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44-ʁ ʄɽɾɼʋʅɸʈʆɼʅʆʁ ʂʆʅʌɽʈɽʅʎʀʀ ʈɸɽʅ 

 

 çʄʆɹʀʃʔʅʓʁ ɹʀɿʅɽʉ: ʇɽʈʉʇɽʂʊʀɺʓ ʈɸɿɺʀʊʀʗ ʀ 

ʈɽɸʃʀɿɸʎʀʀ ʉʀʉʊɽʄ ʈɸɼʀʆʉɺʗɿʀ ɺ ʈʆʉʉʀʀ ʀ ɿɸ 

ʈʋɹɽɾʆʄè  
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ʉʆɼɽʈɾɸʅʀɽ 

 

ʅʘʠʤʝʥʦʚʘʥʠʝ ʪʨʫʜʦʚ ʢʦʥʬʝʨʝʥʮʠʠ 

 

ʩ. 2-6 

ʉɽʂʎʀʗ I. ʉɽʊʀ ʀ ʉʀʉʊɽʄʓ ʉɺʗɿʀ 

ɽ.ɺ. ʂʦʢʦʨʝʚʘ, ɸ.ɽ. ʂʦʩʪʶʢʦʚʠʯ, ʀ.ɺ. ɼʦʱʠʥʩʢʠʡ 

ʆ ʪʦʯʥʦʩʪʠ ʣʦʢʘʣʴʥʦʛʦ ʧʦʟʠʮʠʦʥʠʨʦʚʘʥʠʷ ʚ ʙʝʩʧʨʦʚʦʜʥʦʡ ʩʝʪʠ 

 

c. 6-8 

ʄ.ʉ. ʃʦʭʚʠʮʢʠʡ  

ʂʘʯʝʩʪʚʦ ʘʧʧʨʦʢʩʠʤʘʮʠʠ ʧʣʦʪʥʦʩʪʝʡ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʧʣʦʪʥʦʩʪʷʤʠ ʠʟ 

ʵʢʩʧʦʥʝʥʮʠʘʣʴʥʦʛʦ ʩʝʤʝʡʩʪʚʘ ʨʘʩʧʨʝʜʝʣʝʥʠʡ 

 

c. 8-10 

ʆ.ɸ. ʐʦʨʠʥ, ɻ.ʆ. ɹʦʢʢ 

ʉʠʛʥʘʣʳ ʜʠʩʢʨʝʪʥʦʡ ʤʦʜʫʣʷʮʠʠ, ʦʙʣʘʜʘʶʱʠʝ ʤʘʢʩʠʤʘʣʴʥʦʡ 

ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʝʤʢʦʩʪʴʶ ʩʠʤʚʦʣʘ ʧʨʠ ʦʛʨʘʥʠʯʝʥʠʠ ʧʠʢʦʚʦʡ ʤʦʱʥʦʩʪʠ 

 

c. 10-14 

ɸ.ʃ. ɿʫʙʠʣʝʚʠʯ, ɸ.ʀ. ɿʘʡʮʝʚ  

ʆʩʦʙʝʥʥʦʩʪʠ ʧʨʦʢʣʘʜʢʠ ʢʘʙʝʣʝʡ ʮʝʥʪʨʦʚ ʦʙʨʘʙʦʪʢʠ ʜʘʥʥʳʭ 

 

c. 14-15 

ɸ.ʃ. ɿʫʙʠʣʝʚʠʯ, ɺ.ɸ. ʂʦʣʝʩʥʠʢʦʚ, ʉ.ɸ. ʉʠʜʥʝʚ  

ɽʜʠʥʳʡ ʧʦʜʭʦʜ ʢ ʨʘʩʯʝʪʫ ʨʘʩʪʷʛʠʚʘʶʱʠʭ ʫʩʠʣʠʡ ʧʨʠ ʧʨʦʢʣʘʜʢʝ 

ʦʧʪʠʯʝʩʢʠʭ ʢʘʙʝʣʝʡ 

 

c. 15-18 

ɼ.ɺ. ʉʝʤʝʥʦʚ  

ʇʨʦʝʢʪʠʨʦʚʘʥʠʝ ʠ ʨʘʟʨʘʙʦʪʢʘ ʩʠʩʪʝʤʳ ʨʘʩʧʦʟʥʘʚʘʥʠʷ ʠ ʤʦʜʝʣʠʨʦʚʘʥʠʷ 

ʮʠʬʨʦʚʳʭ ʩʭʝʤ ʩ ʧʦʤʦʱʴʶ ʤʦʙʠʣʴʥʦʛʦ ʫʩʪʨʦʡʩʪʚʘ 

 

c. 18-20 

ɺ.ʀ. ʇʦʣʫʥʠʥʘ, ɸ.ɺ. ʊʨʫʬʘʥʦʚ  

ʀʩʧʦʣʴʟʦʚʘʥʠʝ SDN-ʪʝʭʥʦʣʦʛʠʡ ʚ ʩʝʪʷʭ ʦʧʝʨʘʪʦʨʘ ʩʦʪʦʚʦʡ ʩʚʷʟʠ 

 

ʩ. 20-21 

ʅ.ɺ ɹʝʣʦʚ, ʄ.ɿ ʉʪʝʮʠʰʠʥ 

ʄʝʪʦʜʳ ʧʝʣʝʥʛʘʮʠʠ ʨʘʜʠʦʩʠʛʥʘʣʦʚ 

 

c. 21-23 

ɼ.ɸ. ʉʠʤʘʥʦʚʘ  

ʈʘʟʨʘʙʦʪʢʘ ʘʣʛʦʨʠʪʤʦʚ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʩʠʛʥʘʣʦʚ ʩʠʥʫʩʥʦ-ʢʦʩʠʥʫʩʥʳʭ 

ʪʨʘʥʩʬʦʨʤʘʪʦʨʦʚ, ʠʩʧʦʣʴʟʫʝʤʳʭ ʚ ʤʠʢʨʦʩʭʝʤʘʭ ʜʣʷ ʠʥʪʝʛʨʘʮʠʠ ʠʭ ʚ 

ʵʣʝʢʪʨʦʥʠʢʫ ʢʦʦʨʜʠʥʘʪʦʨʦʚ 

 

ʩ. 23-26 

ɸ.ʖ. ʂʦʤʦʛʦʨʮʝʚ  

ɸʥʘʣʠʟ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʩʚʦʡʩʪʚ ʘʧʧʘʨʘʪʥʦʡ ʘʨʭʠʪʝʢʪʫʨʳ ʩʦʚʨʝʤʝʥʥʳʭ 

ʙʝʩʧʨʦʚʦʜʥʳʭ ʤʘʨʰʨʫʪʠʟʘʪʦʨʦʚ 

 

ʩ. 26-28 

ʉɽʂʎʀʗ I I . ʀʅʌʆʈʄɸʎʀʆʅʅʓɽ ʊɽʍʅʆʃʆɻʀʀ  

ɺ.ʉ. ʎʳʧʣʘʢʦʚ  

ʈʘʟʨʘʙʦʪʢʘ ʚʝʙ-ʧʨʠʣʦʞʝʥʠʡ ʩ ʧʦʤʦʱʴʶ NODEJS 

 

ʩ. 29-30 

ʀ.ʖ. ʊʦʤʘʰʢʦ, ɸ.ɸ. ʅʘʫʤʦʚʘ, ɸ.ɺ. ʄʫʯʠʥʩʢʠʡ  

ʋʧʨʘʚʣʝʥʠʝ ʧʨʦʙʣʝʤʘʤʠ ʚ ʀʊ-ʠʥʬʨʘʩʪʨʫʢʪʫʨʝ ʢʦʤʤʝʨʯʝʩʢʠʭ ʧʨʝʜʧʨʠʷʪʠʡ 

 

ʩ. 30-33 

ʄ.ɸ. ʉʘʚʚʠʥ  

ɸʥʘʣʠʟ ʧʨʦʙʣʝʤʘʪʠʢʠ ʫʩʪʨʦʡʩʪʚ ʚʚʦʜʘ-ʚʳʚʦʜʘ ʚ ʫʯʝʙʥʦ-ʪʨʝʥʠʨʦʚʦʯʥʳʭ 

ʢʦʤʧʣʝʢʩʘʭ 

 

ʩ. 34-35 

ɸ.ɸ. ʅʠʢʫʰʢʠʥ  

ʆʪʢʘʟʦʫʩʪʦʡʯʠʚʘʷ ʢʣʘʩʪʝʨʠʟʘʮʠʷ 

 

ʩ. 35-37 

ʄ.ʉ. ɹʘʜʘʥʠʥ  

ʀʩʩʣʝʜʦʚʘʥʠʝ ʠ ʨʘʟʨʘʙʦʪʢʘ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʡ ʩʠʩʪʝʤʳ ʩʦʨʪʠʨʦʚʢʠ 

 

ʩ. 37-38 
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ʚʪʦʨʠʯʥʳʭ ʦʪʭʦʜʦʚ 

ʄ.ʉ. ɸʛʘʣʘʨʦʚ  

ʈʘʩʧʨʝʜʝʣʝʥʥʳʝ ʚʳʯʠʩʣʠʪʝʣʴʥʳʝ ʩʠʩʪʝʤʳ 

 

ʩ. 38-41 

ʆ.ʇ. ɿʝʣʝʥʦʚʘ  

ʉʠʩʪʝʤʘ ʫʧʨʘʚʣʝʥʠʷ ʙʝʩʧʠʣʦʪʥʳʤ ʣʝʪʘʪʝʣʴʥʳʤ ʘʧʧʘʨʘʪʦʤ ʩ 

ʨʘʩʧʦʟʥʘʚʘʥʠʝʤ ʦʙʲʝʢʪʦʚ ʜʦʨʦʞʥʦʡ ʠ ʫʣʠʯʥʦʡ ʠʥʬʨʘʩʪʨʫʢʪʫʨ r

 

ʩ. 41-43 

ɺ.ɸ. ʂʦʥʦʥʝʥʢʦ  

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ASTERISK ʚ ʢʦʥʮʝʧʮʠʠ IoT 

 

ʩ. 43-44 

ʄ.ʄ. ʂʘʣʤʳʢʦʚ 

ʇʦʥʷʪʠʷ ʢʣʘʩʩʠʬʠʢʘʮʠʷ ʠ ʢʣʘʩʪʝʨʠʟʘʮʠʷ. ʆʙʟʦʨ ʦʩʥʦʚʥʳʭ ʘʣʛʦʨʠʪʤʦʚ 

 

ʩ. 44-47 

ʅ.ɺ. ʐʝʩʪʘʢʦʚ  

ʊʝʭʥʦʣʦʛʠʠ ʙʦʣʴʰʠʭ ʜʘʥʥʳʭ 

 

ʩ. 47-48 

ʈ.ʈ. ʀʤʘʤʫʪʜʠʥʦʚ  

ɸʢʪʫʘʣʴʥʳʝ ʧʨʦʙʣʝʤ  rʚʥʝʜʨʝʥʠʷ ʩʠʩʪʝʤʳ ʵʣʝʢʪʨʦʥʥʦʛʦ ʜʦʢʫʤʝʥʪʦʦʙʦʨʦʪʘ 

ʥʘ ʦʩʥʦʚʝ ʪʝʭʥʦʣʦʛʠʠ ʙʣʦʢʯʝʡʥ 

 

c. 49-50 

ɸ.ɸ. ʏʝʨʥʠʯʝʥʢʦ  

ʀʩʩʣʝʜʦʚʘʥʠʝ ʤʠʢʨʦʩʝʨʚʠʩʥʦʡ ʘʨʭʠʪʝʢʪʫʨʳ ʧʨʠ ʨʘʟʨʘʙʦʪʢʝ ʧʨʠʣʦʞʝʥʠʡ 

 

c. 50-53 

ʉ.ɺ. ʂʠʨʩʘʥʦʚ  

ʈʦʣʴ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʪʨʘʥʩʧʦʨʪʥʳʭ ʧʦʪʦʢʦʚ ʚ ʩʦʚʨʝʤʝʥʥʦʤ ʤʠʨʝ 

 

c. 53-55 

ɸ.ʀ. ʉʢʦʣʴʥʠʢ  

ʉʨʘʚʥʝʥʠʝ ʤʝʪʦʜʦʚ ʢʣʘʩʪʝʨʠʟʘʮʠʠ ʚ ʟʘʜʘʯʘʭ ʪʨʘʥʩʧʦʨʪʘ 

 

c. 55-57 

ɼ.ɸ. ʄʝʩʣʝʨ  

ʀʩʩʣʝʜʦʚʘʥʠʝ ʠ ʨʘʟʨʘʙʦʪʢʘ ʤʝʪʦʜʦʚ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʛʦ ʪʝʩʪʠʨʦʚʘʥʠʷ 

ʢʣʠʝʥʪ-ʩʝʨʚʝʨʥʳʭ ʤʦʙʠʣʴʥʳʭ ʧʨʠʣʦʞʝʥʠʡ 

 

c. 57-59 

ʈ.ɺ. ʇʦʣʦʥʩʢʠʡ  

ʆʮʝʥʢʘ ʜʦʩʪʦʠʥʩʪʚ ʠ ʥʝʜʦʩʪʘʪʢʦʚ ʤʠʢʨʦʩʝʨʚʠʩʥʦʡ ʘʨʭʠʪʝʢʪʫʨʳ 

ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ 

 

c. 59-61 

ɺ.ɺ. ʉʢʫʨʳʜʠʥ  

ʀʩʩʣʝʜʦʚʘʥʠʝ ʩʠʩʪʝʤ ʤʘʩʩʦʚʦʛʦ ʦʙʩʣʫʞʠʚʘʥʠʷ ʩ ʜʠʩʢʨʝʪʥʳʤ ʚʨʝʤʝʥʝʤ ʠ 

ʨʘʟʣʠʯʥʳʤʠ ʜʠʩʮʠʧʣʠʥʘʤʠ ʦʙʩʣʫʞʠʚʘʥʠʷ 

 

c. 61-62 

ʉ.ɺ. ɸʥʪʠʧʦʚʘ  

ʆʩʦʙʝʥʥʦʩʪʠ ʧʦʩʪʨʦʝʥʠʷ ʠ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʩʠʩʪʝʤ ʥʘ 

ʧʣʘʪʬʦʨʤʝ 1ʉ: ʧʨʝʜʧʨʠʷʪʠʝ  

 

c. 63-65 

ɿ.ʀ. ɻʦʣʫʙʝʚʘ  

ʄʝʪʦʜʳ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʫʩʪʨʦʡʩʪʚ ʚ ʦʜʥʦʨʘʥʛʦʚʦʡ ʩʝʪʠ ʧʦʩʨʝʜʩʪʚʦʤ 

ʪʝʭʥʦʣʦʛʠʠ ʙʣʦʢʯʝʡʥ 

 

c. 65-67 

ʗ.ɺ. ɻʦʨʰʢʦʚ  

ʇʨʦʝʢʪʠʨʦʚʘʥʠʝ ʠ ʨʘʟʨʘʙʦʪʢʘ ʠʥʪʝʨʬʝʡʩʘ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʙʠʟʥʝʩ-

ʧʨʠʣʦʞʝʥʠʡ ʜʣʷ ʤʠʢʨʦʬʠʥʘʥʩʦʚʦʡ ʦʨʛʘʥʠʟʘʮʠʠ 

 

c. 67-69 

ɸ.ɺ. ʍʝʨʩʦʥʩʢʠʡ  

ʉʨʘʚʥʝʥʠʝ ʦʜʥʦʨʘʥʛʦʚʦʡ ʠ ʢʣʠʝʥʪ-ʩʝʨʚʝʨʥʦʡ ʘʨʭʠʪʝʢʪʫʨʳ 

 

c. 69-71 
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ʅ.ʄ. ɹʫʣʳʛʠʥ  

ʈʘʟʨʘʙʦʪʢʘ ʘʧʧʘʨʘʪʥʦ-ʧʨʦʛʨʘʤʤʥʦʛʦ ʤʦʜʫʣʷ ʤʘʰʠʥʥʦʛʦ ʟʨʝʥʠʷ 

 

c. 71-73 

ʇ.ɼ. ʖʥʴʢʠʥ  

ʂʨʘʪʢʠʡ ʦʙʟʦʨ ʘʢʪʫʘʣʴʥʳʭ ʘʣʛʦʨʠʪʤʦʚ ʦʙʥʘʨʫʞʝʥʠʷ ʦʩʦʙʳʭ ʪʦʯʝʢ ʥʘ 

ʠʟʦʙʨʘʞʝʥʠʠ ʚ ʢʦʤʧʴʶʪʝʨʥʦʤ ʟʨʝʥʠʠ 

 

c. 73-75 

ɸ.ʄ. ʂʫʭʘʨʝʥʢʦ, ɸ.ɼ. ʃʠʧʘʪʦʚʘ  

ʄʝʪʦʜʳ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʙʝʩʧʨʦʚʦʜʥʳʭ ʩʝʥʩʦʨʥʳʭ ʩʝʪʝʡ ʥʘ ʪʝʭʥʦʣʦʛʠʠ 

ʙʣʦʢʯʝʡʥ ʚ ʩʨʝʜʝ NS-3 

 

c. 75-77 

ʉɽʂʎʀʗ III. ʀʅʌʆʈʄɸʎʀʆʅʅɸʗ ɹɽɿʆʇɸʉʅʆʉʊʔ 

ɼ. ɺ. ɽʬʠʤʦʚ  

ʇʝʨʚʦʩʪʝʧʝʥʥʳʝ ʦʙʲʝʢʪʳ ʟʘʱʠʪʳ ʚ ʨʘʤʢʘʭ ʠʩʩʣʝʜʦʚʘʥʠʷ ʠ ʨʘʟʨʘʙʦʪʢʠ 

ʘʨʭʠʪʝʢʪʫʨʳ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʩʠʩʪʝʤʳ ʜʣʷ ʚʳʷʚʣʝʥʠʷ ʪʝʨʨʦʨʠʩʪʠʯʝʩʢʠʭ 

ʫʛʨʦʟ ʚ ʩʝʪʠ ʠʥʪʝʨʥʝʪ 

 

 

c. 78-79 

ʂ.ʉ. ʈʝʚʷʢʠʥ  

ɸʥʘʣʠʟ ʤʝʪʦʜʦʚ ʠ ʩʨʝʜʩʪʚ ʟʘʱʠʪʳ ʢʦʥʬʠʜʝʥʮʠʘʣʴʥʦʩʪʠ ʠʥʬʦʨʤʘʮʠʠ 
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ʋɼʂ 621.391 

ʉʠʩʪʝʤʳ ʧʦʟʠʮʠʦʥʠʨʦʚʘʥʠʷ ʤʦʙʠʣʴʥʳʭ ʦʙʲʝʢʪʦʚ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʘʢʪʫʘʣʴʥʦʝ 

ʥʘʧʨʘʚʣʝʥʠʝ ʨʘʟʚʠʪʠʷ ʠʥʬʦʢʦʤʤʫʥʠʢʘʮʠʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʠ ʧʨʠʤʝʥʷʶʪʩʷ ʚ ʨʘʟʣʠʯʥʳʭ 

ʦʪʨʘʩʣʷʭ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ ʯʝʣʦʚʝʢʘ. ʅʘʧʨʠʤʝʨ, ʦʧʨʝʜʝʣʝʥʠʝ ʤʝʩʪʦʧʦʣʦʞʝʥʠʷ 

ʘʙʦʥʝʥʪʦʚ ʤʦʙʠʣʴʥʦʡ ʩʚʷʟʠ ʤʦʞʝʪ ʩʣʫʞʠʪʴ ʜʣʷ ʧʨʝʜʦʪʚʨʘʱʝʥʠʷ ʧʨʘʚʦʥʘʨʫʰʝʥʠʡ, 

ʥʝʩʘʥʢʮʠʦʥʠʨʦʚʘʥʥʳʭ ʧʨʦʥʠʢʥʦʚʝʥʠʡ ʚ ʧʦʤʝʱʝʥʠʷ, ʘ ʦʪʩʣʝʞʠʚʘʥʠʝ ʧʝʨʝʤʝʱʝʥʠʷ ʛʨʫʟʦʚ ï 

ʜʣʷ ʣʦʛʠʩʪʠʢʠ ʠ ʫʧʨʘʚʣʝʥʠʷ ʪʨʘʥʩʧʦʨʪʥʳʤʠ ʧʦʪʦʢʘʤʠ. 

ɺ ʦʩʥʦʚʥʦʤ ʜʣʷ ʵʪʦʡ ʮʝʣʠ ʠʩʧʦʣʴʟʫʶʪ ʩʠʩʪʝʤʳ ʩʧʫʪʥʠʢʦʚʦʡ ʥʘʚʠʛʘʮʠʠ, ʪʘʢʠʝ ʢʘʢ GPS 

(ʘʥʛʣ. Global Positioning System) ʠʣʠ ɻʃʆʅɸʉʉ (ɻʣʦʙʘʣʴʥʘʷ ʥʘʚʠʛʘʮʠʦʥʥʘʷ ʩʧʫʪʥʠʢʦʚʘʷ 

ʩʠʩʪʝʤʘ), ʢʦʪʦʨʳʝ ʦʙʝʩʧʝʯʠʚʘʶʪ ʜʦʩʪʘʪʦʯʥʦ ʚʳʩʦʢʫʶ ʪʦʯʥʦʩʪʴ ʛʝʦʧʦʟʠʮʠʦʥʠʨʦʚʘʥʠʷ (ʜʦ 3-5 

ʤ), ʥʦ ʚʳʩʦʢʦʝ ʵʥʝʨʛʦʧʦʪʨʝʙʣʝʥʠʝ ʠ ʧʣʦʭʦʝ ʢʘʯʝʩʪʚʦ ʩʚʷʟʠ ʚʥʫʪʨʠ ʧʦʤʝʱʝʥʠʡ ʥʠʚʝʣʠʨʫʶʪ 

ʜʦʩʪʦʠʥʩʪʚʘ ʵʪʠʭ ʪʝʭʥʦʣʦʛʠʡ. 

ɸʚʪʦʨʘʤʠ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʧʨʠʥʮʠʧ ʣʦʢʘʣʴʥʦʛʦ ʧʦʟʠʮʠʦʥʠʨʦʚʘʥʠʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʪʨʝʭ ʪʦʯʝʢ ʜʦʩʪʫʧʘ AP (ʘʥʛʣ. Access Point) Wi-Fi, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʩʦʯʝʪʘʪʴ ʥʝʙʦʣʴʰʫʶ 

ʩʪʦʠʤʦʩʪʴ ʠ ʥʠʟʢʦʝ ʵʥʝʨʛʦʧʦʪʨʝʙʣʝʥʠʝ ʩ ʧʨʠʝʤʣʝʤʦʡ ʪʦʯʥʦʩʪʴʶ ʠʟʤʝʨʝʥʠʡ [1-3]. 

ɼʣʷ ʚʳʯʠʩʣʝʥʠʷ ʢʦʦʨʜʠʥʘʪ ʦʙʲʝʢʪʘ ʧʨʠʤʝʥʷʝʪʩʷ ʤʝʪʦʜ ʪʨʠʣʘʪʝʨʘʮʠʠ, ʦʩʥʦʚʘʥʥʳʡ ʥʘ 

ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ ʩʦʦʪʥʦʰʝʥʠʷʭ [4]. ʄʝʩʪʦʧʦʣʦʞʝʥʠʝ ʦʧʨʝʜʝʣʷʝʪʩʷ ʨʝʰʝʥʠʝʤ ʩʠʩʪʝʤʳ 

ʫʨʘʚʥʝʥʠʡ ʪʨʝʭ ʩʬʝʨ (ʬ. 1), ʚ ʮʝʥʪʨʘʭ ʢʦʪʦʨʳʭ ʨʘʩʧʦʣʦʞʝʥʳ ʪʦʯʢʠ ʜʦʩʪʫʧʘ AP ʩ ʠʟʚʝʩʪʥʳʤʠ 

ʢʦʦʨʜʠʥʘʪʘʤʠ. ʂʦʦʨʜʠʥʘʪʘʤʠ ʦʙʲʝʢʪʘ ʷʚʣʷʶʪʩʷ ʢʦʦʨʜʠʥʘʪʳ ʪʦʯʢʠ ʧʝʨʝʩʝʯʝʥʠʷ ʵʪʠʭ ʩʬʝʨ, ʘ 

ʠʭ ʨʘʜʠʫʩʳ ʫʢʘʟʳʚʘʶʪ ʥʘ ʨʘʩʩʪʦʷʥʠʝ ʜʦ ʠʩʢʦʤʦʡ ʧʦʟʠʮʠʠ. 

mailto:elen.vik@gmail.com
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    (1) 

ɼʣʷ ʫʧʨʦʱʝʥʠʷ ʚʳʯʠʩʣʝʥʠʡ ʮʝʥʪʨʳ ʚʩʝʭ ʩʬʝʨ ʨʘʩʧʦʣʘʛʘʶʪ ʚ ʧʣʦʩʢʦʩʪʠ 0z= . 

ʈʘʜʠʫʩʳ ʩʬʝʨ ʚ ʠʩʩʣʝʜʫʝʤʦʡ ʩʠʩʪʝʤʝ ʥʘʭʦʜʷʪʩʷ ʠʟʤʝʨʝʥʠʝʤ ʫʨʦʚʥʷ ʤʦʱʥʦʩʪʠ ʥʘ ʚʭʦʜʝ 

ʧʨʠʝʤʥʦʛʦ ʫʩʪʨʦʡʩʪʚʘ RSS (ʘʥʛʣ. Received Signal Strength), ʟʥʘʯʝʥʠʝ ʢʦʪʦʨʦʛʦ ʟʘʪʝʤ 

ʧʦʜʩʪʘʚʣʷʝʪʩʷ ʚ ʬʦʨʤʫʣʫ ʌʨʠʠʩʘ, ʦʧʠʩʳʚʘʶʱʫʶ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʨʘʜʠʦʚʦʣʥ ʚ ʩʚʦʙʦʜʥʦʤ 

ʧʨʦʩʪʨʘʥʩʪʚʝ [5]. 

( )

2

2 24

R T R

T

P G G

P R

l

p
=      (2) 

ʛʜʝ: RP  ʠ TP  ï ʤʦʱʥʦʩʪʠ ʥʘ ʧʨʠʝʤʝ ʠ ʥʘ ʧʝʨʝʜʘʯʝ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ; RG  ʠ TG ï ʢʦɻʬʬʠʮʠʝʥʪʳ 

ʫʩʠʣʝʥʠʷ ʧʨʠʝʤʥʦʡ ʠ ʧʝʨʝʜʘʶʱʝʡ ʘʥʪʝʥʥ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ; 
c

f
l=  ï ʜʣʠʥʘ ʚʦʣʥʳ 

ʨʘʜʠʦʩʠʛʥʘʣʘ, c ï ʩʢʦʨʦʩʪʴ ʩʚʝʪʘ, f ï ʯʘʩʪʦʪʘ ʧʝʨʝʜʘʯʠ; R ï ʨʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʧʝʨʝʜʘʪʯʠʢʦʤ ʠ 

ʧʨʠʝʤʥʠʢʦʤ (ʨʘʜʠʫʩ ʩʬʝʨʳ). 

ɸʚʪʦʨʘʤʠ ʙʳʣʘ ʧʨʦʠʟʚʝʜʝʥʘ ʦʮʝʥʢʘ ʧʦʛʨʝʰʥʦʩʪʠ ʦʧʨʝʜʝʣʝʥʠʷ ʤʝʩʪʦʧʦʣʦʞʝʥʠʷ 

ʤʦʙʠʣʴʥʦʛʦ ʘʙʦʥʝʥʪʘ, ʜʣʷ ʵʪʦʛʦ ʢ ʤʦʜʝʣʠ ʜʦʙʘʚʣʝʥ ʜʦʧʦʣʥʠʪʝʣʴʥʳʡ ʧʘʨʘʤʝʪʨ ï ʦʪʥʦʰʝʥʠʝ 

ʉʠʛʥʘʣ/ʐʫʤ SNR (ʘʥʛʣ. Signal-to-Noise Ratio). ɺʳʯʠʩʣʝʥʠʷ ʧʨʦʚʦʜʠʣʠʩʴ ʜʣʷ ʜʚʫʭ ʜʠʘʧʘʟʦʥʦʚ 

ʯʘʩʪʦʪ, ʭʘʨʘʢʪʝʨʥʳʭ ʜʣʷ ʩʝʪʝʡ Wi-Fi ï ʵʪʦ 2,4 ʠ 5 ɻɻʮ. 

ɿʘʚʠʩʠʤʦʩʪʠ ʥʘ ʨʠʩ. 1 ʦʪʨʘʞʘʶʪ ʚʣʠʷʥʠʝ ʰʫʤʘ ʚ ʙʝʩʧʨʦʚʦʜʥʦʤ ʢʘʥʘʣʝ ʧʝʨʝʜʘʯʠ 

ʜʘʥʥʳʭ ʥʘ ʪʦʯʥʦʩʪʴ ʠʟʤʝʨʝʥʠʡ. 

 
ʈʠʩʫʥʦʢ 1 

 

ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʜʘʞʝ ʚ ʥʘʠʭʫʜʰʠʭ ʫʩʣʦʚʠʷʭ ʦʰʠʙʢʘ ʥʝ 

ʧʨʝʚʳʰʘʝʪ ʧʷʪʠ ʤʝʪʨʦʚ, ʯʪʦ ʦʟʥʘʯʘʝʪ ʪʦʯʥʦʩʪʴ ʛʝʦʧʦʟʠʮʠʦʥʠʨʦʚʘʥʠʷ, ʩʨʘʚʥʠʤʫʶ ʩ ʩʠʩʪʝʤʘʤʠ 

ʩʧʫʪʥʠʢʦʚʦʡ ʥʘʚʠʛʘʮʠʠ. ɽʩʣʠ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʨʘʙʦʪʫ ʩʠʩʪʝʤʳ ʚ ʙʣʘʛʦʧʨʠʷʪʥʳʭ ʫʩʣʦʚʠʷʭ, ʪʦ 
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ʤʦʞʥʦ ʫʪʚʝʨʞʜʘʪʴ, ʯʪʦ ʦʥʘ ʧʨʝʚʦʩʭʦʜʠʪ ʧʦ ʪʦʯʥʦʩʪʠ ʠʟʤʝʨʝʥʠʡ ʙʦʣʴʰʠʥʩʪʚʦ ʠʤʝʶʱʠʭʩʷ ʥʘ 

ʨʳʥʢʝ ʘʥʘʣʦʛʦʚ. 

 

ʃʠʪʝʨʘʪʫʨʘ 

1. Bensky A. Wireless Positioning Technologies and Applications: Second Edition / Boston | 

London: Artech House. 2016. ï 419 p. 

2. Pahlavan K., Li X., Indoor Geolocation Science and Technology // IEEE Communications 

Magazine, February. 2002. ï Vol. 40, ï pp. 112-118. 

3. ɺʘʭʨʫʰʝʚʘ ɸ.ɸ. ʊʝʭʥʦʣʦʛʠʠ ʧʦʟʠʮʠʦʥʠʨʦʚʘʥʠʷ ʚ ʨʝʞʠʤʝ ʨʝʘʣʴʥʦʛʦ ʚʨʝʤʝʥʠ // ɺʝʩʪʥʠʢ 

ʉɻʋɻʠʊ, 2017, ï ʊ. 22. ï ˉ 1. ï ʉ. 170-177. 

4. Brinker, R.C. and Minnick, R. Trilateration // The Surveying Handbook. Chapman & Hall, 1995. 

ï 967 p. 

5. Saunders S.R. Antennas and propagation for wireless communication systems / England: John 

Wiley & Sons Ltd, 2007. ï 546 p. 

 

 

ʂɸʏɽʉʊɺʆ ɸʇʇʈʆʂʉʀʄɸʎʀʀ ʇʃʆʊʅʆʉʊɽʁ ʈɸʉʇʈɽɼɽʃɽʅʀʗ 

ʇʃʆʊʅʆʉʊʗʄʀ ʀɿ ʕʂʉʇʆʅɽʅʎʀɸʃʔʅʆɻʆ ʉɽʄɽʁʉʊɺɸ ʈɸʉʇʈɽɼɽʃɽʅʀʁ 

 

ʄ.ʉ. ʃʦʭʚʠʮʢʠʡ, ʜʦʮʝʥʪ ʢʘʬʝʜʨʳ çʊʝʦʨʠʠ ʚʝʨʦʷʪʥʦʩʪʝʡ ʠ ʧʨʠʢʣʘʜʥʦʡ ʤʘʪʝʤʘʪʠʢʠè 

ʄʊʋʉʀ, ʢ.ʪ.ʥ.  

QUALITY OF APPROXIMATION OF DENSITY DISTRIBUTION DENSITIES FROM AN 

EXPONENTIAL DISTRIBUTION FAMILY  

M.S. Lokhvitsky, associate professor of çThe theory of probability and applied mathematicsè 

department, MTUCI, Ph. D. 

 

ʋɼʂ 621.396 

ɺ ʩʦʚʨʝʤʝʥʥʳʭ ʩʠʩʪʝʤʘʭ ʩʚʷʟʠ ʧʨʠʭʦʜʠʪʩʷ ʩʪʘʣʢʠʚʘʪʴʩʷ ʩ ʧʨʠʝʤʦʤ ʩʠʛʥʘʣʘ, ʢʦʛʜʘ ʥʝ 

ʠʟʚʝʩʪʥʳ ʚʝʨʦʷʪʥʦʩʪʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʚʭʦʜʥʳʭ ʩʠʛʥʘʣʦʚ ʠʣʠ, ʢʦʛʜʘ ʨʘʩʧʨʝʜʝʣʝʥʠʝ 

ʚʝʨʦʷʪʥʦʩʪʝʡ ʠʤʝʝʪ ʩʣʦʞʥʦʝ ʘʥʘʣʠʪʠʯʝʩʢʦʝ ʚʳʨʘʞʝʥʠʝ. ʆʜʠʥ ʠʟ ʩʧʦʩʦʙʦʚ ʨʝʰʝʥʠʷ ʪʘʢʠʭ 

ʟʘʜʘʯ ï ʵʪʦ ʘʧʧʨʦʢʩʠʤʘʮʠʷ ʧʣʦʪʥʦʩʪʝʡ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʧʣʦʪʥʦʩʪʷʤʠ ʠʟ ʥʝʢʦʪʦʨʦʛʦ ʩʝʤʝʡʩʪʚʘ 

ʨʘʩʧʨʝʜʝʣʝʥʠʡ.  ɺ ʢʘʯʝʩʪʚʘ ʪʘʢʦʛʦ ʩʝʤʝʡʩʪʚʘ ʚ [1, 2] ʧʨʝʜʣʘʛʘʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʪʴ 

ʵʩʧʦʥʝʥʮʠʘʣʴʥʦʝ ʩʝʤʝʡʩʪʚʦ, ʘ ʚ ʨʘʙʦʪʘʭ [3, 4] ï ʧʦʣʠʛʘʫʩʩʦʚʳʝ ʨʘʩʧʨʝʜʝʣʝʥʠʷ. ʇʣʦʪʥʦʩʪʠ 

ʨʘʩʧʨʝʜʝʣʝʥʠʡ ʠʟ ʵʪʠʭ ʩʝʤʝʡʩʪʚ ʚ ʢʘʯʝʩʪʚʝ ʘʧʧʨʦʢʩʠʤʠʨʫʶʱʠʭ ʦʙʣʘʜʘʶʪ ʨʷʜʦʤ ʧʦʣʝʟʥʳʭ 

ʩʚʦʡʩʪʚ.  

ɺʳʙʦʨ ʵʢʩʧʦʥʝʥʮʠʘʣʴʥʦʛʦ ʩʝʤʝʡʩʪʚʘ ʚ ʢʘʯʝʩʪʚʝ ʘʧʧʨʦʢʩʠʤʠʨʫʶʱʝʛʦ ʩʚʷʟʘʥ ʩ ʪʝʤ, ʯʪʦ 

ʪʦʣʴʢʦ ʧʣʦʪʥʦʩʪʠ ʠʟ ʵʪʦʛʦ ʩʝʤʝʡʩʪʚʘ ʨʘʩʧʨʝʜʝʣʝʥʠʡ ʦʙʣʘʜʘʶʪ ʜʦʩʪʘʪʦʯʥʳʤʠ ʩʪʘʪʠʩʪʠʢʘʤʠ 

[2], ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʩʫʱʝʩʪʚʦ ʩʦʢʨʘʪʠʪʴ ʯʠʩʣʦ ʚʳʯʠʩʣʝʥʠʡ ʧʨʠ ʦʙʨʘʙʦʪʢʝ ʚʳʙʦʨʦʢ ʙʦʣʴʰʦʛʦ 

ʦʙʲʝʤʘ. ʂʨʦʤʝ ʵʪʦʛʦ, ʧʣʦʪʥʦʩʪʷʤʠ ʠʟ ʵʪʦʛʦ ʩʝʤʝʡʩʪʚʘ ʭʦʨʦʰʦ ʘʧʧʨʦʢʩʠʤʠʨʫʝʪʩʷ ʰʠʨʦʢʠʡ 

ʢʣʘʩʩ ʧʣʦʪʥʦʩʪʝʡ. ʉʘʤʦ ʵʢʩʧʦʥʝʥʮʠʘʣʴʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʚʦʟʥʠʢʘʝʪ ʧʨʠ ʨʘʟʣʦʞʝʥʠʠ ʚ ʨʷʜ 

ʣʦʛʘʨʠʬʤʘ ʧʣʦʪʥʦʩʪʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ.  
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ɺ ʟʘʜʘʯʘʭ ʘʧʧʨʦʢʩʠʤʘʮʠʠ ʧʣʦʪʥʦʩʪʝʡ ʝʩʪʝʩʪʚʝʥʥʦ ʚʘʞʥʳʤ ʷʚʣʷʝʪʩʷ ʢʘʯʝʩʪʚʦ 

ʘʧʧʨʦʢʩʠʤʘʮʠʠ. ʇʨʠ ʵʪʦʤ ʤʦʞʥʦ ʠ ʥʫʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʨʘʟʣʠʯʥʳʝ ʢʨʠʪʝʨʠʠ ʢʘʯʝʩʪʚʘ. 

ʇʝʨʚʳʡ ʢʣʘʩʩ ʢʨʠʪʝʨʠʝʚ ï ʵʪʦ ʩʪʘʪʠʩʪʠʯʝʩʢʠʝ. ʉʘʤʳʝ ʫʥʠʚʝʨʩʘʣʴʥʳʝ ʠ ʧʦʧʫʣʷʨʥʳʝ ʠʟ ʥʠʭ ï 

ʵʪʦ ʢʨʠʪʝʨʠʠ ʩʦʛʣʘʩʠʷ  
2c  .  

ʆʩʥʦʚʥʘʷ ʛʠʧʦʪʝʟʘ: 0H  :
 
() ()Ĕp x p x=   ; 

ɸʣʴʪʝʨʥʘʪʠʚʥʘʷ ʛʠʧʦʪʝʟʘ : 1H   :   () ()Ĕp x p x¸ . 

ʊʦ ʝʩʪʴ ʧʨʦʚʝʨʷʝʪʩʷ ʛʠʧʦʪʝʟʘ ʦ ʪʦʤ, ʯʪʦ ʩʪʘʪʠʩʪʠʯʝʩʢʠʝ ʜʘʥʥʳʝ (ʚʳʙʦʨʢʘ) 

ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʧʦʣʫʯʝʥʥʦʡ ʘʧʧʨʦʢʩʠʤʠʨʫʶʱʝʡ ʧʣʦʪʥʦʩʪʠ. ɹʫʜʝʤ ʠʩʧʦʣʴʟʦʚʘʪʴ ʢʨʠʪʝʨʠʡ 

ʩʦʛʣʘʩʠʷ ʌʠʰʝʨʘ, ʯʪʦʙʳ ʧʨʦʚʝʨʠʪʴ ʦʩʥʦʚʥʫʶ ʛʠʧʦʪʝʟʫ. ʉʫʪʴ ʢʨʠʪʝʨʠʷ: ʯʠʩʣʦʚʘʷ ʦʩʴ 

ʨʘʟʙʠʚʘʝʪʩʷ ʥʘ l  ʠʥʪʝʨʚʘʣʦʚ. ɿʘʪʝʤ ʚʳʯʠʩʣʷʶʪʩʷ ʦʪʥʦʩʠʪʝʣʴʥʳʝ ʯʘʩʪʦʪʳ, ʚʝʨʦʷʪʥʦʩʪʠ 

ʧʦʧʘʜʘʥʠʷ ʚ ʠʥʪʝʨʚʘʣʳ ʠ ʩʪʘʪʠʩʪʠʢʘ ʢʨʠʪʝʨʠʷ. ʇʦ ʪʘʙʣʠʮʝ
2c  ʥʘʭʦʜʠʪʩʷ ʧʦʨʦʛ ʠ ʟʥʘʯʝʥʠʝ 

ʩʪʘʪʠʩʪʠʢʠ ʩʨʘʚʥʠʚʘʝʪʩʷ ʩ ʚʝʣʠʯʠʥʦʡ ʵʪʦʛʦ ʧʦʨʦʛʘ. ɽʩʣʠ ʧʦʨʦʛ ʧʨʝʚʳʰʝʥ, ʪʦ ʛʠʧʦʪʝʟʘ 

ʦʪʚʝʨʛʘʝʪʩʷ. ɺ ʥʘʰʝʤ ʩʣʫʯʘʝ ʵʪʦ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʢʘʯʝʩʪʚʦ ʘʧʧʨʦʢʩʠʤʘʮʠʠ 

ʥʝʫʜʦʚʣʝʪʚʦʨʠʪʝʣʴʥʦʝ. ɺ ʧʨʦʪʠʚʥʦʤ ʩʣʫʯʘʝ ï ʥʝʪ ʦʩʥʦʚʘʥʠʡ ʦʪʚʝʨʛʥʫʪʴ ʦʩʥʦʚʥʫʶ ʛʠʧʦʪʝʟʫ. 

ɺʪʦʨʦʡ ʢʣʘʩʩ ʢʨʠʪʝʨʠʝʚ ï ʵʪʦ ʢʨʠʪʝʨʠʠ, ʦʩʥʦʚʘʥʥʳʝ ʥʘ ʦʮʝʥʢʝ ʙʣʠʟʦʩʪʠ ʛʨʘʬʠʢʦʚ 

ʬʫʥʢʮʠʡ. ɽʩʪʝʩʪʚʝʥʥʦ ʪʘʢʠʝ ʢʨʠʪʝʨʠʠ ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʪʦʣʴʢʦ ʪʦʛʜʘ, ʢʦʛʜʘ ʥʘʤ ʠʟʚʝʩʪʥʘ 

ʧʣʦʪʥʦʩʪʴ, ʢʦʪʦʨʫʶ ʤʳ ʭʦʪʠʤ ʟʘʤʝʥʠʪʴ ʥʘ ʙʣʠʟʢʫʶ ʢ ʥʝʡ ʧʣʦʪʥʦʩʪʴ ʠʟ ʵʢʩʧʦʥʝʥʮʠʘʣʴʥʦʛʦ 

ʩʝʤʝʡʩʪʚʘ. ɼʣʷ ʥʘʩ ʵʪʠ ʢʨʠʪʝʨʠʠ ʠʥʪʝʨʝʩʥʳ ʪʝʤ, ʯʪʦ, ʠʩʧʦʣʴʟʫʷ ʠʭ, ʤʦʞʥʦ ʦʮʝʥʠʪʴ 

ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʩʘʤʠʭ ʤʝʪʦʜʦʚ ʘʧʧʨʦʢʩʠʤʘʮʠʠ. ɺ ʧʝʨʚʦʤ ʢʨʠʪʝʨʠʠ ʚʳʯʠʩʣʷʝʪʩʷ ʤʦʜʫʣʴ 

ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʦʪʢʣʦʥʝʥʠʷ ʪʝʦʨʝʪʠʯʝʩʢʦʡ ʧʣʦʪʥʦʩʪʠ ʦʪ ʝʝ ʦʮʝʥʢʠ. ɺʪʦʨʦʡ ʢʨʠʪʝʨʠʡ ʦʩʥʦʚʘʥ 

ʥʘ ʦʮʝʥʢʝ ʙʣʠʟʦʩʪʠ ʬʫʥʢʮʠʡ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ L2. 

ɽʩʣʠ ʧʘʨʘʤʝʪʨʳ ʘʧʧʨʦʢʩʠʤʠʨʫʶʱʝʡ ʧʣʦʪʥʦʩʪʠ ʙʳʣʠ ʭʦʨʦʰʦ ʦʮʝʥʝʥʳ (ʪ.ʝ. ʙʣʠʟʢʠ ʢ 

ʪʝʦʨʝʪʠʯʝʩʢʠʤ ʟʥʘʯʝʥʠʷʤ ʧʘʨʘʤʝʪʨʦʚ), ʪʦ ʠ ʢʘʯʝʩʪʚʦ ʘʧʧʨʦʢʩʠʤʘʮʠʠ ʧʣʦʪʥʦʩʪʝʡ ʧʦ ʚʩʝʤ 

ʢʨʠʪʝʨʠʷʤ ʙʫʜʝʪ ʭʦʨʦʰʠʤ. 
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ɺʦʧʨʦʩ ʦʙ ʦʧʪʠʤʘʣʴʥʦʤ ʩʦʟʚʝʟʜʠʠ ʜʠʩʢʨʝʪʥʦʡ ʤʦʜʫʣʷʮʠʠ ʝʩʪʝʩʪʚʝʥʥʳʤ ʦʙʨʘʟʦʤ 

ʚʦʟʥʠʢʘʝʪ ʫ ʢʘʞʜʦʛʦ ʨʘʟʨʘʙʦʪʯʠʢʘ ʩʠʩʪʝʤ ʨʘʜʠʦʩʚʷʟʠ. ɼʦ ʥʝʜʘʚʥʝʛʦ ʚʨʝʤʝʥʠ ʦʜʥʠʤ ʠʟ 

ʦʩʥʦʚʥʳʭ ʧʨʠʥʮʠʧʦʚ ʩʦʟʜʘʥʠʷ ʩʭʝʤ ʤʦʜʫʣʷʮʠʠ ʚʳʩʪʫʧʘʣʘ ʧʨʦʩʪʦʪʘ ʨʝʘʣʠʟʘʮʠʠ. ʅʘ ʦʩʥʦʚʝ 

ʪʘʢʦʛʦ ʧʦʜʭʦʜʘ ʙʳʣʠ ʩʬʦʨʤʠʨʦʚʘʥʳ ʠ ʰʠʨʦʢʦ ʫʪʚʝʨʜʠʣʠʩʴ ʥʘ ʧʨʘʢʪʠʢʝ ʜʠʩʢʨʝʪʥʳʝ ʩʭʝʤʳ 

ʘʤʧʣʠʪʫʜʥʦ-ʬʘʟʦʚʦʡ ʤʦʜʫʣʷʮʠʠ ʢʣʘʩʩʘ QAM [1]. 

ɹʣʘʛʦʜʘʨʷ ʨʘʟʚʠʪʠʶ ʮʠʬʨʦʚʳʭ ʤʝʪʦʜʦʚ ʦʙʨʘʙʦʪʢʠ ʚʦʧʨʦʩʳ ʨʝʘʣʠʟʘʮʠʠ ʩʣʦʞʥʳʭ 

ʤʦʜʫʣʷʮʠʦʥʥʳʭ ʩʪʨʫʢʪʫʨ ʧʝʨʝʩʪʘʣʠ ʙʳʪʴ ʧʨʦʙʣʝʤʦʡ [2, 3]. ʈʘʩʰʠʨʠʣʠʩʴ ʚʟʛʣʷʜʳ ʥʘ ʢʨʠʪʝʨʠʠ 

ʦʧʪʠʤʠʟʘʮʠʠ. ɽʩʪʝʩʪʚʝʥʥʳʤ ʚ ʩʣʦʞʠʚʰʠʭʩʷ ʫʩʣʦʚʠʷʭ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʢʨʠʪʝʨʠʡ ʤʘʢʩʠʤʫʤʘ 

ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʝʤʢʦʩʪʠ ʩʠʤʚʦʣʘ [4-6], ʘ ʚ ʢʘʯʝʩʪʚʝ ʫʩʣʦʚʠʡ ʦʛʨʘʥʠʯʝʥʠʷ ʠʩʧʦʣʴʟʦʚʘʪʴ 

ʧʨʝʜʝʣʴʥʳʡ ʫʨʦʚʝʥʴ ʧʠʢʦʚʦʡ ʤʦʱʥʦʩʪʠ ʧʝʨʝʜʘʯʠ [4, 5]. 

ɸʥʘʣʠʟ ʩʧʝʮʠʘʣʴʥʦʡ ʣʠʪʝʨʘʪʫʨʳ ʧʦʢʘʟʘʣ ʦʪʩʫʪʩʪʚʠʝ ʨʝʟʫʣʴʪʘʪʦʚ ʨʝʰʝʥʠʷ ʪʘʢʦʡ 

ʟʘʜʘʯʠ. ʆʜʥʦʚʨʝʤʝʥʥʦ ʩʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ ʟʘʤʝʪʥʳʡ ʧʨʦʛʨʝʩʩ ʚ ʦʙʣʘʩʪʠ ʪʝʭʥʠʢʠ ʢʦʜʦʚ, 

ʠʩʧʨʘʚʣʷʶʱʠʭ ʦʰʠʙʢʠ [6-8]. ʋʜʘʣʦʩʴ ʨʝʘʣʴʥʦ ʧʦʜʦʡʪʠ ʚʧʣʦʪʥʫʶ ʢ ʛʨʘʥʠʮʝ ʐʝʥʥʦʥʘ [9-11]. 

ɺʳʩʦʢʘʷ ʛʠʙʢʦʩʪʴ ʚʦʟʤʦʞʥʦʡ ʫʩʪʘʥʦʚʢʠ ʧʘʨʘʤʝʪʨʘ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʩʢʦʨʦʩʪʠ ʪʘʢʠʭ ʢʦʜʦʚ 

(ʥʘʧʨʠʤʝʨ, LDPC) ʦʙʝʩʧʝʯʠʚʘʝʪ ʚʳʭʦʜ ʢ ʫʨʦʚʥʶ ʧʨʦʧʫʩʢʥʦʡ ʩʧʦʩʦʙʥʦʩʪʠ ʐʝʥʥʦʥʘ 

ʧʨʘʢʪʠʯʝʩʢʠ ʧʨʠ ʣʶʙʦʤ ʟʥʘʯʝʥʠʠ ʩʠʛʥʘʣ/ʰʫʤ. ʇʦʵʪʦʤʫ ʠʥʬʦʨʤʘʮʠʦʥʥʘʷ ʝʤʢʦʩʪʴ ʦʪʜʝʣʴʥʦʛʦ 

ʩʠʤʚʦʣʘ ʤʦʜʫʣʷʮʠʠ ʩʪʘʣʘ ʦʧʨʝʜʝʣʷʪʴ ʜʦʩʪʠʞʠʤʫʶ ʩʢʦʨʦʩʪʴ ʦʙʤʝʥʘ. 

ʎʠʬʨʦʚʦʡ ʧʨʠʥʮʠʧ ʨʘʙʦʪʳ ʚʥʝʜʨʠʣʩʷ ʥʝ ʪʦʣʴʢʦ ʚ ʦʙʨʘʙʦʪʢʫ, ʥʦ ʠ ʚ ʪʝʭʥʠʢʫ 

ʠʥʬʦʨʤʘʮʠʦʥʥʦʛʦ ʦʙʤʝʥʘ, ʘ ʪʘʢʞʝ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʫʶ ʦʙʨʘʙʦʪʢʫ [12, 13]. ʋʩʧʝʰʥʦʝ 

ʨʝʰʝʥʠʝ ʨʷʜʘ ʩʦʧʫʪʩʪʚʫʶʱʠʭ ʧʨʦʙʣʝʤ [14] ʧʨʠʚʝʣʦ ʢ ʪʦʤʫ, ʯʪʦ ʘʥʘʣʦʛʦʚʘʷ ʤʦʜʫʣʷʮʠʷ 

ʦʪʦʰʣʘ ʥʘ ʚʪʦʨʦʡ ʧʣʘʥ. ʅʦ ʙʘʟʦʚʳʝ ʤʝʪʦʜʳ ʩʠʥʪʝʟʘ ʩʠʛʥʘʣʦʚ ʤʘʢʩʠʤʘʣʴʥʦʡ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ 

ʝʤʢʦʩʪʠ ʜʣʷ ʦʙʦʙʱʝʥʥʳʭ ʫʩʣʦʚʠʡ [9], ʨʘʟʨʘʙʦʪʘʥʥʳʝ ʥʘ ʧʨʝʜʳʜʫʱʝʤ ʵʪʘʧʝ, ʥʝ ʢʦʩʥʫʣʠʩʴ 

ʘʢʪʫʘʣʴʥʦʛʦ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʩʦʯʝʪʘʥʠʷ ʜʠʩʢʨʝʪʥʳʭ ʟʘʢʦʥʦʚ ʤʦʜʫʣʷʮʠʠ ʩ ʥʝʧʨʝʨʳʚʥʳʤʠ 

ʢʘʥʘʣʘʤʠ ʩʚʷʟʠ. 

ɼʣʷ ʩʠʪʫʘʮʠʠ ʩʦʯʝʪʘʥʠʷ ʜʠʩʢʨʝʪʥʦʡ ʤʦʜʫʣʷʮʠʠ ʩ ʥʝʧʨʝʨʳʚʥʳʤ ʢʘʥʘʣʦʤ ʩʚʷʟʠ ʥʝʣʴʟʷ 

ʚʦʩʧʦʣʴʟʦʚʘʪʴʩʷ ʠʟʚʝʩʪʥʳʤ ʤʝʪʦʜʦʤ ʦʧʪʠʤʠʟʘʮʠʠ, ʦʨʠʝʥʪʠʨʦʚʘʥʥʳʤ ʥʘ ʘʥʘʣʦʛʦʚʳʡ ʟʘʢʦʥ 

ʤʦʜʫʣʷʮʠʠ ʠ ʙʘʟʠʨʫʶʱʝʤʩʷ ʥʘ ʚʘʨʠʘʮʠʦʥʥʦʤ ʧʦʜʭʦʜʝ. ʈʝʰʝʥʠʝ ʫʜʘʣʦʩʴ ʥʘʡʪʠ ʧʫʪʝʤ 

ʩʚʝʜʝʥʠʷ ʚʘʨʠʘʮʠʦʥʥʦʛʦ ʤʝʪʦʜʘ ʢ ʪʝʭʥʠʢʝ ʦʧʨʝʜʝʣʝʥʠʷ ʵʢʩʪʨʝʤʫʤʘ ʧʦ ʫʩʣʦʚʠʶ ʨʘʚʝʥʩʪʚʘ 

ʥʫʣʶ ʧʨʦʠʟʚʦʜʥʳʭ ʠ ʧʨʠʤʝʥʝʥʠʶ ʯʠʩʣʝʥʥʳʭ ʤʝʪʦʜʦʚ, ʧʦʩʪʨʦʝʥʥʳʭ ʥʘ ʩʦʯʝʪʘʥʠʠ ʘʣʛʦʨʠʪʤʘ 

ɹʦʢʩʘ-ʋʠʣʩʦʥʘ ʩ ʛʨʘʜʠʝʥʪʥʳʤ [15-25]. 

ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʧʦʟʚʦʣʠʣʠ ʚʳʷʚʠʪʴ ʨʷʜ ʠʥʪʝʨʝʩʥʳʭ ʟʘʢʦʥʦʤʝʨʥʦʩʪʝʡ: 

¶ ʢʘʞʜʦʤʫ ʦʪʥʦʰʝʥʠʶ ʩʠʛʥʘʣ/ʰʫʤ ʦʪʚʝʯʘʝʪ ʦʧʨʝʜʝʣʝʥʥʳʡ ʢʣʘʩʩ ʦʧʪʠʤʘʣʴʥʳʭ ʩʪʨʫʢʪʫʨ 

ʩʦʟʚʝʟʜʠʡ ʜʠʩʢʨʝʪʥʦʡ ʤʦʜʫʣʷʮʠʠ; 

¶ ʧʨʠ ʤʘʣʳʭ ʦʪʥʦʰʝʥʠʷʭ ʩʠʛʥʘʣ/ʰʫʤ ʦʧʪʠʤʘʣʴʥʦʡ ʷʚʣʷʝʪʩʷ çʦʜʥʦʢʦʣʴʮʝʚʘʷè ʩʪʨʫʢʪʫʨʘ 

ʩ ʨʘʚʥʦʤʝʨʥʳʤ ʨʘʩʧʦʣʦʞʝʥʠʝʤ ʪʦʯʝʢ. ʉ ʨʦʩʪʦʤ ʩʠʛʥʘʣ/ʰʫʤ ʚ ʦʧʪʠʤʘʣʴʥʳʭ ʩʪʨʫʢʪʫʨʘʭ 

ʧʦʷʚʣʷʝʪʩʷ ʧʦʟʠʮʠʷ ʚ ʮʝʥʪʨʝ ʘʤʧʣʠʪʫʜʥʦ-ʬʘʟʦʚʦʡ ʧʣʦʩʢʦʩʪʠ. ʇʦʪʦʤ ʧʦʟʠʮʠʠ ʚ ʮʝʥʪʨʝ 

ʧʨʠʦʙʨʝʪʘʶʪ ʨʘʜʠʫʩ, ʥʘ ʢʦʪʦʨʦʤ ʨʘʩʧʦʣʘʛʘʶʪʩʷ ʦʪ 3 ʠ ʙʦʣʝʝ ʪʦʯʝʢ; 

¶  ʜʘʣʴʥʝʡʰʠʡ ʨʦʩʪ ʩʠʛʥʘʣ/ʰʫʤ ʧʨʠʚʦʜʠʪ ʢ ʫʚʝʣʠʯʝʥʠʶ ʨʘʜʠʫʩʘ çʢʦʣʴʮʘè ʮʝʥʪʨʘʣʴʥʳʭ 

ʧʦʟʠʮʠʡ ʠ ʫʚʝʣʠʯʝʥʠʶ ʯʠʩʣʘ ʧʦʟʠʮʠʡ ʥʘ ʥʝʤ.  

¶ ʜʘʣʴʥʝʡʰʠʡ ʨʦʩʪ ʩʠʛʥʘʣ/ʰʫʤ ʧʨʠʚʦʜʠʪ ʢ ʧʦʷʚʣʝʥʠʶ ʥʦʚʦʡ ʮʝʥʪʨʘʣʴʥʦʡ ʧʦʟʠʮʠʠ ʠ 

ʪ.ʜ.; 



12 
 

¶ ʧʨʠ ʤʘʣʳʭ ʠ ʫʤʝʨʝʥʥʳʭ ʩʠʛʥʘʣ/ʰʫʤ ʬʦʨʤʳ ʦʧʪʠʤʘʣʴʥʳʭ ʩʦʟʚʝʟʜʠʡ ʪʦʯʥʦ ʩʦʚʧʘʜʘʶʪ ʩ 

çʢʦʣʴʮʝʚʳʤʠè. ʅʦ ʯʠʩʣʦ ʪʦʯʝʢ ʩʦʟʚʝʟʜʠʷ N ʜʣʷ ʵʪʦʛʦ ʜʦʣʞʥʦ ʙʳʪʴ ʙʦʣʴʰʝ ʠʣʠ ʨʘʚʥʦ 

ʥʝʢʦʪʦʨʦʤʫ ʧʦʨʦʛʫ, ʦʧʨʝʜʝʣʷʝʤʦʤʫ ʟʥʘʯʝʥʠʝʤ ʩʠʛʥʘʣ/ʰʫʤ; 

¶ ʢʦʛʜʘ ʥʘʙʣʶʜʘʝʪʩʷ ʧʨʝʚʳʰʝʥʠʝ ʟʥʘʯʝʥʠʝʤ N ʧʦʨʦʛʘ, ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʪʦʯʢʠ ʩʦʟʚʝʟʜʠʷ 

ʥʝ ʧʨʠʚʦʜʷʪ ʢ ʫʚʝʣʠʯʝʥʠʶ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʝʤʢʦʩʪʠ ʩʠʤʚʦʣʘ; 

¶ ʝʩʣʠ ʯʠʩʣʦ ʪʦʯʝʢ ʩʦʟʚʝʟʜʠʷ ʤʝʥʴʰʝ ʧʦʨʦʛʘ, ʦʧʪʠʤʘʣʴʥʳʤʠ ʩʪʘʥʦʚʷʪʩʷ ʩʦʟʚʝʟʜʠʷ ʩ 

ʜʝʬʦʨʤʠʨʦʚʘʥʥʦʡ çʢʦʣʴʮʝʚʦʡè ʩʪʨʫʢʪʫʨʦʡ. 

 

ʅʘ ʨʠʩ. 1 ʧʦʢʘʟʘʥʳ ʚʳʯʠʩʣʝʥʥʳʝ ʜʣʷ ʨʘʟʥʳʭ ʩʠʛʥʘʣ/ʰʫʤ ʩʦʟʚʝʟʜʠʷ ʜʠʩʢʨʝʪʥʦʡ 

ʤʦʜʫʣʷʮʠʠ ʩ ʤʘʢʩʠʤʘʣʴʥʦʡ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʝʤʢʦʩʪʴʶ ʧʨʠ ʤʠʥʠʤʘʣʴʥʦʤ ʯʠʩʣʝ ʪʦʯʝʢ. 

 
5 ʜɹ                                           10 ʜɹ                                        12ʜɹ 

 
15 ʜɹ                                         17 ʜɹ                                        20 ʜɹ 

 

ʈʠʩʫʥʦʢ 1 

 

ʊʘʢʞʝ ʫʜʘʣʦʩʴ ʚʳʷʩʥʠʪʴ, ʯʪʦ ʪʨʘʜʠʮʠʦʥʥʳʝ ʩʭʝʤʳ ʤʦʜʫʣʷʮʠʠ ʩʦʟʚʝʟʜʠʡ QAM 

ʧʨʦʠʛʨʳʚʘʶʪ ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʤ ʜʦ 2 ʜɹ ʚ ʧʨʝʜʩʪʘʚʣʝʥʠʠ ʯʝʨʝʟ ʩʥʠʞʝʥʠʝ ʩʠʛʥʘʣ/ʰʫʤ. 
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ʋɼʂ 621.39 

ʅʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʧʨʦʮʝʜʫʨʘ ʦʙʣʘʯʥʳʭ ʚʳʯʠʩʣʝʥʠʡ ʩʪʘʥʦʚʠʪʩʷ ʚʩʝ ʙʦʣʝʝ 

ʚʦʩʪʨʝʙʦʚʘʥʥʦʡ ʜʣʷ ʦʛʨʦʤʥʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʧʦʣʴʟʦʚʘʪʝʣʝʡ. ʀʥʪʝʨʝʩ ʢ ʨʘʟʚʠʪʠʶ ʮʝʥʪʨʦʚ 

ʦʙʨʘʙʦʪʢʠ ʜʘʥʥʳʭ (ʎʆɼ) ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʨʝʞʜʝ ʚʩʝʛʦ ʥʝʫʢʣʦʥʥʳʤ ʨʦʩʪʦʤ ʭʨʘʥʠʤʦʡ ʠ 

ʦʙʨʘʙʘʪʳʚʘʝʤʦʡ ʠʥʬʦʨʤʘʮʠʠ. ɼʘʪʘ-ʮʝʥʪʨʳ ʦʙʝʩʧʝʯʠʚʘʶʪ ʭʨʘʥʝʥʠʝ ʠʥʬʦʨʤʘʮʠʠ ʨʘʟʣʠʯʥʦʛʦ 

ʥʘʟʥʘʯʝʥʠʷ, ʨʝʟʝʨʚʥʦʝ ʢʦʧʠʨʦʚʘʥʠʝ, ʧʨʝʜʦʩʪʘʚʣʝʥʠʝ ʘʙʦʥʝʥʪʘʤ ʨʘʟʣʠʯʥʳʭ ʜʘʥʥʳʭ, ʦʙʨʘʙʦʪʢʘ 

ʚʭʦʜʷʱʠʭ ʟʘʧʨʦʩʦʚ ʠ ʫʜʦʚʣʝʪʚʦʨʝʥʠʝ ʘʥʘʣʦʛʠʯʥʳʭ ʩʝʨʚʠʩʦʚ [1]. 

ʇʝʨʝʜʘʯʘ ʠʥʬʦʨʤʘʮʠʠ ʤʝʞʜʫ ʎʆɼʘʤʠ ʠ ʚʥʫʪʨʠ ʧʦʩʣʝʜʥʠʭ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʥʘ ʦʩʥʦʚʝ 

ʩʦʚʨʝʤʝʥʥʳʭ ʥʘʧʨʘʚʣʷʶʱʠʭ ʪʝʣʝʢʦʤʤʫʥʠʢʘʮʠʦʥʥʳʭ ʩʨʝʜ, ʦʩʦʙʝʥʥʦʩʪʷʤ ʧʨʦʢʣʘʜʢʠ ʢʦʪʦʨʳʭ 

ʠ ʧʦʩʚʷʱʝʥʘ ʜʘʥʥʘʷ ʨʘʙʦʪʘ.  

ʉʦʧʨʷʞʝʥʠʝ ʧʦʜʩʠʩʪʝʤʳ ʚʥʝʰʥʠʭ ʤʘʛʠʩʪʨʘʣʝʡ ʜʘʪʘ-ʮʝʥʪʨʦʚ ʩ ʣʠʥʠʷʤʠ ʦʧʝʨʘʪʦʨʦʚ 

ʩʚʷʟʠ ʚʳʧʦʣʥʷʝʪʩʷ, ʢʘʢ ʧʨʘʚʠʣʦ, ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʦʜʥʦʤʦʜʦʚʳʭ ʦʧʪʠʯʝʩʢʠʭ ʢʘʙʝʣʝʡ [2]. ʇʨʠ 

ʵʪʦʤ ʧʨʦʢʣʘʜʢʘ ʢʘʙʝʣʝʡ ʧʨʦʚʦʜʠʪʩʷ ʧʦ ʪʨʘʜʠʮʠʦʥʥʳʤ ʪʝʭʥʦʣʦʛʠʷʤ: ʚ ʛʨʫʥʪ, ʚ ʧʦʜʟʝʤʥʫʶ 

ʢʘʙʝʣʴʥʫʶ ʢʘʥʘʣʠʟʘʮʠʶ, ʚ ʢʦʣʣʝʢʪʦʨʘʭ, ʧʦʜʚʝʩʢʘ ʥʘ ʦʧʦʨʘʭ ʨʘʟʣʠʯʥʦʛʦ ʥʘʟʥʘʯʝʥʠʷ [3-7]. 

ʆʧʪʠʯʝʩʢʠʝ ʠ ʤʝʜʥʳʝ ʢʘʙʝʣʠ ʧʦʜʩʠʩʪʝʤʳ ʚʥʫʪʨʝʥʥʠʭ ʤʘʛʠʩʪʨʘʣʝʡ ʎʆɼ ʤʦʛʫʪ ʙʳʪʴ 

ʧʨʦʣʦʞʝʥʳ ʢʘʢ ʥʘ ʛʦʨʠʟʦʥʪʘʣʴʥʳʭ, ʪʘʢ ʠ ʥʘ ʚʝʨʪʠʢʘʣʴʥʳʭ ʫʯʘʩʪʢʘʭ ʪʨʘʩʩʳ. ʆʩʦʙʝʥʥʦʩʪʴʶ 

ʧʨʦʢʣʘʜʢʠ ʢʘʙʝʣʝʡ ʪʠʧʘ Plenum ʠ Riser ʚ ʚʝʨʪʠʢʘʣʴʥʳʭ ʢʘʙʝʣʴʥʳʭ ʢʘʥʘʣʘʭ ʷʚʣʷʝʪʩʷ 

ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʠʭ ʦʙʷʟʘʪʝʣʴʥʦʛʦ ʢʨʝʧʣʝʥʠʷ ʜʣʷ ʧʨʝʜʦʪʚʨʘʱʝʥʠʷ ʨʘʩʪʷʞʝʥʠʷ ʧʦʜ ʜʝʡʩʪʚʠʝʤ 

ʠʭ ʩʦʙʩʪʚʝʥʥʦʛʦ ʚʝʩʘ. ɺ ʨʘʙʦʪʝ ʨʘʩʩʤʦʪʨʝʥʳ ʪʨʝʙʦʚʘʥʠʷ ʢ ʫʩʪʘʥʦʚʢʝ ʚʝʨʪʠʢʘʣʴʥʳʭ 

ʪʝʣʝʢʦʤʤʫʥʠʢʘʮʠʦʥʥʳʭ ʩʪʦʷʢʦʚ, ʚʦʧʨʦʩʳ ʧʨʝʦʜʦʣʝʥʠʷ ʤʝʞʵʪʘʞʥʳʭ ʧʝʨʝʢʨʳʪʠʡ ʠ ʩʪʝʥ. 

ʇʨʦʢʣʘʜʢʘ ʤʘʛʠʩʪʨʘʣʴʥʳʭ ʢʘʙʝʣʝʡ ʥʘ ʛʦʨʠʟʦʥʪʘʣʴʥʳʭ ʫʯʘʩʪʢʘʭ ʪʨʘʩʩʳ ʤʦʞʝʪ 

ʦʩʫʱʝʩʪʚʣʷʪʴʩʷ ʢʘʢ ʦʪʢʨʳʪʳʤ, ʪʘʢ ʠ ʟʘʢʨʳʪʳʤ ʩʧʦʩʦʙʦʤ. ɼʣʷ ʨʝʘʣʠʟʘʮʠʠ ʧʦʩʣʝʜʥʝʛʦ, ʢʘʢ 

ʧʨʘʚʠʣʦ, ʧʨʠʤʝʥʷʶʪʩʷ ʣʦʪʢʠ, ʧʣʘʩʪʠʢʦʚʳʝ ʪʨʫʙʳ ʠ ʢʦʨʦʙʘ ʨʘʟʣʠʯʥʦʛʦ ʩʝʯʝʥʠʷ. 

https://elibrary.ru/item.asp?id=27545529
https://elibrary.ru/item.asp?id=27545529
https://elibrary.ru/contents.asp?id=34340619
https://elibrary.ru/contents.asp?id=34340619&selid=27545529
https://elibrary.ru/item.asp?id=27545530
https://elibrary.ru/item.asp?id=27545530
https://elibrary.ru/contents.asp?id=34340619
https://elibrary.ru/contents.asp?id=34340619&selid=27545530
https://elibrary.ru/item.asp?id=15166139
https://elibrary.ru/contents.asp?id=33598343
https://elibrary.ru/contents.asp?id=33598343
https://elibrary.ru/contents.asp?id=33598343&selid=15166139
mailto:zal51@rambler.ru
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ʂʘʙʝʣʴʥʳʝ ʪʨʘʩʩʳ ʥʠʞʥʝʛʦ ʫʨʦʚʥʷ ʦʙʳʯʥʦ ʧʨʦʢʣʘʜʳʚʘʶʪʩʷ ʛʦʨʠʟʦʥʪʘʣʴʥʦ. ʇʨʠ ʵʪʦʤ 

ʚʦʟʤʦʞʥʦ ʧʨʠʤʝʥʝʥʠʝ ʢʘʢ ʤʘʣʦʚʦʣʦʢʦʥʥʳʭ ʦʧʪʠʯʝʩʢʠʭ, ʪʘʢ ʠ 4-ʭ ʧʘʨʥʳʭ ʢʘʙʝʣʝʡ ʚʠʪʘʷ ʧʘʨʘ. 

ʅʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʤʠ ʩʧʦʩʦʙʘʤʠ ʧʨʦʢʣʘʜʢʠ ʣʠʥʠʡ ʛʦʨʠʟʦʥʪʘʣʴʥʦʡ ʧʦʜʩʠʩʪʝʤʳ 

ʷʚʣʷʶʪʩʷ: ʚ ʢʦʥʩʪʨʫʢʮʠʷʭ ʧʦʣʘ; ʟʘ ʧʦʜʚʝʩʥʳʤ ʧʦʪʦʣʢʦʤ; ʚ ʥʘʩʪʝʥʥʳʭ ʢʘʙʝʣʴʥʳʭ ʢʦʨʦʙʘʭ; 

ʥʘʩʪʝʥʥʘʷ ʦʪʢʨʳʪʘʷ ʧʨʦʢʣʘʜʢʘ. ɺ ʨʘʙʦʪʝ ʜʘʥ ʘʥʘʣʠʟ ʨʘʟʣʠʯʥʳʭ ʤʝʪʦʜʦʚ ʧʨʠʤʝʥʝʥʠʷ 

ʧʨʦʢʣʘʜʢʠ ʢʘʙʝʣʝʡ ʥʠʞʥʝʛʦ ʫʨʦʚʥʷ ʜʘʪʘ-ʮʝʥʪʨʦʚ ʩ ʨʘʩʩʤʦʪʨʝʥʠʝʤ ʥʝʦʙʭʦʜʠʤʳʭ ʧʨʠ ʵʪʦʡ 

ʦʧʝʨʘʮʠʠ ʪʨʝʙʦʚʘʥʠʡ, ʘ ʪʘʢʞʝ ʚʦʧʨʦʩʳ ʩʦʚʤʝʩʪʥʦʡ ʧʨʦʢʣʘʜʢʠ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʩʠʤʤʝʪʨʠʯʥʳʭ ʠ 

ʩʠʣʦʚʳʭ ʢʘʙʝʣʝʡ.  

ɿʘʜʘʯʘ ʧʦʚʳʰʝʥʠʷ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʠ ʣʠʥʠʡ ʩʚʷʟʠ ʠ ʥʘʜʝʞʥʦʩʪʠ ʎʆɼ, ʚ ʮʝʣʦʤ, 

ʨʝʰʘʝʪʩʷ ʥʝ ʪʦʣʴʢʦ ʦʧʪʠʤʘʣʴʥʦʡ ʪʝʭʥʦʣʦʛʠʝʡ ʧʨʦʢʣʘʜʢʠ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʢʘʙʝʣʝʡ, ʥʦ ʠ 

ʛʨʘʤʦʪʥʳʤ ʚʳʙʦʨʦʤ ʪʠʧʦʚ ʧʨʠʤʝʥʷʝʤʳʭ ʦʧʪʠʯʝʩʢʠʭ ʚʦʣʦʢʦʥ [8-10]. 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʥʘ ʢʘʬʝʜʨʝ ʅʘʧʨʘʚʣʷʶʱʠʭ ʪʝʣʝʢʦʤʤʫʥʠʢʘʮʠʦʥʥʳʭ ʩʨʝʜ ʄʊʋʉʀ 

[11]. 
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ʋɼʂ 621.315 

ʉʦʚʨʝʤʝʥʥʳʝ ʮʠʬʨʦʚʳʝ ʪʨʘʥʩʧʦʨʪʥʳʝ ʠ ʩʝʪʠ ʘʙʦʥʝʥʪʩʢʦʛʦ ʜʦʩʪʫʧʘ ʩʪʨʦʷʪʩʷ, ʢʘʢ 

ʧʨʘʚʠʣʦ, ʥʘ ʙʘʟʝ ʦʧʪʠʯʝʩʢʠʭ ʢʘʙʝʣʝʡ (ʆʂ) ʩʚʷʟʠ. ʇʦʩʣʝʜʥʠʝ ʤʦʛʫʪ ʧʨʦʢʣʘʜʳʚʘʪʴʩʷ ʩ 

ʧʨʠʤʝʥʝʥʠʝʤ ʨʘʟʣʠʯʥʳʭ ʪʝʭʥʦʣʦʛʠʡ: ʧʨʦʢʣʘʜʢʘ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʚ ʛʨʫʥʪ, ʚ ʢʘʙʝʣʴʥʫʶ 

ʢʘʥʘʣʠʟʘʮʠʶ, ʚ ʟʘʱʠʪʥʳʝ ʧʣʘʩʪʤʘʩʩʦʚʳʝ ʪʨʫʙʳ, ʧʦ ʨʫʩʣʘʤ ʨʝʢ, ʧʦ ʜʥʫ ʚʦʜʦʝʤʦʚ, ʧʦʜʚʝʩʢʘ ʥʘ 

ʦʧʦʨʘʭ ʃʕʇ, ʥʘ ʦʧʦʨʘʭ ʢʦʥʪʘʢʪʥʦʡ ʩʝʪʠ ʕɾɼ, ʥʘ ʩʪʦʝʯʥʳʭ ʦʧʦʨʘʭ, ʥʘ ʦʧʦʨʘʭ ɺʃʉ, ʥʘ ʦʧʦʨʘʭ 

ʢʦʥʪʘʢʪʥʦʡ ʩʝʪʠ ʛʦʨʦʜʩʢʦʛʦ ʵʣʝʢʪʨʠʬʠʮʠʨʦʚʘʥʥʦʛʦ ʪʨʘʥʩʧʦʨʪʘ, ʥʘ ʦʧʦʨʘʭ ʛʦʨʦʜʩʢʦʡ 

ʦʩʚʝʪʠʪʝʣʴʥʦʡ ʩʝʪʠ. ʇʨʠ ʵʪʦʤ ʦʧʪʠʯʝʩʢʠʝ ʢʘʙʝʣʠ ʜʦʣʞʥʳ ʙʳʪʴ ʚʳʧʦʣʥʝʥʳ ʪʘʢʠʤ ʦʙʨʘʟʦʤ, 

ʯʪʦʙʳ ʚʳʜʝʨʞʠʚʘʪʴ ʤʝʭʘʥʠʯʝʩʢʠʝ ʥʘʛʨʫʟʢʠ, ʚʦʟʥʠʢʘʶʱʠʝ ʧʨʠ ʵʪʦʡ ʦʧʝʨʘʮʠʠ.  

ʊʘʢ ʢʘʢ ʦʧʪʠʯʝʩʢʠʝ ʢʘʙʝʣʠ ʩʫʱʝʩʪʚʝʥʥʦ ʦʪʣʠʯʘʶʪʩʷ ʦʪ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʧʦ ʫʜʝʣʴʥʦʤʫ 

ʩʦʦʪʥʦʰʝʥʠʶ ʢʦʥʩʪʨʫʢʪʠʚʥʳʭ ʵʣʝʤʝʥʪʦʚ ʠ ʤʘʪʝʨʠʘʣʦʚ, ʦʙʲʝʤʫ ʠ ʚʝʩʫ, ʪʦ ʧʨʝʜʩʪʘʚʣʷʝʪ 

ʦʧʨʝʜʝʣʝʥʥʳʡ ʠʥʪʝʨʝʩ ʨʘʩʩʤʦʪʨʝʪʴ ʥʘʛʨʫʟʢʠ, ʚʦʟʥʠʢʘʶʱʠʝ ʧʨʠ ʠʭ ʧʨʦʢʣʘʜʢʝ ʠ ʧʨʝʜʣʦʞʠʪʴ 

ʫʥʠʚʝʨʩʘʣʴʥʫʶ ʤʝʪʦʜʠʢʫ ʨʘʩʯʝʪʘ ʵʪʠʭ ʚʦʟʜʝʡʩʪʚʠʡ. 

ʂ ʦʩʥʦʚʥʳʤ ʬʘʢʪʦʨʘʤ, ʚʣʠʷʶʱʠʤ ʥʘ ʦʧʪʠʯʝʩʢʠʝ ʢʘʙʝʣʠ ʧʨʠ ʣʶʙʦʤ ʩʧʦʩʦʙʝ 

ʧʨʦʢʣʘʜʢʠ, ʩʣʝʜʫʝʪ ʦʪʥʝʩʪʠ ʤʝʭʘʥʠʯʝʩʢʠʝ ʚʠʜʳ ʚʦʟʜʝʡʩʪʚʠʡ, ʪʘʢʠʝ ʢʘʢ ʚʠʙʨʘʮʠʷ, ʨʘʩʪʷʞʝʥʠʷ 

ʠ ʠʟʛʠʙʳ, ʘ ʪʘʢʞʝ ʢʣʠʤʘʪʠʯʝʩʢʠʝ ʚʦʟʜʝʡʩʪʚʠʷ. ʇʨʠ ʵʢʩʧʣʫʘʪʘʮʠʠ ʆʂ ʠʩʧʳʪʳʚʘʶʪ 

ʚʠʙʨʘʮʠʦʥʥʳʝ ʥʘʛʨʫʟʢʠ, ʚ ʦʩʥʦʚʥʦʤ, ʧʨʠ ʧʨʦʢʣʘʜʢʝ ʧʦ ʤʦʩʪʘʤ ʠ ʵʩʪʘʢʘʜʘʤ, ʘ ʪʘʢʞʝ ʧʨʠ 

ʧʦʜʚʝʩʢʝ ʥʘ ʨʘʟʣʠʯʥʳʭ ʚʠʜʘʭ ʦʧʦʨ.  

ʅʘ ʪʝʨʨʠʪʦʨʠʠ ʥʘʩʝʣʝʥʥʳʭ ʧʫʥʢʪʦʚ ʧʨʦʢʣʘʜʢʘ ʆʂ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ, ʢʘʢ ʧʨʘʚʠʣʦ, ʚ 

ʢʘʥʘʣʳ ʧʦʜʟʝʤʥʦʡ ʢʘʙʝʣʴʥʦʡ ʢʘʥʘʣʠʟʘʮʠʠ. ʇʦʩʣʝʜʥʷʷ ʤʦʞʝʪ ʙʳʪʴ ʨʝʘʣʠʟʦʚʘʥʘ ʥʘ 

ʧʨʠʤʝʥʝʥʠʠ ʙʝʪʦʥʥʳʭ ʙʣʦʢʦʚ [1], ʘʩʙʦʮʝʤʝʥʪʥʳʭ ʪʨʫʙ [2], ʧʦʣʠʵʪʠʣʝʥʦʚʦʛʦ ʪʨʫʙʦʧʨʦʚʦʜʘ 

[3], ʟʘʱʠʪʥʳʭ ʧʣʘʩʪʤʘʩʩʦʚʳʭ ʪʨʫʙ [4]. ʆʧʪʠʯʝʩʢʠʝ ʢʘʙʝʣʠ ʧʨʠ ʟʘʪʷʛʠʚʘʥʠʠ ʚ ʢʘʥʘʣʳ 

ʢʘʥʘʣʠʟʘʮʠʠ ʧʦʜʚʝʨʛʘʶʪʩʷ ʚʦʟʜʝʡʩʪʚʠʶ, ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ, ʨʘʩʪʷʛʠʚʘʶʱʠʭ ʫʩʠʣʠʡ, ʤʝʪʦʜʠʢʝ 

ʨʘʩʯʝʪʘ ʧʦʩʣʝʜʥʠʭ ʠ ʧʦʩʚʷʱʝʥʘ ʜʘʥʥʘʷ ʨʘʙʦʪʘ.                     

ɺʝʣʠʯʠʥʘ ʨʘʩʪʷʛʠʚʘʶʱʠʭ ʫʩʠʣʠʡ ʟʘʚʠʩʠʪ ʦʪ ʧʦʛʦʥʥʦʛʦ ʚʝʩʘ ʧʨʦʢʣʘʜʳʚʘʝʤʦʛʦ ʢʘʙʝʣʷ, 

ʢʦʵʬʬʠʮʠʝʥʪʘ ʪʨʝʥʠʷ ʤʝʞʜʫ ʦʙʦʣʦʯʢʦʡ ʆʂ ʠ ʧʦʚʝʨʭʥʦʩʪʴʶ ʢʘʥʘʣʘ ʢʘʥʘʣʠʟʘʮʠʠ, ʘ ʪʘʢʞʝ 

ʩʧʝʮʠʬʠʢʠ ʪʨʘʩʩʳ. ɿʥʘʯʝʥʠʝ ʢʦʵʬʬʠʮʠʝʥʪʘ ʪʨʝʥʠʷ ʟʘʚʠʩʠʪ ʦʪ ʪʠʧʘ ʠ ʩʦʩʪʦʷʥʠʷ ʪʝʣʝʬʦʥʥʦʡ 

ʢʘʥʘʣʠʟʘʮʠʠ, ʤʘʪʝʨʠʘʣʘ ʠʟʛʦʪʦʚʣʝʥʠʷ ʚʥʝʰʥʝʛʦ ʰʣʘʥʛʘ ʢʘʙʝʣʷ ʠ ʤʦʞʝʪ ʠʟʤʝʥʷʪʴʩʷ ʚ 

ʰʠʨʦʢʠʭ ʧʨʝʜʝʣʘʭ. ɺ ʣʶʙʦʤ ʩʣʫʯʘʝ ʩʠʣʘ ʪʷʛʠ, ʧʨʠʣʦʞʝʥʥʘʷ ʢ ʆʂ, ʥʝ ʜʦʣʞʥʘ ʧʨʝʚʳʰʘʪʴ 

ʜʦʧʫʩʪʠʤʳʭ ʨʘʩʪʷʛʠʚʘʶʱʠʭ ʫʩʠʣʠʡ. 
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ʉʧʦʩʦʙʥʦʩʪʴ ʆʂ ʚʳʜʝʨʞʠʚʘʪʴ ʦʧʨʝʜʝʣʝʥʥʫʶ ʥʘʛʨʫʟʢʫ ʟʘʚʠʩʠʪ ʦʪ ʝʛʦ ʢʦʥʩʪʨʫʢʮʠʠ, ʪ.ʝ. 

ʦʪ ʪʦʛʦ, ʢʘʢʠʝ ʢʦʥʩʪʨʫʢʪʠʚʥʳʝ ʵʣʝʤʝʥʪʳ ʢʘʙʝʣʷ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʫʯʘʩʪʚʫʶʪ ʚ ʧʨʦʪʷʛʠʚʘʥʠʠ. 

ɽʩʣʠ ʜʣʷ ʟʘʪʷʛʠʚʘʥʠʷ ʆʂ ʠʩʧʦʣʴʟʫʶʪʩʷ ʫʩʪʨʦʡʩʪʚʘ ʪʠʧʘ ʢʘʙʝʣʴʥʦʛʦ ʯʫʣʢʘ, ʪʦ ʚʩʣʝʜʩʪʚʠʝ 

ʨʘʜʠʘʣʴʥʦʛʦ ʜʘʚʣʝʥʠʷ ʧʦʩʣʝʜʥʝʛʦ ʥʘ ʢʘʙʝʣʴ ʩʠʣʘ ʪʷʛʠ ʙʫʜʝʪ ʧʝʨʝʥʦʩʠʪʴʩʷ ʮʝʣʠʢʦʤ ʥʘ 

ʦʙʦʣʦʯʢʫ. ʇʝʨʝʜʘʯʘ ʩʠʣʳ ʪʷʛʠ ʥʘ ʵʣʝʤʝʥʪʳ ʩʝʨʜʝʯʥʠʢʘ ʢʘʙʝʣʷ ʙʫʜʝʪ ʦʧʨʝʜʝʣʷʪʴʩʷ ʩʠʣʦʡ 

ʩʮʝʧʣʝʥʠʷ ʤʝʞʜʫ ʵʣʝʤʝʥʪʘʤʠ ʩʝʨʜʝʯʥʠʢʘ ʠ ʦʙʦʣʦʯʢʦʡ, ʘ ʪʘʢʞʝ ʢʦʥʩʪʨʫʢʮʠʝʡ ʥʘʨʫʞʥʦʡ 

ʦʙʦʣʦʯʢʠ. ʅʘʧʨʠʤʝʨ, ʝʩʣʠ ʆʂ ʠʤʝʝʪ ʥʘʨʫʞʥʫʶ ʧʣʘʩʪʤʘʩʩʦʚʫʶ ʦʙʦʣʦʯʢʫ, ʪʦ ʚ ʵʪʦʤ ʩʣʫʯʘʝ 

ʥʘʨʫʞʥʘʷ ʦʙʦʣʦʯʢʘ ʚʦʩʧʨʠʥʠʤʘʝʪ ʣʠʰʴ ʦʧʨʝʜʝʣʝʥʥʫʶ ʯʘʩʪʴ ʦʙʱʝʡ ʩʠʣʳ ʪʷʛʠ, ʘ ʯʘʩʪʴ 

ʥʘʛʨʫʟʢʠ ʧʝʨʝʜʘʝʪʩʷ ʥʘ ʵʣʝʤʝʥʪʳ ʩʝʨʜʝʯʥʠʢʘ. ɽʩʣʠ ʞʝ ʚ ʆʂ ʠʩʧʦʣʴʟʫʝʪʩʷ ʥʘʨʫʞʥʘʷ 

ʤʝʪʘʣʣʠʯʝʩʢʘʷ ʦʙʦʣʦʯʢʘ, ʪʦ ʚʩʣʝʜʩʪʚʠʝ ʝʝ ʩʧʦʩʦʙʥʦʩʪʠ ʚʳʜʝʨʞʠʚʘʪʴ ʚʳʩʦʢʠʝ ʧʦʧʝʨʝʯʥʳʝ 

ʜʘʚʣʝʥʠʷ, ʧʨʘʢʪʠʯʝʩʢʠ ʚʩʷ ʧʨʠʢʣʘʜʳʚʘʝʤʘʷ ʪʷʛʦʚʘʷ ʥʘʛʨʫʟʢʘ ʧʘʜʘʝʪ ʥʘ ʦʙʦʣʦʯʢʫ.  

ɺ ʧʨʦʮʝʩʩʝ ʟʘʪʷʛʠʚʘʥʠʷ ʦʧʪʠʯʝʩʢʠʭ ʢʘʙʝʣʝʡ ʥʝʣʴʟʷ ʜʦʧʫʩʪʠʪʴ, ʯʪʦʙʳ ʪʷʛʦʚʘʷ ʥʘʛʨʫʟʢʘ 

ʧʘʜʘʣʘ ʥʘ ʦʧʪʠʯʝʩʢʠʝ ʚʦʣʦʢʥʘ [5-7], ʧʦʩʢʦʣʴʢʫ ʵʪʦ ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ ʠʟʤʝʥʝʥʠʶ ʧʘʨʘʤʝʪʨʦʚ 

ʧʝʨʝʜʘʯʠ ʢʘʙʝʣʷ [8]. 

ɺ ʨʘʙʦʪʝ ʧʨʝʜʣʦʞʝʥʘ ʫʥʠʚʝʨʩʘʣʴʥʘʷ ʤʝʪʦʜʠʢʘ ʨʘʩʯʝʪʘ ʨʘʩʪʷʛʠʚʘʶʱʠʭ ʫʩʠʣʠʡ, 

ʧʨʠʢʣʘʜʳʚʘʝʤʳʭ ʢ ʦʧʪʠʯʝʩʢʠʤ ʢʘʙʝʣʷʤ ʧʨʠ ʠʭ ʟʘʪʷʛʠʚʘʥʠʠ ʚ ʢʘʥʘʣʳ ʛʦʨʦʜʩʢʦʡ ʢʘʙʝʣʴʥʦʡ 

ʪʝʣʝʬʦʥʥʦʡ ʢʘʥʘʣʠʟʘʮʠʠ. ʇʨʠ ʵʪʦʤ ʫʯʠʪʳʚʘʣʠʩʴ ʧʦʛʦʥʥʳʡ ʚʝʩ ʢʘʙʝʣʷ, ʚʠʜ ʢʘʥʘʣʠʟʘʮʠʠ ʠ 

ʚʦʟʤʦʞʥʳʝ ʪʨʘʝʢʪʦʨʠʠ ʪʨʘʩʩʳ ʧʨʦʢʣʘʜʢʠ: ʧʨʷʤʦʣʠʥʝʡʥʳʡ ʫʯʘʩʪʦʢ ʛʦʨʠʟʦʥʪʘʣʴʥʦʡ ʪʨʘʩʩʳ, 

ʫʯʘʩʪʢʠ ʪʨʘʩʩʳ ʩ ʨʘʟʣʠʯʥʳʤʠ ʫʛʣʘʤʠ ʧʦʜʲʝʤʘ ʠ ʩʧʫʩʢʘ, ʫʯʘʩʪʢʠ ʪʨʘʩʩʳ ʩ ʨʘʟʣʠʯʥʳʤʠ ʫʛʣʘʤʠ 

ʠʟʛʠʙʘ. 

ʂʨʠʪʠʯʥʦʩʪʴ ʦʧʪʠʯʝʩʢʠʭ ʚʦʣʦʢʦʥ ʢ ʤʝʭʘʥʠʯʝʩʢʠʤ ʥʘʛʨʫʟʢʘʤ ʢʘʢ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʠʭ 

ʮʝʣʦʩʪʥʦʩʪʠ, ʪʘʢ ʠ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʩʦʭʨʘʥʝʥʠʷ ʢʘʙʝʣʝʤ ʟʘʜʘʥʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʧʝʨʝʜʘʯʠ, ʜʝʣʘʝʪ 

ʥʝʦʙʭʦʜʠʤʳʤ ʫʯʝʪ ʧʦʣʫʯʝʥʥʳʭ ʚʝʣʠʯʠʥ ʨʘʩʪʷʛʠʚʘʶʱʠʭ ʫʩʠʣʠʡ ʩ ʠʭ ʧʦʩʣʝʜʫʶʱʠʤ 

ʧʝʨʝʩʯʝʪʦʤ ʥʘ ʚʦʣʦʢʥʦ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʢʦʥʩʪʨʫʢʮʠʠ ʦʧʪʠʯʝʩʢʦʛʦ ʢʘʙʝʣʷ.      

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʥʘ ʢʘʬʝʜʨʝ ʅʘʧʨʘʚʣʷʶʱʠʭ ʪʝʣʝʢʦʤʤʫʥʠʢʘʮʠʦʥʥʳʭ ʩʨʝʜ ʄʊʋʉʀ 

[9]. 
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ʉ ʤʦʤʝʥʪʘ ʠʟʦʙʨʝʪʝʥʠʷ ʪʝʣʝʬʦʥʘ ʚ ʢʦʥʮʝ 18 ʚʝʢʘ ʦʙʣʘʩʪʴ ʪʝʣʝʢʦʤʤʫʥʠʢʘʮʠʠ ʜʦʙʠʣʘʩʴ 

ʤʥʦʛʦʯʠʩʣʝʥʥʳʭ ʟʥʘʯʠʪʝʣʴʥʳʭ ʫʩʧʝʭʦʚ ʚ ʤʝʪʦʜʘʭ ʤʦʜʫʣʷʮʠʠ, ʪʝʦʨʠʠ ʠʥʬʦʨʤʘʮʠʠ, 

ʢʦʜʠʨʦʚʘʥʠʠ ʠ ʪ. ʜ. ʇʦ ʤʝʨʝ ʨʘʟʚʠʪʠʷ ʪʝʦʨʠʠ ʩʚʷʟʠ ʥʦʚʳʝ ʪʝʣʝʬʦʥʳ ʠʟʙʘʚʣʷʣʠʩʴ ʦʪ 

ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʧʦʜʢʣʶʯʘʪʴ ʧʨʦʚʦʜʘ ʚ ʤʦʙʠʣʴʥʳʝ ʪʝʣʝʬʦʥʳ. ʕʪʠ ʤʦʙʠʣʴʥʳʝ ʪʝʣʝʬʦʥʳ 21 

ʚʝʢʘ ʧʦʟʚʦʣʠʣʠ ʧʦʣʴʟʦʚʘʪʝʣʷʤ ʩʦʚʝʨʰʘʪʴ ʪʝʣʝʬʦʥʥʳʝ ʟʚʦʥʢʠ ʠʟ ʣʶʙʦʡ ʪʦʯʢʠ ʤʠʨʘ, ʧʦʢʘ ʦʥʠ 

ʥʘʭʦʜʷʪʩʷ ʚ ʟʦʥʝ ʧʦʢʨʳʪʠʷ ʩʚʦʠʭ ʙʘʟʦʚʳʭ ʩʪʘʥʮʠʡ ʠ ʤʦʛʫʪ ʧʦʜʜʝʨʞʠʚʘʪʴ ʘʢʪʠʚʥʫʶ ʩʩʳʣʢʫ 

(ʦʙʳʯʥʦ ʥʘʟʳʚʘʝʤʫʶ ʷʯʝʡʢʘʤʠ). ʆʜʥʘʢʦ ʵʪʠ ʤʦʙʠʣʴʥʳʝ ʪʝʣʝʬʦʥʳ ʥʝ ʤʦʛʣʠ ʩʦʚʝʨʰʘʪʴ 

ʥʠʯʝʛʦ, ʢʨʦʤʝ ʪʝʣʝʬʦʥʥʳʭ ʟʚʦʥʢʦʚ ʠ ʭʨʘʥʝʥʠʷ ʩʧʠʩʢʘ ʢʦʥʪʘʢʪʦʚ ʧʦʣʴʟʦʚʘʪʝʣʷ.  

ʉ ʙʫʨʥʳʤ ʨʦʩʪʦʤ World Wide Web ʧʦʪʨʝʙʥʦʩʪʴ ʣʶʜʝʡ ʚ ʧʦʜʢʣʶʯʝʥʠʠ ʢ ʠʥʪʝʨʥʝʪʫ ʚʩʝ 

ʚʨʝʤʷ ʫʚʝʣʠʯʠʚʘʣʘʩʴ, ʠ ʵʪʠ ʫʩʪʨʦʡʩʪʚʘ ʦʢʘʟʘʣʠʩʴ ʯʨʝʟʚʳʯʘʡʥʦ ʦʛʨʘʥʠʯʠʪʝʣʴʥʳʤʠ. ʇʦ ʤʝʨʝ 

ʫʚʝʣʠʯʝʥʠʷ ʨʘʟʥʦʦʙʨʘʟʠʷ ʪʘʢʠʭ ʧʦʪʨʝʙʥʦʩʪʝʡ ʚʦʟʥʠʢʣʘ ʥʦʚʘʷ ʧʦʨʦʜʘ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʭ 

ʫʩʪʨʦʡʩʪʚ, ʢʦʪʦʨʘʷ ʠʤʝʣʘ ʚʦʟʤʦʞʥʦʩʪʠ ʟʘʧʫʩʢʘʪʴ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʝ ʧʨʠʣʦʞʝʥʠʷ ʜʣʷ 

ʚʳʧʦʣʥʝʥʠʷ ʧʦʣʴʟʦʚʘʪʝʣʴʩʢʠʭ ʚʳʯʠʩʣʝʥʠʡ ʠ ʧʦʜʢʣʶʯʝʥʠʷ. ʕʪʠ ʥʦʚʳʝ ʫʩʪʨʦʡʩʪʚʘ ʥʘʟʳʚʘʣʠʩʴ 

ʩʤʘʨʪʬʦʥʘʤʠ.  

ʄʥʦʛʠʝ ʵʬʬʝʢʪʠʚʥʳʝ ʨʝʰʝʥʠʷ ʙʳʣʠ ʨʘʟʨʘʙʦʪʘʥʳ ʩ ʪʝʯʝʥʠʝʤ ʚʨʝʤʝʥʠ ʪʘʢʠʤʠ 

ʢʦʤʧʘʥʠʷʤʠ, ʢʘʢ RIM, Palm ʠ ʪ. ʜ. ʆʜʥʘʢʦ ʠʟ-ʟʘ ʠʭ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʠ ʧʨʦʩʪʦʪʳ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 

ʙʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ ʪʦʣʴʢʦ ʜʚʘ ʨʝʰʝʥʠʷ: ʦʧʝʨʘʮʠʦʥʥʘʷ ʩʠʩʪʝʤʘ Android ʦʪ Google ʠ iOS ʦʪ 

Apple ʥʘ IPhones. 

ɸʥʜʨʦʠʜ ï ʵʪʦ ʦʧʝʨʘʮʠʦʥʥʘʷ ʩʠʩʪʝʤʘ ʜʣʷ ʩʤʘʨʪʬʦʥʦʚ, ʥʝʪʙʫʢʦʚ, ʢʦʤʤʫʥʠʢʘʪʦʨʦʚ, 

ʩʤʘʨʪʙʫʢʦʚ, ʦʩʥʦʚʘʥʥʘʷ ʥʘ ʷʜʨʝ Linux. ʉʘʤʘʷ ʧʝʨʚʘʷ ʚʝʨʩʠʷ ʵʪʦʡ ʦʧʝʨʘʮʠʦʥʥʦʡ ʩʠʩʪʝʤʳ 

ʚʳʰʣʘ ʚ 2008 ʛ. ʅʘ ʜʘʥʥʳʡ ʤʦʤʝʥʪ ʫʞʝ ʚʳʧʫʱʝʥʦ ʜʝʩʷʪʴ ʚʝʨʩʠʡ ʩʠʩʪʝʤʳ, ʠ ʝʱʝ ʦʜʥʘ 

ʥʘʭʦʜʠʪʩʷ ʚ ʩʪʘʜʠʠ ʘʢʪʠʚʥʦʡ ʨʘʟʨʘʙʦʪʢʠ, ʧʦʩʣʝʜʥʷʷ ʚʳʧʫʱʝʥʥʘʷ ʚʝʨʩʠʷ Android O 9.0. 
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Android ï ʦʪʢʨʳʪʳʡ ʢʦʜ. ʃʶʙʦʡ ʟʘʠʥʪʝʨʝʩʦʚʘʥʥʳʡ ʠʣʠ ʠʥʪʝʨʝʩʫʶʱʠʡʩʷ ʤʦʞʝʪ ʩʘʤ 

ʥʘʧʠʩʘʪʴ ʧʨʠʣʦʞʝʥʠʝ ʜʣʷ ʩʚʦʝʛʦ ʫʩʪʨʦʡʩʪʚʘ. ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʧʦʣʦʞʝʥʠʷʤʠ Apache License ʝʝ 

ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʜʣʷ ʣʶʙʳʭ ʮʝʣʝʡ, ʠʟʤʝʥʷʪʴ, ʨʘʩʧʨʦʩʪʨʘʥʷʪʴ ʠʟʤʝʥʝʥʥʳʝ ʚʝʨʩʠʠ, ʥʝ 

ʠʟʤʝʥʷʷ ʧʨʠ ʵʪʦʤ ʥʘʟʚʘʥʠʝ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ ʤʦʞʥʦ ʚʟʷʪʴ ʠʩʭʦʜʥʳʡ ʢʦʜ ʦʧʨʝʜʝʣʝʥʥʦʡ ʚʝʨʩʠʠ 

Android, ʘʜʘʧʪʠʨʦʚʘʪʴ ʝʛʦ ʢ ʦʧʨʝʜʝʣʝʥʥʦʤʫ ʫʩʪʨʦʡʩʪʚʫ ʠ ʧʫʩʢʘʪʴ ʚ ʧʨʦʜʘʞʫ ʥʦʚʳʡ 

çʘʥʜʨʦʠʜʦʬʦʥè ʠʣʠ çʘʥʜʨʦʠʜʦʧʣʘʥʰʝʪè. 

Android ʠʤʝʝʪ ʨʘʟʣʠʯʥʳʝ ʧʨʠʣʦʞʝʥʠʷ, ʢʦʪʦʨʳʝ ʢʦʥʚʝʨʪʠʨʫʶʪ ʨʝʯʴ ʚ ʪʝʢʩʪ, ʘ ʪʘʢʞʝ 

ʨʘʟʣʠʯʥʳʝ ʨʝʜʘʢʪʦʨʳ, ʢʦʪʦʨʳʝ ʧʦʟʚʦʣʷʶʪ ʧʦʣʴʟʦʚʘʪʝʣʷʤ ʧʠʩʘʪʴ ʢʦʤʧʴʶʪʝʨʥʫʶ ʧʨʦʛʨʘʤʤʫ ʚ 

ʫʜʦʙʥʦʡ ʜʣʷ ʧʦʣʴʟʦʚʘʪʝʣʷ ʩʨʝʜʝ. ʇʨʠʤʝʨʦʤ ʢʦʥʚʝʨʪʝʨʘ ʨʝʯʠ ʷʚʣʷʝʪʩʷ ʨʘʩʧʦʟʥʘʚʘʪʝʣʴ ʨʝʯʠ 

Google, ʢʦʪʦʨʳʡ ʠʩʧʦʣʴʟʫʝʪʩʷ ʚ ʛʦʣʦʩʦʚʦʤ ʧʨʠʣʦʞʝʥʠʠ Google. Deuter IDE, Code Peeker ʠ 

AIDE ʷʚʣʷʶʪʩʷ ʧʨʠʤʝʨʘʤʠ ʧʨʦʛʨʘʤʤʥʳʭ ʨʝʜʘʢʪʦʨʦʚ ʜʣʷ ʦʧʝʨʘʮʠʦʥʥʦʡ ʩʠʩʪʝʤʳ Android. 

ɼʘʥʥʦʝ ʧʨʠʣʦʞʝʥʠʝ ʨʘʩʧʦʟʥʘʝʪ Java-ʢʦʤʘʥʜʳ ʠ Java-ʙʠʙʣʠʦʪʝʢʠ ʠ ʢʦʤʧʠʣʠʨʫʝʪ 

ʪʦʯʥʫʶ ʧʨʦʛʨʘʤʤʫ. 

ʊʠʧʠʯʥʘʷ ʩʫʱʝʩʪʚʫʶʱʘʷ ʩʠʩʪʝʤʘ ʨʘʩʧʦʟʥʘʚʘʥʠʷ ʨʝʯʠ ʧʨʝʦʙʨʘʟʫʝʪ ʨʝʯʴ ʚ ʪʝʢʩʪ 

ʥʝʟʘʚʠʩʠʤʦ ʦʪ ʩʦʜʝʨʞʠʤʦʛʦ. ʕʪʦ ʦʟʥʘʯʘʝʪ, ʯʪʦ ʢʦʥʪʝʥʪ ʤʦʞʝʪ ʙʳʪʴ, ʯʝʤ ʫʛʦʜʥʦ, ʢʨʦʤʝ 

ʢʦʤʘʥʜ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ ʠ ʩʠʥʪʘʢʩʠʩʦʚ. ɼʣʷ ʥʘʧʠʩʘʥʠʷ ʧʨʦʛʨʘʤʤʳ ʧʦʣʴʟʦʚʘʪʝʣʴ ʜʦʣʞʝʥ 

ʩʣʝʜʦʚʘʪʴ ʢʦʥʢʨʝʪʥʦʤʫ ʬʦʨʤʘʪʫ ʠ ʩʠʥʪʘʢʩʠʩʫ, ʯʪʦ ʥʝʚʦʟʤʦʞʥʦ ʧʨʠ ʩʫʱʝʩʪʚʫʶʱʝʤ 

ʧʨʠʣʦʞʝʥʠʠ. ʋʣʫʯʰʝʥʥʘʷ ʚʝʨʩʠʷ ʵʪʦʛʦ ʧʨʠʣʦʞʝʥʠʷ ʜʦʣʞʥʘ ʨʘʩʧʦʟʥʘʚʘʪʴ ʩʠʥʪʘʢʩʠʩʳ Java ʠ 

ʥʝ ʜʦʧʫʩʢʘʪʴ ʥʠʢʘʢʠʭ ʜʨʫʛʠʭ ʩʣʦʚ ʚʥʝ ʷʟʳʢʦʚʳʭ ʙʠʙʣʠʦʪʝʢ. ʊʘʢʞʝ ʧʨʦʛʨʘʤʤʘ ʜʦʣʞʥʘ 

ʧʦʟʚʦʣʠʪʴ ʧʦʣʴʟʦʚʘʪʝʣʶ ʦʩʪʘʚʠʪʴ ʢʦʤʤʝʥʪʘʨʠʡ, ʧʨʦʜʠʢʪʦʚʘʚ çʢʦʤʤʝʥʪʘʨʠʡè, ʟʘ ʢʦʪʦʨʳʤ 

ʩʣʝʜʫʝʪ ʢʦʤʤʝʥʪʘʨʠʡ ʧʦʣʴʟʦʚʘʪʝʣʷ. 

ʇʨʠʣʦʞʝʥʠʝ ʨʘʩʧʦʟʥʘʚʘʥʠʷ ʨʝʯʠ ʧʦʟʚʦʣʷʝʪ ʧʦʣʴʟʦʚʘʪʝʣʷʤ ʨʘʟʨʘʙʘʪʳʚʘʪʴ ʩʦʙʩʪʚʝʥʥʫʶ 

ʧʨʦʛʨʘʤʤʫ Java, ʩʣʝʜʫʷ ʢʦʥʢʨʝʪʥʦʤʫ ʩʠʥʪʘʢʩʠʩʫ Java ʠ ʜʠʢʪʫʷ ʢʦʜ ʜʣʷ ʧʨʠʣʦʞʝʥʠʷ. 

ʇʨʠʣʦʞʝʥʠʝ ʧʨʝʦʙʨʘʟʫʝʪ ʧʨʦʠʟʥʦʩʠʤʳʝ ʩʣʦʚʘ ʚ ʪʝʢʩʪ ʠ ʧʦʩʣʝ ʩʦʭʨʘʥʝʥʠʷ ʧʨʦʛʨʘʤʤʳ ʦʥʦ 

ʙʫʜʝʪ ʠʤʧʦʨʪʠʨʦʚʘʪʴ ʬʘʡʣ ʚ ʢʦʤʧʠʣʷʪʦʨ ʠ ʚʳʧʦʣʥʠʪʴ ʧʨʦʛʨʘʤʤʫ. 

ʇʨʠʣʦʞʝʥʠʝ ʨʘʩʧʦʟʥʘʚʘʥʠʷ ʨʝʯʠ ʦʙʣʝʛʯʘʝʪ ʧʨʦʮʝʩʩ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ ʙʣʘʛʦʜʘʨʷ ʝʛʦ 

ʧʦʜʛʦʪʦʚʣʝʥʥʳʤ ʦʧʝʨʘʪʦʨʘʤ ʠ ʙʣʦʢʘʤ. ʅʘʧʨʠʤʝʨ, ʧʦʣʴʟʦʚʘʪʝʣʶ ʥʝ ʥʫʞʥʦ ʜʠʢʪʦʚʘʪʴ ʢʘʞʜʳʡ 

ʙʘʟʦʚʳʡ ʢʦʤʧʦʥʝʥʪ ʦʩʥʦʚʥʦʛʦ ʤʝʪʦʜʘ, ʥʦ ʪʦʣʴʢʦ ʥʫʞʥʦ ʩʢʘʟʘʪʴ ʩʣʦʚʦ çʛʣʘʚʥʦʝè. ʇʨʠʣʦʞʝʥʠʝ 

ʦʪʢʨʦʝʪ ʙʘʟʦʚʳʡ çʦʩʥʦʚʥʦʡ ʢʣʘʩʩè, ʚʢʣʶʯʘʷ ʩʢʦʙʢʠ ʠ ʧʫʩʪʳʝ ʧʨʦʩʪʨʘʥʩʪʚʘ ʜʣʷ ʘʨʛʫʤʝʥʪʦʚ. 

ʇʦ ʟʘʚʝʨʰʝʥʠʠ ʧʨʦʛʨʘʤʤʳ ʧʦʣʴʟʦʚʘʪʝʣʴ ʤʦʞʝʪ ʜʠʢʪʦʚʘʪʴ ʩʣʦʚʦ çʬʠʢʩʘʮʠʷè, ʢʦʪʦʨʦʝ 

ʩʦʭʨʘʥʠʪ ʠ ʩʢʦʤʧʠʣʠʨʫʝʪ ʧʨʦʛʨʘʤʤʫ. 

çʈʘʩʧʦʟʥʘʚʘʥʠʝ ʨʝʯʠ (SR) ʤʘʰʠʥʦʡ, ʢʦʪʦʨʘʷ ʧʝʨʝʚʦʜʠʪ ʧʨʦʠʟʥʦʩʠʤʳʝ ʩʣʦʚʘ ʚ ʪʝʢʩʪ, 

ʙʳʣʘ ʮʝʣʴʶ ʠʩʩʣʝʜʦʚʘʥʠʡ ʙʦʣʝʝ ʰʝʩʪʠ ʜʝʩʷʪʠʣʝʪʠʡ. ʆʥ ʪʘʢʞʝ ʠʟʚʝʩʪʝʥ ʢʘʢ ʘʚʪʦʤʘʪʠʯʝʩʢʠʡ 

ʨʘʩʧʦʟʥʘʚʘʪʝʣʴ ʨʝʯʠ (ASR), ʨʘʩʧʦʟʥʘʚʘʥʠʝ ʢʦʤʧʴʶʪʝʨʥʦʡ ʨʝʯʠ ʠʣʠ ʧʨʦʩʪʦ ʨʝʯʴ ʚ ʪʝʢʩʪʝ (STT). 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʨʘʩʧʦʟʥʘʚʘʥʠʷ ʨʝʯʠ ʤʘʰʠʥʦʡ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʤʥʦʞʝʩʪʚʦ ʜʠʩʮʠʧʣʠʥ, ʚʢʣʶʯʘʷ 

ʦʙʨʘʙʦʪʢʫ ʩʠʛʥʘʣʦʚ, ʘʢʫʩʪʠʢʫ, ʨʘʩʧʦʟʥʘʚʘʥʠʝ ʦʙʨʘʟʦʚ, ʩʚʷʟʴ ʠ ʪʝʦʨʠʶ ʠʥʬʦʨʤʘʮʠʠ, 

ʣʠʥʛʚʠʩʪʠʢʫ, ʬʠʟʠʦʣʦʛʠʶ, ʠʥʬʦʨʤʘʪʠʢʫ ʠ ʧʩʠʭʦʣʦʛʠʶè. 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʤʦʙʠʣʴʥʳʝ ʧʨʦʜʫʢʪʳ ʨʘʩʧʦʟʥʘʚʘʥʠʷ ʨʝʯʠ (SR) ʰʠʨʦʢʦ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʳ. ʉʫʱʝʩʪʚʫʝʪ ʤʥʦʞʝʩʪʚʦ ʩʪʦʨʦʥʥʠʭ SR-ʧʨʠʣʦʞʝʥʠʡ, ʧʦʜʜʝʨʞʠʚʘʶʱʠʭ 

Android. ʇʨʠʤʝʨ Google Voice Recognition (GVR), ʢʦʪʦʨʳʡ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʫʩʪʘʥʦʚʣʝʥ ʥʘ 

ʤʥʦʛʠʭ ʫʩʪʨʦʡʩʪʚʘʭ Android ʢʘʢ ʤʝʭʘʥʠʟʤ ʨʘʩʧʦʟʥʘʚʘʥʠʷ. 

 

ʃʠʪʝʨʘʪʫʨʘ 

1. ɺʘʨʘʢʠʥ ʄ.ɺ. ʈʘʟʨʘʙʦʪʢʘ ʤʦʙʠʣʴʥʳʭ ʧʨʠʣʦʞʝʥʠʡ ʧʦʜ Android. ï ʄ.: ʋʎ çʉʧʝʮʠʘʣʠʩʪè ʧʨʠ 

ʄɻʊʋ ʠʤ. ʅ. ʕ. ɹʘʫʤʘʥʘ, 2012. ï 128 ʩ. 



20 
 

2. ɻʦʣʦʱʘʧʦʚ ɸ.ʃ. Google Android: ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʝ ʜʣʷ ʤʦʙʠʣʴʥʳʭ ʫʩʪʨʦʡʩʪʚ. ï 

ʉʇʙ.: ɹʍɺ-ʇʝʪʝʨʙʫʨʛ, 2010. ï 448 ʩ. 

3. ɻʦʣʦʱʘʧʦʚ ɸ.ʃ. Google Android. ʉʦʟʜʘʥʠʝ ʧʨʠʣʦʞʝʥʠʡ ʜʣʷ ʩʤʘʨʪʬʦʥʦʚ ʠ ʧʣʘʥʰʝʪʥʳʭ ʇʂ. 

ï ʉʇʙ.: ɹʍɺ-ʇʝʪʝʨʙʫʨʛ, 2014. ï 928 ʩ. 

 

 

ʀʉʇʆʃʔɿʆɺɸʅʀɽ SDN-ʊɽʍʅʆʃʆɻʀʁ ɺ ʉɽʊʗʍ ʆʇɽʈɸʊʆʈɸ ʉʆʊʆɺʆʁ ʉɺʗɿʀ 

 

ɺ.ʀ. ʇʦʣʫʥʠʥʘ, ʩʪʫʜʝʥʪʢʘ ʄʊʋʉʀ, 111024, ʛ. ʄʦʩʢʚʘ, ʫʣ. ɸʚʠʘʤʦʪʦʨʥʘʷ, 8ɸ., 

vikapolunina2014@gmail.com; 

ɸ.ɺ. ʊʨʫʬʘʥʦʚ, ʩʪʫʜʝʥʪ ʄʊʋʉʀ, 111024, ʛ. ʄʦʩʢʚʘ, ʫʣ. ɸʚʠʘʤʦʪʦʨʥʘʷ, 8ɸ., truf00@yandex.ru. 

 

USE OF SDN TECHNOLOGIES IN MOBILE OPERATOR NETWORKS  

 

Victoria Polunina, student MTUCI, 111024, Moscow, Aviamotornaya st., 8A.; 

Andrew Trufanov, student MTUCI, 111024, Moscow, Aviamotornaya st., 8A. 

 

ʋɼʂ 621 

ʉʝʪʠ ʦʧʝʨʘʪʦʨʦʚ ʤʦʙʠʣʴʥʦʡ ʩʚʷʟʠ ʫʞʝ ʩʝʡʯʘʩ ʧʨʝʜʲʷʚʣʷʶʪ ʚʳʩʦʢʠʝ ʪʨʝʙʦʚʘʥʠʷ ʢ ʩʝʪʠ 

ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ. ʕʪʦ ʦʙʫʩʣʘʚʣʠʚʘʝʪʩʷ ʚʳʩʦʢʦʡ ʧʨʦʧʫʩʢʥʦʡ ʩʧʦʩʦʙʥʦʩʪʴʶ ʩʪʘʥʜʘʨʪʘ LTE, 

ʤʦʙʠʣʴʥʦʩʪʴʶ ʘʙʦʥʝʥʪʦʚ ʠ, ʢʘʢ ʩʣʝʜʩʪʚʠʝ, ʪʨʫʜʥʦ ʧʨʝʜʩʢʘʟʫʝʤʳʤ ʫʨʦʚʥʝʤ ʥʘʛʨʫʟʢʠ ʥʘ 

ʦʧʨʝʜʝʣʝʥʥʳʡ ʫʯʘʩʪʦʢ ʩʝʪʠ. 

ɺʥʝʜʨʝʥʠʝ ʩʦʪʦʚʳʭ ʩʝʪʝʡ ʥʦʚʦʛʦ ʧʦʢʦʣʝʥʠʷ ç5Gè ʵʪʠ ʪʨʝʙʦʚʘʥʠʷ ʟʥʘʯʠʪʝʣʴʥʦ 

ʧʦʚʳʰʘʶʪʩʷ ʠ ʜʝʣʘʶʪ ʟʘʜʘʯʠ ʛʠʙʢʦʛʦ ʫʧʨʘʚʣʝʥʠʷ ʪʨʘʬʠʢʦʤ, ʝʛʦ ʙʘʣʘʥʩʠʨʦʚʢʠ ʢʨʠʪʠʯʝʩʢʠ 

ʚʘʞʥʳʤʠ. 

ɼʣʷ ʢʨʫʧʥʦʛʦ ʦʧʝʨʘʪʦʨʘ ʩʚʷʟʠ ʚʘʞʥʘ ʤʫʣʴʪʠʚʝʥʜʦʨʥʦʩʪʴ ʦʧʦʨʥʦʡ ʩʝʪʠ ʠ ʤʠʥʠʤʠʟʘʮʠʷ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʧʨʦʧʨʠʝʪʘʨʥʳʭ ʪʝʭʥʦʣʦʛʠʡ, ʵʪʦ ʧʦʟʚʦʣʷʝʪ ʟʥʘʯʠʪʝʣʴʥʦ ʫʤʝʥʴʰʠʪʴ ʠʟʜʝʨʞʢʠ 

ʟʘ ʩʯʝʪ ʩʦʭʨʘʥʝʥʠʷ ʥʝʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʢʦʥʢʨʝʪʥʳʭ ʧʦʩʪʘʚʱʠʢʦʚ. 

ɼʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʛʠʙʢʦʩʪʠ ʵʢʩʧʣʫʘʪʘʮʠʠ ʦʧʦʨʥʦʡ ʩʝʪʠ ʠ ʧʨʝʜʦʩʪʘʚʣʝʥʠʷ ʘʙʦʥʝʥʪʘʤ 

ʨʘʟʥʦʨʦʜʥʳʭ ʩʝʨʚʠʩʦʚ ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʪʝʭʥʦʣʦʛʠʠ ʚʠʨʪʫʘʣʠʟʘʮʠʠ ʩʝʪʠ. 

ʇʨʠʤʝʥʝʥʠʝ ʪʝʭʥʦʣʦʛʠʡ ʚʠʨʪʫʘʣʠʟʘʮʠʠ ʩʝʪʝʚʳʭ ʬʫʥʢʮʠʡ (Network function 

virtualization) ʧʦʟʚʦʣʷʝʪ ʧʝʨʝʚʝʩʪʠ ʨʷʜ ʩʝʨʚʠʩʦʚ ʥʘ ʫʨʦʚʝʥʴ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ, 

ʫʚʝʣʠʯʠʚʘʷ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʩʝʪʝʚʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ. 

ʆʧʝʨʘʪʦʨʳ ʩʦʪʦʚʦʡ ʩʚʷʟʠ ʫʞʝ ʚʠʨʪʫʘʣʠʟʫʶʪ ʨʷʜ ʩʝʨʚʠʩʦʚ ï ʪʝʭʥʦʣʦʛʠʠ vIMS (virtual 

IP-multimedia subsystem), vEPC (virtual evolved packet core) ʷʚʣʷʶʪʩʷ ʚʘʞʥʳʤʠ ʢʦʤʧʦʥʝʥʪʘʤʠ 

ʘʨʭʠʪʝʢʪʫʨʳ, ʢʦʪʦʨʘʷ ʦʙʝʩʧʝʯʠʚʘʝʪ ʙʝʩʧʨʦʚʦʜʥʫʶ ʩʚʷʟʴ ʩʪʘʥʜʘʨʪʘ LTE. 

ɺ ʢʦʥʪʝʢʩʪʝ ʤʫʣʴʪʠʚʝʥʜʦʨʥʦʩʪʠ ʠ ʚʦʟʤʦʞʥʦʩʪʝʡ ʦʙʦʨʫʜʦʚʘʥʠʷ ʜʣʷ ʚʠʨʪʫʘʣʠʟʘʮʠʠ ʩʝʪʠ 

ʦʧʪʠʤʘʣʴʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ MPLS, ʢʘʢ ʪʝʭʥʦʣʦʛʠʶ, ʧʦʜʜʝʨʞʠʚʘʝʤʫʶ ʙʦʣʴʰʠʥʩʪʚʦʤ ʩʝʪʝʚʳʭ 

ʫʩʪʨʦʡʩʪʚ, ʧʨʝʜʥʘʟʥʘʯʝʥʥʳʭ ʜʣʷ ʦʧʝʨʘʪʦʨʦʚ ʩʚʷʟʠ.  

MPLS ʥʝ ʧʦʣʥʦʩʪʴʶ ʨʝʰʘʝʪ ʧʨʦʙʣʝʤʫ ʛʠʙʢʦʛʦ ʠ ʮʝʥʪʨʘʣʠʟʦʚʘʥʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ 

ʪʨʘʬʠʢʘ, ʥʝʦʙʭʦʜʠʤʘ ʯʘʩʪʠʯʥʘʷ ʮʝʥʪʨʘʣʠʟʘʮʠʷ control plane. 

SDN-ʪʝʭʥʦʣʦʛʠʠ Segment Routing ʜʦʧʦʣʥʷʶʪ MPLS, ʩʫʱʝʩʪʚʝʥʥʦ ʧʦʚʳʰʘʷ 

ʫʧʨʘʚʣʷʝʤʦʩʪʴ ʩʝʪʠ. 

https://ru.wikipedia.org/w/index.php?title=%D0%91%D0%A5%D0%92-%D0%9F%D0%B5%D1%82%D0%B5%D1%80%D0%B1%D1%83%D1%80%D0%B3&action=edit&redlink=1
https://ru.wikipedia.org/w/index.php?title=%D0%91%D0%A5%D0%92-%D0%9F%D0%B5%D1%82%D0%B5%D1%80%D0%B1%D1%83%D1%80%D0%B3&action=edit&redlink=1
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21 
 

ʉʫʱʝʩʪʚʫʶʪ ʩʣʦʞʥʦʩʪʠ ʚ ʩʣʘʙʦʡ ʩʦʚʤʝʩʪʠʤʦʩʪʠ ʨʘʟʣʠʯʥʳʭ ʨʝʘʣʠʟʘʮʠʡ Segment 

Routing, ʥʦ ʦʥʠ ʫʩʪʨʘʥʷʶʪʩʷ ʧʦ ʤʝʨʝ ʜʦʨʘʙʦʪʢʠ ʩʪʘʥʜʘʨʪʘ. 

ʅʝʩʤʦʪʨʷ ʥʘ ʠʤʝʶʱʠʝʩʷ ʧʨʦʙʣʝʤʳ ʧʨʝʠʤʫʱʝʩʪʚʘ Segment Routing ʜʝʣʘʶʪ ʝʛʦ 

ʦʧʪʠʤʘʣʴʥʳʤ ʜʣʷ ʚʥʝʜʨʝʥʠʷ ʚ ʩʝʪʷʭ ʦʧʝʨʘʪʦʨʘ ʩʦʪʦʚʦʡ ʩʚʷʟʠ. 

ɺ ʩʣʫʯʘʝ ʧʨʠʝʤʣʝʤʦʩʪʠ ʜʣʷ ʦʧʝʨʘʪʦʨʘ ʤʦʥʦʚʝʥʜʦʨʥʦʡ ʩʝʪʠ ʩʫʱʝʩʪʚʫʶʪ ʧʨʦʧʠʝʪʘʨʥʳʝ 

ʘʣʴʪʝʨʥʘʪʠʚʳ Segment Routing, ʦʙʣʘʜʘʶʱʠʝ ʩʚʦʠʤʠ ʧʨʝʠʤʫʱʝʩʪʚʘʤʠ. 

ʇʦʚʳʰʝʥʠʝ ʛʠʙʢʦʩʪʠ ʠ ʫʧʨʘʚʣʷʝʤʦʩʪʠ ʩʝʪʠ, ʩ ʧʦʤʦʱʴʶ ʪʝʭʥʦʣʦʛʠʠ SDN, ʧʦʟʚʦʣʷʝʪ 

ʦʙʦʡʪʠʩʴ ʤʝʥʴʰʝʡ ʰʠʨʠʥʦʡ ʢʘʥʘʣʦʚ ʩʚʷʟʠ, ʥʦ ʤʝʥʴʰʝʡ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴʶ ʦʙʦʨʫʜʦʚʘʥʠʷ 

ʧʨʠ ʩʦʭʨʘʥʝʥʠʠ ʢʘʯʝʩʪʚʘ ʫʩʣʫʛ ʜʣʷ ʘʙʦʥʝʥʪʦʚ. 
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ʋɼʂ 621.37 

ʈʘʜʠʦʧʝʣʝʥʛʘʮʠʝʡ ʥʘʟʳʚʘʝʪʩʷ ʧʨʦʮʝʩʩ ʦʧʨʝʜʝʣʝʥʠʷ ʥʘʧʨʘʚʣʝʥʠʷ ʥʘ ʠʩʪʦʯʥʠʢ 

ʨʘʜʠʦʠʟʣʫʯʝʥʠʷ. ʆʙʣʘʩʪʠ ʧʨʠʤʝʥʝʥʠʷ ʨʘʜʠʦʧʝʣʝʥʛʘʮʠʠ ʚʝʩʴʤʘ ʦʙʰʠʨʥʳ. ʆʥʘ ʤʦʞʝʪ 

ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʧʨʠ ʥʘʚʠʛʘʮʠʠ ʩʫʜʦʚ ʠ ʩʘʤʦʣʝʪʦʚ, ʜʣʷ ʦʙʥʘʨʫʞʝʥʠʷ ʘʚʘʨʠʡʥʳʭ ʧʝʨʝʜʘʪʯʠʢʦʚ 

ʧʨʠ ʧʦʠʩʢʝ ʣʶʜʝʡ, ʜʣʷ ʦʪʩʣʝʞʠʚʘʥʠʷ ʜʠʢʠʭ ʞʠʚʦʪʥʳʭ, ʜʣʷ ʦʙʥʘʨʫʞʝʥʠʷ ʠʩʪʦʯʥʠʢʦʚ 

ʥʝʩʘʥʢʮʠʦʥʠʨʦʚʘʥʥʦʛʦ ʨʘʜʠʦʠʟʣʫʯʝʥʠʷ ʠʣʠ ʠʩʪʦʯʥʠʢʦʚ ʨʘʜʠʦʧʦʤʝʭ. ʈʘʜʠʦʧʝʣʝʥʛʘʮʠʷ 

ʩʳʛʨʘʣʘ ʚʘʞʥʫʶ ʨʦʣʴ ʚ ʙʦʨʴʙʝ ʩ ʥʝʤʝʮʢʠʤʠ ʫʛʨʦʟʘʤʠ ʢʘʢ ʚʦ ʚʨʝʤʷ ɺʪʦʨʦʡ ʤʠʨʦʚʦʡ ʚʦʡʥʳ, 

https://learningnetwork.cisco.com/blogs/vip-perspectives/2018/03/23/introduction-to-segment-routing
https://learningnetwork.cisco.com/blogs/vip-perspectives/2018/03/23/introduction-to-segment-routing
https://www.ciscolive.com/global/on-demand-library.html?search=BRKRST-2124#/session/BRKRST-2124
https://www.ciscolive.com/global/on-demand-library.html?search=BRKRST-2124#/session/BRKRST-2124
https://tools.ietf.org/html/rfc8402
mailto:djnikone2777@yandex.ru
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ʪʘʢ ʠ ʚ ʜʣʠʪʝʣʴʥʦʡ ʙʠʪʚʝ ʟʘ ɸʪʣʘʥʪʠʢʫ. ʈʘʜʠʦʧʝʣʝʥʛʘʪʦʨʳ ʧʨʠʤʝʥʷʶʪʩʷ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ 

ʧʦʣʦʞʝʥʠʷ ʥʝʙʝʩʥʳʭ ʪʝʣ ʧʦ ʠʭ ʩʦʙʩʪʚʝʥʥʦʤʫ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʤʫ ʠʟʣʫʯʝʥʠʶ. 

ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʥʘʧʨʘʚʣʝʥʠʷ ʨʘʜʠʦʠʟʣʫʯʝʥʠʷ ʪʨʝʙʫʝʪʩʷ ʘʥʪʝʥʥʘ, ʢʦʪʦʨʘʷ ʜʦʣʞʥʘ 

ʙʳʪʴ ʥʘʧʨʘʚʣʝʥʥʦʡ, ʪ.ʝ. ʙʦʣʝʝ ʯʫʚʩʪʚʠʪʝʣʴʥʦʡ ʚ ʦʧʨʝʜʝʣʝʥʥʳʭ ʥʘʧʨʘʚʣʝʥʠʷʭ, ʯʝʤ ʚ ʜʨʫʛʠʭ [1, 

3]. ʄʥʦʛʠʝ ʢʦʥʩʪʨʫʢʮʠʠ ʘʥʪʝʥʥ ʜʝʤʦʥʩʪʨʠʨʫʶʪ ʵʪʦ ʩʚʦʡʩʪʚʦ. ʅʘʧʨʠʤʝʨ, ʘʥʪʝʥʥʘ çʚʦʣʥʦʚʦʡ 

ʢʘʥʘʣè ʠʤʝʝʪ ʜʦʚʦʣʴʥʦ ʚʳʨʘʞʝʥʥʫʶ ʥʘʧʨʘʚʣʝʥʥʦʩʪʴ, ʧʦʵʪʦʤʫ ʠʩʪʦʯʥʠʢ ʧʝʨʝʜʘʯʠ ʤʦʞʥʦ 

ʦʧʨʝʜʝʣʠʪʴ, ʧʨʦʩʪʦ ʥʘʧʨʘʚʠʚ ʝʝ ʚ ʥʘʧʨʘʚʣʝʥʠʠ, ʛʜʝ ʜʦʩʪʠʛʘʝʪʩʷ ʤʘʢʩʠʤʘʣʴʥʳʡ ʫʨʦʚʝʥʴ 

ʩʠʛʥʘʣʘ. ʆʜʥʘʢʦ ʜʣʷ ʫʩʪʘʥʦʚʣʝʥʠʷ ʥʘʧʨʘʚʣʝʥʠʷ ʩ ʙʦʣʴʰʦʡ ʪʦʯʥʦʩʪʴʶ ʪʨʝʙʫʝʪʩʷ ʙʦʣʝʝ 

ʩʣʦʞʥʘʷ ʪʝʭʥʠʢʘ. 

ʃʶʙʦʡ ʧʝʣʝʥʛʘʪʦʨ, ʥʝʟʘʚʠʩʠʤʦ ʦʪ ʪʦʛʦ, ʢʘʢʦʡ ʤʝʪʦʜ ʧʝʣʝʥʛʘʮʠʠ ʦʥ ʨʝʘʣʠʟʫʝʪ, 

ʚʢʣʶʯʘʝʪ ʚ ʩʚʦʡ ʩʦʩʪʘʚ ʩʣʝʜʫʶʱʠʝ ʩʦʩʪʘʚʥʳʝ ʯʘʩʪʠ: ʘʥʪʝʥʥʘʷ ʩʠʩʪʝʤʘ, ʪʨʘʢʪ ʧʨʠʝʤʘ 

ʨʘʜʠʦʣʦʢʘʮʠʦʥʥʦʡ ʠʥʬʦʨʤʘʮʠʠ (ʈʃʀ), ʫʩʪʨʦʡʩʪʚʦ ʦʙʨʘʙʦʪʢʠ ʈʃʀ ʠ ʚʳʜʘʯʠ ʨʝʟʫʣʴʪʘʪʦʚ 

ʧʝʣʝʥʛʘʮʠʠ. 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʚʩʝ ʩʫʱʝʩʪʚʫʶʱʠʝ ʤʝʪʦʜʳ ʨʘʜʠʦʧʝʣʝʥʛʦʚʘʥʠʷ ʤʦʞʥʦ ʧʦʜʝʣʠʪʴ ʥʘ 

ʜʚʝ ʦʩʥʦʚʥʳʝ ʢʘʪʝʛʦʨʠʠ: ʤʝʪʦʜʳ, ʩʚʦʜʷʱʠʝʩʷ ʢ ʩʨʘʚʥʝʥʠʶ ʘʤʧʣʠʪʫʜ ʩʠʛʥʘʣʦʚ ï ʘʤʧʣʠʪʫʜʥʳʝ 

ʤʝʪʦʜʳ ʠ ʤʝʪʦʜʳ, ʧʨʠ ʢʦʪʦʨʳʭ ʧʨʦʠʩʭʦʜʠʪ ʬʘʟʦʚʦʝ ʩʨʘʚʥʝʥʠʝ ï ʬʘʟʦʚʳʝ ʤʝʪʦʜʳ. ɺ 

ʘʤʧʣʠʪʫʜʥʳʭ ʤʝʪʦʜʘʭ ʠʟʤʝʨʷʝʪʩʷ ʥʘʧʨʘʚʣʝʥʠʝ ʚʝʢʪʦʨʘ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʠʣʠ ʤʘʛʥʠʪʥʦʡ 

ʥʘʧʨʷʞʝʥʥʦʩʪʠ ʧʦʣʷ. ɺ ʬʘʟʦʚʳʭ ʤʝʪʦʜʘʭ ʠʟʤʝʨʷʝʪʩʷ ʦʨʠʝʥʪʘʮʠʠ ʧʣʦʩʢʦʩʪʠ ʨʘʚʥʳʭ ʬʘʟ. 

ʅʝʢʦʪʦʨʳʝ ʘʣʛʦʨʠʪʤʳ ʤʦʛʫʪ ʢʦʤʙʠʥʠʨʦʚʘʪʴ ʚ ʩʝʙʝ ʬʘʟʦʚʳʝ ʠ ʘʤʧʣʠʪʫʜʥʳʝ ʤʝʪʦʜʳ. 

ɼʘʣʝʝ ʙʫʜʫʪ ʧʨʠʚʝʜʝʥʳ ʥʝʢʦʪʦʨʳʝ ʠʟ ʤʝʪʦʜʦʚ ʧʝʣʝʥʛʘʮʠʠ ʨʘʜʠʦʩʠʛʥʘʣʦʚ. 

 

ʄʝʪʦʜʳ ʨʘʜʠʦʧʝʣʝʥʛʘʮʠʠ: 

1. ʄʝʪʦʜ ɺʘʪʩʦʥ-ɺʘʪʪʘ.  

2. ʇʝʣʝʥʛʘʮʠʷ ʥʘ ʦʩʥʦʚʝ ʠʥʪʝʨʬʝʨʦʤʝʪʨʘ. ʂʦʨʨʝʣʷʮʠʦʥʥʳʡ ʤʝʪʦʜ. 

3. ʇʝʣʝʥʛʘʮʠʷ ʥʘ ʦʩʥʦʚʝ ʵʬʬʝʢʪʘ ɼʦʧʣʝʨʘ. 

 

ʄʝʪʦʜ ʋʦʪʩʦʥʘ-ɺʘʪʪʘ ʠʩʧʦʣʴʟʫʝʪ ʜʚʝ ʧʘʨʳ ʘʥʪʝʥʥ ʜʣʷ ʩʨʘʚʥʝʥʠʷ ʘʤʧʣʠʪʫʜʳ 

ʚʭʦʜʷʱʝʛʦ ʩʠʛʥʘʣʘ. ʇʘʨʘ ʘʥʪʝʥʥ ʧʨʠʥʠʤʘʝʪ ʚʝʢʪʦʨʥʫʶ ʨʘʟʥʦʩʪʴ ʧʨʠʥʷʪʦʛʦ ʩʠʛʥʘʣʘ ʥʘ ʢʘʞʜʦʡ 

ʘʥʪʝʥʥʝ, ʪʘʢ ʯʪʦ ʠʟ ʧʘʨʳ ʘʥʪʝʥʥ ʠʤʝʝʪʩʷ ʪʦʣʴʢʦ ʦʜʠʥ ʚʳʭʦʜʥʦʡ ʩʠʛʥʘʣ. ɼʚʝ ʠʟ ʵʪʠʭ ʧʘʨ 

ʩʦʚʤʝʱʝʥʳ, ʥʦ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦ ʦʨʠʝʥʪʠʨʦʚʘʥʳ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʪʘʢ ʥʘʟʳʚʘʝʤʳʭ ʩʠʛʥʘʣʦʚ N-S 

(ʩʝʚʝʨ-ʶʛ) ʠ E-W (ʚʦʩʪʦʢ-ʟʘʧʘʜ), ʢʦʪʦʨʳʝ ʟʘʪʝʤ ʙʫʜʫʪ ʧʝʨʝʜʘʚʘʪʴʩʷ ʧʨʠʝʤʥʠʢʫ. ɺ ʧʨʠʝʤʥʠʢʝ 

ʫʛʦʣ ʧʦʚʦʨʦʪʘ ʤʦʞʥʦ ʟʘʪʝʤ ʨʘʩʩʯʠʪʘʪʴ, ʚʟʷʚ ʘʨʢʪʘʥʛʝʥʩ ʦʪʥʦʰʝʥʠʷ ʩʠʛʥʘʣʘ N-S ʢ E-W. 

ʆʩʥʦʚʥʳʝ ʧʨʝʠʤʫʱʝʩʪʚʘ ʜʘʥʥʦʛʦ ʤʝʪʦʜʘ: ʥʝʙʦʣʴʰʠʝ ʛʘʙʘʨʠʪʳ ʘʥʪʝʥʥʳʭ ʩʠʩʪʝʤ (ɸʉ), ʯʪʦ 

ʧʦʟʚʦʣʷʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴ ʠʭ ʚ ʤʦʙʠʣʴʥʳʭ ʩʠʩʪʝʤʘʭ, ʧʨʦʩʪʦʪʘ ʨʝʘʣʠʟʘʮʠʠ, ʨʘʙʦʪʘʝʪ ʩ ʩʠʛʥʘʣʘʤʠ 

ʤʘʣʦʡ ʜʣʠʪʝʣʴʥʦʩʪʠ. ʅʝʜʦʩʪʘʪʢʠ ʤʝʪʦʜʘ: ʦʪʩʫʪʩʪʚʠʝ ʧʦʣʷʨʠʟʘʮʠʦʥʥʦʡ ʟʘʱʠʱʝʥʥʦʩʪʠ, 

ʦʰʠʙʢʠ ʧʝʣʝʥʛʘ ʧʨʠ ʤʥʦʛʦʣʫʯʝʚʦʤ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʠ. 

ʇʝʣʝʥʛʘʮʠʷ ʥʘ ʦʩʥʦʚʝ ʠʥʪʝʨʬʝʨʦʤʝʪʨʘ. ʆʩʥʦʚʥʦʡ ʧʨʠʥʮʠʧ ʨʘʙʦʪʳ ʨʘʜʠʦʧʝʣʝʥʛʘʪʦʨʘ 

ʥʘ ʦʩʥʦʚʝ ʠʥʪʝʨʬʝʨʦʤʝʪʨʘ ʩʦʩʪʦʠʪ ʚ ʦʧʨʝʜʝʣʝʥʠʠ ʫʛʣʘ ʥʘ ʠʩʪʦʯʥʠʢ ʩʠʛʥʘʣʘ ʧʫʪʝʤ ʠʟʤʝʨʝʥʠʷ 

ʨʘʟʥʦʩʪʠ ʬʘʟ ʤʝʞʜʫ ʩʠʛʥʘʣʘʤʠ, ʧʨʠʥʠʤʘʝʤʳʤʠ ʦʪʜʝʣʴʥʳʤʠ ʵʣʝʤʝʥʪʘʤʠ ɸʉ. ʄʠʥʠʤʘʣʴʥʦʝ 

ʢʦʣʠʯʝʩʪʚʦ ʪʘʢʠʭ ʵʣʝʤʝʥʪʦʚ ï ʪʨʠ, ʪʘʢʞʝ ʨʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʥʠʤʠ ʥʝ ʜʦʣʞʥʦ ʧʨʝʚʳʰʘʪʴ 

ʧʦʣʦʚʠʥʳ ʜʣʠʥʳ ʩʘʤʦʡ ʢʦʨʦʪʢʦʡ ʚʦʣʥʳ ʨʘʙʦʯʝʛʦ ʜʠʘʧʘʟʦʥʘ. ʊʘʢ ʢʘʢ ʦʜʥʦʟʥʘʯʥʦʝ 

ʦʧʨʝʜʝʣʝʥʠʝ ʬʘʟʳ ʚʦʟʤʦʞʥʦ ʪʦʣʴʢʦ ʚ ʧʨʝʜʝʣʘʭ 180 ʛʨʘʜʫʩʦʚ, ʪʦ ʚʦʟʥʠʢʘʝʪ ʥʝʦʜʥʦʟʥʘʯʥʦʩʪʴ 

ʧʝʣʝʥʛʘ. ʅʘʠʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʳʤ ʤʝʪʦʜʦʤ ʠʟʙʘʚʣʝʥʠʷ ʦʪ ʥʝʝ ʷʚʣʷʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʥʠʝ 

ʢʦʨʨʝʣʷʮʠʦʥʥʳʡ ʤʝʪʦʜ. ʉʫʪʴ ʤʝʪʦʜʘ: ʠʟʤʝʨʷʶʪʩʷ ʨʘʟʥʦʩʪʠ ʬʘʟ ʤʝʞʜʫ ʩʠʛʥʘʣʘʤʠ, 

ʧʨʠʥʠʤʘʝʤʳʤʠ ʨʘʟʣʠʯʥʳʤʠ ʵʣʝʤʝʥʪʘʤʠ ɸʉ, ʠʟ ʥʠʭ ʦʙʨʘʟʫʶʪ ʚʝʢʪʦʨ ʩʨʘʚʥʝʥʠʷ, ʢʦʪʦʨʳʡ 
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ʩʨʘʚʥʠʚʘʝʪʩʷ ʩ ʤʘʪʨʠʮʝʡ ʠʟʤʝʨʝʥʠʷ ï ʨʘʩʩʯʠʪʘʥʥʳʤʠ ʨʘʟʥʦʩʪʷʤʠ ʬʘʟ ʜʣʷ ʜʘʥʥʦʡ ɸʉ ʧʨʠ 

ʠʟʚʝʩʪʥʳʭ ʫʛʣʘʭ ʚʦʣʥʳ, ʪ.ʝ. ʩ ʪʘʙʣʠʯʥʳʤʠ ʜʘʥʥʳʤʠ. ʌʦʨʤʠʨʫʝʪʩʷ ʢʦʨʨʝʣʷʮʠʦʥʥʘʷ ʬʫʥʢʮʠʷ, 

ʢʦʪʦʨʘʷ ʜʦʩʪʠʛʘʝʪ ʩʚʦʝʛʦ ʤʘʢʩʠʤʫʤʘ ʧʨʠ ʥʘʠʙʦʣʴʰʝʤ ʩʦʚʧʘʜʝʥʠʠ ʵʣʝʤʝʥʪʦʚ ʤʘʪʨʠʮʳ 

ʩʨʘʚʥʝʥʠʷ ʠ ʤʘʪʨʠʮʳ ʠʟʤʝʨʝʥʠʷ. ʋʛʦʣ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʡ ʚʝʢʪʦʨʫ ʩʨʘʚʥʝʥʠʷ, ʜʣʷ ʢʦʪʦʨʦʛʦ 

ʢʦʨʨʝʣʷʮʠʦʥʥʘʷ ʬʫʥʢʮʠʷ ʤʘʢʩʠʤʘʣʴʥʘ, ʠ ʝʩʪʴ ʫʛʦʣ ʥʘ ʠʩʪʦʯʥʠʢ ʩʠʛʥʘʣʘ. 

ʇʝʣʝʥʛʘʮʠʷ ʥʘ ʦʩʥʦʚʝ ʵʬʬʝʢʪʘ ɼʦʧʣʝʨʘ [2]. ɺʨʘʱʘʝʤʳʡ ʧʦ ʦʢʨʫʞʥʦʩʪʠ ʘʥʪʝʥʥʳʡ 

ʵʣʝʤʝʥʪ ʧʨʠʥʠʤʘʝʪ ʩʠʛʥʘʣ, ʢʦʪʦʨʳʡ ʷʚʣʷʝʪʩʷ ʤʦʜʫʣʠʨʦʚʘʥʥʳʤ ʧʦ ʬʘʟʝ ʯʘʩʪʦʪʦʡ ʚʨʘʱʝʥʠʷ 

ʘʥʪʝʥʥʳ ʟʘ ʩʯʝʪ ʵʬʬʝʢʪʘ ɼʦʧʣʝʨʘ. ɽʩʣʠ ʘʥʪʝʥʥʳʡ ʵʣʝʤʝʥʪ ʜʚʠʞʝʪʩʷ ʦʪ ʠʩʪʦʯʥʠʢʘ ʩʠʛʥʘʣʘ, ʪʦ 

ʯʘʩʪʦʪʘ ʧʨʠʥʠʤʘʝʤʦʛʦ ʩʠʛʥʘʣʘ ʫʤʝʥʴʰʘʝʪʩʷ, ʝʩʣʠ ʦʥ ʜʚʠʞʝʪʩʷ ʧʦ ʥʘʧʨʘʚʣʝʥʠʶ ʢ ʠʩʪʦʯʥʠʢʫ 

ʩʠʛʥʘʣʘ ï ʫʚʝʣʠʯʠʚʘʝʪʩʷ. ʌʠʣʴʪʨʫʝʪʩʷ ʧʦʩʪʦʷʥʥʘʷ ʩʦʩʪʘʚʣʷʶʱʘʷ ʩʠʛʥʘʣʘ, ʯʪʦʙʳ ʧʦʣʫʯʠʪʴ 

ʜʝʤʦʜʫʣʠʨʦʚʘʥʥʳʡ ɼʦʧʣʝʨʦʚʩʢʠʡ ʩʠʛʥʘʣ. ʌʘʟʘ ʜʝʤʦʜʫʣʠʨʦʚʘʥʥʦʛʦ ʩʠʛʥʘʣʘ ʟʘʪʝʤ 

ʩʨʘʚʥʠʚʘʝʪʩʷ ʩ ʦʪʥʦʩʠʪʝʣʴʥʳʤ ʩʠʛʥʘʣʦʤ ʮʝʥʪʨʘʣʴʥʦʡ ʯʘʩʪʦʪʳ, ʦʪʢʫʜʘ ʟʘʪʝʤ ʧʦʣʫʯʘʶʪ 

ʠʩʭʦʜʥʳʡ ʫʛʦʣ ʥʘ ʠʩʪʦʯʥʠʢ ʩʠʛʥʘʣʘ. ɼʦʩʪʦʠʥʩʪʚʘ ʧʝʣʝʥʛʘʮʠʠ ʥʘ ʦʩʥʦʚʝ ʵʬʬʝʢʪʘ ɼʦʧʣʝʨʘ: 

ʚʳʩʦʢʘʷ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ, ʚʳʩʦʢʘʷ ʟʘʱʠʱʝʥʥʦʩʪʴ ʧʨʠ ʤʥʦʛʦʣʫʯʝʚʦʤ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʠ. 

ʆʩʥʦʚʥʦʡ ʥʝʜʦʩʪʘʪʦʢ ʤʝʪʦʜʘ ɼʦʧʣʝʨʘ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʢʦʣʠʯʝʩʪʚʝ ʚʨʝʤʝʥʠ, ʥʝʦʙʭʦʜʠʤʳʤ ʜʣʷ 

ʩʢʘʥʠʨʦʚʘʥʠʷ.  

ɺ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴ ʦʩʫʱʝʩʪʚʣʝʥʠʷ ʧʝʣʝʥʛʘ ʧʦ 

ʠʟʤʝʨʝʥʠʷʤ ʚ ʦʜʥʦʡ ʪʦʯʢʝ [4] ʩ ʧʦʩʣʝʜʫʶʱʝʡ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʦʡ ʢʣʘʩʩʠʬʠʢʘʮʠʝʡ ʧʦʣʫʯʝʥʥʦʛʦ 

ʦʙʨʘʟʘ ʦʙʫʯʘʝʤʦʡ ʩʠʩʪʝʤʦʡ. 
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ɸʥʘʣʦʛʦ-ʮʠʬʨʦʚʳʝ ʫʩʪʨʦʡʩʪʚʘ (ɸʎʇ) ʧʨʠʤʝʥʷʶʪʩʷ ʜʣʷ ʰʠʨʦʢʦʛʦ ʢʣʘʩʩʘ ʟʘʜʘʯ 

ʨʘʜʠʦʪʝʭʥʠʢʠ ï ʚ ʣʶʙʳʭ ʫʩʪʨʦʡʩʪʚʘʭ, ʛʜʝ ʪʨʝʙʫʝʪʩʷ ʧʨʝʦʙʨʘʟʦʚʘʪʴ ʘʥʘʣʦʛʦʚʳʡ ʩʠʛʥʘʣ ʚ 

ʮʠʬʨʦʚʫʶ ʬʦʨʤʫ. ʆʥʠ ʤʦʛʫʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʚ ʘʫʜʠʦ- ʠ ʚʠʜʝʦ-ʩʠʩʪʝʤʘʭ, ʧʨʠʤʝʥʷʶʪʩʷ ʚ 

ʟʘʜʘʯʘʭ ʛʠʜʨʦʘʢʫʩʪʠʢʠ ʠ ʛʠʜʨʦʩʚʷʟʠ (ʥʠʟʢʘʷ ʯʘʩʪʦʪʘ ʜʠʩʢʨʝʪʠʟʘʮʠʠ, ʚʳʩʦʢʘʷ ʨʘʟʨʷʜʥʦʩʪʴ 

ʜʘʥʥʳʭ), ʚ ʫʩʪʨʦʡʩʪʚʘʭ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʨʘʜʠʦʯʘʩʪʦʪʥʦʛʦ ʜʠʘʧʘʟʦʥʘ (ʩʭʝʤʳ DDC/DUC), ʚ 

ʨʘʜʠʦʣʦʢʘʮʠʠ ʠ ʨʘʜʠʦʥʘʚʠʛʘʮʠʠ (ʚʳʩʦʢʠʝ ʯʘʩʪʦʪʳ ʜʠʩʢʨʝʪʠʟʘʮʠʠ, ʩʨʝʜʥʷʷ ʨʘʟʨʷʜʥʦʩʪʴ 

ʜʘʥʥʳʭ). ɸʎʇ ʧʨʠʤʝʥʷʶʪʩʷ ʚ ʮʠʬʨʦʚʳʭ ʚʦʣʴʪʤʝʪʨʘʭ ʠ ʤʫʣʴʪʠʤʝʪʨʘʭ, ʚ ʧʣʘʪʘʭ ʚʠʜʝʦʚʭʦʜʘ 

ʢʦʤʧʴʶʪʝʨʦʚ, ʚʠʜʝʦʢʘʤʝʨʘʭ, ʩʠʩʪʝʤʘʭ ʨʘʩʧʦʟʥʘʚʘʥʠʷ ʨʝʯʠ ʠ ʟʚʫʢʦʚʳʭ ʫʩʪʨʦʡʩʪʚʘʭ. ɹʳʩʪʨʳʝ 

ɸʎʇ ʠʩʧʦʣʴʟʫʶʪʩʷ ʚ ʦʩʮʠʣʣʦʛʨʘʬʘʭ ʠ ʩʧʝʢʪʨʦʘʥʘʣʠʟʘʪʦʨʘʭ, ʧʨʠʤʝʥʷʶʪʩʷ ʚ ʣʘʙʦʨʘʪʦʨʥʦʤ 

ʦʙʦʨʫʜʦʚʘʥʠʠ ʠ ʤʝʜʠʮʠʥʩʢʦʡ ʪʝʭʥʠʢʝ. ʆʯʝʥʴ ʯʘʩʪʦ ɸʎʇ ʠʩʧʦʣʴʟʫʝʪʩʷ ʚ ʟʘʜʘʯʘʭ ʩʙʦʨʘ ʠ 

ʦʙʨʘʙʦʪʢʠ ʜʘʥʥʳʭ ʥʘ ʚʳʩʦʢʠʭ ʩʢʦʨʦʩʪʷʭ. 

ʂʘʢ ʚʠʜʥʦ, ʤʠʢʨʦʩʭʝʤʳ ɸʎʇ ï ʥʝʦʪʲʝʤʣʝʤʘʷ ʯʘʩʪʴ ʘʥʘʣʦʛʦ-ʮʠʬʨʦʚʳʭ ʫʩʪʨʦʡʩʪʚ. ɺ 

ʩʦʚʨʝʤʝʥʥʦʤ ʤʠʨʝ ʦʯʝʥʴ ʥʝʧʨʦʩʪʦ ʥʘʡʪʠ ʫʩʪʨʦʡʩʪʚʦ, ʚ ʢʦʪʦʨʦʤ ʙʳ ʦʪʩʫʪʩʪʚʦʚʘʣʠ ɸʎʇ.  

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʙʫʜʫʪ ʨʘʩʩʤʦʪʨʝʥʳ ʤʠʢʨʦʩʭʝʤʳ ʬʠʨʤʳ Analog Device. 

ʇʨʝʦʙʨʘʟʦʚʘʪʝʣʴ AD2S83 [1] ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʘʥʘʣʦʛʦ-ʮʠʬʨʦʚʫʶ ʩʠʩʪʝʤʫ.  

ʇʨʝʦʙʨʘʟʦʚʘʪʝʣʴ AD2S1200 ʷʚʣʷʝʪʩʷ ʧʦʣʥʦʩʪʴʶ ʮʠʬʨʦʚʦʡ ʩʠʩʪʝʤʦʡ.  

ɸʚʪʦʨʦʤ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥʘ ʩʪʘʪʴʷ çɺʳʩʦʢʦʪʦʯʥʳʡ ʘʥʘʣʦʛʦ-ʮʠʬʨʦʚʦʡ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʴ 

ʚʳʭʦʜʥʳʭ ʩʠʛʥʘʣʦʚ ʩʠʥʫʩʥʦ-ʢʦʩʠʥʫʩʥʦʛʦ ʚʨʘʱʘʶʱʝʛʦʩʷ ʪʨʘʥʩʬʦʨʤʘʪʦʨʘè. ɺ ʩʪʘʪʴʝ 

ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʧʨʝʦʙʨʘʟʦʚʘʥʠʝ ʩʠʛʥʘʣʘ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʘʥʘʣʦʛʦ-

ʮʠʬʨʦʚʳʭ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʝʡ, ʨʘʙʦʪʘ ʢʦʪʦʨʳʭ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʚ ʧʘʪʝʥʪʝ. ɺ ʩʪʘʪʴʝ 

ʧʨʝʜʩʪʘʚʣʝʥʘ ʠʥʬʦʨʤʘʮʠʷ ʧʦ ʫʩʪʨʦʡʩʪʚʫ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʛʦ ʮʠʬʨʦʚʦʛʦ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʷ ʫʛʣʘ, 

ʜʘʝʪʩʷ ʢʨʘʪʢʦʝ ʦʧʠʩʘʥʠʝ ʦʩʥʦʚʥʳʭ ʙʣʦʢʦʚ. ʆʪʩʫʪʩʪʚʫʝʪ ʠʥʬʦʨʤʘʮʠʷ ʧʦ ʧʘʨʘʤʝʪʨʘʤ ʚʭʦʜʥʦʛʦ 

ʩʠʛʥʘʣʘ (ʘʤʧʣʠʪʫʜʘ, ʪʦʢ, ʯʘʩʪʦʪʘ), ʧʦʣʦʩʝ ʧʨʦʧʫʩʢʘʥʠʷ ʠ ʬʘʟʦʚʳʤ ʟʘʜʝʨʞʢʘʤ, ʨʘʟʨʷʜʥʦʩʪʠ 

ʚʳʭʦʜʥʦʛʦ ʮʠʬʨʦʚʦʛʦ ʩʠʛʥʘʣʘ, ʫʩʣʦʚʠʷʤ ʚʥʝʰʥʝʡ ʩʨʝʜʳ, ʜʝʡʩʪʚʫʶʱʠʭ ʥʘ ʩʠʩʪʝʤʫ, ʜʣʷ 

ʢʦʪʦʨʦʡ ʜʘʥʳ ʨʝʟʫʣʴʪʘʪʳ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ, ʚʣʠʷʥʠʶ ʚʦʟʜʝʡʩʪʚʠʷ 

ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ ʥʘ ʮʠʬʨʦʚʳʝ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʠ ʫʛʣʘ (ʎʇʋ). ʂʨʦʤʝ ʪʦʛʦ, ʧʨʝʜʣʦʞʝʥʥʘʷ ʚ 

ʩʪʘʪʴʝ ʠʥʬʦʨʤʘʮʠʷ ʥʝ ʧʦʟʚʦʣʷʝʪ ʪʦʯʥʦ ʦʧʨʝʜʝʣʠʪʴ ʢʘʢʦʡ ʪʠʧ ʩʠʛʥʘʣʘ (ʮʠʬʨʦʚʦʡ ʠʣʠ 

ʘʥʘʣʦʛʦʚʳʡ) ʠʩʧʦʣʴʟʫʝʪʩʷ ʚ ʢʘʞʜʦʤ ʬʫʥʢʮʠʦʥʘʣʴʥʦʤ ʙʣʦʢʝ ʎʇʋ. ʇʦ ʵʪʠʤ ʧʨʠʯʠʥʘʤ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʜʘʥʥʦʛʦ ʎʇʋ ʚ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʥʝ ʧʨʝʜʩʪʘʚʣʷʝʪ ʠʥʪʝʨʝʩʘ. 

ɺ ʦʧʠʩʘʥʥʦʤ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʝ ʠʩʧʦʣʴʟʫʝʪʩʷ ʬʫʥʢʮʠʦʥʘʣʴʥʳʡ ʘʥʘʣʦʛʦ-ʮʠʬʨʦʚʦʡ 

ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʴ, ʷʚʣʷʶʱʠʡʩʷ ʟʘʧʘʪʝʥʪʦʚʘʥʥʳʤ ʠʟʦʙʨʝʪʝʥʠʝʤ. ɺ ʧʘʪʝʥʪʝ ʠʩʧʦʣʴʟʫʝʪʩʷ 

ʠʥʬʦʨʤʘʮʠʷ ʠʟ ʧʘʪʝʥʪʦʚ ʉʐɸ ʠ ʌʨʘʥʮʠʠ. ʇʨʝʦʙʨʘʟʦʚʘʪʝʣʴ ʧʨʝʜʥʘʟʥʘʯʝʥ ʜʣʷ ʧʦʣʫʯʝʥʠʷ 

ʬʫʥʢʮʠʦʥʘʣʴʥʦʡ ʟʘʚʠʩʠʤʦʩʪʠ ʤʝʞʜʫ ʚʳʭʦʜʥʦʡ ʘʥʘʣʦʛʦʚʦʡ ʚʝʣʠʯʠʥʦʡ ʠ ʟʥʘʯʝʥʠʝʤ 

ʧʨʝʦʙʨʘʟʫʝʤʦʛʦ ʢʦʜʘ. 

ɸʥʘʣʠʟ ʩʪʘʪʴʠ çʄʝʪʦʜʳ ʦʙʨʘʙʦʪʢʠ ʩʠʛʥʘʣʦʚ ʠʥʜʫʢʪʠʚʥʳʭ ʜʘʪʯʠʢʦʚ ʣʠʥʝʡʥʳʭ ʠ 

ʫʛʣʦʚʳʭ ʧʝʨʝʤʝʱʝʥʠʡè [3]. 

ɺ ʩʪʘʪʴʝ [3] ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʩʫʱʝʩʪʚʫʶʱʠʝ ʤʝʪʦʜʳ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ï ʤʝʪʦʜʳ 

ʧʨʷʤʦʛʦ ʠ ʩʣʝʜʷʱʝʛʦ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ.  

ʇʝʨʚʳʝ ʜʚʘ ʩʧʦʩʦʙʘ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʠʩʧʦʣʴʟʫʶʪʩʷ ʚ ʩʣʫʯʘʝ ʧʫʣʴʩʠʨʫʶʱʝʛʦ 

ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʠ ʦʪʥʦʩʷʪʩʷ ʢ ʤʝʪʦʜʘʤ ʧʨʷʤʦʛʦ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ: 

1) ɺ ʩʣʫʯʘʝ ʧʫʣʴʩʠʨʫʶʱʝʛʦ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʚ ʤʦʤʝʥʪʳ ʝʛʦ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʟʥʘʯʝʥʠʷ 

ʧʨʦʠʟʚʦʜʠʪʩʷ ʩʪʨʦʛʦ ʦʜʥʦʚʨʝʤʝʥʥʦ ʠʟʤʝʨʝʥʠʝ ʩʠʛʥʘʣʦʚ Asin ʠ Acos. ʇʦʣʦʞʝʥʠʝ ʨʦʪʦʨʘ 

ʚʳʯʠʩʣʷʝʪʩʷ ʧʦ ʬʦʨʤʫʣʘʤ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʧʦʣʷʨʥʳʭ ʢʦʦʨʜʠʥʘʪ ʚ ʜʝʢʘʨʪʦʚʳʝ. ʅʝʜʦʩʪʘʪʢʦʤ 

ʩʧʦʩʦʙʘ ʷʚʣʷʶʪʩʷ ʧʦʤʝʭʠ, ʦʮʠʬʨʦʚʳʚʘʝʤʳʝ ʚʤʝʩʪʝ ʩ ʧʦʣʝʟʥʳʤ ʩʠʛʥʘʣʦʤ. 
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2) ɼʨʫʛʦʡ ʩʧʦʩʦʙ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʧʨʦʠʩʭʦʜʠʪ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ. ɺ ʤʦʤʝʥʪ ʧʝʨʝʭʦʜʘ 

ʥʘʧʨʷʞʝʥʠʷ ʯʝʨʝʟ ʥʦʣʴ ʟʘʧʫʩʢʘʶʪʩʷ ʜʚʘ ʥʘʢʘʧʣʠʚʘʶʱʠʭ ɸʎʇ ʧʦ ʢʘʥʘʣʘʤ sin ʠ cos ʠ 

ʥʘʢʦʧʣʝʥʠʝ ʦʪʩʯʝʪʦʚ ʧʨʦʠʩʭʦʜʠʪ ʜʦ ʩʣʝʜʫʶʱʝʛʦ ʤʦʤʝʥʪʘ ʧʝʨʝʭʦʜʘ ʥʘʧʨʷʞʝʥʠʷ ʯʝʨʝʟ ʥʦʣʴ. 

ɺʳʯʠʩʣʝʥʠʝ ʫʛʣʘ ʧʦ ʥʘʢʦʧʣʝʥʥʳʤ ʨʝʟʫʣʴʪʘʪʘʤ ʧʨʦʠʟʚʦʜʠʪʩʷ ʘʥʘʣʦʛʠʯʥʦ ʧʝʨʚʦʤʫ ʩʧʦʩʦʙʫ. 

3) ɼʘʥʥʳʡ ʩʧʦʩʦʙ ʧʨʠʤʝʥʷʝʪʩʷ ʚ ʩʣʫʯʘʝ ʚʦʟʙʫʞʜʝʥʠʷ ʩ ʧʦʣʫʯʝʥʠʝʤ ʚʨʘʱʘʶʱʝʛʦʩʷ 

ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ. ɿʜʝʩʴ ʚʦʟʤʦʞʥʦ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʝ ʠʟʤʝʨʝʥʠʝ ʩʜʚʠʛʘ ʬʘʟʳ ʚʳʭʦʜʥʦʛʦ 

ʥʘʧʨʷʞʝʥʠʷ ʦʪʥʦʩʠʪʝʣʴʥʦ ʦʧʦʨʥʦʛʦ. ɺ ʤʦʤʝʥʪ ʧʝʨʝʭʦʜʘ ʚʭʦʜʥʦʛʦ ʥʘʧʨʷʞʝʥʠʷ ʯʝʨʝʟ ʥʦʣʴ 

ʟʘʧʫʩʢʘʝʪʩʷ ʩʯʝʪʯʠʢ ʚʳʩʦʢʦʡ ʦʧʦʨʥʦʡ ʯʘʩʪʦʪʳ, ʦʩʪʘʥʘʚʣʠʚʘʶʱʠʡʩʷ ʚ ʤʦʤʝʥʪ ʧʝʨʝʭʦʜʘ 

ʚʳʭʦʜʥʦʛʦ ʥʘʧʨʷʞʝʥʠʷ ʯʝʨʝʟ ʥʦʣʴ. ɿʥʘʯʝʥʠʝ, ʥʘʢʦʧʣʝʥʥʦʝ ʚ ʩʯʝʪʯʠʢʝ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦ ʫʛʣʫ.   

   ɽʩʣʠ ʦʧʦʨʥʘʷ ʯʘʩʪʦʪʘ ʷʚʣʷʝʪʩʷ ʢʨʘʪʥʦʡ n2  ʧʝʨʠʦʜʘʤ ʩʠʛʥʘʣʘ ʚʦʟʙʫʞʜʝʥʠʷ, ʪʦ 

ʥʘʢʦʧʣʝʥʥʦʝ ʟʥʘʯʝʥʠʝ ʙʫʜʝʪ ʩʦʦʪʚʝʪʩʪʚʦʚʘʪʴ ʠʟʤʝʨʷʝʤʦʤʫ ʫʛʣʫ ʩ ʨʘʟʨʷʜʥʦʩʪʴʶ n.  

ʀʟ ʨʘʩʩʤʦʪʨʝʥʥʳʭ ʤʝʪʦʜʦʚ ʦʙʨʘʙʦʪʢʠ ʩʠʛʥʘʣʦʚ ʉʂʊ ʦʩʦʙʳʡ ʠʥʪʝʨʝʩ ʜʣʷ ʚʳʧʦʣʥʷʝʤʦʡ 

ʨʘʙʦʪʳ ʧʨʝʜʩʪʘʚʣʷʝʪ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʤʝʪʦʜʘ ʩʣʝʜʷʱʝʛʦ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʷ. ʇʦʵʪʦʤʫ ʦʩʥʦʚʥʦʡ 

ʮʝʣʴʶ ʷʚʣʷʝʪʩʷ ʨʘʟʨʘʙʦʪʢʘ ʘʣʛʦʨʠʪʤʦʚ, ʩʧʦʩʦʙʦʚ ʫʚʝʣʠʯʝʥʠʷ ʪʦʯʥʦʩʪʠ ʠ ʙʳʩʪʨʦʜʝʡʩʪʚʠʷ, ʘ 

ʪʘʢʞʝ ʬʦʨʤʠʨʦʚʘʥʠʝ ʪʨʝʙʦʚʘʥʠʡ ʢ ʵʣʝʢʪʨʦʥʠʢʝ, ʦʙʝʩʧʝʯʠʚʘʶʱʝʡ ʘʥʘʣʦʛʦ-ʮʠʬʨʦʚʦʝ 

ʧʨʝʦʙʨʘʟʦʚʘʥʠʝ ʥʘ ʙʘʟʝ ʜʘʥʥʦʛʦ ʤʝʪʦʜʘ.  

ɼʣʷ ʨʝʘʣʠʟʘʮʠʠ ʘʣʛʦʨʠʪʤʦʚ ʦʙʨʘʙʦʪʢʠ ʩʠʛʥʘʣʦʚ ʧʨʠʥʠʤʘʝʪʩʷ 32-ʭ ʨʘʟʨʷʜʥʳʡ 

ʤʠʢʨʦʢʦʥʪʨʦʣʣʝʨ ʬʠʨʤʳ çʄʠʣʘʥʜʨè. ʇʨʦʮʝʩʩʦʨ ʬʫʥʢʮʠʦʥʠʨʫʝʪ ʥʘ ʙʘʟʝ ʧʨʦʮʝʩʩʦʨʥʦʛʦ ʷʜʨʘ 

ARM ï Cortex M3.  

ʕʪʘʧʳ ʨʘʟʨʘʙʦʪʢʠ. 

ʇʝʨʚʳʡ ʵʪʘʧ ï ʨʘʟʨʘʙʦʪʢʘ ʘʣʛʦʨʠʪʤʦʚ ʜʣʷ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ. 

ɺʪʦʨʦʡ ʵʪʘʧ ï ʨʘʟʨʘʙʦʪʢʘ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ 32-ʭ ʨʘʟʨʷʜʥʦʛʦ ʤʠʢʨʦʢʦʥʪʨʦʣʣʝʨʘ ʚ 

ʩʨʝʜʝ MathLab. 

ʊʨʝʪʠʡ ʵʪʘʧ ï ʨʘʟʨʘʙʦʪʢʘ ʦʪʣʘʜʦʯʥʦʡ ʧʣʘʪʳ ʜʣʷ ʨʝʘʣʠʟʘʮʠʠ ʘʣʛʦʨʠʪʤʦʚ ʩʣʝʜʷʱʝʛʦ 

ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʷ ʥʘ ʤʠʢʨʦʢʦʥʪʨʦʣʣʝʨʝ. 

ʏʝʪʚʝʨʪʳʡ ʵʪʘʧ ï ʨʘʟʨʘʙʦʪʢʘ ʧʨʦʛʨʘʤʤʳ ʥʘ ʙʘʟʝ ʦʪʣʘʜʦʯʥʦʡ ʠ ʘʣʛʦʨʠʪʤʦʚ ʩʣʝʜʷʱʝʛʦ 

ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʷ. 

ʇʷʪʳʡ ʵʪʘʧ ï ʧʦʣʫʯʝʥʠʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʜʘʥʥʳʭ ʜʣʷ ʧʦʜʪʚʝʨʞʜʝʥʠʷ 

ʤʝʪʨʦʣʦʛʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʠʟʤʝʨʷʝʤʳʭ ʧʘʨʘʤʝʪʨʦʚ ʠ ʙʳʩʪʨʦʜʝʡʩʪʚʠʷ ʘʣʛʦʨʠʪʤʘ. 
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ʋɼʂ 004 

ʉʦʚʨʝʤʝʥʥʳʝ ʙʝʩʧʨʦʚʦʜʥʳʝ ʤʘʨʰʨʫʪʠʟʘʪʦʨ rʢʣʘʩʩʘ SOHO (small office ï home office) 

ʷʚʣʷʶʪʩʷ ʚʳʩʦʢʦʪʝʭʥʦʣʦʛʠʯʥʳʤʠ ʫʩʪʨʦʡʩʪʚʘʤʠ, ʩʦʚʤʝʱʘʶʱʠʤʠ ʤʥʦʞʝʩʪʚʦ ʚʳʩʦʢʦ 

ʠʥʪʝʛʨʠʨʦʚʘʥʥʳʭ ʵʣʝʢʪʨʦʥʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʭ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʝ 

ʥʝʟʘʚʠʩʠʤʳʭ ʜʨʫʛ ʦʪ ʜʨʫʛʘ ʧʦʜʩʠʩʪʝʤ. ɺ ʙʦʣʴʰʠʥʩʪʚʝ ʩʣʫʯʘʝʚ, ʵʣʝʢʪʨʦʥʥʳʝ ʢʦʤʧʦʥʝʥʪʳ 

ʫʩʪʨʦʡʩʪʚʘ ʨʘʟʤʝʱʘʶʪʩʷ ʥʘ ʧʣʘʪʝ ʠʟ ʪʝʢʩʪʦʣʠʪʘ: ʮʝʥʪʨʘʣʴʥʳʡ ʧʨʦʮʝʩʩʦʨ ʠʣʠ ʩʠʩʪʝʤʘ ʥʘ 

ʢʨʠʩʪʘʣʣʝ, ʩʝʪʝʚʦʡ ʢʦʤʤʫʪʘʪʦʨ, ʠʥʪʝʛʨʠʨʦʚʘʥʥʳʡ ʤʦʜʫʣʴ WLAN, ʤʠʢʨʦʩʭʝʤʘ ʆɿʋ ʠ ʜʨʫʛʠʝ. 

ʇʦʥʷʪʠʝ ʘʨʭʠʪʝʢʪʫʨʳ ʤʠʢʨʦʧʨʦʮʝʩʩʦʨʘ ʧʦʜʨʘʟʫʤʝʚʘʝʪ ʝʛʦ ʪʘʢʪʦʚʫʶ ʯʘʩʪʦʪʫ ʠ 

ʨʘʟʨʷʜʥʦʩʪʴ, ʩʠʩʪʝʤʫ ʢʦʤʘʥʜ ʠ ʩʧʦʩʦʙʳ ʘʜʨʝʩʘʮʠʠ. ʉʦʚʨʝʤʝʥʥʳʝ ʤʘʨʰʨʫʪʠʟʘʪʦʨʳ ʧʦʩʪʨʦʝʥʳ 

ʥʘ ʙʘʟʝ ʦʜʥʦʢʨʠʩʪʘʣʴʥʳʭ ʩʠʩʪʝʤ [1-3] ʘʨʭʠʪʝʢʪʫʨ MIPS ʠʣʠ ARM Cortex, ʦʙʣʘʜʘʶʪ 

ʧʦʥʠʞʝʥʥʳʤ ʪʝʧʣʦʚʳʜʝʣʝʥʠʝʤ ʠ ʚʢʣʶʯʘʶʪ ʚ ʩʝʙʷ ʤʥʦʞʝʩʪʚʦ ʤʦʜʫʣʝʡ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʩʥʠʟʠʪʴ 

ʢʦʥʝʯʥʫʶ ʩʪʦʠʤʦʩʪʴ ʫʩʪʨʦʡʩʪʚʘ [4, 5]. 

ʌʠʣʦʩʦʬʠʷ ʤʠʢʨʦʧʨʦʮʝʩʩʦʨʥʳʭ ʷʜʝʨ ʘʨʭʠʪʝʢʪʫʨʳ RISC (Restricted (Reduced) 

Instruction Set Computer, ʢʦʤʧʴʶʪʝʨ ʩ ʩʦʢʨʘʱʝʥʥʳʤ ʥʘʙʦʨʦʤ ʢʦʤʘʥʜ) ʟʘʢʣʶʯʘʝʪʩʷ ʚ 

ʫʧʨʦʱʝʥʠʠ ʠʥʩʪʨʫʢʮʠʡ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʫʩʢʦʨʠʪʴ ʜʝʢʦʜʠʨʦʚʘʥʠʝ ʠ ʫʚʝʣʠʯʠʪʴ ʙʳʩʪʨʦʜʝʡʩʪʚʠʝ. 

ʂ ʜʘʥʥʦʤʫ ʩʝʤʝʡʩʪʚʫ ʦʪʥʦʩʷʪʩʷ ʤʠʢʨʦʧʨʦʮʝʩʩʦʨʥʳʝ ʷʜʨʘ ʘʨʭʠʪʝʢʪʫʨ ARM (Advanced RISC 

Machine, ʫʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʥʘʷ RISC ʤʘʰʠʥʘ) ʠ MIPS (Microprocessor without Interlocked 

Pipeline Stages, ʧʨʦʮʝʩʩʦʨ ʙʝʟ ʟʘʜʝʨʞʢʠ ʢʦʥʚʝʡʝʨʘ). ʗʜʨʘ MIPS ʦʙʣʘʜʘʶʪ ʚʳʩʦʢʦʡ 

ʵʥʝʨʛʦʵʬʬʝʢʪʠʚʥʦʩʪʴʶ ʠ ʜʝʰʝʚʣʝ ʚ ʨʝʘʣʠʟʘʮʠʠ ʦʪʥʦʩʠʪʝʣʴʥʦ ʧʨʦʮʝʩʩʦʨʦʚ ARM, ʦʜʥʘʢʦ, ʧʨʠ 

ʵʪʦʤ ʠʤʝʶʪ ʥʝʚʳʩʦʢʫʶ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ, ʙʣʘʛʦʜʘʨʷ ʯʝʤʫ ʠʩʧʦʣʴʟʫʶʪʩʷ ʚ ʙʶʜʞʝʪʥʳʭ 

ʤʦʜʝʣʷʭ ʤʘʨʰʨʫʪʠʟʘʪʦʨʦʚ ʢʣʘʩʩʘ SOHO. ʇʦ ʩʦʩʪʦʷʥʠʶ ʥʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ, ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ 

ʧʣʘʥʦʤʝʨʥʳʡ ʧʝʨʝʭʦʜ ʧʨʦʠʟʚʦʜʠʪʝʣʝʡ ʦʪ ʘʨʭʠʪʝʢʪʫʨʳ MIPS ʢ ʘʨʭʠʪʝʢʪʫʨʝ ARM. 

file:///C:/Users/МСЛ/Downloads/gp@mandrake.su
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ɺ ʢʘʯʝʩʪʚʝ ʧʨʠʤʝʨʘ, ʨʘʩʩʤʦʪʨʠʤ ʦʜʥʦʢʨʠʩʪʘʣʴʥʫʶ ʩʠʩʪʝʤʫ IPQ8064, ʧʨʦʠʟʚʝʜʝʥʥʫʶ 

ʧʦ 28-ʤʫ ʪʝʭʧʨʦʮʝʩʩʫ. ʉʥʂ ʦʩʥʘʱʝʥʘ ʜʚʫʭʲʷʜʝʨʥʳʤ ʤʠʢʨʦʧʨʦʮʝʩʩʦʨʦʤ Krait ʪʘʢʪʦʚʦʡ 

ʯʘʩʪʦʪʦʡ 1,4 ɻɻʮ.  

ʇʨʦʠʟʚʦʜʠʪʝʣʝʤ ʉʥʂ ʷʚʣʷʝʪʩʷ ʢʦʤʧʘʥʠʷ Qualcomm Incorporated. ɼʘʥʥʘʷ ʤʠʢʨʦʩʭʝʤʘ 

ʫʩʪʘʥʦʚʣʝʥʘ ʤʘʨʰʨʫʪʠʟʘʪʦʨʘʭ ASRock G10, ASUS SRT-AC1900, Linksys E8350, Netgear D7800, 

TP-LINK Archer C2600 v1.x, ʘ ʪʘʢʞʝ ʚʦ ʤʥʦʞʝʩʪʚʝ ʜʨʫʛʠʭ ʤʦʜʝʣʝʡ. ɺ ʩʦʩʪʘʚ ʦʜʥʦʢʨʠʩʪʘʣʴʥʦʡ 

ʩʠʩʪʝʤʳ ʚʭʦʜʠʪ ʤʥʦʞʝʩʪʚʦ ʤʦʜʫʣʝʡ, ʦʪʚʝʪʩʪʚʝʥʥʳʭ ʟʘ ʨʘʟʣʠʯʥʳʡ ʬʫʥʢʮʠʦʥʘʣ. ʇʝʨʝʯʠʩʣʠʤ 

ʥʘʠʙʦʣʝʝ ʟʥʘʯʠʤʳʝ ʠʟ ʥʠʭ: ʤʦʜʫʣʴ ʦʮʠʬʨʦʚʢʠ ʘʥʘʣʦʛʦʚʳʭ ʩʠʛʥʘʣʦʚ, ʤʦʜʫʣʴ ʮʠʬʨʦʚʦʛʦ 

ʘʫʜʠʦʠʥʪʝʨʬʝʡʩʘ, ʦʩʥʦʚʥʦʡ ʜʚʫʭʲʷʜʝʨʥʳʡ ʧʨʦʮʝʩʩʦʨ ʥʘ ʙʘʟʝ ʘʨʭʠʪʝʢʪʫʨʳ ARM Cortex, ʰʠʥʘ 

ʦʙʤʝʥʘ ʜʘʥʥʳʤʠ ʤʝʞʜʫ ʢʦʤʧʦʥʝʥʪʘʤʠ ʉʥʂ (system fabric), ʢʦʥʪʨʦʣʣʝʨ ʦʧʝʨʘʪʠʚʥʦʡ ʧʘʤʷʪʠ 

DDR3, ʢʨʠʧʪʦʧʨʦʮʝʩʩʦʨ, ʘ ʪʘʢʞʝ ʦʪʜʝʣʴʥʳʡ ʤʠʢʨʦʧʨʦʮʝʩʩʦʨ ʜʣʷ ʫʩʢʦʨʝʥʠʷ ʦʙʨʘʙʦʪʢʠ 

ʩʝʪʝʚʦʛʦ ʪʨʘʬʠʢʘ (network accelerator). ʂʘʢ ʤʦʞʥʦ ʟʘʤʝʪʠʪʴ, ʚʳʩʦʢʘʷ ʠʥʪʝʛʨʘʮʠʷ ʤʥʦʞʝʩʪʚʘ 

ʤʦʜʫʣʝʡ ʚ ʢʦʨʧʫʩʝ ʝʜʠʥʦʡ ʤʠʢʨʦʩʭʝʤʳ ʧʦʟʚʦʣʷʝʪ ʜʦʙʠʪʴʩʷ ʩʥʠʞʝʥʠʷ ʩʪʦʠʤʦʩʪʠ ʢʦʥʝʯʥʦʛʦ 

ʫʩʪʨʦʡʩʪʚʘ ʙʝʟ ʫʱʝʨʙʘ ʬʫʥʢʮʠʦʥʘʣʫ. 

ʋʧʨʘʚʣʷʶʱʠʝ ʠʥʪʝʨʬʝʡʩʥʳʝ ʙʣʦʢʠ PCIe, SATA ʠ USB ʦʪʚʝʯʘʶʪ ʟʘ ʬʫʥʢʮʠʦʥʘʣ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤʠ ʰʠʥʘʤʠ ʠ ʠʥʪʝʨʬʝʡʩʘʤʠ. ɹʣʦʢ XGMII (10 Gigabit Media 

Independent Interface) ʦʙʝʩʧʝʯʠʚʘʝʪ ʧʦʜʜʝʨʞʢʫ ʥʝʟʘʚʠʩʠʤʦʛʦ ʦʪ ʩʨʝʜʳ ʠʥʪʝʨʬʝʡʩʘ XGMII, 

ʧʨʝʜʥʘʟʥʘʯʝʥʥʦʛʦ ʜʣʷ ʩʦʝʜʠʥʝʥʠʷ ʤʝʞʜʫ ʬʠʟʠʯʝʩʢʠʤ ʫʨʦʚʥʝʤ ʠ ʫʨʦʚʥʝʤ ʫʧʨʘʚʣʝʥʠʷ ʜʦʩʪʫʧʘ 

ʢ ʩʨʝʜʝ, ʩʦʛʣʘʩʥʦ ʤʦʜʝʣʠ OSI.  

ɼʣʷ ʩʦʝʜʠʥʝʥʠʷ ʫʩʪʨʦʡʩʪʚ ʧʨʦʚʦʜʥʦʡ ʣʦʢʘʣʴʥʦʡ ʩʝʪʠ, ʤʘʨʰʨʫʪʠʟʘʪʦʨ ʤʦʞʝʪ ʙʳʪʴ 

ʦʩʥʘʱʝʥ ʦʪʜʝʣʴʥʦʡ ʤʠʢʨʦʩʭʝʤʦʡ, ʦʙʝʩʧʝʯʠʚʘʶʱʝʡ ʬʫʥʢʮʠʦʥʘʣ ʢʦʤʤʫʪʘʪʦʨʘ. ʂ ʧʨʠʤʝʨʫ, 

ʢʦʤʤʫʪʘʪʦʨ ʨʦʫʪʝʨʘ TP-Link Talon AD7200 ʨʝʘʣʠʟʦʚʘʥ ʥʘ ʙʘʟʝ ʤʠʢʨʦʩʭʝʤʳ QCA8337. 

ʄʠʢʨʦʩʭʝʤʘ Qualcomm Atheros QCA8337 ʦʙʣʘʜʘʝʪ ʤʥʦʞʝʩʪʚʦʤ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ 

ʚʦʟʤʦʞʥʦʩʪʝʡ, ʩʨʝʜʠ ʢʦʪʦʨʳʭ ʥʝʦʙʭʦʜʠʤʦ ʦʪʤʝʪʠʪʴ ʦʩʥʦʚʥʳʝ: 

¶ ʋʧʨʘʚʣʝʥʠʷ ʧʠʪʘʥʠʝʤ ʧʦ ʩʪʘʥʜʘʨʪʫ IEEE 802.3az. 

¶ ɸʧʧʘʨʘʪʥʦʝ ʦʙʥʘʨʫʞʝʥʠʝ ʧʝʪʣʝʡ ʥʘ ʧʦʨʪʘʭ ʢʦʤʤʫʪʘʪʦʨʘ. 

¶ ʇʦʜʜʝʨʞʢʘ IGMP Snooping. ʌʫʥʢʮʠʷ, ʧʨʠʤʝʥʷʝʤʘʷ ʚ ʩʝʪʷʭ ʛʨʫʧʧʦʚʦʡ ʨʘʩʩʳʣʢʠ, 

ʧʨʠʟʚʘʥʘ ʥʝ ʜʦʧʫʩʪʠʪʴ ʧʦʣʫʯʝʥʠʝ ʛʨʫʧʧʦʚʦʛʦ ʪʨʘʬʠʢʘ ʨʘʙʦʯʠʤʠ ʩʪʘʥʮʠʷʤʠ, ʢʦʪʦʨʳʝ 

ʝʛʦ ʥʝ ʟʘʧʨʘʰʠʚʘʣʠ. 

¶ ɸʧʧʘʨʘʪʥʘʷ ʧʦʜʜʝʨʞʢʘ ʪʨʘʥʩʣʷʮʠʠ ʩʝʪʝʚʳʭ ʘʜʨʝʩʦʚ ʠ ʧʦʨʪʦʚ (NAPT ï Network address 

and port translation), ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʧʨʝʦʙʨʘʟʦʚʳʚʘʪʴ ʢʘʢ ʘʜʨʝʩ IP, ʪʘʢ ʠ ʥʦʤʝʨ ʧʦʨʪʘ. 

ʇʨʠ ʨʘʙʦʪʝ ʚ ʜʘʥʥʦʤ ʨʝʞʠʤʝ ʤʠʢʨʦʩʭʝʤʘ QCA8337N ʧʦʜʜʝʨʞʠʚʘʝʪ ʩʣʝʜʫʶʱʠʝ ʪʠʧʳ 

NAT: Full Cone (ʧʦʣʥʳʡ ʢʦʥʫʩ), Restricted Cone (ʦʛʨʘʥʠʯʝʥʥʳʡ ʢʦʥʫʩ), Port Restricted 

Cone (ʧʦʨʪ ʦʛʨʘʥʠʯʝʥʥʦʛʦ ʢʦʥʫʩʘ), Symmetric (ʩʠʤʤʝʪʨʠʯʥʳʡ). ɸʧʧʘʨʘʪʥʘʷ ʧʦʜʜʝʨʞʢʘ 

NAT ʧʦʟʚʦʣʷʝʪ ʨʘʟʛʨʫʟʠʪʴ ʮʝʥʪʨʘʣʴʥʳʡ ʧʨʦʮʝʩʩʦʨ ʤʘʨʰʨʫʪʠʟʘʪʦʨʘ ʠ ʧʦʚʳʩʠʪʴ ʦʙʱʫʶ 

ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ. 

¶ ʇʦʜʜʝʨʞʢʘ Ethernet-ʢʘʜʨʦʚ Jumbo Frame (9 ʢʙʘʡʪ). 

¶ ʇʨʦʛʨʘʤʤʠʨʫʝʤʳʡ Wake-on-LAN (WoL) ï ʚʳʭʦʜ ʠʟ ʩʧʷʱʝʛʦ ʨʝʞʠʤʘ ʧʦʩʣʝ ʧʦʩʪʫʧʣʝʥʠʷ 

ʩʧʝʮʠʘʣʴʥʦʛʦ ʧʘʢʝʪʘ ʩ ʫʜʘʣʝʥʥʦʡ ʨʘʙʦʯʝʡ ʩʪʘʥʮʠʠ. 

¶ ʇʘʢʝʪʥʳʡ ʙʫʬʝʨ ʦʙʲʝʤʦʤ 1 ʤʙʠʪ. 

¶ ʇʦʜʜʝʨʞʢʘ ʪʝʭʥʦʣʦʛʠʠ VLAN ʠ 4K VLAN ʧʦ ʩʪʘʥʜʘʨʪʫ 802.11q. 

¶ ʄʝʭʘʥʠʟʤʳ ʫʧʨʘʚʣʝʥʠʷ ʢʘʯʝʩʪʚʦʤ ʦʙʩʣʫʞʠʚʘʥʠʷ QoS [2] c ʧʦʜʜʝʨʞʢʦʡ ʩʝʪʝʚʦʡ 

ʜʠʩʮʠʧʣʠʥʳ ʜʠʩʧʝʪʯʝʨʠʟʘʮʠʠ Weighted Round Robin (WRR). 
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ʈʘʩʩʤʦʪʨʠʤ ʙʝʩʧʨʦʚʦʜʥʫʶ ʯʘʩʪʴ ʤʘʨʰʨʫʪʠʟʘʪʦʨʘ TP-Link Talon AD7200. ɿʘ 

ʬʫʥʢʮʠʦʥʘʣ ʙʝʩʧʨʦʚʦʜʥʦʡ ʩʝʪʠ Wi-Fi ʥʘ ʯʘʩʪʦʪʝ 2,4 ɻɻʮ ʦʪʚʝʯʘʶʪ ʤʠʢʨʦʩʭʝʤʳ Qualcomm 

QCA9980 ʩ ʧʦʜʜʝʨʞʢʦʡ 4-ʧʦʪʦʢʦʚʦʡ ʧʝʨʝʜʘʯʠ [4] MU-MIMO (Multi-User MIMO) [1] ʩʪʘʥʜʘʨʪʘ 

802.11ac. ɼʣʷ ʫʣʫʯʰʝʥʠʷ ʩʚʷʟʠ ʩ ʢʣʠʝʥʪʩʢʠʤʠ ʫʩʪʨʦʡʩʪʚʘʤʠ ʠʩʧʦʣʴʟʫʝʪʩʷ ʯʝʪʳʨʝ ʫʩʠʣʠʪʝʣʷ 

Skyworks SE2623L. ɹʝʩʧʨʦʚʦʜʥʘʷ ʩʝʪʴ Wi-Fi ʥʘ ʯʘʩʪʦʪʝ 5 ɻʛʮ ʪʘʢʞʝ ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ 

ʤʠʢʨʦʩʭʝʤʦʡ QCA9980 ʩ ʜʦʧʦʣʥʠʪʝʣʴʥʳʤʠ ʫʩʠʣʠʪʝʣʷʤʠ Skyworks SKY85405. ɹʝʩʧʨʦʚʦʜʥʘʷ 

ʩʚʷʟʴ ʥʘ ʯʘʩʪʦʪʝ 60 ɻɻʮ (802.11ad) ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ ʯʠʧʩʝʪʘʤʠ QCA9500 ʠ QCA9008-SBD1. 

ɸʚʪʦʨʦʤ ʨʘʩʩʤʦʪʨʝʥʳ ʪʝʭʥʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʤʘʨʰʨʫʪʠʟʘʪʦʨʘ ʚʳʩʰʝʛʦ ʮʝʥʦʚʦʛʦ 

ʩʝʛʤʝʥʪʘ. ʀʩʭʦʜʷ ʠʟ ʚʳʰʝʩʢʘʟʘʥʥʦʛʦ, ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜ, ʯʪʦ ʙʝʩʧʨʦʚʦʜʥʦʡ 

ʤʘʨʰʨʫʪʠʟʘʪʦʨ ʷʚʣʷʝʪʩʷ ʪʝʭʥʠʯʝʩʢʠ ʩʣʦʞʥʳʤ ʫʩʪʨʦʡʩʪʚʦʤ, ʢʦʪʦʨʦʝ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ 

ʤʥʦʞʝʩʪʚʦ ʤʦʜʫʣʝʡ ʠ ʢʦʤʧʦʥʝʥʪʦʚ. ʆʜʥʘʢʦ, ʥʝʦʙʭʦʜʠʤʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʙʶʜʞʝʪʥʳʝ ʤʦʜʝʣʠ 

ʩʫʱʝʩʪʚʝʥʥʦ ʦʪʣʠʯʘʶʪʩʷ ʧʦ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤ, ʧʨʠʯʝʤ ʥʘʠʙʦʣʴʰʠʝ ʦʪʣʠʯʠʷ ʥʘʙʣʶʜʘʶʪʩʷ ʚ 

ʩʬʝʨʝ ʙʝʩʧʨʦʚʦʜʥʦʡ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ. 
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ʋɼʂ 004 

ʊʨʘʜʠʮʠʦʥʥʳʡ ʧʦʜʭʦʜ ʢ ʨʘʟʨʘʙʦʪʢʝ ʩʘʡʪʦʚ ʚ ʠʥʪʝʨʥʝʪ ʧʦʜʨʘʟʫʤʝʚʘʝʪ ʧʦʜ ʩʦʙʦʡ 

ʨʘʟʨʘʙʦʪʢʫ ʢʣʠʝʥʪʩʢʦʡ ʠ ʩʝʨʚʝʨʥʦʡ ʯʘʩʪʠ, ʚʝʙ-ʩʝʨʚʝʨʘ ʠ ʙʘʟʳ ʜʘʥʥʳʭ ʥʘ ʥʝʩʢʦʣʴʢʠʭ ʷʟʳʢʘʭ 

ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʨʘʟʣʠʯʥʳʭ ʷʟʳʢʦʚ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ ʠ ʧʨʦʛʨʘʤʤʥʳʭ 

ʨʝʰʝʥʠʡ ʫʩʣʦʞʥʷʝʪ ʧʨʦʮʝʩʩ ʨʘʟʨʘʙʦʪʢʠ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʫʚʝʣʠʯʝʥʠʶ ʩʨʦʢʦʚ ʨʘʟʨʘʙʦʪʢʠ ʠʣʠ 

ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʟʘʪʨʘʪ ʥʘ ʧʝʨʝʦʙʫʯʝʥʠʝ ʧʝʨʩʦʥʘʣʘ. ɺ ʙʦʣʴʰʠʭ ʢʦʤʧʘʥʠʷʭ ʨʝʜʢʦ, ʯʪʦʙʳ ʦʜʠʥ 

ʯʝʣʦʚʝʢ ʧʦʣʥʦʩʪʴʶ ʦʪʚʝʯʘʣ ʟʘ ʨʘʟʨʘʙʦʪʢʫ ʩʣʦʞʥʦʛʦ ʚʝʙ-ʨʝʰʝʥʠʷ. ʆʙʳʯʥʦ ʵʪʠʤ ʟʘʥʠʤʘʶʪʩʷ 

ʥʝʩʢʦʣʴʢʦ ʚʳʩʦʢʦʢʚʘʣʠʬʠʮʠʨʦʚʘʥʥʳʭ ʩʧʝʮʠʘʣʠʩʪʦʚ, ʦʪʚʝʯʘʶʱʠʭ ʟʘ ʯʪʦ-ʪʦ ʦʜʥʦ: ʨʘʟʨʘʙʦʪʢʘ 

ʢʣʠʝʥʪʩʢʦʡ ʯʘʩʪʠ, ʨʘʟʨʘʙʦʪʢʘ ʩʝʨʚʝʨʥʦʡ ʯʘʩʪʠ, ʧʨʦʝʢʪʠʨʦʚʘʥʠʝ ʘʨʭʠʪʝʢʪʫʨʳ ʙʘʟʳ ʜʘʥʥʳʭ ʠ 

ʪ.ʜ. ɽʩʣʠ ʥʝ ʫʯʠʪʳʚʘʪʴ ʬʘʢʪʦʨ ʦʛʨʘʥʠʯʝʥʥʦʛʦ ʚʨʝʤʝʥʠ, ʪʦ ʧʨʠʯʠʥʦʡ ʪʘʢʦʛʦ ʨʘʟʜʝʣʝʥʠʷ ʪʨʫʜʘ 

ʷʚʣʷʝʪʩʷ ʪʦ, ʯʪʦ ʜʣʷ ʨʘʟʨʘʙʦʪʢʠ ʚʝʙ-ʧʨʠʣʦʞʝʥʠʡ ʠʩʧʦʣʴʟʫʶʪʩʷ ʨʘʟʣʠʯʥʳʝ ʷʟʳʢʠ 

ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ.  

ʈʘʩʩʤʦʪʨʠʤ, ʥʘʧʨʠʤʝʨ, ʧʦʧʫʣʷʨʥʳʡ ʩʪʝʢ ʨʘʟʨʘʙʦʪʢʠ çLAMPè, ʢʦʪʦʨʳʡ ʧʦʚʩʝʤʝʩʪʥʦ 

ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʨʘʟʨʘʙʦʪʢʠ ʚʝʙ-ʩʘʡʪʦʚ. ɸʙʙʨʝʚʠʘʪʫʨʘ çLAMPè ʨʘʩʰʠʬʨʦʚʳʚʘʝʪʩʷ ʢʘʢ Linux 

Apache MySQL PHP ʠ ʧʦʜʨʘʟʫʤʝʚʘʝʪ ʧʦʜ ʩʦʙʦʡ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʨʘʟʣʠʯʥʳʭ ʨʝʰʝʥʠʡ: 

¶ Linux ï UNIX-ʧʦʜʦʙʥʘʷ ʦʧʝʨʘʮʠʦʥʥʘʷ ʩʠʩʪʝʤʘ, ʧʦʜ ʫʧʨʘʚʣʝʥʠʝʤ ʢʦʪʦʨʦʡ ʙʫʜʝʪ 

ʦʩʫʱʝʩʪʚʣʷʪʴʩʷ ʨʘʙʦʪʘ ʚʝʙ-ʩʝʨʚʝʨʘ ʠ ʙʘʟʳ ʜʘʥʥʳʭ. 

¶ Apache ï ʢʨʦʩʩʧʣʘʪʬʦʨʤʝʥʥʳʡ ʚʝʙ-ʩʝʨʚʝʨ. 

¶ MySQL ï ʩʚʦʙʦʜʥʘʷ ʨʝʣʷʮʠʦʥʥʘʷ ʩʠʩʪʝʤʘ ʫʧʨʘʚʣʝʥʠʷ ʙʘʟʘʤʠ ʜʘʥʥʳʭ. 

¶ PHP ï ʩʢʨʠʧʪʦʚʳʡ ʷʟʳʢ ʦʙʱʝʛʦ ʥʘʟʥʘʯʝʥʠʷ, ʧʨʠʤʝʥʷʝʤʳʡ ʜʣʷ ʨʘʟʨʘʙʦʪʢʠ ʩʝʨʚʝʨʥʦʡ 

ʯʘʩʪʠ ʚʝʙ-ʧʨʠʣʦʞʝʥʠʡ. 

 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʜʣʷ ʨʘʟʨʘʙʦʪʢʠ ʧʦʣʥʦʮʝʥʥʦʛʦ ʚʝʙ-ʧʨʠʣʦʞʝʥʠʷ ʥʝʦʙʭʦʜʠʤʦ ʫʤʝʪʴ 

ʢʦʥʬʠʛʫʨʠʨʦʚʘʪʴ ʚʝʙ-ʩʝʨʚʝʨ, ʟʥʘʪʴ ʷʟʳʢ ʟʘʧʨʦʩʦʚ MySQL ʜʣʷ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩ ʉʋɹɼ ʠ ʷʟʳʢ 

ʥʘʧʠʩʘʥʠʷ ʩʮʝʥʘʨʠʝʚ PHP, ʯʪʦ ʜʦʚʦʣʴʥʦ ʩʣʦʞʥʦ ʜʣʷ ʦʜʥʦʛʦ ʩʧʝʮʠʘʣʠʩʪʘ. ʅʝ ʩʪʦʠʪ ʟʘʙʳʚʘʪʴ, 

ʯʪʦ ʙʝʟ ʟʥʘʥʠʡ ʷʟʳʢʘ ʨʘʟʤʝʪʢʠ ʛʠʧʝʨʪʝʢʩʪʘ HTML, ʢʘʩʢʘʜʥʳʭ ʪʘʙʣʠʮ ʩʪʠʣʝʡ CSS ʠ 

ʢʣʠʝʥʪʩʢʦʛʦ ʷʟʳʢʘ ʥʘʧʠʩʘʥʠʷ ʩʮʝʥʘʨʠʝʚ JavaScript ʥʝʚʦʟʤʦʞʥʦ ʨʘʟʨʘʙʦʪʘʪʴ ʥʠ ʦʜʥʦ ʚʝʙ 

ʧʨʠʣʦʞʝʥʠʝ. 

ɸʣʴʪʝʨʥʘʪʠʚʥʳʡ ʧʦʜʭʦʜ ʢ ʨʘʟʨʘʙʦʪʢʝ ʧʨʝʜʣʘʛʘʝʪ ʠʥʬʨʘʩʪʨʫʢʪʫʨʘ Node. Node ï 

ʧʨʦʛʨʘʤʤʥʘʷ ʧʣʘʪʬʦʨʤʘ, ʦʩʥʦʚʘʥʥʘʷ ʥʘ ʜʚʠʞʢʝ V8 ʦʪ Google (ʪʨʘʥʩʣʠʨʫʶʱʝʤ JavaScript ʚ 

ʤʘʰʠʥʥʳʡ ʢʦʜ), ʢʦʪʦʨʘʷ ʧʨʝʚʨʘʱʘʝʪ JavaScript ʠʟ ʫʟʢʦʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʦʛʦ ʷʟʳʢʘ ʚ ʷʟʳʢ 

ʦʙʱʝʛʦ ʥʘʟʥʘʯʝʥʠʷ. ʇʦʤʠʤʦ ʵʪʦʛʦ, Node ʜʦʙʘʚʣʷʝʪ ʚʦʟʤʦʞʥʦʩʪʴ JavaScript 

ʚʟʘʠʤʦʜʝʡʩʪʚʦʚʘʪʴ ʩ ʫʩʪʨʦʡʩʪʚʘʤʠ ʚʚʦʜʘ-ʚʳʚʦʜʘ ʯʝʨʝʟ ʧʨʦʛʨʘʤʤʥʳʡ ʠʥʪʝʨʬʝʡʩ, ʥʘʧʠʩʘʥʥʳʡ 
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ʥʘ C++, ʧʦʜʢʣʶʯʘʪʴ ʜʨʫʛʠʝ ʚʥʝʰʥʠʝ ʙʠʙʣʠʦʪʝʢʠ, ʥʘʧʠʩʘʥʥʳʝ ʥʘ ʨʘʟʥʳʭ ʷʟʳʢʘʭ, ʦʙʝʩʧʝʯʠʚʘʷ 

ʚʳʟʦʚʳ ʢ ʥʠʤ ʠʟ JavaScript. ʆʩʥʦʚʥʦʝ ʧʨʠʤʝʥʝʥʠʝ Node ï ʚʳʧʦʣʥʝʥʠʝ ʨʦʣʠ ʚʝʙ ʩʝʨʚʝʨʘ, 

ʦʜʥʘʢʦ Node ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʜʣʷ ʨʘʟʨʘʙʦʪʢʠ ʥʘʩʪʦʣʴʥʳʭ ʧʨʠʣʦʞʝʥʠʡ ʧʨʠ ʧʦʤʦʱʠ 

ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʭ ʙʠʙʣʠʦʪʝʢ (ʪʘʢʠʭ ʢʘʢ NW.js, AppJS ʠʣʠ Electron). ʗʟʳʢ JavaScript ʵʪʦ 

ʠʥʪʝʨʧʨʝʪʠʨʫʝʤʳʡ ʷʟʳʢ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ, ʠʟʥʘʯʘʣʴʥʦ ʧʨʝʜʥʘʟʥʘʯʝʥʥʳʡ ʜʣʷ ʩʦʟʜʘʥʠʷ 

ʥʝʙʦʣʴʰʠʭ ʢʣʠʝʥʪʩʢʠʭ ʧʨʠʣʦʞʝʥʠʡ. ɹʣʘʛʦʜʘʨʷ ʧʣʘʪʬʦʨʤʝ Node, JavaScript ʤʦʞʥʦ 

ʠʩʧʦʣʴʟʦʚʘʪʴ ʪʘʢʞʝ ʚ ʢʘʯʝʩʪʚʝ ʘʥʘʣʦʛʘ ʷʟʳʢʘ ʥʘʧʠʩʘʥʠʷ ʩʢʨʠʧʪʦʚ PHP ʥʘ ʩʪʦʨʦʥʝ ʩʝʨʚʝʨʘ. ɺ 

ʩʦʩʪʘʚʝ ʧʨʦʛʨʘʤʤʥʳʡ ʧʣʘʪʬʦʨʤʳ Node ʝʩʪʴ ʩʧʝʮʠʘʣʴʥʳʡ ʤʦʜʫʣʴ, ʢʦʪʦʨʳʡ ʧʦʟʚʦʣʷʝʪ 

ʦʩʫʱʝʩʪʚʣʷʪʴ ʦʙʨʘʙʦʪʢʫ http ʟʘʧʨʦʩʦʚ, ʪʝʤ ʩʘʤʳʤ ʟʘʤʝʥʷʷ ʚʝʙ-ʩʝʨʚʝʨ Apache. 

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʧʨʦʛʨʘʤʤʥʦʡ ʧʣʘʪʬʦʨʤʳ Node ʩʦʚʤʝʩʪʥʦ ʩ ʥʝʨʝʣʷʮʠʦʥʥʦʡ ʉʋɹɼ 

MongoDB ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʠʪʴ ʥʝʩʢʦʣʴʢʦ ʧʨʝʠʤʫʱʝʩʪʚ: ʧʨʦʩʪʘʷ ʤʘʩʰʪʘʙʠʨʫʝʤʦʩʪʴ, ʛʠʙʢʠʡ 

JSON-ʬʦʨʤʘʪ ʜʦʢʫʤʝʥʪʦʚ, ʫʧʨʦʱʝʥʥʳʡ ʩʠʥʪʘʢʩʠʩ ʧʦʩʪʨʦʝʥʠʷ ʟʘʧʨʦʩʦʚ, ʜʠʥʘʤʠʯʝʩʢʘʷ ʩʭʝʤʘ 

ʜʘʥʥʳʭ. ʆʜʥʘʢʦ, ʥʝʩʤʦʪʨʷ ʥʘ ʚʩʝ ʧʝʨʝʯʠʩʣʝʥʥʳʝ ʧʨʝʠʤʫʱʝʩʪʚʘ ʜʦʢʫʤʝʥʪʥʦ-ʦʨʠʝʥʪʠʨʦʚʘʥʥʦʡ 

ʙʘʟʳ ʜʘʥʥʳʭ, ʦʥʘ ʠʤʝʝʪ ʩʚʦʠ ʦʛʨʘʥʠʯʝʥʠʷ ʧʨʠʤʝʥʝʥʠʷ, ʢʘʢ ʠ ʚʩʝ ʧʝʨʝʯʠʩʣʝʥʥʳʝ ʚʳʰʝ 

ʪʝʭʥʦʣʦʛʠʠ. 

ɺ ʜʦʢʣʘʜʝ ʨʘʩʢʨʳʚʘʶʪʩʷ ʧʨʝʠʤʫʱʝʩʪʚʘ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʧʨʦʛʨʘʤʤʥʦʡ ʧʣʘʪʬʦʨʤʳ Node 

ʜʣʷ ʨʘʟʨʘʙʦʪʢʠ ʚʝʙ-ʧʨʠʣʦʞʝʥʠʡ ʩ ʦʛʨʘʥʠʯʝʥʥʳʤ ʮʠʢʣʦʤ ʞʠʟʥʠ, ʘ ʪʘʢʞʝ ʜʘʥʥʳʝ ʦ 

ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʙʠʙʣʠʦʪʝʢʘʭ ʠ ʠʥʩʪʨʫʤʝʥʪʘʭ, ʧʨʝʜʥʘʟʥʘʯʝʥʥʳʭ ʜʣʷ ʨʘʟʨʘʙʦʪʢʠ ʚʝʙ-ʨʝʰʝʥʠʡ, 

ʧʦʩʪʨʦʝʥʥʳʭ ʥʘ ʙʘʟʝ ʧʨʦʛʨʘʤʤʥʦʡ ʧʣʘʪʬʦʨʤʳ Node. 
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ʋɼʂ 004.9 

ʀʊ-ʠʥʬʨʘʩʪʨʫʢʪʫʨʘ ʧʨʝʜʧʨʠʷʪʠʷ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʩʝʢʪʦʨ ʧʦ ʧʨʝʜʦʩʪʘʚʣʝʥʠʶ ʫʩʣʫʛ 

ʧʦʣʴʟʦʚʘʪʝʣʷʤ ʧʦ ʠʥʬʦʨʤʘʮʠʦʥʥʦ-ʪʝʭʥʠʯʝʩʢʦʡ ʧʦʜʜʝʨʞʢʝ. ʇʦʜʜʝʨʞʢʘ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ 

ʨʝʰʝʥʠʝ ʠʥʮʠʜʝʥʪʦʚ ʧʦ ʟʘʷʚʢʘʤ ʧʦʣʴʟʦʚʘʪʝʣʝʡ, ʧʦʜʘʥʥʳʭ ʚ ʜʘʥʥʳʭ ʩʝʢʪʦʨ ʯʝʨʝʟ Servise desk 

ʧʨʝʜʧʨʠʷʪʠʷ. ʀʥʮʠʜʝʥʪʳ ʨʘʟʜʝʣʷʶʪ ʥʘ ʝʜʠʥʠʯʥʳʝ ʠ ʤʘʩʩʦʚʳʝ. ʋʧʨʘʚʣʝʥʠʝ ʠʥʮʠʜʝʥʪʘʤʠ 

ʩʦʛʣʘʩʥʦ ITIL ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʚʳʧʦʣʥʝʥʠʝ ʟʘʷʚʢʠ ʩ ʬʠʢʩʘʮʠʝʡ ʠʥʬʦʨʤʘʮʠʠ ʚ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʀʉ ʜʣʷ ʢʘʞʜʦʛʦ ʩʣʫʯʘʷ. ʊʘʢʦʝ ʷʚʣʝʥʠʝ ʢʘʢ ʤʘʩʩʦʚʳʡ ʠʥʮʠʜʝʥʪ ʷʚʣʷʝʪʩʷ 

ʧʦʢʘʟʘʪʝʣʝʤ, ʯʪʦ ʚʳʧʦʣʥʝʥʠʝ ʝʜʠʥʠʯʥʳʭ ʟʘʷʚʦʢ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʧʦʚʝʨʭʥʦʩʪʥʦʝ ʨʝʰʝʥʠʝ ʩ 

ʧʦʩʣʝʜʫʶʱʠʤ ʧʦʚʪʦʨʝʥʠʝʤ ʯʝʨʝʟ ʦʧʨʝʜʝʣʝʥʥʳʝ ʧʨʦʤʝʞʫʪʢʠ. ʇʦʚʪʦʨʥʦʝ ʧʦʷʚʣʝʥʠʝ 

ʠʥʮʠʜʝʥʪʦʚ ʩʥʠʞʘʝʪ ʢʘʯʝʩʪʚʦ ʀʊ-ʫʩʣʫʛ ʥʘ ʧʨʝʜʧʨʠʷʪʠʠ ʠ ʫʤʝʥʴʰʘʝʪ ʩʢʦʨʦʩʪʴ ʩʫʤʤʘʨʥʦʛʦ 

ʚʳʧʦʣʥʝʥʠʝ ʟʘʷʚʦʢ. 

ʇʨʝʜʣʘʛʘʝʪʩʷ ʨʝʰʝʥʠʝ ʧʦ ʚʥʝʜʨʝʥʠʶ ʚ ʢʦʨʧʦʨʘʪʠʚʥʳʡ Service desk ʧʨʦʛʨʘʤʤʥʦʛʦ 

ʤʦʜʫʣʷ ʧʦ ʫʧʨʘʚʣʝʥʠʶ ʧʨʦʙʣʝʤʘʤʠ ʩʦʛʣʘʩʥʦ ʨʝʢʦʤʝʥʜʘʮʠʷʤ ITIL. ʄʦʜʫʣʴ ʜʦʣʞʝʥ ʚʢʣʶʯʘʪʴ 

ʚ ʩʝʙʷ ʨʦʣʠ: ʀʊ-ʩʧʝʮʠʘʣʠʩʪ, ɸʥʘʣʠʪʠʢ, ʄʝʥʝʜʞʝʨ-ʧʨʦʮʝʩʩʘ. ʇʦʣʴʟʦʚʘʪʝʣʠ, ʥʘʜʝʣʝʥʥʳʝ 

ʜʘʥʥʳʤʠ ʨʦʣʷʤʠ, ʬʦʨʤʠʨʫʶʪ ʛʨʫʧʧʳ ʚ ʨʘʤʢʘʭ ʀʉ ʧʦ ʨʝʰʝʥʠʶ ʇʨʦʙʣʝʤ. ɺ ʤʦʜʫʣʴ ʪʨʝʙʫʝʪʩʷ 

ʟʘʣʦʞʠʪʴ ʬʫʥʢʮʠʠ ʩʙʦʨʘ ʜʘʥʥʳʭ ʜʣʷ ʤʝʪʨʠʢ ʦʮʝʥʢʠ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʜʣʷ ʢʘʞʜʦʡ ʨʦʣʠ ʠ 

ʩʪʘʪʠʩʪʠʯʝʩʢʦʡ ʦʪʯʝʪʥʦʩʪʠ ʧʦ ʨʝʰʝʥʠʶ ʧʨʦʙʣʝʤ. ɸʥʘʣʠʟ ʨʝʟʫʣʴʪʘʪʦʚ ʜʝʷʪʝʣʴʥʦʩʪʠ ʛʨʫʧʧʳ 

ʧʦ ʨʝʰʝʥʠʶ ʧʨʦʙʣʝʤ ʬʦʨʤʠʨʫʝʪ ʥʘʧʨʘʚʣʝʥʠʝ ʜʣʷ ʧʦʚʳʰʝʥʠʷ ʢʘʯʝʩʪʚʘ ʧʨʝʜʦʩʪʘʚʣʝʥʠʷ ʫʩʣʫʛ. 

ɺʳʛʦʜʘ ʦʪ ʚʥʝʜʨʝʥʠʷ ʫʧʨʘʚʣʝʥʠʷ ʧʨʦʙʣʝʤʘʤʠ [1-2]: ʦʙʝʩʧʝʯʝʥʠʝ ʤʠʥʠʤʠʟʘʮʠʠ 

ʦʪʨʠʮʘʪʝʣʴʥʦʛʦ ʚʣʠʷʥʠʷ ʇʨʦʙʣʝʤ ʥʘ ʢʘʯʝʩʪʚʦ ʧʨʝʜʦʩʪʘʚʣʝʥʠʷ ʀʊ-ʫʩʣʫʛ ʠ ʫʤʝʥʴʰʝʥʠʷ 

ʚʝʨʦʷʪʥʦʩʪʠ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʧʦʚʪʦʨʷʶʱʠʭʩʷ ʀʥʮʠʜʝʥʪʦʚ ʟʘ ʩʯʝʪ ʫʩʪʨʘʥʝʥʠʷ ʠʭ ʢʦʨʥʝʚʳʭ 

ʧʨʠʯʠʥ. 

ʉʬʦʨʤʠʨʦʚʘʥʥʳʤ ʛʨʫʧʧʘʤ ʧʦ ʨʝʰʝʥʠʶ ʧʨʦʙʣʝʤ ʧʨʝʜʣʘʛʘʝʪʩʷ ʜʝʡʩʪʚʦʚʘʪʴ ʚ ʨʘʤʢʘʭ, 

ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʥʠʞʝ ʨʘʩʧʨʝʜʝʣʝʥʥʳʭ ʟʘʜʘʯ ʠ ʩʮʝʥʘʨʠʶ ʠʜʝʥʪʠʬʠʢʘʮʠʠ. ʇʦʢʘʟʘʪʝʣʠ 

ʢʘʯʝʩʪʚʘ ʜʣʷ ʢʘʞʜʦʡ ʨʦʣʠ ʚ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʡ ʩʠʩʪʝʤʝ ʧʦʟʚʦʣʷʶʪ ʦʮʝʥʠʪʴ ʢʘʯʝʩʪʚʦ 

ʜʝʷʪʝʣʴʥʦʩʪʠ ʩʦʪʨʫʜʥʠʢʦʚ ʚ ʨʘʤʢʘʭ ʨʝʰʝʥʠʷ ʧʨʦʙʣʝʤʳ.  

  

ɿʘʜʘʯʠ ʀʊ-ʩʧʝʮʠʘʣʠʩʪʘ ʚ ʯʘʩʪʠ ʫʧʨʘʚʣʝʥʠʷ ʧʨʦʙʣʝʤʘʤʠ: 

¶ ʚʳʷʚʣʝʥʠʝ ʠ ʨʝʛʠʩʪʨʘʮʠʷ ʧʨʦʙʣʝʤ ʧʦ ʫʩʣʫʛʘʤ; 

¶ ʨʝʛʠʩʪʨʘʮʠʷ ʧʨʦʙʣʝʤ; 

¶ ʢʣʘʩʩʠʬʠʢʘʮʠʷ ʠ ʧʨʠʦʨʠʪʠʟʘʮʠʷ ʧʨʦʙʣʝʤʳ; 

¶ ʧʨʝʜʦʩʪʘʚʣʝʥʠʝ ʠʥʬʦʨʤʘʮʠʠ ʧʦ ʚʳʷʚʣʝʥʥʦʡ ʠ ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʥʦʡ ʧʨʦʙʣʝʤʝ; 

¶ ʥʘʩʪʨʦʡʢʘ ʧʘʨʘʤʝʪʨʦʚ ʫʩʣʫʛʠ ʚ ʨʘʤʢʘʭ ʧʨʦʮʝʩʩʘ; 

¶ ʠʥʠʮʠʘʮʠʷ ʧʨʦʘʢʪʠʚʥʦʛʦ ʘʥʘʣʠʟʘ ʠʥʮʠʜʝʥʪʦʚ ʧʦ ʫʩʣʫʛʘʤ ʥʘ ʧʨʝʜʤʝʪ ʚʳʷʚʣʝʥʠʷ 

ʧʨʦʙʣʝʤ; 

¶ ʬʦʨʤʠʨʦʚʘʥʠʝ ʛʨʫʧʧʳ ʧʦ ʨʝʰʝʥʠʶ ʧʨʦʙʣʝʤʳ (ʧʨʠʚʣʝʯʝʥʠʝ ɸʥʘʣʠʪʠʢʦʚ); 

¶ ʦʨʛʘʥʠʟʘʮʠʷ ʧʦʠʩʢʘ ʚʘʨʠʘʥʪʦʚ ʨʝʰʝʥʠʷ ʧʨʦʙʣʝʤʳ; 

¶ ʦʨʛʘʥʠʟʘʮʠʷ ʧʦʠʩʢʘ ʦʙʭʦʜʥʦʛʦ ʨʝʰʝʥʠʷ ʧʨʦʙʣʝʤʳ;  

¶ ʠʥʠʮʠʘʮʠʷ ɿʅʀ; 

¶ ʘʥʘʣʠʟ ʨʝʟʫʣʴʪʘʪʦʚ ʧʨʦʚʝʜʝʥʥʦʛʦ ʠʟʤʝʥʝʥʠʷ ʥʘ ʧʨʝʜʤʝʪ ʫʩʧʝʰʥʦʩʪʠ ʨʝʰʝʥʠʷ 

ʧʨʦʙʣʝʤʳ; 

¶ ʢʦʥʪʨʦʣʴ ʨʝʰʝʥʠʷ ʧʨʦʙʣʝʤ ʧʦ ʫʩʣʫʛʝ; 

¶ ʟʘʚʝʨʰʝʥʠʝ ʨʘʙʦʪ ʧʦ ʧʨʦʙʣʝʤʝ. 

https://classinform.ru/udk/004.9.html
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ʈʝʢʦʤʝʥʜʫʝʤʳʝ ʧʦʢʘʟʘʪʝʣʠ ʢʘʯʝʩʪʚʘ ʨʘʙʦʪʳ ʀʊ-ʩʧʝʮʠʘʣʠʩʪʘ [1]: 

¶ ʧʨʦʮʝʥʪ ʧʨʦʙʣʝʤ, ʜʣʷ ʢʦʪʦʨʳʭ ʦʙʭʦʜʥʦʝ ʨʝʰʝʥʠʝ ʧʨʝʜʦʩʪʘʚʣʝʥʦ ʚ ʩʨʦʢ; 

¶ ʧʨʦʮʝʥʪ ʧʨʦʙʣʝʤ, ʜʣʷ ʢʦʪʦʨʳʭ ʚʘʨʠʘʥʪʳ ʨʝʰʝʥʠʷ ʧʨʝʜʦʩʪʘʚʣʝʥʳ ʚ ʩʨʦʢ; 

¶ ʧʨʦʮʝʥʪ ʩʦʢʨʘʱʝʥʠʷ ʢʦʣʠʯʝʩʪʚʘ ʠʥʮʠʜʝʥʪʦʚ; 

¶ ʧʨʦʮʝʥʪ ʩʦʢʨʘʱʝʥʠʷ ʤʘʩʩʦʚʳʭ ʠʥʮʠʜʝʥʪʦʚ; 

¶ ʧʨʦʮʝʥʪ ʩʦʢʨʘʱʝʥʠʷ ʩʨʝʜʥʝʛʦ ʚʨʝʤʝʥʠ ʨʝʰʝʥʠʷ ʠʥʮʠʜʝʥʪʦʚ; 

¶ ʧʨʦʮʝʥʪ ʩʦʢʨʘʱʝʥʠʷ ʚʨʝʤʝʥʠ ʨʝʰʝʥʠʷ ʠʥʮʠʜʝʥʪʦʚ ʧʨʠ ʧʨʠʤʝʥʝʥʠʠ ʦʙʭʦʜʥʦʛʦ 

ʨʝʰʝʥʠʷ. 

 

ɿʘʜʘʯʠ ɸʥʘʣʠʪʠʢʘ: 

¶ ʧʨʦʚʦʜʠʪ ʧʦʠʩʢ ʦʙʭʦʜʥʦʛʦ ʨʝʰʝʥʠʷ ʧʨʦʙʣʝʤʳ; 

¶ ʧʨʦʚʦʜʠʪ ʧʦʠʩʢ ʚʘʨʠʘʥʪʦʚ ʨʝʰʝʥʠʷ ʧʨʦʙʣʝʤʳ; 

¶ ʘʥʘʣʠʟ ʨʝʟʫʣʴʪʘʪʦʚ ʧʨʦʚʝʜʝʥʥʦʛʦ ʠʟʤʝʥʝʥʠʷ ʥʘ ʧʨʝʜʤʝʪ ʫʩʧʝʰʥʦʩʪʠ ʨʝʰʝʥʠʷ 

ʧʨʦʙʣʝʤʳ. 

 

ʈʝʢʦʤʝʥʜʫʝʤʳʝ ʧʦʢʘʟʘʪʝʣʠ ʢʘʯʝʩʪʚʘ ʨʘʙʦʪʳ ɸʥʘʣʠʪʠʢʘ: 

¶ ʩʨʝʜʥʠʡ ʩʨʦʢ ʧʦʠʩʢʘ ʦʙʭʦʜʥʦʛʦ ʨʝʰʝʥʠʷ; 

¶ ʧʨʦʮʝʥʪ ʧʨʦʙʣʝʤ, ʚʦʟʚʨʘʱʝʥʥʳʭ ʚ ʨʘʙʦʪʫ. 

 

ɿʘʜʘʯʠ ʄʝʥʝʜʞʝʨʘ ʧʨʦʮʝʩʩʘ: 

¶ ʧʨʠʥʷʪʠʝ ʨʝʰʝʥʠʷ ʦ ʬʘʢʪʝ ʠʩʧʦʣʥʝʥʠʷ ʟʘʜʘʯʠ ʧʦ ʧʨʦʙʣʝʤʝ; 

¶ ʢʦʥʪʨʦʣʴ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʟʘʜʘʯ ʧʦ ʧʨʦʙʣʝʤʘʤ; 

¶ ʢʦʥʪʨʦʣʴ ʥʘʜ ʚʨʝʤʝʥʥʳʤʠ ʨʘʤʢʘʤʠ ʨʝʰʝʥʠʷ ʟʘʜʘʯ; 

¶ ʢʦʦʨʜʠʥʘʮʠʷ ʫʯʘʩʪʥʠʢʦʚ ʧʨʦʮʝʩʩʘ ʨʝʰʝʥʠʷ ʧʨʦʙʣʝʤ; 

¶ ʬʦʨʤʠʨʦʚʘʥʠʝ ʦʪʯʝʪʥʦʩʪʠ; 

¶ ʨʘʟʨʘʙʘʪʳʚʘʪʴ ʜʦʢʫʤʝʥʪʘʮʠʶ ʧʦ ʧʨʦʮʝʩʩʫ ʫʧʨʘʚʣʝʥʠʷ ʧʨʦʙʣʝʤʘʤʠ.   

 

ʈʝʢʦʤʝʥʜʫʝʤʳʝ ʧʦʢʘʟʘʪʝʣʠ ʢʘʯʝʩʪʚʘ ʨʘʙʦʪʳ ʤʝʥʝʜʞʝʨʘ ʧʨʦʮʝʩʩʘ: 

¶ ʤʠʥʠʤʘʣʴʥʦʝ ʯʠʩʣʦ ʟʘʜʝʨʞʝʢ ʧʦ ʦʙʨʘʙʦʪʢʝ ʟʘʜʘʯ;  

¶ ʯʠʩʣʝʥʥʳʡ ʧʦʢʘʟʘʪʝʣʴ ʧʦ ʨʝʘʛʠʨʦʚʘʥʠʶ ʥʘ ʦʪʟʳʚʳ ʠ ʧʨʝʜʣʦʞʝʥʠʷ ʦʪ ʧʦʣʴʟʦʚʘʪʝʣʝʡ;

  

ʉʮʝʥʘʨʠʡ ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʧʨʦʙʣʝʤ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʩʣʝʜʫʶʱʠʤʠ ʧʫʪʷʤʠ: 

¶ ʘʥʘʣʠʟ ʧʦʚʪʦʨʷʶʱʠʭʩʷ ʠʥʮʠʜʝʥʪʦʚ; 

¶ ʧʦʣʫʯʝʥʠʝ ʠʥʬʦʨʤʘʮʠʠ ʦʙ ʠʟʚʝʩʪʥʳʭ ʦʰʠʙʢʘʭ ʦʪ ʧʨʦʠʟʚʦʜʠʪʝʣʝʡ ʇʆ ʠ ʦʙʦʨʫʜʦʚʘʥʠʷ; 

¶ ʪʝʩʪʠʨʦʚʘʥʠʷ ʀʉ ʥʘ ʵʪʘʧʝ ʦʧʳʪʥʦʡ ʵʢʩʧʣʫʘʪʘʮʠʠ; 

¶ ʥʘ ʦʩʥʦʚʝ ʘʥʘʣʠʟʘ ʩʦʙʳʪʠʡ, ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʥʳʭ ʚ ʨʘʤʢʘʭ ʦʪʩʣʝʞʠʚʘʥʠʷ ʩʦʩʪʦʷʥʠʷ ʀʊ-

ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ; 

¶ ʀʊ-ʩʧʝʮʠʘʣʠʩʪʘʤʠ; 

¶ ʘʥʘʣʠʟ ʦʪʯʝʪʥʦʩʪʠ ʧʦ ʠʥʮʠʜʝʥʪʘʤ. 
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ʌʘʢʪ ʨʝʛʠʩʪʨʘʮʠʠ ʧʨʦʙʣʝʤʳ ʷʚʣʷʝʪʩʷ ʦʙʩʪʦʷʪʝʣʴʩʪʚʦʤ, ʤʠʥʠʤʠʟʠʨʫʶʱʠʤ ʥʝʛʘʪʠʚʥʳʝ 

ʧʦʩʣʝʜʩʪʚʠʷ ʦʪ ʥʘʨʫʰʝʥʠʷ ʥʦʨʤʘʪʠʚʥʦʛʦ ʚʨʝʤʝʥʠ ʦʙʨʘʙʦʪʢʠ ʠʥʮʠʜʝʥʪʦʚ ʚ ʧʨʦʮʝʩʩʝ 

ʫʧʨʘʚʣʝʥʠʷ ʠʥʮʠʜʝʥʪʘʤʠ.  

 

ɺʨʝʤʷ ʨʝʰʝʥʠʷ ʧʨʦʙʣʝʤʳ ʫʯʠʪʳʚʘʝʪʩʷ ʧʨʠ ʨʘʩʯʝʪʝ ʥʦʨʤʘʪʠʚʥʦʛʦ ʚʨʝʤʝʥʠ ʦʙʨʘʙʦʪʢʠ 

ʠʥʮʠʜʝʥʪʘ. 

ʇʨʠ ʨʝʛʠʩʪʨʘʮʠʠ ʧʨʦʙʣʝʤʳ ʬʠʢʩʠʨʫʶʪʩʷ: 

¶ ɿʘʪʨʦʥʫʪʳʝ ʫʩʣʫʛʠ. 

¶ ɿʘʪʨʦʥʫʪʳʝ ʧʦʜʨʘʟʜʝʣʝʥʠʷ. 

¶ ɿʘʪʨʦʥʫʪʳʝ ʨʘʩʧʦʣʦʞʝʥʠʷ. 

¶ ɿʘʪʨʦʥʫʪʳʝ ʢʦʥʬʠʛʫʨʘʮʠʦʥʥʳʝ ʝʜʠʥʠʮʳ.  

 

ɺ ʨʘʤʢʘʭ ʬʫʥʢʮʠʠ ʧʨʦʠʟʚʦʜʠʪʩʷ ʥʘʭʦʞʜʝʥʠʝ ʠ ʧʨʠʤʝʥʝʥʠʝ ʚʘʨʠʘʥʪʦʚ ʨʝʰʝʥʠʷ 

ʧʨʦʙʣʝʤʳ, ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʧʨʦʮʝʜʫʨʘʤʠ: 

¶ ʬʦʨʤʠʨʦʚʘʥʠʝ ʛʨʫʧʧ ʧʦ ʨʝʰʝʥʠʶ ʧʨʦʙʣʝʤ; 

¶ ʧʦʠʩʢ ʦʙʭʦʜʥʦʛʦ ʨʝʰʝʥʠʷ; 

¶ ʧʦʠʩʢ ʧʦʩʪʦʷʥʥʦʛʦ ʨʝʰʝʥʠʷ. 

 

ʄʝʪʨʠʢʠ ʧʨʦʮʝʩʩʘ: 

ʋʤʝʥʴʰʝʥʠʝ ʢʦʣʠʯʝʩʪʚʘ ʠʥʮʠʜʝʥʪʦʚ ʠ ʫʤʝʥʴʰʝʥʠʝ ʚʣʠʷʥʠʷ ʠʥʮʠʜʝʥʪʦʚ ʥʘ ʙʠʟʥʝʩ: 

¶ ʧʨʦʮʝʥʪ ʩʦʢʨʘʱʝʥʠʷ ʢʦʣʠʯʝʩʪʚʘ ʠʥʮʠʜʝʥʪʦʚ; 

¶ ʧʨʦʮʝʥʪ ʩʦʢʨʘʱʝʥʠʷ ʤʘʩʩʦʚʳʭ ʠʥʮʠʜʝʥʪʦʚ; 

¶ ʧʨʦʮʝʥʪ ʩʦʢʨʘʱʝʥʠʷ ʩʨʝʜʥʝʛʦ ʚʨʝʤʝʥʠ ʨʝʰʝʥʠʷ ʠʥʮʠʜʝʥʪʦʚ; 

¶ ʧʨʦʮʝʥʪ ʩʦʢʨʘʱʝʥʠʷ ʚʨʝʤʝʥʠ ʨʝʰʝʥʠʷ ʠʥʮʠʜʝʥʪʦʚ ʧʨʠ ʧʨʠʤʝʥʝʥʠʠ ʦʙʭʦʜʥʦʛʦ 

ʨʝʰʝʥʠʷ. 
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ʋɼʂ 004.35 

ɺ ʩʦʚʨʝʤʝʥʥʦʤ ʤʠʨʝ ʧʦʷʚʣʷʝʪʩʷ ʚʩʝ ʙʦʣʴʰʝ ʩʬʝʨ ʜʝʷʪʝʣʴʥʦʩʪʠ, ʢʦʪʦʨʳʝ ʪʨʝʙʫʶʪ 

ʥʘʚʳʢʦʚ ʨʘʙʦʪʳ ʩʦ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʤʠ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʳʤʠ ʩʠʩʪʝʤʘʤʠ. ʆʜʥʘʢʦ 

ʥʝʙʨʝʞʥʦʝ ʠʣʠ ʥʝʫʤʝʣʦʝ ʦʙʨʘʱʝʥʠʝ ʩ ʦʙʦʨʫʜʦʚʘʥʠʝʤ ʤʦʞʝʪ ʚʳʚʝʩʪʠ ʝʛʦ ʠʟ ʩʪʨʦʷ, ʘ ʪʘʢʞʝ 

ʧʨʠʚʝʩʪʠ ʢ ʥʝʩʯʘʩʪʥʳʤ ʩʣʫʯʘʷʤ, ʯʪʦ ʚʣʝʯʝʪ ʟʘ ʩʦʙʦʡ ʧʨʠʦʩʪʘʥʦʚʢʫ ʨʘʙʦʪʳ ʠ ʧʦʪʝʨʶ 

ʜʝʥʝʞʥʳʭ ʩʨʝʜʩʪʚ ʜʣʷ ʦʨʛʘʥʠʟʘʮʠʠ. ʇʦʵʪʦʤʫ ʥʘ ʨʳʥʢʝ ʫʯʝʙʥʦ-ʪʨʝʥʠʨʦʚʦʯʥʳʭ ʢʦʤʧʣʝʢʩʦʚ 

(ʋʊʂ) ʧʦʷʚʣʷʝʪʩʷ ʚʩʝ ʙʦʣʴʰʝ ʧʨʝʜʣʦʞʝʥʠʡ ʩ ʜʝʪʘʣʴʥʦ ʧʨʦʨʘʙʦʪʘʥʥʳʤʠ ʠʤʠʪʘʮʠʦʥʥʳʤʠ 

ʤʦʜʝʣʷʤʠ ʠ ʠʥʪʝʨʬʝʡʩʘʤʠ ʫʧʨʘʚʣʝʥʠʷ, ʢʦʪʦʨʳʝ ʧʦʟʚʦʣʷʶʪ ʥʝ ʪʦʣʴʢʦ ʦʩʫʱʝʩʪʚʣʷʪʴ 

ʪʝʦʨʝʪʠʯʝʩʢʦʝ ʦʙʫʯʝʥʠʝ, ʥʦ ʪʘʢʞʝ ʬʦʨʤʠʨʦʚʘʪʴ ʥʘʯʘʣʴʥʳʝ ʥʘʚʳʢʠ ʧʦ ʨʘʙʦʪʝ ʩ 

ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʳʤʠ ʩʠʩʪʝʤʘʤʠ. ʉʦʛʣʘʩʥʦ ʧʨʦʚʝʜʝʥʥʳʤ ʠʩʩʣʝʜʦʚʘʥʠʷʤ, ʦʙʲʝʤ ʟʥʘʥʠʡ, 

ʫʩʚʦʝʥʥʳʭ ʧʨʠ ʦʙʫʯʝʥʠʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʋʊʂ, ʚʦʟʨʘʩʪʘʝʪ ʥʘ 50% ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ 

ʪʨʘʜʠʮʠʦʥʥʳʤʠ ʤʝʪʦʜʘʤʠ ʦʙʫʯʝʥʠʷ. 

 ʉ ʪʦʯʢʠ ʟʨʝʥʠʷ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʧʦ ʩʧʦʩʦʙʘʤ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩ ʦʙʫʯʘʝʤʳʤ, 

ʩʦʚʨʝʤʝʥʥʳʝ ʋʊʂ ʤʦʞʥʦ ʨʘʟʜʝʣʠʪʴ ʥʘ ʩʣʝʜʫʶʱʠʝ ʦʩʥʦʚʥʳʝ ʚʠʜʳ: 

1. ʋʊʂ, ʩʦʧʨʷʞʝʥʥʳʝ ʩ ʨʝʘʣʴʥʳʤʠ ʦʨʛʘʥʘʤʠ ʫʧʨʘʚʣʝʥʠʷ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʡ 

ʩʠʩʪʝʤʳ. 

2. ʋʊʂ, ʠʩʧʦʣʴʟʫʶʱʠʝ ʮʠʬʨʦʚʫʶ ʠʤʠʪʘʮʠʶ ʦʨʛʘʥʦʚ ʫʧʨʘʚʣʝʥʠʷ. 

3. ʋʊʂ, ʠʩʧʦʣʴʟʫʶʱʠʝ ʪʝʭʥʦʣʦʛʠʠ ʚʠʨʪʫʘʣʴʥʦʡ ʨʝʘʣʴʥʦʩʪʠ. 

 

ʂʨʘʪʢʦ ʟʘʪʨʦʥʝʤ ʦʙʣʘʩʪʠ ʠʭ ʧʨʠʤʝʥʝʥʠʷ:  

ʋʊʂ ʪʨʝʪʴʝʛʦ ʪʠʧʘ ʠʩʧʦʣʴʟʫʶʪʩʷ ʜʣʷ ʦʪʨʘʙʦʪʢʠ ʜʝʡʩʪʚʠʡ ʥʘ ʤʝʩʪʥʦʩʪʠ, ʘ ʥʝ ʜʣʷ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩ ʢʦʥʢʨʝʪʥʦʡ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʡ ʩʠʩʪʝʤʦʡ, ʧʦʵʪʦʤʫ ʠʤ ʜʦʩʪʘʪʦʯʥʦ ʜʣʷ 

ʨʘʙʦʪʳ ʮʠʬʨʦʚʦʡ ʠʤʠʪʘʮʠʠ ʦʙʲʝʢʪʦʚ, ʩ ʢʦʪʦʨʳʤʠ ʚʟʘʠʤʦʜʝʡʩʪʚʫʝʪ ʦʙʫʯʘʝʤʳʡ.  

ʋʊʂ ʚʪʦʨʦʛʦ ʪʠʧʘ ʷʚʣʷʶʪʩʷ ʩʘʤʳʤʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʤʠ ʥʘ ʨʳʥʢʝ ʟʘ ʩʯʝʪ ʛʠʙʢʦʩʪʠ ʠ 

ʜʝʰʝʚʠʟʥʳ ʠʟʛʦʪʦʚʣʝʥʠʷ, ʦʜʥʘʢʦ ʪʘʢʠʝ ʢʦʤʧʣʝʢʩʳ ʥʝ ʧʦʜʭʦʜʷʪ ʚ ʩʠʪʫʘʮʠʷʭ, ʢʦʛʜʘ ʦʪ 

ʦʧʝʨʘʪʦʨʘ ʪʨʝʙʫʝʪʩʷ ʨʘʟʚʠʪʠʝ ʤʦʪʦʨʠʢʠ ʠ\ʠʣʠ ʘʚʪʦʤʘʪʠʟʤʘ ʚ ʩʚʦʠʭ ʜʝʡʩʪʚʠʷʭ.  

ʋʊʂ ʧʝʨʚʦʛʦ ʪʠʧʘ ʥʝ ʠʤʝʶʪ ʚʳʰʝʦʧʠʩʘʥʥʳʭ ʥʝʜʦʩʪʘʪʢʦʚ ʠ ʷʚʣʷʣʠʩʴ ʙʳ ʠʜʝʘʣʴʥʳʤʠ 

ʩʠʩʪʝʤʘʤʠ ʜʣʷ ʦʙʫʯʝʥʠʷ, ʝʩʣʠ ʙʳ ʥʝ ʦʜʠʥ ʩʫʱʝʩʪʚʝʥʥʳʡ ʥʝʜʦʩʪʘʪʦʢ: ʦʨʛʘʥʳ ʫʧʨʘʚʣʝʥʠʷ 

ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʳʤʠ ʩʠʩʪʝʤʘʤʠ ʯʘʱʝ ʚʩʝʛʦ ʥʝ ʷʚʣʷʶʪʩʷ ʤʦʜʫʣʴʥʳʤʠ, ʘ ʟʥʘʯʠʪ ʤʦʛʫʪ 

ʟʘʥʠʤʘʪʴ ʤʥʦʛʦ ʤʝʩʪʘ ʚ ʫʯʝʙʥʳʭ ʢʣʘʩʩʘʭ ʠ ʠʤʝʪʴ ʟʘʚʳʰʝʥʥʫʶ ʩʪʦʠʤʦʩʪʴ, ʪʘʢ ʢʘʢ ʩʦʜʝʨʞʘʪ 

ʢʦʤʧʦʥʝʥʪʳ, ʷʚʣʷʶʱʠʝʩʷ ʠʟʣʠʰʥʠʤʠ ʧʨʠ ʦʙʫʯʝʥʠʠ, ʥʦ ʥʝʦʙʭʦʜʠʤʳʤʠ ʜʣʷ ʨʘʙʦʪʳ ʨʝʘʣʴʥʦʡ 

ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʡ ʩʠʩʪʝʤʳ. ʊʘʢʞʝ ʥʝʧʨʠʷʪʥʳʤ ʤʦʤʝʥʪʦʤ ʤʦʞʝʪ ʦʢʘʟʘʪʴʩʷ ʥʝʜʦʩʪʘʪʦʢ 

ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʤʦʱʥʦʩʪʝʡ ʫ ʢʦʤʧʘʥʠʠ ʧʨʦʠʟʚʦʜʠʪʝʣʷ ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ. 

ɼʣʷ ʫʩʪʨʘʥʝʥʠʷ ʥʝʜʦʩʪʘʪʢʦʚ ʋʊʂ ʧʝʨʚʦʛʦ ʪʠʧʘ, ʙʳʣ ʧʨʦʚʝʜʝʥ ʵʢʩʧʝʨʠʤʝʥʪ, ʚ ʨʘʤʢʘʭ 

ʢʦʪʦʨʦʛʦ ʙʳʣʠ ʚʦʩʩʦʟʜʘʥʳ ʦʩʥʦʚʥʳʝ ʦʨʛʘʥʳ ʫʧʨʘʚʣʝʥʠʷ ʘʚʪʦʤʘʪʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ ʚ ʚʠʜʝ 
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ʦʪʜʝʣʴʥʳʭ ʫʩʪʨʦʡʩʪʚ, ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʦʙʱʝʜʦʩʪʫʧʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ: ʪʘʢʠʝ ʢʘʢ 

ʤʠʢʨʦʢʦʥʪʨʦʣʣʝʨʳ ʠ ʵʣʝʤʝʥʪʥʘʷ ʙʘʟʘ.  

ʈʝʟʫʣʴʪʘʪ ʵʢʩʧʝʨʠʤʝʥʪʘ ʧʦʢʘʟʘʣ, ʯʪʦ ʜʘʥʥʳʡ ʧʦʜʭʦʜ ʧʦʟʚʦʣʠʪ ʥʝ ʪʦʣʴʢʦ ʦʙʝʩʧʝʯʠʪʴ 

ʥʝʦʙʭʦʜʠʤʳʡ ʫʨʦʚʝʥʴ ʧʦʜʛʦʪʦʚʢʠ ʦʙʫʯʘʝʤʳʭ, ʥʦ ʠ ʩʥʠʟʠʪʴ ʨʘʩʭʦʜʳ ʥʘ ʧʨʦʠʟʚʦʜʩʪʚʦ, ʘ 

ʟʥʘʯʠʪ ʠ ʩʦʭʨʘʥʠʪʴ ʢʦʥʢʫʨʝʥʪʥʫʶ ʮʝʥʫ ʥʘ ʋʊʂ. 
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ʀʥʬʦʨʤʘʮʠʦʥʥʳʝ ʪʝʭʥʦʣʦʛʠʠ ʩʪʨʝʤʠʪʝʣʴʥʦ ʨʘʟʚʠʚʘʶʪʩʷ. ɽʩʣʠ ʨʘʥʴʰʝ ʚʠʨʪʫʘʣʠʟʘʮʠʷ 

ʠ ʢʣʘʩʪʝʨʳ ʙʳʣʠ ʫʜʝʣʦʤ ʢʨʫʧʥʳʭ ʦʨʛʘʥʠʟʘʮʠʡ, ʪʦ ʩʝʛʦʜʥʷ ʵʪʠ ʪʝʭʥʦʣʦʛʠʠ ʩʪʘʥʦʚʷʪʩʷ 

ʜʦʩʪʫʧʥʳʤʠ ʜʘʞʝ ʜʣʷ ʥʝʙʦʣʴʰʠʭ ʧʨʝʜʧʨʠʷʪʠʡ. ɺʠʨʪʫʘʣʠʟʘʮʠʷ ʧʦʟʚʦʣʷʝʪ ʩʫʱʝʩʪʚʝʥʥʦ 

ʵʢʦʥʦʤʠʪʴ ʥʘ ʘʧʧʘʨʘʪʥʳʭ ʨʝʩʫʨʩʘʭ, ʥʦ ʧʨʝʜʲʷʚʣʷʝʪ ʛʦʨʘʟʜʦ ʙʦʣʝʝ ʩʝʨʴʝʟʥʳʝ ʪʨʝʙʦʚʘʥʠʷ ʢ 

ʦʪʢʘʟʦʫʩʪʦʡʯʠʚʦʩʪʠ. ʇʦʵʪʦʤʫ ʥʘ ʵʪʘʧʝ ʧʣʘʥʠʨʦʚʘʥʠʷ ʥʫʞʥʦ ʧʨʠʥʷʪʴ ʥʝʦʙʭʦʜʠʤʳʝ ʤʝʨʳ ʜʣʷ 

ʝʝ ʦʙʝʩʧʝʯʝʥʠʷ. ʆʜʥʘ ʠʟ ʪʘʢʠʭ ʤʝʨ ï ʩʦʟʜʘʥʠʝ ʦʪʢʘʟʦʫʩʪʦʡʯʠʚʦʛʦ ʢʣʘʩʪʝʨʘ. 

ɺʦʦʙʱʝ, ʪʝʨʤʠʥ ʦʪʢʘʟʦʫʩʪʦʡʯʠʚʳʡ ʥʝ ʩʦʚʩʝʤ ʧʨʠʤʝʥʠʤ ʢ ʢʣʘʩʪʝʨʥʳʤ ʨʝʰʝʥʠʷʤ, ʦʥ 

ʚʦʟʥʠʢ ʚ ʨʝʟʫʣʴʪʘʪʝ ʥʝʚʝʨʥʦʛʦ ʧʝʨʝʚʦʜʘ ʪʝʨʤʠʥʘ failover cluster. ʇʨʘʚʠʣʴʥʳʡ ʧʝʨʝʚʦʜ ï ʩ 

ʦʙʨʘʙʦʪʢʦʡ ʦʪʢʘʟʘ, ʭʦʪʷ ʩʝʛʦʜʥʷ ʚʩʝ ʯʘʱʝ ʫʧʦʪʨʝʙʣʷʝʪʩʷ ʠʥʦʡ ʪʝʨʤʠʥ ï ʚʳʩʦʢʦʡ ʜʦʩʪʫʧʥʦʩʪʠ 

(high availability).  

ʏʪʦʙʳ ʧʦʥʷʪʴ, ʧʦʯʝʤʫ ʢʣʘʩʪʝʨ ʥʝ ʷʚʣʷʝʪʩʷ ʦʪʢʘʟʦʫʩʪʦʡʯʠʚʳʤ, ʥʝʦʙʭʦʜʠʤʦ ʨʘʟʦʙʨʘʪʴ 

ʙʦʣʝʝ ʧʦʜʨʦʙʥʦ ʝʛʦ ʫʩʪʨʦʡʩʪʚʦ ʠ ʩʭʝʤʫ ʨʘʙʦʪʳ. ʋʪʦʯʥʶ, ʯʪʦ ʢʣʘʩʪʝʨʳ ʧʨʠʤʝʥʷʶʪʩʷ ʥʝ ʪʦʣʴʢʦ 

ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʦʪʢʘʟʦʫʩʪʦʡʯʠʚʦʩʪʠ, ʥʦ ʠ ʜʣʷ ʙʘʣʘʥʩʠʨʦʚʢʠ ʥʘʛʨʫʟʢʠ ʠʣʠ ʥʘʨʘʱʠʚʘʥʠʷ 

ʚʳʯʠʩʣʠʪʝʣʴʥʦʡ ʤʦʱʥʦʩʪʠ, ʥʦ ʩʝʡʯʘʩ ʧʦʛʦʚʦʨʠʪ ʪʦʣʴʢʦ ʦ ʚʳʩʦʢʦʜʦʩʪʫʧʥʳʭ ʢʣʘʩʪʝʨʘʭ. 

ʂʣʘʩʩʠʯʝʩʢʘʷ ʩʭʝʤʘ ʢʣʘʩʪʝʨʘ ʩʦʜʝʨʞʠʪ ʤʠʥʠʤʫʤ ʜʚʘ ʫʟʣʘ ʠ ʦʙʱʝʝ ʭʨʘʥʠʣʠʱʝ, 

ʩʚʷʟʘʥʥʳʝ ʤʝʞʜʫ ʩʦʙʦʡ ʥʝʩʢʦʣʴʢʠʤʠ ʩʝʪʝʚʳʤʠ ʩʦʝʜʠʥʝʥʠʷʤʠ. 

ɺʦ-ʧʝʨʚʳʭ, ʵʪʦ ʩʣʫʞʝʙʥʘʷ ʩʝʪʴ ʢʣʘʩʪʝʨʘ ʜʣʷ ʧʝʨʝʜʘʯʠ ʩʠʛʥʘʣʘ çʧʫʣʴʩʘè (heartbeat), ʧʦ 

ʢʦʪʦʨʦʤʫ ʢʣʘʩʪʝʨ ʩʣʝʜʠʪ ʟʘ ʩʦʩʪʦʷʥʠʝʤ ʩʚʦʠʭ ʫʟʣʦʚ (ʥʘ ʩʭʝʤʝ ʧʦʢʘʟʘʥʘ ʢʨʘʩʥʳʤ), ʩʝʪʴ 

ʭʨʘʥʝʥʠʷ ʜʘʥʥʳʭ (SAN, ʩʠʥʷʷ), ʚ ʥʝʜʦʨʦʛʠʭ ʨʝʰʝʥʠʷʭ ʵʪʦ ʯʘʱʝ ʚʩʝʛʦ iSCSI ʯʝʨʝʟ ʦʪʜʝʣʴʥʫʶ 
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Ethernet-ʩʝʪʴ, ʥʦ ʵʪʦ ʤʦʞʝʪ ʙʳʪʴ ʪʘʢʞʝ ʠ FibreChanell ʠʣʠ ʠʥʳʝ ʪʝʭʥʦʣʦʛʠʠ. ɼʣʷ 

ʦʙʩʣʫʞʠʚʘʥʠʷ ʢʣʠʝʥʪʦʚ ʢʣʘʩʪʝʨ ʚʢʣʶʯʘʝʪʩʷ ʚ ʩʫʱʝʩʪʚʫʶʱʫʶ ʣʦʢʘʣʴʥʫʶ ʩʝʪʴ. 

ʇʦ ʩʭʝʤʝ ʨʘʙʦʪʳ ʫʟʣʳ ʤʦʛʫʪ ʨʘʙʦʪʘʪʴ ʚ ʨʝʞʠʤʝ ʘʢʪʠʚʥʳʡ-ʧʘʩʩʠʚʥʳʡ ʠʣʠ ʘʢʪʠʚʥʳʡ-

ʘʢʪʠʚʥʳʡ. ɺ ʧʝʨʚʦʤ ʩʣʫʯʘʝ ʚʩʝ ʢʣʠʝʥʪʩʢʠʝ ʟʘʧʨʦʩʳ ʦʙʩʣʫʞʠʚʘʶʪʩʷ ʦʜʥʠʤ ʠʟ ʫʟʣʦʚ, ʚʪʦʨʦʡ 

ʫʟʝʣ ʚʩʪʫʧʘʝʪ ʚ ʨʘʙʦʪʫ ʪʦʣʴʢʦ ʧʨʠ ʦʪʢʘʟʝ ʧʝʨʚʦʛʦ. ɺʪʦʨʦʡ ʚʘʨʠʘʥʪ ʧʨʝʜʫʩʤʘʪʨʠʚʘʝʪ ʦʙʨʘʙʦʪʢʫ 

ʢʣʠʝʥʪʩʢʠʭ ʟʘʧʨʦʩʦʚ ʦʙʦʠʤʠ ʫʟʣʘʤʠ, ʧʨʠ ʵʪʦʤ ʤʦʞʥʦ ʦʩʫʱʝʩʪʚʣʷʪʴ ʙʘʣʘʥʩʠʨʦʚʢʫ ʥʘʛʨʫʟʢʠ ʠ 

ʫʚʝʣʠʯʠʚʘʪʴ ʚʳʯʠʩʣʠʪʝʣʴʥʳʝ ʨʝʩʫʨʩʳ ʧʫʪʝʤ ʜʦʙʘʚʣʝʥʠʷ ʥʦʚʳʭ ʫʟʣʦʚ ʢʣʘʩʪʝʨʘ. ɺ ʩʣʫʯʘʝ 

ʦʪʢʘʟʘ ʦʜʥʦʛʦ ʠʟ ʫʟʣʦʚ ʢʣʠʝʥʪʩʢʠʝ ʟʘʧʨʦʩʳ ʦʙʨʘʙʘʪʳʚʘʶʪ ʦʩʪʘʚʰʠʝʩʷ ʥʦʜʳ. 

ɺʘʞʥʳʡ ʤʦʤʝʥʪ ï ʢʘʞʜʳʡ ʢʣʠʝʥʪʩʢʠʡ ʟʘʧʨʦʩ ʦʙʩʣʫʞʠʚʘʝʪʩʷ ʪʦʣʴʢʦ ʦʜʥʠʤ ʠʟ ʫʟʣʦʚ 

ʢʣʘʩʪʝʨʘ ʠ ʚ ʩʣʫʯʘʝ ʝʛʦ ʚʳʭʦʜʘ ʠʟ ʩʪʨʦʷ ʧʦʜʢʣʶʯʝʥʥʳʝ ʢʣʠʝʥʪʳ ʧʦʣʫʯʘʪ ʦʪʢʘʟ ʚ 

ʦʙʩʣʫʞʠʚʘʥʠʠ, ʦʜʥʘʢʦ ʦʥʠ ʤʦʛʫʪ ʪʫʪ ʞʝ ʧʝʨʝʢʣʶʯʠʪʴʩʷ ʥʘ ʦʩʪʘʚʰʠʝʩʷ ʜʦʩʪʫʧʥʳʝ ʫʟʣʳ. 

ʀʤʝʥʥʦ ʧʦʵʪʦʤʫ ʪʘʢʘʷ ʩʭʝʤʘ ʥʝ ʷʚʣʷʝʪʩʷ ʦʪʢʘʟʦʫʩʪʦʡʯʠʚʦʡ, ʦʪʢʘʟ ʫʟʣʘ ʚʳʟʳʚʘʝʪ ʦʪʢʘʟ ʚ 

ʦʙʩʣʫʞʠʚʘʥʠʠ, ʦʜʥʘʢʦ ʢʣʠʝʥʪ ʚʩʝʛʜʘ ʤʦʞʝʪ ʧʦʜʢʣʶʯʠʪʴʩʷ ʢ ʜʨʫʛʦʤʫ ʨʘʙʦʪʘʶʱʝʤʫ ʫʟʣʫ, ʯʪʦ 

ʨʝʘʣʠʟʫʝʪ ʢʘʢ ʨʘʟ ʩʭʝʤʫ ʚʳʩʦʢʦʡ ʜʦʩʪʫʧʥʦʩʪʠ ʩʝʨʚʠʩʘ. 

ɺ ʩʭʝʤʝ, ʧʨʠʚʝʜʝʥʥʦʡ ʚʳʰʝ, ʝʩʪʴ ʪʦʯʢʘ ʦʪʢʘʟʘ ï ʭʨʘʥʠʣʠʱʝ. ɼʝʡʩʪʚʠʪʝʣʴʥʦ, ʜʣʷ 

ʦʙʝʩʧʝʯʝʥʠʷ ʚʳʩʦʢʦʡ ʜʦʩʪʫʧʥʦʩʪʠ ʭʨʘʥʠʣʠʱʝ ʪʘʢʞʝ ʜʦʣʞʥʦ ʙʳʪʴ ʦʪʢʘʟʦʫʩʪʦʡʯʠʚʳʤ ʠʣʠ 

ʚʳʩʦʢʦʜʦʩʪʫʧʥʳʤ. ʕʪʦ ʤʦʞʝʪ ʙʳʪʴ ʨʝʘʣʠʟʦʚʘʥʦ ʢʘʢ ʧʦʢʫʧʢʦʡ ʩʧʝʮʠʘʣʴʥʳʭ ʘʧʧʘʨʘʪʥʳʭ 

ʤʦʜʝʣʝʡ, ʪʘʢ ʠ ʧʨʦʛʨʘʤʤʥʦ, ʚ ʪʦʤ ʯʠʩʣʝ ʠ ʥʘ ʙʘʟʝ ʦʪʢʨʳʪʦʛʦ ʇʆ. 

ɽʩʣʠ ʚ ʢʘʯʝʩʪʚʝ ʭʨʘʥʠʣʠʱʘ ʠʩʧʦʣʴʟʫʝʪʩʷ iSCSI, ʪʦ ʩʣʫʞʝʙʥʫʶ ʩʝʪʴ ʢʣʘʩʪʝʨʘ ʠ ʩʝʪʴ 

ʭʨʘʥʝʥʠʷ ʜʘʥʥʳʭ ʤʦʞʥʦ ʦʙʲʝʜʠʥʠʪʴ. ʅʦ ʧʨʠ ʵʪʦʤ ʦʩʪʘʝʪʩʷ ʪʦʯʢʘ ʦʪʢʘʟʘ ï ʩʝʪʴ, ʧʦʵʪʦʤʫ ʚ 

ʦʪʚʝʪʩʪʚʝʥʥʳʭ ʩʠʩʪʝʤʘʭ ʩʣʝʜʫʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴ ʜʣʷ ʜʦʩʪʫʧʘ ʢ SAN ʤʠʥʠʤʫʤ ʜʚʝ ʩʝʪʠ. ʂʨʦʤʝ 

ʧʦʚʳʰʝʥʠʷ ʥʘʜʝʞʥʦʩʪʠ ʵʪʦʪ ʧʦʜʭʦʜ ʧʦʟʚʦʣʷʝʪ ʧʦʚʳʩʠʪʴ ʧʨʦʧʫʩʢʥʫʶ ʩʧʦʩʦʙʥʦʩʪʴ. 

ʊʘʢʞʝ ʩʫʱʝʩʪʚʫʶʪ ʧʨʦʛʨʘʤʤʥʳʝ ʨʝʰʝʥʠʷ, ʧʦʟʚʦʣʷʶʱʠʝ ʩʦʟʜʘʪʴ ʦʪʢʘʟʦʫʩʪʦʡʯʠʚʳʡ 

ʢʣʘʩʪʝʨ ʪʦʣʴʢʦ ʥʘ ʜʚʫʭ ʥʦʜʘʭ, ʠʩʧʦʣʴʟʫʷ ʚ ʢʘʯʝʩʪʚʝ SAN ʚʠʨʪʫʘʣʴʥʦʝ ʭʨʘʥʠʣʠʱʝ. 

ʅʘʧʨʠʤʝʨ, StarWind Virtual SAN, ʢʦʪʦʨʳʡ ʩʦʟʜʘʝʪ ʚʠʨʪʫʘʣʴʥʦʝ iSCSI ʭʨʘʥʠʣʠʱʝ ʥʘ ʙʘʟʝ 

ʣʦʢʘʣʴʥʳʭ ʜʠʩʢʦʚ ʢʘʞʜʦʛʦ ʠʟ ʫʟʣʦʚ. ʕʪʦ ʧʦʟʚʦʣʷʝʪ ʩʥʠʟʠʪʴ ʟʘʪʨʘʪʳ ʥʘ ʩʦʟʜʘʥʠʝ ʠ ʨʘʟʤʝʱʝʥʠʝ 

ʦʪʢʘʟʦʫʩʪʦʡʯʠʚʦʛʦ ʭʨʘʥʠʣʠʱʘ, ʥʦ ʧʨʠ ʵʪʦʤ ʧʦʚʳʰʘʝʪ ʪʨʝʙʦʚʘʥʠʝ ʢ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʩʝʪʠ 

ʤʝʞʜʫ ʫʟʣʘʤʠ ʢʣʘʩʪʝʨʘ, ʪʘʢ ʢʘʢ ʧʨʠ ʟʘʧʠʩʠ ʥʘ ʜʠʩʢ ʚʩʝ ʠʟʤʝʥʝʥʠʷ ʪʫʪ ʞʝ ʩʠʥʭʨʦʥʠʟʠʨʫʶʪʩʷ 

ʤʝʞʜʫ ʫʟʣʘʤʠ. 

ʇʦʩʣʝ ʪʦʛʦ, ʢʘʢ ʚʳ ʩʦʟʜʘʜʠʪʝ ʢʣʘʩʪʝʨ, ʦʥ ʧʦʷʚʠʪʩʷ ʚ ʩʝʪʝʚʦʤ ʦʢʨʫʞʝʥʠʠ ʢʘʢ ʝʱʝ ʦʜʠʥ 

ʭʦʩʪ ʩʦ ʩʚʦʠʤ ʠʤʝʥʝʤ ʠ IP-ʘʜʨʝʩʦʤ. ʇʦʩʣʝ ʯʝʛʦ ʧʦʪʨʝʙʫʝʪʩʷ ʨʘʟʚʝʨʥʫʪʴ ʥʘ ʥʝʤ 

ʚʳʩʦʢʦʜʦʩʪʫʧʥʳʝ ʨʦʣʠ. ʕʪʦ ʤʦʛʫʪ ʙʳʪʴ ʬʘʡʣʦʚʳʝ ʩʝʨʚʝʨʘ, SQL, Exchange ʠʣʠ ʠʥʳʝ, 

ʧʦʜʜʝʨʞʠʚʘʶʱʠʝ ʢʣʘʩʪʝʨʠʟʘʮʠʶ, ʧʨʠʣʦʞʝʥʠʷ. ʂʘʞʜʘʷ ʦʪʢʘʟʦʫʩʪʦʡʯʠʚʘʷ ʨʦʣʴ ʢʣʘʩʪʝʨʘ ʪʘʢʞʝ 

ʧʦʷʚʣʷʝʪʩʷ ʚ ʩʝʪʠ ʚ ʚʠʜʝ ʦʪʜʝʣʴʥʦʛʦ ʭʦʩʪʘ, ʢ ʢʦʪʦʨʦʤʫ ʧʨʦʠʩʭʦʜʠʪ ʦʙʨʘʱʝʥʠʝ ʢʣʠʝʥʪʦʚ. ʇʨʠ 

ʵʪʦʤ ʢʣʠʝʥʪ ʥʝ ʟʥʘʝʪ ï ʢʘʢʦʡ ʠʤʝʥʥʦ ʫʟʝʣ ʚʳʧʦʣʥʷʝʪ ʝʛʦ ʟʘʧʨʦʩ. ʅʘʧʨʠʤʝʨ, ʚ ʩʣʫʯʘʝ ʦʪʢʘʟʘ 

ʠʟ-ʟʘ ʚʳʭʦʜʘ ʠʟ ʩʪʨʦʷ ʦʜʥʦʛʦ ʠʟ ʫʟʣʦʚ, ʝʤʫ ʧʦʪʨʝʙʫʝʪʩʷ ʚʩʝʛʦ ʣʠʰʴ ʧʦʚʪʦʨʠʪʴ ʟʘʧʨʦʩ ʢ 

ʩʝʨʚʠʩʫ. 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʢʣʘʩʪʝʨʳ ʚʩʝ ʯʘʱʝ ʧʨʠʤʝʥʷʶʪʩʷ ʜʣʷ ʩʠʩʪʝʤ ʚʠʨʪʫʘʣʠʟʘʮʠʠ, ʚ ʵʪʦʤ 

ʩʣʫʯʘʝ ʚʠʨʪʫʘʣʴʥʳʝ ʤʘʰʠʥʳ ʚʨʫʯʥʫʶ ʨʘʩʧʨʝʜʝʣʷʶʪʩʷ ʘʜʤʠʥʠʩʪʨʘʪʦʨʦʤ ʤʝʞʜʫ ʫʟʣʘʤʠ, ʩ 

ʫʯʝʪʦʤ ʠʭ ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ ʨʝʩʫʨʩʦʚ. ɼʣʷ ʢʘʞʜʦʡ ʚʠʨʪʫʘʣʴʥʦʡ ʤʘʰʠʥʳ ʫʢʘʟʳʚʘʶʪʩʷ 

ʜʦʩʪʫʧʥʳʝ ʫʟʣʳ ʚ ʧʦʨʷʜʢʝ ʫʙʳʚʘʥʠʷ ʧʨʠʦʨʠʪʝʪʘ. ʕʪʦ ʧʦʟʚʦʣʷʝʪ ʠʟʙʝʞʘʪʴ ʧʦʧʘʜʘʥʠʷ 

ʨʝʩʫʨʩʦʝʤʢʠʭ ʚʠʨʪʫʘʣʴʥʳʭ ʤʘʰʠʥ ʥʘ ʩʣʘʙʳʝ ʫʟʣʳ. ɺ ʩʣʫʯʘʝ ʢʦʨʨʝʢʪʥʦʛʦ ʟʘʚʝʨʰʝʥʠʷ ʨʘʙʦʪʳ 

ʦʜʥʦʛʦ ʠʟ ʫʟʣʦʚ ʢʣʘʩʪʝʨʘ ʚʩʝ ʨʘʙʦʪʘʶʱʠʝ ʥʘ ʥʝʤ ʚʠʨʪʫʘʣʴʥʳʝ ʤʘʰʠʥʳ ʩ ʧʦʤʦʱʴʶ 

ʤʝʭʘʥʠʟʤʦʚ ʞʠʚʦʡ ʤʠʛʨʘʮʠʠ ʧʝʨʝʜʘʶʪʩʷ ʥʘ ʜʨʫʛʠʝ ʫʟʣʳ ʙʝʟ ʦʩʪʘʥʦʚʢʠ ʠʭ ʨʘʙʦʪʳ ʠʣʠ ʩ 

ʧʦʩʪʘʥʦʚʢʦʡ ʥʘ ʧʘʫʟʫ. 
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ʇʨʠ ʦʪʢʘʟʝ ʫʟʣʘ ʚʩʝ ʚʳʧʦʣʥʷʚʰʠʝʩʷ ʥʘ ʥʝʤ ʚʠʨʪʫʘʣʴʥʳʝ ʤʘʰʠʥʳ ʙʫʜʫʪ ʧʝʨʝʟʘʧʫʱʝʥʳ 

ʥʘ ʜʨʫʛʠʭ ʫʟʣʘʭ, ʩʦʛʣʘʩʥʦ ʚʳʩʪʘʚʣʝʥʥʦʤʫ ʧʨʠʦʨʠʪʝʪʫ (ʨʠʩ. 5). 

ʏʪʦʙʳ ʠʟʙʝʞʘʪʴ ʯʨʝʟʤʝʨʥʦʡ ʥʘʛʨʫʟʢʠ ʥʘ ʭʨʘʥʠʣʠʱʝ ʠ ʩʝʪʴ ʭʨʘʥʝʥʠʷ ʜʘʥʥʳʭ, ʚ 

ʥʘʩʪʨʦʡʢʘʭ ʚʠʨʪʫʘʣʴʥʳʭ ʤʘʰʠʥ ʤʦʞʥʦ ʟʘʜʘʪʴ ʟʘʜʝʨʞʢʫ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ, ʪʘʢ ʢʨʠʪʠʯʥʳʝ 

ʚʠʨʪʫʘʣʴʥʳʝ ʤʘʰʠʥʳ ʙʫʜʫʪ ʧʝʨʝʟʘʧʫʱʝʥʳ ʥʝʤʝʜʣʝʥʥʦ, ʚʪʦʨʦʩʪʝʧʝʥʥʳʝ ï ʩʧʫʩʪʷ ʥʝʢʦʪʦʨʦʝ 

ʚʨʝʤʷ. 
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ʉ ʢʘʞʜʳʤ ʛʦʜʦʤ ʢʦʣʠʯʝʩʪʚʦ ʦʪʭʦʜʦʚ ʧʨʦʠʟʚʦʜʩʪʚʘ ʠ ʧʦʪʨʝʙʣʝʥʠʷ ʫʚʝʣʠʯʠʚʘʝʪʩʷ. 

ʇʨʝʦʙʣʘʜʘʶʱʠʤ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʩʧʦʩʦʙʦʤ ʦʙʨʘʱʝʥʠʷ ʩ ʦʪʭʦʜʘʤʠ ʚ ʈʦʩʩʠʠ ʷʚʣʷʝʪʩʷ ʠʭ 

ʟʘʭʦʨʦʥʝʥʠʝ ʥʘ ʧʦʣʠʛʦʥʘʭ. ʕʪʦʪ ʩʧʦʩʦʙ ʪʨʝʙʫʝʪ ʧʦʩʪʦʷʥʥʦʛʦ ʫʚʝʣʠʯʝʥʠʷ ʪʝʨʨʠʪʦʨʠʡ ʜʣʷ 

ʟʘʭʦʨʦʥʝʥʠʷ, ʠʤʝʝʪ ʥʝʛʘʪʠʚʥʳʝ ʵʢʦʣʦʛʠʯʝʩʢʠʝ ʧʦʩʣʝʜʩʪʚʠʷ, ʩʚʷʟʘʥʥʳʝ ʩ ʟʘʛʨʷʟʥʝʥʠʝʤ 

ʘʪʤʦʩʬʝʨʳ, ʛʨʫʥʪʦʚʳʭ ʚʦʜ ʠ ʧʦʯʚʳ, ʘ ʪʘʢʞʝ ʩʚʷʟʘʥ ʩ ʧʦʪʝʨʝʡ ʧʦʣʝʟʥʳʭ ʤʘʪʝʨʠʘʣʦʚ, ʢʦʪʦʨʳʝ 

ʤʦʛʫʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ ʧʦʚʪʦʨʥʦ (ʧʦ ʜʘʥʥʳʤ ɻʨʫʧʧʳ ɺʩʝʤʠʨʥʦʛʦ ʙʘʥʢʘ: ʦʪʩʫʪʩʪʚʠʝ 

ʧʝʨʝʨʘʙʦʪʢʠ ʧʨʠʚʦʜʠʪ ʢ ʝʞʝʛʦʜʥʦʡ ʫʧʫʱʝʥʥʦʡ ʚʳʛʦʜʝ ʩʚʳʰʝ 68 ʤʣʨʜ ʨʫʙ.). 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʚ ʈʦʩʩʠʠ ʧʨʝʜʧʨʠʥʠʤʘʶʪʩʷ ʧʦʧʳʪʢʠ ʨʝʬʦʨʤʠʨʦʚʘʥʠʷ ʩʠʩʪʝʤʳ 

ʦʙʨʘʱʝʥʠʷ ʩ ʦʪʭʦʜʘʤʠ. ʆʜʥʠʤ ʠʟ ʧʨʝʜʣʘʛʘʝʤʳʭ ʚʘʨʠʘʥʪʦʚ ʷʚʣʷʝʪʩʷ ʨʘʟʜʝʣʴʥʳʡ ʩʙʦʨ. ʆʥ 

ʠʤʝʝʪ ʨʷʜ ʧʨʝʠʤʫʱʝʩʪʚ: ʩʦʮʠʘʣʴʥʳʭ, ʵʢʦʣʦʛʠʯʝʩʢʠʭ ʠ ʵʢʦʥʦʤʠʯʝʩʢʠʭ, ʦʜʥʘʢʦ ʵʪʦ ʥʝ ʨʝʰʘʝʪ 

ʧʨʦʙʣʝʤʫ ʚ ʮʝʣʦʤ. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʜʣʷ ʩʦʨʪʠʨʦʚʢʠ, ʢʘʢ ʧʨʘʚʠʣʦ, ʧʨʠʚʣʝʢʘʝʪʩʷ 

ʥʝʢʚʘʣʠʬʠʮʠʨʦʚʘʥʥʳʡ ʨʫʯʥʦʡ ʪʨʫʜ, ʯʪʦ ʷʚʣʷʝʪʩʷ ʵʢʦʥʦʤʠʯʝʩʢʠ ʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠ 

ʥʝʚʳʛʦʜʥʳʤ. 

ʅʦ ʩʦʨʪʠʨʦʚʢʘ ʦʪʭʦʜʦʚ ʤʦʞʝʪ ʙʳʪʴ ʨʝʰʝʥʘ ʠ ʪʝʭʥʠʯʝʩʢʠʤʠ ʩʧʦʩʦʙʘʤʠ. ɺ ʧʦʩʣʝʜʥʠʝ 

ʛʦʜʳ ʪʝʤʧʳ ʨʘʟʚʠʪʠʷ ʦʙʣʘʩʪʠ ɻʣʫʙʦʢʦʛʦ ʦʙʫʯʝʥʠʷ (Deep learning) ʟʥʘʯʠʪʝʣʴʥʦ ʫʚʝʣʠʯʠʣʩʷ ʠ 

ʧʨʦʜʦʣʞʘʝʪ ʨʘʩʪʠ [1]. ɹʳʣʠ ʨʘʟʨʘʙʦʪʘʥʳ ʠ ʥʘʰʣʠ ʫʩʧʝʰʥʦʝ ʧʨʠʤʝʥʝʥʠʝ ʨʘʟʣʠʯʥʳʝ 

ʘʣʛʦʨʠʪʤʳ ʨʘʩʧʦʟʥʘʚʘʥʠʷ ʦʙʨʘʟʦʚ, ʧʦʩʪʨʦʝʥʥʳʝ ʥʘ ʤʦʜʝʣʷʭ ʥʝʡʨʦʥʥʳʭ ʩʝʪʝʡ. ʂʣʘʩʩʠʯʝʩʢʠʤʠ 

https://ru.wikipedia.org/wiki/%D0%A2%D0%B5%D1%81%D1%82%D0%B8%D1%80%D0%BE%D0%B2%D0%B0%D0%BD%D0%B8%D0%B5_%D0%BF%D1%80%D0%BE%D0%B3%D1%80%D0%B0%D0%BC%D0%BC%D0%BD%D0%BE%D0%B3%D0%BE_%D0%BE%D0%B1%D0%B5%D1%81%D0%BF%D0%B5%D1%87%D0%B5%D0%BD%D0%B8%D1%8F
mailto:iot@ya.ru
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ʧʨʠʤʝʨʘʤʠ ʧʨʠʤʝʥʝʥʠʷ ʪʝʭʥʦʣʦʛʠʠ ʷʚʣʷʶʪʩʷ: ʨʘʩʧʦʟʥʘʚʘʥʠʷ ʣʠʮ, ʙʝʩʧʠʣʦʪʥʳʝ ʪʨʘʥʩʧʦʨʪʥʳʝ 

ʩʨʝʜʩʪʚʘ, ʨʦʙʦʪʠʟʠʨʦʚʘʥʥʳʝ ʩʠʩʪʝʤʳ ʠ ʤʥʦʛʦʝ ʜʨʫʛʦʝ [2]. 

ɺ ʨʘʤʢʘʭ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʡ ʧʨʦʙʣʝʤʳ ʧʨʝʜʣʘʛʘʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʪʝʭʥʦʣʦʛʠʠ 

ʤʘʰʠʥʥʦʛʦ ʟʨʝʥʠʷ ʜʣʷ ʩʦʟʜʘʥʠʷ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʡ ʩʠʩʪʝʤʳ ʩʦʨʪʠʨʦʚʢʠ ʙʳʪʦʚʳʭ ʠ 

ʧʨʦʤʳʰʣʝʥʥʳʭ ʦʪʭʦʜʦʚ. ʕʪʦ ʧʦʟʚʦʣʠʪ ʦʧʨʝʜʝʣʷʪʴ ʪʠʧ ʤʘʪʝʨʠʘʣʘ, ʧʨʦʭʦʜʷʱʝʛʦ ʧʦ 

ʢʦʥʚʝʡʝʨʥʦʡ ʣʝʥʪʝ, ʠ ʥʘ ʦʩʥʦʚʝ ʵʪʠʭ ʜʘʥʥʳʭ ʧʨʦʠʟʚʦʜʠʪʴ ʩʦʨʪʠʨʦʚʢʫ ʜʦʩʪʫʧʥʳʤʠ 

ʤʝʭʘʥʠʟʠʨʦʚʘʥʥʳʤʠ ʩʧʦʩʦʙʘʤʠ [3]. ʉʦʨʪʠʨʦʚʢʫ ʤʦʞʥʦ ʧʨʦʠʟʚʦʜʠʪʴ ʧʦ ʨʘʟʣʠʯʥʳʤ 

ʢʨʠʪʝʨʠʷʤ, ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʧʦʪʨʝʙʥʦʩʪʝʡ: 

¶ ʧʦ ʪʠʧʫ ʤʘʪʝʨʠʘʣʘ (ʧʣʘʩʪʠʢ, ʤʝʪʘʣʣ, ʙʫʤʘʛʘ, ʩʪʝʢʣʦ); 

¶ ʧʦ ʪʠʧʫ ʠʟʜʝʣʠʷ (ʙʘʥʢʠ, ʙʫʪʳʣʢʠ, ʣʠʩʪʳ ʠ ʪ.ʜ.); 

¶ ʧʦ ʮʚʝʪʫ (ʧʨʦʟʨʘʯʥʳʡ, ʙʝʣʳʡ, ʯʝʨʥʳʡ, ʮʚʝʪʥʦʡ). 

 

ʇʨʦʮʝʩʩ ʩʠʩʪʝʤʳ ʩʦʨʪʠʨʦʚʢʠ ʧʨʝʜʧʦʣʘʛʘʝʪ ʪʨʠ ʦʩʥʦʚʥʳʭ ʵʪʘʧʘ (ʨʠʩ. 1): 

1. ʇʦʩʪʫʧʣʝʥʠʝ ʥʝʩʦʨʪʠʨʦʚʘʥʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʥʘ ʢʦʥʚʝʡʝʨʥʫʶ ʣʝʥʪʫ. 

2. ɼʝʪʝʢʪʠʨʦʚʘʥʠʷ ʪʠʧʘ ʤʘʪʝʨʠʘʣʘ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʢʦʤʧʴʶʪʝʨʥʦʛʦ ʟʨʝʥʠ.̫ 

3. ʉʦʨʪʠʨʦʚʢʘ ʤʝʭʘʥʠʟʠʨʦʚʘʥʥʳʤʠ ʩʨʝʜʩʪʚʘʤʠ. 

ʊʘʢʦʡ ʩʧʦʩʦʙ ʠʤʝʝʪ ʥʝʩʦʤʥʝʥʥʳʝ ʧʨʝʠʤʫʱʝʩʪʚʘ ʚ ʩʨʘʚʥʝʥʠʠ ʩ ʢʣʘʩʩʠʯʝʩʢʠʤ ʨʫʯʥʳʤ 

ʪʨʫʜʦʤ, ʧʦʟʚʦʣʷʷ ʟʥʘʯʠʪʝʣʴʥʦ ʫʚʝʣʠʯʠʪʴ ʩʢʦʨʦʩʪʴ ʩʦʨʪʠʨʦʚʢʠ, ʩʥʠʟʠʪʴ ʟʘʪʨʘʪʳ, ʙʳʩʪʨʦ ʠ 

ʵʬʬʝʢʪʠʚʥʦ ʥʘʨʘʱʠʚʘʪʴ ʤʦʱʥʦʩʪʠ ʩʦʨʪʠʨʦʚʢʠ ʦʪʭʦʜʦʚ. 

ʂʨʦʤʝ ʪʦʛʦ, ʥʘ ʜʘʥʥʳʡ ʤʦʤʝʥʪ ʫʞʝ ʝʩʪʴ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʧʦʟʚʦʣʷʶʱʠʝ ʚ ʜʘʣʴʥʝʡʰʝʤ 

ʜʦʧʦʣʥʠʪʝʣʴʥʦ ʦʩʫʱʝʩʪʚʣʷʪʴ ʩʦʨʪʠʨʦʚʢʫ ʧʦ ʪʠʧʫ ʧʣʘʩʪʠʢʘ, ʦʩʥʦʚʘʥʥʳʝ ʥʘ ʘʥʘʣʠʟʝ ʠʟʤʝʨʝʥʠʷ 

ʧʦʛʣʦʱʝʥʠʷ ʩʧʝʢʪʨʘ ʠʟʣʫʯʝʥʠʷ ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚʦʛʦ ʣʘʟʝʨʘ InGaAsP [4]. ɼʘʥʥʦʝ ʨʝʰʝʥʠʝ ʚ 

ʩʚʟ̫ʢʝ ʩ ʨʘʟʨʘʙʘʪʳʚʘʝʤʦʡ ʩʠʩʪʝʤʦʡ ʧʦʟʚʦʣʠʪ ʠʟʙʝʞʘʪʴ ʧʨʦʙʣʝʤ ʧʝʨʝʨʘʙʦʪʢʠ ʧʣʘʩʪʠʢʦʚʳʭ 

ʠʟʜʝʣʠʡ ʨʘʟʣʠʯʥʦʡ ʩʪʨʫʢʪʫʨʳ. 
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ʋɼʂ 004 

ʈʘʩʧʨʝʜʝʣʝʥʥʘʷ ʚʳʯʠʩʣʠʪʝʣʴʥʘʷ ʩʠʩʪʝʤʘ (ʈɺʉ) ï ʵʪʦ ʥʘʙʦʨ ʩʦʝʜʠʥʝʥʥʳʭ ʢʘʥʘʣʘʤʠ 

ʩʚʷʟʠ ʥʝʟʘʚʠʩʠʤʳʭ ʢʦʤʧʴʶʪʝʨʦʚ, ʢʦʪʦʨʳʝ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʧʦʣʴʟʦʚʘʪʝʣʷ ʥʝʢʦʪʦʨʦʛʦ 

ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ ʚʳʛʣʷʜʷʪ ʝʜʠʥʳʤ ʮʝʣʳʤ.  

ʈʘʩʧʨʝʜʝʣʝʥʥʘʷ ʚʳʯʠʩʣʠʪʝʣʴʥʘʷ ʩʠʩʪʝʤʘ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʧʨʦʛʨʘʤʤʥʦ-ʘʧʧʘʨʘʪʥʳʡ 

ʢʦʤʧʣʝʢʩ, ʦʨʠʝʥʪʠʨʦʚʘʥʥʳʡ ʥʘ ʨʝʰʝʥʠʝ ʦʧʨʝʜʝʣʝʥʥʳʭ ʟʘʜʘʯ. ʉ ʦʜʥʦʡ ʩʪʦʨʦʥʳ, ʢʘʞʜʳʡ 

ʚʳʯʠʩʣʠʪʝʣʴʥʳʡ ʫʟʝʣ ʷʚʣʷʝʪʩʷ ʘʚʪʦʥʦʤʥʳʤ ʵʣʝʤʝʥʪʦʤ. ʉ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ, ʧʨʦʛʨʘʤʤʥʘʷ 

ʩʦʩʪʘʚʣʷʶʱʘʷ ʈɺʉ ʜʦʣʞʥʘ ʦʙʝʩʧʝʯʠʚʘʪʴ ʧʦʣʴʟʦʚʘʪʝʣʷʤ ʚʠʜʠʤʦʩʪʴ ʨʘʙʦʪʳ ʩ ʝʜʠʥʦʡ 

ʚʳʯʠʩʣʠʪʝʣʴʥʦʡ ʩʠʩʪʝʤʦʡ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʚʳʜʝʣʷʶʪ ʩʣʝʜʫʶʱʠʝ ʚʘʞʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʈɺʉ: 

 

¶ ʚʦʟʤʦʞʥʦʩʪʴ ʨʘʙʦʪʳ ʩ ʨʘʟʣʠʯʥʳʤʠ ʪʠʧʘʤʠ ʫʩʪʨʦʡʩʪʚ;  

¶ ʩ ʨʘʟʣʠʯʥʳʤʠ ʧʦʩʪʘʚʱʠʢʘʤʠ ʫʩʪʨʦʡʩʪʚ;  

¶ ʩ ʨʘʟʣʠʯʥʳʤʠ ʦʧʝʨʘʮʠʦʥʥʳʤʠ ʩʠʩʪʝʤʘʤʠ;  

¶ ʩ ʨʘʟʣʠʯʥʳʤʠ ʘʧʧʘʨʘʪʥʳʤʠ ʧʣʘʪʬʦʨʤʘʤʠ.  

 

ɺʳʯʠʩʣʠʪʝʣʴʥʳʝ ʩʨʝʜʳ, ʩʦʩʪʦʷʱʠʝ ʠʟ ʤʥʦʞʝʩʪʚʘ ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ ʩʠʩʪʝʤ ʥʘ ʙʘʟʝ 

ʨʘʟʥʳʭ ʧʨʦʛʨʘʤʤʥʦ-ʘʧʧʘʨʘʪʥʳʭ ʧʣʘʪʬʦʨʤ, ʥʘʟʳʚʘʶʪʩʷ ʛʝʪʝʨʦʛʝʥʥʳʤʠ: 

¶ ʚʦʟʤʦʞʥʦʩʪʴ ʧʨʦʩʪʦʛʦ ʨʘʩʰʠʨʝʥʠʷ ʠ ʤʘʩʰʪʘʙʠʨʦʚʘʥʠʷ;  

¶ ʧʦʩʪʦʷʥʥʘʷ ʜʦʩʪʫʧʥʦʩʪʴ ʨʝʩʫʨʩʦʚ ʠ ʧʨʠ ʚʦʟʥʠʢʥʦʚʝʥʠʠ ʩʠʪʫʘʮʠʡ ʥʝʜʦʩʪʫʧʥʦʩʪʠ 

ʥʝʢʦʪʦʨʳʭ ʵʣʝʤʝʥʪʦʚ ʈɺʉ; 

¶ ʩʦʢʨʳʪʠʝ ʦʩʦʙʝʥʥʦʩʪʝʡ ʢʦʤʤʫʥʠʢʘʮʠʠ ʦʪ ʧʦʣʴʟʦʚʘʪʝʣʝʡ. 

 

ɼʣʷ ʪʦʛʦ ʯʪʦʙʳ ʈɺʉ ʤʦʛʣʘ ʙʳʪʴ ʧʨʝʜʩʪʘʚʣʝʥʘ ʧʦʣʴʟʦʚʘʪʝʣʶ ʢʘʢ ʝʜʠʥʘʷ ʩʠʩʪʝʤʘ, 

ʧʨʠʤʝʥʷʶʪ ʩʣʝʜʫʶʱʠʝ ʪʠʧʳ ʧʨʦʟʨʘʯʥʦʩʪʠ ʈɺʉ: 

¶ ʧʨʦʟʨʘʯʥʳʡ ʜʦʩʪʫʧ ʢ ʨʝʩʫʨʩʘʤ ï ʦʪ ʧʦʣʴʟʦʚʘʪʝʣʝʡ ʜʦʣʞʥʘ ʙʳʪʴ ʩʢʨʳʪʘ ʨʘʟʥʠʮʘ ʚ 

ʧʨʝʜʦʩʪʘʚʣʝʥʠʠ ʜʘʥʥʳʭ ʠ ʚ ʩʧʦʩʦʙʘʭ ʜʦʩʪʫʧʘ ʢ ʨʝʩʫʨʩʘʤ ʈɺʉ; 

¶ ʧʨʦʟʨʘʯʥʦʝ ʤʝʩʪʦʧʦʣʦʞʝʥʠʝ ʨʝʩʫʨʩʦʚ ï ʤʝʩʪʦ ʬʠʟʠʯʝʩʢʦʛʦ ʨʘʩʧʦʣʦʞʝʥʠʷ, ʜʦʣʞʥʦ 

ʙʳʪʴ ʥʝʩʫʱʝʩʪʚʝʥʥʦ ʜʣʷ ʧʦʣʴʟʦʚʘʪʝʣʷ;  

¶ ʨʝʧʣʠʢʘʮʠʷ ï ʩʦʢʨʳʪʠʝ ʦʪ ʧʦʣʴʟʦʚʘʪʝʣʷ ʪʦʛʦ, ʯʪʦ ʚ ʨʝʘʣʴʥʦʩʪʠ ʩʫʱʝʩʪʚʫʝʪ ʙʦʣʝʝ ʦʜʥʦʡ 

ʢʦʧʠʠ ʠʩʧʦʣʴʟʫʝʤʳʭ ʨʝʩʫʨʩʦʚ;   

¶ ʧʨʦʟʨʘʯʥʦʩʪʴ ʦʪʢʘʟʦʚ ï ʦʪʢʘʟ ʢʘʢʠʭ-ʣʠʙʦ ʨʝʩʫʨʩʦʚ ʈɺʉ ʥʝ ʜʦʣʞʝʥ ʦʢʘʟʳʚʘʪʴ ʚʣʠʷʥʠʷ 

ʥʘ ʨʘʙʦʪʫ ʧʦʣʴʟʦʚʘʪʝʣʷ ʠ ʝʛʦ ʧʨʠʣʦʞʝʥʠʷ. 

 

ʄʦʜʝʣʴ ʢʣʠʝʥʪ ʩʝʨʚʝʨ 

ʉʦʛʣʘʩʥʦʛʦ ʧʘʨʘʜʠʛʤʝ ʢʣʠʝʥʪ-ʩʝʨʚʝʨʥʦʡ ʘʨʭʠʪʝʢʪʫʨʳ ʥʝʩʢʦʣʴʢʦ ʢʣʠʝʥʪʦʚ ʠ ʥʝʩʢʦʣʴʢʦ 

ʩʝʨʚʝʨʦʚ ʩʦʚʤʝʩʪʥʦ ʩ ʧʨʦʤʝʞʫʪʦʯʥʳʤ ʧʨʦʛʨʘʤʤʥʳʤ ʦʙʝʩʧʝʯʝʥʠʝʤ ʠ ʩʨʝʜʦʡ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ 

ʦʙʨʘʟʫʶʪ ʝʜʠʥʫʶ ʩʠʩʪʝʤʫ, ʦʙʝʩʧʝʯʠʚʘʶʱʫʶ ʨʘʩʧʨʝʜʝʣʝʥʥʳʝ ʚʳʯʠʩʣʝʥʠʷ, ʘʥʘʣʠʟ ʠ 

ʧʨʝʜʦʩʪʘʚʣʝʥʠʝʤ ʜʘʥʥʳʭ.  

ɺ ʙʘʟʦʚʦʡ ʤʦʜʝʣʠ ʢʣʠʝʥʪ ï ʩʝʨʚʝʨ ʚʩʝ ʧʨʦʮʝʩʩʳ ʚ ʨʘʩʧʨʝʜʝʣʝʥʥʳʭ ʩʠʩʪʝʤʘʭ ʜʝʣʷʪʩʷ ʥʘ 

ʜʚʝ ʚʦʟʤʦʞʥʦ ʧʨʠʢʨʳʚʘʶʱʠʝʩʷ ʛʨʫʧʧʳ. 
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ɽʩʣʠ ʙʘʟʦʚʘʷ ʩʝʪʴ ʪʘʢʞʝ ʥʘʜʝʞʥʘ, ʢʘʢ ʣʦʢʘʣʴʥʳʝ ʩʝʪʠ, ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʤʝʞʜʫ ʢʣʠʝʥʪʦʤ 

ʠ ʩʝʨʚʝʨʦʤ ʤʦʞʝʪ ʙʳʪʴ ʨʝʘʣʠʟʦʚʘʥʦ ʧʦʩʨʝʜʩʪʚʦʤ ʧʨʦʩʪʦʛʦ ʧʨʦʪʦʢʦʣʘ, ʥʝ ʪʨʝʙʫʶʱʝʛʦ 

ʫʩʪʘʥʦʚʣʝʥʠʷ ʩʦʝʜʠʥʝʥʠʷ (ʥʘʧʨʠʤʝʨ, ʧʨʦʪʦʢʦʣ UDP). ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʢʣʠʝʥʪ, ʟʘʧʨʘʰʠʚʘʷ 

ʩʝʨʚʠʩ, ʦʙʣʝʢʘʝʪ ʩʚʦʡ ʟʘʧʨʦʩ ʚ ʬʦʨʤʫ ʩʦʦʙʱʝʥʠʷ ʩ ʫʢʘʟʘʥʠʝʤ ʚ ʥʝʤ ʩʝʨʚʠʩʘ, ʢʦʪʦʨʳʤ ʦʥ 

ʞʝʣʘʝʪ ʚʦʩʧʦʣʴʟʦʚʘʪʴʩʷ, ʠ ʥʝʦʙʭʦʜʠʤʳʭ ʜʣʷ ʵʪʦʛʦ ʠʩʭʦʜʥʳʭ ʜʘʥʥʳʭ. ɿʘʪʝʤ ʩʦʦʙʱʝʥʠʝ 

ʧʦʩʳʣʘʝʪʩʷ ʩʝʨʚʝʨʫ. ʇʦʩʣʝʜʥʠʡ, ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʧʦʩʪʦʷʥʥʦ ʦʞʠʜʘʝʪ ʚʭʦʜʷʱʝʛʦ ʩʦʦʙʱʝʥʠʷ, 

ʧʦʣʫʯʠʚ ʝʛʦ, ʦʙʨʘʙʘʪʳʚʘʝʪ, ʫʧʘʢʦʚʳʚʘʝʪ ʨʝʟʫʣʴʪʘʪ ʦʙʨʘʙʦʪʢʠ ʚ ʦʪʚʝʪʥʦʝ ʩʦʦʙʱʝʥʠʝ ʠ 

ʦʪʧʨʘʚʣʷʝʪ ʝʛʦ ʢʣʠʝʥʪʫ.  

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʥʝ ʪʨʝʙʫʶʱʝʛʦ ʩʦʝʜʠʥʝʥʠʷ ʧʨʦʪʦʢʦʣʘ ʜʘʝʪ ʩʫʱʝʩʪʚʝʥʥʳʡ ʚʳʠʛʨʳʰ ʚ 

ʵʬʬʝʢʪʠʚʥʦʩʪʠ. ɼʦ ʪʝʭ ʧʦʨ, ʧʦʢʘ ʩʦʦʙʱʝʥʠʷ ʥʝ ʥʘʯʥʫʪ ʧʨʦʧʘʜʘʪʴ ʠʣʠ ʧʦʚʨʝʞʜʘʪʴʩʷ, ʤʦʞʥʦ 

ʚʧʦʣʥʝ ʫʩʧʝʰʥʦ ʧʨʠʤʝʥʷʪʴ ʧʨʦʪʦʢʦʣ ʪʠʧʘ ʟʘʧʨʦʩ ï ʦʪʚʝʪ. ʂ ʩʦʞʘʣʝʥʠʶ, ʩʦʟʜʘʪʴ ʧʨʦʪʦʢʦʣ, 

ʫʩʪʦʡʯʠʚʳʡ ʢ ʩʣʫʯʘʡʥʳʤ ʩʙʦʷʤ ʩʚʷʟʠ, ï ʥʝʪʨʠʚʠʘʣʴʥʘʷ ʟʘʜʘʯʘ.  

ɺʩʝ, ʯʪʦ ʤʦʞʥʦ ʩʜʝʣʘʪʴ ï ʵʪʦ ʜʘʪʴ ʢʣʠʝʥʪʫ ʚʦʟʤʦʞʥʦʩʪʴ ʧʦʚʪʦʨʥʦ ʧʦʩʣʘʪʴ ʟʘʧʨʦʩ, ʥʘ 

ʢʦʪʦʨʳʡ ʥʝ ʙʳʣ ʧʦʣʫʯʝʥ ʦʪʚʝʪ. ʇʨʦʙʣʝʤʘ, ʦʜʥʘʢʦ, ʩʦʩʪʦʠʪ ʚ ʪʦʤ, ʯʪʦ ʢʣʠʝʥʪ ʥʝ ʤʦʞʝʪ 

ʦʧʨʝʜʝʣʠʪʴ, ʜʝʡʩʪʚʠʪʝʣʴʥʦ ʣʠ ʧʝʨʚʦʥʘʯʘʣʴʥʦʝ ʩʦʦʙʱʝʥʠʝ ʩ ʟʘʧʨʦʩʦʤ ʙʳʣʦ ʧʦʪʝʨʷʥʦ ʠʣʠ 

ʦʰʠʙʢʘ ʧʨʦʠʟʦʰʣʘ ʧʨʠ ʧʝʨʝʜʘʯʝ ʦʪʚʝʪʘ. ɽʩʣʠ ʧʦʪʝʨʷʣʩʷ ʦʪʚʝʪ, ʧʦʚʪʦʨʥʘʷ ʧʦʩʳʣʢʘ ʟʘʧʨʦʩʘ 

ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ ʧʦʚʪʦʨʥʦʤʫ ʚʳʧʦʣʥʝʥʠʶ ʦʧʝʨʘʮʠʠ. 

 

ʆʙʲʝʢʪʥʳʝ ʨʘʩʧʨʝʜʝʣʝʥʥʳʝ ʩʠʩʪʝʤʳ 

ʀʜʝʷ ʚʳʟʦʚʘ ʫʜʘʣʝʥʥʳʭ ʧʨʦʮʝʜʫʨ (Remote Procedure Call ï RPC) ʩʦʩʪʦʠʪ ʚ ʨʘʩʰʠʨʝʥʠʠ 

ʭʦʨʦʰʦ ʠʟʚʝʩʪʥʦʛʦ ʠ ʧʦʥʷʪʥʦʛʦ ʤʝʭʘʥʠʟʤʘ ʧʝʨʝʜʘʯʠ ʫʧʨʘʚʣʝʥʠʷ ʠ ʜʘʥʥʳʭ ʚʥʫʪʨʠ ʧʨʦʛʨʘʤʤʳ, 

ʚʳʧʦʣʥʷʶʱʝʡʩʷ ʥʘ ʦʜʥʦʡ ʤʘʰʠʥʝ, ʥʘ ʧʝʨʝʜʘʯʫ ʫʧʨʘʚʣʝʥʠʷ ʠ ʜʘʥʥʳʭ ʯʝʨʝʟ ʩʝʪʴ. ʉʨʝʜʩʪʚʘ 

ʚʳʟʦʚʘ ʫʜʘʣʝʥʥʳʭ ʧʨʦʮʝʜʫʨ ʧʨʝʜʥʘʟʥʘʯʝʥʳ ʜʣʷ ʦʙʣʝʛʯʝʥʠʷ ʦʨʛʘʥʠʟʘʮʠʠ ʨʘʩʧʨʝʜʝʣʝʥʥʳʭ 

ʚʳʯʠʩʣʝʥʠʡ. ʅʘʠʙʦʣʴʰʘʷ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ RPC ʜʦʩʪʠʛʘʝʪʩʷ ʚ ʪʝʭ ʧʨʠʣʦʞʝʥʠʷʭ, 

ʚ ʢʦʪʦʨʳʭ ʩʫʱʝʩʪʚʫʝʪ ʠʥʪʝʨʘʢʪʠʚʥʘʷ ʩʚʷʟʴ ʤʝʞʜʫ ʫʜʘʣʝʥʥʳʤʠ ʢʦʤʧʦʥʝʥʪʘʤʠ ʩ ʥʝʙʦʣʴʰʠʤ 

ʚʨʝʤʝʥʝʤ ʦʪʚʝʪʦʚ ʠ ʦʪʥʦʩʠʪʝʣʴʥʦ ʤʘʣʳʤ ʢʦʣʠʯʝʩʪʚʦʤ ʧʝʨʝʜʘʚʘʝʤʳʭ ʜʘʥʥʳʭ. ʊʘʢʠʝ 

ʧʨʠʣʦʞʝʥʠʷ ʥʘʟʳʚʘʶʪʩʷ RPC-ʦʨʠʝʥʪʠʨʦʚʘʥʥʳʤʠ. 

ʈʝʘʣʠʟʘʮʠʷ ʫʜʘʣʝʥʥʳʭ ʚʳʟʦʚʦʚ ʩʫʱʝʩʪʚʝʥʥʦ ʩʣʦʞʥʝʝ ʨʝʘʣʠʟʘʮʠʠ ʚʳʟʦʚʦʚ ʣʦʢʘʣʴʥʳʭ 

ʧʨʦʮʝʜʫʨ. ɺʦʟʥʠʢʘʝʪ ʤʥʦʞʝʩʪʚʦ ʧʨʦʙʣʝʤ: ʦʨʛʘʥʠʟʘʮʠʷ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ ʩ ʘʜʨʝʩʥʦʛʦ 

ʧʨʦʩʪʨʘʥʩʪʚʘ ʦʜʥʦʡ ʤʘʰʠʥʳ ʥʘ ʜʨʫʛʫʶ, ʚʢʣʶʯʘʷ ʧʨʦʟʨʘʯʥʦʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʥʠʞʝʣʝʞʘʱʝʡ 

ʩʠʩʪʝʤʳ ʩʚʷʟʠ; ʦʙʨʘʙʦʪʢʫ ʵʢʩʪʨʝʥʥʦʛʦ ʟʘʚʝʨʰʝʥʠʷ ʨʦʜʠʪʝʣʴʩʢʦʛʦ ʠʣʠ ʜʦʯʝʨʥʝʛʦ ʫʜʘʣʝʥʥʦʛʦ 

ʧʨʦʮʝʩʩʘ ʠ ʜʨ.  

ʂʨʦʤʝ ʪʦʛʦ, ʩʫʱʝʩʪʚʫʝʪ ʨʷʜ ʧʨʦʙʣʝʤ, ʩʚʷʟʘʥʥʳʭ ʩ ʥʝʦʜʥʦʨʦʜʥʦʩʪʴʶ ʷʟʳʢʦʚ 

ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ ʠ ʦʧʝʨʘʮʠʦʥʥʳʭ ʩʨʝʜ: ʩʪʨʫʢʪʫʨʳ ʜʘʥʥʳʭ ʠ ʩʪʨʫʢʪʫʨʳ ʚʳʟʦʚʘ ʧʨʦʮʝʜʫʨ, 

ʧʦʜʜʝʨʞʠʚʘʝʤʳʭ ʚ ʢʘʢʦʤ-ʣʠʙʦ ʦʜʥʦʤ ʷʟʳʢʝ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ, ʥʝ ʧʦʜʜʝʨʞʠʚʘʶʪʩʷ ʪʦʯʥʦ ʪʘʢ 

ʞʝ ʚʦ ʚʩʝʭ ʜʨʫʛʠʭ ʷʟʳʢʘʭ. ʕʪʠ ʠ ʥʝʢʦʪʦʨʳʝ ʜʨʫʛʠʝ ʧʨʦʙʣʝʤʳ ʨʝʰʘʝʪ ʰʠʨʦʢʦ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʘʷ ʪʝʭʥʦʣʦʛʠʷ RPC, ʣʝʞʘʱʘʷ ʚ ʦʩʥʦʚʝ ʤʥʦʛʠʭ ʨʘʩʧʨʝʜʝʣʝʥʥʳʭ ʦʧʝʨʘʮʠʦʥʥʳʭ 

ʩʠʩʪʝʤ. 

RPC ʜʦʩʪʠʛʘʝʪ ʧʨʦʟʨʘʯʥʦʩʪʠ ʩʣʝʜʫʶʱʠʤ ʧʫʪʝʤ. ʂʦʛʜʘ ʚʳʟʳʚʘʝʤʘʷ ʧʨʦʮʝʜʫʨʘ 

ʜʝʡʩʪʚʠʪʝʣʴʥʦ ʷʚʣʷʝʪʩʷ ʫʜʘʣʝʥʥʦʡ, ʚ ʙʠʙʣʠʦʪʝʢʫ ʧʦʤʝʱʘʝʪʩʷ ʚʤʝʩʪʦ ʣʦʢʘʣʴʥʦʡ ʧʨʦʮʝʜʫʨʳ 

ʜʨʫʛʘʷ ʚʝʨʩʠʷ ʧʨʦʮʝʜʫʨʳ, ʥʘʟʳʚʘʝʤʘʷ ʢʣʠʝʥʪʩʢʠʤ ʩʪʘʙʦʤ (ʘʥʛʣ. stub ï ʟʘʛʣʫʰʢʘ). ʇʦʜʦʙʥʦ 

ʦʨʠʛʠʥʘʣʴʥʦʡ ʧʨʦʮʝʜʫʨʝ, ʩʪʘʙ ʚʳʟʳʚʘʝʪʩʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʚʳʟʳʚʘʶʱʝʡ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ, ʪʘʢʞʝ ʧʨʦʠʩʭʦʜʠʪ ʧʨʝʨʳʚʘʥʠʝ ʧʨʠ ʦʙʨʘʱʝʥʠʠ ʢ ʷʜʨʫ. ʊʦʣʴʢʦ ʚ ʦʪʣʠʯʠʝ 

ʦʪ ʦʨʠʛʠʥʘʣʴʥʦʡ ʧʨʦʮʝʜʫʨʳ ʦʥ ʥʝ ʧʦʤʝʱʘʝʪ ʧʘʨʘʤʝʪʨʳ ʚ ʨʝʛʠʩʪʨʳ ʠ ʥʝ ʟʘʧʨʘʰʠʚʘʝʪ ʫ ʷʜʨʘ 

ʜʘʥʥʳʝ, ʚʤʝʩʪʦ ʵʪʦʛʦ ʦʥ ʬʦʨʤʠʨʫʝʪ ʩʦʦʙʱʝʥʠʝ ʜʣʷ ʦʪʧʨʘʚʢʠ ʷʜʨʫ ʫʜʘʣʝʥʥʦʡ ʤʘʰʠʥʳ.  
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ʋɼʂ 629 

ɿʘ ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ ʫʧʨʘʚʣʝʥʠʝ ʪʨʘʥʩʧʦʨʪʥʳʤʠ ʧʦʪʦʢʘʤʠ ʚ ʛʦʨʦʜʘʭ ʠ ʨʝʛʠʦʥʘʭ ʚ ʮʝʣʦʤ 

ʟʘʤʝʪʥʦ ʫʭʫʜʰʠʣʦʩʴ. ʋʚʝʣʠʯʝʥʠʝ ʢʦʣʠʯʝʩʪʚʘ ʪʨʘʥʩʧʦʨʪʥʳʭ ʩʨʝʜʩʪʚ, ʯʨʝʟʤʝʨʥʘʷ 

ʟʘʛʨʫʞʝʥʥʦʩʪʴ ʤʘʛʠʩʪʨʘʣʝʡ, ʫʜʨʫʯʘʶʱʝʝ ʩʦʩʪʦʷʥʠʝ ʜʦʨʦʞʥʦʛʦ ʧʦʢʨʳʪʠʷ ï ʚʩʝ ʵʪʦ ʧʨʠʚʦʜʠʪ ʢ 

ʚʦʟʨʘʩʪʘʥʠʶ ʜʦʨʦʞʥʦ-ʪʨʘʥʩʧʦʨʪʥʳʭ ʧʨʦʠʩʰʝʩʪʚʠʡ (ɼʊʇ), ʚ ʢʦʪʦʨʳʭ ʥʝʨʝʜʢʦ ʧʦʛʠʙʘʶʪ 

ʣʶʜʠ. 

ʆʜʥʦʡ ʠʟ ʦʩʥʦʚʥʳʭ ʧʨʠʯʠʥ ʷʚʣʷʝʪʩʷ ʧʣʘʯʝʚʥʦʝ ʩʦʩʪʦʷʥʠʝ ʜʦʨʦʛ. ɼʣʷ ʩʙʦʨʘ ʠʥʬʦʨʤʘʮʠʠ 

ʦ ʢʘʯʝʩʪʚʝ ʜʦʨʦʞʥʦʛʦ ʧʦʢʨʳʪʠʷ ʠʩʧʦʣʴʟʫʶʪʩʷ ʧʝʨʝʜʚʠʞʥʳʝ ʣʘʙʦʨʘʪʦʨʠʠ, ʦʩʥʘʱʝʥʥʳʝ 

ʩʢʘʥʝʨʘʤʠ ʠ ʢʘʤʝʨʘʤʠ. ʆʜʥʘʢʦ ʫʟʢʠʡ ʫʛʦʣ ʦʙʟʦʨʘ ʥʝ ʜʘʝʪ ʠʥʬʦʨʤʘʮʠʠ ʦʙ ʦʢʨʫʞʘʶʱʝʤ 

ʧʨʦʩʪʨʘʥʩʪʚʝ ʠ ʧʨʦʮʝʩʩʘʭ, ʚʣʠʷʶʱʠʭ ʥʘ ʩʦʩʪʦʷʥʠʝ ʜʦʨʦʛʠ.  

ɼʣʷ ʦʙʲʝʢʪʠʚʥʦʡ ʠ ʚʩʝʩʪʦʨʦʥʥʝʡ ʦʮʝʥʢʠ ʢʘʯʝʩʪʚʘ ʥʝʦʙʭʦʜʠʤʦ ʚʥʝʩʪʠ ʠʟʤʝʥʝʥʠʷ ʚ 

ʧʨʦʚʦʜʠʤʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʙʝʩʧʠʣʦʪʥʦʛʦ ʣʝʪʘʪʝʣʴʥʦʛʦ ʘʧʧʘʨʘʪʘ (ɹʇʃɸ) ʜʘʩʪ 

ʚʦʟʤʦʞʥʦʩʪʴ ʧʨʦʚʦʜʠʪʴ ʤʦʥʠʪʦʨʠʥʛ ʘʚʪʦʤʦʙʠʣʴʥʳʭ ʜʦʨʦʛ ʠ ʧʨʠʣʝʛʘʶʱʠʭ ʪʝʨʨʠʪʦʨʠʡ ʜʣʷ 

ʧʦʣʫʯʝʥʠʷ ʜʘʥʥʳʭ ʚʳʩʦʢʦʛʦ ʠ ʩʚʝʨʭʚʳʩʦʢʦʛʦ ʨʘʟʨʝʰʝʥʠʷ. ʈʘʩʧʦʟʥʘʚʘʥʠʝ ʦʙʲʝʢʪʦʚ ʜʦʨʦʞʥʦʡ 

ʠ ʫʣʠʯʥʦʡ ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ ʧʦʟʚʦʣʠʪ ʩʦʟʜʘʚʘʪʴ ʧʦʜʨʦʙʥʳʡ ʧʘʩʧʦʨʪ ʢʘʨʪʳ, ʦʪʨʘʞʘʶʱʠʡ 

ʧʦʜʨʦʙʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ ʧʣʘʥ, ʘ ʪʘʢʞʝ ʘʢʪʫʘʣʴʥʳʝ ʜʘʥʥʳʝ ʦ ʜʦʨʦʞʥʦʡ ʦʙʩʪʘʥʦʚʢʝ, ʘ ʵʪʦ, ʚ 

ʩʚʦʶ ʦʯʝʨʝʜʴ, ʧʦʤʦʞʝʪ ʦʪʩʣʝʞʠʚʘʪʴ ʠ ʟʘʙʣʘʛʦʚʨʝʤʝʥʥʦ ʨʝʰʘʪʴ ʚʦʟʥʠʢʘʶʱʠʝ ʧʨʦʙʣʝʤʳ. 

 

ɹʝʩʧʠʣʦʪʥʳʡ ʣʝʪʘʪʝʣʴʥʳʡ ʘʧʧʘʨʘʪ (ɹʇʃɸ) 

ɹʝʩʧʠʣʦʪʥʳʡ ʣʝʪʘʪʝʣʴʥʳʡ ʘʧʧʘʨʘʪ (ɹʇʃɸ, ʨʝʞʝ ɹʃɸ; ʚ ʨʘʟʛʦʚʦʨʥʦʡ ʨʝʯʠ ʪʘʢʞʝ 

çʙʝʩʧʠʣʦʪʥʠʢè ʠʣʠ çʜʨʦʥè, ʦʪ ʘʥʛʣ. drone ï ʪʨʫʪʝʥʴ) ï ʣʝʪʘʪʝʣʴʥʳʡ ʘʧʧʘʨʘʪ ʙʝʟ ʵʢʠʧʘʞʘ ʥʘ 

ʙʦʨʪʫ. 

ɹʇʃɸ ʤʦʛʫʪ ʦʙʣʘʜʘʪʴ ʨʘʟʥʦʡ ʩʪʝʧʝʥʴʶ ʘʚʪʦʥʦʤʥʦʩʪʠ ï ʦʪ ʫʧʨʘʚʣʷʝʤʳʭ ʜʠʩʪʘʥʮʠʦʥʥʦ 

ʜʦ ʧʦʣʥʦʩʪʴʶ ʘʚʪʦʤʘʪʠʯʝʩʢʠʭ, ʘ ʪʘʢʞʝ ʨʘʟʣʠʯʘʪʴʩʷ ʧʦ ʢʦʥʩʪʨʫʢʮʠʠ, ʥʘʟʥʘʯʝʥʠʶ ʠ ʤʥʦʞʝʩʪʚʫ 

ʜʨʫʛʠʭ ʧʘʨʘʤʝʪʨʦʚ. 
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ɹʝʩʧʠʣʦʪʥʘʷ ʘʚʠʘʮʠʦʥʥʘʷ ʩʠʩʪʝʤʘ 

ɺʤʝʩʪʦ ʪʝʨʤʠʥʘ çɹʇʃɸè ʤʦʞʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʙʦʣʝʝ ʰʠʨʦʢʦʝ ʦʧʨʝʜʝʣʝʥʠʝ 

çɹʝʩʧʠʣʦʪʥʘʷ ʘʚʠʘʮʠʦʥʥʘʷ ʩʠʩʪʝʤʘè (ɹʇɸʉ). 

ɹʇɸʉ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ: 

¶ ɹʇʃɸ; 

¶ ʧʫʥʢʪ ʫʧʨʘʚʣʝʥʠʷ (ʧʫʣʴʪ ʦʧʝʨʘʪʦʨʘ, ʧʨʠʝʤʦʧʝʨʝʜʘʶʱʘʷ ʘʧʧʘʨʘʪʫʨʘ); 

¶ ʩʠʩʪʝʤʫ ʩʚʷʟʠ ʩ ɹʇʃɸ (ʵʪʦ ʤʦʞʝʪ ʙʳʪʴ ʧʨʷʤʘʷ ʨʘʜʠʦʩʚʷʟʴ ʠʣʠ ʩʧʫʪʥʠʢʦʚʘʷ ʩʚʷʟʴ); 

¶ ʜʦʧʦʣʥʠʪʝʣʴʥʦʝ ʦʙʦʨʫʜʦʚʘʥʠʝ, ʥʝʦʙʭʦʜʠʤʦʝ ʜʣʷ ʧʝʨʝʚʦʟʢʠ ʠʣʠ ʦʙʩʣʫʞʠʚʘʥʠʷ ɹʇʃɸ. 

 

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ɹʇɸʉ ʩ ʨʘʩʧʦʟʥʘʚʘʥʠʝʤ ʦʙʲʝʢʪʦʚ ʜʦʨʦʞʥʦʡ ʠ ʫʣʠʯʥʦʡ 

ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ 

¶ ʢʦʥʪʨʦʣʴ ʩʦʩʪʦʷʥʠʷ ʜʦʨʦʛʠ; 

¶ ʦʧʝʨʘʪʠʚʥʳʡ ʤʦʥʠʪʦʨʠʥʛ; 

¶ ʢʦʥʪʨʦʣʴ ʚʳʧʦʣʥʝʥʠʷ ʨʘʙʦʪ; 

¶ ʧʨʦʝʢʪʠʨʦʚʘʥʠʝ. 

 

ü ʂʦʥʪʨʦʣʴ ʩʦʩʪʦʷʥʠʷ ʜʦʨʦʛʠ 

¶ ʤʦʥʠʪʦʨʠʥʛ ʫʣʠʯʥʦ-ʜʦʨʦʞʥʦʡ ʩʝʪʠ ʛʦʨʦʜʘ; 

¶ ʘʵʨʦʬʦʪʦʩʲʝʤʢʘ ʘʚʪʦʤʦʙʠʣʴʥʳʭ ʠ ʞʝʣʝʟʥʳʭ ʜʦʨʦʛ, ʧʨʠʜʦʨʦʞʥʦʡ ʦʙʩʪʘʥʦʚʢʠ; 

¶ ʫʯʝʪ ʠ ʤʦʥʠʪʦʨʠʥʛ ʜʦʨʦʛ, ʦʙʲʝʢʪʦʚ ʧʨʠʜʦʨʦʞʥʦʡ ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ; 

¶ ʦʮʝʥʢʘ ʩʦʩʪʦʷʥʠʷ ʜʦʨʦʛ; 

¶ ʩʦʟʜʘʥʠʝ ʮʠʬʨʦʚʦʡ ʢʘʨʪʦʛʨʘʬʠʯʝʩʢʦʡ ʦʩʥʦʚʳ ʜʦʨʦʞʥʦ-ʪʨʘʥʩʧʦʨʪʥʦʡ ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ; 

¶ ʩʦʟʜʘʥʠʝ ʘʵʨʦʬʦʪʦʩʥʠʤʢʦʚ ʧʨʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ, ʵʢʩʧʣʫʘʪʘʮʠʠ ʠ ʩʪʨʦʠʪʝʣʴʩʪʚʝ ʜʦʨʦʛ 

¶ ʩʦʟʜʘʥʠʝ ʠ ʦʙʥʦʚʣʝʥʠʝ ʧʘʩʧʦʨʪʘ ʜʦʨʦʛʠ 

 

 

ü ʆʧʝʨʘʪʠʚʥʳʝ ʤʦʥʠʪʦʨʠʥʛ 

ʇʨʠ ʚʦʟʥʠʢʥʦʚʝʥʠʠ ʯʨʝʟʚʳʯʘʡʥʳʭ ʩʠʪʫʘʮʠʡ ʥʘ ʦʙʲʝʢʪʘʭ ʩʪʨʦʠʪʝʣʴʩʪʚʘ ʠʣʠ ʥʘ 

ʧʨʦʪʷʞʝʥʥʦʤ ʜʦʨʦʞʥʦʤ ʧʦʣʦʪʥʝ, ɹʇʃɸ ʧʦʟʚʦʣʷʝʪ ʚ ʢʨʘʪʯʘʡʰʠʝ ʩʨʦʢʠ ʦʙʥʘʨʫʞʠʪʴ ʤʝʩʪʦ 

ʦʙʨʫʰʝʥʠʷ ʠʣʠ ʘʚʘʨʠʠ ʥʘ ʪʨʘʩʩʝ, ʩʭʦʜʘ ʦʧʦʣʟʥʷ ʠʣʠ ʟʘʥʦʩ ʙʫʨʘʥʦʤ ʜʦʨʦʛʠ, ʠ ʩ ʫʯʝʪʦʤ ʦʙʲʝʤʘ 

ʧʦʚʨʝʞʜʝʥʠʡ ʨʘʩʩʯʠʪʘʪʴ ʜʣʠʪʝʣʴʥʦʩʪʴ ʠ ʩʪʦʠʤʦʩʪʴ ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʳʭ ʨʘʙʦʪ. 

 

ü ʂʦʥʪʨʦʣʴ ʚʳʧʦʣʥʝʥʠʷ ʨʘʙʦʪ 

ʃʶʙʦʡ ʵʪʘʧ ʚʳʧʦʣʥʷʝʤʳʭ ʨʘʙʦʪ ʤʦʞʝʪ ʙʳʪʴ ʩʥʷʪ ʥʘ ʬʦʪʦ ʠʣʠ ʚʠʜʝʦ ʩ ʚʳʩʦʢʠʤ 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʤ ʨʘʟʨʝʰʝʥʠʝʤ, ʠ ʧʝʨʝʜʘʥʘ ʠʥʞʝʥʝʨʘʤ ʥʘʧʨʷʤʫʶ ʠʣʠ ʯʝʨʝʟ ɻʀʉ ʩʠʩʪʝʤʫ ʚ 

ʢʨʘʪʯʘʡʰʠʝ ʩʨʦʢʠ, ʘ ʛʝʦʜʝʟʠʯʝʩʢʘʷ ʪʦʯʥʦʩʪʴ ʤʦʜʝʣʝʡ, ʧʦʟʚʦʣʠʪ ʩʚʝʨʷʪʴʩʷ ʩ ʧʣʘʥʦʤ ʠ 

ʧʨʦʠʟʚʦʜʠʪʴ ʥʝʦʙʭʦʜʠʤʳʝ ʩʨʘʚʥʝʥʠʷ ʠ ʠʟʤʝʨʝʥʠʷ. 

 

ü ʇʨʦʝʢʪʠʨʦʚʘʥʠʝ 

ʉ ʧʦʤʦʱʴʶ ʙʝʩʧʠʣʦʪʥʳʭ ʪʝʭʥʦʣʦʛʠʡ, ʤʦʞʥʦ ʧʦʣʫʯʠʪʴ ʜʦʩʪʦʚʝʨʥʳʝ ʪʨʝʭʤʝʨʥʳʝ 

ʜʘʥʥʳʝ ʧʦʜʩʪʠʣʘʶʱʝʡ ʧʦʚʝʨʭʥʦʩʪʠ ʟʝʤʣʠ ʜʣʷ ʦʮʝʥʢʠ ʚʳʙʦʨʘ ʦʧʪʠʤʘʣʴʥʳʭ ʪʨʘʩʩ ʧʨʦʢʣʘʜʢʠ 

ʜʦʨʦʛ ʠ ʨʘʟʤʝʱʝʥʠʷ ʦʙʲʝʢʪʦʚ ʪʨʘʥʩʧʦʨʪʥʦʡ ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ. 
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OpenCV 

OpenCV (ʘʥʛʣ. Open Source Computer Vision Library, ʙʠʙʣʠʦʪʝʢʘ ʢʦʤʧʴʶʪʝʨʥʦʛʦ ʟʨʝʥʠʷ 

ʩ ʦʪʢʨʳʪʳʤ ʠʩʭʦʜʥʳʤ ʢʦʜʦʤ) ð ʙʠʙʣʠʦʪʝʢʘ ʘʣʛʦʨʠʪʤʦʚ ʢʦʤʧʴʶʪʝʨʥʦʛʦ ʟʨʝʥʠʷ, ʦʙʨʘʙʦʪʢʠ 

ʠʟʦʙʨʘʞʝʥʠʡ ʠ ʯʠʩʣʝʥʥʳʭ ʘʣʛʦʨʠʪʤʦʚ ʦʙʱʝʛʦ ʥʘʟʥʘʯʝʥʠʷ ʩ ʦʪʢʨʳʪʳʤ ʢʦʜʦʤ. ʈʝʘʣʠʟʦʚʘʥʘ ʥʘ 

C/C++, ʪʘʢʞʝ ʨʘʟʨʘʙʘʪʳʚʘʝʪʩʷ ʜʣʷ Python, Java, Ruby, Matlab, Lua ʠ ʜʨʫʛʠʭ ʷʟʳʢʦʚ 

ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ. ʄʦʞʝʪ ʩʚʦʙʦʜʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʚ ʘʢʘʜʝʤʠʯʝʩʢʠʭ ʠ ʢʦʤʤʝʨʯʝʩʢʠʭ ʮʝʣʷʭ ï 

ʨʘʩʧʨʦʩʪʨʘʥʷʝʪʩʷ ʚ ʫʩʣʦʚʠʷʭ ʣʠʮʝʥʟʠʠ BSD. 

 

ʃʠʪʝʨʘʪʫʨʘ 

1. URL https://ru.wikipedia.org (ʜʘʪʘ ʦʙʨʘʱʝʥʠʷ ï ʩʝʥʪʷʙʨʴ 2019ʛ.). 

2. URL https://rusdrone.ru/otrasli/prymenenie-bpla-dorozhnoe-khozyaystvo/ (ʜʘʪʘ ʦʙʨʘʱʝʥʠʷ ï 

ʩʝʥʪʷʙʨʴ 2019ʛ.). 

 

 

 

ʀʉʇʆʃʔɿʆɺɸʅʀɽ ASTERISK ɺ ʂʆʅʎɽʇʎʀʀ IoT 

ɺ.ɸ. ʂʦʥʦʥʝʥʢʦ, ʤʘʛʠʩʪʨʘʥʪ ʄʊʋʉʀ 111024, ʛ. ʄʦʩʢʚʘ, ʫʣ. ɸʚʠʘʤʦʪʦʨʥʘʷ, ʜ. 8ɸ, 

root@net17.ru. 

USING ASTERISK IN THE IoT CONCEPT  

V.A. Kononenko, master's student MTUCI, 111024, Moscow, ul. Aviamotornaya, 8A 

 

ʋɼʂ 621.391  

ɺʦʟʤʦʞʥʦʩʪʴ ʫʧʨʘʚʣʝʥʠʷ ʙʳʪʦʚʳʤʠ ʵʣʝʢʪʨʦʥʥʳʤʠ ʧʨʠʙʦʨʘʤʠ, ʤʝʜʠʮʠʥʩʢʠʤ ʠ 

ʧʨʦʤʳʰʣʝʥʥʳʤ ʦʙʦʨʫʜʦʚʘʥʠʝʤ, ʧʦʣʫʯʝʥʠʝ ʠʥʬʦʨʤʘʮʠʠ ʦ ʩʦʩʪʦʷʥʠʠ ʪʦʛʦ ʠʣʠ ʠʥʦʛʦ ʜʘʪʯʠʢʘ 

ʯʝʨʝʟ ʩʝʪʴ ʠʥʪʝʨʥʝʪ, ʝʩʪʴ ʩʣʝʜʩʪʚʠʝ ʨʘʟʚʠʪʠʷ ʪʝʭʥʦʣʦʛʠʡ ʢʦʤʤʫʥʠʢʘʮʠʠ ʠ ʥʦʩʠʪ ʥʘʟʚʘʥʠʝ 

ʠʥʪʝʨʥʝʪ ʚʝʱʝʡ (ʘʥʛʣ. Internet of Things).     

ʂʦʥʮʝʧʮʠʷ IoT (Internet of Things) ï ʦʙʲʝʜʠʥʝʥʠʷ ʨʘʟʣʠʯʥʳʭ ʫʩʪʨʦʡʩʪʚ ʚ ʝʜʠʥʫʶ ʩʝʪʴ, 

ʚʢʣʶʯʘʝʪ ʪʘʢʠʝ ʵʣʝʤʝʥʪʳ ʢʘʢ:  

¶ ʜʘʪʯʠʢʠ (sensors), ʵʣʝʢʪʨʦʥʥʦ-ʤʝʭʘʥʠʯʝʩʢʠʝ ʫʩʪʨʦʡʩʪʚʘ, ʚʟʘʠʤʦʜʝʡʩʪʚʫʶʱʠʝ ʩ 

ʬʠʟʠʯʝʩʢʠʤ ʤʠʨʦʤ ʫʩʪʨʦʡʩʪʚʘ, ʧʦʟʚʦʣʷʶʱʠʝ ʩʦʙʠʨʘʪʴ ʠʥʬʦʨʤʘʮʠʶ ʦ ʩʦʩʪʦʷʥʠʠ 

ʢʘʢʠʭ-ʣʠʙʦ ʧʘʨʘʤʝʪʨʦʚ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ, ʘ ʪʘʢʞʝ ʚʦʟʜʝʡʩʪʚʦʚʘʪʴ ʥʘ ʦʢʨʫʞʘʶʱʫʶ 

ʩʨʝʜʫ ï ʚʢʣʶʯʘʪʴ ʠ ʚʳʢʣʶʯʘʪʴ ʵʣʝʢʪʨʦʥʥʳʝ ʠ ʵʣʝʢʪʨʦʥʥʦ-ʤʝʭʘʥʠʯʝʩʢʠʝ ʫʩʪʨʦʡʩʪʚʘ;    

¶ ʪʝʭʥʦʣʦʛʠʠ ʠ ʧʨʦʪʦʢʦʣʳ ʩʚʷʟʠ ʩ ʵʪʠʤʠ ʜʘʪʯʠʢʘʤʠ, ʥʝʦʙʷʟʘʪʝʣʴʥʦ ʩʚʷʟʘʥʥʳʝ ʩ 

ʧʨʦʪʦʢʦʣʘʤʠ ʠʥʪʝʨʥʝʪʘ (IP), ʥʘʧʨʠʤʝʨ, Bluetooth, Zigbee, I2C;   

¶ ʰʣʶʟʳ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʝ ʚʦʟʤʦʞʥʦʩʪʴ ʧʝʨʝʜʘʯʠ ʠʥʬʦʨʤʘʮʠʠ ʦʪ ʜʘʪʯʠʢʦʚ ʠ 

ʫʧʨʘʚʣʷʶʱʠʭ ʢʦʤʘʥʜ ʢ ʥʠʤ; 

¶ ʦʙʣʘʯʥʳʝ ʩʝʨʚʠʩʳ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʝ ʭʨʘʥʝʥʠʝ ʠ ʦʙʨʘʙʦʪʢʫ ʧʦʣʫʯʝʥʥʳʭ ʦʪ ʜʘʪʯʠʢʦʚ 

ʜʘʥʥʳʭ, ʘ ʪʘʢʞʝ ʜʦʩʪʫʧ ʢ ʥʠʤ; 

¶ ʛʣʦʙʘʣʴʥʘʷ ʩʝʪʴ Internet.    

 

ɼʣʷ ʚʟʘʠʤʦʜʝʩʪʚʠʷ ʧʦʣʴʟʦʚʘʪʝʣʷ çʠʥʪʝʨʥʝʪʘ ʚʝʱʝʡè ʩ çʚʝʱʘʤʠè ʥʝʦʙʭʦʜʠʤʦ 

ʘʙʦʥʝʥʪʩʢʦʝ ʫʩʪʨʦʡʩʪʚʦ, ʧʦʜʢʣʶʯʝʥʥʦʝ ʢ ʩʝʪʠ ʠʥʪʝʨʥʝʪ, ʠʤʝʶʱʝʝ ʣʠʙʦ web-ʙʘʫʟʝʨ, ʣʠʙʦ 

https://ru.wikipedia.org/
https://rusdrone.ru/otrasli/prymenenie-bpla-dorozhnoe-khozyaystvo/
mailto:root@net17.ru
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ʩʧʝʮʠʘʣʴʥʦʝ ʧʨʦʛʨʘʤʤʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ. ʅʦ ʚ ʜʘʥʥʦʤ ʜʦʢʣʘʜʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʧʦʣʴʟʦʚʘʪʝʣʷ ʩ ʩʠʩʪʝʤʦʡ, ʢʦʪʦʨʦʝ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʧʦʩʨʝʜʩʪʚʦʤ ʪʝʣʝʬʦʥʥʦʛʦ 

ʟʚʦʥʢʘ ʩ ʣʶʙʦʛʦ ʪʝʣʝʬʦʥʥʦʛʦ ʘʧʧʘʨʘʪʘ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ (ʇʆ) 

Asterisk ʥʘ ʛʨʘʥʠʯʥʦʤ ʰʣʶʟʝ ʧʦʟʚʦʣʷʝʪ ʧʦʟʚʦʥʠʪʴ çʫʤʥʦʤʫ ʜʦʤʫè ʠ ʧʦʣʫʯʠʪʴ ʜʦʩʪʫʧ ʢ ʝʛʦ 

ʨʝʩʫʨʩʘʤ. 

ʏʘʩʪʥʳʡ ʩʣʫʯʘʡ ʪʘʢʦʡ ʩʠʩʪʝʤʳ: ʰʣʶʟʦʤ ʜʣʷ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩ ʜʘʪʯʠʢʘʤʠ (sensors) 

ʚʳʩʪʫʧʘʝʪ ʦʜʥʦʧʣʘʪʥʳʡ ʢʦʤʧʴʶʪʝʨ ʘʨʭʠʪʝʢʪʫʨʳ ARM. ʂʘʢ ʧʨʘʚʠʣʦ, ʦʜʥʦʧʣʘʪʥʳʝ 

ʢʦʤʧʴʶʪʝʨʳ ʩʦʜʝʨʞʘʪ ʧʨʦʛʨʘʤʤʠʨʫʝʤʳʡ ʠʥʪʝʨʬʝʡʩ ʚʚʦʜʘ/ʚʳʚʦʜʘ ʦʙʱʝʛʦ ʥʘʟʥʘʯʝʥʠʷ 

(general-purpose input/output, GPIO), ʙʣʘʛʦʜʘʨʷ ʢʦʪʦʨʦʤʫ ʚʦʟʤʦʞʥʦ ʧʦʜʢʣʶʯʝʥʠʝ ʨʘʟʣʠʯʥʦʛʦ 

ʨʦʜʘ ʜʘʪʯʠʢʦʚ, ʧʨʠʚʦʜʦʚ, ʫʧʨʘʚʣʷʝʤʳʭ ʢʦʜʦʤ ʥʘ ʷʟʳʢʝ Python. ɻʦʣʦʩʦʚʦʝ ʤʝʥʶ, 

ʨʝʘʣʠʟʦʚʘʥʥʦʝ ʩʨʝʜʩʪʚʘʤʠ Asterisk, ʧʦʟʚʦʣʷʝʪ ʟʘʧʫʩʢʘʪʴ ʵʪʦʪ ʢʦʜ, ʚʟʘʠʤʦʜʝʡʩʪʚʫʷ ʩ 

ʧʦʣʴʟʦʚʘʪʝʣʝʤ ʧʦʩʨʝʜʩʪʚʦʤ DTMF ʩʠʛʥʘʣʦʚ, ʧʝʨʝʜʘʚʘʝʤʳʭ ʚ ʛʦʣʦʩʦʚʦʤ ʢʘʥʘʣʝ. ʉʠʩʪʝʤʘ 

ʩʠʥʪʝʟʘ ʨʝʯʠ TTS (text-to-speech) ʩʚʦʙʦʜʥʦʛʦ ʇʆ Festival ʚʦʩʧʨʦʠʟʚʦʜʠʪ ʧʦʣʫʯʝʥʥʫʶ ʦʪ 

ʜʘʪʯʠʢʦʚ ʠʥʬʦʨʤʘʮʠʶ ʚ ʛʦʣʦʩʦʚʦʡ ʢʘʥʘʣ. 

ɹʣʘʛʦʜʘʨʷ ʪʝʭʥʦʣʦʛʠʠ WebRTC ʫʧʨʘʚʣʝʥʠʝ ʜʘʪʯʠʢʘʤʠ ʤʦʞʝʪ ʦʩʫʱʝʩʪʚʣʷʪʴʩʷ ʧʨʠ 

ʧʦʤʦʱʠ WebRTC ʢʣʠʝʥʪʘ, ʚʟʘʠʤʦʜʝʡʩʪʚʫʶʱʝʛʦ ʩ Asterisk, ʪ.ʝ. ʛʦʣʦʩʦʚʦʡ ʚʳʟʦʚ 

ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʠʟ ʠʥʪʝʨʥʝʪ-ʙʨʘʫʟʝʨʘ, ʧʦʜʜʝʨʞʠʚʘʶʱʝʛʦ ʪʝʭʥʦʣʦʛʠʶ WebRTC. 

         ʇʦʜʢʣʶʯʝʥʠʝ ʢ ʊʌʆʇ (ʪʝʣʝʬʦʥʥʦʡ ʩʝʪʠ ʦʙʱʝʛʦ ʧʦʣʴʟʦʚʘʥʠʷ) ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʧʦ 

ʧʨʦʪʦʢʦʣʫ SIP ʣʠʙʦ ʢ ʦʧʝʨʘʪʦʨʫ IP-ʪʝʣʝʬʦʥʠʠ, ʣʠʙʦ ʯʝʨʝʟ ʰʣʶʟ ʩʦʧʨʷʞʝʥʠʷ GSM-ʰʣʶʟ, 

FXO-ʰʣʶʟ (ʰʣʶʟ ʘʥʘʣʦʛʦʚʳʭ ʪʝʣʝʬʦʥʥʳʭ ʣʠʥʠʡ).  

ʀʥʩʪʨʫʤʝʥʪʘʨʠʡ ʧʦʣʥʦʩʪʴʶ ʩʦʩʪʦʠʪ ʠʟ ʩʚʦʙʦʜʥʦʛʦ ʇʆ, ʨʘʙʦʪʘʝʪ ʧʦʜ ʫʧʨʘʚʣʝʥʠʝʤ ʆʉ 

Linux ʜʣʷ ʧʣʘʪʬʦʨʤʳ ARM. 
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ʉʦʚʨʝʤʝʥʥʳʤ ʢʦʤʧʘʥʠʷʤ ʥʝʦʙʭʦʜʠʤʦ ʘʥʘʣʠʟʠʨʦʚʘʪʴ ʦʛʨʦʤʥʦʝ ʢʦʣʠʯʝʩʪʚʦ 

ʠʥʬʦʨʤʘʮʠʠ ʜʣʷ ʘʜʘʧʪʘʮʠʠ ʢ ʫʩʣʦʚʠʷʤ ʨʳʥʢʘ ʠ ʧʨʝʜʦʩʪʘʚʣʝʥʠʷ ʫʩʣʫʛ, ʦʨʠʝʥʪʠʨʦʚʘʥʥʳʭ ʥʘ 

ʧʨʝʜʧʦʯʪʝʥʠʷ ʧʦʣʴʟʦʚʘʪʝʣʝʡ. ʉ ʨʦʩʪʦʤ ʦʙʲʝʤʘ ʜʘʥʥʳʭ ʠʭ ʘʥʘʣʠʟ ʠ ʭʨʘʥʝʥʠʝ ʪʨʝʙʫʶʪ ʚʩʝ 

ʙʦʣʴʰʝ ʨʝʩʫʨʩʦʚ ʠ ʚʨʝʤʝʥʠ, ʚʩʣʝʜʩʪʚʠʝ ʯʝʛʦ ʧʦʷʚʣʷʝʪʩʷ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʦʙʨʘʙʘʪʳʚʘʪʴ 

(ʩʦʨʪʠʨʦʚʘʪʴ, ʚʳʜʝʣʷʪʴ ʭʘʨʘʢʪʝʨʥʳʝ ʧʨʠʟʥʘʢʠ, ʦʙʦʙʱʘʪʴ) ʧʦʩʪʫʧʘʶʱʠʝ ʜʘʥʥʳʝ ʜʣʷ 

ʧʦʩʣʝʜʫʶʱʝʛʦ ʘʥʘʣʠʟʘ.  ʄʝʪʦʜʳ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʠ ʢʣʘʩʪʝʨʠʟʘʮʠʠ ʧʦʟʚʦʣʷʶʪ ʨʝʰʠʪʴ 

ʧʨʦʙʣʝʤʫ ʥʘʯʘʣʴʥʦʡ ʦʙʨʘʙʦʪʢʠ ʜʘʥʥʳʭ, ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ, ʧʝʨʝʜ ʝʝ ʘʥʘʣʠʟʦʤ. 

 

ʂʣʘʩʩʠʬʠʢʘʮʠʷ 

ʄʥʦʞʝʩʪʚʦ ʜʘʥʥʳʭ, ʠʤʝʶʱʠʭ ʦʙʱʠʡ ʧʨʠʟʥʘʢ, ʦʪʣʠʯʘʶʱʠʡ ʵʪʦ ʤʥʦʞʝʩʪʚʦ ʦʪ ʜʨʫʛʠʭ, 

ʦʙʲʝʜʠʥʷʝʪʩʷ ʚ ʢʣʘʩʩ. ʅʘʙʦʨ ʧʨʠʟʥʘʢʦʚ, ʦʧʨʝʜʝʣʷʶʱʠʭ ʢʣʘʩʩʠʬʠʢʘʮʠʦʥʥʦʝ ʜʝʣʝʥʠʝ, ʤʦʞʝʪ 

ʦʪʣʠʯʘʪʴʩʷ, ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʧʦʩʪʘʚʣʝʥʥʦʡ ʮʝʣʠ ʢʣʘʩʩʠʬʠʢʘʮʠʠ.  ɺ ʦʩʥʦʚʫ ʢʣʘʩʩʘ ʚʩʝʛʜʘ 

ʩʪʘʚʠʪʩʷ ʥʘʠʙʦʣʝʝ ʚʘʞʥʳʡ ʧʨʠʟʥʘʢ. ʆʙʦʙʱʠʚ ʩʢʘʟʘʥʥʦʝ ʚʳʰʝ, ʤʦʞʥʦ ʩʬʦʨʤʠʨʦʚʘʪʴ 

ʦʧʨʝʜʝʣʝʥʠʝ ʪʝʨʤʠʥʘ çʢʣʘʩʩʠʬʠʢʘʮʠʷè. ʂʣʘʩʩʠʬʠʢʘʮʠʷ ï ʧʨʦʮʝʩʩ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʦʙʲʝʢʪʦʚ ʧʦ 

ʢʣʘʩʩʘʤ ʩ ʮʝʣʴʶ ʦʪʨʘʞʝʥʠʷ ʦʪʥʦʰʝʥʠʡ ʤʝʞʜʫ ʥʠʤʠ. 

 

ɼʝʨʝʚʦ ʨʝʰʝʥʠʡ 

ʇʨʠʤʝʥʷʝʪʩʷ ʜʣʷ ʨʝʰʝʥʠʷ ʟʘʜʘʯ ʨʝʛʨʝʩʩʠʠ ʠ ʢʣʘʩʩʠʬʠʢʘʮʠʠ. ɸʣʛʦʨʠʪʤ ʨʘʙʦʪʘʝʪ 

ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: ʧʨʠ ʧʦʩʪʨʦʝʥʠʠ ʤʦʜʝʣʠ, ʚʳʯʠʩʣʷʝʪʩʷ ʩʪʝʧʝʥʴ ʩʣʠʷʥʠʷ ʢʘʞʜʦʛʦ ʚʭʦʜʥʦʛʦ 

ʘʪʨʠʙʫʪʘ ʥʘ ʟʥʘʯʝʥʠʝ ʚʳʭʦʜʥʦʛʦ ʘʪʨʠʙʫʪʘ, ʘʪʨʠʙʫʪ, ʦʢʘʟʳʚʘʶʱʠʡ ʥʘʠʙʦʣʴʰʝʝ ʚʣʠʷʥʠʝ ʥʘ 

ʚʳʭʦʜʥʦʡ ʘʪʨʠʙʫʪ ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʨʘʟʙʠʝʥʠʷ ʜʝʨʝʚʘ ʨʝʰʝʥʠʡ. ɼʝʨʝʚʦʤ ʥʘʟʳʚʘʝʪʩʷ ʧʘʨʘ V, 

E, ʛʜʝ V ï ʥʝʧʫʩʪʦʝ ʤʥʦʞʝʩʪʚʦ ʦʙʲʝʢʪʦʚ (ʚʝʨʰʠʥʳ), ʘ ɽ ï ʧʦʜʤʥʦʞʝʩʪʚʦ ʜʚʫʭʵʣʝʤʝʥʪʘʨʥʳʭ 

ʧʦʜʤʥʦʞʝʩʪʚ ʤʥʦʞʝʩʪʚʘ V (ʢʘʢ-ʪʦ ʩʣʠʰʢʦʤ ʩʣʦʞʥʦ), ʪʘʢ ʞʝ ʫʯʠʪʳʚʘʝʪʩʷ ʫʩʣʦʚʠʝ ʧʝʨʝʭʦʜʘ 

ʤʝʞʜʫ ʚʝʨʰʠʥʘʤʠ ï ʉ. ʉ ʧʦʤʦʱʴʶ ʫʩʣʦʚʠʡ ʧʝʨʝʭʦʜʘ ʚʳʜʝʣʷʶʪʩʷ ʟʥʘʯʠʤʳʝ ʘʪʨʠʙʫʪʳ. 

ʂʦʨʥʝʚʦʡ ʫʟʝʣ ʦʧʠʩʳʚʘʝʪ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʟʥʘʯʝʥʠʡ ʚʳʭʦʜʥʦʛʦ ʘʪʨʠʙʫʪʘ ʧʦ ʚʩʝʡ ʚʳʙʦʨʢʝ 

ʜʘʥʥʳʭ. ʂʘʞʜʳʡ ʧʦʩʣʝʜʫʶʱʠʡ ʫʟʝʣ ʦʧʠʩʳʚʘʝʪʩʷ ʨʘʩʧʨʝʜʝʣʝʥʠʝʤ ʚʳʭʦʜʥʦʛʦ ʘʪʨʠʙʫʪʘ ʧʨʠ 

ʩʦʙʣʶʜʝʥʠʠ ʫʩʣʦʚʠʡ ʚʭʦʜʥʦʛʦ ʘʪʨʠʙʫʪʘ. ʋʟʣʳ ʨʘʟʙʠʚʘʶʪʩʷ ʜʦ ʪʝʭ ʧʦʨ, ʧʦʢʘ ʥʝ ʜʦʩʪʠʛʥʝʪ 

ʧʦʨʦʛʦʚʦʡ ʚʝʨʦʷʪʥʦʩʪʠ ʪʦʛʦ, ʯʪʦ ʚʳʭʦʜʥʦʝ ʟʥʘʯʝʥʠʝ ʙʫʜʝʪ ʧʨʠʥʠʤʘʪʴ ʪʨʝʙʫʝʤʦʝ ʟʥʘʯʝʥʠʝ. 

ɼʦʩʪʦʠʥʩʪʚʘ ʘʣʛʦʨʠʪʤʘ: ʛʠʙʢʦʩʪʴ, ʚʳʩʦʢʘʷ ʩʢʦʨʦʩʪʴ ʨʘʙʦʪʳ. 

ʅʝʜʦʩʪʘʪʢʠ: ʩʣʦʞʥʘʷ ʩʪʨʫʢʪʫʨʘ. 

 

ʄʝʪʦʜ ɹʘʡʝʩʘ 

ʇʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʤʝʪʦʜʘ ɹʘʡʝʩʘ, ʚʳʩʯʠʪʳʚʘʝʪʩʷ ʚʝʨʦʷʪʥʦʩʪʴ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʜʣʷ 

ʢʘʞʜʦʛʦ ʥʘʙʣʶʜʝʥʠʷ ʠʟ ʤʥʦʞʝʩʪʚʘ ʍ, ʜʣʷ ʵʪʦʛʦ ʧʨʠʤʝʥʷʝʪʩʷ ʬʦʨʤʫʣʘ:

 
ʏʠʩʣʠʪʝʣʴ ï ʢʦʣ-ʚʦ ʵʣʝʤʝʥʪʦʚ ʭ ʚ ʢʘʪʝʛʦʨʠʠ ʫ, ʟʥʘʤʝʥʘʪʝʣʴ ï ʢʦʣ-ʚʦ ʥʘʙʣʶʜʝʥʠʡ ʠʟ 

ʤʥʦʞʝʩʪʚʘ ʍ ʧʨʠʥʘʜʣʝʞʘʱʠʭ ʢʘʪʝʛʦʨʠʠ ʫ. 

ɼʦʩʪʦʠʥʩʪʚʘ: ʚʳʩʦʢʘʷ ʩʢʦʨʦʩʪʴ ʨʘʙʦʪʳ. 

ʅʝʜʦʩʪʘʪʦʢ: ʥʝʚʦʟʤʦʞʥʦ ʢʣʘʩʩʠʬʠʮʠʨʦʚʘʪʴ ʦʙʲʝʢʪ, ʚ ʩʣʫʯʘʝ, ʢʦʛʜʘ ʵʣʝʤʝʥʪ ʭ ʥʝ 

ʧʨʠʥʘʜʣʝʞʠʪ ʤʥʦʞʝʩʪʚʫ ʍ. 

 

ɸʣʛʦʨʠʪʤ SVM 

ʄʝʪʦʜ ʦʧʦʨʥʳʭ ʚʝʢʪʦʨʦʚ (support vector machine) ï ʦʜʠʥ ʠʟ ʥʘʠʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʳʭ 

ʤʝʪʦʜʦʚ. ʇʨʠʥʮʠʧ ʨʘʙʦʪʳ ʤʝʪʦʜʘ ï ʨʘʟʜʝʣʝʥʠʝ çʦʙʣʘʢʦʚè ʜʘʥʥʳʭ ʛʠʧʝʨʧʣʦʩʢʦʩʪʷʤʠ, 

ʥʘʭʦʜʷʱʠʤʠʩʷ ʥʘ ʤʘʢʩʠʤʘʣʴʥʦʤ ʨʘʩʩʪʦʷʥʠʠ ʦʪ çʦʙʣʘʢʦʚè. ɻʠʧʝʨʧʣʦʩʢʦʩʪʴ ï ʵʪʦ ʣʠʥʠʷ, 

ʨʘʟʜʝʣʷʶʱʘʷ ʧʨʦʩʪʨʘʥʩʪʚʦ ʚʭʦʜʥʳʭ ʧʝʨʝʤʝʥʥʳʭ. ɺ ʤʝʪʦʜʝ ʦʧʦʨʥʳʭ ʚʝʢʪʦʨʦʚ ʛʠʧʝʨʧʣʦʩʢʦʩʪʴ 
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ʚʳʙʠʨʘʝʪʩʷ ʪʘʢ, ʯʪʦʙʳ ʥʘʠʣʫʯʰʠʤ ʦʙʨʘʟʦʤ ʨʘʟʜʝʣʷʪʴ ʪʦʯʢʠ ʚ ʧʣʦʩʢʦʩʪʠ ʚʭʦʜʥʳʭ ʧʝʨʝʤʝʥʥʳʭ 

ʧʦ ʠʭ ʢʣʘʩʩʫ: 0 ʠʣʠ 1. 

ɼʦʩʪʦʠʥʩʪʚʘ: ʨʘʙʦʪʘʝʪ ʧʨʠ ʤʘʣʳʭ ʦʙʲʝʤʘʭ ʦʙʫʯʘʶʱʝʡ ʚʳʙʦʨʢʠ. 

ʅʝʜʦʩʪʘʪʢʠ: ʙʦʣʴʰʦʝ ʚʨʝʤʷ ʦʙʫʯʝʥʠʷ. 

 

ʂʣʘʩʪʝʨʠʟʘʮʠʷ 

ɿʘʜʘʯʘ ʢʣʘʩʪʝʨʠʟʘʮʠʠ ï ʨʘʟʙʠʝʥʠʝ ʤʥʦʞʝʩʪʚʘ ʦʙʲʝʢʪʦʚ ʥʘ ʛʨʫʧʧʳ, ʥʘʟʳʚʘʝʤʳʝ 

ʢʣʘʩʪʝʨʘʤʠ. ɺʥʫʪʨʠ ʢʘʞʜʦʡ ʛʨʫʧʧʳ ʜʦʣʞʥʳ ʦʢʘʟʘʪʴʩʷ çʧʦʭʦʞʠʝè ʦʙʲʝʢʪʳ, ʘ ʦʙʲʝʢʪʳ ʨʘʟʥʳʭ 

ʛʨʫʧʧ ʜʦʣʞʥʳ ʙʳʪʴ ʢʘʢ ʤʦʞʥʦ ʙʦʣʝʝ ʦʪʣʠʯʥʳ. ɻʣʘʚʥʦʝ ʦʪʣʠʯʠʝ ʢʣʘʩʪʝʨʠʟʘʮʠʠ ʦʪ 

ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʩʦʩʪʦʠʪ ʚ ʪʦʤ, ʯʪʦ ʧʝʨʝʯʝʥʴ ʛʨʫʧʧ ʯʝʪʢʦ ʥʝ ʟʘʜʘʥ ʠ ʦʧʨʝʜʝʣʷʝʪʩʷ ʚ ʧʨʦʮʝʩʩʝ 

ʨʘʙʦʪʳ ʘʣʛʦʨʠʪʤʘ. 

 

ʄʝʪʦʜ ʂ-ʩʨʝʜʥʠʭ 

ʄʝʪʦʜ ʦʩʥʦʚʘʥ ʥʘ ʜʝʣʝʥʠʠ ʤʥʦʞʝʩʪʚʘ ʥʘʙʣʶʜʝʥʠʡ ʍ ʥʘ k ʢʣʘʩʪʝʨʦʚ, ʣʦʢʘʣʴʥʦ 

ʤʠʥʠʤʠʟʠʨʦʚʘʥʥʳʭ ʦʪʥʦʩʠʪʝʣʴʥʦ ʨʘʩʩʪʦʷʥʠʷ ʤʝʞʜʫ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʪʦʯʢʦʡ ʠ ʮʝʥʪʨʦʡʜʦʤ 

ʢʣʘʩʪʝʨʘ. ʎʝʥʪʨʦʠʜ ï ʪʦʯʢʘ, ʢʦʪʦʨʘʷ ʷʚʣʷʝʪʩʷ ʮʝʥʪʨʦʤ ʢʣʘʩʪʝʨʘ. 

ɸʣʛʦʨʠʪʤ ʩʪʨʝʤʠʪʩʷ ʤʠʥʠʤʠʟʠʨʦʚʘʪʴ ʩʫʤʤʘʨʥʦʝ ʢʚʘʜʨʘʪʠʯʥʦʝ ʦʪʢʣʦʥʝʥʠʝ ʪʦʯʝʢ 

ʢʣʘʩʪʝʨʦʚ ʦʪ ʮʝʥʪʨʦʚ ʵʪʠʭ ʢʣʘʩʪʝʨʦʚ.  ɺ ʧʨʦʩʪʦʥʘʨʦʜʴʝ ʛʦʚʦʨʷ, ʵʪʦ ʠʪʝʨʘʪʠʚʥʳʡ ʘʣʛʦʨʠʪʤ, 

ʢʦʪʦʨʳʡ ʜʝʣʠʪ ʜʘʥʥʦʝ ʤʥʦʞʝʩʪʚʦ ʧʠʢʩʝʣʝʡ ʥʘ k ʢʣʘʩʪʝʨʦʚ ʪʦʯʢʠ, ʢʦʪʦʨʳʭ ʷʚʣʷʶʪʩʷ 

ʤʘʢʩʠʤʘʣʴʥʦ ʧʨʠʙʣʠʞʝʥʥʳʤʠ ʢ ʠʭ ʮʝʥʪʨʘʤ, ʘ ʩʘʤʘ ʢʣʘʩʪʝʨʠʟʘʮʠʷ ʧʨʦʠʩʭʦʜʠʪ ʟʘ ʩʯʝʪ 

ʩʤʝʱʝʥʠʷ ʵʪʠʭ ʞʝ ʮʝʥʪʨʦʚ.  

ɼʦʩʪʦʠʥʩʪʚʘ: ʤʦʞʥʦ ʥʘʡʪʠ ʢʣʘʩʪʝʨ ʜʣʷ ʜʘʥʥʳʭ ʧʦʩʣʝ ʥʘʭʦʞʜʝʥʠʷ ʮʝʥʪʨʦʡʜʦʚ. 

ʅʝʜʦʩʪʘʪʢʠ: ʨʝʟʫʣʴʪʘʪ ʨʘʙʦʪʳ ʟʘʚʠʩʠʪ ʦʪ ʢʨʠʪʝʨʠʝʚ, ʚʳʙʨʘʥʥʳʭ ʩʧʝʮʠʘʣʠʩʪʦʤ. 

 

ʀʝʨʘʨʭʠʯʝʩʢʘʷ ʢʣʘʩʪʝʨʠʟʘʮʠ  ̫

ʎʝʣʴ ʘʣʛʦʨʠʪʤʘ ï ʧʦʩʪʨʦʝʥʠʝ ʩʪʨʫʢʪʫʨʳ ʢʣʘʩʪʝʨʦʚ. ʉʫʱʝʩʪʚʫʝʪ ʜʚʘ ʚʠʜʘ ʘʣʛʦʨʠʪʤʘ: 

ʦʙʲʝʜʠʥʷʶʱʠʡ ʠ ʨʘʟʜʝʣʷʶʱʠʡ. 

ɺ ʢʘʯʝʩʪʚʝ ʤʝʨʳ, ʦʧʨʝʜʝʣʷʶʱʝʡ, ʢʘʢʠʝ ʢʣʘʩʪʝʨʳ ʩʣʝʜʫʝʪ ʨʘʟʜʝʣʠʪʴ, ʘ ʢʘʢʠʝ 

ʦʙʲʝʜʠʥʠʪʴ, ʧʨʠʥʠʤʘʶʪ ʨʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʢʣʘʩʪʝʨʘʤʠ. 

ʇʨʠ ʦʙʲʝʜʠʥʷʶʱʝʤ ʚʠʜʝ ʘʣʛʦʨʠʪʤʘ, ʢʘʞʜʳʡ ʵʣʝʤʝʥʪ ʤʥʦʞʝʩʪʚʘ ʧʨʠʥʠʤʘʝʪʩʷ ʟʘ 

ʦʪʜʝʣʴʥʳʡ ʢʣʘʩʪʝʨ, ʥʘ ʢʘʞʜʦʤ ʰʘʛʝ ʥʘʠʙʦʣʝʝ ʙʣʠʟʢʠʝ ʢʣʘʩʪʝʨʳ ʦʙʲʝʜʠʥʷʶʪʩʷ ʚ ʦʜʠʥ ʢʣʘʩʪʝʨ.  

ɼʦʩʪʦʠʥʩʪʚʘ: ʚʳʩʦʢʘʷ ʩʢʦʨʦʩʪʴ ʨʘʙʦʪʳ, ʚʦʟʤʦʞʥʦʩʪʴ ʥʘʙʣʶʜʘʪʴ ʨʝʟʫʣʴʪʘʪ ʨʘʙʦʪʳ ʥʘ 

ʢʘʞʜʦʤ ʰʘʛʫ. 

ʅʝʜʦʩʪʘʪʢʠ: ʥʝʣʴʟʷ ʥʘʧʨʷʤʫʶ ʫʧʨʘʚʣʷʪʴ ʢʦʣ-ʚʦʤ ʢʣʘʩʪʝʨʦʚ. ʈʝʟʫʣʴʪʘʪ ʟʘʚʠʩʠʪ ʦʪ 

ʢʨʠʪʝʨʠʝʚ, ʚʳʙʨʘʥʥʳʭ ʩʧʝʮʠʘʣʠʩʪʦʤ. 

 

EM-ʢʣʘʩʪʝʨʠʟʘʮʠʷ 

ɺʤʝʩʪʦ ʮʝʥʪʨʦʚ ʢʣʘʩʪʝʨʦʚ ʧʨʝʜʧʦʣʘʛʘʝʪʩʷ ʥʘʣʠʯʠʝ ʬʫʥʢʮʠʠ ʧʣʦʪʥʦʩʪʠ ʚʝʨʦʷʪʥʦʩʪʠ 

ʜʣʷ ʢʘʞʜʦʛʦ ʢʣʘʩʪʝʨʘ ʩ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤʠ ʟʥʘʯʝʥʠʷʤʠ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʦʞʠʜʘʥʠʷ ʠ 

ʜʠʩʧʝʨʩʠʠ. ʇʝʨʝʜ ʟʘʧʫʩʢʦʤ ʘʣʛʦʨʠʪʤʘ ʚʳʜʚʠʛʘʝʪʩʷ ʛʠʧʦʪʝʟʘ ʦ ʚʠʜʝ ʨʘʩʧʨʝʜʝʣʝʥʠʡ, ʢʦʪʦʨʳʝ 

ʩʣʦʞʥʦ ʦʮʝʥʠʪʴ ʚ ʦʙʱʝʡ ʩʦʚʦʢʫʧʥʦʩʪʠ ʜʘʥʥʳʭ. ʇʦʣʘʛʘʝʪʩʷ, ʯʪʦ ʚʩʝ ʜʘʥʥʳʝ ʠʤʝʶʪ k 

ʩʦʚʤʝʩʪʥʳʭ ʨʘʩʧʨʝʜʝʣʝʥʠʡ ʠ ʚʩʝ ʧʝʨʝʤʝʥʥʳʝ ʥʝʟʘʚʠʩʠʤʳ. ɸʣʛʦʨʠʪʤ ʜʝʣʠʪʩʷ ʥʘ ʜʚʘ ʰʘʛʘ 

(ʰʘʛ ʦʞʠʜʘʥʠʷ ʠ ʰʘʛ ʤʘʢʩʠʤʠʟʘʮʠʠ).   

ɼʦʩʪʦʠʥʩʪʚʘ: ʤʦʞʝʪ ʨʘʙʦʪʘʪʴ ʥʘ ʤʘʣʳʭ ʦʙʲʝʤʘʭ ʜʘʥʥʳʭ, ʥʝ ʪʨʝʙʫʝʪ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʛʦ 

ʚʳʜʝʣʝʥʠʷ ʤʝʪʨʠʢ. 

ʅʝʜʦʩʪʘʪʢʠ: ʨʝʟʫʣʴʪʘʪ ʟʘʚʠʩʠʪ ʦʪ ʥʘʯʘʣʴʥʦʛʦ ʚʠʜʘ ʨʘʩʧʨʝʜʝʣʝʥʠʷ. 
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ʋɼʂ 004 

ɹʦʣʴʰʠʝ ɼʘʥʥʳʝ ʥʘ ʩʝʛʦʜʥʷʰʥʠʡ ʤʦʤʝʥʪ ʷʚʣʷʶʪʩʷ ʦʜʥʠʤ ʠʟ ʢʣʶʯʝʚʳʭ ʜʨʘʡʚʝʨʦʚ 

ʨʘʟʚʠʪʠʷ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ. ʕʪʦ ʥʘʧʨʘʚʣʝʥʠʝ, ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʦʚʦʝ ʜʣʷ 

ʨʦʩʩʠʡʩʢʦʛʦ ʙʠʟʥʝʩʘ, ʧʦʣʫʯʠʣʦ ʰʠʨʦʢʦʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʚ ʟʘʧʘʜʥʳʭ ʩʪʨʘʥʘʭ. ʉʚʷʟʘʥʦ ʵʪʦ ʩ 

ʪʝʤ, ʯʪʦ ʚ ʵʧʦʭʫ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ, ʦʩʦʙʝʥʥʦ ʧʦʩʣʝ ʙʫʤʘ ʩʦʮʠʘʣʴʥʳʭ ʩʝʪʝʡ, ʧʦ 

ʢʘʞʜʦʤʫ ʧʦʣʴʟʦʚʘʪʝʣʶ ʠʥʪʝʨʥʝʪʘ ʩʪʘʣʦ ʥʘʢʘʧʣʠʚʘʪʴʩʷ ʟʥʘʯʠʪʝʣʴʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʠʥʬʦʨʤʘʮʠʠ, 

ʯʪʦ ʚ ʢʦʥʝʯʥʦʤ ʩʯʝʪʝ ʜʘʣʦ ʨʘʟʚʠʪʠʝ ʥʘʧʨʘʚʣʝʥʠʶ Big Data. 

ʉʬʝʨʘ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʪʝʭʥʦʣʦʛʠʡ ɹʦʣʴʰʠʭ ɼʘʥʥʳʭ ʦʙʰʠʨʥʘ. ʊʘʢ, ʩ ʧʦʤʦʱʴʶ ɹʦʣʴʰʠʭ 

ɼʘʥʥʳʭ ʤʦʞʥʦ ʫʟʥʘʪʴ ʦ ʧʨʝʜʧʦʯʪʝʥʠʷʭ ʢʣʠʝʥʪʦʚ, ʦʙ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʤʘʨʢʝʪʠʥʛʦʚʳʭ 

ʢʘʤʧʘʥʠʡ ʠʣʠ ʧʨʦʚʝʩʪʠ ʘʥʘʣʠʟ ʨʠʩʢʦʚ. ʅʠʞʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʦʧʨʦʩʘ IBM Institute, ʦ 

ʥʘʧʨʘʚʣʝʥʠʷʭ ʠʩʧʦʣʴʟʦʚʘʥʠʷ Big Data ʚ ʢʦʤʧʘʥʠʷʭ.  

ɹʦʣʴʰʠʥʩʪʚʦ ʢʦʤʧʘʥʠʡ ʠʩʧʦʣʴʟʫʶʪ ɹʦʣʴʰʠʝ ɼʘʥʥʳʝ ʚ ʩʬʝʨʝ ʢʣʠʝʥʪʩʢʦʛʦ ʩʝʨʚʠʩʘ, 

ʚʪʦʨʦʝ ʧʦ ʧʦʧʫʣʷʨʥʦʩʪʠ ʥʘʧʨʘʚʣʝʥʠʝ ï ʦʧʝʨʘʮʠʦʥʥʘʷ ʵʬʬʝʢʪʠʚʥʦʩʪʴ, ʚ ʩʬʝʨʝ ʫʧʨʘʚʣʝʥʠʷ 

ʨʠʩʢʘʤʠ ɹʦʣʴʰʠʝ ɼʘʥʥʳʝ ʤʝʥʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʳ ʥʘ ʪʝʢʫʱʠʡ ʤʦʤʝʥʪ. ɼʣʷ ʭʨʘʥʝʥʠʷ ʠ 

ʦʙʨʘʙʦʪʢʠ ɹʦʣʴʰʠʭ ɼʘʥʥʳʭ ʧʦʜʭʦʜʠʪ ʧʣʘʪʬʦʨʤʘ Hadoop.  

Hadoop ï ʵʪʦ ʧʨʦʛʨʘʤʤʥʘʷ ʧʣʘʪʬʦʨʤʘ (Software Framework) ʧʦʩʪʨʦʝʥʠʷ 

ʨʘʩʧʨʝʜʝʣʝʥʥʳʭ ʧʨʠʣʦʞʝʥʠʡ ʜʣʷ ʤʘʩʩʦʚʦ-ʧʘʨʘʣʣʝʣʴʥʦʡ ʦʙʨʘʙʦʪʢʠ (Massive Parallel 

Processing, MPP) ʜʘʥʥʳʭ. 

ʆʩʥʦʚʥʳʝ ʢʦʥʮʝʧʮʠʠ, ʟʘʣʦʞʝʥʥʳʝ ʧʨʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ HDFS, ʠ ʘʨʭʠʪʝʢʪʫʨʥʳʝ 

ʨʝʰʝʥʠʷ, ʧʨʠʤʝʥʷʝʤʳʝ ʜʣʷ ʨʝʘʣʠʟʘʮʠʠ ʵʪʠʭ ʢʦʥʮʝʧʮʠʡ, ʧʨʠʚʝʜʝʥʳ ʥʠʞʝ: 

 

ʆʙʲʝʤ ʜʘʥʥʳʭ 

HDFS ʥʝ ʜʦʣʞʥʘ ʠʤʝʪʴ ʜʦʩʪʠʞʠʤʳʭ ʚ ʦʙʦʟʨʠʤʦʤ ʙʫʜʫʱʝʤ ʦʛʨʘʥʠʯʝʥʠʡ ʥʘ ʦʙʲʝʤ 

ʭʨʘʥʠʤʳʭ ʜʘʥʥʳʭ. 

ɸʨʭʠʪʝʢʪʫʨʥʳʝ ʨʝʰʝʥʠʷ:  

¶ HDFS ʭʨʘʥʠʪ ʬʘʡʣʳ ʦʙʣʘʯʥʦ. ɹʣʦʢʠ ʚ HDFS ʨʘʩʧʨʝʜʝʣʝʥʳ ʤʝʞʜʫ ʫʟʣʘʤʠ ʜʘʥʥʳʭ 

ʚʳʯʠʩʣʠʪʝʣʴʥʦʛʦ ʢʣʘʩʪʝʨʘ. ɺʩʝ ʙʣʦʢʠ (ʢʨʦʤʝ ʧʦʩʣʝʜʥʝʛʦ ʙʣʦʢʘ ʬʘʡʣʘ) ʠʤʝʶʪ 

ʦʜʠʥʘʢʦʚʳʡ ʨʘʟʤʝʨ, ʢʨʦʤʝ ʪʦʛʦ ʙʣʦʢ ʤʦʞʝʪ ʙʳʪʴ ʨʘʟʤʝʱʝʥ ʥʘ ʥʝʩʢʦʣʴʢʠʭ ʫʟʣʘʭ. 

http://logic.pdmi.ras.ru/~yura/internet/02ia-seminar-note.pdf
mailto:takasy94@gmail.com.
mailto:takasy94@gmail.com.
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ʆʪʢʘʟʦʫʩʪʦʡʯʠʚʦʩʪʴ 

HDFS ʨʘʩʮʝʥʠʚʘʝʪ ʚʳʭʦʜ ʠʟ ʩʪʨʦʷ ʫʟʣʘ ʜʘʥʥʳʭ ʢʘʢ ʥʦʨʤʫ, ʘ ʥʝ ʢʘʢ ʠʩʢʣʶʯʝʥʠʝ (ʠ, 

ʜʝʡʩʪʚʠʪʝʣʴʥʦ, ʚʝʨʦʷʪʥʦʩʪʴ ʚʳʭʦʜʘ ʭʦʪʷ ʙʳ ʦʜʥʦʛʦ ʫʟʣʘ ʠʟ ʪʳʩʷʯʠ ʜʘʞʝ ʥʘ ʥʘʜʝʞʥʦʤ 

ʬʠʟʠʯʝʩʢʦʤ ʦʙʦʨʫʜʦʚʘʥʠʠ ʩʫʱʝʩʪʚʝʥʥʘʷ). 

ɸʨʭʠʪʝʢʪʫʨʥʳʝ ʨʝʰʝʥʠʷ: 

¶ ɼʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʦʪʢʘʟʦʫʩʪʦʡʯʠʚʦʩʪʠ ʚʩʝ ʜʘʥʥʳʝ ʚ HDFS ʨʝʧʣʠʮʠʨʫʶʪʩʷ 

ʥʘʩʪʨʘʠʚʘʝʤʦʝ ʢʦʣʠʯʝʩʪʚʦ ʨʘʟ. ʇʦʜʨʦʙʥʝʝ ʦ ʪʦʤ, ʢʘʢ ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ ʨʝʧʣʠʢʘʮʠʷ ʚ 

Hadoop-ʢʣʘʩʪʝʨʝ ʥʘ ʫʨʦʚʥʝ ʬʘʡʣʦʚʦʡ ʩʠʩʪʝʤʝ, ʦʧʠʩʘʥʦ ʚ ʨʘʟʜʝʣʝ çʌʘʡʣʦʚʳʝ ʦʧʝʨʘʮʠʠ 

ʠ ʨʝʧʣʠʢʘʮʠʷè. 

¶ ɿʘʱʠʪʘ ʦʪ ʢʦʧʠʨʦʚʘʥʠʷ ʧʦʚʨʝʞʜʝʥʥʳʭ ʜʘʥʥʳʭ ʨʝʰʝʥʘ ʩ ʧʦʤʦʱʴʶ ʭʨʘʥʝʥʠʷ 

ʢʦʥʪʨʦʣʴʥʳʭ ʩʫʤʤ ʚ ʦʪʜʝʣʴʥʦʤ ʩʢʨʳʪʦʤ ʬʘʡʣʝ. 

¶ ʂʦʧʠʨʦʚʘʥʠʝ ʤʝʪʘʜʘʥʥʳʭ ʩ ʧʦʤʦʱʴʶ ʚʪʦʨʠʯʥʦʛʦ ʫʟʣʘ ʠʤʝʥ. 

 

ʉʘʤʦʜʠʘʛʥʦʩʪʠʢʘ 

ɼʠʘʛʥʦʩʪʠʢʘ ʠʩʧʨʘʚʥʦʩʪʠ ʫʟʣʦʚ ʚ Hadoop-ʢʣʘʩʪʝʨʝ ʥʝ ʜʦʣʞʥʘ ʪʨʝʙʦʚʘʪʴ 

ʜʦʧʦʣʥʠʪʝʣʴʥʦʛʦ ʘʜʤʠʥʠʩʪʨʠʨʦʚʘʥʠʷ. 

ɸʨʭʠʪʝʢʪʫʨʥʳʝ ʨʝʰʝʥʠʷ: 

¶ ʂʘʞʜʳʡ ʫʟʝʣ ʜʘʥʥʳʭ ʯʝʨʝʟ ʦʧʨʝʜʝʣʝʥʥʳʝ ʠʥʪʝʨʚʘʣʳ ʚʨʝʤʝʥʠ ʦʪʧʨʘʚʣʷʝʪ 

ʜʠʘʛʥʦʩʪʠʯʝʩʢʠʝ ʩʦʦʙʱʝʥʠʷ ʫʟʣʫ ʠʤʝʥ (ʫʟʣʳ ʜʘʥʥʳʭ ʧʦʜʨʦʙʥʦ ʙʫʜʫʪ ʨʘʩʩʤʦʪʨʝʥʳ 

ʥʠʞʝ). 

¶ ʃʦʛʠʨʦʚʘʥʠʝ ʦʧʝʨʘʮʠʡ ʥʘʜ ʬʘʡʣʘʤʠ ʚ ʩʧʝʮʠʘʣʴʥʳʡ ʞʫʨʥʘʣ ʫʟʣʘ ʠʤʝʥ. 

 

ʇʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ 

ɺ ʘʧʨʝʣʝ 2008 ʛ. Hadoop ʧʦʙʠʣ ʤʠʨʦʚʦʡ ʨʝʢʦʨʜ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʚ 

ʩʪʘʥʜʘʨʪʠʟʦʚʘʥʥʦʤ ʪʝʩʪʝ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʧʦ ʩʦʨʪʠʨʦʚʢʝ ʜʘʥʥʳʭ ï 1 ʊɹʘʡʪ ʙʳʣ ʦʙʨʘʙʦʪʘʥ 

ʟʘ 309 ʩ ʥʘ ʢʣʘʩʪʝʨʝ ʠʟ 910 ʫʟʣʦʚ. 

ɸʨʭʠʪʝʢʪʫʨʥʳʝ ʨʝʰʝʥʠʷ: 

¶ ʇʨʠʥʮʠʧ çʦʜʠʥ ʨʘʟ ʟʘʧʠʩʘʪʴ ï ʤʥʦʛʦ ʨʘʟ ʧʨʦʯʠʪʘʪʴè (Write-once and read-many, 

WORM) ʧʦʣʥʦʩʪʴʶ ʦʩʚʦʙʦʞʜʘʝʪ ʩʠʩʪʝʤʫ ʦʪ ʙʣʦʢʠʨʦʚʦʢ ʪʠʧʘ çʟʘʧʠʩʴ-ʯʪʝʥʠʝè. 

ʀʟʙʘʚʠʪʴʩʷ ʦʪ ʢʦʥʬʣʠʢʪʦʚ ʤʥʦʞʝʩʪʚʝʥʥʦʡ ʟʘʧʠʩʠ ʧʨʦʝʢʪʠʨʦʚʱʠʢʠ ʨʝʰʠʣʠ, ʨʘʟʨʝʰʠʚ 

ʟʘʧʠʩʴ ʚ ʬʘʡʣ ʚ ʦʜʥʦ ʚʨʝʤʷ ʪʦʣʴʢʦ ʦʜʥʦʤʫ ʧʨʦʮʝʩʩʫ. 

¶ HDFS ʦʧʪʠʤʠʟʠʨʦʚʘʥ ʧʦʜ ʧʦʪʦʢʦʚʫʶ ʧʝʨʝʜʘʯʫ ʜʘʥʥʳʭ. 

¶ ʉʥʠʟʠʪʴ ʥʘʛʨʫʟʢʫ ʥʘ ʢʘʥʘʣʳ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ (ʘ ʠʤʝʥʥʦ ʵʪʠ ʢʘʥʘʣʳ ʯʘʱʝ ʚʩʝʛʦ 

ʷʚʣʷʶʪʩʷ ʫʟʢʠʤ ʤʝʩʪʦʤ ʚ ʨʘʩʧʨʝʜʝʣʝʥʥʳʭ ʩʨʝʜʘʭ), ʘ ʪʘʢʞʝ ʙʦʣʝʝ ʨʘʮʠʦʥʘʣʴʥʦ 

ʠʩʧʦʣʴʟʦʚʘʪʴ ʤʝʩʪʦ ʥʘ ʞʝʩʪʢʠʭ ʜʠʩʢʘʭ ʧʦʟʚʦʣʠʣʦ ʩʞʘʪʠʝ ʜʘʥʥʳʭ. 

¶ ʈʝʧʣʠʢʘʮʠʷ ʧʨʦʠʩʭʦʜʠʪ ʚ ʘʩʠʥʭʨʦʥʥʦʤ ʨʝʞʠʤʝ. 

¶ ʍʨʘʥʝʥʠʝ ʚʩʝʭ ʤʝʪʘʜʘʥʥʳʭ ʫʟʣʘ NameNode ʚ ʦʧʝʨʘʪʠʚʥʦʡ ʧʘʤʷʪʠ. 

 

ʃʠʪʝʨʘʪʫʨʘ  

1. ʊʦʤ ʋʘʡʪ. çHadoop. ʇʦʜʨʦʙʥʦʝ ʨʫʢʦʚʦʜʩʪʚʦè. ï ʇʠʪʝʨ, 2013. ï 672 ʩ. 

2. URL https://ru.bmstu.wiki/ (ʜʘʪʘ ʦʙʨʘʱʝʥʠʷ ï ʩʝʥʪʷʙʨʴ 2019 ʛ.). 

3. URL https://ru.wikipedia.org/ (ʜʘʪʘ ʦʙʨʘʱʝʥʠʷ ï ʩʝʥʪʷʙʨʴ 2019 ʛ.). 

https://ru.bmstu.wiki/HDFS_(Hadoop_Distributed_Filesystem)
https://ru.wikipedia.org/wiki/Большие_данные
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ʋɼʂ 654.16 

ʅʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʦʙʲʝʤ ʠʩʧʦʣʴʟʫʝʤʳʭ ʜʦʢʫʤʝʥʪʦʚ ʧʦʩʪʦʷʥʥʦ ʚʦʟʨʘʩʪʘʝʪ. 

ɹʳʩʪʨʘʷ ʠ ʢʘʯʝʩʪʚʝʥʥʘʷ ʦʙʨʘʙʦʪʢʘ ʜʦʢʫʤʝʥʪʘʮʠʠ, ʘ ʪʘʢʞʝ ʩʢʦʨʦʩʪʴ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʚʥʫʪʨʠ 

ʦʨʛʘʥʠʟʘʮʠʠ ʠ ʩ ʜʨʫʛʠʤʠ ʫʯʨʝʞʜʝʥʠʷʤʠ ʩʫʱʝʩʪʚʝʥʥʦ ʚʣʠʷʝʪ ʥʘ ʵʬʬʝʢʪʠʚʥʫʶ ʨʘʙʦʪʫ ʣʶʙʦʡ 

ʦʨʛʘʥʠʟʘʮʠʠ, ʚʥʝ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʝʝ ʩʬʝʨʳ ʜʝʷʪʝʣʴʥʦʩʪʠ. 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʩʪʨʝʤʠʪʝʣʴʥʦʝ ʨʘʟʚʠʪʠʝ ʪʝʭʥʦʣʦʛʠʡ ʧʦʟʚʦʣʷʝʪ ʩʦʢʨʘʪʠʪʴ ʙʦʣʴʰʦʝ 

ʢʦʣʠʯʝʩʪʚʦ ʚʨʝʤʝʥʠ, ʢʦʪʦʨʦʝ ʫʭʦʜʠʪ ʥʘ ʨʘʙʦʪʫ ʩ ʜʦʢʫʤʝʥʪʘʮʠʝʡ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ, ʦʜʥʦʡ ʠʟ 

ʚʘʞʥʝʡʰʠʭ ʟʘʜʘʯ ʢʘʞʜʦʡ ʦʨʛʘʥʠʟʘʮʠʠ ʷʚʣʷʝʪʩʷ ʘʚʪʦʤʘʪʠʟʘʮʠʷ ʨʘʙʦʪʳ ʩ ʜʦʢʫʤʝʥʪʘʤʠ, ʚ ʪʦʤ 

ʯʠʩʣʝ ʧʫʪʝʤ ʚʥʝʜʨʝʥʠʷ ʩʠʩʪʝʤʳ ʵʣʝʢʪʨʦʥʥʦʛʦ ʜʦʢʫʤʝʥʪʦʦʙʦʨʦʪʘ (ʉʕɼ). ɼʘʥʥʘʷ ʩʠʩʪʝʤʘ 

ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʧʨʦʛʨʘʤʤʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ, ʦʩʥʦʚʥʦʡ ʬʫʥʢʮʠʝʡ ʢʦʪʦʨʦʡ ʷʚʣʷʝʪʩʷ 

ʵʬʬʝʢʪʠʚʥʘʷ ʦʨʛʘʥʠʟʘʮʠʷ ʨʘʙʦʪʳ ʩ ʜʦʢʫʤʝʥʪʘʤʠ ʥʘ ʧʨʝʜʧʨʠʷʪʠʠ, ʚ ʪʦʤ ʯʠʩʣʝ ʩʦʟʜʘʥʠʝ, 

ʨʝʜʘʢʪʠʨʦʚʘʥʠʝ, ʩʦʛʣʘʩʦʚʘʥʠʝ, ʧʦʜʧʠʩʘʥʠʝ ʵʣʝʢʪʨʦʥʥʳʭ ʜʦʢʫʤʝʥʪʦʚ, ʚʳʜʘʯʘ ʟʘʜʘʥʠʡ, 

ʦʪʧʨʘʚʢʘ ʫʚʝʜʦʤʣʝʥʠʡ. ʅʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʚ ʙʦʣʴʰʠʥʩʪʚʝ ʩʣʫʯʘʷʭ ʧʨʠʤʝʥʷʶʪʩʷ ʥʦʚʳʝ 

ʪʝʭʥʦʣʦʛʠʠ ʚ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʉʕɼ, ʥʘʧʨʠʤʝʨ, ʪʝʭʥʦʣʦʛʠʷ ʙʣʦʢʯʝʡʥ. 

ʊʝʭʥʦʣʦʛʠʷ ʙʣʦʢʯʝʡʥ ʵʪʦ ʨʝʧʣʠʮʠʨʦʚʘʥʥʘʷ ʨʘʩʧʨʝʜʝʣʝʥʥʘʷ ʙʘʟʘ ʜʘʥʥʳʭ, ʢʦʪʦʨʘʷ 

ʩʦʜʝʨʞʠʪ ʧʦʩʪʦʷʥʥʦ ʨʘʩʪʫʱʠʡ ʩʧʠʩʦʢ ʟʘʧʠʩʝʡ, ʥʘʟʳʚʘʝʤʳʭ ʙʣʦʢʘʤʠ. ʂʘʞʜʳʡ ʧʦʩʣʝʜʫʶʱʠʡ 

ʙʣʦʢ ʠʤʝʝʪ ʚʨʝʤʝʥʥʫʶ ʤʝʪʢʫ ʠ ʩʩʳʣʢʫ ʥʘ ʧʨʝʜʳʜʫʱʠʡ. ʆʩʦʙʝʥʥʦʩʪʴʶ ʙʣʦʢʯʝʡʥʘ ʷʚʣʷʝʪʩʷ 

ʦʪʩʫʪʩʪʚʠʝ ʛʣʘʚʥʦʛʦ ʮʝʥʪʨʘ ʭʨʘʥʝʥʠʷ ʠ ʦʙʨʘʙʦʪʢʠ ʜʘʥʥʳʭ. ʂʦʧʠʠ ʮʝʧʦʯʝʢ ʭʨʘʥʷʪʩʷ ʫ ʢʘʞʜʦʛʦ 

ʫʯʘʩʪʥʠʢʘ ʙʣʦʢʯʝʡʥ-ʩʝʪʠ. ʇʦʣʴʟʦʚʘʪʝʣʠ ʤʦʛʫʪ ʚʣʠʷʪʴ ʪʦʣʴʢʦ ʥʘ ʪʝ ʙʣʦʢʠ, ʢ ʢʦʪʦʨʳʤ ʫ ʥʠʭ 

ʝʩʪʴ ʧʨʘʚʘ ʜʦʩʪʫʧʘ. ʕʪʠ ʧʨʘʚʘ ʢʦʥʪʨʦʣʠʨʫʶʪʩʷ ʧʨʠ ʧʦʤʦʱʠ ʢʨʠʧʪʦʛʨʘʬʠʯʝʩʢʠʭ ʘʣʛʦʨʠʪʤʦʚ 

ʰʠʬʨʦʚʘʥʠʷ. 

ʇʨʠ ʚʥʝʜʨʝʥʠʠ ʉʕɼ ʥʘ ʦʩʥʦʚʝ ʪʝʭʥʦʣʦʛʠʠ ʙʣʦʢʯʝʡʥ ʚʦʟʥʠʢʘʶʪ ʥʝʢʦʪʦʨʳʝ ʧʨʦʙʣʝʤʳ. 

ʇʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʜʘʥʥʦʡ ʪʝʭʥʦʣʦʛʠʠ ʚʦʟʥʠʢʘʶʪ ʦʨʛʘʥʠʟʘʮʠʦʥʥʳʝ ʩʣʦʞʥʦʩʪʠ. 

ɼʝʮʝʥʪʨʘʣʠʟʦʚʘʥʥʳʝ ʩʠʩʪʝʤʳ ʥʝ ʧʦʜʯʠʥʷʶʪʩʷ ʚʥʝʰʥʝʤʫ ʢʦʥʪʨʦʣʶ. ʅʝʚʦʟʤʦʞʥʦ 

ʩʘʤʦʩʪʦʷʪʝʣʴʥʦ ʧʦʚʣʠʷʪʴ ʥʘ ʨʘʟʚʠʪʠʝ ʚʩʝʡ ʩʝʪʠ. ɼʣʷ ʚʥʝʩʝʥʠʷ ʠʟʤʝʥʝʥʠʡ ʥʝʦʙʭʦʜʠʤʦ 

ʩʦʛʣʘʩʠʝ ʙʦʣʝʝ ʯʝʤ ʧʦʣʦʚʠʥʳ ʚʩʝʭ ʧʦʣʴʟʦʚʘʪʝʣʝʡ. ɹʣʦʢʯʝʡʥ ʧʦʜʨʘʟʫʤʝʚʘʝʪ ʠʩʢʣʶʯʠʪʝʣʴʥʦ 

ʢʦʣʣʝʢʪʠʚʥʫʶ ʦʪʚʝʪʩʪʚʝʥʥʦʩʪʴ ʠ ʧʨʠʥʷʪʠʝ ʨʝʰʝʥʠʡ ʢʦʣʣʝʛʠʘʣʴʥʳʤ ʤʝʪʦʜʦʤ. 

ɺ ʢʨʫʧʥʦʤ ʧʨʝʜʧʨʠʷʪʠʠ ʯʠʩʣʝʥʥʦʩʪʴ ʧʝʨʩʦʥʘʣʘ ʥʘʩʯʠʪʳʚʘʝʪ ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ 

ʩʦʪʨʫʜʥʠʢʦʚ, ʘ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʧʦʣʴʟʦʚʘʪʝʣʝʡ ʉʕɼ ʙʫʜʝʪ ʚʝʣʠʢʦ. ʈʘʟʨʘʙʦʪʯʠʢʘʤ ʉʕɼ 

ʧʦʪʨʝʙʫʝʪʩʷ ʥʘʩʪʨʦʡʢʘ ʜʦʚʝʨʝʥʥʦʛʦ ʜʦʩʪʫʧʘ ʢ ʩʠʩʪʝʤʝ ʜʣʷ ʢʘʞʜʦʛʦ ʧʦʣʴʟʦʚʘʪʝʣʷ, ʚ ʪʦʤ ʯʠʩʣʝ 

ʧʨʠ ʦʙʤʝʥʝ ʜʦʢʫʤʝʥʪʘʤʠ ʩʦ ʩʪʦʨʦʥʥʠʤʠ ʦʨʛʘʥʠʟʘʮʠʷʤʠ, ʚʝʜʦʤʩʪʚʘʤʠ ʠ ʬʠʟʠʯʝʩʢʠʤʠ ʣʠʮʘʤʠ 

ʅʝʤʘʣʦʚʘʞʥʦʡ ʧʨʦʙʣʝʤʦʡ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʪʝʭʥʦʣʦʛʠʠ ʙʣʦʢʯʝʡʥ ʤʦʞʝʪ ʩʪʘʪʴ ʪʦ, 

ʯʪʦ ʚ ʈʦʩʩʠʠ ʧʦʢʘ ʦʪʩʫʪʩʪʚʫʝʪ ʧʨʘʚʦʚʦʝ ʨʝʛʫʣʠʨʦʚʘʥʠʝ ʵʪʦʡ ʪʝʭʥʦʣʦʛʠʠ. ʆʜʥʘʢʦ ʜʣʷ ʧʦʜʧʠʩʠ 

ʪʨʘʥʟʘʢʮʠʡ ʚ ʙʣʦʢʯʝʡʥ-ʩʠʩʪʝʤʘʭ ʠʩʧʦʣʴʟʫʶʪʩʷ ʧʘʨʳ çʧʫʙʣʠʯʥʳʡ ʢʣʶʯ - ʧʨʠʚʘʪʥʳʡ ʢʣʶʯè. ʋ 
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ʢʘʞʜʦʛʦ ʧʦʣʴʟʦʚʘʪʝʣʷ ʝʩʪʴ ʘʜʨʝʩ, ʩ ʢʦʪʦʨʦʛʦ ʦʪʧʨʘʚʣʷʶʪʩʷ ʪʨʘʥʟʘʢʮʠʠ. ɺʩʝ ʬʦʨʤʠʨʫʝʤʳʝ 

ʪʨʘʥʟʘʢʮʠʠ ʜʦʣʞʥʳ ʙʳʪʴ ʧʦʜʧʠʩʘʥʳ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʨʠʚʘʪʥʦʛʦ ʢʣʶʯʘ, ʘ ʧʨʦʚʝʨʢʘ 

ʧʦʜʧʠʩʠ ʧʨʦʠʩʭʦʜʠʪ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʦʪʢʨʳʪʦʛʦ (ʨʘʩʰʠʬʨʦʚʘʪʴ ʠ ʧʨʦʚʝʨʠʪʴ ʧʦʜʧʠʩʴ ʤʦʞʝʪ 

ʣʶʙʦʡ ʘʜʨʝʩʘʪ). ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʬʦʨʤʠʨʫʝʪʩʷ ʧʨʦʩʪʘʷ ʵʣʝʢʪʨʦʥʥʘʷ ʮʠʬʨʦʚʘʷ ʧʦʜʧʠʩʴ, 

ʢʦʪʦʨʘʷ ʫʨʝʛʫʣʠʨʦʚʘʥʘ ʌʝʜʝʨʘʣʴʥʳʤ ʟʘʢʦʥʦʤ N 63-ʌɿ çʆʙ ʵʣʝʢʪʨʦʥʥʦʡ ʧʦʜʧʠʩʠè. 

ʊʘʢʞʝ ʩʣʝʜʫʝʪ ʧʦʤʥʠʪʴ, ʯʪʦ ʫʟʣʘʤʠ ʉʕɼ ʜʦʣʞʥʳ ʩʣʫʞʠʪʴ ʘʙʦʥʝʥʪʩʢʠʝ ʧʫʥʢʪʳ 

ʧʦʣʴʟʦʚʘʪʝʣʝʡ. ʇʘʤʷʪʴ ʢʦʤʧʴʶʪʝʨʦʚ ʙʫʜʝʪ ʟʘʧʦʣʥʷʪʴʩʷ ʥʝʧʨʝʨʳʚʥʦ ʛʝʥʝʨʠʨʫʶʱʠʤʠ 

ʙʣʦʢʘʤʠ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʩʦʜʝʨʞʘʪʴ ʜʦʢʫʤʝʥʪʳ ʨʘʟʣʠʯʥʦʛʦ ʦʙʲʝʤʘ. ɼʘʥʥʫʶ ʧʨʦʙʣʝʤʫ ʤʦʞʥʦ 

ʨʝʰʠʪʴ ʧʫʪʝʤ ʟʘʤʝʥʳ ʩʘʤʦʛʦ ʜʦʢʫʤʝʥʪʘ ʥʘ ʝʛʦ ʭʝʰ-ʩʫʤʤʫ. ʍʝʰ-ʩʫʤʤʘ ʬʘʡʣʘ ï ʵʪʦ 

ʫʥʠʢʘʣʴʥʳʡ ʠʜʝʥʪʠʬʠʢʘʪʦʨ ʬʘʡʣʘ, ʧʦʣʫʯʘʝʤʳʡ ʧʨʠ ʤʘʪʝʤʘʪʠʯʝʩʢʦʤ ʧʨʝʦʙʨʘʟʦʚʘʥʠʠ ʜʘʥʥʳʭ 

ʧʨʦʠʟʚʦʣʴʥʦʡ ʜʣʠʥʳ ʚ ʩʪʨʦʢʫ ʦʧʨʝʜʝʣʝʥʥʦʡ ʜʣʠʥʳ. ʍʝʰ-ʩʫʤʤʘ ʞʝʩʪʢʦ ʧʨʠʢʨʝʧʣʝʥʘ ʢ 

ʜʦʢʫʤʝʥʪʫ, ʚ ʩʣʫʯʘʝ ʠʟʤʝʥʝʥʠʷ ʜʦʢʫʤʝʥʪʘ ʭʦʪʷ ʙʳ ʥʘ ʦʜʠʥ ʩʠʤʚʦʣ, ʠʟʤʝʥʠʪʩʷ ʠ ʝʛʦ ʭʝʰ-

ʩʫʤʤʘ. ʕʣʝʢʪʨʦʥʥʫʶ ʧʦʜʧʠʩʴ ʤʦʞʥʦ ʩʪʘʚʠʪʴ ʥʝ ʥʘ ʩʘʤ ʜʦʢʫʤʝʥʪ, ʘ ʥʘ ʝʛʦ ʭʝʰ. ʍʝʰ-ʩʫʤʤʘ 

ʤʦʞʝʪ ʜʦʙʘʚʣʷʪʴʩʷ ʫʯʘʩʪʥʠʢʘʤʠ ʚ ʙʣʦʢʠ, ʛʜʝ ʦʥʘ ʥʘʚʩʝʛʜʘ ʦʩʪʘʝʪʩʷ. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʚ 

ʙʣʦʢʯʝʡʥʝ ʙʫʜʝʪ ʭʨʘʥʠʪʴʩʷ ʣʠʰʴ ʠʥʬʦʨʤʘʮʠʷ ʦ ʜʝʡʩʪʚʠʷʭ ʩʪʦʨʦʥ. ʉʘʤʠ ʜʦʢʫʤʝʥʪʳ ʤʦʛʫʪ 

ʙʳʪʴ ʨʘʟʤʝʱʝʥʳ ʚ ʪʨʘʜʠʮʠʦʥʥʦʡ ʙʘʟʝ ʜʘʥʥʳʭ ʥʘ ʚʳʜʝʣʝʥʥʦʤ ʩʝʨʚʝʨʝ, ʘ ʧʦʠʩʢ ʠ 

ʠʜʝʥʪʠʬʠʢʘʮʠʷ ʜʦʢʫʤʝʥʪʘ ʙʫʜʝʪ ʦʩʫʱʝʩʪʚʣʷʪʴʩʷ ʧʦ ʟʥʘʯʝʥʠʶ ʭʝʰ-ʩʫʤʤʳ. 

ʉʕɼ ʥʘ ʦʩʥʦʚʝ ʪʝʭʥʦʣʦʛʠʠ ʙʣʦʢʯʝʡʥ ʦʙʝʩʧʝʯʠʚʘʝʪ ʥʘʣʠʯʠʝ ʪʘʢʠʭ ʧʨʠʥʮʠʧʦʚ, ʢʘʢ 

ʚʳʩʦʢʠʡ ʫʨʦʚʝʥʴ ʜʦʚʝʨʠʷ ʢ ʩʠʩʪʝʤʝ, ʠʭ ʤʘʢʩʠʤʘʣʴʥʘʷ ʟʘʱʠʱʝʥʥʦʩʪʴ, ʦʙʱʝʜʦʩʪʫʧʥʦʩʪʴ ʜʣʷ 

ʚʩʝʭ ʫʯʘʩʪʥʠʢʦʚ, ʦʪʢʨʳʪʦʩʪʴ ʧʨʠ ʧʝʨʝʜʘʯʝ ʠ ʦʪʩʫʪʩʪʚʠʝ ʧʦʩʨʝʜʥʠʢʦʚ ʠ ʚ ʪʨʝʪʴʝʡ ʜʦʚʝʨʝʥʥʦʡ 

ʩʪʦʨʦʥʳ. 
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ɺʦʟʨʘʩʪʘʶʱʠʝ ʪʨʝʙʦʚʘʥʠʷ ʢ ʩʦʚʨʝʤʝʥʥʳʤ ʢʦʨʧʦʨʘʪʠʚʥʳʤ ʧʨʠʣʦʞʝʥʠʷʤ, ʪʘʢʠʝ ʢʘʢ 

ʚʦʟʤʦʞʥʦʩʪʴ ʧʨʝʜʦʩʪʘʚʣʝʥʠʷ ʧʨʦʛʨʘʤʤʥʦʛʦ  ʠʥʪʝʨʬʝʡʩʘ (API), ʠʥʪʝʛʨʘʮʠʷ ʩ ʜʨʫʛʠʤʠ 

ʧʨʠʣʦʞʝʥʠʷʤʠ ʯʝʨʝʟ ʨʘʟʣʠʯʥʳʝ ʚʝʙ-ʩʣʫʞʙʳ, ʦʙʨʘʙʦʪʢʘ ʙʦʣʴʰʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʟʘʧʨʦʩʦʚ, 

ʤʘʩʰʪʘʙʠʨʫʝʤʦʩʪʴ, ʦʙʝʩʧʝʯʝʥʠʝ ʥʝʦʙʭʦʜʠʤʦʡ ʩʢʦʨʦʩʪʠ ʜʦʩʪʫʧʘ ʢ ʠʥʬʦʨʤʘʮʠʠ, ʦʙʝʩʧʝʯʝʥʠʝ 

ʚʳʩʦʢʦʡ ʥʘʜʝʞʥʦʩʪʠ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ, ʠʩʢʣʶʯʝʥʠʝ ʠ 

ʤʠʥʠʤʠʟʘʮʠʷ ʨʠʩʢʦʚ ʫʪʝʯʢʠ ʢʦʨʧʦʨʘʪʠʚʥʳʭ ʜʘʥʥʳʭ, ʧʨʠʚʦʜʷʪ ʢ ʪʦʤʫ, ʯʪʦ ʢʦʨʧʦʨʘʪʠʚʥʳʝ 

ʧʨʠʣʦʞʝʥʠʷ ʩ ʤʦʥʦʣʠʪʥʦʡ ʘʨʭʠʪʝʢʪʫʨʦʡ ʩʪʘʥʦʚʷʪʩʷ ʥʝʫʜʦʙʥʳʤʠ ʚ ʨʘʟʨʘʙʦʪʢʝ, ʩʣʦʞʥʦ 

ʪʝʩʪʠʨʫʶʪʩʷ ʠ ʚʚʦʜʷʪʩʷ ʚ ʵʢʩʧʣʫʘʪʘʮʠʶ ʩ ʙʦʣʴʰʠʤʠ ʚʨʝʤʝʥʥʳʤʠ ʟʘʜʝʨʞʢʘʤʠ. 

ɺ ʫʪʦʯʥʝʥʠʠ ʚʳʰʝ ʩʢʘʟʘʥʥʦʤʫ, ʢʦʨʧʦʨʘʪʠʚʥʳʝ ʧʨʠʣʦʞʝʥʠʷ ʩ ʤʦʥʦʣʠʪʥʦʡ 

ʘʨʭʠʪʝʢʪʫʨʦʡ, ʢʘʢ ʧʨʘʚʠʣʦ, ʧʨʝʜʩʪʘʚʣʷʶʪ ʠʟ ʩʝʙʷ ʧʨʠʣʦʞʝʥʠʷ ʩ 3-ʭ ʫʨʦʚʥʝʚʦʡ ʘʨʭʠʪʝʢʪʫʨʦʡ, 

ʛʜʝ ʢʘʞʜʳʡ ʫʨʦʚʝʥʴ ʦʪʚʝʯʘʝʪ ʟʘ ʬʦʨʤʠʨʦʚʘʥʠʝ ʦʧʨʝʜʝʣʝʥʥʦʛʦ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʜʣʷ 

ʧʦʣʴʟʦʚʘʪʝʣʷ, ʦʙʨʘʙʦʪʢʫ ʙʠʟʥʝʩ-ʣʦʛʠʢʠ ʧʨʠʣʦʞʝʥʠʷ, ʦʙʝʩʧʝʯʝʥʠʷ ʜʦʩʪʫʧʘ ʢ ʜʘʥʥʳʤ. 

ʋʨʦʚʝʥʴ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ï ʫʨʦʚʝʥʴ, ʩ ʢʦʪʦʨʳʤ ʚʟʘʠʤʦʜʝʡʩʪʚʫʝʪ ʧʦʣʴʟʦʚʘʪʝʣʴ, ʚʢʣʶʯʘʝʪ 

ʢʦʤʧʦʥʝʥʪʳ ʧʦʣʴʟʦʚʘʪʝʣʴʩʢʦʛʦ ʠʥʪʝʨʬʝʡʩʘ, ʪʘʢʠʝ ʢʘʢ CSS-ʩʪʠʣʠ, ʩʪʘʪʠʯʝʩʢʠ html ï ʩʪʨʘʥʠʮʳ, 

JavaScript ʢʦʜ.  

ʋʨʦʚʝʥʴ ʙʠʟʥʝʩ-ʣʦʛʠʢʠ ï ʫʨʦʚʝʥʴ ʥʘʙʦʨʘ ʢʦʤʧʦʥʝʥʪʦʚ, ʢʦʪʦʨʳʝ ʦʪʚʝʯʘʶʪ ʟʘ ʦʙʨʘʙʦʪʢʫ 

ʜʘʥʥʳʭ, ʧʦʣʫʯʝʥʥʳʭ ʦʪ ʫʨʦʚʥʷ ʧʨʝʜʩʪʘʚʣʝʥʠʷ, ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʚʟʘʠʤʦʜʝʡʩʪʚʫʝʪ ʩ ʫʨʦʚʥʝʤ 

ʜʦʩʪʫʧʘ ʢ ʜʘʥʥʳʤ, ʤʦʞʝʪ ʙʳʪʴ ʨʝʘʣʠʟʦʚʘʥ ʩ ʧʦʤʦʱʴʶ ʪʝʭʥʦʣʦʛʠʡ Java EE, ASP.NET. 

ʋʨʦʚʝʥʴ ʜʦʩʪʫʧʘ ʢ ʜʘʥʥʳʤ ï ʭʨʘʥʠʪ ʤʦʜʝʣʠ ʜʘʥʥʳʭ, ʠʩʧʦʣʴʟʫʝʤʳʭ ʩʫʱʥʦʩʪʝʡ ʚ 

ʨʘʤʢʘʭ ʙʠʟʥʝʩ-ʣʦʛʠʢʠ ʧʨʠʣʦʞʝʥʠʷ, ʦʪʚʝʯʘʝʪ ʟʘ ʤʦʥʠʪʦʨʠʥʛ ʪʨʘʥʟʘʢʮʠʡ ʠ ʧʦʜʜʝʨʞʠʚʘʝʪ 

ʢʦʥʩʠʩʪʝʥʪʥʦʝ ʩʦʩʪʦʷʥʠʝ ʜʘʥʥʳʭ. ɼʣʷ ʙʦʣʴʰʠʥʩʪʚʘ ʢʦʨʧʦʨʘʪʠʚʥʳʭ ʧʨʠʣʦʞʝʥʠʡ ʦʩʥʦʚʥʘʷ 

ʯʘʩʪʴ ʣʦʛʠʢʠ ʫʨʦʚʥʷ ʜʦʩʪʫʧʘ ʢ ʜʘʥʥʳʤ ʩʦʩʨʝʜʦʪʦʯʝʥʘ ʚ ʉʋɹɼ ʪʘʢʠʭ, ʢʘʢ MySQL, Oracle ʠ 

PostgreSQL. 

ʄʝʞʜʫ ʪʝʤ, ʢʦʨʧʦʨʘʪʠʚʥʳʝ ʧʨʠʣʦʞʝʥʠʷ ʩʪʨʝʤʠʪʝʣʴʥʦ ʵʚʦʣʶʮʠʦʥʠʨʫʶʪ, ʩʪʘʥʦʚʷʪʩʷ 

ʨʘʩʧʨʝʜʝʣʝʥʥʳʤʠ, ʤʦʛʫʪ ʧʨʝʜʦʩʪʘʚʣʷʪʴ ʦʧʨʝʜʝʣʝʥʥʫʶ ʬʫʥʢʮʠʦʥʘʣʴʥʦʩʪʴ ʠ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʚ 

ʩʦʩʪʘʚʝ ʜʨʫʛʦʛʦ ʧʨʠʣʦʞʝʥʠʷ ʩ ʧʦʤʦʱʴʶ ʚʝʙ-ʩʝʨʚʠʩʦʚ, ʦʩʥʦʚʘʥʥʳʭ ʥʘ ʧʨʦʪʦʢʦʣʘʭ REST, 

SOAP ʠ XML-RPC. ʕʪʦ ʧʨʠʚʦʜʠʪ ʢ ʪʦʤʫ, ʯʪʦ ʢʦʨʧʦʨʘʪʠʚʥʳʝ ʧʨʠʣʦʞʝʥʠʷ ʩ ʤʦʥʦʣʠʪʥʦʡ 

ʘʨʭʠʪʝʢʪʫʨʦʡ ʠʩʧʳʪʳʚʘʶʪ ʩʣʦʞʥʦʩʪʠ ʩ ʥʘʣʠʯʠʝʤ ʫʷʟʚʠʤʦʩʪʝʡ ʚ ʙʝʟʦʧʘʩʥʦʩʪʠ ʠʟ-ʟʘ ʫʯʘʩʪʠʷ ʚ 

ʧʨʦʮʝʩʩʘʭ ʤʥʦʞʝʩʪʚʘ ʩʠʩʪʝʤ, ʠʩʧʳʪʳʚʘʶʪ ʩʣʦʞʥʦʩʪʠ ʩ ʨʝʘʣʠʟʘʮʠʝʡ ʘʩʠʥʭʨʦʥʥʦʡ ʩʚʷʟʠ 

ʤʝʞʜʫ ʧʨʠʣʦʞʝʥʠʷʤʠ, ʠʩʧʳʪʳʚʘʶʪ ʧʦʪʨʝʙʥʦʩʪʴ ʚ ʩʣʦʞʥʳʭ ʤʝʭʘʥʠʟʤʘʭ ʫʧʨʘʚʣʝʥʠʷ 

ʪʨʘʥʟʘʢʮʠʷʤʠ ʧʨʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷʭ ʤʝʞʜʫ ʣʦʛʠʯʝʩʢʠ ʨʘʟʜʝʣʴʥʳʤʠ ʩʠʩʪʝʤʘʤʠ ʠ ʠʭ ʫʨʦʚʥʷʤʠ. 

ʆʩʦʙʦʝ ʚʥʠʤʘʥʠʝ ʩʣʝʜʫʝʪ ʫʜʝʣʠʪʴ ʢ ʚʦʟʨʘʩʪʘʶʱʠʤ ʪʨʝʙʦʚʘʥʠʷʤ ʢ ʧʦʚʳʰʝʥʠʶ 

ʛʠʙʢʦʩʪʠ ʠ ʫʣʫʯʰʝʥʠʶ ʤʘʩʰʪʘʙʠʨʫʝʤʦʩʪʠ ʢʦʨʧʦʨʘʪʠʚʥʦʛʦ ʧʨʠʣʦʞʝʥʠʷ, ʩʣʘʙʦʩʚʷʟʘʥʥʦʩʪʠ 

ʝʛʦ ʧʨʦʛʨʘʤʤʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ ʠ ʚʦʟʤʦʞʥʦʩʪʴ ʧʦʩʪʨʦʝʥʠʷ ʩʣʦʞʥʳʭ ʩʠʩʪʝʤ ʧʫʪʝʤ ʠʥʪʝʛʨʘʮʠʠ 

ʩʝʨʚʠʩʦʚ ʦʪ ʨʘʟʣʠʯʥʳʭ ʧʨʦʠʟʚʦʜʠʪʝʣʝʡ ʥʝʟʘʚʠʩʠʤʦ ʦʪ ʠʩʧʦʣʴʟʫʝʤʳʭ ʷʟʳʢʦʚ 

ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ ʠ ʪʝʭʥʦʣʦʛʠʡ. 

ʄʦʥʦʣʠʪʥʘʷ ʘʨʭʠʪʝʢʪʫʨʘ ʢʦʨʧʦʨʘʪʠʚʥʳʭ ʧʨʠʣʦʞʝʥʠʡ ʥʝ ʧʦʟʚʦʣʷʝʪ ʙʳʩʪʨʦ ʠ 

ʦʧʝʨʘʪʠʚʥʦ ʨʝʘʛʠʨʦʚʘʪʴ ʥʘ ʠʟʤʝʥʝʥʠʷ ʪʨʝʙʦʚʘʥʠʡ ʢ ʙʠʟʥʝʩ-ʣʦʛʠʢʝ ʧʨʠʣʦʞʝʥʠʷ. 

ʄʠʢʨʦʩʝʨʚʠʩʥʘʷ ʘʨʭʠʪʝʢʪʫʨʘ ʨʦʜʠʣʘʩʴ ʠʟ ʤʦʥʦʣʠʪʥʦʡ ʘʨʭʠʪʝʢʪʫʨʳ. ɻʣʘʚʥʦʝ ʦʪʣʠʯʠʝ 

ʤʠʢʨʦʩʝʨʚʠʩʥʦʡ ʘʨʭʠʪʝʢʪʫʨʳ ʦʪ ʤʦʥʦʣʠʪʥʦʡ ï ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʤʠʢʨʦʩʝʨʚʠʩʦʚ, 

ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʭ ʧʨʦʛʨʘʤʤ (ʤʦʜʫʣʝʡ) ʜʣʷ ʚʳʧʦʣʥʝʥʠʷ ʙʠʟʥʝʩ-ʣʦʛʠʢʠ ʢʦʨʧʦʨʘʪʠʚʥʦʛʦ 

ʧʨʠʣʦʞʝʥʠʷ. 

ʂʦʥʮʝʧʮʠʷ ʜʝʢʦʤʧʦʟʠʮʠʠ ʩʣʦʞʥʦʡ ʩʠʩʪʝʤʳ ʢʦʨʧʦʨʘʪʠʚʥʦʛʦ ʧʨʠʣʦʞʝʥʠʷ ʥʘ 

ʤʠʢʨʦʩʝʨʚʠʩʳ ï ʵʪʦ ʩʧʦʩʦʙ ʩʦʟʜʘʥʠʷ ʧʨʠʣʦʞʝʥʠʷ ʚ ʚʠʜʝ ʥʘʙʦʨʘ ʥʝʙʦʣʴʰʠʭ ʩʝʨʚʠʩʦʚ, ʢʘʞʜʳʡ 

ʠʟ ʢʦʪʦʨʳʭ ʠʩʧʦʣʥʷʝʪʩʷ ʢʘʢ ʦʪʜʝʣʴʥʳʡ ʧʨʦʮʝʩʩ, ʢʦʪʦʨʳʡ ʦʙʤʝʥʠʚʘʝʪʩʷ ʜʘʥʥʳʤʠ, ʠʩʧʦʣʴʟʫʷ 
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ʣʠʙʦ ʩʠʥʭʨʦʥʥʳʝ ʧʨʦʪʦʢʦʣʳ, ʪʘʢʠʝ ʢʘʢ HTTPs (HTTP) ʠʣʠ ʘʩʠʥʭʨʦʥʥʳʝ ʧʨʦʪʦʢʦʣʳ, ʪʘʢʠʝ ʢʘʢ 

AMQP. 

ʄʠʢʨʦʩʝʨʚʠʩʳ ʤʦʛʫʪ ʨʘʟʨʘʙʘʪʳʚʘʪʴʩʷ ʠ ʨʘʟʚʝʨʪʳʚʘʪʴʩʷ ʥʝʟʘʚʠʩʠʤʦ ʜʨʫʛ ʦʪ ʜʨʫʛʘ. 

ʂʘʞʜʳʡ ʤʠʢʨʦʩʝʨʚʠʩ ʤʦʞʝʪ ʠʤʝʪʴ ʩʚʦʶ ʩʦʙʩʪʚʝʥʥʫʶ ʙʘʟʫ ʜʘʥʥʳʭ, ʯʪʦʙʳ ʙʳʪʴ ʦʪʜʝʣʝʥʥʦʡ ʦʪ 

ʜʨʫʛʠʭ ʩʣʫʞʙ. 

ʄʠʢʨʦʩʝʨʚʠʩʳ ʠʥʢʘʧʩʫʣʠʨʫʶʪ ʦʧʨʝʜʝʣʝʥʥʳʡ ʬʫʥʢʮʠʦʥʘʣ ʩʠʩʪʝʤʳ ʠ ʩʦʟʜʘʶʪʩʷ 

ʠʩʭʦʜʷ ʠʟ ʦʩʦʙʝʥʥʦʩʪʝʡ ʧʨʝʜʤʝʪʥʦʡ ʦʙʣʘʩʪʠ ʢʦʨʧʦʨʘʪʠʚʥʦʛʦ ʧʨʠʣʦʞʝʥʠʷ. 

ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʤʠʢʨʦʩʝʨʚʠʩʳ ï ʵʪʦ ʨʘʟʥʦʚʠʜʥʦʩʪʴ ʩʝʨʚʠʩ-ʦʨʠʝʥʪʠʨʦʚʘʥʥʦʡ 

ʘʨʭʠʪʝʢʪʫʨʳ (SOA), ʧʨʠʤʝʥʷʝʤʦʡ ʜʣʷ ʬʦʨʤʠʨʦʚʘʥʠʷ ʨʘʩʧʨʝʜʝʣʝʥʥʳʭ ʧʨʦʛʨʘʤʤʥʳʭ ʩʠʩʪʝʤ 

ʧʨʠ ʨʘʟʨʘʙʦʪʢʝ ʢʦʨʧʦʨʘʪʠʚʥʳʭ ʧʨʠʣʦʞʝʥʠʡ. ʅʘ ʜʘʥʥʳʡ ʤʦʤʝʥʪ ʤʠʢʨʦʩʝʨʚʠʩʳ ʧʦʩʪʝʧʝʥʥʦ 

ʩʪʘʥʦʚʷʪʩʷ ʩʪʘʥʜʘʨʪʦʤ ʨʘʟʚʠʪʠʷ ʢʦʨʧʦʨʘʪʠʚʥʳʭ ʧʨʦʛʨʘʤʤʥʳʭ ʩʠʩʪʝʤ. 

ʂʘʞʜʳʡ ʤʠʢʨʦʩʝʨʚʠʩ ï ʵʪʦ ʥʝʙʦʣʴʰʘʷ ʤʦʥʦʣʠʪʥʘʷ ʧʨʦʛʨʘʤʤʘ, ʢʦʪʦʨʘʷ ʚʳʧʦʣʥʷʝʪ 

ʩʚʦʶ ʬʫʥʢʮʠʶ. ɺ ʢʦʨʧʦʨʘʪʠʚʥʳʭ ʧʨʠʣʦʞʝʥʠʷʭ ʩ ʤʠʢʨʦʩʝʨʚʠʩʥʦʡ ʘʨʭʠʪʝʢʪʫʨʦʡ ʤʦʞʥʦ 

ʜʦʙʘʚʣʷʪʴ ʣʶʙʦʝ ʢʦʣʠʯʝʩʪʚʦ ʥʦʚʳʭ ʤʠʢʨʦʩʝʨʚʠʩʦʚ, ʨʘʩʰʠʨʷʷ ʬʫʥʢʮʠʦʥʘʣʴʥʦʩʪʴ ʩʠʩʪʝʤʳ. 

ʄʠʢʨʦʩʝʨʚʠʩʥʘʷ ʘʨʭʠʪʝʢʪʫʨʘ ʫʩʪʨʘʥʷʝʪ ʚʳʰʝʥʘʟʚʘʥʥʳʝ ʥʝʜʦʩʪʘʪʢʠ ʤʦʥʦʣʠʪʥʦʡ 

ʘʨʭʠʪʝʢʪʫʨʳ ʢʦʨʧʦʨʘʪʠʚʥʳʭ ʧʨʠʣʦʞʝʥʠʡ, ʦʙʝʩʧʝʯʠʚ ʠʟʦʣʷʮʠʶ ʠ ʤʠʥʠʤʠʟʘʮʠʶ ʠʟʤʝʥʝʥʠʡ 

ʩʠʩʪʝʤʳ, ʫʩʢʦʨʝʥʠʝ ʨʘʟʨʘʙʦʪʢʠ ʧʨʠʣʦʞʝʥʠʡ. 

ɺʘʞʥʦ ʫʯʠʪʳʚʘʪʴ, ʯʪʦ ʩʠʩʪʝʤʘ ʥʘ ʙʘʟʝ ʤʠʢʨʦʩʝʨʚʠʩʥʦʡ ʘʨʭʠʪʝʢʪʫʨʳ ʙʦʣʴʰʝ 

ʧʦʜʚʝʨʞʝʥʘ ʦʰʠʙʢʘʤ ʠʟ-ʟʘ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʩʝʪʠ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ ʜʣʷ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʤʝʞʜʫ 

ʤʠʢʨʦʩʝʨʚʠʩʘʤʠ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʜʦʧʦʣʥʠʪʝʣʴʥʳʤ ʠʟʜʝʨʞʢʘʤ ʧʨʠ ʦʙʨʘʙʦʪʢʝ 

ʧʦʣʴʟʦʚʘʪʝʣʴʩʢʠʭ ʟʘʧʨʦʩʦʚ ʠ ʩʣʦʞʥʝʝ ʨʝʘʣʠʟʦʚʘʪʴ ʦʙʱʝʝ ʧʦʚʝʜʝʥʠʝ ʜʣʷ ʚʩʝʭ ʤʠʢʨʦʩʝʨʚʠʩʦʚ 

(ʘʚʪʦʨʠʟʘʮʠʷ ʟʘʧʨʦʩʦʚ, ʘʛʨʝʛʘʮʠʷ ʜʘʥʥʳʭ). 

ʇʦʜʚʦʜʷ ʠʪʦʛʠ, ʧʨʝʞʜʝ ʯʝʤ ʧʨʠʥʷʪʴ ʨʝʰʝʥʠʝ ʦ ʨʘʟʨʘʙʦʪʢʝ ʢʦʨʧʦʨʘʪʠʚʥʦʛʦ 

ʧʨʠʣʦʞʝʥʠʷ ʥʘ ʙʘʟʝ ʤʠʢʨʦʩʝʨʚʠʩʥʦʡ ʘʨʭʠʪʝʢʪʫʨʳ, ʥʝʦʙʭʦʜʠʤʦ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʪʴ 

ʧʝʨʝʯʠʩʣʝʥʥʳʝ ʥʠʞʝ ʬʘʢʪʦʨʳ. 

 

ʇʨʠʛʦʜʥʦʩʪʴ ʜʣʷ ʧʨʠʣʦʞʝʥʠʡ 

 ʄʠʢʨʦʩʝʨʚʠʩʥʘʷ ʘʨʭʠʪʝʢʪʫʨʘ ʥʝʦʙʷʟʘʪʝʣʴʥʦ ʧʦʜʭʦʜʠʪ ʜʣʷ ʢʘʞʜʦʛʦ ʢʦʨʧʦʨʘʪʠʚʥʦʛʦ 

ʧʨʠʣʦʞʝʥʠʷ. ʀʟʤʝʥʝʥʠʝ ʢʦʜʘ, ʫʞʝ ʩʫʱʝʩʪʚʫʶʱʝʛʦ ʧʨʠʣʦʞʝʥʠʷ ʩ ʤʦʥʦʣʠʪʥʦʡ ʘʨʭʠʪʝʢʪʫʨʦʡ, 

ʪʘʢʞʝ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʪʨʫʜʦʝʤʢʫʶ ʟʘʜʘʯʫ. 

 

ʈʘʟʣʠʯʥʳʝ ʧʘʨʘʜʠʛʤʳ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ 

ʄʠʢʨʦʩʝʨʚʠʩʥʘʷ ʘʨʭʠʪʝʢʪʫʨʘ ʧʨʠʣʦʞʝʥʠʡ ʪʨʝʙʫʝʪ ʠʥʦʛʦ ʧʦʜʭʦʜʘ ʢ ʧʨʦʝʢʪʠʨʦʚʘʥʠʶ. 

ɼʣʷ ʜʦʩʪʠʞʝʥʠʷ ʥʘʠʣʫʯʰʠʭ ʨʝʟʫʣʴʪʘʪʦʚ ʤʦʞʝʪ ʧʦʪʨʝʙʦʚʘʪʴʩʷ ʩʣʝʜʫʶʱʝʝ: 

¶ ʧʦʥʠʤʘʥʠʝ ʧʨʠʥʮʠʧʦʚ ʨʘʙʦʪʳ ʩ ʩʦʙʳʪʠʡʥʳʤʠ ʧʨʠʣʦʞʝʥʠʷʤʠ ʙʝʟ ʮʝʥʪʨʘʣʠʟʦʚʘʥʥʦʛʦ 

ʭʨʘʥʝʥʠʷ ʨʘʙʦʯʠʭ ʜʘʥʥʳʭ; 

¶ ʫʙʝʜʠʪʴʩʷ, ʯʪʦ ʣʦʛʠʢʘ ʧʨʠʣʦʞʝʥʠʷ ʥʝ ʟʘʚʠʩʠʪ ʦʪ ʩʦʭʨʘʥʝʥʠʷ ʩʦʩʪʦʷʥʠʷ ï ʵʪʦ 

ʥʝʦʙʭʦʜʠʤʦ ʜʣʷ ʪʦʛʦ, ʯʪʦʙʳ ʨʝʘʣʠʟʦʚʘʪʴ ʦʱʫʪʠʤʳʝ ʧʨʝʠʤʫʱʝʩʪʚʘ ʙʳʩʪʨʦʛʦ 

ʤʘʩʰʪʘʙʠʨʦʚʘʥʠʷ; 

¶ ʫʯʝʩʪʴ ʚʦʟʤʦʞʥʳʝ ʧʦʙʦʯʥʳʝ ʵʬʬʝʢʪʳ ʧʨʠ ʨʘʙʦʪʝ ʩ ʘʩʠʥʭʨʦʥʥʦʡ ʩʚʷʟʴʶ; 

¶ ʫʯʝʩʪʴ ʦʛʨʘʥʠʯʝʥʠʷ ʥʘ ʦʙʨʘʙʦʪʢʫ ʦʰʠʙʦʢ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ HTTPs (HTTPs) 

ʧʨʦʪʦʢʦʣʦʚ ʚ ʦʪʣʠʯʠʝ ʦʪ ʚʥʫʪʨʝʥʥʝʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ. 
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ʅʝʧʨʝʨʳʚʥʘʷ ʠʥʪʝʛʨʘʮʠʷ ʠ ʨʘʟʚʝʨʪʳʚʘʥʠʝ ʧʨʠʣʦʞʝʥʠʷ 

 ʂʦʨʧʦʨʘʪʠʚʥʳʝ ʧʨʠʣʦʞʝʥʠʷ c ʤʠʢʨʦʩʝʨʚʠʩʥʦʡ ʘʨʭʠʪʝʢʪʫʨʦʡ ʪʨʝʙʫʶʪ ʥʝʧʨʝʨʳʚʥʫʶ 

ʠʥʪʝʛʨʘʮʠʶ, ʨʘʟʚʝʨʪʳʚʘʥʠʝ ʠ ʧʦʣʥʦʩʪʴʶ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʝ ʪʝʩʪʠʨʦʚʘʥʠʝ. ʈʘʟʨʘʙʦʪʯʠʢʠ, 

ʩʦʟʜʘʶʱʠʝ ʠʩʭʦʜʥʳʡ ʢʦʜ, ʜʦʣʞʥʳ ʦʪʚʝʯʘʪʴ ʟʘ ʥʝʛʦ ʧʦʩʣʝ ʟʘʧʫʩʢʘ ʚ ʨʘʙʦʯʝʡ ʩʨʝʜʝ. ɼʣʷ 

ʧʨʘʚʠʣʴʥʦʛʦ ʨʘʟʜʝʣʝʥʠʷ ʟʦʥ ʦʪʚʝʪʩʪʚʝʥʥʦʩʪʠ ʚ ʩʨʝʜʝ ʤʠʢʨʦʩʝʨʚʠʩʦʚ ʥʝʦʙʭʦʜʠʤʦ ʚʥʝʩʪʠ 

ʩʫʱʝʩʪʚʝʥʥʳʝ ʠʟʤʝʥʝʥʠʷ ʚ ʧʨʦʮʝʩʩʳ ʢʦʤʧʦʥʦʚʢʠ ʠ ʨʘʟʚʝʨʪʳʚʘʥʠʷ ʢʦʨʧʦʨʘʪʠʚʥʳʭ 

ʧʨʠʣʦʞʝʥʠʡ ʥʘ ʙʘʟʝ ʤʠʨʦʩʝʨʚʠʩʥʦʡ ʘʨʭʠʪʝʢʪʫʨʳ. 

 

ʃʠʪʝʨʘʪʫʨʘ 
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4. https://www.nginx.com/blog/introduction-to-microservices/  
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ʊʨʘʥʩʧʦʨʪ ï ʦʜʥʘ ʠʟ ʢʣʶʯʝʚʳʭ ʩʠʩʪʝʤ ʛʦʨʦʜʩʢʦʛʦ ʦʨʛʘʥʠʟʤʘ, ʢʦʪʦʨʫʶ ʧʦ ʚʘʞʥʦʩʪʠ 

ʫʤʝʩʪʥʦ ʩʨʘʚʥʠʪʴ ʩ ʢʨʦʚʦʩʥʘʙʞʝʥʠʝʤ. ʀʤʝʥʥʦ ʪʨʘʥʩʧʦʨʪ ʧʦʟʚʦʣʷʝʪ ʛʦʨʦʜʫ ʚ ʧʦʣʥʦʡ ʤʝʨʝ 

ʚʳʧʦʣʥʷʪʴ ʩʚʷʟʫʶʱʫʶ, ʢʦʤʤʫʥʠʢʘʮʠʦʥʥʫʶ ʠ ʦʙʝʩʧʝʯʠʚʘʶʱʫʶ ʬʫʥʢʮʠʠ. ʊʝʤʘ ʪʨʘʥʩʧʦʨʪʘ 

ʢʘʩʘʝʪʩʷ ʧʨʘʢʪʠʯʝʩʢʠ ʢʘʞʜʦʛʦ ʛʦʨʦʜʩʢʦʛʦ ʞʠʪʝʣʷ, ʠ ʪʝʤ ʚʘʞʥʝʝ ʩʪʘʥʦʚʷʪʩʷ ʫʩʠʣʠʷ ʧʦ 

ʩʠʩʪʝʤʘʪʠʟʘʮʠʠ ʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʶ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʟʥʘʥʠʡ [1]. 

ʆʙʲʝʢʪʦʤ ʫʧʨʘʚʣʝʥʠʷ ʚ ʩʠʩʪʝʤʝ ʫʧʨʘʚʣʝʥʠʷ ʜʦʨʦʞʥʳʤ ʜʚʠʞʝʥʠʝʤ ʷʚʣʷʝʪʩʷ 

ʪʨʘʥʩʧʦʨʪʥʳʡ ʧʦʪʦʢ, ʩʦʩʪʦʷʱʠʡ ʠʟ ʪʝʭʥʠʯʝʩʢʠʭ ʩʨʝʜʩʪʚ (ʘʚʪʦʤʦʙʠʣʝʡ, ʤʦʪʦʮʠʢʣʦʚ, 

ʘʚʪʦʙʫʩʦʚ ʠ ʪʘʢ ʜʘʣʝʝ). ɺ ʪʦ ʞʝ ʚʨʝʤʷ ʚʦʜʠʪʝʣʠ ʘʚʪʦʤʦʙʠʣʝʡ ʚʝʜʫʪ ʩʝʙʷ ʥʘ ʜʦʨʦʛʝ ʠ 

ʨʝʘʛʠʨʫʶʪ ʥʘ ʨʘʟʣʠʯʥʳʝ ʩʦʙʳʪʠʷ ʧʦ-ʨʘʟʥʦʤʫ, ʥʝ ʚʩʝʛʜʘ ʧʨʝʜʩʢʘʟʫʝʤʦ, ʯʪʦ ʟʥʘʯʠʪʝʣʴʥʦ 

ʫʩʣʦʞʥʷʝʪ ʘʥʘʣʠʟ ʪʘʢʦʡ ʩʠʩʪʝʤʳ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʜʦʨʦʞʥʦʝ ʜʚʠʞʝʥʠʝ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ 

ʪʝʭʥʦʩʦʮʠʘʣʴʥʫʶ ʩʠʩʪʝʤʫ, ʯʪʦ ʠ ʦʧʨʝʜʝʣʷʝʪ ʝʛʦ ʩʧʝʮʠʬʠʢʫ ʢʘʢ ʦʙʲʝʢʪʘ ʫʧʨʘʚʣʝʥʠʷ. ɼʘʞʝ 

ʨʘʩʩʤʘʪʨʠʚʘʷ ʪʦʣʴʢʦ ʪʝʭʥʠʯʝʩʢʠʝ ʘʩʧʝʢʪʳ ʫʧʨʘʚʣʝʥʠʷ ʜʦʨʦʞʥʳʤ ʜʚʠʞʝʥʠʝʤ, ʥʝʦʙʭʦʜʠʤʦ 

ʠʤʝʪʴ ʚ ʚʠʜʫ, ʯʪʦ ʵʪʦʪ ʦʙʲʝʢʪ ʚʝʩʴʤʘ ʩʚʦʝʦʙʨʘʟʝʥ ʠ ʩʣʦʞʝʥ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʫʧʨʘʚʣʝʥʠʷ ʝʛʦ 

ʩʚʦʡʩʪʚʘʤʠ. 

ɼʣʷ ʫʧʨʘʚʣʝʥʠʷ ʜʦʨʦʞʥʳʤ ʜʚʠʞʝʥʠʝʤ ʥʘ ʪʨʘʥʩʧʦʨʪʥʦʡ ʩʝʪʠ ʛʦʨʦʜʦʚ ʧʦʚʩʝʤʝʩʪʥʦ 

ʠʩʧʦʣʴʟʫʶʪʩʷ ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ, ʘʣʛʦʨʠʪʤʳ ʨʘʙʦʪʳ ʢʦʪʦʨʳʭ ʦʩʥʦʚʘʥʳ ʥʘ ʤʦʜʝʣʷʭ 

ʪʨʘʥʩʧʦʨʪʥʳʭ ʧʦʪʦʢʦʚ. ʊʨʝʙʦʚʘʥʠʷ ʢ ʪʦʯʥʦʩʪʠ ʠ ʩʣʦʞʥʦʩʪʠ ʤʦʜʝʣʝʡ ʯʨʝʟʚʳʯʘʡʥʦ ʚʝʣʠʢʠ. 

http://www.ooart.ru/uploads/book/arhitektura_korporativnyh_programmnyh_prilozhenij_fauler_m.pdf
http://www.ooart.ru/uploads/book/arhitektura_korporativnyh_programmnyh_prilozhenij_fauler_m.pdf
https://www.nginx.com/blog/introduction-to-microservices/
mailto:staskirsanov@mail.ru


54 
 

ɼʦʩʪʘʪʦʯʥʦ ʩʢʘʟʘʪʴ, ʯʪʦ ʥʘ ʧʨʦʩʪʝʡʰʝʤ ʧʝʨʝʢʨʝʩʪʢʝ ʤʦʞʝʪ ʙʳʪʴ 12 ʥʘʧʨʘʚʣʝʥʠʡ ʜʚʠʞʝʥʠʷ 

ʪʨʘʥʩʧʦʨʪʥʳʭ ʩʨʝʜʩʪʚ. ɼʣʷ ʫʯʘʩʪʢʘ ʫʣʠʯʥʦ-ʜʦʨʦʞʥʦʡ ʩʝʪʠ ʩ 10 ʪʘʢʠʤʠ ʧʝʨʝʩʝʯʝʥʠʷʤʠ ʨʝʯʴ 

ʠʜʝʪ ʫʞʝ ʦ 120 ʥʘʧʨʘʚʣʝʥʠʷʭ ʠ ʥʝʦʙʭʦʜʠʤʘ ʤʠʥʠʤʠʟʘʮʠʷ ʟʘʜʝʨʞʝʢ ʧʦ ʢʘʞʜʦʤʫ ʠʟ ʵʪʠʭ 

ʥʘʧʨʘʚʣʝʥʠʡ ʧʨʠ ʫʩʣʦʚʠʠ, ʯʪʦ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʜʚʠʞʝʥʠʷ ʧʦʩʪʦʷʥʥʦ ʠʟʤʝʥʷʝʪʩʷ ʚʦ ʚʨʝʤʝʥʠ ʠ ʚ 

ʧʨʦʩʪʨʘʥʩʪʚʝ [2]. 

ʂʨʦʤʝ ʪʦʛʦ, ʙʝʟ ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʥʝʚʦʟʤʦʞʥʦ ʧʣʘʥʠʨʦʚʘʥʠʝ 

ʩʪʨʦʠʪʝʣʴʩʪʚʘ ʥʦʚʳʭ ʠ ʤʦʜʝʨʥʠʟʘʮʠʠ ʩʫʱʝʩʪʚʫʶʱʠʭ ʪʨʘʥʩʧʦʨʪʥʳʭ ʦʙʲʝʢʪʦʚ, ʦʙʲʝʢʪʦʚ 

ʞʠʣʠʱʥʦʛʦ ʠ ʜʝʣʦʚʦʛʦ ʩʪʨʦʠʪʝʣʴʩʪʚʘ, ʩʭʝʤ ʦʨʛʘʥʠʟʘʮʠʠ ʜʦʨʦʞʥʦʛʦ ʜʚʠʞʝʥʠʷ, ʜʝʡʩʪʚʠʡ ʧʨʠ 

ʯʨʝʟʚʳʯʘʡʥʳʭ ʩʠʪʫʘʮʠʷʭ, ʨʝʰʝʥʠʝ ʮʝʣʦʛʦ ʨʷʜʘ ʜʨʫʛʠʭ ʧʨʘʢʪʠʯʝʩʢʠʭ ʟʘʜʘʯ. 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʚ ʧʨʦʤʳʰʣʝʥʥʦ ʨʘʟʚʠʪʳʭ ʩʪʨʘʥʘʭ ʘʢʪʫʘʣʠʟʠʨʫʝʪʩʷ ʧʨʦʙʣʝʤʘ 

ʧʝʨʝʛʨʫʞʝʥʥʦʩʪʠ ʜʦʨʦʞʥʳʭ ʩʝʪʝʡ ʪʨʘʥʩʧʦʨʪʦʤ, ʦʩʦʙʝʥʥʦ ʜʣʷ ʫʣʠʯʥʦ-ʜʦʨʦʞʥʳʭ ʩʝʪʝʡ 

ʢʨʫʧʥʳʭ ʛʦʨʦʜʦʚ, ʛʜʝ ʩʦʩʨʝʜʦʪʦʯʝʥʘ ʙʦʣʴʰʘʷ ʯʘʩʪʴ ʧʘʨʢʘ ʣʠʯʥʦʛʦ ʘʚʪʦʪʨʘʥʩʧʦʨʪʘ, ʘ ʪʘʢʞʝ 

ʜʣʷ ʢʣʶʯʝʚʳʭ ʤʘʛʠʩʪʨʘʣʝʡ ʠ ʪʨʘʥʩʧʦʨʪʥʳʭ ʢʦʨʠʜʦʨʦʚ, ʥʘ ʢʦʪʦʨʳʝ ʧʨʠʭʦʜʷʪʩʷ ʟʥʘʯʠʪʝʣʴʥʳʝ 

ʦʙʲʝʤʳ ʛʨʫʟʦʚʳʭ ʠ ʧʘʩʩʘʞʠʨʩʢʠʭ ʧʝʨʝʚʦʟʦʢ [3]. 

ʅʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʚ ʤʠʨʝ ʥʘʢʦʧʣʝʥ ʧʦʣʦʞʠʪʝʣʴʥʳʡ ʦʧʳʪ ʨʝʘʣʠʟʘʮʠʠ ʤʝʨʦʧʨʠʷʪʠʡ 

ʧʦ ʨʝʰʝʥʠʶ ʵʪʦʡ ʧʨʦʙʣʝʤʳ, ʚʢʣʶʯʘʶʱʠʝ ʚ ʩʝʙʷ ʤʝʨʳ, ʥʘʧʨʘʚʣʝʥʥʳʝ ʥʘ: 

¶ ʧʦʚʳʰʝʥʠʝ ʤʘʢʩʠʤʘʣʴʥʦʡ ʧʨʦʧʫʩʢʥʦʡ ʩʧʦʩʦʙʥʦʩʪʠ ʜʦʨʦʞʥʦʡ ʩʝʪʠ (ʩʪʨʦʠʪʝʣʴʩʪʚʦ ʠ 

ʨʝʢʦʥʩʪʨʫʢʮʠʷ ʜʦʨʦʞʥʳʭ ʦʙʲʝʢʪʦʚ); 

¶ ʧʦʚʳʰʝʥʠʝ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʧʨʦʧʫʩʢʥʦʡ ʩʧʦʩʦʙʥʦʩʪʠ ʜʦʨʦʞʥʦʡ ʩʝʪʠ 

(ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʝ ʦʨʛʘʥʠʟʘʮʠʠ ʜʦʨʦʞʥʦʛʦ ʜʚʠʞʝʥʠʷ, ʚʢʣʶʯʘʷ ʧʨʠʤʝʥʝʥʠʝ ɸʉʋɼɼ) 

[4]; 

¶ ʨʝʛʫʣʠʨʦʚʘʥʠʝ ʦʙʲʝʤʘ ʠ ʩʪʨʫʢʪʫʨʳ ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʩʧʨʦʩʘ (ʚʚʝʜʝʥʠʝ ʨʘʟʣʠʯʥʳʭ 

ʦʛʨʘʥʠʯʝʥʠʡ ʥʘ ʜʚʠʞʝʥʠʝ ʠ ʧʘʨʢʦʚʢʫ ʘʚʪʦʪʨʘʥʩʧʦʨʪʥʳʭ ʩʨʝʜʩʪʚ, ʩʥʠʞʝʥʠʝ 

ʧʦʪʨʝʙʥʦʩʪʝʡ ʵʢʦʥʦʤʠʢʠ ʠ ʥʘʩʝʣʝʥʠʷ ʚ ʧʝʨʝʚʦʟʢʘʭ ʟʘ ʩʯʝʪ ʤʝʨʦʧʨʠʷʪʠʡ ʚ ʩʬʝʨʝ 

ʪʝʨʨʠʪʦʨʠʘʣʴʥʦʛʦ ʧʣʘʥʠʨʦʚʘʥʠʷ ʠ ʪ.ʜ.). 

 

ʄʝʪʦʜʦʣʦʛʠʯʝʩʢʦʡ ʦʩʥʦʚʦʡ ʨʘʟʨʘʙʦʪʢʠ ʧʦʜʦʙʥʳʭ ʤʝʨʦʧʨʠʷʪʠʡ ʠ ʧʨʠʥʷʪʠʷ ʥʘʫʯʥʦ 

ʦʙʦʩʥʦʚʘʥʥʳʭ ʨʝʰʝʥʠʡ ʦʙ ʠʭ ʨʝʘʣʠʟʘʮʠʠ ʩʣʫʞʠʪ ʤʘʪʝʤʘʪʠʯʝʩʢʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʨʘʙʦʪʳ 

ʪʨʘʥʩʧʦʨʪʥʦʡ ʩʠʩʪʝʤʳ. ʊʘʢʠʝ ʤʦʜʝʣʠ ʧʦʟʚʦʣʷʶʪ: 

¶ ʦʮʝʥʠʪʴ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʧʣʘʥʠʨʫʝʤʳʭ ʤʝʨʦʧʨʠʷʪʠʡ ʢʘʢ ʚ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʭ, ʪʘʢ ʠ ʚ 

ʵʢʦʥʦʤʠʯʝʩʢʠʭ ʧʦʢʘʟʘʪʝʣʷʭ; 

¶ ʚʳʷʚʠʪʴ ʚʦʟʤʦʞʥʳʝ ʦʪʨʠʮʘʪʝʣʴʥʳʝ ʧʦʩʣʝʜʩʪʚʠʷ ʠʭ ʚʥʝʜʨʝʥʠʷ; 

¶ ʨʘʟʨʘʙʦʪʘʪʴ ʥʘʫʯʥʦ ʦʙʦʩʥʦʚʘʥʥʫʶ ʧʨʦʛʨʘʤʤʫ ʠʭ ʨʝʘʣʠʟʘʮʠʠ. 

ɺʚʠʜʫ ʪʦʛʦ, ʯʪʦ ʵʢʩʧʝʨʠʤʝʥʪʠʨʦʚʘʥʠʝ ʩ ʨʝʘʣʴʥʳʤ ʦʙʲʝʢʪʦʤ ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ 

ʥʝʛʘʪʠʚʥʳʤ ʧʦʩʣʝʜʩʪʚʠʷʤ, ʥʘʠʙʦʣʝʝ ʧʦʜʭʦʜʷʱʠʤ ʠʥʩʪʨʫʤʝʥʪʦʤ ʜʣʷ ʦʮʝʥʢʠ ʘʣʴʪʝʨʥʘʪʠʚʥʳʭ 

ʩʭʝʤ ʦʨʛʘʥʠʟʘʮʠʠ ʜʦʨʦʞʥʦʛʦ ʜʚʠʞʝʥʠʷ ʷʚʣʷʝʪʩʷ ʤʦʜʝʣʠʨʦʚʘʥʠʝ. ʆʩʦʙʝʥʥʦʩʪʠ ʪʨʘʥʩʧʦʨʪʥʳʭ 

ʩʠʩʪʝʤ ʜʝʣʘʶʪ ʥʝʚʦʟʤʦʞʥʳʤ ʧʦʩʪʨʦʝʥʠʝ ʘʜʝʢʚʘʪʥʦʡ ʘʥʘʣʠʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ, ʧʦʟʚʦʣʷʶʱʝʡ 

ʠʩʩʣʝʜʦʚʘʪʴ ʚʘʨʠʘʥʪʳ ʫʧʨʘʚʣʝʥʠʷ ʚ ʵʪʦʡ ʩʠʩʪʝʤʝ ʠ ʝʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʚ ʨʘʟʣʠʯʥʳʭ ʫʩʣʦʚʠʷʭ. 

ɺ ʪʦ ʞʝ ʚʨʝʤʷ ʠʤʠʪʘʮʠʦʥʥʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʢʘʢ ʤʝʪʦʜ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʜʦʙʥʳʭ ʦʙʲʝʢʪʦʚ 

ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʦʙʝʱʘʶʱʠʤ ʧʦʜʭʦʜʦʤ ʢ ʨʝʰʝʥʠʶ ʵʪʦʡ ʧʨʦʙʣʝʤʳ: ʦʥʦ ʧʦʟʚʦʣʷʝʪ ʙʳʩʪʨʦ ʠ ʩ 

ʭʦʨʦʰʝʡ ʪʦʯʥʦʩʪʴʶ ʧʨʦʛʥʦʟʠʨʦʚʘʪʴ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʩʣʦʞʥʳʭ ʩʠʩʪʝʤ ʧʦʜʦʙʥʦʡ ʧʨʠʨʦʜʳ ʠ 

ʦʧʪʠʤʠʟʠʨʦʚʘʪʴ ʩʫʱʝʩʪʚʝʥʥʳʝ ʧʘʨʘʤʝʪʨʳ, ʚʳʙʠʨʘʷ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʧʘʨʘʤʝʪʨʳ 

ʦʧʪʠʤʠʟʘʮʠʠ. 

ʈʦʣʴ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʢʘʢ ʩʦʩʪʘʚʣʷʶʱʝʡ ʤʝʪʦʜʦʣʦʛʠʯʝʩʢʦʛʦ 
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ʦʙʝʩʧʝʯʝʥʠʷ ʨʘʟʨʘʙʦʪʢʠ ʠ ʨʝʘʣʠʟʘʮʠʠ ʣʶʙʳʭ ʫʧʨʘʚʣʷʶʱʠʭ ʤʝʨʦʧʨʠʷʪʠʡ ʚ ʩʬʝʨʝ ʪʨʘʥʩʧʦʨʪʘ 

ʚʦʟʨʘʩʪʘʝʪ. ɺ ɺʝʣʠʢʦʙʨʠʪʘʥʠʠ, ɼʘʥʠʠ, ʐʚʝʮʠʠ ʠ ʜʨʫʛʠʭ ʩʪʨʘʥʘʭ ʨʘʟʨʘʙʦʪʘʥʳ ʥʘʮʠʦʥʘʣʴʥʳʝ 

ʤʦʜʝʣʠ ʪʨʘʥʩʧʦʨʪʥʳʭ ʩʠʩʪʝʤ, ʠʩʧʦʣʴʟʫʝʤʳʝ ʧʨʠ ʬʦʨʤʠʨʦʚʘʥʠʠ ʪʨʘʥʩʧʦʨʪʥʳʭ ʧʣʘʥʦʚ ʠ 

ʧʨʦʛʨʘʤʤ ʥʘ ʚʩʝʭ ʫʨʦʚʥʷʭ ʫʧʨʘʚʣʝʥʠʷ. ʅʘ ʨʳʥʢʝ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ ʩʝʛʦʜʥʷ ï 

ʟʥʘʯʠʪʝʣʴʥʦʝ ʯʠʩʣʦ ʧʨʠʣʦʞʝʥʠʡ ʜʣʷ ʨʘʟʨʘʙʦʪʢʠ ʨʘʟʣʠʯʥʳʭ ʪʠʧʦʚ ʪʨʘʥʩʧʦʨʪʥʳʭ ʤʦʜʝʣʝʡ. 

ʇʦ ʤʝʨʝ ʜʘʣʴʥʝʡʰʝʛʦ ʨʘʟʚʠʪʠʷ ʨʦʩʩʠʡʩʢʦʡ ʪʨʘʥʩʧʦʨʪʥʦʡ ʩʠʩʪʝʤʳ ʨʘʩʰʠʨʝʥʠʷ ʠ 

ʧʦʚʳʰʝʥʠʷ ʩʚʷʟʥʦʩʪʠ ʜʦʨʦʞʥʦʡ ʩʝʪʠ, ʚʥʝʜʨʝʥʠʷ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʭ ʪʨʘʥʩʧʦʨʪʥʳʭ ʩʠʩʪʝʤ, ʧʦ 

ʤʝʨʝ ʦʙʦʩʪʨʝʥʠʷ ʩʪʦʷʱʝʡ ʫʞʝ ʩʝʡʯʘʩ ʧʨʦʙʣʝʤʳ ʧʝʨʝʛʨʫʞʝʥʥʦʩʪʠ ʜʦʨʦʞʥʳʭ ʩʝʪʝʡ ʦʩʥʦʚʥʳʭ 

ʪʨʘʥʩʧʦʨʪʥʳʭ ʢʦʨʠʜʦʨʦʚ ʠ ʢʨʫʧʥʳʭ ʛʦʨʦʜʦʚ ï ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʧʨʠʤʝʥʝʥʠʷ ʪʨʘʥʩʧʦʨʪʥʳʭ 

ʤʦʜʝʣʝʡ ʙʫʜʝʪ ʨʘʩʪʠ [5]. 
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ʋɼʂ 621 

ɺʚʝʜʝʥʠʝ 

ʇʦʪʦʢ ʢʘʢ ʩʦʚʦʢʫʧʥʦʩʪʴ ʦʙʲʝʢʪʦʚ (ʘʚʪʦʤʦʙʠʣʝʡ), ʜʚʠʞʫʱʠʭʩʷ ʧʦ ʦʜʥʦʤʫ ʥʦʩʠʪʝʣʶ 

(ʜʦʨʦʛʝ), ʷʚʣʷʝʪʩʷ ʢʣʘʩʩʠʯʝʩʢʠʤ ʧʨʝʜʤʝʪʦʤ ʠʩʩʣʝʜʦʚʘʥʠʷ. ɸʚʪʦʤʦʙʠʣʴʥʳʡ ʨʘʜʘʨ 

ʦʩʫʱʝʩʪʚʣʷʝʪ ʤʦʥʠʪʦʨʠʥʛ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʘʚʪʦʪʨʘʥʩʧʦʨʪʥʳʭ ʧʦʪʦʢʦʚ ʠ ʧʦʟʚʦʣʷʝʪ ʠʟʤʝʨʠʪʴ 

ʢʦʣʠʯʝʩʪʚʦ ʘʚʪʦʤʦʙʠʣʝʡ, ʧʨʦʝʭʘʚʰʠʭ ʯʝʨʝʟ ʣʠʥʠʶ ʨʘʜʘʨʘ, ʠʭ ʩʢʦʨʦʩʪʴ ʠ ʜʠʩʪʘʥʮʠʶ ʤʝʞʜʫ 

ʘʚʪʦʤʦʙʠʣʷʤʠ. ʅʝʦʙʭʦʜʠʤʦ ʧʨʦʚʝʩʪʠ ʘʥʘʣʠʟ ʩʦʙʨʘʥʥʦʛʦ ʪʘʢʠʤ ʩʧʦʩʦʙʦʤ ʥʘʙʦʨʘ ʜʘʥʥʳʭ. ɼʣʷ 
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ʵʪʦʛʦ ʤʦʞʥʦ ʚʦʩʧʦʣʴʟʦʚʘʪʴʩʷ ʤʘʰʠʥʥʳʤ ʦʙʫʯʝʥʠʝʤ. ɺ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʧʝʨʚʦʡ ʟʘʜʘʯʝʡ 

ʷʚʣʷʝʪʩʷ ʟʘʜʘʯʘ ʢʣʘʩʪʝʨʠʟʘʮʠʠ, ʢʦʪʦʨʘʷ ʩʚʦʜʠʪʩʷ ʢ ʧʦʠʩʢʫ ʢʣʘʩʪʝʨʦʚ (ʥʝʟʘʚʠʩʠʤʳʭ ʛʨʫʧʧ) ʠ 

ʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʚʦ ʚʩʝʤ ʤʥʦʞʝʩʪʚʝ ʘʥʘʣʠʟʠʨʫʝʤʳʭ ʜʘʥʥʳʭ, ʧʨʠ ʵʪʦʤ ʯʠʩʣʦ ʛʨʫʧʧ ʟʘʨʘʥʝʝ 

ʥʝʠʟʚʝʩʪʥʦ. ʈʝʟʫʣʴʪʘʪʦʤ ʢʣʘʩʪʝʨʥʦʛʦ ʘʥʘʣʠʟʘ ʷʚʣʷʝʪʩʷ ʥʘʙʦʨ ʛʨʫʧʧ, ʩʦʜʝʨʞʘʱʠʭ ʵʣʝʤʝʥʪʳ 

ʠʩʭʦʜʥʦʛʦ ʤʥʦʞʝʩʪʚʘ [1]. ʈʝʰʝʥʠʝ ʵʪʦʡ ʟʘʜʘʯʠ ʧʦʤʦʛʘʝʪ ʣʫʯʰʝ ʧʦʥʷʪʴ ʜʘʥʥʳʝ ʦ 

ʪʨʘʥʩʧʦʨʪʥʦʤ ʧʦʪʦʢʝ. ɺ ʨʘʙʦʪʝ ʧʨʦʚʦʜʠʪʩʷ ʩʨʘʚʥʝʥʠʝ ʘʣʛʦʨʠʪʤʦʚ ʢʣʘʩʪʝʨʠʟʘʮʠʠ 

ʧʨʠʤʝʥʠʪʝʣʴʥʦ ʢ ʟʘʜʘʯʝ ʦ ʪʨʘʥʩʧʦʨʪʥʦʤ ʧʦʪʦʢʝ.  

 

ʆʮʝʥʢʘ ʢʘʯʝʩʪʚʘ ʢʣʘʩʪʝʨʠʟʘʮʠʠ ʩ ʧʦʤʦʱʴʶ ʤʝʪʨʠʢ, ʧʨʝʜʧʦʣʘʛʘʶʱʠʭ ʟʥʘʥʠʝ 

ʠʩʪʠʥʥʦʡ ʢʣʘʩʪʝʨʠʟʘʮʠʠ 

ʉʫʱʝʩʪʚʫʶʪ ʧʦʢʘʟʘʪʝʣʠ, ʢʦʪʦʨʳʝ ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʜʣʷ ʦʮʝʥʢʠ ʨʝʟʫʣʴʪʘʪʦʚ ʩ ʪʦʯʢʠ 

ʟʨʝʥʠʷ ʠʩʪʠʥʥʦʡ ʢʣʘʩʪʝʨʠʟʘʮʠʠ. ʅʘʠʙʦʣʝʝ ʚʘʞʥʳʤʠ ʩʨʝʜʠ ʥʠʭ ʷʚʣʷʶʪʩʷ ʩʢʦʨʨʝʢʪʠʨʦʚʘʥʥʳʡ 

ʢʦʵʬʬʠʮʠʝʥʪ ʈʵʥʜʘ (adjusted Rand index, ARI) ʠ ʥʦʨʤʘʣʠʟʦʚʘʥʥʘʷ ʚʟʘʠʤʥʘʷ ʠʥʬʦʨʤʘʮʠʷ 

(normalized mutual information, NMI), ʢʦʪʦʨʳʝ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʢʦʣʠʯʝʩʪʚʝʥʥʳʝ 

ʧʦʢʘʟʘʪʝʣʠ. ʆʥʠ ʧʨʠʥʠʤʘʶʪ ʟʥʘʯʝʥʠʷ, ʙʣʠʟʢʠʝ ʢ 0, ʧʨʠ ʩʣʫʯʘʡʥʦʤ ʥʘʟʥʘʯʝʥʠʠ ʢʣʘʩʪʝʨʦʚ, ʠ 

ʟʥʘʯʝʥʠʝ 1, ʢʦʛʜʘ ʧʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʢʣʘʩʪʝʨʠʟʘʮʠʠ ʧʦʣʥʦʩʪʴʶ ʩʦʚʧʘʜʘʶʪ ʩ 

ʬʘʢʪʠʯʝʩʢʠʤʠ [2].  

ʅʘ ʧʨʘʢʪʠʢʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʤʝʪʨʠʢ ʪʠʧʘ ARI ʩʦʧʨʷʞʝʥʦ ʩ ʙʦʣʴʰʠʤʠ ʧʨʦʙʣʝʤʘʤʠ. ʇʨʠ 

ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʘʣʛʦʨʠʪʤʦʚ ʢʣʘʩʪʝʨʠʟʘʮʠʠ, ʠʥʬʦʨʤʘʮʠʷ ʦʙ ʠʩʪʠʥʥʳʭ ʢʣʘʩʪʝʨʘʭ, ʩ ʢʦʪʦʨʦʡ 

ʤʦʞʥʦ ʙʳʣʦ ʙʳ ʩʨʘʚʥʠʪʴ ʧʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ, ʢʘʢ ʧʨʘʚʠʣʦ, ʦʪʩʫʪʩʪʚʫʝʪ. ɽʩʣʠ ʙʳ ʤʳ 

ʟʥʘʣʠ, ʢʘʢ ʚʳʛʣʷʜʠʪ ʧʨʘʚʠʣʴʥʘʷ ʢʣʘʩʪʝʨʠʟʘʮʠʷ ʜʘʥʥʳʭ, ʤʳ ʤʦʛʣʠ ʙʳ ʠʩʧʦʣʴʟʦʚʘʪʴ ʵʪʫ 

ʠʥʬʦʨʤʘʮʠʶ, ʯʪʦʙʳ ʧʦʩʪʨʦʠʪʴ ʤʦʜʝʣʴ ʢʦʥʪʨʦʣʠʨʫʝʤʦʛʦ ʦʙʫʯʝʥʠʷ ʪʠʧʘ ʢʣʘʩʩʠʬʠʢʘʪʦʨʘ. 

ʇʦʵʪʦʤʫ, ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʪʘʢʠʭ ʧʦʢʘʟʘʪʝʣʝʡ, ʢʘʢ ARI ʠ NMI, ʢʘʢ ʧʨʘʚʠʣʦ, ʧʦʤʦʛʘʝʪ ʚ 

ʨʘʟʨʘʙʦʪʢʝ ʘʣʛʦʨʠʪʤʦʚ, ʥʦ ʥʝ ʚ ʦʮʝʥʢʝ ʠʭ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʢʦʥʢʨʝʪʥʦʛʦ 

ʧʨʠʤʝʥʝʥʠʷ [3]. ʉʫʱʝʩʪʚʫʶʪ ʜʨʫʛʠʝ ʤʝʪʨʠʢʠ ʢʣʘʩʪʝʨʠʟʘʮʠʠ, ʢʦʪʦʨʳʝ ʥʝ ʪʨʝʙʫʶʪ ʟʥʘʥʠʷ 

ʠʩʪʠʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʢʣʘʩʪʝʨʠʟʘʮʠʠ. 

 

ʆʮʝʥʢʘ ʢʘʯʝʩʪʚʘ ʢʣʘʩʪʝʨʠʟʘʮʠʠ ʙʝʟ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʤʝʪʨʠʢ, ʧʨʝʜʧʦʣʘʛʘʶʱʠʭ 

ʟʥʘʥʠʝ ʠʩʪʠʥʥʦʡ ʢʣʘʩʪʝʨʠʟʘʮʠʠ 

ɼʣʷ ʢʦʣʠʯʝʩʪʚʝʥʥʦʛʦ ʦʧʨʝʜʝʣʝʥʠʷ ʢʘʯʝʩʪʚʘ ʢʣʘʩʪʝʨʠʟʘʮʠʠ ʥʘʤ ʥʫʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ 

ʚʥʫʪʨʝʥʥʠʝ ʤʝʪʨʠʢʠ, ʪʘʢʠʝ ʢʘʢ ʚʥʫʪʨʠʢʣʘʩʪʝʨʥʘʷ ʩʫʤʤʘ ʢʚʘʜʨʘʪʠʯʥʳʭ ʦʰʠʙʦʢ SSE 

(ʠʩʢʘʞʝʥʠʝ/ʠʥʝʨʮʠʷ ʢʣʘʩʪʝʨʘ). ʆʩʥʦʚʳʚʘʷʩʴ ʥʘ ʚʥʫʪʨʠʢʣʘʩʪʝʨʥʦʡ SSE, ʤʦʞʥʦ ʧʨʠʤʝʥʠʪʴ 

ʛʨʘʬʠʯʝʩʢʠʡ ʠʥʩʪʨʫʤʝʥʪ, ʥʘʟʳʚʘʝʤʳʡ ʤʝʪʦʜʦʤ ʣʦʢʪʷ, ʜʣʷ ʦʮʝʥʢʠ ʦʧʪʠʤʘʣʴʥʦʛʦ ʯʠʩʣʘ 

ʢʣʘʩʪʝʨʦʚ ʜʣʷ ʧʦʩʪʘʚʣʝʥʥʦʡ ʟʘʜʘʯʠ. ʄʦʞʥʦ ʩʢʘʟʘʪʴ, ʯʪʦ ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ ʢʣʘʩʪʝʨʦʚ ʠʩʢʘʞʝʥʠʝ 

ʫʤʝʥʴʰʘʝʪʩʷ. ʕʪʦ ʚʳʟʚʘʥʦ ʪʝʤ, ʯʪʦ ʦʙʨʘʟʮʳ ʙʫʜʫʪ ʙʣʠʞʝ ʢ ʮʝʥʪʨʦʠʜʘʤ, ʢʦʪʦʨʳʤ ʦʥʠ 

ʥʘʟʥʘʯʝʥʳ. ɺ ʦʩʥʦʚʝ ʤʝʪʦʜʘ ʣʦʢʪʷ ʣʝʞʠʪ ʠʜʝʷ, ʯʪʦ ʥʫʞʥʦ ʠʜʝʥʪʠʬʠʮʠʨʦʚʘʪʴ ʟʥʘʯʝʥʠʝ ʯʠʩʣʘ 

ʢʣʘʩʪʝʨʦʚ ʚ ʪʦʯʢʝ, ʛʜʝ ʠʩʢʘʞʝʥʠʝ ʥʘʯʠʥʘʝʪ ʫʚʝʣʠʯʠʚʘʪʴʩʷ ʙʳʩʪʨʝʝ ʚʩʝʛʦ [4].  

 

ʉʨʘʚʥʝʥʠʝ ʘʣʛʦʨʠʪʤʦʚ ʢʣʘʩʪʝʨʠʟʘʮʠʠ 

ʇʨʦʚʝʜʝʤ ʩʨʘʚʥʝʥʠʝ ʘʣʛʦʨʠʪʤʦʚ ʢʣʘʩʪʝʨʠʟʘʮʠʠ ʜʣʷ ʨʘʟʜʝʣʝʥʠʷ ʥʘ ʢʣʘʩʪʝʨʳ ʜʘʥʥʳʭ ʦ 

ʧʦʪʦʢʝ ʜʚʠʞʫʱʠʭʩʷ ʘʚʪʦʤʦʙʠʣʝʡ ʧʦ ʦʜʥʦʡ ʧʦʣʦʩʝ. ʈʘʩʩʤʦʪʨʠʤ ʘʣʛʦʨʠʪʤʳ: KMeans, 

AgglomerativeClustering, DBSCAN.  

ʅʘʠʣʫʯʰʫʶ ʢʣʘʩʪʝʨʠʟʘʮʠʶ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʦʙʲʷʩʥʝʥʠʷ ʧʦʚʝʜʝʥʠʷ ʚʦʜʠʪʝʣʝʡ ʚ 

ʧʦʣʫʯʝʥʥʳʭ ʛʨʫʧʧʘʭ, ʦʙʝʩʧʝʯʠʣ ʘʛʣʦʤʝʨʘʪʠʚʥʳʡ ʘʣʛʦʨʠʪʤ. DBSCAN ʜʘʣ ʩʪʨʘʥʥʳʡ ʨʝʟʫʣʴʪʘʪ 
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ʠ ʥʫʞʜʘʝʪʩʷ ʚ ʧʦʜʛʦʥʢʝ ʩ ʧʦʤʦʱʴʶ ʥʘʩʪʨʦʡʢʠ ʧʘʨʳ ʧʦʢʘʟʘʪʝʣʝʡ ï ʦʢʨʝʩʪʥʦʩʪʠ (eps) ʠ 

ʤʠʥʠʤʘʣʴʥʦʛʦ ʤʥʦʞʝʩʪʚʘ ʪʦʯʝʢ ʚ ʦʢʨʝʩʪʥʦʩʪʠ (min_samples) [5].  
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ɺ ʩʦʚʨʝʤʝʥʥʦʤ ʦʙʱʝʩʪʚʝ ʢʦʣʠʯʝʩʪʚʦ ʧʦʣʴʟʦʚʘʪʝʣʝʡ ʤʦʙʠʣʴʥʳʭ ʪʝʣʝʬʦʥʦʚ ʨʘʩʪʝʪ 

ʙʳʩʪʨʳʤʠ ʪʝʤʧʘʤʠ. ʉʘʤʳʤʠ ʧʦʧʫʣʷʨʥʳʤʠ ʤʦʙʠʣʴʥʳʤʠ ʫʩʪʨʦʡʩʪʚʘʤʠ ʩʚʷʟʠ ʷʚʣʷʶʪʩʷ 

ʩʤʘʨʪʬʦʥʳ. ʈʳʥʦʢ ʵʪʠʭ ʫʩʪʨʦʡʩʪʚ ʨʘʩʪʝʪ ʢʘʞʜʳʡ ʜʝʥʴ. ɸʥʘʣʠʪʠʯʝʩʢʘʷ ʢʦʤʧʘʥʠʷ Pew 

Research Center ʦʧʫʙʣʠʢʦʚʘʣʘ ʩʪʘʪʠʩʪʠʢʫ ʧʦʧʫʣʷʨʥʦʩʪʠ ʩʤʘʨʪʬʦʥʦʚ ʚ ʤʠʨʝ (2018). ɹʣʘʛʦʜʘʨʷ 

ʵʪʦʤʫ ʩʪʘʣʦ ʠʟʚʝʩʪʥʦ, ʯʪʦ 59% ʦʧʨʦʰʝʥʥʳʭ ʚʟʨʦʩʣʳʭ ʚ ʤʠʨʝ ʧʦʣʴʟʫʶʪʩʷ ʩʤʘʨʪʬʦʥʘʤʠ. ʕʪʦ 

ʧʨʠʤʝʨʥʦ 4,3 ʤʣʨʜ ʣʶʜʝʡ. 31% ʧʦʣʴʟʫʝʪʩʷ ʧʨʦʩʪʳʤʠ ʤʦʙʠʣʴʥʳʤʠ ʪʝʣʝʬʦʥʘʤʠ, ʫ 8% ʥʝʪ ʥʠ 

ʪʦʛʦ, ʥʠ ʜʨʫʛʦʛʦ.   

¶ ʇʨʝʜʧʦʣʘʛʘʝʪʩʷ, ʯʪʦ ʤʦʙʠʣʴʥʳʝ ʫʩʪʨʦʡʩʪʚʘ ʙʫʜʫʪ ʧʨʝʦʙʣʘʜʘʪʴ ʩ ʜʦʣʝʡ ʚ 79% ʦʙʱʝʛʦ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʠʥʪʝʨʥʝʪʘ ʚ 2018 ʛ. (eMarketer, 2017); 

¶ ɺʟʨʦʩʣʳʡ ʯʝʣʦʚʝʢ ʚ ʩʫʤʤʝ ʧʨʦʚʦʜʠʪ 3 ʯʘʩʘ ʠ 10 ʤʠʥʫʪ ʚ ʜʝʥʴ ʟʘ ʤʦʙʠʣʴʥʳʤ 

ʫʩʪʨʦʡʩʪʚʦʤ (Mary Meekerôs 2017 Internet Trends Report). ʕʪʦ ʧʨʠʤʝʨʥʦ 69% ʦʪ ʦʙʱʝʛʦ 

ʤʝʜʠʘ-ʚʨʝʤʝʥʠ. (comScore, 2017); 

¶ 46% ʚʣʘʜʝʣʴʮʝʚ ʩʤʘʨʪʬʦʥʦʚ ʛʦʚʦʨʷʪ, ʯʪʦ ʠʭ ʫʩʪʨʦʡʩʪʚʦ ï ʵʪʦ ʪʦ, ʙʝʟ ʯʝʛʦ ʦʥʠ çʥʝ 

ʩʤʦʛʣʠ ʙʳ ʞʠʪʴè (Pew Research, 2017). 

 

https://elibrary.ru/author_items.asp?refid=610724805&fam=%D0%93%D0%BE%D1%80%D0%BE%D0%B4%D0%BD%D0%B8%D1%87%D0%B5%D0%B2&init=%D0%9C+%D0%93
https://elibrary.ru/author_items.asp?refid=629457426&fam=%D0%93%D0%BE%D1%80%D0%BE%D0%B4%D0%BD%D0%B8%D1%87%D0%B5%D0%B2&init=%D0%9C+%D0%93
http://www.pewglobal.org/2018/06/19/2-smartphone-ownership-on-the-rise-in-emerging-economies/
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ʊʘʢʦʡ ʙʳʩʪʨʳʡ ʪʝʤʧ ʨʦʩʪʘ ʥʝ ʧʨʦʰʝʣ ʙʝʩʩʣʝʜʥʦ ʠ ʜʣʷ ʤʦʙʠʣʴʥʳʭ ʧʨʠʣʦʞʝʥʠʡ. 

ɽʞʝʜʥʝʚʥʦ ʤʥʦʛʠʝ ʠʟ ʥʘʩ ʧʦʣʴʟʫʶʪʩʷ ʧʨʠʣʦʞʝʥʠʷʤʠ ʧʦ ʪʠʧʫ: ʦʥʣʘʡʥ ʤʝʩʩʝʥʜʞʝʨʳ, 

ʤʦʙʠʣʴʥʳʝ ʙʘʥʢʠ, ʩʦʮʠʘʣʴʥʳʝ ʩʝʪʠ ʠ ʤʥʦʛʠʝ ʜʨʫʛʠʝ. ʉʦʛʣʘʩʥʦ ʩʪʘʪʠʩʪʠʢʝ: 

ʄʦʙʠʣʴʥʳʝ ʧʨʠʣʦʞʝʥʠʷ ʟʘʥʠʤʘʶʪ 52% ʦʪ ʚʩʝʛʦ ʚʨʝʤʝʥʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʩʤʘʨʪʬʦʥʘ. 

(Business2Community, 2017).  

ɺ ʩʚʷʟʠ ʩ ʪʘʢʦʡ ʧʦʧʫʣʷʨʥʦʩʪʴʶ, ʨʘʟʨʘʙʦʪʯʠʢʠ ʩʦʟʜʘʶʪ ʚʩʝ ʙʦʣʴʰʝ ʠ ʙʦʣʴʰʝ 

ʧʨʠʣʦʞʝʥʠʡ. ʅʦ ʤʘʣʦ ʨʘʟʨʘʙʦʪʘʪʴ ʧʨʠʣʦʞʝʥʠʝ, ʥʝ ʤʝʥʝʝ ʚʘʞʥʳʤ ʘʩʧʝʢʪʦʤ ʷʚʣʷʝʪʩʷ ʢʘʯʝʩʪʚʦ 

ʩʘʤʦʛʦ ʧʨʠʣʦʞʝʥʠʷ. ʊʫʪ-ʪʦ ʠ ʥʘʩʪʫʧʘʝʪ ʟʦʥʘ ʦʪʚʝʪʩʪʚʝʥʥʦʩʪʠ ʪʝʩʪʠʨʦʚʘʥʠʷ. 

ʎʝʣʴ ʪʝʩʪʠʨʦʚʘʥʠʷ ï ʵʪʦ ʧʨʦʚʝʨʢʘ ʩʦʦʪʚʝʪʩʪʚʠʷ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ (ʇʆ) 

ʧʨʝʜʲʷʚʣʷʝʤʳʤ ʪʨʝʙʦʚʘʥʠʷʤ, ʦʙʝʩʧʝʯʝʥʠʝ ʫʚʝʨʝʥʥʦʩʪʠ ʚ ʢʘʯʝʩʪʚʝ ʇʆ, ʧʦʠʩʢ ʦʯʝʚʠʜʥʳʭ 

ʦʰʠʙʦʢ ʚ ʧʨʦʛʨʘʤʤʥʦʤ ʦʙʝʩʧʝʯʝʥʠʠ, ʢʦʪʦʨʳʝ ʜʦʣʞʥʳ ʙʳʪʴ ʚʳʷʚʣʝʥʳ ʜʦ ʪʦʛʦ, ʢʘʢ ʠʭ 

ʦʙʥʘʨʫʞʘʪ ʧʦʣʴʟʦʚʘʪʝʣʠ ʧʨʦʛʨʘʤʤʳ. 

ʆʙʥʘʨʫʞʝʥʠʝ ʠ ʠʩʧʨʘʚʣʝʥʠʝ ʦʰʠʙʦʢ ʩʦʩʪʘʚʣʷʝʪ 40-80% ʦʙʱʝʡ ʩʪʦʠʤʦʩʪʠ ʨʘʟʨʘʙʦʪʢʠ 

ʇʆ. ʊʘʢʠʝ ʙʦʣʴʰʠʝ ʩʨʝʜʩʪʚʘ ʪʨʘʪʷʪʩʷ ʥʘ ʧʦʠʩʢ ʠ ʫʩʪʨʘʥʝʥʠʝ ʦʰʠʙʦʢ, ʢʦʪʦʨʳʝ ʝʩʪʴ ʚ ʣʶʙʦʤ 

ʧʨʦʜʫʢʪʝ. 

ʊʘʢʞʝ ʩʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʙʦʣʴʰʫʶ ʜʦʣʶ ʨʳʥʢʘ ʧʨʠʣʦʞʝʥʠʡ ʟʘʥʠʤʘʶʪ ʧʨʠʣʦʞʝʥʠʷ, 

ʧʦʩʪʨʦʝʥʥʳʝ ʥʘ ʘʨʭʠʪʝʢʪʫʨʝ ʢʣʠʝʥʪ-ʩʝʨʚʝʨ. ʇʦʵʪʦʤʫ ʪʝʩʪʠʨʦʚʘʪʴ ʧʨʠʜʝʪʩʷ ʥʝ ʪʦʣʴʢʦ ʩʘʤʦ 

ʧʨʠʣʦʞʝʥʠʝ, ʥʦ ʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʩ ʩʝʨʚʝʨʦʤ. 

ɼʣʷ ʫʧʨʦʱʝʥʠʷ ʟʘʜʘʯ ʪʝʩʪʠʨʦʚʘʥʠʷ ʧʨʠʣʦʞʝʥʠʡ ʪʝʩʪʠʨʦʚʱʠʢʠ ʚʥʝʜʨʷʶʪ 

ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʝ ʪʝʩʪʠʨʦʚʘʥʠʝ. ɸʚʪʦʤʘʪʠʟʘʮʠʷ ʪʝʩʪʠʨʦʚʘʥʠʷ ʦʪʢʨʳʚʘʝʪ ʤʥʦʞʝʩʪʚʦ 

ʚʦʟʤʦʞʥʦʩʪʝʡ, ʠ, ʚ ʯʘʩʪʥʦʩʪʠ, ʧʦʟʚʦʣʷʝʪ ʩʦʟʜʘʚʘʪʴ ʢʘʯʝʩʪʚʝʥʥʳʝ ʧʨʠʣʦʞʝʥʠʷ ʩ ʤʝʥʴʰʠʤʠ 

ʫʩʠʣʠʷʤʠ. ʂ ʪʦʤʫ ʞʝ ʵʢʦʥʦʤʠʪʩʷ ʠ ʚʨʝʤʷ, ʠ ʨʝʩʫʨʩʳ. 

ʇʣʶʩʳ ʘʚʪʦʤʘʪʠʟʘʮʠʠ: 

 

¶ ʂʨʫʛʣʦʩʫʪʦʯʥʳʝ ʪʝʩʪʳ. 

¶ ʇʦʚʪʦʨʥʦʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ. 

¶ ʉʢʦʨʦʩʪʴ. 

¶ ʀʩʢʣʶʯʝʥʠʝ ʯʝʣʦʚʝʯʝʩʢʦʛʦ ʬʘʢʪʦʨʘ. 

¶ ʇʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ. 

¶ ʆʙʲʝʤ. 

¶ ʕʢʦʥʦʤʠʷ ʩʨʝʜʩʪʚ / ʩʠʣ. 

 

ɸʚʪʦʤʘʪʠʟʘʮʠʷ ʪʝʩʪʠʨʦʚʘʥʠʷ ʧʦʟʚʦʣʷʝʪ ʧʨʦʚʦʜʠʪʴ ʪʝʩʪʳ ʥʘ ʪʳʩʷʯʘʭ ʤʦʙʠʣʴʥʳʭ 

ʫʩʪʨʦʡʩʪʚ (ʙʦʣʝʝ 18000 ʰʪʫʢ). ʇʨʦʪʝʩʪʠʨʦʚʘʪʴ ʚʩʝ ʠʭ ʚʨʫʯʥʫʶ ʙʳʣʦ ʙʳ ʥʝʚʦʟʤʦʞʥʦ. 

ʅʘ ʚʳʭʦʜʝ ʧʦʣʫʯʘʝʤ ʙʦʣʝʝ ʢʘʯʝʩʪʚʝʥʥʦʝ ʇʆ, ʨʝʣʠʟ ʢʦʪʦʨʦʛʦ ʩʦʩʪʦʠʪʩʷ ʨʘʥʴʰʝ, ʩ 

ʤʝʥʴʰʠʤʠ ʧʨʦʙʣʝʤʘʤʠ ʠ ʤʝʥʴʰʠʤ ʦʙʲʝʤʦʤ ʟʘʜʝʡʩʪʚʦʚʘʥʥʳʭ ʨʝʩʫʨʩʦʚ. 

ʅʦ ʫ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʝʩʪʴ ʦʜʠʥ ʙʦʣʴʰʦʡ ʤʠʥʫʩ ï ʘʚʪʦʤʘʪʠʟʘʮʠʷ ʥʝ ʤʦʞʝʪ ʩʫʱʝʩʪʚʦʚʘʪʴ 

ʙʝʟ ʨʫʯʥʦʛʦ ʪʝʩʪʠʨʦʚʘʥʠʷ. ɸʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʳʝ ʪʝʩʪʳ ï ʵʪʦ ʚʩʝʛʦ ʣʠʰʴ 

ʟʘʧʨʦʛʨʘʤʤʠʨʦʚʘʥʥʳʝ ʰʘʛʠ ʜʣʷ ʚʳʧʦʣʥʝʥʠʷ ʢʘʢʦʛʦ-ʣʠʙʦ ʩʮʝʥʘʨʠʷ, ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʢʘʢʦʛʦ-

ʣʠʙʦ ʠʥʩʪʨʫʤʝʥʪʘ. ɸ ʩʘʤʠ ʩʮʝʥʘʨʠʠ ʪʝʩʪʠʨʦʚʱʠʢʠ ʧʠʰʫʪ ʚʨʫʯʥʫʶ.  

ʅʠʞʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʧʦʧʫʣʷʨʥʳʝ ʠʥʩʪʨʫʤʝʥʪʳ ʜʣʷ ʨʝʰʝʥʠʷ ʟʘʜʘʯ ʘʚʪʦʤʘʪʠʟʘʮʠʠ 

ʪʝʩʪʠʨʦʚʘʥʠʷ ʤʦʙʠʣʴʥʳʭ. 
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ʋɼʂ 004 

ʉʝʨʚʠʩ-ʦʨʠʝʥʪʠʨʦʚʘʥʥʘʷ ʘʨʭʠʪʝʢʪʫʨʘ ʥʘ ʩʤʝʥʫ ʤʦʥʦʣʠʪʘʤ 

 ʈʘʩʧʨʦʩʪʨʘʥʝʥʥʳʝ ʚ ʧʨʦʰʣʦʤ ʤʦʥʦʣʠʪʥʳʝ ʘʨʭʠʪʝʢʪʫʨʳ ʚʩʝ ʯʘʱʝ ʫʩʪʫʧʘʶʪ ʤʝʩʪʦ 

ʩʝʨʚʠʩ-ʦʨʠʝʥʪʠʨʦʚʘʥʥʳʤ ʘʨʭʠʪʝʢʪʫʨʘʤ (ʉʆɸ), ʪʦ ʝʩʪʴ ʘʨʭʠʪʝʢʪʫʨʘʤ, ʦʩʥʦʚʘʥʥʳʤ ʥʘ 

ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʤʦʜʫʣʝʡ, ʢʦʤʧʦʥʝʥʪʦʚ, ʨʘʩʧʨʝʜʝʣʝʥʥʳʭ ʠ ʩʣʘʙʦ ʩʚʷʟʘʥʥʳʭ ʤʝʞʜʫ ʩʦʙʦʡ. 

ʊʘʢʠʝ ʤʦʜʫʣʠ ʠʣʠ ʩʝʨʚʠʩʳ ʨʘʟʨʘʙʘʪʳʚʘʶʪʩʷ ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʯʪʦʙʳ ʜʣʷ ʦʙʱʝʥʠʷ ʜʨʫʛ ʩ 

ʜʨʫʛʦʤ ʙʳʣʠ ʦʧʠʩʘʥʳ ʠʥʪʝʨʬʝʡʩʳ, ʘ ʚʥʫʪʨʝʥʥʷʷ ʨʝʘʣʠʟʘʮʠʷ ʙʳʣʘ ʠʥʢʘʧʩʫʣʠʨʦʚʘʥʘ ʠ ʙʳʣʘ ʧʦ 

ʩʫʪʠ ʯʝʨʥʳʤ ʷʱʠʢʦʤ [1]. 

 ʆ ʩʝʨʚʠʩ-ʦʨʠʝʥʪʠʨʦʚʘʥʥʦʡ ʘʨʭʠʪʝʢʪʫʨʝ ʟʘʛʦʚʦʨʠʣʠ ʝʱʝ ʚ 80-ʭ ʠ ʧʦ ʩʫʪʠ ʩʚʦʜʠʪʩʷ ʢ 

ʩʣʝʜʫʶʱʠʤ ʠʜʝʷʤ: 

¶ ʤʦʜʫʣʠ ʩʦʚʤʝʩʪʠʤʳ ʤʝʞʜʫ ʩʦʙʦʡ; 

¶ ʤʦʜʫʣʠ ʩ ʙʠʟʥʝʩ-ʣʦʛʠʢʦʡ ʧʝʨʝʠʩʧʦʣʴʟʫʶʪʩʷ ʤʥʦʛʦʢʨʘʪʥʦ; 

¶ ʜʣʷ ʦʧʠʩʘʥʠʷ ʢʘʞʜʦʛʦ ʤʦʜʫʣʷ ʚʦʟʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʥʝʟʘʚʠʩʠʤʳʡ ʩʪʝʢ ʪʝʭʥʦʣʦʛʠʡ; 

¶ ʤʦʜʫʣʠ ʘʚʪʦʥʦʤʥʳ ʠ ʥʝʟʘʚʠʩʠʤʳ. 

 

 ʉʦʦʪʚʝʪʩʪʚʠʝ ʘʨʭʠʪʝʢʪʫʨʳ ʧʝʨʝʯʠʩʣʝʥʥʳʤ ʠʜʝʷʤ ʧʦʟʚʦʣʷʝʪ ʜʦʙʠʪʴʩʷ ʩʣʝʜʫʶʱʠʭ 

ʧʨʝʠʤʫʱʝʩʪʚ: 

https://elibrary.ru/contents.asp?id=36385925
https://elibrary.ru/contents.asp?id=36385925&selid=36385964
https://elibrary.ru/author_items.asp?refid=629457426&fam=%D0%93%D0%BE%D1%80%D0%BE%D0%B4%D0%BD%D0%B8%D1%87%D0%B5%D0%B2&init=%D0%9C+%D0%93
mailto:rvpolonskiy@gmail.com
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 1. ʇʦʚʳʰʝʥʥʘʷ ʩʪʘʙʠʣʴʥʦʩʪʴ. ɽʩʣʠ ʚʳʭʦʜʠʪ ʠʟ ʩʪʨʦʷ ʦʜʠʥ ʠʟ ʩʝʨʚʠʩʦʚ, ʥʘʧʨʠʤʝʨ, ʠʟ-ʟʘ 

ʦʰʠʙʢʠ, ʝʩʪʴ ʚʦʟʤʦʞʥʦʩʪʴ ʦʪʢʘʪʠʪʴ ʩʝʨʚʠʩ ʢ ʙʦʣʝʝ ʩʪʘʙʠʣʴʥʦʡ ʚʝʨʩʠʠ, ʥʝ ʧʝʨʝʟʘʧʫʩʢʘʷ ʚʩʝʛʦ 

ʧʨʠʣʦʞʝʥʠʷ. ʃʠʙʦ ʚ ʭʫʜʰʝʤ ʩʣʫʯʘʝ ʧʨʠʣʦʞʝʥʠʝ ʧʨʦʜʦʣʞʠʪ ʨʘʙʦʪʫ ʩ ʦʛʨʘʥʠʯʝʥʥʳʤ 

ʬʫʥʢʮʠʦʥʘʣʦʤ, ʜʦ ʪʝʭ ʧʦʨ, ʧʦʢʘ ʧʨʦʙʣʝʤʥʳʡ ʩʝʨʚʠʩ ʥʝ ʙʫʜʝʪ ʚʦʩʩʪʘʥʦʚʣʝʥ. ɺ ʤʦʥʦʣʠʪʥʳʭ 

ʧʨʠʣʦʞʝʥʠʷʭ ʝʩʪʴ ʧʦʚʳʰʝʥʥʳʡ ʨʠʩʢ ʚʳʭʦʜʘ ʠʟ ʩʪʨʦʷ ʚʩʝʡ ʩʠʩʪʝʤʳ ʧʨʠ ʧʦʷʚʣʝʥʠʠ ʦʰʠʙʢʠ ʚ 

ʢʘʢʦʡ-ʪʦ ʝʛʦ ʯʘʩʪʠ. 

 2. ʈʘʟʥʦʦʙʨʘʟʠʝ ʪʝʭʥʦʣʦʛʠʡ. ɼʣʷ ʢʘʞʜʦʛʦ ʢʦʥʢʨʝʪʥʦʛʦ ʩʣʫʯʘʷ ʚʦʟʤʦʞʥʦ ʧʦʜʙʠʨʘʪʴ 

ʦʧʪʠʤʘʣʴʥʳʡ ʥʘʙʦʨ ʪʝʭʥʦʣʦʛʠʡ, ʧʦʟʚʦʣʷʶʱʠʭ ʜʦʙʠʚʘʪʴʩʷ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʨʝʟʫʣʴʪʘʪʘ, ʣʠʙʦ 

ʵʢʦʥʦʤʠʪʴ ʨʝʩʫʨʩʳ ʥʘ ʨʘʟʨʘʙʦʪʢʫ. ɺ ʩʣʫʯʘʝ ʤʦʥʦʣʠʪʥʦʛʦ ʧʨʠʣʦʞʝʥʠʷ, ʝʩʪʴ ʦʛʨʘʥʠʯʝʥʠʷ ʥʘ 

ʚʳʙʨʘʥʥʳʡ ʩʪʝʢ ʪʝʭʥʦʣʦʛʠʡ, ʢʦʪʦʨʳʡ ʥʝ ʚʩʝʛʜʘ ʤʦʞʝʪ ʙʳʪʴ ʦʧʪʠʤʘʣʴʥʳʤ ʜʣʷ ʨʝʰʝʥʠʷ ʚʩʝʭ 

ʟʘʜʘʯ. 

 3. ʉʢʦʨʦʩʪʴ ʦʙʥʦʚʣʝʥʠʷ ʠ ʨʘʟʚʝʨʪʳʚʘʥʠʷ. ʂʦʛʜʘ ʜʦʙʘʚʣʝʥʠʝ ʥʦʚʦʛʦ ʬʫʥʢʮʠʦʥʘʣʘ ʠʣʠ 

ʠʩʧʨʘʚʣʝʥʠʝ ʦʰʠʙʦʢ ʚ ʩʫʱʝʩʪʚʫʶʱʝʤ ʥʝ ʪʨʝʙʫʝʪ ʧʝʨʝʩʙʦʨʢʠ ʠ ʧʝʨʝʥʘʢʘʪʳʚʘʥʠʷ ʚʩʝʛʦ 

ʧʨʠʣʦʞʝʥʠʷ, ʘ ʪʦʣʴʢʦ ʦʧʨʝʜʝʣʝʥʥʦʛʦ ʩʝʨʚʠʩʘ ï ʵʪʦ ʤʦʞʝʪ ʩʫʱʝʩʪʚʝʥʥʦ ʩʦʢʨʘʪʠʪʴ ʚʨʝʤʷ 

ʨʘʟʚʝʨʪʳʚʘʥʠʷ ʠ ʦʙʥʦʚʣʝʥʠʷ. 

 

ʄʠʢʨʦʩʝʨʚʠʩʥʘʷ ʘʨʭʠʪʝʢʪʫʨʘ ʢʘʢ ʦʜʠʥ ʠʟ ʧʦʜʭʦʜʦʚ ʉʆɸ 

 ʆ ʤʠʢʨʦʩʝʨʚʠʩʥʦʡ ʘʨʭʠʪʝʢʪʫʨʝ (ʄʉɸ) ʟʘʛʦʚʦʨʠʣʠ ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʝʜʘʚʥʦ, ʧʦʚʳʰʝʥʥʳʡ 

ʠʥʪʝʨʝʩ ʢ ʥʝʤʫ ʧʦʷʚʠʣʩʷ ʚ 2010-x ʛʛ. ʩ ʨʘʟʚʠʪʠʝʤ ʠ ʧʦʧʫʣʷʨʠʟʘʮʠʝʡ ʛʠʙʢʦʡ ʤʝʪʦʜʦʣʦʛʠʠ 

(agile) ʠ ʧʨʘʢʪʠʢ DevOps [2]. ɼʦʧʦʣʥʠʪʝʣʴʥʳʝ ʦʩʦʙʝʥʥʦʩʪʠ ʤʠʢʨʦʩʝʨʚʠʩʥʦʡ ʘʨʭʠʪʝʢʪʫʨʳ ʢʘʢ 

ʚʘʨʠʘʥʪʘ ʩʝʨʚʠʩ-ʦʨʠʝʥʪʠʨʦʚʘʥʥʦʡ ʘʨʭʠʪʝʢʪʫʨʳ ʤʦʞʥʦ ʦʧʠʩʘʪʴ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: 

¶ ʄʠʢʨʦʩʝʨʚʠʩʳ ʘʪʦʤʘʨʥʳ, ʚʳʧʦʣʥʷʶʪ ʦʧʨʝʜʝʣʝʥʥʫʶ ʫʥʠʢʘʣʴʥʫʶ ʬʫʥʢʮʠʶ, 

ʫʜʦʚʣʝʪʚʦʨʷʶʪ ʧʨʠʥʮʠʧʫ ʝʜʠʥʩʪʚʝʥʥʦʡ ʦʪʚʝʪʩʪʚʝʥʥʦʩʪʠ (single responsibility); 

¶ ʄʠʢʨʦʩʝʨʚʠʩʳ ʢʦʤʤʫʥʠʮʠʨʫʶʪ ʤʝʞʜʫ ʩʦʙʦʡ ʩ ʧʦʤʦʱʴʶ ʣʝʛʢʦʚʝʩʥʳʭ ʤʝʭʘʥʠʟʤʦʚ, 

ʟʘʯʘʩʪʫʶ ʧʨʦʛʨʘʤʤʥʳʤʠ ʠʥʪʝʨʬʝʡʩʘʤʠ ʧʦ http-ʧʨʦʪʦʢʦʣʫ; 

¶ ʄʠʢʨʦʩʝʨʚʠʩʳ ʣʝʛʢʦ ʤʘʩʰʪʘʙʠʨʫʝʤʳ. 

 

ʇʨʘʢʪʠʯʝʩʢʠʝ ʥʝʜʦʩʪʘʪʢʠ ʤʠʢʨʦʩʝʨʚʠʩʥʦʛʦ ʧʦʜʭʦʜʘ 

 ɺ ʪʝʦʨʠʠ [3] ʤʠʢʨʦʩʝʨʚʠʩʥʳʡ ʧʦʜʭʦʜ ʢ ʨʘʟʨʘʙʦʪʢʝ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ ʤʦʞʝʪ 

ʢʘʟʘʪʴʩʷ ʠʜʝʘʣʴʥʳʤ ʚʳʙʦʨʦʤ, ʥʦ ʥʘ ʧʨʘʢʪʠʢʝ ʯʘʩʪʦ ʧʨʦʷʚʣʷʶʪʩʷ ʥʝʜʦʩʪʘʪʢʠ, ʢʦʪʦʨʳʝ ʩʪʦʠʪ 

ʠʤʝʪʴ ʚ ʚʠʜʫ, ʠ ʢ ʢʦʪʦʨʳʤ ʩʪʦʠʪ ʛʦʪʦʚʠʪʴʩʷ ʟʘʨʘʥʝʝ: 

¶ ʀʟ ʘʪʦʤʘʨʥʦʩʪʠ ʤʠʢʨʦʩʝʨʚʠʩʦʚ ʚʳʪʝʢʘʝʪ ʩʣʝʜʩʪʚʠʝ, ʯʪʦ ʚ ʙʦʣʴʰʠʭ ʩʠʩʪʝʤʘʭ ʪʘʢʠʭ 

ʩʝʨʚʠʩʦʚ ʤʦʞʝʪ ʙʳʪʴ ʦʯʝʥʴ ʤʥʦʛʦ ï ʜʝʩʷʪʢʠ, ʩʦʪʥʠ, ʘ ʪʦ ʠ ʪʳʩʷʯʠ. ɸ ʵʪʦ ʩʪʦʣʴʢʦ ʞʝ 

ʠʥʪʝʨʬʝʡʩʦʚ, ʢʦʪʦʨʳʝ ʜʦʣʞʥʳ ʠʤʝʪʴ ʢʘʯʝʩʪʚʝʥʥʦʝ ʠ ʘʢʪʫʘʣʴʥʦʝ ʦʧʠʩʘʥʠʝ, ʯʝʛʦ ʥʘ 

ʧʨʘʢʪʠʢʝ ʥʝ ʚʩʝʛʜʘ ʫʜʘʝʪʩʷ ʜʦʙʠʪʴʩʷ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʨʝʛʫʣʷʨʥʦ ʚʦʟʥʠʢʘʶʪ ʧʨʦʙʣʝʤʳ ʩ 

ʢʦʨʨʝʢʪʥʳʤ ʦʙʤʝʥʦʤ ʜʘʥʥʳʤʠ ʠ ʦʙʨʘʙʦʪʢʦʡ ʨʝʟʫʣʴʪʘʪʦʚ. 

¶ ʉ ʨʦʩʪʦʤ ʢʦʣʠʯʝʩʪʚʘ ʤʠʢʨʦʩʝʨʚʠʩʦʚ ʦʩʪʨʝʡ ʚʩʪʘʝʪ ʚʦʧʨʦʩ ʛʨʘʤʦʪʥʦʛʦ ʨʘʟʚʝʨʪʳʚʘʥʠʷ, 

ʦʙʥʦʚʣʝʥʠʷ, ʤʘʩʰʪʘʙʠʨʦʚʘʥʠʷ, ʦʨʢʝʩʪʨʘʮʠʠ. ʇʦʷʚʣʷʝʪʩʷ ʤʥʦʛʦ ʨʘʙʦʪʳ ʜʣʷ DevOps 

ʩʧʝʮʠʘʣʠʩʪʦʚ ʠ ʩʪʦʠʪ ʧʦʟʘʙʦʪʠʪʴʩʷ ʟʘʨʘʥʝʝ ʦ ʥʘʣʠʯʠʠ ʪʨʝʙʫʝʤʳʭ ʥʘʚʳʢʦʚ ʚ ʢʦʤʘʥʜʝ 

ʨʘʟʨʘʙʦʪʢʠ. 

¶ ʆʜʥʦ ʠʟ ʧʨʝʠʤʫʱʝʩʪʚ ʤʠʢʨʦʩʝʨʚʠʩʥʦʛʦ ʧʦʜʭʦʜʘ, ʟʘʢʣʶʯʘʶʱʝʝʩʷ ʚ ʥʝʟʘʚʠʩʠʤʦʤ 

ʚʳʙʦʨʝ ʩʪʝʢʘ ʪʝʭʥʦʣʦʛʠʡ ʜʣʷ ʨʘʟʨʘʙʦʪʢʠ ʦʪʜʝʣʴʥʦ ʚʟʷʪʦʛʦ ʤʠʢʨʦʩʝʨʚʠʩʘ, ʥʘ ʧʨʘʢʪʠʢʝ 

ʠʩʧʦʣʴʟʫʝʪʩʷ ʢʨʘʡʥʝ ʨʝʜʢʦ. ʇʨʠʯʠʥ ʵʪʦʤʫ ʥʝʩʢʦʣʴʢʦ, ʥʘʧʨʠʤʝʨ, ʥʝ ʚʩʝʛʜʘ ʚʦʟʤʦʞʥʦ 

ʙʳʩʪʨʦ ʥʘʡʪʠ ʢʚʘʣʠʬʠʮʠʨʦʚʘʥʥʦʛʦ ʩʧʝʮʠʘʣʠʩʪʘ, ʘ ʪʝʤ ʙʦʣʝʝ ʢʦʤʘʥʜʫ ʩʧʝʮʠʘʣʠʩʪʦʚ, 
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ʚʣʘʜʝʶʱʠʭ ʥʫʞʥʳʤʠ ʥʘʚʳʢʘʤʠ ʠ ʪʝʭʥʦʣʦʛʠʷʤʠ. ʇʦʵʪʦʤʫ ʯʘʱʝ ʚʩʝʛʦ ʚ ʨʘʤʢʘʭ ʦʜʥʦʡ 

ʩʠʩʪʝʤʳ ʩʪʝʢ ʪʝʭʥʦʣʦʛʠʡ ʠʩʧʦʣʴʟʫʝʪʩʷ ʧʨʠʤʝʨʥʦ ʦʜʠʥʘʢʦʚʳʡ ʜʣʷ ʚʩʝʭ ʤʠʢʨʦʩʝʨʚʠʩʦʚ, 

ʠ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʩʠʣʴʥʦ ʦʪʣʠʯʘʶʱʝʛʦʩʷ ʦʪ ʦʙʱʝʧʨʠʥʷʪʦʛʦ ʠʥʩʪʨʫʤʝʥʪʘʨʠʷ ʥʘʦʙʦʨʦʪ 

ʚʳʟʳʚʘʝʪ ʥʝʜʦʚʦʣʴʩʪʚʦ, ʧʦʪʦʤʫ ʯʪʦ ʚ ʜʘʣʴʥʝʡʰʝʤ ʩʣʦʞʥʦ ʧʦʜʜʝʨʞʠʚʘʪʴ ʠ ʨʘʟʚʠʚʘʪʴ 

ʬʫʥʢʮʠʦʥʘʣ ʤʠʢʨʦʩʝʨʚʠʩʘ ï ʝʩʪʴ ʨʠʩʢ, ʯʪʦ ʝʛʦ ʧʨʠʜʝʪʩʷ ʧʝʨʝʧʠʩʳʚʘʪʴ ʩ ʥʫʣʷ. 
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ʀʩʩʣʝʜʦʚʘʥʠʝ ʩʣʦʞʥʳʭ ʩʠʩʪʝʤ ʧʨʝʜʧʦʣʘʛʘʝʪ ʧʦʩʪʨʦʝʥʠʝ ʘʙʩʪʨʘʢʪʥʳʭ ʤʦʜʝʣʝʡ, 

ʧʦʟʚʦʣʷʶʱʠʭ ʧʦʣʫʯʠʪʴ ʨʘʟʣʠʯʥʳʝ ʬʫʥʢʮʠʦʥʘʣʴʥʳʝ ʟʘʚʠʩʠʤʦʩʪʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʠʩʩʣʝʜʫʝʤʦʡ 

ʩʠʩʪʝʤʳ ʦʪ ʧʘʨʘʤʝʪʨʦʚ. ɼʣʷ ʦʙʨʘʙʦʪʢʠ ʠʥʬʦʨʤʘʮʠʠ ʚ ʩʦʚʨʝʤʝʥʥʳʭ ʠʥʬʦʢʦʤʤʫʥʠʢʘʮʠʦʥʥʳʭ 

ʩʠʩʪʝʤʘʭ ʠʩʧʦʣʴʟʫʶʪʩʷ ʤʥʦʞʝʩʪʚʦ ʨʘʟʣʠʯʥʳʭ ʜʠʩʮʠʧʣʠʥ ʨʘʟʜʝʣʝʥʠʷ ʚʨʝʤʝʥʠ, ʧʦʟʚʦʣʷʶʱʠʭ 

ʫʚʝʣʠʯʠʪʴ ʢʘʯʝʩʪʚʦ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʩʠʩʪʝʤ. ʊʘʢʠʝ ʜʠʩʮʠʧʣʠʥʳ ʠʟʫʯʘʶʪʩʷ ʚ ʨʘʤʢʘʭ ʪʝʦʨʠʠ 

ʩʣʫʯʘʡʥʳʭ ʧʨʦʮʝʩʩʦʚ ʠ ʪʝʦʨʠʠ ʤʘʩʩʦʚʦʛʦ ʦʙʩʣʫʞʠʚʘʥʠʷ. 

ʄʥʦʛʠʝ ʤʦʜʝʣʠ ʨʝʘʣʴʥʳʭ ʩʠʩʪʝʤ ʩʪʨʦʷʪʩʷ ʥʘ ʦʩʥʦʚʝ ʤʦʜʝʣʝʡ ʤʘʩʩʦʚʦʛʦ ʦʙʩʣʫʞʠʚʘʥʠʷ. 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʉʄʆ ʷʚʣʷʝʪʩʷ ʦʜʥʦʡ ʠʟ ʚʘʞʥʳʭ ʠ ʘʢʪʫʘʣʴʥʳʭ ʪʝʤ, ʠʤʝʶʱʝʡ ʚʣʠʷʥʠʝ ʥʝ 

ʪʦʣʴʢʦ ʥʘ ʩʦʚʨʝʤʝʥʥʫʶ ʤʘʪʝʤʘʪʠʢʫ, ʥʦ ʠ ʥʘ ʦʢʨʫʞʘʶʱʠʡ ʥʘʩ ʤʠʨ ʚ ʮʝʣʦʤ, ʧʨʠʥʦʩʷ 

ʧʨʘʢʪʠʯʝʩʢʫʶ ʧʦʣʴʟʫ ʚ ʨʝʰʝʥʠʠ ʟʘʜʘʯ ʧʦ ʦʧʪʠʤʠʟʘʮʠʠ ʪʝʭ ʠʣʠ ʠʥʳʭ ʧʨʦʮʝʩʩʦʚ, ʧʨʠʚʦʜʷ ʢ 

ʫʣʫʯʰʝʥʠʶ, ʫʚʝʣʠʯʝʥʠʶ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʧʨʝʜʧʨʠʷʪʠʷ. 

https://martinfowler.com/articles/microservices.html
https://elibrary.ru/author_items.asp?refid=629457426&fam=%25D0%2593%25D0%25BE%25D1%2580%25D0%25BE%25D0%25B4%25D0%25BD%25D0%25B8%25D1%2587%25D0%25B5%25D0%25B2&init=%25D0%259C+%25D0%2593
https://elibrary.ru/contents.asp?id=36385925
https://elibrary.ru/contents.asp?id=36385925&selid=36385964
mailto:crehslbyvas@gmail.com
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ʉʄʆ ʧʦʜʨʘʟʜʝʣʷʶʪʩʷ ʥʘ ʘʥʘʣʦʛʦʚʳʝ (ʩ ʥʝʧʨʝʨʳʚʥʳʤ ʚʨʝʤʝʥʝʤ) ʠ ʜʠʩʢʨʝʪʥʳʝ (ʩ 

ʜʠʩʢʨʝʪʥʳʤ ʚʨʝʤʝʥʝʤ). ʉʄʆ ʩ ʜʠʩʢʨʝʪʥʳʤ ʚʨʝʤʝʥʝʤ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʉʄʆ ʩ ʥʝʧʨʝʨʳʚʥʳʤ 

ʚʨʝʤʝʥʝʤ ʙʦʣʴʰʝ ʧʦʜʭʦʜʷʪ ʜʣʷ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʠ ʦʮʝʥʢʠ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ 

ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ ʩʠʩʪʝʤ, ʪʝʣʝʢʦʤʤʫʥʠʢʘʮʠʦʥʥʳʭ ʩʝʪʝʡ, ʧʨʦʤʳʰʣʝʥʥʳʭ ʩʠʩʪʝʤ, ʜʦʨʦʞʥʳʭ 

ʩʠʩʪʝʤ ʠ ʩʠʩʪʝʤ ʟʜʨʘʚʦʦʭʨʘʥʝʥʠʷ. ʇʝʨʚʘʷ ʟʘʜʘʯʘ ʪʝʦʨʠʠ ʤʘʩʩʦʚʦʛʦ ʦʙʩʣʫʞʠʚʘʥʠʷ ʙʳʣʘ 

ʨʘʩʩʤʦʪʨʝʥʘ ʝʱʝ ʤʝʞʜʫ 1908 ʠ 1922 ʛʛ., ʠ ʧʨʠʤʝʨʥʦ ʩ ʪʦʛʦ ʞʝ ʚʨʝʤʝʥʠ ʠ ʥʘʯʘʣʦʩʴ ʠʟʫʯʝʥʠʝ 

ʠʤʝʥʥʦ ʘʥʘʣʦʛʦʚʳʭ ʉʄʆ. ɸ ʉʄʆ ʩ ʜʠʩʢʨʝʪʥʳʤ ʚʨʝʤʝʥʝʤ ʧʦʜʣʝʞʠʪ ʘʢʪʠʚʥʦʤʫ ʠʟʫʯʝʥʠʶ 

ʪʦʣʴʢʦ ʣʠʰʴ ʧʦʩʣʝʜʥʠʝ 20-30 ʣʝʪ.  

ʆʜʥʦ ʠʟ ʢʣʶʯʝʚʳʭ ʧʨʝʠʤʫʱʝʩʪʚ ʉʄʆ ʩ ʜʠʩʢʨʝʪʥʳʤ ʚʨʝʤʝʥʝʤ ʥʘʜ ʉʄʆ ʩ 

ʥʝʧʨʝʨʳʚʥʳʤ ʚʨʝʤʝʥʝʤ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʜʠʩʢʨʝʪʥʳʭ ʩʠʩʪʝʤ ʜʣʷ ʘʧʧʨʦʢʩʠʤʘʮʠʠ 

ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʩʠʩʪʝʤ ʥʝʧʨʝʨʳʚʥʦʛʦ ʚʨʝʤʝʥʠ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʦʙʨʘʪʥʘʷ ʦʧʝʨʘʮʠʷ ʚ ʦʙʱʝʤ 

ʩʣʫʯʘʝ ʥʝ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʚʦʟʤʦʞʥʦʡ. ʅʝʜʦʩʪʘʪʢʠ ʫ ʉʄʆ ʩ ʜʠʩʢʨʝʪʥʳʤ ʚʨʝʤʝʥʝʤ, ʦʜʥʘʢʦ, 

ʠʤʝʶʪʩʷ. ʇʨʦʷʚʣʷʝʪʩʷ ʵʪʦ ʚ ʚʠʜʝ ʟʘʪʨʫʜʥʝʥʠʡ ʧʨʠ ʘʥʘʣʠʟʝ ʪʘʢʦʡ ʩʠʩʪʝʤʳ, ʧʦʩʢʦʣʴʢʫ, ʚ 

ʦʪʣʠʯʠʝ ʦʪ ʥʝʧʨʝʨʳʚʥʦʛʦ ʚʨʝʤʝʥʠ, ʚ ʜʠʩʢʨʝʪʥʦʤ ʚʨʝʤʝʥʠ ʤʦʞʝʪ ʦʜʥʦʚʨʝʤʝʥʥʦ ʧʨʦʠʟʦʡʪʠ 

ʥʝʩʢʦʣʴʢʦ ʠʟʤʝʥʝʥʠʡ ʩʦʩʪʦʷʥʠʡ.  

ɺ ʨʘʤʢʘʭ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʛʣʘʚʥʦʡ ʟʘʜʘʯʝʡ ʷʚʣʷʝʪʩʷ ʠʟʫʯʝʥʠʝ, ʘʥʘʣʠʟ ʠ 

ʧʝʨʝʚʦʜ ʥʝʢʦʪʦʨʳʭ (ʨʘʥʝʝ ʥʝ ʧʝʨʝʚʝʜʝʥʥʳʭ ʚ ʜʠʩʢʨʝʪʥʫʶ ʩʠʩʪʝʤʫ) ʘʥʘʣʦʛʦʚʳʭ ʉʄʆ ʚ ʉʄʆ ʩ 

ʜʠʩʢʨʝʪʥʳʤ ʚʨʝʤʝʥʝʤ ʜʣʷ ʧʨʝʜʦʩʪʘʚʣʝʥʠʷ ʥʦʚʦʡ ʨʘʩʩʤʦʪʨʝʥʥʦʡ ʩʠʩʪʝʤʳ ʩ ʜʠʩʢʨʝʪʥʳʤ 

ʚʨʝʤʝʥʝʤ ʩ ʫʞʝ ʥʦʚʳʤ, ʦʪʣʠʯʘʶʱʠʤʩʷ ʥʘʙʦʨʦʤ ʟʘʚʠʩʠʤʦʩʪʝʡ ʦʪ ʭʘʨʘʢʪʝʨʠʩʪʠʢ. ʕʪʘ ʟʘʜʘʯʘ 

ʤʦʞʝʪ ʙʳʪʴ ʚʳʧʦʣʥʝʥʘ ʜʚʫʤʷ ʩʧʦʩʦʙʘʤʠ, ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʩʪʝʧʝʥʠ ʩʣʦʞʥʦʩʪʠ 

ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʡ ʘʥʘʣʦʛʦʚʦʡ ʉʄʆ, ʘ ʠʤʝʥʥʦ: 

¶ ʘʥʘʣʠʪʠʯʝʩʢʠʤ ʤʝʪʦʜʦʤ (ʩ ʧʨʝʜʦʩʪʘʚʣʝʥʠʝʤ ʧʦʣʥʦʛʦ ʤʘʪʝʤʘʪʠʯʝʩʢʠ ʚʳʚʝʜʝʥʥʦʛʦ 

ʘʥʘʣʠʟʘ ʩʠʩʪʝʤ ʠ ʬʦʨʤʫʣ); 

¶ ʩʦʟʜʘʥʠʝʤ ʠʤʠʪʘʮʠʦʥʥʦʡ ʤʦʜʝʣʠ (ʠʩʭʦʜʷ ʠʟ ʪʝʦʨʝʪʠʯʝʩʢʠʭ ʠʣʠ ʤʘʪʝʤʘʪʠʯʝʩʢʠ 

ʥʝʧʦʣʥʳʭ (ʩʪʨʦʛʦ ʥʝʧʦʜʪʚʝʨʞʜʝʥʥʳʭ ʟʘʚʠʩʠʤʦʩʪʴʶ ʠʣʠ ʬʦʨʤʫʣʦʡ) ʧʨʝʜʧʦʣʦʞʝʥʠʡ 

ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʧʨʦʛʥʦʟʠʨʫʝʤʦʛʦ ʨʝʟʫʣʴʪʘʪʘ ʦʧʳʪʘ. 
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ʋɼʂ 681.518  

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʠʥʬʦʨʤʘʮʠʦʥʥʳʝ ʩʠʩʪʝʤʳ ʥʘ ʧʣʘʪʬʦʨʤʝ 1ʉ, ʚ ʯʘʩʪʥʦʩʪʠ ʩʠʩʪʝʤʳ 

ʥʘ ʧʣʘʪʬʦʨʤʝ 1ʉ: ʇʨʝʜʧʨʠʷʪʠʝ 8, ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʫʶʪʩʷ ʤʥʦʛʠʤʠ ʦʨʛʘʥʠʟʘʮʠʷʤʠ ʨʘʟʣʠʯʥʦʡ 

ʦʨʛʘʥʠʟʘʮʠʦʥʥʦ-ʧʨʘʚʦʚʦʡ ʬʦʨʤʳ ʩʦʙʩʪʚʝʥʥʦʩʪʠ. ɼʘʥʥʳʡ ʧʨʦʜʫʢʪ ʧʦʣʦʞʠʪʝʣʴʥʦ 

ʟʘʨʝʢʦʤʝʥʜʦʚʘʣ ʩʝʙʷ ʥʘ ʨʳʥʢʝ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʚ ʜʘʥʥʦʡ ʩʬʝʨʝ, ʧʦʩʢʦʣʴʢʫ, ʧʦ 

ʩʫʪʠ, ʷʚʣʷʝʪʩʷ ʚ ʠʟʚʝʩʪʥʦʡ ʤʝʨʝ ʫʥʠʚʝʨʩʘʣʴʥʳʤ ʠ ʛʠʙʢʠʤ ʨʝʰʝʥʠʝʤ. ʊʘʢʠʭ ʨʝʟʫʣʴʪʘʪʦʚ 

ʫʜʘʣʦʩʴ ʜʦʩʪʠʯʴ ʚʦ ʤʥʦʛʦʤ ʙʣʘʛʦʜʘʨʷ ʦʩʦʙʝʥʥʦʩʪʷʤ ʧʦʩʪʨʦʝʥʠʷ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʩʠʩʪʝʤ ʥʘ 

ʧʣʘʪʬʦʨʤʝ 1ʉ. ɺ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʚ ʢʘʯʝʩʪʚʝ ʦʙʲʝʢʪʘ ʠʩʩʣʝʜʦʚʘʥʠʷ ʙʳʣʘ ʚʳʙʨʘʥʘ ʧʣʘʪʬʦʨʤʘ 

1ʉ: ʇʨʝʜʧʨʠʷʪʠʝ 8, ʢʘʢ ʥʘʠʙʦʣʝʝ ʧʦʧʫʣʷʨʥʘʷ ʥʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ. 

ɺ ʩʠʩʪʝʤʝ 1ʉ: ʇʨʝʜʧʨʠʷʪʠʝ 8 ʤʳ ʥʘʙʣʶʜʘʝʤ ʯʝʪʢʦʝ ʨʘʟʜʝʣʝʥʠʝ ʥʘ ʧʣʘʪʬʦʨʤʫ ʠ 

ʧʨʠʢʣʘʜʥʦʝ ʨʝʰʝʥʠʝ. ʅʘʣʠʯʠʝ ʧʣʘʪʬʦʨʤʳ ʧʦʟʚʦʣʷʝʪ ʧʦʚʳʩʠʪʴ ʫʨʦʚʝʥʴ ʘʙʩʪʨʘʢʮʠʠ ʧʨʠ 

ʨʘʟʨʘʙʦʪʢʝ ʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʧʨʠʢʣʘʜʥʳʭ ʨʝʰʝʥʠʡ. ʕʪʦ, ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʚ ʟʥʘʯʠʪʝʣʴʥʦʡ 

ʩʪʝʧʝʥʠ ʫʩʢʦʨʷʝʪ ʠ ʫʥʠʬʠʮʠʨʫʝʪ ʨʘʟʨʘʙʦʪʢʫ ʠ ʩʦʧʨʦʚʦʞʜʝʥʠʝ ʧʨʠʢʣʘʜʥʦʛʦ ʨʝʰʝʥʠʷ. ʊʘʢʠʤ 

ʦʙʨʘʟʦʤ, ʧʣʘʪʬʦʨʤʘ ʠʩʧʦʣʥʷʝʪ ʨʦʣʴ ʬʫʥʜʘʤʝʥʪʘ, ʥʘ ʙʘʟʝ ʢʦʪʦʨʦʛʦ ʠʩʧʦʣʥʷʶʪʩʷ ʧʨʠʢʣʘʜʥʳʝ 

ʨʝʰʝʥʠʷ. ʆʥʘ ʪʘʢʞʝ ʩʦʜʝʨʞʠʪ ʠʥʩʪʨʫʤʝʥʪʘʨʠʡ, ʥʝʦʙʭʦʜʠʤʳʡ ʜʣʷ ʠʭ 

ʨʘʟʨʘʙʦʪʢʠ, ʘʜʤʠʥʠʩʪʨʠʨʦʚʘʥʠʷ ʠ ʧʦʜʜʝʨʞʢʠ. 

ʏʪʦ ʢʘʩʘʝʪʩʷ ʧʨʠʢʣʘʜʥʳʭ ʨʝʰʝʥʠʡ, ʪʦ ʦʥʠ ʪʘʢʞʝ ʷʚʣʷʶʪʩʷ ʩʘʤʦʩʪʦʷʪʝʣʴʥʦʡ 

ʩʫʱʥʦʩʪʴʶ ʠ ʤʦʛʫʪ ʚʳʩʪʫʧʘʪʴ ʚ ʢʘʯʝʩʪʚʝ ʦʪʜʝʣʴʥʦʛʦ ʧʨʦʛʨʘʤʤʥʦʛʦ ʧʨʦʜʫʢʪʘ, ʧʨʠ ʵʪʦʤ 

ʧʦʣʥʦʩʪʴʶ ʦʧʠʨʘʷʩʴ ʥʘ ʪʝʭʥʦʣʦʛʠʠ ʧʣʘʪʬʦʨʤʳ. ʆʥʠ ʠʩʧʦʣʴʟʫʶʪ ʤʥʦʛʦʟʚʝʥʥʫʶ 

ʘʨʭʠʪʝʢʪʫʨʫ ʢʣʠʝʥʪʩʢʦʝ ʧʨʠʣʦʞʝʥʠʝ ï ʢʣʘʩʪʝʨ ʩʝʨʚʝʨʦʚ 1ʉ: ʇʨʝʜʧʨʠʷʪʠʷ ï ʩʝʨʚʝʨ ʙʘʟʳ 

ʜʘʥʥʳʭè [1]. ʕʪʦ ʧʦʟʚʦʣʷʝʪ ʦʧʨʝʜʝʣʷʪʴ ʨʘʟʤʝʨ ʩʠʩʪʝʤ rʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʧʨʝʜʲʷʚʣʷʝʤʳʭ ʢ 

ʥʝʡ ʪʨʝʙʦʚʘʥʠʡ. 

ʉʫʱʝʩʪʚʫʝʪ ʥʝʩʢʦʣʴʢʦ ʚʘʨʠʘʥʪʦʚ ʨʘʙʦʪʳ ʩ ʩʠʩʪʝʤʦʡ 1ʉ: ʇʨʝʜʧʨʠʷʪʠʝ 8: ʬʘʡʣʦʚʳʡ 

ʚʘʨʠʘʥʪ, ʢʣʠʝʥʪ-ʩʝʨʚʝʨʥʳʡ ʚʘʨʠʘʥʪ ʠ ʨʘʩʧʨʝʜʝʣʝʥʥʘʷ ʠʥʬʦʨʤʘʮʠʦʥʥʘʷ ʙʘʟʘ. 

ʌʘʡʣʦʚʳʡ ʚʘʨʠʘʥʪ ʧʨʝʜʥʘʟʥʘʯʝʥ ʜʣʷ ʧʝʨʩʦʥʘʣʴʥʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʩʠʩʪʝʤʳ: ʤʦʞʝʪ 

ʨʘʙʦʪʘʪʴ ʩ ʣʦʢʘʣʴʥʦʡ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʙʘʟʦʡ, ʨʘʩʧʦʣʦʞʝʥʥʦʡ ʥʘ ʪʦʤ ʞʝ ʢʦʤʧʴʶʪʝʨʝ, ʥʘ 

ʢʦʪʦʨʦʤ ʨʘʙʦʪʘʝʪ ʧʦʣʴʟʦʚʘʪʝʣʴ. ʊʘʢʦʡ ʚʘʨʠʘʥʪ ʨʘʙʦʪʳ ʤʦʞʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʚ ʜʦʤʘʰʥʠʭ 

ʫʩʣʦʚʠʷʭ ʠʣʠ ʧʨʠ ʨʘʙʦʪʝ ʥʘ ʥʦʫʪʙʫʢʝ. 

ɺ ʤʘʩʰʪʘʙʘʭ ʧʨʝʜʧʨʠʷʪʠʷ ʤʦʞʝʪ ʧʨʠʤʝʥʷʪʴʩʷ ʢʣʠʝʥʪ-ʩʝʨʚʝʨʥʳʡ ʚʘʨʠʘʥʪ ʨʘʙʦʪʳ, 

ʦʩʥʦʚʘʥʥʳʡ ʥʘ ʪʨʝʭʫʨʦʚʥʝʚʦʡ ʘʨʭʠʪʝʢʪʫʨʝ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʢʣʘʩʪʝʨʘ ʩʝʨʚʝʨʦʚ 1ʉ: 

ʇʨʝʜʧʨʠʷʪʠʷ 8 ʠ ʦʪʜʝʣʴʥʦʡ ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ ʙʘʟʘʤʠ ʜʘʥʥʳʭ. ʆʥ ʦʙʝʩʧʝʯʠʚʘʝʪ ʥʘʜʝʞʥʦʝ 

ʭʨʘʥʝʥʠʝ ʜʘʥʥʳʭ ʠ ʠʭ ʵʬʬʝʢʪʠʚʥʫʶ ʦʙʨʘʙʦʪʢʫ ʧʨʠ ʦʜʥʦʚʨʝʤʝʥʥʦʡ ʨʘʙʦʪʝ ʙʦʣʴʰʦʛʦ 

ʢʦʣʠʯʝʩʪʚʘ ʧʦʣʴʟʦʚʘʪʝʣʝʡ. ɼʘʥʥʳʡ ʬʦʨʤʘʪ ʧʨʝʜʩʪʘʚʣʷʝʪ ʥʘʠʙʦʣʴʰʠʡ ʠʥʪʝʨʝʩ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ 

ʦʙʝʩʧʝʯʝʥʠʷ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ ʩʠʩʪʝʤʳ. 

http://v8.1c.ru/solutions/applied_solutions.htm
http://v8.1c.ru/overview/Term_000000330.htm
http://v8.1c.ru/overview/Term_000000323.htm
http://v8.1c.ru/overview/Term_000000033.htm
http://v8.1c.ru/overview/Term_000000033.htm
http://v8.1c.ru/overview/Term_000000583.htm
http://v8.1c.ru/overview/Term_000000033.htm
http://v8.1c.ru/overview/Term_000000126.htm
http://v8.1c.ru/overview/Term_000000126.htm
http://v8.1c.ru/overview/Term_000000662.htm
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ʂʣʠʝʥʪ-ʩʝʨʚʝʨʥʳʡ ʚʘʨʠʘʥʪ ʨʘʙʦʪʳ ʨʝʘʣʠʟʦʚʘʥ ʥʘ ʦʩʥʦʚʝ ʪʨʝʭʫʨʦʚʥʝʚʦʡ ʘʨʭʠʪʝʢʪʫʨʳ 

çʢʣʠʝʥʪ-ʩʝʨʚʝʨè ʠ ʨʘʟʜʝʣʷʝʪ ʚʩʶ ʨʘʙʦʪʘʶʱʫʶ ʩʠʩʪʝʤʫ ʥʘ ʪʨʠ ʨʘʟʣʠʯʥʳʝ, ʥʦ ʩʚʷʟʘʥʥʳʝ 

ʤʝʞʜʫ ʩʦʙʦʡ ʯʘʩʪʠ: ʢʣʠʝʥʪʩʢʦʝ ʧʨʠʣʦʞʝʥʠʝ, ʢʣʘʩʪʝʨ ʩʝʨʚʝʨʦʚ 1ʉ: ʇʨʝʜʧʨʠʷʪʠʷ, ʩʝʨʚʝʨ ʙʘʟʳ 

ʜʘʥʥʳʭ. 

ʇʨʦʛʨʘʤʤʘ, ʨʘʙʦʪʘʶʱʘʷ ʫ ʧʦʣʴʟʦʚʘʪʝʣʷ, ʢʣʠʝʥʪʩʢʦʝ ʧʨʠʣʦʞʝʥʠʝ, ʚʟʘʠʤʦʜʝʡʩʪʚʫʝʪ ʩ 

ʢʣʘʩʪʝʨʦʤ ʩʝʨʚʝʨʦʚ 1ʉ: ʇʨʝʜʧʨʠʷʪʠʷ 8, ʘ ʢʣʘʩʪʝʨ, ʧʨʠ ʥʝʦʙʭʦʜʠʤʦʩʪʠ, ʦʙʨʘʱʘʝʪʩʷ ʢ ʩʝʨʚʝʨʫ 

ʙʘʟ ʜʘʥʥʳʭ. ʇʨʠ ʵʪʦʤ ʬʠʟʠʯʝʩʢʠ ʢʣʘʩʪʝʨ ʩʝʨʚʝʨʦʚ 1ʉ: ʇʨʝʜʧʨʠʷʪʠʷ 8 ʠ ʩʝʨʚʝʨ ʙʘʟ ʜʘʥʥʳʭ 

ʤʦʛʫʪ ʨʘʩʧʦʣʘʛʘʪʴʩʷ ʢʘʢ ʥʘ ʦʜʥʦʤ ʢʦʤʧʴʶʪʝʨʝ, ʪʘʢ ʠ ʥʘ ʨʘʟʥʳʭ. ʕʪʦ ʧʦʟʚʦʣʷʝʪ 

ʘʜʤʠʥʠʩʪʨʘʪʦʨʫ ʧʨʠ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʨʘʩʧʨʝʜʝʣʷʪʴ ʥʘʛʨʫʟʢʫ ʤʝʞʜʫ ʩʝʨʚʝʨʘʤʠ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ 

ʢʣʘʩʪʝʨʘ ʩʝʨʚʝʨʦʚ 1ʉ: ʇʨʝʜʧʨʠʷʪʠʷ 8 ʧʦʟʚʦʣʷʝʪ ʩʦʩʨʝʜʦʪʦʯʠʪʴ ʥʘ ʥʝʤ ʚʳʧʦʣʥʝʥʠʝ ʥʘʠʙʦʣʝʝ 

ʦʙʲʝʤʥʳʭ ʦʧʝʨʘʮʠʡ ʧʦ ʦʙʨʘʙʦʪʢʝ ʜʘʥʥʳʭ [2]. 

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʪʨʝʭʫʨʦʚʥʝʚʦʡ ʘʨʭʠʪʝʢʪʫʨʳ ʦʙʝʩʧʝʯʠʚʘʝʪ ʫʜʦʙʩʪʚʦ 

ʘʜʤʠʥʠʩʪʨʠʨʦʚʘʥʠʷ ʠ ʫʧʦʨʷʜʦʯʠʚʘʥʠʝ ʜʦʩʪʫʧʘ ʧʦʣʴʟʦʚʘʪʝʣʝʡ ʢ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʙʘʟʝ. 

ʌʠʟʠʯʝʩʢʦʝ ʨʘʩʧʦʣʦʞʝʥʠʝ ʢʦʥʬʠʛʫʨʘʮʠʠ ʠʣʠ ʙʘʟʳ ʜʘʥʥʳʭ ʜʣʷ ʧʦʣʴʟʦʚʘʪʝʣʷ ʥʝ ʠʤʝʝʪ 

ʟʥʘʯʝʥʠʷ: ʜʦʩʪʫʧ ʢ ʩʠʩʪʝʤʝ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʯʝʨʝʟ ʢʣʘʩʪʝʨ ʩʝʨʚʝʨʦʚ 1ʉ: ʇʨʝʜʧʨʠʷʪʠʷ 8. 

ʈʘʙʦʪʘ ʚ ʢʣʠʝʥʪ-ʩʝʨʚʝʨʥʦʤ ʚʘʨʠʘʥʪʝ ʚʦʟʤʦʞʥʘ ʢʘʢ ʥʘʧʨʷʤʫʶ ʩ ʢʣʘʩʪʝʨʦʤ, ʪʘʢ ʠ ʯʝʨʝʟ 

ʚʝʙ-ʩʝʨʚʝʨ. ʇʨʠ ʵʪʦʤ ʚ ʩʣʫʯʘʝ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʛʦ ʧʦʜʢʣʶʯʝʥʠʷ ʢ ʢʣʘʩʪʝʨʫ ʪʦʣʩʪʳʡ ʢʣʠʝʥʪ ʠ 

ʪʦʥʢʠʡ ʢʣʠʝʥʪ ʠʩʧʦʣʴʟʫʶʪ ʧʨʦʪʦʢʦʣ TCP/IP. ʇʨʠ ʧʦʜʢʣʶʯʝʥʠʠ ʯʝʨʝʟ ʚʝʙ-ʩʝʨʚʝʨ ʪʦʥʢʠʡ 

ʢʣʠʝʥʪ ʠ ʚʝʙ-ʢʣʠʝʥʪ ʠʩʧʦʣʴʟʫʶʪ ʧʨʦʪʦʢʦʣ HTTP ʠʣʠ HTTPS. 

ʂʣʘʩʪʝʨ ʩʝʨʚʝʨʦʚ 1ʉ: ʇʨʝʜʧʨʠʷʪʠʷ 8 ʩʯʠʪʘʝʪʩʷ ʦʩʥʦʚʥʳʤ ʢʦʤʧʦʥʝʥʪʦʤ ʧʣʘʪʬʦʨʤʳ, 

ʧʦʩʢʦʣʴʢʫ ʦʙʝʩʧʝʯʠʚʘʝʪ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʤʝʞʜʫ ʧʦʣʴʟʦʚʘʪʝʣʷʤʠ ʠ ʩʠʩʪʝʤʦʡ ʫʧʨʘʚʣʝʥʠʷ 

ʙʘʟʘʤʠ ʜʘʥʥʳʭ. ɽʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʧʦʟʚʦʣʷʝʪ ʦʩʫʱʝʩʪʚʣʷʪʴ ʙʝʩʧʝʨʝʙʦʡʥʫʶ, 

ʦʪʢʘʟʦʫʩʪʦʡʯʠʚʫʶ, ʢʦʥʢʫʨʝʥʪʥʫʶ ʨʘʙʦʪʫ ʙʦʣʴʰʦʛʦ ʯʠʩʣʘ ʧʦʣʴʟʦʚʘʪʝʣʝʡ ʩ ʦʙʰʠʨʥʳʤʠ 

ʠʥʬʦʨʤʘʮʠʦʥʥʳʤʠ ʙʘʟʘʤʠ. 

ʉʠʩʪʝʤʘ ʩʧʨʦʝʢʪʠʨʦʚʘʥʘ ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʯʪʦ ʦʩʥʦʚʥʳʝ ʝʝ ʢʦʤʧʦʥʝʥʪʳ ʤʦʛʫʪ ʨʘʙʦʪʘʪʴ 

ʢʘʢ ʧʦʜ ʫʧʨʘʚʣʝʥʠʝʤ ʦʧʝʨʘʮʠʦʥʥʦʡ ʩʠʩʪʝʤʳ Windows, ʪʘʢ ʠ ʧʦʜ ʫʧʨʘʚʣʝʥʠʝʤ ʦʧʝʨʘʮʠʦʥʥʦʡ 

ʩʠʩʪʝʤʳ Linux.  

ʇʦʣʴʟʦʚʘʪʝʣʠ ʨʘʟʣʠʯʥʳʭ ʫʩʪʨʦʡʩʪʚ ʥʘ ʨʘʟʥʳʭ ʦʧʝʨʘʮʠʦʥʥʳʭ ʩʠʩʪʝʤʘʭ ʤʦʛʫʪ ʨʘʙʦʪʘʪʴ 

ʩ ʠʥʬʦʨʤʘʮʠʦʥʥʳʤʠ ʙʘʟʘʤʠ 1ʉ: ʇʨʝʜʧʨʠʷʪʠʷ ʩ ʧʦʤʦʱʴʶ ʣʶʙʦʛʦ ʠʟ ʢʣʠʝʥʪʩʢʠʭ 

ʧʨʠʣʦʞʝʥʠʡ. ʊʦʣʩʪʳʡ ʠ ʪʦʥʢʠʡ ʢʣʠʝʥʪʳ ʨʝʘʣʠʟʦʚʘʥʳ ʜʣʷ Windows, Linux ʠ OS X. ɺʝʙ-

ʢʣʠʝʥʪ ʠʩʧʦʣʥʷʝʪʩʷ ʚ ʩʨʝʜʝ ʠʥʪʝʨʥʝʪ-ʙʨʘʫʟʝʨʘ ʠ ʘʜʘʧʪʠʨʦʚʘʥ ʜʣʷ ʨʘʙʦʪʳ ʩ ʧʦʧʫʣʷʨʥʳʤʠ 

ʙʨʘʫʟʝʨʘʤʠ: Internet Explorer, Mozilla Firefox ʠ Safari [3]. 

ʊʨʝʪʠʡ ʚʘʨʠʘʥʪ ʨʘʙʦʪʳ ʩ ʩʠʩʪʝʤʦʡ 1ʉ: ʇʨʝʜʧʨʠʷʪʠʝ ʨʘʩʧʨʝʜʝʣʝʥʥʘʷ ʠʥʬʦʨʤʘʮʠʦʥʥʘʷ 

ʙʘʟʘ, ʨʝʘʣʠʟʫʝʪʩʷ ʧʨʠ ʩʦʟʜʘʥʠʠ ʪʝʨʨʠʪʦʨʠʘʣʴʥʦ ʨʘʩʧʨʝʜʝʣʝʥʥʳʭ ʩʠʩʪʝʤ ʥʘ ʦʩʥʦʚʝ 

ʠʜʝʥʪʠʯʥʳʭ ʢʦʥʬʠʛʫʨʘʮʠʡ 1ʉ: ʇʨʝʜʧʨʠʷʪʠʝ. ʊʘʢʘʷ ʩʠʩʪʝʤʘ ʠʤʝʝʪ ʜʨʝʚʦʚʠʜʥʫʶ ʩʪʨʫʢʪʫʨʫ ʩ 

ʟʘʜʘʥʥʳʤ ʪʠʧʦʤ ʦʪʥʦʰʝʥʠʡ çʛʣʘʚʥʳʡ ï ʧʦʜʯʠʥʝʥʥʳʡè. 

ʉʪʦʠʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʧʨʠʢʣʘʜʥʳʝ ʨʝʰʝʥʠʷ ʥʘ ʧʣʘʪʬʦʨʤʝ 1ʉ: ʇʨʝʜʧʨʠʷʪʠʝ 8 ʤʦʞʥʦ 

ʠʩʧʦʣʴʟʦʚʘʪʴ ʠ ʯʝʨʝʟ ʠʥʪʝʨʥʝʪ. ʇʨʠ ʵʪʦʤ ʢʦʥʬʠʛʫʨʘʮʠʠ ʨʘʟʚʝʨʪʳʚʘʶʪʩʷ ʚ ʚʠʜʝ ʝʜʠʥʦʡ 

ʩʠʩʪʝʤʳ ʫ ʧʦʩʪʘʚʱʠʢʘ ʩʝʨʚʠʩʘ ʠ ʥʘ ʝʛʦ ʦʙʦʨʫʜʦʚʘʥʠʠ, ʘ ʧʦʣʴʟʦʚʘʪʝʣʠ ʨʘʙʦʪʘʶʪ ʩ ʵʪʠʤʠ 

ʧʨʠʢʣʘʜʥʳʤʠ ʨʝʰʝʥʠʷʤʠ ʯʝʨʝʟ ʠʥʪʝʨʥʝʪ ʩ ʧʦʤʦʱʴʶ ʚʝʙ-ʦʙʦʟʨʝʚʘʪʝʣʷ ʠʣʠ ʪʦʥʢʦʛʦ ʢʣʠʝʥʪʘ 

1ʉ: ʇʨʝʜʧʨʠʷʪʠʷ 8. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʩʠʩʪʝʤ ʥʘ ʧʣʘʪʬʦʨʤʝ 1ʉ: ʇʨʝʜʧʨʠʷʪʠʝ 8 ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ 

ʫʜʦʙʥʳʤ ʟʥʘʯʠʪʝʣʴʥʦʤʫ ʯʠʩʣʫ ʧʦʣʴʟʦʚʘʪʝʣʝʡ ʙʣʘʛʦʜʘʨʷ ʦʩʥʦʚʥʳʤ ʧʨʠʥʮʠʧʘʤ, ʧʦ ʢʦʪʦʨʳʤ 

ʨʘʙʦʪʘʶʪ ʜʘʥʥʳʝ ʩʠʩʪʝʤʳ: ʛʠʙʢʦʩʪʠ, ʬʫʥʢʮʠʦʥʘʣʴʥʦʩʪʠ ʠ ʦʪʢʨʳʪʦʩʪʠ. 

 

http://v8.1c.ru/overview/Term_000000568.htm
http://v8.1c.ru/overview/Term_000000569.htm
http://v8.1c.ru/overview/Term_000000570.htm
http://v8.1c.ru/overview/Term_000000664.htm
http://v8.1c.ru/overview/Term_000000665.htm
http://v8.1c.ru/overview/Term_000000665.htm
http://v8.1c.ru/overview/Term_000000121.htm
http://v8.1c.ru/overview/Term_000000121.htm
http://v8.1c.ru/overview/Term_000000123.htm
http://v8.1c.ru/overview/Term_000000124.htm
http://v8.1c.ru/overview/Term_000000664.htm
http://v8.1c.ru/overview/Term_000000665.htm
http://v8.1c.ru/overview/Term_000000786.htm
http://v8.1c.ru/overview/Term_000000125.htm
http://v8.1c.ru/overview/Term_000000125.htm
http://v8.1c.ru/overview/Term_000000672.htm
http://v8.1c.ru/overview/Term_000000673.htm
http://v8.1c.ru/overview/Term_000000784.htm
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METHODS OF INTERACTION OF DEVICES  

IN A PEER-TO-PEER NETWORK BY MEANS OF BLOCKCHAIN TECHNOLOGY  

 

Zlata Golubeva, master's student MTUCI, 111024, Moscow, ul. Aviamotornaya, 8A 

 

ʋɼʂ 004.738.5 

ʆʜʥʦʨʘʥʛʦʚʳʝ, ʜʝʮʝʥʪʨʘʣʠʟʦʚʘʥʥʳʝ ʠʣʠ ʧʠʨʠʥʛʦʚʳʝ (ʦʪ ʘʥʛʣ. peer-to-peer, P2P ï 

ʪʦʯʢʘ-ʪʦʯʢʘ) ʩʝʪʠ [1] ï ʵʪʦ ʢʦʤʧʴʶʪʝʨʥʳʝ ʩʝʪʠ, ʦʩʥʦʚʘʥʥʳʝ ʥʘ ʨʘʚʥʦʧʨʘʚʠʠ ʫʯʘʩʪʥʠʢʦʚ. ɺ 

ʪʘʢʠʭ ʩʝʪʷʭ ʦʪʩʫʪʩʪʚʫʶʪ ʚʳʜʝʣʝʥʥʳʝ ʩʝʨʚʝʨʳ, ʘ ʢʘʞʜʳʡ ʫʟʝʣ (peer) ʷʚʣʷʝʪʩʷ ʢʘʢ ʢʣʠʝʥʪʦʤ 

(ʤʦʞʝʪ ʧʦʩʳʣʘʪʴ ʟʘʧʨʦʩʳ ʜʨʫʛʠʤ ʥʘ ʧʨʝʜʦʩʪʘʚʣʝʥʠʝ ʢʘʢʠʭ-ʣʠʙʦ ʨʝʩʫʨʩʦʚ ʚ ʧʨʝʜʝʣʘʭ ʵʪʦʡ 

ʩʝʪʠ), ʪʘʢ ʠ ʩʝʨʚʝʨʦʤ (ʜʦʣʞʝʥ ʦʙʨʘʙʘʪʳʚʘʪʴ ʟʘʧʨʦʩʳ ʦʪ ʜʨʫʛʠʭ ʫʯʘʩʪʥʠʢʦʚ ʩʝʪʠ ʠ ʦʪʩʳʣʘʪʴ ʪʦ, 

ʯʪʦ ʙʳʣʦ ʟʘʧʨʦʰʝʥʦ).  

ʕʪʘ ʩʝʪʴ ʠʩʧʦʣʴʟʫʝʪ ʨʘʩʧʨʝʜʝʣʝʥʥʫʶ ʘʨʭʠʪʝʢʪʫʨʫ. ʕʪʦ ʟʥʘʯʠʪ, ʯʪʦ ʚʩʝ ʢʦʤʧʴʶʪʝʨʳ ʠ 

ʫʩʪʨʦʡʩʪʚʘ, ʚʭʦʜʷʱʠʝ ʚ ʵʪʫ ʩʝʪʴ (ʧʠʨʳ), ʠʤʝʶʪ ʪʝ ʞʝ ʧʨʘʚʘ ʠ ʦʙʷʟʘʥʥʦʩʪʠ, ʯʪʦ ʠ ʦʩʪʘʣʴʥʳʝ 

ʫʯʘʩʪʥʠʢʠ ʩʝʪʠ. ɺ ʵʪʦʡ ʩʝʪʠ ʥʝʪ ʧʨʠʚʠʣʝʛʠʨʦʚʘʥʥʳʭ ʫʯʘʩʪʥʠʢʦʚ, ʦʪʩʫʪʩʪʚʫʝʪ ʠ ʮʝʥʪʨʘʣʴʥʦʝ 

ʘʜʤʠʥʠʩʪʨʘʪʠʚʥʦʝ ʫʩʪʨʦʡʩʪʚʦ. ɺʩʝ ʨʝʩʫʨʩʳ ʧʠʨʠʥʛʦʚʦʡ ʩʝʪʠ ʦʙʱʝʜʦʩʪʫʧʥʳ ʜʣʷ ʚʩʝʭ 

ʫʯʘʩʪʥʠʢʦʚ. 

ʆʩʥʦʚʥʘʷ ʮʝʣʴ ʦʜʥʦʨʘʥʛʦʚʳʭ ʩʝʪʝʡ ï ʩʦʚʤʝʩʪʥʦʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʨʝʩʫʨʩʦʚ ʠ ʩʦʚʤʝʩʪʥʘʷ 

ʨʘʙʦʪʘ ʢʦʤʧʴʶʪʝʨʦʚ ʠ ʫʩʪʨʦʡʩʪʚ, ʧʨʝʜʦʩʪʘʚʣʝʥʠʝ ʢʦʥʢʨʝʪʥʦʡ ʫʩʣʫʛʠ ʠʣʠ ʚʳʧʦʣʥʝʥʠʝ 

ʢʦʥʢʨʝʪʥʦʡ ʟʘʜʘʯʠ. ʅʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʡ ʚʘʨʠʘʥʪ ʠʩʧʦʣʴʟʦʚʘʥʠʷ P2P-ʩʝʪʝʡ ï ʦʙʤʝʥ 

ʬʘʡʣʘʤʠ ʚ ʠʥʪʝʨʥʝʪʝ, ʧʦʩʢʦʣʴʢʫ ʦʥʠ ʧʦʟʚʦʣʷʶʪ ʢʦʤʧʴʶʪʝʨʘʤ, ʯʪʦ ʢ ʥʠʤ ʧʦʜʢʣʶʯʝʥʳ, 

ʧʦʣʫʯʘʪʴ ʠ ʦʪʧʨʘʚʣʷʪʴ ʬʘʡʣʳ ʦʜʥʦʚʨʝʤʝʥʥʦ. 

ɿʘʛʨʫʟʢʘ ʬʘʡʣʘ ʯʝʨʝʟ P2P ʩʝʪʴ ʧʨʦʠʟʚʦʜʠʪʩʷ ʧʦ ʯʘʩʪʷʤ, ʢʦʪʦʨʳʝ ʧʦʩʪʫʧʘʶʪ ʩ ʤʥʦʛʠʭ 

ʢʦʤʧɹʁʪʝʨʦʚ, ʫʞʝ ʠʤʝʶʱʠʭ ʵʪʦʪ ʬʘʡʣ. 

ɹʣʦʢʯʝʡʥ ï ʪʝʭʥʦʣʦʛʠʷ ʨʘʩʧʨʝʜʝʣʝʥʥʦʛʦ ʭʨʘʥʝʥʠʷ ʙʘʟʳ ʜʘʥʥʳʭ, ʢʦʪʦʨʘʷ ʜʦʩʪʫʧʥʘ 

ʪʦʣʴʢʦ ʜʣʷ ʜʦʙʘʚʣʝʥʠʷ ʥʦʚʳʭ ʟʘʧʠʩʝʡ, ʙʝʟ ʚʦʟʤʦʞʥʦʩʪʠ ʠʟʤʝʥʝʥʠʷ ʩʪʘʨʳʭ [2]. 

ɹʘʟʘ ʜʘʥʥʳʭ ï ʵʪʦ ʮʝʧʦʯʢʘ ʙʣʦʢʦʚ, ʢʘʞʜʳʡ ʠʟ ʢʦʪʦʨʳʭ ʩʦʜʝʨʞʠʪ: 

¶ ʟʘʧʠʩʠ, ʧʦʜʧʠʩʘʥʥʳʝ ʮʠʬʨʦʚʳʤʠ ʧʦʜʧʠʩʷʤʠ ʧʦʣʴʟʦʚʘʪʝʣʝʡ; 

https://www.ozon.ru/publisher/1s-pablishing-1442359/
https://www.ozon.ru/publisher/1s-pablishing-1442359/
https://dic.academic.ru/dic.nsf/ruwiki/617
https://dic.academic.ru/dic.nsf/ruwiki/31542
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¶ ʭʵʰ (ʠʜʝʥʪʠʬʠʢʘʪʦʨ), ʚʳʯʠʩʣʝʥʥʳʡ ʥʘ ʦʩʥʦʚʝ ʚʩʝʭ ʟʘʧʠʩʝʡ ʚ ʙʣʦʢʝ. 

 

ɿʘʧʠʩʠ ʦʙʳʯʥʦ ʩʦʜʝʨʞʘʪ ʠʥʬʦʨʤʘʮʠʶ, ʢʦʪʦʨʫʶ ʭʦʪʝʣʦʩʴ ʙʳ ʩʦʭʨʘʥʠʪʴ ʥʝʠʟʤʝʥʥʦʡ. 

ʇʨʠʤʝʨʳ ʟʘʧʠʩʝʡ: 

¶ ʩʦʦʙʱʝʥʠʝ; 

¶ ʪʨʘʥʟʘʢʮʠʷ (ʜʝʥʝʞʥʳʡ ʧʝʨʝʚʦʜ); 

¶ ʜʦʢʫʤʝʥʪ (ʠʩʪʦʨʠʷ ʙʦʣʝʟʥʠ); 

¶ ʧʨʦʛʨʘʤʤʥʳʡ ʢʦʜ (ʫʤʥʳʝ ʢʦʥʪʨʘʢʪʳ). 

 

ɿʘʧʠʩʠ ʩʦʙʠʨʘʶʪʩʷ ʚ ʙʣʦʢʠ ʠ ʜʣʷ ʢʘʞʜʦʛʦ ʙʣʦʢʘ ʚʳʯʠʩʣʷʝʪʩʷ ʭʵʰ (ʥʘ ʦʩʥʦʚʝ ʚʩʝʭ 

ʟʘʧʠʩʝʡ ʪʝʢʫʱʝʛʦ ʙʣʦʢʘ ʠ ʭʝʰʘ ʧʨʝʜʳʜʫʱʝʛʦ ʙʣʦʢʘ), ʪʘʢʠʤ ʦʙʨʘʟʦʤ ʚʩʝ ʙʣʦʢʠ ʩʚʷʟʘʥʳ ʯʝʨʝʟ 

ʭʵʰʠ. ʇʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʩʚʷʟʘʥʥʳʭ ʙʣʦʢʦʚ ʥʘʟʳʚʘʝʪʩʷ ʮʝʧʴʶ ʙʣʦʢʦʚ (block chain). ʏʪʦʙʳ 

ʩʜʝʣʘʪʴ ʥʝʚʦʟʤʦʞʥʳʤ ʠʟʤʝʥʝʥʠʝ ʦʜʥʦʛʦ ʠʟ ʩʪʘʨʳʭ ʙʣʦʢʦʚ, ʘʣʛʦʨʠʪʤ ʚʳʯʠʩʣʝʥʠʷ ʭʵʰʘ 

ʢʘʞʜʦʛʦ ʙʣʦʢʘ ʚʳʙʠʨʘʝʪʩʷ ʜʦʩʪʘʪʦʯʥʦ ʪʨʫʜʦʝʤʢʠʤ. 

ʉʝʪʴ, ʧʦʩʪʨʦʝʥʥʘʷ ʧʦ ʪʝʭʥʦʣʦʛʠʠ ʙʣʦʢʯʝʡʥ, ʩʦʜʝʨʞʠʪ ʩʣʝʜʫʶʱʠʭ ʫʯʘʩʪʥʠʢʦʚ [3]: 

¶ ʫʟʣʳ ʢʦʥʩʝʥʩʫʩʘ, ʩʦʜʝʨʞʘʱʠʝ ʧʦʣʥʫʶ ʢʦʧʠʶ ʙʘʟʳ ʜʘʥʥʳʭ, ʤʦʛʫʪ ʜʦʙʘʚʣʷʪʴ ʥʦʚʳʝ 

ʙʣʦʢʠ ʚ ʙʘʟʫ ʜʘʥʥʳʭ ʠ ʧʨʦʚʝʨʷʪʴ ʧʨʘʚʠʣʴʥʦʩʪʴ ʙʣʦʢʦʚ, ʩʬʦʨʤʠʨʦʚʘʥʥʳʭ ʜʨʫʛʠʤʠ 

ʫʯʘʩʪʥʠʢʘʤʠ; 

¶ ʫʟʣʳ ʘʫʜʠʪʘ, ʩʦʜʝʨʞʘʱʠʝ ʧʦʣʥʫʶ ʢʦʧʠʶ ʙʘʟʳ ʜʘʥʥʳʭ, ʤʦʛʫʪ ʪʦʣʴʢʦ ʧʨʦʚʝʨʷʪʴ 

ʧʨʘʚʠʣʴʥʦʩʪʴ ʙʣʦʢʦʚ; 

¶ ʣʝʛʢʠʝ ʢʣʠʝʥʪʳ, ʥʝ ʭʨʘʥʷʪ ʧʦʣʥʫʶ ʢʦʧʠʶ ʙʘʟʳ ʜʘʥʥʳʭ, ʘ ʚʟʘʠʤʦʜʝʡʩʪʚʫʶʪ ʩ ʩʝʪʴʶ 

ʯʝʨʝʟ ʫʟʣʳ, ʩʦʜʝʨʞʘʱʠʝ ʧʦʣʥʫʶ ʙʘʟʫ ʜʘʥʥʳʭ. 

 

ʋʟʣʳ ʩʝʪʠ, ʩʦʜʝʨʞʘʱʠʝ ʧʦʣʥʫʶ ʢʦʧʠʶ ʙʘʟʳ ʜʘʥʥʳʭ, ʩʚʷʟʘʥʳ ʜʨʫʛ ʩ ʜʨʫʛʦʤ, ʠʭ ʩʧʠʩʦʢ 

ʭʨʘʥʠʪʩʷ ʥʘ ʩʧʝʮʠʘʣʴʥʳʭ ʫʟʣʘʭ ï ʪʨʝʢʝʨʘʭ.  

ɼʣʷ ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʘʚʪʦʨʘ ʟʘʧʠʩʠ (ʥʦʤʝʨʘ ʩʯʝʪʘ ʜʣʷ ʜʝʥʝʞʥʦʛʦ ʧʝʨʝʚʦʜʘ), ʟʘʧʠʩʠ 

ʧʦʜʧʠʩʳʚʘʶʪʩʷ ʮʠʬʨʦʚʦʡ ʧʦʜʧʠʩʴʶ. ʂʘʞʜʳʡ ʫʯʘʩʪʥʠʢ, ʧʫʙʣʠʢʫʶʱʠʡ ʟʘʧʠʩʠ, ʜʦʣʞʝʥ ʠʤʝʪʴ 

ʧʘʨʫ ʢʣʶʯʝʡ: ʣʠʯʥʳʡ (private) / ʧʫʙʣʠʯʥʳʡ (public). ʃʠʯʥʳʡ ʢʣʶʯ ʜʦʣʞʝʥ ʟʥʘʪʴ ʪʦʣʴʢʦ ʘʚʪʦʨ 

ʟʘʧʠʩʝʡ. ʇʫʙʣʠʯʥʳʡ ʢʣʶʯ ʜʦʩʪʫʧʝʥ ʚʩʝʤ. ɿʘʧʠʩʴ ʧʦʜʧʠʩʳʚʘʝʪʩʷ ʣʠʯʥʳʤ ʢʣʶʯʦʤ, ʘ 

ʧʫʙʣʠʯʥʳʡ ʧʦʟʚʦʣʷʝʪ ʣʶʙʦʤʫ ʫʯʘʩʪʥʠʢʫ ʩʝʪʠ ʧʨʦʚʝʨʠʪʴ ʧʦʜʣʠʥʥʦʩʪʴ ʘʚʪʦʨʘ ʟʘʧʠʩʠ. 

ɽʜʠʥʩʪʚʦ ʮʝʧʦʯʢʠ ʙʣʦʢʦʚ ʜʦʩʪʠʛʘʝʪʩʷ ʧʫʪʝʤ ʢʦʥʩʝʥʩʫʩʘ (ʧʨʠʥʷʪʠʷ ʦʜʥʦʡ ʠʟ ʚʝʨʩʠʡ 

ʮʝʧʦʯʢʠ ʙʦӢʣʴʰʝʡ ʯʘʩʪʴʶ ʫʟʣʦʚ ʦʜʥʦʨʘʥʛʦʚʦʡ ʩʝʪʠ). ʏʪʦʙʳ ʫʟʣʦʚ ʢʦʥʩʝʥʩʫʩʘ ʙʳʣʦ ʙʦʣʴʰʝ, 

ʥʘʜʦ ʧʦʦʱʨʷʪʴ ʠʭ ʨʘʙʦʪʫ. ʅʘʧʨʠʤʝʨ, ʚ ʩʝʪʠ ʙʠʪʢʦʠʥ ʫʟʣʘʤ ʢʦʥʩʝʥʩʫʩʘ ʧʣʘʪʷʪ ʚʥʫʪʨʠʩʝʪʝʚʦʡ 

ʚʘʣʶʪʦʡ ʟʘ ʨʘʙʦʪʫ ʧʦ ʥʘʭʦʞʜʝʥʠʶ ʟʥʘʯʝʥʠʷ ʭʝʰʘ ʜʣʷ ʢʘʞʜʦʛʦ ʠʟ ʙʣʦʢʦʚ. ʅʘ ʥʘʩʪʦʷʱʠʡ 

ʤʦʤʝʥʪ ʨʘʟʨʘʙʦʪʘʥʦ ʤʥʦʞʝʩʪʚʦ ʘʣʛʦʨʠʪʤʦʚ ʜʦʩʪʠʞʝʥʠʷ ʢʦʥʩʝʥʩʫʩʘ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʙʣʦʢʯʝʡʥ ï ʵʪʦ ʦʜʠʥ ʠʟ ʚʠʜʦʚ ʨʘʩʧʨʝʜʝʣʝʥʥʦʛʦ ʭʨʘʥʝʥʠʷ ʜʘʥʥʳʭ. 

ɼʘʥʥʳʤʠ ʤʦʞʝʪ ʙʳʪʴ ʯʪʦ ʫʛʦʜʥʦ, ʥʦ ʥʘʠʙʦʣʝʝ ʠʥʪʝʨʝʩʥʳʤ ʚʘʨʠʘʥʪʦʤ ʷʚʣʷʝʪʩʷ ʠʥʬʦʨʤʘʮʠʷ, 

ʢʦʪʦʨʘʷ ʪʨʝʙʫʝʪ ʥʘʣʠʯʠʷ ʪʨʝʪʴʝʡ ʜʦʚʝʨʝʥʥʦʡ ʩʪʦʨʦʥʳ, ʥʘʧʨʠʤʝʨ, ʜʝʥʝʞʥʳʝ ʧʝʨʝʚʦʜʳ 

(ʪʨʝʙʫʶʪ ʫʯʘʩʪʠʷ ʙʘʥʢʘ), ʧʨʘʚʘ ʥʘ ʩʦʙʩʪʚʝʥʥʦʩʪʴ (ʪʨʝʙʫʶʪ ʫʯʘʩʪʠʷ ʥʦʪʘʨʠʫʩʘ), ʜʦʛʦʚʦʨ ʥʘ 

ʟʘʝʤ ʠ ʪ.ʧ. ɺ ʧʨʠʚʝʜʝʥʥʳʭ ʧʨʠʤʝʨʘʭ, ʙʣʦʢʯʝʡʥ ʫʩʪʨʘʥʷʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʚ ʫʯʘʩʪʠʠ ʪʨʝʪʴʝʛʦ 

ʜʦʚʝʨʝʥʥʦʛʦ ʣʠʮʘ, ʥʦ ʪʨʝʙʫʝʪ ʥʘʣʠʯʠʷ ʦʜʥʦʨʘʥʛʦʚʦʡ ʩʝʪʠ ʩ ʫʟʣʘʤʠ ʢʦʥʩʝʥʩʫʩʘ, ʢʦʪʦʨʳʤ ʥʘʜʦ 

ʧʣʘʪʠʪʴ ʟʘ ʠʭ ʨʘʙʦʪʫ. 
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ʋɼʂ 004.624 

ɺ ʩʦʚʨʝʤʝʥʥʦʤ ʤʠʨʝ ʜʝʷʪʝʣʴʥʦʩʪʴ ʧʨʝʜʧʨʠʷʪʠʷ ʫʞʝ ʥʝʚʦʟʤʦʞʥʦ ʧʨʝʜʩʪʘʚʠʪʴ ʙʝʟ 

ʢʘʢʦʡ-ʣʠʙʦ ʵʣʝʢʪʨʦʥʥʦʡ ʫʧʨʘʚʣʷʶʱʝʡ ʩʠʩʪʝʤʳ. ʊʘʢʘʷ ʩʠʩʪʝʤʘ ʦʙʝʩʧʝʯʠʚʘʝʪ ʩʙʦʨ, 

ʮʝʥʪʨʘʣʠʟʦʚʘʥʥʳʡ ʜʦʩʪʫʧ, ʛʨʘʬʠʯʝʩʢʦʝ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʠʥʬʦʨʤʘʮʠʠ, ʦʙʝʩʧʝʯʠʚʘʝʪ ʝʝ 

ʮʝʣʦʩʪʥʦʩʪʴ, ʥʝʧʨʦʪʠʚʦʨʝʯʠʚʦʩʪʴ, ʫʧʨʘʚʣʷʝʪ ʜʦʩʪʫʧʦʤ ʜʣʷ ʧʦʣʴʟʦʚʘʪʝʣʝʡ ʵʪʠʭ ʩʠʩʪʝʤ ʩ 

ʮʝʣʴʶ ʦʧʝʨʘʪʠʚʥʦʛʦ ʘʥʘʣʠʟʘ, ʫʯʝʪʘ ʠ ʧʣʘʥʠʨʦʚʘʥʠʷ ʜʝʷʪʝʣʴʥʦʩʪʠ. ʕʪʦ ʧʦʟʚʦʣʷʝʪ ʨʝʘʣʠʟʦʚʘʪʴ 

ʢʦʤʧʣʝʢʩʥʳʡ ʫʧʨʘʚʣʝʥʯʝʩʢʠʡ ʠ ʙʫʭʛʘʣʪʝʨʩʢʠʡ ʫʯʝʪ ʚ ʨʘʤʢʘʭ ʦʜʥʦʡ ʩʠʩʪʝʤʳ. 

 

ɸʥʘʣʠʟ ʨʳʥʢʘ ʩʠʩʪʝʤ 

ʅʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʤʠ ʩʠʩʪʝʤʘʤʠ ʢʣʘʩʩʘ ERP, ʧʨʝʜʩʪʘʚʣʝʥʥʳʤʠ ʥʘ ʨʦʩʩʠʡʩʢʦʤ 

ʨʳʥʢʝ, ʷʚʣʷʶʪʩʷ ʪʘʢʠʝ ʧʨʦʛʨʘʤʤʳ ʢʘʢ SAP R/3, Axapta, 1ʉ. ɹʳʣʠ ʧʨʦʚʝʜʝʥʳ ʦʮʝʥʦʯʥʳʝ 

ʨʘʙʦʪʳ ʩʪʦʠʤʦʩʪʠ ʧʨʠʦʙʨʝʪʝʥʠʷ ʠ ʚʥʝʜʨʝʥʠʷ ʢʘʞʜʦʡ ʩʠʩʪʝʤʳ. ʀʟ ʨʘʩʩʤʦʪʨʝʥʥʳʭ ʩʠʩʪʝʤ SAP 

ʙʳʣ ʧʨʠʟʥʘʥ ʥʝ ʨʝʥʪʘʙʝʣʴʥʳʤ ʧʦ ʚʦʧʨʦʩʘʤ ʮʝʥʦʦʙʨʘʟʦʚʘʥʠʷ, Axapta ʜʦʨʦʛʘ ʧʦ ʨʘʟʨʘʙʦʪʢʝ ʠ 

ʚʥʝʜʨʝʥʠʶ ʥʘ ʜʘʥʥʦʤ ʧʨʝʜʧʨʠʷʪʠʠ. ʅʘ ʦʩʥʦʚʘʥʠʠ ʨʝʟʫʣʴʪʘʪʦʚ ʘʥʘʣʠʟʘ ʠ ʠʩʭʦʜʷ ʠʟ ʩʧʝʮʠʬʠʢʠ 

ʜʝʷʪʝʣʴʥʦʩʪʠ ʦʨʛʘʥʠʟʘʮʠʠ, ʙʳʣʦ ʧʨʠʥʷʪʦ ʨʝʰʝʥʠʝ ʦ ʧʨʠʦʙʨʝʪʝʥʠʠ ʢʦʤʧʘʥʠʝʡ ʦʪʨʘʩʣʝʚʦʛʦ 

ʨʝʰʝʥʠʷ ʦʪ ʬʠʨʤʳ ç1ʉè çʋʧʨʘʚʣʝʥʠʝ ʤʠʢʨʦʬʠʥʘʥʩʦʚʦʡ ʦʨʛʘʥʠʟʘʮʠʝʡ ʠ ʢʨʝʜʠʪʥʳʤ 

ʧʦʪʨʝʙʠʪʝʣʴʩʢʠʤ ʢʦʦʧʝʨʘʪʠʚʦʤè. ɼʘʥʥʘʷ ʩʠʩʪʝʤʘ ʦʩʥʦʚʘʥʘ ʥʘ ʦʜʥʦʤ ʠʟ ʩʘʤʳʭ ʧʦʧʫʣʷʨʥʳʭ 

ʧʨʦʜʫʢʪʦʚ ʬʠʨʤʳ ç1ʉè ï çɹʫʭʛʘʣʪʝʨʠʷ ʧʨʝʜʧʨʠʷʪʠʷè ʠ ʜʦʨʘʙʦʪʘʥʘ ʢʦʤʧʘʥʠʝʡ ʆʆʆ çɸʩʢʦʨʪè 

ʜʣʷ ʩʦʦʪʚʝʪʩʪʚʠʷ ʫʯʝʪʘ ʦʪʨʘʩʣʝʚʳʤ ʩʪʘʥʜʘʨʪʘʤ ʠ ʪʨʝʙʦʚʘʥʠʷʤ ʎʝʥʪʨʘʣʴʥʦʛʦ ʙʘʥʢʘ ʈʌ. ʆʥʘ 

ʧʝʨʚʠʯʥʦ ʦʧʠʩʳʚʘʝʪ ʪʠʧʦʚʳʝ ʙʠʟʥʝʩ-ʧʨʦʮʝʩʩʳ ʜʘʥʥʦʛʦ ʚʠʜʘ ʜʝʷʪʝʣʴʥʦʩʪʠ. 

 

ʇʨʦʝʢʪʠʨʦʚʘʥʠʝ ʘʨʭʠʪʝʢʪʫʨʳ ʩʠʩʪʝʤʳ 

ʀʩʭʦʜʷ ʠʟ ʟʘʧʣʘʥʠʨʦʚʘʥʥʳʭ ʙʠʟʥʝʩ-ʧʨʦʮʝʩʩʦʚ ʘʨʭʠʪʝʢʪʫʨʥʦ ʙʳʣʦ ʧʨʠʥʷʪʦ ʨʝʰʝʥʠʝ ʧʦ 

ʩʦʟʜʘʥʠʶ ʯʝʪʳʨʝʭ ʟʚʝʥʴʝʚ: 

1. Web-ʩʘʡʪ; 

2. BPM-ʩʠʩʪʝʤʘ; 

3. 1ʉ:ʋʄʌʆ; 

mailto:ya.v.gorshkov@lemon.online
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4. SQL. 

 

Web-ʩʘʡʪ ʦʙʝʩʧʝʯʠʚʘʝʪ ʧʝʨʚʠʯʥʳʡ ʩʙʦʨ ʜʘʥʥʳʭ ʦ ʢʣʠʝʥʪʝ ʠ ʦʪʦʙʨʘʞʝʥʠʝ ʚ ʣʠʯʥʦʤ 

ʢʘʙʠʥʝʪʝ ʜʘʥʥʳʭ ʦ ʪʝʢʫʱʝʤ ʩʦʩʪʦʷʥʠʠ ʢʦʥʪʨʘʢʪʘ. ʆʥ ʷʚʣʷʝʪʩʷ ʬʨʦʥʪ-ʩʠʩʪʝʤʦʡ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩ ʟʘʢʘʟʯʠʢʘʤʠ. 

BPM-ʩʠʩʪʝʤʘ ʷʚʣʷʝʪʩʷ ʷʜʨʦʤ ʜʣʷ ʦʙʤʝʥʘ ʜʘʥʥʳʤʠ ʤʝʞʜʫ ʩʘʡʪʦʤ ʠ 1ʉ: ʋʄʌʆ, 

ʦʙʝʩʧʝʯʠʚʘʝʪ ʧʝʨʚʠʯʥʫʶ ʦʙʨʘʙʦʪʢʫ ʧʦʣʫʯʝʥʥʳʭ ʜʘʥʥʳʭ, ʦʨʛʘʥʠʟʫʝʪ ʦʙʤʝʥ ʤʝʞʜʫ ʩʠʩʪʝʤʘʤʠ 

ʠ ʦʪʜʝʣʴʥʦʝ ʭʨʘʥʝʥʠʝ ʩʨʝʜʩʪʚʘʤʠ SQL ʥʝ ʢʨʠʪʠʯʥʳʭ ʜʣʷ ʫʯʝʪʘ ʜʘʥʥʳʭ. 

1ʉ: ʋʄʌʆ ʥʘ ʦʩʥʦʚʝ ʢʣʠʝʥʪ-ʩʝʨʚʝʨʥʦʡ ʘʨʭʠʪʝʢʪʫʨʳ ʦʙʝʩʧʝʯʠʚʘʝʪ ʧʦʣʥʦʝ ʦʪʨʘʞʝʥʠʝ 

ʙʠʟʥʝʩ-ʧʨʦʮʝʩʩʦʚ, ʩʦʭʨʘʥʝʥʠʝ ʜʘʥʥʳʭ, ʬʦʨʤʠʨʦʚʘʥʠʝ ʦʪʯʝʪʥʦʩʪʠ ʧʨʝʜʧʨʠʷʪʠʷ ʜʣʷ 

ʢʦʥʪʨʦʣʠʨʫʶʱʠʭ ʦʨʛʘʥʦʚ ʠ ʧʨʝʜʦʩʪʘʚʣʷʝʪ ʧʦʣʴʟʦʚʘʪʝʣʴʩʢʠʡ ʠʥʪʝʨʬʝʡʩ ʜʣʷ ʘʥʘʣʠʟʘ ʜʘʥʥʳʭ. 

ɺʩʝ ʟʘʧʠʩʠ ʦʩʥʦʚʳʚʘʶʪʩʷ ʥʘ ʢʣʶʯʝʚʦʤ ʧʨʠʥʮʠʧʝ ERP ï ʝʜʠʥʦʡ ʪʨʘʥʟʘʢʮʠʦʥʥʦʡ ʩʠʩʪʝʤʝ. 

SQL ʧʨʝʜʦʩʪʘʚʣʷʝʪ ʠʥʩʪʨʫʤʝʥʪ ʭʨʘʥʝʥʠʷ ʜʘʥʥʳʭ ʚ ʝʜʠʥʦʡ ʙʘʟʝ. 

 

ʇʨʦʝʢʪʠʨʦʚʘʥʠʝ ʠʥʪʝʨʬʝʡʩʘ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ 

ʇʦʩʣʝ ʪʱʘʪʝʣʴʥʦʛʦ ʘʥʘʣʠʟʘ ʙʠʟʥʝʩ-ʪʨʝʙʦʚʘʥʠʡ ʢ ʩʠʩʪʝʤʝ ʙʳʣʘ ʩʬʦʨʤʠʨʦʚʘʥʘ ʤʦʜʝʣʴ 

ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ ʤʝʞʜʫ ʩʠʩʪʝʤʘʤʠ ʠ ʩʧʨʦʝʢʪʠʨʦʚʘʥ ʠʥʪʝʨʬʝʡʩ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ. ɿʘ ʦʩʥʦʚʫ 

ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ ʙʳʣʘ ʚʟʷʪʘ ʪʝʭʥʦʣʦʛʠʷ JSON. ɺʳʙʦʨ ʜʘʥʥʦʡ ʪʝʭʥʦʣʦʛʠʠ ʙʳʣ ʦʙʫʩʣʦʚʣʝʥ 

ʧʨʦʩʪʦʪʦʡ ʚ ʧʨʠʤʝʥʝʥʠʠ, ʤʘʣʳʤ ʦʙʲʝʤʦʤ ʧʝʨʝʜʘʚʘʝʤʳʭ ʜʘʥʥʳʭ, ʚ ʦʪʣʠʯʠʝ ʦʪ ʦʙʤʝʥʘ ʚ 

ʬʦʨʤʘʪʝ XML, ʣʝʛʢʦʡ ʯʠʪʘʝʤʦʩʪʴʶ ʜʣʷ ʯʝʣʦʚʝʢʘ ʧʨʠ ʦʪʣʘʜʢʝ ʟʘʧʨʦʩʦʚ ʠ ʩʣʘʙʦʡ ʪʠʧʠʟʘʮʠʝʡ, 

ʯʪʦ ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ ʩʦʢʨʘʱʘʝʪ ʢʦʣʠʯʝʩʪʚʦ ʦʰʠʙʦʢ ʧʨʠ ʧʝʨʝʜʘʯʝ. ʅʘ ʦʩʥʦʚʝ ʘʥʘʣʠʟʘ ʙʠʟʥʝʩ-

ʧʨʦʮʝʩʩʦʚ ʙʳʣʠ ʚʳʜʝʣʝʥʳ ʦʪʜʝʣʴʥʳʝ ʝʛʦ ʵʣʝʤʝʥʪʳ ʠ ʧʦʜ ʢʘʞʜʳʡ ʧʨʦʮʝʩʩ ʧʦʜʛʦʪʦʚʣʝʥ ʩʚʦʡ 

ʤʝʪʦʜ ʜʣʷ ʦʙʨʘʙʦʪʢʠ ʧʦʩʪʫʧʘʶʱʠʭ ʟʘʧʨʦʩʦʚ. ʉʘʤʠ ʟʘʧʨʦʩʳ ʣʦʛʠʯʝʩʢʠ ʙʳʣʠ ʨʘʟʜʝʣʝʥʳ ʥʘ ʜʚʘ 

ʪʠʧʘ ï GET ʠ POST.  

ɼʣʷ GET-ʟʘʧʨʦʩʦʚ ʣʦʛʠʢʦʡ ʧʨʝʜʫʩʤʘʪʨʠʚʘʝʪʩʷ ʬʦʨʤʠʨʦʚʘʥʠʝ ʦʪʯʝʪʥʳʭ ʜʘʥʥʳʭ ʜʣʷ 

ʧʨʝʜʦʩʪʘʚʣʝʥʠʷ ʢʣʠʝʥʪʘʤ ʠ ʚʥʝʰʥʝʛʦ ʬʦʨʤʠʨʦʚʘʥʠʷ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʫʧʨʘʚʣʝʥʯʝʩʢʠʭ 

ʦʪʯʝʪʦʚ. ʕʪʠ ʜʘʥʥʳʝ ʤʦʛʫʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʢʘʢ ʩʘʤʦʩʪʦʷʪʝʣʴʥʦ, ʪʘʢ ʠ ʚ ʩʦʚʦʢʫʧʥʦʩʪʠ ʩ 

ʜʘʥʥʳʤʠ ʩʠʩʪʝʤʳ BPM. 

POST-ʟʘʧʨʦʩʳ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʥʘʣʠʯʠʝʤ ʪʝʣʘ, ʩʦʜʝʨʞʘʱʝʛʦ ʜʘʥʥʳʝ ʜʣʷ ʟʘʧʦʣʥʝʥʠʷ, ʠ 

ʠʩʧʦʣʴʟʫʶʪʩʷ ʜʣʷ ʬʦʨʤʠʨʦʚʘʥʠʷ ʵʢʟʝʤʧʣʷʨʦʚ ʦʙʲʝʢʪʦʚ ʩʠʩʪʝʤʳ ʜʣʷ ʠʭ ʧʦʩʣʝʜʫʶʱʝʛʦ 

ʩʦʭʨʘʥʝʥʠʷ ʚ ʙʘʟʝ. 

 

ʆʪʨʘʞʝʥʠʝ ʙʠʟʥʝʩ-ʧʨʦʮʝʩʩʦʚ ʢʦʤʧʘʥʠʠ ʚ ʦʙʲʝʢʪʘʭ ʫʯʝʪʥʦʡ ʩʠʩʪʝʤʳ 1ʉ 

ɼʣʷ ʢʦʨʨʝʢʪʥʦʛʦ ʦʪʨʘʞʝʥʠʷ ʧʦʩʪʫʧʘʶʱʝʡ ʠʥʬʦʨʤʘʮʠʠ ʙʳʣ ʧʨʦʠʟʚʝʜʝʥ ʘʥʘʣʠʟ 

ʠʤʝʶʱʠʭʩʷ ʠʥʩʪʨʫʤʝʥʪʦʚ ʧʨʠʣʦʞʝʥʠʷ 1ʉ:ʄʌʆ ʠ ʙʳʣʠ ʚʳʜʝʣʝʥʳ ʦʩʥʦʚʥʳʝ ʦʙʲʝʢʪʳ 

ʫʯʘʩʪʚʫʶʱʠʝ ʚ ʫʯʝʪʝ. ʅʘ ʦʩʥʦʚʝ ʵʪʦʛʦ ʘʥʘʣʠʟʘ ʚʳʜʝʣʝʥʳ ʩʣʝʜʫʶʱʠʝ ʩʫʱʥʦʩʪʠ ʫʯʝʪʘ: 

1. ʂʦʥʪʨʘʛʝʥʪ ï ʵʢʟʝʤʧʣʷʨ ʩʧʨʘʚʦʯʥʠʢʘ çʂʦʥʪʨʘʛʝʥʪʳè; 

2. ɿʘʷʚʢʘ ï ʵʢʟʝʤʧʣʷʨ ʜʦʢʫʤʝʥʪʘ çɿʘʷʚʢʘ ʥʘ ʟʘʡʤè; 

3. ɼʦʛʦʚʦʨ ʢʦʥʪʨʘʛʝʥʪʘ ï ʵʢʟʝʤʧʣʷʨ ʩʧʨʘʚʦʯʥʠʢʘ çɼʦʛʦʚʦʨʳè; 

4. ɿʘʡʤ ï ʵʢʟʝʤʧʣʷʨ ʜʦʢʫʤʝʥʪʘ çɿʘʡʤʳ ʧʨʝʜʦʩʪʘʚʣʝʥʥʳʝè; 

5. ɻʨʘʬʠʢ ʧʣʘʪʝʞʝʡ ï ʵʢʟʝʤʧʣʷʨ ʜʦʢʫʤʝʥʪʘ çɻʨʘʬʠʢʠ ʟʘʡʤʦʚ ʧʨʝʜʦʩʪʘʚʣʝʥʥʳʭè. 

 

ʂʘʞʜʳʡ ʦʙʲʝʢʪ ʩʠʩʪʝʤʳ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʛʨʘʬʠʯʝʩʢʦʝ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʜʘʥʥʳʭ, 

ʭʨʘʥʷʱʠʭʩʷ ʚ SQL, ʠ ʧʨʝʜʥʘʟʥʘʯʝʥ ʜʣʷ ʫʜʦʙʥʦʛʦ ʧʨʦʩʤʦʪʨʘ ʠ ʨʝʜʘʢʪʠʨʦʚʘʥʠʷ. 

 

 

 



69 
 

ʀʪʦʛʠ ʨʘʟʨʘʙʦʪʢʠ 

ɼʘʥʥʘʷ ʨʝʘʣʠʟʘʮʠʷ ʧʨʝʜʩʪʘʚʣʷʝʪ ʚʘʨʠʘʥʪ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʛʦ ʢʨʝʜʠʪʥʦʛʦ ʢʦʥʚʝʡʝʨʘ 

ʜʣʷ ʤʠʢʨʦʬʠʥʘʥʩʦʚʦʡ ʦʨʛʘʥʠʟʘʮʠʠ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʨʘʟʨʘʙʦʪʢʠ ʚ ʦʨʛʘʥʠʟʘʮʠʠ ʧʦʟʚʦʣʠʣʦ 

ʩʦʢʨʘʪʠʪʴ ʜʦ ʤʠʥʠʤʫʤʘ ʪʨʫʜ ʧʝʨʩʦʥʘʣʘ, ʪʝʤ ʩʘʤʳʤ ʩʥʠʟʠʚ ʦʩʥʦʚʥʫʶ ʯʘʩʪʴ ʬʦʨʤʠʨʦʚʘʥʠʷ 

ʩʝʙʝʩʪʦʠʤʦʩʪʠ ʫʩʣʫʛʠ ʠ ʧʦʟʚʦʣʠʚ ʦʨʛʘʥʠʟʘʮʠʠ ʧʨʝʜʦʩʪʘʚʣʷʪʴ ʝʝ ʧʦ ʙʦʣʝʝ ʥʠʟʢʦʡ ʮʝʥʝ ʥʘ 

ʨʳʥʦʢ, ʪʝʤ ʩʘʤʳʤ ʧʦʚʳʩʠʚ ʢʦʥʢʫʨʝʥʪʦʩʧʦʩʦʙʥʦʩʪʴ. 
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 ɺ ʩʦʚʨʝʤʝʥʥʦʤ ʤʠʨʝ ʨʘʙʦʪʘ ʧʨʘʢʪʠʯʝʩʢʠ ʚʩʝʭ ʦʨʛʘʥʠʟʘʮʠʡ ʠ ʧʨʝʜʧʨʠʷʪʠʡ 

ʧʦʜʨʘʟʫʤʝʚʘʝʪ ʦʙʨʘʙʦʪʢʫ ʢʘʢʦʡ-ʣʠʙʦ ʠʥʬʦʨʤʘʮʠʠ. ʇʦʵʪʦʤʫ ʣʶʙʦʡ ʦʨʛʘʥʠʟʘʮʠʠ ʠ 

ʧʨʝʜʧʨʠʷʪʠʶ ʥʝʦʙʭʦʜʠʤʘ ʨʘʩʧʨʝʜʝʣʝʥʥʘʷ ʚʳʯʠʩʣʠʪʝʣʴʥʘʷ ʩʠʩʪʝʤʘ (ʈɺʉ), ʢʦʪʦʨʘʷ ʙʫʜʝʪ ʵʪʫ 

ʠʥʬʦʨʤʘʮʠʶ ʦʙʨʘʙʘʪʳʚʘʪʴ. ʆʪ ʫʩʧʝʰʥʦʡ ʨʘʙʦʪʳ ʈɺʉ ʟʘʚʠʩʠʪ ʨʘʩʰʠʨʝʥʠʝ ʩʬʝʨ ʠʥʪʝʨʝʩʦʚ 

ʧʨʝʜʧʨʠʷʪʠʷ, ʧʦʚʳʰʝʥʠʝ ʢʘʯʝʩʪʚʘ ʧʦʩʪʘʚʣʷʝʤʦʡ ʠʤ ʧʨʦʜʫʢʮʠʠ ʠ ʝʛʦ ʢʦʥʢʫʨʝʥʪʦʩʧʦʩʦʙʥʦʩʪʴ 

ʚ ʮʝʣʦʤ.  

 

ʈʘʩʧʨʝʜʝʣʝʥʥʘʷ ʚʳʯʠʩʣʠʪʝʣʴʥʘʷ ʩʠʩʪʝʤʘ (Distributed System, DS, ʈɺʉ) ï ʵʪʦ ʥʘʙʦʨ 

ʥʝʟʘʚʠʩʠʤʳʭ ʜʨʫʛ ʦʪ ʜʨʫʛʘ ʢʦʤʧʴʶʪʝʨʦʚ, ʧʨʝʜʩʪʘʚʣʷʶʱʠʡʩʷ ʧʦʣʴʟʦʚʘʪʝʣʷʤ ʝʜʠʥʦʡ 

ʦʙʲʝʜʠʥʝʥʥʦʡ ʩʠʩʪʝʤʦʡ, ʠ ʥʘʧʨʘʚʣʝʥʥʳʡ ʥʘ ʨʝʰʝʥʠʝ ʢʦʥʢʨʝʪʥʦʡ ʦʙʱʝʡ ʟʘʜʘʯʠ. 

ɺʳʯʠʩʣʠʪʝʣʴʥʳʝ ʩʠʩʪʝʤʳ ʤʦʛʫʪ ʠʤʝʪʴ ʢʘʢ ʦʜʥʦʨʘʥʛʦʚʫʶ ʘʨʭʠʪʝʢʪʫʨʫ, ʪʘʢ ʠ 

ʮʝʥʪʨʘʣʠʟʦʚʘʥʥʫʶ ʘʨʭʠʪʝʢʪʫʨʫ çʂʣʠʝʥʪ/ʩʝʨʚʝʨè (ʩʝʪʴ ʩ ʚʳʜʝʣʝʥʥʳʤ ʩʝʨʚʝʨʦʤ). ʉʪʦʠʪ 

ʦʪʤʝʪʠʪʴ, ʯʪʦ ʪʘʢʞʝ ʩʫʱʝʩʪʚʫʶʪ, ʪʘʢ ʥʘʟʳʚʘʝʤʳʝ, çʛʠʙʨʠʜʥʳʝè ʩʝʪʠ, ʠʩʧʦʣʴʟʫʶʱʠʝ ʢʘʢ 

ʦʜʥʦʨʘʥʛʦʚʳʝ ʪʝʭʥʦʣʦʛʠʠ, ʪʘʢ ʠ ʪʝʭʥʦʣʦʛʠʠ ʩ ʚʳʜʝʣʝʥʥʳʤ ʩʝʨʚʝʨʦʤ. ʅʦ ʚ ʜʘʥʥʦʡ ʩʪʘʪʴʝ ʦʥʠ 

ʨʘʩʩʤʦʪʨʝʥʳ ʥʝ ʙʫʜʫʪ. 

ʆʜʥʦʨʘӢʥʛʦʚʘ̫, ʜʝʮʝʥʪʨʘʣʠʟʦʚʘʥʥʘ̫ ʠʣʠ ʧʠӢʨʠʥʛʦʚʘ̫ ʩʝʪɹ (ʘʥʛʣ. peer-to-peer, P2P ï 

ʨʘʚʥʳʡ ʢ ʨʘʚʥʦʤʫ) ï ʵʪʦ ʦʚʝʨʣʝʡʥʘʷ ʢʦʤʧʴʶʪʝʨʥʘʷ ʩʝʪʴ, ʦʩʥʦʚʘʥʥʘʷ ʥʘ ʨʘʚʥʦʧʨʘʚʠʠ 

https://v8.1c.ru/o7/201410json/
https://habr.com/ru/company/1c/blog/308420/
https://ru.wikipedia.org/wiki/REST


70 
 

ʫʯʘʩʪʥʠʢʦʚ. ɺʳʜʝʣʝʥʥʳʝ ʩʝʨʚʝʨʳ ʚ ʪʘʢʦʡ ʩʝʪʠ ʦʙʳʯʥʦ ʦʪʩʫʪʩʪʚʫʶʪ, ʘ ʢʘʞʜʳʡ ʫʟʝʣ (peer) 

ʷʚʣʷʝʪʩʷ ʠ ʢʣʠʝʥʪʦʤ ʠ ʠʩʧʦʣʥʷʝʪ ʨʦʣʴ ʩʝʨʚʝʨʘ. 

ʇʠʨ (ʘʥʛʣ. peer) ï ʫʯʘʩʪʥʠʢ (ʧʦʣʴʟʦʚʘʪʝʣʴ) ʩʝʪʠ, ʠʤʝʶʱʠʡ ʨʘʚʥʳʝ ʧʨʘʚʘ ʩ ʜʨʫʛʠʤʠ 

ʫʯʘʩʪʥʠʢʘʤʠ. ʆʥ ʢʘʢ ʧʨʝʜʦʩʪʘʚʣʷʝʪ ʩʝʨʚʠʩʳ ʜʨʫʛʠʤ ʫʯʘʩʪʥʠʢʘʤ ʪʘʢʦʡ ʩʝʪʠ, ʪʘʢ ʠ ʩʘʤ 

ʧʦʣʴʟʫʝʪʩʷ ʠʭ ʩʝʨʚʠʩʘʤʠ.  

 

ʋʩʪʨʦʡʩʪʚʦ ʦʜʥʦʨʘʥʛʦʚʦʡ ʩʝʪʠ 

ɼʣʷ ʧʨʠʤʝʨʘ: ʚ ʩʝʪʠ ʠʤʝʝʪʩʷ 15 ʢʦʤʧʴʶʪʝʨʦʚ, ʢʘʞʜʳʡ ʠʟ ʢʦʪʦʨʳʭ ʤʦʞʝʪ ʩʚʷʟʘʪʴʩʷ ʩ 

ʜʨʫʛʠʤ. ɺ ʧʨʝʜʝʣʘʭ ʜʘʥʥʦʡ ʩʝʪʠ, ʣʶʙʦʡ ʢʦʤʧʴʶʪʝʨ ʤʦʞʝʪ ʧʦʩʳʣʘʪʴ ʜʨʫʛʠʤ ʢʦʤʧʴʶʪʝʨʘʤ 

ʟʘʧʨʦʩ ʥʘ ʧʨʝʜʦʩʪʘʚʣʝʥʠʝ ʢʘʢʠʭ-ʣʠʙʦ ʨʝʩʫʨʩʦʚ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʦʥ ʙʫʜʝʪ ʷʚʣʷʪʴʩʷ ʢʣʠʝʥʪʦʤ. 

ʅʦ ʦʥ ʪʘʢʞʝ ʜʦʣʞʝʥ ʙʳʪʴ ʩʧʦʩʦʙʝʥ ʥʘ ʦʙʨʘʙʦʪʢʫ ʟʘʧʨʦʩʦʚ ʦʪ ʜʨʫʛʠʭ ʢʦʤʧʴʶʪʝʨʦʚ, ʠ ʥʘ 

ʫʜʦʚʣʝʪʚʦʨʝʥʠʝ ʵʪʠʭ ʟʘʧʨʦʩʦʚ. ɺ ʪʘʢʦʤ ʩʣʫʯʘʝ ʦʥ ʙʫʜʝʪ ʷʚʣʷʪʴʩʷ ʩʝʨʚʝʨʦʤ. ʊʘʢʞʝ, ʢʘʞʜʳʡ 

ʢʦʤʧʴʶʪʝʨ ʜʦʣʞʝʥ ʚʳʧʦʣʥʷʪʴ ʥʝʢʠʝ ʘʜʤʠʥʠʩʪʨʘʪʠʚʥʳʝ ʬʫʥʢʮʠʠ, ʢ ʧʨʠʤʝʨʫ, ʭʨʘʥʠʪʴ 

ʘʢʪʫʘʣʴʥʳʡ ʩʧʠʩʦʢ ʢʦʤʧʴʶʪʝʨʦʚ ʩʚʦʝʡ ʩʝʪʠ.  

ʂʘʢ ʧʨʘʚʠʣʦ, ʦʜʥʦʨʘʥʛʦʚʘʷ ʘʨʭʠʪʝʢʪʫʨʘ ʷʚʣʷʝʪʩʷ ʭʦʨʦʰʠʤ ʨʝʰʝʥʠʝʤ ʜʣʷ ʥʝʙʦʣʴʰʠʭ 

ʦʬʠʩʦʚ ʠʣʠ ʦʪʜʝʣʦʚ ʢʨʫʧʥʳʭ ʧʨʝʜʧʨʠʷʪʠʡ. 

 

ʉʝʪʠ ʩ ʚʳʜʝʣʝʥʥʳʤ ʩʝʨʚʝʨʦʤ ʠʣʠ ʩʝʪʠ ʪʠʧʘ çʢʣʠʝʥʪ/ʩʝʨʚʝʨè  

ʇʨʠ ʧʦʩʪʨʦʝʥʠʠ ʈɺʉ ʩ ʚʳʜʝʣʝʥʥʳʤ ʩʝʨʚʝʨʦʤ ʦʧʠʨʘʶʪʩʷ ʥʘ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʝ 

ʢʦʤʧʴʶʪʝʨʳ, ʢʦʪʦʨʳʝ ʥʘʟʳʚʘʶʪʩʷ ʩʝʨʚʝʨʘʤʠ. ʉʝʨʚʝʨ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʥʝʢʦʝ ʦʙʦʨʫʜʦʚʘʥʠʝ 

ʩ ʫʩʪʘʥʦʚʣʝʥʥʳʤ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʤ ʧʨʦʛʨʘʤʤʥʳʤ ʦʙʝʩʧʝʯʝʥʠʝʤ. ɺ ʩʝʨʚʝʨʘʭ 

ʩʦʩʨʝʜʦʪʦʯʝʥʳ ʦʩʥʦʚʥʳʝ ʨʝʩʫʨʩʳ ʚʳʯʠʩʣʠʪʝʣʴʥʦʡ ʩʠʩʪʝʤʳ. ʇʦ ʟʘʧʨʦʩʫ ʢʣʠʝʥʪʘ, (ʨʘʙʦʯʘʷ 

ʩʪʘʥʮʠʷ) ʩʝʨʚʝʨ ʧʨʝʜʦʩʪʘʚʣʷʝʪ ʠʤ ʩʚʦʠ ʨʝʩʫʨʩʳ. ʕʪʦ ʤʦʛʫʪ ʙʳʪʴ ʢʘʢ ʥʝʢʠʝ ʜʘʥʥʳʝ, ʪʘʢ ʠ 

ʩʝʨʚʠʩʥʳʝ ʬʫʥʢʮʠʠ. 

ʉʪʦʠʪ ʪʘʢʞʝ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʢʣʠʝʥʪ ʠ ʩʝʨʚʝʨ ʤʦʛʫʪ ʙʳʪʴ ʨʘʩʧʦʣʦʞʝʥʳ ʢʘʢ ʥʘ ʦʜʥʦʤ 

ʢʦʤʧʴʶʪʝʨʝ, ʪʘʢ ʠ ʥʘ ʨʘʟʥʳʭ. 

 

ɽʩʣʠ ʩʨʘʚʥʠʚʘʪʴ ʵʪʠ ʜʚʝ ʘʨʭʠʪʝʢʪʫʨʳ, ʪʦ ʤʦʞʥʦ ʩʢʘʟʘʪʴ ʩʣʝʜʫʶʱʝʝ: 

¶ ɹʝʟʦʧʘʩʥʦʩʪʴ ʫ ʘʨʭʠʪʝʢʪʫʨʳ ʢʣʠʝʥʪ/ʩʝʨʚʝʨ ʥʘ ʙʦʣʝʝ ʚʳʩʦʢʦʤ ʫʨʦʚʥʝ, ʯʝʤ ʫ 

ʦʜʥʦʨʘʥʛʦʚʦʡ ʩʝʪʠ.  

¶ ʇʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʫ ʘʨʭʠʪʝʢʪʫʨʳ ʢʣʠʝʥʪ/ʩʝʨʚʝʨ ʪʦʞʝ ʙʦʣʝʝ ʚʳʩʦʢʘʷ. ʕʪʦ 

ʦʙʫʩʣʦʚʣʝʥʦ ʪʝʤ, ʯʪʦ ʜʣʷ ʩʝʨʚʝʨʘ, ʢʘʢ ʧʨʘʚʠʣʦ, ʠʩʧʦʣʴʟʫʝʪʩʷ ʙʦʣʝʝ 

ʚʳʩʦʢʦʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʝ ʘʧʧʘʨʘʪʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ.  

¶ ʉʪʦʠʤʦʩʪʴ ʦʙʦʨʫʜʦʚʘʥʠʷ, ʠʩʭʦʜʷ ʠʟ ʧʨʝʜʳʜʫʱʝʛʦ ʧʫʥʢʪʘ, ʪʘʢʞʝ ʚʳʰʝ ʫ ʘʨʭʠʪʝʢʪʫʨʳ 

ʢʣʠʝʥʪ/ʩʝʨʚʝʨ. 

¶ ʈʝʟʝʨʚʥʦʝ ʢʦʧʠʨʦʚʘʥʠʝ ʚ ʘʨʭʠʪʝʢʪʫʨʝ ʢʣʠʝʥʪ/ʩʝʨʚʝʨ ʢʘʢ ʧʨʘʚʠʣʦ ʮʝʥʪʨʘʣʠʟʦʚʘʥʦ, ʪʘʢ 

ʢʘʢ ʚʩʝ ʜʘʥʥʳʝ ʩʦʭʨʘʥʷʶʪʩʷ ʥʘ ʩʝʨʚʝʨʝ. ʋ ʦʜʥʦʨʘʥʛʦʚʦʡ ʞʝ ʘʨʭʠʪʝʢʪʫʨʳ, ʨʝʰʝʥʠʝ ʦ 

ʨʝʟʝʨʚʥʦʤ ʢʦʧʠʨʦʚʘʥʠʠ ʠ ʝʛʦ ʩʧʦʩʦʙʝ ʦʩʪʘʝʪʩʷ ʟʘ ʧʦʣʴʟʦʚʘʪʝʣʝʤ. 

¶ ɺʘʞʥʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʚ ʩʣʫʯʘʝ ʩ ʘʨʭʠʪʝʢʪʫʨʦʡ ʢʣʠʝʥʪ/ ʩʝʨʚʝʨ ʟʘʯʘʩʪʫʶ ʥʝʦʙʭʦʜʠʤʘ 

ʜʦʣʞʥʦʩʪʴ ʘʜʤʠʥʠʩʪʨʘʪʦʨ ʩʝʪʠ. ɺ ʩʣʫʯʘʝ ʞʝ ʩ ʦʜʥʦʨʘʥʛʦʚʦʡ ʘʨʭʠʪʝʢʪʫʨʦʡ ʚ ʥʝʡ ʥʝʪ 

ʥʝʦʙʭʦʜʠʤʦʩʪʠ. 
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ʋɼʂ 004 

ʉʧʝʮʠʬʠʢʘʮʠʷ 

ʄʘʰʠʥʥʦʝ ʦʙʫʯʝʥʠʝ ʠ ʧʨʦʮʝʩʩʳ ʈʘʩʧʦʟʥʘʚʘʥʠʷ ʠ ʘʥʘʣʠʟʘ ʦʙʨʘʟʦʚ ï ʟʘʪʨʘʪʥʳʝ 

ʧʨʦʮʝʩʩʳ ʚ ʯʘʩʪʠ ʪʨʝʙʦʚʘʥʠʷ ʢ ʚʳʯʠʩʣʠʪʝʣʴʥʳʤ ʤʦʱʥʦʩʪʷʤ. ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʷ ʭʦʯʫ 

ʨʘʩʩʤʦʪʨʝʪʴ ʨʝʰʝʥʠʝ, ʥʝ ʧʨʦʠʛʨʳʚʘʶʱʝʝ ʚ ʚʳʯʠʩʣʠʪʝʣʴʥʦʡ ʤʦʱʥʦʩʪʠ ʠ ʚʳʠʛʨʳʚʘʶʱʝʝ ʚ 

ʮʝʥʝ ʟʘ ʨʝʰʝʥʠʝ.  

ɼʣʷ ʩʦʟʜʘʥʠʷ ʦʧʪʠʤʘʣʴʥʦʛʦ ʨʝʰʝʥʠʷ ʙʫʜʫʪ ʠʩʧʦʣʴʟʦʚʘʥʳ ʧʣʘʪʳ Raspberry Pi 3 model B 

ʠ NanoPi NEO. ʉʪʦʠʤʦʩʪʴ ʦʜʥʦʡ ʪʘʢʦʡ ʧʣʘʪʳ ʜʦ 3000 ʨ ʠ 1000 ʨ. ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʎʝʥʘ ʚʟʷʪʳ 

ʩ ʦʬʠʮʠʘʣʴʥʳʭ ʩʘʡʪʦʚ ʧʨʦʠʟʚʦʜʠʪʝʣʝʡ ʧʣʘʪ.  

ʇʣʘʪʳ ʫʞʝ ʥʘ ʜʘʥʥʳʡ ʤʦʤʝʥʪ ʯʘʩʪʦ ʠʩʧʦʣʴʟʫʶʪʩʷ ʧʨʠ ʩʦʟʜʘʥʠʠ ʩʝʨʚʝʨʦʚ ʦʙʨʘʙʦʪʢʠ ʠ 

ʭʨʘʥʝʥʠʷ ʜʘʥʥʳʭ ʙʣʘʛʦʜʘʨʷ ʤʘʣʳʤ ʨʘʟʤʝʨʘʤ ʠ ʦʪʥʦʩʠʪʝʣʴʥʦ ʭʦʨʦʰʠʤ ʚʳʯʠʩʣʠʪʝʣʴʥʳʤ 

ʤʦʱʥʦʩʪʷʤ.  ɼʘʣʝʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʣʘʪ. 

ʀʟ ʧʣʘʪ ʩʦʙʠʨʘʝʪʩʷ ʢʘʩʢʘʜ ʠʟ ʛʣʘʚʥʦʡ ʤʘʰʠʥʳ ï manager, ʠ ʤʘʰʠʥʳ ʦʙʨʘʙʦʪʯʠʢʘ ï 

worker. ɺ ʢʘʯʝʩʪʚʝ ʦʧʝʨʘʮʠʦʥʥʦʡ ʩʠʩʪʝʤʳ ʙʫʜʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ Unix-ʧʦʜʦʙʥʘʷ ʆʉ, 

ʩʦʙʨʘʥʥʘʷ ʩʧʝʮʠʘʣʴʥʦ ʧʦʜ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʧʣʘʪʘʤʠ Raspberry ʠ Nano pi ï Rasbian. ʇʦʜʦʙʥʳʝ 

ʆʉ ʥʝ ʥʘʛʨʫʞʝʥʳ ʣʠʰʥʠʤʠ ʢʦʤʧʦʥʝʥʪʘʤʠ, ʢʦʪʦʨʳʝ ʙʫʜʫʪ ʣʠʰʴ ʟʘʥʠʤʘʪʴ ʤʝʩʪʦ ʚ ʧʘʤʷʪʠ ʠ ʥʝ 

ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ.   

 

ʈʘʩʧʘʨʘʣʣʝʣʠʚʘʥʠʝ ʚʳʯʠʩʣʝʥʠʡ 

ʂʣʘʩʪʝʨ ï ʵʪʦ ʥʝʩʢʦʣʴʢʦ ʤʘʰʠʥ ʩʦʙʨʘʥʥʳʭ ʥʘ ʬʠʟʠʯʝʩʢʦʤ ʠ/ʠʣʠ ʧʨʦʛʨʘʤʤʥʦʤ 

ʫʨʦʚʥʷʭ. ʆʩʥʦʚʥʘʷ ʟʘʜʘʯʘ ʧʦʜʦʙʥʳʭ ʢʦʥʩʪʨʫʢʮʠʡ ʩʦʩʪʦʠʪ ʚ ʨʘʩʧʨʝʜʝʣʝʥʠʠ ʤʦʱʥʦʩʪʝʡ ʧʦ 

ʚʩʝʤ ʜʦʩʪʫʧʥʳʤ ʤʘʰʠʥʘʤ. ɽʜʠʥʠʮʝʡ ʢʣʘʩʪʝʨ ʷʚʣʷʝʪʩʷ ʦʜʠʥ ʢʦʤʧʴʶʪʝʨ, ʠʥʘʯʝ ʝʛʦ ʥʘʟʳʚʘʶʪ 

çʋʟʝʣè ʠʣʠ çNodeè.  

https://elibrary.ru/contents.asp?id=36385925
https://elibrary.ru/contents.asp?id=36385925
https://elibrary.ru/contents.asp?id=36385925&selid=36385964
https://elibrary.ru/author_items.asp?refid=629457426&fam=%D0%93%D0%BE%D1%80%D0%BE%D0%B4%D0%BD%D0%B8%D1%87%D0%B5%D0%B2&init=%D0%9C+%D0%93
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ʉʫʱʝʩʪʚʫʝʪ ʪʨʠ ʦʩʥʦʚʥʳʭ ʚʠʜʘ ʢʣʘʩʪʝʨʦʚ: 

1. ʆʪʢʘʟʦʫʩʪʦʡʯʠʚʳʝ ï ʜʚʘ ʠ ʙʦʣʝʝ ʫʟʣʘ, ʩʚʷʟʘʥʥʳʝ ʤʝʞʜʫ ʩʦʙʦʡ, ʠʤʝʶʱʠʝ 

ʜʦʧʦʣʥʠʪʝʣʴʥʳʡ ʚʳʜʝʣʝʥʥʳʡ ʢʘʥʘʣ ʩʚʷʟʠ ʤʝʞʜʫ ʜʨʫʛ ʜʨʫʛʦʤ. ʂʘʥʘʣ ʧʨʝʜʥʘʟʥʘʯʝʥ ʜʣʷ 

ʢʦʥʪʨʦʣʷ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʠ ʩʝʨʚʠʩʦʚ, ʚʳʧʦʣʥʷʶʱʠʭʩʷ ʥʘ ʫʟʣʘʭ. ɺ ʩʣʫʯʘʝ ʥʝʠʩʧʨʘʚʥʦʩʪʠ 

ʨʘʙʦʪʳ ʩʝʨʚʠʩʘ ʥʘ ʫʟʣʝ, ʝʛʦ ʚʳʧʦʣʥʝʥʠʝ ʧʝʨʝʭʦʜʠʪ ʥʘ ʜʨʫʛʦʡ ʨʘʙʦʪʦʩʧʦʩʦʙʥʳʡ ʫʟʝʣ.  

2. ɹʘʣʘʥʩʠʨʫʶʱʠʝ ï ʩʫʪʴ ʧʦʜʦʙʥʳʭ ʢʣʘʩʪʝʨʦʚ ʩʦʩʪʦʠʪ ʚ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʡ ʧʨʦʚʝʨʢʝ 

ʩʚʦʙʦʜʥʳʭ ʫʟʣʦʚ ʢʣʘʩʪʝʨʘ, ʠ ʧʦʩʣʝʜʫʶʱʝʡ ʦʪʧʨʘʚʢʝ ʟʘʧʨʦʩʘ ʥʘ ʥʘʡʜʝʥʥʳʡ ʫʟʝʣ. 

3. ɺʳʩʦʢʦʧʨʦʠʟʚʦʜʠʪʝʣʴʥʳʝ ï ʜʘʥʥʳʡ ʚʠʜ ʢʣʘʩʪʝʨʦʚ ʩʭʦʞ ʩ ʙʘʣʘʥʩʠʨʦʚʦʯʥʳʤ, ʟʘ 

ʠʩʢʣʶʯʝʥʠʝʤ ʪʦʛʦ, ʯʪʦ ʟʘʧʨʦʩʳ ʟʘʯʘʩʪʫʶ ʚʳʧʦʣʥʷʶʪʩʷ ʥʘ ʥʝʩʢʦʣʴʢʠʭ ʫʟʣʘʭ ʦʜʥʦʚʨʝʤʝʥʥʦ. 

 

ʈʘʩʩʤʦʪʨʠʤ ʥʝʢʦʪʦʨʳʝ ʠʟ ʩʫʱʝʩʪʚʫʶʱʠʭ ʤʝʪʦʜʦʚ ʨʘʩʧʘʨʘʣʣʝʣʠʚʘʥʠʷ ʧʨʦʮʝʩʩʦʚ: 

 

¶ MPI ï ʵʪʦ ʙʠʙʣʠʦʪʝʢʘ ʜʣʷ ʧʝʨʝʜʘʯʠ ʩʦʦʙʱʝʥʠʡ ʤʝʞʜʫ ʧʨʦʮʝʩʩʘʤʠ ʧʘʨʘʣʣʝʣʴʥʦʡ 

ʧʨʦʛʨʘʤʤʳ ʩ ʨʘʩʧʨʝʜʝʣʝʥʥʦʡ ʧʘʤʷʪʴʶ. ʇʦʜ ʧʘʨʘʣʣʝʣʴʥʦʡ ʧʨʦʛʨʘʤʤʦʡ ʧʦʥʠʤʘʝʪʩʷ 

ʤʥʦʞʝʩʪʚʦ ʦʜʥʦʚʨʝʤʝʥʥʦ ʚʳʧʦʣʥʷʝʤʳʭ ʧʨʦʮʝʩʩʦʚ, ʧʨʠ ʜʦʧʫʱʝʥʠʠ ʚʳʧʦʣʥʝʥʠʷ 

ʧʨʦʮʝʩʩʦʚ ʢʘʢ ʥʘ ʦʜʥʦʤ, ʪʘʢ ʠ ʥʘ ʨʘʟʥʳʭ ʧʨʦʮʝʩʩʦʨʘʭ.  

¶ ʂʘʞʜʳʡ ʧʨʦʮʝʩʩ ʷʚʣʷʝʪʩʷ ʢʦʧʠʝʡ ʠʣʠ ʵʢʟʝʤʧʣʷʨʦʤ ʛʣʘʚʥʦʛʦ ʢʦʜʘ. ɹʠʙʣʠʦʪʝʢʘ 

ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʨʘʩʧʘʨʘʣʣʝʣʠʚʘʥʠʷ ʚʳʧʦʣʥʝʥʠʷ ʧʨʦʮʝʩʩʦʚ ʥʘ ʜʦʩʪʫʧʥʳʝ ʨʝʩʫʨʩʳ. ɺ 

ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʧʦʜ ʜʦʩʪʫʧʥʳʤʠ ʨʝʩʫʨʩʘʤʠ ʧʦʥʠʤʘʝʪʩʷ ʷʜʨʘ ʧʣʘʪ Raspberry, 

ʦʙʲʝʜʠʥʝʥʥʳʝ ʚ ʢʣʘʩʪʝʨ.  

¶ ɹʠʙʣʠʦʪʝʢʘ ʧʨʝʜʦʩʪʘʚʣʷʝʪ ʥʘʙʦʨ ʨʘʟʣʠʯʥʳʭ ʬʫʥʢʮʠʡ ʨʘʩʧʘʨʘʣʣʝʣʠʚʘʥʠʷ ʧʨʦʮʝʩʩʘ. 

ʉʦʦʪʚʝʪʩʪʚʝʥʥʦ ʜʣʷ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʜʘʥʥʦʡ ʙʠʙʣʠʦʪʝʢʠ, ʥʝʦʙʭʦʜʠʤʦ ʦʩʫʱʝʩʪʚʠʪʴ ʝʝ 

ʚʳʟʦʚ ʠ ʜʘʣʴʥʝʡʰʝʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʧʨʦʮʝʩʩʘʤʠ ʨʘʟʨʘʙʘʪʳʚʘʝʤʦʛʦ ʇʆ ʨʘʩʧʦʟʥʘʚʘʥʠʷ 

ʦʙʨʘʟʦʚ, ʧʦʜʜʘʶʱʠʭʩʷ ʨʘʩʧʘʨʘʣʣʝʣʠʚʘʥʠʶ.  

  

Mosix ï ʧʨʦʛʨʘʤʤʘ, ʧʨʝʜʥʘʟʥʘʯʝʥʥʘʷ ʜʣʷ ʦʙʲʝʜʠʥʝʥʠʷ ʥʝʩʢʦʣʴʢʠʭ ʤʘʰʠʥ ʚ ʝʜʠʥʳʡ 

ʢʣʘʩʪʝʨ. ɼʘʥʥʘʷ ʧʨʦʛʨʘʤʤʘ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʧʘʪʯ ʜʣʷ ʆʉ Linux. Mosix ʥʝ ʪʨʝʙʫʝʪ ʚʥʝʩʝʥʠʷ 

ʠʟʤʝʥʝʥʠʷ ʚ ʧʨʦʛʨʘʤʤʥʳʡ ʢʦʜ ʧʨʦʛʨʘʤʤʳ ʜʣʷ ʜʘʣʴʥʝʡʰʝʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʤʦʱʥʦʩʪʝʡ. 

ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʨʝʘʣʠʟʦʚʘʥʦ ʥʘ ʫʨʦʚʥʝ ʧʨʦʮʝʩʩʦʚ. ɽʩʣʠ ʧʨʦʛʨʘʤʤʘ ʚʳʧʦʣʥʷʝʪʩʷ ʚ ʥʝʩʢʦʣʴʢʦ 

ʧʨʦʮʝʩʩʦʚ, ʪʦ ʠʭ ʫʜʘʩʪʩʷ ʨʘʩʧʘʨʘʣʣʝʣʠʪʴ. ɺ ʠʥʦʤ ʩʣʫʯʘʝ Mosix ʙʫʜʝʪ ʙʝʩʩʠʣʴʥʘ. 

OpenMosix ʠʤʝʝʪ ʩʦʙʩʪʚʝʥʥʫʶ ʬʘʡʣʦʚʫʶ ʩʠʩʪʝʤʫ oMFS, ʢʦʪʦʨʘʷ ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʠʪʴ 

ʜʦʩʪʫʧ ʢ ʬʘʡʣʘʤ ʫʜʘʣʝʥʥʳʭ ʫʟʣʦʚ. ɽʩʪʴ ʪʨʠ ʩʧʦʩʦʙʘ ʠʩʧʦʣʴʟʦʚʘʥʠʷ openMosix: 

1. ʆʙʱʠʡ ʧʫʣ ï ʚʩʝ ʩʝʨʚʝʨʘ, ʦʙʲʝʜʠʥʝʥʥʳʝ ʩ ʧʦʤʦʱʴʶ ʢʨʦʩʩ-ʢʘʙʝʣʷ ʠʣʠ ʩ ʧʦʤʦʱʴʶ 

ʢʦʤʤʫʪʘʪʦʨʘ ʠ ʠʩʧʦʣʴʟʫʶʪʩʷ ʚ ʝʜʠʥʦʤ ʢʣʘʩʪʝʨʝ. ʉʦʦʪʚʝʪʩʪʚʝʥʥʦ ʧʨʦʮʝʩʩʳ ʚʳʧʦʣʥʷʝʤʦʡ 

ʧʨʦʛʨʘʤʤʳ ʤʦʛʫʪ ʤʠʛʨʠʨʦʚʘʪʴ ʥʘ ʣʶʙʦʡ ʠʟ ʜʦʩʪʫʧʥʳʭ ʫʟʣʦʚ ʦʙʱʝʛʦ ʧʫʣʘ. 

2. ʉʦʟʜʘʝʪʩʷ ʩʝʨʚʝʨʥʳʡ ʧʫʣ, ʫʟʣʳ ʢʦʪʦʨʦʛʦ ʷʚʣʷʶʪʩʷ ʯʘʩʪʴʶ ʢʣʘʩʪʝʨʘ. ɺʩʝ ʦʩʪʘʣʴʥʳʝ 

ʨʘʙʦʯʠʝ ʤʘʰʠʥʳ ʥʝ ʠʩʧʦʣʴʟʫʶʪʩʷ ʜʣʷ ʤʠʛʨʘʮʠʠ ʧʨʦʮʝʩʩʦʚ. 

3. ɸʜʘʧʪʠʚʥʳʡ ʧʫʣ ï ʜʘʥʥʳʡ ʤʝʪʦʜ ʧʦʜʨʘʟʫʤʝʚʘʝʪ ʧʦʜ ʩʦʙʦʡ ʥʘʣʠʯʠʝ ʠ ʩʝʨʚʝʨʥʦʛʦ 

ʧʫʣʘ, ʠ ʫʧʨʘʚʣʷʶʱʠʡ ʠʤ ʨʘʙʦʯʝʡ ʩʪʘʥʮʠʠ. ʅʦ ʚ ʤʦʤʝʥʪ, ʢʦʛʜʘ ʧʦʣʴʟʦʚʘʪʝʣʴ ʧʝʨʝʩʪʘʝʪ 

ʠʩʧʦʣʴʟʦʚʘʪʴ ʩʚʦʶ ʨʘʙʦʯʫʶ ʩʪʘʥʮʠʶ ʠ ʜʝʣʘʝʪ logon, ʝʛʦ ʩʪʘʥʮʠʷ ʧʝʨʝʭʦʜʠʪ ʚ ʦʙʱʠʡ ʧʫʣ ʠ 

ʠʩʧʦʣʴʟʫʝʪʩʷ ʥʘʨʘʚʥʝ ʩ ʜʨʫʛʠʤʠ ʫʟʣʘʤʠ. 

Hadoop ï ʬʘʡʣʦʚʘʷ ʩʠʩʪʝʤʘ HDFS ʩ ʥʘʙʦʨʦʤ ʠʥʩʪʨʫʤʝʥʪʦʚ ʜʣʷ ʦʙʨʘʙʦʪʢʠ ʜʘʥʥʳʭ. 

ɺʤʝʩʪʦ ʪʘʙʣʠʮ, ʢʘʢ ʚ ʦʙʳʯʥʦʡ ʬʘʡʣʦʚʦʡ ʩʠʩʪʝʤʝ, ʠʩʧʦʣʴʟʫʝʪʩʷ ʩʝʨʚʝʨ ʠʤʝʥ. ɼʘʥʥʳʝ 

ʨʘʩʧʦʣʦʞʝʥʳ ʥʘ ʚʩʝʭ ʩʝʨʚʝʨʘʭ ʢʣʘʩʪʝʨʘ. ɺ Hadoop ʜʣʷ ʨʘʩʧʘʨʘʣʣʝʣʠʚʘʥʠʷ ʠʩʧʦʣʴʟʫʝʪʩʷ 
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ʩʧʝʮʠʘʣʴʥʘʷ ʘʨʭʝʪʠʢʪʫʨʘ MapReduce, ʢʦʪʦʨʘʷ ʨʘʙʦʪʘʝʪ ʧʦ ʩʭʝʤʝ çManager-Workerôsè. 

ɸʨʭʠʪʝʢʪʫʨʘ ʧʨʝʜʧʦʣʘʛʘʝʪ ʢʦʧʠʨʦʚʘʥʠʝ, ʩʦʟʜʘʥʠʝ ʵʢʟʝʤʧʣʷʨʘ ʧʨʦʛʨʘʤʤʳ ʥʘ ʫʟʝʣ ʢʣʘʩʪʝʨʘ, 

ʩʦʜʝʨʞʘʱʝʛʦ ʥʝʦʙʭʦʜʠʤʫʶ ʠʥʬʦʨʤʘʮʠʶ, ʜʣʷ ʝʝ ʜʘʣʴʥʝʡʰʝʡ ʦʙʨʘʙʦʪʢʠ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, 

ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʚ ʧʝʨʝʜʘʯʝ ʙʦʣʴʰʦʛʦ ʦʙʲʝʤʘ ʜʘʥʥʳʭ ʥʘ ʛʣʘʚʥʳʡ ʫʟʝʣ ʦʪʧʘʜʘʝʪ, ʠʙʦ ʜʘʥʥʳʝ 

ʦʙʨʘʙʘʪʳʚʘʶʪʩʷ ʣʦʢʘʣʴʥʦ ʥʘ ʫʟʣʘʭ ï worker-ʘʭ.  

ʆʧʠʩʘʥʥʳʝ ʚʳʰʝ ʤʝʪʦʜʳ ʥʝ ʷʚʣʷʶʪʩʷ ʝʜʠʥʩʪʚʝʥʥʳʤʠ, ʥʦ ʦʜʥʠʤʠ ʠʟ ʩʘʤʳʭ 

ʧʦʧʫʣʷʨʥʳʭ ʠ ʵʬʬʝʢʪʠʚʥʳʭ. ʇʨʦʛʨʘʤʤʘ-ʧʘʪʯ Mosix ʷʚʣʷʝʪʩʷ ʥʘʠʙʦʣʝʝ ʫʜʦʙʥʦʡ ʚ ʧʣʘʥʝ 

ʤʦʙʠʣʴʥʦʩʪʠ ʢʦʤʧʣʝʢʩʘ. ʇʘʪʯ ʦʙʥʦʚʣʷʝʪ ʷʜʨʦ ʆʉ ʤʘʰʠʥ ʢʣʘʩʪʝʨʘ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʚʩʝ 

ʧʨʦʛʨʘʤʤʳ, ʠʩʧʦʣʥʷʝʤʳʝ ʷʜʨʦʤ, ʨʘʩʧʘʨʘʣʣʝʣʠʚʘʶʪʩʷ, ʥʝ ʪʨʝʙʫʷ ʚʥʝʜʨʝʥʠʷ ʚʳʟʦʚʘ 

ʩʧʝʮʠʘʣʴʥʳʭ ʬʫʥʢʮʠʡ ʠʟ ʢʦʜʘ ʠʩʧʦʣʥʷʝʤʦʡ ʧʨʦʛʨʘʤʤʳ. ɹʣʘʛʦʜʘʨʷ ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʧʨʦʩʪʦʪʝ, ʠ 

ʥʝ ʤʝʥʴʰʝʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʜʨʫʛʠʤʠ ʤʝʪʦʜʘʤʠ, ʚ ʩʦʟʜʘʥʠʠ ʢʦʤʧʣʝʢʩʘ 

ʠʩʧʦʣʴʟʦʚʘʥʦ ʨʝʰʝʥʠʝ Mosix. 

 

ɿʘʢʣʶʯʝʥʠʝ  

ʀʥʪʝʥʩʠʚʥʦʩʪʴ ʠʩʩʣʝʜʦʚʘʥʠʡ ʠ ʨʘʟʨʘʙʦʪʦʢ ʚʩʝ ʙʦʣʝʝ ʤʝʥʴʰʠʭ ʨʘʟʤʝʨʦʚ ʠ ʙʦʣʝʝ 

ʤʦʱʥʳʭ ʧʣʘʪ ʚʳʩʦʢʘ, ʯʪʦ ʟʘʩʪʘʚʣʷʝʪ ʧʦʩʪʦʷʥʥʦ ʤʝʥʷʪ ɹʥʘʰʠ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʦ ʨʘʟʣʠʯʥʳʭ 

ʘʧʧʘʨʘʪʥʦ-ʪʝʭʥʠʯʝʩʢʠʭ ʨʝʰʝʥʠʷʭ. ʆʙʳʯʥʦʝ ʙʦʣʴʰʦʝ, ʛʨʦʤʦʟʜʢʦʝ, ʜʦʨʦʛʦʝ ʩʝʨʚʝʨʥʦʝ 

ʦʙʦʨʫʜʦʚʘʥʠʝ ʤʦʞʥʦ ʟʘʤʝʥʠʪʴ ʧʘʨʦʡ ʤʠʥʠ-ʧʣʘʪ, ʩʦʝʜʠʥʝʥʥʳʭ ʤʝʞʜʫ ʩʦʙʦʡ ʠ ʠʤʝʶʱʠʭ ʧʦʜ 

ʩʦʙʦʡ ʩʪʨʫʢʪʫʨʫ ʨʘʩʧʘʨʘʣʣʝʣʠʚʘʥʠʷ ʧʨʦʮʝʩʩʦʚ. 

ʆʩʥʦʚʥʦʡ ʤʠʥʫʩ ʘʧʧʘʨʘʪʥʦ-ʧʨʦʛʨʘʤʤʥʦʛʦ ʨʝʰʝʥʠʷ ʚ ʝʛʦ ʤʘʩʰʪʘʙʘʭ ʚ ʬʠʟʠʯʝʩʢʦʤ 

ʧʣʘʥʝ. ʇʦʜʦʙʥʳʝ ʨʝʰʝʥʠʷ ʥʝʩʦʤʥʝʥʥʦ ʦʢʘʞʫʪ ʚʣʠʷʥʠʝ ʥʘ ʨʘʟʣʠʯʥʳʝ ʩʬʝʨʳ ʧʨʠʤʝʥʝʥʠʷ, 

ʙʣʘʛʦʜʘʨʷ ʩʚʦʠʤ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʠ ʟʘʜʫʤʢʝ ʚ ʠʭ ʨʘʟʨʘʙʦʪʢʝ ʠ ʧʦʩʣʝʜʫʶʱʝʡ ʨʝʘʣʠʟʘʮʠʠ. 

 

ʃʠʪʝʨʘʪʫʨʘ 

1. ʂʘʨʧʦʚ ɺ.ɽ. çʏʠʩʣʝʥʥʳʝ ʤʝʪʦʜʳ, ʘʣʛʦʨʠʪʤʳ ʠ ʧʨʦʛʨʘʤʤʳ. ɺʚʝʜʝʥʠʝ ʚ 

ʨʘʩʧʘʨʘʣʣʝʣʠʚʘʥʠʝè. 

2. ʈʘʰʢʘ ʉ., ʄʠʨʜʞʘʣʠʣʠ ɺ. çPython ʠ ʤʘʰʠʥʥʦʝ ʦʙʫʯʝʥʠʝè. 
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ʇ.ɼ. ʖʥʴʢʠʥ, ʤʘʛʠʩʪʨʘʥʪ ʄʊʋʉʀ, 111024, ʛ. ʄʦʩʢʚʘ, ʫʣ. ɸʚʠʘʤʦʪʦʨʥʘʷ, 8ɸ, uch1@mtuci.ru. 

 

A BRIEF REVIEW OF TOPICAL ALGORITHMS FOR DETECTING SPECIAL POINTS 

ON THE IMAGE IN COMPUTER VISION  

 

P.D. Iunkin, master's student MTUCI, 111024, Moscow, ul. Aviamotornaya, 8A  

 

ʋɼʂ 004.021 

ʂʦʤʧʴʶʪʝʨʥʦʝ ʟʨʝʥʠʝ ï ʦʜʥʦ ʠʟ ʥʘʠʙʦʣʝʝ ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʥʘʧʨʘʚʣʝʥʠʡ ʨʘʙʦʪʳ ʚ ʩʬʝʨʝ 

ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ. ʉʦʟʜʘʥʠʝ ʢʦʤʧʴʶʪʝʨʥʳʭ ʩʠʩʪʝʤ, ʩʧʦʩʦʙʥʳʭ ʚʠʜʝʪʴ ʠ 

ʚʦʩʧʨʠʥʠʤʘʪʴ ʦʢʨʫʞʘʶʱʠʡ ʤʠʨ, ʠʤʝʝʪ ʙʝʩʯʠʩʣʝʥʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʚʘʨʠʘʥʪʦʚ ʧʨʠʤʝʥʝʥʠʷ. ɺ 
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ʢʘʯʝʩʪʚʝ çʟʨʝʥʠʷè ʜʘʥʥʳʭ ʩʠʩʪʝʤ ʯʘʩʪʦ ʠʩʧʦʣʴʟʫʶʪʩʷ ʘʣʛʦʨʠʪʤʳ ʦʙʥʘʨʫʞʝʥʠʷ ʠ ʦʧʠʩʘʥʠʷ 

ʦʩʦʙʳʭ ʪʦʯʝʢ ʥʘ ʠʟʦʙʨʘʞʝʥʠʠ. 

ɸʣʛʦʨʠʪʤʳ, ʠʩʧʦʣʴʟʫʶʱʠʝ ʦʩʦʙʳʝ ʪʦʯʢʠ (ʘʥʛʣ. point feature, key point, feature), 

ʦʩʥʦʚʘʥʳ ʥʘ ʪʦʤ, ʯʪʦ ʥʘ ʠʟʦʙʨʘʞʝʥʠʠ ʤʦʞʥʦ ʚʳʜʝʣʠʪʴ ʪʦʯʢʫ, ʦʢʨʝʩʪʥʦʩʪʴ ʢʦʪʦʨʦʡ ʤʦʞʥʦ 

ʦʪʣʠʯʠʪʴ ʦʪ ʦʢʨʝʩʪʥʦʩʪʠ ʥʝʢʦʪʦʨʦʡ ʜʨʫʛʦʡ ʪʦʯʢʠ, ʠʩʭʦʜʷ ʠʟ ʪʘʢʠʭ ʫʥʠʢʘʣʴʥʳʭ ʩʚʦʡʩʪʚ 

ʠʟʦʙʨʘʞʝʥʠʷ, ʢʘʢ ʫʛʣʳ, ʢʨʘʷ, ʦʩʦʙʳʝ ʦʙʣʘʩʪʠ. 

ʂ ʦʩʦʙʳʤ ʪʦʯʢʘʤ ʧʨʝʜʲʷʚʣʷʶʪʩʷ ʩʣʝʜʫʶʱʠʝ ʪʨʝʙʦʚʘʥʠʷ, ʦʧʠʩʘʥʥʳʝ ʚ ʚʠʜʝ ʩʚʦʡʩʪʚ: 

1. ʆʪʣʠʯʠʤʦʩʪʴ (distinctness) ï ʦʩʦʙʘʷ ʪʦʯʢʘ ʜʦʣʞʥʘ ʙʳʪʴ ʦʪʣʠʯʠʤʘ (ʫʥʠʢʘʣʴʥʘ) 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʜʨʫʛʠʭ ʪʦʯʝʢ ʚ ʦʢʨʝʩʪʥʦʩʪʠ. 

2. ʃʦʢʘʣʴʥʦʩʪʴ (locality) ï ʦʩʦʙʘʷ ʪʦʯʢʘ ʥʝ ʜʦʣʞʥʘ ʟʘʥʠʤʘʪʴ ʤʥʦʛʦ ʤʝʩʪʘ, ʯʪʦʙʳ 

ʫʤʝʥʴʰʠʪʴ ʚʝʨʦʷʪʥʦʩʪʴ ʚʣʠʷʥʠʷ ʠʩʢʘʞʝʥʠʡ, ʚʦʟʥʠʢʘʶʱʠʭ ʧʨʠ ʩʲʝʤʢʝ ʦʙʲʝʢʪʘ ʩ 

ʨʘʟʥʳʭ ʨʘʢʫʨʩʦʚ. 

3. ʂʦʣʠʯʝʩʪʚʦ (quantity) ï ʦʙʱʝʝ ʢʦʣʠʯʝʩʪʚʦ ʦʩʦʙʳʭ ʪʦʯʝʢ ʜʦʣʞʥʦ ʙʳʪʴ ʜʦʩʪʘʪʦʯʥʦ 

ʙʦʣʴʰʠʤ ʜʣʷ ʦʙʥʘʨʫʞʝʥʠʷ ʜʦʩʪʘʪʦʯʥʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʜʝʪʘʣʝʡ ʠʟʦʙʨʘʞʝʥʠʷ. 

4. ʊʦʯʥʦʩʪʴ (accuracy) ï ʤʝʩʪʦʧʦʣʦʞʝʥʠʝ ʦʩʦʙʳʭ ʪʦʯʝʢ ʜʦʣʞʥʦ ʙʳʪʴ ʦʧʨʝʜʝʣʝʥʦ ʪʦʯʥʦ 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʧʨʝʦʙʨʘʟʦʚʘʥʠʡ ʠʟʦʙʨʘʞʝʥʠʷ. 

5. ʕʬʬʝʢʪʠʚʥʦʩʪʴ (efficiency) ï ʚʨʝʤʷ, ʪʨʝʙʫʝʤʦʝ ʜʣʷ ʨʘʩʧʦʟʥʘʚʘʥʠʷ ʦʩʦʙʦʡ ʪʦʯʢʠ 

ʜʦʣʞʥʦ ʙʳʪʴ ʜʦʩʪʘʪʦʯʥʳʤ ʜʣʷ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚ ʧʨʠʣʦʞʝʥʠʷʭ ʨʝʘʣʴʥʦʛʦ ʚʨʝʤʝʥʠ. 

6. ʇʦʚʪʦʨʷʝʤʦʩʪʴ (repeatability) ï ʜʚʘ ʠʟʦʙʨʘʞʝʥʠʷ ʦʜʥʦʛʦ ʦʙʲʝʢʪʘ, ʩʥʷʪʦʛʦ ʚ ʨʘʟʥʳʭ 

ʫʩʣʦʚʠʷʭ ʜʦʣʞʥʳ ʩʦʜʝʨʞʘʪʴ ʙʦʣʴʰʫʶ ʯʘʩʪʴ ʦʩʦʙʳʭ ʪʦʯʝʢ. 

7. ʀʥʚʘʨʠʘʥʪʥʦʩʪʴ (invariance) ï ʧʨʠ ʨʘʙʦʪʝ ʚ ʩʮʝʥʘʨʠʷʭ ʩ ʙʦʣʴʰʠʤ ʢʦʣʠʯʝʩʪʚʦʤ 

ʧʨʝʦʙʨʘʟʦʚʘʥʠʡ (ʠʟʤʝʥʝʥʠʝ ʤʘʩʰʪʘʙʘ, ʧʦʚʦʨʦʪʘ ʠ.ʪ.ʜ.) ʘʣʛʦʨʠʪʤ ʜʦʣʞʝʥ 

ʤʠʥʠʤʠʟʠʨʦʚʘʪʴ ʠʭ ʚʣʠʷʥʠʝ ʥʘ ʦʩʦʙʳʝ ʪʦʯʢʠ. 

8. ʋʩʪʦʡʯʠʚʦʩʪʴ (robustness) ï ʪʘʢʠʝ ʥʝʜʦʩʪʘʪʢʠ ʠʟʦʙʨʘʞʝʥʠʷ, ʢʘʢ ʰʫʤʳ ʠ ʨʘʟʤʳʪʠʝ, 

ʥʝ ʜʦʣʞʥʳ ʩʠʣʴʥʦ ʚʣʠʷʪʴ ʥʘ ʪʦʯʥʦʩʪʴ ʨʘʩʧʦʟʥʘʚʘʥʠʷ. 

 

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʘʣʛʦʨʠʪʤʦʚ ʚʦʟʤʦʞʥʦ, ʢʘʢ ʥʘ ʩʪʘʪʠʯʝʩʢʠʭ, ʪʘʢ ʠ ʥʘ ʜʠʥʘʤʠʯʝʩʢʠʭ 

ʩʮʝʥʘʭ. 

ʀʩʭʦʜʷ ʠʟ ʩʚʦʡʩʪʚ, ʠʩʧʦʣʴʟʫʝʤʳʭ ʜʣʷ ʧʦʠʩʢʘ ʦʩʦʙʳʭ ʪʦʯʝʢ ʠ ʙʘʟʠʩʘ ʨʝʰʝʥʠʷ ʤʦʞʥʦ 

ʚʳʜʝʣʠʪʴ ʩʣʝʜʫʶʱʫʶ ʢʣʘʩʩʠʬʠʢʘʮʠʶ ʜʝʪʝʢʪʦʨʦʚ ʦʩʦʙʳʭ ʪʦʯʝʢ (ʪʘʙʣ. 1). 

 

ʊʘʙʣʠʮʘ 1. 

ʊʠʧ ʩʚʦʡʩʪʚʘ ɹʘʟʠʩ ʄʝʪʦʜʳ ʠ ɸʣʛʦʨʠʪʤʳ 

ʂʨʘʷ ɼʠʬʬʝʨʝʥʮʠʘʮʠʷ Sobel, Canny 

ʋʛʣʳ ɻʨʘʜʠʝʥʪ Harris (ʠ ʝʛʦ ʧʨʦʠʟʚʦʜʥʳʝ), KLT, Shi-Tomasi, 

LOCOCO, S-LOCOCO 

ʋʛʣʳ ʐʘʙʣʦʥ FAST, AGAST, BRIEF, SUSAN, FAST-ER 

ʋʛʣʳ ʂʦʥʪʫʨ ANDD, DoG-curve, ACJ, Hyperbola fitting 

ʋʛʣʳ ʆʙʫʯʝʥʠʝ NMX, BEL, Pb, MS-Pb, gPb, SCG, SE, tPb, DSC, 

Sketch Tokens 

ʆʙʣʘʩʪʴ ɼʋ ʚ ʯʘʩʪʥʳʭ 

ʧʨʦʠʟʚʦʜʥʳʭ 

SIFT (ʠ ʝʛʦ ʧʨʦʠʟʚʦʜʥʳʝ), SURF (ʠ ʝʛʦ 

ʧʨʦʠʟʚʦʜʥʳʝ), CenSurE, LoG, DoG, DoH, Hessian (ʠ 

ʝʛʦ ʧʨʦʠʟʚʦʜʥʳʝ), RLOG, MO-GP, DART, KAZE, A-

KAZE, WADE 

ʆʙʣʘʩʪʴ ʐʘʙʣʦʥ ORB, BRISK, FREAK 
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ʆʙʣʘʩʪʴ ʉʝʛʤʝʥʪʘʮʠʷ MSER (ʠ ʝʛʦ ʧʨʦʠʟʚʦʜʥʳʝ), IBR, Salient Regions, 

EBR, Beta-Stable, MFD, FLOG, BPLR 

 

ʅʠʞʝ ʧʨʝʜʩʪʘʚʣʝʥʘ ʪʘʙʣʠʮʘ ʢʘʯʝʩʪʚʘ ʨʘʙʦʪʳ ʥʝʢʦʪʦʨʳʭ ʤʝʪʦʜʦʚ ʧʦʠʩʢʘ ʦʩʦʙʳʭ ʪʦʯʝʢ (ʪʘʙʣ. 

2). 

 

ʊʘʙʣʠʮʘ 2. 

ʄʝʪʦʜ ʀʥʚʘʨʠʘʥʪʥʦʩʪʴ ʂʘʯʝʩʪʚʦ 

ɺʨʘʱʝʥ

ʠʝ 

ʄʘʩʰʪʘʙ ɸʬʬ. 

ʧʨʝʦʙʨʘʟ. 

ʇʦʚʪʦʨʷʝʤ

ʦʩʪʴ 

ʃʦʢʘʣʴʥʦʩʪʴ ʋʩʪʦʡʯʠʚ

ʦʩʪʴ 

ʕʬʬʝʢʪʠʚʥʦ

ʩʪʴ 

Harris +   +++ +++ +++ ++ 

Hessian +   ++ ++ ++ + 

SUSAN +   ++ ++ ++ +++ 

Harris-

Laplace 

+ +  +++ +++ ++ + 

Hesian-

Laplace 

+ +  +++ +++ +++ + 

DoG + +  ++ ++ ++ ++ 

Salient 

Regions 

+ + + + + ++ + 

SURF + +  ++ +++ ++ +++ 

SIFT + +  ++ +++ +++ ++ 

MSER + + + +++ +++ ++ +++ 
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ʋɼʂ 004.05 

ʅʘ ʧʨʦʪʷʞʝʥʠʠ ʧʦʩʣʝʜʥʝʛʦ ʩʪʦʣʝʪʠʷ ʯʝʣʦʚʝʯʝʩʪʚʦ ʜʦʩʪʠʛʣʦ ʩʫʱʝʩʪʚʝʥʥʦʛʦ ʧʨʦʛʨʝʩʩʘ ʚ 

ʦʙʣʘʩʪʠ ʨʘʟʨʘʙʦʪʢʠ ʢʦʤʧʴʶʪʝʨʥʳʭ ʪʝʭʥʦʣʦʛʠʡ. ɹʳʩʪʨʳʡ ʨʦʩʪ ʦʙʲʝʤʘ ʠʩʧʦʣʴʟʫʝʤʦʡ 

ʠʥʬʦʨʤʘʮʠʠ ʧʨʠʚʝʣ ʢ ʫʚʝʣʠʯʝʥʠʶ ʢʦʣʠʯʝʩʪʚʘ ʨʘʟʨʘʙʦʪʦʢ ʚ ʦʙʣʘʩʪʠ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ 

ʪʝʭʥʦʣʦʛʠʡ, ʥʘʫʢʠ ʠ ʚʳʯʠʩʣʠʪʝʣʴʥʦʡ ʪʝʭʥʠʢʠ. 

ʏʘʩʪʥʳʤ ʧʨʠʤʝʨʦʤ ʵʪʦʛʦ ʷʚʣʝʥʠ ̫ʤʦʞʝʪ ʩʪʘʪʴ ʨʳʥʦʢ ʢʨʠʧʪʦʚʘʣʶʪ, ʢʦʪʦʨʳʡ ʘʢʪʠʚʥʦ 

ʨʘʟʚʠʚʘʝʪʩʷ ʚ ʨʝʟʫʣʴʪʘʪʝ ʧʨʠʚʣʝʯʝʥʠʷ ʠʥʥʦʚʘʮʠʦʥʥʦʛʦ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ ʠ 

ʧʨʠʤʝʥʝʥʠʷ ʥʦʚʳʭ ʘʣʛʦʨʠʪʤʦʚ ʨʘʙʦʪʳ. ʇʦʷʚʣʝʥʠʝ ʵʣʝʢʪʨʦʥʥʦʡ ʚʘʣʶʪʳ çʙʠʪʢʦʠʥè, ʯʴʷ 

ʨʘʙʦʪʘ ʦʩʥʦʚʘʥʘ ʥʘ ʪʝʭʥʦʣʦʛʠʠ ʙʣʦʢʯʝʡʥ, ʚʳʟʚʘʣʦ ʬʦʨʤʠʨʦʚʘʥʠʝ ʥʦʚʦʛʦ ʥʝʩʪʘʥʜʘʨʪʥʦʛʦ 

ʬʠʥʘʥʩʦʚʦʛʦ ʨʳʥʢʘ ʢʨʠʧʪʦʚʘʣʶʪ ʠ ʨʘʟʣʠʯʥʳʭ ʘʣʴʪʝʨʥʘʪʠʚʥʳʭ ʚʠʜʦʚ ʵʪʦʡ ʜʝʥʝʞʥʦʡ 

ʝʜʠʥʠʮʳ. ʀʟ-ʟʘ ʩʚʦʝʛʦ ʚʦʣʥʦʚʦʛʦ ʵʬʬʝʢʪʘ, ʢʦʪʦʨʳʡ ʦʢʘʟʳʚʘʝʪʩʷ ʥʘ ʚʩʝ ʩʬʝʨʳ ʯʝʣʦʚʝʯʝʩʢʦʡ 

ʞʠʟʥʠ ʦʪ ʧʨʦʠʟʚʦʜʩʪʚʘ ʙʣʘʛ ʜʦ ʦʙʨʘʟʦʚʘʥʠʷ ʠ ʤʝʜʠʮʠʥʳ, ʪʝʭʥʦʣʦʛʠʷ ʙʣʦʢʯʝʡʥ ʜʦʣʞʥʘ ʩʪʘʪʴ 

ʦʜʥʠʤ ʠʟ ʩʘʤʳʭ ʧʨʦʨʳʚʥʳʭ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʨʘʟʨʘʙʦʪʦʢ XXI ʚʝʢʘ [1]. ʀʩʪʦʨʠʷ ʩʦʟʜʘʥʠʷ ʠ 

ʨʘʟʚʠʪʠʷ ʵʪʦʡ ʪʝʭʥʦʣʦʛʠʠ ʙʝʨʝʪ ʩʚʦʝ ʥʘʯʘʣʘ ʩ 1990-ʭ ʛʛ. ɺ ʵʧʦʭʫ ʮʠʬʨʦʚʦʡ ʵʢʦʥʦʤʠʢʠ ʚʩʝ 

ʦʯʝʚʠʜʥʝʝ ʩʪʘʥʦʚʠʪʩʷ ʬʘʢʪ ʩʠʣʴʥʝʡʰʝʛʦ ʚʣʠʷʥʠʷ ʪʝʭʥʦʣʦʛʠʠ ʙʣʦʢʯʝʡʥ ʚ ʙʫʜʫʱʝʤ. 

ʇʦʥʷʪʠʝ çʙʣʦʢʯʝʡʥè ʚʧʝʨʚʳʝ ʩʪʘʣʦ ʰʠʨʦʢʦ ʠʟʚʝʩʪʥʦ ʚ 2009 ʛ. ʉʝʛʦʜʥʷ ʵʪʘ ʪʝʭʥʦʣʦʛʠʷ 

ʘʢʪʠʚʥʦ ʠʩʧʦʣʴʟʫʝʪʩʷ ʠ ʨʘʟʚʠʚʘʝʪʩʷ [2].  ʆʜʥʦʡ ʠʟ ʩʘʤʳʭ ʢʨʫʧʥʳʭ ʩʬʝʨ ʧʨʠʤʝʥʝʥʠʷ 

ʙʣʦʢʯʝʡʥʘ ʷʚʣʷʝʪʩʷ ʠʥʪʝʨʥʝʪ ʚʝʱʝʡ.  ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ, ʷʚʣʷʷʩʴ ʦʜʥʦʡ ʠʟ ʥʘʠʙʦʣʝʝ 

ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʪʝʭʥʦʣʦʛʠʡ, ʙʣʦʢʯʝʡʥ ʠʤʝʝʪ ʰʠʨʦʢʦʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʚʦ ʚʩʝʭ ʩʬʝʨʘʭ ʞʠʟʥʠ 

ʦʙʱʝʩʪʚʘ. ʉʫʪʴ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʡ ʪʝʭʥʦʣʦʛʠʠ ʤʦʞʝʪ ʙʳʪʴ ʦʭʘʨʘʢʪʝʨʠʟʦʚʘʥʘ ʢʘʢ ʠʥʪʝʛʨʘʮʠʷ ʠ 

ʘʚʪʦʤʘʪʠʟʘʮʠʷ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʯʝʣʦʚʝʢʘ ʠ ʤʘʰʠʥʳ ʠʣʠ ʤʘʰʠʥʳ ʠ ʤʘʰʠʥʳ, ʘ ʪʘʢʞʝ 

ʛʣʦʙʘʣʴʥʘʷ ʧʣʘʪʝʞʥʘʷ ʩʠʩʪʝʤʘ ʚ ʫʩʣʦʚʠʷʭ ʠʥʪʝʨʥʝʪʘ ʚʝʱʝʡ. ʈʘʥʝʝ ʵʪʦ ʧʦʥʷʪʠʝ 

ʘʩʩʦʮʠʠʨʦʚʘʣʦʩʴ ʩ ʢʨʠʧʪʦʚʘʣʶʪʥʳʤ ʨʳʥʢʦʤ (ʚ ʯʘʩʪʥʦʩʪʠ, ʩ ʧʝʨʚʦʡ ʢʨʠʧʪʦʚʘʣʶʪʦʡ ï 

ʙʠʪʢʦʠʥʦʤ). ʆʜʥʘʢʦ, ʩʝʛʦʜʥʷ ʙʣʦʢʯʝʡʥ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʥʝ ʪʦʣʴʢʦ ʢʘʢ ʘʣʛʦʨʠʪʤ ʨʘʙʦʪʳ 

ʢʨʠʧʪʦʚʘʣʶʪʥʳʭ ʩʠʩʪʝʤ, ʥʦ ʝʱʝ ʠ ʢʘʢ ʛʣʦʙʘʣʴʥʘʷ ʩʪʨʫʢʪʫʨʘ, ʧʦʟʚʦʣʷʶʱʘʷ ʨʝʰʠʪʴ ʤʥʦʞʝʩʪʚʦ 

ʟʘʜʘʯ, ʩʚʷʟʘʥʥʳʭ ʩ ʘʚʪʦʤʘʪʠʟʘʮʠʝʡ ʠ ʮʠʬʨʦʚʠʟʘʮʠʝʡ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʠ ʵʢʦʥʦʤʠʯʝʩʢʠʭ 

ʧʨʦʮʝʩʩʦʚ [3]. 

ʆʜʥʠʤ ʠʟ ʥʘʠʙʦʣʝʝ ʨʝʟʫʣʴʪʘʪʠʚʥʳʭ ʧʨʠʤʝʥʝʥʠʡ ʪʝʭʥʦʣʦʛʠʠ ʙʣʦʢʯʝʡʥ ʩʪʘʣʦ ʝʛʦ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʚ ʦʙʣʘʩʪʠ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʙʝʩʧʨʦʚʦʜʥʳʭ ʩʝʥʩʦʨʥʳʭ ʩʝʪʝʡ (ɹʉʉ). ɺ 

ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʧʦʥʷʪʠʝ çʙʝʩʧʨʦʚʦʜʥʘʷ ʩʝʥʩʦʨʥʘʷ ʩʝʪʴè ʤʦʞʥʦ ʦʭʘʨʘʢʪʝʨʠʟʦʚʘʪʴ ʢʘʢ 

ʨʘʩʧʨʝʜʝʣʝʥʥʫʶ, ʩʘʤʦʦʨʛʘʥʠʟʫʶʱʫʶʩʷ, ʫʩʪʦʡʯʠʚʫʶ ʢ ʦʪʢʘʟʘʤ ʦʪʜʝʣʴʥʳʭ ʵʣʝʤʝʥʪʦʚ ʩʝʪʴ 

ʥʝʙʦʣʴʰʠʭ ʵʣʝʢʪʨʦʥʥʳʭ ʫʩʪʨʦʡʩʪʚ. ɻʣʘʚʥʦʡ ʦʩʦʙʝʥʥʦʩʪʴʶ ʪʘʢʦʡ ʩʝʪʠ ʷʚʣʷʝʪʩʷ ʪʦ, ʯʪʦ ʚʩʝ ʝʝ 

ʵʣʝʤʝʥʪʳ ʩʦʝʜʠʥʝʥʳ ʤʝʞʜʫ ʩʦʙʦʡ ʩ ʧʦʤʦʱʴʶ ʙʝʩʧʨʦʚʦʜʥʦʡ ʩʚʷʟʠ. ʇʨʠ ʵʪʦʤ ʵʪʠ ʵʣʝʤʝʥʪʳ 

ʠʣʠ ʫʟʣʳ ʩʝʪʠ ʷʚʣʷʶʪʩʷ ʘʚʪʦʥʦʤʥʳʤʠ. 

ɺʦʟʤʦʞʥʦʩʪʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ɹʉʉ ʨʘʩʧʨʦʩʪʨʘʥʷʶʪʩʷ ʧʨʘʢʪʠʯʝʩʢʠ ʥʘ ʚʩʝ ʩʬʝʨʳ 

ʯʝʣʦʚʝʯʝʩʢʦʡ ʞʠʟʥʠ. ʂ ʛʣʘʚʥʳʤ ʦʩʦʙʝʥʥʦʩʪʷʤ ʪʘʢʦʡ ʩʝʪʠ ʤʦʞʥʦ ʦʪʥʝʩʪʠ ʦʛʨʘʥʠʯʝʥʥʳʝ 

ʵʥʝʨʛʝʪʠʯʝʩʢʠʝ, ʚʳʯʠʩʣʠʪʝʣʴʥʳʝ ʠ ʢʦʤʤʫʥʠʢʘʮʠʦʥʥʳʝ ʨʝʩʫʨʩʳ ʫʟʣʦʚ ʩʝʪʠ, ʤʘʣʳʝ ʛʘʙʘʨʠʪʳ ʠ 

ʚʝʩ ʫʟʣʦʚ, ʠʭ ʘʚʪʦʥʦʤʥʦʝ ʵʥʝʨʛʦʩʙʝʨʝʞʝʥʠʝ, ʚʳʩʦʢʫʶ ʥʘʜʝʞʥʦʩʪʴ ʠ ʦʪʢʘʟʦʫʩʪʦʡʯʠʚʦʩʪʴ ʩʝʪʠ, 

ʠ ʜʨʫʛʠʝ [4]. 

ʆʙʦʙʱʝʥʥʘʷ ʩʪʨʫʢʪʫʨʘ ʦʜʥʦʛʦ ʫʟʣʘ ʩʝʥʩʦʨʥʦʡ ʩʝʪʠ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʩʣʝʜʫʶʱʠʝ 

ʵʣʝʤʝʥʪʳ: ʚʳʯʠʩʣʠʪʝʣʴʥʳʡ ʤʦʜʫʣʴ, ʜʘʪʯʠʢʠ, ʤʦʜʫʣʴ ʙʝʩʧʨʦʚʦʜʥʦʡ ʩʚʷʟʠ, ʤʦʜʫʣʴ 

ʵʣʝʢʪʨʦʧʠʪʘʥʠʷ. 

ɺ ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʪʝʟʠʩʘʭ ʠʩʧʦʣʴʟʫʝʪʩʷ ʩʠʤʫʣʷʪʦʨ NS-3, ʩ ʧʦʤʦʱʴʶ ʢʦʪʦʨʦʛʦ ʙʫʜʝʪ 

ʨʘʩʩʤʦʪʨʝʥʦ ʧʨʦʝʢʪʠʨʦʚʘʥʠʝ ʙʝʩʧʨʦʚʦʜʥʳʭ ʩʝʥʩʦʨʥʳʭ ʩʝʪʝʡ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʪʝʭʥʦʣʦʛʠʠ 

ʙʣʦʢʯʝʡʥ. 



77 
 

ʆʜʥʦʡ ʠʟ ʛʣʘʚʥʳʭ ʧʨʦʙʣʝʤ ʠʩʩʣʝʜʦʚʘʥʠʡ ʙʝʩʧʨʦʚʦʜʥʳʭ ʩʠʩʪʝʤ ʷʚʣʷʝʪʩʷ ʚʳʩʦʢʘʷ 

ʩʪʦʠʤʦʩʪʴ ʦʙʦʨʫʜʦʚʘʥʠʷ. ʀʤʝʥʥʦ ʵʪʦ ʩʪʘʣʦ ʧʨʠʯʠʥʦʡ ʧʦʷʚʣʝʥʠʷ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ 

ʜʣʷ ʫʧʨʦʱʝʥʠʷ ʠ ʫʜʝʰʝʚʣʝʥʠʷ ʧʨʦʮʝʩʩʘ ʠʤʠʪʘʮʠʦʥʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ 

ʪʝʣʝʢʦʤʤʫʥʠʢʘʮʠʦʥʥʳʭ ʩʠʩʪʝʤ. ʂʘʢ ʫʞʝ ʙʳʣʦ ʩʢʘʟʘʥʦ ʨʘʥʝʝ, ʢʨʦʤʝ ʦʱʫʪʠʤʦʡ ʵʢʦʥʦʤʠʠ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʩʠʤʫʣʷʪʦʨʦʚ ʧʦʟʚʦʣʷʝʪ ʧʨʦʚʦʜʠʪʴ ʵʢʩʧʝʨʠʤʝʥʪʳ, ʥʝ ʩʪʨʦʷ ʨʝʘʣʴʥʫʶ ʩʝʪʴ, ʯʪʦ 

ʷʚʣ̫ʝʪʩʷ ʜʦʩʪʘʪʦʯʥʦ ʜʦʣʛʠʤ ʠ ʪʨʫʜʦʝʤʢʠʤ ʧʨʦʮʝʩʩʦʤ. ʊʘʢʞʝ ʚ ʧʨʦʛʨʘʤʤʥʳʭ ʧʨʦʜʫʢʪʘʭ 

ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʪʦʣʴʢʦ ʦʧʨʝʜʝʣʝʥʥʳʝ ʤʦʜʫʣʠ ʦʙʦʨʫʜʦʚʘʥʠʷ, ʯʪʦ ʣʠʰʥʠʡ ʨʘʟ ʜʦʢʘʟʳʚʘʝʪ 

ʠʭ ʥʝʟʘʤʝʥʠʤʦʩʪʴ ʚ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʦʡ ʠ ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ. 

ʉʠʤʫʣʷʪʦʨ NS-3 ʷʚʣʷʝʪʩʷ ʜʦʨʘʙʦʪʘʥʥʦʡ ʠ ʤʦʜʝʨʥʠʟʠʨʦʚʘʥʥʦʡ ʚʝʨʩʠʝʡ ʧʨʦʛʨʘʤʤʥʦʛʦ 

ʦʙʝʩʧʝʯʝʥʠʷ NS-2. NS-3 ʷʚʣʷʝʪʩʷ ʦʯʝʥʴ ʛʠʙʢʠʤ ʠ ʚ ʪʦ ʞʝ ʚʨʝʤʷ ʤʦʱʥʳʤ ʩʨʝʜʩʪʚʦʤ 

ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʟʘ ʩʯʝʪ ʠʩʧʦʣʴʟʦʚʘʥʠʷ C++ ʚ ʢʘʯʝʩʪʚʝ ʚʩʪʨʦʝʥʥʦʛʦ ʷʟʳʢʘ ʦʧʠʩʘʥʠʷ ʤʦʜʝʣʝʡ. 

ʊʘʢ ʞʝ, ʧʦʤʠʤʦ ʉ++, ʤʦʞʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ Python. ʆʙʘ ʷʟʳʢʘ ʚ ʩʠʤʫʣʷʪʦʨʝ ʨʘʚʥʦʧʨʘʚʥʳ ʠ 

ʧʨʠʥʠʤʘʶʪʩʷ ʜʣʷ ʦʧʠʩʘʥʠʷ ʤʦʜʝʣʝʡ ʪʝʣʝʢʦʤʤʫʥʠʢʘʮʠʦʥʥʳʭ ʩʠʩʪʝʤ. 

ɺ ʢʘʯʝʩʪʚʝ ʥʘʯʘʣʴʥʦʛʦ ʧʨʠʤʝʨʘ ʙʳʣʘ ʧʦʩʪʨʦʝʥʘ ʧʨʦʩʪʝʡʰʘʷ ʮʝʧʦʯʢʘ ʙʣʦʢʦʚ 

(ʙʣʦʢʯʝʡʥ), ʜʘʣʝʝ ʙʳʣʘ ʤʦʜʝʣʠʨʦʚʘʥʘ ʥʝʙʦʣʴʰʘʷ ɹʉʉ. 

ʅʝʣʴʟʷ ʥʝ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʪʘʢʠʭ ʩʝʪʝʡ ʧʦʟʚʦʣʷʝʪ ʦʱʫʪʠʤʦ ʩʥʠʟʠʪʴ 

ʚʨʝʤʝʥʥʳʝ ʠ ʬʠʥʘʥʩʦʚʳʝ ʟʘʪʨʘʪʳ ʥʘ ʠʭ ʨʘʟʨʘʙʦʪʢʫ ʠ ʦʪʣʘʜʢʫ. ʆʙʦʙʱʝʥʥʘʷ ʩʪʨʫʢʪʫʨʘ 

ʩʠʩʪʝʤʳ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ɹʉʉ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʪʘʢʠʝ ʢʦʤʧʦʥʝʥʪʳ, ʢʘʢ ʤʝʥʝʜʞʝʨ ʩʦʙʳʪʠʡ 

ʫʟʣʦʚ ʩʝʪʠ, ʤʦʜʝʣʴ ʢʘʥʘʣʘ ʩʚʷʟʠ, ʤʦʜʝʣʴ ʫʟʣʘ ʩʝʪʠ, ʧʨʦʛʨʘʤʤʥʘʷ ʯʘʩʪʴ ʩʙʦʨʘ ʠ ʭʨʘʥʝʥʠʷ 

ʩʦʙʳʪʠʡ ʩʝʪʠ, ʩʦʩʪʦʷʥʠʝ ʫʟʣʦʚ ʠ ʛʨʘʬʠʯʝʩʢʘʷ ʦʙʦʣʦʯʢʘ [5]. 

ɺʘʞʥʳʤ ʬʘʢʪʦʨʦʤ ʧʨʠ ʤʦʜʝʣʠʨʦʚʘʥʠʠ ɹʉʉ ʷʚʣʷʝʪʩʷ ʩʦʦʪʚʝʪʩʪʚʠʝ ʤʦʜʝʣʠ ʨʝʘʣʴʥʳʤ 

ʠʩʧʦʣʴʟʫʝʤʳʤ ʩʝʪʷʤ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜ, ʯʪʦ ʩʝʛʦʜʥʷ ʪʝʭʥʦʣʦʛʠʷ ʙʣʦʢʯʝʡʥ ʘʢʪʠʚʥʦ 

ʨʘʟʚʠʚʘʝʪʩʷ ʠ ʦʭʚʘʪʳʚʘʝʪ ʚʩʝ ʥʦʚʳʝ ʠ ʥʦʚʳʝ ʩʬʝʨʳ ʯʝʣʦʚʝʯʝʩʢʦʡ ʞʠʟʥʠ. ɺ ʵʪʦ ʞʝ ʚʨʝʤʷ ɹʉʉ 

ʚ ʮʝʣʦʤ ʚʩʝ ʝʱʝ ʦʭʚʘʪʳʚʘʶʪ ʰʠʨʦʢʫʶ ʦʙʣʘʩʪʴ ʨʘʟʨʘʙʦʪʦʢ. ʂ ʥʘʩʪʦʷʱʝʤʫ ʤʦʤʝʥʪʫ ʧʨʦʚʝʜʝʥʦ 

ʥʝʤʘʣʦ ʨʝʟʫʣʴʪʘʪʠʚʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʦ ʙʦʣʝʝ ʛʣʫʙʦʢʦʤʫ ʚʥʝʜʨʝʥʠʶ ʪʝʭʥʦʣʦʛʠʠ ʙʣʦʢʯʝʡʥ ʚ 

ʤʝʪʦʜʠʢʠ ʧʦʩʪʨʦʝʥʠʷ ɹʉʉ. ɺ ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʪʝʟʠʩʘʭ ʙʳʣʠ ʫʩʧʝʰʥʦ ʨʘʩʩʤʦʪʨʝʥʳ ʤʝʪʦʜʳ 

ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ɹʉʉ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʪʝʭʥʦʣʦʛʠʠ ʙʣʦʢʯʝʡʥ ʩ ʧʦʤʦʱʴʶ ʩʠʤʫʣʷʪʦʨʘ NS-3. 
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ȶȪȯȻȭɄ III. ȭȲȹȳȵȱȥȻȭȳȲȲȥɄ ȦȪȬȳȴȥȶȲȳȶȷɁ 

 
ʇɽʈɺʆʉʊɽʇɽʅʅʓɽ ʆɹʒɽʂʊʓ ɿɸʑʀʊʓ ɺ ʈɸʄʂɸʍ ʀʉʉʃɽɼʆɺɸʅʀʗ ʀ 

ʈɸɿʈɸɹʆʊʂʀ ɸʈʍʀʊɽʂʊʋʈʓ ʀʅʌʆʈʄɸʎʀʆʅʅʆʁ ʉʀʉʊɽʄʓ ɼʃʗ 

ɺʓʗɺʃɽʅʀʗ ʊɽʈʈʆʈʀʉʊʀʏɽʉʂʀʍ ʋɻʈʆɿ ɺ ʉɽʊʀ ʀʅʊɽʈʅɽʊ 
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ʋɼʂ 621 

ɺ ʩʦʚʨʝʤʝʥʥʦʤ ʤʠʨʝ ʚʦʧʨʦʩ ʪʘʢ ʥʘʟʳʚʘʝʤʦʡ çʪʦʪʘʣʴʥʦʡ ʩʣʝʞʢʠè ʚ ʩʝʪʠ ʩʪʦʠʪ 

ʜʦʩʪʘʪʦʯʥʦ ʦʩʪʨʦ, ʦʜʥʘʢʦ ʥʝ ʤʥʦʛʠʝ ʟʘʜʫʤʳʚʘʶʪʩʷ, ʟʘʯʝʤ ʵʪʦ ʥʫʞʥʦ. ɺ ʯʘʩʪʥʦʩʪʠ, ʦʜʥʘ ʠʟ 

ʧʨʝʩʣʝʜʫʝʤʳʭ ʮʝʣʝʡ ï ʟʘʱʠʪʘ ʛʦʩʫʜʘʨʩʪʚʘ ʦʪ ʪʝʨʨʦʨʠʩʪʠʯʝʩʢʦʡ ʠʥʪʝʨʥʝʪ-ʜʝʷʪʝʣʴʥʦʩʪʠ. 

ʅʝʦʙʭʦʜʠʤʦ ʨʘʟʦʙʨʘʪʴʩʷ, ʯʪʦ ʥʫʞʥʦ ʟʘʱʠʱʘʪʴ ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ ʠ ʧʦʯʝʤʫ ʵʪʦ ʪʘʢ ʚʘʞʥʦ, ʘ 

ʪʘʢʞʝ ʧʨʠʚʝʜʝʤ ʥʝʩʢʦʣʴʢʦ ʤʝʪʦʜʦʚ ʨʝʰʝʥʠʷ ʜʘʥʥʦʡ ʧʨʦʙʣʝʤʳ. 

ʇʝʨʚʳʤ ʦʙʲʝʢʪʦʤ ʟʘʱʠʪʳ ʙʝʟʫʩʣʦʚʥʦ ʷʚʣʷʶʪʩʷ ʩʦʮʠʘʣʴʥʳʝ ʩʝʪʠ. ʉʦʮʠʘʣʴʥʳʝ ʩʝʪʠ 

ʩʝʛʦʜʥʷ ï ʥʝʦʪʲʝʤʣʝʤʘʷ ʯʘʩʪʴ ʥʘʰʝʡ ʞʠʟʥʠ. ʄʥʦʛʠʝ ʣʶʜʠ, ʘ ʦʩʦʙʝʥʥʦ ʜʝʪʠ ʠ ʧʦʜʨʦʩʪʢʠ, 

ʘʢʪʠʚʥʦ ʠʭ ʠʩʧʦʣʴʟʫʶʪ. ɸ ʪʝʤ ʚʨʝʤʝʥʝʤ, ʜʘʥʥʳʝ ʧʣʦʱʘʜʢʠ ʧʨʝʜʩʪʘʚʣʷʶʪ ʙʦʣʴʰʫʶ ʦʧʘʩʥʦʩʪʴ 

ʚ ʧʣʘʥʝ ʦʙʤʘʥʘ, ʠ ʜʘʞʝ ʩʘʤʦʛʦ ʥʘʩʪʦʷʱʝʛʦ ʤʦʰʝʥʥʠʯʝʩʪʚʘ, ʢʦʪʦʨʦʝ ʧʦʟʞʝ ʢʦʥʚʝʨʪʠʨʫʝʪʩʷ ʚ 

ʜʝʥʝʞʥʳʝ ʩʨʝʜʩʪʚʘ, ʠʩʧʦʣʴʟʫʝʤʳʝ ʪʝʨʨʦʨʠʩʪʘʤʠ. ʊʘʢʞʝ ʚ ʩʦʮʠʘʣʴʥʳʭ ʩʝʪʷʭ ʧʨʦʠʩʭʦʜʠʪ 

ʧʦʠʩʢ ʠ ʚʝʨʙʦʚʢʘ ʥʦʚʳʭ ʣʶʜʝʡ, ʢʦʪʦʨʳʝ ʪʘʢ ʠʣʠ ʠʥʘʯʝ ʤʦʛʫʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ ʚ 

ʪʝʨʨʦʨʠʩʪʠʯʝʩʢʠʭ ʘʢʮʠʷʭ. ʅʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʩʦʮʠʘʣʴʥʳʝ ʩʝʪʠ, ʧʦ ʬʘʢʪʫ, ʥʝ ʠʤʝʶʪ 

ʥʠʢʘʢʦʡ ʟʘʱʠʪʳ. ɿʘʨʝʛʠʩʪʨʠʨʦʚʘʪʴʩʷ ʤʦʞʝʪ ʣʶʙʦʡ ʯʝʣʦʚʝʢ ʠʟ ʣʶʙʦʡ ʪʦʯʢʠ ʟʝʤʥʦʛʦ ʰʘʨʘ ʧʦʜ 

ʣʶʙʳʤ ʠʤʝʥʝʤ. 

ɺʪʦʨʦʡ ʧʦ ʟʥʘʯʠʤʦʩʪʠ ʦʙʲʝʢʪ ʟʘʱʠʪʳ ï ʢʨʠʧʪʦʚʘʣʶʪʘ. ʅʘ ʜʘʥʥʦʡ ʧʣʦʱʘʜʢʝ ʜʝʣʘ 

ʦʙʩʪʦʷʪ ʥʝ ʣʫʯʰʝ, ʯʝʤ ʚ ʩʦʮʠʘʣʴʥʳʭ ʩʝʪʷʭ. ʅʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ, ʚ ʟʘʢʦʥʦʜʘʪʝʣʴʩʪʚʝ 

ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ ʥʝ ʩʫʱʝʩʪʚʫʝʪ ʥʠ ʦʜʥʦʛʦ ʟʘʢʦʥʘ, ʨʝʛʫʣʠʨʫʶʱʝʛʦ ʜʘʥʥʫʶ ʧʣʦʱʘʜʢʫ. 

ʆʜʥʘʢʦ, ʪʘʢʦʡ ʟʘʢʦʥ ʧʨʦʩʪʦ ʥʝʦʙʭʦʜʠʤ, ʪʘʢ ʢʘʢ ʢʨʠʧʪʦʚʘʣʶʪʘ ï ʦʩʥʦʚʥʘʷ ʚʘʣʶʪʘ, 

ʠʩʧʦʣʴʟʫʝʤʘʷ ʚ ʪʝʨʨʦʨʠʩʪʠʯʝʩʢʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ. ʇʝʨʝʚʦʜʳ, ʟʘʯʘʩʪʫʶ, ʥʝ ʦʪʩʣʝʞʠʚʘʶʪʩʷ, 

ʢʦʰʝʣʝʢ ʤʦʞʝʪ ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʪʴ ʪʘʢʞʝ ʣʶʙʦʡ ʯʝʣʦʚʝʢ ʠ ʧʦʜ ʣʶʙʳʝ ʮʝʣʠ. 

ʆʜʥʦ ʠʟ ʛʣʦʙʘʣʴʥʳʭ ʨʝʰʝʥʠʡ ʧʨʦʙʣʝʤ ï ʤʦʥʠʪʦʨʠʥʛ ï ʘʚʪʦʤʘʪʠʯʝʩʢʘʷ ʩʠʩʪʝʤʘ 

ʩʣʝʞʝʥʠʷ, ʨʘʩʧʦʟʥʘʚʘʥʠʷ ʠ ʦʧʦʚʝʱʝʥʠʷ ʦ ʥʝʢʦʨʨʝʢʪʥʳʭ ʜʝʡʩʪʚʠʷʭ ʧʦʣʴʟʦʚʘʪʝʣʷ ʩʝʪʠ 

ʠʥʪʝʨʥʝʪ. ʉʫʪʴ ʚ ʩʣʝʜʫʶʱʝʤ: ʜʝʡʩʪʚʠʷ ʧʦʣʴʟʦʚʘʪʝʣʷ ʚ ʩʝʪʠ ʦʪʩʣʝʞʠʚʘʶʪʩʷ ʥʝʧʨʝʨʳʚʥʦ. ɺ 

ʩʣʫʯʘʝ ʬʠʢʩʘʮʠʠ ʥʝʧʨʘʚʦʤʝʨʥʳʭ ʜʝʡʩʪʚʠʡ, ʧʦʣʴʟʦʚʘʪʝʣʶ ʥʘʯʠʩʣʷʝʪʩʷ ʙʘʣʣ ʦʧʘʩʥʦʩʪʠ, ʠ 

ʩʠʩʪʝʤʘ ʙʦʣʝʝ ʧʨʠʩʪʘʣʴʥʦ ʩʣʝʜʠʪ ʟʘ ʢʦʥʢʨʝʪʥʳʤ ʯʝʣʦʚʝʢʦʤ ʠ ʝʛʦ ʜʘʣʴʥʝʡʰʠʤʠ ʜʝʡʩʪʚʠʷʤʠ ʚ 

ʩʝʪʠ. ʏʝʨʝʟ ʥʝʢʦʪʦʨʦʝ ʢʦʣʠʯʝʩʪʚʦ ʚʨʝʤʝʥʠ, ʚ ʩʣʫʯʘʝ ʦʪʩʫʪʩʪʚʠʷ ʚʦʟʤʦʞʥʳʭ ʫʛʨʦʟ ʩʦ ʩʪʦʨʦʥʳ 

ʧʦʣʴʟʦʚʘʪʝʣʷ, ʙʘʣʣʳ ʩʥʠʤʘʶʪʩʷ, ʢʦʥʪʨʦʣʴ ʦʩʣʘʙʝʚʘʝʪ. ʀ ʪʘʢ ʟʘ ʢʘʞʜʳʤ ʠʟ ʧʦʣʴʟʦʚʘʪʝʣʝʡ ʩʝʪʠ 

ʠʥʪʝʨʥʝʪ. 
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 ʆʜʥʠʤ ʠʟ ʚʘʨʠʘʥʪʦʚ ʨʝʰʝʥʠʷ ʧʨʦʙʣʝʤʳ ʥʝʟʘʱʠʱʝʥʥʦʩʪʠ ʩʦʮʠʘʣʴʥʳʭ ʩʝʪʝʡ ʧʨʝʜʣʘʛʘʶ 

ʛʣʦʙʘʣʴʥʫʶ ʯʠʩʪʢʫ ʩʦʮʠʘʣʴʥʳʭ ʩʝʪʝʡ ʦʪ ʬʝʡʢʦʚʳʭ ʘʢʢʘʫʥʪʦʚ. ʈʝʰʝʥʠʝ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ 

ʥʝʩʢʦʣʴʢʦ ʰʘʛʦʚ:  

¶ ʈʝʛʠʩʪʨʘʮʠʷ ʥʦʚʳʭ ʧʦʣʴʟʦʚʘʪʝʣʝʡ ʪʦʣʴʢʦ ʧʦ ʧʘʩʧʦʨʪʫ ʩ ʧʦʜʪʚʝʨʞʜʝʥʠʝʤ ʣʠʯʥʦʩʪʠ. 

ʊʘʢʦʡ ʘʣʛʦʨʠʪʤ ʨʝʛʠʩʪʨʘʮʠʠ ʟʘʣʦʞʝʥ ʥʘ ʩʘʡʪʝ çɻʦʩʋʩʣʫʛʠè (https://www.gosuslugi.ru). 

ʇʨʠʤʝʥʠʪʝʣʴʥʦ ʢ ʥʘʰʝʡ ʪʝʤʝ, ʚ ʩʣʫʯʘʝ ʩ ʣʠʮʘʤʠ, ʥʝ ʜʦʩʪʠʛʰʠʤʠ 14-ʣʝʪʥʝʛʦ ʚʦʟʨʘʩʪʘ, 

ʨʝʛʠʩʪʨʘʮʠʷ ʧʨʦʠʟʚʦʜʠʪʩʷ ʧʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫ ʦ ʨʦʞʜʝʥʠʠ, ʣʠʙʦ ʥʘ ʧʘʩʧʦʨʪ ʦʜʥʦʛʦ ʠʟ 

ʨʦʜʠʪʝʣʝʡ; 

¶ ʇʦʜʪʚʝʨʞʜʝʥʠʝ ʣʠʯʥʦʩʪʠ ʩʫʱʝʩʪʚʫʶʱʠʭ ʧʦʣʴʟʦʚʘʪʝʣʝʡ; 

¶ ʋʜʘʣʝʥʠʝ ʷʚʥʦ ʬʝʡʢʦʚʳʭ ʘʢʢʘʫʥʪʦʚ ʩ ʩʝʨʚʝʨʘ. 

 

 ʈʝʰʝʥʠʝ ʧʨʦʙʣʝʤʳ ʥʝʟʘʱʠʱʝʥʥʦʩʪʠ ʢʨʠʧʪʦʚʘʣʶʪʳ ʨʝʰʘʝʪʩʷ, ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ, 

ʧʨʠʥʷʪʠʝʤ ʟʘʢʦʥʦʧʨʦʝʢʪʦʚ ʦ ʨʝʛʫʣʠʨʦʚʘʥʠʠ ʢʨʠʧʪʦʚʘʣʶʪʳ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʈʦʩʩʠʡʩʢʦʡ 

ʌʝʜʝʨʘʮʠʠ, ʧʨʠʚʷʟʢʝ ʢʦʰʝʣʴʢʦʚ ʢ ʢʦʥʢʨʝʪʥʦʡ ʣʠʯʥʦʩʪʠ ʧʦ ʯʘʩʪʠʯʥʦʡ ʘʥʘʣʦʛʠʠ ʩ 

ʩʦʮʠʘʣʴʥʳʤʠ ʩʝʪʷʤʠ. 

ʄʥʦʶ ʧʨʝʜʩʪʘʚʣʝʥʳ ʜʚʘ ʦʩʥʦʚʥʳʭ ʥʘʧʨʘʚʣʝʥʠʷ, ʚ ʢʦʪʦʨʳʭ ʥʝʦʙʭʦʜʠʤʦ ʨʘʙʦʪʘʪʴ ʚ 

ʨʘʤʢʘʭ ʤʘʛʠʩʪʝʨʩʢʦʡ ʜʠʩʩʝʨʪʘʮʠʠ çʀʩʩʣʝʜʦʚʘʥʠʝ ʠ ʨʘʟʨʘʙʦʪʢʘ ʘʨʭʠʪʝʢʪʫʨʳ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ 

ʩʠʩʪʝʤʳ ʜʣʷ ʚʳʷʚʣʝʥʠʷ ʪʝʨʨʦʨʠʩʪʠʯʝʩʢʠʭ ʫʛʨʦʟ ʚ ʩʝʪʠ ʠʥʪʝʨʥʝʪè. ɺ ʧʨʦʮʝʩʩʝ ʨʘʙʦʪʳ ʥʘʜ 

ʜʠʩʩʝʨʪʘʮʠʝʡ ʤʦʛʫʪ ʨʘʩʩʤʘʪʨʠʚʘʪʴʩʷ ʠʥʳʝ ʥʘʧʨʘʚʣʝʥʠʷ, ʥʦ ʦʩʥʦʚʦʧʦʣʘʛʘʶʱʠʤʠ ʷʚʣʷʶʪʩʷ 

ʠʤʝʥʥʦ ʧʨʠʚʝʜʝʥʥʳʝ ʚʳʰʝ. ɹʝʟʫʩʣʦʚʥʦ, ʜʘʥʥʳʝ ʤʝʨʳ ʩʪʘʚʷʪ ʧʦʜ ʚʦʧʨʦʩ ʩʚʦʙʦʜʫ ʩʣʦʚʘ ʚ 

ʠʥʪʝʨʥʝʪʝ, ʥʦ ʩʣʝʜʫʝʪ ʧʦʥʠʤʘʪʴ, ʯʪʦ ʜʘʥʥʳʝ ʤʝʨʳ ʷʚʣʷʶʪʩʷ ʨʘʜʠʢʘʣʴʥʳʤʠ, ʠ ʩʘʤʦʝ ʛʣʘʚʥʦʝ ï 

ʜʝʡʩʪʚʝʥʥʳʤʠ. ʊʦʣʴʢʦ ʪʘʢ ʤʳ ʩʤʦʞʝʤ ʩ ʧʦʣʥʦʡ ʫʚʝʨʝʥʥʦʩʪʴʶ ʩʜʝʣʘʪʴ ʨʦʩʩʠʡʩʢʠʡ ʠʥʪʝʨʥʝʪ 

ʙʝʟʦʧʘʩʥʳʤ. 
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ʋɼʂ 654.16  

ɺ ʫʩʣʦʚʠʷʭ ʚʦʟʨʘʩʪʘʥʠʷ ʥʦʚʳʭ ʚʳʟʦʚʦʚ ʠ ʫʛʨʦʟ ʚ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʩʬʝʨʝ, ʢʘʢ ʜʣʷ 

ʛʦʩʫʜʘʨʩʪʚʘ, ʪʘʢ ʠ ʜʣʷ ʙʠʟʥʝʩʘ ʦʙʝʩʧʝʯʝʥʠʝ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ 

ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʳʭ ʩʠʩʪʝʤ ʫʧʨʘʚʣʝʥʠʷ (ɸʉʋ) ʷʚʣʷʝʪʩʷ ʦʜʥʦʡ ʠʟ ʧʨʠʦʨʠʪʝʪʥʳʭ ʟʘʜʘʯ. 

ɿʣʦʫʤʳʰʣʝʥʥʠʢʠ ʧʦʩʪʦʷʥʥʦ ʩʦʚʝʨʰʝʥʩʪʚʫʶʪ ʪʝʭʥʦʣʦʛʠʠ ʢʦʤʧʴʶʪʝʨʥʳʭ ʘʪʘʢ ʥʘ ɸʉʋ, 

ʧʦʩʢʦʣʴʢʫ ʧʨʠ ʩʦʟʜʘʥʠʠ ʪʘʢʠʭ ʩʠʩʪʝʤ ʧʨʠʦʨʠʪʝʪ, ʢʘʢ ʧʨʘʚʠʣʦ, ʦʪʜʘʝʪʩʷ ʥʝ ʦʙʝʩʧʝʯʝʥʠʶ ʠʭ 

ʙʝʟʦʧʘʩʥʦʩʪʠ ʠ ʩʦʭʨʘʥʝʥʠʶ ʢʦʥʬʠʜʝʥʮʠʘʣʴʥʦʩʪʠ ʜʘʥʥʳʭ, ʘ ʥʘʜʝʞʥʦʩʪʠ ʠ 

ʦʪʢʘʟʦʫʩʪʦʡʯʠʚʦʩʪʠ. ʆʜʥʘʢʦ ʦʯʝʚʠʜʥʳʤ ʷʚʣʷʝʪʩʷ ʪʦʪ ʬʘʢʪ, ʯʪʦ ʣʶʙʳʝ ʥʘʨʫʰʝʥʠʷ ʚ ʨʘʙʦʪʝ 

ɸʉʋ (ʚʥʝ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʠʭ ʥʘʟʥʘʯʝʥʠʷ) ʤʦʛʫʪ ʧʨʠʚʝʩʪʠ ʢ ʨʘʟʣʠʯʥʳʤ ʥʝʛʘʪʠʚʥʳʤ 

ʧʦʩʣʝʜʩʪʚʠʷʤ: ʦʪ ʦʩʪʘʥʦʚʢʠ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʛʦ ʮʠʢʣʘ, ʜʦ ʫʛʨʦʟʳ ʞʠʟʥʠ ʠ ʟʜʦʨʦʚʴʶ ʣʶʜʝʡ, ʠ 

ʚʦʟʥʠʢʥʦʚʝʥʠʶ ʯʨʝʟʚʳʯʘʡʥʳʭ ʩʠʪʫʘʮʠʡ. ʇʦ ʦʮʝʥʢʘʤ ʉʙʝʨʙʘʥʢʘ, ʝʞʝʛʦʜʥʳʝ ʫʙʳʪʢʠ ʦʪ 

ʢʠʙʝʨʘʪʘʢ ʚ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ ʧʨʝʚʳʰʘʶʪ ʩʦʪʥʠ ʤʠʣʣʠʘʨʜʦʚ ʨʫʙʣʝʡ, ʚ ʙʦʣʝʝ 

ʛʣʦʙʘʣʴʥʦʤ, ʤʠʨʦʚʦʤ ʤʘʩʰʪʘʙʝ ʩʫʤʤʘ ʫʱʝʨʙʘ ʧʨʠʙʣʠʞʘʝʪʩʷ ʢ ʪʨʠʣʣʠʦʥʫ ʜʦʣʣʘʨʦʚ ʉʐɸ. 

ʇʨʠ ʵʪʦʤ ʙʦʣʴʰʘʷ ʯʘʩʪʴ ʘʪʘʢ ʚʳʟʚʘʥʘ ʥʝʥʘʜʣʝʞʘʱʝʡ ʟʘʱʠʪʦʡ ʦʪ ʥʝʩʘʥʢʮʠʦʥʠʨʦʚʘʥʥʦʛʦ 

ʜʦʩʪʫʧʘ ʢ ʠʥʬʦʨʤʘʮʠʠ. 

 ʂʘʢ ʦʪʤʝʯʘʝʪ ʖ.ɸ. ɻʘʪʯʠʥ, ʢʦʥʬʠʜʝʥʮʠʘʣʴʥʦʩʪʴ ʠʥʬʦʨʤʘʮʠʠ ʥʘʨʷʜʫ ʩ ʝʝ 

ʜʦʩʪʫʧʥʦʩʪʴʶ ʠ ʮʝʣʦʩʪʥʦʩʪʴʶ, ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʦʜʠʥ ʠʟ ʩʧʝʢʪʨʦʚ ʠʥʪʝʨʝʩʦʚ ʩʫʙʲʝʢʪʦʚ, 

ʩʚʷʟʘʥʥʳʭ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʠʥʬʦʨʤʘʮʠʠ. ɺ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ ʢʦʥʬʠʜʝʥʮʠʘʣʴʥʦʩʪʴ 

ʠʥʬʦʨʤʘʮʠʠ ʵʪʦ ʦʜʠʥ ʠʟ ʥʘʠʙʦʣʝʝ ʧʨʦʨʘʙʦʪʘʥʥʳʭ ʘʩʧʝʢʪʦʚ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ, 

ʦʜʥʘʢʦ, ʥʘ ʧʨʘʢʪʠʢʝ ʨʝʘʣʠʟʘʮʠʷ ʤʝʨ ʧʦ ʦʙʝʩʧʝʯʝʥʠʶ ʢʦʥʬʠʜʝʥʮʠʘʣʴʥʦʩʪʠ ʠʥʬʦʨʤʘʮʠʠ, 

ʦʪʜʝʣʴʥʳʤʠ ʭʦʟʷʡʩʪʚʫʶʱʠʤʠ ʩʫʙʲʝʢʪʘʤʠ, ʩʦʧʨʷʞʝʥʘ ʩ ʨʷʜʦʤ ʪʨʫʜʥʦʩʪʝʡ, ʢʘʢ 

ʪʝʦʨʝʪʠʯʝʩʢʦʛʦ, ʪʘʢ ʠ ʧʨʘʢʪʠʯʝʩʢʦʛʦ ʭʘʨʘʢʪʝʨʘ. ɺ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʦʡ ʣʠʪʝʨʘʪʫʨʝ 

ʦʪʤʝʯʘʝʪʩʷ, ʯʪʦ çʜʦʩʪʠʯʴ ʤʘʢʩʠʤʘʣʴʥʦʛʦ (ʪʨʝʙʫʝʤʦʛʦ) ʫʨʦʚʥʷ ʟʘʱʠʱʝʥʥʦʩʪʠ ʠʥʬʦʨʤʘʮʠʠ 

ʤʦʞʥʦ ʪʦʣʴʢʦ ʟʘ ʩʯʝʪ ʢʦʤʧʣʝʢʩʥʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʩʫʱʝʩʪʚʫʶʱʠʭ ʤʝʪʦʜʦʚ ʠ ʩʨʝʜʩʪʚ 

ʟʘʱʠʪʳè. ɺ ʜʝʡʩʪʚʠʪʝʣʴʥʦʩʪʠ ʤʝʪʦʜʳ ʠ ʩʨʝʜʩʪʚʘ ʟʘʱʠʪʳ ʢʦʥʬʠʜʝʥʮʠʘʣʴʥʦʩʪʠ ʠʥʬʦʨʤʘʮʠʠ 

ʩʦʦʪʥʦʩʷʪʩʷ ʤʝʞʜʫ ʩʦʙʦʡ ʢʘʢ ʩʦʜʝʨʞʘʥʠʝ ʟʘʱʠʪʳ ʠ ʬʦʨʤʘ ʟʘʱʠʪʳ. ʉʨʝʜʩʪʚʘ ʟʘʱʠʪʳ, ʢʘʢ 

ʩʦʜʝʨʞʘʥʠʝ ï ʵʪʦ ʪʦ, ʯʝʤ ʠʤʝʥʥʦ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʟʘʱʠʪʘ. ʄʝʪʦʜʳ ï ʵʪʦ ʚʥʝʰʥʷʷ ʩʪʨʫʢʪʫʨʘ 

ʟʘʱʠʪʳ, ʚʳʨʘʞʘʶʱʘʷ ʦʩʦʙʝʥʥʦʩʪʠ ʨʝʘʣʠʟʘʮʠʠ ʩʨʝʜʩʪʚ ʟʘʱʠʪʳ. ʉʨʝʜʩʪʚʘ ʟʘʱʠʪʳ ʥʝ 

ʩʫʱʝʩʪʚʫʶʪ ʙʝʟ ʤʝʪʦʜʦʚ ʟʘʱʠʪʳ, ʘ ʤʝʪʦʜʳ ʟʘʱʠʪʳ ʚ ʰʠʨʦʢʦʤ ʧʦʥʠʤʘʥʠʠ ʝʩʪʴ ʩʧʦʩʦʙʳ 

ʨʝʘʣʠʟʘʮʠʠ ʩʨʝʜʩʪʚ ʟʘʱʠʪʳ. ʇʦʵʪʦʤʫ ʤʝʪʦʜʳ ʠ ʩʨʝʜʩʪʚʘ ʟʘʱʠʪʳ ʢʦʥʬʠʜʝʥʮʠʘʣʴʥʦʩʪʠ 

ʠʥʬʦʨʤʘʮʠʠ ʥʝʦʙʭʦʜʠʤʦ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʠʩʢʣʶʯʠʪʝʣʴʥʦ ʚ ʢʦʤʧʣʝʢʩʝ. ʈʝʘʣʠʟʘʮʠʷ ʦʜʥʦʛʦ ʠʟ 

ʥʠʭ ʥʝʨʘʟʨʳʚʥʦ ʩʚʷʟʘʥʘ ʩ ʧʨʘʢʪʠʯʝʩʢʠʤ ʚʦʧʣʦʱʝʥʠʝʤ ʜʨʫʛʦʛʦ. 

ʉʨʝʜʩʪʚʘ ʟʘʱʠʪʳ ʢʦʥʬʠʜʝʥʮʠʘʣʴʥʦʩʪʠ ʠʥʬʦʨʤʘʮʠʠ, ʢʘʢ ʩʦʜʝʨʞʘʥʠʝ ʟʘʱʠʪʳ 

ʠʥʬʦʨʤʘʮʠʠ, ʧʨʝʜʩʪʘʚʣʝʥʳ ʩʦʚʦʢʫʧʥʦʩʪʴʶ ʨʘʟʣʠʯʥʳʭ ʪʝʭʥʠʯʝʩʢʠʭ ʩʠʩʪʝʤ ʫʩʪʨʦʡʩʪʚ, 

ʧʨʠʙʦʨʦʚ ʠ ʧʨʠʩʧʦʩʦʙʣʝʥʠʡ (ʦʧʪʠʯʝʩʢʠʭ, ʠʥʞʝʥʝʨʥʦ-ʪʝʭʥʠʯʝʩʢʠʭ, ʵʣʝʢʪʨʠʯʝʩʢʠʭ, 

ʵʣʝʢʪʨʦʥʥʳʭ, ʠ ʧʨ.), ʧʨʝʜʥʘʟʥʘʯʝʥʥʳʭ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʢʦʥʬʠʜʝʥʮʠʘʣʴʥʦʩʪʠ ʠʥʬʦʨʤʘʮʠʠ. 

ʄʥʦʛʦʦʙʨʘʟʠʝ ʩʫʱʝʩʪʚʫʶʱʠʭ ʩʨʝʜʩʪʚ ʟʘʱʠʪʳ ʠʥʬʦʨʤʘʮʠʠ ʧʨʝʜʦʧʨʝʜʝʣʷʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʴ 

ʠʭ ʜʠʬʬʝʨʝʥʮʠʘʮʠʠ ʥʘ ʛʨʫʧʧʳ, ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʨʝʰʘʝʤʳʭ ʩ ʧʦʤʦʱʴʶ ʩʨʝʜʩʪʚ ʟʘʱʠʪʳ 

ʢʦʥʬʠʜʝʥʮʠʘʣʴʥʦʩʪʠ ʠʥʬʦʨʤʘʮʠʠ ʟʘʜʘʯ: ʦʨʛʘʥʠʟʘʮʠʦʥʥʳʝ, ʧʨʘʚʦʚʳʝ, ʘʧʧʘʨʘʪʥʦ-

ʧʨʦʛʨʘʤʤʥʳʝ, ʧʨʦʛʨʘʤʤʥʳʝ ʠ ʘʧʧʘʨʘʪʥʳʝ. ʇʨʦʘʥʘʣʠʟʠʨʫʝʤ ʢʘʞʜʫʶ ʠʟ ʚʳʰʝʥʘʟʚʘʥʥʳʭ ʛʨʫʧʧ 
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ʧʦʜʨʦʙʥʝʝ. ʊʘʢ, ʦʨʛʘʥʠʟʘʮʠʦʥʥʳʝ ʩʨʝʜʩʪʚʘ ʟʘʱʠʪʳ ʠʥʬʦʨʤʘʮʠʠ ï ʵʪʦ ʪʝ ʩʨʝʜʩʪʚʘ, ʢʦʪʦʨʳʝ 

ʥʘʧʨʘʚʣʝʥʳ ʥʘ ʧʦʜʛʦʪʦʚʢʫ ʧʦʤʝʱʝʥʠʡ (ʫʩʪʘʥʦʚʢʘ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʪʝʭʥʠʢʠ, ʧʨʦʢʣʘʜʢʘ 

ʣʠʥʠʠ ʣʦʢʘʣʴʥʦ ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ ʠ ʢʘʙʝʣʴʥʳʭ ʩʝʪʝʡ ʩ ʫʯʝʪʦʤ ʪʨʝʙʦʚʘʥʠʡ ʠ ʦʛʨʘʥʠʯʝʥʠʡ 

ʜʦʩʪʫʧʘ ʢ ʥʠʤ). ʇʨʘʚʦʚʳʝ ʩʨʝʜʩʪʚʘ ʟʘʱʠʪʳ ʢʦʥʬʠʜʝʥʮʠʘʣʴʥʦʩʪʠ ʠʥʬʦʨʤʘʮʠʠ ï ʵʪʦ ʥʦʨʤʳ 

ʟʘʢʦʥʦʜʘʪʝʣʴʩʪʚʘ ʚ ʦʙʣʘʩʪʠ ʟʘʱʠʪʳ ʢʦʥʬʠʜʝʥʮʠʘʣʴʥʦʩʪʠ ʠʥʬʦʨʤʘʮʠʠ, ʘ ʪʘʢʞʝ ʣʦʢʘʣʴʥʳʝ 

ʘʢʪʳ ʢʦʥʢʨʝʪʥʦʛʦ ʭʦʟʷʡʩʪʚʫʶʱʝʛʦ ʩʫʙʲʝʢʪʘ ʧʦ ʦʙʝʩʧʝʯʝʥʠʶ ʢʦʥʬʠʜʝʥʮʠʘʣʴʥʦʩʪʠ 

ʠʥʬʦʨʤʘʮʠʠ. 

ʉʣʝʜʫʶʱʘʷ ʛʨʫʧʧʘ ʩʨʝʜʩʪʚ (ʘʧʧʘʨʘʪʥʳʝ ʩʨʝʜʩʪʚʘ) ʧʨʝʜʩʪʘʚʣʝʥʘ ʢʦʥʢʨʝʪʥʳʤʠ 

ʬʠʟʠʯʝʩʢʠʤʠ ʦʙʲʝʢʪʘʤʠ, ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʢʦʪʦʨʳʭ ʥʘʧʨʘʚʣʝʥʦ ʥʘ ʦʙʝʩʧʝʯʝʥʠʝ ʟʘʱʠʪʳ 

ʠʥʬʦʨʤʘʮʠʠ. ʕʪʦ ʤʦʛʫʪ ʙʳʪʴ ʫʩʪʨʦʡʩʪʚʘ ʨʘʟʣʠʯʥʦʛʦ ʚʠʜʘ: ʤʝʭʘʥʠʯʝʩʢʠʝ, ʵʣʝʢʪʨʦʥʥʳʝ ʠ ʧʨ. 

ʆʩʥʦʚʥʦʝ ʥʘʟʥʘʯʝʥʠʝ ʪʘʢʠʭ ʫʩʪʨʦʡʩʪʚ ï ʵʪʦ ʟʘʱʠʪʘ ʦʪ ʬʠʟʠʯʝʩʢʦʛʦ ʧʨʦʥʠʢʥʦʚʝʥʠʷ 

ʟʣʦʫʤʳʰʣʝʥʥʠʢʦʚ ʢ ʜʦʩʪʫʧʫ ʢ ʠʥʬʦʨʤʘʮʠʠ. ʇʨʦʛʨʘʤʤʥʳʝ ʩʨʝʜʩʪʚʘ ʟʘʱʠʪʳ ʵʪʦ ʨʘʟʣʠʯʥʳʝ 

ʧʨʦʛʨʘʤʤʳ, ʥʘʧʨʘʚʣʝʥʥʳʝ ʥʘ ʠʜʝʥʪʠʬʠʢʘʮʠʶ ʧʦʣʴʟʦʚʘʪʝʣʝʡ, ʰʠʬʨʦʚʘʥʠʝ ʠʥʬʦʨʤʘʮʠʠ, 

ʦʙʝʩʧʝʯʝʥʠʝ ʢʦʥʪʨʦʣʷ ʜʦʩʪʫʧʘ ʠ ʧʨ. ʊʘʢʠʝ ʩʨʝʜʩʪʚʘ ʧʨʦʩʪʳ ʚ ʫʩʪʘʥʦʚʢʝ, ʫʥʠʚʝʨʩʘʣʴʥʳ ʠ 

ʥʘʜʝʞʥʳ. ɽʱʝ ʦʜʥʠʤ ʧʨʝʠʤʫʱʝʩʪʚʦʤ ʧʨʦʛʨʘʤʤʥʳʭ ʩʨʝʜʩʪʚ ʦʙʝʩʧʝʯʝʥʠʷ ʟʘʱʠʪʳ 

ʢʦʥʬʠʜʝʥʮʠʘʣʴʥʦʩʪʠ ʠʥʬʦʨʤʘʮʠʠ, ʷʚʣʷʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴ ʦʩʫʱʝʩʪʚʣʝʥʠʷ ʠʭ ʤʦʜʠʬʠʢʘʮʠʠ ʚ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʧʦʩʪʦʷʥʥʦ ʤʝʥʷʶʱʠʭʩʷ ʧʦʪʨʝʙʥʦʩʪʝʡ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʩʠʩʪʝʤ ʚ ʟʘʱʠʪʝ.  ɺ 

ʩʚʦʶ ʦʯʝʨʝʜʴ ʘʧʧʘʨʘʪʥʦ-ʧʨʦʛʨʘʤʤʥʳʝ ʩʨʝʜʩʪʚʘ ʟʘʱʠʪʳ ʥʘʧʨʘʚʣʝʥʳ ʥʘ ʦʙʝʩʧʝʯʝʥʠʝ 

ʨʝʘʣʠʟʘʮʠʠ ʬʫʥʢʮʠʡ ʘʧʧʘʨʘʪʥʳʭ ʠ ʧʨʦʛʨʘʤʤʥʳʭ ʩʨʝʜʩʪʚ.  

ʄʝʪʦʜʳ ʟʘʱʠʪʳ ʢʦʥʬʠʜʝʥʮʠʘʣʴʥʦʩʪʠ ʠʥʬʦʨʤʘʮʠʠ, ʢʘʢ ʚʥʝʰʥʠʡ ʵʣʝʤʝʥʪ ʟʘʱʠʪʳ, ʠ 

ʚʳʨʘʞʘʶʱʠʡ ʦʩʦʙʝʥʥʦʩʪʠ ʨʝʘʣʠʟʘʮʠʠ ʩʨʝʜʩʪʚ ʟʘʱʠʪʳ, ʠʩʭʦʜʷ ʠʟ ʩʚʦʝʡ ʩʫʱʥʦʩʪʠ, 

ʜʠʬʬʝʨʝʥʮʠʨʫʶʪʩʷ ʥʘ: ʠʥʞʝʥʝʨʥʦ-ʪʝʭʥʠʯʝʩʢʠʝ ʠ ʦʨʛʘʥʠʟʘʮʠʦʥʥʦ-ʧʨʘʚʦʚʳʝ. ʇʝʨʚʳʝ ʤʦʛʫʪ 

ʙʳʪʴ ʬʠʟʠʯʝʩʢʠʤʠ, ʘʧʧʘʨʘʪʥʳʤʠ, ʢʨʠʧʪʦʛʨʘʬʠʯʝʩʢʠʤʠ ʠ ʧʨʦʛʨʘʤʤʥʳʤʠ. ʌʠʟʠʯʝʩʢʠʝ ʤʝʪʦʜʳ 

ï ʵʪʦ ʪʝ ʩʨʝʜʩʪʚʘ ʟʘʱʠʪʳ, ʢʦʪʦʨʳʝ ʧʨʝʧʷʪʩʪʚʫʶʪ ʬʠʟʠʯʝʩʢʦʤʫ ʧʨʦʥʠʢʥʦʚʝʥʠʶ (ʠʣʠ ʜʦʩʪʫʧʫ) 

ʢ ʦʙʲʝʢʪʘʤ ʟʘʱʠʪʳ ʠ ʢ ʥʦʩʠʪʝʣʷʤ ʢʦʥʬʠʜʝʥʮʠʘʣʴʥʦʡ ʠʥʬʦʨʤʘʮʠʠ. ɸʧʧʘʨʘʪʥʳʝ ʩʨʝʜʩʪʚʘ ï 

ʵʪʦ ʧʨʠʙʦʨʳ, ʫʩʪʨʦʡʩʪʚʘ, ʧʨʠʩʧʦʩʦʙʣʝʥʠʷ ʠ ʜʨʫʛʠʝ ʪʝʭʥʠʯʝʩʢʠʝ ʨʝʰʝʥʠʷ, ʧʨʝʜʥʘʟʥʘʯʝʥʥʳʝ 

ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʩʪʦʡʢʦʡ ʟʘʱʠʪʳ ʠʥʬʦʨʤʘʮʠʠ ʦʪ ʨʘʟʛʣʘʰʝʥʠʷ, ʫʪʝʯʢʠ ʠ 

ʥʝʩʘʥʢʮʠʦʥʠʨʦʚʘʥʥʦʛʦ ʜʦʩʪʫʧʘ ʯʝʨʝʟ ʪʝʭʥʠʯʝʩʢʠʝ ʩʨʝʜʩʪʚʘ ʟʘʱʠʪʳ ʠʥʬʦʨʤʘʮʠʠ. ʀʤʝʥʥʦ 

ʘʧʧʘʨʘʪʥʘʷ ʢʘʪʝʛʦʨʠʷ ʤʝʪʦʜʦʚ ʠ ʩʨʝʜʩʪʚ ʟʘʱʠʪʳ ʢʦʥʬʠʜʝʥʮʠʘʣʴʥʦʩʪʠ ʠʥʬʦʨʤʘʮʠʠ, ʧʦʣʫʯʠʣʘ 

ʰʠʨʦʢʦʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʥʘ ʧʨʘʢʪʠʢʝ. ʇʨʦʛʨʘʤʤʥʳʝ ʩʨʝʜʩʪʚʘ ʵʪʦ, ʢʘʢ ʫʞʝ ʙʳʣʦ ʦʪʤʝʯʝʥʦ, 

ʨʘʟʣʠʯʥʳʝ ʧʨʦʛʨʘʤʤʳ (ʢʦʤʧʣʝʢʩʳ ʠ ʩʠʩʪʝʤʳ) ʟʘʱʠʪʳ ʠʥʬʦʨʤʘʮʠʠ ʚ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ 

ʩʠʩʪʝʤʘʭ. ʂʨʠʧʪʦʛʨʘʬʠʯʝʩʢʠʝ ʞʝ ʩʨʝʜʩʪʚʘ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʩʘʤʳʝ ʩʣʦʞʥʳʝ ʤʝʪʦʜʳ 

ʟʘʱʠʪʳ, ʧʦʩʢʦʣʴʢʫ ʚ ʠʭ ʦʩʥʦʚʝ ʣʝʞʠʪ ʤʘʪʝʤʘʪʠʯʝʩʢʠʡ ʘʣʛʦʨʠʪʤ ʩʨʝʜʩʪʚʘ ʟʘʱʠʪʳ 

ʠʥʬʦʨʤʘʮʠʠ, ʢʦʪʦʨʳʡ ʧʝʨʝʜʘʝʪʩʷ ʧʦ ʩʝʪʷʤ ʠ ʩʠʩʪʝʤʘʤ ʠ ʠʩʧʦʣʴʟʫʝʪ ʨʘʟʣʠʯʥʳʝ ʤʝʪʦʜʳ 

ʰʠʬʨʦʚʘʥʠʷ.  

ɺ ʢʘʯʝʩʪʚʝ ʥʘʛʣʷʜʥʦʛʦ ʧʨʠʤʝʨʘ ʥʘʠʙʦʣʝʝ ʯʘʩʪʦ ʠʩʧʦʣʴʟʫʝʤʳʭ ʩʝʛʦʜʥʷ ʤʝʪʦʜʦʚ ʠ 

ʩʨʝʜʩʪʚ ʟʘʱʠʪʳ ʠʥʬʦʨʤʘʮʠʠ ʤʦʞʥʦ ʥʘʟʚʘʪʴ ʧʦʣʫʯʠʚʰʠʝ ʧʦʧʫʣʷʨʥʦʩʪʴ ʝʱʝ ʚ ʢʦʥʮʝ 70-80-ʭ 

ʛʦʜʦʚ ʧʨʦʰʣʦʛʦ ʚʝʢʘ: ʤʝʞʩʝʪʝʚʳʝ ʵʢʨʘʥʳ ʠ ʢʨʠʧʪʦʛʨʘʬʠʯʝʩʢʦʝ ʰʠʬʨʦʚʘʥʠʝ. 

ʆʨʛʘʥʠʟʘʮʠʦʥʥʦ-ʧʨʘʚʦʚʳʝ ʤʝʪʦʜʳ ʟʘʱʠʪʳ ʢʦʥʬʠʜʝʥʮʠʘʣʴʥʦʩʪʠ ʠʥʬʦʨʤʘʮʠʠ 

ʥʘʧʨʘʚʣʝʥʳ ʥʘ ʦʩʫʱʝʩʪʚʣʝʥʠʝ ʤʝʨʦʧʨʠʷʪʠʡ ʧʦ ʨʘʟʨʘʙʦʪʢʝ ʠ ʧʨʠʤʝʥʝʥʠʶ ʥʦʨʤʘʪʠʚʥʳʭ ʘʢʪʦʚ, 

ʧʨʠʟʚʘʥʥʳʭ ʨʝʛʫʣʠʨʦʚʘʪʴ ʦʩʦʙʝʥʥʦʩʪʠ ʦʙʝʩʧʝʯʝʥʠʷ ʢʦʥʬʠʜʝʥʮʠʘʣʴʥʦʩʪʠ ʠʥʬʦʨʤʘʮʠʠ 

ʨʘʟʣʠʯʥʳʭ ʢʘʪʝʛʦʨʠʡ. 

ɺ ʥʘʩʪʦʷʱʠʡ ʤʦʤʝʥʪ ʧʝʨʝʜ ʤʥʦʛʠʤʠ ʭʦʟʷʡʩʪʚʫʶʱʠʤʠ ʩʫʙʲʝʢʪʘʤʠ ʜʦʩʪʘʪʦʯʥʦ ʦʩʪʨʦ 

ʩʪʦʠʪ ʚʦʧʨʦʩ ʦʙʝʩʧʝʯʝʥʠʷ ʢʦʥʬʠʜʝʥʮʠʘʣʴʥʦʩʪʠ ʠʥʬʦʨʤʘʮʠʠ ʩ ʦʨʠʝʥʪʘʮʠʝʡ ʥʘ ʫʛʨʦʟʳ 

ʢʠʙʝʨʬʠʟʠʯʝʩʢʠʭ ʩʠʩʪʝʤ ʠ ʧʨʝʜʧʦʩʳʣʢʠ ʠʭ ʬʦʨʤʠʨʦʚʘʥʠʷ. ɼʦʩʪʘʪʦʯʥʦ ʯʘʩʪʦ, ʝʜʠʥʠʯʥʦ 
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ʠʩʧʦʣʴʟʫʝʤʳʝ ʩʨʝʜʩʪʚʘ ʠ ʤʝʪʦʜʳ ʟʘʱʠʪʳ ʫʞʝ ʥʝ ʚ ʧʦʣʥʦʡ ʤʝʨʝ ʦʪʚʝʯʘʶʪ ʧʦʪʨʝʙʥʦʩʪʷʤ, ʘ 

ʵʬʬʝʢʪʠʚʥʘʷ ʟʘʱʠʪʘ ʢʦʥʬʠʜʝʥʮʠʘʣʴʥʦʩʪʠ ʠʥʬʦʨʤʘʮʠʠ ʚʦʟʤʦʞʥʘ ʪʦʣʴʢʦ ʥʘ ʦʩʥʦʚʘʥʠʠ 

ʢʦʤʧʣʝʢʩʥʦʛʦ ʧʦʜʭʦʜʘ ʢ ʦʙʝʩʧʝʯʝʥʠʶ ʙʝʟʦʧʘʩʥʦʩʪʠ ʜʘʥʥʳʭ. 
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ʋɼʂ 004 

ɺ ʩʦʚʨʝʤʝʥʥʦʤ ʤʠʨʝ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʨʘʙʦʪʳ ʣʶʙʦʡ ʦʨʛʘʥʠʟʘʮʠʠ ʟʘʚʠʩʠʪ ʦʪ 

ʦʧʝʨʘʪʠʚʥʦʩʪʠ ʦʙʨʘʙʦʪʢʠ ʜʦʢʫʤʝʥʪʦʚ, ʘ ʪʘʢʞʝ ʦʪ ʥʘʜʝʞʥʦʩʪʠ ʚʩʝʡ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ 

ʩʦʩʪʘʚʣʷʶʱʝʡ ʚ ʮʝʣʦʤ. ʀʤʝʥʥʦ ʧʦʵʪʦʤʫ ʨʫʢʦʚʦʜʠʪʝʣʠ ʤʥʦʛʠʭ ʧʨʝʜʧʨʠʷʪʠʡ ʚʩʝ ʯʘʱʝ ʩʪʘʚʷʪ 

ʚʦʧʨʦʩ ʦʙ ʫʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʠ ʩʠʩʪʝʤʳ ʜʦʢʫʤʝʥʪʦʦʙʦʨʦʪʘ. ɼʦʙʠʪʴʩʷ ʜʘʥʥʦʡ ʟʘʜʘʯʠ 

ʚʦʟʤʦʞʥʦ ʩ ʧʦʤʦʱʴʶ ʝʛʦ ʘʚʪʦʤʘʪʠʟʘʮʠʠ. 

ɺ ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ ʥʘʧʨʘʚʣʝʥʠʝ ʵʣʝʢʪʨʦʥʥʦʛʦ ʜʦʢʫʤʝʥʪʦʦʙʦʨʦʪʘ ʘʢʪʠʚʥʦ ʨʘʟʚʠʚʘʣʦʩʴ ʠ 

ʜʦʩʪʠʛʣʦ ʦʧʨʝʜʝʣʝʥʥʦʛʦ ʫʨʦʚʥʷ ʟʨʝʣʦʩʪʠ, ʥʦ ʚʩʝ ʞʝ ʵʪʦʪ ʩʝʛʤʝʥʪ ʨʳʥʢʘ ʧʨʦʜʦʣʞʘʝʪ ʨʘʩʪʠ. ʅʦ 

ʝʩʣʠ ʙʫʜʝʪ ʨʘʩʪʠ ʨʳʥʦʢ ʩʠʩʪʝʤ ʵʣʝʢʪʨʦʥʥʦʛʦ ʜʦʢʫʤʝʥʪʦʦʙʦʨʦʪʘ, ʪʦ ʙʫʜʝʪ ʨʘʩʪʠ ʠ ʢʘʯʝʩʪʚʦ 

ʫʛʨʦʟ. ɺ ʪʘʢʦʤ ʩʣʫʯʘʝ ʚʦʟʥʠʢʘʝʪ ʩʦʧʫʪʩʪʚʫʶʱʘʷ ʧʨʦʙʣʝʤʘ ʟʘʱʠʪʳ ʩʠʩʪʝʤ ʵʣʝʢʪʨʦʥʥʦʛʦ 

ʜʦʢʫʤʝʥʪʦʦʙʦʨʦʪʘ. 
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ʉʦʚʨʝʤʝʥʥʳʝ ʧʨʦʙʣʝʤʳ ʦʙʝʩʧʝʯʝʥʠʷ ʙʝʟʦʧʘʩʥʦʩʪʠ ʵʣʝʢʪʨʦʥʥʦʛʦ 

ʜʦʢʫʤʝʥʪʦʦʙʦʨʦʪʘ 

ʆʩʥʦʚʥʳʤʠ ʩʦʩʪʘʚʣʷʶʱʠʤʠ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ 

ʷʚʣʷʶʪʩʷ: 

¶ ʢʦʥʬʠʜʝʥʮʠʘʣʴʥʦʩʪʴ (ʧʨʠʩʚʦʝʥʠʝ ʩʫʙʲʝʢʪʘʤ ʠ ʦʙʲʝʢʪʘʤ ʜʦʩʪʫʧʘ ʣʠʯʥʦʛʦ 

ʠʜʝʥʪʠʬʠʢʘʪʦʨʘ ʠ ʩʨʘʚʥʝʥʠʝ ʝʛʦ ʩ ʟʘʜʘʥʥʳʤ);  

¶ ʘʫʪʝʥʪʠʬʠʢʘʮʠʷ (ʧʨʦʚʝʨʢʘ ʧʨʠʥʘʜʣʝʞʥʦʩʪʠ ʩʫʙʲʝʢʪʫ ʜʦʩʪʫʧʘ ʧʨʝʜʲʷʚʣʝʥʥʦʛʦ ʠʤ 

ʠʜʝʥʪʠʬʠʢʘʪʦʨʘ ʠ ʧʦʜʪʚʝʨʞʜʝʥʠʝ ʝʛʦ ʧʦʜʣʠʥʥʦʩʪʠ. ɼʨʫʛʠʤʠ ʩʣʦʚʘʤʠ, ʘʫʪʝʥʪʠʬʠʢʘʮʠʷ 

ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʧʨʦʚʝʨʢʝ: ʷʚʣʷʝʪʩʷ ʣʠ ʧʦʜʢʣʶʯʘʶʱʠʡʩʷ ʩʫʙʲʝʢʪ ʪʝʤ, ʟʘ ʢʦʛʦ ʦʥ ʩʝʙʷ 

ʚʳʜʘʝʪ); 

¶ ʢʦʥʪʨʦʣʴ ʮʝʣʦʩʪʥʦʩʪʠ (ʧʨʝʜʧʦʣʘʛʘʝʪ ʦʙʝʩʧʝʯʝʥʠʝ ʜʦʩʪʦʚʝʨʥʦʩʪʠ ʠ ʢʦʨʨʝʢʪʥʦʛʦ 

ʦʪʦʙʨʘʞʝʥʠʷ ʦʭʨʘʥʷʝʤʳʭ ʜʘʥʥʳʭ, ʥʝʟʘʚʠʩʠʤʦ ʦʪ ʪʦʛʦ, ʢʘʢʠʝ ʩʠʩʪʝʤʳ ʙʝʟʦʧʘʩʥʦʩʪʠ ʠ 

ʧʨʠʝʤʳ ʟʘʱʠʪʳ ʠʩʧʦʣʴʟʫʶʪʩʷ ʚ ʢʦʤʧʘʥʠʠ. ʆʙʨʘʙʦʪʢʘ ʜʘʥʥʳʭ ʥʝ ʜʦʣʞʥʘ ʥʘʨʫʰʘʪʴʩʷ, ʘ 

ʧʦʣʴʟʦʚʘʪʝʣʠ ʩʠʩʪʝʤʳ, ʢʦʪʦʨʳʝ ʨʘʙʦʪʘʶʪ ʩ ʟʘʱʠʱʘʝʤʳʤʠ ʬʘʡʣʘʤʠ, ʥʝ ʜʦʣʞʥʳ 

ʩʪʘʣʢʠʚʘʪʴʩʷ ʩ ʥʝʩʘʥʢʮʠʦʥʠʨʦʚʘʥʥʦʡ ʤʦʜʠʬʠʢʘʮʠʝʡ ʠʣʠ ʫʥʠʯʪʦʞʝʥʠʝʤ ʨʝʩʫʨʩʦʚ, 

ʩʙʦʷʤʠ ʚ ʨʘʙʦʪʝ ʇʆ) [1-2]. 

 

ʇʦʥʷʪʠʝ ʵʣʝʢʪʨʦʥʥʦʡ ʧʦʜʧʠʩʠ  

ʂʦʥʬʠʜʝʥʮʠʘʣʴʥʦʩʪʴ ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ ʰʠʬʨʦʚʘʥʠʝʤ, ʘ ʘʫʪʝʥʪʠʬʠʢʘʮʠʷ ʠ ʢʦʥʪʨʦʣʴ 

ʮʝʣʦʩʪʥʦʩʪʠ ï ʧʨʠʤʝʥʝʥʠʝʤ ʵʣʝʢʪʨʦʥʥʦʡ ʧʦʜʧʠʩʠ (ʕʇ). 

ʆʩʥʦʚʥʦʡ ʘʢʪ, ʨʝʛʫʣʠʨʫʶʱʠʡ ʜʝʡʩʪʚʠʝ ʕʇ ʷʚʣʷʝʪʩʷ ʌʝʜʝʨʘʣʴʥʳʡ ʟʘʢʦʥ ʦʪ 06.04.2011 

N 63-ʌɿ çʆʙ ʵʣʝʢʪʨʦʥʥʦʡ ʧʦʜʧʠʩʠè. ɿʘʢʦʥ ʟʥʘʝʪ ʪʨʠ ʚʠʜʘ ʕʇ: 

¶ ʂʚʘʣʠʬʠʮʠʨʦʚʘʥʥʘʷ ʕʇ ï ʜʦʢʫʤʝʥʪ ʧʨʠʟʥʘʝʪʩʷ ʟʥʘʯʠʤʳʤ ʠ ʨʘʚʥʳʤ ʧʦ ʩʠʣʝ 

ʙʫʤʘʞʥʦʤʫ ʜʦʢʫʤʝʥʪʫ. 

¶ ʅʝʢʚʘʣʠʬʠʮʠʨʦʚʘʥʥʘʷ ʕʇ. 

¶ ʇʨʦʩʪʘʷ ʕʇ [3]. 

 

ʅʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʚ ʨʘʟʚʠʪʳʭ ʩʪʨʘʥʘʭ ʘʢʪʠʚʥʦ ʧʨʠʤʝʥʷʶʪʩʷ ʥʦʚʳʝ ʪʝʭʥʦʣʦʛʠʠ ʚ 

ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʉʕɼ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʦʙʝʩʧʝʯʠʪʴ ʟʘʱʠʪʫ ʥʘ ʚʩʝʭ ʫʨʦʚʥʷʭ. ʆʜʥʠʤ ʠʟ 

ʘʢʪʫʘʣʴʥʳʭ ʥʘʧʨʘʚʣʝʥʠʡ ʷʚʣʷʝʪʩʷ ʪʝʭʥʦʣʦʛʠʷ çblockchainè. ʉʕɼ ʥʘ ʦʩʥʦʚʝ ʜʘʥʥʦʛʦ ʧʦʜʭʦʜʘ 

ʦʙʝʩʧʝʯʠʚʘʝʪ ʥʘʣʠʯʠʝ ʪʘʢʠʭ ʧʨʠʥʮʠʧʦʚ, ʢʘʢ ʚʳʩʦʢʠʡ ʫʨʦʚʝʥʴ ʜʦʚʝʨʠʷ ʢ ʩʠʩʪʝʤʝ, ʠʭ 

ʤʘʢʩʠʤʘʣʴʥʘʷ ʟʘʱʠʱʝʥʥʦʩʪʴ, ʦʙʱʝʜʦʩʪʫʧʥʦʩʪʴ ʜʣʷ ʚʩʝʭ ʫʯʘʩʪʥʠʢʦʚ ʠ ʦʪʢʨʳʪʦʩʪʴ ʧʨʠ 

ʧʝʨʝʜʘʯʝ ʠʥʬʦʨʤʘʮʠʠ. 

 

ʊʝʭʥʦʣʦʛʠʷ ɹʣʦʢʯʝʡʥ ʠ ʧʨʠʥʮʠʧʳ ʝʝ ʨʘʙʦʪʳ 

ʉʘʤʘ ʧʦ ʩʝʙʝ ʪʝʭʥʦʣʦʛʠʷ çblockchainè (ʜʦʩʣʦʚʥʦ çʮʝʧʦʯʢʘ ʙʣʦʢʦʚè) ʧʨʝʜʩʪʘʚʣʷʝʪ 

ʩʦʙʦʡ ʜʝʮʝʥʪʨʘʣʠʟʦʚʘʥʥʦʝ ʭʨʘʥʝʥʠʝ ʜʘʥʥʳʭ, ʮʝʧʦʯʢʫ ʙʣʦʢʦʚ ʪʨʘʥʟʘʢʮʠʡ, ʚʳʩʪʨʦʝʥʥʫʶ ʧʦ 

ʦʧʨʝʜʝʣʝʥʥʳʤ ʧʨʘʚʠʣʘʤ ʠ ʦʙʝʩʧʝʯʠʚʘʶʱʫʶ ʩʧʝʮʠʬʠʯʝʩʢʫʶ ʟʘʱʠʪʫ ʦʪ ʠʟʤʝʥʝʥʠʡ. ʇʦ ʩʫʪʠ, ʚ 

ɹʣʦʢʯʝʡʥʝ ʤʦʞʥʦ ʭʨʘʥʠʪʴ ʣʶʙʫʶ ʥʫʞʥʫʶ ʥʘʤ ʠʥʬʦʨʤʘʮʠʶ, ʢʦʪʦʨʘʷ ʜʦʩʪʫʧʥʘ ʜʣʷ ʚʩʝʭ 

ʫʯʘʩʪʥʠʢʦʚ ʩʝʪʠ.  

ʊʘʢʞʝ ʩ ʧʦʤʦʱʴʶ ʪʝʭʥʦʣʦʛʠʠ ɹʣʦʢʯʝʡʥ ʚʦʟʥʠʢʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʙʝʟʦʧʘʩʥʦʛʦ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʠ ʦʙʨʘʙʦʪʢʠ ʜʦʢʫʤʝʥʪʦʚ ʤʝʞʜʫ ʥʝʩʢʦʣʴʢʠʤʠ ʣʠʮʘʤʠ ʯʝʨʝʟ ʥʝʜʦʚʝʨʝʥʥʫʶ 

ʩʝʪʴ ʙʝʟ ʫʯʘʩʪʠʷ ʪʨʝʪʴʝʛʦ ʜʦʚʝʨʝʥʥʦʛʦ ʣʠʮʘ. 
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ʊʨʝʤʷ ʦʩʥʦʚʥʳʤʠ ʩʦʩʪʘʚʣʷʶʱʠʤʠ ʪʝʭʥʦʣʦʛʠʠ ɹʣʦʢʯʝʡʥ ʷʚʣʷʶʪʩʷ: ʦʜʥʦʨʘʥʛʦʚʳʝ 

ʜʝʮʝʥʪʨʘʣʠʟʦʚʘʥʥʳʝ ʩʝʪʠ, ʦʙʱʠʡ ʨʝʝʩʪʨ ʟʘʧʠʩʝʡ ʠ ʤʝʭʘʥʠʟʤ ʢʦʥʩʝʥʩʫʩʘ. 

ɹʣʦʢʯʝʡʥ ʨʘʙʦʪʘʝʪ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ. ʇʦʣʴʟʦʚʘʪʝʣʠ ʩʝʪʠ ʬʦʨʤʠʨʫʶʪ ʜʘʥʥʳʝ, 

ʢʦʪʦʨʳʝ ʧʦʜʣʝʞʘʪ ʩʦʭʨʘʥʝʥʠʶ ʚ ʦʪʜʝʣʴʥʳʭ ʙʣʦʢʘʭ. ɹʘʟʘ ʜʘʥʥʳʭ ʧʨʝʜʩʪʘʚʣʷʝʪ ʠʟ ʩʝʙʷ 

ʮʝʧʦʯʢʫ ʙʣʦʢʦʚ, ʢʦʪʦʨʘʷ ʩʧʝʮʠʘʣʴʥʳʤ ʦʙʨʘʟʦʤ ʰʠʬʨʫʝʪʩʷ ʠ ʭʨʘʥʠʪʩʷ ʥʘ ʚʩʝʭ ʫʟʣʘʭ ʩʝʪʠ ʚ 

ʦʜʥʦʤ ʠ ʪʦʤ ʞʝ ʚʠʜʝ. ɹʣʦʢʠ ʤʝʞʜʫ ʩʦʙʦʡ ʩʚʷʟʘʥʳ ʟʘ ʩʯʝʪ ʢʨʠʧʪʦʛʨʘʬʠʠ, ʠʟ-ʟʘ ʯʝʛʦ ʧʦʯʪʠ 

ʥʝʚʦʟʤʦʞʥʦ ʠʟʤʝʥʠʪʴ/ʧʦʜʜʝʣʘʪʴ ʠʥʬʦʨʤʘʮʠʶ ʚ ʙʣʦʢʘʭ. 

ʏʪʦʙʳ ʠʥʬʦʨʤʘʮʠʶ ʚʥʫʪʨʠ ʪʨʘʥʟʘʢʮʠʡ ʥʝʣʴʟʷ ʙʳʣʦ ʧʦʜʜʝʣʘʪʴ, ʢʘʞʜʘʷ ʪʨʘʥʟʘʢʮʠʷ 

ʚʥʫʪʨʠ ʙʣʦʢʘ ʧʦʜʧʠʩʳʚʘʝʪʩʷ ʵʣʝʢʪʨʦʥʥʦʡ ʮʠʬʨʦʚʦʡ ʧʦʜʧʠʩʴʶ (ʕʎʇ). 

ʇʦʩʣʝ ʪʦʛʦ, ʢʘʢ ʦʩʫʱʝʩʪʚʣʝʥʳ ʚʩʝ ʥʝʦʙʭʦʜʠʤʳʝ ʦʧʝʨʘʮʠʠ ʜʣʷ ʩʦʩʪʘʚʣʷʶʱʠʭ ʙʣʦʢʘ 

ʜʘʥʥʳʭ, ʧʨʦʠʩʭʦʜʠʪ ʝʛʦ ʩʦʟʜʘʥʠʝ ʠ ʜʘʣʴʥʝʡʰʘʷ ʦʪʧʨʘʚʢʘ ʧʦʣʴʟʦʚʘʪʝʣʷʤ ʩʝʪʠ. ʇʦʩʢʦʣʴʢʫ 

ʨʝʝʩʪʨ ʥʘʭʦʜʠʪʩʷ ʥʘ ʢʦʤʧʴʶʪʝʨʘʭ ʤʥʦʛʦʯʠʩʣʝʥʥʳʭ ʧʦʣʴʟʦʚʘʪʝʣʝʡ, ʦʥ ʧʦʜʚʝʨʛʘʝʪʩʷ ʧʨʦʚʝʨʢʝ 

ʚʩʝʤʠ ʵʪʠʤʠ ʫʩʪʨʦʡʩʪʚʘʤʠ ʯʝʨʝʟ ʦʜʥʦʨʘʛʦʚʫʶ ʩʝʪʴ [4]. 

ʊʘʢ ʢʘʢ ɹʣʦʢʯʝʡʥ ï ʜʝʮʝʥʪʨʘʣʠʟʦʚʘʥʥʘʷ ʦʜʥʦʨʘʥʛʦʚʘʷ ʩʠʩʪʝʤʘ, ʫ ʢʦʪʦʨʦʡ ʥʝʪ 

ʮʝʥʪʨʘʣʴʥʦʛʦ ʦʨʛʘʥʘ ʚʣʘʩʪʠ, ʠʤʝʥʥʦ ʧʦʵʪʦʤʫ ʧʨʦʪʦʢʦʣʳ ʢʦʥʩʝʥʩʫʩʘ ʟʜʝʩʴ ʪʘʢ ʚʘʞʥʳ. ʏʪʦʙʳ 

ɹʣʦʢʯʝʡʥ ʧʨʠʥʠʤʘʣ ʨʝʰʝʥʠʷ, ʫʯʘʩʪʥʠʢʘʤ ʩʝʪʠ ʥʝʦʙʭʦʜʠʤʦ ʧʨʠʡʪʠ ʢ ʩʦʛʣʘʰʝʥʠʶ, ʠʩʧʦʣʴʟʫʷ 

çʤʝʭʘʥʠʟʤʳ ʢʦʥʩʝʥʩʫʩʘè. 

ʂʦʥʩʝʥʩʫʩ ï ʵʪʦ ʩʧʦʩʦʙ ʜʦʩʪʠʞʝʥʠʷ ʩʦʛʣʘʩʠʷ ʚ ʛʨʫʧʧʝ. ɻʦʣʦʩʦʚʘʥʠʝ ʧʨʦʠʩʭʦʜʠʪ ʚ 

ʧʦʣʴʟʫ ʙʦʣʴʰʠʥʩʪʚʘ, ʥʝ ʫʯʠʪʳʚʘʷ ʠʥʪʝʨʝʩʳ ʤʝʥʴʰʠʥʩʪʚʘ, ʥʦ ʩ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ, ʵʪʦ 

ʛʘʨʘʥʪʠʨʫʝʪ ʜʦʩʪʠʞʝʥʠʝ ʩʦʛʣʘʰʝʥʠʷ, ʢʦʪʦʨʦʝ ʥʝʩʝʪ ʧʦʣʴʟʫ ʚʩʝʡ ʛʨʫʧʧʝ. ʉʪʦʠʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ 

ʢʦʥʩʝʥʩʫʩʦʤ ʥʘʟʳʚʘʶʪ ʥʝ ʪʦʣʴʢʦ ʩʘʤ ʧʨʦʮʝʩʩ ʧʨʠʥʷʪʠʷ ʨʝʰʝʥʠʷ, ʥʦ ʠ ʩʘʤʦ ʧʨʠʥʷʪʦʝ ʚ 

ʨʝʟʫʣʴʪʘʪʝ ʪʘʢʦʡ ʧʨʦʮʝʜʫʨʳ ʨʝʰʝʥʠʝ, ʪʦ ʝʩʪʴ ʨʝʟʫʣʴʪʘʪ [5]. 

 

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʪʝʭʥʦʣʦʛʠʠ ɹʣʦʢʯʝʡʥ ʚ ʵʣʝʢʪʨʦʥʥʦʤ ʜʦʢʫʤʝʥʪʦʦʙʦʨʦʪʝ 

ɼʣʷ ʧʦʜʧʠʩʠ ʪʨʘʥʟʘʢʮʠʡ ʚ ɹʣʦʢʯʝʡʥ-ʩʠʩʪʝʤʘʭ ʠʩʧʦʣʴʟʫʶʪʩʷ ʧʘʨʳ çʧʫʙʣʠʯʥʳʡ ʢʣʶʯ-

ʧʨʠʚʘʪʥʳʡ ʢʣʶʯè. ɺʩʝ ʬʦʨʤʠʨʫʝʤʳʝ ʪʨʘʥʟʘʢʮʠʠ ʜʦʣʞʥʳ ʙʳʪʴ ʧʦʜʧʠʩʘʥʳ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʧʨʠʚʘʪʥʦʛʦ ʢʣʶʯʘ. 

ʉʫʱʝʩʪʚʫʶʱʘʷ ʧʦʟʠʮʠʷ ʄʠʥʢʦʤʩʚʷʟʠ ʧʨʝʜʧʦʣʘʛʘʝʪ, ʯʪʦ ʩʦʦʙʱʝʥʠʝ, ʦʪʧʨʘʚʣʝʥʥʦʝ ʩ 

ʦʧʨʝʜʝʣʝʥʥʦʛʦ ʘʜʨʝʩʘ ʵʣʝʢʪʨʦʥʥʦʡ ʧʦʯʪʳ, ʤʦʞʝʪ ʩʯʠʪʘʪʴʩʷ ʧʦʜʧʠʩʘʥʥʳʤ ʧʨʦʩʪʦʡ 

ʵʣʝʢʪʨʦʥʥʦʡ ʧʦʜʧʠʩʴʶ, ʝʩʣʠ ʩʪʦʨʦʥʳ ʦʙ ʵʪʦʤ ʜʦʛʦʚʦʨʠʣʠʩʴ. ʇʦʵʪʦʤʫ ɹʣʦʢʯʝʡʥ ʠ ʧʨʦʩʪʘʷ ʕʇ 

ʙʫʜʫʪ ʧʨʠʟʥʘʚʘʪʴʩʷ ʩʫʜʘʤʠ, ʝʩʣʠ: 

¶ ʂʘʞʜʦʡ ʩʪʦʨʦʥʝ ʩʛʝʥʝʨʠʨʦʚʘʪʴ ʧʘʨʫ çʧʫʙʣʠʯʥʳʡ ʢʣʶʯ ï ʧʨʠʚʘʪʥʳʡ ʢʣʶʯè. 

¶ ɿʘʢʨʝʧʠʪʴ ʚ ʜʦʛʦʚʦʨʝ ʦʙ ʵʣʝʢʪʨʦʥʥʦʤ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʠʣʠ ʚ ʦʩʥʦʚʥʦʤ ʩʦʛʣʘʰʝʥʠʠ 

ʚʦʟʤʦʞʥʦʩʪʴ ʦʙʤʝʥʠʚʘʪʴʩʷ ʩʦʦʙʱʝʥʠʷʤʠ, ʧʦʜʧʠʩʘʥʥʳʤʠ ʧʨʦʩʪʦʡ ʵʣʝʢʪʨʦʥʥʦʡ 

ʧʦʜʧʠʩʴʶ. 

¶ ʇʨʦʧʠʩʘʪʴ ʨʝʢʚʠʟʠʪʳ ʩʪʦʨʦʥ ʚ ɹʣʦʢʯʝʡʥ-ʩʝʪʠ. 

¶ ʋʩʪʘʥʦʚʠʪʴ ʧʦʨʷʜʦʢ ʬʦʨʤʠʨʦʚʘʥʠʷ ʵʣʝʢʪʨʦʥʥʦʛʦ ʜʦʢʫʤʝʥʪʘ ʠ ʝʛʦ ʧʦʜʧʠʩʘʥʠʷ. 

 

ɽʩʣʠ ʛʦʚʦʨʠʪʴ ʦ ʚʥʝʰʥʝʤ ʜʦʢʫʤʝʥʪʦʦʙʦʨʦʪʝ, ʪʦ ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ɹʣʦʢʯʝʡʥ ʧʨʠ 

ʟʘʢʣʶʯʝʥʠʠ ʜʦʛʦʚʦʨʦʚ ʠʣʠ ʜʣʷ ʦʙʤʝʥʘ ʩʦʦʙʱʝʥʠʷʤʠ. ʉʦʭʨʘʥʝʥʠʝ ʚ ɹʣʦʢʯʝʡʥʝ ʫʥʠʢʘʣʴʥʦʛʦ 

ʮʠʬʨʦʚʦʛʦ ʦʪʧʝʯʘʪʢʘ ʜʦʛʦʚʦʨʘ ʧʦʟʚʦʣʠʪ ʩʪʦʨʦʥʘʤ ʥʘʚʩʝʛʜʘ ʩʦʭʨʘʥʠʪʴ ʠʥʬʦʨʤʘʮʠʶ ʦ ʚʝʨʥʦʡ 

ʚʝʨʩʠʠ ʜʦʛʦʚʦʨʘ, ʥʝ ʧʨʠʙʝʛʘʷ ʢ ʧʦʤʦʱʠ ʙʫʤʘʛʠ ʠʣʠ ʧʦʩʨʝʜʥʠʢʦʚ. 

ɺʦ ʚʥʫʪʨʝʥʥʝʤ ʜʦʢʫʤʝʥʪʦʦʙʦʨʦʪʝ ɹʣʦʢʯʝʡʥ ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʢʘʢ ʜʦʢʘʟʘʪʝʣʴʩʪʚʦ 

ʬʘʢʪʘ ʧʦʜʧʠʩʘʥʠʷ ʩʦʪʨʫʜʥʠʢʦʤ ʪʦʛʦ ʠʣʠ ʠʥʦʛʦ ʚʥʫʪʨʝʥʥʝʛʦ ʜʦʢʫʤʝʥʪʘ. 
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ʋɼʂ 65.011.56 

ʂʠʙʝʨʬʠʟʠʯʝʩʢʠʝ ʩʠʩʪʝʤʳ (ʂʌʉ) ʯʘʩʪʦ ʩʪʘʥʦʚʷʪʩʷ ʤʠʰʝʥʴʶ ʭʘʢʝʨʦʚ, ʧʨʠʯʝʤ ʘʪʘʢʠ 

ʤʦʛʫʪ ʧʨʠʚʝʩʪʠ ʢ ʩʝʨʴʝʟʥʳʤ ʧʦʪʝʨʷʤ. ʊʝʤ ʥʝ ʤʝʥʝʝ, ʠʥʮʠʜʝʥʪʳ ʙʝʟʦʧʘʩʥʦʩʪʠ ʚ ʦʪʥʦʰʝʥʠʠ 

ʢʠʙʝʨʬʠʟʠʯʝʩʢʠʭ ʩʠʩʪʝʤ ʚʩʝ ʝʱʝ ʦʩʪʘʶʪʩʷ ʤʘʣʦʠʟʫʯʝʥʥʳʤʠ [1]. ʄʝʥʝʝ 2% ʦʪ ʧʦʜʚʝʨʛʰʠʭʩʷ 

ʥʘʧʘʜʝʥʠʶ ʢʦʤʧʘʥʠʡ ʩʦʦʙʱʘʶʪ ʦʙ ʠʥʮʠʜʝʥʪʘʭ, ʪʘʢ ʢʘʢ ʵʪʦ ʩʚʷʟʘʥʦ ʩ ʨʝʧʫʪʘʮʠʦʥʥʳʤʠ 

ʨʠʩʢʘʤʠ, ʚʦʟʤʦʞʥʳʤ ʧʘʜʝʥʠʝʤ ʘʢʮʠʡ ʠ ʦʙʝʩʧʦʢʦʝʥʥʦʩʪʴʶ ʘʢʮʠʦʥʝʨʦʚ [2].   

ʉʣʦʞʥʦʩʪʴ ʦʙʝʩʧʝʯʝʥʠʷ ʙʝʟʦʧʘʩʥʦʩʪʠ ʂʌʉ ʩʦʩʪʦʠʪ ʚ ʦʛʨʘʥʠʯʝʥʥʳʭ ʚʦʟʤʦʞʥʦʩʪʷʭ 

ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʂʌʉ ʠ ʇʆ ʚ ʣʦʢʘʣʴʥʳʭ ʠ ʛʣʦʙʘʣʴʥʳʭ ʩʝʪʷʭ, ʩʣʘʙʳʭ ʩʨʝʜʩʪʚʘʭ 

ʘʫʪʝʥʪʠʬʠʢʘʮʠʠ, ʧʨʘʢʪʠʯʝʩʢʠ ʧʦʣʥʦʤ ʦʪʩʫʪʩʪʚʠʠ ʩʨʝʜʩʪʚ ʘʫʜʠʪʘ, ʥʝʛʠʙʢʦʩʪʴ ʘʨʭʠʪʝʢʪʫʨʳ 

ʂʌʉ ʠ ʨʠʩʢʠ, ʩʚʷʟʘʥʥʳʝ ʩ ʯʝʣʦʚʝʯʝʩʢʠʤ ʬʘʢʪʦʨʦʤ [2].  

ɿʘʨʫʙʝʞʥʳʝ ʵʢʩʧʝʨʪʳ ʚʳʜʝʣʷʶʪ ʩʣʝʜʫʶʱʠʝ ʨʠʩʢʠ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ, 

ʩʚʷʟʘʥʥʳʝ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʢʠʙʝʨʬʠʟʠʯʝʩʢʠʭ ʩʠʩʪʝʤ: ʨʠʩʢ ʥʝʜʦʩʪʫʧʥʦʩʪʠ, ʨʠʩʢ ʥʘʨʫʰʝʥʠʷ 

ʮʝʣʦʩʪʥʦʩʪʠ ʜʘʥʥʳʭ, ʨʠʩʢ ʥʘʨʫʰʝʥʠʷ ʢʦʥʬʠʜʝʥʮʠʘʣʴʥʦʩʪʠ (3). 

ʆʩʥʦʚʥʳʝ ʫʷʟʚʠʤʦʩʪʠ çʋʤʥʦʛʦ ʜʦʤʘè ʢʘʢ ʵʣʝʤʝʥʪʘ ʢʠʙʝʨʬʠʟʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ: 

¶ ʇʦʜʢʣʶʯʝʥʠʝ ʩʝʪʠ çʋʤʥʦʛʦ ʜʦʤʘè ʢ ʠʥʪʝʨʥʝʪʫ. ʇʨʠ ʥʝʵʬʬʝʢʪʠʚʥʦʠʡ ʟʘʱʠʪʝ ʚ ʩʝʪʴ 

ʤʦʛʫʪ ʧʨʦʥʠʢʥʫʪʴ ʚʠʨʫʩʥʳʝ ʧʨʦʛʨʘʤʤʳ, ʘ ʪʘʢʞʝ ʧʦʚʳʰʘʝʪʩʷ ʚʝʨʦʷʪʥʦʩʪʴ ʘʪʘʢʠ 

ʭʘʢʝʨʦʚ. 

¶ ɽʩʣʠ ʪʨʘʬʠʢ ʧʝʨʝʜʘʝʪʩʷ ʚ ʦʪʢʨʳʪʦʤ ʚʠʜʝ, ʧʦʚʳʰʘʝʪʩʷ ʚʝʨʦʷʪʥʦʩʪʴ ʧʝʨʝʭʚʘʪʘ 

ʠʥʬʦʨʤʘʮʠʠ. 

¶ ʇʨʠ ʥʘʣʠʯʠʠ ʫʷʟʚʠʤʦʩʪʝʡ ʚ ʩʠʩʪʝʤʝ ʘʫʪʝʥʪʠʬʠʢʘʮʠʠ ʚʦʟʤʦʞʝʥ ʥʝʩʘʥʢʮʠʦʥʠʨʦʚʘʥʥʳʡ 

ʜʦʩʪʫʧ ʢ ʜʘʥʥʳʤ ʠ ʠʭ ʭʠʱʝʥʠʝ. 

¶ ɺʳʭʦʜ ʧʨʦʚʦʜʥʠʢʦʚ, ʚ ʢʦʪʦʨʳʭ ʤʦʛʫʪ ʙʳʪʴ ʥʘʚʦʜʢʠ ʠʟʣʫʯʝʥʠʡ, ʟʘ ʧʨʝʜʝʣʳ 

ʢʦʥʪʨʦʣʠʨʫʝʤʦʡ ʟʦʥʳ [4].  
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ɸʪʘʢʠ ʥʘ ʧʦʜʢʣʶʯʝʥʥʫʶ ʜʦʤʘʰʥʶʶ ʠʥʬʨʘʩʪʨʫʢʪʫʨʫ ʤʦʛʫʪ ʦʩʫʱʝʩʪʚʣʷʪʴʩʷ ʜʚʫʤʷ 

ʩʧʦʩʦʙʘʤʠ: ʣʠʙʦ ʩ ʧʦʤʦʱʴʶ ʜʘʪʯʠʢʦʚ ʠʣʠ ʫʩʪʨʦʡʩʪʚ IoT, ʧʦʜʢʣʶʯʝʥʥʳʭ ʢ ʩʝʪʠ, ʣʠʙʦ ʯʝʨʝʟ 

ʘʪʘʢʠ ʥʘ ʩʝʨʚʝʨʳ, ʢʦʪʦʨʳʝ ʩʦʙʠʨʘʶʪ, ʭʨʘʥʷʪ ʠ ʘʥʘʣʠʟʠʨʫʶʪ ʠʥʬʦʨʤʘʮʠʶ ʩ ʜʘʪʯʠʢʦʚ [3].  

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʜʘʪʯʠʢʦʚ ʚ ʫʩʪʨʦʡʩʪʚʘʭ IoT ʫʚʝʣʠʯʠʚʘʝʪ ʬʫʥʢʮʠʦʥʘʣʴʥʦʩʪʴ ʫʩʪʨʦʡʩʪʚ, 

ʦʜʥʘʢʦ ʜʘʪʯʠʢʠ ʪʘʢʞʝ ʤʦʛʫʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʚ ʢʘʯʝʩʪʚʝ ʧʣʘʮʜʘʨʤʘ ʜʣʷ ʟʘʧʫʩʢʘ ʘʪʘʢ ʥʘ 

ʫʩʪʨʦʡʩʪʚʘ ʠʣʠ ʧʨʠʣʦʞʝʥʠʷ. ʅʘʧʨʠʤʝʨ, ʚ ʧʦʩʣʝʜʥʝʝ ʚʨʝʤʷ ʙʳʣʦ ʥʝʩʢʦʣʴʢʦ ʧʦʧʳʪʦʢ 

ʩʢʦʤʧʨʦʤʝʪʠʨʦʚʘʪʴ ʫʩʪʨʦʡʩʪʚʘ IoT ʯʝʨʝʟ ʠʭ ʜʘʪʯʠʢʠ. ɿʣʦʫʤʳʰʣʝʥʥʠʢʠ ʤʦʛʫʪ ʠʩʧʦʣʴʟʦʚʘʪʴ 

ʜʘʪʯʠʢʠ (ʥʘʧʨʠʤʝʨ, ʘʢʩʝʣʝʨʦʤʝʪʨ, ʛʠʨʦʩʢʦʧ, ʤʠʢʨʦʬʦʥ, ʜʘʪʯʠʢ ʦʩʚʝʱʝʥʥʦʩʪʠ ʠ ʜʨ.) ʜʣʷ 

ʧʝʨʝʜʘʯʠ ʚʨʝʜʦʥʦʩʥʦʛʦ ʢʦʜʘ ʠʣʠ ʟʘʧʫʩʢʘ ʩʦʦʙʱʝʥʠʷ, ʯʪʦʙʳ ʘʢʪʠʚʠʨʦʚʘʪʴ ʚʨʝʜʦʥʦʩʥʦʝ ʇʆ, 

ʫʩʪʘʥʦʚʣʝʥʥʦʝ ʥʘ ʫʩʪʨʦʡʩʪʚʝ IoT, ʩʦʙʠʨʘʪʴ ʢʦʥʬʠʜʝʥʮʠʘʣʴʥʫʶ ʣʠʯʥʫʶ ʠʥʬʦʨʤʘʮʠʶ, 

ʧʝʨʝʜʘʚʘʝʤʫʶ ʤʝʞʜʫ ʫʩʪʨʦʡʩʪʚʘʤʠ (ʥʘʧʨʠʤʝʨ, ʩʤʘʨʪʬʦʥ, ʩʤʘʨʪ-ʯʘʩʳ ʠ ʜʨ.) ʠʣʠ ʜʘʞʝ 

ʠʟʚʣʝʢʘʪʴ ʟʘʰʠʬʨʦʚʘʥʥʫʶ ʠʥʬʦʨʤʘʮʠʶ ʧʫʪʝʤ ʟʘʭʚʘʪʘ ʢʣʶʯʝʡ ʰʠʬʨʦʚʘʥʠʷ ʠ ʜʝʰʠʬʨʦʚʘʥʠʷ. 

ʕʪʠ ʫʛʨʦʟʳ ʥʘ ʦʩʥʦʚʝ ʜʘʪʯʠʢʦʚ ʤʦʛʫʪ ʧʨʝʜʩʪʘʚʣʷʪʴ ʟʥʘʯʠʪʝʣʴʥʳʡ ʨʠʩʢ ʜʣʷ ʩʠʩʪʝʤ ʠ 

ʧʨʠʣʦʞʝʥʠʡ IoT, ʯʝʤ ʦʙʳʯʥʳʝ ʘʪʘʢʠ, ʧʦʩʢʦʣʴʢʫ ʧʨʦʠʟʚʦʜʠʪʝʣʠ ʝʱʝ ʥʝ ʧʦʣʥʦʩʪʴʶ 

ʦʩʚʝʜʦʤʣʝʥʳ ʦʙ ʵʪʠʭ ʫʛʨʦʟʘʭ [5]. 

ʂʨʦʤʝ ʪʦʛʦ, ʟʣʦʫʤʳʰʣʝʥʥʠʢʘʤ ʥʝ ʥʫʞʥʳ ʥʠʢʘʢʠʝ ʩʣʦʞʥʳʝ ʠʥʩʪʨʫʤʝʥʪʳ ʜʣʷ ʜʦʩʪʫʧʘ ʢ 

ʜʘʪʯʠʢʘʤ, ʯʪʦ ʦʙʣʝʛʯʘʝʪ ʧʨʦʚʝʜʝʥʠʝ ʘʪʘʢʠ [6]. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʪʨʠʚʠʘʣʴʥʦʝ ʚʳʧʦʣʥʝʥʠʝ, 

ʣʝʛʢʠʡ ʜʦʩʪʫʧ ʢ ʜʘʪʯʠʢʘʤ ʠ ʦʪʩʫʪʩʪʚʠʝ ʟʥʘʥʠʡ ʦʙ ʫʛʨʦʟʘʭ ʜʣʷ ʜʘʪʯʠʢʦʚ ʧʨʝʜʩʪʘʚʣʷʶʪ 

ʟʥʘʯʠʪʝʣʴʥʳʡ ʨʠʩʢ ʜʣʷ ʫʩʪʨʦʡʩʪʚ ʠ ʧʨʠʣʦʞʝʥʠʡ IoT. ʇʦʥʠʤʘʥʠʝ ʵʪʦʡ ʧʨʦʙʣʝʤʳ ʥʝʦʙʭʦʜʠʤʦ 

ʜʣʷ ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ ʧʨʠ ʨʘʟʨʘʙʦʪʢʝ ʥʘʜʝʞʥʳʭ ʨʝʰʝʥʠʡ ʜʣʷ ʵʬʬʝʢʪʠʚʥʦʛʦ ʦʙʥʘʨʫʞʝʥʠʷ ʠ 

ʧʨʝʜʦʪʚʨʘʱʝʥʠʷ ʵʪʠʭ ʫʛʨʦʟ [7].  
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ʇʦ ʠʪʦʛʘʤ ʠʩʩʣʝʜʦʚʘʥʠʷ ʦʪʤʝʯʝʥʦ, ʯʪʦ ʚ ʥʘʰʝ ʚʨʝʤʷ ʚ ʨʘʟʳ ʫʚʝʣʠʯʠʣʦʩʴ 

ʢʦʣʠʯʝʩʪʚʦ DDoS-ʘʪʘʢ ʤʘʣʦʡ ʠ ʩʨʝʜʥʝʡ ʩʪʝʧʝʥʠ ʠʥʪʝʥʩʠʚʥʦʩʪʠ. ʃʶʙʘʷ ʠʟ ʥʠʭ ʥʘʧʨʘʚʣʝʥʘ 

ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʥʘ ʨʝʛʠʦʥʘʣʴʥʳʝ ʨʝʩʫʨʩʳ. ʊʘʢʘʷ ʩʠʪʫʘʮʠʷ ʚʧʦʣʥʝ ʦʧʨʘʚʜʘʥʘ: ʧʦ ʤʝʨʝ 

ʨʘʟʚʠʪʠʷ ʩʝʪʠ ʚʦʟʨʘʩʪʘʝʪ ʠ ʢʦʣʠʯʝʩʪʚʦ ʞʝʨʪʚ. ɺʤʝʩʪʝ ʩ ʪʝʤ ʨʘʟʚʠʚʘʶʪʩʷ ʠ ʧʦʚʝʜʝʥʯʝʩʢʠʝ 

ʤʝʭʘʥʠʟʤʳ ʘʪʘʢ. ɿʣʦʫʤʳʰʣʝʥʥʠʢʠ ʥʝ ʩʪʘʣʢʠʚʘʶʪʩʷ ʩ ʪʨʫʜʥʦʩʪʷʤʠ ʧʨʠ ʠʭ ʧʨʦʚʝʜʝʥʠʠ, ʘ 

ʢʦʤʧʴʶʪʝʨʳ ʩʧʦʩʦʙʥʳ ʠʤʠʪʠʨʦʚʘʪʴ ʧʦʚʝʜʝʥʠʝ ʧʦʣʴʟʦʚʘʪʝʣʝʡ. ʕʪʠ ʠ ʤʥʦʛʠʝ ʜʨʫʛʠʝ ʬʘʢʪʦʨʳ 

ʩʧʦʩʦʙʩʪʚʫʶʪ ʧʦʚʳʰʝʥʠʶ ʯʠʩʣʘ ʘʪʘʢ. 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʩʨʝʜʩʪʚ ʧʨʦʪʠʚʦʜʝʡʩʪʚʠ ̫ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʦʩʦʙʦʝ ʨʘʟʚʠʪʠʝ ʧʦʣʫʯʠʣʠ 

ʩʨʝʜʩʪʚʘ ʧʨʦʪʠʚʦʜʝʡʩʪʚʠʷ, ʥʘʮʝʣʝʥʥʳʝ ʥʘ ʦʪʨʘʞʝʥʠʝ ʤʘʩʩʠʨʦʚʘʥʥʳʭ, ʢʨʫʧʥʳʭ ʘʪʘʢ. 

ʉʨʝʜʩʪʚʘ, ʚʭʦʜʷʱʠʝ ʚ ʜʘʥʥʫʶ ʛʨʫʧʧʫ, ʷʚʣʷʶʪʩʷ ʜʦʨʦʛʦʩʪʦʷʱʠʤʠ ʠ ʠʩʧʦʣʴʟʫʶʪʩʷ 

ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʢʨʫʧʥʳʤʠ ʧʨʦʚʘʡʜʝʨʘʤʠ ʠ ʦʨʛʘʥʠʟʘʮʠʷʤʠ. 

ʏʪʦ ʢʘʩʘʝʪʩʷ ʩʨʝʜʩʪʚ ʧʨʦʪʠʚʦʜʝʡʩʪʚʠʷ ʤʘʣʳʤ ʠ ʩʨʝʜʥʠʤ ʘʪʘʢʘʤ, ʦʥʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʳ 

ʜʦʩʪʘʪʦʯʥʦ ʩʣʘʙʦ. ʕʪʦ ʦʙʫʩʣʦʚʣʝʥʦ ʧʨʦʰʣʳʤ ʦʧʳʪʦʤ, ʢʦʛʜʘ ʪʘʢʠʝ ʘʪʘʢʠ ʙʳʣʠ ʜʦʩʪʘʪʦʯʥʦ 

ʨʝʜʢʠ. ɺʤʝʩʪʝ ʩ ʪʝʤ ʘʥʘʣʠʟ ʪʨʘʬʠʢʘ ʥʘ ʫʨʦʚʥʝ ʧʨʠʣʦʞʝʥʠʡ ʤʦʞʝʪ ʙʳʪʴ ʥʝ ʤʝʥʝʝ 

ʧʨʦʜʫʢʪʠʚʥʳʤ. ʕʪʦ ʥʝ ʪʦʣʴʢʦ ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʝʜʦʨʦʛʦ, ʥʦ ʠ ʚʧʦʣʥʝ ʜʦʩʪʘʪʦʯʥʦ ʜʣʷ 

ʧʨʦʪʠʚʦʜʝʡʩʪʚʠʷ ʤʝʣʢʠʤ ʘʪʘʢʘʤ, ʦʩʦʙʝʥʥʦ ʧʨʠ ʫʯʝʪʝ ʪʦʛʦ ʬʘʢʪʘ, ʯʪʦ ʚʩʝ ʯʝʪʯʝ 

ʧʨʦʩʣʝʞʠʚʘʝʪʩʷ ʪʨʝʥʜ ʥʘ ʫʚʝʣʠʯʝʥʠʝ ʜʦʣʠ ʤʘʣʳʭ ʠ ʩʨʝʜʥʠʭ ʘʪʘʢ ʚ ʦʙʱʝʤ ʠʭ ʦʙʲʝʤʝ. 

ʇʫʙʣʠʢʘʮʠʷ ʄʠʨʢʦʚʠʯ, ʄʘʨʪʠʥʘ, ʈʘʡʝʨʘ [1] ʜʘʝʪ ʥʘʠʙʦʣʝʝ ʧʦʜʨʦʙʥʦʝ ʛʨʫʧʧʠʨʦʚʘʥʠʝ 

ʚʠʜʦʚ DDoS-ʘʪʘʢ. ɿʜʝʩʴ ʘʚʪʦʨʳ ʨʘʟʜʝʣʠʣʠ ʚʨʝʜʦʥʦʩʥʳʝ ʚʪʦʨʞʝʥʠʷ ʥʝ ʪʦʣʴʢʦ ʧʦ ʪʠʧʫ ʘʪʘʢʠ, 

ʥʦ ʠ ʧʦ ʚʝʣʠʯʠʥʝ ʘʚʪʦʤʘʪʠʟʘʮʠʠ, ʯʘʩʪʦʪʝ, ʩʧʦʩʦʙʫ ʚʦʟʜʝʡʩʪʚʠʷ ʠ ʧʨʦʯʠʤ ʧʘʨʘʤʝʪʨʘʤ. 

ɸʥʘʣʦʛʠʯʥʳʡ ʧʦʜʭʦʜ ʧʨʝʜʣʘʛʘʝʪʩʷ ʚ ʩʪʘʪʴʝ ʂʦʚʘʣʝʚʘ [2]. 

ʉʨʝʜʠ ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʤʝʪʦʜʦʚ ʤʦʞʥʦ ʚʳʜʝʣʠʪʴ ʪʝ, ʯʪʦ ʦʩʥʦʚʘʥʳ ʥʘ ʦʙʥʘʨʫʞʝʥʠʠ 

ʦʪʢʣʦʥʝʥʠʡ ʧʦ ʧʝʨʝʤʝʥʘʤ ʚ ʚʝʨʦʷʪʥʦʩʪʥʳʭ ʧʘʨʘʤʝʪʨʘʭ ʜʘʥʥʳʭ. ʉʫʪʴ ʪʘʢʠʭ ʤʝʪʦʜʦʚ 

ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʪʦʤ, ʯʪʦ ʙʝʨʝʪʩʷ ʥʝʢʦʪʦʨʳʡ ʚʨʝʤʝʥʥʦʡ ʨʷʜ ʧʘʨʘʤʝʪʨʘ ʩʦʩʪʦʷʥʠʡ ʦʭʨʘʥʷʝʤʦʡ 

ʩʠʩʪʝʤʳ, ʟʘʪʝʤ ʟʥʘʯʝʥʠʷ ʧʘʨʘʤʝʪʨʘ ʘʥʘʣʠʟʠʨʫʝʪʩʷ ʚ ʚʠʜʝ ʩʣʫʯʘʡʥʳʭ ʚʝʣʠʯʠʥ, ʧʦʣʫʯʝʥʥʳʭ ʧʦ 

ʥʝʢʦʪʦʨʦʤʫ ʨʘʩʧʨʝʜʝʣʠʪʝʣʴʥʦʤʫ ʟʘʢʦʥʫ. ʇʦʩʣʝ ʵʪʦʛʦ ʚʳʜʚʠʛʘʝʪʩʷ ʧʨʝʜʧʦʣʦʞʝʥʠʝ, ʯʪʦ ʧʦ 

ʬʘʢʪʫ ʘʪʘʢʠ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʧʨʝʪʝʨʧʝʚʘʝʪ ʠʟʤʝʥʝʥʠʷ (ʚʤʝʩʪʝ ʩ ʵʪʠʤ ʤʝʥʷʶʪʩʷ ʠ 

ʚʝʨʦʷʪʥʦʩʪʥʳʝ ʧʘʨʘʤʝʪʨʳ ʥʘʙʦʨʘ). ʆʪʤʝʪʠʤ, ʯʪʦ ʝʩʪʴ ʥʝʩʢʦʣʴʢʦ ʤʝʪʦʜʦʚ ʦʙʥʘʨʫʞʝʥʠʷ ʪʘʢ 

ʥʘʟʳʚʘʝʤʳʭ çʪʦʯʝʢ ʧʝʨʝʭʦʜʘè (change-point detection) [3, 4, 5], ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʦʧʠʩʘʥʥʦʡ 

ʩʠʪʫʘʮʠʠ. 

ʄʥʦʞʝʩʪʚʦ ʠʟ ʦʧʠʩʘʥʥʳʭ ʩʠʩʪʝʤ, ʧʨʠʤʝʥʷʶʱʠʭ ʤʦʜʝʣʴʥʫʶ ʠʥʬʦʨʤʘʮʠʶ, ʦʙʣʘʜʘʶʪ 

ʧʘʨʦʡ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʨʝʞʠʤʦʚ: ʦʙʫʯʝʥʠʷ ʠ ʦʙʥʘʨʫʞʝʥʠʷ. ʉʝʛʦʜʥʷ ʩʫʱʝʩʪʚʫʶʪ ʥʝʢʦʪʦʨʳʝ 

ʚʘʨʠʘʥʪʳ ʧʨʘʢʪʠʯʝʩʢʦʛʦ ʚʥʝʜʨʝʥʠʷ ʠ ʧʨʠʤʝʥʝʥʠʷ ʨʘʟʣʠʯʥʳʭ ʤʝʪʦʜʦʚ. ʂ ʧʨʠʤʝʨʫ, ʫʯʝʪ ʠ 
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ʠʩʩʣʝʜʦʚʘʥʠʝ ʠʥʬʦʨʤʘʮʠʠ ʤʦʞʥʦ ʦʩʫʱʝʩʪʚʣʷʪʴ ʧʦʩʨʝʜʩʪʚʦʤ ʧʨʦʛʨʘʤʤʥʳʭ ʤʦʜʫʣʝʡ, 

ʫʩʪʘʥʦʚʣʝʥʥʳʭ ʥʘ ʟʘʱʠʱʘʝʤʳʡ ʩʝʨʚʝʨ. ʕʪʫ ʨʦʣʴ ʤʦʛʫʪ ʠʛʨʘʪʴ ʬʠʟʠʯʝʩʢʠʝ ʩʨʝʜʩʪʚʘ ʘʥʘʣʠʟʘ ʠ 

ʩʙʦʨʘ ʠʥʬʦʨʤʘʮʠʠ, ʢʦʪʦʨʳʝ ʧʨʠ ʵʪʦʤ ʥʘʭʦʜʷʪʩʷ ʟʘ ʧʨʝʜʝʣʘʤʠ ʩʝʨʚʝʨʘ. 

 

ʃʠʪʝʨʘʪʫʨʘ 

1.  Mirkovic J. A Taxonomy of DDoS Attacks and DDoS Defense Mechanisms: Technical report 

#020018 I J. Mirkovic, J. Martin, P. Reiher. ï Computer Science Department. University of 

California, 2002. ï 16 p.  

2.  ʂʦʚʘʣʝʚ ɼ.ɸ. ʂʣʘʩʩʠʬʠʢʘʮʠʷ ʤʝʪʦʜʦʚ ʧʨʦʚʝʜʝʥʠʷ DDoS-ʘʪʘʢ // ʄʠʨ ʪʨʘʥʩʧʦʨʪ, 2013. ï ˉ 

1 (45). ï ʉ. 130-134.  

3. Kang, J. Protect E-Commerce against DDoS Attacks with Improved D-WARD Detection System I 

J. Kang, Z. Zhang, J. Ju II Proc. of 2005 IEEE International Conference on e-Technology, e-

Commerce and e-Service. Hong-Kong, 29 March-1 April, 2005. ï Piscataway: IEEE, 2005. ï P. 100-

105.  

4. Li, M. Decision Analysis of Statistically Detecting Distributed Denial-of-Service Flooding Attacks 

I M. Li, ʉ Chi, W. Jia et al. II International Journal of Information Technology and Decision 

Making, 2003. ï Vol. 2; no. 3. ï P. 397- 405.  

5. Peng, T. Proactively Detecting DDoS Attack Using Source IP Address Monitoring I T. Peng, C. 

Leckie, R. Kotagiri II Networking 2004. Athens, Greece, May 9-14, 2004. ï Berlin: Springer, 2004. 

ï Vol. 3042. ï P. 771-782.  

 

 

ʀʉʉʃɽɼʆɺɸʅʀɽ ɸʃɻʆʈʀʊʄʆɺ ʂʆʅʉɽʅʉʋʉɸ ɺ ʉʆʉʊɸɺɽ ɹʃʆʂʏɽʁʅɸ ɼʃʗ 

ʆɹɽʉʇɽʏɽʅʀʗ ɹɽɿʆʇɸʉʅʆʉʊʀ ɹɽʉʇʈʆɺʆɼʅʓʍ ʉɽʅʉʆʈʅʓʍ ʉɽʊɽʁ 

 

ʉ.ʉ. ʄʘʭʨʦʚ, ʩʪʘʨʰʠʡ ʥʘʫʯʥʳʡ ʩʦʪʨʫʜʥʠʢ ʅʀʏ ʄʊʋʉʀ, ʢ.ʪ.ʥ., 111024, ʛ. ʄʦʩʢʚʘ, ʫʣ. 

ɸʚʠʘʤʦʪʦʨʥʘʷ, 8ɸ, SlavaM4@yandex.ru; 

ɽ.ʄ. ɸʚʩʪʨʠʡʩʢʘʷ, ʤʘʛʠʩʪʨʘʥʪ ʄʊʋʉʀ, 111024, ʛ. ʄʦʩʢʚʘ, ʫʣ. ɸʚʠʘʤʦʪʦʨʥʘʷ, 8ɸ, 

lisavstr@inbox.ru. 

 

RESEARCH OF ALGORITHMS OF CONSENSUS  IN THE BLOCKCHAIN 

COMPOSITION TO ENSURE THE SECURITY OF WIRELESS SENSOR NETWORKS  

 

Stanislav Makhrov, Senior Researcher of Scientific Research Department MTUCI, Ph.D., 111024, 

Moscow, ul. Aviamotornaya 8A; 

Elizaveta Avstriyskaya, master's student MTUCI, 111024, Moscow, ul. Aviamotornaya, 8A. 

 

ʋɼʂ 004.02 

ʅʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʧʨʠʤʝʥʝʥʠʝ ʙʝʩʧʨʦʚʦʜʥʳʭ ʩʝʥʩʦʨʥʳʭ ʩʝʪʝʡ (ɹʉʉ) ʷʚʣʷʝʪʩʷ 

ʦʜʥʠʤ ʠʟ ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʥʘʧʨʘʚʣʝʥʠʡ ʨʘʟʚʠʪʠʷ ʢʦʥʮʝʧʮʠʠ ʠʥʪʝʨʥʝʪʘ ʚʝʱʝʡ. ɹʝʩʧʨʦʚʦʜʥʳʝ 

ʩʝʥʩʦʨʥʳʝ ʩʝʪʠ ʩʦʩʪʦʷʪ ʠʟ ʤʥʦʞʝʩʪʚʘ ʘʚʪʦʥʦʤʥʳʭ ʩʝʥʩʦʨʦʚ, ʦʙʲʝʜʠʥʝʥʥʳʭ ʧʦʩʨʝʜʩʪʚʦʤ 

ʨʘʜʠʦʢʘʥʘʣʘ. ɿʘʜʘʯʝʡ ʩʝʪʠ ʷʚʣʷʝʪʩʷ ʤʦʥʠʪʦʨʠʥʛ ʠ ʩʙʦʨ ʧʘʨʘʤʝʪʨʦʚ ʥʝʢʦʪʦʨʦʡ ʚʥʝʰʥʝʡ ʩʨʝʜʳ. 
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ʆʜʥʘʢʦ, ʩʫʱʝʩʪʚʫʝʪ ʘʢʪʫʘʣʴʥʘʷ ʧʨʦʙʣʝʤʘ ï ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʦʙʝʩʧʝʯʝʥʠʷ ʜʦʩʪʘʪʦʯʥʦʡ ʟʘʱʠʪʳ 

ʜʘʥʥʳʭ. ʊʘʢʫʶ ʧʨʦʙʣʝʤʫ ʙʝʟʦʧʘʩʥʦʩʪʠ ʤʦʞʥʦ ʨʝʰʠʪʴ ʧʦʩʨʝʜʩʪʚʦʤ ʪʝʭʥʦʣʦʛʠʠ ʙʣʦʢʯʝʡʥʘ.  

ʉʫʪʴ ʪʝʭʥʦʣʦʛʠʠ ʙʣʦʢʯʝʡʥʘ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʜʝʮʝʥʪʨʘʣʠʟʘʮʠʠ ʦʙʨʘʙʘʪʳʚʘʝʤʳʭ ʠ 

ʭʨʘʥʠʤʳʭ ʜʘʥʥʳʭ ʥʘ ʫʟʣʘʭ ʩʝʪʠ ʠ ʛʘʨʘʥʪʠʠ ʪʦʛʦ, ʯʪʦ ʮʝʧʦʯʢʘ ʙʣʦʢʦʚ ʝʜʠʥʘ ʜʣʷ ʚʩʝʭ ʫʟʣʦʚ 

ʩʝʪʠ. ɼʣʷ ʵʪʦʛʦ ʧʨʠʤʝʥʷʶʪʩʷ ʨʘʟʣʠʯʥʳʝ ʘʣʛʦʨʠʪʤʳ ʢʦʥʩʝʥʩʫʩʘ.   

ɼʦʢʘʟʘʪʝʣʴʩʪʚʦ ʨʘʙʦʪʳ (Proof-of-Work, PoW) ï ʘʣʛʦʨʠʪʤ ʢʦʥʩʝʥʩʫʩʘ ʢʣʘʩʩʠʯʝʩʢʦʛʦ 

ʙʣʦʢʯʝʡʥʘ, ʯʘʱʝ ʚʩʝʛʦ ʧʨʠʤʝʥʷʝʤʳʡ ʜʣʷ ʢʨʠʧʦʪʦʚʘʣʶʪʳ Bitcoin [1]. ʀʜʝʷ ʘʣʛʦʨʠʪʤʘ ʩʦʩʪʦʠʪ 

ʚ ʪʦʤ, ʯʪʦʙʳ ʫʟʣʳ ʩʝʪʠ ʜʣʷ ʧʦʜʪʚʝʨʞʜʝʥʠʷ ʤʥʦʞʝʩʪʚʘ ʪʨʘʥʟʘʢʮʠʡ (ʙʣʦʢʘ ʪʨʘʥʟʘʢʮʠʡ), 

ʧʨʦʜʝʣʳʚʘʣʠ ʜʦʩʪʘʪʦʯʥʦ ʩʣʦʞʥʫʶ ʚʳʯʠʩʣʠʪʝʣʴʥʫʶ ʨʘʙʦʪʫ. ʆʥʘ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʚʳʯʠʩʣʝʥʠʠ 

ʟʥʘʯʝʥʠʷ ʭʝʰ-ʬʫʥʢʮʠʠ SHA-256 ʩ ʦʧʨʝʜʝʣʝʥʥʳʤʠ ʫʩʣʦʚʠʷʤʠ Target (ʥʘʧʨʠʤʝʨ, ʧʦʣʫʯʝʥʥʳʡ 

ʭʵʰ ʜʦʣʞʝʥ ʙʳʪʴ ʤʝʥʴʰʝ ʯʠʩʣʘ 100). ʋʟʝʣ, ʧʝʨʚʳʤ ʚʳʯʠʩʣʠʚʰʠʡ ʭʝʰ, ʫʜʦʚʣʝʪʚʦʨʷʶʱʠʡ 

ʟʘʜʘʥʥʳʤ ʫʩʣʦʚʠʷʤ, ʧʦʣʫʯʘʝʪ ʧʨʘʚʦ ʧʦʜʪʚʝʨʜʠʪʴ ʩʚʦʡ ʙʣʦʢ ʪʨʘʥʟʘʢʮʠʡ ʧʫʪʝʤ ʜʦʙʘʚʣʝʥʠʷ ʝʛʦ 

ʚ ʦʙʱʠʡ ʙʣʦʢʯʝʡʥ. ʋʟʝʣ ʜʦʙʘʚʣʷʝʪ ʧʦʜʪʚʝʨʞʜʝʥʥʳʡ ʙʣʦʢ ʪʨʘʥʟʘʢʮʠʡ ʚ ʢʦʧʠʶ ʦʙʱʝʡ ʮʝʧʦʯʢʠ 

ʙʣʦʢʦʚ, ʭʨʘʥʠʤʫʶ ʫ ʩʝʙʷ ʚ ʧʘʤʷʪʠ, ʟʘʪʝʤ, ʦʥ ʨʘʩʩʳʣʘʝʪ ʩʚʦʶ ʮʝʧʦʯʢʫ ʙʣʦʢʦʚ ʚʩʝʤ ʦʩʪʘʣʴʥʳʤ 

ʫʟʣʘʤ, ʢʦʪʦʨʳʝ ʧʨʦʠʟʚʦʜʷʪ ʟʘʤʝʥʫ ʩʚʦʠʭ ʮʝʧʦʯʝʢ ʥʘ ʧʦʣʫʯʝʥʥʫʶ. ʇʨʠ ʵʪʦʤ, ʧʨʦʠʟʚʦʜʠʪʩʷ 

ʧʨʦʚʝʨʢʘ, ʯʪʦ ʧʦʣʫʯʝʥʥʘʷ ʮʝʧʦʯʢʘ ʠʤʝʝʪ ʜʣʠʥʫ (ʢʦʣʠʯʝʩʪʚʦ ʙʣʦʢʦʚ) ʙʦʣʴʰʝ, ʯʝʤ ʪʝʢʫʱʘʷ, 

ʭʨʘʥʠʤʘʷ ʥʘ ʫʟʣʝ [2]. 

ʇʝʨʚʳʡ ʫʟʝʣ, ʢʦʪʦʨʳʡ ʧʦʣʥʦʩʪʴʶ ʧʨʦʚʝʣ ʚʩʝ ʥʝʦʙʭʦʜʠʤʳʝ ʚʳʯʠʩʣʝʥʠʷ ï ʧʦʣʫʯʘʝʪ 

ʚʦʟʥʘʛʨʘʞʜʝʥʠʝ ʦʪ ʙʣʦʢʯʝʡʥ ʩʝʪʠ. ɺʩʝ ʫʟʣʳ ʙʦʨʶʪʩʷ ʤʝʞʜʫ ʩʦʙʦʡ (ʥʘʨʘʱʠʚʘʷ ʝʤʢʦʩʪʴ 

ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ ʨʝʩʫʨʩʦʚ), ʯʪʦʙʳ ʦʢʘʟʘʪʴʩʷ ʧʝʨʚʳʤ ʫʟʣʦʤ, ʧʦʣʫʯʠʚʰʠʤ ʚʦʟʥʘʛʨʘʞʜʝʥʠʝ. 

ɺʝʩʴ ʵʪʦʪ ʧʨʦʮʝʩʩ ʩʣʫʯʘʝʥ, ʚʩʝ ʤʘʡʥʝʨʳ ʧʦʣʫʯʘʶʪ ʚʦʟʥʘʛʨʘʞʜʝʥʠʷ, ʢʦʪʦʨʳʝ 

ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʳ ʠʭ çʫʩʠʣʠʷʤè ʧʦ ʚʳʯʠʩʣʝʥʠʶ. ʏʪʦ ʢʘʩʘʝʪʩʷ ʫʨʦʚʥʷ ʩʣʦʞʥʦʩʪʠ (Target), ʪʦ 

ʦʥ ʧʝʨʝʩʯʠʪʳʚʘʝʪʩʷ ʢʘʞʜʳʝ ʜʦʙʳʪʳʝ 2016 ʙʣʦʢʦʚ (ʧʨʠʤʝʨʥʦ 2 ʥʝʜʝʣʠ). ɽʩʣʠ ʤʘʡʥʝʨʘʤ 

ʫʜʘʣʦʩʴ ʥʘʡʪʠ ʟʘʜʘʥʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʙʣʦʢʦʚ ʨʘʥʴʰʝ, ʯʝʤ ʟʘ 14 ʜʥʝʡ, ʪʦ ʩʣʦʞʥʦʩʪʴ ʨʘʩʪʝʪ, ʝʩʣʠ 

ʫʰʣʦ ʙʦʣʴʰʝ ʚʨʝʤʝʥʠ ï ʪʦ ʫʤʝʥʴʰʘʝʪʩʷ [3]. 

ɺ ʧʨʠʤʝʥʝʥʠʠ ʜʘʥʥʦʛʦ ʘʣʛʦʨʠʪʤʘ ʝʩʪʴ ʧʨʦʙʣʝʤʘ ï ʪʘʢʦʡ ʘʣʛʦʨʠʪʤ ʢʦʥʩʝʥʩʫʩʘ 

ʚʳʯʠʩʣʷʝʪʩʷ ʩʣʠʰʢʦʤ ʜʦʣʛʦ ʠ ʦʯʝʥʴ ʪʨʝʙʦʚʘʪʝʣʝʥ ʢ ʚʳʯʠʩʣʠʪʝʣʴʥʳʤ ʨʝʩʫʨʩʘʤ ʫʟʣʘ.  

ɼʣʷ ʧʨʠʤʝʥʝʥʠʷ ʚ ʙʝʩʧʨʦʚʦʜʥʳʭ ʩʝʥʩʦʨʥʳʭ ʩʝʪʷʭ ʥʝʦʙʭʦʜʠʤʦ ʨʘʟʨʘʙʦʪʘʪʴ ʪʘʢʦʡ 

ʘʣʛʦʨʠʪʤ ʢʦʥʩʝʥʩʫʩʘ, ʢʦʪʦʨʳʡ ʙʫʜʝʪ ʫʜʦʚʣʝʪʚʦʨʷʪʴ ʩʣʝʜʫʶʱʠʤ ʫʩʣʦʚʠʷʤ:  

¶ ɹʳʩʪʨʦʪʘ ʚʳʯʠʩʣʝʥʠʷ ʭʵʰʘ ʠ ʩʦʟʜʘʥʠʷ ʙʣʦʢʘ ʚ ʮʝʧʦʯʢʝ. 

¶ ʅʝʙʦʣʴʰʘʷ ʪʨʝʙʫʝʤʘʷ ʚʳʯʠʩʣʠʪʝʣʴʥʘʷ ʤʦʱʥʦʩʪʴ. 

 

ʇʦʩʢʦʣʴʢʫ ʧʨʝʜʩʪʘʚʣʝʥʥʳʡ ʚʳʰʝ ʘʣʛʦʨʠʪʤ ʥʝ ʫʜʦʚʣʝʪʚʦʨʷʝʪ ʫʩʣʦʚʠʷʤ, ʥʝʦʙʭʦʜʠʤʦ 

ʩʦʟʜʘʪʴ ʩʧʝʮʠʘʣʴʥʳʡ ʘʣʛʦʨʠʪʤ ʢʦʥʩʝʥʩʫʩʘ ʜʣʷ ɹʉʉ. ʊʨʘʥʟʘʢʮʠʠ ʚ ʪʘʢʦʤ ʙʣʦʢʯʝʡʥʝ ʙʫʜʫʪ 

ʧʨʝʜʩʪʘʚʣʷʪʴ ʩʦʙʦʡ ʭʵʰ-ʬʫʥʢʮʠʶ ʩʦʙʠʨʘʝʤʳʭ ʜʘʥʥʳʭ ʠ/ʠʣʠ ʠʥʬʦʨʤʘʮʠʶ ʦ ʥʘʩʪʨʦʡʢʘʭ ʩ 

ʢʘʞʜʦʛʦ ʫʟʣʘ ʩʝʪʠ. ɺʳʙʦʨ ʢʨʠʧʪʦʛʨʘʬʠʯʝʩʢʦʡ ʭʵʰ-ʬʫʥʢʮʠʠ ʙʫʜʝʪ ʟʘʚʠʩʝʪʴ ʦʪ 

ʢʦʥʬʠʜʝʥʮʠʘʣʴʥʦʩʪʠ ʦʙʨʘʙʘʪʳʚʘʝʤʳʭ ʜʘʥʥʳʭ. ɺʦʟʤʦʞʥʳʝ ʚʘʨʠʘʥʪʳ ʨʝʘʣʠʟʘʮʠʠ: 

1. ɸʣʛʦʨʠʪʤ ʢʦʥʩʝʥʩʫʩʘ ˉ 1. 

ʂʘʞʜʳʡ ʠʟ ʫʟʣʦʚ ʩʝʪʠ ʚ ʦʧʨʝʜʝʣʝʥʥʳʡ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ (ʣʠʙʦ ʧʦ ʠʩʪʝʯʝʥʠʠ ʢʘʢʦʛʦ-

ʣʠʙʦ ʧʝʨʠʦʜʘ ʚʨʝʤʝʥʠ) ʛʦʣʦʩʫʝʪ, ʢʘʢʦʡ ʠʟ ʫʟʣʦʚ ʩʪʘʥʝʪ ʤʘʡʥʝʨʦʤ. ɼʣʷ ʵʪʦʛʦ ʫʟʣʘʤʠ 

ʚʳʙʠʨʘʝʪʩʷ ʩʣʫʯʘʡʥʳʡ ʥʦʤʝʨ ʫʟʣʘ. ʂʘʞʜʳʡ ʙʣʦʢ ʙʫʜʝʪ ʩʦʜʝʨʞʘʪʴ ʨʝʰʝʥʠʝ ʭʵʰ-ʬʫʥʢʮʠʠ 

SHA-256 ʩ ʦʧʨʝʜʝʣʝʥʥʳʤʠ ʫʩʣʦʚʠʷʤʠ (ʠʜʝʥʪʠʬʠʢʘʮʠʦʥʥʦʛʦ ʥʦʤʝʨʘ (ID) ʧʨʝʜʳʜʫʱʝʛʦ ʙʣʦʢʘ, 

ʥʝʢʦʪʦʨʦʝ ʯʠʩʣʦ ʪʨʘʥʟʘʢʮʠʡ, ʢʦʪʦʨʳʝ ʥʝʦʙʭʦʜʠʤʦ ʧʦʜʪʚʝʨʜʠʪʴ, ʠ ʥʦʤʝʨ ʫʟʣʘ, ʚʳʙʨʘʥʥʳʡ 

ʛʦʣʦʩʦʚʘʥʠʝʤ).  
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ɹʣʦʢʠ ʙʫʜʫʪ ʬʦʨʤʠʨʦʚʘʪʴʩʷ ʢʘʞʜʳʝ n-ʤʠʥʫʪ, ʧʣʶʩ ʚʨʝʤʷ ʥʘ ʩʦʟʜʘʥʠʝ ʙʣʦʢʘ.  

2. ɸʣʛʦʨʠʪʤ ʢʦʥʩʝʥʩʫʩʘ ˉ 2. 

ʄʘʡʥʝʨʦʤ ʩʪʘʥʦʚʠʪʩʷ ʦʜʠʥ ʠʟ ʫʟʣʦʚ, ʢʦʪʦʨʳʡ ʠʤʝʝʪ ʩʘʤʦʝ ʜʦʣʛʦʝ ʚʨʝʤʷ ʨʘʙʦʪʳ ʚ ʩʝʪʠ. 

ɼʣʷ ʵʪʦʛʦ ʧʨʦʚʝʨʷʝʪʩʷ ʜʘʪʘ ʩʦʟʜʘʥʠʷ ʫʟʣʘ ʚ ʩʝʪʠ, ʠ ʠʟ ʪʨʝʭ ʫʟʣʦʚ, ʨʘʙʦʪʘʶʱʠʭ ʜʦʣʴʰʝ ʜʨʫʛʠʭ, 

ʩʣʫʯʘʡʥʳʤ ʦʙʨʘʟʦʤ ʚʳʙʠʨʘʝʪʩʷ ʦʜʠʥ. ʂʘʞʜʳʡ ʙʣʦʢ ʙʫʜʝʪ ʩʦʜʝʨʞʘʪʴ ʨʝʰʝʥʠʝ ʭʵʰ-ʬʫʥʢʮʠʠ 

SHA-256 ʩ ʦʧʨʝʜʝʣʝʥʥʳʤʠ ʫʩʣʦʚʠʷʤʠ (ʠʜʝʥʪʠʬʠʢʘʮʠʦʥʥʦʛʦ ʥʦʤʝʨʘ (ID) ʧʨʝʜʳʜʫʱʝʛʦ ʙʣʦʢʘ, 

ʥʝʢʦʪʦʨʦʝ ʯʠʩʣʦ ʪʨʘʥʟʘʢʮʠʡ, ʢʦʪʦʨʳʝ ʥʝʦʙʭʦʜʠʤʦ ʧʦʜʪʚʝʨʜʠʪʴ, ʠ ʪʝʢʫʱʝʝ ʚʨʝʤʷ). 

ɹʣʦʢʠ ʙʫʜʫʪ ʬʦʨʤʠʨʦʚʘʪʴʩʷ ʢʘʞʜʳʝ n-ʤʠʥʫʪ, ʧʣʶʩ ʚʨʝʤʷ ʥʘ ʩʦʟʜʘʥʠʝ ʙʣʦʢʘ. 

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʧʨʠʚʝʜʝʥʥʳʭ ʘʣʛʦʨʠʪʤʦʚ ʢʦʥʩʝʥʩʫʩʘ ʧʦʟʚʦʣʷʝʪ ʵʬʬʝʢʪʠʚʥʦ 

ʠʩʧʦʣʴʟʦʚʘʪʴ ʪʝʭʥʦʣʦʛʠʶ ʙʣʦʢʯʝʡʥʘ ʜʣʷ ʙʝʩʧʨʦʚʦʜʥʳʭ ʩʝʥʩʦʨʥʳʭ ʩʝʪʝʡ, ʠʩʢʣʶʯʘʷ 

ʚʦʟʤʦʞʥʦʩʪʴ ʢʦʤʧʨʦʤʝʪʘʮʠʠ ʟʣʦʫʤʳʰʣʝʥʥʠʢʦʤ ʦʙʨʘʙʘʪʳʚʘʝʤʦʡ ʠʥʬʦʨʤʘʮʠʠ, ʢʘʢ ʧʫʪʝʤ 

ʧʦʜʤʝʥʳ ʜʘʥʥʳʭ, ʪʘʢ ʠ ʫʥʠʯʪʦʞʝʥʠʝʤ ʦʜʥʦʛʦ ʠʣʠ ʥʝʩʢʦʣʴʢʠʭ ʫʟʣʦʚ ʩʝʪʠ.   
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ʋɼʂ 621 

ʅʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʚ ʨʘʤʢʘʭ ʨʝʘʣʠʟʫʝʤʦʡ ʧʨʦʛʨʘʤʤʳ çʎʠʬʨʦʚʘʷ ʵʢʦʥʦʤʠʢʘ 

ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠè ʠʜʝʪ ʘʢʪʠʚʥʦʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʉʕɼ ʚ ʨʘʤʢʘʭ ʩʦʟʜʘʥʠʷ ʠ ʨʘʟʚʠʪʠʷ 

ʩʝʨʚʠʩʦʚ ʝʜʠʥʦʛʦ ʧʦʨʪʘʣʘ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʭ ʫʩʣʫʛ (ɽʇɻʋ). ʕʪʦ ʟʥʘʯʠʪ, ʯʪʦ ʣʶʙʦʝ ʚʝʜʦʤʩʪʚʦ, 

ʩʦʟʜʘʚʰʝʝ ʮʠʬʨʦʚʫʶ ʧʦʜʧʠʩʴ ʥʘ ʜʦʢʫʤʝʥʪʝ, ʤʦʞʝʪ ʦʩʫʱʝʩʪʚʠʪʴ ʘʢʪ ʤʝʞʚʝʜʦʤʩʪʚʝʥʥʦʛʦ 

ʦʙʤʝʥʘ ʯʝʨʝʟ ʩʠʩʪʝʤʫ ʤʝʞʚʝʜʦʤʩʪʚʝʥʥʦʛʦ ʵʣʝʢʪʨʦʥʥʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ (ʉʄʕɺ). ʋʎ, 

ʢʦʪʦʨʳʡ ʜʦʣʞʝʥ ʧʦʜʜʝʨʞʠʚʘʪʴ ʨʘʙʦʪʫ ʚʩʝʭ ʩʝʨʚʠʩʦʚ ɽʇɻʋ, ʦʙʷʟʘʥ ʦʙʝʩʧʝʯʠʚʘʪʴ ʚʳʩʦʢʠʡ 

ʫʨʦʚʝʥʴ ʜʦʚʝʨʠʪʝʣʴʥʳʭ ʦʪʥʦʰʝʥʠʡ ʢ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʩʠʩʪʝʤʝ ʚ ʧʨʦʮʝʩʩʝ ʠʥʬʦʨʤʘʮʠʦʥʥʦʛʦ 

ʦʙʤʝʥʘ. 
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ʇʦʥʷʪʠʝ ʫʜʦʩʪʦʚʝʨʷʶʱʝʛʦ ʮʝʥʪʨʘ 

ʋʜʦʩʪʦʚʝʨʷʶʱʠʡ ʮʝʥʪʨ (ʠʣʠ ʎʝʥʪʨʝ ʩʝʨʪʠʬʠʢʘʮʠʠ) ï ʵʪʦ ʥʝʢʦʪʦʨʘʷ ʦʨʛʘʥʠʟʘʮʠʷ, 

ʜʦʚʝʨʠʝ ʢ ʢʦʪʦʨʦʡ, ʥʝ ʤʦʞʝʪ ʙʳʪʴ ʦʩʧʦʨʠʤʦ. ɿʘʜʘʯʘ ʋʎ ï ʧʦʜʪʚʝʨʞʜʘʪʴ ʧʦʜʣʠʥʥʦʩʪʴ ʢʣʶʯʝʡ 

ʰʠʬʨʦʚʘʥʠʷ ʯʝʨʝʟ ʩʝʨʪʠʬʠʢʘʪʳ ʵʣʝʢʪʨʦʥʥʦʡ ʧʦʜʧʠʩʠ. ʈʝʘʣʠʟʘʮʠʷ ʩʦʟʜʘʝʪʩʷ ʯʝʨʝʟ 

ʛʣʦʙʘʣʴʥʫʶ ʩʣʫʞʙʫ ʢʘʪʘʣʦʛʦʚ, ʋʎ ʭʨʘʥʠʪ ʠʥʬʦʨʤʘʮʠʶ ʦ ʚʳʜʘʥʥʳʭ ʩʝʨʪʠʬʠʢʘʪʘʭ, ʦʙʦ ʚʩʝʭ 

ʜʦʯʝʨʥʠʭ ʋʎ ʠ ʦ ʟʘʢʨʳʪʦʤ ʢʣʶʯʝ, ʢʦʪʦʨʳʡ ʭʨʘʥʠʪʩʷ ʚ ʋʎ, ʜʦʩʪʫʧ ʢ ʢʦʪʦʨʦʤʫ ʩʪʨʦʛʦ 

ʦʛʨʘʥʠʯʝʥ ʜʣʷ ʪʨʝʪʴʠʭ ʣʠʮ. ʆʪʢʨʳʪʳʝ ʢʣʶʯʠ ʧʦʣʴʟʦʚʘʪʝʣʝʡ ʭʨʘʥʷʪʩʷ ʚ ʚʠʜʝ ʩʝʨʪʠʬʠʢʘʪʦʚ, 

ʢʦʪʦʨʳʝ ʤʦʞʥʦ ʧʦʩʤʦʪʨʝʪʴ ʯʝʨʝʟ ʛʠʧʝʨʪʝʢʩʪʦʚʫʶ ʨʘʟʤʝʪʢʫ ʠʣʠ ʚʳʛʨʫʟʠʪʴ ʯʝʨʝʟ 

ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʡ API. 

ʆʩʥʦʚʥʘʷ ʬʫʥʢʮʠʷ ʮʝʥʪʨʘ ʩʝʨʪʠʬʠʢʘʮʠʠ ʛʘʨʘʥʪʠʨʦʚʘʪʴ ʜʣʷ ʧʦʣʴʟʦʚʘʪʝʣʷ, ʯʪʦ ʥʠʢʪʦ ʠʟ 

ʪʨʝʪʴʠʭ ʣʠʮ ʥʝ ʙʫʜʝʪ ʠʤʝʪʴ ʜʦʩʪʫʧʘ ʢ ʟʘʢʨʳʪʦʤʫ ʢʣʶʯʫ ʠ ʥʝ ʙʫʜʝʪ ʚʦʟʤʦʞʥʦʩʪʠ ʜʦʙʘʚʠʪʴ 

ʥʦʚʳʡ ʋʎ ʚ ʦʙʭʦʜ ʮʝʥʪʨʘʣʴʥʦʛʦ ʮʝʥʪʨʘ ʩʝʨʪʠʬʠʢʘʮʠʠ. ʋʎ ʤʦʞʝʪ ʚʳʩʪʨʦʠʪʴ ʩʝʪʴ ʠʟ 

ʜʦʚʝʨʝʥʥʳʭ ʮʝʥʪʨʦʚ, ʦʥʠ ʙʫʜʫʪ ʠʤʝʪʴ ʩʪʨʫʢʪʫʨʫ ʛʨʘʬʘ, ʢʦʪʦʨʳʡ ʧʨʦʠʩʭʦʜʠʪ ʠʟ ʮʝʥʪʨʘʣʴʥʦʛʦ 

ʋʎ, ʢʦʪʦʨʳʡ ʙʫʜʝʪ ʭʨʘʥʠʪʴ ʚ ʩʚʦʠʭ ʩʧʠʩʢʘʭ ʚʩʝ ʦʩʪʘʣʴʥʳʝ ʜʦʯʝʨʥʠʝ ʋʎ, ʚʩʷ ʮʝʧʦʯʢʘ 

ʧʨʦʧʠʩʘʥʘ ʚ ʩʝʨʪʠʬʠʢʘʪʝ. ɼʦʩʪʫʧ ʢ ʨʝʜʘʢʪʠʨʦʚʘʥʠʶ ʩʧʠʩʢʦʚ ʋʎ ʪʘʢ ʞʝ ʩʪʨʦʛʦ ʦʛʨʘʥʠʯʝʥ. 

ʌʠʟʠʯʝʩʢʠ ʠʥʬʦʨʤʘʮʠʦʥʥʘʷ ʩʠʩʪʝʤʘ (ʀʉ) ʩ ʟʘʢʨʳʪʳʤ ʢʣʶʯʦʤ ʨʘʩʧʦʣʘʛʘʝʪʩʷ ʚ ʦʪʜʝʣʴʥʦʤ 

ʠʟʦʣʠʨʦʚʘʥʥʦʤ ʧʦʤʝʱʝʥʠʠ, ʙʝʟ ʧʦʜʢʣʶʯʝʥʠʷ ʢ ʩʝʪʠ. ʂʦʥʬʠʛʫʨʘʮʠʷ ʘʧʧʘʨʘʪʥʦʛʦ 

ʦʙʦʨʫʜʦʚʘʥʠʷ ʪʘʢ ʞʝ ʤʦʞʝʪ ʦʪʣʠʯʘʪʴʩʷ ʦʪ ʩʪʘʥʜʘʨʪʥʳʭ ʧʦʣʴʟʦʚʘʪʝʣʴʩʢʠʭ ʩʪʘʥʮʠʡ ʠ ʜʦʣʞʥʘ 

ʜʝʨʞʘʪʴʩʷ ʚ ʩʝʢʨʝʪʝ. 

 

ɺʠʜʳ ʵʣʝʢʪʨʦʥʥʦ-ʮʠʬʨʦʚʳʭ ʧʦʜʧʠʩʝʡ: 

ʎʠʬʨʦʚʳʝ ʧʦʜʧʠʩʠ ʙʳʚʘʶʪ ʜʚʫʭ ʦʩʥʦʚʥʳʭ ʚʠʜʦʚ: 

¶ ʉʠʤʤʝʪʨʠʯʥʦʝ ʰʠʬʨʦʚʘʥʠʝ; 

¶ ɸʩʩʠʤʝʪʨʠʯʥʦʝ ʰʠʬʨʦʚʘʥʠʝ. 

 

ʌʘʢʪʠʯʝʩʢʠ ʣʶʙʦʡ ʜʦʢʫʤʝʥʪ, ʥʘ ʢʦʪʦʨʳʡ ʩʪʘʚʠʪʩʷ ʧʦʜʧʠʩʴ, ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʚ 

ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʩʠʩʪʝʤʝ ʥʝʢʫʶ ʙʠʥʘʨʥʫʶ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ, ʥʘʟʳʚʘʝʤʫʶ ʤʘʩʩʠʚʦʤ 

ʜʘʥʥʳʭ, ʵʪʦ ʦʟʥʘʯʘʝʪ, ʯʪʦ ʚ ʢʦʥʝʮ ʠʣʠ ʥʘʯʘʣʦ ʬʘʡʣʘ ʤʦʞʥʦ ʧʦʜʩʪʘʚʠʪʴ ʙʣʦʢʠ ʥʦʚʳʭ ʜʘʥʥʳʭ. 

ʊʘʢ ʞʝ ʤʦʞʥʦ ʫʧʘʢʦʚʘʪʴ ʬʘʡʣ ʚ ʥʝʢʫʶ ʢʦʨʦʙʢʫ, ʦʪʢʨʳʚ ʢʦʪʦʨʫʶ ʙʫʜʝʪ ʚʠʜʥʦ, ʯʪʦ ʜʦʢʫʤʝʥʪ 

ʠʤʝʝʪ ʧʦʜʧʠʩʴ ʠ ʥʝ ʠʟʤʝʥʷʣʩʷ, ʠʣʠ ʟʘʰʠʬʨʦʚʘʪʴ ʝʛʦ ʜʣʷ ʜʦʩʪʫʧʘ ʧʦʣʴʟʦʚʘʪʝʣʷ ʩ 

ʩʝʨʪʠʬʠʢʘʪʦʤ (ʯʪʦ ʯʘʩʪʦ ʧʨʠʤʝʥʷʝʪʩʷ ʚ ʤʝʩʩʝʥʜʞʝʨʘʭ). 

ʂʘʢ ʧʨʘʚʠʣʦ, ʜʦʢʫʤʝʥʪʳ ʤʦʛʫʪ ʥʦʩʠʪʴ ʜʦʩʪʘʪʦʯʥʦ ʭʘʦʪʠʯʥʳʡ ʦʙʲʝʤ ʠ ʜʣʷ ʵʢʦʥʦʤʠʠ 

ʧʨʦʮʝʩʩʦʨʥʦʛʦ ʚʨʝʤʝʥʠ ʠʩʧʦʣʴʟʫʶʪ ʧʦʜʧʠʩʴ ʥʝ ʚʩʝʛʦ ʬʘʡʣʘ, ʘ ʨʝʟʫʣʴʪʘʪ ʧʨʠʤʝʥʝʥʠʷ ʭʝʰ-

ʬʫʥʢʮʠʠ ʢ ʦʧʨʝʜʝʣʝʥʥʦʤʫ ʥʘʙʦʨʫ ʜʦʢʫʤʝʥʪʦʚ. ɺʝʨʦʷʪʥʦʩʪʴ ʪʦʛʦ, ʯʪʦ ʭʝʰ-ʩʫʤʤʘ ʙʫʜʝʪ ʚʩʝʛʜʘ 

ʦʜʠʥʘʢʦʚʦʡ ʢʨʘʡʥʝ ʥʠʟʢʘ, ʫ ʨʘʟʣʠʯʥʳʭ ʤʝʪʦʜʦʚ ʭʝʰʠʨʦʚʘʥʠʷ ʙʫʜʫʪ ʨʘʟʥʳʝ ʨʝʟʫʣʴʪʘʪʳ, ʥʦ 

ʩʣʫʯʘʝ ʠʩʢʣʶʯʝʥʠʷ ʥʘʟʳʚʘʶʪʩʷ ʢʦʣʣʠʟʠʝʡ. ɺʝʨʦʷʪʥʦʩʪʴ ʠʩʢʣʶʯʠʪʝʣʴʥʦʡ ʩʠʪʫʘʮʠʠ 

ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʦʮʝʥʢʠ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʘʣʛʦʨʠʪʤʘ ʭʝʰʠʨʦʚʘʥʠʷ. 

ʂʘʯʝʩʪʚʦ ʨʘʙʦʪʳ ʘʣʛʦʨʠʪʤʠʯʝʩʢʠʭ ʚʳʯʠʩʣʝʥʠʡ ʜʣʷ ʕʎʇ ʚʳʯʠʩʣʷʝʪʩʷ ʯʝʨʝʟ 

ʢʨʠʧʪʦʛʨʘʬʠʯʝʩʢʫʶ ʩʪʦʡʢʦʩʪʴ (ʢʨʠʧʪʦʩʪʦʡʢʦʩʪʴ) ï ʩʚʦʡʩʪʚʦ ʘʣʛʦʨʠʪʤʘ, ʢʦʪʦʨʦʝ ʦʙʦʟʥʘʯʘʝʪ 

ʚʦʟʤʦʞʥʦʩʪʴ ʝʛʦ ʘʥʘʣʠʟʘ ʜʣʷ ʜʝʰʠʬʨʦʚʘʥʠʷ ʜʦʢʫʤʝʥʪʘ ʙʝʟ ʟʥʘʥʠʷ ʢʣʶʯʘ.  

 

ʇʨʠʢʣʘʜʥʦʝ ʧʨʠʤʝʥʝʥʠʝ ʩʠʩʪʝʤ ʰʠʬʨʦʚʘʥʠʷ ʚ ʕɼʆ 
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ʊʘʢ ʢʘʢ ʵʣʝʢʪʨʦʥʥʦ-ʮʠʬʨʦʚʘʷ ʧʦʜʧʠʩʴ ʠʤʝʝʪ ʨʷʜ ʙʳʪʦʚʳʭ ʧʨʝʠʤʫʱʝʩʪʚ ʠ ʪʘʢ ʢʘʢ 

çʄʠʥʠʩʪʝʨʩʪʚʦ ʮʠʬʨʦʚʦʛʦ ʨʘʟʚʠʪʠʷ, ʩʚʷʟʠ ʠ ʤʘʩʩʦʚʳʭ ʢʦʤʤʫʥʠʢʘʮʠʡ ʈʦʩʩʠʡʩʢʦʡ 

ʌʝʜʝʨʘʮʠʠè ʜʘʣʘ ʧʦʣʥʦʤʦʯʠʷ ʯʘʩʪʥʳʤ ʣʠʮʘʤ ʜʣʷ ʚʝʜʝʥʠʷ ʜʝʷʪʝʣʴʥʦʩʪʠ ʩʚʦʠʭ ɻʋʎ, ʪʦ 

ʨʘʩʩʤʦʪʨʠʤ ʦʙʷʟʘʪʝʣʴʥʳʝ ʢʦʤʧʦʥʝʥʪʳ ʜʣʷ ʨʝʘʣʠʟʘʮʠʠ ʩʝʨʚʠʩʥʦʡ ʘʨʭʠʪʝʢʪʫʨʳ: 

1) ʉʠʩʪʝʤʘ ʭʨʘʥʝʥʠʷ ʟʘʢʨʳʪʦʛʦ ʢʣʶʯʘ ʠ ʚʳʜʘʯʠ ʩʝʨʪʠʬʠʢʘʪʦʚ; 

2) ʍʨʘʥʠʣʠʱʝ ʚʳʜʘʥʥʳʭ ʩʝʨʪʠʬʠʢʘʪʦʚ, ʚ ʪʦʤ ʯʠʩʣʝ ʠ ʜʣʷ ʋʎ, ʪʘʢ ʢʘʢ ʛʦʣʦʚʥʦʡ ʋʎ 

ʠʤʝʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʚʳʜʘʪʴ ʩʝʨʪʠʬʠʢʘʪ ʥʘ ʦʩʫʱʝʩʪʚʣʝʥʠʝ ʜʝʷʪʝʣʴʥʦʩʪʠ ʧʦʜʯʠʥʝʥʥʳʤ ʋʎ; 

3) ʉʠʩʪʝʤʫ ʧʨʦʚʝʨʢʠ ʚʳʜʘʥʥʦʡ ʮʠʬʨʦʚʦʡ ʧʦʜʧʠʩʠ; 

4) ʉʠʩʪʝʤʫ, ʦʩʫʱʝʩʪʚʣʷʶʱʫʶ ʮʠʬʨʦʚʫʶ ʧʦʜʧʠʩʴ, ʪʘʢ ʢʘʢ ʧʦʣʴʟʦʚʘʪʝʣʴ, ʧʦʜʧʠʩʳʚʘʷ 

ʩʚʦʡ ʜʦʢʫʤʝʥʪ ʜʝʣʘʝʪ ʵʪʦ ʯʝʨʝʟ ʩʚʦʶ ʀʉ, ʪʦ ʬʘʡʣ, ʢʦʪʦʨʳʡ ʧʦʜʧʠʩʳʚʘʝʪʩʷ, ʟʘʛʨʫʞʘʝʪʩʷ ʥʘ 

ʩʝʨʚʝʨ, ʩʚʝʨʷʝʪʩʷ ʩ ʢʣʠʝʥʪʦʤ, ʠ ʟʘʛʨʫʞʘʝʪ ʧʦʜʧʠʩʘʥʥʫʶ ʭʝʰ-ʩʫʤʤʫ ʚ ʭʨʘʥʠʣʠʱʝ ʦʙʤʝʥʘ; 

5) ʐʠʥʫ ʦʙʤʝʥʘ ʜʘʥʥʳʤʠ ʋʎ, ʢʘʞʜʳʡ ʩʝʨʚʠʩ ʨʘʙʦʪʘʝʪ ʦʪʜʝʣʴʥʦ ʠ ʤʦʞʝʪ ʠʤʝʪʴ 

ʥʝʩʢʦʣʴʢʦ ʵʢʟʝʤʧʣʷʨʦʚ, ʚ ʪʦʤ ʯʠʩʣʝ ʠ ʦʙʱʘʪʴʩʷ ʩ ʜʨʫʛʠʤʠ ʋʎ; 

6) ɺʨʝʤʝʥʥʦʝ ʭʨʘʥʠʣʠʱʝ ʜʘʥʥʳʭ, ʢʦʪʦʨʦʝ ʙʫʜʝʪ ʷʚʣʷʪʴʩʷ ʩʠʥʭʨʦʥʥʳʤ, ʪ.ʝ. 

ʦʙʝʩʧʝʯʠʚʘʪʴ ʦʙʷʟʘʪʝʣʴʥʦʩʪʴ ʭʨʘʥʝʥʠʷ ʭʝʰ-ʩʫʤʤʳ ʠʣʠ ʩʝʨʪʠʬʠʢʘʪʘ, ʣʦʛʦʚ ʦ ʧʦʜʧʠʩʠ ʜʦ 

ʤʦʤʝʥʪʘ ʦʪʧʨʘʚʢʠ ʚ ʦʩʥʦʚʥʦʝ ʭʨʘʥʠʣʠʱʝ; 

7) ʈʝʝʩʪʨ ʕʎʇ, ʩ ʢʦʪʦʨʳʤ ʤʦʞʝʪ ʩʚʷʟʳʚʘʪʴʩʷ ʩʠʩʪʝʤʘ ʧʨʦʚʝʨʢʠ ʠ ʛʝʥʝʨʘʮʠʠ ʧʦʜʧʠʩʝʡ, 

ʪʘʢ ʢʘʢ ʥʝʣʴʟʷ ʧʦʜʧʠʩʳʚʘʪʴ ʧʨʦʩʨʦʯʝʥʥʳʤʠ ʢʣʶʯʘʤʠ ʠʣʠ ʪʝʤʠ, ʢʦʪʦʨʳʭ ʥʝʪ ʚ ʭʨʘʥʠʣʠʱʝ.  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʤʳ ʚʠʜʠʤ ʩʝʨʚʠʩʥʫʶ ʘʨʭʠʪʝʢʪʫʨʫ, ʢʦʪʦʨʫʶ ʤʦʞʥʦ ʜʦʩʪʘʪʦʯʥʦ ʧʨʦʩʪʦ 

ʨʝʘʣʠʟʦʚʘʪʴ, ʠʩʧʦʣʴʟʫʷ ʩʪʘʥʜʘʨʪʥʳʝ ʩʝʨʚʝʨʥʳʝ ʬʨʝʡʤʚʦʨʢʠ, ʘ ʪʘʢʞʝ ʠʩʧʦʣʴʟʫʷ 

ʢʨʠʧʪʦʛʨʘʬʠʯʝʩʢʠʝ ʙʠʙʣʠʦʪʝʢʠ ʂʨʠʧʪʦʧʨʦ (ɽʩʪʴ ʣʠʮʝʥʟʠʷ ʌʉɹ) ʠ Bounty Castle.  ʇʨʠ 

ʨʝʘʣʠʟʘʮʠʠ ʙʫʜʝʪ ʨʷʜ ʧʨʦʙʣʝʤ, ʪʘʢ ʢʘʢ ʢʨʠʧʪʦʛʨʘʬʠʯʝʩʢʠʝ ʘʣʛʦʨʠʪʤʳ ʪʨʝʙʫʶʪ ʨʝʩʫʨʩʦʚ 

ʕʎʇ. ɼʣʷ ʵʪʦʛʦ ʩʣʝʜʫʝʪ ʟʘʨʘʥʝʝ ʫʯʝʩʪʴ ʤʘʩʰʪʘʙʠʨʫʝʤʦʩʪʴ ʩʠʩʪʝʤʳ ʦʮʝʥʢʠ ʙʳʩʪʨʦʜʝʡʩʪʚʠʷ, 

ʪʘʢ ʢʘʢ ʢʦʛʜʘ ʦʜʥʦʚʨʝʤʝʥʥʦ ʥʘ ʩʝʨʚʠʩʝ ʛʝʥʝʨʘʮʠʠ ʧʦʜʧʠʩʠ ʙʫʜʫʪ ʧʨʦʭʦʜʠʪʴ ʦʧʝʨʘʮʠʠ, ʪʦ ʦʥʠ 

ʧʦʪʨʝʙʫʶʪ ʟʥʘʯʠʪʝʣʴʥʳʭ ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ ʨʝʩʫʨʩʦʚ. ʇʨʦʚʝʨʢʘ ʧʦʜʧʠʩʠ ʪʘʢ ʞʝ çʜʦʨʦʛʦʡè 

ʧʨʦʮʝʩʩ, ʥʦ ʜʣʷ ʥʝʙʦʣʴʰʦʡ ʦʨʛʘʥʠʟʘʮʠʠ ʭʚʘʪʠʪ ʩʘʤʦʡ ʧʨʦʩʪʦʡ ʢʦʥʬʠʛʫʨʘʮʠʠ ʩʦʚʨʝʤʝʥʥʦʛʦ 

ʧʝʨʩʦʥʘʣʴʥʦʛʦ ʢʦʤʧʴʶʪʝʨʘ. 

ʉʚʦʡ ʛʦʣʦʚʥʦʡ ʫʜʦʩʪʦʚʝʨʷʶʱʠʡ ʩʝʨʚʠʩ ʤʦʞʥʦ ʧʨʠʤʝʥʷʪʴ ʜʣʷ ʤʥʦʞʝʩʪʚʘ ʮʝʣʝʡ: 

ʣʠʯʥʦʡ ʧʝʨʝʧʠʩʢʠ, ʨʘʟʛʨʘʥʠʯʝʥʠʷ ʚʨʝʤʝʥʥʦʛʦ ʜʦʩʪʫʧʘ ʢ ʜʘʥʥʳʤ, ʦʙʲʝʜʠʥʝʥʠʷ ʥʝʩʢʦʣʴʢʠʭ 

ʩʪʦʨʦʥʥʠʭ ʩʠʩʪʝʤ ʚ ʜʦʤʝʥ, ʢʦʪʦʨʳʝ ʙʫʜʫʪ ʜʦʚʝʨʷʪʴ ʜʨʫʛ ʜʨʫʛʫ ʠʣʠ ʜʣʷ ʟʘʱʠʪʳ 

ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʦʡ ʩʦʙʩʪʚʝʥʥʦʩʪʠ ʧʨʦʛʨʘʤʤʥʳʭ ʠʣʠ ʘʧʧʘʨʘʪʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ (ʥʘʧʨʠʤʝʨ, 

ʧʨʦʪʠʚʦʫʛʦʥʥʳʝ ʩʠʩʪʝʤʳ). ɺʘʞʥʦ ʢʘʯʝʩʪʚʝʥʥʦ ʧʦʜʭʦʜʠʪʴ ʢ ʪʝʩʪʠʨʦʚʘʥʠʶ ʢʦʤʧʦʥʝʥʪʦʚ 

ʢʨʠʧʪʦʩʠʩʪʝʤʳ ʥʘ ʢʘʞʜʦʤ ʵʪʘʧʝ ʝʝ ʨʘʟʨʘʙʦʪʢʠ. ɺʘʞʥʦ ʟʘʤʝʪʠʪʴ, ʯʪʦ ʠʪʝʨʘʮʠʦʥʥʳʝ ʩʭʝʤʳ 

ʨʘʟʨʘʙʦʪʢʠ ʤʘʣʦ ʧʨʠʤʝʥʠʤʳ ʢ ʠʥʬʦʨʤʘʮʠʦʥʥʳʤ ʩʠʩʪʝʤʘʤ ʪʘʢʦʛʦ ʪʠʧʘ, ʪʘʢ ʢʘʢ ʧʨʠ 

ʫʩʪʘʨʝʚʘʥʠʠ ʩʠʩʪʝʤʘ ʬʘʢʪʠʯʝʩʢʠ ʧʠʰʝʪʩʷ ʩ ʥʫʣʷ. ʃʫʯʰʝ ʚʩʝʛʦ ʩʝʙʷ ʧʦʢʘʟʘʣʠ V-ʦʙʨʘʟʥʳʝ 

ʩʪʨʘʪʝʛʠʠ ʨʘʟʨʘʙʦʪʢʠ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ. 
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ɺʦʩʪʨʝʙʦʚʘʥʥʦʩʪʴ ʚʥʝʜʨʝʥʠʷ ʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʵʣʝʢʪʨʦʥʥʳʭ ʫʩʣʫʛ, ʚ ʪʦʤ ʯʠʩʣʝ 

ʫʜʘʣʝʥʥʳʭ ʢʘʥʘʣʦʚ ʦʙʩʣʫʞʠʚʘʥʠʷ, ʥʘ ʪʝʢʫʱʠʡ ʤʦʤʝʥʪ ʨʘʩʪʝʪ ʜʦʚʦʣʴʥʦ ʙʳʩʪʨʳʤʠ ʪʝʤʧʘʤʠ, 

ʧʦʵʪʦʤʫ ʦʜʥʠʤ ʠʟ ʦʩʥʦʚʥʳʭ ʥʘʧʨʘʚʣʝʥʠʡ ʬʠʥʘʥʩʦʚʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ ʢʨʝʜʠʪʥʳʭ ʦʨʛʘʥʠʟʘʮʠʡ 

ʷʚʣʷʝʪʩʷ ʨʘʟʨʘʙʦʪʢʘ ʠ ʨʘʟʚʠʪʠʝ ʩʠʩʪʝʤ ʜʠʩʪʘʥʮʠʦʥʥʦʛʦ ʙʘʥʢʦʚʩʢʦʛʦ ʦʙʩʣʫʞʠʚʘʥʠʷ (ɼɹʆ) ʜʣʷ 

ʢʦʨʧʦʨʘʪʠʚʥʳʭ ʢʣʠʝʥʪʦʚ ʠ ʬʠʟʠʯʝʩʢʠʭ ʣʠʮ. ʉʠʩʪʝʤʘ ɼɹʆ ʷʚʣʷʝʪʩʷ ʚʳʛʦʜʥʦʡ ʠ ʫʜʦʙʥʦʡ 

ʬʦʨʤʦʡ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ, ʢʘʢ ʜʣʷ ʢʨʝʜʠʪʥʦʡ ʦʨʛʘʥʠʟʘʮʠʠ, ʪʘʢ ʠ ʜʣʷ ʝʝ ʢʣʠʝʥʪʘ [2]. 

ʇʨʠ ʵʪʦʤ ʣʶʙʘʷ ʩʠʩʪʝʤʘ ɼɹʆ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʙʦʣʴʰʠʤ ʢʦʣʠʯʝʩʪʚʦʤ ʨʠʩʢʦʚ ʚ ʩʠʣʫ 

ʥʘʣʠʯʠʷ ʥʝʢʦʥʪʨʦʣʠʨʫʝʤʦʡ ʢʨʝʜʠʪʥʳʤʠ ʦʨʛʘʥʠʟʘʮʠʷʤʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʩʨʝʜʳ ʠ ʢʦʥʝʯʥʳʭ 

ʧʦʣʴʟʦʚʘʪʝʣʝʡ (ʪʦ ʝʩʪʴ ʢʣʠʝʥʪʦʚ). ʂ ʪʘʢʠʤ ʨʠʩʢʘʤ ʤʦʞʥʦ ʦʪʥʝʩʪʠ ʨʠʩʢ ʢʨʘʞʠ 

ʢʦʥʬʠʜʝʥʮʠʘʣʴʥʦʡ ʠʥʬʦʨʤʘʮʠʠ (ʥʘʧʨʠʤʝʨ, ʩ ʧʦʤʦʱʴʶ çʬʠʰʠʥʛʘè ʠʣʠ çʩʢʠʤʤʠʥʛʘè [10]), 

ʨʠʩʢ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʙʠʦʤʝʪʨʠʯʝʩʢʠʭ ʜʘʥʥʳʭ, ʨʠʩʢ ʥʘʨʫʰʝʥʠʷ ʙʝʩʧʝʨʝʙʦʡʥʦʛʦ ʠ 

ʢʘʯʝʩʪʚʝʥʥʦʛʦ ʧʨʝʜʦʩʪʘʚʣʝʥʠʷ ʫʩʣʫʛʠ ʢʣʠʝʥʪʘʤ, ʘ ʪʘʢʞʝ ʦʧʝʨʘʮʠʦʥʥʳʝ, ʨʳʥʦʯʥʳʝ, ʧʨʘʚʦʚʳʝ, 

ʩʪʨʘʪʝʛʠʯʝʩʢʠʝ ʨʠʩʢʠ, ʨʠʩʢʠ ʧʦʪʝʨʠ ʜʝʣʦʚʦʡ ʨʝʧʫʪʘʮʠʠ ʠ ʣʠʢʚʠʜʥʦʩʪʠ ʚ ʮʝʣʦʤ [3].  

ɺʦ ʤʥʦʛʠʭ ʩʠʩʪʝʤʘʭ ɼɹʆ ʜʦ ʩʠʭ ʧʦʨ ʩʦʭʨʘʥʷʝʪʩʷ ʥʠʟʢʠʡ ʫʨʦʚʝʥʴ ʟʘʱʠʱʝʥʥʦʩʪʠ ʠʟ-ʟʘ 

ʥʘʣʠʯʠʷ ʫʷʟʚʠʤʳʭ ʢʦʤʧʦʥʝʥʪʦʚ ʢʘʢ ʥʘ ʩʪʦʨʦʥʝ ʢʣʠʝʥʪʘ, ʪʘʢ ʠ ʥʘ ʩʪʦʨʦʥʝ ʢʨʝʜʠʪʥʦʡ 

ʦʨʛʘʥʠʟʘʮʠʠ. ʅʘʠʙʦʣʝʝ ʢʨʠʪʠʯʝʩʢʠʤʠ ʫʷʟʚʠʤʦʩʪʷʤʠ ʷʚʣʷʶʪʩʷ ʥʝʜʦʩʪʘʪʢʠ ʤʝʭʘʥʠʟʤʦʚ 

ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʧʦʣʴʟʦʚʘʪʝʣʷ, ʘʚʪʦʨʠʟʘʮʠʠ ʠ ʘʫʪʝʥʪʠʬʠʢʘʮʠʠ (ʚ ʪʦʤ ʯʠʩʣʝ ʜʚʫʭʬʘʢʪʦʨʥʦʡ), 

ʚʦʟʤʦʞʥʦʩʪʴ ʚʥʝʜʨʝʥʠʷ ʚʥʝʰʥʠʭ ʩʫʱʥʦʩʪʝʡ XML ʠ ʦʧʝʨʘʪʦʨʦʚ SQL, ʘ ʪʘʢʞʝ ʫʷʟʚʠʤʦʩʪʠ ʥʘ 

ʫʨʦʚʥʝ ʢʦʜʘ ʚʝʙ-ʧʨʠʣʦʞʝʥʠʡ [5]. 

ɼʨʫʛʘʷ ʧʨʦʙʣʝʤʘ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʩʠʩʪʝʤ ɼɹʆ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʨʦʩʪʝ ʦʨʛʘʥʠʟʦʚʘʥʥʳʭ 

ʧʨʝʩʪʫʧʥʳʭ ʛʨʫʧʧ, ʢʦʪʦʨʳʝ ʥʘʮʝʣʝʥʳ ʥʘ ʭʠʱʝʥʠʝ ʜʝʥʝʞʥʳʭ ʩʨʝʜʩʪʚ ʚ ʩʠʩʪʝʤʘʭ ɼɹʆ. 

ɿʣʦʫʤʳʰʣʝʥʥʠʢʠ ʨʘʩʧʨʦʩʪʨʘʥʷʶʪ ʚʨʝʜʦʥʦʩʥʳʝ ʧʨʦʛʨʘʤʤʳ ʯʝʨʝʟ ʪʝʤʘʪʠʯʝʩʢʠʝ ʩʘʡʪʳ, 

ʨʘʟʣʠʯʥʳʝ ʟʘʛʨʫʟʢʠ, ʵʣʝʢʪʨʦʥʥʫʶ ʧʦʯʪʫ ʠ ʜʨʫʛʠʝ ʩʧʦʩʦʙʳ, ʧʦʩʣʝ ʯʝʛʦ ʧʨʦʠʩʭʦʜʠʪ ʟʘʨʘʞʝʥʠʝ 

(ʠʥʬʠʮʠʨʦʚʘʥʠʝ) ʨʘʙʦʯʝʡ ʩʪʘʥʮʠʠ ʧʦʣʴʟʦʚʘʪʝʣʷ ʩʠʩʪʝʤʳ ɼɹʆ [4]. ʆʩʥʦʚʥʳʤʠ ʩʧʦʩʦʙʘʤʠ 

ʭʠʱʝʥʠʷ ʜʝʥʝʞʥʳʭ ʩʨʝʜʩʪʚ ʧʨʝʩʪʫʧʥʳʤʠ ʛʨʫʧʧʘʤʠ ʷʚʣʷʶʪʩʷ çʘʚʪʦʟʘʣʠʚʳè (ʘʚʪʦʤʘʪʠʯʝʩʢʘʷ 

ʦʪʧʨʘʚʢʘ ʤʦʰʝʥʥʠʯʝʩʢʠʭ ʧʣʘʪʝʞʥʳʭ ʜʦʢʫʤʝʥʪʦʚ ʩʦ ʩʢʨʳʪʠʝʤ ʘʢʪʠʚʥʦʩʪʠ 
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ʥʝʩʘʥʢʮʠʦʥʠʨʦʚʘʥʥʳʭ ʜʝʡʩʪʚʠʡ ʦʪ ʧʦʣʴʟʦʚʘʪʝʣʷ ʢʣʠʝʥʪʘ), ʨʘʟʣʠʯʥʳʝ ʚʠʜʳ çʪʨʦʷʥʦʚè, 

ʢʦʤʧʨʦʤʝʪʘʮʠʷ ʢʦʨʧʦʨʘʪʠʚʥʦʡ ʩʠʩʪʝʤʳ ʢʨʝʜʠʪʥʦʡ ʦʨʛʘʥʠʟʘʮʠʠ ʠ ʜʨ. [6]. 

ɺ ʩʨʝʜʥʝʤ ʚ ʈʦʩʩʠʠ ʢʘʞʜʳʡ ʤʝʩʷʮ ʢʠʙʝʨʦʛʨʘʙʣʝʥʠʷʤ (ʚʢʣʶʯʘʷ ʦʩʫʱʝʩʪʚʣʝʥʠʝ 

ʤʦʰʝʥʥʠʯʝʩʢʠʭ ʦʧʝʨʘʮʠʡ ʯʝʨʝʟ ʩʠʩʪʝʤʳ ɼɹʆ) ʧʦʜʚʝʨʛʘʶʪʩʷ ʧʨʠʤʝʨʥʦ 2-3 ʢʨʝʜʠʪʥʳʝ 

ʦʨʛʘʥʠʟʘʮʠʠ, ʧʨʠ ʵʪʦʤ ʩʨʝʜʥʠʡ ʫʱʝʨʙ ʦʪ ʦʜʥʦʛʦ ʫʩʧʝʰʥʦʛʦ ʦʛʨʘʙʣʝʥʠʷ ʩʦʩʪʘʚʣʷʝʪ 132 ʤʣʥ 

ʨʫʙʣʝʡ [8].  

ʈʘʟʨʘʙʦʪʢʘ ʢʦʤʧʣʝʢʩʥʦʡ ʩʠʩʪʝʤʳ ʟʘʱʠʪʳ ʩʠʩʪʝʤʳ ɼɹʆ ʢʨʝʜʠʪʥʳʤʠ ʦʨʛʘʥʠʟʘʮʠʷʤʠ 

ʧʦʟʚʦʣʠʪ ʩʥʠʟʠʪʴ ʨʠʩʢ ʥʝʩʘʥʢʮʠʦʥʠʨʦʚʘʥʥʦʛʦ ʩʧʠʩʘʥʠʷ ʜʝʥʝʞʥʳʭ ʩʨʝʜʩʪʚ ʠ ʟʥʘʯʠʪʝʣʴʥʦ 

ʧʦʚʳʩʠʪʴ ʫʨʦʚʝʥʴ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ ʚ ʜʠʩʪʘʥʮʠʦʥʥʦʤ ʦʙʩʣʫʞʠʚʘʥʠʠ ʢʣʠʝʥʪʦʚ 

[1]. ʆʜʥʘʢʦ ʩʫʱʝʩʪʚʫʝʪ ʥʝʩʢʦʣʴʢʦ ʧʦʜʭʦʜʦʚ ʢ ʧʦʩʪʨʦʝʥʠʶ ʘʜʝʢʚʘʪʥʳʭ ʢʦʤʧʣʝʢʩʥʳʭ ʩʠʩʪʝʤ.  

ʆʜʥʠʤ ʠʟ ʥʘʠʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʳʭ ʤʝʪʦʜʦʚ ʷʚʣʷʝʪʩʷ çʧʨʘʚʠʣʦ 80/20è ʠʣʠ ɿʘʢʦʥ ʇʘʨʝʪʦ. 

ʈʘʩʩʤʘʪʨʠʚʘʷ ʜʘʥʥʦʝ ʧʨʘʚʠʣʦ, ʤʦʞʥʦ ʩʢʘʟʘʪʴ, ʯʪʦ 20 ʧʨʦʮʝʥʪʦʚ ʧʨʠʤʝʥʷʝʤʳʭ ʤʝʭʘʥʠʟʤʦʚ ʠ 

ʩʨʝʜʩʪʚ ʟʘʱʠʪʳ ʜʘʶʪ 80 ʧʨʦʮʝʥʪʦʚ ʨʝʟʫʣʴʪʘʪʘ, ʘ ʦʩʪʘʣʴʥʳʝ 80 ʧʨʦʮʝʥʪʦʚ ʤʝʭʘʥʠʟʤʦʚ ʠ 

ʩʨʝʜʩʪʚ ï ʣʠʰʴ 20 ʧʨʦʮʝʥʪʦʚ ʨʝʟʫʣʴʪʘʪʘ. ʕʪʦ ʦʟʥʘʯʘʝʪ, ʯʪʦ ʥʝ ʪʨʝʙʫʝʪʩʷ ʥʘʛʨʦʤʦʞʜʘʪʴ 

ʩʠʩʪʝʤʫ ʨʘʟʣʠʯʥʳʤʠ ʤʝʭʘʥʠʟʤʘʤʠ ʠ ʩʨʝʜʩʪʚʘʤʠ ʟʘʱʠʪʳ, ʧʨʦʮʝʩʩʘʤʠ, ʜʦʚʦʜʠʪʴ ʨʘʙʦʯʠʝ 

ʩʝʨʚʝʨʘ ʜʦ 80 ʧʨʦʮʝʥʪʦʚ ʟʘʥʷʪʦʩʪʠ ʨʝʩʫʨʩʦʚ ʠ ʜʨ. ʂ ʪʘʢʠʤ ç20 ʧʨʦʮʝʥʪʘʤè ʵʬʬʝʢʪʠʚʥʦʛʦ 

ʧʦʩʪʨʦʝʥʠʷ ʢʨʝʜʠʪʥʳʤʠ ʦʨʛʘʥʠʟʘʮʠʷʤʠ ʩʠʩʪʝʤʳ ʟʘʱʠʪʳ ʤʦʞʥʦ ʦʪʥʝʩʪʠ ʩʣʝʜʫʶʱʠʝ ʩʨʝʜʩʪʚʘ 

ʠ ʤʝʭʘʥʠʟʤʳ: 

1. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʩʠʩʪʝʤʳ çFraud-ʤʦʥʠʪʦʨʠʥʛè ʥʘ ʩʪʦʨʦʥʝ ʢʨʝʜʠʪʥʦʡ ʦʨʛʘʥʠʟʘʮʠʠ, 

ʧʦʟʚʦʣʷʶʱʝʡ ʧʦ ʦʧʨʝʜʝʣʝʥʥʳʤ ʢʨʠʪʝʨʠʷʤ (ʧʦ ʦʙʱʠʤ ʢʨʠʪʝʨʠʷʤ ʠ ʧʦ ʧʨʦʬʠʣʶ ʢʘʞʜʦʛʦ 

ʢʣʠʝʥʪʘ) ʦʙʥʘʨʫʞʠʚʘʪʴ ʧʦʜʦʟʨʠʪʝʣʴʥʳʝ ʦʧʝʨʘʮʠʠ ʠ ʩʝʘʥʩʳ ʚ ʩʠʩʪʝʤʘʭ ɼɹʆ. ʇʨʠ ʵʪʦʤ ʚʘʞʥʦ 

ʧʦʤʥʠʪʴ, ʯʪʦ ʪʦʣʴʢʦ 20 ʧʨʦʮʝʥʪʦʚ ʧʨʘʚʠʣ, ʥʘʩʪʨʦʝʥʥʳʭ ʚ ʢʦʥʬʠʛʫʨʘʮʠʠ ʩʠʩʪʝʤʳ çFraud-

ʤʦʥʠʪʦʨʠʥʛè ʧʦ ʦʙʱʠʤ ʢʨʠʪʝʨʠʷʤ, ʩʤʦʛʫʪ ʜʘʪʴ ʣʫʯʰʠʡ ʨʝʟʫʣʴʪʘʪ [7]. 

2. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʤʦʜʫʣʷ çɼʝʪʝʢʪʦʨ ʫʛʨʦʟè ʥʘ ʩʪʦʨʦʥʝ ʢʨʝʜʠʪʥʦʡ ʦʨʛʘʥʠʟʘʮʠʠ, 

ʢʦʪʦʨʳʡ ʚʳʷʚʣʷʝʪ ʨʘʙʦʯʠʝ ʤʝʩʪʘ ʢʣʠʝʥʪʦʚ, ʠʥʬʠʮʠʨʦʚʘʥʥʳʭ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʤ 

ʚʨʝʜʦʥʦʩʥʳʤ ʇʆ. ʄʦʜʫʣʴ ʥʝ ʧʳʪʘʝʪʩʷ ʦʙʥʘʨʫʞʠʪʴ ʩʠʛʥʘʪʫʨʳ ʚʠʨʫʩʦʚ ʠ ʪʨʦʷʥʦʚ, ʦʥ 

ʦʙʥʘʨʫʞʠʚʘʝʪ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʪʝʭʥʦʣʦʛʠʡ, ʭʘʨʘʢʪʝʨʥʳʭ ʜʣʷ ʟʣʦʚʨʝʜʥʦʛʦ ʇʆ. 

3. ʇʦʜʧʠʩʘʥʠʝ ʧʣʘʪʝʞʥʳʭ ʜʦʢʫʤʝʥʪʦʚ ʚ ʠʟʦʣʠʨʦʚʘʥʥʦʡ ʙʝʟʦʧʘʩʥʦʡ ʩʨʝʜʝ 

ʟʘʱʠʱʝʥʥʦʛʦ ʩʝʨʪʠʬʠʮʠʨʦʚʘʥʥʦʛʦ ʫʩʪʨʦʡʩʪʚʘ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʨʝʞʠʤʘ ʚʠʟʫʘʣʠʟʘʮʠʠ 

ʢʣʶʯʝʚʳʭ ʨʝʢʚʠʟʠʪʦʚ ʜʦʢʫʤʝʥʪʦʚ ʥʘ ʜʘʥʥʦʤ ʫʩʪʨʦʡʩʪʚʝ (ʪʘʢʠʭ ʢʘʢ ʨʝʢʚʠʟʠʪʳ ʧʦʣʫʯʘʪʝʣʷ 

ʜʝʥʝʞʥʳʭ ʩʨʝʜʩʪʚ, ʩʫʤʤʘ ʠ ʥʦʤʝʨ ʧʦʜʪʚʝʨʞʜʘʝʤʦʛʦ ʜʦʢʫʤʝʥʪʘ). ʂ ʟʘʱʠʱʝʥʥʳʤ ʫʩʪʨʦʡʩʪʚʘʤ 

ʦʪʥʦʩʷʪ ʨʘʟʣʠʯʥʳʝ ʪʦʢʝʥʳ, ʪʨʘʩʪʩʢʨʠʥʳ ʠ ʜʨ., ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʢʦʪʦʨʳʭ ʠʩʢʣʶʯʘʝʪʩʷ ʨʠʩʢ 

ʧʦʜʤʝʥʳ ʨʝʢʚʠʟʠʪʦʚ ʚ ʤʦʤʝʥʪ ʦʪʧʨʘʚʢʠ ʜʦʢʫʤʝʥʪʘ ʚ ʢʨʝʜʠʪʥʫʶ ʦʨʛʘʥʠʟʘʮʠʶ. 

4. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʥʘ ʩʪʦʨʦʥʝ ʢʣʠʝʥʪʘ ʩʝʨʚʠʩʘ ʀʥʜʠʢʘʪʦʨ, ʢʦʪʦʨʳʡ ʧʦʟʚʦʣʷʝʪ 

ʧʨʦʚʝʨʷʪʴ ʥʘʜʝʞʥʦʩʪʴ ʧʦʣʫʯʘʪʝʣʷ ʜʝʥʝʞʥʳʭ ʩʨʝʜʩʪʚ ʚ ʤʦʤʝʥʪ ʩʦʟʜʘʥʠʷ ʜʦʢʫʤʝʥʪʘ. ʅʘ 

ʦʩʥʦʚʘʥʠʠ ʠʩʪʦʯʥʠʢʦʚ ʌʉʉʇ, ʂʘʟʥʘʯʝʡʩʪʚʘ, ɻʦʩʩʪʘʪʠʩʪʠʢʠ ʩʨʘʙʘʪʳʚʘʶʪ ʯʝʪʳʨʝ ʬʘʢʪʘ ʚ ʚʠʜʝ 

ʮʚʝʪʦʚʦʡ ʛʘʤʤʳ [9]. 

5. ʂʘʯʝʩʪʚʝʥʥʘʷ ʨʘʟʨʘʙʦʪʢʘ ʜʦʛʦʚʦʨʘ ʠ ʦʨʛʘʥʠʟʘʮʠʦʥʥʳʭ ʤʝʨ, ʥʘʧʨʘʚʣʝʥʥʳʭ ʥʘ 

ʧʦʚʳʰʝʥʠʝ ʫʨʦʚʥʷ ʙʝʟʦʧʘʩʥʦʩʪʠ ʚ ʩʠʩʪʝʤʘʭ ɼɹʆ. 
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ʋɼʂ 004 

ɺ ʩʦʚʨʝʤʝʥʥʦʤ ʤʠʨʝ ʣʠʯʥʳʝ ʜʘʥʥʳʝ ʠʤʝʶʪ ʦʛʨʦʤʥʫʶ ʮʝʥʥʦʩʪʴ. ɹʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ 

ʣʶʜʝʡ ʜʦʚʝʨʷʝʪ ʩʚʦʠ ʣʠʯʥʳʝ ʜʘʥʥʳʝ ʯʘʩʪʥʳʤ ʢʦʤʧʘʥʠʷʤ, ʮʝʣʴʶ ʢʦʪʦʨʳʭ ʷʚʣʷʝʪʩʷ ʚ ʧʝʨʚʫʶ 

ʦʯʝʨʝʜʴ ʧʦʣʫʯʝʥʠʝ ʧʨʠʙʳʣʠ, ʘ ʥʝ ʟʘʱʠʪʘ ʣʠʯʥʳʭ ʜʘʥʥʳʭ ʩʚʦʠʭ ʢʣʠʝʥʪʦʚ. ʄʥʦʛʠʝ ʢʦʤʧʘʥʠʠ 

ʩʦʙʠʨʘʶʪ ʦʛʨʦʤʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʠʥʬʦʨʤʘʮʠʠ ʦ ʩʚʦʠʭ ʢʣʠʝʥʪʘʭ ʚ ʧʨʦʮʝʩʩʝ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʠʭ 
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ʧʨʦʜʫʢʮʠʠ. ʅʦ ʪʘʢʦʡ ʩʙʦʨ ʜʘʥʥʳʭ ʚ ʙʦʣʴʰʠʥʩʪʚʝ ʩʣʫʯʘʝʚ ʜʝʣʘʝʪʩʷ ʥʝ ʜʣʷ ʟʣʦʛʦ ʫʤʳʩʣʘ. ɺ 

ʙʦʣʴʰʠʥʩʪʚʝ ʩʣʫʯʘʝʚ ʵʪʠ ʜʘʥʥʳʝ ʧʦʟʚʦʣʷʶʪ ʧʨʦʚʦʜʠʪʴ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚ ʥʘʫʯʥʳʭ ʮʝʣʷʭ.  

ɸʣʴʪʝʨʥʘʪʠʚʦʡ ʧʦʜʦʙʥʦʤʫ ʮʝʥʪʨʘʣʠʟʦʚʘʥʥʦʤʫ ʩʙʦʨʫ ʠ ʭʨʘʥʝʥʠʶ ʜʘʥʥʳʭ ʥʘ ʩʝʨʚʝʨʘʭ, 

ʢʦʪʦʨʳʝ ʢʦʥʪʨʦʣʠʨʫʝʪ ʯʘʩʪʥʳʝ ʢʦʤʧʘʥʠʠ ʤʦʞʝʪ ʩʣʫʞʠʪʴ ʨʘʩʧʨʝʜʝʣʝʥʥʦʝ ʭʨʘʥʝʥʠʝ ʜʘʥʥʳʭ ʥʘ 

ʫʩʪʨʦʡʩʪʚʘʭ ʧʦʣʴʟʦʚʘʪʝʣʝʡ, ʪʦ ʝʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʚʤʝʩʪʦ ʘʨʭʠʪʝʢʪʫʨʳ ʢʣʠʝʥʪ-ʩʝʨʚʝʨ 

ʘʨʭʠʪʝʢʪʫʨʳ ʦʜʥʦʨʘʥʛʦʚʦʡ. ʕʪʘ ʢʦʥʮʝʧʮʠʷ ʥʝ ʷʚʣʷʝʪʩʷ ʨʝʰʝʥʠʝʤ ʚʩʝʭ ʧʨʦʙʣʝʤ, ʩʚʷʟʘʥʥʳʭ ʩ 

ʭʨʘʥʝʥʠʝʤ ʣʠʯʥʦʡ ʠʥʬʦʨʤʘʮʠʠ, ʠ ʥʝ ʷʚʣʷʝʪʩʷ ʨʝʰʝʥʠʝʤ ʜʣʷ ʚʩʝʭ ʦʪʨʘʩʣʝʡ, ʥʦ ʤʦʞʝʪ ʙʳʪʴ 

ʘʣʴʪʝʨʥʘʪʠʚʦʡ ʚ ʦʪʜʝʣʴʥʳʭ ʩʣʫʯʘʷʭ.   

ʅʘʧʨʠʤʝʨ, ʚ ʩʣʫʯʘʝ ʤʝʩʩʝʥʜʞʝʨʦʚ ʠ ʩʦʮʠʘʣʴʥʳʭ ʩʝʪʝʡ. 

ɸʢʪʫʘʣʴʥʦʩʪʴ ʦʙʝʩʧʝʯʝʥʘ ʫʚʝʣʠʯʝʥʠʝʤ ʢʦʣʠʯʝʩʪʚʘ ʠʥʮʠʜʝʥʪʦʚ ʥʝʩʘʥʢʮʠʦʥʠʨʦʚʘʥʥʦʛʦ 

ʜʦʩʪʫʧʘ ʢ ʙʘʟʘʤ ʜʘʥʥʳʭ ʢʣʠʝʥʪʦʚ ʢʨʫʧʥʳʭ ʢʦʤʧʘʥʠʡ ʚ ʪʦʤ ʯʠʩʣʝ ʠ ʤʝʩʩʝʥʜʞʝʨʦʚ. ʀ ʦʙʱʝʡ 

ʪʝʥʜʝʥʮʠʠ ʨʘʟʚʠʪʠʷ ʢʦʥʮʝʧʮʠʡ ʙʝʟʦʧʘʩʥʦʩʪʠ ʣʠʯʥʳʭ ʜʘʥʥʳʭ ʢʣʠʝʥʪʦʚ.  

ɺ ʢʘʯʝʩʪʚʝ ʨʝʰʝʥʠʷ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʨʘʩʧʨʝʜʝʣʝʥʥʦʝ ʭʨʘʥʝʥʠʝ ʜʘʥʥʳʭ ʥʘ ʣʠʯʥʳʭ 

ʫʩʪʨʦʡʩʪʚʘʭ ʧʦʣʴʟʦʚʘʪʝʣʝʡ, ʙʝʟ ʮʝʥʪʨʘʣʠʟʦʚʘʥʥʦʛʦ ʭʨʘʥʠʣʠʱʘ. ɸ ʪʘʢʞʝ ʤʠʥʠʤʠʟʘʮʠʷ 

ʥʝʦʙʭʦʜʠʤʦʡ ʠʥʬʦʨʤʘʮʠʠ (ʣʠʯʥʳʭ ʜʘʥʥʳʭ) ʜʣʷ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ 

ʤʝʩʩʝʥʜʞʝʨʦʚ ʠ ʦʩʪʘʣʴʥʳʭ ʧʦʜʦʙʥʳʭ ʩʠʩʪʝʤ. 

ʆʩʥʦʚʥʳʤʠ ʪʨʝʙʦʚʘʥʠʷʤʠ ʢ ʜʘʥʥʳʤ ʧʨʠʣʦʞʝʥʠʷʤ ʷʚʣʷʶʪʩʷ ʤʠʥʠʤʘʣʴʥʦʝ ʢʦʣʠʯʝʩʪʚʦ 

ʠʥʬʦʨʤʘʮʠʠ ʦ ʧʦʣʴʟʦʚʘʪʝʣʝ ʟʘʧʨʘʰʠʚʘʝʤʦʝ ʧʨʠʣʦʞʝʥʠʝʤ, ʜʦʩʪʫʧʥʦʩʪʴ ʥʘ IOS ʠ Android ʚ 

ʦʬʠʮʠʘʣʴʥʳʭ ʠʩʪʦʯʥʠʢʘʭ ʧʨʠʣʦʞʝʥʠʡ (Google Play, App Store), ʧʨʠʣʦʞʝʥʠʝ ʜʦʣʞʥʦ ʙʳʪʴ 

ʙʝʩʧʣʘʪʥʳʤ ʠʣʠ ʠʤʝʪʴ ʙʝʩʧʣʘʪʥʫʶ ʚʝʨʩʠʶ.  

ɸʚʪʦʨʦʤ ʧʨʦʚʝʜʸʥ ʘʥʘʣʠʟ ʥʘʠʙʦʣʝʝ ʧʦʧʫʣʷʨʥʳʭ pear-to-pear ʤʝʩʩʝʥʜʞʝʨʦʚ, ʜʣʷ 

ʚʳʷʚʣʝʥʠʷ ʦʙʱʝʡ ʪʝʥʜʝʥʮʠʠ ʨʘʟʚʠʪʠʷ ʜʘʥʥʦʛʦ ʥʘʧʨʘʚʣʝʥʠʷ ʠ ʦʧʨʝʜʝʣʝʥʠʷ ʧʝʨʩʧʝʢʪʠʚʥʦʩʪʠ 

ʨʘʟʚʠʪʠʷ ʜʘʥʥʦʛʦ ʚʠʜʘ ʇʆ, ʦʙʱʠʭ ʯʝʨʪ ʠ ʦʩʦʙʝʥʥʦʩʪʝʡ, ʜʦʩʪʦʠʥʩʪʚʘ ʠ ʥʝʜʦʩʪʘʪʢʠ ʧʦʜʦʙʥʳʭ 

ʧʨʠʣʦʞʝʥʠʡ. 

ʀʟ ʚʩʝʭ ʨʘʩʩʤʦʪʨʝʥʥʳʭ ʠ ʧʨʦʪʝʩʪʠʨʦʚʘʥʥʳʭ ʧʨʠʣʦʞʝʥʠʡ, ʙʦʣʝʝ ʚʩʝʛʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ 

ʚʩʝʤ ʫʩʣʦʚʠʷʤ Antox.  

Antox ï ʧʨʝʜʩʪʘʚʣʷʝʪ ʠʟ ʩʝʙʷ ʦʜʥʫ ʠʟ ʨʝʘʣʠʟʘʮʠʡ ʧʨʠʣʦʞʝʥʠʷ ʧʦ ʧʨʦʪʦʢʦʣʫ Tox. 

ʇʨʠʣʦʞʝʥʠʡ, ʨʝʘʣʠʟʦʚʘʥʥʳʭ ʧʦ ʜʘʥʥʦʤʫ ʧʨʦʪʦʢʦʣʫ, ʜʦʚʦʣʴʥʦ ʤʥʦʛʦ. Antox ʚʟʷʪ ʜʣʷ ʧʨʠʤʝʨʘ 

ʢʘʢ ʦʜʠʥ ʠʟ ʥʘʠʙʦʣʝʝ ʩʪʘʙʠʣʴʥʳʭ. ʇʨʠʣʦʞʝʥʠʝ ʷʚʣʷʝʪʩʷ ʙʝʩʧʣʘʪʥʳʤ, ʧʨʠ ʨʝʛʠʩʪʨʘʮʠʠ ʥʝ 

ʟʘʧʨʘʰʠʚʘʝʪ ʥʦʤʝʨ ʪʝʣʝʬʦʥʘ, email ʠ ʥʝ ʩʦʟʜʘʝʪ ʘʢʢʘʫʥʪ. ʈʝʘʣʠʟʦʚʘʥʳ ʚʩʝ ʬʫʥʢʮʠʠ 

ʤʝʩʩʝʥʜʞʝʨʘ, ʩʦʦʙʱʝʥʠʷ, ʟʚʦʥʢʠ, ʚʠʜʝʦ ʚʳʟʦʚʳ, ʧʝʨʝʜʘʯʘ ʬʘʡʣʦʚ, ʦʪʦʙʨʘʞʘʝʤʦʝ ʠʤʷ. 

ɼʦʙʘʚʣʝʥʠʝ ʢʦʥʪʘʢʪʦʚ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʩ ʧʦʤʦʱʴʶ ID ʠʣʠ QR ʢʦʜʘ, ʢʦʪʦʨʳʡ ʤʦʞʥʦ 

ʩʢʘʥʠʨʦʚʘʪʴ ʧʨʷʤʦ ʩ ʵʢʨʘʥʘ ʪʝʣʝʬʦʥʘ. ʉʦʦʙʱʝʥʠʷ ʤʦʞʥʦ ʫʜʘʣʷʪʴ, ʥʦ ʪʦʣʴʢʦ ʫ ʩʝʙʷ, ʫ 

ʩʦʙʝʩʝʜʥʠʢʘ ʦʥʠ ʦʩʪʘʶʪʩʷ. ʊʘʢ ʞʝ ʩʪʦʠʪ ʟʘʤʝʪʠʪʴ, ʯʪʦ ʜʘʥʥʦʝ ʧʨʠʣʦʞʝʥʠʝ, ʢʘʢ ʠ ʥʝʢʦʪʦʨʳʝ 

ʜʨʫʛʠʝ, ʜʣʷ ʧʝʨʝʜʘʯʠ ʩʦʦʙʱʝʥʠʡ ʠʩʧʦʣʴʟʫʝʪ Tor. 

Tor ï ʇʆ ʩ ʦʪʢʨʳʪʳʤ ʠʩʭʦʜʥʳʤ ʢʦʜʦʤ ʜʣʷ ʦʩʫʱʝʩʪʚʣʝʥʠʷ, ʪʘʢ ʥʘʟʳʚʘʝʤʦʡ ʣʫʢʦʚʦʡ 

ʤʘʨʰʨʫʪʠʟʘʮʠʠ. ʊʦ ʝʩʪʴ ʜʣʷ ʧʝʨʝʜʘʯʠ ʩʦʦʙʱʝʥʠʡ ʠʩʧʦʣʴʟʫʝʪʩʷ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ 

ʜʦʚʝʨʝʥʥʳʭ ʧʨʦʢʩʠ-ʩʝʨʚʝʨʦʚ. 

ɺ ʩʣʫʯʘʝ ʩ pear-to-pear ʤʝʩʩʝʥʜʞʝʨʦʤ ʠʩʧʦʣʴʟʦʚʘʥʠʝ Tor ʥʝ ʟʘʤʝʪʥʦ ʜʣʷ ʧʦʣʴʟʦʚʘʪʝʣʷ, 

ʥʝ ʜʦʙʘʚʣʷʝʪ ʬʫʥʢʮʠʦʥʘʣ, ʠ ʷʚʣʷʝʪʩʷ ʩʣʦʞʥʳʤ ʠ ʩʧʦʨʥʳʤ ʨʝʰʝʥʠʝʤ ʚ ʧʣʘʥʝ ʨʝʘʣʠʟʘʮʠʠ. Tor 

ʦʨʠʝʥʪʠʨʦʚʘʥ ʙʦʣʴʰʝ ʥʘ ʨʘʙʦʪʫ ʚ ʢʣʠʝʥʪ-ʩʝʨʚʝʨʥʦʡ ʘʨʭʠʪʝʢʪʫʨʝ, ʜʣʷ ʦʜʥʦʨʘʥʛʦʚʦʡ ʩʝʪʠ ʝʩʪʴ 

ʜʨʫʛʠʝ ʧʨʦʝʢʪʳ, ʥʘʧʨʠʤʝʨ i2p. 

ʄʠʥʫʩʳ ʜʘʥʥʦʛʦ ʧʨʠʣʦʞʝʥʠʷ: 

¶ ʅʝʦʙʭʦʜʠʤʦʩʪʴ ʧʦʜʢʣʶʯʝʥʠʷ ʢ ʠʥʪʝʨʥʝʪʫ ʦʜʥʦʚʨʝʤʝʥʥʦ ʫʩʪʨʦʡʩʪʚʘ ʦʪʧʨʘʚʠʪʝʣʷ ʠ 

ʫʩʪʨʦʡʩʪʚʘ ʧʦʣʫʯʘʪʝʣʷ ʜʣʷ ʧʝʨʝʜʘʯʠ ʩʦʦʙʱʝʥʠʷ. 
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¶ ʅʝʦʙʭʦʜʠʤʦʩʪʴ ʧʝʨʝʜʘʯʠ tox id (ʫʥʠʢʘʣʴʥʦʛʦ ʠʜʝʥʪʠʬʠʢʘʪʦʨʘ) ʧʦ ʜʨʫʛʦʤʫ ʢʘʥʘʣʫ 

ʩʚʷʟʠ. 

ʇʣʶʩʳ ʜʘʥʥʦʛʦ ʧʨʠʣʦʞʝʥʠʷ: 

¶ ʆʪʩʫʪʩʪʚʠʝ ʩʝʨʚʝʨʦʚ. ɺʩʝ ʩʦʦʙʱʝʥʠʷ ʭʨʘʥʷʪʩʷ ʪʦʣʴʢʦ ʥʘ ʫʩʪʨʦʡʩʪʚʘʭ ʧʦʣʴʟʦʚʘʪʝʣʝʡ. 

¶ ɺʦʟʤʦʞʥʦʩʪʴ ʠʟʤʝʥʝʥʠʷ ʧʦʜʧʠʩʠ (tox id) ʚ ʣʶʙʦʡ ʤʦʤʝʥʪ. 

ɹʳʣ ʧʨʦʚʝʜʝʥ ʩʨʘʚʥʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ ʩʫʱʝʩʪʚʫʶʱʠʭ pear-to-pear ï ʤʝʩʩʝʥʜʞʝʨʦʚ. 

ɼʘʥʥʳʡ ʘʥʘʣʠʟ ʧʦʢʘʟʘʣ, ʯʪʦ ʧʦʜʦʙʥʳʭ ʨʘʟʨʘʙʦʪʦʢ ʜʦʚʦʣʴʥʦ ʤʥʦʛʦ, ʥʦ ʥʝ ʚʩʝ ʩʦʦʪʚʝʪʩʪʚʫʶʪ 

ʧʨʦʩʪʝʡʰʠʤ ʪʨʝʙʦʚʘʥʠʷʤ ʧʦʣʴʟʦʚʘʪʝʣʝʡ. 
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ʋɼʂ 004.02 

ɺʦ ʚʩʝʭ ʧʨʝʜʳʜʫʱʠʭ ʧʦʢʦʣʝʥʠʷʭ ʩʠʩʪʝʤ ʇɺʆ ʜʣʷ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʂʉɸ (ʢʦʤʧʣʝʢʩ 

ʩʨʝʜʩʪʚ ʘʚʪʦʤʘʪʠʟʘʮʠʠ) ʜʨʫʛ ʩ ʜʨʫʛʦʤ ʚ ʪʝʨʨʠʪʦʨʠʘʣʴʥʳʭ ʩʠʩʪʝʤʘʭ ʜʣʷ ʦʙʤʝʥʘ ʜʘʥʥʳʤʠ 

ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʘʥʘʣʦʛʦʚʳʝ ʢʘʥʘʣʳ ʩʚʷʟʠ ʪʦʥʘʣʴʥʦʡ ʯʘʩʪʦʪʳ ʠ ʩʠʛʥʘʣʳ ʩ ʦʪʥʦʩʠʪʝʣʴʥʦʡ 

ʬʘʟʦʚʦʡ ʠʣʠ ʩ ʯʘʩʪʦʪʥʦʡ ʤʦʜʫʣʷʮʠʝʡ. ʉʢʦʨʦʩʪʴ ʦʙʤʝʥʘ ʜʘʥʥʳʤʠ ʥʝ ʧʨʝʚʳʰʘʣʘ 9600-14400 

ʙʠʪ/ʩ, ʜʦʩʪʦʚʝʨʥʦʩʪʴ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ ʥʘʭʦʜʠʣʘʩʴ ʚ ʧʨʝʜʝʣʘʭ ʦʪ 10-3 ʜʦ 10-5. ʇʦʚʳʰʝʥʠʝ 

ʜʦʩʪʦʚʝʨʥʦʩʪʠ ʜʦʚʝʜʝʥʠʷ ʜʘʥʥʳʭ ʦʩʫʱʝʩʪʚʣʷʣʦʩʴ ʟʘ ʩʯʝʪ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 

ʦʰʠʙʢʦʦʙʥʘʨʫʞʠʚʘʶʱʝʛʦ ʢʦʜʘ ʩ ʧʦʣʠʥʦʤʦʤ ʰʝʩʪʥʘʜʮʘʪʦʡ ʩʪʝʧʝʥʠ: 

https://ru.wikipedia.org/wiki/Одноранговая_сеть
https://ru.wikipedia.org/wiki/Одноранговая_сеть
https://ru.wikipedia.org/wiki/Клиент_—_сервер
https://ru.wikipedia.org/wiki/Клиент_—_сервер
https://en.wikipedia.org/wiki/Tox_(protocol)
https://ru.wikipedia.org/wiki/Tor
https://ru.wikipedia.org/wiki/I2P
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                                   Ὂὼ ὼ ὼ ὼ ρ                                 (1) 

 

ʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʨʝʰʘʶʱʝʡ ʦʙʨʘʪʥʦʡ ʩʚʷʟʠ ʩ ʦʞʠʜʘʥʠʝʤ (ʈʆʉ-ʆɾ) [6]. 

ɿʘʩʝʢʨʝʯʠʚʘʥʠʝ ʜʘʥʥʳʭ ʦʙʝʩʧʝʯʠʚʘʣʦʩʴ ʧʦʜʢʣʶʯʝʥʠʝʤ ʢ ʘʧʧʘʨʘʪʫʨʝ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ ʧʦ 

ʩʪʳʢʫ ʉ2 ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʦʡ ʘʧʧʘʨʘʪʫʨʳ ʪʠʧʘ ʊ-226, ʚ ʧʦʩʣʝʜʫʶʱʝʤ ʘʧʧʘʨʘʪʫʨʳ ʪʠʧʘ ʊ-

240 ʠ ʊ-241. ʅʘʟʚʘʥʥʘʷ ʘʧʧʘʨʘʪʫʨʘ ʙʳʣʘ ʛʨʦʤʦʟʜʢʦʡ, ʥʝʜʦʩʪʘʪʦʯʥʦ ʥʘʜʝʞʥʦʡ. ɺ ʥʘʩʪʦʷʱʝʝ 

ʚʨʝʤʷ ʘʧʧʘʨʘʪʫʨʘ ʊ-240 ʩʥʷʪʘ ʩ ʧʨʦʠʟʚʦʜʩʪʚʘ ʠ ʟʘʧʨʝʱʝʥʘ ʚ ʵʢʩʧʣʫʘʪʘʮʠʠ. 

ʉʪʨʫʢʪʫʨʘ ʢʦʜʦʚʦʛʦ ʙʣʦʢʘ, ʠʩʧʦʣʴʟʫʝʤʦʛʦ ʧʨʠ ʦʙʤʝʥʝ ʜʘʥʥʳʤʠ ʚ ɸʉʋ ɺʂʆ, 

ʧʨʠʚʝʜʝʥʘ ʥʘ (ʪʘʙʣ. 1). ɺ ʧʝʨʠʦʜʳ ʚʨʝʤʝʥʠ ʦʪʩʫʪʩʪʚʠʷ ʧʝʨʝʜʘʚʘʝʤʳʭ ʜʘʥʥʳʭ ʧʝʨʝʜʘʝʪʩʷ 

ʬʠʢʩʠʨʦʚʘʥʥʘʷ ʢʦʤʙʠʥʘʮʠʷ ʤʦʣʯʘʥʠʷ. 

 

ʊʘʙʣʠʮʘ 1.  

¶ ʉʈ ï ʩʣʫʞʝʙʥʳʝ ʨʘʟʨʷʜʳ (ʙʠʪʳ); 

¶ ʢʦʜʦʛʨʘʤʤʘ ï ʠʥʬʦʨʤʘʮʠʦʥʥʘʷ ʯʘʩʪʴ ʢʦʜʦʚʦʛʦ ʙʣʦʢʘ, ʤʦʞʝʪ ʩʦʩʪʘʚʣʷʪʴ 48 (ʜʚʘ ʩʣʦʚʘ) 

ʠʣʠ 96 (ʯʝʪʳʨʝ ʩʣʦʚʘ) ʠʣʠ 144 (ʰʝʩʪʴ ʩʣʦʚ) ʨʘʟʨʷʜʦʚ;  

¶ ʈʆʉ ï ʧʨʠʟʥʘʢ ʨʝʰʘʶʱʝʡ ʦʙʨʘʪʥʦʡ ʩʚʷʟʠ, ʩʣʫʞʘʱʠʡ ʜʣʷ ʧʝʨʝʜʘʯʠ ʟʘʧʨʦʩʘ ʧʦʚʪʦʨʝʥʠʡ 

ʠʥʬʦʨʤʘʮʠʠ ʧʨʠ ʠʩʢʘʞʝʥʠʠ ʢʦʜʦʚʦʛʦ ʙʣʦʢʘ ʚ ʢʘʥʘʣʝ ʩʚʷʟʠ; 

¶ ʢʦʥʪʨʦʣʴʥʳʝ ʨʘʟʨʷʜʳ ï ʦʙʨʘʟʫʶʪʩʷ ʧʫʪʝʤ ʜʝʣʝʥʠʷ ʠʥʬʦʨʤʘʮʠʦʥʥʦʛʦ ʙʣʦʢʘ, ʚʢʣʶʯʘʷ 

ʩʣʫʞʝʙʥʳʝ ʨʘʟʨʷʜʳ, ʢʦʜʦʛʨʘʤʤʫ ʠ ʨʘʟʨʷʜ (ʈʆʉ), ʥʘ ʦʙʨʘʟʫʶʱʠʡ ʧʦʣʠʥʦʤ (1). 

 

ʅʦʚʦʝ ʧʦʢʦʣʝʥʠʝ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʳʭ ʩʠʩʪʝʤ ʫʧʨʘʚʣʝʥʠʷ ʚʦʟʜʫʰʥʦ-ʢʦʩʤʠʯʝʩʢʦʡ 

ʦʙʦʨʦʥʳ ʚʳʜʚʠʛʘʝʪ ʥʦʚʳʝ ʪʨʝʙʦʚʘʥʠʷ ʢ ʩʠʩʪʝʤʘʤ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ [1]. ʆʜʥʠ ʠʟ ʵʪʠʭ 

ʪʨʝʙʦʚʘʥʠʡ ʟʘʢʣʶʯʘʶʪʩʷ:  

¶ ʚ ʩʦʟʜʘʥʠʠ ʥʦʚʳʭ ʧʨʠʥʮʠʧʦʚ ʤʝʞʦʙʲʝʢʪʦʚʦʛʦ ʦʙʤʝʥʘ ʜʘʥʥʳʤʠ ʠ ʚ ʧʦʚʳʰʝʥʠʠ ʚ 

ʜʝʩʷʪʢʠ ʠ ʚ ʩʦʪʥʠ ʨʘʟ ʩʢʦʨʦʩʪʝʡ ʦʙʤʝʥʘ ʜʘʥʥʳʤʠ; 

¶ ʚ ʩʫʱʝʩʪʚʝʥʥʦʤ ʧʦʚʳʰʝʥʠʠ ʥʘʜʝʞʥʦʩʪʠ ʠ ʢʘʯʝʩʪʚʘ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ; 

¶ ʚ ʥʘʜʝʞʥʦʡ ʟʘʱʠʪʝ (ʟʘʩʝʢʨʝʯʠʚʘʥʠʠ ʠ ʠʤʠʪʦʟʘʱʠʪʝ) ʧʦʪʦʢʦʚ ʜʘʥʥʳʭ. 

 

ɺʳʧʦʣʥʝʥʠʝ ʚʩʝʭ ʚʳʰʝʧʝʨʝʯʠʩʣʝʥʥʳʭ ʪʨʝʙʦʚʘʥʠʡ, ʧʨʝʜʲʷʚʣʷʝʤʳʭ ʢ ʂʉɸ ʥʦʚʝʡʰʝʛʦ 

ʧʦʢʦʣʝʥʠʷ, ʚʦʟʤʦʞʥʦ ʪʦʣʴʢʦ ʟʘ ʩʯʝʪ ʧʝʨʝʭʦʜʘ ʥʘ ʮʠʬʨʦʚʫʶ ʩʚʷʟʴ, ʧʨʠ ʵʪʦʤ ʜʦʩʪʠʛʘʝʪʩʷ 

ʧʦʚʳʰʝʥʠʝ ʨʝʘʣʴʥʳʭ ʩʢʦʨʦʩʪʝʡ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ ʜʦ ʩʦʪʝʥ ʂʙʠʪ/ʩʝʢ ʠ ʨʝʟʢʦʝ ʫʣʫʯʰʝʥʠʝ 

ʚʝʨʦʷʪʥʦʩʪʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʜʦʚʝʜʝʥʠʷ ʜʘʥʥʳʭ. 

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʜʣʷ ʤʝʞʦʙʲʝʢʪʦʚʦʛʦ ʦʙʤʝʥʘ ʚ ɸʉʋ ʮʠʬʨʦʚʳʭ ʢʘʥʘʣʦʚ ʩʚʷʟʠ 

ʩʫʱʝʩʪʚʝʥʥʳʤ ʦʙʨʘʟʦʤ ʤʝʥʷʝʪ ʩʪʨʫʢʪʫʨʥʳʝ ʨʝʰʝʥʠʷ ʚ ʂʉɸ.  ɸʧʧʘʨʘʪʫʨʘ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ ʚ 

ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʩʪʨʫʢʪʫʨʥʳʭ ʨʝʰʝʥʠʷʭ ʫʞʝ ʥʝ ʪʨʝʙʫʝʪʩʷ. ʌʫʥʢʮʠʠ ʟʘʱʠʪʳ ʦʪ ʦʰʠʙʦʢ, 

ʚʦʟʥʠʢʘʶʱʠʭ ʚ ʢʘʥʘʣʘʭ ʩʚʷʟʠ, ʤʦʛʫʪ ʙʳʪʴ ʨʝʘʣʠʟʦʚʘʥʳ ʧʨʦʛʨʘʤʤʥʦ ʚ ʎɺʂ (ʮʝʥʪʨʘʣʴʥʳʡ 

ʚʳʯʠʩʣʠʪʝʣʴʥʳʡ ʢʦʤʧʣʝʢʩ), ʘ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʩʠʛʥʘʣʦʚ, ʦʩʫʱʝʩʪʚʣʷʚʰʝʛʦʩʷ ʨʘʥʝʝ ʚ ʋʇʉ 

(ʫʩʪʨʦʡʩʪʚʦ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʩʠʛʥʘʣʦʚ), ʠ ʚʦʚʩʝ ʥʝ ʪʨʝʙʫʝʪʩʷ. 

ɸʚʪʦʨʦʤ ʨʘʩʩʤʦʪʨʝʥʘ ʩʭʝʤʘ ʧʝʨʩʧʝʢʪʠʚʥʦʛʦ ʂʉɸ, ʨʝʘʣʠʟʫʶʱʝʛʦ ʦʙʤʝʥ ʜʘʥʥʳʤʠ ʧʦ 

ʮʠʬʨʦʚʳʤ ʢʘʥʘʣʘʤ ʩʚʷʟʠ ʩ ʟʘʩʝʢʨʝʯʠʚʘʥʠʝʤ ʠʥʬʦʨʤʘʮʠʠ. ɺ ʥʦʚʦʤ ʧʦʢʦʣʝʥʠʠ ʂʉɸ ʥʝʪ 

ʘʧʧʘʨʘʪʫʨʳ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ. ʎɺʂ ʜʫʙʣʠʨʦʚʘʥ ʠ ʯʝʨʝʟ ʣʦʢʘʣʴʥʫʶ ʩʝʪʴ ʩʦʝʜʠʥʝʥ ʩ 

ʉʈ ʂʦʜʦʛʨʘʤʤʘ ʈʆʉ ʂʦʥʪʨʦʣʴʥʳʝ ʨʘʟʨʷʜʳ 

4 ʨʘʟʨʷʜʘ N ʨʘʟʨʷʜʦʚ 1 ʨʘʟʨʷʜ 16 ʨʘʟʨʷʜʦʚ 



99 
 

ʮʠʬʨʦʚʳʤʠ ʢʘʥʘʣʘʤʠ ʩʚʷʟʠ, ʦʨʛʘʥʠʟʫʝʤʳʤʠ ʮʠʬʨʦʚʳʤʠ ʤʫʣʴʪʠʧʣʝʢʩʦʨʘʤʠ (ʄʇ). ʉʚʷʟʴ 

ʤʝʞʜʫ ʦʩʥʦʚʥʳʤ ʎɺʂ, ʨʝʟʝʨʚʥʳʤ ʎɺʂ ʠ ʢʘʥʘʣʦʦʙʨʘʟʫʶʱʝʡ ʘʧʧʘʨʘʪʫʨʦʡ ʢʦʤʧʘʥʠʠ 

çʉʫʧʝʨʪʝʣè ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʩ ʧʦʤʦʱʴʶ ʣʦʢʘʣʴʥʳʭ ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ ʩʝʪʝʡ (ʃɺʉ). ɻʦʨʷʯʝʝ 

ʨʝʟʝʨʚʠʨʦʚʘʥʠʝ ʎɺʂ ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ ʟʘ ʩʯʝʪ ʦʪʜʝʣʴʥʦʡ ʃɺʉ, ʦʩʫʱʝʩʪʚʣʷʶʱʝʡ ʥʝʧʨʝʨʳʚʥʳʡ 

ʦʙʤʝʥ ʠʥʬʦʨʤʘʮʠʝʡ ʤʝʞʜʫ ʦʩʥʦʚʥʳʤ ʠ ʨʝʟʝʨʚʥʳʤ ʎɺʂ. ʉʚʷʟʴ ʩ ʚʟʘʠʤʦʜʝʡʩʪʚʫʶʱʠʤʠ 

ʦʙʲʝʢʪʘʤʠ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʮʠʬʨʦʚʳʤʠ ʧʦʪʦʢʘʤʠ ɽ1 ʯʝʨʝʟ ʢʦʤʤʫʪʘʪʦʨʳ ʣʦʢʘʣʴʥʳʭ ʩʝʪʝʡ 

(ʂʃʉ). ʉʠʛʥʘʣʳ ʃɺʉ ʢʦʤʤʫʪʘʪʦʨʘʤʠ ʣʦʢʘʣʴʥʳʭ ʩʝʪʝʡ ʧʨʝʦʙʨʘʟʫʶʪʩʷ ʚ ʩʠʛʥʘʣʳ ʧʝʨʚʠʯʥʦʛʦ 

ʮʠʬʨʦʚʦʛʦ ʧʦʪʦʢʘ ɽ1 ʩ ʩʫʤʤʘʨʥʦʡ ʩʢʦʨʦʩʪʴʶ n*64 ʢʙʠʪ/ʩ. ɿʜʝʩʴ n ï ʢʦʣʠʯʝʩʪʚʦ ʚʳʜʝʣʝʥʥʳʭ 

ʜʣʷ ʢʘʥʘʣʘ ʜʘʥʥʳʭ ʦʩʥʦʚʥʳʭ ʮʠʬʨʦʚʳʭ ʢʘʥʘʣʦʚ (ʆʎʂ), ʩʢʦʨʦʩʪʴ ʢʘʞʜʦʛʦ ʠʟ ʆʎʂ 64 ʢʙʠʪ/ʩ 

[4]. 

ɿʘʱʠʪʘ ʧʦʪʦʢʦʚ ʜʘʥʥʳʭ ʚ ʢʘʥʘʣʘʭ ʩʚʷʟʠ ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ ʪʦʣʴʢʦ ʛʘʨʘʥʪʠʨʦʚʘʥʥʳʤ 

ʟʘʩʝʢʨʝʯʠʚʘʥʠʝʤ ʵʪʠʭ ʜʘʥʥʳʭ. ʊʘʢʘʷ ʚʦʟʤʦʞʥʦʩʪʴ ʚ ʩʠʩʪʝʤʘʭ ʦʙʤʝʥʘ ʜʘʥʥʳʤʠ ʜʦʣʞʥʘ ʙʳʪʴ 

ʨʝʘʣʠʟʦʚʘʥʘ ʚ ʦʙʷʟʘʪʝʣʴʥʦʤ ʧʦʨʷʜʢʝ, ʘ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʟʘʩʝʢʨʝʯʠʚʘʥʠʷ ʜʘʥʥʳʭ ʚ ʪʦʤ ʠʣʠ ʠʥʦʤ 

ʩʣʫʯʘʝ ʨʝʰʘʝʪʩʷ ʫʞʝ ʚ ʢʦʥʢʨʝʪʥʳʭ ʩʠʪʫʘʮʠʷʭ ʚ ɸʉʋ. ʊʘʢ ʥʘ ʦʙʲʝʢʪʘʭ ɺʂʆ ʜʦʩʪʘʪʦʯʥʦ 

ʚʳʩʦʢʦʛʦ ʫʨʦʚʥʷ, ʢʦʥʝʯʥʦ, ʥʝʦʙʭʦʜʠʤʘ ʟʘʱʠʪʘ ʜʘʥʥʳʭ ʛʘʨʘʥʪʠʨʦʚʘʥʥʦʡ ʩʪʦʡʢʦʩʪʠ. ʅʘ 

ʦʙʲʝʢʪʘʭ ʥʠʟʦʚʦʛʦ ʟʚʝʥʘ ʟʘʱʠʪʘ ʧʝʨʝʜʘʚʘʝʤʳʭ ʜʘʥʥʳʭ ʠʣʠ ʚʦʚʩʝ ʥʝ ʪʨʝʙʫʝʪʩʷ, ʠʣʠ 

ʜʦʩʪʘʪʦʯʥʦ ʟʘʱʠʪʳ ʥʝ ʛʘʨʘʥʪʠʨʦʚʘʥʥʦʡ ʩʪʦʡʢʦʩʪʠ.  ɺ ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʂʉɸ ʦʩʥʦʚʥʦʡ ʩʧʦʩʦʙ 

ʟʘʱʠʪʳ ʜʘʥʥʳʭ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʢʨʠʧʪʦʧʨʝʦʙʨʘʟʦʚʘʪʝʣʝʡ ʠʣʠ 

ʢʨʠʧʪʦʤʘʨʰʨʫʪʠʟʘʪʦʨʦʚ. ʊʘʢʠʭ, ʥʘʧʨʠʤʝʨ, ʢʘʢ Dionis-NXDPS ʨʘʟʨʘʙʦʪʢʠ ʢʦʤʧʘʥʠʠ ʆʆʆ 

çʌʘʢʪʦʨ-ʊʉè [2] ʠʣʠ ʧʨʦʛʨʘʤʤʥʦ-ʘʧʧʘʨʘʪʥʳʭ ʢʦʤʧʣʝʢʩʦʚ çɸʪʣʠʢʩ-VPNè ʠʣʠ çʄʦʜʫʣʴ-HSMè 

ʨʘʟʨʘʙʦʪʢʠ ʬʝʜʝʨʘʣʴʥʦʛʦ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʫʥʠʪʘʨʥʦʛʦ ʧʨʝʜʧʨʠʷʪʠʷ çɸʪʣʘʩè [3]. 

ɼʣʷ ʟʘʱʠʪʳ ʠʥʬʦʨʤʘʮʠʠ, ʩʦʜʝʨʞʘʱʝʡ ʩʚʝʜʝʥʠʷ, ʩʦʩʪʘʚʣʷʶʱʠʝ ʛʦʩʫʜʘʨʩʪʚʝʥʥʫʶ 

ʪʘʡʥʫ, ʪʨʝʙʫʶʪʩʷ ʥʘʜʝʞʥʳʝ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʨʝʰʝʥʠʷ. Dionis-NXDPS ï ʩʦʚʨʝʤʝʥʥʘʷ ʣʠʥʝʡʢʘ 

ʤʘʨʰʨʫʪʠʟʘʪʦʨʦʚ, ʩʝʨʪʠʬʠʮʠʨʦʚʘʥʥʳʭ ʚ ʌʉɹ ʠ ʌʉʊʕʂ ʧʨʦʛʨʘʤʤʥʦ-ʘʧʧʘʨʘʪʥʳʭ ʨʝʰʝʥʠʡ, 

ʩʧʝʮʠʘʣʴʥʦ ʩʦʟʜʘʥʥʘʷ ʜʣʷ ʨʦʩʩʠʡʩʢʦʛʦ ʨʳʥʢʘ IT. ɼʘʥʥʳʝ ʨʝʰʝʥʠʷ ʨʝʘʣʠʟʦʚʘʥʳ ʚ ʚʠʜʝ 

ʧʨʦʛʨʘʤʤʥʦ-ʘʧʧʘʨʘʪʥʳʭ ʢʦʤʧʣʝʢʩʦʚ DIONIS, ʢʦʪʦʨʳʝ ʚʦʧʣʦʱʝʥʳ ʚ ʩʣʝʜʫʶʱʠʭ ʠʟʜʝʣʠʷʭ, 

ʪʘʢʠʭ ʢʘʢ: ʢʨʠʧʪʦʤʘʨʰʨʫʪʠʟʘʪʦʨ ʂʄ-07ʌ (ʀʟʜʝʣʠʝ ʄ-479ʂ), ʧʨʦʛʨʘʤʤʥʦ-ʘʧʧʘʨʘʪʥʳʡ 

ʢʦʤʧʣʝʢʩ çDIONIS-NXè, ʢʨʠʧʪʦʤʘʨʰʨʫʪʠʟʘʪʦʨ ʤʥʦʛʦʧʨʦʪʦʢʦʣʴʥʳʡ ʤʦʜʝʨʥʠʟʠʨʦʚʘʥʥʳʡ  ʂʄ-

ʄʇʄ, ʤʘʨʰʨʫʪʠʟʘʪʦʨ DioNISTS/FW 16000R. ʇɸʂ çɸʪʣʠʢʩ-VPNè ʠ çʄʦʜʫʣʴ-HSMè 

ʧʨʝʜʥʘʟʥʘʯʝʥʳ ʜʣʷ ʩʦʟʜʘʥʠʷ ʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʚʳʩʦʢʦʟʘʱʠʱʝʥʥʳʭ ʚʠʨʪʫʘʣʴʥʳʭ ʩʝʪʝʡ (VPN) 

ʥʘ ʦʩʥʦʚʝ ʧʨʦʪʦʢʦʣʘ IPSec ʠ ʩʪʘʥʜʘʨʪʘ X.509 ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʨʦʩʩʠʡʩʢʠʭ 

ʢʨʠʧʪʦʛʨʘʬʠʯʝʩʢʠʭ ʘʣʛʦʨʠʪʤʦʚ. ʅʘʟʚʘʥʥʳʝ ʧʝʨʩʧʝʢʪʠʚʥʳʝ ʩʨʝʜʩʪʚʘ ʟʘʱʠʪʳ ʧʦʪʦʢʦʚʳʭ 

ʜʘʥʥʳʭ ʤʦʛʫʪ ʚʢʣʶʯʘʪʴʩʷ ʚ ʣʦʢʘʣʴʥʫʶ ʚʳʯʠʩʣʠʪʝʣʴʥʫʶ ʩʝʪʴ ʥʘ ʧʨʦʭʦʜʝ, ʢʘʢ ʧʦʢʘʟʘʥʦ ʥʘ 

(ʨʠʩ. 1.)   

ɺ ʢʘʯʝʩʪʚʝ ʮʝʥʪʨʘʣʴʥʦʡ ʕɺʄ ʚ ʢʦʤʧʣʝʢʩʝ ʩʨʝʜʩʪʚ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʤʦʞʝʪ ʙʳʪʴ 

ʧʨʠʤʝʥʝʥʘ ʩʦʚʨʝʤʝʥʥʘʷ ʈʦʩʩʠʡʩʢʘʷ ʕɺʄ çʕʣʴʙʨʫʩ 4è ʠʣʠ ʙʦʣʝʝ ʤʦʱʥʘʷ çʕʣʴʙʨʫʩ-8è. ɺʳʙʦʨ 

ʦʜʥʦʧʨʦʮʝʩʩʦʨʥʦʡ ʠʣʠ ʤʥʦʛʦʧʨʦʮʝʩʩʦʨʥʦʡ ʕɺʄ ï ʟʘʚʠʩʠʪ ʦʪ ʢʦʣʠʯʝʩʪʚʘ ʦʨʛʘʥʠʟʫʝʤʳʭ 

ʢʘʥʘʣʦʚ ʦʙʤʝʥʘ ʜʘʥʥʳʤʠ ʠʣʠ, ʠʥʘʯʝ ʛʦʚʦʨʷ, ʦʪ ʩʫʤʤʘʨʥʦʛʦ ʧʦʪʦʢʘ ʧʝʨʝʜʘʚʘʝʤʳʭ ʠ 

ʧʨʠʥʠʤʘʝʤʳʭ ʜʘʥʥʳʭ. ʉʦʚʨʝʤʝʥʥʳʝ, ʥʘʟʚʘʥʥʳʝ ʚʳʰʝ, ʢʨʠʧʪʦʧʨʝʦʙʨʘʟʦʚʘʪʝʣʠ ʠʣʠ 

ʢʨʠʧʪʦʤʘʨʰʨʫʪʠʟʘʪʦʨʳ ʦʙʝʩʧʝʯʠʚʘʶʪ ʟʘʱʠʪʫ ʜʘʥʥʳʭ ʩ ʛʘʨʘʥʪʠʨʦʚʘʥʥʦʡ ʩʪʦʡʢʦʩʪʴʶ. 

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʧʦʢʫʧʥʳʭ ʩʝʨʪʠʬʠʮʠʨʦʚʘʥʥʳʭ ʩʨʝʜʩʪʚ ʟʘʱʠʪʳ ʧʝʨʝʜʘʚʘʝʤʳʭ ʜʘʥʥʳʭ 

ʫʧʨʦʱʘʝʪ ʟʘʜʘʯʫ ʩʦʟʜʘʥʠʷ ʩʦʚʨʝʤʝʥʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʩʨʝʜʩʪʚ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ, ʥʦ ʥʝ 

ʧʦʣʥʦʩʪʴʶ. ʅʝʦʙʭʦʜʠʤʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʠ ʩʝʨʪʠʬʠʢʘʮʠʷ ʚʩʝʛʦ ʂʉɸ ʩ ʪʝʤ, ʯʪʦʙʳ ʧʝʨʝʜʘʚʘʝʤʘʷ 

ʠʥʬʦʨʤʘʮʠʷ, ʮʠʨʢʫʣʠʨʫʶʱʘʷ ʚʥʫʪʨʠ ʂʉɸ, ʝʱʝ ʚ ʥʝʟʘʱʠʱʝʥʥʦʤ ʚʠʜʝ ʥʝ ʧʦʧʘʜʘʣʘ ʟʘ ʧʨʝʜʝʣʳ 

ʢʦʥʪʨʦʣʠʨʫʝʤʦʡ ʟʦʥʳ ʦʙʲʝʢʪʘ. ʇʨʦʮʝʜʫʨʘ ʠʩʩʣʝʜʦʚʘʥʠʷ ʂʉɸ ʜʦʚʦʣʴʥʦ ʪʨʫʜʦʝʤʢʘʷ ʠ 

ʟʘʪʨʘʪʥʘʷ [5]. 
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ɽʩʪʴ ʠ ʜʨʫʛʠʝ ʧʫʪʠ ʟʘʱʠʪʳ ʧʝʨʝʜʘʚʘʝʤʳʭ ʜʘʥʥʳʭ. ɺ ʦʜʥʦʤ ʠʟ ʪʝʦʨʝʪʠʯʝʩʢʠ 

ʚʦʟʤʦʞʥʳʭ ʚʘʨʠʘʥʪʦʚ ʚʦʟʤʦʞʥʘ ʟʘʱʠʪʘ ʜʘʥʥʳʭ ʢʨʠʧʪʦʧʨʝʦʙʨʘʟʦʚʘʪʝʣʷʤʠ 

ʥʝʛʘʨʘʥʪʠʨʦʚʘʥʥʦʡ ʩʪʦʡʢʦʩʪʠ, ʥʦ ʚʳʧʦʣʥʝʥʥʳʭ ʚ ʂʉɸ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ, ʥʘʧʨʠʤʝʨ, 

ʧʨʦʛʨʘʤʤʥʦ ʚ ʎɺʂ. ʂʦʥʝʯʥʦ, ʵʪʦʪ ʚʘʨʠʘʥʪ ʧʨʠʝʤʣʝʤ ʪʦʣʴʢʦ ʜʣʷ ʂʉɸ ʩʨʝʜʥʝʛʦ ʠ ʥʠʟʦʚʦʛʦ 

ʟʚʝʥʘ, ʥʦ ʧʦʣʦʞʠʪʝʣʴʥʳʝ ʵʬʬʝʢʪʳ ʪʘʢʦʛʦ ʨʝʰʝʥʠʷ ʦʯʝʚʠʜʥʳ. ʆʙʦʨʫʜʦʚʘʥʠʝ 

ʤʠʥʠʤʠʟʠʨʦʚʘʥʦ, ʢʣʶʯʠ ʤʦʛʫʪ ʤʝʥʷʪʴʩʷ ʯʘʩʪʦ, ʩʧʝʮʠʩʩʣʝʜʦʚʘʥʠʷ ʥʝ ʦʙʷʟʘʪʝʣʴʥʳ. 

 ʈʘʩʩʤʦʪʨʝʥʥʳʝ ʚʳʰʝ ʩʨʝʜʩʪʚʘ ʟʘʱʠʪʳ ʜʘʥʥʳʭ ʥʦʚʦʛʦ ʧʦʢʦʣʝʥʠʷ ʠ ʩʨʝʜʩʪʚʘ ʧʝʨʝʜʘʯʠ 

ʜʘʥʥʳʭ ʙʝʟ ʩʦʤʥʝʥʠʷ ʧʨʝʚʦʩʭʦʜʷʪ ʧʦ ʪʝʭʥʠʯʝʩʢʠʤ ʧʘʨʘʤʝʪʨʘʤ ʦʙʦʨʫʜʦʚʘʥʠʝ ʩʫʱʝʩʪʚʫʶʱʝʛʦ 

ʧʦʢʦʣʝʥʠʷ ʂʉɸ ʠ ʙʫʜʫʪ ʠʩʧʦʣʴʟʦʚʘʥʳ ʚ ʥʦʚʝʡʰʠʭ ʨʘʟʨʘʙʦʪʢʘʭ ʠ ʤʦʜʝʨʥʠʟʘʮʠʡ. 
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ʋɼʂ 004.415.53 

ʉ ʨʘʟʚʠʪʠʝʤ ʵʣʝʢʪʨʦʥʥʦʡ ʢʦʤʤʝʨʮʠʠ, ʵʣʝʢʪʨʦʥʥʦʛʦ ʜʦʢʫʤʝʥʪʦʦʙʦʨʦʪʘ ʠ ʦʩʦʙʝʥʥʦ ʩ 

ʚʥʝʜʨʝʥʠʝʤ ʮʠʬʨʦʚʳʭ ʪʝʭʥʦʣʦʛʠʡ ʚ ʩʠʩʪʝʤʳ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʠ ʤʫʥʠʮʠʧʘʣʴʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ 

ʚʦʟʥʠʢʣʘ ʧʦʪʨʝʙʥʦʩʪʴ ʚ ʦʙʝʩʧʝʯʝʥʠʠ ʚʳʩʦʢʦʡ ʩʝʪʝʚʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ (ʚ ʨʘʤʢʘʭ ʦʙʝʩʧʝʯʝʥʠʷ 

ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ ʚ ʮʝʣʦʤ). ʉʦʚʨʝʤʝʥʥʳʝ ʧʨʦʛʨʘʤʤʥʳʝ ʠ ʧʨʦʛʨʘʤʤʥʦ-

ʘʧʧʘʨʘʪʥʳʝ ʩʨʝʜʩʪʚʘ ʦʙʝʩʧʝʯʝʥʠʷ ʩʝʪʝʚʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ, ʢʘʢ ʧʨʘʚʠʣʦ, ʨʝʰʘʶʪ ʦʜʥʦʚʨʝʤʝʥʥʦ 

ʥʝʩʢʦʣʴʢʦ ʟʘʜʘʯ: ʥʘʧʨʠʤʝʨ, ʩʠʩʪʝʤʘ ʦʙʥʘʨʫʞʝʥʠʷ ʚʪʦʨʞʝʥʠʡ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʘʥʘʣʠʟʘʪʦʨ 

ʪʨʘʬʠʢʘ, ʘ ʤʝʞʩʝʪʝʚʦʡ ʵʢʨʘʥ ʚʳʧʦʣʥʷʝʪ ʬʫʥʢʮʠʠ ʧʨʦʢʩʠ-ʩʝʨʚʝʨʘ ʠ ʰʠʬʨʦʚʘʥʠʷ 

ʧʝʨʝʜʘʚʘʝʤʳʭ ʤʝʞʜʫ ʩʝʪʷʤʠ ʜʘʥʥʳʭ. 

ʌʫʥʢʮʠʦʥʘʣʴʥʦʝ ʠ ʥʘʛʨʫʟʦʯʥʦʝ ʪʝʩʪʠʨʦʚʘʥʠʝ ʩʨʝʜʩʪʚ ʩʝʪʝʚʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ ʠʤʝʝʪ 

ʩʚʦʶ ʩʧʝʮʠʬʠʢʫ, ʟʘʪʨʫʜʥʷʶʱʫʶ ʘʚʪʦʤʘʪʠʟʘʮʠʶ ʪʝʩʪʦʚ. ɺ ʭʦʜʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʩʫʱʝʩʪʚʫʶʱʠʭ 

ʥʘ ʜʘʥʥʳʡ ʤʦʤʝʥʪ ʤʝʪʦʜʠʢ ʠ ʩʨʝʜʩʪʚ ʪʝʩʪʠʨʦʚʘʥʠʷ ʤʝʞʩʝʪʝʚʳʭ ʵʢʨʘʥʦʚ, ʩʠʩʪʝʤ 

ʦʙʥʘʨʫʞʝʥʠʷ/ʧʨʝʜʦʪʚʨʘʱʝʥʠʷ ʚʪʦʨʞʝʥʠʡ ʠ ʩʠʩʪʝʤ ʧʦʩʪʨʦʝʥʠʷ ʟʘʱʠʱʝʥʥʳʭ ʚʠʨʪʫʘʣʴʥʳʭ 

ʩʝʪʝʡ ʙʳʣʠ ʚʳʷʚʣʝʥʳ ʥʠʞʝʧʝʨʝʯʠʩʣʝʥʥʳʝ ʩʣʦʞʥʦʩʪʠ. 
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ɺʦ-ʧʝʨʚʳʭ, ʜʣʷ ʧʨʦʚʝʨʢʠ ʚʩʝʭ ʬʫʥʢʮʠʡ ʪʝʩʪʠʨʫʝʤʦʛʦ ʇʆ ʠʥʞʝʥʝʨʫ-ʪʝʩʪʠʨʦʚʱʠʢʫ 

ʥʝʦʙʭʦʜʠʤʦ ʩʤʦʜʝʣʠʨʦʚʘʪʴ ʢʦʤʧʴʶʪʝʨʥʫʶ ʩʝʪʴ, ʚʢʣʶʯʘʶʱʫʶ ʜʘʥʥʦʝ ʧʨʦʛʨʘʤʤʥʦʝ ʩʨʝʜʩʪʚʦ 

ʠʣʠ ʚʩʝ ʢʦʤʧʦʥʝʥʪʳ ʧʨʦʛʨʘʤʤʥʦʛʦ ʢʦʤʧʣʝʢʩʘ. ɺ ʩʣʫʯʘʝ ʧʨʦʚʝʨʢʠ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ 

ʚʦʟʤʦʞʥʦʩʪʝʡ ʧʨʦʛʨʘʤʤʥʦʛʦ ʩʨʝʜʩʪʚʘ ʩʪʝʥʜ ʚʦʟʤʦʞʥʦ ʨʝʘʣʠʟʦʚʘʪʴ ʩʨʝʜʩʪʚʘʤʠ ʚʠʨʪʫʘʣʠʟʘʮʠʠ 

(ʚʠʨʪʫʘʣʴʥʳʝ ʩʝʨʚʝʨʘ VMWare, VirtualBox, KVM), ʦʜʥʘʢʦ ʜʣʷ ʥʘʛʨʫʟʦʯʥʦʛʦ ʪʝʩʪʠʨʦʚʘʥʠʷ ʠʣʠ 

ʧʨʠ ʪʝʩʪʠʨʦʚʘʥʠʠ ʧʨʦʛʨʘʤʤʥʦ-ʘʧʧʘʨʘʪʥʳʭ ʩʨʝʜʩʪʚ ʫʞʝ ʪʨʝʙʫʝʪʩʷ ʩʪʝʥʜ ʠʟ ʬʠʟʠʯʝʩʢʠʭ 

ʢʦʤʧʴʶʪʝʨʦʚ, ʦʙʲʝʜʠʥʝʥʥʳʭ ʚ ʬʠʟʠʯʝʩʢʫʶ ʩʝʪʴ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʜʦʧʦʣʥʠʪʝʣʴʥʳʤ 

ʤʘʪʝʨʠʘʣʴʥʳʤ ʠ ʪʨʫʜʦʚʳʤ ʟʘʪʨʘʪʘʤ ʠ ʨʫʯʥʳʤ ʦʧʝʨʘʮʠʷʤ.   

ɺʦ-ʚʪʦʨʳʭ, ʥʘ ʪʝʩʪʠʨʦʚʘʥʠʝ ʩʨʝʜʩʪʚ ʩʝʪʝʚʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ ʚ ʧʨʦʮʝʩʩʝ ʠʭ ʨʘʟʨʘʙʦʪʢʠ 

ʚʣʠʷʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʩʝʨʪʠʬʠʢʘʮʠʠ ʛʦʪʦʚʦʛʦ ʧʨʦʜʫʢʪʘ ʨʝʛʫʣʷʪʦʨʘʤʠ ʚ ʩʬʝʨʝ ʦʙʝʩʧʝʯʝʥʠʷ 

ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ. ɼʘʥʥʳʝ ʦʨʛʘʥʠʟʘʮʠʠ ʧʨʝʜʲʷʚʣʷʶʪ ʩʧʝʮʠʘʣʴʥʳʝ ʪʨʝʙʦʚʘʥʠʷ ʢ 

ʩʨʝʜʩʪʚʘʤ ʩʝʪʝʚʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ ʠ ʫʩʧʝʰʥʦʩʪʠ ʠʭ ʪʝʩʪʠʨʦʚʘʥʠʷ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʥʘʟʥʘʯʝʥʠʷ 

ʠ ʧʨʝʜʧʦʣʘʛʘʝʤʦʛʦ ʢʣʘʩʩʘ ʟʘʱʠʪʳ ʩʝʨʪʠʬʠʮʠʨʫʝʤʦʛʦ ʩʨʝʜʩʪʚʘ.  

ʅʘʧʨʠʤʝʨ, ʨʘʩʩʤʦʪʨʠʤ ʥʝʢʦʪʦʨʳʝ ʨʘʟʜʝʣʳ ʧʨʦʬʠʣʷ ʟʘʱʠʪʳ ʌʉʊʕʂ çʉʨʝʜʩʪʚʘ 

ʧʦʩʪʨʦʝʥʠʷ ʚʠʨʪʫʘʣʴʥʳʭ ʯʘʩʪʥʳʭ ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ ʩʝʪʝʡ. ɿʘʱʠʪʘ ʦʪ ʥʝʩʘʥʢʮʠʦʥʠʨʦʚʘʥʥʦʛʦ 

ʜʦʩʪʫʧʘ ʢ ʠʥʬʦʨʤʘʮʠʠè, ʢʦʪʦʨʳʡ ʦʧʨʝʜʝʣʷʝʪ ʪʨʝʙʦʚʘʥʠʷ ʧʦ ʟʘʱʠʪʝ ʠʥʬʦʨʤʘʮʠʠ, 

ʧʨʝʜʲʷʚʣʷʝʤʳʝ ʢ ʧʨʦʜʫʢʪʘʤ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ, ʧʨʝʜʥʘʟʥʘʯʝʥʥʳʤ ʜʣʷ ʧʦʩʪʨʦʝʥʠʷ 

ʚʠʨʪʫʘʣʴʥʳʭ ʯʘʩʪʥʳʭ ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ ʩʝʪʝʡ. ʈʘʟʜʝʣ ʪʨʝʙʦʚʘʥʠʡ ʢ ʪʝʩʪʠʨʦʚʘʥʠʶ ʧʦʜʨʦʙʥʦ 

ʦʧʨʝʜʝʣʷʝʪ ʪʨʝʙʫʝʤʦʝ ʢʘʯʝʩʪʚʦ ʪʝʩʪʠʨʦʚʘʥʠʷ, ʪʨʝʙʫʝʪ ʦʙʝʩʧʝʯʠʚʘʪʴ ʧʦʢʨʳʪʠʝ ʪʝʩʪʘʤʠ ʚʩʝʭ 

ʪʨʝʙʦʚʘʥʠʡ ʵʪʦʛʦ ʞʝ ʧʨʦʬʠʣʷ ʟʘʱʠʪʳ ʢ ʬʫʥʢʮʠʦʥʘʣʴʥʳʤ ʚʦʟʤʦʞʥʦʩʪʷʤ ʨʘʟʨʘʙʘʪʳʚʘʝʤʦʛʦ 

ʩʨʝʜʩʪʚʘ, ʚʦʟʣʘʛʘʝʪ ʦʙʷʟʘʥʥʦʩʪʴ ʨʘʟʨʘʙʘʪʳʚʘʪʴ ʜʦʢʫʤʝʥʪʘʮʠʶ ʢʘʩʘʝʤʦ ʪʝʩʪʠʨʦʚʘʥʠʷ 

(ʧʨʦʛʨʘʤʤʫ ʠ ʤʝʪʦʜʠʢʫ ʠʩʧʳʪʘʥʠʡ, ʘʥʘʣʠʟ ʧʦʢʨʳʪʠʷ ʪʝʩʪʘʤʠ ʠ ʧʨ.) ʥʘ ʢʦʤʘʥʜʫ ʨʘʟʨʘʙʦʪʯʠʢʘ, 

ʢʨʦʤʝ ʪʦʛʦ, ʪʨʝʙʫʝʪ ʧʨʝʜʦʩʪʘʚʠʪʴ ʜʘʥʥʫʶ ʜʦʢʫʤʝʥʪʘʮʠʶ ʠ ʩʪʝʥʜ ʠʣʠ ʠʥʩʪʨʫʢʮʠʶ ʧʦ ʝʛʦ 

ʩʦʟʜʘʥʠʶ ʥʝʟʘʚʠʩʠʤʦʤʫ ʦʮʝʥʱʠʢʫ ʜʣʷ ʵʢʩʧʝʨʪʠʟʳ. ʈʘʟʜʝʣ ʪʨʝʙʦʚʘʥʠʡ ʢ ʘʥʘʣʠʟʫ ʫʷʟʚʠʤʦʩʪʠ 

ʜʦʧʦʣʥʷʝʪ ʪʝʩʪʠʨʦʚʘʥʠʝ ʇʆ ʠʣʠ ʇɸʂ ʦʙʷʟʘʪʝʣʴʥʳʤʠ ʧʨʦʚʝʨʢʘʤʠ ʧʨʦʥʠʢʥʦʚʝʥʠʷ ʠ 

ʜʦʢʫʤʝʥʪʠʨʦʚʘʥʠʝʤ ʚʩʝʭ ʥʘʡʜʝʥʥʳʭ ʫʷʟʚʠʤʦʩʪʝʡ.  

ɺ-ʪʨʝʪʴʠʭ, ʜʣʷ ʢʘʞʜʦʛʦ ʪʠʧʘ ʩʨʝʜʩʪʚ ʩʝʪʝʚʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ ʪʨʝʙʫʝʪʩʷ ʨʘʟʨʘʙʦʪʢʘ 

ʤʝʪʦʜʠʢʠ ʪʝʩʪʠʨʦʚʘʥʠʷ, ʫʯʠʪʳʚʘʶʱʝʡ ʬʫʥʢʮʠʦʥʘʣʴʥʳʝ ʦʩʦʙʝʥʥʦʩʪʠ ʜʘʥʥʦʛʦ ʩʨʝʜʩʪʚʘ. 

ʅʘʧʨʠʤʝʨ, ʚʩʣʝʜʩʪʚʠʝ ʦʪʩʫʪʩʪʚʠʷ ʤʝʪʦʜʦʣʦʛʠʠ, ʥʘʮʝʣʝʥʥʦʡ ʥʘ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʦʝ 

ʪʝʩʪʠʨʦʚʘʥʠʝ ʤʝʞʩʝʪʝʚʳʭ ʵʢʨʘʥʦʚ (ʄʕ), ʜʣʷ ʦʮʝʥʢʠ ʢʘʯʝʩʪʚʘ ʄʕ ʧʨʠʭʦʜʠʪʩʷ ʧʦʣʴʟʦʚʘʪʴʩʷ 

ʙʦʣʝʝ ʦʙʱʠʤʠ ʤʝʪʦʜʠʢʘʤʠ, ʘʜʘʧʪʠʨʫʷ ʠ ʢʦʤʙʠʥʠʨʫʷ ʜʚʘ ʪʠʧʘ: ʤʝʪʦʜʠʢʠ ʪʝʩʪʠʨʦʚʘʥʠʷ 

ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ ʦʨʛʘʥʠʟʘʮʠʠ ʠ ʤʝʪʦʜʠʢʠ ʧʨʦʚʝʜʝʥʠʷ ʪʝʩʪʦʚ ʥʘ 

ʧʨʦʥʠʢʥʦʚʝʥʠʝ. ɼʨʫʛʦʡ ʧʨʠʤʝʨ: ʥʘʛʨʫʟʦʯʥʦʝ ʪʝʩʪʠʨʦʚʘʥʠʝ VPN-ʘʛʝʥʪʦʚ ʜʦʣʞʥʦ ʚʢʣʶʯʘʪʴ 

ʪʝʩʪʠʨʦʚʘʥʠʝ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʨʝʘʣʠʟʦʚʘʥʥʳʭ ʚ ʧʨʦʛʨʘʤʤʝ ʢʨʠʧʪʦʘʣʛʦʨʠʪʤʦʚ: ʥʝʩʤʦʪʨʷ 

ʥʘ ʦʙʱʠʝ ʩʪʘʥʜʘʨʪʳ ʘʣʛʦʨʠʪʤʦʚ, ʠʭ ʧʨʦʛʨʘʤʤʥʘʷ ʨʝʘʣʠʟʘʮʠʷ ʫ ʨʘʟʥʳʭ ʨʘʟʨʘʙʦʪʯʠʢʦʚ 

ʨʘʟʣʠʯʘʝʪʩʷ ʠ ʜʘʝʪ ʨʘʟʣʠʯʥʳʝ ʧʦʪʝʨʠ ʩʢʦʨʦʩʪʠ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ ʧʦ ʩʝʪʠ. ʉʢʦʨʦʩʪʴ 

ʰʠʬʨʦʚʘʥʠʷ-ʜʝʰʠʬʨʦʚʘʥʠʷ ʪʨʘʬʠʢʘ ʷʚʣʷʝʪʩʷ ʚʘʞʥʳʤ ʧʘʨʘʤʝʪʨʦʤ ʚʩʝʛʦ ʧʨʦʛʨʘʤʤʥʦʛʦ 

ʩʨʝʜʩʪʚʘ ʠ ʢʦʥʢʫʨʝʥʪʥʳʤ ʧʨʝʠʤʫʱʝʩʪʚʦʤ ʧʨʠ ʩʨʘʚʥʝʥʠʠ ʇʆ ʨʘʟʥʳʭ ʧʨʦʠʟʚʦʜʠʪʝʣʝʡ.  

ʇʨʠ ʵʪʦʤ ʢʘʞʜʘʷ ʢʦʤʧʘʥʠʷ-ʨʘʟʨʘʙʦʪʯʠʢ ʩʦʩʪʘʚʣʷʝʪ ʧʨʦʛʨʘʤʤʫ ʠ ʤʝʪʦʜʠʢʫ 

ʪʝʩʪʠʨʦʚʘʥʠʷ ʢ ʩʚʦʝʤʫ ʧʨʦʜʫʢʪʫ ʟʘʥʦʚʦ, ʦʧʠʨʘʷʩʴ ʥʘ ʪʨʝʙʦʚʘʥʠʷ ʨʝʛʫʣʷʪʦʨʦʚ, ʠ ʩʦʩʪʘʚʣʝʥʥʳʡ 

ʜʦʢʫʤʝʥʪ ʧʨʝʜʥʘʟʥʘʯʘʝʪʩʷ ʪʦʣʴʢʦ ʜʣʷ ʩʝʨʪʠʬʠʢʘʮʠʠ ʠ ʚʥʫʪʨʝʥʥʝʛʦ ʧʦʣʴʟʦʚʘʥʠʷ. ɺ ʦʪʢʨʳʪʦʤ 

ʞʝ ʜʦʩʪʫʧʝ ʤʦʞʥʦ ʥʘʡʪʠ ʪʦʣʴʢʦ ʥʝʧʦʣʥʳʝ ʤʝʪʦʜʠʢʠ ʧʨʦʚʝʨʢʠ, ʢʦʪʦʨʳʝ ʥʘʛʣʷʜʥʦ ʧʦʢʘʟʳʚʘʶʪ 

ʧʨʝʠʤʫʱʝʩʪʚʦ ʪʦʛʦ ʠʣʠ ʠʥʦʛʦ ʩʨʝʜʩʪʚʘ ʟʘʱʠʪʳ ʠ ʠʟʙʝʛʘʶʪ ʝʛʦ ʥʝʜʦʩʪʘʪʢʦʚ, ʧʦ ʩʫʪʠ, ʷʚʣʷʷʩʴ 

ʨʝʢʣʘʤʥʳʤ ʩʨʝʜʩʪʚʦʤ.  

ʇʦʜʚʦʜʷ ʠʪʦʛ, ʩʫʱʝʩʪʚʫʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʨʘʟʨʘʙʦʪʢʠ ʦʙʱʠʭ ʤʝʪʦʜʠʢ ʪʝʩʪʠʨʦʚʘʥʠʷ ʠ 

ʩʨʝʜʩʪʚ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʪʝʩʪʠʨʦʚʘʥʠʷ ʨʘʟʣʠʯʥʳʭ ʢʣʘʩʩʦʚ ʧʨʦʛʨʘʤʤʥʳʭ ʩʨʝʜʩʪʚ ʩʝʪʝʚʦʡ 

ʙʝʟʦʧʘʩʥʦʩʪʠ, ʢʦʪʦʨʳʝ, ʩ ʦʜʥʦʡ ʩʪʦʨʦʥʳ, ʫʯʠʪʳʚʘʶʪ ʦʩʦʙʝʥʥʦʩʪʠ ʩʝʨʪʠʬʠʢʘʮʠʠ ʚ ʈʦʩʩʠʡʩʢʦʡ 
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ʌʝʜʝʨʘʮʠʠ, ʠ ʩ ʜʨʫʛʦʡ, ʧʦʟʚʦʣʷʶʪ ʩʦʢʨʘʱʘʪʴ ʚʨʝʤʷ- ʠ ʪʨʫʜʦʟʘʪʨʘʪʳ ʙʝʟ ʧʦʪʝʨʴ ʚ ʢʘʯʝʩʪʚʝ 

ʪʝʩʪʠʨʦʚʘʥʠʷ. 
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ȶȪȯȻȭɄ IV. ȲȪȮȵȳȲȲɀȪ ȶȪȷȭ 
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ʆʙʰʠʨʥʘʷ ʜʦʨʦʞʥʘʷ ʩʝʪʴ ʪʨʝʙʫʝʪ ʙʦʣʴʰʠʭ ʬʠʥʘʥʩʦʚʳʭ ʟʘʪʨʘʪ ʥʘ ʝʝ ʦʙʩʣʫʞʠʚʘʥʠʝ ʠ 

ʧʦʜʜʝʨʞʘʥʠʷ ʝʝ ʚ ʧʨʠʝʤʣʝʤʦʤ ʩʦʩʪʦʷʥʠʠ. ɺ ʩʚʦʶ ʦʯʝʨʝʜʴ ʜʘʥʥʘʷ ʧʨʦʙʣʝʤʘ ʩʪʘʚʠʪ ʚʦʧʨʦʩ ʦ 

ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʧʦʩʪʦʷʥʥʦʛʦ ʤʦʥʠʪʦʨʠʥʛʘ ʩʦʩʪʦʷʥʠʷ ʜʦʨʦʞʥʦʛʦ ʧʦʣʦʪʥʘ ʥʘ ʨʘʟʣʠʯʥʳʝ 

ʜʝʬʝʢʪʳ. ɸʢʪʫʘʣʴʥʦʡ ʪʝʤʦʡ ʷʚʣʷʶʪʩʷ ʠʩʩʣʝʜʦʚʘʥʠʝ ʚʦʟʤʦʞʥʦʩʪʠ ʧʨʠʤʝʥʝʥʠʷ ʤʘʰʠʥʥʦʛʦ 

ʟʨʝʥʠʷ ʜʣʷ ʜʝʪʝʢʪʠʨʦʚʘʥʠʷ ʥʘʨʫʰʝʥʠʡ ʮʝʣʦʩʪʥʦʩʪʠ ʘʩʬʘʣʴʪʘ ʚ ʚʠʜʝ ʪʨʝʱʠʥ. ʇʦʠʩʢ ʥʘ 

ʠʟʦʙʨʘʞʝʥʠʷʭ ʜʘʥʥʳʭ ʜʝʬʝʢʪʦʚ ʘʩʬʘʣʴʪʦʚʦʛʦ ʧʦʢʨʳʪʠʷ ʷʚʣʷʝʪʩʷ ʪʨʫʜʦʝʤʢʦʡ ʨʫʯʥʦʡ ʨʘʙʦʪʦʡ, 

ʚ ʩʚʷʟʠ ʩ ʵʪʠʤ ʚʦʟʨʘʩʪʘʝʪ ʘʢʪʫʘʣʴʥʦʩʪʴ ʝʝ ʘʚʪʦʤʘʪʠʟʘʮʠʠ. 

ʅʝʩʤʦʪʨʷ ʥʘ ʪʦ, ʯʪʦ ʜʘʥʥʘʷ ʪʝʤʘ ʦʯʝʥʴ ʘʢʪʫʘʣʴʥʘ, ʧʨʦʙʣʝʤʘ ʜʝʪʝʢʪʠʨʦʚʘʥʠʷ ʜʝʬʝʢʪʦʚ ʩ 

ʧʦʤʦʱʴʶ ʤʘʰʠʥʥʦʛʦ ʟʨʝʥʠʷ ʠʤʝʝʪ ʤʥʦʞʝʩʪʚʦ ʧʨʝʧʷʪʩʪʚʠʡ ʜʣʷ ʩʚʦʝʛʦ ʨʝʰʝʥʠʷ. 

ʂʘʞʜʳʡ ʪʠʧ ʜʝʬʝʢʪʘ ʠʣʠ ʪʨʝʱʠʥʳ ʘʩʬʘʣʴʪʦʚʦʛʦ ʧʦʢʨʳʪʠʷ ʤʦʞʝʪ ʦʯʝʥʴ ʨʘʟʣʠʯʘʪʴʩʷ ʧʦ 

ʬʦʨʤʝ, ʨʘʟʤʝʨʫ, ʮʚʝʪʫ ʠʣʠ ʦʨʠʝʥʪʘʮʠʠ. ʈʘʟʣʠʯʥʳʝ ʪʝʢʩʪʫʨʳ ʜʦʨʦʞʥʦʛʦ ʧʦʢʨʳʪʠʷ, ʚʝʜʫʪ ʢ 

ʟʥʘʯʠʪʝʣʴʥʦʤʫ ʠʟʤʝʥʝʥʠʶ ʬʦʥʘ ʥʘ ʠʟʦʙʨʘʞʝʥʠʷʭ. ʉʣʫʯʘʡʥʳʡ ʬʦʥ ʩ ʥʘʣʠʯʠʝʤ ʚʳʙʦʠʥ, 

ʤʘʩʣʷʥʳʭ ʧʷʪʝʥ, ʤʦʢʨʳʭ ʫʯʘʩʪʢʦʚ, ʘ ʪʘʢʞʝ ʚʨʝʤʷ ʩʲʝʤʢʠ ʩ ʙʦʣʴʰʠʤ ʢʦʣʠʯʝʩʪʚʦʤ ʰʫʤʘ 

ʜʝʣʘʶʪ ʜʝʪʝʢʪʠʨʦʚʘʥʠʝ ʯʨʝʟʚʳʯʘʡʥʦ ʩʣʦʞʥʦʡ ʟʘʜʘʯʝʡ. 

ɼʣʷ ʨʝʰʝʥʠʷ ʜʘʥʥʦʡ ʧʨʦʙʣʝʤʳ ʙʳʣʦ ʨʘʟʨʘʙʦʪʘʥʦ ʨʘʟʣʠʯʥʳʭ ʤʝʪʦʜʠʢ.  

ʅʘʠʙʦʣʝʝ ʘʢʪʫʘʣʴʥʳʤ ʠ ʤʦʱʥʳʤ ʩʨʝʜʩʪʚʦʤ ʷʚʣʷʶʪʩʷ ʥʝʡʨʦʥʥʳʝ ʩʝʪʠ, ʚ ʜʘʥʥʦʤ 

ʠʩʩʣʝʜʦʚʘʥʠʠ ʠʩʧʦʣʴʟʦʚʘʣʦʩʴ ʜʚʝ ʥʝʡʨʦʥʥʦʡ ʩʝʪʠ VGG-NET, ʘ ʪʘʢʞʝ 3ʭ-ʩʣʦʡʥʘʷ ʥʝʡʨʦʥʥʘʷ 

ʩʝʪʴ ʩ ʧʨʝʜʦʙʨʘʙʦʪʢʦʡ ʠʟʦʙʨʘʞʝʥʠʷ ʤʝʪʦʜʦʤ LBP (ʣʦʢʘʣʴʥʳʡ ʙʠʥʘʨʥʳʡ ʰʘʙʣʦʥ).  

VGG-NET ï ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʩʚʝʨʪʦʯʥʫʶ ʥʝʡʨʦʥʥʫʶ ʩʝʪʴ ʩʦʜʝʨʞʘʚʰʫʶ 4 

ʩʚʝʨʪʦʯʥʳʭ ʩʣʦʷ ʧʨʠ ʵʪʦʤ ʰʘʛ ʩʚʝʨʢʠ ʩʦʩʪʘʚʣʷʣ 3x3, ʯʪʦ ʜʦʣʞʥʦ ʧʦʟʚʦʣʠʪʴ ʟʘʭʚʘʪʠʪʴ ʤʝʣʢʠʝ 

ʜʝʪʘʣʠ ʠʟʦʙʨʘʞʝʥʠʷ, 2 ʩʣʦʷ ʤʘʢʩïʧʫʣʠʥʛʘ, ʘ ʪʘʢʞʝ 3ʭ-ʩʣʦʡʥʫʶ ʩʝʪʴ ʧʨʷʤʦʛʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ 

ʠʤʝʶʱʠʭ ʜʚʘ ʚʳʭʦʜʥʳʭ ʥʝʡʨʦʥʘ ʦʧʨʝʜʝʣʷʶʱʠʝ ʚʝʨʥʦʩʪʴ ʜʝʪʝʢʪʠʨʦʚʘʥʠʷ. ɼʣʷ ʦʙʫʯʝʥʠʷ 

ʜʘʥʥʦʛʦ ʤʝʪʦʜʘ ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʥʝʩʢʦʣʴʢʦ ʜʘʪʘʩʝʪʦʚ [1]: 

1. ʀʩʧʦʣʴʟʦʚʘʣʘʩʴ ʙʘʟʘ ʜʘʥʥʳʭ CFD ʩʦʜʝʨʞʘʱʘʷ 118 ʠʟʦʙʨʘʞʝʥʠʡ RGB ʩ ʨʘʟʨʝʰʝʥʠʝʤ 

320 Ĭ 480 ʧʠʢʩʝʣʝʡ. 

2. ɹʘʟʘ ʜʘʥʥʳʭ AigleRN ʩʦʜʝʨʞʘʱʘʷ ʠʟʦʙʨʘʞʝʥʠʷ ʨʘʟʣʠʯʥʦʛʦ ʨʘʟʨʝʰʝʥʠʷ, ʠʤʝʶʱʝʛʦ 

ʙʦʣʝʝ ʪʝʤʥʫʶ ʪʝʢʩʪʫʨʫ. 

 

ɼʣʷ ʩʨʘʚʥʝʥʠʷ ʙʳʣʘ ʧʨʠʤʝʥʝʥʘ 3ʭ-ʩʣʦʡʥʘʷ ʥʝʡʨʦʥʥʘʷ ʩʝʪʴ 100 ʩʢʨʳʪʳʤʠ ʥʝʡʨʦʥʘʤʠ ʠ 

2 ʚʳʭʦʜʥʳʤʠ ʥʝʡʨʦʥʘʤʠ, ʚʳʧʦʣʥʷʶʱʠʤʠ ʘʥʘʣʦʛʠʯʥʫʶ ʨʦʣʴ ʢʘʢ VGG-NET, ʜʣʷ 
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ʧʨʝʜʦʙʨʘʙʦʪʢʠ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʣʦʢʘʣʴʥʳʡ ʙʠʥʘʨʥʳʝ ʰʘʙʣʦʥʳ (LBP) ʧʨʠʤʝʥʷʶʱʠʝ ʜʣʷ 

ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʨʘʟʣʠʯʥʳʭ ʪʝʢʩʪʫʨ. ʇʨʝʜʧʦʣʘʛʘʣʦʩʴ, ʯʪʦ ʵʪʦ ʧʦʟʚʦʣʠʪ ʥʝʡʨʦʥʥʦʡ ʩʝʪʠ 

ʨʘʩʧʦʟʥʘʚʘʪʴ ʬʘʢʪʫʨʫ ʘʩʬʘʣʴʪʘ. ʆʙʫʯʝʥʠʝ ʧʨʦʠʩʭʦʜʠʣʦ ʥʘ ʙʘʟʝ ʜʚʫʭ ʥʘʙʦʨʦʚ ʜʘʥʥʳʭ CFD ʠ 

AigleRN ʢʦʣʠʯʝʩʪʚʝ 7153 ʧʨʠʤʝʨʦʚ. 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʨʦʚʝʜʝʥʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʥʝʩʢʦʣʴʢʦ ʚʳʚʦʜʦʚ: 

1. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʩʚʝʨʪʦʯʥʳʭ ʥʝʡʨʦʥʥʳʭ ʩʝʪʝʡ ʧʦʟʚʦʣʷʝʪ ʦʩʫʱʝʩʪʚʣʷʪʴ 

ʜʝʪʝʢʪʠʨʦʚʘʥʠʝ ʪʨʝʱʠʥʳ ʚ ʘʩʬʘʣʴʪʦʚʦʤ ʧʦʢʨʳʪʠʠ, ʧʨʠ ʵʪʦʤ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ ʧʘʜʘʝʪ 

ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ ʰʫʤʘ ʠ ʩʤʝʥʝ ʦʩʚʝʱʝʥʥʦʩʪʠ. 

2. ʀʩʧʦʣʴʟʦʚʘʥʠʝ LBP ʠ 3ʭ-ʩʣʦʡʥʦʡ ʥʝʡʨʦʥʥʦʡ ʩʝʪʠ, ʧʦʟʚʦʣʷʝʪ ʜʝʪʝʢʪʠʨʦʚʘʪʴ 

ʧʦʚʨʝʞʜʝʥʠʷ ʜʦʨʦʞʥʦʛʦ ʧʦʢʨʳʪʠʷ, ʥʦ ʩ ʙʦʣʴʰʝʡ ʦʰʠʙʢʦʡ ʧʨʠ ʥʘʭʦʞʜʝʥʠʠ ʜʝʬʝʢʪʦʚ, 

ʯʝʤ ʩʚʝʨʪʦʯʥʘʷ ʥʝʡʨʦʥʥʘʷ ʩʝʪʴ. 

 

ɺ ʜʘʣʴʥʝʡʰʝʤ ʪʨʝʙʫʝʪʩʷ ʠʩʩʣʝʜʦʚʘʥʠʝ ʚʦʟʤʦʞʥʦʩʪʠ, ʧʨʠʤʝʥʝʥʠʷ ʜʨʫʛʠʭ ʤʝʪʦʜʠʢ ʜʣʷ 

ʫʣʫʯʰʝʥʠʷ ʜʝʪʝʢʪʠʨʦʚʘʥʠʷ, ʧʨʝʜʧʦʣʘʛʘʝʪʩʷ ʠʩʧʨʦʙʦʚʘʪʴ ʠʩʧʦʣʴʟʦʚʘʪʴ ʤʝʪʦʜʦʣʦʛʠʠ 

ʘʥʘʣʦʛʠʯʥʳʝ YOLO, ʘ ʜʣʷ ʪʨʝʭʩʣʦʡʥʦʡ ʥʝʡʨʦʩʝʪʠ ʚʦʟʤʦʞʥʦ ʦʙʲʝʜʠʥʝʥʠʝ HOG ʠ LBP, ʜʣʷ 

ʫʣʫʯʰʝʥʠʷ ʦʙʥʘʨʫʞʝʥʠʷ ʪʝʢʩʪʫʨʳ ʧʦʚʝʨʭʥʦʩʪʠ. 
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ɸʚʪʦʨʦʤ ʦʧʠʩʳʚʘʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʪʝʭʥʦʣʦʛʠʡ ʤʘʰʠʥʥʦʛʦ ʦʙʫʯʝʥʠʷ ʜʣʷ 

ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʠ ʨʘʩʧʦʟʥʘʚʘʥʠʷ ʜʝʢʦʨʘʪʠʚʥʳʭ ʠ ʢʦʥʩʪʨʫʢʪʠʚʥʳʭ ʵʣʝʤʝʥʪʦʚ ʠʩʪʦʨʠʯʝʩʢʠʭ 

ʟʜʘʥʠʡ. ʇʦʣʫʯʝʥʥʳʝ ʜʘʥʥʳʝ ʧʨʝʜʧʦʣʘʛʘʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʪ ɹ ʜʣʷ ʬʦʨʤʠʨʦʚʘʥʠʷ ʧʨʝʜʤʝʪʘ 

ʦʭʨʘʥʳ, ʘʢʪʘ ʪʝʭʥʠʯʝʩʢʦʛʦ ʩʦʩʪʦʷʥʠʷ ʠ ʜʨʫʛʠʭ ʜʦʢʫʤʝʥʪʦʚ, ʦʧʠʩʳʚʘʶʱʠʭ ʠʩʪʦʨʠʯʝʩʢʦʝ 

ʟʜʘʥʠʝ. 

ʇʨʝʜʤʝʪ ʦʭʨʘʥʳ ʟʜʘʥʠʷ ï ʦʧʠʩʘʥʠʝ ʦʩʦʙʝʥʥʦʩʪʝʡ ʧʦʩʪʨʦʡʢʠ, ʷʚʣʷʶʱʠʭʩʷ 

ʦʩʥʦʚʘʥʠʷʤʠ ʜʣʷ ʚʢʣʶʯʝʥʠʷ ʝʛʦ ʚ ʨʝʝʩʪʨ ʦʙʲʝʢʪʦʚ ʢʫʣʴʪʫʨʥʦʛʦ ʥʘʩʣʝʜʠʷ, ʧʦʜʣʝʞʘʱʠʭ 

ʦʙʷʟʘʪʝʣʴʥʦʤʫ ʩʦʭʨʘʥʝʥʠʶ. 

ɼʣʷ ʩʦʩʪʘʚʣʝʥʠʷ ʧʨʝʜʤʝʪʘ ʦʭʨʘʥʳ ʧʨʠʚʣʝʢʘʶʪʩʷ ʵʢʩʧʝʨʪʳ-ʨʝʩʪʘʚʨʘʪʦʨʳ. ʏʘʩʪʦ ʠʭ 

ʟʥʘʥʠʡ ʥʝʜʦʩʪʘʪʦʯʥʦ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʜʝʢʦʨʘʪʠʚʥʳʭ ʠʣʠ ʢʦʥʩʪʨʫʢʪʠʚʥʳʭ ʵʣʝʤʝʥʪʦʚ 

ʠʩʪʦʨʠʯʝʩʢʠʭ ʧʦʩʪʨʦʝʢ. ʅʝ ʚʩʝʛʜʘ ʢʦʨʨʝʢʪʥʳʡ ʦʪʚʝʪ ʤʦʞʥʦ ʥʘʡʪʠ ʚ ʩʧʨʘʚʦʯʥʠʢʘʭ ʧʦ 

ʘʨʭʠʪʝʢʪʫʨʝ. ɺ ʪʘʢʠʭ ʩʣʫʯʘʷʭ, ʨʘʟʫʤʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʩʧʝʮʠʘʣʴʥʦʝ ʧʨʦʛʨʘʤʤʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ 

ʜʣʷ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʠ ʜʝʪʝʢʮʠʠ ʵʪʠʭ ʵʣʝʤʝʥʪʦʚ [1]. 

 

ɺʳʙʦʨ ʤʝʪʦʜʘ ʢʣʘʩʩʠʬʠʢʘʮʠʠ 

ɺ ʩʣʫʯʘʝ ʨʘʩʧʦʟʥʘʚʘʥʠʷ ʧʦ ʬʦʪʦʛʨʘʬʠʷʤ ʵʣʝʤʝʥʪʦʚ ʟʜʘʥʠʷ, ʥʘʠʙʦʣʝʝ ʧʝʨʩʧʝʢʪʠʚʥʳʤ 

ʤʝʪʦʜʦʤ ʷʚʣʷʶʪʩʷ ʩʚʝʨʪʦʯʥʳʝ ʥʝʡʨʦʥʥʳʝ ʩʝʪʠ. ʇʨʠʤʝʥʝʥʠʝ ʩʚʝʨʪʢʠ, ʧʦʟʚʦʣʷʝʪ ʫʤʝʥʴʰʠʪʴ 

ʢʦʣʠʯʝʩʪʚʦ ʭʨʘʥʠʤʦʡ ʚ ʧʘʤʷʪʠ ʠʥʬʦʨʤʘʮʠʠ (ʚʦʟʤʦʞʥʘ ʨʘʙʦʪʘ ʩ ʬʦʪʦʛʨʘʬʠʷʤʠ ʚʳʩʦʢʦʛʦ 

ʨʘʟʨʝʰʝʥʠʷ) ʠ ʚʳʜʝʣʠʪʴ ʦʧʦʨʥʳʝ ʧʨʠʟʥʘʢʠ ʠʟʦʙʨʘʞʝʥʠʷ, ʪʘʢʠʝ ʢʘʢ ʢʦʥʪʫʨʳ ʠʣʠ ʛʨʘʥʠ. 

ʉʚʝʨʪʦʯʥʳʝ ʥʝʡʨʦʩʝʪʠ ʦʙʝʩʧʝʯʠʚʘʶʪ ʫʩʪʦʡʯʠʚʦʩʪʴ ʢ ʠʟʤʝʥʝʥʠʷʤ ʤʘʩʰʪʘʙʘ, ʧʦʚʦʨʦʪʘʤ, 

ʩʤʝʱʝʥʠʷʤ, ʩʤʝʥʝ ʨʘʢʫʨʩʘ ʠ ʜʨʫʛʠʤ ʠʩʢʘʞʝʥʠʷʤ [2]. 

 

ʉʪʨʫʢʪʫʨʘ ʩʚʝʨʪʦʯʥʦʡ ʥʝʡʨʦʥʥʦʡ ʩʝʪʠ 

1. ɺʭʦʜʥʦʡ ʩʣʦʡ. 

ɺʭʦʜʥʳʝ ʜʘʥʥʳʝ: ʠʟʦʙʨʘʞʝʥʠʷ ʬʦʨʤʘʪʘ JPEG ʠʣʠ PNG, 150ʭ150 ʧʠʢʩʝʣʝʡ. ɼʘʥʥʳʡ 

ʨʘʟʤʝʨ ʜʦʩʪʘʪʦʯʝʥ, ʯʪʦʙʳ ʚʳʷʚʠʪʴ ʢʣʶʯʝʚʳʝ ʧʨʠʟʥʘʢʠ ʠʟʦʙʨʘʞʝʥʠʷ, ʧʨʠ ʵʪʦʤ ʩʣʦʞʥʦʩʪʴ 

ʚʳʯʠʩʣʝʥʠʡ, ʫʤʝʨʝʥʥʘʷ [3]. ɺʭʦʜʥʳʝ ʜʘʥʥʳʝ ʢʘʞʜʦʛʦ ʢʦʥʢʨʝʪʥʦʛʦ ʟʥʘʯʝʥʠʷ ʧʠʢʩʝʣʷ 

ʥʦʨʤʘʣʠʟʫʶʪʩʷ ʚ ʜʠʘʧʘʟʦʥ ʦʪ 0 ʜʦ 1. 

2. ʉʣʦʡ ʩʚʝʨʪʢʠ 1-3 (ʨʘʟʤʝʨ ʷʜʨʘ 3ʭ3, ʬʫʥʢʮʠʷ ʘʢʪʠʚʘʮʠʠ ReLU). 

ʉʣʦʡ ʩʦʩʪʦʠʪ ʠʟ 32 ʢʘʨʪ ʧʨʠʟʥʘʢʦʚ. ʉ ʪʘʢʠʤ ʢʦʣʠʯʝʩʪʚʦʤ ʢʘʨʪ ʜʦʩʪʠʛʘʝʪʩʷ ʙʘʣʘʥʩ 

ʤʝʞʜʫ ʢʘʯʝʩʪʚʦʤ ʨʘʩʧʦʟʥʘʚʘʥʠʷ ʠ ʩʣʦʞʥʦʩʪʴʶ ʚʳʯʠʩʣʝʥʠʡ. ʋ ʢʘʞʜʦʡ ʢʘʨʪʳ ʠʤʝʝʪʩʷ 

ʩʠʥʦʧʪʠʯʝʩʢʦʝ ʷʜʨʦ (ʦʢʥʦ), ʩʢʦʣʴʟʷʱʝʝ ʧʦ ʚʩʝʡ ʦʙʣʘʩʪʠ ʢʘʨʪʳ ʠ ʥʘʭʦʜʷʱʝʝ ʦʧʨʝʜʝʣʝʥʥʳʝ 

ʧʨʠʟʥʘʢʠ ʦʙʲʝʢʪʦʚ. 
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ʊʨʠ ʩʚʝʨʪʦʯʥʳʭ ʠ ʪʨʠ ʩʣʦʷ ʧʦʜʚʳʙʦʨʢʠ ʯʝʨʝʜʫʶʪʩʷ ʤʝʞʜʫ ʩʦʙʦʡ, ʬʦʨʤʠʨʫʷ ʚʭʦʜʥʦʡ 

ʚʝʢʪʦʨ ʧʨʠʟʥʘʢʦʚ ʜʣʷ ʧʦʣʥʦʩʚʷʟʥʦʛʦ ʧʝʨʩʝʧʪʨʦʥʘ. 

3. ʉʣʦʡ ʧʦʜʚʳʙʦʨʢʠ 1-3 (ʨʘʟʤʝʨ ʷʜʨʘ 2ʭ2). 

ʆʧʝʨʘʮʠʷ ʧʦʜʚʳʙʦʨʢʠ ʫʤʝʥʴʰʘʝʪ ʨʘʟʤʝʨʥʦʩʪʴ ʢʘʨʪ ʧʨʝʜʳʜʫʱʝʛʦ ʩʣʦʷ, ʜʝʣʘʷ 

ʠʟʦʙʨʘʞʝʥʠʝ ʤʝʥʝʝ ʧʦʜʨʦʙʥʳʤ ʠ ʦʙʝʩʧʝʯʠʚʘʷ ʬʠʣʴʪʨʘʮʠʶ ʥʝʥʫʞʥʳʭ ʜʝʪʘʣʝʡ [4]. 

4. ʉʣʦʡ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʠʟ ʜʚʫʤʝʨʥʦʛʦ ʚ ʦʜʥʦʤʝʨʥʦʝ ʧʨʝʜʩʪʘʚʣʝʥʠʝ. 

5. ʇʦʣʥʦʩʚʷʟʥʳʡ ʩʣʦʡ (64 ʥʝʡʨʦʥʘ, ʬʫʥʢʮʠʷ ʘʢʪʠʚʘʮʠʠ ReLU). 

ʄʥʦʛʦʩʣʦʡʥʳʡ ʧʝʨʩʝʧʪʨʦʥ. ʇʨʦʠʟʚʦʜʠʪ ʢʣʘʩʩʠʬʠʢʘʮʠʶ, ʤʦʜʝʣʠʨʫʝʪ ʩʣʦʞʥʫʶ 

ʥʝʣʠʥʝʡʥʫʶ ʬʫʥʢʮʠʶ, ʦʧʪʠʤʠʟʠʨʫʷ ʢʦʪʦʨʫʶ, ʫʣʫʯʰʘʝʪʩʷ ʢʘʯʝʩʪʚʦ ʨʘʩʧʦʟʥʘʚʘʥʠʷ. 

6. ʉʣʦʡ Dropout. 

7. ɺʳʭʦʜʥʦʡ ʩʣʦʡ (ʜʚʘ ʥʝʡʨʦʥʘ, ʬʫʥʢʮʠʷ ʘʢʪʠʚʘʮʠʠ Sigmoid). 

ʂʦʣʠʯʝʩʪʚʦ ʥʝʡʨʦʥʦʚ ʚʳʭʦʜʥʦʛʦ ʩʣʦʷ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʢʦʣʠʯʝʩʪʚʫ ʢʣʘʩʩʦʚ. 

 

 ʀʩʧʦʣʴʟʫʝʤʳʝ ʠʥʩʪʨʫʤʝʥʪʳ  

Python ï ʚʳʩʦʢʦʫʨʦʚʥʝʚʳʡ ʷʟʳʢ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ, ʭʦʨʦʰʦ ʧʦʜʭʦʜʷʱʠʡ ʜʣʷ ʟʘʜʘʯ 

ʤʘʰʠʥʥʦʛʦ ʦʙʫʯʝʥʠʷ, ʙʣʘʛʦʜʘʨʷ ʦʪʣʠʯʥʦʡ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʧʨʠ ʦʙʨʘʙʦʪʢʝ ʜʘʥʥʳʭ.  

NumPy ï ʙʠʙʣʠʦʪʝʢʘ, ʧʨʝʜʦʩʪʘʚʣʷʶʱʘʷ ʬʫʥʢʮʠʠ ʜʣʷ ʩʪʘʪʠʩʪʠʯʝʩʢʠʭ ʨʘʩʯʝʪʦʚ. 

Keras ï ʙʠʙʣʠʦʪʝʢʘ ʜʣʷ Python, ʧʦʟʚʦʣʷʶʱʘʷ ʩʦʟʜʘʚʘʪʴ ʥʝʡʨʦʥʥʳʝ ʩʝʪʠ ʩ ʦʪʢʨʳʪʳʤ 

ʠʩʭʦʜʥʳʤ ʢʦʜʦʤ, ʩʦʚʤʝʩʪʠʤʘ ʩ TensorFlow ʠ Theano. 

TensorFlow ï ʧʨʝʜʩʪʘʚʣʷʝʪ ʚʳʯʠʩʣʝʥʠʷ ʚ ʚʠʜʝ ʛʨʘʬʦʚ ʧʦʪʦʢʦʚ ʜʘʥʥʳʭ, 

ʦʪʩʣʝʞʠʚʘʶʱʠʭ ʩʚʦʝ ʩʦʩʪʦʷʥʠʝ. ɺʝʨʰʠʥʳ ʛʨʘʬʘ ʧʨʝʜʩʪʘʚʣʷʶʪ ʦʧʝʨʘʮʠʠ, ʘ ʨʝʙʨʘ ï 

ʪʝʥʟʦʨʳ (ʤʥʦʛʦʤʝʨʥʳʝ ʤʘʩʩʠʚʳ) [5].  

 

ɼʘʥʥʳʝ ʜʣʷ ʦʙʫʯʝʥʠʷ 

ɼʣʷ ʦʙʫʯʝʥʠʷ ʠʩʧʦʣʴʟʫʶʪʩʷ ʜʘʥʥʳʝ, ʨʘʟʙʠʪʳʝ ʥʘ ʜʚʘ ʢʣʘʩʩʘ ʠʟʦʙʨʘʞʝʥʠʡ (ʜʚʘ 

ʘʨʭʠʪʝʢʪʫʨʥʳʭ ʵʣʝʤʝʥʪʘ ʟʜʘʥʠʷ). ʕʣʝʤʝʥʪʳ ʧʦʜʦʙʨʘʥʳ ʚ ʨʘʟʥʳʭ ʩʪʠʣʷʭ ʠ ʩ ʨʘʟʥʳʭ ʨʘʢʫʨʩʦʚ.  

ʌʨʦʥʪʦʥ ï ʟʘʚʝʨʰʝʥʠʝ (ʦʙʳʯʥʦ ʪʨʝʫʛʦʣʴʥʦʝ) ʬʘʩʘʜʘ ʟʜʘʥʠʷ. 

ʆʢʥʦ (ʦʢʦʥʥʳʡ ʥʘʣʠʯʥʠʢ) ï ʧʨʦʝʤ, ʩʣʫʞʘʱʠʡ ʜʣʷ ʧʦʩʪʫʧʣʝʥʠʷ ʩʚʝʪʘ ʠ ʚʝʥʪʠʣʷʮʠʠ. 

ʀʟʦʙʨʘʞʝʥʠʷ ʨʘʟʜʝʣʝʥʳ ʥʘ ʪʨʠ ʚʳʙʦʨʢʠ: 200 ʪʨʝʥʠʨʦʚʦʯʥʳʭ ʠʟʦʙʨʘʞʝʥʠʡ, 100 

ʠʟʦʙʨʘʞʝʥʠʡ ʜʣʷ ʧʨʦʚʝʨʢʠ ʠ 50 ʪʝʩʪʦʚʳʭ ʠʟʦʙʨʘʞʝʥʠʡ. 

ʈʝʟʫʣʴʪʘʪʳ ʦʙʫʯʝʥʠʷ ʠ ʨʘʩʧʦʟʥʘʚʘʥʠʷ ʥʘ ʪʝʩʪʦʚʦʡ ʚʳʙʦʨʢʝ: 

ʊʝʩʪ 1.  ʈʘʟʤʝʨ ʤʠʥʠ-ʚʳʙʦʨʢʠ = 16, ʢʦʣ-ʚʦ ʵʧʦʭ ʦʙʫʯʝʥʠʷ = 10. ʈʝʟʫʣʴʪʘʪ: ʚʨʝʤʷ 

ʦʙʫʯʝʥʠʷ 4 ʤʠʥʫʪʳ, ʘʢʢʫʨʘʪʥʦʩʪʴ ʨʘʩʧʦʟʥʘʚʘʥʠʷ ʢʦʣʝʙʣʝʪʩʷ ʦʪ 85 ʜʦ 93%. 

ʊʝʩʪ 2. ʈʘʟʤʝʨ ʤʠʥʠ-ʚʳʙʦʨʢʠ = 16, ʢʦʣ-ʚʦ ʵʧʦʭ ʦʙʫʯʝʥʠʷ = 50. ʈʝʟʫʣʴʪʘʪ: ʚʨʝʤʷ 

ʦʙʫʯʝʥʠʷ 8 ʤʠʥʫʪ, ʘʢʢʫʨʘʪʥʦʩʪʴ ʨʘʩʧʦʟʥʘʚʘʥʠʷ - ʩʪʘʙʠʣʴʥʳʡ ʨʝʟʫʣʴʪʘʪ 97% [6]. 

ʊʝʩʪ 3. ʈʘʟʤʝʨ ʤʠʥʠ-ʚʳʙʦʨʢʠ = 16, ʢʦʣ-ʚʦ ʵʧʦʭ ʦʙʫʯʝʥʠʷ = 100. ʈʝʟʫʣʴʪʘʪ: ʚʨʝʤʷ 

ʦʙʫʯʝʥʠʷ 14 ʤʠʥʫʪ, ʘʢʢʫʨʘʪʥʦʩʪʴ ʨʘʩʧʦʟʥʘʚʘʥʠʷ ʪʝ ʞʝ ʩʪʘʙʠʣʴʥʳʝ 97%. 

ʅʘ ʜʘʥʥʦʡ ʚʳʙʦʨʢʝ ʥʘʠʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʦʝ ʦʙʫʯʝʥʠʝ ʤʦʜʝʣʠ ʜʦʩʪʠʛʘʝʪʩʷ ʩ ʢʦʣʠʯʝʩʪʚʦʤ 

ʵʧʦʭ 40-50. ʇʨʠ ʫʚʝʣʠʯʝʥʠʠ ʢʦʣʠʯʝʩʪʚʘ ʵʧʦʭ ʜʦ 100 ʠ ʚʳʰʝ ʚʦʟʥʠʢʘʝʪ ʵʬʬʝʢʪ ʧʝʨʝʦʙʫʯʝʥʠʷ. 

ɺ ʮʝʣʦʤ ʩʚʝʨʪʦʯʥʘʷ ʥʝʡʨʦʩʝʪʴ ʧʦʢʘʟʳʚʘʝʪ ʭʦʨʦʰʝʝ ʩʦʦʪʥʦʰʝʥʠʝ ʚʨʝʤʝʥʠ ʦʙʫʯʝʥʠʷ ʠ 

ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʚ ʢʦʥʢʨʝʪʥʦʡ ʟʘʜʘʯʝ ʨʘʩʧʦʟʥʘʥʠʷ ʵʣʝʤʝʥʪʦʚ ʟʜʘʥʠʷ. 
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ʋɼʂ 004.891.2 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʬʠʥʘʥʩʦʚʳʝ ʨʳʥʢʠ ʘʢʪʠʚʥʦ ʨʘʟʚʠʚʘʶʪʩʷ, ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʢʦʣʠʯʝʩʪʚʦ 

ʠʥʚʝʩʪʦʨʦʚ, ʨʘʩʪʝʪ ʢʦʣʠʯʝʩʪʚʦ ʢʦʤʧʘʥʠʡ ʵʤʠʪʝʥʪʦʚ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʫ ʢʘʞʜʦʛʦ ʠʥʚʝʩʪʦʨʘ 

ʧʦʚʳʰʘʝʪʩʷ ʘʢʪʫʘʣʴʥʦʩʪʴ ʧʨʝʜʩʢʘʟʘʥʠʷ ʠʟʤʝʥʝʥʠʷ ʮʝʥ ʘʢʮʠʡ ʩ ʮʝʣʴʶ ʧʦʣʫʯʝʥʠʷ ʧʨʠʙʳʣʠ. 

ɼʣʷ ʧʨʝʜʩʢʘʟʘʥʠʷ ʮʝʥ ʠʥʚʝʩʪʦʨʳ ʤʦʛʫʪ ʦʙʨʘʱʘʪʴʩʷ ʢ ʩʦʙʩʪʚʝʥʥʦʡ ʠʥʪʫʠʮʠʠ, ʠʩʧʦʣʴʟʦʚʘʪʴ 

ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʡ ʠ ʪʝʭʥʠʯʝʩʢʠʡ ʘʥʘʣʠʟ, ʢʣʘʩʩʠʯʝʩʢʠʝ ʩʪʘʪʠʩʪʠʯʝʩʢʠʝ ʤʝʪʦʜʳ. ʇʨʠ ʵʪʦʤ ʠʤ 

ʧʨʠʭʦʜʠʪʩʷ ʘʥʘʣʠʟʠʨʦʚʘʪʴ ʙʦʣʴʰʦʡ ʦʙʲʝʤ ʠʥʬʦʨʤʘʮʠʠ, ʢʦʪʦʨʳʡ ʫʞʝ ʤʦʞʥʦ ʦʪʥʝʩʪʠ ʢ 

ʙʦʣʴʰʠʤ ʜʘʥʥʳʤ. ʇʦʵʪʦʤʫ ʫ ʙʦʣʴʰʠʥʩʪʚʘ ʠʥʚʝʩʪʦʨʦʚ ʚʦʟʥʠʢʘʝʪ ʚʦʧʨʦʩ, ʢʘʢʠʤ ʦʙʨʘʟʦʤ, 

ʧʨʠʤʝʥʷʷ ʤʝʪʦʜʳ ʤʘʰʠʥʥʦʛʦ ʦʙʫʯʝʥʠʷ, ʤʦʞʥʦ ʧʨʝʜʩʢʘʟʘʪʴ ʜʚʠʞʝʥʠʝ ʘʢʮʠʡ ʚ ʢʨʘʪʢʦʩʨʦʯʥʦʡ 

ʧʝʨʩʧʝʢʪʠʚʝ. 

ɼʣʷ ʵʪʦʡ ʮʝʣʠ ʤʦʛʫʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʤʝʪʦʜʳ ʤʘʰʠʥʥʦʛʦ ʦʙʫʯʝʥʠʷ ʠ ʥʝʡʨʦʥʥʳʝ ʩʝʪʠ. 

ʆʙʱʘʷ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʜʝʡʩʪʚʠʡ ʩʣʝʜʫʶʱʘʷ: 

¶ ʇʦʣʫʯʝʥʠʝ ʜʘʥʥʳʭ. ɼʣʷ ʩʙʦʨʘ ʜʘʥʥʳʭ ʤʦʛʫʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʦʪʢʨʳʪʳʝ ʠʩʪʦʯʥʠʢʠ, 

ʥʘʧʨʠʤʝʨ, Yahoo! Finance. 

¶ ʇʨʝʜʚʘʨʠʪʝʣʴʥʘʷ ʦʙʨʘʙʦʪʢʘ ʜʘʥʥʳʭ. 

¶ ʈʘʟʨʘʙʦʪʢʘ ʠ ʚʥʝʜʨʝʥʠʝ ʤʦʜʝʣʠ. 

¶ ʊʝʩʪʠʨʦʚʘʥʠʝ ʤʦʜʝʣʠ. 

¶ ʆʧʪʠʤʠʟʘʮʠʷ ʤʦʜʝʣʠ. 

 

http://ru.datasides.com/code/cnn-convolutional-neural-networks/
http://ru.datasides.com/code/cnn-convolutional-neural-networks/
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ʂʨʠʪʝʨʠʝʤ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʤʦʜʝʣʠ ʤʦʛʫʪ ʙʳʪʴ ʩʣʝʜʫʶʱʠʝ:  

¶ ʉʨʝʜʥʷʷ ʢʚʘʜʨʘʪʠʯʝʩʢʘʷ ʦʰʠʙʢʘ ʧʨʦʛʥʦʟʘ. 

¶ ʂʚʘʜʨʘʪʥʳʡ ʢʦʨʝʥʴ ʠʟ ʩʨʝʜʥʝʡ ʢʚʘʜʨʘʪʠʯʝʩʢʦʡ ʦʰʠʙʢʠ ʧʨʦʛʥʦʟʘ. 

¶ ʉʨʝʜʥʷʷ ʘʙʩʦʣʶʪʥʘʷ ʦʰʠʙʢʘ ʧʨʦʛʥʦʟʘ ʚ ʧʨʦʮʝʥʪʘʭ. 

¶ ʉʯʝʪʥʳʡ ʢʦʵʬʬʠʮʠʝʥʪ ʜʝʪʝʨʤʠʥʘʮʠʠ ʠ ʪ.ʧ. 

 

ɺ ʥʘʫʯʥʦʡ ʣʠʪʝʨʘʪʫʨʝ ʚ ʥʘʠʙʦʣʴʰʝʡ ʩʪʝʧʝʥʠ ʨʘʟʨʘʙʦʪʘʥʳ ʘʣʛʦʨʠʪʤʳ ʤʝʪʦʜʦʚ 

ʚʨʝʤʝʥʥʳʭ ʨʷʜʦʚ. ʕʪʦ ʩʚʷʟʘʥʦ ʩ ʪʝʤ, ʯʪʦ ʠʟʫʯʝʥʠʝ ʚʨʝʤʝʥʥʳʭ ʨʷʜʦʚ ʷʚʣʷʝʪʩʷ ʦʪʥʦʩʠʪʝʣʴʥʦ 

ʜʘʚʥʝʡ ʪʝʤʦʡ ʩʪʘʪʠʩʪʠʢʠ ʠ ʵʢʦʥʦʤʝʪʨʠʠ, ʢʦʪʦʨʘʷ ʨʘʟʨʘʙʦʪʘʥʘ ʤʥʦʛʠʤʠ ʫʯʝʥʳʤʠ. 

ʀʟ ʤʝʪʦʜʦʚ ʚʨʝʤʝʥʥʳʭ ʨʷʜʦʚ ʥʘʠʣʫʯʰʠʝ ʢʘʯʝʩʪʚʦ ʧʨʦʛʥʦʟʘ ʜʝʤʦʥʩʪʨʠʨʫʶʪ ʤʝʪʦʜʳ 

ARIMA-GARCH ʠ ARIMA-TGARCH (ʩ ʵʢʟʦʛʝʥʥʳʤʠ ʬʘʢʪʦʨʘʤʠ ʠ ʙʝʟ). ʄʦʜʝʣʴ ARIMA 

ʧʨʝʜʣʦʞʝʥʘ ʚ 1970 ʛ. [3]. ʄʦʜʝʣʴ ARIMA ʧʨʝʜʧʦʣʘʛʘʝʪ, ʯʪʦ ʨʷʜ ʠʤʝʝʪ ʟʘʚʠʩʠʤʦʩʪʴ ʦʪ p 

ʩʦʙʩʪʚʝʥʥʳʭ ʣʘʛʠʨʦʚʘʥʥʳʭ ʟʥʘʯʝʥʠʡ (AR), q ʧʨʝʜʳʜʫʱʠʭ ʟʥʘʯʝʥʠʡ ʩʣʫʯʘʡʥʦʡ ʦʰʠʙʢʠ 

ʤʦʜʝʣʠ (MA), ʠ ʷʚʣʷʝʪʩʷ ʩʪʘʮʠʦʥʘʨʥʳʤ ʧʦʩʣʝ ʚʟʷʪʠʷ d ʨʘʟʥʦʩʪʝʡ (I). ʄʦʜʝʣʴ GARCH 

(ʦʙʦʙʱʝʥʠʝ ʤʦʜʝʣʝʡ ARCH) ʯʘʱʝ ʚʩʝʛʦ ʧʨʠʤʝʥʷʝʪʩʷ ʧʨʠ ʤʦʜʝʣʠʨʦʚʘʥʠʠ ʚʦʣʘʪʠʣʴʥʦʩʪʠ ʨʷʜʘ. 

ʄʦʜʝʣʴ ARIMA-GARCH ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ ʢʦʤʙʠʥʠʨʫʝʪ ʵʪʠ ʜʚʘ ʧʦʜʭʦʜʘ ARIMA ʤʦʜʝʣʠʨʫʝʪ 

ʫʩʣʦʚʥʦʝ ʩʨʝʜʥʝʝ, ʘ GARCH ï ʫʩʣʦʚʥʫʶ ʜʠʩʧʝʨʩʠʶ. ʄʦʜʝʣʴ ARIMA-GARCH ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ 

ʚ [4]. ʀʩʩʣʝʜʦʚʘʪʝʣʠ ʩʨʘʚʥʠʚʘʶʪ ʢʘʯʝʩʪʚʦ ʧʨʦʛʥʦʟʘ ʤʦʜʝʣʝʡ ARMA-GARCH, ʥʝʡʨʦʥʥʦʡ ʩʝʪʠ ʠ 

SVM, ʥʘ ʧʨʠʤʝʨʝ ʧʨʝʜʩʢʘʟʘʥʠʷ ʜʚʫʭ ʬʦʥʜʦʚʳʭ ʠʥʜʝʢʩʦʚ (NIKKEI 225 (ʗʧʦʥʠʷ) ʠ S&P500 

(ʉʐɸ)) ʠ ʜʚʫʭ ʢʫʨʩʦʚ ʚʘʣʶʪ (USD/Yen ʠ USD/GBP). ʇʦ ʠʭ ʦʮʝʥʢʝ, ʤʦʜʝʣʴ ARMA-GARCH 

ʫʩʪʫʧʠʣʘ ʥʘ ʜʚʘ ʧʦʨʷʜʢʘ ʤʝʪʦʜʘʤ ʤʘʰʠʥʥʦʛʦ ʦʙʫʯʝʥʠʷ, ʥʦ ʦʥʘ ʟʥʘʯʠʪʝʣʴʥʦ ʧʨʝʚʦʩʭʦʜʠʪ 

ʜʨʫʛʠʝ ʤʦʜʝʣʠ ʧʦ ʢʨʠʪʝʨʠʶ ï Directional Accuracy (DA), ʢʦʪʦʨʳʡ ʦʪʨʘʞʘʝʪ ʩʧʦʩʦʙʥʦʩʪʴ 

ʤʦʜʝʣʠ ʫʛʘʜʳʚʘʪʴ ʥʘʧʨʘʚʣʝʥʠʝ ʠʟʤʝʥʝʥʠʷ ʟʘʚʠʩʠʤʦʡ ʧʝʨʝʤʝʥʥʦʡ. ʇʨʠ ʵʪʦʤ ʧʦʢʘʟʘʪʝʣʴ NMSE 

(Normalized Mean Squared Error) ʧʨʘʢʪʠʯʝʩʢʠ ʨʘʚʝʥ ʫ ʚʩʝʭ ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʭ ʤʦʜʝʣʝʡ. ʊʘʢʠʤ 

ʦʙʨʘʟʦʤ, ʦʜʥʦʟʥʘʯʥʦʛʦ ʦʪʚʝʪʘ ʥʘ ʚʦʧʨʦʩ ï ʢʘʢʘʷ ʠʟ ʤʦʜʝʣʝʡ ʵʬʬʝʢʪʠʚʥʝʡ, ʥʝʪ.  

ʀʟ ʢʣʘʩʩʠʯʝʩʢʠʭ ʤʝʪʦʜʦʚ ʤʘʰʠʥʥʦʛʦ ʦʙʫʯʝʥʠʷ ʜʣʷ ʧʨʝʜʩʢʘʟʘʥʠʷ ʮʝʥ ʬʠʥʘʥʩʦʚʳʭ 

ʠʥʩʪʨʫʤʝʥʪʦʚ ʩ ʣʫʯʰʝʡ ʩʪʦʨʦʥʳ ʟʘʨʝʢʦʤʝʥʜʦʚʘʣ ʩʝʙʷ ʤʝʪʦʜ ʦʧʦʨʥʳʭ ʚʝʢʪʦʨʦʚ (SVM), ʚ 

ʯʘʩʪʥʦʩʪʠ ʝʛʦ ʤʦʜʠʬʠʢʘʮʠʷ ʜʣʷ ʨʝʛʨʝʩʩʠʦʥʥʳʭ ʟʘʜʘʯ Support Vector Regression. ɺ ʨʷʜʝ 

ʠʩʩʣʝʜʦʚʘʥʠʡ [8, 2] ʦʪʤʝʯʘʝʪʩʷ, ʯʪʦ ʜʘʥʥʳʡ ʤʝʪʦʜ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʥʝʡʨʦʥʥʳʤʠ ʩʝʪʷʤʠ 

ʦʙʣʘʜʘʝʪ ʤʝʥʴʰʠʤ ʨʠʩʢʦʤ ʧʝʨʝʦʙʫʯʝʥʠʷ, ʥʦ ʧʨʠ ʵʪʦʤ ʜʦʩʪʘʪʦʯʥʦ ʩʫʱʝʩʪʚʝʥʥʳʡ ʨʠʩʢ 

ʥʝʜʦʦʙʫʯʝʥʠʷ. ʅʦ ʧʨʠ ʵʪʦʤ ʥʝʢʦʪʦʨʳʝ ʠʩʩʣʝʜʦʚʘʪʝʣʠ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʫ SVM ʣʫʯʰʠʝ ʨʝʟʫʣʴʪʘʪʳ 

ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʥʝʡʨʦʥʥʳʤʠ ʩʝʪʷʤʠ [8], ʥʦ ʨʘʟʥʠʮʘ ʥʝʩʫʱʝʩʪʚʝʥʥʘʷ. 

ʏʪʦ ʢʘʩʘʝʪʩʷ ʥʝʡʨʦʥʥʳʭ ʩʝʪʝʡ, ʪʦ ʚ ʩʚʷʟʠ ʩ ʧʨʦʛʨʝʩʩʦʤ ʤʦʱʥʦʩʪʝʡ ʢʦʤʧʴʶʪʝʨʦʚ, 

ʧʦʜʦʙʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʩʪʘʣʦ ʟʥʘʯʠʪʝʣʴʥʦ ʙʦʣʴʰʝ. ʅʦ ʩʪʦʠʪ ʦʪʤʝʪʠʪʴ ʦʜʥʫ ʠʟ ʥʘʠʙʦʣʝʝ 

ʨʘʥʥʠʭ ʨʘʙʦʪ H. White (1988) [9] ʧʦ ʠʩʩʣʝʜʦʚʘʥʠʶ ʜʦʭʦʜʥʦʩʪʠ ʘʢʮʠʡ IBM ʟʘ ʧʝʨʠʦʜ 1974-1980 

ʛʛ. ʚ ʉʐɸ, ʚ ʩʚʦʝʤ ʠʩʩʣʝʜʦʚʘʥʠʠ ʦʥ ʠʩʧʦʣʴʟʦʚʘʣ ʟʘʚʠʩʠʤʫʶ ʧʝʨʝʤʝʥʥʫʶ ʩ ʣʘʛʦʤ ʦʪ 1 ʜʦ 

5ʜʥʝʡ. ʇʨʠ ʵʪʦʤ ʩʘʤ H. White ʠ ʘʚʪʦʨʳ ʙʦʣʝʝ ʧʦʟʜʥʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ [5, 1, 6] ʦʪʤʝʯʘʶʪ, ʯʪʦ 

ʧʨʠ ʧʨʠʢʣʘʜʥʦʤ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʥʝʡʨʦʩʝʪʝʡ ʚʦʟʥʠʢʘʶʪ ʜʚʝ ʧʨʦʙʣʝʤʳ: ʦʧʨʝʜʝʣʝʥʠʝ 

ʘʨʭʠʪʝʢʪʫʨʳ ʩʝʪʠ ʠ ʦʧʨʝʜʝʣʝʥʠʝ ʥʝʟʘʚʠʩʠʤʳʭ ʧʝʨʝʤʝʥʥʳʭ. ʇʨʠ ʵʪʦʤ ʚʦʧʨʦʩ ʥʝʟʘʚʠʩʠʤʳʭ 

ʧʝʨʝʤʝʥʥʳʭ ʷʚʣʷʝʪʩʷ ʘʢʪʫʘʣʴʥʳʤ ʥʝ ʪʦʣʴʢʦ ʜʣʷ ʥʝʡʨʦʩʝʪʝʡ, ʥʦ ʠ ʜʣʷ ʚʩʝʭ ʤʦʜʝʣʝʡ 

ʤʘʰʠʥʥʦʛʦ ʦʙʫʯʝʥʠʷ, ʪʘʢ ʢʘʢ ʦʜʥʠʤ ʠʟ ʵʪʘʧʦʚ ʨʘʟʨʘʙʦʪʢʠ ʤʦʜʝʣʠ ʩʚʷʟʘʥ ʠʤʝʥʥʦ ʩ 

ʦʧʨʝʜʝʣʝʥʠʝʤ ʚʭʦʜʥʳʭ ʧʨʠʟʥʘʢʦʚ. ʇʨʠ ʵʪʦʤ, ʥʘʧʨʠʤʝʨ, ʠʩʩʣʝʜʦʚʘʪʝʣʠ [7] ʚ ʩʚʦʝʡ ʨʘʙʦʪʝ 

ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʣʠ, ʯʪʦ ʠʟʙʳʪʦʯʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʥʝʨʝʣʝʚʘʥʪʥʳʭ ʧʝʨʝʤʝʥʥʳʭ ʧʨʠʚʦʜʠʪ ʢ 

ʫʭʫʜʰʝʥʠʶ ʢʘʯʝʩʪʚʘ ʤʦʜʝʣʠ.  

ʇʦʵʪʦʤʫ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʢʦʣʠʯʝʩʪʚʘ ʥʝʟʘʚʠʩʠʤʳʭ ʧʝʨʝʤʝʥʥʳʭ ʪʨʝʙʫʝʪʩʷ ʤʥʝʥʠʝ 

ʠʩʩʣʝʜʦʚʘʪʝʣʷ, ʢʦʪʦʨʳʡ ʩʦʟʜʘʝʪ ʤʦʜʝʣʴ. ʕʪʦ ʚʝʜʝʪ ʢ ʪʦʤʫ, ʯʪʦ ʥʝ ʤʦʞʝʪ ʙʳʪʴ ʘʙʩʦʣʶʪʥʦ 

ʦʜʠʥʘʢʦʚʳʭ ʤʦʜʝʣʝʡ.  
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ʅʘ ʦʩʥʦʚʝ ʨʘʩʩʤʦʪʨʝʥʥʦʡ ʠʥʬʦʨʤʘʮʠʠ ʤʦʞʥʦ ʩʢʘʟʘʪʴ, ʯʪʦ, ʥʝʩʤʦʪʨʷ ʥʘ ʙʦʣʴʰʦʝ 

ʢʦʣʠʯʝʩʪʚʦ ʥʘʫʯʥʳʭ ʨʘʙʦʪ ʩ ʮʝʣʴʶ ʧʨʝʜʩʢʘʟʘʥʠʷ ʢʫʨʩʘ ʘʢʮʠʡ, ʜʘʥʥʘʷ ʟʘʜʘʯʘ ʚʩʝ ʝʱʝ ʦʩʪʘʝʪʩʷ 

ʘʢʪʫʘʣʴʥʦʡ. ʊʘʢ ʢʘʢ ʥʝ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʚʦʟʤʦʞʥʳʤ ʤʘʪʝʤʘʪʠʯʝʩʢʠ ʪʦʯʥʦ ʧʨʝʜʩʢʘʟʘʪʴ 

ʧʦʚʝʜʝʥʠʝ ʢʫʨʩʘ ʘʢʮʠʠ. ʂʘʞʜʘʷ ʠʟ ʤʦʜʝʣʝʡ ʪʦʣʴʢʦ ʯʘʩʪʠʯʥʦ ʚ ʦʧʨʝʜʝʣʝʥʥʦʤ ʧʨʠʙʣʠʞʝʥʠʠ 

ʦʪʨʘʞʘʝʪ ʚʦʟʤʦʞʥʫʶ ʮʝʥʫ ʘʢʮʠʠ, ʠ ʚ ʮʝʣʦʤ ʥʦʩʠʪ ʠʩʢʣʶʯʠʪʝʣʴʥʦ ʨʝʢʦʤʝʥʜʘʪʝʣʴʥʳʡ 

ʭʘʨʘʢʪʝʨ. ʆʢʦʥʯʘʪʝʣʴʥʦʝ ʨʝʰʝʥʠʝ ʦʩʪʘʝʪʩʷ ʟʘ ʠʥʚʝʩʪʦʨʦʤ. 
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ʜʘʥʥʳʤʠ ʥʘ ʚʳʭʦʜʝ. ʇʦʩʣʝ ʦʙʫʯʝʥʠʷ, ʫʞʝ ʦʙʫʯʝʥʥʘʷ ʥʝʡʨʦʥʥʘʷ ʩʝʪʴ ʤʦʞʝʪ ʧʨʝʜʚʠʜʝʪʴ 

ʙʫʜʫʱʝʝ ʟʥʘʯʝʥʠʝ ʥʝʢʦʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʥʘ ʦʩʥʦʚʝ ʥʝʩʢʦʣʴʢʠʭ ʧʨʝʜʳʜʫʱʠʭ ʟʥʘʯʝʥʠʡ 

ʠʣʠ ʢʘʢʠʭ-ʣʠʙʦ ʩʫʱʝʩʪʚʫʶʱʠʭ ʚ ʥʘʩʪʦʷʱʠʡ ʤʦʤʝʥʪ ʬʘʢʪʦʨʦʚ. 

ʆʪʤʝʪʠʤ, ʯʪʦ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʝ ʚʦʟʤʦʞʥʦ ʪʦʛʜʘ ʠ ʪʦʣʴʢʦ ʪʦʛʜʘ, ʢʦʛʜʘ ʧʨʝʜʳʜʫʱʠʝ 

ʠʟʤʝʥʝʥʠʷ ʜʝʡʩʪʚʠʪʝʣʴʥʦ ʚ ʢʘʢʦʡ-ʪʦ ʩʪʝʧʝʥʠ ʧʨʝʜʦʧʨʝʜʝʣʷʣʠ ʙʫʜʫʱʠʝ. ʅʘʧʨʠʤʝʨ, 

ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʝ ʢʦʪʠʨʦʚʦʢ ʘʢʮʠʡ ʠʩʭʦʜʷ ʠʟ ʢʦʪʠʨʦʚʦʢ ʟʘ ʧʨʦʰʣʫʶ ʥʝʜʝʣʶ ʤʦʞʝʪ ʙʳʪʴ, ʢʘʢ 

ʫʩʧʝʰʥʳʤ, ʪʘʢ ʠ ʠʤʝʪʴ ʦʙʨʘʪʥʳʡ ʵʬʬʝʢʪ [1]. ʊʦʛʜʘ ʢʘʢ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʝ ʨʝʟʫʣʴʪʘʪʦʚ ʣʦʪʝʨʝʠ 

ʥʘ ʦʩʥʦʚʝ ʜʘʥʥʳʭ ʟʘ ʧʦʩʣʝʜʥʠʝ 10 ʣʝʪ ʩ ʚʳʩʦʢʦʡ ʜʦʣʝʡ ʚʝʨʦʷʪʥʦʩʪʠ, ʥʝ ʩʤʦʛʫʪ ʜʘʪʴ ʥʠʢʘʢʠʭ 

ʨʝʟʫʣʴʪʘʪʦʚ. 

ʀʩʢʫʩʩʪʚʝʥʥʘʷ ʥʝʡʨʦʥʥʘʷ ʩʝʪʴ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʩʠʩʪʝʤʫ ʩʦʝʜʠʥʝʥʥʳʭ ʤʝʞʜʫ ʩʦʙʦʡ, 

ʠʩʢʫʩʩʪʚʝʥʥʳʭ ʥʝʡʨʦʥʦʚ, ʘ ʪʘʢʞʝ ʧʨʠ ʵʪʦʤ ʚʟʘʠʤʦʜʝʡʩʪʚʫʶʱʠʭ ʧʨʦʩʪʳʭ ʧʨʦʮʝʩʩʦʨʦʚ. ʊʘʢʠʝ 

ʧʨʦʮʝʩʩʦʨʳ ʦʙʳʯʥʦ ʜʦʚʦʣʴʥʦ ʧʨʦʩʪʳ, ʦʩʦʙʝʥʥʦ ʚ ʩʨʘʚʥʝʥʠʠ ʩ ʧʨʦʮʝʩʩʦʨʘʤʠ, ʠʩʧʦʣʴʟʫʝʤʳʤʠ 

ʚ ʧʝʨʩʦʥʘʣʴʥʳʭ ʢʦʤʧʴʶʪʝʨʘʭ [2]. 

ʄʝʪʦʜʳ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʩ ʧʦʤʦʱʴʶ ʥʝʡʨʦʥʥʳʭ ʩʝʪʝʡ ʥʘʰʣʠ ʩʚʦʶ ʨʝʘʣʠʟʘʮʠʶ 

ʩʣʝʜʫʶʱʝʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴʶ ʜʝʡʩʪʚʠʡ. 

1. ɺʳʙʦʨ ʚʠʜʘ ʥʝʡʨʦʥʥʦʡ ʩʝʪʠ, ʢʦʥʢʨʝʪʥʝʝ ʛʦʚʦʨʷ, ʪʠʧʘ ʥʝʡʨʦʥʘ ʠ ʚʠʜʘ ʬʫʥʢʮʠʠ 

ʘʢʪʠʚʘʮʠʠ.  

2. ɺʳʙʦʨ ʢʦʣʠʯʝʩʪʚʘ ʟʥʘʯʝʥʠʡ ʧʘʨʘʤʝʪʨʦʚ: ʯʠʩʣʘ ʩʣʦʝʚ ʩʝʪʠ, ʯʠʩʣʘ ʥʝʡʨʦʥʦʚ ʚ ʩʣʦʝ, 

ʨʘʟʤʝʨʘ ʚʭʦʜʥʦʛʦ ʚʝʢʪʦʨʘ ʟʥʘʯʝʥʠʡ, ʨʘʟʤʝʨʘ ʚʳʭʦʜʥʦʛʦ ʚʝʢʪʦʨʘ ʟʥʘʯʝʥʠʡ.  

3. ʆʙʫʯʝʥʠʝ ʥʝʡʨʦʥʥʦʡ ʩʝʪʠ ʥʘ ʠʟʚʝʩʪʥʳʭ ʤʥʦʞʝʩʪʚʘʭ ʚʭʦʜʥʳʭ ὼӶ ȟὯ  ρȟὔ  , (ὼӶ  

ï N ʤʝʨʥʳʡ ʚʝʢʪʦʨ), ʚʝʢʪʦʨʦʚ ʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʚʳʭʦʜʥʳʭ ʚʝʢʪʦʨʦʚ  ώ ȟά  ρȟά , 

(ώ  ̇ï ʤʝʨʥʳʡ ʚʝʢʪʦʨ). 

4. ɺʳʯʠʩʣʝʥʠʝ ʜʣʷ ʢʘʞʜʦʛʦ N ʤʝʨʥʦʛʦ ʚʭʦʜʥʦʛʦ ʚʝʢʪʦʨʘ M ʧʨʦʛʥʦʟʠʨʫʝʤʳʭ ʟʥʘʯʝʥʠʡ 

ʚʨʝʤʝʥʥʳʭ ʨʷʜʦʚ (ɺʈ).  

ʆʙʲʝʤ ʚʳʙʨʘʥʥʦʛʦ ʦʙʫʯʝʥʠʷ, ʟʘʚʠʩʠʪ ʦʪ ʚʳʙʨʘʥʥʦʛʦ ʥʘʤʠ ʢʦʣʠʯʝʩʪʚʘ ʚʭʦʜʦʚ. ɽʩʣʠ ʚ 

ʢʘʯʝʩʪʚʝ ʚʭʦʜʥʦʛʦ ʩʠʛʥʘʣʘ ʚʟʷʪʴ 20 ʵʣʝʤʝʥʪʦʚ ɺɼʈ, ʪʦ ʪʘʢʘʷ ʩʝʪʴ ʧʦʪʝʥʮʠʘʣʴʥʦ ʤʦʛʣʘ ʙʳ 

ʩʪʨʦʠʪʴ ʥʘʠʙʦʣʝʝ ʜʦʩʪʦʚʝʨʥʳʡ ʠ ʪʦʯʥʳʡ ʧʨʦʛʥʦʟ, ʯʝʤ ʩʝʪʴ ʩ ʯʝʪʳʨʴʤʷ ʵʣʝʤʝʥʪʘʤʠ ʥʘ ʚʭʦʜʝ, 

ʦʜʥʘʢʦ ʚ ʵʪʦʤ ʩʣʫʯʘʝ ʤʳ ʠʤʝʝʤ ʚʩʝʛʦ ʦʜʠʥ ʦʙʫʯʘʶʱʠʡ ʧʨʠʤʝʨ, ʠ ʦʙʫʯʝʥʠʝ, ʩʢʦʨʝʝ ʚʩʝʛʦ ʥʝ 

ʜʘʩʪ ʪʨʝʙʫʝʤʦʛʦ ʨʝʟʫʣʴʪʘʪʘ. ʇʨʠ ʚʳʙʦʨʝ ʯʠʩʣʘ ʵʣʝʤʝʥʪʦʚ ʥʘ ʚʭʦʜʝ ʥʝʦʙʭʦʜʠʤʦ ʫʯʠʪʳʚʘʪʴ ʵʪʦ, 

ʚʳʙʠʨʘʷ ʨʘʮʠʦʥʘʣʴʥʳʡ ʢʦʤʧʨʦʤʠʩʩ ʤʝʞʜʫ ʫʛʣʫʙʣʝʥʥʦʩʪʴʶ ʧʨʝʜʩʢʘʟʘʥʠʷ ʠ ʢʦʣʠʯʝʩʪʚʦʤ 

ʪʝʩʪʦʚ ʜʣʷ ʦʙʫʯʝʥʠʷ.  

ʉʫʱʝʩʪʚʫʝʪ ʜʚʘ ʦʩʥʦʚʥʳʭ ʤʝʪʦʜʘ ʧʨʠʤʝʥʝʥʠʷ ʟʘʱʠʪʥʳʭ ʤʝʨ. ʇʝʨʚʳʡ ï ʙʘʟʦʚʳʡ 

ʤʠʥʠʤʘʣʴʥʳʡ ʥʘʙʦʨ, ʢʦʪʦʨʳʡ ʨʝʘʣʠʟʫʝʪʩʷ ʚ ʣʶʙʦʤ ʩʣʫʯʘʝ, ʥʝʚʟʠʨʘʷ ʥʘ ʥʘʣʠʯʠʝ ʠʣʠ 

ʦʪʩʫʪʩʪʚʠʝ ʫʛʨʦʟʳ, ʩʯʠʪʘʝʪʩʷ, ʯʪʦ ʙʘʟʦʚʳʡ ʥʘʙʦʨ ʨʘʩʩʯʠʪʘʥ ʥʘ ʯʘʩʪʦ ʠʩʧʦʣʴʟʫʝʤʳʝ ʫʛʨʦʟʳ. 

ɺʪʦʨʦʡ ï ʤʝʨʳ ʟʘʱʠʪʳ ʚʳʙʠʨʘʶʪʩʷ ʥʘ ʦʩʥʦʚʝ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ 

ʟʘɦʠʪʳ. ʂʘʢʦʡ ʙʳ ʚʘʨʠʘʥʪ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʚʳ ʥʝ ʚʳʙʨʘʣʠ, ʚʳ ʙʫʜʝʪʝ ʦʧʠʨʘʪʴʩʷ ʥʘ ʜʚʘ 

ʧʦʥʷʪʠʷ ï ʚʝʨʦʷʪʥʦʩʪʴ ʫʱʝʨʙʘ, ʘ ʪʘʢʞʝ ʤʘʩʰʪʘʙ ʫʱʝʨʙʘ. 

ʀʤʝʥʥʦ ʦʪ ʥʠʭ ʟʘʚʠʩʠʪ ʘʢʪʫʘʣʴʥʦʩʪʴ ʫʛʨʦʞʘʶʱʝʡ ʫʛʨʦʟʳ, ʜʣʷ ʥʝʡʪʨʘʣʠʟʘʮʠʠ ʢʦʪʦʨʦʡ 

ʠ ʙʫʜʝʪ ʚʳʙʠʨʘʪʴʩʷ ʟʘʱʠʪʥʘʷ ʤʝʨʘ. ʅʘʤ ʪʨʝʙʫʝʪʩʷ ʚʟʷʪʴ ʟʘ ʜʘʥʥʳʝ ʜʚʘ ʧʦʢʘʟʘʪʝʣʷ ʜʣʷ ɸʉʋ 

ʊʇ, ʦ ʢʦʪʦʨʳʭ ʚ ʧʦʩʣʝʜʥʝʝ ʚʨʝʤʷ ʛʦʚʦʨʷʪ ʦʯʝʥʴ ʤʥʦʛʦ. ʊʘʢ ʞʝ ʝʩʪʴ ʠ ʝʱʝ ʦʜʠʥ ʚʘʨʠʘʥʪ ï 

ʚʦʩʧʦʣʴʟʦʚʘʪʴʩʷ ʛʦʪʦʚʦʡ ʩʪʘʪʠʩʪʠʢʦʡ. 

ʇʨʘʚʜʘ, ʚ ʦʙʣʘʩʪʠ ʠʥʜʫʩʪʨʠʘʣʴʥʳʭ ʨʝʰʝʥʠʡ ʝʝ ʚ ʧʫʙʣʠʯʥʦʡ ʜʦʩʪʫʧʥʦʩʪʠ ʧʦʯʪʠ ʥʝʪ. 

ʕʨʠʢ ɹʘʡʨʩ ʩʚʦʶ ʩʘʤʫʶ ʠʟʚʝʩʪʥʫʶ ʙʘʟʫ ʠʥʮʠʜʝʥʪʦʚ ʟʘʢʨʳʣ, ʥʦ ʚʤʝʩʪʝ ʥʝʝ ʧʦʷʚʠʣʘʩʴ ʙʘʟʘ 

RISI. ɹʘʟʘ ʪʦʞʝ ʟʘʢʨʳʪʘʷ, ʥʦ ʜʦʩʪʫʧ ʤʦʞʥʦ ʧʦʣʫʯʠʪʴ ʢ ʥʝʡ ʟʘ ʥʝʢʦʪʦʨʫʶ ʧʣʘʪʫ. 

https://ru.wikipedia.org/wiki/%D0%A1%D0%B8%D1%81%D1%82%D0%B5%D0%BC%D0%B0
https://ru.wikipedia.org/wiki/%D0%98%D1%81%D0%BA%D1%83%D1%81%D1%81%D1%82%D0%B2%D0%B5%D0%BD%D0%BD%D1%8B%D0%B9_%D0%BD%D0%B5%D0%B9%D1%80%D0%BE%D0%BD
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ɺ ʯʝʪʚʝʨʢʫ ʥʘʠʙʦʣʝʝ ʦʧʘʩʥʳʭ ʠ ʧʦʜʚʝʨʞʝʥʥʳʭ ʫʛʨʦʟʘʤ ʦʪʨʘʩʣʝʡ ʚʭʦʜʷʪ ʵʥʝʨʛʝʪʠʢʘ, 

ʥʝʬʪʝʛʘʟ, ʪʨʘʥʩʧʦʨʪ ʠ ʚʦʜʦʩʥʘʙʞʝʥʠʝ, ʧʨʦʠʟʚʦʜʩʪʚʦ ʧʠʪʘʥʠʷ. 

ʇʨʦʛʥʦʟʠʨʫʶʱʘʷ ʥʝʡʨʦʥʥʘʷ ʩʝʪʴ ʜʦʣʞʥʘ ʚʢʣʶʯʘʪʴ ʚ ʩʝʙʷ ʦʜʠʥ ʚʳʭʦʜ ʠ ʢʦʣʠʯʝʩʪʚʦ 

ʚʭʦʜʦʚ, ʨʘʚʥʦʝ ʰʠʨʠʥʝ ʦʢʥʘ p. ɼʘʥʥʦʝ ʫʩʣʦʚʠʝ ʦʧʨʝʜʝʣʷʝʪ ʯʠʩʣʦ ʫʯʠʪʳʚʘʝʤʳʭ ʧʨʝʜʳʜʫʱʠʭ 

ʟʥʘʯʝʥʠʡ ʨʷʜʘ ʜʣʷ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ, ʥʘʧʨʠʤʝʨ, ʯʝʪʳʨʝ ʧʦʩʣʝʜʥʠʭ ʟʥʘʯʝʥʠʷ (p=4). 

ɼʣʷ ʦʙʫʯʝʥʠʷ ʥʝʡʨʦʥʥʦʡ ʩʝʪʠ ʪʨʝʙʫʝʪʩʷ ʧʦʜʛʦʪʦʚʠʪʴ ʦʙʫʯʘʶʱʫʶ ʚʳʙʦʨʢʫ, ʚ ʢʦʪʦʨʦʡ 

ʚʭʦʜʥʳʤʠ ʟʥʘʯʝʥʠʷʤʠ ʙʫʜʫʪ ʢʦʥʬʣʠʢʪ r ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ ʧʨʝʜʧʨʠʷʪʠʷ ʟʘ 

ʧʦʩʣʝʜʥʠʝ p ʜʥʝʡ, ʘ ʞʝʣʘʝʤʳʤ ʚʳʭʦʜʦʤ ï ʠʟʚʝʩʪʥʦʝ ʯʠʩʣʦ ʠʥʮʠʜʝʥʪʦʚ ʥʘ ʩʣʝʜʫʶʱʠʡ ʟʘ ʥʠʤʠ 

ʜʝʥʴ. 

ɼʣʷ ʵʬʬʝʢʪʠʚʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ ʚ ʣʶʙʦʡ ʩʬʝʨʝ ʥʝʦʙʭʦʜʠʤʦ ʚʳʩʦʢʦʢʘʯʝʩʪʚʝʥʥʦʝ 

ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʝ [7, 8]. ʈʝʟʫʣʴʪʘʪʠʚʥʦʩʪʴ ʨʝʰʝʥʠʷ ʟʘʚʠʩʠʪ ʦʪ ʷʚʣʝʥʠʡ, ʠʤʝʶʱʠʭ ʤʝʩʪʦ ʧʦʩʣʝ 

ʧʨʠʥʷʪʠʷ ʵʪʦʛʦ ʨʝʰʝʥʠʷ. ɺʦʟʤʦʞʥʦʩʪʴ ʩʧʨʦʛʥʦʟʠʨʦʚʘʪʴ ʵʪʠ ʷʚʣʝʥʠʷ ʧʦʟʚʦʣʷʝʪ ʨʝʘʣʠʟʦʚʘʪʴ 

ʨʝʰʝʥʠʝ, ʢʦʪʦʨʦʝ ʙʳʩʪʨʝʝ ʧʨʠʙʣʠʟʠʪ ʥʘʩ ʢ ʧʦʩʪʘʚʣʝʥʥʦʡ ʮʝʣʠ, ʯʝʤ ʨʝʰʝʥʠʝ, ʧʨʠʥʷʪʦʝ ʚ 

ʧʨʦʮʝʩʩʝ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ. ʅʘ ʨʠʩ. 1 ʧʨʝʜʩʪʘʚʣʝʥʘ ʜʠʘʛʨʘʤʤʘ ʨʘʩʩʝʷʥʠʷ ʦʙʫʯʝʥʥʦʡ 

ʥʝʡʨʦʩʝʪʠ. 

 
ʈʠʩʫʥʦʢ 1 

 

ʂʣʶʯʝʚʘʷ ʨʦʣʴ ʧʨʝʜʣʦʞʝʥʥʦʛʦ ʚʳʰʝ ʧʦʜʭʦʜʘ ʟʘʢʣʶʯʘʝʪʩʷ ʠʤʝʥʥʦ ʚ ʪʦʤ, ʯʪʦ ʩ 

ʧʦʤʦʱʴʶ ʥʝʛʦ ʧʦʷʚʣʷʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴ ʧʦʩʪʨʦʝʥʠʷ ʙʘʟʳ ʥʝʡʨʦʩʝʪʝʚʳʭ ʤʦʜʝʣʝʡ, ʢʦʪʦʨʳʝ ʚ 

ʩʚʦʶ ʦʯʝʨʝʜʴ ʙʫʜʫʪ ʷʚʣʷʪʴʩʷ ʵʬʬʝʢʪʠʚʥʳʤʠ ʚ ʩʠʩʪʝʤʘʭ ʜʣʷ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ. 

ʉ ʪʝʯʝʥʠʝʤ ʚʨʝʤʝʥʠ ʥʝʡʨʦʩʝʪʝʚʘʷ ʤʦʜʝʣʴ ʦʙʥʦʚʣʷʝʪʩʷ, ʘʧʧʨʦʢʩʠʤʠʨʫʷ ʥʦʚʳʝ 

ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ ʚ ʧʦʚʝʜʝʥʠʠ ʚʦ ʚʨʝʤʝʥʥʦʤ ʨʷʜʫ, ʵʪʦ ʧʦʟʚʦʣʷʝʪ ʬʦʨʤʠʨʦʚʘʪʴ ʪʦʯʥʳʝ 

ʧʨʦʛʥʦʟʳ. ʆʪʩʶʜʘ ʠ ʚʳʚʦʜ, ʯʪʦ ʜʘʥʥʘʷ ʦʩʦʙʝʥʥʦʩʪʴ ʥʝʡʨʦʩʝʪʠ ʤʦʞʝʪ ʙʳʪʴ ʵʬʬʝʢʪʠʚʥʦ 

ʠʩʧʦʣʴʟʦʚʘʥ, ʧʨʠ ʧʦʩʪʨʦʝʥʠʠ ʨʘʟʣʠʯʥʳʭ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʭ ʩʠʩʪʝʤ ʜʣʷ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ. 
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ʋɼʂ 004.4 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʚ ʩʚʷʟʠ ʩ ʫʯʘʩʪʠʝʤ ʯʝʣʦʚʝʢʘ ʚ ʪʨʘʥʩʧʦʨʪʥʦʡ ʩʠʩʪʝʤʝ [1], ʜʦ ʩʠʭ ʧʦʨ 

ʩʫʱʝʩʪʚʫʝʪ ʧʨʦʙʣʝʤʘ, ʦʪʥʦʩʷʱʘʷʩʷ ʢ ʧʨʦʛʥʦʟʫ ʧʦʚʝʜʝʥʠʷ ʯʝʣʦʚʝʢʘ. ʏʪʦ ʢʘʩʘʝʪʩʷ ʨʦʙʦʪʦʚ ʠ 

ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʛʦ ʜʚʠʞʝʥʠʷ, ʟʜʝʩʴ ʚʩʝ ʛʦʨʘʟʜʦ ʧʨʦʱʝ, ʪʘʢ ʢʘʢ ʨʦʙʦʪʳ ʠʤʝʶʪ ʯʝʪʢʫʶ 

ʧʨʦʛʨʘʤʤʫ ʠ ʧʨʦʜʫʤʘʥʥʳʝ ʘʣʛʦʨʠʪʤʳ, ʧʦʵʪʦʤʫ ʠʭ ʧʦʚʝʜʝʥʠʝ ʤʦʞʥʦ ʣʝʛʢʦ ʧʨʦʛʥʦʟʠʨʦʚʘʪʴ, 

ʯʝʛʦ ʥʝʣʴʟʷ ʩʢʘʟʘʪʴ ʦ ʯʝʣʦʚʝʢʝ [2]. ʇʦʵʪʦʤʫ ʙʳʣʦ ʧʨʠʥʷʪʦ ʨʝʰʝʥʠʝ ʦ ʨʘʟʨʘʙʦʪʢʝ 

ʢʣʘʩʩʠʬʠʢʘʪʦʨʘ, ʢʦʪʦʨʳʡ ʙʳ ʤʦʛ ʦʧʨʝʜʝʣʷʪʴ ʤʘʥʝʚʨʳ ʚʦʜʠʪʝʣʝʡ ʜʣʷ ʜʘʣʴʥʝʡʰʝʛʦ ʘʥʘʣʠʟʘ 

ʧʦʚʝʜʝʥʠʷ ʯʝʣʦʚʝʢʘ ʟʘ ʨʫʣʝʤ [3]. 

ʉʠʩʪʝʤʘ ʜʦʣʞʥʘ ʢʣʘʩʩʠʬʠʮʠʨʦʚʘʪʴ [4] ʤʘʥʝʚʨʳ: ʦʙʥʘʨʫʞʠʚʘʪʴ ʧʦʚʦʨʦʪʳ, 

ʧʝʨʝʩʪʨʦʝʥʠʷ, ʦʙʛʦʥʳ, ʨʘʟʚʦʨʦʪʳ ʜʣʷ ʪʦʛʦ, ʯʪʦʙʳ ʚ ʜʘʣʴʥʝʡʰʝʤ ʨʘʟʨʘʙʘʪʳʚʘʝʤʘʷ ʩʠʩʪʝʤʘ 

ʤʦʛʣʘ ʢʣʘʩʩʠʬʠʮʠʨʦʚʘʪʴ ʵʪʠ ʩʦʙʳʪʠʷ ʚ ʨʝʞʠʤʝ ʨʝʘʣʴʥʦʛʦ ʚʨʝʤʝʥʠ, ʨʘʙʦʪʘʷ ʥʘ ʩʤʘʨʪʬʦʥʝ. 

ʈʝʘʣʠʟʘʮʠʷ ʙʫʜʝʪ ʧʨʝʜʩʪʘʚʣʷʪʴ ʩʦʙʦʡ ʥʝʡʨʦʥʥʫʶ ʩʝʪʴ, ʦʙʫʯʝʥʥʫʶ ʩ ʧʦʤʦʱʴʶ 

ʢʦʥʪʨʦʣʠʨʫʝʤʦʛʦ ʦʙʫʯʝʥʠʷ. 

ɼʣʷ ʩʙʦʨʘ ʜʘʥʥʳʭ ʙʳʣʦ ʨʘʟʨʘʙʦʪʘʥʦ ʤʦʙʠʣʴʥʦʝ ʧʨʠʣʦʞʝʥʠʝ ʜʣʷ ʦʧʝʨʘʮʠʦʥʥʦʡ 

ʩʠʩʪʝʤʳ iOS, ʧʨʠ ʟʘʧʫʩʢʝ ʢʦʪʦʨʦʛʦ ʩʠʩʪʝʤʘ ʥʘʯʠʥʘʝʪ ʩʯʠʪʳʚʘʥʠʝ ʜʘʥʥʳʭ, ʪʘʢʠʭ ʢʘʢ: 

ʢʦʦʨʜʠʥʘʪʳ ʤʝʩʪʦʧʦʣʦʞʝʥʠʷ, ʩʢʦʨʦʩʪʴ, ʜʘʪʘ ʠ ʚʨʝʤʷ, ʜʘʥʥʳʝ ʘʢʩʝʣʝʨʦʤʝʪʨʘ ʠ ʛʠʨʦʩʢʦʧʘ.  

ɼʣʷ ʜʘʣʴʥʝʡʰʝʛʦ ʦʪʩʣʝʞʠʚʘʥʠʷ ʚʩʝʛʦ ʤʘʨʰʨʫʪʘ ʠ ʧʦʩʣʝʜʫʶʱʝʛʦ ʘʥʘʣʠʟʘ, ʚʩʝ ʜʘʥʥʳʝ 

ʦʪʧʨʘʚʣʷʶʪʩʷ ʥʘ ʩʝʨʚʝʨ ʚ ʬʦʨʤʘʪʝ JSON. ʇʦʤʠʤʦ ʩʙʦʨʘ ʯʠʩʣʦʚʳʭ ʜʘʥʥʳʭ ʪʘʢʞʝ ʚʝʜʝʪʩʷ 

ʚʠʜʝʦʟʘʧʠʩʴ ʚʩʝʡ ʧʦʝʟʜʢʠ. 

ʊʘʢʞʝ ʙʳʣʘ ʨʘʟʨʘʙʦʪʘʥʘ ʩʝʨʚʝʨʥʘʷ ʯʘʩʪʴ ʩ ʚʝʙ-ʠʥʪʝʨʬʝʡʩʦʤ, ʥʘ ʢʦʪʦʨʦʡ ʨʝʘʣʠʟʫʝʪʩʷ 

ʣʦʛʠʢʘ ʧʨʠʣʦʞʝʥʠʷ ʠ ʢ ʢʦʪʦʨʦʡ ʦʢʦʥʝʯʥʳʝ ʫʩʪʨʦʡʩʪʚʘ ʦʪʧʨʘʚʣʷʶʪ ʟʘʧʨʦʩʳ. ʇʦʤʠʤʦ 

ʦʙʨʘʙʦʪʢʠ ʯʠʩʣʦʚʳʭ ʜʘʥʥʳʭ, ʨʘʟʨʘʙʦʪʘʥʥʘʷ ʩʠʩʪʝʤʘ ʨʘʙʦʪʘʝʪ ʠ ʩ ʚʠʜʝʦʜʘʥʥʳʤʠ, 
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ʟʘʧʠʩʳʚʘʝʤʳʤʠ ʧʦʣʴʟʦʚʘʪʝʣʷʤʠ ʚʦ ʚʨʝʤʷ ʧʦʝʟʜʦʢ. ɼʣʷ ʵʪʦʛʦ, ʥʘ ʦʩʥʦʚʝ open-source ʧʨʦʝʢʪʘ, 

ʙʳʣ ʨʘʟʨʘʙʦʪʘʥ ʫʜʦʙʥʳʡ ʠʥʩʪʨʫʤʝʥʪ ʜʣʷ ʧʨʦʩʤʦʪʨʘ ʚʠʜʝʦ ʠ ʜʘʥʥʳʭ ʪʝʣʝʤʝʪʨʠʠ.  

ʆʩʥʦʚʥʘʷ ʬʫʥʢʮʠʷ ʧʨʠʣʦʞʝʥʠʷ ï ʚʦʟʤʦʞʥʦʩʪʴ ʨʘʟʤʝʪʢʠ ʜʦʨʦʞʥʳʭ ʩʦʙʳʪʠʡ ʠ 

ʤʘʥʝʚʨʦʚ ʚʦʜʠʪʝʣʷ. ʇʦʣʴʟʦʚʘʪʝʣʴ, ʧʨʠ ʧʨʦʩʤʦʪʨʝ ʟʘʛʨʫʞʝʥʥʦʛʦ ʚʠʜʝʦʬʘʡʣʘ, ʤʦʞʝʪ ʦʪʤʝʯʘʪʴ 

ʩʦʙʳʪʠʷ. 

 

ʇʦʩʣʝ ʨʘʟʤʝʪʢʠ ʚʩʝʛʦ ʚʠʜʝʦ ʥʝʦʙʭʦʜʠʤʦ ʩʦʭʨʘʥʠʪʴ ʬʘʡʣ, ʚ ʢʦʪʦʨʦʤ ʙʫʜʫʪ ʭʨʘʥʠʪʴʩʷ 

ʚʩʝ ʦʪʤʝʯʝʥʥʳʝ ʩʦʙʳʪʠʷ. 

ʆʙʫʯʝʥʠʝ ʢʣʘʩʩʠʬʠʢʘʪʦʨʘ 

ɼʣʷ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʠʩʧʦʣʴʟʫʝʪʩʷ ʥʝʡʨʦʥʥʘʷ ʩʝʪʴ ʧʨʷʤʦʛʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʩ ʪʨʝʤʷ 

ʩʢʨʳʪʳʤʠ ʩʣʦʷʤʠ. 

ɼʣʷ ʦʙʫʯʝʥʠʷ ʥʘ ʚʭʦʜ ʧʦʜʘʶʪʩʷ 66 ʵʣʝʤʝʥʪʦʚ: 

¶ 20 ʧʦʢʘʟʘʥʠʡ ʘʢʩʝʣʝʨʦʤʝʪʨʘ, ʦʩʴ X (ʙʦʢʦʚʦʝ ʫʩʢʦʨʝʥʠʝ ʘʚʪʦʤʦʙʠʣʷ); 

¶ 20 ʧʦʢʘʟʘʥʠʡ ʘʢʩʝʣʝʨʦʤʝʪʨʘ, ʦʩʴ Y (ʧʨʦʜʦʣʴʥʦʝ ʫʩʢʦʨʝʥʠʝ ʘʚʪʦʤʦʙʠʣʷ); 

¶ 20 ʧʦʢʘʟʘʥʠʡ ʛʠʨʦʩʢʦʧʘ, ʦʩʴ X (ʚʨʘʱʝʥʠʝ ʦʪʥʦʩʠʪʝʣʴʥʦ ʦʩʠ Z); 

¶ ʧʷʪʴ ʟʥʘʯʝʥʠʡ ʩʢʦʨʦʩʪʠ; 

¶ ʦʜʥʦ ʟʥʘʯʝʥʠʝ ï ʜʣʠʪʝʣʴʥʦʩʪʴ ʚʳʧʦʣʥʷʝʤʦʛʦ ʤʘʥʝʚʨʘ. 

 

ʋʩʪʨʦʡʩʪʚʦ ʩʯʠʪʳʚʘʝʪ ʢʦʦʨʜʠʥʘʪʳ ʘʢʩʝʣʝʨʦʤʝʪʨʘ ʠ ʛʠʨʦʩʢʦʧʘ ʢʘʞʜʫʶ ʩʝʢʫʥʜʫ, ʥʦ 

ʢʦʣʠʯʝʩʪʚʦ ʵʣʝʤʝʥʪʦʚ, ʧʦʜʘʶʱʠʭʩʷ ʥʘ ʚʭʦʜ, ʥʝ ʟʘʚʠʩʠʪ ʦʪ ʧʨʦʪʷʞʝʥʥʦʩʪʠ ʤʘʥʝʚʨʘ. ʇʦʵʪʦʤʫ, 

ʢ ʥʝʦʙʭʦʜʠʤʦʤʫ ʯʠʩʣʫ ʵʣʝʤʝʥʪʦʚ ʤʳ ʧʨʠʚʦʜʠʤ ʠʭ ʩ ʧʦʤʦʱʴʶ ʵʢʩʪʨʘʧʦʣʷʮʠʠ ʠʣʠ 

ʠʥʪʝʨʧʦʣʷʮʠʠ.  

ɼʣʷ ʦʙʫʯʝʥʠʷ ʠʩʧʦʣʴʟʫʝʪʩʷ ʧʘʥʝʣʴ ʜʣʷ ʨʘʙʦʪʳ ʩ ʚʠʜʝʦʜʘʥʥʳʤʠ, ʦʧʠʩʘʥʥʘʷ ʨʘʥʝʝ. ʉ ʝʝ 

ʧʦʤʦʱʴʶ ʨʘʟʤʝʯʘʶʪʩʷ ʚʩʝ ʩʦʚʝʨʰʝʥʥʳʝ ʤʘʥʝʚʨʳ ʩ ʫʢʘʟʘʥʠʝʤ ʚʨʝʤʝʥʥʦʛʦ ʧʨʦʤʝʞʫʪʢʘ. ʊʘʢ 

ʩʦʟʜʘʝʪʩʷ ʤʥʦʞʝʩʪʚʦ ʩʦʙʳʪʠʡ, ʢʦʪʦʨʳʤ ʠ ʙʫʜʝʪ ʦʙʫʯʘʪʴʩʷ ʢʣʘʩʩʠʬʠʢʘʪʦʨ. 

ʊʘʢʞʝ, ʧʦʤʠʤʦ ʦʙʫʯʝʥʠʷ ʩʦʙʳʪʠʷʤ, ʥʝʦʙʭʦʜʠʤʦ ʦʙʫʯʠʪʴ ʢʣʘʩʩʠʬʠʢʘʪʦʨ ʠ ʦʪʩʫʪʩʪʚʠʶ 

ʩʦʙʳʪʠʡ, ʚ ʪʝ ʤʦʤʝʥʪʳ, ʢʦʛʜʘ ʥʠʢʘʢʠʭ ʤʘʥʝʚʨʦʚ ʥʝ ʩʦʚʝʨʰʘʝʪʩʷ. 

ʅʘ ʜʘʥʥʳʡ ʤʦʤʝʥʪ ʢʦʨʨʝʢʪʥʦʩʪʴ ʦʧʨʝʜʝʣʝʥʠʷ ʩʦʙʳʪʠʡ ʜʘʥʥʦʡ ʩʠʩʪʝʤʦʡ ʨʘʚʥʘ 68%. 

ɹʝʟʫʩʣʦʚʥʦ, ʪʘʢʦʡ ʧʨʦʮʝʥʪ ʪʦʯʥʦʩʪʠ ʦʧʨʝʜʝʣʝʥʠʷ ʩʦʙʳʪʠʡ ʢʨʘʡʥʝ ʥʠʟʦʢ ʜʣʷ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚ 

ʩʠʩʪʝʤʘʭ ʨʝʘʣʴʥʦʛʦ ʚʨʝʤʝʥʠ. ʕʪʦ ʩʚʷʟʘʥʦ ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ ʩʦ ʩʨʘʚʥʠʪʝʣʴʥʦ ʥʝʙʦʣʴʰʦʡ 

ʚʳʙʦʨʢʦʡ ʜʘʥʥʳʭ, ʥʘ ʢʦʪʦʨʳʭ ʧʨʦʠʟʚʦʜʠʣʦʩʴ ʦʙʫʯʝʥʠʝ ʢʣʘʩʩʠʬʠʢʘʪʦʨʘ, ʘ ʪʘʢʞʝ ʩ 

ʧʦʛʨʝʰʥʦʩʪʴʶ ʪʝʣʝʤʝʪʨʠʯʝʩʢʠʭ ʜʘʥʥʳʭ. 

ʇʦʤʠʤʦ ʨʘʟʨʘʙʦʪʘʥʥʦʛʦ ʢʣʘʩʩʠʬʠʢʘʪʦʨʘ, ʤʦʞʥʦ ʪʘʢʞʝ ʠʩʧʦʣʴʟʦʚʘʪʴ ʩʠʩʪʝʤʫ, ʢʦʪʦʨʘʷ 

ʙʳ ʦʙʨʘʙʘʪʳʚʘʣʘ ʜʘʥʥʳʝ çʚ ʧʨʷʤʫʶè. ʉʙʦʨ ʪʝʣʝʤʝʪʨʠʠ ʪʘʢʞʝ ʧʨʦʚʦʜʠʪʩʷ ʩ ʧʦʤʦʱʴʶ 

ʦʢʦʥʝʯʥʳʭ ʫʩʪʨʦʡʩʪʚ, ʠ ʧʨʠ ʚʳʧʦʣʥʝʥʠʠ ʪʝʭ ʠʣʠ ʠʥʳʭ ʤʘʥʝʚʨʦʚ, ʩʦʩʪʘʚʣʷʶʪʩʷ ʫʩʣʦʚʠʷ, ʧʨʠ 

ʩʦʙʣʶʜʝʥʠʠ ʢʦʪʦʨʳʭ, ʩʠʩʪʝʤʦʡ ʦʧʨʝʜʝʣʷʶʪʩʷ ʜʝʡʩʪʚʠʷ, ʩʦʚʝʨʰʝʥʥʳʝ ʚʦʜʠʪʝʣʝʤ. ʆʜʥʘʢʦ, 

ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʣʶʙʦʡ ʠʟ ʵʪʠʭ ʩʠʩʪʝʤ, ʥʫʞʥʦ ʫʯʠʪʳʚʘʪʴ ʩʫʱʝʩʪʚʫʶʱʫʶ ʧʦʛʨʝʰʥʦʩʪʴʶ 

ʜʘʥʥʳʭ, ʩʥʠʤʘʝʤʳʭ ʩ ʩʝʥʩʦʨʦʚ ʩʤʘʨʪʬʦʥʘ, ʪʘʢ ʢʘʢ ʠʭ ʪʦʯʥʦʩʪʴ ʟʘʚʠʩʠʪ ʦʪ ʤʥʦʛʠʭ ʚʥʝʰʥʠʭ 

ʬʘʢʪʦʨʦʚ. ʅʘʧʨʠʤʝʨ, ʦʪ ʢʘʯʝʩʪʚʘ ʜʦʨʦʞʥʦʛʦ ʧʦʣʦʪʥʘ, ʦʪ ʩʪʝʧʝʥʠ ʟʘʢʨʝʧʣʝʥʥʦʩʪʠ ʦʢʦʥʝʯʥʦʛʦ 

ʫʩʪʨʦʡʩʪʚʘ ʚ ʘʚʪʦʤʦʙʠʣʝ, ʦʪ ʚʦʟʜʝʡʩʪʚʠʷ ʯʝʣʦʚʝʢʘ ʥʘ ʩʤʘʨʪʬʦʥ, ʢʦʪʦʨʳʡ ʩʦʙʠʨʘʝʪ 

ʪʝʣʝʤʝʪʨʠʯʝʩʢʠʝ ʜʘʥʥʳʝ ʠ ʪ.ʜ. 

ɼʣʷ ʧʦʣʫʯʝʥʠʷ ʙʦʣʝʝ ʪʦʯʥʳʭ ʧʦʢʘʟʘʥʠʡ ʚ ʜʘʣʴʥʝʡʰʝʤ ʧʣʘʥʠʨʫʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʪʴ CAN-

ʰʠʥʫ ï ʩʠʩʪʝʤʫ ʮʠʬʨʦʚʦʡ ʩʚʷʟʠ ʠ ʫʧʨʘʚʣʝʥʠʷ ʵʣʝʢʪʨʠʯʝʩʢʠʤʠ ʫʩʪʨʦʡʩʪʚʘʤʠ ʪʨʘʥʩʧʦʨʪʥʦʛʦ 
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ʩʨʝʜʩʪʚʘ, ʧʦʟʚʦʣʷʶʱʫʶ ʩʦʙʠʨʘʪʴ ʜʘʥʥʳʝ ʦʪ ʚʩʝʭ ʫʩʪʨʦʡʩʪʚ ʠ ʩʝʥʩʦʨʦʚ, ʦʙʤʝʥʠʚʘʪʴʩʷ 

ʠʥʬʦʨʤʘʮʠʝʡ ʤʝʞʜʫ ʥʠʤʠ. ʊʘʢʞʝ ʚ ʜʘʣʴʥʝʡʰʝʡ ʨʘʟʨʘʙʦʪʢʝ ʧʣʘʥʠʨʫʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʥʠʝ 

ʤʘʰʠʥʥʦʛʦ ʦʙʫʯʝʥʠʷ ʠ ʥʝʡʨʦʥʥʳʭ ʩʝʪʝʡ. 
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ɺ ʦʩʥʦʚʝ ʤʥʦʛʠʭ ʧʝʨʝʜʦʚʳʭ ʪʝʭʥʦʣʦʛʠʡ ʣʝʞʠʪ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʚʦʩʧʨʦʠʟʚʝʜʝʥʠʷ ʠʣʠ 

ʠʤʠʪʘʮʠʠ ʯʝʣʦʚʝʯʝʩʢʦʛʦ ʤʳʰʣʝʥʠʷ, ʯʫʚʩʪʚ ʠ ʧʦʚʝʜʝʥʠʷ. ʄʥʦʞʝʩʪʚʦ ʨʘʟʣʠʯʥʳʭ ʜʘʪʯʠʢʦʚ, 

ʪʘʢʠʭ ʢʘʢ ʘʢʫʩʪʠʯʝʩʢʠʝ, ʚʠʜʝʦʩʝʥʩʦʨʳ, ʜʘʪʯʠʢʠ ʜʘʚʣʝʥʠʷ, ʙʳʣʠ ʩʦʟʜʘʥʳ ʧʦʩʣʝ ʪʦʛʦ, ʢʘʢ 

ʫʯʝʥʳʝ ʨʘʟʦʙʨʘʣʠʩʴ, ʢʘʢ ʫʩʪʨʦʝʥʳ ʥʘʰʠ ʩʦʙʩʪʚʝʥʥʳʝ ʩʣʫʭ ʠ ʟʨʝʥʠʝ, ʢʘʢ ʤʳ ʚʦʩʧʨʠʥʠʤʘʝʤ 

ʜʘʚʣʝʥʠʝ. ʅʝʩʦʤʥʝʥʥʦ, ʦʜʥʠʤ ʠʟ ʛʣʘʚʥʳʭ ʜʣʷ ʯʝʣʦʚʝʢʘ ʦʨʛʘʥʦʤ ʯʫʚʩʪʚ ʷʚʣʷʝʪʩʷ ʟʨʝʥʠʝ. 

ɹʣʘʛʦʜʘʨʷ ʝʤʫ ʤʳ ʤʦʞʝʤ ʚʠʜʝʪʴ ʩʨʝʜʫ, ʚ ʢʦʪʦʨʦʡ ʥʘʭʦʜʠʤʩʷ, ʠʥʪʝʨʧʨʝʪʠʨʦʚʘʪʴ ʠ 

ʘʥʘʣʠʟʠʨʦʚʘʪʴ ʩʠʪʫʘʮʠʶ, ʧʨʝʜʧʨʠʥʠʤʘʪʴ ʘʜʝʢʚʘʪʥʳʝ ʜʝʡʩʪʚʠʷ. ʏʝʣʦʚʝʯʝʩʢʦʝ ʟʨʝʥʠʝ ï ʵʪʦ 

ʥʝʚʝʨʦʷʪʥʦ ʩʣʦʞʥʘʷ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʘʷ çʤʘʰʠʥʘè, ʢʦʪʦʨʘʷ ʟʘʜʝʡʩʪʚʫʝʪ ʟʥʘʯʠʪʝʣʴʥʫʶ ʯʘʩʪʴ 

ʛʦʣʦʚʥʦʛʦ ʤʦʟʛʘ. ʅʝʡʨʦʥʳ, ʧʨʝʜʥʘʟʥʘʯʝʥʥʳʝ ʜʣʷ ʦʙʨʘʙʦʪʢʠ ʟʨʠʪʝʣʴʥʦʡ ʠʥʬʦʨʤʘʮʠʠ, 

ʟʘʥʠʤʘʶʪ ʦʢʦʣʦ 30% ʢʦʨʳ [1]. 

ʂʦʤʧʴʶʪʝʨʥʦʝ ʟʨʝʥʠʝ ï ʵʪʦ ʪʝʭʥʦʣʦʛʠʷ, ʩ ʧʦʤʦʱʴʶ ʢʦʪʦʨʦʡ ʤʘʰʠʥʳ ʤʦʛʫʪ ʥʘʭʦʜʠʪʴ, 

ʦʪʩʣʝʞʠʚʘʪʴ, ʢʣʘʩʩʠʬʠʮʠʨʦʚʘʪʴ ʠ ʠʜʝʥʪʠʬʠʮʠʨʦʚʘʪʴ ʦʙʲʝʢʪʳ, ʠʟʚʣʝʢʘʷ ʜʘʥʥʳʝ ʠʟ 

ʠʟʦʙʨʘʞʝʥʠʡ ʠ ʘʥʘʣʠʟʠʨʫʷ ʧʦʣʫʯʝʥʥʫʶ ʠʥʬʦʨʤʘʮʠʶ. ʂʦʤʧʴʶʪʝʨʥʦʝ ʟʨʝʥʠʝ ʧʨʠʤʝʥʷʝʪʩʷ ʜʣʷ 
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ʨʘʩʧʦʟʥʘʚʘʥʠʷ ʦʙʲʝʢʪʦʚ, ʚʠʜʝʦʘʥʘʣʠʟʘ, ʦʧʠʩʘʥʠʷ ʩʦʜʝʨʞʘʥʠʷ ʠʟʦʙʨʘʞʝʥʠʡ ʠ ʚʠʜʝʦ, ʘ ʪʘʢʞʝ 

ʜʣʷ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʦʡ ʦʙʨʘʙʦʪʢʠ ʠʟʦʙʨʘʞʝʥʠʡ. 

ɼʦʩʪʫʧʥʘʷ ʮʝʥʘ ʩʝʥʩʦʨʦʚ ʠ ʢʘʤʝʨ, ʨʘʟʣʠʯʥʳʝ ʧʝʨʝʜʦʚʳʝ ʪʝʭʥʦʣʦʛʠʠ, ʫʚʝʣʠʯʝʥʠʝ 

ʨʘʟʨʝʰʝʥʠʷ ʚʠʜʝʦʩʝʥʩʦʨʦʚ, ʜʠʥʘʤʠʯʝʩʢʠʡ ʜʠʘʧʘʟʦʥ ʠ ʦʙʲʝʤ ʚʳʯʠʩʣʠʪʝʣʴʥʦʡ ʤʦʱʥʦʩʪʠ ʜʣʷ 

ʦʙʨʘʙʦʪʢʠ ʚʠʜʝʦ ʠ ʠʟʦʙʨʘʞʝʥʠʡ ï ʚʩʝ ʵʪʦ ʧʨʠʚʦʜʠʪ ʢ ʙʦʣʝʝ ʰʠʨʦʢʦʤʫ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʶ ʪʘʢʠʭ 

ʩʠʩʪʝʤ ʠ ʧʦʷʚʣʝʥʠʶ ʚʩʝ ʥʦʚʳʭ ʚʘʨʠʘʥʪʦʚ ʠʭ ʧʨʠʤʝʥʝʥʠʷ. ɺ ʩʦʚʨʝʤʝʥʥʦʤ ʤʠʨʝ 

ʧʦʜʢʣʶʯʝʥʥʳʭ ʚʩʪʨʘʠʚʘʝʤʳʭ ʩʠʩʪʝʤ, ʫʩʪʨʦʡʩʪʚ ʠ ʦʙʲʝʢʪʦʚ ʩʪʘʣ ʚʦʟʤʦʞʥʳʤ 

ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʡ ʘʥʘʣʠʟ ʠʟʦʙʨʘʞʝʥʠʡ ʠ ʚʠʜʝʦ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʢʣʘʩʩʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʠ ʠ 

ʛʣʫʙʠʥʥʦʛʦ ʦʙʫʯʝʥʠʷ ʥʘ ʦʩʥʦʚʝ ʨʝʩʫʨʩʦʚ ʩʘʤʦʛʦ ʫʩʪʨʦʡʩʪʚʘ, ʘ ʪʘʢʞʝ ʦʙʣʘʯʥʳʭ ʚʳʯʠʩʣʝʥʠʡ.  

ɺ ʨʝʟʫʣʴʪʘʪʝ ʤʳ ʥʘʙʣʶʜʘʝʤ ʨʦʩʪ ʨʘʟʚʠʪʠʷ ʪʝʭʥʦʣʦʛʠʡ ʘʚʪʦʥʦʤʥʳʭ ʘʚʪʦʤʦʙʠʣʝʡ, 

ʙʝʩʧʠʣʦʪʥʳʭ ʣʝʪʘʪʝʣʴʥʳʭ ʘʧʧʘʨʘʪʦʚ, ʨʦʙʦʪʦʚ, ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʳʭ ʩʠʩʪʝʤ ʜʣʷ 

ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ, ʨʦʟʥʠʯʥʦʡ ʪʦʨʛʦʚʣʠ, ʪʨʘʥʩʧʦʨʪʘ, ʩʠʩʪʝʤ ʙʝʟʦʧʘʩʥʦʩʪʠ ʠ ʚʠʜʝʦʥʘʙʣʶʜʝʥʠʷ, 

ʙʳʪʦʚʦʡ ʪʝʭʥʠʢʠ, ʤʝʜʠʮʠʥʩʢʠʭ ʫʩʪʨʦʡʩʪʚ ʠ ʨʝʰʝʥʠʡ ʜʣʷ ʟʜʨʘʚʦʦʭʨʘʥʝʥʠʷ, ʩʧʦʨʪʘ ʠ ʩʬʝʨʳ 

ʨʘʟʚʣʝʯʝʥʠʡ, ʨʘʩʰʠʨʝʥʥʦʡ ʠ ʚʠʨʪʫʘʣʴʥʦʡ ʨʝʘʣʴʥʦʩʪʠ ʧʦʪʨʝʙʠʪʝʣʴʩʢʦʛʦ ʫʨʦʚʥʷ ʠ, ʨʘʟʫʤʝʝʪʩʷ, 

ʚʝʟʜʝʩʫʱʠʭ ʤʦʙʠʣʴʥʳʭ ʪʝʣʝʬʦʥʦʚ. ʊʝʭʥʦʣʦʛʠʠ ʢʦʤʧʴʶʪʝʨʥʦʛʦ ʟʨʝʥʠʷ ʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ 

ʠʥʩʪʨʫʤʝʥʪʦʚ ʘʥʘʣʠʪʠʢʠ ʚ ʩʦʩʪʘʚʝ ʠʥʪʝʨʥʝʪʘ ʚʝʱʝʡ ʧʝʨʝʞʠʚʘʶʪ ʙʫʨʥʦʝ ʨʘʟʚʠʪʠʝ, ʠ ʵʪʦ 

ʪʦʣʴʢʦ ʥʘʯʘʣʦ. 

 

ɿʘʜʘʯʠ ʢʦʤʧʴʶʪʝʨʥʦʛʦ ʟʨʝʥʠʷ 

ʂʣʘʩʩʠʯʝʩʢʘʷ ʟʘʜʘʯʘ ʚ ʢʦʤʧʴʶʪʝʨʥʦʤ ʟʨʝʥʠʠ, ʦʙʨʘʙʦʪʢʝ ʠʟʦʙʨʘʞʝʥʠʡ ʠ ʤʘʰʠʥʥʦʤ 

ʟʨʝʥʠʠ ʵʪʦ ʦʧʨʝʜʝʣʝʥʠʝ ʩʦʜʝʨʞʘʥʠʷ ʭʘʨʘʢʪʝʨʥʳʭ ʦʙʲʝʢʪʦʚ ʚ ʚʠʜʝʦʜʘʥʥʳʭ. ʕʪʘ ʟʘʜʘʯʘ ʤʦʞʝʪ 

ʙʳʪʴ ʣʝʛʢʦ ʠ ʜʦʩʪʦʚʝʨʥʦ ʨʝʰʝʥʘ ʯʝʣʦʚʝʢʦʤ, ʥʦ ʜʦ ʩʠʭ ʧʦʨ ʥʝ ʨʝʰʝʥʘ ʫʜʦʚʣʝʪʚʦʨʠʪʝʣʴʥʦ ʚ 

ʢʦʤʧʴʶʪʝʨʥʦʤ ʟʨʝʥʠʠ ʚ ʦʙʱʝʤ ʩʣʫʯʘʝ: ʩʣʫʯʘʡʥʳʝ ʦʙʲʝʢʪʳ ʚ ʩʣʫʯʘʡʥʳʭ ʩʠʪʫʘʮʠʷʭ. 

ɺ ʣʠʪʝʨʘʪʫʨʝ ʦʧʠʩʘʥʦ ʨʘʟʣʠʯʥʦʝ ʤʥʦʞʝʩʪʚʦ ʧʨʦʙʣʝʤ ʨʘʩʧʦʟʥʘʚʘʥʠʷ: 

¶ ʈʘʩʧʦʟʥʘʚʘʥʠʝ. ʆʜʠʥ ʠʣʠ ʥʝʩʢʦʣʴʢʦ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʟʘʜʘʥʥʳʭ ʠʣʠ ʠʟʫʯʝʥʥʳʭ 

ʦʙʲʝʢʪʦʚ, ʠʣʠ ʢʣʘʩʩʦʚ ʦʙʲʝʢʪʦʚ ʤʦʛʫʪ ʙʳʪʴ ʨʘʩʧʦʟʥʘʥʳ, ʦʙʳʯʥʦ ʚʤʝʩʪʝ ʩ ʠʭ 

ʜʚʫʭʤʝʨʥʳʤ ʧʦʣʦʞʝʥʠʝʤ ʥʘ ʠʟʦʙʨʘʞʝʥʠʠ ʠʣʠ ʪʨʝʭʤʝʨʥʳʤ ʧʦʣʦʞʝʥʠʝʤ ʚ ʩʮʝʥʝ. 

¶ ʀʜʝʥʪʠʬʠʢʘʮʠʷ. ʈʘʩʧʦʟʥʘʝʪʩʷ ʠʥʜʠʚʠʜʫʘʣʴʥʳʡ ʵʢʟʝʤʧʣʷʨ ʦʙʲʝʢʪʘ. ʇʨʠʤʝʨʳ: 

ʠʜʝʥʪʠʬʠʢʘʮʠʷ ʦʧʨʝʜʝʣʝʥʥʦʛʦ ʯʝʣʦʚʝʯʝʩʢʦʛʦ ʣʠʮʘ ʠʣʠ ʦʪʧʝʯʘʪʢʘ ʧʘʣʴʮʝʚ, ʠʣʠ 

ʘʚʪʦʤʦʙʠʣʷ. 

¶ ʆʙʥʘʨʫʞʝʥʠʝ. ɺʠʜʝʦʜʘʥʥʳʝ ʧʨʦʚʝʨʷʶʪʩʷ ʥʘ ʥʘʣʠʯʠʝ ʦʧʨʝʜʝʣʝʥʥʦʛʦ ʫʩʣʦʚʠʷ. 

ʅʘʧʨʠʤʝʨ, ʦʙʥʘʨʫʞʝʥʠʝ ʚʦʟʤʦʞʥʳʭ ʥʝʧʨʘʚʠʣʴʥʳʭ ʢʣʝʪʦʢ ʠʣʠ ʪʢʘʥʝʡ ʚ ʤʝʜʠʮʠʥʩʢʠʭ 

ʠʟʦʙʨʘʞʝʥʠʷʭ. ʆʙʥʘʨʫʞʝʥʠʝ, ʦʩʥʦʚʘʥʥʦʝ ʥʘ ʦʪʥʦʩʠʪʝʣʴʥʦ ʧʨʦʩʪʳʭ ʠ ʙʳʩʪʨʳʭ 

ʚʳʯʠʩʣʝʥʠʷʭ, ʠʥʦʛʜʘ ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʥʘʭʦʞʜʝʥʠʷ ʥʝʙʦʣʴʰʠʭ ʫʯʘʩʪʢʦʚ ʚ 

ʘʥʘʣʠʟʠʨʫʝʤʦʤ ʠʟʦʙʨʘʞʝʥʠʠ, ʢʦʪʦʨʳʝ ʟʘʪʝʤ ʘʥʘʣʠʟʠʨʫʶʪʩʷ ʩ ʧʦʤʦʱʴʶ ʧʨʠʝʤʦʚ, 

ʙʦʣʝʝ ʪʨʝʙʦʚʘʪʝʣʴʥʳʭ ʢ ʨʝʩʫʨʩʘʤ, ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʧʨʘʚʠʣʴʥʦʡ ʠʥʪʝʨʧʨʝʪʘʮʠʠ [2]. 

 

ʄʝʪʦʜʳ ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ 

ʅʘʠʙʦʣʝʝ ʧʦʧʫʣʷʨʥʳʝ ʤʝʪʦʜʳ ʜʣʷ ʨʝʰʝʥʠʷ ʧʦʩʪʘʚʣʝʥʥʦʡ ʟʘʜʘʯʠ ï ʙʠʙʣʠʦʪʝʢʠ 

TensorFlow ʠ Keras [3]. 

TensorFlow ï ʵʪʦ ʥʝʡʨʦʥʥʘʷ ʩʝʪʴ, ʢʦʪʦʨʘʷ ʫʯʠʪʩʷ ʨʝʰʘʪʴ ʟʘʜʘʯʠ ʧʫʪʝʤ ʧʦʟʠʪʠʚʥʦʛʦ 

ʫʩʠʣʝʥʠʷ ʠ ʦʙʨʘʙʘʪʳʚʘʝʪ ʜʘʥʥʳʝ ʥʘ ʨʘʟʣʠʯʥʳʭ ʫʨʦʚʥʷʭ (ʫʟʣʘʭ), ʯʪʦ ʧʦʤʦʛʘʝʪ ʥʘʭʦʜʠʪʴ 

ʚʝʨʥʳʡ ʨʝʟʫʣʴʪʘʪ. 
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ɹʠʙʣʠʦʪʝʢʘ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ ʜʣʷ ʤʘʰʠʥʥʦʛʦ ʦʙʫʯʝʥʠʷ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ 

ʥʦʚʦʝ ʧʦʢʦʣʝʥʠʝ ʚʥʫʪʨʝʥʥʝʡ ʪʝʭʥʦʣʦʛʠʠ DistBelief, ʢʦʪʦʨʘʷ ʙʳʣʘ ʨʘʟʨʘʙʦʪʘʥʘ ʢʦʤʘʥʜʦʡ 

Google Brain ʜʣʷ ʤʥʦʞʝʩʪʚʘ ʟʘʜʘʯ, ʚʢʣʶʯʘʷ ʧʦʠʩʢ ʠʟʦʙʨʘʞʝʥʠʡ ʠ ʫʣʫʯʰʝʥʠʝ ʘʣʛʦʨʠʪʤʦʚ 

ʨʘʩʧʦʟʥʘʚʘʥʠʷ ʨʝʯʠ. 

ʄʘʰʠʥʥʦʝ ʦʙʫʯʝʥʠʝ ʪʘʢʦʛʦ ʨʦʜʘ ʧʨʝʜʥʘʟʥʘʯʝʥʦ ʠʩʢʣʶʯʠʪʝʣʴʥʦ ʜʣʷ 

ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʭ ʮʝʣʝʡ, ʥʦ ʙʣʘʛʦʜʘʨʷ ʧʨʦʛʨʘʤʤʥʦʤʫ ʦʙʝʩʧʝʯʝʥʠʶ ʩ ʦʪʢʨʳʪʳʤ ʢʦʜʦʤ 

ʥʘʧʦʜʦʙʠʝ TensorFlow ʧʨʝʜʧʨʠʷʪʠʝ ʧʦʣʫʯʘʝʪ ʤʦʱʥʳʝ ʩʨʝʜʩʪʚʘ ʜʣʷ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʩʚʦʠʭ 

ʩʦʙʩʪʚʝʥʥʳʭ ʜʘʥʥʳʭ ʠ ʠʭ ʦʙʨʘʙʦʪʢʠ ʚ ʜʝʰʝʚʦʡ ʦʙʣʘʯʥʦʡ ʩʨʝʜʝ. 

Keras ð ʵʪʦ ʙʠʙʣʠʦʪʝʢʘ ʜʣʷ Python ʩ ʦʪʢʨʳʪʳʤ ʠʩʭʦʜʥʳʤ ʢʦʜʦʤ, ʢʦʪʦʨʘʷ ʧʦʟʚʦʣʷʝʪ 

ʣʝʛʢʦ ʩʦʟʜʘʚʘʪʴ ʥʝʡʨʦʥʥʳʝ ʩʝʪʠ. ɹʠʙʣʠʦʪʝʢʘ ʩʦʚʤʝʩʪʠʤʘ ʩ TensorFlow, Microsoft Cognitive 

Toolkit, Theano ʠ MXNet. Tensorflow ʠ Theano ʷʚʣʷʶʪʩʷ ʥʘʠʙʦʣʝʝ ʯʘʩʪʦ ʠʩʧʦʣʴʟʫʝʤʳʤʠ 

ʯʠʩʣʝʥʥʳʤʠ ʧʣʘʪʬʦʨʤʘʤʠ ʥʘ Python ʜʣʷ ʨʘʟʨʘʙʦʪʢʠ ʘʣʛʦʨʠʪʤʦʚ ʛʣʫʙʦʢʦʛʦ ʦʙʫʯʝʥʠʷ, ʥʦ ʦʥʠ 

ʜʦʚʦʣʴʥʦ ʩʣʦʞʥʳ ʚ ʠʩʧʦʣʴʟʦʚʘʥʠʠ. 

Keras ʧʨʝʜʦʩʪʘʚʣʷʝʪ ʧʨʦʩʪʦʡ ʠ ʫʜʦʙʥʳʡ ʩʧʦʩʦʙ ʩʦʟʜʘʥʠʷ ʤʦʜʝʣʝʡ ʛʣʫʙʦʢʦʛʦ ʦʙʫʯʝʥʠʷ. 

ɽʝ ʩʦʟʜʘʪʝʣʴ, Franois Chollet, ʨʘʟʨʘʙʦʪʘʣ ʝʝ ʜʣʷ ʪʦʛʦ, ʯʪʦʙʳ ʤʘʢʩʠʤʘʣʴʥʦ ʫʩʢʦʨʠʪʴ ʠ 

ʫʧʨʦʩʪʠʪʴ ʧʨʦʮʝʩʩ ʩʦʟʜʘʥʠʷ ʥʝʡʨʦʥʥʳʭ ʩʝʪʝʡ. ʆʥ ʩʦʩʨʝʜʦʪʦʯʠʣ ʩʚʦʝ ʚʥʠʤʘʥʠʝ ʥʘ 

ʨʘʩʰʠʨʷʝʤʦʩʪʠ, ʤʦʜʫʣʴʥʦʩʪʠ, ʤʠʥʠʤʘʣʠʟʤʝ ʠ ʧʦʜʜʝʨʞʢʝ Python. Keras ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʩ 

GPU ʠ CPU; ʦʥʘ ʧʦʜʜʝʨʞʠʚʘʝʪ ʢʘʢ Python 2, ʪʘʢ ʠ Python 3. Keras ʢʦʤʧʘʥʠʠ Google ʚʥʝʩʣʘ 

ʙʦʣʴʰʦʡ ʚʢʣʘʜ ʚ ʢʦʤʤʝʨʮʠʘʣʠʟʘʮʠʶ ʛʣʫʙʦʢʦʛʦ ʦʙʫʯʝʥʠʷ ʠ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʠʥʪʝʣʣʝʢʪʘ, 

ʧʦʩʢʦʣʴʢʫ ʦʥʘ ʩʦʜʝʨʞʠʪ ʩʦʚʨʝʤʝʥʥʳʝ ʘʣʛʦʨʠʪʤʳ ʛʣʫʙʦʢʦʛʦ ʦʙʫʯʝʥʠʷ, ʢʦʪʦʨʳʝ ʨʘʥʝʝ ʙʳʣʠ ʥʝ 

ʪʦʣʴʢʦ ʥʝʜʦʩʪʫʧʥʳʤʠ, ʥʦ ʠ ʥʝʧʨʠʛʦʜʥʳʤʠ ʜʣʷ ʠʩʧʦʣʴʟʦʚʘʥʠʷ. 

 

ʃʠʪʝʨʘʪʫʨʘ 

1. ʆʨʝʣʴʝʥ ɾʝʨʦʥ. ʇʨʠʢʣʘʜʥʦʝ ʤʘʰʠʥʥʦʝ ʦʙʫʯʝʥʠʝ ʩ ʧʦʤʦʱʴʶ Scikit-Learn ʠ TensorFlow. 

ʂʦʥʮʝʧʮʠʠ, ʠʥʩʪʨʫʤʝʥʪʳ ʠ ʪʝʭʥʠʢʠ ʜʣʷ ʩʦʟʜʘʥʠʷ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʭ ʩʠʩʪʝʤ.  Hands-On 

Machine Learning with Scikit-Learn and TensorFlow: Concepts, Tools, and Techniques for Building 

Intelligent Systems. ï ɺʠʣʴʷʤʩ, 2018. ï 688 ʩ. ï ISBN 978-5-9500296-2-2, 978-1-491-96229-9. 

2. ʐʦʣʣʝ ʌ. ɻʣʫʙʦʢʦʝ ʦʙʫʯʝʥʠʝ ʥʘ Python. Deep Learning with Python. ï ʇʠʪʝʨ, 2018. ï 400 ʩ. 

ï ISBN 978-5-4461-0770-4. 

3. ɻʦʨʦʜʥʠʯʝʚ ʄ.ɻ., ʂʦʯʫʧʘʣʦʚ ɸ.ɽ. ʀʩʩʣʝʜʦʚʘʥʠʝ ʤʝʪʦʜʦʚ ʤʝʞʧʨʦʮʝʩʩʥʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ 

ʚ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʩʠʩʪʝʤʝ ʩ ʛʦʨʠʟʦʥʪʘʣʴʥʳʤ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝʤ. ɺʝʩʪʥʠʢ ʝʚʨʘʟʠʡʩʢʦʡ ʥʘʫʢʠ, 

2018. ï ʊ. 10. ï  ̄4. ï ʉ. 39. 

 

 

 

 

 

 

 

 

 

 

 

 

 

https://neurohive.io/ru/tutorial/tensorflow-tutorial-tenzory-i-vektory/
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https://elibrary.ru/contents.asp?id=36385925
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ȶȪȯȻȭɄ V. ɂȯȳȲȳȱȭȯȥ ȭ ȸȴȵȥȧȰȪȲȭȪ ȧ 

ȭȲȹȳȯȳȱȱȸȲȭȯȥȻȭɄȺ 

 

ʈɸɿɺʀʊʀɽ ʆʊʈɸʉʃʀ ʀʅʌʆʂʆʄʄʋʅʀʂɸʎʀʁ ʂɸʂ ʌɸʂʊʆʈ ʈʆʉʊɸ ʉʇʈʆʉɸ 

ʅɸ ʋʉʃʋɻʀ ɻʆʉʋɼɸʈʉʊɺɽʅʅʓʍ ʇʈʆɽʂʊʅʓʍ ʆʈɻɸʅʀɿɸʎʀʁ 

 

ɽ.ʈ. ɻʨʠʛʦʨʝʥʢʦ, ʛʣʘʚʥʳʡ ʩʧʝʮʠʘʣʠʩʪ ʎɿʆʇʄ ʄʊʋʉʀ, 111024, ʛ. ʄʦʩʢʚʘ, ʫʣ. ɸʚʠʘʤʦʪʦʨʥʘʷ, 
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ɺ ʥʘʰʠ ʜʥʠ ʠʥʬʦʨʤʘʮʠʦʥʥʦ-ʢʦʤʤʫʥʠʢʘʮʠʦʥʥʳʝ ʪʝʭʥʦʣʦʛʠʠ (ʀʂʊ) ʷʚʣʷʶʪʩʷ 

ʚʘʞʥʝʡʰʠʤ ʬʘʢʪʦʨʦʤ ʨʘʟʚʠʪʠʷ ʤʠʨʦʚʦʛʦ ʩʦʦʙʱʝʩʪʚʘ. ʕʪʦ ʧʦʥʷʪʠʝ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʪʘʢʠʝ 

ʦʧʨʝʜʝʣʝʥʠʷ, ʢʘʢ ʠʥʬʦʨʤʘʮʠʦʥʥʳʝ ʧʨʦʮʝʩʩʳ ʠ ʤʝʪʦʜʳ ʨʘʙʦʪʳ ʩ ʠʥʬʦʨʤʘʮʠʝʡ, 

ʦʩʫʱʝʩʪʚʣʷʝʤʳʝ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʩʨʝʜʩʪʚ ʪʝʣʝʢʦʤʤʫʥʠʢʘʮʠʡ ʠ ʚʳʯʠʩʣʠʪʝʣʴʥʦʡ ʪʝʭʥʠʢʠ [5]. 

ʀʥʬʦʨʤʘʮʠʦʥʥʳʝ ʪʝʭʥʦʣʦʛʠʠ ʷʚʣʷʶʪʩʷ ʥʝʦʪʲʝʤʣʝʤʦʡ ʯʘʩʪʴʶ ʥʘʰʝʡ ʞʠʟʥʠ 

ʧʨʘʢʪʠʯʝʩʢʠ ʚʦ ʚʩʝʭ ʩʬʝʨʘʭ ʞʠʟʥʠ ʦʙʱʝʩʪʚʘ, ʥʘ ʜʘʥʥʳʡ ʤʦʤʝʥʪ ʩʣʦʞʥʦ ʧʨʝʜʩʪʘʚʠʪʴ 

ʧʦʣʥʦʮʝʥʥʫʶ ʩʦʮʠʘʣʴʥʫʶ ʞʠʟʥʴ ʙʝʟ ʀʂʊ. ʋʚʝʣʠʯʝʥʠʝ ʦʙʲʝʤʦʚ ʠʥʬʦʨʤʘʮʠʠ ʠ ʝʝ 

ʨʘʟʥʦʦʙʨʘʟʠʷ, ʧʦʷʚʣʝʥʠʝ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʪʝʭʥʦʣʦʛʠʡ ï ʚʩʝ ʵʪʦ ʫʩʠʣʠʚʘʝʪ ʨʦʣʴ ʠ ʚʣʠʷʥʠʝ 

ʠʥʬʦʨʤʘʮʠʦʥʥʦ-ʢʦʤʤʫʥʠʢʘʮʠʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʥʘ ʦʨʛʘʥʠʟʘʮʠʶ ʜʝʷʪʝʣʴʥʦʩʪʠ ʣʶʜʝʡ ʚ 

ʨʘʟʣʠʯʥʳʭ ʩʬʝʨʘʭ (ʵʢʦʥʦʤʠʯʝʩʢʘʷ, ʥʘʫʯʥʘʷ, ʩʦʮʠʘʣʴʥʘʷ, ʧʦʣʠʪʠʯʝʩʢʘʷ, ʢʫʣʴʪʫʨʥʘʷ). 

ɺ ʦʪʣʠʯʠʝ ʦʪ ʢʦʤʤʝʨʯʝʩʢʠʭ ʧʨʦʝʢʪʥʳʭ ʦʨʛʘʥʠʟʘʮʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʘʷ ʧʨʦʝʢʪʥʘʷ 

ʦʨʛʘʥʠʟʘʮʠʷ ʫʯʘʩʪʚʫʝʪ ʚ ʨʘʙʦʪʘʭ, ʩʚʷʟʘʥʥʳʭ ʩ ʦʙʝʩʧʝʯʝʥʠʝʤ ʦʙʦʨʦʥʳ ʠ ʙʝʟʦʧʘʩʥʦʩʪʠ 

ʛʦʩʫʜʘʨʩʪʚʘ. ʏʪʦ ʥʘʣʘʛʘʝʪ ʦʧʨʝʜʝʣʝʥʥʳʝ ʦʙʷʟʘʪʝʣʴʩʪʚʘ, ʠ ʛʦʩʫʜʘʨʩʪʚʝʥʥʘʷ ʧʨʦʝʢʪʥʘʷ 

ʦʨʛʘʥʠʟʘʮʠʷ ʥʝ ʚʩʝʛʜʘ ʠʤʝʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʨʘʚʥʦʧʨʘʚʥʦ ʢʦʥʢʫʨʠʨʦʚʘʪʴ ʥʘ ʨʳʥʢʝ ʧʨʦʝʢʪʥʳʭ 

ʫʩʣʫʛ [6].  

ʆʜʥʠʤ ʠʟ ʧʨʠʦʨʠʪʝʪʥʳʭ ʥʘʧʨʘʚʣʝʥʠʡ ʨʘʟʚʠʪʠʷ ʦʪʨʘʩʣʠ ʠʥʬʦʢʦʤʤʫʥʠʢʘʮʠʡ ʧʦ 

ʠʥʥʦʚʘʮʠʦʥʥʦʤʫ ʚʘʨʠʘʥʪʫ ʧʨʝʜʧʦʣʘʛʘʝʪʩʷ ʨʝʰʝʥʠʝ ʟʘʜʘʯʠ ʨʘʟʚʠʪʠʷ ʮʠʬʨʦʚʦʛʦ ʪʝʣʝʚʠʜʝʥʠʷ, 

ʧʦʟʚʦʣʷʶʱʝʛʦ ʦʙʝʩʧʝʯʠʪʴ ʫʚʝʣʠʯʝʥʠʝ ʢʦʣʠʯʝʩʪʚʘ ʠ ʢʘʯʝʩʪʚʘ ʧʨʠʥʠʤʘʝʤʳʭ ʧʨʦʛʨʘʤʤ, ʘ ʪʘʢʞʝ 

ʧʨʝʜʦʩʪʘʚʣʝʥʠʝ ʠʥʪʝʨʘʢʪʠʚʥʳʭ ʫʩʣʫʛ [7]. 

ʉʨʝʜʠ ʦʩʥʦʚʥʳʭ ʥʘʧʨʘʚʣʝʥʠʡ ʨʘʟʚʠʪʠʷ ʨʳʥʢʘ ʠʥʬʦʢʦʤʤʫʥʠʢʘʮʠʡ ʥʘ ʙʣʠʞʘʡʰʠʝ ʛʦʜʳ 

ʤʦʞʥʦ ʚʳʜʝʣʠʪʴ:  

¶ ʠʥʪʝʛʨʘʮʠʶ ʀʊ-ʩʝʨʚʠʩʦʚ ʠ ʦʧʝʨʘʪʦʨʩʢʠʭ ʧʨʦʜʫʢʪʦʚ; 

¶ ʨʘʟʚʠʪʠʝ ʠʥʪʝʨʥʝʪ ʚʝʱʝʡ ʠ ʘʥʘʣʠʪʠʢʘ ʙʦʣʴʰʠʭ ʜʘʥʥʳʭ; 

¶ ʧʦʚʳʰʝʥʠʝ ʢʘʯʝʩʪʚʘ ʢʣʠʝʥʪʩʢʦʛʦ ʦʙʩʣʫʞʠʚʘʥʠʷ ʧʨʠ ʧʦʤʦʱʠ CRM; 

¶ ʚʳʚʦʜ ʥʘ ʨʳʥʦʢ ʥʦʚʳʭ ʠʥʥʦʚʘʮʠʦʥʥʳʭ ʧʨʦʜʫʢʪʦʚ; 
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¶ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʦʙʣʘʯʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʢʘʢ ʩʧʦʩʦʙʘ ʦʧʪʠʤʠʟʘʮʠʠ ʟʘʪʨʘʪ [11]. 

 

ʉʪʨʘʪʝʛʠʯʝʩʢʦʝ ʟʥʘʯʝʥʠʝ ʦʪʨʘʩʣʠ ʩʦʩʪʦʠʪ ʚ ʧʦʚʳʰʝʥʠʠ ʵʬʬʝʢʪʠʚʥʦʩʪʠ 

ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ, ʘ ʪʘʢʞʝ ʦʙʝʩʧʝʯʝʥʠʝ ʦʙʦʨʦʥʳ ʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ 

ʛʦʩʫʜʘʨʩʪʚʘ. ɺ ʨʘʤʢʘʭ ʨʝʰʝʥʠʷ ʵʪʦʡ ʟʘʜʘʯʠ ʦʩʥʦʚʥʳʤʠ ʥʘʧʨʘʚʣʝʥʠʷʤʠ ʷʚʣʷʝʪʩʷ 

ʠʤʧʦʨʪʦʟʘʤʝʱʝʥʠʝ ʠ ʧʦʚʳʰʝʥʠʝ ʜʦʣʠ ʦʪʝʯʝʩʪʚʝʥʥʦʛʦ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ [8-10].  

ʇʦʩʣʝʜʥʠʝ ʛʦʜʳ ʨʳʥʦʢ ʪʝʣʝʢʦʤʤʫʥʠʢʘʮʠʦʥʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ʦʪʣʠʯʘʣʩʷ ʚʳʩʦʢʦʡ 

ʩʪʝʧʝʥʴʶ ʣʠʙʝʨʘʣʠʟʘʮʠʠ. ʅʘ ʚʦʣʥʝ ʣʠʙʝʨʘʣʠʟʘʮʠʠ ʚʥʝʰʥʝʡ ʪʦʨʛʦʚʣʠ ʜʝʬʠʮʠʪ ʚ ʩʦʚʨʝʤʝʥʥʦʤ 

ʦʙʦʨʫʜʦʚʘʥʠʠ ʠ ʠʥʬʦʨʤʘʪʠʟʘʮʠʠ ʚʳʩʧʦʣʥʷʣʩʷ ʪʘʢʠʤʠ ʬʠʨʤʘʤʠ, ʢʘʢ Cisco System (ʉʐɸ), 

Nokia (ʌʠʥʣʷʥʜʠʷ), Siemens (ɻʝʨʤʘʥʠʷ), Ericsson (ʐʚʝʮʠʷ), NEC (ʗʧʦʥʠʷ) ʠ ʜʨʫʛʠʝ.  

ʀʟ ʧʦʩʪʘʥʦʚʣʝʥʠʷ ʧʨʘʚʠʪʝʣʴʩʪʚʘ ʩʣʝʜʫʝʪ, ʯʪʦ ʧʨʠ ʧʨʦʚʝʜʝʥʠʠ ʛʦʩʟʘʢʫʧʢʠ ʟʘʢʘʟʯʠʢ 

ʜʦʣʞʝʥ ʦʪʢʣʦʥʠʪʴ ʚʩʝ ʧʨʝʜʣʦʞʝʥʠʠ ʦ ʧʦʩʪʘʚʢʝ ʧʨʦʜʫʢʪʦʚ ʠʥʦʩʪʨʘʥʥʦʛʦ ʧʨʦʠʩʭʦʞʜʝʥʠʷ, ʝʩʣʠ 

ʥʘ ʪʝʥʜʝʨ ʧʦʩʪʫʧʠʣʦ ʥʝ ʤʝʥʝʝ ʜʚʫʭ ʟʘʷʚʦʢ, ʦʪʚʝʯʘʶʱʠʭ ʜʚʫʤ ʫʩʣʦʚʠʷʤ: ʩʦʜʝʨʞʘʪ 

ʧʨʝʜʣʦʞʝʥʠʷ ʦ ʧʦʩʪʘʚʢʝ ʧʨʦʜʫʢʮʠʠ, ʧʨʦʠʟʚʦʜʠʤʦʡ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʈʌ, ʠ ʥʝ ʩʦʜʝʨʞʘʪ 

ʧʨʝʜʣʦʞʝʥʠʷ ʦ ʧʦʩʪʘʚʢʝ ʦʜʥʦʛʦ ʠ ʪʦʛʦ ʞʝ ʚʠʜʘ ʧʨʦʜʫʢʮʠʠ ʦʪ ʦʜʥʦʛʦ ʧʨʦʠʟʚʦʜʠʪʝʣʷ.  

ɼʘʥʥʦʝ ʦʛʨʘʥʠʯʝʥʠʝ ʚʩʪʫʧʠʣʦ ʚ ʩʠʣʫ ʩ 30 ʩʝʥʪʷʙʨʷ 2016 ʛ. ʠ ʜʝʡʩʪʚʦʚʘʣʦ ʜʦ 31 ʘʚʛʫʩʪʘ 

2018 ʛ. [1]. 

ʎʝʣʝʚʳʤ ʜʣʷ ʵʢʦʥʦʤʠʯʝʩʢʦʡ ʧʦʣʠʪʠʢʠ ʈʦʩʩʠʠ ʷʚʣʷʝʪʩʷ ʠʥʥʦʚʘʮʠʦʥʥʳʡ ʩʮʝʥʘʨʠʡ ʩ 

ʪʝʤʧʘʤʠ ʨʦʩʪʘ ʜʦʭʦʜʦʚ ʦʢʦʣʦ 6,5% ʚ ʛʦʜ, ʧʦʩʢʦʣʴʢʫ ʪʦʣʴʢʦ ʦʥ ʚ ʧʦʣʥʦʡ ʤʝʨʝ ʧʦʟʚʦʣʷʝʪ 

ʨʝʘʣʠʟʦʚʘʪʴ ʩʪʨʘʪʝʛʠʯʝʩʢʠʝ ʦʨʠʝʥʪʠʨʳ ʨʘʟʚʠʪʠʷ [2-3]. 

ʇʦ ʧʨʠʦʨʠʪʝʪʥʳʤ ʥʘʧʨʘʚʣʝʥʠʷʤ ʨʘʟʚʠʪʠʷ ʦʪʨʘʩʣʠ ʧʦ ʠʥʥʦʚʘʮʠʦʥʥʦʤʫ ʚʘʨʠʘʥʪʫ 

ʧʨʝʜʧʦʣʘʛʘʝʪʩʷ ʨʝʰʝʥʠʝ ʟʘʜʘʯ:  

¶ ʨʘʟʚʠʪʠʝ ʝʜʠʥʦʡ ʩʝʪʠ ʵʣʝʢʪʨʦʩʚʷʟʠ, ʚʢʣʶʯʘʷ ʩʝʪʠ ʩʣʝʜʫʶʱʝʛʦ ʧʦʢʦʣʝʥʠʷ 

ʬʠʢʩʠʨʦʚʘʥʥʦʡ ʩʚʷʟʠ, ʩʝʪʠ ʪʨʝʪʴʝʛʦ ʠ ʯʝʪʚʝʨʪʦʛʦ, ʧʷʪʦʛʦ ʧʦʢʦʣʝʥʠʷ ʤʦʙʠʣʴʥʦʡ ʩʚʷʟʠ, 

ʩʝʪʠ, ʧʦʟʚʦʣʷʶʱʝʡ ʧʦʣʴʟʦʚʘʪʴʩʷ ʚʠʜʝʦʪʝʣʝʬʦʥʥʦʡ ʩʚʷʟʴʶ, ʚʳʩʦʢʦʩʢʦʨʦʩʪʥʳʤ 

ʜʦʩʪʫʧʦʤ ʚ ʩʝʪʴ ʠʥʪʝʨʥʝʪ, ʦʩʫʱʝʩʪʚʣʷʪʴ ʧʨʠʝʤ ʠ ʧʝʨʝʜʘʯʫ ʤʦʙʠʣʴʥʳʤ ʫʩʪʨʦʡʩʪʚʘʤ 

ʨʘʟʥʦʦʙʨʘʟʥʦʛʦ ʢʦʥʪʝʥʪʘ, ʧʨʠʤʝʥʝʥʠʝ ʦʙʣʘʯʥʳʭ ʪʝʭʥʦʣʦʛʠʡ, ʪʝʭʥʦʣʦʛʠʡ 

ʧʨʦʛʨʘʤʤʠʨʫʝʤʦʛʦ ʨʘʜʠʦ, ʯʪʦ ʦʙʝʩʧʝʯʠʪ ʣʦʷʣʴʥʦʩʪʴ ʠ ʨʦʩʪ ʢʣʠʝʥʪʩʢʦʡ ʙʘʟʳ; 

¶ ʨʘʟʚʠʪʠʝ ʝʜʠʥʦʡ ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ ʩʝʪʴʶ, ʥʘʧʨʘʚʣʝʥʥʦʡ ʥʘ ʨʝʰʝʥʠʝ ʪʘʢʠʭ ʟʘʜʘʯ ʢʘʢ 

ʢʦʥʪʨʦʣʴ ʠ ʤʦʥʠʪʦʨʠʥʛ ʢʘʯʝʩʪʚʘ ʫʩʣʫʛ ʠ ʢʘʯʝʩʪʚʘ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʩʝʪʝʡ ʩʚʷʟʠ, 

ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ ʪʝʣʝʢʦʤʤʫʥʠʢʘʮʠʦʥʥʳʭ ʩʝʪʝʡ, ʫʧʨʘʚʣʝʥʠʝ ʩʝʪʷʤʠ 

ʩʚʷʟʠ; 

¶ ʰʠʨʦʢʦʝ ʚʥʝʜʨʝʥʠʝ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʩʝʪʝʡ ʩʚʷʟʠ, ʠʥʪʝʛʨʠʨʦʚʘʥʥʳʭ ʚ ʩʝʪʠ ʩʚʷʟʠ 

ʦʙʱʝʛʦ ʧʦʣʴʟʦʚʘʥʠʷ ʠ ʩ ʧʨʠʤʝʥʝʥʠʝʤ çʫʤʥʳʭè ʪʝʭʥʦʣʦʛʠʡ, ʥʘʧʨʘʚʣʝʥʥʳʭ ʥʘ 

ʢʦʥʪʨʦʣʴ, ʤʦʥʠʪʦʨʠʥʛ ʠ ʫʧʨʘʚʣʝʥʠʝ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʤʠ ʧʨʦʮʝʩʩʘʤʠ ʚ ʠʥʪʝʨʝʩʘʭ 

ʨʘʟʥʳʭ ʦʪʨʘʩʣʝʡ ʥʘʨʦʜʥʦʛʦ ʭʦʟʷʡʩʪʚʘ; 

¶ ʨʘʟʚʠʪʠʷ ʮʠʬʨʦʚʦʛʦ ʪʝʣʝʚʠʜʝʥʠʷ, ʧʦʟʚʦʣʷʶʱʝʛʦ ʦʙʝʩʧʝʯʠʪʴ ʫʚʝʣʠʯʝʥʠʝ ʢʦʣʠʯʝʩʪʚʘ ʠ 

ʢʘʯʝʩʪʚʘ ʧʨʠʥʠʤʘʝʤʳʭ ʧʨʦʛʨʘʤʤ, ʘ ʪʘʢʞʝ ʧʨʝʜʦʩʪʘʚʣʝʥʠʝ ʠʥʪʝʨʘʢʪʠʚʥʳʭ ʫʩʣʫʛ [4]. 

 

ʇʦ ʧʨʦʛʥʦʟʫ ʄʠʥʵʢʦʥʦʤʨʘʟʚʠʪʠʷ ʈʦʩʩʠʠ ʚ ʯʘʩʪʠ ʧʦʪʨʝʙʥʦʩʪʠ ʨʳʥʢʘ ʥʘ ʧʝʨʩʧʝʢʪʠʚʫ ʜʦ 

2020 ʛ. ʜʦʣʷ ʀʂʊ ʚ ɺɺʇ ʩʦʩʪʘʚʠʪ 11,5%, ʚ ʪʦʤ ʯʠʩʣʝ ʜʦʣʷ ʨʳʥʢʘ ʀʂʊ ï 3,5%, ʜʦʣʷ ʦʪʨʘʩʣʠ ï 

8%. ʇʨʝʚʳʰʝʥʠʝ ʪʝʤʧʦʚ ʨʦʩʪʘ ʨʳʥʢʘ ʀʂʊ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʪʝʤʧʘʤʠ ʨʦʩʪʘ ɺɺʇ ʢ 2020 ʛ. 

ʧʨʦʛʥʦʟʠʨʫʝʪʩʷ ʚ 2,55 ʨʘʟʘ ʚ ʨʫʙʣʝʚʦʤ ʵʢʚʠʚʘʣʝʥʪʝ.   
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ʂ 2020 ʛ. ʥʝʦʙʭʦʜʠʤʦ ʨʝʰʠʪʴ ʩʣʝʜʫʶʱʠʝ ʟʘʜʘʯʠ: 

¶ ʧʦʣʥʘʷ ʪʝʣʝʬʦʥʠʟʘʮʠʷ ʥʘʩʝʣʝʥʥʳʭ ʧʫʥʢʪʦʚ; 

¶ ʨʘʟʚʠʪʠʝ ʢʦʥʚʝʨʛʝʥʪʥʳʭ ʩʝʪʝʡ ʩʚʷʟʠ; 

¶ ʨʘʩʰʠʨʝʥʠʝ ʧʝʨʝʯʥʷ ʫʥʠʚʝʨʩʘʣʴʥʳʭ ʫʩʣʫʛ, ʧʨʝʜʦʩʪʘʚʣʝʥʠʝ ʛʨʘʞʜʘʥʘʤ ʩʦʮʠʘʣʴʥʳʭ 

ʫʩʣʫʛ ʥʘ ʚʩʝʡ ʪʝʨʨʠʪʦʨʠʠ ʈʦʩʩʠʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʀʂʊ; 

¶ ʩʦʟʜʘʥʠʝ ʩʠʩʪʝʤʳ ʦʙʱʝʩʪʚʝʥʥʳʭ ʮʝʥʪʨʦʚ ʜʦʩʪʫʧʘ ʥʘʩʝʣʝʥʠʷ ʢ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʤ 

ʠʥʬʦʨʤʘʮʠʦʥʥʳʤ ʨʝʩʫʨʩʘʤ, ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʤ ʫʩʣʫʛʘʤ, ʘ ʪʘʢʞʝ ʢ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʡ 

ʩʠʩʪʝʤʝ ʧʨʘʚʦʚʦʡ ʠʥʬʦʨʤʘʮʠʠ;  

¶ ʧʨʦʚʝʜʝʥʠʝ ʢʦʥʚʝʨʩʠʠ ʨʘʜʠʦʯʘʩʪʦʪʥʦʛʦ ʩʧʝʢʪʨʘ; 

¶ ʰʠʨʦʢʦʝ ʚʥʝʜʨʝʥʠʝ ʮʠʬʨʦʚʦʛʦ ʪʝʣʝʚʠʜʝʥʠʷ [12-13]. 
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ʋɼʂ 33+65 (075.8) 

ʎʠʬʨʦʚʠʟʘʮʠʷ ʵʢʦʥʦʤʠʢʠ ʠ ʦʙʱʝʩʪʚʘ, ʧʨʝʜʩʪʘʚʣʷʷ ʩʦʙʦʡ ʧʨʦʮʝʩʩ ʠʟʤʝʥʝʥʠʷ 

ʦʙʱʝʩʪʚʝʥʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ ʠ ʩʦʮʠʫʤʘ ʥʘ ʦʩʥʦʚʝ ʮʝʣʝʥʘʧʨʘʚʣʝʥʥʦʛʦ ʧʨʠʤʝʥʝʥʠʷ ʀʂʊ ʠ 

ʮʠʬʨʦʚʳʭ ʪʝʭʥʦʣʦʛʠʡ ʚ ʨʘʟʣʠʯʥʳʭ ʦʙʣʘʩʪʷʭ ʩʦʮʠʘʣʴʥʦ-ʵʢʦʥʦʤʠʯʝʩʢʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ, 

ʩʧʦʩʦʙʩʪʚʫʶʱʠʡ ʧʝʨʝʭʦʜʫ ʢ ʙʦʣʝʝ ʩʦʚʝʨʰʝʥʥʦʤʫ ʩʦʩʪʦʷʥʠʶ ʵʢʦʥʦʤʠʢʠ ʠ ʦʙʱʝʩʪʚʘ [1, 2, 3], 

ʢʘʨʜʠʥʘʣʴʥʦ ʠʟʤʝʥʷʝʪ ʙʠʟʥʝʩ-ʤʦʜʝʣʠ, ʥʫʞʜʘʝʪʩʷ ʚ ʥʦʚʳʭ ʧʦʜʭʦʜʘʭ ʠ ʠʥʩʪʨʫʤʝʥʪʘʭ 

ʤʘʨʢʝʪʠʥʛʘ. 

 ʆʪʚʝʯʘʷ ʥʘ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʩʜʚʠʛʠ, ʠʟʤʝʥʝʥʠʷ ʢʦʥʲʶʥʢʪʫʨʳ ʨʳʥʢʘ, ʧʦʷʚʣʝʥʠʝ ʥʦʚʳʭ 

ʧʦʚʝʜʝʥʯʝʩʢʠʭ ʧʦʪʨʝʙʠʪʝʣʴʩʢʠʭ ʤʦʜʝʣʝʡ, ʤʘʨʢʝʪʠʥʛ ʚ ʫʩʣʦʚʠʷʭ ʮʠʬʨʦʚʦʛʦ ʨʘʟʚʠʪʠʷ 

ʵʢʦʥʦʤʠʢʠ, ʧʝʨʝʤʝʱʘʝʪʩʷ ʚ ʩʦʮʠʘʣʴʥʳʝ ʩʝʪʠ ʠ ʠʥʪʝʨʥʝʪ ʜʣʷ ʚʳʷʚʣʝʥʠʷ ʧʦʪʨʝʙʥʦʩʪʝʡ 

ʧʦʪʨʝʙʠʪʝʣʝʡ, ʤʦʪʠʚʦʚ ʠʭ ʧʦʢʫʧʘʪʝʣʴʩʢʦʛʦ ʧʦʚʝʜʝʥʠʷ, ʨʝʘʢʮʠʠ ʥʘ ʤʘʨʢʝʪʠʥʛʦʚʳʝ 

ʤʝʨʦʧʨʠʷʪʠʷ, ʧʦʣʫʯʝʥʠʷ ʦʪʢʣʠʢʦʚ ʦ ʧʨʠʦʙʨʝʪʝʥʥʳʭ ʧʨʦʜʫʢʪʘʭ ʠ ʫʩʣʫʛʘʭ [4].  

 ʎʠʬʨʦʚʘʷ ʪʨʘʥʩʬʦʨʤʘʮʠʷ ʵʢʦʥʦʤʠʢʠ ʜʠʢʪʫʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʧʨʠʤʝʥʝʥʠʷ 

ʩʦʚʨʝʤʝʥʥʳʭ ʠʥʩʪʨʫʤʝʥʪʦʚ ʤʘʨʢʝʪʠʥʛʘ, ʩʦʩʪʦʷʱʠʭ ʚ: 

¶ ʧʨʦʥʠʢʥʦʚʝʥʠʠ ʤʘʨʢʝʪʠʥʛʘ ʚʦ ʚʩʝ ʩʬʝʨʳ ʜʝʷʪʝʣʴʥʦʩʪʠ ʢʦʤʧʘʥʠʠ, ʦʢʘʟʘʥʠʠ ʚʣʠʷʥʠʷ ʥʘ 

ʝʝ ʩʪʨʘʪʝʛʠʶ, ʧʨʠʚʣʝʯʝʥʠʠ ʢ ʘʢʪʠʚʥʦʤʫ ʫʯʘʩʪʠʶ ʧʦʪʨʝʙʠʪʝʣʝʡ ʚ ʧʨʦʮʝʩʩʝ 

ʧʣʘʥʠʨʦʚʘʥʠʷ ʩʦʟʜʘʥʠʷ ʥʦʚʳʭ ʧʨʦʜʫʢʪʦʚ ʠ ʫʩʣʫʛ ʠ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʷ ʩʫʱʝʩʪʚʫʶʱʠʭ; 

¶ ʧʝʨʩʦʥʠʬʠʢʘʮʠʠ ʧʦʪʨʝʙʠʪʝʣʝʡ ʠ ʧʨʝʜʣʦʞʝʥʠʡ ʜʣʷ ʥʠʭ; 
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¶ ʚʩʝʦʙʲʝʤʣʶʱʝʤ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʩ ʧʦʪʨʝʙʠʪʝʣʷʤʠ ʥʘ ʦʩʥʦʚʝ ʧʦʩʪʦʷʥʥʦʛʦ ʜʠʘʣʦʛʘ ʚ 

ʩʦʮʠʘʣʴʥʳʭ ʩʝʪʷʭ; 

¶ ʠʟʫʯʝʥʠʠ ʧʨʦʮʝʩʩʦʚ ʧʨʠʥʷʪʠʷ ʨʝʰʝʥʠʡ ʧʦʪʨʝʙʠʪʝʣʷʤʠ, ʨʘʙʦʪʳ ʤʦʟʛʘ 

(ʥʝʡʨʦʤʘʨʢʝʪʠʥʛ); 

¶ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʙʦʣʴʰʠʭ ʧʦʣʴʟʦʚʘʪʝʣʴʩʢʠʭ ʜʘʥʥʳʭ ʜʣʷ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ 

ʧʦʪʝʥʮʠʘʣʴʥʳʭ ʧʦʪʨʝʙʥʦʩʪʝʡ ʧʦʪʨʝʙʠʪʝʣʝʡ; 

¶ ʘʥʘʣʠʟʝ ʮʝʥʥʦʩʪʥʳʭ ʧʨʝʜʧʦʯʪʝʥʠʡ ʧʦʪʨʝʙʠʪʝʣʝʡ ʠ ʦʧʳʪʘ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʧʨʦʜʫʢʪʘ ʠʣʠ 

ʫʩʣʫʛʠ; 

¶ ʫʯʘʩʪʠʠ ʤʘʨʢʝʪʦʣʦʛʦʚ ʥʘ ʚʩʝʭ ʵʪʘʧʘʭ ʩʦʟʜʘʥʠʷ ʥʦʚʳʭ ʧʨʦʜʫʢʪʦʚ ʠ ʫʩʣʫʛ (ʪʘʢ 

ʥʘʟʳʚʘʝʤʦʝ ʜʠʟʘʡʥ-ʤʳʰʣʝʥʠʝ); 

¶ ʦʩʫʱʝʩʪʚʣʝʥʠʠ ʧʦʟʠʮʠʦʥʠʨʦʚʘʥʠʷ ʙʨʝʥʜʘ ʥʘ ʬʫʥʢʮʠʦʥʘʣʴʥʦʤ, ʵʤʦʮʠʦʥʘʣʴʥʦʤ ʠ 

ʩʦʮʠʘʣʴʥʦʤ ʫʨʦʚʥʷʭ; 

¶ ʦʨʛʘʥʠʟʘʮʠʠ ʜʚʫʩʪʦʨʦʥʥʝʛʦ ʦʙʱʝʥʠʷ ʠ ʫʯʘʩʪʠʠ ʚ ʩʦʟʜʘʥʠʠ ʢʦʥʪʝʥʪʘ ʧʦʣʴʟʦʚʘʪʝʣʝʡ; 

¶ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʩʦʮʠʘʣʴʥʳʭ ʩʝʪʝʡ ʢʘʢ ʨʝʢʣʘʤʥʦʛʦ ʩʨʝʜʩʪʚʘ; 

¶ ʠʥʬʦʨʤʠʨʦʚʘʥʠʠ ʧʦʪʨʝʙʠʪʝʣʝʡ ʦ ʨʝʘʣʴʥʳʭ ʧʨʝʠʤʫʱʝʩʪʚʘʭ ʧʨʦʜʫʢʪʦʚ ʠ ʫʩʣʫʛ 

ʧʦʩʨʝʜʩʪʚʦʤ ʩʦʟʜʘʥʠʷ ʫʙʝʜʠʪʝʣʴʥʳʭ ʠʩʪʦʨʠʡ, ʨʘʩʧʨʦʩʪʨʘʥʷʝʤʳʭ ʚ ʩʝʪʠ ʠʥʪʝʨʥʝʪ; 

¶ ʦʙʝʩʧʝʯʝʥʠʠ ʜʦʩʪʦʚʝʨʥʦʩʪʠ ʠ ʧʨʦʟʨʘʯʥʦʩʪʠ ʠʥʬʦʨʤʘʮʠʠ ʦ ʧʨʦʜʫʢʪʘʭ ʠ ʫʩʣʫʛʘʭ; 

¶ ʜʦʩʪʫʧʥʦʩʪʠ ʧʦʚʩʝʤʝʩʪʥʦʛʦ ʠ ʢʨʫʛʣʦʩʫʪʦʯʥʦʛʦ ʧʨʠʦʙʨʝʪʝʥʠʷ ʧʨʦʜʫʢʪʦʚ ʠ ʫʩʣʫʛ ʥʘ 

ʦʩʥʦʚʝ ʧʨʠʤʝʥʝʥʠʷ ʆmm-ʢʘʥʘʣʦʚ; 

¶ ʧʨʦʩʪʦʪʝ ʠ ʫʜʦʙʩʪʚʝ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʧʨʦʜʫʢʪʦʚ ʠ ʫʩʣʫʛ, ʦʙʩʣʫʞʠʚʘʥʠʠ ʠ ʪʝʭʧʦʜʜʝʨʞʢʝ 

ʚ ʪʝʯʝʥʠʝ ʚʩʝʛʦ ʩʨʦʢʘ ʩʣʫʞʙʳ ʠʣʠ ʧʨʝʜʦʩʪʘʚʣʝʥʠʷ ʫʩʣʫʛ; 

¶ ʧʨʦʚʝʜʝʥʠʠ ʪʨʝʥʠʥʛʦʚ ʠ ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʭ ʤʝʨʦʧʨʠʷʪʠʡ ʜʣʷ ʧʦʣʴʟʦʚʘʪʝʣʝʡ ʧʨʦʜʫʢʪʦʚ ʠ 

ʫʩʣʫʛ ʚ ʮʝʣʷʭ ʧʦʚʳʰʝʥʠʷ ʪʝʭʥʠʯʝʩʢʦʡ ʧʦʜʛʦʪʦʚʣʝʥʥʦʩʪʠ ʧʦʣʴʟʦʚʘʪʝʣʝʡ ʠ ʜʣʷ 

ʫʚʝʣʠʯʝʥʠʷ ʠʥʪʝʨʝʩʘ ʢ ʧʨʦʜʫʢʪʘʤ ʢʦʤʧʘʥʠʠ. 

ʈʝʢʣʘʤʥʘʷ ʜʝʷʪʝʣʴʥʦʩʪʴ ʚ ʫʩʣʦʚʠʷʭ ʮʠʬʨʦʚʠʟʘʮʠʠ ʵʢʦʥʦʤʠʢʠ ʠ ʦʙʱʝʩʪʚʘ ʪʘʢʞʝ 

ʧʨʠʦʙʨʝʪʘʝʪ ʥʦʚʳʝ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʯʝʨʪʳ ʚ ʩʚʷʟʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʠʥʩʪʨʫʤʝʥʪʦʚ 

ʜʦʧʦʣʥʝʥʥʦʡ ʠ ʚʠʨʪʫʘʣʴʥʦʡ ʨʝʘʣʴʥʦʩʪʠ. ʀʟʤʝʥʷʶʪʩʷ ʚ ʮʠʬʨʦʚʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ ʠ ʩʧʦʩʦʙʳ 

ʨʘʟʤʝʱʝʥʠʷ ʠ ʪʘʨʛʝʪʠʨʦʚʘʥʠʷ ʨʝʢʣʘʤʳ.  

ʉʦʩʪʘʚ ʤʘʨʢʝʪʠʥʛʦʚʳʭ ʠʥʩʪʨʫʤʝʥʪʦʚ ʚ ʫʩʣʦʚʠʷʭ ʮʠʬʨʦʚʦʛʦ ʨʘʟʚʠʪʠʷ ʵʢʦʥʦʤʠʢʠ 

ʧʦʩʪʦʷʥʥʦ ʨʘʩʰʠʨʷʝʪʩʷ, ʪʝʧʝʨʴ ʥʝ ʦʪʜʝʣʳ ʠʥʪʝʛʨʠʨʦʚʘʥʥʳʭ ʤʘʨʢʝʪʠʥʛʦʚʳʭ ʢʦʤʤʫʥʠʢʘʮʠʡ 

ʩʦʟʜʘʶʪ ʩʦʦʙʱʝʥʠʷ ʜʣʷ ʧʦʪʨʝʙʠʪʝʣʝʡ ʚ ʦʜʥʦʩʪʦʨʦʥʥʝʤ ʧʦʨʷʜʢʝ, ʘ ʧʦʪʨʝʙʠʪʝʣʠ ʩ 

ʫʜʦʚʦʣʴʩʪʚʠʝʤ ʜʝʣʷʪʩʷ ʩʚʦʠʤʠ ʚʧʝʯʘʪʣʝʥʠʷʤʠ ʦ ʧʨʦʜʫʢʪʝ, ʫʩʣʫʛʝ, ʮʠʬʨʦʚʦʤ ʨʝʰʝʥʠʠ ʠʣʠ 

ʩʝʨʚʠʩʝ ʠ ʦʧʳʪʦʤ ʠʭ ʠʩʧʦʣʴʟʦʚʘʥʠʷ. ʇʨʦʜʚʠʞʝʥʠʝ ʠʥʥʦʚʘʮʠʦʥʥʳʭ ʧʨʦʜʫʢʪʦʚ ʠ ʫʩʣʫʛ ʪʨʝʙʫʝʪ 

ʧʨʠʤʝʥʝʥʠʷ ʫʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʥʳʭ ʠ ʥʦʚʳʭ ʤʘʨʢʝʪʠʥʛʦʚʳʭ ʠʥʩʪʨʫʤʝʥʪʦʚ, ʧʨʠ ʵʪʦʤ ʚʚʝʜʝʥʠʝ 

ʵʪʠʭ ʠʥʩʪʨʫʤʝʥʪʦʚ ʪʨʘʥʩʬʦʨʤʠʨʫʝʪ ʩʘʤ ʤʘʨʢʝʪʠʥʛ. 
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ʋɼʂ 075 

ʊʝʭʥʦʣʦʛʠʠ ʙʣʦʢʯʝʡʥʘ ʥʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʷʚʣʷʶʪʩʷ ʠʥʥʦʚʘʮʠʦʥʥʳʤ ʧʨʦʨʳʚʦʤ ʚ 

ʦʙʣʘʩʪʠ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʚ ʤʠʨʝ. ɹʣʦʢʯʝʡʥ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʚʳʩʪʨʦʝʥʥʫʶ ʧʦ 

ʦʧʨʝʜʝʣʝʥʥʳʤ ʧʨʘʚʠʣʘʤ ʥʝʧʨʝʨʳʚʥʫʶ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʫʶ ʮʝʧʦʯʢʫ ʙʣʦʢʦʚ, ʩʦʜʝʨʞʘʱʠʭ 

ʠʥʬʦʨʤʘʮʠʶ. ʂʘʢ ʧʨʘʚʠʣʦ, ʢʦʧʠʠ ʮʝʧʦʯʝʢ (ʙʣʦʢʦʚ) ʭʨʘʥʷʪʩʷ ʥʘ ʤʥʦʞʝʩʪʚʝ ʨʘʟʥʳʭ 

ʢʦʤʧʴʶʪʝʨʦʚ ʥʝʟʘʚʠʩʠʤʦ ʜʨʫʛ ʦʪ ʜʨʫʛʘ. ʇʦʷʚʣʝʥʠʝ ʙʣʦʢʯʝʡʥʘ ʢʘʨʜʠʥʘʣʴʥʦ ʠʟʤʝʥʠʣʦ ʚʟʛʣʷʜ 

ʥʘ ʭʨʘʥʝʥʠʝ ʜʘʥʥʳʭ. ʕʪʘ ʪʝʭʥʦʣʦʛʠʷ ʧʦʚʣʠʷʝʪ ʥʘ ʠʟʤʝʥʝʥʠʷ ʚ ʭʨʘʥʝʥʠʠ ʠʥʬʦʨʤʘʮʠʠ ʚ 

ʬʠʥʘʥʩʦʚʦʤ ʩʝʢʪʦʨʝ, ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʤ ʫʧʨʘʚʣʝʥʠʠ, ʤʝʜʠʮʠʥʝ, ʣʦʛʠʩʪʠʢʝ, ʦʙʨʘʟʦʚʘʥʠʠ, 

ʙʠʟʥʝʩʝ, ʩʪʘʥʝʪ ʚʘʞʥʳʤ ʟʚʝʥʦʤ ʮʠʬʨʦʚʦʡ ʪʨʘʥʩʬʦʨʤʘʮʠʠ ʵʢʦʥʦʤʠʢʠ, ʨʘʟʚʠʪʠʷ ʮʠʬʨʦʚʳʭ 

ʠʥʬʨʘʩʪʨʫʢʪʫʨ ʠ ʩʝʨʚʠʩʦʚ [1, 2]. 

ɹʣʦʢʯʝʡʥ-ʪʝʭʥʦʣʦʛʠʷ ʧʦʟʚʦʣʷʝʪ ʦʩʫʱʝʩʪʚʣʷʪʴ ʧʝʨʝʜʘʯʫ ʜʘʥʥʳʭ ʙʳʩʪʨʝʝ, ʙʝʟʦʧʘʩʥʝʝ ʠ 

ʜʝʰʝʚʣʝ, ʧʦʩʢʦʣʴʢʫ ʠʩʢʣʶʯʘʝʪ ʫʯʘʩʪʠʝ ʧʦʩʨʝʜʥʠʢʦʚ, ʦʙʝʩʧʝʯʠʚʘʝʪ ʙʝʟʦʧʘʩʥʦʩʪʴ ʠʥʬʦʨʤʘʮʠʠ, 

ʜʝʡʩʪʚʫʝʪ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʦ, ʩʥʠʞʘʝʪ ʨʠʩʢ ʯʝʣʦʚʝʯʝʩʢʦʡ ʦʰʠʙʢʠ. ɺ ʵʪʦʡ ʧʨʦʟʨʘʯʥʦʡ ʙʘʟʝ 

ʜʘʥʥʳʭ ʠʥʬʦʨʤʘʮʠʷ ʟʘʱʠʱʝʥʘ ʦʪ ʧʨʦʪʠʚʦʟʘʢʦʥʥʳʭ ʤʘʥʠʧʫʣʷʮʠʡ, ʠʟʤʝʥʝʥʠʡ ʠʣʠ ʧʦʣʦʤʦʢ 

ʯʘʩʪʝʡ [3, 4]. 

 ɹʣʦʢʯʝʡʥ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʙʘʟʫ ʜʘʥʥʳʭ ʦʙʱʝʛʦ ʧʦʣʴʟʦʚʘʥʠʷ ʦʛʨʦʤʥʦʛʦ ʨʘʟʤʝʨʘ, 

ʬʫʥʢʮʠʦʥʠʨʫʶʱʫʶ ʙʝʟ ʮʝʥʪʨʘʣʠʟʦʚʘʥʥʦʛʦ ʨʫʢʦʚʦʜʩʪʚʘ, ʢʦʪʦʨʘʷ ʭʨʘʥʠʪ ʜʘʥʥʳʝ ʚ ʚʠʜʝ 

ʪʘʙʣʠʮ ʦ ʪʨʘʥʟʘʢʮʠʷʭ, ʧʨʦʚʝʨʷʝʤʳʭ ʫʯʘʩʪʥʠʢʘʤʠ ʩʠʩʪʝʤʳ ʧʦ ʚʩʝʤʫ ʤʠʨʫ. ɼʘʥʥʳʝ ʠʟ ʨʝʝʩʪʨʘ 

ʠʟʲʷʪʴ ʠʣʠ ʟʘʤʝʥʠʪʴ ʥʝʚʦʟʤʦʞʥʦ, ʵʪʦ ʷʚʣʷʝʪʩʷ ʦʩʥʦʚʥʳʤ ʜʦʩʪʦʠʥʩʪʚʦʤ ʙʣʦʢʯʝʡʥʘ. ɼʘʥʥʘʷ 

ʪʝʭʥʦʣʦʛʠʷ ʧʦʟʚʦʣʷʝʪ ʫʩʪʨʘʥʠʪʴ ʧʦʩʨʝʜʥʠʢʦʚ ʠ ʢʦʨʝʥʥʳʤ ʦʙʨʘʟʦʤ ʠʟʤʝʥʷʝʪ ʜʝʡʩʪʚʫʶʱʠʝ 

ʤʦʜʝʣʠ ʦʩʫʱʝʩʪʚʣʝʥʠʷ ʦʧʝʨʘʮʠʡ. ɹʣʦʢʯʝʡʥ ʷʚʣʷʝʪʩʷ ʧʨʦʨʳʚʥʦʡ ʪʝʭʥʦʣʦʛʠʝʡ ʚ ʬʠʥʘʥʩʦʚʦʡ 

ʩʬʝʨʝ, ʧʝʨʝʭʦʜ ʢ ʥʝʡ ʩʦʧʦʩʪʘʚʠʤ ʩ ʧʝʨʝʭʦʜʦʤ ʦʪ ʬʠʢʩʠʨʦʚʘʥʥʦʡ ʢ ʧʦʜʚʠʞʥʦʡ ʩʦʪʦʚʦʡ ʩʚʷʟʠ, 

https://elibrary.ru/contents.asp?id=34992529
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ʧʦʩʢʦʣʴʢʫ ʠʤʝʥʥʦ ʵʪʘ ʪʝʭʥʦʣʦʛʠʷ ï ʫʥʠʚʝʨʩʘʣʴʥʦʝ ʨʝʰʝʥʠʝ ʜʣʷ ʙʠʟʥʝʩʘ, ʢʦʪʦʨʳʡ ʩʦʚʝʨʰʘʝʪ 

ʩʜʝʣʢʠ ʩ ʙʦʣʴʰʠʤ ʢʦʣʠʯʝʩʪʚʦʤ ʫʯʘʩʪʥʠʢʦʚ ʠʣʠ ʩ ʥʦʚʳʤʠ ʫʯʘʩʪʥʠʢʘʤʠ, ʢʦʪʦʨʳʝ ʧʦʢʘ ʥʝ 

ʜʦʚʝʨʷʶʪ ʜʨʫʛ ʜʨʫʛʫ.  

 ʆʩʦʙʝʥʥʦʩʪʷʤʠ ʙʣʦʢʯʝʡʥ-ʪʝʭʥʦʣʦʛʠʠ, ʦʪʨʘʞʘʶʱʠʤʠ ʝʝ ʧʨʝʠʤʫʱʝʩʪʚʘ, ʷʚʣʷʶʪʩʷ: 

¶ ʦʪʩʫʪʩʪʚʠʝ ʝʜʠʥʦʛʦ ʮʝʥʪʨʘ ʫʧʨʘʚʣʝʥʠʷ ʠʣʠ ʤʝʩʪʘ ʭʨʘʥʝʥʠʷ - ʧʦʜʜʝʨʞʘʥʠʝʤ 

ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʠ ʟʘʥʠʤʘʶʪʩʷ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʚʩʝ ʫʯʘʩʪʥʠʢʠ ʩʝʪʠ, ʧʦ ʚʩʝʤʫ ʤʠʨʫ, 

ʙʣʦʢʯʝʡʥ ʢʨʘʡʥʝ ʪʷʞʝʣʦ ʚʟʣʦʤʘʪʴ, ʦʥ ʥʝ ʧʦʜʚʝʨʛʘʝʪʩʷ ʮʝʥʟʫʨʝ, ʘ ʫʧʨʘʚʣʝʥʠʝ ʝʜʠʥʦʡ 

ʢʦʤʧʘʥʠʝʡ ʠʣʠ ʛʦʩʫʜʘʨʩʪʚʦʤ ʥʝʚʦʟʤʦʞʥʦ; 

¶ ʮʝʣʦʩʪʥʦʩʪʴ ʜʘʥʥʳʭ ï ʤʥʦʛʦʯʠʩʣʝʥʥʦʝ ʜʫʙʣʠʨʦʚʘʥʠʝ ʜʘʥʥʳʭ ʩʨʝʜʠ ʫʯʘʩʪʥʠʢʦʚ 

ʷʚʣʷʝʪʩʷ ʛʘʨʘʥʪʠʝʡ ʩʦʭʨʘʥʝʥʠʷ ʥʝʠʟʤʝʥʥʦʡ ʚʥʝʩʝʥʥʦʡ ʚ ʙʣʦʢʯʝʡʥ ʠʥʬʦʨʤʘʮʠʠ, 

ʙʣʘʛʦʜʘʨʷ ʩʧʝʮʠʬʠʯʝʩʢʠʤ ʯʝʨʪʘʤ ʫʩʪʨʦʡʩʪʚʘ ʙʣʦʢʯʝʡʥʘ ʭʨʘʥʷʱʠʝʩʷ ʩʚʝʜʝʥʠʷ 

ʥʝʚʦʟʤʦʞʥʦ ʧʦʜʤʝʥʠʪʴ, ʦʪʨʝʜʘʢʪʠʨʦʚʘʪʴ ʠʣʠ ʫʜʘʣʠʪʴ, ʘ ʧʨʠʤʝʥʝʥʠʝ ʘʣʛʦʨʠʪʤʦʚ 

ʢʦʥʩʝʥʩʫʩʘ ʧʦʜʪʚʝʨʞʜʘʝʪ ʪʨʘʥʟʘʢʮʠʠ, ʚʢʣʶʯʝʥʥʳʝ ʚ ʙʣʦʢʯʝʡʥ; 

¶ ʢʦʥʪʨʦʣʴ ʟʘ ʪʨʘʥʟʘʢʮʠʷʤʠ ï ʢʘʞʜʳʡ ʫʯʘʩʪʥʠʢ ʩʝʪʠ ʠʤʝʝʪ ʜʦʩʪʫʧ ʢʦ ʚʩʝʡ ʠʩʪʦʨʠʠ 

ʪʨʘʥʟʘʢʮʠʡ, ʠ ʯʪʦʙʳ ʧʨʦʚʝʨʠʪʴ ʧʨʦʭʦʞʜʝʥʠʝ ʪʦʡ ʠʣʠ ʠʥʦʡ ʪʨʘʥʟʘʢʮʠʠ ʤʝʞʜʫ ʜʚʫʤʷ 

ʘʜʨʝʩʘʤʠ, ʥʝʦʙʭʦʜʠʤʦ ʣʠʰʴ ʦʙʨʘʪʠʪʴʩʷ ʢ ʠʭ ʠʩʪʦʨʠʠ, ʩʦʭʨʘʥʝʥʥʦʡ ʚ ʙʣʦʢʯʝʡʥʝ; 

¶ ʚʳʩʦʢʘʷ ʩʢʦʨʦʩʪʴ ʪʨʘʥʟʘʢʮʠʡ ï ʪʨʘʥʟʘʢʮʠʠ ʧʨʦʠʩʭʦʜʷʪ ʥʘʧʨʷʤʫʶ ʤʝʞʜʫ 

ʧʦʣʴʟʦʚʘʪʝʣʷʤʠ, ʚʥʝ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʠʭ ʤʝʩʪʦʥʘʭʦʞʜʝʥʠʷ ʠ ʙʝʟ ʫʯʘʩʪʠʷ ʧʦʩʨʝʜʥʠʢʦʚ, 

ʩʝʪʴ ʚʩʝʛʜʘ ʜʦʩʪʫʧʥʘ ʧʦʣʴʟʦʚʘʪʝʣʷʤ, ʦʥʘ ʠʤʝʝʪ ʢʨʫʛʣʦʩʫʪʦʯʥʳʡ ʨʝʞʠʤ ʨʘʙʦʪʳ ʙʝʟ 

ʚʳʭʦʜʥʳʭ ʠ ʧʨʘʟʜʥʠʯʥʳʭ ʜʥʝʡ; 

¶ ʩʥʠʞʝʥʠʝ ʪʨʘʥʟʘʢʮʠʦʥʥʳʭ ʠʟʜʝʨʞʝʢ ï ʧʦʣʴʟʦʚʘʪʝʣʠ ʤʦʛʫʪ ʫʧʨʦʩʪʠʪʴ ʧʨʦʚʝʨʢʫ 

ʪʨʘʥʟʘʢʮʠʡ, ʩʦʢʨʘʪʠʪʴ ʚʨʝʤʷ ʥʘ ʚʘʣʠʜʘʮʠʶ ʩʜʝʣʦʢ, ʫʚʝʣʠʯʠʪʴ ʣʠʢʚʠʜʥʦʩʪʴ ʠ ʩʥʠʟʠʪʴ 

ʜʦ ʤʠʥʠʤʫʤʘ ʨʠʩʢʠ ʤʦʰʝʥʥʠʯʝʩʪʚʘ, ʚʝʣʠʯʠʥʘ ʢʦʤʠʩʩʠʠ ʟʘ ʧʦʜʪʚʝʨʞʜʝʥʠʝ ʪʨʘʥʟʘʢʮʠʡ, 

ʦʧʣʘʯʠʚʘʝʤʦʡ ʧʦʣʴʟʦʚʘʪʝʣʷʤʠ ʙʣʦʢʯʝʡʥ-ʩʝʪʠ, ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʙʘʥʢʦʚʩʢʦʡ, ʟʥʘʯʠʪʝʣʴʥʦ 

ʥʠʞʝ. 

 

ɺʤʝʩʪʝ ʩ ʪʝʤ, ʧʨʠ ʧʨʠʤʝʥʝʥʠʠ ʙʣʦʢʯʝʡʥʘ ʩʣʝʜʫʝʪ ʫʯʠʪʳʚʘʪʴ ʠ ʜʨʫʛʠʝ ʦʩʦʙʝʥʥʦʩʪʠ 

ʵʪʦʡ ʪʝʭʥʦʣʦʛʠʠ, ʦʪʨʘʞʘʶʱʠʝ ʧʦʪʝʥʮʠʘʣʴʥʳʝ ʦʧʘʩʥʦʩʪʠ: 

¶ ʚʝʣʠʯʠʥʘ ʙʣʦʢʯʝʡʥʘ ï ʧʦʣʥʳʝ ʥʦʜʳ ʜʦʣʞʥʳ ʠʤʝʪʴ ʜʦʩʪʘʪʦʯʥʳʡ ʦʙʲʝʤ ʧʘʤʷʪʠ ʜʣʷ 

ʭʨʘʥʝʥʠʷ ʜʘʥʥʳʭ, ʯʝʤ ʙʦʣʴʰʝ ʚ ʩʝʪʠ ʧʨʦʠʩʭʦʜʠʪ ʪʨʘʥʟʘʢʮʠʡ, ʪʝʤ ʙʦʣʴʰʝ ʦʥʘ ʚʝʩʠʪ ʠ 

ʙʳʩʪʨʝʝ ʨʘʩʪʝʪ, ʢʨʦʤʝ ʪʦʛʦ, ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʥʝʦʙʭʦʜʠʤʦ ʩʢʘʯʘʪʴ ʚʩʶ ʠʩʪʦʨʠʶ 

ʪʨʘʥʟʘʢʮʠʡ, ʥʘ ʯʪʦ ʤʦʞʝʪ ʫʡʪʠ ʟʥʘʯʠʪʝʣʴʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʚʨʝʤʝʥʠ; 

¶ ʥʘʨʫʰʝʥʠʝ ʢʦʥʬʠʜʝʥʮʠʘʣʴʥʦʩʪʠ ï ʦʪʩʫʪʩʪʚʠʝ ʚ ʙʣʦʢʯʝʡʥʝ ʠʤʝʥ ʠ ʬʘʤʠʣʠʡ ʥʝ 

ʪʦʞʜʝʩʪʚʝʥʥʦ ʧʦʣʥʦʡ ʘʥʦʥʠʤʥʦʩʪʠ, ʚʩʝʤ ʫʯʘʩʪʥʠʢʘʤ ʩʝʪʠ ʜʦʩʪʫʧʝʥ ʘʜʨʝʩ ʢʦʰʝʣʴʢʘ, 

ʟʘʢʨʝʧʣʝʥʥʦʛʦ ʟʘ ʧʦʣʴʟʦʚʘʪʝʣʝʤ, ʠ ʠʥʬʦʨʤʘʮʠʷ ʦ ʩʦʚʝʨʰʝʥʥʳʭ ʩ ʥʝʛʦ ʪʨʘʥʟʘʢʮʠʷʭ, 

ʩʪʦʠʪ ʧʦʣʴʟʦʚʘʪʝʣʶ ʭʦʪʴ ʨʘʟ ʧʨʠʚʷʟʘʪʴ ʜʘʥʥʳʡ ʘʜʨʝʩ ʢ ʢʘʢʦʤʫ-ʣʠʙʦ ʩʘʡʪʫ ʠʣʠ ʩʝʨʚʠʩʫ, 

ʫʢʘʟʳʚʘʶʱʝʤʫ ʥʘ ʝʛʦ ʣʠʯʥʦʩʪʴ, ʣʶʙʦʡ ʫʯʘʩʪʥʠʢ ʩʝʪʠ ʩʤʦʞʝʪ ʫʟʥʘʪʴ ʚʝʣʠʯʠʥʫ ʩʨʝʜʩʪʚ, 

ʥʘʭʦʜʷʱʠʭʩʷ ʫ ʢʦʥʢʨʝʪʥʦʛʦ ʯʝʣʦʚʝʢʘ, ʥʘ ʯʪʦ ʦʥʠ ʙʳʣʠ ʧʦʪʨʘʯʝʥʳ ʠ ʢʦʤʫ ʦʪʧʨʘʚʣʝʥʳ. 

ʕʪʦ ʧʦʪʝʥʮʠʘʣʴʥʦ ʦʧʘʩʥʦ ʜʣʷ ʧʦʣʴʟʦʚʘʪʝʣʝʡ ʩ ʙʦʣʴʰʠʤ ʢʦʣʠʯʝʩʪʚʦʤ ʢʨʠʧʪʦʚʘʣʶʪ ʠ 

ʢʦʤʧʘʥʠʡ, ʧʫʙʣʠʯʥʳʝ ʙʣʦʢʯʝʡʥʳ ʢʦʪʦʨʳʭ ʫʷʟʚʠʤʳ ʠʟ-ʟʘ ʧʦʪʝʥʮʠʘʣʴʥʦʡ ʚʦʟʤʦʞʥʦʩʪʠ 

ʨʘʩʢʨʳʪʠʷ ʢʦʥʬʠʜʝʥʮʠʘʣʴʥʦʡ ʠʥʬʦʨʤʘʮʠʠ ʦ ʢʣʠʝʥʪʘʭ, ʧʨʦʜʘʞʘʭ, ʢʦʥʪʨʘʛʝʥʪʘʭ ʠ ʪ.ʧ.; 

¶ ʚʳʩʦʢʠʝ ʵʥʝʨʛʦʟʘʪʨʘʪʳ ï ʥʦʜʳ ʢʦʥʩʝʥʩʫʩʘ ʘʣʛʦʨʠʪʤʘ PoW, ʥʘʟʳʚʘʝʤʳʝ ʤʘʡʥʝʨʘʤʠ, 

ʜʦʙʘʚʣʷʶʪ ʥʦʚʳʝ ʙʣʦʢʠ ʚ ʙʣʦʢʯʝʡʥ ʚ ʨʝʟʫʣʴʪʘʪʝ ʨʝʰʝʥʠʷ ʩʣʦʞʥʳʭ ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ 

ʟʘʜʘʯ ʩ ʧʦʤʦʱʴʶ ʤʦʱʥʦʛʦ ʢʦʤʧʴʶʪʝʨʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ, ʟʘ ʯʪʦ ʧʦʣʫʯʘʶʪ 
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ʚʦʟʥʘʛʨʘʞʜʝʥʠʝ ʚ ʢʨʠʧʪʦʚʘʣʶʪʝ ʩʝʪʠ. ʊʘʢʦʡ ʧʨʦʮʝʩʩ ʫʤʳʰʣʝʥʥʦ ʩʦʟʜʘʥ ʩʣʦʞʥʳʤ ʠ 

ʨʝʩʫʨʩʦʝʤʢʠʤ ʚ ʮʝʣʷʭ ʧʦʜʜʝʨʞʘʥʠʷ ʧʦʩʪʦʷʥʥʳʤ ʢʦʣʠʯʝʩʪʚʘ ʙʣʦʢʦʚ, ʥʘʡʜʝʥʥʳʭ 

ʤʘʡʥʝʨʘʤʠ ʢʘʞʜʳʡ ʜʝʥʴ. ɽʩʣʠ ʚʩʝʛʦ ʥʝʩʢʦʣʴʢʦ ʣʝʪ ʥʘʟʘʜ ʜʣʷ ʤʘʡʥʠʥʛʘ ʙʠʪʢʦʠʥʘ 

ʜʦʩʪʘʪʦʯʥʦ ʙʳʣʦ ʤʦʱʥʦʩʪʠ ʜʦʤʘʰʥʝʛʦ ʢʦʤʧʴʶʪʝʨʘ, ʪʦ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʟʘʥʷʪʠʷ 

ʤʘʡʥʠʥʛʦʤ ʚ ʦʜʠʥʦʯʢʫ ʥʝʚʦʟʤʦʞʥʳ ʚʩʣʝʜʩʪʚʠʝ ʚʳʩʦʢʠʭ ʮʝʥ ʥʘ ʤʦʱʥʦʝ ʦʙʦʨʫʜʦʚʘʥʠʝ 

ʠ ʟʥʘʯʠʪʝʣʴʥʦʡ ʩʪʦʠʤʦʩʪʠ ʵʥʝʨʛʠʠ, ʨʘʩʭʦʜʫʝʤʦʡ ʥʘ ʧʨʦʮʝʩʩ ʤʘʡʥʠʥʛʘ; 

¶ ʥʝ ʩʚʦʝʚʨʝʤʝʥʥʦʝ ʧʦʜʪʚʝʨʞʜʝʥʠʝ ʪʨʘʥʟʘʢʮʠʡ ï ʩ ʨʦʩʪʦʤ ʧʦʧʫʣʷʨʥʦʩʪʠ ʢʨʠʧʪʦʚʘʣʶʪ 

ʨʘʩʪʝʪ ʠ ʢʦʣʠʯʝʩʪʚʦ ʜʦʙʘʚʣʷʝʤʳʭ ʥʘ ʚʘʣʠʜʘʮʠʶ ʪʨʘʥʟʘʢʮʠʡ, ʥʝ ʚʩʝ ʪʨʘʥʟʘʢʮʠʠ 

ʦʜʦʙʨʷʶʪʩʷ ʟʘ ʦʜʥʦ ʠ ʪʦ ʞʝ ʚʨʝʤʷ. ɺ ʩʚʷʟʠ ʩ ʯʝʤ ʦʙʨʘʟʫʶʪʩʷ ʤʝʤʧʫʣʳ ï ʥʘʙʦʨ ʚʩʝʭ 

ʪʨʘʥʟʘʢʮʠʡ, ʦʞʠʜʘʶʱʠʭ ʧʦʜʪʚʝʨʞʜʝʥʠʷ ʤʘʡʥʝʨʘʤʠ ʚ ʩʝʪʠ. ʊʨʘʥʟʘʢʮʠʠ ʚʳʩʪʨʘʠʚʘʶʪʩʷ 

ʚ ʦʯʝʨʝʜʴ ʥʘ ʜʦʙʘʚʣʝʥʠʝ ʚ ʙʣʦʢ ʜʣʷ ʦʙʨʘʙʦʪʢʠ, ʘ ʠʭ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʟʘʚʠʩʠʪ ʦʪ 

ʨʘʟʤʝʨʘ ʢʦʤʠʩʩʠʠ, ʫʩʪʘʥʦʚʣʝʥʥʦʡ ʦʪʧʨʘʚʠʪʝʣʝʤ. ɺʳʩʦʢʘʷ ʢʦʤʠʩʩʠʷ ʩʧʦʩʦʙʩʪʚʫʝʪ 

ʙʳʩʪʨʦʤʫ ʚʢʣʶʯʝʥʠʶ ʤʘʡʥʝʨʘʤʠ ʟʘʧʠʩʠ ʚ ʙʣʦʢ, ʪʨʘʥʟʘʢʮʠʠ ʩ ʥʠʟʢʠʤʠ ʢʦʤʠʩʩʠʷʤʠ 

ʤʦʛʫʪ ʦʞʠʜʘʪʴ ʧʦʜʪʚʝʨʞʜʝʥʠʷ ʥʝʩʢʦʣʴʢʦ ʯʘʩʦʚ ʠʣʠ ʜʥʝʡ. ʕʪʦ ʟʥʘʯʠʪʝʣʴʥʦ ʫʩʣʦʞʥʷʝʪ 

ʧʨʦʮʝʩʩ ʧʦʣʴʟʦʚʘʥʠʷ ʢʨʠʧʪʦʚʘʣʶʪʦʡ ʜʣʷ ʥʝʙʦʣʴʰʠʭ ʧʝʨʝʚʦʜʦʚ, ʢʦʛʜʘ ʢʦʤʠʩʩʠʷ ʤʦʞʝʪ 

ʚ ʥʝʩʢʦʣʴʢʦ ʨʘʟ ʧʨʝʚʳʰʘʪʴ ʩʫʤʤʫ ʪʨʘʥʟʘʢʮʠʠ; 

¶ ʧʨʦʙʣʝʤʘ ʧʨʦʧʫʩʢʥʦʡ ʩʧʦʩʦʙʥʦʩʪʠ ʷʚʣʷʝʪʩʷ ʦʩʥʦʚʥʦʡ ʠ ʥʘʠʙʦʣʝʝ ʦʙʩʫʞʜʘʝʤʦʡ ʜʣʷ 

ʢʨʠʧʪʦʨʳʥʢʘ, ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ ʵʪʦ ʦʪʥʦʩʠʪʩʷ ʢ ʩʝʪʠ Bitcoin ʩ ʦʛʨʘʥʠʯʝʥʥʳʤ ʨʘʟʤʝʨʦʤ 

ʙʣʦʢʘ, ʯʪʦ ʧʨʝʧʷʪʩʪʚʫʝʪ ʨʦʩʪʫ ʧʨʦʧʫʩʢʥʦʡ ʩʧʦʩʦʙʥʦʩʪʠ ʚʩʝʡ ʩʝʪʠ, ʥʝʦʙʭʦʜʠʤʦʤʫ ʜʣʷ 

ʪʘʢʦʡ ʧʦʧʫʣʷʨʥʦʡ ʢʨʠʧʪʦʚʘʣʶʪʳ, ʢʘʢ ʙʠʪʢʦʠʥ, ʠ ʵʪʦ, ʥʝʩʤʦʪʨʷ ʥʘ ʪʦ, ʯʪʦ ʜʘʥʥʘʷ ʤʝʨʘ 

ʩʧʦʩʦʙʩʪʚʫʝʪ ʟʘʱʠʪʝ ʩʝʪʠ ʦʪ ʧʦʪʝʥʮʠʘʣʴʥʳʭ DDos-ʘʪʘʢ. 

 

 ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʪʝʭʥʦʣʦʛʠʷ ʙʣʦʢʯʝʡʥ ʤʦʞʝʪ ʙʳʪʴ ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʦʚʘʥʘ ʚ ʩʬʝʨʝ 

ʣʠʯʥʳʭ ʬʠʥʘʥʩʦʚ, ʠ ʦʧʨʝʜʝʣʷʶʱʫʶ ʨʦʣʴ ʟʜʝʩʴ ʙʫʜʝʪ ʠʤʝʪʴ ʩʪʝʧʝʥʴ ʦʩʚʦʝʥʠʷ ʨʦʩʩʠʡʩʢʠʤ 

ʛʨʘʞʜʘʥʘʤʠ ʥʦʚʳʭ ʬʠʥʘʥʩʦʚʳʭ ʪʝʭʥʦʣʦʛʠʡ.  ɹʣʦʢʯʝʡʥ-ʪʝʭʥʦʣʦʛʠʷ ʚ ʫʩʣʦʚʠʷʭ ʨʝʘʣʠʟʘʮʠʠ 

ʇʨʦʛʨʘʤʤʳ ʮʠʬʨʦʚʦʡ ʵʢʦʥʦʤʠʢʠ ʚ ʈʦʩʩʠʠ [5] ʦʪʢʨʳʚʘʝʪ ʩʦʚʝʨʰʝʥʥʦ ʥʦʚʳʝ ʚʦʟʤʦʞʥʦʩʪʠ ʜʣʷ 

ʵʢʦʥʦʤʠʯʝʩʢʠʭ ʩʫʙʲʝʢʪʦʚ ʠ ʫʯʘʩʪʥʠʢʦʚ ʬʠʥʘʥʩʦʚʦʛʦ ʨʳʥʢʘ.  

ʈʝʟʫʣʴʪʘʪʳ ʘʥʘʣʠʟʘ ʜʦʩʪʦʠʥʩʪʚ ʠ ʥʝʜʦʩʪʘʪʢʦʚ ʪʝʭʥʦʣʦʛʠʠ ʙʣʦʢʯʝʡʥ ʨʘʩʢʨʳʚʘʶʪ 

ʩʦʮʠʘʣʴʥʳʡ ʠ ʵʢʦʥʦʤʠʯʝʩʢʠʡ ʵʬʬʝʢʪ ʦʪ ʧʨʠʤʝʥʝʥʠʷ ʵʪʦʡ ʪʝʭʥʦʣʦʛʠʠ ʫ ʭʦʟʷʡʩʪʚʫʶʱʠʭ 

ʩʫʙʲʝʢʪʦʚ ʠ ʥʘʩʝʣʝʥʠʷ, ʧʨʦʷʚʣʷʶʱʠʡʩʷ ʚ ʩʣʝʜʫʶʱʝʤ: 

¶ ʙʣʦʢʯʝʡʥ-ʪʝʭʥʦʣʦʛʠʠ ʧʦʟʚʦʣʷʶʪ ʵʢʦʥʦʤʠʪʴ ʨʝʩʫʨʩʳ ʠ ʚʨʝʤʷ ʧʨʦʚʝʜʝʥʠʷ ʬʠʥʘʥʩʦʚʳʭ 

ʦʧʝʨʘʮʠʡ; 

¶ ʧʨʠʤʝʥʝʥʠʝ ʙʣʦʢʯʝʡʥ-ʪʝʭʥʦʣʦʛʠʡ ʚ ʙʘʥʢʦʚʩʢʦʤ ʩʝʢʪʦʨʝ ʧʦʟʚʦʣʷʝʪ ʧʦʜʢʣʶʯʠʪʴʩʷ 

ʥʝʦʛʨʘʥʠʯʝʥʥʦʤʫ ʯʠʩʣʫ ʢʣʠʝʥʪʦʚ ʢ ʩʠʩʪʝʤʝ ʧʣʘʪʝʞʝʡ, ʢʨʝʜʠʪʥʳʭ ʠ ʧʨʦʯʠʭ 

ʬʠʥʘʥʩʦʚʳʭ ʩʜʝʣʦʢ, ʧʨʠ ʵʪʦʤ ʩʦʭʨʘʥʷʝʪʩʷ ʧʦʣʥʘʷ ʢʦʥʬʠʜʝʥʮʠʘʣʴʥʦʩʪʴ ʧʦʣʫʯʝʥʥʦʡ ʠ 

ʧʝʨʝʜʘʥʥʦʡ ʙʘʥʢʦʤ ʠʥʬʦʨʤʘʮʠʠ. 

 ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʚʥʝʜʨʝʥʠʝ ʙʣʦʢʯʝʡʥ-ʪʝʭʥʦʣʦʛʠʠ ʷʚʣʷʝʪʩʷ ʦʩʥʦʚʦʡ ʜʦʣʛʦʩʨʦʯʥʳʭ 

ʢʦʥʢʫʨʝʥʪʥʳʭ ʧʨʝʠʤʫʱʝʩʪʚ ʜʣʷ ʝʝ ʧʦʣʴʟʦʚʘʪʝʣʝʡ ʠ ʩʣʫʞʠʪ ʤʝʭʘʥʠʟʤʦʤ ʵʢʦʥʦʤʠʯʝʩʢʦʛʦ 

ʨʦʩʪʘ. 
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ɺ ʩʦʚʨʝʤʝʥʥʦʤ ʤʠʨʝ ʨʘʟʣʠʯʥʳʝ ʧʨʝʜʧʨʠʷʪʠʷ, ʚ ʪʦʤ ʯʠʩʣʝ ʠ ʠʥʬʦʢʦʤʤʫʥʠʢʘʮʠʦʥʥʳʝ ʚ 

ʫʩʣʦʚʠʷʭ ʢʨʠʟʠʩʘ ʩʪʘʣʢʠʚʘʶʪʩʷ ʩ ʧʨʦʙʣʝʤʦʡ ʦʧʪʠʤʠʟʘʮʠʠ ʨʘʩʭʦʜʦʚ ʥʘ ʦʧʣʘʪʫ ʪʨʫʜʘ. ʅʘ 

ʥʝʩʪʘʙʠʣʴʥʦʩʪʴ ʬʠʨʤʳ ʪʘʢ ʞʝ ʚʣʠʷʶʪ ʧʦʣʠʪʠʯʝʩʢʠʝ ʠ ʵʢʦʥʦʤʠʯʝʩʢʠʝ ʨʠʩʢʠ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ 

ʧʦʪʨʝʙʥʦʩʪʠ ʩʥʠʞʝʥʠʷ ʨʘʩʭʦʜʦʚ, ʠʟ-ʟʘ ʯʝʛʦ ʢʦʤʧʘʥʠʠ ʤʦʛʫʪ ʧʨʠʥʷʪʴ ʥʝʧʦʧʨʘʚʠʤʳʝ ʨʝʰʝʥʠʷ. 

ʇʦʵʪʦʤʫ ʚ ʢʘʯʝʩʪʚʝ ʨʝʰʝʥʠʷ ʧʨʦʙʣʝʤʳ ʦʧʪʠʤʠʟʘʮʠʠ ʨʘʩʭʦʜʦʚ ʥʘ ʦʧʣʘʪʫ ʪʨʫʜʘ 

ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʩʠʩʪʝʤʘ ʥʦʨʤʠʨʦʚʘʥʠʷ ʪʨʫʜʘ, ʢʦʪʦʨʘʷ ʧʦʟʚʦʣʷʝʪ ʠʟʙʝʞʘʪʴ ʥʘʠʙʦʣʴʰʠʭ 

ʧʨʦʙʣʝʤ ʚ ʫʩʣʦʚʠʷʭ ʢʨʠʟʠʩʘ. ʏʪʦʙʳ ʦʨʛʘʥʠʟʦʚʘʪʴ ʵʬʬʝʢʪʠʚʥʫʶ ʩʠʩʪʝʤʫ ʥʦʨʤʠʨʦʚʘʥʠʷ ʪʨʫʜʘ 

ʩʣʝʜʫʝʪ ʫʯʠʪʳʚʘʪʴ ʫʨʦʚʝʥʴ ʧʨʦʬʝʩʩʠʦʥʘʣʠʟʤʘ ʨʘʙʦʪʥʠʢʦʚ ʚ ʜʘʥʥʦʡ ʦʙʣʘʩʪʠ [2]. 

ʅʘ ʜʘʥʥʳʡ ʤʦʤʝʥʪ ʧʨʦʙʣʝʤʘ ʦʧʪʠʤʠʟʘʮʠʠ ʨʘʩʭʦʜʦʚ ʥʘ ʦʧʣʘʪʫ ʪʨʫʜʘ ʚ ʫʩʣʦʚʠʷʭ 

ʢʨʠʟʠʩʘ ʥʘʠʙʦʣʝʝ ʘʢʪʫʘʣʴʥʘ ʜʣʷ ʨʦʩʩʠʡʩʢʠʭ ʠʥʬʦʢʦʤʤʫʥʠʢʘʮʠʦʥʥʳʭ ʧʨʝʜʧʨʠʷʪʠʡ. ʄʥʦʛʠʝ 

ʀʂ ʧʨʝʜʧʨʠʷʪʠʷ ʜʣʷ ʨʝʰʝʥʠʷ ʵʪʦʡ ʧʨʦʙʣʝʤʳ ʩʦʢʨʘʱʘʶʪ ʰʪʘʪʥʳʭ ʩʦʪʨʫʜʥʠʢʦʚ. ʅʦ ʚ 

ʙʦʣʴʰʠʥʩʪʚʝ ʩʣʫʯʘʝʚ ʵʪʦ ʥʝ ʦʧʨʘʚʜʘʥʦ, ʪ.ʢ. ʣʶʜʠ ʪʘʢʦʡ ʞʝ ʚʘʞʥʳʡ ʨʝʩʫʨʩ, ʢʘʢ ʦʙʦʨʫʜʦʚʘʥʠʝ, 

ʩʳʨʴʝ ʠ ʥʦʚʳʝ ʪʝʭʥʦʣʦʛʠʠ. ʇʨʝʜʧʨʠʷʪʠʷ ʧʳʪʘʶʪʩʷ ʤʠʥʠʤʠʟʠʨʦʚʘʪʴ ʠʟʜʝʨʞʢʠ, ʩʦʭʨʘʥʠʚ ʧʨʠ 

https://elibrary.ru/item.asp?id=37612329
https://elibrary.ru/item.asp?id=37612329
https://elibrary.ru/contents.asp?id=37612231
https://elibrary.ru/contents.asp?id=37612231
https://elibrary.ru/contents.asp?id=37612231&selid=37612329
https://elibrary.ru/item.asp?id=37612318
https://elibrary.ru/item.asp?id=37612318
https://elibrary.ru/contents.asp?id=37612231
https://elibrary.ru/contents.asp?id=37612231&selid=37612318
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ʵʪʦʤ ʚʳʩʦʢʦʝ ʢʘʯʝʩʪʚʦ ʪʦʚʘʨʦʚ ʫʩʣʫʛ ʠ ʠʜʫʪ ʥʘ ʢʨʘʡʥʠʝ ʤʝʨʳ, ʢʦʪʦʨʳʝ ʥʝʨʝʜʢʦ 

ʩʦʧʨʦʚʦʞʜʘʶʪʩʷ ʥʘʨʫʰʝʥʠʝʤ ʧʨʘʚ ʨʘʙʦʪʥʠʢʦʚ ʠ ʪʨʫʜʦʚʦʛʦ ʟʘʢʦʥʦʜʘʪʝʣʴʩʪʚʘ [4-6].  

ʀʩʭʦʜʷ ʠʟ ʢʨʠʟʠʩʘ, ʢʦʪʦʨʳʡ ʩʣʦʞʠʣʩʷ ʥʘ ʨʳʥʢʝ ʪʨʫʜʘ ʚ ʧʦʩʣʝʜʥʠʝ ʥʝʩʢʦʣʴʢʦ ʣʝʪ ʠ 

ʠʟʤʝʥʝʥʠʷ, ʢʦʪʦʨʳʝ ʧʨʦʠʟʦʰʣʠ ʚ ʩʠʩʪʝʤʝ ʥʘʣʦʛʦʦʙʣʦʞʝʥʠʷ, ʚʳʥʫʞʜʘʶʪ ʨʘʙʦʪʦʜʘʪʝʣʷ 

ʧʨʠʥʠʤʘʪʴ ʪʘʢʠʝ ʢʘʨʜʠʥʘʣʴʥʳʝ ʨʝʰʝʥʠʷ, ʢʘʢ ʩʦʢʨʘʱʝʥʠʝ ʨʘʩʭʦʜʦʚ ʥʘ ʦʧʣʘʪʫ ʪʨʫʜʘ 

ʨʘʙʦʪʥʠʢʦʚ. ʅʝʢʦʪʦʨʳʝ ʢʦʤʧʘʥʠʠ ʩʯʠʪʘʶʪ, ʯʪʦ ʠʤʝʥʥʦ ʩʦʢʨʘʱʝʥʠʝ ʯʠʩʣʝʥʥʦʩʪʠ ʧʝʨʩʦʥʘʣʘ 

ʜʘʩʪ ʠʤ ʚʦʟʤʦʞʥʦʩʪʴ ʩʦʢʨʘʪʠʪʴ ʦʙʲʝʤʳ ʨʘʩʭʦʜʦʚ, ʧʨʠ ʵʪʦʤ ʦʥʠ ʥʝ ʟʘʜʫʤʳʚʘʶʪʩʷ ʦ 

ʢʘʯʝʩʪʚʝʥʥʳʭ ʠ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʭ ʩʦʪʨʫʜʥʠʢʘ. ʇʦʵʪʦʤʫ ʫʚʦʣʴʥʝʥʠʝ ʚ 

ʫʩʣʦʚʠʷʭ ʢʨʠʟʠʩʘ ʧʨʠʦʙʨʝʣʦ ʤʘʩʩʦʚʳʡ [10-11]. 

ʇʝʨʚʳʤ ʘʣʴʪʝʨʥʘʪʠʚʥʳʤ ʨʝʰʝʥʠʝʤ ʩʥʠʞʝʥʠʷ ʨʘʩʭʦʜʦʚ ʥʘ ʦʧʣʘʪʫ ʪʨʫʜʘ ʷʚʣʷʝʪʩʷ ʤʝʥʝʝ 

ʙʦʣʝʟʥʝʥʥʳʡ ʚʘʨʠʘʥʪ ʜʣʷ ʀʂ ʢʦʤʧʘʥʠʠ ʠ ʧʝʨʩʦʥʘʣʘ ï ʩʦʢʨʘʱʝʥʠʝ ʨʘʙʦʯʠʭ ʯʘʩʦʚ [1]. ɺʦ 

ʚʨʝʤʷ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʵʪʦʛʦ ʤʝʪʦʜʘ ʩʦʭʨʘʥʷʶʪʩʷ ʨʘʙʦʯʠʝ ʤʝʩʪʘ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʜʘʣʴʰʝ 

ʨʘʙʦʪʘʪʴ ʣʶʜʷʤ, ʢʦʪʦʨʳʝ ʧʨʦʨʘʙʦʪʘʣʠ ʥʘ ʧʨʝʜʧʨʠʷʪʠʠ ʤʥʦʛʦ ʣʝʪ ʠ ʷʚʣʷʶʪʩʷ ʮʝʥʥʳʤʠ 

ʢʘʜʨʘʤʠ, ʪʘʢ ʞʝ ʩʦʟʜʘʝʪʩʷ ʦʱʫʱʝʥʠʝ ʩʪʘʙʠʣʴʥʦʩʪʠ ʠ ʥʘʜʝʞʥʦʩʪʠ ʨʘʙʦʪʦʜʘʪʝʣʷ. ɻʣʘʚʥʦʝ 

ʧʨʝʠʤʫʱʝʩʪʚʦ ʚ ʪʦʤ, ʯʪʦ, ʥʝʩʤʦʪʨʷ ʥʠ ʥʘ ʯʪʦ, ʀʂ ʧʨʝʜʧʨʠʷʪʠʝ ʧʨʦʜʦʣʞʘʝʪ ʩʫʱʝʩʪʚʦʚʘʪʴ ʠ 

ʤʦʞʝʪ ʨʘʟʚʠʚʘʪʴʩʷ [3]. 

 
ʈʠʩʫʥʦʢ 1 

 

ʅʘ ʨʠʩ. 1 ʧʦʜʨʦʙʥʦ ʠʟʦʙʨʘʞʝʥ ʧʨʦʮʝʩʩ ʥʦʨʤʠʨʦʚʘʥʠʷ ʪʨʫʜʘ, ʢʦʪʦʨʳʡ ʷʚʣʷʝʪʩʷ ʩʘʤʳʤ 

ʦʧʪʠʤʘʣʴʥʳʤ ʚ ʨʝʰʝʥʠʠ ʜʘʥʥʦʡ ʧʨʦʙʣʝʤʳ. ʇʨʦʘʥʘʣʠʟʠʨʦʚʘʚ ʪʨʫʜʦʚʦʡ ʧʨʦʮʝʩʩ, ʦʧʨʝʜʝʣʷʝʤ 

ʤʝʪʦʜ ʫʩʪʘʥʦʚʣʝʥʠʷ ʥʦʨʤ, ʯʪʦʙʳ ʦʮʝʥʠʪʴ ʫʨʦʚʝʥʴ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʦʧʣʘʪʳ ʪʨʫʜʘ. ɺ ʥʘʩʪʦʷʱʝʝ 

ʚʨʝʤʷ ʩʫʱʝʩʪʚʫʝʪ ʧʨʦʙʣʝʤʘ ʥʦʨʤʠʨʦʚʘʥʠʷ, ʢʦʪʦʨʫʶ ʩ ʥʦʨʤʘʪʠʚʥʦ-ʧʨʘʚʦʚʦʡ ʩʦʩʪʘʚʣʷʶʱʝʡ 

ʦʧʨʝʜʝʣʷʝʪ ʊʨʫʜʦʚʦʡ ʢʦʜʝʢʩ.  ʇʨʦʙʣʝʤʘ ʥʦʨʤʠʨʦʚʘʥʠʷ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʥʝʧʨʘʚʠʣʴʥʦʤ 

ʨʘʩʧʨʝʜʝʣʝʥʠʠ ʬʫʥʢʮʠʡ ʧʨʘʚʦʚʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ, ʫʧʨʘʚʣʝʥʠʷ ʠ ʨʝʛʫʣʠʨʦʚʘʥʠʷ 

ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʧʨʦʮʝʩʩʦʚ ʀʂ ʧʨʝʜʧʨʠʷʪʠʷ. ɺʩʝ ʵʪʦ ʧʨʠʚʦʜʠʪ ʢ ʥʠʟʢʦʤʫ ʢʘʯʝʩʪʚʫ 

ʥʦʨʤʠʨʦʚʘʥʠʷ ʪʨʫʜʦʚʳʭ ʨʝʩʫʨʩʦʚ. ʋʨʦʚʝʥʴ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʦʡ ʧʦʜʛʦʪʦʚʢʠ/ʧʝʨʝʧʦʜʛʦʪʦʚʢʠ 
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ʩʦʪʨʫʜʥʠʢʦʚ ʩʫʱʝʩʪʚʝʥʥʦ ʩʢʘʟʳʚʘʝʪʩʷ ʥʘ ʪʦʤ, ʯʪʦʙʳ ʵʬʬʝʢʪʠʚʥʦ ʨʝʘʣʠʟʦʚʘʪʴ ʧʨʦʮʝʩʩ 

ʦʨʛʘʥʠʟʘʮʠʠ ʥʦʨʤʠʨʦʚʘʥʠʷ ʦʧʣʘʪʳ ʪʨʫʜʘ ʚ ʀʂ ʢʦʤʧʘʥʠʷʭ [1, 12].  

ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʢʘʞʜʦʝ ʧʨʝʜʧʨʠʷʪʠʝ ʦʙʷʟʘʥʦ ʩʦʟʜʘʚʘʪʴ ʦʪʜʝʣʳ ʪʨʫʜʘ ʠ ʟʘʨʘʙʦʪʥʦʡ 

ʧʣʘʪʳ, ʢʦʪʦʨʳʝ ʙʫʜʫʪ ʟʘʥʠʤʘʪʴʩʷ ʥʦʨʤʠʨʦʚʘʥʠʝʤ ʥʘ ʧʨʝʜʧʨʠʷʪʠʠ. ʉʧʝʮʠʘʣʠʩʪʳ ʵʪʠʭ ʦʪʜʝʣʦʚ 

ʜʦʣʞʥʳ ʧʝʨʝʩʤʘʪʨʠʚʘʪʴ ʥʦʨʤʳ, ʦʙʦʩʥʦʚʳʚʘʪʴ ʠʭ, ʫʯʠʪʴʩʷ ʥʦʚʳʤ ʤʝʪʦʜʘʤ ʠ ʩʧʦʩʦʙʘʤ 

ʥʦʨʤʠʨʦʚʘʥʠʷ. 
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ɺ ʩʦʚʨʝʤʝʥʥʳʭ ʫʩʣʦʚʠʷʭ ʧʦʩʪʨʦʝʥʠʷ ʠʥʬʦʨʤʘʮʠʦʥʥʦʛʦ ʦʙʱʝʩʪʚʘ ʠ ʮʠʬʨʦʚʦʡ 

ʵʢʦʥʦʤʠʢʠ ʚʩʣʝʜʩʪʚʠʝ  ʧʨʦʥʠʢʥʦʚʝʥʠʷ ʠʥʬʦʨʤʘʮʠʦʥʥʦ-ʢʦʤʤʫʥʠʢʘʮʠʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʠ 

ʧʣʘʪʬʦʨʤʝʥʥʳʭ ʨʝʰʝʥʠʡ ʚ ʨʘʟʣʠʯʥʳʝ ʩʬʝʨʳ ʞʠʟʥʠ  ʠ ʨʘʟʚʠʪʠʷ ʠʥʬʦʢʦʤʤʫʥʠʢʘʮʠʦʥʥʦʡ 

ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ ʚ ʦʨʛʘʥʠʟʘʮʠʷʭ  ʚʩʝʭ ʦʪʨʘʩʣʝʡ ʵʢʦʥʦʤʠʢʠ ʠ ʜʦʤʦʭʦʟʷʡʩʪʚʘʭ ʨʘʩʰʠʨʷʶʪʩʷ 

ʬʦʨʤʳ ʚʝʜʝʥʠʷ ʭʦʟʷʡʩʪʚʝʥʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ: ʜʝʡʩʪʚʫʶʪ ʠʥʪʝʨʥʝʪ-ʤʘʛʘʟʠʥʳ, ʠʥʪʝʨʥʝʪ-ʙʘʥʢʠ, 

ʚʠʨʪʫʘʣʴʥʳʝ ʦʧʝʨʘʪʦʨʳ, ʵʚʦʣʶʮʠʦʥʠʨʫʶʪ ʧʣʘʪʝʞʥʳʝ ʩʠʩʪʝʤʳ, ʧʦʷʚʣʷʶʪʩʷ ʥʦʚʳʝ ʚʠʜʳ 

ʜʝʥʝʞʥʳʭ ʟʥʘʢʦʚ (ʚʠʨʪʫʘʣʴʥʳʝ ʚʘʣʶʪʳ) [1, 2, 3]. 

ʂʦʥʝʮ XX ï ʥʘʯʘʣʦ XXI ʚ. ʦʟʥʘʤʝʥʦʚʘʣʠʩʴ ʩʪʨʝʤʣʝʥʠʝʤ ʢ ʧʦʚʳʰʝʥʠʶ ʵʬʬʝʢʪʠʚʥʦʩʪʠ 

ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʧʣʘʪʝʞʥʳʭ ʩʠʩʪʝʤ. ʇʦʷʚʠʣʠʩʴ ʥʦʚʳʝ ʠʥʩʪʨʫʤʝʥʪʳ ʵʣʝʢʪʨʦʥʥʳʭ 

ʧʣʘʪʝʞʝʡ, ʩʧʦʩʦʙʩʪʚʫʶʱʠʝ ʩʥʠʞʝʥʠʶ ʠʟʜʝʨʞʝʢ ʜʝʥʝʞʥʦʛʦ ʦʙʨʘʱʝʥʠʷ, ʚʚʝʜʝʥʠʝ 

ʵʣʝʢʪʨʦʥʥʳʭ ʜʝʥʝʛ ʩʪʘʣʦ ʦʜʥʠʤ ʠʟ ʥʘʠʙʦʣʝʝ ʚʘʞʥʳʭ ʵʪʘʧʦʚ ʵʚʦʣʶʮʠʠ ʜʝʥʝʛ [4], ʢʦʪʦʨʳʡ 

ʧʦʣʦʞʠʣ ʥʘʯʘʣʦ ʧʦʩʪʝʧʝʥʥʦʤʫ ʧʝʨʝʭʦʜʫ ʦʪ ʥʘʣʠʯʥʦʛʦ ʜʝʥʝʞʥʦʛʦ ʦʙʨʘʱʝʥʠʷ ʢ ʧʦʣʥʦʩʪʴʶ 

ʙʝʟʥʘʣʠʯʥʦʤʫ. 

ʕʣʝʢʪʨʦʥʥʳʝ ʜʝʥʴʛʠ ï ʩʨʝʜʩʪʚʦ ʧʣʘʪʝʞʘ, ʠʤʝʶʱʝʝ ʩʚʦʠ ʦʩʦʙʝʥʥʦʩʪʠ: ʜʝʥʝʞʥʘʷ 

ʩʪʦʠʤʦʩʪʴ ʬʠʢʩʠʨʫʝʪʩʷ ʚ ʵʣʝʢʪʨʦʥʥʦʡ ʬʦʨʤʝ ʥʘ ʵʣʝʢʪʨʦʥʥʦʤ ʥʦʩʠʪʝʣʝ, ʫʯʘʩʪʠʝ ʵʤʠʪʝʥʪʘ ʜʣʷ 

ʧʝʨʝʚʦʜʘ ʩʪʦʠʤʦʩʪʠ ʥʝ ʷʚʣʷʝʪʩʷ ʦʙʷʟʘʪʝʣʴʥʳʤ.  

ʉʫʱʝʩʪʚʫʝʪ ʧʨʦʙʣʝʤʘ ʵʢʦʥʦʤʠʯʝʩʢʦʡ ʠʥʪʝʨʧʨʝʪʘʮʠʠ ʧʦʥʷʪʠʷ çɻ ʣʝʢʪʨʦʥʥʳʝ ʜʝʥʴʛʠè. ɺ 

ʪʨʘʜʠʮʠʦʥʥʳʭ ʜʝʥʝʞʥʳʭ ʪʝʦʨʠʷʭ ʥʝ ʜʦʧʫʩʢʘʝʪʩʷ ʤʳʩʣʴ ʦ ʪʦʤ, ʯʪʦ ʵʣʝʢʪʨʦʥʥʳʝ ʜʝʥʴʛʠ 

ʩʦʟʜʘʥʳ ʥʘ ʥʝʦʙʝʩʧʝʯʝʥʥʦʡ ʦʩʥʦʚʝ. ʕʪʘ ʧʨʦʙʣʝʤʘ ʩʧʦʩʦʙʩʪʚʫʝʪ ʧʦʷʚʣʝʥʠʶ ʠʩʩʣʝʜʦʚʘʥʠʡ, 

ʢʦʪʦʨʳʝ ʩʤʦʛʣʠ ʙʳ ʦʧʨʝʜʝʣʠʪʴ ʵʢʦʥʦʤʠʯʝʩʢʫʶ ʩʫʱʥʦʩʪʴ, ʧʨʠʜʘʶʱʫʶ ʵʣʝʢʪʨʦʥʥʳʤ ʜʝʥʴʛʘʤ 

ʧʦʢʫʧʘʪʝʣʴʩʢʫʶ ʩʧʦʩʦʙʥʦʩʪʴ. ʇʦʣʠʪʠʢʘ ʛʦʩʫʜʘʨʩʪʚʘ ʧʦ ʩʪʠʤʫʣʠʨʦʚʘʥʠʶ ʠʣʠ ʦʛʨʘʥʠʯʝʥʠʶ 
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ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʵʣʝʢʪʨʦʥʥʳʭ ʜʝʥʝʛ ʪʘʢʞʝ ʟʘʚʠʩʠʪ ʦʪ ʵʢʦʥʦʤʠʯʝʩʢʦʡ ʠʥʪʝʨʧʨʝʪʘʮʠʠ ʜʘʥʥʦʛʦ 

ʩʨʝʜʩʪʚʘ ʧʣʘʪʝʞʘ. 

ɺ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ ʦʙʨʘʱʝʥʠʝ ʵʣʝʢʪʨʦʥʥʳʭ ʜʝʥʝʛ ʠʤʝʝʪ ʥʝʜʦʩʪʘʪʦʯʥʫʶ 

ʧʨʘʚʦʚʫʶ ʦʩʥʦʚʫ [5]. ʆʪʩʫʪʩʪʚʠʝ ʜʦʧʦʣʥʠʪʝʣʴʥʦʛʦ ʩʧʝʮʠʘʣʴʥʦʛʦ ʥʦʨʤʘʪʠʚʥʦʛʦ 

ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʤʦʞʥʦ ʦʮʝʥʠʪʴ ʥʝʦʜʥʦʟʥʘʯʥʦ. ʉ ʦʜʥʦʡ ʩʪʦʨʦʥʳ, ʧʦʜʦʙʥʦʝ ʧʦʣʦʞʝʥʠʝ ʜʘʝʪ 

ʩʚʦʙʦʜʫ ʜʝʡʩʪʚʠʡ ʜʣʷ ʙʠʟʥʝʩ-ʩʬʝʨʳ: ʢʦʤʧʘʥʠʠ ʨʘʟʨʘʙʘʪʳʚʘʶʪ ʥʦʚʳʝ ʩʝʨʚʠʩʳ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʵʣʝʢʪʨʦʥʥʳʭ ʜʝʥʝʛ. ʉ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ, ʧʦʜʦʙʥʦʝ ʧʦʣʦʞʝʥʠʝ ʧʨʦʚʦʮʠʨʫʝʪ 

ʚʦʟʥʠʢʥʦʚʝʥʠʡ ʧʨʘʚʦʚʳʭ ʢʦʣʣʠʟʠʡ ʠʟ-ʟʘ ʨʘʟʥʦʛʦ ʪʦʣʢʦʚʘʥʠʷ ʩʫʱʥʦʩʪʴ ʵʣʝʢʪʨʦʥʥʳʭ ʜʝʥʝʛ. 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʨʘʙʦʪʘʝʪ ʦʢʦʣʦ ʜʚʘʜʮʘʪʠ ʦʪʝʯʝʩʪʚʝʥʥʳʭ ʩʠʩʪʝʤ ʵʣʝʢʪʨʦʥʥʳʭ ʜʝʥʝʛ, 

ʬʫʥʢʮʠʦʥʘʣʴʥʦʩʪʴ ʢʦʪʦʨʳʭ ʢʘʨʜʠʥʘʣʴʥʦ ʨʘʟʣʠʯʘʝʪʩʷ. ɽʜʠʥʩʪʚʝʥʥʦʝ ʩʭʦʜʩʪʚʦ ʚʩʝʭ ʩʠʩʪʝʤ 

ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʦʨʠʝʥʪʘʮʠʠ ʥʘ ʧʨʝʜʦʩʪʘʚʣʝʥʠʠ ʩʝʨʚʠʩʘ, ʚʳʧʦʣʥʷʶʱʝʛʦ ʦʧʝʨʘʮʠʠ ʚ ʧʦʣʴʟʫ 

ʪʨʝʪʴʠʭ ʣʠʮ. 

ʕʣʝʢʪʨʦʥʥʳʝ ʜʝʥʴʛʠ ʷʚʣʷʶʪʩʷ ʩʧʝʮʠʬʠʯʝʩʢʠʤ ʩʨʝʜʩʪʚʦʤ ʧʣʘʪʝʞʝʡ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʢ 

ʥʝʤʫ ʜʦʣʞʥʳ ʧʨʝʜʲʷʚʣʷʪʴʩʷ ʩʧʝʮʠʬʠʯʝʩʢʠʝ ʪʨʝʙʦʚʘʥʠʷ: 

¶ ʵʣʝʢʪʨʦʥʥʳʝ ʜʝʥʴʛʠ ʜʦʣʞʥʳ ʙʳʪʴ ʧʨʦʩʪʳ ʚ ʠʩʧʦʣʴʟʦʚʘʥʠʠ. ʀʭ ʧʦʣʫʯʝʥʠʝ ʠ 

ʨʘʩʭʦʜʦʚʘʥʠʝ ʜʦʣʞʥʦ ʙʳʪʴ ʙʳʩʪʨʳʤ, ʫʜʦʙʥʳʤ ʠ ʜʦʩʪʫʧʥʳʤ; 

¶ ʵʣʝʢʪʨʦʥʥʳʝ ʜʝʥʴʛʠ ʜʦʣʞʥʳ ʥʘʭʦʜʠʪʴʩʷ ʚ ʙʝʟʦʧʘʩʥʦʩʪʠ, ʯʪʦʙʳ ʠʤʠ ʥʝ ʤʦʛʣʠ 

ʚʦʩʧʦʣʴʟʦʚʘʪʴʩʷ ʤʦʰʝʥʥʠʢʠ. ʅʦʚʳʝ ʪʝʭʥʦʣʦʛʠʠ ʜʦʣʞʥʳ ʦʙʝʩʧʝʯʠʪʴ ʮʝʣʦʩʪʥʦʩʪʴ 

ʠʥʬʦʨʤʘʮʠʠ ʠ ʝʝ ʟʘʱʠʪʫ ʦʪ ʥʝʩʘʥʢʮʠʦʥʠʨʦʚʘʥʥʦʛʦ ʚʦʩʧʨʦʠʟʚʝʜʝʥʠʷ; 

¶ ʠʥʬʦʨʤʘʮʠʷ ʦ ʧʣʘʪʝʣʴʱʠʢʝ ʠ ʧʦʣʫʯʘʪʝʣʠ ʵʣʝʢʪʨʦʥʥʳʭ ʜʝʥʝʛ ʜʦʣʞʥʘ ʦʩʪʘʚʘʪʴʩʷ 

ʧʨʠʚʘʪʥʦʡ, ʵʪʦ ʧʦʟʚʦʣʠʪ ʫʚʝʣʠʯʠʪʴ ʯʠʩʣʦ ʣʠʮ, ʠʩʧʦʣʴʟʫʶʱʠʭ ʜʘʥʥʦʝ ʩʨʝʜʩʪʚʘ 

ʧʣʘʪʝʞʘ, ʘ, ʟʥʘʯʠʪ, ʠ ʢʦʣʠʯʝʩʪʚʦ ʦʧʝʨʘʮʠʡ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʵʣʝʢʪʨʦʥʥʳʭ ʜʝʥʝʛ; 

¶ ʵʣʝʢʪʨʦʥʥʳʝ ʜʝʥʴʛʠ ʜʦʣʞʥʳ ʧʨʠʥʠʤʘʪʴ ʚ ʣʶʙʦʡ ʢʦʤʤʝʨʯʝʩʢʦʡ ʟʦʥʝ, ʥʝʩʤʦʪʨʷ ʥʘ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʦʧʨʝʜʝʣʝʥʥʦʛʦ ʵʤʠʪʝʥʪʘ ʵʣʝʢʪʨʦʥʥʳʭ ʜʝʥʝʛ. ʊʘʢʞʝ, ʠʩʧʦʣʴʟʦʚʘʥʠʝ 

ʦʧʨʝʜʝʣʝʥʥʦʡ ʜʝʥʝʞʥʦʡ ʝʜʠʥʠʮʳ ʥʝ ʜʦʣʞʥʦ ʩʪʘʪʴ ʙʘʨʴʝʨʦʤ ʜʣʷ ʩʦʚʝʨʰʝʥʠʷ ʦʧʝʨʘʮʠʡ; 

¶ ʜʣʷ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʵʣʝʢʪʨʦʥʥʳʭ ʜʝʥʝʛ ʧʣʘʪʝʣʴʱʠʢ ʥʝ ʜʦʣʞʝʥ ʙʳʪʴ ʧʦʜʢʣʶʯʝʥ ʢ ʣʠʥʠʠ 

ʩʚʷʟʠ ʜʣʷ ʩʦʚʝʨʰʝʥʠʷ ʧʣʘʪʝʞʘ, ʥʝʦʙʭʦʜʠʤʘ ʩʠʩʪʝʤʘ, ʨʘʙʦʪʘʶʱʘʷ ʚ ʦʪʩʨʦʯʝʥʥʦʤ 

ʜʦʩʪʫʧʝ; 

¶ ʵʣʝʢʪʨʦʥʥʳʝ ʜʝʥʴʛʠ ʤʦʛʫʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʥʝ ʪʦʣʴʢʦ ʜʣʷ ʦʧʣʘʪʳ ʪʦʚʘʨʦʚ ʠ ʫʩʣʫʛ, ʥʦ ʠ 

ʜʣʷ ʧʝʨʝʚʦʜʘ ʜʨʫʛʠʤ ʧʣʘʪʝʣʴʱʠʢʘʤ;  

¶ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʵʣʝʢʪʨʦʥʥʳʭ ʜʝʥʝʛ ʥʝ ʜʦʣʞʥʦ ʦʛʨʘʥʠʯʠʚʘʪʴʩʷ ʬʠʟʠʯʝʩʢʠʤ 

ʤʝʩʪʦʧʦʣʦʞʝʥʠʝʤ ʠʭ ʜʝʨʞʘʪʝʣʷ. ʕʣʝʢʪʨʦʥʥʳʝ ʜʝʥʴʛʠ ʜʦʣʞʥʳ ʧʝʨʝʤʝʱʘʪʴʩʷ ʥʝ ʪʦʣʴʢʦ 

ʧʦ ʢʦʤʧʴʶʪʝʨʥʳʤ ʩʝʪʷʤ; 

¶ ʵʣʝʢʪʨʦʥʥʳʝ ʜʝʥʴʛʠ ʜʦʣʞʥʳ ʩʦʭʨʘʥʷʪʴ ʧʦʢʫʧʘʪʝʣʴʩʢʫʶ ʩʧʦʩʦʙʥʦʩʪʴ ʥʝʠʟʤʝʥʥʦʡ, ʦʥʠ 

ʜʦʣʞʥʳ ʙʳʪʴ ʟʘʱʠʱʝʥʳ ʦʪ ʦʙʝʩʮʝʥʠʚʘʥʠʷ ʠʣʠ ʠʭ ʫʥʠʯʪʦʞʝʥʠʷ; ʚʣʘʜʝʣʴʮʳ 

ʵʣʝʢʪʨʦʥʥʳʭ ʜʝʥʝʛ ʜʦʣʞʥʳ ʠʤʝʪʴ ʚʦʟʤʦʞʥʦʩʪʴ ʭʨʘʥʠʪʴ ʠʭ ʩʢʦʣʴ ʫʛʦʜʥʦ ʧʦ ʚʨʝʤʝʥʠ, ʘ 

ʚ ʩʣʫʯʘʝ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʥʝʟʘʤʝʜʣʠʪʝʣʴʥʦ ʚʦʩʧʦʣʴʟʦʚʘʪʴʩʷ ʩʚʦʠʤʠ ʬʠʥʘʥʩʦʚʳʤʠ 

ʨʝʩʫʨʩʘʤʠ; 

¶ ʵʣʝʢʪʨʦʥʥʳʝ ʜʝʥʴʛʠ ʜʦʣʞʥʳ ʙʳʪʴ ʩʧʦʩʦʙʥʳ ʢʦʥʚʝʨʪʠʨʦʚʘʪʴʩʷ ʚ ʥʘʣʠʯʥʳʝ ʠʣʠ 

ʜʝʧʦʟʠʪʥʳʝ ʜʝʥʴʛʠ. 

 

  ʅʝ ʩʤʦʪʨʷ ʥʘ ʪʦ, ʯʪʦ ʩʦʚʨʝʤʝʥʥʦʝ ʵʣʝʢʪʨʦʥʥʦʝ ʜʝʥʝʞʥʦʝ ʦʙʨʘʱʝʥʠʝ ʫʜʦʚʣʝʪʚʦʨʷʝʪ 

ʪʝʢʫʱʠʤ ʪʨʝʙʦʚʘʥʠʷʤ ʘʥʦʥʠʤʥʦʩʪʠ ʠ ʙʝʟʦʧʘʩʥʦʩʪʠ ʧʣʘʪʝʞʝʡ, ʩʣʝʜʫʝʪ ʠʤʝʪʴ ʚ ʚʠʜʫ, ʯʪʦ 

ʨʘʟʚʠʪʠʝ ʠʥʬʦʨʤʘʮʠʦʥʥʦ-ʢʦʤʤʫʥʠʢʘʮʠʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʠ ʧʣʘʪʬʦʨʤʝʥʥʳʭ ʨʝʰʝʥʠʡ 
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ʧʦʚʳʰʘʝʪ ʠ ʨʘʩʰʠʨʷʝʪ ʪʨʝʙʦʚʘʥʠʷ ʢ ʵʣʝʢʪʨʦʥʥʳʤ ʜʝʥʴʛʘʤ ʢʘʢ ʧʣʘʪʝʞʥʦʤʫ ʩʨʝʜʩʪʚʫ, ʜʠʢʪʫʝʪ 

ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʧʦʩʪʦʷʥʥʦʛʦ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʷ ʵʣʝʢʪʨʦʥʥʳʭ ʧʣʘʪʝʞʥʳʭ ʩʠʩʪʝʤ ʚ ʮʝʣʷʭ 

ʠʩʢʣʶʯʝʥʠʷ ʨʠʩʢʦʚ ʧʦʪʝʨʴ ʧʦʪʨʝʙʠʪʝʣʷʤʠ ʩʚʦʠʭ ʜʝʥʝʞʥʳʭ ʩʨʝʜʩʪʚ ʠʣʠ ʚʦʟʤʦʞʥʦʩʪʠ ʫʪʨʘʪʳ 

ʢʦʥʬʠʜʝʥʮʠʘʣʴʥʦʩʪʠ ʧʣʘʪʝʞʥʳʭ ʦʧʝʨʘʮʠʡ. 

 

 

ʃʠʪʝʨʘʪʫʨʘ 

1. ʂʫʟʦʚʢʦʚʘ ʊ.ɸ., ʂʫʟʦʚʢʦʚ ɼ.ɺ., ʐʘʨʘʚʦʚʘ ʆ.ʀ. ɺʳʷʚʣʝʥʠʝ ʟʘʢʦʥʦʤʝʨʥʦʩʪʝʡ ʨʘʟʚʠʪʠʷ 

ʮʠʬʨʦʚʦʡ ʵʢʦʥʦʤʠʢʠ ʠ ʙʘʟʦʚʳʭ ʧʨʠʟʥʘʢʦʚ ʥʦʚʦʛʦ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʫʢʣʘʜʘ // ʕʢʦʥʦʤʠʢʘ ʠ 

ʢʘʯʝʩʪʚʦ ʩʠʩʪʝʤ ʩʚʷʟʠ, 2019. ï  ̄2 (12). ï ʉ. 3-13. 

2. ʐʘʨʘʚʦʚʘ ʆ.ʀ. ʇʨʦʙʣʝʤʳ ʦʮʝʥʢʠ ʬʠʥʘʥʩʦʚʦʛʦ ʧʦʣʦʞʝʥʠʷ ʚʠʨʪʫʘʣʴʥʦʛʦ ʧʨʝʜʧʨʠʷʪʠʷ // 

ʄʦʙʠʣʴʥʳʡ ʙʠʟʥʝʩ: ʧʝʨʩʧʝʢʪʠʚʳ ʨʘʟʚʠʪʠʷ ʠ ʨʝʘʣʠʟʘʮʠʷ ʩʠʩʪʝʤ ʨʘʜʠʦʩʚʷʟʠ ʚ ʈʦʩʩʠʠ ʠ ʟʘ 

ʨʫʙʝʞʦʤ. ʉʙʦʨʥʠʢ ʤʘʪʝʨʠʘʣʦʚ (ʪʝʟʠʩʦʚ) XXXVIII  ʤʝʞʜʫʥʘʨʦʜʥʦʡ ʢʦʥʬʝʨʝʥʮʠʠ ʈɸɽʅ, 2016. 

ï ʉ. 31-33. 

3. Kuzovkova T., Kuzovkov D., Sharavova O. Transformation of criteria and indicators of digital 

development of economy and information society // Conference of Open Innovation Association, 

FRUCT, 2019. ï  ̄24. ï ʉ. 682-687. 

4. ʂʦʯʝʨʛʠʥ, ɼ. ɸ. ʕʣʝʢʪʨʦʥʥʳʝ ʜʝʥʴʛʠ: ʫʯʝʙʥʦʝ ʧʦʩʦʙʠʝ / ɼ. ɸ. ʂʦʯʝʨʛʠʥ. ï 2-ʝ ʠʟʜ. ï 

ʄʦʩʢʚʘ, ʉʘʨʘʪʦʚ: ʎʀʇʉʠʈ, ɸʡ ʇʠ ʕʨ ʄʝʜʠʘ, 2019. ï 424 c. ï ISBN 978-5-4486-0772-1. ï 

ʊʝʢʩʪ: ʵʣʝʢʪʨʦʥʥʳʡ // ʕʣʝʢʪʨʦʥʥʦ-ʙʠʙʣʠʦʪʝʯʥʘʷ ʩʠʩʪʝʤʘ IPR BOOKS: [ʩʘʡʪ]. ï URL: 

http://www.iprbookshop.ru/86157.html (ʜʘʪʘ ʦʙʨʘʱʝʥʠʷ: 15.10.2019). 

5. ʄʘʨʪʳʥʦʚ, ɺ. ɻ. ʕʣʝʢʪʨʦʥʥʳʝ ʜʝʥʴʛʠ. ʀʥʪʝʨʥʝʪ ʧʣʘʪʝʞʠ. ï ʄ.: ʎʀʇʉʠʈ, 2010. ï 176 c. ï 

ISBN 978-5-94416-061-4. ï ʊʝʢʩʪ: ʵʣʝʢʪʨʦʥʥʳʡ // ʕʣʝʢʪʨʦʥʥʦ-ʙʠʙʣʠʦʪʝʯʥʘʷ ʩʠʩʪʝʤʘ IPR 

BOOKS: [ʩʘʡʪ]. ï URL: http://www.iprbookshop.ru/9043.html (ʜʘʪʘ ʦʙʨʘʱʝʥʠʷ: 15.10.2019). 

 

 

 

ʈɸɿɺʀʊʀɽ ʀʅʌʆʂʆʄʄʋʅʀʂɸʎʀʆʅʅʆɻʆ ʈʓʅʂɸ ʈɽʉʇʋɹʃʀʂʀ 

ʊɸɼɾʀʂʀʉʊɸʅ 

 

ɸ.ʆ. ʄʫʩʩʦʝʚ, ʩʪʘʞʝʨ ʄʊʋʉʀ, 111024, ʛ. ʄʦʩʢʚʘ, ʫʣ. ɸʚʠʘʤʦʪʦʨʥʘʷ 8ɸ., mussoev@mail.ru. 

 

DEVELOPMENT O F THE INFOCOMMUNICATION MARKET OF THE TAJIKISTAN  

REPUBLIC  

 

Achadchon Mussoev, intern MTUCI, 111024, Moscow, ul. Aviamotornaya  8ɸ. 

 

ʋɼʂ 338.47 

ʇʝʨʝʭʦʜ ʨʝʩʧʫʙʣʠʢʠ ʊʘʜʞʠʢʠʩʪʘʥ ʦʪ ʘʜʤʠʥʠʩʪʨʘʪʠʚʥʦ-ʧʣʘʥʦʚʦʡ ʩʠʩʪʝʤʳ 

ʭʦʟʷʡʩʪʚʦʚʘʥʠʷ ʢ ʧʨʠʥʮʠʧʘʤ ʨʳʥʦʯʥʦʡ ʵʢʦʥʦʤʠʢʠ ʚ ʥʘʯʘʣʝ 1990-ʭ ʛʛ. ʦʙʫʩʣʦʚʠʣ 

ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʧʨʦʚʝʜʝʥʠʷ ʨʝʬʦʨʤ ʚʦ ʚʩʝʭ ʦʪʨʘʩʣʷʭ ʠ ʩʬʝʨʘʭ ʜʝʷʪʝʣʴʥʦʩʪʠ. ʇʨʝʦʙʨʘʟʦʚʘʥʠʷ 

ʢʦʩʥʫʣʠʩʴ ʠ ʦʪʨʘʩʣʠ ʠʥʬʦʨʤʘʮʠʦʥʥʦ-ʪʝʣʝʢʦʤʤʫʥʠʢʘʮʠʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ. ɺ ʩʝʨʝʜʠʥʝ 1990-ʭ 

ʛʦʜʦʚ ʥʘʯʘʣʘʩʴ ʨʝʘʣʠʟʘʮʠʷ ʥʘʮʠʦʥʘʣʴʥʦʡ ʧʨʦʛʨʘʤʤʳ ʨʘʟʚʠʪʠʷ ʢʦʤʤʫʥʠʢʘʮʠʡ, ʥʘʧʨʘʚʣʝʥʥʦʡ 

ʥʘ ʧʨʝʦʜʦʣʝʥʠʝ ʪʝʭʥʠʯʝʩʢʦʡ ʦʪʩʪʘʣʦʩʪʠ ʦʪʨʘʩʣʠ, ʩʦʟʜʘʥʠʝ ʫʩʣʦʚʠʡ ʜʣʷ ʧʨʠʚʣʝʯʝʥʠʷ 

https://elibrary.ru/item.asp?id=37612329
https://elibrary.ru/item.asp?id=37612329
https://elibrary.ru/contents.asp?id=37612231
https://elibrary.ru/contents.asp?id=37612231
https://elibrary.ru/contents.asp?id=37612231&selid=37612329
mailto:mussoev@mail.ru
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ʠʥʦʩʪʨʘʥʥʳʭ ʠʥʚʝʩʪʠʮʠʡ, ʜʝʤʦʥʦʧʦʣʠʟʘʮʠʶ.  ɺ ʨʝʟʫʣʴʪʘʪʝ ʨʝʘʣʠʟʘʮʠʠ ʧʨʦʛʨʘʤʤʳ ʙʳʣʠ 

ʜʦʩʪʠʛʥʫʪʳ ʟʥʘʯʠʪʝʣʴʥʳʝ ʫʩʧʝʭʠ, ʦʜʥʘʢʦ ʧʦʢʘʟʘʪʝʣʠ ʨʘʟʚʠʪʠʷ ʦʪʨʘʩʣʠ ʧʦʢʘ ʦʩʪʘʶʪʩʷ ʥʠʞʝ, 

ʯʝʤ ʚ ʩʦʩʝʜʥʠʭ ʩʪʨʘʥʘʭ. 

ʅʘʮʠʦʥʘʣʴʥʳʤ ʨʝʛʫʣʠʨʫʶʱʠʤ ʠ ʥʘʜʟʦʨʥʳʤ ʦʨʛʘʥʦʤ ʚ ʩʬʝʨʝ ʪʝʣʝʢʦʤʤʫʥʠʢʘʮʠʡ 

ʷʚʣʷʝʪʩʷ ʉʣʫʞʙʘ ʢʦʤʤʫʥʠʢʘʮʠʡ ʨʝʩʧʫʙʣʠʢʠ ʊʘʜʞʠʢʠʩʪʘʥ. ʉʣʫʞʙʘ ʢʦʤʤʫʥʠʢʘʮʠʡ 

ʦʩʫʱʝʩʪʚʣʷʝʪ ʫʧʨʘʚʣʝʥʠʝ ʨʘʜʠʦʯʘʩʪʦʪʥʳʤʠ ʨʝʩʫʨʩʘʤʠ, ʚʳʜʘʯʫ ʣʠʮʝʥʟʠʡ ʥʘ ʧʨʝʜʦʩʪʘʚʣʝʥʠʝ 

ʫʩʣʫʛ ʬʠʢʩʠʨʦʚʘʥʥʦʡ ʪʝʣʝʬʦʥʥʦʡ ʩʚʷʟʠ, ʧʦʜʚʠʞʥʦʡ ʩʚʷʟʠ, ʪʝʣʝʤʘʪʠʯʝʩʢʠʭ ʫʩʣʫʛ ʠ ʫʩʣʫʛ 

ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ, ʧʨʦʪʦʢʦʣʘ VoIP, ʨʝʰʘʝʪ ʟʘʜʘʯʠ ʩʝʨʪʠʬʠʢʘʮʠʠ ʪʝʣʝʢʦʤʤʫʥʠʢʘʮʠʦʥʥʦʛʦ 

ʦʙʦʨʫʜʦʚʘʥʠʷ.  

ʉʪʨʫʢʪʫʨʘ ʦʪʨʘʩʣʝʚʦʛʦ ʨʳʥʢʘ ʚʢʣʶʯʘʝʪ ʩʝʛʤʝʥʪʳ ʩʪʘʮʠʦʥʘʨʥʦʡ ʪʝʣʝʬʦʥʥʦʡ ʩʚʷʟʠ, 

ʤʝʞʜʫʥʘʨʦʜʥʦʡ ʩʚʷʟʠ, ʧʦʜʚʠʞʥʦʡ ʩʚʷʟʠ ʠ ʠʥʪʝʨʥʝʪ ʜʦʩʪʫʧʘ. 

ʈʳʥʦʢ ʩʪʘʮʠʦʥʘʨʥʦʡ ʪʝʣʝʬʦʥʠʠ ʷʚʣʷʝʪʩʷ ʦʪʢʨʳʪʳʤ ʠ ʢʦʥʢʫʨʝʥʪʥʳʤ, ʯʘʩʪʥʳʝ 

ʢʦʤʧʘʥʠʠ ʨʘʙʦʪʘʶʪ ʚ ʵʪʦʡ ʦʙʣʘʩʪʠ ʩ ʢʦʥʮʘ ʧʨʦʰʣʦʛʦ ʚʝʢʘ. ʉʘʤʦʡ ʢʨʫʧʥʦʡ ʦʪʨʘʩʣʝʚʦʡ 

ʢʦʤʧʘʥʠʝʡ, ʝʜʠʥʩʪʚʝʥʥʦʡ ʚ ʩʪʨʘʥʝ, ʦʙʝʩʧʝʯʠʚʘʶʱʝʡ ʧʦʢʨʳʪʠʝ ʚʩʝʡ ʪʝʨʨʠʪʦʨʠʠ, ʷʚʣʷʝʪʩʷ 

çʊʘʜʞʠʢʪʝʣʝʢʦʤè. ʕʪʦ ʛʦʩʫʜʘʨʩʪʚʝʥʥʘʷ ʢʦʤʧʘʥʠʷ, ʢʦʥʪʨʦʣʴ ʟʘ ʜʝʷʪʝʣʴʥʦʩʪʴʶ, ʢʦʪʦʨʦʡ 

ʚʦʟʣʦʞʝʥ ʥʘ ʉʣʫʞʙʫ ʢʦʤʤʫʥʠʢʘʮʠʡ ʨʝʩʧʫʙʣʠʢʠ ʊʘʜʞʠʢʠʩʪʘʥ. ɿʘ ʧʝʨʠʦʜ 2000-2019 ʛʛ. ʙʳʣʘ 

ʧʨʦʚʝʜʝʥʘ ʦʛʨʦʤʥʘʷ ʨʘʙʦʪʘ ʧʦ ʮʠʬʨʦʚʠʟʘʮʠʠ ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ ʢʦʤʧʘʥʠʠ, ʧʦʟʚʦʣʠʚʰʘʷ 

ʩʦʚʝʨʰʠʪʴ ʛʠʛʘʥʪʩʢʠʡ ʩʢʘʯʦʢ ʚ ʦʙʣʘʩʪʠ ʤʦʜʝʨʥʠʟʘʮʠʠ ʘʥʘʣʦʛʦʚʦʡ ʩʝʪʠ. çʊʘʜʞʠʢʪʝʣʝʢʦʤè ʥʝ 

ʪʦʣʴʢʦ ʷʚʣʷʝʪʩʷ ʦʩʥʦʚʥʳʤ ʧʦʩʪʘʚʱʠʢʦʤ ʫʩʣʫʛ ʪʝʣʝʬʦʥʥʦʡ ʩʚʷʟʠ ʚ ʩʪʨʘʥʝ, ʥʦ ʠ ʧʦʜʜʝʨʞʠʚʘʝʪ 

ʜʨʫʛʠʭ ʦʧʝʨʘʪʦʨʦʚ, ʧʨʝʜʦʩʪʘʚʣʷʷ ʚ ʘʨʝʥʜʫ ʝʤʢʦʩʪʠ ʩʚʦʝʡ ʩʝʪʠ. ʇʦʤʠʤʦ ʥʘʮʠʦʥʘʣʴʥʦʛʦ 

ʦʧʝʨʘʪʦʨʘ ʚ ʦʙʣʘʩʪʠ ʩʪʘʮʠʦʥʘʨʥʦʡ ʪʝʣʝʬʦʥʠʠ ʨʘʙʦʪʘʶʪ ʯʘʩʪʥʳʝ ʢʦʤʧʘʥʠʠ, ʣʠʜʠʨʫʶʱʠʝ 

ʧʦʟʠʮʠʠ ʩʨʝʜʳ ʥʠʭ ʟʘʥʠʤʘʶʪ çBabilon-Tè, çʊʝʣʝʢʦʤʤ ʊʝʭʥʦʣʦʜʞʠè, çEasteraè, çIntercomè ʠ 

çSaturn Onlineè. ʅʝ ʩʤʦʪʨʷ ʥʘ ʭʦʨʦʰʫʶ ʜʠʥʘʤʠʢʫ ʩʝʛʤʝʥʪʘ ʬʠʢʩʠʨʦʚʘʥʥʦʡ ʩʚʷʟʠ, ʪʝʣʝʬʦʥʥʘʷ 

ʧʣʦʪʥʦʩʪʴ ʚ ʩʪʨʘʥʝ ʦʩʪʘʝʪʩʷ ʜʦʩʪʘʪʦʯʥʦ ʥʠʟʢʦʡ. 

ʂʘʢ ʚʦ ʤʥʦʛʠʭ ʩʪʨʘʥʘʭ, ʜʚʠʞʫʱʝʡ ʩʠʣʦʡ ʠʥʬʦʨʤʘʮʠʦʥʥʦ-ʪʝʣʝʢʦʤʤʫʥʠʢʘʮʠʦʥʥʦʛʦ 

ʨʳʥʢʘ ʨʝʩʧʫʙʣʠʢʠ ʊʘʜʞʠʢʠʩʪʘʥ ʷʚʣʷʝʪʩʷ ʧʦʜʚʠʞʥʘʷ ʩʚʷʟʴ. ɹʫʨʥʦʤʫ ʨʘʟʚʠʪʠʶ ʵʪʦʛʦ ʩʝʛʤʝʥʪʘ 

ʩʧʦʩʦʙʩʪʚʦʚʘʣʦ ʦʪʩʪʘʚʘʥʠʝ ʚ ʦʙʣʘʩʪʠ ʩʪʘʮʠʦʥʘʨʥʦʡ ʩʚʷʟʠ, ʘ ʪʘʢʞʝ ʧʨʠʨʦʜʥʳʝ ʦʩʦʙʝʥʥʦʩʪʠ 

ʩʪʨʘʥʳ (ʧʨʝʦʙʣʘʜʘʥʠʝ ʛʦʨʥʦʡ ʤʝʩʪʥʦʩʪʠ). ʅʘʠʙʦʣʝʝ ʙʣʘʛʦʜʘʪʥʳʤ ʜʣʷ ʨʘʟʚʠʪʠʷ ʧʦʜʚʠʞʥʦʡ 

ʩʚʷʟʠ ʙʳʣ ʧʝʨʠʦʜ 2000-2010 ʛʛ., ʢʦʛʜʘ ʊʘʜʞʠʢʠʩʪʘʥ ʚʭʦʜʠʣ ʚ ʯʠʩʣʦ ʣʠʜʝʨʦʚ ʧʦ ʚʥʝʜʨʝʥʠʶ 

ʥʦʚʳʭ ʪʝʭʥʦʣʦʛʠʡ ʚ ʦʙʣʘʩʪʠ ʧʦʜʚʠʞʥʦʡ ʩʚʷʟʠ ʩʨʝʜʠ ʩʪʨʘʥ ʧʦʩʪʩʦʚʝʪʩʢʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ: ʚ 

2005 ʛʦʜʫ ʙʳʣʠ ʟʘʧʫʱʝʥʳ ʩʝʪʠ 3G, ʫʞʝ ʚ 2012 ʛʦʜʫ ʧʦʷʚʠʣʠʩʴ ʩʝʪʠ 4G. ʋʩʠʣʠʚʘʶʱʘʷʩʷ 

ʢʦʥʢʫʨʝʥʮʠʷ ʩʪʠʤʫʣʠʨʦʚʘʣʘ ʢʦʤʧʘʥʠʠ ʘʢʪʠʚʠʟʠʨʦʚʘʪʴ ʜʝʷʪʝʣʴʥʦʩʪʴ ʥʝ ʪʦʣʴʢʦ ʚ ʦʙʣʘʩʪʠ 

ʪʝʭʥʠʯʝʩʢʠʭ ʨʝʰʝʥʠʡ, ʥʦ ʠ ʦʨʛʘʥʠʟʘʮʠʦʥʥʦ-ʫʧʨʘʚʣʝʥʯʝʩʢʠʭ ʠʥʥʦʚʘʮʠʡ [11]: ʚʥʝʜʨʷʣʠʩʴ 

ʥʦʚʳʝ ʤʦʜʝʣʠ ʚʝʜʝʥʠʷ ʙʠʟʥʝʩʘ [1, 2, 5, 6], ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʣʘʩʴ ʪʘʨʠʬʥʘʷ ʧʦʣʠʪʠʢʘ [9], 

ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʣʠʩʴ ʙʠʟʥʝʩ-ʧʨʦʮʝʩʩʳ, ʨʘʩʰʠʨʷʣʘʩʴ ʧʨʘʢʪʠʢʘ ʧʨʦʝʢʪʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ 

ʢʦʤʧʘʥʠʷʤʠ [3, 4, 8, 9, 10]. ʆʜʥʘʢʦ ʨʘʟʨʘʟʠʚʰʠʡʩʷ ʚ ʩʪʨʘʥʝ ʬʠʥʘʥʩʦʚʳʡ ʢʨʠʟʠʩ ʟʥʘʯʠʪʝʣʴʥʦ 

ʫʭʫʜʰʠʣ ʫʩʣʦʚʠʷ ʚʝʜʝʥʠʷ ʙʠʟʥʝʩʘ, ʚ ʪʦʤ ʯʠʩʣʝ ʠ ʚ ʦʙʣʘʩʪʠ ʧʦʜʚʠʞʥʦʡ ʩʚʷʟʠ. ʂʦʣʠʯʝʩʪʚʦ 

ʢʦʤʧʘʥʠʡ ʩʦʢʨʘʪʠʣʦʩʴ, ʠ ʩʝʡʯʘʩ ʥʘ ʨʳʥʢʝ ʨʘʙʦʪʘʶʪ ʜʚʝ ʥʘʮʠʦʥʘʣʴʥʳʝ ʢʦʤʧʘʥʠʠ çʀʥʜʠʛʦ 

ʊʘʜʞʠʢʠʩʪʘʥè (ʪʦʨʛʦʚʘʷ ʤʘʨʢʘ Tcell) ʠ Vavilon Mobile, ʚ ʩʦʚʦʢʫʧʥʦʩʪʠ, ʚʣʘʜʝʶʱʠʝ 55% 

ʨʳʥʢʘ, ʠ ʜʚʝ ʨʦʩʩʠʡʩʢʠʝ ʢʦʤʧʘʥʠʠ çʄʝʛʘʌʦʥè ʠ çɺʳʤʧʝʣʂʦʤè. ʊʘʢʞʝ ʩʫʱʝʩʪʚʝʥʥʦ 

ʫʤʝʥʴʰʠʣʦʩʴ ʢʦʣʠʯʝʩʪʚʦ ʘʙʦʥʝʥʪʦʚ ʠʟ-ʟʘ ʨʝʟʢʦʛʦ ʩʥʠʞʝʥʠʷ ʧʦʢʫʧʘʪʝʣʴʩʢʦʡ ʩʧʦʩʦʙʥʦʩʪʠ 

ʥʘʩʝʣʝʥʠʷ.    

ʕʢʦʥʦʤʠʯʝʩʢʠʡ ʢʨʠʟʠʩ ʩʢʘʟʘʣʩʷ ʠ ʥʘ ʜʨʫʛʠʭ ʩʝʛʤʝʥʪʘʭ ʀʂʊ-ʨʳʥʢʘ ʊʘʜʞʠʢʠʩʪʘʥʘ. 

ʉʥʠʟʠʣʦʩʴ, ʚ ʯʘʩʪʥʦʩʪʠ, ʢʦʣʠʯʝʩʪʚʦ ʧʦʣʴʟʦʚʘʪʝʣʝʡ ʰʠʨʦʢʦʧʦʣʦʩʥʦʛʦ ʠ ʤʦʙʠʣʴʥʦʛʦ ʜʦʩʪʫʧʘ ʢ 

ʩʝʪʠ ʠʥʪʝʨʥʝʪ. ʋʣʫʯʰʝʥʠʝ ʜʠʥʘʤʠʢʠ ʦʩʥʦʚʥʳʭ ʪʝʭʥʠʢʦ-ʵʢʦʥʦʤʠʯʝʩʢʠʭ ʧʦʢʘʟʘʪʝʣʝʡ ʨʘʟʚʠʪʠʷ 
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ʠʥʬʦʢʦʤʤʫʥʠʢʘʮʠʦʥʥʦʡ ʦʪʨʘʩʣʠ ʟʘʚʠʩʠʪ ʦʪ ʫʩʧʝʰʥʦʩʪʠ ʨʝʘʣʠʟʘʮʠʠ ʘʥʪʠʢʨʠʟʠʩʥʳʭ 

ʧʨʦʛʨʘʤʤ, ʨʘʟʨʘʙʘʪʳʚʘʝʤʳʭ ʧʨʘʚʠʪʝʣʴʩʪʚʦʤ ʨʝʩʧʫʙʣʠʢʠ.  
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ʋɼʂ 654.16 

ɺ ʢʨʠʪʝʨʠʷʭ ʨʳʥʦʯʥʳʭ ʦʪʥʦʰʝʥʠʡ ʣʶʙʦʡ ʢʦʤʧʘʥʠʠ ʚʘʞʥʦ ʦʩʫʱʝʩʪʚʣʷʪʴ ʧʦʩʪʦʷʥʥʦʝ 

ʠʥʥʦʚʘʮʠʦʥʥʦʝ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʝ, ʢʦʪʦʨʦʝ ʚʳʨʘʞʘʝʪʩʷ ʚ ʧʦʜʜʝʨʞʢʝ ʢʦʥʢʫʨʝʥʪʥʦʛʦ ʩʪʘʪʫʩʘ, 

ʢʦʛʜʘ ʚ ʢʨʠʪʝʨʠʷʭ ʥʘʫʯʥʦ-ʪʝʭʥʠʯʝʩʢʦʛʦ ʧʨʦʛʨʝʩʩʘ ʧʨʦʠʩʭʦʜʠʪ ʠʟʥʦʩ ʚʝʜʫʱʠʭ 

ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʬʦʥʜʦʚ, ʠʩʧʦʣʴʟʫʝʤʳʭ ʦʨʛʘʥʠʟʘʮʠʦʥʥʳʭ ʠ ʫʧʨʘʚʣʝʥʯʝʩʢʠʭ ʩʪʨʫʢʪʫʨ. 

ʀʥʥʦʚʘʮʠʦʥʥʦʝ ʨʘʟʚʠʪʠʝ ï ʵʪʦ ʨʝʘʣʠʟʘʮʠʷ ʩʪʦʨʦʥ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʢʦʤʧʘʥʠʠ  

(ʵʢʦʥʦʤʠʯʝʩʢʦʡ, ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ, ʥʘʫʯʥʦʡ, ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʡ ʠ ʜʨ.), ʢʦʪʦʨʳʝ ʩʚʷʟʘʥʳ 

ʩ ʥʦʚʦʚʚʝʜʝʥʠʷʤʠ ʠ ʩʯʠʪʘʶʪʩʷ ʦʙʦʙʱʘʶʱʠʤ ʠʪʦʛʦʤ ʠʥʥʦʚʘʮʠʦʥʥʦʡ ʛʦʪʦʚʥʦʩʪʠ ʩʫʙʲʝʢʪʦʚ 

ɸʥʘʣʠʟ ʧʨʘʢʪʠʯʝʩʢʦʡ ʨʘʙʦʪʳ ʧʨʦʤʳʰʣʝʥʥʳʭ ʢʦʤʧʘʥʠʡ ʜʝʤʦʥʩʪʨʠʨʫʝʪ, ʯʪʦ 

ʦʪʩʫʪʩʪʚʠʝ ʠʥʜʠʢʘʪʦʨʦʚ ʟʘʤʝʜʣʷʝʪ ʧʨʦʮʝʩʩ ʬʦʨʤʠʨʦʚʘʥʠʷ ʠʥʥʦʚʘʮʠʦʥʥʦʡ ʙʘʟʳ ʜʣʷ ʨʘʟʚʠʪʠʷ 

ʠ ʩʫʱʝʩʪʚʝʥʥʦ ʟʘʜʝʨʞʠʚʘʝʪ ʨʦʩʪ ʢʦʤʧʘʥʠʠ. ʕʪʦ ʟʥʘʯʠʪ, ʯʪʦ ʣʶʙʦʡ ʢʦʤʧʘʥʠʠ ʥʝʦʙʭʦʜʠʤʦ 

ʠʤʝʪʴ ʧʨʦʝʢʪ ʠʥʥʦʚʘʮʠʦʥʥʦʛʦ ʨʦʩʪʘ ʠ ʩʠʩʪʝʤʫ ʩʪʨʘʪʝʛʠʯʝʩʢʠʭ ʮʝʣʝʡ, ʚʦʧʣʦʱʝʥʥʳʭ ʚ ʚʠʜʝ 

ʤʦʪʠʚʠʨʦʚʘʥʥʳʭ ʠʥʜʠʢʘʪʦʨʦʚ, ʧʨʝʜʩʪʘʚʣʷʶʱʠʭ ʩʦʙʦʡ ʜʦʩʪʫʧʥʫʶ ʥʘʙʣʶʜʝʥʠʶ ʠ ʠʟʤʝʨʝʥʠʶ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʫ ʩʦʩʪʦʷʥʠʷ ʠ ʩʪʘʥʦʚʣʝʥʠʷ ʚʥʫʪʨʝʥʥʠʭ ʩʠʩʪʝʤ ʠ ʧʨʦʮʝʩʩʦʚ ʬʠʨʤʳ [2]. 

ʏʪʦʙʳ ʠʥʜʠʢʘʪʦʨʳ ʠʤʝʣʠ ʧʨʘʚʠʣʴʥʫʶ ʭʘʨʘʢʪʝʨʠʩʪʠʢʫ ʵʪʘʧʦʚ ʜʦʩʪʠʞʝʥʠʷ ʩʪʨʘʪʝʛʠʯʝʩ

ʢʠʭ ʮʝʣʝʡ, ʧʨʠ ʦʧʨʝʜʝʣʝʥʠʠ ʥʫʞʥʦ ʩʦʙʣʶʩʪʠ ʥʝʦʙʭʦʜʠʤʳʝ ʪʨʝʙʦʚʘʥʠʷ: 

 

¶ ʆʜʥʦʟʥʘʯʥʦʩʪʴ ï ʮʝʣʝʚʳʝ ʠʥʜʠʢʘʪʦʨʳ ʜʦʣʞʥʳ ʦʪʦʙʨʘʞʘʪʴ ʧʦʣʦʞʠʪʝʣʴʥʫʶ ʠʣʠ  

¶ ʦʪʨʠʮʘʪʝʣʴʥʫʶ ʜʠʥʘʤʠʢʫ ʧʨʦʠʩʭʦʜʷʱʠʭ ʧʝʨʝʤʝʥ ʩʦʩʪʦʷʥʠʷ ʚʥʫʪʨʝʥʥʠʭ ʧʨʦʮʝʩʩʦʚ ʢʦʤ

ʧʘʥʠʠ; 

¶ ʠʟʤʝʨʠʤʦʩʪʴ ï ʣʶʙʦʡ ʠʥʜʠʢʘʪʦʨ ʦʙʷʟʘʥ ʙʳʪʴ ʢʦʣʠʯʝʩʪʚʝʥʥʦ ʠʟʤʝʨʝʥ; 

¶ ʜʦʩʪʫʧʥʦʩʪʴ ï ʨʫʢʦʚʦʜʩʪʚʦ ʢʦʤʧʘʥʠʠ ʜʦʣʞʥʦ ʚʣʘʜʝʪʴ ʥʘʯʘʣʴʥʦʡ ʠʥʬʦʨʤʘʮʠʝʡ ʜʣʷ 

ʨʘʩʯʝʪʘ ʟʥʘʯʝʥʠʡ ʠʥʜʠʢʘʪʦʨʦʚ, ʘ ʩʧʦʩʦʙ ʧʨʦʚʝʜʝʥʠʷ ʨʘʩʯʝʪʘ ʟʥʘʯʝʥʠʡ ʠʥʜʠʢʘʪʦʨʦʚ ʥʝ 

ʦʙʷʟʘʥ ʙʳʪʴ ʩʚʷʟʘʥ ʩ ʧʨʦʚʝʜʝʥʠʝʤ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʠʟʫʯʝʥʠʡ ʠ ʜʦʣʞʝʥ 

ʤʠʥʠʤʠʟʠʨʦʚʘʪʴ ʠʟʜʝʨʞʢʠ ʚʨʝʤʝʥʠ ʠ ʨʝʩʫʨʩʦʚ ʥʘ ʨʘʩʯʝʪ ʟʥʘʯʝʥʠʡ;  

¶ ʜʦʩʪʠʞʠʤʦʩʪʴ ï ʧʦʢʘʟʘʪʝʣʠ ʠʥʜʠʢʘʪʦʨʦʚ ʦʙʷʟʘʥʳ ʙʳʪɹ ʜʦʩʪʠʞʠʤʳ ʢʦʤʧʘʥʠʝʡ ʚ ʩʨʦʢ ʠ 

ʥʘ ʦʩʥʦʚʝ ʨʝʩʫʨʩʦʚ, ʧʨʝʜʦʩʪʘʚʣʝʥʥʳʭ ʜʣʷ ʠʭ ʨʝʘʣʠʟʘʮʠʠ. 

 

ʎʝʣʝʚʳʝ ʠʥʜʠʢʘʪʦʨʳ, ʦʧʨʝʜʝʣʝʥʥʳʝ ʢʘʢ ʠʪʦʛʦʚʳʝ ʧʦʢʘʟʘʪʝʣʠ ʙʫʜʫʱʝʛʦ ʩʦʩʪʦʷʥʠʷ 

ʢʦʤʧʘʥʠʠ, ʠ ʢʘʢ ʟʥʘʯʝʥʠʷ ʜʣʷ ʢʘʞʜʦʛʦ ʧʨʦʤʝʞʫʪʦʯʥʦʛʦ ʵʪʘʧʘ ʜʦʩʪʠʞʝʥʠʷ ʩʪʨʘʪʝʛʠʯʝʩʢʠʭ 

ʮʝʣʝʡ, ʜʦʣʞʥʳ ʙʳʪʴ ʩʬʦʨʤʠʨʦʚʘʥʳ ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʯʪʦʙʳ ʦʥʠ ʦʙʝʩʧʝʯʠʚʘʣʠ ʜʦʩʪʠʞʝʥʠʷ 

ʧʣʘʥʘ ʠʥʥʦʚʘʮʠʦʥʥʦʛʦ ʨʘʟʚʠʪʠʷ ʢʦʤʧʘʥʠʠ ʢʘʢ ʵʣʝʤʝʥʪʘ ʧʨʦʛʨʘʤʤʳ ʨʘʟʚʠʪʠʷ. 
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ɼʣʷ ʦʮʝʥʢʠ ʠʥʥʦʚʘʮʠʦʥʥʦʛʦ ʨʘʟʚʠʪʠʷ ʢʦʤʧʘʥʠʠ ʧʨʝʜʣʘʛʘʝʪʩʷ ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ 

ʤʝʪʦʜʦʚ ʠ ʤʦʜʝʣʝʡ. 

ʇʨʠ ʘʥʘʣʠʟʝ ʩʫʱʝʩʪʚʫʶʱʠʭ ʤʝʪʦʜʦʚ ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜ, ʯʪʦ ʣʶʙʘʷ ʠʟ ʛʨʫʧʧ 

ʵʬʬʝʢʪʠʚʥʘ ʧʨʠ ʧʨʠʤʝʥʝʥʠʠ ʦʜʥʠʭ ʩʦʩʪʘʚʣʷʶʱʠʭ ʦʮʝʥʢʠ ʠʥʥʦʚʘʮʠʦʥʥʦʛʦ ʨʘʟʚʠʪʠʷ, ʥʝ 

ʫʯʠʪʳʚʘʷ ʠʥʳʝ ʩʦʩʪʘʚʣʷʶʱʠʝ, ʚʩʣʝʜʩʪʚʠʝ ʵʪʦʛʦ ʥʫʞʥʘ ʠʭ ʛʨʫʧʧʠʨʦʚʢʘ ʠ ʬʦʨʤʠʨʦʚʘʥʠʝ 

ʥʦʚʦʛʦ ʩʧʦʩʦʙʘ ʥʘ ʵʪʦʡ ʙʘʟʝ. 

ʀʥʥʦʚʘʮʠʦʥʥʳʝ ʮʠʢʣʳ ʩʦʟʜʘʶʪʩʷ ʚʩʣʝʜʩʪʚʠʝ ʚʣʠʷʥʠʷ ʨʘʟʥʳʭ ʬʘʢʪʦʨʦʚ, ʦʥʠ ʜʝʣʷʪʩʷ ʥʘ 

ʚʥʝʰʥʠʝ ʠ ʚʥʫʪʨʝʥʥʠʝ.  

 

ʊʘʙʣʠʮʘ 1 

ʀʥʥʦʚʘʮʠʦʥʥʦʝ ʨʘʟʚʠʪʠʝ ʧʨʝʜʧʨʠʷʪʠʷ 

ɺʥʝʰʥʠʝ ʬʘʢʪʦʨʳ ɺʥʫʪʨʝʥʥʠʝ ʬʘʢʪʦʨʳ 

ʉʦʩʪʦʷʥʠʝ ʨʳʥʢʘ ʠ ʧʦʣʦʞʝʥʠʝ 

ʧʨʝʜʧʨʠʷʪʠʷ ʥʘ ʨʳʥʢʝ  

ʉʪʨʘʪʝʛʠʯʝʩʢʠʝ ʮʝʣʠ ʧʨʝʜʧʨʠʷʪʠ ̫

ʊʝʥʜʝʥʮʠʠ ʨʘʟʚʠʪʠʷ  

ʵʢʦʥʦʤʠʢʘ ʩʪʨʘʥʳ 

ʌʠʥʘʥʩʦʚʳʝ ʚʦʟʤʦʞʥʦʩʪʠ ʧʨʝʜʧʨʠʷʪʠʷ 

 

ʋʨʦʚʝʥʴ ʠʥʬʣʷʮʠʠ ʠ 

ʧʣʘʪʝʞʝʩʧʦʩʦʙʥʦʩʪʴ ʩʧʨʦʩʘ  

ʉʦʩʪʦʷʥʠʝ ʪʝʭʥʠʯʝʩʢʦʡ ʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʙʘʟʳ 

ʇʦʣʦʞʝʥʠʝ ʧʦʩʪʘʚʱʠʢʦʚ ɻʦʪʦʚʥʦʩʪʴ ʢ ʠʥʥʦʚʘʮʠʦʥʥʦʤʫ ʨʘʟʚʠʪʠʶ 

ʇʨʦʮʝʥʪ ʩʪʘʚʢʠ ʟʘ ʢʨʝʜʠʪ ʋʨʦʚʝʥʴ ʜʦʣʛʦʚʳʭ ʦʙʷʟʘʪʝʣʴʩʪʚ 

ʀʟʤʝʥʝʥʠʷ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʡ 

ʠʥʥʦʚʘʮʠʦʥʥʦʡ ʧʦʣʠʪʠʢʠ  

ʋʨʦʚʝʥʴ ʦʙʦʨʦʪʥʳʭ ʩʨʝʜʩʪʚ 

 ʀʥʚʝʩʪʠʮʠʦʥʥʘʷ ʧʨʠʚʣʝʢʘʪʝʣʴʥʦʩʪʴ ʧʨʝʜʧʨʠʷʪʠʷ  

 

ʀʥʥʦʚʘʮʠʦʥʥʦʝ ʨʘʟʚʠʪʠʝ ʢʦʤʧʘʥʠʠ ʜʦʣʞʥʦ ʩʦʙʣʶʜʘʪʴ ʫʩʣʦʚʠʷ, ʚʘʞʥʳʝ ʜʣʷ ʚʥʝʜʨʝʥʠʷ 

ʥʝʤʘʪʝʨʠʘʣʴʥʳʭ ʘʢʪʠʚʦʚ ʢʦʤʧʘʥʠʠ ʥʘ ʣʶʙʦʡ ʩʪʘʜʠʠ [3]. 

ʇʨʦʮʝʩʩ ʠʥʥʦʚʘʮʠʦʥʥʦʛʦ ʨʘʟʚʠʪʠʷ ʮʠʢʣʠʯʝʩʢʠ ʧʦʚʪʦʨʷʝʪʩʷ ʧʨʠ ʥʝʤʘʪʝʨʠʘʣʴʥʳʭ 

ʘʢʪʠʚʘʭ ʢʦʤʧʘʥʠʠ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʠʥʥʦʚʘʮʠʦʥʥʦʝ ʨʘʟʚʠʪʠʝ ʥʘʧʨʷʤʫʶ ʩʚʷʟʘʥʦ ʩ 

ʥʝʤʘʪʝʨʠʘʣʴʥʳʤʠ ʘʢʪʠʚʘʤʠ ʢʦʤʧʘʥʠʠ.  

ʅʝʤʘʪʝʨʠʘʣʴʥʳʡ ʘʢʪʠʚ ʷʚʣʷʝʪʩʷ ʦʩʥʦʚʥʳʤ ʬʘʢʪʦʨʦʤ, ʢʦʪʦʨʳʡ ʦʙʝʩʧʝʯʠʚʘʝʪ 

ʥʝʧʨʝʨʳʚʥʳʡ ʠʥʥʦʚʘʮʠʦʥʥʳʡ ʨʦʩʪ ʠ ʨʘʟʚʠʪʠʝ ʢʦʤʧʘʥʠʠ. ʅʝʤʘʪʝʨʠʘʣʴʥʳʝ ʘʢʪʠʚʳ ï ʵʪʦ ʦʜʠʥ 

ʠʟ ʦʩʥʦʚʥʳʭ ʨʝʩʫʨʩʦʚ ʢʦʤʧʘʥʠʠ.  

ʀʟʤʝʥʝʥʠʝ ʠʥʥʦʚʘʮʠʦʥʥʦʡ ʩʪʨʫʢʪʫʨʳ ʩʯʠʪʘʶʪʩʷ ʫʩʧʝʰʥʳʤʠ, ʢʦʛʜʘ ʅʄɸ 

ʤʘʢʩʠʤʘʣʴʥʦ ʩʦʭʨʘʥʷʶʪʩʷ, ʘ ʩʪʦʠʤʦʩʪʴ ʠʭ ʨʘʩʪʝʪ.  

ɺ ʩʦʚʨʝʤʝʥʥʦʡ ʵʢʦʥʦʤʠʢʝ ʘʢʪʠʚʳ ʷʚʣʷʶʪʩʷ ʢʣʶʯʝʚʳʤʠ ʨʝʩʫʨʩʘʤʠ ʜʣʷ ʫʩʧʝʰʥʦʛʦ 

ʨʘʟʚʠʪʠʷ ʠʥʥʦʚʘʮʠʦʥʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ ʢʦʤʧʘʥʠʠ 
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ɸʥʘʣʠʟ ʠʥʥʦʚʘʮʠʦʥʥʦʛʦ ʨʘʟʚʠʪʠʷ ʢʦʤʧʘʥʠʠ ʥʘ ʙʘʟʝ ʘʥʘʣʠʟʘ ʥʝʤʘʪʝʨʠʘʣʴʥʳʭ ʘʢʪʠʚʦʚ 

ʜʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʦʧʨʝʜʝʣʠʪʴ ʩʦʩʪʦʷʥʠʝ ʠ ʩʪʨʘʪʝʛʠʶ ʠʥʥʦʚʘʮʠʦʥʥʦʛʦ ʨʘʟʚʠʪʠʷ ʢʦʤʧʘʥʠʠ. 

ʉ ʮʝʣʴʶ ʫʚʝʣʠʯʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʨʝʘʣʠʟʘʮʠʠ ʩʪʨʘʪʝʛʠʠ ʠʥʥʦʚʘʮʠʦʥʥʦʛʦ ʨʘʟʚʠʪʠʷ 

ʢʦʤʧʘʥʠʠ ʩʣʝʜʫʝʪ ʩʦʟʜʘʪʴ ʩʠʩʪʝʤʫ ʤʦʥʠʪʦʨʠʥʛʘ. ʄʦʥʠʪʦʨʠʥʛ ʠʥʥʦʚʘʮʠʦʥʥʦʛʦ ʬʦʨʤʠʨʦʚʘʥʠʷ 

ʢʦʤʧʘʥʠʠ ï ʵʪʦ ʢʦʥʮʝʧʮʠʷ ʩʚʦʝʚʨʝʤʝʥʥʦʛʦ ʦʪʩʣʝʞʠʚʘʥʠʷ, ʘ ʪʘʢʞʝ ʠʟʥʘʯʘʣʴʥʦʛʦ ʘʥʘʣʠʟʘ 

ʧʝʨʝʤʝʥ ʚ ʨʘʟʚʠʪʠʠ ʢʦʤʧʘʥʠʠ, ʦʙʝʩʧʝʯʠʚʘʶʱʘʷ ʨʘʟʚʠʪʠʝ ʠ ʭʨʘʥʝʥʠʝ ʧʦʩʪʦʷʥʥʦ 

ʩʠʩʪʝʤʘʪʠʟʠʨʫʝʤʦʡ ʠʥʬʦʨʤʘʮʠʠ ʦ ʪʝʢʫʱʠʭ ʟʥʘʯʝʥʠʷʭ ʧʦʢʘʟʘʪʝʣʝʡ ʜʝʷʪʝʣʴʥʦʩʪʠ ʢʦʤʧʘʥʠʠ, 

ʧʦʢʘʟʘʪʝʣʷ ʩʪʝʧʝʥʠ ʠʥʥʦʚʘʮʠʦʥʥʦʡ ʚʦʟʤʦʞʥʦʩʪʠ ʢʦʤʧʘʥʠʠ ʠ ʨʝʘʣʠʟʫʝʤʦʩʪʠ ʠʥʥʦʚʘʮʠʦʥʥʦʡ 

ʩʪʨʘʪʝʛʠʠ. 

 

ʃʠʪʝʨʘʪʫʨʘ 

1. ʅʠʢʠʪʠʥ ɼ.ɸ. ʀʥʚʝʩʪʠʮʠʦʥʥʘʷ ʧʨʠʚʣʝʢʘʪʝʣʴʥʦʩʪʴ ʧʨʝʜʧʨʠʷʪʠʷ. ʀʥʚʝʩʪʠʨʦʚʘʥʠʝ ʚ ʬʦʨʤʝ 

ʟʘʝʤʥʳʭ ʩʨʝʜʩʪʚ // ɺʦʧʨʦʩʳ ʵʢʦʥʦʤʠʢʠ ʠ ʫʧʨʘʚʣʝʥʠʷ, 2017. ï ˉ 2.  ï ʉ. 79-81.  

2. ɹʘʨʘʥʯʝʝʚ ɺ.ʇ. ʋʧʨʘʚʣʝʥʠʝ ʠʥʥʦʚʘʮʠʷʤʠ. ʋʯʝʙʥʠʢ / ɺ.ʇ. ɹʘʨʘʥʯʝʝʚ, ʅ.ʇ. ʄʘʩʣʝʥʥʠʢʦʚʘ, 

ɺ.ʄ. ʄʠʰʠʥ. ï ʄ.: ʖʨʘʡʪ, 2018. ï 720 c. 

3. ɸʣʝʢʩʝʡ ʉʘʤʩʦʥʦʚ. ʀʥʥʦʚʘʮʠʦʥʥʦʝ ʨʘʟʚʠʪʠʝ ʧʨʝʜʧʨʠʷʪʠʡ ʢʘʢ ʩʪʨʘʪʝʛʠʯʝʩʢʦʝ ʥʘʧʨʘʚʣʝʥʠʝ 

ʜʝʷʪʝʣʴʥʦʩʪʠ: ʤʦʥʦʛʨʘʬʠʷʤʦʥʦʛʨ. / ɸʣʝʢʩʝʡ ʉʘʤʩʦʥʦʚ. ï ʄ.: ʂʥʦʈʫʩ ʤʝʜʠʘ, 2017. ï 485 c. 

4. ʉʘʣʶʪʠʥʘ ʊ.ʖ. ʀʥʩʪʨʫʤʝʥʪʘʨʠʡ ʦʮʝʥʢʠ ʢʘʯʝʩʪʚʘ ʢʦʨʧʦʨʘʪʠʚʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ ʚ 

ʠʥʪʝʛʨʠʨʦʚʘʥʥʦʡ ʤʦʜʝʣʠ ʠʥʚʝʩʪʠʮʠʦʥʥʦʡ ʧʨʠʚʣʝʢʘʪʝʣʴʥʦʩʪʠ ʪʝʣʝʢʦʤʤʫʥʠʢʘʮʠʦʥʥʳʭ 

ʢʦʤʧʘʥʠʡ // ʕʢʦʥʦʤʠʢʘ ʠ ʢʘʯʝʩʪʚʦ ʩʠʩʪʝʤ ʩʚʷʟʠ, 2016. ï  ̄2 (2). ï ʉ. 27-34. 

5. ʋʧʨʘʚʣʝʥʠʝ ʠʥʥʦʚʘʮʠʦʥʥʳʤʠ ʧʨʦʝʢʪʘʤʠ. ʋʯʝʙʥʦʝ ʧʦʩʦʙʠʝ. ï ʄ.: ʀʅʌʈɸ-ʄ, 2018. ï 336 c. 

6. ʂʫʟʦʚʢʦʚʘ ʊ.ɸ., ʉʘʣʶʪʠʥʘ ʊ.ʖ., ʂʫʟʦʚʢʦʚ ɼ.ɺ. ʂʚʘʣʠʤʝʪʨʠʯʝʩʢʠʡ ʧʦʜʭʦʜ ʢ ʦʮʝʥʢʝ 

ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʠʥʥʦʚʘʮʠʡ. ɺ ʢʥʠʛʝ: ʊʝʭʥʦʣʦʛʠʠ ʠʥʬʦʨʤʘʮʠʦʥʥʦʛʦ ʦʙʱʝʩʪʚʘ. ʊʝʟʠʩʳ 

ʜʦʢʣʘʜʦʚ ʤʦʩʢʦʚʩʢʦʡ ʦʪʨʘʩʣʝʚʦʡ ʥʘʫʯʥʦ-ʪʝʭʥʠʯʝʩʢʦʡ ʢʦʥʬʝʨʝʥʮʠʠ, 2007. ï ʉ. 202. 

7. https://elibrary.ru/item.asp?id=38509097. 

 

 

 

 


