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ʆʪʚʝʪʩʪʚʝʥʥʳʡ ʨʝʜʘʢʪʦʨ: 

ɻʫʣʷʝʚ ɻʝʨʤʘʥ ʖʨʴʝʚʠʯ, ʢʘʥʜʠʜʘʪ ʵʢʦʥʦʤʠʯʝʩʢʠʭ ʥʘʫʢ 

 

ʀ66 

ʀʅʅʆɺɸʎʀʆʅʅʆɽ ʈɸɿɺʀʊʀɽ ʅɸʋʂʀ ʀ ʆɹʈɸɿʆɺɸʅʀʗ: ʩʙʦʨʥʠʢ ʩʪʘʪʝʡ XVI 

ʄʝʞʜʫʥʘʨʦʜʥʦʡ ʥʘʫʯʥʦ-ʧʨʘʢʪʠʯʝʩʢʦʡ ʢʦʥʬʝʨʝʥʮʠʠ. ï ʇʝʥʟʘ: ʄʎʅʉ çʅʘʫʢʘ ʠ 

ʇʨʦʩʚʝʱʝʥʠʝè. ï 2022. ï 250 ʩ. 

 

ISBN 978-5-00173-412-3 

 

ʅʘʩʪʦʷʱʠʡ ʩʙʦʨʥʠʢ ʩʦʩʪʘʚʣʝʥ ʧʦ ʤʘʪʝʨʠʘʣʘʤ XVI ʄʝʞʜʫʥʘʨʦʜʥʦʡ ʥʘʫʯʥʦ-

ʧʨʘʢʪʠʯʝʩʢʦʡ ʢʦʥʬʝʨʝʥʮʠʠ çʀʅʅʆɺɸʎʀʆʅʅʆɽ ʈɸɿɺʀʊʀɽ ʅɸʋʂʀ ʀ 

ʆɹʈɸɿʆɺɸʅʀʗè, ʩʦʩʪʦʷʚʰʝʡʩʷ 30 ʠʶʥʷ 2022 ʛ. ʚ ʛ. ʇʝʥʟʘ. ɺ ʩʙʦʨʥʠʢʝ ʥʘʫʯʥʳʭ ʪʨʫʜʦʚ 

ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʩʦʚʨʝʤʝʥʥʳʝ ʧʨʦʙʣʝʤʳ ʥʘʫʢʠ ʠ ʧʨʘʢʪʠʢʠ ʧʨʠʤʝʥʝʥʠʷ ʨʝʟʫʣʴʪʘʪʦʚ ʥʘʫʯʥʳʭ 

ʠʩʩʣʝʜʦʚʘʥʠʡ. 

ʉʙʦʨʥʠʢ ʧʨʝʜʥʘʟʥʘʯʝʥ ʜʣʷ ʥʘʫʯʥʳʭ ʨʘʙʦʪʥʠʢʦʚ, ʧʨʝʧʦʜʘʚʘʪʝʣʝʡ, ʘʩʧʠʨʘʥʪʦʚ, 

ʤʘʛʠʩʪʨʘʥʪʦʚ, ʩʪʫʜʝʥʪʦʚ ʩ ʮʝʣʴʶ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚ ʥʘʫʯʥʦʡ ʨʘʙʦʪʝ ʠ ʫʯʝʙʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ. 

ʆʪʚʝʪʩʪʚʝʥʥʦʩʪʴ ʟʘ ʘʫʪʝʥʪʠʯʥʦʩʪʴ ʠ ʪʦʯʥʦʩʪʴ ʮʠʪʘʪ, ʠʤʝʥ, ʥʘʟʚʘʥʠʡ ʠ ʠʥʳʭ ʩʚʝʜʝʥʠʡ, ʘ 

ʪʘʢʞʝ ʟʘ ʩʦʙʣʶʜʝʥʠʝ ʟʘʢʦʥʦʜʘʪʝʣʴʩʪʚʘ ʦʙ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʦʡ ʩʦʙʩʪʚʝʥʥʦʩʪʠ ʥʝʩʫʪ ʘʚʪʦʨʳ 

ʧʫʙʣʠʢʫʝʤʳʭ ʤʘʪʝʨʠʘʣʦʚ.  

ʇʦʣʥʳʝ ʪʝʢʩʪʳ ʩʪʘʪʝʡ ʚ ʦʪʢʨʳʪʦʤ ʜʦʩʪʫʧʝ ʨʘʟʤʝʱʝʥʳ ʚ ʅʘʫʯʥʦʡ ʵʣʝʢʪʨʦʥʥʦʡ 

ʙʠʙʣʠʦʪʝʢʝ Elibrary.ru ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ɼʦʛʦʚʦʨʦʤ ˉ1096-04/2016K ʦʪ 26.04.2016 ʛ. 
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ʆʪʚʝʪʩʪʚʝʥʥʳʡ ʨʝʜʘʢʪʦʨ: 

ɻʫʣʷʝʚ ɻʝʨʤʘʥ ʖʨʴʝʚʠʯ ï ʢʘʥʜʠʜʘʪ ʵʢʦʥʦʤʠʯʝʩʢʠʭ ʥʘʫʢ 

 

ʉʦʩʪʘʚ ʨʝʜʘʢʮʠʦʥʥʦʡ ʢʦʣʣʝʛʠʠ ʠ ʦʨʛʘʥʠʟʘʮʠʦʥʥʦʛʦ ʢʦʤʠʪʝʪʘ:  

ɸʛʘʨʢʦʚʘ ʃʶʙʦʚʴ ɺʘʩʠʣʴʝʚʥʘ ï 

ʜʦʢʪʦʨ ʵʢʦʥʦʤʠʯʝʩʢʠʭ ʥʘʫʢ, ʧʨʦʬʝʩʩʦʨ 

ɸʥʘʥʯʝʥʢʦ ʀʛʦʨʴ ɺʠʢʪʦʨʦʚʠʯ ï  

ʢʘʥʜʠʜʘʪ ʪʝʭʥʠʯʝʩʢʠʭ ʥʘʫʢ, ʜʦʮʝʥʪ 

ɸʥʪʠʧʦʚ ɸʣʝʢʩʘʥʜʨ ɻʝʥʥʘʜʴʝʚʠʯ ï  

ʜʦʢʪʦʨ ʬʠʣʦʣʦʛʠʯʝʩʢʠʭ ʥʘʫʢ, ʧʨʦʬʝʩʩʦʨ  

ɹʘʙʘʥʦʚʘ ʖʣʠʷ ɺʣʘʜʠʤʠʨʦʚʥʘ ï  

ʜʦʢʪʦʨ ʵʢʦʥʦʤʠʯʝʩʢʠʭ ʥʘʫʢ, ʜʦʮʝʥʪ 

ɹʘʛʘʤʘʝʚ ɹʘʛʘʤ ʄʘʥʘʧʦʚʠʯ ï  

ʜʦʢʪʦʨ ʚʝʪʝʨʠʥʘʨʥʳʭ ʥʘʫʢ, ʧʨʦʬʝʩʩʦʨ 

ɹʘʞʝʥʦʚʘ ʆʣʴʛʘ ʇʨʦʢʦʧʴʝʚʥʘ ï  

ʜʦʢʪʦʨ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʥʘʫʢ, ʧʨʦʬʝʩʩʦʨ 

ɹʦʷʨʩʢʠʡ ʃʝʦʥʠʜ ɸʣʝʢʩʘʥʜʨʦʚʠʯ ï  

ʜʦʢʪʦʨ ʬʠʟʠʢʦ-ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʥʘʫʢ 

ɹʫʟʥʠ ɸʨʪʝʤʠʡ ʅʠʢʦʣʘʝʚʠʯ ï  

ʜʦʢʪʦʨ ʵʢʦʥʦʤʠʯʝʩʢʠʭ ʥʘʫʢ, ʧʨʦʬʝʩʩʦʨ 

ɹʫʨʦʚ ɸʣʝʢʩʘʥʜʨ ʕʜʫʘʨʜʦʚʠʯ ï  

ʜʦʢʪʦʨ ʧʝʜʘʛʦʛʠʯʝʩʢʠʭ ʥʘʫʢ, ʜʦʮʝʥʪ 

ɺʘʩʠʣʴʝʚ ʉʝʨʛʝʡ ʀʚʘʥʦʚʠʯ ï  

ʢʘʥʜʠʜʘʪ ʪʝʭʥʠʯʝʩʢʠʭ ʥʘʫʢ, ʧʨʦʬʝʩʩʦʨ 

ɺʣʘʩʦʚʘ ɸʥʥʘ ɺʣʘʜʠʤʠʨʦʚʥʘ ï  

ʜʦʢʪʦʨ ʠʩʪʦʨʠʯʝʩʢʠʭ ʥʘʫʢ, ʜʦʮʝʥʪ  

ɻʝʪʤʘʥʩʢʘʷ ɽʣʝʥʘ ɺʘʣʝʥʪʠʥʦʚʥʘ ï  

ʜʦʢʪʦʨ ʧʝʜʘʛʦʛʠʯʝʩʢʠʭ ʥʘʫʢ, ʧʨʦʬʝʩʩʦʨ 

ɻʨʠʮʘʡ ʃʶʜʤʠʣʘ ɸʣʝʢʩʘʥʜʨʦʚʥʘ ï  

ʢʘʥʜʠʜʘʪ ʧʝʜʘʛʦʛʠʯʝʩʢʠʭ ʥʘʫʢ, ʜʦʮʝʥʪ 

ɼʘʚʣʝʪʰʠʥ ʈʘʰʠʪ ɸʭʤʝʪʦʚʠʯ ï  

ʜʦʢʪʦʨ ʤʝʜʠʮʠʥʩʢʠʭ ʥʘʫʢ, ʧʨʦʬʝʩʩʦʨ 

ʀʚʘʥʦʚʘ ʀʨʠʥʘ ɺʠʢʪʦʨʦʚʥʘ ï  

ʢʘʥʜʠʜʘʪ ʧʩʠʭʦʣʦʛʠʯʝʩʢʠʭ ʥʘʫʢ 

ʀʛʣʠʥ ɸʣʝʢʩʝʡ ɺʣʘʜʠʤʠʨʦʚʠʯ ï  

ʢʘʥʜʠʜʘʪ ʶʨʠʜʠʯʝʩʢʠʭ ʥʘʫʢ, ʜʦʮʝʥʪ  

ʀʣʴʠʥ ʉʝʨʛʝʡ ʖʨʴʝʚʠʯ ï  

ʢʘʥʜʠʜʘʪ ʵʢʦʥʦʤʠʯʝʩʢʠʭ ʥʘʫʢ, ʜʦʮʝʥʪ  

ʀʩʢʘʥʜʘʨʦʚʘ ɻʫʣʴʥʘʨʘ ʈʠʬʦʚʥʘ ï  

ʜʦʢʪʦʨ ʬʠʣʦʣʦʛʠʯʝʩʢʠʭ ʥʘʫʢ, ʜʦʮʝʥʪ  

ʂʘʟʜʘʥʷʥ ʉʫʩʘʥʥʘ ʐʘʣʚʦʚʥʘ ï  

ʢʘʥʜʠʜʘʪ ʧʩʠʭʦʣʦʛʠʯʝʩʢʠʭ ʥʘʫʢ, ʜʦʮʝʥʪ 

ʂʘʯʘʣʦʚʘ ʃʶʜʤʠʣʘ ʇʘʚʣʦʚʥʘ ï  

ʜʦʢʪʦʨ ʧʝʜʘʛʦʛʠʯʝʩʢʠʭ ʥʘʫʢ, ʧʨʦʬʝʩʩʦʨ  

ʂʦʞʘʣʠʝʚʘ ʏʠʥʘʨʘ ɹʘʢʘʝʚʥʘ ï  

ʢʘʥʜʠʜʘʪ ʧʩʠʭʦʣʦʛʠʯʝʩʢʠʭ ʥʘʫʢ 

ʂʦʣʝʩʥʠʢʦʚ ɻʝʥʥʘʜʠʡ ʅʠʢʦʣʘʝʚʠʯ ï  

ʜʦʢʪʦʨ ʪʝʭʥʠʯʝʩʢʠʭ ʥʘʫʢ, ʧʨʦʬʝʩʩʦʨ 

ʂʦʨʥʝʚ ɺʷʯʝʩʣʘʚ ɺʷʯʝʩʣʘʚʦʚʠʯ ï  

ʜʦʢʪʦʨ ʬʠʣʦʩʦʬʩʢʠʭ ʥʘʫʢ, ʧʨʦʬʝʩʩʦʨ  

ʂʨʝʤʥʝʚʘ ʊʘʪʴʷʥʘ ʃʝʦʥʠʜʦʚʥʘ ï  

ʜʦʢʪʦʨ ʧʝʜʘʛʦʛʠʯʝʩʢʠʭ ʥʘʫʢ, ʧʨʦʬʝʩʩʦʨ 

ʂʨʳʣʦʚʘ ʄʘʨʠʷ ʅʠʢʦʣʘʝʚʥʘ ï  

ʢʘʥʜʠʜʘʪ ʬʠʣʦʣʦʛʠʯʝʩʢʠʭ ʥʘʫʢ, ʧʨʦʬʝʩʩʦʨ  

ʂʫʥʮ ɽʣʝʥʘ ɺʣʘʜʠʤʠʨʦʚʥʘ ï  

ʜʦʢʪʦʨ ʶʨʠʜʠʯʝʩʢʠʭ ʥʘʫʢ, ʧʨʦʬʝʩʩʦʨ 

ʂʫʨʣʝʥʷ ʄʠʭʘʠʣ ɺʣʘʜʠʤʠʨʦʚʠʯ ï  

ʜʦʢʪʦʨ ʪʝʭʥʠʯʝʩʢʠʭ ʥʘʫʢ, ʧʨʦʬʝʩʩʦʨ 

ʄʘʣʢʦʯ ɺʠʪʘʣʠʡ ɸʥʘʪʦʣʴʝʚʠʯ ï  

ʜʦʢʪʦʨ ʠʩʢʫʩʩʪʚʦʚʝʜʯʝʩʢʠʭ ʥʘʫʢ 

ʄʘʣʦʚʘ ʀʨʠʥʘ ɺʠʢʪʦʨʦʚʥʘ ï  

ʢʘʥʜʠʜʘʪ ʵʢʦʥʦʤʠʯʝʩʢʠʭ ʥʘʫʢ, ʜʦʮʝʥʪ  

ʄʝʩʝʥʷʰʠʥʘ ʃʶʜʤʠʣʘ ɸʣʝʢʩʘʥʜʨʦʚʥʘ ï 

ʜʦʢʪʦʨ ʧʝʜʘʛʦʛʠʯʝʩʢʠʭ ʥʘʫʢ, ʧʨʦʬʝʩʩʦʨ 

ʅʝʢʨʘʩʦʚ ʉʪʘʥʠʩʣʘʚ ʅʠʢʦʣʘʝʚʠʯ ï  

ʜʦʢʪʦʨ ʬʠʣʦʩʦʬʩʢʠʭ ʥʘʫʢ, ʧʨʦʬʝʩʩʦʨ 

ʅʝʧʦʤʥʷʱʠʡ ʆʣʝʛ ɺʣʘʜʠʤʠʨʦʚʠʯ ï  

ʢʘʥʜʠʜʘʪ ʪʝʭʥʠʯʝʩʢʠʭ ʥʘʫʢ, ʜʦʮʝʥʪ 

ʆʨʦʙʝʮ ɺʣʘʜʠʤʠʨ ɸʣʝʢʩʘʥʜʨʦʚʠʯ ï 

ʜʦʢʪʦʨ ʚʝʪʝʨʠʥʘʨʥʳʭ ʥʘʫʢ, ʧʨʦʬʝʩʩʦʨ  

ʇʦʧʦʚʘ ʀʨʠʥʘ ɺʠʪʘʣʴʝʚʥʘ ï  

ʜʦʢʪʦʨ ʵʢʦʥʦʤʠʯʝʩʢʠʭ ʥʘʫʢ, ʜʦʮʝʥʪ  

ʇʳʨʢʦʚ ɺʷʯʝʩʣʘʚ ɽʚʛʝʥʴʝʚʠʯ ï  

ʢʘʥʜʠʜʘʪ ʧʝʜʘʛʦʛʠʯʝʩʢʠʭ ʥʘʫʢ, ʜʦʮʝʥʪ  

ʈʫʢʘʚʠʰʥʠʢʦʚ ɺʠʢʪʦʨ ʉʪʝʧʘʥʦʚʠʯ ï  

ʜʦʢʪʦʨ ʤʝʜʠʮʠʥʩʢʠʭ ʥʘʫʢ, ʧʨʦʬʝʩʩʦʨ 

ʉʝʤʝʥʦʚʘ ʃʠʜʠʷ ʕʜʫʘʨʜʦʚʥʘ ï  

ʜʦʢʪʦʨ ʧʩʠʭʦʣʦʛʠʯʝʩʢʠʭ ʥʘʫʢ, ʜʦʮʝʥʪ  

ʋʜʫʪ ɺʣʘʜʠʤʠʨ ɺʘʩʠʣʴʝʚʠʯ ï  

ʜʦʢʪʦʨ ʤʝʜʠʮʠʥʩʢʠʭ ʥʘʫʢ, ʧʨʦʬʝʩʩʦʨ 

ʌʠʦʥʦʚʘ ʃʶʜʤʠʣʘ ʈʠʤʦʚʥʘ ï  

ʜʦʢʪʦʨ ʪʝʭʥʠʯʝʩʢʠʭ ʥʘʫʢ, ʧʨʦʬʝʩʩʦʨ 

ʏʠʩʪʦʚ ɺʣʘʜʠʤʠʨ ɺʣʘʜʠʤʠʨʦʚʠʯ ï  

ʢʘʥʜʠʜʘʪ ʧʩʠʭʦʣʦʛʠʯʝʩʢʠʭ ʥʘʫʢ, ʜʦʮʝʥʪ  

ʐʚʝʮ ʀʨʠʥʘ ʄʠʭʘʡʣʦʚʥʘ ï  
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ʀʟʦʙʨʝʪʝʥʠʝ ʣʘʟʝʨʘ ʚ ʩʝʨʝʜʠʥʝ ʍʍ ʩʪʦʣʝʪʠʷ ʧʦʨʦʜʠʣʦ ʤʳʩʣʴ ʦ ʧʝʨʝʜʘʯʝ ʠʥʬʦʨʤʘʮʠʠ ʩʚʝʪʦʤ. 

ʉʝʛʦʜʥʷ ʤʳ ʤʦʞʝʤ ʦʙʤʝʥʠʚʘʪʴʩʷ ʙʦʣʴʰʠʤ ʢʦʣʠʯʝʩʪʚʦʤ ʠʥʬʦʨʤʘʮʠʠ ʙʳʩʪʨʦ, ʜʘʞʝ ʝʩʣʠ ʧʦʣʴʟʦʚʘʪʝ-
ʣʝʡ ʨʘʟʜʝʣʷʝʪ ʙʦʣʴʰʦʝ ʨʘʩʩʪʦʷʥʠʝ. ʇʘʨʘʣʣʝʣʴʥʦ ʩ ɺʆʃʉ (ʚʦʣʦʢʦʥʥʦ-ʦʧʪʠʯʝʩʢʠʤʠ ʣʠʥʠʷʤʠ ʩʚʷʟʠ) 
ʨʘʟʚʠʚʘʣʘʩʴ ʠʥʪʝʛʨʘʣʴʥʘʷ ʦʧʪʠʢʘ ï ʥʘʫʢʘ, ʠʟʫʯʘʶʱʘʷ ʤʝʪʦʜʳ ʨʘʩʯʸʪʘ, ʪʝʭʥʦʣʦʛʠʠ ʠʟʛʦʪʦʚʣʝʥʠʷ ʠʥʪʝ-
ʛʨʘʣʴʥʳʭ ʩʭʝʤ ʨʘʟʣʠʯʥʳʭ ʪʦʧʦʣʦʛʠʡ.  

ɺ ʦʧʪʠʯʝʩʢʠʭ ʪʝʣʝʢʦʤʤʫʥʠʢʘʮʠʦʥʥʳʭ ʫʩʪʨʦʡʩʪʚʘʭ ʠʩʧʦʣʴʟʫʶʪʩʷ ʨʘʟʚʝʪʚʠʪʝʣʠ Y-ʪʠʧʘ. ʊʘʢʠʝ ʢʦʤ-
ʧʦʥʝʥʪʳ ʨʘʩʧʨʝʜʝʣʷʶʪ ʤʦʱʥʦʩʪʴ ʧʦ ʚʳʭʦʜʥʳʤ ʢʘʥʘʣʘʤ. ɺ ʩʝʪʷʭ ʩʚʷʟʠ, ʠʩʧʦʣʴʟʫʶʱʠʭ ʪʝʭʥʦʣʦʛʠʶ 
PON (passive optical network ï ʧʘʩʩʠʚʥʘʷ ʦʧʪʠʯʝʩʢʘʷ ʩʝʪʴ) ʠʩʧʦʣʴʟʫʶʪ FTB-ʨʘʟʚʝʪʚʠʪʝʣʠ ʠ PLC-
ʨʘʟʚʝʪʚʠʪʝʣʠ [1, ʩ. 34]. ʆʪʣʠʯʘʶʪʩʷ ʦʥʠ ʪʝʭʥʦʣʦʛʠʷʤʠ ʠʟʛʦʪʦʚʣʝʥʠʷ. FTB-ʨʘʟʚʝʪʚʠʪʝʣʠ ʠʟʛʦʪʘʚʣʠʚʘʶʪ 
ʧʫʪʸʤ ʩʧʣʘʚʣʝʥʠʷ ʜʚʫʭ ʚʦʣʦʢʦʥ. ʋ ʪʘʢʠʭ ʵʣʝʤʝʥʪʦʚ ʪʦʣʴʢʦ ʜʚʘ ʚʳʭʦʜʥʳʭ ʧʦʨʪʘ. PLC-ʨʘʟʚʝʪʚʠʪʝʣʠ ï 
ʵʪʦ ʨʝʟʫʣʴʪʘʪ ʨʘʟʨʘʙʦʪʦʢ ʠʥʪʝʛʨʘʣʴʥʦʡ ʦʧʪʠʢʠ. ʋ ʪʘʢʠʭ ʨʘʟʚʝʪʚʠʪʝʣʝʡ ʯʠʩʣʦ ʚʳʭʦʜʥʳʭ ʧʦʨʪʦʚ ʤʦʞʝʪ 
ʙʳʪʴ ʙʦʣʴʰʠʤ ï ʜʦ 128. ʊʘʢʞʝ ʫ PLC-ʨʘʟʚʝʪʚʠʪʝʣʝʡ ʜʝʣʝʥʠʝ ʦʧʪʠʯʝʩʢʦʛʦ ʠʟʣʫʯʝʥʠʷ ʥʘ ʯʘʩʪʠ ʨʝʘʣʠʟʫ-
ʝʪʩʷ ʙʦʣʝʝ ʪʦʯʥʦ, ʯʝʤ ʫ FTB-ʨʘʟʚʝʪʚʠʪʝʣʝʡ.  

ɹʦʦʧʫʙʯʡʸ: ʚ ʩʪʘʪʴʝ ʦʧʠʩʘʥʘ ʨʘʟʨʘʙʦʪʢʘ ʬʠʟʠʢʦ-ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʨʘʟʚʝʪʚʠʪʝʣʷ ʚ ʩʪʝʢʣʝ ʂ-8, 
ʠʩʧʦʣʴʟʫʶʱʝʛʦ ʵʬʬʝʢʪ ʤʝʞʤʦʜʦʚʦʡ ʠʥʪʝʨʬʝʨʝʥʮʠʠ (MMI). ʈʘʩʩʯʠʪʘʥʳ ʛʝʦʤʝʪʨʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ 
ʚʦʣʥʦʚʦʜʘ, ʧʨʦʚʝʜʸʥ ʘʥʘʣʠʟ ʧʦʣʫʯʝʥʥʦʡ ʩʪʨʫʢʪʫʨʳ ʚ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʦʡ ʧʨʦʛʨʘʤʤʝ. 
ʃʤʷʰʞʛʴʞ ʪʤʧʛʙ: ʢʚʘʟʠ-ʧʣʘʥʘʨʥʳʝ ʦʧʪʠʯʝʩʢʠʝ ʚʦʣʥʦʚʦʜʳ, ʤʫʣʴʪʠʧʣʠʮʠʨʦʚʘʥʠʝ ʠʟʦʙʨʘʞʝʥʠʡ, ʵʬ-
ʬʝʢʪ ʤʝʞʤʦʜʦʚʦʡ ʠʥʪʝʨʬʝʨʝʥʮʠʠ, ʤʝʪʦʜ ʨʘʩʧʨʦʩʪʨʘʥʷʶʱʝʛʦʩʷ ʧʫʯʢʘ, ʤʦʜʘ. 
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Abstract: the article describes the development of a physico-mathematical model of a splitter in glass ñK-8ò, 
which uses the effect of multimode interference (MMI). The geometric parameters of the waveguide are calcu-
lated, the resulting structure is analyzed in a specialized program. 
Key words: quasi-planar optical waveguides, image multiplication, multimode interference effect, beam prop-
agation method, mode. 



ǧǬǬǭǡǟǵǧǭǬǬǭǤ ǯǟǦǡǧǱǧǤ Ǭǟǲǩǧ ǧ ǭǠǯǟǦǭǡǟǬǧǾ 11 

 

XVI International scientific conference | www.naukaip.ru 

ɺ ʚʳʰʝʦʧʠʩʘʥʥʳʭ ʚʠʜʘʭ ʨʘʟʚʝʪʚʠʪʝʣʝʡ ʝʩʪʴ ʥʝʜʦʩʪʘʪʦʢ. ɺ ʪʘʢʠʭ ʨʘʟʚʝʪʚʠʪʝʣʷʭ ʦʪʩʫʪʩʪʚʫʝʪ ʚ 
ʦʜʥʦʤʦʜʦʚʦʤ ʨʝʞʠʤʝ ʚʦʟʤʦʞʥʦʩʪʴ ʨʝʘʣʠʟʦʚʘʪʴ ʪʦʧʦʣʦʛʠʶ ʩ ʥʝʩʢʦʣʴʢʠʤʠ ʚʭʦʜʘʤʠ, ʧʦʩʢʦʣʴʢʫ ʠʟ-ʟʘ 
ʵʪʦʛʦ ʨʘʩʪʫʪ ʧʦʪʝʨʠ ʦʧʪʠʯʝʩʢʦʡ ʤʦʱʥʦʩʪʠ [2, ʩ. 22]. 

ʆʩʦʙʝʥʥʳʡ ʠʥʪʝʨʝʩ ʩʝʛʦʜʥʷ ʧʨʝʜʩʪʘʚʣʷʝʪ ʘʣʴʪʝʨʥʘʪʠʚʥʳʡ ʚʘʨʠʘʥʪ ʨʘʟʚʝʪʚʠʪʝʣʝʡ Y-ʪʠʧʘ ï ʨʘʟ-
ʚʝʪʚʠʪʝʣʠ ʥʘ ʦʩʥʦʚʝ ʵʬʬʝʢʪʘ ʤʝʞʤʦʜʦʚʦʡ  ʠʥʪʝʨʬʝʨʝʥʮʠʠ (multimode interference - MMI), ʠʣʠ ʩʦ-
ʢʨʘʱʝʥʥʦ MMI-ʨʘʟʚʝʪʚʠʪʝʣʠ. ʕʪʦ ʫʩʪʨʦʡʩʪʚʘ ʚ ʦʙʱʝʤ ʩʣʫʯʘʝ ʩ n ʚʭʦʜʥʳʤʠ ʧʦʨʪʘʤʠ ʠ m ʚʳʭʦʜʥʳʤʠ 
ʧʦʨʪʘʤʠ ʠ ʰʠʨʦʢʠʤ ʢʘʥʘʣʦʤ ʤʝʞʜʫ ʥʠʤʠ, ʚ ʢʦʪʦʨʦʤ ʧʨʦʠʩʭʦʜʠʪ ʨʘʟʜʝʣʝʥʠʝ ʦʧʪʠʯʝʩʢʠʭ ʩʠʛʥʘʣʦʚ. 

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʯʘʩʪʥʳʡ ʩʣʫʯʘʡ ʪʘʢʦʛʦ ʨʘʟʚʝʪʚʠʪʝʣʷ ʩ ʦʜʥʠʤ ʚʭʦʜʥʳʤ ʢʘʥʘ-
ʣʦʤ, ʨʘʩʧʦʣʦʞʝʥʥʳʤ ʧʦ ʮʝʥʪʨʫ ʰʠʨʦʢʦʛʦ ʤʥʦʛʦʤʦʜʦʚʦʛʦ ʢʘʥʘʣʘ ʠ ʩ ʜʚʫʤʷ ʚʳʭʦʜʥʳʤʠ ʢʘʥʘʣʘʤʠ. ʉʪʦʠʪ 
ʧʦʷʩʥʠʪʴ ʢʨʘʪʢʦ ʧʨʠʥʮʠʧ ʨʘʙʦʪʳ ʪʘʢʦʛʦ ʨʘʟʚʝʪʚʠʪʝʣʷ ʠ ʥʘʟʥʘʯʝʥʠʝ ʤʥʦʛʦʤʦʜʦʚʦʛʦ ʢʘʥʘʣʘ. ʆʧʪʠʯʝʩʢʦʝ 
ʠʟʣʫʯʝʥʠʝ, ʧʦʧʘʜʘʷ ʠʟ ʚʭʦʜʥʦʛʦ ʦʜʥʦʤʦʜʦʚʦʛʦ ʢʘʥʘʣʘ ʚ ʰʠʨʦʢʠʡ ʢʘʥʘʣ, ʚʦʟʙʫʞʜʘʝʪ ʥʘʙʦʨ ʤʦʜ, ʢʦʪʦ-
ʨʳʝ ʧʨʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʠ ʠʥʪʝʨʬʝʨʠʨʫʶʪ ʤʝʞʜʫ ʩʦʙʦʡ, ʥʘ ʦʧʨʝʜʝʣʸʥʥʳʭ ʨʘʩʩʪʦʷʥʠʷʭ ʢʦʥʮʝʥʪʨʠʨʫʷ 
ʤʦʱʥʦʩʪʴ ʚ ʥʝʢʦʪʦʨʦʤ ʢʦʣʠʯʝʩʪʚʝ ʪʦʯʝʢ ʧʨʦʩʪʨʘʥʩʪʚʘ. ɺ ʵʪʠʭ ʪʦʯʢʘʭ ʢ ʰʠʨʦʢʦʤʫ ʢʘʥʘʣʫ ʧʨʠʩʪʳʢʦʚʳ-
ʚʘʶʪʩʷ ʚʳʭʦʜʥʳʝ ʦʜʥʦʤʦʜʦʚʳʝ ʢʘʥʘʣʳ, ʢʫʜʘ ʠ ʧʝʨʝʭʦʜʠʪ ʦʧʪʠʯʝʩʢʦʝ ʠʟʣʫʯʝʥʠʝ. 

ɿʘʜʘʯʘ ʨʘʟʨʘʙʦʪʢʠ ʨʘʟʚʝʪʚʠʪʝʣʷ 1Ĭ2 ʩʚʦʜʠʪʩʷ ʢ ʪʦʯʥʦʤʫ ʨʘʩʯʸʪʫ ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʝʛʦ 
ʚʦʣʥʦʚʦʜʥʦʡ ʩʪʨʫʢʪʫʨʳ. ʊʘʢ ʢʘʢ ʚʭʦʜ ʨʘʩʧʦʣʦʞʝʥ ʨʦʚʥʦ ʧʦ ʮʝʥʪʨʫ ʚʦʣʥʦʚʦʜʘ, ʚʦʟʙʫʞʜʘʶʪʩʷ ʪʦʣʴʢʦ 
ʯy ʪʥʳʝ ʤʦʜʳ ʰʠʨʦʢʦʛʦ ʢʘʥʘʣʘ. 

ɼʣʷ ʨʘʟʨʘʙʦʪʢʠ ʙʳʣʠ ʦʧʨʝʜʝʣʝʥʳ ʩʣʝʜʫʶʱʠʝ ʠʩʭʦʜʥʳʝ ʜʘʥʥʳʝ: 

¶ ɼʣʷ ʨʘʟʨʘʙʦʪʢʠ ʚʳʙʨʘʥʦ ʩʪʝʢʣʦ ʦʪʝʯʝʩʪʚʝʥʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ çʂ8è. ɽʛʦ ʧʦʢʘʟʘʪʝʣʴ ʧʨʝʣʦʤʣʝ-
ʥʠʷ ʥʘ ʜʣʠʥʝ ʚʦʣʥʳ 632.8 ʥʤ - 1.515. ʉʪʝʢʣʦ ʂ-8 ʧʦʜʭʦʜʠʪ ʜʣʷ ʜʘʥʥʦʡ ʟʘʜʘʯʠ ʙʣʘʛʦʜʘʨʷ ʩʚʦʝʡ ʜʝʰʝ-
ʚʠʟʥʝ, ʥʠʟʢʦʤʫ ʧʦʛʣʦʱʝʥʠʶ ʚ ʰʠʨʦʢʦʤ ʩʧʝʢʪʨʝ ʜʣʠʥ ʚʦʣʥ. 

¶ ʇʦʢʘʟʘʪʝʣʴ ʧʨʝʣʦʤʣʝʥʠʷ ʚʩʝʭ ʚʦʣʥʦʚʦʜʦʚ ʨʘʟʚʝʪʚʠʪʝʣʷ ʥʘ 0,0072 ʙʦʣʴʰʝ ʧʦʢʘʟʘʪʝʣʷ ʧʨʝʣʦʤ-
ʣʝʥʠʷ ʧʦʜʣʦʞʢʠ ʟʘ ʩʯʸʪ ʜʦʙʘʚʣʝʥʠʷ ʚ ʩʪʝʢʣʦ ʧʨʠʤʝʩʠ (ʠʦʥʦʚ ʢʘʣʠʷ).  

¶ ʇʦʢʨʦʚʥʘʷ ʩʨʝʜʘ ʨʘʟʚʝʪʚʠʪʝʣʷ ï ʚʦʟʜʫʭ, ʩ ʧʦʢʘʟʘʪʝʣʝʤ ʧʨʝʣʦʤʣʝʥʠʷ, ʨʘʚʥʳʤ 1. 

¶ ʐʠʨʠʥʘ ʤʥʦʛʦʤʦʜʦʚʦʡ ʦʙʣʘʩʪʠ - 70 ʤʢʤ. 
ɸʥʘʣʠʟ ʚʦʣʥʦʚʦʜʥʳʭ ʩʪʨʫʢʪʫʨ ï ʵʪʦ ʜʦʩʪʘʪʦʯʥʦ ʩʣʦʞʥʳʡ ʠ ʪʨʫʜʦʸʤʢʠʡ ʧʨʦʮʝʩʩ. ɺ ʥʘʩʪʦʷʱʝʡ ʨʘ-

ʙʦʪʝ ʠʩʧʦʣʴʟʦʚʘʣʘʩʴ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʘʷ ʧʨʦʛʨʘʤʤʘ OptiBPM, ʢʦʪʦʨʘʷ ʧʨʦʚʦʜʠʪ ʨʘʩʯʝʪʳ ʦʧʪʠʯʝʩʢʠʭ 
ʧʘʨʘʤʝʪʨʦʚ ʚʦʣʥʦʚʦʜʥʳʭ ʩʪʨʫʢʪʫʨ ʠʥʪʝʛʨʘʣʴʥʦʡ ʦʧʪʠʢʠ ʥʘ ʦʩʥʦʚʝ ʨʝʰʝʥʠʷ ʚʦʣʥʦʚʦʛʦ ʫʨʘʚʥʝʥʠʷ ʚ ʧʘ-
ʨʘʢʩʠʘʣʴʥʦʤ ʧʨʠʙʣʠʞʝʥʠʠ ʢʦʥʝʯʥʦ-ʨʘʟʥʦʩʪʥʳʤ ʤʝʪʦʜʦʤ ʨʘʩʧʨʦʩʪʨʘʥʷʶʱʝʛʦʩʷ ʧʫʯʢʘ. ɼʘʥʥʘʷ ʧʨʦ-
ʛʨʘʤʤʘ ʧʦʟʚʦʣʷʝʪ ʤʦʜʝʣʠʨʦʚʘʪʴ ʠʟʦʪʨʦʧʥʳʝ ʠ ʘʥʠʟʦʪʨʦʧʥʳʝ ʤʘʪʝʨʠʘʣʳ, ʥʘʩʪʨʘʠʚʘʪʴ ʨʘʩʧʨʝʜʝʣʝʥʠʝ 
ʧʦʢʘʟʘʪʝʣʷ ʧʨʝʣʦʤʣʝʥʠʷ (ʩʪʫʧʝʥʯʘʪʳʡ/ʛʨʘʜʠʝʥʪʥʳʡ). ɺ ʧʨʦʛʨʘʤʤʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʚʦʣʥʦʚʦʜʘ ʦʩʫ-
ʱʝʩʪʚʣʷʝʪʩʷ ʧʦ ʯʝʨʪʝʞʫ ʚʦʣʥʦʚʦʜʥʦʡ ʩʪʨʫʢʪʫʨʳ, ʢʦʪʦʨʳʡ ʩʦʟʜʘʝʪ ʧʦʣʴʟʦʚʘʪʝʣʴ. ʇʨʦʛʨʘʤʤʘ ʧʦʟʚʦʣʷʝʪ 
ʧʦʣʫʯʠʪʴ ʢʘʨʪʠʥʫ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʦʧʪʠʯʝʩʢʦʛʦ ʠʟʣʫʯʝʥʠʷ ʚʜʦʣʴ ʥʘʧʨʘʚʣʝʥʠʷ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ï ʨʘʩ-
ʧʨʝʜʝʣʝʥʠʷ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʠ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʝʡ (ʚ ʩʝʯʝʥʠʷʭ, ʚʜʦʣʴ ʦʩʝʡ XZ ʠ YZ, ʦʩʴ Z ï ʥʘʧʨʘʚʣʝʥʠʝ 
ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʠʟʣʫʯʝʥʠʷ), ʘ ʪʘʢʞʝ  ʧʦʣʫʯʘʪʴ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʝ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʧʦʣʝʡ ʚ ʧʦʧʝʨʝʯʥʦʤ 
ʩʝʯʝʥʠʠ ʨʘʩʧʨʦʩʪʨʘʥʷʶʱʝʛʦʩʷ ʠʟʣʫʯʝʥʠʷ (ʪʦ ʝʩʪʴ ʚʜʦʣʴ ʦʩʝʡ XY). 

ʅʘ ʨʠʩʫʥʢʝ 1 ʧʦʢʘʟʘʥʘ ʩʭʝʤʘ MMI ʚʦʣʥʦʚʦʜʥʦʡ ʩʪʨʫʢʪʫʨʳ. ʇʨʦʛʨʘʤʤʘ ʧʦʟʚʦʣʷʝʪ ʵʢʩʧʦʨʪʠʨʦʚʘʪʴ 
ʩʭʝʤʫ ʫʩʪʨʦʡʩʪʚʘ ʚ ʧʨʦʛʨʘʤʤʫ AutoCAD.  

 

 
ʉʡʪ. 1. ʊʮʞʥʙ MMI ʪʫʩʬʣʫʬʩʴ ʛ ʨʩʧʜʩʙʥʥʞ OptiBPM 

 
ʉ ʧʦʤʦʱʴʶ ʜʘʥʥʦʡ ʧʨʦʛʨʘʤʤʳ ʙʳʣʠ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʨʘʩʩʯʠʪʘʥʳ ʤʦʜʳ ʰʠʨʦʢʦʛʦ ʢʘʥʘʣʘ. ʆʧʨʝ-

ʜʝʣʝʥʦ, ʯʪʦ ʜʣʷ ʧʦʜʜʝʨʞʘʥʠʷ ʦʜʥʦʡ ʤʦʜʳ ʧʦ ʛʣʫʙʠʥʝ ʚʦʣʥʦʚʦʜʥʦʡ ʩʪʨʫʢʪʫʨʳ (ʪʦ ʝʩʪʴ ʚ ʚʝʨʪʠʢʘʣʴʥʦʤ 
ʥʘʧʨʘʚʣʝʥʠʠ) ʪʦʣʱʠʥʘ ʚʦʣʥʦʚʦʜʘ ʜʦʣʞʥʘ ʩʦʩʪʘʚʣʷʪʴ 2 ʤʢʤ. ʊʘʢʞʝ ʙʳʣʘ ʨʘʩʩʯʠʪʘʥʘ ʰʠʨʠʥʘ ʚʭʦʜʥʳʤ 
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ʠ ʚʳʭʦʜʥʳʭ ʢʘʥʘʣʦʚ, ʢʦʪʦʨʳʝ ʜʦʣʞʥʳ ʙʳʪʴ ʦʜʥʦʤʦʜʦʚʳʤʠ. ʆʥʘ ʩʦʩʪʘʚʠʣʘ 2 ʤʢʤ.  
ɼʘʣʝʝ ʙʳʣʘ ʧʦʩʪʨʦʝʥʘ ʢʘʨʪʠʥʘ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʦʧʪʠʯʝʩʢʦʛʦ ʠʟʣʫʯʝʥʠʷ ʚ MMI-ʨʘʟʚʝʪʚʠʪʝʣʝ, ʠ 

ʧʫʪʝʤ ʧʨʦʙʥʳʭ ʨʘʩʯʝʪʦʚ ʙʳʣʦ ʨʘʩʩʯʠʪʘʥʦ ʧʨʠʤʝʨʥʦʝ ʨʘʩʩʪʦʷʥʠʝ, ʛʜʝ ʚʦʟʥʠʢʘʶʪ ʜʚʘ ʤʘʢʩʠʤʫʤʘ ʵʣʝʢ-
ʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ. ʅʘ ʩʣʝʜʫʶʱʝʤ ʨʠʩʫʥʢʝ ʧʦʢʘʟʘʥʦ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ ʚ ʧʦʣʫʯʝʥʥʦʤ 
MMI-ʨʘʟʚʝʪʚʠʪʝʣʝ 1Ĭ2 ʚʜʦʣʴ ʥʘʧʨʘʚʣʝʥʠʷ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ. 

 

 
ʉʡʪ. 2. ʉʙʪʨʩʞʝʞʤʞʦʡʞ ʶʤʞʣʫʩʡʰʞʪʣʧʜʧ ʨʧʤʸ ʩʙʪʨʩʧʪʫʩʙʦʸʷʲʞʜʧʪʸ ʡʠʤʬʰʞʦʡʸ ʛ ʨʧʤʬʰʞʦʦʧʥ  
ʩʙʠʛʞʫʛʡʫʞʤʞ 1ʮ2 ʛ ʣʧʧʩʝʡʦʙʫʙʮ XZ (ʩʞʠʬʤʵʫʙʫ ʭʡʠʡʣʧ-ʥʙʫʞʥʙʫʡʰʞʪʣʧʜʧ ʥʧʝʞʤʡʩʧʛʙʦʡʸ) 

 
ʈʘʩʧʦʣʦʞʝʥʠʝ ʚʳʭʦʜʥʳʭ ʢʘʥʘʣʦʚ ʦʪʥʦʩʠʪʝʣʴʥʦ ʰʠʨʦʢʦʛʦ ʢʘʥʘʣʘ ʧʦ ʦʩʠ Z ʧʦ ʦʩʠ X ʧʦʜʙʠʨʘʣʦʩʴ, 

ʯʪʦʙʳ ʤʘʢʩʠʤʘʣʴʥʘʷ ʤʦʱʥʦʩʪʴ ʠʟʣʫʯʝʥʠʷ ʧʦʧʘʣʘ ʚ ʮʝʥʪʨʳ ʚʳʭʦʜʥʳʭ ʢʘʥʘʣʦʚ, ʪʦ ʝʩʪʴ ʨʘʩʩʯʠʪʳʚʘʣʠʩʴ 
ʢʦʦʨʜʠʥʘʪʳ ʩʪʳʢʦʚ ʚʳʭʦʜʥʳʭ ʚʦʣʥʦʚʦʜʦʚ ʩ ʰʠʨʦʢʠʤ ʢʚʘʟʠ-ʧʣʘʥʘʨʥʳʤ ʚʦʣʥʦʚʦʜʦʤ. ɼʣʷ ʵʪʦʛʦ ʚ ʩʘʤʦʡ 
ʧʨʦʛʨʘʤʤʝ ʦʧʪʠʤʠʟʘʮʠʷ ʦʩʫʱʝʩʪʚʣʷʣʘʩʴ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʮʠʢʣʘ ʚʳʯʠʩʣʝʥʠʡ ʥʘ ʷʟʳʢʝ Visual Basic. ɺʳ-
ʙʠʨʘʣʘʩʴ ʩʘʤʘʷ ʫʜʘʯʥʘʷ ʪʦʯʢʘ ʩʪʳʢʦʚʢʠ ʢʘʥʘʣʦʚ ʠʟ ʥʝʢʦʪʦʨʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʠʪʝʨʘʮʠʡ.   

ɺ ʨʝʟʫʣʴʪʘʪʝ ʨʘʩʯʝʪʦʚ ʙʳʣʘ ʦʧʨʝʜʝʣʝʥʘ ʦʧʪʠʤʘʣʴʥʘʷ ʜʣʠʥʘ ʤʥʦʛʦʤʦʜʦʚʦʡ ʦʙʣʘʩʪʠ ï 6200 ʤʢʤ, 
ʘ ʪʘʢʞʝ ʢʦʦʨʜʠʥʘʪʳ ʦʧʪʠʤʘʣʴʥʳʭ ʪʦʯʝʢ ʨʘʩʧʦʣʦʞʝʥʠʷ ʚʳʭʦʜʥʳʭ ʢʘʥʘʣʦʚ ʦʪʥʦʩʠʪʝʣʴʥʦ ʢʚʘʟʠ-
ʧʣʘʥʘʨʥʦʛʦ ʚʦʣʥʦʚʦʜʘ.  

ʇʨʦʚʝʜʸʥ ʨʘʩʯʸʪ ʜʦʧʫʩʢʘ ʦʪʢʣʦʥʝʥʠʷ ʦʪ ʦʧʪʠʤʘʣʴʥʦʡ ʜʣʠʥʳ ʨʘʟʚʝʪʚʠʪʝʣʷ. ʇʨʠ ʦʪʢʣʦʥʝʥʠʠ ʦʪ 
ʦʧʪʠʤʘʣʴʥʦʡ ʜʣʠʥʳ ʥʘ 1% ʪʝʨʷʝʪʩʷ 4% ʦʪ ʚʭʦʜʥʦʡ ʦʧʪʠʯʝʩʢʦʡ ʤʦʱʥʦʩʪʠ, ʧʨʠ 5% ʪʝʨʷʝʪʩʷ ʫʞʝ 30% 
ʤʦʱʥʦʩʪʠ. ʇʨʠ ʦʧʪʠʤʘʣʴʥʳʭ ʧʘʨʘʤʝʪʨʘʭ ʠʟʙʳʪʦʯʥʳʝ ʧʦʪʝʨʠ ʩʦʩʪʘʚʠʣʠ 0,36ʜɹ. 

ɺ ʩʣʝʜʫʶʱʝʡ ʪʘʙʣʠʮʝ ʩʦʙʨʘʥʳ ʠʩʭʦʜʥʳʝ ʠ ʨʘʩʯʸʪʥʳʝ ʜʘʥʥʳʝ.  
 

ʋʙʚʤʡʯʙ 1 
ɻʮʧʝʦʴʞ ʡ ʩʙʪʰʹʫʦʴʞ ʨʙʩʙʥʞʫʩʴ ʨʧʤʬʰʞʦʦʧʢ ʥʧʝʞʤʡ MMI ʩʙʠʛʞʫʛʡʫʞʤʸ 

ʀʩʭʦʜʥʳʝ ʜʘʥʥʳʝ 

ʄʘʪʝʨʠʘʣ ʉʪʝʢʣʦ ʂ-8 

ʇʦʢʘʟʘʪʝʣʴ ʧʨʝʣʦʤʣʝʥʠʷ ʧʦʜʣʦʞʢʠ 1,515 

ʇʦʢʘʟʘʪʝʣʴ ʧʨʝʣʦʤʣʝʥʠʷ ʚʦʣʥʦʚʦʜʥʦʛʦ ʢʘʥʘʣʘ 1,522 

ʇʦʢʘʟʘʪʝʣʴ ʧʨʝʣʦʤʣʝʥʠʷ ʧʦʢʨʦʚʥʦʡ ʩʨʝʜʳ (ʚʦʟʜʫʭ) 1,0 

ɼʣʠʥʘ ʚʦʣʥʳ ʚʭʦʜʥʦʛʦ ʠʟʣʫʯʝʥʠʷ, ʥʤ 632,8 

ʐʠʨʠʥʘ ʤʥʦʛʦʤʦʜʦʚʦʛʦ ʢʘʥʘʣʘ, ʤʢʤ 70 

ʈʘʩʯʸʪʥʳʝ ʜʘʥʥʳʝ 

ʊʦʣʱʠʥʘ ʚʦʣʥʦʚʦʜʥʦʡ ʩʪʨʫʢʪʫʨʳ, ʤʢʤ 2 

ʐʠʨʠʥʘ ʦʜʥʦʤʦʜʦʚʦʛʦ ʢʘʥʘʣʘ, ʤʢʤ 3 

ʉʤʝʱʝʥʠʝ ʚʳʭʦʜʥʳʭ ʢʘʥʘʣʦʚ ʧʦ ʦʩʠ X ʦʪʥʦʩʠʪʝʣʴʥʦ ʧʨʦ-
ʜʦʣʴʥʦʡ ʦʩʠ ʨʘʟʚʝʪʚʠʪʝʣʷ, ʤʢʤ +/- 17.85 

ɼʣʠʥʘ ʤʥʦʛʦʤʦʜʦʚʦʡ ʦʙʣʘʩʪʠ, ʤʢʤ 6200 

ʀʟʙʳʪʦʯʥʳʝ ʧʦʪʝʨʠ ʚ ʜɹ 0,36 
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ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚ ʨʘʙʦʪʝ ʨʘʟʨʘʙʦʪʘʥʘ ʬʠʟʠʢʦ-ʤʘʪʝʤʘʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ MMI-ʨʘʟʚʝʪʚʠʪʝʣʷ ʚ ʩʪʝʢ-
ʣʝ ʂ-8. ʈʘʩʩʯʠʪʘʥʳ ʝʛʦ ʛʝʦʤʝʪʨʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ, ʧʨʦʚʝʜʸʥ ʘʥʘʣʠʟ ʨʘʩʧʨʦʩʪʨʘʥʷʶʱʝʛʦʩʷ ʚ ʥʝʤ ʦʧ-
ʪʠʯʝʩʢʦʛʦ ʠʟʣʫʯʝʥʠʷ ʧʨʠ ʧʦʤʦʱʠ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʦʡ ʧʨʦʛʨʘʤʤʳ OptiBPM. ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʨʘʩʯʝʪʘ ʠ 
ʦʧʪʠʤʠʟʘʮʠʠ ʠʥʪʝʛʨʘʣʴʥʦ-ʦʧʪʠʯʝʩʢʠʡ ʩʭʝʤʳ MMI-ʨʘʟʚʝʪʚʠʪʝʣʷ 1Ĭ2 ʚ ʩʪʝʢʣʝ ʙʳʣ ʩʬʦʨʤʠʨʦʚʘʥ ʯʝʨʪʝʞ 
ʵʪʦʡ ʩʭʝʤʳ ʜʣʷ ʬʦʪʦʣʠʪʦʛʨʘʬʠʯʝʩʢʦʛʦ ʧʨʦʮʝʩʩʘ ʩ ʜʘʣʴʥʝʡʰʝʡ ʮʝʣʴʶ ʝʛʦ ʠʟʛʦʪʦʚʣʝʥʠʷ. 
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ǱǤǴǬǧǶǤǰǩǧǤ Ǭǟǲǩǧ 
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ǲǣǩ ..2,.34 

ǣǭǰǱǭǡǤǯǬǭǰǱǻ ǧǣǤǬǱǧǳǧǩǟǵǧǧ 
ǪǧǶǬǭǰǱǧ ǧ ǯǟǦǡǤǧǡǟǬǧǤ ǫǧǳǭǡ ǭ 
ǮǟǯǭǪǾǴ 

 
 

ǩȇȏȂȇȆȀǿȄȁ ǰȑǿȌȇȐȊǿȁ ǮǿȁȊȍȁȇȖ, 
ǩȇȏȂȇȆȀǿȄȁ ǡȊǿȃȇȐȊǿȁ ǮǿȁȊȍȁȇȖ 

ʩʪʫʜʝʥʪʳ 
ʌɻɹʆʋ ɺʆ çʀʨʢʫʪʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʧʫʪʝʡ ʩʦʦʙʱʝʥʠʷè 

 

 
ɸʚʪʦʨʳ ʩʪʘʪʴʠ ʭʦʪʷʪ ʥʝʤʥʦʛʦ ʦʩʪʘʥʦʚʠʪʴʩʷ ʥʘ ʧʦʥʠʤʘʥʠʠ ʨʘʟʥʠʮʳ ʚ ʪʝʨʤʠʥʘʭ ʫʨʦʚʥʷ ʜʦʚʝʨʠʷ ʢ 

ʨʝʟʫʣʴʪʘʪʘʤ ʠʜʝʥʪʠʬʠʢʘʮʠʠ. ʉʪʨʦʛʘʷ ʘʫʪʝʥʪʠʬʠʢʘʮʠʷ ʬʘʢʪʠʯʝʩʢʠ ʵʪʦ ʚʟʘʠʤʥʘʷ ʘʫʪʝʥʪʠʬʠʢʘʮʠʷ, ʦʙʦ-
ʶʜʥʘʷ ʘʫʪʝʥʪʠʬʠʢʘʮʠʷ ʠ ʵʪʦ ʢʘʩʘʝʪʩʷ ʠʤʝʥʥʦ ʩʝʨʪʠʬʠʢʘʪʦʚ (X.509 ʵʪʦ ʬʘʢʪʠʯʝʩʢʠ PKI). ɺ ʵʪʠʭ ʫʨʦʚ-
ʥʷʭ ʜʦʚʝʨʠʷ ʝʩʪʴ ʧʨʦʩʪʘʷ ʘʫʪʝʥʪʠʬʠʢʘʮʠʷ ï ʵʪʦ ʣʦʛʠʥ ʠ ʧʘʨʦʣʴ, ʘ ʝʩʪʴ ʙʠʦʤʝʪʨʠʷ, ʥʦ ʦʥʘ ʥʘʭʦʜʠʪʩʷ 
ʥʠʞʝ ʧʦ ʫʨʦʚʥʶ ʜʦʚʝʨʠʷ. ʇʨʠʯʠʥʘ ʟʜʝʩʴ ʦʯʝʥʴ ʧʨʦʩʪʘʷ: ʙʠʦʤʝʪʨʠʶ ʤʥʦʛʠʝ ʵʢʩʧʝʨʪʳ, ʚ ʪʦʤ ʯʠʩʣʝ ʠ 
ʘʚʪʦʨʘ ʜʘʥʥʦʡ ʩʪʘʪʴʠ, ʩʯʠʪʘʶʪ ʝʸ ʥʝ ʘʫʪʝʥʪʠʬʠʢʘʮʠʝʡ, ʘ ʠʜʝʥʪʠʬʠʢʘʮʠʝʡ, ʠ ʦʥʘ ʨʘʚʥʷʝʪʩʷ ʬʘʢʪʠʯʝʩʢʠ 
ʣʦʛʠʥʫ ʚ ʦʧʨʝʜʝʣʝʥʥʦʡ ʩʪʝʧʝʥʠ [1]. ʇʨʠ ʵʪʦʤ ʩʪʝʧʝʥʴ ʜʦʚʝʨʠʷ ʢ ʙʠʦʤʝʪʨʠʠ ʧʘʜʘʝʪ, ʧʦʪʦʤʫ ʯʪʦ ʙʠʦʤʝʪ-
ʨʠʶ, ʪʘʢʞʝ, ʢʘʢ ʠ ʣʦʛʠʥ, ʤʦʞʥʦ ʥʝʟʘʤʝʪʥʦ ʧʦʣʫʯʠʪʴ, ʟʘʙʨʘʪʴ.  ʘ ʙʫʜʫʱʠʝ ʪʝʭʥʦʣʦʛʠʠ ʵʪʦ ʧʦʟʚʦʣʷʪ ʜʝ-
ʣʘʪʴ ʝʱʝ ʧʨʦʱʝ. ʇʦʵʪʦʤʫ ʙʠʦʤʝʪʨʠʶ ʢʘʢ ʘʫʪʝʥʪʠʬʠʢʘʮʠʶ ʥʝ ʨʝʢʦʤʝʥʜʫʝʪʩʷ ʧʦʢʘ ʠʩʧʦʣʴʟʦʚʘʪʴ, ʘ ʤʘʢ-
ʩʠʤʫʤ ʠʩʧʦʣʴʟʦʚʘʪʴ ʝʸ ʢʘʢ ʪʨʝʪʠʡ ʬʘʢʪʦʨ, ʜʦʧʦʣʥʠʪʝʣʴʥʦ ʧʦʜʪʚʝʨʞʜʘʶʱʠʡ, ʥʘʧʨʠʤʝʨ, ʯʪʦ çʚʳ ʝʩʪʴ 
ʚʳè ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʵʣʝʢʪʨʦʥʥʦʡ ʧʦʜʧʠʩʠ. ʇʦʪʦʤ ʠʜʸʪ ʫʩʠʣʝʥʥʘʷ ʘʫʪʝʥʪʠʬʠʢʘʮʠʷ OTP (on time 
password), ʢʦʪʦʨʘʷ ʜʝʣʠʪʩʷ ʥʘ 2 ʪʠʧʘ: ʧʦ ʚʨʝʤʝʥʠ ʠ ʧʦ ʩʦʙʳʪʠʶ. OTP ʧʦ ʚʨʝʤʝʥʠ ʙʦʣʝʝ ʧʨʦʛʨʝʩʩʠʚʥʘʷ 
ʠ ʚ ʥʝʡ ʥʝʪ ʪʘʢʠʭ ʪʠʧʠʯʥʳʭ ʘʪʘʢ ʧʦʩʝʨʝʜʠʥʝ (ʨʠʩ. 1).  

 

ɹʦʦʧʫʙʯʡʸ: ʩʪʘʪʴʷ ʧʦʩʚʷʱʝʥʘ ʘʢʪʫʘʣʴʥʦʡ ʪʝʤʝ XXI ʚʝʢʘ ï ʜʦʩʪʦʚʝʨʥʦʩʪʠ ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʣʠʯʥʦʩʪʠ ʠ 
ʤʠʬʘʤ ʦ ʧʘʨʦʣʷʭ. ɺ ʥʝʡ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʫʨʦʚʥʠ ʜʦʚʝʨʠʷ ʢ ʨʝʟʫʣʴʪʘʪʘʤ ʠʜʝʥʪʠʬʠʢʘʮʠʠ. ʆʩʦʙʦʝ ʚʥʠ-
ʤʘʥʠʝ ʫʜʝʣʷʝʪʩʷ ʨʘʟʚʝʠʚʘʥʠʶ ʤʠʬʦʚ ʦ ʥʘʜʸʞʥʦʩʪʠ ʧʘʨʦʣʝʡ. ʊʘʢ ʞʝ ʘʚʪʦʨʳ ʚ ʜʘʥʥʦʡ ʩʪʘʪʴʝ ʨʘʩʩʢʘʟʳ-
ʚʘʶʪ ʦʙ ʦʩʦʙʝʥʥʦʩʪʷʭ ʧʨʦʚʝʜʝʥʠʷ ʘʪʘʢʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʝʪʦʜʘ ʛʨʫʙʦʡ ʩʠʣʳ (ʙʨʫʪʬʦʨʩʘ). 
ʃʤʷʰʞʛʴʞ ʪʤʧʛʙ: ʠʜʝʥʪʠʬʠʢʘʮʠʷ ʣʠʯʥʦʩʪʠ, ʩʣʦʞʥʦʩʪʴ ʧʘʨʦʣʷ, ʤʠʬʳ, ʘʪʘʢʘ, ʤʝʪʦʜ ʛʨʫʙʦʡ ʩʠʣʳ. 
 

RELIABILITY OF IDENTITY IDENTIFICATION AND DISPELLING MYTHS ABOUT PASSWORDS 
 

Kirgizbaev Stanislav Pavlovich, 
Kirgizbaev Vladislav Pavlovich 
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ʉʡʪ. 1. ʋʞʮʦʧʤʧʜʡʡ ʝʧʪʫʬʨʙ 

 
ʇʝʨʝʡʜʸʤ ʫʞʝ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʢ ʩʘʤʦʤʫ ʧʘʨʦʣʶ ʠ ʤʠʬʘʤ ʦ ʧʘʨʦʣʷʭ. ɽʩʪʴ ʥʝʩʢʦʣʴʢʦ ʤʠʬʦʚ, ʢʦ-

ʪʦʨʳʝ ʭʦʯʝʪʩʷ ʥʝʤʥʦʛʦ ʦʩʚʝʪʠʪʴ, ʘ ʧʦʪʦʤ ʨʘʩʩʢʘʟʘʪʴ, ʚ ʯʸʤ ʧʨʦʙʣʝʤʘ ʠ ʧʦʯʝʤʫ ʵʪʦ ʥʝ ʪʘʢ. ʆʜʠʥ ʠʟ ʤʠ-
ʬʦʚ ï ʵʪʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʜʝʡʩʪʚʠʪʝʣʴʥʦ ʜʣʠʥʥʳʭ ʠ ʩʣʦʞʥʳʭ ʧʘʨʦʣʝʡ. ɺʪʦʨʦʡ ʤʠʬ ï ʵʪʦ ʠʩʧʦʣʴʟʦʚʘ-
ʥʠʝ ʧʘʨʦʣʴʥʦʡ ʬʨʘʟʳ, ʵʪʦ ʧʨʦʩʪʦ ʥʘʰʝ ʚʩʸ. ʊʨʝʪʠʡ ʤʠʬ ï ʵʪʦ ʥʠʢʦʛʜʘ ʥʝ ʠʩʧʦʣʴʟʫʡʪʝ ʧʘʨʦʣʴ, ʢʦʪʦʨʳʡ 
ʢʦʛʜʘ-ʣʠʙʦ ʟʘʤʝʯʝʥ ʚ ʚʟʣʦʤʝ.  ʊʨʝʪʠʡ ʤʠʬ ï ɻ ʪʦ ʯʪʦ ʧʘʨʦʣʠ ʥʘʜʦ ʤʝʥʷʪʴ.  

ʈʘʩʩʤʦʪʨʠʤ, ʢʘʢʠʝ ʩʫʱʝʩʪʚʫʶʪ ʘʪʘʢʠ ʠ ʧʦʯʝʤʫ ʧʘʨʦʣʴ ʜʝʡʩʪʚʠʪʝʣʴʥʦ ʥʝ ʠʤʝʝʪ ʟʥʘʯʝʥʠʷ. ʆʜʥʘ 
ʠʟ ʧʨʦʩʪʝʡʰʠʭ ʠ ʩʘʤʳʭ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʭ ʘʪʘʢ ʵʪʦ ʧʦʢʫʧʢʘ ʠ ʧʨʦʚʝʨʢʘ ʫʯʸʪʥʳʭ ʜʘʥʥʳʭ. ʅʝʢʦʪʦʨʦʝ 
ʚʨʝʤʷ ʥʘʟʘʜ ʤʥʦʛʠʝ ʨʝʩʫʨʩʳ ʚʳʢʣʘʜʳʚʘʣʠ ʙʘʟʳ, ʵʪʦ ʙʳʣʠ ʥʝʩʢʦʣʴʢʦ ʢʦʣʣʝʢʮʠʡ, ʥʘ ʥʘʯʘʣʦ 2019 ʛʦʜʘ 
ʵʪʦ ʙʳʣʦ ʩʝʤʴ ʢʦʣʣʝʢʮʠʷ [1]. ʉʝʡʯʘʩ ʦʥʠ ʝʩʪʝʩʪʚʝʥʥʦ ʧʦʧʦʣʥʷʶʪʩʷ, ʜʦʧʦʣʥʷʝʪʩʷ. ʅʘ ʪʦʪ ʤʦʤʝʥʪ ʵʪʠ 
ʢʦʣʣʝʢʮʠʠ ʩʦʜʝʨʞʘʣʠ ʙʦʣʝʝ 7 ʤʠʣʣʠʘʨʜʦʚ ʣʦʛʠʥʦʚ ʠ ʧʘʨʦʣʝʡ, ʵʪʦ ʩʦʩʪʘʚʣʷʝʪ ʧʦʯʪʠ ʧʦʣʦʚʠʥʫ ʚʩʝʭ ʣʦ-
ʛʠʥʦʚ ʧʘʨʦʣʝʡ ʚʩʝʭ ʧʦʣʴʟʦʚʘʪʝʣʝʡ. ʇʦʥʷʪʥʦʝ ʜʝʣʦ, ʯʪʦ ʦʥʠ ʫ ʢʦʛʦ-ʪʦ ʧʦʚʪʦʨʷʶʪʩʷ, ʥʦ ʥʝ ʥʘʜʦ ʜʫʤʘʪʴ, 
ʯʪʦ ʧʘʨʦʣʴ ʦʪ ʢʘʢʦʡ-ʪʦ ʚʘʰʝʡ ʫʯʝʪʥʦʡ ʟʘʧʠʩʠ ʪʫʜʘ ʥʝ ʧʦʧʘʣ, ʪʦ ʵʪʦ ʩʢʦʨʝʝ ʚʩʝʛʦ ʥʝ ʪʘʢ. ɺʘʞʝʥ ʣʠ ʪʦʛʜʘ 
ʧʘʨʦʣʴ, ʝʩʣʠ ʦʥ ʫʞʝ ʝʩʪʴ ʚ ʵʪʦʡ ʙʘʟʝ, ʪʦ ʝʩʪʴ ʦʥ ʫʞʝ ʚʟʣʦʤʘʥ. ʇʘʨʦʣʴ ʨʘʩʢʨʳʪ, ʪʘʢ ʢʘʢ ʦʥ ʝʩʪʴ ʫ ʟʣʦ-
ʫʤʳʰʣʝʥʥʠʢʘ. ʉʢʘʞʝʤ ʪʘʢ ʯʪʦ ʧʩʠʭʦʣʦʛʠʯʝʩʢʠʝ 60-70 ʧʨʦʮʝʥʪʦʚ, ʘ ʪʦ ʠ ʙʦʣʴʰʝ ʧʦʣʴʟʦʚʘʪʝʣʝʡ ʜʦʧʫʩ-
ʢʘʝʪ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʧʦʚʪʦʨʥʦ ʩʚʦʝʛʦ ʧʘʨʦʣʷ. ʏʝʣʦʚʝʢ ʠʩʧʦʣʴʟʫʝʪ ʦʜʠʥ ʧʘʨʦʣʴ ʦʪ ʤʥʦʛʠʭ ʫʯʸʪʥʳʭ ʟʘʧʠ-
ʩʝʡ. ʇʨʠ ʪʘʢʦʤ ʩʧʦʩʦʙʝ ʘʪʘʢʠ, ʢʦʛʜʘ ʣʶʜʠ ʧʦʢʫʧʘʶʪ ʪʘʢʠʝ ʙʘʟʳ, ʘ ʧʦʪʦʤ ʧʨʦʙʝʛʘʶʪʩʷ ʧʦ ʩʝʨʚʠʩʘʤ, ʜʝ-
ʣʘʶʪ ʪʘʢʦʡ ʥʝʢʠʡ ʩʦʮʠʘʣʴʥʳʡ ʠʥʞʠʥʠʨʠʥʛ ʠ ʩʨʘʚʥʠʚʘʶʪ ʌʀʆ ʩ ʙʘʟʦʡ ʜʘʥʥʳʭ ʠ ʧʨʦʙʝʛʘʝʪ ʧʦ ʚʩʝʤ 
ʧʦʣʴʟʦʚʘʪʝʣʷʤ ʠʣʠ ʜʝʣʘʶʪ ʘʪʘʢʫ ʥʘ ʢʘʢʦʛʦ-ʪʦ ʟʘʢʘʟʯʠʢʘ. ɿʜʝʩʴ ʫʞʝ ʧʘʨʦʣʴ ʥʝ ʚʘʞʝʥ. ɽʩʣʠ ʧʦʣʴʟʦʚʘ-
ʪʝʣʴ ʝʛʦ ʫʞʝ ʩʢʦʤʧʨʦʤʝʪʠʨʦʚʘʣ, ʪʦ ʩʢʦʨʝʝ ʚʩʝʛʦ, ʦʥ ʙʫʜʝʪ ʚʟʣʦʤʘʥ.  

ɺʪʦʨʘʷ ʘʪʘʢʘ ʪʘʢʞʝ ʩ ʥʘʠʙʦʣʝʝ ʚʳʩʦʢʠʤ ʠ ʘʢʪʠʚʥʳʤ ʧʦʪʝʥʮʠʘʣʦʤ ʵʪʦ ʠʤʝʥʥʦ ʬʠʰʠʥʛ, ʘ ʠʤʝʥʥʦ 
ʩʪʘʥʜʘʨʪʥʘʷ ʘʪʘʢʘ ʧʦ ʩʝʨʝʜʠʥʝ, ʢʦʛʜʘ ʧʦʣʴʟʦʚʘʪʝʣʠ, ʜʘʞʝ ʘʜʤʠʥʠʩʪʨʘʪʦʨʳ ʠ ʤʥʦʛʠʝ ʶʟʝʨʳ, ʠʛʥʦʨʠʨʫ-
ʶʪ ʧʨʝʜʫʧʨʝʞʜʝʥʠʝ ʙʝʟʦʧʘʩʥʦʩʪʠ, ʦʥʠ ʦʪʢʨʳʚʘʶʪ ʧʦʯʪʫ, ʧʝʨʝʭʦʜʷʪ ʧʦ ʩʩʳʣʢʘʤ, ʧʝʨʝʭʦʜʷʪ ʥʘ ʬʠʰʠʥ-
ʛʦʚʳʝ ʩʘʡʪʳ, ʟʘʙʠʚʘʶʪ ʪʘʤ ʩʚʦʠ ʨʝʘʣʴʥʳʝ ʣʦʛʠʥʳ ʠ ʧʘʨʦʣʠ, ʠ ʜʘʞʝ ʝʩʣʠ ʵʪʦʪ ʬʠʰʠʥʛ ʥʝ ʠʜʝʪ ʚ ʙʘʥʢ, 
ʥʝ ʩʚʷʟʘʥ ʩ ʙʘʥʢʦʚʩʢʦʡ ʩʠʩʪʝʤʦʡ ʥʘʧʨʷʤʫʶ, ʪʦ ʝʩʪʴ ʥʝ ʩʨʘʟʫ ʧʝʨʝʭʚʘʪʳʚʘʝʪ ʣʦʛʠʥ ʠ ʧʘʨʦʣʴ ʠ ʩʦʚʝʨ-
ʰʘʝʪ ʘʪʘʢʫ, ʪʦ ʤʥʦʛʠʝ ʬʠʰʠʥʛʦʚʳʝ ʩʘʡʪʳ ʧʨʦʩʪʦ ʪʘʢʞʝ ʤʘʩʩʦʚʦ ʩʦʙʠʨʘʶʪ ʧʘʨʦʣʠ ʜʣʷ ʜʘʣʴʥʝʡʰʠʭ ʧʝ-
ʨʝʧʨʦʜʘʞ. ʚʘʞʝʥ ʣʠ ʪʫʪ ʧʘʨʦʣʴ ï ʥʝʪ. ʏʝʣʦʚʝʢ ʩʘʤ ʝʛʦ ʥʘʧʠʩʘʣ, ʩʜʘʣ, ʧʦʪʦʤ ʵʪʦʪ ʧʘʨʦʣʴ ʙʫʜʝʪ ʠʩʧʦʣʴ-
ʟʦʚʘʪʴʩʷ ʚ ʘʪʘʢʝ. ʂʘʢʦʡ ʙʳ ʩʣʦʞʥʳʡ ʦʥ ʥʝ ʙʳʣ, ʢʘʢʠʤ ʙʳ ʜʣʠʥʥʳʤ ʦʥ ʥʝ ʙʳʣ, ʯʝʣʦʚʝʢ ʝʛʦ ʩʘʤ ʦʪʢʨʳʣ ʠ 
ʩʘʤ ʥʘʧʠʩʘʣ. ʊʦ ʝʩʪʴ ʟʜʝʩʴ ʪʘʢʞʝ ʧʘʨʦʣʴ ʦʧʷʪʴ ʪʘʢʠ ʥʝ ʚʘʞʝʥ ʩʦʚʝʨʰʝʥʥʦ.  

ʊʨʝʪʴʷ ʘʪʘʢʘ ʵʪʦ ʩʪʘʨʘʷ ʜʦʙʨʘʷ ʨʝʛʠʩʪʨʘʮʠʷ ʢʣʘʚʠʰ, ʩ ʜʥʠʱʝʤ. ʉʝʡʯʘʩ ʦʥ ʥʝ ʦʯʝʥʴ ʩʠʣʴʥʦ ʨʘʟ-
ʚʠʪ. ʇʨʠʯʠʥʘ ʵʪʦʤʫ ʢʦʨʧʦʨʘʪʠʚʥʳʝ ʩʠʩʪʝʤʳ ʙʝʟʦʧʘʩʥʦʩʪʠ ʠ ʪʝ ʘʥʪʠʚʠʨʫʩʳ, ʢʦʪʦʨʳʝ ʧʦʟʚʦʣʷʶʪ ʙʳʩʪʨʦ 
ʚʳʯʠʩʣʷʪʴ ʥʝʢʠʝ ʬʠʰʠʥʛʦʚʳʝ ʧʨʦʛʨʘʤʤʳ [2]. ʅʦ ʙʦʣʴʰʠʥʩʪʚʦ ʧʦʣʴʟʦʚʘʪʝʣʝʡ ʥʝ ʠʩʧʦʣʴʟʫʶʪ ʜʦʤʘ ʚʦ-
ʦʙʱʝ ʥʠʢʘʢʠʝ ʩʨʝʜʩʪʚʘ ʙʝʟʦʧʘʩʥʦʩʪʠ ʥʝ ʫʞʝ ʥʝ ʛʦʚʦʨʷ ʫʞʝ ʦʙ ʘʥʪʠʚʠʨʫʩʘʭ. ʧʘʨʦʣʴ ʨʦʚʥʦ ʪʘʢ ʞʝ ʥʝ 
ʠʤʝʝʪ ʟʥʘʯʝʥʠʷ, ʢʘʢʠʤ ʙʳ ʜʣʠʥʥʦʤ ʦʥ ʥʝ ʦʢʘʟʘʣʩʷ, ʧʦʣʴʟʦʚʘʪʝʣʴ ʦʪʜʘʸʪ ʝʛʦ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʩʥʠʬʝʨʫ 
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ʦʪʜʘʝʪʝ ʧʦʣʥʦʩʪʴʶ ʩʚʦʡ ʧʘʨʦʣʴ ʧʦʣʥʦʩʪʴʶ. ʕʪʦ ʛʦʚʦʨʠʪ ʦ ʪʦʤ, ʯʪʦ ʦʧʷʪʴ ʞʝ ʘʪʘʢʠ ʚʩʝ ʪʨʠ ʤʠʬʘ ʦʪʨʘ-
ʙʘʪʳʚʘʶʪ ʥʘ ʩʪʦ ʧʨʦʮʝʥʪʦʚ ʠ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʠʤʝʝʪ ʟʥʘʯʝʥʠʷ ʢʘʢʦʡ ʚʳ ʠʩʧʦʣʴʟʫʝʪʝ ʧʘʨʦʣʴ.  

ʏʝʪʚʸʨʪʘʷ ʘʪʘʢʘ ʪʘʢ ʥʘʟʳʚʘʝʤʦʝ ʤʝʩʪʥʦʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ. ʂʘʢ ʥʠ ʩʪʨʘʥʥʦ ʵʪʦ ʜʦ ʩʠʭ ʧʦʨ ʦʩʪʘ-
ʣʦʩʴ. ʄʝʩʪʥʦʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ï ʵʪʦ ʧʨʠʢʣʝʠʚʘʥʠʝ ʙʫʤʘʞʝʢ ʠ ʠʣʠ ʟʘʧʠʩʴ ʧʘʨʦʣʝʡ ʥʘ ʙʫʤʘʞʢʫ. ʕʩʣʠ 
ʧʦʣʴʟʦʚʘʪʝʣʴ ʜʝʣʘʝʪ ʵʪʦ ʥʘ ʨʘʙʦʯʝʤ ʤʝʩʪʝ, ʪʦ ʦʥ ʬʘʢʪʠʯʝʩʢʠ ʪʘʢʞʝ ʨʘʩʢʨʳʚʘʝʪ ʩʚʦʡ ʧʘʨʦʣʴ ʧʦʣʥʦ-
ʩʪʴʶ. ʉʘʤ ʧʨʦʮʝʩʩ ʦʯʝʥʴ ʜʝʩʪʨʫʢʪʠʚʥʳʡ. ʉʝʡʯʘʩ ʚ ʢʘʢʫʶ-ʪʦ ʢʦʤʧʘʥʠʶ, ʥʘ ʢʦʪʦʨʫʶ ʪʨʝʙʫʝʪʩʷ ʩʦʚʝʨ-
ʰʠʪʴ ʘʪʘʢʫ, ʚʥʝʜʨʷʝʪʩʷ ʠʣʠ ʫʩʪʨʘʠʚʘʝʪʩʷ ʩʦʪʨʫʜʥʠʢ, ʢʦʪʦʨʳʡ, ʧʨʦʨʘʙʦʪʘʚ ʥʝʩʢʦʣʴʢʦ ʜʥʝʡ ʠ ʧʨʦʛʫʣʷʚ-
ʰʠʩʴ ʧʦ ʪʝʨʨʠʪʦʨʠʠ ʟʘʢʘʟʯʠʢʘ, ʩʦʙʠʨʘʝʪ ʪʘʢʠʝ ʧʘʨʦʣʠ ʠʣʠ ʫʯʸʪʥʳʝ ʜʘʥʥʳʝ ʠ ʜʘʣʴʥʝʡʰʝʤ ʦʥʠ ʧʨʝ-
ʢʨʘʩʥʦ ʠʩʧʦʣʴʟʫʶʪʩʷ ʜʣʷ ʘʪʘʢʠ. ɺʘʞʝʥ ʣʠ ʪʫʪ ʧʘʨʦʣʴ ï ʥʝʪ, ʢʘʢʠʤ ʙʳ ʜʣʠʥʥʳʤ ʩʣʦʞʥʳʤ ʦʥ ʥʝ ʙʳʣ. ʩʦ-
ʚʝʨʰʝʥʥʦ ʥʝʚʘʞʥʦ ʵʪʦ ʧʘʨʦʣʴ ʠʟʚʝʩʪʝʥ.  

ʇʷʪʘʷ ʘʪʘʢʘ ï ʵʪʦ ʧʘʨʦʣʴ ʩʧʨʝʡ. ʕʪʦ ʝʱʝ ʦʜʠʥ ʦʯʝʥʴ ʚʳʩʦʢʦ ʠʩʧʦʣʴʟʫʝʤʳʡ ʚ ʠʥʪʝʨʥʝʪʝ ʬʘʢʪʦʨ. 
ʏʪʦ ʪʘʢʦʝ ʧʘʨʦʣʴ ʩʧʨʝʡ ï ʵʪʦ ʧʨʦʩʪʦʡ ʧʘʨʦʣʴ. ɹʝʨʝʪʩʷ ʤʥʦʛʦ-ʤʥʦʛʦ ʫʯʝʪʥʳʭ ʟʘʧʠʩʝʡ, ʫʯʝʪʥʳʝ ʟʘʧʠʩʠ ï 
ʵʪʦ ʦʪʢʨʳʪʘʷ ʠʥʬʦʨʤʘʮʠʷ, ʵʪʦ ʘʜʨʝʩ ʵʣʝʢʪʨʦʥʥʦʡ ʧʦʯʪʳ, ʪʦ, ʯʪʦ ʩʚʷʟʘʥʦ ʩ ʣʦʛʠʥʦʤ ʠ ʙʝʨʝʪʩʷ ʚʩʝʛʦ 
ʣʠʰʴ ʦʜʠʥ ʧʘʨʦʣʴ, ʪʘʢ ʥʘʟʳʚʘʝʤʳʡ ʩʧʨʝʡ, ʥʘʧʨʠʤʝʨ çʈʘʙʦʪʘ123!è. ɽʩʣʠ ʟʘʤʝʪʠʪʴ ʠ ʚʟʷʪʴ ʢʣʘʩʩʠʯʝʩʢʠʡ 
ʪʨʝʙʦʚʘʥʠʷ ʢ ʧʘʨʦʣʶ, ʪʦ ʤʳ ʫʚʠʜʠʤ, ʯʪʦ ʧʘʨʦʣʴ çʈʘʙʦʪʘ123!è ʠʜʝʘʣʴʥʦ ʚʦʦʙʱʝ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʵʪʠʤ 
ʪʨʝʙʦʚʘʥʠʷʤ. ɽʛʦ ʤʦʞʥʦ ʥʝʞʥʦʛʦ ʫʚʝʣʠʯʠʪʴ, ʝʩʣʠ ʪʨʝʙʦʚʘʥʠʷ ʪʘʤ ʜʦ 12, ʨʘʩʰʠʨʠʪʴ, ʥʦ ʚ ʠʪʦʛʝ ʦʥ ʙʫʜʝʪ 
ʢʣʘʩʩʠʯʝʩʢʠʤ ʧʘʨʦʣʝʤ-ʩʧʨʝʝʚ. ɺʦʪ ʪʘʢʦʡ ʧʘʨʦʣʴ ʟʘʧʫʩʢʘʶʪ ʧʦ ʚʩʝʤ ʘʢʢʘʫʥʪʦʚ ʠ, ʢʘʢ ʵʪʦ ʙʳʚʘʝʪ ʯʘʩʪʦ, 
ʧʦʣʦʚʠʥʘ ʘʢʢʘʫʥʪʦʚ ʚʟʣʘʤʳʚʘʶʪ ʠʤʝʥʥʦ ʚʦʪ ʥʘ ʪʘʢʦʤ ʧʘʨʦʣʴ [2]. ʇʨʠ ʵʪʦʤ ʪʦʪ ʧʩʠʭʦʣʦʛʠʯʝʩʢʠʡ ʬʘʢʪʦʨ, 
ʢʦʛʜʘ ʤʳ ʟʘʩʪʘʚʣʷʝʤ ʧʦʣʴʟʦʚʘʪʝʣʷ ʧʦʩʪʦʷʥʥʦ ʤʝʥʷʪʴ ʝʞʝʢʚʘʨʪʘʣʴʥʦ ʠ ʝʞʝʛʦʜʥʦ ʠʣʠ ʢʘʞʜʳʝ ʧʦʣʛʦʜʘ 
ʩʚʦʡ ʧʘʨʦʣʴ ʯʝʨʝʟ ʥʝʢʦʪʦʨʦʝ ʚʨʝʤʷ ʧʨʠʚʦʜʠʪ ʧʦʣʴʟʦʚʘʪʝʣʷʤ ʢʘʢ ʨʘʟ ʪʘʢʠ ʢ ʪʘʢʦʤʫ ʧʘʨʦʣʶ ʩʧʨʝʶ, ʪʦ 
ʝʩʪʴ ʦʥ ʫʧʨʦʱʘʝʪ ʩʝʙʝ ʞʠʟʥʴ. ɺʳʜʘʚ ʝʤʫ 10-ʟʥʘʯʥʳʡ ʥʝʧʦʥʷʪʥʳʤ ʝʤʫ ʧʘʨʦʣʴ ʠ ʜʘʚ ʝʤʫ ʦʜʠʥ ʨʘʟ ʠʣʠ 
ʜʚʘ ʝʤʫ ʧʦʤʝʥʷʪʴ, ʪʦ ʚʳ ʧʦʣʫʯʠʪʝ ʚ ʠʪʦʛʝ ʫ ʧʦʣʴʟʦʚʘʪʝʣʝʡ ʠʤʝʥʥʦ ʪʘʢʦʡ ʧʘʨʦʣʴ ʩʧʨʝʡ. ʕʪʦ ʦʜʥʘ ʠʟ ʩʘ-
ʤʳʭ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʭ ʘʪʘʢ ʚ ʪʦʤ ʯʠʩʣʝ ʢʘʢ ʠ ʧʝʨʚʘʷ ʧʨʦʩʪʦ ʧʦʢʫʧʢʘ ʠ ʧʨʦʚʝʨʢʘ. ʅʫʞʥʦ ʠʤʝʪʴ ʵʪʦ ʚʩʝ-
ʛʜʘ ʚʚʠʜʫ ʠ  

ʐʝʩʪʘʷ ʘʪʘʢʘ ï ʵʪʦ ʙʨʫʪʬʦʨʩ. ʌʘʢʪʠʯʝʩʢʠ ʙʨʫʪʬʦʨʩ ï ʵʪʦ ʤʝʪʦʜ ʧʦʜʙʦʨʘ ʛʨʫʙʦʡ ʩʠʣʦʡ, ʦʯʝʥʴ 
ʨʝʜʢʦ ʠʩʧʦʣʴʟʫʝʪʩʷ ʥʘ ʜʘʥʥʳʡ ʤʦʤʝʥʪ. ɺ ʙʦʣʴʰʠʥʩʪʚʝ ʚʥʝʰʥʠʭ ʩʝʨʚʠʩʦʚ ʠ ʜʘʞʝ ʚʥʫʪʨʝʥʥʠʭ ʦʥ ʧʨʘʢ-
ʪʠʯʝʩʢʠ ʥʝʚʦʟʤʦʞʝʥ, ʧʦʪʦʤʫ ʯʪʦ ʦʥ ʠʟʥʘʯʘʣʴʥʦ ʧʨʝʜʧʦʣʘʛʘʣʠ ʧʝʨʝʙʦʨ ʦʛʨʦʤʥʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʢʦʤʙʠʥʘ-
ʮʠʡ ʠ ʧʘʨʦʣʝʡ. ɸ ʢʘʢ ʪʦʣʴʢʦ ʚʳ ʚ ʦʧʨʝʜʝʣʝʥʥʳʭ ʩʝʨʚʠʩʘʭ ʠʣʠ ʟʘʣʦʞʝʥʦ ʪʘʤ ʩʠʩʪʝʤʘʭ ʥʘʙʨʘʪʴ ʙʦʣʴʰʝ 
5 ʠʣʠ 3 ʦʰʠʙʦʢ, ʪʦ ʚʭʦʜ ʙʣʦʢʠʨʫʝʪʩʷ ʥʘ ʢʘʢʦʝ-ʪʦ ʚʨʝʤʷ, ʪʦ ʝʩʪʴ ʧʦʜʦʙʨʘʪʴ ʜʘʞʝ ʦʯʝʥʴ ʧʨʦʩʪʦʡ ʧʘʨʦʣʴ 
ʩʧʦʩʦʙʦʤ ʙʨʫʪʬʦʨʩʘʷ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝʨʝʘʣʴʥʦ ʚʳ ʩʢʦʨʝʝ ʚʩʝʛʦ ʠʣʠ ʟʘʙʣʦʢʠʨʫʝʪʝ ʫʯʝʪʥʫʶ ʟʘʧʠʩʴ ʠʣʠ 
ʧʨʦʩʪʦ ʧʨʠʚʣʝʯʝʪʝ ʦʯʝʥʴ ʤʥʦʛʦ ʚʥʠʤʘʥʠʷ (ʨʠʩ. 2). 

 

 
ʉʡʪ. 2. ʇʪʦʧʛʦʴʞ ʙʫʙʣʡ ʦʙ ʨʙʩʧʤʡ 

 
ʈʘʩʩʤʦʪʨʠʤ ʧʦʜʨʦʙʥʝʝ ʙʨʫʪʬʦʨʩ, ʯʪʦʙʳ ʨʘʩʩʤʦʪʨʝʪʴ ʥʝʢʦʪʦʨʫʶ ʩʪʘʪʠʩʪʠʢʫ ʜʣʷ ʪʦʛʦ, ʯʪʦʙʳ ʙʳ-

ʣʦ ʧʦʥʠʤʘʥʠʝ, ʦʪ ʯʝʛʦ ʟʘʱʠʱʘʪʴʩʷ. ʇʨʝʜʩʪʘʚʠʤ, ʯʪʦ ʢʘʢʠʤ-ʪʦ ʦʙʨʘʟʦʤ, ʯʪʦ ʚʩʝ-ʪʘʢʠ ʢʘʢʠʤ-ʪʦ ʦʙʨʘʟʦʤ 
ʙʳʣʘ ʪʘʤ ʩʜʝʣʘʥʘ ʠʥʲʝʢʮʠʷ ʠʣʠ ʧʨʦʩʪʦ ʙʳʣʠ ʫʢʨʘʜʝʥʳ ʩ ʜʦʤʝʥʘ ʭʝʰʠ ʧʘʨʦʣʝʡ ʠ ʪʝʧʝʨʴ ʫ ʟʣʦʫʤʳʰ-
ʣʝʥʥʠʢʦʚ ʝʩʪʴ ʙʘʟʘ ʭʝʰʝʡ ʠ ʠʤ ʥʫʞʥʦ ʚʟʣʦʤʘʪʴ ʠʤʝʥʥʦ ʦʧʨʝʜʝʣʝʥʥʳʝ ʧʘʨʦʣʠ ʠ ʫ ʥʠʭ ʝʩʪʴ ʙʝʩʢʦʥʝʯʥʦʝ 
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ʢʦʣʠʯʝʩʪʚʦ ʚʨʝʤʝʥʠ ʠ ʝʩʪʴ ʚʦʟʤʦʞʥʦʩʪʴ ʧʦʜʭʦʜʠʪʴ ʙʨʫʪʬʦʨʩ. ɺʤʝʩʪʝ ʩ ʢʨʠʧʪʦʚʘʣʶʪʘʤʠ ʩʪʘʣʠ ʧʦʧʫ-
ʣʷʨʥʳ ASICʠ. ʆʥʠ ʢʘʢ ʨʘʟ ʠʩʧʦʣʴʟʫʶʪʩʷ ʜʣʷ ʚʦʟʤʦʞʥʦʩʪʠ ʪʘʢʠʭ ʚʝʱʝʡ. ASICʠ ʥʝ ʦʯʝʥʴ ʜʦʨʦʛʠʝ. ʉʝʡ-
ʯʘʩʪ ʠʭ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʙʣʠʟʢʘ ʢ ʪʨʠʣʣʠʦʥʫ ʭʝʰʝʡ ʚ ʩʝʢʫʥʜʫ. ʝʩʣʠ ʧʦʩʤʦʪʨʝʪʴ ʥʘ ʜʣʠʥʫ ʧʘʨʦʣʷ, 
ʥʘʧʨʠʤʝʨ, 6 ʩʠʤʚʦʣʦʚ, ʪʦ ʤʳ ʫʚʠʜʠʤ, ʯʪʦ ʦʥʠ ʧʝʨʝʙʠʨʘʶʪʩʷ ʟʘ ʚʦʩʝʤʴ ʩʝʢʫʥʜ. ɼʘʣʝʝ ʩʤʦʪʨʠʤ ʥʘ 
ʫʩʣʦʞʥʝʥʠʝ ʠ ʤʳ ʧʦʥʠʤʘʝʤ ʯʪʦ 9-10 ʩʠʤʚʦʣʦʚ ʜʝʡʩʪʚʠʪʝʣʴʥʦ ʫʞʝ ʥʘʯʠʥʘʶʪ ʦʪʥʠʤʘʪʴ ʤʥʦʛʦ ʚʨʝʤʝʥʠ ʫ 
ʦʜʥʦʛʦ ʠ ʪʘʤ ʪʨʠ ʤʝʩʷʮʘ ʠʣʠ ʫʞʝ 21 ʛʦʜ, ʪʦ ʝʩʪʴ ʵʪʦ ʫʞʝ ʙʦʣʴʰʦʡ ʧʨʦʤʝʞʫʪʦʢ ʚʦ ʚʨʝʤʝʥʠ (ʨʠʩ. 3).  

 

 
ʉʡʪ. 3. ɺʩʬʫʭʧʩʪ ʡʤʡ ʥʞʫʧʝ ʜʩʬʚʧʢ ʪʡʤʴ 

 
ʅʦ ʥʝʣʴʟʷ ʟʘʙʳʚʘʪʴ ʪʦ, ʯʪʦ ʥʘ ʩʘʤʦʤ ʥʠʢʪʦ ʥʝ ʨʘʙʦʪʘʝʪ ʚ çʣʦʙè. ɺʩʝ ʟʘʥʠʤʘʶʪʩʷ ʧʨʘʚʠʣʴʥʳʤ 

ʧʦʜʭʦʜʦʤ ʠ ʩʦʮʠʘʣʴʥʦʡ ʠʥʞʝʥʝʨʠʝʡ.  
 

ʊʨʡʪʧʣ ʡʪʫʧʰʦʡʣʧʛ 
 
1. ʇʨʠʢʘʟ ʌʉʊʕʂ ʈʦʩʩʠʠ ʦʪ 2 ʠʶʥʷ 2020 ʛʦʜʘ N 76 çʊʨʝʙʦʚʘʥʠʷ ʧʦ ʙʝʟʦʧʘʩʥʦʩʪʠ ʠʥʬʦʨʤʘʮʠʠ, 

ʫʩʪʘʥʘʚʣʠʚʘʶʱʠʝ ʫʨʦʚʥʠ ʜʦʚʝʨʠʷ ʢ ʉʊɿʀ ʠ ʉʆɹʀʊè 
2. ɸ.ɸ. ɻʣʘʜʢʠʭ. ɹʘʟʦʚʳʝ ʧʨʠʥʮʠʧʳ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ ʩʝʪʝʡ. ï 

ʋʣʴʷʥʦʚʩʢ: ʋʣɻʊʋ, 2009. ï 156 ʩ. 
 

É ʉ.ʇ. ʂʠʨʛʠʟʙʘʝʚ, ɺ.ʇ. ʂʠʨʛʠʟʙʘʝʚ, 2022 
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ǲǣǩ ..2,3 

ǭǠǤǰǮǤǶǤǬǧǤ ǣǭǰǱǲǮǬǭǰǱǧ ǧǦǭǠǯǟǥǤǬǧǨ 
Ǯǯǧ ǡǤǠ-ǯǟǦǯǟǠǭǱǩǤ 

ǢǿȃȅȇȄȁ ǫǿȂǿȋȄȃȏǿȐȒȊ ǢǿȐǿȌȍȁȇȖ* 
ǥȒȏǿȁȊȄȁǿ ǬǿȑǿȊțȞ ǟȊȄȉȐȄȄȁȌǿ* 
ǷǿȈȃȒȊȊȍȁ ǟȋȇȏ ǟȊțȀȄȏȑȍȁȇȖ* 
ǰǿȁȍȖȉȇȌǿ ǣǿȏțȞ ǰȄȏȂȄȄȁȌǿ 

ʩʪʫʜʝʥʪʳ  
ʌɻɹʆʋ ɺʆ ʄɻʊʋ çʉʊɸʅʂʀʅè 

 
ʅʘʫʯʥʳʡ ʨʫʢʦʚʦʜʠʪʝʣʴ: ɽʣʠʩʝʝʚʘ ʅʘʪʘʣʴʷ ɺʣʘʜʠʤʠʨʦʚʥʘ 

ʢ.ʪ.ʥ., ʜʦʮʝʥʪ 
ʌɻɹʆʋ ɺʆ ʄɻʊʋ çʉʊɸʅʂʀʅè 

 

 
ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʥʘʙʣʶʜʘʝʪʩʷ ʨʦʩʪ ʢʦʣʠʯʝʩʪʚʘ ʘʢʪʠʚʥʳʭ ʩʘʡʪʦʚ ʚ ʀʥʪʝʨʥʝʪʝ: ʩʦʛʣʘʩʥʦ ʦʪʯʝʪʫ 

Web Server Survey ʦʪ ʢʦʤʧʘʥʠʠ Netcraft ʩ ʜʝʢʘʙʨʷ 2018 ʛʦʜʘ ʧʦ ʜʝʢʘʙʨʴ 2021 ʛʦʜʘ ʧʨʠʨʦʩʪ ʩʦʩʪʘʚʠʣ 13 
ʤʠʣʣʠʦʥʦʚ ʩʘʡʪʦʚ. [3] 

ɹʦʦʧʫʙʯʡʸ: ʇʨʦʮʝʩʩ ʧʦʚʳʰʝʥʠʷ ʫʨʦʚʥʷ ʜʦʩʪʫʧʥʦʩʪʠ ʠʥʪʝʨʥʝʪ-ʨʝʩʫʨʩʦʚ ʩʦʩʪʦʠʪ ʠʟ ʥʝʩʢʦʣʴʢʠʭ ʤʘʩ-
ʰʪʘʙʥʳʭ ʵʪʘʧʦʚ ʠ ʠʤʝʝʪ ʤʘʩʩʫ ʥʶʘʥʩʦʚ ʥʘ ʢʘʞʜʦʤ ʠʟ ʥʠʭ. ʅʘʧʨʠʤʝʨ, ʜʘʣʝʢʦ ʥʝ ʚʩʝ ʠʟʦʙʨʘʞʝʥʠʷ ʥʘ 
ʩʘʡʪʘʭ ʠʤʝʶʪ ʦʧʠʩʘʥʠʷ, ʠʟ-ʟʘ ʯʝʛʦ ʧʦʣʴʟʦʚʘʪʝʣʠ, ʦʩʫʱʝʩʪʚʣʷʶʱʠʝ ʥʘʚʠʛʘʮʠʶ ʩ ʧʦʤʦʱʴʶ ʩʢʨʠʥʨʠʜʝ-
ʨʘ, ʥʝ ʚʩʝʛʜʘ ʤʦʛʫʪ ʧʦʥʷʪʴ, ʯʪʦ ʜʦ ʥʠʭ ʧʳʪʘʶʪʩʷ ʜʦʥʝʩʪʠ. 
ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʥʝʩʢʦʣʴʢʦ ʩʧʦʩʦʙʦʚ ʟʘʜʘʥʠʷ ʦʧʠʩʘʥʠʡ ʜʣʷ ʛʨʘʬʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ 
ʚʝʙ-ʩʪʨʘʥʠʮ, ʘ ʪʘʢʞʝ ʨʘʩʩʢʘʟʳʚʘʝʪʩʷ ʦ ʪʨʝʙʦʚʘʥʠʷʭ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʭ ʩʪʘʥʜʘʨʪʦʚ ʢ ʨʘʟʤʝʱʘʝʤʳʤ ʥʘ 
ʩʘʡʪʝ ʠʟʦʙʨʘʞʝʥʠʷʤ. 
ʃʤʷʰʞʛʴʞ ʪʤʧʛʙ: ʜʦʩʪʫʧʥʦʩʪʴ, ʩʘʡʪ, ʠʥʪʝʨʥʝʪ-ʨʝʩʫʨʩ, ʮʠʬʨʦʚʦʡ ʢʦʥʪʝʥʪ, ʚʝʙ-ʨʘʟʨʘʙʦʪʢʘ, ʠʟʦʙʨʘʞʝ-
ʥʠʝ. 
 

ENSURING THE ACCESSIBILITY OF IMAGES IN WEB DEVELOPMENT 
 

Gadzhiev Magamedrasul Gasanovich, 
Zhuravleva Natalia Alekseevna, 

Shaidullov Amir Albertovich, 
Savochkina Darya Sergeevna 

 
Scientific adviser: Eliseeva Natalia Vladimirovna 

 
Abstract: The process of increasing the accessibility of Internet resources consists of several large-scale 
stages and has a lot of nuances on each of them. For example, not all images on websites have descriptions, 
which is why users with a screen reader have a problem perceiving content: they cannot always understand 
what exactly the author is trying to tell. 
This work discusses several ways to set descriptions for graphic elements of web pages, and also describes 
the requirements of state standards for images posted on the site. 
Key words: accessibility, website, internet resource, digital content, web development, image. 
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ʉʡʪ. 1. ɼʩʙʭʡʣ ʩʧʪʫʙ ʣʧʤʡʰʞʪʫʛʙ ʙʣʫʡʛʦʴʮ ʪʙʢʫʧʛ ʛ ʁʦʫʞʩʦʞʫʞ 

 
ɸʥʘʣʦʛʠʯʥʘʷ ʪʝʥʜʝʥʮʠʷ ʢ ʨʦʩʪʫ ʥʘʙʣʶʜʘʝʪʩʷ ʠ ʚ ʢʦʣʠʯʝʩʪʚʝ ʧʦʣʴʟʦʚʘʪʝʣʝʡ ʀʥʪʝʨʥʝʪʘ: ʩ ʜʝʢʘʙʨʷ 

2018 ʛʦʜʘ ʧʦ ʜʝʢʘʙʨʴ 2021 ʧʨʠʨʦʩʪ ʢʦʣʠʯʝʩʪʚʘ ʧʦʣʴʟʦʚʘʪʝʣʝʡ ʩʦʩʪʘʚʠʣ ʧʦʯʪʠ 1 ʤʠʣʣʠʘʨʜ ʯʝʣʦʚʝʢ. [2] 
 

 
ʉʡʪ. 2. ɼʩʙʭʡʣ ʩʧʪʫʙ ʣʧʤʡʰʞʪʫʛʙ ʙʣʫʡʛʦʴʮ ʪʙʢʫʧʛ ʛ ʁʦʫʞʩʦʞʫʞ 

 
ʉʦʛʣʘʩʥʦ ʜʘʥʥʳʤ ɺʩʝʤʠʨʥʦʡ ʦʨʛʘʥʠʟʘʮʠʠ ʟʜʨʘʚʦʦʭʨʘʥʝʥʠʷ, ʧʨʦʙʣʝʤʘ ʠʥʚʘʣʠʜʥʦʩʪʠ ʟʘʪʨʘʛʠʚʘ-

ʝʪ ʙʦʣʝʝ 1 ʤʠʣʣʠʘʨʜʘ ʯʝʣʦʚʝʢ, ʪʘʢʞʝ ʦʢʦʣʦ 300 ʤʠʣʣʠʦʥʦʚ ʣʶʜʝʡ ʩʪʨʘʜʘʶʪ ʦʪ ʥʘʨʫʰʝʥʠʡ ʟʨʝʥʠʷ. 
ʇʦʣʴʟʦʚʘʪʝʣʠ ʩ ʥʘʨʫʰʝʥʠʷʤʠ ʟʨʝʥʠʷ ʥʝ ʤʦʛʫʪ ʧʦʣʥʦʮʝʥʥʦ ʚʦʩʧʨʠʥʠʤʘʪʴ ʚʠʟʫʘʣʴʥʳʡ ʢʦʥʪʝʥʪ ʙʝʟ ʠʩ-
ʧʦʣʴʟʦʚʘʥʠʷ ʚʩʧʦʤʦʛʘʪʝʣʴʥʳʭ ʩʨʝʜʩʪʚ ʠ ʪʝʭʥʦʣʦʛʠʡ, ʧʨʠʤʝʨʘʤʠ ʢʦʪʦʨʳʭ ʷʚʣʷʶʪʩʷ ʩʢʨʠʥʨʠʜʝʨʳ. 
ʉʢʨʠʥʨʠʜʝʨ ï ʵʪʦ ʧʨʦʛʨʘʤʤʘ, ʧʦʟʚʦʣʷʶʱʘʷ ʧʦʣʴʟʦʚʘʪʝʣʷʤ ʧʦʪʨʝʙʣʷʪʴ ʚʠʟʫʘʣʴʥʳʡ ʢʦʥʪʝʥʪ, ʧʨʝʚʨʘ-
ʱʘʷ ʝʛʦ ʚ ʨʝʯʴ. ʉʢʨʠʥʨʠʜʝʨ ʪʘʢʞʝ ʠʩʧʦʣʴʟʫʝʪʩʷ ʣʶʜʴʤʠ, ʩʪʨʘʜʘʶʱʠʤʠ ʜʠʩʣʝʢʩʠʝʡ, ʪʘʢ ʢʘʢ ʜʣʷ ʥʠʭ 
ʟʚʫʢʦʚʦʡ ʢʦʥʪʝʥʪ ʚʦʩʧʨʠʥʠʤʘʝʪʩʷ ʣʫʯʰʝ, ʯʝʤ ʚʠʟʫʘʣʴʥʳʡ. 

ɺʳʰʝʫʢʘʟʘʥʥʳʝ ʬʘʢʪʳ ʧʦʜʪʚʝʨʞʜʘʶʪ ʘʢʪʫʘʣʴʥʦʩʪʴ ʧʦʚʳʰʝʥʠʷ ʦʙʝʩʧʝʯʝʥʠʷ ʜʦʩʪʫʧʥʦʩʪʠ ʩʘʡ-
ʪʦʚ. 

ɼʦʩʪʫʧʥʦʩʪʴ ʚ ʚʝʙ-ʨʘʟʨʘʙʦʪʢʝ ï ʵʪʦ ʥʘʙʦʨ ʧʨʘʢʪʠʢ, ʧʦʟʚʦʣʷʶʱʠʭ ʦʙʝʩʧʝʯʠʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʩʘʡ-
ʪʘ ʢʘʢ ʤʦʞʥʦ ʙʦʣʴʰʠʤ ʢʦʣʠʯʝʩʪʚʦʤ ʧʦʣʴʟʦʚʘʪʝʣʝʡ. ɼʘʣʝʝ ʙʫʜʫʪ ʨʘʩʩʤʦʪʨʝʥʳ ʩʧʦʩʦʙʳ ʦʙʝʩʧʝʯʝʥʠʷ 
ʜʦʩʪʫʧʥʦʩʪʠ ʩʘʡʪʦʚ ʚ ʯʘʩʪʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʠʟʦʙʨʘʞʝʥʠʡ ʠ ʪʘʙʣʠʮ. 
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ʇʚʞʪʨʞʰʞʦʡʞ ʝʧʪʫʬʨʦʧʪʫʡ ʡʠʧʚʩʙʟʞʦʡʢ. 
ʀʟʦʙʨʘʞʝʥʠʷ ʦʯʝʥʴ ʯʘʩʪʦ ʠʩʧʦʣʴʟʫʶʪʩʷ ʥʘ ʩʘʡʪʘʭ ʚ ʨʘʟʣʠʯʥʳʭ ʩʮʝʥʘʨʠʷʭ, ʥʘʧʨʠʤʝʨ, ʠʟʦʙʨʘʞʝ-

ʥʠʷ ʤʦʛʫʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʢʘʢ ʦʙʳʯʥʳʝ ʢʘʨʪʠʥʢʠ, ʬʦʥ ʩʪʨʘʥʠʮʳ, ʘ ʪʘʢʞʝ ʢʘʢ ʠʢʦʥʦʯʥʳʝ ʢʥʦʧʢʠ ʠ ʩʩʳʣ-
ʢʠ. ʊʘʢ ʢʘʢ ʪʘʢʠʝ ʛʨʘʬʠʯʝʩʢʠʝ ʵʣʝʤʝʥʪʳ ʥʝ ʩʦʜʝʨʞʘʪ ʪʝʢʩʪ, ʢʦʪʦʨʳʡ ʩʢʨʠʥʨʠʜʝʨ ʤʦʛ ʙʳ ʩʯʠʪʘʪʴ, ʧʨʠ 
ʚʩʪʘʚʢʝ ʢʘʨʪʠʥʦʢ ʥʘ ʩʘʡʪ ʥʝʦʙʭʦʜʠʤʦ ʦʟʘʙʦʪʠʪʴʩʷ ʚʦʧʨʦʩʦʤ ʧʨʝʜʦʩʪʘʚʣʝʥʠʷ ʦʧʠʩʘʥʠʷ ʩʦʜʝʨʞʠʤʦʛʦ 
ʠʟʦʙʨʘʞʝʥʠʷ. ʕʪʦ ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʥʝʩʢʦʣʴʢʠʤʠ ʩʧʦʩʦʙʘʤʠ 

1. ɺʩʪʘʚʢʘ ʧʨʠ ʧʦʤʦʱʠ HTML-ʪʝʛʘ <img>.  
ɼʣʷ ʜʦʙʘʚʣʝʥʠʷ ʦʧʠʩʘʥʠʷ ʢ ʪʘʢʦʤʫ ʠʟʦʙʨʘʞʝʥʠʶ ʥʝʦʙʭʦʜʠʤʦ ʚʥʫʪʨʴ ʪʝʛʘ ʜʦʙʘʚʠʪʴ ʘʪʨʠʙʫʪ ñaltò. 

[6] ʅʘʧʨʠʤʝʨ: ʜʦʙʘʚʣʷʷ ʥʘ ʩʘʡʪ ʠʟʦʙʨʘʞʝʥʠʝ ʢʨʳʰʢʠ, ʥʘ ʢʦʪʦʨʦʡ ʠʟʦʙʨʘʞʝʥʘ ʠʥʩʪʨʫʢʮʠʷ ʧʦ ʝʝ ʦʪʢʨʳ-
ʪʠʶ, ʚ ʪʝʛ <img> ʜʦʙʘʚʣʷʝʪʩʷ ʘʪʨʠʙʫʪ alt ʩ ʩʦʜʝʨʞʠʤʳʤ "ʅʘʜʘʚʠʪʝ ʥʘ ʢʨʳʰʢʫ ʠ ʧʦʚʝʨʥʠʪʝ ʝʸ ʧʦ ʯʘʩʦ-
ʚʦʡ ʩʪʨʝʣʢʝ". ʕʪʦ ʧʦʟʚʦʣʠʪ ʧʦʣʴʟʦʚʘʪʝʣʶ ʩʢʨʠʥʨʠʜʝʨʘ ʢʦʨʨʝʢʪʥʦ ʚʦʩʧʨʠʥʷʪʴ ʩʦʜʝʨʞʠʤʦʝ ʠʟʦʙʨʘʞʝ-
ʥʠʷ. ʊʘʢʞʝ ʩʦʜʝʨʞʠʤʦʝ ʘʪʨʠʙʫʪʘ alt ʦʪʨʘʞʘʝʪʩʷ ʚ ʚʠʜʝ ʪʝʢʩʪʘ ʥʘ ʩʘʡʪʝ, ʝʩʣʠ ʙʨʘʫʟʝʨʫ ʥʝ ʫʜʘʣʦʩʴ ʟʘ-
ʛʨʫʟʠʪʴ ʠʟʦʙʨʘʞʝʥʠʝ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʜʘʞʝ ʦʙʳʯʥʦʤʫ ʧʦʣʴʟʦʚʘʪʝʣʶ ʚʦʩʧʨʠʥʷʪʴ ʥʝʟʘʛʨʫʞʝʥʥʳʡ ʢʦʥʪʝʥʪ. 
ɽʩʣʠ ʠʟʦʙʨʘʞʝʥʠʝ ʷʚʣʷʝʪʩʷ ʜʝʢʦʨʘʪʠʚʥʳʤ ʵʣʝʤʝʥʪʦʤ, ʪʦ ʘʪʨʠʙʫʪ alt ʜʦʣʞʝʥ ʩʦʜʝʨʞʘʪʴ ʧʫʩʪʫʶ ʩʪʨʦʢʫ 
(alt="") ï ʩʢʨʠʥʨʠʜʝʨ ʧʨʠ ʥʘʚʠʛʘʮʠʠ ʧʨʦʠʛʥʦʨʠʨʫʝʪ ʵʪʦ ʠʟʦʙʨʘʞʝʥʠʝ. 

 

 
ʉʡʪ. 3. ʈʩʡʥʞʩ ʛʪʫʙʛʣʡ ʡʠʧʚʩʙʟʞʦʡʸ ʪ ʨʧʥʧʲʵʷ ʫʞʜʙ <img> ʡ ʡʪʨʧʤʵʠʧʛʙʦʡʸ ʙʫʩʡʚʬʫʙ alt  

ʡ ʝʞʥʧʦʪʫʩʙʯʡʸ ʞʜʧ ʧʫʧʚʩʙʟʞʦʡʸ 
 
2. ʀʩʧʦʣʴʟʦʚʘʥʠʝ SVG-ʠʟʦʙʨʘʞʝʥʠʷ.  
SVG ʷʚʣʷʝʪʩʷ ʷʟʳʢʦʤ ʨʘʟʤʝʪʢʠ ʤʘʩʰʪʘʙʠʨʫʝʤʦʡ ʚʝʢʪʦʨʥʦʡ ʛʨʘʬʠʢʠ. ʇʨʝʠʤʫʱʝʩʪʚʦʤ ʠʩʧʦʣʴʟʦ-

ʚʘʥʠʷ SVG-ʠʟʦʙʨʘʞʝʥʠʡ ʥʘ ʩʘʡʪʘʭ ʷʚʣʷʝʪʩʷ ʥʝʠʟʤʝʥʥʘʷ ʯʝʪʢʦʩʪʴ ʧʨʠ ʤʘʩʰʪʘʙʠʨʦʚʘʥʠʠ. ɿʘʯʘʩʪʫʶ ʠʭ 
ʠʩʧʦʣʴʟʫʶʪ ʜʣʷ ʨʝʘʣʠʟʘʮʠʠ ʠʢʦʥʦʯʥʳʭ ʢʥʦʧʦʢ ʠ ʩʩʳʣʦʢ. ɼʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʜʦʩʪʫʧʥʦʩʪʠ ʪʘʢʠʭ ʠʟʦʙʨʘ-
ʞʝʥʠʡ ʚʥʫʪʨʴ ʪʝʛʘ <svg> ʧʝʨʚʳʤ ʜʦʯʝʨʥʠʤ ʵʣʝʤʝʥʪʦʤ ʧʦʤʝʱʘʝʪʩʷ ʪʝʛ <title>, ʚʥʫʪʨʴ ʢʦʪʦʨʦʛʦ ʧʦʤʝʱʘ-
ʝʪʩʷ ʪʝʢʩʪ ʩ ʦʧʠʩʘʥʠʝʤ ʩʦʜʝʨʞʠʤʦʛʦ SVG-ʠʟʦʙʨʘʞʝʥʠʷ. 

SVG-ʠʟʦʙʨʘʞʝʥʠʷ ʪʘʢʞʝ ʤʦʞʥʦ ʚʩʪʘʚʣʷʪʴ ʥʘ ʩʘʡʪ ʩ ʧʦʤʦʱʴʶ ʨʘʥʝʝ ʫʧʦʤʷʥʫʪʦʛʦ ʪʝʛʘ <img>, ʥʦ 
ʧʦʤʠʤʦ ʘʪʨʠʙʫʪʘ alt ʪʘʢʞʝ ʥʝʦʙʭʦʜʠʤʦ ʜʦʙʘʚʠʪʴ ʘʪʨʠʙʫʪ role ʚʦ ʠʟʙʝʞʘʥʠʝ ʥʝʢʦʨʨʝʢʪʥʦʡ ʨʘʙʦʪʳ ʚ 
ʙʨʘʫʟʝʨʝ Safari. 

ʇʦʤʠʤʦ ʦʙʝʩʧʝʯʝʥʠʷ ʧʨʦʛʨʘʤʤʥʦʡ ʜʦʩʪʫʧʥʦʩʪʠ ʠʟʦʙʨʘʞʝʥʠʡ ʜʣʷ ʩʢʨʠʥʨʠʜʝʨʘ ʥʝʦʙʭʦʜʠʤʦ 
ʫʯʝʩʪʴ ʪʘʢʞʝ ʪʨʝʙʦʚʘʥʠʷ ʢ ʩʘʤʠʤ ʨʘʟʤʝʱʘʝʤʳʤ ʛʨʘʬʠʯʝʩʢʠʤ ʵʣʝʤʝʥʪʘʤ. 

ɺʦ-ʧʝʨʚʳʭ, ʚʩʝ ʛʨʘʬʠʯʝʩʢʠʝ ʵʣʝʤʝʥʪʳ, ʚʳʧʦʣʥʷʶʱʠʝ ʥʝ ʪʦʣʴʢʦ ʜʝʢʦʨʘʪʠʚʥʫʶ ʨʦʣʴ, ʜʦʣʞʥʳ 
ʙʳʪʴ ʧʦʜʧʠʩʘʥʳ. ʅʘʧʨʠʤʝʨ, ʦʯʝʥʴ ʯʘʩʪʦ ʥʘ ʩʘʡʪʘʭ ʤʦʞʥʦ ʚʩʪʨʝʪʠʪʴ ʧʝʨʝʯʝʥʴ ʩʦʮʠʘʣʴʥʳʭ ʩʝʪʝʡ, ʩʦ-
ʩʪʦʷʱʠʡ ʠʟ ʠʢʦʥʦʢ, ʦʜʥʘʢʦ ʥʝ ʚʩʝ ʧʦʣʴʟʦʚʘʪʝʣʠ ʟʥʘʶʪ ʣʦʛʦʪʠʧʳ, ʠ ʠʤ ʙʳʣʦ ʙʳ ʧʨʦʱʝ ʦʨʠʝʥʪʠʨʦʚʘʪʴʩʷ 
ʧʦ ʪʝʢʩʪʦʚʳʤ ʥʘʟʚʘʥʠʷʤ. 

ɺʦ-ʚʪʦʨʳʭ, ʥʝʦʙʭʦʜʠʤʦ ʠʟʙʝʛʘʪʴ ʛʨʘʬʠʯʝʩʢʦʛʦ ʠʟʦʙʨʘʞʝʥʠʷ ʪʝʢʩʪʘ (ʢʨʦʤʝ ʣʦʛʦʪʠʧʦʚ ʠ ʜʝʢʦʨʘ-
ʪʠʚʥʳʭ ʵʣʝʤʝʥʪʦʚ). ɽʩʣʠ ʪʝʢʩʪ ʥʘ ʢʘʨʪʠʥʢʝ ʚʘʞʝʥ ʜʣʷ ʚʦʩʧʨʠʷʪʠʷ, ʝʛʦ ʥʝʦʙʭʦʜʠʤʦ ʧʨʦʜʫʙʣʠʨʦʚʘʪʴ 
ʧʨʦʩʪʳʤ ʪʝʢʩʪʦʤ. 
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ɺ-ʪʨʝʪʴʠʭ, ʝʩʣʠ ʙʝʟ ʛʨʘʬʠʯʝʩʢʦʛʦ ʠʟʦʙʨʘʞʝʥʠʷ ʪʝʢʩʪʘ ʥʝ ʦʙʦʡʪʠʩʴ, ʪʦ ʧʨʠ ʝʛʦ ʦʬʦʨʤʣʝʥʠʠ ʥʝʦʙ-
ʭʦʜʠʤʦ ʩʦʙʣʶʜʘʪʴ ʫʩʣʦʚʠʷ ʢʦʥʪʨʘʩʪʥʦʩʪʠ: ʜʣʷ ʚʳʩʦʢʦʛʦ ʫʨʦʚʥʷ ʜʦʩʪʫʧʥʦʩʪʠ (ɸɸ ʧʦ ʛʨʘʜʘʮʠʠ ɻʆʉʊ ʈ 
52872-2019 [5]) ʢʦʵʬʬʠʮʠʝʥʪ ʢʦʥʪʨʘʩʪʥʦʩʪʠ ʜʦʣʞʝʥ ʙʳʪʴ ʚʳʰʝ 3:1, ʘ ʜʣʷ ʥʘʠʚʳʩʰʝʛʦ ʫʨʦʚʥʷ ʜʦʩʪʫʧ-
ʥʦʩʪʠ (ɸɸɸ) ð ʚʳʰʝ 4,5:1. ʊʨʝʙʦʚʘʥʠʝ ʥʝ ʧʨʠʤʝʥʷʝʪʩʷ ʪʦʣʴʢʦ ʢ ʣʦʛʦʪʠʧʘʤ. 

 

 
ʉʡʪ. 4. ʈʩʡʥʞʩʴ ʛʪʫʙʛʣʡ SVG-ʡʠʧʚʩʙʟʞʦʡʢ ʩʙʠʦʴʥʡ ʪʨʧʪʧʚʙʥʡ 

 
ɺ ʢʦʥʮʝ ʢʦʥʮʦʚ, ʥʝʦʙʭʦʜʠʤʦ ʩʣʝʜʠʪʴ, ʯʪʦʙʳ ʦʧʠʩʘʥʠʝ ʠʟʦʙʨʘʞʝʥʠʷ ʜʝʡʩʪʚʠʪʝʣʴʥʦ ʩʦʚʧʘʜʘʣʦ ʩ 

ʝʛʦ ʩʫʪʴʶ. ʆʰʠʙʢʠ ʚ ʜʘʥʥʦʡ ʦʙʣʘʩʪʠ ʤʦʛʫʪ ʚʚʝʩʪʠ ʚ ʟʘʙʣʫʞʜʝʥʠʝ ʣʶʙʦʛʦ ʧʦʣʴʟʦʚʘʪʝʣʷ ʠ ʫʭʫʜʰʠʪʴ ʝʛʦ 
ʦʧʳʪ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʠʥʪʝʨʥʝʪ-ʨʝʩʫʨʩʘ.  
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ʂʫʙɻʊʋ 
 

 
ʉʪʨʫʢʪʫʨʘ ʩʠʩʪʝʤʳ ʪʝʭʥʠʯʝʩʢʦʡ ʟʘʱʠʪʳ ʠʥʬʦʨʤʘʮʠʠ 
ʉʠʩʪʝʤʘ ʪʝʭʥʠʯʝʩʢʠʭ ʩʨʝʜʩʪʚ ʟʘʱʠʪʳ ʠʥʬʦʨʤʘʮʠʠ ʦʙʨʘʟʫʝʪʩʷ ʧʨʠ ʧʦʤʦʱʠ ʩʠʣ ʠ ʩʨʝʜʩʪʚ, ʢʦʪʦ-

ʨʳʝ ʨʝʘʣʠʟʫʶʪ ʦʩʥʦʚʥʳʝ ʮʝʣʠ, ʟʘʜʘʯʠ ʠ ʤʝʪʦʜʳ ʪʝʭʥʠʯʝʩʢʦʡ ʟʘʱʠʪʳ. ʂʘʢ ʠ ʜʣʷ ʣʶʙʦʡ ʜʨʫʛʦʡ ʩʣʦʞʥʦʡ 
ʩʠʩʪʝʤʳ, ʜʣʷ ʩʠʩʪʝʤʳ ʊɿʀ ʭʘʨʘʢʪʝʨʥʘ ʠʝʨʘʨʭʠʯʝʩʢʘʷ ʩʪʨʫʢʪʫʨʘ. ʅʘʯʘʣʴʥʳʡ ʫʨʦʚʝʥʴ ʩʦʩʪʘʚʣʷʶʪ ʧʦʜ-
ʩʠʩʪʝʤʳ, ʩʣʝʜʫʶʱʠʡ ï ʢʦʤʧʣʝʢʩʳ, ʘ ʧʦʩʣʝʜʥʠʡ ï ʧʦʜʢʦʤʧʣʝʢʩʳ. ʊʘʢʠʝ ʩʪʨʫʢʪʫʨʥʳʝ ʵʣʝʤʝʥʪʳ ʦʙʲʝʜʠ-
ʥʷʶʪ ʩʠʣʳ ʠ ʩʨʝʜʩʪʚʘ, ʨʝʰʘʶʱʠʝ ʢʦʥʢʨʝʪʥʳʝ ʟʘʜʘʯʠ ʩʠʩʪʝʤʳ.  

ʉʠʩʪʝʤʘ ʪʝʭʥʠʯʝʩʢʦʡ ʟʘʱʠʪʳ ʠʥʬʦʨʤʘʮʠʠ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʜʚʝ ʧʦʜʩʠʩʪʝʤʳ: ʧʦʜʩʠʩʪʝʤʘ ʬʠʟʠ-
ʯʝʩʢʦʡ ʟʘʱʠʪʳ ʠʥʬʦʨʤʘʮʠʠ ʠ ʧʦʜʩʠʩʪʝʤʘ ʟʘʱʠʪʳ ʠʥʬʦʨʤʘʮʠʠ ʦʪ ʫʪʝʯʢʠ. ɺ ʜʘʥʥʦʡ ʩʪʘʪʴʝ ʙʫʜʝʪ ʨʘʩ-
ʩʤʘʪʨʠʚʘʪʴʩʷ ʧʝʨʚʘʷ ʧʦʜʩʠʩʪʝʤʘ ʩʦʦʪʚʝʩʪʚʝʥʥʦ. 

ɹʦʦʧʫʙʯʡʸ: ʚ ʜʘʥʥʦʡ ʩʪʘʪʴʝ ʧʨʠʚʝʜʝʥʘ ʩʪʨʫʢʪʫʨʘ ʩʠʩʪʝʤʳ ʪʝʭʥʠʯʝʩʢʦʡ ʟʘʱʠʪʳ ʠʥʬʦʨʤʘʮʠʠ ʠ ʜʝʪʘʣʴ-
ʥʦ ʨʘʩʩʤʦʪʨʝʥʘ ʧʦʜʩʠʩʪʝʤʘ ʬʠʟʠʯʝʩʢʦʡ ʟʘʱʠʪʳ ʠʥʬʦʨʤʘʮʠʠ. 
ʃʤʷʰʞʛʴʞ ʪʤʧʛʙ: ʪʝʭʥʠʯʝʩʢʘʷ ʟʘʱʠʪʘ ʠʥʬʦʨʤʘʮʠʠ, ʪʝʭʥʠʯʝʩʢʠʝ ʩʨʝʜʩʪʚʘ ʦʭʨʘʥʳ, ʢʦʥʪʨʦʣʠʨʫʝʤʘʷ 
ʟʦʥʘ, ʥʘʨʫʰʠʪʝʣʴ, ʨʫʙʝʞ ʦʭʨʘʥʳ. 
 
THE STRUCTURE OF THE SYSTEM OF TECHNICAL PROTECTION OF INFORMATION. SUBSYSTEM OF 

PHYSICAL PROTECTION OF INFORMATION 
 

Saakov V.V.,  
Koshiev K.H., 

Kirin D.A., 
Aghajanyan E.Yu.  

 
Abstract: this article describes the structure of the system of technical protection of information and discusses 
in detail the subsystem of physical protection of information. 
Key words: technical protection of information, technical means of protection, controlled area, intruder, securi-
ty line. 
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ʉʡʪ. 1. ʊʫʩʬʣʫʬʩʙ ʪʡʪʫʞʥʴ ʋʀʁ 

 
ʇʦʜʩʠʩʪʝʤʘ ʬʠʟʠʯʝʩʢʦʡ ʟʘʱʠʪʳ ʠʥʬʦʨʤʘʮʠʠ 
ʌʠʟʠʯʝʩʢʘʷ ʟʘʱʠʪʘ ʠʥʬʦʨʤʘʮʠʠ ʨʝʘʣʠʟʫʝʪʩʷ ʩ ʧʦʤʦʱʴʶ ʤʝʨ, ʧʨʝʧʷʪʩʪʚʫʶʱʠʭ ʧʨʦʥʠʢʥʦʚʝʥʠʶ 

ʥʘʨʫʰʠʪʝʣʷ ʢ ʦʩʥʦʚʥʳʤ ʠʩʪʦʯʥʠʢʘʤ ʟʘʱʠʱʘʝʤʦʡ ʠʥʬʦʨʤʘʮʠʠ ʠ ʜʝʡʩʪʚʠʷʤ ʩʠʣ ʧʨʠʨʦʜʳ. 
ɼʣʷ ʧʨʝʜʦʪʚʨʘʱʝʥʠʷ ʬʠʟʠʯʝʩʢʦʛʦ ʧʨʦʥʠʢʥʦʚʝʥʠʷ ʥʘʨʫʰʠʪʝʣʷ ʚ ʤʝʩʪʘ ʨʘʩʧʦʣʦʞʝʥʠʷ ʦʙʲʝʢʪʦʚ 

ʟʘʱʠʪʳ ʠʩʧʦʣʴʟʫʶʪʩʷ ʩʨʝʜʩʪʚʘ ʠʥʞʝʥʝʨʥʦʡ ʟʘʱʠʪʳ ʠ ʠʥʞʝʥʝʨʥʳʝ ʩʦʦʨʫʞʝʥʠʷ, ʘ ʪʘʢʞʝ ʪʝʭʥʠʯʝʩʢʠʝ 
ʩʨʝʜʩʪʚʘ ʦʭʨʘʥʳ, ʧʝʨʝʜʘʶʱʠʝ ʠʥʬʦʨʤʘʮʠʶ ʦ ʥʘʨʫʰʝʥʠʠ ʮʝʣʦʩʪʥʦʩʪʠ ʨʫʙʝʞʝʡ ʦʭʨʘʥʳ ʠ ʦ ʧʨʦʥʠʢʥʦ-
ʚʝʥʠʠ ʥʘʨʫʰʠʪʝʣʝʡ ʚ ʢʦʥʪʨʦʣʠʨʫʝʤʫʶ ʟʦʥʫ. 

ɼʝʡʩʪʚʠʷ ʥʘʨʫʰʠʪʝʣʷ ʤʦʛʫʪ ʙʳʪʴ ʤʘʩʢʠʨʦʚʘʥʥʳʤʠ ï ʟʣʦʫʤʳʰʣʝʥʥʠʢ ʤʦʞʝʪ ʧʨʦʥʠʢʥʫʪʴ ʥʘ ʦʙʲ-
ʝʢʪ ʟʘʱʠʪʳ ʧʫʪʝʤ ʥʘʨʫʰʝʥʠʷ ʮʝʣʦʩʪʥʦʩʪʠ ʠʥʞʝʥʝʨʥʳʭ ʩʦʦʨʫʞʝʥʠʡ ʠ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʠ ʩʨʝʜʩʪʚ 
ʦʭʨʘʥʳ ʧʨʠ ʧʦʤʦʱʠ ʧʦʜʨʫʯʥʳʭ ʠʥʩʪʨʫʤʝʥʪʦʚ ʠʣʠ ʚʟʨʳʚʥʳʭ ʧʨʝʜʤʝʪʦʚ, ʘ ʚ ʥʝʢʦʪʦʨʳʭ ʩʣʫʯʘʷʭ ʚ ʚʠʜʝ 
ʚʦʦʨʫʞʝʥʥʦʛʦ ʥʘʧʘʜʝʥʠʷ ʠ ʫʩʪʨʘʥʝʥʠʝʤ ʦʭʨʘʥʳ. 

ʅʳʥʝʰʥʷʷ ʩʠʩʪʝʤʘ ʬʠʟʠʯʝʩʢʦʡ ʟʘʱʠʪʳ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʜʚʫʤʷ ʦʩʥʦʚʥʳʤʠ ʧʦʜʩʠʩʪʝʤʘʤʠ: 

- ʢʦʤʧʣʝʢʩ ʪʝʭʥʠʯʝʩʢʦʡ ʦʭʨʘʥʳ; 

- ʢʦʤʧʣʝʢʩ ʪʝʭʥʠʯʝʩʢʦʡ ʟʘʱʠʪʳ ʠʩʪʦʯʥʠʢʦʚ ʠʥʬʦʨʤʘʮʠʠ. 
ʀʥʞʝʥʝʨʥʘʷ ʟʘʱʠʪʘ ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ ʫʩʪʘʥʦʚʢʦʡ ʧʨʝʛʨʘʜ (ʝʩʪʝʩʪʚʝʥʥʳʭ ʠʣʠ ʠʩʢʫʩʩʪʚʝʥʥʳʭ) ʥʘ 

ʚʦʟʤʦʞʥʳʭ ʥʘʧʨʘʚʣʝʥʠʷʭ ʧʨʦʥʠʢʥʦʚʝʥʠʷ ʥʘʨʫʰʠʪʝʣʷ, ʘ ʪʘʢʞʝ ʧʨʠ ʧʦʤʦʱʠ ʫʩʪʘʥʦʚʢʠ ʩʠʩʪʝʤ ʢʦʥʪʨʦʣʷ 
ʠ ʫʧʨʘʚʣʝʥʠʷ ʜʦʩʪʫʧʦʤ ʚ ʚʠʜʝ ʧʨʝʛʨʘʞʜʘʶʱʠʭ ʫʩʪʨʦʡʩʪʚ. 

ʇʨʠʤʝʨʦʤ ʝʩʪʝʩʪʚʝʥʥʳʭ ʧʨʝʛʨʘʜ ʷʚʣʷʶʪʩʷ ʦʩʦʙʝʥʥʦʩʪʠ ʨʝʣʴʝʬʘ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʧʦʤʦʯʴ ʧʨʠ 
ʬʦʨʤʠʨʦʚʘʥʠʠ ʠʥʞʝʥʝʨʥʦʡ ʫʢʨʝʧʣʝʥʥʦʩʪʠ, ʘ ʠʩʢʫʩʩʪʚʝʥʥʳʝ ʧʨʝʛʨʘʜʳ ʩʦʟʜʘʶʪʩʷ ʩʘʤʠʤʠ ʣʶʜʴʤʠ ʚ 
ʚʠʜʝ ʟʘʙʦʨʦʚ, ʩʪʝʥ, ʧʝʨʝʢʨʳʪʠʡ, ʘ ʪʘʢʞʝ ʜʚʝʨʝʡ ʠ ʦʢʦʥ. ʅʘ ʧʦʩʣʝʜʥʠʭ ʨʫʙʝʞʘʭ ʟʘʱʠʪʳ ʫʩʪʘʥʘʚʣʠʚʘʶʪ-
ʩʷ ʫʢʨʝʧʣʝʥʥʳʝ ʰʢʘʬʳ ʠ ʩʝʡʬʦʚʳʝ ʭʨʘʥʠʣʠʱʘ. 

ɼʣʷ ʧʨʦʭʦʜʘ ʣʶʜʝʡ ʠ ʧʨʦʝʟʜʘ ʪʨʘʥʩʧʦʨʪʘ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʦʨʛʘʥʠʟʘʮʠʠ ʠʩʧʦʣʴʟʫʶʪʩʷ ʢʘʣʠʪʢʠ ʚ 
ʟʘʙʦʨʝ, ʜʚʝʨʠ ʟʜʘʥʠʷ ʠ ʚʦʨʦʪʘ ʜʣʷ ʘʚʪʦʪʨʘʥʩʧʦʨʪʘ. 

ɼʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʩʘʥʢʮʠʦʥʠʨʦʚʘʥʥʦʛʦ ʧʨʦʭʦʜʘ ʣʶʜʝʡ ʠ ʪʨʘʥʩʧʦʨʪʘ ʚ ʢʦʥʪʨʦʣʠʨʫʝʤʫʶ ʟʦʥʫ ʩʦ-
ʟʜʘʝʪʩʷ ʩʠʩʪʝʤʘ ʢʦʥʪʨʦʣʷ ʠ ʫʧʨʘʚʣʝʥʠʷ ʜʦʩʪʫʧʦʤ (ʉʂʋɼ) ʣʶʜʝʡ ʠ ʪʨʘʥʩʧʦʨʪʘ. 

ɼʣʷ ʦʙʥʘʨʫʞʝʥʠʷ ʧʦʧʳʪʦʢ ʧʨʝʦʜʦʣʝʥʠʷ ʟʣʦʫʤʳʰʣʝʥʥʠʢʦʚ ʯʝʨʝʟ ʙʘʨʴʝʨʳ ʠ ʤʝʭʘʥʠʯʝʩʢʠʝ ʧʨʝ-
ʛʨʘʜʳ, ʘ ʪʘʢʞʝ ʧʦʞʘʨʘ ʧʨʠʤʝʥʷʶʪʩʷ ʪʝʭʥʠʯʝʩʢʠʝ ʩʨʝʜʩʪʚʘ ʦʭʨʘʥʳ ʦʙʲʝʢʪʦʚ (ʊʉʆ), ʧʦʩʪʨʦʝʥʥʳʝ ʥʘ 
ʨʘʟʣʠʯʥʳʭ ʬʠʟʠʯʝʩʢʠʭ ʧʨʠʥʮʠʧʘʭ. 

ʇʦʜʢʦʤʣʧʝʢʩ ʪʝʭʥʠʯʝʩʢʠʭ ʩʨʝʜʩʪʚ ʦʭʨʘʥʳ ʚʢʣʶʯʘʝʪ: 

- ʠʟʚʝʱʘʪʝʣʠ ʦʭʨʘʥʥʦʡ ʠ ʦʭʨʘʥʥʦ-ʧʦʞʘʨʥʦʡ ʩʠʛʥʘʣʠʟʘʮʠʠ; 

- ʰʣʝʡʬʳ ʩʠʛʥʘʣʠʟʘʮʠʠ; 

- ʧʨʠʝʤʥʦ-ʢʦʥʪʨʦʣʴʥʳʝ ʧʨʠʙʦʨʳ (ʇʂʇ); 

- ʦʧʦʚʝʱʘʪʝʣʠ. 



ǧǬǬǭǡǟǵǧǭǬǬǭǤ ǯǟǦǡǧǱǧǤ Ǭǟǲǩǧ ǧ ǭǠǯǟǦǭǡǟǬǧǾ 25 
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ʀʟʚʝʱʘʪʝʣʴ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʪʝʭʥʠʯʝʩʢʦʝ ʫʩʪʨʦʡʩʪʚʦ, ʬʦʨʤʠʨʫʶʱʝʝ ʵʣʝʢʪʨʠʯʝʩʢʠʡ ʩʠʛʥʘʣ 
ʪʨʝʚʦʛʠ ʧʨʠ ʚʦʟʜʝʡʩʪʚʠʠ ʥʘ ʥʝʛʦ ʤʝʭʘʥʠʯʝʩʢʠʭ ʩʠʣ ʠ ʧʦʣʝʡ ʦʪ ʟʣʦʫʤʳʰʣʝʥʥʠʢʘ ʠʣʠ ʧʦʞʘʨʘ. ʀʟʚʝʱʘ-
ʪʝʣʴ ʧʨʝʜʥʘʟʥʘʯʝʥ ʜʣʷ ʦʙʥʘʨʫʞʝʥʠʷ ʜʝʤʘʩʢʠʨʫʶʱʠʭ ʧʨʠʟʥʘʢʦʚ ʟʣʦʫʤʳʰʣʝʥʥʠʢʦʚ ʠ ʧʦʞʘʨʘ ʠ ʬʦʨʤʠ-
ʨʦʚʘʥʠʷ ʚ ʩʣʫʯʘʝ ʠʭ ʦʙʥʘʨʫʞʝʥʠʷ ʩʠʛʥʘʣʘ ʪʨʝʚʦʛʠ, ʦʧʦʚʝʱʘʶʱʝʛʦ ʦʙ ʫʛʨʦʟʘʭ ʠʣʠ ʫʧʨʘʚʣʝʥʠʷ ʩʨʝʜ-
ʩʪʚʘʤʠ ʥʝʡʪʨʘʣʠʟʘʮʠʠ ʵʪʠʭ ʫʛʨʦʟ. ɺ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʟʦʥʳ ʦʙʥʘʨʫʞʝʥʠʷ ʠʟʚʝʱʘʪʝʣʠ ʜʝʣʷʪʩʷ ʥʘ ʪʦʯʝʯ-
ʥʳʝ, ʣʠʥʝʡʥʳʝ, ʧʦʚʝʨʭʥʦʩʪʥʳʝ ʠ ʦʙʲʝʤʥʳʝ. ʇʦ ʚʠʜʫ ʜʝʤʘʩʢʠʨʫʶʱʠʭ ʧʨʠʟʥʘʢʦʚ ʠ ʩʧʦʩʦʙʘʤ ʠʭ ʦʙʥʘ-
ʨʫʞʝʥʠʷ ʠʟʚʝʱʘʪʝʣʠ ʜʝʣʷʪʩʷ ʥʘ ʢʦʥʪʘʢʪʥʳʝ, ʘʢʫʩʪʠʯʝʩʢʠʝ, ʦʧʪʠʢʦ-ɻ ʣʝʢʪʨʦʥʥʳʝ, ʨʘʜʠʦʚʦʣʥʦʚʳʝ, ʚʠʙ-
ʨʘʮʠʦʥʥʳʝ, ʝʤʢʦʩʪʥʳʝ, ʪʝʧʣʦʚʳʝ, ʢʦʤʙʠʥʠʨʦʚʘʥʥʳʝ. 

ʐʣʝʡʬ ʩʠʛʥʘʣʠʟʘʮʠʠ ʷʚʣʷʝʪʩʷ ʩʦʝʜʠʥʠʪʝʣʴʥʳʤ ʵʣʝʤʝʥʪʦʤ ʤʝʞʜʫ ʧʨʠʝʤʥʦ-ʢʦʥʪʨʦʣʴʥʳʤ ʧʨʠʙʦ-
ʨʦʤ ʠ ʦʭʨʘʥʥʳʤʠ ʠʟʚʝʱʘʪʝʣʷʤʠ. 

ʇʂʇ ï ʵʪʦ ʪʝʭʥʠʯʝʩʢʦʝ ʩʨʝʜʩʪʚʦ ʦʭʨʘʥʥʦʡ ʠʣʠ ʧʦʞʘʨʥʦʡ ʩʠʛʥʘʣʠʟʘʮʠʠ, ʧʨʝʜʥʘʟʥʘʯʝʥʥʦʝ ʜʣʷ 
ʧʨʠʝʤʘ ʠ ʦʙʨʘʙʦʪʢʠ ʩʠʛʥʘʣʦʚ ʦʪ ʦʭʨʘʥʥʳʭ ʠʟʚʝʱʘʪʝʣʝʡ, ʘ ʪʘʢʞʝ ʦʩʥʘʱʝʥʥʦʝ ʩʠʩʪʝʤʘʤʠ ʧʝʨʝʜʘʯʠ ʠʟ-
ʚʝʱʝʥʠʡ (ʩʚʝʪʦʚʳʝ ʠ ʟʚʫʢʦʚʳʝ ʩʠʛʥʘʣʳ ʪʨʝʚʦʛʠ). 
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ǡȍȏȍȀțǞȁ ǟȊȄȉȐȄȈ ǰȄȏȂȄȄȁȇȖ* 
ʩʪʫʜʝʥʪ 

ǣȚȔȊȇȌ ǡȇȉȑȍȏ ǤȁȂȄȌțȄȁȇȖ 
ʩʪʘʨʰʠʡ ʧʨʝʧʦʜʘʚʘʪʝʣʴ 

ʌɻɹʆʋ ɺʆ çʂʫʙʘʥʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪè 
 

 
ɺ ʥʘʰʝ ʚʨʝʤʷ ʦʜʥʦʡ ʠʟ ʦʩʥʦʚʥʳʭ ʪʝʥʜʝʥʮʠʡ ʚ ʨʘʟʚʠʪʠʠ ʪʝʣʝʢʦʤʤʫʥʠʢʘʮʠʦʥʥʳʭ ʩʝʪʝʡ ʜʦʩʪʫʧʘ 

ʷʚʣʷʝʪʩʷ ʫʚʝʣʠʯʝʥʠʝ ʧʨʦʧʫʩʢʥʦʡ ʩʧʦʩʦʙʥʦʩʪʠ ʢʘʢ ʚ ʢʦʨʧʦʨʘʪʠʚʥʳʭ ʟʦʥʘʭ, ʪʘʢ ʠ ʚ ʞʠʣʳʭ ʜʦʤʘʭ (ʚ ʯʘʩʪ-
ʥʦʩʪʠ, ʚ ʤʥʦʛʦʢʚʘʨʪʠʨʥʳʭ ʜʦʤʘʭ). ʕʪʦ ʦʙʲʷʩʥʷʝʪʩʷ ʪʝʤ, ʯʪʦ ʫ ʧʦʣʴʟʦʚʘʪʝʣʝʡ ʚʦʟʨʘʩʪʘʶʪ ʧʦʪʨʝʙʥʦʩʪʠ ʚ 
ʫʩʣʫʛʘʭ, ʧʨʝʜʦʩʪʘʚʣʷʝʤʳʭ ʧʨʦʚʘʡʜʝʨʘʤʠ ʚ ʩʝʪʠ ʀʥʪʝʨʥʝʪ ʥʘʨʷʜʫ ʩ ʨʘʟʚʠʚʘʶʱʠʤʠʩʷ ʪʝʭʥʦʣʦʛʠʷʤʠ 
ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ, ʘ ʪʘʢʞʝ ʙʦʣʝʝ ʩʦʚʝʨʰʝʥʥʦʡ ʵʣʝʢʪʨʦʪʝʭʥʠʢʦʡ.  

ɼʣʷ ʵʪʦʛʦ ʩʣʝʜʫʝʪ ʫʯʠʪʳʚʘʪʴ ʦʧʨʝʜʝʣʸʥʥʳʝ ʪʨʝʙʦʚʘʥʠʷ, ʢʦʪʦʨʳʝ ʥʘʧʨʷʤʫʶ ʚʣʠʷʶʪ ʥʘ ʦʙʱʫʶ 
ʧʨʦʧʫʩʢʥʫʶ ʩʧʦʩʦʙʥʦʩʪʴ ʢʦʤʤʫʪʘʪʦʨʦʚ ʘʛʨʝʛʘʮʠʠ ʠ ʧʨʠʸʤʦʧʝʨʝʜʘʶʱʠʭ ʫʩʪʨʦʡʩʪʚ. ʕʪʠ ʪʨʝʙʦʚʘʥʠʷ ʢʘ-
ʩʘʶʪʩʷ ʢʘʢ ʦʧʨʝʜʝʣʸʥʥʳʭ ʩʪʘʥʜʘʨʪʦʚ ʪʝʭʥʦʣʦʛʠʠ Ethernet, ʪʘʢ ʠ ʦʩʦʙʝʥʥʦʩʪʝʡ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʙʠʪʦʚ ʚ 
ʮʠʬʨʦʚʦʤ ʪʨʘʢʪʝ ʠʣʠ ʦʧʪʠʯʝʩʢʦʤ ʢʘʥʘʣʝ. 

ʊʝʭʥʦʣʦʛʠʷ Ethernet ʦʬʠʮʠʘʣʴʥʦ ʫʩʪʘʥʦʚʣʝʥʘ ʩʪʘʥʜʘʨʪʦʤ IEEE 802.3, ʥʦ ʚʦʪ ʝʸ ʧʨʝʝʤʥʠʢ  Gi-
gabit Ethernet ʫʞʝ ʩʯʠʪʘʝʪʩʷ ʧʝʨʩʧʝʢʪʠʚʥʦʡ ʠ ʠʩʧʳʪʘʥʥʦʡ ʪʝʭʥʦʣʦʛʠʝʡ, ʪ. ʢ. ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʧʦʩʪʨʦʝ-
ʥʠʷ ʧʨʦʚʦʜʥʳʭ ʣʦʢʘʣʴʥʳʭ ʩʝʪʝʡ ʩ 1999 ʛʦʜʘ [1, ʩ. 1], ʩʦ ʚʨʝʤʝʥʝʤ ʚʳʪʝʩʥʷʷ Fast Ethernet ʙʣʘʛʦʜʘʨʷ 

ɹʦʦʧʫʙʯʡʸ: ʚ ʜʘʥʥʦʡ ʩʪʘʪʴʝ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥʘ ʧʨʦʙʣʝʤʘ ʚʳʙʦʨʘ ʘʢʪʠʚʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ʚ ʟʘʚʠʩʠ-
ʤʦʩʪʠ ʦʪ ʤʘʢʩʠʤʘʣʴʥʦ ʜʦʧʫʩʪʠʤʦʡ ʧʨʦʧʫʩʢʥʦʡ ʩʧʦʩʦʙʥʦʩʪʠ ʚ ʩʝʛʤʝʥʪʝ ʩʝʪʠ ʩʚʷʟʠ. ʈʘʩʩʤʦʪʨʝʥʳ ʦʩʥʦʚ-
ʥʳʝ ʵʪʘʧʳ ʨʘʩʯʸʪʘ, ʦʧʨʝʜʝʣʷʶʱʝʛʦ ʜʘʥʥʳʝ ʪʨʝʙʦʚʘʥʠʷ ʧʦ ʚʳʙʦʨʫ ʘʢʪʠʚʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ʠ ʦʧʨʝʜʝ-
ʣʝʥʳ ʚʟʘʠʤʦʩʚʷʟʠ ʣʦʛʠʯʝʩʢʦʛʦ  ʢʦʜʠʨʦʚʘʥʠʷ  ʚ ʩʪʘʥʜʘʨʪʘʭ ʧʨʦʪʦʢʦʣʘ Ethernet ʚ ʢʦʤʤʫʪʘʪʦʨʘʭ ʜʦʩʪʫʧʘ 
ʠ ʪʨʘʥʩʠʚʝʨʘʭ, ʠʩʧʦʣʴʟʫʝʤʳʭ ʚ ʩʝʪʷʭ FTTB. 
ʃʤʷʰʞʛʴʞ ʪʤʧʛʙ: ʪʝʭʥʦʣʦʛʠʷ FTTB, ʙʠʪʦʚʘʷ ʩʢʦʨʦʩʪʴ, ʢʦʤʤʫʪʘʪʦʨʳ, ʫʟʣʳ ʜʦʩʪʫʧʘ ʠ ʘʛʨʝʛʘʮʠʠ, ʚʝʨʦ-
ʷʪʥʦʩʪʴ, ʢʦʜʠʨʦʚʘʥʠʝ, ʩʝʪʠ ʜʦʩʪʫʧʘ, ʢʘʙʝʣʠ ʩʚʷʟʠ, UTP (FTP). 
 

TECHNICAL REQUIREMENTS FOR THE BANDWIDTH OF ACTIVE EQUIPMENT IN FTTB NETWORKS 
 

Vorobyov Alexey Sergeevich, 
Dykhlin Viktor Evgenievich 

 
Abstract: this article analyzes the problem of choosing active equipment depending on the maximum allowa-
ble bandwidth in the segment of the communication network. The main stages of the calculation determining 
these requirements for the selection of active equipment are considered and the interrelationships of logical 
coding in Ethernet protocol standards in access switches and transceivers used in FTTB networks are deter-
mined. 
Key words: FTTB technology, bit rate, switches, access and aggregation nodes, probability, encoding, access 
networks, communication cables, UTP (FTP). 
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ʟʥʘʯʠʪʝʣʴʥʦ ʝʱʸ ʛʦʨʘʟʜʦ ʙʦʣʝʝ ʚʳʩʦʢʦʡ ʩʢʦʨʦʩʪʠ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ, ʚʦʪ ʠʤʝʥʥʦ ʧʦʵʪʦʤʫ, ʥʫʞʥʦʝ ʦʙʦ-
ʨʫʜʦʚʘʥʠʝ ʠ ʤʝʜʥʳʝ ʢʘʙʝʣʠ ʤʘʣʦ ʪʦʛʦ, ʯʪʦ ʦʪʣʠʯʘʶʪʩʷ ʦʪ ʧʨʠʤʝʥʷʝʤʳʭ ʚ ʧʨʝʜʳʜʫʱʠʭ ʩʪʘʥʜʘʨʪʘʭ, ʥʦ 
ʝʱʸ ʠ ʠʤʝʶʪ ʦʙʱʝʜʦʩʪʫʧʥʦʩʪʴ, ʠ ʦʪʥʦʩʷʪʩʷ ʢ ʥʠʟʢʦʡ ʮʝʥʦʚʦʡ ʢʘʪʝʛʦʨʠʠ, ʠʟ-ʟʘ ʯʝʛʦ Ethernet ʦʙʣʘʜʘʝʪ 
ʩʣʝʜʫʶʱʠʤʠ ʩʦʚʦʢʫʧʥʳʤʠ ʜʦʩʪʦʠʥʩʪʚʘʤʠ:  

 ʪʝʭʥʦʣʦʛʠʷ Ethernet ʠʤʝʝʪ ʙʦʣʴʰʦʡ ʚʳʙʦʨ ʩʧʦʩʦʙʦʚ ʣʠʢʚʠʜʘʮʠʠ ʧʨʦʙʣʝʤ, ʘ ʵʪʦ ʜʝʣʘʝʪ ʜʘʥʥʫʶ 
ʪʝʭʥʦʣʦʛʠʶ ʚʩʝʤʠʨʥʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʦʡ, ʘ ʙʣʘʛʦʜʘʨʷ ʥʠʟʢʦʡ ʩʪʦʠʤʦʩʪʠ, ʚʳʩʦʢʠʤ ʫʨʦʚʥʝʤ ʫʜʦʙʥʦʩʪʠ ʠ 
ʧʦʧʫʣʷʨʥʦʩʪʠ, ʜʘʥʥʘʷ ʪʝʭʥʦʣʦʛʠʷ ʦʙʣʘʜʘʝʪ ʧʦʜʜʝʨʞʢʦʡ ʤʥʦʞʝʩʪʚʦʤ ʤʠʨʦʚʳʭ ʧʨʦʠʟʚʦʜʠʪʝʣʝʡ;  

 ʨʘʟʥʦʚʠʜʥʦʩʪʠ ʪʝʭʥʦʣʦʛʠʠ Ethernet (Gigabit Ethernet, Fast Ethernet, ʢʣʘʩʩʠʯʝʩʢʠʡ Ethernet) [1, ʩ. 
2] ʤʦʛʫʪ ʩʦʚʤʝʱʘʪʴʩʷ ʚ ʝʜʠʥʦʤ ʧʨʦʝʢʪʝ ʙʝʟ ʧʨʦʙʣʝʤ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʧʝʨʝʡʪʠ ʢ Gigabit Ethernet ʠ ʠʩ-
ʧʦʣʴʟʦʚʘʪʴ ʝʸ, ʢʦʛʜʘ ʥʫʞʥʦ, ʠʟ-ʟʘ ʦʙʣʘʜʘʥʠʷ ʚʘʞʥʳʤ ʧʨʝʠʤʫʱʝʩʪʚʦʤ ʚ ʩʢʦʨʦʩʪʠ.  

ʊʝʭʥʦʣʦʛʠʷ FTTB (ʘʥʛʣ. Fiber to the Building ï ʚʦʣʦʢʥʦ ʜʦ ʟʜʘʥʠʷ) ï ʦʜʥʘ ʠʟ ʩʘʤʳʭ ʚʦʩʪʨʝʙʦʚʘʥ-
ʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʧʦʩʪʨʦʝʥʠʷ ʘʙʦʥʝʥʪʩʢʠʭ ʩʝʪʝʡ ʰʠʨʦʢʦʧʦʣʦʩʥʦʛʦ ʜʦʩʪʫʧʘ (ʜʘʣʝʝ ʐʇɼ), ʢʦʪʦʨʘʷ ʟʘʢʣʶ-
ʯʘʝʪʩʷ ʚ ʧʨʦʚʝʜʝʥʠʠ ʦʧʪʠʯʝʩʢʠʭ ʢʘʙʝʣʝʡ ʜʦ ʘʥʪʠʚʘʥʜʘʣʴʥʳʭ ʰʢʘʬʦʚ, ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʚ ʧʦʜʚʘʣʘʭ ʠʣʠ 
ʪʝʭʥʠʯʝʩʢʠʭ ʯʝʨʜʘʯʥʳʭ ʧʦʤʝʱʝʥʠʷʭ ʤʥʦʛʦʢʚʘʨʪʠʨʥʳʭ ʞʠʣʳʭ ʜʦʤʦʚ ʠʣʠ ʢʦʨʧʦʨʘʪʠʚʥʳʭ ʮʝʥʪʨʦʚ. 

ʆʪ ʢʦʤʤʫʪʘʪʦʨʦʚ ʜʦʩʪʫʧʘ ʜʦ ʘʙʦʥʝʥʪʩʢʠʭ ʧʨʠʸʤʥʳʭ ʫʩʪʨʦʡʩʪʚ ʚʥʫʪʨʠ ʟʜʘʥʠʷ ʧʨʦʚʦʜʷʪ ʤʝʜʥʳʝ 
ʢʘʙʝʣʠ, ʯʘʱʝ ʚʩʝʛʦ ʯʝʪʳʨʸʭʧʨʦʚʦʜʥʫʶ ʚʠʪʫʶ ʧʘʨʫ ʩ ʦʙʱʝʡ ʧʦʣʦʩʦʡ ʧʨʦʧʫʩʢʘʥʠʷ 100 ʄɻʮ ʠ ʚʳʰʝ. 
ɻʣʘʚʥʳʤ ʪʨʝʙʦʚʘʥʠʝʤ ʚʠʪʳʭ ʧʘʨ ï ʵʪʦ ʧʨʦʪʷʞʸʥʥʦʩʪʴ ʥʝ ʙʦʣʝʝ 100 ʤʝʪʨʦʚ ʜʦ ʩʘʤʳʭ ʦʪʜʘʣʸʥʥʳʭ ʘʙʦ-
ʥʝʥʪʦʚ. ʊʘʢ ʢʘʢ ʤʝʜʥʳʡ ʢʘʙʝʣʴ ʟʥʘʯʠʪʝʣʴʥʦ ʜʝʰʝʚʣʝ ʚ ʩʪʦʠʤʦʩʪʠ ʠ ʵʢʩʧʣʫʘʪʘʮʠʠ ʚʦʣʦʢʦʥʥʦ-
ʦʧʪʠʯʝʩʢʦʛʦ ʢʘʙʝʣʷ, ʪʦ ʜʣʷ ʧʝʨʚʠʯʥʦʛʦ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʩʝʪʝʡ ʩʚʷʟʠ ʩʣʝʜʫʝʪ ʥʘʯʠʥʘʪʴ ʩ ʪʝʭʥʦʣʦʛʠʠ 
FTTB ʩ ʨʘʩʯʸʪʦʤ ʥʘ ʜʘʣʴʥʝʡʰʝʝ ʧʝʨʝʢʣʶʯʝʥʠʝ ʢ ʩʝʪʷʤ  PON, xPON ʠ ʪ. ʜ. ʀʤʝʥʥʦ ʵʪʦ ʠ ʦʙʲʷʩʥʷʝʪ ʪʘ-
ʢʫʶ ʥʝʟʳʙʣʝʤʫʶ ʧʦʧʫʣʷʨʥʦʩʪʴ ʪʝʭʥʦʣʦʛʠʠ FTTB  ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʈʦʩʩʠʠ ʠ ʥʝ ʪʦʣʴʢʦ. 

ɺ FTTB ʠʟ-ʟʘ ʩʪʨʦʠʪʝʣʴʩʪʚʘ ʦʪ ʫʟʣʘ ʜʦʩʪʫʧʘ ʜʦ ʘʙʦʥʝʥʪʦʚ ʤʝʜʥʳʭ ʢʘʙʝʣʝʡ UTP (ʠʣʠ FTP) ʠʩ-
ʧʦʣʴʟʫʝʪʩʷ ʠʤʝʥʥʦ ʪʝʭʥʦʣʦʛʠʷ Ethernet, ʘ ʢʦʥʢʨʝʪʥʦ ʩʧʝʮʠʬʠʢʘʮʠʠ Fast Ethernet (ʧʦ ʚʠʪʦʡ ʧʘʨʝ), Giga-
bit Ethernet (ʧʦ ʚʠʪʦʡ ʧʘʨʝ ʠ ʦʧʪʠʯʝʩʢʦʤʫ ʢʘʙʝʣʶ) ʠ 10 Gigabit Ethernet, ʢʦʪʦʨʳʡ ʩ 4 ʧʦʨʪʘʤʠ ʤʦʞʥʦ 
ʧʨʝʦʙʨʘʟʦʚʘʪʴ ʚ 40 Gigabit Ethernet (ʪʦʣʴʢʦ ʧʦ ʚʦʣʦʢʦʥʥʦ-ʦʧʪʠʯʝʩʢʦʤʫ ʢʘʙʝʣʶ). ʊʘʢʠʤ ʦʙʨʘʟʦʤ ʦʧʪʠ-
ʤʘʣʴʥʳʤ ʙʫʜʝʪ ʩʚʦʜʠʪʴ ʘʢʮʝʥʪ ʠʤʝʥʥʦ ʥʘ ʣʦʛʠʯʝʩʢʦʤ ʢʦʜʠʨʦʚʘʥʠʠ Ethernet ʠ ʨʘʩʧʨʝʜʝʣʝʥʠʠ ʜʠʩʢʨʝʪ-
ʥʳʭ ʩʣʫʯʘʡʥʳʭ ʚʝʣʠʯʠʥ ʧʨʠ ʧʝʨʝʜʘʯʝ ʧʘʢʝʪʦʚ. 

ʅʘ ʨʠʩ. 1 ʧʦʢʘʟʘʥ ʧʨʠʤʝʨ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʚʠʪʦʡ ʧʘʨʳ ʚ ʜʦʤʦʚʦʡ ʨʘʩʧʨʝʜʝʣʠʪʝʣʴʥʦʡ ʩʝʪʠ. 
ʂʦʜʠʨʦʚʘʥʠʝ ʩʠʛʥʘʣʦʚ ï ʵʪʦ ʩʧʦʩʦʙ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʪʘʢʪʦʚʦʡ ʯʘʩʪʦʪʳ ʚ ʩʢʦʨʦʩʪʴ ʧʝʨʝʜʘʯʠ ʜʘʥ-

ʥʳʭ. ɿʘʯʝʤ ʚʦʦʙʱʝ ʩʣʝʜʫʝʪ ʚʳʧʦʣʥʷʪʴ ʜʘʥʥʳʝ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ? ɺʩʸ ʵʪʦ ʥʫʞʥʦ ʜʣʷ ʪʦʛʦ, ʯʪʦʙʳ ʫʚʝʣʠ-
ʯʠʪʴ ʩʢʦʨʦʩʪʴ ʧʨʠʸʤʘ / ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ, ʥʝ ʤʝʥʷʷ ʧʨʠ ʵʪʦʤ ʜʠʘʧʘʟʦʥ ʯʘʩʪʦʪ ʚ ʢʘʥʘʣʝ ʩʚʷʟʠ. ʅʝʜʦ-
ʩʪʘʪʢʦʤ ʢʦʜʠʨʦʚʘʥʠʷ ʷʚʣʷʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʩʣʦʞʥʳʭ ʧʨʠʸʤʦʧʝʨʝʜʘʶʱʠʭ ʫʩʪʨʦʡʩʪʚ, ʟʘʪʦ ʧʦʷʚʣʷʝʪʩʷ 
ʚʦʟʤʦʞʥʦʩʪʴ ʚʥʝʜʨʷʪʴ ʙʦʣʝʝ ʩʢʦʨʦʩʪʥʳʝ ʩʪʘʥʜʘʨʪʳ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʦʜʥʠʭ ʠ ʪʝʭ ʞʝ ʢʘʙʝʣʝʡ (ʥʝʜʦ-
ʩʪʘʪʢʦʤ ʪʘʢʦʛʦ ʫʚʝʣʠʯʝʥʠʷ ʤʦʞʝʪ ʩʪʘʪʴ ʟʥʘʯʠʪʝʣʴʥʦʝ ʫʤʝʥʴʰʝʥʠʝ ʧʨʦʪʷʞʸʥʥʦʩʪʠ ʢʘʙʝʣʷ).  

ʅʘʧʨʠʤʝʨ, ʩʪʘʥʜʘʨʪ ʪʝʭʥʦʣʦʛʠʠ Gigabit Ethernet 1000Base-T ʨʝʘʣʠʟʦʚʘʥ ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʯʪʦʙʳ ʚ 
ʤʝʜʥʳʭ ʢʘʙʝʣʷʭ ʥʘ ʙʘʟʝ ʢʘʥʘʣʦʚ 5-ʡ ʢʘʪʝʛʦʨʠʠ ʩ ʧʦʣʦʩʦʡ ʧʨʦʧʫʩʢʘʥʠʷ 100 ʄɻʮ, ʠʤʝʶʱʠʡ ʥʝʢʦʪʦʨʳʡ 
ʨʝʟʝʨʚ, ʧʝʨʝʜʘʚʘʪʴ ʜʘʥʥʳʝ ʩʦ ʩʢʦʨʦʩʪʴʶ 1000 ʄʙʠʪ/ʩ [2]. ʊʘʢʞʝ ʙʣʘʛʦʜʘʨʷ ʢʦʜʠʨʦʚʘʥʠʶ ʧʨʦʠʩʭʦʜʠʪ 
ʢʦʥʚʝʨʪʘʮʠʷ ʠʥʪʝʨʬʝʡʩʦʚ, ʘʧʧʘʨʘʪʥʦ ʨʝʘʣʠʟʦʚʘʥʥʳʤ ʚ ʅʆʌ-ʬʠʣʴʪʨʘʭ (ʥʘʧʨʘʚʣʷʶʱʠʭ ʦʧʪʠʯʝʩʢʠʭ 
ʬʠʣʴʪʨʘʭ), ʥʘʩʪʨʦʝʥʥʳʭ ʥʘ ʦʧʨʝʜʝʣʸʥʥʳʝ ʯʘʩʪʦʪʳ (ʜʣʠʥʳ ʚʦʣʥ), ʘ ʩʘʤʠ ʬʠʣʴʪʨʳ ʷʚʣʷʶʪʩʷ ʥʝʦʪʲʝʤ-
ʣʝʤʦʡ ʯʘʩʪʴʶ ʩʲʸʤʥʳʭ ʧʨʠʸʤʦʧʝʨʝʜʘʶʱʠʭ ʪʨʘʥʩʠʚʝʨʦʚ (SFP/SFP+/XFP). ʋʩʪʨʦʡʩʪʚʦ ʪʘʢʦʛʦ ʪʨʘʥʩʠʚʝ-
ʨʘ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩ. 2. 

ɼʣʷ ʪʦʛʦ, ʯʪʦʙʳ ʫʣʫʯʰʠʪʴ ʢʦʜʳ ʪʠʧʘ AMI, NRZI ʠ 2Q1B ʩʣʝʜʫʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴ ʣʦʛʠʯʝʩʢʦʝ ʢʦʜʠʨʦ-
ʚʘʥʠʝ, ʩʤʳʩʣ ʢʦʪʦʨʦʡ ʚ ʟʘʤʝʥʝ ʜʣʠʥʥʳʭ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ ʙʠʪ, ʘ ʦʥʠ, ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʧʨʠʚʦʜʷʪ ʢ 
ʧʦʩʪʦʷʥʥʦʤʫ ʧʦʪʝʥʮʠʘʣʫ ʚʢʣʶʯʝʥʠʷ ʝʜʠʥʠʮ. ʃʦʛʠʯʝʩʢʦʝ ʢʦʜʠʨʦʚʘʥʠʝ ʧʨʝʜʧʦʣʘʛʘʝʪ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʤʝ-
ʪʦʜʘ ʠʟʙʳʪʦʯʥʦʩʪʠ ʢʦʜʦʚ. 

ʀʟʙʳʪʦʯʥʳʝ ʢʦʜʳ, ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ, ʨʘʟʜʝʣʷʶʪ ʥʘ ʦʧʨʝʜʝʣʸʥʥʳʝ çʧʦʨʮʠʠè ʠʩʭʦʜʥʳʝ ʙʠʪʦʚʳʝ 
ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ. ʕʪʠ ʪʘʢ ʥʘʟʳʚʘʝʤʳʝ çʧʦʨʮʠʠè ʝʱʸ ʥʘʟʳʚʘʶʪʩʷ ʩʠʤʚʦʣʘʤʠ. ɺ ʢʦʥʮʝ ʢʘʞʜʦʛʦ ʪʘ-
ʢʦʛʦ ʩʠʤʚʦʣʘ ʠʜʸʪ ʨʘʟʜʝʣʝʥʠʝ 16 ʠʩʭʦʜʥʳʭ ʩʠʤʚʦʣʦʚ ʥʘ 32 ʨʝʟʫʣʴʪʠʨʫʶʱʠʭ, ʪʦ ʝʩʪʴ ʧʨʦʠʩʭʦʜʠʪ ʟʘʤʝ-
ʥʘ ʥʘ ʢʘʞʜʳʡ ʥʦʚʳʡ ʩʠʤʚʦʣ ʩ ʙʦʣʴʰʠʤ ʯʠʩʣʦʤ ʙʠʪ, ʝʩʣʠ ʩʨʘʚʥʠʚʘʪʴ ʩ ʧʨʝʜʳʜʫʱʠʤ. ʇʦʤʠʤʦ ʫʩʪʨʘʥʝ-
ʥʠʷ ʧʦʩʪʦʷʥʥʦʡ ʩʦʩʪʘʚʣʷʶʱʝʡ ʠ ʧʨʠʜʘʥʠʷ ʢʦʜʫ ʩʚʦʡʩʪʚʘ ʩʘʤʦʩʠʥʭʨʦʥʠʟʘʮʠʠ, ʠʟʙʳʪʦʯʥʳʝ ʢʦʜʳ ʧʦʟʚʦ-
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ʣʷʶʪ ʧʨʠʝʤʥʠʢʫ ʨʘʩʧʦʟʥʘʚʘʪʴ ʠʩʢʘʞʝʥʥʳʝ ʙʠʪʳ. ɽʩʣʠ ʧʨʠʝʤʥʠʢ ʧʨʠʥʠʤʘʝʪ ʟʘʧʨʝʱʝʥʥʳʡ ʢʦʜ, ʟʥʘʯʠʪ, 
ʥʘ ʣʠʥʠʠ ʧʨʦʠʟʦʰʣʦ ʠʩʢʘʞʝʥʠʝ ʩʠʛʥʘʣʘ.  

 

 
ʉʡʪ. 1. ɽʧʥʧʛʙʸ ʩʙʪʨʩʞʝʞʤʡʫʞʤʵʦʙʸ ʪʞʫʵ ʪ ʩʙʪʨʩʞʝʞʤʞʦʡʞʥ ʛʡʫʧʢ ʨʙʩʴ 

 
 

 
1 ï ʇʝʨʝʜʘʪʯʠʢ ï ʣʘʟʝʨ (Tx); 
2 ï ʇʨʠʸʤʥʠʢ ï ʰʠʨʦʢʦʧʦʣʦʩʥʳʡ ʬʦʪʦʧʨʠʸʤʥʠʢ (Rx); 
3 ï ʆʧʪʠʯʝʩʢʠʡ ʨʘʟʲʸʤ; 
4 ï ʇʝʯʘʪʥʘʷ ʧʣʘʪʘ; 
5 ï ʇʣʘʪʘ EEPROM (ʵʣʝʢʪʨʠʯʝʩʢʠ ʩʪʠʨʘʝʤʦʝ ʧʝʨʝʧʨʦʛʨʘʤʤʠʨʫʝʤʦʝ ʇɿʋ); 
6 ï ʂʦʥʪʘʢʪʥʳʝ ʜʦʨʦʞʢʠ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʝ ʵʣʝʢʪʨʠʯʝʩʢʠʡ ʨʘʟʲʸʤ Ethernet; 
7 ï ʄʝʪʘʣʣʠʯʝʩʢʠʡ ʢʦʨʧʫʩ; 
8 ï ʄʝʭʘʥʠʯʝʩʢʠʝ ʢʨʝʧʣʝʥʠʷ. 

ʉʡʪ. 2. ʌʪʫʩʧʢʪʫʛʧ ʨʩʡʹʥʧʨʞʩʞʝʙʷʲʞʜʧ ʫʩʙʦʪʡʛʞʩʙ 
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ʂʦʜ 4ɺ/5ɺ ʧʝʨʝʜʘʝʪʩʷ ʧʦ ʣʠʥʠʠ ʩ ʧʦʤʦʱʴʶ ʬʠʟʠʯʝʩʢʦʛʦ ʢʦʜʠʨʦʚʘʥʠʷ ʧʦ ʦʜʥʦʤʫ ʠʟ ʤʝʪʦʜʦʚ ʧʦ-
ʪʝʥʮʠʘʣʴʥʦʛʦ ʢʦʜʠʨʦʚʘʥʠʷ, ʯʫʚʩʪʚʠʪʝʣʴʥʦʤʫ ʪʦʣʴʢʦ ʢ ʜʣʠʥʥʳʤ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʷʤ ʥʫʣʝʡ. ʉʠʤʚʦʣʳ 
ʢʦʜʘ 4ɺ/5ɺ ʜʣʠʥʦʡ 5 ʙʠʪ ʛʘʨʘʥʪʠʨʫʶʪ, ʯʪʦ ʧʨʠ ʣʶʙʦʤ ʠʭ ʩʦʯʝʪʘʥʠʠ ʥʘ ʣʠʥʠʠ ʥʝ ʤʦʛʫʪ ʚʩʪʨʝʪʠʪʴʩʷ ʙʦ-
ʣʝʝ ʪʨʝʭ ʥʫʣʝʡ ʧʦʜʨʷʜ [3]. 

ɹʫʢʚʘ çBè ʚ ʥʘʟʚʘʥʠʠ ʢʦʜʠʨʦʚʘʥʠʷ ʫʢʘʟʳʚʘʝʪ ʥʘ ʜʚʦʠʯʥʦʝ ʩʦʩʪʦʷʥʠʝ ʵʣʝʤʝʥʪʘʨʥʦʛʦ ʩʠʛʥʘʣʘ, ʯʪʦ 
ʫʧʨʦʱʘʝʪ ʩʦʟʜʘʥʠʝ ʢʦʜʝʨʦʚ ʠ ʜʝʢʦʜʝʨʦʚ ʜʣʷ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʭ ʧʦʪʦʢʦʚ ʙʠʪ. ʂʦʜʠʨʦ-
ʚʘʥʠʝ 4ɺ/5ɺ ʛʘʨʘʥʪʠʨʫʝʪ ʫʚʝʣʠʯʝʥʠʝ ʧʦʣʦʩʳ ʧʨʦʧʫʩʢʘʥʠʷ ʪʘʢʪʦʚʦʡ ʯʘʩʪʦʪʳ ʧʨʠʸʤʥʠʢʘ (ʠʣʠ ʧʝʨʝʜʘʪ-
ʯʠʢʘ) ʜʦ ʟʥʘʯʝʥʠʷ, ʨʘʚʥʦʛʦ 5/4 ʦʪ ʠʩʭʦʜʥʦʡ ʩʢʦʨʦʩʪʠ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ. 

ʉʦʦʪʚʝʪʩʪʚʠʝ ʠʩʭʦʜʥʳʭ ʠ ʨʝʟʫʣʴʪʠʨʫʶʱʠʭ ʢʦʜʦʚ 4ɺ/5ɺ ʧʨʝʜʩʪʘʚʣʝʥʦ ʜʘʣʝʝ ʚ ʪʝʢʩʪʝ, ʘ ʪʘʢʞʝ ʥʘ 
ʨʠʩ. 3. 

 

 
ʉʡʪ. 3. ɻʮʧʝʸʲʡʞ ʡ ʡʪʮʧʝʦʴʞ ʝʙʦʦʴʞ ʛ ʣʧʝʡʩʧʛʙʦʡʡ 4B/5B 

 
ɼʣʷ ʦʙʝʩʧʝʯʝʥʠʷ  ʟʘʜʘʥʥʦʡ ʧʨʦʧʫʩʢʥʦʡ ʩʧʦʩʦʙʥʦʩʪʠ ʣʠʥʠʠ ʧʝʨʝʜʘʪʯʠʢ, ʠʩʧʦʣʴʟʫʶʱʠʡ ʠʟʙʳʪʦʯ-

ʥʳʡ ʢʦʜ, ʜʦʣʞʝʥ ʨʘʙʦʪʘʪʴ ʩ ʧʦʚʳʰʝʥʥʦʡ ʪʘʢʪʦʚʦʡ ʯʘʩʪʦʪʦʡ. ʊʘʢ, ʜʣʷ ʧʝʨʝʜʘʯʠ ʢʦʜʦʚ 4ɺ/5ɺ ʩʦ ʩʢʦʨʦ-
ʩʪʴʶ 100 ʄʙʠʪ/ʩ ʧʝʨʝʜʘʪʯʠʢ ʜʦʣʞʝʥ ʨʘʙʦʪʘʪʴ ʩ ʪʘʢʪʦʚʦʡ ʯʘʩʪʦʪʦʡ 125 ʄɻʮ. ʇʨʠ ʵʪʦʤ ʩʧʝʢʪʨ ʩʠʛʥʘʣʘ ʥʘ 
ʣʠʥʠʠ ʨʘʩʰʠʨʷʝʪʩʷ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩʦ ʩʣʫʯʘʝʤ, ʢʦʛʜʘ ʧʦ ʣʠʥʠʠ ʧʝʨʝʜʘʝʪʩʷ ʯʠʩʪʳʡ, ʥʝ ʠʟʙʳʪʦʯʥʳʡ ʢʦʜ. 
ʊʝʤ ʥʝ ʤʝʥʝʝ ʩʧʝʢʪʨ ʠʟʙʳʪʦʯʥʦʛʦ ʧʦʪʝʥʮʠʘʣʴʥʦʛʦ ʢʦʜʘ ʦʢʘʟʳʚʘʝʪʩʷ ʫʞʝ ʩʧʝʢʪʨʦʤ ʤʘʥʯʝʩʪʝʨʩʢʦʛʦ ʢʦ-
ʜʘ, ʯʪʦ ʦʧʨʘʚʜʳʚʘʝʪ ʜʦʧʦʣʥʠʪʝʣʴʥʳʡ ʵʪʘʧ ʣʦʛʠʯʝʩʢʦʛʦ ʢʦʜʠʨʦʚʘʥʠʷ, ʘ ʪʘʢʞʝ ʨʘʙʦʪʫ ʧʨʠʝʤʥʠʢʘ ʠ ʧʝ-
ʨʝʜʘʪʯʠʢʘ ʥʘ ʧʦʚʳʰʝʥʥʦʡ ʪʘʢʪʦʚʦʡ ʯʘʩʪʦʪʝ [3]. 

ʀʟ ʚʳʰʝ ʩʢʘʟʘʥʥʦʛʦ ʩʣʝʜʫʝʪ, ʯʪʦ ʧʨʠʥʮʠʧ ʜʝʡʩʪʚʠʷ ʣʦʛʠʯʝʩʢʦʛʦ ʢʦʜʠʨʦʚʘʥʠʷ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ 
ʢʦʜʠʨʦʚʘʥʠʷ 4B/5B ʧʦʚʝʨʭ ʧʦʪʝʥʮʠʘʣʴʥʦʛʦ ʢʦʜʘ ʩ ʠʥʚʝʨʩʠʝʡ ʧʨʠ 1 (NRZI) ʦʧʨʝʜʝʣʷʝʪ ʪʨʝʙʦʚʘʥʠʝ ʢ 
SFP ï ʪʨʘʥʩʠʚʝʨʘʤ, ʢʦʪʦʨʦʝ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʫʚʝʣʠʯʝʥʠʠ ʧʦʣʦʩʳ ʧʨʦʧʫʩʢʘʥʠʷ ʪʘʢʪʦʚʦʡ ʯʘʩʪʦʪʳ ʥʘ 25% 
ʦʪ ʨʝʘʣʠʟʫʝʤʦʡ ʩʢʦʨʦʩʪʠ. ʕʪʦ ʚʘʞʥʦ ʧʨʠ ʧʦʩʪʨʦʝʥʠʠ ʩʝʪʝʡ FTTB, ʪʘʢ ʢʘʢ ʧʦ ʦʧʪʠʯʝʩʢʠʤ ʚʦʣʦʢʥʘʤ ʯʘʱʝ 
ʚʩʝʛʦ ʧʨʦʭʦʜʠʪ ʛʠʛʘʙʠʪʥʳʡ ʩʠʛʥʘʣ (Gigabit Ethernet), ʚ ʢʦʪʦʨʦʤ ʠ ʠʩʧʦʣʴʟʫʝʪʩʷ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʝ ʢʦʜʠ-
ʨʦʚʘʥʠʝ, ʥʘ ʯʪʦ ʫʢʘʟʳʚʘʝʪ ʤʘʨʢʠʨʦʚʢʘ ʪʨʘʥʩʠʚʝʨʦʚ 1,25 GE (1,25 ɻʙʠʪ/c), ʯʪʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʜʘʥʥʦʤʫ 
ʪʨʝʙʦʚʘʥʠʶ. 

ʇʝʨʝʭʦʜ ʦʪ Fast Ethernet ʢ ʙʦʣʝʝ ʚʳʩʦʢʦʩʢʦʨʦʩʪʥʳʤ ʩʝʪʷʤ (Gigabit Ethernet) ʧʨʦʠʩʭʦʜʠʪ ʣʠʙʦ ʟʘ-
ʤʝʥʦʡ (ʜʦʧʦʣʥʠʪʝʣʴʥʦʡ ʟʘʢʫʧʢʦʡ) ʦʙʦʨʫʜʦʚʘʥʠʷ (ʢʦʤʤʫʪʘʪʦʨʦʚ, ʨʝʧʠʪʝʨʦʚ), ʣʠʙʦ ʙʣʘʛʦʜʘʨʷ ʠʩʧʦʣʴʟʦ-
ʚʘʥʠʶ ʘʛʨʝʛʘʮʠʠ ʢʘʥʘʣʦʚ (ʚʦʟʤʦʞʥʦʩʪʴ ʧʘʨʘʣʣʝʣʴʥʦʡ ʧʝʨʝʩʳʣʢʠ ʜʘʥʥʳʭ ʤʝʞʜʫ ʢʦʤʤʫʪʘʪʦʨʘʤʠ ʧʦ ʥʝ-
ʩʢʦʣʴʢʠʤ ʚʠʪʳʤ ʧʘʨʘʤ ʦʜʥʦʚʨʝʤʝʥʥʦ). 

ʇʨʠʤʝʯʘʥʠʝ. ɺ ʪʝʭʥʦʣʦʛʠʠ 10 Gigabit Ethernet ʠ ʚʳʰʝ ʢʦʜʠʨʦʚʘʥʠʷ 4B/5B ʠ NRZI ʥʝ ʠʩʧʦʣʴʟʫʶʪ-
ʩʷ. 

ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʦʙʱʝʡ ʜʦʧʫʩʪʠʤʦʡ ʩʢʦʨʦʩʪʠ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ ʚʦ ʚʩʸʤ ʫʟʣʝ ʘʛʨʝʛʘʮʠʠ ʥʝʦʙʭʦ-
ʜʠʤʦ ʚ ʥʘʯʘʣʝ ʦʧʨʝʜʝʣʠʪʴʩʷ ʩ ʦʧʨʝʜʝʣʸʥʥʳʤʠ ʘʩʧʝʢʪʘʤʠ: 



30 ǧǬǬǭǡǟǵǧǭǬǬǭǤ ǯǟǦǡǧǱǧǤ Ǭǟǲǩǧ ǧ ǭǠǯǟǦǭǡǟǬǧǾ 

 

XVI ȋȄȅȃȒȌǿȏȍȃȌǿȞ ȌǿȒȖȌȍ-ȎȏǿȉȑȇȖȄȐȉǿȞ ȉȍȌȓȄȏȄȌȕȇȞ  z ǫǵǬǰ ©Ǭǟǲǩǟ ǧ ǮǯǭǰǡǤǸǤǬǧǤ¹ 

  ʢʦʣʠʯʝʩʪʚʦ ʧʨʝʜʦʩʪʘʚʣʷʝʤʳʭ ʫʩʣʫʛ; 
  ʘʥʘʣʠʟ ʧʨʝʜʦʩʪʘʚʣʷʝʤʳʭ ʫʩʣʫʛ; 
  ʧʘʨʘʤʝʪʨʳ ʧʘʯʝʯʥʦʩʪʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʢʦʜʝʢʦʚ, ʠʩʧʦʣʴʟʫʝʤʳʭ ʚ ʦʪʜʝʣʴʥʳʭ ʪʠʧʘʭ ʧʨʝʜʦ-

ʩʪʘʚʣʷʝʤʳʭ ʫʩʣʫʛ; 
  ʯʠʩʣʦ ʘʙʦʥʝʥʪʦʚ: 
  ʨʘʩʯʸʪ ʚʝʨʦʷʪʥʦʩʪʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʧʘʢʝʪʦʚ. 
ʈʘʩʯʝʪ ʥʘʛʨʫʟʢʠ ʚ ʫʟʣʘʭ ʢʦʤʤʫʪʘʮʠʠ ʧʨʦʠʟʚʦʜʷʪʩʷ ʥʘ ʦʩʥʦʚʝ ʦʮʝʥʦʯʥʦʡ ʤʝʪʦʜʠʢʠ, ʢʦʪʦʨʘʷ ʧʦʟ-

ʚʦʣʠʪ ʩʦʩʪʘʚʠʪʴ ʪʝʭʥʠʯʝʩʢʠʝ ʪʨʝʙʦʚʘʥʠʷ ʢ ʢʦʤʤʫʪʘʮʠʦʥʥʦʤʫ ʦʙʦʨʫʜʦʚʘʥʠʶ ʠ ʠʥʪʝʨʬʝʡʩʘʤ ʜʣʷ ʧʦʜ-
ʢʣʶʯʝʥʠʷ ʵʪʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ʚ ʉɼ. 

ɼʣʷ ʪʦʛʦ, ʯʪʦʙʳ ʦʧʠʩʘʪʴ ʨʘʟʣʠʯʥʳʝ ʩʢʦʨʦʩʪʠ ʧʝʨʝʜʘʯʠ ʩʣʫʞʙ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʝʨʝʤʝʥʥʦʛʦ 
ʪʨʘʬʠʢʘ, ʥʫʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʩʣʝʜʫʶʱʠʝ ʧʘʨʘʤʝʪʨʳ: 

  ʤʘʢʩʠʤʘʣʴʥʦʝ (ʠʣʠ ʧʠʢʦʚʦʝ) ʟʥʘʯʝʥʠʝ ʙʠʪʦʚʦʡ ʩʢʦʨʦʩʪʠ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ: ὄ̍ ́̋Ȣ̒; 

  ʩʨʝʜʥʝʝ ʟʥʘʯʝʥʠʝ ʙʠʪʦʚʦʡ ʩʢʦʨʦʩʪʠ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ: ὄ̒ Ȣ̑; 

  ʧʘʨʘʤʝʪʨ ʧʘʯʝʯʥʦʩʪʠ, ʦʧʨʝʜʝʣʷʝʤʳʡ ʧʦ ʬʦʨʤʫʣʝ (1) (ʦʪʥʦʰʝʥʠʝ ʧʠʢʦʚʦʡ ʙʠʪʦʚʦʡ ʩʢʦʨʦʩʪʠ ʢ 
ʩʨʝʜʥʝʤʫ ʟʥʘʯʝʥʠʶ ʙʠʪʦʚʦʡ ʩʢʦʨʦʩʪʠ) [4, ʩ. 12]: 

ὑ̐ ́Ȣ̘

ὄ̍ ́̋̒Ȣ

ὄ̒ Ȣ̑

 ȟ                                                                     ρ 

ʉʣʫʞʙʳ, ʨʘʙʦʪʘʶʱʠʝ ʩ ʧʦʩʪʦʷʥʥʦʡ ʩʢʦʨʦʩʪʴʶ, ʙʫʜʫʪ ʠʤʝʪʴ ʟʥʘʯʝʥʠʝ  ὄ̍ ́̋̒Ȣ ὧέὲίὸ ʚʦ ʚʨʝʤʷ 
ʚʩʝʛʦ ʦʙʱʝʛʦ ʧʝʨʠʦʜʘ ʩʝʘʥʩʘ. 

ʏʪʦʙʳ ʚʳʧʦʣʥʠʪʴ ʨʘʩʯʸʪ ʦʙʱʝʡ ʧʨʦʧʫʩʢʥʦʡ ʩʧʦʩʦʙʥʦʩʪʠ ʦʧʪʠʯʝʩʢʠʭ ʪʨʘʢʪʦʚ, ʚʩʝʭ ʩʫʤʤʠʨʦʚʘʥʥʳʭ 
ʮʠʬʨʦʚʳʭ ʢʘʥʘʣʦʚ ʠ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʘʢʪʠʚʥʳʭ ʢʦʤʤʫʪʘʪʦʨʦʚ ʥʫʞʥʦ ʫʯʝʩʪʴ ʦʪʜʝʣʴʥʳʝ ʧʨʝʜʧʦʣʦʞʝ-
ʥʠʷ: 

 ʧʦ k-ʡ ʫʩʣʫʛʝ ʧʦʩʪʫʧʘʝʪ ʧʦʪʦʢ ʟʘʷʚʦʢ [4, ʩ. 13], ʢʦʪʦʨʳʡ ʨʘʩʧʨʝʜʝʣʷʝʪʩʷ ʧʦ ʬʫʥʢʮʠʠ ʨʘʩʧʨʝʜʝ-
ʣʝʥʠʷ ʇʫʘʩʩʦʥʘ ʩ ʜʦʩʪʫʧʦʤ ʢ ʢʦʤʤʫʪʘʪʦʨʫ ʩ ʫʯʸʪʦʤ ʚʝʨʦʷʪʥʦʩʪʝʡ ʧʨʦʤʝʞʫʪʢʦʚ ʚʨʝʤʝʥʠ ʤʝʞʜʫ ʧʦʩʪʫʧ-
ʣʝʥʠʷʤʠ [4, ʩ. 13], ʢʦʪʦʨʳʡ ʨʘʩʩʯʠʪʳʚʘʝʪʩʷ ʧʦ ʬʦʨʤʫʣʝ (2): 

ὃ ὸ ρ ÅØÐ‎
̓̆̑̍̉

Ͻ̎ὸȟ                                               ς 

  ʧʦ ʦʪʜʝʣʴʥʳʤ k-r ʤ ʫʩʣʫʛʘʤ ʧʝʨʝʜʘʶʪʩʷ ʩʣʫʞʝʙʥʳʝ ʪʝʨʤʠʥʘʣʳ ʩ ʤʝʥʷʶʱʝʡʩʷ ʩʢʦʨʦʩʪʴʶ ʧʝ-

ʨʝʜʘʯʠ ʜʠʩʢʨʝʪʥʳʭ ʩʣʫʯʘʡʥʳʭ ʚʝʣʠʯʠʥ, ʢʦʪʦʨʳʝ ʙʫʜʫʪ ʧʨʠʥʠʤʘʪʴ ʦʧʨʝʜʝʣʸʥʥʳʝ ʟʥʘʯʝʥʠʷ  ὄ̍ ́̋̒Ȣ ʩ 
ʚʝʨʦʷʪʥʦʩʪʴʶ, ʨʘʩʩʯʠʪʘʥʥʦʡ ʧʦ ʬʦʨʤʫʣʝ (3): 

ὴ
ρ

ὑ̐ ́Ȣ̘

ȟ                                                                       σ 

  ʠʣʠ ʞʝ ʥʫʣʝʚʦʝ ʟʥʘʯʝʥʠʝ ʙʠʪʦʚʦʡ ʩʢʦʨʦʩʪʠ ʧʝʨʝʜʘʯʠ ʩʣʫʞʝʙʥʳʭ ʪʝʨʤʠʥʘʣʦʚ ʩ ʚʝʨʦʷʪʥʦʩʪʴʶ 
ʧʦ ʬʦʨʤʫʣʝ (4): 

ή ρ ὴ ȟ                                                                     τ 

ʇʨʠ ʦʙʨʘʟʦʚʘʥʠʠ ὔ̃ Ȣ̋ ʢʦʣʠʯʝʩʪʚʘ ʧʦʪʦʢʦʚʳʭ ʚʠʨʪʫʘʣʴʥʳʭ ʢʘʥʘʣʦʚ ʦʪ ʟʥʘʯʝʥʠʷ ʩʨʝʜʥʝʡ ʙʠʪʦʚʦʡ 
ʩʢʦʨʦʩʪʠ ʧʝʨʝʜʘʯʠ ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʦ ʬʦʨʤʫʣʝ (5): 

ὄ̒ Ȣ̑ ὔ̃ Ȣ̋Ͻὴ Ͻὄ̍ ́̋Ȣ̒ȟ                                                         υ 

ɼʠʩʧʝʨʩʠʦʥʥʦʝ ʟʥʘʯʝʥʠʝ, ʢʦʪʦʨʘʷ ʩʚʷʟʘʥʘ ʥʘʧʨʷʤʫʶ ʩ ʙʠʪʦʚʦʡ ʩʢʦʨʦʩʪʴʶ ʜʣʷ ʪʦʛʦ, ʯʪʦʙʳ ʦʙʨʘ-

ʟʦʚʘʪʴ  ὔ̃ Ȣ̋ ʯʠʩʣʦ ʧʦʪʦʢʦʚʳʭ ʚʠʨʪʫʘʣʴʥʳʭ ʢʘʥʘʣʦʚ ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʦ ʬʦʨʤʫʣʝ (6): 

Ὀ̒ Ȣ̑ ὔ̃ Ȣ̋Ͻὴ Ͻὄ̍ ́̋̒Ȣ ȟ                                                       φ 

ɼʠʩʧʝʨʩʠʦʥʥʦʝ ʟʥʘʯʝʥʠʝ ʜʠʩʢʨʝʪʥʦʡ ʩʣʫʯʘʡʥʦʡ ʚʝʣʠʯʠʥʳ ʙʠʪʦʚʦʡ ʩʢʦʨʦʩʪʠ ʧʝʨʝʜʘʯʠ ʚ ʦʧʪʠʯʝ-
ʩʢʦʤ ʮʠʬʨʦʚʦʤ ʪʨʘʢʪʝ ʚʤʝʩʪʝ ʩʦ ʩʨʝʜʥʠʤ ʟʥʘʯʝʥʠʝʤ ʜʘʥʥʦʡ ʚʝʣʠʯʠʥʳ ʥʝʦʙʭʦʜʠʤʳ ʜʣʷ ʪʦʛʦ, ʯʪʦʙʳ 
ʧʦʣʥʦʩʪʴʶ ʫʜʦʚʣʝʪʚʦʨʠʪʴ ʧʦʪʨʝʙʥʦʩʪʠ ʢʣʠʝʥʪʦʚ ʠ ʧʦʣʴʟʦʚʘʪʝʣʝʡ ʠ ʦʧʨʝʜʝʣʷʶʪʩʷ ʵʪʠ ʟʥʘʯʝʥʠʷ ʧʦ 
ʪʝʦʨʝʤʝ ʩʣʦʞʝʥʠʷ ʜʠʩʧʝʨʩʠʠ ʧʦ ʬʦʨʤʫʣʝ (8) ʠ ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʦʞʠʜʘʥʠʡ ʚʝʨʦʷʪʥʦʩʪʝʡ ʨʘʩʧʨʝʜʝʣʝ-
ʥʠʷ ʙʠʪʦʚʳʭ ʩʢʦʨʦʩʪʝʡ ʧʦ ʬʦʨʤʫʣʝ (7): 



ǧǬǬǭǡǟǵǧǭǬǬǭǤ ǯǟǦǡǧǱǧǤ Ǭǟǲǩǧ ǧ ǭǠǯǟǦǭǡǟǬǧǾ 31 
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ὄ̒ Ȣ̑ ὄ̒ Ȣ̑ȟ                                                                    χ 

Ὀ Ὀ                                                                      ψ 

ʊʘʢ ʢʘʢ ʥʘ ʧʨʘʢʪʠʢʝ ʥʝʦʙʭʦʜʠʤʦ ʦʧʨʝʜʝʣʠʪʴ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʢʦʤʤʫʪʘʪʦʨʘ ʘʛʨʝʛʘʮʠʠ, ʪʦ ʜʣʷ 

ʵʪʦʛʦ ʥʘʜʦ ʥʘʡʪʠ ʜʠʩʧʝʨʩʠʶ ʧʦ ʬʦʨʤʫʣʝ (10) ʠ ʩʨʝʜʥʝʝ ʟʥʘʯʝʥʠʝ ʧʘʢʝʪʦʚ Ὑ̐ ́Ȣ̋ ʜʣʷ ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʠ 

ʪʨʘʬʠʢʘ ʧʦ ʬʦʨʤʫʣʝ (9), ʢʦʪʦʨʳʡ ʥʫʞʝʥ ʫʞʝ ʢʦʥʢʨʝʪʥʦʤʫ ʘʙʦʥʝʥʪʫ k-ʡ ʫʩʣʫʛʠ ʚ ʝʜʠʥʠʮʫ ʚʨʝʤʝʥʠ[4, ʩ. 14]: 

Ὑ̐ ́Ȣ̋

ὄ̍ ́̋̒Ȣ

ὒ̉ ̎Ȣ̕
ȟ                                                                    ω 

ʛʜʝ: 

ὒ̉ ̎Ȣ̕ ʙʠʪʦʚʘʷ y ʤʢʦʩʪʴ ʧʘʢʝʪʘ (ʫʢʘʟʘʥʥʘʷ ʚ ʙʠʪʘʭ); 

Ὀ̐ ́Ȣ̋ ὴ ή
ὄ̍ ́̋̒Ȣ

ὒ̉ ̎Ȣ̕
                                                     ρπ 

ʅʝʦʙʭʦʜʠʤʦ ʪʘʢʞʝ ʫʯʠʪʳʚʘʪʴ, ʯʪʦ ʚ ʧʨʦʝʢʪʝ ʯʠʩʣʦ ʧʦʣʴʟʦʚʘʪʝʣʝʡ ʪʝʭʥʦʣʦʛʠʠ Ethernet ʚ ʮʝʣʦʤ 
ʜʦʚʦʣʴʥʦ ʚʝʣʠʢʦ, ʧʦʵʪʦʤʫ ʟʘʢʦʥ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʦʙʱʝʡ ʩʫʤʤʘʨʥʦʡ ʧʨʦʧʫʩʢʥʦʡ ʩʧʦʩʦʙʥʦʩʪʠ ʢʦʤʤʫʪʘʮʠ-
ʦʥʥʦʡ ʫʟʣʘ ʩʚʷʟʠ ʚ ʦʧʪʠʯʝʩʢʦʤ ʮʠʬʨʦʚʦʤ ʪʨʘʢʪʝ ʥʦʨʤʘʣʴʥʳʤ, ʧʦʵʪʦʤʫ ʝʩʣʠ ʠʥʬʦʨʤʘʮʠʦʥʥʘʷ ʩʢʦʨʦʩʪʴ 
ʧʝʨʝʜʘʯʠ, ʢʦʪʦʨʫʶ ʪʨʝʙʫʶʪ ʨʘʟʣʠʯʥʳʝ ʩʣʫʞʙʳ, ʙʫʜʝʪ ʧʨʝʚʳʰʘʪʴ ʤʘʢʩʠʤʘʣʴʥʦ ʜʦʧʫʩʪʠʤʫʶ ʙʠʪʦʚʫʶ 
ʩʢʦʨʦʩʪʴ ʢʘʥʘʣʘ ʧʨʠʸʤʘ/ʧʝʨʝʜʘʯʠ, ʟʥʘʯʠʪ ʵʪʦ ʤʦʞʝʪ ʧʦʚʣʝʯʴ ʟʘ ʩʦʙʦʡ ʧʦʪʝʨʶ ʧʘʢʝʪʦʚ, ʪʘʢ ʯʪʦ ʚʝʨʦʷʪ-
ʥʦʩʪʴ ʪʘʢʦʡ ʧʦʪʝʨʠ ʦʧʨʝʜʝʣʷʝʪʩʷ ʬʦʨʤʫʣʦʡ (11), ʘ ʥʦʨʤʘʣʴʥʳʡ ʟʘʢʦʥ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʵʪʦʡ ʚʝʨʦʷʪʥʦʩʪʠ 

ʙʫʜʝʪ ʩʯʠʪʘʪʴʩʷ ʧʦ ʬʦʨʤʫʣʝ (12) ʧʨʠ ʦʙʷʟʘʪʝʣʴʥʦʤ ʫʩʣʦʚʠʠ ὴ ρπ , ʪʘʢ ʢʘʢ ʧʨʠ ʪʘʢʦʤ ʚʝʨʦʷʪʥʦʩʪ-
ʥʦʤ ʩʦʦʪʥʦʰʝʥʠʠ ʙʠʪʦʚʳʭ ʧʦʪʝʨʴ ʩʝʪʴ ʩʯʠʪʘʝʪʩʷ ʧʦʣʥʦʩʪʴʶ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʡ: 

ὴὄ ὄ̍ ́̋ ̒̓ Ȣ̑ ρ ˡὟȟ                                                  ρρ 

ʛʜʝ:  

ˡὟ   ʠʥʪʝʛʨʘʣʴʥʳʡ ʚʠʜ ʬʫʥʢʮʠʠ ʥʦʨʤʘʣʴʥʦʛʦ ʟʘʢʦʥʘ ʨʘʩʧʨʝʜʝʣʝʥʠʷ; 

Ὗ
ὄ̍ ́̋̒ ̓ Ȣ̑ ὄ̒ Ȣ̑

ЍὈ
ȟ                                                             ρς 

ɽʩʣʠ ʧʦʩʣʝ ʤʝʪʨʦʣʦʛʠʯʝʩʢʠʭ ʠʟʤʝʨʝʥʠʠ ʠ ʨʘʩʯʸʪʦʚ, ʫʢʘʟʘʥʥʳʭ ʨʘʥʝʝ, ʟʘʜʘʪʴʩʷ ʟʥʘʯʝʥʠʝʤ 

ὴὄ ὄ̍ ́̋ ̒̓ Ȣ̑ ʧʦ ʪʘʙʣʠʮʝ 4, ʪʦ ʪʦʛʜʘ ʤʦʞʥʦ ʨʘʩʩʯʠʪʘʪʴ ʠ ʥʘʡʪʠ ʟʥʘʯʝʥʠʝ ʠʥʪʝʛʨʘʣʴʥʦʡ ʬʫʥʢʮʠʠ 

ʨʘʩʧʨʝʜʝʣʝʥʠʷ U ʠ ʧʦ ʬʦʨʤʫʣʝ (13) ʚʳʯʠʩʣʠʪʴ ὄ̍ ́̋̒ ̓ Ȣ̑: 

ὄ̍ ́̋̒ ̓ Ȣ̑ ὄ̒ ̑ ὟϽЍὈ ȟ                                                       ρσ  

ʇʨʠ ʧʨʦʚʝʜʝʥʠʠ ʚʩʝʭ ʚʳʰʝʠʟʣʦʞʝʥʥʳʭ ʨʘʩʯʸʪʦʚ ʤʦʞʥʦ ʦʧʨʝʜʝʣʠʪʴ ʤʘʢʩʠʤʘʣʴʥʦ ʜʦʧʫʩʪʠʤʫʶ 
ʩʢʦʨʦʩʪʴ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ ʚʦ ʚʩʸʤ ʩʝʛʤʝʥʪʝ ʩʝʪʠ ʩ ʦʙʷʟʘʪʝʣʴʥʳʤ ʫʩʣʦʚʠʝʤ ʤʘʢʩʠʤʘʣʴʥʦʡ ʩʢʦʨʦʩʪʠ 
ʧʝʨʝʜʘʯʠ ʜʦ ʢʘʞʜʦʛʦ ʘʙʦʥʝʥʪʘ. ʕʪʠ ʨʘʩʯʸʪʳ ʧʦʤʦʛʫʪ ʩʦʩʪʘʚʠʪʴ ʪʝʭʥʠʯʝʩʢʠʝ ʪʨʝʙʦʚʘʥʠʷ ʢ ʚʥʫʪʨʝʥʥʝʡ 
ʧʨʦʧʫʩʢʥʦʡ ʩʧʦʩʦʙʥʦʩʪʠ ʢʦʤʤʫʪʘʪʦʨʦʚ ʘʛʨʝʛʘʮʠʠ ʠ ʜʦʩʪʫʧʘ ʚ ʦʙʲʝʜʠʥʝʥʠʠ ʩ ʦʩʪʘʣʴʥʳʤ ʘʢʪʠʚʥʳʤ ʦʙʦ-
ʨʫʜʦʚʘʥʠʝʤ. 

ɺ ʜʘʥʥʦʡ ʩʪʘʪʴʝ ʨʘʩʩʤʦʪʨʝʥʳ ʪʨʝʙʦʚʘʥʠʷ ʢ ʚʳʙʦʨʫ ʘʢʪʠʚʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ʧʦ ʠʭ ʧʨʦʧʫʩʢʥʦʡ 
ʩʧʦʩʦʙʥʦʩʪʠ, ʦʯʝʥʴ ʘʢʪʫʘʣʴʥʳʝ ʚ ʩʝʪʷʭ FTTB, ʪʘʢ ʢʘʢ ʠʟ-ʟʘ ʩʣʦʞʥʦʡ ʩʪʨʫʢʪʫʨʳ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʤʝʜʥʳʭ 
ʢʘʙʝʣʝʡ ʚ ʜʦʤʦʚʳʭ ʨʘʩʧʨʝʜʝʣʠʪʝʣʴʥʳʭ ʩʝʪʷʭ, ʥʘ ʯʪʦ ʚʣʠʷʝʪ ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʘʙʦʥʝʥʪʦʚ ʚ ʤʠʢʨʦ-
ʨʘʡʦʥʘʭ, ʥʝʦʙʭʦʜʠʤʦ ʧʨʠ ʩʪʨʦʛʦʤ ʨʘʟʜʝʣʝʥʠʠ ʮʠʬʨʦʚʳʭ ʢʘʥʘʣʦʚ ʧʦ ʩʪʘʥʜʘʨʪʘʤ Ethernet ʫʯʠʪʳʚʘʪʴ 
ʩʫʤʤʘʨʥʦ ʨʘʩʩʯʠʪʘʥʥʫʶ  ʜʦʧʫʩʪʠʤʫʶ ʧʨʦʧʫʩʢʥʫʶ ʩʧʦʩʦʙʥʦʩʪʴ ʧʨʠ ʢʦʪʦʨʦʡ ʚʝʨʦʷʪʥʦʩʪʴ ʧʦʪʝʨʠ ʧʘʢʝʪʦʚ 
ʙʫʜʝʪ ʤʠʥʠʤʘʣʴʥʦʡ. 

ʊʘʢʞʝ ʥʝʦʙʭʦʜʠʤʦ ʫʯʠʪʳʚʘʪʴ ʨʘʩʯʸʪ ʧʦʣʦʩʳ ʧʨʦʧʫʩʢʘʥʠʷ ʧʨʠ ʚʳʙʦʨʝ ʧʨʠʸʤʦʧʝʨʝʜʘʶʱʠʭ 
ʫʩʪʨʦʡʩʪʚ, ʪʘʢ ʢʘʢ ʥʝʧʨʘʚʠʣʴʥʳʡ ʚʳʙʦʨ ʧʦʚʣʝʯʸʪ ʟʘ ʩʦʙʦʡ ʫʤʝʥʴʰʝʥʠʝ ʩʢʦʨʦʩʪʠ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ ʜʣʷ 
ʢʘʞʜʦʛʦ ʘʙʦʥʝʥʪʘ, ʘ ʪʦ ʠ ʚʦʚʩʝ ʧʨʠʚʝʜʸʪ ʢ ʥʘʨʫʰʝʥʠʶ ʨʘʙʦʪʳ ʚʩʝʡ ʩʝʪʠ. 
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ǡǭǣǭǭǱǡǤǣǤǬǧǤ ǥǧǪǺǴ ǦǣǟǬǧǨ ǰ 
ǪǭǩǟǪǻǬǭǨ ǭǶǧǰǱǩǭǨ ǰǱǭǶǬǺǴ ǡǭǣ ǰ 
ǮǯǧǫǤǬǤǬǧǤǫ ǫǤǱǭǣǟ 
ǲǪǻǱǯǟǳǧǪǻǱǯǟǵǧǧ  

ǪǿȎȗȇȌǿ ǫǿȏȂǿȏȇȑǿ ǭȊȄȂȍȁȌǿ 
ʩʪʫʜʝʥʪ 

ɼʘʣʴʥʝʚʦʩʪʦʯʥʳʡ ʌʝʜʝʨʘʣʴʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ 
 

 
ɺ ʩʚʷʟʠ ʩ ʨʝʟʢʠʤ ʫʚʝʣʠʯʝʥʠʝʤ ʢʦʣʠʯʝʩʪʚʘ ʞʠʣʳʭ ʟʘʩʪʨʦʝʢ, ʚ ʛʦʨʦʜʘʭ ʚʳʨʦʩ ʩʧʨʦʩ ʥʘ ʪʦʯʝʯʥʫʶ 

ʚʦʜʦʧʦʜʘʯʫ. ʆʜʥʠʤ ʠʟ ʧʫʪʝʡ ʨʝʰʝʥʠʷ ʷʚʣʷʝʪʩʷ ʩʦʟʜʘʥʠʝ ʦʙʦʨʦʪʥʦʡ ʩʠʩʪʝʤʳ, ʛʜʝ ʯʘʩʪʴ ʫʩʣʦʚʥʦ ʯʠʩʪʦʡ 
ʚʦʜʳ (ʩ ʜʫʰʘ, ʚʘʥʥ, ʨʘʢʦʚʠʥ) ʙʫʜʝʪ ʧʦʜʚʝʨʛʘʪʴʩʷ ʦʙʨʘʙʦʪʢʝ ʠ ʧʦʚʪʦʨʥʦʤʫ ʠʩʧʦʣʴʟʦʚʘʥʠʶ. ʉʦʟʜʘʥʠʝ 
ʪʘʢʦʡ ʩʠʩʪʝʤʳ ʧʨʠʚʝʜʝʪ ʢ ʨʷʜʫ ʧʨʝʠʤʫʱʝʩʪʚ: ʫʤʝʥʴʰʝʥʠʶ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʮʝʥʪʨʘʣʴʥʳʭ ʦʯʠʩʪʥʳʭ 
ʩʦʦʨʫʞʝʥʠʡ, ʫʤʝʥʴʰʝʥʠʶ ʠ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʥʘʩʦʩʥʳʭ ʩʪʘʥʮʠʡ, ʫʤʝʥʴʰʝʥʠʶ ʜʠʘʤʝʪʨʦʚ ʧʦʜʘʶʱʠʭ 
ʪʨʫʙʦʧʨʦʚʦʜʦʚ, ʵʢʦʥʦʤʠʠ ʚʦʜʳ. 

ʅʘʠʙʦʣʝʝ ʧʦʜʭʦʜʷʱʝʡ ʪʝʭʥʦʣʦʛʠʝʡ ʜʣʷ ʜʘʥʥʦʡ ʩʠʩʪʝʤʳ ʷʚʣʷʶʪʩʷ ʤʝʤʙʨʘʥʥʳʝ ʪʝʭʥʦʣʦʛʠʠ. ʆʥʠ 
ʥʝ ʪʦʣʴʢʦ ʟʘʥʠʤʘʶʪ ʤʘʣʦ ʤʝʩʪʘ ʠ ʤʦʛʫʪ ʙʳʪʴ ʨʘʟʤʝʱʝʥʳ ʚ ʧʦʜʚʘʣʝ ʜʦʤʘ (ʠʣʠ ʚ ʦʪʜʝʣʴʥʦ ʩʪʦʷʱʝʤ 
ʟʜʘʥʠʠ, ʝʩʣʠ ʩʠʩʪʝʤʘ ʦʙʩʣʫʞʠʚʘʝʪ ʞʠʣʫʶ ʟʘʩʪʨʦʡʢʫ, ʩʦʩʪʦʷʱʫʶ ʠʟ ʥʝʩʢʦʣʴʢʠʭ ʜʦʤʦʚ), ʥʦ ʠ ʩʧʦʩʦʙʥʳ 
ʥʘ ʢʘʯʝʩʪʚʝʥʥʫʶ ʦʯʠʩʪʢʫ ʚʦʜʳ, ʧʨʠʛʦʜʥʫʶ ʜʣʷ ʧʦʪʨʝʙʣʝʥʠʷ ʯʝʣʦʚʝʢʘ (ʚ ʢʘʯʝʩʪʚʝ ʪʝʭʥʠʯʝʩʢʠʭ ʥʫʞʜ). 

ʂ ʤʝʤʙʨʘʥʥʳʤ ʤʝʪʦʜʘʤ ʨʘʟʜʝʣʝʥʠʷ, ʩ ʧʦʤʦʱʴʶ ʢʦʪʦʨʳʭ ʤʦʞʥʦ ʧʨʦʚʦʜʠʪʴ ʦʯʠʩʪʢʫ ʚʦʜʳ ʦʪ ʨʘʟ-
ʣʠʯʥʳʭ ʚʠʜʦʚ ʟʘʛʨʷʟʥʝʥʠʡ, ʦʪʥʦʩʷʪʩʷ ʫʣʴʪʨʘʬʠʣʴʪʨʘʮʠʷ, ʦʙʨʘʪʥʳʡ ʦʩʤʦʩ, ʧʝʨʚʘʧʦʨʘʮʠʷ (ʜʠʬʬʫʟʠʦʥ-
ʥʦʝ ʠʩʧʘʨʝʥʠʝ ʯʝʨʝʟ ʤʝʤʙʨʘʥʫ), ʵʣʝʢʪʨʦʜʠʘʣʠʟ. ɺ ʣʶʙʦʤ ʠʟ ʵʪʠʭ ʧʨʦʮʝʩʩʦʚ ʚʦʜʥʳʡ ʨʘʩʪʚʦʨ ʧʨʠʚʦʜʠʪ-
ʩʷ ʚ ʩʦʧʨʠʢʦʩʥʦʚʝʥʠʝ ʩ ʧʦʣʫʧʨʦʥʠʮʘʝʤʦʡ ʤʝʤʙʨʘʥʦʡ ʩ ʦʜʥʦʡ ʝʝ ʩʪʦʨʦʥʳ. [1] 

ɹʦʦʧʫʙʯʡʸ: ʮʝʣʴ ʩʪʘʪʴʠ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʧʨʝʜʩʪʘʚʣʝʥʠʠ ʥʦʚʦʡ ʦʙʦʨʦʪʥʦʡ ʩʠʩʪʝʤʳ ʚʦʜʦʦʪʚʝʜʝʥʠʷ ʩʪʦʯ-
ʥʳʭ ʚʦʜ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʝʤʙʨʘʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ, ʘ ʠʤʝʥʥʦ ʫʣʴʪʨʘʬʠʣʴʪʨʘʮʠʠ. ʉ ʧʦʤʦʱʴʶ ʵʪʦʡ ʩʠ-
ʩʪʝʤʳ ʚʦʟʤʦʞʥʦ ʦʯʠʱʘʪʴ ʠ ʧʦʚʪʦʨʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʩʪʦʯʥʫʶ ʚʦʜʫ, ʘ ʧʨʦʮʝʩʩ ʫʣʴʪʨʘʬʠʣʴʪʨʘʮʠʠ ʧʦʟʚʦ-
ʣʠʪ ʦʙʝʩʧʝʯʠʪʴ ʚʳʩʦʢʦʝ ʢʘʯʝʩʪʚʦ ʚʦʜʳ ʜʣʷ ʙʝʟʦʧʘʩʥʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʯʝʣʦʚʝʢʦʤ. 
ʃʤʷʰʞʛʴʞ ʪʤʧʛʙ: ʚʦʜʦʦʪʚʝʜʝʥʠʝ, ʤʝʤʙʨʘʥʥʳʝ ʪʝʭʥʦʣʦʛʠʠ, ʦʙʦʨʦʪʥʘʷ ʩʠʩʪʝʤʘ, ʦʯʠʩʪʥʳʝ ʩʦʦʨʫʞʝ-
ʥʠʷ, ʫʣʴʪʨʘʬʠʣʴʪʨʘʮʠʷ, ʪʝʭʥʠʯʝʩʢʠʝ ʥʫʞʜʳ, ʚʦʜʦʦʯʠʩʪʢʘ, ʩʪʦʯʥʳʝ ʚʦʜʳ. 
 

DRAINAGE OF RESIDENTIAL BUILDINGS WITH LOCAL WASTEWATER TREATMENT USING THE 
ULTRAFILTRATION METHOD 

 
Lapshina Margarita Olegovna 

 
Abstract: the purpose of the article is to present a new circulating wastewater disposal system using mem-
brane technologies, namely ultrafiltration. With this system, it is possible to purify and reuse waste water, and 
the ultrafiltration process will ensure high water quality for safe human use. 
Key words: wastewater disposal, membrane technologies, recycling system, sewage treatment plants, ultrafil-
tration, technical needs, water treatment, waste water. 
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ɼʣʷ ʦʯʠʩʪʢʠ ʚʦʜʳ, ʧʨʝʞʜʝ ʚʩʝʛʦ, ʤʦʛʫʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ ʦʙʨʘʪʥʳʡ ʦʩʤʦʩ ʠ ʫʣʴʪʨʘʬʠʣʴʪʨʘʮʠʷ. 
[1] 

ʆʙʨʘʪʥʳʡ ʦʩʤʦʩ ʠ ʫʣʴʪʨʘʬʠʣʴʪʨʘʮʠʷ ʟʘʢʣʶʯʘʶʪʩʷ ʚ ʬʠʣʴʪʨʦʚʘʥʠʠ ʨʘʩʪʚʦʨʦʚ ʧʦʜ ʜʘʚʣʝʥʠʝʤ 
ʯʝʨʝʟ ʧʦʣʫʧʨʦʥʠʮʘʝʤʳʝ ʤʝʤʙʨʘʥʳ, ʧʨʦʧʫʩʢʘʶʱʠʝ ʨʘʩʪʚʦʨʠʪʝʣʴ ʠ ʧʦʣʥʦʩʪʴʶ ʠʣʠ ʯʘʩʪʠʯʥʦ ʟʘʜʝʨʞʠ-
ʚʘʶʱʠʝ ʤʦʣʝʢʫʣʳ ʣʠʙʦ ʠʦʥʳ ʨʘʩʪʚʦʨʝʥʥʳʭ ʚʝʱʝʩʪʚ.[1] 

ʐʠʨʦʢʦʝ ʧʨʠʤʝʥʝʥʠʝ ʥʘʭʦʜʠʪ ʙʳʪʦʚʘʷ ʫʣʴʪʨʘʬʠʣʴʪʨʘʮʠʷ ï ʪʝʭʥʦʣʦʛʠʷ ʦʙʝʟʟʘʨʘʞʠʚʘʥʠʷ ʠ 
ʦʩʚʝʪʣʝʥʠʷ, ʢʦʪʦʨʘʷ ʧʦʟʚʦʣʷʝʪ ʦʪʢʘʟʘʪʴʩʷ ʦʪ ʦʙʨʘʙʦʪʢʠ ʚʦʜʳ ʢʦʘʛʫʣʷʥʪʘʤʠ (ʚʝʱʝʩʪʚʘʤʠ, ʩʧʦʩʦʙʥʳʤʠ 
ʩʮʝʧʣʷʪʴ ʯʘʩʪʠʮʳ ʜʠʩʧʝʨʩʥʦʡ ʬʘʟʳ ʚ ʢʦʣʣʦʠʜʥʦʤ ʨʘʩʪʚʦʨʝ). ɺʦʜʘ ʧʦʩʣʝ ʦʯʠʩʪʢʠ ʩʪʘʥʦʚʠʪʩʷ ʙʝʟʦʧʘʩ-
ʥʘ ʜʣʷ ʦʨʛʘʥʠʟʤʘ ʠ ʥʝ ʪʝʨʷʝʪ ʩʚʦʠʭ ʧʦʣʝʟʥʳʭ ʩʚʦʡʩʪʚ. [3] 

ɼʦʩʪʦʠʥʩʪʚʘʤʠ ʤʝʪʦʜʦʚ ʷʚʣʷʶʪʩʷ: ʦʪʩʫʪʩʪʚʠʝ ʬʘʟʦʚʳʭ ʧʝʨʝʭʦʜʦʚ ʧʨʠ ʦʪʜʝʣʝʥʠʠ ʧʨʠʤʝʩʝʡ, ʯʪʦ 
ʧʦʟʚʦʣʷʝʪ ʚʝʩʪʠ ʧʨʦʮʝʩʩ ʧʨʠ ʥʝʙʦʣʴʰʦʤ ʨʘʩʭʦʜʝ ʵʥʝʨʛʠʠ, ʚʦʟʤʦʞʥʦʩʪʴ ʧʨʦʚʝʜʝʥʠʷ ʧʨʦʮʝʩʩʘ ʧʨʠ ʢʦʤ-
ʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ, ʧʨʦʩʪʦʪʘ ʢʦʥʩʪʨʫʢʮʠʠ ʘʧʧʘʨʘʪʘ, ʚʦʟʤʦʞʥʦʩʪʴ ʚʳʜʝʣʝʥʠʷ ʮʝʥʥʳʭ ʧʨʦʜʫʢʪʦʚ, ʦʜʥʦ-
ʚʨʝʤʝʥʥʘʷ ʦʯʠʩʪʢʘ ʚʦʜʳ ʦʪ ʦʨʛʘʥʠʯʝʩʢʠʭ, ʥʝʦʨʛʘʥʠʯʝʩʢʠʭ ʠ ʙʘʢʪʝʨʠʘʣʴʥʳʭ ʟʘʛʨʷʟʥʝʥʠʡ. [1] 

ʋʣʴʪʨʘʬʠʣʴʪʨʘʮʠʷ ʦʙʨʝʣʘ ʦʩʦʙʫʶ ʘʢʪʫʘʣʴʥʦʩʪʴ ʚ ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ. ʉʦʛʣʘʩʥʦ ʜʝʡʩʪʚʫʶʱʠʤ ʪʨʝ-
ʙʦʚʘʥʠʷʤ, ʧʨʝʜʲʷʚʣʷʝʤʳʤ ʜʣʷ ʩʪʦʯʥʳʭ ʚʦʜ, ʧʦʩʣʝ ʦʯʠʩʪʢʠ ʩʦʜʝʨʞʘʥʠʝ ʧʨʠʤʝʩʝʡ ʚ ʚʦʜʘʭ ʥʝ ʜʦʣʞʥʦ 
ʧʨʝʚʳʰʘʪʴ ʦʧʨʝʜʝʣʝʥʥʳʭ ʥʦʨʤʘʪʠʚʦʚ. ʊʨʘʜʠʮʠʦʥʥʳʤʠ ʩʧʦʩʦʙʘʤʠ ʵʪʠʭ ʧʦʢʘʟʘʪʝʣʝʡ ʜʦʩʪʠʯʴ ʚʝʩʴʤʘ 
ʩʣʦʞʥʦ ʠʣʠ ʚʦʚʩʝ ʥʝʚʦʟʤʦʞʥʦ. ʕʬʬʝʢʪʠʚʥʦ ʫʣʦʚʠʪʴ ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʤʝʣʢʠʭ ʚʟʚʝʰʝʥʥʳʭ ʤʝʭʘʥʠ-
ʯʝʩʢʠʭ ʯʘʩʪʠʮ, ʦʨʛʘʥʠʢʠ, ʤʠʢʨʦʦʨʛʘʥʠʟʤʦʚ ʤʦʞʥʦ ʠʩʧʦʣʴʟʫʷ ʫʣʴʪʨʘʬʠʣʴʪʨʘʮʠʶ 

ʋʣʴʪʨʘʬʠʣʴʪʨʘʮʠʷ ï ʦʜʠʥ ʠʟ ʩʦʚʨʝʤʝʥʥʳʭ ʤʝʪʦʜʦʚ ʤʝʤʙʨʘʥʥʦʡ ʦʯʠʩʪʢʠ, ʢʦʪʦʨʳʡ ʧʦʟʚʦʣʷʝʪ 
ʦʯʠʩʪʠʪʴ ʩʪʦʯʥʳʝ ʚʦʜʳ. ʉ ʧʦʤʦʱʴʶ ʵʪʦʛʦ ʤʝʪʦʜʘ ʤʦʞʥʦ ʟʘʜʝʨʞʠʚʘʪʴ ʯʘʩʪʠʮʳ ʨʘʟʤʝʨʦʤ ʦʪ 0,05 ʜʦ 5 
ʤʢʤ, ʠʩʧʦʣʴʟʫʷ ʠʟʙʳʪʦʯʥʦʝ ʜʘʚʣʝʥʠʝ. ɼʘʥʥʳʡ ʤʝʪʦʜ ʧʦʣʫʯʠʣ ʨʘʟʚʠʪʠʝ ʚ ʢʦʥʮʝ 20ʛʦ ʚʝʢʘ, ʪʦʛʜʘ ʫʩʪʘ-
ʥʦʚʢʠ ʫʣʴʪʨʘʬʠʣʴʪʨʘʮʠʠ ʩʪʘʣʠ ʘʢʪʠʚʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʚ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ.  

ɽʱʝ ʚ 1985 ʛʦʜʫ ʚ ʉʠʥʛʘʧʫʨʝ ʙʳʣ ʩʦʟʜʘʥ ʥʘʫʯʥʳʡ ʮʝʥʪʨ. ʉ ʝʛʦ ʧʦʤʦʱʴʶ ʙʳʣʠ ʩʦʟʜʘʥʳ ʩʠʩʪʝʤʳ 
ʫʣʴʪʨʘʬʠʣʴʪʨʘʮʠʠ ʜʣʷ ʨʝʰʝʥʠʷ ʧʨʦʙʣʝʤ ʚʦʜʦʧʨʦʚʦʜʥʦʡ ʚʦʜʳ ʚ ʥʝʩʢʦʣʴʢʠʭ ʩʪʨʘʥ ɸʟʠʠ, ʛʜʝ ʦʩʪʨʦ ʩʪʦ-
ʷʣʘ ʜʘʥʥʘʷ ʧʨʦʙʣʝʤʘ. ʇʦ ʠʪʦʛʫ ʚʦ ʤʥʦʛʠʭ ʜʦʤʘʭ ʄʘʣʘʡʟʠʠ ʩʝʛʦʜʥʷ ʝʩʪʴ ʙʳʪʦʚʘʷ ʩʠʩʪʝʤʘ ʫʣʴʪʨʘʬʠʣʴ-
ʪʨʘʮʠʠ. [2] 

 

 
ʉʡʪ. 1. ʋʞʮʦʧʤʧʜʡʰʞʪʣʙʸ ʪʮʞʥʙ ʧʰʡʪʫʣʡ ʪʫʧʰʦʴʮ ʛʧʝ ʪ ʨʩʡʥʞʦʞʦʡʞʥ ʥʞʥʚʩʙʦʦʴʮ ʫʞʮʦʧʤʧʜʡʢ: 

1 - ʉʞʠʞʩʛʬʙʩ ʬʪʩʞʝʦʡʫʞʤʵ; ʚʤʧʣ ʥʞʮʙʦʡʰʞʪʣʧʢ ʧʰʡʪʫʣʡ: 2 - ʍʡʤʵʫʩ ʜʩʬʚʧʢ ʧʰʡʪʫʣʡ;  
ʚʤʧʣ ʚʡʧʤʧʜʡʰʞʪʣʧʢ ʧʰʡʪʫʣʡ: 3 - ɺʡʧʩʞʙʣʫʧʩ (ʦʡʫʩʡʭʡʣʙʫʧʩ - ʝʞʦʡʫʩʡʭʡʣʙʫʧʩ),  

4 - ɻʧʠʝʬʮʧʝʬʛʣʡ; ɺʤʧʣ ʧʫʝʞʤʞʦʡʸ ʧʰʡʲʞʦʦʧʢ ʛʧʝʴ ʧʫ ʙʣʫʡʛʦʧʜʧ ʡʤʙ:  
5 - ʆʙʪʧʪʴ ʯʡʩʣʬʤʸʯʡʧʦʦʴʞ, 6 - ɹʨʨʙʩʙʫʴ ʬʤʵʫʩʙʭʡʤʵʫʩʙʯʡʧʦʦʴʞ, 7 - ʆʙʪʧʪʴ ʧʫʣʙʰʣʡ  
ʨʞʩʥʞʙʫʙ; ɺʤʧʣ ʧʚʞʠʠʙʩʙʟʡʛʙʦʡʸ ʡ ʝʧʧʰʡʪʫʣʡ: 8 - ʉʞʠʞʩʛʬʙʩʴ ʧʰʡʲʞʦʦʧʢ, ʨʩʧʥʴʛʦʧʢ ʡ 

 ʫʞʮʦʡʰʞʪʣʧʢ ʛʧʝʴ, 9 - ʆʙʪʧʪʴ ʧʰʡʲʞʦʦʧʢ ʛʧʝʴ, 10 - ʆʙʪʧʪʴ ʫʞʮʦʡʰʞʪʣʧʢ ʛʧʝʴ, 11 - ʌʪʫʩʧʢʪʫʛʙ 
ʌʍ-ʧʚʞʠʠʙʩʙʟʡʛʙʦʡʸ ʛʧʝʴ; ɺʤʧʣ ʦʙʣʧʨʤʞʦʡʸ ʡ ʛʴʜʩʬʠʣʡ ʧʪʙʝʣʙ: 12 - ʉʙʠʜʩʬʠʧʰʦʴʢ ʚʬʦʣʞʩ 
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ʉʪʝʧʝʥʴ ʦʯʠʩʪʢʠ ʠ ʜʝʟʠʥʬʝʢʮʠʠ ʚʦʜʳ ʩ ʧʦʤʦʱʴʶ ʫʣʴʪʨʘʬʠʣʴʪʨʘʮʠʦʥʥʳʭ ʩʠʩʪʝʤ ʜʦʩʪʘʪʦʯʥʦ ʚʳ-
ʩʦʢʘ. ʉʪʦʠʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʧʨʠ ʵʪʦʤ ʩʦʭʨʘʥʷʝʪʩʷ ʧʨʠʨʦʜʥʳʡ ʤʠʥʝʨʘʣʴʥʳʡ ʩʦʩʪʘʚ ʚʦʜʳ, ʝʝ ʧʦʣʝʟʥʳʝ 
ʚʝʱʝʩʪʚʘ. ʊʘʢʘʷ ʩʠʩʪʝʤʘ ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʘʪʴ ʦʩʦʙʦ ʯʠʩʪʫʶ ʚʦʜʫ ʙʝʟ ʧʨʠʤʝʩʝʡ.  

ʃʫʯʰʝ ʚʩʝʛʦ ʜʣʷ ʦʯʠʩʪʢʠ ʩʪʦʯʥʳʭ ʚʦʜ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʩʠʩʪʝʤ ʫʣʴʪʨʘʬʠʣʴʪʨʘʮʠʠ ʦʙʝʩʧʝʯʠʪʴ ʝʡ 
ʩʦʦʪʚʝʪʩʪʚʫʶʱʫʶ ʧʨʝʜʚʘʨʠʪʝʣʴʥʫʶ ʚʦʜʦʧʦʜʛʦʪʦʚʢʫ. ɼʣʷ ʢʘʯʝʩʪʚʝʥʥʦʛʦ ʫʜʘʣʝʥʠʷ ʩʘʤʳʭ ʤʝʣʢʠʭ ʯʘ-
ʩʪʠʮ, ʧʨʝʜʧʦʯʪʠʪʝʣʴʥʝʝ ʚʩʝʛʦ ʯʝʨʝʟ ʥʝʝ ʧʨʦʧʫʩʢʘʪʴ ʪʝ ʩʪʦʢʠ, ʠʟ ʢʦʪʦʨʳʭ ʫʞʝ ʫʜʘʣʝʥʳ çʢʨʫʧʥʦʛʘʙʘʨʠʪ-
ʥʳʝè ʧʨʠʤʝʩʠ.  

ʀʩʭʦʜʷ ʠʭ ʚʳʰʝʦʧʠʩʘʥʥʦʛʦ, ʥʘ ʨʠʩʫʥʢʝ 1 ʧʨʠʚʝʜʝʥʘ ʪʝʭʥʦʣʦʛʠʯʝʩʢʘʷ ʩʭʝʤʘ ʦʯʠʩʪʢʠ ʩʪʦʯʥʳʭ ʚʦʜ 
ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʫʣʴʪʨʘʬʠʣʴʪʨʘʮʠʠ. 
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ʋʧʨʘʚʣʝʥʠʝ ʮʠʬʨʦʚʳʤʠ ʧʨʘʚʘʤʠ (Digital rights management) - ʵʪʦ ʦʜʠʥ ʠʟ ʩʧʦʩʦʙʦʚ ʟʘʱʠʪʳ ʘʚ-

ʪʦʨʩʢʠʭ ʧʨʘʚ ʥʘ ʮʠʬʨʦʚʳʝ ʥʦʩʠʪʝʣʠ. ʕʪʦʪ ʧʦʜʭʦʜ ʚʢʣʶʯʘʝʪ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʪʝʭʥʦʣʦ-
ʛʠʡ, ʢʦʪʦʨʳʝ ʦʛʨʘʥʠʯʠʚʘʶʪ ʢʦʧʠʨʦʚʘʥʠʝ ʠ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʟʘʱʠʱʝʥʥʳʭ ʘʚʪʦʨʩʢʠʤ ʧʨʘʚʦʤ ʮʠʬʨʦʚʦʛʦ 
ʢʦʥʪʝʥʪʘ ʠ ʧʨʦʧʨʠʝʪʘʨʥʦʛʦ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ [1, ʩ. 10]. 

ʉ ʨʦʩʪʦʤ ʧʦʧʫʣʷʨʥʦʩʪʠ ʪʦʨʨʝʥʪ-ʩʘʡʪʦʚ, ʦʥʣʘʡʥ-ʧʠʨʘʪʩʪʚʦ ʷʚʣʷʝʪʩʷ ʧʨʦʙʣʝʤʦʡ ʜʣʷ ʢʦʥʪʝʥʪʘ, 
ʟʘʱʠʱʝʥʥʦʛʦ ʘʚʪʦʨʩʢʠʤ ʧʨʘʚʦʤ. ʇʨʠ ʧʦʤʦʱʠ DRM-ʪʝʭʥʦʣʦʛʠʡ ʥʝʩʘʥʢʮʠʦʥʠʨʦʚʘʥʥʦʝ ʢʦʧʠʨʦʚʘʥʠʝ 
ʮʠʬʨʦʚʦʛʦ ʢʦʥʪʝʥʪʘ ʩʚʦʜʠʪʩʷ ʢ ʤʠʥʠʤʫʤʫ. 

ʉʫʱʝʩʪʚʫʝʪ ʤʥʦʞʝʩʪʚʦ ʩʧʦʩʦʙʦʚ ʟʘʱʠʪʳ ʮʠʬʨʦʚʦʛʦ ʢʦʥʪʝʥʪʘ, ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ ʠʣʠ 
ʧʨʦʜʫʢʪʘ. ʊʝʭʥʦʣʦʛʠʷ DRM ʠʤʝʝʪ ʦʙʰʠʨʥʳʡ ʬʫʥʢʮʠʦʥʘʣ. ʉʨʝʜʠ ʯʘʩʪʦ ʠʩʧʦʣʴʟʫʝʤʳʭ ʚʳʜʝʣʷʶʪ ʪʘʢʠʝ 
ʢʘʢ ʦʛʨʘʥʠʯʝʥʠʝ ʠʣʠ ʟʘʧʨʝʪ ʥʘ ʨʝʜʘʢʪʠʨʦʚʘʥʠʝ ʢʦʥʪʝʥʪʘ, ʝʛʦ ʨʘʩʩʳʣʢʫ ʠʣʠ ʧʝʯʘʪʴ, ʩʦʟʜʘʥʠʝ ʩʢʨʠʥʰʦ-
ʪʦʚ ʢʦʥʪʝʥʪʘ. ɺʜʦʙʘʚʦʢ DRM ʧʦʟʚʦʣʷʝʪ ʦʩʪʘʚʣʷʪʴ ʚʦʜʷʥʳʝ ʟʥʘʢʠ ʥʘ ʮʠʬʨʦʚʳʭ ʜʘʥʥʳʭ ʜʣʷ ʟʘʱʠʪʳ ʘʚ-
ʪʦʨʩʢʠʭ ʧʨʘʚ.  

ʋʧʨʘʚʣʝʥʠʝ ʮʠʬʨʦʚʳʤʠ ʧʨʘʚʘʤʠ ʧʦʟʚʦʣʷʝʪ ʠʟʜʘʪʝʣʷʤ ʠ ʘʚʪʦʨʘʤ ʧʦʣʫʯʘʪʴ ʜʦʩʪʫʧ ʢ ʞʫʨʥʘʣʫ 
ʣʶʜʝʡ ʠ ʚʨʝʤʝʥʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʦʧʨʝʜʝʣʝʥʥʳʭ ʥʦʩʠʪʝʣʝʡ, ʢʦʥʪʝʥʪʘ ʠʣʠ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ, 

ɹʦʦʧʫʙʯʡʸ: ɺ ʩʚʷʟʠ ʩ ʨʘʟʚʠʪʠʝʤ ʢʦʤʧʴʶʪʝʨʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʠ ʀʥʪʝʨʥʝʪʘ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʙʝʟʦʧʘʩʥʦ-
ʩʪʠ ʜʘʥʥʳʭ ʠ ʟʘʱʠʪʳ ʘʚʪʦʨʩʢʠʭ ʧʨʘʚ ʧʨʠʤʝʥʷʶʪʩʷ DRM-ʪʝʭʥʦʣʦʛʠʠ. 
ʃʤʷʰʞʛʴʞ ʪʤʧʛʙ: DRM-ʪʝʭʥʦʣʦʛʠʠ, ʮʠʬʨʦʚʦʝ ʧʨʘʚʦ, ʘʚʪʦʨʩʢʦʝ ʧʨʘʚʦ, ʟʘʱʠʪʘ ʜʘʥʥʳʭ, ʮʠʬʨʦʚʦʡ ʢʦʥ-
ʪʝʥʪ. 
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ʥʘʧʨʠʤʝʨ, ʚ ʞʫʨʥʘʣʝ ʤʦʞʥʦ ʫʚʠʜʝʪʴ, ʢʦʛʜʘ ʙʳʣʘ ʟʘʛʨʫʞʝʥʘ ʠʣʠ ʨʘʩʧʝʯʘʪʘʥʘ ʢʦʥʢʨʝʪʥʘʷ ʵʣʝʢʪʨʦʥʥʘʷ 
ʢʥʠʛʘ ʠ ʢʪʦ ʢ ʥʝʡ ʦʙʨʘʱʘʣʩʷ. 

ɼʣʷ ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʧʨʘʚʦʦʪʥʦʰʝʥʠʡ ʚ ʦʙʣʘʩʪʠ ʘʚʪʦʨʩʢʦʛʦ ʧʨʘʚʘ ʚ ʥʘʰʝʡ 
ʩʪʨʘʥʝ ʚ ʦʩʥʦʚʥʦʤ ʨʘʟʨʘʙʦʪʘʥʘ ʥʦʨʤʘʪʠʚʥʦ-ʧʨʘʚʦʚʘʷ ʙʘʟʘ [2]. ʇʦʩʢʦʣʴʢʫ DRM ʤʘʣʦʵʬʬʝʢʪʠʚʥʳ 

ʩʘʤʠ ʧʦ ʩʝʙʝ, ʜʣʷ ʥʠʭ ʫʩʪʘʥʦʚʣʝʥʘ ʧʨʘʚʦʚʘʷ ʟʘʱʠʪʘ, ʢʦʪʦʨʘʷ ʟʘʢʨʝʧʣʝʥʘ ʚ ʩʪʘʪʴʝ 1299 ɻʂ ʈʌ [3]. 
ɺ ʙʦʣʴʰʠʥʩʪʚʝ ʩʦʚʨʝʤʝʥʥʳʭ ʩʠʩʪʝʤ DRM ʧʨʠʤʝʥʷʶʪʩʷ ʢʨʠʧʪʦʩʪʦʡʢʠʝ ʘʣʛʦʨʠʪʤʳ ʟʘʱʠʪʳ, ʥʦ ʵʪʠ 

ʤʝʪʦʜʳ ʥʝ ʤʦʛʫʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ ʧʦʣʥʦʮʝʥʥʦ, ʧʦʩʢʦʣʴʢʫ ʦʩʥʦʚʘʥʳ ʥʘ ʧʨʝʜʧʦʣʦʞʝʥʠʠ, ʯʪʦʙʳ ʧʦʣʫ-
ʯʠʪʴ ʜʦʩʪʫʧ ʢ ʟʘʰʠʬʨʦʚʘʥʥʦʡ ʠʥʬʦʨʤʘʮʠʠ ï ʥʝʦʙʭʦʜʠʤ ʩʝʢʨʝʪʥʳʡ ʢʣʶʯ. ʊʠʧʠʯʥʦʡ ʷʚʣʷʝʪʩʷ ʩʠʪʫʘʮʠʷ 
ʩ ʦʛʨʘʥʠʯʝʥʠʝʤ ʧʨʘʚʘ ʥʘ ʧʨʦʩʤʦʪʨ ʪʦʣʴʢʦ ʧʨʘʚʦʤʝʨʥʳʤ ʦʙʣʘʜʘʪʝʣʝʤ ʢʦʧʠʠ.  ɼʣʷ ʚʦʩʧʨʦʠʟʚʝʜʝʥʠʷ 
ʢʦʧʠʷ ʜʦʣʞʥʘ ʠʤʝʪʴ ʠ ʟʘʰʠʬʨʦʚʘʥʥʫʶ ʠʥʬʦʨʤʘʮʠʶ, ʘ ʪʘʢʞʝ ʢʣʶʯ ʢ ʥʝʡ, ʯʪʦ ʜʝʣʘʝʪ ʦʛʨʘʥʠʯʝʥʠʷ ʧʨʘʚ 
ʙʝʩʧʦʣʝʟʥʳʤ. ʇʦʵʪʦʤʫ ʩʠʩʪʝʤʳ DRM ʩʪʘʨʘʶʪʩʷ ʩʢʨʳʪʴ ʦʪ ʧʦʣʴʟʦʚʘʪʝʣʷ ʠʩʧʦʣʴʟʫʝʤʳʡ ʢʣʶʯ ʰʠʬʨʦ-
ʚʘʥʠʷ (ʚ ʪʦʤ ʯʠʩʣʝ ʠʩʧʦʣʴʟʫʷ ʘʧʧʘʨʘʪʥʳʝ ʩʧʦʩʦʙʳ). 

ʈʘʟʨʝʰʠʪʴ ʚʦʩʧʨʦʠʟʚʝʜʝʥʠʝ ʠ ʚ ʪʦ ʞʝ ʚʨʝʤʷ ʥʝ ʜʦʧʫʩʪʠʪʴ ʢʦʧʠʨʦʚʘʥʠʝ ï ʵʪʦ ʦʯʝʥʴ ʩʣʦʞʥʘʷ ʟʘ-
ʜʘʯʘ. ɽʩʣʠ ʚʦʟʤʦʞʥʦ ʚʦʩʧʨʦʠʟʚʝʜʝʥʠʝ (ʚʢʣʶʯʘʷ ʧʨʦʤʝʞʫʪʦʯʥʳʡ ʵʪʘʧ ʯʪʝʥʠʷ ʠʥʬʦʨʤʘʮʠʠ), ʚʦʟʤʦʞʥʦ 
ʪʘʢʞʝ ʠ ʝʝ ʧʦʩʣʝʜʫʶʱʝʝ ʢʦʧʠʨʦʚʘʥʠʝ. ʆʜʥʘʢʦ ʪʘʢʘʷ ʪʝʭʥʠʯʝʩʢʘʷ ʟʘʱʠʪʘ ʦʪ ʢʦʧʠʨʦʚʘʥʠʷ ʧʨʠ ʨʘʟʨʝ-
ʰʝʥʥʦʤ ʚʦʩʧʨʦʠʟʚʝʜʝʥʠʠ ʤʦʞʝʪ ʙʳʪʴ ʜʦʩʪʠʛʥʫʪʘ, ʝʩʣʠ ʚʩʝ ʫʩʪʨʦʡʩʪʚʦ ʥʘʭʦʜʠʪʩʷ ʮʝʣʠʢʦʤ ʧʦʜ ʢʦʥʪʨʦ-
ʣʝʤ ʧʨʘʚʦʦʙʣʘʜʘʪʝʣʷ. 

ɼʣʷ ʦʧʨʝʜʝʣʸʥʥʳʭ ʚʠʜʦʚ ʠʥʬʦʨʤʘʮʠʠ ʟʘʜʘʯʘ ʧʦʣʥʦʡ ʟʘʱʠʪʳ ʦʪ ʢʦʧʠʨʦʚʘʥʠʷ ʥʝʨʘʟʨʝʰʠʤʘ. ʕʪʦ 
ʩʚʷʟʘʥʦ ʩ ʧʨʦʙʣʝʤʦʡ çʘʥʘʣʦʛʦʚʦʡ ʙʨʝʰʠè. ʊʘʢ ʥʘʟʳʚʘʝʪʩʷ ʫʷʟʚʠʤʦʩʪʴ ʣʶʙʳʭ ʤʝʪʦʜʦʚ ʟʘʱʠʪʳ ʦʪ ʥʝ-
ʩʘʥʢʮʠʦʥʠʨʦʚʘʥʥʦʛʦ ʢʦʧʠʨʦʚʘʥʠʷ ʮʠʬʨʦʚʳʭ ʜʘʥʥʳʭ, ʝʩʣʠ ʠʤʝʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴ ʢʦʧʠʨʦʚʘʥʠʷ ʵʪʠʭ 
ʜʘʥʥʳʭ ʚ ʘʥʘʣʦʛʦʚʦʡ ʬʦʨʤʝ. ʇʨʠ ʪʦʤ ʫʩʣʦʚʠʠ, ʯʪʦ ʜʘʥʥʳʝ ʜʦʩʪʫʧʥʳ ʜʣʷ ʚʦʩʧʨʠʷʪʠʷ ʯʝʣʦʚʝʢʦʤ. 
ʅʘʧʨʠʤʝʨ, ʝʩʣʠ ʤʫʟʳʢʘ ʧʨʦʩʣʫʰʠʚʘʝʪʩʷ ʩʣʫʭʦʚʦʡ ʩʠʩʪʝʤʦʡ ʯʝʣʦʚʝʢʘ, ʪʦ ʝʸ ʤʦʞʥʦ ʟʘʧʠʩʘʪʴ ʤʠʢʨʦʬʦ-
ʥʦʤ [4]. 

ʇʨʠʤʝʨ çʘʥʘʣʦʛʦʚʦʡ ʙʨʝʰʠè ʥʘʙʣʶʜʘʝʪʩʷ ʚ ʩʝʨʚʠʩʘʭ ʦʥʣʘʡʥ-ʢʠʥʦʪʝʘʪʨʦʚ. ɺ ʯʘʩʪʥʦʩʪʠ, ʥʘ ʩʘʡʪʝ 
lordfilm.html. 

ʇʨʠ ʧʨʦʩʤʦʪʨʝ ʬʠʣʴʤʘ ʚ ʜʘʥʥʦʤ ʢʠʥʦʪʝʘʪʨʝ ʥʝʣʴʟʷ ʩʢʦʧʠʨʦʚʘʪʴ ʛʨʘʬʠʯʝʩʢʫʶ ʠʥʬʦʨʤʘʮʠʶ, ʪʦ 
ʝʩʪʴ ʚʠʜʝʦ. ʇʨʠ ʧʦʧʳʪʢʝ ʩʜʝʣʘʪʴ ʩʢʨʠʥʰʦʪ ʵʢʨʘʥʘ ʙʳʣʦ ʟʘʤʝʯʝʥʦ, ʯʪʦ ʠʟʦʙʨʘʞʝʥʠʝ ʧʨʦʧʘʜʘʝʪ (ʨʠʩʫ-
ʥʦʢ 1). ɸʫʜʠʦʜʦʨʦʞʢʘ ʬʠʣʴʤʘ ʧʨʦʜʦʣʞʘʣʘ ʚʦʩʧʨʦʠʟʚʦʜʠʪʩʷ. ʕʪʦ ʟʥʘʯʠʪ, ʯʪʦ ʝʸ ʤʦʞʥʦ ʟʘʧʠʩʘʪʴ ʥʘ 
ʤʠʢʨʦʬʦʥ ʠ ʪʝʤ ʩʘʤʳʤ ʧʨʦʠʟʚʝʩʪʠ ʥʝʩʘʥʢʮʠʦʥʠʨʦʚʘʥʥʦʝ ʢʦʧʠʨʦʚʘʥʠʝ. 

 

 
ʉʡʪ. 1. ʊʣʩʡʦʱʧʫ ʶʣʩʙʦʙ ʦʧʬʫʚʬʣʙ ʪ ʧʦʤʙʢʦ-ʣʡʦʧʫʞʙʫʩʧʥ 

 
ʂʦʛʜʘ ʬʠʣʴʤ ʥʘʭʦʜʠʪʩʷ ʥʘ ʧʘʫʟʝ, ʧʨʠ ʧʦʧʳʪʢʝ ʩʜʝʣʘʪʴ ʩʢʨʠʥʰʦʪ ï ʠʟʦʙʨʘʞʝʥʠʝ ʧʨʦʧʘʜʘʝʪ. ɽʩʣʠ 

ʬʠʣʴʤ ʧʨʦʩʪʦ ʩʪʦʠʪ ʥʘ ʧʘʫʟʝ, ʪʦ ʠʟʦʙʨʘʞʝʥʠʝ ʦʩʪʘʝʪʩʷ ʚʠʜʠʤʳʤ (ʨʠʩʫʥʦʢ 2).  
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XVI ȋȄȅȃȒȌǿȏȍȃȌǿȞ ȌǿȒȖȌȍ-ȎȏǿȉȑȇȖȄȐȉǿȞ ȉȍȌȓȄȏȄȌȕȇȞ  z ǫǵǬǰ ©Ǭǟǲǩǟ ǧ ǮǯǭǰǡǤǸǤǬǧǤ¹ 

 
ʉʡʪ. 2. ʍʧʫʧʜʩʙʭʡʸ ʶʣʩʙʦʙ ʦʧʬʫʚʬʣʙ ʪ ʧʦʤʙʢʦ-ʣʡʦʧʫʞʙʫʩʧʥ 

 
ɺ ʭʦʜʝ ʧʨʦʚʦʜʠʤʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʙʳʣʦ ʚʳʷʩʥʝʥʦ, ʯʪʦ ʚ ʪʝʭʥʦʣʦʛʠʠ DRM ʥʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ 

çʘʥʘʣʦʛʦʚʳʭ ʙʨʝʰʝʡè ʧʨʝʜʦʩʪʘʪʦʯʥʦ. ʕʪʦ ʩʚʷʟʘʥʦ ʩ ʪʝʤ, ʯʪʦ ʦʪʢʣʶʯʝʥʠʝ ʘʥʘʣʦʛʦʚʦʛʦ ʚʳʚʦʜʘ ʚ ʧʨʠʥ-
ʮʠʧʝ ʥʝ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʚʦʟʤʦʞʥʳʤ, ʧʦʩʢʦʣʴʢʫ ʯʝʨʝʟ ʥʝʛʦ ʢʦʥʪʝʥʪ ʧʦʜʘʸʪʩʷ ʥʘ ʦʨʛʘʥʳ ʯʫʚʩʪʚ ʯʝʣʦʚʝ-
ʢʘ. ʇʦʵʪʦʤʫ ʘʢʪʫʘʣʴʥʳʤ ʷʚʣʷʝʪʩʷ ʨʘʟʨʘʙʦʪʢʘ ʫʪʠʣʠʪʳ ʜʣʷ ʟʘʱʠʪʳ ʚʠʜʝʦ ʠ ʘʫʜʠʦʠʥʬʦʨʤʘʮʠʠ ʧʨʠ ʚʦʩ-
ʧʨʦʠʟʚʝʜʝʥʠʠ, ʯʪʦ ʙʫʜʝʪ ʨʝʘʣʠʟʦʚʘʥʦ ʚ ʜʘʣʴʥʝʡʰʝʡ ʨʘʙʦʪʝ.  
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