥʠʷ. ʊ.ʢ. ʧʴʝʟʦʵʣʝʤʝʥʪ ʞʸʩʪʢʦ ʩʦʝʜʠʥʸʥ ʩ ʧʣʘʪʬʦʨʤʦʡ ʧʨʠ ʧʦʤʦʱʠ ʮʠʘʥʦʢʨʠʣʘʪʘ, 
ʪʦ ʚʩʝ ʢʦʣʝʙʘʥʠʷ ʧʴʝʟʦʵʣʝʤʝʥʪʘ ʧʝʨʝʜʘʶʪʩʷ ʥʘ ʩʪʘʣʴʥʦʝ ʦʩʥʦʚʘʥʠʝ.  
 

                         
ʈʠʩʫʥʦʢ 1ʘ ï ʇʣʘʪʬʦʨʤʘ ʩ ʧʴʝʟʦʵʣʝʤʝʥʪʦʤ     ʈʠʩʫʥʦʢ 1ʙ ï ʇʣʘʪʬʦʤʘ ʩ ʧʴʝʟʦʵʣʝʤʝʥʪʦʤ 

 
ɺʦʣʥʳ ʤʝʭʘʥʠʯʝʩʢʠʭ ʢʦʣʝʙʘʥʠʡ ʨʘʩʧʨʦʩʪʨʘʥʷʪʩʷ ʧʦ ʤʝʪʘʣʣʫ ʠ ʚʳʟʳʚʘʶʪ ʧʨʫʞʠʥʷʱʠʝ 

ʢʦʣʝʙʘʥʠʷ (ʠʟʛʠʙʘʥʠʷ) ʦʯʝʥʴ ʤʘʣʦʡ ʘʤʧʣʠʪʫʜʳ ʥʦʞʝʢ ʧʣʘʪʬʦʨʤʳ. ʇʨʠ ʧʦʧʘʜʘʥʠʠ ʚ ʯʘʩʪʦʪʫ 
ʨʝʟʦʥʘʥʩʘ, ʠʟ-ʟʘ ʨʘʟʣʠʯʥʳʭ ʨʘʩʩʪʦʷʥʠʡ ʦʪ ʧʴʝʟʦʵʣʝʤʝʥʪʘ ʜʦ ʢʦʥʮʦʚ ʥʦʞʝʢ ʧʣʘʪʬʦʨʤʳ ʚ 
ʦʧʨʝʜʝʣʸʥʥʳʡ ʤʦʤʝʥʪ ʚʝʢʪʦʨ ʩʫʧʝʨʧʦʟʠʮʠʠ ʩʠʣ ʦʢʘʟʳʚʘʝʪʩʷ ʥʝʥʫʣʝʚʳʤ ʠ ʥʘʧʨʘʚʣʝʥʥʳʤ ʚ 
ʦʧʨʝʜʝʣʸʥʥʫʶ ʩʪʦʨʦʥʫ, ʯʪʦ ʚʳʟʳʚʘʝʪ ʜʚʠʞʝʥʠʝ ʧʣʘʪʬʦʨʤʳ. ʉʫʞʘʶʱʠʝʩʷ ʫʛʣʳ ʪʨʝʫʛʦʣʴʥʠʢʘ 
ʚʳʟʳʚʘʶʪ ʩʫʱʝʩʪʚʝʥʥʳʡ ʨʦʩʪ ʘʤʧʣʠʪʫʜʳ ʚʦʣʥ ʢʦʣʝʙʘʥʠʡ ʥʘ ʢʦʥʮʘʭ ʥʦʞʝʢ ʦʩʥʦʚʘʥʠʷ, ʯʪʦ 
ʦʙʝʩʧʝʯʠʚʘʝʪ ʝʱʸ ʙʦʣʴʰʝʝ ʩʤʝʱʝʥʠʝ ʧʣʘʪʬʦʨʤʳ. ʆʪʚʝʨʩʪʠʝ ʚ ʧʣʘʪʬʦʨʤʝ ʠʟʥʘʯʘʣʴʥʦ ʨʘʩʧʦʣʦʞʝʥʦ 
ʚ ʪʦʯʢʝ ʥʘʠʙʦʣʴʰʠʭ ʤʝʭʘʥʠʯʝʩʢʠʭ ʥʘʧʨʷʞʝʥʠʡ ʠ ʚʳʟʳʚʘʝʪ ʧʝʨʝʦʪʨʘʞʝʥʠʝ ʠ ʫʩʠʣʝʥʠʝ ʢʦʣʝʙʘʥʠʡ.  

ʇʨʠ ʜʚʠʞʝʥʠʠ ʧʣʘʪʬʦʨʤʳ, ʠʟ-ʟʘ ʰʝʨʦʭʦʚʘʪʦʩʪʠ ʧʦʚʝʨʭʥʦʩʪʠ, ʧʦ ʢʦʪʦʨʦʡ ʦʥʘ ʜʚʠʞʝʪʩʷ, 
ʚʦʟʥʠʢʘʝʪ ʦʪʢʣʦʥʝʥʠʝ ʜʚʠʞʝʥʠʷ ʨʦʙʦʪʘ ʦʪ ʥʘʤʝʯʝʥʥʦʛʦ ʢʫʨʩʘ. ʏʪʦʙʳ ʫʩʪʨʘʥʠʪʴ ʦʪʢʣʦʥʝʥʠʷ ʚ 
ʜʚʠʞʝʥʠʠ ʪʨʝʙʫʝʪʩʷ ʚʚʦʜʠʪʴ ʢʦʨʨʝʢʪʠʨʦʚʢʠ, ʨʘʩʩʯʠʪʳʚʘʝʤʳʝ ʥʘ ʦʩʥʦʚʘʥʠʠ ʩʠʩʪʝʤʳ ʦʙʨʘʪʥʦʡ ʩʚʷʟʠ, 
ʧʦʩʪʨʦʝʥʥʦʡ ʥʘ ʙʘʟʝ ʦʧʪʠʯʝʩʢʦʛʦ ʩʝʥʩʦʨʘ ʢʦʤʧʴʶʪʝʨʥʦʡ ʤʳʰʠ. 

ɺ ʠʜʝʘʣʝ, ʧʴʝʟʦʦʵʣʝʤʝʥʪ ʜʦʣʞʝʥ ʙʳʪʴ ʧʨʠʢʣʝʝʥ ʨʦʚʥʦ ʧʦʩʝʨʝʜʠʥʝ ʧʣʘʪʬʦʨʤʳ ʠ ʥʘʜ 
ʦʪʚʝʨʩʪʠʝʤ, ʦʜʥʘʢʦ ʠʟ-ʟʘ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʧʦʜʢʣʶʯʝʥʠʷ ʦʧʪʠʯʝʩʢʦʛʦ ʩʝʥʩʦʨʘ ʢʦʤʧʴʶʪʝʨʥʦʡ ʤʳʰʠ 
ʧʴʝʟʦʵʣʝʤʝʥʪ ʧʨʠʰʣʦʩʴ ʩʤʝʩʪʠʪʴ, ʘ ʦʪʚʝʨʩʪʠʝ ʨʘʩʰʠʨʠʪʴ, ʯʪʦʙʳ ʦʧʪʠʯʝʩʢʠʡ ʩʝʥʩʦʨ ʤʦʛ ʨʝʘʛʠʨʦʚʘʪʴ 
ʥʘ ʧʦʚʝʨʭʥʦʩʪʴ, ʧʦ ʢʦʪʦʨʦʡ ʜʚʠʞʝʪʩʷ ʨʦʙʦʪ. ʇʨʠʯʠʥʦʡ ʪʘʢʠʭ ʠʟʤʝʥʝʥʠʡ ʩʪʘʣʦ ʪʦ, ʯʪʦ ʮʝʥʪʨ ʪʷʞʝʩʪʠ 
ʠʩʧʦʣʴʟʦʚʘʥʥʦʡ ʤʳʰʠ ʥʘʭʦʜʠʪʩʷ ʧʨʠʙʣʠʟʠʪʝʣʴʥʦ ʚ ʦʙʣʘʩʪʠ ʦʧʪʠʯʝʩʢʦʛʦ ʩʝʥʩʦʨʘ ʠ ʪʨʝʙʦʚʘʣʦʩʴ, 
ʯʪʦʙʳ ʮʝʥʪʨ ʪʷʞʝʩʪʠ ʥʘʭʦʜʠʣʩʷ ʥʘʜ ʧʣʘʪʬʦʨʤʦʡ, ʘ ʥʝ ʟʘ ʝʸ ʧʨʝʜʝʣʘʤʠ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ 
ʫʩʪʦʡʯʠʚʦʩʪʠ ʧʣʘʪʬʦʨʤʳ ʠ ʨʘʚʥʦʤʝʨʥʦʡ ʥʘʛʨʫʟʢʠ ʥʘ ʝʸ ʥʦʞʢʠ. ʈʘʚʥʦʤʝʨʥʦʩʪʴ ʨʘʩʧʨʝʜʝʣʝʥʠʷ 
ʥʘʛʨʫʟʢʠ ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʥʝʦʙʭʦʜʠʤʳʭ ʫʩʣʦʚʠʡ ʜʣʷ ʧʨʠʚʝʜʝʥʠʷ ʜʘʥʥʦʡ ʩʠʩʪʝʤʳ ʚ ʣʝʛʢʦ 
ʢʦʥʪʨʦʣʠʨʫʝʤʦʝ ʜʚʠʞʝʥʠʝ.  

ʆʩʥʦʚʥʳʝ ʜʦʩʪʦʠʥʩʪʚʘ ʜʘʥʥʦʡ ʧʣʘʪʬʦʨʤʳ - ʧʨʦʩʪʦʪʘ ʠ ʜʝʰʝʚʠʟʥʘ ʢʦʥʩʪʨʫʢʮʠʠ, ʧʦʟʚʦʣʷʶʱʘʷ 
ʩʦʟʜʘʪʴ ʤʥʦʞʝʩʪʚʦ ʵʢʟʝʤʧʣʷʨʦʚ ʜʣʷ ʠʟʫʯʝʥʠʷ ʨʦʝʚʦʛʦ ʧʦʚʝʜʝʥʠʷ ʨʦʙʦʪʦʚ. 

ɻʣʘʚʥʳʤ ʥʝʜʦʩʪʘʪʢʦʤ ʷʚʣʷʝʪʩʷ ʩʣʦʞʥʦʩʪʴ ʧʨʠ ʠʟʛʦʪʦʚʣʝʥʠʠ ʩʪʘʣʴʥʦʡ ʧʣʘʪʬʦʨʤʳ, ʪ.ʢ. 
ʪʨʝʙʫʝʪʩʷ ʪʦʯʥʦ ʩʦʙʣʶʩʪʠ ʧʨʦʧʦʨʮʠʠ, ʠ ʧʨʠ ʧʦʜʙʦʨʢʝ ʯʘʩʪʦʪ ʥʝʦʙʭʦʜʠʤʳʭ ʜʣʷ ʜʚʠʞʝʥʠʷ. 

ɺ ʢʘʯʝʩʪʚʝ ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ ʨʦʙʦʪʦʤ [3], ʠʩʧʦʣʴʟʫʝʪʩʷ ʧʣʘʪʬʦʨʤʘ Arduino Pro Micro, ʪ.ʢ. ʦʥʘ 
ʢʦʤʧʘʢʪʥʘ, ʦʙʣʘʜʘʝʪ ʜʦʩʪʘʪʦʯʥʳʤ ʢʦʣʠʯʝʩʪʚʦʤ ʧʦʨʪʦʚ ʚʚʦʜʘ-ʚʳʚʦʜʘ, ʦʙʣʘʜʘʝʪ ʥʠʟʢʦʡ ʩʪʦʠʤʦʩʪʴʶ ʠ 
ʧʦʜ ʵʪʫ ʧʣʘʪʬʦʨʤʫ ʥʘʧʠʩʘʥʦ ʤʥʦʞʝʩʪʚʦ ʙʠʙʣʠʦʪʝʢ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʩʦʢʨʘʪʠʪʴ ʚʨʝʤʷ ʥʘ ʨʘʟʨʘʙʦʪʢʫ 
ʧʨʦʛʨʘʤʤʥʦʡ ʩʦʩʪʘʚʣʷʶʱʝʡ ʩʠʩʪʝʤʳ. Arduino ʠʩʧʦʣʴʟʫʝʪʩʷ ʚ ʢʘʯʝʩʪʚʝ ʛʝʥʝʨʘʪʦʨʘ ʩʠʛʥʘʣʘ, ʬʦʨʤʘ 
ʧʦʣʫʯʝʥʥʦʛʦ ʩʠʛʥʘʣʘ ʧʨʠʚʝʜʝʥʘ ʥʘ ʨʠʩʫʥʢʝ 2.  

ɸʤʧʣʠʪʫʜʘ ʩʠʛʥʘʣʘ ʥʘ ʚʳʭʦʜʝ ʛʝʥʝʨʘʪʦʨʘ ʥʝʜʦʩʪʘʪʦʯʥʘ, ʜʣʷ ʧʨʠʚʝʜʝʥʠʷ ʩʠʩʪʝʤʳ ʚ ʜʚʠʞʝʥʠʝ, 
ʧʦʵʪʦʤʫ ʪʨʝʙʫʝʪʩʷ ʫʩʠʣʠʪʝʣʴ. ʇʝʨʚʦʥʘʯʘʣʴʥʦ ʧʨʠʤʝʥʷʣʩʷ ʫʩʠʣʠʪʝʣʴ ʥʘ ʙʠʧʦʣʷʨʥʳʭ ʪʨʘʥʟʠʩʪʦʨʘʭ 
(ʩʭʝʤʘ ʧʨʠʚʝʜʝʥʘ ʥʘ ʨʠʩʫʥʢʝ 3), ʦʜʥʘʢʦ ʠʟ-ʟʘ ʧʨʠʤʝʥʝʥʠʷ ʚ ʮʝʧʠ ʧʨʦʭʦʞʜʝʥʠʷ ʩʠʛʥʘʣʘ 
ʵʣʝʢʪʨʦʣʠʪʠʯʝʩʢʦʛʦ ʢʦʥʜʝʥʩʘʪʦʨʘ ʚ ʩʦʯʝʪʘʥʠʠ ʩ ʪʨʘʥʩʬʦʨʤʘʪʦʨʦʤ, ʦʙʨʘʟʫʝʪʩʷ LC ʬʠʣʴʪʨ ʚʳʩʦʢʠʭ 
ʯʘʩʪʦʪ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʟʥʘʯʠʪʝʣʴʥʦʤʫ ʠʩʢʘʞʝʥʠʶ ʩʠʛʥʘʣʘ ʥʘ ʤʘʣʳʭ ʯʘʩʪʦʪʘʭ ʠ ʧʦʷʚʣʝʥʠʶ 
ʥʝʞʝʣʘʪʝʣʴʥʳʭ ʛʘʨʤʦʥʠʢ. ɺʪʦʨʦʡ ʧʨʠʯʠʥʦʡ ʷʚʣʷʣʦʩʴ ʧʨʠʤʝʥʝʥʠʝ ʪʨʘʥʩʬʦʨʤʘʪʦʨʘ ʦʪ ʠʤʧʫʣʴʩʥʦʛʦ 
ʙʣʦʢʘ ʧʠʪʘʥʠʷ, ʨʘʩʩʯʠʪʘʥʥʦʛʦ ʥʘ ʨʘʙʦʪʫ ʥʘ ʯʘʩʪʦʪʘʭ 80-120ʢɻʮ, ʧʦʵʪʦʤʫ ʤʘʛʥʠʪʦʧʨʦʚʦʜ 
ʪʨʘʥʩʬʦʨʤʘʪʦʨʘ ʦʙʣʘʜʘʣ ʥʝʧʦʜʭʦʜʷʱʝʡ ʧʝʨʝʜʘʪʦʯʥʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʦʡ. 

ʌʦʨʤʘ ʩʠʛʥʘʣʘ ʥʘ ʚʳʭʦʜʝ ʫʩʠʣʠʪʝʣʷ ʥʘ ʙʠʧʦʣʷʨʥʳʭ ʪʨʘʥʟʠʩʪʦʨʘʭ ʧʨʠʚʝʜʝʥʘ ʥʘ ʨʠʩʫʥʢʘʭ 4 ʠ 5. 
ɺ ʜʘʣʴʥʝʡʰʝʤ ʙʳʣ ʩʦʙʨʘʥ ʜʨʫʛʦʡ ʫʩʠʣʠʪʝʣʴ ʥʘ ʧʦʣʝʚʳʭ ʪʨʘʥʟʠʩʪʦʨʘʭ (ʨʠʩʫʥʦʢ 6) ʠ ʠʟʛʦʪʦʚʣʝʥ 

ʥʦʚʳʡ ʪʨʘʥʩʬʦʨʤʘʪʦʨ. ɺʳʙʦʨ ʧʦʣʝʚʳʭ ʪʨʘʥʟʠʩʪʦʨʦʚ ʦʙʫʩʣʦʚʣʝʥ ʤʘʣʳʤ ʩʦʧʨʦʪʠʚʣʝʥʠʝʤ ʦʪʢʨʳʪʦʛʦ 
ʢʘʥʘʣʘ ʪʨʘʥʟʠʩʪʦʨʘ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʩʥʠʞʝʥʠʶ ʧʦʪʝʨʴ ʠ ʫʚʝʣʠʯʝʥʠʶ ʂʇɼ ʫʩʠʣʠʪʝʣʷ. ʀʟ ʩʭʝʤʳ ʙʳʣ 
ʫʙʨʘʥ ʢʦʥʜʝʥʩʘʪʦʨ ʚ ʮʝʧʠ ʧʨʦʭʦʞʜʝʥʠʷ ʩʠʛʥʘʣʘ, ʯʪʦ ʚ ʢʫʧʝ ʩ ʠʟʛʦʪʦʚʣʝʥʠʝʤ ʪʨʘʥʩʬʦʨʤʘʪʦʨʘ, ʥʘ 



55-ʷ ʶʙʠʣʝʡʥʘʷ ʥʘʫʯʥʘʷ ʢʦʥʬʝʨʝʥʮʠʷ ʘʩʧʠʨʘʥʪʦʚ, ʤʘʛʠʩʪʨʘʥʪʦʚ ʠ ʩʪʫʜʝʥʪʦʚ ɹɻʋʀʈ, 2019 ʛ. 
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ʙʦʣʝʝ ʥʠʟʢʦʯʘʩʪʦʪʥʦʤ ʤʘʛʥʠʪʦʧʨʦʚʦʜʝ, ʧʦʟʚʦʣʠʣʦ ʫʣʫʯʰʠʪʴ ʧʝʨʝʜʘʪʦʯʥʫʶ ʭʘʨʘʢʪʝʨʠʩʪʠʢʫ ʠ ʩʥʠʟʠʪʴ 
ʠʩʢʘʞʝʥʠʷ. 

              
ʈʠʩʫʥʦʢ 2 ï ʌʦʨʤʘ ʩʠʛʥʘʣʘ ʥʘ ʚʳʭʦʜʝ ʛʝʥʝʨʘʪʦʨʘ    ʈʠʩʫʥʦʢ 3 ï ʋʩʠʣʠʪʝʣʴ ʥʘ ʙʠʧʦʣʷʨʥʳʭ ʪʨʘʥʟʠʩʪʦʨʘʭ 

 

                
ʈʠʩʫʥʦʢ 4 ï 15ʢɻʮ ʥʘ ʚʳʭʦʜʝ ʩʪʘʨʦʛʦ ʫʩʠʣʠʪʝʣʷ           ʈʠʩʫʥʦʢ 5 ï 51ʢɻʮ ʥʘ ʚʳʭʦʜʝ ʩʪʘʨʦʛʦ ʫʩʠʣʠʪʝʣʷ 
 

ɺ ʦʙʦʠʭ ʫʩʠʣʠʪʝʣʷʭ ʥʘ ʚʳʭʦʜʝ ʫʩʪʘʥʦʚʣʝʥ ʜʨʦʩʩʝʣʴ, ʦʥ ʥʝʦʙʭʦʜʠʤ ʜʣʷ ʫʚʝʣʠʯʝʥʠʷ 
ʥʘʧʨʷʞʝʥʠʷ, ʧʦʩʪʫʧʘʶʱʝʛʦ ʥʘ ʧʴʝʟʦʵʣʝʤʝʥʪ. ʌʦʨʤʘ ʩʠʛʥʘʣʘ ʥʘ ʚʳʭʦʜʝ ʥʦʚʦʛʦ ʫʩʠʣʠʪʝʣʷ 
ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩʫʥʢʘʭ 7 ʠ 8.  

 

      
ʈʠʩʫʥʦʢ 6 ï ʋʩʠʣʠʪʝʣʴ ʥʘ ʧʦʣʝʚʳʭ ʪʨʘʥʟʠʩʪʦʨʘʭ          ʈʠʩʫʥʦʢ 7 ï 15ʢɻʮ             ʈʠʩʫʥʦʢ 8 ï 45ʢɻʮ  

 
ʆʜʥʦʡ ʠʟ ʧʝʨʩʧʝʢʪʠʚ ʨʘʟʚʠʪʠʷ ʜʘʥʥʦʛʦ ʧʨʦʝʢʪʘ ʷʚʣʷʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʨʦʙʦʪʦʚ ʥʘ ʦʩʥʦʚʝ 

ʧʴʝʟʦʵʣʝʤʝʥʪʦʚ ʚ ʜʝʬʝʢʪʦʩʢʦʧʠʠ: ʧʦʩʣʝ ʪʦʛʦ, ʢʘʢ ʨʦʙʦʪ ʧʨʠʚʝʜʸʥ ʚ ʜʚʠʞʝʥʠʝ ʠ ʧʨʦʜʦʣʞʘʝʪ 
ʜʚʠʛʘʪʴʩʷ ʧʦ ʠʥʝʨʮʠʠ, ʧʨʠ ʧʦʤʦʱʠ ʧʴʝʟʦʵʣʝʤʝʥʪʘ ʤʦʞʥʦ ʨʝʛʠʩʪʨʠʨʦʚʘʪʴ ʟʘʪʫʭʘʶʱʠʝ ʢʦʣʝʙʘʥʠʷ ʠ 
ʘʥʘʣʠʟʠʨʫʷ ʠʭ, ʤʦʞʥʦ ʩʫʜʠʪʴ ʦ ʥʘʣʠʯʠʝ ʤʠʢʨʦʜʝʬʝʢʪʦʚ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ, ʧʦ ʢʦʪʦʨʦʡ ʜʚʠʛʘʣʩʷ ʨʦʙʦʪ. 
ʂʦʤʧʘʢʪʥʳʝ ʨʘʟʤʝʨʳ ʨʦʙʦʪʘ ʧʦʟʚʦʣʷʪ ʘʥʘʣʠʟʠʨʦʚʘʪʴ ʧʦʚʝʨʭʥʦʩʪʠ ʚ ʪʨʫʜʥʦʜʦʩʪʫʧʥʳʭ ʤʝʩʪʘʭ, 
ʥʘʧʨʠʤʝʨ, ʚʥʫʪʨʝʥʥʶʶ ʧʦʚʝʨʭʥʦʩʪʴ ʪʨʫʙ. 

 
ʉʧʠʩʦʢ ʠʩʧʦʣʴʟʦʚʘʥʥʳʭ ʠʩʪʦʯʥʠʢʦʚ: 
1. Gartner Hype Cycle [ʕʣʝʢʪʨʦʥʥʳʡ ʨʝʩʫʨʩ]. ï ʈʝʞʠʤ ʜʦʩʪʫʧʘ :  https://www.gartner.com/smarterwithgartner/5-trends-

emerge-in-gartner-hype-cycle-for-emerging-technologies-2018/ 
2. ʎʠʬʨʦʚʳʝ  ʩʠʩʪʝʤʳ  ʫʧʨʘʚʣʝʥʠʷ  ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʤ ʦʙʦʨʫʜʦʚʘʥʠʝʤ : ʫʯ. ʧʦʩʦʙʠʝ / ɺ. ʊ. ʄʠʥʯʝʥʷ [ʠ ʜʨ.]. ï ʄʠʥʩʢ : 

ʕʥʮʠʢʣʦʧʝʜʠʢʩ, 2016. ï 108 ʩ.ʀʥʬʦʨʤʘʮʠʦʥʥʳʝ ʪʝʭʥʦʣʦʛʠʠ ʠ ʫʧʨʘʚʣʝʥʠʝ : ʤʘʪʝʨʠʘʣʳ 49 ʥʘʫʯ. ʢʦʥʬ. ʘʩʧʠʨʘʥʪʦʚ, 
ʤʘʛʠʩʪʨʘʥʪʦʚ ʠ ʩʪʫʜʝʥʪʦʚ, ʄʠʥʩʢ, 6ï10 ʤʘʷ 2013 ʛ. / ɹʝʣʦʨʫʩ. ʛʦʩ. ʫʥ-ʪ ʠʥʬʦʨʤʘʪʠʢʠ ʠ ʨʘʜʠʦʵʣʝʢʪʨʦʥʠʢʠ ; ʨʝʜʢʦʣ.: ʃ. ʖ. ʐʠʣʠʥ 
[ʠ ʜʨ.]. ï ʄʠʥʩʢ : ɹɻʋʀʈ, 2013. ï 103 ʩ. 

3. ʉʭʝʤʦʪʝʭʥʠʢʘ ʮʠʬʨʦʚʠʭ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʝʡ ʧʝʨʝʤʝʱʝʥʠʡ: ʉʧʨʘʚʦʯʥʦʝ ʧʦʩʦʙʠʝ/ ɺ.ɻ. ɼʦʤʨʘʯʝʚ, ɺ.ʈ. ʄʘʪʚʝʝʚʩʢʠʡ, 
ʖ.ʉ. ʉʤʠʨʥʦʚ. ï ʄ.: ʕʥʝʨʛʦʘʪʦʤʠʟʜʘʪ, 1992. - 392ʩ.: ʠʣ. 
 
 

ʉʀʉʊɽʄɸ ʋʇʈɸɺʃɽʅʀʗ ɼʆʂʋʄɽʅʊʆʆɹʆʈʆʊʆʄ ʂɸʌɽɼʈʓ 

ʂʫʧʨʠʷʥʦʚʘ ɼ.ɺ., ɺʘʣʝʥʪʶʢʝʚʠʯ ɼ.ɸ. 

ɹʝʣʦʨʫʩʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʥʬʦʨʤʘʪʠʢʠ ʠ ʨʘʜʠʦʵʣʝʢʪʨʦʥʠʢʠ 
ʛ. ʄʠʥʩʢ, ʈʝʩʧʫʙʣʠʢʘ ɹʝʣʘʨʫʩʴ 

ʀʩʢʨʘ ʅ.ɸ. ï ʩʪʘʨʰʠʡ ʧʨʝʧʦʜʘʚʘʪʝʣʴ 

ɼʦʢʫʤʝʥʪʦʦʙʦʨʦʪ - ʧʨʦʙʣʝʤʘ ʢʘʞʜʦʡ ʦʨʛʘʥʠʟʘʮʠʠ ʠ ʢʘʬʝʜʨʳ ʫʥʠʚʝʨʩʠʪʝʪʘ ʥʝ ʷʚʣʷʶʪʩʷ ʠʩʢʣʶʯʝʥʠʝʤ. ʅʝʦʙʭʦʜʠʤʦʩʪʴ 
ʩʦʟʜʘʥʠʷ ʩʠʩʪʝʤ ʫʧʨʘʚʣʝʥʠʷ ʜʦʢʫʤʝʥʪʦʦʙʦʨʦʪʦʤ ʦʨʛʘʥʠʟʘʮʠʠ ʧʦʷʚʠʣʘʩʴ ʜʘʚʥʦ ʠ ʪʨʝʙʫʝʪ ʙʳʩʪʨʦʛʦ ʨʝʰʝʥʠʷ ʚ ʩʦʚʨʝʤʝʥʥʦʤ 
ʤʠʨʝ. 

ʅʘ ʪʝʢʫʱʠʡ ʤʦʤʝʥʪ ʢʘʞʜʘʷ ʦʨʛʘʥʠʟʘʮʠʷ ʩʪʘʨʘʝʪʩʷ ʦʧʪʠʤʠʟʠʨʦʚʘʪʴ ʨʘʙʦʪʫ ʩʚʦʠʭ ʩʦʪʨʫʜʥʠʢʦʚ ʠ 
ʘʢʢʫʨʘʪʥʦʝ ʚʝʜʝʥʠʝ ʜʦʢʫʤʝʥʪʘʮʠʠ ʷʚʣʷʝʪʩʷ ʢʣʶʯʝʚʳʤ ʪʨʝʙʦʚʘʥʠʝʤ ʢʘʞʜʦʛʦ ʨʫʢʦʚʦʜʠʪʝʣʷ. ɺʩʶ 
ʜʦʢʫʤʝʥʪʘʮʠʶ ʪʨʝʙʫʝʪʩʷ ʩʪʨʫʢʪʫʨʠʨʦʚʘʪʴ, ʭʨʘʥʠʪʴ ʚ ʩʪʨʦʛʦʤ ʧʦʨʷʜʢʝ, ʘ ʪʘʢʞʝ ʙʝʨʝʯʴ ʝʸ ʩʦʭʨʘʥʥʦʩʪʴ. 
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ʉʦʛʣʘʩʥʦ ʟʘʢʦʥʫ ʈʝʩʧʫʙʣʠʢʠ ɹʝʣʘʨʫʩʴ çʆʙ ʵʣʝʢʪʨʦʥʥʦʤ ʜʦʢʫʤʝʥʪʝ ʠ ʵʣʝʢʪʨʦʥʥʦʡ ʮʠʬʨʦʚʦʡ 
ʧʦʜʧʠʩʠè [1], ʧʨʝʜʧʨʠʷʪʠʷ ʤʦʛʫʪ ʠʩʧʦʣʴʟʦʚʘʪʴ ʵʣʝʢʪʨʦʥʥʫʶ ʜʦʢʫʤʝʥʪʘʮʠʶ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ 
ʨʘʟʨʘʙʦʪʘʪʴ ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ ʜʦʢʫʤʝʥʪʦʦʙʦʨʦʪʦʤ ʚ ʢʘʞʜʦʡ ʦʨʛʘʥʠʟʘʮʠʠ. 

ɹʳʣʦ ʧʨʝʜʣʦʞʝʥʦ ʨʘʟʨʘʙʦʪʘʪʴ ʩʠʩʪʝʤʫ ʥʘ ʧʣʘʪʬʦʨʤʝ 1ʉ, ʜʣʷ ʨʝʰʝʥʠʷ ʧʨʦʙʣʝʤʳ ʫʧʨʘʚʣʝʥʠʷ 
ʜʦʢʫʤʝʥʪʘʮʠʝʡ ʥʘ ʦʜʥʦʡ ʠʟ ʢʘʬʝʜʨ ʫʥʠʚʝʨʩʠʪʝʪʘ. ɺ ʧʨʦʮʝʩʩʝ ʨʘʟʨʘʙʦʪʢʠ ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ 
ʜʦʢʫʤʝʥʪʦʦʙʦʨʦʪʦʤ ʢʘʬʝʜʨʳ, ʙʳʣʠ ʚʳʙʨʘʥʳ ʩʣʝʜʫʶʱʠʝ ʧʦʣʴʟʦʚʘʪʝʣʠ: 

ī ʟʘʚʝʜʫʶʱʠʡ ʢʘʬʝʜʨʦʡ; 
ī ʩʝʢʨʝʪʘʨʴ ʢʘʬʝʜʨʳ; 
ī ʟʘʤʝʩʪʠʪʝʣʴ ʟʘʚʝʜʫʶʱʝʛʦ ʢʘʬʝʜʨʦʡ; 
ī ʫʯʸʥʳʡ ʩʝʢʨʝʪʘʨʴ; 
ī ʦʪʚʝʪʩʪʚʝʥʥʳʡ ʧʦ ʧʨʘʢʪʠʢʝ (ʩʪʫʜʝʥʪʦʚ, ʤʘʛʠʩʪʨʘʥʪʦʚ); 
ī ʦʪʚʝʪʩʪʚʝʥʥʳʡ ʟʘ ʜʠʧʣʦʤʥʦʝ ʧʨʦʝʢʪʠʨʦʚʘʥʠʝ; 
ī ʩʝʢʨʝʪʘʨʠ ɻʕʂ (ʩʪʫʜʝʥʪʦʚ, ʤʘʛʠʩʪʨʘʥʪʦʚ). 
ʂʘʞʜʳʡ ʠʟ ʧʦʣʴʟʦʚʘʪʝʣʝʡ ʠʤʝʝʪ ʩʚʦʠ ʧʨʘʚʘ ʜʦʩʪʫʧʘ ʢ ʩʠʩʪʝʤʝ ʜʦʢʫʤʝʥʪʦʦʙʦʨʦʪʘ, ʘ ʪʘʢʞʝ 

ʩʚʦʠ ʧʨʘʚʘ ʥʘ ʨʝʜʘʢʪʠʨʦʚʘʥʠʝ ʠ ʚʝʜʝʥʠʝ ʜʦʢʫʤʝʥʪʘʮʠʠ. ʂʣʶʯʝʚʳʤ ʧʦʣʴʟʦʚʘʪʝʣʝʤ ʷʚʣʷʝʪʩʷ 

ʟʘʚʝʜʫʶʱʠʡ ʢʘʬʝʜʨʦʡ, ʚ ʝʛʦ ʨʘʩʧʦʨʷʞʝʥʠʠ ʧʨʦʩʤʦʪʨ ʚʩʝʡ ʜʦʢʫʤʝʥʪʘʮʠʠ ʧʦʣʴʟʦʚʘʪʝʣʝʡ ʩʠʩʪʝʤʳ 

ʫʧʨʘʚʣʝʥʠʷ. ʅʘ ʜʘʥʥʳʡ ʤʦʤʝʥʪ ʨʝʘʣʠʟʦʚʘʥʳ ʩʣʝʜʫʶʱʠʝ ʟʘʜʘʯʠ: 

 

 
 

ʈʠʩʫʥʦʢ 1 ï ɿʘʜʘʯʠ ʧʦʣʴʟʦʚʘʪʝʣʝʡ ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ ʜʦʢʫʤʝʥʪʦʦʙʦʨʦʪʦʤ ʢʘʬʝʜʨʳ 
 
ʉʧʠʩʦʢ ʠʩʧʦʣʴʟʦʚʘʥʥʳʭ ʠʩʪʦʯʥʠʢʦʚ: 
1. ʆʙ ʵʣʝʢʪʨʦʥʥʦʤ ʜʦʢʫʤʝʥʪʝ ʠ ʵʣʝʢʪʨʦʥʥʦʡ ʮʠʬʨʦʚʦʡ ʧʦʜʧʠʩʠ: ɿʘʢʦʥ ʈʝʩʧʫʙʣʠʢʠ ɹʝʣʘʨʫʩʴ ʦʪ 28 ʜʝʢʘʙʨʷ 2009ʛ. 

ˉ113-ɿ (ʩ ʠʟʤʝʥʝʥʠʷʤʠ ʠ ʜʦʧʦʣʥʝʥʠʷʤʠ) // ʅʘʮʠʦʥʘʣʴʥʳʡ ʀʥʪʝʨʥʝʪ-ʧʦʨʪʘʣ ʈʝʩʧʫʙʣʠʢʠ ɹʝʣʘʨʫʩʴ [ʕʣʝʢʪʨʦʥʥʳʡ ʨʝʩʫʨʩ] / ʅʘʮ. 
ʮʝʥʪʨ ʧʨʘʚʦʚʦʡ ʠʥʬʦʨʤ. ʈʝʩʧʫʙʣʠʢʠ ɹʝʣʘʨʫʩʴ. ï ʄʠʥʩʢ, 2013. ï ʈʝʞʠʤ ʜʦʩʪʫʧʘ: http://www.pravo.by.  
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MICROSOFT ORLEANS ʂɸʂ ʈɽɸʃʀɿɸʎʀʗ 
ʄʀʂʈʆʉɽʈɺʀʉʅʆʁ ɸʈʍʀʊɽʂʊʋʈʓ 

ʄʘʟʫʨʢʝʚʠʯ ɽ.ɸ. 

ɹʝʣʦʨʫʩʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʥʬʦʨʤʘʪʠʢʠ ʠ ʨʘʜʠʦʵʣʝʢʪʨʦʥʠʢʠ 
ʛ. ʄʠʥʩʢ, ʈʝʩʧʫʙʣʠʢʘ ɹʝʣʘʨʫʩʴ 

ʅʘʩʫʨʦ ɽ.ɺ. ï ʢ.ʪ.ʥ. 

ʎʝʣʴ ʨʘʙʦʪʳ: ʠʩʩʣʝʜʦʚʘʪʴ ʩʪʨʫʢʪʫʨʫ ʦʨʛʘʥʠʟʘʮʠʠ ʪʝʭʥʦʣʦʛʠʠ microsoft orleans, ʨʘʩʩʤʦʪʨʝʪʴ ʧʨʠʤʝʥʝʥʠʝ ʜʘʥʥʦʡ ʪʝʭʥʦʣʦʛʠʠ 
ʜʣʷ ʨʝʘʣʠʟʘʮʠʠ ʤʠʢʨʦʩʝʨʚʠʩʥʦʡ ʘʨʭʠʪʝʢʪʫʨʳ. 

Microsoft Orleans - ʵʪʦ ʠʥʬʨʘʩʪʨʫʢʪʫʨʘ, ʢʦʪʦʨʘʷ ʦʙʝʩʧʝʯʠʚʘʝʪ ʧʨʦʩʪʦʡ ʧʦʜʭʦʜ ʢ ʩʦʟʜʘʥʠʶ 
ʨʘʩʧʨʝʜʝʣʝʥʥʳʭ ʢʨʫʧʥʦʤʘʩʰʪʘʙʥʳʭ ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ ʧʨʠʣʦʞʝʥʠʡ ʙʝʟ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʠʟʫʯʘʪʴ ʠ 
ʧʨʠʤʝʥʷʪʴ ʩʣʦʞʥʳʡ ʧʘʨʘʣʣʝʣʠʟʤ ʠʣʠ ʜʨʫʛʠʝ ʰʘʙʣʦʥʳ ʤʘʩʰʪʘʙʠʨʦʚʘʥʠʷ [1]. Orleans ʧʨʝʜʦʩʪʘʚʣʷʝʪ 
ʠʥʪʫʠʪʠʚʥʦ ʧʦʥʷʪʥʳʡ ʩʧʦʩʦʙ ʧʦʩʪʨʦʝʥʠʷ ʧʨʠʣʦʞʝʥʠʷ, ʢʦʛʜʘ ʨʘʟʣʠʯʥʳʝ ʦʙʲʝʢʪʳ ʙʠʟʥʝʩ-ʣʦʛʠʢʠ 
ʚʳʛʣʷʜʷʪ ʢʘʢ ʤʥʦʞʝʩʪʚʦ ʠʟʦʣʠʨʦʚʘʥʥʳʭ ʛʣʦʙʘʣʴʥʦ ʘʜʨʝʩʫʝʤʳʭ ʦʙʲʝʢʪʦʚ  ʨʘʟʣʠʯʥʳʭ ʪʠʧʦʚ, 
ʠʤʝʥʫʝʤʳʭ Grain (ʟʝʨʥʦ). ɼʘʥʥʳʝ ʟʝʨʥʘ ʨʘʩʧʨʝʜʝʣʝʥʳ ʧʦ ʢʣʘʩʪʝʨʫ ʩʝʨʚʝʨʦʚ, ʢʦʪʦʨʳʝ ʚ 
ʪʝʨʤʠʥʦʣʦʛʠʠ orleans ʥʘʟʳʚʘʶʪʩʷ Silo (ʭʨʘʥʠʣʠʱʝ). ɼʘʥʥʘʷ ʩʪʨʫʢʪʫʨʘ ʦʪʦʙʨʘʞʝʥʘ ʥʘ ʨʠʩʫʥʢʝ 1. 

 

 
ʈʠʩʫʥʦʢ 1 - ʉʪʨʫʢʪʫʨʘ Microsoft Orleans 

 

ʈʝʘʣʠʟʘʮʠʷ Orleans ʦʩʥʦʚʘʥʘ ʥʘ ʤʦʜʝʣʠ ʘʢʪʝʨʘ, ʩʫʱʝʩʪʚʫʶʱʝʡ ʩ 1970-ʭ ʛʦʜʦʚ. ʆʜʥʘʢʦ, ʚ 
ʦʪʣʠʯʠʝ ʦʪ ʘʢʪʝʨʦʚ ʚ ʙʦʣʝʝ ʪʨʘʜʠʮʠʦʥʥʳʭ ʘʢʪʝʨʩʢʠʭ ʩʠʩʪʝʤʘʭ, Orleans ʟʝʨʥʘ - ʚʠʨʪʫʘʣʴʥʳʝ ʘʢʪʝʨʳ. 
ʉʘʤʳʤ ʙʦʣʴʰʠʤ ʦʪʣʠʯʠʝʤ ʷʚʣʷʝʪʩʷ ʪʦ, ʯʪʦ ʬʠʟʠʯʝʩʢʠʝ ʵʢʟʝʤʧʣʷʨʳ ʟʝʨʝʥ ʧʦʣʥʦʩʪʴʶ 
ʘʙʩʪʨʘʛʠʨʦʚʘʥʳ ʠ ʘʚʪʦʤʘʪʠʯʝʩʢʠ ʫʧʨʘʚʣʷʶʪʩʷ ʩʨʝʜʦʡ ʚʳʧʦʣʥʝʥʠʷ Orleans. ʄʦʜʝʣʴ ʚʠʨʪʫʘʣʴʥʦʛʦ 
ʘʢʪʦʨʘ ʛʦʨʘʟʜʦ ʙʦʣʴʰʝ ʧʦʜʭʦʜʠʪ ʜʣʷ ʤʘʩʰʪʘʙʥʳʭ ʜʠʥʘʤʠʯʝʩʢʠʭ ʨʘʙʦʯʠʭ ʥʘʛʨʫʟʦʢ, ʪʘʢʠʭ ʢʘʢ 
ʦʙʣʘʯʥʳʝ ʩʝʨʚʠʩʳ, ʯʪʦ ʷʚʣʷʝʪʩʷ ʦʩʥʦʚʥʳʤ ʥʦʚʦʚʚʝʜʝʥʠʝʤ Orleans. 

ʇʨʝʠʤʫʱʝʩʪʚʦ ʚʠʨʪʫʘʣʴʥʳʭ ʘʢʪʝʨʦʚ ʚ ʪʦʤ, ʯʪʦ ʚ ʣʶʙʦʡ ʤʦʤʝʥʪ ʚʘʰ ʢʦʜ ʤʦʞʝʪ ʧʦʣʫʯʠʪʴ ʫ 
ʩʨʝʜʳ ʚʳʧʦʣʥʝʥʠʷ Orleans ʧʨʦʢʩʠ ʜʣʷ ʦʙʨʘʱʝʥʠʷ ʢ ʢʦʥʢʨʝʪʥʦʤʫ ʟʝʨʥʫ ʧʦ ʝʛʦ ʠʥʪʝʨʬʝʡʩʫ ʠ ʢʣʶʯʫ [2]. 
ʇʨʠ ʚʳʟʦʚʝ ʤʝʪʦʜʦʚ ʧʨʦʢʩʠ ʧʦʩʳʣʘʝʪʩʷ ʩʦʦʙʱʝʥʠʝ ʢʣʘʩʪʝʨʫ ʠʟ ʥʝʩʢʦʣʴʢʠʭ ʩʝʨʚʝʨʦʚ, ʛʜʝ ʦʥʦ ʙʫʜʝʪ 
ʜʦʩʪʘʚʣʝʥʦ ʦʜʥʦʤʫ ʟʝʨʥʫ ʩ ʟʘʜʘʥʥʳʤ ʢʣʶʯʦʤ. ʉʨʝʜʘ ʚʳʧʦʣʥʝʥʠʷ ʛʘʨʘʥʪʠʨʫʝʪ, ʯʪʦ ʪʘʢʦʝ ʟʝʨʥʦ ʙʫʜʝʪ 
ʩʦʟʜʘʥʦ ʚ ʝʜʠʥʩʪʚʝʥʥʦʤ ʵʢʟʝʤʧʣʷʨʝ ʥʘ ʦʜʥʦʤ ʠʟ ʩʝʨʚʝʨʦʚ ʠ ʧʦʩʣʝʜʫʶʱʠʝ ʚʳʟʦʚʳ ʙʫʜʫʪ ʜʦʩʪʘʚʣʝʥʳ 
ʝʤʫ. ʉʨʝʜʘ ʚʳʧʦʣʥʝʥʠʷ ʪʘʢʞʝ ʘʚʪʦʤʘʪʠʯʝʩʢʠ ʫʜʘʣʷʝʪ ʠʟ ʧʘʤʷʪʠ (ʜʝʘʢʪʠʚʠʨʫʝʪ) ʟʝʨʥʘ, ʢʦʪʦʨʳʝ ʥʝ 
ʧʦʣʫʯʘʣʠ ʚʳʟʦʚʦʚ ʟʘʜʘʥʥʦʝ ʚʨʝʤʷ, ʪʘʢʠʤ ʦʙʨʘʟʦʤ ʧʦʩʪʦʷʥʥʦ ʩʦʙʠʨʘʷ "ʤʫʩʦʨ". ɽʩʣʠ ʩʝʨʚʝʨ, ʥʘ 
ʢʦʪʦʨʦʤ ʥʘʭʦʜʠʣʠʩʴ ʨʘʥʝʝ ʟʝʨʥʘ, ʩʪʘʣ ʥʝʜʦʩʪʫʧʥʳʤ ð ʩʨʝʜʘ ʚʳʧʦʣʥʝʥʠʷ ʙʳʩʪʨʦ ʧʦʜʥʠʤʝʪ 
ʵʢʟʝʤʧʣʷʨʳ ʜʘʥʥʳʭ ʟʝʨʝʥ ʥʘ ʜʨʫʛʦʤ ʭʨʘʥʠʣʠʱʝ, ʯʪʦ ʤʦʞʝʪ ʩʢʘʟʘʪʴʩʷ ʪʦʣʴʢʦ ʥʘ ʥʝʙʦʣʴʰʦʡ ʟʘʜʝʨʞʢʝ 
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ʥʘ ʟʘʧʫʩʢ ʛʨʝʡʥʦʚ. ɽʩʣʠ ʚʳʟʦʚ ʜʦʣʞʝʥ ʧʨʠʡʪʠ ʥʘ ʪʦʪ ʞʝ ʩʘʤʳʡ ʩʝʨʚʝʨ ð ʩʨʝʜʘ ʚʳʧʦʣʥʝʥʠʷ  ʵʪʦ 
ʦʧʪʠʤʠʟʠʨʫʝʪ ʠ ʚʳʟʦʚ ʙʫʜʝʪ ʣʦʢʘʣʴʥʳʤ. 

ʇʦʣʴʟʦʡ ʚʠʨʪʫʘʣʴʥʳʭ ʘʢʪʝʨʦʚ ʚ ʪʦʤ, ʯʪʦ ʵʪʦ ʩʪʨʫʢʪʫʨʘ ʦʯʝʥʴ ʣʝʛʢʦ ʤʘʩʰʪʘʙʠʨʫʝʪʩʷ ʚ ʦʙʣʘʢʘʭ: 
ʭʨʘʥʠʣʠʱʘ ʧʨʦʚʝʨʷʶʪ ʜʦʩʪʫʧʥʦʩʪʴ ʜʨʫʛ ʜʨʫʛʘ ʠ ʦʧʨʝʜʝʣʷʶʪ, ʢʦʛʜʘ ʢʪʦ-ʪʦ ʥʝʜʦʩʪʫʧʝʥ, 
ʧʝʨʝʨʘʩʧʨʝʜʝʣʷʶʪ ʟʝʨʥʘ ʥʝʜʦʩʪʫʧʥʦʛʦ ʭʨʘʥʠʣʠʱʘ ʤʝʞʜʫ ʩʦʙʦʡ. ʂʣʘʩʪʝʨ ʙʫʜʝʪ ʜʦʩʪʫʧʝʥ ʠ 
ʚʳʧʦʣʥʷʪʴ ʩʚʦʠ ʬʫʥʢʮʠʠ, ʧʦʢʘ ʝʩʪʴ ʭʦʪʷ ʙʳ ʦʜʥʦ ʘʢʪʠʚʥʦʝ ʭʨʘʥʠʣʠʱʝ, ʠ ʧʨʠ ʧʦʜʢʣʶʯʝʥʠʠ ʥʦʚʳʭ 
ʫʯʘʩʪʥʠʢʦʚ ʢʣʘʩʪʝʨʘ ð ʦʥʠ ʧʦʣʫʯʘʪ ʩʚʦʡ ʜʠʘʧʘʟʦʥ ʛʨʝʡʥʦʚ ʠ ʥʘʯʥʫʪ ʘʢʪʠʚʥʦ ʦʙʨʘʙʘʪʳʚʘʪʴ ʟʘʧʨʦʩʳ. 

ʊʘʢʞʝ ʩʨʝʜʘ ʚʳʧʦʣʥʝʥʠʷ ʜʘʝʪ ʛʘʨʘʥʪʠʠ ʯʪʦ ʧʨʠ ʚʳʧʦʣʥʝʥʠʠ ʤʝʪʦʜʘ ʚ ʟʝʨʥʝ, ʥʠʢʘʢʦʡ ʜʨʫʛʦʡ 
ʚʳʟʦʚ ʥʘ ʪʦʞʝ ʩʘʤʦʝ ʟʝʨʥʦ ʥʝ ʧʨʠʜʝʪ, ʪʦ ʝʩʪʴ ʩʨʝʜʘ ʚʳʧʦʣʥʝʥʠʷ ʛʘʨʘʥʪʠʨʫʝʪ ʦʜʥʦʧʦʪʦʯʥʦʝ 
ʚʳʧʦʣʥʝʥʠʝ ʢʦʜʘ, ʚ ʨʘʤʢʘʭ ʦʜʥʦʛʦ ʟʝʨʥʘ.  

ʄʠʢʨʦʩʝʨʚʠʩʥʘʷ ʘʨʭʠʪʝʢʪʫʨʘ ð ʚʘʨʠʘʥʪ ʩʝʨʚʠʩ-ʦʨʠʝʥʪʠʨʦʚʘʥʥʦʡ ʘʨʭʠʪʝʢʪʫʨʳ ʧʨʦʛʨʘʤʤʥʦʛʦ 
ʦʙʝʩʧʝʯʝʥʠʷ, ʦʨʠʝʥʪʠʨʦʚʘʥʥʳʡ ʥʘ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʥʝʙʦʣʴʰʠʭ, ʥʘʩʢʦʣʴʢʦ ʵʪʦ ʚʦʟʤʦʞʥʦ, ʩʣʘʙʦ 
ʩʚʷʟʘʥʥʳʭ ʠ ʣʝʛʢʦ ʠʟʤʝʥʷʝʤʳʭ ʤʦʜʫʣʝʡ ð ʤʠʢʨʦʩʝʨʚʠʩʦʚ. ʌʠʣʦʩʦʬʠʷ ʤʠʢʨʦʩʝʨʚʠʩʦʚ ʛʣʘʩʠʪ, ʯʪʦ 
ʢʘʞʜʳʡ ʩʝʨʚʠʩ ʜʦʣʞʝʥ çʜʝʣʘʪʴ ʯʪʦ-ʪʦ ʦʜʥʦ, ʠ ʜʝʣʘʪʴ ʵʪʦ ʭʦʨʦʰʦè ʠ ʚʟʘʠʤʦʜʝʡʩʪʚʦʚʘʪʴ ʩ ʜʨʫʛʠʤʠ 
ʩʝʨʚʠʩʘʤʠ ʧʨʦʩʪʳʤʠ ʩʨʝʜʩʪʚʘʤʠ [3]. ʆʩʥʦʚʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʤʠʢʨʦʩʝʨʚʠʩʥʦʡ ʘʨʭʠʪʝʢʪʫʨʳ 
ʦʧʨʝʜʝʣʷʶʪʩʷ ʧʨʠʥʮʠʧʘʤʠ ʩʣʘʙʦʡ ʩʚʷʟʠ ʤʝʞʜʫ ʩʝʨʚʠʩʘʤʠ ʠ ʚʳʩʦʢʦʡ ʩʚʷʟʘʥʥʦʩʪʴʶ ʚʥʫʪʨʠ ʩʝʨʚʠʩʘ. 
ʇʨʠʣʦʞʝʥʠʝ ʩ ʤʠʢʨʦʩʝʨʚʠʩʥʦʡ ʘʨʭʠʪʝʢʪʫʨʦʡ ʦʪʣʠʯʘʝʪʩʷ ʯʝʪʢʦʡ ʩʪʨʫʢʪʫʨʦʡ ʩʝʨʚʠʩʦʚ, ʢʦʪʦʨʳʝ 
ʧʨʝʜʩʪʘʚʣʷʶʪ ʯʘʩʪʴ ʬʫʥʢʮʠʦʥʘʣʘ ʧʨʠʣʦʞʝʥʠʷ. 

ʌʠʣʦʩʦʬʠʷ ʤʠʢʨʦʩʝʨʚʠʩʥʦʡ ʘʨʭʠʪʝʢʪʫʨʳ ʣʦʞʠʪʩʷ ʥʘ ʤʦʜʝʣʴ ʩʪʨʫʢʪʫʨʳ Orleans, ʛʜʝ ʟʝʨʥʘ 
ʚʳʩʪʫʧʘʶʪ ʚ ʨʦʣʠ ʩʝʨʚʠʩʦʚ, ʨʝʘʣʠʟʫʶʱʠʭ ʫʟʢʫʶ ʯʘʩʪʴ ʙʠʟʥʝʩ ʣʦʛʠʢʠ ʧʨʠʣʦʞʝʥʠʷ, ʢʦʪʦʨʘʷ 
ʠʟʦʣʠʨʦʚʘʥʘ ʚ ʨʘʤʢʘʭ ʟʝʨʥʘ. ʂʦʤʤʫʥʠʢʘʮʠʷ ʤʝʞʜʫ ʟʝʨʥʘʤʠ-ʩʝʨʚʠʩʘʤ ʨʝʘʣʠʟʦʚʘʥʘ ʥʘ ʫʨʦʚʥʝ ʩʨʝʜʳ 
ʚʳʧʦʣʥʝʥʠʷ Orleans, ʧʦʩʨʝʜʩʪʚʦʤ ʠʥʪʝʨʬʝʡʩʦʚ ʨʝʘʣʠʟʦʚʘʥʥʳʭ ʟʝʨʥʘʤʠ. 

ʆʜʥʘʢʦ Orleans ʥʝ ʧʦʟʚʦʣʷʝʪ ʚ ʧʦʣʥʦʡ ʩʪʝʧʝʥʠ ʨʝʘʣʠʟʦʚʘʪʴ ʚʩʝ ʚʦʟʤʦʞʥʦʩʪʠ ʤʠʢʨʦʩʝʨʚʠʩʥʦʡ 
ʘʨʭʠʪʝʢʪʫʨʳ. ɺ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ, ʨʘʟʨʘʙʦʪʢʫ ʧʨʠʣʦʞʝʥʠʷ ʥʝ ʧʦʣʫʯʠʪʩʷ ʣʝʛʢʦ ʨʘʟʜʝʣʠʪʴ ʤʝʞʜʫ 
ʥʝʩʢʦʣʴʢʠʤʠ ʢʦʤʘʥʜʘʤʠ ʨʘʟʨʘʙʦʪʯʠʢʦʚ, ʧʦʩʢʦʣʴʢʫ ʚʩʝ ʩʝʨʚʠʩʳ ʦʧʠʩʳʚʘʶʪʩʷ ʚ ʦʜʥʦʤ ʧʨʦʝʢʪʝ.ʊʘʢʞʝ 
ʦʜʥʠʤ ʠʟ ʧʣʶʩʦʚ ʤʠʢʨʦʩʝʨʚʠʩʥʦʡ ʘʨʭʠʪʝʢʪʫʨʳ, ʢʦʪʦʨʳʡ ʥʝʚʦʟʤʦʞʥʦ ʨʝʘʣʠʟʦʚʘʪʴ ʩ Orleans, ʷʚʣʷʝʪʩʷ 
ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʨʘʟʣʠʯʥʳʭ ʷʟʳʢʦʚ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ ʠ ʪʝʭʥʦʣʦʛʠʡ, ʧʦʜʭʦʜʷʱʠʭ ʧʦʜ ʢʦʥʢʨʝʪʥʳʝ 
ʟʘʜʘʯʠ. ɽʱʝ ʢ ʤʠʥʫʩʘʤ ʨʝʘʣʠʟʘʮʠʠ ʤʠʢʨʦʩʝʨʚʠʩʥʦʡ ʘʨʭʠʪʝʢʪʫʨʳ ʩ ʧʦʤʦʱʴʶ Orleans ʤʦʞʥʦ ʦʪʥʝʩʪʠ 
ʦʪʩʫʪʩʪʚʠʝ ʚʦʟʤʦʞʥʦʩʪʠ ʨʘʟʚʝʨʪʳʚʘʥʠʷ ʠ ʦʙʥʦʚʣʝʥʠʷ ʪʦʣʴʢʦ ʯʘʩʪʠ ʩʝʨʚʠʩʦʚ, ʧʦʩʢʦʣʴʢʫ ʥʝʦʙʭʦʜʠʤʦ 
ʨʘʟʚʦʨʘʯʠʚʘʪʴ ʭʨʘʥʠʣʠʱʠ ʮʝʣʠʢʦʤ ʩʦ ʚʩʝʤʠ ʟʝʨʥʘʤʠ. 

ʆʜʥʘʢʦ ʤʠʢʨʦʩʝʨʚʠʩʥʘʷ ʘʨʭʠʪʝʢʪʫʨʘ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ Orleans ʙʫʜʝʪ ʦʯʝʥʴ ʧʦʣʝʟʥʘ ʜʣʷ 
ʥʘʯʘʣʴʥʦʛʦ ʵʪʘʧʘ ʨʘʟʨʘʙʦʪʢʠ ʤʠʢʨʦʩʝʨʚʠʩʥʦʛʦ ʧʨʠʣʦʞʝʥʠʷ, ʧʦʩʢʦʣʴʢʫ ʩʨʘʟʫ ʧʦʟʚʦʣʷʝʪ ʨʘʟʙʠʚʘʪʴ 
ʣʦʛʠʢʫ ʧʨʠʣʦʞʝʥʠʷ ʤʝʞʜʫ ʟʝʨʥʘʤʠ, ʢʦʪʦʨʳʝ ʚ ʜʘʣʴʥʝʡʰʝʤ ʤʦʛʫʪ ʩʪʘʪʴ ʥʘʩʪʦʷʱʠʤʠ ʩʝʨʚʠʩʘʤʠ. 
ʊʘʢʞʝ ʥʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʚ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʪʨʫʜʦʟʘʪʨʘʪʘʭ ʥʘ ʤʘʩʰʪʘʙʠʨʦʚʘʥʠʝ ʧʨʠʣʦʞʝʥʠʷ ʠ 
ʥʘʩʪʨʦʡʢʠ ʢʦʤʤʫʥʠʢʘʮʠʠ ʤʝʞʜʫ ʩʝʨʚʠʩʘʤʠ, ʧʦʩʢʦʣʴʢʫ ʩʨʝʜʘ ʚʳʧʦʣʥʝʥʠʷ ʨʝʘʣʠʟʫʝʪ ʚʩʝ ʵʪʠ ʬʫʥʢʮʠʠ 
ʩʘʤʦʩʪʦʷʪʝʣʴʥʦ. ɼʘʥʥʳʝ ʪʨʫʜʦʟʘʪʨʘʪʳ ʷʚʣʷʶʪʩʷ ʦʩʥʦʚʥʳʤʠ ʧʨʠʯʠʥʘʤʠ ʦʪʢʘʟʘ ʦʪ ʤʠʢʨʦʩʝʨʚʠʩʥʦʡ 
ʘʨʭʠʪʝʢʪʫʨʳ ʥʘ ʥʘʯʘʣʴʥʦʤ ʵʪʘʧʝ ʨʘʟʨʘʙʦʪʢʠ, ʦʜʥʘʢʦ Orleans ʧʦʟʚʦʣʷʝʪ ʫʤʝʥʴʰʠʪʴ ʠʟʜʝʨʞʢʠ. 

 
ʉʧʠʩʦʢ ʠʩʧʦʣʴʟʦʚʘʥʥʳʭ ʠʩʪʦʯʥʠʢʦʚ: 
1. Microsoft Orleans | Microsoft Orleans Documentation [ʕʣʝʢʪʨʦʥʥʳʡ ʨʝʩʫʨʩ]. ï ʕʣʝʢʪʨʦʥʥʳʝ ʜʘʥʥʳʝ. ï ʈʝʞʠʤ ʜʦʩʪʫʧʘ 

https://dotnet.github.io/orleans 
2. Getting Started with Microsoft Orleans [ʕʣʝʢʪʨʦʥʥʳʡ ʨʝʩʫʨʩ]. ï ʕʣʝʢʪʨʦʥʥʳʝ ʜʘʥʥʳʝ. ï ʈʝʞʠʤ ʜʦʩʪʫʧʘ 

https://medium.com/@kritner/getting-started-with-microsoft-orleans-882cdac4307f 
3. Wagner, .NET Microservices: Architecture for Containerized .NET Applications / Bill Wagner, Cesar de la Torre, Mike Rousos 

ï Redmond, Washington, 2018. 

 
 

ʉʊʈʋʂʊʋʈʓ ɼɸʅʅʓʍ ɼʃʗ ʈɸɹʆʊʓ  
ʉʆ ʉɼɽʃʂɸʄʀ ʅɸ ɹʀʈɾɽ 

ʄʠʪʴʢʦʚʝʮ ɸ.ɸ. 

ɹʝʣʦʨʫʩʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʥʬʦʨʤʘʪʠʢʠ ʠ ʨʘʜʠʦʵʣʝʢʪʨʦʥʠʢʠ 
ʛ. ʄʠʥʩʢ, ʈʝʩʧʫʙʣʠʢʘ ɹʝʣʘʨʫʩʴ 

ʇʦʪʪʦʩʠʥ ʖ.ɺ. ï ʢ.ʬ.-ʤ.ʥ.,ʜʦʮʝʥʪ 

ɺ ʩʪʘʪʴʝ ʦʙʩʫʞʜʘʝʪʩʷ ʧʨʠʤʝʥʝʥʠʝ ʢʣʘʩʩʠʯʝʩʢʠʭ ʩʪʨʫʢʪʫʨ ʜʘʥʥʳʭ, ʧʦʟʚʦʣʷʶʱʠʭ ʨʘʙʦʪʘʪʴ ʩ ʧʦʪʦʢʦʤ ʜʘʥʥʳʭ ʩ ʙʠʨʞʠ. ɼʘʝʪʩʷ 
ʩʪʨʫʢʪʫʨʘ ʜʘʥʥʳʭ ʜʣʷ ʚʝʜʝʥʠʷ ʢʥʠʛʠ ʩʜʝʣʦʢ ʥʘ ʦʩʥʦʚʝ ʩʚʷʟʥʦʛʦ ʩʧʠʩʢʘ ʠ ʭʵʰ-ʪʘʙʣʠʮʳ. ʆʙʩʫʞʜʘʝʪʩʷ ʧʨʦʚʝʜʝʥʠʝ ʩʜʝʣʦʢ ʚ 
ʢʦʥʪʝʢʩʪʝ ʘʩʠʥʭʨʦʥʥʦʛʦ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ, ʜʘʶʪʩʷ ʨʝʢʦʤʝʥʜʘʮʠʠ ʧʦ ʠʩʧʦʣʴʟʦʚʘʥʠʶ futures ʠ promises. 

ʆʙʱʝʥʠʝ ʩ ʙʠʨʞʝʡ ʚʩʝʛʜʘ ʩʪʨʦʠʪʩʷ ʧʦ ʤʦʜʝʣʠ çʢʣʠʝʥʪ-ʩʝʨʚʝʨè. ɹʠʨʞʘ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ 
(ʛʦʪʦʚʳʡ) ʩʝʨʚʝʨ, ʢʦʪʦʨʳʡ ʧʨʝʜʦʩʪʘʚʣʷʝʪ API ʢʣʠʝʥʪʘʤ. ɺ ʩʣʫʯʘʝ ʩ ʢʦʥʚʝʥʮʠʘʣʴʥʳʤʠ ʙʠʨʞʘʤʠ ʨʝʯʴ 



55-ʷ ʶʙʠʣʝʡʥʘʷ ʥʘʫʯʥʘʷ ʢʦʥʬʝʨʝʥʮʠʷ ʘʩʧʠʨʘʥʪʦʚ, ʤʘʛʠʩʪʨʘʥʪʦʚ ʠ ʩʪʫʜʝʥʪʦʚ ɹɻʋʀʈ, 2019 ʛ. 
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ʤʦʞʝʪ ʠʜʪʠ ʦʙ ʠʥʪʝʛʨʘʮʠʠ ʩ MetaTrader. ʂʨʠʧʪʦʙʠʨʞʠ ʯʘʱʝ ʧʨʝʜʦʩʪʘʚʣʷʶʪ REST API ʜʣʷ 
ʚʳʧʦʣʥʝʥʠʷ ʘʢʪʠʚʥʳʭ ʜʝʡʩʪʚʠʡ ʠ WebSocket API ʜʣʷ ʥʘʙʣʶʜʝʥʠʷ ʟʘ ʩʦʩʪʦʷʥʠʝʤ ʙʠʨʞʠ. ɼʣʷ 
ʦʙʱʥʦʩʪʠ, ʙʫʜʝʤ ʩʯʠʪʘʪʴ, ʯʪʦ ʘʙʩʪʨʘʢʪʥʘʷ ʙʠʨʞʘ ʧʨʝʜʦʩʪʘʚʣʷʝʪ ʘʙʩʪʨʘʢʪʥʳʡ ʩʠʥʭʨʦʥʥʳʡ ʠ 
ʘʩʠʥʭʨʦʥʥʳʡ ʢʘʥʘʣ ʜʣʷ ʢʦʤʤʫʥʠʢʘʮʠʡ. 

ɼʣʷ ʫʩʧʝʰʥʦʡ ʪʦʨʛʦʚʣʠ ʥʝʦʙʭʦʜʠʤʦ ʤʦʜʝʣʠʨʦʚʘʪʴ ʥʘ ʢʣʠʝʥʪʝ ʩʦʩʪʦʷʥʠʝ ʙʠʨʞʠ ï ʧʦ ʙʦʣʴʰʝʡ 
ʯʘʩʪʠ ʥʘ ʦʩʥʦʚʝ ʜʘʥʥʳʭ ʠʟ ʘʩʠʥʭʨʦʥʥʦʛʦ ʢʘʥʘʣʘ. ɼʣʷ ʪʦʛʦ, ʯʪʦʙʳ ʫʩʧʝʰʥʦ ʦʩʪʘʚʣʷʪʴ ʩʜʝʣʢʠ, ʥʘ 
ʢʣʠʝʥʪʝ ʥʝʦʙʭʦʜʠʤʦ ʤʦʜʝʣʠʨʦʚʘʪʴ ʩʫʱʝʩʪʚʫʶʱʠʝ ʩʧʠʩʢʠ ʩʜʝʣʦʢ (order book) ï ʚ ʩʪʦʨʦʥʫ ʧʨʦʜʘʞʠ ʠ 
ʧʦʢʫʧʢʠ ʜʣʷ ʢʘʞʜʦʛʦ ʠʩʧʦʣʴʟʫʝʤʦʛʦ ʠʥʩʪʨʫʤʝʥʪʘ. ʊʘʢʠʝ ʩʧʠʩʢʠ ʬʦʨʤʠʨʫʶʪʩʷ ʥʘ ʦʩʥʦʚʝ ʠʩʭʦʜʥʦʡ 
ʢʦʧʠʠ ʩʧʠʩʢʘ ʠ ʜʘʣʴʥʝʡʰʠʭ ʘʩʠʥʭʨʦʥʥʳʭ ʯʘʩʪʠʯʥʳʭ ʦʙʥʦʚʣʝʥʠʡ. ʂʘʞʜʘʷ ʩʜʝʣʢʘ ʩʦʩʪʦʠʪ ʠʟ ʮʝʥʳ, 
ʦʙʲʝʤʘ ʠ ʥʘʧʨʘʚʣʝʥʠʷ (ʧʦʢʫʧʢʘ ʠʣʠ ʧʨʦʜʘʞʘ). 

ʉ ʪʝʦʨʝʪʠʯʝʩʢʦʡ ʩʪʦʨʦʥʳ ʢ ʠʜʝʘʣʴʥʦʤʫ ʩʧʠʩʢʫ ʧʨʝʜʲʷʚʣʷʶʪʩʷ ʩʣʝʜʫʶʱʠʝ ʪʨʝʙʦʚʘʥʠʷ: 
1) ʯʪʝʥʠʝ ʧʝʨʚʳʭ ʜʚʫʭ-ʪʨʝʭ ʚʝʨʰʠʥ ʟʘ ʆ(1); 
2) ʩʧʠʩʦʢ ʚʩʝʛʜʘ ʦʪʩʦʨʪʠʨʦʚʘʥ ʧʦ ʮʝʥʘʤ; 
3) ʧʨʠ ʘʜʨʝʩʘʮʠʠ ʧʦ ʮʝʥʝ ï ʚʩʪʘʚʢʘ, ʯʪʝʥʠʝ ʠ ʫʜʘʣʝʥʠʝ ʟʘ O(1). 
ʇʨʦʩʪʦʡ ʩʪʨʫʢʪʫʨʦʡ ʜʘʥʥʳʭ, ʢʦʪʦʨʘʷ ʧʦʭʦʞʘ ʧʦ ʪʨʝʙʦʚʘʥʠʷʤ, ʷʚʣʷʝʪʩʷ order-statistic tree [1] ï 

ʘʫʛʤʝʥʪʠʨʦʚʘʥʥʦʝ ʢʨʘʩʥʦ-ʯʝʨʥʦʝ ʜʝʨʝʚʦ, ʢʦʪʦʨʦʝ ʧʦʜʜʝʨʞʠʚʘʝʪ ʚʳʙʦʨʢʫ i-ʛʦ ʢʨʘʡʥʝʛʦ ʟʥʘʯʝʥʠʷ ʟʘ 
O(log n) ʚ ʧʨʠʜʘʯʫ ʢ ʦʩʪʘʣʴʥʳʤ ʦʙʳʢʥʦʚʝʥʥʳʤ ʦʧʝʨʘʮʠʷʤ ʥʘʜ ʜʝʨʝʚʦʤ ʪʦʞʝ ʟʘ O(log n). 

ʋ ʩʧʠʩʢʦʚ ʩʜʝʣʦʢ ʝʩʪʴ ʩʚʦʷ ʩʧʝʮʠʬʠʢʘ ï ʚʦ-ʧʝʨʚʳʭ, ʥʘ ʣʠʢʚʠʜʥʦʤ ʨʳʥʢʝ ʨʘʟʥʠʮʘ ʚ ʮʝʥʝ ʤʝʞʜʫ 
ʩʦʩʝʜʥʠʤʠ ʩʜʝʣʢʘʤʠ ʤʠʥʠʤʘʣʴʥʘ, ʚʦ-ʚʪʦʨʳʭ, ʜʦʧʫʩʪʠʤʳʝ ʮʝʥʦʚʳʝ ʫʨʦʚʥʠ ʟʘʯʘʩʪʫʶ ʦʧʨʝʜʝʣʷʶʪʩʷ 
ʙʠʨʞʝʡ ʚ ʚʠʜʝ ʜʠʩʢʨʝʪʥʦʡ ʩʝʪʢʠ (ʩ ʰʘʛʦʤ, ʥʘʧʨʠʤʝʨ, 10 ʨʫʙʣʝʡ, $0,5). 

ʇʨʠ ʫʯʝʪʝ ʵʪʦʡ ʩʧʝʮʠʬʠʢʠ, ʩʣʝʜʫʶʱʘʷ ʩʪʨʫʢʪʫʨʘ ʜʘʥʥʳʭ ʧʦʟʚʦʣʷʝʪ ʜʦʙʠʪʴʩʷ ʣʫʯʰʠʭ 
ʧʦʢʘʟʘʪʝʣʝʡ: 

 

 
ʈʠʩʫʥʦʢ 1 ï ʉʧʠʩʦʢ ʩʜʝʣʦʢ ʥʘ ʦʩʥʦʚʝ ʜʚʫʥʘʧʨʘʚʣʝʥʥʦʛʦ ʩʧʠʩʢʘ ʠ ʦʪʦʙʨʘʞʝʥʠʷ 

 

ʉʜʝʣʢʠ ʦʙʲʝʜʠʥʝʥʳ ʚ ʩʚʷʟʥʳʡ ʩʧʠʩʦʢ, ʢʘʞʜʘʷ ʩʜʝʣʢʘ ʩʩʳʣʘʝʪʩʷ ʥʘ ʜʚʝ ʩʦʩʝʜʥʠʝ ʧʦ ʮʝʥʝ. 
ʍʨʘʥʠʪʩʷ ʪʦʣʴʢʦ ʩʩʳʣʢʘ ʥʘ ʧʝʨʚʳʡ ʵʣʝʤʝʥʪ. ɺʳʙʦʨʢʘ ʧʝʨʚʳʭ N = const ʵʣʝʤʝʥʪʦʚ ʧʨʦʠʩʭʦʜʠʪ ʟʘ 
O(1). ʆʪʦʙʨʘʞʝʥʠʝ ʠʟ ʮʝʥ ʥʘ ʩʜʝʣʢʠ ʦʟʥʘʯʘʝʪ ʚʳʙʦʨʢʫ ʧʦ ʮʝʥʝ ʠ ʫʜʘʣʝʥʠʝ ʟʘ O(1). 

ɺʩʪʘʚʢʘ ʧʦ ʮʝʥʝ ʩ ʪʝʦʨʝʪʠʯʝʩʢʦʡ ʪʦʯʢʠ ʟʨʝʥʠʷ ʟʘʥʠʤʘʝʪ O(n) ʦʧʝʨʘʮʠʡ, ʛʜʝ n ï ʨʘʟʤʝʨ ʩʧʠʩʢʘ. 
ʅʘ ʧʨʘʢʪʠʢʝ, ʜʣʷ ʣʠʢʚʠʜʥʦʛʦ ʨʳʥʢʘ ʪʘʢʠʝ ʚʩʪʘʚʢʠ, ʚʦ-ʧʝʨʚʳʭ, ʨʝʜʢʠ, ʘ ʚʦ-ʚʪʦʨʳʭ, ʮʝʥʦʚʳʝ ʜʳʨʳ 
ʤʝʞʜʫ ʩʜʝʣʢʘʤʠ ʤʘʣʳ ʚ ʩʠʣʫ ʣʠʢʚʠʜʥʦʩʪʠ. ɽʩʣʠ ʮʝʥʳ ʥʘ ʨʳʥʢʝ ʜʠʩʢʨʝʪʥʳʝ, ʪʦ ʧʝʨʝʙʦʨ ʩʦʩʝʜʥʠʭ ʮʝʥ 
ʯʝʨʝʟ ʦʪʦʙʨʘʞʝʥʠʝ ʧʨʠʥʦʩʠʪ ʥʝʧʣʦʭʠʝ ʨʝʟʫʣʴʪʘʪʳ. 

ʕʤʫʣʷʮʠʷ ʩʦʩʪʦʷʥʠʷ ʙʠʨʞʠ ʥʘ ʢʣʠʝʥʪʝ ʟʘʚʠʩʠʪ ʦʪ ʩʣʝʜʫʶʱʠʭ ʛʣʘʚʥʳʭ ʘʩʠʥʭʨʦʥʥʳʭ ʧʦʪʦʢʦʚ 
ʜʘʥʥʳʭ: 

1) ʦʙʥʦʚʣʝʥʠʷ ʩʧʠʩʢʘ ʩʜʝʣʦʢ; 
2) ʦʙʥʦʚʣʝʥʠʷ ʩʪʘʪʫʩʘ ʩʦʙʩʪʚʝʥʥʳʭ ʩʜʝʣʦʢ (ʧʨʦʚʝʜʝʥʠʝ ʪʦʨʛʦʚ ʧʦ ʥʠʤ, ʦʪʤʝʥʘ, ʟʘʢʨʳʪʠʝ). 
ʇʦʩʢʦʣʴʢʫ ʦʙʥʦʚʣʝʥʠʷ ʘʩʠʭʥʨʦʥʥʳʝ, ʘʨʭʠʪʝʢʪʫʨʘ ʢʣʠʝʥʪʘ ʜʦʣʞʥʘ ʵʪʦ ʫʯʠʪʳʚʘʪʴ ʠ 

ʧʨʝʜʦʩʪʘʚʣʷʪʴ ʠʥʪʝʨʬʝʡʩ, ʢʦʪʦʨʳʡ ʙʳ ʩʢʨʳʚʘʣ ʭʦʪʷ ʙʳ ʯʘʩʪʴ ʵʪʦʡ ʩʣʦʞʥʦʩʪʠ. ʅʘʧʨʠʤʝʨ, ʪʠʧʠʯʥʘʷ 
ʧʦʟʠʮʠʷ ʥʘ ʙʠʨʞʝ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʩʜʝʣʢʫ ʥʘ ʚʭʦʜ, ʵʢʩʪʨʝʥʥʫʶ ʩʜʝʣʢʫ ʥʘ ʚʳʭʦʜ (stop-loss) ʠ take profit 
ʩʜʝʣʢʫ ʥʘ ʚʳʭʦʜ. ʂʘʞʜʘʷ ʩʜʝʣʢʘ ʤʦʞʝʪ ʙʳʪʴ ʚ ʧʷʪʠ ʩʦʩʪʦʷʥʠʷʭ: ʥʝ ʚʳʩʪʘʚʣʝʥʘ, ʦʪʢʨʳʪʘ, ʯʘʩʪʠʯʥʦ 
ʟʘʧʦʣʥʝʥʘ, ʚʳʧʦʣʥʝʥʘ, ʦʪʤʝʥʝʥʘ. ɼʣʷ ʪʨʝʭ ʩʜʝʣʦʢ ʵʪʦ ʦʟʥʘʯʘʝʪ ʜʦ 125 ʚʦʟʤʦʞʥʳʭ ʩʦʩʪʦʷʥʠʡ, ʧʨʠʯʝʤ 
ʧʦʯʪʠ ʚʩʝ ʧʝʨʝʭʦʜʳ ʩʣʫʯʘʶʪʩʷ ʘʩʠʥʭʨʦʥʥʦ. ɺʤʝʩʪʝ ʩ ʵʪʠʤ ʥʝʦʙʭʦʜʠʤʦ ʧʦʣʫʯʘʪʴ ʦʙʥʦʚʣʝʥʠʷ ʩʧʠʩʢʘ 
ʩʜʝʣʦʢ. 

ɼʣʷ ʢʦʥʪʨʦʣʷ ʵʪʦʡ ʩʣʦʞʥʦʩʪʠ ʭʦʨʦʰʦ ʟʘʨʝʢʦʤʝʥʜʦʚʘʣ ʩʝʙʷ ʧʦʜʭʦʜ ʩ ʩʦʟʜʘʥʠʝʤ futures ʜʣʷ 
ʦʞʠʜʘʝʤʳʭ ʧʝʨʝʭʦʜʦʚ ʩʦʚʤʝʩʪʥʦ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʠʭ ʚ ʷʟʳʢʝ, ʧʦʜʜʝʨʞʠʚʘʶʱʝʤ async/await 
ʢʦʥʩʪʨʫʢʮʠʠ. 

ʉʣʝʜʫʶʱʘʷ ʩʭʝʤʘ ʧʦʤʦʛʘʝʪ ʘʙʩʪʨʘʛʠʨʦʚʘʪʴʩʷ ʦʪ ʧʨʷʤʦʡ ʨʘʙʦʪʳ ʩ ʘʩʠʥʭʨʦʥʥʳʤ ʢʘʥʘʣʦʤ: 
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ʈʠʩʫʥʦʢ 2 ï ʩʦʢʨʳʪʠʝ ʘʩʠʥʭʨʦʥʥʦʛʦ ʢʘʥʘʣʘ ʧʨʠ ʧʦʤʦʱʠ promise/future ʙʝʟ callbacks 

 
ʉʧʠʩʢʫ ʩʜʝʣʦʢ ʜʦʩʪʘʪʦʯʥʦ ʠʤʝʪʴ ʦʜʠʥ ʚʠʜ ʩʣʝʜʫʶʱʠʝ Promise: çʮʝʥʘ ʧʦʢʫʧʢʠ ʙʦʣʴʰʝ/ʤʝʥʴʰʝ 

ʟʘʜʘʥʥʦʡè. ʅʝ ʨʝʢʦʤʝʥʜʫʝʪʩʷ ʞʜʘʪʴ ʩʪʨʦʛʦ ʫʢʘʟʘʥʥʦʡ ʮʝʥʳ ï ʚ ʩʣʫʯʘʝ ʜʚʠʞʝʥʠʷ ʮʝʥʳ Promise 
ʩʨʘʙʦʪʘʝʪ, ʦʜʥʘʢʦ ʦʥ ʥʝ ʩʨʘʙʦʪʘʝʪ, ʝʩʣʠ ʩʜʝʣʢʘ ʦʢʘʞʝʪʩʷ ʦʪʤʝʥʝʥʥʦʡ ʠ ʵʪʦʪ ʮʝʥʦʚʦʡ ʫʨʦʚʝʥʴ ʟʘʡʤʝʪ 
ʩʜʝʣʢʘ ʚ ʧʨʦʪʠʚʦʧʦʣʦʞʥʫʶ ʩʪʦʨʦʥʫ. 

ʀʥʬʦʨʤʘʮʠʷ ʦ ʩʦʙʩʪʚʝʥʥʳʭ ʩʜʝʣʢʘʭ ʪʘʢʞʝ ʧʦʩʪʫʧʘʝʪ ʠʟ ʘʩʠʥʭʨʦʥʥʦʛʦ ʠʩʪʦʯʥʠʢʘ, ʧʦʵʪʦʤʫ ʜʣʷ 
ʥʠʭ ʪʦʞʝ ʥʫʞʥʳ Promises: 

1) ʉʜʝʣʢʘ ʦʪʤʝʥʝʥʘ. ɹʠʨʞʘ ʤʦʞʝʪ ʦʪʤʝʥʷʪʴ ʩʜʝʣʢʠ ʧʦ ʩʚʦʝʡ ʠʥʠʮʠʘʪʠʚʝ (margin call, 
ʥʝʜʦʩʪʘʪʦʯʥʦ ʩʨʝʜʩʪʚ ʠ ʪʘʢ ʜʘʣʝʝ). 

2) ʉʜʝʣʢʘ ʯʘʩʪʠʯʥʦ ʚʳʧʦʣʥʝʥʘ. ʄʦʞʝʪ ʩʣʫʯʠʪʴʩʷ ʧʨʠ ʙʦʣʴʰʦʤ ʦʙʲʝʤʝ, ʢʦʛʜʘ ʢʦʥʪʨʘʛʝʥʪʘʤʠ ʧʦ 
ʧʦʢʫʧʢʝ/ʧʨʦʜʘʞʝ ʚʳʩʪʫʧʘʶʪ ʥʝʩʢʦʣʴʢʦ ʜʨʫʛʠʭ ʫʯʘʩʪʥʠʢʦʚ ʨʳʥʢʘ. 

3) ʉʜʝʣʢʘ ʧʦʣʥʦʩʪʴʶ ʚʳʧʦʣʥʝʥʘ. 
ʀʤʝʷ ʩʣʝʜʫʶʱʠʝ ʧʨʠʤʠʪʠʚʳ, ʤʦʞʥʦ ʨʝʘʣʠʟʦʚʳʚʘʪʴ ʫʩʪʦʡʯʠʚʳʝ ʠ ʩʪʘʙʠʣʴʥʳʝ ʧʨʦʛʨʘʤʤʳ ʧʦ 

ʨʘʙʦʪʝ ʩ ʙʠʨʞʝʡ. ʇʨʦʛʨʘʤʤʥʳʡ ʢʦʜ ʩʪʘʥʦʚʠʪʩʷ ʧʦʭʦʞ ʥʘ ʥʘʙʦʨ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʭ ʠʥʩʪʨʫʢʮʠʡ ï ʯʝʛʦ 
ʥʝ ʧʨʦʠʩʭʦʜʠʪ ʧʨʠ ʧʨʷʤʦʤ ʯʪʝʥʠʠ ʠʟ ʘʩʠʥʭʨʦʥʥʦʛʦ ʢʘʥʘʣʘ ʠʣʠ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʧʦʜʭʦʜʘ ʩ 
callbacks. 

 

 
ʈʠʩʫʥʦʢ 3 ï ʧʩʝʚʜʦʢʦʜ ʧʦʢʫʧʢʠ ʠ ʧʦʩʣʝʜʫʶʱʝʡ ʧʨʦʜʘʞʠ BYN 

 
ʉʧʠʩʦʢ ʠʩʧʦʣʴʟʦʚʘʥʥʳʭ ʠʩʪʦʯʥʠʢʦʚ: 
1. Cormen, T. Introduction to Algorithms / T. Cormen, C. Leiserson, R. Rivest, C. Stein // MIT Ppess. ï 1990. ï P. 339ï345. 

 
 

ʋʉʊʈɸʅɽʅʀɽ ɼʀʉʊʆʈʉʀʀ 
ʅɸ ʐʀʈʆʂʆʋɻʆʃʔʅʓʍ ʀɿʆɹʈɸɾɽʅʀʗʍ 

ʅʝʢʨʝʚʠʯ ʉ.ɸ., ʉʘʧʨʦʥʦʚʘ ʖ.ʀ. 

ɹʝʣʦʨʫʩʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʥʬʦʨʤʘʪʠʢʠ ʠ ʨʘʜʠʦʵʣʝʢʪʨʦʥʠʢʠ 
ʛ. ʄʠʥʩʢ, ʈʝʩʧʫʙʣʠʢʘ ɹʝʣʘʨʫʩʴ 

ʃʫʢʘʰʝʚʠʯ ʄ.ʄ. ï ʢ.ʪ.ʥ., ʜʦʮʝʥʪ 

ʇʦʢʘʟʘʥ ʤʝʪʦʜ ʥʘʭʦʞʜʝʥʠʷ ʩʫʤʤʘʨʥʦʡ ʜʠʩʪʦʨʩʠʠ, ʦʩʥʦʚʘʥʥʳʡ ʥʘ ʠʟʤʝʨʝʥʠʷʭ ʠʩʢʘʞʝʥʠʡ ʪʝʩʪʦʚʦʛʦ ʠʟʦʙʨʘʞʝʥʠʷ (ʰʘʭʤʘʪʥʦʡ 
ʜʦʩʢʠ ʠʣʠ ʢʚʘʜʨʘʪʥʦʡ ʩʝʪʢʠ). ɼʣʷ ʫʩʪʨʘʥʝʥʠʷ ʜʠʩʪʦʨʩʠʠ (ʧʦʣʫʯʝʥʠʷ ʠʟʦʙʨʘʞʝʥʠʷ, ʙʣʠʟʢʦʛʦ ʢ ʠʜʝʘʣʴʥʦʤʫ) ʥʝʦʙʭʦʜʠʤʦ ʢ 
ʢʦʦʨʜʠʥʘʪʘʤ ʢʘʞʜʦʡ ʪʦʯʢʠ ʨʝʘʣʴʥʦʛʦ ʠʟʦʙʨʘʞʝʥʠʷ ʜʦʙʘʚʠʪʴ ʚʝʣʠʯʠʥʫ ʧʦʣʫʯʝʥʥʦʡ ʩ ʧʦʤʦʱʴʶ ʪʝʩʪʦʚʦʛʦ ʠʟʦʙʨʘʞʝʥʠʷ 
ʜʠʩʪʦʨʩʠʠ. ʈʘʩʩʤʦʪʨʝʥʳ ʧʨʦʙʣʝʤʳ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʚʦʟʥʠʢʥʫʪʴ ʚ ʨʝʟʫʣʴʪʘʪʝ ʧʨʦʠʟʚʝʜʝʥʥʦʡ ʢʦʨʨʝʢʮʠʠ. 
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ʐʠʨʦʢʦʫʛʦʣʴʥʦʝ ʠʟʦʙʨʘʞʝʥʠʝ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʩʥʠʤʦʢ (ʢʘʜʨ), ʧʦʣʫʯʝʥʥʳʡ ʩ ʧʦʤʦʱʴʶ 
ʦʙʲʝʢʪʠʚʘ ʩ ʢʦʨʦʪʢʠʤ ʬʦʢʫʩʥʳʤ ʨʘʩʩʪʦʷʥʠʝʤ. ʇʨʝʠʤʫʱʝʩʪʚʦʤ ʪʘʢʠʭ ʠʟʦʙʨʘʞʝʥʠʡ, ʷʚʣʷʝʪʩʷ ʙʦʣʴʰʦʡ 
ʫʛʦʣ ʟʨʝʥʠʷ, ʦʜʥʘʢʦ ʦʥʠ ʠʤʝʶʪ ʠ ʥʝʜʦʩʪʘʪʦʢ ï ʜʠʩʪʦʨʩʠʶ. ʕʪʦ ʦʟʥʘʯʘʝʪ ʯʪʦ, ʣʠʥʠʠ ʦʙʲʝʢʪʘ, ʢʦʪʦʨʳʝ 
ʷʚʣʷʣʠʩʴ ʧʨʷʤʳʤʠ, ʠʩʢʘʞʘʶʪʩʷ, ʟʘ ʠʩʢʣʶʯʝʥʠʝʤ ʪʝʭ, ʢʦʪʦʨʳʝ ʣʝʞʘʪ ʚ ʧʣʦʩʢʦʩʪʠ ʦʧʪʠʯʝʩʢʦʡ ʦʩʠ 
ʦʙʲʝʢʪʠʚʘ, ʘ ʚʝʣʠʯʠʥʘ ʠʩʢʘʞʝʥʠʷ ʥʝʣʠʥʝʡʥʦ ʟʘʚʠʩʠʪ ʦʪ ʧʘʨʘʤʝʪʨʦʚ ʦʙʲʝʢʪʘ. ʀʟʦʙʨʘʞʝʥʠʷ ʩ 
ʜʠʩʪʦʨʩʠʝʡ ʥʝ ʧʨʠʛʦʜʥʳ ʜʣʷ ʘʥʘʣʠʟʘ ʚʚʠʜʫ ʪʦʛʦ, ʯʪʦ ʥʘʨʫʰʘʝʪʩʷ ʛʝʦʤʝʪʨʠʯʝʩʢʦʝ ʧʦʜʦʙʠʝ ʠʩʭʦʜʥʦʛʦ 
ʦʙʲʝʢʪʘ ʠ ʝʛʦ ʠʟʦʙʨʘʞʝʥʠʷ, ʚ ʩʚʷʟʠ ʩ ʯʝʤ ʪʨʝʙʫʝʪʩʷ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʝ ʠʩʧʨʘʚʣʝʥʠʝ ʜʠʩʪʦʨʩʠʠ. 

ʇʨʠ ʥʘʣʠʯʠʠ ʪʦʣʴʢʦ ʩʬʝʨʠʯʝʩʢʠʭ ʠʩʢʘʞʝʥʠʡ, ʠʩʧʨʘʚʠʪʴ ʜʠʩʪʦʨʩʠʶ ʤʦʞʥʦ ʟʥʘʷ ʧʦʣʦʞʝʥʠʝ 
ʪʦʯʢʠ ʥʘ ʠʟʦʙʨʘʞʝʥʠʠ ʠ ʨʘʜʠʫʩ ʢʨʠʚʠʟʥʳ ʣʠʥʟʳ [1]. ɽʩʣʠ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʠʟʦʙʨʘʞʝʥʠʝ, ʚ ʢʦʪʦʨʦʤ 
ʧʨʠʩʫʪʩʪʚʫʝʪ ʩʫʧʝʨʧʦʟʠʮʠʷ ʠʩʢʘʞʝʥʠʡ ʥʝʦʙʭʦʜʠʤʦ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʨʘʩʩʯʠʪʘʪʴ ʩʫʤʤʘʨʥʫʶ 
ʜʠʩʪʦʨʩʠʶ ʜʣʷ ʪʝʩʪʦʚʦʛʦ ʠʟʦʙʨʘʞʝʥʠʷ [2]. ɺ ʜʘʥʥʦʤ ʩʣʫʯʘʝ, ʦʥʦ ʦʩʥʦʚʘʥʦ ʥʘ ʦʧʨʝʜʝʣʝʥʠʠ ʠʩʢʘʞʝʥʠʡ 
ʰʘʭʤʘʪʥʦʡ ʜʦʩʢʠ (ʣʠʙʦ ʢʚʘʜʨʘʪʥʦʡ ʩʝʪʢʠ) ʧʦ ʜʚʫʤ ʦʨʪʦʛʦʥʘʣʴʥʳʤ ʦʩʷʤ (ʨʠʩ. 1).  

   ʘ)                             ʙ)                                                                                                    
ʈʠʩʫʥʦʢ 1 ï ʀʜʝʘʣʴʥʦʝ ʠ ʨʝʘʣʴʥʦʝ ʠʟʦʙʨʘʞʝʥʠʝ ʰʘʭʤʘʪʥʦʡ ʜʦʩʢʠ (ʘ) ʠ ʩʝʪʢʠ (ʙ) ʜʣʷ ʢʘʣʠʙʨʦʚʢʠ 

  

ɼʣʷ ʚʳʯʠʩʣʝʥʠʷ ʜʠʩʪʦʨʩʠʠ ʥʝʦʙʭʦʜʠʤʦ ʦʧʨʝʜʝʣʠʪʴ ʪʦʯʢʫ ʠʜʝʘʣʴʥʦʛʦ ʦʙʲʝʢʪʘ, ʚ ʢʦʪʦʨʦʡ 
ʜʦʣʞʥʦ ʥʘʭʦʜʠʪʴʩʷ ʠʟʦʙʨʘʞʝʥʠʝ ʧʦ ʟʘʢʦʥʘʤ ʦʧʪʠʢʠ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ, ʥʝʢʦʪʦʨʘʷ ʪʦʯʢʘ ʨʝʘʣʴʥʦ ʦʙʲʝʢʪʘ 
ʠʟʦʙʨʘʞʘʝʪʩʷ ʚ ʚʠʜʝ ʪʦʯʢʠ ᴂ̱ὼᴂȟώᴂ, ʥʝ ʩʦʚʧʘʜʘʶʱʝʡ ʩ ʪʦʯʢʦʡ ʠʜʝʘʣʴʥʦʛʦ ʠʟʦʙʨʘʞʝʥʠʷ ˍ  ὼᴂȟ ώᴂ . 

ɺ ʪʘʢʦʤ ʩʣʫʯʘʝ ʜʠʩʪʦʨʩʠʷ ʷʚʣʷʝʪʩʷ ʦʪʢʣʦʥʝʥʠʝʤ ʪʦʯʢʠ ʠʜʝʘʣʴʥʦʛʦ ʠʟʦʙʨʘʞʝʥʠʷ ˍ   ʦʪ ʪʦʯʢʠ 
ʨʝʘʣʴʥʦʛʦ ʠʟʦʙʨʘʞʝʥʠʷ ˍȢ ɺʝʣʠʯʠʥʘ ʜʠʩʪʦʨʩʠʠ (Ўὼ ʠ Ўώ), ʚ ʦʙʱʝʤ ʩʣʫʯʘʝ, ʷʚʣʷʝʪʩʷ ʨʘʟʣʠʯʥʦʡ ʜʣʷ 
ʨʘʟʣʠʯʥʳʭ ʪʦʯʝʢ ʠʟʦʙʨʘʞʝʥʠʷ ʠ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʥʝʢʦʪʦʨʫʶ ʬʫʥʢʮʠʶ ʢʦʦʨʜʠʥʘʪ ʪʦʯʝʢ 
ʠʟʦʙʨʘʞʝʥʠʷ. ʄʘʩʩʠʚʳ ʯʠʩʝʣ ЎὼȟЎώ  ʧʦʟʚʦʣʷʶʪ ʧʦʣʫʯʠʪʴ ʥʝʣʠʥʝʡʥʫʶ ʟʘʚʠʩʠʤʦʩʪʠ ʜʠʩʪʦʨʩʠʠ ʦʪ 
ʨʝʘʣʴʥʳʭ ʢʦʦʨʜʠʥʘʪ ʫʟʣʦʚʳʭ ʪʦʯʝʢ ʠʟʦʙʨʘʞʝʥʠʷ ʰʘʭʤʘʪʥʦʡ ʜʦʩʢʠ (ʩʝʪʢʠ). ɼʣʷ ʵʪʦʛʦ ʥʝʦʙʭʦʜʠʤʦ: 

ī ʚʦʩʩʪʘʥʦʚʠʪʴ ʢʦʥʪʫʨ ʰʘʭʤʘʪʥʦʡ ʜʦʩʢʠ (ʢʚʘʜʨʘʪʥʦʡ ʩʝʪʢʠ); 
ī ʦʧʨʝʜʝʣʠʪʴ ʦʪʢʣʦʥʝʥʠʝ ʫʟʣʦʚʳʭ ʪʦʯʝʢ ʨʝʘʣʴʥʦʛʦ ʠʟʦʙʨʘʞʝʥʠʷ ʦʪ ʠʜʝʘʣʴʥʦʛʦ; 
ī ʧʦ ʚʝʣʠʯʠʥʝ ʦʪʢʣʦʥʝʥʠʡ ʦʧʨʝʜʝʣʠʪʴ ʚʠʜ ʬʫʥʢʮʠʠ ʠʟʤʝʥʝʥʠʷ ʜʠʩʪʦʨʩʠʠ; 
ī ʧʨʦʠʟʚʝʩʪʠ ʠʥʪʝʨʧʦʣʷʮʠʶ ʟʥʘʯʝʥʠʷ ʜʠʩʪʦʨʩʠʠ ʜʣʷ ʪʦʯʝʢ, ʦʪʣʠʯʥʳʭ ʦʪ ʫʟʣʦʚʳʭ. 
ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʦʣʫʯʝʥʥʦʡ ʩʫʤʤʘʨʥʦʡ ʜʠʩʪʦʨʩʠʠ ʜʣʷ ʢʘʞʜʦʡ ʪʦʯʢʠ 

ʪʝʩʪʦʚʦʛʦ ʠʟʦʙʨʘʞʝʥʠʷ, ʤʦʞʥʦ ʧʨʦʠʟʚʝʩʪʠ ʢʦʨʨʝʢʮʠʶ ʨʝʘʣʴʥʦʛʦ ʠʟʦʙʨʘʞʝʥʠʷ ʜʨʫʛʦʛʦ ʦʙʲʝʢʪʘ. ɼʣʷ 
ʫʩʪʨʘʥʝʥʠʷ ʜʠʩʪʦʨʩʠʠ (ʧʦʣʫʯʝʥʠʷ ʠʟʦʙʨʘʞʝʥʠʷ, ʙʣʠʟʢʦʛʦ ʢ ʠʜʝʘʣʴʥʦʤʫ) ʥʝʦʙʭʦʜʠʤʦ ʢ ʢʦʦʨʜʠʥʘʪʘʤ 
ὼȟώ ʢʘʞʜʦʡ ʪʦʯʢʠ ᴂ̱ ʨʝʘʣʴʥʦʛʦ ʠʟʦʙʨʘʞʝʥʠʷ ʜʦʙʘʚʠʪʴ ʚʝʣʠʯʠʥʫ ʜʠʩʪʦʨʩʠʠ ЎὼȟЎώ . 

ʇʦʩʣʝ ʢʦʨʨʝʢʮʠʠ ʠʩʢʘʞʝʥʠʡ, ʢʨʘʷ ʠʟʦʙʨʘʞʝʥʠʷ ʤʦʛʫʪ ʩʪʘʪʴ ʠʟʦʛʥʫʪʳʤʠ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʯʝʛʦ 
ʤʦʞʝʪ ʧʦʪʨʝʙʦʚʘʪʴʩʷ ʢʘʜʨʠʨʦʚʘʥʠʝ ʠʩʧʨʘʚʣʝʥʥʦʛʦ ʠʟʦʙʨʘʞʝʥʠʷ. ʂʨʦʤʝ ʪʦʛʦ, ʧʦʩʣʝ ʫʩʪʨʘʥʝʥʠʷ 
ʜʠʩʪʦʨʩʠʠ ʤʦʞʝʪ ʙʳʪʴ ʧʝʨʝʨʘʩʧʨʝʜʝʣʝʥʦ ʨʘʟʨʝʰʝʥʠʝ ʠʟʦʙʨʘʞʝʥʠʷ: ʧʨʠ ʧʦʣʦʞʠʪʝʣʴʥʦʡ ʜʠʩʪʦʨʩʠʠ 
(çʧʦʜʫʰʢʘè) ʨʝʟʢʦʩʪʴ ʠʟʦʙʨʘʞʝʥʠʷ ʧʦ ʢʨʘʷʤ ʤʦʞʝʪ ʫʚʝʣʠʯʠʪʴʩʷ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʮʝʥʪʨʫ, ʧʨʠ 
ʦʪʨʠʮʘʪʝʣʴʥʦʡ ʜʠʩʪʦʨʩʠʠ (çʙʦʯʢʘè) ï ʥʘʦʙʦʨʦʪ, ʨʝʟʢʦʩʪʴ ʧʦ ʢʨʘʷʤ ʤʦʞʝʪ ʫʤʝʥʴʰʠʪʴʩʷ. 
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54 
 

ʉʝʛʦʜʥʷ ʚʩʪʨʘʠʚʘʝʤʳʝ ʩʠʩʪʝʤʳ ʚʩʪʨʝʯʘʶʪʩʷ ʧʨʘʢʪʠʯʝʩʢʠ ʧʦʚʩʝʤʝʩʪʥʦ. ɺʩʪʨʘʠʚʘʝʤʘʷ ʩʠʩʪʝʤʘ 
ï ʵʪʦ ʩʠʩʪʝʤʘ, ʢʦʪʦʨʘʷ ʚʳʧʦʣʥʷʝʪ ʦʧʨʝʜʝʣʝʥʥʳʡ ʧʨʦʠʟʚʦʜʠʪʝʣʝʤ ʥʘʙʦʨ ʬʫʥʢʮʠʡ [1]. ʀʟʤʝʥʝʥʠʝ 
ʥʘʙʦʨʘ ʵʪʠʭ ʬʫʥʢʮʠʡ ʜʦʩʪʫʧʥʦ ʣʠʰʴ ʧʨʦʠʟʚʦʜʠʪʝʣʶ ʫʩʪʨʦʡʩʪʚʘ, ʯʪʦ ʥʘʢʣʘʜʳʚʘʝʪ ʦʧʨʝʜʝʣʝʥʥʳʡ 
ʦʪʧʝʯʘʪʦʢ ʧʨʠ ʨʘʟʨʘʙʦʪʢʝ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ ʜʣʷ ʥʠʭ. ʊʘʢʞʝ ʢ ʪʘʢʠʤ ʩʠʩʪʝʤʘʤ ʦʙʳʯʥʦ 
ʚʳʜʚʠʛʘʶʪʩʷ ʚʳʩʦʢʠʝ ʚʨʝʤʝʥʥʳʝ ʪʨʝʙʦʚʘʥʠʷ ʠ ʪʨʝʙʦʚʘʥʠʷ ʦʪʢʘʟʦʫʩʪʦʡʯʠʚʦʩʪʠ. ʕʪʦ ʧʨʠʚʦʜʠʪ ʢʘʢ ʢ 
ʫʚʝʣʠʯʝʥʠʶ ʪʨʫʜʦʟʘʪʨʘʪ ʥʘ ʨʘʟʨʘʙʦʪʢʫ ʪʘʢʠʭ ʩʠʩʪʝʤ, ʪʘʢ ʠ ʢ ʠʩʧʦʣʴʟʦʚʘʥʠʶ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʭ 
ʦʧʝʨʘʮʠʦʥʥʳʭ ʩʠʩʪʝʤ, ʢʦʪʦʨʳʝ ʨʘʟʨʘʙʦʪʘʥʳ ʜʣʷ ʨʘʙʦʪʳ ʚ ʨʝʞʠʤʝ ʨʝʘʣʴʥʦʛʦ ʚʨʝʤʝʥʠ. 

ʆʧʝʨʘʮʠʦʥʥʘʷ ʩʠʩʪʝʤʘ ʨʝʘʣʴʥʦʛʦ ʚʨʝʤʝʥʠ ï ʵʪʦ ʦʧʝʨʘʮʠʦʥʥʘʷ ʩʠʩʪʝʤʘ (ʆʉ), ʢʦʪʦʨʘʷ 
ʧʨʝʜʥʘʟʥʘʯʝʥʘ ʜʣʷ ʦʙʩʣʫʞʠʚʘʥʠʷ ʤʥʦʛʦʧʦʪʦʯʥʳʭ ʧʨʠʣʦʞʝʥʠʡ, ʢʦʪʦʨʳʝ ʦʙʨʘʙʘʪʳʚʘʶʪ ʜʘʥʥʳʝ ʧʦ 
ʤʝʨʝ ʠʭ ʧʦʩʪʫʧʣʝʥʠʷ [2]. ʆʙʳʯʥʦ ʷʜʨʦ ʪʘʢʦʡ ʆʉ ʩʦʩʪʦʠʪ ʠʟ ʩʧʝʮʠʘʣʴʥʦ ʩʧʨʦʝʢʪʠʨʦʚʘʥʥʦʛʦ 
ʧʣʘʥʠʨʦʚʱʠʢʘ ʟʘʜʘʯ ʠ ʧʨʠʤʠʪʠʚʦʚ ʩʠʥʭʨʦʥʠʟʘʮʠʠ. ʊʘʢʞʝ ʢ ʙʘʟʦʚʳʤ ʢʦʤʧʦʥʝʥʪʘʤ ʪʘʢʠʭ ʆʉ ʦʪʥʦʩʷʪ 
ʜʨʘʡʚʝʨʳ ʠʩʧʦʣʴʟʫʝʤʳʭ ʧʝʨʠʬʝʨʠʡʥʳʭ ʫʩʪʨʦʡʩʪʚ, ʩʝʪʝʚʦʡ ʩʪʝʢ ʠ ʬʘʡʣʦʚʳʝ ʩʠʩʪʝʤʳ. ʅʦ ʦʥʠ 
ʷʚʣʷʶʪʩʷ ʦʧʮʠʦʥʘʣʴʥʳʤʠ ʠ ʜʦʙʘʚʣʷʶʪʩʷ ʪʦʣʴʢʦ ʧʦ ʤʝʨʝ ʥʝʦʙʭʦʜʠʤʦʩʪʠ. 

ʀʥʩʪʨʫʤʝʥʪʠʨʦʚʘʥʠʝ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ ʩʚʷʟʘʥʦ ʩ ʥʘʙʦʨʦʤ ʚʦʟʤʦʞʥʦʩʪʝʡ, 
ʧʨʝʜʦʩʪʘʚʣʷʝʤʳʭ ʜʣʷ ʠʟʤʝʨʝʥʠʷ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʧʨʦʛʨʘʤʤʥʦʛʦ ʧʨʦʜʫʢʪʘ, ʧʦʠʩʢʘ ʢʦʤʧʦʥʝʥʪʦʚ, 
ʦʛʨʘʥʠʯʠʚʘʶʱʠʭ ʩʢʦʨʦʩʪʴ ʝʛʦ ʨʘʙʦʪʳ, ʘ ʪʘʢʞʝ ʟʘʧʠʩʠ ʠʥʬʦʨʤʘʮʠʠ ʪʨʘʩʩʠʨʦʚʢʠ ʠ ʥʘʭʦʞʜʝʥʠʷ 
ʥʝʢʦʨʨʝʢʪʥʦ ʨʘʙʦʪʘʶʱʠʭ ʤʦʜʫʣʝʡ [3]. ɺ ʠʥʩʪʨʫʤʝʥʪʠʨʦʚʘʥʠʠ ʚʳʜʝʣʷʶʪ ʩʣʝʜʫʶʱʠʝ ʥʘʧʨʘʚʣʝʥʠʷ: 

ī ʪʨʘʩʩʠʨʦʚʢʘ ʢʦʜʘ; 
ī ʦʪʣʘʜʢʘ ʠ ʦʙʨʘʙʦʪʢʘ ʠʩʢʣʶʯʝʥʠʡ; 
ī ʧʨʦʬʠʣʠʨʦʚʘʥʠʝ; 
ī ʧʦʜʩʯʝʪ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ; 
ī ʣʦʛʠʨʦʚʘʥʠʝ ʜʘʥʥʳʭ. 
ʉʪʦʠʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʦʙʳʯʥʦ ʚʳʰʝʧʝʨʝʯʠʩʣʝʥʥʳʝ ʥʘʧʨʘʚʣʝʥʠʷ ʚʟʘʠʤʦʩʚʷʟʘʥʳ ʠ ʨʝʘʣʠʟʫʶʪʩʷ ʚ 

ʚʠʜʝ ʥʘʙʦʨʘ ʠʥʩʪʨʫʤʝʥʪʦʚ ʜʣʷ ʨʘʟʨʘʙʦʪʢʠ. 
ʇʨʦʬʠʣʠʨʦʚʘʥʠʝ ʷʚʣʷʝʪʩʷ ʩʧʦʩʦʙʦʤ ʘʥʘʣʠʟʘ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ ʚʦ ʚʨʝʤʷ ʝʛʦ 

ʚʳʧʦʣʥʝʥʠʷ ʠ ʧʦʟʚʦʣʷʝʪ ʠʟʤʝʨʷʪʴ ʨʘʟʣʠʯʥʳʝ ʧʘʨʘʤʝʪʨʳ ʨʘʙʦʪʳ ʧʨʦʛʨʘʤʤʳ. ʇʦʜ ʧʦʜʩʯʝʪʦʤ 
ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʧʦʥʠʤʘʶʪ ʧʨʦʮʝʩʩ ʧʨʝʜʦʩʪʘʚʣʝʥʠʷ ʠʥʬʦʨʤʘʮʠʠ ʦ ʢʘʯʝʩʪʚʝ ʨʘʙʦʪʳ 
ʨʘʟʨʘʙʘʪʳʚʘʝʤʦʛʦ ʧʨʦʛʨʘʤʤʥʦʛʦ ʧʨʦʜʫʢʪʘ ʩ ʧʦʤʦʱʴʶ ʩʯʝʪʯʠʢʦʚ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ. ʃʦʛʠʨʦʚʘʥʠʝ ï  
ʵʪʦ ʧʨʦʮʝʩʩ ʩʙʦʨʘ ʠ ʭʨʘʥʝʥʠʷ ʧʨʦʠʟʦʰʝʜʰʠʭ ʚ ʩʠʩʪʝʤʝ ʩʦʙʳʪʠʡ. 

ʂ ʧʨʦʛʨʘʤʤʥʦʤʫ ʦʙʝʩʧʝʯʝʥʠʶ, ʧʨʝʜʥʘʟʥʘʯʝʥʥʦʤʫ ʜʣʷ ʠʥʩʪʨʫʤʝʥʪʠʨʦʚʘʥʠʷ, ʚʳʜʚʠʛʘʝʪʩʷ ʦʜʥʦ 
ʚʘʞʥʦʝ ʪʨʝʙʦʚʘʥʠʝ: ʤʠʥʠʤʘʣʴʥʦʝ ʚʣʠʷʥʠʝ ʥʘ ʘʥʘʣʠʟʠʨʫʝʤʦʝ ʧʨʦʛʨʘʤʤʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ. ʕʪʦ 
ʜʝʣʘʝʪʩʷ ʜʣʷ ʪʦʛʦ, ʯʪʦʙʳ ʫʤʝʥʴʰʠʪʴ ʨʘʩʭʦʞʜʝʥʠʝ ʨʘʙʦʪʳ ʧʨʦʛʨʘʤʤʳ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʩʨʝʜʩʪʚ 
ʠʥʩʪʨʫʤʝʥʪʠʨʦʚʘʥʠʷ ʠ ʙʝʟ ʥʠʭ. 

ɺʩʪʨʝʯʘʶʪʩʷ ʩʣʫʯʘʠ, ʢʦʛʜʘ ʢʦʥʝʯʥʦʤʫ ʧʦʣʴʟʦʚʘʪʝʣʶ ʪʘʢʞʝ ʥʝʦʙʭʦʜʠʤʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʩʨʝʜʩʪʚʘ 
ʧʨʦʬʠʣʠʨʦʚʘʥʠʷ ʜʣʷ ʚʩʪʨʘʠʚʘʝʤʦʡ ʩʠʩʪʝʤʳ. ʀʩʧʦʣʴʟʦʚʘʪʴ ʢʣʘʩʩʠʯʝʩʢʠʝ ʩʨʝʜʩʪʚʘ ʧʨʦʬʠʣʠʨʦʚʘʥʠʷ, 
ʢʦʪʦʨʳʝ ʠʩʧʦʣʴʟʫʶʪʩʷ ʧʨʠ ʨʘʟʨʘʙʦʪʢʝ ʪʘʢʠʭ ʩʠʩʪʝʤ, ʥʝ ʷʚʣʷʝʪʩʷ ʚʦʟʤʦʞʥʳʤ. ʅʦ ʨʘʟʨʘʙʦʪʯʠʢʠ ʤʦʛʫʪ 
ʧʨʝʜʫʩʤʦʪʨʝʪʴ ʵʪʦʪ ʚʘʨʠʘʥʪ ʠ ʜʦʙʘʚʠʪʴ ʚ ʩʠʩʪʝʤʫ ʚʦʟʤʦʞʥʦʩʪʴ ʦʪʣʘʜʢʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 
ʩʧʝʮʠʘʣʴʥʦ ʨʘʟʨʘʙʦʪʘʥʥʦʛʦ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ. 

ʕʪʘ ʟʘʜʘʯʘ ʠ ʧʦʙʫʜʠʣʘ ʘʚʪʦʨʘ ʜʣʷ ʨʘʟʨʘʙʦʪʢʠ ʩʦʙʩʪʚʝʥʥʦʡ ʩʠʩʪʝʤʳ ʧʨʦʬʠʣʠʨʦʚʘʥʠʷ ʠ 
ʣʦʛʠʨʦʚʘʥʠʷ. ʈʘʟʨʘʙʘʪʳʚʘʝʤʘʷ ʩʠʩʪʝʤʘ ʧʦʜʨʘʟʫʤʝʚʘʝʪ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʆʉ ʨʝʘʣʴʥʦʛʦ ʚʨʝʤʝʥʠ TI-
RTOS ʠ ʧʨʝʜʥʘʟʥʘʯʝʥʘ ʜʣʷ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚʦ ʚʩʪʨʘʠʚʘʝʤʳʭ ʩʠʩʪʝʤʘʭ ʩ ʚʦʟʤʦʞʥʦʩʪʴʶ ʧʦʜʢʣʶʯʝʥʠʷ 
ʩ ʧʦʤʦʱʴʶ Ethernet ʠʣʠ Wi-Fi. ʀʥʬʦʨʤʘʮʠʷ ʜʣʷ ʢʦʥʝʯʥʦʛʦ ʧʦʣʴʟʦʚʘʪʝʣʷ ʚʳʚʦʜʠʪʩʷ ʥʘ ʩʪʨʘʥʠʮʫ ʚʝʙ-
ʙʨʘʫʟʝʨʘ ʠ ʦʪʦʙʨʘʞʘʝʪ ʢʘʢ ʦʙʱʫʶ ʟʘʛʨʫʞʝʥʥʦʩʪʴ ʜʣʷ ʢʘʞʜʦʛʦ ʷʜʨʘ ʠʩʧʦʣʴʟʫʝʤʦʛʦ ʤʠʢʨʦʧʨʦʮʝʩʩʦʨʘ, 
ʪʘʢ ʠ ʧʨʦʮʝʥʪ ʧʨʦʮʝʩʩʦʨʥʦʛʦ ʚʨʝʤʝʥʠ, ʠʩʧʦʣʴʟʫʝʤʦʛʦ ʢʘʞʜʦʡ ʟʘʜʘʯʝʡ. 

 
ʉʧʠʩʦʢ ʠʩʧʦʣʴʟʦʚʘʥʥʳʭ ʠʩʪʦʯʥʠʢʦʚ: 
1. Heath, Steve. Embedded Systems Design / Steve Heath. ð ELSEVIER, 2003. ð P. 2-8. 
2. RTOS (Real-Time Operating System) ð ʅʘʮʠʦʥʘʣʴʥʘʷ ʙʠʙʣʠʦʪʝʢʘ ʠʤ. ʅ. ʕ. ɹʘʫʤʘʥʘ [ʕʣʝʢʪʨʦʥʥʳʡ ʨʝʩʫʨʩ]. ï ʈʝʞʠʤ 

ʜʦʩʪʫʧʘ: https://ru.bmstu.wiki/RTOS_(Real-Time_Operating_System). ï ɼʘʪʘ ʜʦʩʪʫʧʘ: 23.03.2019ʛ. 
3. Source code instrumentation overview [ʕʣʝʢʪʨʦʥʥʳʡ ʨʝʩʫʨʩ]. ð ʈʝʞʠʤ ʜʦʩʪʫʧʘ : https://www.ibm.com/support/ 

knowledgecenter/SSSHUF_8.0.0/com.ibm.rational.testrt.doc. ï ɼʘʪʘ ʜʦʩʪʫʧʘ: 12.03.2019ʛ. 
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ʆɹʅɸʈʋɾɽʅʀɽ ʀ ʈɸʉʇʆɿʅɸɺɸʅʀɽ ʆɹʒɽʂʊʆɺ ɺ ɺʀɼɽʆʇʆʊʆʂɽ 
ʅɸ ʆʉʅʆɺɽ R-CNN ɼɽʊɽʂʊʆʈʆɺ 

ʇʘʮ ɽ.ɸ. 

ɹʝʣʦʨʫʩʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʥʬʦʨʤʘʪʠʢʠ ʠ ʨʘʜʠʦʵʣʝʢʪʨʦʥʠʢʠ 
ʛ. ʄʠʥʩʢ, ʈʝʩʧʫʙʣʠʢʘ ɹʝʣʘʨʫʩʴ 

ʅʘʩʫʨʦ ɽ.ɺ. ï ʢ.ʪ.ʥ., ʜʦʮʝʥʪ ʢʘʬ. ʕɺʄ 

ʉʨʝʜʩʪʚʘ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʦʡ ʦʙʨʘʙʦʪʢʠ ʢʘʜʨʦʚ ʚʠʜʝʦʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʜʣʷ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʧʦʠʩʢʘ ʠ ʢʣʘʩʩʠʬʠʢʘʮʠʠ 
ʦʙʲʝʢʪʦʚ ʚ ʚʠʜʝʦʧʦʪʦʢʝ. ʉʨʘʚʥʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ.  

ʆʜʥʦʡ ʠʟ ʘʢʪʫʘʣʴʥʳʭ ʧʨʦʙʣʝʤ ʩʦʚʨʝʤʝʥʥʦʛʦ ʤʠʨʘ ʷʚʣʷʝʪʩʷ ʦʙʥʘʨʫʞʝʥʠʝ ʠ ʨʘʩʧʦʟʥʘʚʘʥʠʝ 
ʦʙʲʝʢʪʦʚ ʥʘ ʚʠʜʝʦʧʦʪʦʢʝ. ɼʣʷ ʨʘʙʦʪʳ ʩ ʚʠʜʝʦʧʦʪʦʢʦʤ ʥʝʦʙʭʦʜʠʤʦ ʨʘʟʙʠʪʴ ʝʛʦ ʥʘ ʢʘʜʨʳ, ʢʦʪʦʨʳʝ 
ʙʦʣʝʝ ʫʜʦʙʥʳ ʜʣʷ ʦʙʨʘʙʦʪʢʠ. ɼʣʷ ʨʘʩʢʘʜʨʦʚʢʠ ʚʠʜʝʦ ʩʫʱʝʩʪʚʫʝʪ ʙʠʙʣʠʦʪʝʢʘ ʩ ʦʪʢʨʳʪʳʤ ʠʩʭʦʜʥʳʤ 
ʢʦʜʦʤ ʨʝʰʘʶʱʘʷ ʟʘʜʘʯʠ ʢʦʤʧʴʶʪʝʨʥʦʛʦ ʟʨʝʥʠʷ openCV[1]. ɹʠʙʣʠʦʪʝʢʘ ʢʨʦʩʩʧʣʘʪʬʦʨʤʝʥʥʘ ʠ 
ʧʦʜʜʝʨʞʠʚʘʝʪʩʷ ʪʘʢʠʤʠ ʷʟʳʢʘʤʠ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ, ʢʘʢ Python, C++, Java. ʊʘʢʞʝ ʙʠʙʣʠʦʪʝʢʘ 
ʨʘʟʨʘʙʦʪʘʥʘ ʜʣʷ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚ ʩʠʩʪʝʤʘʭ ʨʝʘʣʴʥʦʛʦ ʚʨʝʤʝʥʠ, ʯʪʦ ʧʦʜʭʦʜʠʪ ʜʣʷ ʨʝʰʝʥʠʷ 
ʧʦʩʪʘʚʣʝʥʥʦʡ ʟʘʜʘʯʠ. ʇʨʠʩʫʪʩʪʚʫʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʤʥʦʛʦʷʜʝʨʥʳʭ ʧʨʦʮʝʩʩʦʨʦʚ ʜʣʷ 
ʦʙʨʘʙʦʪʢʠ ʠʥʬʦʨʤʘʮʠʠ. ʇʦʩʣʝ ʟʘʚʝʨʰʝʥʠʷ ʦʙʨʘʙʦʪʢʠ ʢʘʞʜʦʛʦ ʠʟ ʢʘʜʨʦʚ, ʝʩʪʴ ʚʦʟʤʦʞʥʦʩʪʴ 
ʚʦʩʩʪʘʥʦʚʠʪʴ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʚʠʜʝʦʧʦʪʦʢʘ. 

ɿʘʯʘʩʪʫʶ ʦʩʥʦʚʦʡ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʦʡ ʩʠʩʪʝʤʳ ʚʳʩʪʫʧʘʝʪ ʥʝʡʨʦʥʥʘʷ ʩʝʪʴ. ʅʘ ʜʘʥʥʳʡ ʤʦʤʝʥʪ 
ʨʘʟʨʘʙʦʪʘʥʦ ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʤʦʜʝʣʝʡ ʥʝʡʨʦʥʥʳʭ ʩʝʪʝʡ. ʄʦʜʝʣʴ ʥʝʡʨʦʥʥʦʡ ʩʝʪʠ ʚʳʙʠʨʘʝʪʩʷ ʚ 
ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʧʦʩʪʘʚʣʝʥʥʦʡ ʟʘʜʘʯʠ. 

ʅʘ ʧʨʘʢʪʠʢʝ, ʥʝʡʨʦʥʥʳʝ ʩʝʪʠ ʠʩʧʦʣʴʟʫʶʪʩʷ ʜʣʷ ʨʝʰʝʥʠʷ ʟʘʜʘʯ: 
1. ʂʣʘʩʩʠʬʠʢʘʮʠʠ; 
2. ʂʣʘʩʪʝʨʠʟʘʮʠʠ(ʢʘʪʝʛʦʨʠʟʘʮʠʠ); 
3. ɸʧʧʨʦʢʩʠʤʘʮʠʠ; 
4. ʇʨʝʜʩʢʘʟʘʥʠʷ(ʧʨʦʛʥʦʟʘ); 
5. ʆʧʪʠʤʠʟʘʮʠʠ. 
ʆʙʳʯʥʦ ʜʣʷ ʨʘʩʧʦʟʥʘʚʘʥʠʷ ʦʙʲʝʢʪʘ ʥʘ ʠʟʦʙʨʘʞʝʥʠʠ ʜʦʩʪʘʪʦʯʥʦ ʧʨʠʙʝʛʥʫʪʴ ʢ ʢʣʘʩʩʠʬʠʢʘʮʠʠ. 

ɼʣʷ ʵʪʦʛʦ, ʟʘʯʘʩʪʫʶ, ʠʩʧʦʣʴʟʫʶʪʩʷ ʩʚʝʨʪʦʯʥʳʝ ʥʝʡʨʦʥʥʳʝ ʩʝʪʠ [2]. ɼʘʥʥʘʷ ʤʦʜʝʣʴ ʟʘʨʝʢʦʤʝʥʜʦʚʘʣʘ 
ʩʝʙʷ ʭʦʨʦʰʠʤ ʧʨʦʮʝʥʪʦʤ ʨʘʩʧʦʟʥʘʚʘʥʠʷ ʠ ʩʢʦʨʦʩʪʴʶ ʨʘʙʦʪʳ. ʆʜʥʘʢʦ ʜʘʥʥʳʡ ʩʧʦʩʦʙ ʠʤʝʝʪ 
ʦʛʨʘʥʠʯʝʥʠʝ: ʥʘʣʠʯʠʝ ʪʦʣʴʢʦ ʦʜʥʦʛʦ ʦʙʲʝʢʪʘ ʥʘ ʠʟʦʙʨʘʞʝʥʠʠ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʜʣʷ ʨʝʰʝʥʠʷ ʟʘʜʘʯ ʦʙʥʘʨʫʞʝʥʠʷ ʠ ʨʘʩʧʦʟʥʘʚʘʥʠʷ, ʧʨʠʜʝʪʩʷ ʧʨʠʙʝʛʥʫʪʴ ʢ 
ʩʝʛʤʝʥʪʘʮʠʠ ʠʟʦʙʨʘʞʝʥʠʷ ʩ ʧʦʩʣʝʜʫʶʱʝʡ ʢʣʘʩʩʠʬʠʢʘʮʠʝʡ ʩʝʛʤʝʥʪʦʚ. ɺ ʠʪʦʛʝ, ʧʦ ʟʘʚʝʨʰʝʥʠʶ 
ʨʘʙʦʪʳ ʥʝʡʨʦʥʥʦʡ ʩʝʪʠ, ʜʦʣʞʥʘ ʙʳʪʴ ʧʦʣʫʯʝʥʘ ʠʥʬʦʨʤʘʮʠʷ ʦ ʨʝʛʠʦʥʘʭ ʠʟʦʙʨʘʞʝʥʠʷ, ʚ ʢʦʪʦʨʳʭ ʙʳʣʠ 
ʥʘʡʜʝʥʳ ʧʨʠʟʥʘʢʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ ʦʙʲʝʢʪʘ, ʘ ʪʘʢʞʝ ʧʨʦʮʝʥʪ ʚʝʨʦʷʪʥʦʩʪʠ ʜʦʩʪʦʚʝʨʥʦʩʪʠ ʦʙʲʝʢʪʘ. 

ʆʜʥʘʢʦ, ʧʨʦʙʣʝʤʦʡ ʜʘʥʥʦʛʦ ʧʦʜʭʦʜʘ, ʷʚʣʷʝʪʩʷ ʪʦ, ʯʪʦ ʦʙʲʝʢʪʳ ʥʘ ʠʟʦʙʨʘʞʝʥʠʠ ʤʦʛʫʪ ʠʤʝʪʴ 
ʨʘʟʣʠʯʥʦʝ ʤʝʩʪʦʧʦʣʦʞʝʥʠʝ ʠ ʧʨʦʧʦʨʮʠʠ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʩ ʙʦʣʴʰʦʡ ʚʝʨʦʷʪʥʦʩʪʴʶ ʧʦʷʚʠʪʩʷ 
ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʚ ʦʙʨʘʙʦʪʢʝ ʙʦʣʴʰʝʛʦ ʢʦʣʠʯʝʩʪʚʘ ʨʝʛʠʦʥʦʚ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʧʦʜʭʦʜ ʪʨʝʙʫʝʪ 
ʟʥʘʯʠʪʝʣʴʥʳʭ ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ ʤʦʱʥʦʩʪʝʡ ʜʣʷ ʨʝʰʝʥʠʷ ʧʦʩʪʘʚʣʝʥʥʦʡ ʟʘʜʘʯʠ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ, ʙʳʣʠ 
ʨʘʟʨʘʙʦʪʘʥʳ ʩʣʝʜʫʶʱʠʝ ʘʣʛʦʨʠʪʤʳ ʦʙʥʘʨʫʞʝʥʠʷ ʦʙʲʝʢʪʦʚ [3]: R-CNN, Fast R-CNN, Faster R-CNN, 
YOLO. 

ɸʣʛʦʨʠʪʤʳ R-CNN ʠ Fast R-CNN ʠʩʧʦʣʴʟʫʶʪ ʚʳʙʦʨʦʯʥʳʡ ʧʦʠʩʢ ʜʣʷ ʚʳʜʝʣʝʥʠʷ ʟʥʘʯʠʤʦʛʦ 
ʨʝʛʠʦʥʘ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʚʳʙʦʨʦʯʥʦʛʦ ʧʦʠʩʢʘ ʨʝʩʫʨʩʦʝʤʢʠʡ ʠ ʚʨʝʤʷʟʘʪʨʘʪʥʳʡ ʧʨʦʮʝʩʩ. 
ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʘʣʛʦʨʠʪʤʘ Faster R-CNN ʨʝʰʘʝʪ ʵʪʫ ʧʨʦʙʣʝʤʫ. ɺ ʘʣʛʦʨʠʪʤʝ Faster R-CNN ʥʘ ʚʭʦʜ 
ʩʚʝʨʪʦʯʥʦʡ ʩʝʪʠ, ʪʘʢʞʝ ʧʦʜʘʝʪʩʷ ʠʟʦʙʨʘʞʝʥʠʝ, ʢʦʪʦʨʦʝ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʩʚʝʨʪʦʯʥʫʶ ʢʘʨʪʫ 
ʧʨʠʟʥʘʢʦʚ. ʆʜʥʘʢʦ, ʚʤʝʩʪʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚʳʙʦʨʦʯʥʦʛʦ ʧʦʠʩʢʘ, ʜʣʷ ʚʳʜʝʣʝʥʠʷ ʧʨʝʜʧʦʣʘʛʘʝʤʳʭ 
ʨʝʛʠʦʥʦʚ, ʠʩʧʦʣʴʟʫʝʪʩʷ ʦʪʜʝʣʴʥʘʷ ʩʝʪʴ. ʇʨʝʜʩʢʘʟʘʥʥʳʝ ʦʙʣʘʩʪʠ ʠʤʝʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʜʘʣʴʥʝʡʰʝʛʦ 
ʠʟʤʝʥʝʥʠʷ ʜʣʷ ʙʦʣʝʝ ʪʦʯʥʦʛʦ ʚʳʜʝʣʝʥʠʷ ʦʙʲʝʢʪʘ ʥʘ ʠʟʦʙʨʘʞʝʥʠʠ. 

ɼʘʥʥʳʡ ʧʦʜʭʦʜ ʟʥʘʯʠʪʝʣʴʥʦ ʩʦʢʨʘʱʘʝʪ ʚʨʝʤʷ ʦʙʨʘʙʦʪʢʠ ʠʟʦʙʨʘʞʝʥʠʷ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ 
ʠʩʧʦʣʴʟʦʚʘʪʴ ʘʣʛʦʨʠʪʤ Faster R-CNN ʚ ʩʠʩʪʝʤʘʭ ʨʝʘʣʴʥʦʛʦ ʚʨʝʤʝʥʠ (ʈʠʩʫʥʦʢ 1).  

ʇʨʠ ʨʘʙʦʪʝ ʩ ʥʝʡʨʦʥʥʳʤʠ ʩʝʪʷʤʠ ʚʘʞʥʳʤ ʧʘʨʘʤʝʪʨʦʤ ʷʚʣʷʝʪʩʷ ʙʘʟʘ ʜʘʥʥʳʭ ʠʩʧʦʣʴʟʫʝʤʘʷ ʜʣʷ 
ʦʙʫʯʝʥʠʷ ʩʝʪʠ. ɿʘʯʘʩʪʫʶ, ʠʩʧʦʣʴʟʫʝʪʩʷ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʘʷ ʚʳʙʦʨʢʘ ʜʘʥʥʳʭ, ʢʦʪʦʨʘʷ ʩʦʜʝʨʞʠʪ 
ʧʦʜʛʦʪʦʚʣʝʥʥʳʝ, ʨʘʟʤʝʯʝʥʥʳʝ ʜʘʥʥʳʝ ʩ ʠʥʬʦʨʤʘʮʠʝʡ ʦʙ ʦʙʲʝʢʪʘʭ. 

ɼʣʷ ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ ʦʙʥʘʨʫʞʝʥʠʷ ʠ ʨʘʩʧʦʟʥʘʚʘʥʠʷ ʨʘʟʫʤʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʙʘʟʫ ʜʘʥʥʳʭ, 
ʢʦʪʦʨʘʷ ʠʤʝʝʪ ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʢʣʘʩʩʦʚ, ʢʦʪʦʨʳʝ ʯʘʩʪʦ ʚʩʪʨʝʯʘʶʪʩʷ ʚ ʧʦʚʩʝʜʥʝʚʥʦʡ ʞʠʟʥʠ. 
ʆʜʥʦʡ ʠʟ ʧʦʜʭʦʜʷʱʠʭ ʚʳʙʦʨʦʢ ʜʘʥʥʳʭ ʷʚʣʷʝʪʩʷ COCO dataset (ʆʙʱʠʝ ʦʙʲʝʢʪʳ ʚ ʢʦʥʪʝʢʩʪʝ) [4]. 
ɼʘʥʥʘʷ ʙʘʟʘ ʜʘʥʥʳʭ, ʷʚʣʷʝʪʩʷ ʢʨʫʧʥʦʤʘʩʰʪʘʙʥʳʤ ʥʘʙʦʨʦʤ ʜʘʥʥʳʭ ʜʣʷ ʦʙʥʘʨʫʞʝʥʠʷ, ʩʝʛʤʝʥʪʘʮʠʠ ʠ 
ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʦʙʲʝʢʪʦʚ. 
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ʈʠʩʫʥʦʢ 1 ï ʉʨʘʚʥʝʥʠʝ ʪʝʩʪʦʚʦʡ ʩʢʦʨʦʩʪʠ ʘʣʛʦʨʠʪʤʦʚ ʦʙʥʘʨʫʞʝʥʠʷ ʦʙʲʝʢʪʦʚ 

  
ɺ ʨʘʟʨʘʙʘʪʳʚʘʝʤʦʡ ʩʠʩʪʝʤʝ ʦʙʥʘʨʫʞʝʥʠʷ ʠ ʨʘʩʧʦʟʥʘʚʘʥʠʷ ʦʙʲʝʢʪʦʚ ʚ ʚʠʜʝʦʧʦʪʦʢʝ ʙʫʜʫʪ 

ʧʦʵʪʘʧʥʦ ʧʨʠʤʝʥʝʥʳ ʦʧʠʩʘʥʥʳʝ ʩʨʝʜʩʪʚʘ, ʯʪʦ ʧʦʟʚʦʣʠʪ ʠʜʝʥʪʠʬʠʮʠʨʦʚʘʪʴ ʦʙʲʝʢʪʳ ʚ ʨʝʞʠʤʝ 
ʨʝʘʣʴʥʦʛʦ ʚʨʝʤʝʥʠ. 

 
ʉʧʠʩʦʢ ʠʩʧʦʣʴʟʦʚʘʥʥʳʭ ʠʩʪʦʯʥʠʢʦʚ: 
1. ɹʠʙʣʠʦʪʝʢʘ ʢʦʤʧʴʶʪʝʨʥʦʛʦ ʟʨʝʥʠʷ OpenCV [ʕʣʝʢʪʨʦʥʥʳʡ ʨʝʩʫʨʩ] ï ʈʝʞʠʤ ʜʦʩʪʫʧʘ: https://opencv.org/ ï ɼʘʪʘ 

ʜʦʩʪʫʧʘ: 24.03.2019. 
2. ʆʥʣʘʡʥ ʢʫʨʩ ñʇʨʦʛʨʘʤʤʠʨʦʚʘʥʠʝ ʛʣʫʙʦʢʠʭ ʥʝʡʨʦʥʥʳʭ ʩʝʪʝʡ ʥʘ Pythonò [ʕʣʝʢʪʨʦʥʥʳʡ ʨʝʩʫʨʩ] ï ʈʝʞʠʤ ʜʦʩʪʫʧʘ: 

https://www.asozykin.ru/courses/nnpython ï ɼʘʪʘ ʜʦʩʪʫʧʘ: 24.03.2019. 
3. ɹʣʦʛ ʧʣʘʪʬʦʨʤʘ Medium [ʕʣʝʢʪʨʦʥʥʳʡ ʨʝʩʫʨʩ] ï ʈʝʞʠʤ ʜʦʩʪʫʧʘ: https://medium.com/ ï ɼʘʪʘ ʜʦʩʪʫʧʘ: 24.03.2019. 
4. COCO Dataset ñCommon objects in contextò [ʕʣʝʢʪʨʦʥʥʳʡ ʨʝʩʫʨʩ] ï ʈʝʞʠʤ ʜʦʩʪʫʧʘ: http://cocodataset.org ï ɼʘʪʘ 

ʜʦʩʪʫʧʘ: 24.03.2019. 

 
 

ʉʀʉʊɽʄɸ ɸɺʊʆʄɸʊʀʏɽʉʂʆɻʆ ʇʆʃʀɺɸ ʈɸʉʊɽʅʀʁ  

ʇʠʩʯʠʢ ɸ.ʉ., ʅʘʫʤʝʥʢʦ ɼ.ʂ. 

ɹʝʣʦʨʫʩʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʥʬʦʨʤʘʪʠʢʠ ʠ ʨʘʜʠʦʵʣʝʢʪʨʦʥʠʢʠ  
ʛ. ʄʠʥʩʢ, ʈʝʩʧʫʙʣʠʢʘ ɹʝʣʘʨʫʩʴ 

ʉʘʧʨʦʥʦʚʘ ʖ.ʀ. ï ʘʩʩʠʩʪʝʥʪ 

ʅʘ ʯʘʩʪʦʪʫ ʠ ʦʙʠʣʴʥʦʩʪʴ ʧʦʣʠʚʘ ʚʣʠʷʶʪ ʪʘʢʠʝ ʬʘʢʪʦʨʳ ʢʘʢ ʚʠʜ ʨʘʩʪʝʥʠʷ, ʪʝʤʧʝʨʘʪʫʨʘ ʠ ʚʣʘʞʥʦʩʪʴ ʦʢʨʫʞʘʶʱʝʛʦ ʚʦʟʜʫʭʘ, 
ʚʨʝʤʷ ʩʫʪʦʢ ʠ ʚʨʝʤʷ ʛʦʜʘ. ɺ ʨʘʙʦʪʝ ʠʟʫʯʝʥʳ ʚʦʧʨʦʩʳ, ʩʚʷʟʘʥʥʳʝ ʩ ʘʚʪʦʤʘʪʠʟʘʮʠʝʡ ʧʨʦʮʝʩʩʘ ʧʦʣʠʚʘ ʨʘʩʪʝʥʠʡ ʚ ʟʘʚʠʩʠʤʦʩʪʠ 
ʦʪ ʫʢʘʟʘʥʥʳʡ ʬʘʢʪʦʨʦʚ. 

ʂʦʤʥʘʪʥʳʝ ʨʘʩʪʝʥʠʷ ʷʚʣʷʶʪʩʷ ʥʝ ʪʦʣʴʢʦ ʣʠʰʴ ʫʢʨʘʰʝʥʠʝʤ ʚ ʢʚʘʨʪʠʨʝ. ʆʥʠ ʚʳʜʝʣʷʶʪ ʚʦ 
ʚʥʝʰʥʶʶ ʩʨʝʜʫ ʢʠʩʣʦʨʦʜ, ʫʩʪʨʘʥʷʶʪ ʟʘʧʳʣʝʥʥʦʩʪʴ ʧʦʤʝʱʝʥʠʡ. ʇʦʵʪʦʤʫ ʦʯʝʥʴ ʚʘʞʥʦ, ʯʪʦʙʳ 
ʨʘʩʪʝʥʠʝ ʚʩʝʛʜʘ ʦʩʪʘʚʘʣʦʩʴ ʟʜʦʨʦʚʳʤ, ʘ ʜʣʷ ʵʪʦʛʦ ʥʫʞʥʦ ʧʨʘʚʠʣʴʥʦ ʟʘ ʥʠʤ ʫʭʘʞʠʚʘʪʴ. ɼʘʥʥʘʷ 
ʨʘʙʦʪʘ ʧʦʩʚʷʱʝʥʘ ʠʟʫʯʝʥʠʶ ʚʦʧʨʦʩʦʚ, ʩʚʷʟʘʥʥʳʭ ʩ ʘʚʪʦʤʘʪʠʟʘʮʠʝʡ ʧʨʦʮʝʩʩʘ ʧʦʣʠʚʘ ʨʘʩʪʝʥʠʡ ʚ 
ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʠʭ ʚʠʜʘ ʠ ʫʩʣʦʚʠʡ ʚʥʝʰʥʝʡ ʩʨʝʜʳ. 

ʎʝʣʴʶ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʦʧʨʝʜʝʣʝʥʠʝ ʬʘʢʪʦʨʦʚ, ʚʣʠʷʶʱʠʭ ʥʘ ʯʘʩʪʦʪʫ ʠ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʧʦʣʠʚʘ 
ʨʘʩʪʝʥʠʡ, ʠʟʫʯʝʥʠʝ ʦʩʦʙʝʥʥʦʩʪʝʡ ʧʦʩʪʨʦʝʥʠʷ ʩʠʩʪʝʤ ʥʘ ʙʘʟʝ ʧʣʘʪʬʦʨʤ ʩʝʤʝʡʩʪʚʘ Arduino ʠ ʠʭ 
ʤʦʜʫʣʝʡ, ʠ ʨʘʟʨʘʙʦʪʢʘ ʩʠʩʪʝʤʫ ʧʦʣʠʚʘ, ʧʦʟʚʦʣʷʶʱʫʶ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʪʴ ʧʨʦʮʝʩʩ ʫʭʦʜʘ ʟʘ 
ʨʘʩʪʝʥʠʷʤʠ.  

ɹʳʣʦ ʦʧʨʝʜʝʣʝʥʦ, ʯʪʦ ʥʘ ʯʘʩʪʦʪʫ ʧʦʣʠʚʘ ʚʣʠʷʶʪ ʩʣʝʜʫʶʱʠʝ ʬʘʢʪʦʨʳ: ʪʝʤʧʝʨʘʪʫʨʘ ʚʦʟʜʫʭʘ, 
ʚʣʘʞʥʦʩʪʴ ʚʦʟʜʫʭʘ, ʪʠʧ ʨʘʩʪʝʥʠʷ, ʚʨʝʤʷ ʩʫʪʦʢ ʠ ʚʨʝʤʷ ʛʦʜʘ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʚ ʩʦʩʪʘʚ ʫʩʪʨʦʡʩʪʚʘ ʙʳʣʠ 
ʚʢʣʶʯʝʥʳ ʩʣʝʜʫʶʱʠʝ ʤʦʜʫʣʠ:  

1) ʫʧʨʘʚʣʷʶʱʠʡ ʤʠʢʨʦʢʦʥʪʨʦʣʣʝʨ Arduino Uno R3 [1];  
2) ʜʘʪʯʠʢ ʚʣʘʞʥʦʩʪʠ ʧʦʯʚʳ [2], ʥʝʦʙʭʦʜʠʤ ʜʣʷ ʢʦʥʪʨʦʣʷ ʥʝʜʦʩʪʘʪʢʘ ʠʣʠ ʠʟʙʳʪʢʘ ʚʣʘʛʠ;  
3) ʜʘʪʯʠʢ ʪʝʤʧʝʨʘʪʫʨʳ ʚʦʟʜʫʭʘ [3] ʪ.ʢ. ʧʨʠ ʩʥʠʞʝʥʠʠ ʦʢʨʫʞʘʶʱʝʡ ʪʝʤʧʝʨʘʪʫʨʳ ʨʘʩʪʝʥʠʝ 

ʥʫʞʜʘʝʪʩʷ ʚ ʤʝʥʴʰʝʤ ʢʦʣʠʯʝʩʪʚʝ ʚʦʜʳ;  
4) ʜʘʪʯʠʢ ʚʣʘʞʥʦʩʪʠ ʚʦʟʜʫʭʘ [4], ʪ.ʢ. ʧʨʠ ʥʠʟʢʦʡ ʚʣʘʞʥʦʩʪʠ ʧʨʦʠʩʭʦʜʠʪ ʙʦʣʝʝ 

ʠʥʪʝʥʩʠʚʥʦʝ ʠʩʧʘʨʝʥʠʝ ʠʟ ʧʦʯʚʳ ʠ ʣʠʩʪʴʝʚ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʨʘʩʪʝʥʠʝ ʥʫʞʜʘʝʪʩʷ ʚ ʙʦʣʴʰʝʤ ʧʦʣʠʚʝ, ʘ 
ʧʨʠ ʚʳʩʦʢʦʡ ʚʣʘʞʥʦʩʪʠ ï ʥʘʦʙʦʨʦʪ;  

5) ʥʘʩʦʩ ʜʣʷ ʧʦʜʘʯʠ ʚʦʜʳ ʨʘʩʪʝʥʠʶ;  

https://medium.com/
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6) ʜʘʪʯʠʢ ʫʨʦʚʥʷ ʚʦʜʳ [5] ʜʣʷ ʩʣʝʞʝʥʠʷ ʟʘ ʢʦʣʠʯʝʩʪʚʦʤ ʦʩʪʘʚʰʝʡʩʷ ʚʦʜʳ, ʯʪʦʙʳ 
ʚʦʚʨʝʤʷ ʦʧʦʚʝʩʪʠʪʴ ʧʦʣʴʟʦʚʘʪʝʣʷ ʦ ʪʦʤ, ʯʪʦ ʨʝʟʝʨʚʫʘʨ ʧʫʩʪ;  

7) ʵʢʨʘʥ [6] ʜʣʷ ʦʪʦʙʨʘʞʝʥʠʷ ʥʝʦʙʭʦʜʠʤʦʡ ʠʥʬʦʨʤʘʮʠʠ (ʥʘʧʨʠʤʝʨ, ʜʘʪʘ, ʚʨʝʤʷ, 
ʚʣʘʞʥʦʩʪʴ ʠ ʪʝʤʧʝʨʘʪʫʨʘ ʚʦʟʜʫʭʘ, ʚʣʘʞʥʦʩʪʴ ʧʦʯʚʳ);  

8) ʢʥʦʧʢʠ [7] ʜʣʷ ʫʧʨʘʚʣʝʥʠʷ (ʥʘʧʨʠʤʝʨ, ʠʟʤʝʥʝʥʠʷ ʯʘʩʪʦʪʳ ʧʦʣʠʚʘ ʚʨʫʯʥʫʶ, ʠʟʤʝʥʝʥʠʷ 
ʪʠʧʘ ʨʘʩʪʝʥʠʷ, ʚʚʦʜ ʨʝʞʠʤʘ ʧʦʣʠʚʘ ʠ ʪ.ʜ.); 

9) ʯʘʩʳ ʨʝʘʣʴʥʦʛʦ ʚʨʝʤʝʥʠ [8], ʥʝʦʙʭʦʜʠʤʳ ʜʣʷ ʢʦʥʪʨʦʣʷ ʟʘ ʨʝʞʠʤʦʤ ʧʦʣʠʚʘ (ʜʣʷ 
ʥʝʢʦʪʦʨʳʭ ʨʘʩʪʝʥʠʡ ʥʝʦʙʭʦʜʠʤ ʙʦʣʝʝ ʨʝʜʢʠʡ ʧʦʣʠʚ ʟʠʤʦʡ, ʥʝʢʦʪʦʨʳʝ ʨʘʩʪʝʥʠʷ ʣʫʯʰʝ ʧʦʣʠʚʘʪʴ 
ʫʪʨʦʤ ʠ ʪ.ʜ.). 

ʌʫʥʢʮʠʦʥʘʣ ʨʘʟʨʘʙʦʪʘʥʥʦʛʦ ʫʩʪʨʦʡʩʪʚʘ ʧʣʘʥʠʨʫʝʪʩʷ ʨʘʩʰʠʨʠʪʴ, ʧʫʪʝʤ ʚʦʟʤʦʞʥʦʩʪʠ 
ʫʧʨʘʚʣʝʥʠʷ ʧʦʣʠʚʦʤ ʥʝʩʢʦʣʴʢʠʭ ʨʘʩʪʝʥʠʡ ʩ ʦʜʥʦʛʦ ʫʧʨʘʚʣʷʶʱʝʛʦ ʤʦʜʫʣʷ. ɼʣʷ ʵʪʦʛʦ ʜʘʪʯʠʢʘ 
ʚʣʘʞʥʦʩʪʠ ʚʳʜʝʣʷʝʪʩʷ ʚ ʦʪʜʝʣʴʥʳʡ ʠʟʤʝʨʠʪʝʣʴʥʳʡ ʫʟʝʣ. ʂʘʞʜʳʡ ʠʟʤʝʨʠʪʝʣʴʥʳʡ ʫʟʝʣ ʙʫʜʝʪ 
ʧʦʜʢʣʶʯʝʥ ʢ ʦʪʜʝʣʴʥʦʤʫ ʛʦʨʰʢʫ. ʇʨʠ ʵʪʦʤ, ʛʨʫʧʧʫ ʛʦʨʰʢʦʚ ʧʣʘʥʠʨʫʝʪʩʷ ʧʦʜʩʦʝʜʠʥʠʪʴ ʢ ʦʜʥʦʤʫ 
ʨʝʟʝʨʚʫʘʨʫ ʩ ʚʦʜʦʡ, ʥʘʩʦʩ ʢʦʪʦʨʦʛʦ ʪʘʢʞʝ ʙʫʜʝʪ ʧʦʜʢʣʶʯʘʪʴʩʷ ʢ ʫʧʨʘʚʣʷʶʱʝʤʫ ʤʦʜʫʣʶ ʠ ʦʪʚʝʯʘʪʴ ʟʘ 
ʧʦʜʘʯʫ ʚʦʜʳ ʚ ʢʘʞʜʳʡ ʠʟ ʛʦʨʰʢʦʚ ʨʘʩʪʝʥʠʡ ʦʪʜʝʣʴʥʦ. ɺʟʘʠʤʦʜʝʡʩʪʚʠʝ ʠʟʤʝʨʠʪʝʣʴʥʦʛʦ ʫʟʣʘ, ʥʘʩʦʩʘ 
ʠ ʫʧʨʘʚʣʷʶʱʝʛʦ ʤʦʜʫʣʷ ʧʣʘʥʠʨʫʝʪʩʷ ʦʨʛʘʥʠʟʦʚʘʪʴ ʧʦ ʙʝʩʧʨʦʚʦʜʥʦʤʫ (ʥʘʧʨʠʤʝʨ, ʨʘʜʠʦ) ʢʘʥʘʣʫ.  

ɼʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʘʚʪʦʥʦʤʥʦʩʪʠ ʨʘʙʦʪʳ ʩʠʩʪʝʤʳ ʥʝʦʙʭʦʜʠʤʦ ʪʘʢʞʝ ʨʘʩʩʤʦʪʨʝʪʴ 
ʵʣʝʢʪʨʦʧʠʪʘʥʠʝ ʫʩʪʨʦʡʩʪʚʘ. ɺ ʩʚʷʟʠ ʩ ʪʝʤ, ʯʪʦ ʙʦʣʴʰʫʶ ʯʘʩʪʴ ʚʨʝʤʝʥʠ ʫʩʪʨʦʡʩʪʚʦ ʙʫʜʝʪ ʥʘʭʦʜʠʪʩʷ ʚ 
ʨʝʞʠʤʝ ʧʦʥʠʞʝʥʥʦʛʦ ʵʥʝʨʛʦʧʦʪʨʝʙʣʝʥʠʷ ʠ ʦʩʥʦʚʥʘʷ ʵʥʝʨʛʠʷ ʙʫʜʝʪ ʪʨʘʪʠʪʴʩʷ ʥʘʩʦʩʦʤ, ʤʦʞʥʦ 
ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʘʣʴʪʝʨʥʘʪʠʚʥʳʝ ʠʩʪʦʯʥʠʢʠ ʵʥʝʨʛʠʠ ʜʣʷ ʧʠʪʘʥʠʷ ʫʩʪʨʦʡʩʪʚʘ. 

 
ʉʧʠʩʦʢ ʠʩʧʦʣʴʟʦʚʘʥʥʳʭ ʠʩʪʦʯʥʠʢʦʚ: 
1. ʄʠʢʨʦʢʦʥʪʨʦʣʣʝʨ Arduino Uno [ʕʣʝʢʪʨʦʥʥʳʡ ʨʝʩʫʨʩ] ï ʈʝʞʠʤ ʜʦʩʪʫʧʘ : https://datasheet.octopart.com/A000066-Arduino-

datasheet-38879526.pdf ï ɼʘʪʘ ʜʦʩʪʫʧʘ : 25.03.2019;    
2. ɼʘʪʯʠʢ ʚʣʘʞʥʦʩʪʠ ʧʦʯʚʳ [ʕʣʝʢʪʨʦʥʥʳʡ ʨʝʩʫʨʩ] ï ʈʝʞʠʤ ʜʦʩʪʫʧʘ : http://www.fecegypt.com/uploads/dataSheet/ 

1480854383_water%20and%20soil.pdf ï ɼʘʪʘ ʜʦʩʪʫʧʘ : 25.03.2019;  
3,4. ɼʘʪʯʠʢ ʪʝʤʧʝʨʘʪʫʨʳ ʠ ʚʣʘʞʥʦʩʪʠ ʚʦʟʜʫʭʘ KY-015 [ʕʣʝʢʪʨʦʥʥʳʡ ʨʝʩʫʨʩ] ï ʈʝʞʠʤ ʜʦʩʪʫʧʘ : 

https://arduinomodules.info/ ky-015-temperature-humidity-sensor-module/ ï ɼʘʪʘ ʜʦʩʪʫʧʘ: 25.03.2019;  
5. ɼʘʪʯʠʢ ʫʨʦʚʥʷ ʚʦʜʳ [ʕʣʝʢʪʨʦʥʥʳʡ ʨʝʩʫʨʩ] ï ʈʝʞʠʤ ʜʦʩʪʫʧʘ : http://www.fecegypt.com/uploads/dataSheet/ 

1480850810_water.pdf ï ɼʘʪʘ ʜʦʩʪʫʧʘ : 25.03.2019;  
6. LCD-ʕʢʨʘʥ I2C 1602 [ʕʣʝʢʪʨʦʥʥʳʡ ʨʝʩʫʨʩ] ï ʈʝʞʠʤ ʜʦʩʪʫʧʘ : https://opencircuit.nl/ProductInfo/1000061/I2C-LCD-

interface.pdf ï ɼʘʪʘ ʜʦʩʪʫʧʘ : 25.03.2019;  
7. ʅʦʨʤʘʣʴʥʦ ʨʘʟʦʤʢʥʫʪʘʷ ʂʥʦʧʢʘ [ʕʣʝʢʪʨʦʥʥʳʡ ʨʝʩʫʨʩ] ï ʈʝʞʠʤ ʜʦʩʪʫʧʘ : https://www.arduino.cc/documents/ 

datasheets/Button.pdf ï ɼʘʪʘ ʜʦʩʪʫʧʘ : 25.03.2019;  
8. ʏʘʩʳ ʨʝʘʣʴʥʦʛʦ ʚʨʝʤʝʥʠ DS1302 [ʕʣʝʢʪʨʦʥʥʳʡ ʨʝʩʫʨʩ] ï ʈʝʞʠʤ ʜʦʩʪʫʧʘ: 

https://datasheets.maximintegrated.com/en/ds/ DS1302.pdf ï ɼʘʪʘ ʜʦʩʪʫʧʘ : 25.03.2019;  

 
 

ɸʃɻʆʈʀʊʄ ɺɿɸʀʄʆɼɽʁʉʊɺʀʗ ʄʆɹʀʃʔʅʓʍ ʈʆɹʆʊʆɺ 
ɺ ʉʆʉʊɸɺɽ ʈʆɹʆʊʆʊɽʍʅʀʏɽʉʂʆɻʆ ʂʆʄʇʃɽʂʉɸ 

ʇʠʯʢʫʨ ɽ.ɺ. 

ɹʝʣʦʨʫʩʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʥʬʦʨʤʘʪʠʢʠ ʠ ʨʘʜʠʦʵʣʝʢʪʨʦʥʠʢʠ 
ʛ. ʄʠʥʩʢ, ʈʝʩʧʫʙʣʠʢʘ ɹʝʣʘʨʫʩʴ 

ɼʘʜʳʢʠʥ ɸ.ʂ. ï ʢ.ʪ.ʥ.,ʜʦʮʝʥʪ 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ, ʨʦʙʦʪʳ ʟʘʤʝʥʷʶʪ ʯʝʣʦʚʝʢʘ ʚ ʦʩʥʦʚʥʦʤ ʥʘ ʢʦʥʚʝʡʝʨʥʳʭ ʣʠʥʠʷʭ ʟʘʚʦʜʦʚ, ʦʜʥʘʢʦ ʚʩʸ ʙʦʣʴʰʝʝ ʚʥʠʤʘʥʠʝ 
ʫʜʝʣʷʝʪʩʷ ʤʦʙʠʣʴʥʳʤ ʨʦʙʦʪʘʤ ʠ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʤ ʢʦʤʧʣʝʢʩʘʤ, ʩʦʩʪʦʷʱʠʤ ʠʟ ʥʝʩʢʦʣʴʢʠʭ ʤʦʙʠʣʴʥʳʭ ʨʦʙʦʪʦʚ. ʊʘʢʠʝ 
ʢʦʤʧʣʝʢʩʳ ʤʦʛʫʪ ʩʥʷʪʴ ʩ ʯʝʣʦʚʝʢʘ ʙʨʝʤʷ ʚʳʧʦʣʥʝʥʠʷ ʩʢʫʯʥʳʭ, ʛʨʷʟʥʳʭ ʠ ʦʧʘʩʥʳʭ ʨʘʙʦʪ ð ʥʘʧʨʠʤʝʨ, ʦʙʥʘʨʫʞʝʥʠʝ ʠ 
ʦʙʝʟʚʨʝʞʠʚʘʥʠʝ ʤʠʥ, ʚʳʩʦʢʦʪʦʯʥʦʝ ʩʝʣʴʩʢʦʝ ʭʦʟʷʡʩʪʚʦ ʠ ʦʙʥʘʨʫʞʝʥʠʝ ʣʝʩʥʳʭ ʧʦʞʘʨʦʚ. ɺ ʨʘʙʦʪʝ ʜʝʪʘʣʠʟʠʨʦʚʘʥʘ ʩʪʨʫʢʪʫʨʘ 
ʪʘʢʦʛʦ ʢʦʤʧʣʝʢʩʘ ʧʨʠ ʧʦʤʦʱʠ ʜʠʘʛʨʘʤʤ ʧʨʝʮʝʜʝʥʪʦʚ, ʠ ʧʦʜʨʦʙʥʦ ʨʘʩʩʤʦʪʨʝʥ ʘʣʛʦʨʠʪʤ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʵʣʝʤʝʥʪʦʚ ʢʦʤʧʣʝʢʩʘ, 
ʧʦʟʚʦʣʷʶʱʠʡ ʨʝʰʘʪʴ ʟʘʜʘʯʫ ʦʙʥʘʨʫʞʝʥʠʷ ʤʠʥ. 

ʀʩʩʣʝʜʫʝʤʳʡ ʢʦʤʧʣʝʢʩ ʩʦʩʪʦʠʪ ʠʟ ʣʝʪʘʶʱʝʛʦ ʨʦʙʦʪʘ (ʜʘʣʝʝ ɹʇʃɸ), ʥʘʟʝʤʥʦʛʦ ʨʦʙʦʪʘ (ʜʘʣʝʝ 
ɹʇʅɸ) ʠ ʢʦʤʘʥʜʥʦʛʦ ʮʝʥʪʨʘ (ʜʘʣʝʝ ʂʎ) [1-3]. ɹʇʃɸ ʚ ʢʦʤʧʣʝʢʩʝ ʚʳʩʪʫʧʘʝʪ ʚ ʨʦʣʠ ʨʘʟʚʝʜʯʠʢʘ, ɹʇʅɸ 
ð ʚ ʨʦʣʠ ʨʘʟʚʝʜʯʠʢʘ ʠʣʠ ʨʦʙʦʪʘ-ʩʘʧʸʨʘ( ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʫʢʘʟʘʥʠʡ ʦʧʝʨʘʪʦʨʘ), ʂʎ ʚʳʩʪʫʧʘʝʪ ʢʘʢ 
ʝʜʠʥʳʡ ʮʝʥʪʨ ʫʧʨʘʚʣʝʥʠʷ ʠ ʢʦʥʪʨʦʣʷ. ʆʙʱʠʡ ʘʣʛʦʨʠʪʤ ʨʘʙʦʪʳ ʢʦʤʧʣʝʢʩʘ ʤʦʞʥʦ ʦʧʠʩʘʪʴ ʩʣʝʜʫʶʱʠʤ 
ʦʙʨʘʟʦʤ: 

1) ʆʧʝʨʘʪʦʨ ʟʘʜʘʝʪ ʤʘʨʰʨʫʪ ʧʦʣʝʪʘ ʜʣʷ ɹʇʃɸ, ʠʩʧʦʣʴʟʫʷ ʂʎ; 
2) ɹʇʃɸ ʩʦʚʝʨʰʘʝʪ ʧʦʣʝʪ ʧʦ ʟʘʜʘʥʥʦʤʫ ʤʘʨʰʨʫʪʫ ʠ ʚʳʧʦʣʥʷʝʪ ʧʦʜʧʦʚʝʨʭʥʦʩʪʫʶ 

ʨʘʜʠʦʣʦʢʘʮʠʶ ʧʦʯʚʳ; 
3) ʇʨʠ ʦʙʥʘʨʫʞʝʥʠʠ ʤʠʥʳ, ɹʇʃɸ ʦʪʧʨʘʚʣʷʝʪ ʝʝ GPS ʢʦʦʨʜʠʥʘʪʳ ʥʘ ʂʎ; 
4) ʂʎ ʥʘʥʦʩʠʪ ʧʦʣʫʯʝʥʥʳʝ ʢʦʦʨʜʠʥʘʪʳ ʤʠʥʳ ʥʘ ʩʚʦʶ ʢʘʨʪʫ; 

http://www.fecegypt.com/uploads/dataSheet/1480854383_water%20and%20soil.pdf
http://www.fecegypt.com/uploads/dataSheet/1480854383_water%20and%20soil.pdf
https://arduinomodules.info/ky-015-temperature-humidity-sensor-module/
http://www.fecegypt.com/uploads/dataSheet/1480850810_water.pdf
http://www.fecegypt.com/uploads/dataSheet/1480850810_water.pdf
https://opencircuit.nl/ProductInfo/1000061/I2C-LCD-interface.pdf
https://opencircuit.nl/ProductInfo/1000061/I2C-LCD-interface.pdf
https://datasheets.maximintegrated.com/en/ds/DS1302.pdf
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5) ʇʫʥʢʪʳ 3-4 ʧʦʚʪʦʨʷʶʪʩʷ ʜʦ ʪʝʭ ʧʦʨ, ʧʦʢʘ ɹʇʃɸ ʥʝ ʟʘʚʝʨʰʠʪ ʧʦʣʝʪ ʧʦ ʟʘʜʘʥʥʦʤʫ ʤʘʨʰʨʫʪʫ; 
6) ʂʎ ʩʪʨʦʠʪ ʤʘʨʰʨʫʪ ʜʣʷ ɹʇʅɸ ʥʘ ʦʩʥʦʚʘʥʠʠ ʢʘʨʪʳ ʤʝʩʪʥʦʩʪʠ ʠ ʧʦʣʫʯʝʥʥʳʭ ʜʘʥʥʳʭ ʦ 

ʤʝʩʪʦʥʘʭʦʞʜʝʥʠʠ ʤʠʥ; 
7) ɹʇʅɸ ʧʝʨʝʤʝʱʘʝʪʩʷ ʧʦ ʟʘʜʘʥʥʦʤʫ ʤʘʨʰʨʫʪʫ, ʦʙʝʟʚʨʝʞʠʚʘʷ ʤʠʥʳ ʠ ʦʙʥʘʨʫʞʠʚʘʷ ʥʦʚʳʝ, 

ʝʩʣʠ ʦʥʠ ʝʩʪʴ. 
ʈʘʩʩʤʦʪʨʠʤ ʩʪʨʫʢʪʫʨʫ ʢʦʤʧʣʝʢʩʘ ʙʦʣʝʝ ʧʦʜʨʦʙʥʦ, ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʪʨʝʙʦʚʘʥʠʡ ʢ ʢʘʞʜʦʤʫ 

ʵʣʝʤʝʥʪʫ. ɼʠʘʛʨʘʤʤʘ ʧʨʝʮʝʜʝʥʪʦʚ ʢʦʤʘʥʜʥʦʛʦ ʮʝʥʪʨʘ ʧʨʠʚʝʜʝʥʘ ʥʘ ʨʠʩʫʥʢʝ 1. 

 

ʈʠʩʫʥʦʢ 1 ð ɼʠʘʛʨʘʤʤʘ ʧʨʝʮʝʜʝʥʪʦʚ ʢʦʤʘʥʜʥʦʛʦ ʮʝʥʪʨʘ 

ɹʦʣʴʰʫʶ ʯʘʩʪʴ ʟʘʜʘʯ, ʦʧʠʩʘʥʥʳʭ ʥʘ ʨʠʩʫʥʢʝ 1 ʨʝʰʘʝʪ ʧʨʦʛʨʘʤʤʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ Mission 
Planner[4]. ʇʦʩʢʦʣʴʢʫ ʵʪʦ ʧʨʦʛʨʘʤʤʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ ʦʪʥʦʩʠʪʩʷ ʢ ʪʠʧʫ open-source ʙʳʣʦ ʧʨʠʥʷʪʦ 
ʨʝʰʝʥʠʝ ʠʩʧʦʣʴʟʦʚʘʪʴ ʝʛʦ ʚ ʢʘʯʝʩʪʚʝ ʂʎ. ʇʨʠ ʵʪʦʤ ʩʪʦʠʪ ʫʯʝʩʪʴ, ʯʪʦ Mission Planner ʜʘʝʪ 
ʚʦʟʤʦʞʥʦʩʪʴ ʧʦʩʪʨʦʠʪʴ ʧʫʪʴ ʜʣʷ ʨʦʙʦʪʘ ʘʚʪʦʤʘʪʠʯʝʩʢʠ, ʥʦ ʥʝ ʫʯʠʪʳʚʘʝʪ ʧʨʝʧʷʪʩʪʚʠʷ ʥʘ ʝʛʦ ʧʫʪʠ. 
ʇʨʝʜʣʘʛʘʝʤʳʡ ʘʣʛʦʨʠʪʤ ʧʦʩʪʨʦʝʥʠʷ ʧʫʪʠ ʜʣʷ ɹʇʅɸ ʪʘʢʦʚ: 

1) ʇʨʦʠʟʚʝʩʪʠ ʩʝʤʘʥʪʠʯʝʩʢʦʝ ʩʝʛʤʝʥʪʠʨʦʚʘʥʠʝ ʢʘʨʪʳ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʥʝʡʨʦʥʥʦʡ ʩʝʪʠ; 
2) ʇʨʝʜʩʪʘʚʠʪʴ ʢʘʨʪʫ ʚ ʚʠʜʝ ʛʨʘʬʘ, ʛʜʝ ʢʘʞʜʳʡ ʧʠʢʩʝʣʴ ʷʚʣʷʝʪʩʷ 8-ʩʚʷʟʥʳʤ ʫʟʣʦʤ ʠ ʨʘʟʤʝʪʠʪʴ 

ʝʝ ʥʘ ʦʩʥʦʚʘʥʠʠ ʜʘʥʥʳʭ ʩʝʤʘʥʪʠʯʝʩʢʦʛʦ ʩʝʛʤʝʥʪʠʨʦʚʘʥʠʷ; 
3) ɿʥʘʷ ʥʘʯʘʣʴʥʫʶ ʪʦʯʢʫ ʠ ʩʧʠʩʦʢ ʪʦʯʝʢ, ʢʦʪʦʨʳʝ ʥʝʦʙʭʦʜʠʤʦ ʧʨʦʡʪʠ, ʧʨʦʣʦʞʠʪʴ ʧʫʪʴ, 

ʠʩʧʦʣʴʟʫʷ ʘʣʛʦʨʠʪʤ ɸ* [5]. 
ʊʝʧʝʨʴ ʨʘʩʩʤʦʪʨʠʤ ʜʠʘʛʨʘʤʤʫ ʧʨʝʮʝʜʝʥʪʦʚ ʤʦʙʠʣʴʥʦʛʦ ʨʦʙʦʪʘ, ʧʨʠʚʝʜʝʥʥʫʶ ʥʘ ʨʠʩʫʥʢʝ 2. 

ɼʘʥʥʘʷ ʜʠʘʛʨʘʤʤʘ ʷʚʣʷʝʪʩʷ ʦʙʱʝʡ ʜʣʷ ɹʇʃɸ ʠ ɹʇʅɸ. 

 

ʈʠʩʫʥʦʢ 2 ð ɼʠʘʛʨʘʤʤʘ ʧʨʝʮʝʜʝʥʪʦʚ ʤʦʙʠʣʴʥʳʭ ʨʦʙʦʪʦʚ 

ʀʟ ʨʠʩʫʥʢʘ 2 ʚʠʜʥʦ, ʯʪʦ ʤʦʙʠʣʴʥʳʡ ʨʦʙʦʪ ʜʦʣʞʝʥ ʫʤʝʪʴ ʨʝʰʘʪʴ 5 ʟʘʜʘʯ: 
- ʆʧʨʝʜʝʣʷʪʴ ʠ ʢʦʨʨʝʢʪʠʨʦʚʘʪʴ ʩʚʦʠ GPS ʢʦʦʨʜʠʥʘʪʳ, ʘ ʪʘʢʞʝ ʢʦʦʨʜʠʥʘʪʳ ʦʙʥʘʨʫʞʝʥʥʳʭ 

ʦʙʲʝʢʪʦʚ; 
- ʆʙʥʘʨʫʞʠʚʘʪʴ ʠʩʢʦʤʳʝ ʦʙʲʝʢʪʳ; 
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- ʀʟʙʝʛʘʪʴ ʧʨʝʧʷʪʩʪʚʠʡ ʥʘ ʧʫʪʠ; 
- ɺ ʩʣʫʯʘʝ ʦʪʩʫʪʩʪʚʠʷ GPS ʩʠʛʥʘʣʘ ʠʩʧʦʣʴʟʦʚʘʪʴ ʚʠʟʫʘʣʴʥʦ-ʠʥʝʨʮʠʘʣʴʥʫʶ ʥʘʚʠʛʘʮʠʦʥʥʫʶ 

ʩʠʩʪʝʤʫ ʜʣʷ ʦʮʝʥʢʠ ʩʚʦʝʛʦ ʧʝʨʝʤʝʱʝʥʠʷ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ; 
- ʋʤʝʪʴ ʧʝʨʝʤʝʱʘʪʴʩʷ ʥʘ ʦʩʥʦʚʝ ʜʘʥʥʳʭ GPS. 
ʇʦʩʣʝʜʥʷʷ ʟʘʜʘʯʘ ʨʝʰʘʝʪʩʷ ʧʨʠ ʧʦʤʦʱʠ ʢʦʥʪʨʦʣʣʝʨʘ ʧʝʨʝʤʝʱʝʥʠʷ ʩ ʫʩʪʘʥʦʚʣʝʥʥʦʡ ʥʘ ʥʝʛʦ 

ʧʨʦʰʠʚʢʦʡ Ardupilot Rover ʠʣʠ Ardupilot Copter ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ [6], ʘ ʪʘʢʞʝ ʩ ʧʦʤʦʱʴʶ ʂʎ, 
ʨʘʙʦʪʘʶʱʝʛʦ ʧʦʜ ʫʧʨʘʚʣʝʥʠʝʤ ʚʳʰʝʫʧʦʤʷʥʫʪʦʛʦ ʇʆ Mission Planner. ɿʘʜʘʯʘ ʦʙʥʘʨʫʞʝʥʠʷ ʤʠʥ ʙʳʣʘ 
ʨʘʩʩʤʦʪʨʝʥʘ ʚ [3], ʚ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʧʨʠʥʠʤʘʝʪʩʷ ʯʪʦ GPS ʢʦʦʨʜʠʥʘʪʘ ʥʘʡʜʝʥʥʦʡ ʤʠʥʳ ʩʦʚʧʘʜʘʝʪ ʩ 
GPS ʢʦʦʨʜʠʥʘʪʦʡ ʩʘʤʦʛʦ ʨʦʙʦʪʘ (ʩ ʧʦʧʨʘʚʢʦʡ ʥʘ ʚʳʩʦʪʫ). 

ʏʪʦ ʢʘʩʘʝʪʩʷ ʦʧʨʝʜʝʣʝʥʠʷ ʠ ʢʦʨʨʝʢʪʠʨʦʚʢʠ GPS ʢʦʦʨʜʠʥʘʪ, ʪʦ ʙʳʣʦ ʧʨʠʥʷʪʦ ʨʝʰʝʥʠʝ 
ʠʩʧʦʣʴʟʦʚʘʪʴ ʪʝʭʥʦʣʦʛʠʶ DGPS (Differential GPS), ʧʦʩʢʦʣʴʢʫ ʦʥʘ ʧʦʟʚʦʣʷʝʪ ʩʠʣʴʥʦ ʫʤʝʥʴʰʠʪʴ ʦʰʠʙʢʫ 
ʧʦʟʠʮʠʦʥʠʨʦʚʘʥʠʷ [7]. ʅʘ ʦʩʥʦʚʘʥʠʠ ʵʪʦʛʦ ʬʦʨʤʠʨʫʝʪʩʷ ʢʦʨʨʝʢʪʠʨʫʶʱʝʝ ʩʦʦʙʱʝʥʠʝ [8]. 

ɼʣʷ ʠʟʙʝʞʘʥʠʷ ʩʪʦʣʢʥʦʚʝʥʠʡ ʩ ʧʨʝʧʷʪʩʪʚʠʷʤʠ ʠʩʧʦʣʴʟʫʝʪʩʷ ʤʝʭʘʥʠʟʤ ʧʦʩʪʨʦʝʥʠʷ ʛʨʘʥʠʮʳ 
ʚʦʢʨʫʛ ʨʦʙʦʪʘ. ʇʨʦʩʪʨʘʥʩʪʚʦ ʚʦʢʨʫʛ ʨʦʙʦʪʘ ʜʝʣʠʪʩʷ ʥʘ ʩʝʢʪʦʨʘ ʧʦ 45 ʛʨʘʜʫʩʦʚ, ʠ ʢʘʤʝʨʘ, ʩʤʦʪʨʷʱʘʷ 
ʚʧʝʨʝʜ, ʦʮʝʥʠʚʘʝʪ ʨʘʩʩʪʦʷʥʠʝ ʜʦ ʧʨʝʧʷʪʩʪʚʠʷ. ʕʪʦ ʨʘʩʩʪʦʷʥʠʝ ʠʩʧʦʣʴʟʫʝʪʩʷ, ʯʪʦʙʳ ʧʦʩʪʨʦʠʪʴ ʚʦʢʨʫʛ 
ʨʦʙʦʪʘ ʚʦʩʴʤʠʫʛʦʣʴʥʠʢ ʛʨʘʥʠʮʳ. ʅʘʢʦʥʝʮ, ʝʩʣʠ ʨʘʩʩʪʦʷʥʠʝ ʩʪʘʥʦʚʠʪʩʷ ʤʝʥʴʰʝ ʟʘʜʘʥʥʦʛʦ ʧʦʨʦʛʘ, 
ʨʦʙʦʪ ʧʳʪʘʝʪʩʷ ʦʙʦʛʥʫʪʴ ʧʨʝʧʷʪʩʪʚʠʝ ʠʣʠ ʦʩʪʘʥʘʚʣʠʚʘʝʪʩʷ. 

ʈʘʟʨʘʙʦʪʢʘ ʥʦʚʦʡ ʚʠʟʫʘʣʴʥʦ-ʠʥʝʨʮʠʘʣʴʥʦʡ ʩʠʩʪʝʤʳ ʥʘʚʠʛʘʮʠʠ ʷʚʣʷʝʪʩʷ ʜʦʚʦʣʴʥʦ ʩʣʦʞʥʦʡ 
ʟʘʜʘʯʝʡ, ʧʦʵʪʦʤʫ ʘʚʪʦʨ ʚʳʙʨʘʣ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʧʦʜʭʦʜʘ ʠʟ [9], ʢʦʤʙʠʥʠʨʫʶʱʝʛʦ ʜʘʥʥʳʝ ʩ ʢʘʤʝʨʳ ʠ 
ʨʷʜʘ ʠʥʝʨʮʠʘʣʴʥʳʭ ʩʝʥʩʦʨʦʚ (ʛʠʨʦʩʢʦʧʳ, ʘʢʩʝʣʝʨʦʤʝʪʨʳ) ʩ ʧʦʩʣʝʜʫʶʱʝʡ ʦʙʨʘʙʦʪʢʦʡ ʨʘʩʰʠʨʝʥʥʳʤ 
ʬʠʣʴʪʨʦʤ ʂʘʣʤʘʥʘ. 
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ʋʄʅʆɾɽʅʀɽ ʂɺɸʊɽʈʅʀʆʅʆɺ ʉ ʀʉʇʆʃʔɿʆɺɸʅʀɽʄ 
ʃʆɻɸʈʀʌʄʀʏɽʉʂʆʁ ʉʀʉʊɽʄʓ ʉʏʀʉʃɽʅʀʗ 

ʉʘʧʨʦʥʦʚʘ ʖ.ʀ. 

ɹʝʣʦʨʫʩʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʥʬʦʨʤʘʪʠʢʠ ʠ ʨʘʜʠʦʵʣʝʢʪʨʦʥʠʢʠ 
ʛ. ʄʠʥʩʢ, ʈʝʩʧʫʙʣʠʢʘ ɹʝʣʘʨʫʩʴ 

ʇʝʪʨʦʚʩʢʠʡ ʅ.ɸ. ï ʢ.ʪ.ʥ.,ʜʦʮʝʥʪ 

ʇʦʢʘʟʘʥʦ ʠʩʩʣʝʜʦʚʘʥʠʝ ʫʤʥʦʞʝʥʠʷ ʢʚʘʪʝʨʥʠʦʥʦʚ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʚ ʬʦʨʤʝ ʂʵʣʠ-ɼʠʩʢʦʥʘ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʣʦʛʘʨʠʬʤʠʯʝʩʢʦʡ 
ʩʠʩʪʝʤʳ ʩʯʠʩʣʝʥʠʷ. ʅʘ ʚʭʦʜ ʫʤʥʦʞʠʪʝʣʷ ʧʦʩʪʫʧʘʶʪ ʢʦʵʬʬʠʮʠʝʥʪʳ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʝ ʚ ʣʦʛʘʨʠʬʤʠʯʝʩʢʦʡ ʧʦʣʷʨʥʦʡ ʬʦʨʤʝ. 
ʇʨʦʮʝʩʩ ʚʳʯʠʩʣʝʥʠʷ ʨʘʟʙʠʚʘʝʪʩʷ ʥʘ ʜʚʝ ʧʘʨʘʣʣʝʣʴʥʳʝ ʧʨʘʢʪʠʯʝʩʢʠ ʦʜʠʥʘʢʦʚʳʝ ʯʘʩʪʠ. ɿʘ ʩʯʝʪ ʦʩʦʙʝʥʥʦʩʪʝʡ ʚʳʯʠʩʣʝʥʠʷ, ʚ 
ʦʜʠʥ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ ʢʘʞʜʘʷ ʯʘʩʪʴ ʨʘʙʦʪʘʝʪ ʣʠʙʦ ʩ ʬʫʥʢʮʠʝʡ ʩʫʤʤʳ, ʣʠʙʦ ʩ ʬʫʥʢʮʠʝʡ ʨʘʟʥʦʩʪʠ. ʇʨʠ ʧʦʣʫʯʝʥʠʠ ʨʝʟʫʣʴʪʘʪʘ 
ʥʝʦʙʭʦʜʠʤʦ ʧʨʦʠʟʚʝʩʪʠ ʢʦʨʨʝʢʪʠʨʦʚʢʫ ʢʚʘʜʨʘʥʪʘ ʧʦʣʫʯʘʝʤʦʛʦ ʢʦʤʧʣʝʢʩʥʦʛʦ ʯʠʩʣʘ. ɼʣʷ ʧʦʣʫʯʝʥʠʷ ʜʝʡʩʪʚʠʪʝʣʴʥʳʭ 
ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʢʚʘʪʝʨʥʠʦʥʘ ʥʝʦʙʭʦʜʠʤʦ ʧʨʦʠʟʚʝʩʪʠ ʦʙʨʘʪʥʦʝ ʧʨʝʦʙʨʘʟʦʚʘʥʠʝ ʠʟ ʣʦʛʘʨʠʬʤʠʯʝʩʢʦʡ ʧʦʣʷʨʥʦʡ ʬʦʨʤʳ. 

ʋʤʥʦʞʝʥʠʝ ʢʚʘʪʝʨʥʠʦʥʦʚ ʷʚʣʷʝʪʩʷ ʟʘʪʨʘʪʥʦʡ ʚʳʯʠʩʣʠʪʝʣʴʥʦʡ ʦʧʝʨʘʮʠʝʡ, ʪʨʝʙʫʶʱʝʡ 
ʦʧʪʠʤʠʟʘʮʠʠ, ʧʦʩʢʦʣʴʢʫ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ 16 ʫʤʥʦʞʝʥʠʡ ʠ 12 ʩʣʦʞʝʥʠʡ ʜʝʡʩʪʚʠʪʝʣʴʥʳʭ ʯʠʩʝʣ [1]. 
ʂʨʦʤʝ ʵʪʦʛʦ, ʥʝʤʘʣʫʶ ʨʦʣʴ ʠʛʨʘʝʪ ʜʠʥʘʤʠʯʝʩʢʠʡ ʜʠʘʧʘʟʦʥ ʟʥʘʯʝʥʠʡ, ʢʦʪʦʨʳʝ ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ 
ʧʨʠ ʫʤʥʦʞʝʥʠʠ. ʇʨʝʜʩʪʘʚʣʝʥʠʝ ʩ ʬʠʢʩʠʨʦʚʘʥʥʦʡ ʪʦʯʢʦʡ ʧʦʟʚʦʣʷʝʪ ʧʨʦʠʟʚʦʜʠʪʴ ʙʳʩʪʨʳʝ 
ʚʳʯʠʩʣʝʥʠʷ, ʦʜʥʘʢʦ ʠʤʝʝʪ ʫʟʢʠʡ ʜʠʥʘʤʠʯʝʩʢʠʡ ʜʠʘʧʘʟʦʥ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʩ 

http://ardupilot.org/planner/docs/common-downloads_firmware.html
https://racelogic.support/01VBOX_Automotive/01General_Information/Knowledge_Base/How_does_DGPS_(Differential_GPS)_work%3F
https://racelogic.support/01VBOX_Automotive/01General_Information/Knowledge_Base/How_does_DGPS_(Differential_GPS)_work%3F
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ʧʣʘʚʘʶʱʝʡ ʪʦʯʢʦʡ ʧʦʟʚʦʣʷʝʪ ʨʘʩʰʠʨʠʪʴ ʵʪʦʪ ʜʠʘʧʘʟʦʥ, ʥʦ ʧʨʠ ʵʪʦʤ ʫʚʝʣʠʯʠʚʘʝʪ ʚʨʝʤʷ ʚʳʯʠʩʣʝʥʠʡ. 
ʇʨʠʤʝʥʝʥʠʝ ʣʦʛʘʨʠʬʤʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ ʩʯʠʩʣʝʥʠʷ ʤʦʞʝʪ ʧʦʤʦʯʴ ʧʨʠ ʚʳʯʠʩʣʝʥʠʠ ʨʝʟʫʣʴʪʘʪʘ 
ʧʨʦʠʟʚʝʜʝʥʠʷ ʜʚʫʭ ʢʚʘʪʝʨʥʠʦʥʦʚ, ʢʦʵʬʬʠʮʠʝʥʪʳ ʢʦʪʦʨʳʭ ʧʨʝʜʩʪʘʚʣʝʥʳ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 
ʬʠʢʩʠʨʦʚʘʥʥʦʡ ʪʦʯʢʠ, ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʯʪʦ ʜʠʥʘʤʠʯʝʩʢʠʡ ʜʠʘʧʘʟʦʥ ʟʥʘʯʝʥʠʡ ʙʫʜʝʪ ʙʦʣʴʰʝ (ʧʦ 
ʩʨʘʚʥʝʥʠʶ ʩ ʧʨʝʜʩʪʘʚʣʝʥʠʝʤ ʩ ʬʠʢʩʠʨʦʚʘʥʥʦʡ ʪʦʯʢʦʡ ʙʝʟ ʧʨʠʤʝʥʝʥʠʷ ʣʦʛʘʨʠʬʤʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ 
ʩʯʠʩʣʝʥʠʷ), ʘ ʚʨʝʤʷ ʚʳʯʠʩʣʝʥʠʷ ʙʫʜʝʪ ʤʝʥʴʰʝ (ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʧʨʝʜʩʪʘʚʣʝʥʠʝʤ ʩ ʧʣʘʚʘʶʱʝʡ ʪʦʯʢʦʡ 
ʙʝʟ ʧʨʠʤʝʥʝʥʠʷ ʣʦʛʘʨʠʬʤʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ ʩʯʠʩʣʝʥʠʷ). ʎʝʣʴʶ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʠʩʩʣʝʜʦʚʘʥʠʝ 
ʩʪʨʫʢʪʫʨʳ ʫʩʪʨʦʡʩʪʚʘ ʜʣʷ ʫʤʥʦʞʝʥʠʷ ʢʚʘʪʝʨʥʠʦʥʦʚ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʣʦʛʘʨʠʬʤʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ 
ʩʯʠʩʣʝʥʠʷ. 

ʂʘʢ ʧʦʢʘʟʘʥʦ ʚ [2] ʧʨʠʤʝʥʝʥʠʝ ʣʦʛʘʨʠʬʤʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ ʩʯʠʩʣʝʥʠʷ ʜʣʷ ʫʤʥʦʞʝʥʠʷ 
ʢʚʘʪʝʨʥʠʦʥʦʚ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʚ ʚʠʜʝ ὗ ὗ ὗὭ ὗὮ ὗὯ ʠ Ὑ Ὑ ὙὭ ὙὮ ὙὯ, ʥʝ ʧʨʠʥʦʩʠʪ 
ʥʠʢʘʢʦʛʦ ʚʳʠʛʨʳʰʘ ʚ  ʢʦʣʠʯʝʩʪʚʝ ʨʝʘʣʠʟʫʝʤʳʭ ʦʧʝʨʘʮʠʡ ʚʚʠʜʫ ʥʝ ʢʦʤʤʫʪʘʪʠʚʥʦʩʪʠ ʧʨʦʠʟʚʝʜʝʥʠʷ, 

ʪ.ʝ. ὰὲὰὲ ὗὙ ὰὲὰὲ ὗ ὰὲὰὲ Ὑ Ȣ ɼʨʫʛʠʤ ʩʧʦʩʦʙʦʤ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʢʚʘʪʝʨʥʠʦʥʦʚ ὗ ʠ Ὑ ʷʚʣʷʝʪʩʷ 
ʢʦʥʩʪʨʫʢʮʠʷ ʂʵʣʠ-ɼʠʢʩʦʥʘ [3]:  

 
 ὗ ὗ ὗ Ὦ ʠ Ὑ Ὑ Ὑ Ὦ, (1) 

 
ʛʜʝ ὗ ὗ ὗὭ, ὗ ὗ ὗὭ, Ὑ Ὑ ὙὭ ʠ Ὑ Ὑ ὙὭ, ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ 

ʢʦʤʧʣʝʢʩʥʳʝ ʯʠʩʣʘ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʣʦʛʘʨʠʬʤʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ ʩʯʠʩʣʝʥʠʷ ʟʘʢʣʶʯʘʝʪʩʷ ʚ 
ʧʨʝʜʩʪʘʚʣʝʥʠʠ ʢʘʞʜʦʛʦ ʠʟ ʫʢʘʟʘʥʥʳʭ ʢʦʤʧʣʝʢʩʥʳʭ ʯʠʩʝʣ ʚʠʜʘ ὅ ὅ ὅὭ ʚ ʣʦʛʘʨʠʬʤʠʯʝʩʢʦʡ 
ʧʦʣʷʨʥʦʡ ʬʦʨʤʝ [3] ʧʦ ʦʩʥʦʚʘʥʠʶ ὦ: 

 
 

ὧ ὧ ὧὭ ὰέὫὰέὫ ὅ ὅ  ὥὶὧὸὫ
ὅ

ὅ
ϽὭ 

(2) 

 
ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʩʭʦʜʥʳʝ ʢʚʘʪʝʨʥʠʦʥʳ ὗ ʠ Ὑ ʙʫʜʫʪ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʚʠʜʝ ʧʘʨʳ ʣʦʛʘʨʠʬʤʠʯʝʩʢʠʭ 

ʢʦʵʬʬʠʮʠʝʥʪʦʚ ή, ή ʠ ὶ, ὶ, ʘ ʪʘʢʞʝ ʧʘʨʳ ʫʛʣʦʚ (ʘʨʛʫʤʝʥʪʦʚ) ή, ή ʠ ὶ, ὶ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʇʨʠ ʵʪʦʤ 
ʧʨʠ ʧʝʨʝʚʦʜʝ ʟʥʘʯʝʥʠʡ ʥʫʞʥʦ ʪʘʢʞʝ ʫʯʠʪʳʚʘʪʴ ʢʚʘʜʨʘʥʪ, ʚ ʢʦʪʦʨʦʤ ʥʘʭʦʜʠʪʩʷ ʠʩʭʦʜʥʦʝ ʢʦʤʧʣʝʢʩʥʦʝ 
ʯʠʩʣʦ. ʕʪʠ ʟʥʘʯʝʥʠʷ ʧʦʩʪʫʧʘʶʪ ʥʘ ʚʭʦʜ ʫʤʥʦʞʠʪʝʣʷ, ʧʨʝʜʩʪʘʚʣʝʥʥʦʛʦ ʥʘ ʨʠʩʫʥʢʝ 1. ɼʣʷ ʥʘʯʘʣʘ 
ʚʭʦʜʥʳʝ ʟʥʘʯʝʥʠʷ ʬʦʨʤʠʨʫʶʪ ʧʨʦʤʝʞʫʪʦʯʥʳʝ ʟʥʘʯʝʥʠʷ (3), ʥʝʦʙʭʦʜʠʤʳʝ ʚ ʜʘʣʴʥʝʡʰʠʭ ʨʘʩʯʝʪʘʭ. 

   
 ᾀ ή ή ὶ ὶȟ 

ᾀ ή ή ὶ ὶ
“

ς
ȟ 

ᾀ ή ή ὶ ὶȟ 
ᾀ ή ή ὶ ὶȢ 

(3) 

 

ʂʘʢ ʚʠʜʥʦ, ʟʥʘʯʝʥʠʷ ᾀ ʠ ᾀ ʨʘʟʣʠʯʘʶʪʩʷ ʥʘ 
“
, ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʥʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʠʤʝʪʴ ʜʚʘ 

ʙʣʦʢʘ ʜʣʷ ʚʳʯʠʩʣʝʥʠʷ ʬʫʥʢʮʠʡ ὰέὫȿὧέίὼȿ ʠ ὰέὫȿίὭὲὼȿ. ɼʘʣʴʥʝʡʰʠʝ ʚʳʯʠʩʣʝʥʠʷ ʨʘʟʜʝʣʷʶʪʩʷ ʥʘ 
ʜʚʝ ʧʘʨʘʣʣʝʣʴʥʦ ʨʘʙʦʪʘʶʱʠʝ ʧʨʘʢʪʠʯʝʩʢʠ ʦʜʠʥʘʢʦʚʳʝ ʯʘʩʪʠ. ɽʜʠʥʩʪʚʝʥʥʦʝ ʨʘʟʣʠʯʠʝ ʟʘʢʣʶʯʘʝʪʩʷ ʚ 
ʪʦʤ, ʢʘʢʘʷ ʬʫʥʢʮʠʷ ʩʫʤʤʳ ίὼ ʠʣʠ ʨʘʟʥʦʩʪʠ Ὠὼ [4] ʙʫʜʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ. ʇʨʦʮʝʩʩ ʚʳʯʠʩʣʝʥʠʷ 
ʧʦʩʪʨʦʝʥ ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʯʪʦ ʟʘ ʩʯʝʪ ʦʩʦʙʝʥʥʦʩʪʝʡ ʧʨʦʤʝʞʫʪʦʯʥʳʭ ʟʥʘʯʝʥʠʡ (3) ʢʘʞʜʘʷ ʧʦʣʦʚʠʥʘ 
ʫʤʥʦʞʠʪʝʣʷ ʠʩʧʦʣʴʟʫʝʪ ʪʦʣʴʢʦ ʦʜʥʫ ʠʟ ʬʫʥʢʮʠʡ ʚ ʦʜʠʥ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ, ʪ.ʝ. ʝʩʣʠ ʦʜʥʘ ʧʦʣʦʚʠʥʘ 
ʠʩʧʦʣʴʟʫʝʪ ʬʫʥʢʮʠʶ ʩʫʤʤʳ, ʪʦ ʜʨʫʛʘʷ ʠʩʧʦʣʴʟʫʝʪ ʬʫʥʢʮʠʶ ʨʘʟʥʦʩʪʠ. ɿʘ ʦʧʨʝʜʝʣʝʥʠʝ ʠʩʧʦʣʴʟʫʝʤʦʡ 
ʬʫʥʢʮʠʠ ʦʪʚʝʯʘʝʪ ʙʣʦʢ çɺʳʙʦʨ ʬʫʥʢʮʠʠè. 

ɿʘ ʩʯʝʪ ʬʫʥʢʮʠʡ ὰέὫȿὧέίὼȿ ʠ ὰέὫȿίὭὲὼȿ ʚʦʟʥʠʢʘʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʢʦʨʨʝʢʮʠʠ ʢʚʘʜʨʘʥʪʦʚ 
ʚʳʭʦʜʥʦʛʦ ʨʝʟʫʣʴʪʘʪʘ (ʪ.ʝ. ʘʨʛʫʤʝʥʪʦʚ ʢʦʤʧʣʝʢʩʥʳʭ ʯʠʩʝʣ). ʂʦʨʨʝʢʮʠʷ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʟʘ ʩʯʝʪ 

ʜʦʙʘʚʣʝʥʠʷ ʠʣʠ ʚʳʯʠʪʘʥʠʷ ʢʦʥʩʪʘʥʪʳ (
“
 ʠʣʠ “) ʠ ʚʦʟʤʦʞʥʦʛʦ ʠʟʤʝʥʝʥʠʷ ʟʥʘʢʘ ʬʫʥʢʮʠʠ ʠ ὥὶὧὸὫὦ  

(ʘ ʚ ʥʝʢʦʪʦʨʳʭ ʩʣʫʯʘʷʭ ʟʥʘʯʝʥʠʝ ʵʪʦʡ ʬʫʥʢʮʠʠ ʥʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʨʘʩʩʯʠʪʳʚʘʪʴ).  
ɼʣʷ ʬʦʨʤʠʨʦʚʘʥʠʷ ʨʝʟʫʣʴʪʘʪʦʚ ʫʤʥʦʞʝʥʠʷ ά  ʥʝʦʙʭʦʜʠʤʳ ʚʭʦʜʥʳʝ ʟʥʘʯʝʥʠʷ ή ʠ ὶ, ʘ ʪʘʢʞʝ 

ʨʘʩʩʯʠʪʘʥʥʳʝ ʨʘʥʝʝ ʟʥʘʯʝʥʠʷ ʩ ʫʯʝʪʦʤ ʢʦʨʨʝʢʮʠʠ. ʇʦʣʫʯʝʥʥʳʝ ʟʥʘʯʝʥʠʷ ʪʘʢʞʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ 
ʣʦʛʘʨʠʬʤʠʯʝʩʢʦʡ ʧʦʣʷʨʥʦʡ ʬʦʨʤʝ, ʧʦʵʪʦʤʫ ʥʝʦʙʭʦʜʠʤʦ ʧʨʠʤʝʥʠʪʴ ʦʙʨʘʪʥʦʝ ʧʨʝʦʙʨʘʟʦʚʘʥʠʝ [3]: 

 
 ὅ ὅ ὅὭ ὦ Ͻὧέίὧέί ὧ  ὦ ϽίὭὲ ὧ ϽὭ (4) 

 
ʅʝʦʙʭʦʜʠʤʦʩʪʴ ʧʨʠʤʝʥʝʥʠʷ ʥʝʩʢʦʣʴʢʠʭ ʫʤʥʦʞʝʥʠʡ ʧʦʜʨʷʜ ʤʦʞʝʪ ʩʦʢʨʘʪʠʪʴ ʥʘʢʣʘʜʥʳʝ 

ʨʘʩʭʦʜʳ ʥʘ ʧʝʨʝʚʦʜ ʚ ʣʦʛʘʨʠʬʤʠʯʝʩʢʫʶ ʩʠʩʪʝʤʫ ʩʯʠʩʣʝʥʠʷ. 
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ʈʠʩʫʥʦʢ 1 ï ʉʭʝʤʘ ʫʤʥʦʞʠʪʝʣʷ ʢʚʘʪʝʨʥʠʦʥʦʚ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʣʦʛʘʨʠʬʤʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ ʩʯʠʩʣʝʥʠʷ 
 
ʉʧʠʩʦʢ ʠʩʧʦʣʴʟʦʚʘʥʥʳʭ ʠʩʪʦʯʥʠʢʦʚ: 
1. Ward J.P. Quaternions and Cayley Numbers // Springer Science+Business Media Dordrecht, 1997. ï 242 p. 
2. Arnold, M.G. Towards a Quaternion Complex Logarithmic Number System // 20th IEEE Symposium on Computer Arithmetic, 

2011. ï pp. 33-42. 
3. Sangwine, S.J. Quaternion Polar Representation with a Complex Modulus and Complex Argument Inspired by the Cayley-

Dickson Form // Advances in Applied Clifford Algebras, 2010. ï pp. 111-120. 
4. Swartzlander E.E. The Sign/Logarithm Number System // IEEE Transactions on Computers, 1975. ï pp. 1238-1242. 
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ʄɽʊʆɼʀʂɸ ʇʆʀʉʂɸ ʆʇʊʀʄɸʃʔʅʆɻʆ ʄɸʈʐʈʋʊɸ ʅɸ ʆʉʅʆɺɽ 
ɸʅɸʃʀɿɸ ɼɸʅʅʓʍ ʆʊ ʂɸʈʊʆɻʈɸʌʀʏɽʉʂʀʍ ʉɽʈɺʀʉʆɺ 

ʉʦʣʦʚʮʦʚ ɺ.ɺ. 

ɹʝʣʦʨʫʩʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʥʬʦʨʤʘʪʠʢʠ ʠ ʨʘʜʠʦʵʣʝʢʪʨʦʥʠʢʠ 
ʛ. ʄʠʥʩʢ, ʈʝʩʧʫʙʣʠʢʘ ɹʝʣʘʨʫʩʴ 

ʆʜʠʥʝʮ ɼ.ʅ. ï ʢ.ʪ.ʥ.,ʜʦʮʝʥʪ 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʧʨʦʛʨʘʤʤʥʳʝ ʩʨʝʜʩʪʚʘ ʜʣʷ ʥʘʚʠʛʘʮʠʠ ʠʤʝʶʪ ʙʦʣʴʰʫʶ ʧʦʧʫʣʷʨʥʦʩʪʴ. ʉʫʱʝʩʪʚʫʶʱʠʝ ʥʘʚʠʛʘʮʠʦʥʥʳʝ 
ʨʝʰʝʥʠʷ ʧʨʝʜʣʘʛʘʶʪ ʩʣʝʜʫʶʱʠʝ ʦʧʪʠʤʠʟʘʮʠʠ ʧʦʠʩʢʘ ʤʘʨʰʨʫʪʘ: ʙʳʩʪʨʳʡ ʤʘʨʰʨʫʪ ʠ ʢʨʘʪʯʘʡʰʠʡ ʤʘʨʰʨʫʪ [1,2]. ɺ ʜʘʥʥʦʡ 
ʨʘʙʦʪʝ ʙʫʜʝʪ ʧʨʝʜʣʦʞʝʥ ʘʣʛʦʨʠʪʤ ʦʧʪʠʤʠʟʘʮʠʠ ʤʘʨʰʨʫʪʦʚ ʧʦ ʨʝʩʫʨʩʘʤ, ʢʦʪʦʨʳʝ ʜʦʣʞʥʳ ʙʳʪʴ ʟʘʪʨʘʯʝʥʳ ʜʣʷ ʧʨʝʦʜʦʣʝʥʠʷ 
ʤʘʨʰʨʫʪʘ. 

ʇʦʩʪʘʥʦʚʢʘ ʟʘʜʘʯʠ: ʪʨʝʙʫʝʪʩʷ ʥʘʡʪʠ ʤʘʨʰʨʫʪ ʤʝʞʜʫ ʜʚʫʤʷ ʪʦʯʢʘʤʠ (ʤʘʨʰʨʫʪ ʪʘʢʞʝ ʤʦʞʝʪ 
ʚʢʣʶʯʘʪʴ ʥʝʢʦʪʦʨʦʝ ʢʦʣʠʯʝʩʪʚʦ ʧʨʦʤʝʞʫʪʦʯʥʳʭ ʪʦʯʝʢ), ʥʘ ʧʨʦʭʦʞʜʝʥʠʝ ʢʦʪʦʨʦʛʦ ʜʦʣʞʥʦ ʙʳʪʴ 
ʟʘʪʨʘʯʝʥʦ ʥʘʠʤʝʥʴʰʝʝ ʢʦʣʠʯʝʩʪʚʦ ʨʝʩʫʨʩʦʚ. 

ɹʫʜʝʤ ʠʩʭʦʜʠʪʴ ʠʟ ʪʦʛʦ, ʯʪʦ ʥʘ ʧʦʜʲʝʤ ʨʘʩʭʦʜʫʝʪʩʷ ʙʦʣʴʰʝ ʨʝʩʫʨʩʦʚ, ʯʝʤ ʥʘ ʩʧʫʩʢ, ʪʦʛʜʘ 
ʥʘʠʤʝʥʝʝ ʟʘʪʨʘʪʥʳʡ ʤʘʨʰʨʫʪ ð ʤʘʨʰʨʫʪ ʩ ʥʘʠʤʝʥʴʰʠʤ ʢʦʣʠʯʝʩʪʚʦʤ ʧʦʜʲʝʤʦʚ. ʀʜʝʷ ʩʦʩʪʦʠʪ ʚ ʪʦʤ, 
ʯʪʦʙʳ ʢʘʞʜʦʤʫ ʤʘʨʰʨʫʪʫ ʤʝʞʜʫ ʢʘʞʜʳʤʠ ʩʦʩʝʜʥʠʤʠ ʜʚʫʤʷ ʪʦʯʢʘʤʠ, ʧʨʠʩʚʦʠʪʴ ʚʝʩ. ɼʣʷ ʵʪʦʛʦ 
ʤʘʨʰʨʫʪ ʨʘʟʙʠʚʘʝʪʩʷ ʥʘ ʤʥʦʞʝʩʪʚʦ ʫʯʘʩʪʢʦʚ, ʜʣʷ ʢʘʞʜʦʛʦ ʫʯʘʩʪʢʘ ʠʟʚʝʩʪʥʘ ʜʣʠʥʘ L, ʚʳʩʦʪʘ 
ʥʘʯʘʣʴʥʦʡ ʪʦʯʢʠ Hstart ʠ ʚʳʩʦʪʘ ʢʦʥʝʯʥʦʡ ʪʦʯʢʠ ʫʯʘʩʪʢʘ Hend. 

ɺʚʝʜʝʤ ʧʦʥʷʪʠʝ ʬʫʥʢʮʠʦʥʘʣʘ ʵʥʝʨʛʠʠ: 

Ὁ Ὢὥ (1) 

ʛʜʝ Ŭ ð ʵʪʦ ʫʛʦʣ ʥʘʢʣʦʥʘ ʫʯʘʩʪʢʘ ʤʘʨʰʨʫʪʘ. ʋʛʦʣ ʤʦʞʝʪ ʙʳʪʴ ʧʦʩʯʠʪʘʥ ʧʦ ʬʦʨʤʫʣʝ (2): 

ὥ ίὭὲ
Ὄ Ὄ

ὒ
 

(2) 

ɺʚʝʜʝʤ ʧʦʥʷʪʠʝ ʬʫʥʢʮʠʦʥʘʣʘ ʟʘʪʨʘʪ: 

ὦ ὪὉȟὒ (3) 

ʛʜʝ E ð ʚʚʝʜʝʥʥʳʡ ʨʘʥʝʝ ʬʫʥʢʮʠʦʥʘʣ ʟʘʪʨʘʪ, L ð ʜʣʠʥʘ ʫʯʘʩʪʢʘ. 
ɿʥʘʯʝʥʠʝ ʚʝʩʘ ʜʣʷ ʚʩʝʛʦ ʤʘʨʰʨʫʪʘ ʙʫʜʝʪ ʚʳʩʯʠʪʳʚʘʪʴʩʷ ʢʘʢ ʩʫʤʤʘ ʟʥʘʯʝʥʠʡ ʬʫʥʢʮʠʦʥʘʣʘ 

ʟʘʪʨʘʪ ʜʣʷ ʢʘʞʜʦʛʦ ʫʯʘʩʪʢʘ: 

ὄ ὦ 
(4) 

ɺʝʩʘ ʨʘʩʩʯʠʪʳʚʘʶʪʩʷ ʜʣʷ ʢʘʞʜʦʛʦ ʤʘʨʰʨʫʪʘ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʢʘʞʜʦʤʫ ʤʘʨʰʨʫʪʫ ʙʫʜʝʪ 
ʩʦʦʪʚʝʪʩʪʚʦʚʘʪʴ ʩʚʦʡ ʩʫʤʤʘʨʥʳʡ ʚʝʩ, ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʳʡ ʟʘʪʨʘʪʘʤ ʥʘ ʝʛʦ ʧʨʦʭʦʞʜʝʥʠʝ. ʀʩʢʦʤʳʡ 
ʤʘʨʰʨʫʪ ð ʤʘʨʰʨʫʪ, ʩʦʩʪʦʷʱʠʡ ʠʟ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʯʘʩʪʝʡ ʩ ʥʘʠʤʝʥʴʰʠʤʠ ʟʥʘʯʝʥʠʷʤʠ 
ʨʘʩʩʯʠʪʘʥʥʳʭ ʚʝʩʦʚ. 

ɺ ʨʘʙʦʪʝ ʚ ʢʘʯʝʩʪʚʝ ʢʘʨʪʦʛʨʘʬʠʯʝʩʢʠʭ ʩʝʨʚʠʩʦʚ ʠʩʧʦʣʴʟʦʚʘʥ ʩʝʨʚʠʩ Google Maps, ʘ ʠʤʝʥʥʦ 
Google Maps Direction API [3] ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʤʘʨʰʨʫʪʦʚ ʠ Google Maps Elevation API [4] ʜʣʷ ʧʦʣʫʯʝʥʠʷ 
ʚʳʩʦʪ ʪʦʯʝʢ ʤʘʨʰʨʫʪʘ. 

ʈʘʙʦʪʘ ʘʣʛʦʨʠʪʤʘ ʙʳʣʘ ʧʨʦʚʝʨʝʥʘ ʢʘʢ ʜʣʷ ʛʦʨʠʩʪʦʡ ʠ ʭʦʣʤʠʩʪʦʡ ʤʝʩʪʥʦʩʪʠ, ʪʘʢ ʠ ʜʣʷ 
ʨʘʚʥʠʥʥʦʡ ʤʝʩʪʥʦʩʪʠ. ʇʦ ʘʥʘʣʠʟʫ ʧʨʦʚʝʜʝʥʥʳʭ ʠʩʧʳʪʘʥʠʡ ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜ, ʯʪʦ ʨʝʟʫʣʴʪʘʪ 
ʨʘʙʦʪʳ ʘʣʛʦʨʠʪʤʘ ʣʫʯʰʝ, ʯʝʤ ʘʥʘʣʦʛʠʯʥʦʝ ʨʝʰʝʥʠʝ ʦʪ Google Maps ʜʣʷ ʭʦʣʤʠʩʪʦʡ ʠ ʛʦʨʠʩʪʦʡ 
ʤʝʩʪʥʦʩʪʠ. ɼʣʷ ʨʘʚʥʠʥʥʦʡ ʤʝʩʪʥʦʩʪʠ ʠʪʦʛ ʨʘʙʦʪʳ ʘʣʛʦʨʠʪʤʘ ʩʦʚʧʘʜʘʝʪ ʩ ʨʝʟʫʣʴʪʘʪʘʤʠ, ʢʦʪʦʨʳʝ 
ʧʦʣʫʯʝʥʳ ʦʪ Google Maps.  

ɼʣʷ ʭʦʣʤʠʩʪʦʡ ʠ ʛʦʨʠʩʪʦʡ ʤʝʩʪʥʦʩʪʠ ʦʧʠʩʘʥʥʳʡ ʘʣʛʦʨʠʪʤ ʚʳʙʠʨʘʝʪ ʤʘʨʰʨʫʪʳ, ʦʪʣʠʯʘʶʱʠʝʩʷ 
ʦʪ Google Maps ʤʝʥʴʰʠʤ ʩʦʜʝʨʞʘʥʠʝʤ ʢʦʣʠʯʝʩʪʚʘ ʧʦʜʲʝʤʦʚ, ʯʪʦ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʜʝʣʘʝʪ ʤʘʨʰʨʫʪʳ 
ʤʝʥʝʝ ʵʥʝʨʛʦʟʘʪʨʘʪʥʳʤʠ. 

 
ʉʧʠʩʦʢ ʠʩʧʦʣʴʟʦʚʘʥʥʳʭ ʠʩʪʦʯʥʠʢʦʚ: 
1. ʊʘʨʘʩʷʥ ɺ.ʉ., ʇʦʣʫʰʢʠʥ ɸ.ʗ. ʆʇʊʀʄʀɿɸʎʀʗ ʇʋʊʀ ɺ ʅɽʆɼʅʆʈʆɼʅʆʁ ʉʈɽɼɽ // ʌʫʥʜʘʤʝʥʪʘʣʴʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ. 

[ʕʣʝʢʪʨʦʥʥʳʡ ʨʝʩʫʨʩ]. ï 2017. ï ʈʝʞʠʤ ʜʦʩʪʫʧʘ: http://www.fundamental-research.ru/ru/article/view?id=41828 ï ɼʘʪʘ ʜʦʩʪʫʧʘ: 
27.02.2019. 

2. Improving Operations with Route Optimization ï Towards Data Science [ʕʣʝʢʪʨʦʥʥʳʡ ʨʝʩʫʨʩ]. ï 2018. ï ʈʝʞʠʤ ʜʦʩʪʫʧʘ: 
https://towardsdatascience.com/improving-operations-with-route-optimization-4b8a3701ca39 ï ɼʘʪʘ ʜʦʩʪʫʧʘ: 27.02.2019. 

3. Developer Guide | Directions API | Google Developers [ʕʣʝʢʪʨʦʥʥʳʡ ʨʝʩʫʨʩ]. ï 2019. ï ʈʝʞʠʤ ʜʦʩʪʫʧʘ: 
https://developers.google.com/maps/documentation/directions/intro ï ɼʘʪʘ ʜʦʩʪʫʧʘ: 27.02.2019. 

4. Developer Guide | Elevation API | Google Developers [ʕʣʝʢʪʨʦʥʥʳʡ ʨʝʩʫʨʩ]. ï 2019. ï ʈʝʞʠʤ ʜʦʩʪʫʧʘ: 
https://developers.google.com/maps/documentation/elevation/intro ï ɼʘʪʘ ʜʦʩʪʫʧʘ: 27.02.2019. 

https://towardsdatascience.com/improving-operations-with-route-optimization-4b8a3701ca39
https://developers.google.com/maps/documentation/directions/intro
https://developers.google.com/maps/documentation/elevation/intro
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ʉʆɺʈɽʄɽʅʅʓɽ ɸʃɻʆʈʀʊʄʓ ʄʆɼɽʃʀʈʆɺɸʅʀʗ ɸʄʆʈʌʅʓʍ 
ʆɹʒɽʂʊʆɺ 

ʉʪʘʭʦʚʩʢʠʡ ɸ.ɺ. 

ɹʝʣʦʨʫʩʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʥʬʦʨʤʘʪʠʢʠ ʠ ʨʘʜʠʦʵʣʝʢʪʨʦʥʠʢʠ 
ʛ. ʄʠʥʩʢ, ʈʝʩʧʫʙʣʠʢʘ ɹʝʣʘʨʫʩʴ 

ʂʫʢʠʥ ɼ.ʇ. ï ʢ.ʪ.ʥ.,ʜʦʮʝʥʪ 

ʈʝʘʣʠʩʪʠʯʥʘʷ ʩʠʤʫʣʷʮʠʷ ʦʛʥʷ ʠʛʨʘʝʪ ʦʛʨʦʤʥʫʶ ʨʦʣʴ ʚ ʤʦʜʝʣʠʨʦʚʘʥʠʠ ʯʨʝʟʚʳʯʘʡʥʳʭ ʩʠʪʫʘʮʠʡ, ʤʦʜʝʣʠʨʦʚʘʥʠʠ ʙʦʝʚʳʭ 
ʜʝʡʩʪʚʠʡ, ʩʦʟʜʘʥʠʠ ʩʧʝʮʵʬʬʝʢʪʦʚ ʜʣʷ ʬʠʣʴʤʦʚ ʠ ʢʦʤʧʴʶʪʝʨʥʳʭ ʠʛʨ. ʆʛʦʥʴ ʷʚʣʷʝʪʩʷ ʜʦʚʦʣʴʥʦ ʩʣʦʞʥʳʤ ʦʙʲʝʢʪʦʤ ʜʣʷ 
ʩʠʤʫʣʷʮʠʠ ʠ ʨʝʥʜʝʨʠʥʛʘ ʠʟ-ʟʘ ʝʛʦ ʥʝʯʝʪʢʠʭ ʛʨʘʥʠʮ ʠ ʧʦʩʪʦʷʥʥʦʛʦ ʠʟʤʝʥʝʥʠʷ. ʉʦʚʨʝʤʝʥʥʳʝ ʘʣʛʦʨʠʪʤʳ ʩʠʤʫʣʷʮʠʠ ʦʛʥʷ ʤʦʞʥʦ 
ʨʘʟʜʝʣʠʪʴ ʥʘ ʥʝʩʢʦʣʴʢʦ ʛʨʫʧʧ, ʦʪʣʠʯʘʶʱʠʭʩʷ ʧʦ ʠʥʪʝʨʘʢʪʠʚʥʦʩʪʠ, ʢʦʥʬʠʛʫʨʠʨʫʝʤʦʩʪʠ, ʩʪʝʧʝʥʠ ʨʝʘʣʠʩʪʠʯʥʦʩʪʠ, ʧʨʠʤʝʥʠʤʦʩʪʠ 
ʚ ʨʝʘʣʴʥʦʤ ʚʨʝʤʝʥʠ ʠ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦ-ʚʨʝʤʝʥʥʦʡ ʩʣʦʞʥʦʩʪʠ. 

ɸʤʦʨʬʥʳʝ ʦʙʲʝʢʪʳ, ʪʘʢʠʝ ʢʘʢ  ʦʛʦʥʴ, ʜʳʤ,  ʚʦʜʘ, ʪʫʤʘʥ ʚʳʟʳʚʘʶʪ ʦʧʨʝʜʝʣʝʥʥʫʶ ʩʣʦʞʥʦʩʪʴ 
ʧʨʠ ʩʠʤʫʣʷʮʠʠ ʠ ʨʝʥʜʝʨʠʥʛʝ ʠʟ-ʟʘ ʪʦʛʦ, ʯʪʦ ʵʪʠ ʦʙʲʝʢʪʳ ʥʝ ʠʤʝʶʪ ʯʝʪʢʦ ʚʳʨʘʞʝʥʥʳʭ ʛʨʘʥʠʮ ʠ ʢʨʘʡʥʝ 
ʧʦʜʚʠʞʥʳ. ʆʥʠ ʷʚʣʷʶʪʩʷ ʩʫʙʲʝʢʪʘʤʠ ʧʦʩʪʦʷʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʠ ʨʘʟʨʘʙʦʪʦʢ, ʪ. ʢ.  ʧʨʝʜʩʪʘʚʣʷʶʪ 
ʢʦʤʤʝʨʯʝʩʢʫʶ ʮʝʥʥʦʩʪʴ ʜʣʷ ʢʠʥʝʤʘʪʦʛʨʘʬʘ, ʠʥʜʫʩʪʨʠʠ ʚʠʜʝʦʠʛʨ, ʩʠʣʦʚʳʭ ʚʝʜʦʤʩʪʚ[1]. ʆʩʦʙʫʶ 
ʩʣʦʞʥʦʩʪʴ ʧʨʝʜʩʪʘʚʣʷʝʪ ʢʦʤʧʴʶʪʝʨʥʘʷ ʛʨʘʬʠʢʘ ʨʝʘʣʴʥʦʛʦ ʚʨʝʤʝʥʠ, ʛʜʝ ʵʬʬʝʢʪʳ ʜʦʣʞʥʳ 
ʨʘʩʩʯʠʪʳʚʘʪʴʩʷ ʟʘ ʚʨʝʤʷ ʯʘʩʪʦʪʳ ʢʘʜʨʘ (60+ ʢʘʜʨʦʚ/c). 

ʉʦʚʨʝʤʝʥʥʳʝ ʤʝʪʦʜʳ ʩʠʤʫʣʷʮʠʠ ʦʛʥʷ ʤʦʞʥʦ ʨʘʟʜʝʣʠʪʴ ʥʘ ʩʣʝʜʫʶʱʠʝ ʦʩʥʦʚʥʳʝ ʛʨʫʧʧʳ: 
ʪʝʢʩʪʫʨʥʳʡ ʤʘʧʧʠʥʛ, ʩʠʩʪʝʤʳ ʯʘʩʪʠʮ, ʬʠʟʠʢʦ-ʤʘʪʝʤʘʪʠʯʝʩʢʠʝ ʤʝʪʦʜʳ, ʢʣʝʪʦʯʥʳʝ ʘʚʪʦʤʘʪʳ, ʤʝʪʦʜʳ 
ʪʦʤʦʛʨʘʬʠʯʝʩʢʦʡ ʨʝʢʦʥʩʪʨʫʢʮʠʠ. ʌʠʟʠʢʦ-ʤʘʪʝʤʘʪʠʯʝʩʢʠʝ ʤʝʪʦʜʳ ʧʦʟʚʦʣʷʶʪ ʜʦʩʪʠʯʴ ʚʳʩʦʢʦʡ 
ʨʝʘʣʠʩʪʠʯʥʦʩʪʠ ʦʛʥʷ, ʦʜʥʘʢʦ ʠʤʝʶʪ ʚʳʩʦʢʫʶ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦ-ʚʨʝʤʝʥʥʫʶ ʩʣʦʞʥʦʩʪʴ. ʇʦʵʪʦʤʫ 
ʜʘʥʥʳʝ ʤʝʪʦʜʳ ʥʝʚʦʟʤʦʞʥʦ ʙʳʣʦ ʰʠʨʦʢʦ ʧʨʠʤʝʥʷʪʴ ʜʦ ʥʝʜʘʚʥʝʛʦ ʚʨʝʤʝʥʠ ʜʣʷ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʚ 
ʨʝʘʣʴʥʦʤ ʚʨʝʤʝʥʠ. 

ʉʪʨʝʤʠʪʝʣʴʥʳʡ ʨʦʩʪ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʛʨʘʬʠʯʝʩʢʠʭ ʘʜʘʧʪʝʨʦʚ ʚ ʪʝʯʝʥʠʝ ʧʦʩʣʝʜʥʝʛʦ 
ʜʝʩʷʪʠʣʝʪʠʷ ʧʨʠʚʝʣ ʢ ʨʦʩʪʫ ʠʩʩʣʝʜʦʚʘʥʠʡ ʚ ʦʙʣʘʩʪʠ ʚʦʢʩʝʣʴʥʦʛʦ ʨʝʥʜʝʨʠʥʛʘ. ɺʦʢʩʝʣʳ ʷʚʣʷʶʪʩʷ 
ʘʥʘʣʦʛʘʤʠ ʧʠʢʩʝʣʝʡ ʜʣʷ ʪʨʝʭʤʝʨʥʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ. ɺʦʢʩʝʣʴʥʳʡ ʨʝʥʜʝʨʠʥʛ ʧʨʝʜʦʩʪʘʚʣʷʝʪ ʰʠʨʦʢʠʝ 
ʚʦʟʤʦʞʥʦʩʪʠ ʜʣʷ ʨʝʘʣʠʩʪʠʯʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʦʙʲʝʤʥʳʭ ʦʙʲʝʢʪʦʚ, ʦʜʥʘʢʦ ʪʨʝʙʫʝʪ ʙʦʣʴʰʠʭ ʟʘʪʨʘʪ 
ʘʧʧʘʨʘʪʥʳʭ ʨʝʩʫʨʩʦʚ, ʧʦʵʪʦʤʫ ʝʛʦ ʧʨʠʤʝʥʝʥʠʝ ʚ ʨʝʥʜʝʨʠʥʛʝ ʨʝʘʣʴʥʦʛʦ ʚʨʝʤʝʥʠ ʢʨʘʡʥʝ ʦʛʨʘʥʠʯʝʥʦ. 
ɺʦʟʨʦʩʰʘʷ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʛʨʘʬʠʯʝʩʢʠʭ ʘʜʘʧʪʝʨʦʚ ʘʢʪʠʚʠʟʠʨʦʚʘʣʘ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚ 
ʨʝʘʣʠʩʪʠʯʥʦʤ ʤʦʜʝʣʠʨʦʚʘʥʠʠ ʨʘʟʣʠʯʥʳʭ ʘʤʦʨʬʥʳʭ ʦʙʲʝʢʪʦʚ: ʜʳʤʘ, ʦʛʥʷ, ʦʙʣʘʢʦʚ. 

ʆʩʦʙʳʡ ʠʥʪʝʨʝʩ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʚʤʝʩʪʥʦʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʚʦʢʩʝʣʴʥʦʛʦ ʨʝʥʜʝʨʠʥʛʘ ʠ ʤʝʪʦʜʦʚ 
ʬʠʟʠʢʦ-ʤʝʪʝʤʘʪʠʯʝʩʢʦʡ ʩʠʤʫʣʷʮʠʠ ʜʣʷ ʩʦʟʜʘʥʠʷ ʢʨʘʡʥʝ ʨʝʘʣʠʩʪʠʯʥʳʭ ʩʧʝʮʵʬʬʝʢʪʦʚ. ɺ ʜʘʥʥʦʤ 
ʥʘʧʨʘʚʣʝʥʠʠ ʩʝʡʯʘʩ ʚʝʜʝʪʩʷ ʤʥʦʞʝʩʪʚʦ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʥʘʧʨʘʚʣʝʥʥʳʭ ʥʘ ʩʦʟʜʘʥʠʝ ʘʣʛʦʨʠʪʤʦʚ, 
ʧʦʟʚʦʣʷʶʱʠʭ ʩʦʟʜʘʚʘʪʴ ʤʘʢʩʠʤʘʣʴʥʦ ʨʝʘʣʠʩʪʠʯʥʦʝ ʠʟʦʙʨʘʞʝʥʠʝ ʟʘ ʚʨʝʤʷ ʩʤʝʥʳ ʢʘʜʨʘ. 

 

 
ʈʠʩʫʥʦʢ 1 ï ʆʛʦʥʴ ʥʘ ʦʙʲʝʤʥʦʤ ʩʪʦʣʝ. ʄʝʪʘʣʠʯʝʩʢʠʡ ʢʘʨʢʘʩ ʦʪʢʨʳʚʘʝʪʩʷ ʧʦʩʣʝ ʩʦʞʞʝʥʠʷ ʚʝʨʭʥʝʛʦ ʜʝʨʝʚʷʥʥʦʛʦ 

ʩʣʦʷ [2] 
ʉʧʠʩʦʢ ʠʩʧʦʣʴʟʦʚʘʥʥʳʭ ʠʩʪʦʯʥʠʢʦʚ: 
1. ZhaoHui, W. Realistic fire simulation: A Survey / W. ZhaoHui, Z. Zhong, W. Wei // 12th International Conference on 

Computer-Aided Design and Computer Graphics ï 2011  ï P. 333ï340. 
2. Zhao, Y. Voxels on fire / Y. Zhao, X. Wei, Z. Fan, A. Kaufman, H. Quin ï Center for Visual Computing and Department of 

Computer Science Stony Brook University Stony Brook, NY 11794-4400. 
3. Vanzine, Y. Real-Time Volumetric Rendering of Fire in a Production System: Feasibility Study / Y. Vanzine. ï Indiana 

University South Bend, 2007. ï 88 P. 
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ʉʈɽɼʉʊɺɸ ɿɸʑʀʊʓ ɼɸʅʅʓʍ ʇʈʀ  
ʆɹʃɸʏʅʓʍ ɺʓʏʀʉʃɽʅʀʗʍ 

ʉʪʠʥʷʝʚʘ ɺ.ʄ. 

ɹʝʣʦʨʫʩʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʥʬʦʨʤʘʪʠʢʠ ʠ ʨʘʜʠʦʵʣʝʢʪʨʦʥʠʢʠ 
ʛ. ʄʠʥʩʢ, ʈʝʩʧʫʙʣʠʢʘ ɹʝʣʘʨʫʩʴ 

ɻʘʥʞʘ ɺ.ɸ. ï ʢ.ʪ.ʥ.,ʜʦʮʝʥʪ 

ʋʧʨʘʚʣʝʥʠʝ, ʘ ʪʘʢʞʝ ʢʦʥʪʨʦʣʴ ʥʘʜ ʦʙʣʘʢʘʤʠ ð ʷʚʣʷʝʪʩʷ ʧʨʦʙʣʝʤʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ ʠ ʩʦʭʨʘʥʥʦʩʪʠ ʜʘʥʥʳʭ. ɻʘʨʘʥʪʠʡ, ʯʪʦ ʚʩʝ 
ʨʝʩʫʨʩʳ ʦʙʣʘʢʘ ʠʩʧʦʣʴʟʫʶʪʩʷ ʧʦ ʥʘʟʥʘʯʝʥʠʶ ʠ ʚ ʥʝʤ ʥʝʪ ʥʝʫʧʨʘʚʣʷʝʤʳʭ ʚʠʨʪʫʘʣʴʥʳʭ ʤʘʰʠʥ, ʥʝ ʟʘʧʫʱʝʥʦ ʣʠʰʥʠʭ ʧʨʦʮʝʩʩʦʚ 
ʠ ʥʝ ʥʘʨʫʰʝʥʘ ʚʟʘʠʤʥʘʷ ʢʦʥʬʠʛʫʨʘʮʠʷ ʵʣʝʤʝʥʪʦʚ ʦʙʣʘʢʘ ʥʝʪ. ʇʦʵʪʦʤʫ ʨʘʩʩʤʦʪʨʠʤ ʦʩʥʦʚʥʳʝ ʠ ʘʢʪʫʘʣʴʥʳʝ ʩʧʦʩʦʙʳ ʟʘʱʠʪʳ 
ʜʘʥʥʳʭ ʧʨʠ ʦʙʣʘʯʥʳʭ ʚʳʯʠʩʣʝʥʠʷʭ. 

ɼʣʷ ʢʦʥʪʨʦʣʷ ʙʝʟʦʧʘʩʥʦʩʪʠ ʚ ʦʙʣʘʢʘʭ ʥʝʦʙʭʦʜʠʤ ʢʦʤʧʣʝʢʩʥʳʡ ʧʦʜʭʦʜ ʚ ʦʙʝʩʧʝʯʝʥʠʠ ʢʘʢ 
ʬʠʟʠʯʝʩʢʦʡ, ʪʘʢ ʠ ʩʝʪʝʚʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ. ɺ ʦʩʥʦʚʝ ʦʙʝʩʧʝʯʝʥʠʷ ʬʠʟʠʯʝʩʢʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ ʣʝʞʠʪ 
ʩʪʨʦʛʠʡ ʢʦʥʪʨʦʣʴ ʬʠʟʠʯʝʩʢʦʛʦ ʜʦʩʪʫʧʘ ʢ ʩʝʨʚʝʨʘʤ ʠ ʩʝʪʝʚʦʡ ʠʥʬʨʘʩʪʨʫʢʪʫʨʝ. ɸ ʩʝʪʝʚʘʷ ʙʝʟʦʧʘʩʥʦʩʪʴ 
ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʧʦʩʪʨʦʝʥʠʝ ʥʘʜʝʞʥʦʡ ʤʦʜʝʣʠ ʫʛʨʦʟ, ʚʢʣʶʯʘʶʱʝʡ ʚ ʩʝʙʷ ʟʘʱʠʪʫ ʦʪ ʚʪʦʨʞʝʥʠʡ ʠ 
ʤʝʞʩʝʪʝʚʦʡ ʵʢʨʘʥ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʤʝʞʩʝʪʝʚʦʛʦ ʵʢʨʘʥʘ ʧʦʜʨʘʟʫʤʝʚʘʝʪ ʨʘʙʦʪʫ ʬʠʣʴʪʨʘ, ʩ ʮʝʣʴʶ 
ʨʘʟʛʨʘʥʠʯʠʪʴ ʚʥʫʪʨʝʥʥʠʝ ʩʝʪʠ ʮʝʥʪʨʘ ʦʙʨʘʙʦʪʢʠ ʜʘʥʥʳʭ (ʜʘʣʝʝ ï ʎʆɼ) ʥʘ ʧʦʜʩʝʪʠ ʩ ʨʘʟʥʳʤ ʫʨʦʚʥʝʤ 
ʜʦʚʝʨʠʷ. 

ʅʘʠʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʳʤʠ ʩʧʦʩʦʙʘʤʠ ʦʙʝʩʧʝʯʝʥʠʷ ʙʝʟʦʧʘʩʥʦʩʪʠ ʧʨʠ ʦʙʣʘʯʥʳʭ ʚʳʯʠʩʣʝʥʠʷʭ 
ʷʚʣʷʶʪʩʷ: 

1) ʰʠʬʨʦʚʘʥʠʝ ï ʦʜʠʥ ʠʟ ʵʬʬʝʢʪʠʚʥʝʡʰʠʭ ʩʧʦʩʦʙʦʚ ʟʘʱʠʪʳ ʜʘʥʥʳʭ. ʇʨʦʚʘʡʜʝʨ, 
ʧʨʝʜʦʩʪʘʚʣʷʶʱʠʡ ʜʦʩʪʫʧ ʢ ʜʘʥʥʳʤ, ʰʠʬʨʫʝʪ ʜʘʥʥʳʝ ʢʣʠʝʥʪʘ, ʭʨʘʥʷʱʠʝʩʷ ʚ ʎʆɼ, ʘ 
ʪʘʢʞʝ ʚ ʩʣʫʯʘʝ ʦʪʩʫʪʩʪʚʠʷ ʥʝʦʙʭʦʜʠʤʦʩʪʠ, ʙʝʟʚʦʟʚʨʘʪʥʦ ʫʜʘʣʷʝʪ ʠʭ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, 
ʦʙʣʘʢʦ ʚʩʝʛʜʘ ʠʤʝʝʪ ʜʝʣʦ ʪʦʣʴʢʦ ʩ ʟʘʰʠʬʨʦʚʘʥʥʳʤʠ ʜʘʥʥʳʤʠ.  

ɺʳʜʝʣʠʤ ʧʣʶʩʳ ʰʠʬʨʦʚʘʥʠʷ ʜʘʥʥʳʭ:  
- ʧʨʦʚʘʡʜʝʨ ʥʝ ʩʤʦʞʝʪ ʧʦʣʫʯʠʪʴ ʜʦʩʪʫʧ ʢ ʜʘʥʥʳʤ ʢʣʠʝʥʪʘ; 
- ʥʠʢʘʢʦʡ ʵʣʝʤʝʥʪ ʥʘ ʧʫʪʠ ʩʣʝʜʦʚʘʥʠʷ ʪʨʘʬʠʢʘ ʥʝ ʧʦʣʫʯʠʪ ʜʦʩʪʫʧ ʢ ʜʘʥʥʳʤ ʢʣʠʝʥʪʘ (ʥʘʧʨʠʤʝʨ 

ʚʣʘʜʝʣʝʮ wi-fi ʪʦʯʢʠ ʢʘʢʦʛʦ-ʣʠʙʦ ʟʘʚʝʜʝʥʠʷ). 
ɻʣʘʚʥʳʤ ʫʩʣʦʚʠʝʤ ʩ ʮʝʣʴʶ ʧʨʝʜʦʩʪʘʚʣʝʥʠʷ ʟʘʱʠʱʝʥʥʦʩʪʠ ʧʦʜʦʙʥʦʛʦ ʨʝʰʝʥʠʷ ʩʯʠʪʘʝʪʩʷ 

ʦʪʜʝʣʴʥʦʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʦʙʣʘʯʥʦʛʦ ʩʝʨʚʝʨʘ ʠ ʩʝʨʚʝʨʘ ʫʧʨʘʚʣʝʥʠʷ ʢʣʶʯʘʤʠ (ʨʠʩʫʥʦʢ 1); 
 

 
ʈʠʩʫʥʦʢ 1 - ʉʭʝʤʘ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʧʦʣʴʟʦʚʘʪʝʣʷ, ʩʝʨʚʝʨʘ ʫʧʨʘʚʣʝʥʠʷ ʢʣʶʯʘʤʠ ʠ ʦʙʣʘʯʥʦʛʦ ʩʝʨʚʝʨʘ 

  
2) ʟʘʱʠʪʘ ʜʘʥʥʳʭ ʧʨʠ ʧʝʨʝʜʘʯʝ. ɿʘʰʠʬʨʦʚʘʥʥʳʝ ʜʘʥʥʳʝ ʧʨʠ ʧʝʨʝʜʘʯʝ ʚ ʦʙʣʘʢʦ ʠ ʧʨʠ 

ʭʨʘʥʝʥʠʠ ʚ ʥʝʤ ʜʦʣʞʥʳ ʙʳʪʴ ʜʦʩʪʫʧʥʳ ʪʦʣʴʢʦ ʧʦʩʣʝ ʘʫʪʝʥʪʠʬʠʢʘʮʠʠ. ʕʪʦ ʧʦʟʚʦʣʷʪ 
ʦʙʝʩʧʝʯʠʚʘʪʴ ʢʦʥʬʠʜʝʥʮʠʘʣʴʥʦʩʪʴ ʜʘʥʥʳʭ ʜʘʞʝ ʝʩʣʠ ʢʪʦ-ʪʦ ʧʦʣʫʯʠʪ ʢ ʥʠʤ ʜʦʩʪʫʧ 
ʧʦʩʨʝʜʩʪʚʦʤ ʥʝʥʘʜʝʞʥʳʭ ʫʟʣʦʚ ʚ ʩʝʪʠ. ʇʨʠʤʝʥʷʶʪʩʷ ʪʘʢʠʝ ʘʣʛʦʨʠʪʤʳ ʠ ʧʨʦʪʦʢʦʣʳ ʢʘʢ 
AES, TLS, IPsec. ʊʘʢʞʝ ʜʣʷ ʧʫʙʣʠʯʥʳʭ ʦʙʣʘʢʦʚ ʠʩʧʦʣʴʟʫʝʪʩʷ VPN-ʪʫʥʥʝʣʴ, ʦʩʥʦʚʘʥʥʳʡ 
ʥʘ ʜʚʫʭʬʘʢʪʦʨʥʦʡ ʘʫʪʝʥʪʠʬʠʢʘʮʠʠ; 

3) ʘʫʪʝʥʪʠʬʠʢʘʮʠʷ ð ʧʨʦʮʝʩʩ ʧʦʜʪʚʝʨʞʜʝʥʠʷ ʧʦʜʣʠʥʥʦʩʪʠ ʩʫʙʲʝʢʪʘ. ɼʣʷ ʙʦʣʝʝ ʚʳʩʦʢʦʡ 
ʥʘʜʝʞʥʦʩʪʠ ʧʨʠʙʝʛʘʶʪ ʢ ʠʩʧʦʣʴʟʦʚʘʥʠʶ ʩʝʨʪʠʬʠʢʘʪʦʚ, ʪʦʢʝʥʦʚ ʠ ʜʚʫʭʬʘʢʪʦʨʥʦʡ 
ʘʫʪʝʥʪʠʬʠʢʘʮʠʠ. ɼʣʷ ʧʨʦʟʨʘʯʥʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʧʨʦʚʘʡʜʝʨʘ ʩ ʩʠʩʪʝʤʦʡ 
ʠʥʜʝʪʠʬʠʢʘʮʠʠʠ ʧʨʠ ʘʚʪʦʨʠʟʘʮʠʠ, ʪʘʢʞʝ ʨʝʢʦʤʝʥʜʫʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʪʴ ʩʪʘʥʜʘʨʪʳ LDAP 
(Lightweight Directory Access Protocol) ʠ SAML (Security Assertion Markup Language); 

4) ʠʟʦʣʷʮʠʷ ʧʦʣʴʟʦʚʘʪʝʣʝʡ. ʉʘʤʳʤ ʘʢʪʫʘʣʴʥʳʤ ʠ ʥʘʜʝʞʥʳʤ ʩʧʦʩʦʙʦʤ ʠʟʦʣʷʮʠʠ 
ʧʦʣʴʟʦʚʘʪʝʣʝʡ ʷʚʣʷʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʠʥʜʠʚʠʜʫʘʣʴʥʦʡ ʚʠʨʪʫʘʣʴʥʦʡ ʤʘʰʠʥʳ ʠ 
ʚʠʨʪʫʘʣʴʥʫʶ ʩʝʪʴ. ɺʠʨʪʫʘʣʴʥʳʝ ʩʝʪʠ ʜʦʣʞʥʳ ʙʳʪʴ ʨʘʟʚʝʨʥʫʪʳ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʪʘʢʠʭ 
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ʪʝʭʥʦʣʦʛʠʡ, ʢʘʢ VPN (Virtual Private Network), VLAN (Virtual Local Area Network) ʠ VPLS 
(Virtual Private LAN Service); 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ ʤʦʞʥʦ ʧʦʜʳʪʦʞʠʪʴ, ʯʪʦ ʦʙʝʩʧʝʯʝʥʠʝ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ ʧʨʠ 
ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʦʙʣʘʯʥʳʭ ʚʳʯʠʩʣʝʥʠʷʭ ʟʘʚʠʩʠʪ ʠ ʦʪ ʢʣʠʝʥʪʘ, ʠ ʦʪ ʧʨʦʚʘʡʜʝʨʘ. ʉʣʝʜʫʝʪ ʧʦʜʦʡʪʠ 
ʩʝʨʴʝʟʥʦ ʢ ʩʦʩʪʘʚʣʝʥʠʶ ʜʦʛʦʚʦʨʘ ʩ ʧʦʩʪʘʚʱʠʢʦʤ ʦʙʣʘʯʥʳʭ ʫʩʣʫʛ ʠ ʫʯʝʩʪʴ ʚʩʝ ʬʘʢʪʦʨʳ, ʢʦʪʦʨʳʝ 
ʤʦʛʫʪ ʧʦʚʣʠʷʪʴ ʥʘ ʦʙʝʩʧʝʯʝʥʠʝ ʢʦʥʬʠʜʝʥʮʠʘʥʦʩʪʠ ʜʘʥʥʳʭ. ʉʦ ʩʪʦʨʦʥʳ ʢʣʠʝʥʪʘ - ʵʪʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ 
ʩʦʚʨʝʤʝʥʥʳʭ ʧʨʦʛʨʘʤʤʥʳʭ ʠ ʘʧʧʘʨʘʪʥʳʭ ʩʨʝʜʩʪʚ, ʨʘʙʦʪʘ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʦ ʧʦʜʛʦʪʦʚʣʝʥʥʦʛʦ 
ʧʝʨʩʦʥʘʣʘ, ʦʙʝʩʧʝʯʝʥʠʝ ʙʝʟʦʧʘʩʥʦʩʪʠ ʩʝʪʝʚʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ, ʭʨʘʥʠʣʠʱʘ ʜʘʥʥʳʭ, ʩʝʨʚʝʨʘ ʠ 
ʛʠʧʝʨʚʠʟʦʨʘ. ɼʦʧʦʣʥʠʪʝʣʴʥʦ ʚʦʟʤʦʞʥʦ ʨʘʟʤʝʱʘʪʴ ʚ ʚʳʜʝʣʝʥʥʦʤ ʷʜʨʝ ʘʥʪʠʚʠʨʫʩ ʜʣʷ 
ʧʨʝʜʦʪʚʨʘʱʝʥʠʷ ʟʘʨʘʞʝʥʠʷ ʛʠʧʝʨʚʠʟʦʨʘ ʯʝʨʝʟ ʚʠʨʪʫʘʣʴʥʫʶ ʤʘʰʠʥʫ, ʩʠʩʪʝʤʫ ʰʠʬʨʦʚʘʥʠʷ ʜʘʥʥʳʭ 
ʜʣʷ ʭʨʘʥʝʥʠʷ ʧʦʣʴʟʦʚʘʪʝʣʴʩʢʦʡ ʠʥʬʦʨʤʘʮʠʠ ʚ ʟʘʰʠʬʨʦʚʘʥʥʦʤ ʚʠʜʝ ʠ ʩʨʝʜʩʪʚʘ ʜʣʷ ʨʝʘʣʠʟʘʮʠʠ 
ʟʘʰʠʬʨʦʚʘʥʥʦʛʦ ʪʫʥʝʣʠʨʦʚʘʥʠʷ ʤʝʞʜʫ ʚʠʨʪʫʘʣʴʥʳʤ ʩʝʨʚʝʨʦʤ ʠ ʢʣʠʝʥʪʩʢʦʡ ʤʘʰʠʥʦʡ. ʊʘʢʞʝ 
ʧʨʦʚʦʜʠʪʴ ʩʚʦʝʚʨʝʤʝʥʥʳʡ ʘʫʜʠʪʘ ʚʩʝʭ ʩʠʩʪʝʤ ʥʘ ʚʳʷʚʣʝʥʠʝ ʫʷʟʚʠʤʦʩʪʝʡ ʠ ʢʦʥʪʨʦʣʴ ʫʨʦʚʥʝʡ 
ʜʦʩʪʫʧʘ ʧʦʣʴʟʦʚʘʪʝʣʝʡ. 

 
ʉʧʠʩʦʢ ʠʩʧʦʣʴʟʦʚʘʥʥʳʭ ʠʩʪʦʯʥʠʢʦʚ: 
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ʀɼɽʅʊʀʌʀʂɸʎʀʗ ʇʆʃʔɿʆɺɸʊɽʃʗ ʄɽʊʆɼʆʄ ɸʅɸʃʀɿɸ 
ɼʀʅɸʄʀʂʀ ɺɺʆɼɸ ʊɽʂʉʊɸ 

ʉʫʧʨʠʥʦʚʠʯ ʀ.ʖ. 

ɹʝʣʦʨʫʩʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʥʬʦʨʤʘʪʠʢʠ ʠ ʨʘʜʠʦʵʣʝʢʪʨʦʥʠʢʠ 
ʛ. ʄʠʥʩʢ, ʈʝʩʧʫʙʣʠʢʘ ɹʝʣʘʨʫʩʴ 

ʀʩʢʨʘ ʅ.ɸ. ï ʩʪʘʨʰʠʡ ʧʨʝʧʦʜʘʚʘʪʝʣʴ 

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʘʣʛʦʨʠʪʤʳ ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʧʦʣʴʟʦʚʘʪʝʣʷ ʤʝʪʦʜʦʤ ʘʥʘʣʠʟʘ ʜʠʥʘʤʠʢʠ ʚʚʦʜʘ ʪʝʢʩʪʘ. ʇʦʤʠʤʦ 
ʵʪʦʛʦ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴ ʠ ʩʮʝʥʘʨʠʠ ʧʨʠʤʝʥʝʥʠʷ ʵʪʦʛʦ ʤʝʪʦʜʘ ʠʜʝʥʪʠʬʠʢʘʮʠʠ, ʘ ʪʘʢʞʝ ʠʟʫʯʘʶʪʩʷ ʩʧʦʩʦʙʳ 
ʢʣʘʩʩʠʬʠʢʘʮʠʠ, ʢʦʪʦʨʳʝ ʧʦʟʚʦʣʷʪ ʩʜʝʣʘʪʴ ʠʜʝʥʪʠʬʠʢʘʮʠʶ ʧʦʣʴʟʦʚʘʪʝʣʷ ʙʦʣʝʝ ʪʦʯʥʦʡ. 

ʇʦʪʨʝʙʥʦʩʪʴ ʚ ʨʘʩʧʦʟʥʘʚʘʥʠʠ ʣʶʜʝʡ ʧʦ ʢʘʢʠʤ-ʣʠʙʦ ʫʥʠʢʘʣʴʥʳʤ, ʧʨʠʩʫʱʠʤ ʪʦʣʴʢʦ ʠʤ 
ʧʨʠʟʥʘʢʘʤ, ʚʦʟʥʠʢʣʘ ʜʦʩʪʘʪʦʯʥʦ ʜʘʚʥʦ. ʕʪʫ ʧʨʦʙʣʝʤʫ ʧʨʠʟʚʘʥʘ ʨʝʰʠʪʴ ʘʫʪʝʥʪʠʬʠʢʘʮʠʷ ð ʧʨʦʮʝʩʩ 
ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʠ ʧʦʜʪʚʝʨʞʜʝʥʠʷ ʣʠʯʥʦʩʪʠ ʧʦʣʴʟʦʚʘʪʝʣʷ. ʆʙʳʯʥʦ ʦʥ ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʘʚʪʦʨʠʟʘʮʠʝʡ, 
ʢʦʪʦʨʘʷ ʷʚʣʷʝʪʩʷ ʤʝʭʘʥʠʟʤʦʤ ʦʧʨʝʜʝʣʝʥʠʷ ʪʦʛʦ, ʢʘʢʠʤʠ ʧʨʘʚʘʤʠ ʥʘʜʝʣʷʝʪʩʷ ʧʦʣʴʟʦʚʘʪʝʣʴ ʧʦʩʣʝ 
ʠʜʝʥʪʠʬʠʢʘʮʠʠ.  

ɸʫʪʝʥʪʠʬʠʢʘʮʠʷ ʢʣʘʩʩʠʬʠʮʠʨʫʝʪʩʷ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ:  
1) ʘʫʪʝʥʪʠʬʠʢʘʮʠʷ ʥʘ ʦʩʥʦʚʝ ʫʥʠʢʘʣʴʥʦʡ ʠʥʬʦʨʤʘʮʠʠ ð ʜʣʷ ʫʩʧʝʰʥʦʡ ʠʜʝʥʪʠʬʠʢʘʮʠʠ 

ʧʦʣʴʟʦʚʘʪʝʣʶ ʥʝʦʙʭʦʜʠʤʦ ʚʚʝʩʪʠ ʧʘʨʦʣʴ;  
2) ʘʫʪʝʥʪʠʬʠʢʘʮʠʷ ʥʘ ʦʩʥʦʚʝ ʫʥʠʢʘʣʴʥʦʛʦ ʧʨʝʜʤʝʪʘ ð ʜʣʷ ʫʩʧʝʰʥʦʡ ʠʜʝʥʪʠʬʠʢʘʮʠʠ 

ʧʦʣʴʟʦʚʘʪʝʣʶ ʥʝʦʙʭʦʜʠʤʦ ʧʨʝʜʲʷʚʠʪʴ ʫʥʠʢʘʣʴʥʳʡ ʧʨʝʜʤʝʪ, ʥʘʧʨʠʤʝʨ ʧʣʘʩʪʠʢʦʚʫʶ ʢʘʨʪʫ;  
3) ʘʫʪʝʥʪʠʬʠʢʘʮʠʷ ʥʘ ʦʩʥʦʚʝ ʢʘʢʦʡ-ʣʠʙʦ ʫʥʠʢʘʣʴʥʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʦʣʴʟʦʚʘʪʝʣʷ, 

ʬʠʟʠʦʣʦʛʠʯʝʩʢʦʡ ʠʣʠ ʧʦʚʝʜʝʥʯʝʩʢʦʡ (ʙʠʦʤʝʪʨʠʷ).  
ʆʜʥʠʤ ʠʟ ʧʨʝʜʩʪʘʚʠʪʝʣʝʡ ʧʦʚʝʜʝʥʯʝʩʢʦʡ ʙʠʦʤʝʪʨʠʠ ʷʚʣʷʝʪʩʷ ʘʫʪʝʥʪʠʬʠʢʘʮʠʷ ʤʝʪʦʜʦʤ 

ʘʥʘʣʠʟʘ ʜʠʥʘʤʠʢʠ ʚʚʦʜʘ ʪʝʢʩʪʘ (ɸʄɸɼɺʊ) ð ʨʘʩʧʦʟʥʘʚʘʥʠʝ ʧʦʣʴʟʦʚʘʪʝʣʷ ʩ ʧʦʤʦʱʴʶ ʘʥʘʣʠʟʘ 
ʜʠʥʘʤʠʢʠ ʚʚʦʜʘ ʪʝʢʩʪʦʚʳʭ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ. ɼʘʥʥʳʡ ʤʝʪʦʜ ʩʯʠʪʘʝʪʩʷ ʜʦʩʪʘʪʦʯʥʦ ʥʘʜʸʞʥʳʤ, ʪʘʢ 
ʢʘʢ ʦʯʝʥʴ ʩʣʦʞʥʦ ʠʟʫʯʠʪʴ ʪʝʤʧ ʠ ʩʪʠʣʴ ʚʚʦʜʘ ʜʨʫʛʦʛʦ ʯʝʣʦʚʝʢʘ. ʊʘʢʞʝ ʦʥ ʥʝ ʪʨʝʙʫʝʪ ʢʘʢʦʛʦ-ʣʠʙʦ 
ʩʧʝʮʠʘʣʴʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ʚ ʦʪʣʠʯʠʝ ʦʪ ʤʝʪʦʜʦʚ ʬʠʟʠʦʣʦʛʠʯʝʩʢʦʡ ʙʠʦʤʝʪʨʠʠ. 

ɺ ʦʩʥʦʚʝ ɸʄɸɼɺʊ ʣʝʞʘʪ ʘʣʛʦʨʠʪʤʳ ʚʳʷʚʣʝʥʠʷ ʘʥʦʤʘʣʠʡ ð ʘʣʛʦʨʠʪʤʳ, ʧʦʟʚʦʣʷʶʱʠʝ 
ʚʳʜʝʣʠʪʴ ʥʝʦʙʳʯʥʳʝ ʟʥʘʯʝʥʠʷ ʚ ʚʳʙʦʨʢʝ ʜʘʥʥʳʭ. ʆʪ ʚʳʙʦʨʘ ʘʣʛʦʨʠʪʤʘ ʟʘʚʠʩʠʪ ʪʦʯʥʦʩʪʴ 
ʨʘʩʧʦʟʥʘʚʘʥʠʷ ʧʦʣʴʟʦʚʘʪʝʣʷ. ʅʘʠʙʦʣʝʝ ʯʘʩʪʦ ʠʩʧʦʣʴʟʫʝʤʳʤʠ ʤʝʪʨʠʢʘʤʠ ʜʣʷ ʚʳʷʚʣʝʥʠʷ ʘʥʦʤʘʣʠʡ 
ʷʚʣʷʶʪʩʷ ʩʪʘʥʜʘʨʪʥʦʝ ʨʘʩʩʪʦʷʥʠʝ ʄʘʭʘʣʦʥʦʙʠʩʘ, ʘ ʪʘʢʞʝ ʝʛʦ ʨʘʟʥʦʚʠʜʥʦʩʪʠ ð ʬʠʣʴʪʨʦʚʘʥʥʦʝ ʠ 
ʤʘʩʰʪʘʙʠʨʦʚʘʥʥʦʝ. 



55-ʷ ʶʙʠʣʝʡʥʘʷ ʥʘʫʯʥʘʷ ʢʦʥʬʝʨʝʥʮʠʷ ʘʩʧʠʨʘʥʪʦʚ, ʤʘʛʠʩʪʨʘʥʪʦʚ ʠ ʩʪʫʜʝʥʪʦʚ ɹɻʋʀʈ, 2019 ʛ. 
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ɹʦʣʴʰʠʥʩʪʚʦ ʘʣʛʦʨʠʪʤʦʚ ɸʄɸɼɺʊ ʩʦʩʪʦʷʪ ʠʟ ʩʣʝʜʫʶʱʠʭ ʵʪʘʧʦʚ: 
1) ʩʙʦʨ ʜʘʥʥʳʭ ð ʩʦʙʠʨʘʶʪʩʷ ʜʘʥʥʳʝ ʦ ʚʨʝʤʝʥʠ ʥʘʞʘʪʠʷ ʠ ʦʪʧʫʩʢʘʥʠʷ ʢʣʘʚʠʰ ʚʦ ʚʨʝʤʷ ʚʚʦʜʘ 

ʧʦʣʴʟʦʚʘʪʝʣʝʤ ʧʘʨʦʣʷ; 
2) ʩʦʟʜʘʥʠʝ ʤʦʜʝʣʠ ʧʦʣʴʟʦʚʘʪʝʣʷ ð ʧʨʝʦʙʨʘʟʦʚʘʥʠʝ ʜʘʥʥʳʭ, ʧʦʣʫʯʝʥʥʳʭ ʥʘ ʧʝʨʚʦʤ ʵʪʘʧʝ, ʚ 

ʤʦʜʝʣʴ ʩ ʧʘʨʘʤʝʪʨʘʤʠ HoldTime (ʚʨʝʤʷ ʫʜʝʨʞʘʥʠʷ ʢʣʘʚʠʰʠ), DownDownTime (ʚʨʝʤʷ ʤʝʞʜʫ 
ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʤʠ ʥʘʞʘʪʠʷʤʠ ʜʚʫʭ ʢʣʘʚʠʰ) ʠ UpDownTime (ʚʨʝʤʷ ʤʝʞʜʫ ʦʪʧʫʩʢʘʥʠʝʤ ʢʣʘʚʠʰʠ N ʠ 
ʥʘʞʘʪʠʝʤ ʢʣʘʚʠʰʠ N + 1). ɺ ʪʝʯʝʥʠʝ ʥʝʢʦʪʦʨʦʛʦ ʚʨʝʤʝʥʠ ʵʪʠ ʜʘʥʥʳʝ ʥʘʢʘʧʣʠʚʘʶʪʩʷ, ʧʦʩʣʝ ʯʝʛʦ ʠʭ 
ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ; 

3) ʨʘʩʯʸʪ ʩʭʦʞʝʩʪʠ ʧʦʣʫʯʝʥʥʦʡ ʚʳʙʦʨʢʠ ʠ ʠʜʝʘʣʴʥʦʡ ð ʨʘʩʯʸʪ ʨʘʩʩʪʦʷʥʠʷ ʤʝʞʜʫ ʤʦʜʝʣʴʶ 
ʧʦʣʴʟʦʚʘʪʝʣʷ ʠ ʧʦʣʫʯʝʥʥʦʡ ʥʘ ʵʪʘʧʝ ʚʚʦʜʘ ʚʳʙʦʨʢʦʡ. ʏʝʤ ʤʝʥʴʰʝʝ ʟʥʘʯʝʥʠʝ ʧʦʣʫʯʝʥʦ, ʪʝʤ ʙʦʣʝʝ 
ʧʦʭʦʞʠʤʠ ʷʚʣʷʶʪʩʷ ʚʳʙʦʨʢʠ; 

4) ʘʥʘʣʠʟ ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ð ʨʘʩʯʸʪ ʚʝʨʦʷʪʥʦʩʪʠ ʪʦʛʦ, ʯʪʦ ʜʘʥʥʳʝ ʙʳʣʠ ʚʚʝʜʝʥʳ 
ʠʩʪʠʥʥʳʤ ʧʦʣʴʟʦʚʘʪʝʣʝʤ. 

ɼʣʷ ʫʣʫʯʰʝʥʠʷ ʨʘʩʧʦʟʥʘʚʘʥʠʷ ʧʦʣʴʟʦʚʘʪʝʣʷ ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʥʝʩʢʦʣʴʢʦ ʤʦʜʝʣʝʡ 
ʧʦʣʴʟʦʚʘʪʝʣʷ, ʢʦʪʦʨʳʝ ʦʪʣʠʯʘʶʪʩʷ ʚʨʝʤʝʥʝʤ ʩʙʦʨʘ ʜʘʥʥʳʭ (ʪʝʤʧ ʥʘʙʦʨʘ ʧʦʣʴʟʦʚʘʪʝʣʷ ʤʦʞʝʪ 
ʠʟʤʝʥʷʪʴʩʷ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʚʨʝʤʝʥʠ ʩʫʪʦʢ).  

ʋ ɸʄɸɼɺʊ ʝʩʪʴ ʩʝʨʴʸʟʥʳʡ ʥʝʜʦʩʪʘʪʦʢ: ʝʛʦ ʪʦʯʥʦʩʪʴ ʥʘʧʨʷʤʫʶ ʟʘʚʠʩʠʪ ʦʪ ʫʜʦʙʩʪʚʘ ʢʣʘʚʠʘʪʫʨʳ 
(ʵʨʛʦʥʦʤʠʢʘ, ʭʦʜ ʢʣʘʚʠʰ, ʨʘʟʤʝʨʳ), ʪʦ ʝʩʪʴ ʧʨʠ ʩʤʝʥʝ ʧʦʣʴʟʦʚʘʪʝʣʝʤ ʫʩʪʨʦʡʩʪʚʘ ʚʚʦʜʘ ʥʝʦʙʭʦʜʠʤʦ 
ʦʙʫʯʠʪʴ ʩʠʩʪʝʤʫ ʘʫʪʝʥʪʠʬʠʢʘʮʠʠ ʟʘʥʦʚʦ. ʊʘʢʞʝ ʩʪʦʠʪ ʦʪʤʝʪʠʪʴ ʪʦʪ ʬʘʢʪ, ʯʪʦ ʤʦʜʝʣʴ ʧʦʣʴʟʦʚʘʪʝʣʷ 
ʤʦʞʝʪ ʙʳʪʴ ʧʨʠʤʝʥʝʥʘ ʪʦʣʴʢʦ ʜʣʷ ʪʦʛʦ ʫʩʪʨʦʡʩʪʚʘ, ʥʘ ʢʦʪʦʨʦʤ ʦʥʘ ʩʦʟʜʘʚʘʣʘʩʴ, ʧʦʵʪʦʤʫ ɸʄɸɼɺʊ 
ʞʝʣʘʪʝʣʴʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʚ ʢʘʯʝʩʪʚʝ ʜʦʧʦʣʥʠʪʝʣʴʥʦʛʦ ʫʨʦʚʥʷ ʠʜʝʥʪʠʬʠʢʘʮʠʠ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʘʫʪʝʥʪʠʬʠʢʘʮʠʷ ʤʝʪʦʜʦʤ ʘʥʘʣʠʟʘ ʜʠʥʘʤʠʢʠ ʚʚʦʜʘ ʪʝʢʩʪʘ ʷʚʣʷʝʪʩʷ ʜʦʩʪʘʪʦʯʥʦ 
ʭʦʨʦʰʠʤ ʩʧʦʩʦʙʦʤ ʘʫʪʝʥʪʠʬʠʢʘʮʠʠ, ʭʦʪʴ ʠ ʥʝ ʣʠʰʸʥʥʳʤ ʥʝʜʦʩʪʘʪʢʦʚ. 

 
ʉʧʠʩʦʢ ʠʩʧʦʣʴʟʦʚʘʥʥʳʭ ʠʩʪʦʯʥʠʢʦʚ: 
1.ɸ.ɻ. ɼʴʷʢʦʥʦʚ, ɸ.ʄ. ɻʦʣʦʚʠʥʘ ð ɺʳʷʚʣʝʥʠʝ ʘʥʦʤʘʣʠʡ ʚ ʨʘʙʦʪʝ ʤʝʭʘʥʠʟʤʦʚ ʤʝʪʦʜʘʤʠ ʤʘʰʠʥʥʦʛʦ ʦʙʫʯʝʥʠʷ ð 2017. 
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Dynamics ð 2013. ð Vol.2, No.2, ð ʉ.31-34. 
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ʊʨʘʬʠʤʫʢ ʄ.ʇ. 

ɹʝʣʦʨʫʩʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʥʬʦʨʤʘʪʠʢʠ ʠ ʨʘʜʠʦʵʣʝʢʪʨʦʥʠʢʠ 
ʛ. ʄʠʥʩʢ, ʈʝʩʧʫʙʣʠʢʘ ɹʝʣʘʨʫʩʴ 

ʉʝʣʝʟʥʝʚ ʀ.ʃ. ï ʢ.ʪ.ʥ.,ʜʦʮʝʥʪ 

ɺ ʩʦʚʨʝʤʝʥʥʦʤ ʤʠʨʝ ʚʩʝ ʙʦʣʴʰʝʝ ʢʦʣʠʯʝʩʪʚʦ ʫʩʣʫʛ ʠ ʩʝʨʚʠʩʦʚ ʧʨʝʜʦʩʪʘʚʣʷʝʪʩʷ ʧʦʩʨʝʜʩʪʚʦʤ ʩʝʪʠ ʀʥʪʝʨʥʝʪ, ʧʦʩʢʦʣʴʢʫ 
ʀʥʪʝʨʥʝʪ ʠ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʚʩʝ ʝʛʦ ʨʝʩʫʨʩʳ ʜʦʩʪʫʧʥʳ ʧʦʚʩʝʤʝʩʪʥʦ. ʇʦʤʠʤʦ ʦʧʠʩʘʥʥʳʭ ʧʦʣʦʞʠʪʝʣʴʥʳʭ ʩʪʦʨʦʥ, ʝʩʪʴ ʠ 
ʦʪʨʠʮʘʪʝʣʴʥʳʝ: ʜʦʩʪʫʧʥʦʩʪʴ, ʩʪʘʙʠʣʴʥʦʩʪʴ ʠ ʥʘʜʝʞʥʦʩʪʴ ʟʘʚʠʩʷʪ ʥʝ ʦʪ ʧʦʣʴʟʦʚʘʪʝʣʷ, ʘ ʦʪ ʚʣʘʜʝʣʴʮʘ ʨʝʩʫʨʩʘ. ʆʙʝʩʧʝʯʠʪʴ 
ʤʘʢʩʠʤʘʣʴʥʫʶ ʩʪʘʙʠʣʴʥʦʩʪʴ ï ʵʪʦ ʧʝʨʚʦʩʪʝʧʝʥʥʘʷ ʟʘʜʘʯʘ ʘʜʤʠʥʠʩʪʨʘʪʦʨʘ ʨʝʩʫʨʩʘ, ʜʣʷ ʚʳʧʦʣʥʝʥʠʷ ʢʦʪʦʨʦʡ ʥʝʦʙʭʦʜʠʤʦ 
ʟʥʘʪʴ ʚʦʟʤʦʞʥʳʝ ʫʷʟʚʠʤʦʩʪʠ ʠ ʩʧʦʩʦʙʳ ʠʭ ʫʩʪʨʘʥʝʥʠʷ. ʅʝ ʤʝʥʝʝ ʚʘʞʥʦ ʧʦʤʥʠʪʴ ʠ ʧʨʦ ʠʟʚʝʩʪʥʳʝ ʧʨʦʙʣʝʤʳ, ʢʦʪʦʨʳʝ ʥʝ 
ʩʯʠʪʘʶʪʩʷ ʫʷʟʚʠʤʦʩʪʷʤʠ, ʚʨʦʜʝ TMOF ï too many open files. 

ʉ ʪʝʯʝʥʠʝʤ ʚʨʝʤʝʥʠ ʚʩʝ ʙʦʣʴʰʝʝ ʢʦʣʠʯʝʩʪʚʦ ʫʩʣʫʛ ʠ ʩʝʨʚʠʩʦʚ ʧʨʝʜʦʩʪʘʚʣʷʝʪʩʷ ʧʦʩʨʝʜʩʪʚʦʤ 
ʩʝʪʠ ʀʥʪʝʨʥʝʪ. ʇʦʚʩʝʤʝʩʪʥʦʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʜʦʩʪʫʧʘ ʢ ʩʝʪʠ ʠ ʝʝ ʨʝʩʫʨʩʘʤ ʷʚʣʷʝʪʩʷ ʦʩʥʦʚʥʦʡ 
ʧʨʠʯʠʥʦʡ ʵʪʦʛʦ ʷʚʣʝʥʠʷ. ʇʦʤʠʤʦ ʧʦʣʦʞʠʪʝʣʴʥʳʭ ʩʪʦʨʦʥ, ʫ ʵʪʦʛʦ ʷʚʣʝʥʠʷ ʝʩʪʴ ʠ ʦʪʨʠʮʘʪʝʣʴʥʳʝ 
ʤʦʤʝʥʪʳ: ʜʦʩʪʫʧʥʦʩʪʴ, ʩʪʘʙʠʣʴʥʦʩʪʴ ʠ ʥʘʜʝʞʥʦʩʪʴ ʟʘʚʠʩʷʪ ʥʝ ʦʪ ʧʦʣʴʟʦʚʘʪʝʣʷ, ʘ ʦʪ ʚʣʘʜʝʣʴʮʘ 
ʨʝʩʫʨʩʘ. ʆʙʝʩʧʝʯʠʪʴ ʤʘʢʩʠʤʘʣʴʥʫʶ ʩʪʘʙʠʣʴʥʦʩʪʴ ï ʵʪʦ ʧʝʨʚʦʩʪʝʧʝʥʥʘʷ ʟʘʜʘʯʘ ʘʜʤʠʥʠʩʪʨʘʪʦʨʘ 
ʨʝʩʫʨʩʘ, ʜʣʷ ʚʳʧʦʣʥʝʥʠʷ ʢʦʪʦʨʦʡ ʥʝʦʙʭʦʜʠʤʦ ʟʥʘʪʴ ʚʦʟʤʦʞʥʳʝ ʫʷʟʚʠʤʦʩʪʠ ʠ ʩʧʦʩʦʙʳ ʠʭ ʫʩʪʨʘʥʝʥʠʷ. 

ʅʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʢʣʶʯʝʚʳʝ ʨʝʩʫʨʩʳ ʩʝʪʠ ʀʥʪʝʨʥʝʪ ʷʚʣʷʶʪʩʷ ʜʦʩʪʘʪʦʯʥʦ ʫʩʪʦʡʯʠʚʳʤʠ ʢ 
ʨʘʟʣʠʯʥʦʛʦ ʚʠʜʘ ʘʪʘʢʘʤ, ʠʩʧʦʣʴʟʫʶʱʠʤ ʫʷʟʚʠʤʦʩʪʠ ʧʨʦʪʦʢʦʣʦʚ UDP ʠ TCP, ʘ ʪʘʢʞʝ DNS-ʩʝʨʚʝʨʦʚ ʠ 
ʜʨʫʛʠʭ ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʫʝʤʳʭ ʩʫʱʥʦʩʪʝʡ. ʈʘʥʝʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʥʝʜʦʨʘʙʦʪʦʢ ʚ ʵʪʠʭ ʢʦʤʧʦʥʝʥʪʘʭ ʜʣʷ 
ʨʝʘʣʠʟʘʮʠʠ ʘʪʘʢ ʧʨʠʚʦʜʠʣʦ ʢ ʥʝʧʨʠʷʪʥʳʤ ʧʦʩʣʝʜʩʪʚʠʷʤ ʜʣʷ ʚʣʘʜʝʣʴʮʝʚ ʠ ʘʜʤʠʥʠʩʪʨʘʪʦʨʦʚ 
ʨʝʩʫʨʩʦʚ ʩʝʪʠ ʀʥʪʝʨʥʝʪ. ʂʣʶʯʝʚʦʡ ʠʜʝʝʡ ʵʪʠʭ, ʫʩʪʘʨʝʚʰʠʭ ʥʘ ʜʘʥʥʳʡ ʤʦʤʝʥʪ, ʘʪʘʢ ʷʚʣʷʝʪʩʷ 
ʛʝʥʝʨʘʮʠʷ ʠ ʦʪʧʨʘʚʢʘ ʙʦʣʴʰʠʭ ʧʦʪʦʢʦʚ ʜʘʥʥʳʭ ʘʪʘʢʫʝʤʦʤʫ ʨʝʩʫʨʩʫ. ʅʝʢʦʪʦʨʳʝ ʩʦʚʨʝʤʝʥʥʳʝ ʘʪʘʢʠ 
ʠʩʧʦʣʴʟʫʶʪ ʩʭʦʞʠʝ ʤʝʭʘʥʠʟʤʳ, ʥʦ ʠʟʙʝʛʘʶʪ ʫʩʣʦʚʠʡ, ʚ ʢʦʪʦʨʳʭ ʚʦʟʜʝʡʩʪʚʠʝ ʩʯʠʪʘʝʪʩʷ ʘʪʘʢʦʡ ʠ 
ʥʝʡʪʨʘʣʠʟʫʝʪʩʷ ʩʫʱʝʩʪʚʫʶʱʠʤʠ ʤʝʪʦʜʘʤʠ ʧʨʦʪʠʚʦʜʝʡʩʪʚʠʷ ʚʨʦʜʝ çblackholingè.  

ʉʦʚʨʝʤʝʥʥʳʝ ʘʪʘʢʠ ʠʩʧʦʣʴʟʫʶʪ ʫʟʢʦʧʨʦʬʠʣʴʥʳʝ ʫʷʟʚʠʤʦʩʪʠ, ʢʦʪʦʨʳʝ, ʪʝʤ ʥʝ ʤʝʥʝʝ, ʤʦʛʫʪ 
ʧʦʢʨʳʚʘʪʴ ʜʦʩʪʘʪʦʯʥʦ ʙʦʣʴʰʦʡ ʧʨʦʮʝʥʪ ʨʝʩʫʨʩʦʚ ʩʝʪʠ ʀʥʪʝʨʥʝʪ. ʅʘʧʨʠʤʝʨ, ʫʷʟʚʠʤʦʩʪʷʤ, 
ʥʘʧʨʘʚʣʝʥʥʳʤ ʥʘ ʧʦʜʩʠʩʪʝʤʳ ʩʝʨʚʝʨʦʚ ʥʘ ʙʘʟʝ Unix, ʧʦʜʚʝʨʞʝʥʳ ʩʚʳʰʝ 40% ʚʩʝʭ ʩʝʨʚʝʨʦʚ ʩʝʪʠ 



55-ʷ ʶʙʠʣʝʡʥʘʷ ʥʘʫʯʥʘʷ ʢʦʥʬʝʨʝʥʮʠʷ ʘʩʧʠʨʘʥʪʦʚ, ʤʘʛʠʩʪʨʘʥʪʦʚ ʠ ʩʪʫʜʝʥʪʦʚ ɹɻʋʀʈ, 2019 ʛ. 
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ʀʥʪʝʨʥʝʪ (ʩʫʤʤʘʨʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʩʝʨʚʝʨʦʚ ʥʘ ʙʘʟʝ Apache ʠ Nginx ʧʦ ʜʘʥʥʳʤ ʜʝʢʘʙʨʷ 2018) [1]. ʆʜʥʘ 
ʠʟ ʪʘʢʠʭ ʫʷʟʚʠʤʦʩʪʝʡ ʠʩʧʦʣʴʟʫʝʪ Pluggable Authentication Modules (PAM, ʧʦʜʢʣʶʯʘʝʤʳʝ ʤʦʜʫʣʠ 
ʘʫʪʝʥʪʠʬʠʢʘʮʠʠ), ʧʦʩʪʘʚʣʷʝʤʳʡ ʧʨʘʢʪʠʯʝʩʢʠ ʚʦ ʚʩʝʭ ʚʝʨʩʠʷʭ ʦʧʝʨʘʮʠʦʥʥʳʭ ʩʠʩʪʝʤ ʥʘ ʙʘʟʝ Unix, ʠ 
ʠʤʝʝʪ ʥʘʟʚʘʥʠʝ Too Many Open Files exploit (TMOF, çʩʣʠʰʢʦʤ ʤʥʦʛʦ ʦʪʢʨʳʪʳʭ ʬʘʡʣʦʚè).  

ʋʷʟʚʠʤʦʩʪʴ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʩʣʝʜʫʶʱʝʤ. ʂʘʞʜʦʝ ʧʦʜʢʣʶʯʝʥʠʝ ʩʦʟʜʘʝʪ ʚ PAM 2 ʬʘʡʣʦʚʳʭ 
ʜʝʩʢʨʠʧʪʦʨʘ: ʦʜʠʥ ï ʜʣʷ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ, ʚʪʦʨʦʡ ï ʜʣʷ ʯʪʝʥʠʷ ʧʝʨʝʜʘʚʘʝʤʦʛʦ ʬʘʡʣʘ. ʄʘʢʩʠʤʘʣʴʥʦʝ 
ʢʦʣʠʯʝʩʪʚʦ ʩʫʱʝʩʪʚʫʶʱʠʭ ʜʝʩʢʨʠʧʪʦʨʦʚ ʧʦ ʫʤʦʣʯʘʥʠʶ ʷʚʣʷʝʪʩʷ 1024, ʢʘʢ ʧʨʘʚʠʣʦ, ʧʨʠ ʧʦʚʳʰʝʥʠʠ 
ʥʘʛʨʫʟʢʠ ʚʨʫʯʥʫʶ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʜʦ 8000-16000, ʯʪʦ ʜʦʩʪʘʪʦʯʥʦ ʜʣʷ ʦʙʩʣʫʞʠʚʘʥʠʷ ʢʨʫʧʥʦʛʦ ʧʦʪʦʢʘ 
ʧʦʣʴʟʦʚʘʪʝʣʝʡ. ʇʨʠ ʜʦʩʪʠʞʝʥʠʠ ʵʪʦʛʦ ʣʠʤʠʪʘ ʩʝʨʚʝʨ ʧʝʨʝʩʪʘʝʪ ʦʙʩʣʫʞʠʚʘʪʴ ʥʦʚʳʝ ʧʦʜʢʣʶʯʝʥʠʷ ʜʦ 
ʦʩʚʦʙʦʞʜʝʥʠʷ ʨʝʩʫʨʩʦʚ, ʜʦʙʘʚʣʷʷ ʚ ʩʠʩʪʝʤʥʳʡ ʞʫʨʥʘʣ ʩʝʨʚʝʨʘ ʦʰʠʙʢʫ ñToo Many Open Files (24)ò.  

ɸʣʛʦʨʠʪʤ ʘʪʘʢʠ ʩʣʝʜʫʶʱʠʡ:  
1. ʩʦʟʜʘʪʴ ʩʦʢʝʪ,  
2. ʧʦʜʢʣʶʯʠʪʴʩʷ ʢ ʩʝʨʚʝʨʫ,  
3. ʟʘʢʨʳʪʴ ʩʦʢʝʪ ʥʘ ʧʨʠʝʤ ʜʘʥʥʳʭ,  
4. ʦʪʧʨʘʚʠʪʴ ʧʘʢʝʪ ʩʝʨʚʝʨʫ,  
5. ʫʥʠʯʪʦʞʠʪʴ ʩʦʢʝʪ.  
ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʥʘ ʩʝʨʚʝʨʝ ʩʦʟʜʘʝʪʩʷ ʢʘʢ ʤʠʥʠʤʫʤ 1 ʬʘʡʣʦʚʳʡ ʜʝʩʢʨʠʧʪʦʨ, ʢʦʪʦʨʳʡ ʥʝ 

ʫʥʠʯʪʦʞʠʪʩʷ ʜʦ ʠʩʪʝʯʝʥʠʷ ʪʘʡʤʘʫʪʘ ʧʦʜʢʣʶʯʝʥʠʷ. ʉʨʝʜʥʠʡ ʩʦʚʨʝʤʝʥʥʳʡ ʢʦʤʧʴʶʪʝʨ ʩʧʦʩʦʙʝʥ 
ʩʛʝʥʝʨʠʨʦʚʘʪʴ ʠ ʦʪʧʨʘʚʠʪʴ 23000-45000 ʧʘʢʝʪʦʚ ʚ ʩʝʢʫʥʜʫ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʧʝʨʝʛʨʫʟʠʚ ʮʝʣʝʚʦʡ ʨʝʩʫʨʩ 
ʟʘ ʥʝʩʢʦʣʴʢʦ ʩʝʢʫʥʜ. ʂʘʢ ʧʨʘʚʠʣʦ, ʩʝʨʚʝʨ ʥʘʩʪʨʦʝʥ ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʯʪʦ ʧʨʠ ʦʧʨʝʜʝʣʝʥʥʳʭ 
ʢʨʠʪʠʯʝʩʢʠʭ ʦʰʠʙʢʘʭ ʠʣʠ ʢʨʠʪʠʯʝʩʢʦʤ ʢʦʣʠʯʝʩʪʚʝ ʦʰʠʙʦʢ ʦʥ ʦʩʪʘʥʘʚʣʠʚʘʝʪ ʩʚʦʶ ʨʘʙʦʪʫ ʠ ʪʨʝʙʫʝʪ 
ʧʝʨʝʟʘʛʨʫʟʢʠ ʠ ʦʙʩʣʫʞʠʚʘʥʠʷ ʘʜʤʠʥʠʩʪʨʘʪʦʨʦʤ, ʯʪʦ ʠ ʧʨʦʠʩʭʦʜʠʪ ʚ ʜʘʥʥʦʤ ʩʣʫʯʘʝ. ʅʘʧʨʠʤʝʨ, ʜʣʷ 
ʚʥʝʰʥʝʛʦ ʥʘʙʣʶʜʘʪʝʣʷ ʩʝʨʚʝʨ ʥʘ ʣʶʙʦʡ HTTP ʟʘʧʨʦʩ ʙʫʜʝʪ ʦʪʧʨʘʚʣʷʪʴ ʢʦʜ ʦʪʚʝʪʘ ʠʟ 500 ʩʝʨʠʠ, ʢʘʢ 
ʧʨʘʚʠʣʦ, ʢʦʜ 503 ʠʣʠ, ʚ ʨʝʜʢʠʭ ʩʣʫʯʘʷʭ, 500. ʅʘ ʤʦʤʝʥʪ ʥʘʧʠʩʘʥʠʷ ʜʘʥʥʦʡ ʩʪʘʪʴʠ ʦʰʠʙʢʘ Too Many 
Open Files ʷʚʣʷʝʪʩʷ ʜʦʩʪʘʪʦʯʥʦ ʠʟʚʝʩʪʥʦʡ, ʦʜʥʘʢʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʝʝ ʚ ʢʘʯʝʩʪʚʝ ʫʷʟʚʠʤʦʩʪʠ ʥʝ ʠʤʝʝʪ 
ʫʧʦʤʠʥʘʥʠʡ ʥʘ ʪʝʤʘʪʠʯʝʩʢʠʡ ʬʦʨʫʤʘʭ ʠ ʥʦʚʦʩʪʥʳʭ ʣʝʥʪʘʭ, ʯʪʦ ʜʝʣʘʝʪ ʝʝ ʜʦʩʪʘʪʦʯʥʦ ʦʧʘʩʥʦʡ. 
ʅʝʡʪʨʘʣʠʟʘʮʠʝʡ ʜʘʥʥʦʡ ʫʷʟʚʠʤʦʩʪʠ ʙʫʜʝʪ ʥʘʩʪʨʦʡʢʘ ʨʦʫʪʝʨʘ ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʯʪʦʙʳ ʙʦʣʝʝ 2-3 
ʧʦʜʢʣʶʯʝʥʠʡ ʩ ʦʜʥʦʛʦ IP-ʘʜʨʝʩʘ ʙʣʦʢʠʨʦʚʘʣʠʩʴ, ʯʪʦ ʧʨʠʝʤʣʝʤʦ ʜʘʣʝʢʦ ʥʝ ʜʣʷ ʚʩʝʭ. 

 
ʉʧʠʩʦʢ ʠʩʧʦʣʴʟʦʚʘʥʥʳʭ ʠʩʪʦʯʥʠʢʦʚ: 
1. December 2018 Web Server Survey [ʕʣʝʢʪʨʦʥʥʳʡ ʨʝʩʫʨʩ]. ï ʈʝʞʠʤ ʜʦʩʪʫʧʘ: 

https://news.netcraft.com/archives/2018/12/17/ 

 
 

ɿɸʑʀʊɸ ʇɽʈɽɼɸɺɸɽʄʆʁ ʀʅʌʆʈʄɸʎʀʀ ɺ ɸɺʊʆʄʆɹʀʃʔʅʆʁ 
ʉʀɻʅɸʃʀɿɸʎʀʀ 

ʊʫʨʦʢ ʄ.ɸ. 

ɹʝʣʦʨʫʩʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʥʬʦʨʤʘʪʠʢʠ ʠ ʨʘʜʠʦʵʣʝʢʪʨʦʥʠʢʠ 
ʛ. ʄʠʥʩʢ, ʈʝʩʧʫʙʣʠʢʘ ɹʝʣʘʨʫʩʴ 

ʉʝʯʢʦ ɻ.ɺ. ï ʢ.ʪ.ʥ., ʜʦʮʝʥʪ 

ʈʝʰʘʝʪʩʷ ʟʘʜʘʯʘ ʟʘʱʠʪʳ ʠʥʬʦʨʤʘʮʠʠ ʚ ʤʠʢʨʦʢʦʥʪʨʦʣʣʝʨʘʭ ʘʚʪʦʩʠʛʥʘʣʠʟʘʮʠʠ ʤʦʙʠʣʴʥʳʭ ʦʙʲʝʢʪʦʚ, ʧʨʠʯʸʤ ʧʦʜ ʟʘʱʠʪʦʡ 
ʧʦʥʠʤʘʝʪʩʷ ʧʨʦʪʠʚʦʜʝʡʩʪʚʠʝ ʥʘʨʫʰʝʥʠʶ ʮʝʣʦʩʪʥʦʩʪʠ (ʥʝʩʘʥʢʮʠʦʥʠʨʦʚʘʥʥʦʤʫ ʠʟʤʝʥʝʥʠʶ, ʠʩʢʘʞʝʥʠʶ, ʫʥʠʯʪʦʞʝʥʠʶ 
ʠʥʬʦʨʤʘʮʠʠ) ʠ ʧʨʦʪʠʚʦʜʝʡʩʪʚʠʝ ʩʯʠʪʳʚʘʥʠʶ. 

ʉʦʚʨʝʤʝʥʥʘʷ ʘʚʪʦʩʠʛʥʘʣʠʟʘʮʠʷ ʤʦʙʠʣʴʥʳʭ ʦʙʲʝʢʪʦʚ, ʠ ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ ʪʨʘʥʩʧʦʨʪʥʳʭ 
ʩʨʝʜʩʪʚ, ʨʝʘʣʠʟʫʝʪʩʷ ʥʘ ʤʠʢʨʦʢʦʥʪʨʦʣʣʝʨʘʭ. ɺ ʢʘʞʜʦʤ ʤʠʢʨʦʢʦʥʪʨʦʣʣʝʨʝ ʟʘʣʦʞʝʥʘ ʩʚʦʷ ʧʨʦʛʨʘʤʤʘ, 
ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʢʦʪʦʨʦʡ ʢʦʥʪʨʦʣʣʝʨ ʫʧʨʘʚʣʷʝʪ ʢʘʢʠʤ-ʣʠʙʦ ʫʩʪʨʦʡʩʪʚʦʤ, ʚʳʜʘʚʘʷ ʫʧʨʘʚʣʷʶʱʠʝ 
ʩʠʛʥʘʣʳ. ʅʘ ʨʘʟʨʘʙʦʪʢʫ ʜʘʥʥʦʛʦ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ ʧʨʦʠʟʚʦʜʠʪʝʣʠ ʪʨʘʪʷʪ ʙʦʣʴʰʠʝ ʩʨʝʜʩʪʚʘ 
ʠ ʚʨʝʤʷ. ɺ ʵʪʠʭ ʫʩʣʦʚʠʷʭ ʘʢʪʫʘʣʴʥʦʡ ʷʚʣʷʝʪʩʷ ʟʘʜʘʯʘ ʟʘʱʠʪʳ ʠʥʬʦʨʤʘʮʠʠ ʚ ʤʠʢʨʦʢʦʥʪʨʦʣʣʝʨʘʭ 
ʘʚʪʦʩʠʛʥʘʣʠʟʘʮʠʠ ʤʦʙʠʣʴʥʳʭ ʦʙʲʝʢʪʦʚ, ʧʨʠʯʝʤ ʧʦʜ ʟʘʱʠʪʦʡ ʧʦʥʠʤʘʝʪʩʷ ʧʨʦʪʠʚʦʜʝʡʩʪʚʠʝ 
ʥʘʨʫʰʝʥʠʶ ʮʝʣʦʩʪʥʦʩʪʠ (ʥʝʩʘʥʢʮʠʦʥʠʨʦʚʘʥʥʦʤʫ ʠʟʤʝʥʝʥʠʶ, ʠʩʢʘʞʝʥʠʶ, ʫʥʠʯʪʦʞʝʥʠʶ ʠʥʬʦʨʤʘʮʠʠ) 
[1] ʠ ʧʨʦʪʠʚʦʜʝʡʩʪʚʠʝ ʩʯʠʪʳʚʘʥʠʶ. ʇʦʩʢʦʣʴʢʫ ʫʩʪʨʦʡʩʪʚʘ ʘʚʪʦʩʠʛʥʘʣʠʟʘʮʠʠ ʠʩʧʦʣʴʟʫʶʪ ʨʘʜʠʦʢʘʥʘʣ 
ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ ʜʣʷ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʤʝʞʜʫ ʮʝʥʪʨʘʣʴʥʳʤ ʙʣʦʢʦʤ ʠ ʧʫʣʴʪʦʤ ʜʠʩʪʘʥʮʠʦʥʥʦʛʦ 
ʫʧʨʘʚʣʝʥʠʷ, ʪʦ ʧʘʨʘʣʣʝʣʴʥʦ ʩ ʟʘʱʠʪʦʡ ʥʝʦʙʭʦʜʠʤʦ ʧʦʚʳʩʠʪʴ ʧʦʤʝʭʦʫʩʪʦʡʯʠʚʦʩʪʠ ʢʘʥʘʣʘ ʩʚʷʟʠ 
ʤʝʞʜʫ ʜʘʥʥʳʤʠ ʫʩʪʨʦʡʩʪʚʘʤʠ. 

ʅʘ ʩʦʚʨʝʤʝʥʥʦʤ ʨʳʥʢʝ ʩʫʱʝʩʪʚʫʝʪ ʪʨʠ ʚʠʜʘ ʘʚʪʦʩʠʛʥʘʣʠʟʘʮʠʡ: ʩʪʘʪʠʯʝʩʢʠʝ, ʜʠʥʘʤʠʯʝʩʢʠʝ ʠ 
ʜʠʘʣʦʛʦʚʳʝ. ʊʘʢ ʢʘʢ ʦʩʥʦʚʥʫʶ ʜʦʣʶ ʨʳʥʢʘ ʟʘʥʠʤʘʶʪ ʜʠʥʘʤʠʯʝʩʢʠʝ ʘʚʪʦʩʠʛʥʘʣʠʟʘʮʠʠ, ʪʦ ʙʳʣʦ 
ʧʨʠʥʷʪʦ ʨʝʰʝʥʠʝ ʟʘʱʠʱʘʪʴ ʠʥʬʦʨʤʘʮʠʶ ʠʤʝʥʥʦ ʚ ʥʠʭ. ɼʣʷ ʧʦʥʠʤʘʥʠʷ ʩʫʪʠ ʨʘʙʦʪʳ ʘʣʛʦʨʠʪʤʘ 
ʚʚʝʜʝʤ ʩʣʝʜʫʶʱʠʝ ʧʦʥʷʪʠʷ: ʧʨʦʪʦʢʦʣ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ, ʧʦʩʳʣʢʘ, ʩʦʦʙʱʝʥʠʝ. ʉʠʛʥʘʣ ʚ ʨʘʜʠʦʵʬʠʨ 



55-ʷ ʶʙʠʣʝʡʥʘʷ ʥʘʫʯʥʘʷ ʢʦʥʬʝʨʝʥʮʠʷ ʘʩʧʠʨʘʥʪʦʚ, ʤʘʛʠʩʪʨʘʥʪʦʚ ʠ ʩʪʫʜʝʥʪʦʚ ɹɻʋʀʈ, 2019 ʛ. 
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ʧʝʨʝʜʘʝʪʩʷ ʧʦ ʦʧʨʝʜʝʣʝʥʥʦʤʫ ʧʨʘʚʠʣʫ. ɺ ʦʙʱʝʤ ʩʣʫʯʘʝ ʧʨʦʪʦʢʦʣ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ ʩʦʩʪʦʠʪ ʠʟ 
ʧʨʝʘʤʙʫʣʳ (ʩʧʝʮʠʬʠʯʝʩʢʠʡ ʥʘʙʦʨ ʜʘʥʥʳʭ ʜʘʶʱʠʡ ʧʦʥʷʪʴ ʧʨʠʥʠʤʘʝʤʦʤʫ ʫʩʪʨʦʡʩʪʚʫ, ʯʪʦ 
ʧʨʠʥʠʤʘʝʤʘʷ ʠʥʬʦʨʤʘʮʠʷ ʝʩʪʴ ʠʩʢʦʤʘʷ), ʠ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʯʘʩʪʠ (ʠʥʬʦʨʤʘʮʠʷ, ʢʦʪʦʨʘʷ 
ʧʨʝʜʩʪʘʚʣʷʝʪ ʢʦʤʘʥʜʫ ʜʣʷ ʫʩʪʨʦʡʩʪʚʘ ʫʧʨʘʚʣʝʥʠʷ). ʇʦʩʳʣʢʘ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʢʦʤʘʥʜʫ, 
ʧʝʨʝʜʘʚʘʝʤʫʶ ʫʩʪʨʦʡʩʪʚʫ ʫʧʨʘʚʣʝʥʠʷ ʘʚʪʦʩʠʛʥʘʣʠʟʘʮʠʝʡ (ʨʠʩʫʥʦʢ 1). 

 

 
ʈʠʩʫʥʦʢ  1 ï ʇʨʠʤʝʨ ʧʦʩʳʣʢʠ ʩʠʛʥʘʣʠʟʘʮʠʠ StarLine 

  
ʉʦʦʙʱʝʥʠʝ ï ʵʪʦ ʩʦʚʦʢʫʧʥʦʩʪʴ ʧʦʩʳʣʦʢ (ʢʘʢ ʤʠʥʠʤʫʤ ʦʜʥʘ), ʢʦʪʦʨʳʝ ʠʜʝʥʪʠʯʥʳ ʜʨʫʛ ʜʨʫʛʫ. 

ʉʫʪʴ ʘʣʛʦʨʠʪʤʘ ʧʝʨʝʭʚʘʪʘ ʪʘʢʦʚʘ, ʯʪʦ ʧʦʩʣʝ ʧʦʜʘʯʠ ʚ ʨʘʜʠʦʵʬʠʨ ʩʠʛʥʘʣʘ, ʧʨʝʜʥʘʟʥʘʯʝʥʥʦʛʦ ʜʣʷ 
ʫʧʨʘʚʣʝʥʠʷ ʘʚʪʦʩʠʛʥʘʣʠʟʘʮʠʝʡ, ʫʩʪʨʦʡʩʪʚʦ ʧʝʨʝʭʚʘʪʘ, ʘʥʘʣʠʟʠʨʫʷ ʧʝʨʝʜʘʚʘʝʤʳʡ ʩʠʛʥʘʣ, ʚʳʜʘʝʪ ʚ 
ʵʬʠʨ ʨʘʜʠʦʧʦʤʝʭʫ, ʢʦʪʦʨʘʷ ʩʪʘʚʠʪʩʷ ʚ ʦʧʨʝʜʝʣʝʥʥʦʤ ʤʝʩʪʝ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʯʘʩʪʠ ʧʦʩʳʣʢʠ, ʠ 
ʠʩʢʘʞʘʝʪ ʜʘʥʥʫʶ ʢʦʤʘʥʜʫ [2]. ʉʘʤʦ ʫʩʪʨʦʡʩʪʚʦ ʧʝʨʝʭʚʘʪʘ ʚ ʜʘʥʥʳʡ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ ʟʘʧʦʤʠʥʘʝʪ 
ʥʝʠʩʢʘʞʝʥʥʫʶ ʯʘʩʪʴ ʧʦʩʳʣʢʠ. ɼʘʥʥʦʝ ʜʝʡʩʪʚʠʝ ʥʝ ʧʦʟʚʦʣʷʝʪ ʫʩʪʨʦʡʩʪʚʫ ʫʧʨʘʚʣʝʥʠʷ 
ʘʚʪʦʩʠʛʥʘʣʠʟʘʮʠʝʡ ʚʦʩʧʨʠʥʠʤʘʪʴ ʧʝʨʝʜʘʚʘʝʤʫʶ ʢʦʤʘʥʜʫ ʘʜʝʢʚʘʪʥʦ. ʊʘʢ ʢʘʢ ʢʦʤʘʥʜʘ (ʧʦʩʳʣʢʘ) ʚ 
ʨʘʜʠʦʵʬʠʨ ʧʝʨʝʜʘʝʪʩʷ ʥʝʦʜʥʦʢʨʘʪʥʦ, ʪʦ ʵʪʦ ʧʦʟʚʦʣʷʝʪ ʫʩʪʨʦʡʩʪʚʫ ʧʝʨʝʭʚʘʪʘ ʦʜʥʦʚʨʝʤʝʥʥʦ 
ʧʨʠʥʠʤʘʪʴ ʧʝʨʝʜʘʶʱʫʶʩʷ ʧʦʩʳʣʢʫ, ʚʳʩʪʘʚʣʷʪʴ ʧʦʤʝʭʫ ʠ ʟʘʧʦʤʠʥʘʪʴ ʠʩʢʘʞʝʥʥʫʶ ʢʦʤʘʥʜʫ, ʦʜʥʘʢʦ 
ʧʦʤʝʭʘ ʩʪʘʚʠʪʩʷ ʚ ʤʝʩʪʝ, ʦʪʣʠʯʥʦʤ ʦʪ ʧʨʝʜʳʜʫʱʝʛʦ, ʯʪʦ ʜʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʫʩʪʨʦʡʩʪʚʫ ʧʝʨʝʭʚʘʪʘ 
ʚʦʩʩʪʘʥʦʚʠʪʴ ʠʩʪʠʥʥʫʶ ʢʦʤʘʥʜʫ ʧʫʪʝʤ ʩʣʦʞʝʥʠʷ ʥʝʠʩʢʘʞʝʥʥʳʭ ʯʘʩʪʝʡ. 

ʇʨʝʜʣʦʞʝʥʥʳʡ ʘʣʛʦʨʠʪʤ ʫʯʠʪʳʚʘʝʪ ʦʯʠʩʪʢʫ ʧʝʨʝʜʘʚʘʝʤʳʭ ʘʚʪʦʩʠʛʥʘʣʠʟʘʮʠʝʡ ʩʠʛʥʘʣʦʚ ʦʪ 
ʩʣʫʯʘʡʥʳʭ ʧʦʤʝʭ ʚ ʨʘʜʠʦʵʬʠʨʝ, ʚʦʟʥʠʢʘʶʱʠʭ ʚʙʣʠʟʠ ʢʨʫʧʥʳʭ ʧʨʦʤʳʰʣʝʥʥʳʭ ʦʙʲʝʢʪʦʚ, ʢʦʪʦʨʳʭ ʚ 
ʛʫʩʪʦʥʘʩʝʣʝʥʥʳʭ ʛʦʨʦʜʘʭ ʜʦʩʪʘʪʦʯʥʦ ʤʥʦʛʦ. 

 
ʉʧʠʩʦʢ ʠʩʧʦʣʴʟʦʚʘʥʥʳʭ ʠʩʪʦʯʥʠʢʦʚ: 
1. ɿʘʢʦʥ ʈʝʩʧʫʙʣʠʢʠ ɹʝʣʘʨʫʩʴ ʦʪ 10 ʥʦʷʙʨʷ 2008 ʛ. No 455-ɿ çʆʙ ʠʥʬʦʨʤʘʮʠʠ, ʠʥʬʦʨʤʘʪʠʟʘʮʠʠ ʠ ʟʘʱʠʪʝ ʠʥʬʦʨʤʘʮʠʠè 

/ ʅʘʮ. ʨʝʝʩʪʨ ʧʨʘʚʦʚʳʭ ʘʢʪʦʚ ʈʝʩʧ. ɹʝʣʘʨʫʩʴ. ï No 2/1552 (ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʦ 17 ʥʦʷʙʨʷ 2008 ʛ.). 
2. ʂʘʨʧʫʰʢʠʥ, ʕ. ʄ. ʈʘʜʠʦʩʠʩʪʝʤʳ ʧʝʨʝʜʘʯʠ ʠʥʬʦʨʤʘʮʠʠ / ʋʯ. ʤʝʪʦʜ. ʧʦʩʦʙʠʝ ʜʣʷ ʩʪʫʜʝʥʪʦʚ ʫʯʨʝʞʜʝʥʠʡ, 

ʦʙʝʩʧʝʯʠʚʘʶʱʠʭ ʧʦʣʫʯʝʥʠʝ ʚʳʩʰʝʛʦ ʦʙʨʘʟʦʚʘʥʠʷ ʧʦ ʩʧʝʮ. "ʈʘʜʠʦʵʣʝʢʪʨʦʥʥʳʝ ʩʠʩʪʝʤʳ". ï ʄʠʥʩʢ: ɹɻʋʀʈ, 2008. ï 62 ʩ. 
 
 

ʉʀʉʊɽʄʓ ʋʇʈɸɺʃɽʅʀʗ ʇʈʆʎɽʉʉɸʄʀ 
ʇʈʆɽʂʊʀʈʆɺɸʅʀʗ ʇʈʆɻʈɸʄʄ 

ʋʣʴʷʥʢʦ ɺ.ɻ. 

ɹʝʣʦʨʫʩʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʥʬʦʨʤʘʪʠʢʠ ʠ ʨʘʜʠʦʵʣʝʢʪʨʦʥʠʢʠ 
ʛ. ʄʠʥʩʢ, ʈʝʩʧʫʙʣʠʢʘ ɹʝʣʘʨʫʩʴ 

ʉʝʯʢʦ ɻ.ɺ. ï ʢ.ʪ.ʥ.,ʜʦʮʝʥʪ 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ ʧʨʦʮʝʩʩʘʤʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʧʨʦʛʨʘʤʤ ʘʢʪʫʘʣʴʥʳ, ʚʦʩʪʨʝʙʦʚʘʥʳ ʠ ʜʦʣʞʥʳ ʨʝʰʘʪʴ 
ʰʠʨʦʢʠʡ ʜʠʘʧʘʟʦʥ ʟʘʜʘʯ. ʋʞʝ ʩʫʱʝʩʪʚʫʝʪ ʨʷʜ ʩʠʩʪʝʤ ʪʘʢʦʛʦ ʨʦʜʘ, ʦʜʥʘʢʦ ʫ ʚʩʝʭ ʝʩʪʴ ʩʚʦʠ ʥʝʜʦʩʪʘʪʢʠ: ʦʪ ʥʝʜʦʩʪʘʪʦʯʥʦʡ 
ʛʣʫʙʠʥʳ ʬʫʥʢʮʠʦʥʘʣʴʥʦʩʪʠ ʜʦ ʯʨʝʟʤʝʨʥʦ ʚʳʩʦʢʦʡ ʮʝʥʳ. ɼʣʷ ʪʦʛʦ, ʯʪʦʙʳ ʧʨʝʚʟʦʡʪʠ ʘʥʘʣʦʛʠ, ʥʝʦʙʭʦʜʠʤʦ ʨʝʘʣʠʟʦʚʘʪʴ 
ʬʫʥʢʮʠʦʥʘʣʴʥʦʩʪʴ ʘʚʪʦʤʘʪʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ ʧʨʦʝʢʪʘ, ʩ ʚʦʟʤʦʞʥʳʤ ʘʚʪʦʤʘʪʠʯʝʩʢʠʤ ʨʝʰʝʥʠʝʤ ʧʨʦʙʣʝʤ. 

ɺ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ ʩʪʦʠʪ ʦʧʨʝʜʝʣʠʪʴ, ʯʪʦ ʠʟ ʩʝʙʷ ʧʨʝʜʩʪʘʚʣʷʝʪ ʫʧʨʘʚʣʝʥʠʝ ʧʨʦʝʢʪʘʤʠ. ʆʩʥʦʚʦʡ 
ʫʩʧʝʭʘ ʧʨʦʝʢʪʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ ʝʩʪʴ ʥʘʣʠʯʠʝ ʢʦʥʢʨʝʪʥʦʛʦ, ʟʘʨʘʥʝʝ ʧʦʜʛʦʪʦʚʣʝʥʥʦʛʦ ʥʘʙʦʨʘ ʜʝʡʩʪʚʠʡ 
ʜʣʷ ʫʤʝʥʴʰʝʥʠʷ ʨʠʩʢʦʚ ʠ ʦʪʚʝʪʚʣʝʥʠʡ ʦʪ ʥʘʯʘʣʴʥʦʛʦ ʧʣʘʥʘ [1]. 

ʀʩʭʦʜʷ ʠʟ ʵʪʦʛʦ, ʤʦʞʥʦ ʚʳʜʝʣʠʪʴ ʦʧʨʝʜʝʣʝʥʠʝ ʜʣʷ ʩʠʩʪʝʤ ʫʧʨʘʚʣʝʥʠʷ ʧʨʦʮʝʩʩʘʤʠ 
ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʧʨʦʛʨʘʤʤ ï ʵʪʦ ʥʘʙʦʨ ʧʨʦʛʨʘʤʤʥʳʭ ʧʨʦʜʫʢʪʦʚ, ʩʦʩʪʦʷʱʠʡ ʠʟ ʠʥʩʪʨʫʤʝʥʪʦʚ 
ʧʣʘʥʠʨʦʚʘʥʠʷ ʟʘʜʘʯ, ʧʦʜʛʦʪʦʚʢʠ ʨʘʩʧʠʩʘʥʠʷ, ʫʧʨʘʚʣʝʥʠʷ ʮʝʥʦʡ ʠ ʜʝʥʝʞʥʳʤʠ ʩʨʝʜʩʪʚʘʤʠ, 
ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʨʝʩʫʨʩʦʚ, ʦʨʛʘʥʠʟʘʮʠʠ ʨʘʙʦʪʳ, ʘ ʪʘʢʞʝ ʠʟ ʠʥʩʪʨʫʤʝʥʪʦʚ ʫʧʨʘʚʣʝʥʠʷ 
ʘʜʤʠʥʠʩʪʨʠʨʦʚʘʥʠʝʤ ʩʠʩʪʝʤʳ ʠ ʜʦʢʫʤʝʥʪʠʨʦʚʘʥʠʝʤ ʨʘʟʨʘʙʘʪʳʚʘʝʤʦʛʦ ʧʨʦʜʫʢʪʘ [2].  

ɼʣʷ ʪʦʛʦ, ʯʪʦʙʳ ʣʫʯʰʝ ʧʦʥʷʪʴ ʟʥʘʯʝʥʠʝ ʠ ʬʫʥʢʮʠʠ ʩʠʩʪʝʤ ʜʘʥʥʦʛʦ ʪʠʧʘ, ʩʪʦʠʪ ʦʙʨʘʪʠʪʴ 
ʚʥʠʤʘʥʠʝ ʥʘ ʨʝʰʘʝʤʳʝ ʟʘʜʘʯʠ, ʢʦʪʦʨʳʝ ʤʦʞʥʦ ʨʘʟʜʝʣʠʪʴ ʥʘ 3 ʪʠʧʘ.  



55-ʷ ʶʙʠʣʝʡʥʘʷ ʥʘʫʯʥʘʷ ʢʦʥʬʝʨʝʥʮʠʷ ʘʩʧʠʨʘʥʪʦʚ, ʤʘʛʠʩʪʨʘʥʪʦʚ ʠ ʩʪʫʜʝʥʪʦʚ ɹɻʋʀʈ, 2019 ʛ. 
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ʆʜʥʠʤ ʠʟ ʥʘʠʙʦʣʝʝ ʚʦʩʪʨʝʙʦʚʘʥʥʳʭ ʪʠʧʦʚ ʷʚʣʷʝʪʩʷ ʩʦʟʜʘʥʠʝ ʧʣʘʥʘ ʩʦʙʳʪʠʡ ʠ ʫʧʨʘʚʣʝʥʠʝ 
ʟʘʜʘʯʘʤʠ. ʆʪ ʪʦʛʦ, ʢʘʢ ʠʩʧʦʣʴʟʫʝʪʩʷ ʠʥʩʪʨʫʤʝʥʪ ʥʘ ʧʨʘʢʪʠʢʝ ʪʨʝʙʦʚʘʥʠʷ ʤʦʛʫ ʙʳʪʴ ʨʘʟʣʠʯʥʳ. ʂ 
ʟʘʜʘʯʘʤ ʵʪʦʛʦ ʪʠʧʘ ʤʦʞʥʦ ʦʪʥʝʩʪʠ: 

ï ʦʨʛʘʥʠʟʘʮʠʷ ʩʚʷʟʘʥʥʳʭ ʜʨʫʛ ʦʪ ʜʨʫʛʘ ʨʘʟʣʠʯʥʳʭ ʩʦʙʳʪʠʡ; 
ï ʦʧʨʝʜʝʣʝʥʠʝ ʙʦʣʴʰʠʭ ʩʦʩʪʘʚʥʳʭ ʧʨʦʝʢʪʥʳʭ ʯʘʩʪʝʡ ʠ ʠʭ ʜʝʢʦʤʧʦʟʠʮʠʷ, ʧʦʩʨʝʜʩʪʚʦʤ ʢʦʪʦʨʦʡ 

ʩʦʟʜʘʝʪʩʷ ʩʪʨʫʢʪʫʨʘ ʜʝʢʦʤʧʦʟʠʮʠʠ ʨʘʙʦʪ; 
ï ʬʦʨʤʠʨʦʚʘʥʠʝ ʨʘʩʧʠʩʘʥʠʝ ʜʣʷ ʨʘʙʦʪʳ ʢʦʣʣʝʢʪʠʚʘ ʠ ʦʧʨʝʜʝʣʝʥʠʝ ʣʶʜʝʡ ʥʘ ʦʧʨʝʜʝʣʝʥʥʳʝ 

ʟʘʜʘʯʠ; 
ï ʧʦʜʩʯʝʪ ʚʨʝʤʝʥʥʳʭ ʟʘʪʨʘʪ, ʥʝʦʙʭʦʜʠʤʳʭ ʜʣʷ ʟʘʚʝʨʰʝʥʠʷ ʢʘʞʜʦʡ ʠʟ ʟʘʜʘʯ; 
ï ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʟʘʜʘʯ ʧʦ ʩʨʦʢʘʤ ʠʭ ʟʘʚʝʨʰʝʥʠʷ; 
ï ʚʠʟʫʘʣʠʟʘʮʠʷ ʛʨʘʬʠʢʘ ʨʘʙʦʪ ʚ ʚʠʜʝ ʜʠʘʛʨʘʤʤʳ ɻʘʥʪʘ; 
ï ʦʜʥʦʚʨʝʤʝʥʥʦʝ ʢʦʥʪʨʦʣʠʨʦʚʘʥʠʝ ʥʝʩʢʦʣʴʢʠʤʠ ʧʨʦʝʢʪʘʤʠ [3, 4].  
ɺ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ, ʩʪʦʠʪ ʢʣʘʩʩʠʬʠʮʠʨʦʚʘʪʴ ʉʋʇʇʇ ʧʦ ʤʝʩʪʫ ʠʭ ʨʘʩʧʦʣʦʞʝʥʠʷ. ʇʆ ʤʦʞʝʪ ʙʳʪʴ 

ʫʩʪʘʥʦʚʣʝʥʦ ʥʘ ʢʦʤʧʴʶʪʝʨʝ ʢʦʥʝʯʥʦʛʦ ʧʦʣʴʟʦʚʘʪʝʣʷ (ʥʘʩʪʦʣʴʥʦʝ ʧʨʠʣʦʞʝʥʠʝ). ʊʘʢʦʡ ʚʘʨʠʘʥʪ 
ʩʦʟʜʘʝʪ ʥʘʠʙʦʣʝʝ ʧʦʜʘʪʣʠʚʳʡ ʠʥʪʝʨʬʝʡʩ. ʕʪʠ ʧʨʦʝʢʪʳ ʤʦʛʫʪ ʩʦʟʜʘʚʘʪʴ ʬʘʡʣ ʩ ʠʥʬʦʨʤʘʮʠʝʡ, 
ʢʦʪʦʨʘʷ ʚ ʙʫʜʫʱʝʤ ʤʦʞʝʪ ʙʳʪʴ ʚʳʣʦʞʝʥʘ ʜʣʷ ʜʨʫʛʠʭ ʧʦʣʴʟʦʚʘʪʝʣʝʡ ʚ ʦʙʱʠʡ ʜʦʩʪʫʧ ʠʣʠ ʞʝ ʤʦʛʫʪ 
ʙʳʪʴ ʩʦʭʨʘʥʝʥʳ ʚ ʮʝʥʪʨʘʣʠʟʦʚʘʥʥʦʡ ʙʘʟʝ ʜʘʥʥʳʭ (ɹɼ) [5].  

ɺ ʧʦʩʣʝʜʥʝʝ ʚʨʝʤʷ ʥʘʠʙʦʣʝʝ ʧʦʧʫʣʷʨʥʳʤ ʷʚʣʷʶʪʩʷ ʧʨʠʣʦʞʝʥʠʷ, ʦʨʠʝʥʪʠʨʦʚʘʥʥʳʝ ʥʘ ʚʝʙ-
ʥʘʧʨʘʚʣʝʥʠʝ (ʨʠʩʫʥʦʢ 1), ʜʦʩʪʫʧ ʢ ʢʦʪʦʨʳʤ ʧʨʝʜʦʩʪʘʚʣʷʝʪʩʷ ʩ ʧʦʤʦʱʴʶ ʙʨʘʫʟʝʨʘ. ʂ ʧʦʣʦʞʠʪʝʣʴʥʳʤ 
ʤʦʤʝʥʪʘʤ ʪʘʢʦʛʦ ʧʦʜʭʦʜʘ ʤʦʞʥʦ ʦʪʥʝʩʪʠ: 

ï ʜʦʩʪʫʧ ʤʦʞʝʪ ʙʳʪʴ ʧʦʣʫʯʝʥ ʩ ʨʘʟʣʠʯʥʳʭ ʢʦʤʧʴʶʪʝʨʦʚ, ʢʦʪʦʨʳʝ ʥʝ ʪʨʝʙʫʶʪ ʥʘʣʠʯʠʷ 
ʜʦʧʦʣʥʠʪʝʣʴʥʦʛʦ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ; 

ï ʥʝ ʩʣʦʞʥʳʡ ʢʦʥʪʨʦʣʴ ʟʘ ʜʦʩʪʫʧʦʤ; 
ï ʤʥʦʛʦʧʦʣʴʟʦʚʘʪʝʣʴʩʢʠʡ ʧʨʦʪʦʢʦʣ ʦʙʱʝʥʠʷ; 
ï ʩʝʨʚʝʨʥʘʷ ʧʨʦʛʨʘʤʤʘ, ʢʦʪʦʨʘʷ ʫʜʘʣʝʥʥʦʛʦ ʨʘʙʦʪʘʝʪ ʚ ʝʜʠʥʩʪʚʝʥʥʦʤ ʵʢʟʝʤʧʣʷʨʝ; 
ï ʙʦʣʴʰʠʥʩʪʚʦ ʪʘʢʠʭ ʧʨʠʣʦʞʝʥʠʡ ʜʦʩʪʫʧʥʳ ʩ ʤʦʙʠʣʴʥʳʭ ʫʩʪʨʦʡʩʪʚ. 
ʆʜʥʘʢʦ ʠʤʝʶʪʩʷ ʠ ʥʝʩʢʦʣʴʢʦ ʥʝʜʦʩʪʘʪʢʦʚ: 
ï ʩʢʦʨʦʩʪʴ ʦʙʱʝʥʠʷ ʩ ʧʨʠʣʦʞʝʥʠʝʤ ʟʥʘʯʠʪʝʣʴʥʦ ʤʝʥʴʰʝ ʯʝʤ ʩ ʦʙʳʯʥʳʤʠ ʧʨʠʣʦʞʝʥʠʷʤʠ; 
ï ʧʨʦʙʣʝʤʳ ʩ ʩʦʝʜʠʥʝʥʠʝʤ, ʘ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʠ ʢ ʜʦʩʪʫʧʫ ʩʝʨʚʝʨʫ ʠʣʠ ʝʛʦ ʦʪʢʘʟʫ ʚʝʜʫʪ ʢ ʧʦʣʥʦʡ 

ʥʝʚʦʟʤʦʞʥʦʩʪʠ ʧʦʣʫʯʝʥʠʷ ʠʣʠ ʦʪʧʨʘʚʢʠ ʠʥʬʦʨʤʘʮʠʠ [6]. 
ɺʝʙ-ʧʨʠʣʦʞʝʥʠʷ ʜʝʡʩʪʚʠʪʝʣʴʥʦ ʙʦʣʝʝ ʫʜʦʙʥʳ ʜʣʷ ʨʘʟʨʘʙʦʪʯʠʢʦʚ, ʪʘʢ ʢʘʢ ʦʥʠ ʤʦʛʫ ʧʦʣʥʦʩʪʴʶ 

ʢʦʥʪʨʦʣʠʨʦʚʘʪʴ ʚʩʝ ʧʨʦʮʝʩʩʳ, ʧʨʦʠʩʭʦʜʷʱʠʝ ʥʘ ʩʝʨʚʝʨʘʭ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʥʝ ʪʦʣʴʢʦ ʠʟʙʝʛʘʪʴ 
ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʦʰʠʙʦʢ, ʥʦ ʠ ʙʳʩʪʨʝʝ ʠʩʧʨʘʚʣʷʪʴ ʩʫʱʝʩʪʚʫʶʱʠʝ [7].  

 

 
ʈʠʩʫʥʦʢ 1 ï ʇʨʠʤʝʨ ʨʘʙʦʪʳ ʚʝʙ-ʧʨʠʣʦʞʝʥʠʷ 

 
ʂʣʘʩʩʠʬʠʮʠʨʦʚʘʪʴ ʉʋʇʇʇ ʤʦʞʥʦ ʪʘʢʞʝ ʧʦ ʮʝʣʝʚʦʡ ʘʫʜʠʪʦʨʠʠ: 
ï ʣʠʯʥʳʝ ʉʋʇʇʇ, ʢʦʪʦʨʳʝ ʧʨʝʜʥʘʟʥʘʯʝʥʳ ʜʣʷ ʦʨʛʘʥʠʟʘʮʠʠ ʤʝʣʢʠʭ ʠ ʣʦʢʘʣʴʥʳʭ ʧʨʦʝʢʪʦʚ ʩ 

ʥʝʙʦʣʴʰʠʤ ʢʦʣʠʯʝʩʪʚʦʤ ʣʶʜʝʡ ʚ ʢʦʤʘʥʜʝ; 
ï ʦʜʥʦʧʦʣʴʟʦʚʘʪʝʣʴʩʢʠʝ ʉʋʇʇʇ ʜʣʷ ʫʧʨʘʚʣʝʥʠʷ ʢʦʤʧʘʥʠʷʤʠ ʩ ʥʝʙʦʣʴʰʠʤ ʰʪʘʪʦʤ 

ʩʦʪʨʫʜʥʠʢʦʚ; 
ï ʤʥʦʛʦʧʦʣʴʟʦʚʘʪʝʣʴʩʢʠʝ ʉʋʇʇʇ, ʢʦʪʦʨʳʝ ʩʣʫʞʘʪ ʜʣʷ ʦʨʛʘʥʠʟʘʮʠʠ ʜʝʡʩʪʚʠʡ ʙʦʣʴʰʦʛʦ 

ʢʦʣʠʯʝʩʪʚʘ ʧʦʣʴʟʦʚʘʪʝʣʝʡ (ʟʘʯʘʩʪʫʶ ʉʋʇʇʇ ʪʘʢʦʛʦ ʪʠʧʘ ʠʤʝʶʪ ʢʣʠʝʥʪ-ʩʝʨʚʝʨʥʫʶ ʘʨʭʠʪʝʢʪʫʨʫ). 
ɽʩʪʝʩʪʚʝʥʥʦ, ʯʪʦ ʥʘʠʙʦʣʝʝ ʚʦʩʪʨʝʙʦʚʘʥʥʳʤʠ ʷʚʣʷʶʪʩʷ ʤʥʦʛʦʧʦʣʴʟʦʚʘʪʝʣʴʩʢʠʝ ʩʠʩʪʝʤʳ, ʪʘʢ 

ʢʘʢ ʦʥʠ ʨʝʰʘʶʪ ʥʘʠʙʦʣʴʰʝʝ ʢʦʣʠʯʝʩʪʚʦ ʟʘʜʘʯ ʠ ʠʤʝʶʪ ʩʘʤʫʶ ʙʦʣʴʰʫʶ ʩʬʝʨʫ ʧʨʠʤʝʥʝʥʠʷ. ʊʘʢʠʝ 

https://ru.wikipedia.org/wiki/%D0%A1%D1%82%D1%80%D1%83%D0%BA%D1%82%D1%83%D1%80%D0%B0_%D0%B4%D0%B5%D0%BA%D0%BE%D0%BC%D0%BF%D0%BE%D0%B7%D0%B8%D1%86%D0%B8%D0%B8_%D1%80%D0%B0%D0%B1%D0%BE%D1%82


55-ʷ ʶʙʠʣʝʡʥʘʷ ʥʘʫʯʥʘʷ ʢʦʥʬʝʨʝʥʮʠʷ ʘʩʧʠʨʘʥʪʦʚ, ʤʘʛʠʩʪʨʘʥʪʦʚ ʠ ʩʪʫʜʝʥʪʦʚ ɹɻʋʀʈ, 2019 ʛ. 
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ʩʠʩʪʝʤʳ ʠ ʙʦʣʝʝ ʚʳʛʦʜʥʳ ʨʘʟʨʘʙʦʪʯʠʢʘʤ, ʚʝʜʴ ʫʛʦʜʠʪʴ ʢʘʞʜʦʤʫ ʧʦʣʴʟʦʚʘʪʝʣʶ ʧʝʨʩʦʥʘʣʴʥʦ ʩʣʦʞʥʝʝ, 
ʯʝʤ ʧʦʪʨʝʙʥʦʩʪʷʤ ʨʫʢʦʚʦʜʩʪʚʘ ʠʣʠ ʩʦʪʨʫʜʥʠʢʦʚ ʢʨʫʧʥʦʡ ʢʦʤʧʘʥʠʠ [8]. 

ʆʜʥʠʤ ʠʟ ʩʧʦʩʦʙʦʚ ʘʥʘʣʠʟʘ ʠ ʛʨʘʬʠʯʝʩʢʦʛʦ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʷʚʣʷʝʪʩʷ ʜʠʘʛʨʘʤʤʘ ɻʘʥʪʘ ð ʢʣʘʩʩ 
ʩʪʦʣʙʯʘʪʳʭ ʜʠʘʛʨʘʤʤ, ʢʦʪʦʨʳʤʠ ʧʦʣʴʟʫʶʪʩʷ ʜʣʷ ʚʠʟʫʘʣʠʟʘʮʠʠ ʧʣʘʥʘ, ʘ ʪʘʢʞʝ ʛʨʘʬʠʢʘ ʨʘʙʦʪ ʧʦ 
ʧʨʦʝʢʪʫ.  

ɺ ʦʙʱʝʤ, ʜʠʘʛʨʘʤʤʘ ɻʘʥʪʘ ʩʦʩʪʦʠʪ ʠʟ ʣʠʥʠʡ, ʥʘʧʨʘʚʣʝʥʥʳʭ ʚʜʦʣʴ ʦʩʠ ʚʨʝʤʝʥʠ. ʂʘʞʜʘʷ ʣʠʥʠʷ 
ʥʘ ʜʠʘʛʨʘʤʤʝ ʚʠʟʫʘʣʠʟʠʨʫʝʪ ʦʧʨʝʜʝʣʝʥʥʫʶ ʟʘʜʘʯʫ ʚ ʩʦʩʪʘʚʝ ʧʨʦʝʢʪʘ (ʚʠʜ ʝʝ ʨʘʙʦʪʳ), ʝʸ ʥʘʯʘʣʦ ʠ 
ʢʦʥʝʮ ð ʤʦʤʝʥʪʳ ʩʪʘʨʪʘ ʠ ʟʘʚʝʨʰʝʥʠʷ ʟʘʜʘʯʠ, ʝʸ ʜʣʠʥʥʘ ð ʚʨʝʤʷ ʨʘʙʦʪʳ. ɺʝʨʪʠʢʘʣʴʥʦʡ ʦʩʴʶ 
ʜʠʘʛʨʘʤʤʳ ʩʣʫʞʠʪ ʥʘʙʦʨ ʟʘʜʘʯ. 

ʂʘʢ ʟʘʢʣʶʯʝʥʠʝ, ʥʘ ʨʳʥʢʝ ʫʞʝ ʩʫʱʝʩʪʚʫʶʪ ʪʘʢʦʛʦ ʨʦʜʘ ʩʠʩʪʝʤʳ, ʠʤʝʶʱʠʝ ʰʠʨʦʢʠʡ ʥʘʙʦʨ 
ʚʦʟʤʦʞʥʦʩʪʝʡ, ʥʦ ʫ ʥʠʭ ʝʩʪʴ ʥʝʜʦʩʪʘʪʢʠ. ʏʪʦʙʳ ʢʦʥʢʫʨʠʨʦʚʘʪʴ ʩ ʥʠʤʠ ʧʨʠ ʩʦʟʜʘʥʠʠ ʥʦʚʦʡ ʩʠʩʪʝʤʳ, 
ʥʝʦʙʭʦʜʠʤʦ ʩʦʟʜʘʪʴ ʩʠʩʪʝʤʫ ʩ ʫʯʸʪʦʤ ʜʦʩʪʦʠʥʩʪʚ ʠ ʥʝʜʦʩʪʘʪʢʦʚ ʧʨʝʜʰʝʩʪʚʝʥʥʠʢʦʚ. ʅʝʦʙʭʦʜʠʤʦ 
ʚʟʷʪʴ ʚʩʸ ʣʫʯʰʝʝ ʠ ʜʦʙʘʚʠʪʴ ʥʝʢʦʪʦʨʫʶ ʫʥʠʢʘʣʴʥʫʶ ʬʫʥʢʮʠʦʥʘʣʴʥʦʩʪʴ ʠ ʦʩʦʙʝʥʥʦʩʪʠ. 
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ʆʉʅʆɺʅʓɽ ʇʆɼʍʆɼʓ ʆʇʈɽɼɽʃɽʅʀʗ ʅɽɺʅʀʄɸʊɽʃʔʅʆʉʊʀ 
ɺʆɼʀʊɽʃʗ ɿɸ ʈʋʃɽʄ 

ʌʦʤʝʥʦʢ ɺ.ɺ. 

ɹʝʣʦʨʫʩʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʥʬʦʨʤʘʪʠʢʠ ʠ ʨʘʜʠʦʵʣʝʢʪʨʦʥʠʢʠ 
ʛ. ʄʠʥʩʢ, ʈʝʩʧʫʙʣʠʢʘ ɹʝʣʘʨʫʩʴ 

ʃʫʢʘʰʝʚʠʯ ʄ.ʄ. ï ʢ.ʪ.ʥ.,ʜʦʮʝʥʪ 

ʉʪʘʪʠʩʪʠʢʘ ʜʦʨʦʞʥʦ-ʪʨʘʥʩʧʦʨʪʥʳʭ ʧʨʦʠʩʰʝʩʪʚʠʡ, ʩʚʷʟʘʥʥʳʭ ʩ ʥʝʚʥʠʤʘʪʝʣʴʥʦʩʪʴʶ ʚʦʜʠʪʝʣʷ, ʥʝʫʪʝʰʠʪʝʣʴʥʘ, ʪʘʢ ʢʘʢ ʚʩʝ 
ʙʦʣʴʰʝ ʠ ʙʦʣʴʰʝ ʠʥʮʠʜʝʥʪʦʚ ʧʨʦʠʩʭʦʜʠʪ ʧʦ ʵʪʦʡ ʧʨʠʯʠʥʠ. ʕʪʘ ʩʪʘʪʠʩʪʠʢʘ ʤʦʞʝʪ ʩʪʘʪʴ ʝʱʝ ʙʦʣʝʝ ʪʨʝʚʦʞʥʦʡ, ʪʘʢ ʢʘʢ 
ʢʦʣʠʯʝʩʪʚʦ ʚʦʟʤʦʞʥʳʭ ʦʪʚʣʝʢʘʶʱʠʭ ʬʘʢʪʦʨʦʚ ʚʥʫʪʨʠ ʘʚʪʦʤʦʙʠʣʷ ʧʨʦʜʦʣʞʘʝʪ ʨʘʩʪʠ. ɹʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʜʠʩʧʣʝʝʚ ʠ ʥʦʚʳʭ 
ʠʥʬʦʨʤʘʮʠʦʥʥʦ-ʨʘʟʚʣʝʢʘʪʝʣʴʥʳʭ ʫʩʪʨʦʡʩʪʚ ʚ ʘʚʪʦʤʦʙʠʣʷʭ ʧʨʦʙʣʝʤʘ ʙʦʣʝʝ ʢʨʠʪʠʯʥʘʷ, ʯʝʤ ʢʘʞʝʪʩʷ ʥʘ ʧʝʨʚʳʡ ʚʟʛʣʷʜ. ʀʤʝʥʥʦ 
ʧʦʵʪʦʤʫ ʦʯʝʥʴ ʚʘʞʥʦ, ʯʪʦʙʳ ʘʚʪʦʤʦʙʠʣʠ ʙʳʣʠ ʦʩʥʘʱʝʥʳ ʩʠʩʪʝʤʘʤʠ, ʢʦʪʦʨʳʝ ʩʤʦʛʫʪ ʦʧʨʝʜʝʣʷʪʴ ʩʪʝʧʝʥʴ ʚʥʠʤʘʪʝʣʴʥʦʩʪʠ 
ʚʦʜʠʪʝʣʷ ʠ ʧʨʝʜʫʧʨʝʞʜʘʪʴ ʦʙ ʦʧʘʩʥʦʩʪʠ ʟʘʨʘʥʝʝ. 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʩʫʱʝʩʪʚʫʝʪ ʥʝʩʢʦʣʴʢʦ ʧʦʜʭʦʜʦʚ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʩʪʝʧʝʥʴ ʚʥʠʤʘʪʝʣʴʥʦʩʪʠ 
ʚʦʜʠʪʝʣʷ ʥʘ ʜʦʨʦʛʝ. ʇʝʨʚʳʡ ʠʟ ʥʠʭ - ʬʠʟʠʦʣʦʛʠʯʝʩʢʠʝ ʜʘʪʯʠʢʠ. ʊʘʢʦʡ ʧʦʜʭʦʜ ʦʙʥʘʨʫʞʠʚʘʝʪ 
ʬʠʟʠʦʣʦʛʠʯʝʩʢʠʝ ʦʩʦʙʝʥʥʦʩʪʠ ʪʘʢʠʝ ʢʘʢ ʘʢʪʠʚʥʦʩʪʴ ʤʦʟʛʘ, ʯʘʩʪʦʪʘ ʩʝʨʜʮʝʙʠʝʥʠʷ ʠʣʠ ʚʣʘʞʥʦʩʪʴ ʨʫʢ. 
ɺ ʯʘʩʪʥʦʩʪʠ, ʵʣʝʢʪʨʦʵʥʮʝʬʘʣʦʛʨʘʬ ʙʳʣ ʧʨʠʟʥʘʥ ʜʝʡʩʪʚʠʪʝʣʴʥʦʡ, ʦʙʲʝʢʪʠʚʥʦʡ ʠ ʪʦʯʥʦʡ ʤʝʨʦʡ 
ʠʟʤʝʨʝʥʠʷ ʥʝʚʥʠʤʘʪʝʣʴʥʦʩʪʠ ʚʦʜʠʪʝʣʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ŭ, ɗ, Ŭ, ɓ ʠ ů ʤʦʟʛʦʚʦʡ ʚʦʣʥʦʚʦʡ 
ʘʢʪʠʚʥʦʩʪʠ. ʆʜʥʘʢʦ, ʬʠʟʠʦʣʦʛʠʯʝʩʢʠʝ ʜʘʪʯʠʢʠ ʥʝ ʫʜʦʙʥʳ ʠ ʥʝ ʤʦʛʫʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ ʚʥʫʪʨʠ 
ʘʚʪʦʤʦʙʠʣʴ ʜʣʷ ʢʦʤʤʝʨʯʝʩʢʠʭ ʧʨʠʣʦʞʝʥʠʡ. ʀʭ ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʢʘʢ ʦʩʥʦʚʫ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʥʦ 
ʦʥʠ ʥʝ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʨʝʘʣʠʩʪʠʯʥʦʝ ʨʝʰʝʥʠʝ ʜʣʷ ʢʦʥʪʨʦʣʷ ʥʝʚʥʠʤʘʪʝʣʴʥʦʩʪʠ ʚʦʜʠʪʝʣʷ. 

ɺʪʦʨʦʡ ʧʦʜʭʦʜ - ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʚʦʜʠʪʝʣʷ. ɼʘʥʥʳʡ ʧʦʜʭʦʜ ʠʩʧʦʣʴʟʫʝʪ ʚʥʝʰʥʶʶ 
ʠʥʬʦʨʤʘʮʠʶ (ʧʦʣʦʞʝʥʠʝ ʘʚʪʦʤʦʙʠʣʷ, ʜʚʠʞʝʥʠʷ ʨʫʣʝʚʦʛʦ ʢʦʣʝʩʘ ʠʣʠ ʧʝʜʘʣʠ) ʠ ʧʦʢʘʟʘʪʝʣʠ 
ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʚʦʜʠʪʝʣʷ, ʯʪʦʙʳ ʩʜʝʣʘʪʴ ʚʳʚʦʜ ʦʙ ʫʨʦʚʥʝ ʥʝʚʥʠʤʘʪʝʣʴʥʦʩʪʠ. ɺ ʙʦʣʴʰʠʥʩʪʚʝ 
ʩʣʫʯʘʝʚ, ʦʪʚʣʝʯʝʥʠʝ ʚʥʠʤʘʥʠʷ ʚʦʜʠʪʝʣʷ ʩʚʷʟʘʥʦ ʩ ʦʪʩʫʪʩʪʚʠʝʤ ʫʧʨʘʚʣʝʥʠʷ ʪʨʘʥʩʧʦʨʪʥʳʤ ʩʨʝʜʩʪʚʦʤ, 
ʪʘʢʠʤ ʢʘʢ ʜʨʝʡʬ ʩʦ ʩʪʦʨʦʥʳ ʜʦʨʦʛʠ, ʠʣʠ ʥʝʦʞʠʜʘʥʥʦʝ ʠʟʤʝʥʝʥʠʝ ʩʢʦʨʦʩʪʠ. ɺ 2007 ʛʦʜʫ ʢʦʤʧʘʥʠʷ 
Volvo ʧʨʝʜʩʪʘʚʠʣʘ ʩʠʩʪʝʤʫ ʫʧʨʘʚʣʝʥʠʷ ʦʧʦʚʝʱʝʥʠʷʤʠ ʚʦʜʠʪʝʣʷ, ʧʦʩʪʦʷʥʥʦ ʦʪʩʣʝʞʠʚʘʶʱʫʶ ʜʦʨʦʛʫ ʩ 
ʧʦʤʦʱʴʶ ʢʘʤʝʨʳ ʠ ʧʨʝʜʫʧʨʝʞʜʘʶʱʫʶ ʚʦʜʠʪʝʣʷ ʚ ʩʣʫʯʘʝ ʦʧʘʩʥʦʛʦ ʧʦʚʝʜʝʥʠʷ [1]. ʕʪʠ ʤʝʪʦʜʳ 
ʚʟʘʠʤʦʩʚʷʟʘʥʳ ʩ ʥʝʚʥʠʤʘʪʝʣʴʥʦʩʪʴʶ ʚʦʜʠʪʝʣʷ, ʥʦ ʦʥʠ ʪʘʢʞʝ ʩʚʷʟʘʥʳ ʩ ʚʥʝʰʥʠʤʠ ʬʘʢʪʦʨʘʤʠ, ʪʘʢʠʝ 
ʢʘʢ ʦʧʳʪ ʚʦʜʠʪʝʣʷ, ʪʠʧ ʜʦʨʦʛʠ, ʧʦʛʦʜʘ ʠ ʫʣʠʯʥʳʡ ʩʚʝʪ. ʂʨʦʤʝ ʪʦʛʦ, ʵʪʠ ʤʝʨʳ ʦʩʥʦʚʘʥʳ ʥʘ 

https://ru.wikipedia.org/wiki/%D0%94%D0%B8%D0%B0%D0%B3%D1%80%D0%B0%D0%BC%D0%BC%D0%B0
https://ru.wikipedia.org/wiki/%D0%9F%D1%80%D0%BE%D0%B5%D0%BA%D1%82


55-ʷ ʶʙʠʣʝʡʥʘʷ ʥʘʫʯʥʘʷ ʢʦʥʬʝʨʝʥʮʠʷ ʘʩʧʠʨʘʥʪʦʚ, ʤʘʛʠʩʪʨʘʥʪʦʚ ʠ ʩʪʫʜʝʥʪʦʚ ɹɻʋʀʈ, 2019 ʛ. 
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ʜʦʣʛʦʩʨʦʯʥʦʡ ʩʪʘʪʠʩʪʠʢʝ, ʠ ʩʠʩʪʝʤʘ ʥʝ ʤʦʞʝʪ ʧʨʝʜʩʢʘʟʘʪʴ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʳʝ ʦʧʘʩʥʦʩʪʠ, ʥʘʧʨʠʤʝʨ, 
ʪʘʢʠʝ ʢʘʢ ʢʨʘʪʢʦʩʨʦʯʥʳʡ ʩʦʥ. 

ʊʨʝʪʠʡ ʧʦʜʭʦʜ - ʢʦʤʧʴʶʪʝʨʥʦʝ ʟʨʝʥʠʝ. ʆʥ, ʚʝʨʦʷʪʥʦ, ʩʘʤʳʡ ʧʦʧʫʣʷʨʥʳʡ ʠ ʦʧʠʨʘʝʪʩʷ ʥʘ 
ʚʠʟʫʘʣʴʥʳʝ ʩʦʩʪʦʷʥʠʝ ʚʦʜʠʪʝʣʷ. ʂʦʛʜʘ ʚʦʜʠʪʝʣʴ ʥʝʚʥʠʤʘʪʝʣʝʥ, ʣʠʮʦ ʠ ʪʝʣʦ ʜʝʤʦʥʩʪʨʠʨʫʶʪ 
ʭʘʨʘʢʪʝʨʥʦʝ ʧʦʚʝʜʝʥʠʝ. ʋʩʪʘʥʦʚʢʘ ʢʘʤʝʨʳ ʧʝʨʝʜ ʚʦʜʠʪʝʣʝʤ ʠ ʘʥʘʣʠʟ ʚʳʨʘʞʝʥʠʷ ʣʠʮʘ ʠ ʜʚʠʞʝʥʠʡ 
ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʢʘʢ ʵʬʬʝʢʪʠʚʥʳʡ ʩʧʦʩʦʙ ʦʮʝʥʢʠ ʥʝʚʥʠʤʘʪʝʣʴʥʦʩʪʠ ʚʦʜʠʪʝʣʷ. ɺ ʯʘʩʪʥʦʩʪʠ, 
ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ ʚʟʛʣʷʜʘ, ʥʘʧʨʘʚʣʝʥʥʦʛʦ ʥʝ ʥʘ ʜʦʨʦʛʫ ʠʣʠ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʠ ʧʦʚʦʨʦʪʘ ʛʦʣʦʚʳ ʚ 
ʩʪʦʨʦʥʫ ʦʪ ʜʦʨʦʛʠ ʷʚʣʷʶʪʩʷ ʜʝʡʩʪʚʠʪʝʣʴʥʳʤʠ ʧʦʢʘʟʘʪʝʣʷʤʠ ʥʝʚʥʠʤʘʪʝʣʴʥʦʩʪʠ ʚʦʜʠʪʝʣʷ ʠ ʤʦʛʫʪ 
ʙʳʪʴ ʣʝʛʢʦ ʦʮʝʥʝʥʳ ʩ ʧʦʤʦʱʴʶ ʢʘʤʝʨʳ. ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʫʩʪʘʣʦʩʪʠ ʚʦʜʠʪʝʣʷ, ʥʘʠʣʫʯʰʠʤʠ 
ʧʦʢʘʟʘʪʝʣʷʤʠ ʷʚʣʷʶʪʩʷ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ ʚʨʝʤʝʥʠ ʟʘʢʨʳʪʳʭ ʛʣʘʟ ʚʦʜʠʪʝʣʷ, ʢʠʚʢʦʚ ʛʦʣʦʚʦʡ ʠʣʠ 
ʟʝʚʦʪʳ. ʉʫʱʝʩʪʚʫʶʱʠʝ ʩʠʩʪʝʤʳ ʦʙʳʯʥʦ ʠʩʧʦʣʴʟʫʶʪ ʧʨʦʩʪʳʝ ʮʚʝʪʥʳʝ ʢʘʤʝʨʳ ʠʣʠ ʠʥʬʨʘʢʨʘʩʥʳʝ 
ʢʘʤʝʨʳ ʜʣʷ ʟʘʭʚʘʪʘ ʠʟʦʙʨʘʞʝʥʠʷ. ʇʦʩʣʝ ʵʪʦʛʦ ʠʥʩʪʨʫʤʝʥʪʳ ʦʙʨʘʙʦʪʢʠ ʠʟʦʙʨʘʞʝʥʠʡ ʠ ʢʦʤʧʴʶʪʝʨʥʦʛʦ 
ʟʨʝʥʠʷ ʦʧʨʝʜʝʣʷʶʪ ʦʩʥʦʚʥʳʝ ʢʦʤʧʦʥʝʥʪʳ ʥʘ ʠʟʦʙʨʘʞʝʥʠʠ, ʪʘʢʠʝ ʢʘʢ ʣʠʮʦ, ʛʣʘʟʘ ʠ ʨʦʪ. ʕʪʦ 
ʦʪʧʨʘʚʥʘʷ ʪʦʯʢʘ ʜʣʷ ʠʟʚʣʝʯʝʥʠʷ ʧʨʠʟʥʘʢʦʚ ʥʝʚʥʠʤʘʪʝʣʴʥʦʩʪʠ, ʪʘʢʠʭ ʢʘʢ ʟʝʚʦʪʘ, ʢʠʚʦʢ, ʥʘʧʨʘʚʣʝʥʠʝ 
ʚʟʛʣʷʜʘ, ʧʦʚʦʨʦʪ ʛʦʣʦʚʳ, ʟʘʢʨʳʪʳʝ ʛʣʘʟʘ. ʇʦʩʣʝ ʠʟʚʣʝʯʝʥʠʷ ʧʨʠʟʥʘʢʦʚ ʧʦʣʫʯʝʥʥʘʷ ʠʥʬʦʨʤʘʮʠʷ 
ʦʙʲʝʜʠʥʷʝʪʩʷ ʠ ʦʧʨʝʜʝʣʷʝʪʩʷ ʫʨʦʚʝʥʴ ʥʝʚʥʠʤʘʪʝʣʴʥʦʩʪʠ. ʅʘʠʙʦʣʝʝ ʧʦʧʫʣʷʨʥʳʤʠ ʤʝʪʦʜʘʤʠ 
ʦʙʲʝʜʠʥʝʥʠʷ ʷʚʣʷʶʪʩʷ ʥʝʯʝʪʢʘʷ ʣʦʛʠʢʘ, ʙʘʡʝʩʦʚʩʢʠʝ ʩʝʪʠ, ʜʠʥʘʤʠʯʝʩʢʠʝ ʙʘʡʝʩʦʚʩʢʠʝ ʩʝʪʠ, 
ʥʝʡʨʦʥʥʳʝ ʩʝʪʠ ʠʣʠ ʧʨʦʩʪʳʝ ʧʨʘʚʠʣʘ ʧʨʠʥʷʪʠʷ ʨʝʰʝʥʠʡ. ɽʩʣʠ ʫʨʦʚʝʥʴ ʚʥʠʤʘʪʝʣʴʥʦʩʪʠ 
ʥʝʜʦʩʪʘʪʦʯʥʳʡ, ʧʦʜʘʝʪʩʷ ʧʨʝʜʫʧʨʝʞʜʝʥʠʷ ʜʣʷ ʧʨʝʜʦʪʚʨʘʱʝʥʠʷ ʦʧʘʩʥʦʡ ʩʠʪʫʘʮʠʠ.  

ɻʠʙʨʠʜʥʳʝ ʩʠʩʪʝʤʳ ʠʩʧʦʣʴʟʫʶʪ ʢʦʤʙʠʥʘʮʠʶ ʪʨʝʭ ʚʳʰʝʫʧʦʤʷʥʫʪʳʭ ʤʝʪʦʜʦʚ. ʉʫʱʝʩʪʚʫʶʪ 
ʩʠʩʪʝʤʳ, ʢʦʪʦʨʳʝ ʦʙʲʝʜʠʥʷʶʪ ʢʘʤʝʨʫ, ʫʩʪʘʥʦʚʣʝʥʥʫʶ ʧʝʨʝʜ ʚʦʜʠʪʝʣʝʤ, ʠ ʜʦʨʦʞʥʫʶ ʠʥʬʦʨʤʘʮʠʶ, 
ʬʠʢʩʠʨʫʝʪʩʷ ʚʟʛʣʷʜ ʚʦʜʠʪʝʣʷ ʯʪʦʙʳ ʦʙʥʘʨʫʞʠʪʴ, ʧʨʦʧʫʩʪʠʣ ʣʠ ʦʥ ʢʘʢʦʡ-ʣʠʙʦ ʜʦʨʦʞʥʳʡ ʟʥʘʢ [2]. ɽʱʝ 
ʦʜʠʥ ʧʨʠʤʝʨ, ʦʙʲʝʜʠʥʝʥʠʝ ʢʦʤʧʴʶʪʝʨʥʦʛʦ ʟʨʝʥʠʷ, ʩʠʛʥʘʣʘ ʨʫʣʝʚʦʛʦ ʢʦʣʝʩʘ ʠ ʧʫʣʴʩʦʢʩʠʤʝʪʨ ʜʣʷ 
ʦʧʨʝʜʝʣʝʥʠʷ ʫʩʪʘʣʦʩʪʠ ʚʦʜʠʪʝʣʷ. 

 
ʉʧʠʩʦʢ ʠʩʧʦʣʴʟʦʚʘʥʥʳʭ ʠʩʪʦʯʥʠʢʦʚ: 
1. Driver alert control [ʕʣʝʢʪʨʦʥʥʳʡ ʨʝʩʫʨʩ]. - ʈʝʞʠʤ ʜʦʩʪʫʧʘ: https://www.media.volvocars.com/global/en-gb  
2. L. Fletcher, G. Loy, N. Barnes, and A. Zelinsky, Correlating driver 11 gaze with the road scene for driver assistance systems, 

Robotics and Autonomous Systems: http://www.nada.kth.se/~gareth/homepage/local_site/papers/Fletcher_RAS05.pdf: 24 ʤʘ ̫2005 ʛ. 
 
 

ʇɽʈɽʅʆʉ ʉʊʀʃʗ ʄɽɾɼʋ ʀɿʆɹʈɸɾɽʅʀʗʄʀ 

ʎʘʨʠʢʦʚʠʯ ɸ.ɸ. 

ɹʝʣʦʨʫʩʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʥʬʦʨʤʘʪʠʢʠ ʠ ʨʘʜʠʦʵʣʝʢʪʨʦʥʠʢʠ 
ʛ. ʄʠʥʩʢ, ʈʝʩʧʫʙʣʠʢʘ ɹʝʣʘʨʫʩʴ 

ʌʨʦʣʦʚ ʀ.ʀ. ï ʢ.ʪ.ʥ.,ʜʦʮʝʥʪ 

ɺ ʨʘʙʦʪʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʩʧʦʩʦʙ ʧʝʨʝʥʦʩʘ ʩʪʠʣʷ ʩ ʦʜʥʦʛʦ ʠʟʦʙʨʘʞʝʥʠʷ ʥʘ ʜʨʫʛʦʝ ʧʨʠ ʧʦʤʦʱʠ ʩʚʸʨʪʦʯʥʳʭ ʥʝʡʨʦʥʥʳʭ ʩʝʪʝʡ. 
ʆʧʠʩʘʥʘ ʘʨʭʠʪʝʢʪʫʨʘ ʧʝʨʚʦʡ ʥʝʡʨʦʥʥʦʡ ʩʝʪʠ, ʢʦʪʦʨʘʷ ʙʳʣʘ ʠʩʧʦʣʴʟʦʚʘʥʘ ʜʣʷ ʨʝʰʝʥʠʷ ʜʘʥʥʦʡ ʟʘʜʘʯʠ. ʊʘʢʞʝ 
ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʚʩʧʦʤʦʛʘʪʝʣʴʥʳʝ ʩʨʝʜʩʪʚʘ ʠ ʨʝʰʝʥʠʷ, ʧʦʟʚʦʣʷʶʱʠʝ ʩʫʱʝʩʪʚʝʥʥʦ ʫʧʨʦʩʪʠʪʴ ʨʘʟʨʘʙʦʪʢʫ ʨʝʰʝʥʠʡ ʜʘʥʥʦʡ 
ʟʘʜʘʯʠ. 

ɿʘʜʘʯʘ ʧʝʨʝʥʦʩʘ ʩʪʠʣʷ ʩʚʦʜʠʪʩʷ ʢ ʨʘʙʦʪʝ ʥʘʜ ʜʚʫʤʷ ʠʟʦʙʨʘʞʝʥʠʷʤʠ: 

ī ʚʭʦʜʥʦʝ ʠʟʦʙʨʘʞʝʥʠʝ, ʥʘ ʢʦʪʦʨʦʝ ʥʝʦʙʭʦʜʠʤʦ ʧʝʨʝʥʝʩʪʠ ʩʪʠʣʴ ʠ ʩʦʭʨʘʥʠʪʴ ʢʦʥʪʝʥʪ 
ʠʟʦʙʨʘʞʝʥʠʷ (ʬʦʪʦʛʨʘʬʠʷ); 

ī ʠʟʦʙʨʘʞʝʥʠʝ ʩ ʷʨʢʦ ʚʳʨʘʞʝʥʥʦʡ ʩʪʠʣʠʩʪʠʢʦʡ, ʢʦʪʦʨʫʶ ʥʝʦʙʭʦʜʠʤʦ ʜʣʷ ʧʝʨʝʥʦʩʘ ʥʘ 
ʚʭʦʜʥʦʝ ʠʟʦʙʨʘʞʝʥʠʝ. 

ʏʪʦʙʳ ʧʝʨʝʥʝʩʪʠ ʩʪʠʣʴ ʦʜʥʦʛʦ ʠʟʦʙʨʘʞʝʥʠʷ ʥʘ ʜʨʫʛʦʝ, ʥʝʦʙʭʦʜʠʤʦ ʩʠʥʪʝʟʠʨʦʚʘʪʴ ʥʦʚʦʝ 
ʠʟʦʙʨʘʞʝʥʠʝ, ʢʦʪʦʨʦʝ ʦʜʥʦʚʨʝʤʝʥʥʦ ʙʫʜʝʪ ʩʦʦʪʚʝʪʩʪʚʦʚʘʪʴ ʧʨʝʜʩʪʘʚʣʝʥʠʶ ʩʦʜʝʨʞʠʤʦʛʦ ʚʭʦʜʥʦʛʦ 
ʠʟʦʙʨʘʞʝʥʠʷ ʠ ʧʨʝʜʩʪʘʚʣʝʥʠʶ ʩʪʠʣʷ ʠʟʦʙʨʘʞʝʥʠʷ-ʢʘʨʪʠʥʳ.  

ʇʦʩʪʘʚʣʝʥʥʘʷ ʟʘʜʘʯʘ ʨʝʰʘʝʪʩʷ ʧʨʠ ʧʦʤʦʱʠ ʩʚʝʨʪʦʯʥʳʭ ʥʝʡʨʦʥʥʳʭ ʩʝʪʝʡ. ɼʘʥʥʳʡ ʪʠʧ 
ʥʝʡʨʦʥʥʳʭ ʩʝʪʝʡ ʠʩʧʦʣʴʟʫʝʪʩʷ ʧʦ ʧʨʠʯʠʥʝ ʩʚʦʝʡ ʛʣʘʚʥʦʡ ʦʩʦʙʝʥʥʦʩʪʠ ï ʩʝʪʴ çʠʱʝʪè ʥʘ ʠʟʦʙʨʘʞʝʥʠʠ 
ʟʘʜʘʥʥʳʝ ʝʡ ʧʨʠʟʥʘʢʠ. ʇʨʠʟʥʘʢʦʤ ʷʚʣʷʝʪʩʷ ʪʘ ʠʣʠ ʠʥʘʷ ʦʩʦʙʝʥʥʦʩʪʴ ʠʩʩʣʝʜʫʝʤʦʡ ʢʘʨʪʠʥʢʠ, 
ʥʘʧʨʠʤʝʨ ʦʩʪʨʳʝ ʫʛʣʳ, ʦʧʨʝʜʝʣʝʥʥʳʝ ʨʘʟʤʳʪʦʩʪʠ ʠ ʪ.ʜ. ʊʘʢʞʝ ʩʝʪʴ ʷʚʣʷʝʪʩʷ ʫʥʠʚʝʨʩʘʣʴʥʦʡ ʠ 
ʦʙʣʘʜʘʝʪ ʚʳʩʦʢʦʡ ʪʦʯʥʦʩʪʴʶ ʨʘʙʦʪʳ. 

ʊʠʧʠʯʥʘʷ ʘʨʭʠʪʝʢʪʫʨʘ ʩʚʝʨʪʦʯʥʦʡ ʥʝʡʨʦʥʥʦʡ ʩʝʪʠ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ 
ʩʦʝʜʠʥʝʥʥʳʝ ʙʣʦʢʠ ʩʫʙʜʠʩʢʨʝʪʠʟʠʨʫʶʱʝʛʦ ʠ ʩʚʝʨʪʦʯʥʳʭ ʩʣʦʝʚ. ʆʩʥʦʚʥʳʤʠ ʬʫʥʢʮʠʷʤʠ ʘʢʪʠʚʘʮʠʠ 
ʷʚʣʷʶʪʩʷ: 

ī softmax ώ
В

; 

https://www.media.volvocars.com/global/en-gb
http://www.nada.kth.se/~gareth/homepage/local_site/papers/Fletcher_RAS05.pdf
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ī ReLU(x) = max(0, x); 

ī ʩʠʛʤʦʠʜʥʘʷ ʬʫʥʢʮʠʷ „ὼ
ρ

ρ Ὡὼ
. 

ɼʣʷ ʦʙʫʯʝʥʠʷ ʥʝʡʨʦʥʥʦʡ ʩʝʪʠ ʠʩʧʦʣʴʟʫʝʪʩʷ ʤʝʪʦʜ ʦʙʨʘʪʥʦʛʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʦʰʠʙʢʠ. 
ɺ ʨʘʙʦʪʝ [1] ʧʨʝʜʣʦʞʝʥʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʩʝʪʠ ʘʨʭʠʪʝʢʪʫʨʳ VGG ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʢʦʥʪʝʥʪʘ 

ʠʟʦʙʨʘʞʝʥʠʷ. ɹʳʣʦ ʠʩʧʦʣʴʟʦʚʘʥʦ 16 ʩʚʝʨʪʦʯʥʳʭ, 5 ʩʣʦʝʚ ʩʫʙʜʠʩʢʨʝʪʠʟʘʮʠʠ. ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʙʳʣʦ 
ʦʧʠʩʘʥʦ, ʯʪʦ ʚʳʭʦʜʳ ʩʚʝʨʪʦʯʥʳʭ ʩʣʦʝʚ VGG ʩʦʜʝʨʞʘʪ ʚ ʩʝʙʝ ʜʦʩʪʘʪʦʯʥʦ ʜʝʪʘʣʴʥʫʶ ʠʥʬʦʨʤʘʮʠʶ ʦ 
ʢʦʥʪʝʥʪʝ ʠʟʦʙʨʘʞʝʥʠʷ. ʌʫʥʢʮʠʷ ʧʦʪʝʨʴ, ʦʪʚʝʯʘʶʱʘʷ ʟʘ ʩʦʭʨʘʥʝʥʠʝ ʢʦʥʪʝʥʪʘ ʠʟʦʙʨʘʞʝʥʠʷ, ʚʳʛʣʷʜʠʪ 
(1) ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: 

ὒ ὼ ȟώ ȿȿὊὼ Ὂώȿȿ   (1) 

ʌʫʥʢʮʠʷ ʧʦʪʝʨʴ, ʢʦʪʦʨʘʷ ʦʪʚʝʯʘʝʪ ʟʘ ʧʝʨʝʥʦʩ ʩʪʠʣʷ ὼ ʦʧʨʝʜʝʣʷʝʪʩʷ (2): 

ὒ ὼ ȟώ ȿὋ ὼ Ὃ ώ ȿ     (2) 

ɼʣʷ ʧʦʜʩʯʝʪʘ ὒ ὼ ȟώ ʠʩʧʦʣʴʟʫʝʪʩʷ ʣʠʰʴ ʦʜʠʥ ʩʣʦʡ VGG, ʜʣʷ ὒ ὼ ȟώ ʧʦʜʩʯʝʪʘ 

ï ʨʘʟʥʳʝ ʩʣʦʠ ʩ ʧʦʜʦʙʨʘʥʥʳʤʠ ʚʝʩʘʤʠ [2]. 
ʆʙʦʙʱʝʥʥʘʷ ʬʫʥʢʮʠʷ ʧʦʪʝʨʴ ʙʫʜʝʪ ʚʳʛʣʷʜʝʪʴ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ (3): 

ὒ ώȟὼ ȟὼ В ‍ ὒ ὼ ȟώ ‌В ‍ ὒ ὼ ȟώ  (3) 

ɺ ʣʶʙʦʤ ʩʣʫʯʘʝ, ʥʝʚʦʟʤʦʞʥʦ ʩʠʥʪʝʟʠʨʦʚʘʪʴ ʠʟʦʙʨʘʞʝʥʠʝ, ʢʦʪʦʨʦʝ ʥʘ 100% ʫʜʦʚʣʝʪʚʦʨʷʣʦ ʙʳ 
ʠ ʩʪʠʣʶ, ʠ ʩʦʜʝʨʞʘʥʠʶ ʜʚʫʭ ʨʘʟʥʳʭ ʠʟʦʙʨʘʞʝʥʠʡ. ʆʜʥʘʢʦ ʤʠʥʠʤʠʟʠʨʫʷ ʦʜʥʫ ʠʟ ʩʦʩʪʘʚʣʷʶʱʠʭ 
ʬʫʥʢʮʠʠ ʧʦʪʝʨʴ, ʢʦʪʦʨʘʷ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʢʦʤʙʠʥʘʮʠʶ ʬʫʥʢʮʠʡ ʧʦʪʝʨʴ ʢʦʥʪʝʥʪʘ ʠ ʩʪʠʣʷ ʤʦʞʥʦ 
ʧʣʘʚʥʦ ʨʝʛʫʣʠʨʦʚʘʪʴ ʘʢʮʝʥʪ ʥʘ ʧʝʨʝʥʦʩʝ ʩʪʠʣʷ ʣʠʙʦ ʥʘ ʩʦʭʨʘʥʝʥʠʠ ʢʦʥʪʝʥʪʘ ʠʟʦʙʨʘʞʝʥʠʷ. 

ʅʘ ʜʘʥʥʳʡ ʤʦʤʝʥʪ ʩʫʱʝʩʪʚʫʝʪ ʦʧʨʝʜʝʣʝʥʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʧʨʦʛʨʘʤʤʥʳʭ ʨʝʰʝʥʠʡ, ʢʦʪʦʨʳʝ 
ʧʦʟʚʦʣʷʶʪ ʩʫʱʝʩʪʚʝʥʥʦ ʫʧʨʦʩʪʠʪʴ ʟʘʜʘʯʫ ʨʘʟʨʘʙʦʪʢʠ ʨʝʰʝʥʠʡ ʧʝʨʝʥʦʩʘ ʩʪʠʣʷ ʠʟʦʙʨʘʞʝʥʠʷ: 

1) OpenCV; 
2) Tensorflow; 
3) Pytorch; 
4) Caffe. 
 
ʉʧʠʩʦʢ ʠʩʧʦʣʴʟʦʚʘʥʥʳʭ ʠʩʪʦʯʥʠʢʦʚ: 
1. Leon A. Gatys, Alexander S. Ecker, Matthias Bethge. Image Style Transfer Using Convolutional Neural Networks, 2016. 
2. ʅʠʢʦʣʘʝʚ ʉ.ɺ. ʉʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʝ ʤʝʪʦʜʘ ʘʚʪʦʤʘʪʠʯʝʩʢʦʛʦ ʧʝʨʝʥʦʩʘ ʩʪʠʣʷ ʠʟʦʙʨʘʞʝʥʠʡ, ʄʦʩʢʚʘ 2018. 

 
 

ʇʈʀʄɽʅɽʅʀɽ ʅɽʁʈʆʅʅʓʍ ʉɽʊɽʁ 
ɼʃʗ ʈɽɼɸʂʊʀʈʆɺɸʅʀʗ ʀɿʆɹʈɸɾɽʅʀʁ 

ʏʝʨʥʦʦʢʠʡ ʈ.ʉ. 

ɹʝʣʦʨʫʩʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʥʬʦʨʤʘʪʠʢʠ ʠ ʨʘʜʠʦʵʣʝʢʪʨʦʥʠʢʠ 
ʛ. ʄʠʥʩʢ, ʈʝʩʧʫʙʣʠʢʘ ɹʝʣʘʨʫʩʴ 

ʅʘʩʫʨʦ ɽ.ɺ. ï ʢ.ʪ.ʥ.,ʜʦʮʝʥʪ 

ʈʝʜʘʢʪʠʨʦʚʘʥʠʝ ʠʟʦʙʨʘʞʝʥʠʡ ʷʚʣʷʝʪʩʷ ʩʣʦʞʥʳʤ ʧʨʦʮʝʩʩʦʤ, ʦʜʥʘʢʦ ʩʫʱʝʩʪʚʫʶʪ ʤʝʪʦʜʘ ʜʣʷ ʫʧʨʦʱʝʥʠʷ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʵʪʦʛʦ 
ʜʝʡʩʪʚʠʷ. ʆʜʥʠʤ ʠʟ ʥʠʭ ʷʚʣʷʶʪʩʷ ʥʝʡʨʦʥʥʳʝ ʩʝʪʠ. ʀʭ ʦʩʦʙʝʥʥʦʩʪʴʶ ʷʚʣʷʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴ ʨʝʜʘʢʪʠʨʦʚʘʪʴ ʠʟʦʙʨʘʞʝʥʠʷ 
ʩʦʛʣʘʩʥʦ ʠʭ ʩʦʜʝʨʞʘʥʠʶ, ʦʧʠʨʘʷʩʴ ʥʘ ʦʙʨʘʟʳ ʠ ʦʙʲʝʢʪʳ, ʫʚʠʜʝʥʥʳʝ ʥʘ ʠʟʦʙʨʘʞʝʥʠʠ. ʕʪʦ ʧʦʟʚʦʣʷʝʪʩʷ ʧʨʦʚʦʜʠʪʴ 
ʨʝʜʘʢʪʠʨʦʚʘʥʠʝ ʥʝ ʩʣʝʧʦ, ʘ ʦʩʦʟʥʘʥʥʦ. 

ʀʟ ʚʩʝʭ ʩʧʦʩʦʙʦʚ ʨʝʜʘʢʪʠʨʦʚʘʥʠʝ ʠʟʦʙʨʘʞʝʥʠʡ ʥʝʡʨʦʥʥʳʝ ʩʝʪʠ ʷʚʣʷʶʪʩʷ ʥʘʠʙʦʣʝʝ 
ʘʢʪʫʘʣʴʥʳʤ, ʦʥʠ ʧʦʟʚʦʣʷʶʪ ʧʨʦʚʦʜʠʪʴ ʝʛʦ ʙʝʟ ʟʘʪʨʘʪ ʚʨʝʤʝʥʠ ʠ ʩʠʣ ʭʫʜʦʞʥʠʢʦʚ, ʥʦ ʧʨʠ ʵʪʦʤ 
ʨʝʟʫʣʴʪʘʪ ʠʭ ʨʘʙʦʪʳ ʚ ʯʘʩʪʥʦʤ ʩʣʫʯʘʝ ʤʦʞʝʪ ʙʳʪʴ ʥʝʧʨʝʜʩʢʘʟʫʝʤ. ʋ ʥʝʡʨʦʥʥʳʭ ʩʝʪʝʡ ʝʩʪʴ ʜʚʘ 
ʦʩʥʦʚʥʳʭ ʧʨʠʤʝʥʝʥʠʷ ʚ ʨʝʜʘʢʪʠʨʦʚʘʥʠʠ ʠʟʦʙʨʘʞʝʥʠʡ: 

- ʫʚʝʣʠʯʝʥʠʝ ʨʘʟʨʝʰʝʥʠʝ ʠʟʦʙʨʘʞʝʥʠʷ; 
- ʫʣʫʯʰʝʥʠʝ ʢʘʯʝʩʪʚʘ ʠʟʦʙʨʘʞʝʥʠʷ. 
ʀʟ ʥʠʭ ʫʚʝʣʠʯʝʥʠʝ ʨʘʟʨʝʰʝʥʠʷ ʠʟʦʙʨʘʞʝʥʠʡ ʥʘʠʙʦʣʝʝ ʘʢʪʫʘʣʝʥ, ʦʥ ʥʝ ʩʪʨʝʤʠʪʩʷ ʠʟʤʝʥʠʪʴ 

ʠʟʦʙʨʘʞʝʥʠʝ ʠ ʦʙʣʘʜʘʝʪ ʥʘʠʚʳʩʰʠʤʠ ʧʦʢʘʟʘʪʝʣʷʤʠ ʢʘʯʝʩʪʚʘ ʠʟ ʚʩʝʭ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʭ ʘʣʛʦʨʠʪʤʦʚ 
ʫʚʝʣʠʯʝʥʠʷ ʨʘʟʨʝʰʝʥʠʷ ʠʟʦʙʨʘʞʝʥʠʡ, ʯʪʦ ʥʠʚʝʣʠʨʫʝʪ ʪʘʢʠʝ ʠʟ ʝʛʦ ʥʝʜʦʩʪʘʪʢʦʚ, ʢʘʢ ʩʢʣʦʥʥʦʩʪʴ ʢ 
ʘʨʪʝʬʘʢʪʘʤ ʠ ʭʠʤʝʨʘʤ, ʚʝʜʴ ʜʨʫʛʠʝ ʤʝʪʦʜʳ ʫʚʝʣʠʯʝʥʠʷ ʨʘʟʨʝʰʝʥʠʷ ʠʟʦʙʨʘʞʝʥʠʡ ʪʦʞʝ ʚʝʜʫʪ ʢ 
ʧʦʷʚʣʝʥʠʶ ʘʨʪʝʬʘʢʪʦʚ. 

ʋʚʝʣʠʯʝʥʠʝ ʨʘʟʨʝʰʝʥʠʷ ʠʟʦʙʨʘʞʝʥʠʡ ʥʝʦʙʭʦʜʠʤʦ ʦʯʝʥʴ ʯʘʩʪʦ. ʉʦʚʨʝʤʝʥʥʳʝ ʤʦʥʠʪʦʨʳ ʠ 
ʚʠʜʝʦʢʘʨʪʳ ʩʧʦʩʦʙʥʳ ʦʪʦʙʨʘʞʘʪʴ ʪʦʣʴʢʦ ʦʜʥʦ ʨʘʟʨʝʰʝʥʠʝ ʝʜʠʥʦʚʨʝʤʝʥʥʦ, ʦʥʠ ʥʝ ʤʦʛʫʪ ʦʪʦʙʨʘʟʠʪʴ 
ʯʘʩʪʴ ʵʢʨʘʥʘ ʚ ʦʜʥʦʤ ʨʘʟʨʝʰʝʥʠʠ, ʘ ʜʨʫʛʫʶ ʯʘʩʪʴ ʚ ʜʨʫʛʦʤ ʨʘʟʨʝʰʝʥʠʠ, ʧʦʵʪʦʤʫ ʯʪʦʙʳ ʦʪʦʙʨʘʟʠʪʴ 
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ʠʟʦʙʨʘʞʝʥʠʷ ʠ ʚʠʜʝʦ, ʩʜʝʣʘʥʥʳʝ ʚ ʙʦʣʝʝ ʥʠʟʢʦʤ ʨʘʟʨʝʰʝʥʠʠ, ʯʝʤ ʨʘʟʨʝʰʝʥʠʝ ʤʦʥʠʪʦʨʘ, 
ʥʝʦʙʭʦʜʠʤʦ ʫʚʝʣʠʯʠʪʴ ʠʭ ʨʘʟʨʝʰʝʥʠʝ. ʉʝʡʯʘʩ ʵʪʦ ʧʦ ʪʨʘʜʠʮʠʠ ʜʝʣʘʝʪʩʷ ʩ ʧʦʤʦʱʴʶ ʤʘʣʦʟʘʪʨʘʪʥʳʭ 
ʠ ʵʬʬʝʢʪʠʚʥʳʭ ʘʣʛʦʨʠʪʤʦʚ, ʚʝʜʴ ʙʦʣʴʰʠʥʩʪʚʦ ʢʦʤʧʴʶʪʝʨʦʚ, ʜʦʩʪʫʧʥʳʭ ʨʷʜʦʚʦʤʫ ʧʦʣʴʟʦʚʘʪʝʣʶ 
ʙʳʣʦ ʤʘʣʦʤʦʱʥʳʤʠ, ʦʜʥʘʢʦ ʨʦʩʪ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʚʠʜʝʦʢʘʨʪ ʚ ʧʦʩʣʝʜʥʝʝ ʚʨʝʤʷ ʧʨʠʚʝʣ ʢ ʪʦʤʫ, 
ʯʪʦ ʚʩʝ ʙʦʣʴʰʝ ʠ ʙʦʣʴʰʝ ʢʦʤʧʴʶʪʝʨʦʚ ʦʙʣʘʜʘʝʪ ʥʝʦʙʭʦʜʠʤʦʡ ʤʦʱʥʦʩʪʴʶ, ʥʦ ʥʝ ʠʩʧʦʣʴʟʫʝʪ ʝʝ, 
ʧʦʪʦʤʫ ʯʪʦ ʙʦʣʴʰʠʥʩʪʚʦ ʨʝʰʝʥʠʡ ʜʣʷ ʚʦʩʧʨʦʠʟʚʝʜʝʥʠʷ ʚʠʜʝʦ ʠ ʦʪʦʙʨʘʞʝʥʠʷ ʠʟʦʙʨʘʞʝʥʠʡ ʥʝ 
ʧʨʠʤʝʥʷʝʪ ʚʳʩʦʢʦʢʘʯʝʩʪʚʝʥʥʳʝ ʘʣʛʦʨʠʪʤʳ. ʉʫʱʝʩʪʚʫʶʱʠʝ ʨʝʰʝʥʠʷ, ʢʘʢ madVR, ʩʣʦʞʥʳ ʚ 
ʠʩʧʦʣʴʟʦʚʘʥʠʠ, ʥʫʞʜʘʶʪʩʷ ʚ ʜʦʧʦʣʥʠʪʝʣʴʥʦʡ ʪʨʫʜʦʝʤʢʦʡ ʥʘʩʪʨʦʡʢʝ ʠ ʥʝʜʦʩʪʫʧʥʳ ʜʣʷ ʨʷʜʦʚʦʛʦ 
ʧʦʣʴʟʦʚʘʪʝʣʷ, ʧʦʵʪʦʤʫ ʩʫʱʝʩʪʚʫʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʧʨʦʜʚʠʞʝʥʠʷ  ʵʪʠʭ ʤʝʪʦʜʦʚ ʚ ʤʘʩʩʳ. 

ʋʚʝʣʠʯʝʥʠʷ ʨʘʟʨʝʰʝʥʠʷ ʪʘʢʞʝ ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʜʣʷ  ʫʣʫʯʰʝʥʠʷ ʢʘʯʝʩʪʚʘ ʠʟʦʙʨʘʞʝʥʠʷ 
ʧʫʪʝʤ ʧʨʠʤʝʥʝʥʠʷ ʩʫʧʝʨʩʵʤʧʣʠʥʛʘ, ʫʚʝʣʠʯʝʥʠʝ ʨʘʟʨʝʰʝʥʠʷ ʚʳʰʝ ʨʘʟʨʝʰʝʥʠʷ ʤʦʥʠʪʦʨʘ ʠ 
ʧʦʩʣʝʜʫʶʱʝʝ ʝʛʦ ʫʤʝʥʴʰʝʥʠʝ. ʕʪʦ ʧʦʟʚʦʣʷʝʪ ʫʚʝʣʠʯʠʪʴ ʯʝʪʢʦʩʪʴ ʠ ʧʣʘʚʥʦʩʪʴ ʠʟʦʙʨʘʞʝʥʠʷ, ʘ ʪʘʢʞʝ 
ʠʟʙʘʚʠʪʴʩʷ ʦʪ ʥʝʢʦʪʦʨʳʭ ʚʠʜʦʚ ʘʨʪʝʬʘʢʪʦʚ.  

ɽʱʝ ʦʜʥʠʤ ʧʨʝʠʤʫʱʝʩʪʚʦʤ ʫʚʝʣʠʯʝʥʠʷ ʨʘʟʨʝʰʝʥʠʷ ʠʟʦʙʨʘʞʝʥʠʷ ʷʚʣʷʝʪʩʷ ʫʤʝʥʴʰʝʥʠʝ 
ʥʝʦʙʭʦʜʠʤʦʛʦ ʦʙʲʝʤʘ ʭʨʘʥʠʣʠʱʘ, ʠʩʧʦʣʴʟʫʝʤʦʛʦ ʜʣʷ ʭʨʘʥʝʥʠʷ ʦʜʥʦʛʦ ʬʘʡʣʘ. ʇʨʠ ʫʤʝʥʴʰʝʥʠʠ 
ʨʘʟʨʝʰʝʥʠʷ ʚ ʜʚʘ ʨʘʟʘ, ʨʘʟʤʝʨ ʬʘʡʣʘ ʤʦʞʝʪ ʫʤʝʥʴʰʠʪʴʩʷ ʚ 4 ʨʘʟʘ. 

ɼʨʫʛʠʤ ʩʧʦʩʦʙʘʤ ʫʣʫʯʰʝʥʠʷ ʢʘʯʝʩʪʚʘ ʠʟʦʙʨʘʞʝʥʠʷ ʩ ʧʦʤʦʱʴʶ ʥʝʡʨʦʥʥʳʭ ʩʝʪʝʡ ʷʚʣʷʝʪʩʷ 
ʠʟʤʝʥʝʥʠʝ ʠʟʦʙʨʘʞʝʥʠʷ ʙʝʟ ʠʟʤʝʥʝʥʠʷ ʝʛʦ ʨʘʟʨʝʰʝʥʠʷ. ʕʪʦ ʧʨʠʤʝʥʷʝʪʩʷ ʜʣʷ ʜʦʩʪʠʞʝʥʠʷ 
ʩʣʝʜʫʶʱʠʭ ʵʬʬʝʢʪʦʚ: 

- ʫʙʠʨʘʥʠʝ ʧʨʳʱʝʡ; 
- ʫʣʫʯʰʝʥʠʝ ʮʚʝʪʘ ʢʦʞʠ; 
- ʫʙʠʨʘʥʠʝ ʤʦʨʱʠʥ. 
ʋ ʵʪʠʭ ʤʝʪʦʜʦʚ ʙʦʣʝʝ ʫʟʢʘʷ ʟʦʥʘ ʜʝʡʩʪʚʠʷ ʠ ʦʥʠ, ʚ ʦʪʣʠʯʠʝ ʦʪ ʩʫʧʝʨʩʵʤʧʣʠʥʛʘ, ʩʪʨʝʤʷʪʩʷ 

ʠʤʝʥʥʦ ʠʟʤʝʥʠʪ ʠʟʦʙʨʘʞʝʥʠʝ. ɹʦʣʝʝ ʪʦʯʝʯʥʘʷ ʦʙʣʘʩʪʴ ʜʝʡʩʪʚʠʷ ʧʨʠʚʦʜʠʪ ʢ ʫʤʝʥʴʰʝʥʠʶ 
ʚʝʨʦʷʪʥʦʩʪʠ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʘʨʪʝʬʘʢʪʦʚ, ʥʦ ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ. 

 
ʉʧʠʩʦʢ ʠʩʧʦʣʴʟʦʚʘʥʥʳʭ ʠʩʪʦʯʥʠʢʦʚ: 
1. Li Deng, Dong Yu deep learning: methods and aplications // Now Publishers Inc.. ï 2014. ï Vol. 7, ˉ 4. ï P. 197-387. 
2. Christopher M. Bishop Pattern Recognition and Machine Learning// Springer-Verlag - New York, 2006. ï 738 ʩ. 

 
 

ʇʈʀʄɽʅɽʅʀɽ ɸʃɻʆʈʀʊʄʆɺ ʂʆʅʊʋʈʅʆɻʆ ɸʅɸʃʀɿɸ 
ʇʈʀ ʉʆɿɼɸʅʀʀ ʇɸʅʆʈɸʄʅʓʍ ʀɿʆɹʈɸɾɽʅʀʁ 

ʏʠʨʫʢ ɼ.ɺ. 

ɹʝʣʦʨʫʩʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʥʬʦʨʤʘʪʠʢʠ ʠ ʨʘʜʠʦʵʣʝʢʪʨʦʥʠʢʠ 
ʛ. ʄʠʥʩʢ, ʈʝʩʧʫʙʣʠʢʘ ɹʝʣʘʨʫʩʴ 

ʉʘʧʨʦʥʦʚʘ ʖ.ʀ. ï ʘʩʩʠʩʪʝʥʪ 

ɺ ʜʘʥʥʦʡ ʩʪʘʪʴʝ ʨʘʩʩʤʦʪʨʝʥʘ ʚʦʟʤʦʞʥʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʘʣʛʦʨʠʪʤʦʚ ʢʦʥʪʫʨʥʦʛʦ ʘʥʘʣʠʟʘ ʠʟʦʙʨʘʞʝʥʠʡ ʧʨʠʤʠʥʠʪʝʣʴʥʦ ʢ 
ʩʦʟʜʘʥʠʶ ʧʘʥʦʨʘʤʥʳʭ ʠʟʦʙʨʘʞʝʥʠʡ. ʂʨʘʪʢʦ ʫʢʘʟʘʥʘ ʘʢʪʫʘʣʴʥʦʩʪʴ ʪʝʤʳ. ʆʙʦʩʥʦʚʘʥ ʚʳʙʦʨ ʜʘʥʥʦʛʦ ʪʠʧʘ ʘʣʛʦʨʠʪʤʦʚ ʜʣʷ 
ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʧʨʠ ʩʢʣʝʡʢʝ ʠʩʭʦʜʥʳʭ ʠʟʦʙʨʘʞʝʥʡ ʧʨʠ ʩʦʟʜʘʥʠʠ ʧʘʥʦʨʘʤʳ, ʨʘʩʩʤʦʪʨʝʥʳ ʦʩʥʦʚʥʳʝ ʬʘʢʪʦʨʳ, ʚʣʠʷʶʱʠʝ ʥʘ 
ʚʳʙʦʨ. ʇʨʠʚʝʜʝʥʦ ʢʨʘʪʢʦʝ ʦʧʠʩʘʥʠʝ ʘʣʛʦʨʠʪʤʘ, ʘ ʢʨʦʤʝ ʥʝʛʦ ʥʝʦʙʭʦʜʠʤʳʭ ʵʪʘʧʦʚ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʡ ʠ ʧʦʩʣʝʜʫʶʱʝʡ ʦʙʨʘʙʦʪʢʠ 
ʠʟʦʙʨʘʞʝʥʠʡ ʜʣʷ ʩʦʟʜʘʥʠʷ ʧʘʥʦʨʘʤ. 

ʉʦʚʤʝʱʝʥʠʝ ʠʟʦʙʨʘʞʝʥʠʡ ʷʚʣʷʝʪʩʷ ʘʢʪʫʘʣʴʥʳʤ ʚʦʧʨʦʩʦʤ ʚʦ ʤʥʦʛʠʭ ʥʘʧʨʘʚʣʝʥʠʷʭ: ʤʝʜʠʮʠʥʘ 
(ʧʦʣʫʯʝʥʠʝ ʩʥʠʤʢʦʚ ʚʥʫʪʨʝʥʥʠʭ ʦʨʛʘʥʦʚ, ʢʦʩʪʝʡ ʠ ʜʨ.), ʘʚʠʘʮʠʷ, ʢʦʩʤʠʯʝʩʢʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʠ 
ʦʙʦʨʦʥʥʘʷ ʧʨʦʤʳʰʣʝʥʥʦʩʪʴ (ʢʦʤʙʠʥʠʨʦʚʘʥʥʦʝ ʚʠʜʝʥʠʝ, ʩʦʚʤʝʱʝʥʠʝ ʩʥʠʤʢʦʚ ʩ ʧʨʠʙʦʨʦʚ ʥʦʯʥʦʛʦ 
ʚʠʜʝʥʠʷ, ʢʘʤʝʨ, ʟʦʥʜʦʚ ʠ ʜʨ). ʊʘʢʞʝ ʰʠʨʦʢʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʤʠ ʚ ʥʘʰʝ ʚʨʝʤʷ ʷʚʣʷʶʪʩʷ ʧʘʥʦʨʘʤʥʳʝ 
ʬʦʪʦʛʨʘʬʠʠ, ʧʝʨʝʢʨʳʚʘʶʱʠʝ ʧʦʣʝ ʟʨʝʥʠʷ ʯʝʣʦʚʝʢʘ ʜʦ 180, ʘ ʪʦ ʠ 360 ʛʨʘʜʫʩʦʚ (ʪʘʢ ʥʘʟʳʚʘʝʤʳʝ 
ʩʬʝʨʠʯʝʩʢʠʝ ʧʘʥʦʨʘʤʳ). ɺʦ ʤʥʦʛʠʭ ʩʬʝʨʘʭ ʞʠʟʥʠ ʯʝʣʦʚʝʢʘ ʪʘʢ ʠʣʠ ʠʥʘʯʝ ʚʩʪʨʝʯʘʝʪʩʷ 
ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʩʦʚʤʝʱʝʥʠʷ ʠʟʦʙʨʘʞʝʥʠʡ. 

 ʉʪʦʠʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʧʦʜ ʧʘʥʦʨʘʤʥʳʤʠ ʬʦʪʦʛʨʘʬʠʷʤʠ ʩʪʦʠʪ ʧʦʥʠʤʘʪʴ ʪʝ, ʩʦʦʪʥʦʰʝʥʠʝ ʩʪʦʨʦʥ 
ʚ ʢʦʪʦʨʳʭ ʙʦʣʴʰʝ, ʯʝʤ 2:1, ʠ ʪʘʢʞʝ ʩʪʦʠʪ ʫʯʠʪʳʚʘʪʴ, ʯʪʦ ʜʘʥʥʳʝ ʬʦʪʦʛʨʘʬʠʠ, ʢʘʢ ʧʨʘʚʠʣʦ, 
ʧʦʣʫʯʘʶʪʩʷ ʠʤʝʥʥʦ ʧʨʠ ʥʘʣʦʞʝʥʠʠ ʥʝʩʢʦʣʴʢʠʭ ʩʥʠʤʢʦʚ ʜʨʫʛ ʥʘ ʜʨʫʛʘ, ʘ ʥʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 
ʩʧʝʮʠʘʣʴʥʳʭ ʪʝʭʥʠʯʝʩʢʠʭ ʩʨʝʜʩʪʚ (ʰʠʨʦʢʦʫʛʦʣʴʥʳʭ ʦʙʲʝʢʪʠʚʦʚ ʠ ʧʨ.).  

ʉʪʦʠʪ ʦʙʦʟʥʘʯʠʪʴ ʥʝʢʦʪʦʨʳʝ ʦʛʨʘʥʠʯʝʥʠʷ ʜʣʷ ʜʘʥʥʦʛʦ ʘʣʛʦʨʠʪʤʘ:  
1) ʤʠʥʠʤʘʣʴʥʘʷ ʩʢʦʨʦʩʪʴ ʨʘʙʦʪʳ ʩ ʩʦʭʨʘʥʝʥʠʝʤ ʜʦʩʪʘʪʦʯʥʦʡ ʪʦʯʥʦʩʪʠ; 
2) ʧʨʦʩʪʦʪʘ ʨʝʘʣʠʟʘʮʠʠ ʘʣʛʦʨʠʪʤʘ; 
3) ʦʪʥʦʩʠʪʝʣʴʥʘʷ ʥʝʚʦʩʧʨʠʠʤʯʠʚʦʩʪʴ ʢ ʢʘʯʝʩʪʚʫ ʠʩʭʦʜʥʳʭ ʠʟʦʙʨʘʞʝʥʠʡ; 
4) ʣʝʛʢʦʩʪʴ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʡ ʦʙʨʘʙʦʪʢʠ ʠʟʦʙʨʘʞʝʥʠʷ ʧʝʨʝʜ ʧʨʠʤʝʥʝʥʠʝʤ ʘʣʛʦʨʠʪʤʘ. 



55-ʷ ʶʙʠʣʝʡʥʘʷ ʥʘʫʯʥʘʷ ʢʦʥʬʝʨʝʥʮʠʷ ʘʩʧʠʨʘʥʪʦʚ, ʤʘʛʠʩʪʨʘʥʪʦʚ ʠ ʩʪʫʜʝʥʪʦʚ ɹɻʋʀʈ, 2019 ʛ. 
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ʈʝʰʝʥʠʝ ʟʘʜʘʯʠ ʩʚʦʜʠʪʩʷ ʢ ʧʦʠʩʢʫ ʚ ʜʚʫʭ ʠ ʙʦʣʝʝ ʧʦʣʫʯʝʥʥʳʭ ʠʟʦʙʨʘʞʝʥʠʷʭ ʦʜʥʠʭ ʠ ʪʝʭ ʞʝ 
ʦʙʲʝʢʪʦʚ, ʠʭ ʩʦʧʦʩʪʘʚʣʝʥʠʶ, ʛʝʦʤʝʪʨʠʯʝʩʢʦʤʫ ʧʨʝʦʙʨʘʟʦʚʘʥʠʶ ʦʜʥʦʛʦ ʠʟʦʙʨʘʞʝʥʠʷ ʢ ʧʣʦʩʢʦʩʪʠ 
ʜʨʫʛʦʛʦ ʠʟʦʙʨʘʞʝʥʠʷ ʠ ʢʦʥʝʯʥʦʤ ʩʣʠʷʥʠʠ ʜʘʥʥʳʭ ʠʟʦʙʨʘʞʝʥʠʡ ʜʣʷ ʦʪʦʙʨʘʞʝʥʠʷ ʚ ʚʠʜʝ ʧʘʥʦʨʘʤʳ. 
ʇʫʪʝʤ ʠʩʩʣʝʜʦʚʘʥʠʡ ʜʣʷ ʫʩʢʦʨʝʥʠʷ ʧʨʦʮʝʩʩʘ ʩʦʧʦʩʪʘʚʣʝʥʠʷ ʙʳʣʦ ʨʝʰʝʥʦ ʩʦʧʦʩʪʘʚʣʷʪʴ ñʙʣʠʞʘʡʰʠʝò 
ʜʨʫʛ ʢ ʜʨʫʛʫ 35% ʠʩʭʦʜʥʳʭ ʠʟʦʙʨʘʞʝʥʠʡ. ʂʦʥʪʫʨʳ ʦʩʥʦʚʥʳʭ ʦʙʲʝʢʪʦʚ ʥʘ ʠʟʦʙʨʘʞʝʥʠʷʭ ʦʩʪʘʶʪʩʷ 
ʥʝʠʟʤʝʥʥʳʤʠ. ʆʪʣʠʯʠʷ ʚ ʧʝʨʝʢʨʳʚʘʶʱʠʭʩʷ ʯʘʩʪʷʭ ʠʟʦʙʨʘʞʝʥʠʡ ʚʦʟʥʠʢʘʶʪ ʠʟ-ʟʘ ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ 
ʠʩʢʘʞʝʥʠʡ ʧʨʠ ʩʲʝʤʢʝ.  

ʇʦʩʣʝ ʪʝʦʨʝʪʠʯʝʩʢʠʭ ʠʟʳʩʢʘʥʠʡ ʙʳʣʦ ʨʝʰʝʥʦ ʚʦʩʧʦʣʴʟʦʚʘʪʴʩʷ ʘʣʛʦʨʠʪʤʦʤ ʚʳʜʝʣʝʥʠʷ ʛʨʘʥʠʮ 
ʦʙʲʝʢʪʦʚ ʥʘ ʦʩʥʦʚʝ ʚʳʯʠʩʣʝʥʠʷ ʧʦʨʦʛʘ ʆʪʩʫ ʜʣʷ ʥʝʦʙʭʦʜʠʤʳʭ ʯʘʩʪʝʡ ʠʟʦʙʨʘʞʝʥʠʡ ʠ  ʙʠʥʘʨʠʟʘʮʠʶ 
ʧʦ ʜʘʥʥʦʤʫ ʧʦʨʦʛʫ. ʇʦʩʣʝ ʧʦʜʛʦʪʦʚʢʠ ʠʟʦʙʨʘʞʝʥʠʡ ʥʝʦʙʭʦʜʠʤʦ ʧʨʦʠʟʚʝʩʪʠ ʠʭ ʩʦʚʤʝʱʝʥʠʝ. ɼʣʷ ʵʪʦʛʦ 
ʙʳʣʠ ʨʘʩʩʤʦʪʨʝʥʳ ʜʚʘ ʨʘʟʣʠʯʥʳʭ ʘʣʛʦʨʠʪʤʘ ʩʦʚʤʝʱʝʥʠʷ ʢʦʥʪʫʨʦʚ[1]: 

ʇʝʨʚʳʡ ʦʩʥʦʚʘʥ ʥʘ ʠʜʝʷʭ ʢʦʤʧʣʝʢʩʥʦʛʦ ʢʦʥʪʫʨʥʦʛʦ ʘʥʘʣʠʟʘ, ʘ ʚʪʦʨʦʡ ʥʘ ʠʩʧʦʣʴʟʦʚʘʥʠʠ 
ʤʘʪʨʠʮʳ ʛʦʤʦʛʨʘʬʠʠ. ʇʝʨʚʳʡ ʘʣʛʦʨʠʪʤ ʧʦʟʚʦʣʷʝʪ ʫʯʠʪʳʚʘʪʴ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʠʟʦʙʨʘʞʝʥʠʡ: ʩʜʚʠʛ 
ʚʜʦʣʴ ʚʝʢʪʦʨʘ, ʧʦʚʦʨʦʪ ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʘʯʘʣʘ ʦʙʱʝʡ ʩʠʩʪʝʤʳ ʢʦʦʨʜʠʥʘʪ, ʠʟʤʝʥʝʥʠʝ ʤʘʩʰʪʘʙʘ. ʅʦ ʦʥ 
ʥʝ ʫʯʠʪʳʚʘʝʪ ʧʨʦʝʢʮʠʦʥʥʳʝ ʠʩʢʘʞʝʥʠʷ, ʢʦʪʦʨʳʝ ʙʫʜʫʪ ʚʦʟʥʠʢʘʪʴ ʧʨʠ ʩʲʝʤʢʝ, ʧʦʵʪʦʤʫ ʦʥ ʥʝ ʧʦʜʭʦʜʠʪ 
ʜʣʷ ʩʦʚʤʝʱʝʥʠʷ ʠʟʦʙʨʘʞʝʥʠʡ ʧʨʠ ʩʲʝʤʢʝ ʧʘʥʦʨʘʤ. 

ɺʪʦʨʦʡ ʘʣʛʦʨʠʪʤ - ʘʣʛʦʨʠʪʤ ʩʦʚʤʝʱʝʥʠʷ ʢʦʥʪʫʨʦʚ ʩ ʧʦʤʦʱʴʶ ʤʝʪʦʜʦʚ ʢʦʤʧʣʝʢʩʥʦʛʦ 
ʢʦʥʪʫʨʥʦʛʦ ʘʥʘʣʠʟʘ, ʧʦʟʚʦʣʷʝʪ ʫʯʠʪʳʚʘʪʴ ʩʜʚʠʛ ʚʜʦʣʴ ʚʝʢʪʦʨʘ, ʠʟʤʝʥʝʥʠʝ ʤʘʩʰʪʘʙʘ, ʧʦʚʦʨʦʪ 
ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʘʯʘʣʘ ʦʙʱʝʡ ʜʣʷ ʜʚʫʭ ʠʟʦʙʨʘʞʝʥʠʡ ʜʝʢʘʨʪʦʚʦʡ ʩʠʩʪʝʤʳ ʢʦʦʨʜʠʥʘʪ, ʯʪʦ ʚʧʦʣʥʝ 
ʜʦʩʪʘʪʦʯʥʦ. 

ʋʯʝʩʪʴ ʚʣʠʷʥʠʝ ʧʨʦʝʢʮʠʦʥʥʳʭ ʠʩʢʘʞʝʥʠʡ ʤʦʞʥʦ ʚ ʘʣʛʦʨʠʪʤʝ ʩʦʚʤʝʱʝʥʠʷ ʢʦʥʪʫʨʦʚ ʩ ʧʦʤʦʱʴʶ 
ʤʘʪʨʠʮʳ ʛʦʤʦʛʨʘʬʠʠ. ʀʜʝʷ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʫʤʥʦʞʝʥʠʠ ʵʪʦʡ ʤʘʪʨʠʮʳ ʥʘ ʚʝʢʪʦʨ, ʢʦʤʧʦʥʝʥʪʳ ʢʦʪʦʨʦʛʦ 
ʷʚʣʷʶʪʩʷ ʢʦʦʨʜʠʥʘʪʘʤʠ i-ʡ ʪʦʯʢʠ ʩʦʚʤʝʱʘʝʤʦʛʦ ʢʦʥʪʫʨʘ (ʠʟʦʙʨʘʞʝʥʠʷ). 

ʆʜʥʠʤ ʠʟ ʩʘʤʳʭ ʚʘʞʥʳʭ ʜʦʩʪʦʠʥʩʪʚ ʦʙʥʘʨʫʞʝʥʠʷ ʦʙʲʝʢʪʦʚ ʚ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʩʥʠʤʢʦʚ ʧʨʠ 
ʩʲʝʤʢʝ ʧʘʥʦʨʘʤ ʠ ʠʭ ʩʦʚʤʝʱʝʥʠʶ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʢʦʥʪʫʨʥʦʛʦ ʘʥʘʣʠʟʘ ʷʚʣʷʝʪʩʷ ʩʣʘʙʘʷ 
ʟʘʚʠʩʠʤʦʩʪʴ ʪʦʯʥʦʩʪʠ ʦʪ ʠʩʢʘʞʝʥʠʡ ʷʨʢʦʩʪʠ ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʫʩʣʦʚʠʷʭ ʩʲʝʤʢʠ, ʪʘʢʞʝ ʩʪʦʠʪ ʫʢʘʟʘʪʴ 
ʚʳʯʠʩʣʠʪʝʣʴʥʫʶ ʧʨʦʩʪʦʪʫ ʘʣʛʦʨʠʪʤʦʚ ʢʦʥʪʫʨʥʦʛʦ ʘʥʘʣʠʟʘ, ʠ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ ʚʳʩʦʢʫʶ ʩʢʦʨʦʩʪʴ 
ʚʳʧʦʣʥʝʥʠʷ ʘʣʛʦʨʠʪʤʘ, ʯʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʚʦʟʤʦʞʥʦʩʪʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚ ʩʠʩʪʝʤʘʭ ʨʝʘʣʴʥʦʛʦ 
ʚʨʝʤʝʥʠ. 
 

ʉʧʠʩʦʢ ʠʩʧʦʣʴʟʦʚʘʥʥʳʭ ʠʩʪʦʯʥʠʢʦʚ: 
1. ʃʦʛʠʥʦʚ ɸ.ɸ., ʅʦʚʠʢʦʚ ɸ.ʀ., ʉʘʙʣʠʥʘ ɺ.ɸ., ʑʝʨʙʘʢʦʚʘ ʆ.ɺ. ʀʩʩʣʝʜʦʚʘʥʠʝ ʚʦʟʤʦʞʥʦʩʪʠ ʧʨʠʤʝʥʝʥʠʷ ʢʦʤʧʣʝʢʩʥʦʛʦ 

ʢʦʥʪʫʨʥʦʛʦ ʘʥʘʣʠʟʘ ʚ ʟʘʜʘʯʘʭ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʠ ʩʦʚʤʝʱʝʥʠʷ ʢʦʥʪʫʨʦʚ // ɺʝʩʪʥʠʢ ʈɻʈʊʋ, ˉ1 (ʚʳʧʫʩʢ 43). ʈʷʟʘʥʴ, 2013. c.20-25. 

 
 

ɸʋɼʀʊ ɹɽɿʆʇɸʉʅʆʉʊʀ ʊʈɸʌʀʂɸ ɺ ʉʀʉʊɽʄɽ IP-ʊɽʃɽʌʆʅʀʀ 

ʐʘʙʘʥ ɸ.ʀ. 

ɹʝʣʦʨʫʩʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʥʬʦʨʤʘʪʠʢʠ ʠ ʨʘʜʠʦʵʣʝʢʪʨʦʥʠʢʠ 
ʛ. ʄʠʥʩʢ, ʈʝʩʧʫʙʣʠʢʘ ɹʝʣʘʨʫʩʴ 

ʆʜʠʥʝʮ ɼ.ʅ. ï ʢ.ʪ.ʥ.,ʜʦʮʝʥʪ 

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʙʳʣʠ ʨʘʩʩʤʦʪʨʝʥʳ ʚʦʟʤʦʞʥʳʝ ʚʠʜʳ ʘʪʘʢ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʧʨʦʪʦʢʦʣʘ ʫʩʪʘʥʦʚʣʝʥʠʷ ʩʚʷʟʠ ʚ ʩʠʩʪʝʤʝ IP-
ʪʝʣʝʬʦʥʠʠ. ʊʘʢʞʝ ʨʘʩʩʤʦʪʨʝʥʳ ʤʝʪʦʜʳ ʜʣʷ ʧʦʚʳʰʝʥʠʷ ʙʝʟʦʧʘʩʥʦʩʪʠ ʚ ʩʠʩʪʝʤʝ IP-ʪʝʣʝʬʦʥʠʠ ʠ ʧʨʝʜʦʪʚʨʘʱʝʥʠʷ 
ʨʘʩʩʤʦʪʨʝʥʥʳʭ ʚʠʜʦʚ ʘʪʘʢ. 

ɺ IP-ʪʝʣʝʬʦʥʠʠ ʜʣʷ ʫʩʪʘʥʦʚʣʝʥʠʷ ʩʚʷʟʠ ʤʝʞʜʫ ʢʣʠʝʥʪʘʤʠ ʠʩʧʦʣʴʟʫʝʪʩʷ ʧʨʦʪʦʢʦʣ SIP. 
ʉʪʨʫʢʪʫʨʘ ʠ ʩʠʥʪʘʢʩʠʩ ʩʦʦʙʱʝʥʠʡ ʧʦʭʦʞ ʥʘ ʪʝ ʯʪʦ ʠʩʧʦʣʴʟʫʝʪʩʷ ʚ HTTP, ʯʪʦ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ 
ʥʘʙʦʨ ʪʝʢʩʪʦʚʳʭ ʩʪʨʦʢ, ʟʘʛʦʣʦʚʢʠ ʠ ʪʝʣʦ ʩʦʦʙʱʝʥʠʷ ʨʘʟʜʝʣʝʥʳ ʧʫʩʪʦʡ ʩʪʨʦʢʦʡ. 

ʇʨʦʪʦʢʦʣʳ SIP ʠ RTP, ʠʩʧʦʣʴʟʫʝʤʳ ʜʣʷ ʧʝʨʝʜʘʯʠ ʤʝʜʠʘ ʜʘʥʥʳʭ, ʙʳʣʠ ʨʘʟʨʘʙʦʪʘʥʳ ʙʝʟ ʫʯʝʪʘ 
ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʟʘʱʠʱʘʪʴ ʧʝʨʝʜʘʚʘʝʤʫʶ ʠʥʬʦʨʤʘʮʠʶ, ʚ ʩʣʝʜʩʪʚʠʠ ʯʝʛʦ ʚʦʟʤʦʞʥʳ ʩʣʝʜʫʶʱʠʝ ʚʠʜʳ 
ʘʪʘʢ: 

1) ʌʨʦʜ ʟʚʦʥʢʦʚ ï ʘʪʘʢʫʶʱʠʡ ʧʨʦʥʠʢʘʝʪ ʚ ʩʠʩʪʝʤʫ IP-ʪʝʣʝʬʦʥʠʠ ʠ ʠʤʝʝʪ ʚʦʟʤʦʞʥʦʩʪʴ 
ʩʦʚʝʨʰʘʪʴ ʟʚʦʥʢʠ, ʫʢʨʘʩʪʴ ʧʘʨʦʣʠ ʠ ʠʤʝʥʘ ʧʦʣʴʟʦʚʘʪʝʣʝʡ [1]; 

2) ɺʠʨʫʩʳ ï ʚʠʨʫʩ, ʧʦʧʘʚʰʠʡ ʚ ʩʝʪʴ IP-ʪʝʣʝʬʦʥʠʠ ʤʦʞʝʪ ʥʘʯʘʪʴ ʨʘʩʩʳʣʘʪʴ ʩʧʘʤ ʝʝ 
ʘʙʦʥʝʥʪʘʤ. ʊ.ʢ. ʢʣʠʝʥʪʳ ʜʣʷ IP-ʪʝʣʝʬʦʥʠʠ ʤʦʛʫʪ ʙʳʪʴ ʨʝʘʣʠʟʦʚʘʥʳ ʚ ʚʠʜʝ ʧʨʦʛʨʘʤʤ, ʪʦ 
ʜʘʥʥʦʤʫ ʚʠʜʫ ʘʪʘʢʠ ʧʦʜʚʝʨʞʝʥ ʥʝ ʪʦʣʴʢʦ ʢʣʠʝʥʪ, ʥʦ ʠ ʦʧʝʨʘʮʠʦʥʥʘʷ ʩʠʩʪʝʤʘ, ʚ 
ʩʣʝʜʩʪʚʠʠ ʯʝʛʦ ʤʦʛʫʪ ʙʳʪʴ ʫʢʨʘʜʝʥʳ ʜʘʥʥʳʝ; 

3) ʅʘʨʫʰʝʥʠʝ ʟʚʦʥʢʦʚ ï ʘʪʘʢʫʶʱʠʡ ʨʘʩʩʳʣʘʝʪ ʧʘʢʝʪʳ ʢʣʠʝʥʪʘʤ ʟʚʦʥʢʘ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ 
ʫʭʫʜʰʝʥʠʶ ʢʘʯʝʩʪʚʘ, ʟʘʜʝʨʞʢʘʤ ʠ ʜʘʞʝ ʧʨʝʢʨʘʱʝʥʠʶ ʟʚʦʥʢʘ [2]; 
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4) DoS ï ʜʘʥʥʘʷ ʘʪʘʢʘ ʥʘʨʫʰʘʝʪ ʜʦʩʪʫʧʥʦʩʪʴ ʩʝʨʚʠʩʘ, ʪʘʢʞʝ ʥʝ ʧʦʟʚʦʣʷʝʪ 
ʘʚʪʦʨʠʟʦʚʘʥʥʳʤ ʧʦʣʴʟʦʚʘʪʝʣʷʤ ʠʩʧʦʣʴʟʦʚʘʪʴ ʩʝʨʚʠʩ. ɼʘʥʥʘʷ ʘʪʘʢʘ ʤʦʞʝʪ 
ʦʩʫʱʝʩʪʚʣʷʪʴʩʷ ʟʘ ʩʯʝʪ ʦʪʧʨʘʚʢʠ ʙʦʣʴʰʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʩʦʦʙʱʝʥʠʡ ñInviteò ʠ ñRegistrerò, 
ʯʪʦ ʥʘʨʫʰʘʝʪ ʨʘʙʦʪʫ ʢʦʤʧʦʥʝʥʪʦʚ SIP; 

5) ʇʦʜʩʣʫʰʠʚʘʥʠʝ ï ʘʪʘʢʫʶʱʠʡ ʧʨʦʩʣʫʰʠʚʘʝʪ ʚʝʩʴ ʪʨʘʬʠʢ ʚ IP-ʪʝʣʝʬʦʥʠʠ;  
6) ʇʦʜʙʦʨ ʧʘʨʦʣʝʡ; 
7) Man-In-The-Middle ï ʘʪʘʢʫʶʱʠʡ ʧʨʦʥʠʢʘʝʪ ʚ ʟʚʦʥʦʢ ʤʝʞʜʫ ʧʦʣʴʟʦʚʘʪʝʣʷʤʠ, ʠ ʤʦʞʝʪ ʥʝ 

ʪʦʣʴʢʦ ʧʨʦʩʣʫʰʠʚʘʪʴ, ʥʦ ʠ ʠʟʤʝʥʷʪʴ ʩʦʦʙʱʝʥʠʷ ʤʝʞʜʫ ʢʣʠʝʥʪʘʤʠ. 
ɼʣʷ ʟʘʱʠʪʳ ʧʝʨʝʜʘʚʘʝʤʳ ʜʘʥʥʳʭ, ʤʦʞʝʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥ ʧʨʦʪʦʢʦʣ TLS ï ʧʨʦʪʦʢʦʣ ʟʘʱʠʪʳ 

ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʫʨʦʚʥʷ. ɼʘʥʥʳʡ ʧʨʦʪʦʢʦʣ ʠʩʧʦʣʴʟʫʝʪ ʘʩʠʤʤʝʪʨʠʯʥʦʝ ʰʠʬʨʦʚʘʥʠʷ ʜʣʷ 
ʘʫʪʝʥʪʠʬʠʢʘʮʠʠ, ʩʠʤʤʝʪʨʠʯʥʦʝ ʰʠʬʨʦʚʘʥʠʝ ʜʣʷ ʢʦʥʬʠʜʝʥʮʠʘʣʴʥʦʩʪʠ ʠ ʢʦʜʳ ʘʫʪʝʥʪʠʯʥʦʩʪʠ 
ʩʦʦʙʱʝʥʠʡ ʜʣʷ ʩʦʭʨʘʥʝʥʠʷ ʮʝʣʦʩʪʥʦʩʪʠ ʩʦʦʙʱʝʥʠʡ.   

 ʊʘʢʞʝ ʜʣʷ ʟʘʱʠʪʳ ʜʘʥʥʳʭ ʤʦʞʝʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥ IPsec ï ʥʘʙʦʨ ʧʨʦʪʦʢʦʣʦʚ ʜʣʷ 
ʦʙʝʩʧʝʯʝʥʠʷ ʟʘʱʠʪʳ ʜʘʥʥʳʭ, ʧʝʨʝʜʘʚʘʝʤʳʭ ʧʦ ʧʨʦʪʦʢʦʣʫ IP, ʦʙʝʩʧʝʯʠʚʘʶʱʠʭ ʘʫʪʝʥʪʠʬʠʢʘʮʠʶ, 
ʧʨʦʚʝʨʢʫ ʮʝʣʦʩʪʥʦʩʪʠ ʠ/ʠʣʠ ʰʠʬʨʦʚʘʥʠʝ IP-ʧʘʢʝʪʦʚ [3]. 

 ʇʨʠ ʩʨʘʚʥʝʥʠʠ ʧʨʦʪʦʢʦʣʦʚ TLS ʠ IPsec ʤʦʞʥʦ ʦʪʤʝʪʠʪʴ ʯʪʦ TLS ʠʤʝʝʪ ʩʣʝʜʫʶʱʠʝ 
ʧʨʝʠʤʫʱʝʩʪʚʘ: 

1) ʆʪʩʫʪʩʪʚʠʝ ʧʦʩʪʦʷʥʥʦʛʦ ʩʦʝʜʠʥʝʥʠʷ ʤʝʞʜʫ ʩʝʨʚʝʨʦʤ ʠ ʢʣʠʝʥʪʦʤ; 
2) ʈʝʘʣʠʟʫʝʪʩʷ ʥʘ ʫʨʦʚʥʝ ʧʨʝʜʩʪʘʚʣʝʥʠʷ. 
ʅʝʜʦʩʪʘʪʢʠ: 

1) ʅʝ ʤʦʞʝʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥ ʩ ʧʨʦʪʦʢʦʣʦʤ UDP; 
2) ʊʨʝʙʫʝʪʩʷ ʦʪʩʣʝʞʠʚʘʪʴ ʩʦʩʪʦʷʥʠʝ ʩʦʝʜʠʥʝʥʠʷ. 
ʆʜʥʘʢʦ ʧʨʦʪʦʢʦʣ IPsec ʨʝʘʣʠʟʫʝʪʩʷ ʥʘ ʩʝʪʝʚʦʤ ʫʨʦʚʥʝ ʠ ʧʦʟʚʦʣʷʝʪ ʰʠʬʨʦʚʘʪʴ ʜʘʥʥʳʝ, ʥʦ ʧʨʠ 

ʵʪʦʤ ʩʣʦʞʝʥ ʚ ʨʝʘʣʠʟʘʮʠʠ, ʧʨʝʜʲʷʚʣʷʝʪ ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʪʨʝʙʦʚʘʥʠʷ ʢ ʦʙʦʨʫʜʦʚʘʥʠʶ ʩʝʪʠ. 
 ɼʣʷ ʫʣʫʯʰʝʥʠʷ ʟʘʱʠʪʳ ʤʦʞʝʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥ VPN. ɺ ʩʣʫʯʘʝ ʥʝʚʦʟʤʦʞʥʦʩʪʠ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ VPN, ʥʝʦʙʭʦʜʠʤʦ ʠʩʧʦʣʴʟʦʚʘʪʴ VLAN. ɼʘʥʥʳʝ ʨʝʰʝʥʠʷ ʩʦʟʜʘʶʪ ʚʠʨʪʫʘʣʴʥʫʶ ʩʝʪʴ, 
ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʧʝʨʝʜʘʚʘʪʴ ʜʘʥʥʳʝ ʚ ʥʝʥʘʜʝʞʥʳʭ ʩʝʪʷʭ [4]. 

 ʐʠʬʨʦʚʘʥʠʝ ʵʪʦ ʦʜʠʥ ʠʟ ʢʣʶʯʝʚʳʭ ʤʝʭʘʥʠʟʤʦʚ, ʥʝ ʧʦʟʚʦʣʷʶʱʝʛʦ ʘʪʘʢʫʶʱʝʤʫ ʧʦʣʫʯʠʪʴ 
ʮʝʥʥʫʶ ʠʥʬʦʨʤʘʮʠʶ ʠʟ ʧʝʨʝʭʚʘʯʝʥʥʳʭ ʩʦʦʙʱʝʥʠʡ. 

 ʅʘ ʜʘʥʥʳʡ ʤʦʤʝʥʪ ʘʫʪʝʥʪʠʬʠʢʘʮʠʷ ʧʨʦʠʩʭʦʜʠʪ ʚ ʜʚʘ ʵʪʘʧʘ, ʯʪʦ ʥʝ ʷʚʣʷʝʪʩʷ ʥʘʜʝʞʥʳʤ 
ʤʝʪʦʜʦʤ. CHAP ï ʧʨʦʪʦʢʦʣ ʘʫʪʝʥʪʠʬʠʢʘʮʠʠ ʩ ʢʦʩʚʝʥʥʳʤ ʩʦʛʣʘʩʦʚʘʥʠʝʤ. ʗʚʣʷʝʪʩʷ ʘʣʛʦʨʠʪʤʦʤ 
ʧʨʦʚʝʨʢʠ ʧʦʜʣʠʥʥʦʩʪʠ ʠ ʧʨʝʜʫʩʤʘʪʨʠʚʘʝʪ ʧʝʨʝʜʘʯʫ ʥʝ ʩʘʤʦʛʦ ʧʘʨʦʣʷ ʧʦʣʴʟʦʚʘʪʝʣʷ, ʘ ʢʦʩʚʝʥʥʳʭ 
ʩʚʝʜʝʥʠʡ ʦ ʥʸʤ. ɸʫʪʝʥʪʠʬʠʢʘʮʠʷ ʫʟʣʘ ʚʳʧʦʣʥʷʝʪʩʷ ʧʫʪʸʤ ʪʨʝʭʵʪʘʧʥʦʡ ʧʨʦʮʝʜʫʨʳ ʩʦʛʣʘʩʦʚʘʥʠʷ. 

 ʇʨʝʠʤʫʱʝʩʪʚʘ CHAP: 
1) ɿʥʘʯʝʥʠʝ ʠʜʝʥʪʠʬʠʢʘʪʦʨʘ ʠ ʧʝʨʝʤʝʥʥʦʛʦ ʟʥʘʯʝʥʠʷ ʦʪʢʨʳʪʦʛʦ ʢʣʶʯʘ ʚʦʟʨʘʩʪʘʶʪ, ʯʪʦ 

ʧʨʝʜʦʪʚʨʘʱʘʝʪ ʘʪʘʢʠ ʧʦʚʪʦʨʥʦʛʦ ʚʦʩʧʨʦʠʟʚʝʜʝʥʠʷ; 
2) ʄʝʪʦʜ ʧʨʦʚʝʨʢʠ ʧʦʜʣʠʥʥʦʩʪʠ ʦʩʥʦʚʘʥ ʥʘ ʪʦʤ, ʯʪʦ ʘʫʪʝʥʪʠʬʠʢʘʪʦʨʫ ʠ ʫʟʣʫ ʠʟʚʝʩʪʝʥ 

ʩʝʢʨʝʪ, ʢʦʪʦʨʳʡ ʥʠʢʦʛʜʘ ʥʝ ʧʦʩʳʣʘʝʪʩʷ ʧʦ ʢʘʥʘʣʫ. 
ɸʥʘʣʠʟ ʪʨʘʬʠʢʘ ʤʦʞʝʪ ʙʳʪʴ ʦʩʫʱʝʩʪʚʣʝʥ ʧʨʠ ʧʦʤʦʱʠ DIP, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʘʥʘʣʠʟʠʨʦʚʘʪʴ 

ʩʦʜʝʨʞʠʤʦʝ ʧʝʨʝʜʘʚʘʝʤʳʭ ʧʘʢʝʪʦʚ ʠ ʙʣʦʢʠʨʦʚʘʪʴ ʚʠʨʫʩʳ.  
ɼʣʷ ʧʝʨʝʜʘʯʠ ʤʝʜʠʘ ʜʘʥʥʳʭ ʥʝʦʙʭʦʜʠʤʦ ʠʩʧʦʣʴʟʦʚʘʪʴ SRTP, ʢʦʪʦʨʳʡ ʧʨʝʜʥʘʟʥʘʯʝʥ ʜʣʷ 

ʰʠʬʨʦʚʘʥʠʷ, ʫʩʪʘʥʦʚʣʝʥʠʷ ʧʦʜʣʠʥʥʦʩʪʠ ʩʦʦʙʱʝʥʠʷ, ʮʝʣʦʩʪʥʦʩʪʠ ʜʘʥʥʳʭ. 
ɼʣʷ ʰʠʬʨʦʚʘʥʠʷ ʜʘʥʥʳʭ, SRTP ʠʩʧʦʣʴʟʫʝʪ ʘʣʛʦʨʠʪʤ AES, ʢʦʪʦʨʳʡ ʤʦʞʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʚ 

ʜʚʫʭ ʨʝʞʠʤʘʭ: 
1) ʉʝʛʤʝʥʪʠʨʦʚʘʥʥʳʡ ʮʝʣʦʯʠʩʣʝʥʥʳʡ ʩʯʸʪʯʠʢ ð ʨʝʞʠʤ, ʢʦʪʦʨʳʡ ʦʩʫʱʝʩʪʚʣʷʝʪ 

ʧʨʦʠʟʚʦʣʴʥʳʡ ʜʦʩʪʫʧ ʢ ʣʶʙʳʤ ʙʣʦʢʘʤ, ʯʪʦ ʷʚʣʷʝʪʩʷ ʩʫʱʝʩʪʚʝʥʥʳʤ ʜʣʷ ʪʨʘʬʠʢʘ RTP, 
ʧʝʨʝʜʘʶʱʝʛʦʩʷ ʚ ʧʫʙʣʠʯʥʳʭ ʩʝʪʷʭ ʩ ʥʝʧʨʝʜʩʢʘʟʫʝʤʳʤ ʫʨʦʚʥʝʤ ʥʘʜʝʞʥʦʩʪʠ ʠ 
ʚʦʟʤʦʞʥʦʡ ʧʦʪʝʨʝʡ ʧʘʢʝʪʦʚ. AES, ʨʘʙʦʪʘʶʱʠʡ ʚ ʵʪʦʤ ʨʝʞʠʤʝ, ʷʚʣʷʝʪʩʷ ʘʣʛʦʨʠʪʤʦʤ 
ʰʠʬʨʦʚʘʥʠʷ ʧʦ ʫʤʦʣʯʘʥʠʶ, ʩ ʜʣʠʥʦʡ ʰʠʬʨʦʚʘʣʴʥʦʛʦ ʢʣʶʯʘ ʧʦ ʫʤʦʣʯʘʥʠʶ ʚ 128 ʙʠʪ ʠ 
ʢʣʶʯʦʤ ʩʝʩʩʠʠ ʜʣʠʥʦʡ ʚ 112 ʙʠʪ; 

2) f8-ʨʝʞʠʤ ð ʚʘʨʠʘʥʪ ʨʝʞʠʤʘ ʩʧʦʩʦʙʘ ʦʙʨʘʪʥʦʡ ʩʚʷʟʠ, ʨʘʩʰʠʨʝʥʥʦʛʦ, ʯʪʦʙʳ ʙʳʪʴ 
ʜʦʩʪʫʧʥʳʤ ʩ ʠʟʤʝʥʸʥʥʦʡ ʬʫʥʢʮʠʝʡ ʠʥʠʮʠʘʣʠʟʘʮʠʠ. ɿʥʘʯʝʥʠʷ ʧʦ ʫʤʦʣʯʘʥʠʶ ʜʣʷ 
ʰʠʬʨʦʚʘʣʴʥʦʛʦ ʢʣʶʯʘ ʠ ʢʣʶʯʘ ʩʝʩʩʠʠ ð ʪʦ ʞʝ, ʯʪʦ ʠ ʚ AES ʚ ʨʝʞʠʤʝ. 

ʈʘʩʩʤʦʪʨʝʚ ʧʨʠʚʝʜʝʥʥʳʝ ʤʝʪʦʜʳ ʟʘʱʠʪʳ, ʥʫʞʥʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʙʝʟʦʧʘʩʥʦʛʦ 
ʩʦʝʜʠʥʝʥʠʷ, ʥʝʦʙʭʦʜʠʤʦ ʠʩʧʦʣʴʟʦʚʘʪʴ TLS, ʪ.ʢ. ʜʘʥʥʳʡ ʧʨʦʪʦʢʦʣ ʨʝʘʣʠʟʫʝʪʩʷ ʥʘ ʪʨʘʥʩʧʦʨʪʥʦʤ 
ʫʨʦʚʥʝ ʠ ʥʝ ʪʨʝʙʫʝʪ ʧʦʜʜʝʨʞʢʠ ʜʘʥʥʦʛʦ ʧʨʦʪʦʢʦʣʘ ʥʘ ʧʨʦʤʝʞʫʪʦʯʥʳʭ ʫʩʪʨʦʡʩʪʚʘʭ, ʚ ʦʪʣʠʯʘʠ IP-Sec.  

ʊʘʢ ʢʘʢ TLS ʥʝ ʦʙʝʩʧʝʯʠʚʘʝʪ ʟʘʱʠʪʫ ʩʦʦʙʱʝʥʠʡ ʚ ʩʣʫʯʘʝ ʠʭ ʧʝʨʝʭʚʘʪʘ, ʪʦ ʥʝʦʙʭʦʜʠʤʦ 
ʚʦʩʧʦʣʴʟʦʚʘʪʴʩʷ ʰʠʬʨʦʚʘʥʠʝʤ ʜʘʥʥʳʭ. ɺ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʣʫʯʰʠʤ ʚʳʙʦʨʦʤ ʙʫʜʝʪ ʠʩʧʦʣʴʟʦʚʘʥʠʝ VPN 
ʢʦʪʦʨʳʡ ʧʦʟʚʦʣʷʝʪ ʰʠʬʨʦʚʘʪʴ ʜʘʥʥʳʝ, ʪʘʢ ʢʘʢ ʚ ʵʪʦʤ ʩʣʫʯʘʝ ʥʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʨʝʘʣʠʟʦʚʳʚʘʪʴ 
ʰʠʬʨʦʚʘʥʠʝ ʥʘ ʢʣʠʝʥʪʘʭ ʠ ʧʦʚʳʰʘʝʪ ʩʦʚʤʝʩʪʠʤʦʩʪʴ, ʦʪʩʫʪʩʪʚʫʝʪ ʨʠʩʢ ʦʰʠʙʦʢ ʚ ʨʝʘʣʠʟʘʮʠʠ 
ʰʠʬʨʦʚʘʥʠʷ, VPN ʤʦʞʝʪ ʙʳʪʴ ʦʙʥʦʚʣʝʥ ʜʣʷ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʙʦʣʝʝ ʩʦʚʨʝʤʝʥʥʳʭ ʤʝʪʦʜʦʚ 
ʰʠʬʨʦʚʘʥʠʷ ʙʝʟ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʦʙʥʦʚʣʝʥʠʷ ʢʦʜʘ ʢʣʠʝʥʪʘ. 



55-ʷ ʶʙʠʣʝʡʥʘʷ ʥʘʫʯʥʘʷ ʢʦʥʬʝʨʝʥʮʠʷ ʘʩʧʠʨʘʥʪʦʚ, ʤʘʛʠʩʪʨʘʥʪʦʚ ʠ ʩʪʫʜʝʥʪʦʚ ɹɻʋʀʈ, 2019 ʛ. 
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ʊʘʢ ʞʝ ʥʝʦʙʭʦʜʠʤʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʘʫʪʝʥʪʠʬʠʢʘʮʠʶ CHAP. ɼʣʷ ʧʝʨʝʜʘʯʠ ʤʝʜʠʘ ʠʥʬʦʨʤʘʮʠʠ 
ʜʦʣʞʝʥ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʧʨʦʪʦʢʦʣ SRTP. 

 
ʉʧʠʩʦʢ ʠʩʧʦʣʴʟʦʚʘʥʥʳʭ ʠʩʪʦʯʥʠʢʦʚ: 
1. http://www.centurylinkbrightideas.com/how-to-address-voip-security-challenges 

2. https://habr.com/en/company/pt/blog/212839/ 

3. https://www.researchgate.net/publication/235601569_SIP_Server_Security_with_TLS_Relative_Performance_Evaluation 

4. https://searchunifiedcommunications.techtarget.com/feature/SIP-network-security-measures 

 
 

ʆʉʅʆɺʅʓɽ ʕʊɸʇʓ 3D ʈɸʉʇʆɿʅɸɺɸʅʀʗ ʃʀʎ 

ʐʘʢʫʥ ʈ.ɸ. 

ɹʝʣʦʨʫʩʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʥʬʦʨʤʘʪʠʢʠ ʠ ʨʘʜʠʦʵʣʝʢʪʨʦʥʠʢʠ 
ʛ. ʄʠʥʩʢ, ʈʝʩʧʫʙʣʠʢʘ ɹʝʣʘʨʫʩʴ 

ʃʫʢʘʰʝʚʠʯ ʄ.ʄ. ï ʢ.ʪ.ʥ.,ʜʦʮʝʥʪ 

ʊʨʝʭʤʝʨʥʘʷ ʠʥʬʦʨʤʘʮʠʷ ʦ ʧʦʚʝʨʭʥʦʩʪʠ ʣʠʮʘ ʯʝʣʦʚʝʢʘ ʷʚʣʷʝʪʩʷ ʤʦʱʥʦʡ ʙʠʦʤʝʪʨʠʯʝʩʢʦʡ ʤʦʜʘʣʴʥʦʩʪʴʶ, ʢʦʪʦʨʘʷ ʤʦʞʝʪ 
ʧʦʚʳʩʠʪʴ ʪʦʯʥʦʩʪʴ ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʠ ʧʨʦʚʝʨʢʠ ʪʦʯʥʦʩʪʠ ʩʠʩʪʝʤ ʨʘʩʧʦʟʥʘʚʘʥʠʷ ʣʠʮ ʚ ʩʣʦʞʥʳʭ ʩʠʪʫʘʮʠʷʭ. ʇʨʠ ʥʘʣʠʯʠʠ 
ʚʘʨʠʘʥʪʦʚ ʦʩʚʝʱʝʥʠʷ, ʚʳʨʘʞʝʥʠʷ ʠ ʧʦʟʳ ʪʨʘʜʠʮʠʦʥʥʳʝ ʘʣʛʦʨʠʪʤʳ ʨʘʩʧʦʟʥʘʚʘʥʠʷ ʣʠʮ ʥʘ ʦʩʥʦʚʝ ʜʚʫʤʝʨʥʳʭ ʠʟʦʙʨʘʞʝʥʠʡ 
ʦʙʳʯʥʦ ʩʪʘʣʢʠʚʘʶʪʩʷ ʩ ʧʨʦʙʣʝʤʘʤʠ. ʉ ʜʦʩʪʫʧʥʦʩʪʴʶ ʪʨʝʭʤʝʨʥʦʡ (3D) ʠʥʬʦʨʤʘʮʠʠ ʦ ʬʦʨʤʝ ʣʠʮʘ, ʢʦʪʦʨʘʷ ʧʦ ʩʚʦʝʡ ʧʨʠʨʦʜʝ 
ʥʝ ʯʫʚʩʪʚʠʪʝʣʴʥʘ ʢ ʦʩʚʝʱʝʥʠʶ ʠ ʩʦʟʜʘʝʪ ʠʟʤʝʥʝʥʠʷ, ʵʪʠ ʩʣʦʞʥʦʩʪʠ ʤʦʛʫʪ ʙʳʪʴ ʵʬʬʝʢʪʠʚʥʦ ʫʩʪʨʘʥʝʥʳ 

ʉʠʩʪʝʤʘ 3D ʨʘʩʧʦʟʥʘʚʘʥʠʷ ʣʠʮ ʦʙʳʯʥʦ ʩʦʩʪʦʠʪ ʠʟ ʩʣʝʜʫʶʱʠʭ ʵʪʘʧʦʚ: ʧʦʣʫʯʝʥʠʝ 3D ʦʙʨʘʟʮʦʚ 
ʣʠʮʘ, ʧʨʝʜʦʙʨʘʙʦʪʢʘ ʦʙʨʘʟʮʦʚ, ʠʟʚʣʝʯʝʥʠʝ ʧʨʠʟʥʘʢʦʚ, ʟʘʧʠʩʴ ʧʨʠʟʥʘʢʦʚ ʚ ʙʘʟʫ, ʧʦʠʩʢ ʩʦʦʪʚʝʪʩʪʚʠʡ 
ʤʝʞʜʫ ʧʨʠʟʥʘʢʘʤʠ. 

ʈʘʙʦʯʠʡ ʧʨʦʮʝʩʩ ʤʦʞʝʪ ʙʳʪʴ ʨʘʟʙʠʪ ʥʘ ʜʚʝ ʬʘʟʳ(ʦʙʫʯʝʥʠʷ ʠ ʪʝʩʪʠʨʦʚʘʥʠʷ) ʠ ʧʷʪʴ ʵʪʘʧʦʚ. 
ʇʝʨʚʳʤ ʵʪʘʧʦʤ ʦʙʫʯʝʥʠʷ ʷʚʣʷʝʪʩʷ ʩʙʦʨ ʜʘʥʥʳʭ. ʇʦʣʫʯʝʥʠʝ ʪʨʝʭʤʝʨʥʳʭ ʦʙʨʘʟʮʦʚ ʣʠʮʘ ʚʢʣʶʯʘʝʪ ʚ 
ʩʝʙʷ ʩʧʝʮʠʘʣʴʥʦʝ ʘʧʧʘʨʘʪʥʦʝ ʦʙʦʨʫʜʦʚʘʥʠʝ, ʢʦʪʦʨʦʝ ʤʦʞʥʦ ʦʪʥʝʩʪʠ ʢ ʢʘʪʝʛʦʨʠʠ ʘʢʪʠʚʥʳʭ ʩʠʩʪʝʤ 
ʩʙʦʨʘ ʜʘʥʥʳʭ ʠ ʧʘʩʩʠʚʥʳʭ ʩʠʩʪʝʤ ʩʙʦʨʘ ʜʘʥʥʳʭ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʠʩʧʦʣʴʟʫʝʤʳʤʠ ʪʝʭʥʦʣʦʛʠʷʤʠ. 
ɸʢʪʠʚʥʳʝ ʩʠʩʪʝʤʳ ʩʙʦʨʘ ʜʘʥʥʳʭ ʠʟʣʫʯʘʶʪ ʥʝʚʠʜʠʤʳʡ ʩʚʝʪ, ʥʘʧʨʠʤʝʨ, ʠʥʬʨʘʢʨʘʩʥʳʝ ʣʘʟʝʨʥʳʝ ʣʫʯʠ, 
ʯʪʦʙʳ ʦʩʚʝʪʠʪʴ ʣʠʮʦ ʯʝʣʦʚʝʢʘ. ɿʘʪʝʤ ʩʠʩʪʝʤʳ ʠʟʤʝʨʷʶʪ ʦʪʨʘʞʝʥʠʝ, ʯʪʦʙʳ ʦʧʨʝʜʝʣʠʪʴ ʦʩʦʙʝʥʥʦʩʪʠ 
ʬʦʨʤʳ ʮʝʣʝʚʦʡ ʛʨʘʥʠ. ʇʘʩʩʠʚʥʳʝ ʩʠʩʪʝʤʳ ʩʦʜʝʨʞʘʪ ʥʝʩʢʦʣʴʢʦ ʢʘʤʝʨ, ʢʦʪʦʨʳʝ ʨʘʩʧʦʣʦʞʝʥʳ 
ʦʪʜʝʣʴʥʦ ʜʨʫʛ ʦʪ ʜʨʫʛʘ. ʉʠʩʪʝʤʘ ʩʦʧʦʩʪʘʚʣʷʝʪ ʪʦʯʢʠ, ʥʘʙʣʶʜʘʝʤʳʝ ʩ ʜʨʫʛʦʡ ʢʘʤʝʨʳ, ʠ ʨʘʩʩʯʠʪʳʚʘʝʪ 
ʪʦʯʥʦʝ ʪʨʝʭʤʝʨʥʦʝ ʤʝʩʪʦʧʦʣʦʞʝʥʠʝ ʩʦʚʧʘʜʘʶʱʝʡ ʪʦʯʢʠ. ʅʘʙʦʨ ʩʦʚʧʘʚʰʠʭ ʪʦʯʝʢ ʬʦʨʤʠʨʫʝʪ 
ʪʨʝʭʤʝʨʥʦʝ ʣʠʮʦ.  

ʇʦʣʫʯʝʥʥʳʝ ʪʨʝʭʤʝʨʥʳʝ ʜʘʥʥʳʝ ʣʠʮʘ ʥʝ ʤʦʛʫʪ ʙʳʪʴ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʠʩʧʦʣʴʟʦʚʘʥʳ ʚ 
ʢʘʯʝʩʪʚʝ ʚʭʦʜʥʳʭ ʜʘʥʥʳʭ ʘʣʛʦʨʠʪʤʦʚ ʠʟʚʣʝʯʝʥʠʷ ʧʨʠʟʥʘʢʦʚ, ʧʦʩʢʦʣʴʢʫ ʜʘʥʥʳʝ ʩʦʜʝʨʞʘʪ 
ʦʪʚʣʝʢʘʶʱʠʝ ʵʣʝʤʝʥʪʳ, ʪʘʢʠʝ ʢʘʢ ʚʦʣʦʩʳ, ʫʰʠ, ʰʝʷ, ʦʯʢʠ ʠ ʶʚʝʣʠʨʥʳʝ ʠʟʜʝʣʠʷ. ʊʘʢʠʝ ʦʩʦʙʝʥʥʦʩʪʠ, 
ʢʘʢ ʚʦʣʦʩʳ, ʦʯʢʠ ʠ ʫʢʨʘʰʝʥʠʷ, ʤʦʛʫʪ ʚʨʝʤʷ ʦʪ ʚʨʝʤʝʥʠ ʤʝʥʷʪʴʩʷ, ʘ ʦʩʦʙʝʥʥʦʩʪʠ ʫʰʝʡ ʠ ʰʝʠ ʥʝ ʤʦʛʫʪ 
ʙʳʪʴ ʜʦʩʪʦʚʝʨʥʦ ʠʜʝʥʪʠʬʠʮʠʨʦʚʘʥʳ ʚ ʨʘʟʥʳʭ ʧʦʟʘʭ ʛʦʣʦʚʳ, ʧʦʵʪʦʤʫ, ʜʘʙʳ ʥʝ ʚʚʦʜʠʪʴ ʚ 
ʟʘʙʣʫʞʜʝʥʠʝ ʘʣʛʦʨʠʪʤʳ ʨʘʩʧʦʟʥʘʚʘʥʠʷ, ʦʥʠ ʜʦʣʞʥʳ ʙʳʪʴ ʫʜʘʣʝʥʳ ʜʦ ʠʟʚʣʝʯʝʥʠʷ ʧʨʠʟʥʘʢʦʚ. 

ʉʣʝʜʫʶʱʠʤ ʵʪʘʧʦʤ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʡ ʦʙʨʘʙʦʪʢʠ ʷʚʣʷʝʪʩʷ ʦʧʨʝʜʝʣʝʥʠʝ ʧʦʣʦʞʝʥʠʷ ʠ 
ʦʨʠʝʥʪʘʮʠʠ ʯʝʣʦʚʝʯʝʩʢʦʛʦ ʣʠʮʘ. ɻʝʦʤʝʪʨʠʯʝʩʢʠʝ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʠʩʧʦʣʴʟʫʶʪʩʷ ʜʣʷ çʧʦʚʦʨʦʪʘè 
ʯʝʣʦʚʝʯʝʩʢʦʛʦ ʣʠʮʘ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʢ ʦʩʠ ʢʘʤʝʨʳ. ɿʘʪʝʤ ʧʨʝʜʚʘʨʠʪʝʣʴʥʘʷ ʦʙʨʘʙʦʪʢʘ ʠʩʧʦʣʴʟʫʝʪ 
ʧʦʤʦʱʴ ʦʪ ʯʝʪʢʦ ʦʧʨʝʜʝʣʝʥʥʳʭ ʯʘʩʪʝʡ ʣʠʮʘ, ʪʘʢʠʭ ʢʘʢ ʥʦʩ, ʯʪʦʙʳ ʠʟʦʣʠʨʦʚʘʪʴ ʦʙʣʘʩʪʴ ʯʝʣʦʚʝʯʝʩʢʦʛʦ 
ʣʠʮʘ ʦʪ ʦʙʣʘʩʪʝʡ ʦʪʚʣʝʢʘʶʱʠʭ ʵʣʝʤʝʥʪʦʚ. ʕʪʘ ʦʧʝʨʘʮʠʷ ʥʘʟʳʚʘʝʪʩʷ ʩʝʛʤʝʥʪʘʮʠʝʡ. 

ʇʨʝʜʚʘʨʠʪʝʣʴʥʦ ʦʙʨʘʙʦʪʘʥʥʳʝ ʦʙʨʘʟʮʳ ʣʠʮʝʚʳʭ ʜʘʥʥʳʭ ʯʘʩʪʦ ʠʥʪʝʨʧʨʝʪʠʨʫʶʪʩʷ ʚ ʪʨʝʭ 
ʬʦʨʤʘʪʘʭ ʤʦʜʝʣʠ: ʛʣʫʙʠʥʥʦʝ ʠʟʦʙʨʘʞʝʥʠʝ, ʦʙʣʘʢʦ ʪʦʯʝʢ ʠ ʩʝʪʢʘ. 

 ɿʘʪʝʤ ʜʣʷ ʦʙʨʘʙʦʪʢʠ ʜʘʥʥʳʭ ʧʨʠʤʝʥʷʶʪʩʷ ʘʣʛʦʨʠʪʤʳ ʠʟʚʣʝʯʝʥʠʷ ʧʨʠʟʥʘʢʦʚ, ʯʪʦʙʳ ʥʘʡʪʠ ʪʝ, 
ʢʦʪʦʨʳʝ ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʜʣʷ ʨʘʩʧʦʟʥʘʚʘʥʠʷ ʣʠʮ. ʉʘʤʳʡ ʧʨʦʩʪʦʡ ʩʧʦʩʦʙ ʚʳʜʝʣʝʥʠʷ ʧʨʠʟʥʘʢʦʚ 
ʩʦʩʪʦʠʪ ʚ ʪʦʤ, ʯʪʦʙʳ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʚʩʝ ʣʠʮʦ ʢʘʢ ʝʜʠʥʳʡ ʚʝʢʪʦʨ ʧʨʠʟʥʘʢʦʚ, ʢʦʪʦʨʳʡ ʥʘʟʳʚʘʝʪʩʷ 
ʛʣʦʙʘʣʴʥʳʤ ʧʦʜʭʦʜʦʤ [1]. ʇʨʠ ʪʘʢʦʤ ʧʦʜʭʦʜʝ ʚʩʝ ʣʠʮʦ ʩʦʭʨʘʥʷʝʪʩʷ ʚ ʙʘʟʝ ʜʘʥʥʳʭ. ʅʘ ʵʪʘʧʝ 
ʩʦʧʦʩʪʘʚʣʝʥʠʷ ʧʨʠʟʥʘʢʦʚ ʣʠʮʦ ʮʝʣʠ ʩʨʘʚʥʠʚʘʝʪʩʷ ʩ ʣʠʮʘʤʠ ʚ ʙʘʟʝ ʜʘʥʥʳʭ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 
ʩʪʘʪʠʩʪʠʯʝʩʢʠʭ ʢʣʘʩʩʠʬʠʢʘʮʠʦʥʥʳʭ ʬʫʥʢʮʠʡ. ɺ ʧʨʦʪʠʚʦʧʦʣʦʞʥʦʩʪʴ ʛʣʦʙʘʣʴʥʦʤʫ ʧʦʜʭʦʜʫ, 
ʢʦʤʧʦʥʝʥʪʥʳʡ ʧʦʜʭʦʜ ʬʦʢʫʩʠʨʫʝʪʩʷ ʥʘ ʣʦʢʘʣʴʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʭ ʣʠʮʘ, ʪʘʢʠʭ ʢʘʢ ʥʦʩ ʠ ʛʣʘʟʘ. ʆʥ 
ʠʩʧʦʣʴʟʫʝʪ ʦʧʝʨʘʪʦʨʳ ʛʨʘʬʘ ʜʣʷ ʠʟʚʣʝʯʝʥʠʷ ʯʘʩʪʠ ʥʦʩʘ ʠ ʛʣʘʟ ʠ ʩʦʭʨʘʥʝʥʠʷ ʵʪʠʭ ʣʦʢʘʣʴʥʳʭ 
ʦʩʦʙʝʥʥʦʩʪʝʡ ʚ ʙʘʟʝ ʜʘʥʥʳʭ. ʂʦʛʜʘ ʮʝʣʝʚʘʷ ʛʨʘʥʴ ʚʚʦʜʠʪʩʷ ʜʣʷ ʨʘʩʧʦʟʥʘʚʘʥʠʷ, ʢʦʤʧʦʥʝʥʪʥʳʡ 
ʧʦʜʭʦʜ ʩʥʘʯʘʣʘ ʠʟʚʣʝʢʘʝʪ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʜʝʪʘʣʠ ʠʟ ʮʝʣʝʚʳʭ ʛʨʘʥʝʡ, ʘ ʟʘʪʝʤ ʠʱʝʪ 
ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʡ ʥʘʙʦʨ ʜʝʪʘʣʝʡ ʠʟ ʙʘʟʳ ʜʘʥʥʳʭ ʦʙʲʝʢʪʦʚ. ʉʫʱʝʩʪʚʫʶʪ ʛʠʙʨʠʜʥʳʝ ʧʦʜʭʦʜʳ, ʢʦʪʦʨʳʝ 
ʦʙʲʝʜʠʥʷʶʪ ʬʫʥʢʮʠʠ, ʠʩʧʦʣʴʟʫʝʤʳʝ ʛʣʦʙʘʣʴʥʳʤʠ ʠ ʣʦʢʘʣʴʥʳʤʠ ʧʦʜʭʦʜʘʤʠ. ʇʨʠ ʙʦʣʝʝ ʚʳʩʦʢʠʭ 
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ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ ʟʘʪʨʘʪʘʭ ʛʠʙʨʠʜʥʳʡ ʧʦʜʭʦʜ ʤʦʞʝʪ ʦʙʝʩʧʝʯʠʪʴ ʙʦʣʝʝ ʚʳʩʦʢʫʶ ʪʦʯʥʦʩʪʴ 
ʨʘʩʧʦʟʥʘʚʘʥʠʷ 

ʇʦʩʣʝ ʠʟʚʣʝʯʝʥʠʷ, ʧʨʠʟʥʘʢʠ ʢʘʞʜʦʛʦ ʣʠʮʘ ʩʦʭʨʘʥʷʶʪʩʷ ʚ ʙʘʟʝ ʜʘʥʥʳʭ.  
ʅʘ ʵʪʘʧʝ ʪʝʩʪʠʨʦʚʘʥʠʷ ʮʝʣʝʚʦʝ ʣʠʮʦ ʧʨʦʭʦʜʠʪ ʵʪʘʧʳ ʩʙʦʨʘ, ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʡ ʦʙʨʘʙʦʪʢʠ ʠ 

ʚʳʜʝʣʝʥʠʷ ʧʨʠʟʥʘʢʦʚ, ʢʦʪʦʨʳʝ ʠʜʝʥʪʠʯʥʳ ʵʪʘʧʘʤ ʦʙʫʯʝʥʠʷ. ʅʘ ʵʪʘʧʝ ʩʦʧʦʩʪʘʚʣʝʥʠʷ ʧʨʠʟʥʘʢʦʚ 
ʧʨʠʟʥʘʢʠ ʮʝʣʝʚʦʛʦ ʣʠʮʘ ʩʨʘʚʥʠʚʘʶʪʩʷ ʩ ʭʨʘʥʷʱʠʤʠʩʷ ʚ ʙʘʟʝ ʜʘʥʥʳʭ ʧʨʠʟʥʘʢʘʤʠ, ʠ ʨʘʩʩʯʠʪʳʚʘʶʪ 
ʦʮʝʥʢʠ ʩʦʦʪʚʝʪʩʪʚʠʷ. ʂʦʛʜʘ ʨʝʟʫʣʴʪʘʪ ʩʦʚʧʘʜʝʥʠʷ ʜʦʩʪʘʪʦʯʥʦ ʚʳʩʦʢ, ʪʦʛʜʘ ʤʦʞʥʦ ʩʯʠʪʘʪʴ, ʯʪʦ 
ʮʝʣʝʚʦʝ ʣʠʮʦ ʨʘʩʧʦʟʥʘʝʪʩʷ. 

 
ʉʧʠʩʦʢ ʠʩʧʦʣʴʟʦʚʘʥʥʳʭ ʠʩʪʦʯʥʠʢʦʚ: 
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ʇʆ ʄɽʊʆɼʆʃʆɻʀʀ ʂɸʅɹɸʅ 

ɸʢʫʣʴʯʠʢ ɺ.ʉ. 

ɹʝʣʦʨʫʩʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʥʬʦʨʤʘʪʠʢʠ ʠ ʨʘʜʠʦʵʣʝʢʪʨʦʥʠʢʠ 
ʛ. ʄʠʥʩʢ, ʈʝʩʧʫʙʣʠʢʘ ɹʝʣʘʨʫʩʴ 

ʉʫʨʢʦʚ ɼ.ɸ. ï ʩʪ. ʧʨʝʧ. ʢʘʬ. ʇʆʀʊ 

ɺ ʩʦʚʨʝʤʝʥʥʦʤ ʤʠʨʝ ʧʣʘʥʠʨʦʚʘʥʠʝ ʷʚʣʷʝʪʩʷ ʟʘʣʦʛʦʤ ʫʩʧʝʭʘ ʚ ʣʶʙʦʡ ʩʬʝʨʝ ʞʠʟʥʝʜʝʷʪʝʣʴʥʦʩʪʠ. ʇʨʠ ʩʦʩʪʘʚʣʝʥʠʠ ʧʣʘʥʘ 
ʤʦʞʥʦ ʪʦʯʥʦ ʨʘʩʧʨʝʜʝʣʠʪʴ ʩʚʦʝ ʚʨʝʤʷ ʠ ʧʦʚʳʩʠʪʴ ʩʚʦʶ ʧʨʦʜʫʢʪʠʚʥʦʩʪʴ. ʇʣʘʥ ʧʦʤʦʛʘʝʪ ʨʘʩʩʪʘʚʠʪʴ ʧʨʠʦʨʠʪʝʪ ʚ ʧʨʝʜʩʪʦʷʱʠʭ 
ʟʘʜʘʯʘʭ ʠ ʩʢʦʥʮʝʥʪʨʠʨʦʚʘʪʴ ʩʚʦʝ ʚʥʠʤʘʥʠʝ ʥʘ ʩʘʤʳʝ ʚʘʞʥʳʝ ʠʟ ʥʠʭ. ʉʦʩʪʘʚʣʝʥʠʝ ʧʣʘʥʘ ʧʦʟʚʦʣʷʝʪ ʩʦʢʨʘʪʠʪʴ ʚʨʝʤʷ ʥʘ 
ʚʳʧʦʣʥʝʥʠʝ ʧʦʩʪʘʚʣʝʥʥʳʭ ʟʘʜʘʯ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʦʙʱʝʡ ʵʢʦʥʦʤʠʠ ʚʨʝʤʝʥʠ. ɼʣʷ ʧʣʘʥʠʨʦʚʘʥʠʷ ʠ ʫʧʨʘʚʣʝʥʠʷ ʟʘʜʘʯʘʤʠ ʤʦʛʫʪ 
ʧʨʠʤʝʥʷʪʴʩʷ ʩʘʤʳʝ ʨʘʟʣʠʯʥʳʝ ʤʝʪʦʜʦʣʦʛʠʠ. ʈʘʩʩʤʦʪʨʠʤ ʦʜʥʫ ʠʟ ʩʘʤʳʭ ʧʦʧʫʣʷʨʥʳʭ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ. 

ʂʘʥʙʘʥ ï ʩʠʩʪʝʤʘ ʦʨʛʘʥʠʟʘʮʠʠ ʧʨʦʠʟʚʦʜʩʪʚʘ ʠ ʩʥʘʙʞʝʥʠʷ, ʧʦʟʚʦʣʷʶʱʘʷ ʨʝʘʣʠʟʦʚʘʪʴ ʧʨʠʥʮʠʧ 
çʪʦʯʥʦ ʚ ʩʨʦʢè. ʉʣʦʚʦ çʢʘʥʙʘʥè ʚ ʧʝʨʝʚʦʜʝ ʩ ʷʧʦʥʩʢʦʛʦ ʷʟʳʢʘ ʦʟʥʘʯʘʝʪ çʨʝʢʣʘʤʥʳʡ ʱʠʪ, ʚʳʚʝʩʢʘè. 
ʇʦʷʚʣʝʥʠʝ ʜʘʥʥʦʛʦ ʪʝʨʤʠʥʘ ʤʦʞʥʦ ʩʚʷʟʘʪʴ ʩ ʧʝʨʝʯʠʩʣʝʥʠʝʤ ʩʪʘʥʜʘʨʪʥʳʭ ʦʧʝʨʘʮʠʡ ʢʦʥʚʝʡʝʨʥʦʛʦ 
ʧʨʦʮʝʩʩʘ ʧʨʦʠʟʚʦʜʩʪʚʘ. ʄʘʩʪʝʨʘ ʫʯʘʩʪʢʦʚ ʫʢʘʟʳʚʘʣʠ ʥʘ ʣʠʩʪʢʝ ʙʫʤʘʛʠ ʨʘʙʦʪʳ, ʚʳʧʦʣʥʷʝʤʳʝ ʥʘ 
ʜʘʥʥʦʤ ʫʯʘʩʪʢʝ, ʠ ʚʳʚʝʰʠʚʘʣʠ ʠʭ ʥʘ ʜʦʩʢʝ, ʨʘʟʤʝʱʝʥʥʦʡ ʥʘ ʚʠʜʥʦʤ ʤʝʩʪʝ. ʈʷʜʦʤ ʩ ʥʠʤʠ 
ʚʳʚʝʰʠʚʘʣʠ ʪʘʢʠʝ ʞʝ ʩʧʠʩʢʠ ʤʘʩʪʝʨʘ ʜʨʫʛʠʭ ʫʯʘʩʪʢʦʚ. ʕʪʦ ʧʦʟʚʦʣʷʝʪ ʣʝʛʢʦ ʦʨʠʝʥʪʠʨʦʚʘʪʴʩʷ ʚ 
ʩʠʪʫʘʮʠʠ, ʩʢʣʘʜʳʚʘʶʱʝʡʩʷ ʥʘ ʧʨʦʠʟʚʦʜʩʪʚʝ, ʠ ʙʳʩʪʨʦ ʚʥʦʩʠʪʴ ʢʦʨʨʝʢʪʠʨʦʚʢʠ ʚ ʧʣʘʥ, ʯʪʦʙʳ ʚ 
ʢʦʥʝʯʥʦʤ ʠʪʦʛʝ ʫʩʧʝʪʴ ʚʳʧʦʣʥʠʪʴ ʚʩʸ ʟʘʧʣʘʥʠʨʦʚʘʥʥʦʝ ʪʦʯʥʦ ʚ ʩʨʦʢ. ʉʠʩʪʝʤʘ ʢʘʥʙʘʥ ʙʳʣʘ 
ʨʘʟʨʘʙʦʪʘʥʘ ʠ ʚʧʝʨʚʳʝ ʚ ʤʠʨʝ ʨʝʘʣʠʟʦʚʘʥʘ ʢʦʤʧʘʥʠʝʡ çToyotaè. ʕʪʦ ʧʦʟʚʦʣʠʣʦ ʢʦʤʧʘʥʠʠ ʨʘʟʛʨʫʟʠʪʴ 
ʩʢʣʘʜʳ ʩʚʦʝʡ ʧʨʦʜʫʢʮʠʠ ʠ ʩʪʘʪʴ ʙʣʠʞʝ ʢ ʧʦʪʨʝʙʠʪʝʣʶ, ʙʣʘʛʦʜʘʨʷ ʪʦʤʫ, ʯʪʦ ʦʥʠ ʥʘʯʘʣʠ ʧʨʦʠʟʚʦʜʠʪʴ 
ʪʦʣʴʢʦ ʪʦ, ʯʪʦ ʜʝʡʩʪʚʠʪʝʣʴʥʦ ʙʳʣʦ ʥʝʦʙʭʦʜʠʤʦ ʧʦʢʫʧʘʪʝʣʷʤ, ʘ ʥʝ ʧʳʪʘʪʴʩʷ ʧʨʦʛʥʦʟʠʨʦʚʘʪʴ ʩʧʨʦʩ ʥʘ 
ʩʚʦʶ ʧʨʦʜʫʢʮʠʶ. ɿʥʘʯʠʪʝʣʴʥʦ ʧʦʟʞʝ ʧʦʭʦʞʠʡ ʧʨʠʥʮʠʧ ʙʳʣ ʠʩʧʦʣʴʟʦʚʘʥ ʠ ʚ ʨʘʟʨʘʙʦʪʢʝ ʧʨʦʛʨʘʤʤʥʦʛʦ 
ʦʙʝʩʧʝʯʝʥʠʷ. 

ʂʘʥʙʘʥ ï ʤʝʪʦʜʦʣʦʛʠʷ ʫʧʨʘʚʣʝʥʠʷ ʨʘʟʨʘʙʦʪʢʦʡ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ, ʢʦʪʦʨʘʷ ʧʦʟʚʦʣʷʝʪ 
ʨʝʘʣʠʟʦʚʘʪʴ ʧʨʠʥʮʠʧ çʪʦʯʥʦ ʚ ʩʨʦʢè ʠ ʩʧʦʩʦʙʩʪʚʫʝʪ ʙʦʣʝʝ ʨʘʚʥʦʤʝʨʥʦʤʫ ʨʘʩʧʨʝʜʝʣʝʥʠʶ ʥʘʛʨʫʟʢʠ 
ʤʝʞʜʫ ʚʩʝʤʠ ʯʣʝʥʘʤʠ ʢʦʤʘʥʜʳ. ʇʨʠ ʜʘʥʥʦʤ ʧʦʜʭʦʜʝ ʚʝʩʴ ʧʨʦʮʝʩʩ ʨʘʟʨʘʙʦʪʢʠ ʩʪʘʥʦʚʠʪʩʷ 
ʧʨʦʟʨʘʯʥʳʤ ʜʣʷ ʚʩʝʭ ʫʯʘʩʪʥʠʢʦʚ. ɼʣʷ ʠʣʣʶʩʪʨʘʮʠʠ ʨʘʙʦʪʳ ʧʨʠʤʝʥʷʝʪʩʷ ʜʦʩʢʘ, ʩʦʩʪʦʷʱʘʷ ʠʟ 
ʥʝʩʢʦʣʴʢʠʭ ʢʦʣʦʥʦʢ. ʅʘ ʜʦʩʢʝ ʚʩʝʛʜʘ ʦʪʨʘʞʘʝʪʩʷ ʘʢʪʫʘʣʴʥʦʝ ʩʦʩʪʦʷʥʠʝ ʚʩʝʭ ʟʘʜʘʯ. ɼʦʩʢʘ, ʢʘʢ 
ʧʨʘʚʠʣʦ, ʨʘʟʜʝʣʝʥʘ ʥʘ ʪʨʠ ʣʦʛʠʯʝʩʢʠʝ ʩʝʢʮʠʠ: çʩʜʝʣʘʪʴè, çʚ ʧʨʦʮʝʩʩʝè ʠ çʛʦʪʦʚʦè. ʉʦʪʨʫʜʥʠʢʠ 
ʧʝʨʝʤʝʱʘʶʪ ʟʘʤʝʪʢʠ ʚ ʪʫ ʩʝʢʮʠʶ ʜʦʩʢʠ, ʢʦʪʦʨʘʷ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʩʪʘʪʫʩʫ ʟʘʜʘʯʠ. ɿʘʜʘʯʠ ʧʦ ʤʝʨʝ 
ʧʦʩʪʫʧʣʝʥʠʷ ʟʘʥʦʩʷʪʩʷ ʚ ʦʪʜʝʣʴʥʳʡ ʩʧʠʩʦʢ, ʦʪʢʫʜʘ ʢʘʞʜʳʡ ʫʯʘʩʪʥʠʢ ʢʦʤʘʥʜʳ ʨʘʟʨʘʙʦʪʢʠ ʤʦʞʝʪ ʚʟʷʪʴ 
ʥʝʦʙʭʦʜʠʤʫʶ ʟʘʜʘʯʫ, ʧʝʨʝʥʝʩʪʠ ʚ ʜʨʫʛʫʶ ʢʦʣʦʥʢʫ ʠ ʪʝʤ ʩʘʤʳʤ ʧʨʠʩʪʫʧʠʪʴ ʢ ʝʸ ʚʳʧʦʣʥʝʥʠʶ. ʊʘʢʠʤ 
ʦʙʨʘʟʦʤ, ʢʘʥʙʘʥ ʤʦʞʥʦ ʩʯʠʪʘʪʴ ʥʘʛʣʷʜʥʦʡ ʩʠʩʪʝʤʦʡ ʨʘʟʨʘʙʦʪʢʠ, ʢʦʪʦʨʘʷ ʚʩʝʛʜʘ ʦʪʨʘʞʘʝʪ ʨʝʘʣʴʥʦʝ 
ʧʦʣʦʞʝʥʠʝ ʜʝʣ ʥʘ ʧʨʦʝʢʪʝ. ʊʘʢʠʝ ʜʦʩʢʠ ʤʦʞʥʦ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʢʘʢ ʚʘʨʠʘʮʠʶ ʥʘ ʪʝʤʫ ʪʨʘʜʠʮʠʦʥʥʳʭ 
ʢʘʥʙʘʥ ʢʘʨʪʦʯʝʢ. ʆʙʳʯʥʦ ʢʘʨʪʦʯʢʠ ʦʙʦʟʥʘʯʘʣʠ ʧʦʪʨʝʙʥʦʩʪʴ ʦʧʨʝʜʝʣʝʥʥʦʛʦ ʫʯʘʩʪʢʘ ʢʦʥʚʝʡʝʨʘ, ʘ 
ʪʝʧʝʨʴ ʦʙʦʟʥʘʯʘʶʪ ʦʪʜʝʣʴʥʦ ʚʟʷʪʳʝ ʟʘʜʘʯʠ. ʊʘʢʞʝ ʚʤʝʩʪʦ ʙʫʤʘʞʥʳʭ ʢʘʨʪʦʯʝʢ ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ 
ʬʠʰʢʠ ʠʣʠ ʤʘʛʥʠʪʳ. ʇʝʨʝʜʚʠʞʝʥʠʝ ʦʜʥʦʛʦ ʠʟ ʵʪʠʭ ʦʙʲʝʢʪʦʚ ʧʦ ʜʦʩʢʝ ʧʦ ʤʝʨʝ ʚʳʧʦʣʥʝʥʠʷ ʟʘʜʘʯ 
ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʜʚʠʞʝʥʠʶ ʧʨʦʮʝʩʩʘ ʧʨʦʠʟʚʦʜʩʪʚʘ. 

ɺ ʤʝʪʦʜʦʣʦʛʠʠ ʢʘʥʙʘʥ ʧʦʨʷʜʦʢ ʟʘʜʘʯ ʥʘ ʜʦʩʢʝ ʠʤʝʝʪ ʟʥʘʯʝʥʠʝ. ʏʝʤ ʚʳʰʝ ʚ ʢʦʣʦʥʢʝ 
ʨʘʩʧʦʣʘʛʘʝʪʩʷ ʟʘʜʘʯʘ, ʪʝʤ ʙʦʣʝʝ ʚʘʞʥʦʡ ʦʥʘ ʷʚʣʷʝʪʩʷ. ɹʣʘʛʦʜʘʨʷ ʪʘʢʦʤʫ ʣʝʛʢʦʤʫ ʚʠʟʫʘʣʴʥʦʤʫ 
ʧʨʠʝʤʫ ʨʝʰʘʝʪʩʷ ʦʯʝʥʴ ʚʘʞʥʘʷ ʧʨʦʙʣʝʤʘ ʩ ʧʨʠʦʨʠʪʝʪʥʦʩʪʴʶ ʟʘʜʘʯ. ɺ ʣʶʙʦʡ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ 
ʧʦʥʷʪʥʦ, ʢʘʢʫʶ ʠʟ ʟʘʜʘʯ ʥʫʞʥʦ ʚʳʧʦʣʥʠʪʴ ʧʝʨʚʦʡ, ʘ ʢʘʢʠʝ ʤʦʞʥʦ ʦʪʣʦʞʠʪʴ ʥʘ ʙʦʣʝʝ ʧʦʟʜʥʝʝ ʚʨʝʤʷ. 
ʄʝʪʦʜʦʣʦʛʠʷ ʢʘʥʙʘʥ ʧʦʟʚʦʣʷʝʪ ʦʧʝʨʘʪʠʚʥʦ ʠʟʤʝʥʷʪʴ ʧʨʠʦʨʠʪʝʪ ʟʘʜʘʯ. ɼʣʷ ʵʪʦʛʦ ʜʦʩʪʘʪʦʯʥʦ ʚʩʝʛʦ 
ʣʠʰʴ ʧʝʨʝʤʝʩʪʠʪʴ ʟʘʜʘʯʫ ʚ ʢʦʣʦʥʢʝ ʚʚʝʨʭ ʠʣʠ ʚʥʠʟ, ʪʝʤ ʩʘʤʳʤ ʧʦʚʳʩʠʚ ʠʣʠ ʧʦʥʠʟʠʚ ʝʸ ʧʨʠʦʨʠʪʝʪ. 
ʕʪʦ ʧʦʟʚʦʣʷʝʪ ʩʢʦʥʮʝʥʪʨʠʨʦʚʘʪʴ ʚʥʠʤʘʥʠʝ ʥʘ ʩʘʤʳʭ ʛʣʘʚʥʳʭ ʟʘʜʘʯʘʭ ʚ ʢʦʥʢʨʝʪʥʳʡ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ. 

ʉ ʪʝʯʝʥʠʝʤ ʚʨʝʤʝʥʠ ʪʝʭʥʦʣʦʛʠʠ ʨʘʟʚʠʚʘʣʠʩʴ, ʠ ʠʟʤʝʥʝʥʠʷ ʢʦʩʥʫʣʠʩʴ ʠ ʢʘʥʙʘʥ ʜʦʩʢʠ. ʅʘ ʩʤʝʥʫ 
ʬʠʟʠʯʝʩʢʦʡ ʜʦʩʢʝ ʩ ʢʘʨʪʦʯʢʘʤʠ ʧʨʠʰʣʘ ʝʸ ʵʣʝʢʪʨʦʥʥʘʷ ʚʝʨʩʠʷ. ʂʘʨʪʦʯʢʠ ʩʪʘʣʠ ʝʱʝ ʙʦʣʝʝ 
ʢʨʘʩʦʯʥʳʤʠ ʠ ʧʦʩʪʝʧʝʥʥʦ ʧʦʣʫʯʘʣʠ ʚʩʝ ʙʦʣʴʰʫʶ ʠʟʚʝʩʪʥʦʩʪʴ. ʆʜʥʘʢʦ ʠʭ ʛʣʘʚʥʘʷ ʬʫʥʢʮʠʷ ʦʩʪʘʣʘʩʴ 
ʧʨʝʞʥʝʡ ï ʠʣʣʶʩʪʨʠʨʦʚʘʪʴ ʧʨʦʮʝʩʩ ʫʧʨʘʚʣʝʥʠʷ ʟʘʜʘʯʘʤʠ ʧʦ ʤʝʪʦʜʦʣʦʛʠʠ ʢʘʥʙʘʥ. ɺ ʧʦʩʣʝʜʥʝʝ 
ʚʨʝʤʷ ʵʣʝʢʪʨʦʥʥʳʝ ʢʘʥʙʘʥ-ʜʦʩʢʠ ʧʦʣʫʯʠʣʠ ʰʠʨʦʢʦʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʢʘʢ ʩʨʝʜʠ ʨʘʟʨʘʙʦʪʯʠʢʦʚ 
ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ, ʪʘʢ ʠ ʩʨʝʜʠ ʦʙʳʯʥʳʭ ʧʦʣʴʟʦʚʘʪʝʣʝʡ ʧʝʨʩʦʥʘʣʴʥʳʭ ʢʦʤʧʴʶʪʝʨʦʚ.  

ʎʝʣʴ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʨʘʟʨʘʙʦʪʢʝ ʧʨʦʛʨʘʤʤʥʦʛʦ ʩʨʝʜʩʪʚʘ ʜʣʷ ʫʧʨʘʚʣʝʥʠʷ ʟʘʜʘʯ 
ʧʦ ʤʝʪʦʜʦʣʦʛʠʠ ʢʘʥʙʘʥ. ʈʘʟʨʘʙʦʪʘʥʥʦʝ ʧʨʦʛʨʘʤʤʥʦʝ ʩʨʝʜʩʪʚʦ ʧʨʝʜʦʩʪʘʚʣʷʝʪ ʚʦʟʤʦʞʥʦʩʪʴ 
ʧʣʘʥʠʨʦʚʘʪʴ ʠ ʫʧʨʘʚʣʷʪʴ ʟʘʜʘʯʘʤʠ ʥʝ ʪʦʣʴʢʦ ʚ ʨʘʤʢʘʭ ʧʨʦʮʝʩʩʘ ʨʘʟʨʘʙʦʪʢʠ ʧʨʦʛʨʘʤʤʥʦʛʦ 
ʦʙʝʩʧʝʯʝʥʠʷ, ʥʦ ʠ ʧʨʠ ʧʣʘʥʠʨʦʚʘʥʠʠ ʧʦʚʩʝʜʥʝʚʥʳʭ ʟʘʜʘʯ ʚ ʣʶʙʦʡ ʩʬʝʨʝ ʞʠʟʥʝʜʝʷʪʝʣʴʥʦʩʪʠ. 

 
ʉʧʠʩʦʢ ʠʩʧʦʣʴʟʦʚʘʥʥʳʭ ʠʩʪʦʯʥʠʢʦʚ: 
1.  ʂʘʥʙʘʥ [ʕʣʝʢʪʨʦʥʥʳʡ ʨʝʩʫʨʩ]. ï ʕʣʝʢʪʨʦʥʥʳʝ ʜʘʥʥʳʝ. ï ʈʝʞʠʤ ʜʦʩʪʫʧʘ https://ru.wikipedia.org/wiki/ʂʘʥʙʘʥ. ï ɼʘʪʘ 

ʜʦʩʪʫʧʘ: 01.05.2018 
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Electronic calendars are not useful only for business people, but are also a very helpful tool for schoolchildren and students. To help 
them with management of life activities like planning work, meetings, make work notes, manage workers, create reports. 

The time when people were using pen and paper for making notes and planning work activities has 
passed. With the new technologies and an increase in Internet accessibility, electronic calendars came 
widely into use. Big corporations are massively using them for easier communication and control over the 
work of employees, as well as for the organization of work. Not only companies, but also individuals with lots 
of activities, are using an electronic calendar in order to plan their work and family activities. No matter the 
industry and organization, electronic calendars have proven to be a very effective tool. 

 

 
Picture 1 ï Electronic calendar web assistance 

 

Benefits of using electronic calendars: 
Never forget the event. Have you ever written down an important event in your calendar and then 

completely forgot about it? Are you questioning why? Itôs because you forgot to regularly check the calendar 
or/and nobody warned you on upcoming events. With electronic calendar, this is the past. You can make 
reminders (also: text message or email reminders) for special events, important meetings and work that has 
to be done in your daily activities or life [1]. 

Access everywhere and anywhere. Another positive side of electronic calendar is that you can 
access to it everywhere and anywhere. Even when you are on the go, out of your office or home. Basically, 
you can update your work log of the situation and schedule your future maintenance activities directly from 
your smartphone or laptop. Access to the calendar 24/7 allows you to check and update your meetings, 
events and daily activities anytime, day-and-night [1]. 

Never lose data. If you keep track of your maintenance activities on electronic calendar you will never 
again need to worry about losing your paper records of management tasks or important activities. All the 
records are available to you at any given moment, and directly analyzable. Having everything in one place 
also allows you to compare your yearly activities with previous time and figure out some important things to 
be improved [1]. 

Create reports. Every work activity is stored in a data base and can help create future events and 
appointments. While some require special forms to be filled others donôt, either way, electronic calendars 
comes in handy in order to gather the data and create printed reports of yearly activities. You donôt really 
need to print the reports, simply save it to your computer and open when needed [1]. 

Track due dates. Keeping an accurate and up-to-date calendar of due dates of important 
assignments, tests, projects and class discussions reminds you of what you need to complete and when. 
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Rather than being overwhelmed at seeing coursework as a long checklist of things you need to do, a 
calendar provides the space to plan for each due date at the appropriate time. 

See availability, quickly. It's an unfortunate feeling when you receive and accept an invitation to a 
fun event, only to realize later that you already have a commitment during that time. 

A calendar allows you to see quickly when you are free and when you have prior commitments. 
Planning events or other special occasions also becomes easier when you know your availability. 

Calendar tips. Calendars are easy to personalize, depending on your work habits, access to 
technology and other preferences. Regardless of which route you choose, here are some insightful tips to 
get the most out of keeping your calendar: 

- color code your various schedules ï work, home, school, etc. ï to easily distinguish where you spend 
your time; 

- keep your calendar in a location that's easily accessible and visible; 
- plan study times at consistent times to encourage the habit of studying; 
- want to use electronic and paper calendars? Keep both for different uses or in separate locations. 

For example, use a paper month-view calendar for special events and an electronic week or day-view 
calendar for more detailed assignments, meetings, etc. 

Maintaining an accurate calendar can help you both in your academics and in your personal life ï and 
can ease the overwhelming feeling of balancing a busy schedule. 

Technology stack. From development prospective make sense to organize headless architecture. 
React was chosen as a library for building user interfaces. Why React? From my expertise it is the 

most popular library created by Facebook. React makes it painless to create interactive UIs. Design simple 
views for each state in your application, and React will efficiently update and render just the right 
components when your data changes. Declarative views make your code more predictable and easier to 
debug. Build encapsulated components that manage their own state, then compose them to make complex 
UIs. Since component logic is written in JavaScript instead of templates, you can easily pass rich data 
through your app and keep state out of the DOM [2]. Most React applications use one state manager called 
Redux. 

Redux is a predictable state container for JavaScript apps. It helps you write applications that behave 
consistently, run in different environments (client, server, and native), and are easy to test. On top of that, it 
provides a great developer experience, such as live code editing combined with a time traveling debugger. 

Moreover, React code base can be shared for building native mobile applications. React Native lets 
build mobile apps using only JavaScript. It uses the same design as React, letting compose a rich mobile UI 
using declarative components. The apps which are building with React Native aren't mobile web apps 
because React Native uses the same fundamental UI building blocks as regular iOS and Android apps. 

Node.js is a good choice for back-end. Node.js is a JavaScript runtime built on Chrome's V8 
JavaScript engine. Many people wonder how a single-threaded Node.js can compete with multithreaded 
back ends. As such, it may seem counterintuitive that so many huge companies pick Node as their back end, 
given its supposed single-threaded nature. To know why, we have to understand what we really mean when 
we say that Node is single-threaded. JavaScript was created to be just good enough to do simple things on 
the web, like validate a form or, say, create a rainbow-colored mouse trail. It was only in 2009 that Ryan 
Dahl, creator of Node.js, made it possible for developers to use the language to write back-end code. Back-
end languages, which generally support multithreading, have all kinds of mechanisms for syncing values 
between threads and other thread-oriented features [3]. 

MongoDB is an open source database management system (DBMS) that uses a document-oriented 
database model which supports various forms of data. It is one of numerous no 
relational database technologies which arose in the mid-2000s under the NoSQL banner for use in big data 
applications and other processing jobs involving data that doesn't fit well in a rigid relational model. Instead 
of using tables and rows as in relational databases, the MongoDB architecture is made up of collections and 
documents [4]. 

Docker unlocks the potential of organizations by giving developers and IT the freedom to build, 
manage and secure business-critical applications without the fear of technology or infrastructure lock-in. By 
combining its industry-leading container engine technology, an enterprise-grade container 
platform and world-class services, Docker enables to bring traditional and cloud native applications built 
on Windows Server, Linux and mainframe into an automated and secure supply chain, advancing dev to ops 
collaboration and reducing time to value. Because Docker increases productivity and reduces the time it 
takes to bring applications to market, organizations have the resources needed to invest in key digitization 
projects that cut across the entire value chain, such as application modernization, cloud migration and server 
consolidation. [5] Also Docker protects data base. It is not possible to connect to data base directly and steal 
all data while port will not be exposed from Docker container to local machine. Only other containers have 
access to data base. 

 
List of used sources: 

https://www.cornerstone.edu/blogs/lifelong-learning-matters/post/12-methodsto-significantly-improve-your-studying/
https://www.cornerstone.edu/blogs/lifelong-learning-matters/post/11-ways-to-work-full-time-and-study-full-time-simultaneously/
https://github.com/reduxjs/redux-devtools
https://v8.dev/
https://v8.dev/
https://nodejs.org/en/
https://www.youtube.com/watch?v=ztspvPYybIY
https://www.youtube.com/watch?v=ztspvPYybIY
https://whatis.techtarget.com/definition/open-source
https://searchsqlserver.techtarget.com/definition/database
https://searchdatamanagement.techtarget.com/definition/NoSQL-Not-Only-SQL
https://whatis.techtarget.com/definition/table
https://searchoracle.techtarget.com/definition/row
https://searchdatamanagement.techtarget.com/definition/relational-database
https://www.docker.com/products/docker-engine
https://www.docker.com/products/docker-enterprise
https://www.docker.com/products/docker-enterprise
https://success.docker.com/support
https://www.docker.com/products/windows-containers
https://www.docker.com/solutions/mta
https://www.docker.com/solutions/cloud-migration
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ʇʈʀʃʆɾɽʅʀɽ ɼʃʗ ɸɺʊʆʄɸʊʀɿɸʎʀʀ ʆʈɻɸʅʀɿɸʎʀʀ 
ɿɸɼɸʏ ʀ ʈɸɹʆʏɽɻʆ ɻʈɸʌʀʂɸ ʇʈɽʇʆɼɸɺɸʊɽʃʗ 

ɸʨʟʫʤʘʥʷʥ ɸ.ʉ. 

ɹʝʣʦʨʫʩʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʥʬʦʨʤʘʪʠʢʠ ʠ ʨʘʜʠʦʵʣʝʢʪʨʦʥʠʢʠ 
ʛ. ʄʠʥʩʢ, ʈʝʩʧʫʙʣʠʢʘ ɹʝʣʘʨʫʩʴ 

ʊʨʫʩ ɺ.ɺ. ï ʩʪ. ʧʨʝʧʦʜʘʚʘʪʝʣʴ 

ɺ ʨʘʤʢʘʭ ʠʥʪʝʛʨʘʮʠʠ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʚ ʞʠʟʥʴ ʯʝʣʦʚʝʢʘ, ʧʨʝʧʦʜʘʚʘʪʝʣʠ ʚʩʸ ʯʘʱʝ ʩʪʘʣʢʠʚʘʶʪʩʷ ʩ 
ʥʝʦʙʭʦʜʠʤʦʩʪʴʶ ʦʨʛʘʥʠʟʘʮʠʠ ʨʘʙʦʯʝʛʦ ʛʨʘʬʠʢʘ ʩ ʧʦʤʦʱʴʶ ʨʘʟʣʠʯʥʳʭ ʩʝʨʚʠʩʦʚ. ʆʥʠ ʟʥʘʯʠʪʝʣʴʥʦ ʦʙʣʝʛʯʘʶʪ ʧʨʦʮʝʩʩ ʚʝʜʝʥʠʷ 
ʨʘʩʧʠʩʘʥʠʡ ʠ ʟʘʜʘʯ, ʪʘʢ ʢʘʢ ʧʦʟʚʦʣʷʶʪ ʩʜʝʣʘʪʴ ʫʧʨʘʚʣʝʥʠʝ ʨʘʙʦʯʠʤ ʛʨʘʬʠʢʦʤ ʙʦʣʝʝ ʫʜʦʙʥʳʤ, ʘ ʪʘʢʞʝ ʧʦʟʚʦʣʷʶʪ ʚ ʣʶʙʦʡ 
ʤʦʤʝʥʪ ʧʦʣʫʯʠʪʴ ʥʝʦʙʭʦʜʠʤʫʶ ʠʥʬʦʨʤʘʮʠʶ ʦ ʨʘʩʧʠʩʘʥʠʠ. ʉʫʱʝʩʪʚʫʝʪ ʤʥʦʞʝʩʪʚʦ ʤʦʙʠʣʴʥʳʭ ʧʨʠʣʦʞʝʥʠʡ ʜʣʷ ʦʨʛʘʥʠʟʘʮʠʠ 
ʨʘʙʦʯʝʛʦ ʛʨʘʬʠʢʘ, ʥʦ ʙʦʣʴʰʠʥʩʪʚʦ ʠʟ ʪʘʢʠʭ ʩʝʨʚʠʩʦʚ ʥʝ ʫʯʠʪʳʚʘʶʪ ʧʨʝʧʦʜʘʚʘʪʝʣʴʩʢʫʶ ʩʧʝʮʠʬʠʢʫ, ʥʝ ʠʤʝʶʪ ʩʠʥʭʨʦʥʠʟʘʮʠʡ ʩ 
ʚʝʙ-ʩʝʨʚʠʩʘʤʠ, ʘ ʪʘʢʞʝ ʥʝ ʜʘʶʪ ʩʪʘʪʠʩʪʠʯʝʩʢʫʶ ʠʥʬʦʨʤʘʮʠʶ ʦ ʟʘʪʨʘʯʝʥʥʦʤ ʚʨʝʤʝʥʠ.  

ʂʣʶʯʝʚʳʤ ʧʨʝʠʤʫʱʝʩʪʚʦʤ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʤʦʙʠʣʴʥʦʛʦ ʧʨʠʣʦʞʝʥʠʷ ʜʣʷ ʦʨʛʘʥʠʟʘʮʠʠ 
ʨʘʩʧʠʩʘʥʠʷ ʷʚʣʷʝʪʩʷ ʪʦ, ʯʪʦ ʚʩʷ ʥʝʦʙʭʦʜʠʤʘʷ ʠʥʬʦʨʤʘʮʠʷ ʣʝʛʢʦʜʦʩʪʫʧʥʘ ʠ ʠʤʝʝʪ ʬʦʨʤʘʣʠʟʦʚʘʥʥʳʡ 
ʚʠʜ. ʇʦʣʴʟʦʚʘʪʝʣʴ ʤʦʞʝʪ ʚ ʨʝʞʠʤʝ ʨʝʘʣʴʥʦʛʦ ʚʨʝʤʝʥʠ ʠʩʧʦʣʴʟʦʚʘʪʴ ʪʦʣʴʢʦ ʘʢʪʫʘʣʴʥʳʝ ʜʘʥʥʳʝ.  

ʇʣʘʥʠʨʦʚʘʥʠʝ ʨʘʩʧʠʩʘʥʠʷ ʠ ʟʘʜʘʯ ʷʚʣʷʝʪʩʷ ʚʘʞʥʳʤ ʧʫʥʢʪʦʤ ʚ ʨʘʙʦʪʝ ʧʨʝʧʦʜʘʚʘʪʝʣʷ, 
ʢʦʪʦʨʦʤʫ ʥʝʦʙʭʦʜʠʤʦ ʜʝʨʞʘʪʴ ʧʦʩʪʦʷʥʥʳʡ ʢʦʥʪʨʦʣʴ ʥʘʜ ʙʦʣʴʰʠʤ ʦʙʲʸʤʦʤ ʠʥʬʦʨʤʘʮʠʠ, ʪʘʢ ʢʘʢ 
ʧʨʦʬʝʩʩʠʷ ʧʨʝʧʦʜʘʚʘʪʝʣʷ ʧʨʝʜʧʦʣʘʛʘʝʪ ʨʘʙʦʪʫ ʩ ʰʠʨʦʢʠʤ ʩʧʝʢʪʨʦʤ ʟʘʜʘʯ ʠ ʢʦʤʤʫʥʠʢʘʮʠʶ ʩ 
ʣʶʜʴʤʠ, ʢʦʪʦʨʳʭ ʦʙʫʯʘʝʪ ʧʨʝʧʦʜʘʚʘʪʝʣʴ, ʠ ʩ ʢʦʣʣʝʛʘʤʠ ʧʦ ʨʘʙʦʪʝ[1]. 

ʋʧʨʘʚʣʝʥʠʝ ʚʨʝʤʝʥʝʤ ï ʵʪʦ ʜʝʡʩʪʚʠʝ ʠʣʠ ʧʨʦʮʝʩʩ ʪʨʝʥʠʨʦʚʢʠ ʩʦʟʥʘʪʝʣʴʥʦʛʦ ʢʦʥʪʨʦʣʷ ʥʘʜ 
ʚʨʝʤʝʥʝʤ, ʧʦʪʨʘʯʝʥʥʳʤ ʥʘ ʢʦʥʢʨʝʪʥʳʝ ʚʠʜʳ ʜʝʷʪʝʣʴʥʦʩʪʠ, ʧʨʠ ʢʦʪʦʨʦʤ ʩʧʝʮʠʘʣʴʥʦ ʫʚʝʣʠʯʠʚʘʶʪʩʷ 
ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʠ ʧʨʦʜʫʢʪʠʚʥʦʩʪʴ. ʋʧʨʘʚʣʝʥʠʝ ʚʨʝʤʝʥʝʤ ʤʦʞʝʪ ʧʦʤʦʯʴ ʧʦʣʫʯʠʪʴ ʨʷʜ ʥʘʚʳʢʦʚ, 
ʠʥʩʪʨʫʤʝʥʪʦʚ ʠ ʤʝʪʦʜʦʚ, ʠʩʧʦʣʴʟʫʝʤʳʭ ʧʨʠ ʚʳʧʦʣʥʝʥʠʠ ʢʦʥʢʨʝʪʥʳʭ ʟʘʜʘʯ, ʧʨʦʝʢʪʦʚ ʠ ʮʝʣʝʡ. 
ʋʧʨʘʚʣʝʥʠʝ ʚʨʝʤʝʥʝʤ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʰʠʨʦʢʠʡ ʥʘʙʦʨ ʨʝʰʘʝʤʳʭ ʟʘʜʘʯ, ʩʨʝʜʠ ʢʦʪʦʨʳʭ: 

ï ʧʦʩʪʘʥʦʚʢʘ ʮʝʣʝʡ; 
ï ʧʣʘʥʠʨʦʚʘʥʠʝ ʚʨʝʤʝʥʠ; 
ï ʘʥʘʣʠʟ ʟʘʪʨʘʪ ʚʨʝʤʝʥʠ; 
ï ʦʧʨʝʜʝʣʝʥʠʝ ʧʨʠʦʨʠʪʝʪʦʚ; 
ï ʩʦʟʜʘʥʠʝ ʩʧʠʩʢʦʚ [2]. 
ʉʦʚʨʝʤʝʥʥʳʝ ʤʦʙʠʣʴʥʳʝ ʧʨʠʣʦʞʝʥʠʷ ʭʦʨʦʰʦ ʩʧʨʘʚʣʷʶʪʩʷ ʩ ʚʳʰʝʫʧʦʤʷʥʫʪʳʤʠ ʟʘʜʘʯʘʤʠ. 

ɹʣʘʛʦʜʘʨʷ ʠʥʪʝʨʘʢʪʠʚʥʦʤʫ ʠ ʠʥʪʫʠʪʠʚʥʦ ʧʦʥʷʪʥʦʤʫ ʠʥʪʝʨʬʝʡʩʫ ʧʦʣʴʟʦʚʘʪʝʣʴ ʚ ʧʘʨʫ ʢʣʠʢʦʚ ʤʦʞʝʪ 
ʜʦʙʘʚʣʷʪʴ, ʨʝʜʘʢʪʠʨʦʚʘʪʴ ʠʣʠ ʧʨʦʩʤʘʪʨʠʚʘʪʴ ʥʝʦʙʭʦʜʠʤʫʶ ʠʥʬʦʨʤʘʮʠʶ ʦ ʨʘʩʧʠʩʘʥʠʠ. ɹʦʣʴʰʠʥʩʪʚʦ 
ʪʘʢʠʭ ʧʨʠʣʦʞʝʥʠʡ ʦʨʛʘʥʠʟʦʚʘʥʳ ʩʦʛʣʘʩʥʦ ʢʣʠʝʥʪ-ʩʝʨʚʝʨʥʦʡ ʘʨʭʠʪʝʢʪʫʨʝ. ʅʝʨʝʜʢʦ ʩʣʫʯʘʝʪʩʷ, ʯʪʦ 
ʧʨʠʣʦʞʝʥʠʷ ʠʩʧʦʣʴʟʫʶʪ ʚ ʢʘʯʝʩʪʚʝ ʩʝʨʚʝʨʥʦʡ ʯʘʩʪʠ ʢʘʢʦʡ-ʥʠʙʫʜʴ ʩʪʦʨʦʥʥʠʡ ʩʝʨʚʠʩ. ʊʘʢ, ʥʘʧʨʠʤʝʨ, 
ʤʥʦʛʠʝ ʧʨʠʣʦʞʝʥʠʷ ʜʣʷ ʫʧʨʘʚʣʝʥʠʷ ʨʘʩʧʠʩʘʥʠʝʤ ʠʩʧʦʣʴʟʫʶʪ ʩʝʨʚʝʨ Google-ʢʘʣʝʥʜʘʨʷ, ʠʤʝʶʪ 
ʩʠʥʭʨʦʥʠʟʘʮʠʶ ʩ ʥʠʤ ʠ ʠʩʧʦʣʴʟʫʶʪ ʝʛʦ ʙʘʟʫ ʜʘʥʥʳʭ ʜʣʷ ʭʨʘʥʝʥʠʷ. ɼʘʥʥʳʡ ʧʦʜʭʦʜ ʷʚʣʷʝʪʩʷ ʫʜʦʙʥʳʤ, 
ʪʘʢ ʢʘʢ ʧʦʣʴʟʦʚʘʪʝʣʶ ʧʨʝʜʦʩʪʘʚʣʷʝʪʩʷ ʙʦʣʴʰʠʡ ʬʫʥʢʮʠʦʥʘʣ, ʘ ʧʨʦʛʨʘʤʤʠʩʪʫ ï ʧʨʦʩʪʦʪʘ ʨʘʟʨʘʙʦʪʢʠ. 

ʅʝʨʝʜʢʦ, ʪʘʢ ʥʘʟʳʚʘʝʤʳʝ, ʧʨʠʣʦʞʝʥʠʷ-ʧʣʘʥʠʨʦʚʱʠʢʠ ʧʦʟʚʦʣʷʶʪ ʚʳʩʪʘʚʠʪʴ ʩʪʝʧʝʥʴ ʚʘʞʥʦʩʪʠ 
ʟʘʜʘʯʝ. ʆʜʥʘʢʦ, ʧʦʤʠʤʦ ʚʘʞʥʦʩʪʠ ʩʫʱʝʩʪʚʫʝʪ ʜʨʫʛʦʡ ʥʝ ʤʝʥʝʝ ʚʘʞʥʳʡ ʬʘʢʪʦʨ, ʢʦʪʦʨʳʡ ʥʝ 
ʫʯʠʪʳʚʘʶʪ ʜʘʥʥʳʝ ʧʨʠʣʦʞʝʥʠʷ ï ʩʨʦʯʥʦʩʪʴ ʠʩʧʦʣʥʝʥʠʷ. ʊʘʢ, ʦʜʠʥ ʠʟ ʧʨʝʟʠʜʝʥʪʦʚ ɸʤʝʨʠʢʠ ʠʟʦʙʨʸʣ 
ʩʦʙʩʪʚʝʥʥʫʶ ʤʝʪʦʜʠʢʫ ʜʣʷ ʫʧʨʘʚʣʝʥʠʷ ʚʨʝʤʝʥʝʤ, ʥʘʟʳʚʘʝʤʫʶ ñʪʘʙʣʠʮʝʡ ʕʡʟʝʥʭʘʫʵʨʘò. ʉʫʪʴ ʤʝʪʦʜʘ 
ʩʦʩʪʦʠʪ ʚ ʪʦʤ, ʯʪʦ ʚʩʝ ʟʘʜʘʯʠ ʜʝʣʷʪʩʷ ʥʘ ʩʣʝʜʫʶʱʠʝ ʢʘʪʝʛʦʨʠʠ: 

ï ʩʨʦʯʥʳʝ (ʚʘʞʥʳʝ) ʟʘʜʘʯʠ, ʢʦʪʦʨʳʝ ʜʦʣʞʥʳ ʚʳʧʦʣʥʷʪʴʩʷ ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ;   
ï ʩʨʦʯʥʳʝ (ʤʝʥʝʝ ʚʘʞʥʳʝ) ʟʘʜʘʯʠ, ʢʦʪʦʨʳʝ ʧʨʠ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʤʦʞʥʦ ʜʝʣʝʛʠʨʦʚʘʪʴ; 
ï ʤʝʥʝʝ ʩʨʦʯʥʳʝ (ʚʘʞʥʳʝ) ʟʘʜʘʯʠ, ʢʦʪʦʨʳʝ ʥʝʢʨʠʪʠʯʥʳ ʠ ʤʦʛʫʪ ʙʳʪʴ ʚʳʧʦʣʥʝʥʳ ʚ ʙʣʠʞʘʡʰʝʝ 

ʚʨʝʤʷ; 
ï ʤʝʥʝʝ ʩʨʦʯʥʳʝ (ʤʝʥʝʝ ʚʘʞʥʳʝ) ʟʘʜʘʯʠ, ʢʦʪʦʨʳʝ ʣʫʯʰʝ ʚʩʝʛʦ ʩʜʝʣʘʪʴ ʧʨʠ ʥʘʣʠʯʠʠ ʩʚʦʙʦʜʥʦʛʦ 

ʚʨʝʤʝʥʠ ʠʣʠ ʜʝʣʝʛʠʨʦʚʘʪʴ ʜʨʫʛʦʤʫ ʯʝʣʦʚʝʢʫ. 
ɼʣʷ ʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʦʛʦ ʧʣʘʥʠʨʦʚʘʥʠʷ ʨʘʩʧʠʩʘʥʠʷ ʠ ʟʘʜʘʯ ʧʨʝʧʦʜʘʚʘʪʝʣʷ, ʘ ʪʘʢʞʝ ʜʣʷ 

ʧʦʣʫʯʝʥʠʷ ʩʪʘʪʠʩʪʠʯʝʩʢʠʭ ʜʘʥʥʳʭ ʙʳʣʦ ʨʘʟʨʘʙʦʪʘʥʦ ʤʦʙʠʣʴʥʦʝ ʧʨʠʣʦʞʝʥʠʝ ʥʘ ʙʘʟʝ ʦʧʝʨʘʮʠʦʥʥʦʡ 
ʩʠʩʪʝʤʳ ɸʥʜʨʦʠʜ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ ʧʨʝʧʦʜʘʚʘʪʝʣʴ ʩʤʦʞʝʪ ʫʜʦʙʥʳʤ ʝʤʫ ʦʙʨʘʟʦʤ ʩʦʟʜʘʚʘʪʴ ʵʣʝʤʝʥʪ 

https://reactjs.org/
https://nodejs.org/en/
https://www.mongodb.com/
https://www.docker.com/
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ʨʘʩʧʠʩʘʥʠʷ, ʧʨʦʩʤʘʪʨʠʚʘʪʴ ʠ ʨʝʜʘʢʪʠʨʦʚʘʪʴ ʝʛʦ. ʂʣʶʯʝʚʳʤʠ ʦʩʦʙʝʥʥʦʩʪʷʤʠ ʷʚʣʷʶʪʩʷ ʚʦʟʤʦʞʥʦʩʪʠ 
ʧʨʦʩʤʦʪʨʘ ʩʪʘʪʠʩʪʠʯʝʩʢʠʭ ʜʘʥʥʳʭ ʦ ʟʘʪʨʘʯʝʥʥʦʤ ʚʨʝʤʝʥʠ ʧʨʝʧʦʜʘʚʘʪʝʣʷ ʠ ʚʳʩʪʘʚʣʝʥʠʷ ʩʪʝʧʝʥʠ 
ʚʘʞʥʦʩʪʠ ʠ ʩʨʦʯʥʦʩʪʠ ʟʘʜʘʯʠ. 

 
ʉʧʠʩʦʢ ʠʩʧʦʣʴʟʦʚʘʥʥʳʭ ʠʩʪʦʯʥʠʢʦʚ: 
1.  [ʕʣʝʢʪʨʦʥʥʳʡ ʨʝʩʫʨʩ]. ï ʕʣʝʢʪʨʦʥʥʳʝ ʜʘʥʥʳʝ. ï ʈʝʞʠʤ ʜʦʩʪʫʧʘ: https://kinderklub.ru/professiya-uchitel/upravlenie-

vremenem-kak-instrument-prepodavatelya/. 
2. ɺʠʢʠʧʝʜʠʷ [ʕʣʝʢʪʨʦʥʥʳʡ ʨʝʩʫʨʩ]. ï ʕʣʝʢʪʨʦʥʥʳʝ ʜʘʥʥʳʝ. ï ʈʝʞʠʤ ʜʦʩʪʫʧʘ: https://ru.wikipedia.org/wiki/ 

ʋʧʨʘʚʣʝʥʠʝ_ʚʨʝʤʝʥʝʤ. 

 
 

ʇʈʆɻʈɸʄʄʅʆɽ ʉʈɽɼʉʊɺʆ 
çKASISKI-BABBAGE FREQUENCY ANALYSISè 

ɹʠʪʢʠʥ ʅ.ʉ., ɹʦʣʪʘʢ ʉ.ɺ. 

ɹʝʣʦʨʫʩʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʥʬʦʨʤʘʪʠʢʠ ʠ ʨʘʜʠʦʵʣʝʢʪʨʦʥʠʢʠ 
ʛ. ʄʠʥʩʢ, ʈʝʩʧʫʙʣʠʢʘ ɹʝʣʘʨʫʩʴ 

ɹʦʣʪʘʢ ʉ.ɺ. ï ʘʩʩʠʩʪʝʥʪ 

ʉʦʚʨʝʤʝʥʥʳʝ ʢʨʠʧʪʦʩʠʩʪʝʤʳ ʦʪʣʠʯʘʶʪʩʷ ʩʚʦʠʤ ʤʥʦʛʦʦʙʨʘʟʠʝʤ, ʫʨʦʚʥʝʤ ʢʨʠʧʪʦʩʪʦʡʢʦʩʪʠ ʠ ʩʣʦʞʥʦʩʪʴʶ ʧʦʥʠʤʘʥʠʷ. ʇʦʵʪʦʤʫ 
ʥʘʯʠʥʘʶʱʝʤʫ ʢʨʠʧʪʦʛʨʘʬʫ ʥʝʦʙʭʦʜʠʤ ʙʦʣʝʝ ʧʨʦʩʪʦʡ ʠ ʧʦʥʷʪʥʳʡ ʧʨʠʤʝʨ ʜʣʷ ʦʟʥʘʢʦʤʣʝʥʠʷ ʩ ʦʛʨʦʤʥʳʤ ʤʠʨʦʤ ʰʠʬʨʦʚ ʠ 
ʤʝʪʦʜʦʚ ʚʟʣʦʤʘ. ʈʘʟʨʘʙʦʪʘʥʥʳʡ ʧʨʦʛʨʘʤʤʥʳʡ ʧʨʦʜʫʢʪ ʧʦʟʚʦʣʷʝʪ ʧʨʦʚʝʩʪʠ ʢʨʠʧʪʦʘʥʘʣʠʟ ʰʠʬʨʦʪʝʢʩʪʘ, ʟʘʰʠʬʨʦʚʘʥʥʦʛʦ  
ʰʠʬʨʦʤ ɺʠʞʝʥʝʨʘ ʩ ʧʨʦʛʨʝʩʩʠʚʥʳʤ ʩʧʦʩʦʙʦʤ ʛʝʥʝʨʘʮʠʠ ʢʣʶʯʝʚʦʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ. 

ʐʠʬʨ ɺʠʞʝʥʝʨʘ ʤʦʞʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴ ʪʘʢ ʥʘʟʳʚʘʝʤʳʡ ʧʨʦʛʨʝʩʩʠʚʥʳʡ ʢʣʶʯ (ʜʫʙʣʠʨʦʚʘʥʠʝ 
ʢʣʶʯʝʚʦʛʦ ʩʣʦʚʘ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʩ ʦʜʥʦʚʨʝʤʝʥʥʳʤ ʩʜʚʠʛʦʤ ʙʫʢʚ ʢʣʶʯʘ ʥʘ ʦʜʥʫ ʧʦʟʠʮʠʶ ʧʨʠ ʢʘʞʜʦʤ 
ʥʦʚʦʤ ʧʦʚʪʦʨʝʥʠʠ) [1]. ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʟʘʜʘʯʘ ʚʟʣʦʤʘ ʩʪʘʥʦʚʠʪʩʷ ʥʝ ʩʦʚʩʝʤ ʪʨʠʚʠʘʣʴʥʦʡ. 

ɺ ʘʣʛʦʨʠʪʤ ʚʟʣʦʤʘ ʥʝʦʙʭʦʜʠʤʦ ʚʥʝʩʪʠ ʩʣʝʜʫʶʱʠʝ ʠʟʤʝʥʝʥʠʷ: ʧʦʚʪʦʨʷʶʱʠʝʩʷ 
ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʥʝʦʙʭʦʜʠʤʦ ʫʯʠʪʳʚʘʪʴ ʪʦʣʴʢʦ ʚ ʧʦʟʠʮʠʷʭ, ʯʴʠ ʥʦʤʝʨʘ ʢʨʘʪʥʳ ʜʣʠʥʝ ʘʣʬʘʚʠʪʘ 
ʠʩʭʦʜʥʦʛʦ ʪʝʢʩʪʘ (ʵʪʦ ʦʯʝʚʠʜʥʦ, ʪʘʢ ʢʘʢ ʤʠʥʠʤʘʣʴʥʦ ʥʝʦʙʭʦʜʠʤʦʝ ʢʦʣʠʯʝʩʪʚʦ ʩʜʚʠʛʦʚ ʢʣʶʯʘ ʜʣʷ 
ʧʦʣʫʯʝʥʠʷ ʠʩʭʦʜʥʦʛʦ ʨʘʚʥʷʝʪʩʷ ʤʦʱʥʦʩʪʠ ʘʣʬʘʚʠʪʘ). 

ɼʘʥʥʘʷ ʨʘʙʦʪʘ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʘʥʘʣʠʟ ʚʦʟʤʦʞʥʦʩʪʝʡ ʤʝʪʦʜʘ ʂʘʩʠʩʢʠ-ɹʙɻʙʠʜʞʘ ʧʨʠ ʘʪʘʢʝ 
ʰʠʬʨʦʪʝʢʩʪʘ, ʧʦʣʫʯʝʥʥʦʛʦ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʰʠʬʨʘ ɺʠʞʝʥʝʨʘ ʩ ʧʨʦʛʨʝʩʩʠʚʥʳʤ ʢʣʶʯʦʤ. ʉʨʝʜʥʷʷ 
ʩʢʦʨʦʩʪʴ ʦʙʨʘʙʦʪʢʠ ï ʧʦʨʷʜʢʘ ʤʠʣʣʠʦʥʘ ʩʠʤʚʦʣʦʚ ʚ ʤʠʥʫʪʫ. ʀʩʭʦʜʷ ʠʟ  ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ 
ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʩʣʝʜʫʶʱʠʝ ʚʳʚʦʜʳ: 

1) ʤʝʪʦʜ ʘʙʩʦʣʶʪʥʦ ʥʝʵʬʬʝʢʪʠʚʝʥ ʥʘ ʰʠʬʨʦʪʝʢʩʪʝ, ʜʣʠʥʘ ʢʦʪʦʨʦʛʦ ʥʝ ʧʨʝʚʳʰʘʝʪ 
ʧʨʦʠʟʚʝʜʝʥʠʝ ʤʦʱʥʦʩʪʠ ʘʣʬʘʚʠʪʘ ʥʘ ʜʣʠʥʫ ʢʣʶʯʘ; 

2) ʧʨʠ ʜʦʩʪʠʞʝʥʠʠ ʦʧʨʝʜʝʣʸʥʥʳʭ ʨʘʟʤʝʨʦʚ ʰʠʬʨʦʪʝʢʩʪʘ ʤʝʪʦʜ ʚʟʣʦʤʘ ʧʦʟʚʦʣʷʝʪ 
ʧʦʣʫʯʠʪʴ ʨʝʟʫʣʴʪʘʪ ʩ ʚʝʨʦʷʪʥʦʩʪʴʶ ʙʦʣʝʝ 90% ʜʣʷ ʢʣʶʯʘ ʣʶʙʦʡ ʜʣʠʥʳ; 

3) ʧʨʠ ʧʦʚʪʦʨʥʦʤ ʰʠʬʨʦʚʘʥʠʠ ʨʘʥʝʝ ʟʘʰʠʬʨʦʚʘʥʥʦʛʦ ʪʝʢʩʪʘ ʚʝʨʦʷʪʥʦʩʪʴ ʫʩʧʝʭʘ 
ʩʪʨʝʤʠʪʩʷ ʢ ʥʫʣʶ, ʪʦʞʝ ʩʘʤʦʝ ʢʘʩʘʝʪʩʷ ʰʠʬʨʦʚʘʥʠʷ ʪʝʢʩʪʘ, ʥʝ ʠʤʝʶʱʝʛʦ ʩʤʳʩʣʘ; 

4) ʥʘʫʯʥʦ-ʧʦʧʫʣʷʨʥʘʷ ʣʠʪʝʨʘʪʫʨʘ ʙʦʣʝʝ ʫʩʪʦʡʯʠʚʘ ʢ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʡ ʘʪʘʢʝ. ʀʟ-ʟʘ 
ʥʘʩʳʱʝʥʥʦʩʪʠ ʪʘʢʠʭ ʪʝʢʩʪʦʚ ʪʝʨʤʠʥʘʤʠ, ʢʦʪʦʨʳʝ ʚ ʙʦʣʴʰʠʥʩʪʚʝ ʩʚʦʸʤ ʷʚʣʷʶʪʩʷ ʩʣʦʚʘʤʠ ʩ ʙʦʣʴʰʠʤ 
ʢʦʣʠʯʝʩʪʚʦʤ ʙʫʢʚ, ʚʝʨʦʷʪʥʦʩʪʴ ʩʦʚʧʘʜʝʥʠʷ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ ʤʝʥʴʰʝ; 

ʈʘʟʨʘʙʦʪʘʥʥʦʝ ʧʨʦʛʨʘʤʤʥʦʝ ʩʨʝʜʩʪʚʦ ʧʦʟʚʦʣʷʝʪ ʥʘʛʣʷʜʥʦ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʪʴ ʨʘʙʦʪʫ ʤʝʪʦʜʘ 
ʂʘʩʠʩʢʠ-ɹʵʙʙʠʜʞʘ ʥʘ ʰʠʬʨʦʪʝʢʩʪʝ, ʧʦʣʫʯʝʥʥʦʤ ʰʠʬʨʦʤ ɺʠʞʝʥʝʨʘ ʩ ʧʨʦʛʨʝʩʩʠʚʥʳʤ ʢʣʶʯʦʤ. ʂʘʢ 
ʚʠʜʥʦ ʠʟ ʨʠʩʫʥʢʘ 1, ʫʩʧʝʰʥʦʩʪʴ ʚʟʣʦʤʘ ʟʘʚʠʩʠʪ ʦʪ ʜʣʠʥʳ ʰʠʬʨʦʪʝʢʩʪʘ. 
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ʈʠʩʫʥʦʢ 1 ï ʇʨʦʮʝʥʪ ʫʩʧʝʰʥʦʩʪʠ ʘʪʘʢʠ ʧʨʠ ʬʠʢʩʠʨʦʚʘʥʥʦʡ ʜʣʠʥʝ ʢʣʶʯʘ 

 
ʉʧʠʩʦʢ ʠʩʧʦʣʴʟʦʚʘʥʥʳʭ ʠʩʪʦʯʥʠʢʦʚ: 
1. Tilborg H.C.A. Fundamentals of Cryptography. A Professional Reference and Interactive Tutorial.  Kluwer, 1999. ʩ. 9-16. 

 
 

ʇʈʆɻʈɸʄʄʅʆɽ ʉʈɽɼʉʊɺʆ ʄʆʅʀʊʆʈʀʅɻɸ ʈɸɹʆʊʓ ʉɽʈɺʀʉʆɺ ɺ 

ʈɸʉʇʈɽɼɽʃɽʅʅʆʁ ʉʀʉʊɽʄɽ 

ɹʦʙʢʦʚ ɸ.ɸ. 

ɹʝʣʦʨʫʩʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʥʬʦʨʤʘʪʠʢʠ ʠ ʨʘʜʠʦʵʣʝʢʪʨʦʥʠʢʠ 
ʛ. ʄʠʥʩʢ, ʈʝʩʧʫʙʣʠʢʘ ɹʝʣʘʨʫʩʴ 

 

ʉʤʦʣʷʢʦʚʘ ʆ.ɻ. ï ʢ.ʪ.ʥ.,ʜʦʮʝʥʪ 
 

ʀʥʬʦʨʤʘʮʠʦʥʥʳʝ ʪʝʭʥʦʣʦʛʠʠ ʧʦʣʥʦʩʪʴʶ ʠʟʤʝʥʠʣʠ ʞʠʟʥʴ ʩʦʚʨʝʤʝʥʥʦʛʦ ʯʝʣʦʚʝʢʘ. ʄʛʥʦʚʝʥʥʳʡ ʠ ʙʝʩʧʨʝʧʷʪʩʪʚʝʥʥʳʡ ʜʦʩʪʫʧ ʢ 

ʣʶʙʦʡ ʠʥʬʦʨʤʘʮʠʠ ʫʧʨʦʩʪʠʣ ʠ ʫʩʢʦʨʠʣ ʙʦʣʴʰʠʥʩʪʚʦ ʧʨʦʮʝʩʩʦʚ, ʩʚʷʟʘʥʥʳʭ ʩ ʨʘʟʣʠʯʥʳʤʠ ʩʬʝʨʘʤʠ ʜʝʷʪʝʣʴʥʦʩʪʠ. ʉ ʨʦʩʪʦʤ 

ʩʝʨʚʝʨʥʳʭ ʧʨʠʣʦʞʝʥʠʡ ʧʦʷʚʣʷʝʪʩʷ ʧʨʦʙʣʝʤʘ, ʩʚʷʟʘʥʥʘʷ ʩ ʪʝʤ, ʯʪʦ ʧʨʠʣʦʞʝʥʠʷ ʥʝ ʧʦʤʝʱʘʶʪʩʷ ʥʘ ʦʜʥʦʤ ʩʝʨʚʝʨʝ. ɼʘʥʥʘʷ 

ʧʨʦʙʣʝʤʘ ʨʝʰʘʝʪʩʷ ʩʦʟʜʘʥʠʝʤ ʨʘʩʧʨʝʜʝʣʝʥʥʳʭ ʩʠʩʪʝʤ. ɺ ʜʦʢʣʘʜʝ ʩʬʦʨʤʫʣʠʨʦʚʘʥʳ ʮʝʣʠ ʠ ʦʩʦʙʝʥʥʦʩʪʠ ʨʝʘʣʠʟʘʮʠʠ 

ʧʨʦʛʨʘʤʤʥʦʛʦ ʩʨʝʜʩʪʚʘ, ʦʩʫʱʝʩʪʚʣʷʶʱʝʛʦ ʢʦʥʪʨʦʣʴ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʠ ʩʝʨʚʝʨʦʚ ʚ ʜʘʥʥʦʡ ʩʠʩʪʝʤʝ.  

ʉ ʤʝʪʦʜʦʣʦʛʠʯʝʩʢʦʡ ʪʦʯʢʠ ʟʨʝʥʠʷ ʤʦʥʠʪʦʨʠʥʛ ʧʨʦʛʨʘʤʤ ʤʦʞʥʦ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʢʘʢ ʧʨʦʮʝʜʫʨʫ ʧʦ 

ʦʮʝʥʢʝ, ʮʝʣʴʶ ʢʦʪʦʨʦʡ ʷʚʣʷʝʪʩʷ ʚʳʷʚʣʝʥʠʝ ʠ (ʠʣʠ) ʠʟʤʝʨʝʥʠʝ ʵʬʬʝʢʪʦʚ ʧʨʦʜʦʣʞʘʶʱʠʭʩʷ ʜʝʡʩʪʚʠʡ 

ʙʝʟ ʚʳʷʩʥʝʥʠʷ ʧʨʠʯʠʥ. ʄʦʥʠʪʦʨʠʥʛ ʚʳʩʪʫʧʘʝʪ ʚ ʢʘʯʝʩʪʚʝ ʚʥʫʪʨʝʥʥʝʡ ʧʨʦʮʝʜʫʨʳ, ʦʩʥʦʚʘʥʥʦʡ ʥʘ 

ʠʥʜʠʢʘʪʦʨʘʭ ʠ ʨʝʟʫʣʴʪʘʪʘʭ, ʘ ʪʘʢʞʝ ʢʘʢ ʠʥʩʪʨʫʤʝʥʪ ʩʙʦʨʘ ʠʥʬʦʨʤʘʮʠʠ ʠ ʦʪʯʝʪʥʦʩʪʠ. 

ɺʘʞʥʦ ʨʘʟʣʠʯʘʪʴ ʧʦʥʷʪʠʷ çʤʦʥʠʪʦʨʠʥʛè ʠ çʦʮʝʥʢʘ ʧʨʦʛʨʘʤʤè. ʉʫʱʥʦʩʪʴ ʵʪʠʭ ʪʝʨʤʠʥʦʚ 

ʦʜʠʥʘʢʦʚʘ ð ʦʪʩʣʝʞʠʚʘʥʠʝ ʨʝʟʫʣʴʪʘʪʦʚ ʨʘʙʦʪʳ ʧʨʦʛʨʘʤʤ ʠ ʚʳʜʘʯʘ ʜʘʥʥʳʭ ʣʠʮʘʤ, ʧʨʠʥʠʤʘʶʱʠʤ 

ʨʝʰʝʥʠʝ. ʆʜʥʘʢʦ ʤʝʞʜʫ ʥʠʤʠ ʝʩʪʴ ʠ ʨʘʟʣʠʯʠʷ, ʟʘʢʣʶʯʘʶʱʠʝʩʷ ʚ ʚʦʧʨʦʩʘʭ, ʥʘ ʢʦʪʦʨʳʝ ʜʦʣʞʥʦ 

ʦʪʚʝʪʠʪʴ ʧʨʦʚʝʜʝʥʠʝ ʦʮʝʥʢʠ ʠʣʠ ʤʦʥʠʪʦʨʠʥʛʘ. ʄʦʥʠʪʦʨʠʥʛ ʧʨʦʛʨʘʤʤ ʧʦʜʨʘʟʫʤʝʚʘʝʪ ʦʪʚʝʪ ʥʘ ʚʦʧʨʦʩ: 

ʢʘʢ ʠʜʫʪ ʜʝʣʘ? ʆʥ ʦʩʥʦʚʳʚʘʝʪʩʷ ʥʘ ʦʪʩʣʝʞʠʚʘʥʠʠ ʪʝʢʫʱʝʡ ʩʠʪʫʘʮʠʠ ʠ ʩʨʘʚʥʝʥʠʠ ʪʝʢʫʱʝʛʦ 

ʧʦʣʦʞʝʥʠʷ ʜʝʣ ʩ ʨʘʥʝʝ ʨʘʟʨʘʙʦʪʘʥʥʳʤ ʧʣʘʥʦʤ. 

ʇʨʦʛʨʘʤʤʥʦʝ ʩʨʝʜʩʪʚʦ ʤʦʥʠʪʦʨʠʥʛʘ ʨʘʙʦʪʳ ʩʝʨʚʠʩʘ ʚ ʨʘʩʧʨʝʜʝʣʝʥʥʦʡ ʩʠʩʪʝʤʝ ʷʚʣʷʝʪʩʷ ʚʝʙ-

ʠʥʩʪʨʫʤʝʥʪʦʤ ʦʪʩʣʝʞʠʚʘʥʠʷ, ʢʦʪʦʨʳʡ ʚ ʨʝʞʠʤʝ ʨʝʘʣʴʥʦʛʦ ʚʨʝʤʝʥʠ ʦʪʦʙʨʘʞʘʝʪ ʘʢʪʠʚʥʦʩʪʴ 

ʨʘʟʣʠʯʥʳʭ ʩʝʨʚʠʩʦʚ ʚ ʨʘʩʧʨʝʜʝʣʝʥʥʦʡ ʩʠʩʪʝʤʝ [1]. 

ʆʩʥʦʚʥʳʝ ʚʦʟʤʦʞʥʦʩʪʠ, ʧʨʝʜʦʩʪʘʚʣʷʝʤʳʝ ʧʨʦʛʨʘʤʤʥʳʤ ʩʨʝʜʩʪʚʦʤ: 

ï ʚʦʟʤʦʞʥʦʩʪʴ ʧʨʦʩʤʦʪʨʘ ʚʩʝʭ ʩʝʨʚʠʩʦʚ, ʘ ʪʘʢʞʝ ʠʭ ʩʪʘʪʫʩʦʚ; 

ï ʚʦʟʤʦʞʥʦʩʪʴ ʜʦʙʘʚʣʝʥʠʷ ʠ ʨʝʜʘʢʪʠʨʦʚʘʥʠʷ ʩʝʨʚʠʩʦʚ; 

ï ʚʦʟʤʦʞʥʦʩʪʴ ʘʚʪʦʤʘʪʠʯʝʩʢʦʛʦ ʧʦʜʲʝʤʘ ʩʝʨʚʠʩʘ; 
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ï ʚʦʟʤʦʞʥʦʩʪʴ ʩʤʩ-ʦʧʦʚʝʱʝʥʠʷ ʦ ʥʝʠʩʧʨʘʚʥʦʤ ʧʦʚʝʜʝʥʠʠ ʩʝʨʚʠʩʘ. 

ʇʨʠʥʮʠʧ ʨʝʘʣʠʟʘʮʠʠ ʩʪʨʫʢʪʫʨʳ ʧʨʠʣʦʞʝʥʠʷ ʥʘ ʨʠʩʫʥʢʝ 1: 

 

ʇʨʠʣʦʞʝʥʠʝ ȋȎ
ɻʣʘʚʥʳʡ 

ʩʝʨʚʠʩ
țȯȺȬȯȺ ȋȎ

SQL

RS

ȱȪȹȺȸȻ

ȸȼȬȯȼ

 
ʈʠʩʫʥʦʢ 1 ï ʉʪʨʫʢʪʫʨʘ ʧʨʠʣʦʞʝʥʠʷ 

 

ʆʩʥʦʚʥʦʡ ʧʨʠʥʮʠʧ ʨʘʙʦʪʳ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʪʦʤ, ʯʪʦ ʧʨʠʣʦʞʝʥʠʝ ʧʦʩʪʦʷʥʥʦ ʦʪʧʨʘʚʣʷʝʪ ʟʘʧʨʦʩʳ 

ʩʝʨʚʠʩʘʤ, ʢʦʪʦʨʳʝ ʚʢʣʶʯʝʥʳ ʚ ʤʦʥʠʪʦʨʠʥʛ, ʠ ʘʥʘʣʠʟʠʨʫʷ ʢʦʜ ʦʪʚʝʪʘ, ʚʳʩʪʘʚʣʷʝʪ ʩʪʘʪʫʩ ʜʣʷ 

ʦʧʨʝʜʝʣʝʥʥʦʛʦ ʩʝʨʚʠʩʘ [2]. ɺ ʩʣʫʯʘʝ, ʝʩʣʠ ʩʝʨʚʠʩ ʥʝ ʦʪʚʝʯʘʝʪ ʧʦʩʣʝ ʧʝʨʚʦʛʦ ʟʘʧʨʦʩʘ, ʪʦ ʙʫʜʝʪ 

ʧʨʦʠʟʚʝʜʝʥʘ ʧʦʚʪʦʨʥʘʷ ʧʦʧʳʪʢʘ ʦʙʨʘʱʝʥʠʷ. ʆʙʨʘʱʝʥʠʝ ʙʫʜʝʪ ʠʜʪʠ ʜʦ ʪʦʡ ʩʪʝʧʝʥʠ, ʧʦʢʘ ʢʦʣʠʯʝʩʪʚʦ 

ʧʦʧʳʪʦʢ ʥʝ ʧʨʝʚʳʩʠʪ ʫʩʪʘʥʦʚʣʝʥʥʦʝ ʦʛʨʘʥʠʯʝʥʠʝ ʠ ʪʘʢʠʤ ʦʙʨʘʟʦʤ ʛʣʘʚʥʳʡ ʩʝʨʚʠʩ ʧʦʥʠʤʘʝʪ, ʯʪʦ 

ʜʘʥʥʳʡ ʩʝʨʚʠʩ ʥʘʭʦʜʠʪʩʷ ʚ ʥʝʨʘʙʦʯʝʤ ʩʦʩʪʦʷʥʠʠ. 

ʇʨʠʣʦʞʝʥʠʝ ʩʦʙʠʨʘʝʪ ʚʩʶ ʠʥʬʦʨʤʘʮʠʶ ʦ ʩʦʩʪʦʷʥʠʠ ʩʝʨʚʠʩʦʚ ʚ ʨʝʘʣʴʥʦʤ ʚʨʝʤʝʥʠ, ʘ ʵʪʦ ʜʘʝʪ 

ʛʣʘʚʥʦʝ ʧʨʝʠʤʫʱʝʩʪʚʦ ð ʚʦʟʤʦʞʥʦʩʪʴ ʧʦʩʨʝʜʩʪʚʦʤ ʩʤʩ-ʦʧʦʚʝʱʝʥʠʷ ʤʛʥʦʚʝʥʥʦ ʧʦʣʫʯʠʪʴ 

ʠʥʬʦʨʤʘʮʠʶ ʦʙ ʵʪʦʤ ʠ, ʚ ʩʣʫʯʘʝ ʵʢʩʪʨʝʥʥʦʡ ʩʠʪʫʘʮʠʠ, ʧʨʠ ʢʦʪʦʨʦʡ ʥʝ ʩʨʘʙʦʪʘʝʪ ʘʚʪʦʤʘʪʠʯʝʩʢʠʡ 

ʧʦʜʲʝʤ ʩʝʨʚʠʩʘ, ʧʦʜʥʷʪʴ ʩʝʨʚʠʩ ʚʨʫʯʥʫʶ, ʠʩʧʦʣʴʟʫʷ ʧʨʠʣʦʞʝʥʠʝ.  

 
ʉʧʠʩʦʢ ʠʩʧʦʣʴʟʦʚʘʥʥʳʭ ʠʩʪʦʯʥʠʢʦʚ:  

1.  Seth Gilbert and Nancy Lynch, "Brewer's conjecture and the feasibility of consistent, available, partition-tolerant web 

services", ACM SIGACT News, Volume 33 Issue 2 (2002), pg. 51ï59. 

2. ɸʣʙʘʭʘʨʠ, ɼʞʦʟʝʬ. C# 6.0. ʉʧʨʘʚʦʯʥʠʢ. ʇʦʣʥʦʝ ʦʧʠʩʘʥʠʝ / ɼʞʦʟʝʬ ɸʣʙʘʭʘʨʠ, ɹʝʥ ɸʣʙʘʭʘʨʠ. ï 6-ʝ ʠʟʜ. ï ʆʆʆ ñʀ.ɼ. 

ɺʠʣʴʷʤʩò, 2016. ï 1040 ʩʪʨ. 

 
 

ɿɸɼɸʏʀ ɸɺʊʆʄɸʊʀɿɸʎʀʀ ɹɸʅʂʆɺʉʂʀʍ ʇʈʆʎɽʉʉʆɺ ɺ 
ʂʈɽɼʀʊʆɺɸʅʀʀ 

ɹʦʛʜʘʥ ɻ.ʆ. 

ɹʝʣʦʨʫʩʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʥʬʦʨʤʘʪʠʢʠ ʠ ʨʘʜʠʦʵʣʝʢʪʨʦʥʠʢʠ 
ʛ. ʄʠʥʩʢ, ʈʝʩʧʫʙʣʠʢʘ ɹʝʣʘʨʫʩʴ 

ʇʘʨʘʤʦʥʦʚ ɸ.ʀ. ï ʢ.ʪ.ʥ., ʜʦʮʝʥʪ 

ʉʦʚʨʝʤʝʥʥʘʷ ʵʢʦʥʦʤʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʚ ʤʠʨʝ ʥʘʧʨʷʤʫʶ ʟʘʚʠʩʠʪ ʦʪ ʫʨʦʚʥʷ ʪʝʭʥʠʯʝʩʢʦʛʦ ʧʨʦʛʨʝʩʩʘ. ʊʝʭʥʠʯʝʩʢʠʡ ʧʨʦʛʨʝʩʩ 
ʬʦʨʤʠʨʫʝʪ ʥʝ ʪʦʣʴʢʦ ʥʦʚʳʝ ʵʢʦʥʦʤʠʯʝʩʢʠʝ ʦʪʥʦʰʝʥʠʷ, ʥʦ ʠ ʧʦʟʚʦʣʷʝʪ ʦʧʪʠʤʠʟʠʨʦʚʘʪʴ ʠʭ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʙʘʥʢʠ ʚʩʝ ʯʘʱʝ 
ʧʨʦʷʚʣʷʶʪ ʧʦʚʳʰʝʥʥʳʡ ʠʥʪʝʨʝʩ ʢ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʳʤ ʩʠʩʪʝʤʘʤ ʦʮʝʥʢʠ ʨʠʩʢʘ ʠ ʢʨʝʜʠʪʦʩʧʦʩʦʙʥʦʩʪʠ, ʢʦʪʦʨʳʝ ʧʦʟʚʦʣʠʣʠ ʙʳ 
ʤʠʥʠʤʠʟʠʨʦʚʘʪʴ ʫʯʘʩʪʠʝ ʵʢʩʧʝʨʪʦʚ ʠ ʚʣʠʷʥʠʝ ʯʝʣʦʚʝʯʝʩʢʦʛʦ ʬʘʢʪʦʨʘ ʥʘ ʧʨʠʥʷʪʠʝ ʨʝʰʝʥʠʡ. 

ɺ ʦʪʝʯʝʩʪʚʝʥʥʳʭ ʠ ʟʘʨʫʙʝʞʥʳʭ ʙʘʥʢʘʭ ʧʨʠʤʝʥʷʶʪʩʷ ʨʘʟʣʠʯʥʳʝ ʧʦʜʭʦʜʳ ʢ ʦʧʨʝʜʝʣʝʥʠʶ 
ʢʨʝʜʠʪʥʦʛʦ ʨʠʩʢʘ ʬʠʟʠʯʝʩʢʠʭ ʣʠʮ, ʥʘʯʠʥʘʷ ʩ ʩʫʙʲʝʢʪʠʚʥʳʭ ʦʮʝʥʦʢ ʢʨʝʜʠʪʥʳʤʠ ʵʢʩʧʝʨʪʘʤʠ 
ʢʦʤʤʝʨʯʝʩʢʠʭ ʙʘʥʢʦʚ ʠ ʟʘʢʘʥʯʠʚʘʷ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʳʤʠ ʩʠʩʪʝʤʘʤʠ ʦʮʝʥʢʠ ʨʠʩʢʘ. ɹʦʣʴʰʠʥʩʪʚʦ 
ʙʘʥʢʦʚ ʚ ʩʚʦʝʡ ʧʨʘʢʪʠʢʝ ʠʩʧʦʣʴʟʫʶʪ ʜʚʘ ʦʩʥʦʚʥʳʭ ʤʝʪʦʜʘ ʦʮʝʥʢʠ ʢʨʝʜʠʪʦʩʧʦʩʦʙʥʦʩʪʠ ʬʠʟʠʯʝʩʢʠʭ 
ʣʠʮ: 

ī ʵʢʩʧʝʨʪʥʳʝ ʩʠʩʪʝʤʳ ʦʮʝʥʢʠ ʢʨʝʜʠʪʦʩʧʦʩʦʙʥʦʩʪʠ ʟʘʝʤʱʠʢʦʚ; 
ī ʙʘʣʣʴʥʳʝ ʩʠʩʪʝʤʳ ʦʮʝʥʢʠ ʢʨʝʜʠʪʦʩʧʦʩʦʙʥʦʩʪʠ ʢʣʠʝʥʪʦʚ. 
ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʙʘʣʣʴʥʳʭ ʩʠʩʪʝʤ ʦʮʝʥʢʠ ʢʨʝʜʠʪʦʩʧʦʩʦʙʥʦʩʪʠ ʢʣʠʝʥʪʦʚ ï ʙʦʣʝʝ ʦʙʲʝʢʪʠʚʥʳʡ ʠ 

ʵʢʦʥʦʤʠʯʝʩʢʠ ʦʙʦʩʥʦʚʘʥʥʳʡ ʤʝʪʦʜ ʧʨʠʥʷʪʠʷ ʨʝʰʝʥʠʡ ʧʨʠ ʚʳʜʘʯʝ ʢʨʝʜʠʪʦʚ, ʯʝʤ ʵʢʩʧʝʨʪʥʳʝ ʦʮʝʥʢʠ. 
ɺ ʩʦʚʨʝʤʝʥʥʳʭ ʙʠʟʥʝʩ-ʧʨʦʮʝʩʩʘʭ ʘʢʪʠʚʥʦ ʥʘʯʘʣʩʷ ʨʘʟʚʠʚʘʪʴʩʷ ʪʨʝʥʜ ʥʘ ʘʚʪʦʤʘʪʠʟʘʮʠʶ. ʉʨʝʜʠ 

ʧʨʦʮʝʩʩʦʚ, ʘʚʪʦʤʘʪʠʟʘʮʠʷ ʢʦʪʦʨʳʭ ʧʦʚʣʠʷʝʪ ʥʘ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʙʘʥʢʦʚʩʢʦʡ ʩʠʩʪʝʤʳ, ʤʦʞʥʦ 
ʚʳʜʝʣʠʪʴ: 

ī ʧʨʝʜʚʘʨʠʪʝʣʴʥʳʡ ʨʘʩʯʝʪ ʧʣʘʪʝʞʝʡ ʠ ʨʘʟʤʝʨʘ ʢʨʝʜʠʪʘ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʥʘ ʩʪʘʜʠʠ ʠʟʫʯʝʥʠʷ 
ʤʘʪʝʨʠʘʣʦʚ ʜʣʷ ʧʨʝʜʦʩʪʘʚʣʝʥʠʷ ʢʨʝʜʠʪʘ. ɼʘʥʥʘʷ ʧʨʦʮʝʜʫʨʘ ʥʝʦʙʭʦʜʠʤʘ ʜʣʷ ʠʥʬʦʨʤʠʨʦʚʘʥʠʷ 
ʢʣʠʝʥʪʘ ʜʣʷ ʧʨʠʥʷʪʠʷ ʦʢʦʥʯʘʪʝʣʴʥʦʛʦ ʫʧʨʘʚʣʝʥʯʝʩʢʦʛʦ ʨʝʰʝʥʠʷ ʦ ʟʘʢʣʶʯʝʥʠʠ ʩʜʝʣʢʠ; 

http://dl.acm.org/citation.cfm?id=564601&CFID=609557487&CFTOKEN=15997970
http://dl.acm.org/citation.cfm?id=564601&CFID=609557487&CFTOKEN=15997970
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ī ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʝ ʩʦʩʪʘʚʣʝʥʠʝ ʜʦʢʫʤʝʥʪʦʚ ʦʙʝʩʧʝʯʠʚʘʝʪ ʬʦʨʤʠʨʦʚʘʥʠʝ ʪʝʢʩʪʘ 
ʢʨʝʜʠʪʥʦʛʦ ʜʦʛʦʚʦʨʘ, ʜʦʛʦʚʦʨʘ ʟʘʣʦʛʘ, ʩʨʦʯʥʦʛʦ ʦʙʷʟʘʪʝʣʴʩʪʚʘ ʧʦ ʢʨʝʜʠʪʫ, ʩʣʫʞʝʙʥʳʭ ʟʘʧʠʩʦʢ ʠ ʪʦʤʫ 
ʧʦʜʦʙʥʦʝ. ʈʝʘʣʠʟʘʮʠʷ ʜʘʥʥʦʡ ʬʫʥʢʮʠʠ ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ ʥʘʣʠʯʠʝʤ ʰʘʙʣʦʥʦʚ ʪʠʧʦʚʳʭ ʬʦʨʤ 
ʜʦʢʫʤʝʥʪʦʚ ʧʦ ʢʨʝʜʠʪʦʚʘʥʠʶ. ʇʨʠ ʦʬʦʨʤʣʝʥʠʠ ʜʦʢʫʤʝʥʪʘ ʥʝʦʙʭʦʜʠʤʦ ʚʥʝʩʪʠ ʪʦʣʴʢʦ ʨʝʢʚʠʟʠʪʳ ʚ 
ʫʢʘʟʘʥʥʳʝ ʤʝʩʪʘ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʰʘʙʣʦʥʦʤ [1]; 

ī ʠʩʧʦʣʥʝʥʠʝ ʩʦʧʨʦʚʦʞʜʝʥʠʷ ʦʧʝʨʘʮʠʡ ʧʦ ʢʨʝʜʠʪʥʳʤ ʩʦʛʣʘʰʝʥʠʷʤ; 
ī ʢʦʥʪʨʦʣʴ ʠʩʧʦʣʥʝʥʠʷ ʤʝʨʦʧʨʠʷʪʠʡ ʧʦ ʢʨʝʜʠʪʥʳʤ ʩʦʛʣʘʰʝʥʠʷʤ. ʆʙʝʩʧʝʯʠʚʘʝʪ ʢʦʥʪʨʦʣʴ 

ʚʳʧʦʣʥʝʥʠʷ ʤʝʨʦʧʨʠʷʪʠʡ ʧʦ ʩʦʛʣʘʰʝʥʠʷʤ ʩʦʛʣʘʩʥʦ ʢʘʣʝʥʜʘʨʶ [1]; 
ī ʩʦʩʪʘʚʣʝʥʠʝ ʦʪʯʝʪʦʚ ʦʙʝʩʧʝʯʠʚʘʝʪ ʬʦʨʤʠʨʦʚʘʥʠʝ ʦʙʷʟʘʪʝʣʴʥʳʭ ʦʪʯʝʪʦʚ ʩʦʛʣʘʩʥʦ 

ʜʦʣʞʥʦʩʪʥʳʭ ʦʙʷʟʘʥʥʦʩʪʝʡ ʵʢʩʧʝʨʪʘ ʧʦ ʢʨʝʜʠʪʦʚʘʥʠʶ. 
ɺ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʢʦʥʢʨʝʪʥʳʭ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʦʙʷʟʘʥʥʦʩʪʝʡ ʨʘʙʦʪʥʠʢʦʚ ʠ ʧʦʜʨʘʟʜʝʣʝʥʠʡ 

ʙʘʥʢʘ ʧʨʠ ʧʨʝʜʦʩʪʘʚʣʝʥʠʠ ʢʨʝʜʠʪʘ, ʜʘʥʥʳʡ ʩʧʠʩʦʢ ʤʦʞʝʪ ʜʦʧʦʣʥʷʪʴʩʷ ʠʣʠ ʠʟʤʝʥʷʪʴʩʷ. 
ʇʨʝʜʣʘʛʘʝʪʩʷ ʨʝʰʝʥʠʝ, ʧʨʠ ʢʦʪʦʨʦʤ ʘʚʪʦʤʘʪʠʯʝʩʢʠ ʙʫʜʝʪ ʧʨʦʚʝʨʷʪʴʩʷ ʢʨʝʜʠʪʥʘʷ ʠʩʪʦʨʠʷ 

ʧʦʪʝʥʮʠʘʣʴʥʦʛʦ ʟʘʝʤʱʠʢʘ, ʟʘʧʨʘʰʠʚʘʷ ʜʘʥʥʳʝ ʠʟ ɹʶʨʦ ʢʨʝʜʠʪʥʳʭ ʠʩʪʦʨʠʡ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʩʨʘʟʫ 
ʙʫʜʫʪ ʦʪʙʨʦʰʝʥʳ çʛʠʙʣʳʝè ʟʘʷʚʢʠ, ʥʘ ʜʘʣʴʥʝʡʰʝʝ ʨʘʩʩʤʦʪʨʝʥʠʝ ʢʦʪʦʨʳʭ ʥʝʪ ʩʤʳʩʣʘ ʪʨʘʪʠʪʴ ʚʨʝʤʷ. 
ʉʣʝʜʫʝʪ ʪʘʢʞʝ ʠʟʫʯʠʪʴ ʚʦʧʨʦʩ ʚʥʝʜʨʝʥʠʷ ʩʢʦʨʠʥʛʦʚʦʛʦ ʧʨʠʥʷʪʠʷ ʨʝʰʝʥʠʷ ʧʦ ʢʨʝʜʠʪʥʳʤ ʟʘʷʚʢʘʤ [2]. 
ʂʨʝʜʠʪʥʳʡ ʩʢʦʨʠʥʛ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʜʠʩʢʨʝʪʥʫʶ ʤʘʪʝʤʘʪʠʯʝʩʢʫʶ ʠʣʠ ʩʪʘʪʠʩʪʠʯʝʩʢʫʶ ʤʦʜʝʣʴ, ʩ 
ʧʦʤʦʱʴʶ ʢʦʪʦʨʦʡ ʙʘʥʢ ʧʳʪʘʝʪʩʷ ʦʧʨʝʜʝʣʠʪʴ, ʥʘʩʢʦʣʴʢʦ ʚʝʣʠʢʘ ʚʝʨʦʷʪʥʦʩʪʴ ʪʦʛʦ, ʯʪʦ ʧʦʪʝʥʮʠʘʣʴʥʳʡ 
ʟʘʝʤʱʠʢ ʚʝʨʥʝʪ ʢʨʝʜʠʪ ʚ ʩʨʦʢ.  

ɸʚʪʦʤʘʪʠʟʘʮʠʷ ʧʨʦʮʝʩʩʦʚ ʢʨʝʜʠʪʦʚʘʥʠʷ ʧʦʟʚʦʣʠʪ ʟʥʘʯʠʪʝʣʴʥʦ ʫʧʨʦʩʪʠʪʴ ʠ ʫʩʢʦʨʠʪʴ ʚʩʝ 
ʩʦʩʪʘʚʣʷʶʱʠʝ ʝʛʦ ʧʨʦʮʝʩʩʳ, ʥʘʯʠʥʘʷ ʦʪ ʬʦʨʤʠʨʦʚʘʥʠʷ ʟʘʷʚʢʠ ʦʪ ʧʦʪʝʥʮʠʘʣʴʥʦʛʦ ʢʣʠʝʥʪʘ ʜʦ 
ʤʦʤʝʥʪʘ ʚʳʜʘʯʠ ʢʨʝʜʠʪʘ, ʯʪʦ ʧʨʠʚʝʜʝʪ ʢ ʫʚʝʣʠʯʝʥʠʶ ʢʦʣʠʯʝʩʪʚʘ ʚʳʜʘʥʥʳʭ ʢʨʝʜʠʪʦʚ ʠ, 
ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʢ ʨʦʩʪʫ ʙʘʥʢʦʚʩʢʦʡ ʧʨʠʙʳʣʠ [2]. 

ɿʘʯʘʩʪʫʶ ʜʣʷ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʨʘʙʦʪʳ ʙʘʥʢʠ ʠʩʧʦʣʴʟʫʶʪ ʚʝʙ-ʧʨʠʣʦʞʝʥʠʝ, ʢ ʢʦʪʦʨʦʤʫ ʙʫʜʝʪ 
ʜʦʩʪʫʧ ʢʘʢ ʢʣʠʝʥʪʦʚ, ʪʘʢ ʠ ʩʦʪʨʫʜʥʠʢʦʚ ʙʘʥʢʘ. ʃʦʛʠʢʘ ʚʝʙ-ʧʨʠʣʦʞʝʥʠʷ ʨʘʩʧʨʝʜʝʣʝʥʘ ʤʝʞʜʫ ʩʝʨʚʝʨʦʤ 
ʠ ʢʣʠʝʥʪʦʤ, ʭʨʘʥʝʥʠʝ ʜʘʥʥʳʭ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʥʘ ʩʝʨʚʝʨʝ, ʘ ʦʙʤʝʥ ʠʥʬʦʨʤʘʮʠʝʡ ʧʨʦʠʩʭʦʜʠʪ ʧʦ ʩʝʪʠ. 
ʆʜʥʠʤ ʠʟ ʧʨʝʠʤʫʱʝʩʪʚ ʪʘʢʦʡ ʩʠʩʪʝʤʳ ʚ ʦʪʣʠʯʠʝ ʦʪ ʦʬʣʘʡʥ-ʧʨʠʣʦʞʝʥʠʡ, ʯʪʦ ʢʣʠʝʥʪʳ ʥʝ ʟʘʚʠʩʷʪ ʦʪ 
ʢʦʥʢʨʝʪʥʦʡ ʦʧʝʨʘʮʠʦʥʥʦʡ ʩʠʩʪʝʤʳ ʧʦʣʴʟʦʚʘʪʝʣʷ, ʧʦʵʪʦʤʫ ʠʤʝʥʥʦ ʚʝʙ-ʧʨʠʣʦʞʝʥʠʷ ʷʚʣʷʶʪʩʷ 
ʤʝʞʧʣʘʪʬʦʨʤʝʥʥʳʤʠ ʫʥʠʚʝʨʩʘʣʴʥʳʤʠ ʩʝʨʚʠʩʘʤʠ.  

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʩʧʝʮʠʘʣʴʥʦʛʦ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ ʧʦʟʚʦʣʠʪ ʧʦʣʥʦʩʪʴʶ ʢʦʥʪʨʦʣʠʨʦʚʘʪʴ 
ʧʨʦʮʝʩʩ ʩʦʟʜʘʥʠʷ ʢʨʝʜʠʪʥʦʡ ʟʘʷʚʢʦʡ, ʯʪʦ ʦʙʝʩʧʝʯʠʪ ʧʦʣʥʦʪʫ ʠ ʢʦʨʨʝʢʪʥʦʩʪʴ ʜʘʥʥʳʭ.  

 
ʉʧʠʩʦʢ ʠʩʧʦʣʴʟʦʚʘʥʥʳʭ ʠʩʪʦʯʥʠʢʦʚ: 
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ʀɻʈʆɺʆɽ ʇʈʀʃʆɾɽʅʀɽ çʄʆʄʆè 

ɹʦʥʜʘʨʝʚʘ ʊ. ʆ. 

ɹʝʣʦʨʫʩʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʥʬʦʨʤʘʪʠʢʠ ʠ ʨʘʜʠʦʵʣʝʢʪʨʦʥʠʢʠ 
ʛ. ʄʠʥʩʢ, ʈʝʩʧʫʙʣʠʢʘ ɹʝʣʘʨʫʩʴ 

ɼʘʥʠʣʦʚʘ ɻ.ɺ. ï ʤ.ʪ.ʥ., ʘʩʩʠʩʪʝʥʪ 

ʄʥʦʛʠʝ ʣʶʜʠ ʤʝʯʪʘʶʪ ʦ ʜʦʤʘʰʥʠʭ ʣʶʙʠʤʮʘʭ, ʥʦ ʥʝ ʚʩʝ ʤʦʛʫʪ ʩʝʙʝ ʵʪʦ ʧʦʟʚʦʣʠʪʴ. ɺʥʝʜʨʝʥʠʝ ʜʘʥʥʦʡ ʢʦʤʧʴʶʪʝʨʥʦʡ 
ʧʨʦʛʨʘʤʤʳ ʩʪʘʥʝʪ ʫʥʠʢʘʣʴʥʳʤ ʰʘʥʩʦʤ ʟʘʚʝʩʪʠ ʩʝʙʝ ʜʦʤʘʰʥʝʛʦ ʣʶʙʠʤʮʘ. 

çʊʘʤʘʛʦʯʠèð ʠʛʨʫʰʢʘ, ʚʠʨʪʫʘʣʴʥʳʡ ʜʦʤʘʰʥʠʡ ʧʠʪʦʤʝʮ. 
ʀʟʦʙʨʝʪʘʪʝʣʝʤ çʊʘʤʘʛʦʯʠè ʩʯʠʪʘʝʪʩʷ ɸʢʠ ʄʘʠʪʘ, ʩʦʪʨʫʜʥʠʮʘ ʦʪʜʝʣʘ ʤʘʨʢʝʪʠʥʛʘ ʷʧʦʥʩʢʦʛʦ 

ʧʨʦʠʟʚʦʜʠʪʝʣʷ ʠʛʨʫʰʝʢ Bandai. ʇʦ ʣʝʛʝʥʜʝ, ʄʘʠʪʘ ʦʯʝʥʴ ʣʶʙʠʣʘ ʜʦʤʘʰʥʠʭ ʞʠʚʦʪʥʳʭ ʠ ʭʦʪʝʣʘ ʠʤʝʪʴ 
ʟʚʝʨʴʢʘ, ʢʦʪʦʨʦʛʦ ʤʦʞʥʦ ʚʩʶʜʫ ʙʨʘʪʴ ʩ ʩʦʙʦʡ. ʆʥʘ ʛʦʜ ʚʳʥʘʰʠʚʘʣʘ ʠʜʝʶ ʧʦʜʦʙʥʦʡ ʠʛʨʫʰʢʠ, ʘ 
ʦʢʦʥʯʘʪʝʣʴʥʦ ʤʳʩʣʴ ʩʬʦʨʤʠʨʦʚʘʣʘʩʴ ʧʦʩʣʝ ʪʦʛʦ, ʢʘʢ ʝʡ ʧʦʧʘʣʘʩʴ ʪʝʣʝʨʝʢʣʘʤʘ, ʚ ʢʦʪʦʨʦʡ ʤʘʣʴʯʠʢ 
ʭʦʪʝʣ ʚʟʷʪʴ ʩ ʩʦʙʦʡ ʚ ʰʢʦʣʫ ʯʝʨʝʧʘʰʢʫ.  

ʄʘʠʪʘ ʨʘʟʨʘʙʦʪʘʣʘ ʢʦʥʮʝʧʪ ʠʛʨʫʰʢʠ, ʘ ʩʘʤʦ ʫʩʪʨʦʡʩʪʚʦ ʧʦʤʦʛ ʩʦʟʜʘʪʴ ɸʢʠʭʠʨʦ ʁʦʢʦʠ ʠʟ 
ʢʦʤʧʘʥʠʠ WiZ, ʪʘʢʞʝ ʟʘʥʠʤʘʚʰʝʡʩʷ ʧʨʦʠʟʚʦʜʩʪʚʦʤ ʪʦʚʘʨʦʚ ʜʣʷ ʜʝʪʝʡ. ʋʞʝ ʚ ʦʢʪʷʙʨʝ ʄʘʠʪʘ ʥʘʯʘʣʘ 
ʧʦʢʘʟʳʚʘʪʴ ʪʝʩʪʦʚʫʶ ʚʝʨʩʠʶ ʫʩʪʨʦʡʩʪʚʘ ʰʢʦʣʴʥʠʮʘʤ, ʠ, ʧʦ ʝʸ ʚʦʩʧʦʤʠʥʘʥʠʷʤ, çʠʭ ʛʣʘʟʘ ʪʫʪ ʞʝ 
ʟʘʛʦʨʘʣʠʩʴè. ʆʥʘ ʥʝʩʢʦʣʴʢʦ ʥʝʜʝʣʴ ʩʣʝʜʠʣʘ ʟʘ ʨʝʘʢʮʠʝʡ ʧʨʠʤʝʨʥʦ 200 ʜʝʚʦʯʝʢ ʥʘ ʠʛʨʫʰʢʫ, ʯʪʦʙʳ 
ʜʦʚʝʩʪʠ ʝʸ ʜʦ ʩʦʚʝʨʰʝʥʩʪʚʘ.  
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23 ʥʦʷʙʨʷ 1996 ʛʦʜʘ ʢʦʤʧʘʥʠʷ Bandai ʚʳʧʫʩʪʠʣʘ ʚ ʧʨʦʜʘʞʫ ʧʝʨʚʫʶ ʚʝʨʩʠʶ çʊʘʤʘʛʦʯʠè ï 
ʥʝʙʦʣʴʰʦʡ ʧʣʘʩʪʠʢʦʚʦʡ ʠʛʨʫʰʢʠ ʚ ʬʦʨʤʝ ʷʡʮʘ ʩ ʯʸʨʥʦ-ʙʝʣʳʤ ʵʢʨʘʥʯʠʢʦʤ ʠ ʪʨʝʤʷ ʢʥʦʧʢʘʤʠ. ʇʦ 
ʦʬʠʮʠʘʣʴʥʦʡ ʚʝʨʩʠʠ, ʩʣʦʚʦ çTamagotchè ʦʙʨʘʟʦʚʘʥʦ ʦʪ ʩʣʠʷʥʠʷ ʷʧʦʥʩʢʦʛʦ ʩʣʦʚʘ çtamagoè ï çʷʡʮʦè 
ʠ ʘʥʛʣʠʡʩʢʦʛʦ çwatchè ï çʩʤʦʪʨʝʪʴè. 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʩʫʱʝʩʪʚʫʝʪ ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʘʥʘʣʦʛʦʚ çʊʘʤʘʛʦʯʠèʠ ʩʜʝʣʘʪʴ ʚʳʙʦʨ 
ʧʠʪʦʤʮʘ ʩʪʘʥʦʚʠʪʩʷ ʚʩʝ ʪʷʞʝʣʝʝ. ʆʜʥʠ ʠʟ ʥʠʭ ʩʦʜʝʨʞʘʪ ʣʠʰʥʠʝ ʬʫʥʢʮʠʠ, ʢʦʪʦʨʳʝ ʠʩʧʦʣʴʟʫʶʪʩʷ 
ʚʝʩʴʤʘ ʨʝʜʢʦ, ʜʨʫʛʠʝ ʠʤʝʶʪ ʥʝʜʦʩʪʘʪʦʯʥʦ ʫʜʦʙʥʳʡ ʠʥʪʝʨʬʝʡʩ, ʘ ʥʝʢʦʪʦʨʳʝ ʠ ʚʦʚʩʝ ʦʯʝʥʴ 
ʪʨʝʙʦʚʘʪʝʣʴʥʳ ʢ ʩʠʩʪʝʤʥʳʤ ʨʝʩʫʨʩʘʤ. 

 

 
ʈʠʩʫʥʦʢ 1ï ʀʛʨʦʚʦʝ ʧʦʣʝ 

 

ʀʜʝʷ ʧʨʦʛʨʘʤʤʳ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʫʭʘʞʠʚʘʥʠʠ ʟʘ ʜʨʘʢʦʥʯʠʢʦʤ ʧʦ ʠʤʝʥʠ ʄʦʤʦ (ʨʠʩʫʥʦʢ 1). ɽʛʦ 
ʥʘʜʦ ʢʦʨʤʠʪʴ, ʤʳʪʴ, ʫʢʣʘʜʳʚʘʪʴ ʩʧʘʪʴ ʠ ʥʝʦʙʭʦʜʠʤʦ ʩ ʥʠʤ ʠʛʨʘʪʴ. ɺ ʧʨʠʣʦʞʝʥʠʝ ʜʦʩʪʫʧʥʳ ʪʨʠ ʤʠʥʠ-
ʠʛʨʳ: çʅʘʡʜʠ ʧʘʨʫè, çʇʷʪʥʘʰʢʠè, çʈʦʟʦʯʢʠè. ʀʛʨʘʷ ʚ ʤʠʥʠ-ʠʛʨʳ, ʧʦʣʴʟʦʚʘʪʝʣʴ ʧʦʣʫʯʘʝʪ ʤʦʥʝʪʢʠ, 
ʢʦʪʦʨʳʝ ʤʦʞʥʦ ʨʘʩʭʦʜʦʚʘʪʴ ʥʘ ʧʦʢʫʧʢʫ ʝʜʳ ʜʣʷ ʜʨʘʢʦʥʯʠʢʘ. ɺ ʠʛʨʝ ʪʘʢʞʝ ʧʨʠʩʫʪʩʪʚʫʝʪ ʘʥʠʤʘʮʠʷ ʠ 
ʟʚʫʢʦʚʦʝ ʩʦʧʨʦʚʦʞʜʝʥʠʝ. ɸ ʠʤʝʥʥʦ, ʚ ʛʣʘʚʥʦʤ ʤʝʥʶ ʠ ʚ ʤʠʥʠ-ʠʛʨʘʭ ʧʨʠʩʫʪʩʪʚʫʝʪ ʤʫʟʳʢʘ, ʧʨʠ 
ʢʦʨʤʣʝʥʠʠ ʩʣʳʰʝʥ ʟʚʫʢ ʯʘʚʢʘʥʴʷ ʜʨʘʢʦʥʯʠʢʘ ʠ ʝʜʘ ʧʦʩʪʝʧʝʥʥʦ ʠʩʯʝʟʘʝʪ ʩ ʪʘʨʝʣʢʠ, ʧʨʠ ʢʫʧʘʥʠʠ 
ʩʣʳʰʝʥ ʟʚʫʢ ʣʴʶʱʝʡʩʷ ʚʦʜʳ ʠ ʚʠʜʥʘ ʘʥʠʤʘʮʠʷ ʢʘʧʝʣʴ ʚʦʜʳ, ʘ ʧʨʠ ʩʥʝ ʩʣʳʰʝʥ ʭʨʘʧ ʜʨʘʢʦʥʯʠʢʘ. 

ʇʨʦʛʨʘʤʤʘ ʠʤʝʝʪ ʨʘʟʚʣʝʢʘʪʝʣʴʥʳʡ ʭʘʨʘʢʪʝʨ. ɿʘʜʘʯʝʡ, ʧʦʩʪʘʚʣʝʥʥʦʡ ʧʝʨʝʜ ʜʘʥʥʦʡ ʢʫʨʩʦʚʦʡ 
ʨʘʙʦʪʦʡ, ʷʚʣʷʝʪʩʷ ʨʘʟʨʘʙʦʪʢʘ ʠʛʨʦʚʦʛʦ ʧʨʠʣʦʞʝʥʠʷ, ʢʦʪʦʨʦʝ ʧʦʤʦʞʝʪ ʧʦʣʴʟʦʚʘʪʝʣʶ ʧʨʦʚʝʩʪʠ ʚʨʝʤʷ 
ʩ ʫʜʦʚʦʣʴʩʪʚʠʝʤ. 

ʇʨʠʣʦʞʝʥʠʝ ʠʤʝʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʥʘʨʘʱʠʚʘʥʠʷ ʬʫʥʢʮʠʦʥʘʣʘ ʠ ʨʘʩʰʠʨʝʥʠʷ ʚʦʟʤʦʞʥʦʩʪʝʡ. ʉʦ 
ʚʨʝʤʝʥʝʤ ʜʘʥʥʦʝ ʧʨʠʣʦʞʝʥʠʝ ʙʫʜʝʪ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʪʴʩʷ: ʙʫʜʝʪ ʜʦʙʘʚʣʝʥʳ ʥʦʚʳʝ ʤʠʥʠ-ʠʛʨʳ, 
ʨʝʘʣʠʟʘʮʠʠ ʧʨʠʣʦʞʝʥʠʷ ʥʘ ʵʢʨʘʥʘʭ ʩ ʨʘʟʥʳʤ ʨʘʟʨʝʰʝʥʠʝʤ, ʚʦʟʤʦʞʥʦʩʪʴ ʚʳʙʦʨʘ ʧʝʨʩʦʥʘʞʘ ʠ 
ʦʜʝʞʜʳ ʜʣʷ ʥʝʛʦ.  

 
ʉʧʠʩʦʢ ʠʩʧʦʣʴʟʦʚʘʥʥʳʭ ʠʩʪʦʯʥʠʢʦʚ: 
1. ʅʘʫʯʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʢʦʤʧʴʶʪʝʨʥʳʭ ʠʛʨ (ʵʣʝʢʪʨʦʥʥʳʡ ʨʝʩʫʨʩ). ï ʕʣʝʢʪʨʦʥʥʳʝ ʜʘʥʥʳʝ. ï ʈʝʞʠʤ ʜʦʩʪʫʧʘ: 

http://gamestudies.ru. 
2. ʉʝʨʝʙʨʷʥʘʷ, ʃ.ɺ. ʄʘʨʠʥʘ, ʀ.ʄ. ʉʪʨʫʢʪʫʨʳ ʠ ʘʣʛʦʨʠʪʤʳ ʦʙʨʘʙʦʪʢʠ ʜʘʥʥʳʭ:  ʫʯʝʙʥʦ-ʤʝʪʦʜ. ʧʦʩʦʙʠʝ  ʜʣʷ  ʩʪʫʜ. 
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ɹɻʋʀʈ, 2012. ï 49 ʩ. : ʠʣ. 

 
 

ʉʇʆʉʆɹʓ ɸɺʊʆʄɸʊʀʏɽʉʂʆɻʆ ʈɸʉʇʆɿʅɸɺɸʅʀʗ ʅʆʄɽʈʆɺ 
ɺɸɻʆʅʆɺ ɾɽʃɽɿʅʆɼʆʈʆɾʅʆɻʆ ʊʈɸʅʉʇʆʈʊɸ 

ɹʦʨʠʩʝʚʠʯ ɸ.ʅ., ɼʝʤʝʥʢʦʚʝʮ ɼ.ɺ. 

ɹʝʣʦʨʫʩʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʥʬʦʨʤʘʪʠʢʠ ʠ ʨʘʜʠʦʵʣʝʢʪʨʦʥʠʢʠ 
ʛ. ʄʠʥʩʢ, ʈʝʩʧʫʙʣʠʢʘ ɹʝʣʘʨʫʩʴ 

ʉʝʨʝʙʨʷʥʘʷ ʃ.ɺ.ï ʢ.ʪ.ʥ. ʜʦʮʝʥʪ 

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʧʦʜʭʦʜʳ ʨʘʩʧʦʟʥʘʚʘʥʠʷ ʥʦʤʝʨʦʚ ʚʘʛʦʥʦʚ ʞʝʣʝʟʥʦʜʦʨʦʞʥʦʛʦ ʪʨʘʥʩʧʦʨʪʘ. ɼʣʷ ʨʝʰʝʥʠʷ ʵʪʦʡ 
ʟʘʜʘʯʠ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʩʚʝʨʪʦʯʥʳʝ ʠʩʢʫʩʩʪʚʝʥʥʳʝ ʥʝʡʨʦʥʥʳʝ ʩʝʪʠ, ʦʙʫʯʝʥʥʳʝ ʥʘ ʥʘʙʦʨʘʭ ʜʘʥʥʳʭ Modified National Institute of 
Standards and Technology ʠ The Street View House Numbers. ʅʘʠʣʫʯʰʠʡ ʨʝʟʫʣʴʪʘʪ ʧʦʢʘʟʘʣ ʘʣʛʦʨʠʪʤ You Only Look Once 
(YOLO), ʥʦ ʨʝʟʫʣʴʪʘʪ ʦʢʘʟʘʣʩʷ ʥʝʜʦʩʪʘʪʦʯʥʳʤ ʜʣʷ ʧʨʠʤʝʥʝʥʠʷ ʚ ʢʦʤʤʝʨʯʝʩʢʦʡ ʩʨʝʜʝ. 
 

ʆʜʥʦʡ ʠʟ ʥʝʦʙʭʦʜʠʤʳʭ ʟʘʜʘʯ, ʨʝʰʘʝʤʳʭ ʚ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʳʭ ʩʠʩʪʝʤʘʭ ʬʦʪʦ ʠ 
ʚʠʜʝʦʬʠʢʩʘʮʠʠ ʧʨʦʮʝʩʩʘ ʚʟʚʝʰʠʚʘʥʠʷ ʚʘʛʦʥʦʚ ʞʝʣʝʟʥʦʜʦʨʦʞʥʦʛʦ ʪʨʘʥʩʧʦʨʪʘ, ʷʚʣʷʝʪʩʷ 
ʨʘʩʧʦʟʥʘʚʘʥʠʝ ʠʭ ʥʦʤʝʨʦʚ. ʕʪʦ ʩʚʷʟʘʥʦ ʩ ʪʝʤ, ʯʪʦ ʦʩʥʦʚʥʳʤ ʠʜʝʥʪʠʬʠʮʠʨʫʶʱʠʤ ʘʪʨʠʙʫʪʦʤ 
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ʞʝʣʝʟʥʦʜʦʨʦʞʥʦʛʦ ʚʘʛʦʥʘ ʷʚʣʷʝʪʩʷ ʝʛʦ ʥʦʤʝʨ. ʇʦʵʪʦʤʫ ʘʢʪʫʘʣʴʥʳʤ ʷʚʣʷʝʪʩʷ ʘʚʪʦʤʘʪʠʯʝʩʢʦʝ 
ʨʘʩʧʦʟʥʘʚʘʥʠʝ ʥʦʤʝʨʘ. ʈʝʰʝʥʠʶ ʥʘʟʚʘʥʥʦʡ ʟʘʜʘʯʠ ʧʦʩʚʷʱʝʥʘ ʜʘʥʥʘʷ ʨʘʙʦʪʘ.  

ɺ ʨʝʟʫʣʴʪʘʪʝ ʘʥʘʣʠʟʘ ʤʦʜʝʣʝʡ, ʧʦʜʭʦʜʷʱʠʭ ʜʣʷ ʨʝʰʝʥʠʷ ʧʦʩʪʘʚʣʝʥʥʦʡ ʟʘʜʘʯʠ, ʙʳʣʠ ʚʳʙʨʘʥʳ 
ʠʩʢʫʩʩʪʚʝʥʥʳʝ ʥʝʡʨʦʥʥʳʝ ʩʝʪʠ (ʀʅʉ). ʀʅʉ ʦʙʫʯʘʝʪʩʷ ʥʘ ʨʘʟʤʝʯʝʥʥʦʤ ʥʘʙʦʨʝ ʠʩʭʦʜʥʳʭ ʜʘʥʥʳʭ, 
ʧʨʝʜʩʪʘʚʣʷʶʱʝʤ ʩʦʙʦʡ ʬʦʪʦʛʨʘʬʠʠ ʮʠʬʨ. ʇʦʜ ʨʘʟʤʝʪʢʦʡ ʧʦʜʨʘʟʫʤʝʚʘʝʪʩʷ ʚʳʜʝʣʝʥʠʝ ʢʘʞʜʦʡ 
ʮʠʬʨʳ ʚ ʨʘʤʢʫ ʩ ʫʢʘʟʘʥʠʝʤ ʧʦʨʷʜʢʦʚʦʛʦ ʥʦʤʝʨʘ ʮʠʬʨʳ.  

ʇʝʨʚʦʥʘʯʘʣʴʥʦ ʙʳʣʦ ʨʝʰʝʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʧʦʧʫʣʷʨʥʳʡ ʥʘʙʦʨ ʜʘʥʥʳʭ Modified National Institute 
of Standards and Technology (MNIST) (ʨʠʩʫʥʦʢ 1). ʕʪʦʪ ʥʘʙʦʨ ʩʦʜʝʨʞʠʪ 60000 ʯʝʨʥʦ-ʙʝʣʳʭ 
ʠʟʦʙʨʘʞʝʥʠʡ ʨʫʢʦʧʠʩʥʳʭ ʮʠʬʨ ʩ ʨʘʟʨʝʰʝʥʠʝʤ 20ʭ20 ʧʠʢʩʝʣʝʡ ʚ ʪʨʝʥʠʨʦʚʦʯʥʦʡ ʚʳʙʦʨʢʝ. ʅʘ ʵʪʠʭ 
ʜʘʥʥʳʭ ʙʳʣʘ ʦʙʫʯʝʥʘ ʀʅʉ, ʩʦʩʪʦʷʱʘʷ ʠʟ ʜʚʫʭ ʩʚʝʨʪʦʯʥʳʭ ʩʣʦʝʚ ʩ ʨʘʟʤʝʨʘʤʠ ʬʠʣʴʪʨʘ 5ʭ5 ʠ 
ʬʫʥʢʮʠʝʡ ʘʢʪʠʚʘʮʠʠ ReLU, ʜʚʫʭ ʩʚʝʨʪʦʯʥʳʭ ʩʣʦʝʚ ʩ ʨʘʟʤʝʨʦʤ ʬʠʣʴʪʨʘ 3ʭ3 ʠ ʬʫʥʢʮʠʝʡ ʘʢʪʠʚʘʮʠʠ 
ReLU, ʜʚʫʭ ʧʦʣʥʦʩʚʷʟʥʳʭ ʩʣʦʝʚ ʩ ʬʫʥʢʮʠʷʤʠ ʘʢʪʠʚʘʮʠʠ ReLU ʠ softmax. ʊʦʯʥʦʩʪʴ ʪʘʢʦʡ ʩʝʪʠ 
ʩʦʩʪʘʚʣʷʝʪ 0.997 ʥʘ ʪʝʩʪʦʚʦʡ ʚʳʙʦʨʢʝ, ʩʦʩʪʦʷʱʝʡ ʠʟ 10000 ʠʟʦʙʨʘʞʝʥʠʡ. ʏʪʦʙʳ ʧʨʠʤʝʥʠʪʴ ʪʘʢʫʶ 
ʩʝʪʴ ʢ ʜʘʥʥʳʤ ʦ ʥʦʤʝʨʘʭ ʚʘʛʦʥʦʚ, ʙʳʣʦ ʚʳʧʦʣʥʝʥʦ ʤʦʨʬʦʣʦʛʠʯʝʩʢʦʝ ʪʨʘʥʩʬʦʨʤʠʨʦʚʘʥʠʝ 
ʠʟʦʙʨʘʞʝʥʠʡ ʩ ʧʦʤʦʱʴʶ ʙʠʙʣʠʦʪʝʢʠ opencv. ʇʨʝʦʙʨʘʟʦʚʘʥʠʷ ʧʦʟʚʦʣʠʣʠ ʧʨʠʚʝʩʪʠ ʬʦʪʦʛʨʘʬʠʠ 
ʥʦʤʝʨʦʚ ʚʘʛʦʥʦʚ ʢ ʚʠʜʫ, ʩʨʘʚʥʠʤʦʤʫ ʩ ʬʦʪʦʛʨʘʬʠʷʤʠ ʠʟ ʥʘʙʦʨʘ MNIST. ʆʜʥʘʢʦ, ʢʨʦʤʝ ʵʪʦʛʦ, 
ʪʨʝʙʦʚʘʣʦʩʴ ʦʧʨʝʜʝʣʷʪʴ ʷʨʢʦʩʪʴ ʪʝʢʩʪʘ ʠʣʠ ʬʦʥʘ ʥʦʤʝʨʘ. ʅʘ ʬʦʪʦʛʨʘʬʠʷʭ ʚʘʛʦʥʦʚ ʙʳʣʠ 
ʦʧʨʝʜʝʣʝʥʳ ʜʚʘ ʩʣʫʯʘʷ. ʇʨʠ ʨʫʯʥʦʤ ʧʦʜʙʦʨʝ ʥʘʠʙʦʣʝʝ ʧʦʜʭʦʜʷʱʠʭ ʧʘʨʘʤʝʪʨʦʚ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʡ 
ʦʙʨʘʙʦʪʢʠ ʠʟʦʙʨʘʞʝʥʠʡ ʤʦʜʝʣʴ ʧʦʢʘʟʳʚʘʣʘ ʥʝʫʜʦʚʣʝʪʚʦʨʠʪʝʣʴʥʳʝ ʨʝʟʫʣʴʪʘʪʳ. ʊʦʯʥʦʩʪʴ ʝʝ ʨʘʙʦʪʳ 
ʩʦʩʪʘʚʣʷʣʘ ʤʝʥʝʝ 22%. ʇʦʵʪʦʤʫ ʙʳʣʦ ʨʝʰʝʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʜʨʫʛʦʡ ʨʘʟʤʝʯʝʥʥʳʡ ʥʘʙʦʨ ʜʘʥʥʳʭ. 

The Street View House Numbers (SVHN) ï ʥʘʙʦʨ ʜʘʥʥʳʭ, ʩʦʩʪʦʷʱʠʡ ʠʟ 73257 ʮʠʬʨ ʥʘ ʮʚʝʪʥʳʭ 

ʬʦʪʦʛʨʘʬʠʷʭ ʩ ʨʘʟʨʝʰʝʥʠʝʤ 32ʭ32 ʧʠʢʩʝʣʷ (ʨʠʩʫʥʦʢ 2). ɹʳʣ ʠʩʧʦʣʴʟʦʚʘʥ ʢʣʘʩʩʠʬʠʢʘʪʦʨ, 

ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʦʙʫʯʝʥʥʳʡ ʥʘ ʚʳʙʦʨʢʝ ʠʟ 26032 ʮʠʬʨ.  ʊʦʯʥʦʩʪʴ ʝʛʦ ʨʘʩʧʦʟʥʘʚʘʥʠʷ ʩʦʩʪʘʚʣʷʝʪ 

94.2%. ʇʨʠʤʝʥʝʥʠʝ ʵʪʦʡ ʤʦʜʝʣʠ ʜʣʷ ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ ʨʘʩʧʦʟʥʘʚʘʥʠʷ ʥʦʤʝʨʦʚ ʚʘʛʦʥʦʚ ʪʨʝʙʫʝʪ 

ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʛʦ ʨʘʟʜʝʣʝʥʠʷ ʥʦʤʝʨʦʚ ʥʘ ʮʠʬʨʳ. ʉʥʘʯʘʣʘ ʙʳʣ ʠʩʧʦʣʴʟʦʚʘʥ ʣʠʥʝʡʥʳʡ ʦʧʝʨʘʪʦʨ, 

ʫʩʪʨʘʥʷʶʱʠʡ ʧʝʨʩʧʝʢʪʠʚʳ ʥʘ ʨʠʩʫʥʢʝ ʥʦʤʝʨʘ, ʘ ʟʘʪʝʤ ʜʝʣʘʣʘʩʴ ʧʦʧʳʪʢʘ ʨʘʟʜʝʣʠʪʴ ʮʠʬʨʳ ʧʦ 

ʛʠʩʪʦʛʨʘʤʤʝ ʷʨʢʦʩʪʠ. ʅʦ ʠ ʵʪʦʪ ʩʧʦʩʦʙ ʥʝ ʜʘʣ ʦʞʠʜʘʝʤʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʧʦ ʧʨʠʯʠʥʝ ʪʦʛʦ, ʯʪʦ ʥʘ ʤʥʦʛʠʭ 

ʬʦʪʦʛʨʘʬʠʷʭ ʮʠʬʨʳ ʥʘʭʦʜʠʣʠʩʴ ʥʘ ʙʣʠʟʢʦʤ ʨʘʩʩʪʦʷʥʠʠ ʜʨʫʛ ʦʪ ʜʨʫʛʘ, ʘ ʪʘʢʞʝ ʚʦ ʤʥʦʛʠʭ ʣʠʥʠʷʭ 

ʮʠʬʨ ʠʤʝʣʠʩʴ ʨʘʟʨʳʚʳ (ʨʠʩʫʥʦʢ 3). ʉʣʝʜʫʶʱʠʤ ʙʳʣ ʧʨʠʤʝʥʝʥ ʤʝʪʦʜ ñʩʢʦʣʴʟʷʱʝʛʦò ʦʢʥʘ, ʥʦ ʠ ʦʥ ʥʝ 

ʜʘʣ ʫʜʦʚʣʝʪʚʦʨʠʪʝʣʴʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ (ʨʠʩʫʥʦʢ 3). 

 

             
                ʈʠʩʫʥʦʢ 1 ï ʇʨʠʤʝʨ ʠʟʦʙʨʘʞʝʥʠʡ ʠʟ MNIST                 ʈʠʩʫʥʦʢ 2 ï ʇʨʠʤʝʨ ʬʦʪʦʛʨʘʬʠʡ ʠʟ SVHN 

         

ʈʠʩʫʥʦʢ 3 ï ʅʦʤʝʨ ʩ ʨʘʟʨʳʚʘʤʠ ʚ ʮʠʬʨʘʭ. ʎʚʝʪʥʳʝ ʪʦʯʢʠ ï ʢʦʦʨʜʠʥʘʪʳ ʮʝʥʪʨʘ ñʩʢʦʣʴʟʷʱʝʛʦò ʦʢʥʘ, 
ʢʦʪʦʨʳʝ ʩʪʘʚʠʣʠʩʴ ʚ ʩʣʫʯʘʝ, ʝʩʣʠ ʚʝʨʦʷʪʥʦʩʪʴ ʥʘʣʠʯʠʷ ʮʠʬʨʳ ʚ  ʦʢʥʝ ʧʨʝʚʳʰʘʝʪ 0.8 

 

ʇʦʩʣʝʜʥʠʤ ʙʳʣ ʦʧʨʦʙʦʚʘʥ ʘʣʛʦʨʠʪʤ ʜʝʪʝʢʮʠʠ YOLO (ʨʠʩʫʥʦʢ 4), ʦʙʫʯʝʥʥʳʡ ʥʘ ʥʘʙʦʨʝ 

ʜʘʥʥʳʭ SVHN. ʉ ʮʝʣʴʶ ʧʦʚʳʰʝʥʠʷ ʪʦʯʥʦʩʪʠ ʨʘʙʦʪʳ ʤʦʜʝʣʠ ʚ ʬʦʪʦʛʨʘʬʠʷʭ ʫʚʝʣʠʯʠʚʘʣʘʩʴ 

ʢʦʥʪʨʘʩʪʥʦʩʪʴ ʠ ʫʩʪʨʘʥʷʣʩʷ ʰʫʤ ʩ ʧʦʤʦʱʴʶ ʘʣʛʦʨʠʪʤʘ ʢʣʘʩʪʝʨʠʟʘʮʠʠ k-means. ʅʝʦʙʭʦʜʠʤʘʷ 



55-ʷ ʶʙʠʣʝʡʥʘʷ ʥʘʫʯʥʘʷ ʢʦʥʬʝʨʝʥʮʠʷ ʘʩʧʠʨʘʥʪʦʚ, ʤʘʛʠʩʪʨʘʥʪʦʚ ʠ ʩʪʫʜʝʥʪʦʚ ɹɻʋʀʈ, 2019 ʛ. 
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ʪʦʯʥʦʩʪʴ ʨʘʙʦʪʳ ʤʦʜʝʣʠ ʥʝ ʙʳʣʘ ʜʦʩʪʠʛʥʫʪʘ ʠʟ-ʟʘ ʧʝʨʝʦʙʫʯʝʥʠʷ. ʂʨʦʤʝ ʪʦʛʦ, ʥʝʚʳʩʦʢʘʷ ʪʦʯʥʦʩʪʴ 

YOLO ʦʙʫʩʣʦʚʣʝʥʘ ʝʱʝ ʠ ʪʝʤ, ʯʪʦ ʵʪʦʪ ʘʣʛʦʨʠʪʤ ʦʪʥʦʩʠʪʩʷ ʢ ʦʜʥʦʵʪʘʧʥʳʤ ʘʣʛʦʨʠʪʤʘʤ 

ʨʘʩʧʦʟʥʘʚʘʥʠʷ. 

 

ʈʠʩʫʥʦʢ 4 ï ʈʝʟʫʣʴʪʘʪ ʨʘʙʦʪʳ ʘʣʛʦʨʠʪʤʘ YOLO 

 

ɺ ʨʘʙʦʪʝ ʙʳʣʦ ʦʧʨʦʙʦʚʘʥʦ ʥʝʩʢʦʣʴʢʦ ʤʦʜʝʣʝʡ ʠ ʘʣʛʦʨʠʪʤʦʚ ʜʣʷ ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ 

ʨʘʩʧʦʟʥʘʚʘʥʠʷ ʥʦʤʝʨʦʚ ʞʝʣʝʟʥʦʜʦʨʦʞʥʳʭ ʚʘʛʦʥʦʚ. ʃʫʯʰʠʝ ʨʝʟʫʣʴʪʘʪʳ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʩ ʧʦʤʦʱʴʶ 

ʘʣʛʦʨʠʪʤʘ YOLO, ʥʦ ʠ ʝʛʦ ʢʘʯʝʩʪʚʘ ʨʘʩʧʦʟʥʘʚʘʥʠʷ ʦʢʘʟʘʣʘʩʴ ʥʝʜʦʩʪʘʪʦʯʥʦ ʜʣʷ ʧʨʠʤʝʥʝʥʠʷ ʚ 

ʨʝʘʣʴʥʦʡ ʩʠʩʪʝʤʝ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʚʟʚʝʰʠʚʘʥʠʷ. ʆʜʥʘʢʦ ʨʘʩʩʤʦʪʨʝʥʥʳʝ ʘʣʛʦʨʠʪʤ ʦʜʥʦʩʪʫʧʝʥʯʘʪʦʡ 

ʩʚʝʨʪʦʯʥʦʡ ʀʅʉ (YOLO) ʠ ʘʣʛʦʨʠʪʤ ʙʳʩʪʨʦʡ ʜʚʫʭʩʪʫʧʝʥʯʘʪʦʡ ʩʚʝʨʪʦʯʥʦʡ ʀʅʉ (F-RCNN) ʦʧʨʝʜʝʣʠʣʠ 

ʥʘʧʨʘʚʣʝʥʠʝ ʜʣʷ ʨʝʰʝʥʠʷ ʧʦʩʪʘʚʣʝʥʥʦʡ ʟʘʜʘʯʠ. ʇʦʵʪʦʤʫ ʧʣʘʥʠʨʫʝʪʩʷ ʜʘʣʴʥʝʡʰʝʝ ʠʟʫʯʝʥʠʝ ʠ 

ʧʨʠʤʝʥʝʥʠʝ ʨʘʟʣʠʯʥʳʭ ʤʦʜʝʣʝʡ, ʢʦʪʦʨʳʝ ʧʦʟʚʦʣʷʪ ʨʝʰʠʪʴ ʟʘʜʘʯʫ ʘʚʪʦʤʘʪʠʯʝʩʢʦʛʦ ʨʘʩʧʦʟʥʘʚʘʥʠʷ 

ʥʦʤʝʨʦʚ ʚʘʛʦʥʦʚ.  
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ɺʦ ʤʥʦʛʠʭ ʢʫʣʴʪʫʨʘʭ ʧʨʠʥʷʪʦ ʜʘʨʠʪʴ ʜʨʫʛ ʜʨʫʛʫ ʧʦʜʘʨʢʠ. ʀ ʠʥʦʛʜʘ ʥʘ ʚʳʙʦʨ ʧʦʜʘʨʢʘ ʫʭʦʜʠʪ ʩʫʱʝʩʪʚʝʥʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʚʨʝʤʝʥʠ, 
ʪʘʢ ʢʘʢ ʥʝʦʙʭʦʜʠʤʦ ʫʯʠʪʳʚʘʪʴ ʤʥʦʛʦ ʬʘʢʪʦʚ. ʇʦʵʪʦʤʫ ʠ ʙʳʣʘ ʧʦʩʪʘʚʣʝʥʘ ʮʝʣʴ ʨʘʟʨʘʙʦʪʢʠ ʧʨʠʣʦʞʝʥʠʷ ʜʣʷ 
ʧʝʨʩʦʥʘʣʠʟʠʨʦʚʘʥʥʦʛʦ ʧʦʜʙʦʨʘ ʧʦʜʘʨʢʦʚ, ʢʦʪʦʨʦʝ ʩʤʦʞʝʪ ʧʦʤʦʯʴ ʧʦʣʴʟʦʚʘʪʝʣʷʤ ʙʳʩʪʨʝʝ ʠ ʢʘʯʝʩʪʚʝʥʥʝʝ ʧʦʜʙʠʨʘʪʴ ʧʦʜʘʨʢʠ 
ʢʦʥʢʨʝʪʥʦʤʫ ʯʝʣʦʚʝʢʫ. 

https://libeldoc.bsuir.by/handle/123456789/32062
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90 
 

ʆʩʥʦʚʥʦʡ ʟʘʜʘʯʝʡ ʧʨʠʣʦʞʝʥʠʷ ʷʚʣʷʝʪʩʷ ʧʦʤʦʯʴ ʧʦʣʴʟʦʚʘʪʝʣʶ ʧʦʜʦʙʨʘʪʴ ʧʦʜʭʦʜʷʱʠʡ ʧʦʜʘʨʦʢ 
ʜʣʷ ʢʦʥʢʨʝʪʥʦʛʦ ʯʝʣʦʚʝʢʘ, ʟʘʪʨʘʪʠʚ ʧʨʠ ʵʪʦʤ ʢʘʢ ʤʦʞʥʦ ʤʝʥʴʰʝ ʚʨʝʤʝʥʠ. 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʤʥʦʞʝʩʪʚʦ ʠʥʪʝʨʥʝʪ-ʤʘʛʘʟʠʥʦʚ ʠ ʩʘʡʪʦʚ ʧʦʜʘʨʢʦʚ ʠʩʧʦʣʴʟʫʶʪ ʪʘʢʠʝ 
ʤʝʪʦʜʳ, ʢʘʢ: 

1) ʨʘʟʙʠʚʘʥʠʝ ʧʦʜʘʨʢʦʚ ʥʘ ʢʘʪʝʛʦʨʠʠ ʠ ʧʦʜʢʘʪʝʛʦʨʠʠ; 
2) ʧʦʠʩʢ ʧʦ ʥʘʟʚʘʥʠʷʤ; 
3) ʧʦʠʩʢ ʧʦ ʦʪʜʝʣʴʥʳʤ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤ ʪʦʚʘʨʦʚ; 
4) ʩʦʟʜʘʥʠʝ ʢʘʪʝʛʦʨʠʡ ʧʦʜʘʨʢʦʚ ʦʧʨʝʜʝʣʝʥʥʦʡ ʪʝʤʘʪʠʢʠ: ʢ ʩʦʙʳʪʠʶ, ʧʦ ʧʦʣʫ ʠ ʪ.ʜ. 
ʆʜʥʘʢʦ ʵʪʦ ʥʝ ʩʠʣʴʥʦ ʫʧʨʦʱʘʝʪ ʟʘʜʘʯʫ, ʪʘʢ ʢʘʢ ʥʝʦʙʭʦʜʠʤʦ ʧʨʦʩʤʦʪʨʝʪʴ ʦʛʨʦʤʥʦʝ ʢʦʣʠʯʝʩʪʚʦ 

ʧʦʜʘʨʢʦʚ, ʯʪʦʙʳ ʥʘʡʪʠ ʧʦʜʭʦʜʷʱʠʡ. ʂʨʦʤʝ ʪʦʛʦ, ʪʘʢʠʝ ʩʘʡʪʳ ʧʨʝʜʦʩʪʘʚʣʷʶʪ ʪʦʣʴʢʦ ʩʚʦʶ ʧʨʦʜʫʢʮʠʶ, 
ʧʦʵʪʦʤʫ  ʥʫʞʥʦ ʧʨʦʩʤʦʪʨʝʪʴ ʠ ʥʝ ʦʜʠʥ ʠʥʪʝʨʥʝʪ-ʤʘʛʘʟʠʥ. 

ʇʦʩʣʝ ʘʥʘʣʠʟʘ ʚʳʰʝ ʦʧʠʩʘʥʥʦʛʦ ʙʳʣʦ ʧʨʠʥʷʪʦ, ʯʪʦ ʧʨʠʣʦʞʝʥʠʝ ʜʦʣʞʥʦ: 
1) ʧʨʝʜʦʩʪʘʚʣʷʪʴ ʧʦʣʴʟʦʚʘʪʝʣʶ ʙʦʣʴʰʫʶ ʙʘʟʫ ʜʘʥʥʳʭ ʧʦʜʘʨʢʦʚ ʠʟ ʨʘʟʥʳʭ ʠʥʪʝʨʥʝʪ-

ʤʘʛʘʟʠʥʦʚ; 
2) ʦʩʫʱʝʩʪʚʣʷʪʴ ʧʦʜʙʦʨ ʧʦ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤ ʢʦʥʢʨʝʪʥʦʛʦ ʯʝʣʦʚʝʢʘ; 
3) ʠʤʝʪʴ ʚʦʟʤʦʞʥʦʩʪʴ ʩʦʭʨʘʥʷʪʴ ʜʘʥʥʳʝ ʦ ʧʦʜʘʨʝʥʥʳʭ ʯʝʣʦʚʝʢʫ ʧʦʜʘʨʢʘʭ, ʜʣʷ ʪʦʛʦ 

ʯʪʦʙʳ ʫʤʝʥʴʰʠʪʴ ʜʠʘʧʘʟʦʥ ʧʦʠʩʢʘ, ʘ ʪʘʢ ʞʝ ʩʦʭʨʘʥʷʪʴ ʫʞʝ ʚʚʝʜʝʥʥʳʝ ʜʘʥʥʳʝ ʦ ʯʝʣʦʚʝʢʝ ʜʣʷ 
ʫʧʨʦʱʝʥʠʷ ʧʦʜʙʦʨʘ ʧʦʜʘʨʢʦʚ ʚ ʩʣʝʜʫʶʱʠʝ ʨʘʟʳ. 
ɺ ʨʝʘʣʠʟʘʮʠʠ ʧʝʨʚʦʛʦ ʠ ʪʨʝʪʴʝʛʦ ʧʫʥʢʪʦʚ ʥʝʪ ʢʘʢʠʭ-ʪʦ ʦʩʦʙʝʥʥʦʩʪʝʡ, ʘ ʚʦʪ ʚʪʦʨʦʡ ʥʝʦʙʭʦʜʠʤʦ 

ʨʘʩʩʤʦʪʨʝʪʴ ʧʦʜʨʦʙʥʝʝ. 
ɼʣʷ ʥʘʯʘʣʘ ʥʝʦʙʭʦʜʠʤʦ ʦʧʨʝʜʝʣʠʪʴ ʠʥʬʦʨʤʘʮʠʶ, ʢʦʪʦʨʘʷ ʙʫʜʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʜʣʷ ʧʦʜʙʦʨʘ: 

ʧʦʣ, ʚʦʟʨʘʩʪ, ʪʠʧ ʦʪʥʦʰʝʥʠʡ (ʙʨʘʪ, ʜʨʫʛ, ʙʘʙʫʰʢʘ), ʩʦʙʳʪʠʝ, ʥʘ ʢʦʪʦʨʦʝ ʧʦʜʙʠʨʘʝʪʩʷ ʧʦʜʘʨʦʢ, 
ʫʚʣʝʯʝʥʠʷ. ɼʣʷ ʬʦʨʤʠʨʦʚʘʥʠʷ ʨʝʢʦʤʝʥʜʘʮʠʡ ʧʦ ʧʝʨʚʳʤ ʯʝʪʳʨʝʤ ʢʨʠʪʝʨʠʷʤ ʚʦʟʤʦʞʥʦ ʧʨʦʩʪʦ 
ʫʚʝʣʠʯʝʥʠʷ ʧʨʠʦʨʠʪʝʪʘ ʜʣʷ ʧʦʜʘʨʢʘ ʧʦ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʤʫ ʢʨʠʪʝʨʠʶ ʢʘʞʜʳʡ ʨʘʟ, ʢʦʛʜʘ ʧʦʣʴʟʦʚʘʪʝʣʴ 
ʚʳʙʠʨʘʝʪ ʧʦʜʘʨʦʢ ʜʣʷ ʯʝʣʦʚʝʢʘ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʝʩʣʠ ʧʦʜʘʨʦʢ ʧʦʜʦʰʝʣ ʢʦʥʢʨʝʪʥʦʤʫ ʯʝʣʦʚʝʢʫ, 
ʟʥʘʯʠʪ ʜʘʥʥʳʡ ʧʦʜʘʨʦʢ ʧʦʜʭʦʜʠʪ ʚʩʝʤ ʝʛʦ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤ. ʀ ʧʨʠ ʧʦʜʙʦʨʝ ʜʣʷ ʯʝʣʦʚʝʢʘ ʩʦ ʩʭʦʞʠʤʠ 
ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʙʫʜʝʪ ʧʨʝʜʣʦʞʝʥ ʵʪʦʪ ʧʦʜʘʨʦʢ.  

ʆʜʥʘʢʦ ʚ ʩʣʫʯʘʝ ʫʚʣʝʯʝʥʠʡ ʪʘʢʦʡ ʩʧʦʩʦʙ ʥʝ ʧʦʣʫʯʠʪʩʷ ʠʩʧʦʣʴʟʦʚʘʪʴ, ʪ.ʢ. ʝʩʣʠ ʧʦʜʘʨʦʢ ʩʚʷʟʘʥ ʩ 
ʢʘʢʠʤ-ʪʦ ʦʜʥʠʤ ʫʚʣʝʯʝʥʠʝʤ, ʩʦʚʩʝʤ ʥʝ ʟʥʘʯʠʪ, ʯʪʦ ʦʥ ʧʦʜʦʡʜʝʪ ʠ ʜʣʷ ʜʨʫʛʠʭ ʫʚʣʝʯʝʥʠʡ ʵʪʦʛʦ 
ʯʝʣʦʚʝʢʘ. ʆʜʥʠʤ ʠʟ ʧʦʜʭʦʜʦʚ ʜʣʷ ʨʝʰʝʥʠʷ ʜʘʥʥʦʡ ʟʘʜʘʯʠ ʷʚʣʷʝʪʩʷ ʧʦʩʪʨʦʝʥʠʝ ʛʨʘʬʘ ʠʥʪʝʨʝʩʦʚ ʚ 
ʩʦʮʠʘʣʴʥʳʭ ʩʝʪʷʭ, ʛʜʝ ʥʘ ʦʩʥʦʚʝ ʠʥʬʦʨʤʘʮʠʠ ʦ ʯʝʣʦʚʝʢʝ ʬʦʨʤʠʨʫʶʪʩʷ ʨʝʢʦʤʝʥʜʘʮʠʠ ʜʨʫʟʝʡ[1]. 
ɺʝʨʰʠʥʘʤʠ ʪʘʢʦʛʦ ʛʨʘʬʘ ʙʫʜʫʪ ʫʚʣʝʯʝʥʠʷ ʠ ʢʘʪʝʛʦʨʠʠ ʧʦʜʘʨʢʦʚ. ɺ ʛʨʘʬʝ ʤʦʛʫʪ ʙʳʪʴ ʨʘʟʣʠʯʥʳʝ ʪʠʧʳ 
ʩʚʷʟʝʡ: ʢʘʪʝʛʦʨʠʷ ʧʦʜʘʨʢʘ ï ʢʘʪʝʛʦʨʠʷ ʧʦʜʘʨʢʘ, ʫʚʣʝʯʝʥʠʝ ï ʢʘʪʝʛʦʨʠʷ ʧʦʜʘʨʢʘ, ʫʚʣʝʯʝʥʠʝ ï 
ʫʚʣʝʯʝʥʠʝ. ɻʨʘʬ ʪʘʢ ʞʝ ʤʦʞʝʪ ʙʳʪʴ ʚʟʚʝʰʝʥʥʳʤ, ʛʜʝ ʚʝʩ ʨʝʙʨʘ ʙʫʜʝʪ ʦʟʥʘʯʘʪʴ ʩʠʣʫ ʚʟʘʠʤʦʩʚʷʟʠ 
ʤʝʞʜʫ ʚʝʨʰʠʥʘʤʠ. ʀ ʠʟʥʘʯʘʣʴʥʦ ʚʟʘʠʤʦʩʚʷʟʴ ʤʝʞʜʫ ʚʝʨʰʠʥʘʤʠ ʫʩʪʘʥʘʚʣʠʚʘʝʪʩʷ ʙʝʩʢʦʥʝʯʥʦ 
ʙʦʣʴʰʠʤ ʯʠʩʣʦʤ, ʘ ʜʘʣʝʝ ʝʩʣʠ ʙʫʜʝʪ ʦʙʥʘʨʫʞʝʥʘ ʩʚʷʟʴ ʤʝʞʜʫ ʥʠʤʠ, ʪʦ ʟʥʘʯʝʥʠʷ ʚʝʩʘ ʨʝʙʨʘ ʤʝʞʜʫ 
ʚʝʨʰʠʥʘʤʠ ʙʫʜʝʪ ʫʤʝʥʴʰʝʥʦ. ʀ ʫʞʝ ʥʘ ʦʩʥʦʚʝ ʵʪʦʛʦ ʛʨʘʬʘ ʙʫʜʫʪ ʫʯʠʪʳʚʘʪʴʩʷ ʫʚʣʝʯʝʥʠʷ. 

ʇʨʠ ʧʨʝʜʦʩʪʘʚʣʝʥʠʠ ʧʦʣʴʟʦʚʘʪʝʣʶ ʨʝʟʫʣʴʪʘʪʦʚ ʥʝʦʙʭʦʜʠʤʦ ʠʩʢʣʶʯʠʪʴ ʧʦʜʘʨʢʠ, ʫʞʝ 
ʧʦʜʘʨʝʥʥʳʝ ʜʘʥʥʦʤʫ ʯʝʣʦʚʝʢʫ, ʣʠʙʦ ʜʘʞʝ ʠʩʢʣʶʯʠʪʴ ʧʦʜʢʘʪʝʛʦʨʠʠ ʵʪʠʭ ʧʦʜʘʨʢʦʚ.  

ʇʦʣʴʟʦʚʘʪʝʣʴ ʪʘʢ ʞʝ ʜʦʣʞʝʥ ʠʤʝʪʴ ʚʦʟʤʦʞʥʦʩʪʴ ʠʩʢʣʶʯʘʪʴ ʧʦʜʘʨʢʠ ʠʟ ʨʝʢʦʤʝʥʜʘʮʠʡ ʜʣʷ 
ʢʦʥʢʨʝʪʥʦʛʦ ʯʝʣʦʚʝʢʘ. ʕʪʦ ʟʥʘʯʠʪ, ʯʪʦ ʝʩʣʠ ʧʦʣʴʟʦʚʘʪʝʣʴ ʪʦʯʥʦ ʟʥʘʝʪ, ʯʪʦ ʜʘʥʥʳʡ ʧʦʜʘʨʦʢ ʥʝ 
ʧʦʜʦʡʜʝʪ ʯʝʣʦʚʝʢʫ, ʦʥ ʤʦʞʝʪ ʜʦʙʘʚʠʪʴ ʝʛʦ ʚ ʯʝʨʥʳʡ ʩʧʠʩʦʢ, ʠ ʵʪʦʪ ʧʦʜʘʨʦʢ ʥʠʢʦʛʜʘ ʙʦʣʴʰʝ ʥʝ ʙʫʜʝʪ 
ʦʪʦʙʨʘʞʘʪʴʩʷ ʚ ʨʝʢʦʤʝʥʜʘʮʠʷʭ ʜʣʷ ʜʘʥʥʦʛʦ ʯʝʣʦʚʝʢʘ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ ʘʣʛʦʨʠʪʤ ʧʝʨʩʦʥʘʣʠʟʠʨʦʚʘʥʥʦʛʦ ʧʦʜʙʦʨʘ ʧʦʜʘʨʢʦʚ ʜʣʷ ʩʦʩʪʦʠʪ ʚ ʩʣʝʜʫʶʱʝʤ: 
1) ʬʦʨʤʠʨʦʚʘʥʠʝ ʩʧʠʩʢʘ ʧʦʜʘʨʢʦʚ ʩʦʛʣʘʩʥʦ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤ ʯʝʣʦʚʝʢʘ ʚ ʧʦʨʷʜʢʝ ʫʙʳʚʘʥʠʷ 
ʟʥʘʯʝʥʠʷ ʵʪʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʫ ʧʦʜʘʨʢʦʚ; 

2) ʠʩʢʣʶʯʝʥʠʝ ʫʞʝ ʧʦʜʘʨʝʥʥʳʭ ʧʦʜʘʨʢʦʚ ʠ ʧʦʜʘʨʢʦʚ ʠʟ ʯʝʨʥʦʛʦ ʩʧʠʩʢʘ ʜʘʥʥʦʛʦ ʯʝʣʦʚʝʢʘ. 
ʊʘʢʦʚʳ ʦʩʥʦʚʥʳʝ ʦʩʦʙʝʥʥʦʩʪʠ ʧʨʠʣʦʞʝʥʠʷ ʜʣʷ ʧʝʨʩʦʥʘʣʠʟʠʨʦʚʘʥʥʦʛʦ ʧʦʜʙʦʨʘ ʧʦʜʘʨʢʦʚ. 
 
ʉʧʠʩʦʢ ʠʩʧʦʣʴʟʦʚʘʥʥʳʭ ʠʩʪʦʯʥʠʢʦʚ: 
1. Medium [ʕʣʝʢʪʨʦʥʥʳʡ ʨʝʩʫʨʩ]. ɼʘʪʘ ʦʙʥʦʚʣʝʥʠʷ: 28.05.2014. URL: https://medium.com/eggheado-

science/778c92d20cea 
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ɻʨʘʯʝʚ ʗ.ʖ. 

ɹʝʣʦʨʫʩʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʥʬʦʨʤʘʪʠʢʠ ʠ ʨʘʜʠʦʵʣʝʢʪʨʦʥʠʢʠ 
ʛ. ʄʠʥʩʢ, ʈʝʩʧʫʙʣʠʢʘ ɹʝʣʘʨʫʩʴ 

ʇʝʪʨʦʚʩʢʠʡ ʅ.ɸ. ï ʢ.ʪ.ʥ.,ʜʦʮʝʥʪ 

ʇʦʩʪʦʷʥʥʦ ʫʚʝʣʠʯʠʚʘʶʱʘʷʩʷ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʤʦʙʠʣʴʥʳʭ ʧʨʦʮʝʩʩʦʨʦʚ ʠ ʫʩʪʨʦʡʩʪʚ ʧʦʟʚʦʣʷʝʪ ʧʨʠʤʝʥʷʪʴ ʠʭ ʜʣʷ ʙʦʣʝʝ 
ʰʠʨʦʢʦʛʦ ʢʨʫʛʘ ʟʘʜʘʯ, ʚ ʪʦʤ ʯʠʩʣʝ ʢʨʠʧʪʦʛʨʘʬʠʯʝʩʢʠʭ ʚʳʯʠʩʣʝʥʠʡ. ɺ ʧʝʨʩʧʝʢʪʠʚʝ ʥʝʦʜʥʦʨʦʜʥʳʝ ʨʘʩʧʨʝʜʝʣʝʥʥʳʝ 
ʚʳʯʠʩʣʠʪʝʣʴʥʳʝ ʩʠʩʪʝʤʳ ʥʘ ʦʩʥʦʚʝ ʤʦʙʠʣʴʥʳʭ ʫʩʪʨʦʡʩʪʚ ʧʦʟʚʦʣʷʪ ʜʦʩʪʠʯʴ ʙʣʠʟʢʦʡ ʢ x86 ʘʨʭʠʪʝʢʪʫʨʝ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ 
ʚʳʯʠʩʣʝʥʠʡ. 

ɺʳʯʠʩʣʝʥʠʝ ʭʵʰ-ʬʫʥʢʮʠʠ ʟʘʥʠʤʘʝʪ ʜʦʩʪʘʪʦʯʥʦ ʙʦʣʴʰʦʝ ʚʨʝʤʷ ʦʪʥʦʩʠʪʝʣʴʥʦ ʧʝʨʝʜʘʯʠ ʠ 
ʦʙʨʘʙʦʪʢʠ ʥʝʦʙʭʦʜʠʤʳʭ ʜʣʷ ʦʩʫʱʝʩʪʚʣʝʥʠʷ ʵʪʦʛʦ ʚʳʯʠʩʣʝʥʠʷ ʜʘʥʥʳʭ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ ʚʦʟʤʦʞʥʦ 
ʧʨʠʤʝʥʝʥʠʝ ʤʦʙʠʣʴʥʳʭ ʫʩʪʨʦʡʩʪʚ ʜʣʷ ʦʩʫʱʝʩʪʚʣʝʥʠʷ ʢʨʠʧʪʦʛʨʘʬʠʯʝʩʢʠʭ ʚʳʯʠʩʣʝʥʠʡ. ʇʨʠ ʨʘʙʦʪʝ ʩ 
ʨʘʩʧʨʝʜʝʣʝʥʥʦʡ ʥʝʦʜʥʦʨʦʜʥʦʡ ʚʳʯʠʩʣʠʪʝʣʴʥʦʡ ʩʠʩʪʝʤʦʡ, ʢʦʪʦʨʘʷ ʦʩʥʦʚʘʥʘ ʥʘ ʤʥʦʞʝʩʪʚʝ 
ʤʦʙʠʣʴʥʳʭ ARM ʫʩʪʨʦʡʩʪʚ, ʚʦʟʤʦʞʥʦ ʜʦʩʪʠʞʝʥʠʝ ʙʣʠʟʢʦʡ ʢ x86 ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ [1]. 

ɺ ʢʘʯʝʩʪʚʝ ʧʨʠʤʝʨʘ ʜʣʷ ʧʦʜʪʚʝʨʞʜʝʥʠʷ ʚʦʟʤʦʞʥʦʩʪʠ ʠ ʧʨʘʢʪʠʯʝʩʢʦʛʦ ʩʤʳʩʣʘ ʦʩʫʱʝʩʪʚʣʝʥʠʷ 
ʢʨʠʧʪʦʛʨʘʬʠʯʝʩʢʠʭ ʚʳʯʠʩʣʝʥʠʡ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʤʦʙʠʣʴʥʳʭ ʫʩʪʨʦʡʩʪʚ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʦʙʨʘʪʥʘʷ 
ʢʨʠʧʪʦʛʨʘʬʠʯʝʩʢʘʷ ʟʘʜʘʯʘ ʜʣʷ ʭʵʰ-ʬʫʥʢʮʠʠ MD5. ʅʘʠʣʫʯʰʠʤ ʩʧʦʩʦʙʦʤ ʷʚʣʷʝʪʩʷ ʘʪʘʢʘ ʧʦ 
ʥʘʭʦʞʜʝʥʠʶ ʧʨʦʦʙʨʘʟʘ ï ʧʦʠʩʢ ʩʦʦʙʱʝʥʠʷ ʩ ʟʘʜʘʥʥʳʤ ʟʥʘʯʝʥʠʝʤ ʭʵʰʘ. ʅʦ ʚ ʜʝʡʩʪʚʠʪʝʣʴʥʦʩʪʠ ʪʘʢʘʷ 
ʘʪʘʢʘ ʥʝ ʷʚʣʷʝʪʩʷ ʧʨʘʢʪʠʯʝʩʢʠ ʧʨʠʛʦʜʥʦʡ, ʪʘʢ ʢʘʢ ʥʘ ʧʨʘʢʪʠʢʝ ʦʥʘ ʥʝ ʤʦʞʝʪ ʙʳʪʴ ʧʨʦʚʝʜʝʥʘ ʟʘ 
ʨʘʟʫʤʥʦʝ ʚʨʝʤʷ ʧʨʠ ʨʘʟʫʤʥʳʭ ʟʘʪʨʘʪʘʭ ʨʝʩʫʨʩʦʚ. ʇʦʵʪʦʤʫ, ʠʩʢʣʶʯʘʷ ʨʘʜʫʞʥʳʝ ʪʘʙʣʠʮʳ, 
ʝʜʠʥʩʪʚʝʥʥʳʤ ʚʘʨʠʘʥʪʦʤ ʷʚʣʷʝʪʩʷ ʢʦʣʣʠʟʠʦʥʥʘʷ ʘʪʘʢʘ [2]. ɺ ʢʘʯʝʩʪʚʝ ʤʦʙʠʣʴʥʳʭ ʫʩʪʨʦʡʩʪʚ 
ʠʩʧʦʣʴʟʫʶʪʩʷ Xiaomi Redmi Note 5A (ARM Qualcomm Snapdragon 425), Samsung Galaxy Note II (ARM 
Samsung Exynos 4412), Nexus 5X (ʵʤʫʣʷʪʦʨ, x86 Intel i7-6800k). 

 

 
ʈʠʩʫʥʦʢ 1 ï ʉʨʘʚʥʝʥʠʝ ʚʳʯʠʩʣʝʥʠʡ MD5 ʚ ʩʝʢʫʥʜʫ ʜʣʷ ʨʘʟʥʳʭ ʫʩʪʨʦʡʩʪʚ 

 

ɺ ʨʝʟʫʣʴʪʘʪʝ, ʧʨʠ ʘʥʘʣʠʟʝ ʢʦʣʠʯʝʩʪʚʘ ʚʳʯʠʩʣʝʥʠʡ MD5 ʚ ʩʝʢʫʥʜʫ (ʨʠʩʫʥʦʢ 1) ʥʘ ʦʜʠʥʘʢʦʚʳʭ 
ʜʣʷ ʚʩʝʭ ʫʩʪʨʦʡʩʪʚ, ʥʦ ʨʘʟʥʳʭ ʥʘ ʢʘʞʜʦʡ ʠʪʝʨʘʮʠʠ, ʜʘʥʥʳʭ ʥʘʠʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʳʤ ʷʚʣʷʝʪʩʷ 
ʵʤʫʣʠʨʫʝʤʦʝ ʫʩʪʨʦʡʩʪʚʦ ʥʘ ʦʩʥʦʚʝ ʭ86 ʧʨʦʮʝʩʩʦʨʘ, ʦʜʥʘʢʦ ʩʦʚʨʝʤʝʥʥʳʡ, ʥʦ ʥʝ ʩʘʤʳʡ 
ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʳʡ ʚ ʩʚʦʝʤ ʢʣʘʩʩʝ, ARM ʧʨʦʮʝʩʩʦʨ ʦʪ ʫʩʪʨʦʡʩʪʚʘ Xiaomi Redmi Note 5A ʧʦʟʚʦʣʷʝʪ 
ʩʯʠʪʘʪʴ MD5 ʭʵʰʠ ʚʩʝʛʦ ʚ 2.1 ʨʘʟʘ ʜʦʣʴʰʝ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʙʦʣʝʝ ʩʪʘʨʳʡ Samsung Galaxy Note II ʝʱʝ 
ʙʦʣʝʝ ʟʥʘʯʠʪʝʣʴʥʦ ʫʩʪʫʧʘʝʪ x86, ʥʦ ʪʝʤ ʥʝ ʤʝʥʝʝ ʧʦʢʘʟʳʚʘʷ ʧʦʣʦʞʠʪʝʣʴʥʫʶ ʠ ʟʥʘʯʠʪʝʣʴʥʫʶ 
ʜʠʥʘʤʠʢʫ ʨʦʩʪʘ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ARM ʫʩʪʨʦʡʩʪʚ ʠ, ʢʘʢ ʩʣʝʜʩʪʚʠʝ, ʧʦʜʪʚʝʨʞʜʝʥʠʝ ʚʦʟʤʦʞʥʦʩʪʠ ʠ 
ʧʨʘʢʪʠʯʝʩʢʦʛʦ ʩʤʳʩʣʘ ʦʩʫʱʝʩʪʚʣʝʥʠʷ ʢʨʠʧʪʦʛʨʘʬʠʯʝʩʢʠʭ ʚʳʯʠʩʣʝʥʠʡ ʥʘ ʤʦʙʠʣʴʥʳʭ ARM 
ʫʩʪʨʦʡʩʪʚʘʭ, ʦʩʦʙʝʥʥʦ ʧʨʠ ʠʭ ʦʙʲʝʜʠʥʝʥʠʝ ʚ ʥʝʦʜʥʦʨʦʜʥʳʝ ʨʘʩʧʨʝʜʝʣʝʥʥʳʝ ʚʳʯʠʩʣʠʪʝʣʴʥʳʝ 
ʩʠʩʪʝʤʳ. 

 
ʉʧʠʩʦʢ ʠʩʧʦʣʴʟʦʚʘʥʥʳʭ ʠʩʪʦʯʥʠʢʦʚ: 
1. ɻʨʘʯʝʚ, ʗ. ʖ. ʅʝʦʜʥʦʨʦʜʥʘʷ ʨʘʩʧʨʝʜʝʣʝʥʥʘʷ ʚʳʯʠʩʣʠʪʝʣʴʥʘʷ ʩʠʩʪʝʤʘ / ʗ. ʖ. ɻʨʘʯʝʚ // ʂʦʤʧʴʶʪʝʨʥʳʝ ʩʠʩʪʝʤʳ ʠ 

ʩʝʪʠ: ʤʘʪʝʨʠʘʣʳ 54-ʡ ʥʘʫʯʥʦʡ ʢʦʥʬʝʨʝʥʮʠʠ ʘʩʧʠʨʘʥʪʦʚ, ʤʘʛʠʩʪʨʘʥʪʦʚ ʠ ʩʪʫʜʝʥʪʦʚ, ʄʠʥʩʢ, 23 ï 27 ʘʧʨʝʣʷ 2018 ʛ. / 
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PLACE ï ʃɽɻʂʀʁ ʇʆʀʉʂ ʇɸʈʂʆɺʆʏʅʓʍ ʄɽʉʊ 

ɼʝʤʝʥʢʦʚʝʮ ɼ.ɺ., ʇʨʫʜʥʠʢʦʚ ɺ.ʄ., ʀʚʦʥʯʠʢ ʂ.ʉ., ɹʦʥʜʘʨʴ ɽ.ɸ. 

ɹʝʣʦʨʫʩʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʥʬʦʨʤʘʪʠʢʠ ʠ ʨʘʜʠʦʵʣʝʢʪʨʦʥʠʢʠ 
ʛ. ʄʠʥʩʢ, ʈʝʩʧʫʙʣʠʢʘ ɹʝʣʘʨʫʩʴ 

ʃʝʚʘʥʮʝʚʠʯ ɺ.ɸ. ï ʩʪ. ʧʨʝʧʦʜʘʚʘʪʝʣʴ 

ʎʝʣʴ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʨʝʰʝʥʠʠ ʧʨʦʙʣʝʤʳ ʧʦʠʩʢʘ ʧʘʨʢʦʚʦʯʥʳʭ ʤʝʩʪ. ɺ ʭʦʜʝ ʨʘʙʦʪʳ ʙʳʣʦ ʨʘʟʨʘʙʦʪʘʥʦ 
ʤʦʙʠʣʴʥʦʝ ʧʨʠʣʦʞʝʥʠʝ, ʢʦʪʦʨʦʝ ʦʙʣʘʜʘʝʪ ʜʦʩʪʘʪʦʯʥʳʤ ʬʫʥʢʮʠʦʥʘʣʦʤ ʜʣʷ ʧʦʠʩʢʘ ʩʚʦʙʦʜʥʦʛʦ ʧʘʨʢʦʚʦʯʥʦʛʦ ʤʝʩʪʘ. ʂʨʦʤʝ 
ʵʪʦʛʦ, ʧʨʦʛʨʘʤʤʥʦʝ ʩʨʝʜʩʪʚʦ ʧʦʟʚʦʣʷʝʪ ʚʩʝʛʜʘ ʙʳʪʴ ʚ ʢʫʨʩʝ ʪʦʛʦ, ʯʪʦ ʧʨʦʠʩʭʦʜʠʪ ʩ ʘʚʪʦʤʦʙʠʣʝʤ ʚ ʪʝʢʫʱʠʡ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ. 

ɺ ʥʘʰʠ ʜʥʠ ʧʘʨʢʦʚʢʘ ʘʚʪʦʤʦʙʠʣʝʡ ʚʦ ʜʚʦʨʝ, ʫ ʜʦʤʘ ʠʣʠ ʦʬʠʩʘ ʩʪʘʥʦʚʠʪʩʷ ʧʨʦʙʣʝʤʦʡ ʥʝ 
ʤʝʥʴʰʝʡ, ʯʝʤ ʛʦʨʦʜʩʢʠʝ ʧʨʦʙʢʠ. ʄʥʦʛʠʝ, ʧʦʜʲʝʟʞʘʷ ʜʦʤʦʡ, ʚʳʥʫʞʜʝʥʳ ʠʩʢʘʪʴ ʩʚʦʙʦʜʥʦʝ ʤʝʩʪʦ ʚ 
ʩʚʦʝʤ ʠʣʠ ʩʦʩʝʜʥʠʭ ʜʚʦʨʘʭ. ʕʪʦ ʦʪʥʠʤʘʝʪ ʥʝʤʘʣʦ ʚʨʝʤʝʥʠ. 
 ʅʘ ʜʘʥʥʳʡ ʤʦʤʝʥʪ ʚ ʄʠʥʩʢʝ ʧʨʠʙʣʠʟʠʪʝʣʴʥʦ 940 ʪʳʩʷʯ ʘʚʪʦʤʦʙʠʣʝʡ. ʂʨʦʤʝ ʵʪʦʛʦ, ʝʱʝ 
ʧʨʠʤʝʨʥʦ 5-6 ʪʳʩʷʯ ʧʨʠʝʟʞʘʶʪ ʚ ʛʦʨʦʜ. ʆʜʥʘʢʦ, ʧʦ ʩʪʘʪʠʩʪʠʢʝ, ʧʘʨʢʦʚʦʯʥʳʭ ʤʝʩʪ ʛʦʨʘʟʜʦ ʤʝʥʴʰʝ. 
ʇʦʣʴʟʦʚʘʪʝʣʠ ʘʚʪʦʤʦʙʠʣʝʡ ʥʝ ʦʯʝʥʴ ʣʶʙʷʪ ʧʣʘʪʠʪʴ ʟʘ ʤʝʩʪʦ ʥʘ ʧʣʘʪʥʦʡ ʧʘʨʢʦʚʢʝ, ʠ, ʢ ʩʦʞʘʣʝʥʠʶ, 
ʦʥʠ ʥʝ ʚʩʝʛʜʘ ʥʘʭʦʜʷʪʩʷ ʨʷʜʦʤ. ʇʦ ʩʪʘʪʠʩʪʠʢʝ ʢʘʞʜʳʡ ʚʦʜʠʪʝʣʴ ʪʨʘʪʠʪ ʧʨʠʤʝʨʥʦ 5-10 ʤʠʥʫʪ ʩʚʦʝʛʦ 
ʚʨʝʤʝʥʠ ʜʣʷ ʧʦʠʩʢʘ ʧʘʨʢʦʚʦʯʥʦʛʦ ʤʝʩʪʘ. ɽʩʣʠ ʫʯʝʩʪʴ ʬʘʢʪ ʪʦʛʦ, ʯʪʦ ʤʳ ʵʪʦ ʜʝʣʘʝʤ ʧʨʠʤʝʨʥʦ 2 ʨʘʟʘ 
ʚ ʜʝʥʴ, ʪʦ ʟʘ ʛʦʜ ʚ ʩʫʤʤʝ ʤʦʞʝʪ ʩʦʩʪʘʚʠʪʴ ʦʢʦʣʦ 70-80 ʯʘʩʦʚ. 
 ɼʣʷ ʨʝʰʝʥʠʷ ʜʘʥʥʦʡ ʧʨʦʙʣʝʤʳ ʙʳʣʦ ʨʘʟʨʘʙʦʪʘʥʦ ʧʨʠʣʦʞʝʥʠʝ Place, ʢʦʪʦʨʦʝ ʦʙʝʩʧʝʯʠʪ 
ʣʝʛʢʠʡ ʧʦʠʩʢ ʧʘʨʢʦʚʦʯʥʳʭ ʤʝʩʪ, ʥʘʜʝʞʥʫʶ ʩʠʩʪʝʤʫ ʙʝʟʦʧʘʩʥʦʩʪʠ, ʘ ʪʘʢʞʝ ʥʘʚʠʛʘʮʠʶ ʜʦ ʩʚʦʙʦʜʥʦʛʦ 
ʤʝʩʪʘ ʥʘ ʧʘʨʢʦʚʢʝ. 
 ʉʠʩʪʝʤʘ ʩʦʩʪʦʠʪ ʠʟ ʩʣʝʜʫʶʱʠʭ ʢʦʤʧʦʥʝʥʪʦʚ: ʦʜʥʘ ʠʣʠ ʥʝʩʢʦʣʴʢʦ ʢʘʤʝʨ, ʫʩʪʘʥʦʚʣʝʥʥʳʭ ʪʘʢ, 
ʯʪʦʙʳ ʧʨʦʩʤʘʪʨʠʚʘʪʴ ʚʩʶ ʪʝʨʨʠʪʦʨʠʶ ʧʘʨʢʦʚʢʠ; ʤʘʨʰʨʫʪʠʟʘʪʦʨ, ʢʦʪʦʨʳʡ ʦʪʚʝʯʘʝʪ ʟʘ ʩʚʷʟʴ ʩ 
ʠʥʪʝʨʥʝʪʦʤ; ʩʝʨʚʝʨ, ʢʦʪʦʨʳʡ ʧʨʠʥʠʤʘʝʪ ʜʘʥʥʳʝ ʦ ʤʝʩʪʦʧʦʣʦʞʝʥʠʠ ʠ ʫʨʦʚʥʝ ʜʦʩʪʫʧʘ ʧʦʣʴʟʦʚʘʪʝʣʝʡ; 
ʠ, ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ, ʩʘʤʦ ʤʦʙʠʣʴʥʦʝ ʫʩʪʨʦʡʩʪʚʦ. 
 ʇʦʩʣʝ ʪʦʛʦ, ʢʘʢ ʧʦʣʴʟʦʚʘʪʝʣʴ ʚʳʙʝʨʝʪ ʥʫʞʥʦʝ ʝʤʫ ʤʝʩʪʦ ʧʘʨʢʦʚʢʠ, ʜʘʥʥʳʝ ʦ ʝʛʦ 
ʤʝʩʪʦʧʦʣʦʞʝʥʠʠ ʠ ʧʨʘʚʘʭ ʜʦʩʪʫʧʘ ʙʫʜʫʪ ʦʪʧʨʘʚʣʝʥʳ ʥʘ ʩʝʨʚʝʨ, ʛʜʝ ʠʟ ʚʩʝʛʦ ʤʥʦʞʝʩʪʚʘ 
ʚʠʜʝʦʧʦʪʦʢʦʚ, ʝʤʫ ʙʫʜʫʪ ʦʪʧʨʘʚʣʝʥʳ ʪʝ, ʢʦʪʦʨʳʝ ʦʥ ʟʘʧʨʦʩʠʣ. ɼʘʣʝʝ, ʥʘ ʵʢʨʘʥʝ ʩʚʦʝʛʦ ʩʤʘʨʪʬʦʥʘ 
ʧʦʣʴʟʦʚʘʪʝʣʴ ʩʤʦʞʝʪ ʫʚʠʜʝʪʴ ʪʨʘʥʩʣʷʮʠʶ ʩ ʧʘʨʢʦʚʢʠ ʚ ʨʝʘʣʴʥʦʤ ʚʨʝʤʝʥʠ, ʫʙʝʜʠʪʴʩʷ ʚ ʥʘʣʠʯʠʠ 
ʩʚʦʙʦʜʥʦʛʦ ʤʝʩʪʘ, ʧʨʦʣʦʞʠʪʴ ʤʘʨʰʨʫʪ ʠ ʜʚʠʛʘʪʴʩʷ ʚ ʟʘʜʘʥʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ. 
 ʇʦʩʣʝ ʜʦʙʘʚʣʝʥʠʷ ʪʝʭʥʦʣʦʛʠʠ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʠʥʪʝʣʣʝʢʪʘ ʚ ʧʨʠʣʦʞʝʥʠʝ, ʧʦʷʚʠʪʩʷ 
ʚʦʟʤʦʞʥʦʩʪʴ ʧʨʦʣʦʞʠʪʴ ʤʘʨʰʨʫʪ ʢ ʩʚʦʙʦʜʥʦʤʫ ʧʘʨʢʦʚʦʯʥʦʤʫ ʤʝʩʪʫ. ʊʘʢʞʝ ʧʦʷʚʠʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴ 
ʧʦʜʩʯʝʪʘ ʠ ʚʳʜʝʣʝʥʠʷ ʧʘʨʢʦʚʦʯʥʦʛʦ ʤʝʩʪʘ, ʘ ʪʘʢʞʝ ʧʦʜʩʯʠʪʘʪʴ ʠʭ ʢʦʣʠʯʝʩʪʚʦ. 
 ʋʩʪʘʥʦʚʠʚ ʤʦʙʠʣʴʥʦʝ ʧʨʠʣʦʞʝʥʠʝ ʥʘ ʩʚʦʡ ʩʤʘʨʪʬʦʥ, ʧʦʣʴʟʦʚʘʪʝʣʴ ʙʫʜʝʪ ʠʤʝʪʴ ʚʦʟʤʦʞʥʦʩʪʴ 
ʦʬʦʨʤʠʪʴ ʧʣʘʪʥʫʶ ʧʦʜʧʠʩʢʫ ʜʣʷ ʧʦʣʴʟʦʚʘʥʠʷ ʜʘʥʥʦʡ ʩʠʩʪʝʤʦʡ. ʇʨʠ ʚʭʦʜʝ ʚ ʧʨʠʣʦʞʝʥʠʝ 
ʧʦʣʴʟʦʚʘʪʝʣʴ ʩʪʘʣʢʠʚʘʝʪʩʷ ʩ ʧʨʦʩʪʳʤ ʠ ʠʥʪʫʠʪʠʚʥʦ ʧʦʥʷʪʥʳʤ ʠʥʪʝʨʬʝʡʩʦʤ, ʢʦʪʦʨʳʡ ʚʢʣʶʯʘʝʪ ʚ 
ʩʝʙʷ 3 ʩʝʢʮʠʠ: 

1) ʢʘʨʪʘ ʩ ʜʦʩʪʫʧʥʳʤʠ ʝʤʫ ʧʘʨʢʦʚʢʘʤʠ; 
2) ʦʙʟʦʨ ʙʣʠʞʘʡʰʝʡ ʦʪ ʪʝʢʫʱʝʛʦ ʤʝʩʪʦʧʦʣʦʞʝʥʠʷ ʜʦʩʪʫʧʥʦʡ ʧʘʨʢʦʚʢʠ; 
3) ʥʘʚʠʛʘʮʠʷ ʜʦ ʚʳʙʨʘʥʥʦʡ ʧʘʨʢʦʚʢʠ. 
ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʨʘʟʨʘʙʦʪʘʥʥʘʷ ʩʠʩʪʝʤʘ ʧʦʟʚʦʣʠʪ ʟʘʙʣʘʛʦʚʨʝʤʝʥʥʦ ʦʮʝʥʠʪʴ ʩʠʪʫʘʮʠʶ ʥʘ 

ʧʘʨʢʦʚʢʝ ʠ ʮʝʣʝʥʘʧʨʘʚʣʝʥʥʦ ʜʚʠʛʘʪʴʩʷ ʢ ʩʚʦʙʦʜʥʦʤʫ ʤʝʩʪʫ, ʠʩʧʦʣʴʟʫʷ ʚʩʪʨʦʝʥʥʫʶ ʩʠʩʪʝʤʫ 
ʥʘʚʠʛʘʮʠʠ ʚ ʧʨʠʣʦʞʝʥʠʠ. ʇʨʠ ʵʪʦʤ, ʧʦʣʴʟʦʚʘʪʝʣʴ ʩʵʢʦʥʦʤʠʪ ʚʨʝʤʷ ʠ ʥʝʨʚʳ, ʢʦʪʦʨʳʝ ʦʥ ʤʦʛ 
ʧʦʪʨʘʪʠʪʴ ʥʘ ʧʦʠʩʢ ʥʝʟʘʥʷʪʦʛʦ ʤʝʩʪʘ. ʉ ʪʦʯʢʠ ʟʨʝʥʠʷ ʙʝʟʦʧʘʩʥʦʩʪʠ, ʩʠʩʪʝʤʘ Place ʧʦʟʚʦʣʠʪ ʚʩʝʛʜʘ 
ʙʳʪʴ ʚ ʢʫʨʩʝ ʪʦʛʦ, ʯʪʦ ʧʨʦʠʩʭʦʜʠʪ ʩ ʚʘʰʝʡ ʤʘʰʠʥʦʡ ʚ ʨʝʞʠʤʝ ʨʝʘʣʴʥʦʛʦ ʚʨʝʤʝʥʠ 

ɼʦʧʦʣʥʠʪʝʣʴʥʦ ʧʨʠʣʦʞʝʥʠʝ ʤʦʞʝʪ ʩʧʦʩʦʙʩʪʚʦʚʘʪʴ ʨʘʟʛʨʫʟʢʝ ʜʚʦʨʦʚ. Place ʧʦʤʦʞʝʪ ʟʘʨʘʥʝʝ 
ʦʧʨʝʜʝʣʠʪʴ, ʝʩʪʴ ʣʠ ʩʚʦʙʦʜʥʳʝ ʤʝʩʪʘ ʚʦ ʜʚʦʨʘʭ ʠ ʩʪʦʠʪ ʣʠ ʪʫʜʘ ʝʭʘʪʴ. ʋʚʠʜʝʚ ʥʘ ʵʢʨʘʥʝ ʩʚʦʝʛʦ 
ʩʤʘʨʪʬʦʥʘ, ʯʪʦ ʚʩʝ ʧʘʨʢʦʚʦʯʥʳʝ ʤʝʩʪʘ ʫʞʝ ʟʘʥʷʪʳ, ʚʦʜʠʪʝʣʴ ʤʦʞʝʪ ʧʦʧʳʪʘʪʴʩʷ ʥʘʡʪʠ ʠʥʦʝ 
ʩʚʦʙʦʜʥʦʝ ʧʘʨʢʦʚʦʯʥʦʝ ʤʝʩʪʦ. ɸʜʤʠʥʠʩʪʨʘʮʠʷ ʛʦʨʦʜʘ ʪʘʢʞʝ ʙʫʜʝʪ ʟʘʠʥʪʝʨʝʩʦʚʘʥʘ ʚ ʨʘʟʛʨʫʟʢʝ 
ʜʚʦʨʦʚ. ʂʦʤʤʫʥʘʣʴʥʳʝ ʠ ʵʢʩʪʨʝʥʥʳʝ ʩʣʫʞʙʳ ʩʤʦʛʫʪ ʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʦ ʨʘʙʦʪʘʪʴ.  
 

ʉʧʠʩʦʢ ʠʩʧʦʣʴʟʦʚʘʥʥʳʭ ʠʩʪʦʯʥʠʢʦʚ: 
 1. Documentation for app developers [ʕʣʝʢʪʨʦʥʥʳʡ ʨʝʩʫʨʩ] // developer.android.com : ʉʘʡʪ ʨʘʟʨʘʙʦʪʯʠʢʘ URL: 
https://developer.android.com/docs(ʜʘʪʘ ʦʙʨʘʱʝʥʠʷ: 19.12.2018). 
 2. Apple Developer Documentation [ʕʣʝʢʪʨʦʥʥʳʡ ʨʝʩʫʨʩ] // developer.apple.com : ʉʘʡʪ ʨʘʟʨʘʙʦʪʯʠʢʘ URL: 
https://developer.apple.com/documentation/(ʜʘʪʘ ʦʙʨʘʱʝʥʠʷ: 21.12.2018). 
 3. Escam [ʕʣʝʢʪʨʦʥʥʳʡ ʨʝʩʫʨʩ] // escam.cn : ʉʘʡʪ ʨʘʟʨʘʙʦʪʯʠʢʘ URL:  http://www.escam.cn/(ʜʘʪʘ ʦʙʨʘʱʝʥʠʷ: 
05.02.2019). 
 4.  ɺ. ʆʣʠʬʝʨ, ʅ. ʆʣʠʬʝʨ. ʂʦʤʧʴʶʪʝʨʥʳʝ ʩʝʪʠ. ʇʨʠʥʮʠʧʳ, ʪʝʭʥʦʣʦʛʠʠ, ʧʨʦʪʦʢʦʣʳ. 4-ʝ ʠʟʜʘʥʠʝ.  [ʕʣʝʢʪʨʦʥʥʳʡ 
ʨʝʩʫʨʩ] // rulit.me : ʉʘʡʪ ʨʘʟʨʘʙʦʪʯʠʢʘ URL: https://www.rulit.me/books/komryuternye-seti-principy-tehnologii-protokoly-read-467113-
1.html(ʜʘʪʘ ʦʙʨʘʱʝʥʠʷ: 14.12.2018). 
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ʀʉʇʆʃʔɿʆɺɸʅʀɽ ʊɽʍʅʆʃʆɻʀʀ ɹʃʆʂʏɽʁʅ ɼʃʗ ɸɺʊʆʄɸʊʀɿɸʎʀʀ 
ʋʇʈɸɺʃɽʅʀʗ ʀʅʊɽʃʃɽʂʊʋɸʃʔʅʓʄʀ ɸʂʊʀɺɸʄʀ 

ɼʦʚʳʜʸʥʦʢ ʄ.ɸ. 

ɹʝʣʦʨʫʩʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʥʬʦʨʤʘʪʠʢʠ ʠ ʨʘʜʠʦʵʣʝʢʪʨʦʥʠʢʠ 
ʛ. ʄʠʥʩʢ, ʈʝʩʧʫʙʣʠʢʘ ɹʝʣʘʨʫʩʴ 

ʇʝʪʶʢʝʚʠʯ ʅ.ʉ. ï ʤ. ʪ. ʥ., ʘʩʩʠʩʪʝʥʪ 

ʀʥʪʝʣʣʝʢʪʫʘʣʴʥʳʝ ʘʢʪʠʚʳ ï ʵʢʦʥʦʤʠʯʝʩʢʠʝ ʨʝʩʫʨʩʳ ʦʨʛʘʥʠʟʘʮʠʠ, ʦʙʣʘʜʘʶʱʠʝ ʠʩʢʫʩʩʪʚʝʥʥʦ ʩʦʟʜʘʥʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ ʨʝʜʢʦʩʪʠ 
ʠ ʠʩʢʣʶʯʠʪʝʣʴʥʦʩʪʠ ʠ ʩʧʦʩʦʙʥʳʝ ʧʨʠʥʦʩʠʪʴ ʵʢʦʥʦʤʠʯʝʩʢʠʝ ʚʳʛʦʜʳ [1]. ʕʬʬʝʢʪʠʚʥʦʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʵʪʠʭ ʨʝʩʫʨʩʦʚ ʷʚʣʷʝʪʩʷ 
ʚʘʞʥʦʡ ʟʘʜʘʯʝʡ ʜʣʷ ʣʶʙʦʡ ʦʨʛʘʥʠʟʘʮʠʠ. ʈʘʟʨʘʙʦʪʘʥʥʘʷ ʩʠʩʪʝʤʘ, ʧʨʠʟʚʘʥʘ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʪʴ ʦʩʥʦʚʥʳʝ ʧʨʦʮʝʩʩʳ ʫʧʨʘʚʣʝʥʠʷ 
ʧʘʪʝʥʪʘʤʠ: ʫʯʝʪ, ʧʨʦʜʘʞʫ ʠ ʣʠʮʝʥʟʠʨʦʚʘʥʠʝ. ʕʪʦ ʜʦʩʪʠʛʘʝʪʩʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʙʣʦʢʯʝʡʥʘ ï ʚʳʩʪʨʦʝʥʥʦʡ ʧʦ ʦʧʨʝʜʝʣʝʥʥʳʤ 
ʧʨʘʚʠʣʘʤ, ʨʘʩʧʨʝʜʝʣʝʥʥʦʡ, ʥʝʧʨʝʨʳʚʥʦʡ ʮʝʧʦʯʢʠ ʙʣʦʢʦʚ, ʩʦʜʝʨʞʘʱʠʭ ʠʥʬʦʨʤʘʮʠʶ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʙʣʦʢʯʝʡʥʘ ʧʦʟʚʦʣʷʝʪ 
ʩʦʟʜʘʪʴ ʜʝʮʝʥʪʨʘʣʠʟʦʚʘʥʥʦʝ, ʜʦʚʝʨʝʥʥʦʝ ʭʨʘʥʠʣʠʱʝ, ʚ ʢʦʪʦʨʦʤ ʢʘʞʜʳʡ ʫʯʘʩʪʥʠʢ ʧʨʦʚʝʨʷʝʪ ʙʣʦʢʠ, ʩʦʟʜʘʥʥʳʝ ʦʩʪʘʣʴʥʳʤʠ. 

ʎʝʣʴ ʢʘʞʜʦʡ ʦʨʛʘʥʠʟʘʮʠʠ ï ʧʦʣʫʯʝʥʠʝ ʧʨʠʙʳʣʠ, ʧʦʵʪʦʤʫ ʫʧʨʘʚʣʝʥʠʝ ʘʢʪʠʚʘʤʠ ʷʚʣʷʝʪʩʷ ʦʜʥʦʡ 
ʠʟ ʚʘʞʥʳʭ ʟʘʜʘʯ. ʋʧʨʘʚʣʝʥʠʝ ʤʘʪʝʨʠʘʣʴʥʳʤʠ ʠ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʤʠ ʘʢʪʠʚʘʤʠ ʠʤʝʝʪ ʦʙʱʫʶ ʮʝʣʴ, ʥʦ 
ʩʘʤʠ ʘʢʪʠʚʳ ʢʘʨʜʠʥʘʣʴʥʦ ʨʘʟʣʠʯʘʶʪʩʷ: 

ī ʧʦ ʤʝʭʘʥʠʟʤʘʤ ʮʝʥʦʦʙʨʘʟʦʚʘʥʠʷ; 
ī ʧʦ ʧʨʘʚʫ ʩʦʙʩʪʚʝʥʥʦʩʪʠ; 
ī ʧʦ ʧʨʘʚʦʚʦʡ ʟʘʱʠʪʝ. 
ʅʘʠʙʦʣʝʝ ʚʘʞʥʳʤ ʨʘʟʣʠʯʠʝʤ ʷʚʣʷʝʪʩʷ ʤʝʭʘʥʠʟʤ ʮʝʥʦʦʙʨʘʟʦʚʘʥʠʷ: ʨʳʥʢʠ ʤʘʪʝʨʠʘʣʴʥʳʭ 

ʘʢʪʠʚʦʚ ʭʦʨʦʰʦ ʠʟʚʝʩʪʥʳ ʠ ʦʨʛʘʥʠʟʦʚʘʥʳ, ʘ ʚ ʩʣʫʯʘʝ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʭ ʘʢʪʠʚʦʚ ï ʫʥʠʢʘʣʴʥʳ ʜʣʷ 
ʢʘʞʜʦʛʦ ʠʟʦʙʨʝʪʝʥʠʷ ʠ ʚ ʙʦʣʴʰʠʥʩʪʚʝ ʩʣʫʯʘʝʚ ʥʝʣʠʢʚʠʜʥʳ. ʉʨʝʜʠ ʜʨʫʛʠʭ ʫʥʠʢʘʣʴʥʳʭ ʢʨʠʪʝʨʠʝʚ 
ʩʣʝʜʫʝʪ ʚʳʜʝʣʠʪʴ ʫʩʣʦʚʥʫʶ ʩʦʙʩʪʚʝʥʥʦʩʪʴ, ʪʦ ʝʩʪʴ ʚʦʟʤʦʞʥʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʘʢʪʠʚʘ 
ʥʝʦʛʨʘʥʠʯʝʥʥʳʤ ʯʠʩʣʦʤ ʣʠʮ, ʠ ʦʛʨʘʥʠʯʝʥʥʫʶ ʧʨʘʚʦʚʫʶ ʟʘʱʠʪʫ (ʧʦ ʩʨʦʢʫ ʠ ʦʙʣʘʩʪʠ ʜʝʡʩʪʚʠʷ). 

ɼʘʣʝʝ, ʛʦʚʦʨʷ ʦʙ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʭ ʘʢʪʠʚʘʭ, ʙʫʜʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʪʝʨʤʠʥ çʧʘʪʝʥʪè ï ʦʜʠʥ ʠʟ 
ʥʘʠʙʦʣʝʝ ʬʦʨʤʘʣʠʟʦʚʘʥʥʳʭ ʚʠʜʦʚ ʘʢʪʠʚʦʚ, ʧʨʝʜʦʩʪʘʚʣʷʶʱʠʭ ʠʩʢʣʶʯʠʪʝʣʴʥʳʝ ʧʨʘʚʘ 
ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʦʡ ʩʦʙʩʪʚʝʥʥʦʩʪʠ. ʉʫʱʝʩʪʚʫʶʪ ʩʣʝʜʫʶʱʠʝ ʩʧʦʩʦʙʳ ʧʦʣʫʯʝʥʠʷ ʧʨʠʙʳʣʠ ʦʪ ʧʘʪʝʥʪʘ:  

ī ʧʨʦʠʟʚʦʜʩʪʚʦ ʠʟʦʙʨʝʪʝʥʠʷ; 
ī ʧʘʪʝʥʪʥʘʷ ʟʘʱʠʪʘ, ʪʦ ʝʩʪʴ ʧʦʣʫʯʝʥʠʝ ʢʦʤʧʝʥʩʘʮʠʠ ʟʘ ʥʘʨʫʰʝʥʠʝ ʧʘʪʝʥʪʥʳʭ ʧʨʘʚ; 
ī ʧʨʦʜʘʞʘ ʣʠʮʝʥʟʠʡ; 
ī ʧʨʦʜʘʞʘ ʧʨʘʚ ʥʘ ʧʘʪʝʥʪ. 
ʉʝʡʯʘʩ ʩʪʘʥʦʚʠʪʩʷ ʧʦʧʫʣʷʨʥʳʤ ʙʠʟʥʝʩ, ʦʩʥʦʚʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʴʶ ʢʦʪʦʨʦʛʦ ʷʚʣʷʝʪʩʷ ʧʘʪʝʥʪʥʘʷ 

ʟʘʱʠʪʘ. ʂʦʤʧʘʥʠʠ, ʢʦʪʦʨʳʝ ʟʘʥʠʤʘʶʪʩʷ ʧʦʜʦʙʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʴʶ, ʪʘʢʞʝ ʥʘʟʳʚʘʶʪ 
çʥʝʧʨʘʢʪʠʢʫʶʱʠʤʠ ʦʨʛʘʥʠʟʘʮʠʷʤʠè. ʀʭ ʝʜʠʥʩʪʚʝʥʥʳʤʠ ʘʢʪʠʚʘʤʠ ʷʚʣʷʶʪʩʷ ʧʘʪʝʥʪʳ, ʘ ʩʧʦʩʦʙʦʤ 
ʤʦʥʝʪʠʟʘʮʠʠ ï ʩʫʜʝʙʥʳʝ ʠʩʢʠ [2]. 

ɺ ʩʚʷʟʠ ʩʦ ʩʣʦʞʠʚʰʠʤʠʩʷ ʦʩʦʙʝʥʥʦʩʪʷʤʠ ʨʳʥʢʘ ʧʨʦʜʘʞʘ ʠ ʣʠʮʝʥʟʠʨʦʚʘʥʠʝ ʧʘʪʝʥʪʦʚ ʷʚʣʷʝʪʩʷ 
ʨʝʜʢʦʩʪʴʶ. ʀʩʧʦʣʴʟʫʷ ʩʦʚʨʝʤʝʥʥʳʝ ʪʝʭʥʦʣʦʛʠʠ, ʤʦʞʥʦ ʧʦʚʳʩʠʪʴ ʢʦʣʠʯʝʩʪʚʦ ʦʧʝʨʘʮʠʡ ʩ ʧʘʪʝʥʪʘʤʠ. 
ɹʣʦʢʯʝʡʥ ʧʨʝʜʣʘʛʘʝʪ ʦʙʱʝʜʦʩʪʫʧʥʦʝ ʭʨʘʥʠʣʠʱʝ ʠʥʬʦʨʤʘʮʠʠ ʦ ʧʘʪʝʥʪʘʭ ʠ ʠʭ ʠʩʪʦʨʠʠ. ʀʤʝʷ ʜʦʩʪʫʧ ʢ 
ʵʪʠʤ ʜʘʥʥʳʤ, ʚʥʝʰʥʠʝ ʩʠʩʪʝʤʳ ʤʦʛʫʪ ʧʨʝʜʣʘʛʘʪʴ ʨʘʟʣʠʯʥʳʝ ʚʠʜʳ ʫʩʣʫʛ: ʘʥʘʣʠʪʠʢʫ, ʘʚʪʦʤʘʪʠʟʘʮʠʶ 
ʜʦʢʫʤʝʥʪʦʦʙʦʨʦʪʘ, ʫʧʨʦʱʝʥʠʝ ʧʨʦʮʝʩʩʦʚ ʦʧʣʘʪʳ, ʧʦʠʩʢ ʧʦʢʫʧʘʪʝʣʝʡ. 

ʉʫʱʝʩʪʚʫʝʪ ʜʚʘ ʚʠʜʘ ʙʣʦʢʯʝʡʥ-ʩʝʪʝʡ: ʧʫʙʣʠʯʥʳʝ ʠ ʯʘʩʪʥʳʝ. ɼʣʷ ʧʦʜʢʣʶʯʝʥʠʷ ʢ ʯʘʩʪʥʦʡ ʩʝʪʠ 
ʪʨʝʙʫʝʪʩʷ ʧʦʜʪʚʝʨʜʠʪʴ ʩʚʦʶ ʣʠʯʥʦʩʪʴ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʚʝʨʠʬʠʮʠʨʦʚʘʪʴ ʧʨʘʚʘ ʧʦʣʴʟʦʚʘʪʝʣʝʡ ʧʨʠ 
ʫʧʨʘʚʣʝʥʠʠ ʧʘʪʝʥʪʘʤʠ. ʅʘʠʙʦʣʝʝ ʧʦʧʫʣʷʨʥʦʡ ʪʝʭʥʦʣʦʛʠʝʡ ʜʣʷ ʩʦʟʜʘʥʠʷ ʯʘʩʪʥʳʭ ʙʣʦʢʯʝʡʥ-ʩʝʪʝʡ 
ʷʚʣʷʝʪʩʷ Hyperledger Fabric. ʆʩʥʦʚʥʦʡ ʝʜʠʥʠʮʝʡ ʪʘʢʦʡ ʩʝʪʠ ʷʚʣʷʝʪʩʷ çʦʨʛʘʥʠʟʘʮʠʷè, ʢʦʪʦʨʘʷ ʚ 
ʙʦʣʴʰʠʥʩʪʚʝ ʩʣʫʯʘʝʚ ʩʦʚʧʘʜʘʝʪ ʩ ʢʦʤʧʘʥʠʝʡ ʠʟ ʨʝʘʣʴʥʦʛʦ ʤʠʨʘ. ʆʨʛʘʥʠʟʘʮʠʷ ʤʦʞʝʪ ʧʦ ʧʨʘʚʠʣʘʤ, 
ʦʧʠʩʘʥʥʳʤ ʟʘʨʘʥʝʝ, ʠʟʤʝʥʷʪʴ ʜʘʥʥʳʝ ʚ ʩʝʪʠ, ʘ ʪʘʢʞʝ ʯʠʪʘʪʴ ʜʘʥʥʳʝ, ʢ ʢʦʪʦʨʳʤ ʠʤʝʝʪ ʜʦʩʪʫʧ [3]. 
ʍʦʪʷ ʥʝ ʩʫʱʝʩʪʚʫʝʪ ʯʝʪʢʠʭ ʨʘʟʣʠʯʠʡ ʤʝʞʜʫ ʦʨʛʘʥʠʟʘʮʠʷʤʠ, ʧʦ ʮʝʣʷʤ ʠ ʩʧʦʩʦʙʘʤ ʧʦʣʫʯʝʥʠʷ ʧʨʠʙʳʣʠ 
ʤʦʞʥʦ ʫʩʣʦʚʥʦ ʚʳʜʝʣʠʪʴ ʩʣʝʜʫʶʱʠʝ ʠʭ ʪʠʧʳ: 

ī ʦʨʛʘʥʠʟʘʮʠʠ, ʧʨʝʜʦʩʪʘʚʣʷʶʱʠʝ ʘʥʘʣʠʪʠʢʫ; 
ī ʦʨʛʘʥʠʟʘʮʠʠ, ʚʣʘʜʝʶʱʠʝ ʧʘʪʝʥʪʘʤʠ; 
ī ʧʘʪʝʥʪʥʳʝ ʙʶʨʦ ï ʦʨʛʘʥʠʟʘʮʠʠ, ʧʨʝʜʦʩʪʘʚʣʷʶʱʠʭ ʩʧʠʩʢʠ ʠ ʠʥʬʦʨʤʘʮʠʶ ʦ ʧʘʪʝʥʪʘʭ; 
ī ʦʨʛʘʥʠʟʘʮʠʠ, ʘʚʪʦʤʘʪʠʟʠʨʫʶʱʠʝ ʜʦʢʫʤʝʥʪʦʦʙʦʨʦʪ ʠ ʧʦʣʫʯʘʶʱʠʝ ʧʨʠʙʳʣʴ ʦʪ ʩʜʝʣʦʢ. 
ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʠ ʩʦʟʜʘʥʠʠ ʜʦʚʝʨʝʥʥʦʡ ʧʣʘʪʬʦʨʤʳ ʧʦ ʫʧʨʘʚʣʝʥʠʶ ʧʘʪʝʥʪʘʤʠ ʤʦʞʥʦ ʜʦʩʪʠʯʴ 

ʧʦʚʳʰʝʥʠʷ ʣʠʢʚʠʜʥʦʩʪʠ ʨʳʥʢʘ ʠ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʭ ʘʢʪʠʚʦʚ. 
 
ʉʧʠʩʦʢ ʠʩʧʦʣʴʟʦʚʘʥʥʳʭ ʠʩʪʦʯʥʠʢʦʚ: 
1. ʀʥʪʝʣʣʝʢʪʫʘʣʴʥʳʝ ʘʢʪʠʚʳ [ʕʣʝʢʪʨʦʥʥʳʡ ʨʝʩʫʨʩ]. ï ʈʝʞʠʤ ʜʦʩʪʫʧʘ: https://ru.wikipedia.org/wiki/ʀʥʪʝʣʣʝʢʪʫʘʣʴʥʳʝ 

_ʘʢʪʠʚʳ 
2. 4 ʩʧʦʩʦʙʘ ʟʘʨʘʙʦʪʘʪʴ ʥʘ ʧʘʪʝʥʪʘʭ [ʕʣʝʢʪʨʦʥʥʳʡ ʨʝʩʫʨʩ]. ï ʈʝʞʠʤ ʜʦʩʪʫʧʘ: https://rb.ru/opinion/patent-trolls/ 
3. A Blockchain Platform [ʕʣʝʢʪʨʦʥʥʳʡ ʨʝʩʫʨʩ]. ï ʈʝʞʠʤ ʜʦʩʪʫʧʘ: https://hyperledger-fabric.readthedocs.io/en/release-1.4/ 

 



55-ʷ ʶʙʠʣʝʡʥʘʷ ʥʘʫʯʥʘʷ ʢʦʥʬʝʨʝʥʮʠʷ ʘʩʧʠʨʘʥʪʦʚ, ʤʘʛʠʩʪʨʘʥʪʦʚ ʠ ʩʪʫʜʝʥʪʦʚ ɹɻʋʀʈ, 2019 ʛ. 
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ɸʃɻʆʈʀʊʄ ɸɺʊʆʄɸʊʀʏɽʉʂʆɻʆ ɺɿɺɽʐʀɺɸʅʀʗ 
ɾɽʃɽɿʅʆɼʆʈʆɾʅʓʍ ɺɸɻʆʅʆɺ 

ɼʝʤʝʥʢʦʚʝʮ ɼ.ɺ., ɼʫʙʠʮʢʘʷ ʂ.ʖ. 

ɹʝʣʦʨʫʩʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʥʬʦʨʤʘʪʠʢʠ ʠ ʨʘʜʠʦʵʣʝʢʪʨʦʥʠʢʠ 
ʛ. ʄʠʥʩʢ, ʈʝʩʧʫʙʣʠʢʘ ɹʝʣʘʨʫʩʴ 

ɹʨʘʥʮʝʚʠʯ ʇ.ʖ. ï ʢ.ʪ.ʥ.,ʜʦʮʝʥʪ 

ɺ ʜʦʢʣʘʜʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʩʪʨʫʢʪʫʨʘ ʧʨʦʛʨʘʤʤʥʦ-ʘʧʧʘʨʘʪʥʦʛʦ ʢʦʤʧʣʝʢʩʘ, ʦʙʝʩʧʝʯʠʚʘʶʱʝʛʦ ʚʟʚʝʰʠʚʘʥʠʝ ʞʝʣʝʟʥʦʜʦʨʦʞʥʳʭ 
ʚʘʛʦʥʦʚ. ʊʘʢʞʝ ʦʧʠʩʳʚʘʝʪʩʷ ʘʣʛʦʨʠʪʤ ʘʚʪʦʤʘʪʠʯʝʩʢʦʛʦ ʚʟʚʝʰʠʚʘʥʠʷ ʞʝʣʝʟʥʦʜʦʨʦʞʥʳʭ ʚʘʛʦʥʦʚ, ʧʝʨʝʚʦʟʷʱʠʭ ʥʝʬʪʝʧʨʦʜʫʢʪʳ. 

ɼʣʷ ʧʨʘʚʠʣʴʥʦʡ ʵʢʩʧʣʫʘʪʘʮʠʠ ʧʦʜʚʠʞʥʦʛʦ ʩʦʩʪʘʚʘ, ʦʨʛʘʥʠʟʘʮʠʠ ʜʚʠʞʝʥʠʷ ʠ ʢʦʤʤʝʨʯʝʩʢʠʭ 
ʨʘʩʯʝʪʦʚ ʙʦʣʴʰʦʝ ʟʥʘʯʝʥʠʝ ʠʤʝʝʪ ʫʯʝʪ ʧʝʨʝʚʦʟʠʤʳʭ ʧʦ ʞʝʣʝʟʥʦʡ ʜʦʨʦʛʝ ʛʨʫʟʦʚ. ɼʘʥʥʳʡ ʧʨʦʮʝʩʩ 
ʠʛʨʘʝʪ ʟʥʘʯʠʤʫʶ ʨʦʣʴ ʚ ʪʨʘʥʩʧʦʨʪʝ ʫʛʣʝʚʦʜʦʨʦʜʦʚ, ʩʳʨʦʡ ʥʝʬʪʠ ʠ ʘʚʪʦʤʦʙʠʣʴʥʦʛʦ ʪʦʧʣʠʚʘ. ʊʘʢʠʤ 
ʦʙʨʘʟʦʤ, ʧʨʦʙʣʝʤʘ ʦʨʛʘʥʠʟʘʮʠʠ ʧʨʦʮʝʩʩʘ ʚʟʚʝʰʠʚʘʥʠʷ ʠ ʫʯʝʪʘ ʞʝʣʝʟʥʦʜʦʨʦʞʥʳʭ ʚʘʛʦʥʦʚ ʷʚʣʷʝʪʩʷ 
ʘʢʪʫʘʣʴʥʦʡ ʠ ʚʘʞʥʦʡ. 

 ʇʨʦʮʝʩʩ ʚʟʚʝʰʠʚʘʥʠʷ ʞʝʣʝʟʥʦʜʦʨʦʞʥʳʭ ʚʘʛʦʥʦʚ, ʧʝʨʝʚʦʟʷʱʠʭ ʘʚʪʦʤʦʙʠʣʴʥʦʝ ʪʦʧʣʠʚʦ ʠʣʠ 
ʩʳʨʫʶ ʥʝʬʪʴ, ʤʦʞʝʪ ʙʳʪʴ ʜʣʠʪʝʣʴʥʳʤ ʧʨʦʮʝʩʩʦʤ, ʦʩʦʙʝʥʥʦ ʧʨʠ ʥʝʧʦʣʥʦʤ ʟʘʧʦʣʥʝʥʠʠ ʚʘʛʦʥʘ (ʦʢʦʣʦ 
70%). ʕʪʦʪ ʧʨʦʮʝʩʩ ʪʨʝʙʫʝʪ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʛʦ ʫʯʘʩʪʠʷ ʦʧʝʨʘʪʦʨʘ-ʚʝʩʦʚʱʠʢʘ, ʩʦʩʪʘʚʠʪʝʣʷ ʧʦʝʟʜʦʚ ʠ 
ʤʘʰʠʥʠʩʪʘ ʣʦʢʦʤʦʪʠʚʘ. ʇʨʠ ʩʪʘʪʠʯʝʩʢʦʤ ʩʧʦʩʦʙʝ ʚʟʚʝʰʠʚʘʥʠʷ ʪʨʘʪʠʪʩʷ ʚ ʩʨʝʜʥʝʤ ʦʪ 2 ʜʦ 20 ʤʠʥʫʪ 
ʥʘ ʫʩʪʘʥʦʚʢʫ ʚʘʛʦʥʘ ʥʘ ʚʝʩʦʚʳʝ ʧʣʘʪʬʦʨʤʳ ʚʘʛʦʥʘ ʠ ʦʞʠʜʘʥʠʝ ʩʪʘʙʠʣʠʟʘʮʠʠ ʢʦʣʝʙʘʥʠʡ ʞʠʜʢʦʛʦ 
ʛʨʫʟʘ ʚ ʮʠʩʪʝʨʥʘʭ. ʂʨʦʤʝ ʪʦʛʦ, ʥʘ ʥʝʢʦʪʦʨʳʭ ʧʨʝʜʧʨʠʷʪʠʷʭ ʧʨʠʝʤ ʠ ʚʳʛʨʫʟʢʘ ʚʘʛʦʥʦʚ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ 
ʚ ʪʝʤʥʦʝ ʚʨʝʤʷ ʩʫʪʦʢ, ʯʪʦ ʪʘʢʞʝ ʟʘʪʨʫʜʥʷʝʪ ʧʨʦʮʝʩʩ ʚʟʚʝʰʠʚʘʥʠʷ. ɺ ʜʦʢʣʘʜʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ 
ʧʨʠʤʝʨ ʦʨʛʘʥʠʟʘʮʠʠ ʫʯʝʪʘ ʚʟʚʝʰʠʚʘʥʠʷ ʚʘʛʦʥʦʚ, ʧʝʨʝʚʦʟʷʱʠʭ ʥʝʬʪʝʧʨʦʜʫʢʪʳ ʀʆʆʆ çʃʋʂʆʁʃ 
ɹʝʣʦʨʫʩʩʠʷè.  

ʎʝʣʴʶ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʚʟʚʝʰʠʚʘʥʠʷ ʷʚʣʷʝʪʩʷ ʨʘʟʨʘʙʦʪʢʘ ʠ ʚʥʝʜʨʝʥʠʝ ʧʨʦʛʨʘʤʤʥʦ-ʘʧʧʘʨʘʪʥʦʛʦ 
ʢʦʤʧʣʝʢʩʘ (ʇɸʂ), ʧʦʟʚʦʣʷʶʱʝʛʦ ʦʩʫʱʝʩʪʚʣʷʪʴ ʜʘʥʥʳʡ ʧʨʦʮʝʩʩ ʙʝʟ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʛʦ ʫʯʘʩʪʠʷ 
ʦʧʝʨʘʪʦʨʘ-ʚʝʩʦʚʱʠʢʘ ʚ ʘʚʪʦʤʘʪʠʯʝʩʢʦʤ ʨʝʞʠʤʝ. ɺʟʚʝʰʠʚʘʥʠʝ ʧʨʦʠʩʭʦʜʠʪ ʧʨʠ ʫʩʪʘʥʦʚʢʝ ʚʘʛʦʥʘ ʥʘ 
ʠʟʤʝʨʠʪʝʣʴʥʫʶ ʧʣʘʪʬʦʨʤʫ ʤʘʥʝʚʨʦʚʳʤ ʣʦʢʦʤʦʪʠʚʦʤ ʩ ʧʦʤʦʱʴʶ ʩʦʩʪʘʚʠʪʝʣʷ ʧʦʝʟʜʦʚ. ʇʘʨʘʤʝʪʨʳ 
ʚʟʚʝʰʠʚʘʥʠʷ ʧʦʩʪʫʧʘʶʪ ʦʪ ʚʝʩʦʠʟʤʝʨʠʪʝʣʴʥʦʛʦ ʠʥʜʠʢʘʪʦʨʘ ʥʘ ʧʝʨʩʦʥʘʣʴʥʳʡ ʢʦʤʧʴʶʪʝʨ ʦʧʝʨʘʪʦʨʘ 
ʧʦʩʨʝʜʩʪʚʦʤ ʧʨʦʪʦʢʦʣʦʚ TCP/IP ʧʦʚʝʨʭ ʠʥʪʝʨʬʝʡʩʘ Ethernet. ʇʨʦʙʣʝʤʘ ʫʚʝʜʦʤʣʝʥʠʷ ʩʦʩʪʘʚʠʪʝʣʷ 
ʧʦʝʟʜʦʚ ʦ ʩʪʘʪʫʩʝ ʧʨʦʮʝʩʩʘ ʚʟʚʝʰʠʚʘʥʠʷ ʨʝʰʘʝʪʩʷ ʦʪʦʙʨʘʞʝʥʠʝʤ ʢʦʤʘʥʜ ʠ ʫʧʨʘʚʣʷʶʱʝʡ 
ʠʥʬʦʨʤʘʮʠʠ ʥʘ ʠʥʬʦʨʤʘʮʠʦʥʥʦʤ ʪʘʙʣʦ. ʂʨʦʤʝ ʪʦʛʦ, ʥʘ ʥʝʤ ʦʪʦʙʨʘʞʘʶʪʩʷ ʨʝʟʫʣʴʪʘʪʳ ʚʟʚʝʰʠʚʘʥʠʷ. 
ɼʦʧʦʣʥʠʪʝʣʴʥʦ ʚ ʙʘʟʫ ʜʘʥʥʳʭ ʩʦʭʨʘʥʷʶʪʩʷ ʬʦʪʦʠʟʦʙʨʘʞʝʥʠʷ ʚʘʛʦʥʘ ʩ ʚʥʝʰʥʠʭ IP-ʢʘʤʝʨ 
ʚʠʜʝʦʥʘʙʣʶʜʝʥʠʷ (ʬʦʪʦʬʠʢʩʘʮʠʷ ʧʨʦʮʝʩʩʘ ʚʟʚʝʰʠʚʘʥʠʷ). 

ʉʪʨʫʢʪʫʨʥʘʷ ʩʭʝʤʘ ʇɸʂ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʧʨʦʮʝʩʩʘ ʚʟʚʝʰʠʚʘʥʠʷ ʞʝʣʝʟʥʦʜʦʨʦʞʥʳʭ ʚʘʛʦʥʦʚ 
ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩʫʥʢʝ 1: 

 

 
ʈʠʩʫʥʦʢ 1 ï ʉʪʨʫʢʪʫʨʥʘʷ ʩʭʝʤʘ ʇɸʂ 
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ɺ ʘʚʪʦʤʘʪʠʯʝʩʢʦʤ ʨʝʞʠʤʝ ʜʘʥʥʳʝ ʮʠʢʣʠʯʝʩʢʠ ʟʘʧʨʘʰʠʚʘʶʪʩʷ ʯʝʨʝʟ ʦʧʨʝʜʝʣʝʥʥʳʡ ʧʨʦʤʝʞʫʪʦʢ 
ʚʨʝʤʝʥʠ ʧʦ ʩʨʘʙʘʪʳʚʘʥʠʶ ʪʘʡʤʝʨʘ. ʆʩʥʦʚʥʦʡ ʧʨʦʙʣʝʤʦʡ ʧʨʠ ʨʘʟʨʘʙʦʪʢʝ ʘʣʛʦʨʠʪʤʘ ʘʚʪʦʤʘʪʠʯʝʩʢʦʛʦ 
ʚʟʚʝʰʠʚʘʥʠʷ ʞʝʣʝʟʥʦʜʦʨʦʞʥʳʭ ʚʘʛʦʥʦʚ ʷʚʣʷʝʪʩʷ ʦʧʨʝʜʝʣʝʥʠʝ ʤʦʤʝʥʪʘ ʜʦʙʘʚʣʝʥʠʷ ʚ ʙʘʟʫ ʜʘʥʥʳʭ 
ʥʦʚʦʡ ʢʘʨʪʦʯʢʠ ʚʟʚʝʰʠʚʘʥʠʷ (ʥʦʚʦʛʦ ʚʘʛʦʥʘ). ɼʫʙʣʠʨʦʚʘʥʠʝ ʜʘʥʥʳʭ ʠʣʠ ʧʨʦʧʫʩʢ ʟʘʧʠʩʠ, 
ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʥʝʢʦʪʦʨʦʤʫ ʚʘʛʦʥʫ, ʥʝʜʦʧʫʩʪʠʤʳ, ʪʘʢ ʢʘʢ ʤʦʛʫʪ ʩʪʘʪʴ ʧʨʠʯʠʥʦʡ ʩʝʨʴʝʟʥʳʭ 
ʥʝʩʪʳʢʦʚʦʢ ʚ ʬʠʥʘʥʩʦʚʦʡ ʦʪʯʝʪʥʦʩʪʠ. 

ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʟʘʧʠʩʴ ʧʘʨʘʤʝʪʨʦʚ ʠʟʤʝʨʝʥʠʷ ʧʨʦʠʟʚʦʜʠʪʩʷ ʝʜʠʥʦʞʜʳ ʜʣʷ ʢʘʞʜʦʛʦ ʚʘʛʦʥʘ ʧʨʠ 
ʧʦʣʫʯʝʥʠʠ ʩʪʘʙʠʣʴʥʦʛʦ ʟʥʘʯʝʥʠʷ ʚʝʩʘ. ʇʨʠ ʵʪʦʤ ʧʦʜʘʯʘ ʩʣʝʜʫʶʱʝʛʦ ʚʘʛʦʥʘ ʦʧʨʝʜʝʣʷʝʪʩʷ 
ʦʪʩʫʪʩʪʚʠʝʤ ʩʪʘʙʠʣʴʥʦʩʪʠ ʚ ʪʝʯʝʥʠʝ ʥʝʢʦʪʦʨʦʛʦ ʟʘʜʘʥʥʦʛʦ ʠʥʪʝʨʚʘʣʘ ʚʨʝʤʝʥʠ. ʕʪʦ ʠʩʢʣʶʯʘʝʪ 
ʜʫʙʣʠʨʦʚʘʥʠʝ ʟʥʘʯʝʥʠʡ ʧʨʠ ʧʦʤʝʭʘʭ ʩʚʷʟʠ, ʩʙʦʷʭ ʚ ʨʘʙʦʪʝ ʚʝʩʦʠʟʤʝʨʠʪʝʣʴʥʦʛʦ ʠʥʜʠʢʘʪʦʨʘ ʠ ʧʨʠ 
ʨʳʚʢʘʭ, ʩʚʷʟʘʥʥʳʭ ʩ ʨʘʙʦʪʦʡ ʤʘʰʠʥʠʩʪʘ ʣʦʢʦʤʦʪʠʚʘ.  

ɼʠʘʛʨʘʤʤʘ ʩʦʩʪʦʷʥʠʡ ʨʝʞʠʤʘ ʘʚʪʦʤʘʪʠʯʝʩʢʦʛʦ ʚʟʚʝʰʠʚʘʥʠʷ ʚʘʛʦʥʦʚ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩʫʥʢʝ 
2:  

 

 
ʈʠʩʫʥʦʢ 2 ï ɼʠʘʛʨʘʤʤʘ ʩʦʩʪʦʷʥʠʡ ʨʝʞʠʤʘ ʘʚʪʦʤʘʪʠʯʝʩʢʦʛʦ ʚʟʚʝʰʠʚʘʥʠʷ 

 

ʇʨʠ ʩʨʘʙʘʪʳʚʘʥʠʠ ʪʘʡʤʝʨʘ ʘʚʪʦʤʘʪʠʯʝʩʢʦʛʦ ʨʝʞʠʤʘ ʚʟʚʝʰʠʚʘʥʠʷ ʯʝʨʝʟ ʦʧʨʝʜʝʣʝʥʥʳʝ 
ʧʨʦʤʝʞʫʪʢʠ ʚʨʝʤʝʥʠ ʫ ʚʝʩʦʠʟʤʝʨʠʪʝʣʴʥʦʛʦ ʠʥʜʠʢʘʪʦʨʘ ʟʘʧʨʘʰʠʚʘʶʪʩʷ ʜʘʥʥʳʝ. ɽʩʣʠ ʟʥʘʯʝʥʠʝ ʚʝʩʘ 
ʧʨʝʚʳʰʘʝʪ ʫʩʪʘʥʦʚʣʝʥʥʳʡ ʤʠʥʠʤʫʤ, ʘʥʘʣʠʟʠʨʫʝʪʩʷ ʧʦʣʫʯʝʥʥʳʡ ʩʦʩʪʦʷʥʠʝ ʩʪʘʙʠʣʠʟʘʮʠʠ ʚʝʩʘ. 
ʂʘʞʜʳʡ ʨʘʟ ʧʨʠ ʧʦʣʫʯʝʥʠʠ ʥʝʩʪʘʙʠʣʴʥʦʛʦ ʟʥʘʯʝʥʠʷ ʦʪ ʚʝʩʦʠʟʤʝʨʠʪʝʣʴʥʦʛʦ ʠʥʜʠʢʘʪʦʨʘ ʟʘʧʫʩʢʘʝʪʩʷ 
ʪʘʡʤʝʨ ʥʘ ʪʨʠ ʩʝʢʫʥʜʳ, ʝʩʣʠ ʦʥ ʥʝ ʙʳʣ ʟʘʧʫʱʝʥ ʨʘʥʝʝ. ɿʥʘʯʝʥʠʝ ʚʨʝʤʝʥʥʦʛʦ ʠʥʪʝʨʚʘʣʘ ʧʦʣʫʯʝʥʦ 
ʦʧʳʪʥʳʤ ʧʫʪʝʤ ʠ ʤʦʞʝʪ ʙʳʪʴ ʠʟʤʝʥʝʥʦ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʢʦʥʢʨʝʪʥʦʡ ʤʦʜʝʣʠ ʚʝʩʦʠʟʤʝʨʠʪʝʣʴʥʦʛʦ 
ʠʥʜʠʢʘʪʦʨʘ. ʇʦ ʩʨʘʙʘʪʳʚʘʥʠʶ ʪʘʡʤʝʨʘ ʯʝʨʝʟ ʫʢʘʟʘʥʥʳʡ ʧʨʦʤʝʞʫʪʦʢ ʚʨʝʤʝʥʠ ʫʩʪʘʥʘʚʣʠʚʘʝʪʩʷ ʬʣʘʛ 
ʥʝʩʪʘʙʠʣʴʥʦʩʪʠ. ɺ ʩʣʫʯʘʝ, ʢʦʛʜʘ ʧʦʣʫʯʝʥ ʙʠʪ ʩʪʘʙʠʣʴʥʦʩʪʠ ʚʝʩʘ, ʪʘʡʤʝʨ ʦʩʪʘʥʘʚʣʠʚʘʝʪʩʷ (ʝʩʣʠ ʦʥ 
ʙʳʣ ʟʘʧʫʱʝʥ). ʇʦʩʣʝ ʵʪʦʛʦ ʘʥʘʣʠʟʠʨʫʝʪʩʷ ʟʥʘʯʝʥʠʝ ʬʣʘʛʘ ʥʝʩʪʘʙʠʣʴʥʦʩʪʠ. ʆʥ ʧʦʢʘʟʳʚʘʝʪ, 
ʧʨʝʜʰʝʩʪʚʦʚʘʣ ʣʠ ʩʦʩʪʦʷʥʠʶ ʩʪʘʙʠʣʴʥʦʩʪʠ ʚ ʜʘʥʥʳʡ ʤʦʤʝʥʪ ʧʝʨʠʦʜ ʥʝʩʪʘʙʠʣʴʥʦʩʪʠ ʜʣʠʪʝʣʴʥʦʩʪʴʶ 
ʦʪ ʪʨʝʭ ʩʝʢʫʥʜ ʠ ʙʦʣʝʝ. ʕʪʦʪ ʠʥʪʝʨʚʘʣ ʚʨʝʤʝʥʠ ʛʘʨʘʥʪʠʨʫʝʪ, ʯʪʦ ʧʨʦʤʝʞʫʪʦʢ ʥʝʩʪʘʙʠʣʴʥʦʩʪʠ ʥʝ 
ʦʙʫʩʣʦʚʣʝʥ ʧʦʤʝʭʘʤʠ ʩʚʷʟʠ ʠ ʧʝʨʝʙʦʷʤʠ ʚ ʨʘʙʦʪʝ ʠʥʜʠʢʘʪʦʨʘ, ʘ ʚʳʟʚʘʥ ʫʩʪʘʥʦʚʢʦʡ ʩʣʝʜʫʶʱʝʛʦ 
ʚʘʛʦʥʘ ʥʘ ʚʝʩʦʚʫʶ ʧʣʘʪʬʦʨʤʫ. ʅʘ ʦʩʥʦʚʝ ʵʪʦʛʦ ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜ, ʯʪʦ ʪʝʢʫʱʝʝ ʩʪʘʙʠʣʴʥʦʝ 
ʟʥʘʯʝʥʠʝ ʦʪʥʦʩʠʪʩʷ ʢ ʫʞʝ ʥʦʚʦʤʫ ʚʘʛʦʥʫ, ʠ ʚʳʧʦʣʥʷʝʪʩʷ ʩʦʭʨʘʥʝʥʠʝ ʥʦʚʫʶ ʟʘʧʠʩʠ ʦ ʚʟʚʝʰʠʚʘʥʠʠ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚʳʰʝʦʧʠʩʘʥʥʳʡ ʘʣʛʦʨʠʪʤ ʧʦʟʚʦʣʷʝʪ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʪʴ ʧʨʦʮʝʩʩ ʚʟʚʝʰʠʚʘʥʠʷ 
ʚʘʛʦʥʦʚ ʩ ʥʝʬʪʝʧʨʦʜʫʢʪʘʤʠ, ʧʨʝʜʩʪʘʚʣʷʶʱʠʭ ʩʦʙʦʡ ʞʠʜʢʠʝ ʛʨʫʟʳ. ʕʪʦ ʦʙʝʩʧʝʯʠʚʘʝʪ ʪʨʝʙʫʝʤʳʡ 
ʫʨʦʚʝʥʴ ʥʘʜʝʞʥʦʩʪʠ ʠ ʪʦʯʥʦʩʪʠ ʩʦʭʨʘʥʷʝʤʳʭ ʜʘʥʥʳʭ ʠ ʧʦʟʚʦʣʷʝʪ ʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʦ ʦʨʛʘʥʠʟʦʚʘʪʴ 
ʨʘʙʦʪʫ ʧʨʝʜʧʨʠʷʪʠʷ.  
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ʄɽʊʆɼ ʈɸʉʇʆɿʅɸɺɸʅʀʗ ʕʄʆʎʀʁ ʇʆ ʀɿʆɹʈɸɾɽʅʀʖ ʅɸ 
ʆʉʅʆɺɽ ʄɸʐʀʅʅʆɻʆ ʆɹʋʏɽʅʀʗ 

ɽʚʪʫʰʝʥʢʦ ʊ.ʉ. 

ɹʝʣʦʨʫʩʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʥʬʦʨʤʘʪʠʢʠ ʠ ʨʘʜʠʦʵʣʝʢʪʨʦʥʠʢʠ 
ʛ. ʄʠʥʩʢ, ʈʝʩʧʫʙʣʠʢʘ ɹʝʣʘʨʫʩʴ 

ʉʝʨʝʙʨʷʥʘʷ ʃ.ɺ. ï ʢ.ʪ.ʥ., ʜʦʮʝʥʪ 

ʅʝʡʨʦʥʥʳʝ ʩʝʪʠ ð ʵʪʦ ʦʜʥʦ ʠʟ ʥʘʧʨʘʚʣʝʥʠʡ ʚ ʨʘʟʨʘʙʦʪʢʝ ʩʠʩʪʝʤ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʠʥʪʝʣʣʝʢʪʘ. ɺ ʦʩʥʦʚʥʦʤ ʦʥʠ 
ʧʨʠʤʝʥʷʶʪʩʷ ʜʣʷ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ, ʨʘʩʧʦʟʥʘʚʘʥʠʷ ʦʙʨʘʟʦʚ, ʧʨʠʥʷʪʠʷ ʨʝʰʝʥʠʡ, ʦʧʪʠʤʠʟʘʮʠʠ ʠ ʘʥʘʣʠʟʘ ʜʘʥʥʳʭ. 
ʈʘʩʧʦʟʥʘʚʘʥʠʝ ʵʤʦʮʠʡ ʧʦ ʬʦʪʦʛʨʘʬʠʠ ʣʠʮʘ ʯʝʣʦʚʝʢʘ ï ʦʜʥʘ ʠʟ ʪʝʭ ʟʘʜʘʯ, ʜʣʷ ʨʝʰʝʥʠʷ ʢʦʪʦʨʳʭ ʠʩʧʦʣʴʟʫʶʪʩʷ ʥʝʡʨʦʥʥʳʝ 
ʩʝʪʠ. 

 

ɸʢʪʫʘʣʴʥʦʩʪʴ ʚʳʙʨʘʥʥʦʡ ʪʝʤʳ ʦʙʫʩʣʦʚʣʝʥʘ ʪʝʤ, ʯʪʦ ʠʤʝʥʥʦ ʩʝʡʯʘʩ, ʩ ʙʳʩʪʨʳʤ ʪʝʤʧʦʤ 
ʠʥʪʝʛʨʘʮʠʠ ʨʘʟʣʠʯʥʳʭ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʩʠʩʪʝʤ ʚ ʧʦʚʩʝʜʥʝʚʥʫʶ ʞʠʟʥʴ, ʤʳ ʤʦʞʝʤ ʥʘʡʪʠ ʚʩʝ ʙʦʣʴʰʝ 
ʠ ʙʦʣʴʰʝ ʩʧʦʩʦʙʦʚ ʧʨʠʤʝʥʝʥʠʷ ʩʠʩʪʝʤ ʨʘʩʧʦʟʥʘʚʘʥʠʷ ʵʤʦʮʠʡ. ʉʝʡʯʘʩ ʪʘʢʠʝ ʩʠʩʪʝʤʳ ʤʦʛʫʪ ʙʳʪʴ 
ʠʩʧʦʣʴʟʦʚʘʥʳ ʚ ʨʘʟʣʠʯʥʳʭ ʩʬʝʨʘʭ ʞʠʟʥʠ, ʚ ʢʦʪʦʨʳʭ ʠʜʝʪ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʩ ʣʶʜʴʤʠ. ʅʘʧʨʠʤʝʨ, 
ʨʘʩʧʦʟʥʘʚʘʥʠʝ ʵʤʦʮʠʡ ʧʦʢʫʧʘʪʝʣʝʡ ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʜʣʷ ʮʝʣʝʚʦʛʦ ʤʘʨʢʝʪʠʥʛʘ ʠ ʜʣʷ 
ʵʬʬʝʢʪʠʚʥʦʛʦ ʨʘʟʤʝʱʝʥʠʷ ʪʦʚʘʨʦʚ ʚ ʤʘʛʘʟʠʥʘʭ, ʧʦʣʴʟʦʚʘʪʝʣʝʡ ʢʘʢʦʛʦ-ʣʠʙʦ ʠʥʪʝʨʥʝʪ ʨʝʩʫʨʩʘ ï ʜʣʷ 
ʦʧʨʝʜʝʣʝʥʠʷ ʨʝʘʢʮʠʠ ʯʝʣʦʚʝʢʘ ʥʘ ʨʘʟʤʝʱʝʥʥʳʡ ʥʘ ʜʘʥʥʦʤ ʨʝʩʫʨʩʝ ʢʦʥʪʝʥʪ. 

ɿʘʜʘʯʝʡ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʠʟʫʯʝʥʠʝ ʩʫʱʝʩʪʚʫʶʱʠʭ ʘʣʛʦʨʠʪʤʦʚ ʨʘʩʧʦʟʥʘʚʘʥʠʷ ʣʠʮ, 
ʚʳʷʚʣʝʥʠʝ ʥʘʠʙʦʣʝʝ ʪʦʯʥʳʭ ʠ ʥʘʜʝʞʥʳʭ ʠʟ ʥʠʭ, ʨʝʘʣʠʟʘʮʠʷ ʧʨʦʛʨʘʤʤʥʦʛʦ ʩʨʝʜʩʪʚʘ, ʠʩʧʦʣʴʟʫʶʱʝʛʦ 
ʚʝʙ-ʢʘʤʝʨʫ ʧʦʣʴʟʦʚʘʪʝʣʷ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʠʟʦʙʨʘʞʝʥʠʷ, ʘʣʛʦʨʠʪʤ ʢʣʘʩʩʠʬʠʢʘʪʦʨʘ ʜʣʷ ʚʳʜʝʣʝʥʠʷ ʥʘ 
ʥʝʤ ʣʠʮʘ ʠ ʥʝʡʨʦʥʥʫʶ ʩʝʪʴ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʩ ʝʝ ʧʦʤʦʱʴʶ ʵʤʦʮʠʠ ʥʘ ʠʟʦʙʨʘʞʝʥʠʠ ʣʠʮʘ. ɺ ʢʘʯʝʩʪʚʝ 
ʠʩʭʦʜʥʳʭ ʜʘʥʥʳʭ ʚʳʩʪʫʧʘʝʪ ʥʘʙʦʨ ʜʘʥʥʳʭ ʜʣʷ ʦʙʫʯʝʥʠʷ ʤʦʜʝʣʠ, ʢʦʪʦʨʳʡ ʩʦʜʝʨʞʠʪ ʚ ʩʝʙʝ 
ʬʦʪʦʛʨʘʬʠʠ ʩʦ ʚʩʝʤʠ, ʥʫʞʥʳʤʠ ʥʘʤ, ʯʝʣʦʚʝʯʝʩʢʠʤʠ ʵʤʦʮʠʷʤʠ: ʟʣʦʩʪʴ, ʫʜʠʚʣʝʥʠʝ, ʩʯʘʩʪʴʝ, ʛʨʫʩʪʴ, 
ʦʪʚʨʘʱʝʥʠʝ, ʩʪʨʘʭ, ʥʝʡʪʨʘʣʴʥʦʩʪʴ. ʅʘ ʦʩʥʦʚʝ ʜʘʥʥʦʛʦ ʥʘʙʦʨʘ ʤʳ ʩʤʦʞʝʤ ʦʙʫʯʠʪʴ ʥʘʰʫ ʤʦʜʝʣʴ ʠ 
ʠʥʪʝʛʨʠʨʦʚʘʪʴ ʝʸ ʚ ʩʠʩʪʝʤʫ. ʈʝʟʫʣʴʪʘʪʦʤ ʨʘʙʦʪʳ ʧʨʦʛʨʘʤʤʥʦʛʦ ʩʨʝʜʩʪʚʘ ʙʫʜʝʪ ʷʚʣʷʪʴʩʷ ʚʳʚʦʜ ʦʙ 
ʵʤʦʮʠʠ ʣʠʮʘ ʥʘ ʠʟʦʙʨʘʞʝʥʠʠ, ʩʯʠʪʘʥʥʦʛʦ ʯʝʨʝʟ ʚʝʙ-ʢʘʤʝʨʫ. ʈʝʟʫʣʴʪʠʨʶʱʘʷ ʵʤʦʮʠʷ ʙʫʜʝʪ 
ʧʦʣʫʯʘʪʴʩʷ ʢʘʢ ʵʤʦʮʠʷ ʩ ʩʘʤʦʡ ʙʦʣʴʰʦʡ ʚʝʨʦʷʪʥʦʩʪʴʶ ʧʨʠʩʫʪʩʪʚʠʷ ʥʘ ʠʟʦʙʨʘʞʝʥʠʠ ʠʟ ʚʩʝʭ 
ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʭ ʵʤʦʮʠʡ. 

ɿʘʜʘʯʫ ʧʦ ʨʘʩʧʦʟʥʘʚʘʥʠʶ ʵʤʦʮʠʡ ʤʦʞʥʦ ʨʘʟʜʝʣʠʪʴ ʥʘ 2 ʵʪʘʧʘ: ʦʙʫʯʝʥʠʝ ʤʦʜʝʣʠ ʥʝʡʨʦʥʥʦʡ 
ʩʝʪʠ ʠ ʨʘʩʧʦʟʥʘʚʘʥʠʝ ʵʤʦʮʠʡ ʩ ʧʦʤʦʱʴʶ ʵʪʦʡ ʦʙʫʯʝʥʥʦʡ ʤʦʜʝʣʠ. 

ɺ ʢʘʯʝʩʪʚʝ ʥʝʡʨʦʥʥʦʡ ʩʝʪʠ ʜʣʷ ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʵʤʦʮʠʠ ʥʘ ʠʟʦʙʨʘʞʝʥʠʠ ʣʠʮʘ ʙʳʣʘ ʚʳʙʨʘʥʘ 
ʩʚʝʨʪʦʯʥʘʷ ʥʝʡʨʦʥʥʘʷ ʩʝʪʴ. ʉʚʸʨʪʦʯʥʘʷ ʥʝʡʨʦʥʥʘʷ ʩʝʪʴ ð ʵʪʦ ʩʧʝʮʠʘʣʴʥʘʷ ʘʨʭʠʪʝʢʪʫʨʘ 
ʠʩʢʫʩʩʪʚʝʥʥʳʭ ʥʝʡʨʦʥʥʳʭ ʩʝʪʝʡ, ʮʝʣʴ ʢʦʪʦʨʦʡ - ʵʬʬʝʢʪʠʚʥʦʝ ʨʘʩʧʦʟʥʘʚʘʥʠʝ ʦʙʨʘʟʦʚ. ɼʘʥʥʘʷ ʩʝʪʴ 
ʦʪʥʦʩʠʪʩʷ ʢ ʪʝʭʥʦʣʦʛʠʷʤ ʛʣʫʙʦʢʦʛʦ ʦʙʫʯʝʥʠʷ, ʠʤʝʝʪ ʦʜʥʦʥʘʧʨʘʚʣʝʥʥʫʶ, ʤʥʦʛʦʩʣʦʡʥʫʶ ʩʪʨʫʢʪʫʨʫ. 
ʉʚʸʨʪʦʯʥʘʷ ʥʝʡʨʦʥʥʘʷ ʩʝʪʴ ʙʝʨʸʪ ʠʩʭʦʜʥʦʝ ʠʟʦʙʨʘʞʝʥʠʝ ʠ ʧʨʦʧʫʩʢʘʝʪ ʝʛʦ ʯʝʨʝʟ ʨʷʜ ʩʚʸʨʪʦʯʥʳʭ, 
ʥʝʣʠʥʝʡʥʳʭ ʩʣʦʝʚ, ʩʣʦʝʚ ʦʙʲʝʜʠʥʝʥʠʷ, ʧʦʣʥʦʩʚʷʟʥʳʭ ʩʣʦʸʚ ʠ ʛʝʥʝʨʠʨʫʝʪ ʚʳʚʦʜ ʚ ʚʠʜʝ ʢʣʘʩʩʘ ʠʣʠ 
ʚʝʨʦʷʪʥʦʩʪʠ ʢʣʘʩʩʦʚ, ʢʦʪʦʨʳʝ ʣʫʯʰʝ ʚʩʝʛʦ ʦʧʠʩʳʚʘʶʪ ʠʟʦʙʨʘʞʝʥʠʝ [1]. ɼʣʷ ʦʙʫʯʝʥʠʷ ʜʘʥʥʦʡ ʩʝʪʠ 
ʙʳʣʦ ʠʩʧʦʣʴʟʦʚʘʥʦ ʦʙʫʯʝʥʠʝ ʩ ʫʯʠʪʝʣʝʤ ʠ ʤʝʪʦʜ ʦʙʨʘʪʥʦʛʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʦʰʠʙʢʠ. ʅʘ ʚʭʦʜ ʩʝʪʠ 
ʧʝʨʝʜʘʚʘʣʦʩʴ ʤʥʦʞʝʩʪʚʦ ʠʟʦʙʨʘʞʝʥʠʡ ʣʠʮ ʩ ʦʧʨʝʜʝʣʝʥʥʦʡ ʵʤʦʮʠʝʡ ʠ ʠʥʬʦʨʤʘʮʠʷ ʦ ʜʘʥʥʦʡ ʵʤʦʮʠʠ. 
ʊʘʢ ʥʝʡʨʦʥʥʘʷ ʩʝʪʴ ʦʙʫʯʘʣʘʩʴ ʥʘ ʤʥʦʞʝʩʪʚʝ ʠʟʦʙʨʘʞʝʥʠʡ ʠ ʪʠʧʘʭ ʵʤʦʮʠʠ, ʧʦʢʘ ʥʝ ʙʳʣʘ ʜʦʩʪʠʛʥʫʪʘ 
ʥʝʦʙʭʦʜʠʤʘʷ ʚʝʨʦʷʪʥʦʩʪʴ ʚʳʜʘʯʠ ʥʝʡʨʦʥʥʦʡ ʩʝʪʴʶ ʧʨʘʚʠʣʴʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ.  

ɼʣʷ ʨʘʩʧʦʟʥʘʚʘʥʠʷ ʵʤʦʮʠʡ ʧʦʩʣʝ ʦʙʫʯʝʥʠʷ ʥʝʡʨʦʥʥʦʡ ʩʝʪʠ ʠʩʧʦʣʴʟʫʶʪʩʷ ʠʟʦʙʨʘʞʝʥʠʷ, 
ʩʯʠʪʘʥʥʳʝ ʯʝʨʝʟ ʚʝʙ-ʢʘʤʝʨʫ ʧʦʣʴʟʦʚʘʪʝʣʷ. ʇʝʨʝʜ ʪʝʤ, ʢʘʢ ʧʝʨʝʜʘʪʴ ʠʟʦʙʨʘʞʝʥʠʝ ʦʙʫʯʝʥʥʦʡ ʤʦʜʝʣʠ 
ʥʝʡʨʦʥʥʦʡ ʩʝʪʠ ʜʣʷ ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʚʝʨʦʷʪʥʦʩʪʠ ʵʤʦʮʠʡ, ʩʪʦʠʪ ʫʙʝʜʠʪʴʩʷ, ʩʦʜʝʨʞʠʪ ʣʠ ʠʩʭʦʜʥʦʝ 
ʠʟʦʙʨʘʞʝʥʠʝ ʣʠʮʦ ʯʝʣʦʚʝʢʘ ʠ ʝʩʣʠ ʜʘ, ʪʦ ʧʝʨʝʜʘʪʴ ʥʘ ʚʭʦʜ ʤʦʜʝʣʠ ʬʨʘʛʤʝʥʪ ʠʩʭʦʜʥʦʛʦ 
ʠʟʦʙʨʘʞʝʥʠʷ, ʩʦʜʝʨʞʘʱʠʡ ʪʦʣʴʢʦ ʣʠʮʦ. ɼʣʷ ʜʘʥʥʦʡ ʟʘʜʘʯʠ ʭʦʨʦʰʦ ʧʦʜʭʦʜʠʪ ʤʝʪʦʜ ɺʠʦʣʳ-ɼʞʦʥʩʘ ð 
ʘʣʛʦʨʠʪʤ, ʧʦʟʚʦʣʷʶʱʠʡ ʦʙʥʘʨʫʞʠʚʘʪʴ ʦʙʲʝʢʪʳ ʥʘ ʠʟʦʙʨʘʞʝʥʠʷʭ ʚ ʨʝʘʣʴʥʦʤ ʚʨʝʤʝʥʠ, ʦʥ ʠʤʝʝʪ 
ʥʠʟʢʦʝ ʢʦʣʠʯʝʩʪʚʦ ʣʦʞʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʠ ʚʳʩʦʢʫʶ ʪʦʯʥʦʩʪʴ ʦʙʥʘʨʫʞʝʥʠʷ ʠʩʢʦʤʳʭ ʦʙʲʝʢʪʦʚ [2]. ʉ 
ʧʦʤʦʱʴʶ ʜʘʥʥʦʛʦ ʘʣʛʦʨʠʪʤʘ ʚ ʠʩʭʦʜʥʦʤ ʠʟʦʙʨʘʞʝʥʠʠ ʚʳʜʝʣʷʝʪʩʷ ʣʠʮʦ ʯʝʣʦʚʝʢʘ, ʧʝʨʝʜʘʝʪʩʷ ʥʘ 
ʚʭʦʜ ʥʝʡʨʦʥʥʦʡ ʩʝʪʠ, ʘ ʥʝʡʨʦʥʥʘʷ ʩʝʪʴ ʚʦʟʚʨʘʱʘʝʪ ʚʝʨʦʷʪʥʦʩʪʴ ʢʘʞʜʦʡ ʵʤʦʮʠʠ ʥʘ ʧʝʨʝʜʘʥʥʦʤ 
ʠʟʦʙʨʘʞʝʥʠʠ ʣʠʮʘ. 

ʕʢʩʧʝʨʠʤʝʥʪʳ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʧʨʦʛʨʘʤʤʥʦʝ ʩʨʝʜʩʪʚʦ ʛʘʨʘʥʪʠʨʫʝʪ ʥʝʧʣʦʭʫʶ ʜʦʩʪʦʚʝʨʥʦʩʪʴ 
(ʦʢʦʣʦ 80%) ʨʘʩʧʦʟʥʘʚʘʥʠʷ ʵʤʦʮʠʡ ʥʘ ʠʟʦʙʨʘʞʝʥʠʷʭ ʩ ʭʦʨʦʰʝʡ ʦʩʚʝʱʝʥʥʦʩʪʴʶ ʠ ʧʦʚʦʨʦʪʦʤ ʣʠʮʘ ʥʝ 
ʙʦʣʝʝ, ʯʝʤ ʥʘ 30 ʛʨʘʜʫʩʦʚ, ʠ ʦʯʝʥʴ ʥʝʜʦʩʪʘʪʦʯʥʫʶ (ʦʢʦʣʦ 50%) ʥʘ ʦʩʪʘʣʴʥʳʭ ʠʟʦʙʨʘʞʝʥʠʷʭ. 
ʇʦʣʫʯʝʥʥʦʝ ʧʨʦʛʨʘʤʤʥʦʝ ʩʨʝʜʩʪʚʦ ʤʦʞʝʪ ʙʳʪʴ ʜʦʨʘʙʦʪʘʥʦ ʧʫʪʝʤ ʜʘʣʴʥʝʡʰʝʛʦ ʦʙʫʯʝʥʠʷ ʤʦʜʝʣʠ 
ʥʝʡʨʦʥʥʦʡ ʩʝʪʠ, ʯʪʦ ʧʦʟʚʦʣʠʪ ʩ ʙʦʣʴʰʝʡ ʪʦʯʥʦʩʪʴʶ ʦʧʨʝʜʝʣʷʪʴ ʚʝʨʦʷʪʥʦʩʪʴ ʵʤʦʮʠʡ. 

 
ʉʧʠʩʦʢ ʠʩʧʦʣʴʟʦʚʘʥʥʳʭ ʠʩʪʦʯʥʠʢʦʚ:  
1. Convolutional neural network [ʕʣʝʢʪʨʦʥʥʳʡ ʨʝʩʫʨʩ]. ï 2019. ï ʈʝʞʠʤ ʜʦʩʪʫʧʘ: 

https://en.wikipedia.org/wiki/Convolutional_neural_networkʷ  
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2. ViolaïJones object detection framework [ʕʣʝʢʪʨʦʥʥʳʡ ʨʝʩʫʨʩ]. ï 2019. ï ʈʝʞʠʤ ʜʦʩʪʫʧʘ: 
https://en.wikipedia.org/wiki/ViolaïJones_object_detection_framework 
 
 

ɻʈʋʇʇʆɺɸʗ ʈʆɹʆʊʆʊɽʍʅʀʂɸ 
ʀ ʀɼɽʀ ɽɽ ʇʈʀʄɽʅɽʅʀʗ 

ɽʨʤʦʣʦʚʠʯ ɺ.ʆ. 

ɹʝʣʦʨʫʩʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʥʬʦʨʤʘʪʠʢʠ ʠ ʨʘʜʠʦʵʣʝʢʪʨʦʥʠʢʠ 
ʛ. ʄʠʥʩʢ, ʈʝʩʧʫʙʣʠʢʘ ɹʝʣʘʨʫʩʴ 

ʍʤʝʣʝʚʘ ɸ.ɺ. ï ʢ.ʪ.ʥ.,ʜʦʮʝʥʪ 

 ɺ ʜʦʢʣʘʜʝ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʧʦʥʷʪʠʝ ʠ ʧʨʝʜʤʝʪ ʛʨʫʧʧʦʚʦʡ ʨʦʙʦʪʦʪʝʭʥʠʢʠ, ʚʳʜʝʣʝʥʳ ʝʝ ʜʦʩʪʦʠʥʩʪʚʘ ʠ ʥʝʜʦʩʪʘʪʢʠ, ʧʨʠʚʦʜʷʪʩʷ 
ʠʜʝʠ ʝʝ ʧʨʘʢʪʠʯʝʩʢʦʛʦ ʧʨʠʤʝʥʝʥʠʷ. 

ɻʨʫʧʧʦʚʘʷ ʨʦʙʦʪʦʪʝʭʥʠʢʘ ï ʥʘʧʨʘʚʣʝʥʠʝ ʨʦʙʦʪʦʪʝʭʥʠʢʠ, ʚ ʦʩʥʦʚʝ ʢʦʪʦʨʦʛʦ ʣʝʞʠʪ ʠʟʫʯʝʥʠʝ 
ʧʦʚʝʜʝʥʠʷ ʛʨʫʧʧʳ ʨʦʙʦʪʦʚ, ʚʟʘʠʤʦʜʝʡʩʪʚʫʶʱʠʭ ʤʝʞʜʫ ʩʦʙʦʡ ʠ ʩ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʦʡ. ʇʨʠʯʝʤ 
ʨʦʙʦʪʳ, ʠʩʧʦʣʴʟʫʝʤʳʝ ʚ ʛʨʫʧʧʦʚʦʡ ʨʦʙʦʪʦʪʝʭʥʠʢʝ, ʠʤʝʶʪ ʜʦʩʪʘʪʦʯʥʦ ʧʨʦʩʪʦʝ ʩʪʨʦʝʥʠʝ ʠ ʥʘʧʨʘʚʣʝʥʳ 
ʥʘ ʨʝʰʝʥʠʝ ʢʦʥʢʨʝʪʥʦʡ, ʩʧʝʮʠʬʠʯʥʦʡ ʟʘʜʘʯʠ. ʂʦʣʣʝʢʪʠʚʥʦʝ ʧʦʚʝʜʝʥʠʝ ʧʦʷʚʣʷʝʪʩʷ ʙʣʘʛʦʜʘʨʷ 
ʢʦʤʤʫʥʠʢʘʮʠʠ ʨʦʙʦʪʦʚ ʜʨʫʛ ʩ ʜʨʫʛʦʤ ʟʘ ʩʯʝʪ ʯʝʛʦ ʜʦʩʪʠʛʘʝʪʩʷ ʵʬʬʝʢʪ ʧʘʨʘʣʣʝʣʠʟʤʘ ʧʨʠ ʨʝʰʝʥʠʠ 
ʟʘʜʘʯ, ʥʘ ʢʦʪʦʨʳʝ ʟʘʪʦʯʝʥʳ ʨʦʙʦʪʳ. ʆʩʦʙʝʥʥʦʩʪʷʤʠ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʛʦ ʚʠʜʘ ʨʦʙʦʪʦʪʝʭʥʠʢʠ ʷʚʣʷʝʪʩʷ 
ʜʝʮʝʥʪʨʘʣʠʟʦʚʘʥʥʳʡ ʧʦʜʭʦʜ ʚ ʫʧʨʘʚʣʝʥʠʠ ʨʦʙʦʪʘʤʠ, ʧʨʘʢʪʠʯʝʩʢʠ ʧʦʣʥʦʝ ʦʪʩʫʪʩʪʚʠʝ ʩʠʥʭʨʦʥʥʦʩʪʠ 
ʠʜʝʥʪʠʯʥʦʩʪʴ ʠ ʩʨʘʚʥʠʪʝʣʴʥʘʷ ʧʨʦʩʪʦʪʘ ʧʨʦʠʟʚʦʜʩʪʚʘ ʠʩʧʦʣʴʟʫʝʤʳʭ ʨʦʙʦʪʦʚ [1]. ɺʩʝ ʵʪʦ ʫʢʘʟʳʚʘʝʪ 
ʥʘ ʦʪʩʫʪʩʪʚʠʝ ʥʝʢʦʛʦ ʦʩʦʙʝʥʥʦʛʦ, ʛʣʘʚʥʦʛʦ ʨʦʙʦʪʘ ʠ ʥʘ ʚʟʘʠʤʦʟʘʤʝʥʷʝʤʦʩʪʴ ʨʦʙʦʪʦʚ, ʪ.ʢ. ʢʘʞʜʳʡ 
ʨʦʙʦʪ ʩʧʦʩʦʙʝʥ ʚʳʧʦʣʥʷʪʴ ʦʜʠʥ ʠ ʪʦʪ ʞʝ ʥʘʙʦʨ ʬʫʥʢʮʠʡ. ɹʣʘʛʦʜʘʨʷ ʦʪʩʫʪʩʪʚʠʶ ʛʣʘʚʥʦʛʦ ʨʦʙʦʪʘ ʠ 
ʥʝʢʦʪʦʨʦʡ ʠʟʙʳʪʦʯʥʦʩʪʠ ʜʦʩʪʠʛʘʝʪʩʷ ʚʳʩʦʢʘʷ ʦʪʢʘʟʦʫʩʪʦʡʯʠʚʦʩʪʴ. ʂʘʞʜʳʡ ʨʦʙʦʪ ʚʟʘʠʤʦʜʝʡʩʪʚʫʝʪ 
ʪʦʣʴʢʦ ʩʦ ʩʚʦʠʤʠ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʳʤʠ ʩʦʩʝʜʷʤʠ. ʂʨʦʤʝ ʪʦʛʦ, ʦʥ ʣʦʢʘʣʴʥʦ ʭʨʘʥʠʪ ʪʦʣʴʢʦ ʪʫ 
ʠʥʬʦʨʤʘʮʠʶ, ʢʦʪʦʨʫʶ ʩʘʤ ʧʦʣʫʯʠʣ ʩʦ ʩʚʦʠʭ ʜʘʪʯʠʢʦʚ. ɺʪʦʨʳʤ ʧʨʝʠʤʫʱʝʩʪʚʦʤ ʪʘʢʦʡ 
ʜʝʮʝʥʪʨʘʣʠʟʦʚʘʥʥʦʡ ʩʠʩʪʝʤʳ ʷʚʣʷʝʪʩʷ ʛʠʙʢʦʩʪʴ: ʧʨʠ ʦʪʢʘʟʝ ʦʜʥʦʛʦ ʨʦʙʦʪʘ, ʣʶʙʦʡ ʠʟ ʦʩʪʘʚʰʠʭʩʷ 
ʤʦʞʝʪ ʟʘʚʝʨʰʠʪʴ ʟʘʜʘʯʫ. ʉʠʩʪʝʤʘ ʨʦʙʦʪʦʚ ʤʦʞʝʪ ʢʦʤʧʝʥʩʠʨʦʚʘʪʴ ʥʝʢʦʪʦʨʳʝ ʘʧʧʘʨʘʪʥʳʝ 
ʦʛʨʘʥʠʯʝʥʠʷ ʟʘ ʩʯʝʪ ʠʭ ʩʧʦʩʦʙʥʦʩʪʴ ʢ ʢʦʦʧʝʨʘʮʠʠ. ʊʘʢʠʤʠ ʦʛʨʘʥʠʯʝʥʠʷʤʠ ʤʦʛʫʪ ʷʚʣʷʪʴʩʷ ʩʣʘʙʳʡ 
ʵʣʝʢʪʨʦʧʨʠʚʦʜ ʦʪʜʝʣʴʥʦ ʚʟʷʪʦʛʦ ʨʦʙʦʪʘ ʧʨʠ ʨʝʰʝʥʠʠ ʟʘʜʘʯʠ ʧʝʨʝʜʚʠʞʝʥʠʷ ʧʨʝʜʤʝʪʘ, ʥʦ 
ʩʢʦʦʧʝʨʠʨʦʚʘʚʰʠʩʴ, ʨʦʙʦʪʳ ʩʫʤʤʘʨʥʳʤ ʫʩʠʣʠʝʤ ʤʦʛʫʪ ʧʝʨʝʜʚʠʥʫʪʴ ʧʨʝʜʤʝʪ. ʊʨʝʪʴʠʤ 
ʧʨʝʠʤʫʱʝʩʪʚʦʤ ʷʚʣʷʝʪʩʷ ʤʘʩʰʪʘʙʠʨʫʝʤʦʩʪʴ.  ʀʩʧʦʣʴʟʫʝʤʳʝ ʤʝʪʦʜʳ ʜʣʷ ʫʧʨʘʚʣʝʥʠʷ ʛʨʫʧʧʦʡ 
ʨʦʙʦʪʦʚ ʧʨʦʜʦʣʞʘʶʪ ʙʳʪʴ ʵʬʬʝʢʪʠʚʥʳʤʠ ʥʝʟʘʚʠʩʠʤʦ ʦʪ ʢʦʣʠʯʝʩʪʚʘ ʜʦʙʘʚʣʷʝʤʳʭ ʚ ʛʨʫʧʧʫ ʨʦʙʦʪʦʚ. 
ʕʪʦ ʚʦʟʤʦʞʥʦ ʙʣʘʛʦʜʘʨʷ ʪʦʤʫ, ʯʪʦ ʨʘʙʦʪʳ ʚʟʘʠʤʦʜʝʡʩʪʚʫʶʪ ʪʦʣʴʢʦ ʩʦ ʩʚʦʠʤʠ ʩʦʩʝʜʷʤʠ. 
ʉʦʦʪʚʝʪʩʪʚʝʥʥʦ ʪʘʢʠʝ ʤʝʪʦʜʳ, ʢʘʢ ʰʠʨʦʢʦʚʝʱʘʪʝʣʴʥʘʷ ʨʘʩʩʳʣʢʘ ʩʦʦʙʱʝʥʠʡ ʥʘ ʚʩʶ ʛʨʫʧʧʫ ʨʦʙʦʪʦʚ, 
ʥʝʧʨʠʤʝʥʠʤʳ, ʪ.ʢ. ʥʝ ʷʚʣʷʶʪʩʷ ʤʘʩʰʪʘʙʠʨʫʝʤʳʤʠ. ʅʝʦʪʲʝʤʣʝʤʦʡ ʯʘʩʪʴʶ ʛʨʫʧʧʦʚʦʡ ʨʦʙʦʪʦʪʝʭʥʠʢʠ 
ʷʚʣʷʶʪʩʷ ʤʝʪʦʜʳ ʢʦʤʤʫʥʠʢʘʮʠʠ ʤʝʞʜʫ ʨʦʙʦʪʘʤʠ. ɺʳʜʝʣʷʶʪ ʷʚʥʫʶ ʠ ʥʝʷʚʥʫʶ ʢʦʤʤʫʥʠʢʘʮʠʶ. ʗʚʥʘʷ 
ʢʦʤʤʫʥʠʢʘʮʠʷ ʧʦʜʨʘʟʫʤʝʚʘʝʪ ʥʘʣʠʯʠʝ ʦʪʧʨʘʚʠʪʝʣʷ, ʧʦʣʫʯʘʪʝʣʷ, ʷʚʥʦʛʦ ʢʘʥʘʣʘ ʤʝʞʜʫ ʥʠʤʠ, ʧʦ 
ʢʦʪʦʨʦʤʫ ʧʝʨʝʜʘʝʪʩʷ ʩʦʦʙʱʝʥʠʝ. ɺ ʢʘʯʝʩʪʚʝ ʥʝʷʚʥʦʡ ʢʦʤʤʫʥʠʢʘʮʠʠ ʤʦʞʥʦ ʧʨʠʚʝʩʪʠ ʚ ʧʨʠʤʝʨ 
ʚʦʩʧʨʠʷʪʠʝ ʦʜʥʠʤ ʨʦʙʦʪʦʤ ʧʨʠʩʫʪʩʪʚʠʝ ʜʨʫʛʦʛʦ ʨʦʙʦʪʘ ʠ ʠʟʤʝʥʝʥʠʝ ʩʚʦʝʛʦ ʩʦʩʪʦʷʥʠʷ. ɿʘʜʘʯʠ, 
ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʨʝʰʘʪʴʩʷ ʩ ʧʦʤʦʱʴʶ ʛʨʫʧʧʦʚʦʡ ʨʦʙʦʪʦʪʝʭʥʠʢʠ ʚʢʣʶʯʘʶʪ: 

ī ʘʛʨʝʛʘʮʠʷ ʠ ʢʣʘʩʪʝʨʠʟʘʮʠʷ ʨʦʙʦʪʦʚ (ʷʚʣʷʝʪʩʷ ʧʦʣʝʟʥʳʤ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʠʩʩʣʝʜʦʚʘʥʠʷ 
ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ); 

ī ʨʘʩʩʨʝʜʦʪʦʯʝʥʠʝ ʨʦʙʦʪʦʚ (ʷʚʣʷʝʪʩʷ ʧʦʣʝʟʥʳʤ ʜʣʷ ʤʦʥʠʪʦʨʠʥʛʘ ʥʘ ʙʦʣʴʰʠʭ ʧʣʦʱʘʜʷʭ); 
ī ʩʘʤʦʦʨʛʘʥʠʟʘʮʠʷ ʨʦʙʦʪʦʚ (ʥʘʧʨʠʤʝʨ, ʜʣʷ ʨʘʩʩʤʦʪʨʝʥʥʦʡ ʚʳʰʝ ʟʘʜʘʯʠ ʧʝʨʝʤʝʱʝʥʠʷ 

ʧʨʝʜʤʝʪʘ). 
ɼʘʣʝʝ ʙʫʜʫʪ ʨʘʩʩʤʦʪʨʝʥʳ ʥʝʩʢʦʣʴʢʦ ʠʜʝʡ ʧʨʠʤʝʥʝʥʠʷ ʛʨʫʧʧʦʚʦʡ ʨʦʙʦʪʦʪʝʭʥʠʢʠ. ʇʝʨʚʳʤ 

ʧʨʠʤʝʥʝʥʠʝʤ ʷʚʣʷʝʪʩʷ ʦʮʝʥʢʘ ʢʘʯʝʩʪʚʘ ʧʦʯʚʳ ʥʘ ʧʦʣʷʭ. ʈʦʙʦʪʳ ʙʫʜʫʪ ʧʨʝʜʩʪʘʚʣʷʪʴ ʩʦʙʦʡ 
ʥʝʙʦʣʴʰʠʝ ʧʝʨʝʜʚʠʞʥʳʝ ʤʘʰʠʥʳ ʩ ʤʦʜʫʣʷʤʠ ʜʣʷ ʦʮʝʥʢʠ ʢʘʯʝʩʪʚʘ ʧʦʯʚʳ. ʉ ʧʦʤʦʱʴʶ ʛʨʫʧʧʳ 
ʨʦʙʦʪʦʚ ʙʫʜʫʪ ʨʝʰʘʪʴʩʷ ʟʘʜʘʯʠ ʨʘʩʩʨʝʜʦʪʦʯʝʥʠʷ, ʩʙʦʨʘ ʠʥʬʦʨʤʘʮʠʠ ʦ ʢʘʯʝʩʪʚʝ ʧʦʯʚʳ, ʚʳʜʝʣʝʥʠʝ 
ʥʘʠʙʦʣʝʝ ʧʣʦʜʦʨʦʜʥʳʭ ʫʯʘʩʪʢʦʚ ʠʣʠ, ʥʘʦʙʦʨʦʪ, ʫʯʘʩʪʢʠ ʧʦʯʚ ʩ ʥʠʟʢʠʤʠ ʧʦʢʘʟʘʪʝʣʷʤʠ ʧʣʦʜʦʨʦʜʠʷ, 
ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʙʳʪʴ ʟʘʨʘʞʝʥʳ ʠ ʧʦʪʨʝʙʦʚʘʪʴ ʚʤʝʰʘʪʝʣʴʩʪʚʦ ʯʝʣʦʚʝʢʘ. ɽʱʝ ʦʜʥʠʤ ʧʨʠʤʝʥʝʥʠʝʤ 
ʷʚʣʷʝʪʩʷ ʤʦʥʠʪʦʨʠʥʛ ʯʠʩʪʦʪʳ ʘʢʚʘʪʦʨʠʡ ʥʘ ʙʦʣʴʰʠʭ ʧʣʦʱʘʜʷʭ. ɺ ʪʘʢʦʤ ʩʣʫʯʘʝ ʨʦʙʦʪ ʤʦʞʝʪ 
ʧʨʝʜʩʪʘʚʣʷʪʴ ʩʦʙʦʡ ʙʫʡ, ʚ ʥʠʞʥʝʡ ʯʘʩʪʠ ʢʦʪʦʨʦʛʦ ʙʫʜʫʪ ʥʘʭʦʜʠʪʩʷ ʜʘʪʯʠʢʠ ʢʘʯʝʩʪʚʘ ʚʦʜʳ, ʘ ʚ 
ʚʝʨʭʥʝʡ ʯʘʩʪʠ, ʨʘʩʧʦʣʦʞʝʥʥʦʡ ʥʘʜ ʫʨʦʚʥʝʤ ʚʦʜʳ, ʧʝʨʝʜʘʪʯʠʢ ʜʣʷ ʩʚʷʟʠ ʩ ʩʦʩʝʜʥʠʤʠ ʨʦʙʦʪʘʤʠ. 
ɻʣʘʚʥʦʡ ʧʨʦʙʣʝʤʦʡ ʧʨʠ ʨʝʰʝʥʠʠ ʜʘʥʥʦʡ ʟʘʜʘʯʠ ʤʦʥʠʪʦʨʠʥʛʘ ʯʠʩʪʦʪʳ ʘʢʚʘʪʦʨʠʠ ʷʚʣʷʝʪʩʷ ʙʦʣʴʰʘʷ 
ʧʣʦʱʘʜʴ ʩʘʤʦʡ ʘʢʚʘʪʦʨʠʠ, ʯʪʦ ʦʟʥʘʯʘʝʪ ʣʠʙʦ ʯʘʩʪʠʯʥʫʶ, ʣʠʙʦ ʧʦʣʥʫʶ ʧʦʪʝʨʶ ʩʦʝʜʠʥʝʥʠʷ ʩ 
ʠʥʪʝʨʥʝʪʦʤ. ʈʘʩʩʤʘʪʨʠʚʘʝʤʘʷ ʩʠʩʪʝʤʘ ʥʝ ʪʨʝʙʫʝʪ ʧʦʜʢʣʶʯʝʥʠʷ ʢ ʠʥʪʝʨʥʝʪʫ, ʜʦʩʪʘʪʦʯʥʦ 
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ʧʦʜʢʣʶʯʠʪʩʷ ʢ ʥʘʠʙʦʣʝʝ ʙʣʠʟʢʦʤʫ ʨʦʙʦʪʫ ʩ ʫʯʝʪʦʤ ʨʝʘʣʠʟʦʚʘʥʥʦʛʦ ʧʨʦʪʦʢʦʣʘ ʦʙʱʝʥʠʷ ʤʝʞʜʫ 
ʫʩʪʨʦʡʩʪʚʘʤʠ. 

ʇʦʜʚʦʜʷ ʠʪʦʛ, ʦʪʤʝʪʠʤ ʜʦʩʪʦʠʥʩʪʚʦ ʛʨʫʧʧʦʚʦʡ ʨʦʙʦʪʦʪʝʭʥʠʢʠ ʢʘʢ ʜʝʮʝʥʪʨʘʣʠʟʦʚʘʥʥʦʡ 
ʩʠʩʪʝʤʳ, ʭʦʨʦʰʦ ʤʘʩʰʪʘʙʠʨʫʝʤʦʡ ʠ ʨʘʙʦʪʘʶʱʝʡ ʥʘ ʙʦʣʴʰʠʭ ʧʣʦʱʘʜʷʭ, ʥʦ ʧʨʠ ʵʪʦʤ ʥʝ ʷʚʣʷʶʱʝʡʩʷ 
ʜʦʩʪʘʪʦʯʥʦ ʫʥʠʚʝʨʩʘʣʴʥʦʡ ʠ ʪʨʝʙʫʶʱʝʡ ʦʪʜʝʣʴʥʦʡ ʨʝʘʣʠʟʘʮʠʠ ʜʣʷ ʨʝʰʝʥʠʷ ʯʘʩʪʥʳʭ ʟʘʜʘʯ. 

 
ʉʧʠʩʦʢ ʠʩʧʦʣʴʟʦʚʘʥʥʳʭ ʠʩʪʦʯʥʠʢʦʚ: 
1. Hamann, H.: Swarm Robotics: A Formal Approach. Springer International Publishing AG 2018 

 
 

ʆɼʅʆʇʃɸʊʅʓɽ ʂʆʄʇʔʖʊɽʈʓ ɺ ʉʀʉʊɽʄɸʍ ʇʆʃʋʏɽʅʀʗ 
ʇʆʊʆʂʆɺʓʍ ɸʋɼʀʆɼɸʅʅʓʍ 

ɽʨʤʦʣʦʚʠʯ ʀ.ɸ., ʇʠʣʠʥʢʦ ʅ.ɸ., ʌʘʜʝʝʚʘ ɽ.ɽ 
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ʛ. ʄʠʥʩʢ, ʈʝʩʧʫʙʣʠʢʘ ɹʝʣʘʨʫʩʴ 

 

ʃʝʚʘʥʮʝʚʠʯ ɺ.ɸ. ï ʤ.ʪ.ʥ., ʩʪʘʨʰʠʡ ʧʨʝʧʦʜʘʚʘʪʝʣʴ 
 

ʆʧʠʩʘʥʘ  ʨʝʘʣʠʟʘʮʠʷ  ʘʚʪʦʥʦʤʥʦʛʦ ʧʨʠʝʤʥʠʢʘ ʧʦʪʦʢʦʚʳʭ ʘʫʜʠʦʜʘʥʥʳʭ ʜʣʷ ʚʦʩʧʨʦʠʟʚʝʜʝʥʠʷ ʧʝʨʝʜʘʯ ʩ ʠʥʪʝʨʥʝʪ ʨʘʜʠʦʩʪʘʥʮʠʡ  
ʥʘ  ʙʘʟʝ  ʦʜʥʦʧʣʘʪʥʦʛʦ  ʢʦʤʧʴʶʪʝʨʘ  Raspberry Pi  ʠ ʦʧʝʨʘʮʠʦʥʥʦʡ ʩʠʩʪʝʤʳ  RaspbianOS. 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʰʠʨʦʢʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥʦ ʚʝʱʘʥʠʝ ʨʘʜʠʦʩʪʘʥʮʠʡ ʚ ʋʂɺ ʜʠʘʧʘʟʦʥʝ ʩ ʚʝʩʴʤʘ 
ʭʦʨʦʰʠʤ ʢʘʯʝʩʪʚʦʤ. ʆʜʥʘʢʦ ʫ ʵʬʠʨʥʳʭ ʨʘʜʠʦʩʪʘʥʮʠʡ ʝʩʪʴ ʥʝʩʢʦʣʴʢʦ ʥʝʜʦʩʪʘʪʢʦʚ: ʚʦ-ʧʝʨʚʳʭ, ʵʪʦ 
ʥʝʫʚʝʨʝʥʥʳʡ ʧʨʠʝʤ ʩʠʛʥʘʣʘ ʚ ʥʝʢʦʪʦʨʳʭ ʨʘʡʦʥʘʭ, ʚʦ-ʚʪʦʨʳʭ ʦʛʨʘʥʠʯʝʥʥʳʡ ʚʳʙʦʨ ʨʘʜʠʦʩʪʘʥʮʠʡ. 

ʎʝʣʴʶ ʧʨʦʝʢʪʘ ʩʪʘʣʦ ʩʦʟʜʘʥʠʝ ʘʚʪʦʥʦʤʥʦʛʦ ʧʨʠʝʤʥʠʢʘ ʧʦʪʦʢʦʚʳʭ ʘʫʜʠʦʜʘʥʥʳʭ, ʩʧʦʩʦʙʥʦʛʦ 
ʚʦʩʧʨʦʠʟʚʦʜʠʪʴ ʚʝʱʘʥʠʝ ʩ ʠʥʪʝʨʥʝʪ ʨʘʜʠʦʩʪʘʥʮʠʡ on-line [1]. ɼʣʷ ʨʝʘʣʠʟʘʮʠʠ ʧʨʦʝʢʪʘ ʙʳʣ ʚʳʙʨʘʥ 
ʧʦʣʷʨʥʳʡ ʤʠʢʨʦʢʦʤʧʴʶʪʝʨ Raspberry Pi, ʧʨʠʯʝʤ ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʣʶʙʫʶ ʤʦʜʝʣʴ: B, B+, 2 ʠʣʠ 
Zero [2]. ʇʦʜʢʣʶʯʝʥʠʝ ʢ ʩʝʪʠ ʀʥʪʝʨʥʝʪ ʤʦʞʝʪ ʙʳʪʴ ʢʘʢ ʧʨʦʚʦʜʥʳʤ, ʪʘʢ ʠ ʧʦ WiFi. ɺ ʢʘʯʝʩʪʚʝ 
ʦʧʝʨʘʮʠʦʥʥʦʡ ʩʠʩʪʝʤʳ ʚʳʙʨʘʥʘ RaspbianOS ʢʘʢ ʥʘʠʙʦʣʝʝ ʦʧʪʠʤʠʟʠʨʦʚʘʥʥʘʷ ʩʠʩʪʝʤʘ ʜʣʷ ʜʘʥʥʦʛʦ 
ʩʝʤʝʡʩʪʚʘ ʤʠʢʨʦʢʦʤʧʴʶʪʝʨʦʚ, ʧʦʟʚʦʣʷʶʱʘʷ ʜʦʩʪʠʯʴ ʤʘʢʩʠʤʘʣʴʥʦʡ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ. 

ʉʠʩʪʝʤʘ ʠʤʝʝʪ ʢʣʠʝʥʪ-ʩʝʨʚʝʨʥʫʶ ʘʨʭʠʪʝʢʪʫʨʫ. ʉʝʨʚʝʨ ʧʦʩʪʨʦʝʥ ʥʘ ʩʚʷʟʢʝ LAMP (Linux, Apache, 
MySQL, PHP), ʢʣʠʝʥʪ ʠʩʧʦʣʴʟʫʝʪ Python ʠ Bash ʜʣʷ ʫʧʨʘʚʣʝʥʠʷ ʠ MPD (Music Player Daemon) ʜʣʷ 
ʧʦʣʫʯʝʥʠʷ ʤʫʣʴʪʠʚʝʱʘʪʝʣʴʥʦʛʦ ʧʦʪʦʢʘ ʜʘʥʥʳʭ, ʘ ʪʘʢʞʝ ʠʤʝʝʪ MPC (Media Player Classic) ʜʣʷ 
ʫʧʨʦʱʝʥʠʷ ʫʧʨʘʚʣʝʥʠʷ MPD ʩʠʩʪʝʤʳ (ʈʠʩ 1).  

 
ʈʠʩʫʥʦʢ 1 - ʉʪʨʫʢʪʫʨʘ ʢʣʠʝʥʪ-ʩʝʨʚʝʨʥʦʡ ʩʠʩʪʝʤʳ 

 
ʇʨʦʛʨʘʤʤʘ ʥʘ ʫʩʪʨʦʡʩʪʚʝ ʠʩʧʦʣʴʟʫʝʪ ʩʠʩʪʝʤʥʳʝ ʬʫʥʢʮʠʠ ʠ ʥʝ ʪʨʝʙʫʝʪ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ 

ʙʠʙʣʠʦʪʝʢ ʜʣʷ ʩʚʦʝʡ ʨʘʙʦʪʳ. ʋʩʪʘʥʦʚʢʘ ʩʜʝʣʘʥʘ ʥʘ ʦʩʥʦʚʝ Bash-ʩʢʨʠʧʪʘ ʠ ʩʘʤʠʭ ʬʘʡʣʦʚ ʧʨʦʛʨʘʤʤʳ. 
ʇʦ ʟʘʧʫʩʢʫ Bash-ʩʢʨʠʧʪ ʧʦʤʝʱʘʝʪ ʚʩʝ ʥʝʦʙʭʦʜʠʤʳʝ ʬʘʡʣʳ ʚ ʟʘʛʨʫʟʦʯʥʳʝ ʩʝʢʪʦʨʘ ʩʠʩʪʝʤʳ ʠ 
ʧʨʦʠʟʚʦʜʠʪ ʥʘʩʪʨʦʡʢʫ ʧʨʦʛʨʘʤʤʳ ʜʣʷ ʘʚʪʦʟʘʧʫʩʢʘ ʧʨʠ ʚʢʣʶʯʝʥʠʠ ʩʠʩʪʝʤʳ. ɼʣʷ ʨʘʙʦʪʳ ʛʨʘʬʠʯʝʩʢʦʡ 
ʯʘʩʪʠ ʠʩʧʦʣʴʟʫʝʪʩʷ ʚʝʙ-ʩʪʨʘʥʠʮʘ, ʟʘʧʫʩʢʘʝʤʘʷ ʚ ʚʝʙ-ʙʨʘʫʟʝʨʝ Chromium ʥʘ ʫʩʪʨʦʡʩʪʚʝ. ɼʘʥʥʘʷ 
ʩʚʷʟʢʘ ʧʦʟʚʦʣʷʝʪ ʧʨʦʠʟʚʦʜʠʪʴ ʫʣʫʯʰʝʥʠʷ ʩʠʩʪʝʤʳ ʙʝʟ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʦʙʥʦʚʣʝʥʠʷ ʇʆ ʥʘ ʩʘʤʦʤ 
ʫʩʪʨʦʡʩʪʚʝ. ʊʘʢʞʝ HTML+CSS ʧʨʝʜʦʩʪʘʚʣʷʝʪ ʣʫʯʰʠʝ ʠʥʩʪʨʫʤʝʥʪʳ ʜʣʷ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ 
ʧʦʣʴʟʦʚʘʪʝʣʴʩʢʦʛʦ ʠʥʪʝʨʬʝʡʩʘ, ʯʝʤ ʙʠʙʣʠʦʪʝʢʠ ʧʦʩʪʘʚʣʷʝʤʳʝ ʜʣʷ Python. ʇʨʦʛʨʘʤʤʘ ʥʘ ʫʩʪʨʦʡʩʪʚʝ 
ʜʝʣʘʝʪ ʟʘʧʨʦʩ ʥʘ ʩʝʨʚʝʨ ʫʧʨʘʚʣʝʥʠʷ ʢʘʞʜʳʝ 300ʤʩ. ʉʝʨʚʝʨ  ʩʦʦʙʱʘʝʪ ʫʩʪʨʦʡʩʪʚʫ  ʥʝʦʙʭʦʜʠʤʳʝ 
ʢʦʤʘʥʜʳ, ʢʦʪʦʨʳʝ ʦʥʦ ʚʧʦʩʣʝʜʩʪʚʠʠ ʚʳʧʦʣʥʷʝʪ. ʀʩʧʦʣʴʟʫʝʪʩʷ ʙʝʟʦʧʘʩʥʳʡ ʧʨʦʪʦʢʦʣ HTTPS, ʧʦʵʪʦʤʫ 
ʜʦʧʦʣʥʠʪʝʣʴʥʦʛʦ ʰʠʬʨʦʚʘʥʠʷ ʪʨʘʬʬʠʢʘ ʥʝ ʧʨʦʠʟʚʦʜʠʪʩʷ.  
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ʉʧʠʩʦʢ ʠʩʧʦʣʴʟʦʚʘʥʥʳʭ ʠʩʪʦʯʥʠʢʦʚ 

1.  ʂʘʢ ʨʘʙʦʪʘʝʪ ʀʥʪʝʨʥʝʪ-ʨʘʜʠʦ https://radio-tochka.com 
2.  ʇʝʪʠ, ɺ. ʄʠʢʨʦʢʦʤʧʴʶʪʝʨʳ Raspberry Pi. ʇʨʘʢʪʠʯʝʩʢʦʝ ʨʫʢʦʚʦʜʩʪʚʦ/ ɺ.ɸ. ʇʝʪʠʥ ï ɹʍɺ-ʇʝʪʝʨʙʫʨʛ, 2017.-240ʩ 

 
 

ɺɽɹ-ʇʈʀʃʆɾɽʅʀɽ ʉʆɿɼɸʅʀʗ ʀ ʇʈʆɺɽɼɽʅʀʗ ʆʇʈʆʉʆɺ 
ʉ ʀʉʇʆʃʔɿʆɺɸʅʀɽʄ ʊɽʍʅʆʃʆɻʀʁ 
REACT, REDUX, ASP.NET WEBAPI 2 

ɽʨʤʦʰʠʥ ʄ.ɸ. 

ɹʝʣʦʨʫʩʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʥʬʦʨʤʘʪʠʢʠ ʠ ʨʘʜʠʦʵʣʝʢʪʨʦʥʠʢʠ 
ʛ. ʄʠʥʩʢ, ʈʝʩʧʫʙʣʠʢʘ ɹʝʣʘʨʫʩʴ 

ɹʦʣʪʘʢ ʉ.ɺ. ï ʘʩʩʠʩʪʝʥʪ 

ɺ ʩʦʚʨʝʤʝʥʥʦʤ ʤʠʨʝ ʤʥʦʛʠʤ ʢʦʤʧʘʥʠʷʤ ʜʣʷ ʪʦʛʦ, ʯʪʦʙʳ ʦʩʪʘʚʘʪʴʩʷ ʢʦʥʢʫʨʝʥʪʦʩʧʦʩʦʙʥʳʤʠ ʥʝʦʙʭʦʜʠʤʦ ʩʦʙʠʨʘʪʴ ʦʪʟʳʚʳ 
ʩʚʦʠʭ ʢʣʠʝʥʪʦʚ ʠ ʙʳʩʪʨʦ ʨʝʘʛʠʨʦʚʘʪʴ ʥʘ ʠʭ ʠʟʤʝʥʝʥʠʷ. ɼʣʷ ʵʪʦʛʦ ʝʩʪʴ ʤʥʦʛʦ ʩʧʦʩʦʙʦʚ. ʂ ʥʠʤ ʦʪʥʦʩʷʪʩʷ ʪʘʢʠʝ ʢʘʢ ʵʢʩʧʝʨʠʤʝʥʪ, 
ʥʘʙʣʶʜʝʥʠʝ, ʠʟʫʯʝʥʠʝ ʨʘʟʣʠʯʥʳʭ ʜʦʢʫʤʝʥʪʦʚ. ʅʦ ʦʜʠʥ ʠʟ ʣʫʯʰʠʭ ʩʧʦʩʦʙʦʚ ʩʙʦʨʘ ʵʪʦʡ ʠʥʬʦʨʤʘʮʠʠ ï ʧʨʦʚʝʜʝʥʠʝ ʦʧʨʦʩʘ. 

ʆʧʨʦʩ ï ʵʪʦ ʯʘʱʝ ʚʩʝʛʦ ʥʝʙʦʣʴʰʦʡ ʧʝʨʝʯʝʥʴ ʚʦʧʨʦʩʦʚ, ʩʧʦʩʦʙʥʳʭ ʜʘʪʴ ʥʝʦʙʭʦʜʠʤʫʶ 
ʠʥʬʦʨʤʘʮʠʶ. ɼʣʷ ʫʣʫʯʰʝʥʠʷ ʢʘʯʝʩʪʚʘ ʨʝʟʫʣʴʪʘʪʦʚ ʚʦʧʨʦʩʳ ʤʦʛʫʪ ʨʘʟʙʠʚʘʪʴʩʷ ʧʦ ʪʝʤʘʤ ʠ ʚʚʦʜʠʪʴʩʷ 
ʚʦʧʨʦʩʳ-ʬʠʣʴʪʨʳ ʜʣʷ ʦʪʩʝʠʚʘʥʠʷ ʘʥʢʝʪ, ʟʘʧʦʣʥʝʥʥʳʭ ʥʝʥʘʜʣʝʞʘʱʠʤ ʦʙʨʘʟʦʤ. 

ɺʦʪ ʥʝʢʦʪʦʨʳʝ ʧʨʝʠʤʫʱʝʩʪʚʘ ʦʥʣʘʡʥ-ʦʧʨʦʩʦʚ:  
ī ɻ ʢʦʥʦʤʠʷ ʨʝʩʫʨʩʦʚ (ʜʝʥʝʛ, ʚʨʝʤʝʥʠ ʠ ʪʨʫʜʦʟʘʪʨʘʪ); 
ī h ʠʨʦʪʘ ʦʭʚʘʪʘ (ʧʨʝʦʜʦʣʝʥʠʝ ʛʨʘʥʠʮ ʠ ʨʘʩʩʪʦʷʥʠʡ, ʜʦʩʪʫʧ ʢ ʨʘʟʣʠʯʥʳʤ ʩʦʮʠʘʣʴʥʳʤ ʛʨʫʧʧʘʤ ʠ 

ʩʦʦʙʱʝʩʪʚʘʤ); 

ī ʦʩʪʘʚʣʷʶʪ ʚʦʟʤʦʞʥʦʩʪʴ ʚʳʙʦʨʘ ʫʜʦʙʥʦʛʦ ʚʨʝʤʝʥʠ ʠ ʤʝʩʪʘ ʫʯʘʩʪʠʷ, ʤʦʛʫʪ ʙʳʪʴ ʟʘʚʝʨʰʝʥʳ ʚ 
ʣʶʙʦʝ ʫʜʦʙʥʦʝ ʜʣʷ ʨʝʩʧʦʥʜʝʥʪʘ ʚʨʝʤʷ; 

ī ʨʝʣʝʚʘʥʪʥʦʩʪʴ (ʩʘʤʦʩʪʦʷʪʝʣʴʥʦʩʪʴ) ʢʦʤʤʫʥʠʢʘʮʠʠ, ʪ. ʝ. ʙʦʣʝʝ ʥʠʟʢʠʡ ʫʨʦʚʝʥʴ ʚʣʠʷʥʠʷ 
ʠʥʪʝʨʚʴʶʝʨʘ ʥʘ ʨʝʩʧʦʥʜʝʥʪʘ, ʚʦʟʤʦʞʥʦʩʪʴ ʜʘʚʘʪʴ ʙʦʣʝʝ ʨʘʟʚʸʨʥʫʪʳʝ ʦʪʚʝʪʳ; 

ī h ʠʨʦʪʘ ʦʭʚʘʪʘ ʧʨʝʜʤʝʪʥʳʭ ʧʦʣʝʡ (ʚʦʟʤʦʞʥʦʩʪʴ ʠʟʫʯʘʪʴ ʜʝʣʠʢʘʪʥʳʝ ʠ ʟʘʢʨʳʪʳʝ ʜʣʷ 
ʧʫʙʣʠʯʥʦʛʦ ʦʙʩʫʞʜʝʥʠʷ ʪʝʤʳ); 

ī ʚʦʟʤʦʞʥʦʩʪʴ ʘʚʪʦʤʘʪʠʯʝʩʢʦʡ ʧʨʦʚʝʨʢʠ ʘʥʢʝʪ. 
ʆʜʥʘʢʦ ʧʦʢʘ ʯʪʦ ʚ ʦʥʣʘʡʥ-ʦʧʨʦʩʘʭ ʪʘʢ ʞʝ ʧʨʠʩʫʪʩʪʚʫʶʪ ʥʝʢʦʪʦʨʳʝ ʥʝʜʦʩʪʘʪʢʠ, ʢʦʪʦʨʳʝ 

ʷʚʣʷʶʪʩʷ ʢʨʠʪʠʯʝʩʢʠʤʠ ʜʣʷ ʥʝʢʦʪʦʨʳʭ ʤʝʪʦʜʦʣʦʛʠʡ ʧʨʦʚʝʜʝʥʠʷ ʦʧʨʦʩʘ. ɻʣʘʚʥʳʡ ʥʝʜʦʩʪʘʪʦʢ ʦʥʣʘʡʥ-
ʦʧʨʦʩʦʚ ʩʚʷʟʘʥ ʩ ʧʨʦʙʣʝʤʦʡ ʦʙʝʩʧʝʯʝʥʠʷ ʨʝʧʨʝʟʝʥʪʘʪʠʚʥʦʩʪʠ ʚʳʙʦʨʢʠ. ɺʦ-ʧʝʨʚʳʭ, ʵʪʦ ʦʪʩʫʪʩʪʚʠʝ 
ʦʩʥʦʚʳ ʚʳʙʦʨʢʠ. ʕʪʘ ʧʨʦʙʣʝʤʘ ʤʦʞʝʪ ʙʳʪʴ ʫʩʧʝʰʥʦ ʨʝʰʝʥʘ ʚ ʠʩʩʣʝʜʦʚʘʥʠʷʭ ʦʨʛʘʥʠʟʘʮʠʡ ʩ 
ʰʠʨʦʢʠʤʠ ʩʝʪʝʚʳʤʠ ʙʘʟʘʤʠ, ʘ ʪʘʢʞʝ ʧʨʠ ʧʦʩʪʨʦʝʥʠʠ ʚʳʙʦʨʢʠ ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ ʦʬʬʣʘʡʥ ʦʧʨʦʩʘ. ɺʦ-
ʚʪʦʨʳʭ, ʧʨʦʙʣʝʤʘ ʦʭʚʘʪʘ, ʪʦ ʝʩʪʴ ʥʝʩʧʦʩʦʙʥʦʩʪʴ ʠʩʧʦʣʴʟʫʝʤʦʡ ʚʳʙʦʨʦʯʥʦʡ ʧʨʦʮʝʜʫʨʳ ʦʭʚʘʪʠʪʴ 
ʨʝʘʣʴʥʫʶ ʛʝʥʝʨʘʣʴʥʫʶ ʩʦʚʦʢʫʧʥʦʩʪʴ (ʪʦ ʝʩʪʴ ʟʘʜʘʪʴ ʠʟʚʝʩʪʥʫʶ ʥʝʥʫʣʝʚʫʶ ʚʝʨʦʷʪʥʦʩʪʴ ʧʦʧʘʜʘʥʠʷ ʚ 
ʚʳʙʦʨʢʫ ʜʣʷ ʢʘʞʜʦʡ ʝʜʠʥʠʮʳ ʩʦʚʦʢʫʧʥʦʩʪʠ). ʀ, ʚ-ʪʨʝʪʴʠʭ, ʵʪʦ ʥʝ-ʦʪʚʝʪʳ ʣʠʙʦ ʦʪʢʘʟʳ ʦʪ ʫʯʘʩʪʠʷ. 
ʆʙʳʯʥʦ ʫʩʧʝʰʥʦ ʫʜʘʸʪʩʷ ʨʝʰʠʪʴ ʧʝʨʚʳʝ ʜʚʝ [1]. 

ɺ ʨʘʟʨʘʙʘʪʳʚʘʝʤʦʤ ʧʨʠʣʦʞʝʥʠʠ ʫʯʪʝʥʦ ʙʦʣʴʰʠʥʩʪʚʦ ʠʟ ʧʨʝʠʤʫʱʝʩʪʚ ʦʥʣʘʡʥ-ʦʧʨʦʩʦʚ. 
ʇʨʦʮʝʜʫʨʘ ʩʦʟʜʘʥʠʷ ʦʧʨʦʩʘ ʧʨʦʩʪʘ ʠ ʠʥʪʫʠʪʠʚʥʦ ʧʦʥʷʪʥʘ. ʉʦʟʜʘʪʴ ʦʧʨʦʩ ʤʦʞʥʦ ʥʘ ʣʶʙʫʶ 
ʠʥʪʝʨʝʩʫʶʱʫʶ ʩʦʟʜʘʪʝʣʷ ʦʧʨʦʩʘ ʪʝʤʫ. ʉʨʘʟʫ ʞʝ ʧʦʩʣʝ ʩʦʟʜʘʥʠʷ ʦʧʨʦʩ ʧʫʙʣʠʢʫʝʪʩʷ, ʠ ʨʝʩʧʦʥʜʝʥʪʳ-
ʧʦʣʴʟʦʚʘʪʝʣʠ ʩʘʡʪʘ ʩʤʦʛʫʪ ʧʨʦʭʦʜʠʪʴ ʦʧʨʦʩ. ɼʣʷ ʧʨʠʛʣʘʰʝʥʠʷ ʯʝʣʦʚʝʢʘ ʧʦʫʯʘʩʪʚʦʚʘʪʴ ʚ ʦʧʨʦʩʝ 
ʥʝʦʙʭʦʜʠʤʦ ʣʶʙʳʤ ʩʧʦʩʦʙʦʤ (email, ʧʦʯʪʘ, ʟʚʦʥʦʢ, ʬʘʢʩ ʠ ʪ. ʜ.) ʧʝʨʝʩʣʘʪʴ ʝʤʫ ʩʩʳʣʢʫ ʥʘ ʦʧʨʦʩ. 

ʉʪʝʢ ʪʝʭʥʦʣʦʛʠʡ ʜʣʷ ʧʨʠʣʦʞʝʥʠʷ ʙʳʣ ʚʳʙʨʘʥ ʥʝʩʣʫʯʘʡʥʦ. ɼʣʷ ʢʣʠʝʥʪʩʢʦʡ ʩʪʦʨʦʥʳ ʧʨʠʣʦʞʝʥʠʷ 
ʙʳʣʠ ʚʳʙʨʘʥʳ ʪʘʢʠʝ ʙʠʙʣʠʦʪʝʢʠ ʢʘʢ React ʠ Redux. ʆʥʠ ʣʝʛʢʦʚʝʩʥʳʝ, ʣʝʛʢʦ ʜʦʧʦʣʥʷʝʤʳʝ ʜʨʫʛʠʤʠ 
ʤʦʜʫʣʷʤʠ ʠ ʧʨʦʩʪʳ ʚ ʠʩʧʦʣʴʟʦʚʘʥʠʠ. ʊʘʢ ʞʝ ʠʭ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʫʤʝʥʴʰʠʪ ʢʦʣʠʯʝʩʪʚʦ ʨʘʙʦʪʳ, 
ʠʩʧʦʣʥʷʝʤʦʡ ʥʘ ʩʝʨʚʝʨʥʦʡ ʯʘʩʪʠ, ʯʪʦ ʧʦʟʚʦʣʠʪ ʩʥʠʟʠʪʴ ʪʨʝʙʦʚʘʥʠʷ ʢ ʘʧʧʘʨʘʪʥʦʤʫ ʦʙʝʩʧʝʯʝʥʠʶ.  

React ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʛʝʥʝʨʘʮʠʠ ʧʦʣʴʟʦʚʘʪʝʣʴʩʢʦʛʦ ʠʥʪʝʨʬʝʡʩʘ. ɺ ʦʩʥʦʚʝ ʜʘʥʥʦʡ 
ʙʠʙʣʠʦʪʝʢʠ ʣʝʞʠʪ ʢʦʤʧʦʥʝʥʪʥʳʡ ʧʦʜʭʦʜ, ʪ. ʝ. ʚʩʷ ʨʘʟʤʝʪʢʘ ʨʘʟʙʠʚʘʝʪʩʷ ʥʘ ʤʥʦʛʦ ʢʦʤʧʦʥʝʥʪʦʚ 
ʨʘʟʣʠʯʥʦʛʦ ʫʨʦʚʥʷ. ʂʘʞʜʳʡ ʢʦʤʧʦʥʝʥʪ ʦʪʚʝʯʘʝʪ ʪʦʣʴʢʦ ʟʘ ʦʜʥʫ ʦʧʨʝʜʝʣʸʥʥʫʶ ʮʝʣʴ.  

ʂʣʠʝʥʪʩʢʦʝ ʧʨʠʣʦʞʝʥʠʝ ʪʨʝʙʫʝʪ ʭʨʘʥʝʥʠʷ ʝʛʦ ʩʦʩʪʦʷʥʠʷ (ʠʜʝʥʪʠʬʠʢʘʪʦʨ ʧʦʣʴʟʦʚʘʪʝʣʷ, 
ʚʦʰʝʜʰʝʛʦ ʚ ʩʠʩʪʝʤʫ, ʧʨʦʤʝʞʫʪʦʯʥʳʝ ʜʘʥʥʳʝ ʧʨʠ ʩʦʟʜʘʥʠʠ ʦʧʨʦʩʘ ʠ ʪ. ʜ.). ʊʘʢ ʢʘʢ ʚ React ʥʝʪʫ 
ʥʝʦʙʭʦʜʠʤʳʭ ʢʦʤʧʦʥʝʥʪ ʜʣʷ ʭʨʘʥʝʥʠʷ ʩʦʩʪʦʷʥʠʷ, ʚʳʙʦʨ ʧʘʣ ʥʘ Redux. ʕʪʘ ʙʠʙʣʠʦʪʝʢʘ 
ʧʨʝʜʦʩʪʘʚʣʷʝʪ ʝʜʠʥʩʪʚʝʥʥʦʝ ʭʨʘʥʠʣʠʱʝ ʩʦʩʪʦʷʥʠʷ ʧʨʠʣʦʞʝʥʠʷ, ʢʦʪʦʨʦʝ ʠ ʷʚʣʷʝʪʩʷ çʝʜʠʥʩʪʚʝʥʥʳʤ 
ʠʩʪʦʯʥʠʢʦʤ ʧʨʘʚʜʳè ʜʣʷ ʚʩʝʛʦ ʧʨʠʣʦʞʝʥʠʷ. 
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ɼʣʷ ʩʝʨʚʝʨʥʦʡ ʯʘʩʪʠ ʧʨʠʣʦʞʝʥʠʷ ʙʳʣʘ ʚʳʙʨʘʥʘ ʪʝʭʥʦʣʦʛʠʷ .Net, ʘ ʠʤʝʥʥʦ ʝʸ ʬʨʝʡʤʚʦʨʢ 
WebApi 2, ʢʦʪʦʨʳʡ ʧʦʟʚʦʣʷʝʪ ʙʳʩʪʨʦ ʩʦʟʜʘʚʘʪʴ ʧʨʦʩʪʦʡ restful ʩʝʨʚʠʩ.  

ɺ ʢʘʯʝʩʪʚʝ ʙʘʟʳ ʜʘʥʥʳʭ ʚʳʙʨʘʥʘ MSSQL ʢʘʢ ʚʭʦʜʷʱʘʷ ʚ ʢʦʤʧʣʝʢʪ ʧʦʩʪʘʚʢʠ 
Microsoft Visual Studio Enterprise. ɼʣʷ ʨʘʙʦʪʳ ʩ ʙʘʟʦʡ ʜʘʥʥʳʭ ʠʩʧʦʣʴʟʫʝʪʩʷ EntityFramework ʩ 
ʧʦʜʭʦʜʦʤ code first.  

 
ʉʧʠʩʦʢ ʠʩʧʦʣʴʟʦʚʘʥʥʳʭ ʠʩʪʦʯʥʠʢʦʚ: 
1. ɼʝʚʷʪʢʦ ʀ.ʌ, ʆʥʣʘʡʥ ʠʩʩʣʝʜʦʚʘʥʠʷ ʠ ʤʝʪʦʜʦʣʦʛʠʷ ʩʦʮʠʘʣʴʥʳʭ ʥʘʫʢ: ʥʦʚʳʝ ʛʦʨʠʟʦʥʪʳ, ʥʦʚʳʝ (ʠ ʥʝ ʩʪʦʣʴ ʥʦʚʳʝ) 

ʪʨʫʜʥʦʩʪʠ/ ʆʥʣʘʡʥ-ʠʩʩʣʝʜʦʚʘʥʠʷ ʚ ʈʦʩʩʠʠ 2.0. ʄ.: ʈʀʎ çʉʝʚʝʨʦ-ɺʦʩʪʦʢè, 2010. ð ʉ.17-31. ð ISBN 978-5-9901939-1-8 
https://www.hse.ru/data/2013/01/23/1306499729/Online_Research_in_Russia_2_complete.pdf. 

 
 

ʀʉʇʆʃʔɿʆɺɸʅʀɽ ɸʃɻʆʈʀʊʄɸ PATCHWORK ɼʃʗ ʈɽɸʃʀɿɸʎʀʀ 
ʉʀʉʊɽʄʓ ɺʆɼʗʅʓʍ ɿʅɸʂʆɺ 

ɾʜʘʥ ɺ.ɸ. 

ɹʝʣʦʨʫʩʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʥʬʦʨʤʘʪʠʢʠ ʠ ʨʘʜʠʦʵʣʝʢʪʨʦʥʠʢʠ 
ʛ. ʄʠʥʩʢ, ʈʝʩʧʫʙʣʠʢʘ ɹʝʣʘʨʫʩʴ 

ʗʨʤʦʣʠʢ ɺ.ʅ. ï ʜ.ʪ.ʥ.,ʧʨʦʬʝʩʩʦʨ 

ɺ ʨʘʙʦʪʝ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʫʛʨʦʟʳ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʦʡ ʩʦʙʩʪʚʝʥʦʩʪʠ, ʘ ʪʘʢʞʝ ʩʧʦʩʦʙʳ ʟʘʱʠʪʳ ʦʪ ʥʠʭ. ʆʩʦʙʦʝ ʚʥʠʤʘʥʠʝ 
ʫʜʝʣʷʝʪʩʷ ʩʠʩʪʝʤʘʤ ʮʠʬʨʦʚʳʭ ʚʦʜʷʥʳʭ ʟʥʘʢʦʚ, ʘ ʪʘʢʞʝ ʠʩʧʦʣʴʟʦʚʘʥʠʶ ʩʪʝʛʘʥʦʛʨʘʬʠʯʝʩʢʦʛʦ ʘʣʛʦʨʠʪʤʘ patchwork ʚ ʨʘʤʢʘʭ ʝʛʦ 
ʧʨʠʤʝʥʝʥʠʷ ʜʣʷ ʨʝʘʣʠʟʘʮʠʠ ʩʠʩʪʝʤʳ ʚʦʜʷʥʳʭ ʟʥʘʢʦʚ.   

ɼʣʷ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ ʠ ʜʨʫʛʠʭ ʦʙʲʝʢʪʦʚ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʦʡ ʩʦʙʩʪʚʝʥʥʦʩʪʠ 
ʘʢʪʫʘʣʴʥʳʤʠ ʷʚʣʷʶʪʩʷ ʩʣʝʜʫʶʱʠʝ ʫʛʨʦʟʳ: ʥʝʩʘʥʢʮʠʦʥʠʨʦʚʘʥʥʦʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ, ʦʙʨʘʪʥʦʝ 
ʧʨʦʝʢʪʠʨʦʚʘʥʠʝ ʠ ʥʝʩʘʥʢʮʠʦʥʠʨʦʚʘʥʥʘʷ ʤʦʜʠʬʠʢʘʮʠʷ. 

ʆʜʥʦ ʠʟ ʥʘʧʨʘʚʣʝʥʠʡ ʜʣʷ ʣʠʢʚʠʜʘʮʠʠ ʜʘʥʥʳʭ ʫʛʨʦʟ ï ʩʠʩʪʝʤʳ ʮʠʬʨʦʚʳʭ ʚʦʜʷʥʳʭ ʟʥʘʢʦʚ. 
ɼʘʥʥʦʝ ʥʘʧʨʘʚʣʝʥʠʝ ʠʩʧʦʣʴʟʫʝʪ ʨʘʟʣʠʯʥʳʝ ʤʝʪʦʜʳ: ʛʨʘʬʠʯʝʩʢʘʷ ʩʪʝʛʘʥʦʛʨʘʬʠʷ, ʪʝʢʩʪʦʚʘʷ 
ʩʪʝʛʘʥʦʛʨʘʬʠʷ, ʦʙʬʫʩʢʘʮʠʷ ʠ ʜʨʫʛʠʝ. 

ʉʪʝʛʘʥʦʛʨʘʬʠʷ ð ʵʪʦ ʥʘʫʢʘ, ʢʦʪʦʨʘʷ ʟʘʥʠʤʘʝʪʩʷ ʚʦʧʨʦʩʘʤʠ ʩʢʨʳʪʦʡ ʧʝʨʝʜʘʯʠ ʠʥʬʦʨʤʘʮʠʠ  
ʧʫʪʸʤ ʩʦʭʨʘʥʝʥʠʷ ʚ ʪʘʡʥʝ ʩʘʤʦʛʦ ʬʘʢʪʘ ʧʝʨʝʜʘʯʠ. ʆʪʢʨʳʪʳʡ ʪʝʢʩʪ, ʛʜʝ ʩʢʨʳʪʘ ʟʘʰʠʬʨʦʚʘʥʥʘʷ 
ʩʪʝʛʘʥʦʛʨʘʬʠʯʝʩʢʠʤ ʘʣʛʦʨʠʪʤʦʤ ʠʥʬʦʨʤʘʮʠʷ, ʥʘʟʳʚʘʝʪʩʷ ʢʦʥʪʝʡʥʝʨʦʤ. ɻʨʘʬʠʯʝʩʢʘʷ ʩʪʝʛʘʥʦʛʨʘʬʠʷ 
ʠʩʧʦʣʴʟʫʝʪ ʚ ʢʘʯʝʩʪʚʝ ʢʦʥʪʝʡʥʝʨʘ ʛʨʘʬʠʯʝʩʢʠʝ ʬʘʡʣʳ, ʥʘʧʨʠʤʝʨ ʨʘʩʪʨʦʚʳʝ ʠʟʦʙʨʘʞʝʥʠʷ [1]. 

ɸʣʛʦʨʠʪʤ Patchwork ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ ʙʘʟʦʚʳʭ ʘʣʛʦʨʠʪʤʦʚ ʛʨʘʬʠʯʝʩʢʦʡ ʩʪʝʛʘʥʦʛʨʘʬʠʠ. ɺ ʝʛʦ 
ʦʩʥʦʚʝ ʣʝʞʠʪ ʩʪʘʪʠʩʪʠʯʝʩʢʠʡ ʧʦʜʭʦʜ. ʉʫʪʴ ʵʪʦʛʦ ʘʣʛʦʨʠʪʤʘ ʩʦʩʪʦʠʪ ʚ ʩʣʝʜʫʶʱʝʤ. ʇʨʠ ʧʦʤʦʱʠ 
ʢʨʠʧʪʦʩʪʦʡʢʦʛʦ ʛʝʥʝʨʘʪʦʨʘ ʧʩʝʚʜʦʩʣʫʯʘʡʥʳʭ ʯʠʩʝʣ, ʠʩʧʦʣʴʟʫʷ ʟʘʨʘʥʝʝ ʠʟʚʝʩʪʥʳʡ ʩʝʢʨʝʪʥʳʡ ʢʣʶʯ, 
ʚʳʙʠʨʘʶʪʩʷ ʜʚʘ ʧʠʢʩʝʣʷ ʠʟʦʙʨʘʞʝʥʠʷ. ɿʘʪʝʤ ʟʥʘʯʝʥʠʝ ʷʨʢʦʩʪʠ ʦʜʥʦʛʦ ʠʟ ʥʠʭ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʠʣʠ 
ʫʤʝʥʴʰʘʝʪʩʷ ʥʘ ʥʝʢʦʪʦʨʦʝ ʟʥʘʯʝʯʠʝ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʪʠʧʘ ʚʩʪʨʘʠʚʘʝʤʦʡ ʠʥʬʦʨʤʘʮʠʠ. ɿʥʘʯʝʥʠʝ 
ʷʨʢʦʩʪʠ ʜʨʫʛʦʛʦ ï ʫʤʝʥʴʰʘʝʪʩʷ ʠʣʠ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʥʘ ʪʫ ʞʝ ʚʝʣʠʯʠʥʫ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʇʨʦʮʝʩʩ 
ʧʦʚʪʦʨʷʝʪʩʷ ʦʢʦʣʦ 10000 ʨʘʟ. ɿʥʘʯʝʥʠʝ ʧʨʠʨʘʱʝʥʠʷ ʚʘʨʴʠʨʫʝʪʩʷ ʦʪ 1 ʜʦ 5 [2]. 

ʇʫʩʪʴ ʟʥʘʯʝʥʠʷ ʷʨʢʦʩʪʝʡ ʚʳʙʠʨʘʝʤʳʭ ʥʘ ʢʘʞʜʦʤ ʰʘʛʝ ʧʠʢʩʝʣʦʚ  ʠ , ʘ ʚʝʣʠʯʠʥʘ 

ʧʨʠʨʘʱʝʥʠʷ . ʊʦʛʜʘ ʩʫʤʤʘ ʨʘʟʥʦʩʪʝʡ ʟʥʘʯʝʥʠʡ ʧʠʢʩʝʣʦʚ ʧʦʩʣʝ ὲ ʧʨʝʦʙʨʘʟʦʚʘʥʠʡ: 
 

. 
 

ʄʘʪʝʤʘʪʠʯʝʩʢʦʝ ʦʞʠʜʘʥʠʝ ʚʝʣʠʯʠʥʳ , ʪʦ ʝʩʪʴ ʩʫʤʤʳ ʨʘʟʥʦʩʪʠ ʟʥʘʯʝʥʠʡ ʧʠʢʩʝʣʦʚ ʚ 
ʥʝʟʘʧʦʣʥʝʥʥʦʤ ʢʦʥʪʝʡʥʝʨʝ ʨʘʚʥʦ ʥʫʣʶ, ʠ ʝʛʦ ʟʥʘʯʝʥʠʝ ʚ ʥʝʠʟʤʝʥʥʦʤ ʠʟʦʙʨʘʞʝʥʠʠ ʙʫʜʝʪ ʤʥʦʛʦ 

ʤʝʥʴʰʝ ʯʝʤ . ʄʘʪʝʤʘʪʠʯʝʩʢʦʝ ʦʞʠʜʘʥʠʝ ʚʝʣʠʯʠʥʳʚ ʟʘʧʦʣʥʝʥʥʦʤ ʢʦʥʪʝʡʥʝʨʝ ʙʫʜʝʪ ʨʘʚʥʦ , 

ʘ ʚʳʯʠʩʣʝʥʥʦʝ ʟʥʘʯʝʥʠʝ  ʙʫʜʝʪ ʠʤʝʪʴ ʙʦʣʴʰʦʡ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʡ  ʧʦʨʷʜʦʢ. ɺ ʩʪʝʛʦʜʝʢʦʜʝʨʝ 

ʠʩʧʦʣʴʟʫʷ ʢʣʶʯ ʧʨʦʚʝʨʷʝʪʩʷ ʟʥʘʯʝʥʠʝ . ʈʝʰʝʥʠʝ ʦ ʟʥʘʯʝʥʠʠ ʚʩʪʨʦʝʥʥʦʛʦ ʙʠʪʘ ʚʳʥʦʩʠʪʩʷ ʚ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʟʥʘʢʘ . ʇʨʠ ʧʦʣʦʞʠʪʝʣʴʥʦʡ ʨʘʟʥʦʩʪʠ 1, ʘ ʧʨʠ ʦʪʨʠʮʘʪʝʣʴʥʦʡ ï 0 [3]. 
ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚʣʘʜʝʣʝʮ ʤʦʞʝʪ ʜʦʢʘʟʘʪʴ ʩʚʦʠ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʝ ʧʨʘʚʘ, ʧʨʝʜʲʷʚʠʚ ʩʝʢʨʝʪʥʳʡ 

ʢʣʶʯ, ʢʦʪʦʨʳʡ ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʜʣʷ ʚʳʙʦʨʢʠ ʠʟʤʝʥʷʝʤʳʭ ʧʠʢʩʝʣʦʚ ʠʟʦʙʨʘʞʝʥʠʷ. 



55-ʷ ʶʙʠʣʝʡʥʘʷ ʥʘʫʯʥʘʷ ʢʦʥʬʝʨʝʥʮʠʷ ʘʩʧʠʨʘʥʪʦʚ, ʤʘʛʠʩʪʨʘʥʪʦʚ ʠ ʩʪʫʜʝʥʪʦʚ ɹɻʋʀʈ, 2019 ʛ. 
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ʉʫʱʝʩʪʚʫʝʪ ʩʧʦʩʦʙʳ ʫʣʫʯʰʝʥʠʷ ʘʣʛʦʨʠʪʤʘ ʜʣʷ ʧʦʚʳʰʝʥʠʷ ʝʛʦ ʨʦʙʘʩʪʥʦʩʪʠ. ʅʘʧʨʠʤʝʨ, ʤʦʞʥʦ 
ʠʩʧʦʣʴʟʦʚʘʪʴ ʢʚʘʜʨʘʪʥʳʝ ʠʣʠ ʧʨʷʤʦʫʛʦʣʴʥʳʝ ʙʣʦʢʠ ʚʤʝʩʪʦ ʦʪʜʝʣʴʥʳʭ ʧʠʢʩʝʣʦʚ ʠʟʦʙʨʘʞʝʥʠʷ. 
ɸʣʛʦʨʠʪʤ Patchwork ʷʚʣʷʝʪʩʷ ʜʦʩʪʘʪʦʯʥʦ ʩʪʦʡʢʠʤ ʢ ʦʧʝʨʘʮʠʷʤ ʫʩʝʯʝʥʠʷ, ʩʞʘʪʠʷ, ʠʟʤʝʥʝʥʠʷ 
ʛʠʩʪʦʛʨʘʤʤʳ ʠʟʦʙʨʘʞʝʥʠʷ. ʆʩʥʦʚʥʦʡ ʥʝʜʦʩʪʘʪʦʢ ʘʣʛʦʨʠʪʤʘ ï ʵʪʦ ʥʝʫʩʪʦʡʯʠʚʦʩʪʴ ʢ ʛʝʦʤʝʪʨʠʯʝʩʢʠʤ 
ʧʨʝʦʙʨʘʟʦʚʘʥʠʷʤ: ʩʜʚʠʛʫ, ʧʦʚʦʨʦʪʫ, ʤʘʩʰʪʘʙʠʨʦʚʘʥʠʶ. ɼʨʫʛʠʤ ʥʝʜʦʩʪʘʪʢʦʤ ʷʚʣʷʝʪʩʷ ʤʘʣʘʷ 
ʧʨʦʧʫʩʢʥʘʷ ʩʧʦʩʦʙʥʦʩʪʴ, ʯʪʦ ʥʝ ʜʘʝʪ ʚʦʟʤʦʞʥʦʩʪʠ ʚʩʪʨʘʠʚʘʥʠʷ ʟʥʘʯʠʪʝʣʴʥʳʭ ʧʦ ʨʘʟʤʝʨʫ ʮʠʬʨʦʚʳʭ 
ʚʦʜʷʥʳʭ ʟʥʘʢʦʚ. ʂ ʧʨʠʤʝʨʫ, ʚ ʙʘʟʦʚʦʡ ʚʝʨʩʠʠ ʘʣʛʦʨʠʪʤʘ ʜʣʷ ʧʝʨʝʜʘʯʠ 1 ʙʠʪʘ ʩʢʨʳʪʦʡ ʠʥʬʦʨʤʘʮʠʠ 
ʥʝʦʙʭʦʜʠʤʦ ʧʦʨʷʜʢʘ 20 000 ʧʠʢʩʝʣʦʚ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ ʚ 20-ʤʝʛʘʧʠʢʩʝʣʴʥʦʤ ʠʟʦʦʙʨʘʞʝʥʠʠ ʤʦʞʥʦ 
ʧʝʨʝʜʘʪʴ ʪʦʣʴʢʦ 1000 ʙʠʪ, ʪʦ ʝʩʪʴ ʦʢʦʣʦ 120 ʙʘʡʪ ʩʢʨʳʪʦʛʦ ʩʦʦʙʱʝʥʠʷ. 
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ʄʆɹʀʃʔʅʆɽ ʇʈʀʃʆɾɽʅʀɽ ɼʃʗ ʇʈʆʉʄʆʊʈɸ ʈɸʉʇʀʉɸʅʀʗ 
ʆɹʑɽʉʊɺɽʅʅʆɻʆ ʊʈɸʅʉʇʆʈʊɸ ʅɸ ʇʃɸʊʌʆʈʄɽ XAMARIN ʉ 
ʀʉʇʆʃʔɿʆɺɸʅʀɽʄ ʋʉʊʈʆʁʉʊɺɸ ʊʀʇɸ çʋʄʅʓɽ ʏɸʉʓè 

ɾʠʟʥʝʚʩʢʠʡ ɺ.ʉ. 

ɹʝʣʦʨʫʩʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʥʬʦʨʤʘʪʠʢʠ ʠ ʨʘʜʠʦʵʣʝʢʪʨʦʥʠʢʠ 
ʛ. ʄʠʥʩʢ, ʈʝʩʧʫʙʣʠʢʘ ɹʝʣʘʨʫʩʴ 

ʊʨʫʩ ɺ.ɺ. ï ʩʪ. ʧʨʝʧʦʜʘʚʘʪʝʣʴ ʢʘʬ. ʇʆʀʊ 

ɺʩʝ ʙʦʣʴʰʫʶ ʧʦʧʫʣʷʨʥʦʩʪʴ ʥʘʙʠʨʘʶʪ ʫʩʪʨʦʡʩʪʚʘ ʪʠʧʘ çʫʤʥʳʝ ʯʘʩʳè. ʅʝʢʦʪʦʨʳʝ ʩʦʚʨʝʤʝʥʥʳʝ ʤʦʜʝʣʠ ʷʚʣʷʶʪʩʷ 
ʤʥʦʛʦʬʫʥʢʮʠʦʥʘʣʴʥʳʤʠ ʫʩʪʨʦʡʩʪʚʘʤʠ ʧʦʜ ʫʧʨʘʚʣʝʥʠʝʤ ʧʦʣʥʦʮʝʥʥʳʭ ʦʧʝʨʘʮʠʦʥʥʳʭ ʩʠʩʪʝʤ. ʅʘʧʨʠʤʝʨ, ʣʠʥʝʡʢʘ Gear ʦʪ 
ʢʦʤʧʘʥʠʠ Samsung ʧʦʜ ʫʧʨʘʚʣʝʥʠʝʤ ʦʧʝʨʘʮʠʦʥʥʦʡ ʩʠʩʪʝʤʳ Tizen. ʆʜʥʘʢʦ ʧʦʣʥʦʩʪʴʶ ʩʚʦʡ ʧʦʪʝʥʮʠʘʣ çʫʤʥʳʝ ʯʘʩʳè 
ʨʘʩʢʨʳʚʘʶʪ ʧʨʠ ʨʘʙʦʪʝ ʚ ʩʚʷʟʢʝ ʩʦ ʩʤʘʨʪʬʦʥʦʤ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʙʦʣʴʰʦʡ ʧʝʨʩʧʝʢʪʠʚʦʡ ʦʙʣʘʜʘʶʪ ʢʦʤʧʣʝʢʩʥʳʝ ʨʝʰʝʥʠʷ, ʚ 
ʩʦʩʪʘʚ ʢʦʪʦʨʳʭ ʚʭʦʜʷʪ ʢʘʢ ʧʨʠʣʦʞʝʥʠʝ ʜʣʷ ʩʤʘʨʪʬʦʥʘ, ʪʘʢ ʠ ʧʨʠʣʦʞʝʥʠʝ ʜʣʷ ʯʘʩʦʚ. 

 ʅʝ ʨʝʜʢʠ ʩʠʪʫʘʮʠʠ, ʢʦʛʜʘ ʥʝʦʙʭʦʜʠʤʦ ʥʘ ʭʦʜʫ ʩʦʩʪʘʚʣʷʪʴ ʤʘʨʰʨʫʪʳ ʚʥʫʪʨʠ ʯʝʨʪʳ ʛʦʨʦʜʘ, ʠʣʠ 
ʞʝ ʠʤʝʪʴ ʙʳʩʪʨʳʡ ʜʦʩʪʫʧ ʢ ʘʢʪʫʘʣʴʥʦʡ ʠʥʬʦʨʤʘʮʠʠ ʜʚʠʞʝʥʠʷ ʦʙʱʝʩʪʚʝʥʥʦʛʦ ʪʨʘʥʩʧʦʨʪʘ, ʥʘʧʨʠʤʝʨ 
ʟʥʘʪʴ ʙʣʠʞʘʡʰʝʝ ʚʨʝʤʷ ʧʨʠʙʳʪʠʷ ʥʘ ʦʩʪʘʥʦʚʢʫ ʘʚʪʦʙʫʩʘ ʧʦ ʦʧʨʝʜʝʣʝʥʥʦʤʫ ʤʘʨʰʨʫʪʫ. ʀ  ʥʘ ʜʘʥʥʳʡ 
ʤʦʤʝʥʪ ʝʩʪʴ ʧʨʠʣʦʞʝʥʠʷ ʜʣʷ ʩʤʘʨʪʬʦʥʦʚ, ʢʦʪʦʨʳʝ ʧʨʝʜʦʩʪʘʚʣʷʶʪ ʬʫʥʢʮʠʠ ʜʣʷ ʩʦʩʪʘʚʣʝʥʠʷ 
ʤʘʨʰʨʫʪʦʚ, ʧʨʦʩʤʦʪʨʘ ʨʘʩʧʠʩʘʥʠʡ ʜʚʠʞʝʥʠʷ ʦʙʱʝʩʪʚʝʥʥʦʛʦ ʪʨʘʥʩʧʦʨʪʘ. ʅʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʚ 
ʥʝʢʦʪʦʨʳʭ ʩʣʫʯʘʷʭ ʯʘʩʦʚ ʜʘʝʪ ʧʨʝʠʤʫʱʝʩʪʚʘ, ʪ. ʢ. ʯʘʩʳ ʷʚʣʷʶʪʩʷ ʙʦʣʝʝ ʤʦʙʠʣʴʥʳʤ ʫʩʪʨʦʡʩʪʚʦʤ ʧʦ 
ʩʨʘʚʥʝʥʠʶ ʩ ʪʝʣʝʬʦʥʦʤ. ʆʜʥʠʤ ʠʟ ʵʬʬʝʢʪʠʚʥʳʭ ʩʮʝʥʘʨʠʝʚ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʯʘʩʦʚ ʷʚʣʷʝʪʩʷ 
ʦʪʦʙʨʘʞʝʥʠʝ ʥʘʠʙʦʣʝʝ ʘʢʪʫʘʣʴʥʦʡ ʜʣʷ ʧʦʣʴʟʦʚʘʪʝʣʷ ʠʥʬʦʨʤʘʮʠʠ. ʆʜʥʘʢʦ ʨʝʜʘʢʪʠʨʦʚʘʥʠʝ ʠ ʚʚʦʜ 
ʠʥʬʦʨʤʘʮʠʠ ʣʫʯʰʝ ʧʨʦʠʟʚʦʜʠʪʴ ʥʘ ʩʤʘʨʪʬʦʥʝ, ʪ. ʢ. ʦʥ ʦʙʣʘʜʘʝʪ ʙʦʣʝʝ ʫʜʦʙʥʳʤʠ ʩʨʝʜʩʪʚʘʤʠ ʜʣʷ 
ʚʚʦʜʘ ʠʥʬʦʨʤʘʮʠʠ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩʦ ʩʤʘʨʪ-ʯʘʩʘʤʠ. 

 ɺ ʨʘʤʢʘʭ ʧʨʦʝʢʪʘ ʙʳʣʦ ʧʨʠʥʷʪʦ ʨʝʰʝʥʠʝ ʦ ʩʦʟʜʘʥʠʠ ʤʦʙʠʣʴʥʦʛʦ ʧʨʠʣʦʞʝʥʠʷ ʜʣʷ ʧʨʦʩʤʦʪʨʘ 
ʨʘʩʧʠʩʘʥʠʷ ʦʙʱʝʩʪʚʝʥʥʦʛʦ ʪʨʘʥʩʧʦʨʪʘ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʫʩʪʨʦʡʩʪʚʘ ʪʠʧʘ çʫʤʥʳʝ ʯʘʩʳè. ʇʦʤʠʤʦ 
ʦʩʥʦʚʥʦʛʦ ʬʫʥʢʮʠʦʥʘʣʘ, ʚ ʢʦʪʦʨʳʭ ʚʭʦʜʠʪ ʦʪʦʙʨʘʞʝʥʠʝ ʦʩʪʘʥʦʚʦʢ ʦʙʱʝʩʪʚʝʥʥʦʛʦ ʪʨʘʥʩʧʦʨʪʘ ʥʘ 
ʢʘʨʪʝ, ʧʨʦʩʤʦʪʨ ʨʘʩʧʠʩʘʥʠʷ ʦʙʱʝʩʪʚʝʥʥʦʛʦ ʪʨʘʥʩʧʦʨʪʘ, ʜʦʙʘʚʣʝʥʠʝ ʨʘʩʧʠʩʘʥʠʡ ʜʚʠʞʝʥʠʷ 
ʦʙʱʝʩʪʚʝʥʥʦʛʦ ʪʨʘʥʩʧʦʨʪʘ ʯʝʨʝʟ ʦʩʪʘʥʦʚʢʫ ʚ ʠʟʙʨʘʥʥʦʝ, ʜʘʥʥʦʝ ʧʨʠʣʦʞʝʥʠʝ ʙʫʜʝʪ ʧʦʜʨʘʟʫʤʝʚʘʪʴ 
ʩʮʝʥʘʨʠʡ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʩʤʘʨʪ-ʯʘʩʦʚ, ʘ ʠʤʝʥʥʦ ʦʪʦʙʨʘʞʝʥʠʝ ʨʘʩʧʠʩʘʥʠʡ ʜʚʠʞʝʥʠʷ ʦʙʱʝʩʪʚʝʥʥʦʛʦ 
ʪʨʘʥʩʧʦʨʪʘ ʯʝʨʝʟ ʦʩʪʘʥʦʚʢʫ ʠʟ ʩʧʠʩʢʘ ʠʟʙʨʘʥʥʦʛʦ. 

ɺ ʢʘʯʝʩʪʚʝ ʧʣʘʪʬʦʨʤʳ ʜʣʷ ʯʘʩʪʠ ʧʨʠʣʦʞʝʥʠʷ, ʢʦʪʦʨʘʷ ʙʫʜʝʪ ʨʘʙʦʪʘʪʴ ʥʘ ʩʪʦʨʦʥʝ ʩʤʘʨʪʬʦʥʘ, 
ʙʳʣʘ ʚʳʙʨʘʥʘ ʧʣʘʪʬʦʨʤʘ Xamarin, ʪ. ʢ. ʜʘʥʥʘʷ ʧʣʘʪʬʦʨʤʘ ʧʦʟʚʦʣʷʝʪ ʩʦʟʜʘʚʘʪʴ ʢʨʦʩʩ-
ʧʣʘʪʬʦʨʤʝʥʥʳʝ ʧʨʠʣʦʞʝʥʠʷ ʜʣʷ Android ʠ iOS [1]. ɺ ʢʘʯʝʩʪʚʝ ʮʝʣʝʚʳʭ ʫʩʪʨʦʡʩʪʚ ʪʠʧʘ çʫʤʥʳʝ ʯʘʩʳè 
ʙr ʣʠ ʚʳʙʨʘʥʳ ʫʩʪʨʦʡʩʪʚʘ ʣʠʥʝʡʢʠ Gear ʦʪ ʢʦʤʧʘʥʠʠ Samsung ʧʦʜ ʫʧʨʘʚʣʝʥʠʝʤ ʦʧʝʨʘʮʠʦʥʥʦʡ 
ʩʠʩʪʝʤʳ Tizen. ʉʦʛʣʘʩʥʦ ʦʪʯʸʪʫ ʢʦʤʧʘʥʠʠ Strategy Analytics ʟʘ 4-ʡ ʢʚʘʨʪʘʣ 2018 ʫʩʪʨʦʡʩʪʚʘ ʢʦʤʧʘʥʠʠ 
Samsung ʚʭʦʜʷʪ ʚ ʪʨʦʡʢʫ ʧʦ ʢʦʣʠʯʝʩʪʚʫ ʧʨʦʜʘʥʥʳʭ, ʯʪʦ ʛʦʚʦʨʠʪ ʦ ʧʦʧʫʣʷʨʥʦʩʪʠ ʤʦʜʝʣʝʡ ʜʘʥʥʳʭ 
ʯʘʩʦʚ [2]. ɼʣʷ ʨʘʟʨʘʙʦʪʢʠ ʯʘʩʪʠ ʧʨʠʣʦʞʝʥʠʷ, ʨʘʙʦʪʘʶʱʝʛʦ ʥʘ ʯʘʩʘʭ ʙʫʜʫʪ ʠʩʧʦʣʴʟʦʚʘʥʳ ʠʥʩʪʨʫʤʝʥʪʳ 
Tizen SDK [3]. ʊʠʧ ʧʨʠʣʦʞʝʥʠʷ ʙʫʜʝʪ Tizen Web, ʪ. ʢ. ʧʨʠʣʦʞʝʥʠʷ ʪʘʢʦʛʦ ʪʠʧʘ ʦʙʣʘʜʘʶʪ ʥʘʠʙʦʣʴʰʝʡ 
ʩʦʚʤʝʩʪʠʤʦʩʪʴʶ ʩ ʫʩʪʨʦʡʩʪʚʘʤʠ ʣʠʥʝʡʢʠ Gear [4]. 

ɺ ʢʘʯʝʩʪʚʝ ʢʦʤʧʦʥʝʥʪʘ ʦʪʦʙʨʘʞʝʥʠʷ ʙʣʠʞʘʡʰʝʛʦ ʚʨʝʤʝʥʠ ʦʪʧʨʘʚʣʝʥʠʷ ʥʘ ʩʤʘʨʪ-ʯʘʩʘʭ ʙʫʜʝʪ 
ʠʩʧʦʣʴʟʦʚʘʥ ʚʠʜʞʝʪ. 

ʇʨʝʜʧʦʣʘʛʘʝʤʳʡ ʩʮʝʥʘʨʠʡ ʩʦʟʜʘʥʠʷ ʠ ʠʥʠʮʠʘʣʠʟʘʮʠʠ ʚʠʜʞʝʪʘ: 



55-ʷ ʶʙʠʣʝʡʥʘʷ ʥʘʫʯʥʘʷ ʢʦʥʬʝʨʝʥʮʠʷ ʘʩʧʠʨʘʥʪʦʚ, ʤʘʛʠʩʪʨʘʥʪʦʚ ʠ ʩʪʫʜʝʥʪʦʚ ɹɻʋʀʈ, 2019 ʛ. 
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ʇʦʣʴʟʦʚʘʪʝʣʴ ʩʠʥʭʨʦʥʠʟʠʨʫʝʪ ʩʧʠʩʦʢ ʠʟʙʨʘʥʥʦʛʦ ʥʘ ʪʝʣʝʬʦʥʝ ʠ ʩʤʘʨʪ-ʯʘʩʘʭ ʧʨʠ ʧʦʤʦʱʠ 
ʠʥʪʝʨʬʝʡʩʘ Bluetooth, ʜʘʣʝʝ ʧʦʣʴʟʦʚʘʪʝʣʴ ʜʦʙʘʚʣʷʝʪ ʚʠʜʞʝʪ ʚ ʩʧʠʩʦʢ ʘʢʪʠʚʥʳʭ. ʇʦʩʣʝ, ʧʨʠ ʥʘʞʘʪʠʠ 
ʥʘ ʚʠʜʞʝʪ, ʧʨʦʠʩʭʦʜʠʪ ʠʥʠʮʠʘʣʠʟʘʮʠʷ, ʢʦʪʦʨʘʷ ʧʦʜʨʘʟʫʤʝʚʘʝʪ ʚʳʙʦʨ ʧʦʣʴʟʦʚʘʪʝʣʝʤ ʨʘʩʧʠʩʘʥʠʷ 
ʜʚʠʞʝʥʠʷ ʦʙʱʝʩʪʚʝʥʥʦʛʦ ʪʨʘʥʩʧʦʨʪʘ ʯʝʨʝʟ ʦʩʪʘʥʦʚʢʫ ʠʟ ʩʧʠʩʢʘ ʠʟʙʨʘʥʥʦʛʦ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʜʘʥʥʳʭ 
ʜʝʡʩʪʚʠʡ ʥʘ ʵʢʨʘʥʝ ʚʠʜʞʝʪʘ ʙʫʜʝʪ ʦʪʦʙʨʘʞʘʪʴʩʷ ʙʣʠʞʘʡʰʝʝ ʚʨʝʤʷ ʦʪʧʨʘʚʣʝʥʠʝ ʪʨʘʥʩʧʦʨʪʘ ʩ 
ʦʩʪʘʥʦʚʢʠ ʧʦ ʤʘʨʰʨʫʪʫ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʜʘʥʥʳʡ ʩʮʝʥʘʨʠʡ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʧʦʟʚʦʣʠʪ ʝʱʸ ʙʳʩʪʨʝʝ ʧʦʣʫʯʘʪʴ ʜʦʩʪʫʧ ʢ 
ʥʘʠʙʦʣʝʝ ʥʝʦʙʭʦʜʠʤʦʡ ʠʥʬʦʨʤʘʮʠʠ ʢʘʩʘʪʝʣʴʥʦ ʨʘʩʧʠʩʘʥʠʡ ʜʚʠʞʝʥʠʷ ʦʙʱʝʩʪʚʝʥʥʦʛʦ ʪʨʘʥʩʧʦʨʪʘ, 
ʯʪʦ ʚʳʛʦʜʥʦ ʦʪʣʠʯʘʝʪ ʜʘʥʥʦʝ ʧʨʠʣʦʞʝʥʠʝ ʦʪ ʘʥʘʣʦʛʦʚ. 

 
ʉʧʠʩʦʢ ʠʩʧʦʣʴʟʦʚʘʥʥʳʭ ʠʩʪʦʯʥʠʢʦʚ: 
1. ɼʦʢʫʤʝʥʪʘʮʠʷ ʧʦ Xamarin  [ʕʣʝʢʪʨʦʥʥʳʡ  ʨʝʩʫʨʩ]. ï ʕʣʝʢʪʨʦʥʥʳʝ  ʜʘʥʥʳʝ. ï ʈʝʞʠʤ  ʜʦʩʪʫʧʘ: 

https://docs.microsoft.com/ru-ru/xamarin. 
2.  Strategy Analytics Wearable Device Ecosystems (WDE) service report [ʕʣʝʢʪʨʦʥʥʳʡ  ʨʝʩʫʨʩ]. ï ʕʣʝʢʪʨʦʥʥʳʝ  ʜʘʥʥʳʝ. ï 

ʈʝʞʠʤ  ʜʦʩʪʫʧʘ: https://www.strategyanalytics.com/strategy-analytics/blogs/devices/wearables/wearables/2019/02/28/apple-watch-
captures-half-of-18-million-global-smartwatch-shipments-in-q4-2018. 

 
 

ʆɹɿʆʈ ʈɽʐɽʅʀʁ ʉʊɸʊʀʉʊʀʏɽʉʂʆɻʆ ɸʅɸʃʀɿɸ ʂʆɼɸ 

ɾʠʭ ɸ.ɺ. 

ɹʝʣʦʨʫʩʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʥʬʦʨʤʘʪʠʢʠ ʠ ʨʘʜʠʦʵʣʝʢʪʨʦʥʠʢʠ 
ʛ. ʄʠʥʩʢ, ʈʝʩʧʫʙʣʠʢʘ ɹʝʣʘʨʫʩʴ 

ʇʘʨʘʤʦʥʦʚ ɸ.ʀ. ï ʢ.ʪ.ʥ.,ʜʦʮʝʥʪ 

ɺ ʜʘʥʥʦʡ ʩʪʘʪʴʝ ʨʘʩʩʤʦʪʨʝʥʳ ʧʨʦʙʣʝʤʳ, ʨʝʰʘʝʤʳʝ ʩ ʧʦʤʦʱʴʶ ʩʪʘʪʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ ʢʦʜʘ, ʘ ʪʘʢʞʝ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥʳ 
ʭʘʨʘʢʪʝʨʥʳʝ ʦʩʦʙʝʥʥʦʩʪʠ ʩʪʘʪʠʯʝʩʢʠʭ ʘʥʘʣʠʟʘʪʦʨʦʚ ʢʦʜʘ ʥʘ ʧʨʠʤʝʨʝ ʢʦʤʧʠʣʷʪʦʨʘ Roslyn. ʇʨʦʙʣʝʤʘ ʩʪʘʪʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ 
ʢʦʜʘ ʷʚʣʷʝʪʩʷ ʘʢʪʫʘʣʴʥʦʡ, ʪʘʢ ʢʘʢ ʷʟʳʢʠ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ, ʢʘʢ ʠ ʦʪʥʦʩʷʱʠʝʩʷ ʢ ʥʠʤ ʪʝʭʥʦʣʦʛʠʠ, ʧʨʦʜʦʣʞʘʶʪ ʨʘʟʚʠʚʘʪʴʩʷ, 
ʤʘʩʰʪʘʙʳ ʧʨʦʝʢʪʦʚ ʫʚʝʣʠʯʠʚʘʶʪʩʷ, ʚʤʝʩʪʝ ʩ ʥʠʤʠ ʠ ʦʙʲʝʤ ʩʘʤʦʛʦ ʢʦʜʘ, ʘ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʠ ʢʦʜʨʝʚʴʶ ʫʩʣʦʞʥʷʝʪʩʷ. 
ʉʪʘʪʠʯʝʩʢʠʡ ʘʥʘʣʠʟ ʢʦʜʘ ʷʚʣʷʝʪʩʷ ʥʝʦʪʲʝʤʣʝʤʦʡ ʯʘʩʪʴʶ ʧʨʦʮʝʩʩʘ ʨʘʟʨʘʙʦʪʢʠ. 

ʉʪʘʪʠʯʝʩʢʠʡ ʘʥʘʣʠʟ ʢʦʜʘ ð ʘʥʘʣʠʟ ʧʨʦʛʨʘʤʤʥʦʛʦ ʢʦʜʘ, ʢʦʪʦʨʳʡ ʧʨʦʠʟʚʦʜʠʪʩʷ ʙʝʟ ʝʛʦ 
ʚʳʧʦʣʥʝʥʠʷ. ʉʪʘʪʠʯʝʩʢʠʡ ʘʥʘʣʠʟ ʥʝʦʙʭʦʜʠʤʦ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʚ ʢʘʯʝʩʪʚʝ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʛʦ 
ʧʨʦʮʝʩʩʘ ʦʙʟʦʨʘ ʢʦʜʘ [1]. ʂʦʜʨʝʚʴʶ ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ ʩʘʤʳʭ ʧʦʣʝʟʥʳʭ ʤʝʪʦʜʦʚ ʜʣʷ ʚʳʷʚʣʝʥʠʷ 
ʜʝʬʝʢʪʦʚ ʧʨʦʛʨʘʤʤʥʦʛʦ ʢʦʜʘ. ɺ ʧʨʦʮʝʩʩʝ ʦʙʟʦʨʘ ʢʦʜʘ ʚʳʷʚʣʷʶʪʩʷ ʦʰʠʙʢʠ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʧʨʠʚʝʩʪʠ ʢ 
ʥʝʢʦʨʨʝʢʪʥʦʤʫ ʧʦʚʝʜʝʥʠʶ. ʆʩʥʦʚʥʳʤ ʥʝʜʦʩʪʘʪʢʦʤ ʢʦʜʨʝʚʴʶ ʷʚʣʷʝʪʩʷ ʪʦ, ʯʪʦ ʜʘʥʥʳʡ ʧʨʦʮʝʩʩ 
ʪʨʫʜʦʸʤʢʠʡ ʠ ʚʨʝʤʷʟʘʪʨʘʪʥʳʤ, ʪʘʢ ʢʘʢ ʧʦʣʥʦʩʪʴʶ ʧʨʦʠʟʚʦʜʠʪʩʷ ʯʝʣʦʚʝʢʦʤ, ʘ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʠ 
ʜʦʨʦʛʦʩʪʦʷʱʠʡ. ɻʦʚʦʨʷ ʦ ʩʪʘʪʠʯʝʩʢʠʡ ʘʥʘʣʠʟʝ, ʩʣʝʜʫʝʪ ʧʦʜʯʝʨʢʥʫʪʴ, ʯʪʦ ʦʥ ʧʦʟʚʦʣʷʝʪ ʥʘʡʪʠ 
ʙʦʣʴʰʠʥʩʪʚʦ ʦʰʠʙʦʢ ʧʦ ʤʝʨʝ ʠʭ ʧʦʷʚʣʝʥʠʷ ʚ ʢʦʜʝ, ʘ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʠ ʩʚʦʝʚʨʝʤʝʥʥʦ ʠʭ ʠʩʧʨʘʚʠʪʴ. 
ɼʘʥʥʘʷ ʦʩʦʙʝʥʥʦʩʪʴ ʧʨʠʚʦʜʠʪ ʢ ʫʣʫʯʰʝʥʠʶ ʢʘʯʝʩʪʚʘ ʩʘʤʦʛʦ ʢʦʜʘ. ʉʣʝʜʫʝʪ ʫʯʠʪʳʚʘʪʴ ʠ ʪʦ, ʯʪʦ ʯʝʤ 
ʨʘʥʴʰʝ ʦʰʠʙʢʘ ʙʳʣʘ ʚʳʷʚʣʝʥʘ, ʪʝʤ ʤʝʥʴʰʝ ʙʫʜʝʪ ʩʪʦʠʪʴ ʝʝ ʠʩʧʨʘʚʣʝʥʠʝ. ʉʪʘʪʠʯʝʩʢʠʡ ʘʥʘʣʠʟ ʢʦʜʘ 
ʤʦʞʝʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥ, ʢʘʢ ʚ ʩʚʦʸʤ ʩʪʘʥʜʘʨʪʥʦʤ ʚʠʜʝ, ʩ ʮʝʣʴʶ ʧʦʠʩʢʘ ʜʝʬʝʢʪʦʚ ʢʦʜʘ, ʪʘʢ ʠ ʩ ʮʝʣʴʶ 
ʦʙʫʯʝʥʠʷ ʣʠʙʦ ʞʝ ʙʦʣʝʝ ʫʩʣʦʞʥʝʥʥʳʡ ʚʘʨʠʘʥʪ - ʧʨʦʚʝʨʢʘ ʢʦʜʘ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʘʨʭʠʪʝʢʪʫʨʥʦʛʦ 
ʨʝʰʝʥʠʷ. ʇʨʝʠʤʫʱʝʩʪʚʘ ʩʪʘʪʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ ʢʦʜʘ ʚ ʜʘʥʥʳʭ ʥʘʧʨʘʚʣʝʥʠʷʭ ʷʚʣʷʶʪʩʷ ʦʯʝʚʠʜʥʳʤʠ. 
ɺʦʟʤʦʞʥʦʩʪʴ ʧʦʠʩʢʘ ʜʝʬʝʢʪʦʚ ʜʣʷ ʥʠʭ ʧʦʣʥʦʩʪʴʶ ʩʦʭʨʘʥʷʝʪʩʷ ʪʦʣʴʢʦ ʙʫʜʫʪ ʫʩʣʦʞʥʝʥʳ ʧʨʘʚʠʣʘ 
ʨʘʩʧʦʟʥʘʥʠʷ ʪʦʛʦ, ʯʪʦ ʷʚʣʷʝʪʩʷ ʜʝʬʝʢʪʦʤ.  

ʅʘ ʜʘʥʥʳʡ ʤʦʤʝʥʪ ʥʘʭʦʜʠʪʩʷ ʚ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʰʠʨʦʢʠʡ ʩʧʝʢʪʨ ʘʥʘʣʠʟʘʪʦʨʦʚ ʢʦʜʘ ʥʘ ʙʘʟʝ 
ʩʪʘʪʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ, ʦʩʥʦʚʥʘʷ ʩʧʝʮʠʬʠʢʘ ʢʦʪʦʨʳʭ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʪʦʤ, ʯʪʦ ʦʥʠ ʟʘʪʦʯʝʥʳ ʧʦʜ 
ʢʦʥʢʨʝʪʥʳʡ ʷʟʳʢ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ. ʈʘʩʩʤʦʪʨʠʤ ʦʩʥʦʚʥʳʝ ʦʩʦʙʝʥʥʦʩʪʠ ʨʝʘʣʠʟʘʮʠʠ ʩʪʘʪʠʯʝʩʢʠʭ 
ʘʥʘʣʠʟʘʪʦʨʦʚ ʜʣʷ c# ʥʘ ʧʨʠʤʝʨʝ ʢʦʤʧʠʣʷʪʦʨʘ Roslyn.  

Roslyn ð ʵʪʦ ʥʝ ʧʨʦʩʪʦ ʢʦʤʧʠʣʷʪʦʨ, ʘ ʮʝʣʘʷ ʧʣʘʪʬʦʨʤʘ, ʢʦʪʦʨʘʷ ʨʘʟʨʘʙʘʪʳʚʘʝʪʩʷ 
ʢʦʨʧʦʨʘʮʠʝʡ Microsoft. [2]

 
ʆʥʘ ʧʨʝʜʦʩʪʘʚʣʷʝʪ ʚʦʟʤʦʞʥʦʩʪʠ ʜʣʷ ʨʘʟʙʦʨʘ ʢʦʜʘ ʠ ʝʛʦ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʛʦ 

ʘʥʘʣʠʟʘ. Roslyn ʪʘʢʞʝ ʷʚʣʷʝʪʩʷ ʦʩʥʦʚʦʡ ʜʣʷ ʜʨʫʛʠʭ ʘʥʘʣʠʟʘʪʦʨʦʚ ʢʦʜʘ. ʉ ʧʦʤʦʱʴʶ ʜʘʥʥʦʛʦ 
ʢʦʤʧʠʣʷʪʦʨʘ ʤʦʞʥʦ ʧʨʦʠʟʚʦʜʠʪʴ ʜʝʪʘʣʴʥʳʡ ʨʘʟʙʦʨ ʢʦʜʘ ʜʣʷ ʜʘʣʴʥʝʡʰʝʛʦ ʘʥʘʣʠʟʘ ʚʩʝʭ 
ʧʦʜʜʝʨʞʠʚʘʝʤʳʭ ʷʟʳʢʦʚʳʭ ʩʠʥʪʘʢʩʠʯʝʩʢʠʭ ʢʦʥʩʪʨʫʢʮʠʡ. ʂʦʜʘʥʘʣʠʟ ʧʨʦʭʦʜʠʪ ʚ ʥʝʩʢʦʣʴʢʦ ʵʪʘʧʦʚ. 
ɺʥʘʯʘʣʝ ʠʜʝʪ ʩʙʦʨ ʥʝʦʙʭʦʜʠʤʳʭ ʜʘʥʥʳʭ, ʯʪʦ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʧʦʣʫʯʝʥʠʝ ʧʨʦʝʢʪʥʦʛʦ ʨʝʰʝʥʠʷ, ʟʘʪʝʤ 
ʢʦʤʧʠʣʷʮʠʠ ʠ ʨʘʟʙʦʨ ʧʦʣʫʯʝʥʥʳʭ ʬʘʡʣʦʚ, ʥʘ ʦʩʥʦʚʝ ʯʝʛʦ ʩʪʨʦʠʪʩʷ ʥʝʠʟʤʝʥʷʝʤʦʝ ʜʝʨʝʚʦ ʩʠʥʪʘʢʩʠʩʘ 
ʠ ʩʝʤʘʥʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ. Roslyn ʩʪʨʦʠʪ ʜʝʨʝʚʦ ʩʠʥʪʘʢʩʠʩʘ ʥʘ ʦʩʥʦʚʝ ʧʨʦʛʨʘʤʤʥʦʛʦ ʢʦʜʘ, ʧʦʣʫʯʝʥʥʦʛʦ 
ʠʟ ʧʨʦʝʢʪʥʦʛʦ ʬʘʡʣʘ, ʩʦʩʪʦʷʱʝʝ ʠʟ ʩʠʥʪʘʢʩʠʯʝʩʢʠʭ ʫʟʣʦʚ, ʣʝʢʩʝʤ ʠ ʜʦʧʦʣʥʠʪʝʣʴʥʦʡ ʠʥʬʦʨʤʘʮʠʠ. [3] 
ʇʦʣʫʯʝʥʥʦʝ ʜʝʨʝʚʦ ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʘʥʘʣʠʟʘ ʢʦʥʩʪʨʫʢʮʠʡ ʷʟʳʢʘ. ʇʦ ʜʝʨʝʚʫ ʩʠʥʪʘʢʩʠʩʘ ʠ ʧʨʦʠʩʭʦʜʠʪ 
ʧʝʨʝʤʝʱʝʥʠʝ ʚʦ ʚʨʝʤʷ ʘʥʘʣʠʟʘ, ʢʦʪʦʨʦʝ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʩ ʧʦʤʦʱʴʶ ʨʝʢʫʨʩʠʠ. ʉʠʥʪʘʢʩʠʯʝʩʢʠʝ ʫʟʣʳ 
ʩʦʜʝʨʞʘʪ ʦʩʥʦʚʥʳʝ ʩʠʥʪʘʢʩʠʯʝʩʢʠʝ ʷʟʳʢʦʚʳʝ ʢʦʥʩʪʨʫʢʮʠʠ. ʅʘ ʩʠʥʪʘʢʩʠʯʝʩʢʠʭ ʫʟʣʘʭ ʦʩʥʦʚʳʚʘʶʪʩʷ 
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ʜʠʘʛʥʦʩʪʠʯʝʩʢʠʝ ʧʨʘʚʠʣʘ. ʆʩʥʦʚʥʦʡ ʟʘʜʘʯʝʡ ʘʥʘʣʠʟʘʪʦʨʘ ʢʦʜʘ ʩʪʘʥʦʚʠʪʩʷ ʦʙʨʘʙʦʪʢʘ ʩʠʥʪʘʢʩʠʯʝʩʢʠʭ 
ʫʟʣʦʚ. ʋ ʢʘʞʜʦʛʦ ʫʟʣʘ ʝʩʪʴ ʩʚʦʡ ʪʠʧ, ʯʪʦ ʫʧʨʦʱʘʝʪ ʥʘʚʠʛʘʮʠʶ ʧʦ ʩʘʤʦʤʫ ʜʝʨʝʚʫ. ʃʝʢʩʝʤʳ ð ʫʟʣʳ 
ʜʝʨʝʚʘ, ʥʝʧʦʜʣʝʞʘʱʠʝ ʜʘʣʴʥʝʡʰʝʤʫ ʨʘʟʣʦʞʝʥʠʶ. ʂ ʥʠʤ ʦʪʥʦʩʷʪ ʪʘʢʠʝ ʵʣʝʤʝʥʪʳ, ʢʘʢ 
ʠʜʝʥʪʠʬʠʢʘʪʦʨʳ, ʩʧʝʮʠʘʣʴʥʳʝ ʩʠʤʚʦʣʳ, ʘ ʪʘʢʞʝ ʢʣʶʯʝʚʳʝ ʩʣʦʚʘ. ɼʦʧʦʣʥʠʪʝʣʴʥʘʷ ʠʥʬʦʨʤʘʮʠʷ ï 
ʵʪʦ ʪʘʢʠʝ ʫʟʣʳ ʜʝʨʝʚʘ, ʢʦʪʦʨʳʝ ʧʦʩʣʝ ʢʦʤʧʠʣʷʮʠʠ ʥʝ ʙʫʜʫʪ ʧʨʦʨʘʩʪʘʪʴ ʚ IL-ʢʦʜ, ʥʘʧʨʠʤʝʨ, 
ʢʦʤʤʝʥʪʘʨʠʠ. ʉʝʤʘʥʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʩʦʟʜʘʝʪʩʷ ʚ ʨʝʟʫʣʴʪʘʪʝ ʢʦʤʧʠʣʷʮʠʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 
ʩʠʥʪʘʢʩʠʯʝʩʢʦʛʦ ʜʝʨʝʚʘ. ʉʝʤʘʥʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʩʦʜʝʨʞʠʪ ʚ ʩʝʙʝ ʠʥʬʦʨʤʘʮʠʶ ʦ ʚʩʝʭ ʦʙʲʝʢʪʘʭ. 
ɹʦʣʝʝ ʪʦʛʦ, ʦʥʦ ʭʨʘʥʠʪ ʚ ʩʝʙʝ ʠ ʠʥʬʦʨʤʘʮʠʶ ʦ ʪʠʧʘʭ ʵʪʠʭ ʦʙʲʝʢʪʦʚ, ʯʪʦ ʜʘʸʪ ʚʦʟʤʦʞʥʦʩʪʴ ʧʨʦʚʦʜʠʪʴ 
ʙʦʣʝʝ ʢʦʤʧʣʝʢʩʥʳʡ ʘʥʘʣʠʟ.  

ʇʨʦʮʝʩʩ ʩʪʘʪʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ ʢʦʜʘ ʚʩʸ ʝʱʝ ʥʝ ʩʧʦʩʦʙʝʥ ʩʧʨʘʚʣʷʪʴʩʷ ʩ ʙʦʣʝʝ ʩʣʦʞʥʳʤʠ 
ʟʘʜʘʯʘʤʠ, ʢ ʧʨʠʤʝʨʫ, ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʝ ʨʝʟʫʣʴʪʘʪʦʚ ʧʨʦʝʢʪʥʦʡ ʘʨʭʠʪʝʢʪʫʨʳ ʠ ʧʨʝʜʣʦʞʝʥʠʷ ʧʫʪʝʡ 
ʢʦʨʨʝʢʮʠʠ. 

 
ʉʧʠʩʦʢ ʠʩʧʦʣʴʟʦʚʘʥʥʳʭ ʠʩʪʦʯʥʠʢʦʚ: 
1. "ʉʪʘʪʠʯʝʩʢʠʡ ʘʥʘʣʠʟ ʢʦʜʘ"[ʕʣʝʢʪʨʦʥʥʳʡ ʨʝʩʫʨʩ] ï ʈʝʞʠʤ ʜʦʩʪʫʧʘ: https://www.viva64.com/ru/t/0046/ï ɼʘʪʘ ʜʦʩʪʫʧʘ: 

14.03.2019. 

 
 

ʆʉʆɹɽʅʅʆʉʊʀ ʈɸɿʈɸɹʆʊʂʀ WEB-ʇʈʀʃʆɾɽʅʀʁ ʇʈʀ ʅʀɿʂʆʄ 
ʋʈʆɺʅɽ ʂʆʄʇʔʖʊɽʈʅʆʁ ɻʈɸʄʆʊʅʆʉʊʀ ʇʆʃʔɿʆɺɸʊɽʃɽʁ 

ɾʣʦʙʠʯ ɸ.ɺ. 

ɹʝʣʦʨʫʩʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʥʬʦʨʤʘʪʠʢʠ ʠ ʨʘʜʠʦʵʣʝʢʪʨʦʥʠʢʠ 
ʛ. ʄʠʥʩʢ, ʈʝʩʧʫʙʣʠʢʘ ɹʝʣʘʨʫʩʴ 

ʂʫʣʠʢʦʚ ʉ.ʉ. ï ʢ.ʪ.ʥ.,ʜʦʮʝʥʪ 

ʉʦʚʨʝʤʝʥʥʳʡ ʪʝʥʜʝʥʮʠʠ ʚʝʜʫʪ ʢ ʪʦʤʫ, ʯʪʦ ʙʦʣʴʰʫʶ ʯʘʩʪʴ ʨʳʥʢʘ ʟʘʚʦʸʚʳʚʘʝʪ web-ʩʬʝʨʘ ʠʟ-ʟʘ ʩʚʦʝʡ ʧʨʦʩʪʦʪʳ ʚ 
ʠʩʧʦʣʴʟʦʚʘʥʠʠ. ʈʷʜʦʚʦʤʫ ʧʦʣʴʟʦʚʘʪʝʣʶ ʧʨʠʚʳʯʥʦ ʧʦʥʷʪʠʝ ʩʘʡʪʘ ʠ ʦʥ ʩ ʣʸʛʢʦʩʪʴʶ ʠʩʧʦʣʴʟʫʝʪ web-ʪʝʭʥʦʣʦʛʠʠ ʚ ʧʦʚʩʝʜʥʝʚʥʦʡ 
ʞʠʟʥʠ. ʊʝʤ ʥʝ ʤʝʥʝʝ, ʩʫʱʝʩʪʚʫʶʪ ʧʨʦʝʢʪʳ (ʩʠʪʫʘʮʠʠ), ʢʦʛʜʘ web-ʧʨʠʣʦʞʝʥʠʝ ʠʩʧʦʣʴʟʫʝʪʩʷ ʣʶʜʴʤʠ, ʜʘʣʸʢʠʤʠ ʜʘʞʝ ʦʪ ʧʦʥʷʪʠʷ 
çʢʦʤʧʴʶʪʝʨè, ʚ ʩʚʷʟʠ ʩ ʯʝʤ ʩʫʱʝʩʪʚʫʶʪ ʦʩʦʙʝʥʥʦʩʪʠ ʨʘʟʨʘʙʦʪʢʠ ʩʘʡʪʦʚ ʜʣʷ ʪʘʢʦʡ ʘʫʜʠʪʦʨʠʠ. 

ʏʘʱʝ ʚʩʝʛʦ ʪʘʢʠʝ ʩʠʪʫʘʮʠʠ ʚʩʪʨʝʯʘʶʪʩʷ ʥʘ ʩʪʳʢʝ ʜʚʫʭ ʩʬʝʨ: ʢʦʛʜʘ ʧʨʦʛʨʘʤʤʥʳʝ ʧʨʦʜʫʢʪʳ 
ʠʩʧʦʣʴʟʫʶʪʩʷ ʜʣʷ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʧʨʦʮʝʩʩʦʚ ʚ ʩʬʝʨʝ ʦʙʨʘʟʦʚʘʥʠʷ, ʤʝʜʠʮʠʥʳ ʠ ʪ.ʧ., ʛʜʝ ʯʘʩʪʦ 
ʚʩʪʨʝʯʘʶʪʩʷ ʣʶʜʠ, ʥʝʧʨʠʚʳʢʰʠʝ ʢ ʨʘʙʦʪʝ ʥʘ ʢʦʤʧʴʶʪʝʨʥʦʡ ʪʝʭʥʠʢʝ. ʀʭ ʟʥʘʥʠʷ ʠ ʫʤʝʥʠʷ ʯʘʩʪʦ 
ʦʛʨʘʥʠʯʠʚʘʶʪʩʷ ʥʘʩʪʦʣʴʥʳʤʠ ʧʨʦʛʨʘʤʤʘʤʠ ʩʝʤʝʡʩʪʚʘ Microsoft Office ʠ ʙʨʘʫʟʝʨʦʤ.  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚ ʩʣʫʯʘʝ ʨʘʟʨʘʙʦʪʢʠ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ ʜʣʷ ʜʘʥʥʦʡ ʘʫʜʠʪʦʨʠʠ 
ʩʫʱʝʩʪʚʫʶʪ ʧʨʦʙʣʝʤʳ ʠ ʦʩʦʙʝʥʥʦʩʪʠ, ʢʦʪʦʨʳʝ ʙʫʜʫʪ ʨʘʩʩʤʦʪʨʝʥʳ ʥʘ ʧʨʠʤʝʨʝ web-ʩʬʝʨʳ: 
1) ʋʩʪʘʨʝʚʰʠʝ ʙʨʘʫʟʝʨʳ. ʅʝʩʤʦʪʨʷ ʥʘ ʪʦ ʯʪʦ ʙʦʣʴʰʠʥʩʪʚʦ ʙʨʘʫʟʝʨʦʚ ʦʙʥʦʚʣʷʝʪʩʷ ʘʚʪʦʤʘʪʠʯʝʩʢʠ, ʚ 
ʜʘʥʥʦʤ ʩʝʛʤʝʥʪʝ ʛʦʨʘʟʜʦ ʯʘʱʝ ʤʦʞʥʦ ʚʩʪʨʝʪʠʪʴ ʩʣʫʯʘʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʫʩʪʘʨʝʚʰʠʭ ʚʝʨʩʠʡ 
ʙʨʘʫʟʝʨʦʚ ʠ ʨʝʜʢʦ ʚʩʪʨʝʯʘʶʱʠʭʩʷ ʙʨʘʫʟʝʨʦʚ ʚ ʧʨʠʥʮʠʧʝ. ʉʣʦʞʥʦʩʪʴ ʧʨʦʝʢʪʘ ʚʦʟʨʘʩʪʘʝʪ, ʧʦʪʦʤʫ 
ʯʪʦ ʥʝʣʴʟʷ ʜʦʚʝʨʷʪʴ ʫʩʨʝʜʥʸʥʥʦʡ ʩʪʘʪʠʩʪʠʢʝ ʧʦ ʠʩʧʦʣʴʟʦʚʘʥʠʶ ʙʨʘʫʟʝʨʦʚ, ʧʨʠʭʦʜʠʪʩʷ 
ʦʪʢʘʟʳʚʘʪʴʩʷ ʦʪ ʥʦʚʳʭ ʪʝʭʥʦʣʦʛʠʡ ʠ ʚʦʟʤʦʞʥʦʩʪʝʡ ʪʦʣʴʢʦ ʜʣʷ ʧʦʜʜʝʨʞʘʥʠʷ ʩʦʚʤʝʩʪʠʤʦʩʪʠ. 
ɼʦʧʦʣʥʠʪʝʣʴʥʳʤ ʤʠʥʫʩʦʤ ʷʚʣʷʝʪʩʷ ʪʦʪ ʬʘʢʪ, ʯʪʦ ʚʳʥʫʞʜʝʥʥʦʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʚʦ frontend-ʯʘʩʪʠ 
ʤʝʪʦʜʦʚ, ʧʦʤʝʯʝʥʥʳʭ ʢʘʢ deprecated, ʧʣʦʭʦ ʩʢʘʟʳʚʘʝʪʩʷ ʥʘ ʧʨʦʜʚʠʞʝʥʠʠ ʩʘʡʪʦʚ ʚ ʧʦʠʩʢʦʚʳʭ 
ʩʠʩʪʝʤʘʭ; 

2) ɺʦʧʨʦʩʳ ʙʝʟʦʧʘʩʥʦʩʪʠ. ʂʦʤʧʴʶʪʝʨʳ ʧʦʣʴʟʦʚʘʪʝʣʝʡ ʩ ʥʠʟʢʠʤ ʫʨʦʚʥʝʤ ʢʦʤʧʴʶʪʝʨʥʦʡ ʛʨʘʤʦʪʥʦʩʪʠ 
ʯʘʱʝ ʩʦʜʝʨʞʘʪ ʚ ʩʝʙʝ ʚʨʝʜʦʥʦʩʥʳʝ ʧʨʦʛʨʘʤʤʳ, ʯʪʦ ʚʳʥʫʞʜʘʝʪ ʧʨʠʥʠʤʘʪʴ ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʤʝʨʳ 
ʧʦ ʦʙʝʩʧʝʯʝʥʠʶ ʙʝʟʦʧʘʩʥʦʩʪʠ;  

3) ʇʦʥʷʪʥʦʩʪʴ ʠʥʪʝʨʬʝʡʩʘ.  

ī ʉʪʦʠʪ ʠʟʙʝʛʘʪʴ ʙʦʣʴʰʦʛʦ ʢʦʣ-ʚʘ ʠʟʦʙʨʘʞʝʥʠʡ. ʉʘʡʪ ʜʦʣʞʝʥ ʚʳʛʣʷʜʝʪʴ ʤʘʢʩʠʤʘʣʴʥʦ ʧʨʦʩʪʦ; 
ī ʄʝʥʶ ʩʘʡʪʘ ʜʦʣʞʥʦ ʙʳʪʴ ʫʥʠʬʠʮʠʨʦʚʘʥʥʳʤ ʠ ʦʙʝʩʧʝʯʠʚʘʪʴ ʜʦʩʪʫʧ ʢ ʙʦʣʴʰʝʡ ʯʘʩʪʠ ʩʘʡʪʘ; 
ī ʅʝʢʦʪʦʨʘʷ ʯʘʩʪʴ ʧʦʣʴʟʦʚʘʪʝʣʝʡ ʜʘʥʥʦʛʦ ʩʝʛʤʝʥʪʘ ʥʝ ʠʤʝʝʪ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʦ ʨʘʟʜʝʣʝʥʠʠ ʥʘ 

ʚʢʣʘʜʢʠ ʠ ʪʘʢʦʡ ʩʪʘʥʜʘʨʪʥʦʡ ʚʦʟʤʦʞʥʦʩʪʠ ʙʨʘʫʟʝʨʦʚ, ʢʘʢ çʚʝʨʥʫʪʴʩʷ ʥʘʟʘʜè. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ 
ʥʝ ʨʝʢʦʤʝʥʜʫʝʪʩʷ ʦʪʢʨʳʚʘʪʴ ʩʩʳʣʢʠ ʚ ʥʦʚʦʤ ʦʢʥʝ; 

ī ɽʩʣʠ ʧʨʝʜʧʦʣʘʛʘʝʪʩʷ ʫʧʨʘʚʣʝʥʠʝ ʥʝʢʠʤʠ ʜʘʥʥʳʤʠ ʠʣʠ ʨʝʩʫʨʩʘʤʠ, ʚʦ-ʧʝʨʚʳʭ, ʜʣʷ ʣʶʙʦʡ 
ʦʧʝʨʘʮʠʠ ʜʦʣʞʥʦ ʟʘʧʨʘʰʠʚʘʪʴʩʷ ʧʦʜʪʚʝʨʞʜʝʥʠʝ, ʚʦ-ʚʪʦʨʳʭ, ʥʝʣʴʟʷ ʜʦʚʝʨʷʪʴ ʨʝʰʝʥʠʶ 
ʧʦʣʴʟʦʚʘʪʝʣʷ: ʣʶʙʳʝ ʜʘʞʝ ʧʦʜʪʚʝʨʞʜʸʥʥʳʝ ʠʟʤʝʥʝʥʠʷ, ʚʢʣʶʯʘʷ ʫʜʘʣʝʥʠʷ, ʜʦʣʞʥʳ ʙʳʪʴ 
ʦʪʤʝʥʷʝʤʳʤʠ. ʇʨʠʚʝʪʩʪʚʫʝʪʩʷ ʩʦʭʨʘʥʝʥʠʝ ʨʝʟʝʨʚʥʳʭ ʢʦʧʠʡ ʙʝʟ ʫʯʘʩʪʠʷ ʧʦʣʴʟʦʚʘʪʝʣʷ. 

4) ʐʨʠʬʪ. ʅʝ ʧʨʠʚʝʪʩʪʚʫʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʥʝʩʪʘʥʜʘʨʪʥʳʭ ʰʨʠʬʪʦʚ. ʊʘʢʞʝ ʩʪʦʠʪ ʫʯʠʪʳʚʘʪʴ 
ʚʝʨʦʷʪʥʦʩʪʴ ʪʦʛʦ, ʯʪʦ ʩʘʡʪʦʤ ʙʫʜʫʪ ʧʦʣʴʟʦʚʘʪʴʩʷ ʣʶʜʠ ʩ ʧʣʦʭʠʤ ʟʨʝʥʠʝʤ. ʉʫʱʝʩʪʚʫʝʪ ʜʚʘ 
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ʨʝʰʝʥʠʷ ʵʪʦʡ ʧʨʦʙʣʝʤʳ: ʩʦʚʤʝʩʪʠʤʦʩʪʴ ʰʨʠʬʪʦʚ ʩʘʡʪʘ ʩ ʧʘʨʘʤʝʪʨʦʤ ʙʨʘʫʟʝʨʦʚ çʨʝʞʠʤ ʜʣʷ 
ʩʣʘʙʦʚʠʜʷʱʠʭè ʠʣʠ ʞʝ ʨʘʟʨʘʙʦʪʢʘ ʦʪʜʝʣʴʥʦʡ ʚʝʨʩʠʠ ʠʥʪʝʨʬʝʡʩʘ ʜʣʷ ʣʶʜʝʡ ʩ ʧʣʦʭʠʤ ʟʨʝʥʠʝʤ, 
ʢʘʢ ʵʪʦ ʩʜʝʣʘʥʦ ʥʘ ʪʘʢʠʭ ʩʘʡʪʘʭ ʢʘʢ www.vtb.ru, www.rosbank.ru;  

5) ʅʘʚʠʛʘʮʠʷ ʩ ʧʦʤʦʱʴʶ ʢʣʘʚʠʘʪʫʨʳ. ʇʨʠʚʳʯʥʳʤʠ ʜʣʷ ʤʥʦʛʠʭ ʧʦʣʴʟʦʚʘʪʝʣʝʡ ʷʚʣʷʶʪʩʷ ʩʪʨʝʣʢʠ ʥʘ 
ʢʣʘʚʠʘʪʫʨʝ, ʢʣʘʚʠʰʘ Enter, ʢʣʘʚʠʰʘ Tab. ʉʘʡʪ ʜʦʣʞʝʥ ʘʜʝʢʚʘʪʥʦ ʨʝʘʛʠʨʦʚʘʪʴ ʥʘ ʠʭ 
ʠʩʧʦʣʴʟʦʚʘʥʠʝ; 

6) ʆʙʥʦʚʣʝʥʠʷ. ʀʥʪʝʨʬʝʡʩ web-ʧʨʠʣʦʞʝʥʠʡ, ʧʨʝʜʥʘʟʥʘʯʝʥʥʳʭ ʜʣʷ ʧʦʩʪʦʷʥʥʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ, ʥʝ 
ʜʦʣʞʝʥ ʧʨʝʪʝʨʧʝʚʘʪʴ ʩʣʠʰʢʦʤ ʩʠʣʴʥʳʝ ʠʟʤʝʥʝʥʠʷ ʦʪ ʚʝʨʩʠʠ ʢ ʚʝʨʩʠʠ, ʪʘʢ ʢʘʢ ʧʦʣʴʟʦʚʘʪʝʣʷʤ 
ʜʘʥʥʦʛʦ ʩʝʛʤʝʥʪʘ ʩʣʦʞʥʦ ʧʝʨʝʩʪʨʘʠʚʘʪʴʩʷ ʥʘ ʥʝʧʨʠʚʳʯʥʳʝ ʠʤ ʩʧʦʩʦʙʳ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩ ʩʘʡʪʦʤ 

7) ʈʫʢʦʚʦʜʩʪʚʦ. ɼʣʷ web-ʧʨʠʣʦʞʝʥʠʡ, ʧʨʝʜʥʘʟʥʘʯʝʥʥʳʭ ʜʣʷ ʨʝʛʫʣʷʨʥʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ, ʩʪʦʠʪ 
ʩʜʝʣʘʪʴ ʧʦʜʨʦʙʥʦʝ ʨʫʢʦʚʦʜʩʪʚʦ. ɺʧʦʣʥʝ ʢ ʤʝʩʪʫ ʥʘʣʠʯʠʝ ʚʠʜʝʦʨʫʢʦʚʦʜʩʪʚʘ ʠ ʫʜʦʙʥʦʡ ʦʙʨʘʪʥʦʡ 
ʩʚʷʟʠ. 
ʂʘʢ ʤʦʞʥʦ ʟʘʤʝʪʠʪʴ, ʩʣʦʞʥʦʩʪʴ ʧʨʦʝʢʪʘ, ʧʦʪʝʥʮʠʘʣʴʥʘʷ ʘʫʜʠʪʦʨʠʷ ʢʦʪʦʨʦʛʦ - ʧʦʣʴʟʦʚʘʪʝʣʠ ʩ 

ʥʠʟʢʠʤ ʫʨʦʚʥʝʤ ʢʦʤʧʴʶʪʝʨʥʦʡ ʛʨʘʤʦʪʥʦʩʪʠ, ʚ ʨʘʟʳ ʚʳʰʝ, ʯʝʤ ʫ ʦʙʳʯʥʦʛʦ ʧʨʦʝʢʪʘ. ʊʝʤ ʥʝ ʤʝʥʝʝ, 
ʥʝʩʤʦʪʨʷ ʥʘ ʦʙʱʠʝ ʦʩʦʙʝʥʥʦʩʪʠ ʪʘʢʠʭ ʧʨʦʝʢʪʦʚ, ʚ ʢʘʞʜʦʡ ʩʤʝʞʥʦʡ ʩʬʝʨʝ, ʜʣʷ ʢʦʪʦʨʦʡ ʤʦʛʫʪ 
ʨʘʟʨʘʙʘʪʳʚʘʪʴʩʷ ʧʨʠʣʦʞʝʥʠʷ, ʤʦʛʫʪ ʙʳʪʴ ʩʚʦʠ ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʪʨʝʙʦʚʘʥʠʷ. 

 
ʉʧʠʩʦʢ ʠʩʧʦʣʴʟʦʚʘʥʥʳʭ ʠʩʪʦʯʥʠʢʦʚ: 
1. ʗʢʦʙ ʅʠʣʴʩʝʥ, ʍʦʘ ʃʦʨʘʥʞʝʨ. Web-ʜʠʟʘʡʥ: ʫʜʦʙʩʪʚʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ Web-ʩʘʡʪʦʚ. ð ʄ.: çɺʠʣʴʷʤʩè, 2007. ð ʉ. 368. 
2. ʌʠʩʫʥ ɸ. ʇ., ɻʨʘʱʝʥʢʦ ʃ. ɸ. ʠ ʜʨ. ʊʝʦʨʝʪʠʯʝʩʢʠʝ ʠ ʧʨʘʢʪʠʯʝʩʢʠʝ ʦʩʥʦʚʳ ʯʝʣʦʚʝʢʦ-ʢʦʤʧʴʶʪʝʨʥʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ / ɸ. 

ʇ. ʌʠʩʫʥ. ð ɼʝʧ. ʚ ɺʀʅʀʊʀ 15.10. 2004 ʛ. ˉ 1624 ï ɺ 2004. ð ʆʨʝʣ: ʆʨʣʦʚʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ, 2004. ð 169 ʩ. 

 
 

ʍʈɸʅʀʃʀʑɽ ɼɸʅʅʓʍ 
ʂɸʂ ʕʃɽʄɽʅʊ ʇʈʆʎɽʉʉɸ ʇʈʀʅʗʊʀʗ ʈɽʐɽʅʀʁ 

ʀʚʯʝʥʢʦ ɸ.ɺ. 

ɹʝʣʦʨʫʩʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʥʬʦʨʤʘʪʠʢʠ ʠ ʨʘʜʠʦʵʣʝʢʪʨʦʥʠʢʠ 
ʛ. ʄʠʥʩʢ, ʈʝʩʧʫʙʣʠʢʘ ɹʝʣʘʨʫʩʴ 

ʂʫʣʠʢʦʚ ʉ.ʉ. ï ʢ.ʪ.ʥ.,ʜʦʮʝʥʪ 

ɺ ʜʘʥʥʦʡ ʩʪʘʪʴʝ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʧʨʠʯʠʥʳ ʠ ʧʨʝʠʤʫʱʝʩʪʚʘ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʭʨʘʥʠʣʠʱ ʜʘʥʥʳʭ, ʠʭ ʦʪʣʠʯʠʷ ʦʪ ʪʨʘʥʟʘʢʮʠʦʥʥʳʭ 
ʩʠʩʪʝʤ, ʦʧʠʩʳʚʘʶʪʩʷ ʤʝʪʦʜʳ ʧʦʜʜʝʨʞʘʥʠʷ ʠʩʪʦʨʠʯʥʦʩʪʠ ʜʘʥʥʳʭ, ʠʩʩʣʝʜʫʶʪʩʷ  ʠ ʘʥʘʣʠʟʠʨʫʶʪʩʷ ʩʫʱʝʩʪʚʫʶʱʠʝ ʧʦʜʭʦʜʳ ʢ 
ʧʦʩʪʨʦʝʥʠʶ ʭʨʘʥʠʣʠʱ ʜʘʥʥʳʭ. 

ɺ ʵʧʦʭʫ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʦʜʥʠʤ ʠʟ ʚʘʞʥʝʡʰʠʭ ʘʢʪʠʚʦʚ ʣʶʙʦʡ ʦʨʛʘʥʠʟʘʮʠʠ 
ʷʚʣʷʝʪʩʷ ʠʥʬʦʨʤʘʮʠʷ. ʂʘʞʜʳʡ ʜʝʥʴ ʙʘʟʳ ʜʘʥʥʳʭ ʧʦʧʦʣʥʷʶʪʩʷ ʥʦʚʳʤʠ ʟʘʧʠʩʷʤʠ, ʢʦʪʦʨʳʝ ʚ 
ʜʘʣʴʥʝʡʰʝʤ ʤʦʛʫʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ ʜʣʷ ʘʥʘʣʠʟʘ. ɿʘʜʘʯʘ Business Intelligence (BI) ʩʦʩʪʦʠʪ ʚ ʪʦʤ, 
ʯʪʦʙʳ ʫʧʦʨʷʜʦʯʠʪʴ ʜʘʥʥʳʝ ʦʨʛʘʥʠʟʘʮʠʠ, ʧʨʝʜʩʪʘʚʠʪʴ ʠʭ ʚ ʯʝʣʦʚʝʢʦʯʠʪʘʝʤʦʡ ʬʦʨʤʝ ʠ ʧʨʝʜʦʩʪʘʚʠʪʴ 
ʙʠʟʥʝʩ-ʧʦʣʴʟʦʚʘʪʝʣʷʤ ʜʣʷ ʧʨʠʥʷʪʠʷ ʨʝʰʝʥʠʡ [1]. 

ʅʘʧʨʘʚʣʝʥʠʝ Business Intelligence ʪʝʩʥʦ ʩʚʷʟʘʥʦ ʩ ʧʦʥʷʪʠʝʤ çʭʨʘʥʠʣʠʱʝ ʜʘʥʥʳʭè. ʍʨʘʥʠʣʠʱʝ 
ʜʘʥʥʳʭ (ʘʥʛʣ. Data Warehouse) ï ʧʨʝʜʤʝʪʥʦ-ʦʨʠʝʥʪʠʨʦʚʘʥʥʘʷ, ʠʥʪʝʛʨʠʨʦʚʘʥʥʘʷ, ʧʦʜʜʝʨʞʠʚʘʶʱʘʷ 
ʭʨʦʥʦʣʦʛʠʶ ʠ ʥʝʠʟʤʝʥʷʝʤʘʷ ʙʘʟʘ ʜʘʥʥʳʭ, ʠʩʧʦʣʴʟʫʝʤʘʷ ʜʣʷ ʧʨʦʮʝʩʩʘ ʧʨʠʥʷʪʠʷ ʨʝʰʝʥʠʡ [2]. 

ɺ ʭʨʘʥʠʣʠʱʝ ʦʙʲʝʜʠʥʷʶʪʩʷ ʜʘʥʥʳʝ ʠʟ ʨʘʟʣʠʯʥʳʭ ʠʩʪʦʯʥʠʢʦʚ. ɼʘʥʥʳʝ ʧʨʝʦʙʨʘʟʫʶʪʩʷ, 
ʫʥʠʬʠʮʠʨʫʶʪʩʷ, ʦʙʨʘʙʘʪʳʚʘʶʪʩʷ ʥʘ ʥʘʣʠʯʠʝ ʦʰʠʙʦʢ  ʠ ʧʨʠʚʦʜʷʪʩʷ ʢ ʦʧʨʝʜʝʣʝʥʥʦʡ ʩʪʨʫʢʪʫʨʝ, ʯʪʦ 
ʦʙʣʝʛʯʘʝʪ ʜʘʣʴʥʝʡʰʫʶ ʨʘʙʦʪʫ ʩ ʥʠʤʠ. 

ʆʩʥʦʚʥʳʤ ʦʪʣʠʯʠʝʤ ʭʨʘʥʠʣʠʱʘ ʜʘʥʥʳʭ ʚ ʩʨʘʚʥʝʥʠʠ ʩ ʪʨʘʥʟʘʢʮʠʦʥʥʦʡ ʩʠʩʪʝʤʦʡ ʷʚʣʷʝʪʩʷ 
ʩʦʭʨʘʥʝʥʠʝ ʠʩʪʦʨʠʯʥʦʩʪʠ ʜʘʥʥʳʭ, ʯʪʦ ʠʤʝʝʪ ʙʦʣʴʰʦʝ ʟʥʘʯʝʥʠʝ ʧʨʠ ʘʥʘʣʠʟʝ ʜʘʥʥʳʭ. 

ɺʳʜʝʣʷʶʪ ʥʝʩʢʦʣʴʢʦ ʪʠʧʦʚ ʧʦʜʜʝʨʞʘʥʠʷ ʭʨʦʥʦʣʦʛʠʠ ʜʘʥʥʳʭ. ʇʝʨʚʳʡ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʪʦʤ, ʯʪʦ 
ʟʥʘʯʝʥʠʷ ʧʝʨʝʟʘʧʠʩʳʚʘʶʪʩʷ ʙʝʟ ʩʦʭʨʘʥʝʥʠʷ ʫʩʪʘʨʝʚʰʝʛʦ ʚʘʨʠʘʥʪʘ, ʢʦʛʜʘ ʠʩʪʦʨʠʷ ʠʟʤʝʥʝʥʠʷ 
ʩʫʱʥʦʩʪʠ ʥʝ ʚʘʞʥʘ. ɺʦ ʚʪʦʨʦʤ ʜʘʥʥʳʝ ʟʘʥʦʩʷʪʩʷ ʚ ʭʨʘʥʠʣʠʱʝ ʢʘʢ ʥʦʚʘʷ ʟʘʧʠʩʴ, ʙʝʟ ʠʟʤʝʥʝʥʠʷ 
ʠʤʝʶʱʝʛʦʩʷ ʟʥʘʯʝʥʠʷ, ʚ ʵʪʦʤ ʩʣʫʯʘʝ ʩʧʝʮʠʘʣʴʥʳʡ ʘʪʨʠʙʫʪ ʫʢʘʟʳʚʘʝʪ ʥʘ ʘʢʪʫʘʣʴʥʦʩʪʴ ʜʘʥʥʳʭ. ʂʨʦʤʝ 
ʪʦʛʦ, ʭʨʘʥʠʣʠʱʝ ʤʦʞʝʪ ʩʦʜʝʨʞʘʪʴ ʩʫʱʥʦʩʪʠ ʪʘʢʦʛʦ ʪʠʧʘ, ʯʪʦ ʟʘʧʠʩʠ ʚ ʥʠʭ ʚʦʚʩʝ ʥʝ ʤʦʛʫʪ ʙʳʪʴ 
ʠʟʤʝʥʝʥʳ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ ʥʝʦʙʭʦʜʠʤʘʷ ʩʪʝʧʝʥʴ ʠʩʪʦʨʠʯʥʦʩʪʠ ʜʘʥʥʳʭ. 

ɺ ʦʪʣʠʯʠʝ ʦʪ ʪʨʘʥʟʘʢʮʠʦʥʥʳʭ ʩʠʩʪʝʤ, ʚ ʭʨʘʥʠʣʠʱʝ ʜʘʥʥʳʝ ʧʦʩʪʫʧʘʶʪ ʩ ʦʧʨʝʜʝʣʝʥʥʦʡ 
ʧʝʨʠʦʜʠʯʥʦʩʪʴʶ, ʪʘʢ ʢʘʢ ʘʥʘʣʠʟ ʧʨʦʠʟʚʦʜʠʪʩʷ ʦʪʥʦʩʠʪʝʣʴʥʦ ʢʘʢʦʛʦ-ʣʠʙʦ ʧʝʨʠʦʜʘ ʠ ʤʛʥʦʚʝʥʥʘʷ 
ʩʠʥʭʨʦʥʠʟʘʮʠʷ ʩ ʪʨʘʥʟʘʢʮʠʦʥʥʦʡ ʩʠʩʪʝʤʦʡ ʥʝ ʪʨʝʙʫʝʪʩʷ. 

ʉʫʱʝʩʪʚʫʝʪ ʜʚʘ ʦʩʥʦʚʥʳʭ ʧʦʜʭʦʜʘ ʢ ʧʦʩʪʨʦʝʥʠʶ ʭʨʘʥʠʣʠʱ ʜʘʥʥʳʭ: ʀʥʤʦʥʘ ʠ ʂʠʤʙʘʣʣʘ. 
ʇʦʜʭʦʜ ʀʥʤʦʥʘ ʧʦʜʨʘʟʫʤʝʚʘʝʪ ʥʘʣʠʯʠʝ ʦʙʱʝʛʦ Enterprise-ʭʨʘʥʠʣʠʱʘ, ʥʘʭʦʜʷʱʝʛʦʩʷ ʚ ʪʨʝʪʴʝʡ 

ʥʦʨʤʘʣʴʥʦʡ ʬʦʨʤʝ ʠ ʭʨʘʥʷʱʝʛʦ ʜʘʥʥʳʝ ʚ ʜʝʪʘʣʠʟʠʨʦʚʘʥʥʦʤ ʚʠʜʝ. ɼʣʷ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʧʨʝʜʤʝʪʥʦ-
ʦʨʠʝʥʪʠʨʦʚʘʥʥʳʭ ʜʘʥʥʳʭ ʥʘ ʦʩʥʦʚʝ Enterprise-ʭʨʘʥʠʣʠʱʘ ʩʦʟʜʘʶʪʩʷ ʚʠʪʨʠʥʳ ʜʘʥʥʳʭ, ʛʜʝ ʜʘʥʥʳʝ 
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ʘʛʨʝʛʠʨʫʶʪʩʷ. ʊʘʢʦʝ ʭʨʘʥʠʣʠʱʝ ʣʝʛʯʝ ʨʘʩʰʠʨʷʝʪʩʷ ʠ ʟʘ ʩʯʝʪ ʘʪʦʤʘʨʥʦʩʪʠ ʜʘʥʥʳʭ ʤʦʞʝʪ ʙʳʪʴ 
ʠʩʧʦʣʴʟʦʚʘʥʦ ʧʨʠ ʚʦʟʥʠʢʥʦʚʝʥʠʠ ʥʦʚʳʭ ʚʦʧʨʦʩʦʚ ʜʣʷ ʘʥʘʣʠʟʘ, ʪʘʢ ʢʘʢ ʭʨʘʥʠʪ ʜʘʥʥʳʝ ʚ 
ʥʝʘʛʨʝʛʠʨʦʚʘʥʥʦʤ ʚʠʜʝ. 

ʇʦʜʭʦʜ ʂʠʤʙʘʣʣʘ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʧʦʩʪʨʦʝʥʠʠ ʭʨʘʥʠʣʠʱʘ ʥʘ ʦʩʥʦʚʝ ʩʭʝʤʳ çʟʚʝʟʜʘè ʠʣʠ 
çʩʥʝʞʠʥʢʘè ʩ ʜʝʥʦʨʤʘʣʠʟʦʚʘʥʥʳʤʠ ʜʘʥʥʳʤʠ ʠ ʩʣʘʙʦʡ ʜʝʪʘʣʠʟʘʮʠʝʡ. ɼʝʥʦʨʤʘʣʠʟʘʮʠʷ ʜʘʥʥʳʭ 
ʧʦʟʚʦʣʷʝʪ ʫʧʨʦʩʪʠʪʴ ʠ ʫʩʢʦʨʠʪʴ ʧʨʦʮʝʩʩ ʧʦʩʪʨʦʝʥʠʷ ʦʪʯʝʪʥʦʩʪʠ, ʷʚʣʷʶʱʠʡʩʷ ʟʘʚʝʨʰʘʶʱʠʤ ʵʪʘʧʦʤ 
ʧʦʩʪʨʦʝʥʠʷ BI-ʨʝʰʝʥʠʷ. 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʧʦʧʫʣʷʨʝʥ ʧʦʜʭʦʜ ʦʙʲʝʜʠʥʝʥʠʷ ʢʦʥʮʝʧʮʠʡ ʀʥʤʦʥʘ ʠ ʂʠʤʙʘʣʣʘ ʜʣʷ 
ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʧʨʝʠʤʫʱʝʩʪʚ ʦʙʝʠʭ. 

ʊʘʢ, ʥʘʧʨʠʤʝʨ, ʜʣʷ ʧʦʩʪʨʦʝʥʠʷ ʦʪʯʝʪʥʦʩʪʠ ʚ ʙʦʣʴʰʠʥʩʪʚʝ ʩʣʫʯʘʝʚ ʧʨʝʜʧʦʯʪʠʪʝʣʴʥʳʤ ʷʚʣʷʝʪʩʷ 
ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʜʘʥʥʳʭ ʚ ʜʝʥʦʨʤʘʣʠʟʦʚʘʥʥʦʤ ʠ ʘʛʨʝʛʠʨʦʚʘʥʥʦʤ ʚʠʜʝ, ʪʘʢ ʢʘʢ ʚʳʧʦʣʥʝʥʠʝ ʜʘʥʥʳʭ 
ʦʧʝʨʘʮʠʡ ʚʦ ʤʥʦʛʠʭ ʠʥʩʪʨʫʤʝʥʪʘʭ ʧʦʩʪʨʦʝʥʠʷ ʦʪʯʝʪʥʦʩʪʠ ʪʨʝʙʫʝʪ ʙʦʣʴʰʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʚʨʝʤʝʥʠ ʠ 
ʚʳʥʫʞʜʘʝʪ ʧʦʣʴʟʦʚʘʪʝʣʷ ʦʪʯʝʪʘ ʞʜʘʪʴ ʦʢʦʥʯʘʥʠʷ ʨʘʩʯʝʪʘ ʜʣʷ ʦʪʦʙʨʘʞʝʥʠʷ ʚʠʟʫʘʣʠʟʘʮʠʡ. ʂʨʦʤʝ 
ʪʦʛʦ, ʟʘʯʘʩʪʫʶ ʠʥʩʪʨʫʤʝʥʪʳ ʧʦʩʪʨʦʝʥʠʷ ʦʪʯʝʪʥʦʩʪʠ ʠʤʝʶʪ ʜʦʩʪʘʪʦʯʥʦ ʦʛʨʘʥʠʯʝʥʥʳʡ ʥʘʙʦʨ 
ʢʘʣʴʢʫʣʷʮʠʡ ʠ ʬʫʥʢʮʠʦʥʘʣ ʦʙʲʝʜʠʥʝʥʠʷ ʜʘʥʥʳʭ. ʆʜʥʘʢʦ ʚ ʫʩʣʦʚʠʷʭ ʙʳʩʪʨʦʛʦ ʠʟʤʝʥʝʥʠʷ 
ʦʢʨʫʞʘʶʱʝʛʦ ʤʠʨʘ ʫ ʦʨʛʘʥʠʟʘʮʠʡ ʧʦʩʪʦʷʥʥʦ ʚʦʟʥʠʢʘʶʪ ʥʦʚʳʝ ʚʦʧʨʦʩʳ, ʪʨʝʙʫʶʱʠʝ ʘʥʘʣʠʟʘ, ʧʦʵʪʦʤʫ 
ʨʘʩʰʠʨʷʝʤʦʩʪʴ ʭʨʘʥʠʣʠʱʘ ʪʘʢʞʝ ʠʤʝʝʪ ʙʦʣʴʰʦʝ ʟʥʘʯʝʥʠʝ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʭʨʘʥʠʣʠʱʝ ʜʘʥʥʳʭ ʧʦʟʚʦʣʷʝʪ ʩʦʭʨʘʥʠʪʴ ʠʩʪʦʨʠʯʥʦʩʪʴ ʜʘʥʥʳʭ, ʥʝʦʙʭʦʜʠʤʫʶ 
ʜʣʷ ʘʥʘʣʠʟʘ, ʧʨʝʜʩʪʘʚʠʪʴ ʜʘʥʥʳʝ ʚ ʥʘʠʙʦʣʝʝ ʫʜʦʙʥʦʤ ʚʠʜʝ, ʩʥʷʪʴ ʥʘʛʨʫʟʢʫ, ʩʚʷʟʘʥʥʫʶ ʩ ʘʥʘʣʠʪʠʢʦʡ, 
ʩ ʪʨʘʥʟʘʢʮʠʦʥʥʦʡ ʙʘʟʳ ʜʘʥʥʳʭ, ʫʧʨʦʩʪʠʪʴ ʠ ʫʩʢʦʨʠʪʴ ʧʨʦʮʝʩʩ ʧʦʩʪʨʦʝʥʠʷ ʦʪʯʝʪʥʦʩʪʠ. 

 
ʉʧʠʩʦʢ ʠʩʧʦʣʴʟʦʚʘʥʥʳʭ ʠʩʪʦʯʥʠʢʦʚ: 
1. Kimball R., Ross M. The Data Warehouse Toolkit: The Definitive Guide to Dimensional Modeling, Third Edition. ï 

Indianapolis, 2013. ï P. 27. 
2. "What is a Data Warehouse?" W.H. Inmon, Prism, Volume 1, Number 1. 

 
 

ɺʃʀʗʅʀɽ ʌʀɿʀʏɽʉʂʆɻʆ ʉʆʉʊʆʗʅʀʗ ʉʇʆʈʊʉʄɽʅɸ ʅɸ 
ʈɽɿʋʃʔʊɸʊ ʊɽʅʅʀʉʅʆɻʆ ʄɸʊʏɸ 

ʂʘʥʫʥʥʠʢʦʚ ʀ.ʉ. 

ɹʝʣʦʨʫʩʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʥʬʦʨʤʘʪʠʢʠ ʠ ʨʘʜʠʦʵʣʝʢʪʨʦʥʠʢʠ 

ʛ. ʄʠʥʩʢ, ʈʝʩʧʫʙʣʠʢʘ ɹʝʣʘʨʫʩʴ 

ʇʘʨʘʤʦʥʦʚ ɸ.ʀ. ï ʢ. ʪ. ʥ., ʜʦʮʝʥʪ 

ɺ ʨʘʙʦʪʝ ʧʨʠʚʦʜʠʪʩʷ ʠʩʩʣʝʜʦʚʘʥʠʝ ʧʦ ʚʣʠʷʥʠʶ ʥʘ ʨʝʟʫʣʴʪʘʪ ʪʝʥʥʠʩʥʦʛʦ ʤʘʪʯʘ ʪʘʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʠʛʨʦʢʘ ʢʘʢ ʨʦʩʪ, ʚʝʩ ʠ 
ʚʦʟʨʘʩʪ. ɺʳʧʦʣʥʝʥ ʘʥʘʣʠʟ ʜʠʥʘʤʠʢʠ ʠʟʤʝʥʝʥʠʷ ʫʢʘʟʘʥʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʜʣʷ ʠʛʨʦʢʦʚ ʪʦʧ-10 ʤʠʨʦʚʦʛʦ ʨʝʡʪʠʥʛʘ. 
ʉʬʦʨʤʫʣʠʨʦʚʘʥʳ ʚʳʚʦʜʳ ʦ ʚʣʠʷʥʠʠ ʨʘʩʩʤʦʪʨʝʥʥʳʭ ʧʦʢʘʟʘʪʝʣʝʡ ʥʘ ʠʪʦʛʦʚʳʡ ʨʝʟʫʣʴʪʘʪ ʤʘʪʯʘ. ɺʚʝʜʝʥ ʨʷʜ ʥʦʚʳʭ ʚʝʣʠʯʠʥ, 
ʢʦʪʦʨʳʝ ʭʘʨʘʢʪʝʨʠʟʫʶʪ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʠʛʨʦʚʦʡ ʥʘʛʨʫʟʢʠ ʠ ʚʨʝʤʝʥʠ ʥʘ ʚʦʩʩʪʘʥʦʚʣʝʥʠʝ ʤʝʞʜʫ ʤʘʪʯʘʤʠ. 

 
ɺ ʥʘʫʯʥʦ-ʤʝʪʦʜʠʯʝʩʢʦʡ ʣʠʪʝʨʘʪʫʨʝ ʧʦ ʪʝʥʥʠʩʫ ʥʝ ʚʳʷʚʣʝʥʳ ʭʘʨʘʢʪʝʨʥʳʝ ʦʩʦʙʝʥʥʦʩʪʠ 

ʪʝʣʦʩʣʦʞʝʥʠʷ ʩʦʚʨʝʤʝʥʥʳʭ ʣʫʯʰʠʭ ʪʝʥʥʠʩʠʩʪʦʚ ʤʠʨʘ, ʭʦʪʷ ʘʥʪʨʦʧʦʤʝʪʨʠʯʝʩʢʠʝ ʜʘʥʥʳʝ ʩʧʦʨʪʩʤʝʥʘ 
ʩʫʱʝʩʪʚʝʥʥʦ ʚʣʠʷʶʪ ʥʘ ʩʧʦʨʪʠʚʥʳʡ ʨʝʟʫʣʴʪʘʪ. ʎʝʣʴ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʩʚʦʜʠʪʩʷ ʢ ʫʩʪʘʥʦʚʣʝʥʠʶ 
ʪʝʥʜʝʥʮʠʡ ʠʟʤʝʥʝʥʠʷ ʘʥʪʨʦʧʦʤʝʪʨʠʯʝʩʢʠʭ ʧʦʢʘʟʘʪʝʣʝʡ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʳʭ ʪʝʥʥʠʩʠʩʪʦʚ ʤʠʨʘ ʟʘ 
ʧʨʦʰʝʜʰʠʝ ʛʦʜʳ 21 ʚʝʢʘ ʠ ʠʭ ʚʣʠʷʥʠʝ ʥʘ ʩʧʦʨʪʠʚʥʳʡ ʨʝʟʫʣʴʪʘʪ. 

ɺ ʨʘʙʦʪʝ ʩʪʘʚʠʣʘʩʴ ʟʘʜʘʯʘ ʧʨʦʚʝʩʪʠ ʩʨʘʚʥʝʥʠʝ ʩʨʝʜʥʠʭ ʘʥʪʨʦʧʦʤʝʪʨʠʯʝʩʢʠʭ ʧʦʢʘʟʘʪʝʣʝʡ 
(ʚʦʟʨʘʩʪʘ, ʨʦʩʪʘ, ʤʘʩʩʳ, ʠʥʜʝʢʩʘ ʤʘʩʩʳ ʪʝʣʘ ʠ ʜʨʫʛʠʭ ʧʦʢʘʟʘʪʝʣʝʡ) ʣʫʯʰʠʭ ʪʝʥʥʠʩʠʩʪʦʚ-
ʧʨʦʬʝʩʩʠʦʥʘʣʦʚ ʩʨʝʜʠ ʤʫʞʯʠʥ 2018 ʛʦʜʘ ʠ ʥʘʡʪʠ ʩʪʘʪʠʩʪʠʯʝʩʢʫʶ ʩʚʷʟʴ ʘʥʪʨʦʧʦʤʝʪʨʠʯʝʩʢʠʭ 
ʧʦʢʘʟʘʪʝʣʝʡ ʩ ʨʝʡʪʠʥʛʦʤ ʠ ʩʢʦʨʦʩʪʴʶ ʧʦʜʘʯʠ. 

ʈʦʩʪ ʠ ʚʝʩ ï ʦʜʥʠ ʠʭ ʚʘʞʥʝʡʰʠʭ ʘʥʪʨʦʧʦʤʝʪʨʠʯʝʩʢʠʭ ʧʦʢʘʟʘʪʝʣʝʡ ʯʝʣʦʚʝʢʘ. 
ʇʨʦʬʝʩʩʠʦʥʘʣʴʥʳʤ ʩʧʦʨʪʩʤʝʥʘʤ, ʚ ʪʦʤ ʯʠʩʣʝ ʠ ʪʝʥʥʠʩʠʩʪʘʤ, ʢʨʠʪʠʯʝʩʢʠ ʚʘʞʥʦ ʩʣʝʜʠʪʴ ʟʘ ʜʘʥʥʳʤʠ 
ʧʘʨʘʤʝʪʨʘʤʠ ʩʚʦʝʛʦ ʪʝʣʘ ʠ ʜʝʨʞʘʪʴ ʠʭ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʜʨʫʛ ʜʨʫʛʫ. ʇʨʘʢʪʠʢʘ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ 
ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʜʘʥʥʳʝ ʧʦʢʘʟʘʪʝʣʠ ʦʪʜʝʣʴʥʦ ʜʨʫʛ ʦʪ ʜʨʫʛʘ ʤʘʣʦʵʬʬʝʢʪʠʚʥʦ. ɼʣʷ ʦʮʝʥʢʠ ʩʦʦʪʚʝʪʩʪʚʠʷ 
ʚʝʩʘ ʠ ʨʦʩʪʘ ʯʝʣʦʚʝʢʘ ʩʫʱʝʩʪʚʫʝʪ ʧʦʢʘʟʘʪʝʣʴ çʀʥʜʝʢʩʘ ʤʘʩʩʳ ʪʝʣʘè ï ʀʄʊ (body mass index - BMI). 
ɼʘʥʥʳʡ ʧʦʢʘʟʘʪʝʣʴ ʨʘʩʩʯʠʪʳʚʘʝʪʩʷ ʧʦ ʬʦʨʤʫʣʝ (1). 

 

 ὄὓὍ  , (1) 

ʛʜʝ m ï ʤʘʩʩʘ ʪʝʣʘ ʚ ʢʠʣʦʛʨʘʤʤʘʭ, h ï ʨʦʩʪ ʚ ʤʝʪʨʘʭ. [1,2] 
ɺ 2014 ʛʦʜʫ Francis KH Wong, Jackie HK Keung, Newman ML Lau ʠ ʜʨʫʛʠʝ [3] ʦʧʫʙʣʠʢʦʚʘʣʠ 

ʠʩʩʣʝʜʦʚʘʥʠʝ, ʚ ʢʦʪʦʨʦʤ ʠʟʫʯʘʣʦʩʴ ʚ ʪʦʤ ʯʠʩʣʝ ʠ ʚʣʠʷʥʠʝ ʀʄʊ ʥʘ ʩʢʦʨʦʩʪʴ ʧʦʜʘʯʠ ʚ ʪʝʥʥʠʩʝ. 



55-ʷ ʶʙʠʣʝʡʥʘʷ ʥʘʫʯʥʘʷ ʢʦʥʬʝʨʝʥʮʠʷ ʘʩʧʠʨʘʥʪʦʚ, ʤʘʛʠʩʪʨʘʥʪʦʚ ʠ ʩʪʫʜʝʥʪʦʚ ɹɻʋʀʈ, 2019 ʛ. 
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ʋʯʝʥʳʝ ʧʨʠʰʣʠ ʢ ʩʣʝʜʫʶʱʠʤ ʚʳʚʦʜʘʤ: ʚʦʟʨʘʩʪ, ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ ʪʨʝʥʠʨʦʚʦʢ ʠ ʨʦʩʪ ʠʛʨʦʢʘ ʥʝ 
ʠʤʝʶʪ ʟʥʘʯʠʪʝʣʴʥʦʡ ʢʦʨʨʝʣʷʮʠʠ ʩʦ ʩʢʦʨʦʩʪʴʶ ʧʦʜʘʯʠ; ʀʄʊ ʟʥʘʯʠʪʝʣʴʥʦ (r =0.577; p <0.05) 
ʢʦʨʨʝʣʠʨʫʝʪ ʩʦ ʩʢʦʨʦʩʪʴʶ ʧʦʜʘʯʠ. ʊʝʥʥʠʩʠʩʪʳ ʩ ʀʄʊ 20,45 Ñ 2.57 ʢʛ/ʤ

2
 ʠʤʝʶʪ ʩʢʦʨʦʩʪʴ ʧʦʜʘʯʠ ʜʦ 150 

ʢʤ/ʯ. ʊʝʥʥʠʩʠʩʪʳ ʩ ʀʄʊ 23,87 Ñ 1.89 ʢʛ/ʤ
2
 ʠʤʝʶʪ ʩʢʦʨʦʩʪʴ ʧʦʜʘʯʠ ʚʳʰʝ 150 ʢʤ/ʯ. 

ɺ ʨʘʙʦʪʝ ʩʦʙʨʘʥʘ ʠ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥʘ ʠʥʬʦʨʤʘʮʠʷ ʧʦ ʨʦʩʪʫ ʠ ʚʝʩʫ ʠʛʨʦʢʦʚ ʪʦʧ-10 ʤʠʨʦʚʦʛʦ 
ʨʝʡʪʠʥʛʘ ATP ʧʦ ʠʪʦʛʘʤ ʩʝʟʦʥʦʚ 2000-2018 ʛʛ. (ʥʘ ʜʘʪʫ 13.10.2018). ʀʥʬʦʨʤʘʮʠʷ ʙʨʘʣʘʩʴ ʩ 
ʦʬʠʮʠʘʣʴʥʦʛʦ ʩʘʡʪʘ ATP. [4] ɸʥʘʣʠʟʠʨʦʚʘʣʠʩʴ ʩʣʝʜʫʶʱʠʝ 3 ʬʘʢʪʦʨʘ: ʠʥʜʝʢʩ ʤʘʩʩʳ ʪʝʣʘ, ʚʝʩ, ʨʦʩʪ. 
ʀʩʩʣʝʜʦʚʘʣʦʩʴ ʜʣʷ 4 ʩʦʩʪʦʷʥʠʡ: 1-ʷ ʨʘʢʝʪʢʘ ʤʠʨʘ, ʉʨʝʜʥʝʝ ʩʨʝʜʠ ʪʦʧ-10, ʄʘʢʩʠʤʘʣʴʥʦʝ ʩʨʝʜʠ ʪʦʧ-

10, ʄʠʥʠʤʘʣʴʥʦʝ ʩʨʝʜʠ ʪʦʧ-10. ɺ ʨʝʟʫʣʴʪʘʪʝ ʙʳʣ ʥʘʡʜʝʥ çʠʜʝʘʣʴʥʳʡè ʪʝʥʥʠʩʥʳʡ ʀʄʊ 23.89 
̋̄

̍
. 

ɺʣʠʷʥʠʝ ʧʦʢʘʟʘʪʝʣʷ ʀʄʊ ʙʳʣʦ ʦʮʝʥʝʥʦ ʧʦ ʬʦʨʤʫʣʝ (2).  
 

 ὖ  ρ
  

 ρ
  Ȣ

Ȣ
, (2) 

ʛʜʝ ὄὓὍ ï ʠʥʜʝʢʩ ʤʘʩʩʳ ʪʝʣʘ i-ʛʦ ʠʛʨʦʢʘ. 

ʅʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʪʝʥʥʠʩʥʳʝ ʘʥʘʣʠʪʠʢʠ ʠ ʞʫʨʥʘʣʠʩʪʳ ʦʪʤʝʯʘʶʪ, ʯʪʦ ʩʦʚʨʝʤʝʥʥʳʝ 
ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʳʝ ʪʝʥʥʠʩʠʩʪʳ ʚ ʩʨʝʜʥʝʤ ʩʪʘʨʰʝ, ʯʝʤ ʢʦʛʜʘ ʙʳ ʪʦ ʥʠ ʙʳʣʦ ʨʘʥʝʝ. [6-10] ɺ 2016 ʛ 
ʩʨʝʜʥʠʡ ʚʦʟʨʘʩʪ ʚ ʤʫʞʩʢʦʤ ʪʝʥʥʠʩʥʦʤ ʪʫʨʝ ʙʳʣ 27.7 ʣʝʪ ï ʥʘʠʙʦʣʴʰʠʡ ʟʘ ʚʩʶ ʠʩʪʦʨʠʶ ʪʫʨʘ. [5] 
ʉʨʝʜʥʠʡ ʚʦʟʨʘʩʪ ʦʢʦʥʯʘʥʠʷ ʢʘʨʴʝʨʳ ʚ ʪʝʥʥʠʩʝ ï 30-33 ʛʦʜʘ. [14] ɺ ʨʘʙʦʪʝ ʚʚʝʜʝʥʦ ʧʦʥʷʪʠʝ çʧʠʢʦʚʳʡ 
ʪʝʥʥʠʩʥʳʡ ʚʦʟʨʘʩʪè - ʚʦʟʨʘʩʪ, ʢʦʛʜʘ ʪʝʥʥʠʩʠʩʪ ʧʦʢʘʟʳʚʘʝʪ ʤʘʢʩʠʤʘʣʴʥʳʝ ʠʛʨʦʚʳʝ ʨʝʟʫʣʴʪʘʪʳ. 
ɼʘʥʥʦʝ ʟʥʘʯʝʥʠʝ ʧʦʣʫʯʠʣʦʩʴ ʨʘʚʥʳʤ 26.75 ʣʝʪ.  

ɺʣʠʷʥʠʝ ʧʦʢʘʟʘʪʝʣʷ ʚʦʟʨʘʩʪʘ ʠʛʨʦʢʘ ʙʳʣʦ ʦʮʝʥʝʥʦ ʧʦ ʬʦʨʤʫʣʝ (3). 
 

 ὖ  ρ
  

 ρ
  Ȣ

Ȣ
 , (3) 

ʛʜʝ ὥὫὩ ï ʚʦʟʨʘʩʪ i-ʛʦ ʠʛʨʦʢʘ. 

ɺʚʝʜʝʥʦ ʧʦʥʷʪʠʝ ʠʛʨʦʚʦʡ ʥʘʛʨʫʟʢʠ ï ʩʫʤʤʘʨʥʦʝ ʚʨʝʤʷ ʥʘ ʢʦʨʪʝ ʟʘ ʪʫʨʥʠʨ. ʊʝʥʥʠʩʥʳʝ ʤʘʪʯʠ ʫ 
ʤʫʞʯʠʥ ʥʘ ʪʫʨʥʠʨʘʭ ʙʦʣʴʰʦʛʦ ʰʣʝʤʘ ʠʛʨʘʶʪʩʷ ʜʦ ʧʦʙʝʜ ʚ ʪʨʝʭ ʩʝʪʘʭ, ʪʦ ʝʩʪʴ ʤʘʢʩʠʤʘʣʴʥʦ 
ʚʦʟʤʦʞʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʩʝʪʦʚ ʚ ʤʘʪʯʝ ʨʘʚʥʦ ʧʷʪʠ. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ ʪʝʥʥʠʩʥʦʛʦ 
ʤʘʪʯʘ ʥʘ ʪʫʨʥʠʨʘʭ ʙʦʣʴʰʦʛʦ ʰʣʝʤʘ ʫ ʤʫʞʯʠʥ ʜʦʩʪʠʛʘʝʪ ʰʝʩʪʠ ʠ ʙʦʣʝʝ ʯʘʩʦʚ. ʋʯʠʪʳʚʘʷ, ʯʪʦ ʚ 
ʦʩʥʦʚʥʦʡ ʩʝʪʢʝ ʥʝʦʙʭʦʜʠʤʦ ʚʳʠʛʨʘʪʴ ʩʝʤʴ ʤʘʪʯʝʡ, ʯʪʦʙʳ ʧʦʙʝʜʠʪʴ ʚ ʊʫʨʥʠʨʝ ɹʦʣʴʰʦʛʦ ʐʣʝʤʘ, ʪʦ 
ʩʫʤʤʘʨʥʦʝ ʚʨʝʤʷ ʧʨʝʙʳʚʘʥʠʷ ʩʧʦʨʪʩʤʝʥʦʚ ʥʘ ʢʦʨʪʝ ʤʦʞʝʪ ʥʘʤʥʦʛʦ ʧʨʝʚʳʩʠʪʴ ʜʚʫʟʥʘʯʥʫʶ ʦʪʤʝʪʢʫ ʚ 
ʯʘʩʘʭ. 

ɺʚʝʜʝʥʦ ʧʦʥʷʪʠʝ ʚʨʝʤʝʥʠ ʥʘ ʚʦʩʩʪʘʥʦʚʣʝʥʠʝ ʤʝʞʜʫ ʪʫʨʥʠʨʘʤʠ - ʬʘʢʪʠʯʝʩʢʦʝ ʚʨʝʤʷ ʦʪʜʳʭʘ (ʚ 
ʥʝʜʝʣʷʭ) ʠʛʨʦʢʦʚ ʨʘʟʥʳʭ ʚʦʟʨʘʩʪʥʳʭ ʛʨʫʧʧ. ɺʦʩʩʪʘʥʦʚʣʝʥʠʝ ʩʠʣ ʤʝʞʜʫ ʪʫʨʥʠʨʘʤʠ ʦʯʝʥʴ ʚʘʞʥʦ ʜʣʷ 
ʧʨʦʜʫʢʪʠʚʥʦʛʦ ʚʳʩʪʫʧʣʝʥʠʷ ʪʝʥʥʠʩʠʩʪʦʚ ʥʘ ʧʦʩʣʝʜʫʶʱʠʭ ʩʦʨʝʚʥʦʚʘʥʠʷʭ. ɺ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʚʦʟʨʘʩʪʘ, 
ʯʝʣʦʚʝʯʝʩʢʦʤʫ ʦʨʛʘʥʠʟʤʫ ʪʨʝʙʫʝʪʩʷ ʨʘʟʣʠʯʥʦʝ ʚʨʝʤʷ ʜʣʷ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ. ɼʣʷ ʪʦʛʦ, ʯʪʦʙʳ 
ʫʩʪʘʥʦʚʠʪʴ, ʩʢʦʣʴʢʦ ʚʨʝʤʝʥʠ ʪʨʝʙʫʝʪʩʷ ʥʘ ʚʦʩʩʪʘʥʦʚʣʝʥʠʝ ʪʝʥʥʠʩʠʩʪʘʤ ʪʦʧ-10 ʨʘʟʣʠʯʥʳʭ 
ʚʦʟʨʘʩʪʥʳʭ ʢʘʪʝʛʦʨʠʡ ʫʩʣʦʚʥʦ ʨʘʟʜʝʣʠʣʠ ʚʩʝʭ ʠʛʨʦʢʦʚ ʥʘ ʪʨʠ ʚʦʟʨʘʩʪʥʳʝ ʢʘʪʝʛʦʨʠʠ: ʜʦ 25 ʣʝʪ, 25-30 
ʣʝʪ, 30+ ʣʝʪ. ɼʣʷ ʢʘʞʜʦʡ ʢʘʪʝʛʦʨʠʠ ʚʟʷʪʳ ʥʘʠʙʦʣʝʝ ʫʩʧʝʰʥʳʝ ʧʨʝʜʩʪʘʚʠʪʝʣʠ ʚ ʨʝʡʪʠʥʛʝ ʚ ʜʘʥʥʳʡ 
ʤʦʤʝʥʪ ʠ ʧʨʦʚʝʨʝʥʳ ʠʭ ʨʝʟʫʣʴʪʘʪʳ ʟʘ ʩʝʟʦʥ 2018ʛ (ʥʘ ʜʘʪʫ 08.10.2018). ɼʣʷ ʘʥʘʣʠʟʘ ʧʦʣʴʟʦʚʘʣʠʩʴ 
ʜʘʥʥʳʝ ʠʟ ʠʩʪʦʯʥʠʢʦʚ [11-13]. 

ɺʚʝʜʝʥʦ ʧʦʥʷʪʠʝ ʥʝʧʨʝʨʳʚʥʦʡ ʠʛʨʦʚʦʡ ʥʘʛʨʫʟʢʠ ï ʩʨʝʜʥʷʷ ʥʘʛʨʫʟʢʘ ʤʝʞʜʫ ʧʝʨʠʦʜʘʤʠ ʦʪʜʳʭʘ. 
ɺ 2013 ʛ Tuomo Ojala and Keijo Hªkkinen ʠʩʩʣʝʜʦʚʘʣʠ [15] ʚʣʠʷʥʠʝ 3-ʜʥʝʚʥʦʛʦ ʪʝʥʥʠʩʥʦʛʦ ʪʫʨʥʠʨʘ ʥʘ 
ʬʠʟʠʯʝʩʢʫʶ ʘʢʪʠʚʥʦʩʪʴ, ʛʦʨʤʦʥʘʣʴʥʳʝ ʨʝʘʢʮʠʠ ʠ ʪʦʥʫʩ ʤʳʰʮ. ʇʦʤʠʤʦ ʧʨʦʯʝʛʦ ʫʯʝʥʳʝ ʩʜʝʣʘʣʠ 
ʚʳʚʦʜ, ʯʪʦ ʜʘʞʝ ʯʝʨʝʟ 48 ʯʘʩʦʚ ʧʦʩʣʝ ʦʢʦʥʯʘʥʠʷ ʪʫʨʥʠʨʘ ʦʨʛʘʥʠʟʤ ʩʧʦʨʪʩʤʝʥʦʚ ʥʝ ʚʦʩʩʪʘʥʦʚʠʣʩʷ 
ʧʦʣʥʦʩʪʴʶ. ɼʣʷ ʪʦʛʦ, ʯʪʦʙʳ ʫʩʪʘʥʦʚʠʪʴ ʩʨʝʜʥʶʶ ʥʘʛʨʫʟʢʫ ʤʝʞʜʫ ʧʝʨʠʦʜʘʤʠ ʦʪʜʳʭʘ ʫ ʪʝʥʥʠʩʠʩʪʦʚ 
ʪʦʧ-10 ʨʘʟʣʠʯʥʳʭ ʚʦʟʨʘʩʪʦʚ, ʚʩʝ ʠʛʨʦʢʠ ʙʳʣʠ ʫʩʣʦʚʥʦ ʨʘʟʜʝʣʝʥʳ ʥʘ 3 ʚʦʟʨʘʩʪʥʳʝ ʢʘʪʝʛʦʨʠʠ: ʜʦ 25 
ʣʝʪ, 25-30 ʣʝʪ, 30+ ʣʝʪ. ɼʣʷ ʢʘʞʜʦʡ ʢʘʪʝʛʦʨʠʠ ʙʳʣ ʚʟʷʪ ʥʘʠʙʦʣʝʝ ʫʩʧʝʰʥʳʡ ʧʨʝʜʩʪʘʚʠʪʝʣʴ ʚ 
ʨʝʡʪʠʥʛʝ ʚ ʜʘʥʥʳʡ ʤʦʤʝʥʪ ʠ ʧʨʦʚʝʨʝʥʳ ʝʛʦ ʨʝʟʫʣʴʪʘʪʳ ʟʘ ʩʝʟʦʥ 2018ʛ (ʥʘ ʜʘʪʫ 08.10.2018). 
ʄʦʜʝʣʠʨʦʚʘʥʠʝ ʧʦʢʘʟʘʣʦ ʨʦʩʪ ʧʦʢʘʟʘʪʝʣʷ ʥʝʧʨʝʨʳʚʥʦʡ ʠʛʨʦʚʦʡ ʥʘʛʨʫʟʢʠ ʩ ʚʦʟʨʘʩʪʦʤ ʦʪ 524,6 ʤʠʥʫʪ 
(ʜʣʷ ʚʦʟʨʘʩʪʥʦʡ ʛʨʫʧʧʳ ʜʦ 25 ʣʝʪ) ʜʦ 823.9 ʤʠʥʫʪ (ʜʣʷ ʚʦʟʨʘʩʪʥʦʡ ʛʨʫʧʧʳ 30+ ʣʝʪ.) 

ɺʚʝʜʝʥʦ ʧʦʥʷʪʠʝ ʧʨʝʜʝʣʴʥʦʡ ʠʛʨʦʚʦʡ ʥʘʛʨʫʟʢʠ - ʪʘʢʦʡ ʩʫʤʤʘʨʥʦʡ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʠ ʚʨʝʤʝʥʠ 
ʥʘ ʢʦʨʪʝ ʙʝʟ ʫʯʝʪʘ ʧʝʨʠʦʜʦʚ ʦʪʜʳʭʘ, ʧʦʩʣʝ ʢʦʪʦʨʦʡ ʠʛʨʦʢ ʩʥʠʤʝʪʩʷ ʩ ʤʘʪʯʘ ʚʚʠʜʫ ʪʨʘʚʤʳ ʠʣʠ ʠʥʦʛʦ 
ʥʝʜʦʤʦʛʘʥʠʷ. ʆʪʩʯʝʪ ʩʫʤʤʳ ʚʝʜʝʪʩʷ ʩ ʤʦʤʝʥʪʘ ʧʦʩʣʝʜʥʝʛʦ ʩʥʷʪʠʷ ʩ ʤʘʪʯʘ. ʂʘʢ ʧʨʘʚʠʣʦ, ʧʦʩʣʝ 
ʩʥʷʪʠʡ ʩ ʠʛʨ ʩʧʦʨʪʩʤʝʥʳ ʜʝʣʘʶʪ ʜʣʠʪʝʣʴʥʳʝ ʧʝʨʝʨʳʚʳ ʜʣʷ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʟʜʦʨʦʚʴʷ. 
ʇʨʦʘʥʘʣʠʟʠʨʦʚʘʚ, ʢʘʢ ʩʢʘʟʳʚʘʝʪʩʷ ʩʫʤʤʘʨʥʦʝ ʚʨʝʤʷ, ʧʨʦʚʝʜʝʥʥʦʝ ʥʘ ʢʦʨʪʝ, ʥʘ ʩʥʷʪʠʷʭ ʩ ʤʘʪʯʝʡ 
ʩʧʦʨʪʩʤʝʥʦʚ ʚ ʩʝʟʦʥʝ 2018ʛ ʥʘ ʜʘʪʫ 08.10.2018, ʧʦʣʫʯʝʥʳ ʮʠʬʨʳ 2541,3 ʤʠʥʫʪʳ ʜʣʷ ʚʦʟʨʘʩʪʥʦʡ 
ʛʨʫʧʧʳ 25-30 ʣʝʪ ʠ 3295,5 ʤʠʥʫʪ ʜʣʷ ʚʦʟʨʘʩʪʥʦʡ ʛʨʫʧʧʳ 30+ ʣʝʪ. 

ɺ ʨʘʙʦʪʝ ʧʦʢʘʟʘʥʳ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ ʠʟʤʝʥʝʥʠʷ ʨʦʩʪʘ, ʚʝʩʘ ʠ ʀʄʊ ʫ ʪʝʥʥʠʩʠʩʪʦʚ ʪʦʧ-10 
ʤʠʨʦʚʦʛʦ ʨʝʡʪʠʥʛʘ, ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥ ʚʦʟʨʘʩʪ ʠʛʨʦʢʦʚ ʊʫʨʘ ʠ ʚʚʝʜʝʥ ʨʷʜ ʥʦʚʳʭ ʚʝʣʠʯʠʥ, 
ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʭ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʠʛʨʦʚʦʡ ʥʘʛʨʫʟʢʠ ʠ ʚʨʝʤʝʥʠ ʥʘ ʚʦʩʩʪʘʥʦʚʣʝʥʠʝ ʤʝʞʜʫ ʤʘʪʯʘʤʠ. 



55-ʷ ʶʙʠʣʝʡʥʘʷ ʥʘʫʯʥʘʷ ʢʦʥʬʝʨʝʥʮʠʷ ʘʩʧʠʨʘʥʪʦʚ, ʤʘʛʠʩʪʨʘʥʪʦʚ ʠ ʩʪʫʜʝʥʪʦʚ ɹɻʋʀʈ, 2019 ʛ. 
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ʀʉʇʆʃʔɿʆɺɸʅʀɽ ʀʉʂʋʉʉʊɺɽʅʅʓʍ ʅɽʁʈʆʅʅʓʍ ʉɽʊɽʁ ɼʃʗ 
ʇʈʆɻʅʆɿʀʈʆɺɸʅʀʗ ʇʆɻʆɼʅʓʍ ʋʉʃʆɺʀʁ 

ʂʣʝʱʠʢʦʚ ɸ.ʉ., ʄʝʜʚʝʜʝʚ ʉ.ɸ. 

ɹʝʣʦʨʫʩʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʥʬʦʨʤʘʪʠʢʠ ʠ ʨʘʜʠʦʵʣʝʢʪʨʦʥʠʢʠ 
ʛ. ʄʠʥʩʢ, ʈʝʩʧʫʙʣʠʢʘ ɹʝʣʘʨʫʩʴ 

ʄʝʜʚʝʜʝʚ ʉ.ɸ. ï ʢ.ʪ.ʥ.,ʜʦʮʝʥʪ 

ʇʨʦʛʥʦʟʠʨʦʚʘʥʠʝ ʧʦʛʦʜʳ ʷʚʣʷʝʪʩʷ ʞʠʟʥʝʥʥʦ ʚʘʞʥʦʡ ʦʙʣʘʩʪʴʶ ʚ ʤʝʪʝʦʨʦʣʦʛʠʠ ʠ ʙʳʣʘ ʦʜʥʠʤ ʠʟ ʩʘʤʳʭ ʥʘʫʯʥʦ ʠ 
ʪʝʭʥʦʣʦʛʠʯʝʩʢʠ ʩʣʦʞʥʳʭ ʧʨʦʙʣʝʤ ʚ ʤʠʨʝ ʚ ʧʨʦʰʣʦʤ ʚʝʢʝ. ɺ ʜʘʥʥʦʡ ʩʪʘʪʴʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʤʝʪʦʜʦʚ 
ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʦʛʦ ʘʥʘʣʠʟʘ ʜʘʥʥʳʭ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʠʩʢʫʩʩʪʚʝʥʥʳʭ ʥʝʡʨʦʥʥʳʭ ʩʝʪʝʡ ʜʣʷ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʧʦʛʦʜʥʳʭ ʫʩʣʦʚʠʡ, 
ʪʘʢʠʭ ʢʘʢ ʤʘʢʩʠʤʘʣʴʥʘʷ ʪʝʤʧʝʨʘʪʫʨʘ ʚʦʟʜʫʭʘ, ʩʢʦʨʦʩʪʴ ʚʝʪʨʘ, ʢʦʣʠʯʝʩʪʚʘ ʦʩʘʜʢʦʚ ʠ ʜʨ. 

ʆʩʥʦʚʥʘʷ ʮʝʣʴ ʜʘʥʥʦʡ ʩʪʘʪʴʠ ï ʨʘʩʩʤʦʪʨʝʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʠʩʢʫʩʩʪʚʝʥʥʳʭ ʥʝʡʨʦʥʥʳʭ ʩʝʪʝʡ 
ʜʣʷ ʟʘʜʘʯ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʯʠʩʣʝʥʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ, ʪʘʢʠʭ ʢʘʢ ʪʝʤʧʝʨʘʪʫʨʘ ʚʦʟʜʫʭʘ, ʩʢʦʨʦʩʪʴ ʚʝʪʨʘ, 
ʢʦʣʠʯʝʩʪʚʦ ʦʩʘʜʢʦʚ, ʠʩʧʘʨʝʥʠʝ ʠ ʜʨʫʛʠʝ. 

ʀʥʪʝʣʣʝʢʪʫʘʣʴʥʳʡ ʘʥʘʣʠʟ ʜʘʥʥʳʭ ï ʵʪʦ ʤʝʪʦʜʠʢʘ ʧʦʠʩʢʘ ʥʦʚʦʡ ʠ ʧʦʪʝʥʮʠʘʣʴʥʦ ʧʦʣʝʟʥʦʡ 
ʠʥʬʦʨʤʘʮʠʠ ʠʟ ʙʦʣʴʰʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʠʩʭʦʜʥʳʭ ʜʘʥʥʳʭ. ɺ ʦʪʣʠʯʠʝ ʦʪ ʩʪʘʥʜʘʨʪʥʳʭ ʩʪʘʪʠʩʪʠʯʝʩʢʠʭ 
ʤʝʪʦʜʦʚ, ʤʝʪʦʜʳ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʘʥʘʣʠʟʘ ʜʘʥʥʳʭ ʧʦʟʚʦʣʷʶʪ ʥʘʡʪʠ ʠʥʪʝʨʝʩʥʫʶ ʠʥʬʦʨʤʘʮʠʶ, ʥʝ 
ʪʨʝʙʫʷ ʘʧʨʠʦʨʥʳʭ ʛʠʧʦʪʝʟ, ʘ ʚʠʜ ʰʘʙʣʦʥʦʚ, ʦʙʥʘʨʫʞʝʥʥʳʭ ʚʦ ʚʨʝʤʷ ʘʥʘʣʠʟʘ ʜʘʥʥʳʭ, ʟʘʚʠʩʠʪ ʦʪ 
ʟʘʜʘʯ, ʧʦʩʪʘʚʣʝʥʥʳʭ ʚ ʭʦʜʝ ʠʭ ʘʥʘʣʠʟʘ. 

ʀʩʢʫʩʩʪʚʝʥʥʦʡ ʥʝʡʨʦʥʥʦʡ ʩʝʪʴʶ ʥʘʟʳʚʘʝʪʩʷ ʜʠʥʘʤʠʯʝʩʢʘʷ ʩʠʩʪʝʤʘ, ʩʦʩʪʦʷʱʘʷ ʠʟ ʩʦʚʦʢʫʧʥʦʩʪʠ 
ʩʚʷʟʘʥʥʳʭ ʤʝʞʜʫ ʩʦʙʦʡ ʧʦ ʪʠʧʫ ʫʟʣʦʚ ʥʘʧʨʘʚʣʝʥʥʦʛʦ ʛʨʘʬʘ ʵʣʝʤʝʥʪʘʨʥʳʭ ʧʨʦʮʝʩʩʦʨʦʚ, ʥʘʟʳʚʘʝʤʳʭ 
ʠʩʢʫʩʩʪʚʝʥʥʳʤʠ ʠʣʠ ʬʦʨʤʘʣʴʥʳʤʠ ʥʝʡʨʦʥʘʤʠ, ʠ ʩʧʦʩʦʙʥʘʷ ʛʝʥʝʨʠʨʦʚʘʪʴ ʚʳʭʦʜʥʫʶ ʠʥʬʦʨʤʘʮʠʶ ʚ 
ʦʪʚʝʪ ʥʘ ʚʭʦʜʥʦʝ ʚʦʟʜʝʡʩʪʚʠʝ. ʄʦʜʝʣʴ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʥʝʡʨʦʥʘ ʩʦʩʪʦʠʪ ʠʟ ʪʨʝʭ ʵʣʝʤʝʥʪʦʚ: ʩʠʥʘʧʩʦʚ 
(ʚʭʦʜʦʚ), ʢʘʞʜʳʡ ʠʟ ʢʦʪʦʨʳʭ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʚʝʣʠʯʠʥʦʡ ʩʠʥʘʧʪʠʯʝʩʢʦʡ ʩʚʷʟʠ wi, ʪʝʣʦʤ ʥʝʡʨʦʥʘ 
(ʩʫʤʤʘʪʦʨ) ʠ ʘʢʩʦʥʦʤ (ʚʳʭʦʜʦʤ). ɼʘʥʥʘʷ ʤʦʜʝʣʴ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩʫʥʢʝ 1. 
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ʈʠʩʫʥʦʢ 1 ï ʄʦʜʝʣʴ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʥʝʡʨʦʥʘ. 

 

ʄʘʪʝʤʘʪʠʯʝʩʢʠ ʚʳʭʦʜ Y ʥʝʡʨʦʥʘ ʤʦʞʥʦ ʟʘʧʠʩʘʪʴ ʚ ʚʠʜʝ ʩʣʝʜʫʶʱʝʡ ʬʦʨʤʫʣʳ: 
ὣ ὪὛ ὪВ ύὼ ύ      (1) 

ɼʣʷ ʮʝʣʝʡ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʧʦʛʦʜʥʳʭ ʫʩʣʦʚʠʡ ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʧʨʠʤʝʥʠʪʴ ʩʭʝʤʫ ʤʥʦʛʦʩʣʦʡʥʦʛʦ 
ʧʝʨʩʝʧʪʨʦʥʘ ʩ ʦʙʨʘʪʥʳʤ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝʤ ʦʰʠʙʢʠ. ʄʥʦʛʦʩʣʦʡʥʳʡ ʧʝʨʩʝʧʪʨʦʥ ʧʦʟʚʦʣʷʝʪ 
ʘʧʧʨʦʢʩʠʤʠʨʦʚʘʪʴ ʣʶʙʫʶ ʥʝʧʨʝʨʳʚʥʫʶ ʬʫʥʢʮʠʶ ʠʣʠ ʛʨʘʥʠʮʫ ʤʝʞʜʫ ʢʣʘʩʩʘʤʠ ʩʦ ʩʢʦʣʴ ʫʛʦʜʥʦ 
ʚʳʩʦʢʦʡ ʪʦʯʥʦʩʪʴʶ. ɺ ʢʘʯʝʩʪʚʝ ʬʫʥʢʮʠʠ ʘʢʪʠʚʘʮʠʠ f ʠʩʧʦʣʴʟʫʝʪʩʷ ʩʠʛʤʦʠʜʥʘʷ ʬʫʥʢʮʠʷ (2). 

Ὢὼ       (2) 

ɼʣʷ ʦʙʫʯʝʥʠʷ ʩʝʪʠ ʠʩʧʦʣʴʟʫʝʪʩʷ ʘʣʛʦʨʠʪʤ ʦʙʨʘʪʥʦʛʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʦʰʠʙʢʠ: 
1) ʠʥʠʮʠʘʣʠʟʠʨʦʚʘʪʴ ʩʠʥʘʧʪʠʯʝʩʢʠʝ ʚʝʩʘ ʤʘʣʝʥʴʢʠʤʠ ʩʣʫʯʘʡʥʳʤʠ ʟʥʘʯʝʥʠʷʤʠ; 
2) ʚʳʙʨʘʪʴ ʦʯʝʨʝʜʥʫʶ ʧʘʨʫ ʠʟ ʦʙʫʯʘʶʱʝʛʦ ʤʥʦʞʝʩʪʚʘ; ʧʦʜʘʪʴ ʚʭʦʜʥʦʡ ʚʝʢʪʦʨ ʥʘ ʚʭʦʜ 

ʩʝʪʠ;  
3) ʚʳʯʠʩʣʠʪʴ ʚʳʭʦʜ ʩʝʪʠ; 
4) ʚʳʯʠʩʣʠʪʴ ʨʘʟʥʦʩʪʴ ʤʝʞʜʫ ʚʳʭʦʜʦʤ ʩʝʪʠ ʠ ʪʨʝʙʫʝʤʳʤ ʚʳʭʦʜʦʤ; 
5) ʧʦʜʢʦʨʨʝʢʪʠʨʦʚʘʪʴ ʚʝʩʘ ʩʝʪʠ ʜʣʷ ʤʠʥʠʤʠʟʘʮʠʠ ʦʰʠʙʢʠ; 
6) ʧʦʚʪʦʨʷʪʴ ʰʘʛʠ ʩ 2 ʧʦ 5 ʜʣʷ ʢʘʞʜʦʛʦ ʚʝʢʪʦʨʘ ʦʙʫʯʘʶʱʝʛʦ ʤʥʦʞʝʩʪʚʘ ʜʦ ʪʝʭ ʧʦʨ, ʧʦʢʘ 

ʦʰʠʙʢʘ ʥʘ ʚʩʝʤ ʤʥʦʞʝʩʪʚʝ ʥʝ ʜʦʩʪʠʛʥʝʪ ʧʨʠʝʤʣʝʤʦʛʦ ʫʨʦʚʥʷ. 
ɼʘʥʥʘʷ ʤʦʜʝʣʴ ʧʦʟʚʦʣʷʝʪ ʜʦʩʪʘʪʦʯʥʦ ʪʦʯʥʦ ʧʨʝʜʩʢʘʟʳʚʘʪʴ ʯʠʩʣʝʥʥʳʝ ʭʘʨʘʢʪʠʨʠʩʪʠʢʠ ʧʦʛʦʜʳ ʩ 

ʚʳʩʦʢʦʡ ʪʦʯʥʦʩʪʴʶ. ʆʜʥʘʢʦ, ʪʘʢʦʡ ʤʝʪʦʜ ʥʝ ʧʦʜʭʦʜʠʪ, ʝʩʣʠ ʚʭʦʜʥʳʝ ʜʘʥʥʳʝ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ 
ʚʳʩʦʢʠʤ ʰʫʤʦʤ ʠʣʠ ʙʦʣʴʰʠʤ ʧʨʦʧʫʩʢʦʤ ʟʥʘʯʝʥʠʡ ʚʦ ʚʨʝʤʝʥʥʦʤ ʨʷʜʝ. 

 
ʉʧʠʩʦʢ ʠʩʧʦʣʴʟʦʚʘʥʥʳʭ ʠʩʪʦʯʥʠʢʦʚ: 
1. Bregman, J.I. Environmental Impact Statements / Bregman, J.I. ï Boca Raton : MI Lewis Publication, 2006. ï 264 p. 
2. Folorunsho O. Application of Data Mining Techniques in Weather Prediction and Climate Change Studies / Folorunsho O. // 

I.J. Information Engineering and Electronic Business. ï 2012. ï p. 50-51. 
 
 

ʈɸɿʈɸɹʆʊʂɸ ʇʈʆɻʈɸʄʄʅʆɻʆ ʉʈɽɼʉʊɺɸ ɻɽʅɽʈɸʎʀʀ UML-
ɼʀɸɻʈɸʄʄ ʅɸ ʆʉʅʆɺɽ ʆʇʀʉɸʅʀʗ ʅɸ ʄɽʊɸʗɿʓʂɽ 

ʂʦʙʝʮ ʀ. ɸ. 

ɹʝʣʦʨʫʩʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʥʬʦʨʤʘʪʠʢʠ ʠ ʨʘʜʠʦʵʣʝʢʪʨʦʥʠʢʠ 
ʛ. ʄʠʥʩʢ, ʈʝʩʧʫʙʣʠʢʘ ɹʝʣʘʨʫʩʴ 

ʉʤʦʣʷʢʦʚʘ ʆ.ɻ. ï ʢ.ʪ.ʥ., ʜʦʮʝʥʪ 

ɺ ʩʪʘʪʴʝ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʚʦʧʨʦʩʳ ʨʘʟʨʘʙʦʪʢʠ ʧʨʦʛʨʘʤʤʥʦʛʦ ʩʨʝʜʩʪʚʘ ʜʣʷ ʚʠʟʫʘʣʠʟʘʮʠʠ UML-ʜʠʘʛʨʘʤʤ ʥʘ ʦʩʥʦʚʝ ʦʧʠʩʘʥʠʷ 
ʥʘ ʧʨʦʙʣʝʤʥʦ-ʦʨʠʝʥʪʠʨʦʚʘʥʥʦʤ ʤʝʪʘʷʟʳʢʝ. ʇʨʠʚʦʜʠʪʩʷ ʦʙʱʝʝ ʦʧʠʩʘʥʠʝ ʷʟʳʢʘ ʠ ʩʦʩʪʘʚʣʷʶʱʠʭ ʝʛʦ ʢʦʤʧʦʥʝʥʪʦʚ: ʦʪʚʝʯʘʶʱʠʭ 
ʟʘ ʦʧʠʩʘʥʠʝ ʛʝʥʝʨʠʨʫʝʤʳʭ ʜʠʘʛʨʘʤʤ ʠ ʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ, ʘ ʪʘʢʞʝ ʠʩʧʦʣʴʟʫʝʤʳʭ ʜʣʷ ʨʘʩʰʠʨʝʥʠʷ ʷʟʳʢʘ 

ʈʘʟʨʘʙʦʪʘʥʥʦʝ ʧʨʦʛʨʘʤʤʥʦʝ ʩʨʝʜʩʪʚʦ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʪʨʘʥʩʣʷʪʦʨ ʢʦʜʘ ʥʘ ʤʝʪʘʷʟʳʢʝ ʚ 
ʚʝʢʪʦʨʥʦʝ ʣʠʙʦ ʨʘʩʪʨʦʚʦʝ ʠʟʦʙʨʘʞʝʥʠʝ UML-ʜʠʘʛʨʘʤʤʳ. ʅʝʦʙʭʦʜʠʤʦʩʪʴ ʦʧʠʩʘʥʠʷ ʜʠʘʛʨʘʤʤ ʥʘ 
ʤʝʪʘʷʟʳʢʝ ʤʦʞʝʪ ʚʦʟʥʠʢʘʪʴ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʩʠʩʪʝʤ ʢʦʤʧʴʶʪʝʨʥʦʡ ʚʸʨʩʪʢʠ ʥʘʧʦʜʦʙʠʝ Latex, ʣʠʙʦ 
ʨʘʟʥʦʦʙʨʘʟʥʳʭ ʦʙʣʝʛʯʸʥʥʳʭ ʷʟʳʢʦʚ ʨʘʟʤʝʪʢʠ, ʪʘʢʠʭ ʢʘʢ Markdown. ʆʜʥʠʤ ʠʟ ʧʨʝʠʤʫʱʝʩʪʚ 
ʘʚʪʦʤʘʪʠʯʝʩʢʦʡ ʛʝʥʝʨʘʮʠʠ ʜʠʘʛʨʘʤʤ ʥʘ ʦʩʥʦʚʝ ʦʧʠʩʘʥʠʷ ʥʘ ʤʝʪʘʷʟʳʢʝ, ʷʚʣʷʝʪʩʷ ʪʦ, ʯʪʦ 
ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʩʢʦʨʦʩʪʴ ʠʭ ʧʦʣʫʯʝʥʠʷ, ʪʘʢ ʢʘʢ ʥʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʚ ʨʫʯʥʦʤ ʨʘʟʤʝʱʝʥʠʠ ʵʣʝʤʝʥʪʦʚ 
ʜʠʘʛʨʘʤʤʳ. ʊʘʢʘʷ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʤʦʞʝʪ ʧʦʷʚʣʷʪʴʩʷ ʪʦʣʴʢʦ ʚ ʨʝʜʢʠʭ ʩʣʫʯʘʷʭ, ʢʦʛʜʘ ʥʝʦʙʭʦʜʠʤʦ 
ʦʧʨʝʜʝʣʸʥʥʦʝ ʨʘʩʧʦʣʦʞʝʥʠʝ ʵʣʝʤʝʥʪʦʚ, ʜʣʷ ʙʦʣʴʰʝʡ ʚʳʨʘʟʠʪʝʣʴʥʦʩʪʠ ʧʦʣʫʯʘʝʤʦʛʦ ʠʟʦʙʨʘʞʝʥʠʷ. 
ʂʘʢ ʧʦʢʘʟʘʣʘ ʧʨʘʢʪʠʢʘ ʧʨʦʝʢʪʘ PlantUML, ʪʝʢʩʪʦʚʦʝ ʦʧʠʩʘʥʠʝ UML-ʜʠʘʛʨʘʤʤ ʧʦʟʚʦʣʷʝʪ 
ʩʣʘʙʦʚʠʜʷʱʠʤ ʩʪʫʜʝʥʪʘʤ ʠ ʠʥʞʝʥʝʨʘʤ ʢʘʢ ʨʘʟʨʘʙʘʪʳʚʘʪʴ, ʪʘʢ ʠ ʯʠʪʘʪʴ UML-ʜʠʘʛʨʘʤʤʳ [1,2]. 
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ʉʫʱʝʩʪʚʫʝʪ ʥʝʩʢʦʣʴʢʦ ʧʦʜʦʙʥʳʭ ʧʨʦʛʨʘʤʤʥʳʭ ʩʨʝʜʩʪʚ, ʩʘʤʳʝ ʧʦʧʫʣʷʨʥʳʝ ʩʨʝʜʠ ʢʦʪʦʨʳʭ 
PlantUML ʠ Graphviz. ʉʨʝʜʠ ʦʩʥʦʚʥʳʭ ʥʝʜʦʩʪʘʪʢʦʚ ʫ ʚʩʝʭ ʘʥʘʣʦʛʦʚ ʤʦʞʥʦ ʚʳʜʝʣʠʪʴ ʩʣʠʰʢʦʤ ʦʙʱʠʡ 
ʩʠʥʪʘʢʩʠʩ ʜʣʷ ʣʶʙʳʭ ʚʠʜʦʚ ʜʠʘʛʨʘʤʤ, ʦʧʠʩʳʚʘʝʤʳʭ ʧʨʠ ʧʦʤʦʱʠ ʧʨʝʜʤʝʪʥʦ-ʦʨʠʝʥʪʠʨʦʚʘʥʥʳʭ 
ʷʟʳʢʦʚ ʜʘʥʥʳʭ ʧʨʦʛʨʘʤʤ. ʀʟ-ʟʘ ʪʦʛʦ, ʯʪʦ ʪʝʢʩʪ  ʥʘ ʦʙʱʝʤ ʜʣʷ ʚʩʝʭ ʚʠʜʦʚ ʜʠʘʛʨʘʤʤ ʷʟʳʢʝ ʩʣʦʞʝʥ ʜʣʷ 
ʩʠʥʪʘʢʩʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ, ʪʦ ʵʪʦ ʥʝ ʧʦʟʚʦʣʷʝʪ ʩʦʟʜʘʪʴ ʫʜʦʙʥʳʝ ʩʨʝʜʩʪʚʘ ʜʣʷ ʧʨʦʠʟʚʝʜʝʥʠʷ 
ʩʪʘʪʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ ʢʦʜʘ, ʘʚʪʦʜʦʧʦʣʥʝʥʠʷ, ʥʘʚʠʛʘʮʠʠ, ʧʦʠʩʢʘ, ʧʦʜʩʚʝʪʢʠ ʩʠʥʪʘʢʩʠʩʘ, 
ʬʦʨʤʘʪʠʨʦʚʘʥʠʷ, ʘ ʪʘʢʞʝ ʛʝʥʝʨʘʮʠʠ ʢʦʜʘ. 

ʇʨʠ ʨʘʙʦʪʝ ʥʘʜ ʷʟʳʢʦʤ ʨʘʟʨʘʙʘʪʳʚʘʝʤʦʛʦ ʧʨʦʛʨʘʤʤʥʦʛʦ ʩʨʝʜʩʪʚʘ ʙʳʣʠ ʫʯʪʝʥʳ ʥʝʜʦʩʪʘʪʢʠ 
ʘʥʘʣʦʛʦʚ. ʀ ʙʳʣʦ ʧʨʠʥʷʪʦ ʨʝʰʝʥʠʝ, ʯʪʦ ʚ ʤʝʪʘʷʟʳʢʝ ʥʝʦʙʭʦʜʠʤʦ ʦʙʝʩʧʝʯʠʪʴ ʩʪʨʦʛʫʶ ʪʠʧʠʟʘʮʠʶ, 
ʢʦʪʦʨʘʷ ʙʳ ʨʘʟʛʨʘʥʠʯʠʚʘʣʘ ʢʘʢ ʪʠʧʳ ʜʠʘʛʨʘʤʤ ʠ ʠʭ ʵʣʝʤʝʥʪʳ ʤʝʞʜʫ ʩʦʙʦʡ, ʪʘʢ ʠ ʨʘʟʥʠʮʫ ʤʝʞʜʫ 
ʠʩʧʦʣʴʟʫʝʤʳʤʠ ʛʨʘʬʠʯʝʩʢʠʤʠ ʥʦʪʘʮʠʷʤʠ: UML, IDEF0, IDEF1X ʠ ʪʘʢ ʜʘʣʝʝ. ʊʘʢʞʝ, ʜʣʷ ʫʧʨʦʱʝʥʠʷ 
ʨʘʟʨʘʙʦʪʢʠ ʥʝʦʙʭʦʜʠʤʳʭ ʠʥʩʪʨʫʤʝʥʪʦʚ ʜʣʷ ʥʘʧʠʩʘʥʠʷ ʢʦʜʘ ʥʘ ʜʘʥʥʦʤ ʤʝʪʘʷʟʳʢʝ, ʙʳʣʦ ʨʝʰʝʥʦ 
ʦʧʠʩʘʪʴ ʷʟʳʢ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʛʨʘʤʤʘʪʠʢʠ ʨʘʟʙʠʨʘʶʱʝʡ ʚʳʨʘʞʝʥʠʝ, ʪ.ʢ. ʦʥʠ ʷʚʣʷʶʪʩʷ 
ʦʜʥʦʟʥʘʯʥʳʤʠ, ʯʪʦ ʫʧʨʦʱʘʝʪ ʥʘʧʠʩʘʥʠʝ ʩʠʥʪʘʢʩʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘʪʦʨʘ [3]. 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʨʘʟʨʘʙʦʪʢʠ ʤʝʪʘʷʟʳʢʘ ʙʳʣʦ ʨʝʰʝʥʦ ʚʳʜʝʣʠʪʴ ʜʚʘ ʝʛʦ ʧʦʜʤʥʦʞʝʩʪʚʘ: ʷʟʳʢ ʜʣʷ 
ʦʧʠʩʘʥʠʷ ʜʠʘʛʨʘʤʤ ʠ ʵʣʝʤʝʥʪʦʚ ʠʭ ʩʦʩʪʘʚʣʷʶʱʠʭ, ʘ ʪʘʢʞʝ ʷʟʳʢ ʜʣʷ ʦʧʠʩʘʥʠʷ ʠ ʨʘʩʰʠʨʝʥʠʷ ʪʠʧʦʚ 
ʜʠʘʛʨʘʤʤ ʠ ʛʨʘʬʠʯʝʩʢʠʭ ʥʦʪʘʮʠʡ. ʗʟʳʢ ʜʣʷ ʦʧʠʩʘʥʠʷ ʜʠʘʛʨʘʤʤ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʧʨʝʜʤʝʪʥʦ-
ʦʨʠʝʥʪʠʨʦʚʘʥʥʳʡ ʷʟʳʢ, ʧʨʠ ʧʦʤʦʱʠ ʢʦʪʦʨʦʛʦ ʦʧʠʩʳʚʘʶʪʩʷ ʢʦʥʢʨʝʪʥʳʝ ʜʠʘʛʨʘʤʤʳ, ʠʟʦʙʨʘʞʝʥʠʷ 
ʢʦʪʦʨʳʭ ʥʝʦʙʭʦʜʠʤʦ ʧʦʣʫʯʠʪʴ ʥʘ ʚʳʭʦʜʝ ʨʘʙʦʪʳ ʧʨʦʛʨʘʤʤʳ. ʆʩʥʦʚʥʳʝ ʵʣʝʤʝʥʪʳ ʵʪʦʛʦ 
ʧʦʜʤʥʦʞʝʩʪʚʘ ʷʟʳʢʘ ï ʜʠʘʛʨʘʤʤʳ. ʆʧʠʩʘʥʠʝ ʢʘʞʜʦʡ ʜʠʘʛʨʘʤʤʳ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʙʣʦʢ, 
ʩʦʜʝʨʞʘʱʠʡ ʚ ʩʝʙʝ ʧʝʨʝʯʠʩʣʝʥʠʝ ʚʝʨʰʠʥ, ʩʦʩʪʘʚʣʷʶʱʠʭ ʜʠʘʛʨʘʤʤʫ, ʘ ʪʘʢʞʝ ʩʚʷʟʝʡ ʤʝʞʜʫ 
ʚʝʨʰʠʥʘʤʠ. ʂʘʞʜʳʡ ʙʣʦʢ ʜʠʘʛʨʘʤʤʳ ʩʦʜʝʨʞʠʪ ʠʥʬʦʨʤʘʮʠʶ ʦ ʪʦʤ, ʢ ʢʘʢʦʤʫ ʪʠʧʫ ʜʠʘʛʨʘʤʤ ʦʥ 
ʦʪʥʦʩʠʪʩʷ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴ ʚʥʫʪʨʠ ʙʣʦʢʘ ʵʣʝʤʝʥʪʳ ʥʝʦʙʭʦʜʠʤʦʛʦ ʪʠʧʘ. ʅʘʧʨʠʤʝʨ, Actor ʠ 
Use Case ʜʣʷ ʜʠʘʛʨʘʤʤʳ ʚʘʨʠʘʥʪʦʚ ʠʩʧʦʣʴʟʦʚʘʥʠʷ. 

ʈʘʩʧʦʣʦʞʝʥʠʝ ʜʠʘʛʨʘʤʤʳ ʥʘ ʧʣʦʩʢʦʩʪʠ ʧʨʦʠʩʭʦʜʠʪ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʚʳʙʦʨʦʤ ʩʧʦʩʦʙʘ 
ʨʘʟʤʝʱʝʥʠʷ, ʢʘʞʜʳʡ ʪʠʧ ʜʠʘʛʨʘʤʤ ʠʤʝʝʪ ʩʧʠʩʦʢ ʦʧʨʝʜʝʣʸʥʥʳʭ ʚʘʨʠʘʥʪʦʚ ʚʠʟʫʘʣʠʟʘʮʠʠ ʜʠʘʛʨʘʤʤʳ, 
ʦʜʠʥ ʠʟ ʢʦʪʦʨʳʭ ʷʚʣʷʝʪʩʷ ʩʧʦʩʦʙʦʤ ʧʦ ʫʤʦʣʯʘʥʠʶ. ʊʠʧʳ ʨʘʟʤʝʱʝʥʠʡ ʜʣʷ ʙʦʣʴʰʠʥʩʪʚʘ ʜʠʘʛʨʘʤʤ ï 
ʵʪʦ ʠʝʨʘʨʭʠʯʝʩʢʦʝ, ʨʘʜʠʘʣʴʥʦʝ, ʧʨʷʤʦʣʠʥʝʡʥʦʝ. ɺ ʘʨʭʠʪʝʢʪʫʨʝ ʧʨʠʣʦʞʝʥʠʷ ʧʨʝʜʫʩʤʦʪʨʝʥʦ 
ʜʘʣʴʥʝʡʰʝʝ ʨʘʩʰʠʨʝʥʠʝ ʚʘʨʠʘʥʪʦʚ ʨʘʩʧʦʣʦʞʝʥʠʷ. ɼʣʷ ʨʘʩʰʠʨʝʥʠʷ ʩʫʱʝʩʪʚʫʶʱʠʭ ʥʦʪʘʮʠʡ ʠ 
ʦʪʥʦʩʷʱʠʭʩʷ ʢ ʥʠʤ ʪʠʧʦʚ ʜʠʘʛʨʘʤʤ ʠʩʧʦʣʴʟʫʝʪʩʷ ʚʪʦʨʦʝ ʧʦʜʤʥʦʞʝʩʪʚʦ ʷʟʳʢʘ. ɺ ʜʘʥʥʦʤ 
ʧʦʜʤʥʦʞʝʩʪʚʝ ʦʧʠʩʳʚʘʝʪʩʷ, ʢʘʢ ʙʫʜʫʪ ʚʳʛʣʷʜʝʪʴ ʦʧʨʝʜʝʣʝʥʥʳʝ ʵʣʝʤʝʥʪʳ ʜʠʘʛʨʘʤʤʳ ʠ ʠʟ ʢʘʢʠʭ 
ʵʣʝʤʝʥʪʦʚ ʤʦʞʝʪ ʩʦʩʪʦʷʪʴ ʜʠʘʛʨʘʤʤʘ ʦʧʨʝʜʝʣʸʥʥʦʛʦ ʪʠʧʘ. 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʨʘʟʨʘʙʦʪʘʥʦ ʨʘʩʰʠʨʷʝʤʦʝ ʧʨʦʛʨʘʤʤʥʦʝ ʩʨʝʜʩʪʚʦ, ʘʚʪʦʤʘʪʠʟʠʨʫʶʱʝʝ 
ʨʘʟʤʝʱʝʥʠʝ UML-ʜʠʘʛʨʘʤʤ ʥʘ ʧʣʦʩʢʦʩʪʠ ʠ ʛʝʥʝʨʘʮʠʶ ʠʟʦʙʨʘʞʝʥʠʡ. 

 
ʉʧʠʩʦʢ ʠʩʧʦʣʴʟʦʚʘʥʥʳʭ ʠʩʪʦʯʥʠʢʦʚ: 
1. Langdon, Patrick, et al. Inclusive designing: joining usability, accessibility, and inclusion. Cham New York: Springer, 2014. 
2. Miesenberger, Klaus. Computers helping people with special needs: 13th International Conference, ICCHP 2012, Linz, 

Austria, July 11-13, 2012, Proceedings. Berlin New York: Springer, 2012. 
3. Proceedings of the 31st ACM SIGPLAN-SIGACT symposium on Principles of programming languages. New York, NY: ACM, 

2004. 
 
 

ɺɽɹ-ʉɽʈɺʀʉʓ ɺʆʇʈʆʉʆɺ ʀ ʆʊɺɽʊʆɺ 

ʂʦʚʘʣʝʥʢʦ ʀ.ɸ. 

ɹʝʣʦʨʫʩʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʥʬʦʨʤʘʪʠʢʠ ʠ ʨʘʜʠʦʵʣʝʢʪʨʦʥʠʢʠ 
ʛ. ʄʠʥʩʢ, ʈʝʩʧʫʙʣʠʢʘ ɹʝʣʘʨʫʩʴ 

ʇʘʨʘʤʦʥʦʚ ɸ.ʀ. ï ʢ.ʪ.ʥ., ʜʦʮʝʥʪ 

ʎʝʣʴʶ ʧʨʦʝʢʪʘ ʷʚʣʷʝʪʩʷ ʨʘʟʨʘʙʦʪʢʘ ʚʝʙ-ʩʝʨʚʠʩʘ ʚʦʧʨʦʩʦʚ ʠ ʦʪʚʝʪʦʚ. ʇʨʠʣʦʞʝʥʠʝ ʧʦʟʚʦʣʠʪ ʧʦʣʴʟʦʚʘʪʝʣʶ ʧʦʣʫʯʠʪʴ 
ʦʪʚʝʪ ʥʘ ʩʚʦʡ ʚʦʧʨʦʩ ʚ ʘʚʪʦʤʘʪʠʯʝʩʢʦʤ ʨʝʞʠʤʝ, ʠʩʧʦʣʴʟʫʶ ʙʘʟʫ ʫʞʝ ʠʤʝʶʱʠʭʩʷ ʚʦʧʨʦʩʦʚ ʠ ʦʪʚʝʪʦʚ. 

ɺʩʝ ʯʘʱʝ ʠ ʯʘʱʝ ʣʶʜʠ ʦʙʨʘʱʘʶʪʩʷ ʟʘ ʦʪʚʝʪʘʤʠ ʢ ʨʝʩʫʨʩʘʤ ʩʝʪʠ ʀʥʪʝʨʥʝʪ. ʀ ʝʩʣʠ ʦʜʥʠ ʧʳʪʘʶʪ 
ʩʯʘʩʪʴʷ ʚ ʧʦʠʩʢʦʚʳʭ ʩʠʩʪʝʤʘʭ, ʪʦ ʜʨʫʛʘʷ ʧʦʣʦʚʠʥʘ ʫʞʝ ʷʚʣʷʝʪʩʷ ʧʦʩʪʦʷʥʥʳʤ ʧʦʣʴʟʦʚʘʪʝʣʝʤ ʦʜʥʦʡ ʠʟ 
ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʩʠʩʪʝʤ ʚʦʧʨʦʩʦʚ ʠ ʦʪʚʝʪʦʚ. ʕʪʠ ʩʠʩʪʝʤʳ ʧʨʝʜʦʩʪʘʚʣʷʶʪ ʚʦʟʤʦʞʥʦʩʪʴ ʩʦʦʙʱʝʩʪʚʫ 
ʦʙʤʝʥʠʚʘʪʴʩʷ ʟʥʘʥʠʷʤʠ, ʟʘʯʘʩʪʫʶ ʚ ʦʧʨʝʜʝʣʝʥʥʦʡ ʧʨʝʜʤʝʪʥʦʡ ʦʙʣʘʩʪʠ. 

ɽʞʝʜʥʝʚʥʦ ʥʘ ʧʦʜʦʙʥʳʭ ʩʝʨʚʠʩʘʭ ʧʦʣʴʟʦʚʘʪʝʣʠ ʟʘʜʘʶʪ ʜʝʩʷʪʢʠ ʪʳʩʷʯ ʧʦʚʪʦʨʷʶʱʠʭʩʷ 
ʚʦʧʨʦʩʦʚ. ʉʫʱʝʩʪʚʫʶʱʠʝ ʘʥʘʣʦʛʠʯʥʳʝ ʩʝʨʚʠʩʳ ʥʝ ʘʥʘʣʠʟʠʨʫʶʪ ʚʦʧʨʦʩ ʧʦʣʴʟʦʚʘʪʝʣʷ ʧʝʨʝʜ ʝʛʦ 
ʧʫʙʣʠʢʘʮʠʝʡ. ʉʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʚ ʪʘʢʠʭ ʩʝʨʚʠʩʘʭ, ʢʘʢ toster.ru [1], ʆʪʚʝʪʳ @Mail.ru [2] ʜʦʚʦʣʴʥʦ ʤʥʦʛʦ 
ʧʦʚʪʦʨʷʶʱʠʭʩʷ ʧʘʨ ʦʪʚʝʪʦʚ/ʚʦʧʨʦʩʦʚ. 



55-ʷ ʶʙʠʣʝʡʥʘʷ ʥʘʫʯʥʘʷ ʢʦʥʬʝʨʝʥʮʠʷ ʘʩʧʠʨʘʥʪʦʚ, ʤʘʛʠʩʪʨʘʥʪʦʚ ʠ ʩʪʫʜʝʥʪʦʚ ɹɻʋʀʈ, 2019 ʛ. 
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ʉʫʱʝʩʪʚʫʶʱʠʡ ʩʝʨʚʠʩ ʆʪʚʝʪʳ@Mail.ru ʠʩʧʦʣʴʟʫʶʪ ʩʣʦʞʥʫʶ ʩʠʩʪʝʤʫ ʨʘʥʞʠʨʦʚʘʥʠʷ 
ʧʦʣʴʟʦʚʘʪʝʣʝʡ, ʫʯʠʪʳʚʘʶʱʫʶ ʨʘʟʤʝʨ ʠ ʢʘʯʝʩʪʚʦ ʠʭ ʚʢʣʘʜʘ. ʂʣʶʯʝʚʘʷ ʤʝʪʨʠʢʘ: ʂʇɼ ð ʵʪʦ 
ʦʪʥʦʰʝʥʠʝ ʣʫʯʰʠʭ ʦʪʚʝʪʦʚ ʢ ʦʙʱʝʤʫ ʯʠʩʣʫ ʦʪʚʝʪʦʚ (ʣʫʯʰʠʡ ʦʪʚʝʪ ʚʳʙʠʨʘʝʪʩʷ ʘʚʪʦʨʦʤ ʚʦʧʨʦʩʘ ʠʣʠ 
ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ ʛʦʣʦʩʦʚʘʥʠʷ). ʆʪ ʥʝʛʦ ʟʘʚʠʩʠʪ ʯʠʩʣʦ ʧʦʣʫʯʝʥʥʳʭ ʟʘ ʦʪʚʝʪ ʙʘʣʣʦʚ: ʯʝʤ ʚʳʰʝ ʂʇɼ 
ʫʯʘʩʪʥʠʢʘ, ʪʝʤ ʙʦʣʴʰʝ ʙʘʣʣʦʚ ʥʘʯʠʩʣʷʝʪʩʷ. ɿʘ ʚʦʧʨʦʩʳ ʠ ʥʘʨʫʰʝʥʠʝ ʧʨʘʚʠʣ ʩʠʩʪʝʤʘ ʚʳʯʠʪʘʝʪ 
ʙʘʣʣʳ. ʉ ʜʦʩʪʠʞʝʥʠʝʤ ʦʧʨʝʜʝʣʸʥʥʦʛʦ ʯʠʩʣʘ ʙʘʣʣʦʚ ʧʦʣʴʟʦʚʘʪʝʣʶ ʧʨʠʩʚʘʠʚʘʝʪʩʷ ʥʦʚʳʡ ʩʪʘʪʫʩ (ʦʪ 
çʥʦʚʠʯʢʘè ʜʦ çʚʳʩʰʝʛʦ ʨʘʟʫʤʘè), ʨʘʩʰʠʨʷʶʱʠʡ ʣʠʤʠʪ ʥʘ ʯʠʩʣʦ ʚʦʧʨʦʩʦʚ, ʦʪʚʝʪʦʚ ʠ ʛʦʣʦʩʦʚʘʥʠʡ ʟʘ 
ʦʜʠʥ ʜʝʥʴ. 

ʉʝʨʚʠʩ Quora [3] ʠʩʧʦʣʴʟʫʝʪ ʘʣʛʦʨʠʪʤ ʨʘʥʞʠʨʦʚʘʥʠʷ ʮʝʥʥʦʩʪʠ ʦʪʚʝʪʘ ʢʘʞʜʦʛʦ ʧʦʣʴʟʦʚʘʪʝʣʷ 
ʦʩʥʦʚʳʚʘʷʩʴ ʥʘ ʦʮʝʥʢʘʭ ʝʛʦ ʧʨʝʜʳʜʫʱʠʭ ʦʪʚʝʪʦʚ. ʊʘʢʞʝ ʩʝʨʚʠʩ ʠʩʧʦʣʴʟʫʝʪ ʘʣʛʦʨʠʪʤ ʤʘʰʠʥʥʦʛʦ 
ʦʙʫʯʝʥʠʷ ʜʣʷ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʪʝʤʘʪʠʢʠ ʚʦʧʨʦʩʘ ʥʘ ʦʩʥʦʚʝ ʠʩʪʦʨʠʠ ʚʦʧʨʦʩʦʚ ʠ ʦʪʚʝʪʦʚ ʧʦʣʴʟʦʚʘʪʝʣʷ. 

ʇʦʭʦʞʠʡ ʩʝʨʚʠʩ ASKfm [4] ʧʨʝʜʣʘʛʘʝʪ ʧʦʣʴʟʦʚʘʪʝʣʶ ʧʦʩʣʝ ʨʝʛʠʩʪʨʘʮʠʠ ʟʘʧʦʣʥʠʪʴ ʩʚʦʶ ʘʥʢʝʪʫ 
ʠ ʥʘʯʘʪʴ, ʢʘʢ ʦʪ ʩʚʦʝʛʦ ʠʤʝʥʠ, ʪʘʢ ʠ ʘʥʦʥʠʤʥʦ, ʟʘʜʘʚʘʪʴ ʠ ʦʪʚʝʯʘʪʴ ʥʘ ʚʦʧʨʦʩʳ ʜʨʫʛʠʭ ʧʦʣʴʟʦʚʘʪʝʣʝʡ. 
ASKfm ʠʥʪʝʛʨʠʨʦʚʘʥ ʩ ʜʨʫʛʠʤʠ ʩʦʮʠʘʣʴʥʳʤʠ ʩʝʪʷʤʠ, ʪʘʢʠʤʠ ʢʘʢ Facebook, Twitter, ɺʂʦʥʪʘʢʪʝ ʠ 
Tumblr, ʢʦʪʦʨʳʝ ʧʦʚʣʠʷʣʠ ʥʘ ʰʠʨʦʢʦʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʵʪʦʡ ʩʝʪʠ. ɺ ʦʩʥʦʚʫ ʩʝʨʚʠʩʘ ʩ ʩʘʤʦʛʦ ʥʘʯʘʣʘ 
ʙʳʣʘ ʟʘʣʦʞʝʥʘ ʩʦʨʝʚʥʦʚʘʪʝʣʴʥʘʷ ʤʦʜʝʣʴ, ʢʦʛʜʘ ʥʘʠʙʦʣʝʝ ʘʢʪʠʚʥʳʝ ʠ çʧʦʣʝʟʥʳʝè ʧʦʣʴʟʦʚʘʪʝʣʠ 
ʦʢʘʟʳʚʘʣʠʩʴ ʚʳʰʝ ʚ ʨʝʡʪʠʥʛʝ ʫʯʘʩʪʥʠʢʦʚ. 

ʉʫʱʝʩʪʚʫʝʪ ʪʘʢʞʝ ʧʦʧʫʣʷʨʥʳʡ ʩʝʨʚʠʩ StackOverflow ʜʣʷ ʧʨʦʛʨʘʤʤʠʩʪʦʚ [5]. ʅʘ ʥʝʤ, ʢʘʢ ʠ ʚ 
ʜʨʫʛʠʭ ʩʠʩʪʝʤʘʭ ʧʦʜʦʙʥʦʛʦ ʨʦʜʘ, ʧʨʝʜʦʩʪʘʚʣʷʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴ ʦʮʝʥʠʚʘʪʴ ʚʦʧʨʦʩʳ ʠ ʦʪʚʝʪʳ, ʯʪʦ 
ʧʦʜʥʠʤʘʝʪ ʠʣʠ ʧʦʥʠʞʘʝʪ ʨʝʧʫʪʘʮʠʶ ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʥʳʭ ʧʦʣʴʟʦʚʘʪʝʣʝʡ. 

ʉʝʨʚʠʩ Toster [1] ʧʦʟʚʦʣʷʝʪ ʠʩʢʘʪʴ ʧʦ ʦʪʚʝʪʘʤ, ʯʪʦʙʳ ʧʦʣʴʟʦʚʘʪʝʣʴ ʤʦʛ ʥʘʡʪʠ ʠʥʪʝʨʝʩʫʶʱʫʶ 
ʝʛʦ ʠʥʬʦʨʤʘʮʠʶ ʥʝ ʪʦʣʴʢʦ ʚ ʚʦʧʨʦʩʘʭ. ʂ ʧʦʠʩʢʫ ʧʦ ʦʪʚʝʪʘʤ ʪʦʞʝ ʤʦʞʥʦ ʧʨʠʤʝʥʠʪʴ ʬʠʣʴʪʨ ʧʦ 
ʚʨʝʤʝʥʠ, ʧʦ ʥʘʣʠʯʠʶ ʦʪʚʝʪʦʚ, ʨʝʰʝʥʠʡ ʠ ʧʦ ʚʨʝʤʝʥʠ ʩʦʟʜʘʥʠʷ ʢʦʥʪʝʥʪʘ. ʇʦʣʝʟʥʦʡ ʬʫʥʢʮʠʝʡ 
ʷʚʣʷʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴ ʚʩʪʘʚʣʷʪʴ ʙʣʦʢʠ ʩ ʨʝʟʫʣʴʪʘʪʘʤʠ ʨʘʙʦʪ ʚ ʪʝʣʘ ʚʦʧʨʦʩʦʚ, ʦʪʚʝʪʦʚ ʠ 
ʢʦʤʤʝʥʪʘʨʠʝʚ. ʇʨʠʯʝʤ, ʜʝʤʦʥʩʪʨʠʨʦʚʘʪʴ ʥʝ ʪʦʣʴʢʦ ʢʦʜ, ʥʦ ʠ ʨʝʟʫʣʴʪʘʪ ʝʛʦ ʚʦʩʧʨʦʠʟʚʝʜʝʥʠʷ. 

ʅʘ ʦʩʥʦʚʝ ʦʙʟʦʨʘ ʧʨʝʜʣʘʛʘʝʪʩʷ ʘʣʴʪʝʨʥʘʪʠʚʥʳʡ ʧʨʦʝʢʪ. ɺ ʩʝʨʚʠʩʝ ʧʨʝʜʣʘʛʘʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʪʴ 
ʩʠʩʪʝʤʫ ʛʦʣʦʩʦʚʘʥʠʷ ʟʘ ʣʫʯʰʠʡ ʦʪʚʝʪ, ʯʪʦ ʧʦʟʚʦʣʠʪ ʩʠʩʪʝʤʝ ʚʳʙʠʨʘʪʴ ʥʘʠʙʦʣʝʝ ʨʝʣʝʚʘʥʪʥʳʡ ʦʪʚʝʪ. 
ɸʚʪʦʨ ʚʦʧʨʦʩʘ ʠʤʝʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʚʳʙʨʘʪʴ ʦʪʚʝʪ-ʨʝʰʝʥʠʝ ʩʚʦʝʡ ʧʨʦʙʣʝʤʳ, ʯʪʦ ʦʙʣʝʛʯʠʪ ʧʦʠʩʢ 
ʦʪʚʝʪʘ ʜʣʷ ʜʨʫʛʦʛʦ ʯʝʣʦʚʝʢʘ, ʟʘʜʘʶʱʝʛʦ ʘʥʘʣʦʛʠʯʥʳʡ ʚʦʧʨʦʩ. ɽʩʣʠ ʧʦʣʴʟʦʚʘʪʝʣʠ ʩʝʨʚʠʩʘ ʩʤʦʛʫʪ 
ʧʦʣʫʯʠʪʴ ʦʪʚʝʪ ʝʱʝ ʜʦ ʩʦʟʜʘʥʠʷ ʚʦʧʨʦʩʘ, ʢʦʣʠʯʝʩʪʚʦ ʦʜʥʦʪʠʧʥʳʭ ʚʦʧʨʦʩʦʚ ʙʫʜʝʪ ʧʨʘʢʪʠʯʝʩʢʠ 
ʥʫʣʝʚʦʝ. ʊʘʢ ʢʘʢ ʘʚʪʦʨʳ ʦʪʚʝʪʦʚ ʙʫʜʫʪ ʪʨʘʪʠʪʴ ʤʝʥʴʰʝ ʚʨʝʤʝʥʠ ʥʘ ʧʦʠʩʢ ʫʥʠʢʘʣʴʥʳʭ ʦʪʚʝʪʦʚ, ʪʦ ʦʥʠ 
ʩʤʦʛʫʪ ʦʪʚʝʯʘʪʴ ʥʘ ʙʦʣʴʰʝʝ ʢʦʣʠʯʝʩʪʚʦ ʚʦʧʨʦʩʦʚ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ ʩʠʩʪʝʤʘ ʵʢʦʥʦʤʠʪ ʚʨʝʤʷ ʥʘ ʧʦʠʩʢ 
ʛʦʪʦʚʦʛʦ ʦʪʚʝʪʘ. ɺ ʦʩʥʦʚʝ ʩʝʨʚʠʩʘ ʣʝʞʠʪ ʨʘʩʧʨʝʜʝʣʝʥʥʦʝ ʭʨʘʥʠʣʠʱʝ ʢʣʶʯ-ʟʥʘʯʝʥʠʝ, ʢʦʪʦʨʦʝ 
ʧʦʟʚʦʣʷʝʪ ʦʙʨʘʙʘʪʳʚʘʪʴ ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʦʜʥʦʚʨʝʤʝʥʥʳʭ ʟʘʧʨʦʩʦʚ ʦʪ ʧʦʣʴʟʦʚʘʪʝʣʝʡ. ɼʣʷ 
ʨʝʘʣʠʟʘʮʠʠ ʚʝʙ-ʯʘʩʪʠ ʠʩʧʦʣʴʟʫʝʪʩʷ ʧʣʘʪʬʦʨʤʘ Ruby on Rails, ʚ ʢʘʯʝʩʪʚʝ ʭʨʘʥʠʣʠʱʘ ʜʘʥʥʳʭ ï ʙʘʟʘ 
ʜʘʥʥʳʭ MySQL. 

 
ʉʧʠʩʦʢ ʠʩʧʦʣʴʟʦʚʘʥʥʳʭ ʠʩʪʦʯʥʠʢʦʚ: 
1. ʉʝʨʚʠʩ ʚʦʧʨʦʩʦʚ ʠ ʦʪʚʝʪʦʚ ʜʣʷ IT ʩʧʝʮʠʘʣʠʩʪʦʚ ʆʙʥʦʚʣʝʥʠʝ ʥʘ ʊʦʩʪʝʨʝ [ʕʣʝʢʪʨʦʥʥʳʡ ʨʝʩʫʨʩ] / TechMedia: çʍʘʙʨè. ï 

ʈʝʞʠʤ ʜʦʩʪʫʧʘ: https://habr.com/ru/company/toster/blog/419535/. ï ɼʘʪʘ ʜʦʩʪʫʧʘ: 22.03.2019 
2. ʆʪʚʝʪʳ@Mail.Ru [ʕʣʝʢʪʨʦʥʥʳʡ ʨʝʩʫʨʩ] / WikipediaÈ ï ʈʝʞʠʤ ʜʦʩʪʫʧʘ: https://ru.wikipedia.org/wiki/ʆʪʚʝʪʳ@Mail.Ru ï 
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3. Quora ð ʩʦʮʠʘʣʴʥʳʡ ʩʝʨʚʠʩ ʦʙʤʝʥʘ ʟʥʘʥʠʷʤʠ [ʕʣʝʢʪʨʦʥʥʳʡ ʨʝʩʫʨʩ] / ʈʝʞʠʤ ʜʦʩʪʫʧʘ: https://www.quora.com/ ï ɼʘʪʘ 
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ɸɺʊʆʄɸʊʀɿɸʎʀʗ ɼɽʗʊɽʃʔʅʆʉʊʀ ʄɽɼʀʎʀʅʉʂʀʍ ʋʏʈɽɾɼɽʅʀʁ 

ʂʦʨʭʦʚʘʷ ɸ.ɹ. 

ɹʝʣʦʨʫʩʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʥʬʦʨʤʘʪʠʢʠ ʠ ʨʘʜʠʦʵʣʝʢʪʨʦʥʠʢʠ 
ʛ. ʄʠʥʩʢ, ʈʝʩʧʫʙʣʠʢʘ ɹʝʣʘʨʫʩʴ 

ʂʦʣʦʪʳʛʠʥ ʂ.ɽ. ï ʘʩʩʠʩʪʝʥʪ ʢʘʬ. ʇʆʀʊ 

ɺ ʜʦʢʣʘʜʝ ʨʘʩʩʤʦʪʨʝʥʳ ʚʦʟʥʠʢʘʶʱʠʝ ʪʨʫʜʥʦʩʪʠ ʚ ʨʘʙʦʪʝ ʤʝʜʠʮʠʥʩʢʠʭ ʫʯʨʝʞʜʝʥʠʡ ʠ ʧʨʝʜʧʦʣʘʛʘʝʤʳʝ ʧʫʪʠ ʨʝʰʝʥʠʷ 

ʧʫʪʝʤ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʧʨʠʣʦʞʝʥʠʷ ʧʦ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʜʝʷʪʝʣʴʥʦʩʪʠ ʤʝʜʠʮʠʥʩʢʠʭ ʫʯʨʝʞʜʝʥʠʡ. 

ʆʜʥʘ ʠʟ ʩʘʤʳʭ ʛʣʘʚʥʳʭ ʩʦʩʪʘʚʣʷʶʱʝʡ ʞʠʟʥʠ ï ʟʜʦʨʦʚʴʝ ʯʝʣʦʚʝʢʘ. ʀʟ ʛʦʜʘ ʚ ʛʦʜ ʧʦʷʚʣʷʝʪʩʷ 
ʚʩʝ ʙʦʣʴʰʝ ʩʧʝʮʠʘʣʠʩʪʦʚ, ʢʦʪʦʨʳʝ ʨʘʙʦʪʘʶʪ ʚ ʩʬʝʨʝ ʤʝʜʠʮʠʥʩʢʦʛʦ ʦʟʜʦʨʦʚʣʝʥʠʷ. ʀ ʪʝʤ ʩʘʤʳʤ 
ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʠ ʢʦʣʠʯʝʩʪʚʦ ʩʘʤʠʭ ʧʦʣʠʢʣʠʥʠʢ, ʙʦʣʴʥʠʮ, ʢʘʙʠʥʝʪʦʚ ʠ ʜʨʫʛʠʭ ʫʯʨʝʞʜʝʥʠʡ.  

ʀʟʜʘʚʥʘ ʚʩʷ ʜʦʢʫʤʝʥʪʘʮʠʷ ʚʝʣʘʩʴ ʧʨʠ ʧʦʤʦʱʠ ʙʫʤʘʛ, ʯʪʦ ʚ ʥʘʰʝ ʚʨʝʤʷ ʫʪʨʘʪʠʣʦ ʘʢʪʫʘʣʴʥʦʩʪʴ. 
ʀʟ-ʟʘ ʦʛʨʦʤʥʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʠʥʬʦʨʤʘʮʠʠ, ʭʨʘʥʷʱʝʡʩʷ ʥʝ ʚ ʵʣʝʢʪʨʦʥʥʦʤ ʚʠʜʝ, ʚ ʤʝʜʠʮʠʥʩʢʠʭ 



55-ʷ ʶʙʠʣʝʡʥʘʷ ʥʘʫʯʥʘʷ ʢʦʥʬʝʨʝʥʮʠʷ ʘʩʧʠʨʘʥʪʦʚ, ʤʘʛʠʩʪʨʘʥʪʦʚ ʠ ʩʪʫʜʝʥʪʦʚ ɹɻʋʀʈ, 2019 ʛ. 
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ʫʯʨʝʞʜʝʥʠʷʭ ʚʦʟʥʠʢʘʶʪ ʟʘʜʝʨʞʢʠ ʚ ʦʯʝʨʝʜʠ, ʫʪʝʨʠ ʜʦʢʫʤʝʥʪʦʚ ʠ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʠʭ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ, 
ʯʪʦ ʦʯʝʥʴ ʪʨʫʜʦʸʤʢʠʡ ʧʨʦʮʝʩʩ, ʝʩʣʠ ʦʥ ʚʦʦʙʱʝ ʚʦʟʤʦʞʝʥ. 

ʉʝʡʯʘʩ ʘʢʪʠʚʥʦ ʚʥʝʜʨʷʶʪʩʷ ʧʨʦʛʨʘʤʤʥʳʝ ʩʨʝʜʩʪʚʘ ʧʦ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʨʘʙʦʪʳ ʚʩʝʭ ʚʠʜʦʚ 
ʫʯʨʝʞʜʝʥʠʡ [2]. ɺ ʩʬʝʨʝ ʤʝʜʠʮʠʥʳ ʫʞʝ ʠʟʚʝʩʪʥʳ ʇʆ ʜʣʷ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʦʯʝʨʝʜʠ ʧʨʠ ʩʜʘʯʝ ʘʥʘʣʠʟʦʚ 
ʠ ʇʆ ʜʣʷ ʚʝʜʝʥʠʷ ʧʨʠʝʤʦʚ ʚʨʘʯʝʡ. ʅʦ ʧʨʦʙʣʝʤʘ ʩ ʦʛʨʦʤʥʳʤ ʢʦʣʠʯʝʩʪʚʦʤ ʤʝʜʠʮʠʥʩʢʠʭ ʢʘʨʪ ʠ ʧʨʦʯʠʭ 
ʜʦʢʫʤʝʥʪʦʚ ʜʦ ʩʠʭ ʧʦʨ ʥʝ ʨʝʰʝʥʘ.  

ɼʘʥʥʳʝ ʧʨʦʙʣʝʤʳ ʤʦʛʫʪ ʙʳʪʴ ʨʝʰʝʥʳ ʧʫʪʝʤ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʫʥʠʬʠʮʠʨʦʚʘʥʥʦʡ ʩʠʩʪʝʤʳ ʜʣʷ 
ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʜʝʷʪʝʣʴʥʦʩʪʠ ʤʝʜʠʮʠʥʩʢʠʭ ʫʯʨʝʞʜʝʥʠʡ. ʇʨʝʜʧʦʣʘʛʘʝʪʩʷ, ʯʪʦ ʧʦʣʴʟʦʚʘʪʴʩʷ ʩʠʩʪʝʤʦʡ 
ʩʤʦʛʫʪ ʣʶʜʠ, ʟʘʥʠʤʘʶʱʠʝ ʨʫʢʦʚʦʜʷʱʠʝ ʜʦʣʞʥʦʩʪʠ, ʚʨʘʯʠ, ʣʘʙʦʨʘʥʪʳ, ʤʝʜʩʝʩʪʨʳ, ʨʝʛʠʩʪʨʘʪʦʨʳ ʠ 
ʩʘʤʠ ʧʘʮʠʝʥʪʳ. ɼʘʥʥʘʷ ʩʠʩʪʝʤʘ ʤʦʞʝʪ ʨʘʩʧʨʦʩʪʨʘʥʷʪʴʩʷ ʥʘ ʥʝʩʢʦʣʴʢʦ ʩʪʨʘʥ ʠ ʚ ʣʶʙʳʭ ʨʝʛʠʦʥʘʭ. 
ʆʪʚʝʪʩʪʚʝʥʥʦʤʫ ʣʠʮʫ ʥʝʦʙʭʦʜʠʤʦ ʙʫʜʝʪ ʚʥʝʩʪʠ ʤʝʜʠʮʠʥʩʢʦʝ ʫʯʨʝʞʜʝʥʠʝ ʚ ʩʠʩʪʝʤʫ ʠ ʜʦʙʘʚʠʪʴ 
ʨʘʙʦʪʘʶʱʠʭ ʚ ʥʝʤ ʩʧʝʮʠʘʣʠʩʪʦʚ (ʧʦʩʣʝ ʠʭ ʨʝʛʠʩʪʨʘʮʠʠ).  

ʇʨʝʜʣʘʛʘʝʤʘʷ ʩʠʩʪʝʤʘ ʙʫʜʝʪ ʠʤʝʪʴ ʜʦʚʦʣʴʥʦ ʰʠʨʦʢʠʡ ʬʫʥʢʮʠʦʥʘʣ. ɼʣʷ ʢʘʞʜʦʡ ʨʦʣʠ ʙʫʜʫʪ 
ʧʨʝʜʫʩʤʦʪʨʝʥʳ ʩʚʦʠ ʬʫʥʢʮʠʠ [1].  

ɺʦʟʤʦʞʥʦʩʪʠ ʨʫʢʦʚʦʜʷʱʠʭ ʜʦʣʞʥʦʩʪʝʡ: 
1) ʧʨʦʩʤʦʪʨ ʜʘʥʥʳʭ ʦ ʤʝʜʫʯʨʝʞʜʝʥʠʠ, ʨʘʙʦʪʥʠʢʘʭ ʤʝʜ. ʫʯʨʝʞʜʝʥʠʷ, ʧʘʮʠʝʥʪʘʭ ʠ 

ʙʦʣʴʥʠʯʥʳʭ ʣʠʩʪʘʭ; 
2) ʠʟʤʝʥʝʥʠʝ ʜʘʥʥʳʭ ʦ ʤʝʜʫʯʨʝʞʜʝʥʠʠ; 
3) ʧʦʜʪʚʝʨʞʜʝʥʠʝ ʠʟʤʝʥʝʥʠʡ ʜʦʣʞʥʦʩʪʥʳʭ ʜʘʥʥʳʭ; 
4) ʟʘʧʨʦʩ ʥʘ ʠʟʤʝʥʝʥʠʝ ʜʦʣʞʥʦʩʪʥʳʭ ʜʘʥʥʳʭ; 
5) ʧʦʜʪʚʝʨʞʜʝʥʠʝ ʟʘʧʨʦʩʘ ʥʘ ʦʪʧʫʩʢ; 
6) ʧʦʜʪʚʝʨʞʜʝʥʠʝ ʜʦʙʘʚʣʝʥʠʷ ʥʦʚʦʛʦ ʨʘʙʦʪʥʠʢʘ ʠʣʠ ʧʘʮʠʝʥʪʘ; 
7) ʟʘʧʨʦʩ ʥʘ ʜʦʙʘʚʣʝʥʠʝ ʥʦʚʦʛʦ ʨʘʙʦʪʥʠʢʘ. 
ɺʦʟʤʦʞʥʦʩʪʠ ʟʘʚʝʜʫʶʱʠʭ ʚʨʘʯʝʡ: 
1) ʧʨʦʩʤʦʪʨ ʜʘʥʥʳʭ ʦ ʤʝʜʫʯʨʝʞʜʝʥʠʠ, ʨʘʙʦʪʥʠʢʘʭ ʤʝʜ. ʫʯʨʝʞʜʝʥʠʷ, ʧʘʮʠʝʥʪʘʭ ʠ 

ʙʦʣʴʥʠʯʥʳʭ ʣʠʩʪʘʭ; 
2) ʟʘʧʨʦʩ ʥʘ ʠʟʤʝʥʝʥʠʝ ʜʦʣʞʥʦʩʪʥʳʭ ʜʘʥʥʳʭ; 
3) ʧʦʜʪʚʝʨʞʜʝʥʠʝ ʦʪʢʨʳʪʠʷ, ʟʘʢʨʳʪʠʷ ʠʣʠ ʧʨʦʜʣʝʥʠʷ ʙʦʣʴʥʠʯʥʦʛʦ ʣʠʩʪʘ; 
4) ʟʘʧʨʦʩ ʥʘ ʧʦʜʪʚʝʨʞʜʝʥʠʝ ʦʪʧʫʩʢʘ ʛʣʘʚʥʳʤ ʚʨʘʯʦʤ; 
5) ʧʦʜʪʚʝʨʞʜʝʥʠʝ ʦʪʧʫʩʢʘ ʧʦʜʯʠʥʝʥʥʦʛʦ ʧʝʨʩʦʥʘʣʘ; 
6) ʟʘʧʨʦʩ ʥʘ ʜʦʙʘʚʣʝʥʠʝ ʥʦʚʦʛʦ ʨʘʙʦʪʥʠʢʘ ʠʣʠ ʧʘʮʠʝʥʪʘ. 
ɺʦʟʤʦʞʥʦʩʪʠ ʚʨʘʯʝʡ-ʩʧʝʮʠʘʣʠʩʪʦʚ: 
1) ʧʨʦʩʤʦʪʨ ʜʘʥʥʳʭ ʦ ʤʝʜʫʯʨʝʞʜʝʥʠʠ, ʨʘʙʦʪʥʠʢʘʭ ʤʝʜ. ʫʯʨʝʞʜʝʥʠʷ, ʧʘʮʠʝʥʪʘʭ ʢʘʨʪ ʠ 

ʙʦʣʴʥʠʯʥʳʭ ʣʠʩʪʘʭ; 
2) ʟʘʧʨʦʩ ʥʘ ʧʦʜʪʚʝʨʞʜʝʥʠʝ ʦʪʧʫʩʢʘ ʟʘʚʝʜʫʶʱʠʤ ʚʨʘʯʦʤ; 
3) ʠʟʤʝʥʝʥʠʝ ʜʘʥʥʳʭ ʧʘʮʠʝʥʪʘ; 
4) ʟʘʧʨʦʩ ʥʘ ʦʪʢʨʳʪʠʝ, ʟʘʢʨʳʪʠʝ ʠʣʠ ʧʨʦʜʣʝʥʠʝ ʙʦʣʴʥʠʯʥʦʛʦ ʣʠʩʪʘ; 
5) ʜʦʙʘʚʣʝʥʠʝ ʧʦʩʪʘʚʣʝʥʥʦʛʦ ʜʠʘʛʥʦʟʘ ʢ ʤʝʜʠʮʠʥʩʢʦʡ ʢʘʨʪʝ ʧʘʮʠʝʥʪʘ; 
6) ʧʨʦʩʤʦʪʨ ʦʯʝʨʝʜʠ ʧʘʮʠʝʥʪʦʚ ʧʦ ʚʳʜʘʥʥʳʤ ʪʘʣʦʥʘʤ; 
7) ʟʘʧʨʦʩ ʥʘ ʜʦʙʘʚʣʝʥʠʝ ʥʦʚʦʛʦ ʧʘʮʠʝʥʪʘ ʚ ʩʠʩʪʝʤʫ. 
ɺʦʟʤʦʞʥʦʩʪʠ ʣʘʙʦʨʘʥʪʘ: 
1) ʧʨʦʩʤʦʪʨ ʜʘʥʥʳʭ ʦ ʤʝʜʫʯʨʝʞʜʝʥʠʠ, ʨʘʙʦʪʥʠʢʘʭ ʤʝʜ. ʫʯʨʝʞʜʝʥʠʷ, ʧʘʮʠʝʥʪʘʭ ʠ 

ʙʦʣʴʥʠʯʥʳʭ ʣʠʩʪʘʭ; 
2) ʟʘʧʨʦʩ ʥʘ ʧʦʜʪʚʝʨʞʜʝʥʠʝ ʦʪʧʫʩʢʘ ʟʘʚʝʜʫʶʱʠʤ ʚʨʘʯʦʤ; 
3) ʜʦʙʘʚʣʝʥʠʝ ʜʘʥʥʳʭ ʦ ʧʨʦʚʝʜʝʥʥʳʭ ʘʥʘʣʠʟʘʭ ʧʘʮʠʝʥʪʘ. 
ɺʦʟʤʦʞʥʦʩʪʠ ʤʝʜʩʝʩʪʨʳ: 
1) ʧʨʦʩʤʦʪʨ ʜʘʥʥʳʭ ʦ ʤʝʜʫʯʨʝʞʜʝʥʠʠ, ʨʘʙʦʪʥʠʢʘʭ ʤʝʜ. ʫʯʨʝʞʜʝʥʠʷ, ʧʘʮʠʝʥʪʘʭ ʠ 

ʙʦʣʴʥʠʯʥʳʭ ʣʠʩʪʘʭ; 
2) ʟʘʧʨʦʩ ʥʘ ʧʦʜʪʚʝʨʞʜʝʥʠʝ ʦʪʧʫʩʢʘ ʟʘʚʝʜʫʶʱʠʤ ʚʨʘʯʦʤ; 
3) ʠʟʤʝʥʝʥʠʝ ʜʘʥʥʳʭ ʧʘʮʠʝʥʪʘ; 
4) ʧʨʦʩʤʦʪʨ ʦʯʝʨʝʜʠ ʧʘʮʠʝʥʪʦʚ ʧʦ ʚʳʜʘʥʥʳʤ ʪʘʣʦʥʘʤ. 
ɺʦʟʤʦʞʥʦʩʪʠ ʨʝʛʠʩʪʨʘʪʦʨʘ: 
1) ʧʨʦʩʤʦʪʨ ʜʘʥʥʳʭ ʦ ʤʝʜʫʯʨʝʞʜʝʥʠʠ, ʨʘʙʦʪʥʠʢʘʭ ʤʝʜ. ʫʯʨʝʞʜʝʥʠʷ, ʧʘʮʠʝʥʪʘʭ ʠ 

ʙʦʣʴʥʠʯʥʳʭ ʣʠʩʪʘʭ; 
2) ʟʘʧʨʦʩ ʥʘ ʧʦʜʪʚʝʨʞʜʝʥʠʝ ʦʪʧʫʩʢʘ ʟʘʚʝʜʫʶʱʠʤ ʚʨʘʯʦʤ; 
3) ʧʨʦʩʤʦʪʨ ʠ ʠʟʤʝʥʝʥʠʝ ʦʯʝʨʝʜʠ ʧʘʮʠʝʥʪʦʚ ʢ ʚʨʘʯʫ; 
4) ʜʦʙʘʚʣʝʥʠʝ ʚʳʜʘʥʥʦʛʦ ʪʘʣʦʥʘ ʢ ʚʨʘʯʫ-ʩʧʝʮʠʘʣʠʩʪʫ ʚ ʩʠʩʪʝʤʫ. 
ɺʦʟʤʦʞʥʦʩʪʠ ʩʧʝʮʠʘʣʠʩʪʘ ʧʦ ʨʘʙʦʪʝ ʩ ʢʘʜʨʘʤʠ: 
1) ʧʨʦʩʤʦʪʨ ʜʘʥʥʳʭ ʦ ʤʝʜʫʯʨʝʞʜʝʥʠʠ, ʨʘʙʦʪʥʠʢʘʭ ʤʝʜ. ʫʯʨʝʞʜʝʥʠʷ, ʧʘʮʠʝʥʪʘʭ ʠ 

ʙʦʣʴʥʠʯʥʳʭ ʣʠʩʪʘʭ; 
2) ʠʟʤʝʥʝʥʠʝ ʜʦʣʞʥʦʩʪʥʳʭ ʜʘʥʥʳʭ; 
3) ʜʦʙʘʚʣʝʥʠʝ ʥʦʚʳʭ ʩʦʪʨʫʜʥʠʢʦʚ ʤʝʜʠʮʠʥʩʢʦʛʦ ʫʯʨʝʞʜʝʥʠʷ. 



55-ʷ ʶʙʠʣʝʡʥʘʷ ʥʘʫʯʥʘʷ ʢʦʥʬʝʨʝʥʮʠʷ ʘʩʧʠʨʘʥʪʦʚ, ʤʘʛʠʩʪʨʘʥʪʦʚ ʠ ʩʪʫʜʝʥʪʦʚ ɹɻʋʀʈ, 2019 ʛ. 
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ɺʦʟʤʦʞʥʦʩʪʠ ʧʘʮʠʝʥʪʘ: 
1) ʧʨʦʩʤʦʪʨ ʜʘʥʥʳʭ ʦ ʤʝʜʫʯʨʝʞʜʝʥʠʠ ʠ ʨʘʙʦʪʥʠʢʘʭ ʤʝʜ. ʫʯʨʝʞʜʝʥʠʷ; 
2) ʧʨʦʩʤʦʪʨ ʜʘʥʥʳʭ ʧʦ ʩʚʦʝʡ ʤʝʜʠʮʠʥʩʢʦʡ ʢʘʨʪʝ ʠ ʘʥʘʣʠʟʘʭ; 
3) ʠʟʤʝʥʝʥʠʝ ʜʘʥʥʳʭ ʦ ʩʝʙʝ; 
4) ʦʥʣʘʡʥ-ʟʘʢʘʟ ʪʘʣʦʥʘ ʢ ʚʨʘʯʫ-ʩʧʝʮʠʘʣʠʩʪʫ; 
5) ʦʪʢʨʳʪʠʝ ʜʠʘʣʦʛʦʚ ʩ ʢʦʥʢʨʝʪʥʳʤ ʚʨʘʯʦʤ ʤʝʜ. ʫʯʨʝʞʜʝʥʠʷ. 
ʊʝʤ ʩʘʤʳʤ ʤʦʞʥʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʧʨʝʜʣʘʛʘʝʤʘʷ ʩʠʩʪʝʤʘ ʧʨʝʜʥʘʟʥʘʯʝʥʘ ʜʣʷ ʫʯʝʪʘ ʨʘʙʦʯʠʭ 

ʢʘʜʨʦʚ, ʧʘʮʠʝʥʪʦʚ, ʤʝʜʠʮʠʥʩʢʠʭ ʢʘʨʪ, ʠʥʪʝʛʨʘʮʠʠ ʙʦʣʴʥʠʯʥʳʭ ʣʠʩʪʦʚ. ʈʘʟʥʳʝ ʧʦʣʴʟʦʚʘʪʝʣʠ ʙʫʜʫʪ 
ʠʤʝʪʴ ʨʘʟʣʠʯʥʳʝ ʚʦʟʤʦʞʥʦʩʪʠ.  

ʇʦʣʴʟʦʚʘʪʝʣʠ ʩ ʜʦʩʪʫʧʦʤ ʢ ʨʝʜʘʢʪʠʨʦʚʘʥʠʶ ʨʘʙʦʯʠʭ ʢʘʜʨʦʚ ʩʤʦʛʫʪ ʠʟʤʝʥʷʪʴ ʜʦʣʞʥʦʩʪʥʳʝ 
ʜʘʥʥʳʝ (ʜʦʣʞʥʦʩʪʴ, ʦʢʣʘʜ, ʨʘʙʦʯʠʡ ʢʘʙʠʥʝʪ ʠ ʜʨ.). ʇʦʣʴʟʦʚʘʪʝʣʠ ʚʨʘʯʠ ʙʫʜʫʪ ʠʤʝʪʴ ʜʦʩʪʫʧ ʢ 
ʠʟʤʝʥʝʥʠʶ ʜʘʥʥʳʭ ʧʘʮʠʝʥʪʦʚ.  

ɼʘʥʥʘʷ ʩʠʪʩʪʝʤʘ ʜʦʣʞʥʘ ʙʫʜʝʪ ʧʨʝʜʫʩʤʘʪʨʠʚʘʪʴ ʨʘʙʦʪʫ ʩ ʙʦʣʴʥʠʯʥʳʤʠ ʣʠʩʪʘʤʠ ʜʣʷ ʢʘʜʦʛʦ ʠʟ 
ʧʘʮʠʝʥʪʦʚ. ʇʘʮʠʝʥʪʳ ʩʤʦʛʫʪ ʧʨʦʩʤʦʪʨʝʪʴ ʩʚʦʠ ʤʝʜʠʮʠʥʩʢʠʝ ʢʘʨʪʳ ʠ ʨʝʟʫʣʴʪʘʪʳ ʘʥʘʣʠʟʦʚ, ʪʘʢ ʞʝ ʦʥʠ 
ʩʤʦʛʫʪ ʟʘʢʘʟʘʪʴ ʪʘʣʦʥ ʯʝʨʝʟ ʧʨʠʣʦʞʝʥʠʝ ʢ ʚʳʙʨʘʥʥʦʤʫ ʚʨʘʯʫ-ʩʧʝʮʠʘʣʠʩʪʫ ʚ ʣʶʙʦʤ ʤʝʜʠʮʠʥʩʢʦʤ 
ʫʯʨʝʞʜʝʥʠʠ. 

ɼʘʥʥʘʷ ʩʠʩʪʝʤʘ ʜʦʣʞʥʘ ʠʩʧʦʣʴʟʦʚʘʪʴ ʨʘʟʚʝʨʥʫʪʫʶ ʙʘʟʫ ʜʘʥʥʳʭ, ʘʛʨʝʛʠʨʫʷ ʩʣʝʜʫʶʱʠʤʠ 
ʩʫʱʥʦʩʪʷʤʠ:  

ī ʤʝʜʠʮʠʥʩʢʦʝ ʫʯʨʝʞʜʝʥʠʝ; 
ī ʧʦʣʴʟʦʚʘʪʝʣʠ; 
ī ʜʦʢʫʤʝʥʪʳ ʧʘʮʠʝʥʪʦʚ; 
ī ʜʦʢʫʤʝʥʪʳ ʨʘʙʦʪʥʠʢʦʚ ʤʝʜʠʮʠʥʩʢʠʭ ʫʯʨʝʞʜʝʥʠʡ; 
ī ʟʘʧʨʦʩ ʧʘʮʠʝʥʪʦʚ; 
ī ʟʘʧʨʦʩ ʨʘʙʦʪʥʠʢʦʚ ʤʝʜʠʮʠʥʩʢʠʭ ʫʯʨʝʞʜʝʥʠʡ. 
ɹʘʟʘ ʜʘʥʥʳʭ ʜʘʥʥʦʛʦ ʧʨʠʣʦʞʝʥʠʷ ʜʦʣʞʥʘ ʙʳʪʴ ʦʧʪʠʤʠʟʠʨʦʚʘʥʘ ʜʣʷ ʨʘʙʦʪʳ ʩ ʙʦʣʴʰʠʤ 

ʦʙʲʸʤʦʤ ʜʘʥʥʳʭ [3], ʪ.ʢ. ʩʠʩʪʝʤʘ ʨʘʩʩʯʠʪʘʥʘ ʥʘ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʥʝ ʪʦʣʴʢʦ ʚ ʨʘʟʥʳʭ ʛʦʨʦʜʘʭ, ʥʦ ʠ ʚ 
ʨʘʟʥʳʭ ʩʪʨʘʥʘʭ. 

ʇʨʝʜʣʘʛʘʝʤʦʝ ʧʨʠʣʦʞʝʥʠʝ ʠʟʙʘʚʠʪ ʧʘʮʠʝʥʪʦʚ ʦʪ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʟʚʦʥʠʪʴ ʚ ʤʝʜʠʮʠʥʩʢʦʝ 
ʫʯʨʝʞʜʝʥʠʝ, ʯʪʦʙʳ ʫʟʥʘʪʴ ʨʝʟʫʣʴʪʘʪʳ ʧʨʦʚʝʜʝʥʥʳʭ ʘʥʘʣʠʟʦʚ (ʧʨʠ ʧʦʷʚʣʝʥʠʠ ʨʝʟʫʣʴʪʘʪʘ ʦʧʦʚʝʱʝʥʠʝ 
ʧʨʠʜʝʪ ʥʘ ʧʦʯʪʫ). ʊʘʢ ʞʝ ʫʡʜʸʪ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʚʝʜʝʥʠʷ ʥʝʩʢʦʣʴʢʠʭ ʤʝʜʠʮʠʥʩʢʠʭ ʢʘʨʪ ʥʘ ʦʜʥʦʛʦ 
ʧʘʮʠʝʥʪʘ ʚ ʨʘʟʥʳʭ ʫʯʨʝʞʜʝʥʠʷʭ. ɺʩʷ ʠʩʪʦʨʠʷ ʙʫʜʝʪ ʭʨʘʥʠʪʩʷ ʚ ʢʘʨʪʝ ʧʘʮʠʝʥʪʘ, ʠ ʣʶʙʦʡ ʚʨʘʯ ʙʫʜʝʪ 
ʠʤʝʪʴ ʢ ʥʝʡ ʜʦʩʪʫʧ.  

ʉʦ ʚʨʝʤʝʥʝʤ ʇʆ ʥʘʙʝʨʝʪ ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʠʥʬʦʨʤʘʮʠʠ, ʯʪʦ ʜʘʩʪ ʚʦʟʤʦʞʥʦʩʪʴ ʚʥʝʜʨʠʪʴ ʚ 
ʩʠʩʪʝʤʫ ʘʥʘʣʠʟ ʜʘʥʥʳʭ, ʚʦʟʤʦʞʥʦʩʪʴ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʚʩʧʳʰʝʢ ʟʘʙʦʣʝʚʘʥʠʡ ʠ ʧʦʜʙʦʨʘ 
ʦʧʪʠʤʘʣʴʥʦʛʦ ʣʝʢʘʨʩʪʚʘ ʧʦ ʜʠʘʛʥʦʟʫ, ʧʦʣʫ ʠ ʚʦʟʨʘʩʪʫ ʧʘʮʠʝʥʪʘ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ ʧʨʝʜʣʦʞʝʥʥʦʝ 
ʧʨʦʛʨʘʤʤʥʦʝ ʩʨʝʜʩʪʚʦ ʙʫʜʝʪ ʚʦʩʪʨʝʙʦʚʘʥʦ ʚʦ ʤʥʦʛʠʭ ʫʯʨʝʞʜʝʥʠʷʭ, ʪʘʢ ʢʘʢ ʧʦʤʦʞʝʪ ʠʟʙʘʚʠʪʩʷ ʦʪ 
ʙʫʤʘʞʥʦʛʦ ʭʨʘʥʝʥʠʷ ʠʥʬʦʨʤʘʮʠʠ ʠ ʧʦʟʚʦʣʠʪʴ ʦʧʪʠʤʠʟʠʨʦʚʘʪʴ ʨʘʙʦʪʫ ʤʝʜʠʮʠʥʩʢʠʭ ʫʯʨʝʞʜʝʥʠʡ.  

ʄʦʞʥʦ ʦʪʤʝʪʠʪʴ ʝʱʸ ʦʜʥʫ ʠʟ ʦʩʦʙʝʥʥʦʩʪʝʡ ʩʠʩʪʝʤʳ: ʦʜʠʥʘʢʦʚʦʝ ʫʜʦʙʩʪʚʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʢʘʢ 
ʨʘʙʦʪʥʠʢʘʤʠ, ʪʘʢ ʠ ʧʘʮʠʝʥʪʘʤʠ. ɺ ʩʣʝʜʩʪʚʠʠ ʯʝʛʦ ʠ ʚʨʘʯ ʤʦʞʝʪ ʷʚʣʷʪʴʩʷ ʧʘʮʠʝʥʪʦʤ, ʥʝ ʧʝʨʝʭʦʜʷ ʚ 
ʜʨʫʛʦʝ ʧʨʠʣʦʞʝʥʠʝ, ʘ ʪʦʣʴʢʦ ʣʠʰʴ ʩʤʝʥʠʚ ʩʚʦʶ ʨʦʣʴ. 

 
ʉʧʠʩʦʢ ʠʩʧʦʣʴʟʦʚʘʥʥʳʭ ʠʩʪʦʯʥʠʢʦʚ: 
1. ʇʨʠʢʘʟ ʤʠʥʠʩʪʝʨʩʪʚʘ ʟʜʨʘʚʦʦʭʨʘʥʝʥʠʷ ʨʝʩʧʫʙʣʠʢʠ ɹʝʣʘʨʫʩʴ 1 ʦʢʪʷʙʨʷ 2007 ʛ. N 792 [ʕʣʝʢʪʨʦʥʥʳʡ ʨʝʩʫʨʩ] ï 

ʕʣʝʢʪʨʦʥʥʳʝ ʜʘʥʥʳʝ ï ʈʝʞʠʤ ʜʦʩʪʫʧʘ: http://nerbol.bsmu.by/wp-content/uploads/2015/10/ʇʨʠʢʘʟ-ʄɿ-ʈɹ-ʆʙ-ʫʪʚʝʨʞʜʝʥʠʠ-ʬʦʨʤ-
ʧʝʨʚʠʯʥʦʡ-ʤʝʜʠʮʠʥʩʢʦʡ-ʜʦʢʫʤʝʥʪʘʮʠʠ.pdf. 

2. ʀʥʬʦʨʤʘʮʠʦʥʥʳʝ ʪʝʭʥʦʣʦʛʠʠ ʠ ʫʧʨʘʚʣʝʥʠʝ: ʤʘʪʝʨʠʘʣʳ 54 ʥʘʫʯ. ʢʦʥʬ. ʘʩʧʠʨʘʥʪʦʚ, ʤʘʛʠʩʪʨʘʥʪʦʚ ʠ ʩʪʫʜʝʥʪʦʚ, ʄʠʥʩʢ, 
23-27 ʘʧʨʝʣʷ 2018 ʛ. / ɹʝʣʦʨʫʩ. ʛʦʩ. ʫʥ-ʪ ʠʥʬʦʨʤʘʪʠʢʠ ʠ ʨʘʜʠʦʵʣʝʢʪʨʦʥʠʢʠ. ï ʄʠʥʩʢ : ɹɻʋʀʈ, 2018. ï 191 ʩ.  

3. ʈʘʙʦʪʘ ʩ MySQL, MS SQL Server ʠ Oracle ʚ ʧʨʠʤʝʨʘʭ: ʧʨʘʢʪ. ʧʦʩʦʙʠʝ. / ʉ. ʉ. ʂʫʣʠʢʦʚ. ð ʄʠʥʩʢ: ɹʆʌʌ, 2016. ð 556 ʩ. 

 
 

ʇʈʆɻʈɸʄʄʅʆɽ ʉʈɽɼʉʊɺʆ ʉɹʆʈɸ ʀ ɸʅɸʃʀɿɸ 
ʊɽʍʅʆʃʆɻʀʏɽʉʂʀʍ ʇɸʈɸʄɽʊʈʆɺ ʉʊʈɽʃʓ ʌʈʆʅʊɸʃʔʅʆɻʆ 

ʇʆɻʈʋɿʏʀʂɸ 

ʂʦʰʝʣʝʚ ɼ.ʄ. 

ɹʝʣʦʨʫʩʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʥʬʦʨʤʘʪʠʢʠ ʠ ʨʘʜʠʦʵʣʝʢʪʨʦʥʠʢʠ 
ʛ. ʄʠʥʩʢ, ʈʝʩʧʫʙʣʠʢʘ ɹʝʣʘʨʫʩʴ 

ɼʝʤʝʥʢʦʚʝʮ ɼ.ɺ. ï ʘʩʩʠʩʪʝʥʪ 

ʕʢʩʧʣʫʘʪʘʮʠʷ ʩʧʝʮʪʝʭʥʠʢʠ ʩʚʷʟʘʥʘ ʩ ʧʦʩʪʦʷʥʥʳʤʠ ʚʳʩʦʢʠʤʠ ʥʘʛʨʫʟʢʘʤʠ. ʇʦʜʦʙʥʳʝ ʫʩʣʦʚʠʷ ʧʨʠʚʦʜʷʪ ʢ ʟʥʘʯʠʪʝʣʴʥʦʤʫ 
ʫʚʝʣʠʯʝʥʠʶ ʨʘʩʭʦʜʘ ʛʦʨʶʯʝʛʦ. ʏʨʝʟʤʝʨʥʘʷ ʵʢʩʧʣʫʘʪʘʮʠʷ ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʩʨʝʜʩʪʚʘ ʠ ʝʛʦ ʥʝʮʝʣʝʚʦʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʧʨʠʚʦʜʠʪ ʢ 

http://nerbol.bsmu.by/wp-content/uploads/2015/10/%D0%9F%D1%80%D0%B8%D0%BA%D0%B0%D0%B7-%D0%9C%D0%97-%D0%A0%D0%91-%D0%9E%D0%B1-%D1%83%D1%82%D0%B2%D0%B5%D1%80%D0%B6%D0%B4%D0%B5%D0%BD%D0%B8%D0%B8-%D1%84%D0%BE%D1%80%D0%BC-%D0%BF%D0%B5%D1%80%D0%B2%D0%B8%D1%87%D0%BD%D0%BE%D0%B9-%D0%BC%D0%B5%D0%B4%D0%B8%D1%86%D0%B8%D0%BD%D1%81%D0%BA%D0%BE%D0%B9-%D0%B4%D0%BE%D0%BA%D1%83%D0%BC%D0%B5%D0%BD%D1%82%D0%B0%D1%86%D0%B8%D0%B8.pdf
http://nerbol.bsmu.by/wp-content/uploads/2015/10/%D0%9F%D1%80%D0%B8%D0%BA%D0%B0%D0%B7-%D0%9C%D0%97-%D0%A0%D0%91-%D0%9E%D0%B1-%D1%83%D1%82%D0%B2%D0%B5%D1%80%D0%B6%D0%B4%D0%B5%D0%BD%D0%B8%D0%B8-%D1%84%D0%BE%D1%80%D0%BC-%D0%BF%D0%B5%D1%80%D0%B2%D0%B8%D1%87%D0%BD%D0%BE%D0%B9-%D0%BC%D0%B5%D0%B4%D0%B8%D1%86%D0%B8%D0%BD%D1%81%D0%BA%D0%BE%D0%B9-%D0%B4%D0%BE%D0%BA%D1%83%D0%BC%D0%B5%D0%BD%D1%82%D0%B0%D1%86%D0%B8%D0%B8.pdf
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ʙʳʩʪʨʦʤʫ  ʠʟʥʦʩʫ ʜʦʨʦʛʦʩʪʦʷʱʝʡ ʪʝʭʥʠʢʠ. ʇʨʦʛʨʘʤʤʥʦʝ ʩʨʝʜʩʪʚʦ ʩʙʦʨʘ ʠ ʘʥʘʣʠʟʘ ʧʘʨʘʤʝʪʨʦʚ ʩʪʨʝʣʳ ʬʨʦʥʪʘʣʴʥʦʛʦ 
ʧʦʛʨʫʟʯʠʢʘ ʧʦʤʦʛʘʝʪ ʨʝʰʘʪʴ ʧʦʜʦʙʥʦʛʦ ʨʦʜʘ ʧʨʦʙʣʝʤʳ. 

ʇʨʦʛʨʘʤʤʥʦʝ ʩʨʝʜʩʪʚʦ ʩʙʦʨʘ ʠ ʘʥʘʣʠʟʘ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʩʪʨʝʣʳ ʬʨʦʥʪʘʣʴʥʦʛʦ 
ʧʦʛʨʫʟʯʠʢʘ ʨʝʘʣʠʟʫʝʪ ʦʩʥʦʚʥʳʝ ʬʫʥʢʮʠʠ, ʥʝʦʙʭʦʜʠʤʳʝ ʜʣʷ ʩʙʦʨʘ ʠ ʘʥʘʣʠʟʘ ʜʘʥʥʳʭ ʦ ʨʘʙʦʪʝ 
ʪʝʭʥʠʢʠ, ʢ ʧʨʠʤʝʨʫ ʵʪʦ ʨʘʩʯʝʪ ʥʘʨʘʙʦʪʢʠ ʪʝʭʥʠʢʠ ʠ ʢʦʣʠʯʝʩʪʚʘ ʧʝʨʝʤʝʱʝʥʥʦʛʦ ʛʨʫʟʘ ʟʘ ʩʤʝʥʫ, 
ʥʝʜʝʣʶ, ʤʝʩʷʮ. ʕʪʦ ʟʥʘʯʝʥʠʝ ʦʯʝʥʴ ʚʘʞʥʦ ʧʨʠ ʨʘʩʯʝʪʝ ʩʝʙʝʩʪʦʠʤʦʩʪʠ ʦʜʥʦʛʦ ʯʘʩʘ ʨʘʙʦʪʳ ʤʘʰʠʥʳ 
[1]. 

ɼʘʥʥʦʝ ʧʨʦʛʨʘʤʤʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ ʨʘʟʨʘʙʦʪʘʥʦ ʧʦʜ ʧʣʘʪʬʦʨʤʫ Android. ʕʪʦ ʧʦʟʚʦʣʷʝʪ ʝʛʦ 
ʠʩʧʦʣʴʟʦʚʘʪʴ ʥʘ ʤʦʙʠʣʴʥʳʭ ʫʩʪʨʦʡʩʪʚʘʭ, ʪʝʣʝʬʦʥʘʭ ʠ ʧʣʘʥʰʝʪʘʭ ʙʝʟ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʠʩʧʦʣʴʟʦʚʘʪʴ 
ʧʝʨʩʦʥʘʣʴʥʳʡ ʢʦʤʧʴʶʪʝʨ. 

ʉʦʚʤʝʩʪʥʦ ʩ ʧʨʦʛʨʘʤʤʥʳʤ ʩʨʝʜʩʪʚʦʤ ʠʩʧʦʣʴʟʫʝʪʩʷ ʩʧʝʮʠʘʣʴʥʦʝ ʘʧʧʘʨʘʪʥʦʝ ʫʩʪʨʦʡʩʪʚʦ ʩ 
ʜʘʪʯʠʢʘʤʠ ʫʛʣʘ ʥʘʢʣʦʥʘ ʠ ʜʘʚʣʝʥʠʷ ʚ ʛʠʜʨʘʚʣʠʯʝʩʢʠʭ ʮʠʣʠʥʜʨʘʭ ʩʪʨʝʣʳ ʬʨʦʥʪʘʣʴʥʦʛʦ ʧʦʛʨʫʟʯʠʢʘ. 
ʆʜʠʥ ʜʘʪʯʠʢ ʥʘʢʣʦʥʘ ʢʨʝʧʠʪʩʷ ʥʘ ʩʪʨʝʣʫ, ʘ ʚʪʦʨʦʡ ʥʘ ʢʦʨʧʫʩ ʬʨʦʥʪʘʣʴʥʦʛʦ ʧʦʛʨʫʟʯʠʢʘ. ɼʚʘ ʜʘʪʯʠʢʘ 
ʜʘʚʣʝʥʠʡ ʢʨʝʧʷʪʩʷ ʚ ʛʠʜʨʘʚʣʠʯʝʩʢʫʶ ʩʠʩʪʝʤʫ ʧʦʜʲʝʤʘ. ʀʤʝʥʥʦ ʩ ʧʦʤʦʱʴʶ ʵʪʠʭ ʜʘʪʯʠʢʦʚ ʙʫʜʝʪ 
ʨʘʩʩʯʠʪʳʚʘʪʴʩʷ ʚʝʩ ʧʝʨʝʚʦʟʠʤʦʛʦ ʛʨʫʟʘ [2]. 

ʈʘʟʨʘʙʦʪʘʥʥʦʝ ʧʨʦʛʨʘʤʤʥʦʝ ʩʨʝʜʩʪʚʦ ʩʙʦʨʘ ʠ ʘʥʘʣʠʟʘ ʧʘʨʘʤʝʪʨʦʚ ʨʘʙʦʪʳ ʬʨʦʥʪʘʣʴʥʦʛʦ 
ʧʦʛʨʫʟʯʠʢʘ ʚʳʧʦʣʥʷʝʪ ʩʣʝʜʫʶʱʠʝ ʬʫʥʢʮʠʠ: 

ī ʧʦʣʫʯʝʥʠʝ ʟʥʘʯʝʥʠʡ ʩ ʜʘʪʯʠʢʦʚ ʫʛʣʘ ʥʘʢʣʦʥʘ ʠ ʜʘʚʣʝʥʠʡ ʚ ʛʠʜʨʦʮʠʣʠʥʜʨʘʭ; 
ī ʚʳʚʦʜ ʟʥʘʯʝʥʠʡ ʜʘʪʯʠʢʦʚ ʚ ʨʝʞʠʤʝ ʨʝʘʣʴʥʦʛʦ ʚʨʝʤʝʥʠ; 
ī ʚʳʚʦʜ ʟʥʘʯʝʥʠʡ ʜʘʪʯʠʢʦʚ ʥʘʢʣʦʥʘ ʚ ʚʠʜʝ ʛʨʘʬʠʢʦʚ ʚ ʨʝʞʠʤʝ ʨʝʘʣʴʥʦʛʦ ʚʨʝʤʝʥʠ; 
ī ʘʨʭʠʚʠʨʦʚʘʥʠʝ ʟʥʘʯʝʥʠʡ ʩ ʜʘʪʯʠʢʦʚ ʚ ʙʘʟʫ ʜʘʥʥʳʭ; 
ī ʦʪʦʙʨʘʞʝʥʠʝ ʧʦʯʘʩʦʚʦʡ ʩʫʤʤʘʨʥʦʡ ʥʘʛʨʫʟʢʠ ʥʘ ʪʝʭʥʠʢʫ ʟʘ ʪʝʢʫʱʠʝ ʩʫʪʢʠ. 
ɻʨʘʬʠʯʝʩʢʠʡ ʠʥʪʝʨʬʝʡʩ ʧʨʠʣʦʞʝʥʠʷ ʧʨʝʜʩʪʘʚʣʝʥ ʥʘ ʨʠʩʫʥʢʝ 1: 
 

ʘ)  ʙ)  ʚ)  

 

ʈʠʩʫʥʦʢ 1 ï ɻʨʘʬʠʯʝʩʢʠʡ ʠʥʪʝʨʬʝʡʩ ʇʉ: ʘ) ʛʣʘʚʥʳʡ ʵʢʨʘʥ ʇʉ; ʙ) ʵʢʨʘʥ ʛʨʘʬʠʢʦʚ ʨʝʘʣʴʥʦʛʦ ʚʨʝʤʝʥʠ; ʚ) ʵʢʨʘʥ 
ʪʝʢʫʱʠʭ ʟʥʘʯʝʥʠʡ ʩ ʜʘʪʯʠʢʦʚ 

 

ɺ ʜʘʣʴʥʝʡʰʝʤ ʧʣʘʥʠʨʫʝʪʩʷ ʜʦʧʦʣʥʠʪʝʣʴʥʦ ʜʦʙʘʚʠʪʴ ʬʫʥʢʮʠʠ ʩʦʭʨʘʥʝʥʠʠ ʩʪʘʪʠʩʪʠʢʠ ʩ 
ʧʦʤʦʱʴʶ ʦʙʣʘʯʥʦʡ ʪʝʭʥʦʣʦʛʠʠ (ʥʘʧʨ. Google Drive). ʇʨʦʙʣʝʤʫ ʚʠʙʨʘʮʠʠ ʧʣʘʥʠʨʫʝʪʩʷ ʨʝʰʠʪʴ 
ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʙʦʣʝʝ ʩʦʚʝʨʰʝʥʥʳʭ ʬʠʣʴʪʨʦʚ ʠ ʚʳʧʦʣʥʝʥʠʝʤ ʧʨʝʜʦʙʨʘʙʦʪʢʠ ʜʘʥʥʳʭ ʩ ʜʘʪʯʠʢʦʚ.  

 
ʉʧʠʩʦʢ ʠʩʧʦʣʴʟʦʚʘʥʥʳʭ ʠʩʪʦʯʥʠʢʦʚ: 
1. ʄʘʢʩʠʤʝʥʢʦ ɸ.ʅ. ʊɽʍʅʀʏɽʉʂɸʗ ʕʂʉʇʃʋɸʊɸʎʀʗ ʉʊʈʆʀʊɽʃʔʅʓʍ ʀ ɼʆʈʆɾʅʓʍ ʄɸʐʀʅ / ɸ. ʅ. ʄʘʢʩʠʤʝʥʢʦ, ɺ. 

ɺ. ʂʫʪʫʟʦʚ; ʧʦʜ ʨʝʜ. ʀ.ɺ. ʊʫʨʛʝʣʴ. ï ʄʠʥʩʢ : ʇʦʙʝʜʘ, 2015. ï 255 ʩ. 
2. ɸʅɸʃʀɿ ʅɸɻʈʋɾɽʅʅʆʉʊʀ ɻʀɼʈʆʎʀʃʀʅɼʈɸ ʄɽʍɸʅʀɿʄɸ ʇʆɼʒɽʄɸ ʊɽʃɽʉʂʆʇʀʏɽʉʂʆʁ ʉʊʈɽʃʓ 

ʇʆɻʈʋɿʏʀʂɸ / ʄ.ʀ. ɾʠʣʝʚʠʯ, ʇ.ʅ. ʂʠʰʢʝʚʠʯ, ɸ.ɸ. ɿʫʙʨʠʮʢʠʡ // ɺʝʩʪʥʠʢ ʂʦʩʪʨʦʤʩʢʦʛʦ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ. ʉʝʨʠʷ 
ʪʝʭ. ʥʘʫʢʠ ï 2017. ï ˉ12 ï ʉ. 31-34. 
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ʇʈʆɻʈɸʄʄʅʆɽ ʉʈɽɼʉʊɺʆ ʋʇʈɸɺʃɽʅʀʗ ʇʈʆʎɽʉʉʆʄ ʇʆɼɸʏʀ 
ɼʆʂʋʄɽʅʊʆɺ ɺ ɺʓʉʐɽɽ ʋʏɽɹʅʆɽ ɿɸɺɽɼɽʅʀɽ 

ʂʫʜʨʷʚʮʝʚʘ ʆ.ɺ. 

ɹʝʣʦʨʫʩʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʥʬʦʨʤʘʪʠʢʠ ʠ ʨʘʜʠʦʵʣʝʢʪʨʦʥʠʢʠ 
ʛ. ʄʠʥʩʢ, ʈʝʩʧʫʙʣʠʢʘ ɹʝʣʘʨʫʩʴ 

ɼʘʥʠʣʦʚʘ ɻ.ɺ. ïʤ. ʪ. ʥ., ʘʩʩʠʩʪʝʥʪ ʢʘʬ.: ʇʆʀʊ 

ʎʝʣʴ ʨʘʟʨʘʙʦʪʢʠ ï ʩʦʟʜʘʥʠʝ ʧʨʦʛʨʘʤʤʥʦʛʦ ʩʨʝʜʩʪʚʘ, ʘʚʪʦʤʘʪʠʟʠʨʫʶʱʝʛʦ ʧʨʦʮʝʩʩʳ ʧʦʜʛʦʪʦʚʢʠ 
ʠ ʧʣʘʥʠʨʦʚʘʥʠʷ ʧʨʦʚʝʜʝʥʠʷ ʧʨʠʸʤʥʦʡ ʢʦʤʠʩʩʠʠ, ʧʦʜʘʯʠ ʜʦʢʫʤʝʥʪʦʚ, ʟʘʯʠʩʣʝʥʠʷ ʘʙʠʪʫʨʠʝʥʪʦʚ, 
ʩʙʦʨʘ ʩʪʘʪʠʩʪʠʢʠ ʠ ʬʦʨʤʠʨʦʚʘʥʠʷ ʦʪʯʸʪʦʚ. ʇʨʦʩʪʦʡ ʠ ʫʜʦʙʥʳʡ ʠʥʪʝʨʬʝʡʩ ʜʦʣʞʝʥ ʦʙʝʩʧʝʯʠʪʴ 
ʫʜʦʙʩʪʚʦ ʠ ʢʦʤʬʦʨʪ ʧʨʠ ʨʘʙʦʪʝ ʩ ʇʉ.  

ʇʨʦʛʨʘʤʤʥʦʝ ʩʨʝʜʩʪʚʦ ʧʨʝʜʩʪʘʚʣʝʥʦ ʚ ʚʠʜʝ ʚʝʙ-ʧʨʠʣʦʞʝʥʠʷ. ɺʝʙ-ʧʨʠʣʦʞʝʥʠʝ ʨʝʘʣʠʟʦʚʘʥʦ ʚ 
ʚʠʜʝ ʪʨʝʭʫʨʦʚʥʝʚʦʡ ʩʠʩʪʝʤʳ, ʚʢʣʶʯʘʝʪ ʩʝʨʚʝʨʥʫʶ ʠ ʢʣʠʝʥʪʩʢʫʶ ʯʘʩʪʠ, ʙʘʟʫ ʜʘʥʥʳʭ. ɼʘʥʥʳʝ ʦʪ 
ʩʝʨʚʝʨʘ ʢʣʠʝʥʪʫ ʧʝʨʝʜʘʶʪʩʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ REST ʧʦʜʭʦʜʘ ʚ ʚʠʜʝ JSON ʬʦʨʤʘʪʘ. ɼʣʷ ʢʣʠʝʥʪʩʢʦʡ 
ʯʘʩʪʠ ʚʳʙʨʘʥ ʷʟʳʢ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ JavaScript ʠ ʬʨʵʡʤʚʦʨʢ Vue.js, ʜʣʷ ʩʝʨʚʝʨʥʦʡ ʯʘʩʪʠ ʷʟʳʢ 
ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ Java ʠ ʬʨʵʡʤʚʦʨʢ Spring. ɺ ʢʘʯʝʩʪʚʝ ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ ʙʘʟʦʡ ʜʘʥʥʳʭ 
ʠʩʧʦʣʴʟʫʝʪʩʷ MySQL[1-3]. 

ʇʉ ʚʢʣʶʯʘʝʪ ʜʚʝ ʨʦʣʠ ʧʦʣʴʟʦʚʘʪʝʣʝʡ: ʘʜʤʠʥʠʩʪʨʘʪʦʨ ʠ ʧʦʣʴʟʦʚʘʪʝʣʴ. ɸʜʤʠʥʠʩʪʨʘʪʦʨ ʠʤʝʝʪ 
ʜʦʩʪʫʧ ʢʦ ʚʩʝʤ ʜʘʥʥʳʤ (ʫʧʨʘʚʣʝʥʠʝ ʜʦʢʫʤʝʥʪʘʤʠ ʧʦʣʴʟʦʚʘʪʝʣʝʡ, ʩʦʟʜʘʥʠʝ ʠ ʨʝʜʘʢʪʠʨʦʚʘʥʠʝ: 
ʬʘʢʫʣʴʪʝʪʦʚ, ʩʧʝʮʠʘʣʴʥʦʩʪʝʡ, ʧʨʝʜʤʝʪʦʚ, ʧʨʝʧʦʜʘʚʘʪʝʣʝʡ ʠ ʪ.ʜ). ɼʣʷ ʘʙʠʪʫʨʠʝʥʪʘ ʧʨʝʜʫʩʤʦʪʨʝʥʦ: 
ʧʨʦʩʤʦʪʨ ʠʥʬʦʨʤʘʮʠʠ ʦ ʬʘʢʫʣʴʪʝʪʘʭ ʠ ʩʧʝʮʠʘʣʴʥʦʩʪʷʭ; ʨʝʛʠʩʪʨʘʮʠʷ ʠ ʘʚʪʦʨʠʟʘʮʠʷ ʚ ʩʠʩʪʝʤʝ; 
ʟʘʧʦʣʥʝʥʠʝ ʠ ʨʝʜʘʢʪʠʨʦʚʘʥʠʝ ʠʥʬʦʨʤʘʮʠʠ ʦ ʩʝʙʝ, ʩʚʦʠʭ ʨʦʜʠʪʝʣʷʭ, ʥʘʙʨʘʥʥʳʭ ʙʘʣʣʘʭ ʥʘ 
ʮʝʥʪʨʘʣʠʟʦʚʘʥʥʦʤ ʪʝʩʪʠʨʦʚʘʥʠʠ, ʠʥʬʦʨʤʘʮʠʠ ʦ ʩʨʝʜʥʝʤ ʙʘʣʣʝ ʘʪʪʝʩʪʘʪʘ; ʫʢʘʟʘʥʠʝ ʣʴʛʦʪ, ʚʣʠʷʶʱʠʭ 
ʧʨʠ ʧʦʩʪʫʧʣʝʥʠʠ; ʧʨʦʩʤʦʪʨ ʠʥʬʦʨʤʘʮʠʠ ʦ ʧʦʜʘʥʥʳʭ ʟʘʷʚʣʝʥʠʷʭ ʚ ʨʝʞʠʤʝ ʨʝʘʣʴʥʦʛʦ ʚʨʝʤʝʥʠ ʠ ʦ 
ʪʝʢʫʱʝʤ ʨʝʡʪʠʥʛʝ. ɸʙʠʪʫʨʠʝʥʪ ʠʤʝʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʧʦʜʘʪʴ ʜʦʢʫʤʝʥʪʳ ʩʨʘʟʫ ʥʘ ʥʝʩʢʦʣʴʢʦ 
ʩʧʝʮʠʘʣʴʥʦʩʪʝʡ ʨʘʟʥʳʭ ʬʦʨʤ ʦʙʫʯʝʥʠʷ ʩ ʫʢʘʟʘʥʠʝʤ ʧʨʠʦʨʠʪʝʪʘ.  ʇʨʝʜʫʩʤʦʪʨʝʥʦ ʦʧʦʚʝʱʝʥʠʝ 
ʘʙʠʪʫʨʠʝʥʪʦʚ ʦ ʨʝʟʫʣʴʪʘʪʘʭ ʟʘʯʠʩʣʝʥʠʷ ʠ ʧʨʦʚʝʜʝʥʠʷ ʧʨʠʸʤʥʦʡ ʢʦʤʠʩʩʠʠ. ʇʨʠʤʝʨ ʩʪʨʘʥʠʮʳ ʇʉ 
ʧʦʢʘʟʘʥ ʥʘ ʨʠʩʫʥʢʝ 1. 

 

 
 

ʈʠʩʫʥʦʢ 1 ï ʉʪʨʘʥʠʮʘ ʧʨʦʩʤʦʪʨʘ ʠ ʨʝʜʘʢʪʠʨʦʚʘʥʠʷ ʧʨʝʜʤʝʪʦʚ 
 

ʇʉ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʘʥʘʣʦʛʘʤʠ ʦʙʣʘʜʘʝʪ ʩʣʝʜʫʶʱʠʤʠ ʜʦʩʪʦʠʥʩʪʚʘʤʠ:  

   ʦʥʣʘʡʥ ʧʦʜʘʯʘ ʜʦʢʫʤʝʥʪʦʚ, ʩ ʚʦʟʤʦʞʥʦʩʪʴʶ ʚ ʜʘʣʴʥʝʡʰʝʤ ʧʨʠʚʝʟʪʠ ʦʨʠʛʠʥʘʣʳ ʜʦʢʫʤʝʥʪʦʚ;  

  ʚʦʟʤʦʞʥʦʩʪʴ ʚ ʨʝʞʠʤʝ ʨʝʘʣʴʥʦʛʦ ʚʨʝʤʝʥʠ ʚʠʜʝʪʴ ʠʥʬʦʨʤʘʮʠʶ ʦ ʧʦʜʘʥʥʳʭ ʟʘʷʚʣʝʥʠʷʭ, 
ʪʝʢʫʱʝʤ ʧʨʦʭʦʜʥʦʤ ʙʘʣʣʝ, ʨʝʡʪʠʥʛʝ ʘʙʠʪʫʨʠʝʥʪʦʚ; 

  ʧʦʜʘʯʘ ʜʦʢʫʤʝʥʪʦʚ ʩʨʘʟʫ ʥʘ ʨʘʟʥʳʝ ʩʧʝʮʠʘʣʴʥʦʩʪʠ ʠ ʨʘʟʥʳʝ ʬʦʨʤʳ ʦʙʫʯʝʥʠʷ ʩ ʫʢʘʟʘʥʠʝʤ 
ʧʨʠʦʨʠʪʝʪʘ;  

  ʧʨʠʷʪʥʳʡ ʠʥʪʝʨʬʝʡʩ, ʚʝʙ-ʧʨʠʣʦʞʝʥʠʝ ʨʘʙʦʪʘʝʪ ʙʝʟ ʧʝʨʝʟʘʛʨʫʟʢʠ ʩʪʨʘʥʠʮʳ.  
 
ʉʧʠʩʦʢ ʠʩʧʦʣʴʟʦʚʘʥʥʳʭ ʠʩʪʦʯʥʠʢʦʚ: 
1. ʂʫʣʠʢʦʚ ʉ. ʉ. ʈʘʙʦʪʘ ʩ MySQL, MS SQL Server ʠ Oracle ʚ ʧʨʠʤʝʨʘʭ / ʂʫʣʠʢʦʚ ʉ. ʉ. ï ʄʠʥʩʢ: ɹʆʌʌ, 2016. ï 556 ʩ. 
2. ɼʵʚʠʜ ʄʘʢʬʘʨʣʘʥʜ "ɹʦʣʴʰʘʷ ʢʥʠʛʘ CSS" 2014, ʇʠʪʝʨ. ï 608 ʩ. 
3. ʆʙʫʯʝʥʠʝ JavaScript. [ʕʣʝʢʪʨʦʥʥʳʡ ʨʝʩʫʨʩ]. ï ʈʝʞʠʤ ʜʦʩʪʫʧʘ: http://learn.javascript.ru/ 
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ʉʈɸɺʅʀʊɽʃʔʅʓʁ ɸʅɸʃʀɿ ʄʆɼɽʃɽʁ ʇʈʆɻʅʆɿʀʈʆɺɸʅʀʗ 
ʇʆɻʆɼʓ 

ʃʘʙʦʭʘ ɸ.ʂ. 

ɹʝʣʦʨʫʩʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʥʬʦʨʤʘʪʠʢʠ ʠ ʨʘʜʠʦʵʣʝʢʪʨʦʥʠʢʠ 
ʛ. ʄʠʥʩʢ, ʈʝʩʧʫʙʣʠʢʘ ɹʝʣʘʨʫʩʴ 

ʐʘʤʳʥʘ ɸ.ʖ. ï ʘʩʩʠʩʪʝʥʪ 

ʏʠʩʣʝʥʥʦʝ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʝ ʧʦʛʦʜʳ ʠʩʧʦʣʴʟʫʝʪ ʤʦʜʝʣʴ ʘʪʤʦʩʬʝʨʳ, ʧʦʩʪʨʦʝʥʥʫʶ ʥʘ ʦʩʥʦʚʝ ʩʠʩʪʝʤʳ ʫʨʘʚʥʝʥʠʡ ʬʠʟʠʯʝʩʢʠʭ 
ʧʘʨʘʤʝʪʨʦʚ, ʦʧʠʩʳʚʘʶʱʠʭ ʘʵʨʦ- ʠ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʝ ʧʨʦʮʝʩʩʳ ʚ ʘʪʤʦʩʬʝʨʝ. ɺ ʨʘʙʦʪʝ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʢʣʶʯʝʚʳʝ 
ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʘʪʤʦʩʬʝʨʥʳʭ ʤʦʜʝʣʝʡ, ʠʭ ʚʣʠʷʥʠʝ ʥʘ ʪʦʯʥʦʩʪʴ ʧʨʦʛʥʦʟʘ, ʘ ʪʘʢʞʝ ʥʝʢʦʪʦʨʳʝ ʢʦʤʧʴʶʪʝʨʥʳʝ ʤʦʜʝʣʠ 
ʧʨʝʜʩʢʘʟʘʥʠʷ ʧʦʛʦʜʳ. 

ʄʦʜʝʣʠ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʧʦʛʦʜʳ ʤʦʞʥʦ ʩʠʩʪʝʤʘʪʠʟʠʨʦʚʘʪʴ ʥʘ ʦʩʥʦʚʘʥʠʠ ʨʘʟʣʠʯʥʳʭ ʢʨʠʪʝʨʠʝʚ. 
ʅʘ ʦʩʥʦʚʘʥʠʠ ʦʭʚʘʪʳʚʘʝʤʦʡ ʧʨʦʛʥʦʟʦʤ ʪʝʨʨʠʪʦʨʠʠ ʚʳʜʝʣʷʶʪ ʛʣʦʙʘʣʴʥʳʝ ʠ ʨʝʛʠʦʥʘʣʴʥʳʝ ʤʦʜʝʣʠ. 
ʉʫʱʝʩʪʚʫʝʪ ʨʘʟʜʝʣʝʥʠʝ ʤʦʜʝʣʝʡ ʥʘ ʪʝʨʤʦʪʨʦʧʥʳʝ, ʙʘʨʦʪʨʦʧʥʳʝ, ʛʠʜʨʦʩʪʘʪʠʯʝʩʢʠʝ ʠ 
ʥʝʛʠʜʨʦʩʪʘʪʠʯʝʩʢʠʝ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʢʦʥʮʝʧʪʫʘʣʴʥʦʛʦ ʚʟʛʣʷʜʘ ʥʘ ʘʪʤʦʩʬʝʨʫ ʠ ʚʳʜʝʣʝʥʠʷ 
ʘʪʤʦʩʬʝʨʥʳʭ ʧʨʦʮʝʩʩʦʚ, ʦʢʘʟʳʚʘʶʱʠʭ ʧʨʝʦʙʣʘʜʘʶʱʝʝ ʚʣʠʷʥʠʝ ʥʘ ʬʦʨʤʠʨʦʚʘʥʠʝ ʧʨʦʛʥʦʟʥʦʡ 
ʤʦʜʝʣʠ [1]. ʄʦʜʝʣʠ ʧʦʜʨʘʟʜʝʣʷʶʪʩʷ ʠ ʧʦ ʚʨʝʤʝʥʥʦʤʫ ʜʠʘʧʘʟʦʥʫ, ʥʘ ʢʦʪʦʨʦʡ ʚʳʧʦʣʥʷʝʪʩʷ ʧʨʦʛʥʦʟ; 
ʨʘʩʧʨʦʩʪʨʘʥʝʥʦ ʜʝʣʝʥʠʝ ʥʘ ʢʨʘʪʢʦʩʨʦʯʥʳʝ ʠ ʜʦʣʛʦʩʨʦʯʥʳʝ ʧʨʦʛʥʦʟʳ, ʦʜʥʘʢʦ ʠʥʦʛʜʘ ʪʘʢʞʝ 
ʚʳʜʝʣʷʶʪʩʷ ʧʨʦʛʥʦʟʳ ʩʨʝʜʥʝʡ ʠ ʧʦʚʳʰʝʥʥʦʡ ʜʘʣʴʥʦʩʪʠ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʢʘʞʜʘʷ ʤʦʜʝʣʴ ʠʤʝʝʪ ʩʚʦʶ 
ʩʧʝʮʠʬʠʢʫ, ʢʦʪʦʨʫʶ ʥʝʦʙʭʦʜʠʤʦ ʫʯʠʪʳʚʘʪʴ ʜʣʷ ʚʳʙʦʨʘ ʥʘʠʙʦʣʝʝ ʪʦʯʥʦʛʦ ʧʨʦʛʥʦʟʘ ʩ ʫʯʝʪʦʤ 
ʨʘʟʣʠʯʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʠ ʧʨʝʜʲʷʚʣʷʝʤʳʭ ʪʨʝʙʦʚʘʥʠʡ. 

ɺ ʛʠʜʨʦʩʪʘʪʠʯʝʩʢʠʭ ʤʦʜʝʣʷʭ ʛʠʜʨʦʩʪʘʪʠʯʝʩʢʦʝ ʧʨʠʙʣʠʞʝʥʠʝ ʧʦʟʚʦʣʷʝʪ ʠʩʢʣʶʯʠʪʴ ʫʨʘʚʥʝʥʠʝ 
ʚʝʨʪʠʢʘʣʴʥʦʡ ʩʦʩʪʘʚʣʷʶʱʝʡ, ʯʪʦ ʧʨʝʜʧʦʣʘʛʘʝʪ ʤʘʣʦʩʪʴ ʚʝʨʪʠʢʘʣʴʥʳʭ ʫʩʢʦʨʝʥʠʡ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ 
ʫʩʢʦʨʝʥʠʝʤ ʩʚʦʙʦʜʥʦʛʦ ʧʘʜʝʥʠʷ [2]. ʋʨʦʚʥʠ ʜʘʚʣʝʥʠʷ ʠʣʠ ʜʘʚʣʝʥʠʷ ʩʠʛʤʳ ʚ ʤʦʜʝʣʷʭ ʜʘʥʥʦʛʦ ʪʠʧʘ 
ʠʩʧʦʣʴʟʫʶʪʩʷ ʚ ʢʘʯʝʩʪʚʝ ʚʝʨʪʠʢʘʣʴʥʳʭ ʢʦʦʨʜʠʥʘʪ. ɺ ʪʦ ʞʝ ʚʨʝʤʷ, ʩ ʧʦʚʳʰʝʥʠʝʤ ʪʦʯʥʦʩʪʠ ʤʦʜʝʣʠ 
ʚʝʨʦʷʪʥʦʩʪʴ ʥʘʨʫʰʝʥʠʷ ʜʘʥʥʦʛʦ ʜʦʧʫʱʝʥʠʷ ʚʦʟʨʘʩʪʘʝʪ, ʯʪʦ ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ ʟʥʘʯʠʪʝʣʴʥʳʤ 
ʠʩʢʘʞʝʥʠʷʤ ʧʨʦʛʥʦʟʘ, ʧʦʩʢʦʣʴʢʫ ʦʩʦʙʝʥʥʦʩʪʠ ʨʝʣʴʝʬʘ ʢʦʥʢʨʝʪʥʦʡ ʤʝʩʪʥʦʩʪʠ ʠʩʢʣʶʯʝʥʳ ʠʟ 
ʨʘʩʩʤʦʪʨʝʥʠʷ. ʅʝʛʠʜʨʦʩʪʘʪʠʯʝʩʢʠʝ ʤʦʜʝʣʠ ʦʪʢʘʟʳʚʘʶʪʩʷ ʦʪ ʠʜʝʠ ʛʠʜʨʦʩʪʘʪʠʯʝʩʢʦʛʦ ʧʨʠʙʣʠʞʝʥʠʷ ʠ 
ʠʟʳʩʢʠʚʘʶʪ ʠʥʳʝ ʩʧʦʩʦʙʳ ʨʝʰʝʥʠʷ ʩʠʩʪʝʤʳ ʫʨʘʚʥʝʥʠʡ. ɸʪʤʦʩʬʝʨʥʳʝ ʤʦʜʝʣʠ ʜʘʥʥʦʛʦ ʪʠʧʘ ʙʦʣʴʰʝʝ 
ʚʥʠʤʘʥʠʝ ʫʜʝʣʷʶʪ ʨʝʣʴʝʬʫ ʤʝʩʪʥʦʩʪʠ ʠ ʚʤʝʩʪʦ ʫʨʦʚʥʝʡ ʜʘʚʣʝʥʠʷ ʠʩʧʦʣʴʟʫʶʪ ʫʨʦʚʥʠ ʚʳʩʦʪʳ ʠʣʠ 
ʚʳʩʦʪʳ ʩʠʛʤʳ. 

ɻʣʦʙʘʣʴʥʳʝ ʧʨʦʛʥʦʟʥʳʝ ʤʦʜʝʣʠ ʦʭʚʘʪʳʚʘʶʪ ʧʨʦʛʥʦʟʦʤ ʚʩʶ ʧʣʦʱʘʜʴ ɿʝʤʣʠ, ʥʘʠʙʦʣʝʝ 
ʨʘʩʧʨʦʩʪʨʘʥʝʥʳ ʤʦʜʝʣʠ GFS, ECMWF, UKMET, NOGAPS, GEM. ʉʫʱʝʩʪʚʫʶʪ ʩʧʝʮʠʘʣʴʥʳʝ ʤʦʜʝʣʠ 
ʜʣʷ ʧʨʝʜʩʢʘʟʘʥʠʷ ʫʨʘʛʘʥʦʚ, ʪʘʢʠʝ ʢʘʢ HWRF, GFDL. 

ʄʦʜʝʣʴ GFS (Global Forecast System) ʨʘʟʨʘʙʦʪʘʥʘ ʘʤʝʨʠʢʘʥʩʢʠʤ ʮʝʥʪʨʦʤ NCEP (National 
Centers for Environmental Prediction) ʠ ʧʨʝʜʦʩʪʘʚʣʷʝʪ ʧʨʦʛʥʦʟʳ ʥʘ ʩʨʦʢ ʜʦ 16 ʜʥʝʡ [3]. ʄʦʜʝʣʴ GFS 
ʦʪʥʦʩʠʪʩʷ ʢ ʛʠʜʨʦʩʪʘʪʠʯʝʩʢʠʤ ʤʦʜʝʣʷʤ ʠ ʠʩʧʦʣʴʟʫʝʪ 64 ʫʨʦʚʥʷ ʜʘʚʣʝʥʠʷ ʩʠʛʤʳ ʚ ʢʘʯʝʩʪʚʝ 
ʚʝʨʪʠʢʘʣʴʥʳʭ ʢʦʦʨʜʠʥʘʪ. ɺ ʢʘʯʝʩʪʚʝ ʤʦʜʝʣʠ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʘʪʤʦʩʬʝʨʳ ʠʩʧʦʣʴʟʫʝʪʩʷ ʤʦʜʝʣʴ GSM 
(Global Spectral Model), ʜʣʷ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʨʝʟʫʣʴʪʘʪʦʚ ʠʩʧʦʣʴʟʫʝʪʩʷ ɻʘʫʩʩʦʚʩʢʘʷ ʩʝʪʢʘ. ɹʘʟʦʚʳʝ 
ʫʩʣʦʚʠʷ ʜʣʷ ʩʦʩʪʘʚʣʝʥʠʷ ʧʨʦʛʥʦʟʘ ʧʨʝʜʦʩʪʘʚʣʷʶʪʩʷ ʩʠʩʪʝʤʦʡ GDAS (Global Data Assimilation 
System), ʦʩʫʱʝʩʪʚʣʷʶʱʝʡ ʩʙʦʨ ʚʩʝʭ ʜʦʩʪʫʧʥʳʭ ʩʧʫʪʥʠʢʦʚʳʭ, ʪʨʘʜʠʮʠʦʥʥʳʭ (ʨʘʜʠʦʟʦʥʜʠʨʦʚʘʥʠʝ, 
ʘʚʠʘʮʠʦʥʥʳʝ, ʧʦʚʝʨʭʥʦʩʪʥʳʝ) ʠ ʨʘʜʠʦʣʦʢʘʮʠʦʥʥʳʭ ʥʘʙʣʶʜʝʥʠʡ. ʆʙʥʦʚʣʝʥʠʝ ʧʨʦʛʥʦʟʘ GFS 
ʧʨʦʠʩʭʦʜʠʪ 4 ʨʘʟʘ ʚ ʜʝʥʴ ʩ ʠʥʪʝʨʚʘʣʦʤ 6 ʯʘʩʦʚ. ɼʘʥʥʳʝ ʤʦʛʫʪ ʙʳʪʴ ʧʨʝʜʩʪʘʚʣʝʥʳ ʩ ʪʦʯʥʦʩʪʴʶ ʜʦ 1, 
0.5 ʠ 0.25 ʛʨʘʜʫʩʘ (0.25Á å 25 ʢʤ). ʇʨʦʛʥʦʟ ʜʦʩʪʫʧʝʥ ʩ ʰʘʛʦʤ 1 ʯʘʩ ʥʘ ʙʣʠʞʘʡʰʠʝ 5 ʩʫʪʦʢ, ʩ 
ʧʨʦʛʥʦʟʥʳʤ ʠʥʪʝʨʚʘʣʦʤ 3 ʯʘʩʘ ʥʘ 6-10 ʩʫʪʢʠ ʠ ʩ ʰʘʛʦʤ 12 ʯʘʩʦʚ ʥʘ 11-16 ʩʫʪʢʠ. ʅʝʤʘʣʦʚʘʞʥʳʤ 
ʘʩʧʝʢʪʦʤ ʷʚʣʷʝʪʩʷ ʦʙʱʝʜʦʩʪʫʧʥʦʩʪʴ ʨʝʟʫʣʴʪʘʪʦʚ ʨʘʙʦʪʳ ʤʦʜʝʣʠ GFS: ʬʘʡʣʳ ʧʨʦʛʥʦʟʦʚ ʜʦʩʪʫʧʥʳ 
ʙʝʩʧʣʘʪʥʦ, ʜʣʷ ʜʦʩʪʫʧʘ ʤʦʛʫʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥ ʧʨʦʪʦʢʦʣ ftp ʠʣʠ https. 

ɽʚʨʦʧʝʡʩʢʠʡ ʮʝʥʪʨ ECMWF (European Centre for Medium-Range Weather Forecasts) 
ʧʨʝʜʦʩʪʘʚʣʷʝʪ ʤʦʜʝʣʴ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʧʦʛʦʜʳ IFS (Integrated Forecasting System). ʊʝʢʫʱʝʝ ʷʜʨʦ 
ʤʦʜʝʣʠ IFS ʛʠʜʨʦʩʪʘʪʠʯʥʦ (IFS-ST), ʦʜʥʘʢʦ ʨʘʟʨʘʙʦʪʘʥʦ ʥʦʚʦʝ ʷʜʨʦ IFS-FVM, ʢʦʪʦʨʦʝ ʷʚʣʷʝʪʩʷ 
ʥʝʛʠʜʨʦʩʪʘʪʠʯʥʳʤ ʠ ʠʩʧʦʣʴʟʫʝʪ ʢʦʥʝʯʥʦ-ʦʙʲʝʤʥʫʶ ʜʠʩʢʨʝʪʠʟʘʮʠʶ [4]. ʗʜʨʦ IFS-FVM ʧʦʟʚʦʣʷʝʪ 
ʫʯʠʪʳʚʘʪʴ ʥʝʛʠʜʨʦʩʪʘʪʠʯʝʩʢʠʝ ʜʠʥʘʤʠʯʝʩʢʠʝ ʵʬʬʝʢʪʳ, ʚʣʠʷʥʠʝ ʢʦʪʦʨʳʭ ʟʥʘʯʠʪʝʣʴʥʦ ʧʨʠ 
ʛʦʨʠʟʦʥʪʘʣʴʥʦʤ ʤʘʩʰʪʘʙʝ, ʤʝʥʴʰʝʤ 10 ʢʤ (ʨʠʩʫʥʦʢ 1). ɺ ʨʘʤʢʘʭ ʤʦʜʝʣʠ IFS ʜʦʩʪʫʧʥʦ ʥʝʩʢʦʣʴʢʦ 
ʤʦʜʝʣʝʡ, ʚʳʯʠʩʣʷʶʱʠʭ ʧʨʦʛʥʦʟ ʜʣʷ ʫʢʘʟʘʥʥʦʛʦ ʚʨʝʤʝʥʥʦʛʦ ʜʠʘʧʘʟʦʥʘ ʩ ʫʢʘʟʘʥʥʳʤ 
ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʭ ʨʘʟʨʝʰʝʥʠʝʤ [5]. ʄʦʜʝʣʴ HRES ʚʳʯʠʩʣʷʝʪ ʧʨʦʛʥʦʟ ʩ ʰʘʛʦʤ 9 ʢʤ (0.1Á) ʥʘ 
ʙʣʠʞʘʡʰʠʝ 10 ʩʫʪʦʢ ʩ ʜʠʩʢʨʝʪʥʦʩʪʴʶ 1 ʯʘʩ. ʈʝʟʫʣʴʪʘʪʳ ʧʨʦʛʥʦʟʦʚ ʧʨʝʜʩʪʘʚʣʝʥʳ ʩ ʧʦʤʦʱʴʶ 
ʦʢʪʘʵʜʨʠʯʝʩʢʠʭ ʫʤʝʥʴʰʝʥʥʳʭ ɻʘʫʩʩʦʚʩʢʠʭ ʩʝʪʦʢ. ɿʥʘʯʠʤʦʡ ʦʩʦʙʝʥʥʦʩʪʴʶ ʤʦʜʝʣʝʡ ECMWF ʷʚʣʷʝʪʩʷ 
ʧʣʘʪʥʳʡ ʜʦʩʪʫʧ ʢ ʧʨʦʛʥʦʟʥʳʤ ʜʘʥʥʳʤ, ʯʪʦ ʩʫʱʝʩʪʚʝʥʥʦ ʦʛʨʘʥʠʯʠʚʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʠʭ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 
ʚ ʥʝʢʦʤʤʝʨʯʝʩʢʠʭ ʠʥʠʮʠʘʪʠʚʘʭ ʠ ʚ ʥʝʙʦʣʴʰʠʭ ʧʨʦʝʢʪʘʭ ʙʝʟ ʩʫʱʝʩʪʚʝʥʥʳʭ ʜʝʥʝʞʥʳʭ ʚʣʦʞʝʥʠʡ. 



55-ʷ ʶʙʠʣʝʡʥʘʷ ʥʘʫʯʥʘʷ ʢʦʥʬʝʨʝʥʮʠʷ ʘʩʧʠʨʘʥʪʦʚ, ʤʘʛʠʩʪʨʘʥʪʦʚ ʠ ʩʪʫʜʝʥʪʦʚ ɹɻʋʀʈ, 2019 ʛ. 
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ʄʦʜʝʣʴ UKMET (Unified Model of the Met Office) ʜʦʩʪʫʧʥʘ ʙʣʘʛʦʜʘʨʷ ʜʝʷʪʝʣʴʥʦʩʪʠ ʙʨʠʪʘʥʩʢʦʛʦ 
ʮʝʥʪʨʘ Met Office. ɼʘʥʥʦʝ ʫʯʨʝʞʜʝʥʠʝ ʧʨʠʜʝʨʞʠʚʘʝʪʩʷ ʢʦʥʮʝʧʮʠʠ ʢʦʤʧʣʝʢʩʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ 
(seamless modelling), ʧʨʠ ʢʦʪʦʨʦʤ ʦʜʥʦ ʠ ʪʦ ʞʝ ʜʠʥʘʤʠʯʝʩʢʦʝ ʷʜʨʦ ʩʠʩʪʝʤʳ ʚʤʝʩʪʝ ʩʦ ʩʭʝʤʘʤʠ 
ʧʘʨʘʤʝʪʨʠʟʘʮʠʠ ʤʥʦʛʦʢʨʘʪʥʦ ʠʩʧʦʣʴʟʫʶʪʩʷ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʨʘʟʨʘʙʦʪʘʥʥʘʷ ʮʝʥʪʨʦʤ ʤʦʜʝʣʴ ʤʦʞʝʪ 
ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʦʜʥʦʚʨʝʤʝʥʥʦ ʜʣʷ ʯʠʩʣʝʥʥʦʛʦ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʧʦʛʦʜʳ, ʩʝʟʦʥʥʦʛʦ ʧʨʦʛʥʦʟʘ ʠ 
ʢʣʠʤʘʪʠʯʝʩʢʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ, ʘ ʩʨʦʢ ʧʨʦʛʥʦʟʘ ʤʦʞʝʪ ʚʘʨʴʠʨʦʚʘʪʴʩʷ ʦʪ ʥʝʩʢʦʣʴʢʠʭ ʜʥʝʡ ʜʦ 
ʜʝʩʷʪʠʣʝʪʠʡ [6]. ʄʦʜʝʣʴ UKMET ʥʝʛʠʜʨʦʩʪʘʪʠʯʥʘ ʠ ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʫʝʪ ʧʘʨʘʤʝʪʨʠʟʘʮʠʶ ʪʘʢʠʭ 
ʟʥʘʯʝʥʠʡ, ʢʘʢ ʢʦʥʚʝʢʮʠʷ, ʪʫʨʙʫʣʝʥʪʥʦʩʪʴ ʧʦʛʨʘʥʠʯʥʦʛʦ ʩʣʦʷ ʠ ʜʨ. ʈʘʟʨʘʙʦʪʘʥʥʘʷ ʤʦʜʝʣʴ MOGREPS 
ʨʘʩʩʯʠʪʳʚʘʝʪ ʜʘʥʥʳʝ ʜʣʷ ʚʩʝʛʦ ʤʠʨʘ ʩ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʪʦʯʥʦʩʪʴʶ 20 ʢʤ (ʥʘ 7 ʩʫʪʦʢ), ʘ ʜʣʷ 
ɺʝʣʠʢʦʙʨʠʪʘʥʠʠ ï ʩ ʪʦʯʥʦʩʪʴʶ 2.2 ʢʤ (ʥʘ 5 ʩʫʪʦʢ); ʦʙʥʦʚʣʝʥʠʝ ʧʨʦʛʥʦʟʥʳʭ ʜʘʥʥʳʭ ʚʳʧʦʣʥʷʝʪʩʷ 4 
ʨʘʟʘ ʚ ʩʫʪʢʠ ʩ ʠʥʪʝʨʚʘʣʦʤ 6 ʯʘʩʦʚ. ɼʣʷ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʜʘʥʥʳʭ ʧʨʦʛʥʦʟʘ ʠʩʧʦʣʴʟʫʶʪʩʷ ʨʘʟʥʦʩʪʥʘʷ 
ʩʝʪʢʘ çʉè ɸʨʘʢʘʚʳ ʠ ʚʝʨʪʠʢʘʣʴʥʦ-ʨʘʟʥʦʩʪʥʘʷ ʩʝʪʢʘ ʏʘʨʥʠ-ʌʠʣʣʠʧʩʘ. ʈʝʰʝʥʠʝ ʦ ʧʨʝʜʦʩʪʘʚʣʝʥʠʠ 
ʜʘʥʥʳʭ ʧʨʦʛʥʦʟʘ ʚ ʢʘʞʜʦʤ ʩʣʫʯʘʝ ʧʨʠʥʠʤʘʝʪʩʷ ʠʥʜʠʚʠʜʫʘʣʴʥʦ, ʨʝʘʣʠʟʫʶʪʩʷ ʧʨʦʛʨʘʤʤʳ ʧʦ 
ʧʦʜʜʝʨʞʢʝ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʭ ʧʨʦʝʢʪʦʚ. 

 

 
ʈʠʩʫʥʦʢ 1 ï ʉʨʘʚʥʝʥʠʝ ʪʦʯʥʦʩʪʠ ʧʨʦʛʥʦʟʘ ʝʚʨʦʧʝʡʩʢʦʡ ʤʦʜʝʣʠ ECMWF (ʩʠʥʷʷ ʣʠʥʷʷ) ʠ ʘʤʝʨʠʢʘʥʩʢʦʡ ʤʦʜʝʣʠ 
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ʃʦʢʘʣʴʥʳʝ ʤʦʜʝʣʠ ʧʨʦʛʥʦʟʘ ʧʦʛʦʜʳ ʦʭʚʘʪʳʚʘʶʪ ʪʦʣʴʢʦ ʦʧʨʝʜʝʣʸʥʥʫʶ ʯʘʩʪʴ ʪʝʨʨʠʪʦʨʠʠ; ʷʨʢʠʤ 
ʧʨʠʤʝʨʦʤ ʷʚʣʷʝʪʩʷ ʤʦʜʝʣʴ AROME (Applications de la Recherche ¨ l'Op®rationnel ¨ M®so-Echelle) 
ʬʨʘʥʮʫʟʩʢʦʛʦ ʮʝʥʪʨʘ M®t®o-France, ʢʦʪʦʨʘʷ ʧʨʝʜʦʩʪʘʚʣʷʝʪ ʧʨʦʛʥʦʟʥʳʝ ʜʘʥʥʳʝ ʪʦʣʴʢʦ ʜʣʷ 
ʪʝʨʨʠʪʦʨʠʠ ʌʨʘʥʮʠʠ. ʆʜʥʘʢʦ ʪʘʢʦʝ ʩʫʞʝʥʠʝ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ ʧʦʟʚʦʣʠʣʦ ʚʳʧʦʣʥʷʪʴ 
ʧʨʦʛʥʦʟʳ ʩ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʪʦʯʥʦʩʪʴʶ 1.3 ʢʤ [7], ʘ ʪʘʢʞʝ ʫʯʠʪʳʚʘʪʴ ʪʘʢʠʝ ʧʘʨʘʤʝʪʨʳ, ʢʘʢ ʨʝʣʴʝʬ, 
ʪʠʧ ʧʦʚʝʨʭʥʦʩʪʠ, ʵʢʦʩʠʩʪʝʤʘ ʠ ʜʨ. ɽʱʸ ʦʜʥʠʤ ʟʥʘʯʠʤʳʤ ʘʩʧʝʢʪʦʤ ʷʚʣʷʝʪʩʷ ʥʘʣʠʯʠʝ ʠʥʪʝʛʨʘʮʠʠ ʩ 
ʙʘʟʘʤʠ ʜʘʥʥʳʭ, ʧʨʝʜʦʩʪʘʚʣʷʶʱʠʤʠ ʬʘʢʪʠʯʝʩʢʠʝ ʟʥʘʯʝʥʠʷ ʨʝʛʠʩʪʨʠʨʫʶʱʠʭ ʧʨʠʙʦʨʦʚ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʣʦʢʘʣʴʥʳʝ ʤʦʜʝʣʠ ʧʨʦʛʥʦʟʘ ʧʦʛʦʜʳ ʤʦʛʫʪ ʧʨʝʜʦʩʪʘʚʣʷʪʴ ʙʦʣʝʝ ʧʦʣʥʫʶ ʠ 
ʜʝʪʘʣʴʥʫʶ ʠʥʬʦʨʤʘʮʠʶ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʛʣʦʙʘʣʴʥʳʤʠ ʤʦʜʝʣʷʤʠ ʙʣʘʛʦʜʘʨʷ ʢʦʥʮʝʥʪʨʘʮʠʠ ʚʥʠʤʘʥʠʷ 
ʥʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʭ ʢʦʥʢʨʝʪʥʦʡ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʦʙʣʘʩʪʠ. ʆʜʥʘʢʦ ʥʘ ʪʝʨʨʠʪʦʨʠʷʭ, ʥʝ ʦʭʚʘʪʳʚʘʝʤʳʭ 
ʣʦʢʘʣʴʥʳʤʠ ʤʦʜʝʣʷʤʠ, ʯʘʩʪʥʳʤ ʩʣʫʯʘʝʤ ʢʘʢʦʚʳʭ ʷʚʣʷʝʪʩʷ ʈʝʩʧʫʙʣʠʢʘ ɹʝʣʘʨʫʩʴ, ʥʝʦʙʭʦʜʠʤʦ 
ʠʩʧʦʣʴʟʦʚʘʪʴ ʛʣʦʙʘʣʴʥʳʝ ʤʦʜʝʣʠ ʢʘʢ ʝʜʠʥʩʪʚʝʥʥʳʡ ʠʩʪʦʯʥʠʢ ʧʨʦʛʥʦʟʥʳʭ ʜʘʥʥʳʭ. ʂʘʢ ʧʦʢʘʟʳʚʘʝʪ 
ʚʳʰʝʧʨʠʚʝʜʝʥʥʳʡ ʘʥʘʣʠʟ, ʧʨʠ ʚʳʙʦʨʝ ʢʦʥʢʨʝʪʥʦʡ ʤʦʜʝʣʠ ʥʝʦʙʭʦʜʠʤʦ ʫʯʠʪʳʚʘʪʴ ʟʘʜʘʥʥʳʝ 
ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʫʶ ʠ ʚʨʝʤʝʥʥʫʶ ʪʦʯʥʦʩʪʠ, ʢʦʥʢʨʝʪʥʳʡ ʧʝʨʝʯʝʥʴ ʠʩʢʦʤʳʭ ʧʘʨʘʤʝʪʨʦʚ ʧʦʛʦʜʳ, 
ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʨʦʛʥʦʟʥʦʡ ʤʦʜʝʣʠ, ʘ ʪʘʢʞʝ ʩʦʦʪʥʦʩʠʪʴ ʩʪʦʠʤʦʩʪʴ ʜʘʥʥʳʭ ʧʨʦʛʥʦʟʥʳʭ ʤʦʜʝʣʠ ʩ 
ʬʠʥʘʥʩʦʚʳʤʠ ʚʦʟʤʦʞʥʦʩʪʷʤʠ ʢʦʥʢʨʝʪʥʦʛʦ ʨʝʘʣʠʟʫʝʤʦʛʦ ʧʨʦʝʢʪʘ. 
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2. ɻʫʪʤʘʥ ʃ. ʅ. ʇʨʠʤʝʥʝʥʠʝ ʯʠʩʣʝʥʥʦʛʦ ʤʝʪʦʜʘ ʜʣʠʥʥʳʭ ʚʦʣʥ ʚ ʟʘʜʘʯʝ ʦʙʪʝʢʘʥʠʷ ʛʦʨ // ɼɸʅ. ʉʉʉʈ, 1957, N. 3 ï ʉ. 115-

124. 
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ʀʉʇʆʃʔɿʆɺɸʅʀɽ ʄʅʆɻʆʂʈɸʊʅʓʍ ʊɽʉʊʆɺ ʉ ʀɿʄɽʅʗɽʄʓʄ 

ʅɸʏɸʃʔʅʓʄ ʉʆʉʊʆʗʅʀʗʄ ɼʃʗ ʇʉɽɺɼʆʀʉʏɽʈʇʓɺɸʖʑɽɻʆ 

ʊɽʉʊʀʈʆɺɸʅʀʗ ʆɿʋ 

ʃʝʚʘʥʮʝʚʠʯ ɺ.ɸ. 

ɹʝʣʦʨʫʩʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʥʬʦʨʤʘʪʠʢʠ ʠ ʨʘʜʠʦʵʣʝʢʪʨʦʥʠʢʠ 
ʛ. ʄʠʥʩʢ, ʈʝʩʧʫʙʣʠʢʘ ɹʝʣʘʨʫʩʴ 

ʗʨʤʦʣʠʢ ɺ.ʅ. ï ʜ.ʪ.ʥ., ʧʨʦʬʝʩʩʦʨ 

ʀʩʩʣʝʜʫʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʤʥʦʛʦʢʨʘʪʥʳʭ ʚʝʨʦʷʪʥʦʩʪʥʳʭ ʪʝʩʪʦʚ ʩ ʠʟʤʝʥʷʝʤʳʤ ʥʘʯʘʣʴʥʳʤ ʩʦʩʪʦʷʥʠʝʤ ʷʯʝʝʢ 
ʧʘʤʷʪʠ ʜʣʷ ʧʩʝʚʜʦ-ʠʩʯʝʨʧʳʚʘʶʱʝʛʦ ʪʝʩʪʠʨʦʚʘʥʠʷ ʆɿʋ.  ʆʧʨʝʜʝʣʝʥʦ ʩʨʝʜʥʝʝ ʯʠʩʣʦ ʠʪʝʨʘʮʠʡ ʤʥʦʛʦʢʨʘʪʥʦʛʦ ʪʝʩʪʘ ʜʣʷ 
ʠʩʯʝʨʧʳʚʘʶʱʝʛʦ ʪʝʩʪʠʨʦʚʘʥʠʷ ʟʘʜʘʥʥʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʷʯʝʝʢ ʧʘʤʷʪʠ 

ʆʜʥʠʤ ʠʟ ʵʬʬʝʢʪʠʚʥʳʭ ʩʧʦʩʦʙʦʚ ʦʧʨʝʜʝʣʝʥʠʷ ʥʝʠʩʧʨʘʚʥʳʭ ʷʯʝʝʢ ʆɿʋ ʷʚʣʷʝʪʩʷ 
ʠʩʯʝʨʧʳʚʘʶʱʝʝ ʪʝʩʪʠʨʦʚʘʥʠʝ[1]. ʆʜʥʘʢʦ ʝʛʦ ʧʨʠʤʝʥʝʥʠʝ ʦʛʨʘʥʠʯʝʥʦ ʩʣʦʞʥʦʩʪʴʶ ʠ ʢʘʢ ʩʣʝʜʩʪʚʠʝ 
ʟʥʘʯʠʪʝʣʴʥʳʤʠ ʚʨʝʤʝʥʥʳʤʠ ʟʘʪʨʘʪʘʤʠ ʥʘ ʨʝʘʣʠʟʘʮʠʶ ʧʦʜʦʙʥʦʛʦ ʪʝʩʪʠʨʦʚʘʥʠʷ. ʇʦʵʪʦʤʫ ʠʩʧʦʣʴʟʫʶʪ 
ʦʜʥʫ ʠʟ ʘʧʧʨʦʢʩʠʤʘʮʠʡ ʠʩʯʝʨʧʳʚʘʶʱʝʛʦ ʪʝʩʪʠʨʦʚʘʥʠʷ ʚ ʚʠʜʝ ʧʩʝʚʜʦ-ʠʩʯʝʨʧʳʚʘʶʱʠʭ ʪʝʩʪʦʚ [2].  

ʇʩʝʚʜʦ-ʠʩʯʝʨʧʳʚʘʶʱʠʤ ʪʝʩʪʦʤ ʷʚʣʷʝʪʩʷ ʪʝʩʪ ʢʦʪʦʨʳʡ ʜʣʷ ʣʶʙʦʛʦ ʟʘʜʘʥʥʦʛʦ 

ʢʦʣʠʯʝʩʪʚʘ ʷʯʝʝʢ  ʠʟ ʦʙʱʝʛʦ ʢʦʣʠʯʝʩʪʚʘ ʷʯʝʝʢ ʧʘʤʷʪʠ , ʧʨʠ , ʦʙʝʩʧʝʯʠʚʘʝʪ 

ʛʝʥʝʨʠʨʦʚʘʥʠʝ    ʚʩʝʭ  ʜʚʦʠʯʥʳʭ    ʨʘʟʨʷʜʦʚ. ʊʦ   ʝʩʪʴ   ʪʘʢʠʤ   ʪʝʩʪʦʤ   ʤʳ   ʤʦʞʝʤ   ʦʨʛʘʥʠʟʦʚʘʪʴ  

ʠʩʯʝʨʧʳʚʘʶʱʝʝ ʪʝʩʪʠʨʦʚʘʥʠʝ ʚ ʣʶʙʳʭ   ʷʯʝʡʢʘʭ ʧʘʤʷʪʠ. 
 ɺ ʢʘʯʝʩʪʚʝ ʧʨʠʤʝʨʘ ʧʩʝʚʜʦ-ʠʩʯʝʨʧʳʚʘʶʱʝʛʦ ʪʝʩʪʘ ʤʦʞʥʦ ʧʨʠʚʝʩʪʠ ʪʝʩʪ ʜʣʷ ʰʝʩʪʠ ʷʯʝʝʢ 

ʧʘʤʷʪʠ . ʄʦʞʥʦ ʟʘʤʝʪʠʪʴ, ʯʪʦ ʚ ʜʘʥʥʦʤ 
ʪʝʩʪʝ ʜʣʷ ʣʶʙʳʭ ʜʚʫʭ ʷʯʝʝʢ ʧʘʤʷʪʠ ʧʨʠʩʫʪʩʪʚʫʶʪ ʚʦʟʤʦʞʥʳʝ  2

2
=4 ʜʚʦʠʯʥʳʝ ʢʦʤʙʠʥʘʮʠʠ. ʇʨʠ ʵʪʦʤ 

ʥʝʢʦʪʦʨʳʝ ʢʦʤʙʠʥʘʮʠʠ ʧʨʠʩʫʪʩʪʚʫʶʪ ʙʦʣʝʝ, ʯʝʤ ʧʦ ʦʜʥʦʤʫ ʨʘʟʫ.
  
ʅʘ ʨʠʩʫʥʢʝ 1 ʧʨʠʚʝʜʝʥʳ ʧʨʠʤʝʨʳ 

ʧʩʝʚʜʦ-ʠʩʯʝʨʧʳʚʘʶʱʠʭ ʪʝʩʪʦʚ ʜʣʷ ʨʘʟʣʠʯʥʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʷʯʝʝʢ ʧʘʤʷʪʠ. 
 

 
ʈʠʩʫʥʦʢ 1 ï ʇʨʠʤʝʨʳ ʧʩʝʚʜʦ-ʠʩʯʝʨʧʳʚʘʶʱʠʭ ʪʝʩʪʦʚ 

 
ʆʜʥʠʤ ʠʟ ʥʝʜʦʩʪʘʪʢʦʚ ʧʩʝʚʜʦ-ʠʩʯʝʨʧʳʚʘʶʱʠʭ ʪʝʩʪʦʚ, ʷʚʣʷʝʪʩʷ ʩʣʦʞʥʦʩʪʴ ʚʳʯʠʩʣʝʥʠʷ 

ʪʝʩʪʦʚʳʭ ʥʘʙʦʨʦʚ, ʚʭʦʜʷʱʠʭ ʚ ʧʩʝʚʜʦ-ʠʩʯʝʨʧʳʚʘʶʱʠʡ ʪʝʩʪ. ʇʦʵʪʦʤʫ ʥʘ ʧʨʘʢʪʠʢʝ ʜʣʷ ʬʦʨʤʠʨʦʚʘʥʠʷ 
ʧʦʜʦʙʥʳʭ ʪʝʩʪʦʚ ʠʩʧʦʣʴʟʫʶʪ ʤʥʦʛʦʢʨʘʪʥʳʝ ʚʝʨʦʷʪʥʦʩʪʥʳʝ ʪʝʩʪʳ. 

ʂʣʘʩʩʠʯʝʩʢʠʡ ʦʜʥʦʢʨʘʪʥʳʡ ʤʘʨʰʝʚʳʡ ʜʣʷ ʪʝʩʪʠʨʦʚʘʥʠʷ k ʧʨʦʠʟʚʦʣʴʥʳʭ ʷʯʝʝʢ ʤʦʞʥʦ 
ʧʨʝʜʩʪʘʚʠʪʴ ʢʘʢ ʩʦʚʦʢʫʧʥʦʩʪʴ ʜʚʦʠʯʥʳʭ ʚʝʢʪʦʨʦʚ, ʨʘʟʨʷʜʥʦʩʪʴʶ k, ʢʦʪʦʨʘʷ ʥʘʟʳʚʘʝʪʩʷ ʦʨʙʠʪʦʡ. [3]. 
ʂʦʥʢʨʝʪʥʳʡ ʥʘʙʦʨ ʚʝʢʪʦʨʦʚ, ʚʭʦʜʷʱʠʭ ʚ  ʦʨʙʠʪʫ, ʟʘʚʠʩʠʪ ʦʪ ʪʨʝʭ ʦʩʥʦʚʥʳʭ ʬʘʢʪʦʨʦʚ: ʧʨʘʚʠʣʘ 
ʬʦʨʤʠʨʦʚʘʥʠʷ ʦʨʙʠʪʳ, ʦʯʝʨʝʜʥʦʩʪʠ ʬʦʨʤʠʨʦʚʘʥʠʷ ʘʜʨʝʩʦʚ ʷʯʝʝʢ ʧʘʤʷʪʠ ʠ ʠʩʭʦʜʥʦʛʦ ʩʦʜʝʨʞʠʤʦʛʦ 
ʷʯʝʝʢ ʧʘʤʷʪʠ (ʨʠʩʫʥʦʢ 1). 
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ʈʠʩʫʥʦʢ 2 ï ʏʝʪʳʨʝ ʦʨʙʠʪʳ ʢʣʘʩʩʠʯʝʩʢʦʛʦ ʤʘʨʰʝʚʦʛʦ ʪʝʩʪʘ 

 
ʄʦʞʥʦ ʚʳʜʝʣʠʪʴ ʯʝʪʳʨʝ ʦʨʙʠʪʳ ʜʣʷ ʢʣʘʩʩʠʯʝʩʢʦʛʦ ʤʘʨʰʝʚʦʛʦ ʪʝʩʪʘ, ʢʦʪʦʨʳʡ ʠʤʝʝʪ ʧʨʷʤʫʶ ʠ 

ʦʙʨʘʪʥʫʶ ʦʯʝʨʝʜʥʦʩʪʴ ʬʦʨʤʠʨʦʚʘʥʠʷ ʘʜʨʝʩʦʚ ʠ ʜʚʘ ʠʩʭʦʜʥʳʭ ʩʦʜʝʨʞʠʤʳʭ ʷʯʝʝʢ ʧʘʤʷʪʠ. 
ɸʥʘʣʠʟ ʪʘʙʣʠʮʳ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʢʘʞʜʘʷ ʦʨʙʠʪʘ, ʧʨʠ ʪʝʩʪʠʨʦʚʘʥʠʠ ʧʨʦʠʟʚʦʣʴʥʳʭ k ʷʯʝʝʢ 

ʧʘʤʷʪʠ, ʩʦʜʝʨʞʠʪ k +1 ʜʚʦʠʯʥʳʝ ʚʝʢʪʦʨʘ P0, P1, ..., Pk, ʨʘʟʨʷʜʥʦʩʪʴʶ k. 
ɼʣʷ ʧʦʚʳʰʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʤʥʦʛʦʢʨʘʪʥʳʭ ʪʝʩʪʦʚ ʠʩʧʦʣʴʟʫʝʪʩʷ ʤʝʪʦʜʳ ʠʭ ʬʦʨʤʠʨʦʚʘʥʠʷ ʚ 

ʢʦʪʦʨʳʭ ʥʘ ʢʘʞʜʦʤ ʰʘʛʝ ʤʥʦʛʦʢʨʘʪʥʦʛʦ ʪʝʩʪʘ ʠʟʤʝʥʷʝʪʩʷ ʥʘʯʘʣʴʥʦʝ ʩʦʜʝʨʞʠʤʦʝ ʷʯʝʝʢ  ʧʘʤʷʪʠ, ʯʪʦ 
ʧʦʟʚʦʣʷʝʪ ʩʫʱʝʩʪʚʝʥʥʦ ʧʦʚʳʩʠʪʴ ʧʦʢʨʳʚʘʶʱʫʶ ʩʧʦʩʦʙʥʦʩʪʴ ʪʝʩʪʦʚ [3].  

ʈʘʩʩʤʦʪʨʠʤ ʆɿʋ, ʢʦʪʦʨʦʝ  ʩʦʜʝʨʞʠʪ M = 2
n
 ʦʜʥʦʙʠʪʥʳʭ ʷʯʝʝʢ ʠ  ʢʘʞʜʫʶ ʷʯʝʡʢʫ ʤʦʞʥʦ 

ʘʜʨʝʩʦʚʘʪʴ ʩ ʧʦʤʦʱʴʶ ʫʥʠʢʘʣʴʥʦʛʦ  n-ʨʘʟʨʷʜʥʦʛʦ ʘʜʨʝʩʘ. ɼʣʷ ʣʶʙʳʭ k ʷʯʝʝʢ ʆɿʋ, ʛʜʝ   k ʙʦʣʴʰʝ 
ʝʜʠʥʠʮʳ ʠ ʤʝʥʴʰʝ 2

n 
ʩʫʱʝʩʪʚʫʝʪ   2

k
 ʠʩʭʦʜʥʳʭ ʩʦʩʪʦʷʥʠʡ  P0 ʜʣʷ ʢʦʪʦʨʳʭ ʢʣʘʩʩʠʯʝʩʢʠʡ ʤʘʨʰʝʚʳʡ 

ʪʝʩʪ ʬʦʨʤʠʨʫʝʪ 2
k
 ʦʨʠʛʠʥʘʣʴʥʳʭ  ʦʨʙʠʪ ʜʣʷ  ʬʠʢʩʠʨʦʚʘʥʥʦʡ ʦʯʝʨʝʜʥʦʩʪʠ ʩʣʝʜʦʚʘʥʠʷ ʘʜʨʝʩʦʚ ʷʯʝʝʢ 

ʧʘʤʷʪʠ [3]. 
ʂʘʢ ʧʦʢʘʟʘʥʦ ʚ [3] ʜʣʷ ʦʧʨʝʜʝʣʝʥʥʦʛʦ k ʠ ʬʠʢʩʠʨʦʚʘʥʥʦʡ ʦʯʝʨʝʜʥʦʩʪʠ ʩʣʝʜʦʚʘʥʠʷ ʘʜʨʝʩʦʚ 

ʩʫʱʝʩʪʚʫʶʪ  ʦʨʙʠʪ On ʩ ʨʘʟʥʳʤ ʠʩʭʦʜʥʳʤ ʩʦʩʪʦʷʥʠʝʤ ʆɿʋ, ʚ ʩʦʩʪʘʚ ʢʦʪʦʨʳʭ ʚʭʦʜʷʪ 

ʚʝʢʪʦʨʘ , ʥʝ ʚʦʜʷʱʠʝ ʚ ʦʨʙʠʪʫ Oo, ʘ ʪʘʢʞʝ ʢʦʣʠʯʝʩʪʚʦ ʦʨʙʠʪ, ʨʘʚʥʦʝ ʚ ʩʦʩʪʘʚ ʢʦʪʦʨʳʭ 
ʚʭʦʜʷʪ ʜʚʘ ʚʝʢʪʦʨʘ, ʠʟ ʦʨʙʠʪʳ Oo. 

ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʩʨʝʜʥʝʛʦ ʢʦʣʠʯʝʩʪʚʘ ʠʪʝʨʘʮʠʡ Os ʤʥʦʛʦʢʨʘʪʥʦʛʦ ʪʝʩʪʘ ʩ ʠʟʤʝʥʷʝʤʳʤ 
ʠʩʭʦʜʥʳʤ ʩʦʩʪʦʷʥʠʝʤ ʧʘʤʷʪʠ ʠ ʬʠʢʩʠʨʦʚʘʥʥʳʤ ʧʦʨʷʜʢʦʤ ʩʣʝʜʦʚʘʥʠʷ ʘʜʨʝʩʦʚ ʷʯʝʝʢ ʧʘʤʷʪʠ 
ʧʨʝʜʧʦʣʦʞʠʤ, ʯʪʦ ʦʥʠ ʬʦʨʤʠʨʫʶʪʩʷ ʩʣʫʯʘʡʥʳʤ ʦʙʨʘʟʦʤ ʠ ʠʭ ʟʥʘʯʝʥʠʷ ʨʘʚʥʦʤʝʨʥʦ ʨʘʩʧʨʝʜʝʣʝʥʳ ʩ 

ʚʝʨʦʷʪʥʦʩʪʴʶ . ʊʦʛʜʘ ʜʣʷ  ʦʧʨʝʜʝʣʝʥʠʷ ʩʨʝʜʥʝʛʦ ʢʦʣʠʯʝʩʪʚʘ ʠʪʝʨʘʮʠʡ ʧʨʠ ʨʝʘʣʠʟʘʮʠʠ ʧʩʝʚʜʦ-

ʠʩʯʝʨʧʳʚʘʶʱʝʛʦ ʪʝʩʪʠʨʦʚʘʥʠʷ k ʷʯʝʝʢ  ʆɿʋ, ʤʦʞʥʦ ʧʨʠʤʝʥʠʪʴ ʢʣʘʩʩʠʯʝʩʢʫʶ ʟʘʜʘʯʫ  çCoupon 
Collectorôs Problemè, ʛʜʝ ʚ ʢʘʯʝʩʪʚʝ ʦʯʝʨʝʜʥʦʛʦ ʢʫʧʦʥʘ ʩʣʫʞʠʪ ʦʨʙʠʪʘ ʩ ʥʦʚʳʤ ʠʩʭʦʜʥʳʤ ʩʦʩʪʦʷʥʠʝʤ 
ʧʘʤʷʪʠ [4]: 

 

                                                          (1) 
 

ʀʩʧʦʣʴʟʫʷ ʚʳʨʘʞʝʥʠʝ 1 ʩʨʝʜʥʝʝ ʟʥʘʯʝʥʠʝ ʢʦʣʠʯʝʩʪʚʘ ʠʪʝʨʘʮʠʡ Os ʜʣʷ ʬʦʨʤʠʨʦʚʘʥʠʷ ʚʩʝʭ  

ʜʚʦʠʯʥʳʭ ʚʝʢʪʦʨʦʚ ʤʥʦʛʦʢʨʘʪʥʳʭ ʪʝʩʪʦʚ ʪʠʧʘ  ʨʘʚʥʦ . ɼʣʷ 

ʪʝʩʪʦʚ   ʵʪʦ ʟʥʘʯʝʥʠʝ ʦʧʨʝʜʝʣʷʝʪʩʷ ʚʳʨʘʞʝʥʠʝʤ  [3]. 
ʅʘ ʨʠʩʫʥʢʝ 3 ʠʟʦʙʨʘʞʝʥʳ ʜʘʥʥʳʝ ʩʨʘʚʥʠʪʝʣʴʥʦʛʦ ʘʥʘʣʠʟʘ ʩʨʝʜʥʝʛʦ ʢʦʣʠʯʝʩʪʚʘ ʠʪʝʨʘʮʠʡ 

ʤʥʦʛʦʢʨʘʪʥʳʭ ʪʝʩʪʦʚ ʠ  ʧʦʣʫʯʝʥʥʳʝ  ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʠ ʪʝʦʨʝʪʠʯʝʩʢʠ. 
 

ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʠ ʪʝʦʨʝʪʠʯʝʩʢʠʝ ʟʥʘʯʝʥʠʷ Os  ʜʣʷ ʪʝʩʪʘ  ʠ  
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ʈʠʩʫʥʦʢ 3 ï ʉʨʘʚʥʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ ʩʨʝʜʥʝʡ ʢʨʘʪʥʦʩʪʠ ʪʝʩʪʦʚ (MATS ++) ʠ March ; 

 
ɸʥʘʣʠʟ ʵʢʩʧʝʨʠʤʝʥʪʘ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʟʥʘʯʝʥʠʷ ʩʨʝʜʥʝʛʦ ʢʦʣʠʯʝʩʪʚʘ ʠʪʝʨʘʮʠʡ Os ʷʚʣʷʶʪʩʷ 

ʨʝʘʣʠʟʫʝʤʳʤʠ ,  ʧʦʵʪʦʤʫ ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜ ʦ ʧʨʠʤʝʥʠʤʦʩʪʠ  ʤʥʦʛʦʢʨʘʪʥʳʭ ʚʝʨʦʷʪʥʦʩʪʥʳʭ ʪʝʩʪʦʚ 
ʩ ʠʟʤʝʥʷʝʤʳʤʠ ʠʩʭʦʜʥʳʤʠ ʩʦʩʪʦʷʥʠʷʤʠ ʜʣʷ ʧʩʝʚʜʦ ʠʩʯʝʨʧʳʚʘʶʱʝʛʦ ʪʝʩʪʠʨʦʚʘʥʠʷ ʆɿʋ.  
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ʀʅʊɽʃʃɽʂʊʋɸʃʔʅɸʗ ʉʀʉʊɽʄɸ ɿɸʑʀʊʓ ʇʈʀɺɸʊʅʆʉʊʀ ʀ 
ʌʀʃʔʊʈɸʎʀʀ ʅɽɾɽʃɸʊɽʃʔʅʓʍ ʇʀʉɽʄ ɺ ʕʃɽʂʊʈʆʅʅʆʁ ʇʆʏʊɽ 

ʃʠʪʚʠʥʢʦ ʇ.ʄ. 

ɹʝʣʦʨʫʩʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʥʬʦʨʤʘʪʠʢʠ ʠ ʨʘʜʠʦʵʣʝʢʪʨʦʥʠʢʠ 
ʛ. ʄʠʥʩʢ, ʈʝʩʧʫʙʣʠʢʘ ɹʝʣʘʨʫʩʴ 

ʃʘʧʠʮʢʘʷ ʅ.ɺ. ï ʢ.ʪ.ʥ.,ʜʦʮʝʥʪ 

ɺ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ ʧʨʝʜʣʘʛʘʝʪʩʷ ʥʦʚʳʡ ʧʦʜʭʦʜ ʢ ʨʝʰʝʥʠʶ ʧʨʦʙʣʝʤʳ ʬʠʣʴʪʨʘʮʠʠ ʩʧʘʤʘ ʟʘ ʩʯʸʪ ʨʘʩʧʦʟʥʘʚʘʥʠʷ ʤʘʩʩʦʚʳʭ 
ʨʘʩʩʳʣʦʢ ʠ ʜʦʧʦʣʥʠʪʝʣʴʥʦʡ ʧʨʦʚʝʨʢʠ ʦʪʧʨʘʚʠʪʝʣʷ ʧʨʠ ʦʙʥʘʨʫʞʝʥʠʠ ʩʦʦʙʱʝʥʠʡ ʣʠʯʥʦʛʦ ʭʘʨʘʢʪʝʨʘ. ʇʨʦʚʝʨʢʘ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ 
ʧʨʠ ʧʦʤʦʱʠ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʛʦ ʪʝʩʪʘ ʊʴʶʨʠʥʛʘ. ʈʘʟʨʘʙʦʪʘʥʥʘʷ ʤʦʜʝʣʴ ʧʦʟʚʦʣʷʝʪ ʜʦʙʠʪʴʩʷ ʚʳʩʦʢʦʡ ʪʦʯʥʦʩʪʠ 
ʨʘʩʧʦʟʥʘʚʘʥʠʷ (98.81%) ʠ ʵʬʬʝʢʪʠʚʥʦ ʦʩʫʱʝʩʪʚʣʷʪʴ ʬʠʣʴʪʨʘʮʠʶ ʧʠʩʝʤ, ʘ ʪʘʢʞʝ ʟʘʱʠʪʫ ʦʪ ʫʪʝʯʝʢ ʣʠʯʥʦʡ ʠʥʬʦʨʤʘʮʠʠ.  

ʕʣʝʢʪʨʦʥʥʘʷ ʧʦʯʪʘ ʦʩʪʘʸʪʩʷ ʥʝʦʪʲʝʤʣʝʤʦʡ ʯʘʩʪʴʶ ʩʦʮʠʘʣʴʥʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʠ 
ʧʦʚʩʝʤʝʩʪʥʳʤ ʩʨʝʜʩʪʚʦʤ ʢʦʤʤʫʥʠʢʘʮʠʠ. ʇʦ ʜʘʥʥʳʤ ʠʩʩʣʝʜʦʚʘʥʠʷ Radicati Group, ʯʠʩʣʦ ʘʢʪʠʚʥʳʭ 
ʧʦʣʴʟʦʚʘʪʝʣʝʡ ʵʣʝʢʪʨʦʥʥʦʡ ʧʦʯʪʳ ʩʦʩʪʘʚʣʷʝʪ 3,9 ʤʣʨʜ ʥʘ 2019 ʛʦʜ [1]. ʇʦ ʧʨʦʛʥʦʟʘʤ, ʦʙʱʝʝ 
ʢʦʣʠʯʝʩʪʚʦ ʦʪʧʨʘʚʣʷʝʤʳʭ ʠ ʧʦʣʫʯʘʝʤʳʭ ʵʣʝʢʪʨʦʥʥʳʭ ʧʠʩʝʤ ʚ ʜʝʥʴ ʢ ʢʦʥʮʫ 2023 ʛʦʜʘ ʚʳʨʘʩʪʝʪ ʜʦ 
347 ʤʠʣʣʠʘʨʜʦʚ, ʘ ʯʠʩʣʦ ʧʦʣʴʟʦʚʘʪʝʣʝʡ - ʜʦ 4,3 ʤʠʣʣʠʘʨʜʦʚ.  

ʇʦ ʤʝʨʝ ʪʦʛʦ, ʢʘʢ ʯʠʩʣʦ ʧʦʣʴʟʦʚʘʪʝʣʝʡ ʠ ʦʙʲʸʤ ʧʝʨʝʩʳʣʘʝʤʳʭ ʩʦʦʙʱʝʥʠʡ ʥʝʫʢʣʦʥʥʦ ʨʘʩʪʸʪ ʩ 
ʛʦʜʘʤʠ, ʥʝʩʘʥʢʮʠʦʥʠʨʦʚʘʥʥʦʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʵʣʝʢʪʨʦʥʥʦʡ ʧʦʯʪʳ ʚ ʤʘʨʢʝʪʠʥʛʦʚʳʭ ʠ ʤʦʰʝʥʥʠʯʝʩʢʠʭ 
ʮʝʣʷʭ, ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʚʨʝʜʦʥʦʩʥʦʛʦ ʇʆ ʠ ʢʨʘʞʠ ʣʠʯʥʦʡ ʠʥʬʦʨʤʘʮʠʠ ʩʪʘʥʦʚʠʪʩʷ ʦʜʥʦʡ ʠʟ ʩʘʤʳʭ 
ʩʝʨʴʸʟʥʳʭ ʧʨʦʙʣʝʤ ʚ ʧʦʯʪʦʚʳʭ ʩʣʫʞʙʘʭ. ʇʦ ʦʮʝʥʢʘʤ, ʚ 2010 ʛʦʜʫ ʙʦʣʝʝ 97% ʧʠʩʝʤ ʙʳʣʠ 
ʢʣʘʩʩʠʬʠʮʠʨʦʚʘʥʳ ʢʘʢ ʩʧʘʤ [2]. ʇʨʠ ʵʪʦʤ ʩʪʘʥʦʚʠʪʩʷ ʚʩʸ ʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʸʥʥʳʤ ʬʝʥʦʤʝʥ 
çʧʝʨʝʛʨʫʟʢʠ ʵʣʝʢʪʨʦʥʥʦʡ ʧʦʯʪʦʡè, ʚʧʝʨʚʳʝ ʦʧʠʩʘʥʥʳʡ ʝʱʸ ʚ 1996 ʛʦʜʫ [3]. ʀʤʝʥʥʦ ʧʦʵʪʦʤʫ ʤʥʦʛʠʝ 
ʠʩʩʣʝʜʦʚʘʥʠʷ, ʠʟʫʯʘʶʱʠʝ ʠʣʠ ʘʥʘʣʠʟʠʨʫʶʱʠʝ ʵʣʝʢʪʨʦʥʥʳʝ ʧʠʩʴʤʘ, ʩʦʩʨʝʜʦʪʦʯʝʥʳ ʥʘ ʘʩʧʝʢʪʝ 
ʢʘʪʝʛʦʨʠʟʘʮʠʠ ʵʣʝʢʪʨʦʥʥʳʭ ʧʠʩʝʤ, ʘ ʪʘʢʞʝ ʧʦʠʩʢʝ ʵʬʬʝʢʪʠʚʥʳʭ ʠʥʩʪʨʫʤʝʥʪʦʚ ʫʧʨʘʚʣʝʥʠʷ ʧʦʯʪʦʡ ʠ 
ʩʥʠʞʝʥʠʷ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʧʝʨʝʛʨʫʟʢʠ. ʆʜʥʘʢʦ ʙʦʨʴʙʘ ʤʝʞʜʫ ʩʧʘʤʝʨʘʤʠ ʠ ʠʥʩʪʨʫʤʝʥʪʘʤʠ ʟʘʱʠʪʳ ʦʪ 
ʩʧʘʤʘ ʧʨʦʜʦʣʞʘʝʪʩʷ, ʧʦʩʢʦʣʴʢʫ ʢʘʞʜʘʷ ʩʪʦʨʦʥʘ ʧʳʪʘʝʪʩʷ ʩʦʟʜʘʪʴ ʥʦʚʳʝ ʩʧʦʩʦʙʳ ʧʨʝʦʜʦʣʝʥʠʷ 
ʤʝʪʦʜʦʚ, ʨʘʟʨʘʙʦʪʘʥʥʳʭ ʜʨʫʛʦʡ. 

ʊʨʘʜʠʮʠʦʥʥʳʝ ʤʝʪʦʜʳ ʦʧʨʝʜʝʣʝʥʠʷ ʩʧʘʤʘ ʚʢʣʶʯʘʶʪ ʧʨʠʤʝʥʝʥʠʝ ʙʘʡʝʩʦʚʩʢʦʛʦ 
ʢʣʘʩʩʠʬʠʢʘʪʦʨʘ [4], ʩʠʩʪʝʤʳ ʦʮʝʥʢʠ ʥʘ ʦʩʥʦʚʝ ʧʨʘʚʠʣ [5], ʧʨʦʚʝʨʢʫ DNS MX-ʟʘʧʠʩʝʡ ʠ ʦʙʨʘʪʥʳʡ 
ʧʦʠʩʢ ʧʦ ʘʜʨʝʩʫ [6], ʚʝʜʝʥʠʝ ʯʸʨʥʳʭ ʩʧʠʩʢʦʚ IP ʠ DNS (DNSBL) [7]. ʆʜʥʘʢʦ ʢʘʞʜʳʡ ʠʟ ʧʨʠʚʝʜʸʥʥʳʭ 
ʦʙʲʝʢʪʠʚʥʳʭ ʤʝʪʦʜʦʚ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʧʨʠ ʜʦʩʪʠʞʝʥʠʠ ʟʘʜʘʥʥʦʛʦ ʧʨʝʜʝʣʘ ʪʦʯʥʦʩʪʠ ʧʨʠʚʦʜʠʪ ʢ 
ʣʦʞʥʳʤ ʧʦʣʦʞʠʪʝʣʴʥʳʤ ʠʣʠ ʥʝʚʝʨʥʳʤ ʦʪʨʠʮʘʪʝʣʴʥʳʤ ʩʨʘʙʘʪʳʚʘʥʠʷʤ. ʀʜʝʘʣʴʥʦʝ ʨʝʰʝʥʠʝ ʥʝ 
ʤʦʞʝʪ ʙʳʪʴ ʥʘʡʜʝʥʦ, ʧʦʩʢʦʣʴʢʫ ʢʘʞʜʘʷ ʩʪʦʨʦʥʘ ʠʩʧʦʣʴʟʫʝʪ ʫʷʟʚʠʤʦʩʪʠ ʧʨʝʞʥʠʭ ʘʣʛʦʨʠʪʤʦʚ ʜʣʷ 
ʨʘʟʨʘʙʦʪʢʠ ʥʦʚʳʭ ʩʧʦʩʦʙʦʚ ʜʦʩʪʘʚʢʠ ʧʠʩʝʤ. 

ʇʨʠʥʮʠʧʠʘʣʴʥʘʷ ʩʣʦʞʥʦʩʪʴ ʨʘʟʨʘʙʦʪʢʠ ʵʬʬʝʢʪʠʚʥʳʭ ʩʠʩʪʝʤ ʬʠʣʴʪʨʘʮʠʠ ʩʧʘʤʘ ʟʘʢʣʶʯʘʝʪʩʷ ʚ 
ʪʦʤ, ʩʘʤʦ ʦʧʨʝʜʝʣʝʥʠʝ ʩʧʘʤʘ ʷʚʣʷʝʪʩʷ ʩʫʙʲʝʢʪʠʚʥʳʤ ʠ ʧʦʣʫʯʘʪʝʣʝʤ ʵʣʝʢʪʨʦʥʥʳʭ ʧʠʩʝʤ ʪʘʢʞʝ 
ʷʚʣʷʝʪʩʷ ʩʫʙʲʝʢʪ. ɺ ʪʦ ʞʝ ʚʨʝʤʷ ʦʙʱʝʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʦʡ ʩʧʘʤʘ ʷʚʣʷʝʪʩʷ ʤʘʩʩʦʚʳʡ ʭʘʨʘʢʪʝʨ 
ʨʘʩʩʳʣʦʢ, ʧʦʩʢʦʣʴʢʫ ʦʪʧʨʘʚʠʪʝʣʴ ʨʘʩʩʯʠʪʳʚʘʝʪ ʣʠʰʴ ʥʘ ʟʘʜʘʥʥʳʡ ʧʨʦʮʝʥʪ ʜʦʩʪʘʚʢʠ ʠ ʦʪʢʨʳʪʠʷ 
ʵʣʝʢʪʨʦʥʥʳʭ ʧʠʩʝʤ, ʯʪʦ ʷʚʣʷʝʪʩʷ ʫʞʝ ʦʙʲʝʢʪʠʚʥʳʤ ʢʨʠʪʝʨʠʝʤ.  



55-ʷ ʶʙʠʣʝʡʥʘʷ ʥʘʫʯʥʘʷ ʢʦʥʬʝʨʝʥʮʠʷ ʘʩʧʠʨʘʥʪʦʚ, ʤʘʛʠʩʪʨʘʥʪʦʚ ʠ ʩʪʫʜʝʥʪʦʚ ɹɻʋʀʈ, 2019 ʛ. 
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ɺ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ ʜʣʷ ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ ʬʠʣʴʪʨʘʮʠʠ ʥʝʞʝʣʘʪʝʣʴʥʳʭ ʧʠʩʝʤ, ʧʨʝʜʣʘʛʘʝʪʩʷ 
ʩʤʝʩʪʠʪʴ ʦʙʣʘʩʪʴ ʧʨʠʤʝʥʝʥʠʷ ʦʙʲʝʢʪʠʚʥʳʭ ʤʝʪʦʜʦʚ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʜʣʷ ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ 
ʨʘʩʧʦʟʥʘʚʘʥʠʷ ʨʘʩʩʳʣʢʠ ʤʘʩʩʦʚʦʛʦ ʭʘʨʘʢʪʝʨʘ ʠ ʠʩʧʦʣʴʟʦʚʘʪʴ ʧʨʠʥʮʠʧʠʘʣʴʥʦ ʥʦʚʳʡ ʧʦʜʭʦʜ ʜʣʷ 
ʧʨʦʚʝʨʢʠ ʣʝʛʠʪʠʤʥʦʩʪʠ ʜʦʩʪʘʚʢʠ ʵʣʝʢʪʨʦʥʥʦʛʦ ʧʠʩʴʤʘ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʢʦʤʙʠʥʘʮʠʠ ʜʚʫʭ ʤʝʪʦʜʦʚ 
ʧʦʟʚʦʣʠʪ ʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʦ ʨʝʰʠʪʴ ʦʙʱʫʶ ʟʘʜʘʯʫ ʦʧʨʝʜʝʣʝʥʠʷ ʠ ʬʠʣʴʪʨʘʮʠʠ ʩʧʘʤʘ.  

ʉʭʝʤʘ ʨʘʙʦʪʳ ʩʠʩʪʝʤʳ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩʫʥʢʝ 1. ʇʨʠ ʧʦʣʫʯʝʥʠʠ ʚʭʦʜʷʱʝʛʦ ʩʦʦʙʱʝʥʠʷ 
ʧʨʦʠʩʭʦʜʠʪ ʠʟʚʣʝʯʝʥʠʝ ʪʝʢʩʪʘ ʠ ʨʘʟʜʝʣʝʥʠʝ ʝʛʦ ʥʘ n-ʛʨʘʤʤʳ. ɿʘʪʝʤ, ʩ ʧʦʤʦʱʴʶ ʤʥʦʛʦʩʣʦʡʥʦʛʦ 
ʧʝʨʩʝʧʪʨʦʥʘ (MLP) ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʧʨʝʜʩʢʘʟʘʥʠʝ ʢʣʘʩʩʘ ʧʠʩʴʤʘ: ʨʘʩʩʳʣʢʘ (Newsletter) ï 
ʠʥʬʦʨʤʘʮʠʦʥʥʳʝ ʩʦʦʙʱʝʥʠʷ, ʥʝ ʪʨʝʙʫʶʱʠʝ ʦʪʚʝʪʘ ʠʣʠ ʣʠʯʥʦʝ ʩʦʦʙʱʝʥʠʝ (Personal) ï ʧʠʩʴʤʘ, 
ʧʨʝʜʧʦʣʘʛʘʶʱʠʝ ʦʪʚʝʪ ʠʣʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ. ɺ ʭʦʜʝ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʜʘʥʥʘʷ ʤʦʜʝʣʴ ʧʦʢʘʟʘʣʘ 
ʥʘʠʚʳʩʰʫʶ ʪʦʯʥʦʩʪʴ ʨʘʩʧʦʟʥʘʚʘʥʠʷ ʥʘ ʪʝʩʪʦʚʦʡ ʚʳʙʦʨʢʝ (98.81%), ʜʣʷ ʦʙʫʯʝʥʠʷ ʠʩʧʦʣʴʟʦʚʘʣʦʩʴ 
37800 ʨʘʟʤʝʯʝʥʥʳʭ ʧʠʩʝʤ. ɼʘʣʝʝ, ʜʣʷ ʣʠʯʥʳʭ ʩʦʦʙʱʝʥʠʡ, ʢʦʪʦʨʳʝ ʠ ʧʨʝʜʩʪʘʚʣʷʶʪ ʫʛʨʦʟʫ ʦʢʘʟʘʪʴʩʷ 
ʩʧʘʤʦʤ, ʧʨʦʠʩʭʦʜʠʪ ʧʨʦʚʝʨʢʘ ʘʜʨʝʩʘ ʦʪʧʨʘʚʠʪʝʣʷ ʧʦ ʩʧʠʩʢʫ ʢʦʥʪʘʢʪʦʚ ʠ ʚ ʩʣʫʯʘʝ, ʝʩʣʠ ʧʠʩʴʤʦ 
ʦʪʧʨʘʚʣʝʥʦ ʩ ʥʝʠʟʚʝʩʪʥʦʛʦ ʘʜʨʝʩʘ, ʟʘʧʫʩʢʘʝʪʩʷ ʧʨʦʮʝʜʫʨʘ ʧʨʦʚʝʨʢʠ ʣʝʛʠʪʠʤʥʦʩʪʠ ʜʦʩʪʘʚʢʠ 
ʵʣʝʢʪʨʦʥʥʦʛʦ ʧʠʩʴʤʘ. 

ɼʘʥʥʘʷ ʧʨʦʮʝʜʫʨʘ ʚʢʣʶʯʘʝʪ ʩʣʝʜʫʶʱʠʝ ʰʘʛʠ: 
1) ʧʦʜʦʟʨʠʪʝʣʴʥʦʝ ʧʠʩʴʤʦ ʧʦʤʝʯʘʝʪʩʷ ʢʘʢ ʥʝʙʝʟʦʧʘʩʥʦʝ ʠ ʫʜʘʣʷʝʪʩʷ ʠʟ ʩʧʠʩʢʘ ʥʝʧʨʦʯʠʪʘʥʥʳʭ 

ʩʦʦʙʱʝʥʠʡ ʥʘ ʧʦʯʪʦʚʦʤ ʩʝʨʚʝʨʝ ʧʦʣʴʟʦʚʘʪʝʣʷ; 
2) ʛʝʥʝʨʠʨʫʝʪʩʷ ʦʪʚʝʪʥʦʝ ʧʠʩʴʤʦ, ʩʦʜʝʨʞʘʱʝʝ ʠʥʩʪʨʫʢʮʠʠ ʠ ʫʥʠʢʘʣʴʥʫʶ ʩʩʳʣʢʫ ʜʣʷ 

ʧʨʦʭʦʞʜʝʥʠʷ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʛʦ ʪʝʩʪʘ ʊʴʶʨʠʥʛʘ ʦʪʧʨʘʚʠʪʝʣʝʤ; 
3) ʚ ʩʣʫʯʘʝ ʫʩʧʝʰʥʦʛʦ ʧʨʦʭʦʞʜʝʥʠʷ ʪʝʩʪʘ, ʧʠʩʴʤʦ ʧʦʤʝʯʘʝʪʩʷ ʢʘʢ ʧʨʦʚʝʨʝʥʥʦʝ, ʧʝʨʝʥʦʩʠʪʩʷ ʚ 

ʩʧʠʩʦʢ ʚʭʦʜʷʱʠʭ ʩʦʦʙʱʝʥʠʡ, ʘ ʦʪʧʨʘʚʠʪʝʣʴ ʧʦʣʫʯʘʝʪ ʧʦʜʪʚʝʨʞʜʝʥʠʝ ʜʦʩʪʘʚʢʠ. 
 

 
 

ʈʠʩʫʥʦʢ 1 ï ʉʭʝʤʘ ʨʘʙʦʪʳ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʦʡ ʩʠʩʪʝʤʳ ʬʠʣʴʪʨʘʮʠʠ ʩʧʘʤʘ 
 

ɺ ʢʘʯʝʩʪʚʝ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʛʦ ʪʝʩʪʘ ʊʴʶʨʠʥʛʘ ʚ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ ʠʩʧʦʣʴʟʫʝʪʩʷ ʩʝʨʚʠʩ 
reCAPTCHA ʦʪ Google, ʦʙʝʩʧʝʯʠʚʘʶʱʠʡ ʥʝʦʙʭʦʜʠʤʳʡ ʫʨʦʚʝʥʴ ʩʣʦʞʥʦʩʪʠ ʠ ʚ ʪʦ ʞʝ ʚʨʝʤʷ 
ʧʦʟʚʦʣʷʶʱʠʡ ʧʨʦʧʫʩʪʠʪʴ ʠʣʠ ʫʧʨʦʩʪʠʪʴ ʧʨʦʚʝʨʢʫ ʜʣʷ ʘʚʪʦʨʠʟʦʚʘʥʥʳʭ ʧʦʣʴʟʦʚʘʪʝʣʝʡ. ɼʣʷ ʤʘʩʩʦʚʳʭ 
ʩʧʘʤ-ʨʘʩʩʳʣʦʢ ʧʨʦʭʦʞʜʝʥʠʝ ʪʝʩʪʘ ʩʪʘʥʦʚʠʪʩʷ ʥʝʮʝʣʝʩʦʦʙʨʘʟʥʳʤ ʠ ʩʣʠʰʢʦʤ ʪʨʫʜʦʸʤʢʠʤ ʜʣʷ 
ʘʚʪʦʤʘʪʠʟʘʮʠʠ, ʦʙʝʩʧʝʯʠʚʘʷ ʥʝʦʙʭʦʜʠʤʫʶ ʫʚʝʨʝʥʥʦʩʪʴ ʚ ʪʦʤ, ʯʪʦ ʧʠʩʴʤʦ ʙʳʣʦ ʧʨʝʜʥʘʟʥʘʯʝʥʦ 
ʢʦʥʢʨʝʪʥʦ ʵʪʦʤʫ ʧʦʣʴʟʦʚʘʪʝʣʶ. ʂʨʦʤʝ ʪʦʛʦ, ʥʘ ʜʘʥʥʦʤ ʵʪʘʧʝ ʤʦʞʝʪ ʙʳʪʴ ʜʦʧʦʣʥʠʪʝʣʴʥʦ 
ʦʩʫʱʝʩʪʚʣʝʥʘ ʧʨʦʚʝʨʢʘ ʣʠʯʥʦʩʪʠ ʦʪʧʨʘʚʠʪʝʣʷ ʜʣʷ ʤʠʥʠʤʠʟʘʮʠʠ ʨʠʩʢʘ ʮʝʣʝʥʘʧʨʘʚʣʝʥʥʦʛʦ 
ʤʦʰʝʥʥʠʯʝʩʪʚʘ (ʬʠʰʠʥʛʘ, ʚʳʤʦʛʘʪʝʣʴʩʪʚʘ, ʧʦʧʳʪʦʢ ʰʘʥʪʘʞʘ).  

ʇʦʤʠʤʦ ʬʠʣʴʪʨʘʮʠʠ ʩʧʘʤʘ, ʩʠʩʪʝʤʘ ʚʳʧʦʣʥʷʝʪ ʪʘʢʞʝ ʠ ʧʨʦʚʝʨʢʫ ʩʦʜʝʨʞʠʤʦʛʦ ʜʣʷ 
ʧʨʝʜʦʪʚʨʘʱʝʥʠʷ ʫʪʝʯʝʢ ʧʝʨʩʦʥʘʣʴʥʦʡ ʠʥʬʦʨʤʘʮʠʠ (IP ʘʜʨʝʩ, ʤʝʩʪʦʧʦʣʦʞʝʥʠʝ ʧʦʣʴʟʦʚʘʪʝʣʷ, 
ʠʩʧʦʣʴʟʫʝʤʳʡ ʙʨʘʫʟʝʨ, ʧʦʯʪʦʚʳʡ ʢʣʠʝʥʪ, ʦʧʝʨʘʮʠʦʥʥʘʷ ʩʠʩʪʝʤʘ ʠ ʜʨ.) ʠ ʦʪʩʣʝʞʠʚʘʥʠʷ ʪʘʢʠʭ 
ʜʝʡʩʪʚʠʡ ʧʦʣʴʟʦʚʘʪʝʣʷ ʢʘʢ ʦʪʢʨʳʪʠʝ/ʧʦʚʪʦʨʥʦʝ ʦʪʢʨʳʪʠʝ ʧʠʩʴʤʘ, ʧʝʨʝʭʦʜ ʧʦ ʩʩʳʣʢʝ, 
ʦʪʢʨʳʪʠʝ/ʧʨʦʩʤʦʪʨ ʚʣʦʞʝʥʠʡ, ʧʝʨʝʩʳʣʢʘ ʧʠʩʴʤʘ ʠ ʜʨʫʛʠʝ, ʰʠʨʦʢʦ ʧʨʠʤʝʥʷʶʱʠʝʩʷ ʚ ʤʘʨʢʝʪʠʥʛʦʚʳʭ 
ʠ ʤʦʰʝʥʥʠʯʝʩʢʠʭ ʮʝʣʷʭ. ɺ ʭʦʜʝ ʨʘʙʦʪʳ ʙʳʣʦ ʦʙʥʘʨʫʞʝʥʦ ʙʦʣʝʝ 40 ʨʘʟʣʠʯʥʳʭ ʩʧʦʩʦʙʦʚ ʚʥʝʜʨʝʥʠʷ 
ʩʢʨʳʪʦʛʦ ʢʦʜʘ ʦʪʩʣʝʞʠʚʘʥʠʷ, ʢʘʞʜʳʡ ʠʟ ʢʦʪʦʨʳʭ ʙʳʣ ʧʨʦʪʝʩʪʠʨʦʚʘʥ ʚ 8 ʥʘʠʙʦʣʝʝ ʧʦʧʫʣʷʨʥʳʭ 
ʢʣʠʝʥʪʩʢʠʭ ʧʨʠʣʦʞʝʥʠʷʭ ʵʣʝʢʪʨʦʥʥʦʡ ʧʦʯʪʳ: Gmail (ʚʝʙ-ʚʝʨʩʠʷ), Gmail (Android), Gmail (iOS), 
ʗʥʜʝʢʩ.ʇʦʯʪʘ (ʚʝʙ-ʚʝʨʩʠʷ), ʗʥʜʝʢʩ.ʇʦʯʪʘ (iOS), Mail (Mac OS), Outlook (ʚʝʙ-ʚʝʨʩʠʷ), Mail.ru (ʚʝʙ-
ʚʝʨʩʠʷ). ɺ 44% ʩʣʫʯʘʝʚ ʙʳʣʘ ʟʘʬʠʢʩʠʨʦʚʘʥʘ ʫʪʝʯʢʘ ʧʝʨʩʦʥʘʣʴʥʦʡ ʠʥʬʦʨʤʘʮʠʠ ʧʨʠ ʧʦʣʫʯʝʥʠʠ 
ʵʣʝʢʪʨʦʥʥʦʛʦ ʧʠʩʴʤʘ. ʇʦʩʣʝ ʚʥʝʜʨʝʥʠʷ ʨʘʟʨʘʙʦʪʘʥʥʦʡ ʩʠʩʪʝʤʳ ʵʪʦʪ ʧʦʢʘʟʘʪʝʣʴ ʩʥʠʟʠʣʩʷ ʜʦ 3%.   



55-ʷ ʶʙʠʣʝʡʥʘʷ ʥʘʫʯʥʘʷ ʢʦʥʬʝʨʝʥʮʠʷ ʘʩʧʠʨʘʥʪʦʚ, ʤʘʛʠʩʪʨʘʥʪʦʚ ʠ ʩʪʫʜʝʥʪʦʚ ɹɻʋʀʈ, 2019 ʛ. 
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ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʨʘʟʨʘʙʦʪʘʥʥʘʷ ʤʦʜʝʣʴ ʧʦʟʚʦʣʷʝʪ ʵʬʬʝʢʪʠʚʥʦ ʨʘʩʧʦʟʥʘʚʘʪʴ ʤʘʩʩʦʚʳʝ 
ʨʘʩʩʳʣʢʠ ʠ ʧʝʨʩʦʥʘʣʴʥʳʝ ʵʣʝʢʪʨʦʥʥʳʝ ʧʠʩʴʤʘ, ʬʠʣʴʪʨʫʷ ʥʝʞʝʣʘʪʝʣʴʥʳʝ ʧʠʩʴʤʘ ʟʘ ʩʯʸʪ 
ʜʦʧʦʣʥʠʪʝʣʴʥʦʡ ʧʨʦʚʝʨʢʠ ʦʪʧʨʘʚʠʪʝʣʷ. ʈʘʩʧʦʟʥʘʚʘʥʠʝ ʠ ʠʟʦʣʷʮʠʷ ʩʢʨʠʧʪʦʚ ʦʪʩʣʝʞʠʚʘʥʠʷ ʧʦʟʚʦʣʷʝʪ 
ʦʙʝʩʧʝʯʠʚʘʪʴ ʟʘʱʠʪʫ ʣʠʯʥʳʭ ʜʘʥʥʳʭ ʧʦʣʫʯʘʪʝʣʷ ʠ ʙʣʦʢʠʨʦʚʘʪʴ ʪʨʠʛʛʝʨʥʳʝ ʤʘʨʢʝʪʠʥʛʦʚʳʝ ʨʘʩʩʳʣʢʠ. 
ʈʘʟʨʘʙʦʪʘʥʥʦʝ ʧʨʦʛʨʘʤʤʥʦʝ ʩʨʝʜʩʪʚʦ ʤʦʞʝʪ ʙʳʪʴ ʚʥʝʜʨʝʥʦ ʚ ʩʫʱʝʩʪʚʫʶʱʠʝ ʧʦʯʪʦʚʳʝ ʩʝʨʚʠʩʳ ʧʦ 
ʧʨʦʪʦʢʦʣʘʤ SMTP ʠ IMAP.  
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ʃʠʭʫʪʘ ɽ.ʀ. 

ɹʝʣʦʨʫʩʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʥʬʦʨʤʘʪʠʢʠ ʠ ʨʘʜʠʦʵʣʝʢʪʨʦʥʠʢʠ 
ʛ. ʄʠʥʩʢ, ʈʝʩʧʫʙʣʠʢʘ ɹʝʣʘʨʫʩʴ 

ʇʘʨʘʤʦʥʦʚ ɸ.ʀ. ï ʢ.ʪ.ʥ., ʜʦʮʝʥʪ 

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʧʨʝʜʩʪʘʚʣʝʥ ʩʨʘʚʥʠʪʝʣʴʥʳʡ ʦʙʟʦʨ ʩʦʚʨʝʤʝʥʥʳʭ ʨʝʰʝʥʠʡ, ʢʦʪʦʨʳʝ ʠʩʧʦʣʴʟʫʶʪʩʷ ʜʣʷ ʨʘʟʨʘʙʦʪʢʠ ʧʣʘʥʦʚ 
ʵʚʘʢʫʘʮʠʠ ʠ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʵʚʘʢʫʘʮʠʠ ʧʦʪʦʢʦʚ ʣʶʜʝʡ ʠʟ ʟʜʘʥʠʡ ʚ ʩʣʫʯʘʝ ʯʨʝʟʚʳʯʘʡʥʦʡ ʩʠʪʫʘʮʠʠ. ʈʘʩʩʤʦʪʨʝʥʳ ʧʨʝʠʤʫʱʝʩʪʚʘ 
ʠ ʦʩʦʙʝʥʥʦʩʪʠ ʦʪʜʝʣʴʥʳʭ ʧʨʦʛʨʘʤʤʥʳʭ ʢʦʤʧʣʝʢʩʦʚ. 

ʉ ʪʦʯʢʠ ʟʨʝʥʠʷ ʧʩʠʭʦʣʦʛʠʠ ʧʘʥʠʢʘ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʦʜʥʦ ʠʟ ʩʘʤʳʭ ʦʧʘʩʥʳʭ ʧʩʠʭʦʣʦʛʠʯʝʩʢʠʭ 
ʩʦʩʪʦʷʥʠʡ ʜʣʷ ʞʠʟʥʠ ʯʝʣʦʚʝʢʘ. ɻʨʫʧʧʘ ʣʶʜʝʡ, ʢʦʪʦʨʳʝ ʧʦʜʚʝʨʛʣʠʩʴ ʧʘʥʠʢʝ, ʩʧʦʩʦʙʥʳ ʤʥʦʛʦʢʨʘʪʥʦ 
ʫʚʝʣʠʯʠʪʴ ʦʙʱʝʝ ʯʠʩʣʦ ʞʝʨʪʚ ʚ ʨʝʟʫʣʴʪʘʪʝ ʯʨʝʟʚʳʯʘʡʥʦʡ ʩʠʪʫʘʮʠʠ (ʏʉ). ʕʪʦ ʧʦʜʪʚʝʨʞʜʘʶʪ 
ʧʨʦʚʝʜʸʥʥʳʝ ʚ ʜʘʥʥʦʡ ʦʙʣʘʩʪʠ ʤʥʦʛʦʯʠʩʣʝʥʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ. 

ʅʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʩʫʱʝʩʪʚʫʝʪ ʜʦʩʪʘʪʦʯʥʦ ʤʥʦʛʦ ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʤʦʜʝʣʝʡ, ʥʘ ʦʩʥʦʚʝ 
ʢʦʪʦʨʳʭ ʩʦʟʜʘʥʳ ʨʘʟʣʠʯʥʳʝ ʜʝʡʩʪʚʫʶʱʠʝ ʧʨʦʛʨʘʤʤʥʳʝ ʢʦʤʧʣʝʢʩʳ, ʩʧʦʩʦʙʥʳʝ ʤʦʜʝʣʠʨʦʚʘʪʴ 
ʜʚʠʞʝʥʠʷ ʧʦʪʦʢʦʚ ʣʶʜʝʡ ʧʨʠ ʵʚʘʢʫʘʮʠʠ ʠʟ ʨʘʟʣʠʯʥʳʭ ʟʜʘʥʠʡ ʠ ʩʦʦʨʫʞʝʥʠʡ ʚ ʩʣʫʯʘʝ ʏʉ.  

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʩʦʚʨʝʤʝʥʥʳʭ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʭ ʧʨʦʛʨʘʤʤʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʷʚʣʷʝʪʩʷ 
ʧʦʢʘʟʘʪʝʣʴʥʳʤ ʩʧʦʩʦʙʦʤ ʧʨʠ ʨʘʩʯʸʪʝ ʵʚʘʢʫʘʮʠʦʥʥʳʭ ʩʧʦʩʦʙʥʦʩʪʝʡ ʟʜʘʥʠʡ ʠ ʩʦʦʨʫʞʝʥʠʡ. ʆʩʥʦʚʥʦʝ 
ʧʨʝʠʤʫʱʝʩʪʚʦ ʜʘʥʥʦʛʦ ʧʦʜʭʦʜʘ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʚʦʟʤʦʞʥʦʩʪʠ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʯʨʝʟʚʳʯʘʡʥʦʡ ʩʠʪʫʘʮʠʠ 
ʩ ʫʯʸʪʦʤ ʚʝʩʦʤʦʛʦ ʯʠʩʣʘ ʚʥʝʰʥʠʭ ʧʝʨʝʤʝʥʥʳʭ. 

ʅʘ ʜʘʥʥʳʡ ʤʦʤʝʥʪ ʩʫʱʝʩʪʚʫʝʪ ʜʦʩʪʘʪʦʯʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʤʦʜʝʣʝʡ, ʢʦʪʦʨʳʝ ʧʦʟʚʦʣʷʶʪ ʥʘʩʪʨʦʠʪʴ 
ʜʝʪʘʣʠ ʦʨʛʘʥʠʟʘʮʠʠ ʚʥʫʪʨʝʥʥʝʡ ʩʨʝʜʳ, ʢʣʶʯʝʚʳʝ ʦʩʦʙʝʥʥʦʩʪʠ ʜʚʠʞʝʥʠʷ ʧʦʪʦʢʦʚ ʣʶʜʝʡ, ʘ ʪʘʢʞʝ 
ʦʩʦʙʝʥʥʦʩʪʠ ʠʭ ʧʦʚʝʜʝʥʠʷ ʚ ʫʩʣʦʚʠʷʭ ʏʉ.  

ʈʘʟʣʠʯʘʶʪ ʩʣʝʜʫʶʱʠʝ ʤʦʜʝʣʠ ʜʚʠʞʝʥʠʷ ʧʦʪʦʢʦʚ ʣʶʜʝʡ:  
- ʫʧʨʦʱʝʥʥʘʷ ʘʥʘʣʠʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ,  
- ʠʤʠʪʘʮʠʦʥʥʦ-ʩʪʦʭʘʩʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ,  
- ʠʥʜʠʚʠʜʫʘʣʴʥʦ-ʧʦʪʦʯʥʘʷ ʤʦʜʝʣʴ.  

ɼʘʣʝʝ ʨʘʩʩʤʦʪʨʠʤ ʩʦʚʨʝʤʝʥʥʳʝ ʧʨʦʛʨʘʤʤʥʳʝ ʨʝʰʝʥʠʷ, ʢʦʪʦʨʳʝ ʩʧʦʩʦʙʥʳ ʵʤʫʣʠʨʦʚʘʪʴ 
ʧʝʨʝʯʠʩʣʝʥʥʳʝ ʚʳʰʝ ʤʦʜʝʣʠ ʧʨʠ ʤʦʜʝʣʠʨʦʚʘʥʠʠ ʵʚʘʢʫʘʮʠʠ ʠʟ ʟʜʘʥʠʡ ʠ ʩʦʦʨʫʞʝʥʠʡ. 

ʇʨʦʛʨʘʤʤʥʳʡ ʢʦʤʧʣʝʢʩ çPedGoè ʩʧʦʩʦʙʝʥ ʤʦʜʝʣʠʨʦʚʘʪʴ ʧʝʨʝʤʝʱʝʥʠʝ ʪʦʣʧʳ ʣʶʜʝʡ ʧʨʠ 
ʵʚʘʢʫʘʮʠʠ ʣʶʜʝʡ ʠʟ ʟʜʘʥʠʡ, ʩʦʦʨʫʞʝʥʠʡ, ʘ ʪʘʢʞʝ ʠʟ ʩʘʤʦʣʝʪʦʚ, ʢʦʨʘʙʣʝʡ ʠ ʧʨʦʯʠʭ ʚʠʜʦʚ 
ʦʙʱʝʩʪʚʝʥʥʦʛʦ ʪʨʘʥʩʧʦʨʪʘ [1]. ʄʦʜʝʣʴ, ʠʩʧʦʣʴʟʫʝʤʘʷ ʚ ʜʘʥʥʦʤ ʢʦʤʧʣʝʢʩʝ, ʠʤʠʪʠʨʫʝʪ ʨʝʰʝʥʠʝ ʠ 
ʜʚʠʞʝʥʠʝ ʢʘʞʜʦʛʦ ʦʪʜʝʣʴʥʦ ʚʟʷʪʦʛʦ ʯʝʣʦʚʝʢʘ, ʧʦʵʪʦʤʫ ʧʣʘʥ ʧʦʤʝʱʝʥʠʷ ʠʩʩʣʝʜʫʝʤʦʛʦ ʩʦʦʨʫʞʝʥʠʷ 
ʜʝʣʠʪʩʷ ʥʘ ʢʚʘʜʨʘʪʥʳʝ ʷʯʝʡʢʠ ʨʘʟʤʝʨʦʤ 0,4 ʭ 0,4 ʤ. ʄʝʩʪʦ, ʟʘʥʠʤʘʝʤʦʝ ʯʝʣʦʚʝʢʦʤ, ʘ ʪʘʢʞʝ ʩʪʝʥʳ, 



55-ʷ ʶʙʠʣʝʡʥʘʷ ʥʘʫʯʥʘʷ ʢʦʥʬʝʨʝʥʮʠʷ ʘʩʧʠʨʘʥʪʦʚ, ʤʘʛʠʩʪʨʘʥʪʦʚ ʠ ʩʪʫʜʝʥʪʦʚ ɹɻʋʀʈ, 2019 ʛ. 
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ʤʝʙʝʣʴ ʠ ʧʨʦʯʠʝ ʧʨʝʧʷʪʩʪʚʠʷ ʧʨʝʜʩʪʘʚʣʝʥʳ ʜʘʥʥʳʤʠ ʷʯʝʡʢʘʤʠ. ɼʘʥʥʳʡ ʧʨʦʜʫʢʪ ʧʝʨʝʜ ʥʘʯʘʣʦʤ 
ʨʘʩʯʝʪʦʚ ʧʨʝʜʣʘʛʘʝʪ ʟʘʜʘʪʴ ʨʷʜ ʩʣʝʜʫʶʱʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʦʚʝʜʝʥʠʷ ʣʶʜʝʡ: ʟʘʜʝʨʞʢʘ ʧʝʨʝʜ 
ʥʘʯʘʣʦʤ ʵʚʘʢʫʘʮʠʠ, ʙʝʟʜʝʡʩʪʚʠʝ, ʪʝʨʧʝʥʠʝ, ʨʝʘʢʮʠʷ. 

ʇʨʦʛʨʘʤʤʥʳʡ ʢʦʤʧʣʝʢʩ çSimulexè ʧʦʟʚʦʣʷʝʪ ʵʤʫʣʠʨʦʚʘʪʴ ʜʚʠʞʝʥʠʷ ʢʨʫʧʥʳʭ ʧʦʪʦʢʦʚ ʣʶʜʝʡ ʚ 
ʩʣʫʯʘʝ ʯʨʝʟʚʳʯʘʡʥʦʡ ʩʠʪʫʘʮʠʠ ʠʟ ʟʜʘʥʠʡ ʩ ʜʦʩʪʘʪʦʯʥʦ ʩʣʦʞʥʦʡ ʛʝʦʤʝʪʨʠʯʝʩʢʦʡ ʘʨʭʠʪʝʢʪʫʨʦʡ [2]. 
ʆʩʥʦʚʥʦʡ ʦʩʦʙʝʥʥʦʩʪʴʶ ʜʘʥʥʦʛʦ ʧʨʦʜʫʢʪʘ ʷʚʣʷʝʪʩʷ ʨʘʙʦʪʘ ʩ ʛʨʫʧʧʘʤʠ ʣʶʜʝʡ. ʂʦʤʧʣʝʢʩ ʧʦʟʚʦʣʷʝʪ 
ʨʘʟʜʝʣʷʪʴ ʣʶʜʝʡ ʥʘ ʪʠʧʳ ʠ ʦʙʲʝʜʠʥʷʪʴ ʠʭ ʚ ʨʘʟʣʠʯʥʳʝ ʛʨʫʧʧʳ ʩ ʫʯʸʪʦʤ ʩʣʝʜʫʶʱʠʭ ʧʘʨʘʤʝʪʨʦʚ: 
ʬʦʨʤʘ ʠ ʨʘʟʤʝʨ ʪʝʣʘ, ʩʢʦʨʦʩʪʴ ʭʦʜʴʙʳ, ʧʦʜʲʝʤʘ ʠ ʩʧʫʩʢʘ ʠ ʚʨʝʤʷ ʨʝʘʢʮʠʠ ʥʘ ʪʨʝʚʦʛʫ. ʀʟʤʝʥʝʥʠʝ 
ʚʩʝʭ ʵʪʠʭ ʧʘʨʘʤʝʪʨʦʚ ʧʦʟʚʦʣʷʝʪ ʧʨʦʪʝʩʪʠʨʦʚʘʪʴ ʰʠʨʦʢʠʡ ʩʧʝʢʪʨ ʪʠʧʦʚ ʣʶʜʝʡ. 

ʇʨʦʛʨʘʤʤʥʳʡ ʢʦʤʧʣʝʢʩ çPathfinderè ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʥʝʦʙʭʦʜʠʤʳʡ ʠʥʩʪʨʫʤʝʥʪʘʨʠʡ ʜʣʷ 
ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʥʘʜʝʞʥʳʭ ʨʝʰʝʥʠʡ ʦʪʥʦʩʠʪʝʣʴʥʦ ʧʣʘʥʘ ʟʜʘʥʠʷ ʠ ʩʠʩʪʝʤ ʧʨʦʪʠʚʦʧʦʞʘʨʥʦʡ ʟʘʱʠʪʳ 
[3]. ʆʪʣʠʯʠʪʝʣʴʥʦʡ ʦʩʦʙʝʥʥʦʩʪʴʶ ʜʘʥʥʦʛʦ ʧʨʦʜʫʢʪʘ ʦʪ ʧʨʝʜʳʜʫʱʠʭ ʷʚʣʷʝʪʩʷ ʪʦ, ʯʪʦ ʧʨʠ 
ʤʦʜʝʣʠʨʦʚʘʥʠʠ ʯʨʝʟʚʳʯʘʡʥʦʡ ʩʠʪʫʘʮʠʠ ʚʦʟʤʦʞʥʦ ʨʘʟʙʠʝʥʠʝ ʣʶʜʝʡ ʥʘ ʜʚʝ ʢʣʶʯʝʚʳʝ ʛʨʫʧʧʳ: 
ʢʣʠʝʥʪʳ ʠ ʧʦʤʦʱʥʠʢʠ. ɻʣʘʚʥʳʤ ʦʪʣʠʯʠʝʤ ʧʦʤʦʱʥʠʢʦʚ ʦʪ ʢʣʠʝʥʪʦʚ ʷʚʣʷʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴ ʦʢʘʟʘʥʠʝ 
ʧʦʤʦʱʠ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʯʝʛʦ ʧʦʤʦʱʥʠʢʠ ʤʦʛʫʪ ʚʳʩʪʫʧʘʪʴ ʚ ʨʦʣʠ ʩʧʘʩʘʪʝʣʝʡ. ʆʜʥʘ ʛʨʫʧʧʘ ʧʦʤʦʱʥʠʢʦʚ 
ʩʧʦʩʦʙʥʘ ʧʝʨʝʜʘʪʴ ʤʘʣʦʧʦʜʚʠʞʥʦʛʦ ʢʣʠʝʥʪʘ ʜʨʫʛʦʡ, ʪʝʤ ʩʘʤʳʤ ʤʦʜʝʣʠʨʫʷ ʨʘʙʦʪʫ ʩʧʘʩʘʪʝʣʴʥʦʡ 
ʩʣʫʞʙʳ. ɸ ʪʨʸʭʤʝʨʥʦʝ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʩʠʪʫʘʮʠʠ ʚ ʨʝʘʣʴʥʦʤ ʚʨʝʤʝʥʠ ʩ ʚʦʟʤʦʞʥʦʩʪʴʶ ʥʘʩʪʨʦʡʢʠ 
ʵʩʢʘʣʘʪʦʨʦʚ, ʣʠʬʪʦʚ ʠ ʪʫʨʥʠʢʝʪʦʚ ʧʦʟʚʦʣʷʝʪ ʵʤʫʣʠʨʦʚʘʪʴ ʩʠʪʫʘʮʠʶ, ʤʘʢʩʠʤʘʣʴʥʦ ʩʭʦʞʫʶ ʩ 
ʨʝʘʣʴʥʦʡ. 

 
ʉʧʠʩʦʢ ʠʩʧʦʣʴʟʦʚʘʥʥʳʭ ʠʩʪʦʯʥʠʢʦʚ: 
1. PedGo [Electronic resource]. ï Mode of access: https://www.traffgo-ht.com/en/pedestrians/products/pedgo/pedgo/index.html. 

ï Date of access: 05.03.2019.  
2. Simulex [Electronic resource]. ï Mode of access: https://www.iesve.com/software/ve-for-engineers/module/Simulex/480 

#technical-detail. ï Date of access: 07.03.2019.  
3. Pathfinder [Electronic resource]. ï Mode of access: https://www.thunderheadeng.com/pathfinder/pathfinder-features/. ï Date 

of access: 10.03.2019. 

 
 

ʋʅʀʌʀʎʀʈʆɺɸʅʅʓʁ ʀʅʊɽʈʌɽʁʉ ɼʃʗ ʉʆɿɼɸʅʀʗ 
ʂʈʆʉʉʇʃɸʊʌʆʈʄɽʅʅʓʍ ɺɽɹ-ʆʈʀɽʅʊʀʈʆɺɸʅʅʓʍ 

SMART TV ʇʈʀʃʆɾɽʅʀʁ 

ʄʘʢʩʠʤʯʝʥʢʦ ɸ.ɺ. 

ɹʝʣʦʨʫʩʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʥʬʦʨʤʘʪʠʢʠ ʠ ʨʘʜʠʦʵʣʝʢʪʨʦʥʠʢʠ 
ʛ. ʄʠʥʩʢ, ʈʝʩʧʫʙʣʠʢʘ ɹʝʣʘʨʫʩʴ 

ʊʘʙʦʨʦʚʝʮ ɺ.ɺ. ï ʢ.ʪ.ʥ.,ʜʦʮʝʥʪ 

ʈʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʚʦʧʨʦʩʳ ʨʘʟʨʘʙʦʪʢʠ ʠ ʩʦʟʜʘʥʠʷ ʫʥʠʬʠʮʠʨʦʚʘʥʥʦʛʦ ʠʥʪʝʨʬʝʡʩʘ, ʢʦʪʦʨʳʡ ʠʥʢʘʧʩʫʣʠʨʫʝʪ ʣʦʛʠʢʫ 
ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʧʨʠʣʦʞʝʥʠʷ ʩ ʢʦʥʢʨʝʪʥʦʡ ʚʝʨʩʠʝʡ ʪʝʣʝʚʠʟʦʨʘ Smart TV, ʨʘʩʧʦʟʥʘʸʪ ʪʝʢʫʱʫʶ ʧʣʘʪʬʦʨʤʫ Smart TV, ʠ 
ʧʨʝʜʦʩʪʘʚʣʷʝʪ ʨʘʟʨʘʙʦʪʯʠʢʘʤ ʦʪʢʨʳʪʳʡ ʠʥʪʝʨʬʝʡʩ, ʧʦʟʚʦʣʷʶʱʠʡ ʨʝʘʣʠʟʦʚʘʪʴ ʨʘʟʣʠʯʥʳʝ ʬʫʥʢʮʠʠ ʜʣʷ ʨʘʙʦʪʳ ʩʦ Smart TV 
ʪʝʣʝʚʠʟʦʨʘʤʠ.  

ɺ ʩʦʚʨʝʤʝʥʥʦʤ ʤʠʨʝ ʧʨʠ ʧʦʷʚʣʝʥʠʠ Smart TV ʪʝʣʝʚʠʟʦʨʦʚ ʚʦʧʨʦʩ ʦ ʩʦʟʜʘʥʠʠ ʜʣʷ ʥʠʭ ʚʝʙ-
ʧʨʠʣʦʞʝʥʠʡ ʩʪʘʥʦʚʠʪʩʷ ʚʩʝ ʙʦʣʝʝ ʠ ʙʦʣʝʝ ʦʩʪʨʳʤ ʠ ʘʢʪʫʘʣʴʥʳʤ. ɿʘ ʧʦʩʣʝʜʥʝʝ 10 ʣʝʪ ʧʦʷʚʠʣʦʩʴ 
ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ Smart TV ʧʣʘʪʬʦʨʤ, ʠ ʢʘʞʜʘʷ ʠʟ ʢʦʪʦʨʳʭ, ʢʘʢ ʠ ʨʘʟʨʘʙʦʪʢʘ ʧʨʠʣʦʞʝʥʠʡ ʧʦʜ ʥʠʭ, 
ʚ ʙʦʣʴʰʠʥʩʪʚʝ ʩʣʫʯʘʝʚ ʦʪʣʠʯʘʝʪʩʷ ʜʨʫʛ ʦʪ ʜʨʫʛʘ. ɼʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʚʦʟʤʦʞʥʦʩʪʠ ʪʚ-ʧʨʠʣʦʞʝʥʠʷ 
ʨʘʙʦʪʘʪʴ ʦʜʠʥʘʢʦʚʳʤ ʦʙʨʘʟʦʤ ʥʘ ʚʩʝʭ ʩʫʱʝʩʪʚʫʶʱʠʭ ʠ ʠʩʧʦʣʴʟʫʝʤʳʭ ʧʣʘʪʬʦʨʤʘʭ ʠ ʦʧʝʨʘʮʠʦʥʥʳʭ 
ʩʠʩʪʝʤʘʭ Smart TV ʪʝʣʝʚʠʟʦʨʦʚ ʧʨʝʜʣʘʛʘʝʪʩʷ ʨʘʟʨʘʙʦʪʘʪʴ ʫʥʠʬʠʮʠʨʦʚʘʥʥʳʡ ʠʥʪʝʨʬʝʡʩ ʜʣʷ 
ʩʦʟʜʘʥʠʷ ʧʣʘʪʬʦʨʤʦ-ʥʝʟʘʚʠʩʠʤʦʳʭ ʚʝʙ-ʦʨʠʝʥʪʠʨʦʚʘʥʥʳʭ Smart TV ʧʨʠʣʦʞʝʥʠʡ. 

Smart TV, ʠʣʠ Connected TV ï ʵʪʦ ʪʝʭʥʦʣʦʛʠʷ ʠʥʪʝʛʨʘʮʠʠ ʠʥʪʝʨʥʝʪʘ ʠ ʮʠʬʨʦʚʳʭ ʠʥʪʝʨʘʢʪʠʚʥʳʭ 
ʩʝʨʚʠʩʦʚ ʚ ʩʦʚʨʝʤʝʥʥʳʝ ʪʝʣʝʚʠʟʦʨʳ ʠ ʨʝʩʠʚʝʨʳ ʮʠʬʨʦʚʦʛʦ ʪʝʣʝʚʠʜʝʥʠʷ, ʘ ʪʘʢʞʝ ʚ ʪʝʭʥʠʯʝʩʢʦʤ 
ʩʠʤʙʠʦʟʝ ʤʝʞʜʫ ʢʦʤʧʴʶʪʝʨʘʤʠ ʠ ʪʝʣʝʚʠʟʦʨʘʤʠ / ʨʝʩʠʚʝʨʘʤʠ ʮʠʬʨʦʚʦʛʦ ʪʝʣʝʚʠʜʝʥʠʷ [1]. 

ʇʦʩʣʝ ʘʥʘʣʠʟʘ ʧʣʘʪʬʦʨʤ ʠ ʦʧʝʨʘʮʠʦʥʥʳʭ ʩʠʩʪʝʤ ʩʦʚʨʝʤʝʥʥʳʭ ʪʝʣʝʚʠʟʦʨʦʚ ʩ ʬʫʥʢʮʠʝʡ Smart 
TV ʙʳʣʦ ʚʳʷʚʣʝʥʦ, ʯʪʦ ʢʘʞʜʘʷ ʩʠʩʪʝʤʘ ʧʨʝʜʦʩʪʘʚʣʷʝʪ ʩʚʦʡ ʥʘʙʦʨ ʭʘʨʘʢʪʝʨʥʳʭ ʥʘʩʪʨʦʝʢ.  

ʂʘʞʜʘʷ ʦʧʝʨʘʮʠʦʥʥʘʷ ʩʠʩʪʝʤʘ Smart TV ʪʘʢʘʷ, ʢʘʢ WebOS, Orsey, Tizen, Netcast, ʪʨʝʙʫʝʪ 
ʜʝʪʘʣʴʥʦʛʦ ʘʥʘʣʠʟʘ ʠ ʧʦʥʠʤʘʥʠʷ ʩʚʦʠʭ ʭʘʨʘʢʪʝʨʥʳʭ ʦʩʦʙʝʥʥʦʩʪʝʡ ʜʣʷ ʫʩʧʝʰʥʦʡ ʨʝʘʣʠʟʘʮʠʠ 
ʨʘʟʣʠʯʥʦʛʦ ʨʦʜʘ ʬʫʥʢʮʠʡ ʚ ʚʠʜʝʦ-ʧʣʝʝʨʝ ʠ ʩ ʚʠʜʝʦ-ʤʘʪʝʨʠʘʣʦʤ: ʚʦʩʧʨʦʠʟʚʝʜʝʥʠʝ, ʧʘʫʟʘ, ʨʝʞʠʤ 
ʧʨʦʤʦʪʢʠ ʚ ʧʨʷʤʦʤ ʠ ʦʙʨʘʪʥʳʤ ʥʘʧʨʘʚʣʝʥʠʠ, ʥʘ ʦʧʨʝʜʝʣʝʥʥʫʶ ʧʦʟʠʮʠʶ, ʨʝʛʫʣʠʨʦʚʘʥʠʝ ʛʨʦʤʢʦʩʪʠ ʠ 
ʤʥʦʛʦʝ ʜʨʫʛʦʝ. 



55-ʷ ʶʙʠʣʝʡʥʘʷ ʥʘʫʯʥʘʷ ʢʦʥʬʝʨʝʥʮʠʷ ʘʩʧʠʨʘʥʪʦʚ, ʤʘʛʠʩʪʨʘʥʪʦʚ ʠ ʩʪʫʜʝʥʪʦʚ ɹɻʋʀʈ, 2019 ʛ. 
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ʉʭʦʞʘʷ ʧʨʦʙʣʝʤʘ ʚʦʟʥʠʢʘʝʪ ʠ ʧʨʠ ʨʝʘʣʠʟʘʮʠʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ Smart TV ʪʝʣʝʚʠʟʦʨʘ ʠ 
ʨʘʟʨʘʙʘʪʳʚʘʝʤʦʛʦ ʧʨʠʣʦʞʝʥʠʷ ʩ ʢʣʘʚʠʰʘʤʠ ʥʘ ʧʫʣʴʪʝ ʪʝʣʝʚʠʟʦʨʘ. ʂʘʞʜʘʷ ʦʧʝʨʘʮʠʦʥʥʘʷ ʩʠʩʪʝʤʘ 
Smart TV ʧʨʝʜʦʩʪʘʚʣʷʝʪ ʩʚʦʡ ʩʦʙʩʪʚʝʥʥʳʡ ʥʘʙʦʨ ʢʦʜʦʚ ʢʥʦʧʦʢ, ʢʦʪʦʨʳʝ ʧʨʠʣʦʞʝʥʠʝ ʜʦʣʞʥʦ 
ʧʨʘʚʠʣʴʥʦ ʦʙʨʘʙʘʪʳʚʘʪʴ: ʦʧʨʝʜʝʣʷʪʴ, ʢ ʢʘʢʦʡ ʦʧʝʨʘʮʠʦʥʥʦʡ ʩʠʩʪʝʤʝ ʦʥʠ ʦʪʥʦʩʷʪʩʷ, ʠ ʨʝʘʛʠʨʦʚʘʪʴ 
ʜʦʣʞʥʳʤ ʦʙʨʘʟʦʤ. ʇʨʠʤʝʨʳ ʨʘʟʥʦʦʙʨʘʟʠʷ ʢʦʜʦʚ ʢʣʘʚʠʰ ʤʦʞʥʦ ʫʚʠʜʝʪʴ ʥʘ ʨʝʩʫʨʩʘʭ [2] ʠ [3]. 

ʏʘʩʪʦ ʧʨʠ ʨʝʘʣʠʟʘʮʠʠ ʚʝʙ-ʧʨʠʣʦʞʝʥʠʡ ʜʣʷ Smart TV ʧʨʠʭʦʜʠʪʩʷ ʜʝʣʘʪʴ ʧʨʦʚʝʨʢʠ ʥʘ ʥʘʣʠʯʠʝ 
ʠʥʪʝʨʥʝʪ-ʩʦʝʜʠʥʝʥʠʷ, ʦʧʨʝʜʝʣʝʥʠʝ ʛʦʪʦʚʥʦʩʪʠ ʪʝʣʝʚʠʟʦʨʘ ʢ ʚʟʘʠʤʦʜʝʡʩʪʚʠʶ ʩ ʧʨʠʣʦʞʝʥʠʝʤ ʠʣʠ 
ʛʦʪʦʚʥʦʩʪʠ ʦʩʫʱʝʩʪʚʠʪʴ ʚʳʭʦʜ ʠʟ ʧʨʠʣʦʞʝʥʠʷ. ʇʦʩʢʦʣʴʢʫ ʤʥʦʛʠʝ ʪʝʣʝʚʠʟʦʨʳ ʧʦ-ʨʘʟʥʦʤʫ ʵʪʦ 
ʦʩʫʱʝʩʪʚʣʷʶʪ, ʨʘʟʨʘʙʦʪʯʠʢʘʤ ʧʨʠʭʦʜʠʪʩʷ ʧʠʩʘʪʴ ʥʝʤʘʣʦ ʧʨʦʛʨʘʤʤʥʦʛʦ ʢʦʜʘ, ʫʯʠʪʳʚʘʶʱʝʛʦ ʚʩʝ 
ʦʩʦʙʝʥʥʦʩʪʠ ʢʘʞʜʦʡ ʧʦʜʜʝʨʞʠʚʘʝʤʦʡ ʪʝʣʝʧʣʘʪʬʦʨʤʳ ʜʣʷ ʫʩʧʝʰʥʦʡ ʨʝʘʣʠʟʘʮʠʠ ʵʪʠʭ ʬʫʥʢʮʠʡ. 

ʈʝʰʝʥʠʝ ʵʪʠʭ ʧʨʦʙʣʝʤ ʜʦʩʪʠʛʘʝʪʩʷ ʧʫʪʝʤ ʨʘʟʨʘʙʦʪʢʠ ʠ ʨʝʘʣʠʟʘʮʠʠ ʫʥʠʬʠʮʠʨʦʚʘʥʥʦʛʦ 
ʠʥʪʝʨʬʝʡʩʘ, ʢʦʪʦʨʳʡ ʠʥʢʘʧʩʫʣʠʨʫʝʪ ʣʦʛʠʢʫ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʧʨʠʣʦʞʝʥʠʷ ʩ ʢʦʥʢʨʝʪʥʦʡ ʚʝʨʩʠʝʡ 
ʪʝʣʝʚʠʟʦʨʘ, ʨʘʩʧʦʟʥʘʸʪ ʪʝʢʫʱʫʶ ʧʣʘʪʬʦʨʤʫ Smart TV, ʠ ʧʨʝʜʦʩʪʘʚʣʷʝʪ ʨʘʟʨʘʙʦʪʯʠʢʘʤ ʦʪʢʨʳʪʳʡ 
ʠʥʪʝʨʬʝʡʩ, ʧʦʟʚʦʣʷʶʱʠʡ ʨʝʘʣʠʟʦʚʘʪʴ ʬʫʥʢʮʠʠ ʜʣʷ ʨʘʙʦʪʳ ʩʦ Smart TV ʪʝʣʝʚʠʟʦʨʘʤʠ ʙʝʟ 
ʫʛʣʫʙʣʝʥʠʷ ʚ ʨʘʙʦʪʫ ʩʘʤʦʛʦ ʠʥʪʝʨʬʝʡʩʘ.  

ʋʥʠʬʠʮʠʨʦʚʘʥʥʳʡ ʠʥʪʝʨʬʝʡʩ ʨʝʘʣʠʟʫʝʪ ʩʝʨʚʠʩ, ʢʦʪʦʨʳʡ ʧʦʟʚʦʣʷʝʪ ʩʦʟʜʘʪʴ ʚʠʜʝʦ-ʧʣʝʝʨ, 
ʫʧʨʘʚʣʝʥʠʝ ʧʨʠʣʦʞʝʥʠʝʤ ʧʨʠ ʧʦʤʦʱʠ ʢʦʥʪʨʦʣʣʝʨʦʚ ʤʳʰʠ ʠ ʢʣʘʚʠʘʪʫʨʳ, ʦʩʫʱʝʩʪʚʣʷʪʴ ʨʘʟʣʠʯʥʳʝ 
ʧʨʦʚʝʨʢʠ ʪʝʣʝʚʠʟʦʨʘ ʥʘ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʴ, ʜʦʩʪʫʧ ʢ ʩʝʪʠ ʠ ʤʥʦʛʦʝ ʜʨʫʛʦʝ. ʇʨʠ ʝʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʠ, 
ʩʝʨʚʠʩ ʦʧʨʝʜʝʣʷʝʪ ʚʥʫʪʨʠ ʩʝʙʷ ʪʝʢʫʱʫʶ ʧʣʘʪʬʦʨʤʫ ʠ ʦʧʝʨʘʮʠʦʥʥʫʶ ʩʠʩʪʝʤʫ, ʥʘ ʢʦʪʦʨʦʡ 
ʚʳʧʦʣʥʷʝʪʩʷ ʧʨʠʣʦʞʝʥʠʝ, ʠ ʥʘ ʦʩʥʦʚʘʥʠʠ ʵʪʠʭ ʦʧʨʝʜʝʣʝʥʠʡ ʧʨʦʠʟʚʦʜʠʪ, ʭʘʨʘʢʪʝʨʥʳʝ ʜʣʷ ʜʘʥʥʦʛʦ 
ʪʝʣʝʚʠʟʦʨʘ ʠʥʩʪʨʫʢʮʠʠ.  

ʈʘʟʨʘʙʦʪʘʥʥʳʡ ʫʥʠʬʠʮʠʨʦʚʘʥʥʳʡ Smart TV ʠʥʪʝʨʬʝʡʩ ʧʦʟʚʦʣʷʝʪ ʘʙʩʪʨʘʛʠʨʦʚʘʪʴʩʷ ʦʪ ʟʥʘʥʠʡ 
ʦ ʢʦʥʢʨʝʪʥʳʭ ʠʥʪʝʨʬʝʡʩʘʭ ʨʘʟʣʠʯʥʳʭ ʧʣʘʪʬʦʨʤ ʠ ʦʧʝʨʘʮʠʦʥʥʳʭ ʩʠʩʪʝʤ Smart TV ʪʝʣʝʚʠʟʦʨʦʚ ʠ 
ʧʦʟʚʦʣʷʝʪ ʧʦʣʥʦʩʪʴʶ ʩʢʦʥʮʝʥʪʨʠʨʦʚʘʪʴʩʷ ʥʘ ʨʝʰʝʥʠʠ ʙʠʟʥʝʩ-ʧʨʦʙʣʝʤ, ʯʪʦ ʷʚʣʷʝʪʩʷ ʚʘʞʥʦʡ ʝʛʦ 
ʦʩʦʙʝʥʥʦʩʪʴʶ. 

 
ʉʧʠʩʦʢ ʠʩʧʦʣʴʟʦʚʘʥʥʳʭ ʠʩʪʦʯʥʠʢʦʚ: 
1. ɺʠʢʠʧʝʜʠʷ [ʕʣʝʢʪʨʦʥʥʳʡ ʨʝʩʫʨʩ]. - ʕʣʝʢʪʨʦʥʥʳʝ ʜʘʥʥʳʝ. - ʈʝʞʠʤ ʜʦʩʪʫʧʘ:  https://ru.wikipedia.org/wiki/Smart_TV.   
2.  Handling Control Key Events | Samsung Developers [ʕʣʝʢʪʨʦʥʥʳʡ ʨʝʩʫʨʩ]. - ʕʣʝʢʪʨʦʥʥʳʝ ʜʘʥʥʳʝ. -ʈʝʞʠʤ ʜʦʩʪʫʧʘ: 

http://developer.samsung.com/tv/develop/legacy-platform-library/art00046/index.  
3. LG | webOS TV Developer | Remote Control [ʕʣʝʢʪʨʦʥʥʳʡ ʨʝʩʫʨʩ]. - ʕʣʝʢʪʨʦʥʥʳʝ ʜʘʥʥʳʝ. - ʈʝʞʠʤ ʜʦʩʪʫʧʘ: 

http://webostv.developer.lge.com/design/webos-tv-system-ui/remote-control. 

 
 

ʇʈʆɻʈɸʄʄʅʆɽ ʉʈɽɼʉʊɺʆ çʆɹʑɽʈɽʉʇʋɹʃʀʂɸʅʉʂʀʁ ɹɸʅʂ 
ɼɸʅʅʓʍ ʋʏɸʉʊʅʀʂʆɺ ʈɽʇɽʊʀʎʀʆʅʅʆɻʆ ʊɽʉʊʀʈʆɺɸʅʀʗè ʉ 

ʀʉʇʆʃʔɿʆɺɸʅʀɽʄ ʊɽʍʅʆʃʆɻʀʀ ASP .NET CORE 

ʄʘʣʝʮ. ʀ.ɺ., ʊʠʤʦʬʝʝʚ ʅ.ʀ., ɿʘʡʢʠʥʘ ʀ.ʉ. 

ɹʝʣʦʨʫʩʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʥʬʦʨʤʘʪʠʢʠ ʠ ʨʘʜʠʦʵʣʝʢʪʨʦʥʠʢʠ 
ʛ. ʄʠʥʩʢ, ʈʝʩʧʫʙʣʠʢʘ ɹʝʣʘʨʫʩʴ 

ʇʘʨʘʤʦʥʦʚ ɸ.ʀ. ï ʢ.ʪ.ʥ., ʜʦʮʝʥʪ 

ʅʘ ʧʝʨʚʳʭ ʵʪʘʧʘʭ ʧʨʦʚʝʜʝʥʠʷ ʨʝʧʝʪʠʮʠʦʥʥʦʛʦ ʪʝʩʪʠʨʦʚʘʥʠʷ ʢʘʞʜʳʡ ʧʫʥʢʪ ʪʝʩʪʠʨʦʚʘʥʠʷ ʨʝʘʣʠʟʦʚʳʚʘʣ ʩʚʦʠ ʚʦʟʤʦʞʥʦʩʪʠ 
ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʜʘʥʥʦʛʦ ʙʠʟʥʝʩ-ʧʨʦʮʝʩʩʘ. ʕʪʦ ʫʩʣʦʞʥʷʣʦ ʚʦʟʤʦʞʥʦʩʪʴ ʮʝʥʪʨʘʣʠʟʦʚʘʥʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ ʨʝʧʝʪʠʮʠʦʥʥʳʤ 
ʪʝʩʪʠʨʦʚʘʥʠʝʤ. ʇʝʨʝʯʝʥʴ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʚʦʟʤʦʞʥʦʩʪʝʡ ʢʘʞʜʦʡ ʩʠʩʪʝʤʳ ʪʘʢ ʞʝ ʦʪʣʠʯʘʣʩʷ. ʇʦʵʪʦʤʫ ʚʦʟʥʠʢʣʘ ʧʦʪʨʝʙʥʦʩʪʴ ʚ 
ʩʦʟʜʘʥʠʠ ʝʜʠʥʦʛʦ ʧʨʦʛʨʘʤʤʥʦʛʦ ʩʨʝʜʩʪʚʘ, ʢʦʪʦʨʦʝ ʤʦʛʣʠ ʙʳ ʠʩʧʦʣʴʟʦʚʘʪʴ ʚʩʝ ʧʫʥʢʪʳ ʪʝʩʪʠʨʦʚʘʥʠʷ ʜʣʷ ʦʨʛʘʥʠʟʘʮʠʠ ʠ 
ʧʨʦʚʝʜʝʥʠʷ ʨʝʧʝʪʠʮʠʦʥʥʦʛʦ ʪʝʩʪʠʨʦʚʘʥʠʷ. 

ʕʧʦʭʘ ʥʦʚʳʭ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʠ ʢʦʤʤʫʥʠʢʘʮʠʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʧʨʠʥʝʩʣʘ ʟʥʘʯʠʪʝʣʴʥʳʝ 
ʧʝʨʝʤʝʥʳ ʚ ʩʬʝʨʫ ʧʨʦʠʟʚʦʜʩʪʚʘ, ʦʙʨʘʟʦʚʘʥʠʷ ʠ ʜʝʣʦʚʦʡ ʘʢʪʠʚʥʦʩʪʠ ʣʶʜʝʡ. ʉʬʝʨʫ ʦʙʨʘʟʦʚʘʥʠʷ 
ʤʦʞʥʦ ʥʘʟʚʘʪʴ ʬʣʘʥʛʦʤ, ʢʦʪʦʨʳʡ ʧʨʠʥʠʤʘʝʪ ʥʘ ʩʝʙʷ ʦʩʥʦʚʥʦʡ ʫʜʘʨ. ʆʜʥʠʤ ʠʟ ʪʘʢʠʭ ʥʘʧʨʘʚʣʝʥʠʡ 
ʷʚʣʷʝʪʩʷ ʦʨʛʘʥʠʟʘʮʠʷ ʧʨʦʚʝʜʝʥʠʷ ʨʝʧʝʪʠʮʠʦʥʥʦʛʦ ʪʝʩʪʠʨʦʚʘʥʠʷ (ʈʊ), ʢʘʢ ʩʦʩʪʘʚʣʷʶʱʝʡ ʚʩʝʛʦ ʵʪʘʧʘ 
ʧʨʦʚʝʜʝʥʠʷ ʧʨʦʚʝʨʢʠ ʟʥʘʥʠʡ ʙʫʜʫʱʠʭ ʘʙʠʪʫʨʠʝʥʪʦʚ. ʆʙʷʟʘʥʥʦʩʪʠ ʦʨʛʘʥʠʟʘʮʠʠ ʠ ʧʨʦʚʝʜʝʥʠʷ ʈʊ 
ʚʦʟʣʦʞʝʥʳ ʥʘ çʈʝʩʧʫʙʣʠʢʘʥʩʢʠʡ ʠʥʩʪʠʪʫʪ ʢʦʥʪʨʦʣʷ ʟʥʘʥʠʡè.  

ʇʨʝʜʣʘʛʘʝʪʩʷ ʨʝʰʝʥʠʝ ʚ ʚʠʜʝ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʩʠʩʪʝʤʳ, ʢʦʪʦʨʘʷ ʧʦʟʚʦʣʠʪ ʦʨʛʘʥʠʟʦʚʘʪʴ 
ʨʘʙʦʪʫ ʚ ʨʘʤʢʘʭ çʦʜʥʦʛʦ ʦʢʥʘè, ʠ ʦʩʫʱʝʩʪʚʣʷʪʴ ʫʧʨʘʚʣʝʥʠʝ ʧʫʥʢʪʘʤʠ ʨʝʛʠʩʪʨʘʮʠʠ ʠ ʧʨʦʚʝʜʝʥʠʷ ʈʊ. 

ɺ ʭʦʜʝ ʧʨʦʚʝʜʝʥʠʷ ʘʥʘʣʠʟʘ ʧʨʝʜʤʝʪʥʦʡ ʦʙʣʘʩʪʠ, ʙʳʣʠ ʚʳʜʝʣʝʥʳ ʦʩʥʦʚʥʳʝ ʬʫʥʢʮʠʦʥʘʣʴʥʳʝ 
ʪʨʝʙʦʚʘʥʠʷ, ʧʨʝʜʲʷʚʣʷʝʤʳʝ ʢ ʧʨʦʛʨʘʤʤʥʦʤʫ ʩʨʝʜʩʪʚʫ (ʇʉ): 

ï ʬʠʣʠʘʣʴʥʘʷ ʚʦʟʤʦʞʥʦʩʪʴ ʨʘʙʦʪʳ; 
ï ʨʝʛʠʩʪʨʘʮʠʷ ʥʦʚʳʭ ʧʫʥʢʪʦʚ; 

http://webostv.developer.lge.com/design/webos-tv-system-ui/remote-control
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ï ʦʨʛʘʥʠʟʘʮʠʷ ʜʦʩʪʫʧʘ ʢ ʨʝʛʠʩʪʨʘʮʠʠ; 
ï ʬʦʨʤʠʨʦʚʘʥʠʷ ʩʧʠʩʢʦʚ ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʥʳʭ ʧʦʣʴʟʦʚʘʪʝʣʝʡ; 
ï ʢʦʥʪʨʦʣʴ ʷʚʢʠ ʥʘ ʈʊ; 
ï ʣʠʯʥʳʡ ʢʘʙʠʥʝʪ ʫʯʘʩʪʥʠʢʘ ʈʊ; 
ï ʦʪʩʣʝʞʠʚʘʥʠʝ ʩʪʘʪʫʩʘ ʨʝʛʠʩʪʨʘʮʠʠ; 
ï ʬʦʨʤʠʨʦʚʘʥʠʝ ʠ ʧʦʜʪʚʝʨʞʜʝʥʠʝ ʘʢʪʦʚ ʧʨʠʝʤʘ-ʧʝʨʝʜʘʯʠ ʙʣʘʥʢʦʚ ʦʪʚʝʪʦʚ; 
ï ʦʩʫʱʝʩʪʚʣʝʥʠʝ ʧʣʘʪʝʞʝʡ ʚ ʨʝʞʠʤʝ ʨʝʘʣʴʥʦʛʦ ʚʨʝʤʝʥʠ ʩ ʧʦʤʦʱʴʶ ʩʠʩʪʝʤʳ çʈʘʩʯʝʪè; 
ï ʦʬʦʨʤʣʝʥʠʷ ʧʨʦʧʫʩʢʦʚ; 
ï ʵʢʩʧʦʨʪ ʠ ʠʤʧʦʨʪ ʜʘʥʥʳʭ ʠʟ Excel-ʬʘʡʣʘ; 
ï ʬʦʨʤʠʨʦʚʘʥʠʝ ʩʚʦʜʥʦʡ ʚʝʜʦʤʦʩʪʠ; 
ï ʛʝʥʝʨʘʮʠʷ ʩʪʘʪʠʩʪʠʢʠ ʧʦ ʨʝʧʝʪʠʮʠʦʥʥʦʤʫ ʪʝʩʪʠʨʦʚʘʥʠʶ; 
ï ʟʘʛʨʫʟʢʘ ʨʝʟʫʣʴʪʘʪʦʚ ʨʝʧʝʪʠʮʠʦʥʥʦʛʦ ʪʝʩʪʠʨʦʚʘʥʠʷ. 
ʅʘ ʦʩʥʦʚʘʥʠʠ ʩʧʠʩʢʘ ʪʨʝʙʦʚʘʥʠʡ ʧʦʩʪʨʦʝʥʘ ʬʫʥʢʮʠʦʥʘʣʴʥʘʷ ʤʦʜʝʣʴ ʧʨʦʛʨʘʤʤʥʦʛʦ ʩʨʝʜʩʪʚʘ ʚ 

ʥʦʪʘʮʠʷʭ IDEF0 [1], ʘ ʪʘʢʞʝ ʜʠʘʛʨʘʤʤʘ ʚʘʨʠʘʥʪʦʚ ʠʩʧʦʣʴʟʦʚʘʥʠʷ (ʨʠʩʫʥʦʢ 1). 
 

ɹʳʣʠ ʚʳʜʝʣʝʥʳ ʩʣʝʜʫʶʱʠʝ ʜʝʡʩʪʚʫʶʱʠʝ ʣʠʮʘ: ʛʣʘʚʥʳʡ ʘʜʤʠʥʠʩʪʨʘʪʦʨ, ʘʜʤʠʥʠʩʪʨʘʪʦʨ, 
ʧʦʣʴʟʦʚʘʪʝʣʴ. ɼʣʷ ʨʘʟʨʘʙʘʪʳʚʘʝʤʦʡ ʩʠʩʪʝʤʳ, ʠʩʭʦʜʷ ʠʟ ʧʦʪʨʝʙʥʦʩʪʝʡ ʜʝʡʩʪʚʫʶʱʠʭ ʣʠʮ, ʚʳʜʝʣʝʥʳ 
ʩʣʝʜʫʶʱʠʝ ʚʘʨʠʘʥʪʳ ʠʩʧʦʣʴʟʦʚʘʥʠʷ: ʚʭʦʜ ʚ ʩʠʩʪʝʤʫ, ʧʨʦʩʤʦʪʨ ʩʧʠʩʢʘ ʧʫʥʢʪʦʚ ʪʝʩʪʠʨʦʚʘʥʠʷ (ʇʊ), 
ʠʟʤʝʥʝʥʠʝ ʇʊ, ʜʦʙʘʚʣʝʥʠʝ ʇʊ, ʟʘʛʨʫʟʢʘ ʨʝʟʫʣʴʪʘʪʦʚ, ʚʳʙʦʨ ʬʘʡʣʘ ʨʝʟʫʣʴʪʘʪʦʚ, ʧʦʜʪʚʝʨʞʜʝʥʠʝ 
ʘʢʪʦʚ ʧʨʠʸʤʘ-ʧʝʨʝʜʘʯʠ ʙʣʘʥʢʦʚ ʦʪʚʝʪʦʚ, ʧʨʦʩʤʦʪʨ ʩʝʘʥʩʦʚ ʪʝʩʪʠʨʦʚʘʥʠʡ, ʠʟʤʝʥʝʥʠʝ ʩʝʘʥʩʘ 
ʪʝʩʪʠʨʦʚʘʥʠʷ, ʧʨʦʩʤʦʪʨ ʩʧʠʩʢʘ ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʥʳʭ, ʧʝʯʘʪʴ ʚʝʜʦʤʦʩʪʠ, ʦʪʤʝʪʢʘ ʷʚʠʚʰʠʭʩʷ, 
ʜʦʙʘʚʣʝʥʠʝ ʩʝʘʥʩʘ ʪʝʩʪʠʨʦʚʘʥʠʷ, ʨʝʛʠʩʪʨʘʮʠʷ ʚ ʩʠʩʪʝʤʝ, ʚʚʦʜ ʩʚʦʠʭ ʜʘʥʥʳʭ, ʧʨʦʩʤʦʪʨ ʩʧʠʩʢʘ 
ʨʝʛʠʩʪʨʘʮʠʡ, ʦʪʤʝʥʘ ʨʝʛʠʩʪʨʘʮʠʠ, ʧʨʦʩʤʦʪʨ ʧʦʜʨʦʙʥʦʡ ʠʥʬʦʨʤʘʮʠʠ, ʨʝʛʠʩʪʨʘʮʠʷ ʥʘ ʈʊ. 

 

 
 

ʈʠʩʫʥʦʢ 1 ï ɼʠʘʛʨʘʤʤʘ ʚʘʨʠʘʥʪʦʚ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 

 
ɺ ʢʘʯʝʩʪʚʝ ʷʟʳʢʘ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ ʜʣʷ ʩʝʨʚʝʨʥʦʡ ʯʘʩʪʠ ʧʨʠʣʦʞʝʥʠʷ ʙʳʣ ʚʳʙʨʘʥ C#, ʘ 

ʠʤʝʥʥʦ ʬʨʝʡʤʚʦʨʢ ASP.NET Core [2]. ɺ ʢʘʯʝʩʪʚʝ ʷʟʳʢʘ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ ʜʣʷ ʢʣʠʝʥʪʩʢʦʡ ʯʘʩʪʠ 
ʧʨʠʣʦʞʝʥʠʷ ʙʳʣ ʚʳʙʨʘʥ Typescript, ʬʨʝʡʤʚʦʨʢ Angular [3]. ɼʣʷ ʭʨʘʥʝʥʠʷ ʠʥʬʦʨʤʘʮʠʠ ʙʫʜʝʪ 
ʠʩʧʦʣʴʟʦʚʘʥʦ ʉʋɹɼ Microsoft SQL Server 2017. ɼʣʷ ʨʘʟʨʘʙʦʪʢʠ ʧʨʦʛʨʘʤʤʥʦʛʦ ʩʨʝʜʩʪʚʘ 
çʆʙʱʝʨʝʩʧʫʙʣʠʢʘʥʩʢʠʡ ʙʘʥʢ ʜʘʥʥʳʭ ʫʯʘʩʪʥʠʢʦʚ ʨʝʧʝʪʠʮʠʦʥʥʦʛʦ ʪʝʩʪʠʨʦʚʘʥʠʷè ʙʫʜʝʪ 
ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʩʨʝʜʘ ʨʘʟʨʘʙʦʪʢʠ Visual Studio 2017. 

ʀʥʪʝʨʬʝʡʩ ʧʨʦʛʨʘʤʤʥʦʛʦ ʩʨʝʜʩʪʚʘ ʧʨʝʜʩʪʘʚʣʝʥ ʥʘ ʨʠʩʫʥʢʝ 2. 
ʈʝʘʣʠʟʦʚʘʥʘ ʚʦʟʤʦʞʥʦʩʪʴ ʤʥʦʛʦʧʦʣʴʟʦʚʘʪʝʣʴʩʢʦʛʦ ʨʝʞʠʤʘ ʨʘʙʦʪʳ. ʈʘʟʨʘʙʦʪʘʥ ʧʦʥʷʪʥʳʡ ʠ 

ʧʨʦʩʪʦʡ ʠʥʪʝʨʬʝʡʩ ʜʣʷ ʨʘʙʦʪʳ ʩ ʧʨʦʛʨʘʤʤʥʳʤ ʩʨʝʜʩʪʚʦʤ ʩ ʫʯʝʪʦʤ ʦʩʦʙʝʥʥʦʩʪʝʡ ʧʨʝʜʤʝʪʥʦʡ 
ʦʙʣʘʩʪʠ.  

ɺʳʭʦʜʥʳʤʠ ʜʘʥʥʳʤʠ ʧʨʦʛʨʘʤʤʥʦʛʦ ʩʨʝʜʩʪʚʘ ʷʚʣʷʶʪʩʷ: ʦʙʦʙʱʝʥʥʘʷ ʚʝʜʦʤʦʩʪʴ ʫʯʘʩʪʥʠʢʦʚ 
ʨʝʧʝʪʠʮʠʦʥʥʦʛʦ ʪʝʩʪʠʨʦʚʘʥʠʷ, ʦʪʦʙʨʘʞʘʝʤʘʷ ʚ ʚʠʜʝ ʬʘʡʣʘ pdf; ʬʘʡʣ Microsoft Excel ʦʙʦʙʱʝʥʥʳʭ 
ʜʘʥʥʳʭ ʫʯʘʩʪʥʠʢʦʚ ʪʝʩʪʠʨʦʚʘʥʠʷ, ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʥʳʭ ʥʘ ʢʦʥʢʨʝʪʥʫʶ ʜʘʪʫ; ʧʨʦʧʫʩʢ ʜʣʷ ʧʨʦʭʦʞʜʝʥʠʷ 
ʪʝʩʪʠʨʦʚʘʥʠʷ ʚ ʚʳʙʨʘʥʥʦʤ ʧʫʥʢʪʝ ʚ ʚʠʜʝ ʬʘʡʣʘ pdf. ʆʙʦʙʱʝʥʥʳʝ ʩʚʝʜʝʥʠʷ ʜʦʩʪʫʧʥʳ ʪʦʣʴʢʦ 
ʘʜʤʠʥʠʩʪʨʘʪʦʨʘʤ ʧʫʥʢʪʦʚ ʪʝʩʪʠʨʦʚʘʥʠʷ. ʇʝʯʘʪʴ ʧʨʦʧʫʩʢʘ ʜʦʩʪʫʧʥʘ ʚʩʝʤ ʫʯʘʩʪʥʠʢʘʤ ʪʝʩʪʠʨʦʚʘʥʠʷ, 
ʢʦʪʦʨʳʝ ʧʨʦʠʟʚʝʣʠ ʦʧʣʘʪʫ ʩʦʟʜʘʥʥʦʡ ʨʝʛʠʩʪʨʘʮʠʠ ʥʘ ʚʳʙʨʘʥʥʳʡ ʧʨʝʜʤʝʪ ʠ ʚʳʜʝʣʝʥʥʫʶ ʜʘʪʫ. 
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ʈʠʩʫʥʦʢ 2 ï ɼʦʤʘʰʥʷʷ ʩʪʨʘʥʠʮʘ ʧʦʣʴʟʦʚʘʪʝʣʷ 

 
ɺʥʝʜʨʝʥʠʝ ʨʘʟʨʘʙʦʪʘʥʥʦʛʦ ʧʨʦʛʨʘʤʤʥʦʛʦ ʩʨʝʜʩʪʚʦ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʣʦ ʧʨʦʮʝʩʩ ʨʝʛʠʩʪʨʘʮʠʠ ʥʘ 

ʈʊ ʚʦ ʚʩʝʭ ʧʫʥʢʪʘʭ ʪʝʩʪʠʨʦʚʘʥʠʷ, ʘ ʪʘʢʞʝ ʦʙʣʝʛʯʠʣʦ ʨʘʙʦʪʫ ʦʨʛʘʥʠʟʘʪʦʨʦʚ ʨʝʧʝʪʠʮʠʦʥʥʦʛʦ 
ʪʝʩʪʠʨʦʚʘʥʠʷ ʚ ʧʫʥʢʪʘʭ ʝʛʦ ʧʨʦʚʝʜʝʥʠʷ. ʃʠʯʥʳʡ ʢʘʙʠʥʝʪ ʫʯʘʩʪʥʠʢʘ ʈʊ ʧʦʟʚʦʣʠʣ ʣʝʛʯʝ ʧʨʦʠʟʚʦʜʠʪʴ 
ʨʝʛʠʩʪʨʘʮʠʶ ʥʘ ʨʝʧʝʪʠʮʠʦʥʥʦʝ ʪʝʩʪʠʨʦʚʘʥʠʝ, ʘ ʪʘʢʞʝ ʦʪʩʣʝʞʠʚʘʪʴ ʩʪʘʪʫʩ ʩʚʦʠʭ ʨʝʛʠʩʪʨʘʮʠʡ. 

ʆʪʧʘʣʘ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʚ ʧʨʦʚʝʜʝʥʠʠ ʨʘʟʣʠʯʥʦʛʦ ʨʦʜʘ ʩʦʚʝʱʘʥʠʡ, ʢʦʤʘʥʜʠʨʦʚʦʢ, ʧʠʩʴʤʝʥʥʳʭ 
ʢʦʤʤʫʥʠʢʘʮʠʡ. 
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1. ʄʘʢʣʘʢʦʚ, ʉ. ɺ. ʀʥʩʪʨʫʤʝʥʪʘʣʴʥʳʝ ʩʨʝʜʩʪʚʘ ʩʦʟʜʘʥʠʷ ʢʦʨʧʦʨʘʪʠʚʥʳʭ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʩʠʩʪʝʤ / ʉ. ɺ. ʄʘʢʣʘʢʦʚ. ï 

ʂʦʤʧʴʶʪʝʨ ʇʨʝʩʩ. 1998. ï ˉ7. 
2. ʏʘʤʙʝʨʩ ɼ., ʇʵʢʝʪʪ ɼ., ʊʠʤʤʩ ʉ., ASP.NET Core. ʈʘʟʨʘʙʦʪʢʘ ʧʨʠʣʦʞʝʥʠʡ/ ɼ. ʏʘʤʙʝʨʩ ï 2018. ï 464 c. 
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ʀʅʌʆʈʄɸʎʀʆʅʅɸʗ ʉʀʉʊɽʄɸ ʉɹʆʈɸ ʀ ʆɹʈɸɹʆʊʂʀ 
ʊɽʃɽʄɽʊʈʀʏɽʉʂʀʍ ɼɸʅʅʓʍ 

ʄʘʣʝʮ. ʀ.ɺ., ʊʠʤʦʬʝʝʚ ʅ.ʀ., ʄʦʞʝʥʢʦʚʘ ɽ.ɺ. 

ɹʝʣʦʨʫʩʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʥʬʦʨʤʘʪʠʢʠ ʠ ʨʘʜʠʦʵʣʝʢʪʨʦʥʠʢʠ 
ʛ. ʄʠʥʩʢ, ʈʝʩʧʫʙʣʠʢʘ ɹʝʣʘʨʫʩʴ 

ʇʘʨʘʤʦʥʦʚ ɸ.ʀ. ï ʢ.ʪ.ʥ., ʜʦʮʝʥʪ 

ɺ ʩʦʚʨʝʤʝʥʥʦʤ ʤʠʨʝ, ʥʘʧʦʣʥʝʥʥʦʤ ʙʦʣʴʰʠʤ ʢʦʣʠʯʝʩʪʚʦʤ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʩʠʩʪʝʤ ʠ ʪʝʭʥʦʣʦʛʠʡ, ʚʘʞʥʦʝ ʤʝʩʪʦ ʟʘʥʠʤʘʝʪ ʠʭ 
ʚʩʝʩʪʦʨʦʥʥʠʡ ʤʦʥʠʪʦʨʠʥʛ. ʉʫʪʴ ʝʛʦ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʩʙʦʨʝ ʥʝʦʙʭʦʜʠʤʳʭ ʜʘʥʥʳʭ ʠ ʠʭ ʘʥʘʣʠʟʝ. ɸʥʘʣʠʟ ʩʦʙʨʘʥʥʦʡ ʠʥʬʦʨʤʘʮʠʠ ʦʙ 
ʫʩʪʨʦʡʩʪʚʝ ʠʣʠ ʧʨʦʛʨʘʤʤʥʦʤ ʩʨʝʜʩʪʚʝ ʧʦʟʚʦʣʷʝʪ ʧʨʝʜʦʪʚʨʘʪʠʪʴ ʦʰʠʙʢʠ ʠʣʠ, ʥʘ ʦʩʥʦʚʘʥʠʠ ʧʦʣʫʯʝʥʥʦʡ ʠʥʬʦʨʤʘʮʠʠ, 
ʦʧʪʠʤʠʟʠʨʦʚʘʪʴ ʠʭ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ. ʇʨʘʢʪʠʯʝʩʢʠ ʚʩʝ ʩʦʚʨʝʤʝʥʥʳʝ ʫʩʪʨʦʡʩʪʚʘ ʠ ʧʨʦʛʨʘʤʤʥʳʝ ʩʨʝʜʩʪʚʘ ʠʤʝʶʪ 
ʩʦʙʩʪʚʝʥʥʳʝ ʩʠʩʪʝʤʳ ʤʦʥʠʪʦʨʠʥʛʘ. ʅʦ ʚ ʩʣʫʯʘʝ, ʢʦʛʜʘ ʢʦʣʠʯʝʩʪʚʦ ʩʠʩʪʝʤ ʜʣʷ ʤʦʥʠʪʦʨʠʥʛʘ ʩʣʠʰʢʦʤ ʚʝʣʠʢʦ, ʠʣʠ ʢ ʥʠʤ ʥʝʪ 
ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʛʦ ʜʦʩʪʫʧʘ, ï ʩʪʘʥʜʘʨʪʥʳʭ ʩʨʝʜʩʪʚ ʩʪʘʥʦʚʠʪʩʷ ʥʝʜʦʩʪʘʪʦʯʥʦ. 

ʉʙʦʨ, ʭʨʘʥʝʥʠʝ ʠ ʦʙʨʘʙʦʪʢʘ ʪʝʣʝʤʝʪʨʠʯʝʩʢʠʭ ʜʘʥʥʳʭ ʩʪʘʥʦʚʷʪʩʷ ʚʩʝ ʙʦʣʝʝ ʘʢʪʫʘʣʴʥʳʤʠ 
ʟʘʜʘʯʘʤʠ. ʅʘ ʩʝʛʦʜʥʷ ʠʟʚʝʩʪʥʦ ʫʞʝ ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʩʠʩʪʝʤ ʠ ʧʨʦʛʨʘʤʤʥʳʭ ʩʨʝʜʩʪʚ ʜʣʷ ʝʸ 
ʨʝʰʝʥʠʷ. ʏʘʩʪʴ ʠʟ ʥʠʭ ʥʘʮʝʣʝʥʘ ʥʘ ʤʦʥʠʪʦʨʠʥʛ ʢʦʥʢʨʝʪʥʳʭ ʪʠʧʦʚ ʩʠʩʪʝʤ ï ʧʨʦʛʨʘʤʤʥʳʝ ʩʨʝʜʩʪʚʘ 
ʜʣʷ ʤʦʥʠʪʦʨʠʥʛʘ ʩʝʪʝʡ: Observium [1], SolarWinds Network Performance Monitor [2]. ɼʨʫʛʠʝ, ʙʦʣʝʝ 
ʛʠʙʢʠʝ, ʤʦʛʫʪ ʨʘʙʦʪʘʪʴ ʩ ʙʦʣʴʰʠʤ ʢʦʣʠʯʝʩʪʚʦʤ ʫʩʪʨʦʡʩʪʚ ʠ ʧʨʦʪʦʢʦʣʦʚ, ʧʦ ʩʨʝʜʩʪʚʘʤ ʜʦʙʘʚʣʝʥʠʷ ʚ 
ʥʠʭ ʤʦʜʫʣʝʡ ʠʣʠ ʫʩʪʘʥʦʚʢʠ ʩʧʝʮʠʘʣʴʥʳʭ ʧʨʠʣʦʞʝʥʠʡ-ʘʛʝʥʪʦʚ. ʇʨʠʤʝʨʦʤ ʪʘʢʠʭ ʩʠʩʪʝʤ ʷʚʣʷʶʪʩʷ 
Zabbix [3] ʠʣʠ CA UIM [4]. ʇʨʘʢʪʠʯʝʩʢʠ ʚʩʝ ʩʦʚʨʝʤʝʥʥʳʝ ʩʠʩʪʝʤʳ ʩʙʦʨʘ ʠ ʦʙʨʘʙʦʪʢʠ ʪʝʣʝʤʝʪʨʠʯʝʩʢʠʭ 
ʜʘʥʥʳʭ ʠʤʝʶʪ ʚʝʙ-ʠʥʪʝʨʬʝʡʩ ʜʣʷ ʜʦʩʪʫʧʘ ʢ ʜʘʥʥʳʤ ʠʟ ʣʶʙʦʡ ʪʦʯʢʠ ʤʠʨʘ. ɺ ʧʦʩʣʝʜʥʝʝ ʚʨʝʤʷ ʤʥʦʛʠʝ 
ʩʠʩʪʝʤʳ ʜʣʷ ʩʙʦʨʘ ʠ ʦʙʨʘʙʦʪʢʠ ʪʝʣʝʤʝʪʨʠʯʝʩʢʠʭ ʜʘʥʥʳʭ ʩʪʘʥʦʚʷʪʩʷ ʜʦʩʪʫʧʥʳ ʚ ʬʦʨʤʘʪʝ ʦʙʣʘʯʥʳʭ 
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ʩʝʨʚʠʩʦʚ, ʯʪʦ ʫʧʨʦʱʘʝʪ ʜʣʷ ʧʦʣʴʟʦʚʘʪʝʣʝʡ ʥʘʩʪʨʦʡʢʫ, ʫʚʝʣʠʯʠʚʘʝʪ ʥʘʜʝʞʥʦʩʪʴ ʠ ʦʪʢʘʟʦʫʩʪʦʡʯʠʚʦʩʪʴ 
ʩʠʩʪʝʤʳ ʠ ʥʝ ʪʨʝʙʫʝʪ ʦʪ ʧʦʣʴʟʦʚʘʪʝʣʷ ʤʦʱʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ʠ ʙʦʣʴʰʠʭ ʦʙʲʝʤʦʚ ʧʘʤʷʪʠ. 

ʉʫʱʝʩʪʚʫʝʪ ʜʚʘ ʦʩʥʦʚʥʳʭ ʩʧʦʩʦʙʘ ʩʙʦʨʘ ʪʝʣʝʤʝʪʨʠʯʝʩʢʠʭ ʜʘʥʥʳʭ. ʇʝʨʚʳʡ ʩʧʦʩʦʙ ï ʩʠʩʪʝʤʘ 
ʜʣʷ ʩʙʦʨʘ ʪʝʣʝʤʝʪʨʠʯʝʩʢʠʭ ʜʘʥʥʳʭ ʩʘʤʘ ʦʧʨʘʰʠʚʘʝʪ ʫʩʪʨʦʡʩʪʚʘ ʠʣʠ ʧʨʦʛʨʘʤʤʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ ʧʦ 
ʩʨʝʜʩʪʚʘʤ ʧʨʦʪʦʢʦʣʘ ʠʣʠ ʧʨʦʛʨʘʤʤʥʦʛʦ ʠʥʪʝʨʬʝʡʩʘ. ɺʪʦʨʦʡ ʩʧʦʩʦʙ ï ʧʨʠʣʦʞʝʥʠʷ-ʘʛʝʥʪʳ, ʢʦʪʦʨʳʝ 
ʦʧʨʘʰʠʚʘʶʪ ʫʩʪʨʦʡʩʪʚʦ ʠʣʠ ʧʨʦʛʨʘʤʤʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ ʠ ʧʝʨʝʜʘʶʪ ʜʘʥʥʳʝ ʥʘ ʩʝʨʚʝʨ ʩʠʩʪʝʤʳ 
ʤʦʥʠʪʦʨʠʥʛʘ. ʇʨʠʣʦʞʝʥʠʷ ʘʛʝʥʪʳ ʪʘʢ ʞʝ, ʢʘʢ ʠ ʚ ʧʝʨʚʦʤ ʩʣʫʯʘʝ, ʦʧʨʘʰʠʚʘʶʪ ʫʩʪʨʦʡʩʪʚʘ ʠʣʠ 
ʧʨʦʛʨʘʤʤʥʳʝ ʩʨʝʜʩʪʚʘ ʩ ʧʦʤʦʱʴʶ ʧʨʦʪʦʢʦʣʘ ʠʣʠ ʧʨʦʛʨʘʤʤʥʦʛʦ ʠʥʪʝʨʬʝʡʩʘ, ʣʠʙʦ ʞʝ ʷʚʣʷʶʪʩʷ 
ʯʘʩʪʴʶ ʦʧʨʘʰʠʚʘʝʤʳʭ ʩʠʩʪʝʤ. ɺ ʦʜʥʦʡ ʩʠʩʪʝʤʝ ʦʜʥʦʚʨʝʤʝʥʥʦ ʤʦʛʫʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʦʙʘ ʩʧʦʩʦʙʘ. 
ʉʠʩʪʝʤʳ ʠʩʧʦʣʴʟʫʶʱʠʝ ʧʝʨʚʳʡ ʩʧʦʩʦʙ ʦʙʳʯʥʦ ʙʦʣʝʝ ʧʨʦʩʪʳ ʚ ʢʦʥʬʠʛʫʨʘʮʠʠ, ʥʦ ʩʣʦʞʥʳ ʚ 
ʜʦʨʘʙʦʪʢʝ. ɺʪʦʨʦʡ ʩʧʦʩʦʙ ʤʦʞʝʪ ʧʦʪʨʝʙʦʚʘʪʴ ʫʩʪʘʥʦʚʢʠ ʧʨʠʣʦʞʝʥʠʷ-ʘʛʝʥʪʘ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʥʘ 
ʮʝʣʝʚʦʝ ʫʩʪʨʦʡʩʪʚʦ, ʘ ʪʘʢʞʝ ʥʘʩʪʨʦʡʢʠ ʩʘʤʦʡ ʩʠʩʪʝʤʳ ʠ ʧʨʠʣʦʞʝʥʠʡ ʘʛʝʥʪʦʚ ʧʦ ʦʪʜʝʣʴʥʦʩʪʠ ʜʣʷ 
ʢʘʞʜʦʛʦ ʠʩʪʦʯʥʠʢʘ ʪʝʣʝʤʝʪʨʠʯʝʩʢʠʭ ʜʘʥʥʳʭ.  

ʇʨʝʠʤʫʱʝʩʪʚʘ ʚʪʦʨʦʛʦ ʩʧʦʩʦʙʘ ï ʵʪʦ ʛʠʙʢʦʩʪʴ, ʚʦʟʤʦʞʥʦʩʪʴ ʨʘʟʨʘʙʦʪʢʠ ʥʦʚʳʭ ʧʨʠʣʦʞʝʥʠʡ 
ʘʛʝʥʪʦʚ ʠ ʤʦʜʠʬʠʢʘʮʠʠ ʩʫʱʝʩʪʚʫʶʱʠʭ, ʥʝʟʘʚʠʩʠʤʦ ʦʪ ʦʩʥʦʚʥʳʭ ʯʘʩʪʝʡ ʩʠʩʪʝʤʳ ʠ ʜʨʫʛʠʭ 
ʧʨʠʣʦʞʝʥʠʡ ʘʛʝʥʪʦʚ.  

ʇʨʠʤʝʨ ʩʠʩʪʝʤ ʩ ʧʨʠʣʦʞʝʥʠʷʤʠ ʘʛʝʥʪʘʤʠ ʠ ʙʝʟ ʥʠʭ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʨʠʩʫʥʢʝ 1. 
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ʈʠʩʫʥʦʢ 1 ï ʇʨʠʤʝʨ ʩʠʩʪʝʤ ʩ ʧʨʠʣʦʞʝʥʠʷʤʠ ʘʛʝʥʪʘʤʠ ʠ ʙʝʟ ʘʛʝʥʪʦʚ 

 
ɸʥʘʣʠʟ ʩʠʩʪʝʤ ʩʙʦʨʘ ʠ ʦʙʨʘʙʦʪʢʠ ʪʝʣʝʤʝʪʨʠʯʝʩʢʠʭ ʜʘʥʥʳʭ ʧʦʢʘʟʘʣ, ʯʪʦ ʙʦʣʴʰʠʥʩʪʚʦ 

ʩʫʱʝʩʪʚʫʶʱʠʭ ʩʠʩʪʝʤ ʨʘʟʨʘʙʘʪʳʚʘʶʪʩʷ ʜʣʷ ʢʦʥʢʨʝʪʥʦʛʦ ʩʮʝʥʘʨʠʷ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʠ ʪʠʧʘ 
ʧʦʣʴʟʦʚʘʪʝʣʷ (ʥʘʧʨʠʤʝʨ, ʜʣʷ ʘʜʤʠʥʠʩʪʨʘʪʦʨʦʚ ʩʝʪʝʡ) ʠ ʩʣʦʞʥʳ ʚ ʥʘʩʪʨʦʡʢʝ. ʇʦʵʪʦʤʫ ʙʳʣʘ 
ʧʨʝʜʧʨʠʥʷʪʘ ʧʦʧʳʪʢʘ ʨʘʟʨʘʙʦʪʘʪʴ ʧʨʦʩʪʫʶ ʚ ʥʘʩʪʨʦʡʢʝ ʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ, ʛʠʙʢʫʶ ʩʠʩʪʝʤʫ ʜʣʷ ʩʙʦʨʘ ʠ 
ʦʙʨʘʙʦʪʢʠ ʪʝʣʝʤʝʪʨʠʯʝʩʢʠʭ ʜʘʥʥʳʭ. 

ʅʘ ʨʠʩʫʥʢʝ 2 ʧʨʝʜʩʪʘʚʣʝʥʘ ʩʪʨʘʥʠʮʘ ʚʝʙ ʠʥʪʝʨʬʝʡʩʘ ʨʘʟʨʘʙʦʪʘʥʥʦʛʦ ʧʨʠʣʦʞʝʥʠʷ ʩ 
ʠʥʬʦʨʤʘʮʠʝʡ ʦʙ ʠʩʪʦʯʥʠʢʝ ʜʘʥʥʳʭ (iPhone SE). ʅʘ ʩʪʨʘʥʠʮʝ ʠʟʦʙʨʘʞʝʥ ʙʣʦʢ ʩ ʥʘʟʚʘʥʠʝ ʫʩʪʨʦʡʩʪʚʘ, 
ʪʠʧʦʤ ʠ ʩʪʘʪʫʩʦʤ. ʄʦʞʥʦ ʧʨʦʩʤʦʪʨʝʪʴ ʜʘʥʥʳʝ ʫʩʪʨʦʡʩʪʚʘ ʚ ʨʝʘʣʴʥʦʤ ʚʨʝʤʝʥʠ ʠʣʠ ʟʘ ʚʳʙʨʘʥʥʳʡ 
ʧʝʨʠʦʜ, ʫʩʪʘʥʦʚʠʪʴ ʧʦʨʦʛʦʚʳʝ ʟʥʘʯʝʥʠʷ ʜʣʷ ʜʘʥʥʳʭ. 

ʉʠʩʪʝʤʘ ʠʤʝʝʪ ʩʝʨʚʝʨʥʫʶ ʯʘʩʪʴ, ʢʦʪʦʨʘʷ ʧʨʠʥʠʤʘʝʪ, ʭʨʘʥʠʪ ʠ ʦʙʨʘʙʘʪʳʚʘʝʪ ʜʘʥʥʳʝ, ʧʨʦʩʪʦʡ 
ʚʝʙ-ʠʥʪʝʨʬʝʡʩ ʩ ʚʦʟʤʦʞʥʦʩʪʴ ʧʨʦʩʤʦʪʨʘ ʠ ʘʥʘʣʠʟʘ ʜʘʥʥʳʭ ʨʘʟʥʦʛʦ ʪʠʧʘ, ʧʦʣʫʯʝʥʠʷ ʜʘʥʥʳʭ ʧʦ 
ʩʨʝʜʩʪʚʘʤ ʧʨʠʣʦʞʝʥʠʡ ʘʛʝʥʪʦʚ. ʉʠʩʪʝʤʘ ʠʤʝʝʪ ʦʪʢʨʳʪʳʡ ʠʩʭʦʜʥʳʡ ʢʦʜ ʠ ʦʪʢʨʳʪʳʡ API. ʆʪʢʨʳʪʳʡ 
ʠʩʭʦʜʥʳʡ ʢʦʜ ʧʦʟʚʦʣʠʪ ʢʦʥʝʯʥʳʤ ʧʦʣʴʟʦʚʘʪʝʣʷʤ, ʧʨʠ ʥʝʦʙʭʦʜʠʤʦʩʪʠ, ʜʦʨʘʙʦʪʘʪʴ ʩʠʩʪʝʤʫ ʜʣʷ ʩʚʦʠʭ 
ʥʫʞʜ. ʆʪʢʨʳʪʳʡ API ʧʦʟʚʦʣʠʪ ʧʦʣʴʟʦʚʘʪʝʣʷʤ ʠʣʠ ʪʨʝʪʴʠʤ ʣʠʮʘʤ ʨʘʟʨʘʙʘʪʳʚʘʪʴ ʥʦʚʳʭ ʘʛʝʥʪʦʚ ʜʣʷ 
ʩʠʩʪʝʤʳ. ʅʘ ʥʘʯʘʣʴʥʳʭ ʵʪʘʧʘʭ ʨʘʙʦʪʳ ʩʠʩʪʝʤʳ ʨʘʟʨʘʙʦʪʘʥʦ ʥʝʩʢʦʣʴʢʦ ʧʨʠʣʦʞʝʥʠʡ-ʘʛʝʥʪʦʚ ʜʣʷ 
ʤʦʥʠʪʦʨʠʥʛʘ ʥʘʠʙʦʣʝʝ ʧʦʧʫʣʷʨʥʳʭ ʩʠʩʪʝʤ ʠ ʧʨʦʪʦʢʦʣʦʚ (ʜʣʷ ʧʝʨʩʦʥʘʣʴʥʳʭ ʢʦʤʧʴʶʪʝʨʦʚ, 
ʨʘʙʦʪʘʶʱʠʭ ʥʘ ʙʘʟʝ ʦʧʝʨʘʮʠʦʥʥʳʭ ʩʠʩʪʝʤ Windows, Linux. ɼʣʷ SNMP ʧʨʦʪʦʢʦʣʘ). ʆʜʥʠʤ ʠʟ ʧʝʨʚʳʭ 
ʨʘʟʨʘʙʦʪʘʥʦ ʧʨʠʣʦʞʝʥʠʝ-ʘʛʝʥʪ ʜʣʷ ʤʦʥʠʪʦʨʠʥʛʘ ʤʦʙʠʣʴʥʳʭ ʫʩʪʨʦʡʩʪʚ. ʅʝʩʤʦʪʨʷ ʥʘ ʧʦʧʫʣʷʨʥʦʩʪʴ 
ʪʘʢʦʛʦ ʪʠʧʘ ʫʩʪʨʦʡʩʪʚ, ʧʨʠʣʦʞʝʥʠʷ ʜʣʷ ʠʭ ʤʦʥʠʪʦʨʠʥʛʘ ʧʨʘʢʪʠʯʝʩʢʠ ʦʪʩʫʪʩʪʚʫʶʪ. 

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʩʠʩʪʝʤʳ ʤʦʥʠʪʦʨʠʥʛʘ ʧʦʟʚʦʣʠʪ ʫʧʨʦʩʪʠʪʴ ʧʦʣʫʯʝʥʠʝ ʜʝʪʘʣʴʥʦʡ ʠʥʬʦʨʤʘʮʠʠ ʦ 
ʨʘʟʣʠʯʥʳʭ ʩʠʩʪʝʤʘʭ ʟʘ ʩʯʝʪ ʩʥʠʞʝʥʠʷ ʢʦʣʠʯʝʩʪʚʘ ʨʫʪʠʥʥʳʭ ʦʧʝʨʘʮʠʡ. 
 



55-ʷ ʶʙʠʣʝʡʥʘʷ ʥʘʫʯʥʘʷ ʢʦʥʬʝʨʝʥʮʠʷ ʘʩʧʠʨʘʥʪʦʚ, ʤʘʛʠʩʪʨʘʥʪʦʚ ʠ ʩʪʫʜʝʥʪʦʚ ɹɻʋʀʈ, 2019 ʛ. 
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ʈʠʩʫʥʦʢ 2 ï ʉʪʨʘʥʠʮʘ ʩ ʜʘʥʥʳʤʠ ʫʩʪʨʦʡʩʪʚʘ   

 
ʇʣʘʥʠʨʫʝʪʩʷ ʨʘʩʧʨʦʩʪʨʘʥʷʪʴ ʧʨʦʜʫʢʪ ʚ ʦʪʢʨʳʪʦʤ ʜʦʩʪʫʧʝ ʩ ʦʪʢʨʳʪʦʤ ʠʩʭʦʜʥʳʤ ʢʦʜʦʤ, ʘ ʪʘʢʞʝ 

ʧʨʠ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʜʦʨʘʙʘʪʳʚʘʪʴ ʩʠʩʪʝʤʫ ʧʦʜ ʪʨʝʙʦʚʘʥʠʷ ʟʘʢʘʟʯʠʢʘ. ʊʘʢʘʷ ʩʠʩʪʝʤʘ ʤʦʞʝʪ ʙʳʪʴ 
ʠʩʧʦʣʴʟʦʚʘʥʘ ʩʠʩʪʝʤʥʳʤʠ ʘʜʤʠʥʠʩʪʨʘʪʦʨʘʤʠ ʜʣʷ ʤʦʥʠʪʦʨʠʥʛʘ ʩʝʪʝʡ, ʧʦʣʴʟʦʚʘʪʝʣʷʤʠ ʩ ʙʦʣʴʰʠʤ 
ʢʦʣʠʯʝʩʪʚʦʤ ʫʩʪʨʦʡʩʪʚ. ɼʣʷ ʤʦʥʠʪʦʨʠʥʛʘ ʫʤʥʳʭ ʜʦʤʦʚ ʠ ʤʥʦʛʦʛʦ ʜʨʫʛʦʛʦ, ʟʘ ʩʯʝʪ ʨʘʟʨʘʙʦʪʢʠ ʥʦʚʳʭ 
ʧʨʠʣʦʞʝʥʠʡ ʘʛʝʥʪʦʚ. 

 
Cʧʠʩʦʢ ʠʩʧʦʣʴʟʦʚʘʥʥʳʭ ʠʩʪʦʯʥʠʢʦʚ 
1. Observium [ʕʣʝʢʪʨʦʥʥʳʡ ʨʝʩʫʨʩ] ï ʕʣʝʢʪʨʦʥʥʳʝ ʜʘʥʥʳʝ. ï ʈʝʞʠʤ ʜʦʩʪʫʧʘ: http://www.observium.org. ɼʘʪʘ ʜʦʩʪʫʧʘ: 

12.02.2019 ʛ. 
2. Solarwinds Network Performance Monitor [ʕʣʝʢʪʨʦʥʥʳʡ ʨʝʩʫʨʩ] ï ʕʣʝʢʪʨʦʥʥʳʝ ʜʘʥʥʳʝ. ï ʈʝʞʠʤ ʜʦʩʪʫʧʘ: 

https://www.solarwinds.com/network-performance-monitor. ɼʘʪʘ ʜʦʩʪʫʧʘ: 12.02.2019 ʛ. 
3. Zabbix [ʕʣʝʢʪʨʦʥʥʳʡ ʨʝʩʫʨʩ] ï ʕʣʝʢʪʨʦʥʥʳʝ ʜʘʥʥʳʝ. ï ʈʝʞʠʤ ʜʦʩʪʫʧʘ: https://www.zabbix.com/ru/. ɼʘʪʘ ʜʦʩʪʫʧʘ: 

12.02.2019 ʛ. 
4. CA Unified Infrastructure Management (UIM) [ʕʣʝʢʪʨʦʥʥʳʡ ʨʝʩʫʨʩ] ï ʕʣʝʢʪʨʦʥʥʳʝ ʜʘʥʥʳʝ. ï ʈʝʞʠʤ ʜʦʩʪʫʧʘ: 

https://www.ca.com/us/products/ca-unified-infrastructure-management.html. ɼʘʪʘ ʜʦʩʪʫʧʘ: 12.02.2019 ʛ. 

 
 

ʇʈʆɹʃɽʄɸ ɹɸʃɸʅʉʀʈʆɺʂʀ ʅɸɻʈʋɿʂʀ ʆɹʃɸʏʅʓʍ ɺʓʏʀʉʃɽʅʀʁ 

ʄʘʨʢʦʚ ɸ.ʅ. 

ɹʝʣʦʨʫʩʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʥʬʦʨʤʘʪʠʢʠ ʠ ʨʘʜʠʦʵʣʝʢʪʨʦʥʠʢʠ 
ʛ. ʄʠʥʩʢ, ʈʝʩʧʫʙʣʠʢʘ ɹʝʣʘʨʫʩʴ 

ʇʘʨʘʤʦʥʦʚ ɸ.ʀ. ï ʢ.ʪ.ʥ., ʜʦʮʝʥʪ 

ʆʪʨʘʞʝʥʘ ʧʨʦʙʣʝʤʘ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʥʘʛʨʫʟʢʠ ʥʘ ʩʝʪʝʚʦʝ ʠ ʩʝʨʚʝʨʥʦʝ ʦʙʦʨʫʜʦʚʘʥʠʝ, ʘ ʪʘʢʞʝ ʙʘʣʘʥʩʠʨʦʚʢʘ ʥʘʛʨʫʟʢʠ ʥʘ 
ʢʣʘʩʪʝʨʥʳʭ ʤʦʱʥʦʩʪʷʭ. 

ɺ ʩʦʚʨʝʤʝʥʥʦʤ ʤʠʨʝ ʦʙʣʘʯʥʳʝ ʚʳʯʠʩʣʝʥʠʷ ʥʝ ʪʦʣʴʢʦ ʧʨʠʦʙʨʝʪʘʶʪ ʧʦʧʫʣʷʨʥʦʩʪʴ, ʥʦ ʠ 
ʩʪʘʥʦʚʷʪʩʷ ʦʩʥʦʚʥʦʡ ʯʘʩʪʴʶ ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ ʠʥʪʝʛʨʠʨʦʚʘʥʥʳʭ ʩʠʩʪʝʤ, ʠʥʪʝʨʥʝʪʘ ʚʝʱʝʡ, 
ʦʨʛʘʥʠʟʘʮʠʝʡ ʨʘʙʦʪʳ ʢʨʫʧʥʳʭ ʢʦʤʧʘʥʠʡ ʠ ʩʝʨʚʠʩʦʚ. ʇʦʚʩʝʤʝʩʪʥʘʷ ʮʠʬʨʦʚʠʟʘʮʠʷ ʧʨʠʚʦʜʠʪ ʢ 
ʟʥʘʯʠʪʝʣʴʥʦʤʫ ʫʚʝʣʠʯʝʥʠʶ ʥʘʛʨʫʟʢʠ ʥʘ ʩʝʪʝʚʦʝ ʠ ʩʝʨʚʝʨʥʦʝ ʦʙʦʨʫʜʦʚʘʥʠʝ. ʋʚʝʣʠʯʝʥʠʝ ʥʘʛʨʫʟʢʠ ʞʝ 
ʥʝʠʟʙʝʞʥʦ ʚʣʝʯʝʪ ʟʘ ʩʦʙʦʡ ʚʦʧʨʦʩ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʤʦʱʥʦʩʪʝʡ ʦʙʦʨʫʜʦʚʘʥʠʷ ʥʘ ʚʳʧʦʣʥʷʝʤʳʝ 
ʟʘʜʘʯʠ. 

ʎʝʣʴ ʙʘʣʘʥʩʠʨʦʚʢʠ ʥʘʛʨʫʟʢʠ ï ʦʧʪʠʤʠʟʘʮʠʷ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʨʝʩʫʨʩʦʚ, ʤʘʢʩʠʤʠʟʘʮʠʷ ʧʨʦʧʫʩʢʥʦʡ 
ʩʧʦʩʦʙʥʦʩʪʠ, ʫʤʝʥʴʰʝʥʠʝ ʚʨʝʤʝʥʠ ʦʪʢʣʠʢʘ ʠ ʧʨʝʜʦʪʚʨʘʱʝʥʠʝ ʧʝʨʝʛʨʫʟʢʠ ʢʘʢʦʛʦ-ʣʠʙʦ ʨʝʩʫʨʩʘ. 
ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʥʝʩʢʦʣʴʢʠʭ ʢʦʤʧʦʥʝʥʪʦʚ ʙʘʣʘʥʩʠʨʦʚʢʠ ʥʘʛʨʫʟʢʠ ʚʤʝʩʪʦ ʦʜʥʦʛʦ ʤʦʞʝʪ ʧʦʚʳʩʠʪʴ 
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128 
 

ʥʘʜʝʞʥʦʩʪʴ ʠ ʜʦʩʪʫʧʥʦʩʪʴ ʟʘ ʩʯʝʪ ʨʝʟʝʨʚʠʨʦʚʘʥʠʷ. ɹʘʣʘʥʩʠʨʦʚʢʘ ʥʘʛʨʫʟʢʠ ʧʨʝʜʧʦʣʘʛʘʝʪ ʦʙʳʯʥʦ 
ʥʘʣʠʯʠʝ ʩʧʝʮʠʘʣʴʥʦʛʦ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ ʠʣʠ ʘʧʧʘʨʘʪʥʳʭ ʩʨʝʜʩʪʚ, ʪʘʢʠʭ ʢʘʢ 
ʤʥʦʛʦʫʨʦʚʥʝʚʳʡ ʢʦʤʤʫʪʘʪʦʨ ʠʣʠ ʩʠʩʪʝʤʘ ʜʦʤʝʥʥʳʭ ʠʤʝʥ, ʢʘʢ ʩʝʨʚʝʨʥʳʡ ʧʨʦʮʝʩʩ [1]. 

ɺ ʜʘʥʥʳʡ ʤʦʤʝʥʪ ʩʫʱʝʩʪʚʫʝʪ ʥʝʩʢʦʣʴʢʦ ʛʣʦʙʘʣʴʥʳʭ ʧʦʜʭʦʜʦʚ ʢ ʨʘʩʧʨʝʜʝʣʝʥʠʶ ʥʘʛʨʫʟʢʠ ʚ 
ʦʙʣʘʯʥʳʭ ʚʳʯʠʩʣʝʥʠʷʭ. ʋʩʣʦʚʥʦ ʠʭ ʤʦʞʥʦ ʨʘʟʜʝʣʠʪʴ ʧʦ ʣʦʛʠʢʝ ʧʦʩʪʨʦʝʥʠʷ: ʩʝʪʝʚʘʷ ʙʘʣʘʥʩʠʨʦʚʢʘ ʠ 
ʙʘʣʘʥʩʠʨʦʚʢʘ ʧʦ ʟʘʛʨʫʞʝʥʥʦʩʪʠ ʩʝʨʚʝʨʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ.  

ʉʝʪʝʚʘʷ ʙʘʣʘʥʩʠʨʦʚʢʘ ʥʘʛʨʫʟʢʠ ʟʘʢʣʶʯʝʥʘ ʚ ʨʘʩʧʨʝʜʝʣʝʥʠʠ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʧʦʪʦʢʦʚ ʦʪ 
ʧʦʣʴʟʦʚʘʪʝʣʝʡ (ʢʣʠʝʥʪʦʚ) ʤʝʞʜʫ ʢʣʘʩʪʝʨʥʳʤʠ ʩʠʩʪʝʤʘʤʠ. ʂʦʛʜʘ ʨʝʯʴ ʠʜʝʪ ʦ ʙʘʣʘʥʩʠʨʦʚʢʘʭ ʩʝʪʝʚʦʡ 
ʥʘʛʨʫʟʢʠ, ʪʝʨʤʠʥʳ ʙʘʣʘʥʩʠʨʦʚʢʠ ʥʘʛʨʫʟʢʠ ʠ ʧʨʦʢʩʠ ʠʩʧʦʣʴʟʫʶʪʩʷ ʧʨʠʤʝʨʥʦ ʦʜʠʥʘʢʦʚʦ. ʀʩʧʦʣʴʟʫʷ 
ʤʦʜʝʣʴ OSI ʣʦʛʠʯʝʩʢʠ ʙʘʣʘʥʩʠʨʦʚʢʫ ʥʘʛʨʫʟʢʠ ʤʦʞʥʦ ʧʨʝʜʩʪʘʚʠʪʴ ʥʘ ʪʨʘʥʩʧʦʨʪʥʦʤ ʠ ʧʨʠʢʣʘʜʥʦʤ 
ʫʨʦʚʥʷʭ. ʊʨʘʥʩʧʦʨʪʥʳʡ ʫʨʦʚʝʥʴ (L4) ʫʧʨʘʚʣʷʝʪ ʙʘʣʘʥʩʠʨʦʚʢʦʡ ʩ ʧʦʤʦʱʴʶ ʧʨʦʪʦʢʦʣʦʚ ʫʧʨʘʚʣʝʥʠʷ 
ʧʝʨʝʜʘʯʠ.  ʇʨʠʢʣʘʜʥʦʡ ʫʨʦʚʝʥʴ (L7) ʫʧʨʘʚʣʷʝʪ ʙʘʣʘʥʩʠʨʦʚʢʦʡ ʟʘ ʩʯʝʪ ʧʨʦʪʦʢʦʣʦʚ ʧʨʠʢʣʘʜʥʦʛʦ 
ʫʨʦʚʥʷ.  

ɹʘʣʘʥʩʠʨʦʚʢʘ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʥʘ ʢʣʘʩʪʝʨʥʳʭ ʤʦʱʥʦʩʪʷʭ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʩ ʧʦʤʦʱʴʶ ʘʥʘʣʠʟʘ 
ʟʘʛʨʫʞʝʥʥʦʩʪʠ ʢʦʥʢʨʝʪʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ʚ ʜʘʥʥʳʡ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ, ʘ ʪʘʢʞʝ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʝ 
ʟʘʛʨʫʟʢʠ. ɼʣʷ ʜʦʣʛʦʩʨʦʯʥʳʭ ʧʨʦʛʥʦʟʦʚ ʠʩʧʦʣʴʟʫʝʪʩʷ ʤʘʰʠʥʥʦʝ ʦʙʫʯʝʥʠʝ ʩ ʫʯʠʪʝʣʝʤ, ʦʩʥʦʚʘʥʥʦʝ ʥʘ 
ʛʘʫʩʩʦʚʩʢʠʭ ʧʨʦʮʝʩʩʘʭ.  

ɼʠʥʘʤʠʯʝʩʢʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʨʝʩʫʨʩʦʚ ʜʣʷ ʚʠʨʪʫʘʣʴʥʳʭ ʤʘʰʠʥ (VM) ʚ ʦʙʣʘʯʥʦʡ ʩʨʝʜʝ 
ʦʙʲʝʜʠʥʷʝʪ ʣʦʢʘʣʴʥʦʝ ʠ ʛʣʦʙʘʣʴʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʨʝʩʫʨʩʦʚ VM. ʃʦʢʘʣʴʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ 
ʨʝʩʫʨʩʦʚ ʦʟʥʘʯʘʝʪ ʚʳʜʝʣʝʥʠʝ ʦʙʱʠʭ ʨʝʩʫʨʩʦʚ ʭʦʩʪʘ ʜʣʷ VM ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʪʝʢʫʱʝʡ ʥʘʛʨʫʟʢʦʡ. 
ɻʣʦʙʘʣʴʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʨʝʩʫʨʩʦʚ ʨʘʚʥʦʩʠʣʴʥʦ ʞʠʚʦʡ ʤʠʛʨʘʮʠʠ, ʚ ʩʣʫʯʘʝ ʧʝʨʝʛʨʫʟʢʠ ʠʣʠ 
ʥʝʜʦʛʨʫʟʢʠ ʭʦʩʪʘ, ʩ ʮʝʣʴʶ ʦʙʝʩʧʝʯʝʥʠʷ ʜʦʩʪʘʪʦʯʥʦʡ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ VM ʠʣʠ ʫʤʝʥʴʰʝʥʠʝ 
ʢʦʣʠʯʝʩʪʚʘ ʭʦʩʪʦʚ ʜʣʷ ʵʢʦʥʦʤʠʠ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ. ɼʣʷ ʫʯʸʪʘ ʥʝʦʧʨʝʜʝʣʝʥʥʦʩʪʠ ʜʦʣʛʦʩʨʦʯʥʳʭ 
ʧʨʦʛʥʦʟʦʚ ʧʨʠ ʦʙʥʘʨʫʞʝʥʠʠ ʧʝʨʝʛʨʫʟʦʢ ʚ ʨʝʞʠʤʝ ʦʥʣʘʡʥ ʩʪʨʦʠʪʩʷ ʤʦʜʝʣʴ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʦʰʠʙʢʠ 
ʧʨʝʜʩʢʘʟʘʥʠʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʝʪʦʜʘ ʷʜʝʨʥʦʡ ʦʮʝʥʢʠ ʧʣʦʪʥʦʩʪʠ ʚʝʨʦʷʪʥʦʩʪʠ. 

ʆʜʥʘʢʦ ʩʦʚʦʢʫʧʥʦʩʪʴ ʩʝʪʝʚʦʡ ʙʘʣʘʥʩʠʨʦʚʢʠ ʠ ʙʘʣʘʥʩʠʨʦʚʢʠ ʢʣʘʩʪʝʨʦʚ (ʚʠʨʪʫʘʣʴʥʳʭ ʤʘʰʠʥ, 
ʦʙʦʨʫʜʦʚʘʥʠʷ ʠ ʪ.ʜ.) ʟʘʚʠʩʠʪ ʦʪ SLA (Service Level Agreement) ï ʪʝʨʤʠʥ ʤʝʪʦʜʦʣʦʛʠʠ ITIL, 
ʦʙʦʟʥʘʯʘʶʱʠʡ ʬʦʨʤʘʣʴʥʳʡ ʜʦʛʦʚʦʨ ʤʝʞʜʫ ʟʘʢʘʟʯʠʢʦʤ ʫʩʣʫʛʠ ʠ ʝʸ ʧʦʩʪʘʚʱʠʢʦʤ, ʩʦʜʝʨʞʘʱʠʡ 
ʦʧʠʩʘʥʠʝ ʫʩʣʫʛʠ, ʧʨʘʚʘ ʠ ʦʙʷʟʘʥʥʦʩʪʠ ʩʪʦʨʦʥ ʠ, ʩʘʤʦʝ ʛʣʘʚʥʦʝ, ʩʦʛʣʘʩʦʚʘʥʥʳʡ ʫʨʦʚʝʥʴ ʢʘʯʝʩʪʚʘ 
ʧʨʝʜʦʩʪʘʚʣʝʥʠʷ ʜʘʥʥʦʡ ʫʩʣʫʛʠ. ʂʘʢ ʧʨʘʚʠʣʦ ʪʝʨʤʠʥ SLA ʠʩʧʦʣʴʟʫʝʪʩʷ ʧʨʠʤʝʥʠʪʝʣʴʥʦ ʢ ʀʊ ʠ 
ʪʝʣʝʢʦʤʤʫʥʠʢʘʮʠʦʥʥʳʤ ʫʩʣʫʛʘʤ. ɺ ʪʘʢʦʤ ʩʦʛʣʘʰʝʥʠʠ ʤʦʞʝʪ ʩʦʜʝʨʞʘʪʴʩʷ ʜʝʪʘʣʴʥʦʝ ʦʧʠʩʘʥʠʝ 
ʧʨʝʜʦʩʪʘʚʣʷʝʤʦʛʦ ʩʝʨʚʠʩʘ, ʚʢʣʶʯʘʷ ʧʝʨʝʯʝʥʴ ʧʘʨʘʤʝʪʨʦʚ ʢʘʯʝʩʪʚʘ, ʤʝʪʦʜʦʚ ʠ ʩʨʝʜʩʪʚ ʠʭ ʢʦʥʪʨʦʣʷ, 
ʚʨʝʤʝʥʠ ʦʪʢʣʠʢʘ ʧʦʩʪʘʚʱʠʢʘ ʥʘ ʟʘʧʨʦʩ ʦʪ ʧʦʪʨʝʙʠʪʝʣʷ, ʘ ʪʘʢʞʝ ʰʪʨʘʬʥʳʝ ʩʘʥʢʮʠʠ ʟʘ ʥʘʨʫʰʝʥʠʝ 
ʵʪʦʛʦ ʩʦʛʣʘʰʝʥʠʷ. ɼʣʷ ʪʦʛʦ, ʯʪʦʙʳ ʩʦʙʣʶʩʪʠ SLA, ʧʦʩʪʘʚʱʠʢ ʫʩʣʫʛ ʟʘʢʣʶʯʘʝʪ ʦʧʝʨʘʮʠʦʥʥʦʝ 
ʩʦʛʣʘʰʝʥʠʝ ʦʙ ʫʨʦʚʥʝ ʫʩʣʫʛ (OLA, operational-level agreement) ʩ ʜʨʫʛʠʤʠ ʚʥʫʪʨʝʥʥʠʤʠ 
ʧʦʜʨʘʟʜʝʣʝʥʠʷʤʠ, ʦʪ ʢʦʪʦʨʳʭ ʟʘʚʠʩʠʪ ʢʘʯʝʩʪʚʦ ʧʨʝʜʦʩʪʘʚʣʝʥʠʷ ʫʩʣʫʛ [2]. ʊʘʢʠʤ ʦʙʨʘʟʦʤ 
ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʙʘʣʘʥʩʠʨʦʚʢʘ ʥʘʛʨʫʟʢʠ ʚ ʦʙʣʘʯʥʳʭ ʚʳʯʠʩʣʝʥʠʷʭ, ʫʯʠʪʳʚʘʷ ʬʘʢʪʦʨʳ ʟʘʛʨʫʟʢʠ 
ʩʝʪʝʚʦʛʦ ʠ ʩʝʨʚʝʨʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ʨʝʰʝʥʘ ʚ ʨʘʩʧʨʝʜʝʣʝʥʥʳʭ ʩʠʩʪʝʤʘʭ. 
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ʄʘʨʮʝʥʶʢ ʈ.ɺ. 

ɹʝʣʦʨʫʩʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʥʬʦʨʤʘʪʠʢʠ ʠ ʨʘʜʠʦʵʣʝʢʪʨʦʥʠʢʠ 
ʛ. ʄʠʥʩʢ, ʈʝʩʧʫʙʣʠʢʘ ɹʝʣʘʨʫʩʴ 

ʉʤʦʣʷʢʦʚʘ ʆ.ɻ. ï ʢ.ʪ.ʥ., ʜʦʮʝʥʪ 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʩʨʝʜʠ ʧʨʝʜʧʨʠʷʪʠʡ, ʟʘʥʠʤʘʶʱʠʭʩʷ ʨʘʟʨʘʙʦʪʢʦʡ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ, ʚʩʝ ʙʦʣʴʰʝ ʥʘʯʠʥʘʶʪ 
ʨʘʩʧʨʦʩʪʨʘʥʷʪʴʩʷ Agile-ʤʝʪʦʜʦʣʦʛʠʠ. ʆʜʥʠʤ ʠʟ ʧʦʜʚʠʜʦʚ ʛʠʙʢʦʡ ʤʝʪʦʜʦʣʦʛʠʠ ʷʚʣʷʝʪʩʷ Scaled Agile Framework ʠʣʠ, ʢʘʢ ʝʛʦ 
ʥʘʟʳʚʘʶʪ, ʤʘʩʰʪʘʙʠʨʦʚʘʥʥʳʡ Agile. 

ɺ ʙʦʣʴʰʠʥʩʪʚʝ ʩʣʫʯʘʝʚ ʧʨʠʯʠʥʦʡ ʧʝʨʝʭʦʜʘ ʥʘ ʫʧʨʘʚʣʝʥʠʝ ʧʨʦʮʝʩʩʘʤʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 
ʤʝʪʦʜʦʣʦʛʠʠ SAFe ʷʚʣʷʝʪʩʷ ʥʝʫʜʦʚʣʝʪʚʦʨʝʥʥʦʩʪʴ ʜʨʫʛʠʤʠ ʧʦʜʚʠʜʘʤʠ ʛʠʙʢʦʡ ʤʝʪʦʜʦʣʦʛʠʠ 



55-ʷ ʶʙʠʣʝʡʥʘʷ ʥʘʫʯʥʘʷ ʢʦʥʬʝʨʝʥʮʠʷ ʘʩʧʠʨʘʥʪʦʚ, ʤʘʛʠʩʪʨʘʥʪʦʚ ʠ ʩʪʫʜʝʥʪʦʚ ɹɻʋʀʈ, 2019 ʛ. 
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(ʥʘʧʨʠʤʝʨ, Scrum ʠ Kanban) ʠʣʠ ʥʝʩʧʦʩʦʙʥʦʩʪʴ ʩʫʱʝʩʪʚʫʶʱʠʭ ʤʝʪʦʜʠʢ ʫʜʦʚʣʝʪʚʦʨʠʪʴ ʪʨʝʙʦʚʘʥʠʷʤ, 
ʚʳʜʚʠʥʫʪʳʤ ʢ ʧʨʦʮʝʩʩʘʤ. 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʚʩʝ ʙʦʣʴʰʝ ʢʨʫʧʥʳʭ ʢʦʤʧʘʥʠʡ ʩʪʘʣʢʠʚʘʶʪʩʷ ʩ ʩʠʪʫʘʮʠʝʡ, ʢʦʛʜʘ ʥʘʜ ʦʜʥʠʤ 
ʧʨʦʝʢʪʦʤ ʠʣʠ ʧʨʦʜʫʢʪʦʤ ʨʘʙʦʪʘʝʪ ʦʜʥʦʚʨʝʤʝʥʥʦ ʥʝʩʢʦʣʴʢʦ ʢʦʤʘʥʜ. ɺ ʪʘʢʠʭ ʩʣʫʯʘʷʭ ʧʨʠʤʝʥʝʥʠʝ 
Scrum ʤʝʪʦʜʦʣʦʛʠʠ ʥʝ ʧʨʠʥʦʩʠʪ ʧʦʣʦʞʠʪʝʣʴʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ, ʪʘʢ ʢʘʢ ʜʘʥʥʘʷ ʤʝʪʦʜʦʣʦʛʠʷ 
ʥʘʧʨʘʚʣʝʥʘ ʥʘ ʨʘʙʦʪʫ ʥʝʙʦʣʴʰʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʢʦʤʘʥʜ ʥʘʜ ʦʜʥʠʤ ʧʨʦʝʢʪʦʤ. ʇʝʨʚʳʤ ʚʦʟʤʦʞʥʳʤ 
ʨʝʰʝʥʠʝʤ ʤʦʞʝʪ ʙʳʪʴ ʫʚʝʣʠʯʝʥʠʝ ʢʦʣʠʯʝʩʪʚʘ ʨʘʙʦʪʘʶʱʝʛʦ ʧʝʨʩʦʥʘʣʘ ʚ ʧʨʝʜʝʣʘʭ ʦʜʥʦʡ ʢʦʤʘʥʜʳ, 
ʦʜʥʘʢʦ ʪʘʢʠʤ ʩʧʦʩʦʙʦʤ ʙʫʜʝʪ ʫʭʫʜʰʝʥʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʤʝʞʜʫ ʯʣʝʥʘʤʠ ʢʦʤʘʥʜʳ. ɼʨʫʛʠʤ ʨʝʰʝʥʠʝʤ 
ʷʚʣʷʝʪʩʷ ʫʚʝʣʠʯʝʥʠʝ ʯʠʩʣʘ ʢʦʤʘʥʜ, ʥʦ ʩʪʦʠʪ ʟʘʤʝʪʠʪʴ, ʯʪʦ ʤʝʪʦʜʦʣʦʛʠʷ Scrum ʥʝ ʧʨʝʜʦʩʪʘʚʣʷʝʪ 
ʤʝʭʘʥʠʟʤʦʚ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʩʠʥʭʨʦʥʠʟʘʮʠʠ ʤʝʞʜʫ ʙʦʣʴʰʠʤ ʢʦʣʠʯʝʩʪʚʦʤ ʢʦʤʘʥʜ. 

ɼʣʷ ʨʝʰʝʥʠʷ ʚʳʰʝʦʧʠʩʘʥʥʦʡ ʧʨʦʙʣʝʤʳ ʙʳʣʘ ʨʘʟʨʘʙʦʪʘʥʘ ʤʝʪʦʜʦʣʦʛʠʷ SAFe (ʠʥʦʛʜʘ 
ʥʘʟʳʚʘʶʪ ʬʨʝʡʤʚʦʨʢʦʤ). ʇʦ ʩʚʦʝʤʫ ʦʧʨʝʜʝʣʝʥʠʶ ʜʘʥʥʘʷ ʤʝʪʦʜʦʣʦʛʠʷ ʧʨʝʜʥʘʟʥʘʯʝʥʘ ʜʣʷ 
ʨʘʟʨʘʙʦʪʢʠ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʛʠʙʢʠʭ ʤʝʪʦʜʠʢ ʚ ʢʦʤʘʥʜʘʭ ʨʘʟʤʝʨʦʤ 50 ʠ 
ʙʦʣʝʝ ʯʝʣʦʚʝʢ. SAFe ʤʝʪʦʜʦʣʦʛʠʷ ʷʚʣʷʝʪʩʷ ʦʙʲʝʜʠʥʝʥʠʝʤ ʣʫʯʰʠʭ ʢʘʯʝʩʪʚ ʠ ʠʥʩʪʨʫʤʝʥʪʦʚ ʜʨʫʛʠʭ 
ʛʠʙʢʠʭ ʤʝʪʦʜʦʣʦʛʠʡ. 

ʆʜʥʠʤ ʠʟ ʚʘʞʥʝʡʰʠʭ ʬʘʢʪʦʨʦʚ ʧʨʠ ʬʦʨʤʠʨʦʚʘʥʠʷ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʡ ʤʝʪʦʜʦʣʦʛʠʠ ʷʚʣʷʣʠʩʴ 
ʧʨʠʥʮʠʧʳ Lean. ɼʘʥʥʦʝ ʧʦʥʷʪʠʝ ʚʦʟʥʠʢʣʦ ʚ 1990-ʳʭ ʛʦʜʘʭ ʚ ʘʚʪʦʤʦʙʠʣʴʥʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʠ 
ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʧʦʜʭʦʜ ʢ ʫʧʨʘʚʣʝʥʠʶ ʦʨʛʘʥʠʟʘʮʠʝʡ, ʥʘʧʨʘʚʣʝʥʥʳʡ ʥʘ ʧʦʚʳʰʝʥʠʝ ʢʘʯʝʩʪʚʘ 
ʩʦʚʝʨʰʘʝʤʦʡ ʨʘʙʦʪʳ ʟʘ ʩʯʝʪ ʩʦʢʨʘʱʝʥʠʷ ʧʦʪʝʨʴ. ʅʠʞʝ ʧʨʝʜʩʪʘʚʣʝʥʳ 5 ʦʩʥʦʚʥʳʭ ʧʨʠʥʮʠʧʦʚ Lean [1]: 

ī ʦʧʨʝʜʝʣʝʥʠʝ ʮʝʥʥʦʩʪʠ ʧʨʦʜʫʢʪʘ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʢʦʥʝʯʥʦʛʦ ʧʦʣʴʟʦʚʘʪʝʣʷ; 
ī ʦʧʨʝʜʝʣʝʥʠʝ ʠ ʜʝʪʘʣʴʥʦʝ ʦʧʠʩʘʥʠʝ ʚʩʝʭ ʜʝʡʩʪʚʠʡ ʚ ʮʝʧʦʯʢʝ ʧʨʦʠʟʚʦʜʩʪʚʘ; 
ī ʬʦʨʤʠʨʦʚʘʥʠʝ ʜʝʡʩʪʚʠʡ ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʯʪʦʙʳ ʤʝʞʜʫ ʥʠʤʠ ʥʝ ʙʳʣʦ ʧʨʦʩʪʦʝʚ ʠ ʦʞʠʜʘʥʠʡ; 
ī ʦʛʨʘʥʠʯʝʥʠʝ ʢʦʣʠʯʝʩʪʚʘ ʚʳʧʦʣʥʷʝʤʳʭ ʟʘʜʘʯ, ʟʘ ʩʯʝʪ ʚʳʧʦʣʥʝʥʠʷ ʪʦʣʴʢʦ ʪʝʭ, ʢʦʪʦʨʳʝ ʚʘʞʥʳ 

ʜʣʷ ʢʦʥʝʯʥʦʛʦ ʧʦʣʴʟʦʚʘʪʝʣʷ; 
ī ʩʪʨʝʤʣʝʥʠʝ ʢ ʧʦʩʪʦʷʥʥʦʤʫ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʶ ʧʨʦʮʝʩʩʦʚ ʠ ʧʨʦʜʫʢʪʘ.  
ɼʨʫʛʠʤ ʚʣʠʷʶʱʠʤ ʬʘʢʪʦʨʦʤ ʧʨʠ ʬʦʨʤʠʨʦʚʘʥʠʠ SAFe ʷʚʣʷʝʪʩʷ Agile ʤʘʥʠʬʝʩʪ ï ʜʦʢʫʤʝʥʪ, 

ʩʦʜʝʨʞʘʱʠʡ ʦʩʥʦʚʥʳʝ ʧʨʠʥʮʠʧʳ ʠ ʮʝʥʥʦʩʪʠ ʛʠʙʢʦʡ ʤʝʪʦʜʦʣʦʛʠʠ ʨʘʟʨʘʙʦʪʢʠ. ɼʘʥʥʳʡ ʜʦʢʫʤʝʥʪ 
ʚʢʣʶʯʘʝʪ ʦʧʠʩʘʥʠʝ 4 ʮʝʥʥʦʩʪʝʡ ʠ 12 ʧʨʠʥʮʠʧʦʚ. ʅʠʞʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʝʢʦʪʦʨʳʝ ʦʩʥʦʚʥʳʝ ʧʨʠʥʮʠʧʳ 
[2]: 

ī ʥʘʠʚʳʩʰʠʤ ʧʨʠʦʨʠʪʝʪʦʤ ʷʚʣʷʝʪʩʷ ʫʜʦʚʣʝʪʚʦʨʝʥʠʝ ʧʦʪʨʝʙʥʦʩʪʝʡ ʟʘʢʘʟʯʠʢʘ; 
ī ʠʟʤʝʥʝʥʠʝ ʪʨʝʙʦʚʘʥʠʡ ʧʨʠʚʝʪʩʪʚʫʝʪʩʷ ʥʘ ʚʩʝʭ ʩʪʘʜʠʷʭ ʨʘʟʨʘʙʦʪʢʠ; 
ī ʨʘʙʦʪʘʶʱʠʡ ʧʨʦʜʫʢʪ ʩʣʝʜʫʝʪ ʚʳʧʫʩʢʘʪʴ ʢʘʢ ʤʦʞʥʦ ʯʘʱʝ, ʩ ʧʝʨʠʦʜʠʯʥʦʩʪʴʶ ʦʪ ʧʘʨʳ ʥʝʜʝʣʴ 

ʜʦ ʧʘʨʳ ʤʝʩʷʮʝʚ; 
ī ʥʘ ʧʨʦʪʷʞʝʥʠʠ ʚʩʝʛʦ ʧʨʦʝʢʪʘ ʨʘʟʨʘʙʦʪʯʠʢʠ ʠ ʧʨʝʜʩʪʘʚʠʪʝʣʠ ʙʠʟʥʝʩʘ ʜʦʣʞʥʳ ʝʞʝʜʥʝʚʥʦ 

ʨʘʙʦʪʘʪʴ ʚʤʝʩʪʝ; 
ī ʧʦʩʪʦʷʥʥʦʝ ʚʥʠʤʘʥʠʝ ʢ ʪʝʭʥʠʯʝʩʢʦʤʫ ʩʦʚʝʨʰʝʥʩʪʚʫ ʠ ʢʘʯʝʩʪʚʫ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʧʦʚʳʰʘʝʪ 

ʛʠʙʢʦʩʪʴ ʧʨʦʝʢʪʘ.  
ɽʱʝ ʦʜʥʦʡ ʧʨʠʯʠʥʦʡ ʫʩʧʝʰʥʦʛʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ SAFe ʷʚʣʷʝʪʩʷ ʨʘʟʜʝʣʝʥʠʝ ʬʨʝʡʤʚʦʨʢʘ ʥʘ 4 

ʫʨʦʚʥʷ: ʢʦʤʘʥʜʥʳʡ, ʧʨʦʛʨʘʤʤʥʳʡ, ʩʠʩʪʝʤʥʳʡ ʠ ʫʨʦʚʝʥʴ ʧʦʨʪʬʦʣʠʦ. ʊʘʢ ʢʘʢ ʢʦʤʘʥʜʘ ʷʚʣʷʝʪʩʷ 
ʦʩʥʦʚʥʦʡ ʩʫʱʥʦʩʪʴʶ ʚ ʣʶʙʦʤ ʧʦʜʚʠʜʝ Agile-ʤʝʪʦʜʦʣʦʛʠʠ, ʪʦ ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜ, ʯʪʦ ʢʦʤʘʥʜʥʳʡ 
ʫʨʦʚʝʥʴ ï ʵʪʦ ʩʘʤʳʡ ʛʣʘʚʥʳʡ ʠ ʥʝʦʪʲʝʤʣʝʤʳʡ ʫʨʦʚʝʥʴ SAFe. ʂʦʤʘʥʜʘ, ʢʘʢ ʠ ʚ Scrum, ʩʦʩʪʦʠʪ ʠʟ 10 
ʯʝʣʦʚʝʢ, ʚʢʣʶʯʘʷ ʩʧʝʮʠʘʣʠʩʪʦʚ ʠʟ ʨʘʟʣʠʯʥʳʭ ʦʙʣʘʩʪʝʡ, ʚʣʘʜʝʣʴʮʘ ʧʨʦʜʫʢʪʘ (Product Owner) ʠ ʩʢʨʘʤ-
ʤʘʩʪʝʨʘ (Scrum-master). ɿʘʜʘʯʠ ʧʦʩʣʝʜʥʠʭ ʜʚʫʭ ʷʚʣʷʝʪʩʷ ʩʪʨʦʛʦ ʟʘʬʠʢʩʠʨʦʚʘʥʥʳʤʠ. ʅʘʧʨʠʤʝʨ, 
ʚʣʘʜʝʣʝʮ ʧʨʦʜʫʢʪʘ ʷʚʣʷʝʪʩʷ ʛʦʣʦʩʦʤ ʙʠʟʥʝʩʘ ʚʥʫʪʨʠ ʢʦʤʘʥʜʳ, ʦʧʨʝʜʝʣʷʝʪ ʠ ʧʨʠʥʠʤʘʝʪ ʪʨʝʙʦʚʘʥʠʷ ʢ 
ʚʳʧʦʣʥʷʝʤʳʤ ʟʘʜʘʯʘʤ. ʉʢʨʘʤ-ʤʘʩʪʝʨ ʟʘʥʠʤʘʝʪʩʷ ʣʠʢʚʠʜʘʮʠʝʡ ʧʨʝʧʷʪʩʪʚʠʡ ʜʣʷ ʨʘʙʦʪʳ ʢʦʤʘʥʜʳ, 
ʟʘʱʠʱʘʝʪ ʝʝ ʦʪ ʚʥʝʰʥʠʭ ʦʪʚʣʝʢʘʶʱʠʭ ʬʘʢʪʦʨʦʚ, ʧʨʦʚʦʜʠʪ ʠ ʥʘʟʥʘʯʘʝʪ ʤʠʪʠʥʛʠ. ʂʘʢ ʠ ʚ Scrum, 
ʨʘʟʨʘʙʦʪʢʘ ʧʨʦʠʩʭʦʜʠʪ ʠʪʝʨʘʪʠʚʥʦ. ʆʩʥʦʚʥʦʡ ʝʜʠʥʠʮʝʡ ʷʚʣʷʝʪʩʷ ʧʨʦʛʨʘʤʤʥʳʡ ʠʥʢʨʝʤʝʥʪ ï ʧʝʨʠʦʜ 
ʚʨʝʤʝʥʠ, ʚʢʣʶʯʘʶʱʠʡ ʚ ʩʝʙʷ 5 ʠʪʝʨʘʮʠʡ. ʂʘʞʜʘʷ ʠʪʝʨʘʮʠʷ ʜʣʠʪʩʷ 2 ʥʝʜʝʣʠ. 

ʇʨʠʩʫʪʩʪʚʠʝ ʩʣʝʜʫʶʱʠʭ ʫʨʦʚʥʝʡ ʤʦʞʝʪ ʟʘʚʠʩʝʪʴ ʦʪ ʧʦʪʨʝʙʥʦʩʪʝʡ ʠ ʨʘʟʤʝʨʦʚ ʧʨʝʜʧʨʠʷʪʠʡ. 
ʅʘ ʧʨʦʛʨʘʤʤʥʦʤ ʫʨʦʚʥʝ ʦʙʳʯʥʦ ʧʨʦʠʩʭʦʜʠʪ ʧʨʠʦʨʠʪʠʟʘʮʠʷ ʟʘʜʘʯ, ʧʦʩʪʨʦʝʥʠʝ ʧʣʘʥʦʚ ʧʦ 

ʨʘʟʚʠʪʠʶ ʘʨʭʠʪʝʢʪʫʨʳ ʠ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʩʠʥʭʨʦʥʠʟʘʮʠʷ ʤʝʞʜʫ ʚʩʝʤʠ ʢʦʤʘʥʜʘʤʠ. ʀʤʝʥʥʦ ʥʘ ʜʘʥʥʦʤ 
ʫʨʦʚʥʝ ʜʦʣʞʥʦ ʧʨʦʠʩʭʦʜʠʪʴ ʧʦʜʜʝʨʞʘʥʠʝ ʧʦʪʦʢʘ ʟʘʜʘʯ ʚ ʪʘʢʦʤ ʚʠʜʝ, ʚ ʢʦʪʦʨʦʤ ʵʪʦ ʥʝʦʙʭʦʜʠʤʦ ʜʣʷ 
ʜʦʩʪʠʞʝʥʠʷ ʮʝʣʝʡ, ʧʦʩʪʘʚʣʝʥʥʳʭ ʟʘʢʘʟʯʠʢʦʤ. ʅʝʦʪʲʝʤʣʝʤʦʡ ʯʘʩʪʴʶ SAFe ʧʨʦʮʝʩʩʘ ʥʘ ʧʨʦʛʨʘʤʤʥʦʤ 
ʫʨʦʚʥʝ ʷʚʣʷʝʪʩʷ ʧʣʘʥʠʨʦʚʘʥʠʝ ʟʘʜʘʯ ʧʝʨʝʜ ʥʘʯʘʣʦʤ ʢʘʞʜʦʛʦ ʧʨʦʛʨʘʤʤʥʦʛʦ ʠʥʢʨʝʤʝʥʪʘ. 

ʉʠʩʪʝʤʥʳʡ ʫʨʦʚʝʥʴ ʩʣʫʞʠʪ ʜʣʷ ʢʦʦʨʜʠʥʘʮʠʠ ʤʝʞʜʫ ʨʘʟʣʠʯʥʳʤʠ ʦʪʜʝʣʘʤʠ, ʠʭ ʨʫʢʦʚʦʜʠʪʝʣʷʤʠ 
ʠ ʟʘʢʘʟʯʠʢʘʤʠ. ʅʘ ʜʘʥʥʦʤ ʵʪʘʧʝ ʧʨʦʠʟʚʦʜʠʪʩʷ ʘʥʘʣʠʟ ʵʢʦʥʦʤʠʯʝʩʢʦʡ ʮʝʣʝʩʦʦʙʨʘʟʥʦʩʪʠ ʧʨʦʚʝʜʝʥʠʷ 
ʠʟʤʝʥʝʥʠʡ. 

ʋʨʦʚʝʥʴ ʧʦʨʪʬʦʣʠʦ ʷʚʣʷʝʪʩʷ ʩʘʤʳʤ ʚʝʨʭʥʠʤ ʫʨʦʚʥʝʤ ʬʨʝʡʤʚʦʨʢʘ SAFe. ɿʜʝʩʴ ʧʨʦʠʩʭʦʜʠʪ 
ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʩʨʝʜʩʪʚ ʥʘ ʨʘʟʣʠʯʥʳʝ ʥʘʧʨʘʚʣʝʥʠʷ ʚ ʙʠʟʥʝʩʝ, ʢʦʨʨʝʢʪʠʨʦʚʢʘ ʙʶʜʞʝʪʘ ʢʦʤʧʘʥʠʠ ʠ 
ʫʧʨʘʚʣʝʥʠʝ ʯʝʣʦʚʝʯʝʩʢʠʤʠ ʨʝʩʫʨʩʘʤʠ, ʥʝʦʙʭʦʜʠʤʳʭ ʜʣʷ ʧʨʝʜʦʩʪʘʚʣʝʥʠʷ ʛʦʪʦʚʳʭ ʨʝʰʝʥʠʡ.  

ʂʘʢ ʫʪʚʝʨʞʜʘʶʪ ʩʦʟʜʘʪʝʣʠ ʤʝʪʦʜʦʣʦʛʠʠ, ʦʩʥʦʚʥʳʤʠ ʟʘʜʘʯʘʤʠ SAFe ʷʚʣʷʶʪʩʷ [3]: 
ī ʫʣʫʯʰʝʥʠʝ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʥʘ 20ï50%; 



55-ʷ ʶʙʠʣʝʡʥʘʷ ʥʘʫʯʥʘʷ ʢʦʥʬʝʨʝʥʮʠʷ ʘʩʧʠʨʘʥʪʦʚ, ʤʘʛʠʩʪʨʘʥʪʦʚ ʠ ʩʪʫʜʝʥʪʦʚ ɹɻʋʀʈ, 2019 ʛ. 
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ī ʫʣʫʯʰʝʥʠʝ ʢʘʯʝʩʪʚʘ ʧʨʦʜʫʢʪʘ ʥʘ 25ï75%; 
ī ʫʩʢʦʨʝʥʠʝ ʚʳʭʦʜʘ ʧʨʦʜʫʢʪʘ ʥʘ ʨʳʥʦʢ ʥʘ 30ï75%; 
ī ʫʚʝʣʠʯʝʥʠʝ ʚʦʚʣʝʯʝʥʥʦʩʪʠ ʩʦʪʨʫʜʥʠʢʦʚ ʠ ʫʜʦʚʣʝʪʚʦʨʝʥʥʦʩʪʠ ʨʘʙʦʪʦʡ ʥʘ 10ï50%. 
ʅʝ ʩʪʦʠʪ ʦʞʠʜʘʪʴ ʚʳʰʝʦʧʠʩʘʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʩʨʘʟʫ ʧʦʩʣʝ ʚʥʝʜʨʝʥʠʷ SAFe ʚ ʧʨʦʮʝʩʩ 

ʧʨʦʠʟʚʦʜʩʪʚʘ. ɺ ʭʦʜʝ ʧʨʘʢʪʠʯʝʩʢʦʛʦ ʫʯʘʩʪʠʷ ʚ SAFe ʧʨʦʮʝʩʩʘʭ ʠ ʧʨʦʚʝʜʝʥʠʷ ʘʥʘʣʠʟʘ ʙʳʣʦ ʚʳʷʚʣʝʥʦ, 
ʯʪʦ ʧʦʣʦʞʠʪʝʣʴʥʳʡ ʵʬʬʝʢʪ ʥʘʯʠʥʘʝʪ ʧʨʦʷʚʣʷʪʴʩʷ ʯʝʨʝʟ 1ï2 ʧʨʦʛʨʘʤʤʥʳʭ ʠʥʢʨʝʤʝʥʪʘ. ʆʩʦʙʝʥʥʦ 
ʟʘʪʨʫʜʥʠʪʝʣʝʥ ʧʝʨʝʭʦʜ ʢ ʧʨʦʮʝʩʩʘʤ ʨʘʟʨʘʙʦʪʢʠ ʧʨʠ ʧʦʤʦʱʠ SAFe ʧʦʩʣʝ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʪʘʢʠʭ 
ʢʣʘʩʩʠʯʝʩʢʠʭ ʤʝʪʦʜʦʣʦʛʠʡ, ʢʘʢ ʢʘʩʢʘʜʥʘʷ ʠ ʩʧʠʨʘʣʴʥʘʷ. ʕʪʦ ʦʙʫʩʣʦʚʣʝʥʦ ʪʝʤ, ʯʪʦ ʨʘʟʨʘʙʦʪʯʠʢʘʤ 
ʥʝʦʙʭʦʜʠʤʦ ʤʥʦʛʦ ʚʨʝʤʝʥʠ, ʯʪʦʙʳ ʩʬʦʨʤʠʨʦʚʘʪʴ Lean-Agile ʤʳʰʣʝʥʠʝ, ʢʦʪʦʨʦʝ ʧʦʟʚʦʣʷʝʪ ʧʦʥʠʤʘʪʴ 
ʠ ʧʨʠʤʝʥʷʪʴ ʧʨʠʥʮʠʧʳ ʠ ʤʝʪʦʜʳ SAFe. 

ʉʘʤʦ ʥʘʟʚʘʥʠʝ Lean-Agile ʭʘʨʘʢʪʝʨʠʟʫʝʪ ʜʚʘ ʦʩʥʦʚʥʳʭ ʘʩʧʝʢʪʘ ʜʘʥʥʦʛʦ ʤʳʰʣʝʥʠʷ. ʇʝʨʚʳʡ 
ʘʩʧʝʢʪ ï ʵʪʦ ʙʝʨʝʞʣʠʚʦʝ ʤʳʰʣʝʥʠʝ. ʊʘʢʦʝ ʤʳʰʣʝʥʠʝ ʜʦʣʞʥʦ ʧʦʣʥʦʩʪʴʶ ʦʪʨʘʞʘʪʴ ʚʩʝ ʧʨʠʥʮʠʧʳ 
ʙʝʨʝʞʣʠʚʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ. ɺʪʦʨʦʡ ʘʩʧʝʢʪ ï ʛʦʪʦʚʥʦʩʪʴ ʢ ʠʟʤʝʥʝʥʠʷʤ. ʅʘ ʧʨʘʢʪʠʢʝ ʞʝ ʠʤʝʥʥʦ ʜʘʥʥʳʡ 
ʘʩʧʝʢʪ ʚʳʟʳʚʘʝʪ ʙʦʣʴʰʝ ʚʩʝʛʦ ʧʨʦʙʣʝʤ. ʇʨʠ ʧʝʨʝʭʦʜʝ ʥʘ SAFe ʧʨʦʮʝʩʩʳ ʨʘʟʨʘʙʦʪʯʠʢʘʤ ʪʨʝʙʫʝʪʩʷ 
ʦʪʚʳʢʘʪʴ ʨʘʙʦʪʘʪʴ ʩʦʛʣʘʩʥʦ ʩʪʨʦʛʦ ʫʩʪʘʥʦʚʣʝʥʥʦʤʫ ʥʘʙʦʨʫ ʪʨʝʙʦʚʘʥʠʡ ʠ ʦʧʠʩʘʥʥʳʤ ʩʧʝʮʠʬʠʢʘʮʠʷʤ. 
ʂʦʤʘʥʜʳ ʜʦʣʞʥʳ ʙʳʪʴ ʛʦʪʦʚʳ ʚ ʣʶʙʦʡ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ ʧʝʨʝʩʤʦʪʨʝʪʴ ʩʚʦʠ ʨʘʙʦʯʠʝ ʧʣʘʥʳ ʠ 
ʧʦʜʩʪʨʦʠʪʴʩʷ ʧʦʜ ʪʝʢʫʱʠʝ ʪʨʝʙʦʚʘʥʠʷ, ʫʙʨʘʪʴ ʪʝ ʟʘʜʘʯʠ, ʢʦʪʦʨʳʝ ʥʝ ʪʨʝʙʫʶʪʩʷ ʜʣʷ ʜʦʩʪʠʞʝʥʠʷ 
ʮʝʣʝʡ ʨʘʟʨʘʙʦʪʢʠ, ʠ ʚʢʣʶʯʠʪʴ ʚ ʨʘʙʦʪʫ ʥʦʚʳʝ ʟʘʜʘʯʠ. 

ɽʱʝ ʦʜʥʠʤ ʬʘʢʪʦʨʦʤ, ʟʘʤʝʜʣʷʶʱʠʤ ʫʩʧʝʰʥʦʝ ʚʥʝʜʨʝʥʠʝ ʤʝʪʦʜʦʣʦʛʠʠ SAFe, ʷʚʣʷʝʪʩʷ 
ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʚ ʜʝʮʝʥʪʨʘʣʠʟʦʚʘʥʥʦʤ ʧʨʠʥʷʪʠʠ ʨʝʰʝʥʠʡ. ɺ ʙʦʣʴʰʠʥʩʪʚʝ ʩʣʫʯʘʝʚ ʚ ʢʘʞʜʦʡ ʢʨʫʧʥʦʡ 
ʢʦʤʧʘʥʠʠ ʠʤʝʝʪʩʷ ʯʝʣʦʚʝʢ ʠʣʠ ʛʨʫʧʧʘ ʣʠʮ, ʤʥʝʥʠʝ ʢʦʪʦʨʳʭ ʷʚʣʷʝʪʩʷ ʦʧʨʝʜʝʣʷʶʱʠʤ ʧʨʠ ʨʝʰʝʥʠʠ 
ʟʘʜʘʯ. ʃʶʙʦʝ ʨʝʰʝʥʠʝ, ʢʦʪʦʨʦʝ ʜʦʣʞʥʦ ʙʳʪʴ ʧʝʨʝʜʘʥʦ ʥʘ ʙʦʣʝʝ ʚʳʩʦʢʠʡ ʫʨʦʚʝʥʴ, ʧʨʠʚʦʜʠʪ ʢ 
ʟʘʜʝʨʞʢʝ. ʇʨʠ ʵʪʦʤ ʤʦʞʝʪ ʙʳʪʴ ʫʭʫʜʰʝʥʦ ʢʘʯʝʩʪʚʦ ʵʪʠʭ ʨʝʰʝʥʠʡ ʠʟ-ʟʘ ʦʪʩʫʪʩʪʚʠʷ ʢʦʥʪʝʢʩʪʘ. 
ɼʝʮʝʥʪʨʘʣʠʟʘʮʠʷ ʨʝʰʝʥʠʡ ʧʦʟʚʦʣʷʝʪ ʢʦʤʘʥʜʘʤ ʩʘʤʦʩʪʦʷʪʝʣʴʥʦ ʧʨʠʥʠʤʘʪʴ ʨʝʰʝʥʠʷ ʚ ʪʝʭ ʩʣʫʯʘʷʭ, 
ʢʦʛʜʘ ʧʦʷʚʠʚʰʘʷʩʷ ʧʨʦʙʣʝʤʘ ʥʝ ʷʚʣʷʝʪʩʷ ʛʣʦʙʘʣʴʥʦʡ ʠ ʚʨʝʤʷʟʘʪʨʘʪʥʦʡ. ʇʨʠ ʯʘʩʪʦʤ ʚʦʟʥʠʢʥʦʚʝʥʠʠ 
ʪʘʢʠʝ ʧʨʦʙʣʝʤʳ ʙʫʜʫʪ ʨʝʰʘʪʴʩʷ ʣʦʢʘʣʴʥʦ ʯʣʝʥʘʤʠ ʢʦʤʘʥʜʳ, ʯʪʦ ʫʤʝʥʴʰʠʪ ʚʨʝʤʷ ʟʘʜʝʨʞʢʠ ʧʨʠ 
ʧʨʠʥʷʪʠʠ ʨʝʰʝʥʠʡ, ʫʣʫʯʰʠʪ ʧʨʦʮʝʩʩ ʨʘʟʨʘʙʦʪʢʠ ʠ ʧʨʦʧʫʩʢʥʫʶ ʩʧʦʩʦʙʥʦʩʪʴ ʢʦʤʘʥʜʳ. ʆʜʥʠʤ ʠʟ 
ʛʣʘʚʥʳʭ ʠʥʩʪʨʫʤʝʥʪʦʚ, ʢʦʪʦʨʳʡ ʤʦʞʝʪ ʧʦʤʦʯʴ ʚ ʧʨʠʥʷʪʠʠ ʨʝʰʝʥʠʡ ʜʝʮʝʥʪʨʘʣʠʟʦʚʘʥʥʳʤ ʩʧʦʩʦʙʦʤ, 
ʷʚʣʷʝʪʩʷ ʜʦʚʝʨʠʝ. 

ɼʣʷ ʪʦʛʦ, ʯʪʦʙʳ ʫʩʢʦʨʠʪʴ ʧʨʦʮʝʩʩ ʚʥʝʜʨʝʥʠʷ SAFe ʧʨʦʠʩʭʦʜʠʪ ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʦʙʫʯʘʶʱʠʭ 
ʪʨʝʥʠʥʛʦʚ ʜʣʷ ʯʣʝʥʦʚ ʢʦʤʘʥʜ, ʥʘ ʢʦʪʦʨʳʭ ʧʨʦʠʩʭʦʜʠʪ ʥʝ ʪʦʣʴʢʦ ʦʙʫʯʝʥʠʝ ʧʨʠʥʮʠʧʘʤ SAFe, ʥʦ ʠ 
ʟʘʢʣʘʜʳʚʘʶʪʩʷ ʦʩʥʦʚʳ Agile-Lean ʤʳʰʣʝʥʠʷ, ʢʦʪʦʨʦʝ ʩʦ ʚʨʝʤʝʥʝʤ ʥʝʦʙʭʦʜʠʤʦ ʨʘʟʚʠʚʘʪʴ 
ʩʘʤʦʩʪʦʷʪʝʣʴʥʦ. 

ɹʝʟʫʩʣʦʚʥʦ, ʨʘʩʩʤʘʪʨʠʚʘʝʤʘʷ ʤʝʪʦʜʦʣʦʛʠʷ ʥʝ ʷʚʣʷʝʪʩʷ ʠʜʝʘʣʴʥʳʤ ʧʦʜʚʠʜʦʤ Agile-
ʤʝʪʦʜʦʣʦʛʠʠ. ʇʦʤʠʤʦ ʜʣʠʪʝʣʴʥʦʛʦ ʚʨʝʤʝʥʠ ʦʞʠʜʘʥʠʷ ʧʦʣʦʞʠʪʝʣʴʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ, ʢ ʥʝʜʦʩʪʘʪʢʘʤ 
ʤʦʞʥʦ ʦʪʥʝʩʪʠ ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʠʩʧʦʣʴʟʫʝʤʳʭ ʚʨʝʤʝʥʥʳʭ ʠ ʬʠʥʘʥʩʦʚʳʭ ʨʝʩʫʨʩʦʚ ʥʘ 
ʦʨʛʘʥʠʟʘʮʠʶ ʢʦʤʤʫʥʠʢʘʮʠʡ ʤʝʞʜʫ ʢʦʤʘʥʜʘʤʠ ʠ ʠʭ ʯʣʝʥʘʤʠ. ʆʜʥʘʢʦ, ʧʨʠ ʦʧʨʝʜʝʣʝʥʥʦʤ ʫʨʦʚʥʝ 
ʪʝʨʧʝʥʠʷ ʠ ʩʪʨʝʤʣʝʥʠʷ ʢʨʫʧʥʳʝ ʧʨʝʜʧʨʠʷʪʠʷ ʤʦʛʫʪ ʚ ʧʦʣʥʦʡ ʤʝʨʝ ʧʨʦʯʫʚʩʪʚʦʚʘʪʴ ʧʦʣʦʞʠʪʝʣʴʥʳʡ 
ʵʬʬʝʢʪ ʦʪ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʛʠʙʢʠʭ ʤʝʪʦʜʠʢ SAFe ʤʝʪʦʜʦʣʦʛʠʠ ʧʨʠ ʨʘʟʨʘʙʦʪʢʝ ʧʨʦʛʨʘʤʤʥʦʛʦ 
ʦʙʝʩʧʝʯʝʥʠʷ ï ʧʨʦʜʫʢʪ ʩʪʘʥʝʪ ʢʘʯʝʩʪʚʝʥʥʝʝ, ʘ ʨʘʙʦʪʥʠʢʠ ʧʦʯʫʚʩʪʚʫʶʪ ʫʚʝʨʝʥʥʦʩʪʴ ʚ ʩʦʙʩʪʚʝʥʥʳʭ 
ʩʠʣʘʭ ʠ ʫʜʦʚʣʝʪʚʦʨʝʥʥʦʩʪʴ ʦʪ ʨʘʙʦʪʳ ʙʣʘʛʦʜʘʨʷ ʧʦʥʠʤʘʥʠʶ ʩʦʙʩʪʚʝʥʥʦʡ ʟʥʘʯʠʤʦʩʪʠ ʚ ʨʘʟʨʘʙʦʪʢʝ ʠ 
ʫʚʝʣʠʯʝʥʠʶ ʧʨʦʟʨʘʯʥʦʩʪʠ ʧʨʦʮʝʩʩʦʚ, ʥʘʧʨʘʚʣʝʥʥʳʭ ʥʘ ʨʘʟʚʠʪʠʝ ʧʨʦʜʫʢʪʘ. 

 
ʉʧʠʩʦʢ ʠʩʧʦʣʴʟʦʚʘʥʥʳʭ ʠʩʪʦʯʥʠʢʦʚ: 
1. The Lean Way [ʕʣʝʢʪʨʦʥʥʳʡ ʨʝʩʫʨʩ]. ï ʈʝʞʠʤ ʜʦʩʪʫʧʘ: https://theleanway.net/The-Five-Principles-of-Lean. ï ɼʘʪʘ 

ʜʦʩʪʫʧʘ: 20.03.2019. 
2. Agile Manifesto [ʕʣʝʢʪʨʦʥʥʳʡ ʨʝʩʫʨʩ]. ï ʈʝʞʠʤ ʜʦʩʪʫʧʘ: https://agilemanifesto.org/iso/ru/principles.html. ï ɼʘʪʘ ʜʦʩʪʫʧʘ: 

20.03.2019. 
3. Scaled Agile Framework [ʕʣʝʢʪʨʦʥʥʳʡ ʨʝʩʫʨʩ]. ï ʈʝʞʠʤ ʜʦʩʪʫʧʘ: https://www.scaledagileframework.com/about/. ï ɼʘʪʘ 

ʜʦʩʪʫʧʘ: 20.03.2019. 

 
 
  

https://theleanway.net/The-Five-Principles-of-Lean
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ʉʊɽɻɸʅʆɻʈɸʌʀʏɽʉʂɸʗ ʉʀʉʊɽʄɸ, ʆʉʅʆɺɸʅʅɸʗ ʅɸ 
ʀʉʇʆʃʔɿʆɺɸʅʀʀ ʄɽʈʓ ʉʃʆɾʅʆʉʊʀ ɻʈɸʌʀʏɽʉʂʆɻʆ ʆɹʈɸɿɸ 

ʄʝʣʴʥʠʢ ʄ.ɸ. 

ɹʝʣʦʨʫʩʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʥʬʦʨʤʘʪʠʢʠ ʠ ʨʘʜʠʦʵʣʝʢʪʨʦʥʠʢʠ 
ʛ. ʄʠʥʩʢ, ʈʝʩʧʫʙʣʠʢʘ ɹʝʣʘʨʫʩʴ 

ʗʨʤʦʣʠʢ ɺ.ʅ. ï ʜ.ʪ.ʥ.,ʧʨʦʬʝʩʩʦʨ 

ʀʥʬʦʨʤʘʮʠʷ ï ʵʪʦ ʦʜʠʥ ʠʟ ʩʘʤʳʭ ʮʝʥʥʳʭ ʪʦʚʘʨʦʚ ʚ ʩʦʚʨʝʤʝʥʥʦʤ ʤʠʨʝ, ʘ ʧʦʪʦʤʫ ʦʯʝʚʠʜʥʦ, ʯʪʦ ʝʝ ʟʘʱʠʪʘ ʷʚʣʷʝʪʩʷ ʚʝʩʴʤʘ 
ʘʢʪʫʘʣʴʥʦʡ ʜʣʷ ʥʘʩʪʦʷʱʝʛʦ ʚʨʝʤʝʥʠ ʧʨʦʙʣʝʤʦʡ. ʉ ʨʘʟʚʠʪʠʝʤ ʩʦʚʨʝʤʝʥʥʳʭ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʯʠʩʣʦ ʢʦʤʧʴʶʪʝʨʥʳʭ 
ʧʨʝʩʪʫʧʣʝʥʠʡ, ʚ ʪʦʤ ʯʠʩʣʝ ʭʠʱʝʥʠʡ ʢʦʥʬʠʜʝʥʮʠʘʣʴʥʦʡ ʠʥʬʦʨʤʘʮʠʠ, ʪʦʣʴʢʦ ʨʘʩʪʝʪ. ɺ ʪʘʢʠʭ ʫʩʣʦʚʠʷʭ ʧʨʠʤʝʥʝʥʠʝ 
ʩʪʝʛʘʥʦʛʨʘʬʠʠ ʷʚʣʷʝʪʩʷ ʦʪʣʠʯʥʳʤ ʩʧʦʩʦʙʦʤ ʟʘʱʠʪʳ ʦʪ ʥʝʩʘʥʢʮʠʦʥʠʨʦʚʘʥʥʦʛʦ ʜʦʩʪʫʧʘ.  

ʉʪʝʛʘʥʦʛʨʘʬʠʷ, ʢʘʢ ʠ ʢʨʠʧʪʦʛʨʘʬʠʷ, ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʥʘʙʦʨ ʤʝʪʦʜʦʚ, ʧʦʩʚʷʱʝʥʥʳʭ 
ʧʨʦʙʣʝʤʝ ʩʢʨʳʪʦʡ ʧʝʨʝʜʘʯʠ ʠʥʬʦʨʤʘʮʠʠ. ʅʦ ʚ ʦʪʣʠʯʠʝ ʦʪ ʢʨʠʧʪʦʛʨʘʬʠʠ, ʦʥʘ ʪʘʢʞʝ ʩʢʨʳʚʘʝʪ ʩʘʤ 
ʬʘʢʪ ʩʝʢʨʝʪʥʦʡ ʧʝʨʝʜʘʯʠ ʠʥʬʦʨʤʘʮʠʠ [1]. 

ʆʙʱʝʡ ʦʩʦʙʝʥʥʦʩʪʴʶ ʚʩʝʭ ʩʪʝʛʘʥʦʛʨʘʬʠʯʝʩʢʠʭ ʤʝʪʦʜʦʚ ʷʚʣʷʝʪʩʷ ʪʦ, ʯʪʦ ʩʢʨʳʚʘʝʤʦʝ 
ʩʦʦʙʱʝʥʠʝ ʚʥʝʜʨʷʝʪʩʷ ʚ ʥʝʢʦʪʦʨʳʡ ʥʝʡʪʨʘʣʴʥʳʡ ʦʙʲʝʢʪ, ʢʦʪʦʨʳʡ ʥʝ ʧʨʠʚʣʝʢʘʝʪ ʚʥʠʤʘʥʠʷ. ʇʨʠ 
ʧʨʠʤʝʥʝʥʠʠ ʢʨʠʧʪʦʛʨʘʬʠʠ ʥʘʣʠʯʠʝ ʟʘʰʠʬʨʦʚʘʥʥʦʛʦ ʩʦʦʙʱʝʥʠʷ ʩʘʤʦ ʧʦ ʩʝʙʝ ʧʨʠʚʣʝʢʘʝʪ ʚʥʠʤʘʥʠʝ, 
ʘ ʚʦʪ ʚ ʩʣʫʯʘʝ ʩʪʝʛʘʥʦʛʨʘʬʠʠ ʥʘʣʠʯʠʝ ʩʢʨʳʪʦʡ ʠʥʬʦʨʤʘʮʠʠ ʦʩʪʘʝʪʩʷ ʥʝʟʘʤʝʪʥʳʤ.  

ʆʩʥʦʚʥʦʡ ʧʨʠʥʮʠʧ ʨʘʙʦʪʳ ʩʪʝʛʘʥʦʛʨʘʬʠʠ ʧʨʠʚʝʜʝʥ ʥʘ ʨʠʩʫʥʢʝ 1. ʉʦʦʙʱʝʥʠʝ ï ʵʪʦ ʣʶʙʘʷ 
ʠʥʬʦʨʤʘʮʠʷ, ʧʦʜʣʝʞʘʱʘʷ ʩʢʨʳʪʦʡ ʧʝʨʝʜʘʯʝ. ʂʦʥʪʝʡʥʝʨ ï ʣʶʙʦʡ ʥʝʧʨʠʤʝʯʘʪʝʣʴʥʳʡ ʦʙʲʝʢʪ. ʉʪʝʛʦ-
ʢʣʶʯ ï ʢʨʠʧʪʦʛʨʘʬʠʯʝʩʢʠʡ ʢʣʶʯ, ʢʦʪʦʨʳʡ ʠʩʧʦʣʴʟʫʶʪ ʧʨʠ ʚʩʪʨʘʠʚʘʥʠʠ ʩʦʦʙʱʝʥʠʷ ʚ ʢʦʥʪʝʡʥʝʨ.  

 

 
ʈʠʩʫʥʦʢ 1 ï ʆʩʥʦʚʥʦʡ ʧʨʠʥʮʠʧ ʩʦʢʨʳʪʠʷ ʜʘʥʥʳʭ ʚ ʩʪʝʛʘʥʦʛʨʘʬʠʠ 

 

ʉʨʝʜʠ ʚʩʝʛʦ ʤʥʦʛʦʦʙʨʘʟʠʷ ʩʪʝʛʘʥʦʛʨʘʬʠʯʝʩʢʠʭ ʤʝʪʦʜʦʚ ʦʩʦʙʳʡ ʠʥʪʝʨʝʩ ʧʨʝʜʩʪʘʚʣʷʶʪ 
ʘʣʛʦʨʠʪʤʳ ʚʩʪʨʘʠʚʘʥʠʷ ʠʥʬʦʨʤʘʮʠʠ ʚ ʛʨʘʬʠʯʝʩʢʠʝ ʢʦʥʪʝʡʥʝʨʳ ʩ ʮʝʣʴʶ ʠʭ ʧʦʩʣʝʜʫʶʱʝʡ ʧʝʨʝʜʘʯʠ. 
ʊʘʢʦʡ ʠʥʪʝʨʝʩ ʤʦʞʥʦ ʦʙʲʷʩʥʠʪʴ ʪʝʤ, ʯʪʦ ʚʥʝʩʝʥʠʝ ʠʩʢʘʞʝʥʠʡ, ʢʦʪʦʨʳʝ ʪʨʫʜʥʦ ʨʘʟʣʠʯʠʤʳ ʜʣʷ 
ʩʨʝʜʥʝʩʪʘʪʠʩʪʠʯʝʩʢʦʛʦ ʯʝʣʦʚʝʢʘ, ʥʝ ʧʨʠʚʦʜʠʪ ʢ ʩʫʱʝʩʪʚʝʥʥʳʤ ʠʟʤʝʥʝʥʠʷʤ ʵʪʠʭ ʢʦʥʪʝʡʥʝʨʦʚ [2].  

ʉʨʝʜʠ ʤʝʪʦʜʦʚ ʩʦʢʨʳʪʠʷ ʠʥʬʦʨʤʘʮʠʠ ʚ ʛʨʘʬʠʯʝʩʢʠʭ ʠʟʦʙʨʘʞʝʥʠʷʭ ʥʘʠʙʦʣʝʝ ʧʨʦʩʪʳʤ ʠ 
ʜʦʩʪʫʧʥʳʤ ʜʣʷ ʧʦʥʠʤʘʥʠʷ ʷʚʣʷʝʪʩʷ ʤʝʪʦʜ LSB. ʉʫʪʴ ʜʘʥʥʦʛʦ ʤʝʪʦʜʘ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʠʟʤʝʥʝʥʠʠ 
ʥʘʠʤʝʥʴʰʝʛʦ ʠʟ ʟʥʘʯʘʱʠʭ ʙʠʪ ʚ ʢʘʞʜʦʤ ʙʣʦʢʝ ʠʟʦʙʨʘʞʝʥʠʷ, ʯʪʦ ʥʝ ʚʣʠʷʝʪ ʥʘ ʢʘʨʪʠʥʫ ʚ ʮʝʣʦʤ. ʋ 
ʜʘʥʥʦʛʦ ʤʝʪʦʜʘ ʝʩʪʴ ʦʜʠʥ ʩʫʱʝʩʪʚʝʥʥʳʡ ʥʝʜʦʩʪʘʪʦʢ: ʦʥ ʜʦʚʦʣʴʥʦ ʧʨʦʩʪ ʚ ʨʝʘʣʠʟʘʮʠʠ ʠ ʪʘʢʞʝ ʧʨʦʩʪ ʚ 
ʦʙʥʘʨʫʞʝʥʠʠ. 

ɹʦʣʴʰʠʤ ʦʪʣʠʯʠʝʤ ʥʦʚʦʛʦ ʘʣʛʦʨʠʪʤʘ BPCS ʦʪ ʫʞʝ ʫʩʪʦʷʚʰʝʛʦʩʷ LSB ʷʚʣʷʣʦʩʴ ʪʦ, ʯʪʦ ʧʦʢʘ 
LSB ʠʩʧʦʣʴʟʦʚʘʣ ʤʣʘʜʰʠʝ ʙʠʪʳ ʢʘʨʪʠʥʦʢ ʠ ʤʦʛ ʧʦʤʝʩʪʠʪʴ ʜʘʥʥʳʭ ʥʘ 10% ʦʪ ʠʩʭʦʜʥʦʛʦ ʨʘʟʤʝʨʘ 
ʢʦʥʪʝʡʥʝʨʘ, BPCS ʧʳʪʘʣʩʷ ʚʩʪʘʚʠʪʴ ʜʘʥʥʳʝ ʠ ʚ ʙʦʣʝʝ ʩʪʘʨʰʠʝ ʙʠʪʳ ʢʘʨʪʠʥʢʠ ʪʘʤ, ʛʜʝ ʵʪʦ ʧʦ-
ʧʨʝʞʥʝʤʫ ʥʝ ʙʫʜʝʪ ʫʭʫʜʰʘʪʴ ʩʘʤ ʢʦʥʪʝʡʥʝʨ. ɸ ʦʙʲʝʤ ʜʘʥʥʳʭ, ʢʦʪʦʨʳʡ ʤʦʞʥʦ ʙʳʣʦ ʚʥʝʜʨʷʪʴ ʚ 
ʢʘʨʪʠʥʢʫ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ BPCS, ʚʳʨʦʩ ʜʦ 44%. ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʟʘʰʫʤʣʝʥʥʳʭ ʦʙʣʘʩʪʝʡ ʜʘʥʥʳʡ 
ʘʣʛʦʨʠʪʤ ʠʩʧʦʣʴʟʫʝʪ ʤʝʨʳ ʩʣʦʞʥʦʩʪʠ Ŭ ʠ ɓ. ʅʦ ʧʨʝʜʩʪʘʚʣʝʥʥʳʝ ʤʝʨʳ ʥʝ ʚʩʝʛʜʘ ʧʦʟʚʦʣʷʶʪ ʪʦʯʥʦ 
ʦʧʨʝʜʝʣʠʪʴ ʟʘʰʫʤʣʝʥʥʫʶ ʦʙʣʘʩʪʴ, ʘ ʧʦʪʦʤʫ ʯʘʩʪʦ ʧʨʠ ʧʨʠʤʝʥʝʥʠʠ ʜʘʥʥʦʛʦ ʤʝʪʦʜʘ ʚʩʪʘʚʢʘ 
ʠʥʬʦʨʤʘʮʠʠ ʤʦʞʝʪ ʩʠʣʴʥʦ ʠʩʢʘʟʠʪʴ ʢʦʥʪʝʡʥʝʨ. 

ʈʘʟʚʠʪʠʝʤ BPCS ʩʪʝʛʘʥʦʛʨʘʬʠʠ ʩʪʘʣ ʤʝʪʦʜ ABCDE, ʢʦʪʦʨʳʡ ʠʩʧʦʣʴʟʫʝʪ ʩʨʘʟʫ ʪʨʠ ʤʝʨʳ 
ʩʣʦʞʥʦʩʪʠ ʛʨʘʬʠʯʝʩʢʦʛʦ ʦʙʨʘʟʘ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʰʫʤʦʧʦʜʦʙʥʳʭ ʙʣʦʢʦʚ. ʆʥ ʦʪʣʠʯʘʝʪʩʷ ʙʦʣʴʰʝʡ 
ʩʣʦʞʥʦʩʪʴʶ, ʘ ʪʘʢʞʝ ʠ ʙʦʣʴʰʠʤ ʢʦʣʠʯʝʩʪʚʦʤ ʚʥʝʜʨʝʥʥʦʡ ʠʥʬʦʨʤʘʮʠʠ: ʦʙʲʝʤ ʜʘʥʥʳʭ ʜʦʩʪʠʛʘʝʪ 50% 
ʦʪ ʦʙʲʝʤʘ ʠʩʭʦʜʥʦʛʦ ʛʨʘʬʠʯʝʩʢʦʛʦ ʦʙʨʘʟʘ. 

 
ʉʧʠʩʦʢ ʠʩʧʦʣʴʟʦʚʘʥʥʳʭ ʠʩʪʦʯʥʠʢʦʚ: 
1. ʗʨʤʦʣʠʢ, ɺ.ʅ. ʂʨʠʧʪʦʛʨʘʬʠʷ, ʩʪʝʛʘʥʦʛʨʘʬʠʷ ʠ ʦʭʨʘʥʘ ʘʚʪʦʨʩʢʦʛʦ ʧʨʘʚʘ/ ɺ.ʅ. ʗʨʤʦʣʠʢ, ʉ.ɺ. ʗʨʤʦʣʠʢ, ʉ.ʉ. ʇʦʨʪʷʥʢʦ  

ï 2007. ï ˉ 10. ï C. 149ï167. 
2. ɺʠʢʠʧʝʜʠʷ [ʕʣʝʢʪʨʦʥʥʳʡ ʨʝʩʫʨʩ]. - ʕʣʝʢʪʨʦʥʥʳʝ ʜʘʥʥʳʝ. - ʈʝʞʠʤ ʜʦʩʪʫʧʘ: https://en.wikipedia.org/wiki/Steganography. 
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ʉʍɽʄɸ ɻɽʅɽʈɸʎʀʀ ʀ ɺʆʉʉʊɸʅʆɺʃɽʅʀʗ ɼɸʅʅʓʍ ʇʈʀ 
ʃʆʂɸʃʀɿɸʎʀʀ ɼɽʌɽʂʊɸ 

ʄʦʞʝʥʢʦʚʘ ɽ.ɺ., ʇʘʨʘʤʦʥʦʚ ɸ.ʀ. 

ɹʝʣʦʨʫʩʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʥʬʦʨʤʘʪʠʢʠ ʠ ʨʘʜʠʦʵʣʝʢʪʨʦʥʠʢʠ 
ʛ. ʄʠʥʩʢ, ʈʝʩʧʫʙʣʠʢʘ ɹʝʣʘʨʫʩʴ 

ʇʘʨʘʤʦʥʦʚ ɸ.ʀ. ï ʢ.ʪ.ʥ., ʜʦʮʝʥʪ 

ɼʣʷ ʣʦʢʘʣʠʟʘʮʠʠ ʜʝʬʝʢʪʦʚ ʨʘʙʦʪʳ ʢʦʨʧʦʨʘʪʠʚʥʳʭ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʩʠʩʪʝʤ ʥʘ ʩʪʦʨʦʥʝ ʨʘʟʨʘʙʦʪʯʠʢʘ ʧʨʝʜʣʘʛʘʝʪʩʷ 
ʨʝʘʣʠʟʦʚʘʪʴ ʤʝʭʘʥʠʟʤ ʠʤʧʦʨʪʘ/ʵʢʩʧʦʨʪʘ ʜʘʥʥʳʭ ʢʣʠʝʥʪʘ, ʨʘʟʨʘʙʦʪʘʚ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʫʶ ʠʥʬʦʨʤʘʮʠʦʥʥʫʶ ʩʠʩʪʝʤʫ 
çɸʛʨʝʛʘʪʦʨ ʜʘʥʥʳʭè. ʄʝʭʘʥʠʟʤ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ ʥʘ ʩʪʦʨʦʥʫ ʨʘʟʨʘʙʦʪʯʠʢʘ ʙʫʜʝʪ ʦʩʫʱʝʩʪʚʣʷʪʴʩʷ ʯʝʨʝʟ ʢʦʥʬʠʛʫʨʘʮʠʦʥʥʳʡ 
ʬʘʡʣ. ʇʨʝʜʣʦʞʝʥʘ ʩʪʨʫʢʪʫʨʘ ʪʘʢʦʛʦ ʢʦʥʬʠʛʫʨʘʮʠʦʥʥʦʛʦ ʬʘʡʣʘ ʜʣʷ ʛʝʥʝʨʘʮʠʠ ʠ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʜʘʥʥʳʭ ʧʨʠ ʣʦʢʘʣʠʟʘʮʠʠ 
ʜʝʬʝʢʪʦʚ ʥʘ ʩʪʦʨʦʥʝ ʢʣʠʝʥʪʘ ʢʦʨʧʦʨʘʪʠʚʥʦʡ ʩʝʪʠ. 

ɼʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʙʘʥʢʘ ʜʘʥʥʳʭ (ɹʥɼ) ʢʣʠʝʥʪʘ ʠ ʨʘʟʨʘʙʦʪʯʠʢʘ ʚ ʩʠʩʪʝʤʝ 
ʦʙʨʘʙʦʪʢʠ ʧʨʠʥʷʪʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʢʦʥʬʠʛʫʨʘʮʠʦʥʥʳʡ ʬʘʡʣ. ʉʭʝʤʘ ʚʳʛʨʫʞʘʝʤʳʭ ʜʘʥʥʳʭ ʜʦʣʞʥʘ 
ʧʨʝʜʩʪʘʚʣʷʪʴ ʩʦʙʦʡ ʧʝʨʝʯʝʥʴ ʧʦʣʝʡ ʚʳʛʨʫʞʘʝʤʦʡ ʩʪʨʫʢʪʫʨʳ ʠ ʠʭ ʪʠʧʳ. ʇʦʣʷ ʚʳʛʨʫʟʢʠ ʤʦʛʫʪ ʙʳʪʴ 
ʩʣʦʞʥʦ ʩʪʨʫʢʪʫʨʠʨʦʚʘʥʥʳʤʠ. ɺ ʩʭʝʤʝ ʚʳʛʨʫʞʘʝʤʳʭ ʜʘʥʥʳʭ ʤʦʛʫʪ ʧʦʷʚʣʷʪʴʩʷ ʟʘʚʠʩʠʤʦʩʪʠ, ʢʦʪʦʨʳʝ 
ʫʩʣʦʞʥʷʶʪ ʣʦʛʠʯʝʩʢʠʡ ʨʘʟʙʦʨ ʜʘʥʥʳʭ ʙʠʟʥʝʩ-ʦʙʲʝʢʪʦʚ ʩʠʩʪʝʤʳ.  

ʉʦʩʪʦʷʥʠʝ ɹʥɼ ʩʦʭʨʘʥʷʝʪʩʷ ʚ ʬʦʨʤʘʪʝ ʤʝʪʘʜʘʥʥʳʭ, ʧʦʵʪʦʤʫ ʩʪʨʫʢʪʫʨʘ ʢʦʥʬʠʛʫʨʘʮʠʦʥʥʦʛʦ 
ʬʘʡʣʘ ʦʬʦʨʤʣʷʝʪʩʷ ʚ ʬʦʨʤʘʪʝ XML-ʜʦʢʫʤʝʥʪʘ.  

ʆʙʱʝʝ ʦʧʠʩʘʥʠʝ ʧʨʦʮʝʩʩʘ ʦʙʤʝʥʘ ʜʘʥʥʳʤʠ ʤʦʞʥʦ ʦʧʠʩʘʪʴ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: 
1) ʧʦʜ ʦʙʨʘʙʦʪʢʦʡ ʜʘʥʥʳʭ ɹʥɼ ʧʦʥʠʤʘʝʪʩʷ ʵʢʩʧʦʨʪ/ʠʤʧʦʨʪ ʦʙʲʝʢʪʦʚ, ʛʜʝ ʢʘʞʜʳʡ ʦʙʲʝʢʪ 

ʦʪʥʦʩʠʪʩʷ ʢ ʟʘʨʘʥʝʝ ʦʧʨʝʜʝʣʝʥʥʦʤʫ ʪʠʧʫ ʜʘʥʥʳʭ ʠ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʥʘʙʦʨʦʤ ʩʚʦʡʩʪʚ. ɺ ʦʙʱʝʤ 
ʩʣʫʯʘʝ ʟʥʘʯʝʥʠʷ ʩʚʦʡʩʪʚ ʢʦʥʢʨʝʪʥʦʛʦ ʦʙʲʝʢʪʘ ʤʦʛʫʪ ʭʨʘʥʠʪʴʩʷ ʚ ʥʝʩʢʦʣʴʢʠʭ ʪʘʙʣʠʮʘʭ; 

2) ʧʨʠ ʵʢʩʧʦʨʪʝ ʜʘʥʥʳʝ ʠʟ ʙʘʟʳ ʜʘʥʥʳʭ (ɹɼ) ʚʳʛʨʫʞʘʶʪʩʷ ʚ XML-ʜʦʢʫʤʝʥʪ ʦʧʨʝʜʝʣʝʥʥʦʡ 
ʩʪʨʫʢʪʫʨʳ. ɺ ʦʜʥʦʤ XML-ʜʦʢʫʤʝʥʪʝ ʤʦʛʫʪ ʩʦʜʝʨʞʘʪʴʩʷ ʦʙʲʝʢʪʳ ʨʘʟʥʳʭ ʪʠʧʦʚ, ʧʨʠ ʵʪʦʤ ʚʦʟʤʦʞʥʦ 
ʩʫʱʝʩʪʚʦʚʘʥʠʝ ʚʟʘʠʤʦʩʚʷʟʝʡ ʤʝʞʜʫ ʦʙʲʝʢʪʘʤʠ; 

3) ʆʧʠʩʘʥʠʝ ʪʠʧʦʚ ʜʘʥʥʳʭ ʙʫʜʝʪ ʭʨʘʥʠʪʴʩʷ ʚ ʩʧʝʮʠʘʣʴʥʦʡ ʪʘʙʣʠʮʝ, ʯʪʦʙʳ ʤʦʞʥʦ ʙʳʣʦ 
ʥʘʩʪʨʘʠʚʘʪʴ ʜʣʷ ʢʘʞʜʦʛʦ ʪʠʧʘ ʜʘʥʥʳʭ, ʟʥʘʯʝʥʠʷ ʢʘʢʠʭ ʩʚʦʡʩʪʚ ʦʙʲʝʢʪʦʚ ʵʢʩʧʦʨʪʠʨʦʚʘʪʴ ʠʣʠ 
ʠʤʧʦʨʪʠʜʣʷ ʢʘʞʜʦʡ ʦʧʝʨʘʮʠʠ ʵʢʩʧʦʨʪʘ/ʠʤʧʦʨʪʘ ʩʦʟʜʘʝʪʩʷ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʡ ʧʨʦʪʦʢʦʣ, ʩʦʜʝʨʞʘʱʠʡ 
ʢʨʘʪʢʫʶ ʠʥʬʦʨʤʘʮʠʶ ʦʙ ʵʢʩʧʦʨʪʠʨʦʚʘʥʥʳʭ/ʠʤʧʦʨʪʠʨʦʚʘʥʥʳʭ ʦʙʲʝʢʪʘʭ; 

4) ʧʨʠ ʚʳʧʦʣʥʝʥʠʠ ʵʢʩʧʦʨʪʘ ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴ ʧʦʜʭʚʘʪʘ ʜʣʷ ʵʢʩʧʦʨʪʠʨʫʝʤʳʭ 
ʦʙʲʝʢʪʦʚʜʣʷ ʢʘʞʜʦʛʦ ʪʠʧʘ ʜʘʥʥʳʭ ʤʦʛʫʪ ʵʢʩʧʦʨʪʠʨʦʚʘʪʴʩʷ ʢʘʢ ʚʩʝ ʦʙʲʝʢʪʳ ʠʟ ɹɼ, ʪʘʢ ʠ ʪʦʣʴʢʦ 
ʦʧʨʝʜʝʣʝʧʨʠ ʚʳʧʦʣʥʝʥʠʠ ʠʤʧʦʨʪʘ ʜʘʥʥʳʭ ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ ʧʨʦʩʤʦʪʨ ʩʦʜʝʨʞʠʤʦʛʦ XML-ʬʘʡʣʘ, 
ʬʠʣʴʪʨʘʮʠʷ ʠʤʧʦʨʪʠʨʫʝʤʳʭ ʦʙʲʝʢʪʦʚ, ʚʦʟʤʦʞʥʦʩʪʴ ʟʘʤʝʱʝʥʠʷ ʩʫʱʝʩʪʚʫʶʱʠʭ ʚ ɹɼ ʦʙʲʝʢʪʦʚ, ʣʠʙʦ 
ʩʦʟʜʘʥʠʝ ʥʦʚʳʭ ʦʙʲʝʢʪʦʚ, ʘ ʪʘʢʞʝ ʩʦʭʨʘʥʝʥʠʝ ʩʩʳʣʦʯʥʦʡ ʮʝʣʦʩʪʥʦʩʪʠ ʤʝʞʜʫ ʦʙʲʝʢʪʘʤʠ; 

5) ʧʨʠ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʵʢʩʧʦʨʪʠʨʦʚʘʥʥʳʝ/ʠʤʧʦʨʪʠʨʦʚʘʥʥʳʝ ʦʙʲʝʢʪʳ ʤʦʞʥʦ ʫʜʘʣʠʪʴ ʯʝʨʝʟ 
ʧʨʦʪʦʢʦʣʳ ʵʢʩʧʦʨʪʘ/ʠʤʧʦʨʪʘ ʜʘʥʥʳʭ; 

6) ʬʘʡʣ, ʩʦʜʝʨʞʘʱʠʡ ʵʢʩʧʦʨʪʠʨʦʚʘʥʥʳʝ ʜʘʥʥʳʝ, ʷʚʣʷʝʪʩʷ ʧʨʘʚʠʣʴʥʳʤ XML-ʜʦʢʫʤʝʥʪʦʤ.  
ɼʣʷ ʭʨʘʥʝʥʠʷ ʦʙʲʝʢʪʦʚ ɹɼ ʚ XML-ʜʦʢʫʤʝʥʪʝ ʙʫʜʫʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʩʣʝʜʫʶʱʠʝ XML-ʵʣʝʤʝʥʪʳ: 

ī <Data_Root> ï ʢʦʨʥʝʚʦʡ ʫʟʝʣ XML-ʜʦʢʫʤʝʥʪʘ; 
ī <Descript> ï ʦʧʠʩʘʥʠʝ ʩʦʜʝʨʞʠʤʦʛʦ XML-ʬʘʡʣʘ. ɺ ʩʚʦʶ ʦʯʝʨʝʜʴ ʠʤʝʝʪ 

ʘʪʨʠʙʫʪʳ: ExpSet_Code (ʢʦʜ ʥʘʩʪʨʦʡʢʠ ʵʢʩʧʦʨʪʘ) ʠ ExpSet_Name (ʥʘʠʤʝʥʦʚʘʥʠʝ 
ʥʘʩʪʨʦʡʢʠ ʵʢʩʧʦʨʪʘ, ʧʦ ʢʦʪʦʨʦʡ ʧʨʦʠʟʚʦʜʠʣʩʷ ʵʢʩʧʦʨʪ ʜʘʥʥʳʭ). ʉʦʜʝʨʞʠʪ ʦʧʠʩʘʥʠʝ 
ʜʘʥʥʳʭ, ʭʨʘʥʷʱʠʭʩʷ ʚ XML-ʜʦʢʫʤʝʥʪʝ; 

ī <MetaData> ï ʤʝʪʘʦʧʠʩʘʥʠʝ ʜʘʥʥʳʭ. ʀʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʭʨʘʥʝʥʠʷ ʦʧʠʩʘʥʠʷ 
ʜʘʥʥʳʭ. ʉʦʜʝʨʞʠʪ ʵʣʝʤʝʥʪʳ Class; 

ī <Time> ï ʨʦʜʠʪʝʣʴʩʢʠʡ ʫʟʝʣ ʜʣʷ ʭʨʘʥʝʥʠʷ ʚʨʝʤʝʥʥʳʭ ʠʥʪʝʨʚʘʣʦʚ; 
ī <Filtr> ï ʨʦʜʠʪʝʣʴʩʢʠʡ ʫʟʝʣ ʜʣʷ ʭʨʘʥʝʥʠʷ ʜʘʥʥʳʭ ʬʠʣʴʪʨʦʚ ʤʝʥʝʜʞʝʨʘ 

ʩʫʱʥʦʩʪʝʡ; 
ī <Data> ï ʨʦʜʠʪʝʣʴʩʢʠʡ ʫʟʝʣ ʜʣʷ ʭʨʘʥʝʥʠʷ ʦʙʲʝʢʪʦʚ. ʀʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ 

ʭʨʘʥʝʥʠʷ ʜʘʥʥʳʭ. ɹʝʟ ʘʪʨʠʙʫʪʦʚ (Sobj). ʉʦʜʝʨʞʠʪ ʵʣʝʤʝʥʪʳ Collection; 
ī <Class> ï ʢʣʘʩʩ ʦʙʲʝʢʪʦʚ. ʉʦʜʝʨʞʠʪ ʦʧʠʩʘʥʠʝ ʢʣʘʩʩʘ ʦʙʲʝʢʪʦʚ. ɺ ʩʚʦʶ 

ʦʯʝʨʝʜʴ ʠʤʝʝʪ ʘʪʨʠʙʫʪʳ: name (ʠʤʷ ʢʣʘʩʩʘ, ʜʦʣʞʥʦ ʙʳʪʴ ʫʥʠʢʘʣʴʥʳʤ ʜʣʷ ʚʩʝʭ 
ʵʣʝʤʝʥʪʦʚ Class), caption (ʥʘʠʤʝʥʦʚʘʥʠʝ/ʟʘʛʦʣʦʚʦʢ ʢʣʘʩʩʘ, ʜʦʣʞʥʦ ʙʳʪʴ ʫʥʠʢʘʣʴʥʳʤ 
ʜʣʷ ʚʩʝʭ ʵʣʝʤʝʥʪʦʚ Class) ʠ manager (ʧʨʠʟʥʘʢ ʤʝʥʝʜʞʝʨʘ ʩʫʱʥʦʩʪʝʡ). ɺʢʣʶʯʘʝʪ ʚ ʩʝʙʷ 
ʵʣʝʤʝʥʪʳ Collection; 

ī <Collection> ï ʢʦʣʣʝʢʮʠʷ ʦʜʥʦʨʦʜʥʳʭ ʵʣʝʤʝʥʪʦʚ. ʀʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ 
ʛʨʫʧʧʠʨʦʚʢʠ ʦʜʥʦʨʦʜʥʳʭ ʵʣʝʤʝʥʪʦʚ. ʀʤʝʝʪ ʪʘʢʠʝ ʘʪʨʠʙʫʪʳ: name (ʠʤʷ ʢʦʣʣʝʢʮʠʠ), 
caption (ʥʘʠʤʝʥʦʚʘʥʠʝ/ʟʘʛʦʣʦʚʦʢ ʢʦʣʣʝʢʮʠʠ) ʠ child_class_id (ʪʠʧ ʵʣʝʤʝʥʪʦʚ, ʢʦʪʦʨʳʝ 



55-ʷ ʶʙʠʣʝʡʥʘʷ ʥʘʫʯʥʘʷ ʢʦʥʬʝʨʝʥʮʠʷ ʘʩʧʠʨʘʥʪʦʚ, ʤʘʛʠʩʪʨʘʥʪʦʚ ʠ ʩʪʫʜʝʥʪʦʚ ɹɻʋʀʈ, 2019 ʛ. 

133 
 

ʤʦʛʫʪ ʚʭʦʜʠʪʴ ʚ ʩʦʩʪʘʚ ʢʦʣʣʝʢʮʠʠ, ʜʦʣʞʥʦ ʙʳʪʴ ʦʜʥʦ ʠʟ ʟʥʘʯʝʥʠʡ: ñpropertyò, 
ñprop_valueò ʠʣʠ ʥʘʠʤʝʥʦʚʘʥʠʝ ʢʣʘʩʩʘ ʦʙʲʝʢʪʦʚ); 

ī <Object> ï ʦʙʲʝʢʪ ɹɼ. ʀʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʭʨʘʥʝʥʠʷ ʦʙʲʝʢʪʘ ʵʢʩʧʦʨʪʘ/ʠʤʧʦʨʪʘ. 
ʀʤʝʝʪ ʘʪʨʠʙʫʪʳ: name (ʥʘʠʤʝʥʦʚʘʥʠʝ ʦʙʲʝʢʪʘ, ʠʩʧʦʣʴʟʫʝʪʩʷ ʧʨʠ ʧʨʦʩʤʦʪʨʝ 
ʩʦʜʝʨʞʠʤʦʛʦ XML-ʜʦʢʫʤʝʥʪʘ), class_id (ʠʤʷ ʢʣʘʩʩʘ, ʢ ʢʦʪʦʨʦʤʫ ʦʙʲʝʢʪ ʦʪʥʦʩʠʪʩʷ) ʠ id 
(ʫʥʠʢʘʣʴʥʳʡ ʚ ʧʨʝʜʝʣʘʭ ʢʣʘʩʩʘ, ʢ ʢʦʪʦʨʦʤʫ ʦʪʥʦʩʠʪʩʷ ʦʙʲʝʢʪ, ʠʜʝʥʪʠʬʠʢʘʪʦʨ ʦʙʲʝʢʪʘ, 
ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʧʦʩʪʨʦʝʥʠʷ ʚʟʘʠʤʦʩʚʷʟʝʡ ʤʝʞʜʫ ʦʙʲʝʢʪʘʤʠ). ʉʦʜʝʨʞʠʪ ʵʣʝʤʝʥʪʳ 
Collection; 

ī <property> ï ʩʚʦʡʩʪʚʦ. ʀʩʧʦʣʴʟʫʝʪʩʷ ʧʨʠ ʦʧʠʩʘʥʠʠ ʢʣʘʩʩʘ ʦʙʲʝʢʪʦʚ. ʀʤʝʝʪ 
ʘʪʨʠʙʫʪʳ: name (ʠʤʷ ʩʚʦʡʩʪʚʘ), caption (ʥʘʠʤʝʥʦʚʘʥʠʝ/ʟʘʛʦʣʦʚʦʢ ʩʚʦʡʩʪʚʘ), datatype 
(ʪʠʧ ʜʘʥʥʳʭ) ʠ rlt_classes (ʩʧʠʩʦʢ ʩʚʷʟʘʥʥʳʭ ʢʣʘʩʩʦʚ ʦʙʲʝʢʪʦʚ); 

ī <prop_value> ï ʟʥʘʯʝʥʠʝ ʩʚʦʡʩʪʚʘ. ʀʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʭʨʘʥʝʥʠʷ ʟʥʘʯʝʥʠʷ 
ʩʚʦʡʩʪʚʘ ʦʙʲʝʢʪʘ. ʀʤʝʝʪ ʘʪʨʠʙʫʪʳ: prop_name (ʠʤʷ ʩʚʦʡʩʪʚʘ), rlt_class (ʠʤʷ ʢʣʘʩʩʘ 
ʦʙʲʝʢʪʘ, ʥʘ ʢʦʪʦʨʳʡ ʩʩʳʣʘʝʪʩʷ ʩʚʦʡʩʪʚʦ). 

ʉʪʨʫʢʪʫʨʘ ʢʦʥʬʠʛʫʨʘʮʠʦʥʥʦʛʦ ʬʘʡʣʘ ʧʨʦʝʢʪʠʨʦʚʘʣʘʩʴ ʩ ʫʯʝʪʦʤ ʬʦʨʤʘʣʴʥʦʡ ʤʦʜʝʣʠ 
ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʧʦʪʦʢʦʚ ʠ ʦʧʠʩʘʥʠʷ ʤʦʜʝʣʠ ʵʪʠʭ ʧʦʪʦʢʦʚ ʚ ʢʦʨʧʦʨʘʪʠʚʥʦʡ ʩʝʪʠ [1, 2]. ʌʨʘʛʤʝʥʪ 
ʩʪʨʫʢʪʫʨʳ ʬʘʡʣʘ ʧʨʝʜʩʪʘʚʣʝʥ ʥʘ ʨʠʩʫʥʢʝ 1. 

 

 
ʈʠʩʫʥʦʢ 1 ï ʉʪʨʫʢʪʫʨʘ ʢʦʥʬʠʛʫʨʘʮʠʦʥʥʦʛʦ ʬʘʡʣʘ 

 
ʉʦʩʪʘʚ ʵʣʝʤʝʥʪʦʚ ʢʦʥʬʠʛʫʨʘʮʠʦʥʥʦʛʦ ʬʘʡʣʘ ʩʧʨʦʝʢʪʠʨʦʚʘʥ ʥʘ ʦʩʥʦʚʝ ʘʙʩʪʨʘʢʮʠʠ ʧʨʝʜʤʝʪʥʦʡ 

ʦʙʣʘʩʪʠ ʠ ʠʤʝʝʪ ʦʙʦʙʱʝʥʥʫʶ ʩʪʨʫʢʪʫʨʫ.  ɺ ʭʦʜʝ ʠʥʪʝʛʨʘʮʠʠ ʩ ʜʨʫʛʠʤʠ ʠʥʬʦʨʤʘʮʠʦʥʥʳʤʠ ʩʠʩʪʝʤʘʤʠ 
ʚ ʢʦʨʧʦʨʘʪʠʚʥʦʡ ʩʝʪʠ ʠ ʚ ʨʝʟʫʣʴʪʘʪʝ ʦʧʳʪʥʦʡ ʵʢʩʧʣʫʘʪʘʮʠʠ ɸʀʉ çɸʛʨʝʛʘʪʦʨ ʜʘʥʥʳʭè ʚʦʟʤʦʞʥʦ 
ʠʟʤʝʥʝʥʠʝ ʢʦʥʬʠʛʫʨʘʮʠʠ - ʚʚʝʜʝʥʠʝ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʪʝʛʦʚ ʠ ʠʭ ʘʪʨʠʙʫʪʦʚ.  

 
ʉʧʠʩʦʢ ʠʩʧʦʣʴʟʦʚʘʥʥʳʭ ʠʩʪʦʯʥʠʢʦʚ: 
1. ʄʦʞʝʥʢʦʚʘ, ɽ. ɺ. ʄʦʜʝʣʴ ʧʦʩʪʨʦʝʥʠʷ ʦʙʱʠʭ ʪʨʝʙʦʚʘʥʠʡ ʧʦ ʦʙʨʘʙʦʪʢʝ ʙʘʥʢʦʚ ʜʘʥʥʳʭ ʚ ʟʘʜʘʯʘʭ ʩʦʧʨʦʚʦʞʜʝʥʠʷ 

ʩʠʩʪʝʤ / ɽ. ɺ. ʄʦʞʝʥʢʦʚʘ, ɸ.ʀ. ʇʘʨʘʤʦʥʦʚ // ʂʦʤʧʴʶʪʝʨʥʳʝ ʩʠʩʪʝʤʳ ʠ ʩʝʪʠ: ʤʘʪʝʨʠʘʣʳ 54-ʡ ʥʘʫʯ. ʢʦʥʬ. ʘʩʧʠʨʘʥʪʦʚ, 

ʤʘʛʠʩʪʨʘʥʪʦʚ ʠ ʩʪʫʜʝʥʪʦʚ, ʄʠʥʩʢ, 23 ï 27 ʘʧʨʝʣʷ 2018 ʛ. / ɹʝʣʦʨʫʩ. ʛʦʩ. ʫʥ-ʪ ʠʥʬʦʨʤʘʪʠʢʠ ʠ ʨʘʜʠʦʵʣʝʢʪʨʦʥʠʢʠ. ï ʄʠʥʩʢ, 2018. ï 

ʉ. 92 ï 93. 

2. ʄʦʞʝʥʢʦʚʘ, ɽ. ɺ. ʄʦʜʝʣʴ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʠʥʬʦʨʤʘʮʠʠ ʚ ʢʦʨʧʦʨʘʪʠʚʥʳʭ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʩʠʩʪʝʤʘʭ / ɽ. ɺ. ʄʦʞʝʥʢʦʚʘ, 
ɸ. ʀ. ʇʘʨʘʤʦʥʦʚ // ʀʥʬʦʨʤʘʮʠʦʥʥʳʝ ʪʝʭʥʦʣʦʛʠʠ ʠ ʩʠʩʪʝʤʳ 2018 (ʀʊʉ 2018) = Information Technologies and Systems 2018 (ITS 
2018) : ʤʘʪʝʨʠʘʣʳ ʤʝʞʜ. ʥʘʫʯ. ʢʦʥʬ., ʄʠʥʩʢ, 25 ʦʢʪʷʙʨʷ 2018 ʛ. / ɹʝʣʦʨʫʩ. ʛʦʩ. ʫʥ-ʪ ʠʥʬʦʨʤʘʪʠʢʠ ʠ ʨʘʜʠʦʵʣʝʢʪʨʦʥʠʢʠ ; ʨʝʜʢʦʣ. : 
ʃ. ʖ. ʐʠʣʠʥ [ʠ ʜʨ.]. ï ʄʠʥʩʢ, 2018. ï ʉ. 228 - 229. 
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ʇʆʉʊʈʆɽʅʀɽ ʀʉʂʋʉʉʊɺɽʅʅʆʁ ʅɽʁʈʆʅʅʆʁ ʉɽʊʀ ɼʃʗ 
ʈɸʉʇʆɿʅɸɺɸʅʀʗ ɻʈɸʌʀʏɽʉʂʀʍ ʌʀɻʋʈ ʊɽʍʅʀʏɽʉʂʆɻʆ 

ɸʅɸʃʀɿɸ 

ʄʦʠʩʝʝʥʢʦ ʀ.ɺ. 

ɹʝʣʦʨʫʩʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʥʬʦʨʤʘʪʠʢʠ ʠ ʨʘʜʠʦʵʣʝʢʪʨʦʥʠʢʠ 
ɻ. ʄʠʥʩʢ, ʈʝʩʧʫʙʣʠʢʘ ɹʝʣʘʨʫʩʴ 

 

ʉʝʨʝʙʨʷʥʘʷ ʃ.ɺ. ï ʢ.ʪ.ʥ.,ʜʦʮʝʥʪ 
 

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʨʘʩʩʤʦʪʨʝʥʘ ʟʘʜʘʯʘ ʧʦʩʪʨʦʝʥʠʷ ʠʩʢʫʩʩʪʚʝʥʥʦʡ ʥʝʡʨʦʥʥʦʡ ʩʝʪʠ ʪʠʧʘ ʤʥʦʛʦʩʣʦʡʥʳʡ ʧʝʨʩʝʧʪʨʦʥ ʜʣʷ 
ʨʘʩʧʦʟʥʘʚʘʥʠʷ ʛʨʘʬʠʯʝʩʢʠʭ ʬʠʛʫʨ ʪʝʭʥʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ; ʧʨʝʜʣʦʞʝʥʳ ʩʧʦʩʦʙʳ ʧʦʚʳʰʝʥʠʷ ʪʦʯʥʦʩʪʠ ʨʘʩʧʦʟʥʘʚʘʥʠʷ: 
ʧʨʠʤʝʥʝʥʠʝ ʬʫʥʢʮʠʠ SoftMax (ʚʤʝʩʪʦ ʣʦʛʠʩʪʠʯʝʩʢʦʡ ʬʫʥʢʮʠʠ Sigmoid) ʚ ʢʘʯʝʩʪʚʝ ʬʫʥʢʮʠʠ ʘʢʪʠʚʘʮʠʠ ʥʝʡʨʦʥʦʚ ʚʳʭʦʜʥʦʛʦ 
ʩʣʦʷ ʠ ʘʫʛʤʝʥʪʘʮʠʷ ʦʙʫʯʘʶʱʝʡ ʚʳʙʦʨʢʠ. 

 

ɿʘʜʘʯʘ ʨʘʩʧʦʟʥʘʚʘʥʠʷ ʦʙʨʘʟʦʚ ʠʛʨʘʝʪ ʚʘʞʥʝʡʰʫʶ ʨʦʣʴ ʚ ʦʙʣʘʩʪʠ ʤʘʰʠʥʥʦʛʦ ʟʨʝʥʠʷ, 
ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ, ʫʧʨʘʚʣʝʥʠʷ ʠ ʧʨʠʥʷʪʠʷ ʨʝʰʝʥʠʡ ʚ ʨʘʟʣʠʯʥʳʭ ʩʬʝʨʘʭ ʯʝʣʦʚʝʯʝʩʢʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ. 
ʆʜʥʠʤ ʠʟ ʥʘʧʨʘʚʣʝʥʠʡ ʧʨʠʤʝʥʝʥʠʷ ʘʣʛʦʨʠʪʤʦʚ ʨʘʩʧʦʟʥʘʚʘʥʠʷ ʦʙʨʘʟʦʚ ʷʚʣʷʝʪʩʷ ʘʥʘʣʠʟ ʛʨʘʬʠʯʝʩʢʠʭ 
ʬʠʛʫʨ ʪʝʭʥʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ (ʨʠʩ. 1), ʮʝʣʴ ʢʦʪʦʨʦʛʦ - ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʝ ʜʘʣʴʥʝʡʰʝʛʦ ʨʘʟʚʠʪʠʷ 
ʚʨʝʤʝʥʥʦʛʦ ʨʷʜʘ. ʌʠʛʫʨʘ ʪʝʭʥʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ - ʚʠʟʫʘʣʴʥʦ ʨʘʟʣʠʯʠʤʘʷ ʬʦʨʤʘʮʠʷ ʥʘ ʮʝʥʦʚʦʤ 
ʛʨʘʬʠʢʝ, ʢʦʪʦʨʘʷ ʧʝʨʠʦʜʠʯʝʩʢʠ ʧʦʚʪʦʨʷʝʪʩʷ ʚʩʣʝʜʩʪʚʠʝ ʰʘʙʣʦʥʥʦʛʦ ʧʦʚʝʜʝʥʠʷ ʫʯʘʩʪʥʠʢʦʚ ʨʳʥʢʘ ʚ 
ʩʭʦʜʥʳʭ ʫʩʣʦʚʠʷʭ [1]. 

 

 
ʈʠʩʫʥʦʢ 1 - ʇʨʠʤʝʨ ʬʠʛʫʨʳ ʪʝʭʥʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ: ɻʦʣʦʚʘ ʠ ʇʣʝʯʠ 

 

ʋʩʧʝʰʥʦ ʟʘʨʝʢʦʤʝʥʜʦʚʘʚʰʠʤ ʩʝʙʷ ʠʥʩʪʨʫʤʝʥʪʦʤ ʨʘʩʧʦʟʥʘʚʘʥʠʷ ʦʙʨʘʟʦʚ ʷʚʣʷʝʪʩʷ 
ʠʩʢʫʩʩʪʚʝʥʥʘʷ ʥʝʡʨʦʥʥʘʷ ʩʝʪʴ (ʀʅʉ) [2]. 

ɺ ʨʘʤʢʘʭ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʙʳʣʘ ʚʳʙʨʘʥʘ ʩʝʪʴ ʪʠʧʘ ʤʥʦʛʦʩʣʦʡʥʳʡ ʧʝʨʩʝʧʪʨʦʥ, ʘ ʪʘʢʞʝ 
ʧʨʝʜʣʦʞʝʥʳ ʩʧʦʩʦʙʳ ʧʦʚʳʰʝʥʠʷ ʪʦʯʥʦʩʪʠ ʨʘʩʧʦʟʥʘʚʘʥʠʷ ʩʝʪʴʶ ʛʨʘʬʠʯʝʩʢʠʭ ʬʠʛʫʨ ʪʝʭʥʠʯʝʩʢʦʛʦ 
ʘʥʘʣʠʟʘ. ʉʝʪʴ ʪʠʧʘ ʤʥʦʛʦʩʣʦʡʥʳʡ ʧʝʨʩʝʧʪʨʦʥ ʷʚʣʷʝʪʩʷ ʦʜʥʦʡ ʠʟ ʥʘʠʙʦʣʝʝ ʧʦʜʭʦʜʷʱʠʭ ʘʨʭʠʪʝʢʪʫʨ 
ʀʅʉ ʜʣʷ ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ ʨʘʩʧʦʟʥʘʚʘʥʠʷ ʧʦʚʝʜʝʥʯʝʩʢʠʭ ʰʘʙʣʦʥʦʚ ʥʘ ʛʨʘʬʠʢʘʭ ʚʨʝʤʝʥʥʳʭ ʨʷʜʦʚ [3]. 
ʇʨʝʠʤʫʱʝʩʪʚʦʤ ʀʅʉ ʪʘʢʦʛʦ ʪʠʧʘ ʷʚʣʷʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴ ʬʦʨʤʠʨʦʚʘʪʴ ʥʘ ʚʳʭʦʜʝ ʧʨʦʠʟʚʦʣʴʥʫʶ 
ʤʥʦʛʦʤʝʨʥʫʶ ʬʫʥʢʮʠʶ ʧʨʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʤ ʚʳʙʦʨʝ ʢʦʣʠʯʝʩʪʚʘ ʩʣʦʝʚ, ʜʠʘʧʘʟʦʥʘ ʠʟʤʝʥʝʥʠʷ 
ʩʠʛʥʘʣʦʚ ʠ ʧʘʨʘʤʝʪʨʦʚ ʥʝʡʨʦʥʦʚ [2]. 

ɸʨʭʠʪʝʢʪʫʨʘ ʜʘʥʥʦʡ ʩʝʪʠ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩʫʥʢʝ ʥʠʞʝ: 
 

 
ʈʠʩʫʥʦʢ  2 - ɸʨʭʠʪʝʢʪʫʨʘ ʀʅʉ 
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ɺʭʦʜʥʦʡ ʩʣʦʡ ʜʘʥʥʦʡ ʩʝʪʠ ʩʦʜʝʨʞʠʪ 400 ʥʝʡʨʦʥʦʚ (ʨʘʩʧʦʟʥʘʚʘʥʠʝ ʠʟʦʙʨʘʞʝʥʠʷ ʨʘʟʤʝʨʦʤ 20 
ʥʘ 20 ʧʠʢʩʝʣʝʡ ʪʨʝʙʫʝʪ ʦʙʨʘʙʦʪʢʠ 400 ʧʨʠʟʥʘʢʦʚ ʚʭʦʜʥʦʛʦ ʦʙʨʘʟʘ). 

ʉʢʨʳʪʳʡ ʩʣʦʡ ʩʦʜʝʨʞʠʪ 25 ʥʝʡʨʦʥʦʚ. 
ɺʳʭʦʜʥʦʡ ʩʣʦʡ ʩʦʜʝʨʞʠʪ 11 ʥʝʡʨʦʥʦʚ (ʯʠʩʣʦ ʢʣʘʩʩʦʚ, 11 ʨʘʟʣʠʯʥʳʭ ʬʠʛʫʨ ʪʝʭʥʠʯʝʩʢʦʛʦ 

ʘʥʘʣʠʟʘ). 
ɺ ʢʘʯʝʩʪʚʝ ʘʢʪʠʚʘʮʠʦʥʥʦʡ ʬʫʥʢʮʠʠ ʥʝʡʨʦʥʦʚ ʚʭʦʜʥʦʛʦ ʠ ʩʢʨʳʪʦʛʦ ʩʣʦʷ ʠʩʧʦʣʴʟʫʝʪʩʷ 

ʣʦʛʠʩʪʠʯʝʩʢʘʷ ʬʫʥʢʮʠʷ [4]: 
 

Ὂὼ
ρ

ρ Ὡ
 (1) 

 
ɺ ʢʘʯʝʩʪʚʝ ʘʢʪʠʚʘʮʠʦʥʥʦʡ ʬʫʥʢʮʠʠ ʥʝʡʨʦʥʦʚ ʚʳʭʦʜʥʦʛʦ ʩʣʦʷ ʙʳʣʘ ʚʳʙʨʘʥʘ ʪ.ʥ. SoftMax 

ʬʫʥʢʮʠʷ [5]: 
 

„ᾀὭ
ὩᾀὭ

ВὑὮρ ὩᾀὮ
 (2) 

 
 

ʌʫʥʢʮʠʷ SoftMax ʷʚʣʷʝʪʩʷ ʦʙʦʙʱʝʥʠʝʤ ʣʦʛʠʩʪʠʯʝʩʢʦʡ ʬʫʥʢʮʠʠ [6]. ɽʝ ʠʜʝʷ ʩʦʩʪʦʠʪ ʚ ʪʦʤ, 
ʯʪʦʙʳ ʥʝʩʢʦʣʴʢʦ ʧʨʝʫʚʝʣʠʯʠʪʴ ʨʘʟʥʠʮʫ ʤʝʞʜʫ ʧʦʣʫʯʝʥʥʳʤʠ ʟʥʘʯʝʥʠʷʤʠ: softmax ʙʫʜʝʪ ʚʳʜʘʚʘʪʴ 
ʟʥʘʯʝʥʠʷ, ʦʯʝʥʴ ʙʣʠʟʢʠʝ ʢ ʥʫʣʶ ʜʣʷ ʚʩʝʭ xj , ʩʫʱʝʩʪʚʝʥʥʦ ʤʝʥʴʰʝ ʤʘʢʩʠʤʘʣʴʥʦʛʦ. 

ɺ ʢʘʯʝʩʪʚʝ ʬʫʥʢʮʠʠ ʧʦʪʝʨʴ ʠʩʧʦʣʴʟʫʝʪʩʷ ʧʝʨʝʢʨʝʩʪʥʘʷ ʵʥʪʨʦʧʠʷ (cross-entropy) [6]: 
 

‚

ὅ

Ὥρ

ὸὭὰέὫὰέὫ ώὭ  (3) 

 
 

ɼʣʷ ʜʘʣʴʥʝʡʰʝʛʦ ʫʣʫʯʰʝʥʠʷ ʪʦʯʥʦʩʪʠ ʨʘʩʧʦʟʥʘʚʘʥʠʷ ʙʳʣʘ ʧʨʦʚʝʜʝʥʘ ʘʫʛʤʝʥʪʘʮʠʷ 
ʦʙʫʯʘʶʱʝʡ ʚʳʙʦʨʢʠ. ʄʝʪʦʜʦʤ ʠʩʢʫʩʩʪʚʝʥʥʦʡ ʛʝʥʝʨʘʮʠʠ ʙʳʣ ʩʦʟʜʘʥ ʜʦʧʦʣʥʠʪʝʣʴʥʳʡ ʥʘʙʦʨ ʬʠʛʫʨ 
ʪʝʭʥʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ, ʢʘʞʜʦʤʫ ʵʣʝʤʝʥʪʫ ʢʦʪʦʨʦʛʦ ʙʳʣʘ ʧʨʠʩʚʦʝʥʘ ʤʝʪʢʘ, ʦʟʥʘʯʘʶʱʘʷ 
ʧʨʠʥʘʜʣʝʞʥʦʩʪʴ ʢ ʦʜʥʦʤʫ ʠʟ ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʭ ʢʣʘʩʩʦʚ ʬʠʛʫʨ ʪʝʭʥʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ. 

ʈʝʟʫʣʴʪʘʪʳ ʠʟʤʝʨʝʥʠʡ ʪʦʯʥʦʩʪʠ ʨʘʩʧʦʟʥʘʚʘʥʠʷ ʀʅʉ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣʠʮʝ 1. 
 

ʊʘʙʣʠʮʘ 1 - ʈʝʟʫʣʴʪʘʪʳ ʠʟʤʝʨʝʥʠʡ ʪʦʯʥʦʩʪʠ ʨʘʩʧʦʟʥʘʚʘʥʠʷ ʀʅʉ 
 

 ʌʫʥʢʮʠʷ ʘʢʪʠʚʘʮʠʠ ʥʝʡʨʦʥʦʚ ʚʳʭʦʜʥʦʛʦ ʩʣʦʷ 

Sigmoid SoftMax 

ɹʝʟ ʘʫʛʤʝʥʪʘʮʠʠ 74.54% 76.36% 

ʉ ʘʫʛʤʝʥʪʘʮʠʝʡ 81.81% 85.45% 

 
ɹʣʘʛʦʜʘʨʷ ʠʟʣʦʞʝʥʥʳʤ ʚʳʰʝ ʦʧʝʨʘʮʠʷʤ (ʠʩʧʦʣʴʟʦʚʘʥʠʶ ʬʫʥʢʮʠʠ SoftMax ʚ ʢʘʯʝʩʪʚʝ 

ʘʢʪʠʚʘʮʠʦʥʥʦʡ ʬʫʥʢʮʠʠ ʥʝʡʨʦʥʦʚ ʚʳʭʦʜʥʦʛʦ ʩʣʦʷ ʠ ʘʫʛʤʝʥʪʘʮʠʠ ʦʙʫʯʘʶʱʝʡ ʚʳʙʦʨʢʠ) ʫʜʘʣʦʩʴ 
ʧʦʚʳʩʠʪʴ ʪʦʯʥʦʩʪʴ ʨʘʩʧʦʟʥʘʚʘʥʠʷ ʬʠʛʫʨ ʪʝʭʥʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ ʥʘ 11%. 
 

ʉʧʠʩʦʢ ʠʩʧʦʣʴʟʦʚʘʥʥʳʭ ʠʩʪʦʯʥʠʢʦʚ: 
1. ɻʨʘʬʠʯʝʩʢʠʝ ʬʠʛʫʨʳ [ʕʣʝʢʪʨʦʥʥʳʡ ʨʝʩʫʨʩ] / Forex Markets. ï ʈʝʞʠʤ ʜʦʩʪʫʧʘ : http://forex-markets.ru/pattern.html. ï 

ɼʘʪʘ ʜʦʩʪʫʧʘ : 20.04.2019. 
2. ʉʝʨʝʙʨʷʥʘʷ, ʃ. ɺ. ʄʝʪʦʜʳ ʠ ʘʣʛʦʨʠʪʤʳ ʧʨʠʥʷʪʠʷ ʨʝʰʝʥʠʡ : ʫʯʝʙʥʦ-ʤʝʪʦʜʠʯʝʩʢʦʝ ʧʦʩʦʙʠʝ / ʃ. ɺ. ʉʝʨʝʙʨʷʥʘʷ, ʌ. ʀ. 

ʊʨʝʪʴʷʢʦʚ. ï ʄʠʥʩʢ : ɹɻʋʀʈ, 2016. ï 64 ʩ. 
3. ʅʘʡʤʘʥ, ʕ. ʄʘʣʘʷ ʵʥʮʠʢʣʦʧʝʜʠʷ ʪʨʝʡʜʝʨʘ / ʕ. ʅʘʡʤʘʥ. ï ʄ.: ɸʣʴʧʠʥʘ ʇʘʙʣʠʰʝʨ, 2003. ï 378 ʩ. 
4. ʉʠʛʤʦʠʜʘ [ʕʣʝʢʪʨʦʥʥʳʡ ʨʝʩʫʨʩ] / Wikipedia. ï ʈʝʞʠʤ ʜʦʩʪʫʧʘ : https://ru.wikipedia.org/wiki/ʉʠʛʤʦʠʜʘ.  ï ɼʘʪʘ ʜʦʩʪʫʧʘ 

: 21.04.2019. 
5. SoftMax [ʕʣʝʢʪʨʦʥʥʳʡ ʨʝʩʫʨʩ] / Wikipedia. ï ʈʝʞʠʤ ʜʦʩʪʫʧʘ : https://ru.wikipedia.org/wiki/Softmax.  ï ɼʘʪʘ ʜʦʩʪʫʧʘ : 

21.04.2019. 
6. ʅʠʢʦʣʝʥʢʦ ʉ., ʂʘʜʫʨʠʥ ɸ., ɸʨʭʘʥʛʝʣʴʩʢʘʷ ɽ. ɻʣʫʙʦʢʦʝ ʦʙʫʯʝʥʠʝ / ʉ. ʅʠʢʦʣʝʥʢʦ, ɸ. ʂʘʜʫʨʠʥ, ɽ. ɸʨʭʘʥʛʝʣʴʩʢʘʷ.  ï 
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ʇʆɼʍʆɼʓ ʂ ʈɽɸʃʀɿɸʎʀʀ ʂʆʅʊʈʆʃʗ ɼʆʉʊʋʇɸ  
ʂ ʌɸʁʃʆɺʆʁ ʉʀʉʊɽʄɽ ɺ ʆʉ ʉɽʄɽʁʉʊɺɸ WINDOWS NT 

ʅʝʤʢʦʚʠʯ ɸ.ɺ. 

ɹʝʣʦʨʫʩʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʥʬʦʨʤʘʪʠʢʠ ʠ ʨʘʜʠʦʵʣʝʢʪʨʦʥʠʢʠ 
ʛ.ʄʠʥʩʢ, ʈʝʩʧʫʙʣʠʢʘ ɹʝʣʘʨʫʩʴ 

ʗʨʤʦʣʠʢ ɺ.ʅ. ï ʜ.ʪ.ʥ.,ʧʨʦʬʝʩʩʦʨ 

ʎʝʣʴʶ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʘʥʘʣʠʟ ʚʦʟʤʦʞʥʳʭ ʧʦʜʭʦʜʦʚ ʢ ʨʝʘʣʠʟʘʮʠʠ ʢʦʥʪʨʦʣʷ ʜʦʩʪʫʧʘ ʢ ʬʘʡʣʦʚʦʡ ʩʠʩʪʝʤʝ ʚ 
ʦʧʝʨʘʮʠʦʥʥʳʭ ʩʠʩʪʝʤʘʭ ʩʝʤʝʡʩʪʚʘ Windows NT. 

ʅʘ ʜʘʥʥʳʡ ʤʦʤʝʥʪ ʦʜʥʦʡ ʠʟ ʥʘʠʙʦʣʝʝ ʚʘʞʥʳʭ ʧʨʦʙʣʝʤ ʚ ʦʙʣʘʩʪʠ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ 
ʪʝʭʥʦʣʦʛʠʠʡ ʷʚʣʷʝʪʩʷ ʧʨʦʙʣʝʤʘ ʟʘʱʠʪʳ ʠ ʢʦʥʪʨʦʣʷ ʜʦʩʪʫʧʘ ʢ ʢʦʥʬʝʜʝʥʮʠʘʣʴʥʦʡ ʠʥʬʦʨʤʘʮʠʠ, ʢ 
ʨʘʟʣʠʯʥʦʛʦ ʚʠʜʘ ʮʠʬʨʦʚʳʤ ʜʘʥʥʳʤ, ʭʨʘʥʷʱʠʤʩʷ ʥʘ ʢʦʤʧʴʶʪʝʨʘʭ ʚ ʚʠʜʝ ʬʘʡʣʦʚ. ɺ ʪʦʞʝ ʚʨʝʤʷ 
ʩʘʤʳʤʠ ʧʦʧʫʣʷʨʥʳʤʠ ʦʧʝʨʘʮʠʦʥʥʳʤʠ ʩʠʩʪʝʤʘʤʠ ʜʣʷ ʢʦʤʧʴʶʪʝʨʘ ʩʨʝʜʠ ʧʦʣʴʟʦʚʘʪʝʣʝʡ ʷʚʣʷʶʪʩʷ 
ʦʧʝʨʘʮʠʦʥʥʳʝ ʩʠʩʪʝʤʳ ʩʝʤʝʡʩʪʚʘ Windows NT, ʯʪʦ ʦʙʫʩʣʘʚʣʠʚʘʝʪ ʚʘʞʥʦʩʪʴ ʠʟʫʯʝʥʠʷ ʧʦʜʭʦʜʦʚ ʢ 
ʨʝʘʣʠʟʘʮʠʠ ʢʦʥʪʨʦʣʷ ʜʦʩʪʫʧʘ ʢ ʬʘʡʣʦʚʦʡ ʩʠʩʪʝʤʝ ʚ ʦʧʝʨʘʮʠʦʥʥʳʭ ʩʠʩʪʝʤʘʭ ʩʝʤʝʡʩʪʚʘ Windows NT. 

ʇʨʝʞʜʝ ʯʝʤ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʧʦʜʭʦʜʳ ʢ ʟʘʱʠʪʝ ʬʘʡʣʦʚʦʡ ʩʠʩʪʝʤʳ ʩ ʫʯʸʪʦʤ ʦʩʦʩʙʝʥʥʦʩʪʝʡ ʠ 
ʚʦʟʤʦʞʥʦʩʪʝʡ ʦʧʝʨʘʮʠʦʥʥʳʭ ʩʠʩʪʝʤ Windows NT, ʥʝʦʙʭʦʜʠʤʦ ʦʟʥʘʢʦʤʠʪʴʩʷ ʩ ʦʙʱʝʧʨʠʥʷʪʳʤʠ 
ʩʧʦʩʦʙʘʤʠ ʟʘʱʠʪʳ ʩʝʢʨʝʪʥʦʡ ʠʥʬʦʨʤʘʮʠʠ, ʩʨʝʜʠ ʢʦʪʦʨʳʭ ʤʦʞʥʦ ʚʳʜʝʣʠʪʴ ʩʣʝʜʫʶʱʠʝ ʤʝʪʦʜʳ: 

1) ʩʪʝʛʘʥʦʛʨʘʬʠʷ; 
2) ʢʨʠʧʪʦʛʨʘʬʠʷ. 
ɺ ʩʣʫʯʘʝ ʩʪʝʛʘʥʦʛʨʘʬʠʠ ʩʢʨʳʚʘʝʪʩʷ ʩʘʤ ʬʘʢʪ ʩʦʢʨʳʪʠʷ ʩʝʢʨʝʪʥʦʡ ʠʥʬʦʨʤʘʮʠʠ, ʪʦ ʝʩʪʴ 

ʩʝʢʨʝʪʥʘʷ ʠʥʬʦʨʤʘʮʠʷ ʧʝʨʝʜʘʸʪʩʷ ʧʦʜ ʚʠʜʦʤ ʦʙʱʝʜʦʩʪʫʧʥʦʡ. ʅʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʡ 
ʩʪʝʛʘʥʦʛʨʘʬʠʯʝʩʢʠʡ ʤʘʪʝʨʠʘʣ ð ʵʪʦ ʛʨʘʬʠʯʝʩʢʠʝ, ʟʚʫʢʦʚʳʝ ʠ ʜʨʫʛʠʝ ʤʫʣʴʪʠʤʝʜʠʡʥʳʝ ʜʘʥʥʳʝ, 
ʬʦʨʤʘʪ ʢʦʪʦʨʳʭ ʧʦʟʚʦʣʷʝʪ ʟʘʤʝʱʘʪʴ ʥʘʠʤʝʥʝʝ ʟʥʘʯʠʤʫʶ ʯʘʩʪʴ ʠʩʭʦʜʥʦʡ ʠʥʬʦʨʤʘʮʠʠ ʥʘ ʣʶʙʫʶ 
ʧʨʦʠʟʚʦʣʴʥʫʶ(ʩʦʙʩʪʚʝʥʥʦ, ʥʘ ʪʫ ʩʘʤʫʶ ʩʝʢʨʝʪʥʫʶ ʠʥʬʦʨʤʘʮʠʶ, ʢʦʪʦʨʫʶ ʪʨʝʙʫʝʪʩʷ ʩʢʨʳʪʴ) [1]. 

ʄʝʪʦʜ ʢʨʠʧʪʦʛʨʘʬʠʠ ʦʩʥʦʚʘʥ ʥʘ ʧʨʷʤʦ ʧʨʦʪʠʚʦʧʦʣʦʞʥʦʤ ʧʨʠʥʮʠʧʝ: ʥʠ ʦʪ ʢʦʛʦ ʥʝ ʩʢʨʳʚʘʝʪʩʷ 
ʬʘʢʪ ʧʝʨʝʜʘʯʠ ʠʣʠ ʭʨʘʥʝʥʠʷ ʩʝʢʨʝʪʥʦʡ ʠʥʬʦʨʤʘʮʠʠ ʠ ʥʝ ʧʨʝʜʧʨʠʥʠʤʘʶʪʩʷ ʥʠʢʘʢʠʝ ʜʝʡʩʪʚʠʷ ʜʣʷ 
ʧʨʝʜʦʪʚʨʘʱʝʥʠʷ ʜʦʩʪʫʧʘ ʢ ʥʝʡ ʧʦʩʪʦʨʦʥʥʠʭ ʣʠʮ [1]. ɺ ʙʦʣʴʰʠʥʩʪʚʝ ʩʣʫʯʘʝʚ ʩʝʢʨʝʪʥʳʝ ʜʘʥʥʳʝ 
ʰʠʬʨʫʶʪʩʷ ʩ ʧʦʤʦʱʴʶ ʦʧʨʝʜʝʣʝʥʥʦʛʦ ʘʣʛʦʨʠʪʤʘ, ʠ, ʯʪʦʙʳ ʧʨʦʯʠʪʘʪʴ ʠʭ, ʩʥʘʯʘʣʘ ʧʦʪʨʝʙʫʝʪʩʷ ʠʭ 
ʨʘʩʰʠʬʨʦʚʘʪʴ, ʜʣʷ ʯʝʛʦ ʪʘʢʞʝ, ʩʢʦʨʝʝ ʚʩʝʛʦ, ʥʝʦʙʭʦʜʠʤʦ ʙʫʜʝʪ ʟʥʘʪʴ ʢʣʶʯ/ʢʣʶʯʠ, ʢʦʪʦʨʳʝ 
ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʜʣʷ ʰʠʬʨʦʚʘʥʠʷ ʜʘʥʥʳʭ [2]. 

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʜʣʷ ʟʘʱʠʪʳ ʠ ʢʦʥʪʨʦʣʷ ʜʦʩʪʫʧʘ ʢ ʬʘʡʣʘʤ ʢʦʥʢʨʝʪʥʦ ʚ ʦʧʝʨʘʮʠʦʥʥʳʭ ʩʠʩʪʝʤʘʭ 
ʩʝʤʝʡʩʪʚʘ Windows NT ʧʨʝʜʣʘʛʘʝʪʩʷ ʤʝʪʦʜ çʧʨʦʟʨʘʯʥʦʛʦ ʜʦʩʪʫʧʘ ʢ ʬʘʡʣʘʤè. 

ʉʫʪʴ ʤʝʪʦʜʘ çʧʨʦʟʨʘʯʥʦʛʦ ʜʦʩʪʫʧʘ ʢ ʬʘʡʣʫè ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʪʦʤ, ʯʪʦ ʬʘʡʣ ʜʠʥʘʤʠʯʝʩʢʠ 
ʰʠʬʨʫʝʪʩʷ ʧʨʠ ʧʝʨʝʟʘʧʠʩʠ/ʟʘʧʠʩʠ ʝʛʦ ʥʘ ʥʦʩʠʪʝʣʴ ʠʥʬʦʨʤʘʮʠʠ ʠ ʜʠʥʘʤʠʯʝʩʢʠ ʨʘʩʰʠʬʨʦʚʳʚʘʝʪʩʷ 
ʧʨʠ ʝʛʦ ʯʪʝʥʠʠ. ɺ ʦʧʝʨʘʮʠʦʥʥʳʭ ʩʠʩʪʝʤʘʭ ʩʝʤʝʡʩʪʚʘ Windows NT ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʚʦʟʤʦʞʥʦʩʪʠ 
ʜʠʥʘʤʠʯʝʩʢʦʛʦ ʰʠʬʨʦʚʘʥʠʷ ʬʘʡʣʘ ʧʨʠ ʝʛʦ ʟʘʧʠcʠ ʥʘ ʜʠʩʢ ʥʝʦʙʭʦʜʠʤʦ ʨʘʟʨʘʙʦʪʘʪʴ ʩʚʦʡ ʬʠʣʴʪʨ-
ʜʨʘʡʚʝʨ ʬʘʡʣʦʚʦʡ ʩʠʩʪʝʤʳ. ʌʠʣʴʪʨ-ʜʨʘʡʚʝʨ ï ʵʪʦ ʜʨʘʡʚʝʨ, ʢʦʪʦʨʳʡ ʧʝʨʝʭʚʘʪʳʚʘʝʪ ʟʘʧʨʦʩʳ ʥʘ 
ʚʚʦʜ-ʚʳʚʦʜ (IRPs ï Input/Output Request Packets [3]), ʧʨʝʜʥʘʟʥʘʯʝʥʥʳʝ ʜʣʷ ʥʝʢʦʪʦʨʳʭ ʩʫʱʝʩʪʚʫʶʱʠʭ 
ʧʨʦʛʨʘʤʤʥʳʭ ʤʦʜʫʣʝʡ (ʥʘʧʨʠʤʝʨ, ʬʘʡʣʦʚʘʷ ʩʠʩʪʝʤʘ ʠʣʠ ʜʨʘʡʚʝʨ ʜʠʩʢʘ). ɺ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʤʝʩʪʘ 
ʚʩʪʘʚʢʠ ʚ ʠʝʨʘʨʭʠʠ ʜʨʘʡʚʝʨʦʚ ʬʠʣʴʪʨ-ʜʨʘʡʚʝʨ ʙʫʜʝʪ ʧʦʣʫʯʘʪʴ ʦʧʨʝʜʝʣʝʥʥʳʝ ʟʘʧʨʦʩʳ ʦʪ ʜʠʩʧʝʪʯʝʨʘ 
ʚʚʦʜʘ-ʚʳʚʦʜʘ(I/O Manager [4]) ʠ ʠʤʝʪʴ ʦʧʨʝʜʝʣʝʥʥʳʝ ʚʦʟʤʦʞʥʦʩʪʠ ʨʘʩʰʠʨʠʪʴ ʠʤʝʶʱʫʶʩʷ 
ʬʫʥʢʮʠʦʥʘʣʴʥʦʩʪʴ, ʧʦʵʪʦʤʫ ʬʠʣʴʪʨ-ʜʨʘʡʚʝʨ ʜʦʣʞʝʥ ʙʳʪʴ ʚʩʪʘʚʣʝʥ ʚ ʠʝʨʘʨʭʠʶ ʜʨʘʡʚʝʨʦʚ ʥʘʜ 
ʜʨʘʡʚʝʨʦʤ ʢʘʞʜʦʡ ʬʘʡʣʦʚʦʡ ʩʠʩʪʝʤʳ, ʯʪʦʙʳ ʰʠʬʨʦʚʘʪʴ ʜʘʥʥʳʝ ʧʝʨʝʜ ʪʝʤ ʢʘʢ ʧʦʩʣʘʪʴ ʠʭ ʬʘʡʣʦʚʦʡ 
ʩʠʩʪʝʤʝ ʠ ʜʝʰʠʬʨʦʚʘʪʴ ʜʘʥʥʳʝ ʧʝʨʝʜ ʪʝʤ, ʢʘʢ ʠʭ ʧʦʩʳʣʘʪʴ ʦʙʨʘʪʥʦ ʧʦʣʴʟʦʚʘʪʝʣʶ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʩ 
ʫʯʸʪʦʤ ʚʦʟʤʦʞʥʦʩʪʝʡ, ʧʨʝʜʦʩʪʘʚʣʷʝʤʳʭ ʬʠʣʴʪʨ-ʜʨʘʡʚʝʨʦʤ, ʩʪʘʥʦʚʠʪʩʷ ʚʦʟʤʦʞʥʳʤ ʚʳʧʦʣʥʝʥʠʝ 
ʦʧʝʨʘʮʠʡ ʘʫʪʝʥʪʠʬʠʢʘʮʠʠ ʠ ʘʚʪʦʨʠʟʘʮʠʠ ʧʦʣʴʟʦʚʘʪʝʣʷ ʩʠʩʪʝʤʳ, ʘ ʪʘʢʞʝ ʰʠʬʨʦʚʘʥʠʷ ʜʘʥʥʳʭ 
ʬʘʡʣʦʚ çʥʘ ʣʝʪʫè, ʪʦ ʝʩʪʴ ʚ ʤʦʤʝʥʪ ʦʙʨʘʱʝʥʠʷ ʧʦʣʴʟʦʚʘʪʝʣʷ ʢ ʬʘʡʣʦʚʦʡ ʩʠʩʪʝʤʝ. ʇʨʠ ʵʪʦʤ ʩʘʤ 
ʬʘʢʪ ʪʦʛʦ, ʯʪʦ ʜʘʥʥʳʝ ʬʘʡʣʘ ʟʘʰʠʬʨʦʚʘʥʳ ʪʘʢʞʝ ʤʦʞʝʪ ʩʢʨʳʚʘʪʴʩʷ, ʧʦʩʢʦʣʴʢʫ, ʝʩʣʠ ʧʦʣʴʟʦʚʘʪʝʣʴ 
ʠʤʝʝʪ ʧʨʘʚʘ ʥʘ ʜʦʩʪʫʧ ʢ ʬʘʡʣʫ, ʪʦ ʬʘʡʣ ʙʫʜʝʪ ʘʚʪʦʤʘʪʠʯʝʩʢʠ ʨʘʩʰʠʬʨʦʚʳʚʘʪʴʩʷ ʬʠʣʴʪʨ-
ʜʨʘʡʚʝʨʦʤ, ʢʦʪʦʨʦʤʫ ʙʫʜʝʪ ʠʟʚʝʩʪʝʥ ʢʣʶʯ ʰʠʬʨʦʚʘʥʠʷ, ʠ ʧʦʣʴʟʦʚʘʪʝʣʴ ʩʤʦʞʝʪ ʩ ʥʠʤ ʨʘʙʦʪʘʪʴ ʪʘʢ, 
ʩʣʦʚʥʦ ʦʥ ʠ ʥʝ ʙʳʣ ʟʘʰʠʬʨʦʚʘʥ, ʚ ʠʥʦʤ ʩʣʫʯʘʝ ʧʦʣʴʟʦʚʘʪʝʣʶ ʙʫʜʝʪ ʦʪʢʘʟʘʥʦ ʚ ʜʦʩʪʫʧʝ ʢ ʬʘʡʣʫ. 
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ɸʃɻʆʈʀʊʄʓ ʇʆʉʊʈʆɽʅʀʗ ʇɽʈʉʆʅɸʃʀɿʀʈʆɺɸʅʅʓʍ 
ʄʋɿʓʂɸʃʔʅʓʍ ʈɽʂʆʄɽʅɼɸʊɽʃʔʅʓʍ ʉʀʉʊɽʄ 

ʆʨʣʦʚʘ ɸ.ʉ. 

ɹʝʣʦʨʫʩʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʥʬʦʨʤʘʪʠʢʠ ʠ ʨʘʜʠʦʵʣʝʢʪʨʦʥʠʢʠ 
ʛ. ʄʠʥʩʢ, ʈʝʩʧʫʙʣʠʢʘ ɹʝʣʘʨʫʩʴ 

ʇʝʪʶʢʝʚʠʯ ʅ.ʉ. ï ʤ.ʪ.ʥ.,ʘʩʩʠʩʪʝʥʪ 

ʅʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʩʫʱʝʩʪʚʫʝʪ ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʩʝʨʚʠʩʦʚ ʜʣʷ ʧʨʦʩʣʫʰʠʚʘʥʠʷ ʤʫʟʳʢʠ. ʆʪʣʠʯʠʪʝʣʴʥʦʡ ʯʝʨʪʦʡ ʧʦʜʦʙʥʳʭ 
ʩʝʨʚʠʩʦʚ ʷʚʣʷʝʪʩʷ ʥʘʣʠʯʠʝ ʧʝʨʩʦʥʘʣʠʟʠʨʦʚʘʥʥʦʛʦ ʧʦʜʭʦʜʘ ʢ ʢʘʞʜʦʤʫ ʧʦʣʴʟʦʚʘʪʝʣʶ. ɿʘʜʘʯʘ ʧʝʨʩʦʥʘʣʠʟʠʨʦʚʘʥʥʦʛʦ ʧʦʜʭʦʜʘ 
ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʪʦʤ, ʯʪʦʙʳ, ʦʩʥʦʚʳʚʘʷʩʴ ʥʘ ʧʨʝʜʧʦʯʪʝʥʠʷʭ ʧʦʣʴʟʦʚʘʪʝʣʷ, ʧʨʝʜʣʦʞʠʪʴ ʤʫʟʳʢʘʣʴʥʫʶ ʢʦʤʧʦʟʠʮʠʶ, ʢʦʪʦʨʘʷ ʙʫʜʝʪ 
ʝʤʫ ʠʥʪʝʨʝʩʥʘ. ʈʝʰʝʥʠʝʤ ʜʘʥʥʦʡ ʟʘʜʘʯʠ ʟʘʥʠʤʘʶʪʩʷ ʩʧʝʮʠʘʣʴʥʳʝ ʧʨʦʛʨʘʤʤʳ, ʥʘʟʳʚʘʝʤʳʝ ʨʝʢʦʤʝʥʜʘʪʝʣʴʥʳʤʠ ʩʠʩʪʝʤʘʤʠ. 

ʈʝʢʦʤʝʥʜʘʪʝʣʴʥʳʝ ʩʠʩʪʝʤʳ ï ʵʪʦ ʧʨʦʛʨʘʤʤʥʳʝ ʩʨʝʜʩʪʚʘ, ʢʦʪʦʨʳʝ ʩʧʦʩʦʙʥʳ ʧʨʝʜʩʢʘʟʘʪʴ, 
ʢʘʢʠʝ ʦʙʲʝʢʪʳ ʙʫʜʫʪ ʠʥʪʝʨʝʩʥʳ ʧʦʣʴʟʦʚʘʪʝʣʶ ʧʨʠ ʥʘʣʠʯʠʠ ʦʧʨʝʜʝʣʸʥʥʦʡ ʠʥʬʦʨʤʘʮʠʠ ʦ ʝʛʦ 
ʧʨʝʜʧʦʯʪʝʥʠʷʭ. ʇʦʜ ʦʙʲʝʢʪʦʤ ʧʦʥʠʤʘʝʪʩʷ ʪʦ, ʯʪʦ ʠʤʝʥʥʦ ʩʠʩʪʝʤʘ ʨʝʢʦʤʝʥʜʫʝʪ ʧʦʣʴʟʦʚʘʪʝʣʶ [1]. ɺ 
ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʚ ʢʘʯʝʩʪʚʝ ʦʙʲʝʢʪʘ ʚʳʩʪʫʧʘʝʪ ʤʫʟʳʢʘʣʴʥʘʷ ʢʦʤʧʦʟʠʮʠʷ. 

ʉʫʱʝʩʪʚʫʝʪ ʜʚʝ ʦʩʥʦʚʥʳʝ ʩʪʨʘʪʝʛʠʠ ʧʦʩʪʨʦʝʥʠʷ ʨʝʢʦʤʝʥʜʘʪʝʣʴʥʳʭ ʩʠʩʪʝʤ - ʬʠʣʴʪʨʘʮʠʷ ʥʘ 
ʦʩʥʦʚʝ ʩʦʜʝʨʞʘʥʠʷ ʠ ʢʦʣʣʘʙʦʨʘʪʠʚʥʘʷ ʬʠʣʴʪʨʘʮʠʷ. ʇʨʠ ʬʠʣʴʪʨʘʮʠʠ ʥʘ ʦʩʥʦʚʝ ʩʦʜʝʨʞʘʥʠʷ 
ʩʦʟʜʘʶʪʩʷ ʧʨʦʬʠʣʠ ʧʦʣʴʟʦʚʘʪʝʣʝʡ ʠ ʦʙʲʝʢʪʦʚ. ʇʨʦʬʠʣʠ ʧʦʣʴʟʦʚʘʪʝʣʝʡ ʤʦʛʫʪ ʚʢʣʶʯʘʪʴ ʨʘʟʣʠʯʥʫʶ 
ʠʥʬʦʨʤʘʮʠʶ ʦ ʩʘʤʦʤ ʧʦʣʴʟʦʚʘʪʝʣʝ, ʘ ʪʘʢʞʝ ʝʛʦ ʦʪʚʝʪʳ ʥʘ ʟʘʨʘʥʝʝ ʩʦʩʪʘʚʣʝʥʥʳʝ ʚʦʧʨʦʩʳ, ʧʨʦʬʠʣʠ 
ʦʙʲʝʢʪʦʚ ʤʦʛʫʪ ʚʢʣʶʯʘʪʴ ʥʘʟʚʘʥʠʷ ʞʘʥʨʦʚ, ʠʤʝʥʘ ʠʩʧʦʣʥʠʪʝʣʝʡ, ʦʮʝʥʢʠ ʧʦʣʴʟʦʚʘʪʝʣʝʡ. ʄʝʪʦʜ 
ʢʦʣʣʘʙʦʨʘʪʠʚʥʦʡ ʬʠʣʴʪʨʘʮʠʠ ʥʝ ʪʨʝʙʫʝʪ ʦʧʨʝʜʝʣʝʥʠʷ ʤʥʦʞʝʩʪʚʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢ, ʘ ʦʩʥʦʚʳʚʘʝʪʩʷ 
ʪʦʣʴʢʦ ʥʘ ʠʥʬʦʨʤʘʮʠʠ ʦ ʜʝʡʩʪʚʠʷʭ ʠ ʧʦʚʝʜʝʥʠʠ ʧʦʣʴʟʦʚʘʪʝʣʝʡ ʚ ʧʨʦʰʣʦʤ. ɼʘʣʝʝ ʙʫʜʫʪ 
ʨʘʩʩʤʘʪʨʠʚʘʪʴʩʷ ʘʣʛʦʨʠʪʤʳ, ʧʨʠʤʝʥʷʝʤʳʝ ʜʣʷ ʧʦʩʪʨʦʝʥʠʷ ʨʝʢʦʤʝʥʜʘʪʝʣʴʥʳʭ ʩʠʩʪʝʤ ʤʝʪʦʜʦʤ 
ʢʦʣʣʘʙʦʨʘʪʠʚʥʦʡ ʬʠʣʴʪʨʘʮʠʠ. 

ɺ ʥʝʢʦʪʦʨʳʭ ʢʦʣʣʘʙʦʨʘʪʠʚʥʳʭ ʨʝʢʦʤʝʥʜʘʪʝʣʴʥʳʭ ʩʠʩʪʝʤʘʭ ʠʩʧʦʣʴʟʫʝʪʩʷ ʘʣʛʦʨʠʪʤ ɹʘʡʝʩʘ. ɺ 
ʝʛʦ ʦʩʥʦʚʝ ʣʝʞʠʪ ʪʝʦʨʝʤʘ ɹʘʡʝʩʘ, ʢʦʪʦʨʘʷ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʚʳʯʠʩʣʝʥʠʠ ʚʝʨʦʷʪʥʦʩʪʠ ʥʘʩʪʫʧʣʝʥʠʷ 
ʩʦʙʳʪʠʷ (ʚʳʩʪʘʚʣʝʥʠʷ ʧʦʣʴʟʦʚʘʪʝʣʝʤ ʪʦʡ ʠʣʠ ʠʥʦʡ ʦʮʝʥʢʠ) ʚ ʫʩʣʦʚʠʷʭ, ʢʦʛʜʘ ʥʘ ʦʩʥʦʚʝ ʥʘʙʣʶʜʝʥʠʡ 
ʠʟʚʝʩʪʥʘ ʣʠʰʴ ʥʝʢʦʪʦʨʘʷ ʠʥʬʦʨʤʘʮʠʷ ʦ ʩʦʙʳʪʠʷʭ. ʆʩʥʦʚʥʳʤ ʥʝʜʦʩʪʘʪʢʦʤ ʘʣʛʦʨʠʪʤʘ ɹʘʡʝʩʘ 
ʷʚʣʷʝʪʩʷ ʪʨʝʙʦʚʘʥʠʝ ʙʦʣʴʰʦʡ ʚʳʙʦʨʢʠ ʜʣʷ ʦʙʫʯʝʥʠʷ, ʘ ʪʘʢʞʝ ʪʦʪ ʬʘʢʪ, ʯʪʦ ʟʥʘʯʝʥʠʷ 
ʩʧʨʦʛʥʦʟʠʨʦʚʘʥʥʳʭ ʚʝʨʦʷʪʥʦʩʪʝʡ ʥʝ ʚʩʝʛʜʘ ʷʚʣʷʶʪʩʷ ʜʦʩʪʘʪʦʯʥʦ ʪʦʯʥʳʤʠ. ʇʦʵʪʦʤʫ ʚ ʧʦʩʣʝʜʥʝʝ 
ʚʨʝʤʷ ʠʩʧʦʣʴʟʫʶʪʩʷ ʜʨʫʛʠʝ ʘʣʛʦʨʠʪʤʳ. 

ɺ ʮʝʥʪʨʝ ʙʦʣʴʰʠʥʩʪʚʘ ʨʝʢʦʤʝʥʜʘʪʝʣʴʥʳʭ ʩʠʩʪʝʤ ʥʘʭʦʜʠʪʩʷ ʪʘʢ ʥʘʟʳʚʘʝʤʘʷ ʤʘʪʨʠʮʘ 
ʧʨʝʜʧʦʯʪʝʥʠʡ. ʕʪʦ ʤʘʪʨʠʮʘ, ʩʪʨʦʢʠ ʢʦʪʦʨʦʡ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʧʦʣʴʟʦʚʘʪʝʣʷʤ, ʘ ʩʪʦʣʙʮʳ ʢʦʤʧʦʟʠʮʠʷʤ 
(ʨʠʩʫʥʦʢ 1). ʅʘ ʧʝʨʝʩʝʯʝʥʠʠ ʥʝʢʦʪʦʨʳʭ ʩʪʨʦʢ ʩ ʥʝʢʦʪʦʨʳʤʠ ʩʪʦʣʙʮʘʤʠ ʤʘʪʨʠʮʘ ʟʘʧʦʣʥʝʥʘ ʦʮʝʥʢʘʤʠ. 
ʆʮʝʥʢʘ ï ʵʪʦ ʧʦʢʘʟʘʪʝʣʴ ʪʦʛʦ, ʥʘʩʢʦʣʴʢʦ ʧʦʣʴʟʦʚʘʪʝʣʶ ʧʦʥʨʘʚʠʣʘʩʴ ʧʨʦʩʣʫʰʘʥʥʘʷ ʢʦʤʧʦʟʠʮʠʷ ʧʦ 
ʟʘʜʘʥʥʦʡ ʰʢʘʣʝ (ʥʘʧʨʠʤʝʨ, ʦʪ 1 ʜʦ 5). ʅʝʟʘʧʦʣʥʝʥʥʳʝ ʧʦʣʷ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʥʝʧʨʦʩʣʫʰʘʥʥʳʤ 
ʢʦʤʧʦʟʠʮʠʷʤ. ʆʩʥʦʚʥʦʝ ʜʦʧʫʱʝʥʠʝ ʜʘʥʥʦʛʦ ʤʝʪʦʜʘ ʩʦʩʪʦʠʪ ʚ ʪʦʤ, ʯʪʦ ʪʝ, ʢʪʦ ʦʜʠʥʘʢʦʚʦ ʦʮʝʥʠʚʘʣʠ 
ʢʘʢʠʝ-ʣʠʙʦ ʦʙʲʝʢʪʳ ʚ ʧʨʦʰʣʦʤ, ʩʢʣʦʥʥʳ ʜʘʚʘʪʴ ʧʦʭʦʞʠʝ ʦʮʝʥʢʠ ʜʨʫʛʠʤ ʦʙʲʝʢʪʘʤ ʠ ʚ ʙʫʜʫʱʝʤ. 

ʈʠʩʫʥʦʢ 1 ï ʄʘʪʨʠʮʘ ʦʮʝʥʦʢ ʧʦʣʴʟʦʚʘʪʝʣʝʡ 
 

ɿʘʜʘʯʘ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʪʦʤ, ʯʪʦʙʳ ʧʨʝʜʧʦʣʦʞʠʪʴ, ʢʘʢ ʦʮʝʥʠʣ ʙʳ ʧʦʣʴʟʦʚʘʪʝʣʴ ʪʫ ʠʣʠ ʠʥʫʶ 
ʢʦʤʧʦʟʠʮʠʶ. ʅʘʧʨʠʤʝʨ, ʢʘʢʫʶ ʦʮʝʥʢʫ ʧʦʩʪʘʚʠʣ ʙʳ ʪʨʝʪʠʡ ʧʦʣʴʟʦʚʘʪʝʣʴ ʧʝʩʥʝ ʥʦʤʝʨ 2 ʠʣʠ 4. 

ʉʘʤʳʤ ʧʦʧʫʣʷʨʥʳʤ ʘʣʛʦʨʠʪʤʦʤ ʜʣʷ ʥʘʭʦʞʜʝʥʠʷ ʜʘʥʥʦʡ ʦʮʝʥʢʠ ʷʚʣʷʝʪʩʷ ʘʣʛʦʨʠʪʤ k-
ʙʣʠʞʘʡʰʠʭ ʩʦʩʝʜʝʡ [2]. ɸʣʛʦʨʠʪʤ ʚʢʣʶʯʘʝʪ ʩʣʝʜʫʶʱʠʝ ʰʘʛʠ: 

ī ʚʳʯʠʩʣʝʥʠʝ ʩʪʝʧʝʥʠ ʩʭʦʞʝʩʪʠ ʧʦʣʴʟʦʚʘʪʝʣʝʡ; 
ī ʥʘʭʦʞʜʝʥʠʝ k ʩʘʤʳʭ ʧʦʭʦʞʠʭ ʧʦʣʴʟʦʚʘʪʝʣʝʡ; 
ī ʨʝʢʦʤʝʥʜʘʮʠʷ ʧʦʣʴʟʦʚʘʪʝʣʶ ʪʝʭ ʢʦʤʧʦʟʠʮʠʡ, ʢʦʪʦʨʳʝ ʦʥ ʝʱʝ ʥʝ ʧʨʦʩʣʫʰʠʚʘʣ. 
ʆʮʝʥʢʠ ʢʘʞʜʦʛʦ ʧʦʣʴʟʦʚʘʪʝʣʷ ʤʦʞʥʦ ʧʨʝʜʩʪʘʚʠʪʴ ʚ ʚʠʜʝ ʚʝʢʪʦʨʘ. ʏʝʤ ʙʣʠʞʝ ʜʚʘ ʚʝʢʪʦʨʘ 

ʥʘʭʦʜʷʪʩʷ ʜʨʫʛ ʢ ʜʨʫʛʫ, ʪʝʤ ʙʦʣʝʝ ʧʦʭʦʞʠʤʠ ʷʚʣʷʶʪʩʷ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʦʮʝʥʢʠ ʧʦʣʴʟʦʚʘʪʝʣʝʡ, ʘ 
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ʟʥʘʯʠʪ, ʠ ʙʦʣʝʝ ʧʦʭʦʞʠʤʠ ʷʚʣʷʶʪʩʷ ʠʭ ʠʥʪʝʨʝʩʳ. ʈʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʚʝʢʪʦʨʘʤʠ ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ 
ʤʦʞʥʦ ʥʘʡʪʠ ʠʟ ʚʝʢʪʦʨʥʦʛʦ ʧʨʦʠʟʚʝʜʝʥʠʷ. ɿʘʧʠʰʝʤ ʚʝʢʪʦʨʥʦʝ ʧʨʦʠʟʚʝʜʝʥʠʝ ʜʚʫʭ ʚʝʢʪʦʨʦʚ: 

, 

ʛʜʝ ç - ʫʛʦʣ ʤʝʞʜʫ ʚʝʢʪʦʨʘʤʠ. 

ʏʝʤ ʤʝʥʴʰʝ ʟʥʘʯʝʥʠʝ ʫʛʣʘ ç, ʪʝʤ ʙʣʠʞʝ ʜʨʫʛ ʢ ʜʨʫʛʫ ʥʘʭʦʜʷʪʩʷ ʚʝʢʪʦʨʳ. ʉʪʝʧʝʥʴ ʩʭʦʞʝʩʪʠ 
ʧʦʣʴʟʦʚʘʪʝʣʝʡ ʤʦʞʝʪ ʙʳʪʴ ʚʳʨʘʞʝʥʘ ʢʘʢ ʟʥʘʯʝʥʠʝ ʢʦʩʠʥʫʩʘ ʫʛʣʘ ʤʝʞʜʫ ʚʝʢʪʦʨʘʤʠ (ʯʝʤ ʙʣʠʞʝ 
ʟʥʘʯʝʥʠʝ ʢʦʩʠʥʫʩʘ ʢ 1, ʪʝʤ ʙʦʣʝʝ ʧʦʭʦʞʠʝ ʠʥʪʝʨʝʩʳ ʫ ʧʦʣʴʟʦʚʘʪʝʣʝʡ): 

. 
ʇʦʩʣʝ ʪʦʛʦ, ʢʘʢ ʥʘʡʜʝʥʳ ʧʦʣʴʟʦʚʘʪʝʣʠ ʩʦ ʩʭʦʞʠʤʠ ʠʥʪʝʨʝʩʘʤʠ, ʮʝʣʝʚʦʤʫ ʧʦʣʴʟʦʚʘʪʝʣʶ ʤʦʛʫʪ 

ʙʳʪʴ ʧʦʨʝʢʦʤʝʥʜʦʚʘʥʳ ʢʦʤʧʦʟʠʮʠʠ. 
ɿʘʯʘʩʪʫʶ ʪʘʢʠʝ ʤʘʪʨʠʮʳ ʨʘʟʨʘʩʪʘʶʪʩʷ ʚ ʦʙʲʝʤʘʭ, ʩʪʘʥʦʚʷʪʩʷ ʩʣʠʰʢʦʤ ʙʦʣʴʰʠʤʠ ʠ ʠʭ 

ʥʝʫʜʦʙʥʦ, ʩʣʦʞʥʦ ʠ ʜʦʣʛʦ ʦʙʨʘʙʘʪʳʚʘʪʴ. ʉʫʱʝʩʪʚʫʝʪ ʝʱʸ ʦʜʠʥ ʘʣʛʦʨʠʪʤ, ʢʦʪʦʨʳʡ ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ 
ʩʦʟʜʘʥʠʷ ʨʝʢʦʤʝʥʜʘʪʝʣʴʥʳʭ ʩʠʩʪʝʤ - ʬʘʢʪʦʨʠʟʘʮʠʷ ʤʘʪʨʠʮ. ʉ ʧʦʤʦʱʴʶ ʵʪʦʛʦ ʤʝʪʦʜʘ ʠʟʥʘʯʘʣʴʥʫʶ 
ʤʘʪʨʠʮʫ ʧʨʝʜʧʦʯʪʝʥʠʡ ʤʦʞʥʦ ʧʨʝʜʩʪʘʚʠʪʴ ʚ ʚʠʜʝ ʧʨʦʠʟʚʝʜʝʥʠʷ ʜʚʫʭ ʧʨʷʤʦʫʛʦʣʴʥʳʭ ʤʘʪʨʠʮ 
ʤʝʥʴʰʝʡ ʨʘʟʤʝʨʥʦʩʪʠ (ʨʠʩʫʥʦʢ 2). ʆʜʥʘ ʤʘʪʨʠʮʘ ʤʦʞʝʪ ʙʳʪʴ ʧʨʝʜʩʪʘʚʣʝʥʘ ʢʘʢ ʤʘʪʨʠʮʘ 
ʧʦʣʴʟʦʚʘʪʝʣʝʡ, ʛʜʝ ʩʪʨʦʢʠ - ʵʪʦ ʧʦʣʴʟʦʚʘʪʝʣʠ, ʘ ʩʪʦʣʙʮʳ - ʵʪʦ ʩʢʨʳʪʳʝ ʧʨʠʟʥʘʢʠ. ɺʪʦʨʘʷ ʤʘʪʨʠʮʘ - 
ʤʘʪʨʠʮʘ ʧʝʩʝʥ, ʛʜʝ ʩʪʨʦʢʠ - ʵʪʦ ʩʢʨʳʪʳʝ ʧʨʠʟʥʘʢʠ, ʘ ʩʪʦʣʙʮʳ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʩʘʤʠ ʧʝʩʥʠ. 

ʈʠʩʫʥʦʢ 2 ï ʈʘʟʣʦʞʝʥʠʝ ʤʘʪʨʠʮʳ ʦʮʝʥʦʢ ʧʦʣʴʟʦʚʘʪʝʣʝʡ 

 
ʏʝʤ ʙʦʣʴʰʝ ʢʦʣʠʯʝʩʪʚʦ ʧʨʠʟʥʘʢʦʚ, ʪʝʤ ʪʦʯʥʝʝ ʙʫʜʝʪ ʧʨʠʙʣʠʞʝʥʠʝ ʦʮʝʥʢʠ, ʥʦ ʚ ʪʦ ʞʝ ʚʨʝʤʷ 

ʘʣʛʦʨʠʪʤ ʙʫʜʝʪ ʩʣʦʞʥʝʝ, ʨʘʙʦʪʘʪʴ ʙʫʜʝʪ ʜʦʣʴʰʝ ʠ ʨʘʟʤʝʨ ʤʘʪʨʠʮ ʙʫʜʝʪ ʙʦʣʴʰʝ. ʂʦʣʠʯʝʩʪʚʦ 
ʧʨʠʟʥʘʢʦʚ ʩʣʝʜʫʝʪ ʚʳʙʠʨʘʪʴ ʨʘʟʫʤʥʦ, ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʚ ʢʦʥʢʨʝʪʥʫʶ ʟʘʜʘʯʫ. 

ʆʜʥʠʤ ʠʟ ʤʝʪʦʜʦʚ ʨʘʟʣʦʞʝʥʠʷ ʤʘʪʨʠʮ ʷʚʣʷʝʪʩʷ ʤʫʣʴʪʠʧʣʠʢʘʪʠʚʥʦʝ ʧʨʘʚʠʣʦ ʦʙʥʦʚʣʝʥʠʷ [3].  

ʛʜʝ A ï ʠʩʭʦʜʥʘʷ ʤʘʪʨʠʮʘ ʦʮʝʥʦʢ ʨʘʟʤʝʨʥʦʩʪʴʶ nÖm; 

H ï ʤʘʪʨʠʮʘ ʧʝʩʝʥ, ʟʘʧʦʣʥʝʥʥʘʷ ʥʘʯʘʣʴʥʳʤʠ ʩʣʫʯʘʡʥʳʤʠ ʟʥʘʯʝʥʠʷʤʠ, ʨʘʟʤʝʨʥʦʩʪʴʶ kÖm; 
W ï   ʤʘʪʨʠʮʘ ʧʦʣʴʟʦʚʘʪʝʣʝʡ, ʟʘʧʦʣʥʝʥʥʘʷ ʥʘʯʘʣʴʥʳʤʠ ʩʣʫʯʘʡʥʳʤʠ ʟʥʘʯʝʥʠʷʤʠ, 

ʨʘʟʤʝʨʥʦʩʪʴʶ nÖk. 
 
ɼʘʥʥʳʡ ʤʝʪʦʜ ʷʚʣʷʝʪʩʷ ʠʪʝʨʘʪʠʚʥʳʤ, ʚ ʢʦʥʮʝ ʢʘʞʜʦʡ ʠʪʝʨʘʮʠʠ ʚʳʯʠʩʣʷʝʪʩʷ ʦʰʠʙʢʘ. ɸʣʛʦʨʠʪʤ 

ʦʩʪʘʥʘʚʣʠʚʘʝʪʩʷ, ʢʦʛʜʘ ʟʥʘʯʝʥʠʝ ʦʰʠʙʢʠ ʧʨʠʙʣʠʞʘʝʪʩʷ ʢ 0: 

ɼʘʥʥʳʡ ʤʝʪʦʜ ʨʝʰʘʝʪ ʧʨʦʙʣʝʤʫ ʦʙʨʘʙʦʪʢʠ ʙʦʣʴʰʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʜʘʥʥʳʭ, ʘ ʪʘʢʞʝ ʜʘʸʪ ʭʦʨʦʰʝʝ 
ʧʨʠʙʣʠʞʝʥʠʝ ʦʮʝʥʦʢ ʧʦʣʴʟʦʚʘʪʝʣʝʡ. 

 
ʉʧʠʩʦʢ ʠʩʧʦʣʴʟʦʚʘʥʥʳʭ ʠʩʪʦʯʥʠʢʦʚ: 
1. Francesco Ricci, Lior Rokach, Bracha Shapira, Paul B. Kantor. Recommender Systems Handbook. 2011. 
2. Lars Elden. 2007. Matrix Methods in Data Mining and Pattern Recognition (Fundamentals of Algorithms). Soc. for Industrial 

and Applied Math., Philadelphia, PA, USA. 
3. Michael W. Berry, Murray Browne, Amy N. Langville, V. Paul Pauca, Robert J. Plemmons, Algorithms and applications for 

approximate nonnegative matrix factorization, Computational Statistics & Data Analysis, Volume 52, Issue 1, 2007, p. 155-173. 
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ʂʈʀʇʊʆɸʅɸʃʀɿ 
ʆʇʊʀʄʀɿɸʎʀʗ ʊɽʉʊɸ ʂɸʉʀʉʂʀ ʇʆɼ ʇʈʆɻʈɽʉʉʀɺʅʓʁ ʂʃʖʏ 

ʇʘʥʢʨʘʪʴʝʚ ɸ.ʉ., ɹʦʣʪʘʢ ʉ.ɺ. 

ɹʝʣʦʨʫʩʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʥʬʦʨʤʘʪʠʢʠ ʠ ʨʘʜʠʦʵʣʝʢʪʨʦʥʠʢʠ 
ʛ. ʄʠʥʩʢ, ʈʝʩʧʫʙʣʠʢʘ ɹʝʣʘʨʫʩʴ 

ɹʦʣʪʘʢ ʉ.ɺ. ï ʘʩʩʠʩʪʝʥʪ 

ʐʠʬʨ - ʦʜʠʥ ʠʟ ʩʧʦʩʦʙʦʚ ʩʦʢʨʳʪʠʷ ʠʥʬʦʨʤʘʮʠʠ. ʂʨʠʧʪʦʘʥʘʣʠʟ  - ʥʘʫʢʘ ʦ ʤʝʪʦʜʘʭ ʜʝʰʠʬʨʦʚʢʠ ʠʥʬʦʨʤʘʮʠʠ ʚ ʩʣʫʯʘʝ, ʢʦʛʜʘ 

ʥʝʪ ʧʨʝʜʥʘʟʥʘʯʝʥʥʦʛʦ ʜʣʷ ʜʝʰʠʬʨʦʚʘʥʠʷ ʢʣʶʯʘ. ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʨʘʟʨʘʙʦʪʘʥ ʘʣʛʦʨʠʪʤ ʚʟʣʦʤʘ ʰʠʬʨʘ ɺʠʞʝʥʝʨʘ ʩ 

ʧʨʦʛʨʝʩʩʠʚʥʳʤ ʩʧʦʩʦʙʦʤ ʛʝʥʝʨʘʮʠʠ ʢʣʶʯʝʚʦʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ.  

ʆʜʠʥ ʠʟ ʧʨʦʩʪʝʡʰʠʭ ʧʦʜʩʪʘʥʦʚʦʯʥʳʭ ʰʠʬʨʦʚ ʚ 17 ʚʝʢʝ ʧʨʝʜʣʦʞʠʣ ɹʣʝʟ ɺʠʞʝʥʝʨ. ɺ ʢʘʯʝʩʪʚʝ 

ʢʣʶʯʘ ʰʠʬʨʦʚʘʥʠʷ ʚʳʩʪʫʧʘʝʪ ʢʣʶʯʝʚʘʷ ʬʨʘʟʘ. ʂʣʶʯʝʚʘʷ ʬʨʘʟʘ ʧʦʚʪʦʨʷʝʪʩʷ ʜʦ ʪʝʭ ʧʦʨ, ʧʦʢʘ ʥʝ 

ʜʦʩʪʠʛʥʝʪ ʜʣʠʥʳ ʰʠʬʨʫʝʤʦʛʦ ʪʝʢʩʪʘ. ʂʘʞʜʘʷ ʙʫʢʚʘ ʩʝʢʨʝʪʥʦʛʦ ʩʦʦʙʱʝʥʠʷ ʧʦʣʫʯʘʝʪʩʷ ʩʜʚʠʛʦʤ 

ʢʘʞʜʦʡ ʙʫʢʚʳ ʠʩʭʦʜʥʦʛʦ ʪʝʢʩʪʘ ʥʘ ʦʧʨʝʜʝʣʸʥʥʦʝ ʯʠʩʣʦ, ʟʘʜʘʚʘʝʤʦʝ ʙʫʢʚʦʡ ʢʣʶʯʝʚʦʡ ʬʨʘʟʳ (ʙʫʢʚʘ ɸ 

ʥʝ ʜʘʸʪ ʩʜʚʠʛʘ, ʙʫʢʚʘ ɹ ð ʩʜʚʠʛ ʥʘ ʦʜʥʫ ʧʦʟʠʮʠʶ, ɺ ð ʥʘ ʜʚʝ ʠ ʪ.ʜ.). ʅʘʧʨʠʤʝʨ, ʧʦʧʨʦʙʫʝʤ 

ʟʘʰʠʬʨʦʚʘʪʴ ʩʣʦʚʦ çʂʋʇʃɽʊè, ʧʦʣʴʟʫʷʩʴ ʢʣʶʯʝʚʦʡ ʬʨʘʟʦʡ çɸɹɺè. ʇʦʩʣʝ ʧʦʚʪʦʨʝʥʠʷ ʢʣʶʯʝʚʦʡ 

ʬʨʘʟʳ ʧʦʣʫʯʘʝʪʩʷ ʩʣʝʜʫʶʱʘʷ ʢʣʶʯʝʚʘʷ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ: çɸɹɺɸɹɺè. ʐʠʬʨʦʚʘʥʠʝ ʧʨʦʠʩʭʦʜʠʪ 

ʧʦ ʩʣʝʜʫʶʱʝʤʫ ʘʣʛʦʨʠʪʤʫ: ʉʠʤʚʦʣ çʂè ʥʝ ʧʦʜʚʝʨʛʘʝʪʩʷ ʩʜʚʠʛʫ, ʩʠʤʚʦʣ çʋè ʩʜʚʠʛʘʝʪʩʷ ʥʘ ʦʜʥʫ 

ʧʦʟʠʮʠʶ, ʧʨʝʚʨʘʱʘʷʩʴ ʚ çʌè, ʩʠʤʚʦʣ çʇè ʩʜʚʠʛʘʝʪʩʷ ʥʘ ʜʚʝ ʧʦʟʠʮʠʠ, ʧʨʝʚʨʘʱʘʷʩʴ ʚ çʉè. ʇʦʩʣʝ 

ʜʘʣʴʥʝʡʰʝʛʦ ʰʠʬʨʦʚʘʥʠʷ, ʤʳ ʚ ʠʪʦʛʝ ʧʦʣʫʯʘʝʤ çʂʌʉʃɪʌè [1]. 

ʅʘ ʧʨʦʪʷʞʝʥʠʠ ʥʝʩʢʦʣʴʢʠʭ ʩʪʦʣʝʪʠʡ ʪʘʢʦʡ ʩʧʦʩʦʙ ʰʠʬʨʦʚʘʥʠʷ ʩʯʠʪʘʣʠ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ 

ʚʟʣʘʤʳʚʘʝʤʳʤ. ʆʜʥʘʢʦ ʚ 19 ʚʝʢʝ ʙʳʣʠ ʧʨʝʜʧʨʠʥʷʪʳ ʧʝʨʚʳʝ ʧʦʧʳʪʢʠ ʚʟʣʦʤʘ ʜʘʥʥʦʛʦ ʰʠʬʨʘ. ɺʩʝ 

ʦʥʠ ʙʳʣʠ ʦʩʥʦʚʘʥʳ ʥʘ ʥʘʭʦʞʜʝʥʠʠ ʜʣʠʥʳ ʢʣʶʯʝʚʦʡ ʬʨʘʟʳ, ʚʝʜʴ ʝʩʣʠ ʠʟʚʝʩʪʥʘ ʝʸ ʜʣʠʥʘ, ʪʦ 

ʟʘʰʠʬʨʦʚʘʥʥʳʡ ʪʝʢʩʪ ʤʦʞʥʦ ʨʘʟʙʠʪʴ ʥʘ ʬʨʘʛʤʝʥʪʳ, ʢʘʞʜʳʡ ʠʟ ʢʦʪʦʨʳʭ ʢʦʜʠʨʫʝʪʩʷ ʦʙʳʯʥʳʤ 

ʰʠʬʨʦʤ ʎʝʟʘʨʷ [1]. ɺ ʧʨʠʤʝʨʝ ʚʳʰʝ ʂ,ʃ ï ʢʦʜʠʨʫʶʪʩʷ ʥʫʣʝʚʳʤ ʩʜʚʠʛʦʤ. ʋ,ɽ ï ʩʜʚʠʛʦʤ ʥʘ ʩʠʤʚʦʣ, 

ʇ,ʊ ï ʩʜʚʠʛʦʤ ʥʘ ʜʚʘ ʩʠʤʚʦʣʘ. ɽʩʣʠ ʪʝʢʩʪ ʜʦʩʪʘʪʦʯʥʦ ʜʣʠʥʥʳʡ, ʤʦʞʥʦ ʧʨʠʤʝʥʠʪʴ ʯʘʩʪʦʪʥʳʡ ʘʥʘʣʠʟ ʠ 

ʧʦʣʫʯʠʪʴ ʠʩʭʦʜʥʳʡ ʪʝʢʩʪ. ʀʟ ʵʪʦʛʦ ʩʣʝʜʫʝʪ, ʯʪʦ ʚʟʣʦʤ ʜʘʥʥʦʛʦ ʰʠʬʨʘ ʩʚʦʜʠʪʩʷ ʢ ʧʦʠʩʢʫ ʜʣʠʥʳ 

ʢʣʶʯʝʚʦʡ ʬʨʘʟʳ. ʆʜʥʠʤ ʠʟ ʥʘʠʙʦʣʝʝ ʧʦʧʫʣʷʨʥʳʭ ʘʣʛʦʨʠʪʤʦʚ ʜʣʷ ʵʪʦʡ ʮʝʣʠ ʩʣʫʞʠʪ ʪʝʩʪ ʂʘʩʠʩʢʠ [2]. 

ʆʥ ʧʨʠʤʝʥʷʝʪʩʷ ʜʣʷ ʥʘʭʦʞʜʝʥʠʷ ʜʣʠʥʳ ʢʣʶʯʘ ʚ ʧʦʣʠʘʣʬʘʚʠʪʥʳʭ ʰʠʬʨʘʭ, ʪʘʢʠʭ ʢʘʢ ʰʠʬʨ ɺʠʞʝʥʝʨʘ. 

ʆʩʥʦʚʥʘʷ ʠʜʝʷ ʘʣʛʦʨʠʪʤʘ ʦʩʥʦʚʘʥʘ ʥʘ ʪʦʤ, ʯʪʦ ʦʜʠʥʘʢʦʚʳʝ ʫʯʘʩʪʢʠ ʦʪʢʨʳʪʦʛʦ ʪʝʢʩʪʘ ʧʨʠ 

ʰʠʬʨʦʚʘʥʠʠ ʜʘʶʪ ʦʜʠʥʘʢʦʚʳʝ ʦʪʨʝʟʢʠ ʢʨʠʧʪʦʛʨʘʤʤ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʥʘʡʜʷ ʨʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʪʘʢʠʤʠ 

ʦʪʨʝʟʢʘʤʠ, ʤʳ ʩʤʦʞʝʤ ʩʜʝʣʘʪʴ ʚʳʚʦʜ ʦ ʜʣʠʥʝ ʢʣʶʯʘ. 

ɽʩʣʠ ʜʣʷ ʧʨʷʤʦʛʦ ʢʣʶʯʘ ʪʝʩʪ ʨʘʙʦʪʘʝʪ ʦʪʣʠʯʥʦ, ʪʦ ʜʣʷ ʧʨʦʛʨʝʩʩʠʚʥʦʛʦ - ʢʣʘʩʩʠʯʝʩʢʠʡ ʪʝʩʪ 
ʂʘʩʠʩʢʠ ʩʪʘʥʦʚʠʪʩʷ ʙʝʩʧʦʣʝʟʥʳʤ. ʉʘʤʘ ʠʜʝʷ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʧʨʦʛʨʝʩʩʠʚʥʦʛʦ ʢʣʶʯʘ ʟʘʢʣʶʯʘʝʪʩʷ ʚ 
ʮʠʢʣʠʯʝʩʢʦʤ ʩʜʚʠʛʝ ʩʠʤʚʦʣʦʚ ʢʣʶʯʘ ʥʘ ʦʜʥʫ ʧʦʟʠʮʠʶ ʚ ʫʧʦʨʷʜʦʯʝʥʥʦʤ ʘʣʬʘʚʠʪʝ ʩʠʤʚʦʣʦʚ ʧʨʠ 
ʧʦʚʪʦʨʥʦʤ ʧʨʠʤʝʥʝʥʠʠ ʢʣʶʯʘ. ʊʦʛʜʘ ʜʣʷ ʢʣʶʯʘ çɸɻɽè ʧʨʠ ʧʦʚʪʦʨʥʦʤ ʝʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʧʦ 
ʧʨʦʛʨʝʩʩʠʚʥʦʡ ʩʭʝʤʝ ʠʤʝʝʤ  çɹɼɪè, ʘ ʧʨʠ ʪʨʝʪʴʝʤ  çɺɽɾè, ʠ ʪʘʢ ʜʘʣʝʝ. 

ʇʨʠ ʨʘʟʨʘʙʦʪʢʝ ʧʨʦʛʨʘʤʤʥʦʛʦ ʩʨʝʜʩʪʚʘ ʜʣʷ ʢʨʠʧʪʦʘʥʘʣʠʟʘ ʰʠʬʨʘ ʩ ʧʨʦʛʨʝʩʩʠʚʥʦʡ ʢʣʶʯʝʚʦʡ 
ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴʶ ʙʳʣʠ ʨʘʩʩʤʦʪʨʝʥʳ ʨʘʟʣʠʯʥʳʝ ʘʣʛʦʨʠʪʤʳ. ʉʘʤʳʤ ʦʯʝʚʠʜʥʳʤ ʨʝʰʝʥʠʝʤ 
ʷʚʣʷʝʪʩʷ ʩʣʝʜʫʶʱʝʝ ʠʟʤʝʥʝʥʠʝ ʢʣʘʩʩʠʯʝʩʢʦʛʦ ʪʝʩʪʘ: ʧʨʠ ʧʦʠʩʢʝ ʦʜʠʥʘʢʦʚʳʭ L-ʛʨʘʤʤ ʚʳʙʠʨʘʪʴ L-
ʛʨʘʤʤʳ, ʣʝʞʘʱʠʝ ʥʘ ʨʘʩʩʪʦʷʥʠʷʭ ʢʨʘʪʥʳʭ ʜʣʠʥʝ ʘʣʬʘʚʠʪʘ, ʪʘʢ ʢʘʢ ʚ ʵʪʦʤ ʩʣʫʯʘʝ ʢʣʶʯ ʚʝʨʥʝʪʩʷ ʚ 
ʩʚʦʝ ʠʩʭʦʜʥʦʝ ʩʦʩʪʦʷʥʠʝ. ʅʝʜʦʩʪʘʪʦʢ - ʜʣʷ ʪʝʢʩʪʦʚ ʥʘ ʨʫʩʩʢʦʤ ʷʟʳʢʝ ʜʣʠʥʘ ʰʠʬʨʦʪʝʢʩʪʘ ʜʦʣʞʥʘ 
ʙʳʪʴ ʧʦʨʷʜʢʘ 2000 ʩʠʤʚʦʣʦʚ. 

 ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʧʨʝʜʣʘʛʘʝʪʩʷ ʩʣʝʜʫʶʱʝʝ ʨʝʰʝʥʠʝ: ʜʣʷ ʧʦʠʩʢʘ ʦʜʠʥʘʢʦʚʳʭ L-ʛʨʘʤʤ 
ʥʝʦʙʭʦʜʠʤʦ ʥʘ ʢʘʞʜʦʡ ʠʪʝʨʘʮʠʠ ʩʜʚʠʛʘʪʴ ʩʠʤʚʦʣʳ ʥʘ ʦʜʥʫ ʧʦʟʠʮʠʶ, ʫʯʠʪʳʚʘʷ ʥʦʤʝʨ ʦʧʝʨʘʮʠʠ ʜʣʷ 
ʦʧʨʝʜʝʣʝʥʠʷ ʨʘʩʩʪʦʷʥʠʷ. ɽʩʣʠ ʠʩʢʦʤʘʷ L-ʛʨʘʤʤʘ ʥʘʯʠʥʘʝʪʩʷ ʩ ʠʥʜʝʢʩʘ i ʠ ʦʥʘ ʧʦʚʪʦʨʥʦ ʥʘʡʜʝʥʘ ʚ 
ʰʠʬʨʦʪʝʢʩʪʝ, ʥʘʯʠʥʘʷ ʩ ʠʥʜʝʢʩʘ j ʧʦʩʣʝ k ʩʜʚʠʛʦʚ ʩʠʤʚʦʣʦʚ ʠʩʢʦʤʦʡ L-ʛʨʘʤʤʳ, ʪʦ ʨʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ 
L-ʛʨʘʤʤʘʤʠ ʨʘʚʥʦ ʦʩʪʘʪʢʫ ʦʪ ʮʝʣʦʯʠʩʣʝʥʥʦʛʦ ʜʝʣʝʥʠʷ (i - j Ŀ k) ʥʘ ʢʦʣʠʯʝʩʪʚʦ ʙʫʢʚ ʚ ʘʣʬʘʚʠʪʝ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʘʣʛʦʨʠʪʤ ʪʝʩʪʘ ʂʘʩʠʩʢʠ ʜʣʷ ʧʨʦʛʨʝʩʩʠʚʥʦʛʦ ʢʣʶʯʘ ʙʫʜʝʪ ʠʤʝʪʴ ʩʣʝʜʫʶʱʠʡ ʚʠʜ: 
1) ʧʦʠʩʢ ʚ ʪʝʢʩʪʝ ʧʦʚʪʦʨʷʶʱʠʭʩʷ L-ʛʨʘʤʤ ʠ ʥʘʭʦʞʜʝʥʠʝ ʨʘʩʩʪʦʷʥʠʡ ʤʝʞʜʫ ʥʠʤʠ (ʩʭʝʤʘ 

ʘʣʛʦʨʠʪʤʘ ʧʨʠʚʝʜʝʥʘ ʥʘ ʨʠʩʫʥʢʝ 1): 
- ʥʘʡʪʠ ʨʘʩʩʪʦʷʥʠʷ ʥʘ i-ʦʡ ʦʧʝʨʘʮʠʠ ʠ ʟʘʥʝʩʪʠ ʚ ʩʧʠʩʦʢ ʠʪʝʨʘʮʠʦʥʥʳʭ ʨʘʩʩʪʦʷʥʠʡ; 
- ʚ ʢʦʥʮʝ ʠʪʝʨʘʮʠʠ ʥʘʡʪʠ ʥʘʠʙʦʣʝʝ ʯʘʩʪʦ ʚʩʪʨʝʯʘʶʱʝʝʩʷ ʧʦʚʪʦʨʝʥʠʝ ʠ ʟʘʥʝʩʪʠ ʚ ʩʧʠʩʦʢ; 
- ʦʯʠʩʪʠʪʴ ʩʧʠʩʦʢ ʠʪʝʨʘʮʠʦʥʥʳʭ ʨʘʩʩʪʦʷʥʠʡ; 

2) ʩʨʝʜʠ ʥʘʡʜʝʥʥʳʭ ʨʘʩʩʪʦʷʥʠʡ ʧʦʠʩʢ ʥʘʠʤʝʥʴʰʝʛʦ ʜʝʣʠʪʝʣʷ, ʜʘʥʥʦʝ ʟʥʘʯʝʥʠʝ ï 
ʠʩʢʦʤʘʷ ʜʣʠʥʘ ʢʣʶʯʝʚʦʡ ʬʨʘʟʳ. 



55-ʷ ʶʙʠʣʝʡʥʘʷ ʥʘʫʯʥʘʷ ʢʦʥʬʝʨʝʥʮʠʷ ʘʩʧʠʨʘʥʪʦʚ, ʤʘʛʠʩʪʨʘʥʪʦʚ ʠ ʩʪʫʜʝʥʪʦʚ ɹɻʋʀʈ, 2019 ʛ. 

140 
 

ʇʦʣʫʯʠʚ ʜʣʠʥʫ ʢʣʶʯʘ, ʢʨʠʧʪʦʘʥʘʣʠʪʠʢ ʩ ʧʦʤʦʱʴʶ ʯʘʩʪʦʪʥʦʛʦ ʘʥʘʣʠʟʘ ʤʦʞʝʪ ʣʝʛʢʦ ʧʦʣʫʯʠʪʴ 

ʠʩʢʦʤʳʡ ʪʝʢʩʪ. 

ʇʦʣʫʯʝʥʥʳʡ ʘʣʛʦʨʠʪʤ ʦʪʣʠʯʥʦ ʩʧʨʘʚʣʷʝʪʩʷ ʩ ʰʠʬʨʦʪʝʢʩʪʘʤʠ ʦʪ 300 ʩʣʦʚ ʠ ʙʦʣʝʝ ʩ 

ʧʦʚʪʦʨʷʶʱʠʤʠʩʷ L-ʛʨʘʤʤʘʤʠ ʚ ʠʩʭʦʜʥʦʤ ʪʝʢʩʪʝ ʠ ʢʣʶʯʦʤ, ʜʣʠʥʦʡ ʥʝ ʙʦʣʴʰʝ ʜʣʠʥʳ ʘʣʬʘʚʠʪʘ. ɼʣʷ 

ʙʦʣʝʝ ʤʘʣʝʥʴʢʠʭ ʪʝʢʩʪʦʚ ʘʣʛʦʨʠʪʤ ʪʘʢ ʞʝ ʨʘʙʦʪʘʝʪ, ʭʦʪʴ ʠ ʩ ʤʝʥʴʰʝʡ ʪʦʯʥʦʩʪʴʶ ʥʘʭʦʞʜʝʥʠʷ ʢʣʶʯʘ. 

ʉʭʝʤʘ ʥʘ ʨʠʩʫʥʢʝ 1 ʧʦʷʩʥʷʝʪ ʘʣʛʦʨʠʪʤ , ʦʧʠʩʘʥʥʳʡ ʚʳʰʝ 
 

 

ʈʠʩʫʥʦʢ 1 ï ɸʣʛʦʨʠʪʤ ʧʦʠʩʢʘ ʨʘʩʩʪʦʷʥʠʡ ʤʝʞʜʫ L-ʛʨʘʤʤʘʤʠ 
 

ʊʝʩʪ ʂʘʩʠʩʢʠ ʧʦʟʚʦʣʷʝʪ ʪʦʣʴʢʦ ʧʦʣʫʯʠʪʴ ʜʣʠʥʫ ʢʣʶʯʘ, ʦʜʥʘʢʦ ʧʨʝʢʨʘʩʥʦ ʩʦʯʝʪʘʝʪʩʷ ʩ 

ʨʘʟʣʠʯʥʳʤʠ ʤʝʪʦʜʘʤʠ ʢʨʠʧʪʦʘʥʘʣʠʟʘ, ʧʨʝʜʧʦʣʘʛʘʶʱʠʤʠ ʥʘʣʠʯʠʝ ʜʣʠʥʳ ʢʣʶʯʝʚʦʛʦ ʩʣʦʚʘ.  

ʈʘʟʨʘʙʦʪʘʥʥʦʝ ʧʨʦʛʨʘʤʤʥʦʝ ʩʨʝʜʩʪʚʦ ʧʦʟʚʦʣʷʝʪ ʦʩʫʱʝʩʪʚʠʪʴ ʢʨʠʧʪʦʘʥʘʣʠʟ ʰʠʬʨʦʪʝʢʩʪʘ, 

ʧʦʣʫʯʝʥʥʦʛʦ ʧʫʪʸʤ ʰʠʬʨʦʚʘʥʠʷ ʤʝʪʦʜʦʤ ɺʠʞʝʥʝʨʘ ʩ ʧʨʦʛʨʝʩʩʠʚʥʦʡ ʢʣʶʯʝʚʦʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴʶ. 
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ʀʅʌʆʈʄɸʎʀʀ ʅɸ ʂɸʈʊɽ 

ʇʘʥʢʨʘʪʴʝʚ ɸ.ʉ.,  ɻʦʣʫʙʝʚ ʂ.ɸ., ʇʠʣʠʥʢʦ ʅ.ɸ. 

ɹʝʣʦʨʫʩʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʥʬʦʨʤʘʪʠʢʠ ʠ ʨʘʜʠʦʵʣʝʢʪʨʦʥʠʢʠ 
ʛ. ʄʠʥʩʢ, ʈʝʩʧʫʙʣʠʢʘ ɹʝʣʘʨʫʩʴ 

ʃʘʧʠʮʢʘʷ ʅ.ɺ. ï ʢ.ʪ.ʥ.,ʜʦʮʝʥʪ 

ʂʘʞʜʳʡ ʜʝʥʴ ʯʝʣʦʚʝʢ ʧʦʪʨʝʙʣʷʝʪ ʦʛʨʦʤʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʠʥʬʦʨʤʘʮʠʠ: ʦʪ ʵʪʠʢʝʪʦʢ ʥʘ ʧʨʦʜʫʢʪʘʭ ʜʦ ʦʪʯʸʪʦʚ ɺʩʝʤʠʨʥʦʡ 
ʦʨʛʘʥʠʟʘʮʠʠ ʟʜʨʘʚʦʦʭʨʘʥʝʥʠʷ. ɺ ʨʝʟʫʣʴʪʘʪʝ, ʧʨʝʜʦʩʪʘʚʠʪʴ ʠʥʬʦʨʤʘʮʠʶ ʪʘʢ, ʯʪʦʙʳ ʝʸ ʤʦʞʥʦ ʙʳʣʦ ʣʝʛʢʦ ʚʦʩʧʨʠʥʠʤʘʪʴ, 
ʩʪʘʥʦʚʠʪʩʷ ʚʩʝ ʩʣʦʞʥʝʝ ʠ ʩʣʦʞʥʝʝ. ʆʜʠʥ ʠʟ ʣʫʯʰʠʭ ʩʧʦʩʦʙʦʚ ʧʦʤʦʯʴ ʚʦʩʧʨʠʥʷʪʴ ʠʥʬʦʨʤʘʮʠʶ ð ʚʠʟʫʘʣʠʟʘʮʠʷ ʵʪʠʭ ʜʘʥʥʳʭ. 

ɺʠʟʫʘʣʠʟʘʮʠʷ ð ʚʘʞʥʝʡʰʠʡ ʵʪʘʧ ʚ ʧʨʦʮʝʩʩʝ ʘʥʘʣʠʟʘ ʜʘʥʥʳʭ. ʆʥ ʧʦʤʦʛʘʝʪ ʧʨʝʜʩʪʘʚʠʪʴ 
ʨʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʡ ʚ ʧʨʦʩʪʦʡ ʠ ʧʦʥʷʪʥʦʡ ʬʦʨʤʝ, ʟʘʯʘʩʪʫʶ ʩʣʫʞʠʪ ʢʣʶʯʝʚʳʤ ʬʘʢʪʦʨʦʤ ʜʣʷ 
ʧʨʠʥʷʪʠʷ ʨʝʰʝʥʠʡ ʚ ʨʘʟʣʠʯʥʳʭ ʩʬʝʨʘʭ ʜʝʷʪʝʣʴʥʦʩʪʠ. ʆʜʥʘʢʦ ʯʘʩʪʦ ʵʪʠ ʜʘʥʥʳʝ ʷʚʣʷʶʪʩʷ 
ʤʥʦʛʦʤʝʨʥʳʤʠ, ʯʪʦ ʩʠʣʴʥʦ ʫʩʣʦʞʥʷʝʪ ʠʭ ʚʠʟʫʘʣʠʟʘʮʠʶ. ʆʜʥʠʤ ʠʟ ʨʝʰʝʥʠʡ ʵʪʦʡ ʧʨʦʙʣʝʤʳ ʤʦʞʝʪ 
ʩʪʘʪʴ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʜʘʥʥʳʭ ʚ ʛʨʘʬʠʯʝʩʢʦʤ ʚʠʜʝ ʥʘ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦ-ʚʨʝʤʝʥʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ. 

ʉʫʪʴ ʤʝʪʦʜʘ ʟʘʢʣʶʯʘʝʪʩʷ ʧʨʠʩʚʘʠʚʘʥʠʠ ʢʘʞʜʦʡ çʩʠʪʫʘʮʠʠè ʩʚʦʝʛʦ ʮʚʝʪʘ, ʧʦʩʣʝ ʯʝʛʦ ʜʣʷ 
ʢʘʞʜʦʛʦ ʨʝʛʠʦʥʘ ʢʘʞʜʳʡ ʮʚʝʪ ʦʩʚʝʪʣʷʝʪʩʷ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʠʥʪʝʥʩʠʚʥʦʩʪʠ, ʮʚʝʪʘ ʩʤʝʰʘʶʪʩʷ ʠ 
ʧʦʣʫʯʝʥʥʳʡ ʮʚʝʪ ʥʘʥʦʩʠʪʩʷ ʥʘ ʢʘʨʪʫ [1]. 

ʇʨʠʯʸʤ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʤʦʞʝʪ ʨʘʩʩʯʠʪʳʚʘʪʴʩʷ ʥʘ ʦʩʥʦʚʘʥʠʠ ʨʘʟʣʠʯʥʳʭ ʤʝʪʨʠʢ. ʅʘʧʨʠʤʝʨ: 
ʥʘʠʙʦʣʴʰʝʝ ʟʥʘʯʝʥʠʝ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʜʨʫʛʠʤʠ ʨʝʛʠʦʥʘʤʠ, ʥʘʠʙʦʣʴʰʝʝ ʟʥʘʯʝʥʠʝ ʥʘ ʜʫʰʫ ʥʘʩʝʣʝʥʠʷ 
ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʜʨʫʛʠʤʠ ʨʝʛʠʦʥʘʤʠ ʠ ʪ. ʜ.  

ɼʣʷ ʨʝʘʣʠʟʘʮʠʠ ʩʝʨʚʠʩʘ ʜʣʷ ʚʠʟʫʘʣʠʟʘʮʠʠ ʜʘʥʥʳʭ ʥʝʦʙʭʦʜʠʤʦ ʠʤʝʪʴ ʩʣʝʜʫʶʱʠʝ ʚʭʦʜʥʳʝ 
ʜʘʥʥʳʝ: 

- ʙʘʟʘ ʜʘʥʥʳʭ, ʛʜʝ ʟʘʧʠʩʠ ʩʦʜʝʨʞʘʪ ʨʝʛʠʦʥʳ ʠ ʥʦʤʝʨ çʩʠʪʫʘʮʠʠè; 
- ʚʥʝʰʥʠʡ API ʜʣʷ ʧʦʣʫʯʝʥʠʶ ʧʦʣʠʛʦʥʦʚ ʨʝʛʠʦʥʦʚ; 
- ʚʥʝʰʥʠʡ API ʜʣʷ ʨʘʙʦʪʳ ʩ ʢʘʨʪʘʤʠ; 
- ʚʥʝʰʥʠʡ API ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʯʠʩʣʝʥʥʦʩʪʠ ʥʘʩʝʣʝʥʠʷ ʚ ʨʝʛʠʦʥʝ. 
 
ɼʠʘʛʨʘʤʤʘ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʚʳʧʦʣʥʝʥʠʷ ʚʠʟʫʘʣʠʟʘʮʠʠ ʥʘ ʩʝʨʚʝʨʝ ʧʨʠʚʝʜʝʥʘ ʥʘ ʨʠʩʫʥʢʝ 1. 

 
ʈʠʩʫʥʦʢ 1 ï ɼʠʘʛʨʘʤʤʘ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʚʳʧʦʣʥʝʥʠʷ ʚʠʟʫʘʣʠʟʘʮʠʠ ʥʘ ʩʝʨʚʝʨʝ 



55-ʷ ʶʙʠʣʝʡʥʘʷ ʥʘʫʯʥʘʷ ʢʦʥʬʝʨʝʥʮʠʷ ʘʩʧʠʨʘʥʪʦʚ, ʤʘʛʠʩʪʨʘʥʪʦʚ ʠ ʩʪʫʜʝʥʪʦʚ ɹɻʋʀʈ, 2019 ʛ. 

142 
 

ʇʨʠʤʝʨ ʩʝʨʚʠʩʘ, ʨʝʘʣʠʟʫʶʱʝʛʦ ʧʨʝʜʩʪʘʚʣʝʥʥʳʡ ʚʳʰʝ ʬʫʥʢʮʠʦʥʘʣ, ʠʟʦʙʨʘʞʸʥ ʥʘ ʨʠʩʫʥʢʝ 2.  
 

ʈʠʩʫʥʦʢ 2 ï ʇʨʠʤʝʨ ʩʝʨʚʠʩʘ, ʨʝʘʣʠʟʫʶʱʝʛʦ ʚʠʟʫʘʣʠʟʘʮʠʶ ʤʥʦʛʦʤʝʨʥʦʡ ʠʥʬʦʨʤʘʮʠʠ 

  
ʇʨʠʯʸʤ ʪʘʢ ʢʘʢ ʦʪ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʩʤʝʰʘʥʥʳʭ ʮʚʝʪʦʚ ʟʘʚʠʩʠʪ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʨʝʟʫʣʴʪʠʨʫʶʱʝʛʦ 

ʮʚʝʪʘ, ʥʘ ʢʦʥʝʯʥʦʡ ʢʘʨʪʝ ʥʘʠʙʦʣʝʝ çʘʢʪʠʚʥʳʝè ʨʝʛʠʦʥʳ ʦʪʦʙʨʘʞʘʶʪʩʷ ʙʦʣʝʝ ʷʨʢʠʤʠ ʮʚʝʪʘʤʠ, 
çʧʘʩʩʠʚʥʳʝè - ʧʨʘʢʪʠʯʝʩʢʠ ʙʝʣʳʤ ʮʚʝʪʦʤ.  

ʇʨʠ ʥʘʞʘʪʠʠ ʥʘ ʢʦʥʢʨʝʪʥʳʡ ʨʝʛʠʦʥ ʤʦʞʥʦ ʧʦʣʫʯʠʪʴ ʧʦʜʨʦʙʥʫʶ ʜʝʪʘʣʠʟʠʨʦʚʘʥʥʫʶ ʩʪʘʪʠʩʪʠʢʫ 
ʧʦ ʥʝʤʫ, ʚ ʢʦʪʦʨʦʡ ʦʪʦʙʨʘʞʘʝʪʩʷ ʢʦʣʠʯʝʩʪʚʦ ʧʦʚʪʦʨʝʥʠʡ ʢʘʞʜʦʡ ʢʦʥʢʨʝʪʥʦʡ ʧʨʠʯʠʥʳ ʵʪʦʛʦ ʨʝʛʠʦʥʘ.  
ʇʨʠʤʝʨ ʧʨʠʚʝʜʸʥ ʥʘ ʨʠʩʫʥʢʝ 3.  

ʈʠʩʫʥʦʢ 3 ï ʇʨʠʤʝʨ ʩʪʘʪʠʩʪʠʢʠ ʧʦ ʨʝʛʠʦʥʫ 
 

ʈʘʟʨʘʙʦʪʘʥʥʦʝ ʧʨʦʛʨʘʤʤʥʦʝ ʩʨʝʜʩʪʚʦ ʤʦʞʥʦ ʧʨʠʤʝʥʷʪʴ ʜʣʷ ʦʙʨʘʙʦʪʢʠ ʩʪʘʪʠʩʪʠʢʠ ʣʶʜʴʤʠ ʘ 
ʪʘʢ ʞʝ ʜʣʷ ʧʨʝʟʝʥʪʘʮʠʡ ʢʘʢʦʡ-ʣʠʙʦ ʤʥʦʛʦʤʝʨʥʦʡ ʠʥʬʦʨʤʘʮʠʠ.  

 
ʉʧʠʩʦʢ ʠʩʧʦʣʴʟʦʚʘʥʥʳʭ ʠʩʪʦʯʥʠʢʦʚ: 
1. ʇʘʥʢʨʘʪʴʝʚ, ɸ. ʉ. ɺʠʟʫʘʣʠʟʘʮʠʷ ʙʦʣʴʰʠʭ ʜʘʥʥʳʭ (BigData) / ɸ. ʉ. ʇʘʥʢʨʘʪʴʝʚ, ʅ. ɸ. ʇʠʣʠʥʢʦ, ʂ. ɸ. ɻʦʣʫʙʝʚ // 

ʂʦʤʧʴʶʪʝʨʥʳʝ ʩʠʩʪʝʤʳ ʠ ʩʝʪʠ: ʤʘʪʝʨʠʘʣʳ 54-ʡ ʥʘʫʯʥʦʡ ʢʦʥʬʝʨʝʥʮʠʠ ʘʩʧʠʨʘʥʪʦʚ, ʤʘʛʠʩʪʨʘʥʪʦʚ ʠ ʩʪʫʜʝʥʪʦʚ, ʄʠʥʩʢ, 23 ï 27 
ʘʧʨʝʣʷ 2018 ʛ. / ɹʝʣʦʨʫʩʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʥʬʦʨʤʘʪʠʢʠ ʠ ʨʘʜʠʦʵʣʝʢʪʨʦʥʠʢʠ. ï ʄʠʥʩʢ, 2018. ï ʉ. 98 ï 99. 

2. Noab Iliinsky. Designing Data Visualizations. - OôReilly Media, 2011 
3. Phil Simon. The Visual Organization: Data Visualization, Big Data, and the Quest for Better Decisions - Phil Simon, 2014 
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ʆʇʊʀʄʀɿɸʎʀʗ ʄɽʊʆɼɸ ʋɼɸʃɽʅʀʗ ʐʋʄɸ  
ɺ ʎʀʌʈʆɺʓʍ ɿɸʇʀʉʗʍ ɿɺʋʂɸ 

ʇʘʪʝʝʥʦʢ ɸ.ɺ. 

ɹʝʣʦʨʫʩʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʥʬʦʨʤʘʪʠʢʠ ʠ ʨʘʜʠʦʵʣʝʢʪʨʦʥʠʢʠ 
ʛ. ʄʠʥʩʢ, ʈʝʩʧʫʙʣʠʢʘ ɹʝʣʘʨʫʩʴ 

ʉʝʨʝʙʨʷʥʘʷ ʃ.ɺ. ï ʢ.ʪ.ʥ.,ʜʦʮʝʥʪ 

ʇʦʩʢʦʣʴʢʫ ʨʘʟʣʠʯʥʳʝ ʰʫʤʳ ʩʝʨʴʝʟʥʦ ʚʣʠʷʶʪ ʥʘ ʢʘʯʝʩʪʚʦ ʞʠʟʥʠ, ʧʦʜʘʚʣʝʥʠʝ ʠ ʧʦʜʘʚʣʝʥʠʝ ʰʫʤʘ ʷʚʣʷʝʪʩʷ ʚʘʞʥʦʡ 
ʟʘʜʘʯʝʡ. ʉʫʱʝʩʪʚʫʝʪ ʤʥʦʞʝʩʪʚʦ ʵʬʬʝʢʪʠʚʥʳʭ ʤʝʪʦʜʦʚ ʫʤʝʥʴʰʝʥʠʷ ʦʧʨʝʜʝʣʝʥʥʳʭ ʪʠʧʦʚ ʰʫʤʦʚ. ʊʝʤ ʥʝ ʤʝʥʝʝ, ʰʫʤ, 
ʧʨʠʩʫʪʩʪʚʫʶʱʠʡ ʚ ʞʠʟʥʠ, ʚ ʦʩʥʦʚʥʦʤ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʩʤʝʩʴ ʨʘʟʣʠʯʥʳʭ ʚʠʜʦʚ ʰʫʤʘ. ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʤʦʜʠʬʠʮʠʨʫʝʪʩʷ 
ʤʝʪʦʜ ʥʘʠʤʝʥʴʰʠʭ ʢʚʘʜʨʘʪʦʚ ʜʣʷ ʩʣʫʯʘʷ ʩʤʝʰʠʚʘʥʠʷ ʥʝʧʨʝʨʳʚʥʦʛʦ ʠ ʠʤʧʫʣʴʩʥʦʛʦ ʰʫʤʦʚ. 

ɺ ʧʨʦʮʝʩʩʝ ʟʘʧʠʩʠ, ʭʨʘʥʝʥʠʷ ʠ ʧʝʨʝʜʘʯʠ ʟʚʫʢʘ ʯʘʩʪʦ ʚʦʟʥʠʢʘʶʪ ʧʦʤʝʭʠ. ʍʦʪʷ ʩʦʚʨʝʤʝʥʥʳʝ 
ʤʝʪʦʜʳ ʧʦʟʚʦʣʷʶʪ ʧʦʚʳʩʠʪʴ ʥʘʜʸʞʥʦʩʪʴ ʵʪʠʭ ʧʨʦʮʝʩʩʦʚ, ʠʟ-ʟʘ ʬʘʢʪʘ ʩʫʱʝʩʪʚʦʚʘʥʠʷ ʟʘʧʠʩʝʡ ʥʘ 
ʥʝʢʘʯʝʩʪʚʝʥʥʦʝ ʟʚʫʢʦʚʦʝ ʦʙʦʨʫʜʦʚʘʥʠʝ ʩʦʭʨʘʥʷʝʪʩʷ ʘʢʪʫʘʣʴʥʦʩʪʴ ʟʘʜʘʯʠ ʫʜʘʣʝʥʠʷ ʰʫʤʦʚ. ʂʨʦʤʝ 
ʪʦʛʦ, ʫʜʘʣʝʥʠʝ ʧʦʤʝʭ ʷʚʣʷʝʪʩʷ ʚʘʞʥʦʡ ʯʘʩʪʴʶ ʧʨʦʮʝʩʩʘ ʦʮʠʬʨʦʚʢʠ ʩʪʘʨʳʭ ʟʘʧʠʩʝʡ. 

ʐʫʤʳ ʚ ʦʩʥʦʚʥʦʤ ʤʦʞʥʦ ʢʣʘʩʩʠʬʠʮʠʨʦʚʘʪʴ ʧʦ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʠ ʠ ʯʘʩʪʦʪʝ [1]. ʇʨʠ 
ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʧʦ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʠ ʰʫʤʳ ʤʦʛʫʪ ʙʳʪʴ: 

ī ʥʝʧʨʝʨʳʚʥʳʝ, ʪʘʢʠʝ ʢʘʢ ʟʚʫʢ ʦʬʠʩʘ, ʧʨʦʤʳʰʣʝʥʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ, ʰʫʤ ʚʝʪʨʘ, ʧʨʦʙʦʢ, 
ʰʠʧʝʥʠʝ ʩʪʘʨʦʡ ʟʘʧʠʩʠ ʠʣʠ ʧʣʦʭʘʷ ʪʝʣʝʬʦʥʥʘʷ ʣʠʥʠʷ; 

ī ʧʨʝʨʳʚʠʩʪʳʝ, ʧʦʚʪʦʨʷʶʱʠʝʩʷ, ʦʙʳʯʥʦ ʪʦʥʘʣʴʥʳʝ ʰʫʤʳ, ʪʘʢʠʝ ʢʘʢ ʛʫʜʢʠ, ʛʫʜʢʠ ʠʣʠ ʟʚʦʥʢʠ;  
ī ʠʤʧʫʣʴʩʥʳʝ, ʨʝʟʢʠʝ, ʦʙʳʯʥʦ ʥʝʛʘʨʤʦʥʠʯʥʳʝ, ʘ ʠʥʦʛʜʘ ʠ ʛʨʦʤʢʠʝ ʟʚʫʢʠ, ʪʘʢʠʝ ʢʘʢ ʱʝʣʯʢʠ, 

ʫʜʘʨʳ ʧʦ ʩʪʫʧʝʥʴʢʘʤ, ʚʳʩʪʨʝʣʳ, ʫʜʘʨʳ ʠ ʫʜʘʨʳ. 
ɼʣʷ ʨʘʟʣʠʯʥʳʭ ʪʠʧʦʚ ʰʫʤʦʚ ʪʨʝʙʫʝʪʩʷ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʩʧʦʩʦʙʳ ʫʤʝʥʴʰʝʥʠʷ ʰʫʤʘ. ʆʜʥʘʢʦ 

ʰʫʤʳ ʚ ʧʦʚʩʝʜʥʝʚʥʦʡ ʞʠʟʥʠ ʩʤʝʰʘʥʳ ʩ ʨʘʟʣʠʯʥʳʤʠ ʰʫʤʘʤʠ ʜʨʫʛʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ, ʠʟ-ʟʘ ʯʝʛʦ  
ʥʝʦʙʭʦʜʠʤʦ ʢʦʤʙʠʥʠʨʦʚʘʪʴ ʨʘʟʣʠʯʥʳʝ ʤʝʪʦʜʳ ʩʥʠʞʝʥʠʷ ʰʫʤʘ. ʅʘʧʨʠʤʝʨ, ʤʝʪʦʜ ʦʮʝʥʢʠ 
ʵʥʝʨʛʝʪʠʯʝʩʢʦʛʦ ʩʧʝʢʪʨʘ ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʦʙʥʘʨʫʞʝʥʠʷ ʠʤʧʫʣʴʩʥʦʛʦ ʰʫʤʘ ʠ ʫʩʪʨʘʥʝʥʠʷ ʝʛʦ, ʯʪʦ 
ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʚ ʢʘʯʝʩʪʚʝ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʡ ʩʪʘʜʠʠ ʦʙʨʘʙʦʪʢʠ ʩʠʛʥʘʣʘ. ɼʘʣʝʝ, ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ 
ʦʙʨʘʙʦʪʘʥʥʳʡ ʩʠʛʥʘʣ ʤʦʞʝʪ ʙʳʪʴ ʧʨʦʧʫʱʝʥ ʯʝʨʝʟ ʤʝʪʦʜ ʥʘʠʤʝʥʴʰʠʭ ʢʚʘʜʨʘʪʦʚ ʜʣʷ ʫʩʪʨʘʥʝʥʠʷ 
ʜʨʫʛʠʭ ʧʦʤʝʭ ʚ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʝ, ʦʩʦʙʝʥʥʦ ʧʝʨʠʦʜʠʯʝʩʢʠʭ ʰʫʤʦʚ, ʪʘʢʠʭ ʢʘʢ ʩʨʝʜʥʝʯʘʩʪʦʪʥʳʝ ʠ 
ʥʠʟʢʦʯʘʩʪʦʪʥʳʝ ʧʦʤʝʭʠ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʤʦʞʝʪ ʙʳʪʴ ʜʦʩʪʠʛʥʫʪʘ ʮʝʣʴ ʧʦʜʘʚʣʝʥʠʷ ʰʫʤʦʚ ʚ ʨʘʟʣʠʯʥʳʭ 
ʫʩʣʦʚʠʷʭ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ. 

ʊʘʢ ʢʘʢ ʰʫʤʳ ʠ ʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʤʦʛʫʪ ʟʥʘʯʠʪʝʣʴʥʦ ʤʝʥʷʪʴʩʷ ʚʦ ʚʨʝʤʝʥʠ, ʚʘʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ 
ʘʜʘʧʪʠʚʥʳʝ ʤʝʪʦʜʳ. ʂʘʢ ʧʨʘʚʠʣʦ, ʧʨʠ ʵʪʦʤ ʠʟʤʝʥʷʶʪʩʷ ʪʦʣʴʢʦ ʢʦʵʬʬʠʮʠʝʥʪʳ ʬʠʣʴʪʨʘ, ʘ ʩʪʨʫʢʪʫʨʘ 
ʬʠʣʴʪʨʘ ʦʩʪʘʝʪʩʷ ʥʝʠʟʤʝʥʥʦʡ. ɼʨʫʛʠʤʠ ʩʣʦʚʘʤʠ, ʢʦʵʬʬʠʮʠʝʥʪʳ ʘʜʘʧʪʠʚʥʦʛʦ ʘʣʛʦʨʠʪʤʘ 
ʦʙʥʦʚʣʷʶʪʩʷ ʩ ʪʝʯʝʥʠʝʤ ʚʨʝʤʝʥʠ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʙʦʣʝʝ ʨʘʥʥʠʭ ʨʝʟʫʣʴʪʘʪʦʚ ʠ ʚʭʦʜʥʳʭ ʜʘʥʥʳʭ. 
ʇʦʵʪʦʤʫ, ʚʤʝʩʪʦ ʧʨʦʩʪʦʛʦ ʤʝʪʦʜʘ ʥʘʠʤʝʥʴʰʠʭ ʢʚʘʜʨʘʪʦʚ ʚ ʨʘʙʦʪʝ ʠʩʧʦʣʴʟʫʝʪʩʷ ʝʛʦ ʨʝʢʫʨʩʠʚʥʘʷ 
ʤʦʜʠʬʠʢʘʮʠʷ [2]. 

ʍʦʪʷ ʤʝʪʦʜ ʥʘʠʤʝʥʴʰʠʭ ʢʚʘʜʨʘʪʦʚ ʤʦʞʝʪ ʜʦʩʪʠʛʘʪʴ ʟʥʘʯʠʪʝʣʴʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʚ ʩʥʠʞʝʥʠʠ 
ʰʫʤʦʚ, ʝʛʦ ʵʬʬʝʢʪ ʚ ʦʩʥʦʚʥʦʤ ʦʛʨʘʥʠʯʝʥ ʧʝʨʠʦʜʠʯʝʩʢʠʤ ʰʫʤʦʤ ʠ ʥʠʟʢʦʯʘʩʪʦʪʥʳʤ ʩʠʛʥʘʣʦʤ. 
ʇʦʵʪʦʤʫ, ʧʝʨʝʜ ʤʝʪʦʜʦʤ ʥʘʠʤʝʥʴʰʠʭ ʢʚʘʜʨʘʪʦʚ ʧʨʦʠʩʭʦʜʠʣʘ ʧʨʝʜʦʙʨʘʙʦʪʢʘ ʩ ʫʜʘʣʝʥʠʝʤ 
ʠʤʧʫʣʴʩʥʳʭ ʰʫʤʦʚ. ʋʜʘʣʝʥʠʝ ʧʨʦʠʟʚʦʜʠʣʦʩʴ ʧʫʪʸʤ ʥʘʨʝʟʢʠ ʟʘʧʠʩʠ ʥʘ ʦʢʥʘ ʠ ʫʤʝʥʴʰʝʥʠʷ 
ʚʳʩʦʢʦʯʘʩʪʦʪʥʳʭ ʩʦʩʪʘʚʣʷʶʱʠʭ ʚ ʬʫʨʴʝ-ʦʙʨʘʟʘʭ ʚ ʢʘʞʜʦʤ ʦʢʥʝ ʚ ʦʪʜʝʣʴʥʦʩʪʠ. 

ʆʮʝʥʢʘ ʨʘʙʦʪʳ ʬʠʣʴʪʨʘ ʧʨʦʚʦʜʠʣʘʩʴ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ. ʉʦʟʜʘʚʘʣʩʷ ʨʷʜ ʟʚʫʢʦʚʳʭ ʟʘʧʠʩʝʡ 
ʧʫʪʸʤ ʩʦʝʜʠʥʝʥʠʷ ʥʝʢʦʡ ʠʩʭʦʜʥʦʡ ʟʘʧʠʩʠ ʩ ʨʘʟʣʠʯʥʳʤʠ ʰʫʤʘʤʠ. ʇʦʩʣʝ ʨʘʙʦʪʳ ʘʣʛʦʨʠʪʤʘ 
ʩʨʘʚʥʠʚʘʣʠʩʴ ʬʫʨʴʝ-ʦʙʨʘʟʳ ʠʩʭʦʜʥʦʡ ʟʘʧʠʩʠ ʙʝʟ ʰʫʤʦʚ ʠ ʢʦʥʝʯʥʘʷ ʟʘʧʠʩʴ ʩ ʫʜʘʣʸʥʥʳʤʠ ʰʫʤʘʤʠ. 
ʉʨʘʚʥʝʥʠʝ ʧʨʦʚʦʜʠʣʦʩʴ ʧʫʪʸʤ ʧʦʣʫʯʝʥʠʷ ʢʦʵʬʬʠʮʠʝʥʪʘ, ʨʘʚʥʦʛʦ ʩʫʤʤʝ ʨʘʟʥʦʩʪʠ ʤʦʜʫʣʝʡ ʟʥʘʯʝʥʠʡ 
ʬʫʨʴʝ-ʦʙʨʘʦʚ. ʕʪʦ ʧʦʟʚʦʣʠʣʦ ʫʯʠʪʳʚʘʪʴ ʥʝ ʪʦʣʴʢʦ ʪʦ, ʢʘʢ ʫʜʘʣʠʣʠʩʴ ʜʦʙʘʚʣʝʥʥʳʝ ʰʫʤʳ, ʥʦ ʠ 
ʠʩʢʘʟʠʣʩʷ ʣʠ ʧʦʣʝʟʥʳʡ ʟʚʫʢʦʨʷʜ. ɼʘʣʝʝ ʧʦʣʫʯʝʥʥʳʡ ʢʦʵʬʬʠʮʠʝʥʪ ʩʨʘʚʥʠʚʘʣʩʷ ʩ ʪʘʢʦʚʳʤ ʜʣʷ 
ʟʘʰʫʤʣʝʥʥʦʡ ʟʘʧʠʩʠ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʙʳʣʦ ʧʦʣʫʯʝʥʦ, ʬʠʣʴʪʨ ʚʦʩʩʪʘʥʘʚʣʠʚʘʝʪ ʟʘʧʠʩʴ ʥʘ 80-85%, 
ʧʨʠʯʸʤ ʨʝʟʫʣʴʪʘʪ ʩʠʣʴʥʦ ʟʘʚʠʩʠʪ ʦʪ ʟʘʧʠʩʠ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʙʳʣʠ ʠʟʫʯʝʥʳ ʤʝʪʦʜʳ ʫʜʘʣʝʥʠʷ ʰʫʤʦʚ ʠʟ ʟʚʫʢʦʚʦʛʦ ʨʷʜʘ, ʨʝʘʣʠʟʦʚʘʥ ʠ 
ʧʨʦʚʝʨʝʥ ʩʤʝʰʘʥʥʳʡ ʘʣʛʦʨʠʪʤ. ɺ ʢʘʯʝʩʪʚʝ ʥʘʧʨʘʚʣʝʥʠʷ ʨʘʟʚʠʪʠʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚʦʟʤʦʞʥʘ ʜʦʨʘʙʦʪʢʘ 
ʬʠʣʴʪʨʘ ʩ ʜʦʙʘʚʣʝʥʠʝʤ ʫʩʪʦʡʯʠʚʦʩʪʠ ʢ ʜʨʫʛʠʤ ʪʠʧʘʤ ʰʫʤʦʚ, ʘ ʪʘʢʞʝ ʨʘʟʨʘʙʦʪʢʘ ʙʦʣʝʝ ʪʦʯʥʳʭ 
ʤʝʪʦʜʦʚ ʦʮʝʥʢʠ ʢʘʯʝʩʪʚʘ ʨʝʟʫʣʴʪʘʪʦʚ. 
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ʀʉʇʆʃʔɿʆɺɸʅʀɽ ʎʀʌʈʆɺʓʍ ʌʀʃʔʊʈʆɺ  
ɼʃʗ ʆɹʈɸɹʆʊʂʀ ʀɿʆɹʈɸɾɽʅʀʁ 

ʇʝʪʢʝʚʠʯ ʂ. ʆ. 

ɹʝʣʦʨʫʩʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʥʬʦʨʤʘʪʠʢʠ ʠ ʨʘʜʠʦʵʣʝʢʪʨʦʥʠʢʠ 
ʛ. ʄʠʥʩʢ, ʈʝʩʧʫʙʣʠʢʘ ɹʝʣʘʨʫʩʴ 

ʂʨʘʩʢʦʚʩʢʠʡ ʇ.ʅ. ï ʘʩʩʠʩʪʝʥʪ 

ʆʙʨʘʙʦʪʢʘ ʠʟʦʙʨʘʞʝʥʠʡ ʠʛʨʘʝʪ ʚʘʞʥʫʶ ʨʦʣʴ ʚʦ ʤʥʦʛʠʭ ʦʙʣʘʩʪʷʭ ʯʝʣʦʚʝʯʝʩʢʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ. ʆʜʥʠʤ ʠʟ ʥʘʠʙʦʣʝʝ ʯʘʩʪʦ 
ʠʩʧʦʣʴʟʫʝʤʳʭ ʤʝʪʦʜʦʚ ʦʙʨʘʙʦʪʢʠ ʠʟʦʙʨʘʞʝʥʠʡ ʷʚʣʷʝʪʩʷ ʮʠʬʨʦʚʘʷ ʬʠʣʴʪʨʘʮʠʷ. ʆʥʘ ʤʦʞʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʢʘʢ ʩ ʮʝʣʴʶ 
ʫʣʫʯʰʝʥʠʷ ʚʦʩʧʨʠʷʪʠʷ ʠʟʦʙʨʘʞʝʥʠʷ ʯʝʣʦʚʝʢʦʤ, ʪʘʢ ʠ ʩ ʮʝʣʴʶ ʧʦʜʛʦʪʦʚʢʠ ʠʟʦʙʨʘʞʝʥʠʷ ʢ ʜʘʣʴʥʝʡʰʝʤʫ ʘʥʘʣʠʟʫ ʩ ʧʦʤʦʱʴʶ 
ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʭ ʘʣʛʦʨʠʪʤʦʚ. ʇʨʠ ʵʪʦʤ ʚʘʞʥʦ ʨʝʘʣʠʟʦʚʘʪʴ ʬʠʣʴʪʨʘʮʠʶ ʠʟʦʙʨʘʞʝʥʠʡ ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʯʪʦʙʳ ʦʥʘ 
ʚʳʧʦʣʥʷʣʘʩʴ ʤʘʢʩʠʤʘʣʴʥʦ ʙʳʩʪʨʦ, ʦʩʦʙʝʥʥʦ ʝʩʣʠ ʦʥʘ ʠʩʧʦʣʴʟʫʝʪʩʷ ʚ ʤʦʙʠʣʴʥʦʤ ʧʨʦʛʨʘʤʤʥʦʤ ʩʨʝʜʩʪʚʝ. 

ʌʠʣʴʪʨʘʮʠʷ ʠʟʦʙʨʘʞʝʥʠʷ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʧʨʦʮʝʩʩ, ʧʨʠ ʢʦʪʦʨʦʤ ʚʦ ʚʭʦʜʥʦʤ ʠʟʦʙʨʘʞʝʥʠʠ 
ʠʟʤʝʥʷʶʪʩʷ ʦʧʨʝʜʝʣʸʥʥʳʝ ʩʦʦʪʥʦʰʝʥʠʷ ʤʝʞʜʫ ʝʛʦ ʢʦʤʧʦʥʝʥʪʘʤʠ. ɼʘʥʥʳʝ ʩʦʦʪʥʦʰʝʥʠʷ ʤʦʛʫʪ ʙʳʪʴ 
ʦʧʠʩʘʥʳ ʩ ʧʦʤʦʱʴʶ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʘʣʛʦʨʠʪʤʘ, ʢʦʪʦʨʳʡ ʥʘʟʳʚʘʶʪ ʮʠʬʨʦʚʳʤ ʬʠʣʴʪʨʦʤ. ɺ ʜʘʥʥʦʡ 
ʨʘʙʦʪʝ ʙʫʜʫʪ ʨʘʩʩʤʦʪʨʝʥʳ ʚʠʜʳ ʠ ʩʧʦʩʦʙʳ ʬʠʣʴʪʨʘʮʠʠ ʠʟʦʙʨʘʞʝʥʠʡ, ʢʦʪʦʨʳʝ ʠʩʧʦʣʴʟʫʶʪʩʷ ʚ 
ʤʦʙʠʣʴʥʦʤ ʧʨʦʛʨʘʤʤʥʦʤ ʩʨʝʜʩʪʚʝ ʦʙʨʘʙʦʪʢʠ ʠʟʦʙʨʘʞʝʥʠʡ. 

ʆʙʳʯʥʦ ʚʳʜʝʣʷʶʪ ʜʚʝ ʦʩʥʦʚʥʳʭ ʛʨʫʧʧʳ ʬʠʣʴʪʨʦʚ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʟʘʜʘʯʝ ʦʙʨʘʙʦʪʢʠ 
ʠʟʦʙʨʘʞʝʥʠʡ: ʬʠʣʴʪʨʳ ʥʠʟʢʠʭ ʯʘʩʪʦʪ ʠ ʬʠʣʴʪʨʳ ʚʳʩʦʢʠʭ ʯʘʩʪʦʪ. ʇʨʠ ʵʪʦʤ ʧʦʜ ʯʘʩʪʦʪʦʡ 
ʧʦʜʨʘʟʫʤʝʚʘʶʪ ʪʘʢ ʥʘʟʳʚʘʝʤʫʶ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʫʶ ʯʘʩʪʦʪʫ. ɺ ʠʟʦʙʨʘʞʝʥʠʷʭ ʥʠʟʢʠʤ ʯʘʩʪʦʪʘʤ 
ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʪʝ ʫʯʘʩʪʢʠ, ʚ ʢʦʪʦʨʳʭ ʢʦʤʧʦʥʝʥʪʳ ʠʟʦʙʨʘʞʝʥʠʷ ʠʟʤʝʥʷʶʪʩʷ ʤʘʢʩʠʤʘʣʴʥʦ ʧʣʘʚʥʦ. ɺ ʪʦ 
ʞʝ ʚʨʝʤʷ ʚʳʩʦʢʠʝ ʯʘʩʪʦʪʳ ʩʦʜʝʨʞʘʪ ʪʝ ʫʯʘʩʪʢʠ ʠʟʦʙʨʘʞʝʥʠʷ, ʛʜʝ ʥʘʙʣʶʜʘʝʪʩʷ ʨʝʟʢʘʷ ʩʤʝʥʘ 
ʟʥʘʯʝʥʠʡ ʢʦʤʧʦʥʝʥʪ ʠʟʦʙʨʘʞʝʥʠʷ, ʥʘʧʨʠʤʝʨ, ʥʘ ʛʨʘʥʠʮʘʭ ʦʙʲʝʢʪʦʚ [1]. ʌʠʣʴʪʨʳ ʥʠʟʢʠʭ ʯʘʩʪʦʪ 
ʧʦʟʚʦʣʷʶʪ ʩʜʝʣʘʪʴ ʠʟʦʙʨʘʞʝʥʠʝ ʙʦʣʝʝ ʨʘʟʤʳʪʳʤ, ʪʘʢ ʢʘʢ ʦʥʠ ʧʦʜʘʚʣʷʶʪ ʚʳʩʦʢʠʝ ʯʘʩʪʦʪʳ ʠ, 
ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʥʘ ʠʟʦʙʨʘʞʝʥʠʠ ʩʪʘʥʦʚʷʪʩʷ ʤʝʥʝʝ ʯʸʪʢʠʤʠ ʛʨʘʥʠʮʳ ʦʙʲʝʢʪʦʚ ʠ ʤʝʣʢʠʝ ʜʝʪʘʣʠ. 
ʌʠʣʴʪʨʳ ʚʳʩʦʢʠʭ ʯʘʩʪʦʪ ʜʝʡʩʪʚʫʶʪ ʚ ʪʦʯʥʦʩʪʠ ʥʘʦʙʦʨʦʪ ð ʦʥʠ ʧʦʟʚʦʣʷʶʪ ʧʦʚʳʩʠʪʴ ʨʝʟʢʦʩʪʴ 
ʠʟʦʙʨʘʞʝʥʠʷ. ɺ ʢʘʯʝʩʪʚʝ ʧʨʠʤʝʨʘ ʥʘ ʨʠʩʫʥʢʝ 1 ʧʨʝʜʩʪʘʚʣʝʥʳ ʪʨʠ ʠʟʦʙʨʘʞʝʥʠʷ: ʠʩʭʦʜʥʦʝ 
ʠʟʦʙʨʘʞʝʥʠʝ, ʨʝʟʫʣʴʪʘʪ ʬʠʣʴʪʨʘʮʠʠ ʠʟʦʙʨʘʞʝʥʠʷ ʬʠʣʴʪʨʦʤ ʥʠʟʢʠʭ ʯʘʩʪʦʪ ʠ ʨʝʟʫʣʴʪʘʪ ʬʠʣʴʪʨʘʮʠʠ 
ʠʟʦʙʨʘʞʝʥʠʷ ʬʠʣʴʪʨʦʤ ʚʳʩʦʢʠʭ ʯʘʩʪʦʪ. 

 

 
ʈʠʩʫʥʦʢ 1 ï ʀʩʭʦʜʥʦʝ ʠʟʦʙʨʘʞʝʥʠʝ ʠ ʨʝʟʫʣʴʪʘʪʳ ʝʛʦ ʦʙʨʘʙʦʪʢʠ ʬʠʣʴʪʨʘʤʠ ʥʠʟʢʠʭ ʠ ʚʳʩʦʢʠʭ ʯʘʩʪʦʪ 

 

ʌʠʣʴʪʨʘʮʠʷ ʠʟʦʙʨʘʞʝʥʠʷ ʤʦʞʝʪ ʙʳʪʴ ʦʩʥʦʚʘʥʘ ʥʘ ʧʨʠʤʝʥʝʥʠʠ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʦʧʝʨʘʮʠʠ 
ʩʚʸʨʪʢʠ, ʢʦʪʦʨʘʷ ʚ ʜʠʩʢʨʝʪʥʦʤ ʚʠʜʝ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʩʫʤʤʫ ʧʨʦʠʟʚʝʜʝʥʠʡ ʟʥʘʯʝʥʠʡ ʧʠʢʩʝʣʝʡ 
ʠʟʦʙʨʘʞʝʥʠʷ ʠ ʟʥʘʯʝʥʠʡ ʬʫʥʢʮʠʠ ʬʠʣʴʪʨʘ. ʊʘʢʦʡ ʩʧʦʩʦʙ ʬʠʣʴʪʨʘʮʠʠ ʠʟʚʝʩʪʝʥ ʪʘʢʞʝ ʢʘʢ ʬʠʣʴʪʨʘʮʠʷ 
ʚ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʦʙʣʘʩʪʠ. ʆʜʥʘʢʦ ʧʨʠ ʙʦʣʴʰʠʭ ʨʘʟʤʝʨʘʭ ʬʠʣʴʪʨʘ ʪʘʢʦʡ ʧʦʜʭʦʜ ʪʨʝʙʫʝʪ 
ʜʦʩʪʘʪʦʯʥʦ ʙʦʣʴʰʦʛʦ ʯʠʩʣʘ ʚʳʯʠʩʣʝʥʠʡ, ʪʘʢ ʢʘʢ ʜʣʷ ʢʘʞʜʦʛʦ ʧʠʢʩʝʣʷ ʠʟʦʙʨʘʞʝʥʠʷ ʪʨʝʙʫʝʪʩʷ 
ʚʳʯʠʩʣʠʪʴ ʟʥʘʯʝʥʠʝ ʩʚʸʨʪʢʠ. 

ɼʨʫʛʠʤ ʩʧʦʩʦʙʦʤ ʬʠʣʴʪʨʘʮʠʠ ʠʟʦʙʨʘʞʝʥʠʡ ʷʚʣʷʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʌʫʨʴʝ-ʦʙʨʘʟʦʚ 
ʠʟʦʙʨʘʞʝʥʠʷ ʠ ʬʫʥʢʮʠʠ ʩʚʸʨʪʢʠ. ʉʦʛʣʘʩʥʦ ʪʝʦʨʝʤʝ ʦ ʩʚʸʨʪʢʝ, ʧʝʨʝʤʥʦʞʠʚ ʜʚʘ ʵʪʠʭ ʦʙʨʘʟʘ ʤʦʞʥʦ 
ʧʦʣʫʯʠʪʴ ʦʙʨʘʟ ʠʟʦʙʨʘʞʝʥʠʷ, ʢʦʪʦʨʦʝ ʷʚʣʷʝʪʩʷ ʩʚʸʨʪʢʦʡ ʠʩʭʦʜʥʦʛʦ ʠʟʦʙʨʘʞʝʥʠʷ ʠ ʬʫʥʢʮʠʠ ʩʚʸʨʪʢʠ. 
ɼʘʥʥʳʡ ʪʠʧ ʬʠʣʴʪʨʘʮʠʠ ʥʘʟʳʚʘʝʪʩʷ ʬʠʣʴʪʨʘʮʠʝʡ ʚ ʯʘʩʪʦʪʥʦʡ ʦʙʣʘʩʪʠ. ɹʣʘʛʦʜʘʨʷ ʠʩʧʦʣʴʟʦʚʘʥʠʶ 
ʙʳʩʪʨʦʛʦ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʌʫʨʴʝ ʦʥ ʤʦʞʝʪ ʙʳʪʴ ʚʳʯʠʩʣʠʪʝʣʴʥʦ ʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʳʤ ʯʝʤ ʬʠʣʴʪʨʘʮʠʷ 
ʚ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʦʙʣʘʩʪʠ, ʦʩʦʙʝʥʥʦ ʜʣʷ ʬʠʣʴʪʨʦʚ ʙʦʣʴʰʠʭ ʨʘʟʤʝʨʦʚ. ʂʨʦʤʝ ʪʦʛʦ, ʠʩʧʦʣʴʟʫʷ 
ʠʤʝʥʥʦ ʵʪʦʪ ʤʝʪʦʜ ʤʦʞʥʦ ʜʦʩʪʘʪʦʯʥʦ ʣʝʛʢʦ ʤʦʜʠʬʠʮʠʨʦʚʘʪʴ ʩʫʱʝʩʪʚʫʶʱʠʝ ʬʠʣʴʪʨʳ, 
ʜʦʧʦʣʥʠʪʝʣʴʥʦ ʦʧʨʝʜʝʣʷʷ, ʢʘʢʠʝ ʯʘʩʪʦʪʳ ʧʨʦʧʫʩʢʘʪʴ, ʘ ʢʘʢʠʝ ʧʦʜʘʚʣʷʪʴ.  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚ ʨʘʟʨʘʙʦʪʘʥʥʦʤ ʤʦʙʠʣʴʥʦʤ ʧʨʦʛʨʘʤʤʥʦʤ ʩʨʝʜʩʪʚʝ ʩʧʦʩʦʙ ʬʠʣʴʪʨʘʮʠʠ 
ʠʟʦʙʨʘʞʝʥʠʷ ʚʳʙʠʨʘʣʩʷ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʪʘʢʦʛʦ ʬʘʢʪʦʨʘ, ʢʘʢ ʨʘʟʤʝʨ ʬʠʣʴʪʨʘ. ʊʘʢ ʜʣʷ ʬʠʣʴʪʨʦʚ 
ʤʘʣʳʭ ʨʘʟʤʝʨʦʚ ʠʩʧʦʣʴʟʦʚʘʣʘʩʴ ʬʠʣʴʪʨʘʮʠʷ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʦʙʣʘʩʪʠ, ʦʩʦʙʝʥʥʦ ʫʯʠʪʳʚʘʷ, ʯʪʦ 
ʜʘʥʥʳʡ ʤʝʪʦʜ ʧʨʦʱʝ ʚ ʨʝʘʣʠʟʘʮʠʠ ʯʝʤ ʬʠʣʴʪʨʘʮʠʷ ʚ ʯʘʩʪʦʪʥʦʡ ʦʙʣʘʩʪʠ. ɺ ʪʦ ʞʝ ʚʨʝʤʷ ʜʣʷ 
ʦʙʨʘʙʦʪʢʠ ʠʟʦʙʨʘʞʝʥʠʡ ʬʠʣʴʪʨʘʤʠ ʙʦʣʴʰʦʛʦ ʨʘʟʤʝʨʘ ʠʩʧʦʣʴʟʦʚʘʣʘʩʴ ʯʘʩʪʦʪʥʘʷ ʬʠʣʴʪʨʘʮʠʷ.  



55-ʷ ʶʙʠʣʝʡʥʘʷ ʥʘʫʯʥʘʷ ʢʦʥʬʝʨʝʥʮʠʷ ʘʩʧʠʨʘʥʪʦʚ, ʤʘʛʠʩʪʨʘʥʪʦʚ ʠ ʩʪʫʜʝʥʪʦʚ ɹɻʋʀʈ, 2019 ʛ. 
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1. ɻʦʥʩʘʣʝʩ ʈ., ɺʫʜʩ ʈ., ʎʠʬʨʦʚʘʷ ʦʙʨʘʙʦʪʢʘ ʠʟʦʙʨʘʞʝʥʠʡ / ʈ. ɻʦʥʩʘʣʝʩ, ʈ. ɺʫʜʩ. ð ʄ.: ʊʝʭʥʦʩʬʝʨʘ. ð  2006. ð 1072 ʩ. 

 
 

ʀʉʇʆʃʔɿʆɺɸʅʀɽ ʊɽʍʅʆʃʆɻʀʀ UNITY 3D ɺ ʉʀʄʋʃʗʎʀʀ ʈɸɹʆʊʓ 
ʇʆɼʒɽʄʅʓʍ ɹɸʐɽʅʅʓʍ ʂʈɸʅʆɺ 

ʇʦʧʠʚʥʝʥʢʦ ɽ.ɸ. 

ɹʝʣʦʨʫʩʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʥʬʦʨʤʘʪʠʢʠ ʠ ʨʘʜʠʦʵʣʝʢʪʨʦʥʠʢʠ 

ʛ. ʄʠʥʩʢ, ʈʝʩʧʫʙʣʠʢʘ ɹʝʣʘʨʫʩʴ 

ɼʝʤʝʥʢʦʚʝʮ ɼ.ɺ ï ʘʩʩʠʩʪʝʥʪ 

ɺ ʜʦʢʣʘʜʝ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʚʦʟʤʦʞʥʦʩʪʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʠʛʨʦʚʦʛʦ ʷʜʨʘ Unity ʚ ʦʙʣʘʩʪʠ ʧʦʣʫʯʝʥʠʷ ʧʝʨʚʦʥʘʯʘʣʴʥʳʭ ʥʘʚʳʢʦʚ ʥʘ 
ʧʨʠʤʝʨʝ ʦʙʫʯʝʥʠʷ ʤʘʰʠʥʠʩʪʦʚ ʙʘʰʝʥʥʦʛʦ ʢʨʘʥʘ. ʊʘʢʞʝ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʧʨʝʜʧʦʣʘʛʘʝʤʳʝ ʦʩʦʙʝʥʥʦʩʪʠ ʨʝʘʣʠʟʘʮʠʠ ʢʦʥʝʯʥʦʛʦ 
ʧʨʦʛʨʘʤʤʥʦʛʦ ʩʨʝʜʩʪʚʘ. 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʇʆ, ʢʦʪʦʨʦʝ ʟʘʥʠʤʘʝʪʩʷ ʧʦʜʛʦʪʦʚʢʦʡ ʢʘʜʨʦʚ, ʷʚʣʷʝʪʩʷ ʜʦʩʪʘʪʦʯʥʦ ʥʦʚʳʤ 
ʠ ʥʝʦʙʳʯʥʳʤ ʷʚʣʝʥʠʝʤ. ɽʛʦ ʧʦʣʴʟʘ ʟʘʩʪʘʚʣʷʝʪ ʤʥʦʛʠʝ ʫʯʝʙʥʳʝ ʟʘʚʝʜʝʥʠʷ ʠʩʢʘʪʴ ʚʦʟʤʦʞʥʦʩʪʠ 
ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʫʯʝʙʥʦʛʦ ʧʨʦʮʝʩʩʘ ʠ ʦʙʫʯʝʥʠʷ ʧʨʠ ʧʦʤʦʱʠ ʩʠʤʫʣʷʪʦʨʦʚ. ɺ ʨʘʤʢʘʭ ʵʪʦʛʦ ʧʨʦʝʢʪʘ ʩ 
ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʪʝʭʥʦʣʦʛʠʠ Unity ʠ ʨʝʜʘʢʪʦʨʘ 3D MAX ʙʳʣ ʩʤʦʜʝʣʠʨʦʚʘʥ ʙʘʰʝʥʥʳʡ ʢʨʘʥ ʠ ʧʘʥʝʣʴ 
ʫʧʨʘʚʣʝʥʠʷ. 

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʤʦʜʝʣʝʡ ʠ ʩʠʤʫʣʷʮʠʡ ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʠʪʴ ʤʘʢʩʠʤʘʣʴʥʦ ʙʣʠʟʢʠʡ ʢ ʧʨʘʢʪʠʢʝ 
ʦʧʳʪ ʚ ʢʦʥʪʨʦʣʠʨʫʝʤʳʭ ʫʩʣʦʚʠʷʭ. ʕʪʦ ʠʩʢʣʶʯʘʝʪ ʚʝʨʦʷʪʥʦʩʪʴ ʧʦʣʫʯʝʥʠʷ ʪʨʘʚʤ ʠ ʥʘʥʝʩʝʥʠʷ 
ʤʘʪʝʨʠʘʣʴʥʦʛʦ ʫʱʝʨʙʘ ʚʦ ʚʨʝʤʷ ʦʙʫʯʝʥʠʷ. ʆʜʥʦʡ ʠʟ ʧʨʦʙʣʝʤ ʜʘʥʥʦʡ ʦʙʣʘʩʪʠ ʷʚʣʷʝʪʩʷ ʩʣʦʞʥʦʩʪʴ 
ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʧʦʚʝʜʝʥʠʷ ʤʝʭʘʥʠʟʤʦʚ, ʥʦ ʧʦʪʝʥʮʠʘʣʴʥʘʷ ʧʦʣʴʟʘ ʦʪ ʥʦʚʦʚʚʝʜʝʥʠʡ ʦʯʝʥʴ ʚʳʩʦʢʘ ʚ 
ʪʘʢʦʡ ʚʘʞʥʦʡ ʦʪʨʘʩʣʠ. ʉ ʫʯʝʪʦʤ ʵʪʦʛʦ ʙʳʣʦ ʚʳʙʨʘʥʦ: ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʨʘʙʦʪʳ ʙʘʰʝʥʥʦʛʦ ʢʨʘʥʘ ʩ 
ʧʦʟʠʮʠʠ ʝʛʦ ʤʘʰʠʥʠʩʪʘ.  

ʇʨʠ ʚʳʙʦʨʝ ʚʠʜʘ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʙʳʣʦ ʫʯʪʝʥʦ, ʯʪʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʚʠʨʪʫʘʣʴʥʦʡ ʨʝʘʣʴʥʦʩʪʠ 
ʫʚʝʣʠʯʠʚʘʝʪ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʦʙʫʯʝʥʠʷ ʠ ʩʧʦʩʦʙʥʘ ʣʫʯʰʝ ʧʦʜʛʦʪʦʚʠʪʴ ʫʯʘʱʝʛʦʩʷ ʢ ʨʘʙʦʪʝ ʥʘ 
ʨʝʘʣʴʥʦʡ ʤʘʰʠʥʝ[1-3]. ʆʜʥʦʡ ʠʟ ʧʨʦʙʣʝʤ ʜʣʷ ʩʠʩʪʝʤ ʚʠʨʪʫʘʣʴʥʦʡ ʨʝʘʣʴʥʦʩʪʠ ʷʚʣʷʝʪʩʷ 
ʦʪʩʣʝʞʠʚʘʥʠʝ ʩʣʦʞʥʳʭ ʜʚʠʞʝʥʠʡ ʪʝʣʘ ʯʝʣʦʚʝʢʘ. ɺ ʨʘʤʢʘʭ ʜʘʥʥʦʛʦ ʧʨʦʝʢʪʘ ʚʩʝ ʜʚʠʞʝʥʠʷ ʙʳʣʠ 
ʪʨʠʚʠʘʣʴʥʳʤʠ. ɺ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʚʘʞʥʳ ʜʚʠʞʝʥʠʷ ʛʦʣʦʚʳ. ʕʪʠ ʜʚʠʞʝʥʠʷ ʦʪʩʣʝʞʠʚʘʝʪ ʘʢʩʝʣʝʨʦʤʝʪʨ, 
ʚʩʪʨʦʝʥʥʳʡ ʚ ʩʧʝʮʠʘʣʴʥʳʝ ʦʯʢʠ. 

ʂʘʯʝʩʪʚʝʥʥʘʷ 3ʜ ʤʦʜʝʣʴ (ʨʠʩʫʥʦʢ 1) ʠ ʧʘʥʝʣʴ ʫʧʨʘʚʣʝʥʠʷ, ʠʩʧʦʣʴʟʦʚʘʥʥʘʷ ʚ ʨʘʤʢʘʭ ʧʨʦʝʢʪʘ, 
ʦʙʝʩʧʝʯʠʚʘʝʪ ʦʙʱʫʶ ʩʭʝʤʫ ʨʘʙʦʪʳ ʙʘʰʝʥʥʦʛʦ ʢʨʘʥʘ. ɼʣʷ ʧʘʥʝʣʠ ʫʧʨʘʚʣʝʥʠʷ ʙʳʣ ʠʩʧʦʣʴʟʦʚʘʥ 
ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʡ ʜʞʦʡʩʪʠʢ, ʪʘʢʞʝ ʚʦʟʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʩʧʝʮʠʘʣʴʥʦʡ ʧʘʥʝʣʠ ʫʧʨʘʚʣʝʥʠʷ, 
ʢʦʪʦʨʘʷ ʩʭʦʞʘ ʩ ʧʘʥʝʣʴʶ ʫʧʨʘʚʣʝʥʠʷ ʨʝʘʣʴʥʦʡ ʤʘʰʠʥʦʡ. ɼʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʩʦʚʤʝʩʪʠʤʦʩʪʠ ʵʪʠʭ 
ʚʘʨʠʘʥʪʦʚ ʦʙʝʩʧʝʯʝʥ ʫʥʠʬʠʮʠʨʦʚʘʥʥʳʡ ʠʥʪʝʨʬʝʡʩ ʜʦʩʪʫʧʘ ï COM ʧʦʨʪ ʢʦʤʧʴʶʪʝʨʘ. ɺ ʩʣʫʯʘʝ 
ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʚʦʟʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʢʣʘʚʠʘʪʫʨʳ ʢʦʤʧʴʶʪʝʨʘ ʚ ʢʘʯʝʩʪʚʝ ʫʩʪʨʦʡʩʪʚʘ ʚʚʦʜʘ 
ʜʘʥʥʳʭ. 

 

 
ʈʠʩʫʥʦʢ 1 - ʄʦʜʝʣʴ ʠ ʦʢʨʫʞʝʥʠʝ ʚ ʨʝʜʘʢʪʦʨʝ Unity 

 



55-ʷ ʶʙʠʣʝʡʥʘʷ ʥʘʫʯʥʘʷ ʢʦʥʬʝʨʝʥʮʠʷ ʘʩʧʠʨʘʥʪʦʚ, ʤʘʛʠʩʪʨʘʥʪʦʚ ʠ ʩʪʫʜʝʥʪʦʚ ɹɻʋʀʈ, 2019 ʛ. 

146 
 

ɺ ʜʘʥʥʦʤ ʧʨʦʛʨʘʤʤʥʦʤ ʩʨʝʜʩʪʚʝ ʪʘʢʞʝ ʫʯʠʪʳʚʘʝʪʩʷ ʵʬʬʝʢʪ ʨʘʩʢʘʯʠʚʘʥʠʷ ʢʨʘʥʘ, ʚʳʟʚʘʥʥʳʡ 
ʧʦʛʦʜʥʳʤʠ ʫʩʣʦʚʠʷʤʠ. ʉʫʱʝʩʪʚʫʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʢʦʥʪʨʦʣʠʨʦʚʘʪʴ ʧʦʛʦʜʥʳʝ ʵʬʬʝʢʪʳ, ʠʭ 
ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʠ ʩʧʝʮʠʬʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʩ ʧʦʤʦʱʴʶ ʥʘʩʪʨʦʝʢ ʧʨʦʛʨʘʤʤʳ. 

ɼʣʷ ʫʚʝʣʠʯʝʥʠʷ ʩʪʝʧʝʥʠ ʚʦʚʣʝʯʝʥʠʷ ʠʩʧʦʣʴʟʫʶʪʩʷ ʟʚʫʢʦʚʳʝ ʵʬʬʝʢʪʳ. ʕʪʦ ʫʚʝʣʠʯʠʚʘʝʪ 
ʚʦʚʣʝʯʝʥʠʝ ʚ ʧʨʦʠʩʭʦʜʷʱʝʝ[4] ï ʥʘʣʠʯʠʝ ʟʚʫʢʘ ʩʦʟʜʘʝʪ ʠʣʣʶʟʠʶ ʥʘʭʦʞʜʝʥʠʷ ʚ ʢʘʙʠʥʝ ʨʝʘʣʴʥʦʡ 
ʤʘʰʠʥʳ. ʊʘʢʞʝ ʩʪʦʠʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʨʘʟʣʠʯʥʳʝ ʧʦʩʪʦʨʦʥʥʠʝ ʰʫʤʳ, ʪʘʢʠʝ ʢʘʢ ʰʫʤ ʚʝʪʨʘ, ʟʚʫʢʠ 
ʘʚʪʦʤʦʙʠʣʴʥʳʭ ʪʨʘʩʩ ʠ ʧʨʦʯʠʝ ʟʚʫʢʠ ʩʧʦʩʦʙʥʳ ʚʦʩʧʨʦʠʟʚʝʩʪʠ ʢʘʨʪʠʥʫ ñʧʦʣʥʦʮʝʥʥʦʛʦ ʤʠʨʘò ʚ 
ʩʠʤʫʣʷʪʦʨʝ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʙʦʣʴʰʘʷ ʯʘʩʪʴ ʚʠʟʫʘʣʴʥʳʭ ʠ ʩʣʫʭʦʚʳʭ ʨʘʟʜʨʘʞʠʪʝʣʝʡ ʫʢʘʟʳʚʘʝʪ ʥʘ ʪʦ, 
ʯʪʦ ʤʘʰʠʥʠʩʪ ʥʘʭʦʜʠʪʩʷ ʚ ʢʘʙʠʥʝ ʢʨʘʥʘ, ʘ ʥʝ ʟʘ ʩʪʦʣʦʤ ʚ ʫʯʝʙʥʦʡ ʘʫʜʠʪʦʨʠʠ. 

ʈʘʙʦʪʘ ʤʝʭʘʥʠʟʤʘ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʩ ʧʦʟʠʮʠʠ ʦʙʟʦʨʘ ʤʘʰʠʥʠʩʪʘ ʙʘʰʝʥʥʦʛʦ ʢʨʘʥʘ. ɺʩʝʛʦ 
ʠʤʝʝʪʩʷ 3 ʢʘʤʝʨʳ ï ʪʦʯʝʢ ʦʙʟʦʨʘ ʩ ʢʦʪʦʨʳʭ ʤʦʞʥʦ ʥʘʙʣʶʜʘʪʴ ʟʘ ʧʨʦʮʝʩʩʦʤ ʨʘʙʦʪʳ. ʇʝʨʚʘʷ ʢʘʤʝʨʘ 
ʨʘʟʤʝʱʘʝʪʩʷ ʚʥʫʪʨʠ ʢʘʙʠʥʳ ʢʨʘʥʘ (ʨʠʩʫʥʦʢ 2), ʚʪʦʨʘʷ ʩʥʘʨʫʞʠ ʢʨʘʥʘ ʥʘ ʦʪʜʘʣʝʥʠʠ ʦʪ ʥʝʛʦ ʠ ʪʨʝʪʴʷ 
ʥʘ ʩʪʨʝʣʝ ʢʨʘʥʘ (ʨʠʩʫʥʦʢ 3). ʇʦʜʦʙʥʦʝ ʨʘʩʧʦʣʦʞʝʥʠʝ ʢʘʤʝʨ ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʠʪʴ ʚʩʶ ʥʝʦʙʭʦʜʠʤʫʶ 
ʠʥʬʦʨʤʘʮʠʶ ʦ ʧʨʦʮʝʩʩʝ ʧʝʨʝʤʝʱʝʥʠʷ ʛʨʫʟʦʚ ʠ ʦ ʨʘʙʦʪʝ ʢʨʘʥʘ ʚ ʮʝʣʦʤ ʝʩʣʠ ʵʪʦ ʙʫʜʝʪ ʥʝʦʙʭʦʜʠʤʦ ʚ 
ʨʘʤʢʘʭ ʫʯʝʙʥʦʛʦ ʧʨʦʮʝʩʩʘ. ʕʪʦ ʧʦʟʚʦʣʷʝʪ ʢʦʥʪʨʦʣʠʨʦʚʘʪʴ ʧʨʦʮʝʩʩ ʦʙʫʯʝʥʠʷ ʤʘʰʠʥʠʩʪʘ ʠ ʜʘʝʪ ʝʤʫ 
ʚʦʟʤʦʞʥʦʩʪʴ ʧʦʣʫʯʠʪʴ ʜʦʧʦʣʥʠʪʝʣʴʥʫʶ ʠʥʬʦʨʤʘʮʠʶ ʚʦ ʚʨʝʤʷ ʩʠʤʫʣʷʮʠʠ. ʇʝʨʝʢʣʶʯʝʥʠʝ ʤʝʞʜʫ 
ʢʘʤʝʨʘʤʠ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʧʨʠ ʧʦʤʦʱʠ ʢʥʦʧʢʠ ʥʘ ʜʞʦʡʩʪʠʢʝ ʠʣʠ ʧʘʥʝʣʠ ʫʧʨʘʚʣʝʥʠʷ. 

 

 

ʈʠʩʫʥʢʠ 2, 3 ï ʚʠʜ ʠʟ ʢʘʙʠʥʳ ʢʨʘʥʘ ʠ ʩʦ ʩʪʨʝʣʳ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʨʘʙʦʪʳ ʧʦʣʫʯʝʥʦ ʧʨʦʛʨʘʤʤʥʦʝ ʩʨʝʜʩʪʚʦ, ʚʳʧʦʣʥʷʶʱʝʝ 
ʩʣʝʜʫʶʱʠʝ ʬʫʥʢʮʠʠ: 

1) ɺʳʧʦʣʥʝʥʠʝ ʩʠʤʫʣʷʮʠʠ ʚ ʚʠʨʪʫʘʣʴʥʦʡ ʨʝʘʣʴʥʦʩʪʠ.  ɼʣʷ ʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʦʡ ʨʘʙʦʪʳ 
ʪʨʝʙʫʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʩʧʝʮʠʘʣʴʥʳʭ ʦʯʢʦʚ; 

2) ʈʘʟʨʘʙʦʪʘʥ ʩʧʝʮʠʘʣʴʥʳʡ ʢʦʥʪʨʦʣʣʝʨ, ʩʭʦʞʠʡ ʧʦ ʬʫʥʢʮʠʦʥʘʣʴʥʦʩʪʠ ʩ ʦʨʛʘʥʘʤʠ 
ʫʧʨʘʚʣʝʥʠʷ ʨʝʘʣʴʥʳʤʠ ʤʘʰʠʥʘʤʠ; 

3) ɺʦʟʤʦʞʥʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʥʘʫʰʥʠʢʦʚ ʜʣʷ ʫʚʝʣʠʯʝʥʠʷ ʩʪʝʧʝʥʠ ʚʦʚʣʝʯʝʥʠʷ ʚ 
ʩʠʤʫʣʷʮʠʶ; 

4) ɺʦʟʤʦʞʥʦʩʪʴ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʧʦʛʦʜʥʳʭ ʫʩʣʦʚʠʡ, ʪʘʢʠʭ ʢʘʢ ʚʝʪʝʨ, ʨʘʩʢʘʯʠʚʘʶʱʠʡ ʛʨʫʟ 
ʠ ʩʘʤ ʢʨʘʥ; 

5) ʉʤʦʜʝʣʠʨʦʚʘʥʳ ʨʝʘʣʴʥʳʝ ʫʩʣʦʚʠʷ ʥʘ ʩʪʨʦʠʪʝʣʴʥʦʡ ʧʣʦʱʘʜʢʝ. ɼʦʧʦʣʥʠʪʝʣʴʥʦ 
ʠʤʝʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴ ʚʳʙʦʨʘ ʠʟ ʥʝʩʢʦʣʴʢʠʭ ʨʘʟʣʠʯʥʳʭ ʨʝʘʣʠʩʪʠʯʥʦ ʚʝʜʫʱʠʭ ʩʝʙʷ ʛʨʫʟʦʚ. 
 
ʉʧʠʩʦʢ ʠʩʧʦʣʴʟʦʚʘʥʥʳʭ ʠʩʪʦʯʥʠʢʦʚ: 

1. Doug Donovan: Virtual Reality Increases Training Effectiveness: 10 Case Studies. ɸʛʨʝʛʘʮʠʷ ʠʩʩʣʝʜʦʚʘʥʠʡ. [ʕʣʝʢʪʨʦʥʥʳʡ 
ʨʝʩʫʨʩ]~/ ð ʈʝʞʠʤ ʜʦʩʪʫʧʘ: https://www.interplaylearning.com/blog/virtual-reality-3d-simulation-training-case-studies ð ɼʘʪʘ 
ʜʦʩʪʫʧʘ: 02.03.2019. 

2. ɿʠʥʦʚʯʝʥʢʦ ɸʣʝʢʩʘʥʜʨ ʅʠʢʦʣʘʝʚʠʯ: ʆʧʳʪ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʢʦʤʧʴʶʪʝʨʥʦʡ ʦʙʫʯʘʶʱʝʡ ʩʠʩʪʝʤʳ ʚ ʘʟʦʚʩʢʦʤ ʤʦʨʩʢʦʤ 
ʠʥʩʪʠʪʫʪʝ. [ʕʣʝʢʪʨʦʥʥʳʡ ʨʝʩʫʨʩ]~/ ð ʈʝʞʠʤ ʜʦʩʪʫʧʘ: https://cyberleninka.ru/article/n/opyt-ispolzovaniya-kompyuternoy-
obuchayuschey-sistemy-v-azovskom-morskom-institute ð ɼʘʪʘ ʜʦʩʪʫʧʘ: 02.03.2019. 

3. Marianne Stenger: 10 Ways Virtual Reality Is Already Being Used in Education. [ʕʣʝʢʪʨʦʥʥʳʡ ʨʝʩʫʨʩ]/ ð ʈʝʞʠʤ ʜʦʩʪʫʧʘ: 
https://www.opencolleges.edu.au/informed/edtech-integration/10-ways-virtual-reality-already-used-education/ ð ɼʘʪʘ ʜʦʩʪʫʧʘ: 
02.03.2019. 

4. Anastasiia Ku: What makes VR real [ʕʣʝʢʪʨʦʥʥʳʡ ʨʝʩʫʨʩ]/ ð ʈʝʞʠʤ ʜʦʩʪʫʧʘ: https://medium.com/inborn-experience/what-
makes-vr-real-c1174032eea3 ð ɼʘʪʘ ʜʦʩʪʫʧʘ: 02.03.2019. 
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ɸʃɻʆʈʀʊʄ ʇʆʉʊʈʆɽʅʀʗ ʉɽʄɸʅʊʀʏɽʉʂʆʁ ʉɽʊʀ 
ʉ ʆɹʈɸɹʆʊʂʆʁ ʄɽʉʊʆʀʄɽʅʀʁ ʊɽʂʉʊɸ 

ʇʦʪʘʨʘʝʚ ɺ.ɺ. 

ɹʝʣʦʨʫʩʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʥʬʦʨʤʘʪʠʢʠ ʠ ʨʘʜʠʦʵʣʝʢʪʨʦʥʠʢʠ 
ʛ. ʄʠʥʩʢ, ʈʝʩʧʫʙʣʠʢʘ ɹʝʣʘʨʫʩʴ 

ʉʝʨʝʙʨʷʥʘʷ ʃ.ɺ. ï ʢ.ʪ.ʥ.,ʜʦʮʝʥʪ 

ɺ ʩʦʚʨʝʤʝʥʥʳʭ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʩʠʩʪʝʤʘʭ ʦʙʨʘʙʘʪʳʚʘʶʪʩʷ ʙʦʣʴʰʠʝ ʦʙʲʸʤʳ ʠʥʬʦʨʤʘʮʠʠ. ʇʨʠ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʨʘʙʦʪʳ ʩ 
ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʩʠʩʪʝʤʦʡ ʤʦʞʝʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥ ʩʝʤʘʥʪʠʯʝʩʢʠʡ ʘʥʘʣʠʟ ʪʝʢʩʪʦʚʦʡ ʠʥʬʦʨʤʘʮʠʠ. ʄʦʜʝʣʴ ʩʝʤʘʥʪʠʯʝʩʢʦʡ 
ʩʝʪʠ ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ ʠʥʩʪʨʫʤʝʥʪʦʚ ʩʝʤʘʥʪʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ. ʄʝʩʪʦʠʤʝʥʠʝ ï ʵʪʦ ʯʘʩʪʴ ʨʝʯʠ, ʢʦʪʦʨʘʷ ʚʩʪʨʝʯʘʝʪʩʷ ʚ ʪʝʢʩʪʝ 
ʜʦʚʦʣʴʥʦ ʯʘʩʪʦ.  ʈʘʩʩʤʦʪʨʠʤ ʤʝʪʦʜ ʧʦʩʪʨʦʝʥʠʷ ʩʝʤʘʥʪʠʯʝʩʢʦʡ ʩʝʪʠ ʩ ʫʯʸʪʦʤ ʤʝʩʪʦʠʤʝʥʠʡ ʪʝʢʩʪʘ. 

ɺ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʩʠʩʪʝʤʘʭ ʦʙʨʘʙʘʪʳʚʘʶʪʩʷ ʜʦʚʦʣʴʥʦ ʙʦʣʴʰʠʝ ʦʙʲʸʤʳ ʪʝʢʩʪʦʚʦʡ 
ʠʥʬʦʨʤʘʮʠʠ. ʇʦʵʪʦʤʫ ʦʛʨʦʤʥʦʝ ʟʥʘʯʝʥʠʝ ʠʤʝʝʪ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʘʷ ʦʙʨʘʙʦʪʢʘ ʠʥʬʦʨʤʘʮʠʠ, ʘ 
ʪʘʢʞʝ ʝʸ ʙʳʩʪʨʦʪʘ ʠ ʧʨʘʚʠʣʴʥʦʩʪʴ. ʇʨʠʤʝʥʝʥʠʝ ʩʝʤʘʥʪʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ ʠ ʙʘʟ ʟʥʘʥʠʡ ʷʚʣʷʝʪʩʷ 
ʦʜʥʠʤ ʠʟ ʠʥʩʪʨʫʤʝʥʪʦʚ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʡ ʦʙʨʘʙʦʪʢʠ ʠʥʬʦʨʤʘʮʠʠ.  

ʄʝʩʪʦʠʤʝʥʠʝ ʷʚʣʷʝʪʩʷ ʯʘʩʪʴʶ ʨʝʯʠ, ʢʦʪʦʨʘʷ ʧʦʟʚʦʣʷʝʪ ʫʧʨʦʩʪʠʪʴ ʚʳʩʢʘʟʳʚʘʥʠʷ ʠ 
ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʦʚʦʣʴʥʦ ʯʘʩʪʦ. 

ʎʝʣʴʶ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʨʘʟʨʘʙʦʪʢʘ ʤʝʪʦʜʘ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʛʦ ʧʦʩʪʨʦʝʥʠʷ 
ʩʝʤʘʥʪʠʯʝʩʢʦʡ ʩʝʪʠ, ʢʦʪʦʨʳʡ ʫʯʠʪʳʚʘʝʪ ʚʳʩʢʘʟʳʚʘʥʠʷ ʪʝʢʩʪʘ, ʩʬʦʨʤʫʣʠʨʦʚʘʥʥʳʝ ʩ ʧʦʤʦʱʴʶ 
ʤʝʩʪʦʠʤʝʥʠʡ. 

ɹʘʟʘ ʟʥʘʥʠʡ ï ʵʪʦ ʢʦʤʧʦʥʝʥʪ ʵʢʩʧʝʨʪʥʦʡ ʩʠʩʪʝʤʳ, ʧʨʝʜʥʘʟʥʘʯʝʥʥʳʡ ʜʣʷ ʭʨʘʥʝʥʠʷ 
ʜʦʣʛʦʩʨʦʯʥʳʭ ʜʘʥʥʳʭ, ʦʧʠʩʳʚʘʶʱʠʭ ʦʧʨʝʜʝʣʝʥʥʫʶ ʧʨʝʜʤʝʪʥʫʶ ʦʙʣʘʩʪʴ, ʠ ʧʨʘʚʠʣ, ʦʧʠʩʳʚʘʶʱʠʭ 
ʮʝʣʝʩʦʦʙʨʘʟʥʳʝ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʜʘʥʥʳʭ ʵʪʦʡ ʦʙʣʘʩʪʠ [1].  

ɺʳʜʝʣʷʶʪ ʯʝʪʳʨʝ ʦʩʥʦʚʥʳʝ ʤʦʜʝʣʠ ʙʘʟʳ ʟʥʘʥʠʡ: 
1) ʣʦʛʠʯʝʩʢʘʷ ʤʦʜʝʣʴ (ʦʩʥʦʚʘʥʥʘʷ ʥʘ ʬʦʨʤʫʣʘʭ); 
2) ʧʨʦʜʫʢʮʠʦʥʥʘʷ ʤʦʜʝʣʴ (ʦʩʥʦʚʘʥʥʘʷ ʥʘ ʧʨʘʚʠʣʘʭ); 
3) ʬʨʝʡʤʳ (ʬʨʝʡʤ - ʵʪʦ ʤʠʥʠʤʘʣʴʥʦ ʚʦʟʤʦʞʥʦʝ ʦʧʠʩʘʥʠʝ ʩʫʱʥʦʩʪʠ ʦʙʲʝʢʪʘ); 
4) ʩʝʤʘʥʪʠʯʝʩʢʘʷ ʩʝʪʴ (ʦʨʠʝʥʪʠʨʦʚʘʥʥʳʡ ʛʨʘʬ, ʦʪʨʘʞʘʶʱʠʡ ʧʦʥʷʪʠʷ ʠ ʠʭ ʦʪʥʦʰʝʥʠʷ) [2]. 
ʄʦʜʝʣʴ, ʦʩʥʦʚʘʥʥʘʷ ʥʘ ʩʝʤʘʥʪʠʯʝʩʢʦʡ ʩʝʪʠ, ʥʘʠʙʦʣʝʝ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʩʦʚʨʝʤʝʥʥʳʤ 

ʧʨʝʜʩʪʘʚʣʝʥʠʷʤ ʦʙ ʦʨʛʘʥʠʟʘʮʠʠ ʜʦʣʛʦʚʨʝʤʝʥʥʦʡ ʧʘʤʷʪʠ ʯʝʣʦʚʝʢʘ [3].  
ʊʠʧʳ ʩʚʷʟʝʡ, ʠʩʧʦʣʴʟʫʝʤʳʝ ʚ ʩʝʤʘʥʪʠʯʝʩʢʦʡ ʩʝʪʠ, ʚʳʙʠʨʘʶʪʩʷ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʨʝʰʘʝʤʦʡ 

ʟʘʜʘʯʠ. ɺ ʨʝʘʣʴʥʦʤ ʤʠʨʝ ʯʠʩʣʦ ʩʚʷʟʝʡ ʤʝʞʜʫ ʧʦʥʷʪʠʷʤʠ ʦʛʨʦʤʥʦ [4]. ʂ ʦʩʥʦʚʥʳʤ ʪʠʧʘʤ ʦʪʥʦʰʝʥʠʡ, 
ʢʦʪʦʨʳʝ ʥʘʠʙʦʣʝʝ ʯʘʩʪʦ ʧʨʠʤʝʥʷʶʪʩʷ ʚ ʩʝʤʘʥʪʠʯʝʩʢʠʭ ʩʝʪʷʭ, ʤʦʞʥʦ ʦʪʥʝʩʪʠ ʩʣʝʜʫʶʱʠʝ: 

1) ʢʣʘʩʩ - ʵʣʝʤʝʥʪ ʢʣʘʩʩʘ (ʥʘʧʨʠʤʝʨ, ñʘʚʪʦʤʦʙʠʣʴò ï ñɺʦʣʛʘò); 
2) ʩʚʦʡʩʪʚʦ ï ʟʥʘʯʝʥʠʝ (ñʮʚʝʪò ï ñʢʨʘʩʥʳʡò) [3]. 
ʉʫʱʝʩʪʚʫʝʪ ʤʦʜʝʣʴ ʩʝʤʘʥʪʠʯʝʩʢʦʡ ʩʝʪʠ, ʢʦʪʦʨʘʷ ʧʦʟʚʦʣʷʝʪ ʥʘʭʦʜʠʪʴ ʦʪʚʝʪ ʥʘ ʚʦʧʨʦʩ [5].  
ʄʝʩʪʦʠʤʝʥʠʝʤ ʥʘʟʳʚʘʶʪ ʩʘʤʦʩʪʦʷʪʝʣʴʥʫʶ ʯʘʩʪʴ ʨʝʯʠ, ʢʦʪʦʨʘʷ ʠʩʧʦʣʴʟʫʝʪʩʷ ʚʤʝʩʪʦ 

ʩʫʱʝʩʪʚʠʪʝʣʴʥʳʭ, ʧʨʠʣʘʛʘʪʝʣʴʥʳʭ, ʯʠʩʣʠʪʝʣʴʥʳʭ ʠ ʥʘʨʝʯʠʡ (ʠʣʠ ʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ), ʯʪʦʙʳ ʫʢʘʟʘʪʴ ʥʘ 
ʵʪʠ ʩʫʱʝʩʪʚʠʪʝʣʴʥʳʝ, ʧʨʠʣʘʛʘʪʝʣʴʥʳʝ, ʯʠʩʣʠʪʝʣʴʥʳʝ ʠ ʥʘʨʝʯʠʷ (ʘ ʪʘʢʞʝ ʠʭ ʧʨʠʟʥʘʢʠ ʠ ʢʦʣʠʯʝʩʪʚʦ), 
ʥʝ ʥʘʟʳʚʘʷ ʠʭ. 

ʃʠʯʥʳʝ ʤʝʩʪʦʠʤʝʥʠʷ ʫʢʘʟʳʚʘʶʪ ʥʘ ʦʙʲʝʢʪ ʨʝʯʠ ï ʣʠʮʦ, ʦ ʢʦʪʦʨʦʤ ʠʜʝʪ ʨʝʯʴ. ʄʝʩʪʦʠʤʝʥʠʷ 1 
(ʷ/ʤʳ) ʠ 2 (ʪʳ/ʚʳ) ʣʠʮʘ ʦʙʦʟʥʘʯʘʶʪ ʫʯʘʩʪʥʠʢʦʚ ʨʝʯʠ. ʄʝʩʪʦʠʤʝʥʠʷ 3 ʣʠʮʘ (ʦʥ, ʦʥʘ, ʦʥʦ / ʦʥʠ) 
ʫʢʘʟʳʚʘʶʪ ʥʘ ʣʠʮ, ʢʦʪʦʨʳʝ ʚ ʨʝʯʠ ʥʝ ʫʯʘʩʪʚʫʶʪ [6]. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʤʝʩʪʦʠʤʝʥʠʷ ʚ ʪʝʢʩʪʝ ʚʳʧʦʣʥʷʶʪ ʚʩʧʦʤʦʛʘʪʝʣʴʥʫʶ ʬʫʥʢʮʠʶ, ʫʢʘʟʳʚʘʷ ʥʘ 
ʜʨʫʛʠʝ ʩʣʦʚʘ, ʠ ʩʘʤʠ ʧʦ ʩʝʙʝ ʥʝ ʦʟʥʘʯʘʶʪ ʢʦʥʢʨʝʪʥʦʝ ʧʦʥʷʪʠʝ. ʇʦʵʪʦʤʫ ʠʤʝʝʪ ʩʤʳʩʣ ʧʨʠ ʧʦʩʪʨʦʝʥʠʠ 
ʩʝʪʠ ʟʘʤʝʥʷʪʴ ʤʝʩʪʦʠʤʝʥʠʷ ʩʣʦʚʘʤʠ, ʥʘ ʢʦʪʦʨʳʝ ʦʥʠ ʫʢʘʟʳʚʘʶʪ. ʕʪʦ ʧʦʟʚʦʣʷʝʪ ʥʝ ʫʚʝʣʠʯʠʚʘʪʴ 
ʨʘʟʤʝʨ ʩʝʪʠ ʟʘ ʩʯʸʪ ʤʝʩʪʦʠʤʝʥʠʡ ʠ ʫʧʨʦʩʪʠʪʴ ʨʘʙʦʪʫ ʩ ʩʝʪʴʶ. 

ɸʣʛʦʨʠʪʤ ʛʝʥʝʨʘʮʠʠ ʩʝʪʠ ʜʣʷ ʪʝʢʩʪʘ ʩ ʦʙʨʘʙʦʪʢʦʡ ʣʠʯʥʳʭ ʤʝʩʪʦʠʤʝʥʠʡ 3 ʣʠʮʘ (ʦʥ, ʦʥʘ, 
ʦʥʦ, ʦʥʠ) ʤʦʞʝʪ ʙʳʪʴ ʧʨʝʜʩʪʘʚʣʝʥ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: 

1) ʇʝʨʝʡʪʠ ʢ ʦʯʝʨʝʜʥʦʤʫ ʧʨʝʜʣʦʞʝʥʠʶ ʪʝʢʩʪʘ (ʥʘʯʠʥʘʷ ʩ ʧʝʨʚʦʛʦ). 
2) ʅʘʡʪʠ ʚ ʧʨʝʜʣʦʞʝʥʠʠ ʩʫʱʝʩʪʚʠʪʝʣʴʥʦʝ ʚ ʥʘʯʘʣʴʥʦʡ ʬʦʨʤʝ. ɽʩʣʠ ʥʘʡʜʝʥʦ, 

ʚʳʙʨʘʪʴ ʝʛʦ ʚ ʢʘʯʝʩʪʚʝ ʧʦʜʣʝʞʘʱʝʛʦ. 
3) ɽʩʣʠ ʩʫʱʝʩʪʚʠʪʝʣʴʥʦʝ ʙʳʣʦ ʥʘʡʜʝʥʦ, ʪʦ ʦʧʨʝʜʝʣʠʪʴ ʝʛʦ ʪʠʧ (ʨʦʜ ʠ ʯʠʩʣʦ). 

ʉʦʭʨʘʥʠʪʴ ʩʦʦʪʚʝʪʩʪʚʠʝ ʜʘʥʥʦʛʦ ʪʠʧʘ ʢ ʥʘʡʜʝʥʥʦʤʫ ʩʫʱʝʩʪʚʠʪʝʣʴʥʦʤʫ. 
4) ʅʘʡʪʠ ʚ ʧʨʝʜʣʦʞʝʥʠʠ ʣʠʯʥʦʝ ʤʝʩʪʦʠʤʝʥʠʝ 3 ʣʠʮʘ (ʦʥ, ʦʥʘ, ʦʥʦ, ʦʥʠ). 
5) ɽʩʣʠ ʣʠʯʥʦʝ ʤʝʩʪʦʠʤʝʥʠʝ ʙʳʣʦ ʥʘʡʜʝʥʦ, ʪʦ ʟʘʛʨʫʟʠʪʴ ʧʦʩʣʝʜʥʝʝ 

ʩʫʱʝʩʪʚʠʪʝʣʴʥʦʝ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʝ ʝʤʫ ʧʦ ʪʠʧʫ (ʨʦʜ ʠ ʯʠʩʣʦ). ɺʳʙʨʘʪʴ ʟʘʛʨʫʞʝʥʥʦʝ 
ʩʫʱʝʩʪʚʠʪʝʣʴʥʦʝ ʚ ʢʘʯʝʩʪʚʝ ʧʦʜʣʝʞʘʱʝʛʦ. 

6) ʅʘʡʪʠ ʩʢʘʟʫʝʤʦʝ. ɼʦʙʘʚʠʪʴ ʝʛʦ ʚ ʩʝʪʴ, ʝʩʣʠ ʝʱʸ ʥʝ ʜʦʙʘʚʣʝʥʦ. 
7) ɼʦʙʘʚʠʪʴ ʩʚʷʟʴ çʧʦʜʣʝʞʘʱʝʝ-ʩʢʘʟʫʝʤʦʝè. 
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8) ɼʦʙʘʚʠʪʴ ʦʩʪʘʣʴʥʳʝ ʯʣʝʥʳ ʧʨʝʜʣʦʞʝʥʠʷ ʠ ʩʚʷʟʠ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ 
ʚʳʙʨʘʥʥʳʤʠ ʜʣʷ ʩʝʪʠ ʪʠʧʘʤʠ ʩʚʷʟʝʡ. 

9) ʇʦʚʪʦʨʷʪʴ ʰʘʛʠ 1-8 ʜʣʷ ʢʘʞʜʦʛʦ ʧʨʝʜʣʦʞʝʥʠʷ ʚ ʪʝʢʩʪʝ. 
ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʯʣʝʥʦʚ ʧʨʝʜʣʦʞʝʥʠʷ ʚ ʧʨʦʩʪʝʡʰʝʤ ʩʣʫʯʘʝ ʤʦʛʫʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʩʣʦʚʘʨʠ 

(ʩʫʱʝʩʪʚʠʪʝʣʴʥʳʭ, ʛʣʘʛʦʣʦʚ, ʧʨʠʣʘʛʘʪʝʣʴʥʳʭ ʠ ʪ.ʧ.). ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʨʦʜʘ ʠ ʯʠʩʣʘ ʚ ʧʨʦʩʪʝʡʰʝʤ 
ʩʣʫʯʘʝ ʤʦʞʥʦ ʘʥʘʣʠʟʠʨʦʚʘʪʴ ʦʢʦʥʯʘʥʠʷ. 

ʈʘʩʩʤʦʪʨʠʤ ʧʦʩʪʨʦʝʥʠʝ ʩʝʤʘʥʪʠʯʝʩʢʦʡ ʩʝʪʠ ʥʘ ʢʦʥʢʨʝʪʥʦʤ ʧʨʠʤʝʨʝ. 
ʇʫʩʪʴ ʚ ʩʝʪʠ ʠʩʧʦʣʴʟʫʶʪʩʷ ʪʠʧʳ ʩʚʷʟʝʡ çʧʦʜʣʝʞʘʱʝʝ-ʩʢʘʟʫʝʤʦʝè ʠ çʤʝʩʪʦè. ɼʣʷ ʪʝʢʩʪʘ çʂʥʠʛʘ 

ʧʦʚʝʩʪʚʫʝʪ ʦ ʊʝʣʝʤʘʢʝ, ʩʳʥʝ ʆʜʠʩʩʝʷ. ʆʥʘ ʣʝʞʠʪ ʥʘ ʩʪʦʣʝ.è ʤʦʞʥʦ ʧʦʩʪʨʦʠʪʴ ʩʝʪʴ, ʠʟʦʙʨʘʞʸʥʥʫʶ 
ʥʘ ʨʠʩʫʥʢʝ 1. 

 

ʢʥʠʛʘ

ʧʦʚʝʩʪʚʫʝʪ
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ʤʝʩʪʦ

 
ʈʠʩʫʥʦʢ 1 ï ʇʨʠʤʝʨ ʩʝʤʘʥʪʠʯʝʩʢʦʡ ʩʝʪʠ 

 
ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʘʣʛʦʨʠʪʤʦʤ, ʚ ʩʝʪʴ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ ʜʦʙʘʚʣʝʥʳ ʫʟʣʳ çʢʥʠʛʘè, çʧʦʚʝʩʪʚʫʝʪè, 

çʣʝʞʠʪè, çʥʘ ʩʪʦʣʝè. ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʩʫʱʝʩʪʚʠʪʝʣʴʥʦʝ çʢʥʠʛʘè ʠʤʝʝʪ ʞʝʥʩʢʠʡ ʨʦʜ ʠ 
ʝʜʠʥʩʪʚʝʥʥʦʝ ʯʠʩʣʦ. ʄʝʩʪʦʠʤʝʥʠʝ çʦʥʘè ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʜʘʥʥʦʤʫ ʩʫʱʝʩʪʚʠʪʝʣʴʥʦʤʫ. ʆʩʪʘʣʴʥʳʝ 
ʩʣʦʚʘ ʥʝ ʠʤʝʶʪ ʪʠʧʦʚ ʩʚʷʟʝʡ, ʜʣʷ ʢʦʪʦʨʳʭ ʩʪʨʦʠʪʩʷ ʩʝʪʴ. ʇʦʵʪʦʤʫ ʦʥʠ ʚ ʩʝʪʴ ʥʝ ʜʦʙʘʚʣʝʥʳ. 

ɺ ʠʩʭʦʜʥʦʤ ʪʝʢʩʪʝ ʥʝ ʙʳʣʦ ʥʘʧʨʷʤʫʶ ʩʢʘʟʘʥʦ, ʯʪʦ ʢʥʠʛʘ ʥʘʭʦʜʠʪʩʷ ʥʘ ʩʪʦʣʝ, ʥʦ ʧʦʣʫʯʝʥʥʘʷ 
ʩʝʪʴ ʩʦʜʝʨʞʠʪ ʵʪʫ ʠʥʬʦʨʤʘʮʠʶ ʙʣʘʛʦʜʘʨʷ ʚʝʨʥʦʤʫ ʫʯʸʪʫ ʤʝʩʪʦʠʤʝʥʠʷ çʦʥʘè. 

ʀʪʘʢ, ʤʝʩʪʦʠʤʝʥʠʝ ʷʚʣʷʝʪʩʷ ʯʘʩʪʴʶ ʨʝʯʠ, ʢʦʪʦʨʘʷ ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʦʚʦʣʴʥʦ ʯʘʩʪʦ. ʇʦʩʪʨʦʝʥʠʝ 
ʩʝʤʘʥʪʠʯʝʩʢʦʡ ʩʝʪʠ, ʫʯʠʪʳʚʘʶʱʝʝ ʟʥʘʯʝʥʠʝ ʣʠʯʥʳʭ ʤʝʩʪʦʠʤʝʥʠʡ 3 ʣʠʮʘ, ʤʦʞʝʪ ʙʳʪʴ 
ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʦ. ʊʝʤ ʥʝ ʤʝʥʝʝ, ʨʝʘʣʠʟʘʮʠʷ ʘʣʛʦʨʠʪʤʘ ʧʦʩʪʨʦʝʥʠʷ ʩʝʤʘʥʪʠʯʝʩʢʦʡ ʩʝʪʠ 
ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʜʦʚʦʣʴʥʦ ʩʣʦʞʥʫʶ ʟʘʜʘʯʫ ʠʟ-ʟʘ ʥʝʦʜʥʦʟʥʘʯʥʦʩʪʠ ʩʣʦʚ ʝʩʪʝʩʪʚʝʥʥʦʛʦ ʷʟʳʢʘ. 
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1. ɹʘʟʳ ʟʥʘʥʠʡ ʵʢʩʧʝʨʪʥʳʭ ʩʠʩʪʝʤ. [ʕʣʝʢʪʨʦʥʥʳʡ ʨʝʩʫʨʩ]. ï ʕʣʝʢʪʨʦʥʥʳʝ ʜʘʥʥʳʝ. ï ʈʝʞʠʤ ʜʦʩʪʫʧʘ: 
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2. ɻʘʚʨʠʣʦʚʘ, ʊ.ɸ. ɹʘʟʳ ʟʥʘʥʠʡ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʭ ʩʠʩʪʝʤ / ʊ.ɸ. ɻʘʚʨʠʣʦʚʘ, ɺ.ʌ. ʍʦʨʦʰʝʚʩʢʠʡ ï ʉʇʙ. : ʇʠʪʝʨ, 2000. ï 

384 ʩ. 
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4. ʈʘʭʠʤʦʚʘ ɼ. ʈ. ʇʦʩʪʨʦʝʥʠʝ ʩʝʤʘʥʪʠʯʝʩʢʠʭ ʦʪʥʦʰʝʥʠʡ ʚ ʤʘʰʠʥʥʦʤ ʧʝʨʝʚʦʜʝ // ɺʝʩʪʥʠʢ ʂʘʟʅʋ ʠʤ. ʘʣʴ-ʌʘʨʘʙʠ. ʉʝʨʠʷ 

çʄʘʪʝʤʘʪʠʢʘ, ʤʝʭʘʥʠʢʘ ʠ ʠʥʬʦʨʤʘʪʠʢʘè. ï ɸʣʤʘʪʳ, 2014. ï ˉ1. ï ʉ. 90-101. 
5. ʇʦʪʘʨʘʝʚ, ɺ.ɺ. ɸʣʛʦʨʠʪʤ ʧʨʠʤʝʥʝʥʠʷ ʩʝʤʘʥʪʠʯʝʩʢʦʡ ʩʝʪʠ ʜʣʷ ʧʦʠʩʢʘ ʦʪʚʝʪʘ ʥʘ ʚʦʧʨʦʩ / ɺ.ɺ. ʇʦʪʘʨʘʝʚ // 

ʂʦʤʧʴʶʪʝʨʥʳʝ ʩʠʩʪʝʤʳ ʠ ʩʝʪʠ: ʤʘʪʝʨʠʘʣʳ 54-ʦʡ ʥʘʫʯʥʦʡ ʢʦʥʬʝʨʝʥʮʠʠ ʘʩʧʠʨʘʥʪʦʚ, ʤʘʛʠʩʪʨʘʥʪʦʚ ʠ ʩʪʫʜʝʥʪʦʚ. ï ʄʠʥʩʢ: 
ɹɻʋʀʈ, 2018. ï ʩ. 103-105. 

6. ɺʩʝ, ʯʪʦ ʚʳ ʭʦʪʝʣʠ ʫʟʥʘʪʴ ʦ ʤʝʩʪʦʠʤʝʥʠʷʭ, ʥʦ ʥʝ ʟʥʘʣʠ, ʢʘʢ ʩʧʨʦʩʠʪʴ [ʕʣʝʢʪʨʦʥʥʳʡ ʨʝʩʫʨʩ]. ï ʕʣʝʢʪʨʦʥʥʳʝ ʜʘʥʥʳʝ. ï 
ʈʝʞʠʤ ʜʦʩʪʫʧʘ: https://blog.tutoronline.ru/vse-chto-vy-hoteli-uznat-o-mestoimenijah-no-ne-znali-kak-sprosit. ɼʘʪʘ ʜʦʩʪʫʧʘ : 
24.03.2019. 
 
 

ɺɽɹ-ʇʈʀʃʆɾɽʅʀɽ ʋʏɽʊɸ ʈɸɹʆʏɽɻʆ  
ɺʈɽʄɽʅʀ ʇʈɽʇʆɼɸɺɸʊɽʃʗ 

ʈʦʛʘʯʝʚʩʢʠʡ ʄ. ɺ. 

ɹʝʣʦʨʫʩʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʥʬʦʨʤʘʪʠʢʠ ʠ ʨʘʜʠʦʵʣʝʢʪʨʦʥʠʢʠ 
ʛ. ʄʠʥʩʢ, ʈʝʩʧʫʙʣʠʢʘ ɹʝʣʘʨʫʩʴ 

ʇʨʦʭʦʨʯʠʢ ʈ. ɺ. ï ʩʪ. ʧʨʝʧ., ʤ. ʪ. ʥ. 

ɺʨʝʤʷ ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ ʦʩʥʦʚʥʳʭ ʨʝʩʫʨʩʦʚ ʦʨʛʘʥʠʟʘʮʠʠ ʪʨʫʜʘ ʥʘ ʧʨʝʜʧʨʠʷʪʠʠ. ʀʩʧʦʣʴʟʫʷ ʚʨʝʤʷ ʚ ʢʘʯʝʩʪʚʝ ʯʠʩʣʝʥʥʦʡ ʤʝʨʳ 
ʪʨʫʜʘ, ʤʦʞʥʦ ʩʦʩʪʘʚʣʷʪʴ ʧʣʘʥʳ ʚʳʧʦʣʥʝʥʠʷ ʨʘʙʦʪ ʠ ʟʘʱʠʪʠʪʴ ʧʨʝʜʧʨʠʷʪʠʝ ʠ ʨʘʙʦʯʠʭ ʦʪ ʙʦʣʴʰʦʛʦ ʦʙʲʝʤʘ ʨʠʩʢʦʚ, ʩʚʷʟʘʥʥʳʭ 
ʩʦ ʩʨʦʢʘʤʠ. ɺ ʪʦ ʚʨʝʤʷ ʢʘʢ ʢʦʤʤʝʨʯʝʩʢʦʝ ʧʨʝʜʧʨʠʷʪʠʝ ʨʠʩʢʫʝʪ ʧʦʪʝʨʷʪʴ ʜʝʥʴʛʠ ʚ ʩʣʫʯʘʝ ʥʝʩʦʙʣʶʜʝʥʠʷ ʩʨʦʢʦʚ ʚʳʧʦʣʥʝʥʠʷ 
ʨʘʙʦʪ, ʚ ʫʯʨʝʞʜʝʥʠʷʭ ʦʙʨʘʟʦʚʘʥʠʷ ʨʠʩʢʠ ʜʨʫʛʦʛʦ ʨʦʜʘ. ʇʨʠ ʥʝʢʘʯʝʩʪʚʝʥʥʦʤ ʧʣʘʥʠʨʦʚʘʥʠʠ ʨʘʙʦʪ ʚ ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʤ 
ʫʯʨʝʞʜʝʥʠʠ ʩʪʫʜʝʥʪʳ ʠ ʧʨʝʧʦʜʘʚʘʪʝʣʠ ʨʠʩʢʫʶʪ ʚ ʦʧʨʝʜʝʣʝʥʥʳʡ ʤʦʤʝʥʪ ʩʪʦʣʢʥʫʪʴʩʷ ʩ ʢʨʠʪʠʯʝʩʢʠʤ ʫʨʦʚʥʝʤ ʥʘʛʨʫʟʢʠ, ʢʦʪʦʨʳʡ 
ʧʘʛʫʙʥʦ ʩʢʘʟʳʚʘʝʪʩʷ ʥʘ ʢʘʯʝʩʪʚʝ ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʛʦ ʧʨʦʮʝʩʩʘ. 



55-ʷ ʶʙʠʣʝʡʥʘʷ ʥʘʫʯʥʘʷ ʢʦʥʬʝʨʝʥʮʠʷ ʘʩʧʠʨʘʥʪʦʚ, ʤʘʛʠʩʪʨʘʥʪʦʚ ʠ ʩʪʫʜʝʥʪʦʚ ɹɻʋʀʈ, 2019 ʛ. 
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ʋ ʙʦʣʴʰʠʥʩʪʚʘ ʫʯʝʙʥʳʭ ʟʘʚʝʜʝʥʠʡ ʩʫʱʝʩʪʚʫʝʪ ʩʪʨʦʛʠʡ ʛʨʘʬʠʢ ʫʯʝʙʥʦʛʦ ʧʨʦʮʝʩʩʘ ʠ ʝʛʦ 
ʢʦʥʢʨʝʪʠʟʘʮʠʷ ï ʨʘʩʧʠʩʘʥʠʝ ʘʫʜʠʪʦʨʥʳʭ ʯʘʩʦʚ. ʊʝʤ ʥʝ ʤʝʥʝʝ ʩʣʦʞʥʦ ʦʮʝʥʠʪʴ ʢʘʯʝʩʪʚʦ ʧʣʘʥʠʨʦʚʘʥʠʷ 
ʠ ʨʘʚʥʦʤʝʨʥʦʩʪʴ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʥʘʛʨʫʟʢʠ ʚ ʪʝʯʝʥʠʝ ʢʘʞʜʦʛʦ ʵʪʘʧʘ ʦʙʫʯʝʥʠʷ. ʈʘʙʦʪʘ ʧʨʝʧʦʜʘʚʘʪʝʣʝʡ 
ʚ ʫʯʝʙʥʳʭ ʟʘʚʝʜʝʥʠʷʭ ʩʦʩʪʦʠʪ ʠʟ ʧʦʜʦʙʥʳʭ, ʟʘʬʠʢʩʠʨʦʚʘʥʥʳʭ ʨʘʩʧʠʩʘʥʠʝʤ, ʯʘʩʦʚ ʠ ʨʘʙʦʪʳ ʥʘ 
ʢʘʬʝʜʨʝ, ʢʘʢ ʧʨʘʚʠʣʦ, ʥʝ ʥʦʨʤʠʨʦʚʘʥʥʦʡ ʠ ʟʘʥʠʤʘʶʱʝʡ ʚʩʝ ʦʩʪʘʚʰʝʝʩʷ ʚʨʝʤʷ.  

ʇʨʦʮʝʩʩ ʫʯʝʪʘ ʚʨʝʤʝʥʠ, ʟʘʪʨʘʯʝʥʥʦʛʦ ʥʘ ʨʘʙʦʪʫ, ʩʘʤ ʧʦ ʩʝʙʝ ʥʝ ʥʝʩʝʪ ʦʧʨʝʜʝʣʝʥʥʦʡ ʧʦʣʴʟʳ 
ʜʣʷ ʦʨʛʘʥʠʟʘʮʠʠ ʪʨʫʜʘ ʥʘ ʧʨʝʜʧʨʠʷʪʠʠ, ʭʦʪʴ ʠ ʷʚʣʷʝʪʩʷ ʥʝʧʣʦʭʠʤ ʩʧʦʩʦʙʦʤ ʩʘʤʦʢʦʥʪʨʦʣʷ ʜʣʷ 
ʨʘʙʦʯʝʛʦ ʣʠʯʥʦ. ʆʜʥʘʢʦ ʠʩʧʦʣʴʟʫʷ ʠʥʩʪʨʫʤʝʥʪ ʜʣʷ ʧʦʩʪʨʦʝʥʠʷ ʠ ʛʨʘʬʠʯʝʩʢʦʛʦ ʦʪʦʙʨʘʞʝʥʠʷ 
ʩʪʘʪʠʩʪʠʢʠ ʥʘ ʦʩʥʦʚʝ ʩʦʙʨʘʥʥʳʭ ʜʘʥʥʳʭ ʤʦʞʥʦ ʧʨʦʚʦʜʠʪʴ ʢʦʤʧʣʝʢʩʥʳʡ ʘʥʘʣʠʟ ʢʘʢ ʘʢʪʠʚʥʦʩʪʠ 
ʠʥʜʠʚʠʜʫʘʣʴʥʦ ʚʟʷʪʦʛʦ ʨʘʙʦʯʝʛʦ, ʪʘʢ ʠ ʛʨʘʬʠʢʘ ʨʘʙʦʪ ʚ ʮʝʣʦʤ.  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ ʜʣʷ ʢʦʥʪʨʦʣʷ ʠ ʘʥʘʣʠʟʘ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʠ ʢʘʯʝʩʪʚʘ ʛʨʘʬʠʢʘ ʫʯʝʙʥʦʛʦ ʧʨʦʮʝʩʩʘ 
ʫʯʝʙʥʦʛʦ ʟʘʚʝʜʝʥʠʷ ʥʝʦʙʭʦʜʠʤʦ ʩʦʟʜʘʪʴ ʧʨʦʛʨʘʤʤʥʦʝ ʩʨʝʜʩʪʚʦ ʜʣʷ ʩʙʦʨʘ ʜʘʥʥʳʭ ʦ ʨʘʙʦʯʝʤ 
ʚʨʝʤʝʥʠ ʧʨʝʧʦʜʘʚʘʪʝʣʝʡ ʠ ʧʦʩʪʨʦʝʥʠʠ ʦʪʯʝʪʦʚ ʥʘ ʦʩʥʦʚʝ ʩʦʙʨʘʥʥʦʡ ʩʪʘʪʠʩʪʠʢʠ. ʊʘʢʞʝ ʥʝʦʙʭʦʜʠʤʦ 
ʧʦʟʚʦʣʠʪʴ ʘʚʪʦʤʘʪʠʯʝʩʢʠ ʫʯʠʪʳʚʘʪʴ ʫʞʝ ʨʘʩʧʣʘʥʠʨʦʚʘʥʥʦʝ ʨʘʙʦʯʝʝ ʚʨʝʤʷ, ʥʘʧʨʠʤʝʨ, ʘʫʜʠʪʦʨʥʳʝ 
ʯʘʩʳ.  

ʅʝʦʙʭʦʜʠʤʦ ʦʙʝʩʧʝʯʠʪʴ ʧʨʝʧʦʜʘʚʘʪʝʣʷʤ ʜʦʩʪʫʧ ʢ ʧʨʦʛʨʘʤʤʥʦʤʫ ʩʨʝʜʩʪʚʫ ʠʟ ʣʶʙʦʡ ʪʦʯʢʠ ʚ 
ʣʶʙʦʝ ʫʜʦʙʥʦʝ ʚʨʝʤʷ. ʊʘʢʠʤʠ ʚʦʟʤʦʞʥʦʩʪʷʤʠ ʦʙʣʘʜʘʝʪ ʩʝʪʴ ʀʥʪʝʨʥʝʪ, ʧʦʟʚʦʣʷʷ ʠʩʧʦʣʴʟʦʚʘʪʴ ʚʝʙ-
ʧʨʠʣʦʞʝʥʠʷ ʚ ʩʝʪʠ, ʥʝ ʫʩʪʘʥʘʚʣʠʚʘʷ ʜʦʧʦʣʥʠʪʝʣʴʥʦʛʦ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ. ʀʩʭʦʜʷ ʠʟ ʵʪʦʛʦ 
ʦʯʝʚʠʜʥʳʤ ʧʨʝʠʤʫʱʝʩʪʚʦʤ ʧʝʨʝʜ ʜʨʫʛʠʤʠ ʘʨʭʠʪʝʢʪʫʨʥʳʤʠ ʨʝʰʝʥʠʷʤʠ ʙʫʜʝʪ ʦʙʣʘʜʘʪʴ ʚʝʙ-
ʧʨʠʣʦʞʝʥʠʝ. 

ʆʜʥʠʤ ʠʟ ʛʣʘʚʥʳʭ ʤʦʜʫʣʝʡ ʧʨʦʛʨʘʤʤʥʦʛʦ ʩʨʝʜʩʪʚʘ ʷʚʣʷʝʪʩʷ ʤʦʜʫʣʴ ʫʯʝʪʘ ʨʘʙʦʯʝʛʦ ʚʨʝʤʝʥʠ. 
ʆʯʝʚʠʜʥʦ, ʯʪʦ ʚʨʝʤʷ ʥʘ ʟʘʧʠʩʴ ʘʢʪʠʚʥʦʩʪʠ ʥʝʦʙʭʦʜʠʤʦ ʩʚʝʩʪʠ ʢ ʤʠʥʠʤʫʤʫ, ʯʪʦʙʳ ʥʝ ʦʪʚʣʝʢʘʪʴ 
ʧʨʝʧʦʜʘʚʘʪʝʣʷ ʦʪ ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʛʦ ʧʨʦʮʝʩʩʘ. ʍʦʪʴ ʧʨʦʮʝʩʩ ʟʘʥʝʩʝʥʠʷ ʜʘʥʥʳʭ ʚ ʩʠʩʪʝʤʫ ʙʫʜʝʪ 
ʦʪʥʠʤʘʪʴ ʫ ʧʨʝʧʦʜʘʚʘʪʝʣʷ ʦʯʝʥʴ ʥʝʟʥʘʯʠʪʝʣʴʥʦʝ ʚʨʝʤʷ, ʩʢʦʨʝʝ ʚʩʝʛʦ ʥʝʦʙʭʦʜʠʤʦ ʨʝʘʣʠʟʦʚʘʪʴ 
ʠʩʢʫʩʩʪʚʝʥʥʫʶ ʤʦʪʠʚʘʮʠʶ ʜʣʷ ʧʨʝʧʦʜʘʚʘʪʝʣʷ ʟʘʧʠʩʳʚʘʪʴ ʘʢʪʠʚʥʦʩʪʠ ʩʥʦʚʘ ʠ ʩʥʦʚʘ, ʯʪʦʙʳ 
ʦʙʝʩʧʝʯʠʪʴ ʪʦʯʥʦʩʪʴ ʩʦʙʨʘʥʥʳʭ ʜʘʥʥʳʭ. ɼʣʷ ʬʦʨʤʠʨʦʚʘʥʠʷ ʧʨʠʚʳʯʢʠ ʥʝʦʙʭʦʜʠʤʦ ʩʦʟʜʘʪʴ ʥʘʛʨʘʜʫ, 
ʢʦʪʦʨʫʶ ʧʦʣʴʟʦʚʘʪʝʣʴ ʙʫʜʝʪ ʧʦʣʫʯʘʪʴ, ʚʥʦʩʷ ʜʘʥʥʳʝ ʚ ʩʠʩʪʝʤʫ [1]. ʋʯʠʪʳʚʘʷ ʧʨʠʚʝʜʝʥʥʳʝ ʬʘʢʪʳ, 
ʧʨʦʮʝʩʩ ʫʯʝʪʘ ʨʘʙʦʯʝʛʦ ʚʨʝʤʝʥʠ ʠʤʝʝʪ ʩʣʝʜʫʶʱʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ: 

1) ʪʦʣʴʢʦ ʦʩʥʦʚʥʘʷ ʠʥʬʦʨʤʘʮʠʷ ʦʙ ʘʢʪʠʚʥʦʩʪʠ; 
2) ʘʚʪʦʤʘʪʠʯʝʩʢʦʝ ʬʠʢʩʠʨʦʚʘʥʠʝ ʘʫʜʠʪʦʨʥʳʭ ʯʘʩʦʚ; 
3) ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʦʝ ʧʦʩʪʨʦʝʥʠʝ ʧʨʝʜʣʘʛʘʝʤʦʡ ʚʳʙʦʨʢʠ ʘʢʪʠʚʥʦʩʪʝʡ ʥʘ ʦʩʥʦʚʝ 

ʫʞʝ ʩʦʙʨʘʥʥʦʡ ʠʥʬʦʨʤʘʮʠʠ ʦ ʧʨʝʧʦʜʘʚʘʪʝʣʝ; 
4) ʩʠʩʪʝʤʘ ʦʯʢʦʚ ʠ ʥʘʛʨʘʜ ʜʣʷ ʚʳʨʘʙʦʪʢʠ ʧʨʠʚʳʯʢʠ ʚʥʝʩʝʥʠʷ ʜʘʥʥʳʭ. 

ɼʣʷ ʧʦʚʳʰʝʥʠʷ ʬʫʥʢʮʠʦʥʘʣʴʥʦʩʪʠ ʧʦʩʪʨʦʝʥʠʷ ʦʪʯʝʪʦʚ ʦʙ ʘʢʪʠʚʥʦʩʪʠ ʧʨʝʧʦʜʘʚʘʪʝʣʷ 
ʥʝʦʙʭʦʜʠʤʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʪʝʛʠ ʧʨʠ ʟʘʧʠʩʠ ʘʢʪʠʚʥʦʩʪʠ. ɼʘʥʥʦʝ ʨʝʰʝʥʠʝ ʧʦʟʚʦʣʠʪ ʦʙʦʛʘʪʠʪʴ 
ʜʦʧʦʣʥʠʪʝʣʴʥʦʡ ʠʥʬʦʨʤʘʮʠʝʡ ʫʟʢʠʡ ʢʨʫʛ ʨʘʙʦʪ, ʯʪʦ ʜʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʩʪʨʦʠʪʴ ʰʠʨʦʢʠʡ ʩʧʝʢʪʨ 
ʦʪʯʝʪʦʚ, ʢʦʤʙʠʥʠʨʫʷ ʪʝʛʠ ʜʣʷ ʦʧʨʝʜʝʣʝʥʥʦʡ ʘʢʪʠʚʥʦʩʪʠ. ʊʝʛʠ ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʢʘʢ ʢʦʥʢʨʝʪʠʟʘʮʠʶ 
ʦʧʨʝʜʝʣʝʥʥʦʡ ʘʢʪʠʚʥʦʩʪʠ, ʠʟʙʝʛʘʷ ʪʝʤ ʩʘʤʳʤ ʩʦʟʜʘʥʠʷ ʥʦʚʦʛʦ ʚʠʜʘ ʘʢʪʠʚʥʦʩʪʠ ʠ ʧʦʚʳʰʘʷ ʢʘʯʝʩʪʚʦ 
ʨʘʙʦʪʳ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʦʛʦ ʧʦʜʙʦʨʘ ʚʳʙʦʨʢʠ ʘʢʪʠʚʥʦʩʪʝʡ ʚ ʧʨʦʮʝʩʩʝ ʫʯʝʪʘ ʨʘʙʦʯʝʛʦ ʚʨʝʤʝʥʠ.  

ʉʪʘʪʠʩʪʠʯʝʩʢʠʝ ʩʚʦʜʢʠ ʫʜʦʙʥʦ ʘʥʘʣʠʟʠʨʦʚʘʪʴ ʛʨʘʬʠʯʝʩʢʠ, ʧʦʵʪʦʤʫ ʧʨʦʛʨʘʤʤʥʦʝ ʩʨʝʜʩʪʚʦ 
ʙʫʜʝʪ ʧʦʟʚʦʣʷʪʴ ʩʪʨʦʠʪʴ ʛʨʘʬʠʢʠ ʠ ʜʠʘʛʨʘʤʤʳ ʠʩʭʦʜʷ ʠʟ ʚʳʙʨʘʥʥʳʭ ʜʣʷ ʘʥʘʣʠʟʘ ʜʘʥʥʳʭ. 
ʇʦʣʴʟʦʚʘʪʝʣʴ ʥʘʜʝʣʝʥʥʳʡ ʦʧʨʝʜʝʣʝʥʥʳʤʠ ʧʨʘʚʘʤʠ ʩʤʦʞʝʪ ʩʪʨʦʠʪʴ ʩʪʘʪʠʩʪʠʯʝʩʢʠʝ ʦʪʯʝʪʳ ʢʘʢ ʧʦ 
ʘʢʪʠʚʥʦʩʪʠ ʦʧʨʝʜʝʣʝʥʥʦʛʦ ʧʨʝʧʦʜʘʚʘʪʝʣʷ ʪʘʢ ʠ ʧʦ ʢʘʪʝʛʦʨʠʷʤ ʘʢʪʠʚʥʦʩʪʠ ʚ ʮʝʣʦʤ, ʠʩʧʦʣʴʟʫʷ ʜʘʥʥʳʝ 
ʚʩʝʭ ʧʨʝʧʦʜʘʚʘʪʝʣʝʡ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʧʨʦʚʦʜʠʪʴ ʢʦʤʧʣʝʢʩʥʳʡ ʘʥʘʣʠʟ ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʛʦ ʧʨʦʮʝʩʩʘ. 

 
ʉʧʠʩʦʢ ʠʩʧʦʣʴʟʦʚʘʥʥʳʭ ʠʩʪʦʯʥʠʢʦʚ: 
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ɸʅɸʃʀɿ ʉʇʆʉʆɹʆɺ ʆʈɻɸʅʀɿɸʎʀʀ ʀɽʈɸʈʍʀʏɽʉʂʀʍ ʉʊʈʋʂʊʋʈ ɺ 
ʈɽʃʗʎʀʆʅʅʓʍ ɹɸɿɸʍ ɼɸʅʅʓʍ 

ʉʘʚʸʥʦʢ ɺ.ɸ. 

ɹʝʣʦʨʫʩʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʥʬʦʨʤʘʪʠʢʠ ʠ ʨʘʜʠʦʵʣʝʢʪʨʦʥʠʢʠ 
ʛ. ʄʠʥʩʢ, ʈʝʩʧʫʙʣʠʢʘ ɹʝʣʘʨʫʩʴ 

ʄʝʜʚʝʜʝʚ ʉ.ɸ. ï ʢ.ʪ.ʥ.,ʜʦʮʝʥʪ 

ʆʜʥʠʤ ʠʟ ʮʝʥʪʨʘʣʴʥʳʭ ʧʦʥʷʪʠʡ ʚ ʦʙʲʝʢʪʥʦ-ʦʨʠʝʥʪʠʨʦʚʘʥʥʦʤ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʠ ʷʚʣʷʝʪʩʷ ʢʣʘʩʩ ʠ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʠʝʨʘʨʭʠʷ 
ʢʣʘʩʩʦʚ ʚʳʩʪʫʧʘʝʪ ʚ ʢʘʯʝʩʪʚʝ ʦʩʥʦʚʦʧʦʣʘʛʘʶʱʝʛʦ ʪʠʧʘ ʩʚʷʟʠ ʢʣʘʩʩʦʚ, ʧʨʝʜʩʪʘʚʣʝʥʥʦʛʦ ʚ ʚʠʜʝ ʠʝʨʘʨʭʠʠ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, 
ʥʘʠʙʦʣʝʝ ʭʘʨʘʢʪʝʨʥʦʡ ʟʘʜʘʯʝʡ ʜʣʷ ʠʥʪʝʨʬʝʡʩʥʳʭ ʤʦʜʫʣʝʡ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩ ʙʘʟʘʤʠ ʜʘʥʥʳʭ SQL ʪʠʧʘ ʥʘ ʦʩʥʦʚʝ ʦʙʲʝʢʪʥʦ-
ʦʨʠʝʥʪʠʨʦʚʘʥʥʦʛʦ ʠʥʪʝʨʬʝʡʩʘ ʷʚʣʷʝʪʩʷ ʦʨʛʘʥʠʟʘʮʠʷ ʵʬʬʝʢʪʠʚʥʦʛʦ ʭʨʘʥʝʥʠʷ ʠ ʨʘʙʦʪʳ ʩ ʠʝʨʘʨʭʠʯʝʩʢʠʤʠ ʩʪʨʫʢʪʫʨʘʤʠ ʚ 
ʨʝʣʷʮʠʦʥʥʦʡ ʙʘʟʝ ʜʘʥʥʳʭ. 

ʉʫʱʝʩʪʚʫʝʪ ʯʝʪʳʨʝ ʦʩʥʦʚʥʳʭ ʩʧʦʩʦʙʘ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʠʝʨʘʨʭʠʯʝʩʢʠʭ ʩʪʨʫʢʪʫʨ ʚ ʨʝʣʷʮʠʦʥʥʳʭ 
ɹɼ: ʭʨʘʥʝʥʠʝ ʩʩʳʣʢʠ ʥʘ ʨʦʜʠʪʝʣʷ, ʤʝʪʦʜ ʥʘʢʦʧʣʝʥʠʷ ʧʫʪʠ, ʤʦʜʝʣʴ ʚʣʦʞʝʥʥʳʭ ʤʥʦʞʝʩʪʚ ʠ ʪʘʙʣʠʮʘ 
ʟʘʤʳʢʘʥʠʡ. ʈʘʩʩʤʦʪʨʠʤ ʧʝʨʝʯʠʩʣʝʥʥʳʝ ʤʝʪʦʜʳ ʥʘ ʧʨʠʤʝʨʝ ʨʝʘʣʠʟʘʮʠʠ ʜʝʨʝʚʘ ʢʣʘʩʩʦʚ 
ʧʨʝʜʩʪʘʚʣʝʥʥʦʛʦ ʥʘ ʨʠʩʫʥʢʝ 1. 

 
ʈʠʩʫʥʦʢ 1 ï ɻʨʘʬʠʯʝʩʢʘʷ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʠʝʨʘʨʭʠʠ ʢʣʘʩʩʦʚ 

 

ʉʘʤʳʤ ʧʨʦʩʪʳʤ ʚ ʧʦʥʠʤʘʥʠʠ ʩʧʦʩʦʙʦʤ ʦʨʛʘʥʠʟʘʮʠʠ ʠʝʨʘʨʭʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʳ ʚ ʨʝʣʷʮʠʦʥʥʦʡ 
ɹɼ ʷʚʣʷʝʪʩʷ ʭʨʘʥʝʥʠʝ ʚ ʢʘʞʜʦʤ ʵʣʝʤʝʥʪʝ ʠʝʨʘʨʭʠʠ ʩʩʳʣʢʠ ʥʘ ʨʦʜʠʪʝʣʷ. ɺ ʪʘʢʦʡ ʩʪʨʫʢʪʫʨʝ ʢʘʞʜʳʡ 
ʫʟʝʣ ʜʝʨʝʚʘ ʟʥʘʝʪ ʩʚʦʝʛʦ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʛʦ ʨʦʜʠʪʝʣʷ. ʂ ʧʣʶʩʘʤ ʵʪʦʛʦ ʤʝʪʦʜʘ ʦʪʥʦʩʠʪʩʷ ʧʨʦʩʪʦʪʘ 
ʭʨʘʥʝʥʠʷ ʩʪʨʫʢʪʫʨʳ, ʧʨʦʩʪʦʪʘ ʜʦʙʘʚʣʝʥʠʷ ʠ ʫʜʘʣʝʥʠʷ ʫʟʣʘ ʠʟ ʜʝʨʝʚʘ, ʧʨʦʩʪʦʪʘ ʧʦʣʫʯʝʥʠʷ 
ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʳʭ ʧʦʪʦʤʢʦʚ ʫʟʣʘ, ʘ ʪʘʢʞʝ ʦʙʝʩʧʝʯʝʥʠʝ ʩʩʳʣʦʯʥʦʡ ʮʝʣʦʩʪʥʦʩʪʠ ʧʨʠ ʧʦʤʦʱʠ 
ʩʪʘʥʜʘʨʪʥʳʭ ʤʝʭʘʥʠʟʤʦʚ ʉʋɹɼ. ʂ ʥʝʜʦʩʪʘʪʢʘʤ ʩʪʦʠʪ ʦʪʥʝʩʪʠ ʩʣʦʞʥʦʩʪʴ ʤʘʥʠʧʫʣʷʮʠʡ ʩ 
ʧʦʜʜʝʨʝʚʴʷʤʠ: ʚ ʯʘʩʪʥʦʩʪʠ, ʧʦʣʫʯʝʥʠʝ ʚʩʝʭ ʧʦʪʦʤʢʦʚ ʢʘʢʦʛʦ-ʣʠʙʦ ʵʣʝʤʝʥʪʘ, ʪ. ʢ. ʜʣʷ ʵʪʦʛʦ 
ʥʝʦʙʭʦʜʠʤʦ ʧʨʦʠʟʚʝʩʪʠ ʩʪʦʣʴʢʦ ʦʧʝʨʘʮʠʡ ʩʦʝʜʠʥʝʥʠʷ, ʩʢʦʣʴʢʦ ʫʨʦʚʥʝʡ ʩʦʜʝʨʞʠʪʩʷ ʚ ʠʥʪʝʨʝʩʫʶʱʝʤ 
ʥʘʩ ʧʦʜʜʝʨʝʚʝ. 

ʇʨʷʤʳʤ ʨʘʟʚʠʪʠʝʤ ʤʝʪʦʜʘ ʭʨʘʥʝʥʠʷ ʩʩʳʣʢʠ ʥʘ ʨʦʜʠʪʝʣʷ ʷʚʣʷʝʪʩʷ ʤʝʪʦʜ ʥʘʢʦʧʣʝʥʠʷ ʧʫʪʠ. 
ʉʫʪʴ ʝʛʦ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʜʦʙʘʚʣʝʥʠʠ ʧʦʣʷ, ʩʦʭʨʘʥʷʶʱʝʛʦ ʧʦʣʥʳʡ ʧʫʪʴ ʢ ʪʝʢʫʱʝʤʫ ʵʣʝʤʝʥʪʫ ʚ ʚʠʜʝ 
ʩʪʨʦʢʠ. ʕʪʦʪ ʩʧʦʩʦʙ ʧʦʟʚʦʣʷʝʪ ʧʨʦʱʝ ʨʘʙʦʪʘʪʴ ʩ ʧʦʜʜʝʨʝʚʴʷʤʠ, ʦʜʥʘʢʦ ʥʝ ʧʨʝʜʦʩʪʘʚʣʷʝʪ 
ʚʦʟʤʦʞʥʦʩʪʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʩʪʘʥʜʘʨʪʥʳʭ ʩʨʝʜʩʪʚ ʜʣʷ ʧʦʜʜʝʨʞʘʥʠʷ ʩʩʳʣʦʯʥʦʡ ʮʝʣʦʩʪʥʦʩʪʠ. ɹʦʣʝʝ 
ʪʦʛʦ, ʦʧʝʨʘʮʠʠ ʧʦ ʫʜʘʣʝʥʠʶ ʵʣʝʤʝʥʪʦʚ ʠʟ ʩʝʨʝʜʠʥʳ ʠʝʨʘʨʭʠʠ ʪʨʝʙʫʝʪ ʧʝʨʝʙʦʨʘ ʚʩʝʭ ʵʣʝʤʝʥʪʦʚ, 
ʥʘʭʦʜʷʱʠʭʩʷ ʥʘ ʥʠʞʥʠʭ ʫʨʦʚʥʷʭ, ʠ ʦʙʥʦʚʣʝʥʠʷ ʠʭ ʧʫʪʝʡ, ʯʪʦ ʥʝʛʘʪʠʚʥʦ ʩʢʘʟʳʚʘʝʪʩʷ ʥʘ 
ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʦʧʝʨʘʮʠʠ. 

ʉʦʚʝʨʰʝʥʥʦ ʜʨʫʛʦʡ ʧʦʜʭʦʜ ʨʝʘʣʠʟʫʝʪʩʷ ʚ ʤʦʜʝʣʠ ʚʣʦʞʝʥʥʳʭ ʤʥʦʞʝʩʪʚ. ɺ ʥʝʡ ʜʝʨʝʚʦ ʢʣʘʩʩʦʚ 
ʠʟ ʧʨʠʤʝʨʘ ʙʫʜʝʪ ʠʤʝʪʴ ʚʠʜ, ʠʟʦʙʨʘʞʝʥʥʳʡ ʥʘ ʨʠʩʫʥʢʝ 2. ɿʜʝʩʴ ʩʚʷʟʴ çʨʦʜʠʪʝʣʴ ï ʩʳʥè 
ʧʨʝʜʩʪʘʚʣʝʥʘ ʚʣʦʞʝʥʥʦʩʪʴʶ ʩʳʥʘ ʚ ʨʦʜʠʪʝʣʷ. ɼʣʷ ʪʦʛʦ, ʯʪʦʙʳ ʧʨʝʜʩʪʘʚʠʪʴ ʩʚʷʟʴ ʚ ʚʠʜʝ ʪʘʙʣʠʮʳ 
ʥʝʦʙʭʦʜʠʤʦ ʟʘʚʝʩʪʠ ʜʚʘ ʜʦʧʦʣʥʠʪʝʣʴʥʳ ʧʦʣʷ, ʦʙʦʟʥʘʯʘʶʱʠʭ ʣʝʚʫʶ ʠ ʧʨʘʚʫʶ ʛʨʘʥʠʮʳ ʤʥʦʞʝʩʪʚʘ. 

 

 
ʈʠʩʫʥʦʢ 2 ï ʇʨʝʜʩʪʘʚʣʝʥʠʝ ʠʝʨʘʨʭʠʠ ʢʣʘʩʩʦʚ ʚ ʤʦʜʝʣʠ ʚʣʦʞʝʥʥʳʭ ʤʥʦʞʝʩʪʚ 
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ʄʥʦʞʝʩʪʚʘ ʤʦʞʥʦ ʠʥʪʝʨʧʨʝʪʠʨʦʚʘʪʴ ʢʘʢ ʦʜʥʦʤʝʨʥʳʝ ʦʪʨʝʟʢʠ, ʠʤʝʶʱʠʝ ʢʦʦʨʜʠʥʘʪʳ ʥʘʯʘʣʘ ʠ 
ʢʦʥʮʘ. ɸʣʛʦʨʠʪʤ ʧʦʣʫʯʝʥʠʷ ʧʦʜʜʝʨʝʚʘ ʚ ʪʝʢʫʱʝʤ ʧʦʜʭʦʜʝ ʜʦʩʪʘʪʦʯʥʦ ʧʨʦʩʪ ï ʥʝʦʙʭʦʜʠʤʦ ʟʘʧʨʦʩʠʪʴ 
ʠʟ ʙʘʟʳ ʚʩʝ ʟʘʧʠʩʠ, ʛʨʘʥʠʮʳ ʢʦʪʦʨʳʭ ʥʘʭʦʜʷʪʩʷ ʤʝʞʜʫ ʛʨʘʥʠʮʘʤʠ ʨʦʜʠʪʝʣʷ. ʇʨʠ ʵʪʦʤ ʘʣʛʦʨʠʪʤ ʥʝ 
ʟʘʚʠʩʠʪ ʦʪ ʢʦʣʠʯʝʩʪʚʘ ʫʨʦʚʥʝʡ ʚ ʠʝʨʘʨʭʠʠ. ʇʦʣʫʯʝʥʠʝ ʧʫʪʠ ʦʪ ʣʠʩʪʘ ʢ ʢʦʨʥʶ ʪʘʢʞʝ ʥʝ ʪʨʝʙʫʝʪ 
ʙʦʣʴʰʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʦʧʝʨʘʮʠʡ ʩʦʝʜʠʥʝʥʠʷ. ʂ ʥʝʜʦʩʪʘʪʢʘʤ ʤʦʜʝʣʠ ʦʪʥʦʩʠʪʩʷ ʚʳʩʦʢʘʷ ʪʨʫʜʦʸʤʢʦʩʪʴ 
ʨʝʘʣʠʟʘʮʠʠ ʦʧʝʨʘʮʠʡ ʜʦʙʘʚʣʝʥʠʷ ʠ ʫʜʘʣʝʥʠʷ ʵʣʝʤʝʥʪʦʚ ʠʝʨʘʨʭʠʠ, ʪ. ʢ. ʧʨʠ ʵʪʦʤ ʥʝʦʙʭʦʜʠʤʦ 
ʧʨʦʠʟʚʦʜʠʪʴ ʧʝʨʝʩʯʝʪ ʛʨʘʥʠʮ ʚʩʝʭ ʤʥʦʞʝʩʪʚ; ʦʪʩʫʪʩʪʚʫʝʪ ʧʦʜʜʝʨʞʢʘ ʩʪʘʥʜʘʨʪʥʳʭ ʤʝʭʘʥʠʟʤʦʚ 
ʦʙʝʩʧʝʯʝʥʠʷ ʩʩʳʣʦʯʥʦʡ ʮʝʣʦʩʪʥʦʩʪʠ ʚ ʙʘʟʝ ʜʘʥʥʳʭ. ʉʣʦʞʥʦʩʪʴ ʚʦʩʧʨʠʷʪʠʷ ʦʧʠʩʘʥʥʦʛʦ ʧʦʜʭʦʜʘ 
ʪʘʢʞʝ ʧʨʠʚʦʜʠʪ ʢ ʦʩʫʱʝʩʪʚʣʝʥʠʶ ʚʳʙʦʨʘ ʚ ʧʦʣʴʟʫ ʜʨʫʛʠʭ ʩʧʦʩʦʙʦʚ ʦʨʛʘʥʠʟʘʮʠʠ ʠʝʨʘʨʭʠʡ. 

ʇʦʩʣʝʜʥʠʡ ʠʟ ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʭ ʩʧʦʩʦʙʦʚ ʦʨʛʘʥʠʟʘʮʠʠ ʠʝʨʘʨʭʠʯʝʩʢʠʭ ʩʪʨʫʢʪʫʨ ʚ ʨʝʣʷʮʠʦʥʥʳʭ 
ʙʘʟʘʭ ʜʘʥʥʳʭ ï ʪʘʙʣʠʮʘ ʟʘʤʳʢʘʥʠʡ ï ʷʚʣʷʝʪʩʷ ʙʦʣʝʝ ʫʥʠʚʝʨʩʘʣʴʥʳʤ, ʪ. ʢ. ʧʦʟʚʦʣʷʝʪ ʧʨʝʜʩʪʘʚʠʪʴ ʚ 
ʨʝʣʷʮʠʦʥʥʦʡ ʙʘʟʝ ʜʘʥʥʳʭ ʠ ʙʦʣʝʝ ʩʣʦʞʥʳʝ ʩʪʨʫʢʪʫʨʳ ï ʛʨʘʬʳ. ʆʩʦʙʝʥʥʦʩʪʴʶ ʵʪʦʛʦ ʩʧʦʩʦʙʘ 
ʷʚʣʷʝʪʩʷ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʚʚʝʜʝʥʠʷ ʥʦʚʦʡ ʪʘʙʣʠʮʳ, ʩʦʜʝʨʞʘʱʝʡ ʩʚʷʟʠ ʢʘʞʜʦʛʦ ʵʣʝʤʝʥʪʘ ʠʝʨʘʨʭʠʠ ʩʦ 
ʚʩʝʤʠ ʝʛʦ ʧʨʝʜʢʘʤʠ, ʘ ʪʘʢʞʝ ʩʩʳʣʢʠ ʢʘʞʜʦʛʦ ʵʣʝʤʝʥʪʘ ʥʘ ʩʘʤʦʛʦ ʩʝʙʷ ï ʩʦʙʩʪʚʝʥʥʦ ʟʘʤʳʢʘʥʠʝ. ɺʩʝ 
ʩʚʷʟʠ ʠʟʦʙʨʘʞʝʥʳ ʥʘ ʨʠʩʫʥʢʝ 3. 

 
ʈʠʩʫʥʦʢ 3 ï ʇʨʝʜʩʪʘʚʣʝʥʠʝ ʩʚʷʟʝʡ ʤʝʞʜʫ ʵʣʝʤʝʥʪʘʤʠ ʠʝʨʘʨʭʠʠ ʚ ʤʝʪʦʜʝ ʟʘʤʳʢʘʥʠʡ 

 
ɺ ʦʧʠʩʘʥʥʦʤ ʧʦʜʭʦʜʝ ʠʩʭʦʜʥʘʷ ʪʘʙʣʠʮʘ ʥʝ ʤʦʜʠʬʠʮʠʨʫʝʪʩʷ. ʇʦʜʜʝʨʞʘʥʠʝ ʪʘʙʣʠʮʳ ʟʘʤʳʢʘʥʠʡ 

ʚ ʘʢʪʫʘʣʴʥʦʤ ʩʦʩʪʦʷʥʠʠ ʪʨʝʙʫʝʪ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʦʧʝʨʘʮʠʡ ʚʩʪʘʚʢʠ ʠ ʫʜʘʣʝʥʠʷ. ʉ ʦʜʥʦʡ ʩʪʦʨʦʥʳ, 
ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʨʘʩʭʦʜ ʧʘʤʷʪʠ, ʘ ʩ ʜʨʫʛʦʡ ï ʟʥʘʯʠʪʝʣʴʥʦ ʫʧʨʦʱʘʝʪʩʷ ʨʘʙʦʪʘ ʩʦ ʩʪʨʫʢʪʫʨʦʡ ʜʘʥʥʳʭ. ʂ 
ʧʣʶʩʘʤ ʤʦʞʥʦ ʦʪʥʝʩʪʠ ʚʦʟʤʦʞʥʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʩʪʘʥʜʘʨʪʥʳʭ ʤʝʭʘʥʠʟʤʦʚ ʦʙʝʩʧʝʯʝʥʠʷ 
ʩʩʳʣʦʯʥʦʡ ʮʝʣʦʩʪʥʦʩʪʠ ʚ ɹɼ. ɹʦʣʝʝ ʪʦʛʦ, ʚ ʉʋɹɼ, ʧʦʜʜʝʨʞʠʚʘʶʱʠʭ ʢʘʩʢʘʜʥʳʝ ʦʧʝʨʘʮʠʠ, ʩʫʱʝʩʪʚʫʝʪ 
ʚʦʟʤʦʞʥʦʩʪʴ ʫʧʨʦʱʝʥʠʷ ʦʧʝʨʘʮʠʠ ʫʜʘʣʝʥʠʷ ʵʣʝʤʝʥʪʘ ʠʟ ʜʝʨʝʚʘ ʧʫʪʝʤ ʫʩʪʘʥʦʚʢʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ 
ʢʘʩʢʘʜʥʦʡ ʦʧʝʨʘʮʠʠ. ʂ ʤʠʥʫʩʘʤ ʦʪʥʦʩʠʪʩʷ ʥʝʵʬʬʝʢʪʠʚʥʦʝ ʜʦʙʘʚʣʝʥʠʝ ʥʦʚʳʭ ʵʣʝʤʝʥʪʦʚ ʚ ʢʦʥʝʮ 
ʛʣʫʙʦʢʦʡ ʠʝʨʘʨʭʠʠ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩʦ ʚʩʪʘʚʢʦʡ ʚʙʣʠʟʠ ʢʦʨʥʷ ʜʝʨʝʚʘ. ʆʜʥʘʢʦ, ʫʯʠʪʳʚʘʷ ʪʦʪ ʬʘʢʪ, ʯʪʦ ʚ 
ʨʝʘʣʴʥʳʭ ʟʘʜʘʯʘʭ ʨʝʜʢʦ ʚʩʪʨʝʯʘʝʪʩʷ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʚ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʠʝʨʘʨʭʠʡ ʛʣʫʙʦʢʦʡ 
ʚʣʦʞʝʥʥʦʩʪʠ, ʝʛʦ ʟʥʘʯʠʤʦʩʪʴ ʩʣʝʜʫʝʪ ʦʮʝʥʠʚʘʪʴ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʨʝʘʣʴʥʳʭ ʫʩʣʦʚʠʡ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 
ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʛʦ ʧʦʜʭʦʜʘ. 

ʇʨʠ ʩʨʘʚʥʠʪʝʣʴʥʦʤ ʘʥʘʣʠʟʝ ʦʧʠʩʘʥʥʳʭ ʩʧʦʩʦʙʦʚ ʦʩʥʦʚʥʳʤʠ ʢʨʠʪʝʨʠʷʤʠ ʜʣʷ ʦʮʝʥʢʠ ʙʳʣʠ 
ʚʳʙʨʘʥʳ ʩʣʦʞʥʦʩʪʴ ʨʝʘʣʠʟʘʮʠʠ ʠ ʧʦʜʜʝʨʞʢʘ ʩʪʘʥʜʘʨʪʥʳʭ ʤʝʭʘʥʠʟʤʦʚ ʦʙʝʩʧʝʯʝʥʠʷ ʩʩʳʣʦʯʥʦʡ 
ʮʝʣʦʩʪʥʦʩʪʠ. ʊʘʢʞʝ ʩʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʤʝʪʦʜ ʥʘʢʦʧʣʝʥʠʷ ʧʫʪʠ ʠ ʤʦʜʝʣʴ ʚʣʦʞʝʥʥʳʭ ʤʥʦʞʝʩʪʚ ʥʝ 
ʧʦʜʜʝʨʞʠʚʘʶʪ ʩʪʘʥʜʘʨʪʥʳʝ ʤʝʭʘʥʠʟʤʳ ʦʙʝʩʧʝʯʝʥʠʷ ʩʩʳʣʦʯʥʦʡ ʮʝʣʦʩʪʥʦʩʪʠ, ʯʪʦ ʧʦʥʠʞʘʝʪ ʠʭ 
ʥʘʜʝʞʥʦʩʪʴ ʠ ʥʝʛʘʪʠʚʥʦ ʩʢʘʟʳʚʘʝʪʩʷ ʥʘ ʦʙʱʝʡ ʦʮʝʥʢʝ. ʀʟ ʧʨʦʚʝʜʝʥʥʦʛʦ ʘʥʘʣʠʟʘ ʩʣʝʜʫʝʪ, ʯʪʦ 
ʥʘʠʙʦʣʝʝ ʛʠʙʢʦʡ, ʦʧʪʠʤʘʣʴʥʦʡ ʧʦ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʠ ʥʘʜʝʞʥʦʡ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʮʝʣʦʩʪʥʦʩʪʠ 
ʜʘʥʥʳʭ ʤʦʜʝʣʴʶ ʦʨʛʘʥʠʟʘʮʠʠ ʠʝʨʘʨʭʠʯʝʩʢʠʭ ʩʪʨʫʢʪʫʨ ʚ ʨʝʣʷʮʠʦʥʥʳʭ ʙʘʟʘʭ ʜʘʥʥʳʭ ʷʚʣʷʝʪʩʷ ʪʘʙʣʠʮʘ 
ʟʘʤʳʢʘʥʠʡ. ʅʝʩʤʦʪʨʷ ʥʘ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʩʦʟʜʘʥʠʷ ʜʦʧʦʣʥʠʪʝʣʴʥʦʡ ʪʘʙʣʠʮʳ ʜʣʷ ʭʨʘʥʝʥʠʷ ʚʩʝʭ 
ʩʚʷʟʝʡ ʵʣʝʤʝʥʪʦʚ ʠ ʥʝʵʬʬʝʢʪʠʚʥʦʩʪʴ ʚʩʪʘʚʢʠ ʚ ʛʣʫʙʠʥʫ ʠʝʨʘʨʭʠʠ, ʚʳʙʦʨ ʧʦʩʣʝʜʥʝʛʦ ʧʦʜʭʦʜʘ ʚ 
ʢʘʯʝʩʪʚʝ ʦʧʪʠʤʘʣʴʥʦʛʦ ʦʧʨʘʚʜʘʥ ʚʚʠʜʫ ʩʪʘʪʠʩʪʠʯʝʩʢʦʛʦ ʧʨʝʦʙʣʘʜʘʥʠʷ ʦʧʝʨʘʮʠʡ ʯʪʝʥʠʷ ʥʘʜ 
ʦʧʝʨʘʮʠʷʤʠ ʟʘʧʠʩʠ ʧʨʠ ʨʘʙʦʪʝ ʩ ɹɼ. ʉ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ, ʜʣʷ ʨʘʙʦʪʳ ʩ ʜʝʨʝʚʦʤ, ʧʨʠ ʢʦʪʦʨʦʡ ʥʝ ʙʫʜʫʪ 
ʧʨʦʠʟʚʦʜʠʪʴʩʷ ʦʧʝʨʘʮʠʠ ʩ ʧʦʜʜʝʨʝʚʴʷʤʠ, ʭʨʘʥʝʥʠʝ ʩʩʳʣʦʢ ʥʘ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʛʦ ʨʦʜʠʪʝʣʷ ʚ 
ʵʣʝʤʝʥʪʘʭ ʠʝʨʘʨʭʠʠ ʷʚʣʷʝʪʩʷ ʧʨʝʜʧʦʯʪʠʪʝʣʴʥʝʝ ʚʚʠʜʫ ʧʨʦʩʪʦʪʳ ʠ ʩʢʦʨʦʩʪʠ ʨʝʘʣʠʟʘʮʠʠ. 
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2. C.J. Date, Hugh Darwen. Databases, Types, and The Relational Model: The Third Manifesto. ï Pearson, 2006; 
3. Object Relational Mapping (OR Mapping) Definition [ʕʣʝʢʪʨʦʥʥʳʡ ʨʝʩʫʨʩ]. ï ʈʝʞʠʤ ʜʦʩʪʫʧʘ: http://www.service-

architecture.com/articles/object-relational-mapping/object-relational_mapping_or_mapping_definition.html ɼʘʪʘ ʜʦʩʪʫʧʘ: 20.02.2019; 
4. Bill Karwin. Models for hierarchical data [ʕʣʝʢʪʨʦʥʥʳʡ ʨʝʩʫʨʩ]. ï ʈʝʞʠʤ ʜʦʩʪʫʧʘ: 

https://www.slideshare.net/billkarwin/models-for-hierarchical-data ɼʘʪʘ ʜʦʩʪʫʧʘ: 03.03.2019; 
5. Managing Hierarchical Data in MySQL [ʕʣʝʢʪʨʦʥʥʳʡ ʨʝʩʫʨʩ]. ï ʈʝʞʠʤ ʜʦʩʪʫʧʘ: http://mikehillyer.com/articles/managing-
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ʇʈʆɻʈɸʄʄʅʆɽ ʉʈɽɼʉʊɺʆ ʉʈɸɺʅʀʊɽʃʔʅʆʁ ʆʎɽʅʂʀ 
 ʄɸʈʐɽɺʓʍ ʊɽʉʊʆɺ ʆɿʋ 

ɹʝʣʦʨʫʩʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʥʬʦʨʤʘʪʠʢʠ ʠ ʨʘʜʠʦʵʣʝʢʪʨʦʥʠʢʠ 
ʛ. ʄʠʥʩʢ, ʈʝʩʧʫʙʣʠʢʘ ɹʝʣʘʨʫʩʴ 

 
ʉʝʣʝʜʝʮ ɺ.ʅ., ʃʝʚʘʥʮʝʚʠʯ ɺ.ɸ. 

 

ʗʨʤʦʣʠʢ ɺ.ʅ. ï ʜ.ʪ.ʥ., ʧʨʦʬʝʩʩʦʨ  
 

ʈʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʧʨʦʛʨʘʤʤʥʘʷ ʤʦʜʝʣʴ ʥʝʠʩʧʨʘʚʥʦʩʪʝʡ ʦʧʝʨʘʪʠʚʥʳʭ ʟʘʧʦʤʠʥʘʶʱʠʭ ʫʩʪʨʦʡʩʪʚ. ʆʧʠʩʘʥʘ ʘʨʭʠʪʝʢʪʫʨʘ  
ʧʨʦʛʨʘʤʤʥʦʛʦ ʩʨʝʜʩʪʚʘ, ʢʦʪʦʨʦʝ ʧʦʟʚʦʣʷʝʪ  ʧʨʦʚʝʩʪʠ ʩʨʘʚʥʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ ʨʘʟʣʠʯʥʳʭ ʩʧʦʩʦʙʦʚ ʬʦʨʤʠʨʦʚʘʥʠʷ ʪʝʩʪʦʚ ʜʣʷ 
ʦʙʥʘʨʫʞʝʥʠʷ  ʨʘʟʣʠʯʥʳʭ ʪʠʧʦʚ ʥʝʠʩʧʨʘʚʥʦʩʪʝʡ.  

ʆʧʝʨʘʪʠʚʥʳʝ ʟʘʧʦʤʠʥʘʶʱʠʝ ʫʩʪʨʦʡʩʪʚʘ (ʆɿʋ) ʚʳʧʦʣʥʷʶʪ ʦʜʥʫ ʠʟ ʚʘʞʥʝʡʰʠʭ ʬʫʥʢʮʠʡ ʚ 
ʩʦʚʨʝʤʝʥʥʳʭ ʮʠʬʨʦʚʳʭ ʩʠʩʪʝʤʘʭ ʦʙʨʘʙʦʪʢʠ ʠ ʭʨʘʥʝʥʠʷ ʠʥʬʦʨʤʘʮʠʠ. ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʡ 
ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʦʪʢʘʟʳ ʆɿʋ ʩʦʩʪʘʚʣʷʶʪ ʜʦ 70% ʦʪ ʦʙʱʝʛʦ ʯʠʩʣʘ ʦʪʢʘʟʦʚ ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ ʩʠʩʪʝʤ. 
ʇʨʠʯʠʥʦʡ ʥʝʠʩʧʨʘʚʥʳʭ ʩʦʩʪʦʷʥʠʡ ʆɿʋ ʷʚʣʷʝʪʩʷ ʥʘʣʠʯʠʝ ʬʠʟʠʯʝʩʢʠʭ ʠʣʠ ʤʝʭʘʥʠʯʝʩʢʠʭ ʜʝʬʝʢʪʦʚ 
ʣʠʙʦ ʤʥʦʞʝʩʪʚʘ ʧʦʜʦʙʥʳʭ ʜʝʬʝʢʪʦʚ, ʢʦʣʠʯʝʩʪʚʦ ʠ ʤʥʦʛʦʦʙʨʘʟʠʝ ʢʦʪʦʨʳʭ ʧʨʘʢʪʠʯʝʩʢʠ 
ʥʝʦʛʨʘʥʠʯʝʥʥʦ. 

ɼʣʷ ʘʥʘʣʠʪʠʯʝʩʢʦʛʦ ʦʧʠʩʘʥʠʷ ʥʝʠʩʧʨʘʚʥʳʭ ʩʦʩʪʦʷʥʠʡ ʆɿʋ ʠʩʧʦʣʴʟʫʶʪʩʷ ʤʘʪʝʤʘʪʠʯʝʩʢʠʝ 
ʤʦʜʝʣʠ ʥʝʠʩʧʨʘʚʥʦʩʪʝʡ, ʪʘʢ ʠʣʠ ʠʥʘʯʝ ʦʪʨʘʞʘʶʱʠʝ ʨʝʘʣʴʥʳʝ ʬʠʟʠʯʝʩʢʠʝ ʜʝʬʝʢʪʳ ʆɿʋ.  

ʌʫʥʢʮʠʦʥʘʣʴʥʳʝ ʥʝʠʩʧʨʘʚʥʦʩʪʠ ʆɿʋ ʧʦʜʨʘʟʜʝʣʷʶʪʩʷ ʥʘ ʜʚʘ ʧʦʜʤʥʦʞʝʩʪʚʘ (ʨʠʩʫʥʦʢ 1): 
ʥʝʠʩʧʨʘʚʥʦʩʪʠ ʤʘʪʨʠʮʳ ʟʘʧʦʤʠʥʘʶʱʠʭ ʵʣʝʤʝʥʪʦʚ ʠ ʥʝʠʩʧʨʘʚʥʦʩʪʠ ʵʣʝʢʪʨʦʥʥʦʛʦ ʦʙʨʘʤʣʝʥʠʷ. 
ɺʪʦʨʦʝ ʧʦʜʤʥʦʞʝʩʪʚʦ ʚʢʣʶʯʘʝʪ ʥʝʠʩʧʨʘʚʥʦʩʪʠ ʜʝʰʠʬʨʘʪʦʨʦʚ ʘʜʨʝʩʘ ʠ ʥʝʠʩʧʨʘʚʥʦʩʪʠ ʣʦʛʠʢʠ 
ʯʪʝʥʠʷ/ʟʘʧʠʩʠ. ɼʦʤʠʥʠʨʫʶʱʝʝ ʟʥʘʯʝʥʠʝ ʠʤʝʶʪ ʥʝʠʩʧʨʘʚʥʦʩʪʠ ʤʘʪʨʠʮʳ ʟʘʧʦʤʠʥʘʶʱʠʭ ʵʣʝʤʝʥʪʦʚ 
ʆɿʋ. 

ʂ ʥʝʠʩʧʨʘʚʥʦʩʪʷʤ ʤʘʪʨʠʮʳ ʟʘʧʦʤʠʥʘʶʱʠʭ ʵʣʝʤʝʥʪʦʚ ʆɿʋ ʦʪʥʦʩʷʪ ʥʝʠʩʧʨʘʚʥʦʩʪʠ, ʚ ʢʦʪʦʨʳʭ 
ʫʯʘʩʪʚʫʶʪ: ʦʜʥʘ ʷʯʝʡʢʘ ʆɿʋ; ʜʚʝ ʷʯʝʡʢʠ ʆɿʋ; ʥʝʩʢʦʣʴʢʦ ʷʯʝʝʢ ʆɿʋ, ʚ ʦʙʱʝʤ ʩʣʫʯʘʝ ʙʦʣʝʝ ʯʝʤ ʜʚʝ, 
ʙʝʟ ʦʛʨʘʥʠʯʝʥʠʡ ʥʘ ʠʭ ʢʦʣʠʯʝʩʪʚʦ. 

 
ʈʠʩʫʥʦʢ 1 - ʉʭʝʤʘ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʥʝʠʩʧʨʘʚʥʦʩʪʝʡ ʆɿʋ 

 
ʊʝʩʪʠʨʦʚʘʥʠʝ ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ ʥʘʠʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʳʭ ʤʝʪʦʜʦʚ ʧʦʚʳʰʝʥʠʷ ʥʘʜʸʞʥʦʩʪʠ 

ʨʘʙʦʪʳ ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ ʫʩʪʨʦʡʩʪʚ ʠ ʩʠʩʪʝʤ. ʆʩʥʦʚʥʦʝ ʥʘʟʥʘʯʝʥʠʝ ʪʝʩʪʠʨʦʚʘʥʠʷ ʟʘʢʣʶʯʘʝʪʩʷ ʚ 
ʦʙʥʘʨʫʞʝʥʠʠ ʤʘʢʩʠʤʘʣʴʥʦ ʚʦʟʤʦʞʥʦʛʦ ʯʠʩʣʘ ʥʝʠʩʧʨʘʚʥʳʭ ʩʦʩʪʦʷʥʠʡ ʪʝʩʪʠʨʫʝʤʦʛʦ ʦʙʲʝʢʪʘ ʟʘ 
ʤʠʥʠʤʘʣʴʥʦ ʚʦʟʤʦʞʥʦʝ ʚʨʝʤʷ. ɺ ʩʣʫʯʘʝ ʆɿʋ ʚʨʝʤʷ ʪʝʩʪʠʨʦʚʘʥʠʷ ʟʘʚʠʩʠʪ ʦʪ ʝʛʦ ʸʤʢʦʩʪʠ N, ʢʦʪʦʨʘʷ 
ʧʦʜʨʘʟʜʝʣʷʝʪ ʚʩʝ ʪʝʩʪʳ ʥʘ ʪʨʠ ʦʩʥʦʚʥʳʭ ʢʣʘʩʩʘ, ʘ ʠʤʝʥʥʦ ʥʘ ʪʝʩʪʳ ʪʠʧʘ N

2
 ʮʠʢʣʦʚ, ʪʝʩʪʳ ʪʠʧʘ N

3/2
 ʠ 

ʪʝʩʪʳ ʪʠʧʘ N ʮʠʢʣʦʚ, ʛʜʝ ʮʠʢʣʦʤ ʷʚʣʷʝʪʩʷ ʚʨʝʤʷ ʦʙʨʘʱʝʥʠʷ (ʜʦʩʪʫʧʘ) ʢ ʆɿʋ. 



55-ʷ ʶʙʠʣʝʡʥʘʷ ʥʘʫʯʥʘʷ ʢʦʥʬʝʨʝʥʮʠʷ ʘʩʧʠʨʘʥʪʦʚ, ʤʘʛʠʩʪʨʘʥʪʦʚ ʠ ʩʪʫʜʝʥʪʦʚ ɹɻʋʀʈ, 2019 ʛ. 

153 
 

ʐʠʨʦʢʦʝ ʧʨʠʤʝʥʝʥʠʝ ʥʘʭʦʜʷʪ ʪʝʩʪʳ, ʠʤʝʶʱʠʝ ʣʠʥʝʡʥʫʶ ʟʘʚʠʩʠʤʦʩʪʴ ʩʣʦʞʥʦʩʪʠ ʦʪ ʸʤʢʦʩʪʠ 
ʆɿʋ, ʧʦʣʫʯʠʚʰʠʝ ʥʘʟʚʘʥʠʝ ʤʘʨʰʝʚʳʝ ʪʝʩʪʳ. 

ʄʘʨʰʝʚʳʡ ʪʝʩʪ ʩʦʩʪʦʠʪ ʠʟ ʢʦʥʝʯʥʦʛʦ ʯʠʩʣʘ ʤʘʨʰʝʚʳʭ ʵʣʝʤʝʥʪʦʚ [1]. ɺ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʢʘʞʜʳʡ 
ʤʘʨʰʝʚʳʡ ʵʣʝʤʝʥʪ ʩʦʜʝʨʞʠʪ ʩʠʤʚʦʣ, ʦʧʨʝʜʝʣʷʶʱʠʡ ʧʦʨʷʜʦʢ ʬʦʨʤʠʨʦʚʘʥʠʷ ʘʜʨʝʩʥʦʡ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʆɿʋ: Ð - ʦʧʨʝʜʝʣʷʝʪ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʡ ʧʝʨʝʙʦʨ ʘʜʨʝʩʦʚ ʆɿʋ ʧʦ ʚʦʟʨʘʩʪʘʥʠʶ, 

Ò - ʦʧʨʝʜʝʣʷʝʪ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʡ ʧʝʨʝʙʦʨ ʘʜʨʝʩʦʚ ʧʦ ʫʙʳʚʘʥʠʶ, ÒÐ - ʦʟʥʘʯʘʝʪ ʧʝʨʝʙʦʨ ʧʦ 
ʫʙʳʚʘʥʠʶ ʣʠʙʦ ʧʦ ʚʦʟʨʘʩʪʘʥʠʶ. ʂʨʦʤʝ ʵʪʦʛʦ, ʤʘʨʰʝʚʳʡ ʵʣʝʤʝʥʪ ʩʦʜʝʨʞʠʪ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ 
ʦʧʝʨʘʮʠʡ ʯʪʝʥʠʷ ʠ ʟʘʧʠʩʠ, ʟʘʢʣʶʯʸʥʥʳʭ ʚ ʢʨʫʛʣʳʝ ʩʢʦʙʢʠ ʠ ʨʘʟʜʝʣʷʝʤʳʭ ʪʦʯʢʦʡ ʩ ʟʘʧʷʪʦʡ. ʂʘʞʜʘʷ 
ʦʧʝʨʘʮʠʷ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʵʣʝʤʝʥʪ ʠʟ ʩʣʝʜʫʶʱʝʛʦ ʥʘʙʦʨʘ: ór0ô ï ʦʧʝʨʘʮʠʷ ʯʪʝʥʠʷ ʩʦʜʝʨʞʠʤʦʛʦ 
ɿʕ ʩ ʦʞʠʜʘʝʤʳʤ ʟʥʘʯʝʥʠʝʤ 0, ór1ô ï ʦʧʝʨʘʮʠʷ ʯʪʝʥʠʷ ɿʕ ʩ ʦʞʠʜʘʝʤʳʤ ʟʥʘʯʝʥʠʝʤ 1, ów0ô ï ʦʧʝʨʘʮʠʷ 
ʟʘʧʠʩʠ 0 ʚ ɿʕ, ów1ô ï ʦʧʝʨʘʮʠʷ ʟʘʧʠʩʠ 1 ʚ ɿʕ. ʆʜʥʘ ʠʣʠ ʥʝʩʢʦʣʴʢʦ ʦʧʝʨʘʮʠʡ ʚ ʤʘʨʰʝʚʦʤ ʵʣʝʤʝʥʪʝ 
ʠʩʧʦʣʴʟʫʝʪʩʷ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ ʜʣʷ ʘʜʨʝʩʫʝʤʦʡ ʷʯʝʡʢʠ ʆɿʋ. ʇʝʨʝʭʦʜ ʢ ʩʣʝʜʫʶʱʝʡ ʷʯʝʡʢʝ ʙʫʜʝʪ 
ʦʩʫʱʝʩʪʚʣʸʥ ʪʦʣʴʢʦ ʧʦʩʣʝ ʚʳʧʦʣʥʝʥʠʷ ʚʩʝʭ ʦʧʝʨʘʮʠʡ ʚ ʪʝʢʫʱʝʤ ʤʘʨʰʝʚʦʤ ʵʣʝʤʝʥʪʝ. 

ʂʦʣʠʯʝʩʪʚʦ ʤʘʨʰʝʚʳʭ ʵʣʝʤʝʥʪʦʚ, ʠʭ ʚʟʘʠʤʥʦʝ ʨʘʩʧʦʣʦʞʝʥʠʝ, ʘ ʪʘʢʞʝ ʚʠʜ ʢʘʞʜʦʛʦ ʠʟ ʵʪʠʭ 
ʵʣʝʤʝʥʪʦʚ ʦʧʨʝʜʝʣʷʝʪ ʧʦʢʨʳʚʘʶʱʫʶ ʩʧʦʩʦʙʥʦʩʪʴ ʤʘʨʰʝʚʦʛʦ ʪʝʩʪʘ, ʪ. ʝ. ʵʬʬʝʢʪʠʚʥʦʩʪʴ 
ʦʙʥʘʨʫʞʝʥʠʷ ʚʩʝʭ ʚʠʜʦʚ ʚʦʟʤʦʞʥʳʭ ʥʝʠʩʧʨʘʚʥʦʩʪʝʡ ʆɿʋ. 

ɼʣʷ ʪʦʛʦ, ʯʪʦʙʳ ʦʧʨʝʜʝʣʠʪʴ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʤʘʨʰʝʚʦʛʦ ʪʝʩʪʘ, ʥʝʦʙʭʦʜʠʤʦ ʦʧʨʝʜʝʣʠʪʴ ʝʛʦ 
ʦʩʥʦʚʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ, ʢ ʢʦʪʦʨʳʤ ʦʪʥʦʩʷʪʩʷ ʧʦʢʨʳʚʘʶʱʘʷ ʩʧʦʩʦʙʥʦʩʪʴ, ʚʳʯʠʩʣʠʪʝʣʴʥʘʷ 
ʩʣʦʞʥʦʩʪʴ ʬʦʨʤʠʨʦʚʘʥʠʷ, ʚʨʝʤʷ ʦʙʥʘʨʫʞʝʥʠʷ ʥʝʠʩʧʨʘʚʥʦʩʪʠ. 

ɼʣʷ ʨʝʰʝʥʠʷ ʧʦʩʪʘʚʣʝʥʥʦʡ ʟʘʜʘʯʠ ʨʘʟʨʘʙʦʪʘʥʦ ʧʨʦʛʨʘʤʤʥʦʝ ʩʨʝʜʩʪʚʦ, ʧʦʟʚʦʣʷʶʱʝʝ 
ʩʤʦʜʝʣʠʨʦʚʘʪʴ ʟʘʧʦʤʠʥʘʶʱʝʝ ʫʩʪʨʦʡʩʪʚʦ, ʫʢʘʟʘʪʴ ʪʠʧʳ ʥʝʠʩʧʨʘʚʥʦʩʪʝʡ ʟʘʧʦʤʠʥʘʶʱʠʭ ʵʣʝʤʝʥʪʦʚ ʠ 
ʚʳʧʦʣʥʠʪʴ ʟʘʜʘʥʥʳʝ ʤʘʨʰʝʚʳʝ ʪʝʩʪʳ ʩ ʮʝʣʴʶ ʦʧʨʝʜʝʣʝʥʠʷ ʠʭ ʩʨʘʚʥʠʪʝʣʴʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ. 

ʇʨʦʛʨʘʤʤʥʦʝ ʩʨʝʜʩʪʚʦ ʠʤʝʝʪ ʦʙʲʝʢʪʥʦ-ʦʨʠʝʥʪʠʨʦʚʘʥʥʫʶ ʘʨʭʠʪʝʢʪʫʨʫ, ʛʜʝ ʢʘʞʜʳʡ ʦʙʲʝʢʪ 
ʷʚʣʷʝʪʩʷ ʨʝʘʣʠʟʘʮʠʝʡ ʦʧʨʝʜʝʣʸʥʥʦʡ ʘʙʩʪʨʘʢʮʠʠ ʧʨʝʜʤʝʪʥʦʡ ʦʙʣʘʩʪʠ. ʊʘʢ, ʦʜʥʦʡ ʠʟ ʛʣʘʚʥʳʭ 
ʘʙʩʪʨʘʢʮʠʡ ʷʚʣʷʝʪʩʷ ʟʘʧʦʤʠʥʘʶʱʝʝ ʫʩʪʨʦʡʩʪʚʦ [2]. 

ɿʘʧʦʤʠʥʘʶʱʝʝ ʫʩʪʨʦʡʩʪʚʦ ʚ ʧʨʦʛʨʘʤʤʥʦʤ ʩʨʝʜʩʪʚʝ ʧʨʝʜʩʪʘʚʣʝʥʦ ʚ ʚʠʜʝ ʢʣʘʩʩʘ, ʩʦʜʝʨʞʘʱʝʛʦ 
ʸʤʢʦʩʪʴ N ʟʘʧʦʤʠʥʘʶʱʝʛʦ ʫʩʪʨʦʡʩʪʚʘ, ʤʘʩʩʠʚ N ʟʘʧʦʤʠʥʘʶʱʠʭ ʵʣʝʤʝʥʪʦʚ, ʠ ʜʚʘ ʤʝʪʦʜʘ: ʤʝʪʦʜ 
ʯʪʝʥʠʷ ʟʥʘʯʝʥʠʷ ʟʘʧʦʤʠʥʘʶʱʝʛʦ ʵʣʝʤʝʥʪʘ ʠ ʤʝʪʦʜ ʟʘʧʠʩʠ ʟʥʘʯʝʥʠʷ ʚ ʟʘʧʦʤʠʥʘʶʱʠʡ ʵʣʝʤʝʥʪ. ʆʙʘ 
ʤʝʪʦʜʘ ʧʨʠʥʠʤʘʶʪ ʘʜʨʝʩ ʟʘʧʦʤʠʥʘʶʱʝʛʦ ʵʣʝʤʝʥʪʘ ʚ ʢʘʯʝʩʪʚʝ ʧʘʨʘʤʝʪʨʘ. 

ɿʘʧʦʤʠʥʘʶʱʠʡ ʵʣʝʤʝʥʪ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʘʜʨʝʩʦʤ, ʟʥʘʯʝʥʠʝʤ ʠ ʪʠʧʦʤ ʥʝʠʩʧʨʘʚʥʦʩʪʠ. 
ɺ ʧʨʦʛʨʘʤʤʥʦʤ ʩʨʝʜʩʪʚʝ ʠʩʧʦʣʴʟʫʝʪʩʷ ʝʱʸ ʦʜʥʘ ʚʘʞʥʘʷ ʘʙʩʪʨʘʢʮʠʷ ï ʘʣʛʦʨʠʪʤ, 

ʧʨʝʜʩʪʘʚʣʷʶʱʠʡ ʩʦʙʦʡ ʩʧʦʩʦʙ ʬʦʨʤʠʨʦʚʘʥʠʷ  ʤʘʨʰʝʚʦʛʦ ʪʝʩʪʘ. ɸʣʛʦʨʠʪʤ, ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʩʦʩʪʦʠʪ 
ʠʟ ʪʨʸʭ ʜʨʫʛʠʭ ʘʙʩʪʨʘʢʮʠʡ: ʢʦʥʪʨʦʣʣʝʨʘ ʪʝʩʪʘ, ʢʦʪʦʨʳʡ ʫʧʨʘʚʣʷʝʪ ʭʦʜʦʤ ʪʝʩʪʘ, ʛʝʥʝʨʘʪʦʨʘ 
ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʟʥʘʯʝʥʠʡ, ʢʦʪʦʨʳʝ ʟʘʧʠʩʳʚʘʶʪʩʷ ʚ ʟʘʧʦʤʠʥʘʶʱʠʝ ʵʣʝʤʝʥʪʳ ʠ ʛʝʥʝʨʘʪʦʨʘ 
ʘʜʨʝʩʦʚ ʟʘʧʦʤʠʥʘʶʱʠʭ ʵʣʝʤʝʥʪʦʚ, ʧʦ ʢʦʪʦʨʳʤ ʟʘʧʠʩʳʚʘʶʪʩʷ ʩʛʝʥʝʨʠʨʦʚʘʥʥʳʝ ʟʥʘʯʝʥʠʷ. ʇʨʠ 
ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʪʝʩʪʦʚ ʩ ʠʟʤʝʥʷʝʤʳʤʠ ʥʘʯʘʣʴʥʳʤʠ ʩʦʩʪʦʷʥʠʷʤʠ, ʛʝʥʝʨʘʪʦʨ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ 
ʟʥʘʯʝʥʠʡ ʧʦʟʚʦʣʷʝʪ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʟʘʧʠʩʘʪʴ  ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʟʥʘʯʝʥʠʡ ʚ ʥʘʯʘʣʝ ʧʨʦʮʝʜʫʨʳ 
ʪʝʩʪʠʨʦʚʘʥʠʷ. 

ʅʠʞʝ ʧʨʠʚʝʜʝʥʘ ʫʧʨʦʱʸʥʥʘʷ ʩʪʨʫʢʪʫʨʥʘʷ ʩʭʝʤʘ ʧʨʦʛʨʘʤʤʥʦʛʦ ʩʨʝʜʩʪʚʘ (ʨʠʩʫʥʦʢ 2). 

 
ʈʠʩʫʥʦʢ  2 - ʋʧʨʦʱʸʥʥʘʷ ʩʪʨʫʢʪʫʨʥʘʷ ʩʭʝʤʘ ʧʨʦʛʨʘʤʤʥʦʛʦ ʩʨʝʜʩʪʚʘ 

 
ɺʳʚʦʜʳ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʨʝʰʝʥʠʷ ʧʦʩʪʘʚʣʝʥʥʦʡ ʟʘʜʘʯʠ ʙʳʣʦ ʨʘʟʨʘʙʦʪʘʥʦ ʧʨʦʛʨʘʤʤʥʦʝ ʩʨʝʜʩʪʚʦ, 

ʧʦʟʚʦʣʷʶʱʝʝ ʩʤʦʜʝʣʠʨʦʚʘʪʴ ʟʘʧʦʤʠʥʘʶʱʝʝ ʫʩʪʨʦʡʩʪʚʦ, ʫʢʘʟʘʪʴ ʪʠʧʳ ʥʝʠʩʧʨʘʚʥʦʩʪʝʡ 
ʟʘʧʦʤʠʥʘʶʱʠʭ ʵʣʝʤʝʥʪʦʚ, ʩʬʦʨʤʠʨʦʚʘʪʴ ʧʦ ʦʧʨʝʜʝʣʝʥʥʳʤ ʘʣʛʦʨʠʪʤʘʤ ʪʝʩʪʳ ʠ ʚʳʚʝʩʪʠ ʨʝʟʫʣʴʪʘʪʳ 
ʠʭ ʨʘʙʦʪʳ, ʜʣʷ ʩʨʘʚʥʠʪʝʣʴʥʦʛʦ ʘʥʘʣʠʟʘ. 
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ɿɸɼɸʏɸ ʇʆʉʊʈʆɽʅʀʗ ʄʆɼɽʃʀ ʃʀʏʅʆʉʊʀ ʅɸ  
ʆʉʅʆɺɽ ɸʅɸʃʀɿɸ ʊɽʂʉʊɸ 

ʉʫʙʘʯʫʩ ɺ.ɺ. 

ɹʝʣʦʨʫʩʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʥʬʦʨʤʘʪʠʢʠ ʠ ʨʘʜʠʦʵʣʝʢʪʨʦʥʠʢʠ 
ʛ. ʄʠʥʩʢ, ʈʝʩʧʫʙʣʠʢʘ ɹʝʣʘʨʫʩʴ 

ʇʘʨʘʤʦʥʦʚ ɸ.ʀ. ï ʢ.ʪ.ʥ., ʜʦʮʝʥʪ 

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʨʘʩʩʤʦʪʨʝʥʦ ʪʝʢʫʱʝʝ ʩʦʩʪʦʷʥʠʝ ʧʨʦʙʣʝʤʳ ʧʦʩʪʨʦʝʥʠʷ ʤʦʜʝʣʠ ʣʠʯʥʦʩʪʠ ʥʘ ʦʩʥʦʚʝ ʘʥʘʣʠʟʘ ʪʝʢʩʪʘ, 
ʨʘʩʩʤʦʪʨʝʥʳ ʩʦʚʨʝʤʝʥʥʳʝ ʨʝʰʝʥʠʷ, ʢʦʪʦʨʳʝ ʠʩʧʦʣʴʟʫʶʪʩʷ ʜʣʷ ʧʦʩʪʨʦʝʥʠʷ ʤʦʜʝʣʠ ʣʠʯʥʦʩʪʠ, ʠ ʩʘʤʠ ʨʘʟʥʦʚʠʜʥʦʩʪʠ ʤʦʜʝʣʝʡ 
ʣʠʯʥʦʩʪʠ. ʊʘʢ ʞʝ ʨʘʩʩʤʦʪʨʝʥʳ ʩʫʱʝʩʪʚʫʶʱʠʝ ʧʨʦʛʨʘʤʤʥʳʝ ʩʨʝʜʩʪʚʘ ʠ ʠʭ ʦʩʦʙʝʥʥʦʩʪʠ.  

ʃʠʯʥʦʩʪʴ ʷʚʣʷʝʪʩʷ ʩʦʚʦʢʫʧʥʦʩʪʴʶ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʦʚʝʜʝʥʠʷ, ʧʨʠʚʳʯʝʢ, ʵʤʦʮʠʡ, ʤʦʪʠʚʘʮʠʡ ʠ 
ʤʦʜʝʣʠ ʤʳʰʣʝʥʠʷ ʯʝʣʦʚʝʢʘ. ʃʠʯʥʦʩʪʴ ʢʘʞʜʦʛʦ ʯʝʣʦʚʝʢʘ ʦʢʘʟʳʚʘʝʪ ʦʛʨʦʤʥʦʝ ʚʣʠʷʥʠʝ ʥʘ ʨʘʟʣʠʯʥʳʝ 
ʘʩʧʝʢʪʳ ʝʛʦ ʞʠʟʥʠ: ʚʳʙʦʨ ʚ ʩʣʦʞʥʳʭ ʩʠʪʫʘʮʠʷʭ, ʙʣʘʛʦʩʦʩʪʦʷʥʠʝ, ʟʜʦʨʦʚʴʝ ʠ ʜʨʫʛʠʝ. ʊʝʢʩʪʳ ʯʘʩʪʦ 
ʦʪʨʘʞʘʶʪ ʨʘʟʣʠʯʥʳʝ ʘʩʧʝʢʪʳ ʣʠʯʥʦʩʪʠ ʘʚʪʦʨʘ. ʇʨʦʚʝʜʸʥʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʵʪʠ 
ʘʩʧʝʢʪʳ ʤʦʛʫʪ ʙʳʪʴ ʧʦʣʫʯʝʥʳ ʥʝ ʪʦʣʴʢʦ ʠʟ ʧʨʦʠʟʚʦʣʴʥʳʭ ʪʝʢʩʪʦʚ, ʥʦ ʠ ʧʨʠ ʘʥʘʣʠʟʝ ʜʘʥʥʳʭ ʚ 
ʩʦʮʠʘʣʴʥʳʭ ʩʝʪʷʭ. 

ɸʚʪʦʤʘʪʠʯʝʩʢʦʝ ʦʧʨʝʜʝʣʝʥʠʝ ʣʠʯʥʦʩʪʥʳʭ ʢʘʯʝʩʪʚ ʠʤʝʝʪ ʤʥʦʞʝʩʪʚʦ ʚʘʞʥʳʭ ʧʨʘʢʪʠʯʝʩʢʠʭ 
ʧʨʠʤʝʥʝʥʠʡ. ʇʦ ʧʦʣʫʯʝʥʥʳʤ ʜʘʥʥʳʤ ʤʦʞʥʦ ʧʨʝʜʩʢʘʟʘʪʴ ʧʦʚʝʜʝʥʠʝ ʠ ʧʨʝʜʧʦʯʪʝʥʠʷ ʣʶʜʝʡ, ʫʧʨʦʩʪʠʪʴ 
ʨʘʙʦʪʫ ʢʨʠʤʠʥʘʣʠʩʪʘʤ ʧʨʠ ʘʥʘʣʠʟʝ ʪʝʢʩʪʘ, ʨʝʢʦʤʝʥʜʦʚʘʪʴ ʧʨʦʜʫʢʪʳ ʠ ʫʩʣʫʛʠ ʣʶʜʷʤ ʩʦ ʩʭʦʞʠʤ ʪʠʧʦʤ 
ʣʠʯʥʦʩʪʠ, ʘ ʪʘʢʞʝ ʧʨʠ ʩʦʙʝʩʝʜʦʚʘʥʠʠ ʦʧʨʝʜʝʣʠʪʴ ʧʨʠʛʦʜʥʦʩʪʴ ʯʝʣʦʚʝʢʘ ʢ ʪʦʡ ʠʣʠ ʠʥʦʡ ʨʘʙʦʪʝ. 
ɸʥʘʣʠʟ ʪʝʢʩʪʘ ʧʨʦʚʦʜʠʪʩʷ ʩ ʮʝʣʴʶ ʧʦʩʪʨʦʝʥʠʷ ʤʦʜʝʣʠ ʣʠʯʥʦʩʪʠ ʘʚʪʦʨʘ. ʆʙʱʝʛʦ ʘʣʛʦʨʠʪʤʘ ʜʣʷ 
ʘʥʘʣʠʟʘ ʪʝʢʩʪʘ ʥʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʥʝ ʩʫʱʝʩʪʚʫʝʪ. ʇʨʝʜʧʦʣʘʛʘʝʪʩʷ, ʯʪʦ ʨʘʟʨʘʙʦʪʯʠʢʫ ʥʝʦʙʭʦʜʠʤʦ 
ʚʳʧʦʣʥʠʪʴ ʘʥʘʣʠʟ ʤʥʦʞʝʩʪʚʘ ʣʠʪʝʨʘʪʫʨʥʳʭ ʠʩʪʦʯʥʠʢʦʚ ʠ ʟʘʪʝʤ ʨʘʟʨʘʙʘʪʳʚʘʪʴ ʩʚʦʡ ʫʥʠʢʘʣʴʥʳʡ 
ʘʣʛʦʨʠʪʤ.  

ʉʫʱʝʩʪʚʫʝʪ ʨʷʜ ʧʦʜʭʦʜʦʚ ʢ ʧʦʩʪʨʦʝʥʠʶ ʤʦʜʝʣʠ ʣʠʯʥʦʩʪʠ, ʥʦ ʥʘ ʩʝʛʦʜʥʷ ʩʨʝʜʠ ʥʠʭ ʷʚʥʦ 
ʚʳʜʝʣʷʝʪʩʷ ʤʦʜʝʣʴ ñɹʦʣʴʰʘʷ ʧʷʪʸʨʢʘò [1]. ʄʦʜʝʣʴ ʦʩʥʦʚʘʥʘ ʥʘ ʧʝʨʝʤʝʥʥʳʭ, ʢʦʪʦʨʳʝ ʥʘʠʙʦʣʝʝ 
ʰʠʨʦʢʦ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʷʟʳʢʝ. ʆʥʘ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʧʷʪʴ ʦʩʥʦʚʥʳʭ ʠʟʤʝʨʝʥʠʡ: ʵʢʩʪʨʘʚʝʨʩʠʷ 
(ʚʦʚʣʝʯʝʥʥʦʩʪʴ), ʜʦʙʨʦʞʝʣʘʪʝʣʴʥʦʩʪʴ (ʧʨʠʷʪʥʦʩʪʴ), ʜʦʙʨʦʩʦʚʝʩʪʥʦʩʪʴ (ʥʘʜʝʞʥʦʩʪʴ), ʵʤʦʮʠʦʥʘʣʴʥʘʷ 
ʩʪʘʙʠʣʴʥʦʩʪʴ, ʢʫʣʴʪʫʨʥʦʩʪʴ (ʦʪʢʨʳʪʦʩʪʴ ʢ ʦʧʳʪʫ). ʂʘʞʜʦʝ ʠʟ ʵʪʠʭ ʠʟʤʝʨʝʥʠʡ ʠʤʝʝʪ ʰʝʩʪʴ 
ʭʘʨʘʢʪʝʨʠʩʪʠʢ, ʢʦʪʦʨʳʝ ʜʦʧʦʣʥʠʪʝʣʴʥʦ, ʙʦʣʝʝ ʧʦʣʥʦ, ʭʘʨʘʢʪʝʨʠʟʫʶʪ ʯʝʣʦʚʝʢʘ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ 
ʠʟʤʝʨʝʥʠʝʤ. ʍʦʨʦʰʠʤ ʜʦʧʦʣʥʝʥʠʝʤ ʵʪʦʡ ʤʦʜʝʣʠ ʷʚʣʷʶʪʩʷ ʤʦʜʝʣʠ ʧʦʪʨʝʙʥʦʩʪʝʡ ʠ ʮʝʥʥʦʩʪʝʡ. 
ʇʦʪʨʝʙʥʦʩʪʠ ʦʧʠʩʳʚʘʶʪ, ʢʘʢʠʝ ʧʘʨʘʤʝʪʨʳ ʚʣʠʷʶʪ ʥʘ ʚʳʙʦʨ ʯʝʣʦʚʝʢʘ, ʠ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʜʚʝʥʘʜʮʘʪʴ 
ʭʘʨʘʢʪʝʨʥʳʭ ʧʦʪʨʝʙʥʦʩʪʝʡ. ʎʝʥʥʦʩʪʠ ʦʧʠʩʳʚʘʶʪ ʤʦʪʠʚʠʨʫʶʱʠʝ ʬʘʢʪʦʨʳ, ʢʦʪʦʨʳʝ ʚʣʠʷʶʪ ʥʘ 
ʧʨʠʥʷʪʠʝ ʨʝʰʝʥʠʷ ʯʝʣʦʚʝʢʦʤ, ʠ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʧʷʪʴ ʟʥʘʯʝʥʠʡ. ʂʘʞʜʦʝ ʠʟʤʝʨʝʥʠʝ ʤʦʜʝʣʠ ñɹʦʣʴʰʘʷ 
ʧʷʪʸʨʢʘò ʦʧʠʩʳʚʘʝʪʩʷ ʪʨʝʤʷ ʪʘʙʣʠʮʘʤʠ: ʪʘʙʣʠʮʘ ʬʘʩʝʪʦʚ, ʜʠʘʧʘʟʦʥ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʠ ʪʘʙʣʠʮʘ 
ʧʝʨʚʠʯʥʳʭ ʠ ʚʪʦʨʠʯʥʳʭ ʠʟʤʝʨʝʥʠʡ. ʆʩʥʦʚʥʦʡ ʧʨʦʙʣʝʤʦʡ ʜʘʥʥʦʡ ʤʦʜʝʣʠ ʩʯʠʪʘʝʪʩʷ ʝʝ ʥʝʧʦʣʥʦʪʘ, ʪʦ 
ʝʩʪʴ ʠʟ-ʟʘ ʥʝʭʚʘʪʢʠ ʠʟʤʝʨʝʥʠʡ ʦʥʘ ʤʦʞʝʪ ʥʝ ʧʦʜʭʦʜʠʪʴ ʜʣʷ ʧʦʩʪʘʚʣʝʥʥʦʡ ʟʘʜʘʯʠ.  

ɺ ʪʦʞʝ ʚʨʝʤʷ ʤʦʞʥʦ ʫʚʠʜʝʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʫʣʫʯʰʝʥʥʦʡ ʤʦʜʝʣʠ ñɹʦʣʴʰʘʷ ʧʷʪʸʨʢʘò ʠʣʠ 
ʩʦʚʝʨʰʝʥʥʦ ʜʨʫʛʠʭ ʤʦʜʝʣʝʡ [2]. ʂ ʧʨʠʤʝʨʫ, ʤʦʜʝʣʴ HEXACO ʷʚʣʷʝʪʩʷ ʫʣʫʯʰʝʥʥʦʡ ʚʝʨʩʠʝʡ ʤʦʜʝʣʠ 
ñɹʦʣʴʰʘʷ ʧʷʪʸʨʢʘò c ʜʦʧʦʣʥʠʪʝʣʴʥʳʤ ʠʟʤʝʨʝʥʠʝʤ ñʏʝʩʪʥʦʩʪʴ ï ʩʤʠʨʝʥʠʝò. ʄʦʜʝʣʴ MBTI 
ʧʨʝʜʩʪʘʚʣʷʝʪ ʘʙʩʦʣʶʪʥʦ ʠʥʦʡ ʧʦʜʭʦʜ. ɺ ʵʪʦʡ ʤʦʜʝʣʠ ʚʳʜʝʣʷʶʪʩʷ ʪʘʢʠʝ ʠʟʤʝʨʝʥʠʷ ʯʝʣʦʚʝʯʝʩʢʦʡ 
ʣʠʯʥʦʩʪʠ, ʢʘʢ: ʠʥʪʨʦʚʝʨʩʠʷ; ʵʢʩʪʨʘʚʝʨʩʠʷ, ʠʥʪʫʠʮʠʷ; ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ, ʯʫʚʩʪʚʦ; ʤʳʰʣʝʥʠʝ, 
ʚʦʩʧʨʠʷʪʠʝ; ʧʦʥʠʤʘʥʠʝ. ɼʣʷ ʩʘʤʳʭ ʧʨʦʩʪʳʭ ʟʘʜʘʯ ʠʩʧʦʣʴʟʫʝʪʩʷ ʢʣʘʩʩʠʯʝʩʢʘʷ ʤʦʜʝʣʴ, ʢʦʪʦʨʘʷ 
ʩʦʩʪʦʠʪ ʠʟ ʯʝʪʳʨʸʭ ʪʝʤʧʝʨʘʤʝʥʪʦʚ: ʭʦʣʝʨʠʢ, ʩʘʥʛʚʠʥʠʢ, ʤʝʣʘʥʭʦʣʠʢ, ʬʣʝʛʤʘʪʠʢ. 

ʅʘ ʩʝʛʦʜʥʷ ʤʘʣʦ ʠʟʚʝʩʪʥʳ ʧʨʦʛʨʘʤʤʥʳʝ ʩʨʝʜʩʪʚʘ, ʢʦʪʦʨʳʝ ʩʧʦʩʦʙʥʳ ʢʦʨʨʝʢʪʥʦ ʧʦʩʪʨʦʠʪʴ 
ʤʦʜʝʣʴ ʣʠʯʥʦʩʪʠ ʘʚʪʦʨʘ ʥʘ ʦʩʥʦʚʝ ʥʘʧʠʩʘʥʥʦʛʦ ʠʤ ʪʝʢʩʪʘ. ʅʘ ʜʘʥʥʳʡ ʤʦʤʝʥʪ ʢʨʫʧʥʝʡʰʠʤ ʩʝʨʚʠʩʦʤ, 
ʢʦʪʦʨʳʡ ʤʦʞʝʪ ʚʳʧʦʣʥʠʪʴ ʜʘʥʥʫʶ ʟʘʜʘʯʫ, ʷʚʣʷʝʪʩʷ ʩʝʨʚʠʩ Personality Insights ʦʪ ʢʦʤʧʘʥʠʠ IBM [3]. ʆʥ 
ʦʩʥʦʚʘʥ ʥʘ ʤʦʜʝʣʠ ñɹʦʣʴʰʘʷ ʧʷʪʸʨʢʘò ʠ ʧʨʝʜʦʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʠʥʪʝʨʬʝʡʩ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʠʥʬʦʨʤʘʮʠʠ 
ʠʟ ʩʦʮʠʘʣʴʥʳʭ ʩʝʪʝʡ ʠʣʠ ʢʦʨʧʦʨʘʪʠʚʥʳʭ ʜʘʥʥʳʭ. ʀʟ ʵʪʠʭ ʜʘʥʥʳʭ ʩʝʨʚʠʩ ʬʦʨʤʠʨʫʝʪ ʧʦʨʪʨʝʪʳ ʣʶʜʝʡ 
ʠ ʫʢʘʟʳʚʘʝʪ ʥʘ ʠʭ ʧʦʪʨʝʙʠʪʝʣʴʩʢʠʝ ʧʨʝʜʧʦʯʪʝʥʠʷ. ɺ ʜʘʥʥʦʤ ʩʝʨʚʠʩʝ ʧʦʜʜʝʨʞʠʚʘʝʪʩʷ ʥʘʠʙʦʣʴʰʝʝ 
ʨʘʟʥʦʦʙʨʘʟʠʝ ʷʟʳʢʦʚ ʜʣʷ ʥʘʧʠʩʘʥʠʷ ʘʥʘʣʠʟʠʨʫʝʤʦʛʦ ʪʝʢʩʪʘ. ɽʱʸ ʩʫʱʝʩʪʚʫʝʪ ʨʷʜ ʘʥʘʣʦʛʦʚ ʩʝʨʚʠʩʘ 
ʦʪ IBM, ʥʦ ʟʘʯʘʩʪʫʶ ʦʥʠ ʚʳʧʦʣʥʷʶʪ ʢʦʥʢʨʝʪʥʳʝ ʮʝʣʠ: ʩʝʨʚʠʩ Traitify, Life With Personality 
ʧʨʝʜʦʩʪʘʚʣʷʝʪ API ʦʮʝʥʢʠ ʣʠʯʥʦʩʪʠ; ʩʝʨʚʠʩ FoxType ʩʣʫʞʠʪ ʜʣʷ ʘʥʘʣʠʟʘ ñʚʝʞʣʠʚʦʩʪʠò ʪʝʢʩʪʘ ʠ ʪ.ʧ. 
ʂʨʦʤʝ ʪʦʛʦ ï ʚʩʝ ʵʪʠ ʩʝʨʚʠʩʳ ʥʝ ʤʦʛʫʪ ʨʘʙʦʪʘʪʴ ʩ ʪʝʢʩʪʘʤʠ ʥʘ ʨʫʩʩʢʦʤ ʷʟʳʢʝ. 

 
ʉʧʠʩʦʢ ʠʩʧʦʣʴʟʦʚʘʥʥʳʭ ʠʩʪʦʯʥʠʢʦʚ: 
1.  Big Five model [Electronic resource]. ï Mode of access: https://sentic.net/deep-learning-based-personality-detection.pdf ï 

Date of access: 10.03.2019. 
2. The Big Five: Alternatives [Electronic resource]. ï Mode of access: https://nexuszine.wordpress.com/2016/12/26/the-big-five-

alternatives/ ï Date of access: 07.03.2019.  
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3. Personality Insights [Electronic resource]. ï Mode of access: https://cloud.ibm.com/docs/services/personality-
insights?topic=personality-insights-about#about ï Date of access: 08.03.2019.  
 
 

ʉʆɺʈɽʄɽʅʅʆɽ ʉʆʉʊʆʗʅʀɽ ʉʀʉʊɽʄ ʀʅʌʆʈʄɸʎʀʆʅʅʆʁ 
ʇʆɼɼɽʈɾʂʀ ɺ ʉʌɽʈɽ ʊʋʈʀɿʄɸ 

ʊʨʫʭʘʥʦʚʠʯ ʀ.ɸ. 

ɹʝʣʦʨʫʩʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʥʬʦʨʤʘʪʠʢʠ ʠ ʨʘʜʠʦʵʣʝʢʪʨʦʥʠʢʠ 
ʛ. ʄʠʥʩʢ, ʈʝʩʧʫʙʣʠʢʘ ɹʝʣʘʨʫʩʴ 

ʇʘʨʘʤʦʥʦʚ ɸ.ʀ. ï ʢ.ʪ.ʥ., ʜʦʮʝʥʪ 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʪʫʨʠʟʤ ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ ʚʘʞʥʝʡʰʠʭ ʵʢʦʥʦʤʠʯʝʩʢʠʭ ʩʝʢʪʦʨʦʚ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʦʩʪʨʦ ʩʪʦʠʪ ʥʝʦʙʭʦʜʠʤʦʩʪʴ 
ʟʘʜʝʡʩʪʚʦʚʘʥʠʷ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʩʠʩʪʝʤ ʧʦʜʜʝʨʞʢʠ ʚ ʜʘʥʥʦʡ ʩʬʝʨʝ. ɼʘʥʥʳʝ ʩʠʩʪʝʤʳ ʜʦʣʞʥʳ ʧʨʝʜʦʩʪʘʚʣʷʪʴ ʚʝʩʴ 
ʥʝʦʙʭʦʜʠʤʳʡ ʬʫʥʢʮʠʦʥʘʣ, ʠʩʧʦʣʴʟʫʷ ʧʨʠ ʵʪʦʤ ʩʦʚʨʝʤʝʥʥʳʡ ʩʧʝʢʪʨ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʚʦʟʤʦʞʥʦʩʪʝʡ. 

ʊʫʨʠʟʤ ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ ʩʘʤʳʭ ʧʨʠʙʳʣʴʥʳʭ ʩʝʢʪʦʨʦʚ ʚ ʤʠʨʦʚʦʡ ʵʢʦʥʦʤʠʢʝ. ʂʦʣʠʯʝʩʪʚʦ 
ʤʝʞʜʫʥʘʨʦʜʥʳʭ ʪʫʨʠʩʪʦʚ ʧʦʯʪʠ ʫʜʚʦʠʣʦʩʴ ʩ 1995 ʛʦʜʘ, ʠ ʦʞʠʜʘʝʪʩʷ ʝʛʦ ʫʚʝʣʠʯʝʥʠʝ ʚ ʩʨʝʜʥʝʤ ʥʘ 
3,3% ʚ ʛʦʜ ʜʦ 2030. ɺʤʝʩʪʝ ʩ ʪʝʤ ʩʦʚʨʝʤʝʥʥʳʡ ʪʫʨʠʩʪ ʩ ʜʠʬʬʝʨʝʥʮʠʨʦʚʘʥʥʳʤ ʦʙʨʘʟʦʤ ʞʠʟʥʠ, 
ʠʥʜʠʚʠʜʫʘʣʴʥʳʤʠ ʤʦʪʠʚʘʤʠ ʠ ʦʩʦʙʳʤʠ ʠʥʪʝʨʝʩʘʤʠ ʪʨʝʙʫʝʪ ʩʝʨʚʠʩ, ʢʦʪʦʨʳʡ ʜʦʣʞʝʥ ʫʯʠʪʳʚʘʪʴ ʚʩʝ 
ʟʘʷʚʣʝʥʥʳʝ ʧʨʝʜʧʦʯʪʝʥʠʷ. ʉʨʝʜʠ ʦʪʜʝʣʴʥʳʭ ʘʩʧʝʢʪʦʚ, ʥʘ ʢʦʪʦʨʳʝ ʥʝʦʙʭʦʜʠʤʦ ʦʙʨʘʪʠʪʴ ʚʥʠʤʘʥʠʝ, 
ʤʦʞʥʦ ʦʪʤʝʪʠʪʴ ʪʫʨʠʩʪʠʯʝʩʢʫʶ ʤʦʙʠʣʴʥʦʩʪʴ, ʚʳʩʦʢʠʡ ʨʠʩʢ ʠ ʥʝʦʧʨʝʜʝʣʝʥʥʦʩʪʴ ʚ ʥʝʟʥʘʢʦʤʦʡ ʩʨʝʜʝ.  

ɺʩʸ ʚʳʰʝʧʝʨʝʯʠʩʣʝʥʥʦʝ ʧʦʜʯʸʨʢʠʚʘʝʪ ʦʩʪʨʫʶ ʚʦʩʪʨʝʙʦʚʘʥʥʦʩʪʴ ʚ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʩʠʩʪʝʤʘʭ 
ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʧʦʜʜʝʨʞʢʠ. ʉʨʝʜʠ ʬʫʥʢʮʠʡ ʪʘʢʠʭ ʩʠʩʪʝʤ ʤʦʞʥʦ ʦʪʤʝʪʠʪʴ ʩʣʝʜʫʶʱʠʝ: 

1) ʩʦʟʜʘʥʠʝ ʠ ʧʦʜʜʝʨʞʘʥʠʝ ʧʝʨʩʦʥʘʣʠʟʠʨʦʚʘʥʥʳʭ ʮʝʣʝʡ ʧʫʪʝʰʝʩʪʚʠʷ, ʧʨʝʜʧʦʯʪʝʥʠʡ ʠ 
ʢʨʠʪʝʨʠʝʚ ʦʮʝʥʢʠ; 

2) ʧʦʠʩʢ ʠ ʧʨʦʩʤʦʪʨ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʠʥʬʦʨʤʘʮʠʠ (ʤʝʩʪʘ ʥʘʟʥʘʯʝʥʠʷ ʠ ʤʝʩʪʘ ʧʨʦʞʠʚʘʥʠʷ, 
ʜʦʩʪʦʧʨʠʤʝʯʘʪʝʣʴʥʦʩʪʠ ʠ ʦʩʦʙʝʥʥʦʩʪʠ, ʢʦʤʧʣʝʢʩʥʳʝ ʪʫʨʳ ʠ ʪʫʨʠʩʪʠʯʝʩʢʠʝ ʘʛʝʥʪʩʪʚʘ); 

3) ʧʨʦʩʤʦʪʨ ʘʥʘʣʠʪʠʯʝʩʢʦʡ ʠʥʬʦʨʤʘʮʠʠ ʦ ʧʫʥʢʪʝ ʥʘʟʥʘʯʝʥʠʷ; 
4) ʧʨʝʜʦʩʪʘʚʣʝʥʠʝ ʧʨʦʮʝʜʫʨʳ ʦʮʝʥʢʠ ʠ ʦʪʙʦʨʘ, ʠʩʧʦʣʴʟʫʷ ʟʘʨʘʥʝʝ ʦʧʨʝʜʝʣʝʥʥʳʝ ʢʨʠʪʝʨʠʠ ʜʣʷ 

ʚʳʙʦʨʘ; 
5) ʧʦʣʫʯʝʥʠʝ ʠ ʧʨʦʩʤʦʪʨ ʨʝʢʦʤʝʥʜʘʮʠʡ ʢʦʥʢʨʝʪʥʳʭ ʜʦʩʪʦʧʨʠʤʝʯʘʪʝʣʴʥʦʩʪʝʡ ʠʣʠ ʩʦʙʳʪʠʡ; 
6) ʨʘʟʨʘʙʦʪʢʘ ʠʥʜʠʚʠʜʫʘʣʴʥʳʭ ʧʣʘʥʦʚ ʧʦʝʟʜʦʢ; 
7) ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʩ ʪʫʨʠʩʪʠʯʝʩʢʠʤʠ ʦʧʝʨʘʪʦʨʘʤʠ. 
ɺʩʣʝʜʩʪʚʠʝ ʵʪʦʛʦ ʠʩʧʦʣʴʟʫʶʪʩʷ ʨʘʟʣʠʯʥʳʝ ʪʠʧʳ ʩʠʩʪʝʤ ʧʦʜʜʝʨʞʢʠ ʧʨʠʥʷʪʠʷ ʨʝʰʝʥʠʡ (ʉʇʇʈ): 

ʦʨʠʝʥʪʠʨʦʚʘʥʥʳʝ ʥʘ ʜʘʥʥʳʝ; ʦʨʠʝʥʪʠʨʦʚʘʥʥʳʝ ʥʘ ʤʦʜʝʣʠ; ʦʨʠʝʥʪʠʨʦʚʘʥʥʳʝ ʥʘ ʜʦʢʫʤʝʥʪʳ; 
ʦʨʠʝʥʪʠʨʦʚʘʥʥʳʝ ʥʘ ʢʦʤʤʫʥʠʢʘʮʠʠ ʠ ʦʨʠʝʥʪʠʨʦʚʘʥʥʳʝ ʥʘ ʟʥʘʥʠʷ [1]. 

ʉʇʇʈ ʚ ʩʬʝʨʝ ʪʫʨʠʟʤʘ ʥʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʠʩʧʦʣʴʟʫʶʪ ʰʠʨʦʢʠʡ ʩʧʝʢʪʨ ʪʝʭʥʦʣʦʛʠʡ, ʚʢʣʶʯʘʷ 
ɻʀʉ, ʦʙʨʘʙʦʪʢʫ ʜʘʥʥʳʭ ʩʦʮʠʘʣʴʥʳʭ ʩʝʪʝʡ, ʨʝʢʦʤʝʥʜʘʪʝʣʴʥʳʝ ʩʠʩʪʝʤʳ ʠ ʪ.ʜ. ʆʪʜʝʣʴʥʦ ʩʣʝʜʫʝʪ 
ʦʙʨʘʪʠʪʴ ʚʥʠʤʘʥʠʝ ʥʘ ʟʘʜʝʡʩʪʚʦʚʘʥʠʝ ʚ ʜʘʥʥʳʭ ʩʠʩʪʝʤʘʭ ʚʦʟʤʦʞʥʦʩʪʝʡ ʧʨʦʝʢʪʦʚ, ʩʚʷʟʘʥʥʳʭ ʩ 
ʜʦʙʨʦʚʦʣʴʥʦʡ ʛʝʦʛʨʘʬʠʯʝʩʢʦʡ ʠʥʬʦʨʤʘʮʠʝʡ. 

ɼʦʙʨʦʚʦʣʴʥʘʷ ʛʝʦʛʨʘʬʠʯʝʩʢʘʷ ʠʥʬʦʨʤʘʮʠʷ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʦʩʦʙʳʡ ʚʠʜ ʧʦʣʴʟʦʚʘʪʝʣʴʩʢʦʛʦ 
ʢʦʥʪʝʥʪʘ. ʆʥ ʦʪʥʦʩʠʪʩʷ ʢ ʛʝʦʛʨʘʬʠʯʝʩʢʦʡ ʠʥʬʦʨʤʘʮʠʠ, ʩʦʙʨʘʥʥʦʡ ʠ ʜʦʙʨʦʚʦʣʴʥʦ ʧʝʨʝʜʘʥʥʦʡ 
ʰʠʨʦʢʦʡ ʧʫʙʣʠʢʝ (ʢʨʘʫʜʩʦʨʩʠʥʛ). ʕʪʦ ʦʟʥʘʯʘʝʪ, ʯʪʦ ʨʘʟʣʠʯʥʦʛʦ ʨʦʜʘ ʟʘʜʘʯʠ ʩʙʦʨʘ ʠʥʬʦʨʤʘʮʠʠ ʠ 
ʨʝʰʝʥʠʷ ʧʨʦʙʣʝʤ ʦʩʫʱʝʩʪʚʣʷʶʪʩʷ ʧʫʪʸʤ ʦʪʢʨʳʪʦʛʦ ʧʨʠʟʳʚʘ ʢ ʚʢʣʘʜʫ ʧʦʣʴʟʦʚʘʪʝʣʝʡ. ɺ ʢʦʥʝʯʥʦʤ 
ʠʪʦʛʝ ʚʤʝʩʪʦ ʪʦʛʦ ʯʪʦʙʳ ʥʘʟʥʘʯʘʪʴ ʯʝʣʦʚʝʢʘ ʠʣʠ ʢʦʤʧʘʥʠʶ ʜʣʷ ʩʙʦʨʘ ʠʥʬʦʨʤʘʮʠʠ, ʠʩʧʦʣʴʟʫʶʪʩʷ 
ʚʢʣʘʜʳ ʦʪʜʝʣʴʥʳʭ ʣʠʮ [2]. ʆʙʳʯʥʦ ʵʪʦ ʧʨʦʠʩʭʦʜʠʪ ʯʝʨʝʟ ʠʥʪʝʨʘʢʪʠʚʥʳʡ ʚʝʙ-ʩʘʡʪ (ʨʠʩʫʥʦʢ 1). 

 

 
ʈʠʩʫʥʦʢ 1 ï ɻʣʘʚʥʘʷ ʩʪʨʘʥʠʮʘ ʧʨʦʝʢʪʘ OpenStreetMap 
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ʇʈʆɻʈɸʄʄʅʆɽ ʉʈɽɼʉʊɺʆ ʇʈʆɽʂʊʀʈʆɺɸʅʀʗ 
ʈɽʂʃɸʄʅʓʍ ɺɽɹ-ʉʊʈɸʅʀʎ 

ʌʠʣʠʧʫʢ ɼ.ʉ. 

ɹʝʣʦʨʫʩʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʥʬʦʨʤʘʪʠʢʠ ʠ ʨʘʜʠʦʵʣʝʢʪʨʦʥʠʢʠ 
ʛ. ʄʠʥʩʢ, ʈʝʩʧʫʙʣʠʢʘ ɹʝʣʘʨʫʩʴ 

ʉʫʨʢʦʚ ʂ.ɸ. ï ʩʪʘʨʰʠʡ ʧʨʝʧʦʜʘʚʘʪʝʣʴ 

ʈʘʟʨʘʙʦʪʘʥʦ ʧʨʦʛʨʘʤʤʥʦʝ ʩʨʝʜʩʪʚʦ, ʧʦʟʚʦʣʷʶʱʝʝ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʚʠʟʫʘʣʴʥʦʛʦ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʩʦʟʜʘʚʘʪʴ ʨʝʢʣʘʤʥʳʝ ʚʝʙ-
ʩʪʨʘʥʠʮʳ, ʨʘʟʚʸʨʪʳʚʘʪʴ ʠ ʧʨʦʚʦʜʠʪʴ ʠʭ ʤʥʦʛʦʚʘʨʠʘʥʪʥʦʝ ʪʝʩʪʠʨʦʚʘʥʠʝ. ɺ ʧʨʦʮʝʩʩʝ ʨʘʟʨʘʙʦʪʢʠ ʮʝʥʪʨʘʣʴʥʦʝ ʤʝʩʪʦ ʟʘʥʠʤʘʣʦ 
ʦʙʝʩʧʝʯʝʥʠʝ ʚʳʩʦʢʦʛʦ ʫʨʦʚʥʷ ʥʘʜʸʞʥʦʩʪʠ ʩʦʟʜʘʚʘʝʤʦʛʦ ʧʨʦʛʨʘʤʤʥʦʛʦ ʩʨʝʜʩʪʚʘ. 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʀʥʪʝʨʥʝʪ ʷʚʣʷʝʪʩʷ ʦʛʨʦʤʥʦʡ ʧʣʦʱʘʜʢʦʡ ʜʣʷ ʧʨʦʜʚʠʞʝʥʠʷ ʨʘʟʣʠʯʥʳʭ 
ʪʦʚʘʨʦʚ ʠ ʫʩʣʫʛ. ʈʝʢʣʘʤʥʘʷ ʢʘʤʧʘʥʠʷ ʚ ʀʥʪʝʨʥʝʪʝ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʜʚʘ ʵʪʘʧʘ: ʧʨʠʚʣʝʯʝʥʠʝ ʥʘ ʩʘʡʪ 
ʧʦʩʝʪʠʪʝʣʝʡ, ʘ ʟʘʪʝʤ ʧʦʙʫʞʜʝʥʠʝ ʠʭ ʢ ʩʦʚʝʨʰʝʥʠʶ ʦʧʨʝʜʝʣʸʥʥʦʛʦ ʜʝʡʩʪʚʠʷ, ʥʘʟʳʚʘʝʤʦʛʦ ʮʝʣʝʚʳʤ. 
ʈʘʟʤʝʱʝʥʠʝ ʚ ʩʝʪʠ ʨʝʢʣʘʤʥʳʭ ʩʦʦʙʱʝʥʠʡ ʧʦʟʚʦʣʷʝʪ ʧʨʠʚʣʝʯʴ ʧʦʪʦʢ ʧʦʩʝʪʠʪʝʣʝʡ, ʘ ʠʭ 
ʩʪʠʤʫʣʠʨʦʚʘʥʠʝ ʢ ʩʦʚʝʨʰʝʥʠʶ ʮʝʣʝʚʦʛʦ ʜʝʡʩʪʚʠʷ ʧʨʝʜʧʦʣʘʛʘʝʪ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʩʧʝʮʠʘʣʴʥʦ 
ʧʦʜʛʦʪʦʚʣʝʥʥʳʭ ʚʝʙ-ʩʪʨʘʥʠʮ, ʥʘʟʳʚʘʝʤʳʭ ʨʝʢʣʘʤʥʳʤʠ ʠʣʠ ʮʝʣʝʚʳʤʠ. ʇʨʦʮʝʩʩ ʩʦʟʜʘʥʠʷ ʮʝʣʝʚʦʡ 
ʚʝʙ-ʩʪʨʘʥʠʮʳ, ʢʦʪʦʨʘʷ ʙʫʜʝʪ ʥʘʠʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʦʡ ʚ ʨʘʤʢʘʭ ʨʝʢʣʘʤʥʦʡ ʢʘʤʧʘʥʠʠ ʢʦʥʢʨʝʪʥʦʡ 
ʦʨʛʘʥʠʟʘʮʠʠ, ʷʚʣʷʝʪʩʷ ʜʣʠʪʝʣʴʥʳʤ ʤʥʦʛʦʩʪʫʧʝʥʯʘʪʳʤ ʧʨʦʮʝʩʩʦʤ, ʪʨʝʙʫʶʱʠʤ ʨʝʰʝʥʠʷ ʨʷʜʘ ʟʘʜʘʯ. 

ɺʦʟʥʠʢʘʶʱʠʝ ʟʘʜʘʯʠ ʤʦʞʥʦ ʨʘʟʜʝʣʠʪʴ ʥʘ ʜʚʝ ʛʨʫʧʧʳ: ʩʦʟʜʘʥʠʝ ʩʪʨʘʥʠʮʳ ʠ ʧʦʚʳʰʝʥʠʝ ʝʸ 
ʵʬʬʝʢʪʠʚʥʦʩʪʠ. ʉʦʟʜʘʥʠʝ ʮʝʣʝʚʦʡ ʚʝʙ-ʩʪʨʘʥʠʮʳ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʨʘʟʨʘʙʦʪʢʫ ʜʠʟʘʡʥʘ ʠ 
ʩʦʜʝʨʞʠʤʦʛʦ, ʘ ʪʘʢʞʝ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʝ ʢʦʜʠʨʦʚʘʥʠʝ ʠ ʧʫʙʣʠʢʘʮʠʶ ʚ ʀʥʪʝʨʥʝʪʝ. ʇʦʚʳʰʝʥʠʝ 
ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʥʘʯʠʥʘʝʪʩʷ ʩʦ ʩʙʦʨʘ ʩʪʘʪʠʩʪʠʢʠ, ʥʘʧʨʠʤʝʨ, ʢʦʣʠʯʝʩʪʚʘ ʧʦʩʝʱʝʥʠʡ, ʩʨʝʜʥʝʛʦ 
ʚʨʝʤʝʥʠ, ʧʨʦʚʝʜʸʥʥʦʛʦ ʥʘ ʩʪʨʘʥʠʮʝ ʠ ʪ. ʜ. ʅʘ ʦʩʥʦʚʘʥʠʠ ʵʪʦʡ ʩʪʘʪʠʩʪʠʢʠ ʧʨʦʚʦʜʠʪʩʷ 
ʤʥʦʛʦʚʘʨʠʘʥʪʥʦʝ ʪʝʩʪʠʨʦʚʘʥʠʝ, ʚ ʨʘʤʢʘʭ ʢʦʪʦʨʦʛʦ ʨʘʟʨʘʙʘʪʳʚʘʶʪʩʷ ʠ ʧʫʙʣʠʢʫʶʪʩʷ ʦʜʥʘ ʠʣʠ 
ʥʝʩʢʦʣʴʢʦ ʥʦʚʳʭ ʚʝʨʩʠʡ ʮʝʣʝʚʦʡ ʩʪʨʘʥʠʮʳ. ʉ ʥʠʭ ʪʘʢʞʝ ʩʦʙʠʨʘʝʪʩʷ ʩʪʘʪʠʩʪʠʢʘ ʠ ʩʨʘʚʥʠʚʘʝʪʩʷ ʩ 
ʠʟʥʘʯʘʣʴʥʦʡ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʯʝʛʦ ʦʨʠʛʠʥʘʣʴʥʘʷ ʩʪʨʘʥʠʮʘ ʤʦʞʝʪ ʙʳʪʴ ʟʘʤʝʥʝʥʘ ʦʜʥʦʡ ʠʟ ʥʦʚʳʭ ʚʝʨʩʠʡ. 
ʄʥʦʛʦʚʘʨʠʘʥʪʥʦʝ ʪʝʩʪʠʨʦʚʘʥʠʝ ʧʨʦʚʦʜʠʪʩʷ ʜʦ ʪʝʭ ʧʦʨ, ʧʦʢʘ ʥʝ ʙʫʜʝʪ ʜʦʩʪʠʛʥʫʪ ʞʝʣʘʝʤʳʡ ʫʨʦʚʝʥʴ 
ʵʬʬʝʢʪʠʚʥʦʩʪʠ [1]. 

ʆʩʥʦʚʥʳʤ ʪʨʝʙʦʚʘʥʠʝʤ ʢ ʦʨʛʘʥʠʟʘʮʠʠ ʧʨʦʮʝʩʩʘ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʨʝʢʣʘʤʥʳʭ ʚʝʙ-ʩʪʨʘʥʠʮ 
ʷʚʣʷʝʪʩʷ ʫʤʝʥʴʰʝʥʠʝ ʜʦʣʠ ʫʯʘʩʪʠʷ ʚ ʥʸʤ ʨʘʟʨʘʙʦʪʯʠʢʦʚ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʫʩʢʦʨʠʪʴ ʜʘʥʥʳʡ ʧʨʦʮʝʩʩ ʠ 
ʩʥʠʟʠʪʴ ʝʛʦ ʩʪʦʠʤʦʩʪʴ.  

ɺ ʥʘʩʪʦʷʱʠʡ ʤʦʤʝʥʪ ʦʪʩʫʪʩʪʚʫʶʪ ʧʨʦʛʨʘʤʤʥʳʝ ʩʨʝʜʩʪʚʘ (ʇʉ), ʧʦʜʜʝʨʞʠʚʘʶʱʠʝ ʚʳʧʦʣʥʝʥʠʝ 
ʚʩʝʭ ʟʘʜʘʯ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʮʝʣʝʚʳʭ ʚʝʙ-ʩʪʨʘʥʠʮ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʙʳʣʦ ʧʨʠʥʷʪʦ ʨʝʰʝʥʠʝ ʦ ʨʘʟʨʘʙʦʪʢʝ 
ʥʦʚʦʛʦ ʇʉ ʩ ʪʘʢʦʡ ʚʦʟʤʦʞʥʦʩʪʴʶ. 

ʉʦʟʜʘʥʥʦʝ ʇʉ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʚʝʙ-ʧʨʠʣʦʞʝʥʠʝ, ʨʘʟʨʘʙʦʪʘʥʥʦʝ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʷʟʳʢʦʚ 
ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ C# ʠ TypeScript, ʘ ʪʘʢʞʝ ʧʣʘʪʬʦʨʤʳ .NET ʠ ʪʝʭʥʦʣʦʛʠʠ Angular. ɿʘʜʘʯʘ ʩʥʠʞʝʥʠʷ 
ʜʦʣʠ ʫʯʘʩʪʠʷ ʧʨʦʛʨʘʤʤʠʩʪʦʚ ʚ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ ʨʝʢʣʘʤʥʳʭ ʚʝʙ-ʩʪʨʘʥʠʮ ʨʝʰʘʝʪʩʷ ʩʦʟʜʘʥʠʝʤ ʮʝʣʝʚʳʭ 
ʩʪʨʘʥʠʮ ʚ ʚʠʟʫʘʣʴʥʦʤ ʨʝʜʘʢʪʦʨʝ, ʘ ʪʘʢʞʝ ʘʚʪʦʤʘʪʠʟʘʮʠʝʡ ʧʨʦʮʝʩʩʘ ʠʭ ʧʫʙʣʠʢʘʮʠʠ. ʇʉ ʧʦʜʜʝʨʞʠʚʘʝʪ 
ʧʨʦʚʝʜʝʥʠʝ ʤʥʦʛʦʚʘʨʠʘʥʪʥʦʛʦ ʪʝʩʪʠʨʦʚʘʥʠʷ ʠ ʢʦʤʘʥʜʥʫʶ ʨʘʙʦʪʫ ʧʦʣʴʟʦʚʘʪʝʣʝʡ ʚ ʧʨʦʮʝʩʩʝ ʩʦʟʜʘʥʠʷ 
ʮʝʣʝʚʳʭ ʚʝʙ-ʩʪʨʘʥʠʮ. 

ɺʘʞʥʦʝ ʤʝʩʪʦ ʚ ʧʨʦʮʝʩʩʝ ʨʘʟʨʘʙʦʪʢʠ ʟʘʥʠʤʘʣʦ ʦʙʝʩʧʝʯʝʥʠʝ ʚʳʩʦʢʦʛʦ ʫʨʦʚʥʷ ʥʘʜʸʞʥʦʩʪʠ ʇʉ. 
ɺ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ ʵʪʦʤʫ ʩʧʦʩʦʙʩʪʚʫʶʪ ʠʩʧʦʣʴʟʫʝʤʳʝ ʪʝʭʥʦʣʦʛʠʠ: ʧʣʘʪʬʦʨʤʘ .NET ʧʦʜʜʝʨʞʠʚʘʝʪ 
ʤʝʭʘʥʠʟʤ ʘʚʪʦʤʘʪʠʯʝʩʢʦʛʦ ʫʧʨʘʚʣʝʥʠʷ ʧʘʤʷʪʴʶ [2], ʘ ʷʟʳʢʠ C# ʠ TypeScript ʷʚʣʷʶʪʩʷ ʩʪʘʪʠʯʝʩʢʠ 
ʪʠʧʠʟʠʨʦʚʘʥʥʳʤʠ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʚʳʷʚʣʷʪʴ ʯʘʩʪʴ ʦʰʠʙʦʢ ʚ ʤʦʤʝʥʪ ʢʦʤʧʠʣʷʮʠʠ ʢʦʜʘ. ɺʦ-ʚʪʦʨʳʭ, ʙʳʣʘ 
ʧʨʠʤʝʥʝʥʘ ʪʝʭʥʠʢʘ ʨʘʟʨʘʙʦʪʢʠ ʯʝʨʝʟ ʪʝʩʪʠʨʦʚʘʥʠʝ, ʢʦʪʦʨʘʷ ʧʨʝʜʧʦʣʘʛʘʝʪ ʩʧʝʨʚʘ ʥʘʧʠʩʘʥʠʝ 
ʪʝʩʪʦʚʳʭ ʩʮʝʥʘʨʠʝʚ ʜʣʷ ʪʨʝʙʫʝʤʦʡ ʬʫʥʢʮʠʦʥʘʣʴʥʦʩʪʠ, ʘ ʟʘʪʝʤ ʨʝʘʣʠʟʫʶʱʝʛʦ ʝʸ ʢʦʜʘ. 

ɹʦʣʴʰʦʝ ʚʥʠʤʘʥʠʝ ʙʳʣʦ ʫʜʝʣʝʥʦ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʪʝʩʪʠʨʦʚʘʥʠʶ. ʇʨʦʚʝʜʝʥʦ ʩʪʘʪʠʯʝʩʢʦʝ 
ʪʝʩʪʠʨʦʚʘʥʠʝ ʇʉ ʧʫʪʸʤ ʘʥʘʣʠʟʘ ʠʩʭʦʜʥʦʛʦ ʢʦʜʘ ʧʨʦʛʨʘʤʤʥʳʤ ʩʨʝʜʩʪʚʦʤ SonarQube. ɼʠʥʘʤʠʯʝʩʢʦʝ 
ʪʝʩʪʠʨʦʚʘʥʠʝ ʙʳʣʦ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʦ ʠ ʨʘʟʜʝʣʝʥʦ ʥʘ ʪʨʠ ʫʨʦʚʥʷ: ʤʦʜʫʣʴʥʦʝ, ʠʥʪʝʛʨʘʮʠʦʥʥʦʝ ʠ 
ʩʠʩʪʝʤʥʦʝ. ʄʦʜʫʣʴʥʦʝ ʪʝʩʪʠʨʦʚʘʥʠʝ ʧʨʦʚʝʨʷʝʪ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʴ ʢʘʞʜʦʛʦ ʧʨʦʛʨʘʤʤʥʦʛʦ ʤʦʜʫʣʷ ʚ 
ʦʪʜʝʣʴʥʦʩʪʠ. ʇʦʢʨʳʪʠʝ ʠʩʭʦʜʥʦʛʦ ʢʦʜʘ ʤʦʜʫʣʴʥʳʤʠ ʪʝʩʪʘʤʠ ʩʦʩʪʘʚʠʣʦ 97.68%. ɺ ʨʘʤʢʘʭ 
ʠʥʪʝʛʨʘʮʠʦʥʥʦʛʦ ʪʝʩʪʠʨʦʚʘʥʠʷ ʧʨʦʚʝʨʷʣʦʩʴ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʝ ʚʩʝʭ ʤʦʜʫʣʝʡ, ʨʝʘʣʠʟʫʶʱʠʭ ʙʠʟʥʝʩ-
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ʣʦʛʠʢʫ ʧʨʠʣʦʞʝʥʠʷ, ʚ ʩʙʦʨʝ. ʉʠʩʪʝʤʥʦʝ ʪʝʩʪʠʨʦʚʘʥʠʝ ʧʨʦʚʝʨʷʝʪ ʧʨʠʣʦʞʝʥʠʝ ʥʘ ʩʦʦʪʚʝʪʩʪʚʠʝ 
ʩʧʝʮʠʬʠʢʘʮʠʠ ʪʨʝʙʦʚʘʥʠʡ. ɿʜʝʩʴ ʠʩʧʦʣʴʟʦʚʘʣʘʩʴ ʥʦʪʘʮʠʷ ɻʝʨʢʠʥʘ, ʧʦʟʚʦʣʷʶʱʘʷ ʟʘʧʠʩʳʚʘʪʴ 
ʪʝʩʪʦʚʳʝ ʩʮʝʥʘʨʠʠ ʥʘ ʝʩʪʝʩʪʚʝʥʥʦʤ ʷʟʳʢʝ ʠ ʚʩʪʨʘʠʚʘʪʴ ʠʭ ʚ ʩʨʝʜʩʪʚʘ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʪʝʩʪʠʨʦʚʘʥʠʷ. 

ʇʉ ʧʦʣʥʦʩʪʴʶ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʬʫʥʢʮʠʦʥʘʣʴʥʳʤ ʪʨʝʙʦʚʘʥʠʷʤ, ʠʤʝʝʪ ʚʳʩʦʢʫʶ ʩʪʝʧʝʥʴ ʧʦʢʨʳʪʠʷ 
ʪʝʩʪʘʤʠ, ʭʦʨʦʰʦ ʧʨʠʩʧʦʩʦʙʣʝʥʦ ʜʣʷ ʩʦʧʨʦʚʦʞʜʝʥʠʷ ʠ ʨʘʩʰʠʨʝʥʠʷ. 

 
ʉʧʠʩʦʢ ʠʩʧʦʣʴʟʦʚʘʥʥʳʭ ʠʩʪʦʯʥʠʢʦʚ: 
1. The Ultimate Guide To Landing Page Optimization [ʕʣʝʢʪʨʦʥʥʳʡ ʨʝʩʫʨʩ]. ï ʕʣʝʢʪʨʦʥʥʳʝ ʜʘʥʥʳʝ. ï ʈʝʞʠʤ ʜʦʩʪʫʧʘ: 

https://unbounce.com/photos/ultimate-guide-lpo.pdf. ï ɼʘʪʘ ʜʦʩʪʫʧʘ: 16.03.2019. 
2. Richter, Jeffrey. CLR via C# / Jeffrey Richter. ï Microsoft Press, 2010. ï 896 p. 

 
 

ʆɹɿʆʈ ʈɽʐɽʅʀʁ ʇʆ ɸɺʊʆʄɸʊʀɿɸʎʀʀ ʇʈʆɺɽɼɽʅʀʗ 
ɹʋʄɸɾʅʆɻʆ ʊɽʉʊʀʈʆɺɸʅʀʗ 

ʍʘʨʣʦʚ ɸ.ɸ. 

ɹʝʣʦʨʫʩʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʥʬʦʨʤʘʪʠʢʠ ʠ ʨʘʜʠʦʵʣʝʢʪʨʦʥʠʢʠ 
ʛ. ʄʠʥʩʢ, ʈʝʩʧʫʙʣʠʢʘ ɹʝʣʘʨʫʩʴ 

ʇʘʨʘʤʦʥʦʚ ɸ.ʀ. ï ʢ.ʪ.ʥ., ʜʦʮʝʥʪ 

ɺ ʩʪʘʪʴʝ ʨʘʩʩʤʦʪʨʝʥʳ ʧʨʦʮʝʩʩʳ ʧʨʦʚʝʜʝʥʠʷ ʙʫʤʘʞʥʦʛʦ ʪʝʩʪʠʨʦʚʘʥʠʷ. ɺʳʧʦʣʥʝʥ ʦʙʟʦʨ ʩʫʱʝʩʪʚʫʶʱʠʭ ʨʝʰʝʥʠʡ, ʚ ʢʘʯʝʩʪʚʝ 
ʢʦʪʦʨʳʭ ʙʳʣʠ ʚʳʙʨʘʥʳ: ʮʝʥʪʨʘʣʠʟʦʚʘʥʥʦʝ ʪʝʩʪʠʨʦʚʘʥʠʝ ʠ ʨʝʰʝʥʠʝ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʧʨʦʛʨʘʤʤʥʦʛʦ ʧʨʦʜʫʢʪʘ VeralTest. 

ʊʨʘʜʠʮʠʦʥʥʳʝ ʧʦʜʭʦʜʳ ʙʫʤʘʞʥʦʛʦ ʪʝʩʪʠʨʦʚʘʥʠʷ ʪʨʝʙʫʶʪ ʨʫʯʥʦʡ ʦʙʨʘʙʦʪʢʠ ʙʦʣʴʰʦʛʦ 
ʢʦʣʠʯʝʩʪʚʘ ʠʥʬʦʨʤʘʮʠʠ, ʧʦʜʩʯʸʪ ʙʘʣʣʦʚ ʚʝʜʸʪ ʧʨʝʧʦʜʘʚʘʪʝʣʴ, ʥʘ ʯʪʦ ʟʘʪʨʘʯʠʚʘʝʪʩʷ ʟʥʘʯʠʪʝʣʴʥʦʝ 
ʚʨʝʤʷ, ʪʘʢ ʢʘʢ ʧʨʦʚʝʨʷʶʱʝʤʫ ʥʝʦʙʭʦʜʠʤʦ ʩʚʝʨʠʪʴ ʦʪʚʝʪ ʩʪʫʜʝʥʪʘ ʩ ʧʨʘʚʠʣʴʥʳʤ ʦʪʚʝʪʦʤ ʥʘ ʢʘʞʜʳʡ 
ʪʝʩʪ, ʧʦʜʩʯʠʪʘʪʴ ʢʦʣʠʯʝʩʪʚʦ ʧʨʘʚʠʣʴʥʳʭ ʦʪʚʝʪʦʚ ʠ ʩʫʤʤʫ ʙʘʣʣʦʚ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʦʮʝʥʢʠ. 
ʇʨʠʤʝʥʝʥʠʝ ʢʦʤʧʴʶʪʝʨʥʦʛʦ ʪʝʩʪʠʨʦʚʘʥʠʷ ʥʝ ʚʩʝʛʜʘ ʪʝʭʥʠʯʝʩʢʠ ʚʦʟʤʦʞʥʦ ʚ ʩʣʝʜʩʪʚʠʠ ʦʪʩʫʪʩʪʚʠʷ 
ʢʦʤʧʴʶʪʝʨʠʟʠʨʦʚʘʥʥʳʭ ʨʘʙʦʯʠʭ ʤʝʩʪ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʦʧʪʠʤʘʣʴʥʳʤ ʚ ʦʨʛʘʥʠʟʘʮʠʦʥʥʦʤ ʩʤʳʩʣʝ 
ʷʚʣʷʝʪʩʷ ʪʝʭʥʦʣʦʛʠʷ, ʢʦʪʦʨʘʷ ʥʝ ʪʨʝʙʦʚʘʪʝʣʴʥʘ ʢ ʨʝʩʫʨʩʘʤ ʥʘ ʵʪʘʧʝ ʦʨʛʘʥʠʟʘʮʠʠ ʧʨʦʮʝʩʩʘ 
ʪʝʩʪʠʨʦʚʘʥʠʷ, ʠ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʣʘ ʙʳ ʤʝʭʘʥʠʯʝʩʢʫʶ, ʨʫʪʠʥʥʫʶ ʨʘʙʦʪʫ ʧʨʦʚʝʨʷʶʱʝʛʦ, ʘʛʨʝʛʠʨʫʷ 
ʜʘʥʥʳʝ ʧʨʦʚʝʨʢʠ ʚ ʝʜʠʥʫʶ ʠʥʬʦʨʤʘʮʠʦʥʥʫʶ ʩʠʩʪʝʤʫ. 

ʆʜʥʠʤ ʠʟ ʨʝʰʝʥʠʡ ʜʘʥʥʦʡ ʧʨʦʙʣʝʤʳ ʷʚʣʷʝʪʩʷ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʘʷ ʩʠʩʪʝʤʘ ʧʨʦʚʝʜʝʥʠʷ 
ʮʝʥʪʨʘʣʠʟʦʚʘʥʥʦʛʦ ʪʝʩʪʠʨʦʚʘʥʠʷ. ʕʪʦ ʬʦʨʤʘ ʚʩʪʫʧʠʪʝʣʴʥʳʭ ʠʩʧʳʪʘʥʠʡ, ʦʨʛʘʥʠʟʦʚʘʥʥʘʷ ʥʘ ʦʩʥʦʚʝ 
ʧʝʜʘʛʦʛʠʯʝʩʢʠʭ ʪʝʩʪʦʚ, ʩʪʘʥʜʘʨʪʠʟʠʨʦʚʘʥʥʳʭ ʧʨʦʮʝʜʫʨ ʧʨʦʚʝʜʝʥʠʷ ʪʝʩʪʦʚʦʛʦ ʢʦʥʪʨʦʣʷ, ʦʙʨʘʙʦʪʢʠ, 
ʘʥʘʣʠʟʘ ʠ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʨʝʟʫʣʴʪʘʪʦʚ, ʠʩʧʦʣʴʟʫʝʤʘʷ ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ ʢʦʥʢʫʨʩʘ ʧʨʠ ʧʦʩʪʫʧʣʝʥʠʠ ʚ 
ʫʯʨʝʞʜʝʥʠʷ ʚʳʩʰʝʛʦ, ʩʨʝʜʥʝʛʦ ʩʧʝʮʠʘʣʴʥʦʛʦ ʠ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʦ-ʪʝʭʥʠʯʝʩʢʦʛʦ ʦʙʨʘʟʦʚʘʥʠʷ. 

ɼʣʷ ʧʨʦʭʦʞʜʝʥʠʷ ʪʝʩʪʠʨʦʚʘʥʠʷ ʧʨʝʜʣʘʛʘʝʪʩʷ ʧʨʦʡʪʠ ʧʝʜʘʛʦʛʠʯʝʩʢʠʡ ʪʝʩʪ, ʜʣʷ ʜʘʯʠ ʦʪʚʝʪʦʚ 
ʠʩʧʦʣʴʟʫʝʪʩʷ ʩʧʝʮʠʘʣʴʥʳʡ ʙʣʘʥʢ (ʨʠʩʫʥʦʢ 1). 

ʇʝʨʝʚʦʜ ʦʪʚʝʪʦʚ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʧʫʪʝʤ ʩʢʘʥʠʨʦʚʘʥʠʷ ʟʘʧʦʣʥʝʥʥʳʭ ʘʙʠʪʫʨʠʝʥʪʘʤʠ ʙʣʘʥʢʦʚ 
ʦʪʚʝʪʦʚ, ʨʘʩʧʦʟʥʘʚʘʥʠʷ ʢʦʤʧʴʶʪʝʨʦʤ ʦʪʩʢʘʥʠʨʦʚʘʥʥʦʡ ʠʥʬʦʨʤʘʮʠʠ ʠ ʢʦʨʨʝʢʪʠʨʦʚʘʥʠʷ (ʧʨʠ 
ʥʝʫʚʝʨʝʥʥʦʤ ʨʘʩʧʦʟʥʘʥʠʠ). ʆʧʝʨʘʮʠʠ ʩʢʘʥʠʨʦʚʘʥʠʷ, ʨʘʩʧʦʟʥʘʚʘʥʠʷ ʠ ʢʦʨʨʝʢʪʠʨʦʚʘʥʠʷ ʧʨʦʠʟʚʦʜʷʪʩʷ 
ʚ ʩʧʝʮʠʘʣʴʥʦ ʦʙʦʨʫʜʦʚʘʥʥʦʤ ʧʦʤʝʱʝʥʠʠ ʩ ʦʛʨʘʥʠʯʝʥʥʳʤ ʜʦʩʪʫʧʦʤ. ʆʙʨʘʙʦʪʢʘ ʧʨʦʠʟʚʦʜʠʪʩʷ ʥʘ 
ʢʦʤʧʴʶʪʝʨʘʭ, ʦʙʲʝʜʠʥʝʥʥʳʭ ʚ ʠʟʦʣʠʨʦʚʘʥʥʫʶ ʣʦʢʘʣʴʥʫʶ ʩʝʪʴ [1]. 

ɼʣʷ ʧʨʦʚʝʜʝʥʠʷ ʪʝʩʪʠʨʦʚʘʥʠʷ ʤʦʞʝʪ ʧʨʠʤʝʥʷʪʴʩʷ ʠ ʧʨʦʛʨʘʤʤʥʦʝ ʩʨʝʜʩʪʚʦ. ʅʘʧʨʠʤʝʨ, 
VeralTest, ʢʦʪʦʨʦʝ ʦʙʝʩʧʝʯʠʚʘʝʪ ʧʦʜʜʝʨʞʢʫ ʨʘʟʥʳʭ ʩʧʦʩʦʙʦʚ ʦʨʛʘʥʠʟʘʮʠʠ ʪʝʩʪʦʚ, ʚ ʪʦʤ ʯʠʩʣʝ ï 
ʙʫʤʘʞʥʦʛʦ [2]. ɺ VeralTest ʧʨʝʜʫʩʤʦʪʨʝʥʘ ʬʫʥʢʮʠʷ ʩʦʟʜʘʥʠʷ ʙʫʤʘʞʥʳʭ ʪʝʩʪʦʚ (ʨʠʩʫʥʢʠ 2 ʠ 3). 
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ʈʠʩʫʥʦʢ 1 ï ɹʣʘʥʢ ʦʪʚʝʪʦʚ ʮʝʥʪʨʘʣʠʟʦʚʘʥʥʦʛʦ ʪʝʩʪʠʨʦʚʘʥʠʷ 

 

 
ʈʠʩʫʥʦʢ 2 ï ʉʦʟʜʘʥʠʝ ʙʫʤʘʞʥʦʡ ʚʝʨʩʠʠ ʪʝʩʪʘ ʚ VeralTest 

 
ʂ ʦʩʥʦʚʥʳʤ ʚʦʟʤʦʞʥʦʩʪʷʤ ʧʨʦʜʫʢʪʘ ʤʦʞʥʦ ʦʪʥʝʩʪʠ:  
ī ʘʚʪʦʤʘʪʠʯʝʩʢʘʷ ʛʝʥʝʨʘʮʠʷ ʚʘʨʠʘʥʪʦʚ; 
ī ʥʝʩʢʦʣʴʢʦ ʨʝʞʠʤʦʚ ʚʚʦʜʘ ʦʪʚʝʪʦʚ; 
ī ʚʳʚʦʜ ʣʠʩʪʘ ʦʪʚʝʪʦʚ. 
ɻʣʘʚʥʳʤ ʥʝʜʦʩʪʘʪʢʦʤ ʮʝʥʪʨʘʣʠʟʦʚʘʥʥʦʛʦ ʪʝʩʪʠʨʦʚʘʥʠʷ ʷʚʣʷʝʪʩʷ ʥʝʚʦʟʤʦʞʥʦʩʪʴ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʩʠʩʪʝʤʳ ʥʘ ʢʘʞʜʦʜʥʝʚʥʦʡ ʦʩʥʦʚʝ, ʥʘʧʨʠʤʝʨ, ʧʨʝʧʦʜʘʚʘʪʝʣʝʤ ʥʘ ʣʝʢʮʠʷʭ, ʪ.ʢ. ʩʠʩʪʝʤʘ 
ʷʚʣʷʝʪʩʷ ʟʘʢʨʳʪʦʡ ʠ ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ ʚʩʪʫʧʠʪʝʣʴʥʳʭ ʠʩʧʳʪʘʥʠʡ. 

ʆʙʟʦʨ ʨʝʰʝʥʠʡ ʧʦʟʚʦʣʷʝʪ ʚʳʜʝʣʠʪʴ ʦʩʥʦʚʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʩʠʩʪʝʤʳ, 
ʢʦʪʦʨʘʷ ʤʦʞʝʪ ʦʙʝʩʧʝʯʠʪʴ ʘʚʪʦʤʘʪʠʟʘʮʠʶ ʧʨʦʚʝʜʝʥʠʷ ʙʫʤʘʞʥʦʛʦ ʪʝʩʪʠʨʦʚʘʥʠʷ, ʠ ʥʘ ʠʭ ʦʩʥʦʚʝ 
ʩʬʦʨʤʫʣʠʨʦʚʘʪʴ ʪʝʭʥʠʯʝʩʢʦʝ ʟʘʜʘʥʠʝ ʜʣʷ ʝʝ ʩʦʟʜʘʥʠʷ. 
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ʈʠʩʫʥʦʢ 3 ï ʉʦʟʜʘʥʥʳʡ ʪʝʩʪ ʠʟ VeralTest 

 
ʇʨʦʛʨʘʤʤʥʦʝ ʩʨʝʜʩʪʚʦ VeralTest ʧʦʟʚʦʣʷʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴ ʝʛʦ ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ ʪʝʩʪʠʨʦʚʘʥʠʷ 

ʧʨʝʧʦʜʘʚʘʪʝʣʝʤ ʥʘ ʝʞʝʜʥʝʚʥʦʡ ʦʩʥʦʚʝ, ʪʘʢ ʢʘʢ ʷʚʣʷʝʪʩʷ ʦʪʢʨʳʪʳʤ ʠ ʧʦʟʚʦʣʷʝʪ ʫʚʝʣʠʯʠʪʴ ʩʢʦʨʦʩʪʴ 
ʧʦʜʛʦʪʦʚʢʠ ʪʝʩʪʦʚ, ʟʘ ʩʯʝʪ ʛʝʥʝʨʘʮʠʠ ʪʝʩʪʦʚ ʚ ʙʫʤʘʞʥʦʤ ʬʦʨʤʘʪʝ, ʥʦ ʥʝ ʠʤʝʝʪ ʚʦʟʤʦʞʥʦʩʪʠ 
ʘʚʪʦʤʘʪʠʯʝʩʢʦʛʦ ʨʘʩʧʦʟʥʘʚʘʥʠʷ ʦʪʚʝʪʦʚ. 

 
ʉʧʠʩʦʢ ʠʩʧʦʣʴʟʦʚʘʥʥʳʭ ʠʩʪʦʯʥʠʢʦʚ: 
1. ʈʝʩʧʫʙʣʠʢʘʥʩʢʠʡ ʠʥʩʪʠʪʫʪ ʢʦʥʪʨʦʣʷ ʟʥʘʥʠʡ [ʕʣʝʢʪʨʦʥʥʳʡ ʨʝʩʫʨʩ]. ï ʈʝʞʠʤ ʜʦʩʪʫʧʘ: http://rikc.by/. ï ɼʘʪʘ ʜʦʩʪʫʧʘ: 

01.03.2019. 
2. VeralSoft ï ʧʨʦʛʨʘʤʤʳ ʜʣʷ ʩʦʟʜʘʥʠʷ ʪʝʩʪʦʚ ʠ ʧʨʦʚʝʜʝʥʠʷ ʪʝʩʪʠʨʦʚʘʥʠʷ [ʕʣʝʢʪʨʦʥʥʳʡ ʨʝʩʫʨʩ]. ï ʈʝʞʠʤ ʜʦʩʪʫʧʘ: 

http://www.veralsoft.com/. ï ɼʘʪʘ ʜʦʩʪʫʧʘ: 01.03.2019. 

 
 

ɸɺʊʆʄɸʊʀɿʀʈʆɺɸʅʅʆɽ ʊɽʉʊʀʈʆɺɸʅʀɽ, ʆʉʅʆɺɸʅʅʆɽ ʅɸ 
ʂʆʅʎɽʇʎʀʀ ʊɽʉʊʆɺʆʁ ʇʀʈɸʄʀɼʓ 

ʍʦʣʦʜʦʢ ɼ.ɸ. 

ɹʝʣʦʨʫʩʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʥʬʦʨʤʘʪʠʢʠ ʠ ʨʘʜʠʦʵʣʝʢʪʨʦʥʠʢʠ 
ʛ. ʄʠʥʩʢ, ʈʝʩʧʫʙʣʠʢʘ ɹʝʣʘʨʫʩʴ 

ʇʝʪʶʢʝʚʠʯ ʅ.ʉ. ï ʤ.ʪ.ʥ., ʘʩʩʠʩʪʝʥʪ 

ʈʫʯʥʦʝ ʪʝʩʪʠʨʦʚʘʥʠʝ ʧʦʩʪʝʧʝʥʥʦ ʚʳʪʝʩʥʷʝʪʩʷ ʘʚʪʦʤʘʪʠʯʝʩʢʠʤ. ʅʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʦʙʲʝʤ ʢʦʜʘ ʘʚʪʦʤʘʪʠʯʝʩʢʠʭ ʪʝʩʪʦʚ 
ʤʦʞʝʪ ʚ ʥʝʩʢʦʣʴʢʦ ʨʘʟ ʧʨʝʚʳʰʘʪʴ ʦʙʲʝʤ ʢʦʜʘ ʩʘʤʦʡ ʩʠʩʪʝʤʳ. ʃʶʙʘʷ ʙʦʣʴʰʘʷ ʩʠʩʪʝʤʘ, ʥʘʧʠʩʘʥʥʘʷ ʙʝʟ ʥʘʜʣʝʞʘʱʠʭ ʪʝʩʪʦʚ, 
ʙʫʜʝʪ ʨʘʥʦ ʠʣʠ ʧʦʟʜʥʦ ʧʝʨʝʧʠʩʘʥʘ ʟʘʥʦʚʦ. ʂʦʥʮʝʧʮʠʷ ʪʝʩʪʦʚʦʡ ʧʠʨʘʤʠʜʳ ʜʘʝʪ ʧʦʥʠʤʘʥʠʝ ʪʦʛʦ, ʢʘʢʠʝ ʪʝʩʪʳ ʠ ʚ ʢʘʢʦʤ 
ʩʦʦʪʥʦʰʝʥʠʠ ʜʦʣʞʥʳ ʙʳʪʴ ʥʘʧʠʩʘʥʳ ʜʣʷ ʨʘʟʨʘʙʘʪʳʚʘʝʤʦʡ ʩʠʩʪʝʤʳ. 

 
ʊʝʩʪʦʚʘʷ ʧʠʨʘʤʠʜʘ, ʧʨʝʜʣʦʞʝʥʥʘʷ ʦʜʥʠʤ ʠʟ ʘʚʪʦʨʦʚ ʠʟʦʙʨʝʪʝʥʠʷ ʤʝʪʦʜʦʣʦʛʠʠ ʨʘʟʨʘʙʦʪʢʠ 

ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ Scrum ʄʘʡʢʦʤ ʂʦʥʥʦʤ, ʚʳʜʝʣʷʝʪ ʪʨʠ ʪʠʧʘ ʪʝʩʪʦʚ (ʨʠʩʫʥʦʢ 1): 
ī  ʤʦʜʫʣʴʥʳʝ ʪʝʩʪʳ, ʠʣʠ ʶʥʠʪ ʪʝʩʪʳ (ʘʥʛʣ. Unit tests); 
ī  ʩʝʨʚʠʩʥʳʝ ʪʝʩʪʳ (ʘʥʛʣ. Service tests); 
ī  ʪʝʩʪʳ ʧʦʣʴʟʦʚʘʪʝʣʴʩʢʦʛʦ ʠʥʪʝʨʬʝʡʩʘ (ʘʥʛʣ. User interface tests). 
ʖʥʠʪ ʪʝʩʪʳ ʧʨʝʜʥʘʟʥʘʯʝʥʳ ʜʣʷ ʧʨʦʚʝʨʢʠ ʢʦʨʨʝʢʪʥʦʩʪʠ ʨʘʙʦʪʳ ʦʪʜʝʣʴʥʦ ʚʟʷʪʦʛʦ ʤʦʜʫʣʷ ʢʦʜʘ ï 

ʬʫʥʢʮʠʠ ʠʣʠ ʢʣʘʩʩʘ. ʆʥʠ ʨʘʙʦʪʘʶʪ ʚ ʧʦʣʥʦʡ ʠʟʦʣʠʨʦʚʘʥʥʦʩʪʠ, ʥʝ ʠʩʧʦʣʴʟʫʷ ʚʥʝʰʥʠʝ ʩʝʨʚʠʩʳ, 
ʬʘʡʣʳ, ʙʘʟʳ ʜʘʥʥʳʭ. ʖʥʠʪ ʪʝʩʪ ʧʝʨʝʜʘʝʪ ʤʦʜʫʣʶ ʚʭʦʜʥʳʝ ʜʘʥʥʳʝ, ʧʦʩʣʝ ʯʝʛʦ ʩʨʘʚʥʠʚʘʶʪʩʷ 
ʧʦʣʫʯʝʥʥʳʡ ʠ ʦʞʠʜʘʝʤʳʡ ʨʝʟʫʣʴʪʘʪʳ. ʅʘ ʩʦʚʨʝʤʝʥʥʳʭ ʢʦʤʧʴʶʪʝʨʘʭ ʚʨʝʤʷ ʚʳʧʦʣʥʝʥʠʷ ʪʳʩʷʯʠ ʪʘʢʠʭ 
ʪʝʩʪʦʚ ʤʦʞʝʪ ʥʝ ʧʨʝʚʳʰʘʪʴ ʠ ʤʠʥʫʪʳ. ʖʥʠʪ ʪʝʩʪʳ ʚʳʷʚʣʷʶʪ ʥʘʠʙʦʣʴʰʝʝ ʢʦʣʠʯʝʩʪʚʦ ʦʰʠʙʦʢ. ʀʭ 
ʛʣʘʚʥʘʷ ʮʝʣʴ ï ʦʧʨʝʜʝʣʠʪʴ, ʷʚʣʷʝʪʩʷ ʣʠ ʦʪʜʝʣʴʥʦ ʚʟʷʪʳʡ ʤʦʜʫʣʴ ʢʦʜʘ ʢʦʨʨʝʢʪʥʳʤ. 

ʉʝʨʚʠʩʥʳʝ ʪʝʩʪʳ ʧʨʦʚʝʨʷʶʪ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʴ ʢʦʤʧʦʥʝʥʪʘ ʩʠʩʪʝʤʳ, ʩʦʩʪʦʷʱʝʛʦ ʠʟ 
ʥʝʩʢʦʣʴʢʠʭ ʤʦʜʫʣʝʡ. ʆʥʠ ʧʦʢʨʳʚʘʶʪ ʙʦʣʴʰʝ ʢʦʜʘ, ʯʝʤ ʶʥʠʪ ʪʝʩʪʳ. ʉʝʨʚʠʩʥʳʝ ʪʝʩʪʳ ʤʦʛʫʪ 
ʚʳʧʦʣʥʷʪʴʩʷ ʚ ʠʟʦʣʠʨʦʚʘʥʥʦʩʪʠ, ʠʩʧʦʣʴʟʫʷ ʟʘʛʣʫʰʢʠ ï ʤʦʜʫʣʠ, ʠʤʠʪʠʨʫʶʱʠʝ ʧʦʚʝʜʝʥʠʝ ʨʝʘʣʴʥʳʭ 
ʢʦʤʧʦʥʝʥʪʦʚ ʩʠʩʪʝʤʳ. ʇʨʠ ʵʪʦʤ ʥʝʢʦʪʦʨʳʝ ʪʝʩʪʳ ʤʦʛʫʪ ʙʳʪʴ ʪʘʢʠʤʠ ʞʝ ʙʳʩʪʨʳʤʠ, ʢʘʢ ʠ ʶʥʠʪ. 
ʀʩʧʦʣʴʟʫʷ ʞʝ ʨʝʘʣʴʥʳʝ ʢʦʤʧʦʥʝʥʪʳ ʩʠʩʪʝʤʳ, ʥʘʧʨʠʤʝʨ, ʙʘʟʫ ʜʘʥʥʳʭ, ʚʨʝʤʷ ʚʳʧʦʣʥʝʥʠʷ ʪʝʩʪʘ 
ʚʦʟʨʘʩʪʘʝʪ, ʪʘʢ ʢʘʢ ʧʝʨʝʜ ʟʘʧʫʩʢʦʤ ʪʝʩʪʘ ʥʘʜʦ ʢʘʢ ʤʠʥʠʤʫʤ ʟʘʧʫʩʪʠʪʴ ʙʘʟʫ ʜʘʥʥʳʭ ʠ ʫʩʪʘʥʦʚʠʪʴ ʩ ʥʝʡ 
ʩʦʝʜʠʥʝʥʠʝ. 
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ʈʠʩʫʥʦʢ 1 - ʊʝʩʪʦʚʘʷ ʧʠʨʘʤʠʜʘ 

 

ʊʝʩʪʳ ʧʦʣʴʟʦʚʘʪʝʣʴʩʢʦʛʦ ʠʥʪʝʨʬʝʡʩʘ, ʨʘʩʧʦʣʦʞʝʥʥʳʝ ʥʘ ʚʝʨʰʠʥʝ ʧʠʨʘʤʠʜʳ, ʨʘʙʦʪʘʶʪ ʚ 
ʧʨʝʜʝʣʘʭ ʚʩʝʡ ʩʠʩʪʝʤʳ. ʇʨʦʚʝʨʢʘ ʦʞʠʜʘʝʤʦʡ ʨʝʘʢʮʠʠ ʩʠʩʪʝʤʳ ʧʨʦʠʩʭʦʜʠʪ ʯʝʨʝʟ ʪʝ ʞʝ ʠʥʪʝʨʬʝʡʩʳ.  
ʀʤʝʥʥʦ ʧʨʠ ʥʝʚʳʧʦʣʥʝʥʠʠ ʪʝʩʪʘ ʜʘʥʥʦʛʦ ʪʠʧʘ ʪʷʞʝʣʝʝ ʚʩʝʛʦ ʦʧʨʝʜʝʣʠʪʴ ʦʰʠʙʢʫ. ʀʟ-ʟʘ ʩʣʦʞʥʦʩʪʠ 
ʥʘʧʠʩʘʥʠʷ ʠ ʧʦʜʜʝʨʞʢʠ ʪʝʩʪʦʚ, ʘ ʪʘʢʞʝ ʙʦʣʴʰʦʛʦ ʚʨʝʤʝʥʠ ʠʭ ʚʳʧʦʣʥʝʥʠʷ ʢʦʣʠʯʝʩʪʚʦ ʪʘʢʠʭ ʪʝʩʪʦʚ 
ʜʦʣʞʥʦ ʩʚʦʜʠʪʴʩʷ ʢ ʤʠʥʠʤʫʤʫ. 

ʊʝʩʪʳ ʜʦʣʞʥʳ ʙʳʪʴ ʨʘʟʥʳʤʠ ʧʦ ʛʨʘʥʫʣʷʨʥʦʩʪʠ. ɼʚʠʛʘʷʩʴ ʧʦ ʩʣʦʷʤ ʧʠʨʘʤʠʜʳ ʩʥʠʟʫ ʚʚʝʨʭ, 
ʢʦʣʠʯʝʩʪʚʦ ʪʝʩʪʦʚ ʫʤʝʥʴʰʘʝʪʩʷ, ʘ ʠʭ ʩʣʦʞʥʦʩʪʴ ʚʦʟʨʘʩʪʘʝʪ. 

ʂ ʩʦʞʘʣʝʥʠʶ, ʢʦʥʮʝʧʮʠʷ ʪʝʩʪʦʚʦʡ ʧʠʨʘʤʠʜʳ ʥʝ ʷʚʣʷʝʪʩʷ ʩʦʚʝʨʰʝʥʥʦʡ: ʜʘʣʝʢʦ ʥʝ ʦʜʥʦʟʥʘʯʥʦ 
ʧʦ ʥʘʟʚʘʥʠʶ ʧʨʝʜʥʘʟʥʘʯʝʥʠʝ ʢʘʞʜʦʛʦ ʠʟ ʩʣʦʝʚ. ʆʜʥʘʢʦ ʟʘ ʩʯʝʪ ʩʚʦʝʡ ʧʨʦʩʪʦʪʳ ʦʥʘ ʤʦʞʝʪ ʧʦʩʣʫʞʠʪʴ 
ʵʤʧʠʨʠʯʝʩʢʠʤ ʧʨʘʚʠʣʦʤ ʧʨʠ ʥʘʧʠʩʘʥʠʠ ʪʝʩʪʦʚʳʭ ʥʘʙʦʨʦʚ.  
 

ʉʧʠʩʦʢ ʠʩʧʦʣʴʟʦʚʘʥʥʳʭ ʠʩʪʦʯʥʠʢʦʚ: 
1. The Practical Test Pyramid [ʕʣʝʢʪʨʦʥʥʳʡ ʨʝʩʫʨʩ]. ï ʈʝʞʠʤ ʜʦʩʪʫʧʘ: https://martinfowler.com/articles/practical-test-

pyramid.html  
2. Newman, S. Building microservices / S. Newman // Testing / ed. M. Loukides, B. MacDonald. ï Sebastopol, 2015. ï P. 231ï

268. 

 
 

ʉʀʄʋʃʗʊʆʈ ɹʀʈɾʀ ʂɸʂ ʇʆɼʍʆɼ ʂ  
ʆɹʋʏɽʅʀʖ ʊʆʈɻʆɺʃʀ ʂʈʀʇʊʆɺɸʃʖʊɸʄʀ 

ʎʠʫʣʷ ɽ.ɸ. 

ɹʝʣʦʨʫʩʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʥʬʦʨʤʘʪʠʢʠ ʠ ʨʘʜʠʦʵʣʝʢʪʨʦʥʠʢʠ 
ʛ. ʄʠʥʩʢ, ʈʝʩʧʫʙʣʠʢʘ ɹʝʣʘʨʫʩʴ 

ʇʝʪʶʢʝʚʠʯ ʅ.ʉ. ï ʤ.ʪ.ʥ., ʘʩʩʠʩʪʝʥʪ 

ʂʨʠʧʪʦʚʘʣʶʪʘ ï ʵʪʦ ʨʘʟʥʦʚʠʜʥʦʩʪʴ ʮʠʬʨʦʚʳʭ ʜʝʥʝʛ, ʚ ʦʩʥʦʚʝ ʢʦʪʦʨʦʡ ʣʝʞʠʪ ʪʝʭʥʦʣʦʛʠʷ ʢʨʠʧʪʦʛʨʘʬʠʠ. ʆʥʘ ʥʝ ʠʤʝʝʪ 
ʬʠʟʠʯʝʩʢʦʛʦ ʦʙʣʠʢʘ, ʘ ʩʫʱʝʩʪʚʫʝʪ ʪʦʣʴʢʦ ʚ ʵʣʝʢʪʨʦʥʥʦʤ ʚʠʜʝ. ɽʝ ʦʩʥʦʚʥʳʤʠ ʦʩʦʙʝʥʥʦʩʪʷʤʠ ʷʚʣʷʶʪʩʷ ʘʥʦʥʠʤʥʦʩʪʴ, 
ʜʝʮʝʥʪʨʘʣʠʟʘʮʠʷ ʠ ʟʘʱʠʱʝʥʥʦʩʪʴ [1]. ʂʦʣʝʙʘʥʠʝ ʢʫʨʩʘ ʢʨʠʧʪʦʚʘʣʶʪ ʜʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʧʦʣʫʯʠʪʴ ʧʨʠʙʳʣʴ ʪʦʨʛʫʷ ʥʘ ʙʠʨʞʘʭ, ʥʦ 
ʤʥʦʛʠʝ ʙʦʷʪʩʷ ʨʠʩʢʦʚ, ʩʦʧʨʷʞʝʥʥʳʭ ʩ ʪʦʨʛʦʚʣʝʡ ʢʨʠʧʪʦʚʘʣʶʪʘʤʠ, ʠʣʠ ʚʦʚʩʝ ʥʝ ʦʩʚʝʜʦʤʣʝʥʳ ʦ ʪʘʢʦʡ ʚʦʟʤʦʞʥʦʩʪʠ ʟʘʨʘʙʦʪʢʘ. 
ʈʘʟʨʘʙʦʪʘʥʥʳʡ ʩʠʤʫʣʷʪʦʨ ʜʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʧʦʣʫʯʠʪʴ ʧʨʘʢʪʠʯʝʩʢʠʝ ʥʘʚʳʢʠ ʪʦʨʛʦʚʣʠ ʥʘ ʙʠʨʞʝ ʙʝʟ ʨʠʩʢʘ ʧʦʪʝʨʠ ʨʝʘʣʴʥʳʭ 
ʜʝʥʝʛ. ʊʘʢʦʡ ʧʦʜʭʦʜ ʩʧʦʩʦʙʝʥ ʫʧʨʦʩʪʠʪʴ ʦʙʫʯʝʥʠʝ ʠ ʧʨʠʚʣʝʯʴ ʙʦʣʴʰʝ ʣʶʜʝʡ ʚ ʨʷʜʳ ʪʦʨʛʦʚʮʝʚ ʢʨʠʧʪʦʚʘʣʶʪʘʤʠ.   
 

ɺʦʣʘʪʠʣʴʥʦʩʪʴ ʢʨʠʧʪʦʚʘʣʶʪʳ ï ʩʪʝʧʝʥʴ ʢʦʣʝʙʘʥʠʷ ʝʝ ʢʫʨʩʘ ʟʘ ʦʧʨʝʜʝʣʝʥʥʳʡ ʧʨʦʤʝʞʫʪʦʢ 
ʚʨʝʤʝʥʠ. ɺʳʩʦʢʘʷ ʚʦʣʘʪʠʣʴʥʦʩʪʴ ʧʦʜʨʘʟʫʤʝʚʘʝʪ ʚʳʩʦʢʠʡ ʫʨʦʚʝʥʴ ʨʠʩʢʘ: ʢʫʨʩ ʤʦʞʝʪ ʫʩʪʨʝʤʠʪʴʩʷ 
ʚʥʠʟ ʚ ʣʶʙʦʡ ʤʦʤʝʥʪ. ʉ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ, ʚʳʩʦʢʘʷ ʚʦʣʘʪʠʣʴʥʦʩʪʴ ʢʨʠʧʪʦʚʘʣʶʪ ʜʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ 
ʙʠʨʞʝʚʳʤ ʠʛʨʦʢʘʤ ʟʘʨʘʙʘʪʳʚʘʪʴ, ʧʨʠ ʵʪʦʤ ʥʘʧʨʘʚʣʝʥʠʝ ʠʟʤʝʥʝʥʠʷ ʮʝʥʳ ʥʝ ʠʤʝʝʪ ʟʥʘʯʝʥʠʷ. 

ɹʠʨʞʘ ʢʨʠʧʪʦʚʘʣʶʪ ï ʵʪʦ ʪʦʨʛʦʚʘʷ ʧʣʘʪʬʦʨʤʘ, ʧʦʟʚʦʣʷʶʱʘʷ ʚʝʩʪʠ ʪʦʨʛʠ ʢʨʠʧʪʦʚʘʣʶʪʦʡ. 
ɼʣʷ ʪʦʛʦ, ʯʪʦʙʳ ʥʘʯʘʪʴ ʪʦʨʛʦʚʘʪʴ ʥʝʦʙʭʦʜʠʤʦ ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʪʴʩʷ ʥʘ ʦʜʥʦʡ ʠʣʠ ʥʝʩʢʦʣʴʢʠʭ ʙʠʨʞʘʭ, 



55-ʷ ʶʙʠʣʝʡʥʘʷ ʥʘʫʯʥʘʷ ʢʦʥʬʝʨʝʥʮʠʷ ʘʩʧʠʨʘʥʪʦʚ, ʤʘʛʠʩʪʨʘʥʪʦʚ ʠ ʩʪʫʜʝʥʪʦʚ ɹɻʋʀʈ, 2019 ʛ. 
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ʟʘʚʝʩʪʠ ʵʣʝʢʪʨʦʥʥʳʡ ʢʦʰʝʣʝʢ ʠ ʧʦʧʦʣʥʠʪʴ ʙʘʣʘʥʩ ʨʝʘʣʴʥʳʤʠ ʜʝʥʴʛʘʤʠ. ʇʦʩʣʝ ʵʪʦʛʦ ʥʝʦʙʭʦʜʠʤʦ 
ʠʟʫʯʠʪʴ ʩʪʨʘʪʝʛʠʠ ʪʦʨʛʦʚʣʠ, ʩʪʘʪʠʩʪʠʢʫ ʟʘʢʨʳʪʳʭ ʩʜʝʣʦʢ, ʨʘʟʦʙʨʘʪʴʩʷ ʢʘʢ ʚʣʠʷʝʪ ʥʘ ʪʦʨʛʠ ʚʥʝʰʥʠʝ 
ʬʘʢʪʦʨʳ, ʥʘʫʯʠʪʴʩʷ ʧʦʥʠʤʘʪʴ ʠ ʘʥʘʣʠʟʠʨʦʚʘʪʴ ʦʩʥʦʚʥʳʝ ʚʠʜʳ ʛʨʘʬʠʢʦʚ. ɺʳʧʦʣʥʝʥʠʝ 
ʧʝʨʝʯʠʩʣʝʥʥʳʭ ʜʝʡʩʪʚʠʡ ʦʙʷʟʘʪʝʣʴʥʳ, ʥʦ ʜʘʞʝ ʧʦʩʣʝ ʥʠʭ ʥʝ ʙʫʜʝʪ ʥʠʢʘʢʦʛʦ ʧʨʘʢʪʠʯʝʩʢʦʛʦ ʦʧʳʪʘ 
ʪʦʨʛʦʚʣʠ ʥʘ ʙʠʨʞʝ. ʅʦʚʦʤʫ ʠʛʨʦʢʫ ʧʨʠʜʝʪʩʷ ʧʨʠʦʙʨʝʪʘʪʴ ʥʘʚʳʢʠ ʪʦʨʛʦʚʣʠ ʥʘ ʨʝʘʣʴʥʳʭ ʘʢʪʠʚʘʭ, ʯʪʦ 
ʤʦʞʝʪ ʟʘʢʦʥʯʠʪʩʷ ʧʦʪʝʨʝʡ ʚʩʝʭ ʩʨʝʜʩʪʚ. 

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʮʠʬʨʦʚʳʭ ʜʝʥʝʛ ʦʯʝʥʴ ʫʜʦʙʥʦ: ʧʦʣʥʘʷ ʘʚʪʦʤʘʪʠʟʘʮʠʷ, ʤʦʙʠʣʴʥʦʩʪʴ, 
ʢʦʤʬʦʨʪʥʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ. ʅʦ ʚ ʩʣʫʯʘʝ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʢʨʠʧʪʦʚʘʣʶʪ ʧʦʷʚʣʷʶʪʩʷ ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ 
ʨʠʩʢʠ [2]: 

ī ʚʨʝʜʦʥʦʩʥʳʝ ʧʨʦʛʨʘʤʤʳ; 
ī ʭʘʢʝʨʩʢʠʝ ʘʪʘʢʠ; 
ī ʙʘʥʢʨʦʪʩʪʚʦ ʠ ʟʘʢʨʳʪʠʝ ʙʠʨʞ; 
ī ʦʪʩʫʪʩʪʚʠʝ ʛʘʨʘʥʪʠʡ ʥʘ ʚʦʟʤʝʱʝʥʠʝ ʫʙʳʪʢʦʚ; 
ī ʢʨʘʭ ʨʳʥʢʘ ʚʠʨʪʫʘʣʴʥʳʭ ʜʝʥʝʛ; 
ī ʦʰʠʙʦʯʥʘʷ ʪʨʘʥʟʘʢʮʠʷ ʧʦʣʴʟʦʚʘʪʝʣʷ; 
ī ʦʪʩʫʪʩʪʚʠʝ ʟʘʢʦʥʦʜʘʪʝʣʴʥʦʡ ʙʘʟʳ ʠ ʶʨʠʜʠʯʝʩʢʠʝ ʨʠʩʢʠ. 
ʀʟ ʦʧʠʩʘʥʥʦʛʦ ʚʳʰʝ ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜ ʦ ʩʣʦʞʥʦʩʪʠ ʚʭʦʞʜʝʥʠʷ ʚ ʪʦʨʛʦʚʣʶ ʢʨʠʧʪʦʚʘʣʶʪʘʤʠ. 

ʆʩʥʦʚʥʘʷ ʮʝʣʴ ʨʘʟʨʘʙʦʪʢʠ ʩʠʤʫʣʷʪʦʨʘ ï ʜʘʪʴ ʚʦʟʤʦʞʥʦʩʪʴ ʯʝʣʦʚʝʢʫ ʧʨʠʦʙʨʝʩʪʠ ʧʨʘʢʪʠʯʝʩʢʠʝ 
ʥʘʚʳʢʠ ʪʦʨʛʦʚʣʠ ʢʨʠʧʪʦʚʘʣʶʪʘʤʠ ʙʝʟ ʨʠʩʢʘ ʧʦʪʝʨʠ ʨʝʘʣʴʥʳʭ ʚʣʦʞʝʥʠʡ. ʇʨʦʛʨʘʤʤʥʦʝ ʩʨʝʜʩʪʚʦ ʙʫʜʝʪ 
ʩʦʩʪʦʷʪʴ ʠʟ ʩʣʝʜʫʶʱʠʭ ʯʘʩʪʝʡ: ʢʦʣʣʝʢʪʦʨ ʠʩʪʦʨʠʯʝʩʢʠʭ ʜʘʥʥʳʭ, ʩʠʤʫʣʷʪʦʨ ʙʠʨʞʠ, ʪʝʦʨʝʪʠʯʝʩʢʠʝ ʠ 
ʩʪʘʪʠʩʪʠʯʝʩʢʠʝ ʜʘʥʥʳʝ ʠ ʛʨʘʬʠʢʠ.  

ʂʦʣʣʝʢʪʦʨ ʙʫʜʝʪ ʩʦʙʠʨʘʪʴ ʠʩʪʦʨʠʯʝʩʢʠʝ ʜʘʥʥʳʝ ʜʣʷ ʨʘʟʥʳʭ ʙʠʨʞ ʠ ʥʝʩʢʦʣʴʢʠʭ ʚʘʣʶʪʥʳʭ ʧʘʨ. 
ɼʘʥʥʳʝ ʙʫʜʫʪ ʭʨʘʥʠʪʴʩʷ ʚ ʙʘʟʝ ʜʘʥʥʳʭ ʥʘ ʦʪʜʝʣʴʥʦʤ ʩʝʨʚʝʨʝ. ɿʘʧʨʦʩʠʪʴ ʜʘʥʥʳʝ ʤʦʞʥʦ ʙʫʜʝʪ ʧʦ 
HTTP ʟʘʧʨʦʩʫ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʦʙʣʘʯʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʧʦʟʚʦʣʠʪ ʧʦʩʪʨʦʠʪʴ ʤʘʩʰʪʘʙʠʨʫʝʤʫʶ ʩʠʩʪʝʤʫ, 
ʢʦʪʦʨʘʷ ʙʫʜʝʪ ʘʜʘʧʪʠʨʦʚʘʪʴʩʷ ʢ ʠʟʤʝʥʝʥʠʶ ʥʘʛʨʫʟʢʠ. ʊʘʢʞʝ ʪʘʢʦʡ ʩʠʩʪʝʤʦʡ ʣʝʛʢʦ ʫʧʨʘʚʣʷʪʴ. 

ʉʠʤʫʣʷʪʦʨ ʤʦʞʥʦ ʙʫʜʝʪ ʥʘʩʪʨʦʠʪʴ ʥʘ ʨʘʙʦʪʫ ʩ ʠʩʪʦʨʠʯʝʩʢʠʤʠ ʜʘʥʥʳʤʠ ʠ ʧʦʚʪʦʨʠʪʴ 
ʦʧʨʝʜʝʣʝʥʥʫʶ ʩʠʪʫʘʮʠʶ ʥʘ ʙʠʨʞʝ, ʧʦʪʨʝʥʠʨʦʚʘʪʴʩʷ ʠʩʧʦʣʴʟʦʚʘʪʴ ʨʘʟʣʠʯʥʳʝ ʪʦʨʛʦʚʳʝ ʩʪʨʘʪʝʛʠʠ ʚ 
ʦʜʠʥʘʢʦʚʳʭ ʫʩʣʦʚʠʷʭ. 

ʇʨʦʛʨʘʤʤʥʦʝ ʩʨʝʜʩʪʚʦ ʙʫʜʝʪ ʩʦʜʝʨʞʘʪʴ ʪʝʦʨʝʪʠʯʝʩʢʠʝ ʩʚʝʜʝʥʠʷ, ʢʦʪʦʨʳʝ ʧʦʤʦʛʫʪ ʥʘʫʯʠʪʴʩʷ 
ʠʩʧʦʣʴʟʦʚʘʪʴ ʩʣʝʜʫʶʱʠʝ ʚʩʧʦʤʦʛʘʪʝʣʴʥʳʝ ʠʥʩʪʨʫʤʝʥʪʳ ʜʣʷ ʪʦʨʛʦʚʣʠ ʥʘ ʙʠʨʞʝ: 

ī ʛʨʘʬʠʢʠ; 
ī ʩʪʨʘʪʝʛʠʠ ʪʦʨʛʦʚʣʠ ʥʘ ʙʠʨʞʝ; 
ī ɻ ʣʝʢʪʨʦʥʥʳʝ ʢʦʰʝʣʴʢʠ; 
ī ʘʣʛʦʨʠʪʤʳ ʘʚʪʦʤʘʪʠʯʝʩʢʦʡ ʪʦʨʛʦʚʣʠ. 
ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʩ ʧʦʤʦʱʴʶ ʩʠʤʫʣʷʪʦʨʘ ʢʨʠʧʪʦʚʘʣʶʪʥʦʡ ʙʠʨʞʠ ʞʝʣʘʶʱʠʝ ʩʤʦʛʫʪ ʦʩʚʦʠʪʴ 

ʦʩʥʦʚʳ ʪʦʨʛʦʚʣʠ ʢʨʠʧʪʦʚʘʣʶʪʘʤʠ ʠ ʧʦʜʛʦʪʦʚʠʪʴʩʷ ʢ ʨʝʘʣʴʥʳʤ ʫʩʣʦʚʠʷʤ, ʥʝ ʪʝʨʷʷ ʧʨʠ ʵʪʦʤ ʩʚʦʠʭ 
ʚʣʦʞʝʥʠʡ.  

 
ʉʧʠʩʦʢ ʠʩʧʦʣʴʟʦʚʘʥʥʳʭ ʠʩʪʦʯʥʠʢʦʚ: 
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ʇʈʆʎɽʉʉʆʄ ʈɸʉʇʈɽɼɽʃɽʅʀʗ ʉʊʋɼɽʅʊʆɺ ʅɸ ʇʈɸʂʊʀʂʋ 

ʏʝʭ ɼ. ʆ. 

ɹʝʣʦʨʫʩʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʥʬʦʨʤʘʪʠʢʠ ʠ ʨʘʜʠʦʵʣʝʢʪʨʦʥʠʢʠ 
ʛ. ʄʠʥʩʢ, ʈʝʩʧʫʙʣʠʢʘ ɹʝʣʘʨʫʩʴ 

ʉʤʦʣʷʢʦʚʘ ʆ.ɻ. ï ʢ.ʪ.ʥ., ʜʦʮʝʥʪ 

ɸʚʪʦʤʘʪʠʟʘʮʠʷ ʧʦʩʨʝʜʩʪʚʦʤ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʠ ʨʘʟʨʘʙʦʪʢʠ ʚʝʙ-ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ ʧʨʦʮʝʩʩʦʤ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʩʪʫʜʝʥʪʦʚ ʥʘ 
ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʫʶ ʧʨʘʢʪʠʢʫ. ʎʝʥʪʨʘʣʠʟʦʚʘʥʥʦʝ ʭʨʘʥʝʥʠʝ, ʦʙʨʘʙʦʪʢʘ ʠ ʜʦʩʪʫʧ ʢ ʜʘʥʥʳʤ. 

ʎʝʣʴ ʨʘʟʨʘʙʦʪʢʠ ï ʩʦʟʜʘʥʠʝ ʚʝʙ-ʩʠʩʪʝʤʳ ʜʣʷ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʠ ʢʦʥʪʨʦʣʷ ʧʨʦʮʝʩʩʘ 
ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʩʪʫʜʝʥʪʦʚ ʥʘ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʫʶ ʧʨʘʢʪʠʢʫ. ʆʙʲʝʢʪ ʨʘʟʨʘʙʦʪʢʠ ï ʧʨʦʛʨʘʤʤʥʦʝ 
ʩʨʝʜʩʪʚʦ, ʩʦʩʪʦʷʱʝʝ ʠʟ ʧʦʣʴʟʦʚʘʪʝʣʴʩʢʦʛʦ ʚʝʙ-ʠʥʪʝʨʬʝʡʩʘ ʠ ʩʝʨʚʝʨʥʦʛʦ ʤʦʜʫʣʷ ʫʧʨʘʚʣʝʥʠʷ. 
ʇʨʝʜʤʝʪ ʨʘʟʨʘʙʦʪʢʠ ï ʪʝʭʥʦʣʦʛʠʠ ʩʦʟʜʘʥʠʷ ʚʝʙ-ʧʨʠʣʦʞʝʥʠʡ, ʧʨʠʥʮʠʧʳ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ 
ʵʨʛʦʥʦʤʠʯʥʳʭ ʧʦʣʴʟʦʚʘʪʝʣʴʩʢʠʭ ʠʥʪʝʨʬʝʡʩʦʚ ʠ ʦʧʪʠʤʠʟʠʨʦʚʘʥʥʦʛʦ ʩʝʨʚʝʨʥʦʛʦ ʤʦʜʫʣʷ ʫʧʨʘʚʣʝʥʠʷ. 



55-ʷ ʶʙʠʣʝʡʥʘʷ ʥʘʫʯʥʘʷ ʢʦʥʬʝʨʝʥʮʠʷ ʘʩʧʠʨʘʥʪʦʚ, ʤʘʛʠʩʪʨʘʥʪʦʚ ʠ ʩʪʫʜʝʥʪʦʚ ɹɻʋʀʈ, 2019 ʛ. 
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ʆʩʥʦʚʥʘʷ ʧʨʠʯʠʥʘ ʩʦʟʜʘʥʠʷ ʚʝʙ-ʩʠʩʪʝʤ ʜʣʷ ʨʘʙʦʪʳ ʩ ʜʘʥʥʳʤʠ ʵʪʦ ʜʚʠʞʝʥʠʝ ʧʦ ʥʘʧʨʘʚʣʝʥʠʶ ʢ 
ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʙʠʟʥʝʩ ʧʨʦʮʝʩʩʦʚ ʠ ʮʝʥʪʨʘʣʠʟʘʮʠʠ ʜʦʩʪʫʧʘ ʢ ʜʘʥʥʳʤ. ʕʪʦ ʧʦʟʚʦʣʷʝʪ 
ʫʩʦʚʝʨʰʝʥʩʪʚʦʚʘʪʴ ʧʨʦʮʝʩʩʳ, ʩʜʝʣʘʪʴ ʠʭ ʙʦʣʝʝ ʫʜʦʙʥʳʤʠ, ʙʳʩʪʨʳʤʠ ʠ ʧʨʦʩʪʳʤʠ. ʋʤʝʥʴʰʘʝʪʩʷ 
ʚʝʨʦʷʪʥʦʩʪʴ ʧʦʷʚʣʝʥʠʷ ʦʰʠʙʦʢ ʠ ʥʝ ʢʦʥʩʠʩʪʝʥʪʥʳʭ ʜʘʥʥʳʭ ʚ ʩʣʫʯʘʷʭ ʯʝʣʦʚʝʯʝʩʢʦʡ 
ʥʝʚʥʠʤʘʪʝʣʴʥʦʩʪʠ. ʍʨʘʥʝʥʠʝ ʠʥʬʦʨʤʘʮʠʠ ʚ ʙʘʟʘʭ ʜʘʥʥʳʭ ʧʦʚʳʰʘʝʪ ʩʦʭʨʘʥʥʦʩʪʴ ʠ ʟʘʱʠʱʝʥʥʦʩʪʴ 
ʜʘʥʥʳʭ. 

ʇʨʠʥʮʠʧʳ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʚʝʙ-ʩʠʩʪʝʤ ʧʦʜʨʘʟʫʤʝʚʘʶʪ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʝ ʩʝʨʚʝʨʥʦʡ ʯʘʩʪʠ, 
ʯʪʦʙʳ ʜʠʥʘʤʠʯʥʦ ʧʨʝʦʙʨʘʟʦʚʳʚʘʪʴ ʠ ʨʘʩʩʯʠʪʳʚʘʪʴ ʨʘʟʣʠʯʥʳʝ ʜʘʥʥʳʝ, ʧʨʠ ʥʝʦʙʭʦʜʠʤʦʩʪʠ, ʚʟʷʪʳʝ 
ʠʟ ʙʘʟʳ ʜʘʥʥʳʭ, ʨʘʩʧʦʣʘʛʘʶʱʝʡʩʷ ʥʘ ʩʝʨʚʝʨʝ ʠ ʦʪʩʳʣʘʝʤʳʝ ʥʘ ʢʣʠʝʥʪʩʢʫʶ ʯʘʩʪʴ, ʛʜʝ ʜʘʥʥʳʝ ʙʫʜʫʪ 
ʧʦʢʘʟʘʥʳ ʥʘ ʧʦʣʴʟʦʚʘʪʝʣʴʩʢʦʤ ʚʝʙ-ʠʥʪʝʨʬʝʡʩʝ [1]. 

ɼʣʷ ʨʝʘʣʠʟʘʮʠʠ ʩʝʨʚʝʨʥʦʡ ʯʘʩʪʠ ʧʨʦʝʢʪʘ ʚʳʙʨʘʥʳ ʦʙʲʝʢʪʥʦ-ʨʝʣʷʮʠʦʥʥʘʷ ʩʠʩʪʝʤʘ ʫʧʨʘʚʣʝʥʠʷ 
ʙʘʟʘʤʠ ʜʘʥʥʳʭ MySQL ʠ ʷʟʳʢ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ Java. ɹʠʟʥʝʩ ʣʦʛʠʢʘ ʧʨʠʣʦʞʝʥʠʷ ʨʝʘʣʠʟʦʚʘʥʘ ʚ 
ʚʠʜʝ ʧʨʦʛʨʘʤʤʥʳʭ Java ʤʦʜʫʣʝʡ, ʧʨʝʦʙʨʘʟʦʚʘʥʥʳʭ ʬʨʝʡʤʚʦʨʢʦʤ Maven ʜʣʷ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʩʙʦʨʢʠ 
ʧʨʦʝʢʪʘ ʥʘ ʦʩʥʦʚʝ ʦʧʠʩʘʥʠʷ ʝʛʦ ʩʪʨʫʢʪʫʨʳ ʚ ʬʘʡʣʘʭ ʥʘ ʷʟʳʢʝ POM [2]. ʉ ʧʦʤʦʱʴʶ ʷʟʳʢʘ Java 
ʨʝʘʣʠʟʦʚʘʥʘ ʘʨʭʠʪʝʢʪʫʨʘ, ʚ ʢʦʪʦʨʦʡ ʥʘ ʫʨʦʚʥʝ ʩʝʨʚʠʩʦʚ ʧʨʦʠʩʭʦʜʷʪ ʟʘʧʨʦʩʳ ʚ ʙʘʟʫ ʜʘʥʥʳʭ, 
ʥʘʧʠʩʘʥʥʳʝ ʥʘ ʷʟʳʢʝ SQL [3], ʘ ʪʘʢʞʝ ʨʝʘʣʠʟʦʚʘʥʘ ʧʦʙʦʯʥʘʷ ʣʦʛʠʢʘ ʧʨʦʛʨʘʤʤʳ. ɼʣʷ ʥʘʧʠʩʘʥʠʷ 
ʧʨʠʣʦʞʝʥʠʷ ʠʩʧʦʣʴʟʦʚʘʣʘʩʴ ʩʨʝʜʘ ʨʘʟʨʘʙʦʪʢʠ Intellij IDEA 2019. 

ʂʣʠʝʥʪʩʢʘʷ ʯʘʩʪʴ ʚʝʙ-ʧʨʠʣʦʞʝʥʠʷ - ʵʪʦ ʧʦʣʴʟʦʚʘʪʝʣʴʩʢʠʡ ʚʝʙ-ʠʥʪʝʨʬʝʡʩ, ʢʦʪʦʨʳʡ ʚʢʣʶʯʘʝʪ ʚ 
ʩʝʙʷ ʛʨʘʬʠʯʝʩʢʠʝ ʵʣʝʤʝʥʪʳ ʜʣʷ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩ ʧʦʣʴʟʦʚʘʪʝʣʝʤ. 

ɼʣʷ ʩʦʟʜʘʥʠʷ ʛʨʘʬʠʯʝʩʢʦʛʦ ʠʥʪʝʨʬʝʡʩʘ ʠʩʧʦʣʴʟʫʶʪʩʷ ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʚʝʙ-ʪʝʭʥʦʣʦʛʠʠ: 
ʩʢʨʠʧʪʳ, ʥʘʧʠʩʘʥʥʳʝ ʥʘ ʷʟʳʢʝ JavaScript, HTML ʠ CSS. ɺʩʝ ʵʣʝʤʝʥʪʳ ʚʝʙ-ʩʪʨʘʥʠʮʳ ʤʦʛʫʪ 
ʚʟʘʠʤʦʜʝʡʩʪʚʦʚʘʪʴ ʤʝʞʜʫ ʩʦʙʦʡ ʠ ʤʝʥʷʪʴ ʩʚʦʝ ʩʦʩʪʦʷʥʠʝ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʜʝʡʩʪʚʠʡ ʧʦʣʴʟʦʚʘʪʝʣʷ. 

ʉʝʨʚʝʨʥʘʷ ʠ ʢʣʠʝʥʪʩʢʘʷ ʯʘʩʪʠ ʧʨʦʛʨʘʤʤʥʦʛʦ ʩʨʝʜʩʪʚʘ ʚʟʘʠʤʦʜʝʡʩʪʚʫʶʪ ʧʨʠ ʧʦʤʦʱʠ 
ʪʝʭʥʦʣʦʛʠʠ AJAX. ɼʘʥʥʘʷ ʪʝʭʥʦʣʦʛʠʷ ʦʧʨʝʜʝʣʷʝʪ ʧʦʜʭʦʜ ʢ ʧʦʩʪʨʦʝʥʠʶ ʠʥʪʝʨʘʢʪʠʚʥʳʭ 
ʧʦʣʴʟʦʚʘʪʝʣʴʩʢʠʭ ʠʥʪʝʨʬʝʡʩʦʚ ʚʝʙ-ʧʨʠʣʦʞʝʥʠʡ, ʟʘʢʣʶʯʘʶʱʠʡʩʷ ʚ ʬʦʥʦʚʦʤ ʦʙʤʝʥʝ ʜʘʥʥʳʤʠ 
ʙʨʘʫʟʝʨʘ ʩ ʚʝʙ-ʩʝʨʚʝʨʦʤ. ɺ ʨʝʟʫʣʴʪʘʪʝ, ʧʨʠ ʦʙʥʦʚʣʝʥʠʠ ʜʘʥʥʳʭ ʚʝʙ-ʩʪʨʘʥʠʮʘ ʥʝ ʧʝʨʝʟʘʛʨʫʞʘʝʪʩʷ 
ʧʦʣʥʦʩʪʴʶ, ʠ ʚʝʙ-ʧʨʠʣʦʞʝʥʠʷ ʩʪʘʥʦʚʷʪʩʷ ʙʳʩʪʨʝʝ ʠ ʫʜʦʙʥʝʝ. 

ɺ ʧʨʦʝʢʪʝ ʨʘʩʩʤʦʪʨʝʥʘ ʟʘʜʘʯʘ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʠ ʨʝʘʣʠʟʘʮʠʠ ʚʝʙ-ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ 
ʧʨʦʮʝʩʩʦʤ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʩʪʫʜʝʥʪʦʚ ʥʘ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʫʶ ʧʨʘʢʪʠʢʫ. 

ɺʝʙ-ʩʠʩʪʝʤʘ ʧʦʟʚʦʣʷʝʪ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʪʴ ʧʨʦʮʝʩʩ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʩʪʫʜʝʥʪʦʚ ʥʘ ʧʨʘʢʪʠʢʫ ʠ 
ʧʨʦʮʝʩʩ ʫʯʝʪʘ ʠ ʢʦʥʪʨʦʣʷ ʟʘʷʚʦʢ ʦʪ ʦʨʛʘʥʠʟʘʮʠʡ. ʊʘʢʞʝ ʩʠʩʪʝʤʘ ʧʦʟʚʦʣʷʝʪ ʮʝʥʪʨʘʣʠʟʦʚʘʪʴ ʭʨʘʥʝʥʠʝ 
ʠ ʦʙʨʘʙʦʪʢʫ ʜʘʥʥʳʭ ʦ ʩʪʫʜʝʥʪʘʭ, ʢʫʨʘʪʦʨʘʭ ʠ ʟʘʷʚʢʘʭ. ʍʨʘʥʝʥʠʝ ʚʩʝʡ ʠʥʬʦʨʤʘʮʠʠ ʦ ʨʘʩʧʨʝʜʝʣʝʥʠʠ 
ʩʪʫʜʝʥʪʦʚ ʚ ʦʜʥʦʡ ʙʘʟʝ ʜʘʥʥʳʭ, ʧʦʟʚʦʣʷʝʪ ʫʩʦʚʝʨʰʝʥʩʪʚʦʚʘʪʴ ʢʦʥʪʨʦʣʴ ʠ ʫʤʝʥʴʰʠʪʴ ʚʝʨʦʷʪʥʦʩʪʴ 
ʫʪʝʨʠ ʠʣʠ ʥʝ ʢʦʥʩʠʩʪʝʥʪʥʦʩʪʠ ʠʥʬʦʨʤʘʮʠʠ, ʚ ʦʪʣʠʯʠʝ ʦʪ ʭʨʘʥʝʥʠʷ ʜʘʥʥʳʭ ʚ ʦʪʜʝʣʴʥʳʭ ʮʠʬʨʦʚʳʭ 
ʬʘʡʣʘʭ ʥʘ ʣʦʢʘʣʴʥʳʭ ʨʘʙʦʯʠʭ ʩʪʘʥʮʠʷʭ. ʊʘʢʞʝ ʜʘʥʥʘʷ ʚʝʙ-ʩʠʩʪʝʤʘ ʧʦʟʚʦʣʷʝʪ ʫʧʨʦʩʪʠʪʴ ʠ ʫʩʢʦʨʠʪʴ 
ʧʨʦʮʝʩʩ ʨʘʙʦʪʳ ʣʠʮʘ, ʦʪʚʝʪʩʪʚʝʥʥʦʛʦ ʟʘ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʩʪʫʜʝʥʪʦʚ ʥʘ ʧʨʘʢʪʠʢʫ. ɹʦʣʴʰʠʤ ʧʣʶʩʦʤ 
ʮʝʥʪʨʘʣʠʟʦʚʘʥʥʦʡ ʚʝʙ-ʩʠʩʪʝʤʳ ʷʚʣʷʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴ ʩʪʫʜʝʥʪʦʚ ʠ ʢʫʨʘʪʦʨʦʚ ʦʪʩʣʝʞʠʚʘʪʴ 
ʠʥʬʦʨʤʘʮʠʶ ʦ ʨʘʩʧʨʝʜʝʣʝʥʠʠ. ʉʪʫʜʝʥʪʳ ʤʦʛʫʪ ʜʠʩʪʘʥʮʠʦʥʥʦ ʫʟʥʘʚʘʪʴ ʠʥʬʦʨʤʘʮʠʶ ʦ ʩʚʦʝʤ 
ʨʘʩʧʨʝʜʝʣʝʥʠʠ ʠ ʦ ʥʘʟʥʘʯʝʥʥʦʤ ʠʤ ʢʫʨʘʪʦʨʝ. ʂʫʨʘʪʦʨ, ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʠʤʝʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʙʳʩʪʨʦ 
ʫʟʥʘʪʴ ʚʩʝʭ ʩʪʫʜʝʥʪʦʚ, ʢʦʪʦʨʳʭ ʦʥ ʢʫʨʠʨʫʝʪ. 

ʉʠʩʪʝʤʘ ʚʢʣʶʯʘʝʪ ʪʨʠ ʨʦʣʠ ʧʦʣʴʟʦʚʘʪʝʣʝʡ: ʘʜʤʠʥʠʩʪʨʘʪʦʨ, ʢʫʨʘʪʦʨ ʠ ʩʪʫʜʝʥʪ. ɸʜʤʠʥʠʩʪʨʘʪʦʨ 
ʠʤʝʝʪ ʧʦʣʥʳʡ ʜʦʩʪʫʧ ʢ ʠʥʬʦʨʤʘʮʠʠ ʦ ʜʨʫʛʠʭ ʧʦʣʴʟʦʚʘʪʝʣʷʭ ʠ ʜʦʩʪʫʧ ʢ ʠʟʤʝʥʝʥʠʶ ʜʘʥʥʳʭ (ʨʠʩʫʥʦʢ 
1). ʂʫʨʘʪʦʨ ʠʤʝʝʪ ʧʨʘʚʘ ʥʘ ʧʨʦʩʤʦʪʨ ʠʥʬʦʨʤʘʮʠʠ ʦ ʨʘʩʧʨʝʜʝʣʝʥʠʠ, ʘ ʪʘʢ ʞʝ ʤʦʞʝʪ ʧʨʦʩʤʘʪʨʠʚʘʪʴ 
ʠʥʬʦʨʤʘʮʠʶ ʦ ʩʪʫʜʝʥʪʘʭ, ʜʣʷ ʢʦʪʦʨʳʭ ʦʥ ʷʚʣʷʝʪʩʷ ʢʫʨʘʪʦʨʦʤ ʧʦ ʧʨʘʢʪʠʢʝ. ʉʪʫʜʝʥʪ ʤʦʞʝʪ 
ʧʨʦʩʤʘʪʨʠʚʘʪʴ ʠ ʨʝʜʘʢʪʠʨʦʚʘʪʴ ʠʥʬʦʨʤʘʮʠʶ ʦ ʩʝʙʝ, ʘ ʪʘʢ ʞʝ ʫʟʥʘʪʴ ʠʥʬʦʨʤʘʮʠʶ ʦ ʨʝʟʫʣʴʪʘʪʘʭ 
ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʥʘ ʧʨʘʢʪʠʢʫ.  

ɺ ʧʨʦʛʨʘʤʤʥʦʤ ʩʨʝʜʩʪʚʝ ʨʝʘʣʠʟʦʚʘʥʳ ʬʫʥʢʮʠʠ:  
ï ʨʝʛʠʩʪʨʘʮʠʷ ʧʦʣʴʟʦʚʘʪʝʣʝʡ ʚ ʚʝʙ-ʩʠʩʪʝʤʝ; 
ï ʘʚʪʦʨʠʟʘʮʠʷ ʧʦʣʴʟʦʚʘʪʝʣʝʡ ʚ ʚʝʙ-ʩʠʩʪʝʤʝ; 
ï ʨʝʛʠʩʪʨʘʮʠʷ ʟʘʷʚʦʢ ʥʘ ʨʘʩʧʨʝʜʝʣʝʥʠʝ; 
ï ʨʝʜʘʢʪʠʨʦʚʘʥʠʝ ʜʘʥʥʳʭ ʧʦʣʴʟʦʚʘʪʝʣʷ; 
ï ʨʝʜʘʢʪʠʨʦʚʘʥʠʝ ʜʘʥʥʳʭ ʟʘʷʚʢʠ ʥʘ ʨʘʩʧʨʝʜʝʣʝʥʠʝ; 
ï ʧʦʠʩʢ ʠ ʬʠʣʴʪʨʘʮʠʷ ʧʦʜʭʦʜʷʱʠʭ ʢʘʥʜʠʜʘʪʦʚ ʜʣʷ ʨʘʩʧʨʝʜʝʣʝʥʠʷ; 
ï ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʩʪʫʜʝʥʪʘ ʥʘ ʧʨʘʢʪʠʢʫ ʧʦ ʟʘʷʚʢʝ; 
ï ʢʦʥʪʨʦʣʴ ʠ ʫʯʝʪ ʨʘʩʧʨʝʜʝʣʝʥʥʳʭ ʩʪʫʜʝʥʪʦʚ; 
ï ʢʦʥʪʨʦʣʴ ʠ ʫʯʝʪ ʩʦʩʪʦʷʥʠʷ ʟʘʷʚʦʢ; 
ï ʥʘʟʥʘʯʝʥʠʝ ʢʫʨʘʪʦʨʘ ʧʦ ʧʨʘʢʪʠʢʝ; 
ï ʧʨʦʩʤʦʪʨ ʧʦʣʴʟʦʚʘʪʝʣʷʤʠ ʠʥʬʦʨʤʘʮʠʠ ʦ ʨʘʩʧʨʝʜʝʣʝʥʠʠ. 
ɺʝʙ-ʩʠʩʪʝʤʘ ʧʨʝʜʦʩʪʘʚʣʷʝʪ ʘʜʤʠʥʠʩʪʨʘʪʦʨʫ ʙʦʣʴʰʦʡ ʩʧʠʩʦʢ ʚʦʟʤʦʞʥʦʩʪʝʡ ʜʣʷ ʫʧʨʦʱʝʥʠʷ ʠ 

ʫʩʢʦʨʝʥʠʷ ʧʨʦʮʝʩʩʘ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʩʪʫʜʝʥʪʦʚ ʥʘ ʧʨʘʢʪʠʢʫ. ʐʠʨʦʢʠʡ ʩʧʝʢʪʨ ʨʘʟʣʠʯʥʳʭ ʬʠʣʴʪʨʘʮʠʡ 
ʧʦʟʚʦʣʷʝʪ ʦʧʨʝʜʝʣʷʪʴ ʧʦʜʭʦʜʷʱʠʭ ʢʘʥʜʠʜʘʪʦʚ ʜʣʷ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʧʦ ʟʘʷʚʢʘʤ. 
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ʈʠʩʫʥʦʢ 1 ï ɺʝʙ-ʩʠʩʪʝʤʘ ʫʧʨʘʚʣʝʥʠʷ ʧʨʦʮʝʩʩʦʤ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʩʪʫʜʝʥʪʦʚ ʥʘ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʫʶ ʧʨʘʢʪʠʢʫ 

 
ʅʦʚʦʚʚʝʜʝʥʠʝʤ ʚʝʙ-ʩʠʩʪʝʤʳ ʷʚʣʷʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴ ʚ ʟʘʷʚʢʝ ʫʢʘʟʳʚʘʪʴ ʧʨʠʦʨʠʪʝʪʥʳʝ 

ʧʘʨʘʤʝʪʨʳ, ʧʦ ʢʦʪʦʨʳʤ ʙʫʜʝʪ ʧʨʦʠʟʚʦʜʠʪʴʩʷ ʬʠʣʴʪʨʘʮʠʷ ʩʪʫʜʝʥʪʦʚ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʘʜʤʠʥʠʩʪʨʘʪʦʨʫ ʚ 
ʚʝʙ-ʩʠʩʪʝʤʝ ʦʧʨʝʜʝʣʷʪʴ ʢʘʥʜʠʜʘʪʦʚ ʥʘʠʙʦʣʝʝ ʧʦʜʭʦʜʷʱʠʭ ʧʦʜ ʪʨʝʙʦʚʘʥʠʷ ʦʧʨʝʜʝʣʝʥʥʦʡ ʟʘʷʚʢʠ ʦʪ 
ʦʨʛʘʥʠʟʘʮʠʠ. 

ʇʦʣʦʞʠʪʝʣʴʥʳʤ ʢʘʯʝʩʪʚʦʤ ʜʘʥʥʦʡ ʚʝʙ-ʩʠʩʪʝʤʳ ʷʚʣʷʝʪʩʷ ʘʜʘʧʪʠʚʥʳʡ ʛʨʘʬʠʯʝʩʢʠʡ 
ʧʦʣʴʟʦʚʘʪʝʣʴʩʢʠʡ ʠʥʪʝʨʬʝʡʩ. ʇʦʣʴʟʦʚʘʪʝʣʴ ʤʦʞʝʪ ʟʘʭʦʜʠʪʴ ʚ ʩʠʩʪʝʤʫ ʥʘ ʣʶʙʦʤ ʮʠʬʨʦʚʦʤ 
ʫʩʪʨʦʡʩʪʚʝ ʩ ʜʦʩʪʫʧʦʤ ʢ ʠʥʪʝʨʥʝʪʫ, ʘ ʥʝ ʪʦʣʴʢʦ ʯʝʨʝʟ ʢʦʤʧʴʶʪʝʨ ʩ ʙʦʣʴʰʠʤ ʵʢʨʘʥʦʤ. ʆʨʠʝʥʪʠʨʫʷʩʴ 
ʥʘ ʪʦ, ʯʪʦ ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʧʦʪʝʥʮʠʘʣʴʥʳʭ ʢʣʠʝʥʪʦʚ ʚʝʙ-ʩʠʩʪʝʤʳ ʵʪʦ ʩʪʫʜʝʥʪʳ ʠ ʢʫʨʘʪʦʨʳ, 
ʜʘʥʥʳʡ ʧʦʜʭʦʜ ʢ ʧʨʦʝʢʪʠʨʦʚʘʥʠʶ ʛʨʘʬʠʯʝʩʢʦʛʦ ʠʥʪʝʨʬʝʡʩʘ ʷʚʣʷʝʪʩʷ ʥʘʠʙʦʣʝʝ ʧʨʝʜʧʦʯʪʠʪʝʣʴʥʳʤ. 

ʇʦʜʚʦʜʷ ʠʪʦʛ, ʩʪʦʠʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʚʥʝʜʨʝʥʠʝ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʚ ʨʘʟʣʠʯʥʳʝ ʩʬʝʨʳ 
ʪʨʫʜʘ ʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʝ ʨʘʟʣʠʯʥʳʭ ʧʨʦʛʨʘʤʤʥʳʭ ʩʨʝʜʩʪʚ, ʧʦʟʚʦʣʷʶʱʠʭ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʪʴ ʠ 
ʫʧʨʘʚʣʷʪʴ ʧʨʦʮʝʩʩʘʤʠ ʨʘʙʦʪʳ ʩ ʜʘʥʥʳʤʠ, ʧʨʠʥʦʩʠʪ ʧʦʣʴʟʫ ʚ ʚʠʜʝ ʵʢʦʥʦʤʠʠ ʨʘʙʦʯʝʛʦ ʚʨʝʤʝʥʠ ʠ 
ʤʠʥʠʤʠʟʘʮʠʶ ʚʝʨʦʷʪʥʦʩʪʠ ʧʦʷʚʣʝʥʠʷ ʦʰʠʙʦʢ.  
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ʄɽʊʆɼ ʇʈɽɼʆʉʊɸɺʃɽʅʀʗ ʊʋʈʀʉʊʀʏɽʉʂʀʍ ʋʉʃʋɻ 
ʉ ʀʉʇʆʃʔɿʆɺɸʅʀɽʄ ʅɽʁʈʆʉɽʊɽɺʓʍ ʊɽʍʅʆʃʆɻʀʁ 

ʏʠʛʠʨ ɺ.ʉ. 

ɹʝʣʦʨʫʩʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʥʬʦʨʤʘʪʠʢʠ ʠ ʨʘʜʠʦʵʣʝʢʪʨʦʥʠʢʠ 
ʛ. ʄʠʥʩʢ, ʈʝʩʧʫʙʣʠʢʘ ɹʝʣʘʨʫʩʴ 

ʍʤʝʣʝʚʘ ɸ.ɺ. ï ʢ.ʪ.ʥ.,ʜʦʮʝʥʪ 

ɺ ʜʦʢʣʘʜʝ ʨʘʩʩʤʦʪʨʝʥ ʧʨʦʮʝʩʩ ʧʦʩʪʨʦʝʥʠʷ ʠ ʦʙʫʯʝʥʠʷ ʤʦʜʝʣʠ ʥʝʡʨʦʥʥʦʡ ʩʝʪʠ ʜʣʷ ʧʨʠʥʷʪʠʷ ʨʝʰʝʥʠʷ ʦ ʚʳʙʦʨʝ ʦʧʪʠʤʘʣʴʥʦʛʦ 
ʪʫʨʠʩʪʠʯʝʩʢʦʛʦ ʧʨʦʜʫʢʪʘ ʜʣʷ ʧʦʣʴʟʦʚʘʪʝʣʷ. ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʨʘʩʩʤʦʪʨʝʥʠʷ ʚʳʜʝʣʝʥʳ ʵʪʘʧʳ, ʦʪʤʝʯʝʥʳ ʚʘʞʥʳʝ ʤʦʤʝʥʪʳ ʩʙʦʨʘ 
ʠ ʧʦʜʛʦʪʦʚʢʠ ʜʘʥʥʳʭ, ʚʳʙʦʨʘ ʤʝʪʦʜʘ ʦʙʫʯʝʥʠʷ, ʠʥʪʝʨʧʨʝʪʘʮʠʠ ʠ ʘʥʘʣʠʟʘ ʨʝʟʫʣʴʪʘʪʦʚ. 
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ʇʨʠʤʝʥʝʥʠʝ ʥʘʠʙʦʣʝʝ ʧʦʣʥʳʭ ʠ ʪʦʯʥʳʭ ʩʚʝʜʝʥʠʡ ʦ ʢʣʠʝʥʪʝ ʚ ʧʨʦʮʝʩʩʝ ʧʨʝʜʦʩʪʘʚʣʝʥʠʷ 
ʪʫʨʠʩʪʠʯʝʩʢʠʭ ʫʩʣʫʛ ʷʚʣʷʝʪʩʷ ʢʣʶʯʝʚʳʤ ʜʣʷ ʫʩʧʝʭʘ ʙʠʟʥʝʩʘ. ɼʣʷ ʧʨʦʜʚʠʞʝʥʠʷ ʪʫʨʠʩʪʠʯʝʩʢʦʛʦ 
ʧʨʦʜʫʢʪʘ ʥʝʦʙʭʦʜʠʤ ʵʬʬʝʢʪʠʚʥʳʡ ʤʝʭʘʥʠʟʤ ʫʧʨʘʚʣʝʥʠʷ ʜʘʥʥʳʤʠ ʚ ʙʳʩʪʨʦ ʤʝʥʷʶʱʝʡʩʷ ʩʨʝʜʝ ʠ 
ʧʨʦʮʝʩʩ ʧʨʠʥʷʪʠʷ ʨʝʰʝʥʠʡ ʩ ʚʳʩʦʢʦʡ ʪʦʯʥʦʩʪʴʶ ʠ ʛʠʙʢʦʩʪʴʶ[1]. ʊʘʢʠʤ ʨʝʰʝʥʠʝʤ ʷʚʣʷʝʪʩʷ 
ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʠʩʢʫʩʩʪʚʝʥʥʦʡ ʥʝʡʨʦʥʥʦʡ ʩʝʪʠ ʜʣʷ ʧʦʜʙʦʨʘ ʦʧʪʠʤʘʣʴʥʦ ʪʫʨʠʩʪʠʯʝʩʢʦʛʦ ʧʨʦʜʫʢʪʘ. 

ɼʣʷ ʨʝʘʣʠʟʘʮʠʠ ʩʝʪʠ ʥʝʦʙʭʦʜʠʤʦ ʦʩʫʱʝʩʪʚʠʪʴ ʩʙʦʨ ʠ ʧʨʝʧʨʦʮʝʩʩʠʥʛ ʜʘʥʥʳʭ, ʥʘ ʢʦʪʦʨʳʭ 
ʧʨʝʜʫʩʤʘʪʨʠʚʘʝʪʩʷ ʦʙʫʯʝʥʠʝ ʤʦʜʝʣʠ. ɼʘʣʝʝ ʥʝʦʙʭʦʜʠʤʦ ʧʦʩʪʨʦʠʪʴ ʤʦʜʝʣʴ ʠ ʦʙʫʯʠʪʴ ʝʝ. ɿʘʪʝʤ 
ʧʨʦʠʟʚʦʜʠʪʩʷ ʘʥʘʣʠʟ ʢʘʯʝʩʪʚʘ ʠ ʠʥʪʝʨʧʨʝʪʘʮʠʷ ʨʝʟʫʣʴʪʘʪʦʚ. 

ʇʨʠ ʩʙʦʨʝ ʜʘʥʥʳʭ ʥʝʦʙʭʦʜʠʤʦ ʚʳʜʝʣʠʪʴ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ, ʢʦʪʦʨʳʝ ʙʫʜʫʪ ʧʨʝʜʩʪʘʚʣʷʪʴ ʢʣʠʝʥʪʘ 
ʢʘʢ ʦʙʲʝʢʪ ʚ ʙʫʜʫʱʝʡ ʤʦʜʝʣʠ. ɿʘʜʘʯʘ ʷʚʣʷʝʪʩʷ ʬʫʥʜʘʤʝʥʪʘʣʴʥʦʡ, ʥʘ ʝʝ ʦʩʥʦʚʝ ʩʪʨʦʠʪʩʷ 
ʜʘʣʴʥʝʡʰʠʡ ʧʨʦʮʝʩʩ. ʉʣʝʜʫʝʪ ʦʙʨʘʪʠʪʴ ʚʥʠʤʘʥʠʝ ʥʘ ʪʘʢʠʝ ʠʥʜʠʚʠʜʫʘʣʴʥʳʝ ʨʘʟʣʠʯʠʷ ʪʫʨʠʩʪʦʚ, ʢʘʢ 
ʚʦʟʨʘʩʪ, ʬʠʥʘʥʩʦʚʳʝ ʩʨʝʜʩʪʚʘ, ʩʝʤʝʡʥʦʝ ʧʦʣʦʞʝʥʠʝ, ʧʦʜʭʦʜʷʱʠʝ ʧʦʛʦʜʥʳʝ ʫʩʣʦʚʠʷ, 
ʪʨʝʙʦʚʘʪʝʣʴʥʦʩʪʴ ʢ ʫʨʦʚʥʶ ʢʦʤʬʦʨʪʘ ʠ ʢʘʯʝʩʪʚʫ ʫʩʣʫʛ. ʅʝʦʙʭʦʜʠʤʦ ʚʳʜʝʣʠʪʴ ʚʩʝ ʚʘʞʥʳʝ ʧʨʠʟʥʘʢʠ ʠ 
ʦʧʨʝʜʝʣʠʪʴ ʞʝʩʪʢʠʝ ʢʨʠʪʝʨʠʠ ʜʣʷ ʧʨʠʥʷʪʠʷ ʨʝʰʝʥʠʷ ʦ ʧʨʠʟʥʘʢʝ. ʇʨʠʟʥʘʢʠ ʜʝʣʷʪʩʷ ʥʘ ʪʨʠ ʢʘʪʝʛʦʨʠʠ: 

ī ʢʦʣʠʯʝʩʪʚʝʥʥʳʝ, ʥʘʧʨʠʤʝʨ ʚʦʟʨʘʩʪ ʢʣʠʝʥʪʘ; 
ī ʙʠʢʘʪʝʛʦʨʠʘʣʴʥʳʝ, ʥʘʧʨʠʤʝʨ ʥʘʣʠʯʠʝ ʠʣʠ ʦʪʩʫʪʩʪʚʠʝ ʜʝʪʝʡ ʫ ʢʣʠʝʥʪʘ; 
ī ʢʘʪʝʛʦʨʠʘʣʴʥʳʝ, ʦʪʚʝʪʦʤ ʥʘ ʢʦʪʦʨʳʝ ʷʚʣʷʝʪʩʷ ʢʣʘʩʩ ʠʟ ʥʘʙʦʨʘ. 
ʇʦ ʦʢʦʥʯʘʥʠʠ ʩʙʦʨʘ ʜʘʥʥʳʭ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʠʭ ʦʪʦʙʨʘʞʝʥʠʝ ʚ ʬʦʨʤʘʪ, ʧʨʠʩʧʦʩʦʙʣʝʥʥʳʡ ʜʣʷ 

ʦʙʫʯʝʥʠʷ. ɼʣʷ ʵʪʦʛʦ ʚʩʝ ʜʘʥʥʳʝ ʧʨʠʚʦʜʷʪʩʷ ʚ ʯʠʩʣʦʚʫʶ ʬʦʨʤʫ, ʧʨʦʠʟʚʦʜʠʪʩʷ ʠʭ ʥʦʨʤʘʣʠʟʘʮʠʷ ʩ 
ʮʝʣʴʶ ʤʘʩʰʪʘʙʠʨʦʚʘʪʴ ʟʥʘʯʝʥʠʷ ʧʨʠʟʥʘʢʦʚ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʦʣʫʯʘʝʪʩʷ ʦʙʫʯʘʶʱʘʷ ʚʳʙʦʨʢʘ. 

ɼʘʣʝʝ ʚʳʙʠʨʘʝʪʩʷ ʤʦʜʝʣʴ ʠʩʭʦʜʷ ʠʟ ʪʦʛʦ, ʥʘʩʢʦʣʴʢʦ ʚʘʞʥʘ ʪʦʯʥʦʩʪʴ ʤʦʜʝʣʠ ʠ ʝʝ 
ʠʥʪʝʨʧʨʝʪʠʨʫʝʤʦʩʪʴ, ʪʦ ʝʩʪʴ ʧʦʥʷʪʥʦʩʪʴ ʨʝʟʫʣʴʪʘʪʦʚ. ʂʨʦʤʝ ʪʦʛʦ, ʩʘʤʦʝ ʚʘʞʥʦʝ - ʚʥʝʜʨʝʥʠʝ 
ʧʦʩʪʨʦʝʥʥʦʡ ʤʦʜʝʣʠ ʚ ʙʠʟʥʝʩ. ɿʜʝʩʴ ʛʠʙʢʦʩʪʴ ʠ ʩʧʦʩʦʙʥʦʩʪʴ ʢ ʠʟʤʝʥʝʥʠʷʤ ʷʚʣʷʝʪʩʷ ʢʣʶʯʝʚʳʤ 
ʢʘʯʝʩʪʚʦʤ ʤʦʜʝʣʠ. ɼʣʷ ʥʝʡʨʦʥʥʳʭ ʩʝʪʝʡ ʤʦʞʥʦ ʛʣʫʙʦʢʦ ʠ ʠʥʜʠʚʠʜʫʘʣʴʥʦ ʥʘʩʪʨʘʠʚʘʪʴ ʘʨʭʠʪʝʢʪʫʨʫ. 
ɽʩʪʴ ʚʦʟʤʦʞʥʦʩʪʴ ʧʝʨʝʭʦʜʠʪʴ ʦʪ ʦʜʥʦʩʣʦʡʥʦʡ ʥʝʡʨʦʥʥʦʡ ʩʝʪʠ ʢ ʤʥʦʛʦʩʣʦʡʥʦʡ ʜʣʷ ʧʦʠʩʢʘ 
ʥʝʣʠʥʝʡʥʳʭ ʟʘʚʠʩʠʤʦʩʪʝʡ, ʤʝʥʷʷ ʧʨʠ ʵʪʦʤ ʥʝʩʢʦʣʴʢʦ ʩʪʨʦʢ ʢʦʜʘ. ɽʱʝ ʠʟ ʧʨʝʠʤʫʱʝʩʪʚ ʤʦʞʥʦ 
ʦʪʤʝʪʠʪʴ ʥʘʣʠʯʠʝ ʨʷʜʘ ʢʘʯʝʩʪʚʝʥʥʳʭ ʬʨʝʡʤʚʦʨʢʦʚ ʜʣʷ ʤʘʰʠʥʥʦʛʦ ʦʙʫʯʝʥʠʷ. 

ɼʣʷ ʦʙʫʯʝʥʠʷ ʥʝʡʨʦʩʝʪʠ ʩʫʱʝʩʪʚʫʝʪ ʤʥʦʞʝʩʪʚʦ ʤʝʪʦʜʦʚ. ʆʙʫʯʝʥʠʝ ʩʚʦʜʠʪʩʷ ʢ ʪʦʤʫ, ʯʪʦʙʳ 
ʧʦʜʦʙʨʘʪʴ ʥʘʠʙʦʣʝʝ ʧʦʜʭʦʜʷʱʠʝ ʚʝʩʦʚʳʝ ʢʦʵʬʬʠʮʠʝʥʪʳ ʜʣʷ ʧʘʨʘʤʝʪʨʦʚ ʩ ʮʝʣʴʶ ʤʠʥʠʤʠʟʘʮʠʠ 
ʦʰʠʙʢʠ. ɼʦʚʦʣʴʥʦ ʵʬʬʝʢʪʠʚʥʳʤ ʠ ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʫʝʤʳʤ ʷʚʣʷʝʪʩʷ ʤʝʪʦʜ ʦʙʨʘʪʥʦʛʦ 
ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʦʰʠʙʢʠ. ɸʣʛʦʨʠʪʤ ʧʨʝʜʫʩʤʘʪʨʠʚʘʝʪ ʜʚʘ ʧʨʦʭʦʜʘ ʧʦ ʩʣʦʷʤ ʩʝʪʠ. ʇʨʠ ʧʨʦʭʦʜʝ ʚ 
ʧʨʷʤʦʤ ʥʘʧʨʘʚʣʝʥʠʠ ʚʝʩʘ ʵʣʝʤʝʥʪʦʚ ʩʝʪʠ ʬʠʢʩʠʨʦʚʘʥʳ. ʇʨʠ ʧʨʦʭʦʜʝ ʚ ʦʙʨʘʪʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ ʚʝʩʘ 
ʤʝʥʷʶʪʩʷ ʚ ʧʨʦʮʝʩʩʝ ʢʦʨʨʝʢʮʠʠ ʦʰʠʙʦʢ[2]. 

ʇʨʠ ʥʘʣʠʯʠʠ ʦʙʨʘʙʦʪʘʥʥʦʡ ʠ ʥʦʨʤʠʨʦʚʘʥʥʦʡ ʦʙʫʯʘʶʱʝʡ ʚʳʙʦʨʢʠ ʤʦʞʥʦ ʧʨʦʚʝʩʪʠ ʦʙʫʯʝʥʠʝ. 
ʆʜʥʘʢʦ ʯʘʩʪʦ ʵʣʝʤʝʥʪʳ ʜʘʥʥʳʭ ʜʣʷ ʢʘʞʜʦʛʦ ʠʟ ʚʦʟʤʦʞʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʥʝʨʘʚʥʳʭ 
ʧʨʦʧʦʨʮʠʷʭ. ɺ ʪʘʢʦʤ ʩʣʫʯʘʝ ʤʦʞʥʦ ʜʦʙʠʪʴʩʷ ʙʦʣʴʰʦʛʦ ʧʨʦʮʝʥʪʘ ʜʦʩʪʦʚʝʨʥʦʩʪʠ ʜʣʷ ʥʝʚʝʨʥʦʛʦ 
ʨʝʟʫʣʴʪʘʪʘ. ʏʪʦʙʳ ʵʪʦʛʦ ʠʟʙʝʞʘʪʴ, ʥʝʦʙʭʦʜʠʤʦ ʧʨʦʚʦʜʠʪʴ ʦʙʫʯʝʥʠʝ ʥʘ ʧʨʠʤʝʨʘʭ, ʩʦʜʝʨʞʘʱʠʭ 
ʨʘʚʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʜʘʥʥʳʭ ʜʣʷ ʚʩʝʭ ʚʘʨʠʘʥʪʦʚ ʨʝʟʫʣʴʪʘʪʘ. 

ɺʳʙʨʘʚ ʤʦʜʝʣʴ ʠ ʘʣʛʦʨʠʪʤ ʦʙʫʯʝʥʠʷ, ʩʣʝʜʫʝʪ ʨʘʟʜʝʣʠʪʴ ʚʳʙʦʨʢʫ ʥʘ ʜʚʝ ʯʘʩʪʠ. ʅʘ ʙʦʣʴʰʝʡ 
ʯʘʩʪʠ ʜʘʥʥʳʭ ʧʨʦʚʦʜʠʪʩʷ ʦʙʫʯʝʥʠʝ. ʅʝʙʦʣʴʰʘʷ ʯʘʩʪʴ ʦʙʦʩʦʙʣʷʝʪʩʷ ʜʣʷ ʪʝʩʪʦʚ ʩ ʮʝʣʴʶ ʘʥʘʣʠʟʘ 
ʢʘʯʝʩʪʚʘ ʧʦʣʫʯʝʥʥʦʡ ʤʦʜʝʣʠ. 

ʂʘʯʝʩʪʚʦ ʦʮʝʥʠʚʘʝʪʩʷ ʧʦ ʜʦʩʪʦʚʝʨʥʦʩʪʠ ʨʝʟʫʣʴʪʘʪʦʚ ʚ ʧʨʦʮʝʥʪʘʭ, ʢʨʦʤʝ ʪʦʛʦ ʠʩʧʦʣʴʟʫʶʪʩʷ 
ʪʘʢʠʝ ʤʝʪʨʠʢʠ, ʢʘʢ ʪʦʯʥʦʩʪʴ, ʧʦʣʥʦʪʘ, F-ʤʝʨʘ[2]. ɼʣʷ ʠʥʪʝʨʧʨʝʪʘʮʠʠ ʤʦʜʝʣʠ ʧʨʦʚʦʜʠʪʩʷ ʦʙʨʘʪʥʦʝ 
ʦʪʦʙʨʘʞʝʥʠʝ ʯʠʩʣʦʚʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʚ ʠʩʭʦʜʥʳʝ ʧʨʠʟʥʘʢʠ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʩ ʧʦʤʦʱʴʶ ʥʝʡʨʦʩʝʪʝʚʳʭ ʪʝʭʥʦʣʦʛʠʡ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʧʦʩʪʨʦʝʥʠʝ, ʦʙʫʯʝʥʠʝ ʠ 
ʘʥʘʣʠʟ ʤʦʜʝʣʠ ʜʣʷ ʧʨʠʥʷʪʠʷ ʨʝʰʝʥʠʷ ʦ ʚʳʙʦʨʝ ʦʧʪʠʤʘʣʴʥʦʛʦ ʪʫʨʠʩʪʠʯʝʩʢʦʛʦ ʧʨʦʜʫʢʪʘ. 
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ʇʈʀʄɽʅɽʅʀɽ ʍʈɸʅʀʃʀʑ ɼɸʅʅʓʍ 
ɼʃʗ ʉʈɽɼʅɽɻʆ ʀ ʂʈʋʇʅʆɻʆ ɹʀɿʅɽʉɸ 

ʂʫʣʠʢʦʚ ʉ.ʉ., ʐʘʚʣʠʩ ɺ.ʂ. 

ɹʝʣʦʨʫʩʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʥʬʦʨʤʘʪʠʢʠ ʠ ʨʘʜʠʦʵʣʝʢʪʨʦʥʠʢʠ 
ʛ. ʄʠʥʩʢ, ʈʝʩʧʫʙʣʠʢʘ ɹʝʣʘʨʫʩʴ 

ʂʫʣʠʢʦʚ ʉ.ʉ. ï ʢ.ʪ.ʥ.,ʜʦʮʝʥʪ 

ʈʘʙʦʪʘ ʨʘʩʩʤʘʪʨʠʚʘʝʪ ʧʝʨʩʧʝʢʪʠʚʳ ʨʘʟʚʠʪʠʷ ʙʠʟʥʝʩʘ ʧʦʩʣʝ ʚʥʝʜʨʝʥʠʷ ʪʘʢʦʡ Business Intelligence ʪʝʭʥʦʣʦʛʠʠ, ʢʘʢ ʭʨʘʥʠʣʠʱʝ 
ʜʘʥʥʳʭ. ɺ ʜʘʥʥʦʤ ʤʘʪʝʨʠʘʣʝ ʚʳʜʝʣʝʥʳ ʥʘʠʙʦʣʝʝ ʟʥʘʯʠʤʳʝ ʮʝʣʠ, ʟʘʜʘʯʠ ʠ ʦʩʦʙʝʥʥʦʩʪʠ ʩʦʟʜʘʥʠʷ ʠ ʵʢʩʧʣʫʘʪʘʮʠʠ ʭʨʘʥʠʣʠʱ, ʘ 
ʪʘʢʞʝ ʯʘʩʪʦ ʚʩʪʨʝʯʘʶʱʠʝʩʷ ʩʣʦʞʥʦʩʪʠ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʜʘʥʥʳʭ. ʈʘʙʦʪʘ ʦʧʠʩʳʚʘʝʪ ʠ ʤʘʩʩʦʚʳʝ ʩʨʝʜʩʪʚʘ ʜʣʷ ʨʘʙʦʪʳ ʩ 
ʦʙʨʘʙʦʪʘʥʥʦʡ ʠʥʬʦʨʤʘʮʠʝʡ. 

ʇʦ ʩʢʦʣʴʢʫ ʨʘʟʚʠʪʠʝ ʷʟʳʢʦʚ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ ʠ ʪʠʧʦʚ ʭʨʘʥʝʥʠʷ ʜʘʥʥʳʭ ʧʨʦʠʩʭʦʜʠʪ ʦʯʝʥʴ 
ʙʳʩʪʨʦ ʠ ʩʪʨʝʤʠʪʝʣʴʥʦ, ʧʨʠʣʦʞʝʥʠʷ ʜʣʷ ʫʧʨʘʚʣʝʥʠʷ ʢʣʠʝʥʪʘʤʠ, ʩʦʪʨʫʜʥʠʢʘʤʠ, ʟʘʧʘʩʘʤʠ, 
ʧʦʩʪʘʚʱʠʢʘʤʠ, ʬʠʥʘʥʩʘʤʠ ʠ ʧʨʦʜʘʞʘʤʠ ʜʦʣʞʥʳ ʪʘʢ ʞʝ ʙʳʩʪʨʦ ʨʝʘʛʠʨʦʚʘʪʴ ʥʘ ʵʪʠ ʠʟʤʝʥʝʥʠʷ. ʅʦ ʩ 
ʠʤʝʶʱʠʤʠʩ ʧʦʜʭʦʜʘʤʠ ʢ ʜʘʥʥʳʤ, ʠʭ ʥʝʣʴʟʷ ʙʳʣʦ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʪʴ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʠʩʪʦʨʠʯʥʦʩʪʠ 
ʠʟʤʝʥʝʥʠʡ, ʯʪʦ ʠ ʩʪʘʣʦ ʮʝʣʴʶ ʨʘʟʚʠʪʠʷ ʭʨʘʥʠʣʠʱ. ʍʨʘʥʠʣʠʱʘ ʜʘʥʥʳʭ ʧʦʜʜʝʨʞʠʚʘʶʪ ʙʠʟʥʝʩ-
ʨʝʰʝʥʠʷ ʟʘ ʩʯʝʪ ʩʙʦʨʘ, ʢʦʥʩʦʣʠʜʘʮʠʠ ʠ ʦʨʛʘʥʠʟʘʮʠʠ ʜʘʥʥʳʭ ʜʣʷ ʩʦʩʪʘʚʣʝʥʠʷ ʦʪʯʝʪʦʚ ʠ ʘʥʘʣʠʟʘ ʩ 
ʧʦʤʦʱʴʶ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʦʛʦ ʘʥʘʣʠʟʘ ʜʘʥʥʳʭ. ʇʨʠ ʩʦʟʜʘʥʠʠ ʭʨʘʥʠʣʠʱʘ ʤʳ ʤʦʞʝʤ ʩʪʦʣʢʥʫʪʴʩʷ ʩʦ 
ʩʣʦʞʥʦʩʪʴʶ: ʨʘʟʥʳʝ ʪʠʧʳ ʜʘʥʥʳʭ, ʪʨʝʙʫʶʱʠʝ ʧʨʠʚʝʜʝʥʠʷ ʢ ʦʙʱʝʤʫ ʚʠʜʫ ʜʣʷ ʚʦʟʤʦʞʥʦʩʪʠ 
ʩʨʘʚʥʝʥʠʷ ʠ ʘʥʘʣʠʟʘ. 

ʏʪʦʙʳ ʧʦʤʦʯʴ ʙʠʟʥʝʩʫ ʨʘʟʚʠʚʘʪʴʩʷ ʥʝʦʙʭʦʜʠʤʦ ʧʝʨʝʡʪʠ ʦʪ ʪʨʘʥʟʘʢʮʠʦʥʥʦʡ ʙʘʟʳ ʜʘʥʥʳʭ, 
ʢʦʪʦʨʘʷ ʭʨʘʥʠʪ ʚ ʩʝʙʝ ʚʩʝ ʘʢʪʫʘʣʴʥʳʝ ʩʚʝʜʝʥʠʷ ʦ ʧʨʝʜʤʝʪʥʦʡ ʦʙʣʘʩʪʠ ʠ ʥʘʧʨʘʚʣʝʥʘ ʥʘ ʙʳʩʪʨʦʪʫ 
ʚʩʪʘʚʢʠ ʤʘʣʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʥʦʚʳʭ ʜʘʥʥʳʭ, ʢ ʭʨʘʥʠʣʠʱʫ ʜʘʥʥʳʭ, ʧʨʠʟʚʘʥʥʦʛʦ ʜʘʪʴ ʯʝʪʢʠʡ ʘʥʘʣʠʟ 
ʨʘʙʦʪʳ ʧʨʝʜʧʨʠʷʪʠʷ ʠʣʠ ʬʠʨʤʳ. ɹʣʘʛʦʜʘʨʷ ʧʨʦʠʟʚʝʜʝʥʥʦʤʫ ʘʥʘʣʠʟʫ ʤʦʞʥʦ ʧʨʠʥʷʪʴ ʚʘʞʥʳʝ ʙʠʟʥʝʩ 
ʨʝʰʝʥʠʷ, ʩʧʦʩʦʙʥʳʝ ʧʨʠʥʝʩʪʠ ʦʛʨʦʤʥʫʶ ʧʨʠʙʳʪʴ ʜʝʣʫ, ʠ ʚʳʷʚʠʪʴ ʩʫʱʝʩʪʚʫʶʱʠʝ ʧʨʦʙʣʝʤʳ, 
ʤʝʰʘʶʱʠʝ ʨʘʟʚʠʚʘʪʴʩʷ. ɼʘʣʝʝ ʩʫʱʝʩʪʚʫʝʪ ʤʥʦʞʝʩʪʚʦ ʧʨʠʣʦʞʝʥʠʡ ʜʣʷ ʚʠʟʫʘʣʠʟʘʮʠʠ ʜʘʥʥʳʭ, 
ʠʟʚʣʝʯʝʥʥʳʭ ʠʟ ʭʨʘʥʠʣʠʱʘ (Tibco Spotfire, Qlikview, Tableau ʠ ʜʨ.). ɼʣʷ ʚʦʟʤʦʞʥʦʩʪʠ ʪʘʢʦʛʦ ʘʥʘʣʠʟʘ 
ʭʨʘʥʠʣʠʱʝ ʜʘʥʥʳʭ ʜʦʣʞʥʦ ʩʦʜʝʨʞʘʪʴ ʘʙʩʦʣʶʪʥʦ ʚʩʝ ʠʩʪʦʨʠʯʝʩʢʠʝ ʠʟʤʝʥʝʥʠʷ ʜʘʥʥʳʭ, ʯʪʦ 
ʩʫʱʝʩʪʚʝʥʥʦ ʫʚʝʣʠʯʠʪ ʦʙʲʝʤʳ ʭʨʘʥʷʱʝʡʩʷ ʠʥʬʦʨʤʘʮʠʠ. ɽʩʣʠ ʦʛʨʦʤʥʳʝ ʨʘʟʤʝʨʳ ʪʨʘʥʟʘʢʮʠʦʥʥʦʡ 
ʙʘʟʳ ʜʘʥʥʳʭ ʤʦʛʫʪ ʟʥʘʯʠʪʝʣʴʥʦ ʟʘʤʝʜʣʠʪʴ ʨʘʙʦʪʫ ʧʨʠʣʦʞʝʥʠʷ (ʦʙʨʘʙʦʪʢʫ ʦʧʝʨʘʮʠʡ), ʪʦ ʫʚʝʣʠʯʝʥʠʝ 
ʨʘʟʤʝʨʘ ʭʨʘʥʠʣʠʱʘ ʪʦʣʴʢʦ ʙʣʘʛʦʧʨʠʷʪʥʦ ʧʦʚʣʠʷʝʪ ʥʘ ʜʝʪʘʣʴʥʳʡ ʘʥʘʣʠʟ ʙʠʟʥʝʩʘ. 

ɼʣʷ ʙʦʣʝʝ ʘʨʛʫʤʝʥʪʠʨʦʚʘʥʥʦʛʦ ʧʝʨʝʭʦʜʘ ʦʪ ʪʨʘʥʟʘʢʮʠʦʥʥʦʡ ʙʘʟʳ ʜʘʥʥʳʭ ʢ ʭʨʘʥʠʣʠʱʫ 
ʧʨʠʚʝʜʝʤ ʦʩʥʦʚʥʳʝ ʠʭ ʦʩʦʙʝʥʥʦʩʪʠ. ʊʨʘʥʟʘʢʮʠʦʥʥʘʷ ʙʘʟʘ ʜʘʥʥʳʭ ʧʨʝʜʥʘʟʥʘʯʝʥʘ ʜʣʷ ʙʠʟʥʝʩ-
ʦʧʝʨʘʮʠʡ ʚ ʨʝʘʣʴʥʦʤ ʚʨʝʤʝʥʠ. ʊʘʢʘʷ ʙʘʟʘ ʦʧʪʠʤʠʟʠʨʦʚʘʥʘ ʜʣʷ ʦʙʱʝʛʦ ʥʘʙʦʨʘ ʪʨʘʥʟʘʢʮʠʡ, ʦʙʳʯʥʦ 
ʜʦʙʘʚʣʷʷ ʠʣʠ ʧʦʣʫʯʘʷ ʧʦ ʦʜʥʦʡ ʩʪʨʦʢʝ ʟʘ ʨʘʟ ʜʣʷ ʪʘʙʣʠʮʳ. ʇʨʠ ʟʘʛʨʫʟʢʝ ʜʘʥʥʳʭ ʧʨʦʠʟʚʦʜʷʪʩʷ 
ʧʨʦʚʝʨʢʠ ʚʭʦʜʷʱʠʭ ʟʥʘʯʝʥʠʡ ʚʦ ʚʨʝʤʷ ʪʨʘʥʟʘʢʮʠʡ (ʚ ʨʝʘʣʴʥʦʤ ʚʨʝʤʝʥʠ), ʠʩʧʦʣʴʟʫʶʪʩʷ ʪʘʙʣʠʮʳ 
ʧʨʦʚʝʨʢʠ ʜʘʥʥʳʭ. ʍʨʘʥʠʣʠʱʝ ʜʘʥʥʳʭ ʧʨʝʜʥʘʟʥʘʯʝʥʦ ʜʣʷ ʘʥʘʣʠʟʘ ʙʠʟʥʝʩ-ʧʦʢʘʟʘʪʝʣʝʡ ʧʦ ʢʘʪʝʛʦʨʠʷʤ 
ʠ ʘʪʨʠʙʫʪʘʤ. ʆʥʦ ʦʧʪʠʤʠʟʠʨʦʚʘʥʦ ʜʣʷ ʤʘʩʩʦʚʳʭ ʟʘʛʨʫʟʦʢ ʠ ʙʦʣʴʰʠʭ ʟʘʧʨʦʩʦʚ, ʢʦʪʦʨʳʝ ʦʙʨʘʱʘʶʪʩʷ ʢ 
ʤʥʦʞʝʩʪʚʫ ʩʪʨʦʢ ʚ ʪʘʙʣʠʮʝ. ɼʘʥʥʳʝ ʟʘʛʨʫʞʘʶʪʩʷ ʫʞʝ ʩʦʛʣʘʩʦʚʘʥʥʳʤʠ, ʪʦ ʝʩʪʴ ʥʝ ʪʨʝʙʫʶʪ ʧʨʦʚʝʨʢʠ ʚ 
ʨʝʘʣʴʥʦʤ ʚʨʝʤʝʥʠ. 

ʍʨʘʥʠʣʠʱʝ ʜʘʥʥʳʭ ʧʨʠʟʚʘʥʦ ʦʙʩʣʫʞʠʚʘʪʴ ʩʚʦʠʭ ʧʦʣʴʟʦʚʘʪʝʣʝʡ - ʘʥʘʣʠʪʠʢʦʚ ʠ ʢʦʥʩʫʣʴʪʘʥʪʦʚ. 
ʆʥʦ ʜʦʣʞʥʦ ʙʳʪʴ ʩʧʨʦʝʢʪʠʨʦʚʘʥʦ ʩ ʫʯʝʪʦʤ ʩʣʝʜʫʶʱʠʭ ʪʨʝʙʦʚʘʥʠʡ [1]: 

1) ʦʙʝʩʧʝʯʝʥʦ ʮʝʥʪʨʘʣʴʥʦʝ ʭʨʘʥʠʣʠʱʝ ʩʦʛʣʘʩʦʚʘʥʥʳʭ ʜʘʥʥʳʭ; 
2) ʙʳʩʪʨʦ ʦʙʨʘʙʘʪʳʚʘʶʪʩʷ ʩʣʦʞʥʳʝ ʟʘʧʨʦʩʳ; 
3) ʧʨʝʜʦʩʪʘʚʣʝʥʦ ʤʥʦʞʝʩʪʚʦ ʤʦʱʥʳʭ ʘʥʘʣʠʪʠʯʝʩʢʠʭ ʠʥʩʪʨʫʤʝʥʪʦʚ, ʪʘʢʠʭ ʢʘʢ OLAP ʠ 
ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʡ ʘʥʘʣʠʟ ʜʘʥʥʳʭ. 

ʉʣʝʜʫʝʪ ʩʦʙʣʶʜʘʪʴ ʥʝʦʙʭʦʜʠʤʳʝ ʩʚʦʡʩʪʚʘ ʘʨʭʠʪʝʢʪʫʨʳ ʜʣʷ ʭʨʘʥʠʣʠʱ ʜʘʥʥʳʭ [2]: 
1) ʨʘʟʜʝʣʝʥʠʝ. ʅʝʦʙʭʦʜʠʤʦ ʨʘʟʜʝʣʠʪʴ ʘʥʘʣʠʪʠʯʝʩʢʫʶ ʠ ʪʨʘʥʟʘʢʮʠʦʥʥʫʶ ʦʙʨʘʙʦʪʢʫ ʜʘʥʥʳʭ; 
2) ʤʘʩʰʪʘʙʠʨʫʝʤʦʩʪʴ. ɸʧʧʘʨʘʪʥʳʝ ʠ ʧʨʦʛʨʘʤʤʥʳʝ ʘʨʭʠʪʝʢʪʫʨʳ ʜʦʣʞʥʳ ʣʝʛʢʦ ʦʙʥʦʚʣʷʪʴʩʷ, 
ʧʦʩʢʦʣʴʢʫ ʫʚʝʣʠʯʠʚʘʶʪʩʷ ʠ ʦʙʲʝʤ ʜʘʥʥʳʭ, ʠ ʯʠʩʣʦ ʪʨʝʙʦʚʘʥʠʡ ʧʦʣʴʟʦʚʘʪʝʣʝʡ; 

3) ʨʘʩʰʠʨʷʝʤʦʩʪʴ. ʉʠʩʪʝʤʘ  ʜʦʣʞʥʘ ʨʘʟʤʝʱʘʪʴ ʥʦʚʳʝ ʧʨʠʣʦʞʝʥʠʷ ʙʝʟ ʝʸ ʧʝʨʝʩʪʨʦʡʢʠ; 
4) ʙʝʟʦʧʘʩʥʦʩʪʴ. ɼʦʩʪʫʧ ʢ ʜʘʥʥʳʤ, ʠʤʝʶʱʠʤʩʷ ʚ ʭʨʘʥʠʣʠʱʘʭ ʜʘʥʥʳʭ, ʜʦʣʞʝʥ ʙʳʪʴ 
ʟʘʱʠʱʝʥʥʳʤ; 

5) ʫʧʨʘʚʣʷʝʤʦʩʪʴ. ʋʧʨʘʚʣʝʥʠʝ ʭʨʘʥʠʣʠʱʝʤ ʜʘʥʥʳʭ ʥʝ ʜʦʣʞʥʦ ʙʳʪʴ ʩʣʠʰʢʦʤ ʩʣʦʞʥʳʤ. 
ʎʝʣʴ ʭʨʘʥʠʣʠʱ ð ʠʥʪʝʨʧʨʝʪʠʨʦʚʘʪʴ ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʜʘʥʥʳʭ, ʟʘʦʩʪʨʷʷ ʚʥʠʤʘʥʠʝ ʣʠʰʴ ʥʘ 

ʢʣʶʯʝʚʳʭ ʬʘʢʪʦʨʘʭ ʵʬʬʝʢʪʠʚʥʦʩʪʠ, ʤʦʜʝʣʠʨʫʷ ʠʩʭʦʜ ʨʘʟʣʠʯʥʳʭ ʚʘʨʠʘʥʪʦʚ ʜʝʡʩʪʚʠʡ ʧʨʝʜʧʨʠʷʪʠʷ, 
ʦʪʩʣʝʞʠʚʘʷ ʨʝʟʫʣʴʪʘʪʳ ʧʨʠʥʷʪʠʷ ʨʝʰʝʥʠʡ. ɼʘʥʥʳʝ ʭʨʘʥʠʣʠʱ ʚʢʣʶʯʘʶʪ ʚ ʩʝʙʷ ʩʪʨʘʪʝʛʠʠ ʠ 
ʪʝʭʥʦʣʦʛʠʠ, ʠʩʧʦʣʴʟʫʝʤʳʝ ʧʨʝʜʧʨʠʷʪʠʷʤʠ ʜʣʷ ʘʥʘʣʠʪʠʢʠ ʜʝʣʦʚʳʭ ʜʘʥʥʳʭ.  
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ʉʧʠʩʦʢ ʠʩʧʦʣʴʟʦʚʘʥʥʳʭ ʠʩʪʦʯʥʠʢʦʚ: 
1. Greenwald R., & Stackowiak R., & Stern J. Oracle Essentials, Fifth Edition. Sebastopol: OôReilly Media, Inc., 2013 ï P 214. 

2. Greenwald R., & Stackowiak R., & Stern J. Oracle Essentials, Fifth Edition. Sebastopol: OôReilly Media, Inc., 2013 ï P 122. 

 

 

ʄʆɼɽʃʀ ʀ ɸʃɻʆʈʀʊʄʓ ʈɸʉʇʈʆʉʊʈɸʅɽʅʀʗ ʈɸɼʀʆɸʂʊʀɺʅʓʍ 
ɺɽʑɽʉʊɺ ɺ ʆʂʈʋɾɸʖʑɽʁ ʉʈɽɼɽ 

ʐʘʤʳʥʘ ɸ.ʖ. 

ɹʝʣʦʨʫʩʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʥʬʦʨʤʘʪʠʢʠ ʠ ʨʘʜʠʦʵʣʝʢʪʨʦʥʠʢʠ 
ʛ. ʄʠʥʩʢ, ʈʝʩʧʫʙʣʠʢʘ ɹʝʣʘʨʫʩʴ 

ʃʘʧʠʮʢʘʷ ʅ.ɺ. ï ʢ.ʪ.ʥ.,ʜʦʮʝʥʪ 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʚ ʤʠʨʝ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʯʠʩʣʦ ʧʦʪʝʥʮʠʘʣʴʥʦ ʦʧʘʩʥʳʭ ʦʙʲʝʢʪʦʚ, ʢʦʪʦʨʳʝ ʧʨʝʜʩʪʘʚʣʷʶʪ ʫʛʨʦʟʫ ʚʦʟʥʠʢʥʦʚʝʥʠʷ 
ʘʚʘʨʠʡ ʩ ʨʘʜʠʦʘʢʪʠʚʥʳʤ ʟʘʛʨʷʟʥʝʥʠʝʤ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ. ʆʜʥʦʚʨʝʤʝʥʥʦ ʩ ʵʪʠʤ ʦʩʦʙʳʡ ʠʥʪʝʨʝʩ ʧʨʝʜʩʪʘʚʣʷʶʪ ʘʚʘʨʠʡʥʳʝ 
ʧʨʦʛʥʦʟʥʳʝ ʤʦʜʝʣʠ ʠ ʠʭ ʧʨʦʛʨʘʤʤʥʳʝ ʨʝʘʣʠʟʘʮʠʠ, ʢʦʪʦʨʳʝ ʧʦʟʚʦʣʷʶʪ ʦʩʫʱʝʩʪʚʠʪʴ ʧʦʜʜʝʨʞʢʫ ʧʨʠʥʷʪʠʷ ʫʧʨʘʚʣʝʥʯʝʩʢʦʛʦ 
ʨʝʰʝʥʠʷ ʥʘ ʨʘʟʥʳʭ ʵʪʘʧʘʭ ʨʘʟʚʠʪʠʷ ʘʚʘʨʠʡʥʦʡ ʩʠʪʫʘʮʠʠ. ʊʘʢʠʤʠ ʤʦʜʝʣʷʤʠ ʷʚʣʷʶʪʩʷ ʩʦʚʨʝʤʝʥʥʳʝ ʨʝʘʣʠʟʘʮʠʠ ʛʘʫʩʩʦʚʳʭ 
ʤʦʜʝʣʝʡ. 

ɼʘʥʥʳʝ ʤʦʜʝʣʠ ʦʪʥʦʩʷʪʩʷ ʢ ʣʦʢʘʣʴʥʳʤ ʤʦʜʝʣʷʤ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʟʘʛʨʷʟʥʷʶʱʠʭ ʚʝʱʝʩʪʚ ʚ 
ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʝ. ʕʪʦ ʦʟʥʘʯʘʝʪ, ʯʪʦ ʜʘʥʥʳʝ ʤʦʜʝʣʠ ʤʦʛʫʪ ʠʩʧʦʣʴʟʦʚʘʪʴ ʜʣʷ ʤʦʜʝʣʠʨʦʚʘʥʠʷ 
ʧʝʨʝʥʦʩʘ ʟʘʛʨʷʟʥʷʶʱʠʭ ʚʝʱʝʩʪʚ ʚ ʘʪʤʦʩʬʝʨʝ ʥʝ ʙʦʣʝʝ ʯʝʤ ʥʘ 10 ʢʤ ʦʪ ʠʩʪʦʯʥʠʢʘ ʠ ʜʣʷ ʵʢʩʧʨʝʩʩ-
ʦʮʝʥʢʠ ʥʘ ʨʘʩʩʪʦʷʥʠʠ ʜʦ 30 ʢʤ. 

ɼʘʥʥʘʷ ʤʦʜʝʣʴ ʧʨʝʜʩʪʘʚʣʷʝʪ ʥʘʙʦʨ ʵʤʧʠʨʠʯʝʩʢʠʭ ʬʦʨʤʫʣ ʜʣʷ ʦʧʠʩʘʥʠʷ ʤʥʦʛʦʯʠʩʣʝʥʥʳʭ 
ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʜʘʥʥʳʭ. 

ɺ ʛʘʫʩʩʦʚʳʭ ʤʦʜʝʣʷʭ ʧʨʝʜʧʦʣʘʛʘʝʪʩʷ, ʯʪʦ ʧʝʨʝʥʦʩ ʚ ʘʪʤʦʩʬʝʨʝ ʟʘʛʨʷʟʥʷʶʱʝʛʦ ʚʝʱʝʩʪʚʘ ʧʦ 
ʛʦʨʠʟʦʥʪʘʣʠ ʠ ʧʦ ʚʝʨʪʠʢʘʣʠ ʧʨʦʠʩʭʦʜʠʪ ʧʦ ʥʦʨʤʘʣʴʥʦʤʫ ʟʘʢʦʥʫ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʧʨʠ ʧʦʩʪʦʷʥʥʳʭ 
ʥʘʧʨʘʚʣʝʥʠʠ ʠ ʩʢʦʨʦʩʪʠ ʚʝʪʨʘ ʠ ʫʩʣʦʚʠʷʭ ʩʦʭʨʘʥʝʥʠʷ ʫʩʪʦʡʯʠʚʦʩʪʠ ʘʪʤʦʩʬʝʨʳ ʚ ʪʝʯʝʥʠʝ ʚʨʝʤʝʥʠ 
ʧʝʨʝʥʦʩʘ.  

ʆʜʥʘʢʦ ʜʦʧʫʱʝʥʠʷ ʦʪʥʦʩʠʪʝʣʴʥʦ ʚʥʝʰʥʠʭ ʫʩʣʦʚʠʡ ʜʣʷ ʩʨʝʜʳ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʟʥʘʯʠʪʝʣʴʥʦ 
ʩʥʠʞʘʶʪ ʜʦʩʪʦʚʝʨʥʦʩʪʴ ʨʝʟʫʣʴʪʘʪʦʚ ʧʨʦʛʥʦʟʘ ʨʘʟʚʠʪʠʷ ʘʚʘʨʠʡʥʦʡ ʩʠʪʫʘʮʠʠ ʠ ʜʝʣʘʶʪ ʥʝʚʦʟʤʦʞʥʳʤ 
ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʵʪʠʭ ʤʦʜʝʣʝʡ ʥʘ ʨʘʩʩʪʦʷʥʠʠ ʙʦʣʝʝ 30 ʢʤ ʦʪ ʠʩʪʦʯʥʠʢʘ ʚʳʙʨʦʩʘ [1]. 

ɺ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ ʧʨʝʜʣʘʛʘʝʪʩʷ ʧʨʠʤʝʥʝʥʠʝ ʫʪʦʯʥʝʥʥʳʭ ʤʝʪʝʦʧʘʨʘʤʝʪʨʦʚ ʜʣʷ ʢʦʥʢʨʝʪʥʦʡ 
ʪʦʯʢʠ ʨʘʩʯʝʪʥʦʡ ʩʝʪʢʠ, ʘ ʪʘʢʞʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʧʨʦʬʠʣʷ ʤʝʩʪʥʦʩʪʠ ʚʜʦʣʴ ʦʩʠ ʩʣʝʜʘ ʧʨʠ ʨʘʩʯʝʪʝ 
ʢʦʵʬʬʠʮʠʝʥʪʘ ʰʝʨʦʭʦʚʘʪʦʩʪʠ ʧʦʜʩʪʠʣʘʶʱʠʡ ʧʦʚʝʨʭʥʦʩʪʠ. ʕʪʦʪ ʧʦʜʭʦʜ ʟʥʘʯʠʪʝʣʴʥʦ ʧʦʚʳʰʘʝʪ 
ʜʦʩʪʦʚʝʨʥʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʛʘʫʩʩʦʚʳʭ ʤʦʜʝʣʝʡ ʠ ʧʦʟʚʦʣʷʝʪ ʜʝʣʘʪʴ ʧʨʦʛʥʦʟ ʥʘ ʨʘʩʩʪʦʷʥʠʠ ʜʦ 50 
ʢʤ. 

ɼʣʷ ʧʨʦʚʝʜʝʥʠʷ ʠʩʩʣʝʜʦʚʘʥʠʡ ʤʦʜʝʣʝʡ ʙʳʣʦ ʨʝʘʣʠʟʦʚʘʥʦ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʝ ʧʨʦʛʨʘʤʤʥʦʝ 
ʩʨʝʜʩʪʚʦ, ʚ ʢʦʪʦʨʦʤ ʠʩʧʦʣʴʟʫʝʪʩʷ ʫʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʥʘʷ ʛʘʫʩʩʦʚʘ ʤʦʜʝʣʴ. ʈʝʘʣʠʟʦʚʘʥʥʦʝ 
ʧʨʦʛʨʘʤʤʥʦʝ ʩʨʝʜʩʪʚʦ ʪʘʢʞʝ ʧʦʜʜʝʨʞʠʚʘʝʪ ʩʣʝʜʫʶʱʠʝ ʬʫʥʢʮʠʠ: 

1) ʨʘʩʯʝʪ ʧʨʠʟʝʤʥʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ; 
2) ʨʘʩʯʝʪ ʚʥʝʰʥʠʭ ʠ ʠʥʛʘʣʷʮʠʦʥʥʳʭ ʜʦʟ ʦʙʣʫʯʝʥʠʷ; 
3) ʨʘʩʯʝʪ ʚʥʫʪʨʝʥʥʠʭ ʜʦʟ ʦʙʣʫʯʝʥʠʷ; 
4) ʧʦʩʪʨʦʝʥʠʝ ʜʣʷ ʚʳʙʨʘʥʥʦʛʦ ʨʘʜʠʦʥʫʢʣʠʜʘ ʧʦʣʠʛʦʥʠʟʠʨʦʚʘʥʥʦʛʦ ʧʦʢʨʳʪʠʷ; 
5) ʚʳʨʘʙʦʪʢʫ ʨʝʢʦʤʝʥʜʘʮʠʡ ʧʦ ʧʨʦʚʝʜʝʥʠʶ ʟʘʱʠʪʥʳʭ ʤʝʨʦʧʨʠʷʪʠʡ ʜʣʷ ʥʘʩʝʣʝʥʠʷ;  
6) ʨʘʩʯʝʪ ʧʣʦʪʥʦʩʪʠ ʚʳʧʘʜʝʥʠʡ ʥʘ ʧʦʜʩʪʠʣʘʶʱʫʶ ʧʦʚʝʨʭʥʦʩʪʴ; 
7) ʦʮʝʥʢʘ ʟʘʛʨʷʟʥʝʥʠʷ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ ʧʨʠ ʥʦʨʤʘʣʴʥʦʡ ʵʢʩʧʣʫʘʪʘʮʠʠ. 
ʇʦʣʷ ʢʦʥʮʝʥʪʨʘʮʠʡ ʚʳʧʘʜʝʥʠʡ ʟʘʛʨʷʟʥʷʶʱʠʭ ʚʝʱʝʩʪʚ ʦʪʦʙʨʘʞʘʶʪʩʷ ʢʘʢ ʧʦʣʠʛʦʥʠʟʠʨʦʚʘʥʥʦʝ 

ʧʦʢʨʳʪʠʝ. ʆʥʦ ʩʪʨʦʠʪʩʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʠʥʪʝʨʧʦʣʷʮʠʦʥʥʦʛʦ ʤʝʪʦʜʘ ʦʙʨʘʪʥʳʭ ʨʘʜʠʫʩʦʚ, 
ʠʩʭʦʜʥʳʤʠ ʪʦʯʢʘʤʠ ʜʣʷ ʢʦʪʦʨʦʛʦ ʩʣʫʞʘʪ ʧʦʣʫʯʝʥʥʳʝ ʚ ʨʝʟʫʣʴʪʘʪʝ ʨʘʩʯʝʪʘ ʪʦʯʝʯʥʳʝ ʟʥʘʯʝʥʠʷ ʩ 
ʟʘʜʘʥʥʦʡ ʜʠʩʢʨʝʪʥʦʩʪʴʶ. ʇʦʩʣʝ ʯʝʛʦ ʜʘʥʥʦʝ ʧʦʢʨʳʪʠʝ ʧʨʠʚʷʟʳʚʘʝʪʩʷ ʢ ʢʘʨʪʦʛʨʘʬʠʯʝʩʢʦʡ ʧʦʜʣʦʞʢʝ. 

ʇʨʠ ʨʘʟʨʘʙʦʪʢʝ ʜʘʥʥʦʛʦ ʧʨʦʛʨʘʤʤʥʦʛʦ ʩʨʝʜʩʪʚʘ ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʷʟʳʢ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ C#. 
ɼʣʷ ʧʦʩʪʨʦʝʥʠʷ ʛʨʘʬʠʯʝʩʢʦʛʦ ʠʥʪʝʨʬʝʡʩʘ ʧʦʣʴʟʦʚʘʪʝʣʷ ʙʳʣʘ ʠʩʧʦʣʴʟʦʚʘʥʘ ʪʝʭʥʦʣʦʛʠʷ WPF. ʈʘʙʦʪʘ 
ʩ ʢʘʨʪʦʛʨʘʬʠʯʝʩʢʠʤʠ ʩʣʦʷʤʠ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʙʠʙʣʠʦʪʝʢʠ DotSpatial. 

ɼʦʩʪʦʚʝʨʥʦʩʪʴ ʨʘʙʦʪʳ ʤʦʜʝʣʠ ʦʙʝʩʧʝʯʝʥʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʚʝʨʠʬʠʢʘʮʠʠ ʩ ʜʨʫʛʠʤʠ ʠʟʚʝʩʪʥʳʤʠ 
ʤʦʜʝʣʷʤʠ, ʘ ʪʘʢʞʝ ʨʝʟʫʣʴʪʘʪʘʤʠ ʚʝʨʠʬʠʢʘʮʠʠ ʥʘ ʢʦʥʢʨʝʪʥʳʭ ʨʘʜʠʘʮʠʦʥʥʳʭ ʠʥʮʠʜʝʥʪʘʭ ʠ 
ʵʢʩʧʝʨʠʤʝʥʪʘʭ ʧʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʶ ʧʨʠʤʝʩʠ ʚ ʘʪʤʦʩʬʝʨʝ. 

ʇʨʠ ʤʦʜʝʣʠʨʦʚʘʥʠʠ ʫʯʠʪʳʚʘʝʪʩʷ ʮʝʣʳʡ ʨʷʜ ʬʘʢʪʠʯʝʩʢʠʭ ʤʝʪʝʦʨʦʣʦʛʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ. ʅʘ 
ʜʘʥʥʳʡ ʤʦʤʝʥʪ ʜʣʷ ʠʭ ʠʤʧʦʨʪʘ ʠʩʧʦʣʴʟʫʶʪʩʷ ʦʪʢʨʳʪʳʝ API ʧʦʛʦʜʳ, ʦʜʥʘʢʦ ʚʦʟʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ 
ʜʘʥʥʳʭ ʦ ʧʦʛʦʜʝ ʩ ɸʉʂʈʆ (ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʘʷ ʩʠʩʪʝʤʘ ʢʦʥʪʨʦʣʷ ʨʘʜʠʘʮʠʦʥʥʦʡ ʦʙʩʪʘʥʦʚʢʠ), ʘ ʪʘʢʞʝ 
ʙʣʠʟʣʝʞʘʱʠʭ ʤʝʪʝʦʩʪʘʥʮʠʡ ʜʣʷ ʧʦʚʳʰʝʥʠʷ ʪʦʯʥʦʩʪʠ ʨʘʩʯʝʪʘ [2]. 



55-ʷ ʶʙʠʣʝʡʥʘʷ ʥʘʫʯʥʘʷ ʢʦʥʬʝʨʝʥʮʠʷ ʘʩʧʠʨʘʥʪʦʚ, ʤʘʛʠʩʪʨʘʥʪʦʚ ʠ ʩʪʫʜʝʥʪʦʚ ɹɻʋʀʈ, 2019 ʛ. 
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ʉʧʠʩʦʢ ʠʩʧʦʣʴʟʦʚʘʥʥʳʭ ʠʩʪʦʯʥʠʢʦʚ: 
1. ʄʝʪʦʜʠʢʘ ʨʘʩʯʝʪʘ ʨʘʩʩʝʷʥʠʷ ʟʘʛʨʷʟʥʷʶʱʠʭ ʚʝʱʝʩʪʚ ʚ ʘʪʤʦʩʬʝʨʝ ʧʨʠ ʘʚʘʨʠʡʥʳʭ ʚʳʙʨʦʩʘʭ. ʈɼ 52.18.717-2009. 

ʆʙʥʠʥʩʢ, ʆʆʆ çʇʈʀʅʊ-ʉɽʈɺʀʉè -- 2009. ï ʉ. 36 - 42. 
2. ʐʘʤʳʥʘ, ɸ. ʖ. ʇʨʦʛʨʘʤʤʥʦʝ ʩʨʝʜʩʪʚʦ ʜʣʷ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʨʘʜʠʦʥʫʢʣʠʜʦʚ ʚ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʝ ʥʘ 

ʦʩʥʦʚʝ ʛʘʫʩʩʦʚʦʡ ʤʦʜʝʣʠ / ɸ. ʖ. ʐʘʤʳʥʘ, ɸ. ɼ. ɸʨʜʷʢʦ // ʀʥʬʦʨʤʘʮʠʦʥʥʳʝ ʪʝʭʥʦʣʦʛʠʠ ʠ ʩʠʩʪʝʤʳ 2018 (ʀʊʉ 2018) = 
Information Technologies and Systems 2018 (ITS 2018) : ʤʘʪʝʨʠʘʣʳ ʤʝʞʜʫʥʘʨʦʜʥʦʡ ʥʘʫʯʥʦʡ ʢʦʥʬʝʨʝʥʮʠʠ, ʄʠʥʩʢ, 25 ʦʢʪʷʙʨʷ 
2018 ʛ. / ɹʝʣʦʨʫʩʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʥʬʦʨʤʘʪʠʢʠ ʠ ʨʘʜʠʦʵʣʝʢʪʨʦʥʠʢʠ ; ʨʝʜʢʦʣ. : ʃ. ʖ. ʐʠʣʠʥ [ʠ ʜʨ.]. ï ʄʠʥʩʢ, 
2018. ï ʉ. 182 - 183. 

 
 

ʇʆɼɻʆʊʆɺʂɸ ʀ ʆɹʈɸɹʆʊʂɸ ʄɸʈʂʀʈʆɺɸʅʅʓʍ 
ʊɽʉʊʆɺʓʍ ɿɸɼɸʅʀʁ 

ʐʝʥʜʝʨʦʚʠʯ ɺ.ɸ. 

ɹʝʣʦʨʫʩʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʥʬʦʨʤʘʪʠʢʠ ʠ ʨʘʜʠʦʵʣʝʢʪʨʦʥʠʢʠ 
ʛ. ʄʠʥʩʢ, ʈʝʩʧʫʙʣʠʢʘ ɹʝʣʘʨʫʩʴ 

ɼʝʤʝʥʢʦʚʝʮ ɼ.ɺ. ï ʘʩʩʠʩʪʝʥʪ 

ɺ ʜʦʢʣʘʜʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʧʨʦʛʨʘʤʤʥʦʝ ʩʨʝʜʩʪʚʦ ñɻʝʥʝʨʘʪʦʨ ʪʝʩʪʦʚò, ʢʦʪʦʨʦʝ ʧʦʟʚʦʣʷʝʪ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʪʴ ʧʨʦʮʝʩʩʳ 

ʧʦʜʛʦʪʦʚʢʠ ʪʝʩʪʦʚʳʭ ʟʘʜʘʥʠʡ ʠ ʦʙʨʘʙʦʪʢʠ ʦʪʚʝʪʦʚ ʥʘ ʥʠʭ, ʦʩʥʦʚʳʚʘʷʩʴ ʥʘ ʤʘʨʢʠʨʦʚʢʝ ʬʦʨʤʠʨʫʝʤʳʭ ʪʝʩʪʦʚ ʰʪʨʠʭ-ʢʦʜʘʤʠ. 

ʂʦʤʧʴʶʪʝʨʥʦʝ ʪʝʩʪʠʨʦʚʘʥʠʝ ʠʤʝʝʪ ʨʷʜ ʧʨʠʩʫʱʠʭ ʝʤʫ ʥʝʜʦʩʪʘʪʢʦʚ, ʯʪʦ ʦʛʨʘʥʠʯʠʚʘʝʪ ʩʬʝʨʫ ʝʛʦ 
ʧʨʠʤʝʥʝʥʠʷ ʠ ʦʙʫʩʣʦʚʣʠʚʘʝʪ ʩʦʭʨʘʥʝʥʠʝ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚ ʫʯʝʙʥʦʤ ʧʨʦʮʝʩʩʝ 
ʪʨʘʜʠʮʠʦʥʥʦʡ ʬʦʨʤʳ ʢʦʥʪʨʦʣʷ ʟʥʘʥʠʡ ʩʪʫʜʝʥʪʦʚ, ʦʩʫʱʝʩʪʚʣʷʝʤʦʡ ʧʨʝʧʦʜʘʚʘʪʝʣʝʤ ʩ 
ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʵʢʟʘʤʝʥʘʮʠʦʥʥʳʭ ʙʠʣʝʪʦʚ, ʪʦ ʝʩʪʴ ʪʝʩʪʦʚʳʭ ʟʘʜʘʥʠʡ, ʚʳʜʘʚʘʝʤʳʭ ʥʘ ʙʫʤʘʞʥʦʤ 
ʥʦʩʠʪʝʣʝ. ʈʘʙʦʪʘ ʧʨʦʛʨʘʤʤʥʦʛʦ ʩʨʝʜʩʪʚʘ ñɻʝʥʝʨʘʪʦʨ ʪʝʩʪʦʚò ʧʦʩʪʨʦʝʥʘ ʥʘ ʦʩʥʦʚʝ ʟʘʧʦʣʥʷʝʤʦʡ 
ʧʦʣʴʟʦʚʘʪʝʣʝʤ ʙʘʟʳ ʜʘʥʥʳʭ, ʩʦʜʝʨʞʘʱʝʡ ʥʘʙʦʨʳ ʚʦʧʨʦʩʦʚ ʧʦ ʪʝʤʘʤ ʫʯʝʙʥʦʛʦ ʧʨʝʜʤʝʪʘ ʠ ʦʪʚʝʪʳ ʥʘ 
ʥʠʭ. ʂʘʢ ʧʨʘʚʠʣʦ, ʜʣʷ ʥʘʧʦʣʥʝʥʠʷ ʪʘʢʦʡ ʙʘʟʳ ʠʤʝʝʪʩʷ ʜʦʩʪʘʪʦʯʥʦ ʫʯʝʙʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʧʦ ʣʶʙʦʤʫ 
ʢʫʨʩʫ ʦʙʫʯʝʥʠʷ. ʉʦʟʜʘʥʠʝ ʪʝʩʪʦʚʳʭ ʟʘʜʘʥʠʡ (ʥʘʧʨʠʤʝʨ, ʵʢʟʘʤʝʥʘʮʠʦʥʥʳʭ ʙʠʣʝʪʦʚ) ʩ ʥʝʦʙʭʦʜʠʤʳʤʠ 
ʧʘʨʘʤʝʪʨʘʤʠ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʧʫʪʝʤ ʩʣʫʯʘʡʥʦʡ ʚʳʙʦʨʢʠ ʠʟ ʙʘʟʳ ʟʘʜʘʥʥʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʚʦʧʨʦʩʦʚ ʧʦ 
ʦʧʨʝʜʝʣʝʥʥʳʤ ʪʝʤʘʤ, ʧʨʠ ʵʪʦʤ ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴ ʩʦʭʨʘʥʝʥʠʷ ʩʬʦʨʤʠʨʦʚʘʥʥʳʭ ʪʝʩʪʦʚ, 
ʢʘʞʜʳʡ ʠʟ ʢʦʪʦʨʳʭ ʷʚʣʷʝʪʩʷ ʫʥʠʢʘʣʴʥʳʤ ʠ ʤʘʨʢʠʨʫʝʪʩʷ ʰʪʨʠʭ-ʢʦʜʦʤ, ʘ ʪʘʢʞʝ ʠʭ ʠʟʤʝʥʝʥʠʷ, 
ʫʜʘʣʝʥʠʷ ʠ ʚʳʚʦʜʘ ʥʘ ʧʝʯʘʪʴ. ɺ ʧʨʦʮʝʩʩʝ ʬʦʨʤʠʨʦʚʘʥʠʷ ʪʝʩʪʦʚʳʭ ʟʘʜʘʥʠʡ  ʚʦʟʤʦʞʥʦ ʫʢʘʟʘʥʠʝ 
ʧʦʣʴʟʦʚʘʪʝʣʝʤ ʩʣʝʜʫʶʱʠʭ ʧʘʨʘʤʝʪʨʦʚ: ʦʙʱʝʝ ʢʦʣʠʯʝʩʪʚʦ ʚʦʧʨʦʩʦʚ ʚ ʟʘʜʘʥʠʠ, ʢʦʣʠʯʝʩʪʚʦ ʚʦʧʨʦʩʦʚ 
ʧʦ ʢʘʞʜʦʤʫ ʫʨʦʚʥʶ ʩʣʦʞʥʦʩʪʠ, ʯʠʩʣʦ ʚʘʨʠʘʥʪʦʚ ʟʘʜʘʥʠʷ, ʚʦʟʤʦʞʥʦʩʪʴ ʧʦʚʪʦʨʝʥʠʷ ʦʜʥʦʛʦ ʠ ʪʦʛʦ ʞʝ 
ʚʦʧʨʦʩʘ ʚ ʨʘʟʥʳʭ ʚʘʨʠʘʥʪʘʭ. 

ɺ ʩʦʩʪʘʚ ʧʨʦʛʨʘʤʤʥʦʛʦ ʩʨʝʜʩʪʚʘ ʚʭʦʜʠʪ ʤʦʙʠʣʴʥʦʝ ʧʨʠʣʦʞʝʥʠʝ, ʦʙʝʩʧʝʯʠʚʘʶʱʝʝ 
ʨʘʩʧʦʟʥʘʚʘʥʠʝ ʰʪʨʠʭ-ʢʦʜʘ ʪʝʩʪʦʚʦʛʦ ʟʘʜʘʥʠʷ, ʧʦ ʢʦʪʦʨʦʤʫ ʧʨʦʠʟʚʦʜʠʪʩʷ ʝʛʦ ʘʚʪʦʤʘʪʠʯʝʩʢʘʷ 
ʠʜʝʥʪʠʬʠʢʘʮʠʷ, ʠ ʧʝʨʝʜʘʯʫ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʜʘʥʥʳʭ ʧʨʦʛʨʘʤʤʝ. ɼʣʷ ʩʦʧʨʷʞʝʥʠʷ ʪʝʣʝʬʦʥʘ ʩ 
ʢʦʤʧʴʶʪʝʨʦʤ ʠʩʧʦʣʴʟʫʝʪʩʷ ʩʧʝʮʠʘʣʴʥʳʡ QR-ʢʦʜ, ʬʦʨʤʠʨʫʝʤʳʡ ʧʨʦʛʨʘʤʤʦʡ ʧʦ ʟʘʧʨʦʩʫ 
ʧʦʣʴʟʦʚʘʪʝʣʷ ʠ ʩʯʠʪʳʚʘʝʤʳʡ ʤʦʙʠʣʴʥʳʤ ʧʨʠʣʦʞʝʥʠʝʤ. 

ʇʨʦʛʨʘʤʤʥʦʝ ʩʨʝʜʩʪʚʦ ʧʦʜʛʦʪʦʚʢʠ ʠ ʦʙʨʘʙʦʪʢʠ ʤʘʨʢʠʨʦʚʘʥʥʳʭ ʪʝʩʪʦʚʳʭ ʟʘʜʘʥʠʡ ñɻʝʥʝʨʘʪʦʨ 
ʪʝʩʪʦʚò ʧʦʟʚʦʣʷʝʪ ʦʙʝʩʧʝʯʠʪʴ: 

ī ʬʦʨʤʠʨʦʚʘʥʠʝ ʙʘʟʳ ʚʦʧʨʦʩʦʚ ʠ ʦʪʚʝʪʦʚ, ʚʢʣʶʯʘʷ ʚʚʦʜ, ʩʦʭʨʘʥʝʥʠʝ, ʨʝʜʘʢʪʠʨʦʚʘʥʠʝ ʠ 
ʫʜʘʣʝʥʠʝ ʪʝʤ, ʚʦʧʨʦʩʦʚ ʧʦ ʪʝʤʘʤ ʠ ʦʪʚʝʪʦʚ ʥʘ ʚʦʧʨʦʩʳ; 

ī ʛʝʥʝʨʘʮʠʶ ʪʝʩʪʦʚʳʭ ʟʘʜʘʥʠʡ ʥʘ ʦʩʥʦʚʝ ʩʣʫʯʘʡʥʦʡ ʚʳʙʦʨʢʠ ʠʟ ʙʘʟʳ ʜʘʥʥʳʭ ʩ ʫʢʘʟʘʥʥʳʤʠ 
ʧʦʣʴʟʦʚʘʪʝʣʝʤ ʧʘʨʘʤʝʪʨʘʤʠ, ʩʦʭʨʘʥʝʥʠʝ ʠ ʫʜʘʣʝʥʠʝ ʟʘʜʘʥʠʡ, ʬʦʨʤʠʨʦʚʘʥʠʝ 
ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʬʘʡʣʦʚ ʚ ʬʦʨʤʘʪʝ MS Word, ʩʥʘʙʞʝʥʥʳʭ ʠʜʝʥʪʠʬʠʮʠʨʫʶʱʠʤʠ ʰʪʨʠʭ-
ʢʦʜʘʤʠ, ʠ ʠʭ ʨʘʩʧʝʯʘʪʢʫ; 

ī ʚʳʧʦʣʥʝʥʠʝ ʦʧʝʨʘʮʠʡ ʩ ʝʜʠʥʦʡ ʙʘʟʦʡ ʜʘʥʥʳʭ, ʚʢʣʶʯʘʶʱʝʡ ʚʦʧʨʦʩʳ, ʦʪʚʝʪʳ ʠ 
ʩʬʦʨʤʠʨʦʚʘʥʥʳʝ ʪʝʩʪʳ: ʩʦʭʨʘʥʝʥʠʝ, ʦʯʠʩʪʢʘ, ʵʢʩʧʦʨʪ, ʠʤʧʦʨʪ; 

ī ʨʘʙʦʪʫ (ʚʢʣʶʯʘʷ ʧʨʦʚʝʨʢʫ ʧʨʘʚʠʣʴʥʦʩʪʠ ʧʦʣʫʯʝʥʥʳʭ ʦʪʚʝʪʦʚ) ʩ ʨʘʥʝʝ ʩʛʝʥʝʨʠʨʦʚʘʥʥʳʤʠ 
ʪʝʩʪʦʚʳʤʠ ʟʘʜʘʥʠʷʤʠ, ʚʳʙʦʨ ʢʦʪʦʨʳʭ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʧʦʣʴʟʦʚʘʪʝʣʝʤ ʚʨʫʯʥʫʶ ʧʫʪʝʤ 
ʫʢʘʟʘʥʠʷ ʧʦʟʠʮʠʠ ʚ ʩʧʠʩʢʝ ʠʣʠ ʚʚʦʜʘ ʠʜʝʥʪʠʬʠʢʘʪʦʨʘ, ʣʠʙʦ ʧʨʦʠʟʚʦʜʠʪʩʷ ʘʚʪʦʤʘʪʠʯʝʩʢʠ 
ʧʫʪʝʤ ʩʢʘʥʠʨʦʚʘʥʠʷ ʰʪʨʠʭ-ʢʦʜʘ ʯʝʨʝʟ ʤʦʙʠʣʴʥʦʝ ʧʨʠʣʦʞʝʥʠʝ. 

 
ɺʥʝʰʥʠʡ ʚʠʜ ʦʢʥʘ ʧʨʦʛʨʘʤʤʳ ñɻʝʥʝʨʘʪʦʨ ʪʝʩʪʦʚò ʧʨʠʚʝʜʝʥ ʥʘ ʨʠʩʫʥʢʝ 1: 
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ʈʠʩ. 1 ï ʇʨʦʛʨʘʤʤʥʦʝ ʩʨʝʜʩʪʚʦ ñɻʝʥʝʨʘʪʦʨ ʪʝʩʪʦʚò 

 

ʇʨʠʤʝʨ ʩʛʝʥʝʨʠʨʦʚʘʥʥʦʛʦ ʜʦʢʫʤʝʥʪʘ ʧʨʠʚʝʜʸʥ ʥʘ ʨʠʩʫʥʢʝ 2: 

 
ʈʠʩ. 2 ï ʇʨʠʤʝʨ ʪʝʩʪʦʚʦʛʦ ʟʘʜʘʥʠʷ, ʩʦʟʜʘʥʥʦʛʦ ñɻʝʥʝʨʘʪʦʨʦʤ ʪʝʩʪʦʚò 

ʇʦʣʫʯʝʥʥʦʝ ʧʨʦʛʨʘʤʤʥʦʝ ʩʨʝʜʩʪʚʦ ʦʙʝʩʧʝʯʠʚʘʝʪ ʩʦʟʜʘʥʠʝ ʠ ʫʧʨʘʚʣʝʥʠʝ ʙʘʟʦʡ ʜʘʥʥʳʭ 
ʪʝʩʪʦʚʳʭ ʚʦʧʨʦʩʦʚ, ʬʦʨʤʠʨʦʚʘʥʠʝ ʪʝʩʪʦʚʳʭ ʟʘʜʘʥʠʡ ʠʟ ʵʪʠʭ ʚʦʧʨʦʩʦʚ, ʘ ʪʘʢʞʝ ʛʝʥʝʨʘʮʠʶ ʛʦʪʦʚʳʭ 
ʜʣʷ ʧʝʯʘʪʠ ʪʝʢʩʪʦʚʳʭ ʜʦʢʫʤʝʥʪʦʚ ʥʘ ʦʩʥʦʚʝ ʪʝʩʪʦʚʳʭ ʟʘʜʘʥʠʡ. ɼʘʥʥʦʝ ʧʨʦʛʨʘʤʤʥʦʝ ʩʨʝʜʩʪʚʦ 
ʧʦʜʦʭʜʠʪ ʜʣʷ ʧʨʠʤʝʥʝʥʠʷ ʚ ʚʳʩʰʠʭ ʠ ʩʨʝʜʥʝʩʧʝʮʠʘʣʴʥʳʭ ʫʯʝʙʥʳʭ ʟʘʚʝʜʝʥʠʷʭ ʜʣʷ ʢʦʥʪʨʦʣʷ ʟʥʘʥʠʡ, 
ʘ ʚ ʯʘʩʪʥʦʩʪʠ ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ ʜʠʬʬʝʨʝʥʮʠʨʦʚʘʥʥʳʭ ʠ ʥʝʜʠʬʬʝʨʝʥʮʠʨʦʚʘʥʥʳʭ ʟʘʯʝʪʦʚ. 
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ɺʓʗɺʃɽʅʀɽ ʂʃʖʏɽɺʓʍ ʇʈʀɿʅɸʂʆɺ ʇʈʀ ʀʅɼɽʂʉʀʈʆɺɸʅʀʀ 
ʊɽʂʉʊʆɺʓʍ ɼʆʂʋʄɽʅʊʆɺ 

ʐʠʯʢʦʚ ɼ.ɺ. 

ɹʝʣʦʨʫʩʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʥʬʦʨʤʘʪʠʢʠ ʠ ʨʘʜʠʦʵʣʝʢʪʨʦʥʠʢʠ 
ʛ. ʄʠʥʩʢ, ʈʝʩʧʫʙʣʠʢʘ ɹʝʣʘʨʫʩʴ 

ʂʫʣʠʢʦʚ ʉ.ʉ. ï ʢ.ʪ.ʥ.,ʜʦʮʝʥʪ 

ʇʨʝʜʣʘʛʘʝʪʩʷ  ʤʝʪʦʜ ʚʳʜʝʣʝʥʠʷ ʢʣʶʯʝʚʳʭ ʧʨʠʟʥʘʢʦʚ ʧʨʠ ʧʦʩʪʨʦʝʥʠʠ ʧʦʠʩʢʦʚʳʭ ʦʙʨʘʟʦʚ ʪʝʢʩʪʦʚʳʭ ʜʦʢʫʤʝʥʪʦʚ. ʄʝʪʦʜ 
ʦʩʥʦʚʘʥ ʥʘ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʭ ʘʣʛʦʨʠʪʤʦʚ ʩʪʘʪʠʩʪʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ ʜʦʢʫʤʝʥʪʦʚ, ʚ ʢʦʪʦʨʳʭ ʫʯʠʪʳʚʘʶʪʩʷ 
ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʥʝ ʪʦʣʴʢʦ ʩʘʤʠʭ ʪʝʢʩʪʦʚ, ʥʦ ʠ ʟʥʘʥʠʷ ʦ ʧʨʝʜʤʝʪʥʦʡ ʦʙʣʘʩʪʠ ʚ ʚʠʜʝ ʪʝʤʘʪʠʯʝʩʢʠʭ ʢʦʨʧʫʩʦʚ ʪʝʢʩʪʦʚ ʠ 
ʩʬʦʨʤʠʨʦʚʘʥʥʳʭ ʥʘ ʠʭ ʦʩʥʦʚʝ ʣʠʥʛʚʠʩʪʠʯʝʩʢʠʭ ʩʣʦʚʘʨʝʡ. ʄʝʪʦʜ ʤʦʞʝʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥ ʧʨʠ ʠʥʜʝʢʩʠʨʦʚʘʥʠʠ ʪʝʢʩʪʦʚʳʭ 
ʜʦʢʫʤʝʥʪʦʚ ʠʟ ʨʘʟʣʠʯʥʳʭ ʠʩʪʦʯʥʠʢʦʚ (ʀʥʪʝʨʥʝʪ, ʣʦʢʘʣʴʥʘʷ ʩʝʪʴ, ʞʝʩʪʢʠʝ ʜʠʩʢʠ ʦʪʜʝʣʴʥʳʭ ʧʦʣʴʟʦʚʘʪʝʣʝʡ). 

ʀʥʜʝʢʩʠʨʦʚʘʥʠʝ ʪʝʢʩʪʦʚʳʭ ʜʦʢʫʤʝʥʪʦʚ ʦʙʝʩʧʝʯʠʚʘʝʪ ʥʝ ʪʦʣʴʢʦ ʙʳʩʪʨʳʡ, ʥʦ ʠ ʢʘʯʝʩʪʚʝʥʥʳʡ 

ʧʦʠʩʢ. ɺ ʧʨʦʮʝʩʩʝ ʠʥʜʝʢʩʠʨʦʚʘʥʠʷ ʧʨʦʠʩʭʦʜʠʪ ʧʨʠʩʚʘʠʚʘʥʠʝ ʜʦʢʫʤʝʥʪʫ ʩʪʨʫʢʪʫʨʳ, ʥʘʟʳʚʘʝʤʦʡ 

ʧʦʠʩʢʦʚʳʤ ʦʙʨʘʟʦʤ, ʢʦʪʦʨʘʷ ʦʧʠʩʳʚʘʝʪʩʷ ʚ ʪʝʨʤʠʥʘʭ ʠʥʬʦʨʤʘʮʠʦʥʥʦ-ʧʦʠʩʢʦʚʦʛʦ ʷʟʳʢʘ. ʈʘʟʣʠʯʘʶʪ 

ʜʚʘ ʚʠʜʘ ʠʥʜʝʢʩʠʨʦʚʘʥʠʷ [1]: ʢʦʦʨʜʠʥʘʪʥʦʝ ʠ ʧʦʩʪʢʦʦʨʜʠʥʘʪʥʦʝ (ʠʣʠ ʢʣʘʩʩʠʬʠʢʘʮʠʦʥʥʦʝ 

ʠʥʜʝʢʩʠʨʦʚʘʥʠʝ). ʇʨʠ ʧʝʨʚʦʤ ʧʦʜʭʦʜʝ ʧʦʠʩʢʦʚʳʡ ʦʙʨʘʟ ʜʦʢʫʤʝʥʪʘ ʦʧʠʩʳʚʘʝʪʩʷ ʜʝʩʢʨʠʧʪʦʨʘʤʠ 

(ʢʣʶʯʝʚʳʤʠ ʩʣʦʚʘʤʠ, ʩʝʤʘʥʪʠʯʝʩʢʠʤʠ ʧʨʠʟʥʘʢʘʤʠ ʠʣʠ ʧʦʥʷʪʠʷʤʠ ʦʧʨʝʜʝʣʝʥʥʳʭ ʦʥʪʦʣʦʛʠʡ) ʚ 

ʥʝʢʦʪʦʨʦʡ ʩʠʩʪʝʤʝ ʢʦʦʨʜʠʥʘʪ [1, 2], ʘ ʧʨʠ ʚʪʦʨʦʤ ï ʜʦʢʫʤʝʥʪ ʦʪʥʦʩʠʪʩʷ ʢ ʦʜʥʦʤʫ ʠʣʠ ʥʝʩʢʦʣʴʢʠʤ 

ʟʘʨʘʥʝʝ ʩʬʦʨʤʠʨʦʚʘʥʥʳʤ ʢʣʘʩʩʘʤ, ʠʥʜʝʢʩ ʢʦʪʦʨʳʭ ʚʳʩʪʫʧʘʝʪ ʚ ʨʦʣʠ ʧʦʠʩʢʦʚʦʛʦ ʦʙʨʘʟʘ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ ʪʝʢʩʪʘ [1]. ɺ ʙʦʣʴʰʠʥʩʪʚʝ ʩʫʱʝʩʪʚʫʶʱʠʭ ʠʥʬʦʨʤʘʮʠʦʥʥʦ-ʧʦʠʩʢʦʚʳʭ ʩʠʩʪʝʤ 

ʠʩʧʦʣʴʟʫʝʪʩʷ ʢʦʦʨʜʠʥʘʪʥʦʝ ʠʥʜʝʢʩʠʨʦʚʘʥʠʝ, ʚʳʧʦʣʥʷʝʤʦʝ ʧʦʣʥʦʩʪʴʶ ʚ ʘʚʪʦʤʘʪʠʯʝʩʢʦʤ ʨʝʞʠʤʝ [3]. 

ʄʦʞʥʦ ʦʧʨʝʜʝʣʠʪʴ ʩʣʝʜʫʶʱʠʝ ʵʪʘʧʳ ʧʨʠ ʬʦʨʤʠʨʦʚʘʥʠʠ ʧʦʠʩʢʦʚʳʭ ʦʙʨʘʟʦʚ ʜʦʢʫʤʝʥʪʦʚ [4]: 

- ʩʙʦʨ ʬʘʡʣʦʚ, ʧʨʝʜʥʘʟʥʘʯʝʥʥʳʭ ʜʣʷ ʠʥʜʝʢʩʠʨʦʚʘʥʠʷ; 

- ʚʳʜʝʣʝʥʠʝ ʠʟ ʩʦʙʨʘʥʥʦʡ ʢʦʣʣʝʢʮʠʠ ʜʦʢʫʤʝʥʪʦʚ ʪʝʢʩʪʦʚʦʛʦ ʩʦʜʝʨʞʠʤʦʛʦ ʩ ʤʘʢʩʠʤʘʣʴʥʦ 

ʚʦʟʤʦʞʥʦʡ ʩʪʝʧʝʥʴʶ ʩʦʭʨʘʥʝʥʠʷ ʠʩʭʦʜʥʦʡ ʨʘʟʤʝʪʢʠ ʠ ʬʦʨʤʘʪʠʨʦʚʘʥʠʷ; 

- ʣʠʥʛʚʠʩʪʠʯʝʩʢʘʷ ʦʙʨʘʙʦʪʢʘ ʪʝʢʩʪʘ; 

- ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʘʷ ʧʨʦʮʝʜʫʨʘ ʠʥʜʝʢʩʠʨʦʚʘʥʠʷ ʩ ʩʦʭʨʘʥʝʥʠʝʤ ʨʝʟʫʣʴʪʘʪʦʚ ʚ ʙʘʟʝ ʜʘʥʥʳʭ 

ʠʥʬʦʨʤʘʮʠʦʥʥʦ-ʧʦʠʩʢʦʚʦʡ ʩʠʩʪʝʤʳ.  

ɺ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʪʠʧʘ ʠʥʬʦʨʤʘʮʠʦʥʥʦʛʦ ʠʩʪʦʯʥʠʢʘ, ʠʟ ʢʦʪʦʨʦʛʦ ʧʨʦʠʩʭʦʜʠʪ ʬʦʨʤʠʨʦʚʘʥʠʝ 

ʩʧʠʩʢʘ ʜʦʢʫʤʝʥʪʦʚ, ʧʨʝʜʥʘʟʥʘʯʝʥʥʳʭ ʜʣʷ ʠʥʜʝʢʩʠʨʦʚʘʥʠʷ, ʠʩʧʦʣʴʟʫʶʪʩʷ ʨʘʟʣʠʯʥʳʝ ʩʪʨʘʪʝʛʠʠ ʠ 

ʪʝʭʥʦʣʦʛʠʠ. ʅʘʧʨʠʤʝʨ, ʝʩʣʠ ʠʩʪʦʯʥʠʢʦʤ ʚʳʩʪʫʧʘʝʪ ʣʦʢʘʣʴʥʘʷ ʩʝʪʴ ʠʣʠ ʞʝʩʪʢʠʡ ʜʠʩʢ ʢʦʤʧʴʶʪʝʨʘ 

ʧʦʣʴʟʦʚʘʪʝʣʷ, ʪʦ ʩʙʦʨ ʬʘʡʣʦʚ ʤʦʞʥʦ ʚʳʧʦʣʥʠʪʴ ʧʨʦʩʪʳʤ ʩʢʘʥʠʨʦʚʘʥʠʝʤ ʠʥʪʝʨʝʩʫʶʱʠʭ ʦʙʲʝʢʪʦʚ 

(ʦʙʱʝʜʦʩʪʫʧʥʳʭ ʧʘʧʦʢ ʥʘ ʢʦʤʧʴʶʪʝʨʘʭ ʣʦʢʘʣʴʥʦʡ ʩʝʪʠ, ʞʝʩʪʢʠʭ ʜʠʩʢʘʭ). 

ʆʩʥʦʚʥʳʤʠ ʧʨʦʙʣʝʤʘʤʠ ʧʨʠ ʘʥʘʣʠʟʝ ʨʝʩʫʨʩʦʚ ʩʝʪʠ ʀʥʪʝʨʥʝʪ ʷʚʣʷʶʪʩʷ: ʩʪʨʝʤʠʪʝʣʴʥʳʡ ʨʦʩʪ 

ʦʙʲʝʤʦʚ ʠʥʬʦʨʤʘʮʠʠ ʠ ʝʝ ʙʳʩʪʨʦʝ ʠʟʤʝʥʝʥʠʝ, ʜʠʥʘʤʠʯʝʩʢʘʷ ʛʝʥʝʨʘʮʠʷ ʨʝʩʫʨʩʦʚ ʧʫʪʝʤ ʚʳʧʦʣʥʝʥʠʷ 

ʠʥʩʪʨʫʢʮʠʡ ʥʘ ʫʜʘʣʝʥʥʦʤ. ʉ ʫʯʝʪʦʤ ʵʪʦʛʦ, ʩʦʚʨʝʤʝʥʥʳʤʠ ʩʠʩʪʝʤʘʤʠ ʚʩʝʛʦ ʦʙʨʘʙʦʪʘʥʦ ʧʦʨʷʜʢʘ 60% 

ʜʦʩʪʫʧʥʳʭ ʨʝʩʫʨʩʦʚ ʀʥʪʝʨʥʝʪʘ ʙʝʟ ʫʯʝʪʘ ʠʥʬʦʨʤʘʮʠʠ, ʢʦʪʦʨʘʷ ʭʨʘʥʠʪʩʷ ʚ ʙʘʟʘʭ ʜʘʥʥʳʭ ʠ 

ʥʝʜʦʩʪʫʧʥʘ ʜʣʷ ʠʥʜʝʢʩʠʨʦʚʘʥʠʷ (çʩʢʨʳʪʳʡè ʚʝʙ). ɼʣʷ ʨʝʰʝʥʠʷ ʵʪʠʭ ʧʨʦʙʣʝʤ ʩʦʟʜʘʶʪʩʷ 

ʤʝʪʘʧʦʠʩʢʦʚʳʝ ʩʠʩʪʝʤʳ, ʢʦʪʦʨʳʝ ʦʩʫʱʝʩʪʚʣʷʶʪ ʧʦʠʩʢ ʧʫʪʝʤ ʦʙʨʘʱʝʥʠʷ ʢ ʠʥʜʝʢʩʥʳʤ ʩʪʨʫʢʪʫʨʘʤ 

ʜʨʫʛʠʭ ʧʦʠʩʢʦʚʳʭ ʩʠʩʪʝʤ [5]. 

http://tekhnosfera.com/view/602708/a#?page=1
http://elib.osu.ru/bitstream/123456789/175/1/2681-2685.pdf
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ʊʨʫʜʥʦʩʪʴ ʚʳʜʝʣʝʥʠʷ ʪʝʢʩʪʦʚʦʛʦ ʩʦʜʝʨʞʠʤʦʛʦ ʠʟ ʟʘʛʨʫʞʝʥʥʳʭ ʬʘʡʣʦʚ ʩʚʷʟʘʥʘ ʚ ʧʝʨʚʫʶ 

ʦʯʝʨʝʜʴ ʩ ʪʝʤ, ʯʪʦ ʜʦʢʫʤʝʥʪʳ ʠʤʝʶʪ ʨʘʟʣʠʯʥʳʝ ʬʦʨʤʘʪʳ ʧʨʝʜʩʪʘʚʣʝʥʠʷ (ʥʘʧʨʠʤʝʨ, html, doc, pdf ʠ 

ʪ.ʜ.). ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʜʣʷ ʧʝʨʝʚʦʜʘ ʜʦʢʫʤʝʥʪʘ ʚ ʬʦʨʤʘʪ plain text (çʯʠʩʪʳʡè ʪʝʢʩʪ) ʥʝʦʙʭʦʜʠʤʦ 

ʧʨʦʠʟʚʝʩʪʠ ʧʨʦʮʝʜʫʨʫ ʢʦʥʚʝʨʪʘʮʠʠ. ɺʪʦʨʘʷ ʧʨʦʙʣʝʤʘ, ʚʦʟʥʠʢʘʶʱʘʷ ʥʘ ʜʘʥʥʦʤ ʵʪʘʧʝ, ï ʦʧʨʝʜʝʣʝʥʠʝ 

ʢʦʜʠʨʦʚʢʠ ʜʦʢʫʤʝʥʪʦʚ. ʆʥʘ ʚ ʦʩʦʙʝʥʥʦʩʪʠ ʭʘʨʘʢʪʝʨʥʘ ʜʣʷ ʪʝʢʩʪʦʚ ʥʘ ʨʫʩʩʢʦʤ ʠ ʙʝʣʦʨʫʩʩʢʦʤ ʷʟʳʢʘʭ.  
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ʵʪʘ ʟʘʜʘʯʘ ʨʝʰʘʝʪʩʷ ʧʨʠ ʧʦʤʦʱʠ ʤʝʭʘʥʠʟʤʦʚ ʥʘʩʣʝʜʦʚʘʥʠʷ ʠ ʧʦʣʠʤʦʨʬʠʟʤʘ ʚ ʆʆʇ. ʆʜʥʘʢʦ ʵʪʦ ʥʝ ʧʦʟʚʦʣʷʝʪ 
ʤʦʜʠʬʠʮʠʨʦʚʘʪʴ ʫʞʝ ʩʫʱʝʩʪʚʫʶʱʠʝ ʦʙʲʝʢʪʳ ʠ ʧʝʨʝʦʧʨʝʜʝʣʷʪʴ ʩʪʘʪʠʯʝʩʢʠʝ ʬʫʥʢʮʠʠ. 

ʉʘʤʳʡ ʧʨʦʩʪʦʡ ʩʧʦʩʦʙ ʤʦʜʠʬʠʢʘʮʠʠ ʩʫʱʝʩʪʚʫʶʱʝʡ ʧʨʦʛʨʘʤʤʳ ï ʠʟʤʝʥʝʥʠʝ ʝʸ ʠʩʭʦʜʥʦʛʦ 
ʢʦʜʘ. ʆʜʥʘʢʦ, ʵʪʦ ʥʝ ʚʩʝʛʜʘ ʜʦʧʫʩʪʠʤʦ. ʅʘʧʨʠʤʝʨ, ʤʦʞʝʪ ʙʳʪʴ ʥʝʜʦʧʫʩʪʠʤʘ ʤʦʜʠʬʠʢʘʮʠʷ 
ʙʠʙʣʠʦʪʝʯʥʦʛʦ ʤʦʜʫʣʷ. ʄʦʜʠʬʠʢʘʮʠʷ ʩʫʱʝʩʪʚʫʶʱʝʛʦ ʢʦʜʘ ʧʨʠʚʦʜʠʪ ʢ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʧʦʚʪʦʨʥʦʛʦ 
ʪʝʩʪʠʨʦʚʘʥʠʷ ʤʦʜʫʣʝʡ. 

ɺ ʦʙʲʝʢʪʥʦ-ʦʨʠʝʥʪʠʨʦʚʘʥʥʦʤ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʠ ʥʘʟʚʘʥʥʳʝ ʚʳʰʝ ʧʨʦʙʣʝʤʳ ʨʝʰʘʶʪʩʷ ʧʨʠ 
ʧʦʤʦʱʠ ʥʘʩʣʝʜʦʚʘʥʠʷ ʠ ʧʦʣʠʤʦʨʬʠʟʤʘ. ʆʜʥʘʢʦ ʵʪʦ ʥʝ ʧʦʟʚʦʣʷʝʪ ʤʦʜʠʬʠʮʠʨʦʚʘʪʴ ʜʘʥʥʳʝ ʚ 
ʩʫʱʝʩʪʚʫʶʱʠʭ ʦʙʲʝʢʪʘʭ. ɼʣʷ ʤʦʜʠʬʠʢʘʮʠʠ ʢʦʜʘ ʥʝʦʙʭʦʜʠʤʦ ʩʦʟʜʘʚʘʪʴ ʦʙʲʝʢʪʳ ʢʣʘʩʩʦʚ, ʯʪʦ 
ʟʘʯʘʩʪʫʶ ʥʝ ʫʜʦʙʥʦ.  

ʕʪʠ ʧʨʦʙʣʝʤʳ ʤʦʞʥʦ ʨʝʰʠʪʴ ʧʨʠ ʧʦʤʦʱʠ ʨʘʩʰʠʨʷʝʤʦʛʦ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ. ʈʘʩʰʠʨʷʝʤʦʝ 
ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʝ ʩʦʩʪʦʠʪ ʠʟ ʨʘʩʰʠʨʝʥʠʷ ʢʦʜʘ ʠ ʨʘʩʰʠʨʝʥʠʷ ʜʘʥʥʳʭ. 

ʈʘʩʰʠʨʝʥʠʝ ʢʦʜʘ ʦʟʥʘʯʘʝʪ, ʯʪʦ ʥʦʚʳʡ ʤʦʜʫʣʴ ʠʟʤʝʥʷʝʪ ʨʘʙʦʪʫ ʩʫʱʝʩʪʚʫʶʱʠʭ ʤʦʜʫʣʝʡ ʠ 
ʨʝʘʣʠʟʫʝʪʩʷ ʧʨʠ ʧʦʤʦʱʠ ʧʝʨʝʦʧʨʝʜʝʣʝʥʠʷ ʩʫʱʝʩʪʚʫʶʱʠʭ ʧʨʦʮʝʜʫʨ, ʢʦʪʦʨʦʝ ʧʦʭʦʞʝ ʥʘ 
ʧʝʨʝʦʧʨʝʜʝʣʝʥʠʝ ʤʝʪʦʜʦʚ ʚ ʆʆʇ. ʉʫʱʝʩʪʚʫʝʪ ʥʝʩʢʦʣʴʢʦ ʩʧʦʩʦʙʦʚ ʨʝʘʣʠʟʦʚʘʪʴ ʧʝʨʝʦʧʨʝʜʝʣʝʥʠʝ 
ʢʦʜʘ: 

1) ʟʘʤʝʥʘ ʘʜʨʝʩʘ ʚʳʟʳʚʘʝʤʦʡ ʧʨʦʮʝʜʫʨʳ ʚʦ ʚʩʝʭ ʪʦʯʢʘʭ ʝʸ ʚʳʟʦʚʘ; 
2) ʚʳʟʦʚ ʧʨʦʮʝʜʫʨʳ ʯʝʨʝʟ ʧʨʦʮʝʜʫʨʥʫʶ ʧʝʨʝʤʝʥʥʫʶ (ʚʤʝʩʪʦ ʧʨʷʤʦʛʦ ʚʳʟʦʚʘ ʧʨʦʮʝʜʫʨʳ); 
3) ʛʝʥʝʨʘʮʠʷ ʢʦʤʧʠʣʷʪʦʨʦʤ ʧʨʦʮʝʜʫʨʳ-ʧʝʨʝʭʦʜʥʠʢʘ, ʢʦʪʦʨʘʷ ʚʳʧʦʣʥʠʪ ʚʳʟʦʚ ʯʝʨʝʟ 
ʧʨʦʮʝʜʫʨʥʫʶ ʧʝʨʝʤʝʥʥʫʶ; 

4) ʟʘʤʝʥʘ ʢʦʜʘ ʧʨʦʮʝʜʫʨʳ ʧʦ ʤʝʩʪʫ. 
ʈʘʩʰʠʨʝʥʠʝ ʜʘʥʥʳʭ ʦʟʥʘʯʘʝʪ ʜʦʙʘʚʣʝʥʠʝ ʥʦʚʳʭ ʧʦʣʝʡ ʚ ʩʫʱʝʩʪʚʫʶʱʫʶ ʟʘʧʠʩʴ. ɼʣʷ 

ʨʘʩʰʠʨʝʥʠʷ ʜʘʥʥʳʭ ʤʦʞʥʦ ʚʨʫʯʥʫʶ ʘʩʩʦʮʠʠʨʦʚʘʪʴ ʦʨʠʛʠʥʘʣʴʥʳʝ ʦʙʲʝʢʪʳ ʩ ʦʙʲʝʢʪʘʤʠ-
ʜʦʧʦʣʥʝʥʠʷʤʠ, ʥʦ ʩʣʝʜʩʪʚʠʝʤ ʵʪʦʛʦ ʷʚʣʷʶʪʩʷ ʩʣʝʜʫʶʱʠʝ ʧʨʦʙʣʝʤʳ: 

ī ʚʳʩʦʢʘʷ ʪʨʫʜʦʸʤʢʦʩʪʴ, ʪʘʢ ʢʘʢ ʥʝʦʙʭʦʜʠʤʦ ʧʦʜʜʝʨʞʠʚʘʪʴ ʪʘʙʣʠʮʫ ʩʦʦʪʚʝʪʩʪʚʠʡ; 
ī ʩʥʠʞʝʥʠʝ ʥʘʜʸʞʥʦʩʪʠ, ʪʘʢ ʢʘʢ ʥʝʦʙʭʦʜʠʤʦ ʫʥʠʯʪʦʞʘʪʴ ʦʙʲʝʢʪʳ-ʜʦʧʦʣʥʝʥʠʷ ʧʨʠ 
ʫʥʠʯʪʦʞʝʥʠʠ ʦʨʠʛʠʥʘʣʴʥʳʭ ʦʙʲʝʢʪʦʚ, ʘ ʦʰʠʙʢʠ ʧʨʠ ʨʝʘʣʠʟʘʮʠʠ ʤʦʛʫʪ ʧʨʠʚʝʩʪʠ ʢ ʫʪʝʯʢʘʤ 
ʧʘʤʷʪʠ ʜʘʞʝ ʧʨʠ ʥʘʣʠʯʠʠ ʩʙʦʨʱʠʢʘ ʤʫʩʦʨʘ; 

ī ʧʘʜʝʥʠʝ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʧʨʠ ʧʦʠʩʢʝ ʦʙʲʝʢʪʘ-ʜʦʧʦʣʥʝʥʠʷ ʜʣʷ ʦʙʲʝʢʪʘ-ʦʨʠʛʠʥʘʣʘ. 
ī ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʩʠʥʭʨʦʥʠʟʘʮʠʠ ʜʦʩʪʫʧʘ ʢ ʪʘʙʣʠʮʝ ʩʦʦʪʚʝʪʩʪʚʠʷ ʚ ʤʥʦʛʦʧʦʪʦʯʥʳʭ 
ʧʨʠʣʦʞʝʥʠʷʭ. 



55-ʷ ʶʙʠʣʝʡʥʘʷ ʥʘʫʯʥʘʷ ʢʦʥʬʝʨʝʥʮʠʷ ʘʩʧʠʨʘʥʪʦʚ, ʤʘʛʠʩʪʨʘʥʪʦʚ ʠ ʩʪʫʜʝʥʪʦʚ ɹɻʋʀʈ, 2019 ʛ. 
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ʈʝʰʝʥʠʝʤ ʵʪʦʛʦ ʷʚʣʷʝʪʩʷ ʧʦʜʜʝʨʞʢʘ ʥʘ ʫʨʦʚʥʝ ʢʦʤʧʠʣʷʪʦʨʘ ʩʧʠʩʢʘ ʜʦʧʦʣʥʝʥʠʡ ʫ ʟʘʧʠʩʝʡ 
(ʦʙʲʝʢʪʦʚ). ɼʦʧʦʣʥʝʥʠʷ ʤʦʞʥʦ ʜʦʙʘʚʣʷʪʴ ʢ ʩʫʱʝʩʪʚʫʶʱʠʤ ʟʘʧʠʩʷʤ ʚ ʤʦʤʝʥʪ ʧʝʨʚʦʛʦ ʦʙʨʘʱʝʥʠʷ ʢ 
ʧʦʣʶ ʨʘʩʰʠʨʝʥʠʷ, ʘ ʤʦʞʥʦ ʚ ʤʦʤʝʥʪ ʟʘʛʨʫʟʢʠ ʤʦʜʫʣʷ. 

ʊʘʢ ʢʘʢ ʥʘ ʵʪʘʧʝ ʢʦʤʧʠʣʷʮʠʠ ʜʦʩʪʫʧʥʘ ʠʥʬʦʨʤʘʮʠʷ ʦ ʧʝʨʝʦʧʨʝʜʝʣʸʥʥʳʭ ʧʨʦʮʝʜʫʨʘʭ ʠ 
ʜʦʧʦʣʥʝʥʠʷʭ ʟʘʧʠʩʝʡ, ʩʫʱʝʩʪʚʫʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʛʝʥʝʨʠʨʦʚʘʪʴ ʜʠʥʘʤʠʯʝʩʢʠ ʧʦʜʢʣʶʯʘʝʤʳʝ ʤʦʜʫʣʠ, 
ʢʦʪʦʨʳʝ ʥʝ ʪʦʣʴʢʦ ʜʦʙʘʚʣʷʶʪ ʥʦʚʳʡ ʬʫʥʢʮʠʦʥʘʣ ʚ ʤʦʤʝʥʪ ʟʘʛʨʫʟʢʠ ʤʦʜʫʣʷ, ʥʦ ʠ ʫʜʘʣʷʶʪ ʩʚʦʠ ʩʣʝʜʳ 
ʚ ʤʦʤʝʥʪ ʚʳʛʨʫʟʢʠ. 

ɺ ʢʘʯʝʩʪʚʝ ʷʟʳʢʘ, ʥʘ ʦʩʥʦʚʝ ʢʦʪʦʨʦʛʦ ʪʝʩʪʠʨʦʚʘʣʘʩʴ ʜʘʥʥʘʷ ʧʘʨʘʜʠʛʤʘ, ʙʳʣ ʠʩʧʦʣʴʟʦʚʘʥ 
ʆʙʝʨʦʥ. ʕʪʦʪ ʷʟʳʢ ʠʤʝʝʪ ʦʯʝʥʴ ʢʦʤʧʘʢʪʥʦʝ ʦʧʠʩʘʥʠʝ, ʠ, ʧʨʠ ʵʪʦʤ, ʩʦʜʝʨʞʠʪ ʚ ʩʝʙʝ ʜʦʩʪʘʪʦʯʥʦ 
ʚʳʩʦʢʦʫʨʦʚʥʝʚʳʡ ʬʫʥʢʮʠʦʥʘʣ. ʆʪʯʸʪ ʦʙ ʷʟʳʢʝ ʩʦʜʝʨʞʠʪ ʦʧʠʩʘʥʠʝ ʝʛʦ ʩʠʥʪʘʢʩʠʩʘ, ʯʪʦ ʫʧʨʦʱʘʝʪ 
ʨʘʟʨʘʙʦʪʢʫ ʢʦʤʧʠʣʷʪʦʨʘ ʠ ʨʘʩʰʠʨʝʥʠʝ ʷʟʳʢʘ. 

ʂʦʤʧʠʣʷʪʦʨ ʷʟʳʢʘ ʆʙʝʨʦʥ ʚʳʙʠʨʘʣʩʷ ʠʩʭʦʜʷ ʠʟ ʩʣʝʜʫʶʱʠʭ ʪʨʝʙʦʚʘʥʠʡ: 
1) ʚʦʟʤʦʞʥʦʩʪʴ ʨʘʩʰʠʨʝʥʠʷ ʩʠʥʪʘʢʩʠʩʘ ʷʟʳʢʘ; 
2) ʧʦʜʜʝʨʞʢʘ ʢʦʤʧʠʣʷʮʠʠ ʧʦʜ ʥʘʠʙʦʣʝʝ ʧʦʧʫʣʷʨʥʳʝ ʘʨʭʠʪʝʢʪʫʨʳ ʧʨʦʮʝʩʩʦʨʦʚ: x86, x64, arm. 
ʉʫʱʝʩʪʚʫʶʱʠʝ ʢʦʤʧʠʣʷʪʦʨʳ ʚ ʜʘʥʥʦʝ ʚʨʝʤʷ ʥʝ ʧʦʜʜʝʨʞʠʚʘʶʪʩʷ ʠʣʠ ʥʝ ʧʦʟʚʦʣʷʶʪ 

ʢʦʤʧʠʣʠʨʦʚʘʪʴ ʢʦʜ ʦʜʥʦʚʨʝʤʝʥʥʦ ʧʦʜ ʚʩʝ ʜʘʥʥʳʝ ʘʨʭʠʪʝʢʪʫʨʳ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʙʳʣʦ ʧʨʠʥʷʪʦ 
ʨʝʰʝʥʠʝ ʨʘʟʨʘʙʦʪʘʪʴ ʩʦʙʩʪʚʝʥʥʳʡ ʢʦʤʧʠʣʷʪʦʨ, ʫʜʦʚʣʝʪʚʦʨʷʶʱʠʡ ʜʘʥʥʳʤ ʪʨʝʙʦʚʘʥʠʷʤ. 

 
ɺ ʢʘʯʝʩʪʚʝ ʙʠʙʣʠʦʪʝʢʠ ʜʣʷ ʥʘʧʠʩʘʥʠʷ ʢʦʤʧʠʣʷʪʦʨʘ ʙʳʣʘ ʚʳʙʨʘʥʘ LLVM. ɼʘʥʥʘʷ ʪʝʭʥʦʣʦʛʠʷ 

ʧʦʟʚʦʣʠʣʘ ʩʦʟʜʘʪʴ ʵʬʬʝʢʪʠʚʥʳʡ ʢʦʤʧʠʣʷʪʦʨ, ʛʝʥʝʨʠʨʫʶʱʠʡ ʢʦʜ ʜʣʷ ʙʦʣʴʰʦʛʦ ʢʦʣʠʯʝʩʪʚʘ 
ʘʨʭʠʪʝʢʪʫʨ. 

 
ʈʘʟʨʘʙʦʪʘʥʥʳʡ ʢʦʤʧʠʣʷʪʦʨ ʦʪʢʨʳʣ ʙʦʣʴʰʠʝ ʚʦʟʤʦʞʥʦʩʪʠ ʧʦ ʥʘʧʠʩʘʥʠʶ ʥʘʜʸʞʥʳʭ 

ʨʘʩʰʠʨʷʝʤʳʭ ʧʨʦʛʨʘʤʤ, ʚ ʪʦʤ ʯʠʩʣʝ ʩʪʦʨʦʥʥʠʤʠ ʨʘʟʨʘʙʦʪʯʠʢʘʤʠ. 

 

 

ʇʈʀʄɽʅɽʅʀɽ ʊɽʆʈʀʀ ʄɸʉʉʆɺʆɻʆ ʆɹʉʃʋɾʀɺɸʅʀʗ 
ɺ ʅɸʊʋʈʅʆʄ ʕʂʉʇɽʈʀʄɽʅʊɽ 

ʐʫʣʴʛʘ ɽ. ʉ. 

ɹʝʣʦʨʫʩʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʥʬʦʨʤʘʪʠʢʠ ʠ ʨʘʜʠʦʵʣʝʢʪʨʦʥʠʢʠ 
ʛ. ʄʠʥʩʢ, ʈʝʩʧʫʙʣʠʢʘ ɹʝʣʘʨʫʩʴ 

ʉʫʨʢʦʚ ʂ. ɸ. ï ʩʪ. ʧʨʝʧʦʜʘʚʘʪʝʣʴ 

ʈʘʩʩʤʦʪʨʝʥʦ ʧʨʠʤʝʥʝʥʠʝ ʪʝʦʨʠʠ ʩʠʩʪʝʤ ʤʘʩʩʦʚʦʛʦ ʦʙʩʣʫʞʠʚʘʥʠʷ ʜʣʷ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʧʨʦʮʝʩʩʦʚ. ʄʘʪʝʤʘʪʠʯʝʩʢʠʡ ʘʧʧʘʨʘʪ 
ʪʝʦʨʠʠ ʉʄʆ ʧʦʟʚʦʣʷʝʪ ʨʘʩʩʯʠʪʘʪʴ ʢʣʶʯʝʚʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʩʠʩʪʝʤʳ. ʇʨʝʜʣʦʞʝʥʘ 
ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʜʝʡʩʪʚʠʡ, ʠʩʧʦʣʴʟʫʷ ʢʦʪʦʨʫʶ ʤʦʞʥʦ ʟʘʜʘʪʴ ʤʦʜʝʣʴ ʜʣʷ ʘʥʘʣʠʟʠʨʫʝʤʦʛʦ ʧʨʦʮʝʩʩʘ. ɼʣʷ ʨʘʩʯʝʪʘ 
ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʩʠʩʪʝʤʳ ʚ ʥʘʪʫʨʥʦʤ ʵʢʩʧʝʨʠʤʝʥʪʝ ʥʝʦʙʭʦʜʠʤʦ ʬʠʢʩʠʨʦʚʘʪʴ ʧʨʦʤʝʞʫʪʢʠ ʚʨʝʤʝʥʠ ʤʝʞʜʫ ʧʦʩʪʫʧʘʶʱʠʤʠ ʚ 
ʩʠʩʪʝʤʫ ʟʘʷʚʢʘʤʠ, ʘ ʪʘʢʞʝ ʧʨʦʤʝʞʫʪʢʠ ʚʨʝʤʝʥʠ ʤʝʞʜʫ ʜʚʫʤʷ ʦʙʨʘʙʦʪʘʥʥʳʤʠ ʟʘʷʚʢʘʤʠ. 

ʈʘʟʣʠʯʥʳʝ ʚʠʜʳ ʜʝʷʪʝʣʴʥʦʩʪʠ ʯʝʣʦʚʝʢʘ ʤʦʞʥʦ ʧʨʝʜʩʪʘʚʠʪʴ ʚ ʚʠʜʝ ʩʠʩʪʝʤ ʤʘʩʩʦʚʦʛʦ 
ʦʙʩʣʫʞʠʚʘʥʠʷ (ʉʄʆ). ɺ ʪʘʢʠʭ ʩʠʩʪʝʤʘʭ ʤʦʞʥʦ ʚʳʜʝʣʠʪʴ ʩʣʝʜʫʶʱʠʝ ʵʣʝʤʝʥʪʳ: ʟʘʷʚʢʘ, ʧʦʩʪʫʧʘʶʱʘʷ 
ʥʘ ʦʙʨʘʙʦʪʢʫ; ʧʨʦʮʝʩʩʦʨ, ʛʣʘʚʥʳʡ ʚʳʯʠʩʣʠʪʝʣʴ, ʟʘʥʠʤʘʶʱʠʡʩʷ ʦʙʨʘʙʦʪʢʦʡ ʟʘʷʚʦʢ; ʦʯʝʨʝʜʴ, ʚ 
ʢʦʪʦʨʦʡ ʥʘʢʘʧʣʠʚʘʶʪʩʷ ʟʘʷʚʢʠ, ʦʞʠʜʘʶʱʠʝ ʦʙʨʘʙʦʪʢʠ [1]. ɺ ʩʠʩʪʝʤʝ ʚ ʦʙʱʝʤ ʩʣʫʯʘʝ ʤʦʞʝʪ ʙʳʪʴ 
ʦʜʠʥ ʠʣʠ ʥʝʩʢʦʣʴʢʦ ʦʙʨʘʙʦʪʯʠʢʦʚ, ʧʨʠʯʸʤ ʦʥʠ ʤʦʛʫʪ ʙʳʪʴ ʥʘʩʪʨʦʝʥʳ ʥʘ ʨʘʟʣʠʯʥʳʝ ʜʠʩʮʠʧʣʠʥʳ 
ʦʙʩʣʫʞʠʚʘʥʠʷ. 

ʊʝʦʨʠʷ ʉʄʆ ʤʦʞʝʪ ʙʳʪʴ ʧʨʠʤʝʥʝʥʘ ʢ ʨʘʟʣʠʯʥʳʤ ʚʠʜʘʤ ʜʝʷʪʝʣʴʥʦʩʪʠ ʯʝʣʦʚʝʢʘ. ʅʘʧʨʠʤʝʨ, ʚ 
ʨʘʙʦʪʝ [2] ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʧʨʠʤʝʥʝʥʠʝ ʜʘʥʥʦʡ ʪʝʦʨʠʠ ʢ ʨʘʙʦʪʝ ʧʨʝʧʦʜʘʚʘʪʝʣʷ ʫʥʠʚʝʨʩʠʪʝʪʘ. ʉʘʤ 
ʧʨʝʧʦʜʘʚʘʪʝʣʴ ʚʳʩʪʫʧʘʝʪ ʚ ʨʦʣʠ ʦʙʩʣʫʞʠʚʘʶʱʝʛʦ ʧʨʠʙʦʨʘ, ʦʥ ʟʘʥʠʤʘʝʪʩʷ ʦʙʨʘʙʦʪʢʦʡ ʟʘʷʚʦʢ ï 
ʧʨʦʚʝʨʢʦʡ ʨʝʟʫʣʴʪʘʪʦʚ ʚʳʧʦʣʥʝʥʠʷ ʠʥʜʠʚʠʜʫʘʣʴʥʳʭ ʟʘʜʘʥʠʡ ʩʪʫʜʝʥʪʘʤʠ. 

ʄʘʪʝʤʘʪʠʯʝʩʢʠʡ ʘʧʧʘʨʘʪ ʪʝʦʨʠʠ ʤʘʩʩʦʚʦʛʦ ʦʙʩʣʫʞʠʚʘʥʠʷ ʧʦʟʚʦʣʷʝʪ ʨʘʩʩʯʠʪʘʪʴ 
ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʨʘʙʦʪʳ ʩʠʩʪʝʤʳ [1]: 

ī ʧʨʦʧʫʩʢʥʫʶ ʩʧʦʩʦʙʥʦʩʪʴ; 
ī ʚʝʨʦʷʪʥʦʩʪʴ ʪʦʛʦ, ʯʪʦ ʦʙʨʘʙʦʪʯʠʢ ʙʫʜʝʪ ʟʘʥʷʪ ʠ ʦʯʝʨʝʜʥʘʷ ʟʘʷʚʢʘ ʙʫʜʝʪ ʧʦʤʝʱʝʥʘ ʚ ʦʯʝʨʝʜʴ 

ʠʣʠ ʦʪʙʨʦʰʝʥʘ (ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʜʠʩʮʠʧʣʠʥʦʡ ʦʙʩʣʫʞʠʚʘʥʠʷ ʩʠʩʪʝʤʳ); 
ī ʩʨʝʜʥʝʝ ʯʠʩʣʦ ʟʘʷʚʦʢ ʚ ʦʯʝʨʝʜʠ ʠʣʠ ʚʦ ʚʩʝʡ ʩʠʩʪʝʤʝ ʚʦ ʚʨʝʤʷ ʝʝ ʨʘʙʦʪʳ; 
ī ʩʨʝʜʥʝʝ ʚʨʝʤʷ ʦʞʠʜʘʥʠʷ ʟʘʷʚʢʠ ʚ ʦʯʝʨʝʜʠ. 
ʏʪʦʙʳ ʜʣʷ ʟʘʜʘʯʠ ʩʦʟʜʘʪʴ ʤʦʜʝʣʴ ʥʘ ʦʩʥʦʚʝ ʪʝʦʨʠʠ ʤʘʩʩʦʚʦʛʦ ʦʙʩʣʫʞʠʚʘʥʠʷ, ʥʝʦʙʭʦʜʠʤʦ 

ʚʳʧʦʣʥʠʪʴ ʩʣʝʜʫʶʱʠʝ ʰʘʛʠ. ɼʣʷ ʥʘʯʘʣʘ, ʥʫʞʥʦ ʦʧʨʝʜʝʣʠʪʴ, ʯʪʦ ʷʚʣʷʝʪʩʷ ʟʘʷʚʢʦʡ, ʧʦʩʪʫʧʘʶʱʝʡ ʚ 
ʩʠʩʪʝʤʫ. ɿʘʪʝʤ ʥʝʦʙʭʦʜʠʤʦ ʟʘʜʘʪʴ ʦʙʩʣʫʞʠʚʘʶʱʝʝ ʫʩʪʨʦʡʩʪʚʦ, ʢʦʣʠʯʝʩʪʚʦ ʧʘʨʘʣʣʝʣʴʥʦ 
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ʨʘʙʦʪʘʶʱʠʭ ʧʨʠʙʦʨʦʚ, ʜʠʩʮʠʧʣʠʥʫ ʦʙʨʘʙʦʪʢʠ ʟʘʷʚʦʢ: ʤʦʞʝʪ ʣʠ ʦʙʨʘʙʦʪʢʘ ʟʘʚʝʨʰʠʪʴʩʷ ʥʝʫʜʘʯʝʡ, ʯʪʦ 
ʧʨʦʠʩʭʦʜʠʪ ʩ ʟʘʷʚʢʦʡ ʧʨʠ ʥʝʫʜʘʯʝ (ʧʦʚʪʦʨ ʦʙʨʘʙʦʪʢʠ ʠʣʠ ʦʪʙʨʘʩʳʚʘʥʠʝ ʟʘʷʚʢʠ). ʊʘʢʞʝ ʥʝʦʙʭʦʜʠʤʦ 
ʦʧʨʝʜʝʣʠʪʴ, ʧʨʦʠʩʭʦʜʠʪ ʣʠ ʥʘʢʦʧʣʝʥʠʝ ʟʘʷʚʦʢ, ʝʩʣʠ ʟʘʥʷʪ ʧʨʦʮʝʩʩʦʨ, ʦʧʨʝʜʝʣʠʪʴ ʝʤʢʦʩʪʴ 
ʥʘʢʦʧʠʪʝʣʷ, ʢʦʪʦʨʘʷ ʤʦʞʝʪ ʙʳʪʴ ʢʦʥʝʯʥʦʡ ʠʣʠ ʙʝʩʢʦʥʝʯʥʦʡ. ɺ ʩʣʫʯʘʝ ʢʦʥʝʯʥʦʡ ʦʯʝʨʝʜʠ ʥʝʦʙʭʦʜʠʤʦ 
ʟʘʜʘʪʴ, ʯʪʦ ʧʨʦʠʩʭʦʜʠʪ ʩʦ ʚʥʦʚʴ ʧʦʩʪʫʧʘʶʱʝʡ ʟʘʷʚʢʦʡ ʚ ʩʣʫʯʘʝ, ʢʦʛʜʘ ʦʯʝʨʝʜʴ ʟʘʧʦʣʥʝʥʘ: 
ʙʣʦʢʠʨʫʝʪʩʷ ʣʠ ʠʩʪʦʯʥʠʢ, ʠʣʠ ʧʨʦʠʩʭʦʜʠʪ ʦʪʙʨʘʩʳʚʘʥʠʝ ʟʘʷʚʢʠ.  

ɺ ʩʣʫʯʘʝ ʠʤʠʪʘʮʠʦʥʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʜʣʷ ʨʘʙʦʪʳ ʤʦʜʝʣʠ ʥʝʦʙʭʦʜʠʤʦ ʟʘʜʘʪʴ ʠʥʪʝʥʩʠʚʥʦʩʪʴ 
ʧʦʩʪʫʧʣʝʥʠʷ ʟʘʷʚʦʢ ʚ ʩʠʩʪʝʤʫ, ʘ ʪʘʢʞʝ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʦʙʨʘʙʦʪʢʠ ʟʘʷʚʦʢ. ʆʜʥʘʢʦ ʜʘʥʥʫʶ ʤʦʜʝʣʴ 
ʤʦʞʥʦ ʧʨʠʤʝʥʷʪʴ ʠ ʚ ʥʘʪʫʨʥʦʤ ʵʢʩʧʝʨʠʤʝʥʪʝ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʥʝʦʙʭʦʜʠʤʦ ʬʠʢʩʠʨʦʚʘʪʴ 
ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʨʝʘʣʴʥʳʭ ʦʙʲʝʢʪʦʚ, ʘ ʠʤʝʥʥʦ: ʧʨʦʤʝʞʫʪʢʠ ʚʨʝʤʝʥʠ ʤʝʞʜʫ ʜʚʫʤʷ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ 
ʧʦʩʪʫʧʘʶʱʠʤʠ ʟʘʷʚʢʘʤʠ ὸ, ʧʨʦʤʝʞʫʪʢʠ ʚʨʝʤʝʥʠ ʤʝʞʜʫ ʜʚʫʤʷ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ ʦʙʨʘʙʘʪʳʚʘʝʤʳʤʠ 
ʟʘʷʚʢʘʤʠ ὥ. 

ʈʘʩʩʯʠʪʘʚ ʩʨʝʜʥʠʡ ʧʨʦʤʝʞʫʪʦʢ ʚʨʝʤʝʥʠ ʤʝʞʜʫ ʜʚʫʤʷ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ ʧʨʠʰʝʜʰʠʤʠ 

ʪʨʝʙʦʚʘʥʠʷʤʠ ὸ, ʤʦʞʥʦ ʦʧʨʝʜʝʣʠʪʴ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʧʦʩʪʫʧʣʝʥʠʷ ʟʘʷʚʦʢ ʚ ʩʠʩʪʝʤʫ ‗ . ʊʦʯʥʦ ʪʘʢ ʞʝ 

ʯʝʨʝʟ ʩʨʝʜʥʝʝ ʚʨʝʤʷ ʤʝʞʜʫ ʜʚʫʤʷ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ ʦʙʨʘʙʦʪʘʥʥʳʤʠ ʟʘʷʚʢʘʤʠ ὥ ʤʦʞʥʦ ʦʧʨʝʜʝʣʠʪʴ 

ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʦʙʨʘʙʘʪʳʚʘʶʱʝʛʦ ʫʩʪʨʦʡʩʪʚʘ ‘ . ɸ ʠʩʧʦʣʴʟʫʷ ʜʘʥʥʫʶ ʧʘʨʫ ʟʥʘʯʝʥʠʡ 

ʠʥʪʝʥʩʠʚʥʦʩʪʠ, ʤʦʞʥʦ ʨʘʩʩʯʠʪʘʪʴ ʦʩʪʘʣʴʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ 
ʩʠʩʪʝʤʳ. 

ʈʘʩʯʝʪ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʩʠʩʪʝʤʳ ʤʦʞʝʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥ ʚ ʢʘʯʝʩʪʚʝ 
ʦʙʦʩʥʦʚʘʥʠʷ ʜʝʡʩʪʚʠʡ ʧʦ ʦʧʪʠʤʠʟʘʮʠʠ ʝʝ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ. ɺʦʟʤʦʞʥʦ ʠʟʤʝʥʝʥʠʝ ʜʠʩʮʠʧʣʠʥʳ 
ʦʙʩʣʫʞʠʚʘʥʠʷ, ʨʘʩʰʠʨʝʥʠʷ ʥʘʢʦʧʠʪʝʣʷ, ʧʦʜʢʣʶʯʝʥʠʝ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʦʙʨʘʙʘʪʳʚʘʶʱʠʭ ʫʩʪʨʦʡʩʪʚ. 
ʎʝʣʴ ʦʧʪʠʤʠʟʘʮʠʠ ʚʩʝʛʜʘ ʙʫʜʝʪ ʟʘʢʣʶʯʘʪʴʩʷ ʚ ʫʤʝʥʴʰʝʥʠʠ ʚʨʝʤʝʥʠ ʥʘʭʦʞʜʝʥʠʷ ʟʘʷʚʢʠ ʚ ʩʠʩʪʝʤʝ. 

 
ʉʧʠʩʦʢ ʠʩʧʦʣʴʟʦʚʘʥʥʳʭ ʠʩʪʦʯʥʠʢʦʚ: 
1. ʂʣʝʡʥʨʦʢ, ʃ. ʊʝʦʨʠʷ ʤʘʩʩʦʚʦʛʦ ʦʙʩʣʫʞʠʚʘʥʠʷ / ʃ. ʂʣʝʡʥʨʦʢ. ï ʄ: ʄʘʰʠʥʦʩʪʨʦʝʥʠʝ, 1979. ï 432 ʩ. 
2. ʐʫʣʴʛʘ, ɽ. ʉ. ʄʦʜʝʣʴ ʧʨʠʸʤʘ ʧʨʝʧʦʜʘʚʘʪʝʣʝʤ ʨʘʙʦʪ ʩʪʫʜʝʥʪʦʚ ʥʘ ʦʩʥʦʚʝ ʩʠʩʪʝʤʳ ʤʘʩʩʦʚʦʛʦ ʦʙʩʣʫʞʠʚʘʥʠʷ / ɽ. ʉ. 

ʐʫʣʴʛʘ, ʂ. ɸ. ʉʫʨʢʦʚ // ɼʠʩʪʘʥʮʠʦʥʥʦʝ ʦʙʫʯʝʥʠʝ ï ʦʙʨʘʟʦʚʘʪʝʣʴʥʘʷ ʩʨʝʜʘ XXI ʚʝʢʘ : ʤʘʪʝʨʠʘʣʳ X ʤʝʞʜʫʥʘʨʦʜʥʦʡ ʥʘʫʯʥʦ-
ʤʝʪʦʜʠʯʝʩʢʦʡ ʢʦʥʬʝʨʝʥʮʠʠ (ʄʠʥʩʢ, 7 - 8 ʜʝʢʘʙʨʷ 2017 ʛʦʜʘ). ï ʄʠʥʩʢ : ɹɻʋʀʈ, 2017. ï C. 145 - 146. 

 
 

ʉʀʉʊɽʄɸ ʄʆʅʀʊʆʈʀʅɻɸ ʇɸʈɸʄɽʊʈʆɺ USB-ʀʅʊɽʈʌɽʁʉɸ 

ʑʝʨʙʘʢʦʚ ʄ.ʉ., ʇʠʢʠʨʝʥʷ ʇ.ʀ., ɹʦʣʪʘʢ ʉ.ɺ. 

ɹʝʣʦʨʫʩʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʥʬʦʨʤʘʪʠʢʠ ʠ ʨʘʜʠʦʵʣʝʢʪʨʦʥʠʢʠ 
ʛ. ʄʠʥʩʢ, ʈʝʩʧʫʙʣʠʢʘ ɹʝʣʘʨʫʩʴ 

ʃʝʚʘʥʮʝʚʠʯ ɺ.ɸ. ï ʤ.ʪ.ʥ., 

ʩʪʘʨʰʠʡ ʧʨʝʧʦʜʘʚʘʪʝʣʴ 

ʆʧʠʩʘʥʘ ʩʠʩʪʝʤʘ ʤʦʥʠʪʦʨʠʥʛʘ ʦʩʥʦʚʥʳʭ ʧʘʨʘʤʝʪʨʦʚ USB-ʠʥʪʝʨʬʝʡʩʘ. ɺ ʢʘʯʝʩʪʚʝ ʢʦʥʪʨʦʣʠʨʫʝʤʳʭ ʧʘʨʘʤʝʪʨʦʚ ʠʩʧʦʣʴʟʫʶʪʩʷ 
ʥʘʧʨʷʞʝʥʠʝ ʠ ʩʠʣʘ ʪʦʢʘ. ʉʠʩʪʝʤʘ ʧʦʟʚʦʣʷʝʪ ʥʝ ʪʦʣʴʢʦ ʢʦʥʪʨʦʣʠʨʦʚʘʪʴ ʫʢʘʟʘʥʥʳʝ ʧʘʨʘʤʝʪʨʳ, ʥʦ ʠ ʦʪʩʣʝʞʠʚʘʪʴ ʜʠʥʘʤʠʢʫ ʠʭ 
ʠʟʤʝʥʝʥʠʡ ʚʦ ʚʨʝʤʝʥʠ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʦʮʝʥʠʪʴ ʩʦʩʪʦʷʥʠʝ ʫʩʪʨʦʡʩʪʚ, ʠʩʧʦʣʴʟʫʶʱʠʭ USB-ʠʥʪʝʨʬʝʡʩ ʚ ʢʘʯʝʩʪʚʝ ʠʩʪʦʯʥʠʢʘ 
ʧʠʪʘʥʠʷ.  

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʩʫʱʝʩʪʚʫʝʪ ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʫʩʪʨʦʡʩʪʚ, ʢʦʪʦʨʳʝ ʚ ʢʘʯʝʩʪʚʝ ʠʩʪʦʯʥʠʢʘ 

ʧʠʪʘʥʠʷ ʠʩʧʦʣʴʟʫʶʪ USB-ʠʥʪʝʨʬʝʡʩ. ʇʨʠ ʵʪʦʤ ʩʘʤ ʠʥʪʝʨʬʝʡʩ ʤʦʞʝʪ ʙʳʪʴ ʯʘʩʪʴʶ ʢʦʤʧʴʶʪʝʨʥʦʡ 

ʩʠʩʪʝʤʳ ʠʣʠ ʚʳʧʦʣʥʝʥ ʚ ʢʘʯʝʩʪʚʝ ʦʪʜʝʣʴʥʦʛʦ ʠʩʪʦʯʥʠʢʘ ʧʠʪʘʥʠʷ ʩ USB-ʨʘʟʲʝʤʦʤ. ʆʩʥʦʚʥʳʤʠ 

ʩʠʣʦʚʳʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ USB-ʠʥʪʝʨʬʝʡʩʘ ʷʚʣʷʶʪʩʷ ʥʘʧʨʷʞʝʥʠʝ ʧʠʪʘʥʠʷ ʠ ʚʳʭʦʜʥʦʡ ʪʦʢ, 

ʢʦʪʦʨʳʡ ʤʦʞʝʪ ʦʙʝʩʧʝʯʠʚʘʪʴ ʠʥʪʝʨʬʝʡʩ. 

ʂʘʢ ʧʦʢʘʟʘʣʘ ʧʨʘʢʪʠʢʘ ʵʢʩʧʣʫʘʪʘʮʠʠ, ʥʝ ʚʩʝ USB-ʠʥʪʝʨʬʝʡʩʳ ʦʙʝʩʧʝʯʠʚʘʶʪ ʟʘʷʚʣʝʥʥʳʝ 

ʧʨʦʠʟʚʦʜʠʪʝʣʝʤ  ʩʠʣʦʚʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ, ʯʪʦ ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ ʪʨʫʜʥʦʦʧʨʝʜʝʣʷʝʤʳʤ 

ʥʝʠʩʧʨʘʚʥʦʩʪʷʤ ʨʘʙʦʪʳ  USB-ʫʩʪʨʦʡʩʪʚ ʣʠʙʦ  ʢ ʧʦʚʨʝʞʜʝʥʠʶ ʩʘʤʦʛʦ ʠʥʪʝʨʬʝʡʩʘ. 

ɼʣʷ ʢʦʥʪʨʦʣʷ ʧʘʨʘʤʝʪʨʦʚ USB-ʠʥʪʝʨʬʝʡʩʘ ʙʳʣʘ ʨʘʟʨʘʙʦʪʘʥʘ ʩʠʩʪʝʤʘ, ʩʦʩʪʦʷʱʘʷ ʠʟ 

ʘʧʧʘʨʘʪʥʦʡ ʠ ʧʨʦʛʨʘʤʤʥʦʡ ʯʘʩʪʠ. ɸʧʧʘʨʘʪʥʘʷ ʯʘʩʪʴ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʦʪʜʝʣʴʥʳʡ ʤʦʜʫʣʴ ʠ 

ʩʦʜʝʨʞʠʪ ʜʘʪʯʠʢ ʪʦʢʘ ʥʘ ʦʩʥʦʚʝ ʤʠʢʨʦʩʭʝʤʳ ACS712ELCTR-05B-ʊ [1], ʤʠʢʨʦʢʦʥʪʨʦʣʣʝʨ ʠ ʤʦʜʫʣʴ WI-

FI. ɺ ʢʘʯʝʩʪʚʝ ʢʦʥʪʨʦʣʣʝʨʘ ʙʳʣʘ ʚʳʙʨʘʥʘ ʦʪʣʘʜʦʯʥʘʷ ʧʣʘʪʘ STM32 Nucleo-144 ʥʘ ʙʘʟʝ  
ʚʳʩʦʢʦʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʛʦ 32-ʙʠʪʥʦʛʦ ʤʠʢʨʦʢʦʥʪʨʦʣʣʝʨʘ STM32F746ZGT6, ʧʦʩʪʨʦʝʥʥʦʛʦ ʥʘ ʷʜʨʝ 

ARM Cortex M4 [2]. ɺʳʙʦʨ ʜʘʥʥʦʛʦ ʤʠʢʨʦʢʦʥʪʨʦʣʣʝʨʘ ʙʳʣ ʦʙʦʩʥʦʚʘʥ  ʥʝʦʙʭʦʜʠʤʦʩʪʴʶ ʧʨʠʦʙʨʝʪʝʥʠʷ 

ʦʧʳʪʘ ʨʘʙʦʪʳ ʩ ʤʠʢʨʦʢʦʥʪʨʦʣʣʝʨʘʤʠ ʜʘʥʥʦʛʦ ʩʝʤʝʡʩʪʚʘ, ʪʘʢ ʢʘʢ ʦʥʠ ʦʙʣʘʜʘʶʪ ʭʦʨʦʰʠʤʠ 



55-ʷ ʶʙʠʣʝʡʥʘʷ ʥʘʫʯʥʘʷ ʢʦʥʬʝʨʝʥʮʠʷ ʘʩʧʠʨʘʥʪʦʚ, ʤʘʛʠʩʪʨʘʥʪʦʚ ʠ ʩʪʫʜʝʥʪʦʚ ɹɻʋʀʈ, 2019 ʛ. 
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ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʧʨʠ ʥʝʚʳʩʦʢʦʡ ʩʪʦʠʤʦʩʪʠ ʠ ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʫʶʪʩʷ ʧʨʠ ʨʘʟʨʘʙʦʪʢʝ ʩʦʚʨʝʤʝʥʥʳʭ 

ʘʧʧʘʨʘʪʥʳʭ ʫʩʪʨʦʡʩʪʚ.  

ɺʭʦʜ ʨʘʟʨʘʙʦʪʘʥʥʦʛʦ ʘʧʧʘʨʘʪʥʦʛʦ ʤʦʜʫʣʷ  ʧʦʜʢʣʶʯʘʝʪʩʷ ʢ  USB-ʠʥʪʝʨʬʝʡʩʫ, ʘ ʢ ʚʳʭʦʜʫ 

ʤʦʜʫʣʷ  ʧʦʜʢʣʶʯʘʝʪʩʷ USB-ʫʩʪʨʦʡʩʪʚʦ, ʢʦʪʦʨʦʤʫ ʥʝʦʙʭʦʜʠʤʦ ʧʠʪʘʥʠʝ ʧʦ USB, ʧʨʠ ʵʪʦʤ 

ʠʥʬʦʨʤʘʮʠʦʥʥʳʝ ʣʠʥʠʠ USB-ʠʥʪʝʨʬʝʡʩʘ ʧʨʦʭʦʜʷʪ  ʯʝʨʝʟ ʘʧʧʘʨʘʪʥʳʡ ʤʦʜʫʣʴ ʪʨʘʥʟʠʪʦʤ, ʙʝʟ 

ʠʟʤʝʥʝʥʠʡ. ɸʥʘʣʦʛʦʚʳʡ ʩʠʛʥʘʣ, ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʳʡ ʧʨʦʪʝʢʘʶʱʝʤʫ ʪʦʢʫ, ʩ ʜʘʪʯʠʢʘ ʪʦʢʘ ʧʦʩʪʫʧʘʝʪ ʥʘ 

ʦʜʠʥ ʠʟ ʘʥʘʣʦʛʦʚʳʭ ʚʭʦʜʦʚ ɸʎʇ ʤʠʢʨʦʢʦʥʪʨʦʣʣʝʨʘ, ʘ ʫʨʦʚʝʥʴ ʥʘʧʨʷʞʝʥʠʷ ʧʠʪʘʥʠʷ USB-ʠʥʪʝʨʬʝʡʩʘ 

ʧʦʩʪʫʧʘʝʪ ʥʘ ʜʨʫʛʦʡ ʘʥʘʣʦʛʦʚʳʡ  ʚʭʦʜ ɸʎʇ. ʇʦʩʣʝ ʦʮʠʬʨʦʚʢʠ ʟʥʘʯʝʥʠʡ ʪʦʢʘ ʠ ʥʘʧʨʷʞʝʥʠʷ ʦʥʠ 

ʧʝʨʝʜʘʶʪʩʷ ʥʘ ʢʦʤʧʴʶʪʝʨ ʜʣʷ ʜʘʣʴʥʝʡʰʝʡ ʦʙʨʘʙʦʪʢʠ ʠ ʘʥʘʣʠʟʘ.  

ɼʣʷ ʩʚʷʟʠ ʩ ʢʦʤʧʴʶʪʝʨʦʤ ʠʩʧʦʣʴʟʫʝʪʩʷ ʧʨʦʚʦʜʥʦʝ ʠ ʙʝʩʧʨʦʚʦʜʥʦʝ ʩʦʝʜʠʥʝʥʠʝ.  ʇʨʦʚʦʜʥʦʡ 

ʩʧʦʩʦʙ ʩʚʷʟʠ ʦʩʥʦʚʘʥ ʥʘ UART ʠʥʪʝʨʬʝʡʩʝ ʠ ʠʩʧʦʣʴʟʫʝʪ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʴ UART/USB. ʕʪʦ ʩʧʦʩʦʙ 

ʩʦʝʜʠʥʝʥʠʷ  ʠʩʧʦʣʴʟʫʝʪʩʷ, ʢʘʢ ʧʨʘʚʠʣʦ, ʜʣʷ ʦʪʣʘʜʢʠ  ʫʩʪʨʦʡʩʪʚʘ. ɼʣʷ ʵʪʦʛʦ ʨʝʞʠʤʘ ʥʘ ʷʟʳʢʝ ʉ++ 

ʨʘʟʨʘʙʦʪʘʥʦ ʧʨʦʛʨʘʤʤʥʦʝ ʩʨʝʜʩʪʚʦ, ʢʦʪʦʨʦʝ ʧʦʟʚʦʣʷʝʪ ʦʪʦʙʨʘʞʘʪʴ ʪʝʢʫʱʠʝ ʟʥʘʯʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ 

ʪʦʢʘ ʠ ʥʘʧʨʷʞʝʥʠʷ, ʘ ʪʘʢʞʝ ʛʨʘʬʠʯʝʩʢʠ ʦʪʦʙʨʘʞʘʪʴ ʠʟʤʝʥʝʥʠʝ ʵʪʠʭ ʧʘʨʘʤʝʪʨʦʚ ʚʦ ʚʨʝʤʝʥʠ. ɺ 

ʢʘʯʝʩʪʚʝ ʰʘʙʣʦʥʘ ʜʣʷ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʧʨʦʛʨʘʤʤʥʦʛʦ ʩʨʝʜʩʪʚʘ  ʙʳʣ ʠʩʧʦʣʴʟʦʚʘʥ ʰʘʙʣʦʥ MVC ï 

Model Control View. ɼʘʥʥʳʡ ʰʘʙʣʦʥ ʧʦʜʨʘʟʫʤʝʚʘʝʪ ʤʘʢʩʠʤʘʣʴʥʦʝ ʦʪʜʝʣʝʥʠʝ ʙʠʟʥʝʩ ʣʦʛʠʢʠ 

ʧʨʦʛʨʘʤʤʳ ʦʪ ʚʠʟʫʘʣʴʥʦʡ ʯʘʩʪʠ. ʋʧʨʘʚʣʝʥʠʝ ʙʠʟʥʝʩ ʣʦʛʠʢʦʡ ʠ ʚʠʟʫʘʣʴʥʦʡ ʯʘʩʪʷʤʠ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ 

Control ʢʣʘʩʩʦʤ. 

ʇʨʠʣʦʞʝʥʠʝ ʩʦʩʪʦʠʪ ʠʟ ʠʝʨʘʨʭʠʠ ʢʣʘʩʩʦʚ ʛʨʘʬʠʯʝʩʢʠʭ ʢʦʤʧʦʥʝʥʪʦʚ. ɼʘʥʥʳʝ ʢʦʤʧʦʥʝʥʪʳ ʙʳʣʠ 

ʩʦʟʜʘʥʳ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʛʨʘʬʠʯʝʩʢʦʡ ʙʠʙʣʠʦʪʝʢʠ Gdiplus, ʢʦʪʦʨʘʷ ʥʝ ʷʚʣʷʝʪʩʷ ʙʠʙʣʠʦʪʝʢʦʡ ʧʦ 

ʫʤʦʣʯʘʥʠʶ ʠ ʪʨʝʙʫʝʪ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʡ ʫʩʪʘʥʦʚʢʠ ʥʘ ʢʦʤʧʴʶʪʝʨ.  

ɹʝʩʧʨʦʚʦʜʥʦʡ ʩʧʦʩʦʙ ʠʩʧʦʣʴʟʫʝʪ Wifi ʤʦʜʫʣʴ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʥʘ ʩʪʦʨʦʥʝ ʫʩʪʨʦʡʩʪʚʘ 

ʨʘʟʚʦʨʘʯʠʚʘʝʪʩʷ ʩʝʨʚʝʨ, ʢʦʪʦʨʳʡ ʧʨʝʜʦʩʪʘʚʣʷʝʪ ʨʷʜ ʦʧʝʨʘʮʠʡ ʜʣʷ ʫʧʨʘʚʣʝʥʠʷ, ʦʪʦʙʨʘʞʝʥʠʷ ʠ 

ʣʦʛʠʨʦʚʘʥʠʷ. ɺ ʧʝʨʩʧʝʢʪʠʚʝ ʜʘʥʥʳʡ ʩʝʨʚʝʨ ʩʤʦʞʝʪ ʧʨʝʜʦʩʪʘʚʣʷʪʴ ʚʝʩʴ ʵʪʦʪ ʬʫʥʢʮʠʦʥʘʣ ʙʝʟ 

ʪʨʝʙʦʚʘʥʠʷ ʩʧʝʮʠʘʣʴʥʦʛʦ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ ʧʦ ʧʨʦʪʦʢʦʣʫ HTTP, ʪ.ʝ. ʤʦʞʥʦ ʙʫʜʝʪ 

ʠʩʧʦʣʴʟʦʚʘʪʴ ʙʨʘʫʟʝʨ ʜʣʷ ʦʪʩʣʝʞʠʚʘʥʠʷ ʚʩʝʭ ʧʦʢʘʟʘʪʝʣʝʡ. 

ʇʨʦʛʨʘʤʤʥʦʝ ʩʨʝʜʩʪʚʦ ʜʣʷ ʤʠʢʨʦʢʦʥʪʨʦʣʣʝʨʳ ʙʳʣʦ ʚʳʧʦʣʥʝʥʦ ʥʘ ʷʟʳʢʝ ʉ ʚ ʩʨʝʜʝ Kiel. ɺ 

ʢʘʯʝʩʪʚʝ ʦʪʣʘʜʯʠʢʘ ʠʩʧʦʣʴʟʦʚʘʣʩʷ ST-LINK 2.  

 
ʉʧʠʩʦʢ ʠʩʧʦʣʴʟʦʚʘʥʥʳʭ ʠʩʪʦʯʥʠʢʦʚ: 
1.  ʀʟʤʝʨʠʪʝʣʴ ʪʦʢʘ http://www.alldatasheet.com 
2. ʆʬʠʮʠʘʣʴʥʳʡ ʩʘʡʪ ʢʦʤʧʘʥʠʠ STM http://www.stm-electronics.com 

 
 

ʀʉʉʃɽɼʆɺɸʅʀɽ ʀ ʉʈɸɺʅɽʅʀɽ ʅɽʁʈʆʅʅʓʍ ʉɽʊɽʁ  
ɼʃʗ ʂʃɸʉʉʀʌʀʂɸʎʀʀ ʊɽʂʉʊɸ 

ʖʨʛʝʣʴ ɺ.ʖ. 

ɹʝʣʦʨʫʩʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʥʬʦʨʤʘʪʠʢʠ ʠ ʨʘʜʠʦʵʣʝʢʪʨʦʥʠʢʠ 
ʛ. ʄʠʥʩʢ, ʈʝʩʧʫʙʣʠʢʘ ɹʝʣʘʨʫʩʴ 

ʉʝʨʝʙʨʷʥʘʷ ʃ.ɺ. ï ʢ.ʪ.ʥ.,ʜʦʮʝʥʪ 

ʂʦʣʠʯʝʩʪʚʦ ʠ ʦʙʲʝʤ ʩʫʱʝʩʪʚʫʶʱʠʭ ʪʝʢʩʪʦʚ ʦʯʝʥʴ ʚʝʣʠʢ ʠ ʧʦʩʪʦʷʥʥʦ ʫʚʝʣʠʯʠʚʘʝʪʩʷ, ʦʩʦʙʝʥʥʦ ʙʣʘʛʦʜʘʨʷ ʨʘʟʚʠʪʠʶ 
ʠʥʪʝʨʥʝʪ-ʪʝʭʥʦʣʦʛʠʡ, ʚ ʩʚʷʟʠ ʩ ʯʝʤ ʟʥʘʯʠʪʝʣʴʥʦ ʫʩʣʦʞʥʷʝʪʩʷ ʠʭ ʨʫʯʥʘʷ ʢʣʘʩʩʠʬʠʢʘʮʠʷ, ʧʦʵʪʦʤʫ ʚʦʟʥʠʢʘʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʴ 
ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʨʘʟʣʠʯʥʳʭ ʪʝʭʥʠʢ ʠ ʤʝʪʦʜʦʚ ʜʣʷ ʘʚʪʦʤʘʪʠʯʝʩʢʦʡ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʪʝʢʩʪʘ. ɺ ʵʪʦʡ ʩʪʘʪʴʝ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʪʨʠ 
ʚʠʜʘ ʥʝʡʨʦʥʥʳʭ ʩʝʪʝʡ ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʪʝʢʩʪʘ: ʩʚʝʨʪʦʯʥʘʷ ʥʝʡʨʦʥʥʘʷ ʩʝʪʴ, ʨʝʢʫʨʨʝʥʪʥʘʷ ʥʝʡʨʦʥʥʘʷ ʩʝʪʴ ʠ 
ʠʝʨʘʨʭʠʯʝʩʢʘʷ ʩʝʪʴ ʚʥʠʤʘʥʠʷ, ʘ ʪʘʢʞʝ ʠʭ ʩʨʘʚʥʝʥʠʝ. 

ʆʜʥʦʡ ʠʟ ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʫʝʤʳʭ ʟʘʜʘʯ ʦʙʨʘʙʦʪʢʠ ʝʩʪʝʩʪʚʝʥʥʦʛʦ ʷʟʳʢʘ ʚ ʨʘʟʣʠʯʥʳʭ ʙʠʟʥʝʩ-
ʟʘʜʘʯʘʭ ʷʚʣʷʝʪʩʷ ʢʣʘʩʩʠʬʠʢʘʮʠʷ ʪʝʢʩʪʘ, ʯʪʦ ʠ ʝʩʪʴ ʧʨʠʤʝʨ ʢʦʥʪʨʦʣʠʨʫʝʤʦʛʦ ʤʘʰʠʥʥʦʛʦ ʦʙʫʯʝʥʠʷ, 
ʧʦʩʢʦʣʴʢʫ ʜʣʷ ʦʙʫʯʝʥʠʷ ʢʣʘʩʩʠʬʠʢʘʪʦʨʘ ʠʩʧʦʣʴʟʫʝʪʩʷ ʤʘʨʢʠʨʦʚʘʥʥʳʡ ʥʘʙʦʨ ʜʘʥʥʳʭ, ʩʦʜʝʨʞʘʱʠʡ 
ʪʝʢʩʪʦʚʳʝ ʜʦʢʫʤʝʥʪʳ ʠ ʠʭ ʤʝʪʢʠ. 

ʎʝʣʴʶ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʪʝʢʩʪʘ ʷʚʣʷʝʪʩʷ ʘʚʪʦʤʘʪʠʯʝʩʢʘʷ ʢʣʘʩʩʠʬʠʢʘʮʠʷ ʪʝʢʩʪʦʚʳʭ ʜʦʢʫʤʝʥʪʦʚ 
ʧʦ ʦʜʥʦʡ ʠʣʠ ʥʝʩʢʦʣʴʢʠʤ ʧʨʝʜʦʧʨʝʜʝʣʝʥʥʳʤ ʢʘʪʝʛʦʨʠʷʤ. 

ʅʝʢʦʪʦʨʳʝ ʧʨʠʤʝʨʳ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʪʝʢʩʪʘ: ʧʦʥʠʤʘʥʠʝ ʥʘʩʪʨʦʝʥʠʷ ʘʫʜʠʪʦʨʠʠ ʠʟ ʩʦʮʠʘʣʴʥʳʭ 
ʩʝʪʝʡ; ʦʙʥʘʨʫʞʝʥʠʝ ʩʧʘʤʘ; ʘʚʪʦʤʘʪʠʯʝʩʢʘʷ ʧʦʤʝʪʢʘ ʟʘʧʨʦʩʦʚ ʢʣʠʝʥʪʘ; ʢʘʪʝʛʦʨʠʟʘʮʠʷ ʥʦʚʦʩʪʥʳʭ 
ʩʪʘʪʝʡ ʥʘ ʧʨʝʜʦʧʨʝʜʝʣʝʥʥʳʝ ʪʝʤʳ ʠ ʪ.ʜ. 

ɺ ʜʘʥʥʦʤ ʪʝʟʠʩʝ ʙʫʜʫʪ ʨʘʩʩʤʦʪʨʝʥʳ ʥʝʩʢʦʣʴʢʦ ʧʦʜʭʦʜʦʚ (ʤʝʪʦʜʦʚ) ʜʣʷ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʪʝʢʩʪʘ, 
ʠʭ ʘʥʘʣʠʟ ʠ ʩʨʘʚʥʝʥʠʝ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ. 



55-ʷ ʶʙʠʣʝʡʥʘʷ ʥʘʫʯʥʘʷ ʢʦʥʬʝʨʝʥʮʠʷ ʘʩʧʠʨʘʥʪʦʚ, ʤʘʛʠʩʪʨʘʥʪʦʚ ʠ ʩʪʫʜʝʥʪʦʚ ɹɻʋʀʈ, 2019 ʛ. 
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ʂʦʤʧʣʝʢʩʥʳʡ ʢʦʥʚʝʡʝʨ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʪʝʢʩʪʘ ʩʦʩʪʦʠʪ ʠʟ ʩʣʝʜʫʶʱʠʭ ʢʦʤʧʦʥʝʥʪʦʚ: 
1) ʦʙʫʯʘʝʤʳʡ ʪʝʢʩʪ - ʪɻʦ ʠʩʭʦʜʥʳʡ ʪʝʢʩʪ, ʩ ʧʦʤʦʱʴʶ ʢʦʪʦʨʦʛʦ ʢʦʥʪʨʦʣʠʨʫʝʤʘʷ ʤʦʜʝʣʴ 

ʦʙʫʯʝʥʠʷ ʤʦʞʝʪ ʠʟʫʯʠʪʴ ʠ ʧʨʝʜʩʢʘʟʘʪʴ ʥʝʦʙʭʦʜʠʤʳʡ ʢʣʘʩʩ; 
2) ʚʝʢʪʦʨ ʦʙʲʝʢʪʦʚ - ʵʪʦ ʚʝʢʪʦʨ, ʢʦʪʦʨʳʡ ʩʦʜʝʨʞʠʪ ʠʥʬʦʨʤʘʮʠʶ, ʦʧʠʩʳʚʘʶʱʫʶ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ʚʭʦʜʥʳʭ ʜʘʥʥʳʭ; 
3) ʤʝʪʢʠ - ʵʪʦ ʧʨʝʜʦʧʨʝʜʝʣʝʥʥʳʝ ʢʣʘʩʩʳ/ʢʘʪʝʛʦʨʠʠ, ʢʦʪʦʨʳʝ ʜʦʣʞʥʘ ʧʨʝʜʩʢʘʟʘʪʴ ʤʦʜʝʣʴ; 
4) ʘʣʛʦʨʠʪʤ, ʩ ʧʦʤʦʱʴʶ ʢʦʪʦʨʦʛʦ ʤʦʜʝʣʴ ʤʦʞʝʪ ʨʘʙʦʪʘʪʴ ʩ ʢʣʘʩʩʠʬʠʢʘʮʠʝʡ ʪʝʢʩʪʘ; 
5) ʧʨʝʜʩʢʘʟʘʪʝʣʴʥʘʷ ʤʦʜʝʣʴ - ʤʦʜʝʣʴ, ʢʦʪʦʨʘʷ ʦʙʫʯʘʝʪʩʷ ʥʘ ʠʩʪʦʨʠʯʝʩʢʦʤ ʥʘʙʦʨʝ ʜʘʥʥʳʭ, 

ʢʦʪʦʨʘʷ ʤʦʞʝʪ ʚʳʧʦʣʥʷʪʴ ʧʨʝʜʩʢʘʟʘʥʠʷ ʤʝʪʦʢ. 
ʉʚʝʨʪʦʯʥʘʷ ʥʝʡʨʦʥʥʘʷ ʩʝʪʴ (ʉʅʅ, ʘʥʛʣ. CNN - Convolutional Neural Networks) - ʵʪʦ ʢʣʘʩʩ 

ʛʣʫʙʦʢʠʭ ʠʩʢʫʩʩʪʚʝʥʥʳʭ ʥʝʡʨʦʥʥʳʭ ʩʝʪʝʡ ʩ ʧʨʷʤʦʡ ʩʚʷʟʴʶ (ʛʜʝ ʩʦʝʜʠʥʝʥʠʝ ʤʝʞʜʫ ʫʟʣʘʤʠ ʥʝ 
ʦʙʨʘʟʫʶʪ ʮʠʢʣ) ʠ ʠʩʧʦʣʴʟʫʶʪ ʨʘʟʥʦʚʠʜʥʦʩʪʴ ʤʥʦʛʦʩʣʦʡʥʳʭ ʧʝʨʩʝʧʪʨʦʥʦʚ, ʨʘʟʨʘʙʦʪʘʥʥʳʭ ʜʣʷ 
ʤʠʥʠʤʘʣʴʥʦʡ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʡ ʦʙʨʘʙʦʪʢʠ [1]. ʊʘʢʘʷ ʥʝʡʨʦʥʥʘʷ ʩʝʪʴ ʦʙʳʯʥʦ ʠʩʧʦʣʴʟʫʝʪʩʷ ʚ 
ʢʦʤʧʴʶʪʝʨʥʦʤ ʟʨʝʥʠʠ, ʦʜʥʘʢʦ ʥʝʜʘʚʥʦ ʙʳʣʘ ʧʨʠʤʝʥʝʥʘ ʢ ʨʘʟʣʠʯʥʳʤ ʟʘʜʘʯʘʤ ʦʙʨʘʙʦʪʢʠ 
ʝʩʪʝʩʪʚʝʥʥʦʛʦ ʷʟʳʢʘ (NLP), ʠ ʨʝʟʫʣʴʪʘʪʳ ʙʳʣʠ ʤʥʦʛʦʦʙʝʱʘʶʱʠʤʠ. 

ʂʨʘʪʢʦ ʨʘʩʩʤʦʪʨʠʤ, ʯʪʦ ʧʨʦʠʩʭʦʜʠʪ, ʢʦʛʜʘ CNN ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʪʝʢʩʪʦʚʳʭ ʜʘʥʥʳʭ. ʈʝʟʫʣʴʪʘʪ 
ʢʘʞʜʦʡ ʩʚʝʨʪʢʠ ʩʨʘʙʘʪʳʚʘʝʪ ʧʨʠ ʦʙʥʘʨʫʞʝʥʠʠ ʦʧʨʝʜʝʣʝʥʥʦʛʦ ʰʘʙʣʦʥʘ. ʀʟʤʝʥʝʥʠʝ ʨʘʟʤʝʨʘ ʷʜʝʨ ʠ 
ʦʙʲʝʜʠʥʷʷ ʠʭ ʚʳʭʦʜʥʳʝ ʜʘʥʥʳʝ ʧʦʟʚʦʣʷʝʪ ʦʙʥʘʨʫʞʠʪʴ ʰʘʙʣʦʥʳ ʤʥʦʞʝʩʪʚʝʥʥʳʭ ʨʘʟʤʝʨʦʚ (2, 3 ʠʣʠ 5 
ʩʤʝʞʥʳʭ ʩʣʦʚ). ʐʘʙʣʦʥʘʤʠ ʤʦʛʫʪ ʙʳʪʴ ʚʳʨʘʞʝʥʠʷ, ʪʘʢʠʝ ʢʘʢ çʷ ʣʶʙʣʶè, çʷ ʥʝʥʘʚʠʞʫè ʠʣʠ çʦʯʝʥʴ 
ʭʦʨʦʰʦè, ʯʪʦ ʧʦʟʚʦʣʷʝʪ CNN ʠʜʝʥʪʠʬʠʮʠʨʦʚʘʪʴ ʠʭ ʚ ʧʨʝʜʣʦʞʝʥʠʠ ʥʝʟʘʚʠʩʠʤʦ ʦʪ ʠʭ ʧʦʣʦʞʝʥʠʷ. 

ʈʝʢʫʨʨʝʥʪʥʘʷ ʥʝʡʨʦʥʥʘʷ ʩʝʪʴ (ʈʅʅ, ʘʥʛʣ. RNN - Recurrent Neural Network) - ʵʪʦ ʢʣʘʩʩ 
ʠʩʢʫʩʩʪʚʝʥʥʦʡ ʥʝʡʨʦʥʥʦʡ ʩʝʪʠ, ʛʜʝ ʩʦʝʜʠʥʝʥʠʷ ʤʝʞʜʫ ʫʟʣʘʤʠ ʦʙʨʘʟʫʶʪ ʥʘʧʨʘʚʣʝʥʥʳʡ ʛʨʘʬ ʧʦ ʜʣʠʥʝ 
ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ. ʕʪʦ ʧʦʟʚʦʣʷʝʪ ʜʝʤʦʥʩʪʨʠʨʦʚʘʪʴ ʜʠʥʘʤʠʯʝʩʢʦʝ ʚʨʝʤʝʥʥʦʝ ʧʦʚʝʜʝʥʠʝ ʜʣʷ 
ʚʨʝʤʝʥʥʦʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ. ɼʨʫʛʠʤʠ ʩʣʦʚʘʤʠ, RNN - ʵʪʦ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʙʣʦʢʦʚ ʥʝʡʨʦʥʥʦʡ 
ʩʝʪʠ, ʢʦʪʦʨʳʝ ʩʚʷʟʘʥʳ ʜʨʫʛ ʩ ʜʨʫʛʦʤ ʢʘʢ ʮʝʧʦʯʢʘ. ʂʘʞʜʳʡ ʧʝʨʝʜʘʝʪ ʩʦʦʙʱʝʥʠʝ ʧʨʝʝʤʥʠʢʫ. 

RNN ʤʦʞʝʪ ʧʦʢʘʟʘʪʴʩʷ ʜʦʚʦʣʴʥʦ ʩʣʦʞʥʦʡ, ʥʦ, ʪʝʤ ʥʝ ʤʝʥʝʝ, ʦʥʘ ʜʦʚʦʣʴʥʦ ʠʥʪʝʨʝʩʥʘ ʜʣʷ 
ʠʟʫʯʝʥʠʷ. ʆʥʘ ʠʥʢʘʧʩʫʣʠʨʫʶʪ ʦʯʝʥʴ ʢʨʘʩʠʚʳʡ ʜʠʟʘʡʥ, ʢʦʪʦʨʳʡ ʧʨʝʦʜʦʣʝʚʘʝʪ ʥʝʜʦʩʪʘʪʢʠ 
ʪʨʘʜʠʮʠʦʥʥʳʭ ʥʝʡʨʦʥʥʳʭ ʩʝʪʝʡ, ʢʦʪʦʨʳʝ ʚʦʟʥʠʢʘʶʪ ʧʨʠ ʨʘʙʦʪʝ ʩ ʜʘʥʥʳʤʠ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ: 
ʪʝʢʩʪ, ʚʨʝʤʝʥʥʳʝ ʨʷʜʳ, ʚʠʜʝʦ, ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ɼʅʂ ʠ ʪ. ʜ. 

ʀʝʨʘʨʭʠʯʝʩʢʘʷ ʩʝʪʴ ʚʥʠʤʘʥʠʷ (ʀʉɺ, HAN -  Hierarchical Attention Network). HAN ʩʧʨʦʝʢʪʠʨʦʚʘʥʘ 
ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʯʪʦʙʳ ʫʣʦʚʠʪʴ ʜʚʝ ʦʩʥʦʚʥʳʝ ʠʜʝʠ ʦ ʩʪʨʫʢʪʫʨʝ ʜʦʢʫʤʝʥʪʦʚ. 

ʇʝʨʚʘʷ - ʧʦʩʢʦʣʴʢʫ ʜʦʢʫʤʝʥʪʳ ʠʤʝʶʪ ʠʝʨʘʨʭʠʯʝʩʢʫʶ ʩʪʨʫʢʪʫʨʫ (ʩʣʦʚʘ ʬʦʨʤʠʨʫʝʪ 
ʧʨʝʜʣʦʞʝʥʠʷ, ʘ ʧʨʝʜʣʦʞʝʥʠʷ, ʪʝʤ ʩʘʤʳʤ, ʬʦʨʤʠʨʫʶʪ ʩʘʤ ʜʦʢʫʤʝʥʪ), ʤʳ ʘʥʘʣʦʛʠʯʥʳʤ ʦʙʨʘʟʦʤ 
ʩʪʨʦʠʤ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʦ ʜʦʢʫʤʝʥʪʝ, ʩʥʘʯʘʣʘ ʚʳʩʪʨʘʠʚʘʷ ʧʨʝʜʩʪʘʚʣʝʥʠʡ ʧʨʝʜʣʦʞʝʥʠʡ ʠ, ʟʘʪʝʤ, 
ʘʛʨʝʛʠʨʫʝʤ ʠʭ ʚ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʜʦʢʫʤʝʥʪʘ. ɺʪʦʨʘʷ - ʦʪʤʝʯʘʝʪʩʷ, ʯʪʦ ʨʘʟʥʳʝ ʩʣʦʚʘ ʠ ʧʨʝʜʣʦʞʝʥʠʷ ʚ 
ʜʦʢʫʤʝʥʪʘʭ ʷʚʣʷʶʪʩʷ ʜʠʬʬʝʨʝʥʮʠʨʦʚʘʥʥʦ ʠʥʬʦʨʤʘʪʠʚʥʳʤʠ. ɹʦʣʝʝ ʪʦʛʦ, ʚʘʞʥʦʩʪʴ ʩʣʦʚ ʠ 
ʧʨʝʜʣʦʞʝʥʠʡ ʦʯʝʥʴ ʩʠʣʴʥʦ ʟʘʚʠʩʷʪ ʦʪ ʪʝʢʫʱʝʛʦ ʢʦʥʪʝʢʩʪʘ ʜʦʢʫʤʝʥʪʘ, ʪ.ʝ. ʦʜʥʠ ʠ ʪʝ ʞʝ ʩʣʦʚʘ ʠʣʠ 
ʧʨʝʜʣʦʞʝʥʠʷ ʤʦʛʫʪ ʠʤʝʪʴ ʨʘʟʥʫʶ ʚʘʞʥʦʩʪʴ ʚ ʨʘʟʥʳʭ ʢʦʥʪʝʢʩʪʘʭ. 

ʀʝʨʘʨʭʠʯʝʩʢʘʷ ʩʝʪʴ ʚʥʠʤʘʥʠʷ ʦʙʣʘʜʘʝʪ ʩʣʝʜʫʶʱʠʤʠ ʜʚʫʤʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ: 
1)  ʠʤʝʝʪ ʠʝʨʘʨʭʠʯʝʩʢʫʶ ʩʪʨʫʢʪʫʨʫ, ʢʦʪʦʨʘʷ ʦʪʨʘʞʘʝʪ ʠʝʨʘʨʭʠʯʝʩʢʫʶ ʩʪʨʫʢʪʫʨʫ ʜʦʢʫʤʝʥʪʦʚ; 
2) ʧʨʠʩʫʪʩʪʚʫʝʪ ʜʚʘ ʫʨʦʚʥʷ ʚʥʠʤʘʥʠʷ, ʧʨʠʤʝʥʷʝʤʳʝ ʥʘ ʫʨʦʚʥʝ ʩʣʦʚ ʠ ʧʨʝʜʣʦʞʝʥʠʡ, ʯʪʦ 

ʧʦʟʚʦʣʷʝʪ ʧʦ-ʨʘʟʥʦʤʫ ʦʪʥʦʩʠʪʴʩʷ ʢ ʙʦʣʝʝ ʠ ʤʝʥʝʝ ʚʘʞʥʦʤʫ ʢʦʥʪʝʥʪʫ ʧʨʠ ʧʦʩʪʨʦʝʥʠʠ ʧʨʝʜʩʪʘʚʣʝʥʠʷ 
ʜʦʢʫʤʝʥʪʘ [2]. 

 
ɼʣ̫  ʠʩʩʣʝʜʦʚʘʥʠʷ ʚʳʙʨʘʥʦ ʪʨʠ ʪʠʧʘ ʥʘʙʦʨʦʚ ʩ ʨʘʟʣʠʯʥʳʤʠ ʚʘʨʠʘʮʠʷʤʠ ʢʣʘʩʩʦʚ (ʪʘʙʣʠʮʘ 1). 
 

ʊʘʙʣʠʮʘ 1 - ʇʨʝʜʩʪʘʚʣʝʥʠʝ ʥʘʙʦʨʦʚ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʅʘʙʦʨʳ ʈʘʟʤʝʨ ʂʣʘʩʩʳ ʆʙʫʯʘʶʱʠʝ/ʧʨʦʚʝʨʷʝʤʳʝ ʦʙʨʘʟʮʳ 

ʅʘʙʦʨ 1 18322 362 14658/3664 

ʅʘʙʦʨ 2 3155 29 2524/631 

ʅʘʙʦʨ 3 191 17 163/38 

 
ʈʝʟʫʣʴʪʘʪʳ: 
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ʊʘʙʣʠʮʘ 2 - ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʅʘʙʦʨʳ ɸʣʛʦʨʠʪʤ ɺʨʝʤʷ ʊʦʯʥʦʩʪʴ ʦʙʫʯʝʥʠʷ ʊʦʯʥʦʩʪʴ ʧʨʦʚʝʨʢʠ 

ʅʘʙʦʨ 1 CNN 48 ʩʝʢ. 96.12 94.14 

ʅʘʙʦʨ 2 RNN 170 ʩʝʢ. 95.76 95.24 

ʅʘʙʦʨ 3 HAN 240 ʩʝʢ. 95.6 95.24 

ʅʘʙʦʨ 1 CNN 360 ʩʝʢ. 87.88 83.76 

ʅʘʙʦʨ 2 RNN 1800 ʩʝʢ. 82.63 81.11 

ʅʘʙʦʨ 3 HAN 1440 ʩʝʢ. 87.91 85.89 

ʅʘʙʦʨ 1 CNN 5 ʩʝʢ. 91.5 94.73 

ʅʘʙʦʨ 2 RNN 150 ʩʝʢ. 89.54 92.1 

ʅʘʙʦʨ 3 HAN 30 ʩʝʢ. 92.16 86.84 

 
ɺʳʚʦʜʳ: 
1)  CNN ʜʦʩʪʠʛʣʘ ʭʦʨʦʰʝʡ ʪʦʯʥʦʩʪʠ ʧʨʦʚʝʨʢʠ ʩ ʚʳʩʦʢʦʡ ʩʦʛʣʘʩʦʚʘʥʥʦʩʪʴʶ; 
2)  RNN ʦʢʘʟʘʣʘʩʴ ʭʫʜʰʠʤ ʘʣʛʦʨʠʪʤʦʤ ʜʣʷ ʨʝʘʣʠʟʘʮʠʠ ʛʦʪʦʚʳʭ ʩʮʝʥʘʨʠʝʚ; 
3) CNN ʧʨʝʚʟʦʰʣʘ ʜʚʝ ʜʨʫʛʠʝ ʤʦʜʝʣʠ (RNN ʠ HAN) ʧʦ ʚʨʝʤʝʥʠ ʦʙʫʯʝʥʠʷ, ʦʜʥʘʢʦ RNN ʠ HAN 

ʨʘʙʦʪʘʝʪ ʣʫʯʰʝ ʧʨʠ ʙʦʣʴʰʠʭ ʥʘʙʦʨʘʭ ʜʘʥʥʳʭ; 
4) ɼʣʷ ʥʘʙʦʨʘ 1 ʠ ʥʘʙʦʨʘ 2, ʛʜʝ ʦʙʫʯʘʶʱʠʭ ʚʳʙʦʨʦʢ ʙʦʣʴʰʝ, HAN ʜʦʩʪʠʛʣʘ ʥʘʠʣʫʯʰʝʡ 

ʪʦʯʥʦʩʪʠ ʧʨʦʚʝʨʢʠ. ɸ ʯʪʦ ʢʘʩʘʝʪʩʷ ʥʘʙʦʨʘ 3, ʛʜʝ ʦʙʫʯʘʶʱʠʭ ʚʳʙʦʨʦʢ ʤʘʣʦ, HAN ʧʦʢʘʟʘʣʘ 
ʧʨʦʪʠʚʦʧʦʣʦʞʥʳʝ ʨʝʟʫʣʴʪʘʪʳ; 

5) ʂʦʛʜʘ ʦʙʫʯʘʝʤʳʭ ʦʙʨʘʟʮʦʚ ʤʝʥʴʰʝ (ʥʘʧʨʠʤʝʨ, ʚ ʥʘʙʦʨʝ ʧʦʜ ʥʦʤʝʨʦʤ 3), ʩʚʝʨʪʦʯʥʘʷ 
ʥʝʡʨʦʥʥʘʷ ʩʝʪʴ ʜʦʩʪʠʛʘʝʪ ʣʫʯʰʝʡ ʪʦʯʥʦʩʪʠ ʧʨʦʚʝʨʢʠ. 

 
ʉʧʠʩʦʢ ʠʩʧʦʣʴʟʦʚʘʥʥʳʭ ʠʩʪʦʯʥʠʢʦʚ: 
1. Goodfellow I.. Deep Learning / I. Goodfellow, Y. Bengio, A. Courville - The MIT Press, 2016. - 775 S. 
2. Yang Z. Hierarchical Attention Networks for Document Classification / Z. Yang, D. Yang, H. Xiaodong, A. Smola, E. Hovy // 

Carnegie Mellon University. - 2015. - Vol. 12. - P. 1-8  

 
 

ɺɽɹ-ʆʈʀɽʅʊʀʈʆɺɸʅʅʆɽ ʇʉ ʋɼɸʃɽʅʅʆɻʆ ʋʇʈɸɺʃɽʅʀʗ 
ʆʉɺɽʑɽʅʀɽʄ ʉ ʀʉʇʆʃʔɿʆɺɸʅʀɽʄ ʊɽʍʅʆʃʆɻʀʀ PHP 

ʗʩʶʯʝʥʷ ɸ.ɸ. 

ɹʝʣʦʨʫʩʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʥʬʦʨʤʘʪʠʢʠ ʠ ʨʘʜʠʦʵʣʝʢʪʨʦʥʠʢʠ 
ʛ. ʄʠʥʩʢ, ʈʝʩʧʫʙʣʠʢʘ ɹʝʣʘʨʫʩʴ 

ɹʦʣʪʘʢ ʉ.ɺ. ï ʘʩʩʠʩʪʝʥʪ 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʤʥʦʛʠʝ ʢʦʤʧʘʥʠʠ ʩʪʘʨʘʶʪʩʷ ʦʧʪʠʤʠʟʠʨʦʚʘʪʴ ʨʘʩʭʦʜʳ ʠ ʟʘʪʨʘʪʳ ʚʩʝʭ ʚʠʜʦʚ. ʀʥʪʝʣʣʝʢʪʫʘʣʴʥʘʷ ʩʠʩʪʝʤʘ 
ʫʧʨʘʚʣʝʥʠʷ ʦʩʚʝʱʝʥʠʝʤ ʧʦʟʚʦʣʷʝʪ ʨʘʮʠʦʥʘʣʴʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʵʥʝʨʛʝʪʠʯʝʩʢʠʝ ʨʝʩʫʨʩʳ, ʢʦʥʪʨʦʣʠʨʦʚʘʪʴ ʠ ʫʜʘʣʸʥʥʦ ʫʧʨʘʚʣʷʪʴ 
ʦʩʚʝʱʝʥʠʝʤ, ʧʦʜʜʝʨʞʠʚʘʪʴ ʢʦʤʬʦʨʪʥʳʝ ʫʩʣʦʚʠʷ ʠ ʟʥʘʯʠʪʝʣʴʥʦ ʩʥʠʞʘʪʴ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʝ ʠʟʜʝʨʞʢʠ. 

ʉʠʩʪʝʤʘ ʧʨʝʜʥʘʟʥʘʯʝʥʘ ʜʣʷ ʮʝʥʪʨʘʣʠʟʦʚʘʥʥʦʛʦ ʘʚʪʦʤʘʪʠʯʝʩʢʦʛʦ ʠ ʦʧʝʨʘʪʠʚʥʦʛʦ 
ʜʠʩʧʝʪʯʝʨʩʢʦʛʦ ʫʧʨʘʚʣʝʥʠʷ ʦʩʚʝʱʝʥʠʝʤ ʣʶʙʳʭ ʦʙʲʝʢʪʦʚ ʠʣʠ ʫʣʠʮ.  

ʋʧʨʘʚʣʝʥʠʝ ʩʚʝʪʠʣʴʥʠʢʘʤʠ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʩ ʧʦʤʦʱʴʶ ʙʝʩʧʨʦʚʦʜʥʦʡ ʪʝʭʥʦʣʦʛʠʠ ʧʝʨʝʜʘʯʠ 
ʜʘʥʥʳʭ ʤʘʣʦʛʦ ʨʘʜʠʫʩʘ ʜʝʡʩʪʚʠʷ ʩʪʘʥʜʘʨʪʘ IEEE 802.15 ʧʦ ʧʨʦʪʦʢʦʣʫ Zigbee. ʊʝʭʥʦʣʦʛʠʷ ʧʦʟʚʦʣʷʝʪ 
ʩʦʟʜʘʚʘʪʴ ʩʘʤʦʦʨʛʘʥʠʟʫʶʱʠʝʩʷ ʙʝʩʧʨʦʚʦʜʥʳʝ ʩʝʪʠ ʩ ʘʚʪʦʤʘʪʠʯʝʩʢʦʡ ʨʝʪʨʘʥʩʣʷʮʠʝʡ ʩʦʦʙʱʝʥʠʡ. 
ʈʘʩʩʪʦʷʥʠʷ ʤʝʞʜʫ ʫʟʣʘʤʠ ʩʝʪʠ ʩʦʩʪʘʚʣʷʶʪ ʜʝʩʷʪʢʠ ʤʝʪʨʦʚ ʧʨʠ ʨʘʙʦʪʝ ʚʥʫʪʨʠ ʧʦʤʝʱʝʥʠʷ ʠ ʩʦʪʥʠ 
ʤʝʪʨʦʚ ʥʘ ʦʪʢʨʳʪʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ. ɿʘ ʩʯʸʪ ʨʝʪʨʘʥʩʣʷʮʠʡ ʟʦʥʘ ʧʦʢʨʳʪʠʷ ʩʝʪʠ ʤʦʞʝʪ ʟʥʘʯʠʪʝʣʴʥʦ 
ʫʚʝʣʠʯʠʚʘʪʴʩʷ.  
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ɼʘʣʴʥʦʩʪʴ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ ʚ ʪʘʢʦʡ ʩʝʪʠ ʧʦʚʳʰʘʝʪʩʷ ʙʝʟ ʫʚʝʣʠʯʝʥʠʷ ʤʦʱʥʦʩʪʠ ʧʝʨʝʜʘʪʯʠʢʘ ï 
ʯʘʩʪʴ ʫʟʣʦʚ ʩʝʪʠ ʩʧʦʩʦʙʥʘ ʤʘʨʰʨʫʪʠʟʠʨʦʚʘʪʴ ʧʘʢʝʪʳ ʜʘʥʥʳʭ ʦʪ ʦʪʧʨʘʚʠʪʝʣʷ ʢ ʧʦʣʫʯʘʪʝʣʶ ʧʦ 
ʢʨʘʪʯʘʡʰʝʤʫ ʧʫʪʠ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʧʨʠ ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʝʙʦʣʴʰʠʭ ʩʢʦʨʦʩʪʷʭ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ 
ʦʙʝʩʧʝʯʠʚʘʪʴ ʛʘʨʘʥʪʠʨʦʚʘʥʥʫʶ ʜʦʩʪʘʚʢʫ ʧʘʢʝʪʦʚ ʠ ʟʘʱʠʪʫ ʧʝʨʝʜʘʚʘʝʤʦʡ ʠʥʬʦʨʤʘʮʠʠ. 

ɺʦʪ ʥʝʢʦʪʦʨʳʝ ʧʨʝʠʤʫʱʝʩʪʚʘ ʫʜʘʣʸʥʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ ʦʩʚʝʱʝʥʠʝʤ:  
ī ʜʠʩʧʝʪʯʝʨʠʟʘʮʠʷ ʫʧʨʘʚʣʝʥʠʷ ʩ ʚʦʟʤʦʞʥʦʩʪʴʶ ʚʳʚʦʜʘ ʥʘ ʧʫʣʴʪ ʦʧʝʨʘʪʦʨʘ; 
ī ʠʥʜʠʚʠʜʫʘʣʴʥʦʝ ʠ ʛʨʫʧʧʦʚʦʝ ʫʜʘʣʸʥʥʦʝ ʫʧʨʘʚʣʝʥʠʝ; 
ī ʠʜʝʥʪʠʬʠʢʘʮʠʷ ʥʝʠʩʧʨʘʚʥʦʩʪʝʡ ʦʥʣʘʡʥ; 
ī ʦʧʪʠʤʠʟʘʮʠʷ ʦʩʚʝʱʝʥʠʷ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ ʠ ʨʝʞʠʤʘ ʨʘʙʦʪʳ; 
ī ʬʦʨʤʠʨʦʚʘʥʠʝ ʩʪʘʪʠʩʪʠʯʝʩʢʠʭ ʦʪʯʸʪʦʚ; 
ī ʦʪʦʙʨʘʞʝʥʠʝ ʩʚʝʪʠʣʴʥʠʢʦʚ ʥʘ ʢʘʨʪʝ ʧʦ ʢʦʦʨʜʠʥʘʪʘʤ GPS. 
ɺ ʨʘʟʨʘʙʘʪʳʚʘʝʤʦʤ ʧʨʠʣʦʞʝʥʠʠ ʫʯʪʝʥʦ ʙʦʣʴʰʠʥʩʪʚʦ ʠʟ ʧʨʝʠʤʫʱʝʩʪʚ ʫʧʨʘʚʣʝʥʠʷ 

ʦʩʚʝʱʝʥʠʝʤ. ʆʩʥʦʚʥʳʤ ʧʨʝʠʤʫʱʝʩʪʚʦʤ ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ ʦʩʚʝʱʝʥʠʝʤ ʥʘʜ ʘʚʪʦʥʦʤʥʳʤ 
ʫʧʨʘʚʣʝʥʠʝʤ ʦʩʚʝʱʝʥʠʷ ʠʣʠ ʥʘʜ ʦʙʳʯʥʳʤ ʨʫʯʥʳʤ ʧʝʨʝʢʣʶʯʝʥʠʝʤ ʩʚʝʪʘ ʷʚʣʷʝʪʩʷ ʩʧʦʩʦʙʥʦʩʪʴ 
ʢʦʥʪʨʦʣʠʨʦʚʘʪʴ ʦʪʜʝʣʴʥʳʝ ʩʚʝʪʦʚʳʝ ʧʨʠʙʦʨʳ ʠʣʠ ʛʨʫʧʧʳ ʧʨʠʙʦʨʦʚ ʠʟ ʝʜʠʥʦʛʦ ʧʦʣʴʟʦʚʘʪʝʣʴʩʢʦʛʦ 
ʠʥʪʝʨʬʝʡʩʘ ʫʩʪʨʦʡʩʪʚʘ. ɺʦʟʤʦʞʥʦʩʪʴ ʦʜʥʦʚʨʝʤʝʥʥʦ ʢʦʥʪʨʦʣʠʨʦʚʘʪʴ ʥʝʩʢʦʣʴʢʦ ʠʩʪʦʯʥʠʢʦʚ ʩʚʝʪʘ ʠʟ 
ʦʜʥʦʛʦ ʫʩʪʨʦʡʩʪʚʘ ʧʦʟʚʦʣʷʝʪ ʩʦʟʜʘʪʴ ʥʫʞʥʫʶ ʩʚʝʪʦʚʫʶ ʘʪʤʦʩʬʝʨʫ, ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʧʨʝʜʥʘʟʥʘʯʝʥʠʷ 
ʧʦʤʝʱʝʥʠʷ ʚ ʪʦʪ ʠʣʠ ʠʥʦʡ ʧʝʨʠʦʜ ʚʨʝʤʝʥʠ. 

ʇʨʠ ʨʘʟʨʘʙʦʪʢʝ ʧʨʠʣʦʞʝʥʠʷ ʙʳʣ ʠʩʧʦʣʴʟʦʚʘʥ ʩʣʝʜʫʶʱʠʡ ʩʪʝʢ ʪʝʭʥʦʣʦʛʠ: PHP, JavaScript, 
jQuery, MySQL.  

ʂʣʠʝʥʪʩʢʘʷ ʯʘʩʪʴ ʧʨʠʣʦʞʝʥʠʷ ʙʳʣʘ ʧʦʩʪʨʦʝʥʘ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʙʠʙʣʠʦʪʝʢʠ JavaScript - 
jQuery, ʢʦʪʦʨʘʷ ʬʦʢʫʩʠʨʫʝʪʩʷ ʥʘ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʩ HTML, ʧʦʤʦʛʘʝʪ ʣʝʛʢʦ ʧʦʣʫʯʘʪʴ ʜʦʩʪʫʧ ʢ ʣʶʙʦʤʫ 
ʵʣʝʤʝʥʪʫ DOM, ʦʙʨʘʱʘʪʴʩʷ ʢ ʘʪʨʠʙʫʪʘʤ ʠ ʩʦʜʝʨʞʠʤʦʤʫ ʵʣʝʤʝʥʪʦʚ DOM, ʤʘʥʠʧʫʣʠʨʦʚʘʪʴ ʠʤʠ. 
ʊʘʢʞʝ ʙʠʙʣʠʦʪʝʢʘ jQuery ʧʨʝʜʦʩʪʘʚʣʷʝʪ ʫʜʦʙʥʳʡ API ʜʣʷ ʨʘʙʦʪʳ ʩ AJAX. 

ʉʝʨʚʝʨʥʘʷ ʯʘʩʪʴ ʧʨʠʣʦʞʝʥʠʷ ʦʩʥʦʚʳʚʘʝʪʩʷ ʥʘ PHP. ɻʣʘʚʥʳʤ ʬʘʢʪʦʨʦʤ ʷʟʳʢʘ PHP ʷʚʣʷʝʪʩʷ 
ʧʨʘʢʪʠʯʥʦʩʪʴ. PHP ʠʤʝʝʪ ʦʪʢʨʳʪʳʡ ʠʩʭʦʜʥʳʡ ʢʦʜ ʠ ʨʘʩʧʨʦʩʪʨʘʥʷʝʪʩʷ ʧʦ GPL ʣʠʮʝʥʟʠʠ. ʆʥ ʧʦʟʚʦʣʷʝʪ 
ʜʦʚʦʣʴʥʦ ʙʳʩʪʨʦ ʩʦʟʜʘʚʘʪʴ ʧʨʦʪʦʪʠʧʳ ʠ ʛʦʪʦʚʳʝ ʩʘʡʪʳ. ɽʤʫ ʧʨʠʩʫʱʠ ʪʘʢʠʝ ʚʩʪʨʦʝʥʥʳʝ ʬʫʥʢʮʠʠ, ʢʘʢ 
ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʟʘʧʨʦʩʦʚ GET ʠ POST, ʨʘʙʦʪʘ ʩ HTML ʠ URL. ɹʣʘʛʦʜʘʨʷ ʭʦʨʦʰʝʡ ʯʠʪʘʙʝʣʴʥʦʩʪʠ, 
ʤʝʥʷʪʴ ʠ ʤʦʜʠʬʠʮʠʨʦʚʘʪʴ ʢʦʜ ʥʘ PHP ʥʝ ʩʦʩʪʘʚʣʷʝʪ ʪʨʫʜʘ. ʂʘʢ ʩʣʝʜʩʪʚʠʝ ð ʛʦʨʘʟʜʦ ʤʝʥʴʰʝ 
ʧʨʦʙʣʝʤ ʩ ʧʦʜʜʝʨʞʢʦʡ ʠ ʦʙʥʦʚʣʝʥʠʷʤʠ. ʇʨʦʝʢʪʳ ʣʝʛʢʦ ʠ ʙʳʩʪʨʦ ʧʦʜʩʪʨʘʠʚʘʶʪʩʷ ʧʦʜ ʥʦʚʳʝ 
ʧʨʠʣʦʞʝʥʠʷ, ʢʦʪʦʨʳʝ ʧʦʷʚʣʷʶʪʩʷ ʥʘ ʨʳʥʢʝ, ʘ ʪʘʢʞʝ ʧʦʜ ʥʦʚʳʝ ʙʠʟʥʝʩ-ʪʨʝʙʦʚʘʥʠʷ  [1]. 

 ɺ ʢʘʯʝʩʪʚʝ ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ ʙʘʟʘʤʠ ʜʘʥʥʳʭ ʚʳʙʨʘʥʘ MySQL. ɹʣʘʛʦʜʘʨʷ ʚʥʫʪʨʝʥʥʝʤʫ 
ʤʝʭʘʥʠʟʤʫ ʤʥʦʛʦʧʦʪʦʯʥʦʩʪʠ ʙʳʩʪʨʦʜʝʡʩʪʚʠʝ MySQL ʚʝʩʴʤʘ ʚʳʩʦʢʦ. ʊʘʢʞʝ ʩʠʩʪʝʤʘ ʦʙʣʘʜʘʝʪ 
ʧʨʘʢʪʠʯʝʩʢʠ ʚʩʝʤ ʥʝʦʙʭʦʜʠʤʳʤ ʠʥʩʪʨʫʤʝʥʪʘʨʠʝʤ, ʢʦʪʦʨʳʡ ʤʦʞʝʪ ʧʦʥʘʜʦʙʠʪʴʩʷ ʚ ʨʝʘʣʠʟʘʮʠʠ 
ʧʨʘʢʪʠʯʝʩʢʠ ʣʶʙʦʛʦ ʧʨʦʝʢʪʘ 

 
ʉʧʠʩʦʢ ʠʩʧʦʣʴʟʦʚʘʥʥʳʭ ʠʩʪʦʯʥʠʢʦʚ: 
1. ʄʵʪʪ ɿʘʥʜʩʪʨʘ, PHP: ʦʙʲʝʢʪʳ, ʰʘʙʣʦʥʳ ʠ ʤʝʪʦʜʠʢʠ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷè, 2015. ð ʉ.430. ð ISBN 978-1-4302-0467-1. 
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ʄɸʊɽʄɸʊʀʏɽʉʂʀɽ ʄʆɼɽʃʀ ʊɽʆʈʀʀ ʀɻʈ 

ɻʫʨʝʮ ʅ.ɸ., ʊʘʨʘʩʝʚʠʯ ʀ.ɸ. 

ɹʝʣʦʨʫʩʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʥʬʦʨʤʘʪʠʢʠ ʠ ʨʘʜʠʦʵʣʝʢʪʨʦʥʠʢʠ 
ʛ. ʄʠʥʩʢ, ʈʝʩʧʫʙʣʠʢʘ ɹʝʣʘʨʫʩʴ 

ʄʘʣʳʰʝʚʘ ʆ. ʅ. ï  ʢʘʥʜʠʜʘʪ ʬʠʟ.-ʤʘʪ. ʥʘʫʢ, ʜʦʮʝʥʪ 

ʊʝʭʘʩʩʢʠʡ ʭʦʣʜʝʤ 

ʊʝʭʘʩʩʢʠʡ ʭʦʣʜʝʤ ʷʚʣʷʝʪʩʷ ʩʘʤʦʡ ʧʦʧʫʣʷʨʥʦʡ ʨʘʟʥʦʚʠʜʥʦʩʪʴʶ ʠʛʨʳ ʧʦʢʝʨ ʚ ʤʠʨʝ. ʆʯʝʚʠʜʥʦ, 
ʯʪʦ ʙʣʝʬ ʷʚʣʷʝʪʩʷ ʦʜʥʦʡ ʠʟ ʚʘʞʥʝʡʰʠʭ ʩʪʨʘʪʝʛʠʡ ʵʪʦʡ ʠʛʨʳ. ʍʦʨʦʰʠʡ ʠʛʨʦʢ ʠʩʧʦʣʴʟʫʝʪ ʵʪʦʪ 
ʩʪʨʘʪʝʛʠʯʝʩʢʠʡ ʧʨʠʝʤ, ʥʦ ʥʝ ʩʣʠʰʢʦʤ ʯʘʩʪʦ. ʂʘʢ ʞʝ ʧʦʥʷʪʴ, ʢʦʛʜʘ ʠʛʨʦʢʫ ʩʪʦʠʪ ʙʣʝʬʦʚʘʪʴ, ʘ ʢʦʛʜʘ ï 
ʥʝʪ? 

ʆʙʲʝʢʪʦʤ ʜʘʥʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʷʚʣʷʝʪʩʷ ʙʣʝʬ ʩ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʪʦʯʢʠ ʟʨʝʥʠʷ. ʎʝʣʴʶ 
ʠʩʩʣʝʜʦʚʘʥʠʷ ʷʚʣʷʝʪʩʷ ʚʳʙʦʨ ʦʧʪʠʤʘʣʴʥʦʡ ʩʪʨʘʪʝʛʠʠ, ʧʨʠʚʦʜʷʱʝʡ ʢ ʚʳʠʛʨʳʰʫ. ʅʘʤʠ 
ʨʘʩʩʤʘʪʨʠʚʘʣʘʩʴ ʩʠʪʫʘʮʠʷ, ʢʦʛʜʘ ʢʦʤʙʠʥʘʮʠʷ ʧʨʦʪʠʚʥʠʢʘ ʚ ʢʦʥʢʨʝʪʥʦʡ ʠʛʨʝ ʣʫʯʰʝ ʥʘʰʝʡ 
ʩʦʙʩʪʚʝʥʥʦʡ, ʧʨʠʯʝʤ ʚʝʨʦʷʪʥʦʩʪʴ ʵʪʦʛʦ ʩʦʙʳʪʠʷ ʨʘʚʥʘ 0.75, ʪʦ ʝʩʪʴ ρ Ὧ, ʛʜʝ k ï ʚʝʨʦʷʪʥʦʩʪʴ ʪʦʛʦ, 
ʯʪʦ ʫ ʥʘʩ ʣʫʯʰʘʷ ʨʫʢʘ ʚ ʠʛʨʝ. 

ɸʥʘʣʠʟʠʨʫʷ ʢʘʨʪʦʯʥʫʶ ʠʛʨʫ çʊʝʭʘʩʩʢʠʡ ʭʦʣʜʝʤè ʥʝʦʙʭʦʜʠʤʦ ʫʯʠʪʳʚʘʪʴ ʩʣʫʯʘʠ, ʢʦʛʜʘ ʠʛʨʦʢ 
ʙʣʝʬʫʝʪ (ʠʣʠ ʥʝʪ), ʘ ʪʘʢʞʝ ʩʣʫʯʘʠ ʦʪʚʝʪʘ ʝʛʦ ʦʧʧʦʥʝʥʪʘ. ɺʚʝʜʝʤ ʧʝʨʝʤʝʥʥʳʝ x ʠ y ï ʚʝʣʠʯʠʥʳ 
ʯʘʩʪʦʪʳ ʦʪʚʝʪʘ ʩʦ ʩʪʦʨʦʥʳ ʦʧʧʦʥʝʥʪʘ ʠ ʙʣʝʬʘ ʩʦ ʩʪʦʨʦʥʳ ʠʛʨʦʢʘ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ɺ ʙʘʟʦʚʳʭ ʩʣʫʯʘʷʭ, 
ʢʦʛʜʘ x ʠ ʫ ʨʘʚʥʳ 0 ʠʣʠ 1, ʠʛʨʦʢ ʣʠʙʦ ʜʦʩʪʦʚʝʨʥʦ ʧʨʦʠʛʨʳʚʘʝʪ (ʠʤʝʝʪ ʭʫʜʰʠʡ ʨʘʩʢʣʘʜ), ʣʠʙʦ ʥʠʯʝʛʦ 
ʥʝ ʧʦʣʫʯʘʝʪ, ʣʠʙʦ ʚʳʠʛʨʳʚʘʝʪ ʙʘʥʢ (ʠʤʝʝʪ ʣʫʯʰʠʡ ʨʘʩʢʣʘʜ). ʊʘʢʞʝ ʥʘʤʠ ʫʯʠʪʳʚʘʣʦʩʴ ʧʝʨʝʩʝʯʝʥʠʝ 
ʚʦʟʤʦʞʥʳʭ ʩʪʨʘʪʝʛʠʡ ʦʙʦʠʭ ʠʛʨʦʢʦʚ. 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʦʢʘʟʘʣʦʩʴ, ʯʪʦ ʩʫʱʝʩʪʚʫʶʪ ʪʘʢʠʝ ʟʥʘʯʝʥʠʷ x ʠ ʫ, ʧʨʠ ʢʦʪʦʨʳʭ ʥʝʟʘʚʠʩʠʤʦ ʦʪ 
ʩʪʨʘʪʝʛʠʠ ʦʧʧʦʥʝʥʪʘ ʚʝʨʦʷʪʥʦʩʪʴ ʚʳʠʛʨʳʰʘ ʠʛʨʦʢʘ ʦʩʪʘʝʪʩʷ ʥʝʠʟʤʝʥʥʦʡ (ʦʧʪʠʤʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ ʭ), ʠ 
ʥʘʦʙʦʨʦʪ, ʚʥʝ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʚʳʙʦʨʘ ʩʪʨʘʪʝʛʠʠ ʠʛʨʦʢʘ ʦʧʧʦʥʝʥʪ ʠʤʝʝʪ ʦʜʠʥʘʢʦʚʫʶ ʚʝʨʦʷʪʥʦʩʪʴ 
ʚʳʠʛʨʳʰʘ (ʦʧʪʠʤʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ y). ʇʨʦʬʠʣʴ ʪʘʢʠʭ ʩʪʨʘʪʝʛʠʡ ʷʚʣʷʝʪʩʷ ʨʘʚʥʦʚʝʩʠʝʤ ʅʵʰʘ [1]. 

ɼʣʷ ʚʳʚʦʜʘ ʦʧʪʠʤʘʣʴʥʳʭ ʟʥʘʯʝʥʠʡ ʭ ʠ ʫ ʨʝʰʘʝʪʩʷ ʩʠʩʪʝʤʘ ʤʦʜʠʬʠʢʘʮʠʡ ʫʨʘʚʥʝʥʠʷ 
ʚʝʨʦʷʪʥʦʩʪʠ ʚʳʠʛʨʳʰʘ ʚ ʙʘʟʦʚʳʭ ʩʣʫʯʘʷʭ: ʚ ʚʝʨʦʷʪʥʦʩʪʥʦʝ ʫʨʘʚʥʝʥʠʝ ʧʦʜʩʪʘʚʣʷʶʪʩʷ ʟʥʘʯʝʥʠʷ x ʠ y 
ʠʟ ʤʥʦʞʝʩʪʚʘ {0; 1}. ɹʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʦʧʪʠʤʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ ʫ ʟʘʚʠʩʠʪ ʪʦʣʴʢʦ ʦʪ ʩʫʤʤʳ ʩʪʘʚʢʠ 
ʠ ʪʝʢʫʱʝʛʦ ʙʘʥʢʘ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʦʧʪʠʤʘʣʴʥʘʷ ʚʝʨʦʷʪʥʦʩʪʴ ʭ ʟʘʚʠʩʠʪ ʦʪ ʚʝʨʦʷʪʥʦʩʪʠ ʥʘʣʠʯʠʷ ʣʫʯʰʝʡ 
ʢʦʤʙʠʥʘʮʠʠ ʢʘʨʪ ʫ ʠʛʨʦʢʘ. ɺ ʪʘʙʣʠʮʝ 1 ʧʨʠʚʝʜʝʥ ʨʘʩʯʝʪ ʚʝʨʦʷʪʥʦʩʪʝʡ ʚʳʠʛʨʳʰʘ ʠʛʨʦʢʘ ʠ ʦʧʧʦʥʝʥʪʘ 
ʚʦ ʚʩʝʭ ʩʣʫʯʘʷʭ, ʚʦʟʥʠʢʘʶʱʠʭ ʚʦ ʚʨʝʤʷ ʠʛʨʳ.  

 

ʊʘʙʣʠʮʘ 1. ʆʙʦʙʱʝʥʥʳʝ ʚʝʨʦʷʪʥʦʩʪʠ ʚʳʠʛʨʳʰʘ (ʧʨʦʠʛʨʳʰʘ) 

 

ʉʪʨʘʪʝʛʠʷ 1 
(ʠʛʨʦʢ ʥʠʢʦʛʜʘ ʥʝ 
ʙʣʝʬʫʝʪ) 

ʉʪʨʘʪʝʛʠʷ 2 
(ʠʛʨʦʢ ʚʩʝʛʜʘ 
ʙʣʝʬʫʝʪ) 

ʉʪʨʘʪʝʛʠʷ 3 
(ʠʛʨʦʢ ʙʣʝʬʫʝʪ ʩ 

ʦʧʪʠʤʘʣʴʥʦʡ ʯʘʩʪʦʪʦʡ) 

ʉʪʨʘʪʝʛʠʷ 1 
(ʦʧʧʦʥʝʥʪ ʥʠʢʦʛʜʘ ʥʝ 

ʦʪʚʝʯʘʝʪ) 
0.25 1 0.375 

ʉʪʨʘʪʝʛʠʷ 2 
(ʦʧʧʦʥʝʥʪ ʚʩʝʛʜʘ 
ʦʪʚʝʯʘʝʪ) 

0.5 -0.6 0.375 

ʉʪʨʘʪʝʛʠʷ 3 
(ʦʧʧʦʥʝʥʪ ʦʪʚʝʯʘʝʪ ʩ 
ʦʧʪʠʤʘʣʴʥʦʡ ʯʘʩʪʦʪʦʡ) 

0.375 37.5 0.375 

 

ʆʪʨʠʮʘʪʝʣʴʥʦʝ ʟʥʘʯʝʥʠʝ ʚʝʨʦʷʪʥʦʩʪʠ ʦʟʥʘʯʘʝʪ ʧʨʦʠʛʨʳʰ. 

ʅʝʪʨʫʜʥʦ ʟʘʤʝʪʠʪʴ, ʯʪʦ ʧʨʠ ʩʦʙʣʶʜʝʥʠʠ ʦʙʦʠʤʠ ʠʛʨʦʢʘʤʠ ʩʪʨʘʪʝʛʠʡ, ʨʘʚʥʦʚʝʩʥʳʭ ʧʦ ʅʵʰʫ, 
ʚʝʨʦʷʪʥʦʩʪʴ ʚʳʠʛʨʳʰʘ ʠʛʨʦʢʘ ʩʪʘʙʠʣʴʥʦ ʨʘʚʥʘ 0.375. ɺ ʪʦ ʞʝ ʚʨʝʤʷ ʩʪʨʘʪʝʛʠʷ ʘʙʩʦʣʶʪʥʦʛʦ 
ʚʳʠʛʨʳʰʘ ʠʛʨʦʢʘ (1) ʥʝ ʤʦʞʝʪ ʙʳʪʴ ʧʦʣʫʯʝʥʘ. ʆʧʪʠʤʘʣʴʥʳʝ ʟʥʘʯʝʥʠʷ ʭ ʠ ʫ ʧʦʟʚʦʣʷʶʪ 
ʩʪʘʙʠʣʠʟʠʨʦʚʘʪʴ ʚʝʨʦʷʪʥʦʩʪʴ ʚʳʠʛʨʳʰʘ ʠʣʠ ʧʦʜʜʝʨʞʠʚʘʪʴ ʩʠʪʫʘʮʠʶ ʥʘʭʦʞʜʝʥʠʷ ʚ ʠʛʨʝ. 
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ʅʘʩʪʦʣʴʥʘʷ ʠʛʨʘ çɼʦʙʙʣʴè 

çɼʦʙʙʣʴè - ʟʘʥʠʤʘʪʝʣʴʥʘʷ ʥʘʩʪʦʣʴʥʘʷ ʠʛʨʘ. ɺ ʢʦʤʧʣʝʢʪʝ ʠʛʨʳ ʩʦʜʝʨʞʠʪʩʷ 55 ʢʘʨʪʦʯʝʢ ʩ 8 
ʨʘʟʥʳʤʠ ʵʣʝʤʝʥʪʘʤʠ ʥʘ ʢʘʞʜʦʡ. ʃʶʙʳʝ ʜʚʝ ʢʘʨʪʦʯʢʠ ʠʤʝʶʪ ʪʦʣʴʢʦ ʦʜʠʥ ʦʜʠʥʘʢʦʚʳʡ ʵʣʝʤʝʥʪ. ʎʝʣʴ 
ʠʛʨʳ ï ʥʘʡʪʠ ʥʘ ʩʚʦʝʡ ʢʘʨʪʦʯʢʝ ʵʣʝʤʝʥʪ ʩʦʚʧʘʜʘʶʱʠʡ ʩ ʵʣʝʤʝʥʪʦʤ ʥʘ ʢʘʨʪʦʯʢʝ ʩʦʧʝʨʥʠʢʘ. 
ʆʩʥʦʚʘʥʠʷ ʢʦʥʝʯʥʦʡ ʠ ʧʨʦʝʢʪʠʚʥʦʡ ʛʝʦʤʝʪʨʠʠ ʧʦʟʚʦʣʷʶʪ ʧʦʩʪʨʦʠʪʴ ʤʘʪʝʤʘʪʠʯʝʩʢʫʶ ʤʦʜʝʣʴ ʜʘʥʥʦʡ 
ʠʛʨʳ. 

ʎʝʣʴʶ ʜʘʥʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʷʚʣʷʝʪʩʷ ʧʨʦʚʝʨʢʘ ʪʦʛʦ ʷʚʣʷʝʪʩʷ ʣʠ ʩʫʱʝʩʪʚʫʶʱʠʡ ʥʘʙʦʨ 
ʢʘʨʪʦʯʝʢ ʚ ʠʛʨʝ çɼʦʙʙʣʴè ʧʦʣʥʳʤ ʠ ʨʘʟʨʘʙʦʪʢʘ ʚʦʟʤʦʞʥʳʭ ʚʘʨʠʘʥʪʦʚ ʬʦʨʤʠʨʦʚʘʥʠʷ ʠʛʨ-ʢʣʦʥʦʚ. 

ʇʦ ʫʩʣʦʚʠʶ ʠʛʨʳ çɼʦʙʙʣʴè ʣʶʙʘʷ ʧʘʨʘ ʢʘʨʪʦʯʝʢ ʠʤʝʝʪ ʪʦʣʴʢʦ ʦʜʠʥ ʩʦʚʧʘʜʘʶʱʠʡ ʵʣʝʤʝʥʪ. 
ɼʘʥʥʦʝ ʫʪʚʝʨʞʜʝʥʠʝ ʩʭʦʞʝ ʩ ʘʢʩʠʦʤʦʡ ʦ ʧʝʨʝʩʝʢʘʶʱʠʭʩʷ ʧʨʷʤʳʭ ʥʘ ʝʚʢʣʠʜʦʚʦʡ ʧʣʦʩʢʦʩʪʠ. ɺ 
ʧʣʦʩʢʦʩʪʠ ɽʚʢʣʠʜʘ ʯʝʨʝʟ ʪʦʯʢʫ, ʥʝ ʣʝʞʘʱʫʶ ʥʘ ʟʘʜʘʥʥʦʡ ʧʨʷʤʦʡ, ʤʦʞʥʦ ʧʨʦʚʝʩʪʠ ʙʝʩʢʦʥʝʯʥʦ ʤʥʦʛʦ 
ʧʝʨʝʩʝʢʘʶʱʠʭ ʝʸ ʧʨʷʤʳʭ ʠ ʣʠʰʴ ʦʜʥʫ ʧʨʷʤʫʶ, ʧʘʨʘʣʣʝʣʴʥʫʶ ʜʘʥʥʦʡ. ɺ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʥʘ 
ʧʨʦʝʢʪʠʚʥʦʡ ʧʣʦʩʢʦʩʪʠ ʣʶʙʳʝ ʜʚʝ ʧʨʷʤʳʝ ʚʩʝʛʜʘ ʠʤʝʶʪ ʦʙʱʫʶ ʪʦʯʢʫ. ʊʦʛʜʘ ʧʫʩʪʴ ʦʜʠʥ ʵʣʝʤʝʥʪ ʥʘ 
ʢʘʨʪʦʯʢʝ ʝʩʪʴ ʧʨʷʤʘʷ ʥʘ ʧʨʦʝʢʪʠʚʥʦʡ ʧʣʦʩʢʦʩʪʠ, ʘ ʢʘʨʪʦʯʢʘ ï ʪʦʯʢʘ ʧʨʦʝʢʪʠʚʥʦʡ ʧʣʦʩʢʦʩʪʠ. 

ʇʨʝʜʩʪʘʚʠʤ ʧʨʦʝʢʪʠʚʥʫʶ ʧʣʦʩʢʦʩʪʴ ʢʘʢ ʧʫʯʦʢ ʧʨʷʤʳʭ ʚ ʪʨʸʭʤʝʨʥʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ, ʧʨʦʭʦʜʷʱʠʭ 
ʯʝʨʝʟ ʥʘʯʘʣʦ ʢʦʦʨʜʠʥʘʪ. ʇʦʩʪʨʦʠʤ ʧʨʦʠʟʚʦʣʴʥʫʶ ʧʣʦʩʢʦʩʪʴ Ŭ, ʩʦʜʝʨʞʘʱʫʶ ʪʦʯʢʫ (0,0,0) ʠ ʧʨʦʚʝʜʝʤ 
ʥʦʨʤʘʣʴ ʢ ʧʣʦʩʢʦʩʪʠ Ŭ ʚ ʵʪʦʡ ʪʦʯʢʝ. ʏʝʨʝʟ ʧʨʦʠʟʚʦʣʴʥʫʶ ʪʦʯʢʫ ʵʪʦʡ ʥʦʨʤʘʣʠ, ʥʝ ʩʦʚʧʘʜʘʶʱʫʶ ʩ 
ʪʦʯʢʦʡ (0,0,0), ʧʨʦʚʝʜʸʤ ʧʣʦʩʢʦʩʪʴ ɓ, ʧʘʨʘʣʣʝʣʴʥʫʶ Ŭ (ʨʠʩʫʥʦʢ 1).  

 

 
ʈʠʩʫʥʦʢ 1 ï ʆʩʫʱʝʩʪʚʣʝʥʠʝ ʧʝʨʝʭʦʜʘ ʢ ʧʨʦʝʢʪʠʚʥʦʡ ʧʣʦʩʢʦʩʪʠ  

 

ʊʦʯʢʘ ʧʨʦʝʢʪʠʚʥʦʡ ʧʣʦʩʢʦʩʪʠ ʝʩʪʴ ʧʨʷʤʘʷ ʚ ʪʨʸʭʤʝʨʥʦʤ ʝʚʢʣʠʜʦʚʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ, ʪʦʛʜʘ 
ʧʨʷʤʘʷ ʧʨʦʝʢʪʠʚʥʦʡ ʧʣʦʩʢʦʩʪʠ ï ʵʪʦ ʧʣʦʩʢʦʩʪʴ ʪʨʝʭʤʝʨʥʦʛʦ ʝʚʢʣʠʜʦʚʘ ʧʨʦʩʪʨʘʥʩʪʚʘ.  

 ɺ ʠʛʨʝ çɼʦʙʙʣʴè ʥʘ ʦʜʥʦʡ ʢʘʨʪʦʯʢʝ ʥʘʭʦʜʠʪʩʷ 8 ʵʣʝʤʝʥʪʦʚ. ɹʫʜʝʤ ʠʩʧʦʣʴʟʦʚʘʪʴ ʧʨʦʝʢʪʠʚʥʫʶ 
ʧʣʦʩʢʦʩʪʴ 7 ʧʦʨʷʜʢʘ, ʛʜʝ ʢʘʞʜʘʷ ʧʨʷʤʘʷ ʩʦʜʝʨʞʠʪ 8 ʪʦʯʝʢ (ʦʜʥʘ ʠʟ ʢʦʪʦʨʳʭ ʙʝʩʢʦʥʝʯʥʦʩʪʴ). ʆʩʪʘʪʢʠ 
ʦʪ ʜʝʣʝʥʠʷ ʥʘ ʧʨʦʩʪʦʝ ʯʠʩʣʦ 7 ʦʙʨʘʟʫʶʪ ʧʦʣʝ. ʇʦʩʪʨʦʠʤ ʘʬʠʥʥʫʶ ʢʦʥʝʯʥʫʶ ʧʣʦʩʢʦʩʪʴ 7 ʧʦʨʷʜʢʘ ʠ 

ʜʦʩʪʨʦʠʤ ʝʸ ʜʦ ʧʨʦʝʢʪʠʚʥʦʡ. ɺ ʦʙʱʝʤ ʩʣʫʯʘʝ, ʢʦʥʝʯʥʘʷ ʘʬʬʠʥʥʘʷ ʧʣʦʩʢʦʩʪʴ ʧʦʨʷʜʢʘ  ʠʤʝʝʪ
ʪʦʯʝʢ. ʂʘʞʜʘʷ ʧʨʷʤʘʷ ʪʘʢʦʡ ʧʣʦʩʢʦʩʪʠ ʩʦʩʪʦʠʪ ʠʟ 7 ʪʦʯʝʢ, ʢʦʦʨʜʠʥʘʪʳ ʢʦʪʦʨʳʭ ʧʨʠʥʘʜʣʝʞʘʪ ʧʦʣʶ 
ʦʩʪʘʪʢʦʚ ʦʪ ʜʝʣʝʥʠʷ ʥʘ ʧʨʦʩʪʦʝ ʯʠʩʣʦ 7. 

ɿʘʪʝʤ ʧʦʩʪʨʦʠʤ ʪʨʸʭʤʝʨʥʦʝ ʧʨʦʩʪʨʘʥʩʪʚʦ ʥʘʜ ʧʦʣʝʤ ʠʟ 7 ʵʣʝʤʝʥʪʦʚ. ɺ ʪʘʢʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ 

ʩʫʱʝʩʪʚʫʝʪ 7 ʪʦʯʝʢ. ʂʘʞʜʘʷ ʧʨʷʤʘʷ ʧʨʦʭʦʜʠʪ ʯʝʨʝʟ ʥʝʢʦʪʦʨʫʶ ʪʦʯʢʫ ʩ ʢʦʦʨʜʠʥʘʪʘʤʠ (0,0,0), ʪʦʛʜʘ 
ʯʪʦʙʳ ʟʘʜʘʪʴ ʧʨʷʤʫʶ ʚ ʪʨʝʭʤʝʨʥʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ (ʪʦʯʢʫ ʥʘ ʧʨʦʝʢʪʠʚʥʦʡ ʧʣʦʩʢʦʩʪʠ) ʥʘʜʦ ʟʥʘʪʴ 6 ʝʝ 
ʦʩʪʘʣʴʥʳʭ ʢʦʦʨʜʠʥʘʪ. ɺ ʢʦʥʝʯʥʦʡ ʧʨʦʝʢʪʠʚʥʦʡ ʧʣʦʩʢʦʩʪʠ 7 ʧʦʨʷʜʢʘ ʯʠʩʣʦ ʧʨʷʤʳʭ ʠ ʪʦʯʝʢ ʨʘʚʥʦ 
ʤʝʞʜʫ ʩʦʙʦʡ. ʊʦʛʜʘ ʤʘʢʩʠʤʘʣʴʥʦʝ ʯʠʩʣʦ ʧʨʷʤʳʭ ʠ ʪʦʯʝʢ, ʢʦʪʦʨʳʝ ʤʦʞʥʦ ʧʦʩʪʨʦʠʪʴ ʥʘʜ ʧʦʣʝʤ ʠʟ 7 
ʵʣʝʤʝʥʪʦʚ ʙʫʜʝʪ ʨʘʚʥʦ:  

, 
ʯʪʦ ʩʦʚʧʘʜʘʝʪ ʩ ʢʦʣʠʯʝʩʪʚʦʤ ʢʘʨʪʦʯʝʢ ʚ ʧʦʣʥʦʤ ʥʘʙʦʨʝ ʠʛʨʳ çɼʦʙʙʣʴè. 

ʇʨʦʚʝʜʸʥʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʦʬʠʮʠʘʣʴʥʘʷ ʠʛʨʘ çɼʦʙʙʣʴè ʩʦʜʝʨʞʠʪ ʥʝʧʦʣʥʦʝ 
ʢʦʣʠʯʝʩʪʚʦ ʢʘʨʪʦʯʝʢ (ʜʚʫʭ ʥʝʜʦʩʪʘʸʪ). ʅʘʤʠ ʙʳʣʠ ʥʘʡʜʝʥʳ 1287 ʚʘʨʠʘʥʪʦʚ ʧʦʩʪʨʦʝʥʠʷ ʥʝʜʦʩʪʘʶʱʠʭ 
ʢʘʨʪʦʯʝʢ ʧʦ ʩʣʝʜʫʶʱʝʤʫ ʘʣʛʦʨʠʪʤʫ: 

1) ʉʪʨʦʠʤ ʛʨʘʬ, ʨʝʙʨʘ ʢʦʪʦʨʦʛʦ ʙʫʜʫʪ ʧʨʷʤʳʤʠ ʧʨʦʝʢʪʠʚʥʦʡ ʧʣʦʩʢʦʩʪʠ, ʘ ʝʛʦ ʚʝʨʰʠʥʳ ï 
ʪʦʯʢʠ ʧʝʨʝʩʝʯʝʥʠʷ ʧʨʷʤʳʭ ʵʪʦʡ ʧʣʦʩʢʦʩʪʠ [2]; 

2) ɼʣʷ ʵʪʦʛʦ ʛʨʘʬʘ ʩʦʟʜʘʸʤ ʤʘʪʨʠʮʫ ʠʥʮʠʜʝʥʪʥʦʩʪʠ, ʚ ʢʦʪʦʨʦʡ ʢʦʣʠʯʝʩʪʚʦ ʩʪʦʣʙʮʦʚ ʙʫʜʝʪ 
ʨʘʚʥʦ ʢʦʣʠʯʝʩʪʚʫ ʢʘʨʪʦʯʝʢ, ʘ ʢʦʣʠʯʝʩʪʚʦ ʩʪʨʦʢ ï ʢʦʣʠʯʝʩʪʚʫ ʵʣʝʤʝʥʪʦʚ, ʬʦʨʤʠʨʫʶʱʠʭ 
ʠʛʨʫ; 

3) ʀʩʧʦʣʴʟʫʷ ʤʘʪʨʠʮʫ ʠʥʮʠʜʝʥʪʥʦʩʪʠ, ʥʘʭʦʜʠʤ ʥʝʜʦʩʪʘʶʱʠʝ ʢʘʨʪʦʯʢʠ ʤʝʪʦʜʦʤ ʧʝʨʝʙʦʨʘ 
ʚʩʝʭ ʵʣʝʤʝʥʪʦʚ. 



55-ʷ ʶʙʠʣʝʡʥʘʷ ʥʘʫʯʥʘʷ ʢʦʥʬʝʨʝʥʮʠʷ ʘʩʧʠʨʘʥʪʦʚ, ʤʘʛʠʩʪʨʘʥʪʦʚ ʠ ʩʪʫʜʝʥʪʦʚ ɹɻʋʀʈ, 2019 ʛ. 
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ɼʣʷ ʩʦʟʜʘʥʠʷ ʰʘʙʣʦʥʦʚ ʢʣʦʥ-ʠʛʨ (ʰʘʙʣʦʥʦʚ ʠʛʨ ʩ ʜʨʫʛʠʤ ʢʦʣʠʯʝʩʪʚʦ ʵʣʝʤʝʥʪʦʚ ʥʘ ʢʘʨʪʦʯʢʝ) 
ʙʳʣʠ ʠʩʧʦʣʴʟʦʚʘʥʳ ʧʨʦʝʢʪʠʚʥʳʝ ʧʣʦʩʢʦʩʪʠ ʙʦʣʴʰʠʭ ʠ ʤʝʥʴʰʠʭ ʧʦʨʷʜʢʦʚ. ʇʦʣʫʯʝʥʳ ʚʘʨʠʘʥʪʳ ʠʛʨ ʩ 
2, 3, 4, 5, 7, 8, 9, 11, 13 ʵʣʝʤʝʥʪʘʤʠ ʥʘ ʢʘʨʪʦʯʢʝ. 

ʉʧʠʩʦʢ ʠʩʧʦʣʴʟʦʚʘʥʥʳʭ ʠʩʪʦʯʥʠʢʦʚ: 
1. ɼʞʝʡʤʩ ʉ. ʂʦʫʣʤʘʥ. ʕʢʦʥʦʤʠʯʝʩʢʘʷ ʩʦʮʠʦʣʦʛʠʷ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʪʝʦʨʠʠ ʨʘʮʠʦʥʘʣʴʥʦʛʦ ʚʳʙʦʨʘ | ʕʢʦʥʦʤʠʯʝʩʢʘʷ 

ʩʦʮʠʦʣʦʛʠʷ ï 2004. ï ʊ. 5, ˉ3. ï ʩʪʨ. 35-44. 
2. [ʕʣʝʢʪʨʦʥʥʳʡ ʨʝʩʫʨʩ]:  ʄʘʪʝʤʘʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʠʛʨʳ ɼʦʙʙʣʴ / ʍʘʙʨ - Habr. URL: https://habr.com/ru/post/437140/ 

 
 

ʊɸʁʅʓ ʉʋɼʆʂʋ ʀ ʅɽ ʊʆʃʔʂʆ 

ʂʘʨʳʤʦʚ ɸ.ɻ., ʗʢʠʤʦʚʠʯ ɸ.ɸ., ɿʝʥʴʢʝʚʠʯ ʀ.ʅ. 

ɹʝʣʦʨʫʩʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʥʬʦʨʤʘʪʠʢʠ ʠ ʨʘʜʠʦʵʣʝʢʪʨʦʥʠʢʠ 
ʛ. ʄʠʥʩʢ, ʈʝʩʧʫʙʣʠʢʘ ɹʝʣʘʨʫʩʴ 

ɹʦʨʠʩʝʥʢʦ ʆ.ʌ. ï ʢ.ʬ-ʤ.ʥ.,ʜʦʮʝʥʪ 

ɺ ʜʘʥʥʦʡ ʩʪʘʪʴʝ ʤʳ ʨʘʩʩʤʘʪʨʠʚʘʝʤ ʘʣʛʦʨʠʪʤ ʛʝʥʝʨʘʮʠʠ ʉʫʜʦʢʫ ʠ ʦʩʥʦʚʥʳʝ ʤʝʪʦʜʳ ʨʝʰʝʥʠʷ ʧʦʣʫʯʝʥʥʳʭ ʛʦʣʦʚʦʣʦʤʦʢ ʩ 
ʯʘʩʪʦʪʦʡ ʠʭ ʠʩʧʦʣʴʟʦʚʘʥʠʷ. 

ɸʣʛʦʨʠʪʤ ʛʝʥʝʨʘʮʠʠ ʉʫʜʦʢʫ 

ɼʣʷ ʨʘʩʩʤʦʪʨʝʥʠʷ ʤʝʪʦʜʦʚ ʨʝʰʝʥʠʷ Cʫʜʦʢʫ ʚʚʝʜʸʤ ʩʣʝʜʫʶʱʠʝ ʧʦʥʷʪʠʷ: 

ǒ ʄʘʣʳʡ ʢʚʘʜʨʘʪ. ʕʪʦ ʢʚʘʜʨʘʪ ʨʘʟʤʝʨʦʤ 3ʭ3. ɺʝʨʭʥʠʝ ʩʪʨʦʢʠ ʪʘʢʠʭ ʢʚʘʜʨʘʪʦʚ A, D, G, ʘ ʣʝʚʳʝ 

ʩʪʦʣʙʮʳ 1, 4, 7. 

ǒ ʈʘʡʦʥ. ʕʪʦ 3 ʨʷʜʦʤ ʩʪʦʷʱʠʭ ʤʘʣʳʭ ʢʚʘʜʨʘʪʘ ʧʦ ʚʝʨʪʠʢʘʣʠ ʠʣʠ ʧʦ ʛʦʨʠʟʦʥʪʘʣʠ. 

 

1.  ɿʘʧʦʣʥʠʤ ʧʝʨʚʳʡ ʛʦʨʠʟʦʥʪʘʣʴʥʳʡ ʨʘʡʦʥ. ɼʣʷ ʵʪʦʛʦ ʚ ʧʝʨʚʦʡ ʩʪʨʦʢʝ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ 

ʨʘʟʤʝʩʪʠʤ ʯʠʩʣʘ 1-9, ʜʚʝ ʦʩʪʘʚʰʠʝʩʷ  ʩʪʨʦʢʠ ʚʝʨʭʥʝʛʦ ʨʘʡʦʥʘ  ʟʘʧʦʣʥʠʤ, ʩʜʚʠʥʫʚ ʩʪʨʦʢʫ 

ʥʘʭʦʜʷʱʫʶʩʷ  ʚʳʰʝ ʥʘ 3 ʧʦʟʠʮʠʠ ʚʣʝʚʦ, ʪ.ʝ. ʨʘʩʧʦʣʦʞʠʚ ʯʠʩʣʘ 4-9,1-3 ʠ 7-9,1-6 ʚʦ ʚʪʦʨʫʶ ʠ 

ʪʨʝʪʴʶ ʩʪʨʦʢʫ ʧʝʨʚʦʛʦ ʨʘʡʦʥʘ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʉʣʝʜʫʶʱʠʝ ʨʘʡʦʥʳ ʟʘʧʦʣʥʷʶʪʩʷ ʩʤʝʱʝʥʠʝʤ 

ʥʘ 1 ʧʦʟʠʮʠʶ ʚʣʝʚʦ ʧʨʝʜʳʜʫʱʝʛʦ ʨʘʡʦʥʘ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʤʳ ʧʦʣʫʯʘʝʤ ʥʝʢʦʪʦʨʫʶ ʙʘʟʦʚʫʶ 

ʩʝʪʢʫ.  

2. ɺʚʝʜʝʤ ʥʝʢʦʪʦʨʳʝ  ʜʝʡʩʪʚʠʷ, ʢʦʪʦʨʳʝ ʥʝ ʠʟʤʝʥʷʪ ʧʨʘʚʠʣʴʥʦʩʪʴ ʟʘʧʦʣʥʝʥʠʷ ʩʝʪʢʠ ʉʫʜʦʢʫ : 

- ʊʨʘʥʩʧʦʥʠʨʦʚʘʥʠʝ ʩʝʪʢʠ ʉʫʜʦʢʫ; 

- ʇʝʨʝʩʪʘʥʦʚʢʘ ʜʚʫʭ ʩʪʨʦʢ ʚ ʦʜʥʦʤ ʨʘʡʦʥʝ; 

- ʇʝʨʝʩʪʘʥʦʚʢʘ ʜʚʫʭ ʩʪʦʣʙʮʦʚ ʚ ʦʜʥʦʤ ʨʘʡʦʥʝ; 

- ʇʝʨʝʩʪʘʥʦʚʢʘ ʜʚʫʭ ʨʘʡʦʥʦʚ ʧʦ ʛʦʨʠʟʦʥʪʘʣʠ; 

- ʇʝʨʝʩʪʘʥʦʚʢʘ ʜʚʫʭ ʨʘʡʦʥʦʚ ʧʦ ʚʝʨʪʠʢʘʣʠ; 

- ʇʝʨʝʩʪʘʥʦʚʢʘ ʜʚʫʭ ʮʠʬʨ ʧʦ ʚʩʝʡ ʩʝʪʢʝ ʉʫʜʦʢʫ. 

3. ʇʨʝʦʙʨʘʟʦʚʘʚ ʙʘʟʦʚʫʶ ʩʝʪʢʫ ʉʫʜʦʢʫ ʥʘʤ ʥʝʦʙʭʦʜʠʤʦ ʩʦʟʜʘʪʴ ʛʦʣʦʚʦʣʦʤʢʫ. ʂʘʢʦʝ ʢʦʣʠʯʝʩʪʚʦ 

ʧʦʜʩʢʘʟʦʢ ʩʣʝʜʫʝʪ ʫʙʨʘʪʴ, ʯʪʦʙʳ ʦʙʝʩʧʝʯʠʪʴ ʝʜʠʥʩʪʚʝʥʥʦʩʪʴ ʨʝʰʝʥʠʷ? ʕʪʦ ʦʜʠʥ ʠʟ 

ʚʘʞʥʝʡʰʠʭ ʬʘʢʪʦʨʦʚ, ʢʦʪʦʨʳʡ ʚʣʠʷʝʪ ʥʘ ʩʣʦʞʥʦʩʪʴ ʉʫʜʦʢʫ. ʊʘʢ ʢʘʢ ʧʨʦʝʢʪʦʤ 

Sudoku@vtaiwan ʙʳʣʦ ʜʦʢʘʟʘʥʦ, ʯʪʦ ʨʝʰʘʝʤʳʭ ʉʫʜʦʢʫ ʩ 16 ʧʦʜʩʢʘʟʢʘʤʠ ʥʝ ʩʫʱʝʩʪʚʫʝʪ, ʪʦ 

ʤʠʥʠʤʘʣʴʥʦʝ ʯʠʩʣʦ ʧʦʜʩʢʘʟʦʢ ï 17. ʇʨʠ ʵʪʦʤ ʚ ʛʦʨʠʟʦʥʪʘʣʴʥʦʤ ʨʘʡʦʥʝ ʥʝ ʜʦʣʞʥʦ ʦʩʪʘʚʘʪʴʩʷ 

ʜʚʫʭ ʧʫʩʪʳʭ ʩʪʨʦʢ, ʘ ʚʝʨʪʠʢʘʣʴʥʦʤ ï ʩʪʦʣʙʮʦʚ. ʊʘʢ ʞʝ ʦʯʝʚʠʜʥʦ, ʯʪʦ ʩʨʝʜʠ ʧʦʜʩʢʘʟʦʢ ʜʦʣʞʥʳ 

ʙʳʪʴ ʭʦʪʷ ʙʳ 8 ʨʘʟʣʠʯʥʳʭ ʮʠʬʨ. ɼʘʣʝʝ, ʫʜʘʣʷʷ ʢʘʞʜʫʶ ʥʦʚʫʶ ʢʣʝʪʢʫ ʩʣʝʜʫʝʪ ʧʨʦʚʝʨʠʪʴ 

ʧʦʣʫʯʝʥʥʫʶ ʛʦʣʦʚʦʣʦʤʢʫ ʥʘ ʝʜʠʥʩʪʚʝʥʥʦʩʪʴ ʨʝʰʝʥʠʷ. 

 

ʄʝʪʦʜʳ ʨʝʰʝʥʠʷ ʩʫʜʦʢʫ 

ɼʣʷ ʨʘʩʩʤʦʪʨʝʥʠʷ ʤʝʪʦʜʦʚ ʨʝʰʝʥʠʷ Cʫʜʦʢʫ ʚʚʝʜʸʤ ʩʣʝʜʫʶʱʠʝ ʧʦʥʷʪʠʷ: 

ǒ ʂʘʥʜʠʜʘʪ. ʕʪʦ ʚʦʟʤʦʞʥʦʝ ʟʥʘʯʝʥʠʝ ʜʣʷ ʦʧʨʝʜʝʣʸʥʥʦʡ ʷʯʝʡʢʠ ʥʘ ʜʘʥʥʦʤ ʵʪʘʧʝ ʨʝʰʝʥʠʷ.  

ʈʘʩʩʤʦʪʨʠʤ ʥʝʢʦʪʦʨʳʝ ʤʝʪʦʜʳ ʨʝʰʝʥʠʷ Cʫʜʦʢʫ, ʠʩʧʦʣʴʟʦʚʘʥʥʳʝ ʚ ʥʘʰʝʡ ʨʘʙʦʪʝ:   

 

çʇʦʩʣʝʜʥʠʡ ʛʝʨʦʡè 

ɼʘʥʥʳʡ ʤʝʪʦʜ ʠʩʧʦʣʴʟʫʝʪʩʷ ʧʨʠ ʨʘʩʩʤʦʪʨʝʥʠʠ ʤʘʣʳʭ ʢʚʘʜʨʘʪʦʚ ʠ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʩʣʝʜʫʶʱʝʤ: 

ʝʩʣʠ ʫ ʥʘʩ ʝʩʪʴ ʥʝʢʦʪʦʨʦʝ ʯʠʩʣʦ n, ʩʪʦʷʱʝʝ ʚ ʩʪʨʦʢʝ ʠʣʠ ʩʪʦʣʙʮʝ ʧʦʣʷ, ʠ ʵʪʘ ʩʪʨʦʢʘ ʠʣʠ ʩʪʦʣʙʝʮ ʚ 

ʤʘʣʦʤ ʢʚʘʜʨʘʪʝ ʧʝʨʝʩʝʢʘʝʪ ʚʩʝ ʧʫʩʪʳʝ ʷʯʝʡʢʠ ʟʘ ʠʩʢʣʶʯʝʥʠʝʤ ʦʜʥʦʡ, ʪʦ ʚ ʦʩʪʘʚʰʝʡʩʷ 

ʥʝʧʝʨʝʩʝʯʝʥʥʦʡ ʷʯʝʡʢʝ ʥʘʭʦʜʠʪʩʷ ʠʤʝʥʥʦ ʵʪʦ ʯʠʩʣʦ n ( ʝʩʣʠ ʚ ʤʘʣʦʤ ʢʚʘʜʨʘʪʝ ʵʪʦʛʦ ʯʠʩʣʘ ʥʝʪ ).  

https://habr.com/ru/post/437140/
https://habr.com/ru/post/437140/
https://habr.com/ru/post/437140/
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ɼʘʥʥʳʡ ʤʝʪʦʜ ʘʥʘʣʦʛʠʯʥʳʤ ʦʙʨʘʟʦʤ ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʜʣʷ ʩʪʨʦʢ ʠ ʩʪʦʣʙʮʦʚ ʚʩʝʡ ʪʘʙʣʠʮʳ (ʨʠʩ. 

1). 
 

      ʈʠʩʫʥʦʢ 1. ʇʨʠʤʝʨ ʧʨʠʤʝʥʝʥʠʝ ʤʝʪʦʜʘ                                 ʈʠʩʫʥʦʢ 2. ʇʨʠʤʝʨ ʧʨʠʤʝʥʝʥʠʝ ʤʝʪʦʜʘ 

       ñʇʦʩʣʝʜʥʠʡ ʛʝʨʦʡò                                                            ñɻʦʣʳʝ ʧʘʨʳò 

 

çɻʦʣʳʝè ʧʘʨʳ 

ñɻʦʣʘʷ ʧʘʨʘò ʠʣʠ ñʯʠʩʪʘʷ ʧʘʨʘò ʙʘʟʠʨʫʝʪʩʷ ʥʘ ʨʘʩʩʤʦʪʨʝʥʠʠ ʜʚʫʭ ʷʯʝʝʢ ʚ ʦʜʥʦʡ ʦʙʱʝʡ ʩʪʨʦʢʝ, 

ʩʪʦʣʙʮʝ ʠʣʠ ʤʘʣʦʤ ʢʚʘʜʨʘʪʝ. ɽʩʣʠ ʫ ʥʘʩ ʝʩʪʴ ʧʦ ʜʚʘ ʢʘʥʜʠʜʘʪʘ a ʠ b ( ʯʠʩʣʘ, ʢʦʪʦʨʳʝ ʚʦʟʤʦʞʥʦ ʤʦʛʫʪ 

ʩʪʘʪʴ ʚ ʧʫʩʪʫʶ ʷʯʝʡʢʫ ) ʚ ʜʚʫʭ ʷʯʝʡʢʘ ʦʜʥʦʡ ʩʪʨʦʢʠ, ʩʪʦʣʙʮʘ ʠʣʠ ʤʘʣʦʛʦ ʢʚʘʜʨʘʪʘ, ʪʦ ʤʳ ʤʦʞʝʤ 

ʚʳʯʝʨʢʥʫʪʴ ʚʩʝ a ʠ b ʠʟ ʵʪʦʡ ʩʪʨʦʢʠ, ʩʪʦʣʙʮʘ ʠʣʠ ʤʘʣʦʛʦ ʢʚʘʜʨʘʪʘ, ʪʘʢ ʢʘʢ ʜʘʥʥʳʝ ʯʠʩʣʘ ʪʦʯʥʦ ʙʫʜʫʪ 

ʥʘʭʦʜʠʪʴʩʷ ʚ ʥʘʡʜʝʥʥʳʭ ʷʯʝʡʢʘ ʩʦʜʝʨʞʘʱʠʭ çɻʦʣʫʶè ʧʘʨʫ. ʄʝʪʦʜ ʛʦʣʳʭ ʧʘʨ ʤʦʞʥʦ ʨʘʩʰʠʨʠʪʴ ʜʦ 

ʛʦʣʳʭ ʪʨʦʝʢ. ʊʨʦʡʢʦʡ ʩʯʠʪʘʝʤ ʢʦʤʙʠʥʘʮʠʶ ʠʟ ʪʨʝʭ ʢʣʝʪʦʢ ʚ ʪʨʝʭ ʷʯʝʡʢʘʭ, ʧʨʠʯʝʤ ʚ ʢʘʞʜʦʡ ʷʯʝʡʢʝ 

ʤʦʞʝʪ ʙʳʪʴ ʢʘʢ ʧʦ ʜʚʘ ʢʘʥʜʠʜʘʪʘ, ʪʘʢ ʠ ʧʦ ʪʨʠ, ʥʘʧʨʠʤʝʨ {ab}, {ac}, {bc} ʠʣʠ {abc}, {bc}, {ac}. ɺ ʧʨʠʤʝʨʝ 

ʧʘʨʳ ʥʘʡʜʝʥʳ ʚ ʧʝʨʚʦʡ ʠ ʪʨʝʪʴʝʡ ʩʪʨʦʢʘʭ (ʨʠʩ. 2). 

 

ʉʢʨʳʪʳʝ ʧʘʨʳ 

ʀʥʦʛʜʘ ʜʣʷ ʚʳʭʦʜʘ ʠʟ ʪʫʧʠʢʦʚʳʭ ʩʠʪʫʘʮʠʡ ʧʨʠʤʝʥʷʝʪʩʷ ʤʝʪʦʜ ʧʦʠʩʢʘ ʩʢʨʳʪʳʭ ʧʘʨ. ʇʨʠ 

ʥʘʭʦʞʜʝʥʠʠ ʩʢʨʳʪʦʡ ʧʘʨʳ ʤʦʞʥʦ ʚʳʯʝʨʢʥʫʪʴ ʚʩʝʭ ʦʩʪʘʣʴʥʳʭ ʢʘʥʜʠʜʘʪʦʚ ʠʟ ʷʯʝʝʢ ʩʦʜʝʨʞʘʱʠʭ ʧʘʨʫ. 

ɺ ʜʘʥʥʦʤ ʧʨʠʤʝʨʝ (ʨʠʩ. 3) ʚʠʜʥʦ, ʯʪʦ "6" ʠ "7" ʝʩʪʴ ʚ ʜʚʫʭ ʷʯʝʡʢʘʭ ʚ ʧʨʘʚʦʤ ʚʝʨʭʥʝʤ ʫʛʣʫ, ʧʨʠʯʝʤ ʦʥʠ 

ʙʦʣʴʰʝ ʥʝ ʚʩʪʨʝʯʘʶʪʩʷ ʚ ʧʨʘʚʦʤ ʚʝʨʭʥʝʤ ʢʚʘʜʨʘʪʝ. ʆʯʝʚʠʜʥʦ, ʯʪʦ ʚ A8 ʠ A9 ʤʦʛʫʪ ʩʦʜʝʨʞʘʪʴ ʪʦʣʴʢʦ 

ʵʪʠ ʯʠʩʣʘ, ʪʦʛʜʘ ʚʩʝʭ ʦʩʪʘʣʴʥʳʭ ʢʘʥʜʠʜʘʪʦʚ ʤʳ ʤʦʞʝʤ ʫʙʨʘʪʴ. ʆʛʨʘʥʠʯʠʚʘʶʱʝʡ ʦʙʣʘʩʪʴʶ ʤʦʞʝʪ 

ʚʳʩʪʫʧʘʪʴ ʥʝ ʪʦʣʴʢʦ ʤʘʣʳʡ ʢʚʘʜʨʘʪ, ʥʦ ʠ ʩʪʨʦʢʘ, ʠ ʩʪʦʣʙʝʮ.  
 

ʋʢʘʟʳʚʘʶʱʠʝ ʧʘʨʳ ʠ ʪʨʦʡʢʠ 

ɽʩʣʠ ʚ ʤʘʣʦʤ ʢʚʘʜʨʘʪʝ (ʩʪʨʦʢʝ ʠʣʠ ʩʪʦʣʙʮʝ) ʦʜʠʥ ʢʘʥʜʠʜʘʪ ʚʩʪʨʝʯʘʝʪʩʷ ʣʠʰʴ ʚ ʜʚʫʭ ʷʯʝʡʢʘʭ 

(ʪ. ʝ. ʦʙʨʘʟʫʶʪ ʫʢʘʟʳʚʘʶʱʫʶ ʧʘʨʫ) ʦʜʥʦʡ ʩʪʨʦʢʠ ʠʣʠ ʩʪʦʣʙʮʘ (ʦʜʥʦʛʦ ʤʘʣʦʛʦ ʢʚʘʜʨʘʪʘ), ʪʦ ʤʳ ʤʦʞʝʤ 

ʫʙʨʘʪʴ ʵʪʦʛʦ ʢʘʥʜʠʜʘʪʘ ʠʟ ʚʩʝʭ ʦʩʪʘʣʴʥʳʭ ʷʯʝʝʢ ʩʪʨʦʢʠ ʠʣʠ ʩʪʦʣʙʮʘ (ʤʘʣʦʛʦ ʢʚʘʜʨʘʪʘ) ʩʦʜʝʨʞʘʱʝʡ 

ʫʢʘʟʳʚʘʶʱʫʶ ʧʘʨʫ. ɼʣʷ ʧʨʠʤʝʨʘ ʨʘʩʩʤʦʪʨʠʤ ʜʘʥʥʫʶ ʛʦʣʦʚʦʣʦʤʢʫ (ʨʠʩ. 4). ɺ ʧʨʘʚʦʤ ʚʝʨʭʥʝʤ ʤʘʣʦʤ 

ʢʚʘʜʨʘʪʝ, "3" ʠʤʝʝʪʩʷ ʪʦʣʴʢʦ ʚ ʷʯʝʡʢʘʭ B7 ʠ B9. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʤʳ ʫʙʠʨʘʝʤ "3" ʠʟ B1, B2, B3. 

ɸʥʘʣʦʛʠʯʥʳʝ ʨʘʩʩʫʞʜʝʥʠʷ ʚʝʨʥʳ ʠ ʜʣʷ "2" ʠʟ ʮʝʥʪʨʘʣʴʥʦʛʦ ʥʠʞʥʝʛʦ ʤʘʣʦʛʦ ʢʚʘʜʨʘʪʘ, ʫʙʠʨʘʝʤ 

ʢʘʥʜʠʜʘʪʘ ʠʟ G2. 

     ʈʠʩʫʥʦʢ 3. ʇʨʠʤʝʨ ʧʨʠʤʝʥʝʥʠʝ ʤʝʪʦʜʘ                                      ʈʠʩʫʥʦʢ 4. ʇʨʠʤʝʨ ʧʨʠʤʝʥʝʥʠʝ ʤʝʪʦʜʘ 

                          ñʉʢʨʳʪʳʝ ʧʘʨʳò                                                                   ñʋʢʘʟʳʚʘʶʱʠʝ ʧʘʨʳ ʠ ʪʨʦʡʢʠò 
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ʉʪʘʪʠʩʪʠʯʝʩʢʠʝ ʜʘʥʥʳʝ 

ʕʤʧʠʨʠʯʝʩʢʠ ʥʘʤʠ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʜʘʥʥʳʝ ʦ ʯʘʩʪʦʪʝ ʚʩʪʨʝʯʘʝʤʦʩʪʠ ʤʝʪʦʜʦʚ. 
ɼʣʷ ʨʝʰʝʥʠʷ Cʫʜʦʢʫ ʩ ʢʦʣʠʯʝʩʪʚʦʤ ʧʦʜʩʢʘʟʦʢ ʙʦʣʴʰʠʤ, ʯʝʤ 25 ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʚ ʦʩʥʦʚʥʦʤ 

ʤʝʪʦʜ çʇʦʩʣʝʜʥʠʡ ʛʝʨʦʡè. 

ʆʜʥʘʢʦ ʧʨʠ ʨʝʰʝʥʠʠ Cʫʜʦʢʫ ʩ ʢʦʣʠʯʝʩʪʚʦʤ ʧʦʜʩʢʘʟʦʢ ʤʝʥʴʰʠʤ, ʯʝʤ 25, ʠʤʝʝʪ ʤʝʩʪʦ ʩʣʝʜʫʶʱʘʷ 

ʩʪʘʪʠʩʪʠʢʘ: 

-çʇʦʩʣʝʜʥʠʡ ʛʝʨʦʡè ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʚ 39,19% ʩʣʫʯʘʝʚ. 

-çɻʦʣʘʷè ʧʘʨʘ ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʚ 16,22% ʩʣʫʯʘʝʚ. 

-ʋʢʘʟʳʚʘʶʱʘʷ  ʧʘʨʘ ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʚ 39,86% ʩʣʫʯʘʝʚ. 

-ʉʢʨʳʪʘʷ ʧʘʨʘ ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʚ 3,03% ʩʣʫʯʘʝʚ. 

-ʆʩʪʘʣʴʥʳʝ ʤʝʪʦʜʳ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʚ 1,7% ʩʣʫʯʘʝʚ. 
 

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʙʳʣ ʨʘʩʩʤʦʪʨʝʥ ʘʣʛʦʨʠʪʤ ʛʝʥʝʨʘʮʠʠ ʉʫʜʦʢʫ, ʘ ʪʘʢʞʝ ʤʝʪʦʜʳ ʨʝʰʝʥʠʷ 
ʧʦʣʫʯʝʥʥʳʭ ʛʦʣʦʚʦʣʦʤʦʢ. ɺ ʜʘʣʴʥʝʡʰʝʤ ʧʣʘʥʠʨʫʝʪʩʷ ʫʣʫʯʰʠʪʴ ʘʣʛʦʨʠʪʤ ʛʝʥʝʨʘʮʠʠ. 
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ʀʉʇʆʃʔɿʆɺɸʅʀɽ ʊɽʍʅʆʃʆɻʀʁ BIG DATA 
ɺ ʊʈɸʅʉʇʆʈʊʅʆʁ ʉʌɽʈɽ 

ɸʣʝʢʩʘʥʜʨʦʚ ɸ.ɸ., ʇʠʣʝʮʢʠʡ ʀ.ʀ. 

ɹʝʣʦʨʫʩʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʥʬʦʨʤʘʪʠʢʠ ʠ ʨʘʜʠʦʵʣʝʢʪʨʦʥʠʢʠ 
ʛ. ʄʠʥʩʢ, ʈʝʩʧʫʙʣʠʢʘ ɹʝʣʘʨʫʩʴ 

ʇʠʣʝʮʢʠʡ ʀ.ʀ. ï ʢʘʥʜ. ʬʠʟ.-ʤʘʪ. ʥʘʫʢ, ʜʦʮʝʥʪ 

ɼʘʥʥʘʷ ʨʘʙʦʪʘ ʩʦʜʝʨʞʠʪ ʩʚʝʜʝʥʠʷ ʦ ʥʝʢʦʪʦʨʳʭ ʘʩʧʝʢʪʘʭ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʪʝʭʥʦʣʦʛʠʡ Big Data ʚ ʪʨʘʥʩʧʦʨʪʥʦʡ ʩʬʝʨʝ, ʪʘʢʠʭ ʢʘʢ 
ʧʨʝʜʠʢʪʠʚʥʳʡ ʘʥʘʣʠʟ ʧʦʣʦʤʦʢ ʪʨʘʥʩʧʦʨʪʥʳʭ ʩʨʝʜʩʪʚ, ʚʦʧʨʦʩʳ ʜʦʩʪʘʚʢʠ ʙʦʣʴʰʠʭ ʤʘʩʩʠʚʦʚ ʜʘʥʥʳʭ ʩ ʧʦʜʚʠʞʥʦʛʦ ʩʦʩʪʘʚʘ. 
ʈʘʩʩʤʦʪʨʝʥʳ ʥʝʢʦʪʦʨʳʝ ʚʘʨʠʘʥʪʳ ʥʘʧʨʘʚʣʝʥʠʡ ʜʣʷ ʜʘʣʴʥʝʡʰʝʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʨʠʤʝʥʝʥʠʷ ʪʝʭʥʦʣʦʛʠʡ Big Data. 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʧʨʦʠʩʭʦʜʠʪ ʧʦʚʩʝʤʝʩʪʥʦʝ ʚʥʝʜʨʝʥʠʝ ʠ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʪʝʭʥʦʣʦʛʠʡ Big Data 
ʚ ʨʘʟʣʠʯʥʳʭ ʩʬʝʨʘʭ ʞʠʟʥʠ, ʩʚʷʟʘʥʥʳʭ ʩ ʧʦʷʚʣʝʥʠʝʤ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʚʦʟʤʦʞʥʦʩʪʝʡ ʘʥʘʣʠʟʠʨʦʚʘʪʴ 
ʦʛʨʦʤʥʳʝ ʤʘʩʩʠʚʳ ʜʘʥʥʳʭ ʚ ʥʝʢʦʪʦʨʳʭ ʧʨʦʙʣʝʤʥʳʭ ʦʙʣʘʩʪʷʭ. ʕʪʠ ʪʝʭʥʦʣʦʛʠʠ ʥʝ ʦʙʦʰʣʠ ʩʪʦʨʦʥʦʡ ʠ 
ʪʨʘʥʩʧʦʨʪʥʫʶ ʩʬʝʨʫ. 

ʆʜʥʦʡ ʠʟ ʧʨʦʙʣʝʤ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʪʝʭʥʦʣʦʛʠʡ Big Data ʚ ʩʬʝʨʝ ʪʨʘʥʩʧʦʨʪʘ ʷʚʣʷʝʪʩʷ ʧʨʦʙʣʝʤʘ 
ʜʦʩʪʘʚʢʠ ʙʦʣʴʰʠʭ ʤʘʩʩʠʚʦʚ ʠʥʬʦʨʤʘʮʠʠ ʚ ʮʝʥʪʨʳ ʦʙʨʘʙʦʪʢʠ ʜʘʥʥʳʭ. ɽʩʣʠ ʜʣʷ ʛʦʨʦʜʩʢʦʛʦ 
ʪʨʘʥʩʧʦʨʪʘ, ʛʜʝ ʧʦʢʨʳʪʠʝ ʩʝʪʷʤʠ ʤʦʙʠʣʴʥʳʭ ʩʦʪʦʚʳʭ ʦʧʝʨʘʪʦʨʦʚ ʧʨʠʙʣʠʞʘʝʪʩʷ ʢ 100%, ʧʨʦʙʣʝʤ ʚ 
ʦʪʧʨʘʚʢʝ ʙʦʣʴʰʠʭ ʦʙʲʸʤʦʚ ʜʘʥʥʳʭ ʥʝʪ (ʜʘʥʥʳʝ ʤʦʞʥʦ ʥʘʢʘʧʣʠʚʘʪʴ ʥʘ ʙʦʨʪʫ ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʩʨʝʜʩʪʚʘ 
ʠ ʧʝʨʝʜʘʚʘʪʴ ʠʭ ʚ ʜʨʫʛʦʝ ʚʨʝʤʷ, ʥʘʧʨʠʤʝʨ, ʢʦʛʜʘ ʪʨʘʥʩʧʦʨʪ ʥʘʭʦʜʠʪʩʷ ʚ ʧʘʨʢʝ), ʪʦ ʜʣʷ ʪʘʢʦʛʦ 
ʪʨʘʥʩʧʦʨʪʘ, ʢʘʢ ʛʨʫʟʦʚʳʝ ʘʚʪʦʤʦʙʠʣʠ, ʧʦʝʟʜʘ, ʛʨʫʟʦʚʳʝ ʩʘʤʦʣʸʪʳ, ʝʩʪʴ ʦʧʨʝʜʝʣʝʥʥʘʷ ʧʨʦʙʣʝʤʘ ʚ 
ʜʦʩʪʘʚʢʝ ʙʦʣʴʰʠʭ ʦʙʲʸʤʦʚ ʜʘʥʥʳʭ. ʆʜʥʠʤ ʠʟ ʚʘʨʠʘʥʪʦʚ ʨʝʰʝʥʠʷ ʧʨʦʙʣʝʤʳ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ ʤʝʞʜʫ 
ʙʘʟʦʚʦʡ ʩʪʘʥʮʠʝʡ ʦʧʝʨʘʪʦʨʘ ʩʦʪʦʚʦʡ ʩʚʷʟʠ ʠ ʫʩʪʘʥʦʚʣʝʥʥʳʤ ʦʙʦʨʫʜʦʚʘʥʠʝʤ ʚ ʫʩʣʦʚʠʷʭ ʧʣʦʭʦʛʦ 
ʧʦʢʨʳʪʠʷ, ʚ ʙʣʦʢʝ ʧʝʨʝʜʘʯʠ ʤʦʞʥʦ ʧʨʝʜʫʩʤʦʪʨʝʪʴ çʙʫʬʝʨʠʟʘʮʠʶè (ʟʘʧʠʩʴ) ʜʘʥʥʳʭ ʚʦ ʚʥʫʪʨʝʥʥʶʶ 
ʧʘʤʷʪʴ. ɺ ʤʦʤʝʥʪ ʧʦʷʚʣʝʥʠʷ ʫʩʪʦʡʯʠʚʦʡ ʩʚʷʟʠ ʩ ʢʘʯʝʩʪʚʝʥʥʳʤ ʩʠʛʥʘʣʦʤ çʙʫʬʝʨʠʟʦʚʘʥʥʳʝè ʜʘʥʥʳʝ 
ʧʝʨʝʜʘʶʪʩʷ ʥʘ ʩʝʨʚʝʨ ʚ ʘʚʪʦʤʘʪʠʯʝʩʢʦʤ ʨʝʞʠʤʝ.  

ʇʦʩʢʦʣʴʢʫ ʜʣʷ ʜʦʩʪʠʞʝʥʠʷ ʟʘʜʘʥʥʦʡ ʪʦʯʥʦʩʪʠ ʥʝʦʙʭʦʜʠʤʘ ʚʳʩʦʢʘʷ ʯʘʩʪʦʪʘ ʜʠʩʢʨʝʪʠʟʘʮʠʠ 
ʩʥʠʤʘʝʤʳʭ ʧʘʨʘʤʝʪʨʦʚ (ʪʘʢʠʭ, ʢʘʢ ʤʠʨʦʚʳʝ ʢʦʦʨʜʠʥʘʪʳ, ʤʦʤʝʥʪʘʣʴʥʳʡ ʨʘʩʭʦʜ ʪʦʧʣʠʚʘ, ʩʦʩʪʦʷʥʠʝ 
ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʩʨʝʜʩʪʚʘ, ʩʦʩʪʦʷʥʠʝ ʘʛʨʝʛʘʪʦʚ ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʩʨʝʜʩʪʚʘ ʠ ʜʨ.), ʩʫʱʝʩʪʚʫʝʪ ʧʨʦʙʣʝʤʘ 
ʨʘʟʨʘʙʦʪʢʠ ʩʣʦʞʥʳʭ ʘʣʛʦʨʠʪʤʦʚ ʩʞʘʪʠʷ ʠ ʨʝʛʫʣʷʨʥʦʡ ʜʦʩʪʘʚʢʠ ʵʪʦʡ ʠʥʬʦʨʤʘʮʠʠ ʠʣʠ, ʢʦʛʜʘ 
ʧʦʷʚʣʷʝʪʩʷ ʩʪʘʙʠʣʴʥʳʡ ʢʘʥʘʣ ʩʚʷʟʠ. 

ʂʘʢʫʶ ʠʥʬʦʨʤʘʮʠʶ ʤʦʞʥʦ ʩʦʙʠʨʘʪʴ? ɺ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ ʵʪʦ ʪʦʯʥʳʝ ʢʦʦʨʜʠʥʘʪʳ ʩ ʧʨʠʚʷʟʢʦʡ ʢʦ 
ʚʨʝʤʝʥʠ. ʅʘ ʦʩʥʦʚʘʥʠʠ ʵʪʦʡ ʠʥʬʦʨʤʘʮʠʠ ʤʦʞʥʦ ʧʨʦʠʟʚʦʜʠʪʴ ʧʣʘʥʠʨʦʚʘʥʠʝ ʠ ʩʦʩʪʘʚʣʝʥʠʝ ʪʦʯʥʳʭ 
ʛʨʘʬʠʢʦʚ ʠ ʨʘʩʧʠʩʘʥʠʡ ʜʚʠʞʝʥʠʷ ʪʨʘʥʩʧʦʨʪʘ. ʂʘʢ ʧʨʠʤʝʨ, ʚ ʄʠʥʩʢʝ ʚ ʢʘʯʝʩʪʚʝ ʧʠʣʦʪʥʦʛʦ ʧʨʦʝʢʪʘ 
ʙʳʣʘ ʨʝʘʣʠʟʦʚʘʥʘ ʩʠʩʪʝʤʘ ʫʧʨʘʚʣʝʥʠʷ ʩʚʝʪʦʬʦʨʦʤ ʥʘ ʧʝʨʝʢʨʝʩʪʢʝ ʫʣʠʮ ʂʦʟʣʦʚʘ ʠ ʇʣʘʪʦʥʦʚʘ ʥʘ 
ʙʘʟʝ RFID-ʤʝʪʦʢ. ɼʘʥʥʫʶ ʩʠʩʪʝʤʫ ʤʦʞʥʦ ʫʩʦʚʝʨʰʝʥʩʪʚʦʚʘʪʴ, ʠʩʧʦʣʴʟʫʷ ʪʝʣʝʤʝʪʨʠʶ ʩ ʪʨʘʤʚʘʷ ʜʣʷ 
ʫʧʨʝʞʜʘʶʱʝʛʦ ʫʧʨʘʚʣʝʥʠʷ ʩʚʝʪʦʬʦʨʦʤ. ʉʠʩʪʝʤʘ ʤʦʞʝʪ ʧʦʜʩʪʨʦʠʪʴ ʨʘʙʦʪʫ ʩʚʝʪʦʬʦʨʘ ʪʘʢʠʤ 
ʦʙʨʘʟʦʤ, ʯʪʦʙʳ ʤʠʥʠʤʠʟʠʨʦʚʘʪʴ ʟʘʜʝʨʞʢʫ ʪʨʘʤʚʘʷ ʥʘ ʧʝʨʝʢʨʝʩʪʢʝ ʠ ʧʝʨʝʭʦʜʠʪʴ ʢ ʩʣʝʜʫʶʱʝʡ ʬʘʟʝ 
ʨʘʙʦʪʳ ʩʚʝʪʦʬʦʨʘ ʩʨʘʟʫ ʧʦʩʣʝ ʧʨʦʭʦʜʘ ʪʨʘʤʚʘʷ ʯʝʨʝʟ ʧʝʨʝʢʨʝʩʪʦʢ. 

ɼʣʷ ʣʦʢʦʤʦʪʠʚʦʚ ʤʠʥʠʤʘʣʴʥʦ ʥʝʦʙʭʦʜʠʤʳʡ ʥʘʙʦʨ ʧʝʨʝʜʘʚʘʝʤʳʭ ʜʘʥʥʳʭ ʩʣʝʜʫʶʱʠʡ: ʛʝʦ-
ʢʦʦʨʜʠʥʘʪʳ ʥʘʭʦʞʜʝʥʠʷ ʣʦʢʦʤʦʪʠʚʘ ʠ ʪʦʯʥʦʝ ʚʨʝʤʷ; ʩʝʨʠʷ, ʥʦʤʝʨ ʠ ʜʝʧʦ ʧʨʠʧʠʩʢʠ ʣʦʢʦʤʦʪʠʚʘ, ʥʘ 
ʢʦʪʦʨʦʤ ʫʩʪʘʥʦʚʣʝʥʦ ʦʙʦʨʫʜʦʚʘʥʠʝ; ʩʢʦʨʦʩʪʴ ʧʝʨʝʤʝʱʝʥʠʷ ʣʦʢʦʤʦʪʠʚʘ.  

ʇʨʦʙʣʝʤʳ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʙʳʪʴ ʨʝʰʝʥʳ ʧʨʠ ʚʥʝʜʨʝʥʠʠ ʪʝʭʥʦʣʦʛʠʡ Big Data ʜʣʷ ʩʠʩʪʝʤʳ 
ʞʝʣʝʟʥʦʜʦʨʦʞʥʦʛʦ ʪʨʘʥʩʧʦʨʪʘ, ʩʣʝʜʫʶʱʠʝ: ʘʥʘʣʠʟ ʩʧʨʦʩʘ ʧʦʛʨʫʟʢʠ ʠ ʜʦʩʪʘʚʢʠ ʛʨʫʟʘ, ʘʥʘʣʠʟ 
ʧʨʦʧʫʩʢʥʦʡ ʞʝʣʝʟʥʦʜʦʨʦʞʥʦʡ ʩʝʪʠ, ʦʧʨʝʜʝʣʝʥʠʝ ʤʘʨʰʨʫʪʦʚ, ʩʦʩʪʘʚʣʝʥʠʝ ʨʘʩʧʠʩʘʥʠʷ ʠ 
ʨʝʛʫʣʠʨʦʚʘʥʠʝ ʛʨʘʬʠʢʦʚ ʜʚʠʞʝʥʠʷ ʧʦʝʟʜʦʚ, ʢʦʥʪʨʦʣʴ ʩʦʩʪʦʷʥʠʷ ʧʦʜʚʠʞʥʦʛʦ ʩʦʩʪʘʚʘ (ʇʉ): 
ʣʦʢʦʤʦʪʠʚʦʚ, ʚʘʛʦʥʦʚ, ʠ ʜʠʘʛʥʦʩʪʠʨʦʚʘʥʠʝ  ʧʦʣʦʤʦʢ ʇʉ, ʫʚʝʣʠʯʝʥʠʝ ʧʨʦʧʫʩʢʥʦʡ ʩʧʦʩʦʙʥʦʩʪʠ 
ʩʫʱʝʩʪʚʫʶʱʠʭ ʣʠʥʠʡ ʟʘ ʩʯʝʪ ʪʦʯʥʳʭ ʟʥʘʥʠʡ ʢʦʦʨʜʠʥʘʪ ʇʉ, ʩʦʢʨʘʱʝʥʠʝ ʜʠʩʪʘʥʮʠʠ ʤʝʞʜʫ ʇʉ, 
ʫʚʝʣʠʯʝʥʠʝ ʩʢʦʨʦʩʪʠ ʜʚʠʞʝʥʠʷ, ʨʝʰʝʥʠʝ ʟʘʜʘʯ ʪʨʘʥʩʧʦʨʪʥʦʡ ʣʦʛʠʩʪʠʢʠ (ʚ ʪʦʤ ʯʠʩʣʝ ʠ 
ʧʨʝʜʦʩʪʘʚʣʝʥʠʝ ʧʦʣʥʦʡ ʠʥʬʦʨʤʘʮʠʠ ʦ ʛʨʫʟʝ ʠ ʝʛʦ ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʝ ʛʨʫʟʦʚʣʘʜʝʣʴʮʘʤ) ʠ ʜʨ. [1]. 

ʉʙʦʨ ʪʝʣʝʤʝʪʨʠʯʝʩʢʦʡ ʠʥʬʦʨʤʘʮʠʠ ʪʝʢʫʱʝʛʦ ʩʦʩʪʦʷʥʠʷ ʜʚʠʛʘʪʝʣʷ ʧʦʟʚʦʣʷʝʪ ʧʨʠʥʠʤʘʪʴ ʢʘʢ 
ʦʧʝʨʘʪʠʚʥʳʝ, ʪʘʢ ʠ ʩʪʨʘʪʝʛʠʯʝʩʢʠʝ ʨʝʰʝʥʠʷ. ʇʨʠʤʝʥʠʪʝʣʴʥʦ ʢ ʘʚʪʦʙʫʩʥʦʤʫ ʪʨʘʥʩʧʦʨʪʫ, ʪʘʢʦʡ 
ʠʥʬʦʨʤʘʮʠʝʡ ʷʚʣʷʶʪʩʷ ʜʘʥʥʳʝ ʦ ʤʦʤʝʥʪʘʣʴʥʦʤ ʨʘʩʭʦʜʝ ʪʦʧʣʠʚʘ, ʦʙʦʨʦʪʘʭ ʜʚʠʛʘʪʝʣʷ, ʪʝʢʫʱʘʷ 
ʧʝʨʝʜʘʯʘ, ʥʘʛʨʫʟʢʘ ʥʘ ʦʩʴ ʠ ʪ.ʜ. ʆʙʳʯʥʦ ʘʥʘʣʠʟʠʨʫʶʪ ʣʠʰʴ ʜʘʥʥʳʝ ʦʰʠʙʦʢ ʜʚʠʛʘʪʝʣʷ, ʠʛʥʦʨʠʨʫʷ 
ʧʦʭʦʜʥʫʶ ʠʥʬʦʨʤʘʮʠʶ. ʆʜʥʘʢʦ, ʧʨʠ ʬʠʢʩʘʮʠʠ ʵʪʠʭ ʜʘʥʥʳʭ ʩ ʚʳʩʦʢʦʡ ʯʘʩʪʦʪʦʡ ʜʠʩʢʨʝʪʠʟʘʮʠʠ, 
ʤʦʞʥʦ ʧʨʦʚʝʩʪʠ ʘʥʘʣʠʟ ʵʪʠʭ ʜʘʥʥʳʭ ʠ ʚʳʷʚʠʪʴ ʩʣʦʞʥʳʝ ʨʝʞʠʤʳ ʨʘʙʦʪʳ ʜʚʠʛʘʪʝʣʷ, ʦʧʪʠʤʠʟʠʨʦʚʘʪʴ 
ʢʦʥʬʠʛʫʨʘʮʠʶ ʜʚʠʛʘʪʝʣʷ ʜʣʷ ʤʠʥʠʤʠʟʘʮʠʠ ʨʘʩʭʦʜʘ ʪʦʧʣʠʚʘ ʠ ʦʙʝʩʧʝʯʝʥʠʷ ʦʧʪʠʤʘʣʴʥʦʛʦ ʨʝʞʠʤʘ 
ʨʘʙʦʪʳ ʜʚʠʛʘʪʝʣʷ. ʊʘʢʞʝ ʵʪʠ ʜʘʥʥʳʝ ʤʦʛʫʪ ʧʦʤʦʯʴ ʜʣʷ ʨʘʩʯʝʪʘ ʪʝʢʫʱʝʛʦ ʧʘʩʩʘʞʠʨʦʧʦʪʦʢʘ ʥʘ 
ʦʩʥʦʚʘʥʠʠ ʜʘʥʥʳʭ ʦ ʪʝʢʫʱʝʡ ʥʘʛʨʫʟʢʝ ʥʘ ʦʩʴ ʠ ʚʳʷʚʣʷʪʴ ʚʳʩʦʢʦʥʘʛʨʫʞʝʥʥʳʝ ʤʘʨʰʨʫʪʳ ʩ 
ʜʘʣʴʥʝʡʰʠʤ ʧʨʠʥʷʪʠʝʤ ʨʝʰʝʥʠʡ ʦ ʢʦʨʨʝʢʪʠʨʦʚʢʝ ʛʨʘʬʠʢʘ ʜʚʠʞʝʥʠʷ ʠ ʫʚʝʣʠʯʝʥʠʷ ʯʠʩʣʘ ʝʜʠʥʠʮ 



55-ʷ ʶʙʠʣʝʡʥʘʷ ʥʘʫʯʥʘʷ ʢʦʥʬʝʨʝʥʮʠʷ ʘʩʧʠʨʘʥʪʦʚ, ʤʘʛʠʩʪʨʘʥʪʦʚ ʠ ʩʪʫʜʝʥʪʦʚ ɹɻʋʀʈ, 2019 ʛ. 
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ʧʦʜʚʠʞʥʦʛʦ ʩʦʩʪʘʚʘ ʥʘ ʜʘʥʥʦʤ ʤʘʨʰʨʫʪʝ. 
ʄʘʣʦʠʟʫʯʝʥʥʦʡ ʩʬʝʨʦʡ ʧʨʠʤʝʥʝʥʠʷ Big Data ʠ ʧʨʝʜʠʢʪʠʚʥʦʡ ʘʥʘʣʠʪʠʢʠ ʥʘ ʪʨʘʥʩʧʦʨʪʝ ʷʚʣʷʝʪʩʷ 

ʧʨʝʜʩʢʘʟʘʥʠʝ ʥʝʠʩʧʨʘʚʥʦʩʪʝʡ ʘʛʨʝʛʘʪʦʚ ʠ ʤʝʭʘʥʠʟʤʦʚ ʥʘ ʦʩʥʦʚʘʥʠʠ ʜʘʥʥʳʭ ʦʙʲʝʢʪʠʚʥʦʛʦ ʢʦʥʪʨʦʣʷ ʠ 
ʚʠʙʨʦʤʦʥʠʪʦʨʠʥʛʘ. ʉʦʙʨʘʚ ʙʦʣʴʰʫʶ ʙʘʟʫ ʰʪʘʤʧʦʚ ʨʘʙʦʪʳ ʘʛʨʝʛʘʪʦʚ, ʤʦʞʥʦ ʩ ʚʳʩʦʢʦʡ ʜʦʣʝʡ 
ʚʝʨʦʷʪʥʦʩʪʠ ʬʠʢʩʠʨʦʚʘʪʴ ʘʥʦʤʘʣʠʠ ʨʘʙʦʪʳ ʜʚʠʛʘʪʝʣʷ ʠ ʧʨʝʜʫʛʘʜʳʚʘʪʴ ʚʳʭʦʜ ʠʟ ʩʪʨʦʷ ʪʦʛʦ ʠʣʠ 
ʠʥʦʛʦ ʘʛʨʝʛʘʪʘ. ʋʯʠʪʳʚʘʷ ʙʦʣʴʰʠʝ ʚʳʯʠʩʣʠʪʝʣʴʥʳʝ ʤʦʱʥʦʩʪʠ ʎʆɼ ʠ ʨʘʟʚʠʪʠʝ ʪʝʭʥʦʣʦʛʠʡ ʦʙʨʘʙʦʪʢʠ 
ʪʘʢʦʛʦ ʨʦʜʘ ʜʘʥʥʳʭ ʤʦʞʥʦ ʧʦʣʫʯʠʪʴ ʠʥʬʦʨʤʘʮʠʶ ʦʙ ʦʪʢʘʟʝ ʘʛʨʝʛʘʪʘ ʩ ʪʦʯʥʦʩʪʴʶ ʜʦ ʜʚʠʞʫʱʝʡʩʷ 
ʜʝʪʘʣʠ. ʆʙʲʸʤʳ ʩʳʨʳʭ ʜʘʥʥʳʭ ʠʩʯʠʩʣʷʶʪʩʷ ʛʠʛʘʙʘʡʪʘʤʠ ʚ ʯʘʩ, ʧʦʵʪʦʤʫ ʝʩʪʴ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʚ 
ʨʘʟʨʘʙʦʪʢʝ ʘʣʛʦʨʠʪʤʦʚ, ʧʦʟʚʦʣʷʶʱʠʭ ʦʧʪʠʤʠʟʠʨʦʚʘʪʴ ʧʝʨʝʜʘʚʘʝʤʳʡ ʧʦʪʦʢ ʩʳʨʳʭ ʜʘʥʥʳʭ ʩ ʜʘʪʯʠʢʦʚ 
ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʯʪʦʙʳ ʥʝ ʧʦʪʝʨʷʪʴ ʚ ʜʦʩʪʦʚʝʨʥʦʩʪʠ ʧʝʨʝʜʘʚʘʝʤʳʭ ʚʳʙʦʨʦʢ ʠ ʥʝ ʧʦʪʝʨʷʪʴ ʚʘʞʥʫʶ 
ʠʥʬʦʨʤʘʮʠʶ ʧʨʠ ʩʞʘʪʠʠ. ʊʘʢ, ʥʘʧʨʠʤʝʨ, ʚ 2015 ʪʦʣʴʢʦ ʣʦʢʦʤʦʪʠʚʦʚ ʥʘ ɹʝʣɾɼ ʙʳʣʦ 920 ʝʜʠʥʠʮ, ʧʨʠ 
ʘʢʪʠʚʥʦʤ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʪʦʣʴʢʦ 70% ʧʨʦʧʠʩʥʦʛʦ ʧʘʨʢʘ, ʧʝʨʝʜʘʯʝ ʪʦʣʴʢʦ ʤʠʥʠʤʘʣʴʥʳʭ ʜʘʥʥʳʭ ʦ 
ʣʦʢʦʤʦʪʠʚʝ (100 ʙʘʡʪ), ʢʘʞʜʳʝ 10 ʩʝʢʫʥʜ ʦʙʴʝʤ ʧʝʨʝʜʘʚʘʝʤʳʭ ʜʘʥʥʳʭ ʙʫʜʝʪ ʥʝ ʤʝʥʝʝ 556.041.600 
ʙʘʡʪ ʚ ʩʫʪʢʠ. ɿʜʝʩʴ ʥʝ ʫʯʪʝʥ ʙʦʣʴʰʦʡ ʦʙʲʸʤ ʜʘʥʥʳʭ ʦ ʨʘʙʦʪʝ ʘʛʨʝʛʘʪʦʚ ʣʦʢʦʤʦʪʠʚʘ ʠ ʨʘʩʭʦʜʝ 
ʪʦʧʣʠʚʘ, ʜʘʥʥʳʝ ʦ ʩʦʩʪʘʚʝ ʧʦʝʟʜʘ, ʜʘʥʥʳʝ ʦ ʙʨʠʛʘʜʝ, ʘ ʪʘʢʞʝ ʦʙʨʘʪʥʦ ʧʝʨʝʜʘʚʘʝʤʳʝ ʜʘʥʥʳʝ ʥʘ 
ʣʦʢʦʤʦʪʠʚ. 

ʇʨʦʘʥʘʣʠʟʠʨʦʚʘʚ ʚʳʰʝʩʢʘʟʘʥʥʦʝ, ʤʦʞʥʦ ʚʳʜʝʣʠʪʴ ʥʝʩʢʦʣʴʢʦ ʥʘʧʨʘʚʣʝʥʠʡ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʡ: 
ī  ʠʩʧʦʣʴʟʦʚʘʥʠʝ Big Data ʜʣʷ ʨʝʰʝʥʠʷ ʧʨʦʙʣʝʤʳ ʩʦʩʪʘʚʣʝʥʠʷ ʨʘʩʧʠʩʘʥʠʡ ʠ ʛʨʘʬʠʢʦʚ 

ʜʚʠʞʝʥʠʡ ʪʨʘʥʩʧʦʨʪʘ (ʛʦʨʦʜʩʢʦʛʦ, ʜʘʣʴʥʝʤʘʛʠʩʪʨʘʣʴʥʦʛʦ, ʞʝʣʝʟʥʦʜʦʨʦʞʥʦʛʦ). ʉʶʜʘ ʞʝ 
ʚʭʦʜʠʪ ʚʦʧʨʦʩ ʦʧʪʠʤʠʟʘʮʠʠ ʨʘʩʭʦʜʦʚ ʧʨʠ ʵʢʩʧʣʫʘʪʘʮʠʠ ʪʨʘʥʩʧʦʨʪʘ ʩ ʫʯʝʪʦʤ ʨʝʣʴʝʬʘ 
ʤʝʩʪʥʦʩʪʠ (ʥʘʧʨʠʤʝʨ, ʜʣʷ ʛʨʫʟʦʚʳʭ ʩʦʩʪʘʚʦʚ ʧʦʝʟʜʦʚ ʚʝʩ ʢʦʪʦʨʳʭ, ʤʦʞʝʪ ʧʨʝʚʳʰʘʪʴ 
4000 ʪʦʥʥ, ʚʝʩʴʤʘ ʢʨʠʪʠʯʥʳʤ ʚʳʯʠʩʣʝʥʠʝ ʪʝʢʫʱʝʡ ʩʢʦʨʦʩʪʠ ʩʦʩʪʘʚʘ ʩ ʪʦʯʥʦʩʪʴʶ ʜʦ 
0,1ʢʤ/ʯ, ʥʘ ʧʦʚʦʨʦʪʘʭ, ʧʦʜʴʝʤʘʭ/ʩʧʫʩʢʘʭ, ʣʠʥʝʡʥʳʭ ʫʯʘʩʪʢʘʭ, ʧʝʨʝʜ ʩʚʝʪʦʬʦʨʦʤ, ʯʪʦ 
ʤʦʞʝʪ ʧʦʟʚʦʣʠʪʴ ʩʵʢʦʥʦʤʠʪʴ ʪʦʧʣʠʚʦ/ʵʣʝʢʪʨʦʵʥʝʨʛʠʶ ʥʘ ʨʘʟʛʦʥ ʠ ʪʦʨʤʦʞʝʥʠʝ ʜʦ 10-
15%); 

ī  ʠʩʩʣʝʜʦʚʘʥʠʝ ʧʨʠʤʝʥʝʥʠʷ Big Data ʜʣʷ ʧʨʝʜʠʢʪʠʚʥʦʡ ʜʠʘʛʥʦʩʪʠʢʠ ʠ ʤʦʥʠʪʦʨʠʥʛʘ 
ʩʦʩʪʦʷʥʠʷ ʪʨʘʥʩʧʦʨʪʘ ʠ ʧʦʜʚʠʞʥʦʛʦ ʩʦʩʪʘʚʘ, ʨʘʟʨʘʙʦʪʢʘ ʧʨʦʛʨʘʤʤʥʦ-ʘʧʧʘʨʘʪʥʳʭ 
ʢʦʤʧʣʝʢʩʦʚ ʜʣʷ ʧʨʝʜʩʢʘʟʘʥʠʷ ʚʳʭʦʜʘ ʠʟ ʩʪʨʦʷ ʪʝʭ ʠʣʠ ʠʥʳʭ ʘʛʨʝʛʘʪʦʚ, ʩʙʦʨ ʠ ʘʥʘʣʠʟ 
ʙʦʣʴʰʠʭ ʤʘʩʩʠʚʦʚ ʜʘʥʥʳʭ ʩ ʬʠʟʠʯʝʩʢʠʭ ʜʘʪʯʠʢʦʚ ʚʠʙʨʘʮʠʠ, ʪʝʤʧʝʨʘʪʫʨʳ ʠ ʪ.ʜ., ʯʪʦ 
ʧʦʟʚʦʣʠʪ ʦʪʢʘʟʘʪʴʩʷ ʦʪ ʧʣʘʥʦʚʳʭ ʨʝʤʦʥʪʦʚ ʊʆ1, ʊʆ2 ʠ ʜʨ., ʘ ʧʝʨʝʡʪʠ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ 
ʢ ʪʨʝʙʫʝʤʦʤʫ ʦʙʩʣʫʞʠʚʘʥʠʶ ʧʦʜʚʠʞʥʦʛʦ ʩʦʩʪʘʚʘ; 

ī  ʠʩʩʣʝʜʦʚʘʥʠʝ ʤʝʪʦʜʦʚ ʧʝʨʝʜʘʯʠ ʙʦʣʴʰʠʭ ʤʘʩʩʠʚʦʚ ʜʘʥʥʳʭ ʚ ʫʩʣʦʚʠʷʭ ʫʟʢʦʛʦ ʢʘʥʘʣʘ, 
ʤʝʪʦʜʠʢʠ ʩʞʘʪʠʷ ʩ ʫʯʝʪʦʤ ʩʧʝʮʠʬʠʢʠ ʜʘʥʥʳʭ, ʤʠʥʠʤʠʟʘʮʠʶ ʟʘʜʝʨʞʝʢ ʦʪ ʦʪʧʨʘʚʢʠ 
ʜʘʥʥʳʭ ʜʦ ʧʦʣʫʯʝʥʠʷ ʦʙʨʘʪʥʦʛʦ ʦʪʚʝʪʘ ʩ ʨʝʢʦʤʝʥʜʘʮʠʷʤʠ ʦ ʧʘʨʘʤʝʪʨʘʭ ʜʚʠʞʝʥʠʷ, 
ʪʝʭʦʙʩʣʫʞʠʚʘʥʠʷ ʠ ʪ.ʜ; 

ɺ ʨʘʤʢʘʭ ʧʨʦʛʨʘʤʤʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʟʘʛʨʫʞʝʥʥʦʩʪʠ ʛʦʨʦʜʩʢʠʭ ʘʚʪʦʙʫʩʦʚ ʠ ʧʝʨʩʧʝʢʪʠʚʳ ʟʘʤʝʥʳ 
ʠʭ ʥʘ ʛʠʙʨʠʜʥʳʝ ʵʣʝʢʪʨʦʙʫʩʳ ʙʳʣʦ ʨʘʟʨʘʙʦʪʘʥʦ ʫʩʪʨʦʡʩʪʚʦ, ʫʩʪʘʥʘʚʣʠʚʘʝʤʦʝ ʚ ʤʦʪʦʨʥʳʡ ʦʪʩʝʢ 
ʘʚʪʦʙʫʩʘ ʠ ʧʦʜʢʣʶʯʘʝʤʦʝ ʢ ʚʥʫʪʨʝʥʥʝʡ CAN-ʰʠʥʝ ʢʦʥʪʨʦʣʣʝʨʘ ʜʚʠʛʘʪʝʣʷ Mercedes ADM3. 
ʋʩʪʨʦʡʩʪʚʦ ʙʳʣʦ ʧʨʝʜʥʘʟʥʘʯʝʥʦ ʜʣʷ ʥʝʧʨʝʨʳʚʥʦʛʦ ʩʙʦʨʘ ʠʥʬʦʨʤʘʮʠʠ ʩ ʚʳʩʦʢʦʡ ʯʘʩʪʦʪʦʡ ʦ ʨʘʙʦʪʝ 
ʜʚʠʛʘʪʝʣʷ ʩ ʧʨʠʚʷʟʢʦʡ ʢ ʪʝʢʫʱʝʤʫ ʚʨʝʤʝʥʠ. ʀʥʬʦʨʤʘʮʠʷ ʟʘʧʠʩʳʚʘʣʘʩʴ ʥʘ SD-ʢʘʨʪʫ, ʨʘʟ ʚ ʥʝʜʝʣʶ 
ʠʥʞʝʥʝʨʳ ʧʨʦʠʟʚʦʜʠʣʠ ʩʯʠʪʳʚʘʥʠʝ ʠʥʬʦʨʤʘʮʠʠ ʠ ʧʝʨʝʜʘʯʫ ʝʸ ʜʣʷ ʜʘʣʴʥʝʡʰʝʛʦ ʘʥʘʣʠʟʘ ʚ 
ʣʘʙʦʨʘʪʦʨʠʶ. ʋʩʪʨʦʡʩʪʚʦ çʢʘʪʘʣʦʩʴè ʥʘ ʧʨʦʪʷʞʝʥʠʠ ʥʝʩʢʦʣʴʢʠʭ ʥʝʜʝʣʴ ʥʘ ʘʚʪʦʙʫʩʥʦʤ ʤʘʨʰʨʫʪʝ 
ˉ18 ʛ. ʄʠʥʩʢʘ. ʈʝʟʫʣʴʪʘʪʦʤ ʘʥʘʣʠʟʘ ʧʦʣʫʯʝʥʥʦʛʦ ʤʘʩʩʠʚʘ ʜʘʥʥʳʭ ʷʚʠʣʦʩʴ ʨʝʰʝʥʠʝ ʦ 
ʮʝʣʝʩʦʦʙʨʘʟʥʦʩʪʠ ʧʝʨʝʭʦʜʘ ʥʘ ʛʠʙʨʠʜʥʳʝ ʜʚʠʛʘʪʝʣʴʥʳʝ ʫʩʪʘʥʦʚʢʠ. ʈʝʰʝʥʠʝ ʦʩʥʦʚʳʚʘʣʦʩʴ ʥʘ 
ʘʥʘʣʠʟʝ ʨʝʞʠʤʦʚ ʨʘʙʦʪʳ ʜʚʠʛʘʪʝʣʷ ʚ ʛʦʨʦʜʩʢʠʭ ʫʩʣʦʚʠʷʭ ʠ ʥʘʛʨʫʟʢʠ ʥʘ ʜʚʠʛʘʪʝʣʴ, ʚʨʝʤʝʥʠ ʧʨʦʩʪʦʝʚ 
ʥʘ ʦʩʪʘʥʦʚʢʘʭ, ʩʚʝʪʦʬʦʨʘʭ, ʜʠʥʘʤʠʢʠ ʨʘʟʛʦʥʘ-ʦʩʪʘʥʦʚʢʠ ʠ ʧʨʦʯʠʭ ʬʘʢʪʦʨʦʚ.  

ʅʘ ʜʘʥʥʳʡ ʤʦʤʝʥʪ ʚʝʜʝʪʩʷ ʨʘʟʨʘʙʦʪʢʘ ʧʨʠʙʦʨʘ ʜʣʷ ʩʙʦʨʘ ʜʘʥʥʳʭ ʩ ʪʨʘʥʩʧʦʨʪʥʳʭ ʩʨʝʜʩʪʚ, 
ʠʤʝʶʱʠʡ ʚ ʩʝʙʝ ʢʘʥʘʣ ʩʚʷʟʠ ʥʘ ʙʘʟʝ GSM-ʤʦʜʝʤʘ, ʧʨʠʚʷʟʢʫ ʩ ʪʝʢʫʱʠʤ ʢʦʦʨʜʠʥʘʪʘʤ ʧʦʩʨʝʜʩʪʚʦʤ 
ʩʠʩʪʝʤ ʛʝʦ-ʧʦʟʠʮʠʦʥʠʨʦʚʘʥʠʷ GPS-ɻʃʆʅɸʉʉ, ʧʨʠ ʵʪʦʤ ʠʤʝʶʱʠʤ ʤʠʥʠʤʘʣʴʥʳʝ ʛʘʙʘʨʠʪʳ ʠ 
ʚʦʟʤʦʞʥʦʩʪʴ ʨʘʙʦʪʘʪʴ ʚ ʘʛʨʝʩʩʠʚʥʳʭ ʫʩʣʦʚʠʷʭ ʤʘʰʠʥʥʳʭ ʦʪʜʝʣʝʥʠʡ. ʎʆɼ ʣʘʙʦʨʘʪʦʨʠʠ ɹɻʋʀʈ-IBA 
[2], ʤʦʞʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʢʘʢ ʙʘʟʘ ʚ ʧʠʣʦʪ ʧʨʦʝʢʪʘʭ ʜʣʷ ʭʨʘʥʝʥʠʷ ʠ ʦʙʨʘʙʦʪʢʠ ʜʘʥʥʳʭ ʩ ʜʘʪʯʠʢʦʚ. 

ʅʘʠʙʦʣʝʝ ʧʝʨʩʧʝʢʪʠʚʥʳʤ ʥʘʧʨʘʚʣʝʥʠʝʤ ʷʚʣʷʝʪʩʷ ʧʨʠʤʝʥʝʥʠʝ ʩʝʨʚʠʩʦʚ ʧʣʘʪʬʦʨʤʳ IBM Cloud 
Platform ʠ ʢʦʛʥʠʪʠʚʥʦʛʦ ʩʫʧʝʨʢʦʤʧʴʶʪʝʨʘ IBM Watson [3, 4], ʚʦʟʤʦʞʥʦʩʪʠ ʢʦʪʦʨʦʛʦ ʧʦʟʚʦʣʷʶʪ 
ʩʦʚʤʝʩʪʠʪʴ ʦʙʨʘʙʦʪʢʠ ʙʦʣʴʰʠʭ ʦʙʲʸʤʦʚ ʜʘʥʥʳʭ, ʧʦʣʫʯʘʝʤʳʭ ʩ ʨʘʟʣʠʯʥʳʭ ʜʘʪʯʠʢʦʚ.  IBM Cloud 
Platform ʧʨʝʜʦʩʪʘʚʣʷʝʪ ʩʧʝʮʠʘʣʴʥʳʝ ʤʦʜʫʣʠ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʠʥʬʦʨʤʘʮʠʠ ʩ IoT-ʫʩʪʨʦʡʩʪʚ, ʢ ʢʦʪʦʨʳʤ 
ʤʦʞʥʦ ʦʪʥʝʩʪʠ ʨʘʟʨʘʙʘʪʳʚʘʝʤʳʡ ʘʚʪʦʥʦʤʥʳʡ ʧʨʠʙʦʨ ʩʙʦʨʘ ʜʘʥʥʳʭ. 

ʂʦʛʥʠʪʠʚʥʳʝ ʩʠʩʪʝʤʳ, ʧʨʠʣʦʞʝʥʠʷ ʠ ʩʝʨʚʠʩʳ, ʘʥʘʣʠʪʠʢʘ (Watson), IoT (ʥʘʧʨʠʤʝʨ, ʘʚʪʦʤʦʙʠʣʠ, 
ʣʦʢʦʤʦʪʠʚʳ, ʧʦʣʠʛʦʥ ʜʦʨʦʛʠ), ʧʦʟʚʦʣʷʪ ʩ ʤʠʥʠʤʘʣʴʥʳʤʠ ʫʩʠʣʠʷʤʠ ʩʦʟʜʘʪʴ ʩʝʪʴ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʄ2ʄ 
(Machine-to-Machine), ʯʪʦ ʚ ʙʫʜʫʱʝʤ ʦʙʝʩʧʝʯʠʪ ʧʝʨʝʭʦʜ ʢ ʙʝʟʣʶʜʥʦʤʫ ʧʨʦʠʟʚʦʜʩʪʚʫ. 
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ʇʈʆɹʃɽʄʓ ʀʅʌʆʈʄɸʎʀʆʅʅʆʁ ɹɽɿʆʇɸʉʅʆʉʊʀ ʆʉ WINDOWS 

ɸʥʜʨʝʶʢ ɼ. ʉ., ʂʘʜʫʰʢʦ ɸ. ɸ., ʄʘʣʠʥʦʚʩʢʘʷ ɽ. ɼ. 

ɹʝʣʦʨʫʩʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʥʬʦʨʤʘʪʠʢʠ ʠ ʨʘʜʠʦʵʣʝʢʪʨʦʥʠʢʠ 
ʛ. ʄʠʥʩʢ, ʈʝʩʧʫʙʣʠʢʘ ɹʝʣʘʨʫʩʴ 

ʉʪʨʦʡʥʠʢʦʚʘ ɽ. ɼ. ï ʘʩʩʠʩʪʝʥʪ ʢʘʬʝʜʨʳ ʠʥʬʦʨʤʘʪʠʢʠ 

ɺ ʧʨʦʮʝʩʩʝ ʠʟʫʯʝʥʠʷ ʧʨʝʜʤʝʪʥʦʡ ʦʙʣʘʩʪʠ ʙʳʣʘ ʩʦʙʨʘʥʘ ʠ ʩʠʩʪʝʤʘʪʠʟʠʨʦʚʘʥʘ ʠʥʬʦʨʤʘʮʠʷ ʦ ʚʨʝʜʦʥʦʩʥʦʤ 
ʧʨʦʛʨʘʤʤʥʦʤ ʦʙʝʩʧʝʯʝʥʠʠ ʠ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʘʪʘʢʘʭ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʙʳʣʘ ʩʤʦʜʝʣʠʨʦʚʘʥʘ ʠ ʧʨʦʪʝʩʪʠʨʦʚʘʥʘ ʚʨʝʜʦʥʦʩʥʘʷ 
ʧʨʦʛʨʘʤʤʘ, ʩʦʢʨʳʪʘʷ ʚ ʦʙʳʜʝʥʥʦʤ ʜʣʷ ʦʙʳʯʥʦʛʦ ʧʦʣʴʟʦʚʘʪʝʣʷ ʧʨʠʣʦʞʝʥʠʠ. 

ɺ ʨʘʙʦʪʝ ʙʳʣʠ ʠʟʫʯʝʥʳ ʫʷʟʚʠʤʦʩʪʠ ʆʉ Windows ʦʪʥʦʩʠʪʝʣʴʥʦ ʩʦʭʨʘʥʥʦʩʪʠ ʢʦʥʬʠʜʝʥʮʠʘʣʴʥʳʭ 
ʠ ʣʠʯʥʳʭ ʜʘʥʥʳʭ. ʆʩʥʦʚʥʦʡ ʘʢʮʝʥʪ ʙʳʣ ʩʜʝʣʘʥ ʥʘ ʜʝʷʪʝʣʴʥʦʩʪʠ ʚʨʝʜʦʥʦʩʥʦʛʦ ʧʨʦʛʨʘʤʤʥʦʛʦ 
ʦʙʝʩʧʝʯʝʥʠʷ ʥʘ ʧʨʠʤʝʨʝ ʚʠʨʫʩʦʚ, ʯʝʨʚʝʡ ʠ ʪʨʦʷʥʦʚ. ɹʳʣʘ ʧʨʠʚʝʜʝʥʘ ʩʪʘʪʠʩʪʠʯʝʩʢʘʷ ʠʥʬʦʨʤʘʮʠʷ ʦ 
ʜʝʷʪʝʣʴʥʦʩʪʠ ʚʨʝʜʦʥʦʩʥʦʛʦ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ ʩ ʤʦʤʝʥʪʘ ʠʭ ʚʦʟʥʠʢʥʦʚʝʥʠʷ. 
ʇʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʥʳ ʧʨʝʮʝʜʝʥʪʳ ʥʘʠʙʦʣʝʝ ʤʘʩʰʪʘʙʥʳʭ ʠ ʨʝʟʫʣʴʪʘʪʠʚʥʳʭ ʚʠʨʫʩʥʳʭ ʘʪʘʢ ʟʘ XX ï 
XXI ʚʚ., ʪʘʢʠʭ ʢʘʢ WannaCrypt0r, Jerusalem, CIH ʠ ʧʦʜʦʙʥʳʭ. ɺʳʚʝʜʝʥʳ ʢʨʠʪʝʨʠʠ ʩʨʘʚʥʝʥʠʷ ʠ 
ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʨʘʟʥʦʛʦ ʨʦʜʘ ʘʪʘʢ, ʠʟʫʯʘʶʪʩʷ ʠʭ ʧʨʝʜʧʦʩʳʣʢʠ, ʨʝʘʣʠʟʘʮʠʷ, ʨʝʟʫʣʴʪʘʪʳ ʠ ʩʧʝʮʠʬʠʢʘ. 
ʈʘʩʩʤʦʪʨʝʥʳ ʦʩʦʙʳʝ ʙʝʩʧʨʝʮʝʜʝʥʪʥʳʝ ʩʣʫʯʘʠ ʦʩʫʱʝʩʪʚʣʝʥʠʷ ʘʪʘʢ (ʥʘʧʨʠʤʝʨ, ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 
çʫʤʥʦʡè ʙʳʪʦʚʦʡ ʪʝʭʥʠʢʠ). ʀʟʫʯʝʥʘ ʪʘʢʞʝ ʚʦʟʤʦʞʥʦʩʪʴ ʦʩʫʱʝʩʪʚʣʝʥʠʷ DDoS-ʘʪʘʢ ʚ ʩʦʮʠʘʣʴʥʦ-
ʧʨʠʝʤʣʝʤʳʭ ʮʝʣʷʭ. ɺ ʧʨʦʮʝʩʩʝ ʨʘʩʩʤʦʪʨʝʥʠʷ ʜʝʷʪʝʣʴʥʦʩʪʠ ʚʨʝʜʦʥʦʩʥʦʛʦ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ 
ʩʜʝʣʘʥ ʫʧʦʨ ʥʘ ʤʝʭʘʥʠʟʤʳ ʰʠʬʨʦʚʘʥʠʷ ʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʚ ʧʨʦʛʥʦʩʪʠʯʝʩʢʠʭ ʠʥʪʝʨʝʩʘʭ. ʀʟʫʯʝʥʳ 
ʩʧʦʩʦʙʳ ʩʦʢʨʳʪʠʷ ʧʨʠʟʥʘʢʦʚ ʜʝʷʪʝʣʴʥʦʩʪʠ ʚʨʝʜʦʥʦʩʥʦʛʦ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ (ʚʩʪʨʘʠʚʘʥʠʝ ʚ 
ʢʦʜ ʧʦʣʝʟʥʦʡ ʧʨʦʛʨʘʤʤʳ, ʤʘʩʢʠʨʦʚʢʘ ʧʦʜ ʥʝʸ ʠ ʜʨ.) ʩ ʮʝʣʴʶ ʚʳʷʚʣʝʥʠʷ ʩʧʝʮʠʬʠʢʠ ʚʨʝʜʦʥʦʩʥʦʛʦ 
ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ ʠ ʧʣʘʥʠʨʦʚʘʥʠʷ ʢʦʥʪʨʤʝʨ ʚ ʚʠʜʝ ʨʘʟʨʘʙʦʪʢʠ ʘʥʪʠʚʠʨʫʩʥʦʛʦ ʧʨʦʛʨʘʤʤʥʦʛʦ 
ʦʙʝʩʧʝʯʝʥʠʷ. ɺ ʮʝʣʦʤ ʧʦʜʭʦʜ ʢ ʠʟʫʯʝʥʠʶ ʚʨʝʜʦʥʦʩʥʦʛʦ ʇʆ ʚ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʠʩʧʦʣʴʟʫʝʪ ʢʦʥʮʝʧʮʠʶ 
çɿʥʘʡ ʚʨʘʛʘ ʚ ʣʠʮʦè. 

ɺ ʧʨʘʢʪʠʯʝʩʢʦʡ ʯʘʩʪʠ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʥʘ ʨʘʙʦʪʘ ʠʩʢʫʩʩʪʚʝʥʥʦ ʩʦʟʜʘʥʥʦʡ ʧʨʦʛʨʘʤʤʳ, 
ʜʝʷʪʝʣʴʥʦʩʪʴ ʢʦʪʦʨʦʡ ʚ ʥʝ ʪʝʩʪʦʚʦʤ ʩʣʫʯʘʝ ʦʜʥʦʟʥʘʯʥʦ ʥʝʞʝʣʘʪʝʣʴʥʘ. ʇʨʠʤʝʨ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ 
ʠʛʨʫ, ʟʘʧʫʩʢ ʢʦʪʦʨʦʡ ʧʨʠʚʦʜʠʪ ʢ ʰʠʬʨʦʚʘʥʠʶ ʬʘʡʣʦʚ ʥʘ ʞʝʩʪʢʦʤ ʜʠʩʢʝ ʰʠʬʨʦʤ ʎʝʟʘʨʷ. 
ʇʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʥ ʤʝʭʘʥʠʟʤ ʩʦʢʨʳʪʠʷ, ʧʨʦʥʠʢʥʦʚʝʥʠʷ ʠ ʰʠʬʨʦʚʘʥʠʷ ʩʘʤʦʜʝʣʴʥʦʛʦ ʪʨʦʷʥʘ. 
ʈʘʩʩʤʦʪʨʝʥʳ ʨʘʟʣʠʯʥʳʝ ʰʠʬʨʳ (ʎʝʟʘʨʷ, ɺʠʞʝʥʝʨʘ, ʤʥʦʛʦʘʣʬʘʚʠʪʥʘʷ ʟʘʤʝʥʘ ʠ ʜʨ.), ʤʝʪʦʜʳ ʧʦʠʩʢʘ 
ʢʣʶʯʝʡ ʠ ʜʝʰʠʬʨʦʚʘʥʠʷ (ʥʘ ʦʩʥʦʚʝ ʰʠʬʨʦʪʝʢʩʪʘ, ʦʪʢʨʳʪʦʛʦ ʪʝʢʩʪʘ ʠ ʜʨ.). ʇʨʦʠʟʚʝʜʝʥʘ 
ʢʣʘʩʩʠʬʠʢʘʮʠʷ ʰʠʬʨʦʚ, ʠʭ ʩʨʘʚʥʝʥʠʝ, ʨʘʩʩʤʦʪʨʝʥʦ ʠʭ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʚ ʧʨʝʜʤʝʪʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ. 
ʀʟʫʯʝʥʳ ʚʦʟʤʦʞʥʳʝ ʠʩʭʦʜʳ ʜʝʷʪʝʣʴʥʦʩʪʠ ʚʨʝʜʦʥʦʩʥʦʛʦ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ, ʩʧʦʩʦʙʳ 
ʚʦʩʩʪʘʥʦʚʠʪʴ ʫʪʨʘʯʝʥʥʳʝ ʠʣʠ ʧʦʚʨʝʞʜʝʥʥʳʝ ʜʘʥʥʳʝ. ʇʨʝʜʣʦʞʝʥʳ ʚʦʟʤʦʞʥʳʝ ʤʝʨʳ ʧʨʦʬʠʣʘʢʪʠʢʠ 
ʫʪʨʘʪʳ ʢʦʥʬʠʜʝʥʮʠʘʣʴʥʳʭ ʜʘʥʥʳʭ. ʉʧʨʦʛʥʦʟʠʨʦʚʘʥʘ ʜʘʣʴʥʝʡʰʘʷ ʜʝʷʪʝʣʴʥʦʩʪʴ ʚʨʝʜʦʥʦʩʥʦʛʦ 
ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ. ʆʩʫʱʝʩʪʚʣʝʥʘ ʨʝʬʣʝʢʩʠʷ ʧʦʩʣʝʜʫʶʱʠʭ ʮʠʬʨʦʚʳʭ ʵʧʠʜʝʤʠʡ ʠ ʠʭ 
ʚʦʟʤʦʞʥʦʛʦ ʠʩʭʦʜʘ. 

 
ʉʧʠʩʦʢ ʠʩʧʦʣʴʟʦʚʘʥʥʳʭ ʠʩʪʦʯʥʠʢʦʚ: 
1. WannaCry 2.0: ʥʘʛʣʷʜʥʦʝ ʧʦʜʪʚʝʨʞʜʝʥʠʝ ʪʦʛʦ, ʯʪʦ ʚʘʤ ʦʙʷʟʘʪʝʣʴʥʦ ʥʫʞʥʦ ʧʨʘʚʠʣʴʥʦʝ ʨʝʰʝʥʠʝ ʜʣʷ ʥʘʜʝʞʥʦʛʦ 

ʙʵʢʘʧʘ [ʕʣʝʢʪʨʦʥʥʳʡ ʨʝʩʫʨʩ]. ï 2017. ï ʈʝʞʠʤ ʜʦʩʪʫʧʘ: https://habr.com/ru/company/acronis/blog/328796/. 
2. ʍʦʣʦʜʠʣʴʥʠʢ ʘʪʘʢʫʝʪ: ʢʘʢ ʢʠʙʝʨʧʨʝʩʪʫʧʥʠʢʠ ʠʩʧʦʣʴʟʫʶʪ ʙʳʪʦʚʫʶ ʪʝʭʥʠʢʫ [ʕʣʝʢʪʨʦʥʥʳʡ ʨʝʩʫʨʩ]. ï 2016. ï ʈʝʞʠʤ 

ʜʦʩʪʫʧʘ: https://www.rbc.ru/technology_and_media/13/11/2016/5825cf889a79475b671ff971/. 
3. ɺʨʝʜʦʥʦʩʥʦʝ ʇʆ, ʚʦʰʝʜʰʝʝ ʚ ʠʩʪʦʨʠʶ. ʏʘʩʪʴ II [ʕʣʝʢʪʨʦʥʥʳʡ ʨʝʩʫʨʩ]. ï 2017. ï ʈʝʞʠʤ ʜʦʩʪʫʧʘ: 

https://habr.com/ru/company/ua-hosting/blog/407621/. 
4. ɸʟʙʫʢʘ ʙʝʟʦʧʘʩʥʦʩʪʠ [ʕʣʝʢʪʨʦʥʥʳʡ ʨʝʩʫʨʩ]. ï 1998. ï ʈʝʞʠʤ ʜʦʩʪʫʧʘ: 

https://kaspersky.antivirus.lv/rus/threats/safetyabc/. 
5. ɺʠʨʫʩʳ XXI ʚʝʢʘ [ʕʣʝʢʪʨʦʥʥʳʡ ʨʝʩʫʨʩ]. ï 2016. ï ʈʝʞʠʤ ʜʦʩʪʫʧʘ: https://geekbrains.ru/posts/xxi_viruses/. 
6. ʉʘʤʳʝ ʨʘʟʨʫʰʠʪʝʣʴʥʳʝ ʢʦʤʧʴʶʪʝʨʥʳʝ ʚʠʨʫʩʳ ʥʘʯʘʣʘ XXI ʚʝʢʘ [ʕʣʝʢʪʨʦʥʥʳʡ ʨʝʩʫʨʩ]. ï 2018. ï ʈʝʞʠʤ ʜʦʩʪʫʧʘ: 

https://www.iguides.ru/main/other/samye_razrushitelnye_kompyuternye_virusy_nachala_xxi_veka/. 

https://habr.com/ru/company/acronis/blog/328796/
https://www.rbc.ru/technology_and_media/13/11/2016/5825cf889a79475b671ff971
https://habr.com/ru/company/ua-hosting/blog/407621/
https://kaspersky.antivirus.lv/rus/threats/safetyabc/
https://geekbrains.ru/posts/xxi_viruses
https://www.iguides.ru/main/other/samye_razrushitelnye_kompyuternye_virusy_nachala_xxi_veka/
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7. ʉʘʤʳʝ ʦʧʘʩʥʳʝ ʚʠʨʫʩʳ ʟʘ ʚʩʶ ʠʩʪʦʨʠʶ ʩʫʱʝʩʪʚʦʚʘʥʠʷ ʢʦʤʧʴʶʪʝʨʦʚ [ʕʣʝʢʪʨʦʥʥʳʡ ʨʝʩʫʨʩ]. ï 2013. ï ʈʝʞʠʤ ʜʦʩʪʫʧʘ: 
https://www.osp.ru/pcworld/2014/01/13038813/. 

8. ɼʝʩʷʪʴ ʩʘʤʳʭ ʛʨʦʤʢʠʭ ʭʘʢʝʨʩʢʠʭ ʘʪʘʢ ʚ ʠʩʪʦʨʠʠ ʠʥʪʝʨʥʝʪʘ [ʕʣʝʢʪʨʦʥʥʳʡ ʨʝʩʫʨʩ]. ï 2014. ï ʈʝʞʠʤ ʜʦʩʪʫʧʘ: 
https://republic.ru/posts/l/1139636/. 

9. ɺʠʨʫʩʳ, ʩʪʘʪʠʩʪʠʢʘ ʠ ʥʝʤʥʦʛʦ ʚʩʝʛʦ [ʕʣʝʢʪʨʦʥʥʳʡ ʨʝʩʫʨʩ]. ï 2017. ï ʈʝʞʠʤ ʜʦʩʪʫʧʘ: https://habr.com/ru/post/357426/. 
10. ʅʦʚʘʷ ʨʘʙʦʪʘ ʜʣʷ ʛʨʘʬʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʨʦʚ: GPU ʟʘʱʠʪʠʪ ʦʪ ʚʠʨʫʩʥʳʭ ʘʪʘʢ [ʕʣʝʢʪʨʦʥʥʳʡ ʨʝʩʫʨʩ]. ï 2018. ï ʈʝʞʠʤ 

ʜʦʩʪʫʧʘ: https://habr.com/ru/company/1cloud/blog/354526/. 
11. çʈʘʟʨʫʙʠʪʴ ɻʦʨʜʠʝʚ ʫʟʝʣè, ʠʣʠ ʧʨʝʦʜʦʣʝʥʠʝ ʧʨʦʙʣʝʤ ʰʠʬʨʦʚʘʥʠʷ ʠʥʬʦʨʤʘʮʠʠ ʚ ʆʉ Windows [ʕʣʝʢʪʨʦʥʥʳʡ 

ʨʝʩʫʨʩ]. ï 2016. ï ʈʝʞʠʤ ʜʦʩʪʫʧʘ: https://habr.com/ru/company/aladdinrd/blog/304024/. 
12. ʋʷʟʚʠʤʦʩʪʠ SSD ʩ ʘʧʧʘʨʘʪʥʳʤ ʰʠʬʨʦʚʘʥʠʝʤ ʧʦʟʚʦʣʷʶʪ ʟʣʦʫʤʳʰʣʝʥʥʠʢʘʤ ʣʝʛʢʦ ʦʙʭʦʜʠʪʴ ʟʘʱʠʪʥʳʝ ʤʝʨʳ 

[ʕʣʝʢʪʨʦʥʥʳʡ ʨʝʩʫʨʩ]. ï 2016. ï ʈʝʞʠʤ ʜʦʩʪʫʧʘ: https://habr.com/ru/post/428964/. 
13. ʇʨʦʟʨʘʯʥʦʝ ʰʠʬʨʦʚʘʥʠʝ: ʧʨʝʠʤʫʱʝʩʪʚʘ ʠ ʥʝʜʦʩʪʘʪʢʠ [ʕʣʝʢʪʨʦʥʥʳʡ ʨʝʩʫʨʩ]. ï 2015. ï ʈʝʞʠʤ ʜʦʩʪʫʧʘ: 

https://habr.com/ru/company/cybersafe/blog/251041/3/. 
14. ʉʨʳʚ ʤʘʩʰʪʘʙʥʦʡ ʭʘʢʝʨʩʢʦʡ ʘʪʘʢʠ ʥʘ ʧʦʣʴʟʦʚʘʪʝʣʝʡ Windows ʚ ʈʦʩʩʠʠ: ʯʘʩʪʴ 2 [ʕʣʝʢʪʨʦʥʥʳʡ ʨʝʩʫʨʩ]. ï 2018. ï 

ʈʝʞʠʤ ʜʦʩʪʫʧʘ: https://habr.com/ru/company/microsoft/blog/351692/. 

 
 

ʉʈɸɺʅɽʅʀɽ ɸʃɻʆʈʀʊʄʆɺ ʈɽʐɽʅʀʗ ɿɸɼɸʏʀ ʂʆʄʄʀɺʆʗɾɪʈɸ 

ɸʩʪʨʘʰʘʙ ɺ. ɺ., ɹʦʥʜʘʨʝʚ ʀ. ʄ., ʂʣʝʙʘʥʦʚ ɼ. ɸ. 

ɹʝʣʦʨʫʩʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʥʬʦʨʤʘʪʠʢʠ ʠ ʨʘʜʠʦʵʣʝʢʪʨʦʥʠʢʠ 
ʛ. ʄʠʥʩʢ, ʈʝʩʧʫʙʣʠʢʘ ɹʝʣʘʨʫʩʴ 

ʉʪʨʦʡʥʠʢʦʚʘ ɽ. ɼ. ð ʘʩʩʠʩʪʝʥʪ ʢʘʬʝʜʨʳ ʠʥʬʦʨʤʘʪʠʢʠ 

ɺ ʜʦʢʣʘʜʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʦʜʥʘ ʠʟ ʢʣʶʯʝʚʳʭ ʟʘʜʘʯ ʢʦʤʙʠʥʘʪʦʨʥʦʡ ʦʧʪʠʤʠʟʘʮʠʠ ð ʟʘʜʘʯʘ ʢʦʤʤʠʚʦʷʞʸʨʘ. 
ʌʦʨʤʫʣʠʨʫʝʪʩʷ ʩʫʪʴ ʟʘʜʘʯʠ, ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʨʘʟʣʠʯʥʳʝ ʘʣʛʦʨʠʪʤʳ ʝʸ ʨʝʰʝʥʠʷ, ʘ ʪʘʢʞʝ ʘʥʘʣʠʟʠʨʫʶʪʩʷ ʠ ʩʨʘʚʥʠʚʘʶʪʩʷ 
ʨʝʟʫʣʴʪʘʪʳ ʚʳʧʦʣʥʝʥʠʷ ʘʣʛʦʨʠʪʤʦʚ ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʥʘʙʦʨʘʭ ʚʭʦʜʥʳʭ ʜʘʥʥʳʭ. 

ɿʘʜʘʯʘ ʢʦʤʤʠʚʦʷʞʸʨʘ ð ʦʜʥʘ ʠʟ ʩʘʤʳʭ ʠʟʚʝʩʪʥʳʭ ʟʘʜʘʯ ʚ ʢʦʤʙʠʥʘʪʦʨʥʦʡ ʦʧʪʠʤʠʟʘʮʠʠ. ʆʥʘ 
ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʩʣʝʜʫʶʱʝʤ: çɿʥʘʷ ʩʧʠʩʦʢ ʛʦʨʦʜʦʚ ʠ ʠʭ ʢʦʦʨʜʠʥʘʪʳ, ʥʘʡʜʠʪʝ ʩʘʤʳʡ ʢʦʨʦʪʢʠʡ ʧʫʪʴ, 
ʧʨʦʭʦʜʷʱʠʡ ʯʝʨʝʟ ʚʩʝ ʛʦʨʦʜʘ ʦʜʠʥ ʨʘʟ ʠ ʚʦʟʚʨʘʱʘʶʱʠʡʩʷ ʚ ʠʩʭʦʜʥʳʡ ʛʦʨʦʜè. 

ɼʘʥʥʘʷ ʟʘʜʘʯʘ ʙʳʣʘ ʚʧʝʨʚʳʝ ʩʬʦʨʤʫʣʠʨʦʚʘʥʘ ʚ 1930 ʛ. ʠ ʜʦ ʩʠʭ ʧʦʨ ʷʚʣʷʝʪʩʷ ʦʜʥʦʡ ʠʟ 
ʥʘʠʙʦʣʝʝ ʠʥʪʝʥʩʠʚʥʦ ʠʟʫʯʘʝʤʳʭ ʟʘʜʘʯ ʦʧʪʠʤʠʟʘʮʠʠ. ʈʠʯʘʨʜ ʂʘʨʧ ʚ 1972 ʛ. ʜʦʢʘʟʘʣ NP-ʧʦʣʥʦʪʫ 
ʟʘʜʘʯʠ ʧʦʠʩʢʘ ʛʘʤʠʣʴʪʦʥʦʚʳʭ ʧʫʪʝʡ, ʠʟ ʯʝʛʦ, ʙʣʘʛʦʜʘʨʷ ʧʦʣʠʥʦʤʠʘʣʴʥʦʡ ʩʚʦʜʠʤʦʩʪʠ, ʚʳʪʝʢʘʣʘ NP-
ʪʨʫʜʥʦʩʪʴ ʟʘʜʘʯʠ ʢʦʤʤʠʚʦʷʞʸʨʘ. ʅʘ ʦʩʥʦʚʝ ʵʪʠʭ ʩʚʦʡʩʪʚ ʠʤ ʙʳʣʦ ʧʨʠʚʝʜʝʥʦ ʪʝʦʨʝʪʠʯʝʩʢʦʝ 
ʦʙʦʩʥʦʚʘʥʠʝ ʩʣʦʞʥʦʩʪʠ ʧʦʠʩʢʘ ʨʝʰʝʥʠʡ ʟʘʜʘʯʠ ʥʘ ʧʨʘʢʪʠʢʝ. 

ɿʘʜʘʯʘ ʢʦʤʤʠʚʦʷʞʸʨʘ ʠʩʧʦʣʴʟʫʝʪʩʷ ʚ ʣʦʛʠʩʪʠʢʝ, ʪʨʘʥʩʧʦʨʪʝ, ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ ʨʘʟʣʠʯʥʳʭ 
ʢʦʤʤʫʥʠʢʘʮʠʦʥʥʳʭ ʩʝʪʝʡ ʠ ʪʨʫʙʦʧʨʦʚʦʜʦʚ, ʘ ʪʘʢʞʝ ʚ ʜʨʫʛʠʭ ʩʬʝʨʘʭ. 

ɺʤʝʩʪʝ ʩ ʧʨʦʩʪʦʪʦʡ ʦʧʨʝʜʝʣʝʥʠʷ ʠ ʩʨʘʚʥʠʪʝʣʴʥʦʡ ʧʨʦʩʪʦʪʦʡ ʥʘʭʦʞʜʝʥʠʷ ʭʦʨʦʰʠʭ ʨʝʰʝʥʠʡ 
ʟʘʜʘʯʘ ʢʦʤʤʠʚʦʷʞʸʨʘ ʦʪʣʠʯʘʝʪʩʷ ʪʝʤ, ʯʪʦ ʧʦʠʩʢ ʜʝʡʩʪʚʠʪʝʣʴʥʦ ʦʧʪʠʤʘʣʴʥʦʛʦ ʧʫʪʠ ʷʚʣʷʝʪʩʷ 
ʜʦʩʪʘʪʦʯʥʦ ʩʣʦʞʥʦʡ ʟʘʜʘʯʝʡ. 

ʉʫʱʝʩʪʚʫʝʪ ʤʥʦʞʝʩʪʚʦ ʨʘʟʣʠʯʥʳʭ ʩʧʦʩʦʙʦʚ ʨʝʰʝʥʠʷ ʜʘʥʥʦʡ ʟʘʜʘʯʠ, ʢʦʪʦʨʳʝ ʤʦʞʥʦ ʨʘʟʜʝʣʠʪʴ 
ʥʘ ʥʝʩʢʦʣʴʢʦ ʛʨʫʧʧ: 

1. ʊʦʯʥʳʝ ʘʣʛʦʨʠʪʤʳ ð ʘʣʛʦʨʠʪʤʳ, ʢʦʪʦʨʳʝ ʥʘʭʦʜʷʪ ʛʘʨʘʥʪʠʨʦʚʘʥʥʦ ʚʝʨʥʦʝ ʨʝʰʝʥʠʝ. 
ʇʨʠʤʝʨʳ: 
A. ʇʦʣʥʳʡ ʧʝʨʝʙʦʨ ʚʩʝʭ ʚʦʟʤʦʞʥʳʭ ʧʫʪʝʡ. ʉʣʦʞʥʦʩʪʴ ʘʣʛʦʨʠʪʤʘ O(N!). 
B. ɸʣʛʦʨʠʪʤ ʍʝʣʜʘ ð ʂʘʨʧʘ ð ʘʣʛʦʨʠʪʤ ʜʠʥʘʤʠʯʝʩʢʦʛʦ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ. ʉʣʦʞʥʦʩʪʴ 

ʘʣʛʦʨʠʪʤʘ O(N2
 * 2

n). 
C. ʄʝʪʦʜ ʚʝʪʚʝʡ ʠ ʛʨʘʥʠʮ ð ʚʘʨʠʘʮʠʷ ʧʦʣʥʦʛʦ ʧʝʨʝʙʦʨʘ ʩ ʦʪʩʝʚʦʤ ʧʦʜʤʥʦʞʝʩʪʚʘ ʟʘʚʝʜʦʤʦ 
ʥʝʦʧʪʠʤʘʣʴʥʳʭ ʨʝʰʝʥʠʡ. 

ʂʣʶʯʝʚʦʝ ʧʨʝʠʤʫʱʝʩʪʚʦ ʘʣʛʦʨʠʪʤʦʚ ʜʘʥʥʦʡ ʛʨʫʧʧʳ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʪʦʤ, ʯʪʦ ʦʥʠ ʛʘʨʘʥʪʠʨʦʚʘʥʥʦ 
ʥʘʭʦʜʷʪ ʚʝʨʥʦʝ ʨʝʰʝʥʠʝ, ʯʝʛʦ ʥʝ ʧʦʟʚʦʣʷʶʪ ʩʜʝʣʘʪʴ ʘʣʛʦʨʠʪʤʳ ʠʟ ʜʨʫʛʠʭ ʛʨʫʧʧ. ʆʜʥʘʢʦ ʥʘ ʧʨʘʢʪʠʢʝ 
ʵʪʠ ʘʣʛʦʨʠʪʤʳ ʧʦʯʪʠ ʥʠʢʦʛʜʘ ʥʝ ʧʨʠʤʝʥʷʶʪʩʷ ʚʚʠʜʫ ʦʛʨʦʤʥʳʭ ʚʨʝʤʝʥʥʳʭ ʟʘʪʨʘʪ ʜʘʞʝ ʧʨʠ ʥʝʙʦʣʴʰʠʭ 
ʟʥʘʯʝʥʠʷʭ N. 

2. ʕʚʨʠʩʪʠʯʝʩʢʠʝ ʘʣʛʦʨʠʪʤʳ ð ʘʣʛʦʨʠʪʤʳ, ʢʦʪʦʨʳʝ ʥʝ ʛʘʨʘʥʪʠʨʫʶʪ ʪʦʯʥʦʛʦ ʨʝʰʝʥʠʷ, ʦʜʥʘʢʦ 
ʜʦʩʪʘʪʦʯʥʳ ʜʣʷ ʨʝʰʝʥʠʷ ʧʦʩʪʘʚʣʝʥʥʦʡ ʟʘʜʘʯʠ. 

ʇʨʠʤʝʨʳ: 
A. ɼʝʨʝʚʷʥʥʳʡ ʘʣʛʦʨʠʪʤ ð ʘʣʛʦʨʠʪʤ ʨʝʰʝʥʠʷ ʯʝʨʝʟ ʧʦʩʪʨʦʝʥʠʝ ʢʨʘʪʯʘʡʰʝʛʦ ʦʩʪʦʚʥʦʛʦ 

ʜʝʨʝʚʘ. ʉʣʦʞʥʦʩʪʴ O(N2). 
B. ɸʣʛʦʨʠʪʤ ʙʣʠʞʘʡʰʝʛʦ ʩʦʩʝʜʘ ð ʞʘʜʥʳʡ ʘʣʛʦʨʠʪʤ, ʢʦʪʦʨʳʡ ʩʪʨʦʠʪ ʧʫʪʴ, ʥʘʭʦʜʷ ʩʘʤʫʶ 

ʙʣʠʞʥʶʶ ʢ ʜʘʥʥʦʡ ʚʝʨʰʠʥʫ. ʉʣʦʞʥʦʩʪʴ O(N2). 
C. 2-opt ʘʣʛʦʨʠʪʤ ð ʘʣʛʦʨʠʪʤ, ʩʚʦʜʷʱʠʡʩʷ ʢ ʫʜʘʣʝʥʠʶ ʜʚʫʭ ʧʝʨʝʩʝʢʘʶʱʠʭʩʷ ʨʸʙʝʨ ʠ ʚʩʪʘʚʢʝ 

ʥʦʚʳʭ ʨʸʙʝʨ, ʥʝ ʥʘʨʫʰʘʶʱʠʭ ʢʦʨʨʝʢʪʥʦʩʪʠ ʨʝʰʝʥʠʷ. ʉʣʦʞʥʦʩʪʴ O(N2). 

https://www.osp.ru/pcworld/2014/01/13038813/
https://republic.ru/posts/l/1139636
https://habr.com/ru/post/357426/
https://habr.com/ru/company/1cloud/blog/354526/
https://habr.com/ru/company/aladdinrd/blog/304024/
https://habr.com/ru/post/428964/
https://habr.com/ru/company/cybersafe/blog/251041/3
https://habr.com/ru/company/microsoft/blog/351692/
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ʂ ʧʨʝʠʤʫʱʝʩʪʚʘʤ ʜʘʥʥʳʭ ʘʣʛʦʨʠʪʤʦʚ ʤʦʞʥʦ ʦʪʥʝʩʪʠ ʩʪʨʦʛʫʶ ʟʘʚʠʩʠʤʦʩʪʴ ʩʢʦʨʦʩʪʠ ʧʦʠʩʢʘ 
ʨʝʰʝʥʠʷ ʦʪ ʨʘʟʤʝʨʘ ʠʩʭʦʜʥʳʭ ʜʘʥʥʳʭ. 

ʂ ʥʝʜʦʩʪʘʪʢʘʤ ʜʘʥʥʳʭ ʘʣʛʦʨʠʪʤʦʚ ʤʦʞʥʦ ʦʪʥʝʩʪʠ ʥʠʟʢʦʝ ʢʘʯʝʩʪʚʦ ʦʪʚʝʪʘ ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ 
ʢʦʣʠʯʝʩʪʚʘ ʛʦʨʦʜʦʚ. 

3. ʄʝʪʘʵʚʨʠʩʪʠʯʝʩʢʠʝ ʘʣʛʦʨʠʪʤʳ ð ʦʙʦʙʱʸʥʥʳʝ ʩʪʨʘʪʝʛʠʠ ʧʦʠʩʢʘ ʦʧʪʠʤʫʤʘ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ 
ʨʝʰʝʥʠʡ, ʟʘʚʠʩʷʱʠʝ ʦʪ ʩʣʫʯʘʡʥʦʩʪʠ. 

ʇʨʠʤʝʨʳ: 
A. ʄʫʨʘʚʴʠʥʳʡ ʘʣʛʦʨʠʪʤ ð ʘʣʛʦʨʠʪʤ, ʠʤʠʪʠʨʫʶʱʠʡ ʧʦʚʝʜʝʥʠʝ ʤʫʨʘʚʴʠʥʦʡ ʢʦʣʦʥʠʠ, ʠʱʫʱʝʡ 
ʧʫʪʴ ʢ ʠʩʪʦʯʥʠʢʫ ʧʠʪʘʥʠʷ. 

B. ʀʤʠʪʘʮʠʷ ʦʪʞʠʛʘ ð ʘʣʛʦʨʠʪʤ, ʠʤʠʪʠʨʫʶʱʠʡ ʬʠʟʠʯʝʩʢʠʡ ʧʨʦʮʝʩʩ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʚʝʱʝʩʪʚʘ 
ʧʨʠ ʧʦʥʠʞʘʶʱʝʡʩʷ ʪʝʤʧʝʨʘʪʫʨʝ. 

C. ɻʝʥʝʪʠʯʝʩʢʠʡ ʘʣʛʦʨʠʪʤ ð ʘʣʛʦʨʠʪʤ, ʠʤʠʪʠʨʫʶʱʠʡ ʵʚʦʣʶʮʠʦʥʥʳʡ ʧʨʦʮʝʩʩ ʚ ʧʨʠʨʦʜʝ. 
D. ɸʣʛʦʨʠʪʤ ʢʣʦʥʠʨʫʶʱʝʛʦ ʦʪʙʦʨʘ ð ʨʘʟʥʦʚʠʜʥʦʩʪʴ ʛʝʥʝʪʠʯʝʩʢʦʛʦ ʘʣʛʦʨʠʪʤʘ, ʥʝ 
ʠʩʧʦʣʴʟʫʶʱʘʷ ʥʘʩʣʝʜʦʚʘʥʠʝ ʦʪ ʥʝʩʢʦʣʴʢʠʭ ʧʨʝʜʢʦʚ. 

ʂ ʧʨʝʠʤʫʱʝʩʪʚʘʤ ʜʘʥʥʳʭ ʘʣʛʦʨʠʪʤʦʚ ʤʦʞʥʦ ʦʪʥʝʩʪʠ ʧʨʦʩʪʦʪʫ ʨʝʘʣʠʟʘʮʠʠ, ʥʘʭʦʞʜʝʥʠʝ ʙʦʣʝʝ 
ʦʧʪʠʤʘʣʴʥʳʭ ʧʫʪʝʡ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʵʚʨʠʩʪʠʯʝʩʢʠʤʠ ʘʣʛʦʨʠʪʤʘʤʠ. 

ʂ ʥʝʜʦʩʪʘʪʢʘʤ ʜʘʥʥʳʭ ʘʣʛʦʨʠʪʤʦʚ ʤʦʞʥʦ ʦʪʥʝʩʪʠ ʟʘʚʠʩʠʤʦʩʪʴ ʦʪ ʛʠʧʝʨʧʘʨʘʤʝʪʨʦʚ, ʢʦʪʦʨʳʝ 
ʧʦʜʙʠʨʘʶʪʩʷ ʠʥʜʠʚʠʜʫʘʣʴʥʦ ʜʣʷ ʨʘʟʣʠʯʥʳʭ ʥʘʙʦʨʦʚ ʠʩʭʦʜʥʳʭ ʜʘʥʥʳʭ, ʘ ʪʘʢʞʝ ʩʣʦʞʥʦʩʪʴ 
ʘʩʠʤʧʪʦʪʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ ʠʟ-ʟʘ ʨʘʟʣʠʯʘʶʱʠʭʩʷ ʛʠʧʝʨʧʘʨʘʤʝʪʨʦʚ. 

ɼʣʷ ʩʨʘʚʥʝʥʠʷ ʘʣʛʦʨʠʪʤʳ ʨʘʟʣʠʯʥʳʭ ʪʠʧʦʚ ʙʳʣʠ ʨʝʘʣʠʟʦʚʘʥʳ ʥʘ ʷʟʳʢʘʭ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ 
C++ ʠ Python, ʘ ʪʘʢʞʝ ʩʛʝʥʝʨʠʨʦʚʘʥʳ ʨʘʟʣʠʯʥʳʝ ʥʘʙʦʨʳ ʚʭʦʜʥʳʭ ʜʘʥʥʳʭ ʜʣʷ ʪʝʩʪʠʨʦʚʘʥʠʷ. 
ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʙʳʣʠ ʚʠʟʫʘʣʠʟʠʨʦʚʘʥʳ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʙʠʙʣʠʦʪʝʢʠ Matplotlib. 

ɸʥʘʣʠʟ ʨʝʟʫʣʴʪʘʪʦʚ ʪʝʩʪʠʨʦʚʘʥʠʷ: 
1) ʤʝʪʘʵʚʨʠʩʪʠʯʝʩʢʠʝ ʘʣʛʦʨʠʪʤʳ ʨʘʙʦʪʘʶʪ ʟʥʘʯʠʪʝʣʴʥʦ ʜʦʣʴʰʝ ʵʚʨʠʩʪʠʯʝʩʢʠʭ; 
2) ʧʫʪʠ, ʧʦʣʫʯʝʥʥʳʝ ʵʚʨʠʩʪʠʯʝʩʢʠʤʠ ʘʣʛʦʨʠʪʤʘʤʠ, ʜʣʠʥʥʝʝ ʧʫʪʝʡ, ʧʦʣʫʯʝʥʥʳʭ 

ʤʝʪʘʵʚʨʠʩʪʠʯʝʩʢʠʤʠ ʘʣʛʦʨʠʪʤʘʤʠ (ʨʠʩʫʥʦʢ 1); 
3) ʧʨʠ ʤʘʣʳʭ ʨʘʟʤʝʨʘʭ ʠʩʭʦʜʥʳʭ ʜʘʥʥʳʭ ʚʳʩʦʢʘ ʚʝʨʦʷʪʥʦʩʪʴ ʥʘʭʦʞʜʝʥʠʷ ʙʣʠʟʢʠʭ ʢ 

ʦʧʪʠʤʘʣʴʥʦʤʫ ʨʝʰʝʥʠʡ ʠʣʠ ʞʝ ʦʧʪʠʤʘʣʴʥʦʛʦ ʨʝʰʝʥʠʷ ʵʚʨʠʩʪʠʯʝʩʢʠʤʠ ʠ ʤʝʪʘʵʚʨʠʩʪʠʯʝʩʢʠʤʠ 
ʘʣʛʦʨʠʪʤʘʤʠ. 

 

 
ʈʠʩʫʥʦʢ 1 ð ʇʫʪʴ, ʧʦʣʫʯʝʥʥʳʡ ʵʚʨʠʩʪʠʯʝʩʢʠʤ ʘʣʛʦʨʠʪʤʦʤ ʙʣʠʞʘʡʰʝʛʦ ʩʦʩʝʜʘ (ʩʣʝʚʘ) 

ʠ ʤʝʪʘʵʚʨʠʩʪʠʯʝʩʢʠʤ ʘʣʛʦʨʠʪʤʦʤ ʠʤʠʪʘʮʠʠ ʦʪʞʠʛʘ (ʩʧʨʘʚʘ) ʜʣʷ ʢʦʣʠʯʝʩʪʚʘ ʛʦʨʦʜʦʚ N = 100. 

ɼʣʠʥʳ ʧʫʪʝʡ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʨʘʚʥʳ 47745 ʠ 38696. 
 

ʅʝʦʙʭʦʜʠʤʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʪʝʭ ʠʣʠ ʠʥʳʭ ʧʦʜʭʦʜʦʚ ʢ ʨʝʰʝʥʠʶ ʟʘʜʘʯʠ ʢʦʤʤʠʚʦʷʞʸʨʘ 
ʦʙʫʩʣʦʚʣʝʥʘ ʨʘʟʤʝʨʦʤ ʠʩʭʦʜʥʳʭ ʜʘʥʥʳʭ, ʜʦʩʪʫʧʥʦʡ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴʶ, ʦʪʚʝʜʸʥʥʳʤ ʚʨʝʤʝʥʝʤ ʥʘ 
ʚʳʧʦʣʥʝʥʠʝ ʠ ʪʨʝʙʫʝʤʦʡ ʪʦʯʥʦʩʪʴʶ ʨʝʟʫʣʴʪʘʪʘ. ʅʘʧʨʠʤʝʨ, ʚ ʩʣʫʯʘʝ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʥʘʚʠʛʘʪʦʨʦʚ 
ʥʝʦʙʭʦʜʠʤʘ ʪʦʯʥʦʩʪʴ ʥʘ ʥʝʙʦʣʴʰʦʤ ʨʘʟʤʝʨʝ ʠʩʭʦʜʥʳʭ ʜʘʥʥʳʭ ʧʨʠ ʥʠʟʢʦʡ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʠ 
ʦʛʨʘʥʠʯʝʥʥʦʤ ʚʨʝʤʝʥʠ. ɿʜʝʩʴ ʤʦʞʥʦ ʚʦʩʧʦʣʴʟʦʚʘʪʴʩʷ ʪʦʯʥʳʤʠ ʘʣʛʦʨʠʪʤʘʤʠ. 

ɺ ʩʣʫʯʘʝ ʧʦʜʙʦʨʘ ʦʧʪʠʤʘʣʴʥʳʭ ʤʘʨʰʨʫʪʦʚ ʜʦʩʪʘʚʦʢ ʪʦʚʘʨʦʚ ʥʘʠʣʫʯʰʠʤ ʚʘʨʠʘʥʪʦʤ ʷʚʣʷʝʪʩʷ 
ʧʨʠʤʝʥʝʥʠʝ ʵʚʨʠʩʪʠʯʝʩʢʠʭ ʘʣʛʦʨʠʪʤʦʚ, ʦʪʣʠʯʘʶʱʠʭʩʷ ʧʨʝʜʩʢʘʟʫʝʤʦʩʪʴʶ ʩʢʦʨʦʩʪʠ ʨʘʙʦʪʳ, 
ʦʪʩʫʪʩʪʚʠʝʤ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʥʘʩʪʨʦʡʢʠ ʛʠʧʝʨʧʘʨʘʤʝʪʨʦʚ ʠ ʥʝʧʣʦʭʠʤʠ ʨʝʟʫʣʴʪʘʪʘʤʠ ʧʨʠ ʥʝʚʳʩʦʢʦʤ 
ʨʘʟʤʝʨʝ ʠʩʭʦʜʥʳʭ ʜʘʥʥʳʭ. 

ʆʜʥʘʢʦ ʫʞʝ ʧʨʠ ʧʨʦʢʣʘʜʢʝ ʢʦʤʤʫʥʠʢʘʮʠʦʥʥʳʭ ʩʝʪʝʡ ʥʝʦʙʭʦʜʠʤʘ ʪʦʯʥʦʩʪʴ ʥʘ ʙʦʣʴʰʦʤ 
ʢʦʣʠʯʝʩʪʚʝ ʪʦʯʝʢ ʧʨʠ ʥʘʣʠʯʠʠ ʚʳʩʦʢʦʡ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʠ ʜʦʩʪʘʪʦʯʥʦʛʦ ʚʨʝʤʝʥʠ. ɸ ʵʪʦ ʟʥʘʯʠʪ, 
ʯʪʦ ʩʪʦʠʪ ʦʙʨʘʪʠʪʴ ʚʥʠʤʘʥʠʝ ʥʘ ʤʝʪʘʵʚʨʠʩʪʠʯʝʩʢʠʝ ʘʣʛʦʨʠʪʤʳ. 
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ʈʘʟʨʘʙʦʪʘʥʥʳʝ ʧʨʦʛʨʘʤʤʳ, ʪʝʩʪʳ ʠ ʧʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʜʦʩʪʫʧʥʳ ʧʦ ʩʩʳʣʢʘʤ: 
1) https://github.com/astraszab/TSP-algorithms; 
2) https://github.com/dmitriyklebanov/tsp. 
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ʄʆɹʀʃʔʅʆɽ ʇʈʀʃʆɾɽʅʀʗ ɼʃʗ 
ʀʅɼʀɺʀɼʋɸʃʔʅʓʍ ɿɸʅʗʊʀʁ ʉʇʆʈʊʆʄ 

ɹʘʩʪʫʥ ɸ.ʅ. 

ɹʝʣʦʨʫʩʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʥʬʦʨʤʘʪʠʢʠ ʠ ʨʘʜʠʦʵʣʝʢʪʨʦʥʠʢʠ 
ʛ. ʄʠʥʩʢ, ʈʝʩʧʫʙʣʠʢʘ ɹʝʣʘʨʫʩʴ 

ʊʘʙʦʨʦʚʝʮ ɺ.ɺ. ï ʢ.ʪ.ʥ.,ʜʦʮʝʥʪ 

ʈʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʚʦʧʨʦʩʳ ʩʦʟʜʘʥʠʷ ʤʦʙʠʣʴʥʦʛʦ ʧʨʠʣʦʞʝʥʠʷ ʜʣʷ ʬʠʢʩʘʮʠʠ ʠ ʘʚʪʦʤʘʪʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ ʨʝʟʫʣʴʪʘʪʦʚ ʢʦʥʪʨʦʣʷ 
ʜʘʥʥʳʭ ʦ ʬʠʟʠʯʝʩʢʦʤ ʩʦʩʪʦʷʥʠʠ ʟʜʦʨʦʚʴʷ ʯʝʣʦʚʝʢʘ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʣʘʪʬʦʨʤʳ iOS.  

ɺ ʩʦʚʨʝʤʝʥʥʦʤ ʤʠʨʝ ʚʦʧʨʦʩ ʫʢʨʝʧʣʝʥʠʷ ʟʜʦʨʦʚʴʷ ʯʝʣʦʚʝʢʘ ʩʪʘʥʦʚʠʪʴʩʷ ʚʩʝ ʙʦʣʝʝ ʠʟʫʯʝʥʥʳʤ 
ʠ ʢʦʣʠʯʝʩʪʚʦ ʬʘʢʪʦʨʦʚ ʚʣʠʷʶʱʠʭ ʥʘ ʥʝʛʦ ʩʪʘʥʦʚʠʪʩʷ ʚʩʝ ʙʦʣʴʰʝ. ʋ ʣʶʜʝʡ ʩʪʘʥʦʚʠʪʩʷ ʚʩʝ ʙʦʣʴʰʝ 
ʥʦʩʠʤʳʭ ʫʩʪʨʦʡʩʪʚ, ʩʧʦʩʦʙʥʳʭ ʩʦʙʠʨʘʪʴ ʜʘʥʥʳʝ ʦ ʩʦʩʪʦʷʥʠʠ ʯʝʣʦʚʝʢʘ ʚ ʪʝʯʝʥʠʠ ʜʥʷ, ʪʘʢʠʭ ʢʘʢ 
ʪʝʣʝʬʦʥʳ, ʫʤʥʳʝ ʙʨʘʩʣʝʪʳ, ʯʘʩʳ ʠ ʪ.ʜ. ʉ ʧʦʤʦʱʴʶ ʵʪʠʭ ʜʘʥʥʳʭ ʤʦʞʥʦ ʩʪʨʦʠʪʴ ʧʣʘʥʳ ʪʨʝʥʠʨʦʚʦʢ, 
ʨʝʢʦʤʝʥʜʘʮʠʠ ʧʦ ʧʠʪʘʥʠʶ ʠ ʪ.ʜ. ʇʦʩʢʦʣʴʢʫ ʩʪʦʠʤʦʩʪʴ ʨʘʙʦʪʳ ʧʝʨʩʦʥʘʣʴʥʦʛʦ ʪʨʝʥʝʨʘ, ʜʠʝʪʦʣʦʛʘ ʠʣʠ 
ʜʨʫʛʦʛʦ ʩʧʝʮʠʘʣʠʩʪʘ ʷʚʣʷʝʪʩʷ ʩʫʱʝʩʪʚʝʥʥʦʡ ʜʣʷ ʙʦʣʴʰʠʥʩʪʚʘ, ʣʠʙʦ ʫ ʣʶʜʝʡ ʧʨʦʩʪʦ ʥʝʪ ʥʘ ʵʪʦ 
ʚʨʝʤʝʥʠ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʧʨʦʩʪʦʛʦ ʧʨʠʣʦʞʝʥʠʷ ʜʣʷ ʪʨʝʥʠʨʦʚʦʢ ʠ ʦʪʩʣʝʞʠʚʘʥʠʷ ʪʝʢʫʱʠʭ ʧʦʢʘʟʘʪʝʣʝʡ 
ʤʦʞʝʪ ʙʳʪʴ ʙʦʣʴʰʠʤ ʧʣʶʩʦʤ ʚ ʫʢʨʝʧʣʝʥʠʠ ʟʜʦʨʦʚʴʷ, ʨʘʟʚʠʪʠʷ ʦʙʱʝʛʦ ʬʠʟʠʯʝʩʢʦʛʦ ʩʦʩʪʦʷʥʠʷ ʠ ʪ.ʜ 

ʎʝʣʴ ʨʘʟʨʘʙʦʪʢʠ ʷʚʣʷʝʪʩʷ ʩʦʟʜʘʥʠʝ ʤʦʙʠʣʴʥʦʛʦ ʧʨʠʣʦʞʝʥʠʷ ʜʣʷ ʧʣʘʪʬʦʨʤʳ iOS, ʩʧʦʩʦʙʥʦʛʦ 
ʩʯʠʪʳʚʘʪʴ ʜʘʥʥʳʝ ʦ ʬʠʟʠʯʝʩʢʦʤ ʩʦʩʪʦʷʥʠʠ ʧʦʣʴʟʦʚʘʪʝʣʷ ʠ ʝʛʦ ʘʢʪʠʚʥʦʩʪʠ ʠ ʧʨʝʜʣʘʛʘʪʴ 
ʨʝʢʦʤʝʥʜʘʮʠʠ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʮʝʣʝʡ ʧʦʣʴʟʦʚʘʪʝʣʷ. ɼʘʥʥʳʝ ʙʫʜʫʪ ʩʯʠʪʳʚʘʪʴʩʷ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ 
ʠʤʝʶʱʠʭʩʷ ʫʩʪʨʦʡʩʪʚ (ʪʝʣʝʬʦʥ, ʯʘʩʳ ʠ ʪ.ʜ.) ʠ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʜʘʥʥʳʭ ʨʘʟʨʝʰʝʥʠʡ ʥʘ 
ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʧʦʣʴʟʦʚʘʪʝʣʝʤ. ʈʘʟʣʠʯʥʳʝ ʤʝʞʜʫʥʘʨʦʜʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʧʦʩʪʦʷʥʥʘʷ 
ʫʤʝʨʝʥʥʘʷ ʬʠʟʠʯʝʩʢʘʷ ʥʘʛʨʫʟʢʘ ʙʣʘʛʦʪʚʦʨʥʦ ʚʣʠʷʝʪ ʥʘ ʨʘʙʦʪʫ ʤʦʟʛʘ ʠ ʩʝʨʜʝʯʥʦ-ʩʦʩʫʜʠʩʪʦʡ ʩʠʩʪʝʤʳ, 
ʩʦʢʨʘʱʘʝʪ ʨʠʩʢʠ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʨʘʟʣʠʯʥʳʭ ʟʘʙʦʣʝʚʘʥʠʡ [2].  

ʆʩʥʦʚʥʦʡ ʮʝʣʴʶ ʧʨʠʣʦʞʝʥʠʷ ʷʚʣʷʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴ ʧʨʝʜʦʩʪʘʚʠʪʴ ʧʦʣʴʟʦʚʘʪʝʣʶ ʙʦʣʝʝ ʣʝʛʢʠʡ 
ʩʧʦʩʦʙ ʩʣʝʜʠʪʴ ʟʘ ʩʚʦʠʤ ʬʠʟʠʯʝʩʢʠʤ ʩʦʩʪʦʷʥʠʝʤ ʠ ʧʦʣʫʯʘʪʴ ʤʘʢʩʠʤʘʣʴʥʫʶ ʧʦʣʴʟʫ ʠʟ ʬʠʟʠʯʝʩʢʠʭ 
ʥʘʛʨʫʟʦʢ ʪʨʘʪʷ ʤʠʥʠʤʘʣʴʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʚʨʝʤʝʥʠ. ɼʣʷ ʩʯʠʪʳʚʘʥʠʷ ʜʘʥʥʳʭ ʧʦʣʴʟʦʚʘʪʝʣʷ ʙʫʜʝʪ 
ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʥʘʪʠʚʥʳʡ ʬʨʝʡʤʚʦʨʢ HealthKit, ʢʦʪʦʨʳʡ ʧʨʝʜʦʩʪʘʚʣʷʝʪ ʠʟ ʩʝʙʷ ʙʠʙʣʠʦʪʝʢʫ 
ʨʘʟʣʠʯʥʳʭ ʧʦʢʘʟʘʪʝʣʝʡ ʬʠʟʠʯʝʩʢʦʛʦ ʩʦʩʪʦʷʥʠʷ ʠ ʘʢʪʠʚʥʦʩʪʝʡ  [1]. ɼʘʥʥʳʡ ʬʨʝʡʤʚʦʨʢ ʥʘʭʦʜʠʪʩʷ ʚ 
ʵʢʦʩʠʩʪʝʤʝ iOS ʠ ʜʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʠʥʪʝʛʨʘʮʠʠ ʩ ʨʘʟʣʠʯʥʳʤʠ ʥʦʩʠʤʳʤʠ ʫʩʪʨʦʡʩʪʚʘʤʠ, ʪʘʢʞʝ 
ʩʦʜʝʨʞʠʪ ʨʘʟʣʠʯʥʫʶ ʤʝʜʠʮʠʥʩʢʫʶ ʠʥʬʦʨʤʘʮʠʶ ʧʦʣʴʟʦʚʘʪʝʣʷ. ɸʢʪʠʚʥʦ ʠʩʧʦʣʴʟʫʝʪʩʷ ʨʘʟʣʠʯʥʳʤʠ 
ʤʝʜʠʮʠʥʩʢʠʤʠ ʫʯʨʝʞʜʝʥʠʷʤʠ ʚ ɸʤʝʨʠʢʝ ʜʣʷ ʧʦʩʪʦʷʥʥʦʛʦ ʥʘʙʣʶʜʝʥʠʷ ʟʘ ʧʘʮʠʝʥʪʘʤʠ[1, 3]. 

ɼʘʥʥʳʝ, ʢʦʪʦʨʳʝ ʙʫʜʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴ ʧʨʠʣʦʞʝʥʠʝ: 
1) ʯʘʩʪʦʪʘ ʧʫʣʴʩʘ; 
2) ʢʦʣʠʯʝʩʪʚʦ ʰʘʛʦʚ ʩʜʝʣʘʥʥʳʭ ʧʦʣʴʟʦʚʘʪʝʣʝʤ; 
3) ʢʦʣʠʯʝʩʪʚʦ ʵʥʝʨʛʠʠ ʠʩʧʦʣʴʟʦʚʘʥʥʦʡ ʚ ʩʦʩʪʦʷʥʠʠ ʧʦʢʦʷ; 
4) ʢʦʣʠʯʝʩʪʚʦ ʵʥʝʨʛʠʠ ʧʦʪʨʘʯʝʥʥʦʡ ʥʘ ʘʢʪʠʚʥʫʶ ʜʝʷʪʝʣʴʥʦʩʪʴ; 
5) ʢʦʣʠʯʝʩʪʚʦ ʚʨʝʤʝʥʠ ʧʨʦʚʝʜʝʥʥʦʝ ʚ ʜʚʠʞʝʥʠʠ (ʣʝʛʢʦʡ ʧʨʦʛʫʣʢʠ ʠʣʠ ʙʦʣʝʝ ʠʥʪʝʥʩʠʚʥʦ); 
6) ʢʦʣʠʯʝʩʪʚʦ ʧʦʪʨʝʙʣʝʥʥʦʡ ʵʥʝʨʛʠʠ ʠʟ ʝʜʳ; 
7) ʆʧʨʦʩʳ ʧʦʣʴʟʦʚʘʪʝʣʝʡ ʜʣʷ ʧʦʣʫʯʝʥʠʝ ʨʘʟʣʠʯʥʳʭ ʜʘʥʥʳʭ, ʢʦʪʦʨʳʝ ʥʝʪ ʚʦʟʤʦʞʥʦʩʪʠ 
ʧʦʣʫʯʠʪʴ ʩ ʥʦʩʠʤʳʭ ʫʩʪʨʦʡʩʪʚ. 

ɸʥʘʣʠʟ ʩʦʙʨʘʥʥʳʭ ʜʘʥʥʳʭ ʧʨʦʠʟʚʦʜʠʪʩʷ ʥʘ ʦʩʥʦʚʝ ʘʥʘʣʠʟʘ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʥʘʛʨʫʟʢʠ (ʯʘʩʪʦʪʘ 
ʧʫʣʴʩʘ ʠ ʩʢʦʨʦʩʪʴ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʧʫʣʴʩʘ ʜʦ ʥʦʨʤʘʣʴʥʳʭ ʟʥʘʯʝʥʠʡ), ʦʙʲʝʤʘ ʥʘʛʨʫʟʢʠ (ʢʦʣʠʯʝʩʪʚʦ 
ʩʜʝʣʘʥʥʳʭ ʰʘʛʦʚ, ʢʦʣʠʯʝʩʪʚʦ ʚʨʝʤʝʥʠ ʠ ʵʥʝʨʛʠʠ ʧʦʪʨʘʯʝʥʥʦʝ ʥʘ ʘʢʪʠʚʥʫʶ ʜʝʷʪʝʣʴʥʦʩʪʴ) ʠ 
ʨʘʟʣʠʯʥʳʝ ʦʧʨʦʩʳ ʠ ʪʝʩʪʳ, ʩʜʝʣʘʥʥʳʝ ʧʦʣʴʟʦʚʘʪʝʣʝʤ ʥʘ ʦʩʥʦʚʝ ʦʧʨʦʩʥʠʢʦʚ. 

ʇʨʠʣʦʞʝʥʠʝ ʨʝʘʣʠʟʫʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʧʨʦʩʤʦʪʨʘ ʧʨʝʜʣʘʛʘʝʤʳʭ ʨʝʢʦʤʝʥʜʘʮʠʡ, ʚʳʙʦʨ  ʠ 
ʫʩʪʘʥʦʚʢʫ ʮʝʣʝʡ, ʣʠʯʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʠ ʜʨʫʛʠʭ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʧʘʨʘʤʝʪʨʦʚ, ʧʨʦʩʤʦʪʨ ʩʪʘʪʠʩʪʠʢʠ. 

 
ʉʧʠʩʦʢ ʠʩʧʦʣʴʟʦʚʘʥʥʳʭ ʠʩʪʦʯʥʠʢʦʚ: 

https://github.com/astraszab/TSP-algorithms
https://github.com/dmitriyklebanov/tsp


55-ʷ ʶʙʠʣʝʡʥʘʷ ʥʘʫʯʥʘʷ ʢʦʥʬʝʨʝʥʮʠʷ ʘʩʧʠʨʘʥʪʦʚ, ʤʘʛʠʩʪʨʘʥʪʦʚ ʠ ʩʪʫʜʝʥʪʦʚ ɹɻʋʀʈ, 2019 ʛ. 
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ɹɸʃɸʅʉʀʈʆɺʂɸ ʅɸɻʈʋɿʂʀ ʄɽɾɼʋ ʋɿʃɸʄʀ ʇʈʀ ʇʆʉʊʈʆɽʅʀʀ 
ʈɸʉʇʈɽɼɽʃɽʅʅʓʍ ʉʀʉʊɽʄ 

ɹʝʣʦʨʫʩʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʥʬʦʨʤʘʪʠʢʠ ʠ ʨʘʜʠʦʵʣʝʢʪʨʦʥʠʢʠ 
ʛ. ʄʠʥʩʢ, ʈʝʩʧʫʙʣʠʢʘ ɹʝʣʘʨʫʩʴ 

ɺʘʙʠʱʝʚʠʯ ɽ. ɻ.. 

ʊʘʙʦʨʦʚʝʮ ɺ.ɺ. ï ʢ.ʪ.ʥ.,ʜʦʮʝʥʪ 

ʈʘʙʦʪʘ ʧʦʩʚʷʱʝʥʘ ʚʦʧʨʦʩʘʤ ʠʩʩʣʝʜʦʚʘʥʠʷ ʩʫʱʝʩʪʚʫʶʱʠʭ ʩʧʦʩʦʙʦʚ ʧʦʩʪʨʦʝʥʠʷ ʨʘʩʧʨʝʜʝʣʝʥʥʳʭ ʩʠʩʪʝʤ ʩ ʮʝʣʴʶ ʩʦʟʜʘʥʠʷ 
ʙʘʟʦʚʦʡ ʘʨʭʠʪʝʢʪʫʨʳ ʨʘʩʧʨʝʜʝʣʝʥʥʦʡ ʩʠʩʪʝʤʳ ʦʙʨʘʙʦʪʢʠ ʟʘʧʨʦʩʦʚ. 

ʈʘʩʧʨʝʜʝʣʝʥʥʘʷ ʩʠʩʪʝʤʘ ð ʵʪʦ ʥʘʙʦʨ ʥʝʟʘʚʠʩʠʤʳʭ ʢʦʤʧʴʶʪʝʨʦʚ, ʧʨʝʜʩʪʘʚʣʷʶʱʠʡʩʷ ʠʭ 
ʧʦʣʴʟʦʚʘʪʝʣʷʤ ʝʜʠʥʦʡ ʦʙʲʝʜʠʥʝʥʥʦʡ ʩʠʩʪʝʤʦʡ [1]. ʉʨʝʜʠ ʵʤʧʠʨʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʨʘʩʧʨʝʜʝʣʝʥʥʦʡ 
ʩʠʩʪʝʤʳ ʤʦʞʥʦ ʚʳʜʝʣʠʪʴ ʩʣʝʜʫʶʱʠʝ: 

1) ʫʩʪʦʡʯʠʚʦʩʪʴ ʩʠʩʪʝʤʳ ʧʨʠ ʚʳʭʦʜʝ ʠʟ ʩʪʨʦʷ ʦʜʥʦʛʦ ʠʣʠ ʥʝʩʢʦʣʴʢʠʭ ʵʣʝʤʝʥʪʦʚ; 
2) ʚʦʟʤʦʞʥʦʩʪʴ ʠʟʤʝʥʝʥʠʷ ʢʦʥʬʠʛʫʨʘʮʠʠ ʩʠʩʪʝʤʳ ʚ ʧʨʦʮʝʩʩʝ ʨʘʙʦʪʳ; 
3) ʦʪʩʫʪʩʪʚʠʝ ʧʦʣʥʳʭ  ʟʥʘʥʠʡ ʦ ʩʠʩʪʝʤʝ ʚ ʦʜʥʦʤ ʢʦʥʢʨʝʪʥʦʤ ʵʣʝʤʝʥʪʝ ʩʠʩʪʝʤʳ. 

ɺ ʧʨʦʮʝʩʩʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʨʘʩʧʨʝʜʝʣʝʥʥʳʭ ʩʠʩʪʝʤ ʙʳʣʠ ʨʘʩʩʤʦʪʨʝʥʳ ʩʣʝʜʫʶʱʠʝ ʘʨʭʠʪʝʢʪʫʨʳ: 
ʘʨʭʠʪʝʢʪʫʨʘ ʢʣʠʝʥʪ-ʩʝʨʚʝʨ, ʘʨʭʠʪʝʢʪʫʨʘ peer to peer, ʢʣʘʩʪʝʨʥʘʷ ʘʨʭʠʪʝʢʪʫʨʘ. 

ʂʣʘʩʪʝʨʳ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʥʘʛʨʫʟʢʠ ï ʩʧʦʩʦʙ ʦʨʛʘʥʠʟʘʮʠʠ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ ʠ 
ʩʠʩʪʝʤʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ, ʧʨʠ ʢʦʪʦʨʦʤ ʧʨʦʠʩʭʦʜʠʪ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʟʘʧʨʦʩʦʚ ʯʝʨʝʟ ʦʜʠʥ ʠʣʠ 
ʥʝʩʢʦʣʴʢʦ ʚʭʦʜʥʳʭ ʫʟʣʦʚ. ʇʦʩʣʝ ʵʪʦʛʦ ʠʟ ʚʭʦʜʥʳʭ ʫʟʣʦʚ ʟʘʧʨʦʩʳ ʧʝʨʝʥʘʧʨʘʚʣʷʶʪʩʷ ʥʘ ʦʙʨʘʙʦʪʢʫ ʚ 
ʚʳʯʠʩʣʠʪʝʣʴʥʳʝ ʫʟʣʳ. ɼʘʥʥʳʡ ʧʦʜʭʦʜ ʦʙʣʘʜʘʝʪ ʩʣʝʜʫʶʱʠʤʠ ʧʨʝʠʤʫʱʝʩʪʚʘʤʠ: 

ǒ ʚʦʟʤʦʞʥʦʩʪʴ ʛʦʨʠʟʦʥʪʘʣʴʥʦʛʦ ʤʘʩʰʪʘʙʠʨʦʚʘʥʠʷ; 
ǒ ʨʘʚʥʦʤʝʨʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʥʘʛʨʫʟʢʠ ʤʝʞʜʫ ʫʟʣʘʤʠ; 
ǒ ʦʙʝʩʧʝʯʝʥʠʝ ʚʳʩʦʢʦʡ ʜʦʩʪʫʧʥʦʩʪʠ ʩʠʩʪʝʤʳ. ɼʘʥʥʳʡ ʧʫʥʢʪ ʜʦʩʪʠʛʘʝʪʩʷ ʙʣʘʛʦʜʘʨʷ 
ʚʦʟʤʦʞʥʦʩʪʷʤ ʧʝʨʚʳʭ ʜʚʫʭ ʧʫʥʢʪʦʚ. 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʨʘʩʩʤʦʪʨʝʥʠʷ ʧʨʠʥʮʠʧʦʚ ʧʦʩʪʨʦʝʥʠʷ ʨʘʩʧʨʝʜʝʣʝʥʥʳʭ ʩʠʩʪʝʤ ʙʳʣʘ ʨʘʟʨʘʙʦʪʘʥʘ 
ʩʣʝʜʫʶʱʘʷ ʙʘʟʦʚʘʷ ʘʨʭʠʪʝʢʪʫʨʘ.  

 

 
ʈʠc. 1 -  ɹʘʟʦʚʘʷ ʘʨʭʠʪʝʢʪʫʨʘ ʨʘʩʧʨʝʜʝʣʝʥʥʦʡ ʩʠʩʪʝʤʳ 

ʆʧʠʩʘʥʠʝ ʨʠʩʫʥʢʘ 1: ʚ ʩʠʩʪʝʤʫ ʧʨʠʭʦʜʠʪ ʟʘʧʨʦʩ Ÿ ʟʘʧʨʦʩ ʦʙʨʘʙʘʪʳʚʘʝʪʩʷ ʨʘʩʧʨʝʜʝʣʠʪʝʣʴʥʳʤ 
ʫʟʣʦʤ ʩʠʩʪʝʤ, ʨʘʟʙʠʚʘʝʪʩʷ ʥʘ ʧʦʜʟʘʜʘʯʠ ʤʝʥʴʰʝʛʦ ʤʘʩʰʪʘʙʘ Ÿ ʢʘʞʜʘʷ ʠʟ ʧʦʜʟʘʜʘʯ ʦʪʧʨʘʚʣʷʝʪʩʷ ʥʘ 
ʦʜʠʥ ʠʟ ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ ʫʟʣʦʚ Ÿ ʚʳʯʠʩʣʠʪʝʣʴʥʳʡ ʫʟʝʣ ʚʳʧʦʣʥʷʝʪ ʦʙʨʘʙʦʪʢʫ ʧʦʜʟʘʜʘʯʠ; ʨʝʟʫʣʴʪʘʪ 
ʚʳʧʦʣʥʝʥʠʷ ʦʪʧʨʘʚʣʷʝʪʩʷ ʘʛʨʝʛʘʪʦʨʫ Ÿ ʘʛʨʝʛʘʪʦʨ ʜʦʞʠʜʘʝʪʩʷ ʦʙʨʘʙʦʪʢʠ ʚʩʝʭ ʧʦʜʟʘʜʘʯ ʟʘʧʨʦʩ, 
ʩʦʙʠʨʘʝʪ ʠʟ ʥʠʭ ʠʪʦʛʦʚʳʡ ʨʝʟʫʣʴʪʘʪ, ʦʪʜʘʝʪ ʨʝʟʫʣʴʪʘʪ ʢʣʠʝʥʪʫ.  



55-ʷ ʶʙʠʣʝʡʥʘʷ ʥʘʫʯʥʘʷ ʢʦʥʬʝʨʝʥʮʠʷ ʘʩʧʠʨʘʥʪʦʚ, ʤʘʛʠʩʪʨʘʥʪʦʚ ʠ ʩʪʫʜʝʥʪʦʚ ɹɻʋʀʈ, 2019 ʛ. 
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ʉʧʠʩʦʢ ʠʩʧʦʣʴʟʦʚʘʥʥʳʭ ʠʩʪʦʯʥʠʢʦʚ: 
1. ʕ. ʊʘʥʝʥʙʘʫʤ, ʄ. ɺʘʥ ʉʪʝʝʥ. ʈʘʩʧʨʝʜʝʣʝʥʥʳʝ ʩʠʩʪʝʤʳ. ʇʨʠʥʮʠʧʳ ʠ ʧʘʨʘʜʠʛʤʳ // ʉʇʙ.: ʇʠʪʝʨ, 2003. 877 ʩ. 

 
 

ʀʉʇʆʃʔɿʆɺɸʅʀɽ ʃɽʂʉʀʏɽʉʂʆʁ ʆɹʌʋʉʂɸʎʀʀ VHDL-ʆʇʀʉɸʅʀʁ 
ɼʃʗ ɺʅɽɼʈɽʅʀʗ ɺʆɼʗʅʓʍ ɿʅɸʂʆɺ. 

ɺʠʜʥʠʯʫʢ ɺ.ʅ. 

ɹʝʣʦʨʫʩʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʥʬʦʨʤʘʪʠʢʠ ʠ ʨʘʜʠʦʵʣʝʢʪʨʦʥʠʢʠ 

ʛ. ʄʠʥʩʢ, ʈʝʩʧʫʙʣʠʢʘ ɹʝʣʘʨʫʩʴ 

ʀʚʘʥʶʢ ɸ.ɸ. ï ʜ.ʪ.ʥ., ʜʦʮʝʥʪ 

ɺ ʩʪʘʪʴʝ ʦʧʠʩʳʚʘʝʪʩʷ ʤʝʪʦʜ ʣʝʢʩʠʯʝʩʢʦʡ ʦʙʬʫʩʢʘʮʠʠ VHDL- ʦʧʠʩʘʥʠʡ, ʝʛʦ ʦʩʥʦʚʥʳʝ ʧʦʣʦʞʝʥʠʷ ʘ ʪʘʢʞʝ ʤʝʪʦʜ ʚʥʝʜʨʝʥʠʷ 
ʚʦʜʷʥʳʭ ʟʥʘʢʦʚ ʚ ʵʪʦ ʦʧʠʩʘʥʠʝ. ɼʝʤʦʥʩʪʨʠʨʫʶʪʩʷ ʤʥʦʞʝʩʪʚʘ ʩʠʤʚʦʣʦʚ ʠʩʧʦʣʴʟʫʝʤʳʭ ʜʣʷ ʦʙʬʫʩʢʘʮʠʠ ʦʧʠʩʘʥʠʡ. 

ɺ ʥʘʰʠ ʜʥʠ ʙʳʩʪʨʳʤʠ ʪʝʤʧʘʤʠ ʨʘʩʪʸʪ ʧʨʦʠʟʚʦʜʩʪʚʦ ʮʠʬʨʦʚʦʡ ʪʝʭʥʠʢʠ ʠ ʚ ʩʚʷʟʠ ʩ ʵʪʠʤ ʨʘʩʪʸʪ 
ʧʨʦʙʣʝʤʘ ʧʠʨʘʪʩʪʚʘ. ɼʣʷ ʨʝʰʝʥʠʷ ʵʪʦʡ ʧʨʦʙʣʝʤʳ ʧʨʝʜʣʘʛʘʝʪʩʷ ʨʘʩʩʤʦʪʨʝʪʴ ʤʝʪʦʜ ʚʥʝʜʨʝʥʠʷ 
ʚʦʜʷʥʦʛʦ ʟʥʘʢʘ ʚ ʣʝʢʩʠʯʝʩʢʫʶ ʦʙʬʫʩʢʘʮʠʶ VHDL-ʦʧʠʩʘʥʠʡ. 

ʆʙʬʫʩʢʘʮʠʷ (ʦʪ ʘʥʛʣ. obfuscate ï ʜʝʣʘʪʴ ʥʝʦʯʝʚʠʜʥʳʤ, ʟʘʧʫʪʘʥʥʳʤ, ʩʙʠʚʘʪʴ ʩ ʪʦʣʢʫ) ï ʰʠʨʦʢʦ 
ʠʟʚʝʩʪʥʘʷ ʤʝʪʦʜʠʢʘ ʟʘʱʠʪʳ ʠʩʭʦʜʥʳʭ ʢʦʜʦʚ ʧʨʦʛʨʘʤʤ ʦʪ ʦʙʨʘʪʥʦʛʦ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ [1]. 

ʆʩʥʦʚʥʦʡ ʮʝʣʴʶ ʣʝʢʩʠʯʝʩʢʦʡ ʦʙʬʫʩʢʘʮʠʠ ʷʚʣʷʝʪʩʷ ʟʘʪʨʫʜʥʝʥʠʝ ʧʦʥʠʤʘʥʠʷ ʠʩʭʦʜʥʳʭ ʢʦʜʦʚ 
ʧʨʦʛʨʘʤʤʳ. ʃʝʢʩʠʯʝʩʢʘʷ ʦʙʬʫʩʢʘʮʠʷ ʵʪʦ ʦʜʠʥ ʠʟ ʤʥʦʛʠʭ ʩʧʦʩʦʙʦʚ ʟʘʪʨʫʜʥʠʪʴ ʧʦʥʠʤʘʥʠʷ 
ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʧʨʦʛʨʘʤʤʳ. 

ʏʘʩʪʥʳʤ ʩʣʫʯʘʝʤ ʣʝʢʩʠʯʝʩʢʦʡ ʦʙʬʫʩʢʘʮʠʠ ʷʚʣʷʝʪʩʷ ʧʝʨʝʠʤʝʥʦʚʘʥʠʝ ʠʜʝʥʪʠʬʠʢʘʪʦʨʦʚ VHDL-
ʦʧʠʩʘʥʠʷ ʥʘ ʧʦʭʦʞʠʝ ʜʨʫʛ ʥʘ ʜʨʫʛʘ. ʅʘʟʚʘʥʠʝ ʠʜʝʥʪʠʬʠʢʘʪʦʨʘ ʤʦʞʥʦ ʧʨʝʜʩʪʘʚʠʪʴ ʚ ʚʠʜʝ ʤʥʦʞʝʩʪʚʘ 

ʩʠʤʚʦʣʦʚ: 
 

ʛʜʝ, ʠʜʝʥʪʠʬʠʢʘʪʦʨ ʥʝ ʜʦʣʞʝʥ ʥʘʯʠʥʘʪʴʩʷ ʩ ʮʠʬʨʳ ʠ ʤʦʞʝʪ ʩʦʩʪʦʷʪʴ ʠʟ ʣʘʪʠʥʩʢʠʭ ʠ ʢʠʨʠʣʣʠʯʝʩʢʠʭ 
ʩʠʤʚʦʣʦʚ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʥʘʙʦʨ ʩʠʤʚʦʣʦʚ ʧʨʠ ʚʳʧʦʣʥʝʥʠʠ ʤʝʪʦʜʘ ʧʝʨʝʠʤʝʥʦʚʘʥʠʷ ʠʜʝʥʪʠʬʠʢʘʪʦʨʦʚ 
ʤʦʞʥʦ ʧʨʝʜʩʪʘʚʠʪʴ ʩʣʝʜʫʶʱʠʤ ʤʥʦʞʝʩʪʚʦʤ: 

 
 

ʚ ʢʦʪʦʨʦʤ  ʷʚʣʷʝʪʩʷ ʢʠʨʠʣʣʠʯʝʩʢʠʤ ʩʠʤʚʦʣʦʤ  ʠ  ʣʘʪʠʥʩʢʘʷ ʷʚʣʷʶʪʩʷ ʨʘʟʥʳʤʠ ʩʠʤʚʦʣʘʤʠ, 

ʦʜʥʘʢʦ ʚ ʣʘʪʠʥʩʢʦʤ ʷʟʳʢʝ ʤʦʛʫʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʜʠʘʢʨʠʯʝʩʢʠʝ ʟʥʘʢʠ ʥʘʧʨʠʤʝʨ: ĉ 
 

 

ʧʨʠ ʩʠʥʪʝʟʝ VHDL-ʦʧʠʩʘʥʠʷ ʜʘʥʥʳʝ ʩʠʤʚʦʣʳ 

ʧʨʠʚʦʜʷʪʩʷ ʢ ʣʘʪʠʥʩʢʦʡ , ʦʜʥʘʢʦ ʠʤʝʶʪ ʨʘʟʥʳʝ ʢʦʜʳ ʩʠʤʚʦʣʦʚ, ʧʦʵʪʦʤʫ ʧʨʠ ʚʳʧʦʣʥʝʥʠʠ ʘʥʘʣʠʟʘ 
ʣʝʢʩʠʯʝʩʢʠ ʦʙʬʫʩʮʠʨʦʚʘʥʥʦʛʦ ʢʦʜʘ ʤʦʛʫʪ ʚʦʟʥʠʢʘʪʴ ʦʰʠʙʢʠ ʠ ʥʝʧʦʥʷʪʥʦʩʪʠ. ʆʪʩʶʜʘ, ʩʣʝʜʫʝʪ 
ʚʦʟʤʦʞʥʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʜʠʘʢʨʠʯʝʩʢʠʭ ʩʠʤʚʦʣʦʚ ʜʣʷ ʬʦʨʤʠʨʦʚʘʥʠʷ ʥʘʟʚʘʥʠʡ ʠʜʝʥʪʠʬʠʢʘʪʦʨʦʚ 
ʧʦʚʳʰʝʥʥʦʡ ʩʣʦʞʥʦʩʪʠ. 

ɼʘʣʝʝ ʧʨʠʚʝʜʸʥ ʧʨʠʤʝʨ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʜʠʘʢʨʠʯʝʩʢʠʭ ʩʠʤʚʦʣʦʚ ʜʣʷ ʟʘʪʨʫʜʥʝʥʠʷ ʧʦʥʠʤʘʥʠʷ 
ʢʦʜʘ: ʠʜʝʥʪʠʬʠʢʘʪʦʨ OlOOllOIlOl¥ ʧʨʠ ʩʠʥʪʝʟʝ ʙʫʜʝʪ ʨʘʚʥʷʪʴʩʷ ʠʜʝʥʪʠʬʠʢʘʪʦʨʫ OlOOllOIlOlO ʠʣʠ 
OlOOllOIlOlOŕ, ʥʦ ʧʨʠ ʧʦʧʳʪʢʝ ʥʘʡʪʠ ʠʜʝʥʪʠʬʠʢʘʪʦʨ OlOOllOIlOl¥ ʩ ʧʦʤʦʱʴʶ ʧʦʠʩʢʘ ʠʣʠ ʩʪʦʨʦʥʥʠʭ 
ʧʨʦʛʨʘʤʤ ʥʘʡʜʸʪʩʷ ʪʦʣʴʢʦ ʦʥ ʩʘʤ. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʩ ʧʦʤʦʱʴʶ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʜʘʥʥʳʭ ʩʠʤʚʦʣʦʚ 
ʤʦʞʥʦ ʟʘʧʫʪʳʚʘʪʴ ʥʝ ʪʦʣʴʢʦ ʯʝʣʦʚʝʢʘ, ʥʦ ʠ ʧʨʦʛʨʘʤʤʥʳʝ ʩʨʝʜʩʪʚʘ ʘʥʘʣʠʟʘ ʢʦʜʘ ʠʣʠ, ʥʘʧʨʠʤʝʨ, 
ʠʜʝʥʪʠʬʠʢʘʪʦʨ OlO'OllOIlOL¥ ʠ ʠʜʝʥʪʠʬʠʢʘʪʦʨ OlOOllOIlOL¥ ʜʣʷ ʯʝʣʦʚʝʢʘ ʙʫʜʫʪ ʚʳʛʣʷʜʝʪʴ ʢʘʢ 
ʠʜʝʥʪʠʯʥʳʝ, ʦʜʥʘʢʦ ʧʨʠ ʩʠʥʪʝʟʝ ʦʥʠ ʙʫʜʫʪ ʷʚʣʷʪʴʩʷ ʨʘʟʥʳʤʠ ʠʜʝʥʪʠʬʠʢʘʪʦʨʘʤʠ.  

ʇʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʤʝʪʦʜʘ ʧʝʨʝʠʤʝʥʦʚʘʥʠʷ ʠʜʝʥʪʠʬʠʢʘʪʦʨʦʚ ʩʣʝʜʫʝʪ ʟʥʘʪʴ, ʯʪʦ ʚʩʝ 
ʠʜʝʥʪʠʬʠʢʘʪʦʨʘ ʜʦʣʞʥʳ ʙʳʪʴ ʧʦʭʦʞʠ ʠ ʦʪʣʠʯʘʪʴʩʷ ʜʨʫʛ ʦʪ ʜʨʫʛʘ ʥʘ 1 ʩʠʤʚʦʣ, ʚ ʩʚʷʟʠ ʩ ʵʪʠʤ 
ʩʫʱʝʩʪʚʫʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʚʥʝʜʨʝʥʠʷ ʚʦʜʷʥʦʛʦ ʟʥʘʢʘ ʚ VHDL-ʦʧʠʩʘʥʠʝ ʧʫʪʸʤ ʚʳʙʦʨʘ ʤʝʩʪ ʟʘʤʝʥʳ 
ʩʠʤʚʦʣʦʚ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʢʣʶʯʦʤ ʚʦʜʷʥʦʛʦ ʟʥʘʢʘ. 

ɼʘʥʥʳʡ ʤʝʪʦʜ ʤʦʞʥʦ ʧʨʠʤʝʥʷʪʴ ʥʝʩʢʦʣʴʢʠʤʠ ʩʧʦʩʦʙʘʤʠ, ʥʘʧʨʠʤʝʨ, ʛʝʥʝʨʠʨʫʝʪʩʷ ʧʝʨʚʠʯʥʳʡ 
ʠʜʝʥʪʠʬʠʢʘʪʦʨ ʜʣʷ ʧʝʨʝʠʤʝʥʦʚʘʥʠʷ, ʩʦʩʪʦʷʱʠʡ ʠʟ ʥʫʣʝʡ ʠ ʝʜʠʥʠʮ, ʩʠʤʚʦʣ ʚʳʙʠʨʘʝʪʩʷ ʩ ʧʦʤʦʱʴʶ 
ʨʘʚʥʦʤʝʨʥʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ. ɺ ʠʪʦʛʝ ʧʦʣʫʯʘʝʪʩʷ ʠʜʝʥʪʠʬʠʢʘʪʦʨ ʚʠʜʘ: 100101001011 ʵʪʦ ʜʝʣʘʝʪʩʷ 
ʜʣʷ ʪʦʛʦ, ʯʪʦʙʳ ʨʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʜʚʫʤʷ ʠʜʝʥʪʠʬʠʢʘʪʦʨʘʤʠ ʥʝ ʧʨʝʚʳʰʘʣʦ 1. ʇʦʩʣʝ ʵʪʦʛʦ 
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ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʩʣʫʯʘʡʥʘʷ ʟʘʤʝʥʘ ʚʩʝʭ ʝʜʠʥʠʯʥʳʭ ʠʜʝʥʪʠʬʠʢʘʪʦʨʦʚ ʥʘ ʩʠʤʚʦʣʳ, ʥʘʭʦʜʷʱʠʝʩʷ ʚ 
ʤʥʦʞʝʩʪʚʝ: 
 

  
ɸ ʜʣʷ ʟʘʤʝʥʳ ʥʫʣʝʚʳʭ ʩʠʤʚʦʣʦʚ ʠʩʧʦʣʴʟʫʝʪʩʷ ʤʥʦʞʝʩʪʚʦ: 

 
 

 
 ɺ ʠʪʦʛʝ ʧʦʣʫʯʘʝʪʩʷ ʫʥʠʢʘʣʴʥʳʡ ʠʜʝʥʪʠʬʠʢʘʪʦʨ, ʩʦʩʪʦʷʱʠʡ ʠʟ ʧʦʭʦʞʠʭ ʩʠʤʚʦʣʦʚ:  

IOQ1OôlO0jOôI1. ɼʘʣʝʝ ʘʥʘʣʠʟʠʨʫʝʪʩʷ ʢʦʣʠʯʝʩʪʚʦ ʫʥʠʢʘʣʴʥʳʭ ʠʜʝʥʪʠʬʠʢʘʪʦʨʦʚ ʚ ʦʧʠʩʘʥʠʠ ʠ 
ʬʦʨʤʠʨʫʝʪʩʷ ʢʣʶʯ ʚʦʜʷʥʦʛʦ ʟʥʘʢʘ: 010010000010 ʜʘʥʥʳʡ ʢʣʶʯ ʦʧʨʝʜʝʣʷʝʪ ʢʘʢʠʝ ʠʟ ʩʠʤʚʦʣʦʚ 
ʧʝʨʚʦʥʘʯʘʣʴʥʦ ʩʛʝʥʝʨʠʨʦʚʘʥʥʦʛʦ ʠʜʝʥʪʠʬʠʢʘʪʦʨʘ ʤʦʛʫʪ ʠʟʤʝʥʷʪʴʩʷ ʧʨʠ ʬʦʨʤʠʨʦʚʘʥʠʠ ʥʘʟʚʘʥʠʡ 
ʦʩʪʘʣʴʥʳʭ ʠʜʝʥʪʠʬʠʢʘʪʦʨʦʚ. ʅʦʚʳʝ ʠʜʝʥʪʠʬʠʢʘʪʦʨʳ ʛʝʥʝʨʠʨʫʶʪʩʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʥʦʞʝʩʪʚ 

ʧʧʦʜʩʪʘʥʦʚʢʠ  ʠ . ɼʣʷ ʧʨʠʤʝʨʘ ʙʳʣʠ ʩʛʝʥʝʨʠʨʦʚʘʥʳ ʦʩʪʘʣʴʥʳʝ ʠʜʝʥʪʠʬʠʢʘʪʦʨʳ ʜʣʷ ʜʘʥʥʦʛʦ 
ʦʧʠʩʘʥʠʷ: IOôQ1OôlO0jOôI1, IOQ1QlO0jOôI1, IOQ1OôlO0jOôj1 ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʚ ʠʟʤʝʥʝʥʠʷ, ʚ ʢʦʪʦʨʳʭ 
ʤʦʞʥʦ ʦʧʨʝʜʝʣʠʪʴ ʚʦʜʷʥʦʡ ʟʥʘʢ, ʟʘʰʠʬʨʦʚʘʥʥʳʡ ʚ ʜʘʥʥʳʭ ʠʜʝʥʪʠʬʠʢʘʪʦʨʘʭ.  

ɼʘʣʝʝ ʚ ʠʜʝʥʪʠʬʠʢʘʪʦʨʘʭ ʩʣʫʯʘʡʥʳʤ ʦʙʨʘʟʦʤ ʠʟʤʝʥʷʶʪʩʷ ʩʠʤʚʦʣʳ: I, O ʥʘ ʜʠʘʢʨʠʯʝʩʢʠʝ 

ʧʨʠʥʘʜʣʝʞʘʱʠʝ ʤʥʦʞʝʩʪʚʫ. ɼʘʥʥʳʡ ʤʝʪʦʜ ʧʦʟʚʦʣʷʝʪ ʫʩʣʦʞʥʠʪʴ ʨʘʙʦʪʫ ʩ ʠʩʭʦʜʥʳʤ ʢʦʜʦʤ VHDL-
ʦʧʠʩʘʥʠʷ ʠ ʟʘʧʫʪʳʚʘʝʪ ʝʛʦ ʘʣʛʦʨʠʪʤʳ ʦʙʨʘʙʦʪʢʠ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʚʳʧʦʣʥʝʥʠʷ ʜʘʥʥʦʛʦ ʤʝʪʦʜʘ 
ʧʦʣʫʯʘʶʪʩʷ ʩʣʝʜʫʶʱʠʝ ʠʜʝʥʪʠʬʠʢʘʪʦʨʳ: I¥Q1OôĉO0jOôI1, IOôQ1Oôì0jOôI1, IOQ1Qlď0jOôI1, 
ČQ1OôlO0jOôj1 ʧʨʠʯʸʤ ʧʨʠ ʢʘʞʜʦʤ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʜʘʥʥʳʭ ʠʜʝʥʪʠʬʠʢʘʪʦʨʦʚ ʚ ʦʧʠʩʘʥʠʠ ʦʜʠʥ ʠʣʠ 
ʥʝʩʢʦʣʴʢʦ ʩʠʤʚʦʣʦʚ O, I ʠʣʠ ʠʭ ʜʠʘʢʨʠʯʝʩʢʠʝ ʘʥʘʣʦʛʠ ʤʦʛʫʪ ʠʟʤʝʥʷʪʴʩʷ ʥʘ ʜʨʫʛʠʝ ʜʠʘʢʨʠʯʝʩʢʠʝ 
ʩʠʤʚʦʣʳ, ʯʪʦ ʫʩʣʦʞʥʷʝʪ ʧʦʥʠʤʘʥʠʝ ʢʦʜʘ.  

ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʙʳʣʦ ʨʘʟʨʘʙʦʪʘʥʦ ʧʨʦʛʨʘʤʤʥʦʝ ʩʨʝʜʩʪʚʦ ʦʙʬʫʩʢʘʮʠʠ 
ʠʜʝʥʪʠʬʠʢʘʪʦʨʦʚ ʚ VHDL-ʦʧʠʩʘʥʠʷʭ ʠ ʚʥʝʜʨʝʥʠʠ ʚ ʥʠʭ ʚʦʜʷʥʦʛʦ ʟʥʘʢʘ. ʇʨʠʤʝʨ ʨʘʙʦʪʳ ʜʘʥʥʦʛʦ 
ʧʨʦʛʨʘʤʤʥʦʛʦ ʩʨʝʜʩʪʚʘ ʧʨʝʜʦʩʪʘʚʣʝʥ ʥʘ ʩʣʝʜʫʶʱʝʤ ʨʠʩʫʥʢʝ: 

 

 
ʈʠʩʫʥʦʢ 1 ï ʇʨʠʤʝʨ ʨʘʙʦʪʳ ʧʨʦʛʨʘʤʤʥʦʛʦ ʩʨʝʜʩʪʚ ʦʙʬʫʩʢʘʮʠʠ VHDL-ʦʧʠʩʘʥʠʡ. 

 
ʉʪʦʠʪ ʟʘʤʝʪʠʪʴ, ʯʪʦ ʧʦʣʫʯʝʥʥʦʝ ʦʙʬʫʩʮʠʨʦʚʘʥʥʦʝ ʦʧʠʩʘʥʠʝ ʷʚʣʷʝʪʩʷ ʧʦʣʥʦʩʪʴʶ 

ʩʠʥʪʝʟʠʨʫʝʤʳʤ ʠ ʨʝʟʫʣʴʪʘʪ ʩʠʥʪʝʟʘ ʥʝ ʦʪʣʠʯʘʝʪʩʷ ʦʪ ʦʨʠʛʠʥʘʣʴʥʦʛʦ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʣʝʢʩʠʯʝʩʢʘʷ 
ʦʙʬʫʩʢʘʮʠʷ ʠʜʝʥʪʠʬʠʢʘʪʦʨʦʚ ʧʨʦʰʣʘ ʫʩʧʝʰʥʦ. 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʨʦʚʝʜʸʥʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʣʫʯʠʣʦʩʴ ʩʬʦʨʤʠʨʦʚʘʪʴ ʤʝʪʦʜ ʚʥʝʜʨʝʥʠʷ 
ʚʦʜʷʥʦʛʦ ʟʥʘʢʘ ʚ ʣʝʢʩʠʯʝʩʢʫʶ ʦʙʬʫʩʢʘʮʠʶ VHDL-ʦʧʠʩʘʥʠʡ, ʘ ʪʘʢʞʝ ʨʘʟʨʘʙʦʪʘʪʴ ʧʨʦʪʦʪʠʧ 
ʧʨʦʛʨʘʤʤʥʦʛʦ ʩʨʝʜʩʪʚʘ ʜʣʷ ʨʝʘʣʠʟʘʮʠʠ ʜʘʥʥʦʡ ʬʫʥʢʮʠʠ.  
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ʉʈɸɺʅɽʅʀɽ ʉɺɽʈʊʆʏʅʓʍ ʀ ʈɽʂʋʈʈɽʅʊʅʓʍ ʅɽʁʈʆʅʅʓʍ ʉɽʊɽʁ 
ɺ ɿɸɼɸʏɽ ɸʅɸʃʀɿɸ ʊʆʅɸʃʔʅʆʉʊʀ ʊɽʂʉʊɸ 

ɺʠʪʢʦʚʩʢʠʡ ɸ.ɺ. 

ɹʝʣʦʨʫʩʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʥʬʦʨʤʘʪʠʢʠ ʠ ʨʘʜʠʦʵʣʝʢʪʨʦʥʠʢʠ 
ʛ. ʄʠʥʩʢ, ʈʝʩʧʫʙʣʠʢʘ ɹʝʣʘʨʫʩʴ 

ɾʚʘʢʠʥʘ ɸ.ɺ. ï ʢ.ʪ.ʥ.,ʜʦʮʝʥʪ 

ɺ ʦʙʨʘʙʦʪʢʝ ʝʩʪʝʩʪʚʝʥʥʳʭ ʷʟʳʢʦʚ ʩʫʱʝʩʪʚʫʝʪ ʟʘʜʘʯʘ ʦʧʨʝʜʝʣʝʥʠʷ ʪʦʥʘʣʴʥʦʩʪʠ ʪʝʢʩʪʘ. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʜʣʷ ʨʝʰʝʥʠʷ ʵʪʦʡ 
ʟʘʜʘʯʠ ʠʩʧʦʣʴʟʫʶʪʩʷ ʠʩʢʫʩʩʪʚʝʥʥʳʝ ʥʝʡʨʦʥʥʳʝ ʩʝʪʠ. ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʪʦʥʘʣʴʥʦʩʪʠ ʤʦʛʫʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ ʩʝʪʠ ʩ 
ʨʘʟʣʠʯʥʦʡ ʘʨʭʠʪʝʢʪʫʨʦʡ. ɺ ʜʘʥʥʦʤ ʠʩʩʣʝʜʦʚʘʥʠʠ ʩʨʘʚʥʠʚʘʶʪʩʷ ʩʚʝʨʪʦʯʥʘʷ ʥʝʡʨʦʥʥʘʷ ʩʝʪʴ ʠ ʩʝʪʴ ʩ ʜʦʣʛʦʡ ʢʨʘʪʢʦʩʨʦʯʥʦʡ 
ʧʘʤʷʪʴʶ. 

ʆʙʨʘʙʦʪʢʘ ʝʩʪʝʩʪʚʝʥʥʦʛʦ ʷʟʳʢʘ ï ʥʘʧʨʘʚʣʝʥʠʝ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʠʥʪʝʣʣʝʢʪʘ ʠ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ 
ʣʠʥʛʚʠʩʪʠʢʠ. ʆʥʦ ʠʟʫʯʘʝʪ ʧʨʦʙʣʝʤʳ ʢʦʤʧʴʶʪʝʨʥʦʛʦ ʘʥʘʣʠʟʘ ʠ ʩʠʥʪʝʟʘ ʝʩʪʝʩʪʚʝʥʥʳʭ ʷʟʳʢʦʚ. ɸʥʘʣʠʟ 
ʪʦʥʘʣʴʥʦʩʪʠ ʪʝʢʩʪʘ ʷʚʣʷʝʪʩʷ ʦʜʥʦʡ ʠʟ ʟʘʜʘʯ, ʨʝʰʘʝʤʳʭ ʚ ʨʘʤʢʘʭ ʦʙʨʘʙʦʪʢʠ ʷʟʳʢʘ. ʉʫʪʴ ʟʘʜʘʯʠ 
ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʘʚʪʦʤʘʪʠʯʝʩʢʦʤ ʨʘʩʧʦʟʥʘʚʘʥʠʠ ʚ ʪʝʢʩʪʝ ʝʛʦ ʵʤʦʮʠʦʥʘʣʴʥʦʡ ʦʢʨʘʩʢʠ. ʂʣʘʩʩʠʬʠʢʘʮʠʷ 
ʙʳʚʘʝʪ ʙʠʥʘʨʥʦʡ, ʧʨʠ ʢʦʪʦʨʦʡ ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʦʟʠʪʠʚʥʫʶ ʠ ʥʝʛʘʪʠʚʥʫʶ ʦʢʨʘʩʢʫ ʠʤʝʝʪ ʪʝʢʩʪ. ʊʘʢʞʝ 
ʩʫʱʝʩʪʚʫʝʪ ʢʣʘʩʩʠʬʠʢʘʮʠʷ ʥʘ ʥʝʩʢʦʣʴʢʦ ʢʣʘʩʩʦʚ, ʧʨʠ ʢʦʪʦʨʦʡ ʦʢʨʘʩʢʘ ʤʦʞʝʪ ʙʳʪʴ ʥʝʡʪʨʘʣʴʥʦʡ ʠʣʠ 
ʨʘʟʥʦʡ ʩʪʝʧʝʥʠ ʧʦʟʠʪʠʚʥʦʩʪʠ ʠʣʠ ʥʝʛʘʪʠʚʥʦʩʪʠ.  

ɼʚʝ ʨʘʟʣʠʯʥʳʝ ʘʨʭʠʪʝʢʪʫʨʳ ʥʝʡʨʦʥʥʦʡ ʩʝʪʠ ʙʫʜʫʪ ʩʨʘʚʥʠʚʘʪʴʩʷ ʧʨʠ ʨʝʰʝʥʠʠ ʟʘʜʘʯʠ ʙʠʥʘʨʥʦʡ 
ʢʣʘʩʩʠʬʠʢʘʮʠʠ. ɺ ʢʘʯʝʩʪʚʝ ʚʳʙʦʨʢʠ ʠʩʧʦʣʴʟʫʝʪʩʷ ʚʳʙʦʨʢʘ ʦʪʟʳʚʦʚ ʩ ʩʘʡʪʘ IMDB. ɺʭʦʜʥʳʤʠ ʜʘʥʥʳʤʠ 
ʜʣʷ ʦʙʦʠʭ ʩʝʪʝʡ ʙʫʜʫʪ ʷʚʣʷʪʴʩʷ ʪʝʢʩʪʳ, ʛʜʝ ʢʘʞʜʦʡ ʩʣʦʚʦ ʟʘʢʦʜʠʨʦʚʘʥʦ ʮʝʣʳʤ ʯʠʩʣʦʤ, ʧʨʠ ʵʪʦʤ 
ʟʥʘʯʝʥʠʝ ʟʘʚʠʩʠʪ ʦʪ ʯʘʩʪʦʪʳ ʧʦʷʚʣʝʥʠʷ ʩʣʦʚʘ ʚ ʚʳʙʦʨʢʝ ʜʘʥʥʳʭ.  

ʉʚʝʨʪʦʯʥʘʷ ʥʝʡʨʦʥʥʘʷ ʩʝʪʴ (Convolutional Neural Network, CNN) ʷʚʣʷʝʪʩʷ ʩʧʝʮʠʘʣʴʥʦʡ 
ʘʨʭʠʪʝʢʪʫʨʦʡ, ʚ ʦʩʥʦʚʥʦʤ ʧʨʠʤʝʥʷʝʤʦʡ ʜʣʷ ʨʘʩʧʦʟʥʘʚʘʥʠʷ ʦʙʨʘʟʦʚ ʥʘ ʠʟʦʙʨʘʞʝʥʠʷʭ. ʅʘʟʚʘʥʠʝ 
ʘʨʭʠʪʝʢʪʫʨʘ ʩʝʪʠ ʧʦʣʫʯʠʣʘ ʠʟ-ʟʘ ʥʘʣʠʯʠʷ ʦʧʝʨʘʮʠʠ ʩʚʸʨʪʢʠ, ʩʫʪʴ ʢʦʪʦʨʦʡ ʚ ʪʦʤ, ʯʪʦ ʢʘʞʜʳʡ ʬʨʘʛʤʝʥʪ 
ʠʟʦʙʨʘʞʝʥʠʷ ʫʤʥʦʞʘʝʪʩʷ ʥʘ ʤʘʪʨʠʮʫ (ʷʜʨʦ) ʩʚʸʨʪʢʠ ʧʦʵʣʝʤʝʥʪʥʦ, ʘ ʨʝʟʫʣʴʪʘʪ ʩʫʤʤʠʨʫʝʪʩʷ ʠ 
ʟʘʧʠʩʳʚʘʝʪʩʷ ʚ ʘʥʘʣʦʛʠʯʥʫʶ ʧʦʟʠʮʠʶ ʚʳʭʦʜʥʦʛʦ ʠʟʦʙʨʘʞʝʥʠʷ. ʅʝʩʤʦʪʨʷ ʥʘ ʦʩʥʦʚʥʦʝ ʧʨʠʤʝʥʝʥʠʝ, 
ʝʝ ʪʘʢʞʝ ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʜʣʷ ʨʘʙʦʪʳ ʩ ʪʝʢʩʪʦʤ. ɽʩʣʠ ʚ ʩʣʫʯʘʝ ʠʟʦʙʨʘʞʝʥʠʡ, ʬʠʣʴʪʨ ʩʚʝʨʪʦʯʥʦʛʦ 
ʩʣʦʷ ʧʨʠʤʝʥʷʝʪʩʷ ʜʣʷ ʥʝʩʢʦʣʴʢʠʭ ʩʦʩʝʜʥʠʭ ʧʠʢʩʝʣʝʡ, ʪʦ ʚ ʩʣʫʯʘʝ ʪʝʢʩʪʘ ʬʠʣʴʪʨ ʤʦʞʥʦ ʧʨʠʤʝʥʷʪʴ 
ʜʣʷ ʥʝʩʢʦʣʴʢʠʭ ʩʦʩʝʜʥʠʭ ʩʣʦʚ.  

ɼʦʣʛʘʷ ʢʨʘʪʢʦʩʨʦʯʥʘʷ ʧʘʤʷʪʴ (Long short-term memory, LSTM) ï ʦʜʠʥ ʠʟ ʚʠʜʦʚ ʨʝʢʫʨʨʝʥʪʥʳʭ 
ʥʝʡʨʦʥʥʳʭ ʩʝʪʝʡ. ɺ ʨʝʢʫʨʨʝʥʪʥʳʭ ʥʝʡʨʦʥʥʳʭ ʩʝʪʷʭ ʩʚʷʟʠ ʤʝʞʜʫ ʥʝʡʨʦʥʘʤʠ ʠʤʝʶʪ ʥʘʧʨʘʚʣʝʥʥʫʶ 
ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ. ʊʘʢʠʝ ʩʝʪʠ ʤʦʛʫʪ ʠʩʧʦʣʴʟʦʚʘʪʴ ʩʚʦʶ ʚʥʫʪʨʝʥʥʶʶ ʧʘʤʷʪʴ ʜʣʷ ʦʙʨʘʙʦʪʢʠ 
ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ ʧʨʦʠʟʚʦʣʴʥʦʡ ʜʣʠʥʳ. LSTM-ʩʝʪʴ ʩʦʜʝʨʞʠʪ LSTM-ʤʦʜʫʣʠ. LSTM-ʤʦʜʫʣʴ ï ʵʪʦ 
ʨʝʢʫʨʨʝʥʪʥʳʡ ʤʦʜʫʣʴ ʩʝʪʠ, ʩʧʦʩʦʙʥʳʡ ʟʘʧʦʤʠʥʘʪʴ ʟʥʘʯʝʥʠʷ ʢʘʢ ʥʘ ʢʦʨʦʪʢʠʝ, ʪʘʢ ʠ ʥʘ ʜʣʠʥʥʳʝ 
ʧʨʦʤʝʞʫʪʢʠ ʚʨʝʤʝʥʠ. ʊʘʢʦʝ ʧʦʚʝʜʝʥʠʝ ʦʙʫʩʣʦʚʣʝʥʦ ʪʝʤ, ʯʪʦ LSTM-ʤʦʜʫʣʴ ʥʝ ʠʩʧʦʣʴʟʫʝʪ ʬʫʥʢʮʠʶ 
ʘʢʪʠʚʘʮʠʠ ʚʥʫʪʨʠ ʩʚʦʠʭ ʢʦʤʧʦʥʝʥʪʦʚ. 

ɼʣʷ ʦʙʦʠʭ ʥʝʡʨʦʥʥʳʭ ʩʝʪʝʡ ʧʝʨʚʳʡ ʩʣʦʡ ʦʜʠʥʘʢʦʚ ʠ ʷʚʣʷʝʪʩʷ ʩʣʦʝʤ, ʦʩʫʱʝʩʪʚʣʷʶʱʠʤ ʟʘʤʝʥʫ 
ʮʝʣʳʭ ʯʠʩʝʣ, ʦʙʦʟʥʘʯʘʶʱʠʭ ʩʣʦʚʘ, ʥʘ ʚʝʢʪʦʨʥʦʝ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʩʣʦʚ. ʕʪʦʪ ʩʣʦʡ ʦʙʫʯʘʝʪʩʷ ʚ ʭʦʜʝ 
ʪʨʝʥʠʨʦʚʢʠ ʤʦʜʝʣʠ ʚ ʦʙʦʠʭ ʩʣʫʯʘʷʭ. ɺ ʦʙʦʠʭ ʩʣʫʯʘʷʭ ʬʫʥʢʮʠʝʡ ʧʦʪʝʨʴ ʷʚʣʷʝʪʩʷ ʧʝʨʝʢʨʝʩʪʥʘʷ 
ʵʥʪʨʦʧʠʷ, ʦʙʫʯʝʥʠʷ ʧʨʦʠʩʭʦʜʠʪ ʧʨʠ ʧʦʤʦʱʠ ʤʝʪʦʜʘ ʦʙʨʘʪʥʦʛʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʦʰʠʙʢʠ ʩ ʘʣʛʦʨʠʪʤʦʤ 
Adam. ʆʙʲʝʤ ʪʝʩʪʦʚʳʭ ʠ ʚʘʣʠʜʘʮʠʦʥʥʳʭ ʜʘʥʥʳʭ ʪʘʢʞʝ ʦʜʠʥʘʢʦʚ ʜʣʷ ʦʙʦʠʭ ʤʦʜʝʣʝʡ. ʈʘʟʣʠʯʥʳʤʠ 
ʷʚʣʷʶʪʩʷ ʪʦʣʴʢʦ ʩʘʤʠ ʤʦʜʝʣʠ ʥʝʡʨʦʥʥʳʭ ʩʝʪʝʡ. 

ʄʦʜʝʣʴ ʩʚʝʨʪʦʯʥʦʡ ʥʝʡʨʦʥʥʦʡ ʩʝʪʠ ʩʦʩʪʦʠʪ ʠʟ ʪʨʝʭ ʢʘʥʘʣʦʚ, ʢʘʞʜʳʡ ʢʘʥʘʣ ʩʦʩʪʦʠʪ ʠʟ 
ʩʚʝʨʪʦʯʥʦʛʦ ʩʣʦʷ, ʩʣʦʷ ʘʢʪʠʚʘʮʠʠ, ʩʣʦʷ ʧʦʜʚʳʙʦʨʢʠ ʠ ʧʦʣʥʦʩʚʷʟʥʦʛʦ ʩʣʦʷ. ʢʘʥʘʣʳ ʚ ʤʦʜʝʣʠ 
ʧʘʨʘʣʣʝʣʴʥʳ. ɼʘʥʥʘʷ ʤʦʜʝʣʴ ʧʦʟʚʦʣʷʝʪ ʟʘʜʘʪʴ ʨʘʟʣʠʯʥʳʝ ʨʘʟʤʝʨʳ ʬʠʣʴʪʨʘ ʩʚʝʨʪʦʯʥʦʛʦ ʩʣʦʷ ʚ 
ʢʘʞʜʦʤ ʢʘʥʘʣʝ. ɺ ʨʝʘʣʠʟʦʚʘʥʥʦʡ ʤʦʝʜʝʣʠ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʬʠʣʴʪʨʳ ʧʦ 3, 4 ʠ 5 ʩʣʦʚ. ʂʘʥʘʣʳ 
ʦʙʲʝʜʠʥʷʶʪʩʷ ʧʨʠ ʧʦʤʦʱʠ ʧʦʣʥʦʩʚʷʟʥʦʛʦ ʩʣʦʷ. 



55-ʷ ʶʙʠʣʝʡʥʘʷ ʥʘʫʯʥʘʷ ʢʦʥʬʝʨʝʥʮʠʷ ʘʩʧʠʨʘʥʪʦʚ, ʤʘʛʠʩʪʨʘʥʪʦʚ ʠ ʩʪʫʜʝʥʪʦʚ ɹɻʋʀʈ, 2019 ʛ. 
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ʄʦʜʝʣʴ ʩʝʪʠ ʩ ʜʦʣʛʦʡ ʢʨʘʪʢʦʩʨʦʯʥʦʡ ʧʘʤʷʪʴʶ ʧʦʟʚʦʣʷʝʪ ʩʨʘʟʫ ʧʨʠʤʝʥʷʪʴ LSTM-ʙʣʦʢ ʢ 
ʚʝʢʪʦʨʥʳʤ ʧʨʝʜʩʪʘʚʣʝʥʠʷʤ ʩʣʦʚ ʧʦʩʣʝ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ ʩʣʦʷ. ɺʳʭʦʜ LSTM-ʩʣʦʷ ʧʦʜʘʝʪʩʷ 
ʧʦʣʥʦʩʚʷʟʥʦʤʫ ʩʣʦʶ, ʢʦʪʦʨʳʡ ʦʧʨʝʜʝʣʷʝʪ ʢʦʥʝʯʥʳʡ ʨʝʟʫʣʴʪʘʪ ʨʘʙʦʪʳ ʩʝʪʠ. 

ʇʦʩʣʝ ʤʥʦʛʦʢʨʘʪʥʦʛʦ ʦʙʫʯʝʥʠʷ ʤʦʜʝʣʝʡ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʩʣʝʜʫʶʱʠʝ ʨʝʟʫʣʴʪʘʪʳ. ʉʚʝʨʪʦʯʥʘʷ 
ʥʝʡʨʦʥʥʘʷ ʩʝʪʴ ʜʦʩʪʠʛʣʘ ʪʦʯʥʦʩʪʠ 92%, ʘ ʤʦʜʝʣʴ ʩ ʜʦʣʛʦʡ ʢʨʘʪʢʦʩʨʦʯʥʦʡ ʧʘʤʷʪʴʶ ï 88%. 
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ʍʈɸʅʀʃʀʑɽ ɼɸʅʅʓʍ ʉʀʉʊɽʄʓ ʂʆʄʇʃɽʂʉʅʆɻʆ ɸʅɸʃʀɿɸ 
ɼɸʅʅʓʍ ʀʅʊɽʈʅɽʊ ʀʉʊʆʏʅʀʂʆɺ 

ɻʫʪʢʦʚʩʢʠʡ ɺ.ʅ. 

ɹʝʣʦʨʫʩʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʥʬʦʨʤʘʪʠʢʠ ʠ ʨʘʜʠʦʵʣʝʢʪʨʦʥʠʢʠ 
ʛ. ʄʠʥʩʢ, ʈʝʩʧʫʙʣʠʢʘ ɹʝʣʘʨʫʩʴ 

ʇʠʣʝʮʢʠʡ ʀ.ʀ. ï ʢ.ʬ.-ʤ.ʥ.,ʜʦʮʝʥʪ 

ɺ ʜʦʢʣʘʜʝ ʧʨʠʚʦʜʠʪʩʷ ʦʧʠʩʘʥʠʝ ʠʥʩʪʨʫʤʝʥʪʘ ʤʦʥʠʪʦʨʠʥʛʘ ʦʪʢʨʳʪʳʭ ʠʥʪʝʨʥʝʪ-ʠʩʪʦʯʥʠʢʦʚ ʩ ʮʝʣʴʶ ʚʳʷʚʣʝʥʠʷ ʵʢʩʧʝʨʪʦʚ 
ʚ ʥʝʢʦʪʦʨʦʡ ʥʘʫʯʥʦʡ ʦʙʣʘʩʪʠ, ʦʧʨʝʜʝʣʝʥʠʷ ʪʝʤʘʪʠʢ ʧʫʙʣʠʢʘʮʠʡ, ʦʮʝʥʢʠ ʧʦʧʫʣʷʨʥʦʩʪʠ ʧʫʙʣʠʢʘʮʠʡ. ʆʧʠʩʳʚʘʶʪʩʷ ʧʨʠʥʷʪʳʝ 
ʨʝʰʝʥʠʷ ʧʨʠ ʧʦʩʪʨʦʝʥʠʠ ʢʦʤʧʦʥʝʥʪʘ ʭʨʘʥʠʣʠʱʘ ʘʥʘʣʠʪʠʯʝʩʢʦʛʦ ʢʦʤʧʣʝʢʩʘ ʠ ʧʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʝʛʦ ʨʘʙʦʪʳ.  

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʠʥʬʦʨʤʘʮʠʷ, ʧʦʣʫʯʝʥʥʘʷ ʚ ʨʝʟʫʣʴʪʘʪʝ ʘʥʘʣʠʟʘ ʜʘʥʥʳʭ ʠʥʪʝʨʥʝʪ 
ʠʩʪʦʯʥʠʢʦʚ, ʷʚʣʷʝʪʩʷ ʦʜʥʦʡ ʠʟ ʙʘʟʦʚʳʭ ʜʣʷ ʧʨʠʥʷʪʠʷ ʨʝʰʝʥʠʡ. ʂʘʢ ʧʨʘʚʠʣʦ, ʵʪʦ 
ʥʝʩʪʨʫʢʪʫʨʠʨʦʚʘʥʥʳʝ ʪʝʢʩʪʦʚʳʝ ʜʘʥʥʳʝ, ʨʘʟʣʠʯʥʳʝ ʤʫʣʴʪʠʤʝʜʠʡʥʳʝ ʜʘʥʥʳʝ. ɼʘʥʥʳʝ ʤʦʛʫʪ ʙʳʪʴ 
ʧʦʣʫʯʝʥʳ ʢʘʢ ʠʟ ʩʦʮʠʘʣʴʥʳʭ ʩʝʪʝʡ, ʪʘʢ ʠ ʪʝʤʘʪʠʯʝʩʢʠʭ ʩʘʡʪʦʚ (ʛʘʟʝʪ, ʞʫʨʥʘʣʦʚ, ʙʠʙʣʠʦʪʝʢ, ʢʦʤʧʘʥʠʡ 
ʠ ʪ. ʜ.), ʩʦʜʝʨʞʘʱʠʭ ʨʘʟʣʠʯʥʳʝ ʧʫʙʣʠʢʘʮʠʠ. ɽʩʪʴ ʤʥʦʛʦ ʨʘʙʦʪ, ʢʦʪʦʨʳʝ ʧʦʩʚʷʱʝʥʳ ʧʨʠʥʷʪʠʶ 
ʨʝʰʝʥʠʷ ʥʘ ʦʩʥʦʚʘʥʠʠ ʧʨʠʤʝʥʝʥʠʷ ʥʝʢʦʪʦʨʦʛʦ ʤʝʪʦʜʘ ʘʥʘʣʠʟʘ ʜʘʥʥʳʭ. ʈʝʟʫʣʴʪʘʪʘʤʠ ʘʥʘʣʠʟʘ ʩʤʦʛʫʪ 
ʚʦʩʧʦʣʴʟʦʚʘʪʴʩʷ ʢʦʤʧʘʥʠʠ ʜʣʷ ʩʦʟʜʘʥʠʷ ʩʠʩʪʝʤ ʧʦʜʜʝʨʞʢʠ ʧʦʣʴʟʦʚʘʪʝʣʝʡ, ʩʦʮʠʦʣʦʛʠ ʜʣʷ ʘʥʘʣʠʟʘ 
ʦʙʱʝʩʪʚʝʥʥʦʛʦ ʤʥʝʥʠʷ, ʦʨʛʘʥʠʟʘʪʦʨʳ ʤʝʨʦʧʨʠʷʪʠʡ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʦʪʢʣʠʢʘ ʫʯʘʩʪʥʠʢʦʚ, ʟʥʘʤʝʥʠʪʦʩʪʠ 
ʜʣʷ ʦʪʩʣʝʞʠʚʘʥʠʷ ʨʝʧʫʪʘʮʠʠ ʚ ʩʝʪʠ, ʧʨʘʚʠʪʝʣʴʩʪʚʦ ʜʣʷ ʢʦʥʪʨʦʣʷ ʥʘʩʪʨʦʝʥʠʡ ʚ ʦʙʱʝʩʪʚʝ ʠ ʜʨ. 

ɺ ʜʘʥʥʦʡ ʩʪʘʪʴʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʧʨʦʝʢʪ ʩʦʟʜʘʥʠʷ çʉʠʩʪʝʤʳ ʢʦʤʧʣʝʢʩʥʦʛʦ ʘʥʘʣʠʟʘ ʜʘʥʥʳʭ 
ʠʥʪʝʨʥʝʪ-ʠʩʪʦʯʥʠʢʦʚ (ʉʂɸ)è, ʧʦʟʚʦʣʷʶʱʝʡ ʘʥʘʣʠʟʠʨʦʚʘʪʴ ʙʦʣʴʰʠʝ ʦʙʲʝʤʳ ʜʘʥʥʳʭ ʠʟ ʠʥʪʝʨʥʝʪ-
ʠʩʪʦʯʥʠʢʦʚ ʚ ʦʙʣʘʩʪʠ ʥʘʫʯʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʠ ʧʨʝʜʥʘʟʥʘʯʝʥʥʦʡ ʜʣʷ ʩʙʦʨʘ ʠʥʬʦʨʤʘʮʠʠ ʦ ʥʘʫʯʥʳʭ 
ʧʫʙʣʠʢʘʮʠʷʭ, ʧʦʩʪʨʦʝʥʠʷ ʛʨʘʬʘ ʟʥʘʥʠʡ, ʯʪʦ ʜʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʦʧʨʝʜʝʣʷʪʴ ʵʢʩʧʝʨʪʦʚ ʧʨʝʜʤʝʪʥʦʡ 
ʦʙʣʘʩʪʠ, ʪʝʤʘʪʠʢʠ ʠʭ ʨʘʙʦʪ, ʠʭ ʚʟʘʠʤʦʩʚʷʟʠ, ʘ ʪʘʢʞʝ ʦʧʨʝʜʝʣʷʪʴ ʧʝʨʝʜʦʚʳʝ ʥʘʫʯʥʳʝ ʥʘʧʨʘʚʣʝʥʠʷ. 

ʉʠʩʪʝʤʘ ʜʦʣʞʥʘ ʥʘʭʦʜʠʪʴ ʵʢʩʧʝʨʪʦʚ (ʘʚʪʦʨʠʪʝʪʦʚ) ʚ ʧʨʝʜʤʝʪʥʦʡ ʦʙʣʘʩʪʠ ʠ ʚʳʜʘʚʘʪʴ ʦʮʝʥʢʫ ʠʭ 
ʨʝʡʪʠʥʛʘ ʚʣʠʷʪʝʣʴʥʦʩʪʠ. ʅʘʧʨʠʤʝʨ, ʣʫʯʰʝ ʧʨʦʯʠʪʘʪʴ ʪʨʠ ʢʥʠʛʠ ʧʨʠʟʥʘʥʥʳʭ ʵʢʩʧʝʨʪʦʚ ʚ 
ʦʧʨʝʜʝʣʸʥʥʦʡ ʦʙʣʘʩʪʠ, ʯʝʤ ʜʝʩʷʪʴ ʢʥʠʛ ʜʠʣʝʪʘʥʪʦʚ. 

ʉʂɸ ʩʦʩʪʦʠʪ ʠʟ ʩʣʝʜʫʶʱʠʭ ʢʦʤʧʦʥʝʥʪ: ʩʙʦʨʘ ʜʘʥʥʳʭ, ʬʠʣʴʪʨʘʮʠʠ ʜʘʥʥʳʭ ʠ ʩʦʩʪʘʚʣʝʥʠʝ 
çʤʝʰʢʘ ʩʣʦʚè ʠʟ N-ʛʨʘʤʤ (ʚʝʢʪʦʨʠʟʘʮʠʠ), ʭʨʘʥʠʣʠʱʘ ʜʘʥʥʳʭ, ʙʠʙʣʠʦʪʝʢʠ ʘʥʘʣʠʪʠʯʝʩʢʠʭ ʤʦʜʫʣʝʡ, 
ʧʦʜʛʦʪʦʚʢʠ ʚʳʜʘʯʠ ʨʝʟʫʣʴʪʘʪʘ, ʢʣʠʝʥʪʩʢʦʛʦ ʤʦʜʫʣʷ. 

ɺ ʜʦʢʣʘʜʝ ʨʘʩʩʤʦʪʨʝʥ ʚ ʧʦʜʨʦʙʥʦʩʪʷʭ ʢʦʤʧʦʥʝʥʪ ʭʨʘʥʠʣʠʱʘ ʉʂɸ. ʂʦʤʧʦʥʝʥʪ ʭʨʘʥʠʣʠʱʘ 
ʜʘʥʥʳʭ ï ʩʦʜʝʨʞʠʪ ʜʘʥʥʳʝ ʠʟ ʠʥʪʝʨʥʝʪ-ʠʩʪʦʯʥʠʢʦʚ, ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʦʙʨʘʙʦʪʘʥʥʳʝ ʠ ʨʘʟʤʝʯʝʥʥʳʝ 
ʜʘʥʥʳʝ, ʥʝʦʙʭʦʜʠʤʳʝ ʜʣʷ ʧʦʩʪʨʦʝʥʠʷ ʢʣʘʩʩʠʬʠʢʘʪʦʨʘ, çʤʝʰʦʢ ʩʣʦʚè, ʘ ʪʘʢʞʝ ʩʣʫʞʝʙʥʫʶ 
ʠʥʬʦʨʤʘʮʠʶ, ʥʝʦʙʭʦʜʠʤʫʶ ʜʣʷ ʨʘʙʦʪʳ ʜʨʫʛʠʭ ʤʦʜʫʣʝʡ ʩʠʩʪʝʤʳ. ɺ ʭʨʘʥʠʣʠʱʝ ʭʨʘʥʷʪʩʷ ʩʳʨʳʝ 
ʜʘʥʥʳʝ ʩ ʩʘʡʪʘ, ʪʝʢʩʪ, ʬʠʣʴʪʨʦʚʘʥʥʳʡ ʪʝʢʩʪ, ʠʩʭʦʜʥʳʝ ʜʦʢʫʤʝʥʪʳ, çʤʝʰʦʢ ʩʣʦʚè, ʪʝʤʘʪʠʢʘ 
ʜʦʢʫʤʝʥʪʦʚ ʠ ʩʣʫʞʝʙʥʘʷ ʠʥʬʦʨʤʘʮʠʷ; ʩʪʨʫʢʪʫʨʘ ʦʜʥʦʡ ʠʟ ʟʘʧʠʩʝʡ ʜʣʷ ʜʦʢʫʤʝʥʪʘ ʧʨʠʚʝʜʝʥʘ ʥʠʞʝ:  

ʉʪʨʫʢʪʫʨʘ ʟʘʧʠʩʠ (Hash - primary key of publication, Title - title of publication, Author - 
author(authors) of publication, Year - publication date, Pages - number of pages, Publisher - publisher of 
publication, Language - primary language of publication, Topic - topic or topics of publication, Extension - 
extension of publication file, Tags - array of publication tags, Locator - name of the file). 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʚ ʭʨʘʥʠʣʠʱʝ ʩʦʜʝʨʞʠʪʩʷ ʠʥʬʦʨʤʘʮʠʷ ʙʦʣʝʝ ʯʝʤ ʦ 20 ʪʳʩ. ʩʪʘʪʝʡ ʠ 
ʜʦʢʫʤʝʥʪʦʚ. ɺ ʜʘʣʴʥʝʡʰʝʤ ʧʣʘʥʠʨʫʝʪʩʷ ʧʦʣʫʯʘʪʴ ʜʘʥʥʳʝ ʠʟ ʤʥʦʛʠʭ ʩʘʡʪʦʚ ʠ ʧʨʠ ʥʝʦʙʭʦʜʠʤʦʩʪʠ 
ʫʢʘʟʳʚʘʪʴ ʩʩʳʣʢʠ ʢ ʢʦʥʢʨʝʪʥʳʤ ʜʘʥʥʳʤ. ɼʦʢʫʤʝʥʪʳ, ʩʪʘʪʴʠ ʯʠʪʘʶʪʩʷ ʩ ʩʘʡʪʘ (ʩʘʡʪʦʚ), ʬʠʣʴʪʨʫʶʪʩʷ, 



55-ʷ ʶʙʠʣʝʡʥʘʷ ʥʘʫʯʥʘʷ ʢʦʥʬʝʨʝʥʮʠʷ ʘʩʧʠʨʘʥʪʦʚ, ʤʘʛʠʩʪʨʘʥʪʦʚ ʠ ʩʪʫʜʝʥʪʦʚ ɹɻʋʀʈ, 2019 ʛ. 
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ʩʪʨʦʠʪʩʷ ʚʝʢʪʦʨʥʦʝ ʧʨʝʜʩʪʘʚʣʝʥʠʝ (çʤʝʰʦʢ ʩʣʦʚè) ʠ ʚʩʝ ʜʘʥʥʳʝ (ʩʳʨʳʝ ʜʘʥʥʳʝ ʩ ʩʘʡʪʘ, ʪʝʢʩʪ, 
ʬʠʣʴʪʨʦʚʘʥʥʳʡ ʪʝʢʩʪ, ʠʩʭʦʜʥʳʝ ʜʦʢʫʤʝʥʪʳ ʠ çʤʝʰʦʢ ʩʣʦʚè) ʩʦʭʨʘʥʷʶʪʩʷ ʚ ʭʨʘʥʠʣʠʱʝ. 

ɺʳʙʨʘʥʥʘʷ ʘʨʭʠʪʝʢʪʫʨʘ ʉʂɸ ʧʦʟʚʦʣʷʝʪ ʝʸ ʤʦʜʝʨʥʠʟʠʨʦʚʘʪʴ ʠ ʬʫʥʢʮʠʦʥʘʣʴʥʦ ʥʘʨʘʱʠʚʘʪʴ ʚ 
ʧʨʦʮʝʩʩʝ ʵʢʩʧʣʫʘʪʘʮʠʠ. ʊʘʢ, ʧʣʘʥʠʨʫʝʪʩʷ ʥʘʨʘʩʪʠʪʴ ʢʦʤʧʦʥʝʥʪ çʭʨʘʥʠʣʠʱʝè ʠ ʜʦʧʦʣʥʠʪʴ ʢʦʤʧʦʥʝʥʪ 
çʙʠʙʣʠʦʪʝʢʘ ʤʦʜʫʣʝʡè ʚʝʢʪʦʨʥʳʤʠ ʘʣʛʦʨʠʪʤʘʤʠ ʠ ʘʣʛʦʨʠʪʤʘʤʠ ʥʝʡʨʦʚʳʯʠʩʣʝʥʠʡ, ʯʪʦ ʩʫʱʝʩʪʚʝʥʥʦ 
ʨʘʩʰʠʨʠʪ ʦʙʣʘʩʪʴ ʧʨʠʤʝʥʝʥʠʷ ʉʂɸ ʠ ʧʦʟʚʦʣʠʪ ʧʦʣʫʯʘʪʴ ʠʥʬʦʨʤʘʮʠʶ ʚ ʠʥʪʝʨʝʩʘʭ ʩʦʪʨʫʜʥʠʢʦʚ 
ʫʥʠʚʝʨʩʠʪʝʪʘ, ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʭ ʠ ʯʘʩʪʥʳʭ ʦʨʛʘʥʠʟʘʮʠʡ. 
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ʉʈɸɺʅɽʅʀɽ ɺɸʈʀɸʎʀʁ ɻʈɸɼʀɽʅʊʅʆɻʆ ʉʇʋʉʂɸ ʅɸ ʇʈʀʄɽʈɽ 
ɿɸɼɸʏʀ ʈɸʉʇʆɿʅɸɺɸʅʀʗ ʉʀʄɺʆʃʆɺ 

ɽʚʞʠʢ ɼ.ɸ., ʇʦʜʚʘʣʴʥʠʢʦʚ ɼ.ʉ., ʊʠʰʢʦʚʩʢʠʡ ʄ.ɸ. 

ɹʝʣʦʨʫʩʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʥʬʦʨʤʘʪʠʢʠ ʠ ʨʘʜʠʦʵʣʝʢʪʨʦʥʠʢʠ 
ʛ. ʄʠʥʩʢ, ʈʝʩʧʫʙʣʠʢʘ ɹʝʣʘʨʫʩʴ  

ɸʥʠʩʠʤʦʚ ɺ.ʗ. ï ʢ.ʬ.-ʤ.ʥ.,ʜʦʮʝʥʪ 

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʧʨʠʚʝʜʝʥ ʩʨʘʚʥʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ ʚʘʨʠʘʮʠʡ ʛʨʘʜʠʝʥʪʥʦʛʦ ʩʧʫʩʢʘ, ʢʦʪʦʨʳʡ ʜʝʤʦʥʩʪʨʠʨʫʝʪ ʧʨʠʤʝʥʠʤʦʩʪʴ 
ʦʪʜʝʣʴʥʦʛʦ ʤʝʪʦʜʘ ʜʣʷ ʟʘʜʘʯʠ ʨʘʩʧʦʟʥʘʚʘʥʠʷ ʩʠʤʚʦʣʦʚ. ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʧʦʟʚʦʣʷʶʪ ʩʜʝʣʘʪʴ ʚʳʙʦʨ 
ʥʘʠʙʦʣʝʝ ʧʦʜʭʦʜʷʱʝʛʦ ʧʦ ʩʢʦʨʦʩʪʠ ʠ ʢʘʯʝʩʪʚʫ ʦʙʫʯʝʥʠʷ ʤʝʪʦʜʘ ʧʨʠ ʨʝʰʝʥʠʠ ʟʘʜʘʯ. 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʤʦʞʥʦ ʟʘʤʝʪʠʪʴ ʛʣʫʙʦʢʠʡ ʠʥʪʝʨʝʩ ʢ ʦʙʣʘʩʪʠ ʤʘʰʠʥʥʦʛʦ ʦʙʫʯʝʥʠʷ. ʂʘʢ 
ʠʟʚʝʩʪʥʦ, ʜʣʷ ʧʦʩʪʨʦʝʥʠʷ ʤʝʪʦʜʦʚ ʤʘʰʠʥʥʦʛʦ ʦʙʫʯʝʥʠʷ ʠʩʧʦʣʴʟʫʶʪʩʷ ʩʨʝʜʩʪʚʘ ʤʝʪʦʜʦʚ 
ʦʧʪʠʤʠʟʘʮʠʠ ʜʣʷ ʥʘʭʦʞʜʝʥʠʷ ʤʠʥʠʤʫʤʘ ʮʝʣʝʚʦʡ ʬʫʥʢʮʠʠ ʚ ʥʝʢʦʪʦʨʦʡ ʦʙʣʘʩʪʠ ʢʦʥʝʯʥʦʤʝʨʥʦʛʦ 
ʚʝʢʪʦʨʥʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ.  

ɺ ʭʦʜʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʙʳʣʠ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥʳ ʪʨʠ ʧʦʧʫʣʷʨʥʳʭ ʤʝʪʦʜʘ ʥʘʭʦʞʜʝʥʠʷ ʣʦʢʘʣʴʥʦʛʦ 
ʤʠʥʠʤʫʤʘ ʬʫʥʢʮʠʠ. ʆʙʳʯʥʳʡ, ʧʘʢʝʪʥʳʡ ʠ ʩʪʦʭʘʩʪʠʯʝʩʢʠʡ ʛʨʘʜʠʝʥʪʥʳʡ ʩʧʫʩʢ. 

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʙʳʣ ʨʘʩʩʤʦʪʨʝʥ ʥʘʙʦʨ ʜʘʥʥʳʭ notMNIST [1], ʢʦʪʦʨʳʡ ʩʦʩʪʦʠʪ ʠʟ ʠʟʦʙʨʘʞʝʥʠʡ 
ʨʘʟʤʝʨʥʦʩʪʴʶ 28Ĭ28 ʧʝʨʚʳʭ 10 ʙʫʢʚ ʣʘʪʠʥʩʢʦʛʦ ʘʣʬʘʚʠʪʘ. 

ɻʨʘʜʠʝʥʪʥʳʡ ʩʧʫʩʢ ï ʵʪʦ ʤʝʪʦʜ ʥʘʭʦʞʜʝʥʠʷ ʣʦʢʘʣʴʥʦʛʦ ʤʠʥʠʤʫʤʘ ʬʫʥʢʮʠʠ ʧʫʪʝʤ ʜʚʠʞʝʥʠʷ ʧʦ 
ʚʝʢʪʦʨʫ ʘʥʪʠʛʨʘʜʠʝʥʪʘ. ʕʪʦʪ ʤʝʪʦʜ ʷʚʣʷʝʪʩʷ ʦʯʝʥʴ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʤ ʚ ʤʘʰʠʥʥʦʤ ʦʙʫʯʝʥʠʠ ʜʣʷ 
ʥʘʭʦʞʜʝʥʠʷ ʤʠʥʠʤʫʤʘ ʬʫʥʢʮʠʠ ʧʦʪʝʨʴ. ɺ ʥʘʯʘʣʝ ʨʘʙʦʪʳ ʘʣʛʦʨʠʪʤʘ ʟʘʜʘʝʪʩʷ ʥʘʯʘʣʴʥʦʝ 
ʧʨʠʙʣʠʞʝʥʠʝ ʤʠʥʠʤʫʤʘ, ʟʘʪʝʤ ʚʳʯʠʩʣʷʝʪʩʷ ʟʥʘʯʝʥʠʝ ʛʨʘʜʠʝʥʪʘ ʬʫʥʢʮʠʠ ʧʦʪʝʨʴ ʥʘ ʚʩʝʡ ʦʙʫʯʘʶʱʝʡ 
ʚʳʙʦʨʢʝ, ʧʦʩʣʝʜʥʠʤ ʰʘʛʦʤ ʷʚʣʷʝʪʩʷ ʩʣʦʞʝʥʠʝ ʥʘʯʘʣʴʥʦʛʦ ʧʨʠʙʣʠʞʝʥʠʷ ʩ ʧʦʣʫʯʝʥʥʳʤ ʟʥʘʯʝʥʠʝʤ 
ʛʨʘʜʠʝʥʪʘ ʩʦ ʟʥʘʢʦʤ ʤʠʥʫʩ. ʉʪʦʭʘʩʪʠʯʝʩʢʠʡ ʛʨʘʜʠʝʥʪʥʳʡ ʩʧʫʩʢ ʷʚʣʷʝʪʩʷ ʚʘʨʠʘʮʠʝʡ ʦʙʳʯʥʦʛʦ 
ʛʨʘʜʠʝʥʪʥʦʛʦ ʩʧʫʩʢʘ. ɽʛʦ ʦʪʣʠʯʠʝ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʪʦʤ, ʯʪʦ ʚʳʯʠʩʣʝʥʠʝ ʟʥʘʯʝʥʠʷ ʛʨʘʜʠʝʥʪʘ 
ʧʨʦʠʟʚʦʜʠʪʩʷ ʥʝ ʥʘ ʚʩʝʡ ʦʙʫʯʘʶʱʝʡ ʚʳʙʦʨʢʝ, ʘ ʥʘ ʦʜʥʦʤ ʩʣʫʯʘʡʥʦʤ ʵʣʝʤʝʥʪʝ, ʟʘʩʯʝʪ ʵʪʦʛʦ ʩʢʦʨʦʩʪʴ 
ʦʙʫʯʝʥʠʷ ʟʥʘʯʠʪʝʣʴʥʦ ʚʦʟʨʘʩʪʘʝʪ. ʇʘʢʝʪʥʳʡ ʛʨʘʜʠʝʥʪʥʳʡ ʩʧʫʩʢ ʩʭʦʞ ʩʦ ʩʪʦʭʘʩʪʠʯʝʩʢʠʤ, ʥʦ ʚʤʝʩʪʦ 
ʦʜʥʦʛʦ ʵʢʟʝʤʧʣʷʨʘ ʠʟ ʚʳʙʦʨʢʠ ʙʝʨʝʪʩʷ ʢʘʢʘʷ-ʪʦ ʝʝ ʯʘʩʪʴ, ʥʝʩʢʦʣʴʢʦ ʵʢʟʝʤʧʣʷʨʦʚ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ 
ʜʦʙʠʪʴʩʷ ʢʘʢ ʭʦʨʦʰʝʡ ʩʢʦʨʦʩʪʠ ʦʙʫʯʝʥʠʷ, ʪʘʢ ʠ ʙʦʣʝʝ ʧʣʘʚʥʦʛʦ ʜʚʠʞʝʥʠʷ ʢ ʤʠʥʠʤʫʤʫ ʬʫʥʢʮʠʠ. 

ʆʧʠʩʘʥʥʳʝ ʪʨʠ ʚʘʨʠʘʮʠʠ ʛʨʘʜʠʝʥʪʥʦʛʦ ʩʧʫʩʢʘ ʙʳʣʠ ʧʨʠʤʝʥʝʥʳ ʜʣʷ ʦʙʫʯʝʥʠʷ ʥʝʡʨʦʥʥʦʡ ʩʝʪʠ 
ʥʘ ʥʘʙʦʨʝ ʜʘʥʥʳʭ notMNIST ʨʘʟʤʝʨʦʤ 10000 ʵʣʝʤʝʥʪʦʚ. ɸʨʭʠʪʝʢʪʫʨʘ ʥʝʡʨʦʥʥʦʡ ʩʝʪʠ ʩʦʩʪʦʷʣʘ ʠʟ 
ʧʷʪʠ ʩʢʨʳʪʳʭ ʩʣʦʝʚ ʩ 1024, 1024, 512, 256 ʠ 128 ʥʝʡʨʦʥʘʤʠ ʥʘ ʢʘʞʜʦʤ ʩʣʦʝ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʅʘ ʚʩʝʭ 
ʩʢʨʳʪʳʭ ʩʣʦʷʭ  ʚ ʢʘʯʝʩʪʚʝ ʬʫʥʢʮʠʠ ʘʢʪʠʚʘʮʠʠ ʙʳʣʘ ʠʩʧʦʣʴʟʦʚʘʥʘ relu [2] (ʢʫʩʦʯʥʦ-ʣʠʥʝʡʥʘʷ 
ʬʫʥʢʮʠʷ), ʥʘ ʚʳʭʦʜʥʦʤ ʩʣʦʝ ï softmax [3] (ʦʙʦʙʱʝʥʠʝ ʣʦʛʠʩʪʠʯʝʩʢʦʡ ʬʫʥʢʮʠʠ ʜʣʷ ʤʥʦʛʦʤʝʨʥʦʛʦ 
ʩʣʫʯʘʷ). ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʨʠ ʦʙʫʯʝʥʠʠ ʥʘ 10 ʵʧʦʭʘʭ ʧʦʣʫʯʠʣʠʩʴ ʩʣʝʜʫʶʱʠʝ ʛʨʘʬʠʢʠ, ʧʦʢʘʟʳʚʘʶʱʠʝ 
ʟʘʚʠʩʠʤʦʩʪʴ ʦʰʠʙʢʠ ʦʙʫʯʝʥʠʷ ʦʪ ʵʧʦʭʠ. 

ʈʝʟʫʣʴʪʘʪʳ ʜʘʥʥʦʛʦ ʵʢʩʧʝʨʠʤʝʥʪʘ ʚ ʚʠʜʝ ʟʘʚʠʩʠʤʦʩʪʠ ʦʰʠʙʢʠ ʦʪ ʧʦʨʷʜʢʦʚʦʛʦ ʥʦʤʝʨʘ ʵʧʦʭʠ 
ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʨʠʩʫʥʢʝ 1, ʨʠʩʫʥʢʝ 2 ʠ ʨʠʩʫʥʢʝ 3. 
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ʈʠʩʫʥʦʢ 1 ï ʀʟʤʝʥʝʥʠʝ ʦʰʠʙʢʠ ʦʪ ʵʧʦʭʠ ʧʨʠ ʠʩʧʦʦʣʴʟʦʚʘʥʠʠ ʦʙʳʯʥʦʛʦ ʛʨʘʜʠʝʥʪʥʦʛʦ ʩʧʫʩʢʘ 

 

 
ʈʠʩʫʥʦʢ 2 ï ʀʟʤʝʥʝʥʠʝ ʦʰʠʙʢʠ ʦʪ ʵʧʦʭʠ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʧʘʢʝʪʥʦʛʦ ʛʨʘʜʠʝʥʪʥʦʛʦ ʩʧʫʩʢʘ 

 

 
ʈʠʩʫʥʦʢ 3 ï ʀʟʤʝʥʝʥʠʝ ʦʰʠʙʢʠ ʦʪ ʵʧʦʭʠ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʩʪʦʭʘʩʪʠʯʝʩʢʦʛʦ ʛʨʘʜʠʝʥʪʥʦʛʦ ʩʧʫʩʢʘ 

 




















































































































































































