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ʉʝʤʽʥʘʨ: Modern information and telecommunication trends (ʩʧʽʣʢʫʚʘʥʥʷ ʚʠʢʣʶʯʥʦ  
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ʨ. ʪʝʣ/ʬʘʢʩ. (044)204-98-21. E-mail: conf@its.kpi.ua 
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ɻʃʆɹɸ ʃ.ʉ. - ʜ.ʪ.ʥ., ʧʨʦʬ.,  ʂʇɯ ʽʤ. ɯʛʦʨʷ ʉʽʢʦʨʩʴʢʦʛʦ, ʂʠʾʚ; 

ɻʋɼʀʄɽʅʂʆ ɯ.ɸ. -  Dr.-Eng. at T-Systems MSC, ɼʨʝʟʜʝʥ, ʅʽʤʝʯʯʠʥʘ; 

ɾʋʂ ʉ.ʗ. - ʜ.ʪ.ʥ., ʧʨʦʬ., ʂʇɯ ʽʤ. ɯʛʦʨʷ ʉʽʢʦʨʩʴʢʦʛʦ, ʂʠʾʚ; 
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ʽʤ. ɯʛʦʨʷ ʉʽʢʦʨʩʴʢʦʛʦ; 

ʃɯʉʆɺʉʔʂʀʁ ʂ.ʉ.ï ʚ.ʦ. ʛʦʣʦʚʠ ʩʪʫʜʝʥʪʩʴʢʦʾ ʨʘʜʠ ʅʅ ɯʊʉ ʂʇɯ ʽʤ. ɯʛʦʨʷ 

ʉʽʢʦʨʩʴʢʦʛʦ. 

ɼʦʧʦʚʽʜʘʯʽ: 
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ʇʨʠʚʽʪʘʥʥʷ 

 

ɽʃɽʂʊʈʆʅʅɯ ʂʆʄʋʅɯʂɸʎɯɰ ï ɹɸɿʀʉ ʎʀʌʈʆɺʆɰ 

ʊʈɸʅʉʌʆʈʄɸʎɯɰ ʉʋʉʇɯʃʔʉʊɺɸ 

 

ɺʩʪʫʧʥʝ ʩʣʦʚʦ  

ʥʘ XVI ʱʦʨʽʯʥʽʡ ʄʽʞʥʘʨʦʜʥʽʡ ʥʘʫʢʦʚʦ-ʪʝʭʥʽʯʥʽʡ  ʢʦʥʬʝʨʝʥʮʽʾ  

çʇʝʨʩʧʝʢʪʠʚʠ ʪʝʣʝʢʦʤʫʥʽʢʘʮʽʡè 

12 ʢʚʽʪʥʷ 2022 ʨ. 

 

ʐʘʥʦʚʥʽ ʫʯʘʩʥʠʢʠ ʢʦʥʬʝʨʝʥʮʽʾ!  

ʅʘʰʘ ʢʦʥʬʝʨʝʥʮʽʷ ʧʨʦʭʦʜʠʪʴ ʚ ʫʤʦʚʘʭ ʚʦʻʥʥʦʛʦ ʩʪʘʥʫ ʯʝʨʝʟ 

ʥʝʚʠʧʨʘʚʜʘʥʫ ʚʽʡʥʫ, ʥʘʚ'ʷʟʘʥʫ ʥʘʤ ʨʦʩʽʡʩʴʢʠʤ ʘʛʨʝʩʦʨʦʤ. 

ɺʽʡʥʘ ʦʙôʻʜʥʘʣʘ ʋʢʨʘʾʥʫ, ʦʙôʻʜʥʘʣʘ ʥʘʨʦʜ ʽʟ ʚʣʘʜʦʶ, ʦʙôʻʜʥʘʣʘ ʋʢʨʘʾʥʫ 

ʟ ɭʚʨʦʧʝʡʩʴʢʠʤ ʩʦʶʟʦʤ  ʽ ʜʝʤʦʢʨʘʪʠʯʥʠʡ ʩʚʽʪ, ʷʢʠʡ ʧʦʧʨʠ ʚʩʝ ʧʽʜʪʨʠʤʫʻ 

ʋʢʨʘʾʥʫ. 

ʋʢʨʘʾʥʘ ʧʦʚʝʨʪʘʻʪʴʩʷ ʜʦ ʨʦʙʦʪʠ. ɺ ʟʘʢʣʘʜʘʭ ʦʩʚʽʪʠ ʚʞʝ ʟʜʽʡʩʥʶʻʪʴʩʷ 

ʥʘʚʯʘʣʴʥʠʡ ʧʨʦʮʝʩ. 

ɺʽʜ ʽʤʝʥʽ ʢʝʨʽʚʥʠʮʪʚʘ ʅʘʮʽʦʥʘʣʴʥʦʛʦ ʪʝʭʥʽʯʥʦʛʦ ʫʥʽʚʝʨʩʠʪʝʪʫ çʂʇɯ ʽʤ. 

ɯʛʦʨʷ ʉʽʢʦʨʩʴʢʦʛʦè ʪʘ ʅʘʚʯʘʣʴʥʦ-ʥʘʫʢʦʚʦʛʦ ʽʥʩʪʠʪʫʪʫ ʪʝʣʝʢʦʤʫʥʽʢʘʮʽʡʥʠʭ 

ʩʠʩʪʝʤ ʚʽʪʘʶ ɺʘʩ ʽʟ ʧʦʯʘʪʢʦʤ ʨʦʙʦʪʠ ʥʘʰʦʾ ʢʦʥʬʝʨʝʥʮʽʾ! 

 ɿʘ ʩʚʦʾʤ ʟʤʽʩʪʦʤ ʽ ʥʘʫʢʦʚʦ-ʪʝʭʥʽʯʥʦʶ ʩʧʨʷʤʦʚʘʥʽʩʪʶ ʢʦʥʬʝʨʝʥʮʽʷ 

çʇʝʨʩʧʝʢʪʠʚʠ ʪʝʣʝʢʦʤʫʥʽʢʘʮʽʡè ʚʽʜʧʦʚʽʜʘʻ ʩʫʯʘʩʥʠʤ ʚʠʤʦʛʘʤ ʜʦ ʨʦʟʚʠʪʢʫ 

ʮʠʬʨʦʚʦʾ  ʪʨʘʥʩʬʦʨʤʘʮʽʾ ʪʘ ʽʥʬʦʨʤʘʪʠʟʘʮʽʾ ʩʫʩʧʽʣʴʩʪʚʘ, ʽʥʪʝʥʩʠʚʥʦʤʫ 

ʧʦʰʠʨʝʥʥʶ ʽʥʜʫʩʪʨʽʾ 4.0,  ʷʢʽ ʻ ʟʘʛʘʣʴʥʦʩʚʽʪʦʚʠʤʠ ʪʨʝʥʜʘʤʠ ʚ ʜʽʷʣʴʥʦʩʪʽ 

ʧʨʘʢʪʠʯʥʦ ʫʩʽʭ ʨʦʟʚʠʥʝʥʠʭ ʢʨʘʾʥ. ɹʘʟʦʚʠʤʠ ʥʘʧʨʷʤʘʤʠ ʮʠʭ ʧʨʦʮʝʩʽʚ ʻ 

ʧʨʦʨʠʚʥʽ ʽʥʥʦʚʘʮʽʾ ʟ ʨʦʟʚʠʪʢʫ ʪʝʭʥʦʣʦʛʽʡ ʽʥʪʝʨʥʝʪʫ ʨʝʯʝʡ ʪʘ ʰʪʫʯʥʦʛʦ 

ʽʥʪʝʣʝʢʪʫ, ʘʥʘʣʽʟʫ ɺʝʣʠʢʠʭ ɼʘʥʠʭ, ʩʪʚʦʨʝʥʥʷ ʪʘ ʟʘʧʨʦʚʘʜʞʝʥʥʷ 

ʚʠʩʦʢʦʰʚʠʜʢʽʩʥʠʭ ʪʝʣʝʢʦʤʫʥʽʢʘʮʽʡʥʠʭ ʽʥʬʨʘʩʪʨʫʢʪʫʨ.  

ʂʦʥʢʨʝʪʥʠʤʠ ʧʨʠʢʣʘʜʘʤʠ ʤʽʞʥʘʨʦʜʥʦʛʦ ʟʥʘʯʝʥʥʷ ʮʠʭ ʪʨʝʥʜʽʚ ʻ 

ʚʠʢʦʥʘʥʥʷ ʚ ʂʇɯ ʽʤ. ɯʛʦʨʷ ʉʽʢʦʨʩʴʢʦʛʦ ʚʘʛʦʤʦʛʦ ʤʽʞʥʘʨʦʜʥʦʛʦ ʧʨʦʝʢʪʫ ʟʽ 

ʩʪʚʦʨʝʥʥʷ ʅʽʤʝʮʴʢʦ-ʋʢʨʘʾʥʩʴʢʦʛʦ Center of Excellence for Al-aided Big Data 

Analysis and Transport Infrastructures ʟʘ ʢʦʰʪʠ ʄʽʥʽʩʪʝʨʩʪʚʘ ʦʩʚʽʪʠ ʽ ʥʘʫʢʠ 

ʅʽʤʝʯʯʠʥʠ. 

 ʊʘʢʦʞ, ʪʝʭʥʽʯʥʘ ʤʦʞʣʠʚʽʩʪʴ ʧʨʦʚʝʜʝʥʥʷ ʥʘʰʦʾ ʢʦʥʬʝʨʝʥʮʽʾ ʚ on-line 

ʬʦʨʤʘʪʽ ʻ ʭʦʨʦʰʦʶ ʽʣʶʩʪʨʘʮʽʻʶ ʧʨʘʢʪʠʯʥʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʩʫʯʘʩʥʠʭ 

ʽʥʬʦʨʤʘʮʽʡʥʦ-ʪʝʣʝʢʦʤʫʥʽʢʘʮʽʡʥʠʭ ʪʝʭʥʦʣʦʛʽʡ, ʷʢʽ ʩʪʚʦʨʝʥʽ ʥʘ ʧʦʪʨʝʙʠ ʞʠʪʪʷ 

ʪʘ ʩʪʘʣʠ ʥʘʫʢʦʚʦ-ʪʝʭʥʽʯʥʠʤ ʙʘʟʠʩʦʤ ʚʩʝʦʩʷʞʥʦʾ ʜʠʩʪʘʥʮʽʡʥʦʾ ʜʽʷʣʴʥʦʩʪʽ 

ʣʶʜʝʡ ʧʣʘʥʝʪʠ ɿʝʤʣʷ ʫʧʨʦʜʦʚʞ ʦʩʪʘʥʥʽʭ ʜʚʦʭ ʨʦʢʽʚ ʟʘ ʫʤʦʚ ʢʦʨʦʥʘʚʽʨʫʩʥʠʭ 
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ʦʙʤʝʞʝʥʴ ʽ ʦʩʦʙʣʠʚʦ ʩʴʦʛʦʜʥʽ ʚ ʋʢʨʘʾʥʽ ʟʘ ʫʤʦʚ ʚʦʻʥʥʦʛʦ ʩʪʘʥʫ. ʊʫʪ 

ʚʘʞʣʠʚʠʤ ʻ ʪʘʢʠʡ ʧʨʠʢʣʘʜ. ɿ ʧʦʯʘʪʢʦʤ ʚʽʡʥʠ ʚ ʋʢʨʘʾʥʽ ʯʠʤʘʣʦ ʙʘʛʘʪʠʭ ʪʘ 

ʩʠʣʴʥʠʭ ʣʶʜʝʡ ʟ ʫʩʴʦʛʦ ʩʚʽʪʫ ʧʽʜʢʣʶʯʠʣʦʩʷ ʜʦ ʜʦʧʦʤʦʛʠ ʥʘʰʽʡ ʢʨʘʾʥʽ. 

ʇʨʠʻʜʥʘʚʩʷ ʜʦ ʚʩʝʩʚʽʪʥʴʦʾ ʛʫʤʘʥʽʪʘʨʥʦʾ ʤʽʩʽʾ ʚʠʥʘʭʽʜʥʠʢ ʪʘ ʥʘʡʙʘʛʘʪʰʠʡ 

ʙʽʟʥʝʩʤʝʥ ʧʣʘʥʝʪʠ ɯʣʦʥ ʄʘʩʢ.  

 ʋ ʚʽʜʧʦʚʽʜʴ ʥʘ ʧʨʦʭʘʥʥʷ ʤʽʥʽʩʪʨʘ 

ʮʠʬʨʦʚʦʾ ʪʨʘʥʩʬʦʨʤʘʮʽʾ ʋʢʨʘʾʥʠ ʄʠʭʘʡʣʘ 

ʌʝʜʦʨʦʚʘ ʚʽʜ 26 ʣʶʪʦʛʦ ɯʣʦʥ ʄʘʩʢ 

ʧʦʚʽʜʦʤʠʚ ʧʨʦ ʚʢʣʶʯʝʥʥʷ ʩʝʨʚʽʩʫ Stʘrlink 

ʥʘ ʪʝʨʠʪʦʨʽʾ ʋʢʨʘʾʥʠ. ɯ ʚʞʝ 28 ʣʶʪʦʛʦ 

ʧʝʨʰʽ ʢʦʤʧʣʝʢʪʠ ʦʙʣʘʜʥʘʥʥʷ ʜʣʷ 

ʧʽʜʢʣʶʯʝʥʥʷ ʜʦ ʩʝʨʚʽʩʫ ʚʽʜ ʢʦʤʧʘʥʽʾ ɯʣʦʥʘ 

ʄʘʩʢʘ ʥʘʜʽʡʰʣʠ ʚ ʋʢʨʘʾʥʫ. ʋʧʨʦʜʦʚʞ ʥʘʩʪʫʧʥʦʛʦ ʤʽʩʷʮʷ SpaceX ʚʽʜʧʨʘʚʠʣʠ 

ʚ ʋʢʨʘʾʥʫ  ʪʠʩʷʯʽ ʢʦʤʧʣʝʢʪʽʚ ʦʙʣʘʜʥʘʥʥʷ ʜʣʷ ʧʽʜʢʣʶʯʝʥʥʷ ʜʦ ʩʫʧʫʪʥʠʢʦʚʦʛʦ 

ʽʥʪʝʨʥʝʪʫ Stʘrlink. ʋʥʽʢʘʣʴʥʦʶ ʩʪʘʣʘ ʜʠʥʘʤʽʢʘ ʟʘʚʘʥʪʘʞʝʥʴ Stʘrlink ʚ 

ʋʢʨʘʾʥʽ. ɿʘ ʩʣʦʚʘʤʠ ʛʦʣʦʚʠ ʄʽʥʮʠʬʨʠ ʄʠʭʘʡʣʘ ʌʝʜʦʨʦʚʘ, ʟʘ ʦʩʪʘʥʥʽ ʢʽʣʴʢʘ 

ʪʠʞʥʽʚ ʩʘʤʝ ʜʦʜʘʪʦʢ Starlink, ʱʦ ʟʘʙʝʟʧʝʯʫʻ ʢʦʨʠʩʪʫʚʘʯʘʤ ʩʤʘʨʪʬʦʥʽʚ ʜʦʩʪʫʧ 

ʜʦ ʩʫʧʫʪʥʠʢʦʚʦʛʦ ʽʥʪʝʨʥʝʪʫ ʚʽʜ Space-X, ʚʠʷʚʠʚʩʷ ʥʘʡʧʦʧʫʣʷʨʥʽʰʠʤ ʚ 

ʋʢʨʘʾʥʽ. ʋʢʨʘʾʥʮʽ ʡʦʛʦ ʟʘʚʘʥʪʘʞʠʣʠ ʚʞʝ ʧʦʥʘʜ 100 ʪʠʩʷʯ ʨʘʟʽʚ.  ʅʘʧʨʠʢʣʘʜ, 

ʟʘʩʪʦʩʫʥʦʢ ʙʫʣʦ ʟʘʚʘʥʪʘʞʝʥʦ 21 000 ʨʘʟʽʚ ʫ ʥʝʜʽʣʶ, 13 ʙʝʨʝʟʥʷ, ʫ ʚʩʴʦʤʫ ʩʚʽʪʽ 

ʚ ʦʙʦʭ ʤʘʛʘʟʠʥʘʭ App Store ʪʘ Google Play. ʎʝ ʥʘʡʙʽʣʴʰʘ ʢʽʣʴʢʽʩʪʴ 

ʟʘʚʘʥʪʘʞʝʥʴ ʫ ʩʚʽʪʽ ʟʘ ʦʜʠʥ ʜʝʥʴ. ʇʨʠʯʦʤʫ ʙʽʣʴʰʽʩʪʴ ʟ ʥʠʭ ʚʽʜʙʫʚʘʣʠʩʷ ʟ 

ʋʢʨʘʾʥʠ. 

ʉʪʘʥʮʽʾ ʩʫʧʫʪʥʠʢʦʚʦʛʦ ʽʥʪʝʨʥʝʪʫ 

Starlink ʚʞʝ ʧʨʘʮʶʶʪʴ ʚ ʋʢʨʘʾʥʽ, ʱʦʙ 

ʧʽʜʪʨʠʤʘʪʠ ʥʘʣʝʞʥʝ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ 

ʢʨʠʪʠʯʥʦʾ ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ ʪʘ ʧʦʩʣʫʛʠ ʫ 

ʩʬʝʨʽ ʦʭʦʨʦʥʠ ʟʜʦʨʦʚôʷ, ʬʽʥʘʥʩʽʚ ʪʘ 

ʝʥʝʨʛʝʪʠʢʠ.  

ʎʽʢʘʚʦ, ʱʦ  ʷʢ ʟʘʟʥʘʯʠʚ ʫ ʩʚʦʻʤʫ 

Twitter ʩʘʤ ɯʣʦʥ ʄʘʩʢ, ʡʦʛʦ ʢʦʤʧʘʥʽʷ 

SpaceX ʘʢʪʠʚʥʦ ʧʨʘʮʶʻ ʥʘʜ ʪʠʤ, ʱʦʙ ʘʜʘʧʪʫʚʘʪʠ ʩʠʩʪʝʤʫ Starlink ʜʦ 

ʥʠʥʽʰʥʽʭ ʫʤʦʚ ʚ ʋʢʨʘʾʥʽ. ɿʦʢʨʝʤʘ, ʽʥʞʝʥʝʨʠ ʢʦʤʧʘʥʽʾ ʧʨʘʮʶʶʪʴ ʥʘʜ ʪʠʤ, 

ʱʦʙ ʦʙʣʘʜʥʘʥʥʷ Starlink ʩʧʦʞʠʚʘʣʦ ʤʝʥʰʝ ʝʥʝʨʛʽʾ. ʂʨʽʤ ʪʦʛʦ, ʫʚʽʤʢʥʫʣʠ 

ʤʦʙʽʣʴʥʠʡ ʨʦʫʤʽʥʛ, ʱʦʙ ʤʦʞʥʘ ʙʫʣʦ ʧʽʜʪʨʠʤʫʚʘʪʠ ʩʠʛʥʘʣ ʧʽʜ ʯʘʩ ʨʫʭʫ 

ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʟʘʩʦʙʫ.  

ʂʦʤʧʘʥʽʷ ɯʣʦʥʘ ʄʘʩʢʘ SpaceX ʚʚʘʞʘʻ, ʱʦ ʥʘʩʪʘʚ ʯʘʩ ʪʘʢʦʞ ñʜʣʷ 

ʢʘʧʽʪʘʣʴʥʦʛʦ ʨʝʤʦʥʪʫò ʽʥʪʝʨʥʝʪ-ʟʚôʷʟʢʫ ʥʘ ʩʫʯʘʩʥʠʭ ʣʽʪʘʢʘʭ, ʘ ʜʦʧʦʤʦʞʝ ʫ 

ʮʴʦʤʫ ʩʫʧʫʪʥʠʢʦʚʘ ʩʠʩʪʝʤʘ ʽʥʪʝʨʥʝʪʫ Starlink. 
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ʆʩʪʘʥʥʽʤʠ ʜʥʷʤʠ ʩʪʘʣʦ ʚʽʜʦʤʦ, ʱʦ ɯʣʦʥ ʄʘʩʢ ʧʝʨʝʜʘʚ ʢʦʤʧʣʝʢʪʠ 

StarLink ʜʣʷ ʨʝʟʝʨʚʫʚʘʥʥʷ ʢʘʥʘʣʽʚ ʟʚ'ʷʟʢʫ privat24. ʱʦ ʜʦʟʚʦʣʠʪʴ ʟʘ ʫʤʦʚ 

ʚʽʡʥʠ ʩʪʘʙʽʣʽʟʫʚʘʪʠ ʙʘʥʢʽʚʩʴʢʫ ʩʠʩʪʝʤʫ ʋʢʨʘʾʥʠ. 

 ʄʝʜʠʯʥʠʤ ʫʩʪʘʥʦʚʘʤ ʪʘ ʫʩʪʘʥʦʚʘʤ ʫ ʩʬʝʨʽ ʦʭʦʨʦʥʠ ʟʜʦʨʦʚ'ʷ ʋʢʨʘʾʥʠ 

ʧʝʨʝʜʘʥʦ 590 ʩʪʘʥʮʽʡ ʩʫʧʫʪʥʠʢʦʚʦʛʦ ɯʥʪʝʨʥʝʪʫ Starlink ʢʦʤʧʘʥʽʾ SpaceX, ʫ 

ʥʠʭ ʙʫʜʝ ʜʦʩʪʫʧ ʜʦ ʽʥʪʝʨʥʝʪʫ ʚ ʟʦʥʘʭ ʘʢʪʠʚʥʠʭ ʙʦʡʦʚʠʭ ʜʽʡ, ʧʦʚʽʜʦʤʠʣʠ ʚ 

ʄʽʥʽʩʪʝʨʩʪʚʽ ʦʭʦʨʦʥʠ ʟʜʦʨʦʚ'ʷ ʋʢʨʘʾʥʠ. 

 ʉʝʨʝʜ ʽʥʰʠʭ ʜʽʡʩʥʦ ʧʨʦʨʠʚʥʠʭ ʪʝʭʥʦʣʦʛʽʡ ʪʝʣʝʢʦʤʫʥʽʢʘʮʽʡ 

ʦʩʪʘʥʥʴʦʛʦ ʯʘʩʫ ʦʢʨʽʤ ʧʨʦʝʢʪʫ Starlink, ʤʦʞʥʘ ʥʘʟʚʘʪʠ ʣʽʜʝʨʩʴʢʽ ʧʦʟʠʮʽʾ 

ʂʠʪʘʶ ʱʦʜʦ ʧʽʜʢʣʶʯʝʥʥʷ ʜʦ ʤʝʨʝʞ ʤʦʙʽʣʴʥʦʛʦ ʟʚ˼̫ʟʢʫ ʥʦʚʦʛʦ ʧʦʢʦʣʽʥʥʷ 

ʟʘʩʦʙʽʚ 5G.  ɼʦ ʧʦʯʘʪʢʫ ʙʝʨʝʟʥʷ ʚ ʂʠʪʘʾ ʥʘʣʽʯʫʚʘʣʦʩʷ ʙʣʠʟʴʢʦ 1,43 ʤʣʥ 

ʙʘʟʦʚʠʭ ʩʪʘʥʮʽʡ 5G ʪʘ ʧʦʥʘʜ 500 ʤʣʥ 5G-ʢʦʨʠʩʪʫʚʘʯʽʚ. ɿʛʽʜʥʦ ʟ ʦʬʽʮʽʡʥʠʤʠ 

ʧʨʦʛʥʦʟʘʤʠ, ʢʨʘʾʥʘ ʧʣʘʥʫʻ ʟʙʽʣʴʰʠʪʠ ʢʽʣʴʢʽʩʪʴ ʙʘʟʦʚʠʭ ʩʪʘʥʮʽʡ 5G ʮʴʦʛʦ 

ʨʦʢʫ ʜʦ 2 ʤʣʥ. ʆʯʽʢʫʻʪʴʩʷ, ʱʦ ʢʽʣʴʢʽʩʪʴ ʘʙʦʥʝʥʪʽʚ 5G-ʤʝʨʝʞ ʜʦ 2023 ʨʦʢʫ 

ʜʦʩʷʛʥʝ 560 ʤʣʥ, ʚ ʨʝʟʫʣʴʪʘʪʽ ʦʭʦʧʣʝʥʥʷ ʢʦʨʠʩʪʫʚʘʯʽʚ ʤʦʙʽʣʴʥʠʭ ʪʝʣʝʬʦʥʽʚ 

ʤʝʨʝʞʘʤʠ ʥʦʚʦʛʦ ʧʦʢʦʣʽʥʥʷ ʧʝʨʝʚʠʱʠʪʴ 40%.  

ʇʽʚʜʝʥʥʘ ʂʦʨʝʷ ʪʘʢʦʞ  ʜʦʩʷʛʣʘ ʰʚʠʜʢʦʛʦ ʧʨʦʛʨʝʩʫ ʚ ʰʚʠʜʢʦʩʪʽ ʪʘ 

ʧʦʢʨʠʪʪʽ ʤʝʨʝʞʽ 5G, ʦʩʢʽʣʴʢʠ ʙʫʣʘ ʧʝʨʰʦʶ ʢʨʘʾʥʦʶ, ʷʢʘ ʢʦʤʝʨʮʽʘʣʽʟʫʚʘʣʘ 

ʧʦʩʣʫʛʠ 5G ʫ ʢʚʽʪʥʽ 2019 ʨʦʢʫ. ɺ ʥʘʩʪʫʧʥʦʤʫ ʇʽʚʜʝʥʥʘ ʂʦʨʝʷ ʧʨʦʜʦʚʞʫʻ 

ʧʽʜʛʦʪʦʚʢʫ ʜʦ ʟʘʧʨʦʚʘʜʞʝʥʥʷ ʝʨʠ 6G ʟ ʤʝʪʦʶ ʢʦʤʝʨʮʽʘʣʽʟʘʮʽʾ ʮʽʻʾ ʪʝʭʥʦʣʦʛʽʾ 

ʟ 2028 ʧʦ 2030 ʨʽʢ, ʧʣʘʥʫʶʯʠ ʟʘʧʫʩʪʠʪʠ ʢʦʤʝʨʮʽʡʥʫ ʤʝʨʝʞʫ  6G, ʷʢʘ ʙʫʜʝ ʚ 

50 ʨʘʟʽʚ ʰʚʠʜʰʝ, ʥʽʞ ʧʦʪʦʯʥʠʡ ʩʝʨʚʽʩ, ʽ ʨʦʟʰʠʨʠʪʴ ʧʦʢʨʠʪʪʷ ʜʦ 10 ʢʽʣʦʤʝʪʨʽʚ 

ʥʘʜ ʟʝʤʣʝʶ. ɼʦʩʣʽʜʞʝʥʥʷ ʟʽ ʩʪʚʦʨʝʥʥʷ ʟʘʩʦʙʽʚ 6G ʪʝʭʥʦʣʦʛʽʡ ʦʭʦʧʣʶʶʪʴ ʫʞʝ 

ʪʝʨʘʛʝʨʮʦʚʠʡ ʜʽʘʧʘʟʦʥ ʯʘʩʪʦʪ, ʧʨʦ ʱʦ ʤʠ ʩʴʦʛʦʜʥʽ ʧʦʯʫʻʤʦ ʫ ʮʽʢʘʚʦʤʫ 

ʚʠʩʪʫʧʽ ʧʨʦʬʝʩʦʨʘ ʆʙʝʨʭʘʤʤʝʨʘ. 

  ʅʦʚʘʮʽʾ ʚ ʩʬʝʨʽ ɯʂʊ ʚʧʨʦʚʘʜʞʫʶʪʴʩʷ ʽ ʚ ʥʘʰʽʡ ʢʨʘʾʥʽ. ʊʘʢ, 

ʥʘʧʨʠʢʣʘʜ, ʧʨʦʜʦʚʞʫʶʯʠ ʟʘʣʫʯʘʪʠ ʽʥʚʝʩʪʠʮʽʾ ʚ ʘʚʪʦʥʦʤʥʠʡ 5G, Vodafone 

ʩʴʦʛʦʜʥʽ ʦʛʦʣʦʩʠʚ ʧʨʦ ʫʩʧʽʰʥʝ ʣʘʙʦʨʘʪʦʨʥʝ ʚʠʧʨʦʙʫʚʘʥʥʷ, ʧʨʦʚʝʜʝʥʝ ʟ 

Ericsson, ʘʚʪʦʤʘʪʠʟʦʚʘʥʦʛʦ ʩʪʚʦʨʝʥʥʷ ʤʝʨʝʞʝʚʦʛʦ ʬʨʘʛʤʝʥʪʘ, ʥʘʣʘʰʪʦʚʘʥʦʛʦ 

ʜʣʷ ʧʽʜʪʨʠʤʢʠ ʚʽʨʪʫʘʣʴʥʦʾ ʨʝʘʣʴʥʦʩʪʽ ʚ ʨʦʟʜʨʽʙʥʦʤʫ ʩʝʨʝʜʦʚʠʱʽ.  

 ʈʦʟʰʠʨʝʥʥʶ ʟʘʩʪʦʩʫʚʘʥʴ ɯʂʊ ʚ ʋʢʨʘʾʥʽ ʩʧʨʠʷʪʠʤʝ ʪʝ, ʱʦ ʤʽʩʷʮʴ ʪʦʤʫ 

ʇʨʝʟʠʜʝʥʪ ʋʢʨʘʾʥʠ ʧʽʜʧʠʩʘʚ ʟʘʢʦʥ ʧʨʦ ʭʤʘʨʥʽ ʧʦʩʣʫʛʠ. ʊʝʧʝʨ ʜʝʨʞʘʚʥʽ 

ʦʨʛʘʥʠ ʟʤʦʞʫʪʴ ʟʙʝʨʽʛʘʪʠ ʜʘʥʽ ʫ ʭʤʘʨʥʠʭ ʩʝʨʚʽʩʘʭ.  

ɿ ʤʝʪʦʶ ʦʙʨʦʙʢʠ ʜʝʜʘʣʽ ʙʽʣʴʰʠʭ ʦʙʩʷʛʽʚ ʽʥʬʦʨʤʘʮʽʾ, ʦʨʛʘʥʘʤ ʚʣʘʜʠ ʪʘ 

ʤʽʩʮʝʚʦʛʦ ʩʘʤʦʚʨʷʜʫʚʘʥʥʷ ʥʝʦʙʭʽʜʥʦ ʧʝʨʽʦʜʠʯʥʦ ʟʙʽʣʴʰʫʚʘʪʠ ʢʽʣʴʢʽʩʪʴ 

ʦʙʯʠʩʣʶʚʘʣʴʥʠʭ ʪʘ ʣʶʜʩʴʢʠʭ ʨʝʩʫʨʩʽʚ. çʑʦʙ ʦʧʪʠʤʽʟʫʚʘʪʠ ʮʝʡ ʧʨʦʮʝʩ, ʤʠ 

ʧʣʘʥʫʻʤʦ ʧʝʨʝʥʝʩʪʠ ʦʩʥʦʚʥʽ ʜʝʨʞʘʚʥʽ ɯʊ-ʩʝʨʚʽʩʠ ʫ çʭʤʘʨʠè, - ʧʦʽʥʬʦʨʤʫʚʘʣʠ 

ʫ ʤʽʥʽʩʪʝʨʩʪʚʽ ʮʠʬʨʦʚʦʾ ʪʨʘʥʩʬʦʨʤʘʮʽʾ ʋʢʨʘʾʥʠ.  

 ʊʘʢʦʞ ʚʘʞʣʠʚʠʤ ʻ ʪʝ, ʱʦ ʄʽʥʽʩʪʨ ʮʠʬʨʦʚʦʾ ʪʨʘʥʩʬʦʨʤʘʮʽʾ ʄʠʭʘʡʣʦ 

ʌʝʜʦʨʦʚ ʧʽʜʧʠʩʘʚ ʣʠʩʪ, ʫ ʷʢʦʤʫ ʟʘʢʣʠʢʘʚ ʥʝ ʤʦʙʽʣʽʟʫʚʘʪʠ IT-ʬʘʭʽʚʮʽʚ. ɺʽʥ 
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ʚʚʘʞʘʻ, ʱʦ ʘʡʪʽʚʮʷʤ ʚʘʨʪʦ ʟʦʩʝʨʝʜʠʪʠʩʷ ʥʘ ʢʽʙʝʨʚʽʡʥʽ, ʘ ʪʘʢʦʞ 

ʧʨʦʜʦʚʞʫʚʘʪʠ ʧʨʘʮʶʚʘʪʠ ʪʘ ʧʣʘʪʠʪʠ ʧʦʜʘʪʢʠ. 

 ɼʣʷ ʧʦʢʨʘʱʝʥʥʷ ʷʢʦʩʪʽ ʧʽʜʛʦʪʦʚʢʠ ʬʘʭʽʚʮʽʚ ʫ ʩʬʝʨʽ ɯʂʊ ʥʘʰʠʤ 

ɯʥʩʪʠʪʫʪʦʤ ʪʝʣʝʢʦʤʫʥʽʢʘʮʽʡʥʠʭ ʩʠʩʪʝʤ ʟʘʧʨʦʚʘʜʞʝʥʦ ʧʨʦʝʢʪ, ʚ ʨʘʤʢʘʭ ʷʢʦʛʦ 

ʩʪʫʜʝʥʪʠ ʪʘ ʚʠʢʣʘʜʘʯʽ ʚ ʪʝʣʝʛʨʘʤ-ʢʘʥʘʣʽ çʜʝʢʘʥʘʪ ɯʊʉè ʤʘʡʞʝ ʱʦʜʥʷ 

ʦʪʨʠʤʫʶʪʴ ʽʥʬʦʨʤʘʮʽʶ ʧʨʦ ʥʦʚʠʥʠ ʚ ʩʬʝʨʽ ɯʂʊ. ɿʘ ʦʩʪʘʥʥʽʡ ʨʽʢ ʥʘʤʠ 

ʧʦʚʽʜʦʤʣʝʥʦ ʧʨʦ 500
+
 ʥʦʚʠʥ. ʇʨʦ ʮʝʡ ʧʨʦʝʢʪ ʪʘ ʡʦʛʦ ʨʝʟʫʣʴʪʘʪʠ ʙʫʜʝ ʽʪʠ 

ʤʦʚʘ ʥʘ ʥʘʰʽʡ ʢʦʥʬʝʨʝʥʮʽʾ ʫ ʚʠʩʪʫʧʽ ʜʦʮʝʥʪʘ ɯʨʠʥʠ ʂʦʥʦʥʦʚʦʾ.  

ʐʘʥʦʚʥʽ ʂʦʣʝʛʠ! 

 ʅʘʰʘ, ʚʞʝ XVI ʱʦʨʽʯʥʘ ʤʽʞʥʘʨʦʜʥʘ ʥʘʫʢʦʚʦ-ʪʝʭʥʽʯʥʘ ʢʦʥʬʝʨʝʥʮʽʷ 

çʇʝʨʩʧʝʢʪʠʚʠ ʪʝʣʝʢʦʤʫʥʽʢʘʮʽʡ - 22è ʤʘʻ ʥʘ ʤʝʪʽ  ʽʥʬʦʨʤʫʚʘʪʠ ʚʯʝʥʠʭ ʽ 

ʩʫʩʧʽʣʴʩʪʚʦ ʧʨʦ ʥʦʚʽʪʥʽ ʨʝʟʫʣʴʪʘʪʠ ʦʩʪʘʥʥʽʭ ʥʘʫʢʦʚʠʭ ʜʦʩʣʽʜʞʝʥʴ  ʫ ʩʬʝʨʽ 

ʽʥʬʦʨʤʘʮʽʡʥʦ-ʪʝʣʝʢʦʤʫʥʽʢʘʮʽʡʥʠʭ ʪʝʭʥʦʣʦʛʽʡ ʪʘ ʨʘʜʽʦʝʣʝʢʪʨʦʥʽʢʠ. 

 ɺ ʥʠʥʽʰʥʽʭ ʥʝʧʨʦʩʪʠʭ ʫʤʦʚʘʭ ʚʦʻʥʥʦʛʦ ʩʪʘʥʫ ʚ ʋʢʨʘʾʥʽ ʩʝʨʝʜ 

ʟʘʷʚʣʝʥʠʭ ʙʣʠʟʴʢʦ 100 ʧʦʪʝʥʮʽʡʥʠʭ ʫʯʘʩʥʠʢʽʚ ʻ ʥʘʫʢʦʚʮʽ ʽʟ 8 ʢʨʘʾʥ, ʟʦʢʨʝʤʘ  

ʂʠʪʘʶ, ʅʽʤʝʯʯʠʥʠ, ʐʚʝʮʽʾ... ɺʯʝʥʽ ʋʢʨʘʾʥʠ ʧʨʝʜʩʪʘʚʣʷʶʪʴ ʩʬʝʨʫ ʥʘʫʢʠ ʚ 17 

ʧʨʦʚʽʜʥʠʭ ʥʘʫʢʦʚʠʭ ʫʩʪʘʥʦʚʘʭ ʽ ʫʥʽʚʝʨʩʠʪʝʪʘʭ ʂʠʻʚʘ, ʍʘʨʢʦʚʘ, ɾʠʪʦʤʠʨʘ, 

ʃʴʚʦʚʘ. 

 ʇʨʠʡʥʷʪʽ ʜʣʷ ʚʢʣʶʯʝʥʥʷ ʜʦ ʧʨʦʛʨʘʤʠ ʢʦʥʬʝʨʝʥʮʽʾ 62 ʜʦʧʦʚʽʜʝʡ 

ʨʦʟʧʦʜʽʣʝʥʽ ʧʦ ʚʦʩʴʤʠ ʪʝʤʘʪʠʯʥʠʭ ʩʝʢʮʽʷʭ. 

ɿʘʚʪʨʘ ʪʘ ʧʽʩʣʷʟʘʚʪʨʘ ʙʫʜʝ ʧʨʦʚʝʜʝʥʦ ʟʘʩʽʜʘʥʥʷ ʪʝʤʘʪʠʯʥʠʭ ʩʝʢʮʽʡ. 15 

ʢʚʽʪʥʷ ʚʽʜʙʫʜʝʪʴʩʷ ʟʘʢʣʶʯʥʝ ʧʣʝʥʘʨʥʝ ʟʘʩʽʜʘʥʥʷ, ʥʘ ʷʢʦʤʫ ʙʫʜʝ ʦʙʛʦʚʦʨʝʥʦ 

ʧʽʜʩʫʤʢʠ ʧʨʦʚʝʜʝʥʥʷ ʢʦʥʬʝʨʝʥʮʽʾ.  

 ʊʝʟʠ ʜʦʧʦʚʽʜʝʡ, ʷʢʽ ʚʢʣʶʯʝʥʽ ʜʦ ʇʨʦʛʨʘʤʠ ʢʦʥʬʝʨʝʥʮʽʾ, ʩʢʣʘʜʫʪʴ ʟʤʽʩʪ 

ɿʙʽʨʥʠʢʘ ʢʦʥʬʝʨʝʥʮʽʾ. ʎʝʡ ɿʙʽʨʥʠʢ ʪʝʟ ʙʫʜʝ  ʦʧʫʙʣʽʢʦʚʘʥʦ ʚ ʝʣʝʢʪʨʦʥʥʦʤʫ ʪʘ 

ʧʘʧʝʨʦʚʦʤʫ ʚʘʨʽʘʥʪʘʭ. ʇʦʚʥʽ ʪʝʢʩʪʠ ʜʦʧʦʚʽʜʝʡ ʟʘ ʨʝʢʦʤʝʥʜʘʮʽʾ ʟʘʢʣʶʯʥʦʛʦ 

ʟʘʩʽʜʘʥʥʷ ʢʦʥʬʝʨʝʥʮʽʾ ʙʫʜʫʪʴ ʨʝʢʦʤʝʥʜʦʚʘʥʽ ʜʣʷ ʧʫʙʣʽʢʘʮʽʾ ʚ ʤʽʞʥʘʨʦʜʥʦʤʫ 

ʞʫʨʥʘʣʽ ʥʘʫʢʦʚʠʭ ʜʦʩʣʽʜʞʝʥʴ çInformation and Telecommunication Sciencesè 

ʪʘ ʽʥʰʠʭ ʥʘʫʢʦʚʠʭ ʚʠʜʘʥʥʷʭ.  

ʐʘʥʦʚʥʽ ʫʯʘʩʥʠʢʠ ʢʦʥʬʝʨʝʥʮʽʾ! 

 ʄʘʶ ʧʨʠʻʤʥʫ ʤʦʞʣʠʚʽʩʪʴ ʱʠʨʦ ʧʦʜʷʢʫʚʘʪʠ ʫʩʽʤ ʦʩʦʙʘʤ, ʟʘʚʜʷʢʠ 

ʜʽʷʣʴʥʦʩʪʽ ʷʢʠʭ ʩʪʘʣʦ ʤʦʞʣʠʚʠʤ ʧʨʦʚʝʜʝʥʥʷ ʫʞʝ ʍVɯ ʱʦʨʽʯʥʦʾ ʥʘʰʦʾ 

ʢʦʥʬʝʨʝʥʮʽʾ. ʂʦʥʬʝʨʝʥʮʽʷ çʇʝʨʩʧʝʢʪʠʚʠ ʪʝʣʝʢʦʤʫʥʽʢʘʮʽʡè ʟʘʡʤʘʻ ʣʽʜʝʨʩʴʢʽ 

ʧʦʟʠʮʽʾ ʚ ʨʝʡʪʠʥʛʫ ʩʝʨʝʜ ʫʩʽʭ ʧʦʥʘʜ 70 ʥʘʫʢʦʚʠʭ ʢʦʥʬʝʨʝʥʮʽʡ ʂʇɯ ʽʤ. ɯʛʦʨʷ 

ʉʽʢʦʨʩʴʢʦʛʦ. 

ʗ ʜʷʢʫʶ ʫʩʽʤ ʘʚʪʦʨʘʤ ʜʦʧʦʚʽʜʝʡ, ʷʢʽ ʟʥʘʡʰʣʠ ʤʦʞʣʠʚʽʩʪʴ ʨʦʟʧʦʚʽʩʪʠ 

ʧʨʦ ʩʚʦʾ ʥʦʚʽ ʥʘʫʢʦʚʽ ʟʜʦʙʫʪʢʠ ʫ ʬʦʨʤʘʪʽ ʥʘʰʦʾ ʢʦʥʬʝʨʝʥʮʽʾ ʚ ʮʝʡ 

ʥʝʧʨʦʩʪʠʡ ʜʣʷ ʋʢʨʘʾʥʠ ʯʘʩ. 

ʅʘʰʘ ʧʦʚʘʛʘ ʯʣʝʥʘʤ ʦʨʛʘʥʽʟʘʮʽʡʥʦʛʦ ʢʦʤʽʪʝʪʫ ʪʘ ʨʝʮʝʥʟʝʥʪʘʤ, ʷʢʽ 

ʧʨʦʚʝʣʠ ʦʙôʻʢʪʠʚʥʠʡ ʨʦʟʛʣʷʜ ʥʘʜʘʥʠʭ ʜʦʧʦʚʽʜʝʡ.  
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ʑʦʨʽʯʥʘ ʢʦʥʬʝʨʝʥʮʽʷ çʇʝʨʩʧʝʢʪʠʚʠ ʪʝʣʝʢʦʤʫʥʽʢʘʮʽʡè ʧʦʻʜʥʫʻ ʥʘʫʢʦʚʦ-

ʧʨʘʢʪʠʯʥʽ ʽʥʪʝʨʝʩʠ ʧʘʨʪʥʝʨʽʚ ʽ ʧʦʩʪʽʡʥʠʭ ʫʯʘʩʥʠʢʽʚ, ʱʦ ʧʨʝʜʩʪʘʚʣʷʶʪʴ 17 

ʧʨʦʚʽʜʥʠʭ ʫʥʽʚʝʨʩʠʪʝʪʽʚ ʪʘ ʥʘʫʢʦʚʠʭ ʫʩʪʘʥʦʚ, ʟ ʷʢʠʤʠ ʧʦʚôʷʟʘʥʘ ʧʦʚʩʷʢʜʝʥʥʘ 

ʜʽʷʣʴʥʽʩʪʴ ʫʯʝʥʠʭ, ʱʦ ʫʩʧʽʰʥʦ ʧʨʘʮʶʶʪʴ ʫ ʩʬʝʨʽ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʪʝʭʥʦʣʦʛʽʡ ʽ 

ʪʝʣʝʢʦʤʫʥʽʢʘʮʽʡ ʋʢʨʘʾʥʠ. 

ʆʩʦʙʣʠʚʘ ʧʝʨʩʦʥʘʣʴʥʘ ʤʦʷ ʚʜʷʯʥʽʩʪʴ ʟʘ ʫʯʘʩʪʴ ʚ 

ʥʘʰʽʡ ʢʦʥʬʝʨʝʥʮʽʾ ʚʽʜʦʤʦʤʫ ʚ ʩʚʽʪʽ ʚʯʝʥʦʤʫ ʽ ʘʢʪʠʚʥʦʤʫ 

ʦʨʛʘʥʽʟʘʪʦʨʫ ʙʘʛʘʪʴʦʭ ɯɽɽɽ ʢʦʥʬʝʨʝʥʮʽʡ, ʥʘʫʢʦʚʦʤʫ 

ʢʦʦʨʜʠʥʘʪʦʨʫ ʧʨʦʝʢʪʽʚ ʟ ʪʝʨʘʛʝʨʮʦʚʠʭ ʪʝʭʥʦʣʦʛʽʡ, 

ʨʝʜʘʢʪʦʨʫ ʞʫʨʥʘʣʫ IEEE Transactions on Terahertz and 

Technology ʜʦʢʪʦʨʫ ʬʽʣʦʩʦʬʽʾ, ʧʨʦʬʝʩʦʨʫ ʂʦʨʦʣʽʚʩʴʢʦʛʦ 

ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʽʥʩʪʠʪʫʪʫ (ʂʊʅ) ʚ ʉʪʦʢʛʦʣʴʤʽ (ʐʚʝʮʽʷ) 

ɯʦʘʭʽʤʫ ʆʙʝʨʭʘʤʤʝʨʫ. ɿʤʽʩʪʦʚʥʠʡ ʚʠʩʪʫʧ ʧʨʦʬʝʩʦʨʘ 

ʆʙʝʨʭʘʤʤʝʨʘ ʤʠ ʩʴʦʛʦʜʥʽ ʟʘʩʣʫʭʘʻʤʦ ʥʘ ʥʘʰʽʡ 

ʢʦʥʬʝʨʝʥʮʽʾ. 

ʗ ʱʠʨʦ ʚʜʷʯʥʠʡ ʧʨʦʬʝʩʦʨʫ ʆʙʝʨʭʘʤʤʝʨʫ ʟʘ ʪʝ, ʱʦ ʤʽʩʷʮʴ ʪʦʤʫ ʚʽʥ 

ʦʩʦʙʠʩʪʦ ʧʽʜʪʨʠʤʘʚ ʧʨʦʧʦʟʠʮʽʶ ʥʘʰʦʛʦ ɯʥʩʪʠʪʫʪʫ ʱʦʜʦ ʫʯʘʩʪʽ ʫ ʢʦʥʢʫʨʩʽ 

ʨʘʤʦʯʥʠʭ ʛʨʘʥʪʽʚ ʜʦʩʣʽʜʥʠʮʴʢʦʾ ʧʨʦʛʨʘʤʠ ʐʚʝʮʽʾ çʆʙʯʠʩʣʶʚʘʣʴʥʽ ʪʘ 

ʘʧʘʨʘʪʥʽ ʟʘʩʦʙʠ ʜʣʷ ʽʥʬʨʘʩʪʨʫʢʪʫʨ ɯʂʊè. ʎʷ ʧʨʦʛʨʘʤʘ ʩʧʨʷʤʦʚʘʥʘ ʥʘ 

ʟʘʙʝʟʧʝʯʝʥʥʷ ʥʘʩʪʫʧʥʦʛʦ ʧʦʢʦʣʽʥʥʷ ʙʝʟʜʨʦʪʦʚʠʭ ʢʦʤʫʥʽʢʘʮʽʡ (6G), 

ʧʽʜʩʠʣʝʥʥʷ ʦʙʯʠʩʣʶʚʘʣʴʥʦʾ ʧʦʪʫʞʥʦʩʪʽ ʪʘ ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʦʩʪʽ 

ʽʥʬʦʨʤʘʮʽʡʥʦ-ʢʦʤʫʥʽʢʘʮʽʡʥʠʭ ʪʝʭʥʦʣʦʛʽʡ. ɺ ʨʘʤʢʘʭ ʮʽʻʾ ʧʨʦʛʨʘʤʠ ʧʨʦʬʝʩʦʨ 

ʆʙʝʨʭʘʤʝʨ ʻ ʢʝʨʽʚʥʠʢʦʤ ʧʨʦʝʢʪʫ ʟ ʥʦʚʠʭ ʪʝʨʘʛʝʨʮʦʚʠʭ ʪʝʭʥʦʣʦʛʽʡ 

ʙʝʟʜʨʦʪʦʚʦʾ ʧʝʨʝʜʘʯʽ ʜʘʥʠʭ. ɼʦ ʩʢʣʘʜʫ ʚʠʢʦʥʘʚʮʽʚ ʮʴʦʛʦ ʧʨʦʝʢʪʫ ʜʦʣʫʯʝʥʦ 

ʢʘʥʜʠʜʘʪʘ ʪʝʭʥʽʯʥʠʭ ʥʘʫʢ, ʜʦʮʝʥʪʘ ɯʊʉ ʂʇɯ ʽʤ. ɯʛʦʨʷ ʉʽʢʦʨʩʴʢʦʛʦ, 

ʆʣʝʢʩʘʥʜʨʘ ɾʠʚʢʦʚʘ, ʷʢʠʡ ʦʪʨʠʤʘʚ ʚʽʜʧʦʚʽʜʥʠʡ ʛʨʘʥʪ. 

 ɯ ʥʘʩʘʤʢʽʥʝʮʴ ʟ ʧʨʠʻʤʥʽʩʪʶ ʽʥʬʦʨʤʫʶ ʧʨʦ ʪʝ, ʱʦ ʪʠʞʜʝʥʴ ʪʦʤʫ 

ʧʨʦʽʥʜʝʢʩʦʚʘʥʽ ʚ ʙʘʟʽ  Scopus ʧʨʘʮʽ ʧʨʦʚʝʜʝʥʦʾ ʟʘ ʥʘʰʦʾ ʫʯʘʩʪʽ ʚ ʣʠʩʪʦʧʘʜʽ-

ʛʨʫʜʥʽ 2021 ʨʦʢʫ ʥʘ ʙʘʟʽ ʂʇɯ ʽʤ. ɯʛʦʨʷ ʉʽʢʦʨʩʴʢʦʛʦ V ʤʽʞʥʘʨʦʜʥʦʾ ɯɽɽɽ 

ʢʦʥʬʝʨʝʥʮʽʾ çʋʢʨʄʽʂʦè. 

 

ʊʦʞ, ʰʘʥʦʚʥʽ ʢʦʣʝʛʠ, ʙʘʞʘʶ ɺʘʤ ʫʩʧʽʰʥʦʛʦ ʧʨʦʚʝʜʝʥʥʷ ʥʘʰʦʾ 

ʢʦʥʬʝʨʝʥʮʽʾ.  

ɼʷʢʫʶ ʟʘ ʫʚʘʛʫ! 

ɺʩʽʤ ʥʘʤ ʜʦʙʨʘ! ʈʘʟʦʤ ʜʦ ʧʝʨʝʤʦʛʠ! 

ʄʠʭʘʡʣʦ ɯʣʴʯʝʥʢʦ ï ʘʢʘʜʝʤʽʢ ʅɸʅ ʋʢʨʘʾʥʠ 
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ɿ ɻʆʈɼɯʉʊʖ ɿɸ ɻɸʃʋɿʔ ʊɽʃɽʂʆʄʋʅɯʂɸʎɯʁ 

 

ʐʘʥʦʚʥʠʡ ʧʘʥʝ ʩʧʽʚʛʦʣʦʚʘ, 

ʰʘʥʦʚʥʽ ʫʯʘʩʥʠʢʠ  

ʱʠʨʦ ʚʽʪʘʶ ʚʘʩ ʟ ʚʽʜʢʨʠʪʪʷʤ ʪʘ ʧʦʯʘʪʢʦʤ ʨʦʙʦʪʠ ʂʦʥʬʝʨʝʥʮʽʾ! 

 

ʂʦʥʬʝʨʝʥʮʽʷ ʛʦʪʫʚʘʣʘʩʴ ʪʘ ʧʦʯʘʣʘ ʩʚʦʶ ʨʦʙʦʪʫ ʚ ʥʘʜʪʦ ʚʘʞʢʠ ʯʘʩʠ ʜʣʷ 

ʥʘʰʦʾ ʢʨʘʾʥʠ. ɺ ʯʘʩʠ ʟʜʽʡʩʥʝʥʥʷ ʙʝʟʧʽʜʩʪʘʚʥʦʾ ʚʽʡʩʴʢʦʚʦʾ ʘʛʨʝʩʽʾ ʟʽ ʩʪʦʨʦʥʠ 

ʙʝʟʧʨʠʥʮʠʧʥʦʛʦ ʪʘ ʙʝʟʞʘʣʽʩʥʦʛʦ ʚʦʨʦʛʘ ʈʌ, ʷʢʠʡ ʧʽʜʩʪʫʧʥʦ ʪʘ ʟʣʦʯʠʥʥʦ 

ʘʪʘʢʫʻ ʚʩʽʤʘ ʤʦʞʣʠʚʠʤʠ ʟʘʩʦʙʘʤʠ ʮʠʚʽʣʴʥʝ ʥʘʩʝʣʝʥʥʷ ʪʘ ʮʠʚʽʣʴʥʫ 

ʽʥʬʨʘʩʪʨʫʢʪʫʨʫ.  

ɸʣʝ ʩʘʤ ʬʘʢʪ ʧʨʦʚʝʜʝʥʥʷ ʂʦʥʬʝʨʝʥʮʽʾ ʪʘ ʚʘʰʘ ʫʯʘʩʪʴ ʫ ʥʽʡ ï ʮʝ 

ʩʚʽʜʯʝʥʥʷ ʥʘʰʦʾ ʚʽʨʠ ʫ ʇʝʨʝʤʦʛʫ ʪʘ ʧʦʜʘʣʴʰʝ ʚʽʜʥʦʚʣʝʥʥʷ ʥʘʰʦʾ 

ɹʘʪʴʢʽʚʱʠʥʠ. 

ʉʘʤʝ ʪʘʢʘ ʚʽʨʘ ʻ ʨʫʰʽʡʥʦʶ ʩʠʣʦʶ ʩʫʧʨʦʪʠʚʫ ɿʉʋ, ʚʩʴʦʛʦ ʥʘʰʦʛʦ ʥʘʨʦʜʫ 

ʪʘ ʪʝʣʝʢʦʤʫʥʽʢʘʮʽʡʥʦʾ ʩʧʽʣʴʥʦʪʠ.   

ʗ ʻ ʫʯʘʩʥʠʢʦʤ ʨʽʟʥʦʤʘʥʽʪʥʠʭ ʧʘʙʣʽʢʽʚ ʚ ʩʦʮʽʘʣʴʥʠʭ ʤʝʨʝʞʘʭ ï 

ʦʧʝʨʘʪʦʨʽʚ ʪʘ ʧʨʦʚʘʡʜʝʨʽʚ ʪʝʣʝʢʦʤʫʥʽʢʘʮʽʡ, ɯʊ ʪʝʭʥʘʨʽʚ, ɯʊ ʶʨʠʩʪʽʚ, ʽʥʰʠʭ 

ʩʧʽʣʴʥʦʪ ʶʨʠʩʪʽʚ ʨʽʟʥʦʛʦ ʧʨʦʬʽʣʶ. ʅʘʧʨʠʢʣʘʜ, ʥʘʡʙʽʣʴʰʘ ʪʝʣʝʢʦʤʫʥʽʢʘʮʽʡʥʘ 

ʩʧʽʣʴʥʦʪʘ ʦʙôʻʜʥʫʻ ʧʦʥʘʜ 1, 5 ʪʠʩ. ʢʝʨʽʚʥʠʢʽʚ ʪʘ ʬʘʭʽʚʮʽʚ, ʟʘ ʜʦʙʫ ʚ ʥʽʡ ʙʫʚʘʻ 

ʜʦ ʪʠʩʷʯʽ ʧʦʚʽʜʦʤʣʝʥʴ.  

ʉʝʨʝʜ ʪʘʢʠʭ ʧʦʚʽʜʦʤʣʝʥʴ ʜʝʩʴ ʪʠʞʥʽ ʪʨʠ ʪʦʤʫ ʙʫʣʦ ʪʘʢʝ ʧʦʚʽʜʦʤʣʝʥʥʷ 

ʦʜʥʦʛʦ ʟ ʧʨʦʚʘʡʜʝʨʽʚ: çʅʝʦʙʭʽʜʥʦ ʚʽʜʥʦʚʠʪʠ ʟʚôʷʟʦʢ ʤʽʞ ʪʦʯʢʦʶ ɸ ʪʘ ʪʦʯʢʦʶ 

ɹ. ʇʨʦʰʫ ʪʠʭ, ʭʪʦ ʤʦʞʝ ʜʦʧʦʤʦʛʪʠ ʮʝ ʟʨʦʙʠʪʠ ʟʘ ʨʘʭʫʥʦʢ ʩʚʦʾʭ ʤʝʨʝʞ ʥʘʜʘʪʠ 

ʫʤʦʚʠ ʜʣʷ ʜʦʤʦʚʣʝʥʦʩʪʝʡ ʱʦʜʦ ʧʨʦʚʝʜʝʥʥʷ ʨʦʙʽʪè. ʏʝʨʝʟ 4! ʭʚʠʣʠʥʠ ï 

ʚʽʜʧʦʚʽʜʴ-ʧʦʚʽʜʦʤʣʝʥʥʷ ʽʥʰʦʛʦ ʧʨʦʚʘʡʜʝʨʘ çɺʟʷʚ ʜʦ ʨʦʙʦʪʠ, ʪʝʭʥʽʯʥʽ 

ʧʦʜʨʦʙʠʮʽ ʥʘʜʽʩʣʘʚ ʫ ʧʨʠʚʘʪè.  

ʉʘʤʝ ʪʘʢ ʩʴʦʛʦʜʥʽ ʧʨʘʮʶʶʪʴ ʫʢʨʘʾʥʩʴʢʽ ʪʝʣʝʢʦʤʫʥʽʢʘʮʽʾ. ʇʨʘʮʶʶʪʴ ʙʝʟ 

ʝʢʦʥʦʤʽʯʥʦʾ ʢʦʥʢʫʨʝʥʮʽʾ, ʘʣʝ ʟ ʢʦʥʢʫʨʝʥʮʽʶ ʜʦʧʦʤʦʛʠ ʢʦʞʥʠʡ ʢʦʞʥʦʤʫ.   

ʊʘʢʘ ʩʠʪʫʘʮʽʷ ʻ ʪʠʧʦʚʦʶ ʽ ʮʝ ʻ ʧʨʝʜʤʝʪʦʤ ʛʦʨʜʦʩʪʽ ʟʘ ʥʘʰʫ ʛʘʣʫʟʴ. 
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ɸʣʝ ʞ ʤʠ ʟ ʚʘʤʠ ʥʘ ʂʦʥʬʝʨʝʥʮʽʾ ʽ ʤʝʥʽ ʪʨʝʙʘ ʱʦʩʴ ʩʢʘʟʘʪʠ ʧʨʦ ʥʘʫʢʦʚʽ 

ʜʦʩʣʽʜʞʝʥʥʷ. 

ʊʝʤʘʪʠʢʘ ʥʘʫʢʦʚʠʭ ʜʦʩʣʽʜʞʝʥʴ, ʨʝʟʫʣʴʪʘʪʠ ʷʢʠʭ ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʜʦ 

ʨʦʟʛʣʷʜʫ ʥʘ ʂʦʥʬʝʨʝʥʮʽʾ, ʻ ʘʢʪʫʘʣʴʥʦʶ ʪʘ ʢʦʨʠʩʥʦʶ ʜʣʷ ʛʘʣʫʟʽ. ɸʣʝ ʚʞʝ 

ʥʘʩʪʘʚ ʯʘʩ ʧʦʤʽʨʢʫʚʘʪʠ ʧʨʦ ʜʦʜʘʪʢʦʚʽ ʪʝʤʠ, ʷʢʽ ʥʘʤ ʜʠʢʪʫʻ ʩʴʦʛʦʜʝʥʥʷ.  

ʄʠ ʤʘʻʤʦ ʨʦʟʫʤʽʪʠ, ʱʦ ʟʘ ʦʩʪʘʥʥʽ ʤʘʡʞʝ ʜʚʘ ʤʽʩʷʮʽ ʤʠ ʚʞʝ ʦʪʨʠʤʘʣʠ 

ʩʧʨʘʚʞʥʶ ʩʢʘʨʙʥʠʮʶ ʽʥʬʦʨʤʘʮʽʾ ʱʦʜʦ ʧʨʘʢʪʠʯʥʦʛʦ ʜʦʩʚʽʜʫ, ʥʘhʚʠʜʢʦӢʨʫӢʯ 

ʚʠʨʽʰʝʥʠʭ ʪʘ ʱʝ ʙʽʣʴʰ ʥʝʚʠʨʽʰʝʥʠʭ ʧʨʦʙʣʝʤ, ʧʦʤʠʣʦʢ ʪʘ ʚʠʥʘʭʦʜʽʚ ʱʦʜʦ 

ʦʨʛʘʥʽʟʘʮʽʾ ʟʚôʷʟʢʫ, ʝʢʩʧʣʫʘʪʘʮʽʾ ʤʝʨʝʞ ʪʝʣʝʢʦʤʫʥʽʢʘʮʽʡ ʪʘ ʥʘʜʘʥʥʷ ʧʦʩʣʫʛ ʚ 

ʥʘʜʩʢʣʘʜʥʠʭ ʫʤʦʚʘʭ.  

ʄʠ ʚʞʝ ʤʘʻʤʦ ʮʝʡ ʚʝʣʠʢʠʡ ʤʘʩʠʚ ʽʥʬʦʨʤʘʮʽʾ ʥʘʜʪʦ ʢʦʨʠʩʥʠʡ ʜʣʷ 

ʥʘʫʢʦʚʠʭ ʜʦʩʣʽʜʞʝʥʴ ʪʘ ʫʟʘʛʘʣʴʥʝʥʴ, ʚʠʷʚʣʝʥʥʷ ʮʽʢʘʚʠʭ, ʧʝʨʩʧʝʢʪʠʚʥʠʭ  ʪʝʤ 

ʜʣʷ ʥʘʫʢʦʚʠʭ ʜʦʩʣʽʜʞʝʥʴ. ɸʣʝ ʮʝʡ ʤʘʩʠʚ ʥʘʯʝʙʪʦ ʻ, ʘʣʝ ʡʦʛʦ ʥʝʤʘʻ ʜʦʪʠ, 

ʧʦʢʠ ʚʯʝʥʽ ʥʝ ʟʨʦʙʣʷʪʴ ʪʝ, ʱʦ ʥʘʣʝʞʥʦ ʾʤ ʨʦʙʠʪʠ. 

ʗʢʽ ʞ ʟʘʚʜʘʥʥʷ ʚ ʜʦʜʘʪʦʢ ʜʦ ʪʽʻʾ ʘʢʪʫʘʣʴʥʦʾ ʥʘʫʢʦʚʦʾ ʪʝʤʘʪʠʢʠ  ʤʦʞʥʘ 

ʙʫʣʦ ʙ ʩʬʦʨʤʫʣʶʚʘʪʠ ʥʘ ʤʘʡʙʫʪʥʻ? 

1. ɿʙʽʨ ʪʘ ʫʟʘʛʘʣʴʥʝʥʥʷ ʩʠʩʪʝʤʥʠʭ ʧʨʦʙʣʝʤ, ʟ ʷʢʠʤʠ ʩʪʠʢʥʫʣʠʩʴ 

ʦʧʝʨʘʪʦʨʠ ʪʘ ʧʨʦʚʘʡʜʝʨʠ.  

2. ɿʙʽʨ ʪʘ ʫʟʘʛʘʣʴʥʝʥʥʷ ʧʨʘʢʪʠʯʥʦʛʦ ʜʦʩʚʽʜʫ ʧʦʙʫʜʦʚʠ ʛʽʙʨʠʜʥʠʭ ʤʝʨʝʞ 

ʪʝʣʝʢʦʤʫʥʽʢʘʮʽʡ ʥʘ ʦʩʥʦʚʽ ʚʠʢʦʨʠʩʪʘʥʥʷ ʩʫʧʫʪʥʠʢʦʚʠʭ ʪʝʭʥʦʣʦʛʽʡ çStarlinkè 

ɯʣʦʥʘ ʄʘʩʢʘ, ʧʨʦ ʷʢʽ ʡʰʣʦʩʷ ʫ ʚʠʩʪʫʧʽ ʄʠʭʘʡʣʘ ɯʣʴʯʝʥʢʘ. 

3. ʆʥʦʚʣʝʥʥʷ ʪʝʦʨʝʪʠʢʦ-ʤʝʪʦʜʦʣʦʛʽʯʥʠʭ ʟʘʩʘʜ ʧʨʦʝʢʪʫʚʘʥʥʷ ʪʘ 

ʦʧʝʨʘʪʠʚʥʦʾ ʧʦʙʫʜʦʚʠ ʛʽʙʨʠʜʥʠʭ ʤʝʨʝʞ ʪʝʣʝʢʦʤʫʥʽʢʘʮʽʡ ʚ ʫʤʦʚʘʭ 

ʥʘʜʟʚʠʯʘʡʥʦʛʦ ʪʘ ʚʦʻʥʥʦʛʦ ʩʪʘʥʫ, ʚʝʜʝʥʥʷ ʚʦʻʥʥʠʭ ʜʽʡ. 

4. ʈʦʟʨʦʙʣʝʥʥʷ ʩʫʯʘʩʥʠʭ ʪʝʦʨʝʪʠʢʦ-ʤʝʪʦʜʦʣʦʛʽʯʥʠʭ ʟʘʩʘʜ ʪʘ ʧʨʘʢʪʠʯʥʠʭ 

ʨʝʢʦʤʝʥʜʘʮʽʡ ʱʦʜʦ ʧʨʦʝʢʪʫʚʘʥʥʷ ʪʘ ʧʦʙʫʜʦʚʠ ʝʣʝʢʪʨʦʥʥʠʭ ʢʦʤʫʥʽʢʘʮʽʡʥʠʭ 

ʤʝʨʝʞ (ʤʝʨʝʞʽ ɯʥʪʝʨʥʝʪ) ʽʟ ʟʘʙʝʟʧʝʯʝʥʥʷʤ ʙʝʟʧʝʢʠ ʪʘ ʩʪʘʣʦʩʪʽ. 

5. ʂʘʨʜʠʥʘʣʴʥʝ ʧʝʨʝʨʦʙʣʝʥʥʷ ʧʨʘʚʦʚʠʭ, ʦʨʛʘʥʽʟʘʮʽʡʥʠʭ, 

ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʪʘ ʪʝʭʥʽʯʥʠʭ ʟʘʩʘʜ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʥʘʮʽʦʥʘʣʴʥʦʾ ʩʠʩʪʝʤʠ 
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ʦʧʝʨʘʪʠʚʥʦ-ʪʝʭʥʽʯʥʦʛʦ ʫʧʨʘʚʣʽʥʥʷ ʪʝʣʝʢʦʤʫʥʽʢʘʮʽʡʥʠʤʠ ʤʝʨʝʞʘʤʠ ʚ ʫʤʦʚʘʭ 

ʥʘʜʟʚʠʯʘʡʥʠʭ ʩʠʪʫʘʮʽʡ, ʥʘʜʟʚʠʯʘʡʥʦʛʦ ʪʘ ʚʦʻʥʥʦʛʦ ʩʪʘʥʫ (2004 ʨ).  

6. ʈʦʟʨʦʙʣʝʥʥʷ ʧʨʘʢʪʠʯʥʠʭ ʨʝʢʦʤʝʥʜʘʮʽʡ ʱʦʜʦ ʧʨʦʝʢʪʫʚʘʥʥʷ ʪʘ 

ʧʦʙʫʜʦʚʠ ʽʟ ʟʘʙʝʟʧʝʯʝʥʥʷʤ ʩʪʘʣʦʛʦ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʝʣʝʢʪʨʦʥʥʠʭ 

ʢʦʤʫʥʽʢʘʮʽʡʥʠʭ ʤʝʨʝʞ ʟ ʚʨʘʭʫʚʘʥʥʷʤ  ʤʦʞʣʠʚʦʩʪʽ ʜʦʩʪʫʧʫ ʜʦ ʝʣʝʢʪʨʦʥʥʠʭ 

ʢʦʤʫʥʽʢʘʮʽʡʥʠʭ ʤʝʨʝʞ ʪʘ ʾʭ ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ (ʩʪ. 34 ɿʘʢʦʥʫ). 

7. ʈʦʟʨʦʙʣʝʥʥʷ ʪʝʭʥʽʯʥʠʭ ʨʝʢʦʤʝʥʜʘʮʽʾ ʱʦʜʦ ʙʝʟʰʦʚʥʦʛʦ 

ʚʟʘʻʤʦʟôʻʜʥʘʥʥʷ ʝʣʝʢʪʨʦʥʥʠʭ ʢʦʤʫʥʽʢʘʮʽʡʥʠʭ ʤʝʨʝʞ ʟ ʨʽʟʥʠʤʠ ʪʝʭʥʦʣʦʛʽʷʤʠ 

ʧʝʨʝʜʘʯʽ ʜʘʥʠʭ. 

ɼʫʞʝ ʙʘʛʘʪʦ ʧʨʦʙʣʝʤ, ʧʦʚôʷʟʘʥʠʭ ʟ ʚʦʻʥʥʠʤʠ ʜʽʷʤʠ. 

8. ʈʦʟʨʦʙʣʝʥʥʷ ʪʝʭʥʽʯʥʠʭ ʨʝʢʦʤʝʥʜʘʮʽʾ ʱʦʜʦ ʧʦʙʫʜʦʚʽ ʪʘʢʪʠʯʥʠʭ ʩʠʩʪʝʤ 

ʨʘʜʽʦʟʚôʷʟʢʫ ʧʦʣʷ ʙʦʶ. ʈʦʟʨʦʙʣʝʥʥʷ ʧʨʦʧʦʟʠʮʽʡ ʱʦʜʦ ʦʨʛʘʥʽʟʘʮʽʾ 

ʥʘʮʽʦʥʘʣʴʥʦʛʦ ʚʠʨʦʙʥʠʮʪʚʘ ʪʘʢʠʭ ʩʠʩʪʝʤ ʫ ʢʦʦʧʝʨʘʮʽʾ ʟ ʽʥʦʟʝʤʥʠʤʠ 

ʚʠʨʦʙʥʠʢʘʤʠ. 

ʎʝ ʪʘʢ, ʩʫʪʦ ʦʨʽʻʥʪʦʚʥʽ ʥʘʧʨʷʤʠ ʜʣʷ ʪʦʛʦ, ʱʦʙ ʨʦʟʭʠʪʘʪʠ ʥʘʤ ʪʚʦʨʯʫ 

ʬʘʥʪʘʟʽʶ. 

ɹʘʞʘʶ ʚʩʽʤ ʥʘʤ ʫʩʧʽʭʫ ʚ ʧʨʦʚʝʜʝʥʥʽ ʂʦʥʬʝʨʝʥʮʽʾ, ʚʟʘʻʤʥʦʛʦ ʟʙʘʛʘʯʝʥʥʷ 

ʽʜʝʷʤʠ ʪʘ ʜʦʩʚʽʜʦʤ. ɹʘʞʘʶ ʚʘʤ ʤʽʮʥʦʾ ʚʽʨʠ ʚ ʧʝʨʝʤʦʛʫ ʪʘ ʤʠʨʥʝ ʤʘʡʙʫʪʥʻ.  

 

ɿ ʧʦʚʘʛʦʶ, ʧʨʦʬʝʩʦʨ ʆʣʝʢʩʘʥʜʨ ɹʘʨʘʥʦʚ 



 23 

ʇʣʝʥʘʨʥʽ ʜʦʧʦʚʽʜʽ 

UDC 621.396.946 
 

SILICON -MICROMACHINED THZ SYSTEMS - ENABLING  

THE LARGE -SCALE EXPLOITATION OF MILLIMETER AND 

SUBMILLIMETER -WAVE FREQUENCIES? 

 

Joachim Oberhammer 

Microwave and THz Microsystems Assoc. Editor, IEEE Trans.  

THz Science and Technology, Sweden, Stockholm 
 

Abstract: 

Current THz systems are predominantly manufactured by CNC milling. 

Despite the high level of precision which CNC milling achieved in recent years, 

this fabrication method lacks volume manufacturability and is inferior in 

performance to silicon micromachining, which achieves feature sizes and 

fabrication reproducibility down to micrometers, surface roughness down to 

nanometers (for extremely low loss), and high-aspect ratio geometries which are 

impossible to fabricate in any other fabrication technology. Micromachined 

micromechanical devices, for instance mobile-phone microphones and inertial 

sensors, are already for many years manufactured to billions of devices per year at 

very low cost. This webinar gives an overview of state of the art, the capabilities 

and limitations of silicon micromachining for millimeter and submillimeter-wave 

frequencies, and gives several examples of recent achievements of very high 

performance silicon-micromachined waveguide based THz devices and systems, 

including: a low-loss waveguide technology with 0.02 dB/mm at 330 GHz, with 

integrated components such as low-loss couplers, power splitters, matched loads; 

micromachined high-Q filter examples based on cavity resonators with measured 

Q-factors of 1600 at 150 GHz and 900 at 700 GHz, enabling the first 1% fractional 

bandwidth filters at submillimeter-wave frequencies; a silicon-micromachined 

platform for a point-to-point telecommunication link including a 130-148 GHz 

antenna diplexer with 1.5 dB insertion loss and 60 dB isolation, and waveguide-

integrated SiGe MMICs; very complex, multi-level waveguide devices including a 

orthomode transducer from 220-330 GHz with less than 0.6 dB insertion loss and 

cross-polarization of 35-70 dB in this waveguide band; a corporate-fed antenna 

array with 256 elements at 320 to 400 GHz, with only 0.8 dB insertion loss, 

achieving 34 dBi gain; a 1024 antenna array at 320-400 GHz with 38 dBi gain and 

1.5 dB insertion loss; a frequency-steering micromachined radar frontend at 220-

300 GHz, achieving a 55 degree field of view with a 3.5 to 10 degree HPBW, 

using an integrated 2.5D quasi-optical reflector and a leaky-wave antenna array, all 

of the size and thickness of a thumb nail; MEMS-waveguide switches operating at 
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140-220 GHz with 0.6 dB insertion loss and 50 dB isolation over the whole band, 

and even a 500-750 GHz switch with 2.5 dB insertion loss and 18 dB isolation; and 

a 2.5-dB insertion loss 360 degree phase shifter for the 220-330 GHz band with 

less than 4 degree phase error for all states over the whole bandwidth. Major 

applications presented are radar (in particular next-generation car radars), 

telecommunication and space-borne radiometers. 

 

CV: 

Joachim Oberhammer, born in Italy in 1976; M.Sc. EE from Graz University 

of Technology, Austria, in 2000; Ph.D. from KTH Royal Institute of Technology 

in Stockholm, Sweden, in 2004. Post-doctoral research fellow at Nanyang 

Technological University, Singapore, in 2004, and at Kyoto University, Japan, in 

2008. Since 2005 leading radio-frequency/microwave/terahertz micro-

electromechanical systems research at KTH; Associate Professor at KTH in 2010; 

Professor in Microwave and THz Microsystems at KTH since 2015. Guest 

researcher at Nanyang Technological University, Singapore, in 2007; guest 

researcher at NASA-Jet Propulsion Laboratory, USA, in 2014; guest professor 

ñChair of Excellenceò at Universidad Carlos III de Madrid in 2019. Dr 

Oberhammer is author and co-author of more than 100 reviewed research papers 

and holds 4 patents. In 2004, 2007, and 2008 he got an award by the Ericsson 

Research Foundation, a grant by the Swedish Innovation Bridge, and a scholarship 

by the Japanese Society for the Promotion of Science, respectively. The research 

work he is heading received six Best Paper Awards (five of which at IEEE 

conferences), and four IEEE Graduate Fellowship Awards (by MTT-S and by AP-

S) since 2009. He served as TPRC member of IEEE Transducers (2009, 2015, 

2019), IEEE International Microwave Symposiums (2010-2018), IEEE Micro 

Electro Mechanical Systems (2011, 2012), IEEE Radio and Wireless Week (2015, 

2016), EuMCE (2019). Dr Oberhammer is Steering Group member of the IEEE 

MTT-S and AP-S Chapters Sweden since 2009. In 2013, he received an ERC 

Consolidator Grant by the European Research Council. Steering Group Member of 

the Young Academy of Sweden 2014-2016. Representative of 

Sweden/Norway/Iceland in the European Microwave Association 2016-2018. 

Associate Editor of IEEE Transactions on Terahertz Science and Technology since 

2018. Scientific coordinator of the EU-H2020 projects M3TERA and Car2TERA; 

PI and coordinator of two Swedish strategical framework projects on THz 

technology of EUR 3.5 million each. 

 

Picture: 

Joachim Oberhammer 

Microwave and THz Microsystems Assoc. Editor,  

IEEE Trans. THz Science and Technology, Sweden, Stockholm  



 25 

ʋɼʂ 621.39 

 

500+ ʅʆɺʀʅ ɯʅʌʆʊɽʃɽʂʆʄʋ 
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500+ INFOTELECOM NEWS 
 

The main news for 2021-2022 in the field of information and communication technologies 

are summarized. The main developments and introductions of the newest technologies in 

Ukraine and the world. This material was prepared for students, teachers and engineers. 

 

ʆʩʪʘʥʥʽ ʨʦʢʠ ʜʣʷ ʋʢʨʘʾʥʠ ʩʪʘʣʠ ʥʘʡʙʽʣʴʰ ʜʠʥʘʤʽʯʥʠʤ ʧʝʨʽʦʜʦʤ ʫ 

ʨʦʟʚʠʪʢʫ ʪʝʣʝʢʦʤʫʥʽʢʘʮʽʡʥʦʾ ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ, ʷʢʘ ʧʦ ʩʫʪʽ ʻ ʜʨʘʡʚʝʨʦʤ ʜʣʷ 

ʝʢʦʥʦʤʽʯʥʦʛʦ ʟʨʦʩʪʘʥʥʷ ʢʨʘʾʥʠ ʽ ʜʦʧʦʤʘʛʘʻ ʮʠʬʨʦʚʽʟʘʮʽʾ ʝʢʦʥʦʤʽʢʠ. 

ʊʦʤʫ, ʦʩʢʽʣʴʢʠ ɯʊʉ ʂʇɯ ʽʤ. ɯʛʦʨʷ ʉʽʢʦʨʩʴʢʦʛʦ ʛʦʪʫʻ ʬʘʭʽʚʮʽʚ ʜʣʷ ʩʬʝʨʠ 

ʪʝʣʝʢʦʤʫʥʽʢʘʮʽʡ ʤʠ ʩʠʩʪʝʤʘʪʠʯʥʦ ʧʦʜʘʻʤʦ ʚ ʥʘʰʦʤʫ ʪʝʣʝʛʨʘʤ ʢʘʥʘʣʽ 

ɼʝʢʘʥʘʪ ɯʊʉ  ʪʘ ʥʘ ʩʘʡʪʽ ʅʅ ɯʊʉ ʽʥʬʦʨʤʘʮʽʶ ʧʨʦ ʥʦʚʠʥʠ ʚ ʩʬʝʨʽ 

ʪʝʣʝʢʦʤʫʥʽʢʘʮʽʡ. 

ɿʘ ʚʝʩʴ ʧʝʨʽʦʜ ʩʪʚʦʨʝʥʥʷ ʥʦʚʠʥ ʽʥʬʦʪʝʣʝʢʦʤʫ ʙʫʣʦ ʦʧʫʙʣʽʢʦʚʘʥʦ: 920 

ʥʦʚʠʥ.  

ɺ 2020 ʨʦʮʽ  ï 333 ʥʦʚʠʥʠ. ɺ 2021 ʨʦʮʽ  ï 486 ʥʦʚʠʥ. 

ɿ ʧʦʯʘʪʢʫ 2022 ʨʦʢʫ  ï101 ʥʦʚʠʥʘ. 

ʅʘ ʜʘʥʠʡ ʯʘʩ ʤʠ ʟʨʦʙʠʣʠ ʟʙʽʨʥʠʢ ʥʘʡʮʽʢʘʚʽʰʠʭ ʜʘʡʜʞʝʩʪ ʥʦʚʠʥ: 500+ 

ʅʦʚʠʥʠ ɯʥʬʦʪʝʣʝʢʦʤʫ. 

ʅʦʚʠʥʠ ʽʥʬʦʪʝʣʝʢʦʤʫ ʨʦʟʜʽʣʝʥʦ ʥʘ 6 ʨʦʟʜʽʣʽʚ: 

1.ʉʪʘʥ ʽʥʬʦʢʦʤʫʥʽʢʘʮʽʡ ʋʢʨʘʾʥʠ ʪʘ ʟʘ ʾʾ ʤʝʞʘʤʠ 

2.ʊʝʭʥʦʣʦʛʽʷ ʽʥʪʝʨʥʝʪ ʨʝʯʝʡ (IOT) & LoRaWAN ï ʪʝʭʥʦʣʦʛʽʾ ʜʣʷ 

ʢʦʤʧʣʝʢʩʥʠʭ ʨʽʰʝʥʴ 

3. ʌʽʢʩʦʚʘʥʠʡ ʪʘ ʤʦʙʽʣʴʥʠʡ ʽʥʪʝʨʥʝʪ 

4. ʉʫʯʘʩʥʠʡ ʩʫʧʫʪʥʠʢʦʚʠʡ ʟʚ'ʷʟʦʢ 

5. ʅʘʩʪʫʧʥʝ ʧʦʢʦʣʽʥʥʷ ʤʦʙʽʣʴʥʠʭ ʤʝʨʝʞ: 5G ʊɸ 6G 

6. ʅʦʚʠʥʠ ʄʽʥʽʩʪʝʨʩʪʚʘ ʎʠʬʨʦʚʦʾ ʊʨʘʥʩʬʦʨʤʘʮʽʾ ʋʢʨʘʾʥʠ 

 

ʉʪʘʥ ʽʥʬʦʢʦʤʫʥʽʢʘʮʽʡ ʋʢʨʘʾʥʠ ʪʘ ʟʘ ʾʾ ʤʝʞʘʤʠ. 

ʅʦʚʠʡ ʝʪʘʧ ʫ ʨʦʟʚʠʪʢʫ ʫʢʨʘʾʥʩʴʢʠʭ ʪʝʣʝʢʦʤʫʥʽʢʘʮʽʡ ï ʮʝ ʝʪʘʧ 

ʧʝʨʝʪʚʦʨʝʥʥʷ ʫʢʨʘʾʥʩʴʢʦʛʦ ʩʫʩʧʽʣʴʩʪʚʘ ʥʘ ʦʩʥʦʚʽ ʢʦʥʚʝʨʛʝʥʪʥʦʛʦ ʦʙôʻʜʥʘʥʥʷ 

ʽʥʬʦʨʤʘʪʠʟʘʮʽʾ ʽ ʪʝʣʝʢʦʤʫʥʽʢʘʮʽʾ ʚ ʝʣʝʢʪʨʦʥʥʦ-ʽʥʬʦʨʤʘʮʽʡʥʝ ʩʫʩʧʽʣʴʩʪʚʦ 

ɺ ʋʢʨʘʾʥʽ ʟʚôʷʟʦʢ ʻ ʦʜʥʠʤ ʟ ʥʘʡʙʽʣʴʰ ʩʪʽʡʢʠʭ ʩʝʢʪʦʨʽʚ ʝʢʦʥʦʤʽʢʠ, ʘ 

ʨʦʟʰʠʨʝʥʥʷ ɭʚʨʦʧʝʡʩʴʢʦʛʦ ʉʦʶʟʫ ʩʪʚʦʨʶʻ ʷʢʽʩʥʦ ʥʦʚʫ ʩʠʪʫʘʮʽʶ ʥʘ ʰʣʷʭʫ 
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ʧʦʜʘʣʴʰʦʛʦ ʪʝʭʥʽʯʥʦʛʦ, ʝʢʦʥʦʤʽʯʥʦʛʦ ʪʘ ʩʦʮʽʘʣʴʥʦʛʦ ʨʦʟʚʠʪʢʫ ʋʢʨʘʾʥʠ. 

ɻʨʘʥʠʮʽ ʋʢʨʘʾʥʠ ʩʪʘʶʪʴ ʛʨʘʥʠʮʷʤʠ ʟ ɭʉ. 

ɿ ʚʧʨʦʚʘʜʞʝʥʥʷʤ ʥʦʚʽʪʥʽʭ ʽʥʬʦʢʦʤʫʥʽʢʘʮʽʡʥʠʭ ʪʝʭʥʦʣʦʛʽʡ, ʷʢ ʧʦʢʘʟʫʻ 

ʜʦʩʚʽʜ ʋʢʨʘʾʥʠ ʽ ʙʽʣʴʰʦʩʪʽ ʢʨʘʾʥ ʉʅɼ, ʟʚ'ʷʟʦʢ ʤʦʞʝ ʨʦʟʚʠʚʘʪʠʩʷ 

ʚʠʧʝʨʝʜʞʘʶʯʠʤʠ ʝʢʦʥʦʤʽʢʫ ʪʝʤʧʘʤʠ, ʩʪʚʦʨʶʶʯʠ ʫʤʦʚʠ ʜʣʷ ʧʨʠʩʢʦʨʝʥʦʛʦ 

ʝʢʦʥʦʤʽʯʥʦʛʦ ʽ ʩʦʮʽʘʣʴʥʦʛʦ ʨʦʟʚʠʪʢʫ ʢʨʘʾʥʠ.  

ʊʘʢ, ʥʝʟʚʘʞʘʶʯʠ ʥʘ ʢʽʣʴʢʘʨʘʟʦʚʠʡ ʝʢʦʥʦʤʽʯʥʠʡ ʩʧʘʜ ʫ 1990-2009 ʨʦʢʘʭ, 

ʛʘʣʫʟʴ ʟʚ'ʷʟʢʫ, ʚ ʮʽʣʦʤʫ, ʨʦʟʚʠʚʘʣʘʩʷ ʙʝʟʢʨʠʟʦʚʦ. ɿʘʜʦʚʦʣʝʥʥʷ ʧʦʧʠʪʫ ʥʘ 

ʧʦʩʣʫʛʠ ʟʚ'ʷʟʢʫ ʚ ʋʢʨʘʾʥʽ ʤʦʞʥʘ ʦʭʘʨʘʢʪʝʨʠʟʫʚʘʪʠ ʥʘʩʪʫʧʥʠʤ ʯʠʥʦʤ: 

ʩʪʚʦʨʝʥʦ ʮʠʬʨʦʚʫ ʤʝʨʝʞʫ ʤʽʞʥʘʨʦʜʥʦʛʦ ʪʘ ʤʽʞʤʽʩʴʢʦʛʦ ʟʚ'ʷʟʢʫ, ʷʢʘ 

ʟʘʜʦʚʦʣʴʥʷʻ ʧʦʧʠʪ ʥʘ ʮʽ ʧʦʩʣʫʛʠ; ʧʦʙʫʜʦʚʘʥʽ ʚʦʣʦʢʦʥʥʦ-ʦʧʪʠʯʥʽ ʣʽʥʽʾ ʟʚ'ʷʟʢʫ 

(ɺʆʃɿ), ʱʦ ʟ'ʻʜʥʫʶʪʴ ʋʢʨʘʾʥʫ ʟ ʫʩʽʤʘ ʩʫʩʽʜʥʽʤʠ ʜʝʨʞʘʚʘʤʠ. 

ʇʨʦʪʷʞʥʽʩʪʴ ʮʠʬʨʦʚʠʭ ʢʘʥʘʣʽʚ ʤʽʞʤʽʩʴʢʦʾ ʪʘ ʟʦʥʦʚʠʭ ʧʝʨʚʠʥʥʠʭ ʤʝʨʝʞ 

ʩʪʘʥʦʚʠʪʴ ʙʣʠʟʴʢʦ 85% ʚʽʜ ʟʘʛʘʣʴʥʦʾ ʧʨʦʪʷʞʥʦʩʪʽ ʢʘʥʘʣʽʚ ʧʝʨʚʠʥʥʦʾ ʤʝʨʝʞʽ. 

ʋʢʨʘʾʥʘ ʙʨʘʣʘ ʫʯʘʩʪʴ ʫ ʙʫʜʽʚʥʠʮʪʚʽ ʤʽʞʥʘʨʦʜʥʠʭ ɺʆʃɿ ʷʢ ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ 

ʚʣʘʩʥʠʭ ʧʦʪʨʝʙ, ʪʘʢ ʽ ʟ ʤʝʪʦʶ ʟʘʙʝʟʧʝʯʝʥʥʷ ʪʨʘʥʟʠʪʽʚ ʯʝʨʝʟ ʾʾ ʪʝʨʠʪʦʨʽʶ. ɿʘ 

ʦʩʪʘʥʥʽ ʨʦʢʠ ʚ ʋʢʨʘʾʥʽ ʧʦʙʫʜʦʚʘʥʦ ʙʣʠʟʴʢʦ 39 ʪʠʩ. ʢʤ ɺʆʃɿ. ʑʦʨʽʯʥʝ 

ʙʫʜʽʚʥʠʮʪʚʦ ɺʆʃɿ ʜʦʚʝʜʝʥʦ ʜʦ 4 ʪʠʩ. ʢʤ. ʥʘ ʨʽʢ. 

ʆʪʞʝ, ʧʦʪʫʞʥʠʤ ʟʦʚʥʽʰʥʽʤ ʬʘʢʪʦʨʦʤ ʚʧʣʠʚʫ ʥʘ ʨʦʟʚʠʪʦʢ 

ʪʝʣʝʢʦʤʫʥʽʢʘʮʽʡ ʋʢʨʘʾʥʠ ʻ ʚʠʢʦʨʠʩʪʘʥʥʷ ʟʘʨʫʙʽʞʥʦʛʦ ʜʦʩʚʽʜʫ ʤʘʩʦʚʦʛʦ 

ʚʧʨʦʚʘʜʞʝʥʥʷ ʥʦʚʽʪʥʽʭ ʟʘʩʦʙʽʚ ʪʝʣʝʢʦʤʫʥʽʢʘʮʽʡ ʪʘ ʧʦʚôʷʟʘʥʝ ʟ ʮʠʤ 

ʟʤʝʥʰʝʥʥʷ ʚʠʪʨʘʪ ʥʘ ʙʫʜʽʚʥʠʮʪʚʦ ʽ ʨʦʟʚʠʪʦʢ ʪʝʣʝʢʦʤʫʥʽʢʘʮʽʡʥʠʭ ʤʝʨʝʞ 

ʋʢʨʘʾʥʠ. 

ʊʝʭʥʦʣʦʛʽʷ ʽʥʪʝʨʥʝʪ ʨʝʯʝʡ (IʦT) & LoRaWAN ï ʪʝʭʥʦʣʦʛʽʾ ʜʣʷ 

ʢʦʤʧʣʝʢʩʥʠʭ ʨʽʰʝʥʴ. 

ɻʣʦʙʘʣʽʟʘʮʽʷ ʽʥʬʦʨʤʘʪʠʟʘʮʽʾ ʩʫʩʧʽʣʴʩʪʚʘ ʽ ʘʢʪʠʚʥʠʡ ʧʨʦʮʝʩ ʥʘʫʢʦʚʦ-

ʪʝʭʥʽʯʥʦʛʦ ʨʦʟʚʠʪʢʫ ʚ ʦʙʣʘʩʪʽ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʩʠʩʪʝʤ ʩʧʨʠʷʶʪʴ ʬʦʨʤʫʚʘʥʥʶ 

ʻʜʠʥʦʛʦ ʩʚʽʪʦʚʦʛʦ ʽʥʬʦʨʤʘʮʽʡʥʦʛʦ ʧʨʦʩʪʦʨʫ. ʆʜʥʽʻʶ ʟ ʦʩʥʦʚʥʠʭ ʪʝʥʜʝʥʮʽʡ 

ʨʦʟʚʠʪʢʫ ʩʫʯʘʩʥʠʭ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʩʠʩʪʝʤ ʪʘ ʪʝʭʥʦʣʦʛʽʡ ʩʪʘʻ ʨʦʟʰʠʨʝʥʥʷ 

ʜʦʩʪʫʧʥʦʩʪʽ ʽʥʬʦʨʤʘʮʽʡʥʦ-ʦʙʯʠʩʣʶʚʘʣʴʥʠʭ ʨʝʩʫʨʩʽʚ ʤʝʨʝʞ ʜʣʷ ʦʢʨʝʤʠʭ 

ʘʙʦʥʝʥʪʽʚ, ʚ ʪʦʤʫ ʯʠʩʣʽ ʽ ʨʝʯʝʡ. ʉʴʦʛʦʜʥʽ ʧʨʠʩʪʨʦʾ ɯʥʪʝʨʥʝʪʫ ʨʝʯʝʡ ʥʝ ʣʠʰʝ 

ʤʘʩʦʚʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʫ ʱʦʜʝʥʥʦʤʫ ʚʞʠʪʢʫ, ʘʣʝ ʡ ʫ ʩʫʯʘʩʥʦʤʫ ʙʽʟʥʝʩ-

ʩʝʨʝʜʦʚʠʱʽ.  

ɿʦʢʨʝʤʘ IoT ʘʢʪʠʚʥʦ ʚʧʨʦʚʘʜʞʫʻʪʴʩʷ ʚ ʨʽʟʥʠʭ ʛʘʣʫʟʷʭ ð ʚʽʜ 

ʧʨʦʤʠʩʣʦʚʦʾ ʩʬʝʨʠ ʜʦ ʩʽʣʴʩʴʢʦʛʦ ʛʦʩʧʦʜʘʨʩʪʚʘ, ʨʽʪʝʡʣʫ ʪʘ ʙʫʜʽʚʥʠʮʪʚʘ. 

ɹʫʨʭʣʠʚʠʡ ʨʦʟʚʠʪʦʢ ʪʝʭʥʽʯʥʠʭ ʟʘʩʦʙʽʚ ʽ ʧʽʜʚʠʱʝʥʥʷ ʘʢʪʠʚʥʦʩʪʽ ʜʦʩʪʫʧʫ ʜʦ 

ʽʥʬʦʨʤʘʮʽʡʥʦ-ʦʙʯʠʩʣʶʚʘʣʴʥʠʭ ʨʝʩʫʨʩʽʚ ʧʽʜʚʠʱʠʣʠ ʽʥʪʝʨʝʩ ʜʦ ʧʨʦʙʣʝʤʠ 

ʝʬʝʢʪʠʚʥʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʤʝʨʝʞʝʚʠʭ ʨʝʩʫʨʩʽʚ ʽʥʪʝʨʥʝʪʫ ʨʝʯʝʡ ʽ 

ʟʘʙʝʟʧʝʯʝʥʥʷ ʦʧʝʨʘʪʠʚʥʦʛʦ ʜʦʩʪʫʧʫ ʜʦ ʥʠʭ. 

ɸ ʜʣʷ ʙʝʧʨʦʚʦʜʦʚʦʛʦ ʧʽʜʢʣʶʯʝʥʥʷ Internet of Things ʟʘʟʚʠʯʘʡ 

ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ 2 ʩʪʘʥʜʘʨʪʠ Low-power Wide-area Network ï NB-IoT ʽ 

LoRaWAN, ʪʦʤʫ ʚ ʜʘʥʦʤʫ ʨʦʟʜʽʣʽ ʧʦʻʜʥʫʶʪʴʩʷ ʮʽ ʪʝʭʥʦʣʦʛʽʾ ʜʣʷ 
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ʢʦʤʧʣʝʢʩʥʠʭ ʨʽʰʝʥʴ. 

ɼʘʥʠʡ ʨʦʟʜʽʣ ʙʫʜʝ ʮʽʢʘʚʠʤ ʜʣʷ ʚʠʢʣʘʜʘʯʽʚ, ʽʥʞʝʥʝʨʥʦ-ʪʝʭʥʽʯʥʠʭ 

ʧʨʘʮʽʚʥʠʢʽʚ, ʱʦ ʟʘʡʤʘʶʪʴʩʷ ʨʦʟʨʦʙʢʦʶ ʪʝʭʥʽʯʥʠʭ ʟʘʩʦʙʽʚ ʽ ʧʨʦʻʢʪʫʚʘʥʥʷʤ ʚ 

ʦʙʣʘʩʪʽ ʽʥʪʝʨʥʝʪʫ ʨʝʯʝʡ ʪʘ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʩʠʩʪʝʤ ʪʘ ʪʝʭʥʦʣʦʛʽʡ, ʘ ʪʘʢʦʞ ʜʣʷ 

ʘʩʧʽʨʘʥʪʽʚ ʽ ʩʪʫʜʝʥʪʽʚ, ʷʢʽ ʮʽʢʘʚʣʷʪʴʩʷ ʜʘʥʠʤʠ ʧʠʪʘʥʥʷʤʠ ʪʘ ʧʦʯʥʫʪʴ ʚ ʮʴʦʤʫ 

ʨʦʮʽ ʥʘʚʯʘʥʥʷ ʟʘ ʮʽʻʶ ʩʧʝʮʽʘʣʴʥʽʩʪʶ. 

ʌʽʢʩʦʚʘʥʠʡ ʪʘ ʤʦʙʽʣʴʥʠʡ ʽʥʪʝʨʥʝʪ. 

ɿʘ ʨʽʢ ʋʢʨʘʾʥʘ ʧʽʜʥʷʣʘʩʷ ʚ ʛʣʦʙʘʣʴʥʦʤʫ ʨʝʡʪʠʥʛʫ ʰʚʠʜʢʦʩʪʽ ʽʥʪʝʨʥʝʪʫ 

ʥʘ 15 ʧʦʟʠʮʽʡ ð ʟ 77 ʤʽʩʮʷ ʚ ʩʽʯʥʽ 2021 ʥʘ 62 ʧʦʟʠʮʽʶ ʚ ʩʽʯʥʽ 2022 ʨʦʢʫ. 

ɿʛʽʜʥʦ ʟ ʜʦʩʣʽʜʞʝʥʥʷʤ Ookla, ʩʝʨʝʜʥʷ ʰʚʠʜʢʽʩʪʴ ʟʘʚʘʥʪʘʞʝʥʥʷ ʚ ʤʦʙʽʣʴʥʽʡ 

ʤʝʨʝʞʽ ʟʨʦʩʣʘ ʤʘʡʞʝ ʥʘ 10 ʄʙʽʪ/ʩ ð ʟ 19,66 ʄʙʽʪ/ʩ ʥʘ ʧʦʯʘʪʢʫ 2021 ʜʦ 29,06 

ʄʙʽʪ/ʩ ʫ 2022. 

ʋʢʨʘʾʥʘ ʚʯʝʪʚʝʨʪʝ ʦʪʨʠʤʘʣʘ ʚʽʜʟʥʘʢʫ ʟʘ ʢʨʘʱʫ ʰʚʠʜʢʽʩʪʴ ʽʥʪʝʨʥʝʪʫ, ʘ 

ʪʝʧʝʨ ʱʝ ʡ ʟʘ ʥʘʡʣʽʧʰʝ ʧʦʢʨʠʪʪʷ, ï ʜʦʢʘʟ ʥʘʰʠʭ ʟʫʩʠʣʴ. ɯ ʾʭ ʤʦʞʥʘ ʣʝʛʢʦ 

ʧʽʜʨʘʭʫʚʘʪʠ: ʧʦʥʘʜ 90% ʥʘʩʝʣʝʥʥʷ ʚʞʝ ʤʘʻ ʜʦʩʪʫʧ ʜʦ 4G, , ʪʠʩʷʯʽ ʤʘʣʝʥʴʢʠʭ 

ʩʽʣ ʦʪʨʠʤʘʣʠ ʩʫʯʘʩʥʠʡ ʤʦʙʽʣʴʥʠʡ ʽʥʪʝʨʥʝʪ ʪʘ ʧʨʦʚʦʜʦʚʠʡ ʽʥʪʝʨʥʝʪ. 

ʉʫʯʘʩʥʠʡ ʩʫʧʫʪʥʠʢʦʚʠʡ ʟʚ'ʷʟʦʢ. 

ɿʘʚʜʷʢʠ ʩʫʯʘʩʥʠʤ ʪʝʭʥʦʣʦʛʽʷʤ, ʢʦʨʠʩʪʫʚʘʪʠʩʷ ʽʥʪʝʨʥʝʪʦʤ ʚ ʋʢʨʘʾʥʽ 

ʤʦʞʥʘ ʽ ʚ ʩʘʤʠʭ ʚʘʞʢʦʜʦʩʪʫʧʥʠʭ ʤʽʩʮʷʭ ʥʘ ʢʰʪʘʣʪ ʂʘʨʧʘʪʩʴʢʠʭ ʛʽʨ ʽ 

ʢʨʠʤʩʴʢʠʭ ʜʦʣʠʥ.  

ʆʩʥʦʚʥʽ ʢʦʤʧʘʥʽʾ, ʱʦ ʧʨʦʧʦʥʫʶʪʴ ʧʦʩʣʫʛʠ ʩʫʧʫʪʥʠʢʦʚʦʛʦ ʽʥʪʝʨʥʝʪʫ ʚ 

ʋʢʨʘʾʥʽ: ɼʘʪʘʛʨʫʧʧ ʪʘ SkySat +. 

ʆʜʥʠʤ ʽʟ ʜʦʩʷʛʥʝʥʥʷʤ ʚ ʥʘʰʽʡ ʢʨʘʾʥʽ ʩʪʘʣʦ ʧʽʜʢʣʶʯʝʥʥʷ ʜʦ 

ʩʫʧʫʪʥʠʢʦʚʦʛʦ ʽʥʪʝʨʥʝʪʫ Starlink.  

ʆʩʥʦʚʥʘ ʧʝʨʝʚʘʛʘ ʩʫʧʫʪʥʠʢʦʚʦʾ ʩʠʩʪʝʤʠ ɯʣʦʥʘ ʄʘʩʢʘ ʧʦʣʷʛʘʻ ʚ ʪʦʤʫ, ʱʦ 

ʨʦʙʦʪʘ ɯʥʪʝʨʥʝʪʫ ʥʝ ʟʘʣʝʞʠʪʴ ʚʽʜ ʟʚʠʯʘʡʥʦʾ ʽʥʪʝʨʥʝʪ-ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ. ʊʦʤʫ 

ʚʦʥʘ ʙʽʣʴʰ ʩʪʽʡʢʘ ʜʦ ʢʽʙʝʨʘʪʘʢʽʚ ʪʘ ʧʦʣʦʤʦʢ. ʉʝʨʝʜʥʷ ʰʚʠʜʢʽʩʪʴ ɯʥʪʝʨʥʝʪʫ 

ʩʪʘʥʦʚʠʪʴ 150-200 ʄʛʙʽʪ/ʩ. 

ʅʘʩʘʤʧʝʨʝʜ, Starlink ʜʦʧʦʤʘʛʘʻ ʙʝʟʧʝʨʝʨʚʥʦ ʧʨʘʮʶʚʘʪʠ ʽʥʬʨʘʩʪʨʫʢʪʫʨʽ, 

ʘ ʥʘʰʽ ʩʪʫʜʝʥʪʠ ʧʦʯʘʣʠ ʘʢʪʠʚʥʦ ʟʘʡʤʘʪʠʩʷ ʥʘʫʢʦʚʦʶ ʨʦʙʦʪʦʶ ʪʘ ʨʦʟʚʠʪʢʦʤ 

ʮʽʻʾ ʥʽʰʽ. 

ʅʘʩʪʫʧʥʝ ʧʦʢʦʣʽʥʥʷ ʤʦʙʽʣʴʥʠʭ ʤʝʨʝʞ: 5G ʪʘ 6G. 

ʗʢ ʽ ʢʦʞʥʝ ʧʦʢʦʣʽʥʥʷ ʜʦ ʮʴʦʛʦ, 5G ʧʨʘʛʥʝ ʟʨʦʙʠʪʠ ʤʦʙʽʣʴʥʠʡ ʟʚôʷʟʦʢ 

ʰʚʠʜʰʠʤ ʪʘ ʥʘʜʽʡʥʽʰʠʤ, ʦʩʢʽʣʴʢʠ ʚʩʝ ʙʽʣʴʰʝ ʧʨʠʩʪʨʦʾʚ ʧʽʜʢʣʶʯʘʻʪʴʩʷ ʜʦ 

ɯʥʪʝʨʥʝʪʫ. ʊʝʧʝʨ ʤʦʞʥʘ ʤʘʪʠ ʚʩʽʣʷʢʽ ʧʨʠʩʪʨʦʾ, ʱʦ ʚʠʤʘʛʘʶʪʴ ʚʝʣʠʢʦʾ 

ʧʨʦʧʫʩʢʥʦʾ ʟʜʘʪʥʦʩʪʽ, ʪʘʢʽ ʷʢ ʥʘʰʽ ʩʤʘʨʪʬʦʥʠ ʟ ʧʦʪʦʢʦʚʦʶ ʧʝʨʝʜʘʯʝʶ HD, 

ʨʦʟʫʤʥʽ ʛʦʜʠʥʥʠʢʠ ʟ ʧʣʘʥʘʤʠ ʧʝʨʝʜʘʯʽ ʜʘʥʠʭ, ʧʦʩʪʽʡʥʦ ʚʚʽʤʢʥʝʥʽ ʢʘʤʝʨʠ 

ʚʽʜʝʦʩʧʦʩʪʝʨʝʞʝʥʥʷ, ʘʚʪʦʤʦʙʽʣʽ, ʱʦ ʢʝʨʫʶʪʴ ʘʚʪʦʤʦʙʽʣʝʤ ʪʘ ʧʽʜʢʣʶʯʝʥʽ ʜʦ 

ɯʥʪʝʨʥʝʪʫ, ʪʘ ʽʥʰʽ ʧʝʨʩʧʝʢʪʠʚʥʽ ʧʨʠʩʪʨʦʾ, ʪʘʢʽ ʷʢ ʜʘʪʯʠʢʠ ʟʜʦʨʦʚôʷ ʪʘ ʚʽʣʴʥʝ 

ʦʙʣʘʜʥʘʥʥʷ AR ʪʘ VR. ɼʣʷ ʚʠʢʦʥʘʥʥʷ ʮʠʭ ʟʘʜʘʯ ʥʝʦʙʭʽʜʥʘ ʙʽʣʴʰʘ ʰʚʠʜʢʽʩʪʴ 

ʪʘ ʚʩʷ ʽʥʬʨʘʩʪʨʫʢʪʫʨʘ ʧʦʚʠʥʥʘ ʚʤʽʩʪʠʪʠ ʪʨʘʬʽʢ, ʱʦʙ ʥʝ ʪʽʣʴʢʠ ʧʽʜʪʨʠʤʫʚʘʪʠ 

ʰʚʠʜʰʽ ʟôʻʜʥʘʥʥʷ, ʘʣʝ ʡ ʢʨʘʱʝ ʦʙʨʦʙʣʷʪʠ ʦʜʥʦʯʘʩʥʽ ʟʘʧʠʪʠ. 

https://www.speedtest.net/global-index/ukraine#mobile
https://www.datagroup.ua/ru/kiev/b2c/internet/suputnikovij-internet
http://www.skysatplus.org/prices.htm
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ɿʘʨʘʟ ʜʫʞʝ ʩʪʨʽʤʢʦ ʨʦʟʚʠʚʘʶʪʴʩʷ ʤʝʨʝʞʽ, ʪʦʤʫ ʱʦ ʙʘʛʘʪʦ ʢʨʘʾʥ ʥʝ 

ʟʫʧʠʥʷʻʪʴʩʷ ʥʘ ʚʧʨʦʚʘʜʞʝʥʥʽ ʤʝʨʝʞ 5G, ʘ ʚʞʝ ʧʦʯʘʣʦ ʪʝʩʪʫʚʘʪʠ ʤʝʨʝʞʽ 6 G. 

ɺʝʣʠʢʽ ʢʦʨʧʦʨʘʮʽʾ, ʪʘʢʽ ʷʢ Apple ʪʘ Samsung ʨʦʟʨʦʙʣʷʶʪʴ ʪʘ ʪʝʩʪʫʶʪʴ 

ʥʦʚʠʥʢʫ. ɿʘʨʘʟ 6G-ʦʙʣʘʜʥʘʥʥʷ ʟʜʘʪʥʝ ʧʝʨʝʜʘʚʘʪʠ ʜʘʥʽ ʥʘ ʚʽʜʩʪʘʥʽ ʜʦ 15 

ʤʝʪʨʽʚ ʟʽ ʰʚʠʜʢʽʩʪʶ 6,2 ɻʙʽʪ/ʩ, ʘʣʝ ʚ ʧʝʨʩʧʝʢʪʠʚʽ ʚʦʥʘ ʟʤʦʞʝ ʜʦʩʷʛʘʪʠ ʜʦ 1 

ʊʙʽʪ/ʩ. ɺ ʽʜʝʘʣʽ ʤʠ ʦʪʨʠʤʘʻʤʦ ʚ 50 ʨʘʟʽʚ ʟʙʽʣʴʰʝʥʫ ʰʚʠʜʢʽʩʪʴ ʧʝʨʝʜʘʯʽ ʜʘʥʠʭ 

(ʜʣʷ 5G ʚʦʥʘ ʩʪʘʥʦʚʠʪʴ ʧʨʠʙʣʠʟʥʦ 5,6 ɻʙʽʪ/ʩ). 

ʅʘʚʽʱʦ ʧʦʪʨʽʙʝʥ 6G. ɿʙʽʣʴʰʝʥʥʷ ʰʚʠʜʢʦʩʪʽ ʧʝʨʝʜʘʯʽ ʜʘʥʠʭ ʧʦ ʤʝʨʝʞʽ ʻ 

ʛʦʣʦʚʥʦʶ, ʘʣʝ ʥʝ ʻʜʠʥʦʶ ʤʝʪʦʶ ʚ ʨʦʟʨʦʙʮʽ ʤʝʨʝʞ ʰʦʩʪʦʛʦ ʧʦʢʦʣʽʥʥʷ. ʋ 

ʢʦʞʥʦʤʫ ʧʦʢʦʣʽʥʥʽ ʟôʷʚʣʷʶʪʴʩʷ ʥʦʚʽ ʤʦʞʣʠʚʦʩʪʽ ʜʣʷ ʤʦʙʽʣʴʥʦʛʦ 

ʟʚôʷʟʢʫ ʊʝʭʥʦʣʦʛʽʶ 6G ʟʘʨʘʟ ʨʦʟʛʣʷʜʘʶʪʴ ʷʢ ʟʘʩʽʙ, ʷʢʠʡ ʜʦʟʚʦʣʠʪʴ ʦʙôʻʜʥʘʪʠ 

ʮʠʬʨʦʚʠʡ ʪʘ ʬʽʟʠʯʥʠʡ ʩʚʽʪ ʪʘ ʜʦʟʚʦʣʠʪʴ ʢʝʨʫʚʘʪʠ ʬʽʟʠʯʥʠʤʠ ʦʙôʻʢʪʘʤʠ ʯʝʨʝʟ 

ʾʭ ʮʠʬʨʦʚʠʭ ʜʚʽʡʥʠʢʽʚ. 

ʅʦʚʠʥʠ ʄʽʥʽʩʪʝʨʩʪʚʘ ʎʠʬʨʦʚʦʾ ʊʨʘʥʩʬʦʨʤʘʮʽʾ ʋʢʨʘʾʥʠ. 

2 ʨʦʢʠ ʪʦʤʫ ʄʽʥʮʠʬʨʘ ʩʪʚʦʨʠʣʘ ʧʦʨʪʘʣ ɼʽʷ.ʎʠʬʨʦʚʘ ʦʩʚʽʪʘ. ʄʘʡʞʝ 4 

ʤʽʣʴʡʦʥʠ ʫʢʨʘʾʥʮʽʚ ʟʘʚʽʪʘʣʠ ʥʘ ʧʦʨʪʘʣ, ʜʝ ʤʦʞʥʘ ʙʝʟʦʧʣʘʪʥʦ ʦʪʨʠʤʘʪʠ 

ʮʠʬʨʦʚʽ ʥʘʚʠʯʢʠ. ʅʘʡʧʦʧʫʣʷʨʥʽʰʠʤʠ ʩʪʘʣʠ ʦʩʚʽʪʥʽ ʢʫʨʩʠ:  

- ʎʠʬʨʦʚʽ ʜʝʨʞʩʣʫʞʙʦʚʮʽ,   

- ʇʨʦʛʨʘʤʫʚʘʥʥʷ ʜʣʷ ʥʦʚʘʯʢʽʚ,  

- ʐʪʫʯʥʠʡ ʽʥʪʝʣʝʢʪ,  

- ʆʩʥʦʚʠ ʢʽʙʝʨʛʽʛʽʻʥʠ, 

- ʆʙʝʨʝʞʥʦ! ʂʽʙʝʨʰʘʭʨʘʾ. 

ɿʘʚʜʷʢʠ ʧʽʜʪʨʠʤʮʽ ʢʦʤʧʘʥʽʾ Ookla, ʷʢʘ ʥʘʜʘʣʘ ʜʦʩʪʫʧ ʜʦ ʜʘʥʠʭ ʩʧʽʜʪʝʩʪʽʚ 

ʫ ʨʝʘʣʴʥʦʤʫ ʯʘʩʽ ʟ ʨʝʩʫʨʩʫ speedtest.net, ʤʦʞʥʘ ʚʽʜʩʪʝʞʫʚʘʪʠ ʰʚʠʜʢʽʩʪʴ 

ʽʥʪʝʨʥʝʪʫ ʚ ʋʢʨʘʾʥʽ.  ʊʘʢʘ ʽʥʬʦʨʤʘʮʽʷ ʜʦʧʦʤʘʛʘʻ ʥʘʤ ʜʽʟʥʘʪʠʩʷ, ʫ ʷʢʠʭ 

ʨʝʛʽʦʥʘʭ ʧʦʪʨʽʙʥʦ ʦʧʝʨʘʪʠʚʥʦ ʨʝʘʛʫʚʘʪʠ ʥʘ ʧʨʦʙʣʝʤʠ ʟʽ ʟʚᾷʷʟʢʦʤ. ʊʘʢʦʞ 

ʯʝʨʝʟ Ookla ʤʦʞʥʘ ʦʪʨʠʤʘʪʠ ʜʘʥʽ ʧʨʦ ʧʦʢʘʟʥʠʢʠ ʷʢʦʩʪʽ ʽʥʪʝʨʥʝʪʫ ʚʽʜ Starlink. 

ʊʘʢʦʞ, ʄʽʥʮʠʬʨʘ ʚ ʧʘʨʪʥʝʨʩʪʚʽ ʟ ɯʥʩʪʠʪʫʪʦʤ ʄʘʣʽʢʘ (ʐʚʝʡʮʘʨʽʷ) 

ʜʦʩʣʽʜʠʣʠ ʬʘʢʪʦʨʠ ʨʦʟʚʠʪʢʫ Smart City ʚ ʋʢʨʘʾʥʽ.  

ɺʠʟʥʘʯʠʣʠ 12 ʛʦʣʦʚʥʠʭ ʫʤʦʚ ʨʦʟʚʠʪʢʫ ʫʢʨʘʾʥʩʴʢʠʭ çʨʦʟʫʤʥʠʭ ʤʽʩʪè.  

ɿ-ʧʦʤʽʞ ʥʠʭ: ʜʦʩʪʫʧʥʽʩʪʴ ʥʝʦʙʭʽʜʥʠʭ ʣʶʜʩʴʢʠʭ ʨʝʩʫʨʩʽʚ, ʥʘʣʝʞʥʘ  

IT-ʽʥʬʨʘʩʪʨʫʢʪʫʨʘ ʥʘ ʚʩʽʭ ʨʽʚʥʷʭ, ʩʪʘʙʽʣʴʥʝ ʬʽʥʘʥʩʫʚʘʥʥʷ.  

ʆʜʥʽ ʟ ʛʦʣʦʚʥʠʭ ʬʘʢʪʦʨʽʚ ð ʢʦʦʨʜʠʥʘʮʽʷ ʜʽʡ ʤʽʞ ʧʨʝʜʩʪʘʚʥʠʢʘʤʠ 

ʜʝʨʞʘʚʥʦʛʦ ʡ ʤʽʩʮʝʚʦʛʦ ʨʽʚʥʽʚ ʫʧʨʘʚʣʽʥʥʷ, ʘ ʪʘʢʦʞ ʦʙʤʽʥ ʫʩʧʽʰʥʠʤ ʜʦʩʚʽʜʦʤ. 

ʎʶ ʨʦʣʴ ʚʠʢʦʥʫʻ ʩʧʽʣʴʥʦʪʘ çʉʤʘʨʪ ʉʽʪʽ ʢʣʫʙʫè, ʘ ʪʘʢʦʞ ʧʣʘʪʬʦʨʤʘ  

ɼʽʷ ʎʠʬʨʦʚʘ. 

 

ʉʣʽʜʢʫʡʪʝ ʟʘ ʥʘʰʠʤʠ ʥʦʚʠʥʘʤʠ ʪʘ ʙʫʜʴʪʝ ʚ ʢʫʨʩʽ ʛʦʣʦʚʥʠʭ ʧʦʜʽʡ ʪʘ 

ʪʨʝʥʜʽʚ ɯʊ-ʨʠʥʢʫ). 
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The report is focused on global digitization and Internet of Things (IoT) technologies 

application in today's world. The triune concept of IoT is presented, the architecture of IoT 

systems is described, and information, communication, security components of IoT systems are 

analyzed. Technological difficulties, risks and weaknesses of IoT systems implementation are 

analyzed. The business aspects of IoT systems components, scope of IoT technologies, and the 

needs of IoT implementation in Ukraine are presented. Some examples of business 

transformation are presented based on the IoT technologies use.  

 

ʉʋʏɸʉʅɯ ʊɽʅɼɽʅʎɯɰ ʈʆɿɺʀʊʂʋ  

ʊɽʍʅʆʃʆɻɯʁ ɯʅʊɽʈʅɽʊʋ ʈɽʏɽʁ 

 

ʆʩʠʧʯʫʢ ʉ.ʆ. 

ʅʘʚʯʘʣʴʥʦ-ʥʘʫʢʦʚʠʡ ɯʥʩʪʠʪʫʪ ʪʝʣʝʢʦʤʫʥʽʢʘʮʽʡʥʠʭ ʩʠʩʪʝʤ  

ʂʇɯ ʽʤ. ɯʛʦʨʷ ʉʽʢʦʨʩʴʢʦʛʦ, ʋʢʨʘʾʥʘ 
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ʋ ʜʦʧʦʚʽʜʽ ʫʚʘʛʫ ʟʦʩʝʨʝʜʞʝʥʦ ʥʘ ʛʣʦʙʘʣʴʥʽʡ ʮʠʬʨʦʚʽʟʘʮʽʾ ʪʘ ʟʘʩʪʦʩʫʥʢʘʭ ʪʝʭʥʦʣʦʛʽʡ 

ɯʥʪʝʨʥʝʪʫ ʨʝʯʝʡ (ɯʦʊ) ʫ ʩʫʯʘʩʥʦʤʫ ʩʚʽʪʽ. ʇʨʝʜʩʪʘʚʣʝʥʦ ʪʨʠʻʜʠʥʫ ʢʦʥʮʝʧʮʽʶ ɯʦʊ, 

ʨʦʟʛʣʷʥʫʪʦ ʘʨʭʽʪʝʢʪʫʨʫ ʩʠʩʪʝʤ ɯʦʊ, ʪʘ ʧʨʦʘʥʘʣʽʟʦʚʘʥʦ ʽʥʬʦʨʤʘʮʽʡʥʽ, ʢʦʤʫʥʽʢʘʮʽʡʥʽ ʽ 

ʙʝʟʧʝʢʦʚʽ ʢʦʤʧʦʥʝʥʪʠ ʩʠʩʪʝʤ ɯʦʊ. ʇʨʦʘʥʘʣʽʟʦʚʘʥʦ ʪʝʭʥʦʣʦʛʽʯʥʽ ʩʢʣʘʜʥʦʱʽ, ʨʠʟʠʢʠ, ʪʘ 

ʩʣʘʙʢʽ ʤʽʩʮʷ ʧʨʠ ʨʝʘʣʽʟʘʮʽʾ ʩʠʩʪʝʤ IoT. ʅʘʚʝʜʝʥʦ ʘʩʧʝʢʪʠ ʙʽʟʥʝʩ-ʢʦʤʧʦʥʝʥʪʠ ʩʠʩʪʝʤ ɯʦʊ, 

ʩʬʝʨʠ ʟʘʩʪʦʩʫʚʘʥʥʷ ɯʦʊ, ʪʘ ʧʦʪʨʝʙʠ ʚʧʨʦʚʘʜʞʝʥʥʷ IoT ʚ ʋʢʨʘʾʥʽ. ʅʘʚʝʜʝʥʦ ʢʽʣʴʢʘ 

ʧʨʠʢʣʘʜʽʚ ʪʨʘʥʩʬʦʨʤʘʮʽʾ ʙʽʟʥʝʩʫ ʥʘ ʦʩʥʦʚʽ ʟʘʩʪʦʩʫʚʘʥʥʷ ʪʝʭʥʦʣʦʛʽʡ ɯʦʊ. 

 

 

 

(ʇʦʚʥʠʡ ʪʝʢʩ ʩʪʘʪʪʽ ʙʫʜʝ ʜʦʜʘʥʦ ʟʛʦʜʦʤ). 
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APPLICATION OF OPEN RESONATORS TO RESEARCH THE  

METAMATERIALS  PROPERTIES IN THE EHF RANGE   
 

A variant of technical implementation of an open resonator for measuring the 

electromagnetic characteristics of metamaterials by the resonance method in the EHF range is 

proposed. Preliminary studies have shown that the quality factor of such a resonant system does 

not deteriorate due to abnormally small power losses. The proposed resonator has unimodal 

resonance characteristics, which allows to increase the accuracy and unambiguity of 

measurements of material parameters. 

 

ɺ ʫʩʽʭ ʧʨʦʚʽʜʥʠʭ ʢʨʘʾʥʘʭ ʩʚʽʪʫ ʚʞʝ ʢʽʣʴʢʘ ʜʝʩʷʪʠʣʽʪʴ ʧʨʦʚʦʜʷʪʴʩʷ 

ʜʦʩʣʽʜʞʝʥʥʷ ʥʦʚʦʛʦ ʢʣʘʩʫ ʰʪʫʯʥʦ ʩʪʚʦʨʝʥʠʭ ʨʝʯʦʚʠʥ ï ʤʝʪʘʤʘʪʝʨʽʘʣʽʚ, ʷʢʽ 

ʤʘʶʪʴ ʘʙʩʦʣʶʪʥʦ ʫʥʽʢʘʣʴʥʽ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʽ ʚʣʘʩʪʠʚʦʩʪʽ, ʪʘʢʽ ʷʢ: ʽʥʚʝʨʩʽʷ 

ʜʦʧʣʝʨʽʚʩʴʢʦʛʦ ʟʩʫʚʫ ʯʘʩʪʦʪʠ; ʟʤʽʥʘ ʥʘʧʨʷʤʢʫ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ɺʘʚʽʣʦʚʘ ï 

ʏʝʨʝʥʢʦʚʘ; ʥʝʛʘʪʠʚʥʘ ʨʝʬʨʘʢʮʽʷ ʥʘ ʤʝʞʽ ʨʦʟʜʽʣʫ ʪʘ ʽʥ. ɿʘʚʜʷʢʠ ʮʠʤ 

ʚʣʘʩʪʠʚʦʩʪʷʤ ʪʘʢʽ ʢʦʤʧʦʟʠʪʥʽ ʤʘʪʝʨʽʘʣʠ (ʤʝʪʘʤʘʪʝʨʽʘʣʠ) ʤʦʞʫʪʴ ʟʥʘʡʪʠ ʪʘ 

ʟʥʘʭʦʜʷʪʴ ʟʘʩʪʦʩʫʚʘʥʥʷ ʚ ʘʥʪʝʥʥʽʡ ʪʝʭʥʽʮʽ, ʚʠʤʽʨʶʚʘʣʴʥʠʭ ʩʠʩʪʝʤʘʭ, 

ʥʘʥʦʝʣʝʢʪʨʦʥʽʮʽ ʪʘ ʥʘʥʦʪʝʭʥʦʣʦʛʽʷʭ. ʅʘ ʩʴʦʛʦʜʥʽʰʥʽʡ ʜʝʥʴ ʢʽʣʴʢʽʩʪʴ 

ʥʘʫʢʦʚʠʭ ʧʫʙʣʽʢʘʮʽʡ ʟ ʜʦʩʣʽʜʞʝʥʥʷ ʤʝʪʘʤʘʪʝʨʽʘʣʽʚ, ʱʦ ʚʠʢʦʥʫʶʪʴʩʷ 

ʧʨʦʚʽʜʥʠʤʠ ʥʘʫʢʦʚʠʤʠ ʮʝʥʪʨʘʤʠ ʉʐɸ, ɭʚʨʦʩʦʶʟʫ ʪʘ ʗʧʦʥʽʾ, ʻ ʜʦʩʠʪʴ 

ʚʝʣʠʢʦʶ. ʇʨʦʪʝ ʦʪʨʠʤʘʥʽ ʚ ʮʠʭ ʨʦʙʦʪʘʭ ʨʝʟʫʣʴʪʘʪʠ ʥʦʩʷʪʴ ʯʘʩʦʤ 

ʩʫʧʝʨʝʯʣʠʚʠʡ ʭʘʨʘʢʪʝʨ. ʊʦʤʫ ʦʜʥʠʤ ʟ ʢʣʶʯʦʚʠʭ ʟʘʚʜʘʥʴ ʻ ʦʪʨʠʤʘʥʥʷ 

ʜʦʩʪʦʚʽʨʥʦʾ ʽʥʬʦʨʤʘʮʽʾ ʧʨʦ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʤʝʪʘʤʘʪʝʨʽʘʣʽʚ ʫ 

ʂɺʏ- ʪʘ ʪʝʨʘʛʝʨʮʦʚʦʤʫ ʜʽʘʧʘʟʦʥʘʭ. ɼʣʷ ʮʴʦʛʦ ʜʦʮʽʣʴʥʦ ʟʘʩʪʦʩʦʚʫʚʘʪʠ 

ʨʝʟʦʥʘʥʩʥʽ ʤʝʪʦʜʠ ʜʦʩʣʽʜʞʝʥʥʷ, ʷʢʽ ʟʘʙʝʟʧʝʯʫʶʪʴ ʚʠʱʫ ʪʦʯʥʽʩʪʴ ʨʝʟʫʣʴʪʘʪʽʚ 

ʫ ʧʦʨʽʚʥʷʥʥʽ ʟ ʽʥʰʠʤʠ. ʆʩʥʦʚʥʘ ʽʜʝʷ ʪʘʢʠʭ ʤʝʪʦʜʽʚ ʧʦʣʷʛʘʻ ʚ ʩʧʦʩʪʝʨʝʞʝʥʥʽ 

ʚʽʜʛʫʢʫ ʨʝʟʦʥʘʪʦʨʘ, ʱʦ ʤʽʩʪʠʪʴ ʟʨʘʟʦʢ ʜʦʩʣʽʜʞʫʚʘʥʦʛʦ ʤʘʪʝʨʽʘʣʫ. ɺʠʚʯʝʥʥʷ 

ʨʝʟʦʥʘʥʩʥʠʭ ʢʨʠʚʠʭ ʜʦ ʽ ʧʽʩʣʷ ʚʥʝʩʝʥʥʷ ʟʨʘʟʢʘ ʜʦʟʚʦʣʷʻ ʟʘ ʟʤʽʥʦʶ 

ʜʦʙʨʦʪʥʦʩʪʽ ʨʝʟʦʥʘʪʦʨʘ ʽ ʟʩʫʚʦʤ ʨʝʟʦʥʘʥʩʥʦʾ ʯʘʩʪʦʪʠ ʚʠʟʥʘʯʠʪʠ ʷʢ ʜʽʡʩʥʫ 

ʯʘʩʪʠʥʫ ʜʽʝʣʝʢʪʨʠʯʥʦʾ ʧʨʦʥʠʢʥʦʩʪʽ, ʪʘʢ ʽ ʪʘʥʛʝʥʩ ʢʫʪʘ ʚʪʨʘʪ.  

ʋ ʅɺʏ-ʜʽʘʧʘʟʦʥʽ ʜʣʷ ʚʠʤʽʨʶʚʘʥʥʷ ʜʽʝʣʝʢʪʨʠʯʥʦʾ ʧʨʦʥʠʢʥʦʩʪʽ 

ʤʝʪʘʤʘʪʝʨʽʘʣʽʚ ʥʘʡʙʽʣʴʰ ʧʝʨʩʧʝʢʪʠʚʥʠʡ ʮʠʣʽʥʜʨʠʯʥʠʡ ʨʝʟʦʥʘʪʦʨ, ʱʦ 

ʧʝʨʝʙʫʜʦʚʫʻʪʴʩʷ, ʚ ʷʢʦʤʫ ʟʙʫʜʞʫʻʪʴʩʷ ʢʦʣʠʚʘʥʥʷ ʅ01n [1]. ɺʠʢʦʨʠʩʪʘʥʥʷ 

ʨʝʟʦʥʘʪʦʨʘ, ʱʦ ʧʝʨʝʙʫʜʦʚʫʻʪʴʩʷ, ʜʦʟʚʦʣʷʻ ʟʘʩʪʦʩʦʚʫʚʘʪʠ ʛʝʥʝʨʘʪʦʨ, ʱʦ 

ʧʨʘʮʶʻ ʥʘ ʬʽʢʩʦʚʘʥʽʡ ʯʘʩʪʦʪʽ. ʎʝ ʜʦʟʚʦʣʷʻ ʟʜʽʡʩʥʶʚʘʪʠ ʯʘʩʪʦʪʥʫ 

ʩʪʘʙʽʣʽʟʘʮʽʶ ʛʝʥʝʨʘʪʦʨʘ ʽ, ʦʪʞʝ, ʧʽʜʚʠʱʫʚʘʪʠ ʪʦʯʥʽʩʪʴ ʚʠʤʽʨʶʚʘʥʴ. ʇʨʠ 

ʮʴʦʤʫ ʨʦʟʪʘʰʫʚʘʥʥʷ ʟʨʘʟʢʘ ʧʦ ʦʩʽ ʨʝʟʦʥʘʪʦʨʘ, ʜʝ ʥʘʧʨʫʞʝʥʽʩʪʴ ʝʣʝʢʪʨʠʯʥʦʛʦ 

ʧʦʣʷ ʤʽʥʽʤʘʣʴʥʘ, ʷʢʨʘʟ ʽ ʜʦʟʚʦʣʷʻ ʚʠʤʽʨʶʚʘʪʠ ʝʣʝʢʪʨʦʬʽʟʠʯʥʽ ʧʘʨʘʤʝʪʨʠ 
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ʤʝʪʘʤʘʪʝʨʽʘʣʽʚ, ʷʢʽ ʤʦʞʫʪʴ ʭʘʨʘʢʪʝʨʠʟʫʚʘʪʠʩʴ ʚʝʣʠʢʠʤʠ ʚʪʨʘʪʘʤʠ. ʆʜʥʘʢ, 

ʧʨʠ ʧʝʨʝʭʦʜʽ ʜʦ ʂɺʏ-ʜʽʘʧʘʟʦʥʫ ʟʤʝʥʰʫʶʪʴʩʷ ʛʝʦʤʝʪʨʠʯʥʽ ʨʦʟʤʽʨʠ 

ʮʠʣʽʥʜʨʠʯʥʦʛʦ ʨʝʟʦʥʘʪʦʨʘ, ʷʢʽ ʧʨʦʧʦʨʮʽʡʥʽ ʨʦʙʦʯʽʡ ʜʦʚʞʠʥʽ ʭʚʠʣʽ. 

ʋ ʪʦʡ ʩʘʤʠʡ ʯʘʩ ʧʨʠ ʫʢʦʨʦʯʝʥʥʽ ʜʦʚʞʠʥʠ ʭʚʠʣʽ l ʟʨʦʩʪʘʻ ʧʦʚʝʨʭʥʝʚʠʡ 

ʦʧʽʨ Rs ʤʝʪʘʣʫ, ʟ ʷʢʦʛʦ ʟʨʦʙʣʝʥʦ ʨʝʟʦʥʘʪʦʨ, ʦʩʢʽʣʴʢʠ slp 120=sR  [2], ʜʝ s ï 

ʧʠʪʦʤʘ ʧʨʦʚʽʜʥʽʩʪʴ ʤʝʪʘʣʫ. ʗʢʱʦ ʟʙʽʣʴʰʫʚʘʪʠ ʛʝʦʤʝʪʨʠʯʥʽ ʨʦʟʤʽʨʠ, ʪʦʙʪʦ 

ʧʝʨʝʭʦʜʠʪʠ ʜʦ ʥʘʜʨʦʟʤʽʨʥʠʭ ʨʝʟʦʥʘʥʩʥʠʭ ʩʠʩʪʝʤ, ʪʦ ʚ ʮʴʦʤʫ ʚʠʧʘʜʢʫ ʚ 

ʨʝʟʦʥʘʥʩʥʦʤʫ ʦʙôʻʤʽ ʧʦʨʷʜ ʟ ʢʦʣʠʚʘʥʥʷʤ ʅ01n ʙʫʜʫʪʴ ʟʙʫʜʞʫʚʘʪʠʩʷ ʽʥʰʽ 

ʢʦʣʠʚʘʥʥʷ, ʥʘʧʨʠʢʣʘʜ, ɽ11n, ʫ ʷʢʦʛʦ ʪʘʢʘ ʞ ʬʘʟʦʚʘ ʰʚʠʜʢʽʩʪʴ, ʷʢ ʽ ʫ ʨʦʙʦʯʦʛʦ 

ʢʦʣʠʚʘʥʥʷ. ʊʦʤʫ ʥʝʦʙʭʽʜʥʦ ʚʞʠʚʘʪʠ ʜʦʜʘʪʢʦʚʠʭ ʟʘʭʦʜʽʚ ʜʣʷ ʩʝʣʝʢʮʽʾ ʩʧʝʢʪʨʫ 

ʚ ʪʘʢʠʭ ʨʝʟʦʥʘʪʦʨʘʭ, ʱʦ ʻ ʜʦʩʠʪʴ ʩʢʣʘʜʥʠʤ ʪʝʭʥʽʯʥʠʤ ʟʘʚʜʘʥʥʷʤ. ʋ ʟʚ'ʷʟʢʫ ʟ 

ʮʠʤ ʫ    ʂɺʏ-ʜʽʘʧʘʟʦʥʽ ʥʝʦʙʭʽʜʥʦ ʧʝʨʝʭʦʜʠʪʠ ʜʦ ʨʝʟʦʥʘʥʩʥʠʭ ʩʠʩʪʝʤ, ʱʦ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʧʦʰʠʨʝʥʥʷ ʭʚʠʣʴ ʫ ʚʽʣʴʥʦʤʫ ʧʨʦʩʪʦʨʽ ï ʚʽʜʢʨʠʪʠʭ 

ʨʝʟʦʥʘʪʦʨʽʚ (ɺʈ). ʆʩʦʙʣʠʚʽʩʪʶ ʪʘʢʠʭ ʨʝʟʦʥʘʥʩʥʠʭ ʩʠʩʪʝʤ ʻ ʪʝ, ʱʦ, ʢʨʽʤ 

ʚʠʩʦʢʦʾ ʜʦʙʨʦʪʥʦʩʪʽ, ʾʭ ʛʝʦʤʝʪʨʠʯʥʽ ʨʦʟʤʽʨʠ ʩʪʘʥʦʚʣʷʪʴ ʢʽʣʴʢʘ ʜʝʩʷʪʢʽʚ 

ʜʦʚʞʠʥ ʭʚʠʣʴ, ʘ ʟʚ'ʷʟʦʢ ʽʟ ʚʽʣʴʥʠʤ ʧʨʦʩʪʦʨʦʤ ʟʘʙʝʟʧʝʯʫʻ ʜʦʜʘʪʢʦʚʫ ʩʝʣʝʢʮʽʶ 

ʩʧʝʢʪʨʘ ʢʦʣʠʚʘʥʴ ʪʘ ʚʽʣʴʥʠʡ ʜʦʩʪʫʧ ʜʦ ʨʝʟʦʥʘʥʩʥʦʛʦ ʦʙôʻʤʫ. 

ɺʽʜʢʨʠʪʠʡ ʨʝʟʦʥʘʪʦʨ ʻ ʚʠʩʦʢʦʯʫʪʣʠʚʠʤ ʽʥʩʪʨʫʤʝʥʪʦʤ ʚʠʤʽʨʶʚʘʥʥʷ 

ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʨʝʯʦʚʠʥ [3,4]. ʇʽʜ ʯʘʩ ʧʨʦʚʝʜʝʥʥʷ 

ʜʦʩʣʽʜʞʝʥʴ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ, ʟʘʟʚʠʯʘʡ, ʧʣʦʩʢʽ ʟʨʘʟʢʠ, ʘ ʚ ʨʝʟʦʥʘʪʦʨʽ 

ʟʙʫʜʞʫʻʪʴʩʷ ʥʠʞʥʽʡ ʪʠʧ ʢʦʣʠʚʘʥʥʷ ʊɽʄ00q (q ï ʧʦʟʜʦʚʞʥʽʡ ʽʥʜʝʢʩ 

ʢʦʣʠʚʘʥʥʷ). ɿʘʚʜʷʢʠ ʟʘʩʪʦʩʫʚʘʥʥʶ ʥʘʧʽʚʩʬʝʨʠʯʥʦʾ ʛʝʦʤʝʪʨʽʾ ʨʝʟʦʥʘʪʦʨʘ 

ʫʩʫʚʘʶʪʴʩʷ ʧʦʤʠʣʢʠ, ʧʦʚ'ʷʟʘʥʽ ʟ ʚʠʟʥʘʯʝʥʥʷʤ ʢʫʪʦʚʦʛʦ ʧʦʣʦʞʝʥʥʷ ʟʨʘʟʢʘ, 

ʦʩʢʽʣʴʢʠ ʦʩʪʘʥʥʽʡ ʫ ʮʴʦʤʫ ʚʠʧʘʜʢʫ ʨʦʟʤʽʱʫʻʪʴʩʷ ʥʘ ʧʣʦʩʢʦʤʫ ʜʟʝʨʢʘʣʽ ɺʈ 

[5,6]. 

ʇʨʠ ʧʨʦʚʝʜʝʥʥʽ ʚʠʤʽʨʶʚʘʥʴ ʟʨʘʟʦʢ ʧʦʚʠʥʝʥ ʨʦʟʪʘʰʦʚʫʚʘʪʠʩʴ ʫ 

ʤʘʢʩʠʤʫʤʽ ʝʣʝʢʪʨʠʯʥʦʾ ʢʦʤʧʦʥʝʥʪʠ ʧʦʣʷ ʩʪʦʷʯʦʾ ʭʚʠʣʽ ʚ ɺʈ, ʱʦ ʟʘʙʝʟʧʝʯʫʻ 

ʥʘʡʙʽʣʴʰʫ ʪʦʯʥʽʩʪʴ ʚʠʤʽʨʶʚʘʥʴ. ʇʨʠ ʮʴʦʤʫ ʦʜʥʽʻʶ ʟ ʦʩʥʦʚʥʠʭ ʫʤʦʚ 

ʟʘʩʪʦʩʫʚʘʥʥʷ ʤʝʪʦʜʫ ɺʈ ʜʣʷ ʚʠʤʽʨʶʚʘʥʥʷ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 

ʨʝʯʦʚʠʥ ʻ ʤʘʣʽ ʚʪʨʘʪʠ ʧʦʪʫʞʥʦʩʪʽ ʫ ʟʨʘʟʢʫ ʤʘʪʝʨʽʘʣʫ, ʱʦ ʚʠʤʽʨʶʻʪʴʩʷ, 

ʦʩʢʽʣʴʢʠ ʪʽʣʴʢʠ ʚ ʮʴʦʤʫ ʚʠʧʘʜʢʫ ɺʈ ʨʘʟʦʤ ʽʟ ʟʨʘʟʢʦʤ ʟʘʣʠʰʘʻʪʴʩʷ 

ʚʠʩʦʢʦʜʦʙʨʦʪʥʦʶ ʨʝʟʦʥʘʥʩʥʦʶ ʩʠʩʪʝʤʦʶ ʽ ʟʙʝʨʽʛʘʶʪʴʩʷ ʚʩʽ ʧʝʨʝʚʘʛʠ ʪʘʢʦʛʦ 

ʤʝʪʦʜʫ ʚʠʤʽʨʶʚʘʥʴ. ɼʣʷ ʜʽʘʛʥʦʩʪʠʢʠ ʟʘ ʜʦʧʦʤʦʛʦʶ ɺʈ ʩʠʣʴʥʦʧʦʛʣʠʥʘʶʯʠʭ 

ʨʝʯʦʚʠʥ (ʤʝʪʘʤʘʪʝʨʽʘʣʠ), ʪʦʚʱʠʥʘ ʟʨʘʟʢʘ ʧʦʚʠʥʥʘ ʙʫʪʠ ʤʝʥʰʦʶ ʟʘ ʚʝʣʠʯʠʥʫ 

ʩʢʽʥ-ʰʘʨʫ. 

ʋ ʨʷʜʽ ʧʨʘʢʪʠʯʥʠʭ ʚʠʧʘʜʢʽʚ ʥʝʦʙʭʽʜʥʦ ʜʦʩʣʽʜʞʫʚʘʪʠ ʤʝʪʘʤʘʪʝʨʽʘʣʠ, ʷʢʽ 

ʤʘʶʪʴ ʮʠʣʽʥʜʨʠʯʥʫ ʬʦʨʤʫ. ɯ ʪʫʪ ʚʠʥʠʢʘʶʪʴ ʪʝʭʥʽʯʥʽ ʪʨʫʜʥʦʱʽ, ʧʦʚôʷʟʘʥʽ ʟ 

ʨʦʟʪʘʰʫʚʘʥʥʷʤ ʪʘʢʦʛʦ ʟʨʘʟʢʘ ʚ ʦʙôʻʤʽ ʨʝʟʦʥʘʪʦʨʘ, ʦʩʢʽʣʴʢʠ ʧʨʠ ʢʦʞʥʦʤʫ 

ʚʠʤʽʨʶʚʘʥʥʽ ʦʩʪʘʥʥʽʡ ʧʦʚʠʥʝʥ ʧʦʤʽʱʘʪʠʩʷ ʚ ʦʙʣʘʩʪʴ ʟ ʪʽʻʶ ʩʘʤʦʶ 

ʥʘʧʨʫʞʝʥʽʩʪʶ ʝʣʝʢʪʨʠʯʥʦʛʦ ʧʦʣʷ. ɺʠʢʦʨʠʩʪʘʥʥʷ ʟʨʘʟʢʽʚ ʟ ʚʝʣʠʢʠʤʠ ʚʪʨʘʪʘʤʠ 

ʤʦʞʝ ʧʨʠʟʚʝʩʪʠ ʜʦ ʟʨʠʚʫ ʢʦʣʠʚʘʥʥʷ ʚ ɺʈ, ʦʩʢʽʣʴʢʠ ʜʽʘʤʝʪʨ ʜʦʩʣʽʜʞʫʚʘʥʦʾ 

ʨʝʯʦʚʠʥʠ, ʷʢ ʧʨʘʚʠʣʦ, ʧʝʨʝʚʠʱʫʻ ʪʦʚʱʠʥʫ ʩʢʽʥ-ʰʘʨʫ. ʎʷ ʦʙʩʪʘʚʠʥʘ ʥʘʢʣʘʜʘʻ 

ʦʙʤʝʞʝʥʥʷ ʧʦ ʟʘʩʪʦʩʫʚʘʥʥʶ ɺʈ ʜʣʷ ʜʦʩʣʽʜʞʝʥʥʷ ʝʣʝʢʪʨʦʬʽʟʠʯʥʠʭ 

ʚʣʘʩʪʠʚʦʩʪʝʡ ʤʝʪʘʤʘʪʝʨʽʘʣʽʚ ʮʠʣʽʥʜʨʠʯʥʦʾ ʬʦʨʤʠ. ʊʘʢʠʤ ʯʠʥʦʤ, ʤʦʞʥʘ 
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ʩʢʘʟʘʪʠ, ʱʦ ʥʘ ʩʴʦʛʦʜʥʽʰʥʽʡ ʜʝʥʴ ʚʽʜʩʫʪʥʽ ʤʝʪʦʜʠ ʪʘ ʟʘʩʦʙʠ ʜʣʷ ʚʠʤʽʨʶʚʘʥʥʷ 

ʦʩʥʦʚʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʤʘʪʝʨʽʘʣʽʚ ʫ ʟʘʟʥʘʯʝʥʠʭ ʚʠʱʝ ʯʘʩʪʦʪʥʠʭ ʜʽʘʧʘʟʦʥʘʭ. 

ʅʘʡʙʽʣʴʰ ʧʝʨʩʧʝʢʪʠʚʥʦʶ ʜʣʷ ʜʦʩʣʽʜʞʝʥʥʷ ʪʘʢʠʭ ʤʘʪʝʨʽʘʣʽʚ ʻ 

ʟʘʧʨʦʧʦʥʦʚʘʥʘ ʘʚʪʦʨʘʤʠ ʚʽʜʢʨʠʪʘ ʨʝʟʦʥʘʥʩʥʘ ʩʠʩʪʝʤʘ [7,8]. ʊʘʢʘ ʨʝʟʦʥʘʥʩʥʘ 

ʩʠʩʪʝʤʘ ʻ ɺʈ, ʚ ʮʝʥʪʨʽ ʦʜʥʦʛʦ ʟ ʜʟʝʨʢʘʣ ʷʢʦʛʦ ʚʠʢʦʥʘʥʠʡ ʚʽʜʨʽʟʦʢ ʢʨʫʛʣʦʛʦ 

ʭʚʠʣʝʚʦʜʫ (ʈʠʩ.1). ʋ ʪʘʢʦʤʫ ʭʚʠʣʝʚʦʜʽ ʟʙʫʜʞʫʻʪʴʩʷ ʣʠʰʝ ʭʚʠʣʷ ʊɽ01, ʭʦʯʘ 

ʡʦʛʦ ʜʽʘʤʝʪʨ ʩʪʘʥʦʚʠʪʴ ʢʽʣʴʢʘ ʜʦʚʞʠʥ ʭʚʠʣʴ, ʪʦʙʪʦ ʚʽʥ ʻ ʥʘʜʨʦʟʤʽʨʥʠʤ. 

ʇʨʦʚʝʜʝʥʽ ʧʦʧʝʨʝʜʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʧʦʢʘʟʘʣʠ, ʱʦ ʜʦʙʨʦʪʥʽʩʪʴ ʪʘʢʦʾ 

ʨʝʟʦʥʘʥʩʥʦʾ ʩʠʩʪʝʤʠ ʧʨʘʢʪʠʯʥʦ ʥʝ ʧʦʛʽʨʰʫʻʪʴʩʷ ʯʝʨʝʟ ʘʥʦʤʘʣʴʥʦ ʤʘʣʽ ʚʪʨʘʪʠ 

ʭʚʠʣʽ ʊɽ01. ʊʘʢʠʡ ʨʝʟʦʥʘʪʦʨ ʤʘʻ ʫʥʽʤʦʜʘʣʴʥʫ ʨʝʟʦʥʘʥʩʥʫ ʭʘʨʘʢʪʝʨʠʩʪʠʢʫ 

(ʈʠʩ.2). ʎʝ ʜʦʟʚʦʣʷʻ ʧʽʜʚʠʱʠʪʠ ʪʦʯʥʽʩʪʴ ʽ ʦʜʥʦʟʥʘʯʥʽʩʪʴ ʚʠʤʽʨʽʚ. ɿ ʽʥʰʦʛʦ 

ʙʦʢʫ, ʨʦʟʪʘʰʫʚʘʥʥʷ ʟʨʘʟʢʘ ʤʝʪʘʤʘʪʝʨʽʘʣʫ ʚ ʦʙʣʘʩʪʽ ʣʽʥʽʡʥʦʾ ʟʤʽʥʠ 

ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʦʛʦ ʧʦʣʷ (ʚʽʩʴ ʨʝʟʦʥʘʪʦʨʘ) ʪʘʢʦʞ ʟʘʙʝʟʧʝʯʫʻ ʧʽʜʚʠʱʝʥʥʷ 

ʪʦʯʥʦʩʪʽ ʚʠʤʽʨʶʚʘʥʴ ʚ ʪʘʢʽʡ ʩʠʩʪʝʤʽ [9]. 

 

  
ʈʠʩ.1. ɻʝʦʤʝʪʨʽʷ ʧʦʧʝʨʝʯʥʦʛʦ 

ʧʝʨʝʨʽʟʫ ʧʽʚʩʬʝʨʠʯʥʦʛʦ ɺʈ: 

1 ï ʘʤʧʣʽʪʫʜʥʠʡ ʨʦʟʧʦʜʽʣ 

ʩʢʣʘʜʦʚʦʾ ʝʣʝʢʪʨʠʯʥʦʛʦ ʧʦʣʷ ɽű ;  

2 ï ʨʦʟʧʦʜʽʣ ʧʦʣʷ ʭʚʠʣʽ ʊɽ01 ʚ 

ʧʣʦʱʠʥʽ z = 0;  

3 ï ʜʦʩʣʽʜʞʫʚʘʥʠʡ ʤʘʪʝʨʽʘʣ. 

 

ʈʠʩ.2. ʉʧʝʢʪʨ ʤʦʜ ʧʽʚʩʬʝʨʠʯʥʦʛʦ ɺʈ ʟ ʢʨʫʛʣʠʤ 

ʭʚʠʣʝʚʦʜʦʤ ʫ ʩʝʨʝʜʠʥʽ ʧʣʦʩʢʦʛʦ ʜʟʝʨʢʘʣʘ ʧʨʠ 

ʥʘʚʘʥʪʘʞʝʥʽʡ ʜʦʙʨʦʪʥʦʩʪʽ ʨʝʟʦʥʘʪʦʨʘ Ql å 3140. 

 

ʅʘʣʘʰʪʫʚʘʥʥʷ ʩʠʩʪʝʤʠ ʚ ʨʝʟʦʥʘʥʩ ʤʦʞʥʘ ʟʜʽʡʩʥʶʚʘʪʠ ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʜʟʝʨʢʘʣʘ ʚʽʜʢʨʠʪʦʛʦ ʨʝʟʦʥʘʪʦʨʘ, ʥʘ ʷʢʦʤʫ ʨʦʟʪʘʰʦʚʘʥʽ ʝʣʝʤʝʥʪʠ ʟʚ'ʷʟʢʫ. ʎʝ, ʫ 

ʩʚʦʶ ʯʝʨʛʫ, ʜʦʟʚʦʣʷʻ ʧʨʘʮʶʚʘʪʠ ʥʘ ʬʽʢʩʦʚʘʥʽʡ ʯʘʩʪʦʪʽ, ʱʦ, ʷʢ ʙʫʣʦ ʟʘʟʥʘʯʝʥʦ 

ʚʠʱʝ, ʜʫʞʝ ʚʘʞʣʠʚʦ ʜʣʷ ʯʘʩʪʦʪʥʦʾ ʩʪʘʙʽʣʽʟʘʮʽʾ ʛʝʥʝʨʘʪʦʨʘ ʽ ʩʧʨʠʷʻ 

ʧʽʜʚʠʱʝʥʥʶ ʪʦʯʥʦʩʪʽ ʚʠʤʽʨʶʚʘʥʴ.  

ʈʦʟʚ'ʷʟʘʥʥʷ ʚʠʱʝʟʘʟʥʘʯʝʥʠʭ ʟʘʚʜʘʥʴ ʥʝʤʦʞʣʠʚʝ ʙʝʟ ʨʦʟʨʦʙʢʠ ʩʪʨʦʛʠʭ 

ʤʘʪʝʤʘʪʠʯʥʠʭ ʤʝʪʦʜʽʚ ʘʥʘʣʽʟʫ ʦʩʥʦʚʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʤʝʪʘʤʘʪʝʨʽʘʣʽʚ ʪʘ 

ʨʦʟʛʣʷʥʫʪʠʭ ʚʠʱʝ ʚʽʜʢʨʠʪʠʭ ʨʝʟʦʥʘʥʩʥʠʭ ʩʠʩʪʝʤ ʟ ʘʢʩʽʘʣʴʥʦ-ʩʠʤʝʪʨʠʯʥʠʤʠ 

ʪʠʧʘʤʠ ʢʦʣʠʚʘʥʴ. ʎʝ ʧʦʚ'ʷʟʘʥʦ ʟ ʪʠʤ, ʱʦ ʥʘʙʣʠʞʝʥʽ ʤʝʪʦʜʠ ʘʥʘʣʽʟʫ ʪʘʢʠʭ 

3 
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ʩʢʣʘʜʥʠʭ ʨʝʟʦʥʘʥʩʥʠʭ ʩʠʩʪʝʤ, ʥʝ ʜʦʟʚʦʣʷʶʪʴ ʦʪʨʠʤʘʪʠ ʧʦʚʥʫ ʢʘʨʪʠʥʫ 

ʬʽʟʠʯʥʠʭ ʧʨʦʮʝʩʽʚ, ʱʦ ʚʽʜʙʫʚʘʶʪʴʩʷ ʚ ʥʠʭ. 

ɸʚʪʦʨʘʤʠ ʙʫʣʦ ʧʨʦʚʝʜʝʥʦ ʧʦʧʝʨʝʜʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʟ ʚʠʤʽʨʶʚʘʥʥʷ 

ʜʽʝʣʝʢʪʨʠʯʥʦʾ ʧʨʦʥʠʢʥʦʩʪʽ ʪʘ ʪʘʥʛʝʥʩʫ ʢʫʪʘ ʚʪʨʘʪ ʚʽʜʦʤʠʭ ʤʘʪʝʨʽʘʣʽʚ ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʟʘʧʨʦʧʦʥʦʚʘʥʦʾ ʨʝʟʦʥʘʥʩʥʦʾ ʩʠʩʪʝʤʠ ʫ ʢʦʨʦʪʢʦʭʚʠʣʴʦʚʽʡ ʯʘʩʪʠʥʽ 

ʤʽʣʽʤʝʪʨʦʚʦʛʦ ʜʽʘʧʘʟʦʥʫ ʜʦʚʞʠʥ ʭʚʠʣʴ (ɚ=4 ʤʤ). ʋ ʷʢʦʩʪʽ ʤʘʪʝʨʽʘʣʽʚ ʙʫʣʠ 

ʜʦʩʣʽʜʞʝʥʽ ʚʽʜʦʤʽ ʤʘʪʝʨʽʘʣʠ: ʬʪʦʨʦʧʣʘʩʪ (ʤʘʣʽ ʚʪʨʘʪʠ, tgŭº3Ĭ10
-4
) ʪʘ 

ʧʣʝʢʩʠʛʣʘʩ (ʚʝʣʠʢʽ ʚʪʨʘʪʠ, tgŭº1,1Ĭ10
-2
). ɼʽʘʤʝʪʨʠ ʮʠʣʽʥʜʨʠʯʥʠʭ ʟʨʘʟʢʽʚ 

ʩʪʘʥʦʚʠʣʠ 18 ʤʤ, ʘ ʪʦʚʱʠʥʘ ʜʦʨʽʚʥʶʻ ʧʨʠʙʣʠʟʥʦ 3 ʤʤ. ʈʝʟʫʣʴʪʘʪʠ ʦʪʨʠʤʘʥʠʭ 

ʚʠʤʽʨʶʚʘʥʴ ʧʝʨʝʙʫʚʘʶʪʴ ʫ ʜʦʙʨʽʡ ʚʽʜʧʦʚʽʜʥʦʩʪʽ ʟ ʜʘʥʠʤʠ ʽʥʰʠʭ ʘʚʪʦʨʽʚ [10] ʽ 

ʪʫʪ ʻ ʰʠʨʦʢʝ ʧʦʣʝ ʧʦʜʘʣʴʰʦʾ ʜʽʷʣʴʥʦʩʪʽ. ɸʚʪʦʨʘʤʠ ʨʦʟʨʦʙʣʝʥʦ ʤʘʪʝʤʘʪʠʯʥʠʡ 

ʘʧʘʨʘʪ ʜʣʷ ʘʥʘʣʽʟʫ ʧʦʜʽʙʥʠʭ ʨʝʟʦʥʘʥʩʥʠʭ ʩʠʩʪʝʤ. ʊʦʤʫ ʮʽʢʘʚʦ ʨʦʟʛʣʷʥʫʪʠ 

ʟʚʦʨʦʪʥʝ ʟʘʚʜʘʥʥʷ ʱʦʜʦ ʚʠʟʥʘʯʝʥʥʷ ʦʩʥʦʚʥʠʭ ʝʣʝʢʪʨʦʬʽʟʠʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ 

ʤʘʪʝʨʽʘʣʽʚ ʟʘ ʚʽʜʦʤʠʤʠ ʚʽʜʛʫʢʘʤʠ ʨʝʟʦʥʘʪʦʨʘ ʟ ʨʝʯʦʚʠʥʦʶ ʪʘ ʙʝʟ 

(ʥʘʚʘʥʪʘʞʝʥʘ ʜʦʙʨʦʪʥʽʩʪʴ ʪʘ ʨʝʟʦʥʘʥʩʥʘ ʯʘʩʪʦʪʘ). ɸ ʦʩʢʽʣʴʢʠ ʪʘʢʘ ʨʝʟʦʥʘʥʩʥʘ 

ʩʠʩʪʝʤʘ, ʷʢ ʟʘʟʥʘʯʝʥʦ ʚʠʱʝ, ʤʘʻ ʣʠʰʝ ʦʜʠʥ ʨʝʟʦʥʘʥʩʥʠʡ ʚʽʜʛʫʢ ʫ ʩʤʫʟʽ ʯʘʩʪʦʪ 

ʙʣʠʟʴʢʦ 10 ɻɻʮ ʽ ʚ ʥʽʡ ʧʨʘʢʪʠʯʥʦ ʚʽʜʩʫʪʥʽ ʜʠʬʨʘʢʮʽʡʥʽ ʚʪʨʘʪʠ, ʪʦ ʚʠʨʽʰʝʥʥʷ 

ʧʦʜʽʙʥʦʛʦ ʟʘʚʜʘʥʥʷ ʧʨʝʜʩʪʘʚʣʷʻʪʴʩʷ ʨʝʘʣʴʥʠʤ ʥʝ ʣʠʰʝ ʫ ʚʢʘʟʘʥʦʤʫ ʜʽʘʧʘʟʦʥʽ, 

ʘʣʝ ʡ ʥʘ ʟʥʘʯʥʦ ʚʠʱʠʭ ʯʘʩʪʦʪʘʭ, ʚʢʣʶʯʘʶʯʠ ʡ ʪʝʨʘʛʝʨʮʦʚʠʡ ʯʘʩʪʦʪʥʠʡ 

ʜʽʘʧʘʟʦʥ [11]. 
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TELECOMMUNICATIONS SYSTEM FOR INFORMATION SUPPORT 

OF MISSIONS FOR STUDYING AND COLONIZATION OF THE MOON  

 

Proposals for the creation of an telecommunication system whose task is to provide 

information support to missions to study and explore the moon are presented. The task of the 

system is information support of international lunar missions and connection of consumers on 

the Moon to terrestrial information systems. The composition of the system is determined, 

prototypes and key technologies necessary for the creation of the proposed system are shown. 

The results of the preliminary assessment of the characteristics of the system in terms of 

increasing bandwidth (information transfer rate) are presented. 

ʇʨʝʜʩʪʘʚʣʝʥʦ ʧʨʦʧʦʟʠʮʽʾ ʱʦʜʦ ʩʪʚʦʨʝʥʥʷ ʪʝʣʝʢʦʤʫʥʽʢʘʮʽʡʥʦʾ ʩʠʩʪʝʤʠ ʟʘʚʜʘʥʥʷʤ ʷʢʦʾ 

ʻ ʽʥʬʦʨʤʘʮʽʡʥʘ ʧʽʜʪʨʠʤʢʘ ʤʽʩʽʡ ʟ ʚʠʚʯʝʥʥʷ ʪʘ ʦʩʚʦʻʥʥʷ ʄʽʩʷʮʷ. ɿʘʚʜʘʥʥʷ ʩʠʩʪʝʤʠ ï 

ʽʥʬʦʨʤʘʮʽʡʥʘ ʧʽʜʪʨʠʤʢʘ ʤʽʞʥʘʨʦʜʥʠʭ ʤʽʩʷʯʥʠʭ ʤʽʩʽʡ ʪʘ ʧʽʜʢʣʶʯʝʥʥʷ ʩʧʦʞʠʚʘʯʽʚ ʥʘ 

ʄʽʩʷʮʽ ʜʦ ʥʘʟʝʤʥʠʭ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʩʠʩʪʝʤ. ɺʠʟʥʘʯʝʥʦ ʩʢʣʘʜ ʩʠʩʪʝʤʠ, ʧʦʢʘʟʘʥʦ ʧʨʦʪʦʪʠʧʠ 

ʪʘ ʢʣʶʯʦʚʽ ʪʝʭʥʦʣʦʛʽʾ, ʱʦ ʥʝʦʙʭʽʜʥʽ ʜʣʷ ʩʪʚʦʨʝʥʥʷ ʟʘʧʨʦʧʦʥʦʚʘʥʦʾ ʩʠʩʪʝʤʠ. ʇʨʝʜʩʪʘʚʣʝʥʦ 

ʨʝʟʫʣʴʪʘʪʠ ʧʦʧʝʨʝʜʥʴʦʾ ʦʮʽʥʢʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʩʠʩʪʝʤʠ ʱʦʜʦ ʥʘʨʦʱʫʚʘʥʥʷ ʧʨʦʧʫʩʢʥʦʾ 

ʟʜʘʪʥʦʩʪʽ (ʰʚʠʜʢʦʩʪʽ ʧʝʨʝʜʘʯʽ ʽʥʬʦʨʤʘʮʽʾ). 

 

ʅʘ ʩʴʦʛʦʜʥʽʰʥʽʡ ʜʝʥʴ ʫʚʘʛʘ ʚʯʝʥʠʭ ʪʘ ʜʦʩʣʽʜʥʠʢʽʚ ʨʽʟʥʠʭ ʢʨʘʾʥ ʚʩʝ ʙʽʣʴʰʝ ʧʨʠʢʫʪʘ ʜʦ 

ʄʽʩʷʮʷ. ʈʦʟʨʦʙʣʷʻʪʴʩʷ ʙʘʛʘʪʦ ʄʽʩʷʯʥʠʭ ʤʽʩʽʡ, ʷʢʽ ʧʝʨʝʜʙʘʯʘʶʪʴ ʜʦʩʪʘʚʢʫ ʪʝʭʥʽʢʠ ʪʘ 

ʘʧʘʨʘʪʽʚ ʜʣʷ ʧʨʦʚʝʜʝʥʥʷ ʥʘʫʢʦʚʠʭ ʜʦʩʣʽʜʞʝʥʴ ʽ ʧʝʨʝʚʝʟʝʥʥʷ ʛʝʦʣʦʛʽʯʥʦʾ ʧʦʨʦʜʠ ʥʘ ɿʝʤʣʶ. 

ɸʢʪʠʚʥʦ ʦʧʨʘʮʴʦʚʫʶʪʴʩʷ ʧʠʪʘʥʥʷ ʧʦʙʫʜʦʚʠ ʥʘ ʄʽʩʷʮʽ ʧʦʩʪʽʡʥʦʾ ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ, 

ʧʨʠʟʥʘʯʝʥʦʾ ʜʣʷ ʜʦʚʛʦʩʪʨʦʢʦʚʦʛʦ ʧʝʨʝʙʫʚʘʥʥʷ ʧʝʨʩʦʥʘʣʫ ʤʽʩʽʡ. ʄʝʪʦʶ ʮʠʭ ʤʽʩʽʡ ʩʪʘʥʝ 

ʜʦʩʢʦʥʘʣʝ ʚʠʚʯʝʥʥʷ ʄʽʩʷʮʷ, ʚʠʜʦʙʫʪʦʢ ʢʦʨʠʩʥʠʭ ʢʦʧʘʣʠʥ. ʆʪʨʠʤʘʥʽ ʟʥʘʥʥʷ ʪʘ 

ʚʽʜʧʨʘʮʴʦʚʘʥʽ ʪʝʭʥʦʣʦʛʽʾ ʧʣʘʥʫʻʪʴʩʷ ʚʠʢʦʨʠʩʪʘʪʠ ʜʣʷ ʧʦʜʘʣʴʰʦʛʦ ʦʩʚʦʻʥʥʷ ʢʦʩʤʦʩʫ. 

NASA, ESA ʪʘ ʢʦʩʤʽʯʥʽ ʘʛʝʥʪʩʪʚʘ ʙʘʛʘʪʴʦʭ ʢʨʘʾʥ ʚʠʚʯʘʶʪʴ ʧʠʪʘʥʥʷ ʩʪʚʦʨʝʥʥʷ ʢʦʩʤʽʯʥʦʾ 

ʩʪʘʥʮʽʾ ʥʘ ʦʨʙʽʪʽ ʥʘʚʢʦʣʦ ʄʽʩʷʮʷ ʪʘ ʟʘʧʫʩʢʫ ʥʘ ʥʘʚʢʦʣʦʤʽʩʷʯʥʫ ʦʨʙʽʪʫ ʩʫʧʫʪʥʠʢʽʚ 

ʨʽʟʥʦʤʘʥʽʪʥʦʛʦ ʧʨʠʟʥʘʯʝʥʥʷ. 

ɼʣʷ ʫʩʧʽʰʥʦʛʦ ʨʦʟʚʠʪʢʫ ʄʽʩʷʯʥʠʭ ʧʨʦʝʢʪʽʚ ʥʝʦʙʭʽʜʥʘ ʷʢʽʩʥʘ ʽ ʩʪʘʙʽʣʴʥʘ ʽʥʬʦʨʤʘʮʽʡʥʘ 

ʧʽʜʪʨʠʤʢʘ ʽʟ ɿʝʤʣʽ. ɸʜʞʝ ʥʘ ʩʴʦʛʦʜʥʽ ʥʘ ʄʽʩʷʮʽ ʥʝ ʤʘʻ ʜʦʩʪʘʪʥʽʭ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʪʘ 

ʦʙʯʠʩʣʶʚʘʣʴʥʠʭ ʨʝʩʫʨʩʽʚ ʜʣʷ ʦʙʨʦʙʢʠ ʪʘ ʟʙʝʨʽʛʘʥʥʷ ʦʪʨʠʤʘʥʠʭ ʜʘʥʠʭ, ʘ ʥʘ ɿʝʤʣʽ ʮʠʭ 

ʨʝʩʫʨʩʽʚ ʚʜʦʩʪʘʣʴ. ʅʘ ʚʠʨʽʰʝʥʥʷ ʧʠʪʘʥʥʷ ʩʪʚʦʨʝʥʥʷ ʽʥʬʦʨʤʘʮʽʡʥʦ-ʪʝʣʝʢʦʤʫʥʽʢʘʮʽʡʥʦʛʦ 
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ʤʦʩʪʫ ʤʽʞ ɿʝʤʣʝʶ ʪʘ ʄʽʩʷʮʝʤ ʩʧʨʷʤʦʚʘʥʦ ʙʘʛʘʪʦ ʧʨʦʝʢʪʽʚ. ʎʽ ʧʨʦʝʢʪʠ ʧʝʨʝʜʙʘʯʘʶʪʴ 

ʩʪʚʦʨʝʥʥʷ ʫʛʨʫʧʫʚʘʥʥʷ ʩʫʧʫʪʥʠʢʽʚ ʟʚôʷʟʢʫ ʥʘ ʥʠʟʴʢʽʡ ʥʘʚʢʦʣʦʤʽʩʷʯʥʽʡ ʦʨʙʽʪʽ, ʷʢʽ ʻ 

ʘʥʘʣʦʛʦʤ ʥʠʟʴʢʦʦʨʙʽʪʘʣʴʥʠʭ ʥʘʚʢʦʣʦʟʝʤʥʠʭ ʩʠʩʪʝʤ. ʊʘʢʦʞ ʧʨʦʧʦʥʫʻʪʴʩʷ ʩʪʚʦʨʝʥʥʷ 

ʩʫʧʫʪʥʠʢʽʚ ʥʘ ʤʽʩʷʯʥʦ-ʩʪʘʮʽʦʥʘʨʥʽʡ ʦʨʙʽʪʽ. ʅʝʜʦʣʽʢʦʤ ʫʩʽʭ ʮʠʭ ʧʨʦʻʢʪʽʚ [1,2,3]  ʻ 

ʦʙʤʝʞʝʥʽ ʤʦʞʣʠʚʦʩʪʽ ʩʫʧʫʪʥʠʢʽʚ ʥʘ ʥʘʚʢʦʣʦʤʽʩʷʯʥʽʡ ʦʨʙʽʪʽ. 

 

1. ʆʩʦʙʣʠʚʦʩʪʽ ʨʫʭʫ ʄʽʩʷʮʷ ʥʘʚʢʦʣʦ ɿʝʤʣʽ, ʱʦ ʚʧʣʠʚʘʶʪʴ ʥʘ ʩʭʝʤʥʦ-ʢʦʥʩʪʨʫʢʪʠʚʥʽ 

ʨʽʰʝʥʥʷ. 

ʇʨʠ ʚʠʚʯʝʥʥʽ ʧʠʪʘʥʥʷ ʩʪʚʦʨʝʥʥʷ ʪʝʣʝʢʦʤʫʥʽʢʘʮʽʡʥʦʾ ʩʠʩʪʝʤʠ ɿʝʤʣʷ-ʄʽʩʷʮʴ ʧʦʪʨʽʙʥʦ 

ʚʨʘʭʫʚʘʪʠ ʦʩʦʙʣʠʚʦʩʪʽ ʨʫʭʫ ʄʽʩʷʮʷ ʥʘʚʢʦʣʦ ɿʝʤʣʽ. ʄʽʩʷʮʴ ʦʙʝʨʪʘʻʪʴʩʷ ʥʘʚʢʦʣʦ ɿʝʤʣʽ ʧʦ 

ʦʨʙʽʪʽ ʝʣʽʧʪʠʯʥʦʾ ʬʦʨʤʠ. ɺʽʜʩʪʘʥʴ ʤʽʞ ɿʝʤʣʝʶ ʪʘ ʄʽʩʷʮʝʤ ʟʤʽʥʶʻʪʴʩʷ ʚ ʤʝʞʘʭ ʚʽʜ 356 410 

ʜʦ 406 740 ʢʤ [4,5]. ʉʝʨʝʜʥʷ ʚʽʜʩʪʘʥʴ ʩʪʘʥʦʚʠʪʴ 384 440 ʢʤ. ʇʦʚʥʠʡ ʦʙʦʨʦʪ ʤʽʩʷʮʴ 

ʟʜʽʡʩʥʶʻ ʟʘ 27,322 ʜʦʙʠ. ʎʝʡ ʧʨʦʤʽʞʦʢ ʯʘʩʫ ʥʘʟʠʚʘʻʪʴʩʷ ʩʠʜʝʨʠʯʥʠʤ, ʘʙʦ ʟʦʨʷʥʠʤ 

ʤʽʩʷʮʝʤ. ʇʝʨʽʦʜ ʦʙʝʨʪʘʥʥʷ ʄʽʩʷʮʷ ʥʘʚʢʦʣʦ ʩʚʦʻʾ ʦʩʽ ʚ ʪʦʯʥʦʩʪʽ ʜʦʨʽʚʥʶʻ ʧʝʨʽʦʜʫ ʾʾ 

ʦʙʝʨʪʘʥʥʷ ʥʘʚʢʦʣʦ ɿʝʤʣʽ. ʂʫʪ ʤʽʞ ʧʣʦʱʠʥʦʶ ʦʨʙʽʪʠ ʄʽʩʷʮʷ ʽ ʧʣʦʱʠʥʦʶ ʝʢʚʘʪʦʨʘ ɿʝʤʣʽ 

ʟʤʽʥʶʻʪʴʩʷ ʚ ʤʝʞʘʭ ʚʽʜ 18,5Á ʜʦ 28,5Á, ʪʦʙʪʦ ʩʠʜʝʨʠʯʥʦʤʫ ʤʽʩʷʮʶ, ʪʦʤʫ ʚʦʥʘ ʟʘʚʞʜʠ 

ʟʚʝʨʥʝʥʘ ʜʦ ʥʘʩ ʦʜʥʽʻʶ ʩʚʦʻʶ ʩʪʦʨʦʥʦʶ. ɺʥʘʩʣʽʜʦʢ ʣʽʙʨʘʮʽʡ
1)

 ʮʝʥʪʨ ʚʠʜʠʤʦʛʦ ʜʠʩʢʘ 

ʄʽʩʷʮʷ ʧʝʨʝʤʽʱʘʻʪʴʩʷ ʚ ʤʝʞʘʭ Ñ7Á54' ʜʦʚʛʦʪʠ ʧʦ ʤʽʩʷʯʥʦʤʫ ʝʢʚʘʪʦʨʫ (ʣʽʙʨʘʮʽʷ ʧʦ ʜʦʚʛʦʪʽ) 

ʽ ʚ ʤʝʞʘʭ Ñ6Á50' ʰʠʨʦʪʠ ʚʟʜʦʚʞ ʤʝʨʠʜʽʘʥʘ ʄʽʩʷʮʷ (ʃʽʙʨʘʮʽʷ ʧʦ ʰʠʨʦʪʽ).  

 

2. ʆʧʠʩ ʪʝʣʝʢʦʤʫʥʽʢʘʮʽʡʥʦʾ ʩʠʩʪʝʤʠ ɿʝʤʣʷ-ʄʽʩʷʮʴ. 

ʊʝʣʝʢʦʤʫʥʽʢʘʮʽʡʥʘ ʩʠʩʪʝʤʘ ɿʝʤʣʷ-ʄʽʩʷʮʴ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʜʚʦʭ ʩʝʛʤʝʥʪʽʚ: ʤʽʩʷʯʥʠʡ 

ʩʝʛʤʝʥʪ ʪʘ ʟʝʤʥʠʡ ʩʝʛʤʝʥʪ. ʄʽʩʷʯʥʠʡ ʩʝʛʤʝʥʪ ʩʪʚʦʨʝʥʠʡ ʜʚʦʤʘ ʦʜʥʘʢʦʚʠʤʠ ʘʚʪʦʥʦʤʥʠʤʠ 

ʤʦʜʫʣʷʤʠ, ʱʦ ʨʦʟʤʽʱʝʥʽ ʥʘ ʧʦʚʝʨʭʥʽ ʄʽʩʷʮʷ. ʆʩʦʙʣʠʚʽʩʪʴ ʦʙʝʨʪʘʥʥʷ ʄʽʩʷʮʷ ʥʘʚʢʦʣʦ 

ʚʣʘʩʥʦʾ ʦʩʽ ʽ ʡʦʛʦ ʦʙʝʨʥʝʥʽʩʪʴ ʜʦ ɿʝʤʣʽ ʧʦʩʪʽʡʥʦ ʦʜʥʽʻʶ ʩʪʦʨʦʥʦʶ ʜʦʟʚʦʣʷʻ ʟʘʙʝʟʧʝʯʠʪʠ 

ʧʦʩʪʽʡʥʝ ʟʥʘʭʦʜʞʝʥʥʷ ɿʝʤʣʽ ʚ ʧʦʣʽ ʦʛʣʷʜʫ ʜʚʦʭ ʘʚʪʦʥʦʤʥʠʭ ʤʦʜʫʣʽʚ, ʱʦ ʩʫʪʪʻʚʦ ʩʧʨʦʱʫʻ 

ʡʦʛʦ ʢʦʥʩʪʨʫʢʮʽʶ. ɼʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʧʦʩʪʽʡʥʦʛʦ ʝʥʝʨʛʦʞʠʚʣʝʥʥʷ ʘʚʪʦʥʦʤʥʽ ʤʦʜʫʣʽ ʤʘʶʪʴ 

ʙʫʪʠ ʨʦʟʤʽʱʝʥʽ ʚ ʨʘʡʦʥʽ ʧʦʣʶʩʽʚ ʄʽʩʷʮʷ.   

ɸʚʪʦʥʦʤʥʠʡ ʤʦʜʫʣʴ ʦʙʣʘʜʥʘʥʠʡ ʧʨʠʡʤʘʣʴʥʦ-ʧʝʨʝʜʘʚʘʣʴʥʦʶ ʦʬʩʝʪʥʦʶ ʘʥʪʝʥʦʶ 

ʚʝʣʠʢʦʛʦ ʜʽʘʤʝʪʨʫ (8 ʤ, 16 ʤ ʘʙʦ 24 ʤ), ʷʢʘ ʟʘʙʝʟʧʝʯʫʻ ʟʚôʷʟʦʢ ʚ ʯʘʩʪʦʪʥʠʭ ʜʽʘʧʘʟʦʥʘʭ L ʪʘ 

S. ʅʘ ʩʴʦʛʦʜʥʽ ʜʦʙʨʝ ʚʽʜʧʨʘʮʴʦʚʘʥʘ ʪʝʭʥʦʣʦʛʽʷ ʧʨʦʝʢʪʫʚʘʥʥʷ ʪʘ ʚʠʛʦʪʦʚʣʝʥʥʷ ʘʥʪʝʥ 

ʚʝʣʠʢʦʛʦ ʨʦʟʤʽʨʫ, ʷʢʽ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʫ ʩʢʣʘʜʽ ʛʝʦʩʪʘʮʽʦʥʘʨʥʠʭ ʩʫʧʫʪʥʠʢʽʚ ʪʠʧʫ 

Inmarsat-4, Inmarsat-6, Thuraya [6]. ʆʧʨʦʤʽʥʶʚʘʯ ʘʥʪʝʥʠ ʚʩʪʘʥʦʚʣʝʥʠʡ ʥʘ ʚʽʜʢʠʜʥʫ ʤʘʯʪʫ ʽ 

ʦʙʣʘʜʥʘʥʠʡ ʤʝʭʘʥʽʯʥʠʤ ʧʨʠʚʦʜʦʤ ʜʣʷ ʚʽʜʩʪʝʞʝʥʥʷ ʟʤʽʥʠ ʤʽʩʮʷ ʨʦʟʪʘʰʫʚʘʥʥʷ ʘʥʪʝʥʠ ʥʘ 

ʧʦʚʝʨʭʥʽ ɿʝʤʣʽ.  

ɼʦ ʩʢʣʘʜʫ ʢʦʨʠʩʥʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ ʘʚʪʦʥʦʤʥʦʛʦ ʤʦʜʫʣʷ ʪʘʢʦʞ ʚʭʦʜʠʪʴ 

ʦʙʯʠʩʣʶʚʘʣʴʥʠʡ ʤʦʜʫʣʴ, ʷʢʠʡ ʟʘʙʝʟʧʝʯʫʻ ʧʨʦʚʝʜʝʥʥʷ ʦʙʯʠʩʣʝʥʴ ʜʣʷ ʩʧʦʞʠʚʘʯʽʚ 

ʄʽʩʷʯʥʠʭ ʤʽʩʽʡ, ʪʘ ʚʠʢʦʥʫʻ ʬʫʥʢʮʽʾ ʭʤʘʨʥʦʛʦ ʜʘʪʘ-ʮʝʥʪʨʫ ʥʘ ʧʦʚʝʨʭʥʽ ʄʽʩʷʮʷ, 

ʪʝʣʝʢʦʤʫʥʽʢʘʮʽʡʥʝ ʦʙʣʘʜʥʘʥʥʷ ʜʣʷ ʧʽʜôʻʜʥʘʥʥʷ ʜʦ ʪʝʣʝʢʦʤʫʥʽʢʘʮʽʡʥʦʾ ʩʠʩʪʝʤʠ 

ʪʝʣʝʢʦʤʫʥʽʢʘʮʽʡʥʠʭ ʪʘ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʩʠʩʪʝʤ, ʱʦ ʙʫʜʫʪʴ ʨʦʟʛʦʨʥʫʪʽ ʥʘ ʧʦʚʝʨʭʥʽ ʄʽʩʷʮʷ. 

ɿʘ ʩʚʦʻʶ ʢʦʥʩʪʨʫʢʮʽʻʶ ʘʚʪʦʥʦʤʥʠʡ ʤʦʜʫʣʴ ʩʭʦʞʠʡ ʥʘ ʛʝʦʩʪʘʮʽʦʥʘʨʥʠʡ ʩʫʧʫʪʥʠʢ, 

ʷʢʠʡ ʜʦʜʘʪʢʦʚʦ ʦʙʣʘʜʥʘʥʠʡ ʨʫʰʽʡʥʦʶ ʫʩʪʘʥʦʚʢʦʶ ʤô̫ ʢʦʾ ʧʦʩʘʜʢʠ ʥʘ ʧʦʚʝʨʭʥʶ ʄʽʩʷʮʷ, 

ʩʠʩʪʝʤʦʶ ʛʦʨʠʟʦʥʪʫʚʘʥʥʷ ʢʦʥʩʪʨʫʢʮʽʾ, ʷʢʘ ʤʦʜʠʬʽʢʦʚʘʥʘ ʜʣʷ ʫʤʦʚ ʚʽʜʩʪʝʞʝʥʥʷ ʨʫʭʫ 

ʉʦʥʮʷ ʚʟʜʦʚʞ ʛʦʨʠʟʦʥʪʫ ʽ ʩʠʩʪʝʤʦʶ ʩʦʥʷʯʥʠʭ ʙʘʪʘʨʝʡ, ʱʦ ʻ ʧʝʨʚʠʥʥʠʤ ʜʞʝʨʝʣʦʤ 

ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ.  

ɿʝʤʥʠʡ ʩʝʛʤʝʥʪ ʪʝʣʝʢʦʤʫʥʽʢʘʮʽʡʥʦʾ ʩʠʩʪʝʤʠ ʩʪʚʦʨʝʥʠʡ ʽʟ ʟʘʣʫʯʝʥʥʷʤ ʟʝʤʥʠʭ ʘʥʪʝʥ  ʽʟ 
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ʨʦʟʤʽʨʦʤ ʜʟʝʨʢʘʣʘ ʚ ʤʝʞʘʭ 25-32 ʤ. ɿʘʟʚʠʯʘʡ ʪʘʢʽ ʘʥʪʝʥʠ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʚ ʷʢʦʩʪʽ 

ʨʘʜʽʦʪʝʣʝʩʢʦʧʽʚ. ɺʠʢʦʨʠʩʪʘʥʥʷ ʪʝʭʥʦʣʦʛʽʡ, ʱʦ ʧʨʠʪʘʤʘʥʥʽ ʨʘʜʽʦʪʝʣʝʩʢʦʧʘʤ, ʟʦʢʨʝʤʘ 

ʪʝʭʥʦʣʦʛʽʾ ʨʘʜʽʦʽʥʪʝʨʬʝʨʦʤʝʪʨʽʾ ʽʟ ʥʘʜʜʦʚʛʦʶ ʙʘʟʦʶ (ʈʅɼɹ), ʜʦʟʚʦʣʷʻ ʩʫʪʪʻʚʦ ʧʦʢʨʘʱʠʪʠ 

ʫʤʦʚʠ ʧʨʠʡʤʘʥʥʷ ʽʥʬʦʨʤʘʮʽʡʥʦʛʦ ʧʦʪʦʢʫ ʚ ʥʘʧʨʷʤʢʫ ʚʽʜ ʄʽʩʷʮʷ ʜʦ ɿʝʤʣʽ ʽ ʪʘʢʠʤ ʯʠʥʦʤ 

ʧʦʢʨʘʱʠʪʠ ʰʚʠʜʢʽʩʪʴ ʧʝʨʝʜʘʯʽ ʽʥʬʦʨʤʘʮʽʾ ʚ ʮʴʦʤʫ ʥʘʧʨʷʤʢʫ. ɿʚʘʞʘʶʯʠ ʥʘ ʦʙʝʨʪʘʥʥʷ 

ɿʝʤʣʽ ʥʘʚʢʦʣʦ ʚʣʘʩʥʦʾ ʦʩʽ ʜʣʷ ʧʽʜʪʨʠʤʢʠ ʧʦʩʪʽʡʥʦʛʦ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʪʝʣʝʢʦʤʫʥʽʢʘʮʽʡʥʦʾ 

ʩʠʩʪʝʤʠ ʜʦʮʽʣʴʥʦ ʟʘʣʫʯʠʪʠ ʜʝʢʽʣʴʢʘ ʘʥʪʝʥ ʽʟ ʚʽʜʥʦʩʥʦʶ ʜʦʚʛʦʪʦʶ ʚ ʤʝʞʘʭ 60Ü-120Ü.  

ɿʝʤʥʠʡ ʩʝʛʤʝʥʪ ʧʽʜʢʣʶʯʝʥʠʡ ʜʦ ʤʘʛʽʩʪʨʘʣʴʥʦʾ ʤʝʨʝʞʽ ɯʥʪʝʨʥʝʪ, ʯʝʨʝʟ ʷʢʠʡ 

ʟʜʽʡʩʥʶʻʪʴʩʷ ʜʦʩʪʫʧ ʜʦ ʤʝʨʝʞʽ ʮʝʥʪʨʽʚ ʽ ʩʭʦʚʠʱ ʜʘʥʠʭ, ʮʝʥʪʨʽʚ ʫʧʨʘʚʣʽʥʥʷ ʤʽʩʽʷʤʠ, 

ʥʘʫʢʦʚʠʭ ʫʩʪʘʥʦʚ, ʜʦʩʣʽʜʥʠʮʴʢʠʭ ʮʝʥʪʨʽʚ, ʪʦʱʦ.  

 

3. ʏʘʩʪʦʪʥʠʡ ʜʽʘʧʘʟʦʥ ʪʘ ʦʩʥʦʚʥʽ ʧʦʢʘʟʥʠʢʠ ʨʘʜʽʦʣʽʥʽʾ ʄʽʩʷʮʴ-ɿʝʤʣʷ. 

ʇʨʠ ʚʠʙʦʨʽ ʯʘʩʪʦʪʥʦʛʦ ʜʽʘʧʘʟʦʥʫ ʜʣʷ ʦʨʛʘʥʽʟʘʮʽʾ ʪʝʣʝʢʦʤʫʥʽʢʘʮʽʡʥʦʾ ʩʠʩʪʝʤʠ ʧʦʪʨʽʙʥʦ 

ʚʨʘʭʦʚʫʚʘʪʠ ʚʝʣʠʢʫ ʢʽʣʴʢʽʩʪʴ ʯʠʥʥʠʢʽʚ. ɻʦʣʦʚʥʠʤʠ ʟ ʥʠʭ ʻ ʧʨʠʨʦʜʥʽ ʦʙʤʝʞʝʥʥʷ, ʷʢʽ 

ʚʠʟʥʘʯʝʥʽ ʚʝʣʠʢʦʶ ʜʦʚʞʠʥʦʶ ʨʘʜʽʦʣʽʥʽʾ (ʜʦ 410 ʪʠʩ. ʢʤ) ʚ ʥʘʧʨʷʤʢʫ ɿʝʤʣʷ-ʄʽʩʷʮʴ ʪʘ 

ʄʽʩʷʮʴ-ɿʝʤʣʷ. ɺ ʨʘʤʢʘʭ ʧʨʦʝʢʪʫ, ʱʦ ʨʦʟʛʣʷʜʘʻʪʴʩʷ, ʧʨʦʧʦʥʫʻʪʴʩʷ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ 

ʯʘʩʪʦʪʥʽ ʜʽʘʧʘʟʦʥʠ L,S (1,5 ɻɻʮ; 2,5 ɻɻʮ). ɼʣʷ ʣʽʥʽʾ ɿʝʤʣʷ-ʄʽʩʷʮʴ ʧʨʦʧʦʥʫʻʪʴʩʷ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʯʘʩʪʦʪʥʠʡ ʜʽʘʧʘʟʦʥ S (2,5ɻɻʮ), ʘ ʜʣʷ ʣʽʥʽʾ ʄʽʩʷʮʴ-ɿʝʤʣʷ ï ʯʘʩʪʦʪʥʠʡ 

ʜʽʘʧʘʟʦʥ L (1,5 ɻɻʮ).  

ʈʝʛʣʘʤʝʥʪ ʈʘʜʽʦʟʚôʷʟʢʫ [7] ʧʝʨʝʜʙʘʯʘʻ ʚʠʜʽʣʝʥʥʷ ʥʘ ʧʝʨʚʠʥʥʽʡ ʦʩʥʦʚʽ ʜʝʢʽʣʴʢʦʭ ʩʤʫʛ 

ʯʘʩʪʦʪ ʨʽʟʥʦʾ ʰʠʨʠʥʠ ʚ ʯʘʩʪʦʪʥʠʭ ʜʽʘʧʘʟʦʥʘʭ L,S ʜʣʷ ʥʠʟʢʠ ʢʦʩʤʽʯʥʠʭ ʩʣʫʞʙ. ɸʣʝ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʯʘʩʪʠʥʠ ʟʘʟʥʘʯʝʥʠʭ ʩʤʫʛ ʜʣʷ ʮʽʣʝʡ ʤʽʞʧʣʘʥʝʪʥʦʛʦ ʟʚôʷʟʢʫ ʪʘ ʩʪʚʦʨʝʥʥʷ 

ʚʽʜʧʦʚʽʜʥʦʾ ʪʝʣʝʢʦʤʫʥʽʢʘʮʽʡʥʦʾ ʩʠʩʪʝʤʠ ʧʦʪʨʝʙʫʻ ʜʦʜʘʪʢʦʚʦʛʦ ʦʧʨʘʮʶʚʘʥʥʷ. ɿʚʘʞʘʶʯʠ ʥʘ 

ʚʘʞʣʠʚʽʩʪʴ ʧʨʦʙʣʝʤʠ ʽʥʬʦʨʤʘʮʽʡʥʦʾ ʧʽʜʪʨʠʤʢʠ ʤʽʩʷʯʥʠʭ ʤʽʩʽʡ ʜʣʷ ʧʦʜʘʣʴʰʦʛʦ ʨʦʟʚʠʪʢʫ 

ʢʦʩʤʽʯʥʠʭ ʪʝʭʥʦʣʦʛʽʡ ʪʘ ʦʩʚʦʻʥʥʷ ʄʽʩʷʮʷ, ʧʠʪʘʥʥʷ ʧʨʦ ʚʠʜʽʣʝʥʥʷ ʚ ʯʘʩʪʦʪʥʦʤʫ ʜʽʘʧʘʟʦʥʽ 

L,S ʯʘʩʪʠʥʠ ʩʤʫʛʠ ʯʘʩʪʦʪ ʜʣʷ ʤʽʞʧʣʘʥʝʪʥʦʛʦ ʟʚôʷʟʢʫ ʥʘ ʚʪʦʨʠʥʥʽʡ ʦʩʥʦʚʽ ʤʦʞʥʘ ʚʠʥʦʩʠʪʠ 

ʥʘ ʨʦʟʛʣʷʜ ʤʽʞʥʘʨʦʜʥʦʾ ʩʧʽʣʴʥʦʪʠ. ɼʣʷ ʮʽʣʝʡ ʧʦʧʝʨʝʜʥʴʦʛʦ ʨʦʟʨʘʭʫʥʢʫ ʨʘʜʽʦʣʽʥʽʾ 

ʪʝʣʝʢʦʤʫʥʽʢʘʮʽʡʥʦʾ ʩʠʩʪʝʤʠ ɿʝʤʣʷ-ʄʽʩʷʮʴ ʧʨʠʡʥʷʪʦ ʯʘʩʪʦʪʠ 1,5 ɻɻʮ ʪʘ 2,5 ɻɻʮ. 

ʆʩʥʦʚʥʽ ʨʝʟʫʣʴʪʘʪʠ ʧʦʧʝʨʝʜʥʽʭ ʨʦʟʨʘʭʫʥʢʽʚ ʨʘʜʽʦʣʽʥʽʡ. 

ɺʠʭʽʜʥʽ ʜʘʥʽ, ʱʦ ʙʫʣʠ ʚʠʢʦʨʠʩʪʘʥʽ ʧʨʠ ʧʨʦʚʝʜʝʥʥʽ ʦʮʽʥʦʯʥʠʭ ʧʦʧʝʨʝʜʥʽʭ ʨʦʟʨʘʭʫʥʢʽʚ, 

ʧʨʝʜʩʪʘʚʣʝʥʦ ʚ ʊʘʙʣʠʮʽ 1 ʽʟ ʚʨʘʭʫʚʘʥʥʷʤ ʽʩʥʫʶʯʦʛʦ ʜʦʩʚʽʜʫ ʱʦʜʦ ʩʪʚʦʨʝʥʥʷ ʢʦʩʤʽʯʥʠʭ 

ʨʘʜʽʦʣʽʥʽʡ [8]. 

ʊʘʙʣʠʮʷ 1. ɺʠʭʽʜʥʽ ʜʘʥʽ ʜʣʷ ʨʦʟʨʘʭʫʥʢʫ. 

ʇʦʢʘʟʥʠʢ ɺʘʨʽʘʥʪ 1 ɺʘʨʽʘʥʪ 2 

ʏʘʩʪʦʪʘ: ʣʽʥʽʷ ʄʽʩʷʮʴ-ɿʝʤʣʷ 1,5 ɻɻʮ 

ʣʽʥʽʷ ɿʝʤʣʷ-ʄʽʩʷʮʴ 2,5 ɻɻʮ 

ɼʦʚʞʠʥʘ ʨʘʜʽʦʣʽʥʽʾ:  410 ʪʠʩ. ʢʤ 

ɸʥʪʝʥʘ ʘʚʪʦʥʦʤʥʦʛʦ ʤʦʜʫʣʷ: ʦʬʩʝʪʥʘ ʘʥʪʝʥʘ 16 ʤ 24 ʤ 

ɸʥʪʝʥʘ ʟʝʤʥʦʾ ʩʪʘʥʮʽʾ 25ʤ / 32ʤ 

ɺʠʭʽʜʥʘ ʧʦʪʫʞʥʽʩʪʴ ʧʝʨʝʜʘʚʘʯʘ ʘʚʪʦʥʦʤʥʦʛʦ ʤʦʜʫʣʷ 200 ɺʪ 

ʐʫʤʦʚʘ ʪʝʤʧʝʨʘʪʫʨʘ ʧʨʠʡʤʘʣʴʥʦʛʦ ʪʨʘʢʪʫ ʘʚʪʦʥʦʤʥʦʛʦ ʤʦʜʫʣʷ 800 ʂ 

ʐʫʤʦʚʘ ʪʝʤʧʝʨʘʪʫʨʘ ʧʨʠʡʤʘʣʴʥʦʛʦ ʪʨʘʢʪʫ ʟʝʤʥʦʾ ʩʪʘʥʮʽʾ 150 ʂ 

ʉʧʝʢʪʨʘʣʴʥʘ ʝʬʝʢʪʠʚʥʽʩʪʴ ʪʝʣʝʢʦʤʫʥʽʢʘʮʽʡʥʦʾ ʩʠʩʪʝʤʠ [9]. 4,0-4,5 ɹʽʪ/ɻʮ Ā ʩʝʢ 

ɺʽʜʥʦʰʝʥʥʷ ʩʠʛʥʘʣ/ʰʫʤ (S/N)  ʥʘ ʚʭʦʜʽ ʧʨʠʡʤʘʣʴʥʦʛʦ ʪʨʘʢʪʫ 

ʟʝʤʥʦʾ ʩʪʘʥʮʽʾ 
16 ʜɹ 
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ʈʝʟʫʣʴʪʘʪʠ ʧʦʧʝʨʝʜʥʽʭ ʦʮʽʥʦʯʥʠʭ ʨʦʟʨʘʭʫʥʢʽʚ ʥʘʚʝʜʝʥʦ ʚ ʪʘʙʣʠʮʽ 2. 

 

ʊʘʙʣʠʮʷ 2. ʈʝʟʫʣʴʪʘʪʠ ʨʦʟʨʘʭʫʥʢʫ ʜʣʷ ʨʘʜʽʦʣʽʥʽʾ ʄʽʩʷʮʴ-ɿʝʤʣʷ 

ʇʦʢʘʟʥʠʢ ɺʘʨʽʘʥʪ 1 ɺʘʨʽʘʥʪ 2 

ɽʢʚʽʚʘʣʝʥʪʥʘ ʽʟʦʪʨʦʧʥʦ ʚʠʧʨʦʤʽʥʶʚʘʥʘ ʧʦʪʫʞʥʽʩʪʴ ʘʚʪʦʥʦʤʥʦʛʦ 

ʤʦʜʫʣʷ 
68 ʜɹɺʪ 71,5 ʜɹɺʪ 

ʑʽʣʴʥʽʩʪʴ ʧʦʪʦʢʫ ʧʦʪʫʞʥʦʩʪʽ ʥʘ ʚʭʦʜʽ ʘʥʪʝʥʠ ʟʝʤʥʦʾ ʩʪʘʥʮʽʾ -115,3 

ʜɹɺʪ/ʤ
2
 

-111,7 

ʜɹɺʪ/ʤ
2
 

ʇʽʜʩʠʣʝʥʥʷ ʧʝʨʝʜʘʚʘʣʴʥʦʾ ʘʥʪʝʥʠ ʟʘ ʫʤʦʚʠ ʝʬʝʢʪʠʚʥʦʩʪʽ 0,5 44,9 ʜɹ 48,5 ʜɹ 

ʇʽʜʩʠʣʝʥʥʷ ʧʨʠʡʤʘʣʴʥʦʾ ʘʥʪʝʥʠ 32 ʤ ʟʘ ʫʤʦʚʠ ʝʬʝʢʪʠʚʥʦʩʪʽ 0,6 71,8 ʜɹ 

ɿʘʪʫʭʘʥʥʷ ʨʘʜʽʦʩʠʛʥʘʣʫ ʫ ʚʽʣʴʥʦʤʫ ʧʨʦʩʪʦʨʽ 208,2 ʜɹ 

ɼʦʜʘʪʢʦʚʽ ʩʫʤʘʨʥʽ ʚʪʨʘʪʠ ʥʘ ʧʦʰʠʨʝʥʥʷ ʨʘʜʽʦʩʠʛʥʘʣʫ ʚ 

ʘʪʤʦʩʬʝʨʽ ɿʝʤʣʽ  
Ò 5 ʜɹ 

ɹʶʜʞʝʪ ʨʘʜʽʦʣʽʥʽʾ ʰʠʨʠʥʦʶ 10 ʄɻʮ [10]. Ó 48,4 ʜɹ Ó 52,0 ʜɹ 

ɹʶʜʞʝʪ ʨʘʜʽʦʣʽʥʽʾ ʰʠʨʠʥʦʶ 50 ʄɻʮ [10]. Ó 41,4 ʜɹ Ó 45,0 ʜɹ 

ʆʪʨʠʤʘʥʽ ʨʝʟʫʣʴʪʘʪʠ ʙʫʣʠ ʧʝʨʝʚʽʨʝʥʽ ʟʘ ʜʦʧʦʤʦʛʦʶ ʤʝʪʦʜʠʢʠ, ʱʦ ʙʫʣʘ ʚʠʢʦʨʠʩʪʘʥʘ ʚ 

ʨʦʙʦʪʽ [5]. 

 

4. ɺʨʘʭʫʚʘʥʥʷ ʦʩʦʙʣʠʚʦʩʪʝʡ ʚʠʢʦʨʠʩʪʘʥʥʷ ʚʝʣʠʢʠʭ ʘʥʪʝʥ 

 

ʊʘʙʣʠʮʷ 3. ʐʠʨʠʥʘ ʜʽʘʛʨʘʤʠ ʩʧʨʷʤʦʚʘʥʦʩʪʽ ʘʥʪʝʥ ʚ L,S ʜʽʘʧʘʟʦʥʽ ʧʦ ʨʽʚʥʶ -3 ʜɹ. 

ɸʥʪʝʥʘ ʏʘʩʪʦʪʘ f0 =1,5 ɻɻʮ (ɚ=0,2ʤ) ʏʘʩʪʦʪʘ f0 =2,5 ɻɻʮ (ɚ=0,12ʤ) 

16 ʤ 0,88Ü 0,53Ü 

24 ʤ 0,58Ü 0,35Ü 

25 ʤ 0,56Ü 0,34Ü 

32 ʤ 0,44Ü 0,26Ü 

ɿʝʤʥʘ ʢʫʣʷ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʟ ʧʦʚʝʨʭʥʽ ʄʽʩʷʮʷ ʧʽʜ ʢʫʪʦʤ 1,79Üõ2,05Ü. ɿʘʟʥʘʯʝʥʠʡ 

ʚʠʜʠʤʠʡ ʢʫʪ ʧʝʨʝʚʠʱʫʻ ʰʠʨʠʥʫ ʜʽʘʛʨʘʤʠ ʩʧʨʷʤʦʚʘʥʦʩʪʽ ʧʝʨʝʜʘʚʘʣʴʥʦʾ ʘʥʪʝʥʠ. ʊʦʤʫ 

ʘʥʪʝʥʥʘ ʩʠʩʪʝʤʘ ʘʚʪʦʥʦʤʥʦʛʦ ʤʦʜʫʣʷ ʤʘʻ ʙʫʪʠ ʦʙʣʘʜʥʘʥʘ ʟʘʩʦʙʘʤʠ ʢʦʨʝʛʫʚʘʥʥʷ 

ʧʦʣʦʞʝʥʥʷ ʦʧʨʦʤʽʥʶʚʘʯʘ ʜʣʷ ʧʨʠʡʥʷʪʥʦʾ ʦʨʽʻʥʪʘʮʽʾ ʧʨʠʡʤʘʣʴʥʦʛʦ ʪʘ ʧʝʨʝʜʘʚʘʣʴʥʦʛʦ 

ʧʨʦʤʝʥʽʚ. 

ɼʦʜʘʪʢʦʚʠʤ ʬʘʢʪʦʨʦʤ, ʷʢʠʡ ʚʧʣʠʚʘʻ ʥʘ ʢʦʥʩʪʨʫʢʪʠʚʥʽ ʨʽʰʝʥʥʷ ʙʣʦʢʫ ʦʧʨʦʤʽʥʶʚʘʯʘ 

ʘʥʪʝʥʥʦʾ ʩʠʩʪʝʤ ʘʚʪʦʥʦʤʥʦʛʦ ʤʦʜʫʣʷ ʻ ʣʽʙʨʘʮʽʷ ʄʽʩʷʮʷ, ʷʢʫ ʪʘʢʦʞ ʥʝʦʙʭʽʜʥʦ ʚʨʘʭʦʚʫʚʘʪʠ. 

ɺʠʩʥʦʚʢʠ: 

1. ʄʽʩʽʾ ʱʦʜʦ ʜʦʩʣʽʜʞʝʥʥʷ ʄʽʩʷʮʷ ʧʦʪʨʝʙʫʶʪʴ ʽʥʬʦʨʤʘʮʽʡʥʦʾ ʧʽʜʪʨʠʤʢʠ ʟ ʙʦʢʫ 

ʟʝʤʥʦʛʦ ʩʝʛʤʝʥʪʫ ʪʘ ʟʝʤʥʠʭ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʩʠʩʪʝʤ. ʈʦʟʚôʷʟʘʪʠ ʮʝ ʧʠʪʘʥʥʷ ʤʦʞʣʠʚʦ 

ʰʣʷʭʦʤ ʩʪʚʦʨʝʥʥʷ ʪʝʣʝʢʦʤʫʥʽʢʘʮʽʡʥʦʾ ʩʠʩʪʝʤʠ ʽʟ ʘʚʪʦʥʦʤʥʠʤ ʤʦʜʫʣʝʤ, ʱʦ ʨʦʟʪʘʰʦʚʘʥʠʡ 

ʥʘ ʧʦʚʝʨʭʥʽ ʄʽʩʷʮʷ. 

2. ɼʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʪʝʣʝʢʦʤʫʥʽʢʘʮʽʡʥʦʾ ʩʠʩʪʝʤʠ ʄʽʩʷʮʴ-ɿʝʤʣʷ ʥʘ 

ʧʦʚʝʨʭʥʽ ʄʽʩʷʮʷ ʧʨʦʧʦʥʫʻʤʦ ʨʦʟʤʽʩʪʠʪʠ ʘʚʪʦʥʦʤʥʽ ʤʦʜʫʣʽ. ɿʘ ʢʦʥʩʪʨʫʢʪʠʚʥʠʤʠ 

ʨʽʰʝʥʥʷʤʠ ʪʘ ʩʢʣʘʜʫ ʦʩʥʦʚʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ ʘʚʪʦʥʦʤʥʽ ʤʦʜʫʣʽ ʥʘʙʣʠʞʝʥʽ ʜʦ 

ʛʝʦʩʪʘʮʽʦʥʘʨʥʦʛʦ ʩʫʧʫʪʥʠʢʘ ʽʟ ʧʝʚʥʠʤʠ ʚʜʦʩʢʦʥʘʣʝʥʥʷʤʠ, ʷʢʽ ʚʨʘʭʦʚʫʶʪʴ ʥʝʦʙʭʽʜʥʽʩʪʴ 

ʧʦʩʘʜʢʠ ʤʦʜʫʣʷ ʥʘ ʧʦʚʝʨʭʥʶ ʄʽʩʷʮʷ ʪʘ ʡʦʛʦ ʪʨʠʚʘʣʫ ʝʢʩʧʣʫʘʪʘʮʽʶ. 

3. ʇʦʧʝʨʝʜʥʽ ʝʥʝʨʛʝʪʠʯʥʽ ʨʦʟʨʘʭʫʥʢʠ ʧʦʢʘʟʫʶʪʴ, ʱʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʫ ʩʢʣʘʜʽ 

ʪʝʣʝʢʦʤʫʥʽʢʘʮʽʡʥʦʾ ʩʠʩʪʝʤʠ ʄʽʩʷʮʴ-ɿʝʤʣʷ ʘʥʪʝʥ ʚʝʣʠʢʦʛʦ ʨʦʟʤʽʨʫ ʪʘ ʨʦʟʪʘʰʫʚʘʥʥʷ ʥʘ 
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ʧʦʚʝʨʭʥʽ ʄʽʩʷʮʷ ʘʚʪʦʥʦʤʥʦʛʦ ʤʦʜʫʣʷ ʟ ʘʥʪʝʥʦʶ 16 / 24 ʤ ʟʘʙʝʟʧʝʯʫʻ ʧʨʠʡʥʷʪʥʠʡ 

ʝʥʝʨʛʝʪʠʯʥʠʡ ʧʦʪʝʥʮʽʘʣ ʨʘʜʽʦʣʽʥʽʾ, ʱʦ ʜʦʟʚʦʣʷʻ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʚʠʜʠ ʤʦʜʫʣʷʮʽʾ ʽʟ 

ʚʠʩʦʢʠʤʠ ʧʦʢʘʟʥʠʢʘʤʠ ʩʧʝʢʪʨʘʣʴʥʦʾ ʝʬʝʢʪʠʚʥʦʩʪʽ. ʊʘʢʠʤ ʯʠʥʦʤ ʟʘʧʨʦʧʦʥʦʚʘʥʘ 

ʘʨʭʽʪʝʢʪʫʨʘ ʧʦʙʫʜʦʚʠ ʪʝʣʝʢʦʤʫʥʽʢʘʮʽʡʥʦʾ ʩʠʩʪʝʤʠ ʄʽʩʷʮʽ-ɿʝʤʣʷ ʚʦʣʦʜʽʻ ʥʝʦʙʭʽʜʥʠʤ 

ʧʦʪʝʥʮʽʘʣʦʤ ʱʦʜʦ ʟʙʽʣʴʰʝʥʥʷ ʧʨʦʧʫʩʢʥʦʾ ʟʜʘʪʥʦʩʪʽ ʪʘ ʟʙʽʣʴʰʝʥʥʷ ʦʙʩʷʛʽʚ ʽʥʬʦʨʤʘʮʽʡʥʦʛʦ 

ʦʙʤʽʥʫ.  

4. ɺʠʢʦʨʠʩʪʘʥʥʷ ʫ ʩʢʣʘʜʽ ʤʽʩʷʯʥʦʛʦ ʪʘ ʟʝʤʥʦʛʦ ʩʝʛʤʝʥʪʽʚ ʪʝʣʝʢʦʤʫʥʽʢʘʮʽʡʥʦʾ ʩʠʩʪʝʤʠ 

ʘʥʪʝʥ ʚʝʣʠʢʠʭ ʨʦʟʤʽʨʽʚ ʚʠʤʘʛʘʻ ʦʙʣʘʜʥʘʥʥʷ ʘʥʪʝʥʥʦʾ ʩʠʩʪʝʤʠ ʘʚʪʦʥʦʤʥʦʛʦ ʤʦʜʫʣʷ 

ʟʘʩʦʙʘʤʠ ʫʧʨʘʚʣʽʥʥʷ ʦʨʽʻʥʪʘʮʽʻʶ ʧʨʠʡʤʘʣʴʥʦʛʦ ʪʘ ʧʝʨʝʜʘʚʘʣʴʥʦʛʦ ʧʨʦʤʝʥʽʚ.  
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ɿ ɺɼʗʏʅɯʉʊʖ ɿɸ ɹɸɻɸʊʆʈɯʏʅʋ ʉʇɯɺʇʈɸʎʖ 

 

        ʈʘʜʽʦʪʝʭʥʽʯʥʠʡ  ʢʣʫʙ ñʇʦʣʽʪʝʭʥʽʢ ñUT7UZA  ʙʝʨʝ ʩʚʽʡ ʧʦʯʘʪʦʢ ʟ 

ʜʘʣʝʢʦʛʦ 1925 ʨʦʢʫ ʢʦʣʠ ʚ  ʂʇɯ, ʚʧʝʨʰʝ ʚ ʋʢʨʘʾʥʽ ʚʽʜʢʨʠʚʩʷ ʨʘʜʽʦʛʫʨʪʦʢ, 

ʦʨʛʘʥʽʟʘʪʦʨʦʤ  ̔ ʢʝʨʽʚʥʠʢʦʤ ʷʢʦʛʦ ʙʫʚ ʚʽʜʦʤʠʡ ʚʯʝʥʠʡ-ʨʘʜʽʦʪʝʭʥʽʢ 

ɺʦʣʦʜʠʤʠʨ ɺʘʩʠʣʴʦʚʠʯ ʆʛʽʻʚʩʴʢʠʡ. ʅʦʚʽ ʧʦʢʦʣʽʥʥʷ, ʚʞʝ  ʥʘ ʧʨʦʪʷʟʽ  ʙʽʣʴʰʝ 

97 ʨʦʢʽʚ ʧʨʦʜʦʚʞʫʶʪʴ  ʩʣʘʚʥʽ ʪʨʘʜʠʮʽʾ ʢʣʫʙʫ. ɺʦʥʠ ʟʘʚʞʜʠ  ʚʽʜʦʤʽ ʚ ʂʇɯ 

ʪʚʦʨʯʠʤʠ ʪʝʭʥʽʯʥʠʤʠ  ʜʦʩʷʛʥʝʥʥʷʤʠ, ʢʦʥʩʪʨʫʢʪʦʨʩʴʢʦ  ʁ ʜʽʷʣʴʥʽʩʪʶ,   

ʚʠʩʦʢʠʤʠ ʤʽʞʥʘʨʦʜʥʠʤʠ ʩʧʦʨʪʠʚʥʠʤʠ ʟʜʦʙʫʪʢʘʤʠ. ʏʣʝʥʘʤʠ ʥʘʰʦʛʦ ʢʣʫʙʫ ʻ 

ʩʪʫʜʝʥʪʠ, ʚʠʢʣʘʜʘʯʽ, ʩʧʽʚʨʦʙʽʪʥʠʢʠ ʂʇɯ, ʰʢʦʣʷʨʽ ʤ. ʂʠʻʚʘ. 

      ʂʣʫʙ ʷʢ ʩʪʨʫʢʪʫʨʘ ʦʬʽʮʽʡʥʦ ʟʘʨʝʻʩʪʨʦʚʘʥʠʡ ʚ ʤʽʞʥʘʨʦʜʥʠʭ 

ʨʘʜʽʦʘʤʘʪʦʨʩʴʢʠʭ ʦʨʛʘʥʽʟʘʮʽʷʭ, ʽ ʚ ʂʇɯ ʟʘ ʅʘʢʘʟʦʤ ʈʝʢʪʦʨʘ ʄʠʭʘʡʣʘ 

ɿʛʫʨʦʚʩʴʢʦʛʦ. ɺʽʜʦʤʘ ʫ ʚʩʴʦʤʫ ʩʚʽʪʽ ʘʤʘʪʦʨʩʴʢʘ ʨʘʜʽʦʩʪʘʥʮʽʷ ʢʣʫʙʫ UT7UZA 

ʤʘʻ ʥʘʡʚʠʱʫ ʟʘ ʢʣʘʩʦʤ ʤʽʞʥʘʨʦʜʥʫ ʣʽʮʝʥʮʽʶ ʜʣʷ ʨʦʙʦʪʠ ʚ ʝʬʽʨʽ ʥʘ ʚʩʽʭ 

ʘʤʘʪʦʨʩʴʢʠʭ ʜʽʘʧʘʟʦʥʘʭ ʽ ʫʩʽʤʘ ʚʠʜʘʤʠ ʤʦʜʫʣʷʮʽʾ. ʂʣʫʙ ʤʘʻ ʩʚʽʡ ʤʽʞʥʘʨʦʜʥʠʡ 

ʩʘʡʪ UT7UZA. 

        ʆʩʥʦʚʥʠʤʠ ʥʘʧʨʷʤʢʘʤʠ ʜʽʷʣʴʥʦʩʪʽ ʥʘʰʦʛʦ ʢʣʫʙʫ ʧʝʨʰ ʟʘ ʚʩʝ ʻ: 

 - ʨʦʙʦʪʘ ʟ ʤʦʣʦʜʜʶ ʚ ʜʫʩʽ ʧʘʪʨʽʦʪʠʯʥʦʛʦ ʚʠʭʦʚʘʥʥʷ ʜʦ ɸʣʴʤʘ ʤʘʪʝʨ ʂʇɯ ʽ 

ʪʨʘʜʠʮʽʡ ʢʣʫʙʘ;  

-  ʢʦʥʩʪʨʫʶʚʘʥʥʷ ʪʘ ʨʦʟʨʦʙʢʠ ʥʦʚʽʪʥʽʭ ʪʝʭʥʽʯʥʠʭ ʨʦʟʨʦʙʦʢ  

- ʚʠʩʪʫʧʽʚ ʚ ʟʤʘʛʘʥʥʷʭ ʟ ʨʘʜʽʦʩʧʦʨʪʫ ʥʘ ʯʝʤʧʽʦʥʘʪʘʭ  ʩʚʽʪʫ, ɭʚʨʦʧʠ, ʋʢʨʘʾʥʠ;  

- ʆʩʦʙʣʠʚʘ ʫʚʘʛʘ ʧʨʠʜʽʣʷʻʪʴʩʷ ʪʘʢʦʞ ʘʢʪʠʚʥʽʡ ʘʛʽʪʘʮʽʡʥʽʡ ʨʦʙʦʪʽ ʩʝʨʝʜ 

ʨʘʜʽʦʘʤʘʪʦʨʽʚ ʋʢʨʘʾʥʠ ʪʘ ʾʭ ʨʦʜʠʥ, ʧʦ ʚʩʪʫʧʫ ʥʘ ʥʘʚʯʘʥʥʷ ʚ ʂʇɯ ʽʤʝʥʽ ɯʛʦʨʷ 

ʉʽʢʦʨʩʴʢʦʛʦ ʚʠʧʫʩʢʥʠʢʽʚ ʰʢʽʣ, ʛʽʤʥʘʟʽʡ, ʢʦʣʝʜʞʽʚ. 

        ʅʘ ʧʦʯʘʪʢʫ ʨʦʟʚʠʪʢʫ ʨʘʜʽʦʘʤʘʪʦʨʩʪʚʘ ʚ ʩʚʽʪʽ, ʚʽʜʦʤʠʤ  ʘʤʝʨʠʢʘʥʩʴʢʠʤ 

ʨʘʜʽʦʘʤʘʪʦʨʦʤ ʇʦʣʦʤ ʉʝʛʘʣʦʤ (Paul Segal, W9EEA), ʙʫʚ ʨʦʟʨʦʙʣʝʥʠʡ ʢʦʜʝʢʩ 

ʨʘʜʽʦʘʤʘʪʦʨʘ, ʦʜʥʠʤ ʽʟ ʧʫʥʢʪʽʚ ʷʢʦʛʦ ʻ ʪʝ, ʱʦ ʨʘʜʽʦʘʤʘʪʦʨ ʧʦʚʠʥʝʥ ʙʫʪʠ 

ʧʨʦʛʨʝʩʠʚʥʠʤ, ʽʪʠ ʚ ʥʦʛʫ ʟ ʥʘʫʢʦʚʦ-ʪʝʭʥʽʯʥʠʤ ʧʨʦʛʨʝʩʦʤ. 

        ʎʝʡ ʢʦʜʝʢʩ ʟʘʚʞʜʠ ʙʫʚ ʽ ʻ ʘʢʪʫʘʣʴʥʠʡ  ʜʣʷ ʥʘʰʦʛʦ ʢʣʫʙʫ. ʄʠ 

ʧʦʩʪʽʡʥʦ ʧʨʘʮʶʻʤʦ ʥʘʜ ʧʽʜʚʠʱʝʥʥʷʤ ʽ ʚʜʦʩʢʦʥʘʣʝʥʥʷʤ ʪʝʭʥʽʯʥʦʛʦ ʨʽʚʥʷ 

ʢʣʫʙʫ - ʨʦʟʨʦʙʢʦʶ ʽ ʚʧʨʦʚʘʜʞʝʥʥʷʤ ʥʦʚʽʪʥʽʭ ʪʝʭʥʽʯʥʠʭ ʨʦʟʨʦʙʦʢ.  ʅʘʰ 

ʨʘʜʽʦʪʝʭʥʽʯʥʠʡ ʢʣʫʙ ʚʠʢʦʨʠʩʪʦʚʫʻ ʚ ʩʚʦʾʡ ʜʽʷʣʴʥʦʩʪʽ ʥʘʡʥʦʚʽʰʽ ʚʠʜʠ 

ʨʘʜʽʦʟʚôʷʟʢʫ, ʷʢʽ ʙʘʟʫʶʪʴʩʷ ʥʘ ʥʦʚʽʪʥʽʭ ʜʦʩʷʛʥʝʥʥʷʭ ʢʦʤʧôʶʪʝʨʥʠʭ 

ʪʝʭʥʦʣʦʛʽʡ.  ʅʘʧʨʠʢʣʘʜ, ʨʦʟʨʦʙʣʝʥʘ ʅʦʙʝʣʝʚʩʴʢʠʤ ʣʘʫʨʝʘʪʦʤ, ʥʘʰʠʤ 

ʢʦʣʝʛʦʶ ʨʘʜʽʦʘʤʘʪʦʨʦʤ  ɼʞʦ ʊʝʡʣʦʨʦʤ  (W1JT), ʥʦʚʽʪʥʽʡ ʚʠʜ ʟʚôʷʟʢʫ FT-8 

ʜʦʟʚʦʣʷʻ ʧʦʪʫʞʥʽʩʪʶ ʚ 1 ɺʪ ʧʨʦʚʦʜʠʪʠ ʩʪʽʡʢʽ ʟʚôʷʟʢʠ ʥʘ ʚʽʜʩʪʘʥʽ ʜʦ 20000 ʢʤ, 

ʥʘ ʱʦ ʽʥʰʠʤʠ ʚʠʜʘʤʠ ʤʦʜʫʣʷʮʽʡ ʧʦʪʨʽʙʥʦ ʥʝ ʤʝʥʰʝ ʷʢ ʦʜʠʥ ʢʽʣʦʚʘʪ 

ʧʦʪʫʞʥʦʩʪʽ. ʎʝʡ ʚʠʜ ʟʚô̫ ʟʢʫ ʜʦʟʚʦʣʷʻ ʧʨʠʡʤʘʪʠ ʩʠʛʥʘʣʠ ʟ ʨʽʚʥʝʤ ʥʘ 30 ʜɹ 

ʥʠʞʯʠʤ ʨʽʚʥʷ ʰʫʤʫ. ɿʜʦʙʫʪʢʘʤʠ ʥʘʰʦʛʦ ʢʣʫʙʫ ʻ ʧʽʜʪʚʝʨʜʞʝʥʽ ʟʚôʷʟʢʠ ʟ 

ʘʥʪʠʧʦʜʘʤʠ ʟʘʚʜʷʢʠ FT-8 ʤʦʜʫʣʷʮʽʾ. 

        ʆʜʥʽʻʶ ʟ ʛʦʣʦʚʥʠʭ ʧʦʜʽʡ ʚ  ʜʽʷʣʴʥʦʩʪʽ ʥʘʰʦʛʦ ʢʣʫʙʫ ʩʪʘʣʠ 

ʟʘʧʦʯʘʪʢʦʚʘʥʽ ʚ 2018 ʨʦʮʽ ʟʘ ʽʥʽʮʽʘʪʠʚʦʶ ʚʽʜʦʤʠʭ ʚʯʝʥʠʭ ʚ ʦʙʣʘʩʪʽ 

ʨʘʜʽʦʪʝʭʥʠʢʠ, ʧʨʦʬ., ʜ.ʪ.ʥ., ʨʘʜʽʦʘʤʘʪʦʨʘ ʟʽ ʩʚʽʪʦʚʠʤ ʽʤôʷʤ, ʧʦʯʝʩʥʦʛʦ  ʯʣʝʥʘ 

ʥʘʰʦʛʦ ʢʣʫʙʫ  ʉʝʨʛʽʷ ɹʋʅɯʅɸ ʪʘ ʜʠʨʝʢʪʦʨʘ ɯʊʉ ʘʢʘʜʝʤʽʢʘ ʅɸʅ ʋʢʨʘʾʥʠ 
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ʄʠʭʘʡʣʘ ɯʃʔʏɽʅʂɸ, - ʱʦʨʽʯʥʽ ʫʯʘʩʪʽ ʥʘʰʦʛʦ ʢʣʫʙʫ ʚ ʪʨʘʜʠʮʽʡʥʠʭ 

ʄʽʞʥʘʨʦʜʥʠʭ ʥʘʫʢʦʚʦ-ʪʝʭʥʽʯʥʠʭ ʢʦʥʬʝʨʝʥʮʽʷʭ ñʇʝʨʩʧʝʢʪʠʚʠ  

ʪʝʣʝʢʦʤʫʥʽʢʘʮʽʡò ʷʢʽ ʱʦʨʽʯʥʦ  ʧʨʦʚʦʜʠʪʴ ɯʥʩʪʠʪʫʪ ʪʝʣʝʢʦʤʫʥʽʢʘʮʽʡʥʠʭ 

ʩʠʩʪʝʤ (ɯʊʉ) ʂʇɯ ʽʤ. ɯʛʦʨʷ ʉʽʢʦʨʩʴʢʦʛʦ. ɼʣʷ ʥʘʰʦʛʦ ʢʦʣʝʢʪʠʚʫ ʮʝ ʩʪʘʣʦ   

ʧʦʯʝʩʥʠʤ ʚʠʟʥʘʥʥʷʤ ʽ ʩʪʠʤʫʣʦʤ ʧʽʜʚʠʱʝʥʥʷ ʪʚʦʨʯʦʩʪʽ ʽ ʜʦʩʷʛʥʝʥʴ.  

      ʆʩʴ ʽ ʚ 2021-2022 ʨʨ. ʨʘʜʽʦʢʦʥʩʪʨʫʢʪʦʨʘʤʠ ʢʣʫʙʫ ʧʽʜ ʢʝʨʽʚʥʠʮʪʚʦʤ 

ʜʦʩʚʽʜʯʝʥʦʛʦ ʨʘʜʽʦʢʦʥʩʪʨʫʢʪʦʨʘ  ʄʠʢʦʣʠ ʗʊʏɽʅʂɸ UR8UZ, ʥʘ ʪʨʘʜʠʮʽʡʥʫ  

XVI  ʄʽʞʥʘʨʦʜʥʫ ʥʘʫʢʦʚʦ-ʪʝʭʥʽʯʥʫ ʢʦʥʬʝʨʝʥʮʽʶ ñʇʝʨʩʧʝʢʪʠʚʠ  

ʪʝʣʝʢʦʤʫʥʽʢʘʮʽʡ 2022ò ɯʊʉ ʂʇɯ ʽʤ. ɯʛʦʨʷ ʉʽʢʦʨʩʴʢʦʛʦ  ʤʠ ʧʨʝʜʩʪʘʚʠʣʠ 8 

ʥʦʚʽʪʥʽʭ ʨʦʟʨʦʙʦʢ: 

-  ɻʝʥʝʨʘʪʦʨ ʩʠʛʥʘʣʽʚ ʥʘ ʤʽʢʨʦʩʭʝʤʽ Si5351;  

 -  ʂɺ ʪʨʘʥʩʠʚʝʨ  ʥʘ ʜʽʘʧʘʟʦʥʠ 1.8 ï 30 ʤʩ.;  

-  ɸʚʪʦʤʘʪʠʯʥʠʡ ʘʥʪʝʥʥʠʡ ʪʶʥʝʨ ATU-100;  

 - ʋʥʽʚʝʨʩʘʣʴʥʠʡ ʧʨʠʣʘʜ, ʱʦ ʤʽʩʪʠʪʴ ʚʠʤʽʨʶʚʘʯ ɸʏʍ, ɻʉʉ, 

ʬʫʥʢʮʽʦʥʘʣʴʥʠʡ    

    ʛʝʥʝʨʘʪʦʨ ʽ ɺʏ-ʚʦʣʴʪʤʝʪʨ;                                                          

-  Aʥʪʝʥʥʠʡ ʪʶʥʝʨ  AT-1000;  

-  ʉʪʫʧʽʥʯʘʪʠʡ ʘʪʝʥʶʘʪʦʨ; 

-  ʂʦʤʫʪʘʪʦʨ 8 ʘʥʪʝʥ ʥʘ 2 ʨʦʙʦʯʠʭ ʤʽʩʮʷ.  

        ʎʽ ʜʽʶʯʽ ʨʦʟʨʦʙʢʠ  ʧʨʝʜʩʪʘʚʣʝʥʽ  ʪʘʢʦʞ ʢʨʽʤ ʚʠʩʪʫʧʫ ʥʘ ʧʣʝʥʘʨʥʦʤʫ 

ʟʘʩʽʜʘʥʥʽ  ʽ ʥʘ ʜʽʶʯʽʡ ʚʠʩʪʘʚʮʽ ʢʦʥʬʝʨʝʥʮʽʾ ñʇʝʨʩʧʝʢʪʠʚʠ  ʪʝʣʝʢʦʤʫʥʽʢʘʮʽʡ 

2022ò ɯʊʉ ʂʇɯ ʽʤ. ɯʛʦʨʷ ʉʽʢʦʨʩʴʢʦʛʦ. ʊʘʢʦʞ ʨʘʟʦʤ ʟ ʥʘʤʠ ʧʨʝʜʩʪʘʚʠʣʠ ʽ ʩʚʦʾ 

ʥʦʚʽʪʥʽ ʨʦʟʨʦʙʢʠ ʽ ʽʥʰʽ ʯʣʝʥʠ ʥʘʰʦʛʦ ʢʣʫʙʫ: 

- ɺʦʣʦʜʠʤʠʨʘ ɼʞʫʣʘʡ  (ʪʨʘʥʩʠʚʝʨ SDR). 

- ʈʦʟʨʦʙʢʠ ʬʽʨʤʠ RigExpert: ɸʥʪʝʥʥʽ-ʘʥʘʣʽʟʘʪʦʨʠ ʜʣʷ ʥʘʣʘʰʪʫʚʘʥʥʷ 

ʘʥʪʝʥʥʦ-ʬʽʜʝʨʥʠʭ ʩʠʩʪʝʤ 

       ʊʨʘʜʠʮʽʡʥʦ, ʩʧʦʨʪʠʚʥʘ ʢʦʤʘʥʜʘ ʥʘʰʦʛʦ ʢʣʫʙʫ  ʟʘʚʞʜʠ ʩʢʣʘʜʘʣʘ ʦʩʥʦʚʫ 

ʟʙʽʨʥʦʾ ʢʦʤʘʥʜʠ ʋʢʨʘʾʥʠ ʟ ʨʘʜʽʦʩʧʦʨʪʫ - ʙʫʣʘ ʯʝʤʧʽʦʥʘʤʠ ʩʚʽʪʫ, ɭʚʨʦʧʠ, 

ʋʢʨʘʾʥʠ, ʚʝʣʠʢʠʭ ʤʽʞʥʘʨʦʜʥʠʭ ʟʤʘʛʘʥʴ -  ʟʘʚʜʷʢʠ ʟʘʩʪʦʩʫʚʘʥʥʶ ʥʦʚʽʪʥʽʭ 

ʪʝʭʥʦʣʦʛʽʡ  ̔ʪʝʭʥʽʢʠ, ʨʦʟʨʦʙʣʝʥʠʭ ʯʣʝʥʘʤʠ ʢʣʫʙʫ. 
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ʇʠʰʘʻʤʦʩʷ, ʫʥʽʢʘʣʴʥʦʶ ʰʢʦʣʦʶ  ʥʘʰʦʛʦ ʢʣʫʙʫ, ʯʝʨʝʟ ʷʢʫ ʧʨʦʡʰʣʦ 

ʙʘʛʘʪʦ ʚʠʧʫʩʢʥʠʢʽʚ ʂʇɯ ʽʤ. ɯʛʦʨʷ ʉʽʢʦʨʩʴʢʦʛʦ. ʇʽʩʣʷ ʡʦʛʦ ʟʘʢʽʥʯʝʥʥʷ ʙʘʛʘʪʦ ʟ 

ʥʠʭ ʩʪʘʣʠ ʚʽʜʦʤʠʤʠ ʬʘʭʽʚʮʷʤʠ ʚ ʛʘʣʫʟʷʭ ʪʝʣʝʢʦʤʫʥʽʢʘʮʽʡ, ʚʯʝʥʠʤʠ, 

ʢʝʨʽʚʥʠʢʘʤʠ ʥʘʫʢʦʚʠʭ ʽʥʩʪʠʪʫʪʽʚ, ʦʨʛʘʥʽʟʘʮʽʡ,   ʜʠʨʝʢʪʦʨʘʤʠ ʧʽʜʧʨʠʻʤʩʪʚ, 

ʧʦʣʷʨʥʠʢʘʤʠ, ʚʽʡʩʴʢʦʚʦʩʣʫʞʙʦʚʮʷʤʠ. ʋʩʽ ʚʦʥʠ ʥʘʜʘʶʪʴ ʚʝʣʠʢʫ ʜʦʧʦʤʦʛʫ ʪʘ 

ʧʽʜʪʨʠʤʢʫ ʢʣʫʙʫ, ʚʠʩʦʢʦ ʥʝʩʫʯʠ  ʤʽʞʥʘʨʦʜʥʠʡ ʘʚʪʦʨʠʪʝʪ ʷʢ ʢʣʫʙʫ, ʪʘʢ  ̔ʂʇɯ  

ʽʤ. ɯʛʦʨʷ ʉʽʢʦʨʩʴʢʦʛʦ. ʗʢ ʥʝ ʟʛʘʜʘʪʠ ʚʠʜʘʪʥʠʭ  ʚʯʝʥʠʭ - ʟʽ ʩʚʽʪʦʚʠʤʠ ʽʤʝʥʘʤʠ: 

ʉʝʤʝʥ ʊɽʊɽʃʔɹɸʋʄ, ʅʘʫʤ ɺʆʃɽʈʅɽʈ, ɺʘʜʠʤ ʊɸʈɸʅɽʅʂʆ, ʉʝʨʛʽʡ 

ɹʋʅɯʅ, ʖʨʽʡ ʄɽɼʀʅɽʎʔ, ʄʠʭʘʡʣʦ ɯʃʔʏɽʅʂʆ, ʪʘ ʙʘʛʘʪʦ ʽʥʰʠʭ) 

        ʂʣʫʙ ʙʫʚ ʽ  ʻ ʛʦʣʦʚʥʠʤ ʮʝʥʪʨʦʤ ʪʝʭʥʽʯʥʦʛʦ ʨʘʜʽʦʘʤʘʪʦʨʩʪʚʘ ʋʢʨʘʾʥʠ. ɺ 

ʥʴʦʤʫ ʨʝʛʫʣʷʨʥʦ ʧʨʦʚʦʜʷʪʴʩʷ ʪʚʦʨʯʽ ʟʫʩʪʨʽʯʽ, ʥʘʫʢʦʚʦ-ʪʝʭʥʽʯʥʽ ʽ ʩʧʦʨʪʠʚʥʽ 

ʢʦʥʬʝʨʝʥʮʽʾ  ʟ ʨʘʜʽʦʘʤʘʪʦʨʘʤʠ ʂʠʻʚʘ ʪʘ ʋʢʨʘʾʥʠ. 

        ʊʝʭʥʽʯʥʝ ʦʩʥʘʱʝʥʥʷ ʥʘʰʦʛʦ ʢʣʫʙʫ, ʤʫʟʝʡ ʝʚʦʣʶʮʽʾ ʨʦʟʚʠʪʢʫ 

ʨʘʜʽʦʪʝʭʥʽʢʠ, ʚʽʜʽʛʨʘʻ ʚʘʞʣʠʚʫ ʨʦʣʴ ʫ ʥʘʚʯʘʣʴʥʦ-ʚʠʭʦʚʥʦʤʫ ʧʨʦʮʝʩʽ, ʜʦʟʚʦʣʷʻ 

ʧʨʦʚʦʜʠʪʠ ʜʣʷ ʩʪʫʜʝʥʪʽʚ ʂʇɯ ʮʽʢʘʚʽ ʝʢʩʢʫʨʩʽʾ, ʷʚʣʷʻʪʴʩʷ ʧʨʝʢʨʘʩʥʦʶ 

ʧʨʘʢʪʠʯʥʦʶ ʰʢʦʣʦʶ ʜʣʷ ʧʽʜʛʦʪʦʚʢʠ ʤʘʡʙʫʪʥʽʭ ʬʘʭʽʚʮʽʚ ʪʘ ʥʘʫʢʦʚʮʽʚ ʟ ʨʽʟʥʠʭ 

ʦʙʣʘʩʪʝʡ ʪʝʣʝʢʦʤʫʥʽʢʘʮʽʡ, ʨʘʜʽʦʪʝʭʥʽʢʠ, ʝʣʝʢʪʨʦʥʽʢʠ, ʨʘʜʽʦʟʚôʷʟʢʫ, 

ʝʥʝʨʛʦʟʙʝʨʝʞʝʥʥʷ,  ʪʝʭʥʽʯʥʦʛʦ ʢʦʥʩʪʨʫʶʚʘʥʥʷ.  

         ʇʦ ʪʝʤʘʪʠʮʽ ʜʽʷʣʴʥʦʩʪʽ ʢʣʫʙʘ ʩʪʫʜʝʥʪʘʤʠ ʂʇɯ, ʯʣʝʥʘʤʠ ʥʘʰʦʛʦ ʢʣʫʙʘ 

ʙʫʣʠ ʧʽʜʛʦʪʦʚʣʝʥʽ ʪʘ ʟʘʭʠʱʝʥʽ ʤʘʛʽʩʪʝʨʩʴʢʽ ʜʠʩʝʨʪʘʮʽʾ ʪʘ ʜʠʧʣʦʤʠ ʙʘʢʘʣʘʚʨʘ, 

ʦʪʨʠʤʘʥʽ ʇʘʪʝʥʪʠ ʋʢʨʘʾʥʠ ʥʘ ʢʦʨʠʩʥʽ ʤʦʜʝʣʽ, ʧʽʜʛʦʪʦʚʣʝʥʽ ʪʘ ʦʧʫʙʣʽʢʦʚʘʥʽ 

ʪʝʟʠ ʥʘʫʢʦʚʠʭ ʢʦʥʬʝʨʝʥʮʽʡ, ʩʪʘʪʪʽ ʚ ʬʘʭʦʚʠʭ ʥʘʫʢʦʚʠʭ ʚʠʜʘʥʥʷʭ, ʟʨʦʙʣʝʥʽ 

ʥʘʫʢʦʚʽ ʜʦʧʦʚʽʜʽ ʥʘ ʄʽʞʥʘʨʦʜʥʠʭ ʥʘʫʢʦʚʠʭ ʢʦʥʬʝʨʝʥʮʽʷʭ. 

        ʄʠ ʱʠʨʦ ʚʜʷʯʥʽ ʢʝʨʽʚʥʠʮʪʚʫ ʥʘʰʦʛʦ ʋʥʽʚʝʨʩʠʪʝʪʫ ʟʘ ʫʚʘʛʫ ʪʘ ʧʽʜʪʨʠʤʢʫ 

ʥʘʰʦʛʦ ʨʘʜʽʦʪʝʭʥʽʯʥʦʛʦ ʢʣʫʙʫ. ʅʘʤ ʟʘʚʞʜʠ  ̒ʯʠʤ ʧʦʨʘʜʫʚʘʪʠ ʧʨʠ ʟʫʩʪʨʽʯʘʭ ʚ 

ʥʘʰʦʤʫ ʢʣʫʙʽ ʈʝʢʪʦʨʘ ʂʇɯ ʽʤ. ɯʛʦʨʷ ʉʽʢʦʨʩʴʢʦʛʦ, ʘʢʘʜʝʤʽʢʘ ʅɸʅ ʋʢʨʘʾʥʠ 

ʄʠʭʘʡʣʘ ɿɻʋʈʆɺʉʔʂʆɻʆ, ɻʦʣʦʚʫ ɺʯʝʥʦʾ ʨʘʜʠ ʫʥʽʚʝʨʩʠʪʝʪʫ, ʜʠʨʝʢʪʦʨʘ ɯʊʉ 

ʘʢʘʜʝʤʽʢʘ ʅɸʅ ʋʢʨʘʾʥʠ ʄʠʭʘʡʣʘ ɯʃʔʏɽʅʂɸ, ʷʢʠʡ ʜʦ ʪʦʛʦ ʞ  ̒ʯʣʝʥʦʤ ʢʣʫʙʫ 

 ̔ʤʘʻ ʨʘʜʽʦʘʤʘʪʦʨʩʴʢʠʡ ʧʦʟʠʚʥʠʡ UT5UME. 

        ɺʠʩʣʦʚʣʶʻʤʦ ʱʠʨʫ ʚʜʷʯʥʽʩʪʴ ʦʨʛʘʥʽʟʘʪʦʨʘʤ XVI  ʄʽʞʥʘʨʦʜʥʦʾ 

ʢʦʥʬʝʨʝʥʮʽʾ ñʇʝʨʩʧʝʢʪʠʚʠ ʪʝʣʝʢʦʤʫʥʽʢʘʮʽʡ- 2022ò, ʟʘ ʟʘʧʨʦʰʝʥʥʷ ʢʦʣʝʢʪʠʚʫ 

ʨʘʜʽʦʪʝʭʥʽʯʥʦʛʦ ʢʣʫʙʫ ʇʦʣʽʪʝʭʥʽʢ UT7UZA ʜʣʷ ʫʯʘʩʪʽ ʚ ʮʴʦʤʫ ʚʘʞʣʠʚʦʤʫ 

ʜʣʷ ʥʘʩ ʟʘʭʦʜʽ. ʅʘ ʬʽʥʘʣʴʥʦʤʫ ʧʣʝʥʘʨʥʦʤʫ ʟʘʩʽʜʘʥʥʽ ʨʘʜʽʦʢʦʥʩʪʨʫʢʪʦʨʠ 

ʢʣʫʙʫ ʚʠʩʣʦʚʠʣʠ ʙʘʞʘʥʥʷ ʷʢ ʥʘʡʧʨʦʜʫʢʪʠʚʥʽʰʝ ʩʧʽʚʨʦʙʽʪʥʠʯʘʪʠ ʪʘ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʥʘʰ ʧʦʪʝʥʮʽʘʣ ʟ ʅʅ ɯʊʉ, ʪʘ ʽʥʰʠʤʠ ʪʚʦʨʯʠʤʠ ʢʦʣʝʢʪʠʚʘʤʠ 

ʟ  ʩʧʽʣʴʥʠʤʠ ʨʦʟʨʦʙʢʘʤʠ ʜʣʷ ʚʽʡʩʴʢʦʚʦ-ʧʨʦʤʠʩʣʦʚʦʛʦ ʢʦʤʧʣʝʢʩʫ ʋʢʨʘʾʥʠ. 

 

          73! ɿ ʧʦʚʘʛʦʶ, ʢʝʨʽʚʥʠʢ ʨʘʜʽʦʪʝʭʥʽʯʥʦʛʦ ʢʣʫʙʫ "ʇʦʣʽʪʝʭʥʽʢ"  ʂʇɯ 

ʽʤ. ɯʛʦʨʷ ʉʽʢʦʨʩʴʢʦʛʦ, - ʧʦʯʠʥʘʶʯʠ ʟ 1975 ʨʦʢʫ,  ʄʠʢʦʣʘ ʉʝʨʛʽʻʥʢʦ, 

UX0UN. 
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METHOD OF ENSURING CONSTANCY OF THE MESSAGES  

SOURCE PRODUCTIVITY UNDER CONDITIONS OF ACHIEVING  

MAXIMUM COMMUNICATION CHANNEL PRODUCTIVITY  

 

The report outlines a methods that is to establish relationships between the initial rate of 

symbols transmission in the information system (the initial state of the system before encoding) 

and the encoding speed, which will ensure the condition of constancy of the message source 

productivity (future state of the system with increasing channel data rate). 

 

ʆʩʥʦʚʥʦʶ ʟʘʜʘʯʝʶ ʽʩʥʫʶʯʠʭ ʪʘ ʧʝʨʩʧʝʢʪʠʚʥʠʭ ʪʝʣʝʢʦʤʫʥʽʢʘʮʽʡʥʠʭ 

ʩʠʩʪʝʤ ʻ ʧʝʨʝʜʘʯʘ ʟʘʜʘʥʦʛʦ ʦʙôʻʤʫ ʽʥʬʦʨʤʘʮʽʾ ʜʣʷ ʟʘʜʦʚʦʣʝʥʥʷ ʟʨʦʩʪʘʶʯʦʛʦ 

ʧʦʧʠʪʫ ʢʦʨʠʩʪʫʚʘʯʽʚ ʜʦ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʧʦʩʣʫʛ. ʇʨʠ ʮʴʦʤʫ ʦʮʽʥʢʘ ʷʢʦʩʪʽ ʮʠʭ 

ʩʠʩʪʝʤ ʯʘʩʪʦ ʙʘʟʫʻʪʴʩʷ ʚʠʢʣʶʯʥʦ ʥʘ ʢʨʠʪʝʨʽʷʭ ʜʦʩʪʦʚʽʨʥʦʩʪʽ. ʈʘʟʦʤ ʟ ʪʠʤ, 

ʘʢʪʫʘʣʴʥʦʶ ʜʣʷ ʮʠʬʨʦʚʠʭ ʩʠʩʪʝʤ ʟʚôʷʟʢʫ ʻ ʟʘʜʘʯʘ ʟʘʙʝʟʧʝʯʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʦʙʤʝʞʝʥʠʭ ʝʥʝʨʛʝʪʠʯʥʠʭ ʪʘ ʯʘʩʪʦʪʥʠʭ ʨʝʩʫʨʩʽʚ.  

ʆʪʞʝ, ʩʫʯʘʩʥʽ ʩʠʩʪʝʤʠ ʝʣʝʢʪʨʦʥʥʠʭ ʢʦʤʫʥʽʢʘʮʽʡ ʤʘʶʪʴ ʥʘʧʨʷʤʦʢ 

ʨʦʟʚʠʪʢʫ ʫ ʙʽʢ ʟʙʽʣʴʰʝʥʥʷ ʰʚʠʜʢʦʩʪʽ ʧʝʨʝʜʘʯʽ ʽʥʬʦʨʤʘʮʽʾ. ɸʣʝ ʟʙʽʣʴʰʝʥʥʷ 

ʰʚʠʜʢʦʩʪʽ ʧʦʪʨʝʙʫʻ ʚʠʢʦʨʠʩʪʘʥʥʷ ʜʦʜʘʪʢʦʚʠʭ ʨʝʩʫʨʩʽʚ ʢʘʥʘʣʫ ʟʚôʷʟʢʫ ʪʘ 

ʽʥʩʪʨʫʤʝʥʪʽʚ ʧʽʜʪʨʠʤʘʥʥʷ ʟʘʜʘʥʦʾ ʜʦʩʪʦʚʽʨʥʦʩʪʽ ʧʝʨʝʜʘʯʽ ʧʨʠ ʧʝʚʥʠʭ 

ʝʥʝʨʛʝʪʠʯʥʠʭ ʦʙʤʝʞʝʥʥʷʭ. 

ʄʝʪʦʶ ʜʦʧʦʚʽʜʽ ʻ ʜʦʩʣʽʜʞʝʥʥʷ ʤʝʪʦʜʠʢʠ ʧʽʜʪʨʠʤʘʥʥʷ ʩʪʘʣʦʾ 

ʚhʠʜʢʦʩʪʽ ʧʝʨʝʜʘʚʘʥʥʷ ʽʥʬʦʨʤʘʮʽʾ ʜʞʝʨʝʣʘ ʟʘ ʨʘʭʫʥʦʢ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʜʦʜʘʪʢʦʚʠʭ ʨʝʩʫʨʩʽʚ ʢʘʥʘʣʫ ʟʚôʷʟʢʫ, ʚ ʦʩʥʦʚʫ ʷʢʦʾ ʧʦʢʣʘʜʝʥʽ ʨʝʢʦʤʝʥʜʘʮʽʾ 

ʱʦʜʦ ʚʠʙʦʨʫ ʪʠʧʫ ʤʦʜʫʣʷʮʽʾ ʪʘ ʧʘʨʘʤʝʪʨʽʚ ʟʘʚʘʜʦʩʪʽʡʢʦʛʦ ʢʦʜʫʚʘʥʥʷ. 

ɸʢʪʫʘʣʴʥʽʩʪʴ ʜʦʩʣʽʜʞʝʥʥʷ ʧʦʣʷʛʘʻ ʫ ʥʦʚʽʪʥʴʦʤʫ ʧʽʜʭʦʜʽ ʜʦ ʚʠʨʽʰʝʥʥʷ 

ʟʘʜʘʯʽ ʟʘʙʝʟʧʝʯʝʥʥʷ ʚʠʩʦʢʦʷʢʽʩʥʦʛʦ ʟʚôʷʟʢʫ ʧʨʠ ʩʪʘʣʽʡ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ 

ʜʞʝʨʝʣʘ ʧʦʚʽʜʦʤʣʝʥʴ ʰʣʷʭʦʤ ʨʦʟʰʠʨʝʥʥʷ ʯʘʩʪʦʪʥʦʾ ʩʤʫʛʠ ʧʝʨʝʜʘʯʽ ʟ ʤʝʪʦʶ 

ʟʘʣʫʯʝʥʥʷ ʨʝʩʫʨʩʫ ʩʠʩʪʝʤʠ ʟʚôʷʟʢʫ ʜʣʷ ʧʽʜʪʨʠʤʘʥʥʷ ʥʝʦʙʭʽʜʥʦʾ ʜʦʩʪʦʚʽʨʥʦʩʪʽ 

ʧʝʨʝʜʘʯʽ. 

ʆʙôʻʢʪʦʤ ʜʦʩʣʽʜʞʝʥʥʷ ʻ ʢʘʥʘʣ ʪʝʣʝʢʦʤʫʥʽʢʘʮʽʡ ʪʘ ʡʦʛʦ ʚʣʘʩʪʠʚʽʩʪʴ 

ʧʽʜʪʨʠʤʫʚʘʪʠ ʩʪʘʣʫ ʰʚʠʜʢʽʩʪʴ ʧʝʨʝʜʘʚʘʥʥʷ ʽʥʬʦʨʤʘʮʽʾ ʜʞʝʨʝʣʘ ʧʦʚʽʜʦʤʣʝʥʴ 

ʰʣʷʭʦʤ ʚʠʙʦʨʫ ʥʝʦʙʭʽʜʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʩʠʩʪʝʤʠ ʧʝʨʝʜʘʯʽ, ʘ ʩʘʤʝ, ʰʚʠʜʢʦʩʪʽ 

ʧʝʨʝʜʘʚʘʥʥʷ ʩʠʤʚʦʣʽʚ ʪʘ ʩʪʨʫʢʪʫʨʠ ʟʘʚʘʜʦʩʪʽʡʢʦʛʦ ʢʦʜʫ.  
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ʇʦʩʪʘʥʦʚʢʘ ʟʘʜʘʯʽ. ɺʽʜʦʤʽ ʤʝʪʦʜʠʢʠ ʟʘʙʝʟʧʝʯʝʥʥʽ ʧʦʪʨʽʙʥʦʾ 

ʜʦʩʪʦʚʽʨʥʦʩʪʽ ʧʝʨʝʜʘʚʘʥʥʷ ʽʥʬʦʨʤʘʮʽʾ ʚ ʜʠʩʢʨʝʪʥʦʤʫ ʢʘʥʘʣʽ ʟʚôʷʟʢʫ ʧʨʠ ʡʦʛʦ 

ʩʪʘʣʠʭ ʨʝʩʫʨʩʘʭ: ʧʦʣʦʩʽ ʯʘʩʪʦʪ ʪʘ ʝʥʝʨʛʝʪʠʯʥʠʭ ʧʘʨʘʤʝʪʨʘʭ ʥʘ ʦʩʥʦʚʽ ʚʠʙʦʨʫ 

ʢʦʨʠʛʫʶʯʠʭ ʢʦʜʽʚ, ʤʘʢʩʠʤʘʣʴʥʦ ʥʘʙʣʠʞʝʥʠʭ ʜʦ ʛʨʘʥʠʮʽ ʐʝʥʥʦʥʘ [1, 2]. 

ɺ ʮʠʭ ʤʝʪʦʜʠʢʘʭ ʚʠʢʦʨʠʩʪʘʥʦ ʚʽʜʦʤʠʡ ʚʟʘʻʤʦʟʚôʷʟʦʢ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ R 

ʪʘ ʧʨʦʧʫʩʢʥʦʾ ʟʜʘʪʥʦʩʪʽ C ʚ ʜʠʩʢʨʝʪʥʦʤʫ ʢʘʥʘʣʽ ʧʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ 

ʥʘʜʣʠʰʢʦʚʦʛʦ ʢʦʜʫʚʘʥʥʷ, ʘ ʩʘʤʝ:  

ʟʥʘʯʝʥʥʷ ʧʨʦʧʫʩʢʥʦʾ ʟʜʘʪʥʦʩʪʽ ʟʘ ʬʦʨʤʫʣʦʶ (1.1): 

,         (1.1) 

- ʪʘ 

ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ ʟʘ ʬʦʨʤʫʣʦʶ (1.2): 

,    (1.2) 

ʜʝ VC  ï ʰʚʠʜʢʽʩʪʴ ʧʝʨʝʜʘʚʘʥʥʷ ʤʦʜʫʣʴʦʚʘʥʠʭ ʩʠʤʚʦʣʽʚ ʫ ʢʘʥʘʣʽ 

ʟʚôʷʟʢʫ; 

     ʄ ï ʢʨʘʪʥʽʩʪʴ ʙʘʛʘʪʦʧʦʟʠʮʽʡʥʦʾ ʤʘʥʽʧʫʣʷʮʽʾ; 

    log2M ï ʢʽʣʴʢʽʩʪʴ ʙʽʪ ʫ ʦʜʥʦʤʫ ʩʠʤʚʦʣʽ, ʷʢʠʡ ʧʝʨʝʜʘʻʪʴʩʷ ʫ ʢʘʥʘʣʽ 

ʟʚôʷʟʢʫ; 

    k / n = rk ï ʰʚʠʜʢʽʩʪʴ ʢʦʜʫʚʘʥʥʷ ʚ ʙʣʦʮʽ ʜʦʚʞʠʥʦʶ n, ʚ ʷʢʦʤʫ k ʙʽʪ ʻ 

ʽʥʬʦʨʤʘʮʽʡʥʠʤʠ ʩʠʤʚʦʣʘʤʠ ʜʞʝʨʝʣʘ ʧʦʚʽʜʦʤʣʝʥʴ. 

ʆʪʞʝ, ʜʣʷ ʝʢʦʥʦʤʽʾ ʯʘʩʪʦʪʥʦʛʦ ʨʝʩʫʨʩʫ ʚ ʩʫʯʘʩʥʠʭ ʩʠʩʪʝʤʘʭ ʟʚôʷʟʢʫ 

ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʙʘʛʘʪʦʧʦʟʠʮʽʡʥʘ ʤʘʥʽʧʫʣʷʮʽʷ: ʚ ʢʘʥʘʣʽ ʙʝʟ ʥʘʜʣʠʰʢʦʚʦʛʦ 

ʢʦʜʫʚʘʥʥʷ VC = VR / M, ʜʝ VR ï ʰʚʠʜʢʽʩʪʴ ʧʝʨʝʜʘʚʘʥʥʷ ʽʥʬʦʨʤʘʮʽʡʥʠʭ 

ʩʠʤʚʦʣʽʚ ʜʞʝʨʝʣʘ ʧʦʚʽʜʦʤʣʝʥʴ. 

ɸʜʞʝ ʩʠʛʥʘʣʠ ʙʘʛʘʪʦʧʦʟʠʮʽʡʥʦʾ ʤʘʥʽʧʫʣʷʮʽʾ ʙʽʣʴʰ ʚʨʘʟʣʠʚʽ ʜʦ ʜʽʾ ʟʘʚʘʜ, 

ʥʽʞ ʩʠʛʥʘʣʠ ʙʽʥʘʨʥʦʾ ʤʘʥʽʧʫʣʷʮʽʾ, ʾʭ ʟʘʚʘʜʦʩʪʽʡʢʽʩʪʴ ʟʤʝʥʰʫʻʪʴʩʷ ʽʟ 

ʟʨʦʩʪʘʥʥʷʤ ʧʦʢʘʟʥʠʢʘ ʄ.  

ɿʘʚʜʘʥʥʷ ʥʘʜʣʠʰʢʦʚʦʛʦ ʢʦʜʫ ʧʦʣʷʛʘʻ ʫ ʟʘʙʝʟʧʝʯʝʥʥʽ ʧʦʪʨʽʙʥʦʾ 

ʜʦʩʪʦʚʽʨʥʦʩʪʽ ʧʨʠʡʦʤʫ ʧʨʠʡʥʷʪʠʭ ʪʘ ʜʝʢʦʜʦʚʘʥʠʭ ʙʽʪ , ʷʢʽ ʥʘʜʭʦʜʷʪʴ 

ʜʦ ʧʨʠʡʤʘʯʘ ʧʦʚʽʜʦʤʣʝʥʴ. 

ɺʠʟʥʘʯʝʥʥʷ ʙʽʪʦʚʦʾ ʧʦʤʠʣʢʠ ʧʽʩʣʷ ʜʝʢʦʜʝʨʘ ʧʨʦʚʦʜʠʪʴʩʷ ʟʘ ʥʘʩʪʫʧʥʦʶ 

ʬʦʨʤʫʣʦʶ (1.3) [3]: 

                                (1.3) 

ɺʠʨʽʰʝʥʥʷ ʟʘʜʘʯʽ  ʜʦʩʣʽʜʞʝʥʥʽ ʧʝʨʝʜʙʘʯʘʻ ʤʦʜʝʨʥʽʟʘʮʽʶ ʤʝʪʦʜʠʢʠ 

ʩʠʥʪʝʟʫ ʢʦʨʠʛʫʶʯʠʭ ʢʦʜʽʚ ʧʨʠ ʬʽʢʩʦʚʘʥʠʭ ʨʝʩʫʨʩʘʭ ʢʘʥʘʣʫ ʟʚôʷʟʢʫ [1,2] 

ʚʽʜʥʦʩʥʦ ʥʦʚʠʭ ʚʠʤʦʛ ʱʦʜʦ ʩʪʘʣʦʩʪʽ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ ʜʞʝʨʝʣʘ ʪʘ ʟʙʝʨʝʞʝʥʥʷ 

ʷʢʦʩʪʽ ʧʝʨʝʜʘʯʽ ʽʥʬʦʨʤʘʮʽʾ [4]. 

ɺ ʜʘʥʦʤʫ ʚʠʧʘʜʢʫ ʤʝʪʦʜʠʢʘ ʤʘʻ ʧʝʨʝʜʙʘʯʘʪʠ ʟʙʽʣʴʰʝʥʥʷ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʯʘʩʪʦʪʥʦʛʦ ʨʝʩʫʨʩʫ, ʦʩʢʽʣʴʢʠ ʯʘʩʪʠʥʘ ʨʝʩʫʨʩʫ ʙʫʜʝ ʚʽʜʦʢʨʝʤʣʶʚʘʪʠʩʷ ʥʘ 

ʽʥʩʪʨʫʤʝʥʪʠ ʟʘʙʝʟʧʝʯʝʥʥʷ ʜʦʩʪʦʚʽʨʥʦʾ ʧʝʨʝʜʘʯʽ ʽʥʬʦʨʤʘʮʽʾ, ʘ ʩʘʤʝ ʥʘ 

ʢʦʜʫʚʘʥʥʷ [5, 6].  

ʉʢʣʘʜʥʽʩʪʴ ʧʦʣʷʛʘʻ ʚ ʪʦʤʫ, ʱʦ ʟʘʟʜʘʣʝʛʽʜʴ ʥʝʚʽʜʦʤʦ, ʷʢʠʡ ʚʧʣʠʚ 
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ʤʘʪʠʤʫʪʴ ʧʘʨʘʤʝʪʨʠ ʢʦʜʫ ʥʘ ʬʽʥʘʣʴʥʫ ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ ʢʘʥʘʣʫ ʟʚôʷʟʢʫ ʧʨʠ 

ʩʪʘʣʽʡ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ ʜʞʝʨʝʣʘ. 

ɺ [5] ʜʦʩʣʽʜʞʝʥʦ ʟʘʢʦʥʦʤʽʨʥʽʩʪʴ, ʷʢʘ ʧʦʣʷʛʘʻ ʚ ʪʦʤʫ, ʱʦ ʟʙʽʣʴʰʝʥʥʷ 

ʰʚʠʜʢʦʩʪʽ ʧʝʨʝʜʘʚʘʥʥʷ ʩʠʤʚʦʣʽʚ ʚ ʢʘʥʘʣʽ ʟʚôʷʟʢʫ ʧʦʨʦʜʞʫʻ 2 ʪʝʥʜʝʥʮʽʾ:  

ï ʟʛʽʜʥʦ ʬʦʨʤʫʣʠ (1) ʟʨʦʩʪʘʻ ʧʨʦʧʫʩʢʥʘ ʟʜʘʪʥʽʩʪʴ ʉ ʢʘʥʘʣʫ, ʘʣʝ 

ʟʥʠʞʫʻʪʴʩʷ ʟʘʚʘʜʦʩʪʽʡʢʽʩʪʴ ʧʨʠʡʦʤʫ; 

ï ʜʣʷ ʧʽʜʪʨʠʤʢʠ ʧʦʪʨʽʙʥʦʾ ʜʦʩʪʦʚʽʨʥʦʩʪʽ ʧʨʠʡʦʤʫ (1.3) ʟʘ 

ʟʨʦʩʪʘʥʥʷʤʠ ʡʤʦʚʽʨʥʦʩʪʽ ʧʦʤʠʣʢʠ ʚ ʧʨʠʡʦʤʽ ʩʠʤʚʦʣʽʚ ʟʤʝʥʰʫʻʪʴʩʷ 

ʰʚʠʜʢʽʩʪʴ ʢʦʜʫʚʘʥʥʷ  

k / n = rk, ̔  , ʷʢ ʥʘʩʣʽʜʦʢ, ʟʨʦʩʪʘʻ ʨʽʟʥʠʮʷ ʤʽʞ ʧʨʦʧʫʩʢʥʦʶ ʟʜʘʪʥʽʩʪʶ ʉ ʢʘʥʘʣʫ 

ʪʘ ʡʦʛʦ ʧʨʦʜʫʢʪʠʚʥʽʩʪʶ R ʟʛʽʜʥʦ ʚʠʨʘʟʫ (1.2). 

ʇʨʦʪʠʣʝʞʥʽʩʪʴ ʚʢʘʟʘʥʠʭ ʪʝʥʜʝʥʮʽʡ ʧʦʨʦʜʞʫʻ ʝʢʩʪʨʝʤʫʤʠ 

ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ R ʧʨʠ ʧʝʚʥʠʭ ʟʥʘʯʝʥʥʷʭ VC ʠ rk. 
ʈʠʩʫʥʦʢ 1 ʽʣʶʩʪʨʫʻ ʽʩʥʫʚʘʥʥʷ ʝʢʩʪʨʝʤʫʤʽʚ ʜʣʷ ʩʠʛʥʘʣʽʚ QAM-16  ʪʘ 

QAM-64.  

     

 
ʘ)        ʙ) 

ʈʠʩ. 1. ɻʨʘʬʽʢ ʧʨʦʧʫʩʢʥʦʾ ʟʜʘʪʥʦʩʪʽ ʪʘ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ ʧʨʠ Ŭ=32 ʄɻʮ,  

n=1000 (QAM-16 ï ʘ) ʪʘ QAM-64 ï ʙ)). 

ɼʦʩʣʽʜʞʝʥʽ ʟʘʢʦʥʦʤʽʨʥʦʩʪʽ ʫʟʘʛʘʣʴʥʝʥʦ ʛʨʘʬʽʯʥʦ (ʨʠʩ.2), ʥʘ ʷʢʦʤʫ 

ʚʽʜʦʙʨʘʞʝʥʦ ʟʘʣʝʞʥʽʩʪʴ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ R ʪʘ ʧʘʨʘʤʝʪʨʫ Ŭ ʚʽʜ ʜʦʚʞʠʥʠ ʙʣʦʢʫ 

ʢʦʜʫ n. 
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ʘ)        ʙ) 

ʈʠʩ. 2. ɿʘʣʝʞʥʽʩʪʴ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ R ʪʘ ʧʘʨʘʤʝʪʨʫ Ŭ ʚʽʜ ʜʦʚʞʠʥʠ ʙʣʦʢʫ ʢʦʜʫ n ʜʣʷ ʚʠʜʽʚ 

ʤʘʥʽʧʫʣʷʮʽʾ ʌʄ-2 (ʢʦʛʝʨʝʥʪʥʠʡ, ʪʘ ʥʝʢʦʛʝʨʝʥʪʥʠʡ ʧʨʠʡʦʤ ï  ʘ)) ʪʘ QPSK, QAM-16, QAM-

64 (ʛʨʘʬʽʢʠ ʙ)). 

ɿʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʘʧʨʦʢʩʠʤʘʮʽʾ ʮʠʭ ʟʘʣʝʞʥʦʩʪʝʡ ʦʪʨʠʤʘʥʦ ʘʥʘʣʽʪʠʯʥʽ 

ʚʠʨʘʟʠ, ʧʨʝʜʩʪʘʚʣʝʥʽ ʚ ʪʘʙʣ. 1 [6]. 

ʊʘʙʣʠʮʷ 1. ɿʘʣʝʞʥʽʩʪʴ ʟʥʘʯʝʥʥʷ ʝʢʩʪʨʝʤʫʤʫ R ʽ ʧʘʨʘʤʝʪʨʘ Ŭ. 

ɸʧʨʦʢʩʠʤʘʮʽʷ QPSK QAM-16 QAM-64 

ʃʦʛʘʨʠʬʤʽʯʥʘ 
   

ʇʘʨʘʤʝʪʨ Ŭ ̒ ʦʜʥʠʤ ʟ ʝʥʝʨʛʝʪʠʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʢʘʥʘʣʫ ʟʚôʷʟʢʫ:  

Ŭ = ʈC / N0 ,                                                       (1.4) 

ʜʝ ʈC  ï ʧʦʪʫʞʥʽʩʪʴ ʩʠʛʥʘʣʫ ʚ ʪʦʯʮʽ ʧʨʠʡʦʤʫ;  

    N0 ï ʩʧʝʢʪʨʘʣʴʥʘ ʱʽʣʴʥʽʩʪʴ ʧʦʪʫʞʥʦʩʪʽ ʟʘʚʘʜʠ. 

ʆʩʦʙʣʠʚʽʩʪʴ ʧʘʨʘʤʝʪʨʫ Ŭ ʧʦʣʷʛʘʻ ʫ ʪʦʤʫ, ʱʦ ʡʦʛʦ ʢʦʤʧʦʥʝʥʪʠ ʻ 

ʬʽʢʩʦʚʘʥʠʤʠ ʚ ʪʦʯʮʽ ʧʨʠʡʦʤʫ ʽ ʥʝ ʟʘʣʝʞʘʪʴ ʚʽʜ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʧʘʨʘʤʝʪʨʽʚ 

ʢʘʥʘʣʫ ʟʚôʷʟʢʫ ʥʘ ʚʽʜʤʽʥʫ ʚʽʜ ʪʨʘʜʠʮʽʡʥʦʛʦ ʝʥʝʨʛʝʪʠʯʥʦʛʦ ʧʦʢʘʟʥʠʢʘ ʢʘʥʘʣʫ ï 

ʪʘʢ ʟʚʘʥʝ ʚʽʜʥʦʰʝʥʥʷ ʩʠʛʥʘʣ/ ʰʫʤ h
2
: 

h
2
 = ʈC / ʈʐ = ɽC / N0 = ʈC / (N0 *VC) = Ŭ / VC .                     (1.5) 

ɿʤʽʩʪ ʥʦʚʦʾ ʤʝʪʦʜʠʢʠ. ɯʜʝʷ ʟʘʧʨʦʧʦʥʦʚʘʥʦʾ ʥʦʚʦʾ  ʤʝʪʦʜʠʢʠ ʧʦʣʷʛʘʻ ʫ 

ʚʩʪʘʥʦʚʣʝʥʥʽ ʚʟʘʻʤʦʟʚôʷʟʢʽʚ ʤʽʞ ʧʦʯʘʪʢʦʚʦʶ ʰʚʠʜʢʽʩʪʶ ʧʝʨʝʜʘʚʘʥʥʷ 

ʩʠʤʚʦʣʽʚ VR ʚ ʩʠʩʪʝʤʽ ʧʝʨʝʜʘʯʽ ʽʥʬʦʨʤʘʮʽʾ (ʧʦʯʘʪʢʦʚʠʡ ʩʪʘʥ ʩʠʩʪʝʤʠ ʜʦ 

ʢʦʜʫʚʘʥʥʷ) ʪʘ ʪʦʡ ʰʚʠʜʢʽʩʪʶ ʢʦʜʫʚʘʥʥʷ rk, ʷʢʘ ʟʘʙʝʟʧʝʯʠʪʴ ʫʤʦʚʫ 

ʥʝʟʤʽʥʥʦʩʪʽ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ ʜʞʝʨʝʣʘ ʧʦʚʽʜʦʤʣʝʥʴ VR = R (ʤʘʡʙʫʪʥʽʡ ʩʪʘʥ 

ʩʠʩʪʝʤʠ ʧʨʠ ʟʙʽʣʴʰʝʥʥʽ ʢʘʥʘʣʴʥʦʾ ʰʚʠʜʢʦʩʪʽ ʧʝʨʝʜʘʯʽ ʽʥʬʦʨʤʘʮʽʾ). 

ʂʽʥʮʝʚʠʤ ʟʘʚʜʘʥʥʷʤ ʤʝʪʦʜʠʢʠ ʻ ʜʦʩʷʛʥʝʥʥʷ  ʧʦʢʘʟʥʠʢʘ VR = R ʧʨʠ 

ʥʝʦʙʭʽʜʥʽʡ ʜʦʩʪʦʚʽʨʥʦʩʪʽ  ʪʘ ʚʠʟʥʘʯʝʥʠʤ ʟʥʘʯʝʥʥʷʤ ʰʚʠʜʢʦʩʪʽ 

ʧʝʨʝʜʘʚʘʥʥʷ ʩʠʤʚʦʣʽʚ ʚ ʢʘʥʘʣʽ ʟʚôʷʟʢʫ Vʉ > R ʟ ʫʨʘʭʫʚʘʥʥʷ 

ʙʘʛʘʪʦʧʦʟʠʮʽʡʥʦʩʪʽ ʩʠʛʥʘʣʫ M ʽ ʥʘʜʣʠʰʢʦʚʦʛʦ ʢʦʜʫʚʘʥʥʷ. 

 



 46 

ʊʘʙʣʠʮʷ 2. ʄʘʢʩʠʤʘʣʴʥʽ ʟʥʘʯʝʥʥʷ R ʧʨʠ ʨʽʟʥʠʭ Ŭ (n =1000, QAM-16). 

Ŭ, ʄɻʮ Vʉ, ʄʙʽʪ/ʩ C, ʄʙʽʪ/ʩ R, ʄʙʽʪ/ʩ ʨʩʠʤ ʨʙ ʨʙʢ*10
-6 

S k 

20 5,6 16,367 12,969 0,132 0,070 0,75 107 579 

40 10,9 32,298 25,941 0,126 0,067 0,84 103 595 

ʅʘ ʧʽʜʩʪʘʚʽ ʘʥʘʣʽʟʫ ʜʘʥʠʭ, ʥʘʚʝʜʝʥʠʭ ʫ [6], ʧʦʜʽʙʥʠʭ ʜʘʥʠʤ ʫ ʊʘʙʣʠʮʽ 2, 

ʚʠʟʥʘʯʝʥʦ, ʱʦ ʜʣʷ ʚʠʜʽʚ ʤʦʜʫʣʷʮʽʾ: QPSK, QAM-16, QAM-64 ʚ ʪʦʯʮʽ 

ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʟʥʘʯʝʥʥʷ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ ʢʘʥʘʣʫ R ʤʘʶʪʴ  ʤʽʩʮʝ ʥʘʩʪʫʧʥʽ 

ʧʘʨʘʤʝʪʨʠ ʩʠʛʥʘʣʽʚ: 

ʨʩʠʤ = 0,113é0,132;  ʨʙ = 0,057é 0,070; 

ʨʙʢ  < 1*10
-6
 (0,59é0,96*10

-6
). 

ʆʪʞʝ, ʨʽʟʥʠʮʷ ʚ ʧʘʨʘʤʝʪʨʘʭ ʩʠʛʥʘʣʫ ʚ ʪʦʯʮʽ RMAX  ʟʥʘʯʥʦʶ ʤʽʨʦʶ ʩʭʦʞʽ. 

ɹʽʣʴʰ ʪʦʛʦ, ʜʣʷ ʚʠʜʽʚ ʤʘʥʽʧʫʣʷʮʽʾ ʚ ʪʦʯʮʽ RMAX  ʤʘʻ ʤʽʩʮʝ ʟʥʘʯʝʥʥʷ rk å 

0,6 ʜʣʷ QAM-16, QAM-64 ʧʨʠ n =1000 ʽ rk å 0,5 ʜʣʷ QPSK ʧʨʠ n =1000 

(ʟʘʣʝʞʥʽʩʪʴ ʚʽʜ ʟʥʘʯʝʥʥʷ n ʥʝ ʜʫʞʝ ʩʫʪʪʻʚʘ).  

ʆʪʞʝ, ʟʘʜʘʯʫ ʧʦʰʫʢʫ ʦʧʪʠʤʘʣʴʥʦʛʦ ʟʥʘʯʝʥʥʷ rk ʚʠʨʽʰʝʥʦ. 

ʗʢʱʦ ʟʚʝʨʥʫʪʠʩʷ ʜʦ ʬʦʨʤʫʣʠ (1.2), ʪʦ, ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʨʙʢ < 1*10
-6
, 

ʤʦʞʥʘ ʟʘʧʠʩʘʪʠ: 

 ,                                                 (1.6) 

ʘʙʦ: 

 

ɯʟ (1.7) ʤʦʞʥʘ ʟʨʦʙʠʪʠ ʚʠʩʥʦʚʦʢ, ʱʦ ʜʣʷ ʢʦʞʥʦʛʦ ʟʥʘʯʝʥʥʷ  

ʩʪʘʥʦʚʠʪʴʩʷ ʚʽʜʦʤʦʶ ʧʦʪʨʽʙʥʘ ʰʚʠʜʢʽʩʪʴ ʧʝʨʝʜʘʚʘʥʥʷ ʩʠʛʥʘʣʽʚ ʚ ʢʘʥʘʣʽ . 

ɺʠʙʽʨ ʦʧʪʠʤʘʣʴʥʦʛʦ (ʜʣʷ ʟʘʜʘʥʦʛʦ VR = R) ʟʥʘʯʝʥʥʷ ʄ ʤʦʞʣʠʚʦ ʟʘ 

ʥʘʩʪʫʧʥʠʤʠ ʢʨʦʢʘʤʠ. 

ɺʠʭʦʜʷʯʠ ʽʟ ʨʝʘʣʴʥʦʛʦ ʢʘʥʘʣʫ ʟʚôʷʟʢʫ, ʩʣʽʜ ʚʠʟʥʘʯʠʪʠ ʡʦʛʦ ʧʘʨʘʤʝʪʨ  

h
2
 = ʈC / ʈʐ = Ŭ / VC 

ʟʘ ʧʦʯʘʪʢʦʚʠʭ ʫʤʦʚ Vʉ = VR . ɺ ʪʘʢʦʤʫ ʨʘʟʽ Ŭ = h2
 * VR . ʆʪʞʝ ʻ ʤʦʞʣʠʚʽʩʪʴ 

ʚʠʟʥʘʯʠʪʠ ʧʦʢʘʟʥʠʢ  R/Ŭ ʜʣʷ ʪʦʛʦ, ʱʦʙ ʩʢʦʨʠʩʪʘʪʠʩʷ ʟʘʣʝʞʥʦʩʪʷʤʠ R/Ŭ (M, 

n) ʥʘ ʈʠʩ. 2 ʟʘ ʧʨʘʚʠʣʦʤ: ʧʨʠʧʫʩʪʠʤʽ ʟʥʘʯʝʥʥʷ (M, n) ʥʘʣʝʞʘʪʴ ʦʙʣʘʩʪʽ   

{ R/Ŭ > R/Ŭ (M, n)}.  

ʅʘʧʨʠʢʣʘʜ, ʧʨʠ R/Ŭ = 0,5 (ʨʠʩ.2) ʤʦʞʣʠʚʦ ʜʦʩʷʛʥʝʥʥʷ ʥʝʦʙʭʽʜʥʦʾ 

ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ: ʜʣʷ QAM-16 ʧʨʠ n > 200 , ʜʣʷ QPSK ʧʨʠ n > 600. ɼʣʷ 
QAM-64 ʜʘʥʠʡ ʧʦʢʘʟʥʠʢ ʥʝʜʦʩʷʛʥʝʥʠʡ. 

ʂʽʥʮʝʚʠʤ ʢʨʦʢʦʤ ʻ ʚʠʙʽʨ ʦʧʪʠʤʘʣʴʥʦʛʦ ʄ ʽ ʤʦʞʣʠʚʽʩʪʴ ʩʢʦʨʠʩʪʘʪʠʩʷ 
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ʬʦʨʤʫʣʦʶ (1.7) ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ Vʉ ʜʣʷ ʧʦʪʨʽʙʥʦʛʦ ʟʥʘʯʝʥʥʷ  R. 

ɺʠʙʽʨ ʚʽʜʧʦʚʽʜʥʦʛʦ ʚʠʜʫ ʙʘʛʘʪʦʧʦʟʠʮʽʡʥʦʾ ʤʦʜʫʣʷʮʽʾ ʟʜʽʡʩʥʶʻʪʴʩʷ ʟʘ 

ʢʨʠʪʝʨʽʻʤ ʤʽʥʽʤʘʣʴʥʦʾ ʧʦʣʦʩʠ ʢʘʥʘʣʫ ʟʚôʷʟʢʫ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ:  

ȹF =Vʉ.  

ʊʘʢʠʡ ʚʠʙʽʨ ʤʦʞʣʠʚʠʡ ʧʨʠ ʘʥʘʣʽʟʽ ʟʘʣʝʞʥʦʩʪʝʡ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ R ʪʘ 

ʧʦʣʦʩʠ ʧʝʨʝʜʘʚʘʥʥʷ ȹF ʚʽʜ ʧʘʨʘʤʝʪʨʘ h
2
 (ʨʠʩ.3). ʈʠʩʫʥʦʢ 3 ʚʠʢʦʥʘʥʠʡ ʥʘ 

ʧʽʜʩʪʘʚʽ ʜʘʥʠʭ ʟʘ ʜʦʩʣʽʜʞʝʥʥʷʤ [6] ʟʘ ʫʤʦʚ: Ŭ = 32 ʄɻʮ; n =1000. 

 

ʈʠʩ. 3. ɿʘʣʝʞʥʦʩʪʽ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ R ʪʘ ʧʦʣʦʩʠ ʧʝʨʝʜʘʚʘʥʥʷ ȹF ʚʽʜ ʧʘʨʘʤʝʪʨʘ h
2
. 

ʂʦʨʠʩʪʫʶʯʠʩʴ ʜʘʥʠʤʠ ʨʠʩ.3, ʩʢʣʘʜʝʤʦ ʪʘʙʣʠʮʶ ʨʝʢʦʤʝʥʜʦʚʘʥʠʭ ʟʥʘʯʝʥʴ 

ʜʣʷ ʄ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʧʦʪʨʽʙʥʦʾ ʩʪʘʣʦʾ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ ʜʞʝʨʝʣʘ VR = R. 

ʊʘʙʣʠʮʷ 2. ʈʝʢʦʤʝʥʜʦʚʘʥʽ ʚʠʜʠ ʤʦʜʫʣʷʮʽʾ ʜʣʷ ʟʘʜʘʥʠʭ ʧʦʢʘʟʥʠʢʽʚ  

R, ʄʙʽʪ/ʩ ʧʨʠ ʚʠʟʥʘʯʝʥʦʤʫ ʧʘʨʘʤʝʪʨʽ h
2
 (Ŭ = 32 ʄɻʮ, n =1000). 

R, 

ʄʙʽʪ/ʩ 
ʜʦ 10 10é18 18é21

 

h
2
 ʜʦ 2 2é6 > 6 1..2 >2 2é4 

ɺʠʜ 

ʤʦʜʫʣʷʮʽʾ 
QPSK QAM-16 QAM-64 QPSK QAM-16 QAM-16 

 2 4 6 2 4 4 

ȹF, ʄɻʮ ʜʦ 10 0..5 0é3 18é26 3é8 8é12 

R/Ŭ ʜʦ 0,31 0,31é0,56 0,56é0,65 

ʉʣʽʜ ʟʘʫʚʘʞʠʪʠ, ʷʢ ʤʦʞʥʘ ʙʘʯʠʪʠ ʥʘ ʧʨʠʢʣʘʜʽ ʜʘʥʠʭ ʊʘʙʣʠʮʽ 2, ʟʥʘʯʝʥʥʷ 

ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ R ʤʘʩʰʪʘʙʫʶʪʴʩʷ ʧʨʦʧʦʨʮʽʡʥʦ ʟʥʘʯʝʥʥʶ ʧʦʢʘʟʥʠʢʘ Ŭ. 
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ɺʠʩʥʦʚʢʠ. ɺʽʜʦʤʽ ʨʝʟʫʣʴʪʘʪʠ [1, 2] ʤʽʩʪʷʪʴ ʚʽʜʦʤʦʩʪʽ ʧʨʦ ʤʝʪʦʜʠʢʫ 

ʚʠʟʥʘʯʝʥʥʷ ʧʘʨʘʤʝʪʨʽʚ ʟʘʚʘʜʦʩʪʽʡʢʦʛʦ ʢʦʜʫ ʜʣʷ ʚʠʧʘʜʢʫ ʩʪʘʣʦʩʪʽ ʯʘʩʪʦʪʥʦ-

ʝʥʝʨʛʝʪʠʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʢʘʥʘʣʫ ʟʚôʷʟʢʫ. ʅʘʜʣʠʰʢʦʚʽʩʪʴ ʢʦʜʫʚʘʥʥʷ ʧʨʠ 

ʮʴʦʤʫ ʟʤʝʥʰʫʻ ʦʙʩʷʛ ʧʝʨʝʜʘʚʘʥʥʦʾ ʽʥʬʦʨʤʘʮʽʾ ʜʞʝʨʝʣʘ ʧʦʚʽʜʦʤʣʝʥʴ. 

ʈʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʴ [5, 6] ʚʠʷʚʠʣʠ ʥʘʷʚʥʽʩʪʴ ʝʢʩʪʨʝʤʫʤʫ 

ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ ʜʞʝʨʝʣʘ R ʧʨʠ ʜʠʥʘʤʽʮʽ ʰʚʠʜʢʦʩʪʽ ʧʝʨʝʜʘʚʘʥʥʷ ʩʠʤʚʦʣʽʚ  

VC  ʫ ʢʘʥʘʣʽ. 

ɺ [4] ʚʧʝʨʰʝ ʙʫʣʦ ʩʬʦʨʤʫʣʴʦʚʘʥʦ ʟʘʜʘʯʫ ʩʠʥʪʝʟʫ ʤʝʪʦʜʠʢʠ ʚʠʟʥʘʯʝʥʥʷ 

ʧʘʨʘʤʝʪʨʽʚ ʥʘʜʣʠʰʢʦʚʦʛʦ ʢʦʜʫ ʟʘ ʫʤʦʚ ʩʪʘʣʦʩʪʽ ʰʚʠʜʢʦʩʪʽ ʧʝʨʝʜʘʚʘʥʥʷ 

ʩʠʤʚʦʣʽʚ ʜʞʝʨʝʣʘ ʧʦʚʽʜʦʤʣʝʥʴ ʟʘ ʨʘʭʫʥʦʢ ʚʠʢʦʨʠʩʪʘʥʥʷ ʜʦʜʘʪʢʦʚʦʛʦ 

ʯʘʩʪʦʪʥʦʛʦ ʨʝʩʫʨʩʫ ȹF ʢʘʥʘʣʫ ʟʚôʷʟʢʫ. 

ɺ ʜʦʧʦʚʽʜʽ, ʥʘ ʧʽʜʩʪʘʚʽ ʘʥʘʣʽʟʫ ʜʘʥʠʭ, ʥʘʚʝʜʝʥʠʭ  ʫ [6], ʟʘʧʨʦʧʦʥʦʚʘʥʦ 

ʤʝʪʦʜʠʢʫ ʚʠʟʥʘʯʝʥʥʷ ʧʘʨʘʤʝʪʨʽʚ ʟʘʚʘʜʦʩʪʽʡʢʦʛʦ ʢʦʜʫʚʘʥʥʷ (n, rk) ʧʨʠ ʨʽʟʥʠʭ 
ʚʠʜʘʭ ʙʘʛʘʪʦʧʦʟʠʮʽʡʥʦʾ ʤʦʜʫʣʷʮʽʾ M ʧʨʠ ʟʘʜʘʥʽʡ ʩʪʘʣʽʡ ʰʚʠʜʢʦʩʪʽ 

ʧʝʨʝʜʘʚʘʥʥʷ ʩʠʤʚʦʣʽʚ ʜʞʝʨʝʣʘ VR.  ʂʽʥʮʝʚʠʤ ʟʘʚʜʘʥʥʷʤ ʤʝʪʦʜʠʢʠ ʻ 

ʜʦʩʷʛʥʝʥʥʷ  ʧʦʢʘʟʥʠʢʘ VR = R ʧʨʠ ʥʝʦʙʭʽʜʥʽʡ ʜʦʩʪʦʚʽʨʥʦʩʪʽ  ʪʘ 

ʚʠʟʥʘʯʝʥʠʤ ʟʥʘʯʝʥʥʷʤ ʰʚʠʜʢʦʩʪʽ ʧʝʨʝʜʘʚʘʥʥʷ ʩʠʤʚʦʣʽʚ ʚ ʢʘʥʘʣʽ ʟʚôʷʟʢʫ Vʉ > 
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RESEARCH OF NEW COMPOSITE CODES OF BARKER, KASAMI AND GOLD  

 

Modeling in the MatLab software package showed greater noise immunity of new 

composite codes as clock signals compared to Kasami and Gold codes. 
 

ʐʠʨʦʢʦʩʤʫʛʦʚʽ ʩʠʛʥʘʣʠ (ʐʉʉ) ʟʥʘʭʦʜʷʪʴ ʟʘʩʪʦʩʫʚʘʥʥʷ ʚ ʩʫʯʘʩʥʠʭ 

ʙʘʛʘʪʦʢʘʥʘʣʴʥʠʭ ʩʠʩʪʝʤʘʭ ʟʚ'ʷʟʢʫ ʟ ʢʦʜʦʚʠʤ ʧʦʜʽʣʦʤ ʢʘʥʘʣʽʚ (CDMA, 

WCDMA), ʚ ʩʠʩʪʝʤʘʭ ʙʝʟʜʨʦʪʦʚʦʛʦ ʟʚ'ʷʟʢʫ ʩʽʤʝʡʩʪʚʘ 802.11 ʟ ʪʝʭʥʦʣʦʛʽʻʶ 

ʨʦʟʰʠʨʝʥʥʷ ʩʧʝʢʪʨʘ ʤʝʪʦʜʦʤ ʧʨʷʤʦʾ ʧʦʩʣʽʜʦʚʥʦʩʪʽ (Direct Sequence Spread 

Spectrum, DSSS), ʚ ʩʫʯʘʩʥʠʭ ʨʘʜʽʦʣʦʢʘʮʽʡʥʠʭ ʩʠʩʪʝʤʘʭ. ɿ ʫʩʽʭ ʐʇʉ 

ʥʘʡʢʨʘʱʠʤʠ ʢʦʨʝʣʷʮʽʡʥʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʚʦʣʦʜʽʶʪʴ, ʚʽʜʢʨʠʪʽ ʚ 1953 

ʨʦʮʽ, ʧʦʩʣʽʜʦʚʥʦʩʪʽ ɹʘʨʢʝʨʘ [1]. ʆʩʥʦʚʥʠʡ ʚʠʢʠʜ ɸʂʌ ʫ ʥʠʭ ʜʦʨʽʚʥʶʻ ʯʠʩʣʫ 

ʨʦʟʨʷʜʽʚ ʨʝʟʫʣʴʪʫʶʯʦʾ ʧʦʩʣʽʜʦʚʥʦʩʪʽ N, ʘ ʤʘʢʩʠʤʘʣʴʥʠʡ ʙʽʯʥʠʡ ʚʠʢʠʜ ʚ 

ʧʦʟʠʪʠʚʥʫ ʦʙʣʘʩʪʴ ʤʘʻ ʟʥʘʯʝʥʥʷ ʙʣʠʟʴʢʽ ʜʦ 1. ɺ [2,3] ʦʧʠʩʘʥʽ 12 

ʧʦʩʣʽʜʦʚʥʦʩʪʝʡ ʟ ʜʦʚʞʠʥʦʶ N, ʨʽʚʥʽʡ 14 (14ʘ, 14ʙ), 21 (21ʘ, 21ʙ), 22 (22ʘ, 

22ʙ), 33 (33ʘ, 33ʙ), 49, 77 (77ʘ, 77ʙ), 121, ʽ ʧʝʨʝʚʠʱʝʥʥʷʤ ʛʦʣʦʚʥʦʛʦ ʧʽʢʫ 

ɸʂʌ ʥʘʜ ʧʦʟʠʪʠʚʥʠʤʠ ʙʽʯʥʠʤʠ, ʨʽʚʥʠʤ N. ɺ [4] ʦʪʨʠʤʘʥʦ 4 ʧʘʨʠ ʥʦʚʠʭ 

ʢʦʤʧʦʟʠʪʥʠʭ ʧʦʩʣʽʜʦʚʥʦʩʪʝʡ ɹʘʨʢʝʨʘ, ʘ ʚ [5] ʱʝ 28 ʥʦʚʠʭ ʧʘʨ, ʷʢʽ ʤʘʶʪʴ ʪʫ ʞ 

ʩʘʤʫ ɸʂʌ, ʱʦ ʽ ʧʦʩʣʽʜʦʚʥʦʩʪʽ ʟ [2,3]. ɺ [6] ʜʦʩʣʽʜʞʝʥʘ ʤʦʞʣʠʚʽʩʪʴ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʥʦʚʠʭ ʢʦʤʧʦʟʠʪʥʠʭ ʧʦʩʣʽʜʦʚʥʦʩʪʝʡ ɹʘʨʢʝʨʘ ʚ ʷʢʦʩʪʽ 

ʩʠʥʭʨʦʩʠʛʥʘʣʽʚ ʽ ʧʦʢʘʟʘʥʘ ʾʭ ʝʬʝʢʪʠʚʥʽʩʪʴ ʚ ʧʦʨʽʚʥʷʥʥʽ ʟ ʧʦʩʣʽʜʦʚʥʦʩʪʷʤʠ ʟ 

[2,3].  

ʄʝʪʦʶ ʜʘʥʦʾ ʨʦʙʦʪʠ ʻ ʧʦʨʽʚʥʷʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʚʠʢʦʨʠʩʪʘʥʥʷ ʥʦʚʠʭ 

ʢʦʤʧʦʟʠʪʥʠʭ ʧʦʩʣʽʜʦʚʥʦʩʪʝʡ ɹʘʨʢʝʨʘ, ʧʦʩʣʽʜʦʚʥʦʩʪʝʡ ʂʘʩʘʤʽ ʽ ɻʦʣʜʘ ʚ ʷʢʦʩʪʽ 

ʽʤʧʫʣʴʩʽʚ ʩʠʥʭʨʦʥʽʟʘʮʽʾ ʐʇʉ. 

ʄʦʜʝʣʶʚʘʥʥʷ ʨʝʞʠʤʫ ʧʨʠʡʦʤʫ ʐʇʉ. ɼʣʷ ʤʦʜʝʣʶʚʘʥʥʷ 

ʚʠʢʦʨʠʩʪʘʥʦ ʧʨʦʛʨʘʤʫ MATLAB R2015B. ʉʭʝʤʘ ʤʦʜʝʣʽ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʪʘʢʠʭ 

ʦʩʥʦʚʥʠʭ ʬʫʥʢʮʽʦʥʘʣʴʥʠʭ ʚʫʟʣʽʚ: ʬʦʨʤʫʚʘʯʘ ʧʘʢʝʪʽʚ ʐʇʉ, ʛʝʥʝʨʘʪʦʨʘ 

"ʙʽʣʦʛʦ" ʛʘʫʩʦʚʩʴʢʦʛʦ ʰʫʤʫ (AWGN), ʫʟʛʦʜʞʝʥʦʛʦ ʮʠʬʨʦʚʦʛʦ ʬʽʣʴʪʨʘ ʪʘ 

ʩʭʝʤʠ ʫʧʨʘʚʣʽʥʥʷ ʨʽʚʥʝʤ ʧʦʨʦʛʘ ʦʙʤʝʞʝʥʥʷ ʪʘ ʜʝʪʝʢʪʦʨ ʧʦʤʠʣʦʢ. 

ʌʦʨʤʫʚʘʯ ʚʢʣʶʯʘʻ ʛʝʥʝʨʘʪʦʨ ʐʇʉ, ʷʢʠʡ ʤʦʞʥʘ ʧʝʨʝʥʘʣʘʰʪʦʚʫʚʘʪʠ ʥʘ 

ʢʦʤʧʦʟʠʪʥʽ ʢʦʜʠ ɹʘʨʢʝʨʘ (ʨʠʩ.1,2), ʧʦʩʣʽʜʦʚʥʦʩʪʽ ʂʘʩʘʤʠ (ʨʠʩ.3) ʽ 

ʧʦʩʣʽʜʦʚʥʦʩʪʽ ɻʦʣʜʘ (ʨʠʩ.4). ʉʬʦʨʤʦʚʘʥʽ ʐʇʉ ʧʝʨʝʜʘʶʪʴʩʷ ʧʘʢʝʪʘʤʠ ʟʽ 

ʰʧʘʨʫʚʘʪʽʩʪʶ 0,5 ʥʘ ʫʟʛʦʜʞʝʥʠʡ ʬʽʣʴʪʨ, ʷʢʠʡ ʧʝʨʝʥʘʣʘʰʪʦʚʫʻʪʴʩʷ ʪʘ ʚʠʜʽʣʷʻ 

ɸʂʌ ʐʇʉ. 
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 ʉʭʝʤʘ ʫʧʨʘʚʣʽʥʥʷ ʨʽʚʥʝʤ ʧʦʨʦʛʘ ʦʙʤʝʞʝʥʥʷ ʜʦʟʚʦʣʷʻ ʘʚʪʦʤʘʪʠʯʥʦ 

ʚʠʟʥʘʯʘʪʠ ʚʝʣʠʯʠʥʫ ʨʽʚʥʷ ʧʦʟʠʪʠʚʥʠʭ ʙʽʯʥʠʭ ʚʠʢʠʜʽʚ ɸʂʌ ʨʘʟʦʤ ʟ ʨʽʚʥʝʤ 

ʟʘʚʘʜ ʧʨʠ ʾʭ ʚʢʣʶʯʝʥʥʽ ʜʦ ʪʨʘʢʪʫ ʧʝʨʝʜʘʯʽ. 

ʇʦʨʽʚʥʷʥʥʷ ʧʨʦʚʦʜʠʣʦʩʷ ʟʘ ʢʨʠʪʝʨʽʻʤ ʚʽʜʩʦʪʢʘ ʚʪʨʘʪ ʧʽʢʦʚʦʛʦ ʟʥʘʯʝʥʥʷ 

ɸʂʌ ʧʨʠ ʢʦʤʧʝʥʩʘʮʽʾ ʨʽʚʥʷ ʰʫʤʽʚ ʨʽʟʥʠʭ ʟʥʘʯʝʥʴ SNR (dB) (Signal-to-Noise 

Ratio). ɽʬʝʢʪʠʚʥʽʩʪʴ ʨʽʟʥʠʭ ʚʠʜʽʚ ʐʇʉ ʦʮʽʥʶʚʘʣʘʩʷ ʟʘ ʢʨʠʪʝʨʽʻʤ ʚʪʨʘʪʠ ʧʽʢʫ 

ɸʂʌ ʩʠʥʭʨʦʽʤʧʫʣʴʩʫ 

ʈ(%) = L0/A,                                                         (1) 
 

ʜʝ L0 -  ʨʽʚʝʥʴ ʧʦʨʦʛʘ ʧʨʠ ʙʝʟʧʦʤʠʣʢʦʚʦʤʫ ʧʨʠʡʦʤʽ (ʪʘʙʣ.1), ɸ ï ʘʤʧʣʽʪʫʜʘ 

ʽʤʧʫʣʴʩʫ ʩʠʥʭʨʦʥʽʟʘʮʽʾ, ʱʦ ʜʦʨʽʚʥʶʻ ʜʦʚʞʠʥʽ ʢʦʜʫ. 

ɽʬʝʢʪʠʚʥʽʩʪʴ ʚʠʢʦʨʠʩʪʘʥʥʷ ʥʦʚʠʭ ʢʦʤʧʦʟʠʪʥʠʭ ʢʦʜʽʚ ʦʮʽʥʶʚʘʣʘʩʴ 

ʧʘʨʘʤʝʪʨʦʤ  

ȹP(%) = ʈBar/Kas/Gold(%) ï P(%),                                        (2) 
 

ʜʝ ʈBar/Kas/Gold(%) ï ʚʪʨʘʪʠ ʚʠʜʽʣʝʥʥʷ ʧʽʢʫ ʩʠʥʭʨʦʽʤʧʫʣʴʩʽʚ ʧʽʜ ʯʘʩ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʢʦʤʧʦʟʠʪʥʠʭ ʢʦʜʽʚ ɹʘʨʢʝʨʘ/ʘʙʦ ʧʦʩʣʽʜʦʚʥʦʩʪʝʡ ʂʘʩʘʤʽ/ʘʙʦ 

ʧʦʩʣʽʜʦʚʥʦʩʪʝʡ ɻʦʣʜʘ. 
 

 

+1+1+1-1-1+1-1-1-1-1+1+1-1+1+1+1+1-1-1+1-1+1+1+1-

1-1+1-1-1-1-1+1+1-1+1-1-1-1+1+1-1+1-1-1-1+1+1-1+1 
 
 

ʈʠʩ. 1. ʅʦʚʘ ʢʦʤʧʦʟʠʪʥʘ ʧʦʩʣʽʜʦʚʥʽʩʪʴ 

ɹʘʨʢʝʨʘ 49 (7ʭ7), (D7ʭɸ7: ʉ7ʭɺ7) 

 

+1+1+1-1-1-1+1-1-1+1-1-1-1-1+1+1+1-1+1+1-

1+1+1+1+1-1-1-1+1-1-1+1-1+1+1+1-1-1-1+1-1-

1+1-1-1-1-1+1+1+1-1+1+1-1+1-1-1-1+1+1+1-

1+1+1-1+1-1-1-1+1+1+1-1+1+1-1+1 
 

ʈʠʩ. 2. ʅʦʚʘ ʢʦʤʧʦʟʠʪʥʘ ʧʦʩʣʽʜʦʚʥʽʩʪʴ 

ɹʘʨʢʝʨʘ 77ʘ (7ʭ11), (C11 x B7; D11 x A7) 

 
 

 

-1 -1 1 -1 -1 1 -1 1 -1 1 -1 1 

-1 1 1 -1 -1 -1 1 1 1 -1 1 -1 

1 -1 -1 1 1 -1 -1 1 1 1 1 -1 -

1 1 1 -1 -1 -1 1 1 -1 1 -1 -1 

-1 1 -1 -1 1 -1 -1 1 -1 -1 -1 

1 1 -1 -1  

 

ʈʠʩ. 3. ʇʦʩʣʽʜʦʚʥʽʩʪʴ 

ʂʘʩʘʤʽ 63 
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-1 -1 -1 -1 -1 -1 -1 1 1 1 -1 1 -

1 -1 -1 1 1 1 1 1 -1 1 -1 -1 1 1 

1 -1 -1 -1 -1 1 1 -1 1 1 1 1 1 1 

-1 -1 1 -1 -1 1 1 1 -1 1 1 1 1 -1 

-1 1 1 -1 -1 -1 -1 1 -1 

 

ʈʠʩ. 4. ʇʦʩʣʽʜʦʚʥʽʩʪʴ 

ɻʦʣʜʘ 63. 
 

 

ʊʝʩʪʫʚʘʥʥʷ ʧʨʦʚʦʜʠʣʦʩʷ ʚ ʨʝʞʠʤʽ çʙʝʟ ʧʦʜʽʣʫ ʪʨʘʢʪʽʚè ʜʣʷ ʥʦʚʠʭ 

ʢʦʤʧʦʟʠʪʥʠʭ ʢʦʜʽʚ 77ʘ (11ʭ7 ʽ 49(7x7), ʧʦʩʣʽʜʦʚʥʦʩʪʝʡ ʂʘʩʘʤʽ 63 

(ʫʪʚʦʨʶʶʯʠʡ ʧʦʣʽʥʦʤ z
6
+z+1, ʧʦʯʘʪʢʦʚʠʡ ʩʪʘʥ ʨʝʛʽʩʪʨʽʚ ʟʘ ʟʘʤʦʚʯʫʚʘʥʥʷʤ 

000001) ʧʦʩʣʽʜʦʚʥʦʩʪʝʡ ɻʦʣʜʘ 63 (ʧʝʨʰʠʡ ʫʪʚʦʨʶʶʯʠʡ ʧʦʣʽʥʦʤ z
6
+z+1 

(ʧʦʯʘʪʢʦʚʠʡ ʩʪʘʥ ʨʝʛʽʩʪʨʽʚ ʟʘ ʟʘʤʦʚʯʫʚʘʥʥʷʤ 000001), ʜʨʫʛʠʡ ʫʪʚʦʨʶʶʯʠʡ 

ʧʦʣʽʥʦʤ z
6
+ z

5 
+ z

2 
+z+1 (ʧʦʯʘʪʢʦʚʠʡ ʩʪʘʥ ʨʝʛʽʩʪʨʽʚ ʟʘ ʟʘʤʦʚʯʫʚʘʥʥʷʤ 000001). 

ʉʬʦʨʤʦʚʘʥʽ ʧʦʩʣʽʜʦʚʥʦʩʪʽ ʥʘʜʭʦʜʠʣʠ ʥʘ ʫʟʛʦʜʞʝʥʠʡ ʧʨʠʡʤʘʣʴʥʠʡ 

ʬʽʣʴʪʨ ʟ ʽʥʪʝʨʚʘʣʦʤ ʚ 1 ʪʘʢʪ (ʯʘʩʦʚʽ ʜʽʘʛʨʘʤʠ ʧʦʩʣʽʜʦʚʥʦʩʪʝʡ ʧʨʠ ʚʽʜʩʫʪʥʦʩʪʽ 

ʰʫʤʽʚ ʥʘʚʝʜʝʥʽ ʥʘ ʨʠʩ. 6, 7, 8, 9). ʏʘʩ ʦʮʽʥʶʚʘʥʥʷ 300 ʪʘʢʪʽʚ. ʈʝʟʫʣʴʪʘʪʠ 

ʤʦʜʝʣʶʚʘʥʥʷ ʥʘʚʝʜʝʥʽ ʚ ʪʘʙʣ. 1 ʽ ʥʘ ʨʠʩ. 10. 

 

 
 

ʈʠʩ. 6. ʏʘʩʦʚʘ ʜʽʘʛʨʘʤʘ ɹʘʨʢʝʨ 49  

 
 

ʈʠʩ. 7. ʏʘʩʦʚʘ ʜʽʘʛʨʘʤʘ ʂʘʩʘʤʽ 63 

 
 

ʈʠʩ. 8. ʏʘʩʦʚʘ ʜʽʘʛʨʘʤʘ ɻʦʣʜʘ 63 

 
 

ʈʠʩ. 9. ʏʘʩʦʚʘ ʜʽʘʛʨʘʤʘ ɹʘʨʢʝʨ 77 
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ʊʘʙʣʠʮʷ 1. ʈʝʟʫʣʴʪʘʪʠ ʤʦʜʝʣʶʚʘʥʥʷ. 

  

ʈʠʩ. 10. ɺʪʨʘʪʠ ʧʽʢʫ ɸʂʌ (%) ʧʨʠ  

ʨʽʟʥʠʭ ʟʥʘʯʝʥʥʷʭ SNR (dB) 

 

ɼʣʷ ʚʠʟʥʘʯʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʚʠʢʦʨʠʩʪʘʥʥʷ ʥʦʚʠʭ ʢʦʤʧʦʟʠʪʥʠʭ ʢʦʜʽʚ 

ɹʘʨʢʝʨʘ ʚ ʷʢʦʩʪʽ ʩʠʥʭʨʦʽʤʧʫʣʴʩʽʚ ʥʝʦʙʭʽʜʥʦ ʙʫʣʦ, ʟ ʦʜʥʦʛʦ ʙʦʢʫ, ʧʦʨʽʚʥʷʪʠ ʾʭ 

ʟ ʧʦʩʣʽʜʦʚʥʦʩʪʷʤʠ ʂʘʩʘʤʽ ʽ ɻʦʣʜʘ, ʘ ʟ ʽʥʰʦʛʦ, ʚ ʷʢʦʩʪʽ ʽʥʬʦʨʤʘʮʽʡʥʠʭ 

ʩʠʛʥʘʣʽʚ ʚʠʙʨʘʪʠ ʪʘʢʽ, ʷʢʽ ʩʪʚʦʨʶʚʘʣʠ ʙ ʜʣʷ ʥʠʭ ʥʘʡʙʽʣʴʰʠʡ ʨʽʚʝʥʴ ʟʘʚʘʜ.  

ʄʦʜʝʣʶʚʘʥʥʷ ʚ ʩʝʨʝʜʦʚʠʱʽ MatLab ʧʦʢʘʟʘʣʦ, ʱʦ ʥʦʚʽ ʢʦʤʧʦʟʠʪʥʽ 

ʧʦʩʣʽʜʦʚʥʦʩʪʽ ɹʘʨʢʝʨʘ 49 ʽ 77 ʙʽʣʴʰ ʩʪʽʡʢʽ ʜʦ ʟʘʚʘʜ ʚ ʧʦʨʽʚʥʷʥʥʽ ʟ ʂʘʩʘʤʠ-63 ʽ 

ɻʦʣʜ-63. ʎʝ ʤʦʞʥʘ ʧʦʷʩʥʠʪʠ ʤʝʥʰʠʤ ʧʦʟʠʪʠʚʥʠʤ ʙʽʯʥʠʤ ʚʠʢʠʜʦʤ ɸʂʌ 

ʢʦʤʧʦʟʠʪʥʠʭ ʧʦʩʣʽʜʦʚʥʦʩʪʝʡ (+1). ʋ ʂʘʩʘʤʽ-63 ʪʘ ɻʦʣʜ-63 ʧʦʟʠʪʠʚʥʽ ʚʠʢʠʜʠ 

ɸʂʌ ʩʢʣʘʜʘʶʪʴ ʚʽʜʧʦʚʽʜʥʦ +9,5 ʪʘ +14,5. ɿ ʮʽʻʾ ʞ ʧʨʠʯʠʥʠ ʂʘʩʘʤʽ-63 ʙʽʣʴʰ 

ʟʘʚʘʜʦʩʪʽʡʢʘ ʧʦʩʣʽʜʦʚʥʽʩʪʴ, ʥʽʞ ɻʦʣʜ-63. 
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RESEARCH OF SERVICE INDICATORS DYNAMICS IN  

QUEUING SYSTEM WITH SELF -SIMILAR TRAFFIC  

 

In the report the dynamics of Queuing System with Self-Similar Traffic on the example 

of Queuing System with Wb/M/1/Ð structure with Weibull distribution (Wb) for incoming flow 

are research. The indicators are: the average number of applications in the service system, the 

average time spent in service, the average waiting time in line. The obtained indicators are 

compared with the traditional Poussonian model of incoming traffic. 

 

ʉʪʨʽʤʢʝ ʟʨʦʩʪʘʥʥʷ ʦʙʩʷʛʫ ʢʦʨʠʩʪʫʚʘʯʽʚ ʪʨʘʬʽʢʫ, ʟʤʽʥʘ ʡʦʛʦ ʩʪʨʫʢʪʫʨʠ 

ʪʘ ʭʘʨʘʢʪʝʨʫ, ʟʥʘʯʥʝ ʟʙʽʣʴʰʝʥʥʷ ʧʨʦʧʫʩʢʥʦʾ ʩʧʨʦʤʦʞʥʦʩʪʽ ʤʦʞʝ ʩʧʨʠʷʪʠ 

ʤʦʞʣʠʚʠʤ ʧʝʨʝʚʘʥʪʘʞʝʥʥʷʤ ʦʙôʻʢʪʽʚ ʤʝʨʝʞʽ, ʾʭ ʙʫʬʝʨʥʠʭ ʧʨʠʩʪʨʦʾʚ ʽ, 

ʚʽʜʧʦʚʽʜʥʦ, ʧʨʠʟʚʝʩʪʠ ʜʦ ʟʘʪʨʠʤʦʢ ʽ ʚʪʨʘʪ ʧʘʢʝʪʽʚ. ʊʦʤʫ ʧʨʠ ʦʙʩʣʫʛʦʚʫʚʘʥʥʽ 

ʧʘʢʝʪʥʦʛʦ ʪʨʘʬʽʢʫ ʦʩʦʙʣʠʚʘ ʫʚʘʛʘ ʧʨʠʜʽʣʷʻʪʴʩʷ ʧʽʜʪʨʠʤʮʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 

ʷʢʦʩʪʽ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ QoS (Quality of Service). 

ʅʦʚʦʶ ʪʝʥʜʝʥʮʽʻʶ ʤʦʜʝʣʶʚʘʥʥʷ ʉʄʆ ʚ ʦʩʪʘʥʥʽ ʨʦʢʠ ʩʪʘʣʘ 

ʜʦʩʣʽʜʞʝʥʥʷ ʩʠʩʪʝʤ ʥʝ ʟ ʥʝʟʘʣʝʞʥʠʤʠ ʧʦʪʦʢʘʤʠ ʟʘʷʚʦʢ (ʷʢ ʧʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ 

ʪʨʘʜʠʮʽʡʥʦʾ ʇʫʘʩʩʦʥʽʚʩʴʢʦʾ ʤʦʜʝʣʽ), ʘ ʧʨʠ ʜʦʧʫʱʝʥʥʷ ʧʨʦ ʢʦʨʝʣʴʦʚʘʥʽʩʪʴ 

ʧʦʪʦʢʽʚ ʚ ʟʘʛʘʣʴʥʦʤʫ ʪʨʘʬʽʢʫ. ʎʝʡ ʚʠʧʘʜʦʢ ʢʣʘʩʠʬʽʢʫʻʪʴʩʷ ʷʢ ʩʘʤʦʧʦʜʽʙʥʽʩʪʴ 

ʪʨʘʬʽʢʫ. 

ʅʝʟʚʘʞʘʶʯʠ ʥʘ ʪʨʠʚʘʣʠʡ ʧʝʨʽʦʜ ʚʠʚʯʝʥʥʷ ʩʘʤʦʧʦʜʽʙʥʦʩʪʽ ʪʝʣʝʪʨʘʬʽʢʫ, 

ʟʘʣʠʰʘʻʪʴʩʷ ʥʝʚʠʨʽʰʝʥʠʤ ʟʥʘʯʥʠʡ ʢʣʘʩ ʟʘʚʜʘʥʴ: 

1) ʬʘʢʪʠʯʥʦ ʚʽʜʩʫʪʥʷ ʩʪʨʦʛʘ ʪʝʦʨʝʪʠʯʥʘ ʙʘʟʘ, ʷʢʘ ʧʨʠʰʣʘ ʙ ʥʘ ʟʤʽʥʫ 

ʢʣʘʩʠʯʥʦʾ ʪʝʦʨʽʾ ʪʝʣʝʪʨʘʬʽʢʫ ʧʨʠ ʧʨʦʝʢʪʫʚʘʥʥʽ ʩʫʯʘʩʥʠʭ ʤʝʨʝʞ ʤʦʙʽʣʴʥʦʛʦ 

ʟʚôʷʟʢʫ, ʷʢʽ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʩʘʤʦʧʦʜʽʙʥʠʡ ʪʨʘʬʽʢ; 

2) ʚʽʜʩʫʪʥʷ ʻʜʠʥʘ ʟʘʛʘʣʴʥʦʚʠʟʥʘʥʘ ʤʦʜʝʣʴ ʩʘʤʦʧʦʜʽʙʥʦʛʦ ʪʨʘʬʽʢʫ; 

3) ʚʽʜʩʫʪʥʷ ʜʦʩʪʦʚʽʨʥʘ ʡ ʚʠʟʥʘʥʘ ʤʝʪʦʜʠʢʘ ʨʦʟʨʘʭʫʥʢʫ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 

ʷʢʦʩʪʽ QoS ʜʣʷ ʩʠʩʪʝʤ ʽ ʤʝʨʝʞ, ʱʦ ʦʙʩʣʫʛʦʚʫʶʪʴ ʩʘʤʦʧʦʜʽʙʥʠʡ ʪʨʘʬʽʢ; 

4) ʚʽʜʩʫʪʥʽ ʤʝʭʘʥʽʟʤʠ ʡ ʘʣʛʦʨʠʪʤʠ, ʱʦ ʟʘʙʝʟʧʝʯʫʶʪʴ ʷʢʽʩʪʴ 

ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʚ ʫʤʦʚʘʭ ʩʘʤʦʧʦʜʽʙʥʦʛʦ ʪʨʘʬʽʢʫ [1]. 

ʄʝʪʦʶ ʨʦʙʦʪʠ ʻ ʜʦʩʣʽʜʞʝʥʥʷ ʧʦʢʘʟʥʠʢʽʚ ʷʢʦʩʪʽ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʉʄʆ ʟ 

ʨʽʟʥʠʤʠ ʚʠʭʽʜʥʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ, ʘʥʘʣʽʟ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʷʢʦʩʪʽ 

ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʧʨʠ ʧʦʨʽʚʥʷʥʥʽ ʢʽʣʴʢʽʩʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʨʠ ʨʽʟʥʠʭ 

ʧʘʨʘʤʝʪʨʘʭ ʉʄʆ ʟʘʜʣʷ ʚʠʷʚʣʝʥʥʷ ʦʩʦʙʣʠʚʦʩʪʝʡ ʉʄʆ ʽʟ ʚʣʘʩʪʠʚʽʩʪʶ 

ʩʘʤʦʧʦʜʽʙʥʦʩʪʽ. 

ɼʣʷ ʦʪʨʠʤʘʥʥʷ ʬʫʥʢʮʽʦʥʘʣʴʥʠʭ ʟʘʣʝʞʥʦʩʪʝʡ ʽ ʦʮʽʥʢʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 

ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʤʝʨʝʞʽ, ʭʤʘʨʥʝ ʩʝʨʝʜʦʚʠʱʝ ʨʦʟʛʣʷʜʘʶʪʴ, ʷʢ ʩʫʢʫʧʥʽʩʪʴ 
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ʤʝʨʝʞ ʤʘʩʦʚʦʛʦ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ, ʱʦ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʩʠʩʪʝʤ ʤʘʩʦʚʦʛʦ 

ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ.  

ʂʦʞʥʘ ʉʄʆ ʦʧʠʩʫʻʪʴʩʷ ʟʘʜʘʥʠʤ ʚʠʜʦʤ ʧʦʪʦʢʫ ʟʘʧʠʪʽʚ, ʪʨʠʚʘʣʽʩʪʶ 

ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ, ʢʽʣʴʢʽʩʪʶ ʦʙʩʣʫʛʦʚʫʶʯʠʭ ʢʘʥʘʣʽʚ ʽ ʜʠʩʮʠʧʣʽʥʦʶ 

ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ.  

ɺʘʞʣʠʚʦʶ ʚʣʘʩʪʠʚʽʩʪʶ ʧʫʘʩʩʦʥʽʚʩʴʢʦʛʦ ʧʦʪʦʢʫ ʧʦʜʽʡ ʻ ʪʝ, ʱʦ ʯʘʩ ʤʽʞ 

ʜʚʦʤʘ ʧʦʩʣʽʜʦʚʥʠʤʠ ʧʦʜʽʷʤʠ ʻ ʚʠʧʘʜʢʦʚʘ ʚʝʣʠʯʠʥʘ, ʨʦʟʧʦʜʽʣʝʥʘ ʧʦ 

ʝʢʩʧʦʥʝʥʮʽʘʣʴʥʦʤʫ ʟʘʢʦʥʫ [2, 3]: 

 (1) 

ʜʝ ɚ > 0 ï ʽʥʪʝʥʩʠʚʥʽʩʪʴ ʧʦʪʦʢʫ.  

ɯ ʬʫʥʢʮʽʦʥʘʣʴʥʦʶ ʭʘʨʘʢʪʝʨʠʩʪʠʢʦʶ ʻ ʢʦʝʬʽʮʽʻʥʪ ʥʘʚʘʥʪʘʞʝʥʥʷ ɟ: 

 (2) 

ʜʝ ɚ ï ʽʥʪʝʥʩʠʚʥʽʩʪʴ ʥʘʜʭʦʜʞʝʥʥʷ ʟʘʷʚʦʢ ʚ ʉʄʆ, 

Ű = 1/ ɛ ï ʩʝʨʝʜʥʷ ʪʨʠʚʘʣʽʩʪʴ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʟʘʷʚʦʢ ʚ ʉʄʆ, 

ɛ ï ʽʥʪʝʥʩʠʚʥʽʩʪʴ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʟʘʷʚʦʢ ʚ ʉʄʆ. 

ɼʣʷ ʘʥʘʣʽʟʫ ʧʘʨʘʤʝʪʨʽʚ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʚ ʭʤʘʨʥʦʤʫ ʩʝʨʝʜʦʚʠʱʽ 

ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʉʄʆ ʟ ʨʦʟʧʦʜʽʣʦʤ ʇʫʘʩʩʦʥʘ ʽ ʟ ʨʦʟʧʦʜʽʣʦʤ ɺʝʡʙʫʣʣʘ, ʷʢʠʡ 

ʦʧʠʩʫʻ ʩʘʤʦʧʦʜʽʙʥʽʩʪʴ ʧʨʠ ʨʽʟʥʠʭ ʧʘʨʘʤʝʪʨʘʭ ʍʝʨʩʪʘ (ʅ), ʪʘʢ ʷʢ ʜʘʥʠʡ 

ʧʘʨʘʤʝʪʨ ʚʠʟʥʘʯʘʻ ʩʪʫʧʽʥʴ ʩʘʤʦʧʦʜʽʙʥʦʩʪʽ.  

ɺʨʘʭʦʚʫʶʯʠ ʩʫʪʪʻʚʽ ʤʦʞʣʠʚʦʩʪʽ ʭʤʘʨʥʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʥʘʢʦʧʠʯʫʚʘʪʠ 

ʽʥʬʦʨʤʘʮʽʶ ʜʣʷ ʥʘʩʪʫʧʥʦʾ ʾʾ ʦʙʨʦʙʢʠ, ʨʦʟʛʣʷʥʝʤʦ ʤʦʜʝʣʴ ʪʨʘʬʽʢʫ, ʷʢʘ 

ʚʽʜʧʦʚʽʜʘʻ ʦʜʥʦʢʘʥʘʣʴʥʫ ʉʄʆ ʟ ʥʝʩʢʽʥʯʝʥʥʦʶ ʯʝʨʛʦʶ ʟʽ ʩʪʨʫʢʪʫʨʦʶ ʄ / ʄ / 

1 / Ð. 

ɺʠʟʥʘʯʠʤʦ ʧʦʢʘʟʥʠʢʠ ʷʢʦʩʪʽ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʜʣʷ ʚʠʧʘʜʢʫ 

ʧʫʘʩʩʦʥʽʚʩʴʢʦʛʦ ʧʦʪʦʢʫ ʥʘʜʭʦʜʞʝʥʥʷ ʟʘʷʚʦʢ ʪʘ ʾʭ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ.  

ʆʪʨʠʤʘʥʝ ʟʥʘʯʝʥʥʷ ʢʦʝʬʽʮʽʻʥʪʘ ʥʘʚʘʥʪʘʞʝʥʥʷ ɟ ʜʦʟʚʦʣʷʻ ʚʠʟʥʘʯʠʪʠ 

ʦʩʥʦʚʥʽ ʬʫʥʢʮʽʦʥʘʣʴʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʉʄʆ,  ʢʦʨʠʩʪʫʶʯʠʩʴ ʚʽʜʦʤʠʤʠ 

ʬʦʨʤʫʣʘʤʠ ʃʽʪʪʣʘ [4]: 

- ʩʝʨʝʜʥʷ ʢʽʣʴʢʽʩʪʴ ʟʘʷʚʦʢ Q ʚ ʉʄʆ (ʥʘ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʽ ʚ ʯʝʨʟʽ): 

 
(3) 

ʩʝʨʝʜʥʷ ʜʦʚʞʠʥʘ ʯʝʨʛʠ, ʪʦʙʪʦ ʟʘʷʚʢʠ, ʷʢʽ ʦʯʽʢʫʶʪʴ ʥʘ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ:  

 
(4) 

ʩʝʨʝʜʥʽʡ ʯʘʩ ʧʝʨʝʙʫʚʘʥʥʷ Wcʠʩʪ ʟʘʷʚʢʠ ʚ ʩʠʩʪʝʤʽ:  

 
(5) 

ʩʝʨʝʜʥʽʡ ʯʘʩ ʦʯʽʢʫʚʘʥʥʷ ʚ ʯʝʨʟʽ Wʦʯ, ʷʢʝ ʚʠʟʥʘʯʘʻʪʴʩʷ ʟʘʪʨʠʤʢʦʶ 

ʟʘʷʚʢʠ ʚ ʯʝʨʟʽ ʽ ʟʘʣʝʞʠʪʴ ʚʽʜ ʢʽʣʴʢʦʩʪʽ ʟʘʷʚʦʢ ʚ ʯʝʨʟʽ [23]:  

 
(6) 

ɺ ʨʘʟʽ, ʢʦʣʠ ʜʦ ʭʤʘʨʥʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʥʘʜʭʦʜʷʪʴ ʟʘʣʝʞʥʽ ʟʘ ʯʘʩʦʤ 

(ʢʦʨʝʣʴʦʚʘʥʽ) ʟʘʷʚʢʠ ,ʜʦʮʽʣʴʥʦ ʚʠʢʦʨʠʩʪʘʪʠ ʚʽʜʧʦʚʽʜʥʫ ʤʦʜʝʣʴ ʽʟ ʚʭʽʜʥʠʤ 
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ʧʦʪʦʢʦʤ. ʗʢʠʡ ʚʽʜʧʦʚʽʜʘʻ ʨʦʟʧʦʜʽʣʫ ɺʝʡʙʫʣʣʘ. 

ʈʦʟʛʣʷʥʝʤʦ ʉʄʆ ʚʠʜʫ Wb/M/1/Ð (ʉʄʆ ʦʙʩʣʫʛʦʚʫʻ ʧʦʪʽʢ ʟʘʷʚʦʢ, ʷʢʠʡ 

ʦʧʠʩʫʻʪʴʩʷ ʨʦʟʧʦʜʽʣʦʤ ɺʝʡʙʫʣʣʘ (Wb), ʯʘʩ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʤʘʻ 

ʝʢʩʧʦʥʝʥʮʽʘʣʴʥʠʡ ʨʦʟʧʦʜʽʣ (ʄ), ʉʄʆ ʦʜʥʦʣʽʥʽʡʥʘ ʟ ʥʝʩʢʽʥʯʝʥʥʦʶ ʯʝʨʛʦʶ), 

ʪʦʙʪʦ ʨʦʟʧʦʜʽʣ ɺʝʡʙʫʣʣʘ, ʟʘʜʘʥʠʡ ʜʠʬʝʨʝʥʮʽʘʣʴʥʦʶ ʬʫʥʢʮʽʻʶ ʨʦʟʧʦʜʽʣʫ [3, 

5]: 

 
(7) 

ʜʝ Ŭ - ʧʘʨʘʤʝʪʨ ʬʦʨʤʠ ʢʨʠʚʦʾ ʨʦʟʧʦʜʽʣʫ, 0 < Ŭ < 1;  

 (8) 

H - ʧʘʨʘʤʝʪʨ ʍʝʨʩʪʘ, 0,5 < H < 1,  

 
(9) 

ɓ - ʧʘʨʘʤʝʪʨ ʨʦʟʧʦʜʽʣʫ, ɓ > 0,  

ɚ - ʽʥʪʝʥʩʠʚʥʽʩʪʴ ʥʘʜʭʦʜʞʝʥʥʷ ʧʘʢʝʪʽʚ ʥʘ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʚ ʉʄʆ, 

ɻ(k) - ʛʘʤʘ-ʬʫʥʢʮʽʷ ɽʡʣʝʨʘ. 

ɺʽʜʦʤʦ, ʱʦ ʜʣʷ ʉʄʆ WB/M/1/¤ ʡʤʦʚʽʨʥʽʩʪʴ ʪʦʛʦ, ʱʦ ʟʘʷʚʢʘ, ʷʢʘ 

ʥʘʜʽʡʰʣʘ, ʟʘʩʪʘʥʝ ʚ ʉʄʆ n ʟʘ̫ʚʦʢ ʥʘ ʦʙʩʣʫʛʦʚʫʚʘʥʥʽ, ʚʠʟʥʘʯʘʻʪʴʩʷ ʷʢ [5]: 

 (10) 

ʜʝ „ - ʢʦʨʽʥʴ ʨʽʚʥʷʥʥʷ 0 Ò „ < 1, 

 (11) 

ʜʝ F - ʧʝʨʝʪʚʦʨʝʥʥʷ ʃʘʧʣʘʩʘ-ʉʪʽʣʪʴʻʩʘ (ʇʃʉ);  

Õ- ʽʥʪʝʥʩʠʚʥʽʩʪʴ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʧʘʢʝʪʽʚ ʚ ʉʄʆ [ʟʘʷʚʦʢ/ʯʘʩ, ʧʘʢ/ʩ]. 

- ʩʝʨʝʜʥʽʡ ʯʘʩ ʦʯʽʢʫʚʘʥʥʷ Wʦʯ ʟʘʷʚʢʠ ʚ ʯʝʨʟʽ: 

 
(12) 

ʜʝ Õ - ʽʥʪʝʥʩʠʚʥʽʩʪʴ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʟʘʷʚʦʢ ʫ ʉʄʆ; 

- ʩʝʨʝʜʥʽʡ ʯʘʩ ʧʝʨʝʙʫʚʘʥʥʷ Wʩʠʩʪ ʟʘʷʚʢʠ ʚ ʩʠʩʪʝʤʽ: 

 
(13) 

- ʩʝʨʝʜʥʷ ʢʽʣʴʢʽʩʪʴ ʟʘʷʚʦʢ Q: 

 
(14) 

ʜʝ ɟ - ʢʦʝʬʽʮʽʻʥʪ ʟʘʚʘʥʪʘʞʝʥʥʷ ʉʄʆ; 

- ʩʝʨʝʜʥʷ ʜʦʚʞʠʥʘ ʯʝʨʛʠ L ʟʘʷʚʦʢ ʜʦʨʽʚʥʶʻ:  

 
(15) 

ɼʣʷ ʧʦʨʽʚʥʷʥʥ ̫ʧʘʨʘʤʝʪʨʽʚ ʧʫʩʩʦʥʦʚʩʴʢʦʾ ʚʝʨʩʽʾ ʪʨʘʬʽʢʫ (ʅ = 0,5) ʪʘ 

ʩʘʤʦʧʦʜʽʙʥʦʛʦ ʚʭʽʜʥʦʛʦ ʧʦʪʦʢʫ (ʅ = 0,6 ʪʘ ʅ = 0,7) ʨʦʟʨʘʭʫʥʢʦʚʽ ʟʥʘʯʝʥʥʷ 

ʟʛʽʜʥʦ ʩʧʽʚʚʽʜʥʦʰʝʥʴ  (3) ï (6)  ʪʘ (12) ï (15) ʟʚʝʜʝʥʦ ʜʦ  ʊʘʙʣʠʮʽ 1. 
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ʊʘʙʣʠʮʷ 1. ʈʦʟʨʘʭʫʥʢʦʚʽ ʟʥʘʯʝʥʥʷ ʜʣʷ ʧʦʨʽʚʥʷʥʥʷ ʧʘʨʘʤʝʪʨʽʚ. 

ʂʦʝʬʽʮʽʻʥʪ 

ʟʘʚʘʥʪʘʞʝʥʥʷ 

ʉʄʆ, ɟ 

0.8 0.7 0.64 0,6 0.5 0.49 0.48 0.47 0.46 0.45 

ʉʝʨʝʜʥʽʡ ʯʘʩ ʧʝʨʝʙʫʚʘʥʥʷ ʟʘʷʚʢʠ ʚ ʩʠʩʪʝʤʽ, Wʩʠʩʪ 

ʅ = 0,5 6,67 3,33 2,22 1,67 1 0,87 0,769 0,686 0,617 0,56 

ʅ = 0,6 9.403 3.131 1.544 0.91 0.348 0.265 0.207 0.165 0.134 0.111 

ʅ = 0,7 14.99 5.024 2.481 1.479 0.575 0.436 0.341 0.273 0.224 0.185 

ʉʝʨʝʜʥʽʡ ʯʘʩ ʦʯʽʢʫʚʘʥʥʷ, Wʦʯ 

ʅ = 0,5 5,33 2.33 1.42 1 0.5 0.43 0.37 0.33 0.228 0.225 

ʅ = 0,6 7.052 3.132 1.930 1.366 0.696 0.594 0.517 0.457 0.409 0.372 

ʅ = 0,7 11.245 5.024 3.102 2.219 1.150 0.980 0.854 0.755 0.679 0.616 

ʉʝʨʝʜʥʷ ʢʽʣʴʢʽʩʪʴ ʟʘʷʚʦʢ, Q 

ʅ = 0,5 4 2.33 1.78 1.5 1 0.96 0.92 0.9 0.87 0.86 

ʅ = 0,6 5.642 2.192 1.235 0.819 0.348 0.291 0.248 0.214 0.188 0.167 

ʅ = 0,7 8.996 3.517 1.985 1.331 0.575 0.48 0.409 0.355 0.313 0.277 

ɼʦʚʞʠʥʘ ʯʝʨʛʠ ʟʘʷʚʦʢ, L 

ʅ = 0,5 3.2 1.63 1.137 0.9 0.5 0.47 0.44 0.42 0.39 0.37 

ʅ = 0,6 4.231 2.193 1.544 1.229 0.696 0.655 0.621 0.591 0.565 0.543 

ʅ = 0,7 6.747 3.517 2.482 1.997 1.15 1.08 1.023 0.976 0.938 0.901 
 

ɺʽʜʧʦʚʽʜʥʽ ʛʨʘʬʽʯʥʽ ʟʘʣʝʞʥʦʩʪʽ ʧʨʝʜʩʪʘʚʣʝʥʦ ʥʘ ʨʠʩ.1 ï 4. 
 

 

ʈʠʩ. 1. ʉʝʨʝʜʥʽʡ ʯʘʩ ʧʝʨʝʙʫʚʘʥʥʷ ʟʘʷʚʢʠ ʚ 

ʩʠʩʪʝʤʽ ʧʨʠ ʨʽʟʥʠʭ ʟʥʘʯʝʥʥʷʭ ʧʘʨʘʤʝʪʨʫ 

ʍʝʨʩʪʘ. 

ʈʠʩ. 2. ʉʝʨʝʜʥʽʡ ʯʘʩ ʦʯʽʢʫʚʘʥʥʷ ʟʘʷʚʢʠ 

ʧʨʠ ʨʽʟʥʠʭ ʟʥʘʯʝʥʥʷʭ ʧʘʨʘʤʝʪʨʫ ʍʝʨʩʪʘ. 

 

ʈʦʟʛʣʷʥʝʤʦ ʧʝʨʰʫ ʽʟ ʟʘʣʝʞʥʦʩʪʝʡ ï ʩʝʨʝʜʥʴʦʛʦ ʯʘʩʫ ʧʝʨʝʙʫʚʘʥʥʷ 

ʟʘʷʚʢʠ ʚ ʩʠʩʪʝʤʽ Wʉʀʉʊ, ʷʢ ʬʫʥʢʮʽʾ ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʚʭʽʜʥʦʛʦ ʧʦʪʦʢʫ (ʢʦʝʬʽʮʽʻʥʪ 

ʟʘʚʘʥʪʘʞʝʥʥʷ ʉʄʆ) ɟ, ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʩʪʫʧʝʥʷ ʩʘʤʦʧʦʜʽʙʥʦʩʪʽ ʪʨʘʬʽʢʫ. 

ʍʘʨʘʢʪʝʨ ʥʘʜʘʥʦʾ ʟʘʣʝʞʥʦʩʪʽ ʪʘʢʠʡ,   ʱʦ ʨʦʟʙʽʞʥʽʩʪʴ ʚ ʧʦʢʘʟʥʠʢʘʭ 

ʟʨʦʩʪʘʻ ʧʦ ʤʽʨʽ ʟʨʦʩʪʘʥʥʷ ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʚʭʽʜʥʦʛʦ ʧʦʪʦʢʫ ʪʘ, ʦʜʥʦʯʘʩʥʦ, 

ʬʘʢʪʦʨʫ ʩʘʤʦʧʦʜʽʙʥʦʩʪʽ.  

ʇʨʠ ʟʥʘʯʝʥʥʽ ɟ = 0,8 ʠ ʅ = 0,7 ʨʦʟʙʽʞʥʽʩʪʴ ʚ ʟʥʘʯʝʥʥʽ Wʉʀʉʊ  

ʩʷʛʘʻ 230% (!!).  
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ʂʽʣʴʢʽʩʥʦ ʮʝ ʝʢʚʽʚʘʣʝʥʪʥʦ ʧʦʭʠʙʢʠ ʫ ʚʠʟʥʘʯʝʥʥʽ ʧʦʢʘʟʥʠʢʽʚ 

ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʉʄʆ ʧʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ ʪʨʘʜʠʮʽʡʥʠʭ, ʇʫʘʩʩʦʥʦʚʩʴʢʠʭ 

ʤʦʜʝʣʝʡ [2]. 

ʆʪʞʝ, ʚ ʨʘʟʽ ʚʠʢʦʨʠʩʪʘʥʥʷ ʪʨʘʜʠʮʽʡʥʠʭ ʤʦʜʝʣʝʡ ʉʄʆ ʜʣʷ 

ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʧʦʢʘʟʥʠʢʽʚ ʷʢʦʩʪʽ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ  ʚ ʉʄʆ ʽʟ ʦʟʥʘʢʘʤʠ 

ʩʘʤʦʧʦʜʽʙʥʦʩʪʽ ʪʨʘʬʽʢʫ ʧʦʭʠʙʢʘ ʤʦʞʝ ʩʷʛʘʪʠ ʟʥʘʯʥʠʭ ʟʥʘʯʝʥʴ! 

ʇʦ ʘʥʘʣʦʛʽʾ ʽʟ ʧʦʧʝʨʝʜʥʴʦʶ ʟʘʣʝʞʥʽʩʪʶ, ʧʨʠ ʟʥʘʯʝʥʥʽ ɟ = 0,8 ʠ ʅ = 0,7 

ʨʦʟʙʽʞʥʽʩʪʴ ʚ ʟʥʘʯʝʥʥʽ ʩʝʨʝʜʥʴʦʛʦ ʯʘʩʫ ʦʯʽʢʫʚʘʥʥʷ ʟʘʷʚʢʠ Wʆʏ ʩʷʛʘʻ 200% (!).  
 

 
ʈʠʩ. 3. ʉʝʨʝʜʥʷ ʢʽʣʴʢʽʩʪʴ ʟʘʷʚʦʢ ʧʨʠ ʨʽʟʥʠʭ 

ʟʥʘʯʝʥʥʷʭ ʧʘʨʘʤʝʪʨʫ ʍʝʨʩʪʘ. 
ʈʠʩ. 4. ɼʦʚʞʠʥʘ ʯʝʨʛʠ ʟʘʷʚʦʢ ʧʨʠ ʨʽʟʥʠʭ 

ʟʥʘʯʝʥʥʷʭ ʧʘʨʘʤʝʪʨʫ ʍʝʨʩʪʘ. 
 

ʇʨʠ ʟʥʘʯʝʥʥʽ ɟ = 0,8 ʠ ʅ = 0,7 ʨʦʟʙʽʞʥʽʩʪʴ ʚ ʟʥʘʯʝʥʥʽ ʩʝʨʝʜʥʴʦʾ ʢʽʣʴʢʦʩʪʽ 

ʟʘʷʚʦʢ Qʟʘʷʚʦʢ ʩʷʛʘʻ 225% . 

ʇʨʠ ʟʥʘʯʝʥʥʽ ɟ = 0,8 ʠ ʅ = 0,7 ʨʦʟʙʽʞʥʽʩʪʴ ʚ ʟʥʘʯʝʥʥʽ ʜʦʚʞʠʥʠ ʯʝʨʛʠ 

ʟʘʷʚʦʢ Lʟʘʷʚʦʢ ʩʷʛʘʻ 220%. 

ʊʦʤʫ, ʦʪʨʠʤʘʚʰʠ ʛʨʘʬʽʢʠ (ʨʠʩ, 1 ï ʨʠʩ.4), ʤʦʞʥʘ ʟʨʦʙʠʪʠ ʟʘʛʘʣʴʥʠʡ 

ʚʠʩʥʦʚʦʢ, ʱʦ. ʷʢʱʦ ʥʝ ʚʨʘʭʦʚʫʚʘʪʠ ʢʽʣʴʢʽʩʥʫ ʭʘʨʘʢʪʝʨʠʩʪʠʢʫ ʩʪʫʧʝʥʽ 

ʩʘʤʦʧʦʜʽʙʥʦʩʪʽ ʪʨʘʬʽʢʫ, ʪʦʙʪʦ ʧʘʨʘʤʝʪʨ ʍʝʨʩʪʘ ʅ, ʪʦ ʥʝʤʦʞʣʠʚʦ ʘʜʝʢʚʘʪʥʦ 

ʧʨʝʜʩʪʘʚʠʪʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʜʣʷ ʟʘʜʦʚʦʣʝʥʥʷ ʷʢʦʩʪʽ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʚ 

ʭʤʘʨʥʦʤʫ ʩʝʨʝʜʦʚʠʱʽ. 

ʆʪʞʝ, ʚʘʞʣʠʚʦʶ ʫʤʦʚʦʶ ʜʦʩʣʽʜʞʝʥʥʷ ʻ ʚʠʢʦʨʠʩʪʘʥʥʷ ʨʦʟʧʦʜʽʣʫ 

ɺʝʡʙʫʣʣʘ, ʷʢʝ ʘʩʠʤʧʪʦʪʠʯʥʦ (ʅ = 0,5) ʧʨʘʛʥʝ ʜʦ ʨʦʟʧʦʜʽʣʫ ʇʫʘʩʩʦʥʘ, ʘ ʧʨʠ 

ʟʙʽʣʴʰʝʥʥʽ ʟʥʘʯʝʥʥʷ ʧʘʨʘʤʝʪʨʫ ʍʝʨʩʪʘ ʅ, ʘʜʝʢʚʘʪʥʦ ʚʽʜʦʙʨʘʞʘʻ ʚʣʘʩʪʠʚʦʩʪʽ 

ʉʄʆ ʽʟ ʩʘʤʦʧʦʜʽʙʥʽʩʪʶ. ɾʦʜʝʥ ʽʥʰʠʡ ʨʦʟʧʦʜʽʣ ʥʝ ʥʘʜʘʻ ʪʘʢʦʾ ʤʦʞʣʠʚʦʩʪʽ 

ʦʧʠʩʫ ʉʄʆ ʽʟ ʩʘʤʦʧʦʜʽʙʥʽʩʪʶ, ʪʦʤʫ ʱʦ ʥʝ ʤʘʻ ʚʣʘʩʪʠʚʦʩʪʽ ʘʩʠʤʧʪʦʪʠʯʥʦʛʦ 

ʧʨʘʛʥʝʥʥʷ ʜʦ ʤʘʪʝʤʘʪʠʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʨʦʟʧʦʜʽʣʫ ʇʫʘʩʩʦʥʘ. 

ɺʠʩʥʦʚʢʠ. ɺ ʜʦʧʦʚʽʜʽ ʤʝʪʦʜʠʢʠ ʟʥʘʭʦʜʞʝʥʥʷ ʟʥʘʯʝʥʴ ʧʘʨʘʤʝʪʨʽʚ ʷʢʦʩʪʽ 

ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʚ ʉʄʆ ʜʦʩʣʽʜʞʝʥʦ ʟʘ ʜʦʧʦʤʦʛʦʶ ʬʦʨʤʫʣ ʃʽʪʪʣʘ,  ʷʢʠʡ ʻ 

ʦʜʥʠʤ ʽʟ ʦʩʥʦʚʦʧʦʣʦʞʥʠʢʽʚ ʪʝʦʨʽʾ ʤʘʩʦʚʦʛʦ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ. 
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ɺʘʞʣʠʚʠʤ ʤʦʤʝʥʪʦʤ ʜʣʷ ʘʥʘʣʽʟʫ ʧʘʨʘʤʝʪʨʽʚ ʱʦʜʦ ʟʘʙʝʟʧʝʯʝʥʥʷ ʷʢʦʩʪʽ 

ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʚ ʉʄʆ ʻ ʚʠʢʦʨʠʩʪʘʥʥʷ ʚʣʘʩʪʠʚʦʩʪʽ ʩʘʤʦʧʦʜʽʙʥʦʩʪʽ, ʱʦ 

ʚʠʟʥʘʯʘʻ ʙʽʣʴʰ ʪʦʯʥʽ ʟʥʘʯʝʥʥʷ ʧʦʢʘʟʥʠʢʽʚ ʫ ʧʦʨʽʚʥʷʥʥʽ ʟ ʘʥʘʣʽʟʦʤ ʧʘʨʘʤʝʪʨʽʚ 

ʧʨʠ ʥʘʡʧʨʦʩʪʽʰʦʤʫ ʧʦʪʦʮʽ ʧʦʜʽʡ.  

ɼʣʷ ʘʥʘʣʽʟʫ ʧʘʨʘʤʝʪʨʽʚ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʚ ʭʤʘʨʥʦʤʫ ʩʝʨʝʜʦʚʠʱʽ 

ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʉʄʆ ʟ ʨʦʟʧʦʜʽʣʦʤ ʇʫʘʩʩʦʥʘ ʽ ʟ ʨʦʟʧʦʜʽʣʦʤ ɺʝʡʙʫʣʣʘ, ʷʢʠʡ 

ʦʧʠʩʫʻ ʩʘʤʦʧʦʜʽʙʥʽʩʪʴ ʧʨʠ ʨʽʟʥʠʭ ʧʘʨʘʤʝʪʨʘʭ ʍʝʨʩʪʘ (ʅ), ʪʘʢ ʷʢ ʜʘʥʠʡ 

ʧʘʨʘʤʝʪʨ ʚʠʟʥʘʯʘʻ ʩʪʫʧʽʥʴ ʩʘʤʦʧʦʜʽʙʥʦʩʪʽ.  

ʇʘʨʘʤʝʪʨ ʍʝʨʩʪʘ ʨʦʟʛʣʷʜʘʻʪʴʩʷ ʚ ʜʽʘʧʘʟʦʥʽ ʟʥʘʯʝʥʴ ʚʽʜ 0,5 ʜʦ ʦʜʠʥʠʮʽ. 

ʏʠʤ ʙʣʠʞʯʝ ʅ ʜʦ ʦʜʠʥʠʮʽ, ʪʠʤ ʙʽʣʴʰʝ ʧʨʦʷʚʣʷʻʪʴʩʷ ʚʣʘʩʪʠʚʽʩʪʴ 

ʩʘʤʦʧʦʜʽʙʥʦʩʪʽ.  

ʄʘʪʝʤʘʪʠʯʥʘ ʤʦʜʝʣʴ ʽʟ ʨʦʟʧʦʜʽʣʦʤ ɺʝʡʙʫʣʣʘ ʘʩʠʤʧʪʦʪʠʯʥʦ ʧʨʘʛʥʝ ʜʦ 

ʨʦʟʧʦʜʽʣʫ ʇʫʘʩʩʦʥʘ ʧʨʠ ʟʥʘʯʝʥʥʽ ʢʦʝʬʽʮʽʻʥʪʘ ʍʝʨʩʪʘ ʅ = 0,5. 

ʇʨʠ ʟʨʦʩʪʘʥʥʽ ʧʘʨʘʤʝʪʨʫ ʍʝʨʩʪʘ ʟʨʦʩʪʘʶʪʴ ʟʥʘʯʝʥʥʷ ʨʦʟʛʣʷʥʫʪʠʭ 

ʧʦʢʘʟʥʠʢʽʚ ʷʢʦʩʪʽ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ, ʘ ʩʘʤʝ: ʩʝʨʝʜʥʽʡ ʯʘʩ ʧʝʨʝʙʫʚʘʥʥʷ ʟʘʷʚʦʢ ʚ 

ʩʠʩʪʝʤʽ, ʩʝʨʝʜʥʽʡ ʯʘʩ ʦʯʽʢʫʚʘʥʥʷ, ʩʝʨʝʜʥʷ ʢʽʣʴʢʽʩʪʴ ʟʘʷʚʦʢ ʚ ʉʄʆ ʽ ʜʦʚʞʠʥʘ 

ʯʝʨʛʠ ʟʘʷʚʦʢ.  

ʆʪʞʝ, ʚ ʨʘʟʽ ʽʛʥʦʨʫʚʘʥʥʷ ʬʘʢʪʦʨʫ ʩʘʤʦʧʦʜʽʙʥʦʩʪʽ ʩʠʩʪʝʤʘ ʥʝ ʙʫʜʝ 

ʚʽʜʧʦʚʽʜʘʪʠ ʦʯʽʢʫʚʘʥʠʤ ʧʘʨʘʤʝʪʨʘʤ, ʱʦ ʤʦʞʝ ʧʨʠʟʚʝʩʪʠ ʜʦ ʩʫʪʪʻʚʦʾ ʧʦʤʠʣʢʠ 

ʫ ʚʠʟʥʘʯʝʥʥʽ ʢʽʣʴʢʽʩʥʠʭ ʟʥʘʯʝʥʴ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʉʄʆ, ʥʝʦʙʭʽʜʥʠʭ ʜʣʷ 

ʟʘʙʝʟʧʝʯʝʥʥʷ ʧʦʪʨʽʙʥʦʾ ʷʢʦʩʪʽ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʢʦʨʠʩʪʫʚʘʯʽʚ. 
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5G TRANSPORT NETWORK FEATURES FOR  

MODERN SERVICES  IMPLEMENTATION   

 

This report is devoted to modern concepts and services of the 5G cellular network (IMT-

2020). Main requirements and possible variants for 5G-transport network are present in order to 

provide these services. 
 

ɼʦʧʦʚʽʜʴ ʧʨʠʩʚʷʯʝʥʘ ʥʦʚʽʪʥʽʡ ʢʦʥʮʝʧʮʽʾ ʪʘ ʩʝʨʚʽʩʘʤ ʤʝʨʝʞʽ ʤʦʙʽʣʴʥʦʛʦ ʟʚôʷʟʢʫ 5G 

(IMT-2020). ʇʨʝʜʩʪʘʚʣʝʥʽ ʦʩʥʦʚʥʽ ʚʠʤʦʛʠ ʪʘ ʢʦʥʮʝʧʪʫʘʣʴʥʽ ʧʽʜʭʦʜʠ ʜʦ ʧʦʙʫʜʦʚʠ 

ʪʨʘʥʩʧʦʨʪʥʦʾ ʤʝʨʝʞʽ ʤʦʙʽʣʴʥʦʛʦ ʟʚôʷʟʢʫ 5G ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʮʠʭ ʩʝʨʚʽʩʽʚ.  

ɺ ʩʫʯʘʩʥʦʤʫ ʩʚʽʪʽ ʟʨʦʩʪʘʥʥʷ ʪʨʘʬʽʢʫ ʽ ʜʦʭʦʜʽʚ ʚʩʝ ʦʯʝʚʠʜʥʽʰʝ ʚʽʜʙʫʚʘʻʪʴʩʷ ʥʝ 

ʩʪʽʣʴʢʠ ʚ ʩʝʢʪʦʨʽ ʧʨʠʩʪʨʦʾʚ, ʱʦ ʥʘʣʝʞʘʪʴ ʣʶʜʷʤ, ʘ, ʥʘʩʘʤʧʝʨʝʜ, ʚ ʩʝʢʪʦʨʽ ʽʥʪʝʨʥʝʪʫ ʨʝʯʝʡ. 

ʂʽʣʴʢʽʩʪʴ ʪʘʢʠʭ ʧʨʠʩʪʨʦʾʚ ʩʪʨʽʤʢʦ ʟʨʦʩʪʘʻ ʽ ʤʘʡʞʝ ʚʩʽ ʟ ʥʠʭ ʧʦʪʨʝʙʫʶʪʴ ʙʝʟʜʨʦʪʦʚʦʛʦ 

ʟôʻʜʥʘʥʥʷ.  

ʊʦʤʫ ʤʝʪʦʶ ʩʪʚʦʨʝʥʥʷ ʤʦʙʽʣʴʥʠʭ ʤʝʨʝʞ 5G ʙʫʣʦ ʟʥʘʯʥʝ ʨʦʟʰʠʨʝʥʥʷ ʬʫʥʢʮʽʦʥʘʣʫ 

ʤʝʨʝʞ ʧʦʧʝʨʝʜʥʽʭ ʧʦʢʦʣʽʥʴ ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʬʫʥʢʮʽʶʚʘʥʥʷ ʽʩʥʫʶʯʠʭ ʩʝʨʚʽʩʽʚ ʽ ʚʽʜʢʨʠʪʪʷ 

ʤʦʞʣʠʚʦʩʪʝʡ ʜʣʷ ʨʝʘʣʽʟʘʮʽʾ ʥʘʡʥʦʚʽʪʥʽʰʠʭ ʪʘ ʧʝʨʩʧʝʢʪʠʚʥʠʭ ʩʝʨʚʽʩʽʚ, ʟʦʢʨʝʤʘ ɯʥʪʝʨʥʝʪʫ 

ʨʝʯʝʡ (ɯʦʊ). ʈʦʟʰʠʨʝʥʥʷ ʬʫʥʢʮʽʦʥʘʣʫ ʚʽʜʙʫʚʘʣʦʩʴ ʫ ʪʨʴʦʭ ʦʩʥʦʚʥʠʭ ʥʘʧʨʷʤʢʘʭ [1]: 

1. ɺʜʦʩʢʦʥʘʣʝʥʥʷ ʤʦʙʽʣʴʥʦʛʦ ʰʠʨʦʢʦʩʤʫʛʦʚʦʛʦ ʜʦʩʪʫʧʫ (EMBB); 

2. ɿʘʙʝʟʧʝʯʝʥʥʷ ʥʘʜʥʘʜʽʡʥʦʛʦ ʟôʻʜʥʘʥʥʷ ʟ ʥʠʟʴʢʦʶ ʟʘʪʨʠʤʢʦʶ (ULLRC); 

3. ɿʘʙʝʟʧʝʯʝʥʥʷ ʬʫʥʢʮʽʶʚʘʥʥʷ ʤʘʩʠʚʥʠʭ ʤʽʞʤʘʰʠʥʥʠʭ ʢʦʤʫʥʽʢʘʮʽʡ (Massive 

IoT/IIoT, ʤMTC).  

ʅʘ ʦʩʥʦʚʽ ʮʠʭ ʚʠʜʽʚ ʬʫʥʢʮʽʦʥʘʣʫ ʙʫʜʫʻʪʴʩʷ ʚʩʝ ʨʽʟʥʦʤʘʥʽʪʪʷ ʧʦʩʣʫʛ ʪʘ ʤʝʨʝʞ, ʥʘʡʙʽʣʴʰ 

ʭʘʨʘʢʪʝʨʥʽ ʟ ʥʠʭ ʧʦʢʘʟʘʥʽ ʥʘ ʨʠʩ. 1. 

ɿʥʘʯʥʦ ʟʙʽʣʴʰʝʥʘ ʰʚʠʜʢʽʩʪʴ ʧʝʨʝʜʘʯʽ ʜʣʷ ʢʦʞʥʦʛʦ ʤʦʙʽʣʴʥʦʛʦ ʧʨʠʩʪʨʦʶ  ʽ ʤʦʞʝ 

ʩʷʛʘʪʠ ʜʦ 100 ʄʙʽʪ/ʩ. ʇʨʠ ʮʴʦʤʫ ʧʽʢʦʚʘ ʰʚʠʜʢʽʩʪʴ ʙʘʟʦʚʦʾ ʩʪʘʥʮʽʾ ʩʪʘʥʦʚʠʪʴ ʜʦ 20 ɻʙʽʪ/ʩ. 

ʎʝ ʜʦʩʷʛʘʻʪʴʩʷ ʟʘ ʨʘʭʫʥʦʢ ʚʠʢʦʨʠʩʪʘʥʥʷ ʙʽʣʴʰ ʚʠʩʦʢʦʯʘʩʪʦʪʥʠʭ ʜʽʘʧʘʟʦʥʽʚ ʪʘ ʥʦʚʽʪʥʽʭ 

ʨʘʜʽʦʪʝʭʥʦʣʦʛʽʡ ʜʦʩʪʫʧʫ. ʊʘʢʽ ʰʚʠʜʢʦʩʪʽ ʜʦʩʪʘʪʥʽ ʥʝ ʪʽʣʴʢʠ ʜʣʷ ʜʦʤʘʰʥʽʭ ʢʦʨʠʩʪʫʚʘʯʽʚ, ʘ 

ʡ ʜʣʷ ʧʽʜʧʨʠʻʤʩʪʚ. 

ɿʘʙʝʟʧʝʯʫʻʪʴʩʷ ʝʬʝʢʪʠʚʥʝ ʬʫʥʢʮʽʶʚʘʥʥʷ ʩʝʨʚʽʩʽʚ ɯʦʊ, ʪʘʢʠʭ ʷʢ ʨʦʟʫʤʥʠʡ ʙʫʜʠʥʦʢ, 

ʨʦʟʫʤʥʝ ʤʽʩʪʦ. ʆʩʥʦʚʥʽ ʩʝʨʚʽʩʠ ʨʦʟʫʤʥʦʛʦ ʤʽʩʪʘ: ɹʝʟʧʝʯʥʝ ʤʽʩʪʦ, ʝʣʝʢʪʨʦʥʥʠʡ ʫʨʷʜ (e-

Government), ʝʣʝʢʪʨʦʥʥʘ ʦʭʦʨʦʥʘ ʟʜʦʨʦʚôʷ (e-Health), ʝʣʝʢʪʨʦʥʥʘ ʦʩʚʽʪʘ (e-Education), 

ʝʣʝʢʪʨʦʥʥʠʡ ʙʘʥʢʽʥʛ (e-Bank), ʘʚʪʦʤʘʪʠʟʦʚʘʥʠʡ ʟʽʙʽʨ ʧʦʢʘʟʥʠʢʽʚ ʣʽʯʠʣʴʥʠʢʽʚ ʧʦʩʣʫʛ ɾʂɻ 

(Smart Meters), çʨʦʟʫʤʥʽ ʝʣʝʢʪʨʦʤʝʨʝʞʽè (Smart Grid), ʢʝʨʫʚʘʥʥʷ ʜʦʨʦʞʥʽʤ ʨʫʭʦʤ ʪʘ ʽʥʰʽ. 

ʄʝʨʝʞʘ 5G ʚʽʜʢʨʠʚʘʻ ʰʠʨʦʢʽ ʤʦʞʣʠʚʦʩʪʽ ʧʦ ʚʠʢʦʨʠʩʪʘʥʥʶ ʭʤʘʨʥʠʭ ʦʙʯʠʩʣʝʥʴ: 

ʩʭʦʚʠʱʘ ʜʘʥʠʭ, ʩʪʚʦʨʝʥʥʷ ʪʘ ʢʝʨʫʚʘʥʥʷ ʧʨʠʢʣʘʜʥʠʤʠ ʧʨʦʛʨʘʤʘʤʠ, ʘ ʪʘʢʦʞ ʚ ʩʬʝʨʽ 

ʧʨʦʤʠʩʣʦʚʦʾ ʘʚʪʦʤʘʪʠʟʘʮʽʾ (IIoT ï Industrial Internet of Things). 

ʄʝʨʝʞʽ 5G ʟʘʙʝʟʧʝʯʫʶʪʴ ʘʢʪʠʚʥʠʡ ʨʦʟʚʠʪʦʢ ʪʘʢʠʭ ʥʘʧʨʷʤʢʽʚ, ʷʢ ʝʣʝʢʪʨʦʥʥʘ 

ʤʝʜʠʮʠʥʘ, ʩʽʣʴʩʴʢʝ ʛʦʩʧʦʜʘʨʩʪʚʦ, ʙʝʟʧʽʣʦʪʥʠʡ ʪʨʘʥʩʧʦʨʪ, ʜʦʜʘʥʘ ʪʘ ʚʽʨʪʫʘʣʴʥʘ ʨʝʘʣʴʥʽʩʪʴ 

(AR/VR).  
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ʈʠʩ. 1. ʍʘʨʘʢʪʝʨʥʽ ʚʠʜʠ ʩʝʨʚʽʩʽʚ ʤʝʨʝʞʽ 5G 

ɼʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʚʠʱʝʟʘʟʥʘʯʝʥʠʭ ʩʝʨʚʽʩʽʚ ʤʦʙʽʣʴʥʘ ʤʝʨʝʞʘ 5G ʧʦʚʠʥʥʘ ʤʘʪʠ 

ʢʣʶʯʦʚʽ ʧʦʢʘʟʥʠʢʠ, ʱʦ ʥʘʚʝʜʝʥʽ ʥʘ ʨʠʩ. 2. ʊʘʢʦʞ ʥʘ ʮʴʦʤʫ ʨʠʩʫʥʢʫ ʜʣʷ ʧʦʨʽʚʥʷʥʥʷ 

ʧʦʢʘʟʘʥʽ ʧʦʢʘʟʥʠʢʠ ʤʝʨʝʞʽ 4G (IMT-Advanced) [2]. 

 
ʈʠʩ. 2. ʂʣʶʯʦʚʽ ʧʦʢʘʟʥʠʢʠ ʤʝʨʝʞʽ 5G. 

ɺ ʩʪʨʫʢʪʫʨʫ 5G ʚʭʦʜʷʪʴ ʪʨʠ ʯʘʩʪʠʥʠ: ʤʝʨʝʞʘ ʨʘʜʽʦʜʦʩʪʫʧʫ, ʪʨʘʥʩʧʦʨʪʥʘ ʤʝʨʝʞʘ ʪʘ 

ʦʧʦʨʥʘ ʤʝʨʝʞʘ.  

ʄʝʨʝʞʘ ʨʘʜʽʦʜʦʩʪʫʧʫ ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʧʦʪʨʽʙʥʦʾ ʚʠʩʦʢʦʾ ʧʝʨʝʧʫʩʢʥʦʾ ʟʜʘʪʥʦʩʪʽ 

ʚʠʢʦʨʠʩʪʦʚʫʻ ʜʽʘʧʘʟʦʥʠ ʥʘʜʚʠʩʦʢʠʭ ʯʘʩʪʦʪ, ʚʧʨʠʪʫʣ ʜʦ ʤʽʣʽʤʝʪʨʦʚʦʛʦ ʜʽʘʧʘʟʦʥʫ, Massive 

MIMO, ʘ ʪʘʢʦʞ ʚʠʩʦʢʫ ʱʽʣʴʥʽʩʪʴ ʨʦʟʤʽʱʝʥʥʷ ʙʘʟʦʚʠʭ ʩʪʘʥʮʽʡ (ʨʘʜʽʫʩ ʩʦʪʠ ʤʦʞʝ ʙʫʪʠ 

ʜʝʢʽʣʴʢʘ ʩʦʪʝʥʴ ʤʝʪʨʽʚ). ʆʩʢʽʣʴʢʠ ʙʘʟʦʚʠʭ ʩʪʘʥʮʽʡ ʧʦʪʨʽʙʥʦ ʤʘʪʠ ʚʝʣʠʢʫ ʢʽʣʴʢʽʩʪʴ, ʪʦ ʜʣʷ 

ʟʤʝʥʰʝʥʥʷ ʚʘʨʪʦʩʪʽ ʤʝʨʝʞʽ ʨʘʜʽʦʜʦʩʪʫʧʫ ʬʫʥʢʮʽʦʥʘʣ ʙʘʟʦʚʦʾ ʩʪʘʥʮʽʾ ʟʚʦʜʠʪʴʩʷ ʧʨʘʢʪʠʯʥʦ 

ʜʦ ʬʽʟʠʯʥʦʛʦ ʨʽʚʥʷ. ʊʘʢʠʤ ʯʠʥʦʤ, ʙʘʟʦʚʘ ʩʪʘʥʮʽʷ ʧʨʝʜʩʪʘʚʣʷʻ ʩʦʙʦʶ ʥʝʚʝʣʠʯʢʠʡ ʤʦʜʫʣʴ, 

ʱʦ ʚʩʪʘʥʦʚʣʶʻʪʴʩʷ ʥʘ ʱʦʛʣʽ ʪʘ ʽʥʪʝʛʨʫʻʪʴʩʷ ʟ ʘʥʪʝʥʦʶ. ɼʣʷ ʧʝʨʝʜʘʯʽ ʜʘʥʠʭ ʤʽʞ ʙʘʟʦʚʠʤʠ 

ʩʪʘʥʮʽʷʤʠ ʪʘ ʦʧʦʨʥʦʶ ʤʝʨʝʞʝʶ ʩʪʦʚʨʶʻʪʴʩʷ ʪʨʘʥʩʧʦʨʪʥʘ ʤʝʨʝʞʘ, ʷʢʘ ʚʽʜʧʦʚʽʜʥʦ ʜʦ 

ʨʽʰʝʥʴ 3GPP ʪʘ ITU-T ʨʦʟʧʦʜʽʣʝʥʘ ʥʘ ʪʨʠ ʪʨʘʥʩʧʦʨʪʥʠʭ ʩʝʛʤʝʥʪʘ: Fronthaul, Middlehaul ʪʘ 

Backhaul (ʨʠʩ. 3).  

ʊʨʘʥʩʧʦʨʪʥʘ ʤʝʨʝʞʘ ʚʽʜʽʛʨʘʻ ʟʥʘʯʥʫ ʨʦʣʴ ʚ ʟʘʙʝʟʧʝʯʝʥʥʽ ʧʦʪʨʽʙʥʦʾ ʤʽʥʽʤʘʣʴʥʦʾ 

ʟʘʪʨʠʤʢʠ ʪʘ ʟʥʘʯʥʦʾ ʧʝʨʝʧʫʩʢʥʦʾ ʟʜʘʪʥʦʩʪʽ. ɼʫʞʝ ʚʘʞʣʠʚʠʤ ʽ ʩʢʣʘʜʥʠʤ ʩʝʛʤʝʥʪʦʤ 

ʪʨʘʥʩʧʦʨʪʥʦʾ ʤʝʨʝʞʽ ʻ ʩʘʤʝ Fronthaul, ʷʢʠʡ ʟôʻʜʥʫʻ ʚʽʜʜʘʣʝʥʽ ʨʘʜʽʦʤʦʜʫʣʽ RRU ʪʘ 



 61 

ʨʦʟʧʦʜʽʣʴʯʽ ʤʦʜʫʣʽ gNB-DU [2]. ɺ ʩʝʛʤʝʥʪʽ Fronthaul ʜʦʮʽʣʴʥʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʧʘʢʝʪʥʽ 

ʪʝʭʥʦʣʦʛʽʾ, ʪʘʢʽ ʷʢ Ethernet. ʎʝ ʜʘʻ ʤʦʞʣʠʚʽʩʪʴ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʘʣʛʦʨʠʪʤʠ ʧʨʠʦʨʽʪʝʟʘʮʽʾ 

ʪʨʘʬʽʢʫ. ʇʠʪʘʥʥʷ ʩʠʥʭʨʦʥʽʟʘʮʽʾ ʚ ʤʝʨʝʞʽ ʚʠʨʽʰʫʻʪʴʩʷ ʟʘ ʨʘʭʫʥʦʢ ʚʠʢʦʨʠʩʪʘʥʥʷ ʧʨʦʪʦʢʦʣʫ 

SyncE. 

ʅʘ ʬʽʟʠʯʥʦʤʫ ʨʽʚʥʽ ʫ ʷʢʦʩʪʽ ʪʝʭʥʦʣʦʛʽʡ ʪʨʘʥʩʧʦʨʪʫ ʤʦʞʣʠʚʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʪʝʤʥʽ 

ʚʦʣʦʢʥʘ, WDM, PON,  ʘ ʪʘʢʦʞ ʨʘʜʽʦʨʝʣʝʡʥʽ ʣʽʥʽʾ (Microwave Link).  

ʑʦ ʩʪʦʩʫʻʪʴʩʷ ʢʘʥʘʣʴʥʦʛʦ ʨʽʚʥʷ, ʪʦ ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʞʦʨʩʪʢʠʭ ʚʠʤʦʛ ʧʦ ʟʘʪʨʠʤʮʽ 

ʪʘ ʥʝʜʦʧʫʱʝʥʥʶ ʚʪʨʘʪ ʧʘʢʝʪʽʚ ʧʨʠ ʧʝʨʝʚʘʥʪʘʞʝʥʥʽ, ʧʦʪʨʽʙʥʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʪʝʭʥʦʣʦʛʽʶ 

TSN Ethernet (Time Sensitive Networking Ethernet). ɼʣʷ ʥʘʜʽʡʥʦʩʪʽ ʬʫʥʢʮʽʶʚʘʥʥʷ ʪʘ 

ʜʽʘʛʥʦʩʪʠʯʥʠʭ ʧʦʪʨʝʙ ʧʦʪʨʽʙʥʦ, ʱʦʙ ʙʫʣʘ ʨʝʘʣʽʟʦʚʘʥʘ Link-ʆɸʄ ʪʘ Ethernet-OAM 

ʬʫʥʢʮʽʦʥʘʣʴʥʽʩʪʴ. ʑʝ ʦʜʥʠʤ, ʪʘ ʥʘ ʥʘʰ ʧʦʛʣʷʜ ʥʘʡʙʽʣʴʰ ʧʨʠʚʘʙʣʠʚʠʤ ʚʘʨʽʘʥʪʦʤ 

ʧʦʙʫʜʦʚʠ Fronthaul  ʻ ʚʠʢʦʨʠʩʪʘʥʥʷ ʪʝʭʥʦʣʦʛʽʾ ʦʧʪʠʯʥʠʭ ʪʨʘʥʩʧʦʨʪʥʠʭ ʤʝʨʝʞ (OTN) ʟʽ 

ʩʧʨʦʱʝʥʦʶ ʩʭʝʤʦʶ ʽʥʢʘʧʩʫʣʷʮʽʾ Ethernet-ʬʨʝʡʤʽʚ. ʎʝ ʟʘʙʝʟʧʝʯʫʻ ʚʽʜʤʽʥʥʫ ʢʝʨʦʚʘʥʽʩʪʴ 

ʤʝʨʝʞʝʶ ʪʘ ʚʠʩʦʢʫ ʥʘʜʽʡʥʽʩʪʴ ʥʘ ʦʧʝʨʘʪʦʨʩʴʢʦʤʫ ʨʽʚʥʽ, ʘ ʚʠʢʣʶʯʝʥʥʷ ʥʝ ʧʦʪʨʽʙʥʠʭ ʜʣʷ 

Fronthaul ʩʣʫʞʙʦʚʠʭ ʧʦʣʽʚ ʚ ODU ʪʘ OTU ʟʥʘʯʥʦ ʟʤʝʥʰʫʻ ʟʘʪʨʠʤʢʠ.  
 

 
ʈʠʩ. 3. ʉʪʨʫʢʪʫʨʘ ʪʨʘʥʩʧʦʨʪʥʦʾ ʤʝʨʝʞʽ 5G. 

ʉʝʛʤʝʥʪ, ʱʦ ʟʚ'ʷʟʫʻ gNB-DU- ʪʘ gNB-CU-ʢʦʤʧʦʥʝʥʪʠ ʙʘʟʦʚʦʾ ʩʪʘʥʮʽʾ, ʫʪʚʦʨʶʻ 

Middlehaul. ɺʠʤʦʛʠ ʪʫʪ ʤʝʥʰ ʞʦʨʩʪʢʽ, ʥʽʞ ʤʽʞ DU ʪʘ RRU, ʦʩʢʽʣʴʢʠ, ʥʘ ʚʽʜʤʽʥʫ ʚʽʜ DU, 

ʜʝ ʤʘʻ ʤʽʩʮʝ ʦʙʨʦʙʢʘ ʜʘʥʠʭ ʨʝʘʣʴʥʦʛʦ ʯʘʩʫ, ʫ ʮʝʥʪʨʘʣʴʥʦʤʫ ʤʦʜʫʣʽ CU ʨʝʘʣʽʟʦʚʘʥʽ ʣʠʰʝ 

ʦʬʣʘʡʥ-ʘʣʛʦʨʠʪʤʠ.  

ʊʨʘʥʩʧʦʨʪʥʝ ʦʙʣʘʜʥʘʥʥʷ Backhaul ʧʦʻʜʥʫʻ ʩʪʽʣʴʥʠʢʠ ʤʽʞ ʩʦʙʦʶ ʽ ʯʝʨʝʟ 

ʤʝʪʨʦʩʝʛʤʝʥʪ ʜʦʩʪʘʚʣʷʻ ʾʭ ʪʨʘʬʽʢ ʜʦ ʤʘʛʽʩʪʨʘʣʴʥʦʛʦ ʷʜʨʘ ʤʝʨʝʞʽ. ʅʘʡʙʽʣʴʰ 

ʧʝʨʩʧʝʢʪʠʚʥʦʶ ʪʝʭʥʦʣʦʛʽʻʶ Backhaul ʦʜʥʦʟʥʘʯʥʦ ʟʘʣʠʰʘʻʪʴʩʷ ʩʪʝʢ Ethernet/OTN, ʱʦ 

ʟʘʙʝʟʧʝʯʫʻ ʤʘʢʩʠʤʘʣʴʥʫ ʧʨʦʧʫʩʢʥʫ ʟʜʘʪʥʽʩʪʴ ʪʘ ʥʘʜʽʡʥʽʩʪʴ ʟ'ʻʜʥʘʥʴ [3]. 

ʊʘʢʠʤ ʯʠʥʦʤ, ʚ ʜʦʧʦʚʽʜʽ ʨʦʟʛʣʷʥʫʪʦ ʦʩʥʦʚʥʽ ʤʦʞʣʠʚʦʩʪʽ ʤʝʨʝʞʽ 5G ʜʣʷ 

ʟʘʙʝʟʧʝʯʝʥʥʷ ʩʫʯʘʩʥʠʭ ʽ ʧʝʨʩʧʝʢʪʠʚʥʠʭ ʩʝʨʚʽʩʽʚ. ʇʦʢʘʟʘʥʦ, ʱʦ ʚʘʞʣʠʚʠʤ ʝʣʝʤʝʥʪʦʤ 

ʤʝʨʝʞʽ 5G ʻ ʪʨʘʥʩʧʦʨʪʥʘ ʤʝʨʝʞʘ, ʷʢʘ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʪʨʴʦʭ ʩʝʛʤʝʥʪʽʚ, ʜʝ ʥʘʡʙʽʣʴʰ 

ʩʢʣʘʜʥʠʤ ʟ ʥʠʭ ʻ Fronhaul.  ɺ ʷʢʦʩʪʽ ʩʪʝʢʘ ʪʝʭʥʦʣʦʛʽʡ ʜʣʷ ʩʝʛʤʝʥʪʽʚ Backhaul ʪʘ Fronthaul 

ʜʦʮʽʣʴʥʽʰʝ ʦʙʠʨʘʪʠ ʩʪʝʢ Ethernet/OTN. 
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ʉʝʢʮʽʷ 2. ɿʘʩʦʙʠ ʪʝʣʝʢʦʤʫʥʽʢʘʮʽʡ ʪʘ ʢʘʙʝʣʴʥʽ ʩʠʩʪʝʤʠ ʽ ʪʝʭʥʦʣʦʛʽʾ 

 
ʋɼʂ 621.396 
 

ʊɽʈɸɻɽʈʎʆɺɯ ʊɽʃɽʂʆʄʋʅɯʂɸʎɯʁʅɯ ʉʀʉʊɽʄʀ  

ɼʃʗ ʇɽʈɽɼɸɺɸʅʅʗ ɺɯɼɽʆʇʆʊʆʂɯɺ ɺʀʉʆʂʆɰ (HDTV) ʊɸ 

ʅɸɼɺʀʉʆʂʆɰ ʗʂʆʉʊɯ (UHDTV) 
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TERAHERTZ COMMUNICATIONS SYSTEMS  

FOR HIGH -DEFINITION AND ULTRA -HIGH -QUALITY (HDTV) 

TELEVISION BROADCASTING (UHDTV)  

 

The advent of high-definition and ultra-high-quality video formats, and the 

growing volume of accumulated and transmitted data donate led to the demand for 

better throughput and data rate wireless communications. It is indicated that using 

the THz frequency band for wireless communications is the most rational 

approach. This report analyzes current advancements in implementing and 

deploying photonic-based terahertz (THz) communication systems.  

 

ʉʫʯʘʩʥʽ ʪʝʥʜʝʥʮʽʾ ʨʦʟʚʠʪʢʫ ʤʝʨʝʞ ʥʘʟʝʤʥʦʛʦ ʮʠʬʨʦʚʦʛʦ ʪʝʣʝʙʘʯʝʥʥʷ 

ʧʝʨʝʜʙʘʯʘʶʪʴ ʦʙʤʽʥ ʚʝʣʠʢʠʤ ʦʙʩʷʛʦʤ ʜʘʥʠʭ. ɼʘʥʫ ʧʦʪʨʝʙʫ ʤʦʞʣʠʚʦ 

ʚʠʨʽʰʠʪʠ, ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ  ʧʦʩʣʫʛʠ ʦʧʪʦʚʦʣʦʢʦʥʥʠʭ ʤʝʨʝʞ, ʷʢʽ 

ʟʘʙʝʟʧʝʯʫʶʪʴ ʛʽʛʘʙʽʪʥʽ ʰʚʠʜʢʦʩʪʽ ʦʙʤʽʥʫ ʜʘʥʠʭ ʚ ʙʘʛʘʪʴʦʭ ʯʘʩʪʠʥʘʭ ʩʚʽʪʫ. 

ɸʣʝ, ʙʝʨʫʯʠ ʜʦ ʫ ʚʘʛʠ ʪʦʡ ʬʘʢʪ, ʱʦ ʧʨʦʢʣʘʜʘʥʥʷ ʣʽʥʽʾ ʦʧʪʦʚʦʣʦʢʦʥʥʦʛʦ 

ʜʦʩʪʫʧʫ ʥʝ ʟʘʚʞʜʠ ʻ ʤʦʞʣʠʚʠʤ ʘʙʦ ʝʢʦʥʦʤʽʯʥʦ ʨʝʥʪʘʙʝʣʴʥʠʤ, ʧʦʩʪʘʻ 

ʧʠʪʘʥʥʷ ʨʦʟʨʦʙʢʠ ʪʘ ʚʠʢʦʨʠʩʪʘʥʥʷ ʙʝʟʧʨʦʚʦʜʦʚʠʭ ʪʝʣʝʢʦʤʫʥʽʢʘʮʽʡʥʠʭ 

ʩʠʩʪʝʤ (ʤʝʨʝʞ), ʷʢʽ ʙ ʤʦʛʣʠ ʟʘʜʦʚʦʣʴʥʠʪʠ ʘʥʘʣʦʛʽʯʥʽ ʧʦʪʨʝʙʠ. ɺʽʜʧʦʚʽʜʥʦ ʜʦ 

ʟʘʢʦʥʫ ɽʜʭʦʣʴʤʘ [1] ʧʨʦ ʟʨʦʩʪʘʥʥʷ ʰʚʠʜʢʦʩʪʽ ʧʝʨʝʜʘʯʽ ʜʘʥʠʭ ʫ ʙʝʟʜʨʦʪʦʚʠʭ 

ʣʽʥʽʷʭ ʟʚ'ʷʟʢʫ, ʚ ʥʘʡʙʣʠʞʯʦʤʫ ʤʘʡʙʫʪʥʴʦʤʫ ʟʥʘʜʦʙʣʷʪʴʩʷ ʰʚʠʜʢʦʩʪʽ ʚ 

ʜʝʩʷʪʢʠ ʪʘ ʩʦʪʥʽ ɻʙʽʪ/ʩ ï ʥʝ ʤʝʥʰʝ 24 ɻʙʽʪ/ʩ ʜʣʷ ʪʨʘʥʩʣʷʮʽʾ ʪʝʣʝʚʽʟʽʡʥʠʭ 

ʜʘʥʠʭ ʟ ʥʘʜʚʠʩʦʢʦʶ ʨʦʟʜʽʣʴʥʦʶ ʟʜʘʪʥʽʩʪʶ (UHDTV) ʪʘ 100 ɻʙʽʪ/ʩ ʜʣʷ 

ʧʽʜʪʨʠʤʢʠ 100G Ethernet. ʆʜʥʠʤ ʽʟ ʨʽʰʝʥʴ ʮʽʻʾ ʧʨʦʙʣʝʤʠ ʻ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʪʝʨʘʛʝʨʮʦʚʦʛʦ ʜʽʘʧʘʟʦʥʫ ʯʘʩʪʦʪ.  

ʆʪʞʝ, ʤʝʪʦʶ ʨʦʙʦʪʠ ʻ ʦʙʛʨʫʥʪʫʚʘʥʥʷ ʪʘ ʦʧʠʩ ʤʦʞʣʠʚʦʛʦ ʚʘʨʽʘʥʪʫ 

ʪʝʭʥʽʯʥʦʾ ʨʝʘʣʽʟʘʮʽʾ ʙʝʟʜʨʦʪʦʚʦʾ ʩʠʩʪʝʤʠ ʧʝʨʝʜʘʯʽ ʊɺ ʩʠʛʥʘʣʽʚ ʫ 

ʪʝʨʘʛʝʨʮʝʚʦʤʫ ʜʽʘʧʘʟʦʥʽ ʯʘʩʪʦʪ. 

ɿʛʽʜʥʦ ʨʝʢʦʤʝʥʜʘʮʽʾ ʤʽʞʥʘʨʦʜʥʦʛʦ ʩʦʶʟʫ ʝʣʝʢʪʨʦʟʚôʷʟʢʫ IEEE 802.15 

ʊɻʮ-ʜʽʘʧʘʟʦʥʦʤ ʧʨʠʡʥʷʪʦ ʚʚʘʞʘʪʠ ʯʘʩʪʦʪʠ ʚʽʜ 300 ɻɻʮ ʜʦ 3 ʊɻʮ (ʜʽʘʧʘʟʦʥ 

ʜʦʚʞʠʥ ʭʚʠʣʴ ʚʽʜ 1 ʜʦ 0,1 ʤʤ), ʘʣʝ ʚ ʟʘʛʘʣʴʥʦʤʫ ʚʠʧʘʜʢʫ ʮʝʡ ʜʽʘʧʘʟʦʥ ʟʘʡʤʘʻ 

ʯʘʩʪʦʪʠ ʚʽʜ 100 ɻɻʮ ʜʦ 3 ʊɻʮ (ʨʠʩ.1) [2].  
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ʈʠʩ.1. çʄʽʩʮʝè ʪʝʨʘʛʝʨʮʦʚʦʛʦ ʜʽʘʧʘʟʦʥʫ ʚ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʦʤʫ ʩʧʝʢʪʨʽ. 
 

ɺ ʧʦʨʽʚʥʷʥʥʽ ʟ ʙʣʠʞʥʽʤ ɯʏ-ʜʽʘʧʘʟʦʥʦʤ ʯʘʩʪʦʪ ʊɻʮ-ʜʽʘʧʘʟʦʥ ʤʘʻ ʨʷʜ 

ʧʝʨʝʚʘʛ. ʇʦ-ʧʝʨʰʝ, ʊɻʮ ʩʠʛʥʘʣʠ ʤʘʶʪʴ ʤʝʥʰʝ, ʧʦʨʽʚʥʷʥʦ ʟ ɯʏ-ʩʠʛʥʘʣʘʤʠ, 

ʦʩʣʘʙʣʝʥʥʷ ʟʘ ʪʠʭ ʩʘʤʠʭ ʧʦʛʦʜʥʠʭ ʫʤʦʚ - ʥʘʧʨʠʢʣʘʜ, ʧʨʠ ʪʫʤʘʥʽ. ʇʦ-ʜʨʫʛʝ, 

ʘʤʧʣʽʪʫʜʥʦ-ʬʘʟʦʚʽ ʬʣʫʢʪʫʘʮʽʾ, ʱʦ ʩʧʨʠʯʠʥʝʥʽ ʣʦʢʘʣʴʥʠʤʠ ʟʤʽʥʘʤʠ ʧʦʢʘʟʥʠʢʘ 

ʟʘʣʦʤʣʝʥʥʷ ʘʪʤʦʩʬʝʨʠ, ʪʘʢʦʞ ʧʨʘʢʪʠʯʥʦ ʥʝ ʚʧʣʠʚʘʶʪʴ ʥʘ ʧʦʰʠʨʝʥʥʷ ʊɻʮ-

ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ, ʘʣʝ ʦʙʤʝʞʫʶʪʴ ʟʘʩʪʦʩʫʚʘʥʥʷ ʩʠʩʪʝʤ ʥʘ ʦʩʥʦʚʽ ɯʏ-

ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ. ʆʧʠʩʘʥʽ ʧʝʨʝʚʘʛʠ ʭʘʨʘʢʪʝʨʥʽ ʜʣʷ ʯʘʩʪʦʪ, ʱʦ ʧʦʪʨʘʧʣʷʶʪʴ ʫ 

ʚʽʢʥʘ ʧʨʦʟʦʨʦʩʪʽ ʘʪʤʦʩʬʝʨʠ, ʘ ʩʘʤʝ ʚ ʜʽʘʧʘʟʦʥʘʭ 75-100; 110-150; 200-300 ʪʘ 

600-700 ɻɻʮ. ʇʨʠ ʪʘʢʠʭ ʰʠʨʦʢʠʭ ʜʦʩʪʫʧʥʠʭ ʩʤʫʛʘʭ ʯʘʩʪʦʪ ʥʘʚʽʪʴ ʧʨʠ 

ʟʘʩʪʦʩʫʚʘʥʥʽ ʥʘʡʧʨʦʩʪʽʰʦʾ ʘʤʧʣʽʪʫʜʥʦʾ ʤʦʜʫʣʷʮʽʾ ʤʦʞʫʪʴ ʙʫʪʠ ʜʦʩʷʛʥʫʪʽ 

ʰʚʠʜʢʦʩʪʽ ʧʝʨʝʜʘʯʽ ʜʘʥʠʭ ʫ ʜʝʩʷʪʢʠ ɻʙʽʪ/ʩ [3]. ʊʘʢʦʞ ʦʩʦʙʣʠʚʽʩʪʶ ʜʘʥʦʛʦ 

ʜʽʘʧʘʟʦʥʫ ʯʘʩʪʦʪ ʻ ʚʫʟʴʢʘ ʩʧʨʷʤʦʚʘʥʽʩʪʴ ʧʨʦʤʝʥʷ ʘʥʪʝʥʠ, ʱʦ ʜʦʟʚʦʣʷʻ 

ʨʦʟʤʽʱʘʪʠ ʚʝʣʠʢʫ ʢʽʣʴʢʽʩʪʴ ʩʪʘʥʮʽʡ ʙʝʟ ʚʟʘʻʤʥʦʾ ʽʥʪʝʨʬʝʨʝʥʮʽʾ ʤʽʞ ʥʠʤʠ. 

ʆʜʥʘʢ ʫ ʦʩʚʦʻʥʥʽ ʮʽʻʾ ʩʤʫʛʠ ʯʘʩʪʦʪ ʻ ʧʝʚʥʽ ʧʨʦʙʣʝʤʠ, ʘ ʩʘʤʝ, ʪʝʭʥʦʣʦʛʽʷ 

ʛʝʥʝʨʘʮʽʾ, ʧʨʠʡʦʤʫ ʪʘ ʦʙʨʦʙʢʠ ʩʠʛʥʘʣʫ ʜʘʥʠʭ ʚʽʜʨʽʟʥʷʻʪʴʩʷ ʚʽʜ ʤʝʪʦʜʽʚ, ʷʢʽ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʧʨʠ ʨʦʙʦʪʽ ʟ ʚʞʝ ʚʽʜʦʤʠʤʠ ʩʤʫʛʘʤʠ ʯʘʩʪʦʪ. ʊʘʢʦʞ, ʥʘʨʘʟʽ, 

ʦʜʥʽʻʶ ʽʟ ʧʨʦʙʣʝʤ ʻ ʤʝʥʰʘ ʢʽʣʴʢʽʩʪʴ ʪʝʦʨʝʪʠʯʥʠʭ ʚʽʜʦʤʦʩʪʝʡ ʧʨʦ 

ʪʝʨʘʛʝʨʮʦʚʠʡ ʩʧʝʢʪʨ ʭʚʠʣʴ ʪʘ ʡʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʫ ʧʦʨʽʚʥʷʥʥʽ ʟ 

ʤʽʢʨʦʭʚʠʣʴʦʚʠʤ ʪʘ ʽʥʬʨʘʯʝʨʚʦʥʠʤ. ʊʦʤʫ ʨʦʟʚʠʪʦʢ ʽ ʦʩʚʦʻʥʥʷ ʊɻʮ-ʜʽʘʧʘʟʦʥʫ 

ʩʧʠʨʘʻʪʴʩʷ ʥʘ ʤʦʞʣʠʚʦʩʪʽ ʨʘʜʽʦʝʣʝʢʪʨʦʥʥʠʭ ʧʨʠʩʪʨʦʾʚ ʜʣʷ ʛʝʥʝʨʘʮʽʾ, ʦʙʨʦʙʢʠ 

ʪʘ ʜʝʪʝʢʪʫʚʘʥʥʷ ʩʠʛʥʘʣʫ [4]. 

ɺ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʚʠʢʦʨʠʩʪʘʥʠʭ ʢʦʤʧʦʥʝʥʪʽʚ, ʫʩʽ ʊɻʮ-ʩʠʩʪʝʤʠ ʤʦʞʣʠʚʦ 

ʫʤʦʚʥʦ ʧʦʜʽʣʠʪʠ ʥʘ ʦʧʪʠʯʥʽ, ʝʣʝʢʪʨʦʥʽ ʪʘ ʛʽʙʨʠʜʥʽ. ʉʘʤʝ ʛʽʙʨʠʜʥʽ ʩʠʩʪʝʤʠ 

ʊɻʮ ʤʦʚʣʝʥʥʷ ʻ ʥʘʡʙʽʣʴʰ ʨʦʩʧʦʚʩʶʜʞʝʥʽ. ʎʝ ʦʙʫʤʦʚʣʝʥʥʦ ʪʠʤ, ʱʦ 

ʧʦʻʜʥʘʥʥʷ ʩʘʤʝ ʝʣʝʢʪʨʦʥʥʠʭ ʪʘ ʦʧʪʠʯʥʠʭ ʧʨʠʩʪʨʦʾʚ ʜʘʻ ʟʤʦʛʫ ʜʦʩʷʛʥʫʪʠ 

ʨʝʢʦʨʜʥʠʭ ʰʚʠʜʢʦʩʪʝʡ ʧʝʨʝʜʘʯʽ ʜʘʥʠʭ. ʇʨʘʢʪʠʯʥʦ ʙʫʣʦ ʜʦʚʝʜʝʥʦ, ʱʦ 

ʛʝʥʝʨʘʮʽʷ ʊɻʮ-ʩʠʛʥʘʣʫ ʥʘ ʦʩʥʦʚʽ ʪʝʭʥʦʣʦʛʽʡ ʬʦʪʦʥʽʢʠ ʻ ʙʽʣʴʰ ʜʦʮʽʣʴʥʦʶ ʟ 

ʪʦʯʢʠ ʟʦʨʫ ʚʠʢʦʨʠʩʪʘʥʥʷ ʩʤʫʛʠ ʯʘʩʪʦʪ ʽ, ʙʽʣʴʰʝ ʪʦʛʦ, ʜʘʻ ʤʦʞʣʠʚʽʩʪʴ 

ʥʘʙʣʠʟʠʪʠʩʴ ʜʦ ʰʚʠʜʢʦʩʪʽ ʧʝʨʝʜʘʯʽ ʜʘʥʠʭ ʫ 10 ɻʙʽʪ/ʩ. ʆʢʨʽʤ ʮʴʦʛʦ, 

ʙʝʟʫʤʦʚʥʠʤ ʧʣʶʩʦʤ ʚʠʢʦʨʠʩʪʘʥʥʷ ʝʣʝʤʝʥʪʽʚ ʬʦʪʦʥʽʢʠ ʻ ʪʦʡ ʬʘʢʪ, ʱʦ 

ʦʧʪʦʚʦʣʦʢʦʥʥʽ ʪʘ ʙʝʟʧʨʦʚʦʜʦʚʽ ʢʦʤʫʥʽʢʘʮʽʡʥʽ ʩʠʩʪʝʤʠ ʤʦʞʫʪʴ ʦʨʛʘʥʽʯʥʦ 

ʧʦʻʜʥʫʚʘʪʠʩʷ ʟʘ ʨʘʭʫʥʦʢ ʰʚʠʜʢʦʩʪʽ ʧʝʨʝʜʘʯʽ ʜʘʥʥʠʭ ʽ ʬʦʨʤʘʪʘ ʤʦʜʫʣʷʮʽʾ. 

ʋʟʘʛʘʣʴʥʝʥʘ ʩʠʩʪʝʤʘ ʛʝʥʝʨʘʮʽʾ ʦʧʪʠʯʥʦʛʦ ʩʠʛʥʘʣʫ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ 

ʝʣʝʤʝʥʪʽʚ ʬʦʪʦʥʽʢʠ ʟʦʙʨʘʞʝʥʘ ʥʘ ʨʠʩ.2. ʇʝʨʰ ʟʘ ʚʩʝ, ʦʧʪʠʯʥʠʡ ʩʠʛʥʘʣ 

ʛʝʥʝʨʫʻʪʴʩʷ ʚʽʜʧʦʚʽʜʥʠʤ ʚʠʩʦʢʦʩʪʘʙʽʣʴʥʠʤ ʦʧʪʠʯʥʠʤ ʜʞʝʨʝʣʦʤ ʟ 

ʥʝʧʝʨʝʨʚʥʠʤ ʘʙʦ ʽʤʧʫʣʴʩʥʠʤ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷʤ, ʧʽʩʣʷ ʯʦʛʦ ʢʦʜʫʻʪʴʩʷ 

ʝʣʝʢʪʨʦʦʧʪʠʯʥʠʤ ʤʦʜʫʣʷʪʦʨʦʤ ʥʘ ʦʩʥʦʚʽ ʽʥʪʝʨʬʝʨʦʤʝʪʨʘ ʄʘʭʘ-ʎʝʥʜʝʨʘ ʪʘ 

ʢʦʥʚʝʨʪʫʻʪʴʩʷ ʚ ʊɻʮ ʩʠʛʥʘʣ ʬʦʪʦʜʽʦʜʦʤ ʘʙʦ ʬʦʪʦʧʨʦʚʽʜʥʠʢʦʤ, ʧʽʩʣʷ ʯʦʛʦ 
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ʩʠʛʥʘʣ ʚʠʧʨʦʤʽʥʶʻʪʴʩʷ ʫ ʥʘʚʢʦʣʠʰʥʻ ʩʝʨʝʜʦʚʠʱʝ ʟʘ ʜʦʧʦʤʦʛʦʶ ʘʥʪʝʥʠ. ɺ 
ʷʢʦʩʪʽ ʛʝʥʝʨʘʪʦʨʫ ʦʧʪʠʯʥʦʛʦ ʩʠʛʥʘʣʫ ʥʘʡʯʘʩʪʽʰʝ ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ ɯʏ-

ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʦʚʽ ʣʘʟʝʨʠ, ʪʦʤʫ ʥʝʚʽʜ'ʻʤʥʦʶ ʯʘʩʪʠʥʦʶ ʪʘʢʠʭ ʩʭʝʤ ʻ ʥʘʜʽʡʥʽ 

ʪʘ ʝʢʦʥʦʤʽʯʥʦ ʚʠʛʽʜʥʽ ʪʝʣʝʢʦʤʫʥʽʢʘʮʽʡʥʽ ʢʦʤʧʦʥʝʥʪʠ: ʦʧʪʠʯʥʝ ʚʦʣʦʢʥʦ, 

ʝʨʙʽʻʚʽ ʚʦʣʦʢʦʥʥʽ ʧʽʜʩʠʣʶʚʘʯʽ ʪʘ ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʦʚʽ ʣʘʟʝʨʥʽ ʧʽʜʩʠʣʶʚʘʯʽ. ʋ 

ʨʘʟʽ ʛʝʥʝʨʘʮʽʾ ʩʠʛʥʘʣʽʚ ʤʝʪʦʜʘʤʠ ʬʦʪʦʥʽʢʠ ʦʧʪʦʝʣʝʢʪʨʦʥʥʠʡ ʬʦʪʦʜʽʦʜ ʘʙʦ 

ʬʦʪʦʧʨʦʚʽʜʥʠʢ (ʦʧʪʦʝʣʝʢʪʨʦʥʥʠʡ ʧʝʨʝʪʚʦʨʶʚʘʯ), ʱʦ ʧʨʘʮʶʻ ʥʘ ʜʦʚʞʠʥʘʭ 

ʭʚʠʣʴ  

1,3ï1,55 ʤʢʤ, ʻ ʢʣʶʯʦʚʠʤ ʢʦʤʧʦʥʝʥʪʦʤ: ʨʘʟʦʤ ʟ ʜʞʝʨʝʣʦʤ ʦʧʪʠʯʥʦʛʦ 

ʩʠʛʥʘʣʫ ʚʽʥ ʚʠʟʥʘʯʘʻ ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ ʧʝʨʝʜʘʯʽ ʫ ʚʽʜʥʦʰʝʥʥʽ ʧʨʦʧʫʩʢʥʦʾ 

ʟʜʘʪʥʦʩʪʽ ʪʘ ʧʦʪʫʞʥʦʩʪʽ. ɿ ʧʨʘʢʪʠʯʥʦʾ ʪʦʯʢʠ ʟʦʨʫ ʬʦʪʦʧʨʦʚʽʜʥʽ ʤʘʪʝʨʽʘʣʠ 

ʚʠʢʦʥʫʶʪʴ ʨʦʣʴ ʧʝʨʝʤʠʢʘʯʽʚ, ʷʢʽ ʟʘʤʢʥʫʪʽ ʚ ʩʪʨʫʢʪʫʨʽ ʤʝʪʘʣʝʚʠʭ ʘʥʪʝʥ, ʧʨʠ 

ʮʴʦʤʫ ʫʪʚʦʨʶʶʪʴʩʷ ʪʘʢ ʟʚʘʥʽ ʬʦʪʦʧʨʦʚʽʜʥʽ ʘʥʪʝʥʠ. ʇʨʠ ʦʩʚʽʪʣʝʥʥʽ ʪʘʢʦʾ 

ʩʪʨʫʢʪʫʨʠ ʽʤʧʫʣʴʩʘʤʠ ʬʝʤʪʦʩʝʢʫʥʜʥʦʾ ʪʨʠʚʘʣʦʩʪʽ, ʬʦʪʦʧʨʦʚʽʜʥʠʡ ʧʝʨʝʤʠʢʘʯ 

ʧʝʨʝʭʦʜʠʪʴ ʟ ʽʟʦʣʶʶʯʦʛʦ ʚ ʧʨʦʚʽʜʥʠʡ ʩʪʘʥ. ɺ ʨʝʟʫʣʴʪʘʪʽ ʧʝʨʝʭʦʜʫ ʚʠʥʠʢʘʻ 

ʢʦʨʦʪʢʠʡ ʽʤʧʫʣʴʩ ʩʪʨʫʤʫ, ʷʢʠʡ ʻ ʜʞʝʨʝʣʦʤ ʊɻʮ-ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ. 
 

 
 

ʈʠʩ.2. ɿʘʛʘʣʴʥʘ ʩʭʝʤʘ ʛʽʙʨʠʜʥʦʾ ʩʠʩʪʝʤʠ ʛʝʥʝʨʘʮʽʾ ʊɻʮ-ʩʠʛʥʘʣʫ 

 ʥʘ ʦʩʥʦʚʽ ʪʝʭʥʦʣʦʛʽʡ ʬʦʪʦʥʽʢʠ. 
 

ɼʣʷ ʛʝʥʝʨʘʮʽʾ ʪʘ ʨʝʻʩʪʨʘʮʽʾ ʙʝʟʧʝʨʝʨʚʥʦʛʦ ʊɻʮ-ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ 

ʟʘʩʪʦʩʦʚʫʶʪʴ ʤʝʪʦʜ ʬʦʪʦʟʤʽʰʫʚʘʥʥʷ. ʇʨʠ ʜʘʥʦʤʫ ʧʽʜʭʦʜʽ, ʛʝʥʝʨʘʮʽʷ ʊɻʮ-

ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʚʽʜʙʫʚʘʻʪʴʩʷ ʚ ʨʝʟʫʣʴʪʘʪʽ ʛʝʪʝʨʦʜʠʥʥʦʛʦ ʟʤʽʰʫʚʘʥʥʷ ʪʘ 

ʚʚʝʜʝʥʥʷ ʫ ʬʦʪʦʧʨʦʚʽʜʥʫ ʩʪʨʫʢʪʫʨʫ ʘʙʦ ʬʦʪʦʜʽʦʜ ʜʚʦʭ ʩʚʽʪʣʦʚʠʭ ʭʚʠʣʴ ʨʽʟʥʦʾ 

ʯʘʩʪʦʪʠ. ʅʘ ʨʠʩ.3 ʩʭʝʤʘʪʠʯʥʦ ʟʦʙʨʘʞʝʥʘ ʨʝʘʣʽʟʘʮʽʷ ʜʘʥʦʛʦ ʤʝʪʦʜʫ ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʜʚʦʭ ʣʘʟʝʨʽʚ ʟ ʜʦʚʞʠʥʘʤʠ ʭʚʠʣʴ, ʱʦ ʧʝʨʝʙʫʜʦʚʫʶʪʴʩʷ. ɼʦ 

ʛʦʣʦʚʥʦʛʦ ʥʝʜʦʣʽʢʫ ʜʘʥʦʛʦ ʧʽʜʭʦʜʫ ʤʦʞʥʘ ʚʽʜʥʝʩʪʠ ʪʝ ʱʦ ʧʦʣʷʨʠʟʘʮʽʷ, 

ʯʘʩʪʦʪʘ ʽ ʬʘʟʘ ʦʧʪʠʯʥʠʭ ʧʫʯʢʽʚ, ʱʦ ʚʚʦʜʷʪʴʩʷ, ʧʦʚʠʥʥʽ ʙʫʪʠ ʧʦʩʪʽʡʥʠʤʠ, ʪʦʤʫ 

ʥʝʦʙʭʽʜʥʦ ʚʚʦʜʠʪʠ ʜʦʜʘʪʢʦʚʦ ʩʠʩʪʝʤʫ ʬʘʟʦʚʦʾ ʩʠʥʭʨʦʥʽʟʘʮʽʾ.  
 

  

ʈʠʩ.3. ʉʭʝʤʘ ʛʝʥʝʨʘʮʽʾ ʩʠʛʥʘʣʫ  

ʤʝʪʦʜʦʤ ʬʦʪʦʟʤʽʰʫʚʘʥʥʷ. 

ʈʠʩ.4. ʉʭʝʤʘ ʛʝʥʝʨʘʮʽʾ ʩʠʛʥʘʣʫ ʟ 

ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʦʧʪʠʯʥʦ ʯʘʩʪʦʪʥʦʾ ʛʨʝʙʽʥʢʠ. 
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ʅʘ ʨʠʩ.4 ʟʦʙʨʘʞʝʥʦ ʘʣʴʪʝʨʥʘʪʠʚʥʫ ʩʭʝʤʫ ʛʝʥʝʨʘʮʽʾ ʊɻʮ-

ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ, ʷʢʘ ʜʦʟʚʦʣʷʻ ʛʝʥʝʨʫʚʘʪʠ ʩʠʛʥʘʣʠ ʟ ʥʠʟʴʢʠʤ ʬʘʟʦʚʠʤ 

ʰʫʤʦʤ. ʂʣʶʯʦʚʠʤʠ ʢʦʤʧʦʥʝʥʪʘʤʠ ʻ ʛʝʥʝʨʘʪʦʨ ʦʧʪʠʯʥʦʾ ʯʘʩʪʦʪʥʦʾ ʛʨʝʙʽʥʢʠ ʽ 

ʦʧʪʠʯʥʠʡ ʬʽʣʴʪʨ. ʆʧʪʠʯʥʫ ʯʘʩʪʦʪʥʫ ʛʨʝʙʽʥʢʫ ʦʪʨʠʤʫʶʪʴ ʘʙʦ ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʣʘʟʝʨʥʦʾ ʩʠʩʪʝʤʠ ʽʟ ʩʠʥʭʨʦʥʽʟʘʮʽʻʶ ʤʦʜ, ʘʙʦ ʤʦʜʫʣʷʮʽʻʶ ʙʝʟʧʝʨʝʨʚʥʦʛʦ 

ʧʫʯʢʘ ʣʘʟʝʨʥʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ. ʊʘʢʠʤ ʯʠʥʦʤ, ʛʝʥʝʨʫʶʪʴʩʷ ʙʘʛʘʪʦʯʘʩʪʦʪʥʽ 

ʦʧʪʠʯʥʽ ʩʠʛʥʘʣʠ, ʽʥʪʝʨʚʘʣʠ ʤʽʞ ʷʢʠʤʠ ʨʽʚʥʽ ʤʽʞʤʦʜʦʚʽʡ ʯʘʩʪʦʪʽ  ʜʣʷ ʣʘʟʝʨʽʚ 

ʽʟ ʩʠʥʭʨʦʥʽʟʘʮʽʻʶ ʤʦʜ, ʧʨʠʯʦʤʫ ʚʩʽ ʤʦʜʠ ʩʠʥʭʨʦʥʽʟʦʚʘʥʽ ʧʦ ʬʘʟʽ. ɺʠʜʽʣʝʥʥʷ 

ʪʘ ʢʦʤʙʽʥʘʮʽʷ ʜʚʦʭ ʤʦʜ ʟʜʽʡʩʥʶʻʪʴʩʷ ʤʽʞ ʤʦʜʘʤʠ ʟ ʽʥʪʝʨʚʘʣʦʤ . ʆʩʥʦʚʥʘ 

ʯʘʩʪʦʪʘ  ʟʘʟʚʠʯʘʡ ʟʥʘʭʦʜʠʪʴʩʷ ʚ ʜʽʘʧʘʟʦʥʽ ʚʽʜ 10 ʜʦ 30 ɻɻʮ, ʜʣʷ ʷʢʦʛʦ 

ʦʧʪʠʯʥʽ ʤʦʜʫʣʷʪʦʨʠ ʪʘ ʢʝʨʫʶʯʽ ʝʣʝʢʪʨʦʥʥʽ ʧʨʠʩʪʨʦʾ ʢʦʤʝʨʮʽʡʥʦ ʜʦʩʪʫʧʥʽ, ʽ 

ʬʘʢʪʦʨ ʤʥʦʞʝʥʥʷ N ʤʦʞʝ ʜʦʩʷʛʘʪʠ ʟʥʘʯʝʥʴ ʙʽʣʴʰʝ 50. ʆʩʢʽʣʴʢʠ ʤʦʞʣʠʚʘ 

ʪʦʯʥʘ ʧʝʨʝʙʫʜʦʚʘ  ʟʘ ʜʦʧʦʤʦʛʦʶ ʩʠʥʪʝʟʦʚʘʥʦʛʦ ʛʝʥʝʨʘʪʦʨʘ ʩʠʛʥʘʣʫ, ʪʦ 

ʯʘʩʪʦʪʘ ʩʠʛʥʘʣʫ ʥʘ ʚʠʭʦʜʽ ʤʦʞʝ ʙʝʟʧʝʨʝʨʚʥʦ ʟʤʽʥʶʚʘʪʠʩʴ ʚʽʜ  ʜʦ . 

ʇʨʷʤʝ ʪʘ ʛʝʪʝʨʦʜʠʥʥʝ ʜʝʪʝʢʪʫʚʘʥʥʷ ï ʮʝ ʦʩʥʦʚʥʠʡ ʧʽʜʭʽʜ, ʷʢʠʡ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʜʣʷ ʜʝʪʝʢʪʫʚʘʥʥʷ ʩʠʛʥʘʣʽʚ ʊɻʮ ʜʽʘʧʘʟʦʥʫ. ɺ ʷʢʦʩʪʽ 

ʧʨʠʡʤʘʯʘ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʜʽʦʜʠ ʟ ʙʘʨ`ʻʨʦʤ ʐʦʪʢʽ (ɼɹʐ). ʇʨʷʤʝ 

ʜʝʪʝʢʪʫʚʘʥʥʷ ʻ ʥʘʡʙʽʣʴʰ ʨʦʟʧʦʚʩʶʜʞʝʥʠʤ ʤʝʪʦʜʦʤ ʜʣʷ ʚʠʤʽʨʫ ʘʤʧʣʽʪʫʜʠ 

ʘʙʦ ʧʦʪʫʞʥʦʩʪʽ ʊɻʮ ʩʠʛʥʘʣʽʚ. ɺ ʩʚʦʶ ʯʝʨʛʫ, ʛʝʪʝʨʦʜʠʥʥʝ ʜʝʪʝʢʪʫʚʘʥʥʷ ʥʘ 

ʦʩʥʦʚʽ ʟʤʽʰʫʚʘʯʘ ɼɹʐ ʽ ʤʽʩʮʝʚʦʛʦ ʛʝʥʝʨʘʪʦʨʘ ʢʦʣʠʚʘʥʴ ʥʘʜʘʻ ʙʽʣʴʰʫ 

ʯʫʪʣʠʚʽʩʪʴ ʽ ʬʘʟʦʚʫ ʽʥʬʦʨʘʤʮʽʶ ʧʨʦ ʊɻʮ ʩʠʛʥʘʣ. 

ɺʠʩʥʦʚʦʢ. ɺ ʜʘʥʽʡ ʨʦʙʦʪʽ ʦʧʠʩʘʥʽ ʦʩʥʦʚʥʽ ʪʝʥʜʝʥʮʽʾ ʨʦʟʚʠʪʢʫ ʪʘ ʧʽʜʭʦʜʠ 

ʜʦ ʧʦʙʫʜʦʚʠ ʚʠʩʦʢʦʰʚʠʜʢʽʩʥʠʭ ʙʝʟʧʨʦʚʦʜʦʚʠʭ ʤʝʨʝʞ ʥʘʩʪʫʧʥʦʛʦ ʧʦʢʦʣʽʥʥʷ. 

ɹʫʣʦ ʨʦʟʢʨʠʪʦ ʧʨʠʥʮʠʧʠ ʪʘ ʧʽʜʭʦʜʠ ʜʦ ʧʦʙʫʜʦʚʠ ʧʨʠʡʤʘʣʴʥʠʭ ʪʘ 

ʧʝʨʝʜʘʚʘʣʴʥʠʭ ʧʨʠʩʪʨʦʾʚ ʊɻʮ ʜʽʘʧʘʟʦʥʫ, ʪʦʤʫ ʱʦ ʜʘʥʠʡ ʜʽʧʘʟʦʥ ʻ ʦʜʥʠʤ ʽʟ 

ʥʘʡʧʝʨʩʧʝʢʪʠʚʥʽʰʠʭ ʜʣʷ ʨʦʟʚʠʪʢʫ ʙʝʟʧʨʦʚʦʜʦʚʠʭ ʤʝʨʝʞ ʟʽ ʰʚʠʜʢʽʩʪʶ 

ʧʝʨʝʜʘʯʽ ʜʘʥʠʭ ʜʦ 10 ɻʙʽʪ/ʩ. ɿʚʘʞʘʶʯʠ ʥʘ ʚʩʝ ʚʠʱʝ ʩʢʘʟʘʥʝ, ʩʘʤʝ ʊɻʮ 

ʜʽʘʧʘʟʦʥ ʟʘʜʦʚʦʣʴʥʷʻ ʦʩʥʦʚʥʽ ʪʝʭʥʽʯʥʽ ʪʘ ʝʢʦʥʦʤʽʯʥʽ ʧʦʢʘʟʥʠʢʠ ʜʣʷ 

ʚʧʨʦʚʘʜʞʝʥʥʷ ʤʝʨʝʞ ʧʦ ʧʝʨʝʜʘʯʽ ʚʽʜʝʦʧʦʪʦʢʽʚ ʚʠʩʦʢʦʾ (HDTV) ʪʘ ʥʘʜʚʠʩʦʢʦʾ 

ʷʢʦʩʪʽ (UHDTV). 
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ʇʈʆɽʂʊʋɺɸʅʅʗ ʊɸ ʆʇʊʀʄɯɿɸʎɯʗ ɼɺʆʈɽɿʆʅɸʊʆʈʅʆɰ  

ɼʈʋʂʆɺɸʅʆɰ ʂʈʋɻʃʆɰ ʇɸʊʏ-ɸʅʊɽʅʀ ɯɿ ɿɸɻʃʀɹʃɽʅʀʄ  

ɾʀɺʃɽʅʅʗʄ ɼʃʗ ʏɸʉʊʆʊʅʆɻʆ ɼɯɸʇɸɿʆʅʋ 2,4 ɻɻʎ 

 

ɿʜʽʡʩʥʝʥʦ ʧʨʦʝʢʪʫʚʘʥʥʷ ʪʘ ʦʧʪʠʤʽʟʘʮʽʶ ʜʚʦʨʝʟʦʥʘʪʦʨʥʦʾ ʜʨʫʢʦʚʘʥʦʾ ʢʨʫʛʣʦʾ ʧʘʪʯ-

ʘʥʪʝʥʠ ʜʽʘʧʘʟʦʥʫ 2.4 ɻɻʮ. ʆʜʠʥ ʨʝʟʦʥʘʪʦʨ ʻ ʘʢʪʠʚʥʠʤ ʪʘ ʟʙʫʜʞʫʻʪʴʩʷ ʤʽʢʨʦʩʤʫʞʢʦʚʦʶ 

ʣʽʥʽʻʶ, ʟʘʛʣʠʙʣʝʥʦʶ ʚ ʥʴʦʛʦ. ɼʨʫʛʠʡ ʨʝʟʦʥʘʪʦʨ ʻ ʧʘʩʠʚʥʠʤ ʪʘ ʟʙʫʜʞʫʻʪʴʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʦʛʦ ʟʚôʷʟʢʫ ʟ ʘʢʪʠʚʥʠʤ ʨʝʟʦʥʘʪʦʨʦʤ. ʇʨʦʚʝʜʝʥʦ ʤʦʜʝʣʶʚʘʥʥʷ ʨʦʙʦʪʠ 

ʘʥʪʝʥʠ ʤʝʪʦʜʦʤ ʩʢʽʥʯʝʥʥʠʭ ʝʣʝʤʝʥʪʽʚ ʚ ʜʽʘʧʘʟʦʥʽ ʨʦʙʦʯʠʭ ʯʘʩʪʦʪ 2.4é2.483 ɻɻʮ. ɺ 

ʨʝʟʫʣʴʪʘʪʽ ʦʧʪʠʤʽʟʘʮʽʾ ʘʥʪʝʥʠ ʟʙʽʣʴʰʝʥʦ ʩʤʫʛʫ ʾʾ ʧʨʦʧʫʩʢʘʥʥʷ ʪʘ ʧʦʢʨʘʱʝʥʦ ʫʟʛʦʜʞʝʥʥʷ ʫ 

ʩʤʫʟʽ ʨʦʙʦʯʠʭ ʯʘʩʪʦʪ. ɺ ʤʝʞʘʭ ʨʦʙʦʯʦʾ ʩʤʫʛʠ ʯʘʩʪʦʪ ʂʉʍ ʨʦʟʨʘʭʦʚʘʥʦʾ ʘʥʪʝʥʠ 

ʟʥʘʭʦʜʠʪʴʩʷ ʚ ʜʽʘʧʘʟʦʥʽ 1é1.2. 

 

Development of mobile communication systems increases the demand for 

small-size and high-performance microwave antennas. Antenna theory is a well-

studied part of microwave engineering, and there are a large number of small-size 

antenna types and design techniques that can be used for their analysis and 

fabrication [1] ï [3]. Nowadays, antenna design is usually an iterative procedure 

involving numerous simulations and optimization of its structure. Most frequently 

used numerical techniques for the full field simulation of antenna structures are the 

finite-element method (FEM) and the finite-difference time-domain method 

(FDTD). The comparison of the analytical model and the FEM simulation was 

done in [4] for a 2.4 GHz single-resonator patch antenna. 

In this paper, a microstrip two-resonator circular inset-fed patch antenna for 

the 2.4 GHz band is designed and simulated using the finite-element method. The 

antenna to be designed shall operate in 2400é2483 MHz frequency range, and 

have low directivity as well as small size to be used in mobile ISM band 

communication systems, such as Wi-Fi. Thus, the operating frequency of the 

antenna was chosen to be f0 = 2442 MHz, which is the center frequency of the 

operating band. Single-resonator patch antennas were considered in [4] ï [5]. 

However, they have a resonance-like frequency response resulting in a small 

bandwidth. In the present research, the second passive patch was added to obtain 

larger operating bandwidth of the antenna. The approach for designing two-

resonator patch antennas, which is used in the present research, is considered in  

[6] ï [7]. 
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As a substrate for the antenna, the RT/Duroid 5880 laminate was used with 

the following parameters: dielectric constant Ůr = 2.2; thickness h = 1.575 mm; 

thickness of the top and bottom copper layers t = 0.018 mm; dissipation is defined 

by tan d = 0.0009. 

The design of the antenna showing the dimensions of the patches is depicted 

in Fig. 1. The antenna was designed so as to be fed by microstrip line. To perform 

the matching between the coaxial feeder and the radiating rectangular patch, the 

end of the coaxial probe should connect to the patch at the point at which its input 

impedance is equal to the characteristic impedance of the coaxial feeder. 

(a) (b)
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Fig.1. Dimensions of a microstrip patch antenna. (a) Dimensions of the microstrip patches.  

(b) Dimensions of the substrate and copper layers. 

 

The design procedure described in [1] and [4] was used to obtain the initial 

values of the dimensions of the patch, which are as follows: radius of the patch 

Rp = 24.6 mm; inset distance d = 18 mm; notch width g = 0.28 mm. The width of 

the feeding line strip was chosen to be W = 4.9 mm in order to perform the 

characteristic impedance of the line to be Z0 = 50 Ý. 

 
 

Fig.2. Model of the antenna. 
 

As a result of the optimization procedure, the following dimensions were 

obtained for the antenna: Rp = 24 mm; Rpp = 26 mm; d = 1 mm; S = 8 mm; 

g = 1.5 mm. In Fig.3, the simulated results for the directivity diagram and the 

frequency responses of the antenna are shown. As it could be seen, the return loss 

is RL = |S11| å -27.2 dB at the operating bandôs left bound (fL = 2.4 GHz), and 

RL = |S11| å -20.5 dB at the bandôs right bound (fR = 2.483 GHz), and  
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RL = |S11| å -22.4 dB at the center frequency f0 = 2.442 GHz. The gain of the 

antenna is G = 6.1 dB. The polarization of the antenna is linear. 

 

E-plane

H-plane

 
 (a) 

 

 
 

(b) 

Fig.3. Characteristics of the antenna. (a) Directivity. (b) Return loss. 
 

The antenna designed in the present research is small-sized and easily 

fabricated. Adding an additional parasitic rectangular patch resonator positioned 

next to the active resonator lead to the relatively high bandwidth of the antenna 

comparing with the one studied in [4]. VSWR value is less than 1.2 within the 

operating bandwidth 2.4é2.483 GHz. 
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ʇʈʆɽʂʊʋɺɸʅʅʗ ʊɸ ʆʇʊʀʄɯɿɸʎɯʗ ɼɺʆʈɽɿʆʅɸʊʆʈʅʆɰ  

ʂʈʋɻʃʆɰ ʇɸʊʏ-ɸʅʊɽʅʀ ɿ ʂʆɸʂʉɯɸʃʔʅʀʄ ɾʀɺʃɽʅʅʗʄ ɼʃʗ 

ʏɸʉʊʆʊʅʆɻʆ ɼɯɸʇɸɿʆʅʋ 2,4 ɻɻʎ 

 

ɿʜʽʡʩʥʝʥʦ ʧʨʦʝʢʪʫʚʘʥʥʷ ʪʘ ʦʧʪʠʤʽʟʘʮʽʶ ʜʚʦʨʝʟʦʥʘʪʦʨʥʦʾ ʢʨʫʛʣʦʾ ʧʘʪʯ-ʘʥʪʝʥʠ ʟ 

ʢʦʘʢʩʽʘʣʴʥʠʤ ʞʠʚʣʝʥʥʷʤ ʜʽʘʧʘʟʦʥʫ 2,4 ɻɻʮ. ʋ ʷʢʦʩʪʽ ʜʽʝʣʝʢʪʨʠʯʥʦʛʦ ʰʘʨʫ ʚʠʢʦʨʠʩʪʘʥʦ 

ʧʦʚʽʪʨʷʥʠʡ ʟʘʟʦʨ, ʧʨʠ ʮʴʦʤʫ ʜʣʷ ʢʨʽʧʣʝʥʥʷ ʝʣʝʤʝʥʪʽʚ ʢʦʥʩʪʨʫʢʮʽʾ ʚʠʢʦʨʠʩʪʘʥʦ ʤʝʪʘʣʝʚʫ 

ʩʪʽʡʢʫ. ʇʨʦʚʝʜʝʥʦ ʤʦʜʝʣʶʚʘʥʥʷ ʨʦʙʦʪʠ ʘʥʪʝʥʠ ʤʝʪʦʜʦʤ ʩʢʽʥʯʝʥʥʠʭ ʝʣʝʤʝʥʪʽʚ ʫ ʩʤʫʟʽ 

ʨʦʙʦʯʠʭ ʯʘʩʪʦʪ 2,4é2,483 ɻɻʮ. ɺ ʨʝʟʫʣʴʪʘʪʽ ʦʧʪʠʤʽʟʘʮʽʾ ʘʥʪʝʥʠ ʟʙʽʣʴʰʝʥʦ ʩʤʫʛʫ ʾʾ 

ʧʨʦʧʫʩʢʘʥʥʷ ʟʘ ʨʘʭʫʥʦʢ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʦʛʦ ʟʚôʷʟʢʫ ʤʽʞ ʘʢʪʠʚʥʠʤ ʪʘ ʧʘʩʠʚʥʠʤ 

ʨʝʟʦʥʘʪʦʨʘʤʠ ʘʥʪʝʥʠ. ɺ ʤʝʞʘʭ ʨʦʙʦʯʦʾ ʩʤʫʛʠ ʯʘʩʪʦʪ ʂʉʍ ʨʦʟʨʘʭʦʚʘʥʦʾ ʘʥʪʝʥʠ ʧʝʨʝʙʫʚʘʻ 

ʚ ʜʽʘʧʘʟʦʥʽ 1é1,23. 

 

Development of mobile communication systems and IoT-devices increases 

the demand for small-size and high-performance microwave antennas. At present, 

antenna theory is well-studied part of microwave engineering covering a large 

number of small-size antenna types and design techniques that can be used [1] ï 

[3]. Antenna design is typically an iterative procedure involving numerous 

simulations to optimize its parameters. 

In this paper, a circular coaxial-fed air-dielectric patch antenna for 2.4 GHz 

band with two patches is designed and simulated using the finite-element method. 

The antenna to be designed shall operate in 2400é2483 MHz frequency range, 

and have low directivity as well as small size to be used in mobile ISM band 

communication systems, such as Wi-Fi. Thus, the operating frequency of the 

antenna was chosen to be f0 = 2442 MHz, which is the center frequency of the 

operating band. The design of single resonator air-dielectric patch antennas is 

considered in [4] ï [5]. In the present research, the second parasitic resonator was 

added to obtain enhanced operating bandwidth. The approach for designing two-

resonator patch antennas, which is used in the present research, is considered in [6] 

ï [7]. 

To enhance the antenna bandwidth, the air was used as a dielectric between 

the ground plane and the patch. Aluminium was chosen as a material of which 

conducting parts of the antenna are made. Thus, the parameters of the layers are as 

follows: dielectric constant Ůr = 1; thickness hp = 6 mm; thickness of the top and 

bottom aluminium layers t = 0.5 mm. 

The design of the antenna with the dimensions of the patches is depicted in 

Fig. 1. The antenna was designed so as to be fed by coaxial line. To perform the 
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matching between the coaxial feeder and the radiating rectangular patch, the end of 

the coaxial probe should connect to the patch at the point at which its input 

impedance is equal to the characteristic impedance of the coaxial feeder. 
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Fig.1. Dimensions of a microstrip patch antenna. (a) Dimensions of the microstrip patch. (b) 

Dimensions of the substrate and aluminium layers. 

 

The design procedure described in [1] ï [3] was used to obtain the initial 

values of the dimensions of the patch, which are as follows: Radius of the patch 

Rp = 32 mm; inset distance d = 16.5 mm. As a coaxial feed, the model of SMA 

connector was used. Thus, the inset distance should correspond to the point at 

which the input impedance of the patch is equal to Z0 = 50 Ý. 

These values were used for preparing the 3D model of the antenna shown in 

Fig. 2. A parasitic resonator was added to antenna, and the whole structure was 

simulated using finite-element numerical method. Single-resonator patch antennas 

were considered in [4] ï [5]. However, they have a resonance-like frequency 

response. Adding of additional resonator allows to increase antenna bandwidth. 

 

 

 

(a) (b) 
Fig.2. Model of the antenna. (a) Upper view. (b) Side view. 

 

As the result of the optimization procedure, the following dimensions were 

obtained for the antenna: Rp = 35 mm; Rpp = 27 mm; d = 13 mm. In Fig.3, the 

simulated results for the directivity diagram and the frequency response of the 

antenna are shown. As it could be seen, the return loss is RL = |S11| å -19.5 dB at 

the bandôs left bound (fL = 2.4 GHz), and RL = |S11| å -29.4 dB at the bandôs right 

bound (fR = 2.483 GHz), and RL = |S11| å -26.3 dB at the center frequency 
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f0 = 2.442 GHz. The gain of the antenna is G = 7.3 dB. The polarization of the 

antenna is linear with E vector oriented in XZ-plane, as shown in Fig. 2. 

 

E-plane

H-plane

 
 (a) 

 
(b) 

Fig.3. Characteristics of the antenna. (a) Directivity. (b) Return loss. 
 

The antenna designed in the present research is small-sized and easily 

fabricated. Adding a parasitic resonator as small value of dielectric constant Ů = 1 

lead to the relatively large bandwidth of the antenna comparing with the one 

studied in [5]. VSWR value is less than 1.23 within the operating bandwidth 

2.4é2.483 GHz. 
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ʄʆɼɽʃʖɺɸʅʅʗ ʊʈʀʇʃɽʂʉɽʈɯɺ ɼʃʗ  

ʆʇʊʀʏʅʀʍ ʉʀʉʊɽʄ ɿɺôʗɿʂʋ 
 

ɼʦʩʣʽʜʞʝʥʦ ʥʦʚʽ ʩʪʨʫʢʪʫʨʠ ʪʨʠʧʣʝʢʩʝʨʽʚ, ʧʦʙʫʜʦʚʘʥʠʭ ʥʘ ʩʠʩʪʝʤʘʭ 

ʚʽʜʦʤʠʭ Ad-drop ʬʽʣʴʪʨʽʚ ʟ ʨʝʟʦʥʘʪʦʨʘʤʠ ʰʝʧʦʯʫʯʦʾ ʛʘʣʝʨʝʾ ʦʧʪʠʯʥʦʛʦ 

ʜʽʘʧʘʟʦʥʫ ʜʦʚʞʠʥ ʭʚʠʣʴ. ʇʦʙʫʜʦʚʘʥʽ ʝʣʝʢʪʨʦʜʠʥʘʤʽʯʥʽ ʤʦʜʝʣʽ ʪʨʠʧʣʝʢʩʝʨʽʚ. 

ʈʦʟʨʘʭʦʚʘʥʦ ʯʘʩʪʦʪʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ S-ʤʘʪʨʠʮʽ. ʇʦʢʘʟʘʥʦ ʤʦʞʣʠʚʽʩʪʴ 

ʜʦʩʷʛʥʝʥʥʷ ʧʨʠʡʥʷʪʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʨʦʟʩʽʶʚʘʥʥʷ.       

 

Add-drop filters based on microcavities with whispering gallery oscillations 

attract close attention of researchers and developers for constructing multiplexers 

of various types of optical communication systems [1 - 6]. The main difficulty in 

describing the processes of wave scattering in Add-drop filters is the presence of a 

doubled number of coupled oscillations due to their degeneracy. At the same time, 

the indicated degeneracy of natural oscillations leads to specific scattering effects, 

which makes it possible to build new types of filters and multiplexers based on 

them. This report presents the results of studies of new types of compact triplexers 

for integrated circuits of optical communication systems. 

 

 
Fig. 1. The structure of the triplexer built on crossed optical waveguides and 3+3  

microcavities (a). Frequency characteristic of the S-matrix (b - d) of the triplexer (a).  

 

As follows from [7], the smallest pulse distortion occurs in filters with a 

sequential placement of microresonators. On the basis of the developed theory of 

electromagnetic modeling of Add-drop filters [8, 9], new structures of coupled 

microcavities for the construction of integrated triplexers are considered. 
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In Fig. 1 a shows the structure of the triplexer built on crossed optical 

waveguides. This triplexer consists of two Add-drop filters, each of which has an 

odd number of microcavities. The first bandwidth of the triplexer between ports 1-

2 is formed due to the side slopes of the frequency response of the filters (Fig. 1, 

b). The second and third bandwidths are formed between ports 1-3 and 1-4 and 

determined by the Add-drop filters themselves. Coupling coefficients between 

resonators with even types of oscillations; 
e 4

s,s 1k 2 10-+= Ö  with odd oscillations 

o 4

s,s 1k 2 10-+=- Ö . Coupling coefficients of microresonators with lines of resonators 

with even types of oscillations e 4k 2 10-= Ö ; for odd types of oscillations 
o 4k 1,9 10-= Ö . Q-factor of dielectric of resonators 

6

DQ 10= ; coupling coefficients 

with open space 
7

OSk 10-= . "Center frequency" 0f 200= THz; band between center 

frequencies of the filters f 0,124D = THz. The frequency characteristics of the 

triplexer are shown in Fig. 1, b - d. 

  

 
Fig. 2. The structure of the triplexer built on parallel optical waveguides.  

and 9 microcavities (a). Frequency characteristic of the scattering (b - d). 

 

In Fig. 2 a shows the structure of the triplexer of the second type, performed 

on parallel optical integrated waveguides 1-2, 3-4. It is proposed to build this type 

of triplexers from two Ad-drop filters containing the number of microcavities of 

different parity. The transmission bands of such a triplexer for 5 and 4 

microcavities are shown in Fig. 2, b-d. In the simulation, it was assumed that the 

coefficients of mutual coupling of Add-drop filters between resonators with even 

types of oscillations 
e 4

s,s 1k 1,3 10-+= Ö ; with odd fluctuations 
o 4

s,s 1k 1,3 10-+=- Ö . 

Coupling coefficients of microresonators with lines for even types of oscillations 
e 5k 9 10-= Ö ; for odd types of oscillations o 5k 8 10-= Ö . Q-factor of dielectric of 

resonators 
6

DQ 10= ; coupling coefficients of microcavities with open space 

7

OSk 10-= ."Center frequency" 0f 200= THz; approximate bandwidth between 

center frequencies of THz filters f 0,1D = THz.   

The electromagnetic modeling of triplexers, carried out on the basis of the 

theory [8], showed an acceptable amount of isolation between the channels. 
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The bandwidths and barriers of both types of triplexers are adjusted 

independently of each other with a sufficiently large detuning of the bandwidth of 

the outer channels.  The main difficulty in tuning is to achieve an acceptable 

crosstalk between channels. As follows from the results of the performed 

optimization, the frequency response of the crosstalk between channels 1-3, 1-4 of 

the first type triplexer (fig. 1, a) exceeds 40 dB, and the crosstalk attenuation of the 

second type triplexer (fig. 2, a) is about 30 dB. 

A new structure of triplexers based on crossed and parallel optical 

waveguides is proposed. Triplexers of the first type are built on filters with an odd 

number of microcavities. Triplexers of the second type are built on filters with a 

number of microresonators of different parity. The constructed electromagnetic 

models of triplexers make it possible to determine in advance the number of 

microcavities, as well as the dimensions of the structure according to the required 

scattering characteristics. The proposed structures are characterized by more 

compact dimensions in comparison with structures of the type: one channel - one 

filter. 
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ʄʆɼɽʃʖɺɸʅʅʗ ʆʇʊʀʏʅʀʍ ʊʆʇʆʃʆɻɯʏʅʀʍ ɯɿʆʃʗʊʆʈɯɺ ʅɸ 

ʈɽʐɯʊʂɸʍ ɿɺôʗɿɸʅʀʍ ɼɯɽʃɽʂʊʈʀʏʅʀʍ ʈɽɿʆʅɸʊʆʈɯɺ 
 

ʇʦʙʫʜʦʚʘʥʽ ʝʣʝʢʪʨʦʜʠʥʘʤʽʯʥʽ ʤʦʜʝʣʽ ʩʢʣʘʜʥʠʭ ʨʝʰʽʪʦʢ, ʱʦ 

ʭʘʨʘʢʪʝʨʠʟʫʶʪʴʩʷ ʚʣʘʩʪʠʚʦʩʪʷʤʠ ʪʦʧʦʣʦʛʽʯʥʠʭ ʽʟʦʣʷʪʦʨʽʚ. ɼʦʩʣʽʜʞʝʥʽ 

ʤʘʪʨʠʮʽ ʨʦʟʩʽʶʚʘʥʥʷ. ɸʥʘʣʽʟʫʶʪʴʩʷ ʬʽʟʠʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ, ʩʤʫʛʠ ʯʘʩʪʦʪ, ʪʘ 

ʨʦʟʧʦʜʽʣ ʘʤʧʣʽʪʫʜ ʚʠʤʫʰʝʥʠʭ ʢʦʣʠʚʘʥʴ, ʷʢʽ ʦʙʫʤʦʚʣʶʶʪʴ ʩʧʝʮʠʬʽʯʥʽ 

ʚʣʘʩʪʠʚʦʩʪʽ ʪʦʧʦʣʦʛʽʯʥʠʭ ʽʟʦʣʷʪʦʨʽʚ. 

 

As shown by the results of studies carried out in recent years, some lattices of 

dielectric microcavities with whispering gallery oscillations have a number of 

exotic physical properties [1 - 3]. One of these unusual properties is the possibility 

of propagation of electromagnetic oscillations (photons) along the "surface" of the 

lattice. Such structures in optics and solid state physics are called topological 

insulators. The nature of optical topological insulators is not fully understood. To 

clarify the physical mechanisms of surface propagation of photons, in the proposed 

work an electromagnetic model of the lattice is constructed, based on the concept 

of degenerate oscillations of its constituent microcavities. In works [2, 3], similar 

effects have already been considered, but based on the use of numerical modeling 

methods, which does not allow judging the nature of this phenomenon. 

Confirmation of the effects of surface propagation of electromagnetic waves in 

resonators with degenerate oscillations will make it possible to speak more 

confidently about the possible mechanism of wave propagation in optical 

topological insulators of this type. 

 In order to clarify in more detail the properties of topological insulators, we 

built electromagnetic models of the currently known arrays of coupled dielectric 

ring resonators, shown in Fig. 1, a.   It was assumed that these gratings are 

connected to the input 1-2 and output 3-4 optical transmission lines. First, we 

considered the transfer coefficients between ports 1-2, 1-3, 1-4 (Figs. 1, b), then 

the distribution of the amplitudes of forced oscillations of the resonators was 

calculated in each passband of the structure. 

It was assumed that the coefficients of mutual coupling between adjacent 

microresonators are known; not adjacent microresonators are not coupled. In each 

of the microresonators, two types of degenerate natural oscillations are excited, 

characterized by different parity with respect to a given coordinate system. To 

calculate the scattered field by the lattice, we used the perturbation theory [6]. 
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Fig. 1. Square lattice of optical microcavities with whispering gallery oscillations (a).  

Attenuation between ports 1 - 4 of the lattice (b). Distribution modulus amplitudes  

of the forced oscillations of the lattice at the central wavelength (c). 

 

Q-factor of dielectric of resonators 
10

DQ 10= ; open space coupling 

coefficients 
6

OSk 10-= ; coupling coefficients of microresonators with lines 
e o 4k k 3 10-= = Ö ; mutual coupling coefficients between resonators with even types 

of oscillations 
e 5

s,s 1k 5 10-+= Ö ; with odd types of oscillations 
o 5

s,s 1k 2 10-+=- Ö. 

 

 
Fig. 2. Square lattice of various cylindrical DRs with main types of oscillations 01H d and  

different compression ratios (a) (
1r 36e = ; 5

DQ 10= ; 1 1 1L / 2r 0,3D = = ; 2 2 2L / 2r 1D = =;  

sL - height; s2r - DR diameter (s 1,2= )). Attenuation between ports 1 - 2 of the lattice (a). 

Distribution modulus amplitudes (c) of the forced oscillations of the lattice at the  

wavelength 36,72 mm (b). 

 

The obtained simulation results showed that at the wavelength of natural 

oscillations 
0 1,5l = mm shown by the red line in Fig. 1, c, the distributions of the 

amplitudes of the field of microcavities approximately correspond to the wave 

propagation characteristic of optical topological insulators (Figs. 1, c). However, 

already at detuning from the central transmission band, the distribution of the 

amplitudes of the microcavities becomes chaotic. For gratings of the considered 

type, the bands of surface wave propagation are relatively narrow (Figs. 1, b), but 

losses during surface propagation are minimal.  



 77 

At present, gratings with the properties of optical topological insulators are 

known only with resonator vacancies at the sites (Fig. 1, a). The presence of such 

vacancies inside the lattice suggests its spatial inhomogeneities.  

As noted earlier in [4, 5], spatially inhomogeneous lattices also have unusual 

electromagnetic properties, somewhat similar to those of topological insulators 

(see figs. 2, 3). In contrast to topological insulators, resonators of spatially 

inhomogeneous lattices can also exhibit no degenerate oscillations. The 

propagation of oscillations in such gratings is determined only by the 

inhomogeneity of their structure. 
 

 
Fig. 3. Square lattice of various spherical DRs with main types of nondegenerate oscillations  

101H  (a) ( 1r 81e = ; 1r 36e = ). Attenuation between ports 1 - 2 of the lattice (a). Distribution  

modulus amplitudes (c) of the forced oscillations at the wavelength 85,35 mm (b). 

 

Thus, the simulation data obtained makes it possible to assert with a high degree 

of confidence that the unusual properties of optical topological insulators of this 

type are due to the effects of the interaction of degenerate oscillations that occur in 

dielectric resonators with whispering gallery waves, as well as the possible 

inhomogeneities of their structure. It should be noted that we have identified only 

one passband with minimal losses, on which the effect of surface wave propagation 

takes place.  
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ʈʆɿʉɯʖɺɸʅʅʗ ʇʃɸʉʂʀʍ ɽʃɽʂʊʈʆʄɸɻʅɯʊʅʀʍ  

ʍɺʀʃʔ ʇʉɽɺɼʆʆɹɽʈʊɸʃʔʅʀʄʀ ʈɽʐɯʊʂɸʄʀ  

ʎʀʃɯʅɼʈʀʏʅʀʍ ɼɯɽʃɽʂʊʈʀʏʅʀʍ ʈɽɿʆʅɸʊʆʈɯɺ 
 

ʈʦʟʛʣʷʜʘʻʪʴʩʷ ʟʘʜʘʯʘ ʨʦʟʩʽʶʚʘʥʥʷ ʧʣʘʩʢʠʭ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʠʭ ʭʚʠʣʴ ʥʘ 

ʨʝʰʽʪʢʘʭ ʧʩʝʚʜʦʦʙʝʨʪʘʥʠʭ ʜʽʝʣʝʢʪʨʠʯʥʠʭ ʨʝʟʦʥʘʪʦʨʽʚ (ɼʈ) ʮʠʣʽʥʜʨʠʯʥʦʾ 

ʬʦʨʤʠ ʟ ʥʠʞʯʠʤʠ ʢʦʣʠʚʘʥʥʷʤʠ ʤʘʛʥʽʪʥʦʛʦ ʪʠʧʫ. ɸʥʘʣʽʟʫʶʪʴʩʷ ʦʩʦʙʣʠʚʽ 

ʚʠʧʘʜʢʠ ʨʦʟʩʽʶʚʘʥʥʷ, ʢʦʣʠ ʚʽʩʽ ʨʝʟʦʥʘʪʦʨʽʚ ʢʦʣʽʥʝʘʨʥʽ ʟ ʚʝʢʪʦʨʦʤ 

ʨʦʟʧʦʚʩʶʜʞʝʥʥʷ ʧʘʜʘʶʯʦʾ ʭʚʠʣʽ, ʘʙʦ ʥʘʧʨʘʚʣʝʥʽ ʫ ʥʘʧʨʷʤʢʫ ʚʽʜʙʠʪʦʾ ʭʚʠʣʽ.  

 

Various periodic structures with Dielectric Resonators (DR) enhance the 

control of the scattered field [1-2, 4].  

Pseudo-rotations of dielectric resonators with no degenerate oscillations in 

lattices can also lead to a number of interesting cases, determined by the degree of 

their coupling with the incident and scattered waves. By pseudo-rotation we mean 

a nontrivial rotation of the axes of the DR in which the relative spatial orientation 

of the resonators remains constant. 

 

 
 

Fig. 1. Rotation of a cylindrical DR relative to a given coordinate system (x, y,z)  (a).  

Dependences of the c-functions of the magnetic oscillation 
10H d

of a cylindrical DR on the 

directions of incidence of a plane wave in spherical coordinates for p-scattering (b): 
R / 4J =p; 

R / 4j =pfor s-scattering (d): 
R / 4J =p; 

R 0j =. Dependences of zero values of c-functions on 

the angles of incidence of a plane wave in the case of s-scattering for 
R / 4J =p;  

R 0j = (curve 1 (c)); 
R / 4J =p; 

R / 4j =p (curve 2 (c)); 
R / 4J =p; 

R / 2j =p (curve3 (c)); 

R / 4J =p; 
R 3 / 4j = p (curve 4 (c)). 
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The first special case of scattering occurs when the conditions are satisfied 

under which all resonators of the array are not coupled with the incident wave. 

Then the dielectric structure interacts with the incident field only in a nonresonant 

manner, which leads to the effect of quasi-complete transmission of the field 

through the grating. A similar effect was first observed by Malyuzhinets for 

scattering dielectric and metal bars by gratings [3 - 5].    

The second special case of scattering occurs when the axes of the resonators 

are oriented in space in such a way that the direction of the ñzeroò field in the wave 

zone of each of them coincides with the ñangles of reflectionò of the incident wave.  

Both of these cases are determined by the properties of the so-called ʩ-

function, which determines the relationship between the field of a plane wave and 

the field of a dielectric resonator of a given orientation [7]. 

For the main natural oscillations of cylindrical DRs 10H d, we have found a 

general analytical expression for the c-function in the case of rotating resonators:  
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Where Hn , kn (sin cos ,sin sin ,cos )p p p p p= J j J j J,  

R R R R R Rn (sin cos ,sin sin ,cos )= J j J j J - is the unit vectors determining the 

direction of the magnetic field, the direction of propagation of the incident wave, 

and the axis of the DR in a spherical coordinate system (fig. 1, a), respectively. 

Here 
0p r^=b; 

z zp L / 2=b ; b, zb - transverse and longitudinal wave numbers, 

which determine the field of natural oscillations of the DR [7],  
0 0q k r^= ; 

z 0q k L / 2= ;  

0r  - radius; L - height DR; 
0k / c=w ; 1 0 1rk k= e; 

1re- relative dielectric constant 

of the resonator. 

As follows from (1), in the case 

p-scattering dielectric resonators of the lattice are not coupled with the incident 

wave ( 0+=tc ) if  

Rpj =j (2) 
 

For s-scattering 

R Rtg( )ctg cos( )p pJ J = j +j. (3) 
 

or, in a particular case, if 

Rpj =-j   and    Rpq =q; (4) 
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Fig. 2. Square lattices of various orientations of pseudo-rotatable cylindrical DRs -  a - c. 

Angular dependences of the modulus of the scattering amplitude f , ,p pq j q j for 3 / 4pJ = p; 

pj =p and 
R / 4J =p; 

R 0j = - (d) for s-scattering. (Straight lines show the direction of the 

incident wave). 

 

The numerical solution of equation (3) is shown in Fig. 1c, for different 

directions of the DR axis; the dependencies 
2

+

tc  for p and s scattering on the 

angles of incidence( , )p pJ j   for 
R R( , ) ( / 4, / 4)J j = p p are shown in fig. 1, b, d  

respectively. 

Coupling reaches its maximum in case 

 p-scattering, if 
 

R / 2q =p and R / 2pj =j °p; (5) 
 

and for s-scattering: 

R 0;2pj +j = p and R / 2pq -q =p, (6) 
 

or 

Rpj +j =p and R / 2pq +q =p. (7) 
 



 81 

Calculation of the scattering amplitude in the wave zone of one- and two-layer 

lattices in the case of coincidence of the direction of the minimum radiation of the 

resonators with the ñangles of reflectionò of the incident wave, are shown in  

Fig. 2, c, d. 

Thus, the performed studies of the c-functions in the general case make it 

possible to determine the conditions for the quasi-complete propagation of 

scattered waves through the gratings of pseudo rotated cylindrical DRs with a 

fundamental oscillation 10H d similar to the Malyuzhinets effect. 

It was found that the effect of quasi-complete passage of the incident wave 

through the DR grating occurs when one of the conditions:  

If the direction of the minimum radiation of the resonators coincides with the 

direction of propagation of the reflected wave.  

In the case of vanishing of all the ʩ-functions of the resonators. For the main 

types of oscillations, 10H d the specified condition is realized when one of the 

equations (2-3) is fulfilled.  
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WAYS TO REDUCE INTERFERENCE IN LIFI NETWORKS  

 
The concept of intercellular interference CCI, which is the main obstacle in the LiFi 

network, is described. Also described effective techniques to counteract this interference. 

 

ɺ ʜʘʥʠʡ ʯʘʩ ʥʘʡʙʽʣʴʰ ʟʨʫʯʥʠʤʠ ʜʣʷ ʢʦʨʠʩʪʫʚʘʯʽʚ ʻ ʙʝʟʜʨʦʪʦʚʽ ʤʝʨʝʞʽ. 

ʇʨʠ ʮʴʦʤʫ ʙʝʟʜʨʦʪʦʚʠʡ ʜʦʩʪʫʧ ʤʦʞʝ ʙʫʪʠ ʟʘ ʜʦʧʦʤʦʛʦʶ ʪʝʭʥʦʣʦʛʽʾ Wi-Fi ʘʙʦ 

ʪʝʭʥʦʣʦʛʽʾ LiFi. ʅʘʡʙʽʣʴʰ ʧʝʨʩʧʝʢʪʠʚʥʠʤ ʻ ʙʝʟʜʨʦʪʦʚʠʡ ʜʦʩʪʫʧ ʽʟ 

ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʪʝʭʥʦʣʦʛʽʾ LiFi. ʋ ʮʠʭ ʤʝʨʝʞʘʭ ʰʚʠʜʢʽʩʪʴ ʧʝʨʝʜʘʯʽ ʤʦʞʝ ʙʫʪʠ 

ʧʽʜʚʠʱʝʥʘ ʫ ʢʽʣʴʢʘ ʪʠʩʷʯ ʨʘʟʽʚ ʧʦʨʽʚʥʷʥʦ ʟ ʪʨʘʜʠʮʽʡʥʠʤʠ ʤʝʨʝʞʘʤʠ 

ʨʘʜʽʦʜʦʩʪʫʧʫ. ʋ ʩʪʘʪʪʽ ʙʫʜʝ ʨʦʟʛʣʷʜʘʪʠʩʷ ʤʝʪʦʜ ʟʤʝʥʰʝʥʥʷ ʧʝʨʝʰʢʦʜ ʫ 

ʙʝʟʜʨʦʪʦʚʠʭ ʤʝʨʝʞʘʭ ʨʘʜʽʦʜʦʩʪʫʧʫ ʥʘ ʪʝʭʥʦʣʦʛʽʾ LiFi 

ɹʝʟʜʨʦʪʦʚʽ ʣʽʥʢʠ, ʱʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʦʜʠʥ ʽ ʪʦʡ ʞʝ ʨʝʩʫʨʩ ʧʝʨʝʜʘʯʽ, 

ʙʫʜʫʪʴ ʟʘʚʘʞʘʪʠ ʦʜʠʥ ʦʜʥʦʤʫ. ʇʦ-ʧʝʨʰʝ, ʢʦʨʠʩʪʫʚʘʯʽ ʚ ʩʫʩʽʜʥʽʭ ʢʦʤʽʨʢʘʭ 

ʤʦʞʫʪʴ ʜʽʣʠʪʠ ʦʜʠʥ ʨʝʩʫʨʩ ʧʝʨʝʜʘʯʽ ʜʘʥʠʭ. ʋ ʮʴʦʤʫ ʚʠʧʘʜʢʫ ʚʠʥʠʢʘʶʪʴ 

ʤʽʞʩʪʽʣʴʥʠʢʦʚʽ ʧʝʨʝʰʢʦʜʠ ʄʉʇ (ʨʠʩ.1) ʚ ʤʝʨʝʞʽ LIFI. ɿʘʚʘʜʘ ʢʦʨʠʩʪʫʚʘʯʽʚ 

ʦʜʠʥ ʦʜʥʦʤʫ ʤʘʻ ʥʘʟʚʫ ʚʥʫʪʨʽʰʥʴʦʢʣʽʪʠʥʥʘ ʽʥʪʝʨʬʝʨʝʥʮʽʷ. ʑʦʙ ʟʙʽʣʴʰʠʪʠ 

ʩʫʢʫʧʥʫ ʧʨʦʧʫʩʢʥʫ ʟʜʘʪʥʽʩʪʴ ʤʝʨʝʞʽ Li-Fi, ʙʘʞʘʥʝ ʱʽʣʴʥʝ ʧʨʦʩʪʦʨʦʚʝ 

ʧʦʚʪʦʨʥʝ ʚʠʢʦʨʠʩʪʘʥʥʷ ʧʝʨʝʜʘʚʘʣʴʥʠʭ ʨʝʩʫʨʩʽʚ. ʆʪʞʝ, ʤʽʞʢʣʽʪʠʥʥʽ 

ʧʝʨʝʰʢʦʜʠ ʩʪʘʶʪʴ ʦʙʤʝʞʫʚʘʣʴʥʠʤ ʬʘʢʪʦʨʦʤ, ʱʦ ʚʠʟʥʘʯʘʻ ʟʘʛʘʣʴʥʫ 

ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ Li-Fi ʤʝʨʝʞ. ʄʉʇ ʧʦʣʝʛʰʫʻʪʴʩʷ ʚʽʜʧʦʚʽʜʥʠʤʠ ʪʝʭʥʽʢʘʤʠ 
ʢʦʦʨʜʠʥʘʮʽʾ ʽʥʪʝʨʬʝʨʝʥʮʽʾ.  
 

 
ʈʠʩ.1. ʄʽʞʩʪʽʣʴʥʠʢʦʚʘ ʧʝʨʝʰʢʦʜʘ (ʄʉʇ). 
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ʗʢ ʚʘʨʽʘʥʪ, ʤʦʞʣʠʚʝ ʚʠʢʦʨʠʩʪʘʥʥʷ ʩʪʽʣʴʥʠʢʦʚʦ-ʦʨʽʻʥʪʦʚʘʥʦʾ 

ʘʨʭʽʪʝʢʪʫʨʠ. ʊʘʢʠʡ ʧʽʜʭʽʜ ʜʠʥʘʤʽʯʥʦ ʨʝʛʫʣʶʻ ʪʦʧʦʣʦʛʽʶ ʤʝʨʝʞʽ ʥʘ ʦʩʥʦʚʽ 

ʧʦʧʠʪʫ ʢʦʨʠʩʪʫʚʘʯʘ. ʅʘʧʨʠʢʣʘʜ, ʷʢʱʦ ʥʝʤʘʻ ʞʦʜʥʦʛʦ ʢʦʨʠʩʪʫʚʘʯʘ ʚ ʤʝʞʘʭ 

ʧʦʢʨʠʪʪʷ ʪʦʯʢʠ ʜʦʩʪʫʧʫ Li-Fi, ʮʷ ʪʦʯʢʘ ʜʦʩʪʫʧʫ ʤʦʞʝ ʚʠʤʢʥʫʪʠ ʩʚʦʶ 

ʬʫʥʢʮʽʶ ʟʚ'ʷʟʢʫ ʪʘ ʜʽʷʪʠ ʣʠʰʝ ʷʢ ʟʚʠʯʘʡʥʘ ʣʘʤʧʦʯʢʘ. ʎʝ ʤʦʛʣʦ ʙ ʜʦʧʦʤʦʛʪʠ  

ʫʥʠʢʥʫʪʠ ʚʪʨʫʯʘʥʥʷ ʚ ʩʫʩʽʜʥʽ ʢʣʽʪʠʥʠ. 

ʈʦʟʛʣʷʥʝʤʦ ʚʠʧʘʜʢʠ, ʢʦʣʠ ʢʣʽʪʠʥʠ ʚʩʝ ʞ ʪʘʢʠ ʧʨʘʮʶʶʪʴ ʦʜʥʦʯʘʩʥʦ. ɼʣʷ 

ʪʦʛʦ, ʱʦʙ ʟʤʝʥʰʠʪʠ ʚʧʣʠʚ ʄʉʇ, ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʨʽʟʥʽ ʪʝʭʥʽʢʠ 

ʧʦʤôʷʢʰʝʥʥʷ ʤʽʥʽʤʽʟʘʮʽʾ ʧʝʨʝʰʢʦʜ. 

ʆʜʠʥ ʽʟ ʤʝʪʦʜʽʚ ï ʨʦʟʜʽʣʝʥʥʷ ʨʝʩʫʨʩʽʚ ʧʦ ʩʪʽʣʴʥʠʢʘʭ. ʋ ʮʴʦʤʫ ʩʧʦʩʦʙʽ 

ʜʦʩʪʫʧʥʘ ʧʝʨʝʜʘʯʘ ʨʝʩʫʨʩʽʚ ʨʦʟʜʽʣʝʥʘ ʥʘ ʢʽʣʴʢʘ ʙʣʦʢʽʚ. ʎʽ ʙʣʦʢʠ ʨʝʩʫʨʩʽʚ 

ʧʨʠʟʥʘʯʘʶʪʴʩʷ ʢʦʨʠʩʪʫʚʘʯʘʤ ʪʘʢʠʤ ʯʠʥʦʤ, ʱʦ ʩʫʩʽʜʥʽ ʪʦʯʢʠ ʜʦʩʪʫʧʫ ʟʘʚʞʜʠ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʨʽʟʥʽ ʙʣʦʢʠ ʨʝʩʫʨʩʽʚ, ʷʢ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩ. 2.ʘ).  

ʈʝʩʫʨʩʠ ʧʝʨʝʜʘʯʽ ʤʦʞʥʘ ʨʦʟʜʽʣʠʪʠ ʚ ʯʘʩʦʚʽʡ ʦʙʣʘʩʪʽ, ʦʙʣʘʩʪʽ ʜʦʚʞʠʥʠ 

ʭʚʠʣʽ ʘʙʦ ʯʘʩʪʦʪʥʽʡ ʦʙʣʘʩʪʽ. ʎʝʡ ʤʝʪʦʜ ʜʦʟʚʦʣʷʻ ʝʬʝʢʪʠʚʥʦ ʫʥʠʢʥʫʪʠ ʄʉʇ 

ʧʨʠ ʥʘʜʟʚʠʯʘʡʥʦ ʥʠʟʴʢʽʡ ʩʢʣʘʜʥʦʩʪʽ. ʆʜʥʘʢ, ʣʠʰʝ ʥʝʚʝʣʠʢʫ ʯʘʩʪʢʫ ʧʝʨʝʜʘʯʽ 

ʨʝʩʫʨʩʽʚ ʤʦʞʝ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʢʦʞʥʘ ʪʦʯʢʘ ʜʦʩʪʫʧʫ, ʱʦ ʧʨʠʟʚʦʜʠʪʴ ʜʦ 

ʟʥʘʯʥʦʛʦ ʟʥʠʞʝʥʥʷ ʩʧʝʢʪʨʘʣʴʥʦʾ ʝʬʝʢʪʠʚʥʦʩʪʽ ʩʠʩʪʝʤʠ.  

 
                                          ʘ)                                     ʙ)  

ʈʠʩ. 2. ʘ) ʨʦʟʧʦʜʽʣʝʥʥʷ ʨʝʩʫʨʩʽʚ ʧʦ ʩʪʽʣʴʥʠʢʘʭ;  

ʙ) ʯʘʩʪʢʦʚʝ ʧʦʚʪʦʨʥʝ ʚʠʢʦʨʠʩʪʘʥʥʷ ʯʘʩʪʦʪ. 

 

ʇʦʢʨʘʱʝʥʠʡ ʤʝʪʦʜ ʩʪʘʪʠʯʥʦʛʦ ʨʦʟʧʦʜʽʣʫ ʨʝʩʫʨʩʽʚ - ʯʘʩʪʢʦʚʝ ʧʦʚʪʦʨʥʝ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʯʘʩʪʦʪ (ʨʠʩ. 2.ʙ), ʤʘʻ ʙʽʣʴʰʫ ʩʧʝʢʪʨʘʣʴʥʫ ʝʬʝʢʪʠʚʥʽʩʪʴ. ɼʣʷ 

ʮʴʦʛʦ ʤʠ ʧʦʚʠʥʥʽ ʨʦʟʙʠʪʠ ʨʝʩʫʨʩ ʫ ʢʦʞʥʦʤʫ ʩʪʽʣʴʥʠʢʫ ʪʘʢ, ʱʦʙ ʚʽʥ ʥʝ 

ʧʝʨʝʪʠʥʘʚʩʷ ʽʟ ʩʫʩʽʜʥʽʤʠ ʩʪʽʣʴʥʠʢʘʤʠ. ɯ ʮʝʡ ʨʝʩʫʨʩ ʤʦʞʝ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠʩʷ 

ʢʦʞʥʠʤ ʩʪʽʣʴʥʠʢʦʤ ʙʝʟ ʦʙʤʝʞʝʥʥʷ, ʦʩʢʽʣʴʢʠ ʮʽ ʨʝʩʫʨʩʠ ʥʝ ʧʝʨʝʪʠʥʘʶʪʴʩʷ ʽʟ 

ʨʝʩʫʨʩʘʤʠ ʩʫʩʽʜʥʽʭ ʩʪʽʣʴʥʠʢʽʚ.  

ʅʘ ʢʨʘʷʭ ʩʪʽʣʴʥʠʢʽʚ ʤʠ ʧʦʚʠʥʥʽ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʨʝʩʫʨʩ, ʷʢʠʡ 

ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʪʽʣʴʢʠ ʚ ʜʘʥʦʤʫ ʩʪʽʣʴʥʠʢʫ. ʊʦʜʽ ʥʘʚʽʪʴ ʫ ʨʘʟʽ ʥʘʢʣʘʜʘʥʥʷ 

ʨʝʩʫʨʩʽʚ ʩʫʩʽʜʥʽʭ ʩʪʽʣʴʥʠʢʽʚ ʙʫʜʝ ʚʠʩʦʢʠʡ ʨʽʚʝʥʴ ʜʦʩʪʦʚʽʨʥʦʩʪʽ ʩʠʛʥʘʣʽʚ, ʱʦ 

ʧʨʠʡʤʘʶʪʴʩʷ.  

ʄʦʞʝ ʙʫʪʠ ʚʠʢʦʨʠʩʪʘʥʠʡ ʽʥʰʠʡ ʧʽʜʭʽʜ ʚ ʤʝʨʝʞʽ Li-Fi. ɺ ʮʴʦʤʫ ʤʝʪʦʜʽ 

ʤʦʞʫʪʴ ʙʫʪʠ ʚʠʢʦʨʠʩʪʘʥʽ ʟʤʽʥʠ ʢʫʪʘ ʧʨʦʤʝʥʶ ʚʽʜ ʧʨʠʡʤʘʯʘ ʜʦ ʧʝʨʝʜʘʚʘʯʘ. 

ʁʜʝʪʴʩʷ ʧʨʦ ʚʝʣʠʢʽ ʤʦʞʣʠʚʦʩʪʽ ʟʤʽʥʠ ʢʫʪʘ ʧʨʠʡʦʤʫ ʧʨʦʤʝʥʶ LiFi. ʅʘ 

ʩʪʦʨʦʥʽ ʧʨʠʡʤʘʯʘ ʤʦʞʝ ʙʫʪʠ ʚʠʢʦʨʠʩʪʘʥʦ ʢʽʣʴʢʘ ʬʦʪʦʜʝʪʝʢʪʦʨʽʚ (ʌɼ), ʷʢʽ 
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ʟʘʙʝʟʧʝʯʘʪʴ ʧʨʠʡʦʤ ʩʠʛʥʘʣʽʚ ʟ ʨʽʟʥʠʤ ʢʫʪʦʤ ʥʘʭʠʣʫ ʧʨʦʤʝʥʶ. ʄʦʚʘ ʡʜʝ ʧʨʦ 

ʢʫʪʦʚʫ ʨʽʟʥʦʤʘʥʽʪʥʽʩʪʴ, ʱʦ ʟʦʙʨʘʞʝʥʘ ʥʘ ʨʠʩ. 3.ʘ. ʅʘ ʩʪʦʨʦʥʽ ʧʨʠʡʤʘʯʘ ʢʽʣʴʢʘ 

ʌɼ ʤʦʞʫʪʴ ʙʫʪʠ ʚʩʪʘʥʦʚʣʝʥʽ ʜʣʷ ʨʦʙʦʪʠ ʷʢ ʧʨʠʡʤʘʯ ʢʫʪʦʚʦʛʦ ʨʦʟʥʝʩʝʥʥʷ. 

ɹʘʞʘʥʠʡ ʩʠʛʥʘʣ ʚʽʜ ʪʦʯʢʠ ʜʦʩʪʫʧʫ ʪʘ ʄʉʇ ʟ ʽʥʰʠʭ ʩʫʩʽʜʥʽʭ ʪʦʯʦʢ 

ʜʦʩʪʫʧʫ ʤʦʞʫʪʴ ʧʦʪʨʘʧʣʷʪʠ ʥʘ ʧʨʠʡʤʘʯ ʟ ʨʽʟʥʠʭ ʥʘʧʨʷʤʢʽʚ ʽ ʚʠʷʚʣʷʪʠʩʷ 

ʨʽʟʥʠʤʠ ʌɼ ʜʝʪʝʢʪʦʨʘʤʠ. 
 

 
                                             ʘ)                                            ʙ) 

ʈʠʩ. 3. ʘ) ʢʦʦʨʜʠʥʘʮʽʷ ʧʝʨʝʰʢʦʜ ʟ ʢʫʪʦʚʦʶ ʨʽʟʥʦʤʘʥʽʪʥʽʩʪʶ ʥʘ ʧʨʠʡʤʘʯʽ  

ʪʘ ʧʝʨʝʜʘʚʘʯʽ; ʙ) ʢʦʦʧʝʨʘʪʠʚʥʘ ʙʘʛʘʪʦʪʦʯʢʦʚʘ ʩʧʽʣʴʥʘ ʧʝʨʝʜʘʯʘ. 
 

ʅʘʩʪʫʧʥʠʤ ʤʝʪʦʜʦʤ ʟʥʠʞʝʥʥʷ ʧʝʨʝʰʢʦʜ ʫ ʩʠʩʪʝʤʽ ʪʘ ʧʽʜʚʠʱʝʥʥʷ 

ʝʬʝʢʪʠʚʥʦʩʪʽ ʧʝʨʝʜʘʯʽ ʽʥʬʦʨʤʘʮʽʾ ʤʦʞʝ ʙʫʪʠ ʚʠʢʦʨʠʩʪʘʥʥʷ ʧʨʠʥʮʠʧʽʚ MIMO. 

ʉʫʪʴ ʮʴʦʛʦ ʤʝʪʦʜʫ ʫ ʪʦʤʫ, ʱʦ ʧʝʨʝʜʘʯʘ ʽʥʬʦʨʤʘʮʽʾ ʟʜʽʡʩʥʶʻʪʴʩʷ ʢʽʣʴʢʦʤʘ 

ʪʦʯʢʘʤʠ ʜʦʩʪʫʧʫ. ʎʝʡ ʤʝʪʦʜ ʦʪʨʠʤʘʚ ʥʘʟʚʫ ʩʧʽʣʴʥʘ ʙʘʛʘʪʦʪʦʯʢʦʚʘ ʧʝʨʝʜʘʯʘ ʫ 

ʩʠʩʪʝʤʘʭ ʙʝʟʜʨʦʪʦʚʦʛʦ ʜʦʩʪʫʧʫ (ʨʠʩ. 3.ʙ). ʎʝʡ ʤʝʪʦʜ ʥʠʥʽ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʫ 

ʨʘʜʽʦʯʘʩʪʦʪʥʠʭ ʩʠʩʪʝʤʘʭ, ʧʨʦʪʝ ʚʽʥ ʧʦʚʥʦʶ ʤʽʨʦʶ ʤʦʞʝ ʙʫʪʠ ʚʠʢʦʨʠʩʪʘʥʠʡ ʫ 

ʩʠʩʪʝʤʽ LiFi. 

ɺʠʩʥʦʚʦʢ. ʊʘʢʠʤ ʯʠʥʦʤ, ʜʣʷ ʧʽʜʚʠʱʝʥʥʷ ʧʝʨʝʰʢʦʜ ʟʘʭʠʱʝʥʦʩʪʽ ʩʠʩʪʝʤ 

ʙʝʟʜʨʦʪʦʚʦʛʦ ʜʦʩʪʫʧʫ ʥʘ ʙʘʟʽ ʪʝʭʥʦʣʦʛʽʾ LiFi ʤʦʞʫʪʴ ʙʫʪʠ ʚʠʢʦʨʠʩʪʘʥʽ 

ʩʧʦʩʦʙʠ, ʱʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʚ ʙʝʟʜʨʦʪʦʚʠʭ ʤʝʨʝʞʘʭ ʨʘʜʽʦʜʦʩʪʫʧʫ.  ɼʣʷ 

ʨʦʟʨʦʙʢʠ ʨʝʢʦʤʝʥʜʘʮʽʡ ʝʬʝʢʪʠʚʥʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʜʘʥʠʭ ʤʝʪʦʜʽʚ ʥʝʦʙʭʽʜʥʦ 

ʧʨʦʚʝʩʪʠ ʤʦʜʝʣʶʚʘʥʥʷ ʩʠʩʪʝʤ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʜʘʥʠʭ ʤʝʪʦʜʽʚ. ɼʣʷ ʮʴʦʛʦ 

ʥʝʦʙʭʽʜʥʦ ʤʘʪʠ ʝʣʝʤʝʥʪʥʫ ʙʘʟʫ ʪʘ ʧʦʙʫʜʫʚʘʪʠ ʤʦʜʝʣʴ ʩ-ʤʠ. 
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MININET: A SIMUL ATOR FOR EMULATING AND  

PROTOTYPING SOFTWARE -DEFINED NETWORKS  

 

The concept of software-defined networking (SDN) fundamentally changes the way 

networks operate and how they are managed. In the rapidly changing modern world, it is the data 

transmission networks that have been called the "thin link" that limits the growth of application 

performance as the number of mobile users grows, virtual environments scale, and clusters are 

formed for Big Data. In SDN networks, traffic switching tasks and control tasks are strictly 

separated. All control logic is centralized and transferred to the controller. 

 

ʋ ʤʘʡʙʫʪʥʴʦʤʫ ʦʯʽʢʫʻʪʴʩʷ ʤʘʩʦʚʠʡ ʧʝʨʝʭʽʜ ʪʝʣʝʢʦʤʫʥʽʢʘʮʽʡʥʠʭ ʤʝʨʝʞ 

ʥʘ ʪʝʭʥʦʣʦʛʽʶ SDN. ʆʩʦʙʣʠʚʽʩʪʶ ʮʽʻʾ ʪʝʭʥʦʣʦʛʽʾ ʻ ʧʦʙʫʜʦʚʘ ʟʥʘʯʥʦʾ ʯʘʩʪʠʥʠ 

ʤʝʨʝʞʽ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʚʽʨʪʫʘʣʽʟʘʮʽʾ. ʉʘʤʝ ʮʷ ʩʠʪʫʘʮʽʷ ʻ ʤʦʪʠʚʘʮʽʻʶ ʜʣʷ 

ʚʠʚʯʝʥʥʷ ʪʘ ʜʦʩʣʽʜʞʝʥʥʷ ʦʩʦʙʣʠʚʦʩʪʝʡ ʚʧʨʦʚʘʜʞʝʥʥʷ ʚʽʨʪʫʘʣʴʥʠʭ ʝʣʝʤʝʥʪʽʚ 

ʜʦ ʩʢʣʘʜʫ ʬʽʟʠʯʥʦʾ ʤʝʨʝʞʽ. ʇʨʠ ʮʴʦʤʫ ʟʘʟʚʠʯʘʡ ʧʦʩʪʘʶʪʴ ʧʠʪʘʥʥʷ ʱʦʜʦ 

ʢʦʨʝʢʪʥʦʩʪʽ ʨʦʙʦʪʠ ʤʝʨʝʞʽ, ʱʦ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʬʽʟʠʯʥʠʭ ʪʘ ʚʽʨʪʫʘʣʴʥʠʭ 

ʝʣʝʤʝʥʪʽʚ, ʯʠ ʟʙʝʨʝʞʝ ʚʦʥʘ ʚʝʩʴ ʩʚʽʡ ʬʫʥʢʮʽʦʥʘʣ, ʯʠ ʙʫʜʝ ʟʘʙʝʟʧʝʯʝʥʘ 

ʚʟʘʻʤʦʜʽʷ ʥʘ ʨʽʚʥʽ ʫʧʨʘʚʣʽʥʥʷ [1]. 

ʇʽʜ ʚʽʨʪʫʘʣʽʟʘʮʽʻʶ ʤʝʨʝʞʽ ʨʦʟʫʤʽʪʠʤʝʤʦ ʢʦʤʧʣʝʢʩʥʝ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʘʧʘʨʘʪʥʠʭ ʪʘ ʧʨʦʛʨʘʤʥʠʭ ʨʝʩʫʨʩʽʚ ʫ ʻʜʠʥʽʡ ʤʝʨʝʞʽ. ʇʨʠ ʮʴʦʤʫ ʫʤʦʚʥʦ 

ʨʦʟʜʽʣʠʤʦ ʤʝʨʝʞʫ ʥʘ ʜʚʽ ʩʢʣʘʜʦʚʽ. ʇʝʨʰʘ ʤʝʨʝʞʘ ï ʟʦʚʥʽʰʥʷ. ɺʦʥʘ ʻ 

ʦʙ'ʻʜʥʘʥʥʷ ʙʘʛʘʪʴʦʭ ʨʽʟʥʠʭ ʟʦʚʥʽʰʥʽʭ ʩʝʛʤʝʥʪʽʚ ʤʝʨʝʞ, ʱʦ ʩʢʣʘʜʘʶʪʴʩʷ ʷʢ ʟ 

ʬʽʟʠʯʥʠʭ, ʪʘʢ ʽ ʚʽʨʪʫʘʣʴʥʠʭ ʝʣʝʤʝʥʪʽʚ ʚ ʦʜʥʫ ʚʽʨʪʫʘʣʴʥʫ. ɺʥʫʪʨʽʰʥʷ ʤʝʨʝʞʘ 

ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʦʜʥʽʻʾ ʚʽʨʪʫʘʣʴʥʦʾ ʩʠʩʪʝʤʠ, ʷʢʘ ʧʦʙʫʜʦʚʘʥʘ ʥʘ ʚʽʨʪʫʘʣʴʥʠʭ 

ʝʣʝʤʝʥʪʘʭ ʪʘ ʚʩʪʘʥʦʚʣʶʻʪʴʩʷ ʥʘ ʢʦʤʧ'ʶʪʝʨ ʫ ʚʠʛʣʷʜʽ ʽʤʽʪʘʮʽʡʥʦʾ ʤʦʜʝʣʽ. 

ʂʦʞʝʥ ʝʣʝʤʝʥʪ ʫ ʚʽʨʪʫʘʣʴʥʽʡ ʩʠʩʪʝʤʽ ʤʘʻ ʪʝʨʤʽʥ ʚʽʨʪʫʘʣʽʟʘʮʽʾ. ʉʘʤʘ 

ʚʽʨʪʫʘʣʽʟʘʮʽʷ ʻ ʚʠʜʽʣʝʥʥʷ ʦʙʯʠʩʣʶʚʘʣʴʥʠʭ ʨʝʩʫʨʩʽʚ ʢʦʤʧ'ʶʪʝʨʘ ʥʘ ʚʠʨʽʰʝʥʥʷ 

ʟʘʚʜʘʥʴ, ʥʝʟʘʣʝʞʥʦ ʚʽʜ ʘʧʘʨʘʪʥʦʾ ʯʘʩʪʠʥʠ ʫʩʪʘʪʢʫʚʘʥʥʷ. ʋʩʽ ʧʨʦʮʝʩʠ 

ʽʟʦʣʴʦʚʘʥʽ ʜʨʫʛ ʚʽʜ ʜʨʫʛʘ. ɸ ʨʽʰʝʥʥʷ ʨʽʟʥʠʭ ʦʙʯʠʩʣʶʚʘʣʴʥʠʭ ʤʦʞʫʪʴ 

ʚʠʢʦʥʫʚʘʪʠʩʴ ʥʘ ʦʜʥʦʤʫ ʬʽʟʠʯʥʦʤʫ ʧʨʠʩʪʨʦʾ. 

ʅʘ ʨʠʩ.1 ʧʨʝʜʩʪʘʚʣʝʥʠʡ ʚʘʨʽʘʥʪ ʩʪʨʫʢʪʫʨʠ ʤʝʨʝʞʽ SDN, ʷʢʘ ʙʫʜʝ 

ʚʠʢʦʨʠʩʪʘʥʘ ʜʣʷ ʧʦʙʫʜʦʚʠ ʽʤʽʪʘʮʽʡʥʦʾ ʤʦʜʝʣʽ ʥʘ ʙʘʟʽ Mininet [2]. 

ʈʦʟʛʣʷʥʝʤʦ ʧʨʠʟʥʘʯʝʥʥʷ ʪʘ ʬʫʥʢʮʽʾ ʧʨʦʛʨʘʤʥʠʭ ʢʦʤʧʦʥʝʥʪʽʚ ʧʽʜ ʯʘʩ 

ʧʦʙʫʜʦʚʠ ʚʽʨʪʫʘʣʴʥʦʾ ʤʝʨʝʞʽ SDN. ʗʢ ʙʫʣʦ ʟʘʟʥʘʯʝʥʦ ʚʠʱʝ, ʦʜʥʽʻʶ ʟ 

ʥʘʡʙʽʣʴʰ ʜʦʩʪʫʧʥʠʭ ʧʣʘʪʬʦʨʤ ʜʣʷ ʤʦʜʝʣʶʚʘʥʥʷ SDN ʤʝʨʝʞ ʻ Mininet. ɺʦʥʘ 

ʜʦʟʚʦʣʷʻ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʙʽʙʣʽʦʪʝʢʫ ʩʪʘʥʜʘʨʪʥʠʭ ʬʫʥʢʮʽʦʥʘʣʴʥʠʭ ʝʣʝʤʝʥʪʽʚ 
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ʜʣʷ ʧʦʙʫʜʦʚʠ SDN ʪʘ ʧʨʦʚʝʩʪʠ ʪʝʩʪʫʚʘʥʥʷ ʜʣʷ ʦʪʨʠʤʘʥʥʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʾʾ 

ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ. 

 

 
 

ʈʠʩ. 1. ʉʪʨʫʢʪʫʨʥʘ ʩʭʝʤʘ ʤʝʨʝʞʽ SDN ʥʘ ʙʘʟʽ Mininet ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ MiniEdit. 

 

Mininet ʜʦʟʚʦʣʷʻ ʨʦʟʛʦʨʥʫʪʠ ʤʝʨʝʞʫ SDN ʥʘ ʙʫʜʴ-ʷʢʦʤʫ ʥʦʫʪʙʫʮʽ ʘʙʦ 

ʇʂ, ʚ ʷʢʽʡ ʬʫʥʢʮʽʦʥʘʣʴʥʽ ʙʣʦʢʠ SDN ʤʦʞʫʪʴ ʧʣʘʚʥʦ ʧʝʨʝʤʽʱʘʪʠʩʷ ʤʽʞ 

ʧʨʦʛʨʘʤʥʠʤ ʩʝʨʝʜʦʚʠʱʝʤ Mininet ʽ ʬʽʟʠʯʥʠʤ ʦʙʣʘʜʥʘʥʥʷʤ, ʱʦ ʧʨʘʮʶʻ ʚ 

ʨʝʘʣʴʥʦʤʫ ʤʘʩʰʪʘʙʽ ʯʘʩʫ [3]. 

ʋ ʩʢʣʘʜʽ ʤʝʨʝʞʝʚʦʛʦ ʝʤʫʣʷʪʦʨʘ Mininet ʻ ʛʨʘʬʽʯʥʠʡ ʽʥʪʝʨʬʝʡʩ Miniedit, 

ʱʦ ʜʦʟʚʦʣʷʻ ʚʽʟʫʘʣʽʟʫʚʘʪʠ ʧʨʦʮʝʩ ʩʪʚʦʨʝʥʥʷ ʨʽʟʥʠʭ ʪʦʧʦʣʦʛʽʡ SDN ʤʝʨʝʞ. 

ʇʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ Miniedit ʩʧʦʯʘʪʢʫ ʩʪʚʦʨʶʶʪʴ ʪʦʧʦʣʦʛʽʶ ʤʝʨʝʞʽ ʚ 

ʛʨʘʬʽʯʥʦʤʫ ʚʠʛʣʷʜʽ, ʜʝ ʚʽʟʫʘʣʽʟʦʚʘʥʘ ʩʪʨʫʢʪʫʨʘ ʽ ʻ ʨʦʟʰʠʨʝʥʽ ʥʘʣʘʰʪʫʚʘʥʥʷ 

ʷʢ ʘʢʪʠʚʥʠʭ ʝʣʝʤʝʥʪʽʚ, ʪʘʢ ʽ ʣʽʥʽʡ ʤʝʨʝʞʽ. ʇʽʩʣʷ ʧʦʙʫʜʦʚʠ SDN ʤʝʨʝʞʽ ʪʘ 

ʢʦʥʬʽʛʫʨʫʚʘʥʥʷ ʥʝʦʙʭʽʜʥʠʭ ʝʣʝʤʝʥʪʽʚ, ʧʨʠ ʟʙʝʨʝʞʝʥʥʽ ʧʨʦʝʢʪʫ ʩʪʚʦʨʶʻʪʴʩʷ 

ʬʘʡʣ ʟ ʨʦʟʰʠʨʝʥʥʷʤ .mn. 

ɼʘʣʽ ʻ ʤʦʞʣʠʚʽʩʪʴ ʟʘʧʫʩʢʫ ʧʨʦʮʝʩʫ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʤʝʨʝʞʽ 

ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʟ ʛʨʘʬʽʯʥʦʛʦ ʽʥʪʝʨʬʝʡʩʫ Miniedit. ʇʽʩʣʷ ʧʝʨʝʚʽʨʢʠ 

ʧʨʘʮʝʟʜʘʪʥʦʩʪʽ ʪʘ ʧʘʨʘʤʝʪʨʽʚ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʩʪʚʦʨʝʥʦʾ ʤʝʨʝʞʽ ʻ ʤʦʞʣʠʚʽʩʪʴ 

ʧʦʚʝʨʥʝʥʥʷ ʥʘ ʝʪʘʧ ʥʘʣʘʰʪʫʚʘʥʥʷ ʪʘ ʨʝʜʘʛʫʚʘʥʥʷ ʚʽʨʪʫʘʣʴʥʦʛʦ ʤʘʢʝʪʘ. 

ʇʝʨʝʚʘʛʦʶ Miniedit ʻ ʪʝ, ʱʦ ʤʘʢʝʪ ʤʝʨʝʞʽ ʤʦʞʝ ʙʫʪʠ ʽʤʧʦʨʪʦʚʘʥʠʡ ʚ 

python ʬʘʡʣ ʟ ʚʽʜʧʦʚʽʜʥʦʶ ʢʦʥʬʽʛʫʨʘʮʽʻʶ ʤʝʨʝʞʝʚʠʭ ʝʣʝʤʝʥʪʽʚ [4]. 

ʇʨʠ ʛʨʘʬʽʯʥʦʤʫ ʧʦʙʫʜʦʚʽ ʤʘʢʝʪʘ ʤʝʨʝʞʽ ʻ ʤʦʞʣʠʚʽʩʪʴ ʥʘʣʘʰʪʫʚʘʥʥʷ 

ʢʦʞʥʦʛʦ ʝʣʝʤʝʥʪʘ ʤʝʨʝʞʽ (ʢʦʤʫʪʘʪʦʨʘ, ʢʦʥʪʨʦʣʝʨʘ, ʭʦʩʪʘ, ʤʘʨʰʨʫʪʠʟʘʪʦʨʘ). 

ʎʝʡ ʽʥʪʝʨʬʝʡʩ ʧʽʜʪʨʠʤʫʻ ʧʽʜʢʣʶʯʝʥʥʷ ʚʽʜʜʘʣʝʥʦʛʦ ʢʦʥʪʨʦʣʝʨʘ ʜʦ ʤʝʨʝʞʽ. 

ɼʣʷ ʮʴʦʛʦ ʚ ʥʘʣʘʰʪʫʚʘʥʥʷʭ ʩʣʽʜ ʚʠʙʨʘʪʠ ʧʦʪʨʽʙʥʠʡ ʪʠʧ ʢʦʥʪʨʦʣʝʨʘ, ʘ ʪʘʢʦʞ 

ʚʢʘʟʘʪʠ ʡʦʛʦ ʫʥʽʢʘʣʴʥʫ ʣʦʛʽʯʥʫ ʘʜʨʝʩʫ ʪʘ ʧʦʨʪ, ʥʘ ʷʢʦʤʫ ʚʽʥ ʦʯʽʢʫʻ 

ʧʽʜʢʣʶʯʝʥʥʷ. 

ʇʽʜ ʯʘʩ ʝʢʩʧʝʨʠʤʝʥʪʫ, ʧʨʠ ʜʦʩʣʽʜʞʝʥʥʽ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʤʝʨʝʞʽ, ʤʦʞʥʘ 

ʨʦʟʽʨʚʘʪʠ ʘʙʦ ʚʽʜʥʦʚʠʪʠ ʟ'ʻʜʥʘʥʥʷ ʤʽʞ ʤʝʨʝʞʝʚʠʤʠ ʝʣʝʤʝʥʪʘʤʠ. ʎʝ ʜʦʟʚʦʣʷʻ 

ʧʨʦʚʝʩʪʠ ʨʽʟʥʽ ʚʠʜʠ ʪʝʩʪʫʚʘʥʥʷ ʨʦʙʦʪʠ ʤʝʨʝʞʽ: ʧʝʨʝʚʽʨʢʘ ʚʠʢʦʨʠʩʪʘʥʥʷ 
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ʦʙʭʽʜʥʠʭ ʰʣʷʭʽʚ, ʚʠʟʥʘʯʝʥʥʷ ʧʨʘʮʝʟʜʘʪʥʦʩʪʽ ʤʝʨʝʞʝʚʠʭ ʝʣʝʤʝʥʪʽʚ, ʦʙʨʠʚ 

ʟʚ'ʷʟʢʫ ʥʘ ʜʽʣʷʥʢʘʭ ʤʝʨʝʞʽ ʪʘ ʽʥ. 

ʇʽʜ ʯʘʩ ʨʦʙʦʪʠ ʤʘʢʝʪʫ SDN ʤʝʨʝʞʽ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʛʨʘʬʽʯʥʦʛʦ 

ʽʥʪʝʨʬʝʡʩʫ ʤʦʞʥʘ ʧʝʨʝʛʣʷʥʫʪʠ ʪʘʙʣʠʮʽ ʧʦʪʦʢʽʚ ʧʨʠʩʫʪʥʽʭ ʚ ʤʝʨʝʞʽ OpenFlow 

ʢʦʤʫʪʘʪʦʨʽʚ. ʎʽ ʪʘʙʣʠʮʽ ʩʪʚʦʨʶʶʪʴʩʷ ʚʽʜʨʘʟʫ ʧʽʩʣʷ ʧʝʨʝʚʽʨʢʠ ʜʦʩʪʫʧʥʦʩʪʽ 

ʢʽʥʮʝʚʠʭ ʚʫʟʣʽʚ ʤʝʨʝʞʽ [5]. 
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ʈʠʩ. 2. ɺʽʟʫʘʣʽʟʘʮʽʷ ʜʚʦʭ ʜʦʤʝʥʥʦʾ ʪʦʧʦʣʦʛʽʾ SDN ʤʝʨʝʞʽ MiniEdit. 

 

ɿʘ ʟʘʤʦʚʯʫʚʘʥʥʷʤ MiniEdit ʩʪʚʦʨʶʻ ʝʪʘʣʦʥʥʠʡ ʢʦʥʪʨʦʣʝʨ mininet OpenFlow, 

ʷʢʠʡ ʨʝʘʣʽʟʫʻ ʧʦʚʝʜʽʥʢʫ ʪʘ ʥʘʚʯʘʥʥʷ ʢʦʤʫʪʘʪʦʨʘ.  

ʊʘʢʠʤ ʯʠʥʦʤ, ʪʝʭʥʦʣʦʛʽʷ Mininet ʟʨʫʯʥʘ ʜʣʷ ʩʪʚʦʨʝʥʥʷ ʧʨʦʪʦʪʠʧʽʚ ʽ 

ʤʦʜʝʣʶʚʘʥʥʷ. ʎʝ ʘʣʴʪʝʨʥʘʪʠʚʘ ʪʝʩʪʫʚʘʥʥʶ ʨʝʘʣʴʥʠʭ ʤʝʨʝʞ, ʷʢʽ ʧʦʪʨʝʙʫʶʪʴ 

ʚʝʣʠʢʠʭ ʟʘʪʨʘʪ. ʉʪʚʦʨʝʥʥʷ ʚʽʨʪʫʘʣʴʥʦʾ ʤʝʨʝʞʽ ʚ Mininet ʜʦʟʚʦʣʷʻ ʰʚʠʜʢʦ 

ʧʨʦʪʝʩʪʫʚʘʪʠ ʩʠʩʪʝʤʠ ʨʽʟʥʦʾ ʢʦʥʬʽʛʫʨʘʮʽʾ. 

MiniEdit ʜʘʻ ʙʽʣʴ ʯʽʪʢʝ ʨʦʟʫʤʽʥʥʷ ʧʨʦʮʝʩʽʚ ʷʢʽ ʧʨʦʭʦʜʷʪʴ ʚ ʤʝʨʝʞʽ ʽ 

ʥʘʜʘʻ ʜʦʩʠʪʴ ʟʨʫʯʥʠʡ ʬʫʥʢʮʽʦʥʘʣ ʜʣʷ ʾʾ ʜʦʩʣʽʜʞʝʥʥʷ. 
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USING MININET TO MODULATING MULTIDOMAIN NETWORKS SDN  

 

Existing technologies and methods for building an SDN network with a hybrid, 

interdomain topology based on the Mininet network emulator, using different types of 

controllers, are considered. As a result, a segment of the SDN network was created to test the 

process of its functioning in the overload mode of various information directions based on the 

MiniEdit GUI. 
 

ʈʦʟʛʣʷʥʫʪʦ ʽʩʥʫʶʯʽ ʪʝʭʥʦʣʦʛʽʾ ʪʘ ʤʝʪʦʜʠ ʧʦʙʫʜʦʚʠ ʤʝʨʝʞʽ SDN ʟ ʛʽʙʨʠʜʥʦʶ 

ʤʽʞʜʦʤʝʥʥʦʶ ʪʦʧʦʣʦʛʽʻʶ ʥʘ ʦʩʥʦʚʽ ʝʤʫʣʷʪʦʨʘ ʤʝʨʝʞʽ Mininet ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʨʽʟʥʠʭ 

ʪʠʧʽʚ ʢʦʥʪʨʦʣʝʨʽʚ. ɺ ʨʝʟʫʣʴʪʘʪʽ ʙʫʣʦ ʩʪʚʦʨʝʥʦ ʩʝʛʤʝʥʪ ʤʝʨʝʞʽ SDN ʜʣʷ ʧʝʨʝʚʽʨʢʠ ʧʨʦʮʝʩʫ 

ʾʾ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʚ ʨʝʞʠʤʽ ʧʝʨʝʚʘʥʪʘʞʝʥʥʷ ʨʽʟʥʠʭ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʥʘʧʨʷʤʢʽʚ ʥʘ ʦʩʥʦʚʽ 

ʛʨʘʬʽʯʥʦʛʦ ʽʥʪʝʨʬʝʡʩʫ MiniEdit. 
 

ʄʝʨʝʞʽ ʟʚ'ʷʟʢʫ ʻ ʩʢʣʘʜʥʠʤʠ ʩʠʩʪʝʤʘʤʠ, ʪʦʤʫ ʾʭ ʤʦʜʝʶʚʘʥʥʷ ʻ ʜʦʩʠʪʴ 

ʩʢʣʘʜʥʠʤ ʧʨʦʮʝʩʦʤ ʽ ʷʢ ʧʨʘʚʠʣʦ, ʻ ʜʦʩʪʘʪʥʴʦ ʙʘʛʘʪʦ ʧʦʤʠʣʦʢ ʧʽʩʣʷ ʧʝʨʚʠʥʥʦʾ 

ʧʦʙʫʜʦʚʠ ʤʦʜʝʣʝʡ. ʊʦʤʫ ʜʘʣʽ ʡʜʝ ʪʨʠʚʘʣʠʡ ʧʨʦʮʝʩ ʥʘʣʘʛʦʜʞʝʥʥʷ ʜʣʷ 

ʧʦʙʫʜʦʚʠ ʨʦʙʦʯʦʾ ʤʦʜʝʣʽ ʜʦʩʣʽʜʞʫʚʘʥʦʾ ʤʝʨʝʞʽ. ʅʘʡʙʽʣʴʰ ʩʢʣʘʜʥʦʶ ʜʣʷ 

ʜʦʩʣʽʜʞʝʥʥʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʻ ʙʘʛʘʪʦʜʦʤʝʥʥʘ ʤʝʨʝʞʽ. ʂʦʞʝʥ ʦʢʨʝʤʠʡ ʜʦʤʝʥ 

ʪʘʢʦʾ ʤʝʨʝʞʽ ʢʝʨʫʻʪʴʩʷ ʩʚʦʾʤ ʢʦʥʪʨʦʣʝʨʦʤ SDN. ɯ ʯʘʩʪʦ ʩʢʣʘʜʥʦ ʟʘʙʝʟʧʝʯʠʪʠ 

ʚʟʘʻʤʦʜʽʶ ʤʽʞ ʢʦʥʪʨʦʣʝʨʘʤʠ ʫ ʨʽʟʥʠʭ ʜʦʤʝʥʘʭ. ʇʨʘʢʪʠʯʥʝ ʨʽʰʝʥʥʷ ʪʘʢʦʛʦ 

ʟʘʚʜʘʥʥʷ ʚʠʢʣʠʢʘʣʦ ʚʝʣʠʢʽ ʪʨʫʜʥʦʱʽ, ʢʦʣʠ ʧʨʠ ʩʪʚʦʨʝʥʥʽ ʤʦʜʝʣʽ ʙʫʣʘ ʩʧʨʦʙʘ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʚ ʦʜʥʦʤʫ ʜʦʤʝʥʽ ʚʙʫʜʦʚʘʥʦʛʦ ʢʦʥʪʨʦʣʝʨʘ, ʘ ʚ ʽʥʰʦʤʫ ʜʦʤʝʥʽ 

ʤʠ ʥʘʤʘʛʘʣʠʩʷ ʚʩʪʘʥʦʚʠʪʠ HPE VAN SDN ʢʦʥʪʨʦʣʝʨ, ʷʢʠʡ ʻ ʟʦʚʥʽʰʥʽʤ ʽ 

ʷʢʠʡ ʨʦʟʨʦʙʣʝʥʠʡ ʜʣʷ ʚʠʨʽʰʝʥʥʷ ʽʥʰʠʭ ʟʘʚʜʘʥʴ. ʉʧʨʦʙʘ ʩʪʚʦʨʝʥʥʷ 

ʙʘʛʘʪʦʜʦʤʝʥʥʦʾ ʤʝʨʝʞʽ ʧʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ ʧʨʦʩʪʦʛʦ ʢʦʤʘʥʜʥʦʛʦ ʽʥʪʝʨʬʝʡʩʫ 

Mininet ʥʝ ʤʘʣʘ ʫʩʧʽʭʫ. 

ɼʦʩʣʽʜʞʝʥʥʷ ʧʦʢʘʟʘʣʠ, ʱʦ MiniEdit ʤʘʻ ʟʥʘʯʥʦ ʙʽʣʴʰʝ ʤʦʞʣʠʚʦʩʪʝʡ ʟ 

ʧʦʙʫʜʦʚʠ ʩʢʣʘʜʥʠʭ ʙʘʛʘʜʦʤʝʥʥʠʭ SDN ʤʝʨʝʞ. ɺʠʷʚʠʣʦʩʷ, ʱʦ ʧʦʙʫʜʦʚʘ 

ʤʝʨʝʞʽ ʚ ʛʨʘʬʽʯʥʦʤʫ ʽʥʪʨʬʝʡʩʽ ʧʽʩʣʷ ʢʦʥʚʝʨʪʫʚʘʥʥʷ ʪʘʢʦʾ ʩʠʩʪʝʤʠ ʚ 

ʧʨʦʛʨʘʤʥʠʡ ʢʦʜ ʤʝʨʝʞʘ ʟʘʧʨʘʮʶʚʘʣʘ.  

ɻʨʘʬʽʯʥʠʡ ʽʥʪʝʨʬʝʡʩ Miniedit, ʱʦ ʜʦʟʚʦʣʷʻ ʚʽʟʫʘʣʽʟʫʚʘʪʠ ʩʪʚʦʨʝʥʥʷ 

ʨʽʟʥʠʭ ʪʦʧʦʣʦʛʽʡ SDN ʤʝʨʝʞ. ʇʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ Miniedit ʩʧʦʯʘʪʢʫ 

ʩʪʚʦʨʶʻʪʴʩʷ ʪʦʧʦʣʦʛʽʷ ʤʝʨʝʞʽ ʚ ʛʨʘʬʽʯʥʦʤʫ ʚʠʛʣʷʜʽ, ʜʝ ʚʽʟʫʘʣʽʟʦʚʘʥʘ 

ʩʪʨʫʢʪʫʨʘ ʽ ʻ ʨʦʟʰʠʨʝʥʽ ʥʘʣʘʰʪʫʚʘʥʥʷ ʷʢ ʘʢʪʠʚʥʠʭ ʝʣʝʤʝʥʪʽʚ, ʪʘʢ ʽ ʣʽʥʽʡ 

ʤʝʨʝʞʽ. ʇʽʩʣʷ ʧʦʙʫʜʦʚʠ SDN ʤʝʨʝʞʽ ʪʘ ʢʦʥʬʽʛʫʨʫʚʘʥʥʷ ʥʝʦʙʭʽʜʥʠʭ 

ʝʣʝʤʝʥʪʽʚ, ʧʨʠ ʟʙʝʨʝʞʝʥʥʽ ʧʨʦʝʢʪʫ ʩʪʚʦʨʶʻʪʴʩʷ ʬʘʡʣ ʟ ʨʦʟʰʠʨʝʥʥʷʤ mn. 

ɼʘʣʽ ʻ ʤʦʞʣʠʚʽʩʪʴ ʟʘʧʫʩʢʫ ʧʨʦʮʝʩʫ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʤʝʨʝʞʽ 

ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʟ ʛʨʘʬʽʯʥʦʛʦ ʽʥʪʝʨʬʝʡʩʫ Miniedit. ʇʽʩʣʷ ʧʝʨʝʚʽʨʢʠ 
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ʧʨʘʮʝʟʜʘʪʥʦʩʪʽ ʪʘ ʧʘʨʘʤʝʪʨʽʚ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʩʪʚʦʨʝʥʦʾ ʤʝʨʝʞʽ ʻ ʤʦʞʣʠʚʽʩʪʴ 

ʧʦʚʝʨʥʝʥʥʷ ʥʘ ʝʪʘʧ ʥʘʣʘʰʪʫʚʘʥʥʷ ʪʘ ʨʝʜʘʛʫʚʘʥʥʷ ʚʽʨʪʫʘʣʴʥʦʛʦ ʤʘʢʝʪʘ. 

ʇʝʨʝʚʘʛʦʶ Miniedit ʻ ʪʝ, ʱʦ ʤʘʢʝʪ ʤʝʨʝʞʽ ʤʦʞʝ ʙʫʪʠ ʽʤʧʦʨʪʦʚʘʥʠʡ ʚ 

python ʬʘʡʣ ʟ ʚʽʜʧʦʚʽʜʥʦʶ ʢʦʥʬʽʛʫʨʘʮʽʻʶ ʤʝʨʝʞʝʚʠʭ ʝʣʝʤʝʥʪʽʚ. 

ʇʨʠ ʛʨʘʬʽʯʥʦʤʫ ʧʦʙʫʜʦʚʽ ʤʘʢʝʪʘ ʤʝʨʝʞʽ ʻ ʤʦʞʣʠʚʽʩʪʴ ʥʘʣʘʰʪʫʚʘʥʥʷ 

ʢʦʞʥʦʛʦ ʝʣʝʤʝʥʪʘ ʤʝʨʝʞʽ (ʢʦʤʫʪʘʪʦʨʘ, ʢʦʥʪʨʦʣʝʨʘ, ʭʦʩʪʘ, ʤʘʨʰʨʫʪʠʟʘʪʦʨʘ). 

ʎʝʡ ʽʥʪʝʨʬʝʡʩ ʧʽʜʪʨʠʤʫʻ ʧʽʜʢʣʶʯʝʥʥʷ ʚʽʜʜʘʣʝʥʦʛʦ ʢʦʥʪʨʦʣʝʨʘ ʜʦ ʤʝʨʝʞʽ. 

ɼʣʷ ʮʴʦʛʦ ʚ ʥʘʣʘʰʪʫʚʘʥʥʷʭ ʩʣʽʜ ʚʠʙʨʘʪʠ ʧʦʪʨʽʙʥʠʡ ʪʠʧ ʢʦʥʪʨʦʣʝʨʘ, ʘ ʪʘʢʦʞ 

ʚʢʘʟʘʪʠ ʡʦʛʦ ʫʥʽʢʘʣʴʥʫ ʣʦʛʽʯʥʫ ʘʜʨʝʩʫ ʪʘ ʧʦʨʪ, ʥʘ ʷʢʦʤʫ ʚʽʥ ʦʯʽʢʫʻ 

ʧʽʜʢʣʶʯʝʥʥʷ. 

ɹʫʣʦ ʧʨʦʚʝʜʝʥʦ ʜʦʩʣʽʜʞʝʥʥʷ ʧʨʦʮʝʩʫ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʤʝʨʝʞʽ, 

ʘʨʭʽʪʝʢʪʫʨʘ ʷʢʦʾ ʤʘʻ ʚʠʛʣʷʜ, ʧʨʝʜʩʪʘʚʣʝʥʠʡ ʥʘ ʈʠʩ. 1. ʎʝ ʤʝʨʝʞʘ, ʱʦ 

ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʜʚʦʭ ʜʦʤʝʥʽʚ, ʢʦʞʝʥ ʽʟ ʷʢʠʭ ʫʧʨʘʚʣʷʻʪʴʩʷ ʩʚʦʾʤ ʢʦʥʪʨʦʣʝʨʦʤ. 

ʆʜʠʥ ʚʥʫʪʨʽʰʥʽʡ ʢʦʥʪʨʦʣʝʨ POX. ɺʽʥ ʟʘʚʘʥʪʘʞʫʻʪʴʩʷ ʨʘʟʦʤ ʽʟ ʫʩʪʘʥʦʚʢʦʶ 

Mininet. ɼʨʫʛʠʡ ï ʟʦʚʥʽʰʥʽʡ ʢʦʥʪʨʦʣʝʨ HPE VAN SDN. ɿʦʚʥʽʰʥʽʡ ʢʦʥʪʨʦʣʝʨ 

ʚʠʤʘʛʘʻ ʜʦʜʘʪʢʦʚʦʾ ʫʩʪʘʥʦʚʢʠ ʪʘ ʧʨʘʮʶʻ ʷʢ ʦʢʨʝʤʘ ʚʽʨʪʫʘʣʴʥʘ ʤʘʰʠʥʘ. 
 

 
 

ʈʠʩ 1. ɺʽʟʫʘʣʽʟʘʮʽʷ ʜʚʦʭ ʜʦʤʝʥʥʦʾ ʪʦʧʦʣʦʛʽʾ SDN ʤʝʨʝʞʽ MiniEdit. 
 

ʇʨʦʚʝʜʝʤʦ ʜʦʩʣʽʜʞʝʥʥʷ ʧʘʨʘʤʝʪʨʽʚ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʤʝʨʝʞʽ ʟ 

ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʛʨʘʬʽʯʥʦʛʦ ʽʥʪʝʨʬʝʡʩʫ MiniEdit. ʇʨʠ ʮʴʦʤʫ ʙʫʜʝʤʦ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʪʘʢʽ ʚʠʭʽʜʥʽ ʜʘʥʽ: 
- ʪʦʧʦʣʦʛʽʷ ʤʝʨʝʞʽ ʧʨʝʜʩʪʘʚʣʝʥʘ ʈʠʩ. 1.; 

- ʪʝʩʪʫʶʪʴʩʷ ʚʩʽ ʽʥʬʦʨʤʘʮʽʡʥʽ ʥʘʧʨʷʤʢʠ  ʢʽʣʴʢʽʩʪʴ ʷʢʠʭ ; 

- ʨʦʟʤʽʨ ʢʘʜʨʫ ICMP 64 [byte]; 

- ʟʘʪʨʠʤʢʘ ʚ ʣʽʥʽʷʭ ʟʚ'ʷʟʢʫ ʟʤʽʥʶʻʪʴʩʷ ʚ ʜʽʘʧʘʟʦʥʽ ʚʽʜ 0 ʜʦ 10000 [msec.]; 

- ʰʚʠʜʢʽʩʪʴ ʧʝʨʝʜʘʯʽ ʚ ʣʽʥʽʷʭ ʟʚ'ʷʟʢʫ  = 10 [Mbit/sec.]; 

- ʚʽʜʩʦʪʦʢ ʚʪʨʘʪ ʥʘ ʣʽʥʽʷʭ ʟʚ'ʷʟʢʫ = 0 [%]; 

- ʨʦʟʛʣʷʜʘʪʠʩʷ ʥʘʡʚʽʜʜʘʣʝʥʽʰʽ ʽʥʬʦʨʤʘʮʽʡʥʽ ʥʘʧʨʷʤʢʠ, ʷʢ ʫʩʝʨʝʜʠʥʽ ʜʦʤʝʥʫ ʪʘʢ ʽ 

ʤʽʞʜʦʤʝʥʥʽ: ; ; . 

ɺ ʨʝʟʫʣʴʪʘʪʽ ʤʦʜʝʣʶʚʘʥʥʷ ʚʠʟʥʘʯʘʪʠʤʝʤʦ ʥʘʩʪʫʧʥʽ ʧʘʨʘʤʝʪʨʠ ʤʝʨʝʞʽ: 

ʧʦʢʘʟʥʠʢ Round-Trip Time (RTT), ʱʦ ʻ ʯʘʩʦʤ ʧʝʨʝʜʘʯʽ ʧʘʢʝʪʘ ʤʽʞ ʢʽʥʮʝʚʠʤʠ 
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ʭʦʩʪʘʤʠ. ʇʨʠ ʮʴʦʤʫ ʚʠʟʥʘʯʘʪʠʤʝʤʦ ʩʝʨʝʜʥʻ ʟʥʘʯʝʥʥʷ ʚʽʜʛʫʢʫ RTT  

[msec]. ɸ ʪʘʢʦʞ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʝ ʟʥʘʯʝʥʥʷ ʚʪʨʘʪ ʽ ʷʢ ʥʘʩʣʽʜʦʢ ʢʽʣʴʢʽʩʪʴ 

(ʚʽʜʩʦʪʦʢ) ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʥʘʧʨʷʤʢʽʚ, ʷʢʽ ʩʪʘʶʪʴ ʥʝʜʦʩʷʞʥʠʤʠ ʯʝʨʝʟ ʟʘʪʨʠʤʢʠ 

ʚ ʤʝʨʝʞʽ. 

ʈʝʟʫʣʴʪʘʪʠ ʧʨʦʚʝʜʝʥʥʷ ʝʢʩʧʝʨʠʤʝʥʪʫ ʧʨʠ ʜʘʥʠʭ ʚʠʭʽʜʥʠʭ ʜʘʥʠʭ 

ʟʦʙʨʘʞʝʥʽ ʥʘ ʨʠʩ. 2. 

 
ʈʠʩ. 2. ɿʘʣʝʞʥʽʩʪʴ ʟʤʽʥʠ RTT ʟʘ ʨʽʟʥʠʭ ʟʘʪʨʠʤʦʢ ʚ ʣʽʥʽʷʭ ʤʝʨʝʞʽ. 

 

ʅʘʜʘʣʽ ʙʫʣʠ ʧʨʦʚʝʜʝʥʽ ʪʝʩʪʫʚʘʥʥʷ SDN ʤʝʨʝʞʽ, ʚ ʨʝʞʠʤʽ 

ʥʘʚʘʥʪʘʞʝʥʥʷ, ʟʘ ʪʨʴʦʤʘ ʽʥʬʦʨʤʘʮʽʡʥʠʤʠ ʥʘʧʨʷʤʢʘʤʠ: ; ; 

. ɸ ʩʘʤʝ, ʟʘ ʜʦʧʦʤʦʛʦʶ ʫʪʠʣʽʪʠ iperf, ʧʨʦʚʝʜʝʥʦ ʛʝʥʝʨʘʮʽʶ ʪʨʘʬʽʢʫ ʥʘ 

ʥʘʡʙʽʣʴʰ ʚʽʜʜʘʣʝʥʽ ʚʫʟʣʠ ʤʝʨʝʞʽ. 

ʋʤʦʚʠ ʧʨʦʚʝʜʝʥʥʷ ʝʢʩʧʝʨʠʤʝʥʪʫ ʙʫʣʠ ʪʘʢʠʤʠ: 
- ʦʜʥʦʯʘʩʥʦ ʧʨʦʚʦʜʠʣʘʩʷ ʛʝʥʝʨʘʮʽʷ UDP ʪʨʘʬʽʢʫ (  = 5 [Mbit/sec.]; 

= 4 [Mbit/sec.]; = 6 [Mbit/sec.]); 

- ʫʩʽ ʽʥʰʽ ʧʘʨʘʤʝʪʨʠ ʟʘʣʠʰʘʶʪʴʩʷ ʧʦʧʝʨʝʜʥʽʤʠ. 

ɺʠʩʥʦʚʦʢ: ɸʥʘʣʽʟ ʦʪʨʠʤʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ ʧʦʢʘʟʫʻ, ʱʦ ʧʨʠ ʟʙʽʣʴʰʝʥʥʽ 

ʪʨʘʬʽʢʫ, ʱʦ ʧʦʩʪʫʧʘʻ, ʦʙʩʷʛ ʷʢʦʛʦ ʧʝʨʝʚʠʱʫʻ ʧʨʦʧʫʩʢʥʫ ʟʜʘʪʥʽʩʪʴ ʣʽʥʽʾ 

ʟʚ'ʷʟʢʫ ʚ 0,5 ʨʘʟʠ, ʤʘʢʩʠʤʘʣʴʥʽ ʚʪʨʘʪʠ ʧʘʢʝʪʽʚ ʩʧʦʩʪʝʨʽʛʘʪʠʩʷ ʜʣʷ 

ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʥʘʧʨʷʤʢʽʚ, ʷʢʽ ʟʥʘʭʦʜʷʪʴʩʷ ʚ ʨʽʟʥʠʭ ʜʦʤʝʥʘʭ ʽ ʯʠʤ ʜʘʣʽ 

ʟʥʘʭʦʜʷʪʴʩʷ ʚʫʟʣʠ, ʪʠʤ ʙʽʣʴʰʝ ʚʪʨʘʪ (ʚʪʨʘʪʠ ʧʘʢʝʪʽʚ ʙʽʣʴʰʝ 86%). ʋʩʝʨʝʜʠʥʽ 

ʜʦʤʝʥʫ ʚʪʨʘʪʠ ʧʘʢʝʪʽʚ ʩʪʘʥʦʚʣʷʪʴ 19%. 

ʊʘʢʦʞ ʤʦʞʥʘ ʟʨʦʙʠʪʠ ʚʠʩʥʦʚʦʢ, ʱʦ ʟʽ ʟʙʽʣʴʰʝʥʥʷʤ ʟʘʪʨʠʤʢʠ ʣʽʥʽʷʭ 

ʟʚ'ʷʟʢʫ, ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʟʨʦʩʪʘʥʥʷ ʯʘʩʫ ʧʝʨʝʜʘʯʽ ʧʝʨʝʜʘʯʽ ʧʘʢʝʪʽʚ, ʽ ʧʨʠ 

ʥʘʡʚʠʱʦʤʫ ʟʥʘʯʝʥʥʽ ʟʘʪʨʠʤʢʠ ʧʘʢʝʪʠ ʧʝʨʝʩʪʘʶʪʴ ʜʦʩʪʘʚʣʷʪʠʩʷ ʽ ʙʣʠʟʴʢʦ 

40% ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʥʘʧʨʷʤʽʚ ʧʝʨʝʩʪʘʶʪʴ ʧʨʘʮʶʚʘʪʠ. ʋ ʨʘʟʽ ʧʝʨʝʚʘʥʪʘʞʝʥʴ 

ʥʘ ʦʢʨʝʤʠʭ ʥʘʧʨʷʤʢʘʭ ʩʧʦʩʪʝʨʽʛʘʶʪʴʩʷ ʤʘʢʩʠʤʘʣʴʥʽ ʚʪʨʘʪʠ ʜʣʷ ʥʘʡʙʽʣʴʰ 

ʚʽʜʜʘʣʝʥʠʭ, ʤʽʞʜʦʤʝʥʥʠʭ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʥʘʧʨʷʤʢʽʚ. 
ʃʽʪʝʨʘʪʫʨʘ 
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Ilchenko M.Yu., Kravchuk S.O., Kyiv, 2019, - p.p. 88-107. 

2. JunHuy Lam,Sang-Gon Lee,Hoon-Jae Lee, and Yustus Eko Oktian. Securing SDN 

Southbound and Data Plane Communication with IBC. Hindawi Publishing Corporation 

Mobile Information Systems Volume 2016, Article ID 1708970, 12 pages 

http://dx.doi.org/10.1155/2016/1708970. 
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CONSTRUCTION OF THE SDN TRANSPORT NETWORK  

INFORMATION MODEL USING THE T -API INTERFACE  

 

The principles of building a model of SDN optical transport network, the functional 

architecture of the T-API, the list of services required to manage the transport network, the 

interaction of the orchestrator and the controller using the T-API are considered. The SDN 

transport network is presented in the form of a model that reflects the main processes of the real 

network and allows you to manage maintenance processes with a high degree of adequacy. 

 

ʈʦʟʛʣʷʥʫʪʦ ʧʨʠʥʮʠʧʠ ʧʦʙʫʜʦʚʠ ʤʦʜʝʣʽ ʦʧʪʠʯʥʦʾ ʪʨʘʥʩʧʦʨʪʥʦʾ ʤʝʨʝʞʽ SDN, 

ʬʫʥʢʮʽʦʥʘʣʴʥʫ ʘʨʭʽʪʝʢʪʫʨʫ T-API, ʧʝʨʝʣʽʢ ʩʝʨʚʽʩʽʚ, ʥʝʦʙʭʽʜʥʠʭ ʜʣʷ ʫʧʨʘʚʣʽʥʥʷ 

ʪʨʘʥʩʧʦʨʪʥʦʶ ʤʝʨʝʞʝʶ, ʚʟʘʻʤʦʜʽʶ ʦʨʢʝʩʪʨʘʪʦʨʘ ʪʘ ʢʦʥʪʨʦʣʝʨʘ ʟʘ ʜʦʧʦʤʦʛʦʶ T-API. 

ʇʨʝʜʩʪʘʚʣʝʥʦ ʪʨʘʥʩʧʦʨʪʥʫ ʤʝʨʝʞʫ SDN ʫ ʚʠʛʣʷʜʽ ʤʦʜʝʣʽ, ʷʢʘ ʚʽʜʦʙʨʘʞʘʻ ʦʩʥʦʚʥʽ ʧʨʦʮʝʩʠ 

ʨʝʘʣʴʥʦʾ ʤʝʨʝʞʽ ʪʘ ʜʦʟʚʦʣʷʻ ʟ ʚʠʩʦʢʠʤ ʩʪʫʧʝʥʝʤ ʘʜʝʢʚʘʪʥʦʩʪʽ ʢʝʨʫʚʘʪʠ ʧʨʦʮʝʩʘʤʠ 

ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ.  

 

ʉʴʦʛʦʜʥʽ ʪʨʘʜʠʮʽʡʥʘ ʪʝʣʝʢʦʤʫʥʽʢʘʮʽʡʥʘ ʤʝʨʝʞʘ ʻ ʥʘʙʦʨʦʤ 

ʩʧʝʮʽʘʣʽʟʦʚʘʥʠʭ ʬʽʟʠʯʥʠʭ ʧʨʠʩʪʨʦʾʚ, ʪʘʢʠʭ ʷʢ ʤʘʨʰʨʫʪʠʟʘʪʦʨʠ, ʢʦʤʫʪʘʪʦʨʠ, 

ʤʽʞʤʝʨʝʞʝʚʽ ʝʢʨʘʥʠ ʪʘ ʽʥʰʝ ʦʙʣʘʜʥʘʥʥʷ. ʎʽ ʧʨʠʩʪʨʦʾ ʩʪʚʦʨʶʚʘʣʠʩʷ ʟ 

ʫʨʘʭʫʚʘʥʥʷʤ ʩʧʝʮʠʬʽʯʥʠʭ ʘʧʘʨʘʪʥʠʭ ʽ ʧʨʦʛʨʘʤʥʠʭ ʧʣʘʪʬʦʨʤ ʨʽʟʥʠʭ ʚʝʥʜʦʨʽʚ. 

ʊʦʤʫ ʚʧʨʦʚʘʜʞʝʥʥʷ ʥʦʚʠʭ ʩʫʯʘʩʥʠʭ ʧʦʩʣʫʛ ʥʘ ʤʝʨʝʞʘʭ ʚʠʤʘʛʘʻ, ʷʢ ʧʨʘʚʠʣʦ, 

ʟʘʤʽʥʠ ʯʠ ʟʥʘʯʥʦʾ ʤʦʜʝʨʥʽʟʘʮʽʾ ʥʘʷʚʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ. ʎʝ ʥʝʛʘʪʠʚʥʦ ʚʧʣʠʚʘʻ 

ʥʘ ʦʧʝʨʘʪʠʚʥʽʩʪʴ ʥʘʜʘʥʥʷ ʢʦʨʠʩʪʫʚʘʯʘʤ ʥʦʚʠʭ ʧʨʦʜʫʢʪʽʚ ʪʘ ʧʦʩʣʫʛ. ʊʦʤʫ 

ʟʘʨʘʟ ʧʠʪʘʥʥʷ ʧʦʙʫʜʦʚʠ ʤʝʨʝʞ ʥʘ ʦʩʥʦʚʽ ʢʦʥʮʝʧʮʽʾ SDN (Software Defined 

Networking) ʜʝʜʘʣʽ ʯʘʩʪʽʰʝ ʧʝʨʝʙʫʚʘʶʪʴ ʥʘ ʧʦʨʷʜʢʫ ʜʝʥʥʦʤʫ ʜʦʩʣʽʜʥʠʮʴʢʠʭ 

ʦʨʛʘʥʽʟʘʮʽʡ, ʫʥʽʚʝʨʩʠʪʝʪʽʚ ʪʘ ʦʧʝʨʘʪʦʨʽʚ ʤʦʙʽʣʴʥʦʛʦ ʟʚ'ʷʟʢʫ. ʇʨʠ ʮʴʦʤʫ 

ʧʨʝʜʩʪʘʚʥʠʢʠ ʢʦʥʩʦʨʮʽʫʤʫ Open Networking Foundation (ONF) ʨʦʙʣʷʪʴ 

ʦʩʥʦʚʥʠʡ ʚʥʝʩʦʢ ʫ ʨʦʟʚʠʪʦʢ ʮʴʦʛʦ ʥʘʧʨʷʤʫ [1]. 

T-API ʨʦʟʨʦʙʣʝʥʠʡ ʷʢ ʽʥʪʝʨʬʝʡʩ ʤʽʞ ʢʦʥʪʨʦʣʝʨʘʤʠ ʥʘ ʨʽʟʥʠʭ ʨʽʚʥʷʭ 

ʽʻʨʘʨʭʽʾ SDN, ʧʨʦʧʦʥʫʶʯʠ ʢʦʥʪʨʦʣʴ ʥʘʜ ʤʝʨʝʞʝʚʠʤʠ ʨʝʩʫʨʩʘʤʠ ʥʘ ʨʽʟʥʠʭ 

ʨʽʚʥʷʭ ʘʙʩʪʨʘʢʮʽʾ. ʊʠʧʦʚʠʤ ʨʦʟʛʦʨʪʘʥʥʷʤ T-API ʻ ʽʥʪʝʨʬʝʡʩ ʤʽʞ ʥʘʙʦʨʦʤ 

ʤʝʨʝʞʝʚʠʭ ʢʦʥʪʨʦʣʝʨʽʚ ʜʦʤʝʥʫ ʪʘ ʦʨʢʝʩʪʨʘʪʦʨʦʤ ʚʝʨʭʥʴʦʛʦ ʨʽʚʥʷ. T-API 

ʨʦʟʨʦʙʣʝʥʠʡ, ʱʦʙ ʜʦʟʚʦʣʠʪʠ ʤʝʨʝʞʝʚʠʤ ʦʧʝʨʘʪʦʨʘʤ ʨʦʟʛʦʨʪʘʪʠ SDN ʥʘ 

ʙʘʛʘʪʦʰʘʨʦʚʽʡ, ʙʘʛʘʪʦʜʦʤʝʥʥʽʡ ʪʘ ʤʫʣʴʪʠʧʦʩʪʘʯʘʣʴʥʽʡ ʪʨʘʥʩʧʦʨʪʥʽʡ 

ʽʥʬʨʘʩʪʨʫʢʪʫʨʽ, ʨʦʟʰʠʨʶʶʯʠ ʤʦʞʣʠʚʽʩʪʴ ʧʨʦʛʨʘʤʫʚʘʥʥʷ ʫ ʩʚʦʾʭ ʤʝʨʝʞʘʭ 

ʥʘʩʢʨʽʟʥʦ. 
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ɯʩʥʫʻ ʥʘʙʽʨ ʩʝʨʚʽʩʽʚ, ʥʝʦʙʭʽʜʥʠʭ ʜʣʷ ʫʧʨʘʚʣʽʥʥʷ ʪʨʘʥʩʧʦʨʪʥʦʶ ʤʝʨʝʞʝʶ: 

ï  ʊʦʧʦʣʦʛʽʷ ʘʙʦ ʦʪʨʠʤʘʥʥʷ ʪʦʧʦʣʦʛʽʾ ʤʝʨʝʞʽ.  

ï  ʅʘʷʚʥʽʩʪʴ ʨʝʩʫʨʩʽʚ. 

ï  ɯʥʬʦʨʤʘʮʽʷ ʧʨʦ ʩʪʘʥ. 

ï  ʇʦʩʣʫʛʘ, ʱʦ ʜʦʟʚʦʣʷʻ ʢʣʽʻʥʪʫ ʩʪʚʦʨʶʚʘʪʠ ʟʚôʷʟʦʢ ʤʽʞ ʢʽʥʮʝʚʠʤʠ 

ʪʦʯʢʘʤʠ ʩʣʫʞʙʠ. 

ï  ʆʙʯʠʩʣʝʥʥʷ ʰʣʷʭʫ ʟʘʧʠʪʽʚ ʜʣʷ ʤʘʡʙʫʪʥʽʭ ʩʣʫʞʙ ʟʚôʷʟʢʫ. 

ï  ʇʦʚʽʜʦʤʣʝʥʥʷ, ʱʦ ʥʘʜʘʻ ʽʥʬʦʨʤʘʮʽʶ ʧʨʦ ʤʝʨʝʞʝʚʽ ʧʦʜʽʾ ʪʘ ʟʤʽʥʠ. 

ï  ɺʽʨʪʫʘʣʽʟʘʮʽʷ ʘʙʦ ʧʦʜʽʣ ʤʝʨʝʞʽ ʥʘ ʦʢʨʝʤʽ ʚʽʨʪʫʘʣʴʥʽ ʨʦʟʜʽʣʠ ʜʣʷ 

ʢʦʥʢʨʝʪʥʠʭ ʢʣʽʻʥʪʽʚ ʘʙʦ ʜʦʜʘʪʢʽʚ. 

ʎʝʡ ʥʘʙʽʨ ʨʝʘʣʽʟʦʚʘʥʦ ʚ ONF T-API ʪʘʢʠʤʠ ʩʧʦʩʦʙʘʤʠ, ʱʦ ʜʦʟʚʦʣʷʶʪʴ 

ʦʪʨʠʤʫʚʘʪʠ ʨʽʟʥʠʡ ʩʪʫʧʽʥʴ ʽʥʬʦʨʤʘʮʽʾ ʪʘ ʢʦʥʪʨʦʣʶ ʥʘ ʦʩʥʦʚʽ ʧʦʣʽʪʠʢʠ 

ʦʧʝʨʘʪʦʨʘ. ɼʘʥʠʡ ʜʽʘʧʘʟʦʥ ʜʦʟʚʦʣʷʻ ʧʽʜʪʨʠʤʫʚʘʪʠ ʨʽʟʥʽ ʜʽʣʦʚʽ ʚʽʜʥʦʩʠʥʠ 

ʯʝʨʝʟ API, ʚʢʣʶʯʘʶʯʠ ʢʣʽʻʥʪʽʚ, ʷʢʠʤ ʙʫʜʝ ʜʦʩʪʫʧʥʦ ʦʙʤʝʞʝʥʠʡ ʧʝʨʝʛʣʷʜ 

ʤʝʨʝʞʽ ʪʠʧʫ çʯʦʨʥʠʡ ʷʱʠʢè ʜʣʷ ʚʥʫʪʨʽʰʥʽʭ ʜʦʜʘʪʢʽʚ ʦʧʝʨʘʪʦʨʘ [2]. 

ʇʦʪʝʥʮʽʡʥʽ ʧʨʦʛʨʘʤʠ T-API ʤʘʶʪʴ ʙʘʛʘʪʦ ʤʦʞʣʠʚʦʩʪʝʡ ʧʦʻʜʥʫʚʘʪʠ 

ʫʧʨʘʚʣʽʥʥʷ ʪʘ ʤʦʥʽʪʦʨʠʥʛ ʦʧʪʠʯʥʦʾ ʪʨʘʥʩʧʦʨʪʥʦʾ ʤʝʨʝʞʽ ʟ ʜʦʜʘʪʢʘʤʠ ʚʠʱʦʛʦ 

ʨʽʚʥʷ, ʪʘʢʠʤʠ ʷʢ: 

ï  ʅʘʩʢʨʽʟʥʽ ʧʦʩʣʫʛʠ ʜʠʥʘʤʽʯʥʦʾ ʧʨʦʧʫʩʢʥʦʾ ʟʜʘʪʥʦʩʪʽ ʯʝʨʝʟ 

ʙʘʛʘʪʦʜʦʤʝʥʥʫ ʤʝʨʝʞʫ ʥʝʩʫʯʠʭ ʟ ʧʽʜʪʨʠʤʢʦʶ ʩʪʽʡʢʦʩʪʽ ʪʘ ʧʦʚʪʦʨʥʦʾ 

ʦʧʪʠʤʽʟʘʮʽʾ; 

ï  ɺʟʘʻʤʦʟʚ'ʷʟʦʢ ʜʝʢʽʣʴʢʦʭ ʩʘʡʪʽʚ CORD (Central Office Reachitected as a 

Datacenter) ʯʝʨʝʟ ʙʘʛʘʪʦʜʦʤʝʥʥʫ ʤʝʨʝʞʫ; 

ï  ʇʽʜʪʨʠʤʢʘ ʧʦʩʣʫʛ ʚʽʨʪʫʘʣʴʥʦʾ ʪʨʘʥʩʧʦʨʪʥʦʾ ʤʝʨʝʞʽ, ʱʦ ʧʨʦʧʦʥʫʶʪʴ 

ʜʠʥʘʤʽʯʥʦ ʢʝʨʦʚʘʥʽ ʪʘ ʚʽʜʩʪʝʞʫʚʘʥʽ ʚʽʨʪʫʘʣʴʥʽ ʨʝʩʫʨʩʠ, ʷʢʽ ʟ'ʻʜʥʫʶʪʴ 

ʚʽʜʜʘʣʝʥʽ ʩʘʡʪʠ ʚʝʣʠʢʠʭ ʢʣʽʻʥʪʽʚ. ʇʽʜʪʨʠʤʢʘ ʧʦʜʽʣʫ ʤʝʨʝʞʽ, ʱʦ ʟʘʙʝʟʧʝʯʫʻ 

ʤʦʞʣʠʚʽʩʪʴ ʧʽʜʢʣʶʯʝʥʥʷ ʜʦ 5G-ʩʝʨʚʽʩʽʚ ʟ ʚʝʣʠʢʦʶ ʧʨʦʧʫʩʢʥʦʶ ʟʜʘʪʥʽʩʪʶ ʘʙʦ 

ʥʘʜʥʠʟʴʢʦʶ ʟʘʪʨʠʤʢʦʶ ʟʘ ʜʦʧʦʤʦʛʦʶ ʽʟʦʣʴʦʚʘʥʠʭ ʪʘ ʟʘʭʠʱʝʥʠʭ ʚʽʨʪʫʘʣʴʥʠʭ 

ʧʽʜʤʥʦʞʠʥ ʤʝʨʝʞ ̔[3]. 

ɯʥʬʦʨʤʘʮʽʡʥʘ ʤʦʜʝʣʴ T-API ʟʘʩʥʦʚʘʥʘ ʥʘ ʻʜʠʥʦʤʫ ʧʦʜʘʥʥʽ ʧʣʦʩʢʦʾ 

ʪʦʧʦʣʦʛʽʾ, ʷʢʘ ʦʙôʻʜʥʫʻ ʚʩʽ ʤʝʨʝʞʝʚʽ ʨʽʚʥʽ ʚ ʻʜʠʥʫ ʪʦʧʦʣʦʛʽʶ (ʨʠʩ. 1).  

ɺʦʥʘ ʚʢʣʶʯʘʻ: 

ï  ɼʦʤʝʥʠ ʧʝʨʝʘʜʨʝʩʘʮʽʾ ODU/DSR, ʧʨʝʜʩʪʘʚʣʝʥʽ ʫ ʚʠʛʣʷʜʽ 

ʙʘʛʘʪʦʨʽʚʥʝʚʦʾ ʽ ʙʘʛʘʪʦʰʚʠʜʢʽʩʥʦʾ tapi-topology:node, ʱʦ ʜʦʟʚʦʣʷʻ 

ʧʨʝʜʩʪʘʚʠʪʠ ʚʥʫʪʨʽʰʥʻ ʚʽʜʦʙʨʘʞʝʥʥʷ ʤʽʞ DSR ʽ ODU, ʽ 

ʤʫʣʴʪʠʧʣʝʢʩʫʚʘʥʥʷ/ʜʝʤʫʣʴʪʠʧʣʝʢʩʫʚʘʥʥʷ ʥʘ ʨʽʟʥʠʭ ʰʚʠʜʢʦʩʪʷʭ ODU. 

ʇʝʨʝʭʦʜʠ ODU-OTSi ʧʨʝʜʩʪʘʚʣʝʥʽ ʷʢ ʪʨʘʥʟʠʪʥʽ ʣʘʥʢʠ. 

ï  ɼʦʤʝʥʠ ʧʝʨʝʘʜʨʝʩʘʮʽʾ OTSi: ʧʨʝʜʩʪʘʚʣʷʶʪʴ ʦʧʪʠʯʥʫ ʩʪʦʨʦʥʫ ʦʧʪʠʯʥʠʭ 

ʪʝʨʤʽʥʘʣʽʚ (ʪʨʘʥʩʧʦʥʜʝʨʠ/ʤʫʢʩʧʦʥʜʝʨʠ). ɺʦʥʠ ʧʨʝʜʩʪʘʚʣʝʥʽ ʦʜʥʦʨʽʚʥʝʚʦʶ 

tapi-topology:node, ʱʦ ʜʦʟʚʦʣʷʻ ʧʨʝʜʩʪʘʚʠʪʠ ʣʦʛʽʯʥʫ ʘʛʨʝʛʘʮʽʶ ʟ'ʻʜʥʘʥʴ OTSi 

ʚ ʘʛʨʝʛʘʮʽʶ OTSiA ʪʘ ʚʽʜʦʙʨʘʞʘʪʠ ʟ'ʻʜʥʘʥʥʷ OTSiA ʫ ʟ'ʻʜʥʘʥʥʷ ODU. ɿʚ'ʷʟʦʢ 

OTSI ʟ ʚʫʟʣʦʤ Photonic-Media ʧʨʝʜʩʪʘʚʣʝʥʦ ʷʢ ʧʦʩʠʣʘʥʥʷ OMS. 

ï  ɼʦʤʝʥʠ ʧʝʨʝʘʜʨʝʩʘʮʽʾ Photonic-Media: ʧʨʝʜʩʪʘʚʣʷʶʪʴ ʤʝʨʝʞʫ Photonic 

Media (Open Line System - OLS). ʎʽ ʜʦʤʝʥʠ ʤʦʞʫʪʴ ʙʫʪʠ ʩʧʽʚʩʪʘʚʣʝʥʥʽ ʟ 

ʤʝʨʝʞʝʚʠʤʠ ʝʣʝʤʝʥʪʘʤʠ OLP, ROADM/FOADM ʪʘ ILA, ʟʚ'ʷʟʦʢ ʷʢʠʭ ʟʘʚʞʜʠ 
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ʧʨʝʜʩʪʘʚʣʝʥʦ ʷʢ ʧʦʩʠʣʘʥʥʷ OMS ʘʙʦ OTS. ʎʽ ʜʦʤʝʥʠ ʧʝʨʝʘʜʨʝʩʘʮʽʾ ʥʘʜʘʶʪʴ 

ʤʦʞʣʠʚʽʩʪʴ ʩʪʚʦʨʝʥʥʷ ʟ'ʻʜʥʘʥʴ Media Channel ʽ ʩʣʫʞʙ ʟʚ'ʷʟʢʫ ʤʽʞ ʡʦʛʦ 

ʢʽʥʮʝʚʠʤʠ ʪʦʯʢʘʤʠ [4]. 

 
 

ʈʠʩ. 1. ɯʥʬʦʨʤʘʮʽʡʥʘ ʤʦʜʝʣʴ T-API. 

 

ɺʠʩʥʦʚʦʢ. ɺʠʢʦʨʠʩʪʘʥʥʷ ʙʽʙʣʽʦʪʝʢʠ T-API ʜʦʟʚʦʣʷʻ: ʧʦ-ʧʝʨʰʝ, 

ʧʨʦʘʥʘʣʽʟʫʚʘʪʠ ʩʪʨʫʢʪʫʨʫ ʽ ʝʣʝʤʝʥʪʠ ʪʨʘʥʩʧʦʨʪʥʦʾ ʤʝʨʝʞʽ; ʧʦ-ʜʨʫʛʝ, 

ʟʜʽʡʩʥʠʪʠ ʧʝʨʝʭʽʜ ʚʽʜ ʤʝʨʝʞʽ ʜʦ ʤʦʜʝʣʽ; ʧʦ-ʪʨʝʪʻ, ʧʦʙʫʜʫʚʘʪʠ ʽʥʬʦʨʤʘʮʽʡʥʫ 

ʤʦʜʝʣʴ, ʷʢʘ ʤʘʻ ʫ ʩʚʦʻʤʫ ʩʢʣʘʜʽ ʧʦʢʘʟʥʠʢʠ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʨʝʘʣʴʥʦʾ ʤʝʨʝʞʽ. 

ɯʥʬʦʨʤʘʮʽʡʥʘ ʤʦʜʝʣʴ ʧʦʙʫʜʦʚʘʥʘ ʥʘ ʦʩʥʦʚʽ ʤʦʚʠ ʤʦʜʝʣʶʚʘʥʥʷ YANG. ɺʦʥʘ 

ʚʽʜʦʙʨʘʞʘʻ ʨʝʘʣʴʥʫ ʩʠʩʪʝʤʫ, ʜʝ ʬʽʟʠʯʥʽ ʝʣʝʤʝʥʪʠ ʤʝʨʝʞʽ ʟʘʤʽʥʝʥʽ ʥʘ 

ʚʽʨʪʫʘʣʴʥʽ. ʇʨʠʯʦʤʫ, ʥʝʟʘʣʝʞʥʦ ʚʽʜ ʨʝʘʣʴʥʦʾ ʤʝʨʝʞʽ, ʪʠʧʫ ʦʙʣʘʜʥʘʥʥʷ 

ʚʝʥʜʦʨʽʚ, ʤʦʞʥʘ ʟʙʠʨʘʪʠ ʜʘʥʽ ʪʘ ʧʦʢʘʟʥʠʢʠ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʝʣʝʤʝʥʪʽʚ ʤʝʨʝʞʽ 

ʽ ʚʧʣʠʚʘʪʠ ʥʘ ʧʨʦʮʝʩ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʤʝʨʝʞʽ ʫ ʚʠʛʣʷʜʽ ʤʦʜʝʣʶʚʘʥʥʷ 

ʢʦʥʢʨʝʪʥʦʾ ʩʠʩʪʝʤʠ.  
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ANALYSIS OF POSSIBILITIES OF USING VARIOUS MODIFICATIONS  

OF MININET FOR SIMULATION SDN NETWORKS  
 

In this article are considered existing technologies and methods for building an SDN 

network using an additional graphical interface. Has been studied powerful and flexible tool for 

visualizing the topology of an SDN network that allows to: simulate SDN networks of a rather 

complex structure; change the performance of branches and the magnitude of the load in the 

directions of communication; create a network-wide overload mode. 
 

ʋ ʮʽʡ ʩʪʘʪʪʽ ʨʦʟʛʣʷʜʘʶʪʴʩʷ ʽʩʥʫʶʯʽ ʪʝʭʥʦʣʦʛʽʾ ʪʘ ʤʝʪʦʜʠ ʧʦʙʫʜʦʚʠ ʤʝʨʝʞʽ SDN ʟ 

ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʜʦʜʘʪʢʦʚʦʛʦ ʛʨʘʬʽʯʥʦʛʦ ʽʥʪʝʨʬʝʡʩʫ. ɼʦʩʣʽʜʞʝʥʦ ʧʦʪʫʞʥʠʡ ʽ ʛʥʫʯʢʠʡ 

ʽʥʩʪʨʫʤʝʥʪ ʚʽʟʫʘʣʽʟʘʮʽʾ ʪʦʧʦʣʦʛʽʾ ʤʝʨʝʞʽ SDN, ʱʦ ʜʦʟʚʦʣʷʻ: ʤʦʜʝʣʶʚʘʪʠ ʤʝʨʝʞʽ SDN 

ʜʦʩʠʪʴ ʩʢʣʘʜʥʦʾ ʩʪʨʫʢʪʫʨʠ; ʟʤʽʥʶʚʘʪʠ ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ ʚʽʜʛʘʣʫʞʝʥʴ ʽ ʚʝʣʠʯʠʥʫ 

ʥʘʚʘʥʪʘʞʝʥʥʷ ʚ ʥʘʧʨʷʤʢʘʭ ʩʧʦʣʫʯʝʥʥʷ; ʩʪʚʦʨʠʪʠ ʨʝʞʠʤ ʧʝʨʝʚʘʥʪʘʞʝʥʥʷ ʚʩʽʻʾ ʤʝʨʝʞʽ. 

 

ɼʣʷ ʪʦʛʦ ʱʦʙ ʙʫʜʫʚʘʪʠ ʤʝʨʝʞʽ ʪʘ ʩʠʩʪʝʤʠ ʽ ʟʥʘʪʠ ʾʭ ʬʫʥʢʮʽʦʥʘʣʴʥʽ 

ʯʠʩʣʦʚʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʦʪʨʽʙʥʦ ʾʭ ʤʦʜʝʣʶʚʘʪʠ ʪʘ ʧʝʨʝʚʽʨʷʪʠ ʾʭ 

ʚʽʜʧʦʚʽʜʥʽʩʪʴ ʟʘôʷʚʣʝʥʠʤ ʚʠʤʦʛʘʤ. ɼʣʷ ʮʴʦʛʦ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʪʨʠ ʪʠʧʠ 

ʤʦʜʝʣʝʡ: ʬʽʟʠʯʥʽ, ʘʥʘʣʽʪʠʯʥʽ ʪʘ ʽʤʽʪʘʮʽʡʥʽ. ʌʽʟʠʯʥʽ ʤʦʜʝʣʽ ʧʝʨʝʜʙʘʯʘʶʪʴ 

ʨʦʟʛʦʨʪʘʥʥʷ ʜʽʣʷʥʢʠ ʤʝʨʝʞʽ ʥʘ ʨʝʘʣʴʥʦʤʫ ʦʙʣʘʜʥʘʥʥʽ ʪʘ ʧʨʦʚʝʜʝʥʥʷ 

ʧʨʘʢʪʠʯʥʦʾ ʝʢʩʧʣʫʘʪʘʮʽʾ ʟ ʤʝʪʦʶ ʚʠʟʥʘʯʝʥʥʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ. 

ʎʝʡ ʤʝʪʦʜ ʜʦʟʚʦʣʷʻ ʦʪʨʠʤʘʪʠ ʧʦʢʘʟʥʠʢʠ, ʥʘʡʙʽʣʴʰ ʥʘʙʣʠʞʝʥʽ ʜʦ ʨʝʘʣʴʥʠʭ 

ʟʥʘʯʝʥʴ. ʆʜʥʘʢ ʪʘʢʠʡ ʧʽʜʭʽʜ ʧʦʪʨʝʙʫʻ ʚʝʣʠʢʠʭ ʪʠʤʯʘʩʦʚʠʭ ʪʘ ʤʘʪʝʨʽʘʣʴʥʠʭ 

ʚʠʪʨʘʪ. 

ɸʥʘʣʽʪʠʯʥʽ ʤʦʜʝʣʽ ʟʨʫʯʥʽ ʫ ʚʠʢʦʨʠʩʪʘʥʥʽ ʽ ʚʠʤʘʛʘʶʪʴ ʚʝʣʠʢʠʭ 

ʤʘʪʝʨʽʘʣʴʥʠʭ ʚʢʣʘʜʝʥʴ. ʇʨʦʪʝ ʪʘʢʽ ʩʢʣʘʜʥʽ ʩʠʩʪʝʤʠ, ʷʢ ʪʝʣʝʢʦʤʫʥʽʢʘʮʽʡʥʽ, 

ʚʘʞʢʦ ʧʽʜʜʘʶʪʴʩʷ ʤʘʪʝʤʘʪʠʯʥʦʤʫ ʦʧʠʩʫ. ɿʘʟʚʠʯʘʡ ʧʦʪʨʽʙʥʦ ʚʚʦʜʠʪʠ ʚʝʣʠʢʫ 

ʢʽʣʴʢʽʩʪʴ ʦʙʤʝʞʝʥʴ ʧʨʠ ʦʧʠʩʽ ʧʨʦʮʝʩʽʚ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ, ʚʥʘʩʣʽʜʦʢ ʯʦʛʦ ʪʘʢʽ 

ʤʦʜʝʣʽ ʤʦʞʫʪʴ ʤʘʪʠ ʜʫʞʝ ʥʠʟʴʢʫ ʪʦʯʥʽʩʪʴ. 

ʊʦʤʫ ʟʘʟʚʠʯʘʡ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʽʤʽʪʘʮʽʡʥʽ ʤʦʜʝʣʽ. ɺʦʥʠ ʤʝʥʰ ʚʠʪʨʘʪʥʽ, 

ʥʽʞ ʬʽʟʠʯʥʽ ʤʦʜʝʣʽ, ʜʦʟʚʦʣʷʶʪʴ ʚʨʘʭʦʚʫʚʘʪʠ ʨʝʘʣʴʥʽ ʤʝʨʝʞʝʚʽ ʧʨʦʮʝʩʠ ʪʘ 

ʤʘʶʪʴ ʜʦʩʠʪʴ ʚʠʩʦʢʫ ʚʘʨʽʘʪʠʚʥʽʩʪʴ ʜʦʩʣʽʜʞʫʚʘʥʠʭ ʧʘʨʘʤʝʪʨʽʚ. ɼʣʷ ʮʠʭ ʮʽʣʝʡ 

ʽʩʥʫʻ ʧʨʦʛʨʘʤʥʠʡ ʧʨʦʜʫʢʪ Mininet. ɭ ʜʚʘ ʚʠʜʠ ʤʦʜʝʣʶʚʘʥʥʷ ʤʝʨʝʞ SDN 

ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ Mininet: 

1. ʄʦʜʝʣʶʚʘʥʥʷ ʤʝʨʝʞʽ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʧʨʦʛʨʘʤʥʦʛʦ ʨʷʜʢʘ. ʇʨʠ ʷʢʦʤʫ 

ʧʦʚʥʽʩʪʶ ʚʩʝ ʨʦʟʛʦʨʪʘʥʥʷ ʤʝʨʝʞʽ ʚʠʢʦʥʫʻʪʴʩʷ ʚ ʨʫʯʥʫ, ʰʣʷʭʦʤ ʥʘʧʠʩʘʥʥʷ 

ʩʢʣʘʜʥʠʭ ʧʨʦʛʨʘʤʥʠʭ ʢʦʜʽʚ ʥʘ ʤʦʚʽ python.  



 95 

2. ʄʦʜʝʣʶʚʘʥʥʷ ʤʝʨʝʞʽ ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ ʤʦʜʠʬʽʢʘʮʽʶ MiniEdit. ʗʢʠʡ 

ʧʨʝʜʩʪʘʚʣʷʻ ʩʦʙʦʶ ʛʨʘʬʽʯʥʠʡ ʽʥʪʝʨʬʝʡʩ, ʷʢʠʡ ʤʘʻ ʫ ʩʚʦʻʤʫ ʩʢʣʘʜʽ ʛʦʪʦʚʽ 

ʧʨʦʛʨʘʤʥʽ ʤʝʨʝʞʝʚʽ ʝʣʝʤʝʥʪʠ, ʱʦ ʩʧʨʦʱʫʻ ʤʦʜʝʣʶʚʘʥʥʷ ʩʢʣʘʜʥʠʭ ʩʠʩʪʝʤ 

SDN. 

ʈʦʟʛʣʷʥʝʤʦ ʧʨʠʟʥʘʯʝʥʥʷ ʪʘ ʬʫʥʢʮʽʾ ʧʨʦʛʨʘʤʥʠʭ ʢʦʤʧʦʥʝʥʪʽʚ ʧʽʜ ʯʘʩ 

ʧʦʙʫʜʦʚʠ ʚʽʨʪʫʘʣʴʥʦʾ ʤʝʨʝʞʽ SDN. ʅʘ ʨʠʩ. 1 ʧʦʢʘʟʘʥʘ ʘʨʭʽʪʝʢʪʫʨʘ ʪʘ ʛʦʣʦʚʥʽ 

ʩʢʣʘʜʦʚʽ ʧʨʦʛʨʘʤʥʦʛʦ ʩʝʨʝʜʦʚʠʱʘ Mininet.  
 

 
 

ʈʠʩ. 1. ʆʩʥʦʚʥʽ ʢʦʤʧʦʥʝʥʪʠ ʚʽʨʪʫʘʣʴʥʦ ʤʝʨʝʞʽ Mininet. 
 

ɯʩʥʫʶʪʴ ʢʦʤʧʦʥʝʥʪʠ ʚ ʚʽʜʢʨʠʪʦʤʫ ʜʦʩʪʫʧʽ, ʦʜʥʘʢ ʱʦʙ ʜʦʙʠʪʠʩʴ ʾʭ 

ʧʨʘʚʠʣʴʥʦʾ ʪʘ ʢʦʨʝʢʪʥʦʾ ʚʟʘʻʤʦʜʽʾ ʧʦʪʨʽʙʥʦ ʤʘʪʠ ʜʦʩʚʽʜ ʪʘ ʥʘʚʠʯʢʠ ʫ 

ʥʘʧʠʩʘʥʥʽ ʧʨʦʛʨʘʤ, ʰʣʷʭʦʤ ʥʘʧʠʩʘʥʥʷ ʥʘ ʤʦʚʽ ʧʨʦʛʨʘʤʫʚʘʥʥʷ python. ɸʜʞʝ 

ʩʘʤʝ ʮʷ ʤʦʚʘ ʚʽʜʦʙʨʘʞʘʻ ʩʫʪʴ ʩʠʩʪʝʤʠ, ʦʜʥʘʢ, ʧʽʜ ʯʘʩ ʦʧʠʩʫ ʚʟʘʻʤʦʜʽʾ ʨʽʟʥʠʭ 

ʝʣʝʤʝʥʪʽʚ ʚ python ʟôʷʚʣʷʶʪʴʩʷ ʯʘʩʪʦ ʨʽʟʥʽ ʧʦʤʠʣʢʠ ʽ ʣʶʜʠʥʘ, ʷʢʘ ʟʘʡʤʘʻʪʴʩʷ 

ʜʦʩʣʽʜʞʝʥʥʷʤ ʪʘʢʦʾ ʩʠʩʪʝʤʠ ʤʘʻ ʙʫʪʠ ʩʧʝʮʘʣʽʩʪʦʤ. ɼʣʷ ʫʩʫʥʝʥʥʷ ʪʘʢʦʛʦ 

ʥʝʜʦʣʽʢʫ, ʨʝʟʫʣʴʪʘʪʦʤ ʧʦʜʘʣʴʰʦʛʦ ʨʦʟʚʠʪʢʫ ʧʨʦʜʫʢʪʫ Mininet, ʟôʷʚʣʷʻʪʴʩʷ 

ʛʨʘʬʽʯʥʘ ʤʦʜʠʬʽʢʘʮʽʷ MiniEdit. MiniEdit ʚʽʜʨʽʟʥʷʻʪʴʩʷ ʚʽʜ Mininet ʪʠʤ, ʱʦ 

ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ ʡʦʛʦ ʥʝ ʧʦʪʨʽʙʥʦ ʚʠʰʫʢʫʚʘʪʠ ʦʢʨʝʤʽ ʢʦʤʧʦʥʝʥʪʠ ʪʘ 

ʤʝʨʝʞʝʚʽ ʝʣʝʤʝʥʪʠ, ʚʠʟʥʘʯʘʪʠ ʬʫʥʢʮʽʦʥʘʣʴʥʽ ʤʦʞʣʠʚʦʩʪʽ ʽ ʧʨʦʛʨʘʤʥʦ 

ʧʨʦʧʠʩʫʚʘʪʠ ʧʨʦʮʝʩʠ ʚʟʘʻʤʦʜʽʾ. ɺʠʨʽʰʝʥʥʷ ʮʽʻʾ ʟʘʜʘʯʽ ʧʦʣʷʛʘʻ ʚ ʪʦʤʫ ʱʦ 

MiniEdit ʟʥʘʭʦʜʠʪʴ ʬʫʥʢʮʽʦʥʘʣʴʥʽ ʙʣʦʢʠ ʽ ʥʘʜʘʻ ʟʤʦʛʫ ʚ ʛʨʘʬʽʯʥʦʤʫ 

ʽʥʪʝʨʬʝʡʩʽ ʧʦʙʫʜʫʚʘʪʠ ʩʪʨʫʢʪʫʨʫ ʤʝʨʝʞʽ.  

ɺ ʛʨʘʬʽʯʥʦʤʫ ʽʥʪʝʨʬʝʡʩʽ ʻ ʧʝʨʝʣʽʢ ʝʣʝʤʝʥʪʽʚ, ʚʟʘʻʤʦʟʚôʷʟʢʽʚ ʪʘ ʧʦʚʥʘ 

ʩʪʨʫʢʪʫʨʘ ʤʝʨʝʞʽ. ɿʘ ʜʦʧʦʤʦʛʦʶ ʯʦʛʦ ʤʦʞʥʘ ʧʨʦʩʪʦ ʩʢʣʘʩʪʠ ʪʦʧʦʣʦʛʽʶ 

ʜʦʩʣʽʜʞʫʚʘʥʦʾ ʤʝʨʝʞʽ, ʧʽʩʣʷ ʯʦʛʦ ʟʘʧʫʩʪʠʪʠ ʚʩʽ ʝʣʝʤʝʥʪʠ, ʷʢʽ ʟʘ 

ʟʘʤʦʚʯʫʚʘʥʥʷʤ ʥʘʣʘʰʪʫʶʪʴʩʷ ʘʚʪʦʤʘʪʠʯʥʦ. ʊʘʢʦʞ ʮʷ ʤʦʜʠʬʽʢʘʮʽʷ ʜʘʻ ʟʤʦʛʫ 

ʢʦʥʚʝʨʪʫʚʘʪʠ ʛʨʘʬʽʯʥʠʡ ʚʠʛʣʷʜ ʤʝʨʝʞʽ ʫ ʧʨʦʛʨʘʤʥʠʡ ʢʦʜ, ʜʣʷ ʧʦʜʘʣʴʰʦʛʦ 

ʘʥʘʣʽʟʫ ʪʘ ʨʦʟʚʠʪʢʫ ʥʘʚʠʢʽʚ ʨʫʯʥʦʛʦ ʧʨʦʛʨʘʤʫʚʘʥʥʷ ʤʝʨʝʞ. ʊʘʢʝ ʨʽʰʝʥʥʷ 

ʜʦʟʚʦʣʷʻ ʙʫʜʫʚʘʪʠ ʩʪʨʫʢʪʫʨʠ ʤʝʨʝʞ ʙʽʣʴʰ ʧʨʦʩʪʽʰʝ, ʯʠʤ ʧʦʙʫʜʦʚʘ 

ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ ʤʦʜʝʣʶʚʘʥʥʷ ʤʝʨʝʞʽ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʧʨʦʛʨʘʤʥʦʛʦ ʨʷʜʢʘ 

Mininet. ɸʜʞʝ ʧʨʠ ʨʫʯʥʦʤʫ ʤʦʜʝʣʶʚʘʥʥʽ ʚʠʨʽʰʝʥʥʷ ʟʘʜʘʯ ʤʦʞʝ ʧʨʠʚʝʩʪʠ ʜʦ 

ʙʘʛʘʪʴʦʭ ʧʦʤʠʣʦʢ, ʷʢʽ ʧʦʪʽʤ ʚʘʞʢʦ ʟʥʘʭʦʜʠʪʠ ʪʘ ʚʠʢʣʶʯʘʪʠ. ʇʨʠʯʠʥʦʶ ʪʘʢʠʭ 

ʧʦʤʠʣʦʢ ʤʦʞʝ ʙʫʪʠ ʷʢ ʽ ʩʢʣʘʜʥʽʩʪʴ ʥʘʣʘʰʪʫʚʘʥʥʷ ʪʘ ʢʦʥʬʽʛʫʨʘʮʽʾ ʩʢʣʘʜʥʠʭ 

ʝʣʝʤʝʥʪʽʚ ʤʝʨʝʞʽ, ʪʘʢ ʽ ʟʚʠʯʘʡʥʠʡ ʣʶʜʩʴʢʠʡ ʬʘʢʪʦʨ. 
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ʈʠʩ. 2. ɻʨʘʬʽʯʥʝ ʧʦʣʦʪʥʦ ʧʦʙʫʜʦʚʠ ʤʝʨʝʞʽ ʫ MiniEdit. 
 

ʇʨʠ ʧʦʙʫʜʦʚʽ ʤʘʢʝʪʫ ʤʝʨʝʞʽ ʻ ʤʦʞʣʠʚʽʩʪʴ ʚʠʢʦʨʠʩʪʘʥʥʷ ʥʘʩʪʫʧʥʠʭ 

ʽʥʩʪʨʫʤʝʥʪʽʚ (ʜʠʚ. ʈʠʩ. 2): 

1. ɯʥʩʪʨʫʤʝʥʪ çʍʦʩʪè, ʟʘ ʜʦʧʦʤʦʛʦʶ ʷʢʦʛʦ ʩʪʚʦʨʶʶʪʴʩʷ ʪʘ ʨʦʟʤʽʱʫʶʪʴʩʷ 

ʚʫʟʣʠ, ʱʦ ʚʠʢʦʥʫʶʪʴ ʬʫʥʢʮʽʾ ʭʦʩʪ-ʢʦʤʧ'ʶʪʝʨʽʚ.  

2. ɯʥʩʪʨʫʤʝʥʪ çʂʦʤʤʫʪʘʪʦʨè, ʟʘ ʜʦʧʦʤʦʛʦʶ ʷʢʦʛʦ ʩʪʚʦʨʶʶʪʴʩʷ ʪʘ 

ʨʦʟʤʽʱʫʶʪʴʩʷ ʢʦʤʫʪʘʪʦʨʠ ʟ ʧʽʜʪʨʠʤʢʦʶ OpenFlow. ʎʽ ʢʦʤʫʪʘʪʦʨʠ ʙʫʜʫʪʴ 

ʘʚʪʦʤʘʪʠʯʥʦ ʧʽʜʢʣʶʯʝʥʽ ʜʦ ʢʦʥʪʨʦʣʝʨʘ.  

3. ɯʥʩʪʨʫʤʝʥʪ çLegacy Switchè ʟʘ ʜʦʧʦʤʦʛʦʶ ʷʢʦʛʦ ʩʪʚʦʨʶʶʪʴʩʷ ʪʘ 

ʨʦʟʤʽʱʫʶʪʴʩʷ ʪʠʧʦʚʽ ʢʦʤʫʪʘʪʦʨʠ Ethernet ʟ ʥʘʣʘʰʪʫʚʘʥʥʷʤʠ ʟʘ 

ʟʘʤʦʚʯʫʚʘʥʥʷʤ.  

4. ɯʥʩʪʨʫʤʝʥʪ "Legacy Router" ʟʘ ʜʦʧʦʤʦʛʦʶ ʷʢʦʛʦ ʩʪʚʦʨʶʶʪʴʩʷ ʪʘ 

ʨʦʟʤʽʱʫʶʪʴʩʷ ʙʘʟʦʚʽ ʤʘʨʰʨʫʪʠʟʘʪʦʨʠ, ʷʢʠʡ ʧʨʘʮʶʻ ʙʝʟ ʫʯʘʩʪʽ ʢʦʥʪʨʦʣʝʨʘ. 

5. ɯʥʩʪʨʫʤʝʥʪ NetLink ʟʘ ʜʦʧʦʤʦʛʦʶ ʷʢʦʛʦ ʩʪʚʦʨʶʶʪʴʩʷ ʣʽʥʢʠ ʤʽʞ ʚʫʟʣʘʤʠ.  

6. ɯʥʩʪʨʫʤʝʥʪ "ʂʦʥʪʨʦʣʝʨ" ʟʘ ʜʦʧʦʤʦʛʦʶ ʷʢʦʛʦ ʩʪʚʦʨʶʶʪʴʩʷ ʢʦʥʪʨʦʣʝʨʠ.  

ɺʠʩʥʦʚʦʢ. MiniEdit ʤʘʻ ʚʝʣʠʢʽ ʧʝʨʩʧʝʢʪʠʚʠ ʫ ʤʘʡʙʫʪʥʴʦʤʫ ʜʣʷ 

ʤʦʜʝʣʶʚʘʥʥʷ ʪʘ ʪʝʩʪʫʚʘʥʥʷ ʧʦʢʘʟʥʠʢʽʚ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʨʽʟʥʠʭ ʪʦʧʦʣʦʛʽʡ 

ʤʝʨʝʞ SDN. ɹʫʣʦ ʧʨʠʚʝʜʝʥʦ ʢʦʨʠʩʥʽ ʬʫʥʢʮʽʾ ʷʢʠʤʠ ʚʦʣʦʜʽʻ ʤʦʜʠʬʽʢʘʮʽʷ 

MiniEdit. MiniEdit ʷʚʣʷʻʪʴʩʷ ʢʦʨʠʩʥʠʤ ʽʥʩʪʨʫʤʝʥʪʦʤ ʜʣʷ ʩʪʚʦʨʝʥʥʷ 

ʩʧʝʮʽʘʣʴʥʠʭ ʧʨʦʛʨʘʤʥʦ-ʚʠʟʥʘʯʝʥʠʭ ʩʮʝʥʘʨʽʾʚ ʤʦʜʝʣʶʚʘʥʥʷ ʤʝʨʝʞʽ ʪʘ ʚʦʣʦʜʽʻ 

ʟʨʫʯʥʠʤ ʛʨʘʬʽʯʥʠʤ ʽʥʪʝʨʬʝʡʩʦʤ, ʱʦ ʩʧʨʦʱʫʻ ʧʦʙʫʜʦʚʫ ʩʢʣʘʜʥʠʭ ʤʝʨʝʞ SDN.  
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THE ISSUES OF MODERN SYNCHRONIZATION NETWORKS DEPLOYMENT  

BASED ON IEEE1588-2008/2019 TELECOM PROFILE 
 

The basic principles of the deployment and operation of the modern synchronization 

networks based on PTP protocol (IEEE1588) telecom profile are summarized. The main idea is 

an adequate adaptation of the parameters and operation modes of PTP protocol to meet the 

carrier-class service quality requirements. It is important to provide the compatibility and 

interaction with the legacy synchronization networks and use the standard telecom 

synchronization practices. 

 

ʈʦʟʚʠʪʦʢ ʩʫʯʘʩʥʠʭ ʪʝʣʝʢʦʤʫʥʽʢʘʮʽʡ (ʟʦʢʨʝʤʘ, ʧʝʨʩʧʝʢʪʠʚʥʠʭ ʤʝʨʝʞ 

ʤʦʙʽʣʴʥʦʛʦ ʟʚôʷʟʢʫ 4/5G ʪʘ ʚʽʜʧʦʚʽʜʥʦʾ ʪʨʘʥʩʧʦʨʪʥʦʾ ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ) 

ʜʝʤʦʥʩʪʨʫʻ ʩʪʘʙʽʣʴʥʫ ʪʝʥʜʝʥʮʽʶ ʟʨʦʩʪʘʥʥʷ ʨʦʣʽ ʩʠʥʭʨʦʥʽʟʘʮʽʾ ʤʝʨʝʞ [1, 2]. ɺ 

ʢʦʥʪʝʢʩʪʽ ʩʪʘʥʜʘʨʪʠʟʘʮʽʾ ʪʘ ʚʧʨʦʚʘʜʞʝʥʥʷ ʥʦʚʠʭ ʤʝʪʦʜʽʚ ʪʘ ʪʝʭʥʽʯʥʠʭ ʟʘʩʦʙʽʚ 

ʩʠʥʭʨʦʥʽʟʘʮʽʾ ʯʘʩʪʦʪʠ ʪʘ/ʘʙʦ ʬʘʟʠ ʚʘʞʣʠʚʦ ʟʘʙʝʟʧʝʯʠʪʠ ʾʭ ʩʫʤʽʩʥʽʩʪʴ ʟ 

ʪʨʘʜʠʮʽʡʥʠʤʠ ʤʝʨʝʞʘʤʠ ʪʘʢʪʦʚʦʾ ʩʠʥʭʨʦʥʽʟʘʮʽʾ. ɸʜʘʧʪʘʮʽʷ ʜʦʙʨʝ 

ʚʽʜʧʨʘʮʴʦʚʘʥʠʭ, ʚʞʝ ʚʠʟʥʘʥʠʭ ʢʣʘʩʠʯʥʠʤʠ ʤʝʪʦʜʽʚ ʧʣʘʥʫʚʘʥʥʷ ʪʘ 

ʝʢʩʧʣʫʘʪʘʮʽʾ ʤʝʨʝʞ ʩʠʥʭʨʦʥʽʟʘʮʽʾ (ʷʢʽ ʩʬʦʨʤʫʚʘʣʠʩʷ ʚ ʧʝʨʽʦʜ 1980-2004 [3-5]) 

ʜʦ ʩʫʯʘʩʥʠʭ ʫʤʦʚ ʜʦʟʚʦʣʠʪʴ ʧʦʙʫʜʫʚʘʪʠ ʥʘʜʽʡʥʫ ʪʘ ʜʦʙʨʝ ʢʦʥʪʨʦʣʴʦʚʘʥʫ 

ʤʝʨʝʞʫ ʩʠʥʭʨʦʥʽʟʘʮʽʾ. 

ɺʠʭʦʜʷʯʠ ʟ ʮʴʦʛʦ, ʥʠʞʯʝ ʨʦʟʛʣʷʜʘʶʪʴʩʷ ʦʩʥʦʚʥʽ ʟʘʩʘʜʠ ʧʦʙʫʜʦʚʠ 

ʩʫʯʘʩʥʠʭ ʤʝʨʝʞ ʩʠʥʭʨʦʥʽʟʘʮʽʾ ʦʧʝʨʘʪʦʨʩʴʢʦʛʦ ʢʣʘʩʫ ʷʢʦʩʪʽ ʥʘ ʙʘʟʽ ʪʝʣʝʢʦʤ-

ʧʨʦʬʽʣʶ ʧʨʦʪʦʢʦʣʫ ʧʝʨʝʜʘʚʘʥʥʷ ʪʦʯʥʦʛʦ ʯʘʩʫ ʈʊʈ ʟʘ ʩʪʘʥʜʘʨʪʦʤ IEEE1588-

2008 [6]. ʉʣʽʜ ʟʘʟʥʘʯʠʪʠ, ʱʦ ʧʽʩʣʷ ʧʦʷʚʠ ʫ 2019 ʨʦʮʽ ʥʦʚʦʾ ʜʦʦʧʨʘʮʴʦʚʘʥʦʾ 

ʚʝʨʩʽʾ ʧʨʦʪʦʢʦʣʫ ʈʊʈ (IEEE1588-20019) ʚʠʥʠʢʣʘ ʥʝʦʙʭʽʜʥʽʩʪʴ ʫʟʛʦʜʞʝʥʥʷ 

ʨʦʙʦʪʠ ʦʙʣʘʜʥʘʥʥʷ ʈʊʈ ʦʙʦʭ ʩʪʘʥʜʘʨʪʽʚ. ɼʘʥʝ ʧʠʪʘʥʥʷ ʟʥʘʭʦʜʠʪʴʩʷ ʥʘ ʝʪʘʧʽ 

ʜʦʩʣʽʜʥʦʾ ʝʢʩʧʣʫʘʪʘʮʽʾ ʪʘ ʩʪʘʥʜʘʨʪʠʟʘʮʽʾ. 

ʇʨʦʪʦʢʦʣ ʨʦʟʧʦʜʽʣʫ ʪʦʯʥʦʛʦ ʯʘʩʫ PTP, ʷʢʠʡ ʩʚʦʛʦ ʯʘʩʫ ʙʫʣʦ ʨʦʟʨʦʙʣʝʥʦ 

ʜʣʷ ʘʚʪʦʤʘʪʠʟʦʚʘʥʠʭ ʩʠʩʪʝʤ ʫʧʨʘʚʣʽʥʥʷ ʪʝʭʥʦʣʦʛʽʯʥʠʤʠ ʧʨʦʮʝʩʘʤʠ, ʟʥʘʡʰʦʚ 

ʰʠʨʦʢʝ ʟʘʩʪʦʩʫʚʘʥʥʷ ʫ ʧʘʢʝʪʥʠʭ ʪʝʣʝʢʦʤʫʥʽʢʘʮʽʡʥʠʭ ʤʝʨʝʞʘʭ. ʅʘ ʜʘʥʠʡ ʯʘʩ 

ʦʩʥʦʚʥʽ ʟʘʩʘʜʠ ʚʠʢʦʨʠʩʪʘʥʥʷ ʈʊʈ ʚ ʪʝʣʝʢʦʤʫʥʽʢʘʮʽʷʭ ʩʪʘʥʜʘʨʪʠʟʦʚʘʥʦ ITU-T 

ʫ ʬʦʨʤʘʪʽ ñʪʝʣʝʢʦʤ-ʧʨʦʬʽʣʶò ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʯʘʩʪʦʪʥʦʾ ʪʘ ʯʘʩʦʚʦʾ 

ʩʠʥʭʨʦʥʽʟʘʮʽʾ. ɺʘʞʣʠʚʠʤ ʘʩʧʝʢʪʦʤ ʝʬʝʢʪʠʚʥʦʛʦ ʚʧʨʦʚʘʜʞʝʥʥʷ ʧʨʦʪʦʢʦʣʫ 

ʈʊʈ ʚ ʪʝʣʝʢʦʤʫʥʽʢʘʮʽʷʭ ʻ ʡʦʛʦ ʘʜʘʧʪʘʮʽʷ ʜʦ ʪʨʘʜʠʮʽʡʥʠʭ ʽ ʜʦʙʨʝ 

ʚʽʜʧʨʘʮʴʦʚʘʥʠʭ ʧʨʘʢʪʠʢ ʧʣʘʥʫʚʘʥʥʷ ʪʘ ʝʢʩʧʣʫʘʪʘʮʽʾ ʤʝʨʝʞ ʩʠʥʭʨʦʥʽʟʘʮʽʾ ʟ 

ʤʝʪʦʶ ʟʘʙʝʟʧʝʯʝʥʥʷ ʚʠʤʦʛ ʦʧʝʨʘʪʦʨʩʴʢʦʛʦ ʢʣʘʩʫ ʷʢʦʩʪʽ. ʎʝ ʚʠʩʫʚʘʻ 

ʜʦʜʘʪʢʦʚʽ ʚʠʤʦʛʠ ʜʦ ñʪʝʣʝʢʦʤ-ʧʨʦʬʽʣʶò ʈʊʈ, ʩʝʨʝʜ ʷʢʠʭ ʩʣʽʜ ʚʠʜʽʣʠʪʠ 

ʥʘʩʪʫʧʥʝ. 



 98 

1) ɿʘʙʝʟʧʝʯʝʥʥʷ ʚʟʘʻʤʦʜʽʾ ʪʘ ʩʫʤʽʩʥʦʩʪʽ ʤʽʞ ʧʨʦʚʽʜʥʠʤʠ (Master) ʪʘ 
ʚʝʜʝʥʠʤʠ (Slave) ʧʨʠʩʪʨʦʷʤʠ ʩʠʥʭʨʦʥʽʟʘʮʽʾ PTP ʨʽʟʥʠʭ ʚʠʨʦʙʥʠʢʽʚ. ʎʝʡ 
ʘʩʧʝʢʪ ʻ ʢʨʠʪʠʯʥʦ ʚʘʞʣʠʚʠʤ ʜʣʷ ʥʘʜʽʡʥʦʛʦ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʤʝʨʝʞ 
ʩʠʥʭʨʦʥʽʟʘʮʽʾ ʢʨʫʧʥʠʭ ʪʝʣʝʢʦʤʫʥʽʢʘʮʽʡʥʠʭ ʦʧʝʨʘʪʦʨʽʚ, ʷʢʽ ʟʘʟʚʠʯʘʡ ʤʘʶʪʴ 
ʩʢʣʘʜʥʫ ʘʨʭʽʪʝʢʪʫʨʫ ʟ ʚʝʣʠʢʦʶ ʢʽʣʴʢʽʩʪʶ ʧʨʠʩʪʨʦʾʚ ʩʠʥʭʨʦʥʽʟʘʮʽʾ ʨʽʟʥʠʭ 
ʧʦʢʦʣʽʥʴ ʪʘ/ʘʙʦ ʨʽʟʥʠʭ ʚʠʨʦʙʥʠʢʽʚ. ʊʦʤʫ ʧʽʜ ʯʘʩ ʚʚʝʜʝʥʥʷ ʜʦ ʝʢʩʧʣʫʘʪʘʮʽʾ 
ʥʦʚʦʛʦ ʦʙʣʘʜʥʘʥʥʷ ʩʣʽʜ ʨʝʪʝʣʴʥʦ ʧʝʨʝʚʽʨʷʪʠ ʡʦʛʦ ʩʫʤʽʩʥʽʩʪʴ ʟ ʦʙʣʘʜʥʘʥʥʷʤ 
ʽʥʰʠʭ ʚʠʨʦʙʥʠʢʽʚ, ʱʦ ʚʞʝ ʧʨʘʮʶʻ ʥʘ ʤʝʨʝʞʽ. 

2) ɿʘʙʝʟʧʝʯʝʥʥʷ ʨʦʟʧʦʜʽʣʫ ʩʠʛʥʘʣʽʚ ʩʠʥʭʨʦʥʽʟʘʮʽʾ (ʤʽʪʦʢ ʪʦʯʥʦʛʦ ʯʘʩʫ) ʫ 
ʚʝʣʠʢʠʭ ʟʘ ʦʙʩʷʛʦʤ ʧʘʢʝʪʥʠʭ ʪʝʣʝʢʦʤʫʥʽʢʘʮʽʡʥʠʭ ʤʝʨʝʞʘʭ, ʱʦ 
ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʨʽʟʥʽ ʩʫʯʘʩʥʽ ʪʝʭʥʦʣʦʛʽʾ ʧʝʨʝʜʘʚʘʥʥʷ ʪʘ ʢʦʤʫʪʘʮʽʾ (Ethernet, 
Iʈ, MPLS ʪʘ ʾʭʥʽ ʢʦʤʙʽʥʘʮʽʾ). 

3) ʅʘʣʘʰʪʫʚʘʥʥʷ ʰʚʠʜʢʦʩʪʽ ʧʝʨʝʜʘʚʘʥʥʷ ʧʦʚʽʜʦʤʣʝʥʴ ʈʊʈ ʪʘ ʽʥʰʠʭ 
ʧʘʨʘʤʝʪʨʽʚ ʪʝʣʝʢʦʤ-ʧʨʦʬʽʣʶ ʈʊʈ ʪʘʢʠʤ ʯʠʥʦʤ, ʱʦʙ ʟʘʜʦʚʦʣʴʥʠʪʠ ʚʠʤʦʛʠ, 
ʱʦ ʚʠʩʫʚʘʶʪʴʩʷ ʜʦ ʷʢʽʩʥʠʭ ʧʦʢʘʟʥʠʢʽʚ ʤʝʨʝʞʽ (ʥʘʧʨʠʢʣʘʜ, ʟʘʙʝʟʧʝʯʝʥʥʷ 
ʨʽʚʥʷ ʷʢʦʩʪʽ ʤʝʨʝʞʽ ʦʧʝʨʘʪʦʨʩʴʢʦʛʦ ʢʣʘʩʫ). ʉʣʽʜ ʧʽʜʢʨʝʩʣʠʪʠ, ʱʦ ʩʘʤ ʧʦ ʩʦʙʽ 
ʪʝʣʝʢʦʤ-ʧʨʦʬʽʣʴ ʧʨʦʪʦʢʦʣʫ ʈʊʈ ʥʝ ʤʦʞʝ ʛʘʨʘʥʪʫʚʘʪʠ ʜʦʪʨʠʤʘʥʥʷ ʧʝʚʥʠʭ 
ʷʢʽʩʥʠʭ ʧʦʢʘʟʥʠʢʽʚ, ʘʣʝ ʚʽʥ ʤʘʻ ʟʘʙʝʟʧʝʯʠʪʠ ʥʝʦʙʭʽʜʥʠʡ ʨʽʚʝʥʴ ʷʢʦʩʪʽ ʟʘ ʫʤʦʚ 
ʟʘʩʪʦʩʫʚʘʥʥʷ ʚʽʜʧʦʚʽʜʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ ʪʘ ʛʨʘʤʦʪʥʦʛʦ ʧʽʜʭʦʜʫ ʜʦ 
ʧʨʦʝʢʪʫʚʘʥʥʷ ʪʘ ʝʢʩʧʣʫʘʪʘʮʽʾ ʚʩʽʻʾ ʧʘʢʝʪʥʦʾ ʤʝʨʝʞʽ ʚ ʮʽʣʦʤʫ ʽ, ʟʦʢʨʝʤʘ, 
ʤʝʨʝʞʽ ʩʠʥʭʨʦʥʽʟʘʮʽʾ. 

4) ɿʘʙʝʟʧʝʯʝʥʥʷ ʩʫʤʽʩʥʦʩʪʽ ʪʘ ʝʬʝʢʪʠʚʥʦʾ ʚʟʘʻʤʦʜʽʾ ʟ ʽʩʥʫʶʯʠʤʠ 
ʤʝʨʝʞʘʤʠ ʩʠʥʭʨʦʥʽʟʘʮʽʾ, ʱʦ ʙʘʟʫʶʪʴʩʷ ʥʘ ʪʨʘʜʠʮʽʡʥʠʭ ʪʘ ʜʦʙʨʝ 
ʚʽʜʧʨʘʮʴʦʚʘʥʠʭ ʪʝʭʥʽʯʥʠʭ ʨʽʰʝʥʥʷʭ. ʄʦʚʘ ʡʜʝ, ʧʝʨʰ ʟʘ ʚʩʝ, ʧʨʦ ʽʩʥʫʶʯʽ 
ʨʦʟʧʦʜʽʣʴʯʽ ʤʝʨʝʞʽ ʪʘʢʪʦʚʦʾ ʩʠʥʭʨʦʥʽʟʘʮʽʾ ʥʘ ʙʘʟʽ ʩʠʩʪʝʤ ʧʝʨʝʜʘʚʘʥʥʷ 
ʩʠʥʭʨʦʥʥʦʛʦ Ethernet (SyncE) ʪʘ ʩʠʥʭʨʦʥʥʦʾ ʮʠʬʨʦʚʦʾ ʽʻʨʘʨʭʽʾ (SDH). 
ɿʦʢʨʝʤʘ, ʪʝʣʝʢʦʤ-ʧʨʦʬʽʣʴ ʈʊʈ ʤʘʻ ʧʝʨʝʜʙʘʯʘʪʠ ʟʘʩʦʙʠ ʧʝʨʝʜʘʚʘʥʥʷ 
ʧʦʚʽʜʦʤʣʝʥʴ ʧʨʦ ʩʪʘʪʫʩ (ʨʽʚʝʥʴ ʷʢʦʩʪʽ QL

1)
) ʩʠʛʥʘʣʫ ʩʠʥʭʨʦʥʽʟʘʮʽʾ ï SSM 

2)
 

ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʚʠʤʦʛ ʈʝʢʦʤʝʥʜʘʮʽʾ ITU-T G.781 ʚʽʜ ʧʨʦʚʽʜʥʦʛʦ ʧʘʢʝʪʥʦʛʦ 
ʧʨʠʩʪʨʦʶ ʩʠʥʭʨʦʥʽʟʘʮʽʾ ʜʦ ʚʝʜʝʥʠʭ ʧʨʠʩʪʨʦʾʚ, ʟʘʙʝʟʧʝʯʫʶʯʠ ʥʘʣʝʞʥʝ 
ʚʽʜʩʪʝʞʝʥʥʷ ʝʪʘʣʦʥʥʦʛʦ ʩʠʛʥʘʣʫ ʩʠʥʭʨʦʥʽʟʘʮʽʾ. ʈʽʚʥʽ ʷʢʦʩʪʽ QL, ʱʦ 
ʧʝʨʝʜʘʶʪʴʩʷ, ʤʘʶʪʴ ʚʽʜʧʦʚʽʜʘʪʠ ʽʩʥʫʶʯʽʡ ʧʨʘʢʪʠʮʽ ʪʘ ʨʝʘʣʴʥʠʤ ʧʦʢʘʟʥʠʢʘʤ 
ʪʦʯʥʦʩʪʽ ʪʘ ʩʪʘʙʽʣʴʥʦʩʪʽ ʩʠʛʥʘʣʽʚ ʥʘ ʚʠʭʦʜʘʭ ʧʨʠʩʪʨʦʾʚ, ʱʦ ʚʭʦʜʷʪʴ ʜʦ ʥʠʟʢʠ 
ʩʠʥʭʨʦʥʽʟʘʮʽʾ. 

5) ɿʘʙʝʟʧʝʯʝʥʥʷ ʧʣʘʥʫʚʘʥʥʷ ʪʘ ʢʦʥʬʽʛʫʨʫʚʘʥʥʷ ʤʝʨʝʞʽ ʩʠʥʭʨʦʥʽʟʘʮʽʾ ʥʘ 
ʙʘʟʽ ʈʊʈ ʟʘ ʬʽʢʩʦʚʘʥʠʤ ʧʨʠʥʮʠʧʦʤ, ʪʦʙʪʦ ʥʝʜʦʧʫʱʝʥʥʷ ʘʚʪʦʤʘʪʠʯʥʦʾ (ʙʝʟ 
ʚʪʨʫʯʘʥʥʷ ʦʧʝʨʘʪʦʨʘ) ʟʤʽʥʠ ʥʘʣʘʰʪʫʚʘʥʴ ʧʨʠʩʪʨʦʾʚ ʩʠʥʭʨʦʥʽʟʘʮʽʾ ʪʘ ʾʭʥʴʦʾ 
ʨʦʣʽ ʫ ʤʝʨʝʞʽ. ɺ ʟʘʛʘʣʴʥʦʤʫ ʚʠʧʘʜʢʫ ʪʘʢʠʡ ʘʣʛʦʨʠʪʤ (ʘʚʪʦʤʘʪʠʯʥʠʡ ʚʠʙʽʨ 
ʥʘʡʢʨʘʱʦʛʦ ʛʝʥʝʨʘʪʦʨʘ) ʧʝʨʝʜʙʘʯʘʻʪʴʩʷ ʩʪʘʥʜʘʨʪʦʤ IEEE 1588, ʘʣʝ ʚ ʫʤʦʚʘʭ 
ʪʝʣʝʢʦʤʫʥʽʢʘʮʽʡʥʦʾ ʤʝʨʝʞʽ ʚʽʥ ʩʝʙʝ ʥʝ ʚʠʧʨʘʚʜʦʚʫʻ, ʦʩʢʽʣʴʢʠ ʥʝʛʘʪʠʚʥʦ 
ʚʧʣʠʚʘʻ ʥʘ ʥʘʜʽʡʥʽʩʪʴ ʩʠʩʪʝʤʠ ʩʠʥʭʨʦʥʽʟʘʮʽʾ. ʇʨʦʚʽʜʥʽ ʧʨʠʩʪʨʦʾ ʩʠʥʭʨʦʥʽʟʘʮʽʾ 
ʟʘʚʞʜʠ ʤʘʶʪʴ ʟʘʣʠʰʘʪʠʩʷ ʧʨʦʚʽʜʥʠʤʠ, ʘ ʚʝʜʝʥʽ ï ʚʝʜʝʥʠʤʠ. 

6) ɿʘʙʝʟʧʝʯʝʥʥʷ ʨʝʟʝʨʚʫʚʘʥʥʷ (ʟʘʭʠʩʥʠʭ ʧʝʨʝʢʣʶʯʝʥʴ) ʚʽʜʧʦʚʽʜʥʦ ʜʦ 
ʩʪʘʥʜʘʨʪʥʠʭ ʧʨʘʢʪʠʢ, ʧʨʠʡʥʷʪʠʭ ʫ ʪʝʣʝʢʦʤʫʥʽʢʘʮʽʡʥʠʭ ʤʝʨʝʞʘʭ. ɿʦʢʨʝʤʘ, 
ʤʘʻ ʙʫʪʠ ʧʝʨʝʜʙʘʯʝʥʦ: 
                                                                                       
1)
 QL ï Quality Level 

2)
 SSM ï Synchronization Status Message 
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ï ʨʝʟʝʨʚʫʚʘʥʥʷ ʥʘ ʬʽʟʠʯʥʦʤʫ ʨʽʚʥʽ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʨʝʟʝʨʚʥʦʛʦ 

ʦʙʣʘʜʥʘʥʥʷ (ʨʦʟʪʘʰʫʚʘʥʥʷ ʦʩʥʦʚʥʦʛʦ ʪʘ ʨʝʟʝʨʚʥʦʛʦ ʧʨʠʩʪʨʦʾʚ ʩʠʥʭʨʦʥʽʟʘʮʽʾ 

ʚ ʦʜʥʦʤʫ ʤʽʩʮʽ); 

ï ʛʝʦʛʨʘʬʽʯʥʝ ʨʦʟʥʝʩʝʥʥʷ, ʪʦʙʪʦ ʚʩʪʘʥʦʚʣʝʥʥʷ ʨʝʟʝʨʚʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ ʚ 

ʽʥʰʦʤʫ ʤʽʩʮʽ. ʉʣʽʜ ʟʘʙʝʟʧʝʯʠʪʠ ʤʦʞʣʠʚʽʩʪʴ ʨʝʟʝʨʚʫʚʘʥʥʷ ʧʨʦʚʽʜʥʠʭ 

ʧʘʢʝʪʥʠʭ ʧʨʠʩʪʨʦʾʚ ʩʠʥʭʨʦʥʽʟʘʮʽʾ ʟʘ ʩʭʝʤʘʤʠ 1:1 ʪʘ N:1. 

7) ɺʠʟʥʘʯʝʥʥʷ ʢʨʠʪʝʨʽʾʚ ʧʝʨʝʤʠʢʘʥʥʷ ʚʝʜʝʥʠʭ ʧʨʠʩʪʨʦʾʚ ʩʠʥʭʨʦʥʽʟʘʮʽʾ ʟ 

ʦʩʥʦʚʥʦʛʦ ʩʠʛʥʘʣʫ ʩʠʥʭʨʦʥʽʟʘʮʽʾ ʥʘ ʨʝʟʝʨʚʥʠʡ. ɺʦʥʠ ʤʘʶʪʴ ʙʫʪʠ ʟʘʩʥʦʚʘʥʽ ʥʘ 

ʩʪʘʥʜʘʨʪʥʠʭ ʧʨʦʮʝʜʫʨʘʭ ʨʝʟʝʨʚʫʚʘʥʥʷ ʚ ʤʝʨʝʞʘʭ ʩʠʥʭʨʦʥʽʟʘʮʽʾ, ʪʦʙʪʦ ʚ 

ʧʝʨʰʫ ʯʝʨʛʫ ʙʝʨʝʪʴʩʷ ʜʦ ʫʚʘʛʠ ʟʥʘʯʝʥʥʷ ʨʽʚʥʷ ʷʢʦʩʪʽ QL, ʘ ʚʞʝ ʧʦʪʽʤ (ʧʨʠ 

ʦʜʥʘʢʦʚʠʭ ʟʥʘʯʝʥʥʷʭ QL) ï ʥʦʤʝʨ ʧʨʽʦʨʠʪʝʪʫ. 

8) ʉʫʤʽʩʥʽʩʪʴ ʟ ʽʩʥʫʶʯʠʤʠ ʧʨʦʮʝʜʫʨʘʤʠ ʧʽʜʪʨʠʤʢʠ ʙʝʟʧʝʢʠ ʚ ʤʝʨʝʞʽ, 

ʥʘʧʨʠʢʣʘʜ, ʤʝʪʦʜʘʤʠ ʰʠʬʨʫʚʘʥʥʷ ʪʘ/ʘʙʦ ʘʫʪʝʥʪʠʬʽʢʘʮʽʾ ʘʙʦ ʤʝʨʝʞʝʚʠʤʠ 

ʤʝʪʦʜʘʤʠ ʨʦʟʧʦʜʽʣʫ ʪʨʘʬʽʢʫ (ʚʽʨʪʫʘʣʴʥʽ ʣʦʢʘʣʴʥʽ ʤʝʨʝʞʽ VLAN) ʪʦʱʦ: 

ï ɺʝʜʝʥʽ ʧʨʠʩʪʨʦʾ ʩʠʥʭʨʦʥʽʟʘʮʽʾ ʥʝ ʧʦʚʠʥʥʽ ʧʽʜʢʣʶʯʘʪʠʩʴ ʜʦ 

ʥʝʘʚʪʦʨʠʟʦʚʘʥʠʭ ʧʨʦʚʽʜʥʠʭ ʧʨʠʩʪʨʦʾʚ; 

ï ʇʨʦʚʽʜʥʽ ʧʨʠʩʪʨʦʾ ʩʠʥʭʨʦʥʽʟʘʮʽʾ ʥʝ ʧʦʚʠʥʥʽ ʥʘʜʘʚʘʪʠ ʧʦʩʣʫʛʠ 

ʥʝʘʚʪʦʨʠʟʦʚʘʥʠʤ ʚʝʜʝʥʠʤ ʧʨʠʩʪʨʦʷʤ. 

ʉʣʽʜ ʧʽʜʢʨʝʩʣʠʪʠ, ʱʦ ʨʝʘʣʽʟʘʮʽʷ ʥʘʚʝʜʝʥʠʭ ʚʠʱʝ ʚʠʤʦʛ ʤʦʞʝ ʚʠʤʘʛʘʪʠ 

ʜʦʜʘʪʢʦʚʠʭ ʨʝʩʫʨʩʽʚ, ʱʦ ʧʦʛʽʨʰʫʻ ʧʦʢʘʟʥʠʢʠ ʝʬʝʢʪʠʚʥʦʩʪʽ ʩʠʩʪʝʤʠ. ɸʣʝ 

ʣʠʰʝ ʜʦʪʨʠʤʘʥʥʷ ʟʘʟʥʘʯʝʥʠʭ ʧʨʠʥʮʠʧʽʚ ʟʘ ʫʤʦʚʠ ʧʨʘʚʠʣʴʥʦ ʩʧʨʦʝʢʪʦʚʘʥʦʾ 

ʤʝʨʝʞʽ ʩʠʥʭʨʦʥʽʟʘʮʽʾ ʽ ʜʦʙʨʝ ʚʽʜʧʨʘʮʴʦʚʘʥʠʭ ʧʨʦʮʝʜʫʨ ʾʾ ʝʢʩʧʣʫʘʪʘʮʽʾ (ʷʢ ʚ 

ʥʦʨʤʘʣʴʥʦʤʫ, ʪʘʢ ʽ ʚ ʘʚʘʨʽʡʥʦʤʫ ʨʝʞʠʤʘʭ) ʤʦʞʝ ʛʘʨʘʥʪʫʚʘʪʠ ʥʘʡʚʠʱʠʡ 

ʨʽʚʝʥʴ ʷʢʦʩʪʽ ʩʠʛʥʘʣʽʚ ʩʠʥʭʨʦʥʽʟʘʮʽʾ ʚ ʩʫʯʘʩʥʽʡ ʧʘʢʝʪʥʽʡ ʤʝʨʝʞʽ 

ʦʧʝʨʘʪʦʨʩʴʢʦʛʦ ʢʣʘʩʫ. 
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FREQUENCY ESTIMATION IN THE MODERN  

INTELLIGENT POWER NETWORKS 
 

The main trends of the current power supply networks modernization according to the 

ñsmart gridsò concept are summarized. This concept involves the advanced digital processing 

technics and the modern information and communication technologies. The role of the precise 

frequency evaluation in smart grids is increasing, and some traditional metrics of 

synchronization signals evaluation in telecommunication networks can be useful in this context. 

Some results of the experimental study of power signals frequency estimation are presented. 

 

ʉʫʯʘʩʥʽ ʪʝʥʜʝʥʮʽʾ ʨʦʟʚʠʪʢʫ ʝʣʝʢʪʨʦʝʥʝʨʛʝʪʠʯʥʦʾ ʛʘʣʫʟʽ ʥʘ ʟʘʩʘʜʘʭ 
ʣʽʙʝʨʘʣʽʟʘʮʽʾ ʝʥʝʨʛʝʪʠʯʥʦʛʦ ʨʠʥʢʫ ʪʘ ʰʠʨʦʢʦʛʦ ʟʘʧʨʦʚʘʜʞʝʥʥʷ ʚʠʨʦʙʥʠʮʪʚʘ 
ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ ʟ ʚʽʜʥʦʚʣʶʚʘʥʠʭ ʜʞʝʨʝʣ (ñʟʝʣʝʥʘò ʝʥʝʨʛʝʪʠʢʘ) ʧʦʪʨʝʙʫʶʪʴ 
ʥʦʚʠʭ ʧʽʜʭʦʜʽʚ ʜʦ ʨʦʟʙʫʜʦʚʠ, ʤʦʜʝʨʥʽʟʘʮʽʾ ʪʘ ʝʢʩʧʣʫʘʪʘʮʽʾ ʝʥʝʨʛʦʩʠʩʪʝʤ. 
ʄʦʜʝʨʥʽʟʘʮʽʷ ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ ʪʘ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʧʨʦʮʝʩʽʚ ʟʜʽʡʩʥʶʻʪʴʩʷ ʚ 
ʨʘʤʢʘʭ ʢʦʥʮʝʧʮʽʾ ʩʪʚʦʨʝʥʥʷ ñʽʥʪʝʣʝʢʪʫʘʣʴʥʠʭ ʤʝʨʝʞ ʝʣʝʢʪʨʦʧʦʩʪʘʯʘʥʥʷò 
(ʘʥʛʣʽʡʩʴʢʠʡ ʪʝʨʤʽʥ ï ñsmart gridò) ʥʘ ʙʘʟʽ ʩʫʯʘʩʥʠʭ ʽʥʬʦʨʤʘʮʽʡʥʦ-
ʢʦʤʫʥʽʢʘʮʽʡʥʠʭ ʪʝʭʥʦʣʦʛʽʡ (ɯʂʊ) [1, 2]. ɼʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʥʘʜʽʡʥʦʾ ʪʘ 
ʝʬʝʢʪʠʚʥʦʾ ʝʢʩʧʣʫʘʪʘʮʽʾ ʩʠʩʪʝʤ ñsmart gridò ʥʝʦʙʭʽʜʥʠʡ ʽʥʪʝʥʩʠʚʥʠʡ ʪʘ 
ʚʩʝʙʽʯʥʠʡ ʤʦʥʽʪʦʨʠʥʛ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʝʣʝʢʪʨʠʯʥʠʭ ʩʠʛʥʘʣʽʚ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ 
ʩʫʯʘʩʥʠʭ ʤʝʪʦʜʽʚ ʦʙʨʦʙʢʠ ʩʠʛʥʘʣʽʚ [2, 3].  
ʆʜʥʠʤ ʟ ʙʘʟʦʚʠʭ ʧʘʨʘʤʝʪʨʽʚ ʝʥʝʨʛʦʩʠʩʪʝʤʠ, ʱʦ ʧʽʜʣʷʛʘʻ ʚʠʤʽʨʶʚʘʥʥʶ ʡ 

ʘʥʘʣʽʟʫ, ʻ ʦʩʥʦʚʥʘ ʯʘʩʪʦʪʘ, ʷʢʘ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʨʦʙʦʯʦʛʦ 
ʩʪʘʥʫ ʩʠʩʪʝʤʠ ʽ ʢʦʥʪʨʦʣʶ ʷʢʦʩʪʽ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ, ʘ ʪʘʢʦʞ ʻ ʦʩʥʦʚʦʶ ʜʣʷ 
ʦʮʽʥʶʚʘʥʥʷ ʽʥʰʠʭ ʧʘʨʘʤʝʪʨʽʚ [4]. ɯʟ ʟʘʧʨʦʚʘʜʞʝʥʥʷʤ ʪʝʭʥʽʯʥʠʭ ʨʽʰʝʥʴ 
ñsmart gridò ʚʠʤʦʛʠ ʜʦ ʪʦʯʥʦʩʪʽ ʦʮʽʥʶʚʘʥʥʷ ʨʦʙʦʯʦʾ ʯʘʩʪʦʪʠ ʚ ʝʥʝʨʛʦʩʠʩʪʝʤʽ 
ʟʨʦʩʪʘʶʪʴ. ɺ ʝʥʝʨʛʦʩʠʩʪʝʤʘʭ ʯʘʩʪʦ ʩʧʦʩʪʝʨʽʛʘʶʪʴʩʷ ʧʝʨʝʭʽʜʥʽ ʧʨʦʮʝʩʠ ʪʘ 
ʘʥʦʤʘʣʴʥʽ ʫʤʦʚʠ, ʪʦʤʫ ʢʨʠʚʽ ʥʘʧʨʫʛʠ ʪʘ ʩʪʨʫʤʫ ʥʝ ʙʫʜʫʪʴ ʯʠʩʪʦ 
ʩʠʥʫʩʦʾʜʘʣʴʥʠʤʠ. ʊʨʘʜʠʮʽʡʥʽ ʤʝʪʦʜʠ ʦʮʽʥʶʚʘʥʥʷ ʯʘʩʪʦʪʠ (ʟʦʢʨʝʤʘ, 
ʘʣʛʦʨʠʪʤʠ, ʟʘʩʥʦʚʘʥʽ ʥʘ ʧʝʨʝʭʦʜʘʭ ʯʝʨʝʟ ʥʫʣʴ), ʤʦʞʫʪʴ ʜʘʚʘʪʠ ʚʝʣʠʢʫ 

ʧʦʭʠʙʢʫ [3]. ʊʦʤʫ ʥʝʦʙʭʽʜʥʦ ʨʦʟʨʦʙʣʷʪʠ ʙʽʣʴʰ ʰʚʠʜʢʽ ʪʘ ʪʦʯʥʽ ʤʝʪʦʜʠ 
ʦʮʽʥʶʚʘʥʥʷ ʯʘʩʪʦʪʠ ʩʧʦʪʚʦʨʝʥʠʭ ʪʘ ʥʝʩʪʘʮʽʦʥʘʨʥʠʭ ʩʠʛʥʘʣʽʚ. ɺ ʮʴʦʤʫ 
ʢʦʥʪʝʢʩʪʽ ʧʨʝʜʩʪʘʚʣʷʻ ʽʥʪʝʨʝʩ ʟʘʩʪʦʩʫʚʘʥʥʷ ʤʘʪʝʤʘʪʠʯʥʦʛʦ ʘʧʘʨʘʪʫ, ʱʦ 
ʪʨʘʜʠʮʽʡʥʦ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʜʣʷ ʦʮʽʥʶʚʘʥʥʷ ʧʘʨʘʤʝʪʨʽʚ ʩʠʛʥʘʣʽʚ 
ʩʠʥʭʨʦʥʽʟʘʮʽʾ (ʟʦʢʨʝʤʘ, ʪʦʯʥʦʩʪʽ ʪʘ ʩʪʘʙʽʣʴʥʦʩʪʽ ʯʘʩʪʦʪʠ) ʚ 
ʪʝʣʝʢʦʤʫʥʽʢʘʮʽʡʥʠʭ ʤʝʨʝʞʘʭ, ʜʣʷ ʚʠʨʽʰʝʥʥʷ ʟʘʚʜʘʥʴ ʮʠʬʨʦʚʦʾ ʦʙʨʦʙʢʠ 
ʩʠʛʥʘʣʽʚ ʚ ʩʫʯʘʩʥʠʭ ʝʥʝʨʛʦʩʠʩʪʝʤʘʭ. ʊʘʢ, ʟʘ ʜʦʧʦʤʦʛʦʶ ʤʝʪʨʠʢ ʩʠʛʥʘʣʽʚ 
ʩʠʥʭʨʦʥʽʟʘʮʽʾ, ʥʝ ʯʫʪʣʠʚʠʭ ʜʦ ʣʽʥʽʡʥʦʾ ʥʝʩʪʘʮʽʦʥʘʨʥʦʩʪʽ ʧʨʦʮʝʩʽʚ (ʥʘʧʨʠʢʣʘʜ, 
ʬʫʥʢʮʽʡ ʨʦʜʠʥʠ ʜʠʩʧʝʨʩʽʾ ɸʣʘʥʘ), ʤʦʞʥʘ ʦʮʽʥʠʪʠ ʧʦʪʫʞʥʽʩʪʴ ʪʘ ʩʧʝʢʪʨʘʣʴʥʽ 
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ʚʣʘʩʪʠʚʦʩʪʽ ʤʦʜʫʣʶʶʯʠʭ ʢʦʣʠʚʘʥʴ. 
ɿ ʤʝʪʦʶ ʜʦʩʣʽʜʞʝʥʥʷ ʥʦʚʠʭ ʤʦʞʣʠʚʦʩʪʝʡ ʦʮʽʥʶʚʘʥʥʷ ʯʘʩʪʦʪʠ ʩʠʛʥʘʣʽʚ ʚ 

ʝʥʝʨʛʝʪʠʯʥʠʭ ʩʠʩʪʝʤʘʭ, ʙʫʣʦ ʧʨʦʚʝʜʝʥʦ ʚʠʤʽʨʶʚʘʥʥʷ ʧʘʨʘʤʝʪʨʽʚ ʨʦʙʦʯʦʛʦ 
ʩʠʛʥʘʣʫ ʝʥʝʨʛʦʩʠʩʪʝʤʠ ʟ ʥʦʤʽʥʘʣʴʥʦʶ ʯʘʩʪʦʪʦʶ 50 ɻʮ. ʅʘ ʨʠʩ. 1 ʥʘʚʝʜʝʥʦ 
ʨʝʟʫʣʴʪʘʪʠ ʦʮʽʥʶʚʘʥʥʷ ʧʝʨʽʦʜʫ ʽ ʯʘʩʪʦʪʠ ʮʴʦʛʦ ʩʠʛʥʘʣʫ ʧʨʦʪʷʛʦʤ 60 ʩ 
(ʚʝʨʭʥʽʡ ʨʷʜ ʥʘ ʨʠʩʫʥʢʫ) ʪʘ 10 c (ʥʠʞʥʽʡ ʨʷʜ). ɼʣʷ ʦʙʦʭ ʚʠʧʘʜʢʽʚ ʨʦʟʨʘʭʦʚʘʥʦ 

ʯʘʩʦʚʫ ʧʦʤʠʣʢʫ (ʊɽ
1)
) ʪʘ ʥʦʨʤʦʚʘʥʽ ʟʥʘʯʝʥʥʷ ʯʘʩʪʦʪʠ ʫ = (¥ ï ¥0)/¥0, ʜʝ ¥0 ï

 ʥʦʤʽʥʘʣʴʥʝ ʟʥʘʯʝʥʥʷ ʯʘʩʪʦʪʠ (50 ɻʮ).  

 
 

ʈʠʩ. 1. ʈʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʥʷ ʨʦʙʦʯʦʛʦ ʩʠʛʥʘʣʫ  

ʝʥʝʨʛʦʩʠʩʪʝʤʠ (50 ɻʮ) ʚ ʯʘʩʪʦʪʥʽʡ ʪʘ ʯʘʩʦʚʽʡ ʦʙʣʘʩʪʷʭ. 

ʅʝʩʪʘʮʽʦʥʘʨʥʠʡ ʭʘʨʘʢʪʝʨ ʩʧʦʪʚʦʨʝʥʴ ʬʦʨʤʠ ʨʦʙʦʯʦʛʦ ʩʠʛʥʘʣʫ ʚ 

ʝʥʝʨʛʦʩʠʩʪʝʤʽ ʚʠʤʘʛʘʻ ʪʦʯʥʦʛʦ ʽʥʩʪʨʫʤʝʥʪʫ ʘʥʘʣʽʟʫ, ʘ ʡʦʛʦ ʚʽʟʫʘʣʽʟʘʮʽʷ ʻ 

ʥʝʦʙʭʽʜʥʦʶ ʜʣʷ ʦʮʽʥʶʚʘʥʥʷ ʷʢʦʩʪʽ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ, ʥʘʧʨʠʢʣʘʜ, ʜʣʷ 

ʚʠʟʥʘʯʝʥʥʷ ʚʧʣʠʚʫ ʛʘʨʤʦʥʽʢ ʥʘ ʝʣʝʢʪʨʦʥʥʽ ʧʨʠʩʪʨʦʾ ʪʘ ʚʩʪʘʥʦʚʣʝʥʥʷ 

ʦʙʤʝʞʝʥʴ ʜʣʷ ʥʝʩʪʘʮʽʦʥʘʨʥʠʭ ʛʘʨʤʦʥʽʢ. ɺʽʜʩʣʽʜʢʦʚʫʚʘʥʥʷ ʯʘʩʦʚʠʭ ʟʤʽʥ 

ʛʘʨʤʦʥʽʢ ʜʦʟʚʦʣʷʻ ʦʮʽʥʠʪʠ ʧʨʦʮʝʩʠ ʧʽʜʚʠʱʝʥʥʷ ʪʝʤʧʝʨʘʪʫʨʠ ʪʘ ʧʦʚôʷʟʘʥʦʛʦ ʟ 

ʥʠʤ ʩʪʘʨʽʥʥʷ ʦʙʣʘʜʥʘʥʥʷ. 

ʅʘ ʨʠʩ. 2 ʥʘʚʝʜʝʥʦ ʦʮʽʥʢʠ ʤʘʢʩʠʤʘʣʴʥʠʭ (ʄʘʭP2P), ʤʽʥʽʤʘʣʴʥʠʭ 

(minP2P) ʪʘ ʩʝʨʝʜʥʽʭ (AverP2P) ʟʥʘʯʝʥʴ ʨʦʟʤʘʭʽʚ (ʈ2ʈ ï peak-to-peak) 

ʚʠʤʽʨʷʥʠʭ ʩʠʛʥʘʣʽʚ ʥʘ ʨʽʟʥʠʭ ʽʥʪʝʨʚʘʣʘʭ ʯʘʩʫ ʩʧʦʩʪʝʨʝʞʝʥʥʷ. ɺ ʜʘʥʦʤʫ 

ʚʠʧʘʜʢʫ ʧʦʪʦʯʥʽ ʟʥʘʯʝʥʥʷ ʯʘʩʪʦʪʠ ʚʽʜʭʠʣʷʶʪʴʩʷ ʚʽʜ ʥʦʤʽʥʘʣʴʥʦʾ ʚʝʣʠʯʠʥʠ 

ʣʠʰʝ ʥʘ ʜʦʣʽ ʧʨʦʮʝʥʪʫ, ʪʦʤʫ ʧʨʝʜʩʪʘʚʣʝʥʥʷ ʚʠʤʽʨʷʥʠʭ ʟʥʘʯʝʥʴ ʯʘʩʪʦʪʠ ʫ 

ʧʦʨʽʚʥʷʥʥʽ ʟ ʰʘʙʣʦʥʦʤ ʻ ʥʝʜʦʮʽʣʴʥʠʤ. ʆʩʦʙʣʠʚʦʩʪʽ ʮʠʭ ʦʮʽʥʦʢ ʤʦʞʫʪʴ ʙʫʪʠ 

ʚʠʢʦʨʠʩʪʘʥʽ ʜʣʷ ʦʧʝʨʘʪʠʚʥʦʛʦ (ʚ ʨʝʞʠʤʽ ʨʝʘʣʴʥʦʛʦ ʯʘʩʫ) ʘʥʘʣʽʟʫ ʪʦʯʥʦʩʪʽ 

ʨʦʙʦʯʦʾ ʯʘʩʪʦʪʠ ʚ ʝʥʝʨʛʦʩʠʩʪʝʤʽ. 
1)
 TE ï Time Error 
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ʈʠʩ. 2. ʆʮʽʥʢʠ ʤʘʢʩʠʤʘʣʴʥʠʭ (ʄʘʭP2P), ʤʽʥʽʤʘʣʴʥʠʭ (minP2P) ʪʘ ʩʝʨʝʜʥʽʭ (AverP2P) 

ʟʥʘʯʝʥʴ ʨʦʟʤʘʭʽʚ ʯʘʩʪʦʪʠ ʚʠʤʽʨʷʥʦʛʦ ʩʠʛʥʘʣʫ, ʨʦʟʨʘʭʦʚʘʥʽ ʥʘ ʽʥʪʝʨʚʘʣʘʭ ʩʧʦʩʪʝʨʝʞʝʥʥʷ 

60 ʪʘ 10 ʩ. 

 

ʊʘʢʠʤ ʯʠʥʦʤ, ʤʝʪʦʜʠ ʪʘ ʤʘʪʝʤʘʪʠʯʥʠʡ ʘʧʘʨʘʪ, ʱʦ ʪʨʘʜʠʮʽʡʥʦ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʜʣʷ ʦʮʽʥʶʚʘʥʥʷ ʧʘʨʘʤʝʪʨʽʚ ʮʠʬʨʦʚʠʭ ʩʠʛʥʘʣʽʚ ʚ 

ʪʝʣʝʢʦʤʫʥʽʢʘʮʽʷʭ, ʤʦʞʫʪʴ ʟʥʘʡʪʠ ʟʘʩʪʦʩʫʚʘʥʥʷ ʚ ʧʨʦʮʝʩʘʭ ʮʠʬʨʦʚʦʾ ʦʙʨʦʙʢʠ 

ʩʠʛʥʘʣʽʚ ʩʫʯʘʩʥʠʭ ʝʥʝʨʛʦʩʠʩʪʝʤ. ɿʦʢʨʝʤʘ, ʬʫʥʢʮʽʾ ʨʦʜʠʥʠ ʜʠʩʧʝʨʩʽʾ ɸʣʘʥʘ 

ʤʦʞʫʪʴ ʙʫʪʠ ʚʠʢʦʨʠʩʪʘʥʽ ʜʣʷ ʽʜʝʥʪʠʬʽʢʘʮʽʾ ʜʞʝʨʝʣ ʬʘʟʦʚʠʭ (ʯʘʩʪʦʪʥʠʭ) 

ʩʧʦʪʚʦʨʝʥʴ, ʱʦ ʚʧʣʠʚʘʶʪʴ ʥʘ ʩʠʛʥʘʣʠ ʝʥʝʨʛʦʩʠʩʪʝʤʠ ï ʧʦ ʘʥʘʣʦʛʽʾ ʟ 

ʽʜʝʥʪʠʬʽʢʘʮʽʻʶ ʜʞʝʨʝʣ ʬʘʟʦʚʠʭ ʩʧʦʪʚʦʨʝʥʴ ʮʠʬʨʦʚʠʭ ʩʠʛʥʘʣʽʚ ʚ 

ʪʝʣʝʢʦʤʫʥʽʢʘʮʽʾ. ʆʩʦʙʣʠʚʦʩʪʽ ʪʘʢʦʛʦ ʟʘʩʪʦʩʫʚʘʥʥʷ ʪʘ ʪʝʭʥʽʯʥʘ ʨʝʘʣʽʟʘʮʽʷ 

ʟʘʣʠʰʘʶʪʴʩʷ ʜʣʷ ʧʦʜʘʣʴʰʦʛʦ ʚʠʚʯʝʥʥʷ. 
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ɸʅɸʃɯɿ ʊɸ ʇɽʈʉʇɽʂʊʀɺʀ ɺʀʂʆʈʀʉʊɸʅʅʗ 

ʊɽʃɽʂʆʄʋʅɯʂɸʎɯʁʅʀʍ ʉʀʉʊɽʄ ʅɸ  

ʇʆɾɽɾʅʆ-ʈʗʊʋɺɸʃʔʅʀʍ ɸɺʊʆʄʆɹɯʃʗʍ 

 

ɻʘʚʨʠʣʶʢ ɸ.ʌ. 

ʃʴʚʽʚʩʴʢʠʡ ʜʝʨʞʘʚʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʙʝʟʧʝʢʠ ʞʠʪʪʻʜʽʷʣʴʥʦʩʪʽ, ʋʢʨʘʾʥʘ 
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ANALYSIS AND PROSPECTS OF USING TELECOMMUNICATION  

SYSTEMS ON FIRE AND RESCUE VEHICLES 

 

The main factors influencing the time of arrival of units of the rescue service to the place 

of call are analyzed. It is determined that the use of telecommunication systems will reduce 

arrival time. The schematic diagram of the GPS router was developed, which in real time took 

into account the intensity of traffic flows, data from intelligent road cameras and based on this 

built the optimal (fastest) route. 

 

ʑʦʨʽʯʥʦ ʥʘ ʪʝʨʠʪʦʨʽʾ ʋʢʨʘʾʥʠ ʚʠʥʠʢʘʻ ʧʦʥʘʜ 60-80 ʪʠʩʷʯ ʧʦʞʝʞ. 

ɺʧʨʦʜʦʚʞ 2021 ʨʦʢʫ, ʟʘ ʜʘʥʠʤʠ ɯʥʩʪʠʪʫʪʫ ʜʝʨʞʘʚʥʦʛʦ ʫʧʨʘʚʣʽʥʥʷ ʪʘ 

ʥʘʫʢʦʚʠʭ ʜʦʩʣʽʜʞʝʥʴ ʟ ʮʠʚʽʣʴʥʦʛʦ ʟʘʭʠʩʪʫ, ʥʘ ʪʝʨʝʥʘʭ ʋʢʨʘʾʥʠ ʚʠʥʠʢʣʦ 79 

ʪʠʩʷʯ 457 ʧʦʞʝʞʽ. ʎʝ ʧʨʠʟʚʝʣʦ ʜʦ ʟʘʛʠʙʝʣʽ 1ʪʠʩʷʯʽ 853 ʣʶʜʠʥʠ ʪʘ 

ʪʨʘʚʤʫʚʘʥʥʷ  1ʪʠʩʷʯʽ 383 ʣʶʜʠʥʠ, ʘ ʤʘʪʝʨʽʘʣʴʥʽ ʚʪʨʘʪʠ ʚʽʜ ʧʦʞʝʞ 

ʧʝʨʝʚʠʱʠʣʠ 13 ʤʣʜʨ ʛʨʥ. 

 ɼʣʷ ʣʽʢʚʽʜʘʮʽʾ ʪʘʢʠʭ ʧʦʜʽʡ ʟʘʣʫʯʘʶʪʴʩʷ ʧʨʘʮʽʚʥʠʢʠ ʦʧʝʨʘʪʠʚʥʦ-

ʨʷʪʫʚʘʣʴʥʠʭ ʧʽʜʨʦʟʜʽʣʽʚ ɼʝʨʞʘʚʥʦʾ ʩʣʫʞʙʠ ʋʢʨʘʾʥʠ ʟ ʥʘʜʟʚʠʯʘʡʥʠʭ ʩʠʪʫʘʮʽʡ 

ʥʘ ʦʩʥʦʚʥʠʭ, ʩʧʝʮʽʘʣʴʥʠʭ ʯʠ ʜʦʧʦʤʽʞʥʠʭ ʧʦʞʝʞʥʦ-ʨʷʪʫʚʘʣʴʥʠʭ ʘʚʪʦʤʦʙʽʣʷʭ 

[1]. 

ʆʜʥʠʤ ʽʟ ʚʘʞʣʠʚʠʭ ʢʨʠʪʝʨʽʾʚ ʟʤʝʥʰʝʥʥʷ ʟʙʠʪʢʽʚ ʚʽʜ ʧʦʞʝʞ ʻ 

ʩʢʦʨʦʯʝʥʥʷ  ʯʘʩʫ ʧʨʠʙʫʪʪʷ ʧʦʞʝʞʥʦ-ʨʷʪʫʚʘʣʴʥʠʭ ʧʽʜʨʦʟʜʽʣʽʚ. 

ʅʘ ʯʘʩ ʧʨʠʙʫʪʪʷ ʧʦʞʝʞʥʦ-ʨʷʪʫʚʘʣʴʥʠʭ ʧʽʜʨʦʟʜʽʣʽʚ ʜʦ ʤʽʩʮʷ ʚʠʢʣʠʢʫ 

ʚʧʣʠʚʘʶʪʴ: ʚʽʜʩʪʘʥʴ ʚʽʜ ʤʽʩʮʷ ʨʦʟʪʘʰʫʚʘʥʥʷ ʧʦʞʝʞʥʦ-ʨʷʪʫʚʘʣʴʥʦʛʦ 

ʧʽʜʨʦʟʜʽʣʫ ʜʦ ʤʽʩʮʷ ʚʠʢʣʠʢʫ; ʽʥʪʝʥʩʠʚʥʽʩʪʴ ʨʫʭʫ ʪʨʘʥʩʧʦʨʪʫ  ʥʘ ʰʣʷʭʫ 

ʩʣʽʜʫʚʘʥʥʷ ʜʦ ʤʽʩʮʷ ʚʠʢʣʠʢʫ, ʪʝʭʥʽʯʥʽ ʧʘʨʘʤʝʪʨʠ ʧʦʞʝʞʥʦ-ʨʷʪʫʚʘʣʴʥʠʭ 

ʘʚʪʦʤʦʙʽʣʽʚ, ʘ ʪʘʢʦʞ ʤʝʪʦʜʠ ʦʨʛʘʥʽʟʘʮʽʾ ʜʦʨʦʞʥʴʦʛʦ ʨʫʭʫ (ʨʠʩ 1). 

ʈʦʟʪʘʰʫʚʘʥʥʷ ʧʦʞʝʞʥʦ-ʨʷʪʫʚʘʣʴʥʠʭ ʧʽʜʨʦʟʜʽʣʽʚ ʦʙʫʤʦʚʣʶʻʪʴʩʷ [2,3].  

ɿʛʽʜʥʦ ʽʟ [3] ʯʘʩ ʧʨʠʙʫʪʪʷ ʧʦʞʝʞʥʦ-ʨʷʪʫʚʘʣʴʥʠʭ ʧʽʜʨʦʟʜʽʣʽʚ ʜʦ ʤʽʩʮʷ ʚʠʢʣʠʢʫ 

ʥʝ ʧʦʚʠʥʥʽ ʧʝʨʝʚʠʱʫʚʘʪʠ: ʚ ʫʤʦʚʘʭ ʤʽʩʪ ï 10 ʭʚ, ʫ ʽʥʰʠʭ ʥʘʩʝʣʝʥʠʭ ʧʫʥʢʪʘʭ 

ï 20 ʭʚ. ɿ ʚʨʘʭʫʚʘʥʥʷʤ ʧʦʛʦʜʥʠʭ ʫʤʦʚ (ʩʥʽʛ, ʦʞʝʣʝʜʠʮʷ, ʜʦʱ) ʯʘʩ ʩʣʽʜʫʚʘʥʥʷ 

ʤʦʞʝ ʙʫʪʠ ʟʙʽʣʴʰʝʥʦ ʜʦ 5 ʭʚ. ʆʜʥʘʢ ʟʚʘʞʘʶʯʠ ʥʘ ʰʚʠʜʢʽ ʪʝʤʧʠ ʟʙʽʣʴʰʝʥʥʷ 

ʱʽʣʴʥʦʩʪʽ ʟʘʙʫʜʦʚʠ, ʟʙʽʣʴʰʝʥʥʷ ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʨʫʭʫ ʥʘ ʜʦʨʦʛʘʭ ʪʘ ʚʫʣʠʮʷʭ, 

ʯʘʩʪʽ ʟʘʪʦʨʠ ʪʦʱʦ, ʯʘʩ ʧʨʠʙʫʪʪʷ ʥʝ ʟʘʚʞʜʠ ʚʽʜʧʦʚʽʜʘʻ ʚʠʱʝʥʘʚʝʜʝʥʦʤʫ.  
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ʈʠʩ. 1. ɺʧʣʠʚ ʯʠʥʥʠʢʽʚ ʥʘ ʯʘʩ ʩʣʽʜʫʚʘʥʥʷ ʧʦʞʝʞʥʦ-ʨʷʪʫʚʘʣʴʥʦʛʦ ʧʽʜʨʦʟʜʽʣʫ. 
 

ʊʘʢʦʞ ʟ ʤʝʪʦʶ ʟʘʙʝʟʧʝʯʝʥʥʷ ʯʘʩʫ ʧʨʠʙʫʪʪʷ ʪʨʘʥʩʧʦʨʪʥʽ ʟʘʩʦʙʠ 

ʦʧʝʨʘʪʠʚʥʦ-ʨʷʪʫʚʘʣʴʥʦʾ ʩʣʫʞʙʠ ʦʙʣʘʜʥʫʶʪʴʩʷ ʩʠʥʽʤʠ ʧʨʦʙʣʠʩʢʦʚʠʤʠ 

ʤʘʷʯʢʘʤʠ, ʩʠʛʥʘʣʴʥʦ-ʛʫʯʥʦʤʦʚʥʦʶ ʫʩʪʘʥʦʚʢʦʶ ʪʘ ʧʽʜ ʯʘʩ ʚʠʢʦʥʘʥʥʷ 

ʥʝʚʽʜʢʣʘʜʥʠʭ ʩʣʫʞʙʦʚʠʭ ʦʙʦʚôʷʟʢʽʚ ʤʦʞʫʪʴ ʚʽʜʩʪʫʧʘʪʠ ʚʽʜ ʧʨʘʚʠʣ 

ʨʝʛʫʣʶʚʘʥʥʷ ʜʦʨʦʞʥʴʦʛʦ ʨʫʭʫ ʟʘ ʫʤʦʚʠ ʟʘʙʝʟʧʝʯʝʥʥʷ ʙʝʟʧʝʢʠ ʜʦʨʦʞʥʴʦʛʦ 

ʨʫʭʫ [4]. ʈʘʟʦʤ ʟ ʪʠʤ, ʤʘʶʪʴ ʤʽʩʮʝ ʚʠʧʘʜʢʠ, ʢʦʣʠ ʚʦʜʽʾ ʽʥʰʠʭ ʪʨʘʥʩʧʦʨʪʥʠʭ 

ʟʘʩʦʙʽʚ ʥʝ ʥʘʜʘʶʪʴ ʧʝʨʝʚʘʛʫ ʫ ʨʫʩʽ ʪʨʘʥʩʧʦʨʪʥʠʭ ʟʘʩʦʙʘʤ ʦʧʝʨʘʪʠʚʥʦ-

ʨʷʪʫʚʘʣʴʥʦʾ ʩʣʫʞʙʠ, ʱʦ ʨʫʭʘʶʪʴʩʷ ʽʟ ʫʚʽʤʢʥʝʥʠʤʠ ʧʨʦʙʣʠʩʢʦʚʠʤʠ ʤʘʷʯʢʘʤʠ, 

ʱʦ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʜʦʨʦʞʥʴʦ-ʪʨʘʥʩʧʦʨʪʥʠʭ ʧʨʠʛʦʜ ʟʘ ʫʯʘʩʪʶ ʪʘʢʠʭ 

ʘʚʪʦʤʦʙʽʣʽʚ.  

ɺ ʋʢʨʘʾʥʽ ʥʘ ʘʚʪʦʤʦʙʽʣʷʭ ʦʧʝʨʘʪʠʚʥʦ-ʨʷʪʫʚʘʣʴʥʦʾ ʩʣʫʞʙʠ ʜʣʷ 

ʦʧʪʠʤʽʟʘʮʽʾ ʰʣʷʭʫ ʩʣʽʜʫʚʘʥʥʷ ʜʦ ʤʽʩʮʷ ʚʠʢʣʠʢʫ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ GPS-

ʤʘʨʰʨʫʪʠʟʘʪʦʨʠ-ʨʝʻʩʪʨʘʪʦʨʠ (ʨʠʩ 2), ʷʢʽ ʙʫʜʫʶʪʴ ʦʧʪʠʤʘʣʴʥʠʡ ʤʘʨʰʨʫʪ 

ʨʫʭʫ ʜʦ ʤʽʩʮʷ ʚʠʢʣʠʢʫ. ʆʜʥʘʢ ʪʘʢʽ ʤʘʨʰʨʫʪʠʟʘʪʦʨʠ ʥʝ ʚʨʘʭʦʚʫʶʪʴ ʧʦʪʦʯʥʠʡ 

ʩʪʘʥ ʟʘʚʘʥʪʘʞʝʥʦʩʪʽ ʘʚʪʦʤʦʙʽʣʴʥʠʭ ʜʦʨʽʛ, ʟʘʪʦʨʠ, ʤʽʩʮʷ ʚʠʥʠʢʥʝʥʥʷ ɼʇʊ 

ʪʦʱʦ. 
 

   
ʘ) ʙ) ʚ) 

ʈʠʩ. 2. ɿʦʚʥʽʰʥʽʡ ʚʠʛʣʷʜ ʪʠʧʦʚʦʛʦ GPS-ʤʘʨʰʨʫʪʠʟʘʪʦʨʘ-ʨʝʻʩʪʨʘʪʦʨʘ: 

ʘ) ʟ ʩʘʣʦʥʫ ʘʚʪʦʤʦʙʽʣʷ ʙ) ʟ ʟʦʚʥʽ ʚ) ʟʦʚʥʽʰʥʽʡ ʚʠʛʣʷʜ ʘʚʪʦʤʦʙʽʣʷ. 
 

ʋ ʨʦʙʦʪʽ ʧʨʦʧʦʥʫʻʪʴʩʷ ʚʠʢʦʨʠʩʪʘʪʠ ʨʽʟʥʦʤʘʥʽʪʥʽ ʪʝʣʝʢʦʤʫʥʽʢʘʮʽʡʥʽ 

ʜʘʥʽ ʜʣʷ ʦʧʪʠʤʽʟʘʮʽʾ ʯʘʩʫ ʩʣʽʜʫʚʘʥʥʷ ʜʦ ʤʽʩʮʷ ʚʠʥʠʢʥʝʥʥʷ. ʇʨʠʥʮʠʧʦʚʘ ʩʭʝʤʘ 
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ʨʦʙʦʪʠ ʘʜʘʧʪʠʚʥʦʛʦ GPS-ʤʘʨʰʨʫʪʠʟʘʪʦʨʘ ʜʣʷ ʪʨʘʥʩʧʦʨʪʥʠʭ ʟʘʩʦʙʽʚ 

ʦʧʝʨʘʪʠʚʥʦ-ʨʷʪʫʚʘʣʴʥʠʭ ʩʣʫʞʙ ʟʦʙʨʘʞʝʥʘ ʥʘ ʨʠʩ 3.   
 

 
 

ʈʠʩ. 3. ʇʨʠʥʮʠʧʦʚʘ ʩʭʝʤʘ ʨʦʙʦʪʠ GPS-ʤʘʨʰʨʫʪʠʟʘʪʦʨʘ. 
 

ʊʘʢʠʡ GPS-ʤʘʨʰʨʫʪʠʟʘʪʦʨ ʩʠʥʭʨʦʥʽʟʦʚʘʥʠʡ ʽʟ ʙʘʟʦʶ ʦʧʝʨʘʪʦʨʽʚ 

ʤʦʙʽʣʴʥʦʛʦ ʟʚôʷʟʢʫ, ʥʘ ʧʽʜʩʪʘʚʽ ʷʢʦʾ ʘʥʘʣʽʟʫʻʪʴʩʷ ʢʽʣʴʢʽʩʪʴ ʽ ʰʚʠʜʢʽʩʪʴ ʨʫʭʫ 

ʪʨʘʥʩʧʦʨʪʥʠʭ ʟʘʩʦʙʽʚ ʧʦ ʤʦʞʣʠʚʠʭ ʰʣʷʭʘʭ ʩʣʽʜʫʚʘʥʥʷ ʦʧʝʨʘʪʠʚʥʦ-

ʨʷʪʫʚʘʣʴʥʠʭ ʘʚʪʦʤʦʙʽʣʽʚ (ʥʘ ʧʽʜʩʪʘʚʽ  ʚʠʢʦʨʠʩʪʘʥʥʷ ʛʝʦʣʦʢʘʮʽʡʥʠʭ ʜʘʥʠʭ). 

ʊʘʢʦʞ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʽʥʬʦʨʤʘʮʽʷ ʟ ʽʥʪʝʣʝʢʪʫʘʣʴʥʠʭ ʜʦʨʦʞʥʽʭ ʢʘʤʝʨ, ʷʢʽ 

ʽʥʬʦʨʤʫʶʪʴ ʧʨʦ ɼʊʇ, ʷʢʽ ʩʪʘʣʠʩʴ ʥʘ ʤʦʞʣʠʚʠʭ ʰʣʷʭʘʭ ʩʣʽʜʫʚʘʥʥʷ. ʅʘ 

ʧʽʜʩʪʘʚʽ ʮʠʭ ʜʘʥʠʭ ʙʫʜʫʻʪʴʩʷ ʦʧʪʠʤʘʣʴʥʠʡ (ʥʘʡʰʚʠʜʰʠʡ) ʤʘʨʰʨʫʪ 

ʩʣʽʜʫʚʘʥʥʷ. ɼʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʙʝʟʧʝʢʠ ʨʫʭʫ ʦʧʝʨʘʪʠʚʥʦ-ʨʷʪʫʚʘʣʴʥʦʛʦ 

ʘʚʪʦʤʦʙʽʣʷ, ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʡʦʛʦ ʛʝʦʣʦʢʘʮʽʡʥʠʭ ʜʘʥʠʭ, ʯʝʨʝʟ ʩʠʩʪʝʤʫ 

ʘʚʪʦʤʘʪʠʯʥʦʛʦ ʢʦʥʪʨʦʣʶ ʜʦʨʦʞʥʽʤ ʨʫʭʦʤ ʧʦ ʰʣʷʭʫ ʩʣʽʜʫʚʘʥʥʷ, ʘʚʪʦʤʘʪʠʯʥʦ 

ʚʤʠʢʘʻʪʴʩʷ ʜʦʟʚʽʣʴʥʠʡ ʩʠʛʥʘʣ ʩʚʽʪʣʦʬʦʨʘ. 

ʈʝʘʣʽʟʘʮʽʷ ʪʘʢʦʾ ʧʨʠʥʮʠʧʦʚʦʾ ʩʭʝʤʠ ʜʦʟʚʦʣʠʪʴ ʩʢʦʨʦʪʠʪʠ ʯʘʩ 

ʩʣʽʜʫʚʘʥʥʷ (ʘ ʟʥʘʯʠʪʴ ʽ ʟʤʝʥʰʠʪʠ ʟʙʠʪʢʠ) ʦʧʝʨʘʪʠʚʥʦ-ʨʷʪʫʚʘʣʴʥʦʾ ʩʣʫʞʙʠ ʽ 

ʤʦʞʝ ʙʫʪʠ ʚʠʢʦʨʠʩʪʘʥʘ ʜʣʷ ʽʥʰʠʭ ʝʢʩʪʨʝʥʠʭ ʩʣʫʞʙ, ʪʘʢʠʭ ʷʢ ʧʦʣʽʮʽʾ, 

ʤʝʜʠʮʠʥʠ ʪʦʱʦ. 
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8K RESOLUTION VIDEO WIRELESS VIDEO  

TRANSMISSION SYSTEM USING TERAHERTZ WAVES  
 

A variant of practical implementation of a prototype of a wireless video transmission 

system with a resolution of 8K over a terahertz radio line in the 300 GHz band is considered. A 

distinctive feature of the proposed receiving device from the known is the use of resonant tunnel 

diodes as demodulators of the terahertz signal, which greatly simplifies the receiving part of the 

proposed wireless transmission system. 
 

ʆʩʪʘʥʥʽʤ ʯʘʩʦʤ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʽʥʪʝʨʝʩ ʥʘʫʢʦʚʦʾ ʩʧʽʣʴʥʦʪʠ ʪʘ ʽʥʞʝʥʝʨʽʚ-

ʨʦʟʨʦʙʥʠʢʽʚ ʜʦ ʪʝʨʘʛʝʨʮʦʚʦʛʦ ʜʽʘʧʘʟʦʥʫ ʯʘʩʪʦʪ (100 ɻɻʮ ï 10000 ɻɻʮ), ʷʢʠʡ 

ʤʽʩʪʠʪʴ ʚʝʣʠʢʠʡ ʯʘʩʪʦʪʥʠʡ ʨʝʩʫʨʩ, ʱʦ ʤʦʞʝ ʙʫʪʠ ʟʘʜʽʷʥʠʡ ʜʣʷ ʙʝʟʧʨʦʚʦʜʦʚʦʾ 

ʧʝʨʝʜʘʯʽ ʽʥʬʦʨʤʘʮʽʾ, ʟʦʢʨʝʤʘ ʡ ʩʠʛʥʘʣʽʚ ʪʝʣʝʙʘʯʝʥʥʷ ʥʘʜʚʠʩʦʢʦʾ ʯʽʪʢʦʩʪʽ 

(UHD) ʟ ʨʦʟʜʽʣʴʥʦʶ ʟʜʘʪʥʽʩʪʶ ʟʦʙʨʘʞʝʥʥʷ 4ʂ (3840Ĭ2160 ʧʽʢʩʝʣʽʚ) ʪʘ 8ʂ 
(7680Ĭ4320 ʧʽʢʩʝʣʽʚ) (ʨʠʩ.1).  

ʊʝʨʘʛʝʨʮʦʚʽ ʭʚʠʣʽ ʟʘʡʤʘʶʪʴ ʧʨʦʤʽʞʥʝ ʧʦʣʦʞʝʥʥʷ ʤʽʞ ʤʽʣʽʤʝʪʨʦʚʠʤ ʪʘ 

ʦʧʪʠʯʥʠʤ ʜʽʘʧʘʟʦʥʦʤ ʭʚʠʣʴ (ʈʠʩ.1).  ɸʥʘʣʽʟ ʧʫʙʣʽʢʘʮʽʡ ʧʦʢʘʟʫʻ, ʱʦ ʙʽʣʴʰʽʩʪʴ 

ʥʘʫʢʦʚʮʽʚ ʟʦʩʝʨʝʜʠʣʠʩʷ ʥʘ ʨʦʟʨʦʙʮʽ ʪʘ ʜʦʩʣʽʜʞʝʥʥʽ ʧʨʦʪʦʪʠʧʽʚ ʩʠʩʪʝʤ 

ʧʝʨʝʜʘʚʘʥʥʷ ʩʠʛʥʘʣʽʚ ʥʘ ʪʝʨʘʛʝʨʮʦʚʠʭ ʭʚʠʣʷʭ ʫ ʜʽʘʧʘʟʦʥʽ 100, 130, 230 ʪʘ  

300 ɻɻʮ [1-3], ʱʦ ʧʦʚôʷʟʘʥʦ ʟ ʥʘʷʚʥʽʩʪʶ ʚʽʢʦʥ ʧʨʦʟʦʨʦʩʪʽ  ʫ ʚʢʘʟʘʥʠʭ 

ʜʽʘʧʘʟʦʥʘʭ. 

 
ʈʠʩ.1. ʊʝʨʘʛʝʨʮʦʚʽ ʭʚʠʣʽ ʚ ʜʽʘʧʘʟʦʥʽ 300 ɻɻʮ. 

 

ʗʢ ʧʨʠʢʣʘʜ, ʫ ʨʦʙʦʪʽ [1] ʷʧʦʥʩʴʢʠʭ ʚʯʝʥʠʭ ʧʨʝʜʩʪʘʚʣʝʥʦ ʨʦʟʨʦʙʢʫ 

ʽʥʪʝʛʨʘʣʴʥʦʾ ʤʽʢʨʦʩʭʝʤʠ (ɯʄʉ) ʧʝʨʝʜʘʚʘʯʘ ʜʽʘʧʘʟʦʥʫ 300 ɻɻʮ ʥʘ ʙʘʟʽ 

ʝʣʝʢʪʨʦʥʥʦʾ ʪʝʭʥʦʣʦʛʽʾ 40 ʥʤ CMOS. ʊʘʢʠʡ ʧʝʨʝʜʘʚʘʯ ʧʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ 

ʤʦʜʫʣʷʮʽʾ 32-QAM ʜʦʟʚʦʣʷʻ ʟʘʙʝʟʧʝʯʠʪʠ ʧʨʦʧʫʩʢʥʫ ʟʜʘʪʥʽʩʪʴ 17,5 ɻʙʽʪ/ʩ ʫ 

ʢʦʞʥʦʤʫ ʟ 6-ʪʠ ʢʘʥʘʣʽʚ ʟʽ ʩʤʫʛʦʶ ʧʨʦʧʫʩʢʘʥʥʷ 5 ɻɻʮ, ʧʦʢʨʠʚʘʶʯʠ ʧʨʠ ʮʴʦʤʫ 

ʯʘʩʪʦʪʥʠʡ ʜʽʘʧʘʟʦʥ 275-305 ɻɻʮ. ʉʫʤʘʨʥʘ ʧʨʦʧʫʩʢʥʘ ʩʧʨʦʤʦʞʥʽʩʪʴ, ʷʢʫ ʤʦʞʝ 

ʟʘʙʝʟʧʝʯʠʪʠ ɯʄʉ ʧʝʨʝʜʘʚʘʯʘ ʩʢʣʘʜʘʻ 105 ɻʙʽʪ/ʩ. ʋ ʩʚʦʶ ʯʝʨʛʫ, ʚ ʨʦʙʦʪʽ  [2] 

ʧʨʦʜʝʤʦʥʩʪʨʦʚʘʥʦ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʡ ʤʘʢʝʪ ʙʝʟʧʨʦʚʦʜʦʚʦʾ ʣʽʥʽʾ ʪʠʧʫ 

çʪʦʯʢʘ-ʪʦʯʢʘè (SISO) ʜʽʘʧʘʟʦʥʫ 237,5 ɻɻʮ, ʷʢʠʡ ʧʦʻʜʥʫʻ ʚ ʩʦʙʽ ʪʝʭʥʦʣʦʛʽʾ 
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ʝʣʝʢʪʨʦʥʥʦʾ ʪʘ ʬʦʪʦʥʥʦʾ ʪʝʭʥʽʢʠ, ʟ ʤʘʢʩʠʤʘʣʴʥʦʶ ʰʚʠʜʢʽʩʪʶ ʧʝʨʝʜʘʯʽ ʜʘʥʠʭ 

100 ɻʙʽʪ/c ʥʘ ʚʽʜʩʪʘʥʴ 20 ʤ ʧʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ ʜʦ ʪʨʴʦʭ ʨʘʜʽʦʯʘʩʪʦʪʥʠʭ 

ʧʽʜʥʝʩʫʯʠʭ ʯʘʩʪʦʪ.  ɼʣʷ ʙʝʟʧʨʦʚʦʜʦʚʦʾ ʣʽʥʽʾ ʧʨʦʪʷʞʥʽʩʪʶ ʙʽʣʴʰʝ 40 ʤ, 

ʤʘʢʩʠʤʘʣʴʥʘ ʰʚʠʜʢʽʩʪʴ ʧʝʨʝʜʘʯʽ ʜʘʥʠʭ 75 ɻʙʽʪ/c ʟʘʙʝʟʧʝʯʫʚʘʣʘʩʴ ʦʜʥʽʻʶ 

ʨʘʜʽʦʯʘʩʪʦʪʥʦʾ ʥʝʩʫʯʦʶ ʥʘ ʯʘʩʪʦʪʽ 237,5 ɻɻʮ ʟ ʤʦʜʫʣʷʮʽʻʶ 8-QAM. ʊʘʢʽ 

ʨʘʜ̔ʦʣʽʥʽʾ ʪʝʨʘʛʝʨʮʦʚʦʛʦ ʜʽʘʧʘʟʦʥʫ ʤʦʞʫʪʴ ʟʘʩʪʦʩʦʚʫʚʘʪʠʩʷ ʫ ʩʝʨʝʜʠʥʽ 

ʧʨʠʤʽʱʝʥʴ ʜʣʷ ʦʨʛʘʥʽʟʘʮʽʾ ʥʘʜʚʠʩʦʢʦʰʚʠʜʢʽʩʥʦʛʦ ʟôʻʜʥʘʥʥʷ ʤʽʞ ʤʦʙʽʣʴʥʠʤʠ 

ʪʝʨʤʽʥʘʣʘʤʠ ʪʘ ʥʘʩʪʽʣʴʥʠʤʠ ʧʝʨʩʦʥʘʣʴʥʠʤʠ ʢʦʤʧôʶʪʝʨʘʤʠ. ʂʨʽʤ ʪʦʛʦ, ʫ 

ʨʦʙʦʪʽ [3] ʧʨʦʜʝʤʦʥʩʪʨʦʚʘʥʦ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʡ ʤʘʢʝʪ ʩʠʩʪʝʤʠ ʚʦʣʦʢʦʥʥʦ-

ʙʝʟʜʨʦʪʦʚʦʾ ʩʠʩʪʝʤʠ ʧʝʨʝʜʘʯʽ ʧʦ 80-ʢʽʣʦʤʝʪʨʦʚʦʤʫ ʦʜʥʦʤʦʜʦʚʦʤʫ ʚʦʣʦʢʥʫ 

(SMF-28) ʟ ʧʨʦʧʫʩʢʥʦʶ ʟʜʘʪʥʽʩʪʶ 108 ɻʙʽʪ/ʩ ʽ 1-ʤʝʪʨʦʚʫ ʨʘʜʽʦʣʽʥʽʶ 

ʜʽʘʧʘʟʦʥʫ 100 ɻɻʮ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʢʚʘʜʨʘʪʫʨʥʦʾ ʬʘʟʦʚʦʾ ʤʘʥʽʧʫʣʷʮʽʾ ʟ 

ʧʦʣʷʨʠʟʘʮʽʡʥʠʤ ʤʫʣʴʪʠʧʣʝʢʩʫʚʘʥʥʷʤ (PDM) (PDM-QPSK) ʽ ʜʚʦʝʪʘʧʥʦʛʦ 

ʧʦʥʠʞʫʶʯʦʛʦ ʧʝʨʝʪʚʦʨʝʥʥʷ ʚ ʘʥʘʣʦʛʦʚʠʭ ʽ ʮʠʬʨʦʚʠʭ ʪʨʘʢʪʘʭ ʧʨʠʡʤʘʯʘ. 

ɺʨʘʭʦʚʫʶʯʠ ʟʥʘʯʥʠʡ ʩʚʽʪʦʚʠʡ ʧʨʦʛʨʝʩ ʫ ʪʝʭʥʽʯʥʽʡ ʨʦʟʨʦʙʮʽ ʧʨʠʩʪʨʦʾʚ 

ʪʝʨʘʛʝʨʮʦʚʦʛʦ ʜʽʘʧʘʟʦʥʫ, ʤʝʪʦʶ ʪʝʟ ʻ ʨʦʟʛʣʷʜ ʚʘʨʽʘʥʪʫ ʧʦʙʫʜʦʚʠ ʩʠʩʪʝʤʠ 

ʙʝʟʧʨʦʚʦʜʦʚʦʛʦ ʧʝʨʝʜʘʚʘʥʥʷ ʊɺ ʩʠʛʥʘʣʫ ʩʪʘʥʜʘʨʪʫ 8ʂ, ʷʢʠʡ ʟʘʧʨʦʧʦʥʦʚʘʥʠʡ 

ʢʦʤʘʥʜʦʶ ʜʦʩʣʽʜʥʠʢʽʚ ʟ ʋʥʽʚʝʨʩʠʪʝʪʫ ʤ. ʆʩʘʢʘ (ʗʧʦʥʽʷ) ʩʧʽʣʴʥʦ ʟ ʢʦʤʧʘʥʽʻʶ 

Rohm Co., Ltd [4. ʇʨʦʪʦʪʠʧ ʮʽʻʾ ʩʠʩʪʝʤʠ  ʚʠʢʦʨʠʩʪʦʚʫʻ ʪʝʨʘʛʝʨʮʦʚʽ ʭʚʠʣʽ 

ʜʽʘʧʘʟʦʥʫ 300 ɻɻʮ ʷʢ ʥʦʩʽʡ ʽʥʬʦʨʤʘʮʽʾ, ʷʢʠʡ ʟʘʙʝʟʧʝʯʫʻ ʙʝʟʜʨʦʪʦʚʝ 

ʧʝʨʝʜʘʚʘʥʥʷ ʚʽʜʝʦ 8ʂ UHD ʟʽ ʰʚʠʜʢʽʩʪʶ ʧʝʨʝʜʘʯʽ ʜʘʥʠʭ 48 ɻʙʽʪ/ʩ ʫ ʨʘʤʢʘʭ 

ʧʨʦʝʢʪʫ JST CREST çʈʦʟʨʦʙʢʘ ʽʥʪʝʛʨʦʚʘʥʦʾ ʪʝʭʥʦʣʦʛʽʯʥʦʾ ʧʣʘʪʬʦʨʤʠ 

ʪʝʨʘʛʝʨʮʦʚʦʛʦ ʜʽʘʧʘʟʦʥʫ ʰʣʷʭʦʤ ʧʦʻʜʥʘʥʥʷ ʨʝʟʦʥʘʥʩʥʠʭ ʪʫʥʝʣʴʥʠʭ ʜʽʦʜʽʚ ʪʘ 

ʬʦʪʦʥʥʠʭ ʢʨʠʩʪʘʣʽʚ. 

ɺʘʨʪʦ ʚʽʜʟʥʘʯʠʪʠ, ʱʦ ʥʝʦʙʭʽʜʥʽʩʪʴ ʧʨʦʚʝʜʝʥʥʷ ʜʦʩʣʽʜʞʝʥʴ ʪʘ ʨʦʟʨʦʙʢʠ 

ʧʨʦʪʦʪʠʧʽʚ ʪʘʢʠʭ ʩʠʩʪʝʤ ʙʝʟʜʨʦʪʦʚʦʛʦ ʧʝʨʝʜʘʚʘʥʥʷ ʧʦʚôʷʟʘʥʘ ʟ ʪʠʤ, ʱʦ 

ʬʫʥʢʮʽʦʥʘʣ ʧʨʠʩʪʨʦʾʚ ʩʪʘʥʜʘʨʪʫ ʤʦʙʽʣʴʥʦʛʦ ʟʚ'ʷʟʢʫ 6G  ʙʫʜʝ ʚʠʭʦʜʠʪʠ ʟʘ 

ʨʘʤʢʠ ʽʩʥʫʶʯʦʛʦ ʧʦʢʦʣʽʥʥʷ ʩʠʩʪʝʤ 5G ʡ ʧʝʨʝʜʙʘʯʘʪʠʤʝ ʧʝʨʝʜʘʯʫ ʚʽʜʝʦ ʚ 

ʬʦʨʤʘʪʽ 8K ʟ ʥʠʟʴʢʦʶ ʟʘʪʨʠʤʢʦʶ ʪʘ ʥʠʟʴʢʠʤ ʝʥʝʨʛʦʩʧʦʞʠʚʘʥʥʷʤ. ɿ ʽʥʰʦʛʦ 

ʙʦʢʫ, ʦʩʢʽʣʴʢʠ ʰʚʠʜʢʽʩʪʴ ʧʝʨʝʜʘʯʽ ʚʽʜʝʦ UHD ʜʫʞʝ ʚʠʩʦʢʘ (ʜʝʩʷʪʢʠ ɻʙʽʪ/ʩ), 

ʪʦ ʥʝʦʙʭʽʜʥʦ ʩʪʠʩʢʘʪʠ ʜʘʥʽ ʧʨʠ ʡʦʛʦ ʙʝʟʜʨʦʪʦʚʽʡ ʧʝʨʝʜʘʯʽ ʩʠʩʪʝʤʦʶ 5G ʟ 

ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʤʽʢʨʦʭʚʠʣʴ ʘʙʦ ʤʽʣʽʤʝʪʨʦʚʠʭ ʭʚʠʣʴ, ʱʦ ʧʨʠʟʚʦʜʠʪʴ ʜʦ 

ʟʘʪʨʠʤʦʢ ʪʘ ʟʙʽʣʴʰʝʥʥʷ ʝʥʝʨʛʦʩʧʦʞʠʚʘʥʥʷ. ʊʘʢʠʤ ʯʠʥʦʤ, ʧʦʪʨʽʙʥʘ ʨʦʟʨʦʙʢʘ 

ʪʝʭʥʦʣʦʛʽʾ ʙʝʟʜʨʦʪʦʚʦʾ ʧʝʨʝʜʘʯʽ UHD ʙʝʟ ʩʪʠʩʥʝʥʥʷ, ʷʢʘ ʦʨʽʻʥʪʦʚʘʥʘ ʥʘ 

ʩʪʘʥʜʘʨʪ 6G ʪʘ ʪʝʨʘʛʝʨʮʦʚʠʡ ʜʽʘʧʘʟʦʥ. 

ʋ ʧʨʦʪʦʪʠʧʽ ʩʠʩʪʝʤʠ ʧʝʨʝʜʘʚʘʥʥʷ ʚʽʜʝʦ 8ʂ [4], ʨʦʟʨʦʙʥʠʢʠ 

ʩʢʦʥʬʽʛʫʨʫʚʘʣʠ ʜʚʦʢʘʥʘʣʴʥʠʡ ʪʝʨʘʛʝʨʮʦʚʠʡ ʧʝʨʝʜʘʚʘʯ (Tx), ʤʦʜʫʣʶʶʯʠ 

ʚʽʜʝʦʩʠʛʥʘʣʦʤ 8K ʚʠʭʽʜʥʽ ʦʧʪʠʯʥʽ ʩʠʛʥʘʣʠ ʜʚʦʭ ʣʘʟʝʨʽʚ ʟ ʜʦʚʞʠʥʘʤʠ ʭʚʠʣʴ ʚ 

ʜʽʘʧʘʟʦʥʽ  1,55 ʤʢʤ ʟʘ ʜʦʧʦʤʦʛʦʶ ʤʦʜʫʣʷʪʦʨʘ ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʭʚʠʣʽ ʥʘ ʙʘʟʽ 

ʥʘʜʰʚʠʜʢʦʛʦ ʬʦʪʦʜʽʦʜʘ (ʌɼ). ʇʨʠ ʮʴʦʤʫ ʮʽ ʣʘʟʝʨʠ ʙʫʣʠ ʥʘʣʘʰʪʦʚʘʥʽ ʪʘʢʠʤ 

ʯʠʥʦʤ ʦʜʠʥ ʧʦ ʚʽʜʥʦʰʝʥʥʶ ʜʦ ʽʥʰʦʛʦ, ʱʦʙ ʨʽʟʥʠʮʷ ʾʭ ʦʧʪʠʯʥʠʭ ʯʘʩʪʦʪ 

ʟʥʘʭʦʜʠʣʘʩʷ ʚ ʜʽʘʧʘʟʦʥʽ ʪʝʨʘʛʝʨʮʦʚʠʭ ʭʚʠʣʴ, ʪʦʙʪʦ ʙʽʣʷ 300 ɻɻʮ (ʈʠʩ.2). 

ʅʘ  ʧʝʨʝʜʘʚʘʣʴʥʽʡ ʩʪʦʨʦʥʽ ʧʨʦʪʦʪʠʧʫ ʫ ʷʢʦʩʪʽ ʜʞʝʨʝʣʘ ʚʽʜʝʦʩʠʛʥʘʣʫ 8K 

ʙʫʣʦ ʚʠʢʦʨʠʩʪʘʥʦ ʧʽʜʛʦʪʦʚʣʝʥʠʡ ʪʘ ʢʦʤʝʨʮʽʡʥʦ ʜʦʩʪʫʧʥʠʡ ʚʽʜʝʦʢʦʥʪʝʥʪ ʟ 

ʧʦʚʥʦʶ ʨʦʟʜʽʣʴʥʦʶ ʟʜʘʪʥʽʩʪʶ 8K  ʚʽʜ ʢʦʤʧʘʥʽʾ Astrodesign Inc., ʷʢʠʡ 
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ʬʦʨʤʫʚʘʚʩʷ ʫ ʚʠʛʣʷʜʽ ʯʦʪʠʨʠʢʘʥʘʣʴʥʦʛʦ ʩʠʛʥʘʣʫ ʟʽ ʰʚʠʜʢʽʩʪʶ ʧʦʪʦʢʫ ʚ 

ʢʦʞʥʦʤʫ ʟ ʢʘʥʘʣʽʚ 12 ɻʙʽʪ/ʩ ʟ ʧʦʜʘʣʴʰʠʤ ʬʦʨʤʫʚʘʥʥʷʤ ʜʚʦʢʘʥʘʣʴʥʦʛʦ 

ʩʠʛʥʘʣʫ ʰʣʷʭʦʤ ʤʫʣʴʪʠʧʣʝʢʩʫʚʘʥʥʷ 4-ʭ ʚʽʜʝʦʧʦʪʦʢʽʚ ʫ 2.  

ɺʠʢʦʨʠʩʪʦʚʫʚʘʣʘʩʷ ʟ ʜʚʦʧʦʟʠʮʽʡʥʘ ʘʤʧʣʽʪʫʜʥʘ ʤʘʥʽʧʫʣʷʮʽʷ OOK  

ʜʚʦʢʘʥʘʣʴʥʠʤ ʩʠʛʥʘʣʦʤ 24 ɻʙʽʪ/ʩ.  

 
ʈʠʩ.2. ɹʣʦʢ-ʩʭʝʤʘ ʩʠʩʪʝʤʠ ʙʝʟʜʨʦʪʦʚʦʾ ʧʝʨʝʜʘʯʽ ʚʽʜʝʦ 8K UHD  

ʚ ʪʝʨʘʛʝʨʮʦʚʦʤʫ ʜʽʘʧʘʟʦʥʽ, ʱʦ ʤʘʻ ʜʚʘ ʢʘʥʘʣʠ ʧʦ 24 ɻʙʽʪ/ʩ. 
 

ʅʘ ʧʨʠʡʤʘʣʴʥʽʡ ʩʪʦʨʦʥʽ (ʨʠʩ.2) ʜʚʽ ʪʝʨʘʛʝʨʮʦʚʽ ʭʚʠʣʽ, ʱʦ ʧʝʨʝʜʘʶʪʴʩʷ 

ʧʦ ʙʝʟʜʨʦʪʦʚʦʤʫ ʢʘʥʘʣʫ ʚʽʜ ʚʽʜʧʦʚʽʜʥʠʭ ʪʝʨʘʛʝʨʮʦʚʠʭ ʧʝʨʝʜʘʚʘʯʽʚ, ʙʫʣʠ 

ʚʠʷʚʣʝʥʽ ʯʫʪʣʠʚʠʤʠ ʢʦʛʝʨʝʥʪʥʠʤʠ ʪʝʨʘʛʝʨʮʦʚʠʤʠ ʧʨʠʡʤʘʯʘʤʠ (Rx) ʟ 

ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʨʝʟʦʥʘʥʩʥʠʭ ʪʫʥʝʣʴʥʠʭ ʜʽʦʜʽʚ (RTD) (ʈʠʩ.3), ʷʢʽ ʚʠʩʪʫʧʘʣʠ ʫ 

ʚʠʛʣʷʜʽ ʘʤʧʣʽʪʫʜʥʠʭ ʜʝʪʝʢʪʦʨʽʚ. ʇʽʩʣʷ ʮʴʦʛʦ, ʧʨʦʜʝʪʝʢʪʦʚʘʥʽ ʪʘ ʧʽʜʩʠʣʝʥʽ 

ʚʽʜʝʦʧʦʪʦʢʠ 24 ɻʙʽʪ/ʩ ʙʫʣʠ ʜʝʤʫʣʴʪʠʧʣʝʢʩʦʚʘʥʽ ʟ ʜʚʦʭ ʢʘʥʘʣʽʚ ʥʘ ʯʦʪʠʨʠ 

ʢʘʥʘʣʠ ʧʦ 12 ɻʙʽʪ/ʩ ʪʘ ʧʽʜʢʣʶʯʝʥʽ ʜʦ ʤʦʥʽʪʦʨʘ 8K ʯʝʨʝʟ ʢʘʙʝʣʴ HDMI. 

ɺʠʢʦʨʠʩʪʦʚʫʶʯʠ ʪʘʢʫ ʩʠʩʪʝʤʫ ʧʝʨʝʜʘʚʘʥʥʷ, ʥʝʩʪʠʩʥʝʥʝ ʚʽʜʝʦ 8K (ʝʢʚʽʚʘʣʝʥʪ 

48 ɻʙʽʪ/ʩ) ʫʩʧʽʰʥʦ ʚʜʘʣʦʩʴ ʧʝʨʝʜʘʪʠ ʙʝʟʜʨʦʪʦʚʠʤ ʢʘʥʘʣʦʤ ʚ ʜʽʘʧʘʟʦʥʽ 300 

ɻɻʮ (ʈʠʩ. 4). 

 

ʈʠʩ.3. ʌʦʪʦʛʨʘʬʽʷ 

ʪʝʨʘʛʝʨʮʦʚʦʛʦ 

ʧʨʠʡʤʘʯʘ ʪʘ ʙʘʟʽ RTD: 

ʡʤʦʚʽʨʥʽʩʪʴ ʙʽʪʦʚʦʾ 

ʧʦʤʠʣʢʠ ʥʘ ʰʚʠʜʢʦʩʪʽ 

24 ɻʙʽʪ/ʩ ʥʝ 

ʧʝʨʝʚʠʱʫʻ 10
-11

. 
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ʈʠʩ. 4. ʌʦʪʦʛʨʘʬʽʷ ʧʨʦʪʦʪʠʧʫ ʩʠʩʪʝʤʠ ʙʝʟʜʨʦʪʦʚʦʛʦ ʧʝʨʝʜʘʚʘʥʥʷ ʚʽʜʝʦ 8K UHD ʫ 

ʨʝʘʣʴʥʦʤʫ ʯʘʩʽ: ʥʘ ʧʝʨʝʜʥʴʦʤʫ ʧʣʘʥʽ ʧʦʢʘʟʘʥʽ ʜʚʘ ʬʦʪʦʜʽʦʜʥʽ ʧʝʨʝʜʘʚʘʯʽ (Tx) ʪʘ ʜʚʘ RTD-

ʧʨʠʡʤʘʯʽ (Rx) ʟ ʪʝʣʝʚʽʟʽʡʥʠʤ ʝʢʨʘʥʦʤ 8K ʥʘ ʟʘʜʥʴʦʤʫ ʧʣʘʥʽ. 
 

ɿʘʟʚʠʯʘʡ, ʝʢʩʧʝʨʠʤʝʥʪʠ ʟ ʥʘʜʚʠʩʦʢʦʶ ʰʚʠʜʢʽʩʪʶ ʧʝʨʝʜʘʯʽ ʜʘʥʠʭ ʚ 

ʪʝʨʘʛʝʨʮʦʚʦʤʫ ʜʽʘʧʘʟʦʥʽ ʚʠʢʦʥʫʶʪʴʩʷ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʙʘʛʘʪʦʨʽʚʥʝʚʦʾ 

ʤʦʜʫʣʷʮʽʾ ʪʠʧʫ QAM ʟʘ ʜʦʧʦʤʦʛʦʶ ʤʦʜʫʣʷʪʦʨʽʚ/ʜʝʤʦʜʫʣʷʪʦʨʽʚ ʟ ʚʠʩʦʢʠʤ 

ʝʥʝʨʛʦʩʧʦʞʠʚʘʥʥʷʤ, ʪʘ ʮʠʬʨʦʚʦʶ ʦʙʨʦʙʢʦʶ ʩʠʛʥʘʣʽʚ [1]-[3]. 

ɽʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʧʨʦʪʦʪʠʧʫ ʩʠʩʪʝʤʠ ʧʝʨʝʜʘʚʘʥʥʷ ʚʽʜʝʦ 8ʂ, ʱʦ 

ʟʘʧʨʦʧʦʥʦʚʘʥʘ ʚ [4] ʧʦʢʘʟʫʻ ʤʦʞʣʠʚʽʩʪʴ ʥʘʜʽʡʥʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʥʘʡʧʨʦʩʪʽʰʦʛʦ ʬʦʨʤʘʪʫ ʤʦʜʫʣʷʮʽʾ - OOK, ʱʦ  ʜʦʟʚʦʣʷʻ ʟʥʘʯʥʦ ʩʧʨʦʩʪʠʪʠ  

ʩʭʝʤʫ ʧʨʠʡʤʘʣʴʥʦʛʦ ʧʨʠʩʪʨʦʶ ʽ ʜʝʤʦʥʩʪʨʫʻ ʤʦʞʣʠʚʦʩʪʽ ʥʘʜʰʠʨʦʢʦʩʤʫʛʦʚʠʭ 

ʪʝʨʘʛʝʨʮʦʚʠʭ ʭʚʠʣʴ.  

ɺʠʩʥʦʚʢʠ: ʅʘʫʢʦʚʽ ʪʘ ʧʨʘʢʪʠʯʥʽ ʜʦʩʷʛʥʝʥʥʷ ʟʘʨʫʙʽʞʥʠʭ ʥʘʫʢʦʚʮʽʚ, 

ʨʦʟʨʦʙʥʠʢʽʚ ʪʘ ʽʥʞʝʥʝʨʽʚ  ʜʝʤʦʥʩʪʨʫʶʪʴ ʢʦʨʠʩʥʽʩʪʴ ʟʘʩʪʦʩʫʚʘʥʥʷ 

ʪʝʨʘʛʝʨʮʦʚʠʭ ʭʚʠʣʴ, ʱʦ ʚ ʩʚʦʶ ʯʝʨʛʫ ʧʨʠʩʢʦʨʠʪʴ ʜʦʩʣʽʜʞʝʥʥʷ ʪʘ ʨʦʟʨʦʙʢʫ 

ʥʘʜʚʠʩʦʢʦʰʚʠʜʢʽʩʥʠʭ ʩʠʩʪʝʤ ʧʝʨʝʜʘʯʽ ʚ ʩʪʘʥʜʘʨʪʽ 6G.  
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ʉʝʢʮʽʷ 4. ɹʝʟʧʨʦʚʦʜʦʚʽ ʪʝʣʝʢʦʤʫʥʽʢʘʮʽʡʥʽ ʩʠʩʪʝʤʠ  

ʪʘ ʪʝʭʥʦʣʦʛʽʾ, ʩʠʩʪʝʤʠ 5G, ɯʥʪʝʨʥʝʪ ʨʝʯʝʡ 
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METHOD OF SPATIAL SELECTION OF SIGNALS BASED ON THE  

INFORMATION ABOUT RADIATION SOURCES ANGULAR COORDIN ATES 

 

The basic trends of devices on high order modes of dielectric resonators (DR) are 

summarized. The results of simulation of high order mode of quadruple type in rectangular DR 

are presented. 
 

ʅʘ ʩʴʦʛʦʜʥʽʰʥʽʡ ʜʝʥʴ ʘʜʘʧʪʠʚʥʘ ʧʨʦʩʪʦʨʦʚʘ ʩʝʣʝʢʮʽʷ ʩʠʛʥʘʣʽʚ ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʘʥʪʝʥʥʠʭ ʨʝʰʽʪʦʢ (ɸʈ) ʻ ʥʝʚʽʜôʻʤʥʦʶ ʩʢʣʘʜʦʚʦʶ ʩʠʩʪʝʤ 

ʨʘʜʽʦʣʦʢʘʮʽʾ, ʨʘʜʽʦʝʣʝʢʪʨʦʥʥʦʾ ʙʦʨʦʪʴʙʠ ʪʘ ʨʘʜʽʦʪʝʭʥʽʯʥʦʾ ʨʦʟʚʽʜʢʠ. ʊʘʢʦʞ ʚ 

ʦʩʪʘʥʥʽ ʨʦʢʠ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʟʥʘʯʥʠʡ ʽʥʪʝʨʝʩ ʩʪʦʩʦʚʥʦ ʧʨʘʢʪʠʯʥʦʛʦ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʘʜʘʧʪʠʚʥʦʛʦ ʢʝʨʫʚʘʥʥʷ ʧʨʦʤʝʥʷʤʠ ɸʈ ʚ ʩʠʩʪʝʤʘʭ ʟʚôʷʟʢʫ 5G 

ʜʣʷ ʦʪʨʠʤʘʥʥʷ ʚʠʩʦʢʠʭ ʰʚʠʜʢʦʩʪʝʡ ʧʝʨʝʜʘʚʘʥʥʷ ʜʘʥʠʭ ʚ ʫʤʦʚʘʭ 

ʦʙʤʝʞʝʥʦʩʪʽ ʨʘʜʽʦʯʘʩʪʦʪʥʦʛʦ ʨʝʩʫʨʩʫ ʪʘ ʟʥʘʯʥʦʾ ʢʽʣʴʢʦʩʪʽ ʘʙʦʥʝʥʪʽʚ [1]. 

ʋ ʢʣʘʩʠʯʥʠʭ ʨʦʙʦʪʘʭ ʧʦ ʘʜʘʧʪʠʚʥʠʤ ɸʈ [2-3] ʧʦʢʘʟʘʥʦ, ʱʦ ʚʝʢʪʦʨ 

ʚʘʛʦʚʠʭ ʢʦʝʬʽʮʽʻʥʪʽʚ (ɺɺʂ) ɸʈ  ʧʨʠ ʦʧʪʠʤʘʣʴʥʽʡ ʧʨʦʩʪʦʨʦʚʽʡ ʩʝʣʝʢʮʽʾ 

ʨʦʟʨʘʭʦʚʫʻʪʴʩʷ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʨʽʚʥʷʥʥʷ ɺʽʥʝʨʘ-ʍʦʧʬʘ,  

                                                    
1

Ŭopt xx

-=w R S ,                                          (1) 

ʜʝxxR  ï ʢʦʚʘʨʽʘʮʽʡʥʘ ʤʘʪʨʠʮʷ ʚʭʽʜʥʠʭ ʩʠʛʥʘʣʽʚ ɸʈ; ( )Ŭ Sq=S a  ï ʚʝʢʪʦʨ-

ʩʪʦʚʧʝʮʴ ʧʨʦʩʪʦʨʦʚʦʾ ʩʪʨʫʢʪʫʨʠ ʦʯʽʢʫʚʘʥʦʛʦ ʩʠʛʥʘʣʫ, ʷʢʠʡ ʟʥʘʭʦʜʠʪʴʩʷ ʥʘ 

ʧʝʣʝʥʛʫ ɗS.  

ʋ ʩʚʦʶ ʯʝʨʛʫ, () () ( ) ()
T

2 sin 2 1 sin
1 ....

j d j d M
e e
p q l p q l

q
-è ø=

ê ú
a  ï ʢʝʨʫʶʯʠʡ ʚʝʢʪʦʨ-

ʩʪʦʚʧʝʮʴ ɸʈ, ʱʦ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʥʝʩʧʨʷʤʦʚʘʥʠʭ ʘʥʪʝʥ, ʧʨʠ ʧʨʠʡʤʘʥʥʽ 

ʛʘʨʤʦʥʽʡʥʦʾ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʦʾ ʭʚʠʣʽ ʟ ʧʣʦʩʢʠʤ ʬʘʟʦʚʠʤ ʬʨʦʥʪʦʤ ʚʽʜ ʜʞʝʨʝʣʘ 

ʨʘʜʽʦʚʠʧʨʦʤʽʥʶʚʘʥʥʷ (ɼʈɺ), ʱʦ ʟʥʘʭʦʜʠʪʴʩʷ ʥʘ ʧʝʣʝʥʛʫ ɗ ʚ ʜʘʣʴʥʽʡ ʟʦʥʽ, d ï 

ʚʽʜʩʪʘʥʴ ʤʽʞ ʘʥʪʝʥʥʠʤʠ ʝʣʝʤʝʥʪʘʤʠ, ɚ ï ʜʦʚʞʠʥʘ ʨʦʙʦʯʦʾ ʭʚʠʣʽ, M ï 

ʢʽʣʴʢʽʩʪʴ ʢʘʥʘʣʽʚ (ʘʥʪʝʥʥʠʭ ʝʣʝʤʝʥʪʽʚ) ɸʈ. 
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ʋ ʥʘʡʧʨʦʩʪʽʰʦʤʫ ʚʠʧʘʜʢʫ, ʚʭʽʜʥʠʡ ʩʠʛʥʘʣ xi(t) ʚ ʢʦʞʥʦʤʫ ʟ M ʢʘʥʘʣʽʚ 

ɸʈ ʤʦʞʥʘ ʧʦʜʘʪʠ ʷʢ ʘʜʠʪʠʚʥʫ ʩʫʤʽʰ ʩʫʤʫ ʢʦʨʠʩʥʦʛʦ ʩʠʛʥʘʣʫ ʪʘ ʟʘʚʘʜ (ʩʫʤʠ 

ʟʦʚʥʽʰʥʽʭ ʪʘ ʚʥʫʪʨʽʰʥʴʦʛʦ ʪʝʧʣʦʚʦʛʦ ʰʫʤʫ), ʪʦʤʫ ʢʦʚʘʨʽʘʮʽʡʥʫ ʤʘʪʨʠʮʶ 

xxR ʧʨʠ ʫʤʦʚʽ, ʱʦ ʢʦʨʠʩʥʠʡ ʩʠʛʥʘʣ ʪʘ ʟʘʚʘʜʠ ʥʝ ʻ ʢʦʨʝʣʴʦʚʘʥʠʤʠ ʦʜʥʘ ʟ 

ʦʜʥʦʶ, ʤʦʞʥʘ ʟʘʧʠʩʘʪʠ ʷʢ 

{ }( ) ( )T

xx SS NNE t t= = +R x x R R ,                                   (2) 

ʜʝ E{Ŀ} ï ʦʧʝʨʘʮʽʷ ʤʘʪʝʤʘʪʠʯʥʦʛʦ ʦʯʽʢʫʚʘʥʥʷ, RSS, RNN ï ʢʦʚʘʨʽʘʮʽʡʥʽ ʤʘʪʨʠʮʽ 

ʢʦʨʠʩʥʦʛʦ ʩʠʛʥʘʣʫ ʪʘ ʟʘʚʘʜ, x(t) ï ʢʦʤʧʣʝʢʩʥʠʡ ʚʝʢʪʦʨ-ʩʪʦʚʧʝʮʴ ʚʭʽʜʥʠʭ 

ʩʠʛʥʘʣʽʚ ɸʈ, ʷʢʽ ʚ ʩʚʦʶ ʯʝʨʛʫ ʤʦʞʥʘ ʧʨʝʜʩʪʘʚʠʪʠ ʥʘʩʪʫʧʥʠʤ ʯʠʥʦʤ 

                                                       { }( ) ( )H H

SS SE t t P a a= =R s s S S ,                             (3) 

                   
2

0 0 0

1 1 1

( ) ( ) ( ) ( )
n n

N N N
H H

NN n n n

n n n

E t t t t h n n s
= = =

ë ûå õå õ å õ
= + + = +ì üæ öæ ö æ ö

ç ÷ç ÷ ç ÷í ý
ä ä äR n n n n N N I ,    (4) 

                                             0

1

( ) ( ) ( ) ( )
N

n

n

t t t t
=

= + +äx s n n ,                                  (5) 

ʜʝ s(t), nn(t), n0(t) ï ʚʽʜʧʦʚʽʜʥʦ ʢʦʤʧʣʝʢʩʥʽ ʚʝʢʪʦʨ-ʩʪʦʚʧʮʽ ʢʦʨʠʩʥʦʛʦ ʩʠʛʥʘʣʫ, 

ʟʘʚʘʜʠ ʚʽʜ n-ʛʦ ʜʞʝʨʝʣʘ ʨʘʜʽʦʚʠʧʨʦʤʽʥʶʚʘʥʥʷ (ɼʈɺ), ʚʥʫʪʨʽʰʥʴʦʛʦ ʰʫʤʫ  ʚ 

ʢʘʥʘʣʘʭ ɸʈ, n=1éN; N ï ʢʽʣʴʢʽʩʪʴ ʟʦʚʥʽʰʥʽʭ ʟʘʚʘʜ; ( )
n nn q=N a ï ʚʝʢʪʦʨ-

ʩʪʦʚʧʝʮʴ ʧʨʦʩʪʦʨʦʚʦʾ ʩʪʨʫʢʪʫʨʠ ʟʦʚʥʽʰʥʴʦʾ ʟʘʚʘʜʠ, ɼʈɺ ʷʢʦʾ ʟʥʘʭʦʜʠʪʴʩʷ ʥʘ 

ʧʝʣʝʥʛʫ ɗn ; 
2

0s  ï ʜʠʩʧʝʨʩʽʷ (ʧʦʪʫʞʥʽʩʪʴ) ʚʥʫʪʨʽʰʥʴʦʛʦ ʰʫʤʫ ʚ ʢʘʥʘʣʽ ɸʈ; 

ʚʽʜʥʦʰʝʥʥʷ ʧʦʪʫʞʥʦʩʪʽ ʟʘʚʘʜʠ 2

ns  ʚʽʜ n-ʛʦ ʜʞʝʨʝʣʘ ʟʘʚʘʜ ʜʦ ʧʦʪʫʞʥʦʩʪʽ 

ʚʣʘʩʥʠʭ ʰʫʤʽʚ ʫ ʢʘʥʘʣʽ ɸʈ, ʪʦʙʪʦ 
2 2

0n nh s s= ; PS ï ʧʦʪʫʞʥʽʩʪʴ ʢʦʨʠʩʥʦʛʦ 

ʩʠʛʥʘʣʫ ʚ ʢʘʥʘʣʽ ɸʈ; I=diag[1] ï ʦʜʠʥʠʯʥʘ ʤʘʪʨʠʮʷ ʨʦʟʤʽʨʦʤ MxM;  H ï ʟʥʘʢ 

ʝʨʤʽʪʦʚʦʛʦ ʩʧʨʷʞʝʥʥʷ. 

ʅʦʨʤʦʚʘʥʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʩʧʨʷʤʦʚʘʥʦʩʪʽ (ʍʉ) ɸʈ ʜʦ ʪʘ ʧʽʩʣʷ 

ʧʨʦʩʪʦʨʦʚʦʾ ʩʝʣʝʢʮʽʾ ʤʦʞʝ ʙʫʪʠ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘʩʪʫʧʥʠʤ ʯʠʥʦʤ: 

              
() ()0 020log HF Mq q= w a

,
() ()1 20log H

optF Mq q= w a
                       (6) 

ʜʝ w0 = [1 1 é 1]
H
 ï ɺɺʂ ɸʈ ʟ ʨʽʚʥʦʤʽʨʥʠʤ ʨʦʟʧʦʜʽʣʦʤ ʜʦ ʧʨʦʩʪʦʨʦʚʦʾ 

ʩʝʣʝʢʮʽʾ. 

ʅʘ ʨʠʩ.1,ʘ ʪʘ ʨʠʩ.1,ʙ ʧʨʝʜʩʪʘʚʣʝʥʦ ʚʽʜʧʦʚʽʜʥʦ ʨʝʟʫʣʴʪʘʪʠ ʨʦʟʨʘʭʫʥʢʫ  

ʍʉ ʜʣʷ ʣʽʥʽʡʥʦʾ ʝʢʚʽʜʠʩʪʘʥʪʥʦʾ ɸʈ (ʃɽɸʈ) ʧʨʠ M = 20 ʪʘ ʯʘʩʪʦʪʠ f = 3 ɻɻʮ ʜʦ 

ʪʘ ʧʽʩʣʷ ʧʨʦʩʪʦʨʦʚʦʾ ʩʝʣʝʢʮʽʾ ʢʦʨʠʩʥʦʛʦ ʩʠʛʥʘʣʫ, ɼʈɺ ʷʢʦʛʦ ʨʦʟʪʘʰʦʚʘʥʝ ʥʘ 

ʧʝʣʝʥʛʫ ɗn ʥʘ ʬʦʥʽ ʜʚʦʭ ʟʘʚʘʜ ʟ h1=h2=50 ʜɹ, ɼʈɺ ʷʢʠʭ ʨʦʟʪʘʰʦʚʘʥʦ ʥʘ 

ʧʝʣʝʥʛʘʭ ɗ1 = -20Á, ɗ2 = 20Á. 
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ʘ) ʙ) 

ʈʠʩ.1. ɼʽʘʛʨʘʤʘ ʩʧʨʷʤʦʚʘʥʦʩʪʽ ʃɽɸʈ ʜʦ ʧʨʦʩʪʦʨʦʚʦʾ ʩʝʣʝʢʮʽʾ (ʘ) ʪʘ ʧʽʩʣʷ ʧʨʦʩʪʦʨʦʚʦʾ 

ʩʝʣʝʢʮʽʾ (ʙ)  ʢʦʨʠʩʥʦʛʦ ʩʠʛʥʘʣʫ (ɗS = 0Á) ʥʘ ʬʦʥʽ ʜʚʦʭ ʟʘʚʘʜ (ɗ1 = ï20Á, ɗ2 = 20Á) ʧʨʠ 

ʨʽʚʥʦʤʽʨʥʦʤʫ ʘʤʧʣʽʪʫʜʥʦʤʫ  ʨʦʟʧʦʜʽʣʽ ʧʦʣʷ ʥʘ ʨʦʟʢʨʠʚʽ ɸʈ. 

 

ʗʢ ʚʠʜʥʦ ʟ ʨʠʩ.1.ʙ, ʤʝʪʦʜ ʧʨʦʩʪʦʨʦʚʦʾ ʩʝʣʝʢʮʽʾ, ʧʨʠ ʷʢʦʤʫ ɺɺʂ ɸʈ 

ʬʦʨʤʫʻʪʴʩʷ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʨʽʚʥʷʥʥʷ  (1), ʥʝ ʧʨʘʮʶʻ, ʦʩʢʽʣʴʢʠ ʚ ʍʉ ɸʈ 

ʚʽʜʩʫʪʥʽ çʧʨʦʚʘʣʠè. ʎʝ ʧʦʚôʷʟʘʥʦ ʟ ʪʠʤ, ʱʦ ʚ ʩʪʨʫʢʪʫʨʽ ʢʦʚʘʨʽʘʮʽʡʥʦʾ ʤʘʪʨʠʮʽ 

Rxx ʧʨʠʩʫʪʥʷ ʩʢʣʘʜʦʚʘ ʢʦʨʠʩʥʦʛʦ ʩʠʛʥʘʣʫ RSS. ɺʠʢʦʨʠʩʪʦʚʫʶʯʠ ʣʝʤʤʫ ʧʨʦ 

ʦʙʝʨʥʝʥʥʷ ʤʘʪʨʠʮʽ [2], ʦʪʨʠʤʘʻʤʦ, ʱʦ 

                            ( )
1

1
1 1

11

H
H S NN

S NN NN H

S NN

P
P a a

a a

a a

-
-

- -

-

å õ
= + = -æ ö

+ç ÷

S S R
R S S R R I

S R S
.                       (7) 

ʇʽʜʩʪʘʚʣʷʶʯʠ ʚʠʨʘʟ (7) ʫ (1), ʦʪʨʠʤʘʻʤʦ, ʱʦ ʦʧʪʠʤʘʣʴʥʠʡ ɺɺʂ ɸʈ 

ʜʦʨʽʚʥʶʚʘʪʠʤʝ 

               
1 2

1 1 1

1 21 1

H

S NN
S NN S NN NNH

NN

P q
P P

q

a a a
a a a

a a

m
-

- - -

-

å õ å õ
= - = - =æ ö æ ö

+ +ç ÷ç ÷

S S R S
w R I S R S R S

S R S
,             (8) 

ʜʝ ( )21SP qm= + ï ʜʽʡʩʥʘ ʢʦʥʩʪʘʥʪʘ, 2 1H

NNq a a

-=S R S  ï ʢʦʥʩʪʘʥʪʘ, ʷʢʘ ʯʠʩʝʣʴʥʦ 

ʜʦʨʽʚʥʶʻ ʚʽʜʥʦʰʝʥʥʶ ʧʦʪʫʞʥʦʩʪʽ ʩʠʛʥʘʣʫ ʜʦ ʩʫʤʠ ʧʦʪʫʞʥʦʩʪʝʡ ʟʘʚʘʜ ʪʘ 

ʰʫʤʽʚ ʥʘ ʚʠʭʦʜʽ ɸʈ. 

ʆʪʞʝ, ʟ ʘʥʘʣʽʟʫ ʚʠʨʘʟʫ (8) ʚʠʜʥʦ, ʱʦ ʚʧʣʠʚ ʩʢʣʘʜʦʚʠʭ ʢʦʨʠʩʥʦʛʦ ʩʠʛʥʘʣʫ 

ʥʘ ʢʦʚʘʨʽʘʮʽʡʥʫ ʤʘʪʨʠʮʶ Rxx ʚʭʽʜʥʠʭ ʩʠʛʥʘʣʽʚ ɸʈ ʪʝʦʨʝʪʠʯʥʦ ʟʚʦʜʠʪʴʩʷ ʜʦ 

ʤʘʩʰʪʘʙʫʚʘʥʥʷ ʢʦʚʘʨʽʘʮʽʡʥʦʾ ʤʘʪʨʠʮʽ ʰʫʤʽʚ ʽ ʟʘʚʘʜ RNN ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʩʢʘʣʷʨʥʦʛʦ ʤʥʦʞʥʠʢʘ ɛ. ɼʣʷ ʧʨʘʢʪʠʯʥʦʾ ʨʝʘʣʽʟʘʮʽʾ ʧʨʦʩʪʦʨʦʚʦʾ ʩʝʣʝʢʮʽʾ 

ʟʛʽʜʥʦ (8) ʥʝʦʙʭʽʜʥʦ ʚʠʢʣʶʯʠʪʠ ʩʢʣʘʜʦʚʽ ʢʦʨʠʩʥʦʛʦ ʩʠʛʥʘʣʫ ʟ ʩʫʤʽʰʽ ʚʭʽʜʥʠʭ 

ʩʠʛʥʘʣʽʚ ɸʈ. ʆʜʥʠʤ ʟ ʚʘʨʽʘʥʪʽʚ ʪʘʢʦʾ ʨʝʘʣʽʟʘʮʽʾ ʤʦʞʝ ʙʫʜʠ ʤʝʪʦʜ ʧʨʦʩʪʦʨʦʚʦʾ 

ʩʝʣʝʢʮʽʾ, ʱʦ ʙʘʟʫʻʪʴʩʷ ʥʘ ʚʠʢʦʨʠʩʪʘʥʥʽ ʘʣʛʦʨʠʪʤʽʚ ʢʫʪʦʚʦʚʦʛʦ 

ʥʘʜʨʦʟʨʽʟʥʝʥʥʷ (ʧʝʣʝʥʛʘʮʽʾ) [4], ʩʫʪʴ ʷʢʦʛʦ ʧʦʣʷʛʘʪʠʤʝ ʫ ʥʘʩʪʫʧʥʦʤʫ: ʥʘ ʙʘʟʽ 

ʦʪʨʠʤʘʥʦʾ ʽʥʬʦʨʤʘʮʽʾ ʧʨʦ ʧʝʣʝʥʛʠ ɼʈɺ ʩʠʛʥʘʣʽʚ ʪʘ ʾʭ ʚʽʜʥʦʰʝʥʥʷ 

ʩʠʛʥʘʣ/ʰʫʤ ʚ ʢʘʥʘʣʽ ɸʈ ʟ ʧʝʣʝʥʛʘʮʽʡʥʦʛʦ ʨʝʣʴʻʬʫ ʱʦ ʨʦʟʨʘʭʦʚʘʥʠʡ ʟ 

ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʦʜʥʦʛʦ ʟ ʘʣʛʦʨʠʪʤʽʚ ʧʝʣʝʥʛʘʮʽʾ (ʂʝʡʧʦʥʘ, ʄUSIC, ESPRIT) 

ʪʦʱʦ, ʨʝʢʦʥʩʪʨʫʶʻʪʴʩʷ ʢʦʚʘʨʽʘʮʽʡʥʘ ʤʘʪʨʠʮʷ, ʦʙʯʠʩʣʶʻʪʴʩʷ ʚʝʢʪʦʨ ʚʘʛʦʚʠʭ 
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ʢʦʝʬʽʮʽʻʥʪʽʚ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʨʽʚʥʷʥʥʷ (8), ʧʽʩʣʷ ʯʦʛʦ ʩʫʤʽʰ ʚʩʽʭ ʩʠʛʥʘʣʽʚ ʚ 

ʢʦʞʥʦʤʫ ʢʘʥʘʣʽ ɸʈ ʧʦʝʣʝʤʝʥʪʥʦ ʧʝʨʝʤʥʦʞʫʻʪʴʩʷ ʟ ɺɺʂ, ʽ ʚ ʨʝʟʫʣʴʪʘʪʽ ʯʦʛʦ 

ʬʦʨʤʫʻʪʴʩʷ ʍʉ, ʚ ʷʢʽʡ ʥʘ ʢʫʪʦʚʠʭ ʢʦʦʨʜʠʥʘʪʘʭ ʟʘʚʘʜ ʬʦʨʤʫʶʪʴʩʷ ʧʨʦʚʘʣʠ. 

ɹʣʦʢ-ʩʭʝʤʘ, ʱʦ ʨʝʘʣʽʟʫʻ ʚʠʱʝʚʢʘʟʘʥʠʡ ʫʜʦʩʢʦʥʘʣʝʥʠʡ ʤʝʪʦʜ ʟʦʙʨʘʞʝʥʘ ʥʘ 

ʨʠʩ.2.  

 

 
 

ʈʠʩ.2. ɹʣʦʢ-ʩʭʝʤʘ ʫʜʦʩʢʦʥʘʣʝʥʦʛʦ ʤʝʪʦʜʫ ʧʨʦʩʪʦʨʦʚʦʾ ʩʝʣʝʢʮʽʾ. 
 

ʅʘ ʨʠʩ.3,ʘ ʪʘ ʨʠʩ.3,ʙ ʚʽʜʧʦʚʽʜʥʦ ʧʨʝʜʩʪʘʚʣʝʥʦ ʧʝʣʝʥʛʘʮʽʡʥʽ ʨʝʣʴʻʬʠ ʜʣʷ 

ʘʣʛʦʨʠʪʤʽʚ ʧʝʣʝʥʛʘʮʽʾ ʂʝʡʧʦʥʘ ʪʘ MUSIC ʧʨʠ ʥʘʷʚʥʦʩʪʽ ʪʨʴʦʭ ɼʈɺ, ʱʦ 

ʨʦʟʪʘʰʦʚʘʥʽ ʥʘ ʧʝʣʝʥʛʘʭ ɗs = 0Á, ɗ1 = -20Á, ɗ2 = 20Á. 

 

  

ʘ) ʙ) 

 

ʈʠʩ.3. ʇʝʣʝʥʛʘʮʽʡʥʽ ʨʝʣʴʻʬʠ ʧʨʠ ʟʘʩʪʦʩʫʚʘʥʥʽ ʘʣʛʦʨʠʪʤʽʚ ʧʝʣʝʥʛʘʮʽʾ ʂʝʡʧʦʥʘ (ʘ) ʪʘ             

MUSIC (ʙ) ʜʣʷ ʦʮʽʥʶʚʘʥʥʷ ʢʫʪʦʚʠʭ ʢʦʦʨʜʠʥʘʪ ʪʨʴʦʭ ɼʈɺ, ʱʦ ʨʦʟʪʘʰʦʚʘʥʽ ʥʘ ʧʝʣʝʥʛʘʭ           

ɗs = 0Á,  ɗ1 = -20Á,  ɗ2 = 20Á. 
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ʘ) ʙ) 

 

ʈʠʩ.4. ɼʽʘʛʨʘʤʘ ʩʧʨʷʤʦʚʘʥʦʩʪʽ ʃɽɸʈ ʜʦ ʧʨʦʩʪʦʨʦʚʦʾ ʩʝʣʝʢʮʽʾ (ʰʪʨʠʭʦʚʘ ʣʽʥʽʷ)  

ʪʘ ʧʽʩʣʷ ʧʨʦʩʪʦʨʦʚʦʾ ʩʝʣʝʢʮʽʾ ʢʦʨʠʩʥʦʛʦ ʩʠʛʥʘʣʫ (ɗS = 0Á) ʥʘ ʬʦʥʽ ʜʚʦʭ ʟʘʚʘʜ  

(ɗ1 = ï20Á, ɗ2 = 20Á) ʧʨʠ ʨʽʚʥʦʤʽʨʥʦʤʫ ʨʦʟʧʦʜʽʣʽ (ʘ) ʪʘ ʩʧʘʜʘʶʯʦʤʫ  

ʘʤʧʣʽʪʫʜʥʦʤʫ  ʨʦʟʧʦʜʽʣʽ (ʙ) ʧʦʣʷ ʥʘ ʨʦʟʢʨʠʚʽ ʨʝʰʽʪʢʠ. 
 

ʅʘ ʨʠʩ.4 ʧʨʝʜʩʪʘʚʣʝʥʦ ʜʽʘʛʨʘʤʫ ʩʧʨʷʤʦʚʘʥʦʩʪʽ  ʃɽɸʈ ʜʦ ʪʘ ʧʽʩʣʷ  

ʧʨʦʩʪʦʨʦʚʦʾ ʩʝʣʝʢʮʽʾ ʢʦʨʠʩʥʦʛʦ ʩʠʛʥʘʣʫ ʥʘ ʬʦʥʽ ʜʚʦʭ ʟʘʚʘʜ, ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ 

ʟʘʧʨʦʧʦʥʦʚʘʥʦʛʦ ʥʘ ʨʠʩ.2 ʤʝʪʦʜʫ ʩʝʣʝʢʮʽʾ ʧʨʠ ʨʽʚʥʦʤʽʨʥʦʤʫ ʪʘ ʩʧʘʜʘʶʯʦʤʫ 

ʘʤʧʣʽʪʫʜʥʦʤʫ ʨʦʟʧʦʜʽʣʽ ʧʦʣʷ ʥʘ ʘʧʝʨʪʫʨʽ ʨʝʰʽʪʢʠ, ʷʢʽ ʚʽʜʧʦʚʽʜʥʦ ʟʥʘʭʦʜʷʪʴʩʷ 

ʚ ʜʘʣʝʢʽʡ ʟʦʥʽ ʥʘ ʧʝʣʝʥʛʘʭ, ʚʠʟʥʘʯʝʥʠʭ ʧʦ ʤʘʢʩʠʤʫʤʘʭ ʧʝʣʝʥʛʘʮʽʡʥʦʛʦ 

ʨʝʣʴʻʬʫ, ʱʦ ʟʦʙʨʘʞʝʥʠʡ ʥʘ ʨʠʩ.3, ʪʦʙʪʦ ɗs = 0Á, ɗ1 = -20Á, ɗ2 = 20Á. 

ɺʠʩʥʦʚʦʢ. ʇʦʨʽʚʥʷʥʥʷ ʍʉ ɸʈ ʥʘ ʨʠʩ.1,ʙ ʪʘ ʨʠʩ.4,ʘ,ʙ ʧʦʢʘʟʫʻ, ʱʦ 

ʟʘʧʨʦʧʦʥʦʚʘʥʠʡ ʤʝʪʦʜ ʧʨʦʩʪʦʨʦʚʦʾ ʩʝʣʝʢʮʽʾ ʜʦʟʚʦʣʷʻ ʧʨʠʜʫʰʫʚʘʪʠ ʟʘʚʘʜʠ, 

ʬʦʨʤʫʶʯʠ çʧʨʦʚʘʣè ʚ ʍʉ ʚ ʢʫʪʦʚʠʭ ʥʘʧʨʷʤʢʘʭ ʥʘ ɼʈɺ ʮʠʭ ʟʘʚʘʜ.  
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ALGORITHM OF RADIO LINE SYNCHRONISM EN TERING  

WITH FHSS ON THE BASIS OF M-SEQUENCE PHASE DETERMINATION  
 

In this paper, based on the method of determining the phase of the M-sequence, an 

algorithm for synchronizing the radio line with frequency-hopping spread spectrum (FHSS) is 

proposed, which will increase the reliability of determining the transmitter signal at the 

frequency controlled by the receiver and minimize the required synchronization time. 

 

ɺʽʜʦʤʦ, ʱʦ ʩʠʩʪʝʤʠ ʨʘʜʽʦʟʚôʷʟʢʫ ʩʧʝʮʽʘʣʴʥʦʛʦ ʧʨʠʟʥʘʯʝʥʥʷ (ʉʈɿ ʉʇ) 

ʟʤʫʰʝʥʽ ʬʫʥʢʮʽʦʥʫʚʘʪʠ ʫ ʩʢʣʘʜʥʽʡ ʨʘʜʽʦʝʣʝʢʪʨʦʥʥʽʡ ʦʙʩʪʘʥʦʚʮʽ, ʷʢʘ 

ʟʫʤʦʚʣʶʻʪʴʩʷ ʷʢ ʧʨʠʨʦʜʥʠʤʠ ʪʘʢ ʽ ʥʘʚʤʠʩʥʠʤʠ ʟʘʚʘʜʘʤʠ, ʱʦ ʜʽʶʪʴ ʚ ʢʘʥʘʣʽ. 

ɽʬʝʢʪʠʚʥʠʤ ʟʘʩʦʙʦʤ ʟʘʭʠʩʪʫ ʉʈɿ ʉʇ ʚʽʜ ʥʘʚʤʠʩʥʠʭ ʟʘʚʘʜ ʻ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʩʠʛʥʘʣʽʚ ʟ ʨʦʟʰʠʨʝʥʠʤ ʩʧʝʢʪʨʦʤ [1].  

ɺʽʜʦʤʦ, ʱʦ ʧʨʠʡʦʤ ʪʘ ʦʙʨʦʙʢʘ ʰʠʨʦʢʦʩʤʫʛʦʚʠʭ ʩʠʛʥʘʣʽʚ, ʚʠʤʘʛʘʻ 

ʪʦʯʥʦʾ ʩʠʥʭʨʦʥʽʟʘʮʽʾ ʤʽʞ ʦʧʦʨʥʦʶ ʧʩʝʚʜʦʚʠʧʘʜʢʦʚʦʶ ʧʦʩʣʽʜʦʚʥʽʩʪʶ (ʇɺʇ) 

ʧʝʨʝʜʘʚʘʯʘ ʪʘ ʧʨʠʡʥʷʪʦʶ ʇɺʇ. ʆʩʢʽʣʴʢʠ ʫ ʨʝʘʣʴʥʠʭ ʫʤʦʚʘʭ ʪʦʯʥʠʡ ʤʦʤʝʥʪ 

ʧʨʠʭʦʜʫ ʩʠʛʥʘʣʫ ʥʘ ʚʭʽʜ ʧʨʠʡʤʘʯʘ ʥʝʚʽʜʦʤʠʡ, ʪʦ ʥʘ ʧʨʠʡʤʘʣʴʥʽʡ ʩʪʦʨʦʥʽ 

ʧʦʚʠʥʥʽ ʙʫʪʠ ʚʞʠʪʽ ʟʘʭʦʜʠ ʜʣʷ ʩʧʽʚʧʘʜʽʥʥʷ ʫ ʯʘʩʽ ʦʧʦʨʥʦʾ ʡ ʧʨʠʡʥʷʪʦʾ ʇɺʇ 

ʪʘ ʧʽʜʪʨʠʤʮʽ ʮʴʦʛʦ ʩʪʘʥʫ ʧʽʜ ʯʘʩ ʧʝʨʝʜʘʯʽ ʧʦʚʽʜʦʤʣʝʥʥʷ. ʅʝʦʙʭʽʜʥʽ ʤʽʨʠ 

ʧʦʢʣʘʜʘʶʪʴʩʷ ʥʘ ʩʠʩʪʝʤʫ ʩʠʥʭʨʦʥʽʟʘʮʽʾ [2ï3].  

ʆʜʥʠʤ ʟ ʤʦʞʣʠʚʠʭ ʰʣʷʭʽʚ ʧʽʜʚʠʱʝʥʥʷ ʡʤʦʚʽʨʥʦʩʪʽ ʚʽʨʥʦʾ 

ʩʠʥʭʨʦʥʽʟʘʮʽʾ ʻ ʟʥʠʞʝʥʥʷ ʽʥʬʦʨʤʘʮʽʡʥʦʾ ʰʚʠʜʢʦʩʪʽ ʧʝʨʝʜʘʯʽ ʮʠʢʣʦʚʦʾ 

ʩʠʥʭʨʦʧʦʩʣʽʜʦʚʥʦʩʪʽ, ʱʦ ʚʽʜʢʨʠʚʘʻ ʤʦʞʣʠʚʦʩʪʽ ʟʘʩʪʦʩʫʚʘʥʥʷ ʤʝʪʦʜʽʚ 

ʥʘʜʣʠʰʢʦʚʦʛʦ ʢʦʜʫʚʘʥʥʷ. ʆʜʥʘʢ, ʧʨʠ ʚʝʣʠʢʠʭ ʜʦʚʞʠʥʘʭ ʨʝʛʽʩʪʨʽʚ ʛʝʥʝʨʘʪʦʨʘ 

ʇɺʇ, ʟʨʦʩʪʘʻ ʩʢʣʘʜʥʽʩʪʴ ʜʝʢʦʜʝʨʽʚ (ʱʦ ʯʘʩʪʦ ʻ ʥʝʧʨʠʡʥʷʪʥʠʤ), ʘ ʧʨʠ 

ʡʤʦʚʽʨʥʦʩʪʽ ʧʦʤʠʣʢʠ ʥʘ ʜʚʽʡʢʦʚʠʡ ʩʠʤʚʦʣ ʧʦʨʷʜʢʫ 10
-1
, ʷʢʘ ʻ ʪʠʧʦʚʦʶ ʜʣʷ 

ʋʂʍ-ʨʘʜʽʦʣʽʥʽʡ, ʝʬʝʢʪʠʚʥʽʩʪʴ ʟʘʩʪʦʩʫʚʘʥʥʷ ʥʘʜʣʠʰʢʦʚʦʛʦ ʢʦʜʫʚʘʥʥʷ 

ʢʘʪʘʩʪʨʦʬʽʯʥʦ ʟʥʠʞʫʻʪʴʩʷ [4]. 

ʇʨʠʥʮʠʧʦʚʦ ʥʦʚʽ ʤʦʞʣʠʚʦʩʪʽ ʮʠʢʣʦʚʦʾ ʩʠʥʭʨʦʥʽʟʘʮʽʾ ʚʽʜʢʨʠʚʘʶʪʴʩʷ 

ʧʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ ʤʝʪʦʜʫ ʨʦʟʰʠʨʝʥʥʷ ʩʧʝʢʪʨʫ ʰʣʷʭʦʤ ʧʩʝʚʜʦʚʠʧʘʜʢʦʚʦʛʦ 

ʧʝʨʝʥʘʣʘʰʪʫʚʘʥʥʷ ʨʦʙʦʯʦʾ ʯʘʩʪʦʪʠ (ʇʇʈʏ). ʇʨʠ ʮʴʦʤʫ ʦʜʥʽʻʶ ʟ 

ʚʘʞʢʦʨʦʟʚôʷʟʥʠʭ ʟʘʣʠʰʘʻʪʴʩʷ ʧʨʦʙʣʝʤʘ ʾʭ ʩʠʥʭʨʦʥʽʟʘʮʽʾ, ʷʢʽʡ ʧʨʠʩʚʷʯʝʥʦ 

ʜʦʩʠʪʴ ʚʝʣʠʢʫ ʢʽʣʴʢʽʩʪʴ ʨʦʙʽʪ [5-8]. ɺʨʘʭʦʚʫʶʯʠ ʨʽʟʥʦʤʘʥʽʪʪʷ ʟʘʚʜʘʥʴ, ʱʦ 

ʩʪʘʚʣʷʪʴʩʷ ʜʦ ʩʠʩʪʝʤʠ ʩʠʥʭʨʦʥʽʟʘʮʽʾ ʨʘʜʽʦʣʽʥʽʾ ʟ ʇʇʈʏ, ʧʠʪʘʥʥʷ ʧʦʜʘʣʴʰʦʾ 

ʨʦʟʨʦʙʢʠ ʢʦʥʢʨʝʪʥʠʭ ʘʣʛʦʨʠʪʤʽʚ ʚʭʦʜʞʝʥʥʷ ʚ ʩʠʥʭʨʦʥʽʟʤ ʧʨʦʜʦʚʞʫʶʪʴ 

ʟʘʣʠʰʘʪʠʩʷ ʘʢʪʫʘʣʴʥʠʤʠ. 
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ʇʨʠʧʫʩʢʘʶʯʠ, ʱʦ ʥʦʤʝʨ ʯʘʩʪʦʪʥʦʾ ʧʦʟʠʮʽʾ ʫ ʜʚʽʡʢʦʚʽʡ ʬʦʨʤʽ ʤʽʩʪʠʪʴ 

ʽʥʬʦʨʤʘʮʽʶ ʧʨʦ ʜʝʢʽʣʴʢʘ ʩʫʙʝʣʝʤʝʥʪʽʚ ʧʦʩʣʽʜʦʚʥʦʩʪʽ, ʪʦ ʜʣʷ ʧʨʘʚʠʣʴʥʦʛʦ 

ʚʠʟʥʘʯʝʥʥʷ ʟʥʘʯʝʥʴ ʮʠʭ ʩʫʙʝʣʝʤʝʥʪʽʚ ʜʦʩʠʪʴ ʚʠʟʥʘʯʠʪʠ ʥʦʤʝʨ ʯʘʩʪʦʪʠ 

ʧʝʨʝʜʘʯʽ ʢʦʨʝʩʧʦʥʜʝʥʪʘ. ʋ ʩʚʦʶ ʯʝʨʛʫ, ʡʤʦʚʽʨʥʽʩʪʴ ʧʨʘʚʠʣʴʥʦʛʦ ʚʠʟʥʘʯʝʥʥʷ 

ʥʦʤʝʨʘ ʯʘʩʪʦʪʠ ʧʝʨʝʜʘʯʽ ʤʦʞʝ ʙʫʪʠ ʦʪʨʠʤʘʥʘ ʩʢʽʣʴʢʠ ʟʘʚʛʦʜʥʦ ʚʠʩʦʢʦʶ, 

ʥʘʧʨʠʢʣʘʜ, ʟʘ ʜʦʧʦʤʦʛʦʶ ʧʝʨʝʜʘʯʽ ʜʦʜʘʪʢʦʚʦʾ ʧʦʩʣʽʜʦʚʥʦʩʪʽ ʥʝʦʙʭʽʜʥʦʾ 

ʜʦʚʞʠʥʠ ʟ ñʛʘʨʥʠʤʠò ʢʦʨʝʣʷʮʽʡʥʠʤʠ ʚʣʘʩʪʠʚʦʩʪʷʤʠ, ʱʦ ʚʠʢʦʥʫʻ ʟʘʚʜʘʥʥʷ 

ʪʘʢʪʦʚʦʾ ʩʠʥʭʨʦʥʽʟʘʮʽʾ ʥʘ ʯʘʩʪʦʪʽ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ. 

ʇʨʠ ʪʘʢʦʤʫ ʧʽʜʭʦʜʽ ʟʘʟʥʘʯʝʥʘ ʜʦʜʘʪʢʦʚʘ ʧʦʩʣʽʜʦʚʥʽʩʪʴ ʚʠʢʦʥʫʚʘʪʠʤʝ 

ʦʜʥʦʯʘʩʥʦ ʜʚʘ ʟʘʚʜʘʥʥʷ - ʧʦʯʘʪʢʦʚʦʾ ʪʘʢʪʦʚʦʾ ʩʠʥʭʨʦʥʽʟʘʮʽʾ ʪʘ ʥʝʦʙʭʽʜʥʦʛʦ 

ʧʽʜʚʠʱʝʥʥʷ ʜʦʩʪʦʚʽʨʥʦʩʪʽ ʚʠʟʥʘʯʝʥʥʷ ʥʦʤʝʨʘ ʯʘʩʪʦʪʠ ʧʝʨʝʜʘʯʽ (ʱʦ 

ʝʢʚʽʚʘʣʝʥʪʥʦ ʧʨʠʡʦʤʫ ʜʝʢʽʣʴʢʦʭ ʩʫʙʝʣʝʤʝʥʪʽʚ ʧʦʩʣʽʜʦʚʥʦʩʪʽ, ʱʦ ʻ ʜʚʽʡʢʦʚʠʤ 

ʥʦʤʝʨʦʤ ʯʘʩʪʦʪʠ ʧʝʨʝʜʘʯʽ). 

ʆʩʢʽʣʴʢʠ ʚʠʟʥʘʯʝʥʥʷ ʥʦʤʝʨʘ ʦʜʥʽʻʾ ʯʘʩʪʦʪʠ ʧʝʨʝʜʘʯʽ ʧʨʠ ʯʠʩʣʽ ʯʘʩʪʦʪ 

ʤʝʥʰʦʤʫ 2
n
 ʥʝ ʜʘʩʪʴ ʚʩʽʻʾ ʽʥʬʦʨʤʘʮʽʾ ʧʨʦ ʩʠʥʭʨʦʧʦʩʣʽʜʦʚʥʽʩʪʴ ʜʦʚʞʠʥʦʶ n, 

ʥʝʦʙʭʽʜʥʦ ʚʠʟʥʘʯʠʪʠ ʢʽʣʴʢʘ ʥʦʤʝʨʽʚ ʯʘʩʪʦʪ ʧʝʨʝʜʘʯʽ. ɺʨʘʭʦʚʫʶʯʠ ʪʦʡ ʬʘʢʪ, 

ʱʦ ʩʪʨʫʢʪʫʨʘ ʛʝʥʝʨʘʪʦʨʘ ʇɺʇ ʥʘ ʧʨʠʡʤʘʣʴʥʽʡ ʩʪʦʨʦʥʽ ʚʽʜʦʤʘ, ʜʣʷ ʮʠʢʣʦʚʦʾ 

ʩʠʥʭʨʦʥʽʟʘʮʽʾ ʚ ʤʝʞʘʭ ʦʜʥʦʛʦ ʧʝʨʽʦʜʫ ʜʦʩʪʘʪʥʴʦ ʧʨʠʡʥʷʪʠ ʪʘʢʫ ʢʽʣʴʢʽʩʪʴ 

ʩʠʛʥʘʣʽʚ ʧʝʨʝʜʘʚʘʯʘ ʥʘ ʨʽʟʥʠʭ ʯʘʩʪʦʪʘʭ (ʥʦʤʝʨʽʚ ʯʘʩʪʦʪ), ʱʦʙ ʩʫʤʘ ʩʠʤʚʦʣʽʚ 

ʜʚʽʡʢʦʚʠʭ ʥʦʤʝʨʽʚ ʯʘʩʪʦʪ ʧʝʨʝʜʘʯʽ, ʱʦ ʥʝ ʧʝʨʝʪʠʥʘʶʪʴʩʷ, ʙʫʣʘ ʥʝ ʤʝʥʰʝ 

ʜʦʚʞʠʥʠ n  ʨʝʛʽʩʪʨʘ ʛʝʥʝʨʘʪʦʨʘ ʇɺʇ. 

ʈʦʟʛʣʷʜʘʶʯʠ ʘʣʛʦʨʠʪʤ ʚʭʦʜʞʝʥʥʷ ʚ ʩʠʥʭʨʦʥʽʟʤ, ʱʦ ˇʨʫʥʪʫʻʪʴʩʷ ʥʘ 

ʦʧʠʩʘʥʦʤʫ ʚʠʱʝ ʩʧʦʩʦʙʽ ʚʠʟʥʘʯʝʥʥʷ ʬʘʟʠ ʄ-ʧʦʩʣʽʜʦʚʥʦʩʪʽ, ʧʝʨʝʜʘʚʘʯ 

ʧʦʩʠʣʘʻ ʥʘ ʢʦʞʥʽʡ ʯʘʩʪʦʪʥʽʡ ʧʦʟʠʮʽʾ ʩʠʥʭʨʦʩʠʛʥʘʣ, ʷʢʠʡ ʫ ʧʝʚʥʠʡ ʤʦʤʝʥʪ 

ʯʘʩʫ t0 ʥʘ ̔ʥʪʝʨʚʘʣʽ Ti ʩʧʽʚʧʘʜʘʻ ʟ ʯʘʩʪʦʪʦʶ ʧʨʠʡʤʘʯʘ ʪʘ ʟʜʽʡʩʥʠʪʴ ʪʘʢʪʦʚʫ 

ʩʠʥʭʨʦʥʽʟʘʮʽʶ, ʪʠʤ ʩʘʤʠʤ ʽʜʝʥʪʠʬʽʢʫʶʯʠ ʘʜʨʝʩʫ ʪʘ ʚʠʟʥʘʯʠʪʴ ʜʝʷʢʠʡ 

ʩʝʛʤʝʥʪ ʧʦʩʣʽʜʦʚʥʦʩʪʽ ʚʝʢʪʦʨʫ x
iɤ

  ʜʦʚʞʠʥʦʶ n. ʇʽʩʣʷ ʯʦʛʦ ʧʨʠʡʤʘʯ 

ʧʝʨʝʥʘʣʘʰʪʫʻʪʴʩʷ ʥʘ ʥʘʩʪʫʧʥʫ ʨʦʙʦʯʫ ʯʘʩʪʦʪʫ, ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʟʘʢʦʥʫ 

ʦʪʨʠʤʘʥʦʾ ʧʦʩʣʽʜʦʚʥʦʩʪʽ. 

ɿ ʤʝʪʦʶ ʘʥʘʣʽʟʫ ʜʚʦʭ ʯʘʩʪʦʪ, ʤʦʞʫʪʴ ʟʘʩʪʦʩʦʚʫʚʘʪʠʩʷ ʘʙʦ ʜʚʘ ʧʨʠʡʤʘʯʽ, 

ʱʦ ʟʜʽʡʩʥʶʶʪʴ ʧʝʨʝʥʘʣʘʰʪʫʚʘʥʥʷ ʥʘ ʨʽʟʥʠʭ ʯʘʩʪʦʪʘʭ, ʘʙʦ ʦʜʠʥ ʧʨʠʡʤʘʯ, ʱʦ 

ʧʝʨʝʥʘʣʘʰʪʦʚʫʻʪʴʩʷ ʧʦʩʣʽʜʦʚʥʦ ʥʘ ʦʙʠʜʚʽ ʤʦʞʣʠʚʽ ʯʘʩʪʦʪʠ. ʋ ʚʠʧʘʜʢʫ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʦʜʥʦʛʦ ʧʨʠʡʤʘʯʘ ʧʝʨʝʜʘʚʘʯ ʟʤʫʰʝʥʠʡ ʧʝʨʝʜʘʚʘʪʠ ʩʠʛʥʘʣ ʥʘ 

ʦʜʥʽʡ ʯʘʩʪʦʪʽ ʜʚʘ ʨʘʟʠ (ʨʠʩ. 1). 

ʋ ʚʠʧʘʜʢʫ ʢʦʣʠ ʥʘ ʦʙʦʭ ʯʘʩʪʦʪʘʭ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʚʠʩʦʢʠʡ ʨʽʚʝʥʴ ʟʘʚʘʜʠ, ʘ 

ʩʠʛʥʘʣ ʧʝʨʝʜʘʚʘʯʘ ʥʘ (i+1)-ʦʤʫ ʪʘʢʪʽ ʥʝ ʧʨʠʡʥʷʪʠʡ, ʧʨʠʡʤʘʯ 

ʧʝʨʝʥʘʣʘʰʪʦʚʫʻʪʴʩʷ ʥʘ ñʢʨʘʱʫò ʯʘʩʪʦʪʫ ʽ ʥʘ (i+l)-ʦʤʫ ʪʘʢʪʽ (ʜʝ l - ʯʠʩʣʦ ʪʘʢʪʽʚ 

ʜʦ ʯʝʨʛʦʚʦʛʦ ʫʩʧʽʰʥʦʛʦ ʧʨʠʡʦʤʫ ʩʠʛʥʘʣʫ ʧʝʨʝʜʘʚʘʯʘ), ʚʠʟʥʘʯʘʻʪʴʩʷ ʩʝʛʤʝʥʪ 

ʜʝʷʢʦʛʦ ʚʝʢʪʦʨ x
(i+l)

. ʇʽʩʣʷ ʯʦʛʦ ʧʨʠʡʤʘʯʽ ʧʝʨʝʥʘʣʘʰʪʦʚʫʶʪʴʩʷ ʧʦ ʯʝʨʟʽ ʥʘ ʮʽ 

ʯʘʩʪʦʪʠ, ʘ ʧʝʨʝʜʘʚʘʯ ʚʠʧʨʦʤʽʥʶʻ ʩʠʛʥʘʣ ʥʘ ʦʜʥʽʡ ʯʘʩʪʦʪʽ ʜʚʽʯʽ. ʋ ʚʠʧʘʜʢʫ 

ʚʜʘʣʦʛʦ ʧʨʠʡʦʤʫ ʩʠʛʥʘʣʫ ʧʝʨʝʜʘʚʘʯʘ ʙʫʜʝ ʧʨʠʡʥʷʪʠʡ ʱʝ ʦʜʠʥ ʩʫʙʝʣʝʤʝʥʪ 

ʚʝʢʪʦʨʫ x
(i+l+1)

.  ɼʘʣʽ ʟʥʦʚʫ ʚʽʜʙʫʚʘʻʪʴʩʷ ʧʝʨʝʥʘʣʘʰʪʫʚʘʥʥʷ ʧʨʠʡʤʘʯʽʚ ʽ ʪʘʢ ʜʘʣʽ. 

ʋ ʚʠʧʘʜʢʫ ʥʝʧʨʠʡʥʷʪʪʷ ʩʠʛʥʘʣʫ ʧʝʨʝʜʘʚʘʯʘ ʧʨʠʡʤʘʯ 

ʧʝʨʝʥʘʣʘʰʪʦʚʫʻʪʴʩʷ ʥʘ ñʢʨʘʱʫò ʯʘʩʪʦʪʫ ʽ ʧʨʠ ʯʝʨʛʦʚʦʤʫ ʩʧʽʚʧʘʜʽʥʥʽ ʯʘʩʪʦʪ 

ʟʜʽʡʩʥʶʻ ʧʨʠʡʦʤ ʩʠʥʭʨʦʧʦʩʣʽʜʦʚʥʦʩʪʽ. 
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ʈʠʩ. 1. ʏʘʩʦʚʽ ʜʽʘʛʨʘʤʠ ʮʠʢʣʦʚʦʾ ʩʠʥʭʨʦʥʽʟʘʮʽʾ ʧʨʠʡʤʘʯʘ ʨʘʜʽʦʣʽʥʽʾ ʟ ʇʇʈʏ. 

 

ɿʘʧʨʦʧʦʥʦʚʘʥʠʡ ʘʣʛʦʨʠʪʤ ʚʭʦʜʞʝʥʥʷ ʚ ʩʠʥʭʨʦʥʽʟʤ ʜʦʟʚʦʣʠʪʴ ʥʘ ʦʩʥʦʚʽ 

ʜʝʢʽʣʴʢʦʭ ʧʨʠʡʥʷʪʠʭ ʥʘʙʦʨʽʚ ʚʽʜʨʽʟʢʽʚ M-ʧʦʩʣʽʜʦʚʥʦʩʪʽ, ʩʫʤʘ ʩʠʤʚʦʣʽʚ ʷʢʠʭ 

ʥʝ ʤʝʥʰʝ ʜʦʚʞʠʥʠ ʨʝʛʽʩʪʨʘ ʛʝʥʝʨʘʪʦʨʘ ʇɺʇ, ʦʜʥʦʟʥʘʯʥʦ ʚʠʟʥʘʯʠʪʠ ʚʩʶ  

M-ʧʦʩʣʽʜʦʚʥʽʩʪʴ ʥʘ ʙʫʜʴ-ʷʢʦʤʫ (i+l)-ʦʤʫ ʪʘʢʪʽ ʨʦʙʦʪʠ, ʱʦ ʚ ʩʚʦʶ ʯʝʨʛʫ 

ʜʦʟʚʦʣʠʪʴ ʧʽʜʚʠʱʠʪʠ ʜʦʩʪʦʚʽʨʥʽʩʪʴ ʚʠʟʥʘʯʝʥʥʷ ʥʦʤʝʨʫ ʯʘʩʪʦʪʠ ʧʝʨʝʜʘʯʽ ʪʘ 

ʟʤʝʥʰʠʪʠ ʯʘʩ ʚʭʦʜʞʝʥʥʷ ʚ ʩʠʥʭʨʦʥʽʟʤ ʧʝʨʝʜʘʚʘʯʘ ʨʘʜʽʦʣʽʥʽʾ ʟ ʇʇʈʏ. 
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METHOD FOR DETERMINING OCCUPIED  

TIME -FREQUENCY SPECTRUM REGIONS 
 

Proposed robust for noise power uncertainty method for determining occupied time-

frequency spectrum regions. The essence of the method is two stage signal consecutive 

processing in frequency and time domain based on test statistics. 
 

ʅʘ ʩʴʦʛʦʜʥʽʰʥʽʡ ʜʝʥʴ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʧʦʩʪʽʡʥʝ ʟʨʦʩʪʘʥʥʷ ʢʽʣʴʢʦʩʪʽ 

ʨʘʜʽʦʩʠʩʪʝʤ, ʱʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʪʝʭʥʦʣʦʛʽʶ ʢʦʛʥʽʪʠʚʥʦʛʦ ʨʘʜʽʦ. ʆʩʥʦʚʦʶ 

ʪʘʢʠʭ ʩʠʩʪʝʤ ʻ ʜʠʥʘʤʽʯʥʝ ʚʠʢʦʨʠʩʪʘʥʥʷ ʨʘʜʽʦʯʘʩʪʦʪʥʦʛʦ ʩʧʝʢʪʨʫ [1-2]. ɼʣʷ 

ʚʠʟʥʘʯʝʥʥʷ ʚʽʣʴʥʠʭ ʜʽʣʷʥʦʢ ʨʘʜʽʦʯʘʩʪʦʪʥʦʛʦ ʩʧʝʢʪʨʫ (ʈʏʉ) ʥʝʦʙʭʽʜʥʦ 

ʧʦʩʪʽʡʥʦ ʘʥʘʣʽʟʫʚʘʪʠ ʚʠʟʥʘʯʝʥʫ ʩʤʫʛʫ ʯʘʩʪʦʪ [3]. ɿ ʽʥʰʦʛʦ ʙʦʢʫ ʩʪʨʽʤʢʠʡ 

ʨʦʟʚʠʪʦʢ ʙʝʟʜʨʦʪʦʚʠʭ ʪʝʭʥʦʣʦʛʽʡ 

ʩʪʠʤʫʣʶʻ ʧʨʦʮʝʩ ʧʦʜʘʣʴʰʦʛʦ 

ʫʜʦʩʢʦʥʘʣʝʥʥʷ ʩʠʩʪʝʤ 

ʨʘʜʽʦʤʦʥʽʪʦʨʠʥʛʫ. ʊʦʤʫ ʨʦʟʨʦʙʣʝʥʥʷ 

ʤʝʪʦʜʽʚ ʚʠʟʥʘʯʝʥʥʷ ʯʘʩʪʦʪʥʦ-ʯʘʩʦʚʠʭ 

ʤʝʞ ʟʘʡʥʷʪʠʭ ʜʽʣʷʥʦʢ ʈʏʉ ʚ ʫʤʦʚʘʭ 

ʘʧʨʽʦʨʥʦʾ ʥʝʚʠʟʥʘʯʝʥʦʩʪʽ ʪʘ ʜʠʥʘʤʽʯʥʦʾ 

ʟʤʽʥʠ ʨʘʜʽʦʝʣʝʢʪʨʦʥʥʦʾ ʦʙʩʪʘʥʦʚʢʠ ʻ 

ʘʢʪʫʘʣʴʥʠʤ ʟʘʚʜʘʥʥʷʤ ʩʴʦʛʦʜʝʥʥʷ. 

ʌʦʨʤʘʣʽʟʘʮʽʷ ʟʘʚʜʘʥʥʷ 

ʜʦʩʣʽʜʞʝʥʥʷ: ʟʘʜʘʥʦ ʜʽʣʷʥʢʫ ʈʏʉ, ʚ 

ʷʢʽʡ ʤʦʞʝ ʨʦʟʤʽʱʫʚʘʪʠʩʷ ʜʝʷʢʘ 

ʢʽʣʴʢʽʩʪʴ ʩʠʛʥʘʣʽʚ ʟ ʥʝʚʽʜʦʤʠʤʠ 

ʧʘʨʘʤʝʪʨʘʤʠ. ʈʽʚʝʥʴ ʰʫʤʫ ʚ ʟʘʜʘʥʦʤʫ 

ʜʽʘʧʘʟʦʥʽ ʯʘʩʪʦʪ ʻ ʥʝʚʽʜʦʤʠʤ, 

ʧʨʘʢʪʠʯʥʦ ʦʜʥʘʢʦʚʠʤ ʥʘ ʫʩʽʭ ʯʘʩʪʦʪʘʭ ʽ 

ʤʦʞʝ ʟʤʽʥʶʚʘʪʠʩʷ ʚ ʯʘʩʽ. ʅʝʦʙʭʽʜʥʦ 

ʟʥʘʡʪʠ ʯʘʩʪʦʪʥʦ-ʯʘʩʦʚʽ ʤʝʞʽ ʟʘʡʥʷʪʠʭ 

ʜʽʣʷʥʦʢ ʈʏʉ. 

ʉʫʪʥʽʩʪʴ ʟʘʧʨʦʧʦʥʦʚʘʥʦʛʦ ʤʝʪʦʜʫ ʧʦʣʷʛʘʻ ʫ ʜʚʦʝʪʘʧʥʦʤʫ ʦʙʨʦʙʣʝʥʥʽ 

ʬʨʘʛʤʝʥʪʘ ʩʠʛʥʘʣʫ: ʩʧʦʯʘʪʢʫ ʚ ʯʘʩʪʦʪʥʽʡ, ʘ ʧʦʪʽʤ ʚ ʯʘʩʦʚʽʡ ʦʙʣʘʩʪʽ. ʅʘ ʨʠʩ. 1 

ʥʘʚʝʜʝʥʦ ʙʣʦʢ-ʩʭʝʤʫ ʘʣʛʦʨʠʪʤʫ ʘʥʘʣʽʟʫ ʈʏʉ, ʱʦ ʨʝʘʣʽʟʫʻ ʟʘʧʨʦʧʦʥʦʚʘʥʠʡ 

ʤʝʪʦʜ. ʉʧʦʯʘʪʢʫ ʟ ʚʭʽʜʥʦʛʦ ʧʦʪʦʢʫ ʚʽʜʣʽʢʽʚ ʩʠʛʥʘʣʫ ʙʝʨʝʪʴʩʷ ʚʠʙʽʨʢʘ 

ʜʦʚʞʠʥʦʶ N ʽ ʟʙʝʨʽʛʘʻʪʴʩʷ ʚ ʙʫʬʝʨ (ʙʣʦʢ 1). ɼʣʷ ʮʽʻʾ ʚʠʙʽʨʢʠ ʨʦʟʨʘʭʦʚʫʻʪʴʩʷ 

ʝʥʝʨʛʝʪʠʯʥʠʡ ʩʧʝʢʪʨ xxP  ʥʘ ʦʩʥʦʚʽ ʧʝʨʽʦʜʛʨʘʤʠ ʋʝʣʯʘ, ʘ ʪʘʢʦʞ ʦʙʯʠʩʣʶʻʪʴʩʷ 

ʟʥʘʯʝʥʥʷ ʪʝʩʪʦʚʦʾ ʩʪʘʪʠʩʪʠʢʠ (ʙʣʦʢ 3). ʗʢ ʪʝʩʪʦʚʫ ʩʪʘʪʠʩʪʠʢʫ ʚʠʢʦʨʠʩʪʘʥʦ 

 
ʈʠʩ. 1. ɹʣʦʢ-ʩʭʝʤʘ ʘʣʛʦʨʠʪʤʫ  

ʘʥʘʣʽʟʫ ʈʏʉ. 
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ʢʦʝʬʽʮʽʻʥʪ ʚʘʨʽʘʮʽʾ ʯʘʩʪʦʪʥʠʭ ʚʽʜʣʽʢʽʚ. ʇʨʠ ʧʝʨʝʚʠʱʝʥʥʽ ʟʥʘʯʝʥʥʷʤ ʪʝʩʪʦʚʦʾ 

ʩʪʘʪʠʩʪʠʢʠ ʜʝʷʢʦʛʦ ʧʦʨʦʛʫ ʚʚʘʞʘʻʪʴʩʷ, ʱʦ ʫ  

ʟʘʜʘʥʽʡ ʩʤʫʟʽ ʯʘʩʪʦʪ ʻ ʩʠʛʥʘʣʠ (ʙʣʦʢ 4) ʽ ʚ ʪʘʢʦʤʫ ʨʘʟʽ ʚʠʟʥʘʯʘʶʪʴʩʷ ʯʘʩʪʦʪʥʽ 

ʤʝʞʽ ʟʘʡʥʷʪʠʭ ʢʘʥʘʣʽʚ (ʙʣʦʢ 5) 

ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʦʧʠʩʘʥʦʛʦ ʚ [4] 

ʘʣʛʦʨʠʪʤʫ. ʅʘ ʨʠʩ. 2 ʥʘʚʝʜʝʥʦ 

ʨʝʟʫʣʴʪʘʪʠ ʦʙʨʦʙʣʝʥʥʷ ʬʨʘʛʤʝʥʪʫ 

ʩʠʛʥʘʣʫ ʟ ʪʘʢʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ 

ʧʝʨʽʦʜʦʛʨʘʤʠ ʋʝʣʯʘ: ʜʦʚʞʠʥʘ 

ʚʽʢʥʘ ʰʚʠʜʢʦʛʦ ʧʝʨʝʪʚʦʨʝʥʥʷ 

ʌʫʨôʻ ï 1024 ʚʽʜʣʽʢʠ, ʪʠʧ ʚʽʢʦʥʥʦʾ 

ʬʫʥʢʮʽʾ ï ʍʝʤʤʽʥʛʘ, ʧʝʨʝʢʨʠʪʪʷ 

ʤʽʞ ʩʫʩʽʜʥʽʤʠ ʚʽʢʥʘʤʠ ï 512 

ʚʽʜʣʽʢʽʚ, ʢʽʣʴʢʽʩʪʴ ʚʠʙʽʨʢʦʚʠʭ 

ʩʧʝʢʪʨʽʚ ʷʢʽ ʫʩʝʨʝʜʥʶʶʪʴʩʷ ï 7, 

ʜʦʚʞʠʥʘ ʬʨʘʛʤʝʥʪʘ ʩʠʛʥʘʣʫ, ʱʦ 

ʘʥʘʣʽʟʫʻʪʴʩʷ ï 4096 ʚʽʜʣʽʢʽʚ. ʗʢʱʦ 

ʟʥʘʯʝʥʥʷ ʪʝʩʪʦʚʦʾ ʩʪʘʪʠʩʪʠʢʠ ʤʝʥʰʝ ʧʦʨʦʛʦʚʦʛʦ, ʪʦ ʦʙʨʦʙʣʷʻʪʴʩʷ ʥʘʩʪʫʧʥʠʡ 

ʬʨʘʛʤʝʥʪ ʩʠʛʥʘʣʫ ʽ ʜʘʥʽ ʚ ʙʫʬʝʨʽ ʦʥʦʚʣʶʶʪʴʩʷ. ʋ ʙʣʦʮʽ 6 ʬʦʨʤʫʻʪʴʩʷ ʦʮʽʥʢʘ 

ʨʽʚʥʷ ʰʫʤʫ ʥʘ ʦʩʥʦʚʽ ʟʥʘʯʝʥʴ ʧʦʪʫʞʥʦʩʪʽ ʰʫʤʫ ʫ ʚʽʣʴʥʠʭ ʯʘʩʪʦʪʥʠʭ ʢʘʥʘʣʘʭ, 

ʨʦʟʨʘʭʦʚʫʻʪʴʩʷ ʚʽʜʥʦʰʝʥʥʷ ʩʠʛʥʘʣ-ʰʫʤ (ɺʉʐ) ʚ ʢʦʞʥʦʤʫ ʢʘʥʘʣʽ, ʘ ʪʘʢʦʞ 

ʨʦʟʨʘʭʦʚʫʻʪʴʩʷ ʩʪʘʥʜʘʨʪʥʝ ʚʽʜʭʠʣʝʥʥʷ ʰʫʤʫ xs  ʚ ʯʘʩʦʚʽʡ ʦʙʣʘʩʪʽ ʽʟ 

ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʪʝʦʨʝʤʠ ʇʘʨʩʝʚʘʣʷ [5]. ɼʣʷ ʚʠʟʥʘʯʝʥʥʷ ʧʦʯʘʪʢʫ ʩʠʛʥʘʣʫ ʚ 

ʘʢʪʠʚʥʠʭ ʯʘʩʪʦʪʥʠʭ ʢʘʥʘʣʘʭ ʥʝʦʙʭʽʜʥʦ ʨʦʟʨʘʭʫʚʘʪʠ ʢʦʤʧʣʝʢʩʥʫ ʦʙʚʽʜʥʫ (ʙʣʦʢ 

7). ɼʣʷ ʛʘʫʩʩʽʚʩʴʢʦʛʦ ʰʫʤʫ ʟ ʥʫʣʴʦʚʠʤ ʩʝʨʝʜʥʽʤ ʽ ʩʪʘʥʜʘʨʪʥʠʤ ʚʽʜʭʠʣʝʥʥʷʤ 

xs  ʨʦʟʧʦʜʽʣ ʱʽʣʴʥʦʩʪʽ ʡʤʦʚʽʨʥʦʩʪʝʡ ʢʦʤʧʣʝʢʩʥʦʾ ʦʙʚʽʜʥʦʾ ʧʽʜʧʦʨʷʜʢʦʚʘʥʠʡ 

ʟʘʢʦʥʫ ʈʝʣʝʷ. ʊʦʜʽ ʟʥʘʯʝʥʥʷ ʧʦʨʦʛʫ ʚ ʯʘʩʦʚʽʡ ʦʙʣʘʩʪʽ ʜʣʷ ʟʘʜʘʥʦʾ ʡʤʦʚʽʨʥʦʩʪʽ 

ʭʠʙʥʦʾ ʪʨʠʚʦʛʠ FP  ʤʦʞʥʘ ʨʦʟʨʘʭʫʚʘʪʠ ʟʘ ʪʘʢʠʤ ʚʠʨʘʟʦʤ [6]: 

1 2 Fln Pxg s=- . (1) 

ɼʣʷ ʥʝʥʫʣʴʦʚʦʛʦ ʟʥʘʯʝʥʥʷ FP  ʤʦʞʣʠʚʝ ʭʠʙʥʝ ʚʠʟʥʘʯʝʥʥʷ ʧʦʯʘʪʢʫ 

ʩʠʛʥʘʣʫ. ʇʨʠ ʟʤʝʥʰʝʥʥʽ FP  ʟʤʝʥʰʫʚʘʪʠʤʝʪʴʩʷ ʪʘʢʦʞ ʡʤʦʚʽʨʥʽʩʪʴ 

ʧʨʘʚʠʣʴʥʦʛʦ ʚʠʷʚʣʝʥʥʷ DP  ʧʦʯʘʪʢʫ ʩʠʛʥʘʣʫ. ʊʦʤʫ ʢʨʠʪʝʨʽʻʤ ʚʠʷʚʣʝʥʥʷ 

ʧʦʯʘʪʢʫ ʩʠʛʥʘʣʫ ʤʦʞʥʘ ʦʙʨʘʪʠ ʧʝʨʝʚʠʱʝʥʥʷ ʟʘʜʘʥʦʛʦ ʧʦʨʦʛʫ ʢʽʣʴʢʦʤʘ (3-5) 

ʧʦʩʣʽʜʦʚʥʠʤʠ ʚʽʜʣʽʢʘʤʠ. ɺ ʪʘʢʦʤʫ ʚʠʧʘʜʢʫ ʜʣʷ ʪʨʴʦʭ ʥʝʟʘʣʝʞʥʠʭ ʚʽʜʣʽʢʽʚ 

ʰʫʤʫ ʟʥʘʯʝʥʥʷ ʡʤʦʚʽʨʥʦʩʪʽ ʭʠʙʥʦʾ ʪʨʠʚʦʛʠ ʥʘʙʣʠʞʝʥʦ ʩʪʘʥʦʚʠʪʠʤʝ 
3

FP . 

ʊʘʢʠʡ ʧʽʜʭʽʜ ʟʘʙʝʟʧʝʯʠʪʴ ʥʝʦʙʭʽʜʥʝ ʟʥʘʯʝʥʥʷ ʡʤʦʚʽʨʥʦʩʪʽ ʧʨʘʚʠʣʴʥʦʛʦ 

ʚʠʟʥʘʯʝʥʥʷ ʧʦʯʘʪʢʫ ʩʠʛʥʘʣʫ ʧʨʠ ʜʦʩʠʪʴ ʥʠʟʴʢʽʡ ʡʤʦʚʽʨʥʦʩʪʽ ʭʠʙʥʦʛʦ 

ʚʠʷʚʣʝʥʥʷ. ɸʥʘʣʦʛʽʯʥʦ ʚʠʟʥʘʯʘʻʪʴʩʷ ʟʘʢʽʥʯʝʥʥʷ ʩʠʛʥʘʣʫ (ʙʣʦʢ 8). ʇʨʠ 

ʥʠʟʴʢʠʭ ʟʥʘʯʝʥʥʷʭ ɺʉʐ (ʤʝʥʰʝ 10 ʜɹ) ʜʣʷ ʥʘʜʽʡʥʦʛʦ ʚʠʟʥʘʯʝʥʥʷ ʯʘʩʦʚʠʭ 

ʤʝʞ ʩʠʛʥʘʣʽʚ ʥʝʦʙʭʽʜʥʦ ʧʨʦʚʦʜʠʪʠ ʜʦʜʘʪʢʦʚʝ ʟʛʣʘʜʞʫʚʘʥʥʷ ʢʦʤʧʣʝʢʩʥʦʾ 

ʦʙʚʽʜʥʦʾ ʟʘ ʜʦʧʦʤʦʛʦʶ ʚʽʢʥʘ ʟ ʢʦʚʟʘʶʯʠʤ ʩʝʨʝʜʥʽʤ. ʇʨʠʯʦʤʫ ʧʨʠ ʟʥʠʞʝʥʥʽ 

ɺʉʐ ʜʦʚʞʠʥʫ ʚʽʢʥʘ L ʥʝʦʙʭʽʜʥʦ ʟʙʽʣʴʰʫʚʘʪʠ. ʊʦʤʫ ʘʣʛʦʨʠʪʤ ʦʙʨʦʙʣʝʥʥʷ 

ʩʠʛʥʘʣʫ ʚ ʢʦʞʥʦʤʫ ʢʘʥʘʣʽ ʟʘʣʝʞʠʪʝ ʚʽʜ ɺʉʐ. ʊʘʢʠʡ ʧʽʜʭʽʜ ʟʘʙʝʟʧʝʯʠʪʴ 

 
ʈʠʩ. 2. ʆʙʨʦʙʣʝʥʥʷ ʜʽʣʷʥʢʠ ʈʏʉ  

ʚ ʯʘʩʪʦʪʥʽʡ ʦʙʣʘʩʪʽ. 
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ʦʧʪʠʤʘʣʴʥʠʡ ʨʦʟʧʦʜʽʣ ʦʙʯʠʩʣʶʚʘʣʴʥʠʭ ʨʝʩʫʨʩʽʚ, ʦʩʢʽʣʴʢʠ ʟʛʣʘʜʞʫʚʘʥʥʷ 

ʦʙʚʽʜʥʦʾ ʩʠʛʥʘʣʫ ʧʦʪʨʝʙʫʻ ʜʦʜʘʪʢʦʚʠʭ ʦʙʯʠʩʣʝʥʴ. ɿʥʘʯʝʥʥʷ ʧʦʨʦʛʫ ʧʽʩʣʷ 

ʟʛʣʘʜʞʫʚʘʥʥʷ ʢʦʤʧʣʝʢʩʥʦʾ ʦʙʚʽʜʥʦʾ ʤʦʞʥʘ ʥʘʙʣʠʞʝʥʦ ʨʦʟʨʘʭʫʚʘʪʠ ʟʘ ʪʘʢʠʤ 

ʚʠʨʘʟʦʤ: 

( )1 2

2 1 25 3, Lxg s -º + . (2) 

ʅʘ ʨʠʩ. 3 ʧʦʢʘʟʘʥʦ ʦʙʨʦʙʣʝʥʥʷ ʩʠʛʥʘʣʽʚ ʫ ʯʘʩʦʚʽʡ ʦʙʣʘʩʪʽ ʜʣʷ ʯʘʩʪʦʪʥʠʭ 

ʢʘʥʘʣʽʚ ʽʟ ɺʉʐ 10 ʜɹ (ʘ) ʪʘ 2 ʜɹ (ʙ). ɼʦʚʞʠʥʘ ʚʽʢʥʘ ʢʦʚʟʘʶʯʦʛʦ ʩʝʨʝʜʥʴʦʛʦ 

ʩʢʣʘʜʘʣʘ ʧʨʠ ʮʴʦʤʫ L = 100. ʅʘ ʚʠʭʦʜʽ ʘʣʛʦʨʠʪʤʫ (ʙʣʦʢ 9) ʬʦʨʤʫʶʪʴʩʷ 

ʧʦʪʦʢʠ ʩʠʛʥʘʣʴʥʠʭ ʚʽʜʣʽʢʽʚ ʫ ʚʠʷʚʣʝʥʠʭ ʯʘʩʪʦʪʥʦ-ʯʘʩʦʚʠʭ ʢʘʥʘʣʘʭ. 
 

  
ʘ) ʙ) 

ʈʠʩ. 3. ʆʙʨʦʙʣʝʥʥʷ ʯʘʩʪʦʪʥʠʭ ʢʘʥʘʣʽʚ ʚ ʯʘʩʦʚʽʡ ʦʙʣʘʩʪʽ ʜʣʷ ɺʉʐ = 10 ʜɹ (ʘ) ʪʘ 2 ʜɹ (ʙ). 
 

ɺʠʷʚʣʝʥʥʷ ʟʘʡʥʷʪʠʭ ʯʘʩʪʦʪʥʠʭ ʢʘʥʘʣʽʚ ʫ ʯʘʩʪʦʪʥʽʡ ʦʙʣʘʩʪʽ ʤʦʞʣʠʚʝ 

ʥʘʚʽʪʴ ʧʨʠ ʪʘʢʠʭ ʟʥʘʯʝʥʥʷʭ ɺʉʐ, ʧʨʠ ʷʢʠʭ ʚ ʯʘʩʦʚʽʡ ʦʙʣʘʩʪʽ ʧʦʯʘʪʦʢ ʩʠʛʥʘʣʫ 

ʚʠʷʚʣʷʪʠʩʷ ʥʝ ʙʫʜʝ. ɺ ʪʘʢʦʤʫ ʨʘʟʽ ʯʘʩʦʚʽ ʤʝʞʽ ʩʠʛʥʘʣʽʚ ʤʦʞʥʘ ʚʠʟʥʘʯʠʪʠ ʟ 

ʪʦʯʥʽʩʪʶ ʧʨʠʙʣʠʟʥʦ N ʚʽʜʣʽʢʽʚ. 

ʊʘʢʠʤ ʯʠʥʦʤ, ʨʦʟʨʦʙʣʝʥʠʡ ʤʝʪʦʜ ʜʦʟʚʦʣʷʻ ʚʠʷʚʣʷʪʠ ʪʘ ʚʠʟʥʘʯʘʪʠ 

ʯʘʩʪʦʪʥʽ ʤʝʞʽ ʟʘʡʥʷʪʠʭ ʢʘʥʘʣʽʚ, ʘ ʪʘʢʦʞ ʧʦʯʘʪʦʢ ʽ ʟʘʢʽʥʯʝʥʥʷ ʩʠʛʥʘʣʫ ʚ 

ʢʘʥʘʣʽ ʧʨʠ ʥʝʚʽʜʦʤʦʤʫ ʽ ʟʤʽʥʥʦʤʫ ʟʥʘʯʝʥʥʽ ʧʦʪʫʞʥʦʩʪʽ ʰʫʤʫ. 

ɿʘʧʨʦʧʦʥʦʚʘʥʠʡ ʘʣʛʦʨʠʪʤ ʤʦʞʝ ʙʫʪʠ ʨʝʘʣʽʟʦʚʘʥʠʡ ʚ ʘʚʪʦʤʘʪʠʯʥʠʭ 

ʢʦʤʧʣʝʢʩʘʭ ʨʘʜʽʦʤʦʥʽʪʦʨʠʥʛʫ ʜʣʷ ʟʘʧʠʩʫ ʩʠʛʥʘʣʽʚ ʚ ʘʢʪʠʚʥʠʭ ʢʘʥʘʣʘʭ ʽʟ ʾʭ 

ʧʦʜʘʣʴʰʠʤ ʘʥʘʣʽʟʦʤ ʫ ʚʽʜʢʣʘʜʝʥʦʤʫ ʤʘʩʰʪʘʙʽ ʯʘʩʫ ʪʘ ʧʦʧʦʚʥʝʥʥʷʤ ʙʘʟʠ 

ʜʘʥʠʭ. ʇʝʨʩʧʝʢʪʠʚʠ ʧʦʜʘʣʴʰʠʭ ʜʦʩʣʽʜʞʝʥʴ ʚ ʜʘʥʦʤʫ ʥʘʧʨʷʤʢʫ ʜʦʮʽʣʴʥʦ 

ʟʦʩʝʨʝʜʠʪʠ ʚ ʨʦʟʨʦʙʣʝʥʥʽ ʰʚʠʜʢʠʭ ʤʝʪʦʜʽʚ ʧʦʧʝʨʝʜʥʴʦʾ ʢʣʘʩʠʬʽʢʘʮʽʾ 

ʩʠʛʥʘʣʽʚ ʚ ʯʘʩʪʦʪʥʠʭ ʢʘʥʘʣʘʭ. 
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IMPROVING THE EFFICIENCY OF USING THE UAV  

COMMUNICATION CHANNEL EQUIPMENT  

 

The possibility of using partial dynamic reconfiguration of a part of the UAV radio path to 

expand its functionality is considered. 

 

ʇʨʦʪʷʛʦʤ ʦʩʪʘʥʥʽʭ ʨʦʢʽʚ ʟʘʚʜʷʢʠ ʰʚʠʜʢʦʤʫ ʨʦʟʚʠʪʢʫ ʪʝʭʥʦʣʦʛʽʡ 

ʙʝʟʧʽʣʦʪʥʽ ʣʽʪʘʣʴʥʽ ʘʧʘʨʘʪʠ (ɹʇʃɸ) ʩʪʘʶʪʴ ʚʩʝ ʙʽʣʴʰ ʝʬʝʢʪʠʚʥʠʤʠ ʪʘ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʚ ʨʽʟʥʠʭ ʩʬʝʨʘʭ ï ʚʽʜ ʜʠʪʷʯʠʭ ʽʛʨʘʰʦʢ ʜʦ ʚʽʡʩʴʢʦʚʠʭ 

ʟʘʩʪʦʩʫʚʘʥʴ . 

ʆʩʢʽʣʴʢʠ ʧʝʨʝʜʘʯʘ ʢʦʤʘʥʜ ʫʧʨʘʚʣʽʥʥʷ ʪʘ ʟʽʙʨʘʥʠʭ ʜʘʥʠʭ, ʷʢʠʤʠ ʤʦʞʫʪʴ 

ʙʫʪʠ ʟʘʧʠʩʘʥʽ ʚʽʜʝʦ ʪʘ ʬʦʪʦ ʘʙʦ ʽʥʰʘ ʽʥʬʦʨʤʘʮʽʷ, ʟʽʙʨʘʥʘ ʧʨʠ ʚʠʢʦʥʘʥʥʽ 

ʧʦʣʴʦʪʥʦʛʦ ʟʘʚʜʘʥʥʷ, ʟʜʽʡʩʥʶʻʪʴʩʷ ʯʝʨʝʟ ʢʘʥʘʣ ʟʚôʷʟʢʫ ʤʽʞ ɹʇʃɸ ʪʘ 

ʥʘʟʝʤʥʦʶ ʩʪʘʥʮʽʻʶ ʢʝʨʫʚʘʥʥʷ, ʢʘʥʘʣ ʧʝʨʝʜʘʯʽ ʜʘʥʠʭ ɹʇʃɸ ʧʦʚʠʥʝʥ 

ʟʘʙʝʟʧʝʯʠʪʠ ʚʠʩʦʢʽ ʰʚʠʜʢʽʩʪʴ ʪʘ ʥʘʜʽʡʥʽʩʪʴ ʧʝʨʝʜʘʯʽ ʜʘʥʠʭ. 

ʂʘʥʘʣ ʟʚ'ʷʟʢʫ ɹʇʃɸ ʻ ʢʣʶʯʦʚʠʤ ʬʘʢʪʦʨʦʤ, ʷʢʠʡ ʤʦʞʝ ʚʧʣʠʥʫʪʠ ʥʘ 

ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ ʣʽʥʽʾ ʧʝʨʝʜʘʯʽ ʜʘʥʠʭ ʟ ʪʦʯʢʠ ʟʦʨʫ ʚʠʩʦʢʦʾ ʰʚʠʜʢʦʩʪʽ ʧʝʨʝʜʘʯʽ 

ʜʘʥʠʭ ʽ ʥʘʜʽʡʥʦʾ ʧʝʨʝʜʘʯʽ ʽʥʬʦʨʤʘʮʽʾ. ɼʣʷ ʚʠʢʦʥʘʥʥʷ ʮʠʭ ʚʠʤʦʛ ʥʘʡʙʽʣʴʰ 

ʧʝʨʩʧʝʢʪʠʚʥʠʤ ʻ ʧʦʙʫʜʦʚʘ ʢʘʥʘʣʽʚ ʟʚôʷʟʢʫ ʥʘ ʙʘʟʽ ʧʨʦʛʨʘʤʥʦ-ʚʠʟʥʘʯʝʥʠʭ 

ʨʘʜʽʦʩʠʩʪʝʤ (Software Defined Radio ). 

ʇʨʦʛʨʘʤʥʦ ʚʠʟʥʘʯʝʥʽ ʨʘʜʽʦʩʠʩʪʝʤʠ (SDR) - ʮʝ ʩʠʩʪʝʤʠ ʨʘʜʽʦʟʚ'ʷʟʢʫ, ʜʝ 

ʢʦʤʧʦʥʝʥʪʠ, ʨʝʘʣʽʟʫʶʪʴʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʚʙʫʜʦʚʘʥʠʭ ʩʠʩʪʝʤ, ʚ ʷʢʠʭ 

ʦʙʯʠʩʣʶʚʘʣʴʥʽ ʝʣʝʤʝʥʪʠ  ʧʦʙʫʜʦʚʘʥʽ ʥʘ ʩʫʯʘʩʥʠʭ ʧʨʠʩʪʨʦʷʭ ʦʙʨʦʙʢʠ 

ʩʠʛʥʘʣʽʚ, ʪʘʢʠʭ ʷʢ ʧʨʦʮʝʩʦʨʠ ʟʘʛʘʣʴʥʦʛʦ ʧʨʠʟʥʘʯʝʥʥʷ (GPP), ʮʠʬʨʦʚʽ 

ʩʠʛʥʘʣʴʥʽ ʧʨʦʮʝʩʦʨʠ (DSP), ʧʨʦʛʨʘʤʦʚʘʥʽ ʣʦʛʽʯʥʽ ʽʥʪʝʛʨʘʣʴʥʽ ʩʭʝʤʠ (FPGA), 

ʩʠʩʪʝʤʠ-ʥʘ-ʢʨʠʩʪʘʣʽ (SoC) ʪʘ ʽʥ. 

ʋ ʟʘʛʘʣʴʥʦʤʫ ʚʠʧʘʜʢʫ SoC ʻ ʧʦʜʘʣʴʰʠʤ ʨʦʟʚʠʪʢʦʤ ʪʝʭʥʦʣʦʛʽʾ FPGA ʽ 

ʷʚʣʷʶʪʴ ʩʦʙʦʶ ʽʥʪʝʛʨʦʚʘʥʽ ʚ ʦʜʥʦʤʫ ʢʨʠʩʪʘʣʽ ʧʨʦʮʝʩʦʨʥʝ ʷʜʨʦ (ʷʜʨʘ), ʙʣʦʢ 

ʧʨʦʛʨʘʤʦʚʘʥʦʾ ʣʦʛʽʯʥʦʾ ʤʘʪʨʠʮʽ FPGA, ʘ ʪʘʢʦʞ ʘʧʘʨʘʪʥʦ ʘʙʦ ʧʨʦʛʨʘʤʥʦ 

ʨʝʘʣʽʟʦʚʘʥʽ ʤʦʜʫʣʽ ʫʧʨʘʚʣʽʥʥʷ ʧʝʨʠʬʝʨʽʡʥʠʤʠ ʧʨʠʩʪʨʦʷʤʠ. 

ɺʠʢʦʨʠʩʪʘʥʥʷ SoC ʚ ʧʨʦʛʨʘʤʥʦ ʚʠʟʥʘʯʝʥʠʭ ʨʘʜʽʦʩʠʩʪʝʤʘʭ ʥʘʜʘʻ 

ʨʦʟʨʦʙʥʠʢʘʤ ʪʘ ʢʦʨʠʩʪʫʚʘʯʘʤ ʨʷʜ ʽʩʪʦʪʥʠʭ ʧʝʨʝʚʘʛ , ʘ ʩʘʤʝ: 
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- ʤʦʞʣʠʚʽʩʪʴ ʟʘʩʪʦʩʦʚʫʚʘʪʠ ʨʽʟʥʽ ʤʝʪʦʜʠ ʤʦʜʫʣʷʮʽʾ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ 

ʦʜʥʦʛʦ ʟʘʛʘʣʴʥʦʛʦ ʥʘʙʦʨʫ ʘʧʘʨʘʪʥʠʭ ʟʘʩʦʙʽʚ; 

- ʤʦʞʣʠʚʽʩʪʴ ʟʤʽʥʶʚʘʪʠ ʬʫʥʢʮʽʦʥʘʣʴʥʽʩʪʴ ʧʨʠʩʪʨʦʶ ʣʠʰʝ ʟʤʽʥʶʶʯʠ 

ʧʨʦʛʨʘʤʥʝ ʟʘʙʝʟʧʝʯʝʥʥʷ; 

- ʤʦʞʣʠʚʽʩʪʴ ʘʜʘʧʪʠʚʥʦʛʦ ʚʠʙʦʨʫ ʨʝʞʠʤʫ ʨʦʙʦʪʠ ʧʨʠʩʪʨʦʶ, ʱʦ 

ʥʘʡʢʨʘʱʝ ʚʽʜʧʦʚʽʜʘʻ ʧʦʪʦʯʥʠʤ ʫʤʦʚʘʤ ʡʦʛʦ ʝʢʩʧʣʫʘʪʘʮʽʾ. 

ʆʩʥʦʚʥʘ ʦʩʦʙʣʠʚʽʩʪʴ FPGA ð ʤʦʞʣʠʚʽʩʪʴ ʙʘʛʘʪʦʨʘʟʦʚʦʛʦ 

ʧʝʨʝʧʨʦʛʨʘʤʫʚʘʥʥʷ. ʎʝ ʧʦʢʣʘʜʝʥʦ ʚ ʦʩʥʦʚʫ ʩʪʚʦʨʝʥʥʷ ʮʠʬʨʦʚʠʭ ʧʨʠʩʪʨʦʾʚ ʽ 

ʥʘʚʽʪʴ ʧʦʪʫʞʥʠʭ ʦʙʯʠʩʣʶʚʘʣʴʥʠʭ ʩʠʩʪʝʤ, ʘʨʭʽʪʝʢʪʫʨʘ ʷʢʠʭ ʤʘʻ ʚʣʘʩʪʠʚʽʩʪʴ 

ʨʝʢʦʥʬʽʛʫʨʘʮʽʾ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʚʠʟʥʘʯʝʥʠʭ ʫʤʦʚ ʟ ʤʝʪʦʶ ʟʙʽʣʴʰʝʥʥʷ 

ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ ʦʙʯʠʩʣʝʥʴ.  

ʊʘʢʽ ʩʠʩʪʝʤʠ ʥʘʣʝʞʘʪʴ ʜʦ ʢʣʘʩʫ ʨʝʢʦʥʬʽʛʫʨʦʚʘʥʠʭ ʦʙʯʠʩʣʶʚʘʣʴʥʠʭ 

ʩʠʩʪʝʤ (ʈʆʉ, Reconfigurable Computer, RC), ʦʩʥʦʚʥʘ ʢʦʥʮʝʧʮʽʷ ʾʭ ʩʪʚʦʨʝʥʥʷ ï 

ʟʘʙʝʟʧʝʯʝʥʥʷ ʘʜʘʧʪʠʚʥʦʩʪʽ ʘʨʭʽʪʝʢʪʫʨʠ ʜʦ ʢʣʘʩʽʚ ʚʠʨʽʰʫʚʘʥʠʭ ʟʘʜʘʯ [3, 4]. 

ʇʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ ʩʫʯʘʩʥʠʭ FPGA ʽʩʥʫʻ ʤʦʞʣʠʚʽʩʪʴ ʜʠʥʘʤʽʯʥʦ 

ʧʝʨʝʥʘʣʘʰʪʦʚʫʚʘʪʠ ʾʭ ʯʘʩʪʠʥʠ (ʦʜʥʫ ʘʙʦ ʜʝʢʽʣʴʢʘ) ʧʽʜ ʯʘʩ ʨʦʙʦʪʠ ʙʝʟ 

ʥʝʦʙʭʽʜʥʦʩʪʽ ʟʫʧʠʥʷʪʠ ʧʨʠʩʪʨʽʡ. ʎʷ ʬʫʥʢʮʽʷ ʥʘʟʠʚʘʻʪʴʩʷ ʜʠʥʘʤʽʯʥʦʶ 

ʯʘʩʪʢʦʚʦʶ ʨʝʢʦʥʬʽʛʫʨʘʮʽʻʶ. 

ɼʠʥʘʤʽʯʥʘ ʯʘʩʪʢʦʚʘ ʨʝʢʦʥʬʽʛʫʨʘʮʽʷ ʟʘʙʝʟʧʝʯʫʻ ʛʥʫʯʢʽ ʤʦʞʣʠʚʦʩʪʽ 

ʟʤʽʥʠ ʢʣʶʯʦʚʠʭ ʬʫʥʢʮʽʡ ʧʨʠʩʪʨʦʶ çʥʘ ʣʴʦʪʫè, ʪʦʜʽ ʷʢ ʨʝʰʪʘ ʩʠʩʪʝʤʠ ʥʘ 

FPGA ʟʘʣʠʰʘʻʪʴʩʷ ʚ ʨʦʙʦʯʦʤʫ ʩʪʘʥʽ.  

ʈʦʟʨʦʙʥʠʢʠ ʤʦʞʫʪʴ ʟʙʝʨʽʛʘʪʠ ʨʽʟʥʽ ʬʫʥʢʮʽʾ ʫ ʟʦʚʥʽʰʥʽʡ ʧʘʤ'ʷʪʽ ʪʘ 

ʟʘʚʘʥʪʘʞʫʚʘʪʠ ʾʭ ʫ FPGA ʫ ʤʽʨʫ ʥʝʦʙʭʽʜʥʦʩʪʽ, ʟʥʠʞʫʶʯʠ ʪʠʤ ʩʘʤʠʤ ʨʦʟʤʽʨ 

ʚʝʥʪʠʣʴʥʦʾ ʤʘʪʨʠʮʽ ʪʘ ʝʥʝʨʛʦʩʧʦʞʠʚʘʥʥʷ ʧʨʠʩʪʨʦʶ. 

ɺʠʢʦʨʠʩʪʘʥʥʷ ʨʘʜʽʦʢʘʥʘʣʫ ɹʇʃɸ ʚ ʫʤʦʚʘʭ ʜʽʾ ʥʘʚʤʠʩʥʠʭ ʟʘʚʘʜ 

ʧʦʪʨʝʙʫʻ ʧʝʨʝʥʘʣʘʰʪʫʚʘʥʥʷ ʧʘʨʘʤʝʪʨʽʚ ʢʘʥʘʣʫ. ʊʘʢʝ ʧʝʨʝʥʘʣʘʰʪʫʚʘʥʥʷ 

ʤʦʞʝ ʙʫʪʠ ʟʜʽʡʩʥʝʥʦ ʟʘ ʥʘʧʝʨʝʜ ʟʘʜʘʥʠʤ ʘʣʛʦʨʠʪʤʦʤ, ʪʦʙʪʦ ʟʤʽʥʦʶ ʯʘʩʪʦʪ 

ʦʙʤʽʥʫ ʟʘ ʚʠʟʥʘʯʝʥʠʤ ʟʘʢʦʥʦʤ. 

ʇʨʠ ʟʘʩʪʦʩʫʚʘʥʥʽ ʪʘʢʦʛʦ ʘʣʛʦʨʠʪʤʫ ʽʩʥʫʻ ʡʤʦʚʽʨʥʽʩʪʴ ʪʦʛʦ, ʱʦ 

ʥʘʩʪʫʧʥʘ ʯʘʩʪʦʪʘ ʪʝʞ ʥʘʣʝʞʠʪʴ ʜʦ ʩʤʫʛʠ ʜʽʾ ʟʘʚʘʜʠ. 

ɿʘ ʫʤʦʚʠ ʢʨʠʪʠʯʥʦʛʦ ʧʦʛʽʨʰʝʥʥʷ ʧʘʨʘʤʝʪʨʽʚ ʢʘʥʘʣʫ ʟʚôʷʟʢʫ ʜʣʷ ʘʥʘʣʽʟʫ 

ʧʘʨʘʤʝʪʨʽʚ ʟʘʚʘʜʠ ʪʘ ʧʦʰʫʢʫ ʚʽʣʴʥʦʾ ʯʘʩʪʠʥʠ ʩʧʝʢʪʨʫ ʧʨʦʧʦʥʫʻʪʴʩʷ ʧʨʦʚʝʩʪʠ 

ʩʧʝʢʪʨʘʣʴʥʠʡ ʘʥʘʣʽʟ ʤʦʞʣʠʚʦʛʦ ʜʽʘʧʘʟʦʥʫ ʨʦʙʦʪʠ ʢʘʥʘʣʫ ʟʚôʷʟʢʫ. 

ɼʣʷ ʧʨʦʚʝʜʝʥʥʷ ʮʴʦʛʦ ʘʥʘʣʽʟʫ ʤʦʞʝ ʙʫʪʠ ʚʠʢʦʨʠʩʪʘʥʦ ʚʽʜʧʦʚʽʜʥʠʡ 

ʙʣʦʢ, ʷʢʠʡ ʚʚʝʜʝʥʦ ʜʦ ʩʪʨʫʢʪʫʨʠ SoC ʥʘ ʧʦʯʘʪʢʦʚʦʤʫ ʝʪʘʧʽ (ʨʠʩ 1), ʘʙʦ 

ʧʨʦʚʝʜʝʥʦ ʜʠʥʘʤʽʯʥʫ ʯʘʩʪʢʦʚʫ ʨʝʢʦʥʬʽʛʫʨʘʮʽʶ ʯʘʩʪʠʥʠ SoC, ʱʦ ʧʨʘʮʶʻ ʚ 

ʩʢʣʘʜʽ SDR, ʘ ʩʘʤʝ FPGA (ʨʠʩ 2).  

ʄʝʪʘ ʮʽʻʾ ʨʝʢʦʥʬʽʛʫʨʘʮʽʾ ï ʟʘʤʽʥʘ ʙʣʦʢʫ ʤʦʜʝʤʘ ʥʘ ʙʣʦʢ 

ʩʧʝʢʪʨʦʘʥʘʣʽʟʘʪʦʨʘ, ʱʦ ʜʦʟʚʦʣʠʪʴ ʧʨʦʚʝʩʪʠ ʘʥʘʣʽʟ ʥʘʷʚʥʦʩʪʽ ʟʘʚʘʜ ʚ 

ʤʦʞʣʠʚʦʤʫ ʜʽʘʧʘʟʦʥʽ ʨʦʙʦʪʠ ʢʘʥʘʣʫ ʟʚôʷʟʢʫ. 
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ʈʠʩ. 1. ʇʦʯʘʪʢʦʚʘ ʩʪʨʫʢʪʫʨʘ ʯʘʩʪʠʥʠ FPGA. 

 

 
 

ʈʠʩ. 2. ʉʪʨʫʢʪʫʨʘ ʯʘʩʪʠʥʠ FPGA ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ  ʯʘʩʪʢʦʚʦʾ ʨʝʢʦʥʬʽʛʫʨʘʮʽʾ. 

 

ʇʦʪʨʽʙʥʦ ʚʽʜʟʥʘʯʠʪʠ, ʱʦ ʙʣʦʢʽʚ ʜʣʷ ʨʝʢʦʥʬʽʛʫʨʘʮʽʾ ʤʦʞʝ ʙʫʪʠ ʜʝʢʽʣʴʢʘ. 

ɺ ʪʘʢʦʤʫ ʚʠʧʘʜʢʫ ʚʠʢʦʨʠʩʪʘʥʥʷ ʯʘʩʪʢʦʚʦʾ ʨʝʢʦʥʬʽʛʫʨʘʮʽʾ ʜʦʟʚʦʣʷʻ ʟʤʝʥʰʠʪʠ 

ʦʙôʻʤ ʪʘ, ʚʽʜʧʦʚʽʜʥʦ, ʚʘʨʪʽʩʪʴ ʢʨʠʩʪʘʣʫ SoC ʪʘ ʟʥʘʯʥʦ ʧʽʜʚʠʱʠʪʠ  

ʬʫʥʢʮʽʦʥʘʣʴʥʽ ʤʦʞʣʠʚʦʩʪʽ ɹʇʃɸ. 
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EVALUATION OF THE SURVIVABILITY OF THE UAV  

COMMUNICATION CHANNEL UNDER THE INFLUENCE OF  

INTENTIONAL AND UNINTENTIONAL INTERFERENCE  
 

The paper presents estimates of the survivability of the control channel of an unmanned 

aerial vehicle under the influence of deliberate interference on it. It is shown that the 

survivability of a control channel built using two communication channels in two frequency 

bands increases significantly. Formulas for assessing survivability are given for various options 

for influencing the UAV control channel. 
 

ɺ ʦʩʪʘʥʥʽ ʨʦʢʠ ʟʘʩʪʦʩʫʚʘʥʥʷ ʙʝʟʧʽʣʦʪʥʠʭ ʣʽʪʘʣʴʥʠʭ ʘʧʘʨʘʪʽʚ (ɹʇʃɸ) 

ʚʩʝ ʙʽʣʴʰʝ ʟʨʦʩʪʘʻ ʜʣʷ ʨʽʟʥʠʭ ʟʘʩʪʦʩʫʚʘʥʴ ʷʢ ʫ ʚʽʡʩʴʢʦʚʠʭ ʮʽʣʷʭ, ʪʘʢ ʽ ʚ 

ʮʠʚʽʣʴʥʠʭ. ʎʝ ʟʨʦʩʪʘʥʥʷ ʙʝʟʧʝʨʝʨʚʥʦ ʧʨʦʜʦʚʞʫʚʘʪʠʤʝʪʴʩʷ ʟʘ ʨʘʭʫʥʦʢ 

ʫʜʦʩʢʦʥʘʣʝʥʥʷ ʪʝʭʥʦʣʦʛʽʡ, ʱʦ ʧʨʠʟʚʝʜʝ ʜʦ ʩʪʚʦʨʝʥʥʷ ʙʽʣʴʰ ʜʝʰʝʚʠʭ ʪʘ 

ʽʥʪʝʣʝʢʪʫʘʣʴʥʠʭ ʩʠʩʪʝʤ ɹʇʃɸ. ʆʜʥʘʢ ʚʩʝ ʙʽʣʴʰʝ ʧʦʰʠʨʝʥʥʷ ʟʘʩʪʦʩʫʚʘʥʥʷ 

ɹʇʃɸ ʟʙʽʣʴʰʫʻ ʡ ʧʨʦʙʣʝʤʠ ʙʝʟʧʝʢʠ. ɺ ʜʘʥʠʡ ʯʘʩ ʧʦʚ'ʷʟʘʥʽ ʟ ɹʇʃɸ 

ʜʦʩʣʽʜʞʝʥʥʷ ʟ ʧʨʦʪʠʜʽʾ ʟʘʛʨʦʟʘʤ ʢʽʙʝʨʙʝʟʧʝʢʠ ʟʦʩʝʨʝʜʞʝʥʽ ʚ ʦʩʥʦʚʥʦʤʫ ʥʘ 

ʧʦʜʘʚʣʝʥʥʽ ʩʠʛʥʘʣʽʚ GPS ʪʘ ʩʧʫʬʽʥʛʫ, ʘʣʝ ʽʛʥʦʨʫʶʪʴʩʷ ʘʪʘʢʠ ʥʘ ʝʣʝʤʝʥʪʠ 

ʫʧʨʘʚʣʽʥʥʷ ʪʘ ʢʘʥʘʣʠ ʧʝʨʝʜʘʯʽ ʜʘʥʠʭ. ʇʨʠ ʮʴʦʤʫ ʢʘʥʘʣ ʧʝʨʝʜʘʯʽ ʜʘʥʠʭ, ʷʢʠʡ 

ʚʠʟʥʘʯʘʻ ʞʠʚʫʯʽʩʪʴ ʙʝʟʧʽʣʦʪʥʦʛʦ ʘʧʘʨʘʪʫ ʷʢ ʟ ʪʦʯʢʠ ʟʦʨʫ ʚʠʢʦʥʘʥʥʷ ʤʽʩʽʾ, ʪʘʢ 

ʽ ʟ ʪʦʯʢʠ ʟʦʨʫ ʙʝʟʧʝʢʠ ʩʘʤʦʛʦ ʘʧʘʨʘʪʫ, ʻ ʥʘʡʙʽʣʴʰ ʚʨʘʟʣʠʚʠʤ ʟ ʪʦʯʢʠ ʟʦʨʫ 

ʢʽʙʝʨʘʪʘʢ ʥʘ ɹʇʃɸ. ʇʨʦʙʽʣ ʫ ʜʦʩʣʽʜʞʝʥʥʷʭ ʘʪʘʢ ʥʘ ʢʘʥʘʣ ʧʝʨʝʜʘʯʽ ʜʘʥʠʭ 

ʚʠʢʣʠʢʘʻ ʟʘʥʝʧʦʢʦʻʥʥʷ, ʦʩʢʽʣʴʢʠ ʦʧʝʨʘʪʦʨ ʤʦʞʝ ʙʘʯʠʪʠ, ʷʢ ɹʇʃɸ ʟʙʠʚʘʻʪʴʩʷ 

ʟ ʢʫʨʩʫ ʯʝʨʝʟ ʘʪʘʢʫ ʥʘ ʢʘʥʘʣ ʫʧʨʘʚʣʽʥʥʷ, ʘʣʝ ʥʝ ʤʘʻ ʤʦʞʣʠʚʦʩʪʽ ʚʠʷʚʠʪʠ ʮʶ 

ʘʪʘʢʫ ʪʘ ʧʨʦʪʠʜʽʷʪʠ ʾʡ. 

ɾʠʚʫʯʽʩʪʴ ʙʝʟʧʽʣʦʪʥʦʛʦ ʘʧʘʨʘʪʫ ʟ ʪʦʯʢʠ ʟʦʨʫ ʫʧʨʘʚʣʽʥʥʷ ʥʠʤ ʚ ʧʝʨʰʫ 

ʯʝʨʛʫ ʟʘʣʝʞʠʪʴ ʚʽʜ ʞʠʚʫʯʦʩʪʽ ʩʠʩʪʝʤʠ ʟʚôʷʟʢʫ ʪʘ ʫʧʨʘʚʣʽʥʥʷ, ʚʠʭʽʜ ʟ ʣʘʜʫ ʷʢʦʾ 

ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʧʦʚʥʦʾ ʚʪʨʘʪʠ ʫʧʨʘʚʣʽʥʥʷ ʘʧʘʨʘʪʦʤ ʪʘ, ʷʢ ʥʘʩʣʽʜʦʢ, ʜʦ 

ʤʦʞʣʠʚʦʾ ʚʪʨʘʪʠ ʩʘʤʦʛʦ ʘʧʘʨʘʪʫ. 

ɾʠʚʫʯʽʩʪʴ ʢʘʥʘʣʫ ʟʚ'ʷʟʢʫ ʚʠʟʥʘʯʘʻʪʴʩʷ ʷʢ ʟʜʘʪʥʽʩʪʴ ʟʙʝʨʽʛʘʪʠ ʨʦʙʦʯʽ 

ʧʘʨʘʤʝʪʨʠ ʚ ʫʤʦʚʘʭ ʚʧʣʠʚʫ ʥʘ ʥʴʦʛʦ ʨʽʟʥʦʤʘʥʽʪʥʠʭ ʜʝʩʪʘʙʽʣʽʟʫʶʯʠʭ ʬʘʢʪʦʨʽʚ 

ʫ ʚʠʛʣʷʜʽ ʥʝʥʘʚʤʠʩʥʠʭ ʽ ʥʘʚʤʠʩʥʠʭ ʟʘʚʘʜ. ʉʧʦʩʦʙʠ ʙʦʨʦʪʴʙʠ ʟ ʥʝʥʘʚʤʠʩʥʠʤʠ 

ʟʘʚʘʜʘʤʠ ʰʠʨʦʢʦ ʚʽʜʦʤʽ [1,2], ʦʜʥʠʤ ʟ ʪʘʢʠʭ ʩʧʦʩʦʙʽʚ ʻ ʘʜʘʧʪʠʚʥʘ ʤʦʜʫʣʷʮʽʷ 

ʪʘ ʢʦʜʫʚʘʥʥʷ [3].  ʆʧʦʩʝʨʝʜʢʦʚʘʥʦ ʞʠʚʫʯʽʩʪʴ ʤʦʞʝ ʙʫʪʠ ʚʠʟʥʘʯʝʥʘ ʯʝʨʝʟ 

ʡʤʦʚʽʨʥʽʩʪʴ ʙʽʪʦʚʦʾ ʧʦʤʠʣʢʠ, ʘʙʦ ʡʤʦʚʽʨʥʽʩʪʴ ʧʦʤʠʣʢʠ ʚ ʙʣʦʮʽ ʜʘʥʠʭ. ʋ 

ʚʠʧʘʜʢʫ ʥʘʚʤʠʩʥʠʭ ʟʘʚʘʜ ʪʘʢʠʡ ʧʽʜʭʽʜ ʚʠʟʥʘʯʝʥʥʷ ʞʠʚʫʯʦʩʪʽ ʥʝ ʤʦʞʝ ʙʫʪʠ 

ʟʘʩʪʦʩʦʚʘʥʠʡ ʚ ʩʠʣʫ ʩʘʤʦʾ ʧʨʠʨʦʜʠ ʥʘʚʤʠʩʥʦʾ ʟʘʚʘʜʠ. ɹʽʣʴʰ ʪʦʯʥʠʤ ʧʽʜʭʦʜʦʤ 
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ʙʫʜʝ ʚʠʟʥʘʯʝʥʥʷ ʞʠʚʫʯʦʩʪʽ ʷʢ ʡʤʦʚʽʨʥʽʩʪʴ ʟʙʝʨʝʞʝʥʥʷ ʨʦʙʦʯʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ 

ʢʘʥʘʣʫ ʫʧʨʘʚʣʽʥʥʷ ʧʨʠ ʚʧʣʠʚʽ ʥʘ ʥʴʦʛʦ ʥʘʚʤʠʩʥʠʭ ʟʘʚʘʜ. 

ɺ ʨʦʙʦʪʘʭ [4,5] ʙʫʣʦ ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʘʨʭʽʪʝʢʪʫʨʫ ʩʠʩʪʝʤʠ ʟʚ'ʷʟʢʫ ʪʘ 

ʫʧʨʘʚʣʽʥʥʷ ʤʘʣʦʛʘʙʘʨʠʪʥʦʛʦ ɹʇʃɸ, ʷʢʘ ʧʦʢʣʠʢʘʥʘ ʝʬʝʢʪʠʚʥʦ ʧʨʦʪʠʜʽʷʪʠ 

ʚʧʣʠʚʫ ʥʘʚʤʠʩʥʠʭ ʟʘʚʘʜ ʪʘ ʙʘʟʫʻʪʴʩʷ ʥʘ ʧʦʙʫʜʦʚʽ ʢʘʥʘʣʫ ʫʧʨʘʚʣʽʥʥʷ ʟ 

ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʜʚʦʭ ʢʘʥʘʣʽʚ ʟʚ'ʷʟʢʫ ʚ ʜʚʦʭ ʜʽʘʧʘʟʦʥʘʭ ʯʘʩʪʦʪ. ɼʣʷ 

ʟʘʧʨʦʧʦʥʦʚʘʥʦʾ ʚ ʮʠʭ ʨʦʙʦʪʘʭ ʘʨʭʽʪʝʢʪʫʨʠ ʩʠʩʪʝʤʠ ʟʚ'ʷʟʢʫ ʞʠʚʫʯʽʩʪʴ ʤʦʞʝ 

ʙʫʪʠ ʚʠʟʥʘʯʝʥʘ  ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʬʦʨʤʫʣʠ ʩʢʣʘʜʥʦʾ ʡʤʦʚʽʨʥʦʩʪʽ ʚ ʟʘʣʝʞʥʦʩʪʽ 

ʚʽʜ ʥʘʩʪʘʥʥʷ ʧʦʜʽʡ. ɺ ʥʽʡ ʚʨʘʭʦʚʫʶʪʴʩʷ ʥʘʩʪʫʧʥʽ ʟʤʽʥʥʽ, ʟ ʚʨʘʭʫʚʘʥʥʷʤ ʪʦʛʦ 

ʱʦ ʥʘ ʢʘʥʘʣ ʫʧʨʘʚʣʽʥʥʷ ɹʇʃɸ ʤʦʞʫʪʴ ʜʽʷʪʠ ʥʘʚʤʠʩʥʽ ʟʘʚʘʜʠ  ʛʣʫʰʝʥʥʷ 

ʢʘʥʘʣʫ, ʯʠ  ʽʤʽʪʘʮʽʡʥʽ ʟʘʚʘʜʠ: ʡʤʦʚʽʨʥʽʩʪʴ ʨʦʙʦʪʠ ʩʠʩʪʝʤʠ ʨʘʜʽʦʧʨʦʪʠʜʽʾ ʫ 

ʜʽʘʧʘʟʦʥʘʭ ʯʘʩʪʦʪ, ʷʢʽ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʜʣʷ ʩʠʩʪʝʤʠ ʟʚ'ʷʟʢʫ ɹʇʃɸ; 

ʡʤʦʚʽʨʥʽʩʪʴ ʪʦʛʦ, ʱʦ ʻ ʜʚʽ ʩʠʩʪʝʤʠ ʨʘʜʽʦʧʨʦʪʠʜʽʾ, ʷʢʽ ʤʦʞʫʪʴ ʧʨʘʮʶʚʘʪʠ 

ʦʜʥʦʯʘʩʥʦ; ʡʤʦʚʽʨʥʽʩʪʴ ʪʦʛʦ, ʱʦ ʜʚʽ ʩʠʩʪʝʤʠ ʨʘʜʽʦʧʨʦʪʠʜʽʾ ʤʦʞʫʪʴ 

ʧʨʘʮʶʚʘʪʠ ʥʝ ʪʽʣʴʢʠ ʦʜʥʦʯʘʩʥʦ, ʘʣʝ ʽ ʙʫʪʠ ʩʠʥʭʨʦʥʽʟʦʚʘʥʽ ʟʘ ʯʘʩʦʤ; 

ʡʤʦʚʽʨʥʽʩʪʴ ʧʨʘʚʠʣʴʥʦʛʦ ʚʠʷʚʣʝʥʥʷ ʪʘ ʧʦʤʠʣʢʦʚʦʾ ʪʨʠʚʦʛʠ ʟʘ ʥʘʷʚʥʦʩʪʽ 

ʥʘʚʤʠʩʥʠʭ ʽʤʽʪʘʮʽʡʥʠʭ ʟʘʚʘʜ. 

ʂʦʝʬʽʮʽʻʥʪ ʞʠʚʫʯʦʩʪʽ ʢʘʥʘʣʫ ʫʧʨʘʚʣʽʥʥʷ ɹʇʃɸ ʫ ʨʘʟʽ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʦʜʥʦʛʦ ʢʘʥʘʣʫ ʟʚ'ʷʟʢʫ ʪʘ ʚʧʣʠʚʫ ʥʘ ʥʴʦʛʦ ʣʠʰʝ ʥʝʥʘʚʤʠʩʥʠʭ ʟʘʚʘʜ ʫ 

ʧʨʠʧʫʱʝʥʥʽ, ʱʦ ʧʦʤʠʣʢʠ (ʙʽʪʦʚʽ, ʯʠ ʧʘʢʝʪʥʽ) ʧʨʠʟʚʦʜʷʪʴ ʜʦ ʨʫʡʥʫʚʘʥʥʷ 

ʢʘʥʘʣʫ, ʤʦʞʝ ʙʫʪʠ ʚʠʟʥʘʯʝʥʠʡ ʷʢ: 
1 ;

liv ber
K P= -                                                    (1) 

ʜʝ: 
liv

K  - ʢʦʝʬʽʮʽʻʥʪ ʞʠʚʫʯʦʩʪʽ ʢʘʥʘʣʫ ʫʧʨʘʚʣʽʥʥʷ; 
ber

P  - ʡʤʦʚʽʨʥʽʩʪʴ 

ʙʽʪʦʚʦʾ (ʧʘʢʝʪʥʦʾ) ʧʦʤʠʣʢʠ ʚ ʢʘʥʘʣʽ ʟʚ'ʷʟʢʫ. 

ʂʦʝʬʽʮʽʻʥʪ ʞʠʚʫʯʦʩʪʽ ʢʘʥʘʣʫ ʫʧʨʘʚʣʽʥʥʷ ɹʇʃɸ ʫ ʚʠʧʘʜʢʫ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʜʚʦʭ ʢʘʥʘʣʽʚ ʟʚ'ʷʟʢʫ ʪʘ  ʚʧʣʠʚʫ ʥʘ ʥʠʭ ʣʠʰʝ ʥʝʥʘʚʤʠʩʥʠʭ ʟʘʚʘʜ 

ʤʦʞʝ ʙʫʪʠ ʚʠʟʥʘʯʝʥʠʡ ʷʢ: 

_ 1 _ 2
1 ;

ber chan ber chanliv
K P P= -                                      (2) 

ʜʝ: 
_ 1ber chan

P ʪʘ 
_ 2ber chan

P  - ʡʤʦʚʽʨʥʦʩʪʽ ʙʽʪʦʚʦʾ (ʧʘʢʝʪʥʦʾ) ʧʦʤʠʣʢʠ ʚ 

ʢʘʥʘʣʘʭ, ʧʦʜʽʾ ʥʝʟʘʣʝʞʥʽ. 

ʂʦʝʬʽʮʽʻʥʪ ʞʠʚʫʯʦʩʪʽ ʢʘʥʘʣʫ ʫʧʨʘʚʣʽʥʥʷ ɹʇʃɸ ʫ ʚʠʧʘʜʢʫ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʦʜʥʦʛʦ ʢʘʥʘʣʫ ʟʚ'ʷʟʢʫ ʪʘ ʚʧʣʠʚʫ ʥʘ ʥʴʦʛʦ ʷʢ ʥʝʥʘʚʤʠʩʥʠʭ 

ʟʘʚʘʜ, ʪʘʢ ʽ ʥʘʚʤʠʩʥʠʭ ʟʘʚʘʜ ʛʣʫʰʝʥʥʷ ʤʦʞʝ ʙʫʪʠ ʚʠʟʥʘʯʝʥʠʡ ʷʢ: 

1 ;ber

jamm
liv

P

P
K = -                                                 (3) 

ʜʝ: jammP  - ʡʤʦʚʽʨʥʽʩʪʴ ʧʨʠʜʫʰʝʥʥʷ ʢʘʥʘʣʫ ʟʚ'ʷʟʢʫ ʟʘʚʘʜʦʶ  ʛʣʫʰʝʥʥʷ. 

ʂʦʝʬʽʮʽʻʥʪ ʞʠʚʫʯʦʩʪʽ ʢʘʥʘʣʫ ʫʧʨʘʚʣʽʥʥʷ ɹʇʃɸ ʫ ʚʠʧʘʜʢʫ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʜʚʦʭ ʢʘʥʘʣʽʚ ʟʚ'ʷʟʢʫ ʪʘ ʚʧʣʠʚʫ ʥʘ ʥʠʭ ʷʢ ʥʝʥʘʚʤʠʩʥʠʭ ʟʘʚʘʜ, 

ʪʘʢ ʽ ʥʘʚʤʠʩʥʠʭ ʟʘʚʘʜ ʛʣʫʰʝʥʥʷ ʚʽʜ ʜʚʦʭ ʥʝʟʘʣʝʞʥʠʭ ʩʠʩʪʝʤ ʨʘʜʽʦʧʨʦʪʠʜʽʾ 

ʤʦʞʝ ʙʫʪʠ ʚʠʟʥʘʯʝʥʠʡ ʷʢ: 

_ 1 _ 2

_ 1 _ 2

1 ;ber chan ber chan

jamm chan jamm chan
liv

P P

P P
K ¶= -                                   (4) 
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ʜʝ: _ 1jamm chan
P , _ 2jamm chan

P  - ʡʤʦʚʽʨʥʦʩʪʽ ʧʨʠʜʫʰʝʥʥʷ ʦʢʨʝʤʠʭ ʢʘʥʘʣʽʚ 

ʟʚ'ʷʟʢʫ ʟʘʚʘʜʦʶ ʛʣʫʰʝʥʥʷ, ʯʠ ʽʤʽʪʘʮʽʡʥʦʶ ʝʥʝʨʛʝʪʠʯʥʦʶ ʟʘʚʘʜʦʶ, ʧʦʜʽʾ 

ʥʝʟʘʣʝʞʥʽ. 

ʂʦʝʬʽʮʽʻʥʪ ʞʠʚʫʯʦʩʪʽ ʢʘʥʘʣʫ ʫʧʨʘʚʣʽʥʥʷ ɹʇʃɸ ʫ ʚʠʧʘʜʢʫ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʜʚʦʭ ʢʘʥʘʣʽʚ ʟʚ'ʷʟʢʫ ʪʘ ʚʧʣʠʚʫ ʥʘ ʥʠʭ ʷʢ ʥʝʥʘʚʤʠʩʥʠʭ ʟʘʚʘʜ, 

ʪʘʢ ʽ ʥʘʚʤʠʩʥʠʭ ʟʘʚʘʜ ʽʤʽʪʘʮʽʾ ʚʽʜ ʩʠʩʪʝʤ ʨʘʜʽʦʧʨʦʪʠʜʽʾ ʤʦʞʝ ʙʫʪʠ ʚʠʟʥʘʯʝʥʠʡ 

ʷʢ: 

_ 1 _ 2

_ 1 _ 2

1 ;ber chan ber chan
sync

im chan im chan
liv

P P
P

P P
K ¶¶= -                                (5) 

ʜʝ: _ 1im chan
P , _ 2im chan

P  - ʡʤʦʚʽʨʥʦʩʪʽ ʧʽʜʤʽʥʠ ʜʘʥʠʭ ʚ ʢʘʥʘʣʘʭ ʟʚ'ʷʟʢʫ 

ʟʘʚʘʜʦʶ ʽʤʽʪʘʮʽʾ, ʧʦʜʽʾ ʥʝʟʘʣʝʞʥʽ; syncP  - ʡʤʦʚʽʨʥʽʩʪʴ ʩʠʥʭʨʦʥʥʦʾ ʨʦʙʦʪʠ 

ʩʠʩʪʝʤʠ ʧʦʩʪʘʥʦʚʢʠ ʟʘʚʘʜ ʽʤʽʪʘʮʽʾ ʚ ʦʙʦʭ ʢʘʥʘʣʘʭ ʟʚ'ʷʟʢʫ.  

ʗʢ ʚʠʜʥʦ ʟ ʚʠʨʘʟʽʚ (4,5) ʞʠʚʫʯʽʩʪʴ ʢʘʥʘʣʫ ʫʧʨʘʚʣʽʥʥʷ ɹʇʃɸ, 

ʧʦʙʫʜʦʚʘʥʦʛʦ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʜʚʦʭ ʢʘʥʘʣʽʚ ʟʚ'ʷʟʢʫ ʚ ʜʚʦʭ ʜʽʘʧʘʟʦʥʘʭ ʯʘʩʪʦʪ, 

ʧʨʠ ʚʧʣʠʚʽ ʥʘ ʥʴʦʛʦ ʥʘʚʤʠʩʥʠʭ ʟʘʚʘʜ ʙʫʜʝ ʽʩʪʦʪʥʦ ʚʠʱʦʶ ʧʦʨʽʚʥʷʥʦ ʟ 

ʪʨʘʜʠʮʽʡʥʦʶ ʧʦʙʫʜʦʚʦʶ ʫʧʨʘʚʣʽʥʥʷ. ʋ ʨʘʟʽ ʟʘʩʪʦʩʫʚʘʥʥʷ ʩʢʣʘʜʥʦʾ ʩʠʩʪʝʤʠ 

ʨʘʜʽʦʧʨʦʪʠʜʽʾ, ʱʦ ʧʨʘʮʶʻ ʦʜʥʦʯʘʩʥʦ ʫ ʜʚʦʭ ʜʽʘʧʘʟʦʥʘʭ ʯʘʩʪʦʪ ʟ ʤʦʞʣʠʚʽʩʪʶ 

ʧʦʩʪʘʥʦʚʢʠ ʩʠʥʭʨʦʥʥʦʾ ʽʤʽʪʘʮʽʡʥʦʾ ʧʝʨʝʰʢʦʜʠ, ʞʠʚʫʯʽʩʪʴ ʢʘʥʘʣʫ ʫʧʨʘʚʣʽʥʥʷ 

ʟʥʠʟʠʪʴʩʷ. ʇʨʠ ʮʴʦʤʫ ʩʣʽʜ ʚʨʘʭʦʚʫʚʘʪʠ, ʱʦ ʩʠʥʭʨʦʥʥʽʩʪʴ ʨʦʙʦʪʠ ʧʝʨʝʜʙʘʯʘʻ 

ʧʝʨʝʭʦʧʣʝʥʥʷ ʜʘʥʠʭ ʚ ʦʙʦʭ ʢʘʥʘʣʘʭ ʟʚ'ʷʟʢʫ, ʾʭ ʧʽʜʤʽʥʫ ʪʘ ʩʠʥʭʨʦʥʽʟʘʮʽʶ ʟʘ 

ʯʘʩʦʤ ʧʝʨʝʜʘʯʽ. ʆʜʥʘʢ ʡʤʦʚʽʨʥʽʩʪʴ ʟʘʩʪʦʩʫʚʘʥʥʷ ʪʘʢʠʭ ʩʠʩʪʝʤ ʜʣʷ ʧʨʦʪʠʜʽʾ 

ʤʘʣʦʛʘʙʘʨʠʪʥʠʤ ɹʇʃɸ, ʦʩʦʙʣʠʚʦ ʮʠʚʽʣʴʥʦʛʦ ʟʘʩʪʦʩʫʚʘʥʥʷ, ʟʘʣʠʰʘʻʪʴʩʷ 

ʜʫʞʝ ʥʠʟʴʢʦʶ. ʂʨʽʤ ʪʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʜʚʦʭ ʜʽʘʧʘʟʦʥʽʚ ʯʘʩʪʦʪ ʢʨʽʤ 

ʧʽʜʚʠʱʝʥʥʷ ʞʠʚʫʯʦʩʪʽ ʢʘʥʘʣʫ ʫʧʨʘʚʣʽʥʥʷ ɹʇʃɸ ʫ ʨʘʟʽ ʚʧʣʠʚʫ ʥʘ ʥʴʦʛʦ 

ʥʘʚʤʠʩʥʠʭ ʟʘʚʘʜ ʟʘʙʝʟʧʝʯʫʻ ʱʝ ʡ ʙʽʣʴʰʫ ʩʪʽʡʢʽʩʪʴ ʢʘʥʘʣʫ ʜʦ ʟʘʚʤʠʨʘʥʴ 

ʚʥʘʩʣʽʜʦʢ ʙʘʛʘʪʦʧʨʦʤʝʚʦʩʪʽ [6], ʟʙʽʣʴʰʫʶʯʠ ʪʘʢʠʤ ʯʠʥʦʤ ʞʠʚʫʯʽʩʪʴ ʢʘʥʘʣʫ 

ʫʧʨʘʚʣʽʥʥʷ ʧʨʠ ʚʧʣʠʚʽ ʥʘ ʥʴʦʛʦ ʥʝʥʘʚʤʠʩʥʠʭ ʟʘʚʘʜ. 
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WIRELESS NETWORKS WITH THE POSSIBILITY OF RECONFIGURATION  

 

The development of reconfigurable wireless networks is relevant for modern and future 

wireless networks with support for cognition, virtualization, mobility and flexibility of user 

traffic. In this case, special attention should be paid to the creation of energy-efficient network 

management systems for new wireless networks. 
 

ʅʘ ʜʘʥʠʡ ʯʘʩ ʨʦʟʚʠʪʦʢ ʫʩʽʭ ʙʝʟʧʨʦʚʦʜʦʚʠʭ ʤʝʨʝʞ ʡʜʝ ʰʣʷʭʦʤ 

ʽʥʪʝʣʝʢʪʫʘʣʽʟʘʮʽʾ ʪʘ ʚʽʨʪʫʘʣʽʟʘʮʽʾ, ʱʦ ʧʦʪʨʝʙʫʻ ʩʘʤʦʦʨʛʘʥʽʟʘʮʽʾ ʪʘʢʠʭ ʤʝʨʝʞ, 

ʪʘ ʤʦʞʣʠʚʦʩʪʽ ʨʝʢʦʥʬʽʛʫʨʫʚʘʥʥʷ ʬʫʥʢʮʽʦʥʘʣʴʥʠʭ ʤʦʞʣʠʚʦʩʪʝʡ ʤʝʨʝʞ [1, 2]. 

ɼʣʷ ʨʦʟʨʦʙʢʠ ʪʘʢʠʭ ʙʝʟʧʨʦʚʦʜʦʚʠʭ ʩʠʩʪʝʤ ʧʦʚʥʽʩʪʶ ʟʤʽʥʶʻʪʴʩʷ 

ʪʨʘʜʠʮʽʡʥʘ ʤʝʪʦʜʦʣʦʛʽʷ ʧʨʦʝʢʪʫʚʘʥʥʷ. ɹʝʟʧʨʦʚʦʜʦʚʽ ʤʝʨʝʞʽ ʧʦʚʠʥʥʽ 

ʚʨʘʭʦʚʫʚʘʪʠ ʰʠʨʦʢʠʡ ʩʧʝʢʪʨ ʦʙ'ʻʢʪʽʚ ʽ ʫʤʦʚ, ʱʦ ʧʦʩʪʽʡʥʦ ʟʤʽʥʶʶʪʴʩʷ. ɺʦʥʠ 

ʧʦʚʠʥʥʽ ʙʫʪʠ ʟʜʘʪʥʽ ʘʜʘʧʪʫʚʘʪʠʩʷ ʜʦ ʭʘʨʘʢʪʝʨʫ, ʩʪʨʫʢʪʫʨʠ ʽ ʚʠʜʫ ʧʦʩʣʫʛ 

ʤʝʨʝʞ, ʪʦʙʪʦ ʧʦʚʠʥʥʽ ʙʫʪʠ ʨʝʢʦʥʬʽʛʫʨʦʚʘʥʽ ʥʘ ʜʝʢʽʣʴʢʦʭ ʨʽʚʥʷʭ ʩʪʝʢʘ 

ʧʨʦʪʦʢʦʣʽʚ ʚʽʜʢʨʠʪʠʭ ʩʠʩʪʝʤ. ʅʘʧʨʠʢʣʘʜ, ʩʫʯʘʩʥʽ ʙʝʟʧʨʦʚʦʜʦʚʽ ʩʠʩʪʝʤʠ 

ʧʦʚʠʥʥʽ ʘʜʘʧʪʫʚʘʪʠ ʩʚʦʶ ʩʪʨʫʢʪʫʨʫ ʧʝʨʝʜʘʯʽ/ʧʨʠʡʦʤʫ ʥʘ ʬʽʟʠʯʥʦʤʫ ʨʽʚʥʽ ʚ 

ʫʤʦʚʘʭ, ʱʦ ʟʤʽʥʶʶʪʴʩʷ ʚ ʯʘʩʽ ʘʙʦ ʟʘ ʨʘʭʫʥʦʢ ʤʦʙʽʣʴʥʦʩʪʽ. ʊʘʢʠʤ ʩʠʩʪʝʤʘʤ 

ʜʦʚʦʜʠʪʴʩʷ ʧʝʨʝʣʘʰʪʦʚʫʚʘʪʠ ʩʚʦʾ ʧʨʦʪʦʢʦʣʠ ʤʘʨʰʨʫʪʠʟʘʮʽʾ ʜʣʷ ʨʦʙʦʪʠ ʚ 

ʥʝʦʜʥʦʨʽʜʥʠʭ ʤʝʨʝʞʘʭ, ʜʦʚʦʜʠʪʴʩʷ ʘʜʘʧʪʫʚʘʪʠʩʷ ʜʦ ʚʠʤʦʛ ʩʚʦʾʭ ʟʘʩʪʦʩʫʚʘʥʴ, 

ʱʦʙ ʟʘʜʦʚʦʣʴʥʠʪʠ ʰʠʨʦʢʠʡ ʩʧʝʢʪʨ ʟʘʧʠʪʽʚ ʢʦʨʠʩʪʫʚʘʯʽʚ. ʊʘʢʠʤ ʯʠʥʦʤ, 

ʨʝʢʦʥʬʽʛʫʨʘʮʽʷ ʩʪʘʻ ʢʣʶʯʦʚʠʤ ʬʘʢʪʦʨʦʤ ʜʣʷ ʙʝʟʧʨʦʚʦʜʦʚʠʭ ʤʝʨʝʞ 5-ʛʦ ʽ 6-ʛʦ 

ʧʦʢʦʣʽʥʴ [3, 5]. 

ʋ ʤʽʨʫ ʪʦʛʦ, ʷʢ ʙʝʟʧʨʦʚʦʜʦʚʽ ʤʝʨʝʞʽ ʪʘʢʽ ʷʢ 5G, ʦʪʨʠʤʫʶʪʴ ʬʫʥʢʮʽʾ 

ʨʝʢʦʥʬʽʛʫʨʫʚʘʥʥʷ, ʨʦʟʚʠʚʘʶʪʴʩʷ ʽ ʩʪʘʶʪʴ ʚʩʝ ʙʽʣʴʰ ʧʦʰʠʨʝʥʠʤʠ, ʪʦ ʚʠʥʠʢʘʻ 

ʧʨʦʙʣʝʤʘ ʟʙʽʣʴʰʝʥʥʷ ʦʙʩʷʛʫ ʤʝʨʝʞʥʦʛʦ ʪʨʘʬʽʢʫ ʽ ʝʥʝʨʛʦʩʧʦʞʠʚʘʥʥʷ ʤʝʨʝʞʽ. 

ɿʚʽʜʩʠ ʜʦʜʘʪʢʦʚʦ ʚʠʥʠʢʘʻ ʧʦʪʨʝʙʘ ʫ ʨʦʟʨʦʙʢʠ ʜʦʜʘʪʢʦʚʠʭ ʽʥʪʝʣʝʢʪʫʘʣʴʥʠʭ 

ʨʽʰʝʥʴ ʟ ʫʧʨʘʚʣʽʥʥʷ ʤʝʨʝʞʥʠʤʠ ʨʝʩʫʨʩʘʤʠ, ʪʘʢʠʤʠ ʷʢ ʨʽʰʝʥʥʷ, ʦʨʽʻʥʪʦʚʘʥʽ 

ʥʘ ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʫ ʪʘ ʽʥʪʝʣʝʢʪʫʘʣʴʥʫ ʤʘʨʰʨʫʪʠʟʘʮʽʶ, ʜʣʷ ʧʽʜʪʨʠʤʢʠ ʚʠʤʦʛ 

ʥʘʩʢʨʽʟʥʠʭ ʟʘʧʠʪʽʚ ʫ ʙʝʟʧʨʦʚʦʜʦʚʠʭ ʤʝʨʝʞʘʭ, ʱʦ ʨʝʢʦʥʬʽʛʫʨʫʶʪʴʩʷ. 

ɺʠʜʠ ʜʦʩʣʽʜʞʝʥʴ ʨʝʢʦʥʬʽʛʫʨʦʚʘʥʠʭ ʤʝʨʝʞ ʪʘ ʧʨʠʢʣʘʜʠ ʪʝʤʘʪʠʢʠ ʪʘʢʠʭ 

ʜʦʩʣʽʜʞʝʥʴ ʤʦʞʥʘ ʢʣʘʩʠʬʽʢʫʚʘʪʠ ʫ ʚʽʜʧʦʚʽʜʥʦʩʪʽ [6] ʧʦ ʪʨʴʦʤ ʥʘʧʨʷʤʢʘʤ: 

ʤʝʨʝʞʥʘ ʽʥʪʝʣʝʢʪʫʘʣʽʟʘʮʽʷ (ʢʦʛʥʽʪʠʚʥʘ ʤʘʨʰʨʫʪʠʟʘʮʽʷ, ʰʪʫʯʥʠʡ ʽʥʪʝʣʝʢʪ, 

ʮʝʥʪʨʠ ʦʙʨʦʙʢʠ ʚʝʣʠʢʠʭ ʜʘʥʠʭ, ʢʦʥʪʝʢʩʪʥʘ ʧʦʽʥʬʦʨʤʦʚʘʥʽʩʪʴ), ʤʝʨʝʞʥʘ 

ʨʝʢʦʥʬʽʛʫʨʦʚʘʥʽʩʪʴ (ʤʝʨʝʞʥʠʡ ʤʝʥʝʜʞʤʝʥʪ, ʤʝʨʝʞʽ, ʱʦ ʚʠʟʥʘʯʘʶʪʴʩʷ 

ʧʨʦʛʨʘʤʥʦ, ʧʝʨʝʩʽʯʥʘ ʨʝʢʦʥʬʽʛʫʨʘʮʽʷ), ʨʝʢʦʥʬʽʛʫʨʘʮʽʷ ʥʘ ʬʽʟʠʯʥʦʤʫ ʨʽʚʥʽ 

(ʢʦʛʥʽʪʠʚʥʝ ʨʘʜʽʦ, ʚʙʫʜʦʚʘʥʽ ʩʠʩʪʝʤʠ, ʘʜʘʧʪʠʚʥʽ ʧʨʠʡʤʘʣʴʥʦ-ʧʝʨʝʜʘʚʘʣʴʥʽ 

ʩʠʩʪʝʤʠ). 
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ɼʣʷ ʽʥʪʝʣʝʢʪʫʘʣʴʥʦʛʦ ʨʦʟʧʦʜʽʣʫ ʤʝʨʝʞʥʠʭ ʨʝʩʫʨʩʽʚ ʪʘ ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʦʾ 

ʤʘʨʰʨʫʪʠʟʘʮʽʾ ʤʠ ʚʠʢʦʨʠʩʪʦʚʫʻʤʦ ʪʝʦʨʽʶ ʐʪʫʯʥʦʛʦ ʽʥʪʝʣʝʢʪʫ (ʐɯ). 

ɿʦʢʨʝʤʘ, ʢʦʛʥʽʪʠʚʥʠʡ ʧʨʦʮʝʩ ʥʘ ʦʩʥʦʚʽ ʐɯ ʤʦʞʝ ʝʬʝʢʪʠʚʥʦ ʪʘ ʜʽʻʚʦ 

ʥʘʚʯʘʪʠʩʷ ʥʘ ʤʠʥʫʣʠʭ ʨʽʰʝʥʥʷʭ ʪʘ ʟʘʩʪʦʩʦʚʫʚʘʪʠ ʾʭ ʜʦ ʤʘʡʙʫʪʥʽʭ ʨʽʰʝʥʴ. 
 

 
 

ʈʠʩ. 1. ʂʦʛʥʽʪʠʚʥʠʡ ʮʠʢʣ ʽʟ ʟʘʜʽʷʥʥʷʤ ʰʪʫʯʥʦʛʦ ʽʥʪʝʣʝʢʪʫ. 
 

ʄʦʞʣʠʚʠʡ ʧʦʚʥʠʡ ʢʦʛʥʽʪʠʚʥʠʡ ʧʨʦʮʝʩ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩ. 1, ʷʢʠʡ ʚʢʣʶʯʘʻ 

ʩʧʨʠʡʥʷʪʪʷ, ʥʘʚʯʘʥʥʷ/ʤʽʨʢʫʚʘʥʥʷ, ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʴ, ʧʣʘʥʫʚʘʥʥʷ ʽ ʜʽʶ. 

ʅʘʚʯʘʥʥʷ ʪʘ ʤʽʨʢʫʚʘʥʥʷ ʻ ʷʜʨʦʤ ʧʽʟʥʘʚʘʣʴʥʦʛʦ ʧʨʦʮʝʩʫ, ʘ ʥʘʚʯʘʥʥʷ ʻ 

ʨʝʟʫʣʴʪʘʪʦʤ ʙʝʟʧʝʨʝʨʚʥʦʛʦ ʥʘʢʦʧʠʯʝʥʥʷ ʤʠʥʫʣʠʭ ʜʽʡ ʪʘ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʥʘʢʦʧʠʯʝʥʠʭ ʝʤʧʽʨʠʯʥʠʭ ʟʥʘʥʴ ʜʣʷ ʪʨʠʚʘʣʦʛʦ ʧʨʦʮʝʩʫ ʤʽʨʢʫʚʘʥʴ. 

ʄʽʨʢʫʚʘʥʥʷ ï ʮʝ ʧʨʦʮʝʩ ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʴ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʥʘ ʦʩʥʦʚʽ 

ʥʘʷʚʥʦʾ ʽʥʬʦʨʤʘʮʽʾ (ʚʢʣʶʯʘʶʯʠ ʧʦʧʝʨʝʜʥʶ ʪʘ ʧʦʪʦʯʥʫ ʽʥʬʦʨʤʘʮʽʶ). ʊʘʢʠʤ 

ʯʠʥʦʤ, ʮʝ ʜʦʟʚʦʣʷʻ ʤʝʨʝʞʽ ʚʢʘʟʘʪʠ ʥʘʙʽʨ ʟʘʭʦʜʽʚ ʜʣʷ ʧʽʜʚʠʱʝʥʥʷ 

ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʦʩʪʽ ʤʝʨʝʞʽ. ʂʦʛʥʽʪʠʚʥʠʡ ʮʠʢʣ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʰʝʩʪʠ ʯʘʩʪʠʥ, ʘ 

ʩʘʤʝ: ʩʧʨʠʡʥʷʪʪʷ, ʧʣʘʥʫʚʘʥʥʷ, ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʴ, ʜʽʾ, ʥʘʚʯʘʥʥʷ/ʤʽʨʢʫʚʘʥʥʷ ʪʘ 

ʟʦʚʥʽʰʥʽ ʢʦʤʫʥʽʢʘʮʽʡʥʽ ʤʝʨʝʞʽ. ʂʦʛʥʽʪʠʚʥʘ ʤʝʨʝʞʘ ʥʘ ʦʩʥʦʚʽ ʐɯ ʩʧʨʠʡʤʘʻ 

ʥʘʚʢʦʣʠʰʥʽ ʢʦʤʫʥʽʢʘʮʽʡʥʽ ʤʝʨʝʞʽ ʯʝʨʝʟ ʩʝʥʩʦʨʥʠʡ ʤʦʜʫʣʴ, ʽ ʨʽʰʝʥʥʷ 

ʧʨʠʡʤʘʶʪʴʩʷ ʥʘ ʦʩʥʦʚʽ ʤʝʨʝʞʥʦʾ ʽʥʬʦʨʤʘʮʽʾ, ʱʦ ʩʧʨʠʡʤʘʻʪʴʩʷ. ʇʨʠ ʮʴʦʤʫ 

ʢʦʨʠʩʥʘ ʤʝʨʝʞʥʘ ʽʥʬʦʨʤʘʮʽʷ, ʱʦ ʩʧʨʠʡʤʘʻʪʴʩʷ ʩʝʥʩʦʨʥʠʤ ʤʦʜʫʣʝʤ, ʪʘʢʦʞ 

ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʜʣʷ ʟʙʝʨʽʛʘʥʥʷ ʤʦʜʫʣʷ ʥʘʚʯʘʥʥʷ/ʤʽʨʢʫʚʘʥʥʷ. 

ʄʦʜʫʣʴ ʥʘʚʯʘʥʥʷ/ʤʽʨʢʫʚʘʥʥʷ ʟʙʝʨʽʛʘʪʠʤʝ ʢʦʨʠʩʥʫ ʤʝʨʝʞʥʫ ʽʥʬʦʨʤʘʮʽʶ, 

ʱʦʙ ʧʦʣʝʛʰʠʪʠ ʤʦʜʫʣʴ ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʴ ʫ ʤʘʡʙʫʪʥʴʦʤʫ. ʄʦʜʫʣʴ 

ʧʣʘʥʫʚʘʥʥʷ ʚʠʟʥʘʯʘʻ ʤʦʞʣʠʚʽ ʥʘ ʦʩʥʦʚʽ ʦʪʨʠʤʘʥʦʾ ʤʝʨʝʞʝʚʦʾ ʽʥʬʦʨʤʘʮʽʾ. 

ʄʦʜʫʣʴ ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʴ ʧʨʠʡʤʘʻ ʨʽʰʝʥʥʷ ʧʨʦ ʜʽʾ, ʷʢʽ ʥʝʦʙʭʽʜʥʦ ʟʨʦʙʠʪʠ, 

ʥʘ ʦʩʥʦʚʽ ʨʝʟʫʣʴʪʘʪʽʚ ʧʦʧʝʨʝʜʥʴʦʛʦ ʧʣʘʥʫʚʘʥʥʷ ʪʘ ʥʘʚʯʘʥʥʷ/ʦʙʛʦʚʦʨʝʥʥʷ, ʘ 

ʤʦʜʫʣʴ ʥʘʚʯʘʥʥʷ/ʦʙʛʦʚʦʨʝʥʥʷ ʦʥʦʚʣʶʻ ʟʙʝʨʝʞʝʥʫ ʽʥʬʦʨʤʘʮʽʶ ʥʘ ʦʩʥʦʚʽ 

ʧʨʠʡʥʷʪʠʭ ʜʽʡ ʪʘ ʨʽʰʝʥʴ. 
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ʈʝʢʦʥʬʽʛʫʨʘʮʽʷ ʬʽʟʠʯʥʦʛʦ ʨʽʚʥʷ ʚʢʣʶʯʘʻ SDR, ʨʝʢʦʥʬʽʛʫʨʘʮʽʶ 

ʧʨʠʡʤʘʯʘ/ʧʝʨʝʜʘʚʘʯʘ, ʘʜʘʧʪʠʚʥʽ ʘʥʪʝʥʠ ʪʘ ʬʦʨʤʫʚʘʥʥʷ ʜʽʘʛʨʘʤʠ 

ʩʧʨʷʤʦʚʘʥʦʩʪʽ, ʘʜʘʧʪʠʚʥʫ ʤʦʜʫʣʷʮʽʶ ʪʘ ʢʦʜʫʚʘʥʥʷ (AMC) ʽ ʪ. ʜ. ʇʨʠ ʮʴʦʤʫ 

ʥʝʦʙʭʽʜʥʦ ʨʦʟʛʣʷʜʘʪʠ ʨʝʢʦʥʬʽʛʫʨʘʮʽʶ ʥʝ ʪʽʣʴʢʠ ʥʘ ʨʽʚʥʽ ʧʨʠʩʪʨʦʾʚ, ʘ ʡ ʥʘ 

ʤʝʨʝʞʥʦʤʫ (ʥʘʚʽʪʴ ʢʦʣʠ ʙʝʟʧʨʦʚʦʜʦʚʽ ʧʨʠʩʪʨʦʾ ʻ ʯʘʩʪʠʥʦʶ ʙʽʣʴʰ ʰʠʨʦʢʦʾ 

ʤʝʨʝʞʽ). 

ʇʨʠ ʨʝʢʦʥʬʽʛʫʨʘʮʽʾ ʧʽʜʪʨʠʤʢʘ ʘʜʘʧʪʘʮʽʾ ʽ ʝʢʦʥʦʤʽʯʥʦ ʝʬʝʢʪʠʚʥʠʭ, 

ʚʠʩʦʢʦʧʨʦʜʫʢʪʠʚʥʠʭ ʦʧʝʨʘʮʽʡ ʦʙʫʤʦʚʣʶʻ ʥʝʦʙʭʽʜʥʽʩʪʴ ʫ ʩʧʝʮʽʘʣʴʥʠʭ 

ʧʨʦʮʝʩʦʨʘʭ. ɸʨʭʽʪʝʢʪʫʨʘ ʧʨʦʮʝʩʦʨʘ, ʱʦ ʨʝʢʦʥʬʽʛʫʨʫʻʪʴʩʷ, ʷʢ ʧʨʘʚʠʣʦ, 

ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʫʥʽʚʝʨʩʘʣʴʥʠʭ ʤʽʢʨʦʧʨʦʮʝʩʦʨʽʚ, ʧʨʦʛʨʘʤʦʚʘʥʠʭ ʚʝʥʪʠʣʴʥʠʭ 

ʤʘʪʨʠʮʴ FPGA (field-programmable gate arrays), ʧʨʦʮʝʩʦʨʽʚ ʮʠʬʨʦʚʠʭ 

ʩʠʛʥʘʣʽʚ DSP (digital signal processor), ʘ ʪʘʢʦʞ ʪʨʘʜʠʮʽʡʥʠʭ ʽʥʪʝʛʨʘʣʴʥʠʭ ʩʭʝʤ 

ASIC (applications specific integrated circuits) ʜʣʷ ʟʘʩʪʦʩʫʚʘʥʴ ʟ ʮʠʬʨʦʚʠʤʠ ʽ 

ʟʤʽʰʘʥʠʤʠ ʩʠʛʥʘʣʘʤʠ, ʽ ʜʠʩʢʨʝʪʥʠʤʠ ʘʥʘʣʦʛʦʚʠʤʠ ʩʭʝʤʘʤʠ. 

ɻʽʙʨʠʜʥʝ ʧʨʦʛʨʘʤʥʝ ʟʘʙʝʟʧʝʯʝʥʥʷ ʽ ʘʧʘʨʘʪʥʝ ʟʘʙʝʟʧʝʯʝʥʥʷ, ʱʦ 

ʨʝʢʦʥʬʽʛʫʨʫʻʪʴʩʷ, ʘ ʪʘʢʦʞ ʨʝʢʦʥʬʽʛʫʨʘʮʽʷ ʤʝʨʝʞʥʠʭ ʨʽʚʥʽʚ ʚ ʧʨʦʮʝʩʦʨʽ 

ʚʠʤʘʛʘʶʪʴ ʻʜʠʥʦʾ ʦʙ'ʻʢʪʥʦ-ʦʨʽʻʥʪʦʚʘʥʦʾ ʧʘʨʘʜʠʛʤʠ ʧʨʦʝʢʪʫʚʘʥʥʷ, ʱʦ 

ʦʭʦʧʣʶʻ ʘʧʘʨʘʪʥʝ ʟʘʙʝʟʧʝʯʝʥʥʷ, ʧʨʦʛʨʘʤʥʝ ʟʘʙʝʟʧʝʯʝʥʥʷ ʪʘ ʽʥʪʝʨʬʝʡʩ ʤʽʞ 

ʥʠʤʠ. ɸʨʭʽʪʝʢʪʫʨʘ ʧʨʦʮʝʩʦʨʘ ʧʦʚʠʥʥʘ ʟʘʙʝʟʧʝʯʫʚʘʪʠ ʣʦʛʽʯʥʝ ʚʠʢʦʥʘʥʥʷ 

ʘʣʛʦʨʠʪʤʽʚ ʪʘ ʦʙʨʦʙʢʠ ʩʠʛʥʘʣʽʚ ʨʽʟʥʠʭ ʨʽʚʥʽʚ: ʜʝʷʢʽ ʬʫʥʢʮʽʾ ʣʦʛʽʯʥʦ 

ʨʝʘʣʽʟʫʶʪʴʩʷ ʧʨʦʛʨʘʤʥʦ, ʘ ʜʝʷʢʽ - ʘʧʘʨʘʪʥʦ. ɿʘʜʘʯʘ ʧʦʣʷʛʘʻ ʚ ʪʦʤʫ, ʱʦʙ 

ʨʦʟʨʦʙʠʪʠ ʽʥʩʪʨʫʤʝʥʪʠ ʧʨʦʝʢʪʫʚʘʥʥʷ, ʷʢʽ ʩʧʨʦʱʫʶʪʴ ʮʝ ʣʦʛʽʯʥʝ ʨʦʟʤʽʱʝʥʥʷ 

ʦʙʨʦʙʢʠ. 

ʊʘʢʠʤ ʯʠʥʦʤ, ʨʦʟʨʦʙʢʘ ʙʝʟʧʨʦʚʦʜʦʚʠʭ ʤʝʨʝʞ, ʱʦ ʨʝʢʦʥʬʽʛʫʨʫʶʪʴʩʷ, ʻ 

ʘʢʪʫʘʣʴʥʦʶ ʜʣʷ ʩʫʯʘʩʥʠʭ ʪʘ ʧʝʨʩʧʝʢʪʠʚʥʠʭ ʙʝʟʧʨʦʚʦʜʦʚʠʭ ʤʝʨʝʞ ʟ 

ʧʽʜʪʨʠʤʢʦʶ ʢʦʛʥʽʪʠʚʥʦʩʪʽ, ʚʽʨʪʫʘʣʽʟʘʮʽʾ, ʤʦʙʽʣʴʥʦʩʪʽ ʽ ʛʥʫʯʢʦʩʪʽ 

ʢʦʨʠʩʪʫʚʘʮʴʢʦʛʦ ʪʨʘʬʽʢʫ. ʇʨʠ ʮʴʦʤʫ ʦʩʦʙʣʠʚʫ ʫʚʘʛʫ ʥʝʦʙʭʽʜʥʦ ʟʚʝʨʥʫʪʠ ʥʘ 

ʩʪʚʦʨʝʥʥʷ ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʠʭ ʩʠʩʪʝʤ ʫʧʨʘʚʣʽʥʥʷ ʤʝʨʝʞʝʶ ʜʣʷ ʥʦʚʠʭ 

ʙʝʟʧʨʦʚʦʜʦʚʠʭ ʤʝʨʝʞ, ʱʦ ʨʝʢʦʥʬʽʛʫʨʫʶʪʴʩʷ, ʪʘʢʠʭ ʷʢ 5G ʽ ʚʠʱʝ. 
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INCREASING THE EFFIC IENCY OF RADIO ACCESS NETWORKS  

WITH A RADIO RESOURCE REDISTRIBUTION SYSTEM  

 

The report discusses ways to improve the efficiency of cellular networks by redistributing 

radio resources between technologies within a single frequency band. The main attention is paid 

to the problem of transmission of the head in the second-generation networks and traffic 

transmission in the fourth-generation networks. 

 

ɺ ʫʤʦʚʘʭ ʩʪʨʽʤʢʦʛʦ ʟʨʦʩʪʘʥʥʷʤ ʧʦʪʨʝʙ ʚ ʧʦʩʣʫʛʘʭ ʧʝʨʝʜʘʯʽ 

ʤʫʣʴʪʠʤʝʜʽʡʥʠʭ ʜʘʥʠʭ, ʱʦ ʚʝʜʝ ʜʦ ʧʦʩʠʣʝʥʥʷ ʥʘʚʘʥʪʘʞʝʥʥʷ ʥʘ ʤʝʨʝʞʫ 

ʤʦʙʽʣʴʥʦʛʦ ʟʚôʷʟʢʫ, ʧʽʜʪʨʠʤʘʥʥʷ ʾʾ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ ʧʦʯʠʥʘʻ ʙʫʪʠ 

ʧʨʦʙʣʝʤʘʪʠʯʥʦʶ. ʇʝʨʰ ʟʘ ʚʩʝ, ʦʧʝʨʘʪʦʨʠ ʤʝʨʝʞʽ ʩʪʠʢʘʶʪʴʩʷ ʟ ʧʨʦʙʣʝʤʦʶ 

ʥʝʩʪʘʯʽ ʩʧʝʢʪʨʫ ʪʘ ʥʝʦʙʭʽʜʥʦʩʪʽ ʽʩʥʫʚʘʥʥʷ ʤʝʨʝʞʽ GSM ʜʣʷ ʧʝʨʝʜʘʯʽ ʛʦʣʦʩʫ. 

ʅʘ ʜʘʥʠʡ ʯʘʩ ʚ ʋʢʨʘʾʥʽ ʪʝʭʥʦʣʦʛʽʷ Voice over LTE ʪʝʩʪʫʻʪʴʩʷ ʢʦʤʧʘʥʽʻʶ 

ʂʠʾʚʩʪʘʨ, ʧʨʦʪʝ ʾʾ ʧʦʪʝʥʮʽʡʥʝ ʚʠʢʦʨʠʩʪʘʥʥʷ ʽʟ ʧʦʪʦʯʥʠʤ ʨʽʚʥʝʤ ʧʦʢʨʠʪʪʷ LTE 

ï ʧʦʢʠ ʥʝʤʦʞʣʠʚʝ ʜʣʷ ʚʩʽʻʾ ʢʨʘʾʥʠ. ʊʘʢʠʤ ʯʠʥʦʤ ʦʧʝʨʘʪʦʨʠ ʚʠʤʫʰʝʥʽ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʩʤʫʛʠ ʥʘ 900 ʄɻʮ ʪʘ 1800 ʄɻʮ ʦʜʥʦʯʘʩʥʦ ʜʣʷ ʜʚʦʭ 

ʪʝʭʥʦʣʦʛʽʡ. ʇʨʦʪʝ ʽʩʥʫʻ ʨʽʰʝʥʥʷ ʜʠʥʘʤʽʯʥʦʛʦ ʧʝʨʝʨʦʟʧʦʜʽʣʫ ʨʘʜʽʦʨʝʩʫʨʩʫ, 

ʷʢʝ ʜʦʟʚʦʣʷʻ ʨʦʟʛʦʨʪʘʪʠ GSM ʪʘ LTE ʚ ʦʜʥʽʡ ʽ ʪʽʡ ʩʘʤʽʡ ʩʤʫʟʽ ʩʧʝʢʪʨʫ ʪʘ 

ʚʠʟʥʘʯʘʪʠ ʚʠʢʦʨʠʩʪʘʥʥʷ ʮʽʻʾ ʩʤʫʛʠ ʥʘ ʦʩʥʦʚʽ ʦʙʩʷʛʫ ʧʦʩʣʫʛ GSM. ʉʧʽʣʴʥʝ 

ʨʦʟʛʦʨʪʘʥʥʷ GSM ʪʘ LTE ʚ ʦʜʥʽʡ ʩʤʫʟʽ ʩʧʝʢʪʨʫ ʛʘʨʘʥʪʫʻ, ʱʦ ʩʤʫʛʘ ʩʧʝʢʪʨʘ 

ʤʦʞʝ ʙʫʪʠ ʚʠʜʽʣʝʥʘ ʜʣʷ ʙʽʣʴʰ ʥʽʞ ʦʜʥʽʻʾ ʪʝʭʥʦʣʦʛʽʾ ʨʘʜʽʦʜʦʩʪʫʧʫ, ʱʦ 

ʧʽʜʚʠʱʫʻ ʩʧʝʢʪʨʘʣʴʥʫ ʝʬʝʢʪʠʚʥʽʩʪʴ ʽ, ʚʽʜʧʦʚʽʜʥʦ, ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ ʤʝʨʝʞʽ. 

ʋ ʜʘʥʽʡ ʨʦʙʦʪʽ ʨʦʟʛʣʷʥʫʪʽ ʩʧʦʩʦʙʠ ʧʽʜʚʠʱʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ 

ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʤʝʨʝʞ ʩʪʽʣʴʥʠʢʦʚʦʛʦ ʟʚôʷʟʢʫ ʟʘ ʨʘʭʫʥʦʢ ʧʝʨʝʨʦʟʧʦʜʽʣʫ ʨʘʜʽʦ 

ʨʝʩʫʨʩʫ ʤʽʞ ʪʝʭʥʦʣʦʛʽʷʤʠ ʚ ʤʝʞʘʭ ʦʜʥʽʻʾ ʩʤʫʛʠ ʯʘʩʪʦʪ. ʆʩʥʦʚʥʘ ʫʚʘʛʘ 

ʧʨʠʜʽʣʝʥʘ ʧʨʦʙʣʝʤʽ ʧʝʨʝʜʘʯʽ ʛʦʣʦʩʫ ʚ ʤʝʨʝʞʘʭ ʜʨʫʛʦʛʦ ʧʦʢʦʣʽʥʥʷ ʪʘ ʧʝʨʝʜʘʯʽ 

ʪʨʘʬʽʢʫ ʚ ʤʝʨʝʞʘʭ ʯʝʪʚʝʨʪʦʛʦ ʧʦʢʦʣʽʥʥʷ.    

ʂʦʥʪʨʦʣʝʨ ʙʘʟʦʚʠʭ ʩʪʘʥʮʽʡ BSC ʽ ʙʘʟʦʚʘ ʩʪʘʥʮʽʷ eNodeB ʨʝʘʣʽʟʫʶʪʴ 

ʟʘʛʘʣʴʥʠʡ ʨʦʟʧʦʜʽʣ ʪʘ ʧʣʘʥʫʚʘʥʥʷ ʩʤʫʛʠ ʯʘʩʪʦʪ, ʱʦ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ 

ʩʧʽʣʴʥʦ. ʂʦʣʠ GSM ʥʝ ʟʘʡʤʘʻ ʩʤʫʛʫ ʟʘʛʘʣʴʥʦʛʦ ʩʧʝʢʪʨʫ, LTE ʤʦʞʝ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʩʤʫʛʫ ʟʘʛʘʣʴʥʦʛʦ ʩʧʝʢʪʨʫ ʜʣʷ ʟʘʜʦʚʦʣʝʥʥʷ ʩʚʦʾʭ ʚʠʤʦʛ ʜʦ 

ʧʽʜʪʨʠʤʘʥʥʷ ʚʝʣʠʢʦʾ ʧʨʦʧʫʩʢʥʦʾ ʟʜʘʪʥʦʩʪʽ.  ʇʨʠʢʣʘʜ ʩʫʤʽʩʥʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʩʧʝʢʪʨʫ ʤʽʞ GSM ʪʘ LTE ʽʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʜʘʥʦʛʦ ʨʽʰʝʥʥʷ ʪʘ ʙʝʟ ʥʴʦʛʦ - 

ʧʨʝʜʩʪʘʚʣʝʥʦ ʥʘ ʨʠʩ. 1.   
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ʈʠʩ.1. ʈʦʟʧʦʜʽʣ ʩʧʝʢʪʨʫ: ʘ) ʙʝʟ ʚʠʢʦʨʠʩʪʘʥʥʷ ʨʽʰʝʥʥʷ; ʙ) ʽʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʨʽʰʝʥʥʷ. 

 

ɼʦ ʚʢʣʶʯʝʥʥʷ ʮʽʻʾ ʬʫʥʢʮʽʾ LTE ʤʦʞʝ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʣʠʰʝ ʧʦʨʽʚʥʷʥʦ 

ʥʝʚʝʣʠʢʫ ʩʪʘʥʜʘʨʪʥʫ ʩʤʫʛʫ ʯʘʩʪʦʪ. ʇʽʩʣʷ ʾʾ ʚʢʣʶʯʝʥʥʷ GSM ʪʘ LTE ʩʧʽʣʴʥʦ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʯʘʩʪʠʥʫ ʩʧʝʢʪʨʘ. 

ɼʣʷ ʢʦʨʝʢʪʥʦʾ ʨʦʙʦʪʠ ʮʽʻʾ ʬʫʥʢʮʽʾ ʥʝʦʙʭʽʜʥʦ ʧʦʧʝʨʝʜʥʴʦ ʚʩʪʘʥʦʚʠʪʠ 

ʢʘʥʘʣ ʟʚôʷʟʢʫ ʤʽʞ BSC ʪʘ eNodeB ʜʣʷ ʝʬʝʢʪʠʚʥʦʛʦ ʚʟʘʻʤʥʦʛʦ ʦʙʤʽʥʫ ʜʘʥʠʤʠ 

ʪʘ ʢʦʦʨʜʠʥʘʮʽʾ ʟʘʚʘʜʘʤ. BSC ʨʦʟʨʘʭʦʚʫʻ ʧʝʨʝʰʢʦʜʠ ʚʽʜ LTE ʜʣʷ ʤʦʙʽʣʴʥʠʭ 

ʩʪʘʥʮʽʡ GSM ʫ ʨʝʞʠʤʽ ʨʝʘʣʴʥʦʛʦ ʯʘʩʫ ʪʘ ʥʘʜʩʠʣʘʻ ʩʪʘʪʫʩ ʤʫʣʴʪʠʧʣʝʢʩʫʚʘʥʥʷ 

ʟʘʛʘʣʴʥʠʭ ʯʘʩʪʦʪ GSM ʚ eNodeB. BTS ʇʝʨʝʜʘʻ ʽʥʬʦʨʤʘʮʽʶ ʤʽʞ BSC ʪʘ 

eNodeB. eNodeB ɺʠʢʦʨʠʩʪʦʚʫʻ ʥʘʙʫʪʠʡ ʩʪʘʪʫʩ ʤʫʣʴʪʠʧʣʝʢʩʫʚʘʥʥʷ ʟʘʛʘʣʴʥʠʭ 

ʯʘʩʪʦʪ GSM ʜʣʷ ʨʦʟʨʘʭʫʥʢʫ ʢʽʣʴʢʦʩʪʽ ʪʠʤʯʘʩʦʚʦ-ʯʘʩʪʦʪʥʠʭ ʨʝʩʫʨʩʽʚ, 

ʜʦʩʪʫʧʥʠʭ ʥʘ ʟʘʛʘʣʴʥʦʤʫ ʩʧʝʢʪʨʽ. ɺʽʥ ʪʘʢʦʞ ʨʦʟʧʦʜʽʣʷʻ ʪʘ ʧʣʘʥʫʻ ʨʝʩʫʨʩʠ 

ʚʽʜʧʦʚʽʜʥʠʤ ʯʠʥʦʤ. 

ɺʠʛʨʘʰ, ʱʦ ʟʘʙʝʟʧʝʯʫʻʪʴʩʷ ʮʽʻʶ ʬʫʥʢʮʽʻʶ, ʻ ʚʠʛʨʘʰʝʤ ʫ ʧʨʦʧʫʩʢʥʽʡ 

ʟʜʘʪʥʦʩʪʽ LTE (ʪʦʙʪʦ ʚʠʛʨʘʰ ʫ ʧʨʦʧʫʩʢʥʽʡ ʟʜʘʪʥʦʩʪʽ, ʱʦ ʜʦʩʷʛʘʻʪʴʩʷ ʧʽʩʣʷ 

ʚʢʣʶʯʝʥʥʷ ʮʽʻʾ ʬʫʥʢʮʽʾ, ʧʦʨʽʚʥʷʥʦ ʟ ʧʨʦʧʫʩʢʥʦʶ ʟʜʘʪʥʽʩʪʶ ʧʨʠ ʩʪʘʥʜʘʨʪʥʽʡ 

ʩʤʫʟʽ ʧʨʦʧʫʩʢʘʥʥʷ). ɭʤʥʽʩʪʴ GSM ʟʘʣʠʰʘʻʪʴʩʷ ʧʦʩʪʽʡʥʦʶ. ʅʠʞʥʽ ʤʝʞʽ 

ʧʨʠʨʦʩʪʫ ʧʨʦʧʫʩʢʥʦʾ ʟʜʘʪʥʦʩʪʽ LTE ʜʦʩʷʛʘʶʪʴʩʷ ʚ ʛʦʜʠʥʠ ʧʽʢʦʚʦʛʦ 

ʥʘʚʘʥʪʘʞʝʥʥʷ GSM, ʢʦʣʠ LTE ʚʠʢʦʨʠʩʪʦʚʫʻ ʪʽʣʴʢʠ ʩʪʘʪʠʯʥʠʡ ʩʧʝʢʪʨ. ɺʝʨʭʥʷ 

ʤʝʞʘ ʟʙʽʣʴʰʝʥʥʷ ʧʨʦʧʫʩʢʥʦʾ ʟʜʘʪʥʦʩʪʽ LTE ʫ ʨʘʟʽ ʩʧʽʣʴʥʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ 
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ʯʘʩʪʦʪʠ BCCH ʜʦʩʷʛʘʻʪʴʩʷ ʟʘ ʚʽʜʩʫʪʥʦʩʪʽ ʪʨʘʬʽʢʫ ʚ GSM, ʧʦʪʨʽʙʥʦ ʣʠʰʝ 

BCCHs ʽ SDCCHs, ʧʨʦʪʝ ʽʥʰʽ ʯʘʩʪʦʪʠ ʧʝʨʝʜʘʶʪʴʩʷ LTE. ɺʝʨʭʥʷ ʤʝʞʘ 

ʟʙʽʣʴʰʝʥʥʷ ʧʨʦʧʫʩʢʥʦʾ ʟʜʘʪʥʦʩʪʽ LTE ʧʨʠʨʽʩʪ ʧʨʦʧʫʩʢʥʦʾ ʟʜʘʪʥʦʩʪʽ ʫ ʨʘʟʽ 

ʩʧʽʣʴʥʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʯʘʩʪʦʪ TCH ʜʦʩʷʛʘʻʪʴʩʷ, ʢʦʣʠ GSM ʚʠʢʦʨʠʩʪʦʚʫʻ 

ʪʽʣʴʢʠ ʩʧʝʢʪʨ ʟʘ ʤʝʞʘʤʠ ʩʪʘʥʜʘʨʪʥʦʾ ʩʤʫʛʠ LTE ʽ ʥʝ ʟʘʡʤʘʻ ʩʧʝʢʪʨ, ʱʦ 

ʨʦʟʜʽʣʷʻʪʴʩʷ. 

ʂʦʣʠ ʜʠʥʘʤʽʯʥʽ ʯʘʩʪʦʪʠ GSM ʙʝʨʫʪʴ ʫʯʘʩʪʴ ʫ ʩʪʨʠʙʢʦʧʦʜʽʙʥʦʾ 

ʧʝʨʝʙʫʜʦʚʽ ʯʘʩʪʦʪʠ, GSM ʧʝʨʝʚʘʞʥʦ ʟʘʡʤʘʻ ʩʧʝʢʪʨ, ʚʽʜʜʘʣʝʥʠʡ ʚʽʜ 

ʮʝʥʪʨʘʣʴʥʦʾ ʯʘʩʪʦʪʠ LTE. ʂʦʣʠ ʜʠʥʘʤʽʯʥʽ ʯʘʩʪʦʪʠ GSM ʯʘʩʪʦʪʠ ʙʝʨʫʪʴ 

ʫʯʘʩʪʴ ʫ ʩʪʨʠʙʢʦʧʦʜʽʙʥʦʾ ʧʝʨʝʙʫʜʦʚʽ ʯʘʩʪʦʪʠ, GSM ʟʘʡʤʘʻ ʜʠʩʢʨʝʪʥʠʡ 

ʩʧʝʢʪʨ ʚʩʴʦʛʦ ʩʧʝʢʪʨʘ, ʱʦ ʨʦʟʜʽʣʷʻʪʴʩʷ. ʗʢʱʦ ʧʨʠʧʫʩʪʠʪʠ, ʱʦ ʦʙʩʷʛ ʧʦʩʣʫʛ 

GSM ʟʘʣʠʰʘʻʪʴʩʷ ʥʝʟʤʽʥʥʠʤ, ʪʦ ʚʠʛʨʘʰ, ʱʦ ʟʘʙʝʟʧʝʯʫʻʪʴʩʷ ʮʽʻʶ ʬʫʥʢʮʽʻʶ, 

ʙʫʜʝ ʙʽʣʴʰʠʤ, ʢʦʣʠ ʜʠʥʘʤʽʯʥʽ ʯʘʩʪʦʪʠ GSM ʥʝ ʙʝʨʫʪʴ ʫʯʘʩʪʴ ʫ 

ʩʪʨʠʙʢʦʧʦʜʽʙʥʦʾ ʧʝʨʝʙʫʜʦʚʽ ʯʘʩʪʦʪʠ, ʥʽʞ ʢʦʣʠ ʜʠʥʘʤʽʯʥʽ ʯʘʩʪʦʪʠ GSM 

ʯʘʩʪʦʪʠ ʙʝʨʫʪʴ ʫʯʘʩʪʴ ʫ ʩʪʨʠʙʢʦʧʦʜʽʙʥʦʾ ʧʝʨʝʙʫʜʦʚʽ ʯʘʩʪʦʪʠ. 

ʂʦʣʠ ʮʷ ʬʫʥʢʮʽʷ ʨʦʟʛʦʨʥʫʪʘ ʨʘʟʦʤ ʽʟ NB-IoT, ʟʘʚʘʜʠ ʤʽʞ NB-IoT ʪʘ 

LTE ʥʠʞʯʝ, ʥʽʞ ʤʽʞ GSM ʪʘ LTE. ɼʣʷ ʜʦʩʷʛʥʝʥʥʷ ʥʘʡʢʨʘʱʦʾ ʟʘʛʘʣʴʥʦʾ 

ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ LTE ʨʝʢʦʤʝʥʜʫʻʪʴʩʷ, ʱʦʙ GSM ʙʫʚ ʧʝʨʝʚʘʞʥʦ ʨʦʟʛʦʨʥʫʪʠʡ ʚ 

ʟʘʭʠʩʥʽʡ ʩʤʫʟʽ LTE, ʘ NB-IoT ʙʫʚ ʨʦʟʛʦʨʥʫʪʠʡ ʚ ʘʚʪʦʥʦʤʥʦʤʫ ʨʝʞʠʤʽ ʘʙʦ ʚ 

ʨʝʞʠʤʽ LTE in-band. ʂʦʣʠ ʜʠʥʘʤʽʯʥʽ ʯʘʩʪʦʪʠ GSM ʨʦʟʛʦʨʥʫʪʽ ʣʠʰʝ ʟ ʦʜʥʦʛʦ 

ʙʦʢʫ ʟʘʭʠʩʥʦʾ ʣʽʥʽʾ LTE, NB-IoT ʨʦʟʛʦʨʪʘʻʪʴʩʷ ʫ ʘʚʪʦʥʦʤʥʦʤʫ ʨʝʞʠʤʽ ʯʠ 

ʨʝʞʠʤʽ LTE in-band. ʑʦʙ ʫʥʠʢʥʫʪʠ ʧʝʨʝʰʢʦʜ ʤʽʞ GSM ʪʘ NB-IoT, ʥʝʦʙʭʽʜʥʦ 

ʟʘʨʝʟʝʨʚʫʚʘʪʠ ʜʦʩʪʘʪʥʶ ʩʤʫʛʫ ʯʘʩʪʦʪ ʤʽʞ ʥʠʤʠ, ʪʘ ʤʘʻ ʙʫʪʠ ʟʘʨʝʟʝʨʚʦʚʘʥʘ 

ʜʦʩʪʘʪʥʷ ʩʤʫʛʘ ʧʨʦʧʫʩʢʘʥʥʷ. ʗʢʱʦ ʬʫʥʢʮʽʷ ʚʢʣʶʯʝʥʘ ʥʘ ʧʝʚʥʠʭ ʜʽʣʷʥʢʘʭ 

ʤʝʨʝʞʽ, ʥʝʦʙʭʽʜʥʦ ʩʧʣʘʥʫʚʘʪʠ ʙʫʬʝʨʥʫ ʟʦʥʫ ʜʣʷ ʟʘʧʦʙʽʛʘʥʥʷ ʢʘʥʘʣʴʥʠʤ 

ʧʝʨʝʰʢʦʜʘʤ ʤʽʞ GSM ʽ LTE. ʋ ʨʘʟʽ ʧʣʘʥʫʚʘʥʥʷ ʙʫʬʝʨʥʦʾ ʟʦʥʠ ʦʧʝʨʘʪʦʨʠ 

ʧʦʚʠʥʥʽ ʚʨʘʭʦʚʫʚʘʪʠ ʨʝʩʫʨʩʠ ʩʧʝʢʪʨʘ ʦʙʦʭ RAT.  
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BANDWIDTH REGULATION OF COOPERATIVE  

DECENTRALIZED WIRELESS NETWORKS  
 

This paper will consider the multiple relay selection protocol for decentralized wireless 

networks. Methods of relays location selection are considered. The purpose of this protocol is to 

demonstrate that improving connectivity and increasing number of relays reduce the throughput 

of cooperative decentralized wireless networks. 

 

ɺ ʨʦʙʦʪʽ ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʧʨʦʪʦʢʦʣ ʚʠʙʦʨʫ ʢʽʣʴʢʦʭ ʨʝʪʨʘʥʩʣʷʪʦʨʽʚ ʜʣʷ 

ʜʝʮʝʥʪʨʘʣʽʟʦʚʘʥʠʭ ʙʝʟʧʨʦʚʦʜʦʚʠʭ ʤʝʨʝʞ ʽʟ ʢʦʦʧʝʨʘʮʽʻʶ. ɼʘʥʠʡ ʧʨʦʪʦʢʦʣ ʤʘʻ 

ʥʘ ʤʝʪʽ ʚʠʨʽʰʝʥʥʷ ʪʨʴʦʭ ʧʨʦʙʣʝʤ: ʚʠʙʽʨ ʨʝʪʨʘʥʩʣʷʪʦʨʽʚ ʫ ʤʝʞʘʭ ʟʦʥʠ 

ʧʦʢʨʠʪʪʷ ʜʞʝʨʝʣʘ ʪʘ ʧʨʠʟʥʘʯʝʥʥʷ, ʱʦʙ ʛʘʨʘʥʪʫʚʘʪʠ ʪʝ, ʱʦ ʨʝʪʨʘʥʩʣʷʪʦʨʠ 

ʨʦʟʪʘʰʦʚʘʥʽ ʥʘ ʚʽʜʩʪʘʥʽ ʦʜʥʦʛʦ ʢʨʦʢʫ ʚʽʜ ʤʽʩʮʷ ʧʨʠʟʥʘʯʝʥʥʷ; ʟʘʙʝʟʧʝʯʝʥʥʷ 

ʥʘʡʢʨʘʱʦʛʦ ʚʫʟʣʘ (ʥʘʡʢʨʘʱʽ ʨʝʪʨʘʥʩʣʷʪʦʨʠ ʟ ʤʝʥʰʦʶ ʚʽʜʩʪʘʥʥʶ ʪʘ 

ʟʘʛʘʩʘʥʥʷʤ ʚʽʜ ʤʽʩʮʷ ʧʨʠʟʥʘʯʝʥʥʷ) ʧʝʨʰʠʤ ʦʪʨʠʤʘʪʠ ʜʦʩʪʫʧ ʜʦ ʢʘʥʘʣʫ; 

ʛʘʨʘʥʪʫʚʘʥʥʷ, ʱʦ ʟʘʧʨʦʧʦʥʦʚʘʥʠʡ ʚʠʙʽʨ ʨʝʪʨʘʥʩʣʷʪʦʨʘ ʻ ʚʽʣʴʥʠʤ ʚʽʜ 

ʟʽʪʢʥʝʥʴ. ʊʘʢʦʞ ʨʦʟʛʣʷʜʘʶʪʴʩʷ ʪʨʠ ʚʘʞʣʠʚʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ʜʝʮʝʥʪʨʘʣʽʟʦʚʘʥʠʭ ʙʝʟʧʨʦʚʦʜʦʚʠʭ ʤʝʨʝʞ, ʥʘ ʷʢʽ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʚʧʣʠʚʘʻ 

ʢʦʦʧʝʨʘʮʽʷ: ʟʘʪʨʠʤʢʘ, ʧʽʜʢʣʶʯʝʥʥʷ ʪʘ ʧʨʦʧʫʩʢʥʘ ʟʜʘʪʥʽʩʪʴ. 

ɺʽʜʦʤʦ ʜʚʽ ʢʘʪʝʛʦʨʽʾ ʢʦʦʧʝʨʘʮʽʾ: ʙʘʛʘʪʦʩʢʘʯʢʦʚʠʡ ʢʦʦʧʝʨʘʪʠʚʥʠʡ 

ʧʨʦʪʦʢʦʣ MCP (multihop cooperation protocol)  [1] ʽ ʧʨʦʪʦʢʦʣ ʢʦʦʧʝʨʘʮʽʾ ʟ 

ʨʦʟʧʦʜʽʣʝʥʠʤ ʥʘʚʘʥʪʘʞʝʥʥʷʤ LDCP (load distributed cooperation protocol) [2ï

4]. ʋ MCP ʜʞʝʨʝʣʦ ʽʜʝʥʪʠʬʽʢʫʻ ʚʫʟʣʠ ʧʦʙʣʠʟʫ ʩʝʙʝ ʪʘ ʧʦʙʣʠʟʫ ʤʽʩʮʷ 

ʧʨʠʟʥʘʯʝʥʥʷ. ʎʽ ʚʫʟʣʠ ʪʘʢʦʞ ʥʘʟʠʚʘʶʪʴ ʨʝʪʨʘʥʩʣʷʪʦʨʦʤ. ʂʦʣʠ ʜʞʝʨʝʣʦ 

ʟʥʘʭʦʜʠʪʴ ʪʘʢʠʡ ʨʝʪʨʘʥʩʣʷʪʦʨ, ʚʦʥʦ ʧʝʨʝʜʘʻ ʡʦʤʫ ʜʘʥʽ, ʘ ʚʽʥ ʧʦʚʪʦʨʥʦ 

ʧʝʨʝʜʘʻ ʮʽ ʜʘʥʽ ʜʦ ʤʽʩʮʷ ʧʨʠʟʥʘʯʝʥʥʷ. ʄʝʪʦʶ ʨʝʪʨʘʥʩʣʷʪʦʨʘ ʧʨʠ MCP ʻ 

ʫʥʠʢʥʝʥʥʷ ʦʩʣʘʙʣʝʥʥʷ ʩʠʛʥʘʣʫ, ʧʦʚôʷʟʘʥʦʛʦ ʟ ʧʨʷʤʦʶ ʧʝʨʝʜʘʯʝʶ, ʪʦʙʪʦ 

ʧʝʨʝʜʘʯʝʶ ʜʞʝʨʝʣʘ ʧʨʠʟʥʘʯʝʥʥʷ. ʇʨʦʪʦʢʦʣ ʨʦʟʧʦʚʩʶʜʞʝʥʥʷ ʢʦʜʫ ð ʮʝ 

ʧʽʜʭʽʜ LDCP, ʟʘ ʜʦʧʦʤʦʛʦʶ ʷʢʦʛʦ ʜʞʝʨʝʣʦ ʜʽʣʠʪʴ ʥʘʜʣʠʰʢʦʚʽ ʙʽʪʠ ʥʘ ʜʚʽ 

ʯʘʩʪʠʥʠ ʟʘʤʽʩʪʴ ʪʦʛʦ, ʱʦʙ ʧʝʨʝʜʘʚʘʪʠ ʧʦʚʥʽ ʥʘʜʣʠʰʢʦʚʽ ʙʽʪʠ ʜʦ ʤʽʩʮʷ 

ʧʨʠʟʥʘʯʝʥʥʷ; ʧʝʨʰʘ ʯʘʩʪʠʥʘ ʧʝʨʝʜʘʻʪʴʩʷ ʜʞʝʨʝʣʦʤ ʜʦ ʧʫʥʢʪʫ ʧʨʠʟʥʘʯʝʥʥʷ ʪʘ 

ʨʝʪʨʘʥʩʣʷʪʦʨʽʚ, ʘ ʜʨʫʛʘ ʯʘʩʪʠʥʘ ʧʝʨʝʜʘʻʪʴʩʷ ʨʝʪʨʘʥʩʣʷʪʦʨʦʤ ʜʦ ʧʫʥʢʪʫ 

ʧʨʠʟʥʘʯʝʥʥʷ. ʂʣʶʯʦʚʘ ʚʽʜʤʽʥʥʽʩʪʴ ʤʽʞ MCP ʪʘ LDCP ʧʦʣʷʛʘʻ ʚ ʪʦʤʫ, ʱʦ ʚ 
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MCP ʤʽʩʮʝ ʧʨʠʟʥʘʯʝʥʥʷ ʦʪʨʠʤʫʻ ʜʘʥʽ, ʧʝʨʝʜʘʥʽ ʣʠʰʝ ʜʞʝʨʝʣʦʤ, ʪʦʜʽ ʷʢ ʫ 

LDCP ʤʽʩʮʝ ʧʨʠʟʥʘʯʝʥʥʷ ʦʪʨʠʤʫʻ ʜʘʥʽ ʚʽʜ ʜʞʝʨʝʣʘ ʪʘ ʨʝʪʨʘʥʩʣʷʪʦʨʽʚ.  

ɼʣʷ ʚʠʨʽʰʝʥʥʷ ʟʘʟʥʘʯʝʥʠʭ ʚʠʱʝ ʧʨʦʙʣʝʤ, ʪʘʢʠʭ ʷʢ ʚʠʙʽʨ ʥʘʡʢʨʘʱʠʭ 

ʨʝʪʨʘʥʩʣʷʪʦʨʽʚ, ʟʘʪʨʠʤʢʘ, ʧʽʜʢʣʶʯʝʥʥʷ ʪʘ ʧʨʦʧʫʩʢʥʘ ʟʜʘʪʥʽʩʪʴ ʨʘʟʦʤ, 

ʧʨʦʧʦʥʫʻʪʴʩʷ ʧʨʦʪʦʢʦʣ ʩʧʽʣʴʥʦʛʦ ʜʦʩʪʫʧʫ ʜʦ ʩʝʨʝʜʦʚʠʱʘ (CMAC) ʥʘ ʦʩʥʦʚʽ 

ʥʝʟʥʘʯʥʠʭ ʟʤʽʥ ʫ CSMA/CA ʟ ʧʘʢʝʪʘʤʠ RTS/CTS. 

ɿʘʧʨʦʧʦʥʦʚʘʥʠʡ ʂʦʦʧʝʨʘʪʠʚʥʠʡ MAC ʧʨʦʪʦʢʦʣ ʧʦʣʷʛʘʻ ʫ ʚʠʙʦʨʽ 

ʥʘʡʢʨʘʱʠʭ ʨʝʣʝ ʟ ʭʦʨʦʰʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ ʢʘʥʘʣʫ ʣʠʰʝ ʜʣʷ ʧʫʥʢʪʫ 

ʧʨʠʟʥʘʯʝʥʥʷ. ʂʘʥʘʣ ʚʽʜ ʜʞʝʨʝʣʘ ʜʦ ʨʝʪʨʘʥʩʣʷʪʦʨʘ ʥʝ ʙʫʣʦ ʚʨʘʭʦʚʘʥʦ ʚ 

ʘʥʘʣʽʟʽ, ʦʩʢʽʣʴʢʠ ʨʝʪʨʘʥʩʣʷʪʦʨʠ, ʷʢʽ ʧʨʘʚʠʣʴʥʦ ʜʝʢʦʜʫʶʪʴ ʦʪʨʠʤʘʥʽ ʢʘʜʨʠ, 

ʤʦʞʫʪʴ ʙʨʘʪʠ ʫʯʘʩʪʴ ʫ ʢʦʦʧʝʨʘʮʽʾ. ɺ ʽʥʰʦʤʫ ʚʠʧʘʜʢʫ ʚʦʥʠ ʤʦʚʯʘʪʴ. 

ʇʨʦʪʦʢʦʣ ʙʘʟʫʻʪʴʩʷ ʥʘ ʥʝʟʥʘʯʥʠʭ ʟʤʽʥʘʭ ʬʫʥʢʮʽʾ ʨʦʟʧʦʜʽʣʝʥʦʾ ʢʦʦʨʜʠʥʘʮʽʾ 

IEEE802.11 (DCF) ʟ CSMA/CA ʟ ʧʘʢʝʪʘʤʠ RTS/CTS [5, 6] ʽ ʚʠʨʽʰʫʻ ʢʽʣʴʢʘ 

ʧʦʪʝʥʮʽʡʥʠʭ ʧʨʦʙʣʝʤ, ʧʦʚôʷʟʘʥʠʭ ʽʟ ʢʦʦʧʝʨʘʮʽʻʶ, ʷʢ ʟʘʟʥʘʯʝʥʦ ʚ ʩʧʠʩʢʫ 

ʥʠʞʯʝ. 

 
 

ʈʠʩ. 1. ʉʮʝʥʘʨʽʡ ʨʦʟʪʘʰʫʚʘʥʥʷ ʢʦʤʫʥʽʢʘʮʽʡ ʪʘ ʨʝʣʝ. 

 

1) ɺʠʙʽʨ ʨʦʟʪʘʰʫʚʘʥʥʷ ʚʫʟʣʘ ʨʝʪʨʘʥʩʣʷʮʽʾ ʘʙʦ ʨʝʛʽʦʥʫ ʨʝʪʨʘʥʩʣʷʮʽʾ (relay 

region, RR), ʜʠʚ. ʨʠʩ. 1: ʚʘʞʣʠʚʦ ʚʠʙʠʨʘʪʠ ʨʝʪʨʘʥʩʣʷʪʦʨʠ ʟ ʧʨʷʤʦʶ 

ʧʝʨʝʜʘʯʝʶ ʜʦ ʧʫʥʢʪʫ ʧʨʠʟʥʘʯʝʥʥʷ, ʘ ʥʝ ʨʝʪʨʘʥʩʣʷʪʦʨʠ, ʷʢʽ ʟʥʘʭʦʜʷʪʴʩʷ ʥʘ 

ʚʽʜʩʪʘʥʽ ʜʚʦʭ ʢʨʦʢʽʚ ʚʽʜ ʤʽʩʮʷ ʧʨʠʟʥʘʯʝʥʥʷ. ʎʝ ʤʦʞʝ ʟʘʧʦʙʽʛʪʠ ʜʦʜʘʪʢʦʚʠʤ 

ʟʘʪʨʠʤʢʘʤ, ʚʠʢʣʠʢʘʥʠʤ ʢʽʣʴʢʦʤʘ ʩʪʨʠʙʢʘʤʠ (ʜʚʦʤʘ ʘʙʦ ʙʽʣʴʰʝ) 

2) ʉʭʝʤʠ ʜʦʩʪʫʧʫ ʜʦ ʢʘʥʘʣʽʚ: ʫ ʜʝʮʝʥʪʨʘʣʽʟʦʚʘʥʽʡ ʙʝʟʧʨʦʚʦʜʦʚʽʡ ʤʝʨʝʞʽ 

(decentralized wireless networks, DWN) ʢʦʥʪʨʦʣʴ ʜʦʩʪʫʧʥʦʩʪʽ ʨʝʣʝ ʻ 

ʚʘʞʣʠʚʠʤ. ɼʣʷ ʪʦʛʦ, ʱʦʙ ʟʘʧʨʦʧʦʥʫʚʘʪʠ ʭʦʨʦʰʫ ʩʭʝʤʫ ʜʦʩʪʫʧʫ ʜʦ ʢʘʥʘʣʫ, 

ʚʘʞʣʠʚʽ ʜʚʘ ʧʠʪʘʥʥʷ: (a) ʨʝʣʝ ʥʝʦʙʭʽʜʥʦ ʚʠʙʠʨʘʪʠ ʰʚʠʜʢʦ, ʱʦʙ ʟʘʧʦʙʽʛʪʠ 

ʟʘʪʨʠʤʮʽ; (b) ʨʝʪʨʘʥʩʣʷʪʦʨʠ ʟ ʥʘʡʢʨʘʱʦʶ ʷʢʽʩʪʶ ʢʘʥʘʣʫ ʜʦ ʤʽʩʮʷ 

ʧʨʠʟʥʘʯʝʥʥʷ ʧʦʚʠʥʥʽ ʦʪʨʠʤʘʪʠ ʜʦʩʪʫʧ ʜʦ ʢʘʥʘʣʫ, ʧʝʨʰ ʥʽʞ ʨʝʣʝ ʥʠʞʯʦʾ 

ʷʢʦʩʪʽ, ʱʦʙ ʟʘʙʝʟʧʝʯʠʪʠ ʚʠʩʦʢʫ ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ 

3) ɺʽʜʩʫʪʥʽʩʪʴ ʟʽʪʢʥʝʥʴ: LDCP ʧʦ ʩʫʪʽ ʟʙʽʣʴʰʫʻ ʟʘʪʨʠʤʢʫ ʚ DWN; ʪʘʢʠʤ 
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ʯʠʥʦʤ, ʤʠ ʧʦʚʠʥʥʽ ʧʝʨʝʨʦʙʠʪʠ ʧʨʦʪʦʢʦʣ MAC, ʱʦʙ ʟʘʧʦʙʽʛʪʠ ʟʽʪʢʥʝʥʥʷʤ ʤʽʞ 

ʨʝʣʝ, ʱʦʙ ʟʤʝʥʰʠʪʠ ʟʘʪʨʠʤʢʫ. 

ɺʠʙʽʨ ʤʽʩʮʷ ʨʦʟʪʘʰʫʚʘʥʥʷ ʨʝʣʝ ʚʽʜʙʫʚʘʻʪʴʩʷ ʥʘʩʪʫʧʥʠʤ ʯʠʥʦʤ: 

ʑʦʙ ʟʘʧʦʙʽʛʪʠ ʨʝʣʝ, ʷʢʽ ʟʥʘʭʦʜʷʪʴʩʷ ʟʘ ʜʚʘ ʢʨʦʢʠ ʚʽʜ ʧʫʥʢʪʫ ʧʨʠʟʥʘʯʝʥʥʷ, 

ʙʨʘʪʠ ʫʯʘʩʪʴ ʫ ʢʦʦʧʝʨʘʮʽʾ, ʤʠ ʧʦʚʠʥʥʽ ʚʠʙʨʘʪʠ relay region (RR), ʱʦʙ ʣʠʰʝ 

ʚʫʟʣʠ ʚʩʝʨʝʜʠʥʽ RR ʤʦʛʣʠ ʙʨʘʪʠ ʫʯʘʩʪʴ ʫ ʢʦʦʧʝʨʘʮʽʾ. ʌʘʢʪʠʯʥʦ, ʨʝʣʝ, 

ʨʦʟʪʘʰʦʚʘʥʝ ʟʘ ʜʚʘ ʢʨʦʢʠ ʚʽʜ ʧʫʥʢʪʫ ʧʨʠʟʥʘʯʝʥʥʷ, ʤʦʞʝ ʟʙʽʣʴʰʠʪʠ ʟʘʪʨʠʤʢʫ. 

ʊʦʤʫ RR ʚʠʙʠʨʘʻʪʴʩʷ ʥʘʩʪʫʧʥʠʤ ʯʠʥʦʤ: ʧʽʩʣʷ ʦʪʨʠʤʘʥʥʷ ʧʘʢʝʪʘ ʧʫʥʢʪʦʤ 

ʧʨʠʟʥʘʯʝʥʥʷ (Ὀ) , Request-To-Send (RTS) ʚʫʟʣʠ ʚ ʜʽʘʧʘʟʦʥʽ ʜʞʝʨʝʣʘ 

ʚʩʪʘʥʦʚʣʶʶʪʴ ʪʘʡʤʝʨ ʨʽʚʥʠʤ 2SIFS; ʧʨʦʪʷʛʦʤ ʯʘʩʫ 2SIFS ʧʫʥʢʪ ʧʨʠʟʥʘʯʝʥʥʷ 

ʧʝʨʝʜʘʻ ʧʘʢʝʪ Clear-To-Send (CTS). ɺʫʟʣʠ ʚ ʜʽʘʧʘʟʦʥʽ Ὓ, ʷʢʽ ʯʫʶʪʴ CTS, 
ʤʦʞʫʪʴ ʙʨʘʪʠ ʫʯʘʩʪʴ ʫ ʩʧʽʚʧʨʘʮʽ; ʽʥʘʢʰʝ ʚʫʟʣʠ, ʷʢʽ ʥʝ ʦʪʨʠʤʫʶʪʴ ʧʘʢʝʪ CTS, 

ʥʝ ʙʝʨʫʪʴ ʫʯʘʩʪʴ ʫ ʢʦʦʧʝʨʘʮʽʾ. ʗʢ ʧʦʢʘʟʘʥʦ ʥʘ ʤʘʣʶʥʢʫ 2, ʪʽʣʴʢʠ ʚʫʟʣʠ 

ʚʩʝʨʝʜʠʥʽ RR ʤʦʞʫʪʴ ʦʪʨʠʤʫʚʘʪʠ ʧʘʢʝʪʠ RTS/CTS, ʽʜʝʥʪʠʬʽʢʫʶʯʠ ʾʭ ʷʢ ʦʜʠʥ 

ʩʪʨʠʙʦʢ ʚʽʜ ʤʽʩʮʷ ʧʨʠʟʥʘʯʝʥʥʷ. 

 
ʈʠʩ. 2. ɽʪʘʧʠ ʚʠʙʦʨʫ RR ʥʘ ʦʩʥʦʚʽ ʧʘʢʝʪʽʚ RTS/CTS ʟʘʧʨʦʧʦʥʦʚʘʥʦʛʦ ʧʨʦʪʦʢʦʣʫ. 
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DECENTRALIZED HANDOFF IN CELLULAR MOBILE  

COMMUNICATION NETWORKS WITH CO GNITIVE TERMINALS  

 

In this article we will talk about decentralized handoff in mobile cellular networks with 

cognitive terminals. The concept of decentralized wireless networks and the main problem of 

resource allocation are considered. The purpose of this type of transmission is to increase the 

number of mobile users. 
 

ʅʘ ʜʘʥʠʡ ʯʘʩ ʢʦʥʮʝʧʮʽʷ ʜʝʮʝʥʪʨʘʣʽʟʦʚʘʥʠʭ ʘʙʦ ʨʦʟʧʦʜʽʣʝʥʠʭ 

ʙʝʟʧʨʦʚʦʜʦʚʠʭ ʤʝʨʝʞ ʽ ʧʨʦʙʣʝʤʘ ʨʦʟʧʦʜʽʣʫ ʨʝʩʫʨʩʽʚ ʻ ʘʢʪʫʘʣʴʥʦʶ ʪʝʤʦʶ 

ʜʦʩʣʽʜʞʝʥʴ [1, 2]. ʅʘʡʧʨʦʩʪʽʰʦʶ ʜʝʮʝʥʪʨʘʣʽʟʦʚʘʥʦʶ ʙʝʟʧʨʦʚʦʜʦʚʦʶ 

ʩʠʩʪʝʤʦʶ ʻ ʢʘʥʘʣ ʤʥʦʞʠʥʥʦʛʦ ʜʦʩʪʫʧʫ (MAC), ʷʢʠʡ ʜʦʟʚʦʣʷʻ ʦʧʠʩʘʪʠ 

ʥʠʟʭʽʜʥʫ ʣʽʥʽʶ ʩʪʽʣʴʥʠʢʦʚʦʾ ʩʠʩʪʝʤʠ ʟ ʦʜʥʽʻʶ ʙʘʟʦʚʦʶ ʩʪʘʥʮʽʻʶ (BS) ʽ 

ʢʽʣʴʢʦʤʘ ʤʦʙʽʣʴʥʠʤʠ ʩʪʘʥʮʽʷʤʠ (MS). ɺʚʘʞʘʻʪʴʩʷ, ʱʦ MAC ʻ 

ʜʝʮʝʥʪʨʘʣʽʟʦʚʘʥʠʤ ʫ ʪʦʤʫ ʩʝʥʩʽ, ʱʦ ʙʘʟʦʚʘ ʩʪʘʥʮʽʷ ʥʝ ʜʠʢʪʫʻ ʧʽʜʢʣʶʯʝʥʠʤ ʜʦ 

ʥʝʾ ʢʦʨʠʩʪʫʚʘʯʘʤ ʰʚʠʜʢʽʩʪʴ ʧʝʨʝʜʘʯʽ ʽʥʬʦʨʤʘʮʽʾ ʪʘ ʨʽʚʝʥʴ ʧʦʪʫʞʥʦʩʪʽ 

ʧʝʨʝʜʘʯʽ. ʂʦʞʝʥ ʢʦʨʠʩʪʫʚʘʯ ʤʦʞʝ ʚʽʣʴʥʦ ʦʙʠʨʘʪʠ ʩʚʦʶ ʧʦʣʽʪʠʢʫ ʨʦʟʧʦʜʽʣʫ 

ʧʦʪʫʞʥʦʩʪʽ, ʱʦʙ ʤʘʢʩʠʤʽʟʫʚʘʪʠ ʧʝʚʥʠʡ ʽʥʜʠʚʽʜʫʘʣʴʥʠʡ ʢʨʠʪʝʨʽʡ 

ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ.  

ʋ ʜʘʥʽʡ ʨʦʙʦʪʽ ʧʨʝʜʩʪʘʚʣʝʥʦ ʨʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʥʷ ʧʨʦʙʣʝʤʠ 

ʜʝʮʝʥʪʨʘʣʽʟʦʚʘʥʦʾ ʧʝʨʝʜʘʯʽ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ (ʇʆʙ) ʚ ʢʦʛʥʽʪʠʚʥʠʭ ʤʝʨʝʞʘʭ. 

ʊʫʪ ʢʦʞʝʥ ʪʝʨʤʽʥʘʣ ʦʩʥʘʱʝʥʠʡ ʢʦʛʥʽʪʠʚʥʠʤ ʨʘʜʽʦ, ʷʢʝ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʜʣʷ 

ʚʠʟʥʘʯʝʥʥʷ ʷʢʦʩʪʽ ʡʦʛʦ ʟʚôʷʟʢʽʚ ʟ ʨʽʟʥʠʤʠ BS ʪʘ ʟʘʩʪʦʩʫʚʘʥʥʷʤ ʤʽʞ ʥʠʤʠ 

ʽʥʪʝʣʝʢʪʫʘʣʴʥʦʛʦ ʨʦʟʧʦʜʽʣʫ ʇʆʙ. ʋ ʚʠʧʘʜʢʫ ʞʦʨʩʪʢʦʾ BS, ʜʣʷ ʷʢʦʾ ʽʩʥʫʻ, ʪʘʢ 

ʟʚʘʥʘ, ʩʪʘʙʽʣʴʥʘ ʨʽʚʥʦʚʘʛʘ ʟʘ ʅʝʰʝʤ, ʚʠʟʥʘʯʘʻʤʦ ʽʥʜʠʚʽʜʫʘʣʴʥʝ ʟʘ ʚʣʘʩʥʠʤʠ 

ʽʥʪʝʨʝʩʘʤʠ ʨʦʟʧʦʜʽʣʝʥʥʷ ʢʦʨʠʩʪʫʚʘʯʽʚ ʤʽʞ BS, ʘ ʧʦʪʽʤ ʦʮʽʥʶʻʤʦ ʡʦʛʦ 

ʩʦʮʽʘʣʴʥʫ ʝʬʝʢʪʠʚʥʽʩʪʴ, ʷʢʘ ʚʠʤʽʨʶʻʪʴʩʷ ʚ ʪʝʨʤʽʥʘʭ ʩʫʤʘʨʥʦʾ ʩʪʘʚʢʠ. ʊʘʢʦʞ 

ʜʦʩʣʽʜʞʝʥʦ ʧʦʰʠʨʝʥʥʷ ʥʘʜʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ ʥʘ ʚʠʧʘʜʦʢ ʙʘʛʘʪʦʘʥʪʝʥʥʠʭ 

ʪʝʨʤʽʥʘʣʽʚ ʽ ʙʘʟʦʚʠʭ ʩʪʘʥʮʽʡ. ʊʦʙʪʦ ʧʨʦʚʝʜʝʥʦ ʜʦʩʣʽʜʞʝʥʥʷ ʧʦʚʝʜʽʥʢʠ  

ʚʽʣʴʥʠʭ ʢʦʨʠʩʪʫʚʘʯʽʚ, ʱʦ ʜʽʶʪʴ ʫ ʚʣʘʩʥʠʭ ʽʥʪʝʨʝʩʘʭ ʪʘ, ʱʦ ʧʽʜʢʣʶʯʘʪʠʤʫʪʴʩʷ 

ʜʦ ʨʽʟʥʠʭ BS. ɺʚʘʞʘʻʪʴʩʷ, ʱʦ ʢʦʞʝʥ ʢʦʨʠʩʪʫʚʘʯ ʟʘʮʽʢʘʚʣʝʥʠʡ ʫ ʤʘʢʩʠʤʽʟʘʮʽʾ 

ʚʣʘʩʥʦʾ ʰʚʠʜʢʦʩʪʽ ʧʝʨʝʜʘʯʽ ʚ ʩʝʥʩʽ ʐʝʥʥʦʥʘ.  

ʋ ʜʘʥʽʡ ʨʦʙʦʪʽ ʜʦʩʣʽʜʞʫʚʘʣʘʩʴ ʩʠʩʪʝʤʘ ʦʨʪʦʛʦʥʘʣʴʥʠʭ MAC, ʷʢʘ 

ʤʽʩʪʠʪʴ S ʙʘʟʦʚʠʭ ʩʪʘʥʮʽʡ, ʱʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʜʽʘʧʘʟʦʥʠ ʯʘʩʪʦʪ, ʱʦ ʥʝ 

ʧʝʨʝʢʨʠʚʘʶʪʴʩʷ, ʽ ʛʨʫʧʫ ʟ K ʤʦʙʽʣʴʥʠʭ ʩʪʘʥʮʽʡ. ʊʘʢʦʞ ʧʨʠʧʫʩʢʘʻʪʴʩʷ, ʱʦ BS 

ʟ'ʻʜʥʘʥʽ ʟʘ ʜʦʧʦʤʦʛʦʶ ʽʜʝʘʣʴʥʠʭ ʢʘʥʘʣʽʚ ʟʚ'ʷʟʢʫ.  
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ʋ ʚʠʧʘʜʢʫ ʞʦʨʩʪʢʦʾ ʇʆʙ, ʟʘʚʜʘʥʥʷ ʢʦʨʠʩʪʫʚʘʯʘ ʧʦʣʷʛʘʻ ʚ ʪʦʤʫ, ʱʦʙ 

ʚʠʨʽʰʠʪʠ, ʜʦ ʷʢʦʾ BS ʥʘʡʢʨʘʱʝ ʧʽʜʢʣʶʯʠʪʠʩʷ, ʚʨʘʭʦʚʫʶʯʠ ʪʦʡ ʬʘʢʪ, ʱʦ BS 

ʤʘʶʪʴ ʨʽʟʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ. ɹʘʟʦʚʽ ʩʪʘʥʮʽʾ ʚʽʜʨʽʟʥʷʶʪʴʩʷ ʟʘ ʨʽʚʥʝʤ ʰʫʤʫ 

ʧʨʠʡʦʤʫ ʪʘ ʢʽʣʴʢʽʩʪʶ ʦʙʩʣʫʛʦʚʫʚʘʥʠʭ ʢʦʨʠʩʪʫʚʘʯʽʚ, ʘʣʝ ʚʦʥʠ ʪʘʢʦʞ ʤʦʞʫʪʴ 

ʚʽʜʨʽʟʥʷʪʠʩʷ ʟʘ ʢʽʣʴʢʽʩʪʶ ʘʥʪʝʥ, ʧʨʦʧʫʩʢʥʦʶ ʟʜʘʪʥʽʩʪʶ ʘʙʦ ʙʫʜʴ-ʷʢʠʤ ʽʥʰʠʤ 

ʧʘʨʘʤʝʪʨʦʤ, ʷʢʠʡ ʤʦʞʝ ʚʠʟʥʘʯʠʪʠ ʰʚʠʜʢʽʩʪʴ ʧʝʨʝʜʘʯʽ. ʇʨʠʯʠʥʘ, ʯʦʤʫ 

ʧʨʠʧʫʩʢʘʻʪʴʩʷ, ʱʦ ʤʦʙʽʣʴʥʽ ʪʝʨʤʽʥʘʣʠ ʦʙʣʘʜʥʘʥʽ ʢʦʛʥʽʪʠʚʥʠʤ ʨʘʜʽʦ [3] 

ʧʦʣʷʛʘʻ ʚ ʧʨʘʛʥʝʥʥʽ ʜʦ ʤʘʢʩʠʤʘʣʴʥʦʾ ʥʝʟʘʣʝʞʥʦʩʪʽ ʢʦʨʠʩʪʫʚʘʯʽʚ ʚʽʜ ʚʽʜ 

ʙʘʟʦʚʠʭ ʩʪʘʥʮʽʡ. ɿʘʚʜʷʢʠ ʢʦʛʥʽʪʠʚʥʦʤʫ ʨʘʜʽʦ ʢʦʞʝʥ ʢʦʨʠʩʪʫʚʘʯ ʤʦʞʝ 

ʢʦʥʪʨʦʣʶʚʘʪʠ ʦʪʦʯʝʥʥʷ, ʦʮʽʥʠʪʠ ʰʚʠʜʢʽʩʪʴ ʧʝʨʝʜʘʯʽ, ʧʦʚôʷʟʘʥʫ ʟ ʜʘʥʠʤ 

ʤʘʨʰʨʫʪʦʤ, ʽ ʧʨʠʡʥʷʪʠ ʦʧʪʠʤʘʣʴʥʝ ʨʽʰʝʥʥʷ ʟ ʪʦʯʢʠ ʟʦʨʫ ʡʦʛʦ ʢʦʨʠʩʥʦʩʪʽ. 

ʊʦʤʫ ʧʨʦʙʣʝʤʫ, ʱʦ ʨʦʟʛʣʷʜʘʻʪʴʩʷ, ʤʦʞʥʘ ʨʦʟʛʣʷʜʘʪʠ ʷʢ ʫʟʘʛʘʣʴʥʝʥʫ ʚʝʨʩʽʶ 

ʧʨʦʙʣʝʤʠ çʘʚʪʦʤʦʙʽʣʴ ʧʨʦʪʠ ʛʨʦʤʘʜʩʴʢʦʛʦ ʪʨʘʥʩʧʦʨʪʫè. ʂʦʞʝʥ ʧʘʩʘʞʠʨ ʜʽʻ ʫ 

ʚʣʘʩʥʠʭ ʽʥʪʝʨʝʩʘʭ ʽ ʦʙʠʨʘʻ ʤʘʨʰʨʫʪ, ʷʢʠʡ ʤʽʥʽʤʽʟʫʻ ʯʘʩ ʩʘʤʝ ʡʦʛʦ 

ʧʝʨʝʩʫʚʘʥʥʷ, ʘ ʥʝ ʽʥʰʠʭ. ʇʨʠʧʫʩʢʘʶʯʠ ʨʦʟʫʤʥʽ ʬʫʥʢʮʽʾ ʜʣʷ ʟʘʣʝʞʥʦʩʪʽ ʯʘʩʫ 

ʧʦʾʟʜʢʠ ʥʘ ʨʦʙʦʪʫ ʚʽʜ ʢʽʣʴʢʦʩʪʽ ʢʦʨʠʩʪʫʚʘʯʽʚ ʜʣʷ ʜʚʦʭ ʤʘʨʰʨʫʪʽʚ, ʻ 

ʜʦʮʽʣʴʥʠʤ ʽʩʥʫʚʘʥʥʷ ʪʘ ʫʥʽʢʘʣʴʥʽʩʪʴ ʩʪʘʙʽʣʴʥʦʾ ʨʽʚʥʦʚʘʛʠ ʅʝʰʘ (NE Nash 

equilibrium) ʜʣʷ ʜʘʥʦʛʦ ʚʠʧʘʜʢʫ [4]. ʋ ʜʘʥʽʡ ʫʩʪʘʥʦʚʮʽ ʜʘʥʘ  ʩʠʪʫʘʮʽʷ 

ʚʽʜʧʦʚʽʜʘʻ ʤʝʨʝʞʽ ʟ ʜʚʦʤʘ ʙʘʟʦʚʠʤʠ ʩʪʘʥʮʽʷʤʠ, ʜʣʷ ʷʢʠʭ ʜʦʟʚʦʣʝʥʘ ʣʠʰʝ 

ʞʦʨʩʪʢʘ ʧʝʨʝʜʘʯʘ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ, ʘ ʧʝʨʝʧʦʚʥʝʥʠʡ ʤʘʨʰʨʫʪ ʚʽʜʧʦʚʽʜʘʻ 

ʙʘʟʦʚʽʡ ʩʪʘʥʮʽʾ ʟ ʚʠʩʦʢʠʤ ʨʽʚʥʝʤ ʙʘʛʘʪʦʢʦʨʠʩʪʫʚʘʮʴʢʠʭ ʧʝʨʝʰʢʦʜ. 

ɼʦʩʣʽʜʞʫʚʘʥʘ ʛʣʦʙʘʣʴʥʘ ʩʠʩʪʝʤʘ ʩʢʣʘʜʘʻʪʴʩʷ ʟ K ʤʦʙʽʣʴʥʠʭ ʩʪʘʥʮʽʡ ʽ S 

ʙʘʟʦʚʠʭ ʩʪʘʥʮʽʡ, ʷʢʽ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʯʘʩʪʦʪʥʽ ʜʽʘʧʘʟʦʥʠ, ʱʦ ʥʝ 

ʧʝʨʝʢʨʠʚʘʶʪʴʩʷ, ʷʢʽ ʧʨʠʡʥʷʪʽ ʨʽʚʥʠʤʠ ʽ ʥʦʨʤʦʚʘʥʠʤʠ ʥʘ 1 ɻʮ. ʋʩʽ ʪʝʨʤʽʥʘʣʠ 

ʤʘʶʪʴ ʣʠʰʝ ʦʜʥʫ ʘʥʪʝʥʫ 

ʆʪʞʝ, ʜʣʷ ʥʘʣʘʰʪʫʚʘʥʴ S = 2, N1 = 1, N2 = 10, P = 10 ʽ K = 20 (ʨʠʩ. 1). 

ɼʣʷ ʩʭʝʤʠ SUD ʩʧʦʥʪʘʥʥʠʡ ʧʝʨʝʨʦʟʧʦʜʽʣ ʢʦʨʠʩʪʫʚʘʯʘ ʚ BS 1 ʩʪʘʥʦʚʠʪʴ 

ʧʨʠʙʣʠʟʥʦ 0,5, ʭʦʯʘ ʽʩʥʫʻ ʢʨʘʱʠʡ ʧʝʨʝʨʦʟʧʦʜʽʣ, ʷʢʠʡ ʟʘʙʝʟʧʝʯʠʪʴ ʟʘʛʘʣʴʥʫ 

ʰʚʠʜʢʽʩʪʴ ʙʣʠʟʴʢʦ 5 ʙʽʪ/ʩ ʟʘʤʽʩʪʴ 3 ʙʽʪ/ʩ, ʱʦ ʧʦʢʘʟʫʻ ʧʦʪʝʥʮʽʘʣ ʤʝʭʘʥʽʟʤʫ 

ʮʽʥʦʫʪʚʦʨʝʥʥʷ, ʢʦʣʠ SUD ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʥʘ ʙʘʟʦʚʠʭ ʩʪʘʥʮʽʷʭ. ɿ ʽʥʰʦʛʦ 

ʙʦʢʫ, ʢʦʣʠ ʧʨʠʧʫʩʢʘʻʪʴʩʷ, ʱʦ ʦʧʪʠʤʘʣʴʥʠʡ ʽʥʜʠʚʽʜʫʘʣʴʥʠʡ ʧʝʨʝʨʦʟʧʦʜʽʣ 

ʩʪʘʥʦʚʠʪʴ ʧʨʠʙʣʠʟʥʦ 0,75, ʘ ʚʽʜʧʦʚʽʜʥʘ ʩʫʤʘʨʥʘ ʰʚʠʜʢʽʩʪʴ ʜʦʩʠʪʴ ʙʣʠʟʴʢʘ ʜʦ 

ʦʧʪʠʤʘʣʴʥʦʾ ʩʫʤʘʨʥʦʾ ʩʪʘʚʢʠ, ʦʪʨʠʤʘʥʦʾ ʧʨʠ x1 = 0,52. ʆʯʝʚʠʜʥʦ, ʱʦ 

ʮʽʥʦʫʪʚʦʨʝʥʥʷ ʻ ʤʝʥʰ ʧʝʨʩʧʝʢʪʠʚʥʠʤ, ʢʦʣʠ ʚʧʨʦʚʘʜʞʫʻʪʴʩʷ SIC.  

ʋ ʚʠʧʘʜʢʫ, ʢʦʣʠ ʨʦʟʛʣʷʜʘʶʪʴʩʷ ʢʽʣʴʢʘ ʘʥʪʝʥʥʠʭ ʪʝʨʤʽʥʘʣʽʚ, ʽ ʜʣʷ ʷʢʦʛʦ 

ʢʘʥʘʣʠ ʚʞʝ ʥʝ ʩʪʘʪʠʯʥʽ, ʘ ʟʤʽʥʥʽ ʚ ʯʘʩʽ. ʅʘʣʘʰʪʫʚʘʥʥʷ: S = 2, K = 20, N1 = 1, 

N2 = 10, nr = nt = 4 (ʨʠʩ. 2). ʉʭʝʤʘ ʜʝʢʦʜʫʚʘʥʥʷ, ʱʦ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ 

ʙʘʟʦʚʠʤʠ ʩʪʘʥʮʽʷʤʠ ʜʣʷ ʦʜʥʦʢʦʨʠʩʪʫʚʘʮʴʢʦʛʦ ʜʝʢʦʜʫʚʘʥʥʷ. ʈʽʚʥʦʚʘʛʘ 

ʚʽʜʧʦʚʽʜʘʻ ʪʦʯʮʽ ʧʝʨʝʪʠʥʫ ʤʽʞ ʫʪʠʣʽʪʦʶ ʜʣʷ ʢʦʨʠʩʪʫʚʘʯʘ 1 ʽ ʢʦʨʠʩʥʽʩʪʶ ʜʣʷ 

ʢʦʨʠʩʪʫʚʘʯʘ 2. ʋ ʚʠʙʨʘʥʽʡ ʫʩʪʘʥʦʚʮʽ ʧʝʨʝʨʦʟʧʦʜʽʣ ʢʦʨʠʩʪʫʚʘʯʽʚ ʻ ʜʦʩʠʪʴ 

ʨʽʚʥʦʤʽʨʥʠʤ, ʦʩʢʽʣʴʢʠ = 0.525. ʎʝʡ ʧʝʨʝʨʦʟʧʦʜʽʣ ʚʽʜʙʫʚʘʻʪʴʩʷ, ʢʦʣʠ 

ʙʘʛʘʪʦʢʦʨʠʩʪʫʚʘʮʴʢʽ ʧʝʨʝʰʢʦʜʠ ʩʠʣʴʥʦ ʜʦʤʽʥʫʶʪʴ ʥʘʜ ʰʫʤʦʤ. ʊʦʜʽ ʨʽʚʝʥʴ 

ʰʫʤʫ ʧʨʠʡʦʤʫ ɹʉ ʙʽʣʴʰʝ ʥʝ ʻ ʚʠʨʽʰʘʣʴʥʦʶ ʭʘʨʘʢʪʝʨʠʩʪʠʢʦʶ ʜʣʷ ʙʘʟʦʚʦʾ 

ʩʪʘʥʮʽʾ. 

 



 138 

 
ʈʠʩ. 1. ɼʦʩʷʞʥʘ ʩʫʤʘʨʥʘ ʰʚʠʜʢʽʩʪʴ ʫ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʯʘʩʪʢʠ  

ʢʦʨʠʩʪʫʚʘʯʘ ʚ ʙʘʟʦʚʽʡ ʩʪʘʥʮʽʾ. ʇʨʠʧʫʱʝʥʥʷ: ʞʦʨʩʪʢʘ ʧʝʨʝʜʘʯʘ 

ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ, ʢʘʥʘʣʠ AWGN, ʦʜʠʥʦʯʥʽ ʘʥʪʝʥʥʽ ʪʝʨʤʽʥʘʣʠ.  

ʅʘʣʘʰʪʫʚʘʥʥʷ: S = 2, K = 20, P = 10, N1 = 1, N2 = 10. 

 

 
ʈʠʩ. 2. ɿʘʣʝʞʥʽʩʪʴ ʫʪʠʣʽʪ ʢʦʨʠʩʪʫʚʘʯʘ ʚʽʜ ʯʘʩʪʢʠ  

ʢʦʨʠʩʪʫʚʘʯʽʚ ʫ ʙʘʟʦʚʽʡ ʩʪʘʥʮʽʾ. ʇʨʠʧʫʱʝʥʥʷ: ʞʦʨʩʪʢʘ ʧʝʨʝʜʘʯʘ 

ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ, ʟʘʛʘʩʘʥʥʷ ʢʘʥʘʣʽʚ, ʙʘʛʘʪʦʘʥʪʝʥʥʽ ʪʝʨʤʽʥʘʣʠ.  

ʅʘʣʘʰʪʫʚʘʥʥʷ: S = 2, K = 20, N1 = 1, N2 = 10, nr = nt = 4. 
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ʋ ʚʠʧʘʜʢʫ ʜʝʮʝʥʪʨʘʣʽʟʦʚʘʥʠʭ ʤʝʨʝʞ ʟ ʢʦʛʥʽʪʠʚʥʠʤʠ ʪʝʨʤʽʥʘʣʘʤʠ ʟ 

ʞʦʨʩʪʢʠʤ ʭʝʥʜʦʚʝʨʦʤ ʧʦʥʷʪʪʷ ʧʝʨʝʚʘʛʠ ʤʦʞʝ ʙʫʪʠ ʨʦʟʰʠʨʝʥʦ. ʋ ʮʽʡ ʩʪʘʪʪʽ 

ʢʦʨʠʩʪʫʚʘʯ, ʱʦ ʜʽʻ ʫ ʚʣʘʩʥʠʭ ʽʥʪʝʨʝʩʘʭ ʨʦʟʨʽʟʥʷʻ ʙʘʟʦʚʽ ʩʪʘʥʮʽʾ ʟʘ ʾʭ ʰʫʤʘʤʠ 

ʧʨʠ ʧʨʠʡʦʤʽ ʪʘ ʨʽʚʥʷʤʠ ʙʘʛʘʪʦʢʦʨʠʩʪʫʚʘʮʴʢʠʭ ʟʘʚʘʜ. ʊʘʢʦʞ ʙʫʣʦ ʧʦʤʽʯʝʥʦ 

ʧʦʪʝʥʮʽʘʣ ʨʦʟʨʦʙʢʠ ʤʝʭʘʥʽʟʤʫ ʮʽʥʦʫʪʚʦʨʝʥʥʷ ʚ ʤʝʨʝʞʘʭ ʟ ʞʦʨʩʪʢʠʤ 

ʭʝʥʜʦʚʝʨʦʤ, ʦʩʦʙʣʠʚʦ ʢʦʣʠ ʥʘ ɹʉ ʧʝʨʝʜʙʘʯʘʻʪʴʩʷ ʦʜʥʦʢʦʨʠʩʪʫʚʘʮʴʢʝ 

ʜʝʢʦʜʫʚʘʥʥʷ. ʂʦʣʠ ʧʝʨʝʜʙʘʯʘʻʪʴʩʷ SIC, ʩʣʽʜ ʦʮʽʥʠʪʠ ʦʧʪʠʤʘʣʴʥʽʩʪʴ 

ʟʘʧʨʦʧʦʥʦʚʘʥʦʛʦ ʤʝʭʘʥʽʟʤʫ ʢʦʦʨʜʠʥʘʮʽʾ, ʱʦʙ ʟʥʘʪʠ, ʯʠ ʟʘʚʞʜʠ ʚʽʥ 

ʝʬʝʢʪʠʚʥʠʡ ʟʘ ʩʫʤʘʨʥʦʶ ʰʚʠʜʢʽʩʪʶ.  

ɼʦʩʣʽʜʞʝʥʦ ʧʨʦʙʣʝʤʫ ʜʝʮʝʥʪʨʘʣʽʟʦʚʘʥʦʾ ʇʆʙ ʚ ʢʦʛʥʽʪʠʚʥʠʭ ʤʝʨʝʞʘʭ. 

ʇʨʦʚʝʜʝʥʦ ʜʦʩʣʽʜʞʝʥʥʷ ʽʥʜʠʚʽʜʫʘʣʴʥʦʾ ʝʬʝʢʪʠʚʥʦʩʪʽ, ʱʦ ʚʠʟʥʘʯʘʻʪʴʩʷ 

ʩʫʤʘʨʥʦʶ ʩʪʘʚʢʦʶ ʫ ʜʚʦʭ ʚʠʧʘʜʢʘʭ ʞʦʨʩʪʢʦʾ ʧʝʨʝʜʘʯʽ: SIC ʪʘ SUD. 

ɺʠʟʥʘʯʝʥʦ ʽʥʜʠʚʽʜʫʘʣʴʥʝ ʟʘ ʚʣʘʩʥʠʤʠ ʽʥʪʝʨʝʩʘʤʠ ʨʦʟʧʦʜʽʣʝʥʥʷ ʢʦʨʠʩʪʫʚʘʯʽʚ 

ʤʽʞ ʙʘʟʦʚʠʤʠ ʩʪʘʥʮʽʷʤʠ, ʪʘʢʦʞ ʚʠʢʦʥʘʥʦ ʘʥʘʣʽʟ ʦʪʨʠʤʘʥʠʭ ʜʘʥʠʭ 

ʽʥʜʠʚʽʜʫʘʣʴʥʦʾ  ʝʬʝʢʪʠʚʥʦʩʪʽ, ʷʢʘ ʚʠʤʽʨʶʻʪʴʩʷ ʚ ʪʝʨʤʽʥʘʭ ʩʫʤʘʨʥʦʾ ʩʪʘʚʢʠ. 

ʇʨʦʚʝʜʝʥʦ ʜʦʩʣʽʜʞʝʥʥʷ ʤʦʞʣʠʚʦʩʪʽ ʧʦʰʠʨʝʥʥʷ ʥʘʜʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ ʥʘ 

ʚʠʧʘʜʦʢ ʙʘʛʘʪʦʘʥʪʝʥʥʠʭ ʪʝʨʤʽʥʘʣʽʚ ʽ ʙʘʟʦʚʠʭ ʩʪʘʥʮʽʡ. ʇʨʦʚʝʜʝʥʦ 

ʜʦʩʣʽʜʞʝʥʥʷ ʧʦʚʝʜʽʥʢʠ  ʚʽʣʴʥʠʭ ʢʦʨʠʩʪʫʚʘʯʽʚ, ʱʦ ʜʽʶʪʴ ʫ ʚʣʘʩʥʠʭ ʽʥʪʝʨʝʩʘʭ 

ʪʘ, ʱʦ ʧʽʜʢʣʶʯʘʪʠʤʫʪʴʩʷ ʜʦ ʨʽʟʥʠʭ BS. ʇʨʦʚʝʜʝʥʦ ʤʦʜʝʣʶʚʘʥʥʷ, ʫ ʨʝʟʫʣʴʪʘʪʽ 

ʷʢʦʛʦ ʤʘʚ ʤʽʩʮʝ ʚʝʣʠʢʠʡ ʧʦʪʝʥʮʽʘʣ ʨʦʟʨʦʙʢʠ ʤʝʭʘʥʽʟʤʫ ʮʽʥʦʫʪʚʦʨʝʥʥʷ ʚ 

ʤʝʨʝʞʘʭ ʟ ʞʦʨʩʪʢʦʶ ʇʆʙ, ʦʩʦʙʣʠʚʦ ʢʦʣʠ ʥʘ BS ʧʝʨʝʜʙʘʯʘʻʪʴʩʷ 

ʦʜʥʦʢʦʨʠʩʪʫʚʘʮʴʢʝ ʜʝʢʦʜʫʚʘʥʥʷ. ʊʦʤʫ ʦʯʝʚʠʜʥʦ, ʱʦ ʮʽʥʦʫʪʚʦʨʝʥʥʷ ʻ ʤʝʥʰ 

ʧʝʨʩʧʝʢʪʠʚʥʠʤ, ʢʦʣʠ ʚʧʨʦʚʘʜʞʫʻʪʴʩʷ ʚʠʧʘʜʦʢ SIC.  
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SCENARIOS FOR COUNTERACTING THE INFLUENCE  

OF INTENTIONAL INTERFERENCE ON COMMUNICATION  

CHANNELS OF UNMANNED AERIAL VEHICLES  
 

This article presents scenarios for the impact of various types of intentional interference on 

the UAV communication channel and qualitative estimates of the measured parameters. Based 

on the presented qualitative assessments, algorithms for detecting and counteracting the 

influence of intentional interference on the UAV control channel can be built. 
 

ɿʘʭʠʩʪ ʢʘʥʘʣʫ ʧʝʨʝʜʘʯʽ ʜʘʥʠʭ ʙʝʟʧʽʣʦʪʥʦʛʦ ʣʽʪʘʣʴʥʦʛʦ ʘʧʘʨʘʪʫ (ɹʇʃɸ) ʻ 

ʧʝʨʰʦʯʝʨʛʦʚʠʤ ʟʘʚʜʘʥʥʷʤ ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʧʨʦʪʠʜʽʾ ʘʪʘʢʘʤ ʥʘ ɹʇʃɸ. ʇʨʠ 

ʮʴʦʤʫ ʪʨʝʙʘ ʚʨʘʭʦʚʫʚʘʪʠ, ʱʦ ʥʘʚʽʪʴ ʚʠʢʦʨʠʩʪʘʥʥʷ ʥʘʡʙʽʣʴʰ ʟʘʭʠʱʝʥʠʭ ʚʽʜ 

ʚʧʣʠʚʫ ʥʘʚʤʠʩʥʠʭ ʧʝʨʝʰʢʦʜ ʚʠʜʽʚ ʤʦʜʫʣʷʮʽʾ ʟ ʨʦʟʰʠʨʝʥʥʷʤ ʩʧʝʢʪʨʫ ʥʝ 

ʛʘʨʘʥʪʫʻ ʟʘʭʠʩʪʫ ʪʘʢʦʛʦ ʢʘʥʘʣʫ. ʋ ʨʦʙʦʪʘʭ [1-3] ʙʫʣʦ ʟʘʧʨʦʧʦʥʦʚʘʥʦ 

ʘʨʭʽʪʝʢʪʫʨʥʝ ʨʽʰʝʥʥʷ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʜʚʦʭ ʢʘʥʘʣʽʚ ʫ ʨʽʟʥʠʭ ʜʽʘʧʘʟʦʥʘʭ 

ʯʘʩʪʦʪ ʜʣʷ ʢʘʥʘʣʫ ʫʧʨʘʚʣʽʥʥʷ ɹʇʃɸ. ʇʨʠ ʮʴʦʤʫ ʽʥʬʦʨʤʘʮʽʷ ʚ ʦʙʦʭ ʢʘʥʘʣʘʭ 

ʧʝʨʝʜʘʻʪʴʩʷ ʦʜʥʦʯʘʩʥʦ ʟ ʧʦʚʥʠʤ ʜʫʙʣʶʚʘʥʥʷʤ, ʱʦ ʤʘʻ ʧʽʜʚʠʱʠʪʠ ʩʪʽʡʢʽʩʪʴ 

ʪʘʢʦʛʦ ʢʘʥʘʣʫ ʜʦ ʚʧʣʠʚʫ ʥʘʚʤʠʩʥʠʭ ʧʝʨʝʰʢʦʜ.  

ɺ ʨʦʙʦʪʽ [4] ʙʫʣʦ ʦʧʠʩʘʥʦ ʧʦʨʽʛ ʦʧʦʨʫ ʟʘʚʘʜʽ (anti-jam margin), ʷʢʠʡ 

ʚʠʟʥʘʯʘʻ ʩʪʽʡʢʽʩʪʴ ʩʠʩʪʝʤʠ ʜʦ ʩʧʨʦʙ ʧʦʜʘʚʣʝʥʥʷ ʩʠʛʥʘʣʫ. ʅʝʟʚʘʞʘʶʯʠ ʥʘ ʪʝ, 

ʱʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʮʴʦʛʦ ʪʝʨʤʽʥʫ ʥʝ ʟʘʚʞʜʠ ʢʦʨʝʢʪʥʝ, ʡʦʛʦ ʤʦʞʥʘ ʟʘʩʪʦʩʫʚʘʪʠ 

ʫ ʟʘʛʘʣʴʥʦʤʫ ʚʠʧʘʜʢʫ ʜʣʷ ʧʦʟʥʘʯʝʥʥʷ ʟʘʧʘʩʫ ʤʽʮʥʦʩʪʽ ʧʨʦʪʠ ʢʦʥʢʨʝʪʥʦʾ 

ʥʘʚʤʠʩʥʦʾ ʟʘʚʘʜʠ. 

ɼʣʷ ʪʨʘʜʠʮʽʡʥʦʛʦ ʚʘʨʽʘʥʪʫ ʩʠʩʪʝʤʠ ʟʚ'ʷʟʢʫ, ʥʘ ʷʢʠʡ ʚʧʣʠʚʘʻ ʥʘʚʤʠʩʥʘ 

ʟʘʚʘʜʘ anti-jam margin ʤʦʞʥʘ ʦʧʠʩʘʪʠ ʷʢ: 
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ɼʣʷ ʚʘʨʽʘʥʪʫ, ʟʘʧʨʦʧʦʥʦʚʘʥʦʛʦ ʚ [1-3] ʟ ʜʚʦʤʘ ʢʘʥʘʣʘʤʠ ʧʨʠʡʦʤʫ, ʚ ʷʢʠʭ 

ʧʝʨʝʜʘʻʪʴʩʷ ʜʫʙʣʴʦʚʘʥʘ ʽʥʬʦʨʤʘʮʽʷ, anti-jam margin ʤʦʞʥʘ ʧʨʝʜʩʪʘʚʠʪʠ ʷʢ: 

_ 1 _ 2max( , )AJ AJ Channel AJ ChannelM M M=     (2) 

ʊʘʢʠʤ ʯʠʥʦʤ, ʫ ʨʘʟʽ ʚʧʣʠʚʫ ʥʘʚʤʠʩʥʠʭ ʟʘʚʘʜ ʪʽʣʴʢʠ ʥʘ ʦʜʠʥ ʟ ʢʘʥʘʣʽʚ, 

anti-jam margin ʙʫʜʝ ʤʘʢʩʠʤʘʣʴʥʠʤ ʽ ʦʙʤʝʞʫʚʘʪʠʩʷ ʣʠʰʝ ʥʝʥʘʚʤʠʩʥʠʤʠ 

ʟʘʚʘʜʘʤʠ ʚ ʜʽʘʧʘʟʦʥʽ ʨʦʙʦʪʠ ʢʘʥʘʣʫ, ʚ ʷʢʦʤʫ ʚʽʜʩʫʪʥʽ ʥʘʚʤʠʩʥʽ ʟʘʚʘʜʠ. ʋ ʨʘʟʽ 

ʚʧʣʠʚʫ ʥʘʚʤʠʩʥʠʭ ʟʘʚʘʜ ʥʘ ʦʙʠʜʚʘ ʢʘʥʘʣʠ ʧʨʠʡʦʤʫ ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʚʠʩʦʢʦʾ 

ʜʦʩʪʦʚʽʨʥʦʩʪʽ ʧʝʨʝʜʘʯʽ ʽʥʬʦʨʤʘʮʽʾ ʚ ʢʘʥʘʣʽ ʫʧʨʘʚʣʽʥʥʷ ʽ, ʚʽʜʧʦʚʽʜʥʦ, 

çʞʠʚʫʯʦʩʪʽè ʢʘʥʘʣʫ ʟʚ'ʷʟʢʫ ɹʇʃɸ ʽ ʩʘʤʦʛʦ ɹʇʃɸ, ʜʦʩʪʘʪʥʴʦ ʟʘʙʝʟʧʝʯʠʪʠ 



 141 

ʜʦʩʪʘʪʥʽʡ anti-jam margin, ʭʦʯʘ ʙ ʚ ʦʜʥʦʤʫ ʟ ʢʘʥʘʣʽʚ ʧʨʠʡʦʤʫ. 

ʅʝʟʚʘʞʘʶʯʠ ʥʘ ʪʝ, ʱʦ ʚʠʨʘʟʠ (1,2) ʜʦʩʠʪʴ ʽʥʬʦʨʤʘʪʠʚʥʦ ʦʧʠʩʫʶʪʴ anti-

jam margin ʫ ʨʘʟʽ ʚʧʣʠʚʫ ʥʘ ʢʘʥʘʣ ʟʚ'ʷʟʢʫ ʝʥʝʨʛʝʪʠʯʥʠʭ ʟʘʚʘʜ, ʟʘʧʨʦʧʦʥʦʚʘʥʝ 

ʘʨʭʽʪʝʢʪʫʨʥʝ ʨʽʰʝʥʥʷ ʤʘʪʠʤʝ ʘʥʘʣʦʛʽʯʥʠʡ ʝʬʝʢʪ ʽ ʧʨʠ ʚʧʣʠʚʽ ʥʘ ʢʘʥʘʣ ʟʚ'ʷʟʢʫ 

ʩʪʨʫʢʪʫʨʦʚʘʥʠʭ ʟʘʚʘʜ. ʇʨʠ ʮʴʦʤʫ ʥʘʩʪʫʧʥʠʤ ʜʫʞʝ ʚʘʞʣʠʚʠʤ ʟʘʚʜʘʥʥʷʤ 

ʪʨʘʢʪʫ ʧʨʠʡʦʤʫ ʻ ʨʦʟʧʽʟʥʘʚʘʥʥʷ ʥʘʷʚʥʦʩʪʽ ʚ ʢʘʥʘʣʽ ʟʚ'ʷʟʢʫ ʥʘʚʤʠʩʥʠʭ 

ʧʝʨʝʰʢʦʜ. ʋ ʨʘʟʽ ʚʧʣʠʚʫ ʝʥʝʨʛʝʪʠʯʥʦʾ ʟʘʚʘʜʠ (ʷʢ ʰʫʤʦʚʦʾ, ʪʘʢ ʽ 

ʩʪʨʫʢʪʫʨʦʚʘʥʦʾ) ʮʝ ʟʘʚʜʘʥʥʷ ʥʝ ʻ ʦʩʦʙʣʠʚʦ ʘʢʪʫʘʣʴʥʠʤ, ʦʩʢʽʣʴʢʠ ʥʘʚʤʠʩʥʘ 

ʟʘʚʘʜʘ ʧʨʠʟʚʦʜʠʪʴ ʪʽʣʴʢʠ ʜʦ ʚʪʨʘʪʠ ʫʧʨʘʚʣʽʥʥʷ ɹʇʃɸ ʦʧʝʨʘʪʦʨʦʤ,  ʧʨʠ 

ʮʴʦʤʫ ʚʦʥʘ ʣʝʛʢʦ ʜʝʪʝʢʪʫʻʪʴʩʷ. ɿʘʩʦʙʦʤ ʧʨʦʪʠʜʽʾ ʚʧʣʠʚʫ ʪʘʢʦʾ ʟʘʚʘʜʠ ʤʦʞʝ 

ʙʫʪʠ ʧʝʨʝʚʝʜʝʥʥʷ ɹʇʃɸ ʚ ʘʚʪʦʥʦʤʥʠʡ ʨʝʞʠʤ ʧʦʣʴʦʪʫ. ʋ ʨʘʟʽ ʚʧʣʠʚʫ 

ʽʤʽʪʘʮʽʡʥʦʾ ʟʘʚʘʜʠ ʪʠʧʫ replay attacks, ʘʙʦ false data injection attack ʩʠʪʫʘʮʽʷ 

ʩʪʘʻ ʥʝʦʜʥʦʟʥʘʯʥʦʶ, ʪʦʤʫ ʜʫʞʝ ʚʘʞʣʠʚʦ ʧʨʘʚʠʣʴʥʦ ʚʠʟʥʘʯʠʪʠ ʢʘʥʘʣ, ʥʘ ʷʢʠʡ 

ʚʧʣʠʚʘʻ ʥʘʚʤʠʩʥʘ ʟʘʚʘʜʘ ʽ ʪʘʢʠʤ ʯʠʥʦʤ ʟʜʽʡʩʥʶʻʪʴʩʷ ʘʪʘʢʘ ʥʘ ɹʇʃɸ. 

ɼʣʷ ʝʬʝʢʪʠʚʥʦʾ ʧʨʦʪʠʜʽʾ ʚʧʣʠʚʫ ʥʘʚʤʠʩʥʠʭ ʟʘʚʘʜ ʥʝʦʙʭʽʜʥʦ ʜʝʪʝʢʪʫʚʘʪʠ 

ʮʶ ʟʘʚʘʜʫ ʪʘ, ʧʦ ʤʦʞʣʠʚʦʩʪʽ, ʢʣʘʩʠʬʽʢʫʚʘʪʠ ʾʾ ʟ ʤʝʪʦʶ ʧʨʘʚʠʣʴʥʦʛʦ ʚʠʙʦʨʫ ʪʘ 

ʘʢʪʠʚʘʮʽʾ ʦʧʪʠʤʘʣʴʥʦʛʦ ʘʣʛʦʨʠʪʤʫ ʧʨʦʪʠʜʽʾ. ʉʫʯʘʩʥʠʡ ʧʨʠʡʤʘʯ ʤʘʻ ʢʽʣʴʢʘ 

ʟʘʩʦʙʽʚ ʦʮʽʥʢʠ ʩʪʘʥʫ ʢʘʥʘʣʫ ʟʚ'ʷʟʢʫ: ʨʽʚʝʥʴ ʧʨʠʡʥʷʪʦʛʦ ʩʠʛʥʘʣʫ (RSSI - 

Received Signal Strength Indication), ʚʽʜʥʦʰʝʥʥʷ ʩʠʛʥʘʣ ʰʫʤ (SNR - Signal-to-

noise ratio), ʢʦʝʬʽʮʽʻʥʪ ʧʦʤʠʣʦʢ (BER- Bit Error Rate). ʇʦʢʘʟʥʠʢ ʨʽʚʥʷ 

ʧʨʠʡʥʷʪʦʛʦ ʩʠʛʥʘʣʫ RSSI ʚʠʟʥʘʯʘʻ ʢʽʣʴʢʽʩʥʫ ʭʘʨʘʢʪʝʨʠʩʪʠʢʫ ʧʨʠʡʥʷʪʦʛʦ 

ʩʠʛʥʘʣʫ ʚ ʧʝʚʥʽʡ ʩʤʫʟʽ ʯʘʩʪʦʪ, ʧʨʠ ʮʴʦʤʫ ʥʝ ʚʠʟʥʘʯʘʻʪʴʩʷ ʯʠ ʩʠʛʥʘʣ ʻ 

ʢʦʨʠʩʥʠʤ, ʮʝ ʩʠʛʥʘʣ ʟʘʚʘʜʠ, ʘʙʦ ʮʝ ʩʫʤʽʰ ʩʠʛʥʘʣʫ ʪʘ ʟʘʚʘʜʠ. ɺʽʜʥʦʰʝʥʥʷ 

ʧʦʪʫʞʥʦʩʪʽ ʧʨʠʡʥʷʪʦʛʦ ʩʠʛʥʘʣʫ ʜʦ ʧʦʪʫʞʥʦʩʪʽ ʰʫʤʫ SNR ʚʠʟʥʘʯʘʻ ʷʢʽʩʪʴ 

ʧʨʠʡʥʷʪʦʛʦ ʢʦʨʠʩʥʦʛʦ ʩʠʛʥʘʣʫ ʟʘ ʫʤʦʚʠ, ʱʦ ʮʝʡ ʩʠʛʥʘʣ ʢʦʨʠʩʥʠʡ 

(ʜʝʪʝʢʪʫʻʪʴʩʷ) ʽ ʧʨʠʡʤʘʻʪʴʩʷ ʩʫʤʽʰ ʩʠʛʥʘʣʫ ʪʘ ʧʝʨʝʰʢʦʜʠ, ʧʨʠ ʮʴʦʤʫ ʥʝ 

ʢʦʥʢʨʝʪʠʟʫʶʯʠ ʪʠʧ ʧʝʨʝʰʢʦʜʠ. ɺʠʤʽʨʶʚʘʥʥʷ BER (ʧʽʜʨʘʭʫʥʦʢ ʢʽʣʴʢʦʩʪʽ 

ʧʦʤʠʣʦʢ ʥʘ ʽʥʪʝʨʚʘʣʽ ʢʘʜʨʫ Nerror) ʤʦʞʣʠʚʝ ʚ ʢʘʥʘʣʘʭ ʟʚ'ʷʟʢʫ ʟ ʟʘʚʘʜʦʩʪʽʡʢʠʤ 

ʢʦʜʫʚʘʥʥʷʤ ʟ ʧʨʷʤʦʶ ʢʦʨʝʢʮʽʻʶ ʧʦʤʠʣʦʢ (FEC  - Forward Error Correction) ʽ 

ʜʦʟʚʦʣʷʻ ʪʦʯʥʽʰʝ ʚʠʟʥʘʯʘʪʠ ʷʢʽʩʪʴ ʧʨʠʡʥʷʪʦʛʦ ʩʠʛʥʘʣʫ ʚ ʧʦʨʽʚʥʷʥʥʽ ʟ SNR, 

ʦʩʢʽʣʴʢʠ ʚʠʟʥʘʯʘʻ ʷʢʽʩʪʴ ʧʨʠʡʥʷʪʦʾ ʽʥʬʦʨʤʘʮʽʾ.  ɿʘʟʥʘʯʝʥʝ ʚʠʱʝ ʚʢʘʟʫʻ ʥʘ ʪʝ, 

ʱʦ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʧʨʠʩʫʪʥʦʩʪʽ ʥʘʚʤʠʩʥʦʾ ʟʘʚʘʜʠ, ʾʾ ʢʣʘʩʠʬʽʢʘʮʽʶ ʪʘ 

ʝʬʝʢʪʠʚʥʫ ʧʨʦʪʠʜʽʶ ʾʾ ʚʧʣʠʚʫ, ʚ ʟʘʛʘʣʴʥʦʤʫ ʚʠʛʣʷʜʽ ʥʝʦʙʭʽʜʥʦ ʤʘʪʠ ʱʝ 

ʤʽʥʽʤʫʤ ʦʜʠʥ ʩʪʫʧʽʥʴ ʩʚʦʙʦʜʠ. ʊʘʢʠʡ ʩʪʫʧʽʥʴ ʩʚʦʙʦʜʠ ʤʦʞʝ ʙʫʪʠ ʜʦʩʷʛʥʫʪʠʡ 

ʜʦʜʘʪʢʦʚʠʤʠ ʚʠʤʽʨʘʤʠ, ʘʙʦ (ʽ) ʘʨʭʽʪʝʢʪʫʨʥʠʤʠ ʨʽʰʝʥʥʷʤʠ ʚʽʜʥʦʩʥʦ ʧʦʙʫʜʦʚʠ 

ʩʠʩʪʝʤʠ ʟʚ'ʷʟʢʫ. ʅʘʷʚʥʽʩʪʴ ʪʨʝʪʴʦʛʦ ʩʪʫʧʝʥʷ ʩʚʦʙʦʜʠ ʧʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ 

ʟʘʧʨʦʧʦʥʦʚʘʥʠʭ ʫ [1-3] ʘʨʭʽʪʝʢʪʫʨʥʠʭ ʨʽʰʝʥʴ ʜʦʟʚʦʣʷʻ ʙʫʜʫʚʘʪʠ ʘʣʛʦʨʠʪʤʠ 

ʜʝʪʝʢʪʫʚʘʥʥʷ ʥʘʚʤʠʩʥʠʭ ʟʘʚʘʜ ʪʘ ʘʣʛʦʨʠʪʤʠ ʧʨʦʪʠʜʽʾ ʚʧʣʠʚʫ ʪʘʢʠʭ ʟʘʚʘʜ ʥʘ 

ʩʠʩʪʝʤʫ ʟʚ'ʷʟʢʫ ɹʇʃɸ. 

ʋ ʪʘʙʣʠʮʽ 1 ʥʘʚʝʜʝʥʦ ʩʮʝʥʘʨʽʾ ʟ ʷʢʽʩʥʠʤʠ ʦʮʽʥʢʘʤʠ, ʥʘ ʦʩʥʦʚʽ ʷʢʠʭ 

ʤʦʞʫʪʴ ʙʫʜʫʚʘʪʠʩʷ ʘʣʛʦʨʠʪʤʠ ʜʝʪʝʢʪʫʚʘʥʥʷ ʥʘʚʤʠʩʥʠʭ ʟʘʚʘʜ ʪʘ ʘʣʛʦʨʠʪʤʠ 

ʧʨʦʪʠʜʽʾ ʚʧʣʠʚʫ ʪʘʢʠʭ ʟʘʚʘʜ ʥʘ ʢʘʥʘʣ ʫʧʨʘʚʣʽʥʥʷ ɹʇʃɸ. ʇʝʨʝʜʙʘʯʘʻʪʴʩʷ, ʱʦ 

ʜʣʷ ʨʦʙʦʪʠ ʘʣʛʦʨʠʪʤʽʚ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʫʩʝʨʝʜʥʝʥʽ ʧʘʨʘʤʝʪʨʠ, ʧʨʠ ʮʴʦʤʫ 

ʜʦʚʞʠʥʘ ʽʥʪʝʨʚʘʣʫ ʫʩʝʨʝʜʥʝʥʥʷ ʚʠʙʠʨʘʻʪʴʩʷ ʢʨʘʪʥʦʶ ʜʦʚʞʠʥʦʶ ʦʜʥʦʛʦ 

ʢʘʜʨʫ ʜʘʥʠʭ, ʱʦ ʜʦʟʚʦʣʷʻ ʚʠʢʣʶʯʠʪʠ ʟ ʨʦʟʛʣʷʜʫ ʰʚʠʜʢʽ ʟʘʚʤʠʨʘʥʥʷ ʚ ʢʘʥʘʣʽ 
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ʟʚ'ʷʟʢʫ, ʱʦ ʚʠʥʠʢʘʶʪʴ ʫ ʚʠʧʘʜʢʫ ʥʘʷʚʥʦʩʪʽ ʯʘʩʪʦʪʥʦ-ʩʝʣʝʢʪʠʚʥʠʭ ʟʘʚʤʠʨʘʥʴ. 

ʂʨʽʤ ʪʦʛʦ, ʧʦʪʫʞʥʦʩʪʽ ʚ ʢʘʥʘʣʘʭ ʟʚ'ʷʟʢʫ ʧʦʚʠʥʥʽ ʙʫʪʠ ʦʙʨʘʥʽ ʪʘʢʠʤ ʯʠʥʦʤ, 

ʱʦʙ ʟʘʙʝʟʧʝʯʠʪʠ ʦʜʥʘʢʦʚʠʡ ʝʥʝʨʛʝʪʠʯʥʠʡ ʧʦʪʝʥʮʽʘʣ ʚ ʦʙʦʭ ʢʘʥʘʣʘʭ, ʱʦ ʙʫʜʝ 

ʚʠʢʦʨʠʩʪʘʥʦ ʷʢ ʦʜʠʥ ʽʟ ʢʨʠʪʝʨʽʾʚ ʧʨʠ ʜʝʪʝʢʪʫʚʘʥʥʽ ʥʘʚʤʠʩʥʦʾ ʟʘʚʘʜʠ. 

ʉʮʝʥʘʨʽʾ ʚʠʟʥʘʯʝʥʽ ʟʘ ʫʤʦʚʠ, ʱʦ ʧʦʪʝʥʮʽʡʥʠʡ ʚʧʣʠʚ ʥʘʚʤʠʩʥʦʾ ʟʘʚʘʜʠ ʥʘ 

ʢʘʥʘʣ ʫʧʨʘʚʣʽʥʥʷ ʚʠʷʚʣʝʥʦ. ʅʘʡʪʦʯʥʽʰʦʶ ʧʝʨʚʠʥʥʦʶ ʦʟʥʘʢʦʶ ʚʠʷʚʣʝʥʥʷ ʻ 

ʢʦʥʪʨʦʣʴ ʚʽʜʤʽʥʥʦʩʪʽ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʧʦʚʽʜʦʤʣʝʥʴ ʫ ʜʚʦʭ ʢʘʥʘʣʘʭ ʟʚ'ʷʟʢʫ: 

( )1 2_ ,Channel ChannelJam d XOR Message Message=     (3) 

ʗʢʱʦ Jam_d=1, ʪʦ ʡʤʦʚʽʨʥʦ, ʱʦ ʥʘ ʦʜʠʥ ʽʟ ʢʘʥʘʣʽʚ ʟʚ'ʷʟʢʫ ʚ ʢʘʥʘʣʽ 

ʫʧʨʘʚʣʽʥʥʷ ʤʦʞʝ ʟʜʽʡʩʥʶʚʘʪʠʩʷ ʥʘʚʤʠʩʥʘ ʘʪʘʢʘ. 

ʊʘʙ. 1. ʉʮʝʥʘʨʽʾ ʚʧʣʠʚʫ ʥʘʚʤʠʩʥʠʭ ʟʘʚʘʜ, ʾʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʪʘ ʦʟʥʘʢʠ ʜʣʷ ʜʝʪʝʢʪʫʚʘʥʥʷ.  

ʉʮʝʥʘʨʽʡ ʊʠʧ ʟʘʚʘʜʠ ʆʧʠʩ ʦʟʥʘʢʠ ʟʘʚʘʜʠ 

1 ɽʥʝʨʛʝʪʠʯʥʘ 

ʰʫʤʦʚʘ ʟʘʚʘʜʘ, 

ʰʠʨʦʢʦʩʤʫʛʦʚʘ  

ɺ ʦʜʥʦʤʫ ʟ ʢʘʥʘʣʽʚ Nerror >>1;  

RSSIChan_error > RSSIChan_correct ;  

SNRChan_error<  SNRChan_correct;  

RSSIChan_error+-BW~RSSIChan_error 

2 ɽʥʝʨʛʝʪʠʯʥʘ 

ʰʫʤʦʚʘ ʟʘʚʘʜʘ, 

ʚʫʟʴʢʦʢʦʩʤʫʛʦʚʘ  

ɺ ʦʜʥʦʤʫ ʟ ʢʘʥʘʣʽʚ Nerror >>1;  

RSSIChan_error > RSSIChan_correct ;  

SNRChan_error<  SNRChan_correct;  

RSSIChan_error+-BW<<RSSIChan_error 

3 ɽʥʝʨʛʝʪʠʯʥʘ 

ʩʪʨʫʢʪʫʨʦʚʘʥʘ 

ʟʘʚʘʜʘ 

ɺ ʦʜʥʦʤʫ ʟ ʢʘʥʘʣʽʚ Nerror >>1;  

RSSIChan_error >= RSSIChan_correct ; 

 SNRChan_error<=SNRChan_correct;  

ɺʽʜʩʫʪʥʽʩʪʴ ʩʠʥʭʨʦʥʽʟʘʮʽʾ ʢʘʜʨʽʚ (ʧʘʢʝʪʽʚ) 

4 ɯʤʽʪʘʮʽʡʥʘ ʟʘʚʘʜʘ 

ʪʠʧʫ ʘʪʘʢʠ 

ʧʦʚʪʦʨʝʥʥʷ  

(replay attack) 

Nerror_Chan1 ~ Nerror_Chan2;  

RSSI Chan1>> RSSI Chan2 ;   

SNR Chan1>= SNR Chan2 ;  

ʅʝʧʨʘʚʠʣʴʥʽʩʪʴ ʧʦʨʷʜʢʫ ʩʣʽʜʫʚʘʥʥʷ ʽʤʽʪʘʮʽʡʥʠʭ ʚʩʪʘʚʦʢ. 

5 ɯʤʽʪʘʮʽʡʥʘ ʟʘʚʘʜʘ  

ʟʘʤʽʱʝʥʥʷ (false 

data injection attack) 

Nerror_Chan1 ~ Nerror_Chan2;  

RSSI Chan1>> RSSI Chan2 ;   

SNR Chan1>= SNR Chan2 ;  

ʉʧʦʩʪʝʨʝʞʝʥʥʷ ʟʤʽʥ ʥʘ ʜʦʚʛʦʤʫ ʽʥʪʝʨʚʘʣʽ ʯʘʩʫ. 
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CHARACTERISTICS OF INTENTIONAL JAMMING ACTING ON THE 

COMMUNICATION CHANNEL OF AN UNMANNED AERIAL VEHICLE  
 

This article presents the structure of the organization of electronic countermeasures to the 

UAV communication channel, gives a characteristic of intentional interference that can affect the 

UAV communication channel, and presents the results of testing the effect of such interference. 

 

ɺʧʣʠʚ ʥʘ ʢʘʥʘʣ ʟʚ'ʷʟʢʫ ɹʇʃɸ ʥʘʚʤʠʩʥʠʭ ʟʘʚʘʜ ʥʝʟʘʣʝʞʥʦ ʚʽʜ ʡʦʛʦ 

ʧʨʠʟʥʘʯʝʥʥʷ (ʚʽʡʩʴʢʦʚʠʡ ʯʠ ʮʠʚʽʣʴʥʠʡ) ʻ ʩʚʦʻʨʽʜʥʠʤ ʟʘʩʦʙʦʤ 

ʨʘʜʽʦʝʣʝʢʪʨʦʥʥʦʾ ʙʦʨʦʪʴʙʠ. ɺʽʜʥʦʩʥʦ ʢʘʥʘʣʽʚ ʟʚ'ʷʟʢʫ ɹʇʃɸ ʤʦʞʥʘ ʚʠʜʽʣʠʪʠ 

ʪʨʠ ʩʢʣʘʜʦʚʽ ʨʘʜʽʦʝʣʝʢʪʨʦʥʥʦʾ ʙʦʨʦʪʴʙʠ: ʧʘʩʠʚʥʝ ʨʘʜʽʦʝʣʝʢʪʨʦʥʥʝ 

ʟʘʙʝʟʧʝʯʝʥʥʷ (Electronic Support Measures - ESM); ʘʢʪʠʚʥʝ ʨʘʜʽʦʝʣʝʢʪʨʦʥʥʝ 

ʧʦʜʘʚʣʝʥʥʷ (Electronic CounterMeasures - ECM); ʧʨʦʪʠʜʽʷ ʨʘʜʽʦʝʣʝʢʪʨʦʥʥʦʤʫ 

ʧʦʜʘʚʣʝʥʥʶ -ʨʘʜʽʦʝʣʝʢʪʨʦʥʥʠʡ ʟʘʭʠʩʪ (Electronic Counter-CounterMeasures ð 

ECCM). ʇʘʩʠʚʥʝ ʨʘʜʽʦʝʣʝʢʪʨʦʥʥʝ ʟʘʙʝʟʧʝʯʝʥʥʷ ʩʪʦʩʦʚʥʦ ɹʇʃɸ ʧʦʣʷʛʘʻ 

ʧʝʨʝʚʘʞʥʦ ʫ ʨʘʜʽʦʨʦʟʚʽʜʮʽ, ʷʢʘ ʟʘʙʝʟʧʝʯʫʻ ʧʝʨʝʭʦʧʣʝʥʥʷ ʩʠʛʥʘʣʽʚ, ʚʠʟʥʘʯʝʥʥʷ 

ʥʘʧʨʷʤʫ ʾʭʥʴʦʛʦ ʧʨʠʭʦʜʫ ʪʘ ʾʭ ʘʥʘʣʽʟ. ʆʩʦʙʣʠʚʽʩʪʶ ʦʩʪʘʥʥʽʭ ʜʚʦʭ ʩʢʣʘʜʦʚʠʭ 

ʯʘʩʪʠʥ ʻ ʪʝ, ʱʦ ʨʦʟʨʦʙʢʘ ʚʠʢʦʨʠʩʪʦʚʫʚʘʥʦʛʦ ʜʣʷ ʾʭ ʨʝʘʣʽʟʘʮʽʾ ʫʩʪʘʪʢʫʚʘʥʥʷ 

ʩʫʧʨʦʚʦʜʞʫʻʪʴʩʷ ʧʦʩʪʽʡʥʠʤ ʟʤʘʛʘʥʥʷʤ ʦʜʥʽʻʾ ʟ ʜʨʫʛʦʶ. 

ʊʠʧʦʚʠʡ ʩʮʝʥʘʨʽʡ ʨʘʜʽʦʝʣʝʢʪʨʦʥʥʦʾ ʙʦʨʦʪʴʙʠ ï ʮʝ ʧʨʦʪʠʩʪʦʷʥʥʷ ʤʽʞ 

ʩʠʣʘʤʠ ʪʘ ʟʘʩʦʙʘʤʠ ʚʩʽʭ ʪʨʴʦʭ ʩʢʣʘʜʦʚʠʭ: ʨʘʜʽʦʝʣʝʢʪʨʦʥʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ, 

ʨʘʜʽʦʝʣʝʢʪʨʦʥʥʦʛʦ ʧʦʜʘʚʣʝʥʥʷ ʪʘ ʨʘʜʽʦʝʣʝʢʪʨʦʥʥʦʛʦ ʟʘʭʠʩʪʫ. ʇʨʠ ʮʴʦʤʫ 

ʚʘʞʣʠʚʠʤ ʘʩʧʝʢʪʦʤ ʻ ʪʝ, ʱʦʙ ʧʨʦʛʨʘʤʥʝ ʟʘʙʝʟʧʝʯʝʥʥʷ ʩʠʩʪʝʤʠ 

ʨʘʜʽʦʝʣʝʢʪʨʦʥʥʦʛʦ ʟʘʭʠʩʪʫ ʙʫʣʦ ʤʦʜʠʬʽʢʦʚʘʥʠʤ, ʪʦʙʪʦ ʤʘʣʦ ʙ ʚʽʜʢʨʠʪʫ 

ʘʨʭʽʪʝʢʪʫʨʫ [1]. ɼʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʝʬʝʢʪʠʚʥʦʛʦ ʨʘʜʽʦʝʣʝʢʪʨʦʥʥʦʛʦ ʟʘʭʠʩʪʫ 

ʚʘʞʣʠʚʦ ʟʥʘʪʠ, ʷʢʽ ʪʠʧʠ ʥʘʚʤʠʩʥʠʭ ʟʘʚʘʜ ʤʦʞʫʪʴ ʜʽʷʪʠ ʥʘ ʢʘʥʘʣ ʟʚ'ʷʟʢʫ 

ɹʇʃɸ, ʦʩʦʙʣʠʚʦʩʪʽ ʾʭ ʟʘʩʪʦʩʫʚʘʥʥʷ ʪʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ. ɼʣʷ ʧʨʦʪʠʜʽʾ ɹʇʃɸ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʩʪʘʥʮʽʾ ʨʘʜʽʦʝʣʝʢʪʨʦʥʥʦʾ ʙʦʨʦʪʴʙʠ, ʱʦ ʧʦʻʜʥʫʶʪʴ ʫ ʩʦʙʽ 

ʬʫʥʢʮʽʾ ʨʘʜʽʦʨʦʟʚʽʜʢʠ ʽ ʨʘʜʽʦʧʦʜʘʚʣʝʥʥʷ, ʱʦ ʧʨʘʮʶʶʪʴ ʫ ʰʠʨʦʢʦʤʫ ʜʽʘʧʘʟʦʥʽ 

ʯʘʩʪʦʪ ʥʘʧʨʠʢʣʘʜ [2], ʘ ʪʘʢʦʞ ʤʘʣʦʛʘʙʘʨʠʪʥʽ ʤʘʣʦʧʦʪʫʞʥʽ ʘʥʪʠʜʨʦʥ ʨʫʰʥʠʮʽ 

ʟ ʦʙʤʝʞʝʥʠʤ ʜʽʘʧʘʟʦʥʦʤ ʯʘʩʪʦʪ ʪʘ ʬʫʥʢʮʽʦʥʘʣʴʥʽʩʪʶ, ʥʘʧʨʠʢʣʘʜ [3]. ʉʪʘʥʮʽʷ 

ʨʘʜʽʦʝʣʝʢʪʨʦʥʥʦʾ ʙʦʨʦʪʴʙʠ ʟʘʚʞʜʠ ʨʦʟʪʘʰʦʚʫʻʪʴʩʷ ʙʣʠʞʯʝ ʜʦ ʦʙ'ʻʢʪʽʚ 

ʚʠʢʦʥʘʥʥʷ ʤʽʩʽʾ ɹʇʃɸ, ʘʙʦ ʚ ʙʝʟʧʦʩʝʨʝʜʥʽʡ ʙʣʠʟʴʢʦʩʪʽ ʜʦ ʥʠʭ. ɺʥʘʩʣʽʜʦʢ 

ʮʴʦʛʦ ʧʨʦʩʪʦʨʦʚʽ ʪʘ ʝʥʝʨʛʝʪʠʯʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʢʘʥʘʣʫ ʟʚ'ʷʟʢʫ ɹʇʃɸ ʪʘ 

ʢʘʥʘʣʫ ʧʦʜʘʚʣʝʥʥʷ ʽʩʪʦʪʥʦ ʚʽʜʨʽʟʥʷʶʪʴʩʷ ʟʘ ʧʨʦʪʷʞʥʽʩʪʶ ʪʘ ʥʘʧʨʷʤʢʦʤ 

ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ. 
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ʅʘ ʨʠʩʫʥʢʫ 1 ʧʦʢʘʟʘʥʘ ʩʪʨʫʢʪʫʨʥʘ ʩʭʝʤʘ ʦʨʛʘʥʽʟʘʮʽʾ ʨʘʜʽʦʝʣʝʢʪʨʦʥʥʦʾ 
ʧʨʦʪʠʜʽʾ ʙʝʟʧʽʣʦʪʥʦʤʫ ʣʽʪʘʣʴʥʦʤʫ ʘʧʘʨʘʪʫ, ʚ ʷʢʽʡ ʧʦʢʘʟʘʥʽ ʢʘʥʘʣ ʧʝʨʝʜʘʯʽ 
ʜʘʥʠʭ ʚʽʜ ʥʘʟʝʤʥʦʾ ʩʪʘʥʮʽʾ ʫʧʨʘʚʣʽʥʥʷ ɹʇʃɸ, ʦʨʛʘʥʽʟʘʮʽʷ ʢʘʥʘʣʫ ʧʦʩʪʘʥʦʚʢʠ 
ʟʘʚʘʜʠ ʪʘ ʩʪʨʫʢʪʫʨʘ ʩʠʛʥʘʣʫ ʥʘ ʚʭʦʜʽ ʧʨʠʡʤʘʯʘ ʟ ʫʩʽʤʘ ʚʠʢʨʠʚʣʝʥʥʷʤʠ ʪʘ 
ʟʘʚʘʜʘʤʠ. 

 
ʈʠʩ.1.  ʉʪʨʫʢʪʫʨʥʘ ʩʭʝʤʘ ʦʨʛʘʥʽʟʘʮʽʾ ʨʘʜʽʦʝʣʝʢʪʨʦʥʥʦʾ ʧʨʦʪʠʜʽʾ ɹʇʃɸ. 

 

ʄʦʜʝʣʴ ʩʠʛʥʘʣʫ, ʱʦ ʧʝʨʝʜʘʻʪʴʩʷ ʚʽʜ ʥʘʟʝʤʥʦʾ ʩʪʘʥʮʽʾ ʫʧʨʘʚʣʽʥʥʷ ʜʦ 
ɹʇʃɸ ʫ ʨʘʟʽ ʚʽʜʩʫʪʥʦʩʪʽ ʨʘʜʽʦʧʨʦʪʠʜʽʾ ʚ ʟʘʛʘʣʴʥʦʤʫ ʚʠʧʘʜʢʫ ʦʧʠʩʫʻʪʴʩʷ ʷʢ: 

( )  ( ) ( ) ( )X t K t S t n t= * +                                              (1) 

ɿʘ ʥʘʷʚʥʦʩʪʽ ʨʘʜʽʦʧʨʦʪʠʜʽʾ ʤʦʜʝʣʴ ʢʘʥʘʣʫ ʤʦʞʝ ʙʫʪʠ ʦʧʠʩʘʥʘ  ʷʢ: 
( )  ( )* ( ) ( ) ( )X t K t S t n t J t= + +                                          (2) 

ʇʨʠ ʮʴʦʤʫ ʢʘʥʘʣ ʨʘʜʽʦʧʨʦʪʠʜʽʾ, ʘʥʘʣʦʛʽʯʥʦ ʢʘʥʘʣʫ ʟʚ'ʷʟʢʫ ʟ ɹʇʃɸ, 
ʤʦʞʝ ʙʫʪʠ ʧʽʜʜʘʥʠʡ ʚʧʣʠʚʫ ʙʘʛʘʪʦʧʨʦʤʝʥʝʚʦʩʪʽ ʽ ʥʘ ʚʭʽʜ ʧʨʠʡʤʘʯʘ 
ʥʘʜʭʦʜʠʪʴ ʘʜʠʪʠʚʥʘ ʧʝʨʝʰʢʦʜʘ, ʱʦ ʦʧʠʩʫʻʪʴʩʷ ʷʢ:    

( )  ( )* ( ) ( )ECMJ t K t Sj t n t= +                                            (3) 

 ʉʣʽʜ ʟʘʟʥʘʯʠʪʠ, ʱʦ ʘʜʠʪʠʚʥʘ ʟʘʚʘʜʘ n(t) ʫ ʚʠʨʘʟʘʭ 2 ʽ 3 ʮʝ ʪʘ ʩʘʤʘ 
ʟʘʚʘʜʘ, ʦʙʤʝʞʝʥʘ ʧʦ ʩʤʫʟʽ ʯʘʩʪʦʪ ʚʭʽʜʥʠʤ ʪʨʘʢʪʦʤ ʽ ʬʽʣʴʪʨʘʤʠ ʦʩʥʦʚʥʦʾ 
ʩʝʣʝʢʮʽʾ ʧʨʠʡʤʘʯʘ ɹʇʃɸ. 

ʅʘ ʚʭʽʜ ʧʨʠʡʤʘʯʘ ʩʪʘʥʮʽʾ ʨʘʜʽʦʨʦʟʚʽʜʢʠ ʥʘʜʭʦʜʠʪʴ ʩʠʛʥʘʣ, ʷʢʠʡ ʤʦʞʥʘ 
ʦʧʠʩʘʪʠ ʘʥʘʣʦʛʽʯʥʦ (1). ɺ ʽʜʝʘʣʴʥʦʤʫ ʚʘʨʽʘʥʪʽ ʩʪʘʥʮʽʷ ʨʘʜʽʦʨʦʟʚʽʜʢʠ ʨʦʟʧʽʟʥʘʻ 
ʥʘʷʚʥʽʩʪʴ ʩʠʛʥʘʣʫ ʫʧʨʘʚʣʽʥʥʷ ɹʇʃɸ, ʢʣʘʩʠʬʽʢʫʻ ʡʦʛʦ, ʚʠʟʥʘʯʘʻ ʧʘʨʘʤʝʪʨʠ 
(ʯʘʩʪʦʪʘ ʥʝʩʫʯʦʾ, ʚʠʜ ʤʦʜʫʣʷʮʽʾ, ʰʚʠʜʢʽʩʪʴ ʧʝʨʝʜʘʯʽ). ʆʩʢʽʣʴʢʠ ʚʠʤʦʛʠ ʟʘ 
ʯʘʩʦʤ ʨʝʘʢʮʽʾ ʩʪʘʥʮʽʾ ʨʘʜʽʦʨʦʟʚʽʜʢʠ ʪʘ ʚʢʣʶʯʝʥʥʷ ʩʠʩʪʝʤʠ ʨʘʜʽʦʧʦʜʘʚʣʝʥʥʷ 
ʥʝ ʻ çʞʦʨʩʪʢʠʤʠè ʚ ʧʦʨʽʚʥʷʥʥʽ ʟ ʪʠʤʠ, ʱʦ ʧʨʝʜ'ʷʚʣʷʶʪʴʩʷ ʜʦ 
ʨʘʜʽʦʣʦʢʘʮʽʡʥʠʭ ʩʠʩʪʝʤ ʨʘʜʽʦʝʣʝʢʪʨʦʥʥʦʾ ʙʦʨʦʪʴʙʠ, ʦʙʨʦʙʢʘ ʩʠʛʥʘʣʫ ʚ 
ʨʝʘʣʴʥʦʤʫ ʤʘʩʰʪʘʙʽ ʯʘʩʫ ʥʝ ʧʦʪʨʽʙʥʘ ʽ ʤʦʞʝ ʚʠʢʦʥʫʚʘʪʠʩʴ ʽʟ ʟʘʧʠʩʘʥʠʤ 
ʬʨʘʛʤʝʥʪʦʤ ʩʠʛʥʘʣʫ. ʇʽʩʣʷ ʮʴʦʛʦ ʩʪʘʥʮʽʷ ʨʘʜʽʦʝʣʝʢʪʨʦʥʥʦʾ ʙʦʨʦʪʴʙʠ ʬʦʨʤʫʻ 
ʩʠʛʥʘʣ ʥʘʚʤʠʩʥʦʾ ʧʝʨʝʰʢʦʜʠ. ɺ ʷʢʦʩʪʽ ʪʘʢʦʛʦ ʩʠʛʥʘʣʫ ʤʦʞʫʪʴ ʙʫʪʠ 
ʚʠʢʦʨʠʩʪʘʥʽ ʪʘʢʽ ʟʘʚʘʜʠ: 

- ɽʥʝʨʛʝʪʠʯʥʘ ʰʫʤʦʚʘ ʟʘʚʘʜʘ (ʰʠʨʦʢʦʩʤʫʛʦʚʘ, ʘʙʦ ʚʫʟʴʢʦʩʤʫʛʦʚʘ). ʋ 
ʧʝʨʰʦʤʫ ʥʘʙʣʠʞʝʥʥʽ ʚʦʥʘ ʤʦʞʝ ʨʦʟʛʣʷʜʘʪʠʩʷ ʷʢ ʨʽʚʥʦʤʽʨʥʠʡ çʙʽʣʠʡ ʰʫʤè, 
ʱʦ ʚʠʧʨʦʤʽʥʶʻʪʴʩʷ ʚ ʜʽʘʧʘʟʦʥʽ ʨʦʙʦʯʠʭ ʯʘʩʪʦʪ ʩʪʘʥʮʽʾ ʫʧʨʘʚʣʽʥʥʷ ɹʇʃɸ ( 
ʰʠʨʦʢʦʩʤʫʛʦʚʘ ʟʘʚʘʜʘ) ʘʙʦ ʚ ʩʤʫʟʽ ʨʦʙʦʯʠʭ ʯʘʩʪʦʪ ʢʘʥʘʣʫ ʫʧʨʘʚʣʽʥʥʷ 
(ʚʫʟʴʢʦʩʤʫʛʦʚʘ ʟʘʚʘʜʘ). ɺʠʢʦʨʠʩʪʘʥʥʷ ʰʠʨʦʢʦʩʤʫʛʦʚʦʾ ʟʘʚʘʜʠ ʚʠʤʘʛʘʻ ʚʽʜ 
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ʩʪʘʥʮʽʾ ʚʝʣʠʢʦʾ ʧʦʪʫʞʥʦʩʪʽ ʜʣʷ ʜʦʩʷʛʥʝʥʥʷ N0 ʜʦʩʪʘʪʥʴʦʛʦ ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ 
SNR < SNRmin , ʧʨʠ ʷʢʦʤʫ ʡʤʦʚʽʨʥʽʩʪʴ ʧʦʤʠʣʢʦʚʦʛʦ ʧʨʠʡʦʤʫ ʧʨʠʡʤʘʯʝʤ 
ɹʇʃɸ BER ʛʘʨʘʥʪʦʚʘʥʦ ʧʝʨʝʚʠʱʠʪʴ ʟʘʜʘʥʠʡ ʨʽʚʝʥʴ (ʤʝʥʰʝ 10

-3
); 

- ɽʥʝʨʛʝʪʠʯʥʘ ʩʪʨʫʢʪʫʨʦʚʘʥʘ ʟʘʚʘʜʘ, ʷʢʘ ʚʠʧʨʦʤʽʥʶʻʪʴʩʷ ʥʘ ʨʦʙʦʯʽʡ 
ʯʘʩʪʦʪʽ ʢʘʥʘʣʫ ʫʧʨʘʚʣʽʥʥʷ ɹʇʃɸ ʽ ʧʦʚʪʦʨʶʻ ʡʦʛʦ ʧʘʨʘʤʝʪʨʠ (ʚʠʜ ʤʦʜʫʣʷʮʽʾ, 
ʩʤʫʛʘ ʯʘʩʪʦʪ). ɺʧʣʠʚ ʪʘʢʦʾ ʟʘʚʘʜʠ ʥʘ ʢʘʥʘʣ ʟʚ'ʷʟʢʫ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʟʨʠʚʫ 
ʩʠʥʭʨʦʥʽʟʘʮʽʾ (ʯʘʩʪʦʪʥʦʾ, ʬʘʟʦʚʦʾ, ʯʘʩʦʚʦʾ) ʪʘ ʧʦʚʥʦʛʦ ʨʫʡʥʫʚʘʥʥʷ 
ʽʥʬʦʨʤʘʮʽʡʥʦʛʦ ʧʦʚʽʜʦʤʣʝʥʥʷ. ʈʝʟʫʣʴʪʘʪʠ ʚʠʧʨʦʙʫʚʘʥʴ ʚʧʣʠʚʫ ʪʘʢʦʾ ʟʘʚʘʜʠ 
ʥʘ ʢʘʥʘʣ ʟʚ'ʷʟʢʫ ʟ ʤʦʜʫʣʷʮʽʻʶ QPSK ʧʦʢʘʟʘʣʠ, ʱʦ ʯʘʩʪʢʦʚʠʡ ʟʨʠʚ 
ʩʠʥʭʨʦʥʽʟʘʮʽʾ ʚ ʢʘʥʘʣʽ ʟʚ'ʷʟʢʫ ʚʽʜʙʫʚʘʻʪʴʩʷ ʚʞʝ ʧʨʠ Ps/Pj = 10 dB, ʘ ʧʦʚʥʝ 
ʨʫʡʥʫʚʘʥʥʷ ʢʘʥʘʣʫ ʧʨʠ Ps/Pj = 6 dB. ʎʽ ʚʠʧʨʦʙʫʚʘʥʥʷ ʧʨʦʚʦʜʠʣʠʩʷ ʟ 
ʚʠʢʦʨʠʩʪʘʥʥʷʤ SDR ʪʨʘʥʩʠʚʝʨʽʚ Arradio [4] ʚ ʷʢʦʩʪʽ ʦʩʥʦʚʥʦʛʦ ʽ Pluto SDR 
[5] ʚ ʷʢʦʩʪʽ ʜʞʝʨʝʣʘ ʧʝʨʝʰʢʦʜʠ, ʧʨʠ ʮʴʦʤʫ ʚʽʜʩʪʘʥʴ ʚʽʜ ʧʝʨʝʜʘʚʘʯʽʚ ʜʦ 
ʧʨʠʡʤʘʯʘ ʙʫʣʘ ʦʜʥʘʢʦʚʦʶ. ɼʣʷ ʧʦʨʽʚʥʷʥʥʷ, ʚ ʨʝʟʫʣʴʪʘʪʽ ʘʥʘʣʦʛʽʯʥʠʭ 
ʚʠʧʨʦʙʫʚʘʥʴ ʚʧʣʠʚʫ ʥʘ ʢʘʥʘʣ ʟ ʦʙʤʝʞʝʥʦʶ ʬʽʣʴʪʨʘʤʠ ʧʨʠʡʤʘʯʘ ʩʤʫʛʦʶ 
ʯʘʩʪʦʪ ʘʜʠʪʠʚʥʦʛʦ ʙʽʣʦʛʦ ʰʫʤʫ ʯʘʩʪʢʦʚʠʡ ʟʨʠʚ ʩʠʥʭʨʦʥʽʟʘʮʽʾ ʚʽʜʙʫʚʘʚʩʷ ʧʨʠ 
Ps/Pj = -3 dB, ʧʦʚʥʝ ʨʫʡʥʫʚʘʥʥʷ ʢʘʥʘʣʫ ʧʨʠ Ps/Pj = - 6 dB; 

- ɯʤʽʪʘʮʽʡʥʘ ʟʘʚʘʜʘ ʪʠʧʫ ʘʪʘʢ ʧʦʚʪʦʨʝʥʥʷ (replay attack), ʧʨʠ ʷʢʽʡ ʚ 
ʷʢʦʩʪʽ ʩʠʛʥʘʣʫ ʟʘʚʘʜʠ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʟʘʧʠʩ ʨʝʘʣʴʥʦʛʦ ʩʠʛʥʘʣʫ ʚ ʢʘʥʘʣʽ 
ʟʚ'ʷʟʢʫ (ʥʘʧʨʠʢʣʘʜ ʟ ʧʨʷʤʦʣʽʥʽʡʥʠʤ ʨʫʭʦʤ ɹʇʃɸ), ʷʢʘ ʧʦʚʪʦʨʶʻ ʚʩʶ 
ʩʪʨʫʢʪʫʨʫ ʩʠʛʥʘʣʫ, ʚʢʣʶʯʘʶʯʠ ʝʣʝʤʝʥʪʠ ʢʨʠʧʪʦʟʘʭʠʩʪʫ ʢʘʥʘʣʫ. ɼʣʷ 
ʝʬʝʢʪʠʚʥʦʛʦ ʚʧʣʠʚʫ ʪʘʢʦʾ ʟʘʚʘʜʠ ʥʘ ʢʘʥʘʣ ʟʚ'ʷʟʢʫ ʥʘ ʚʭʦʜʽ ʧʨʠʡʤʘʯʘ ʤʘʻ 
ʚʠʢʦʥʫʚʘʪʠʩʴ ʫʤʦʚʘ Pj/ Ps > Pjmin. ʈʝʟʫʣʴʪʘʪʠ ʚʠʧʨʦʙʫʚʘʥʴ ʫ ʢʘʥʘʣʽ ʟʚ'ʷʟʢʫ ʟ 
QPSK ʤʦʜʫʣʷʮʽʻʶ ʙʝʟ ʟʘʚʘʜʦʚʦʛʦ ʢʦʜʫʚʘʥʥʷ ʧʦʢʘʟʘʣʠ, ʱʦ  Pjmin ʩʢʣʘʣʦ 10 dB 
ʧʨʠ ʡʤʦʚʽʨʥʦʩʪʽ ʧʦʤʠʣʢʠ BER < 10

-3
; 

- ɯʤʽʪʘʮʽʡʥʘ ʟʘʚʘʜʘ ʧʦʚʥʦʛʦ ʯʠ ʯʘʩʪʢʦʚʦʛʦ ʟʘʤʽʱʝʥʥʷ ʽʥʬʦʨʤʘʮʽʡʥʦʛʦ 
ʧʦʚʽʜʦʤʣʝʥʥʷ ʫ ʚʠʛʣʷʜʽ ʚʚʝʜʝʥʥʷ ʧʦʤʠʣʢʦʚʠʭ ʜʘʥʠʭ (false data injection 
attack) . ʊʘʢʠʡ ʚʠʜ ʟʘʚʘʜ ʻ ʥʘʡʙʽʣʴʰ ʰʢʽʜʣʠʚʠʤ ʟ ʪʦʯʢʠ ʟʦʨʫ çʞʠʚʫʯʦʩʪʽè 
ɹʇʃɸ, ʦʩʢʽʣʴʢʠ ʚʽʥ ʜʦʟʚʦʣʷʻ ʧʦʚʥʽʩʪʶ ʧʝʨʝʭʦʧʠʪʠ ʢʝʨʫʚʘʥʥʷ ʙʝʟʧʽʣʦʪʥʠʤ 
ʘʧʘʨʘʪʦʤ. ɼʣʷ ʨʝʘʣʽʟʘʮʽʾ ʪʘʢʦʛʦ ʚʠʜʫ ʟʘʚʘʜʠ ʩʪʘʥʮʽʷ ʨʘʜʽʦʨʦʟʚʽʜʢʠ ʧʦʚʠʥʥʘ 
ʧʦʚʥʽʩʪʶ ʜʝʪʝʢʪʫʚʘʪʠ ʽʥʬʦʨʤʘʮʽʡʥʝ ʧʦʚʽʜʦʤʣʝʥʥʷ, ʚʢʣʶʯʘʶʯʠ ʢʨʠʧʪʦʟʘʭʠʩʪ 
ʽ ʧʽʩʣʷ ʮʴʦʛʦ ʩʬʦʨʤʫʚʘʪʠ ʥʦʚʝ ʟʤʽʥʝʥʝ ʧʦʚʽʜʦʤʣʝʥʥʷ. ɼʣʷ ʝʬʝʢʪʠʚʥʦʛʦ 
ʚʧʣʠʚʫ ʪʘʢʦʾ ʟʘʚʘʜʠ ʥʘ ʢʘʥʘʣ ʟʚ'ʷʟʢʫ ʪʘʢʦʞ ʤʘʻ ʚʠʢʦʥʫʚʘʪʠʩʷ ʫʤʦʚʘ  
Pj/ Ps > Pjmin. 
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BASIC TECHNOLOGIES FOR CREATING THE  

ORBITAL CLOUD DATA STORAGE NETWORK  

 

Technologies for the creation of a Satellite Cloud Data Storage Network in the 

Geostationary Orbit are presented. The Network consists of Satellites - Cloud Data Centers, that 

perform the functions of Data Centers directly in the orbital; and High-Throughput Satellites, 

which perform the function of collecting information from consumers and Gateways to access 

the data network. For the Development of the Satellite Network, the technologies of Phased 

Array Systems, Software-defined Radio, and Software-Defined networks are used as basic. 

 

ʇʨʝʜʩʪʘʚʣʝʥʽ ʪʝʭʥʦʣʦʛʽʾ ʜʣʷ ʩʪʚʦʨʝʥʥʷ ʥʘ ʛʝʦʩʪʘʮʽʦʥʘʨʥʽʡ ʦʨʙʽʪʽ ʩʫʧʫʪʥʠʢʦʚʦʾ ʤʝʨʝʞʽ 

ʭʤʘʨʥʠʭ ʩʭʦʚʠʱ ʜʘʥʠʭ. ɼʦ ʩʢʣʘʜʫ ʤʝʨʝʞʽ ʚʭʦʜʷʪʴ ʩʫʧʫʪʥʠʢʠ ï ʭʤʘʨʥʽ ʮʝʥʪʨʠ ʜʘʥʠʭ, ʱʦ 

ʟʜʽʡʩʥʶʶʪʴ ʬʫʥʢʮʽʾ ʦʨʙʽʪʘʣʴʥʠʭ ʜʘʪʘ-ʮʝʥʪʨʽʚ, ʪʘ ʩʫʧʫʪʥʠʢʠ ʚʝʣʠʢʦʾ ʧʨʦʧʫʩʢʥʦʾ ʟʜʘʪʥʦʩʪʽ, 

ʷʢʽ ʚʠʢʦʥʫʶʪʴ ʬʫʥʢʮʽʶ ʟʙʠʨʘʥʥʷ ʽʥʬʦʨʤʘʮʽʾ ʚʽʜ ʩʧʦʞʠʚʘʯʽʚ ʪʘ ʰʣʶʟʽʚ ʜʦʩʪʫʧʫ ʜʦ ʤʝʨʝʞʽ 

ʜʘʥʠʭ. ɼʣʷ ʧʦʙʫʜʦʚʠ ʩʫʧʫʪʥʠʢʦʚʦʾ ʤʝʨʝʞʽ ʚ ʷʢʦʩʪʽ ʙʘʟʦʚʠʭ ʟʘʧʨʦʧʦʥʦʚʘʥʦ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʪʝʭʥʦʣʦʛʽʾ ʬʘʟʦʚʘʥʠʭ ʘʥʪʝʥʥʠʭ ʨʝʰʽʪʦʢ, ʧʨʦʛʨʘʤʥʦ ʢʦʥʬʽʛʫʨʦʚʘʥʦʛʦ 

ʨʘʜʽʦ- ʪʘ ʧʨʦʛʨʘʤʥʦ-ʢʦʥʬʽʛʫʨʦʚʘʥʠʭ ʤʝʨʝʞ ʧʝʨʝʜʘʯʽ ʜʘʥʠʭ. 

ʈʦʟʚʠʪʦʢ ʩʫʯʘʩʥʠʭ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʪʝʭʥʦʣʦʛʽʡ ʟʙʠʨʘʥʥʷ, ʥʘʢʦʧʠʯʝʥʥʷ, ʦʧʨʘʮʶʚʘʥʥʷ ʪʘ 

ʨʦʟʧʦʚʩʶʜʞʝʥʥʷ ʜʘʥʠʭ ʩʧʠʨʘʻʪʴʩʷ ʥʘ ʤʝʨʝʞʫ ʚʝʣʠʢʠʭ ʜʘʪʘ-ʮʝʥʪʨʽʚ, ʱʦ ʨʦʟʪʘʰʦʚʘʥʽ ʚ 

ʨʽʟʥʠʭ ʢʫʪʦʯʢʘʭ ʩʚʽʪʫ ʽ ʟôʻʜʥʘʥʽ ʚʠʩʦʢʦʰʚʠʜʢʽʩʥʠʤʠ ʢʘʥʘʣʘʤʠ ʧʝʨʝʜʘʯʽ ʜʘʥʠʭ. 

ʉʬʦʨʤʦʚʘʥʘ ʽʥʬʨʘʩʪʨʫʢʪʫʨʘ ʥʘʜʘʻ ʢʦʨʠʩʪʫʚʘʯʘʤ ʰʠʨʦʢʠʡ ʩʧʝʢʪʨ ʧʦʩʣʫʛ, ʷʢʽ ʙʘʟʫʶʪʴʩʷ ʥʘ 

ʪʝʭʥʦʣʦʛʽʷʭ ʚʽʨʪʫʘʣʴʥʠʭ ʤʘʰʠʥ, ʛʽʧʝʨʚʽʟʦʨʽʚ, ʭʤʘʨʥʠʭ ʩʭʦʚʠʱ ʜʘʥʠʭ. ɼʣʷ ʧʦʢʨʘʱʝʥʥʷ 

ʜʦʩʪʫʧʫ ʢʦʨʠʩʪʫʚʘʯʽʚ ʜʦ ʩʪʚʦʨʝʥʦʾ ʥʘʟʝʤʥʦʾ ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ ʜʘʪʘ-ʮʝʥʪʨʽʚ ʦʧʝʨʘʪʦʨʠ 

ʩʫʧʫʪʥʠʢʦʚʠʭ ʩʠʩʪʝʤ, ʚ ʧʝʨʰʫ ʯʝʨʛʫ ʦʧʝʨʘʪʦʨʠ ʛʝʦʩʪʘʮʽʦʥʘʨʥʠʭ ʩʠʩʪʝʤ ʚʠʩʦʢʦʾ ʪʘ 

ʥʘʜʚʠʩʦʢʦʾ ʧʨʦʧʫʩʢʥʦʾ ʟʜʘʪʥʦʩʪʽ, ʩʧʽʣʴʥʦ ʟ ʢʦʤʧʘʥʽʷʤʠ-ʦʧʝʨʘʪʦʨʘʤʠ ʜʘʪʘ-ʮʝʥʪʨʽʚ 

ʨʦʟʤʽʱʫʶʪʴ ʜʘʪʘ-ʮʝʥʪʨʠ ʚ ʙʝʟʧʦʩʝʨʝʜʥʽʡ ʙʣʠʟʴʢʦʩʪʽ ʚʽʜ ʪʝʣʝʧʦʨʪʽʚ ʩʫʧʫʪʥʠʢʦʚʠʭ ʩʠʩʪʝʤ, 

ʘʙʦ ʥʘ ʦʜʥʦʤʫ ʤʘʡʜʘʥʯʠʢʫ. ɸʣʝ ʜʦ ʮʴʦʛʦ ʯʘʩʫ ʥʝʚʠʨʽʰʝʥʠʤ ʧʠʪʘʥʥʷʤ ʻ ʟʘʙʝʟʧʝʯʝʥʥʷ 

ʛʣʦʙʘʣʴʥʦʛʦ ʜʦʩʪʫʧʫ ʜʦ ʭʤʘʨʥʠʭ ʩʭʦʚʠʱ ʜʘʥʠʭ ʥʝʟʘʣʝʞʥʦ ʚʽʜ ʤʽʩʮʷ ʨʦʟʪʘʰʫʚʘʥʥʷ 

ʢʦʨʠʩʪʫʚʘʯʘ, ʥʘʷʚʥʦʾ ʪʝʣʝʢʦʤʫʥʽʢʘʮʽʡʥʦʾ ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ, ʦʙʯʠʩʣʶʚʘʣʴʥʦʾ ʧʦʪʫʞʥʦʩʪʽ 

ʦʙʣʘʜʥʘʥʥʷ ʢʦʨʠʩʪʫʚʘʯʘ. ʂʨʽʤ ʪʦʛʦ, ʧʦʩʪʽʡʥʦ ʟʨʦʩʪʘʻ ʚʘʞʣʠʚʽʩʪʴ ʩʢʦʨʦʯʝʥʥʷ ʯʘʩʫ 
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ʟʚʝʨʥʝʥʥʷ ʢʦʨʠʩʪʫʚʘʯʘ ʜʦ ʭʤʘʨʥʦʛʦ ʩʭʦʚʠʱʘ ʪʘ ʦʪʨʠʤʘʥʥʷ ʥʝʦʙʭʽʜʥʠʭ ʧʦʩʣʫʛ. ʅʘ 

ʨʦʟʚôʷʟʘʥʥʷ ʟʘʟʥʘʯʝʥʠʭ ʧʠʪʘʥʴ ʩʧʨʷʤʦʚʘʥʘ ʧʨʦʧʦʟʠʮʽʷ ʱʦʜʦ ʩʪʚʦʨʝʥʥʷ ʦʨʙʽʪʘʣʴʥʦʾ ʤʝʨʝʞʽ 

ʭʤʘʨʥʠʭ ʩʭʦʚʠʱ ʜʘʥʠʭ [1]. ʊʘʢʘ ʤʝʨʝʞʘ ʧʨʠʟʥʘʯʝʥʘ ʜʣʷ ʥʘʜʘʥʥʷ ʧʦʩʣʫʛ ʢʦʨʠʩʪʫʚʘʯʘʤ ʥʘ 

ʧʦʚʝʨʭʥʽ ɿʝʤʣʽ ʪʘ ʥʘ ʥʠʟʴʢʽʡ ʥʘʚʢʦʣʦʟʝʤʥʽʡ ʦʨʙʽʪʽ ʽʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʩʫʧʫʪʥʠʢʽʚ, ʱʦ 

ʨʦʟʪʘʰʦʚʘʥʽ ʥʘ ʛʝʦʩʪʘʮʽʦʥʘʨʥʽʡ ʦʨʙʽʪʽ, ʽ ʻ ʜʦʧʦʚʥʝʥʥʷʤ ʜʦ ʥʘʟʝʤʥʦʾ ʤʝʨʝʞʽ ʚʝʣʠʢʠʭ ʜʘʪʘ-

ʮʝʥʪʨʽʚ ʪʘ ʭʤʘʨʥʠʭ ʩʭʦʚʠʱ ʜʘʥʠʭ. 

1. ʆʨʙʽʪʘʣʴʥʘ ʩʠʩʪʝʤʘ ʭʤʘʨʥʠʭ ʩʭʦʚʠʱ ʜʘʥʠʭ. 

ʆʨʙʽʪʘʣʴʥʘ ʤʝʨʝʞʘ ʭʤʘʨʥʠʭ ʩʭʦʚʠʱ ʜʘʥʠʭ ʧʨʠʟʥʘʯʝʥʘ ʜʣʷ ʥʘʜʘʥʥʷ ʧʦʩʣʫʛ ʭʤʘʨʥʠʭ 

ʮʝʥʪʨʽʚ ʟʙʠʨʘʥʥʷ, ʦʙʨʦʙʢʠ, ʟʙʝʨʽʛʘʥʥʷ ʪʘ ʧʦʰʠʨʝʥʥʷ ʜʘʥʠʭ ʜʣʷ ʢʦʨʠʩʪʫʚʘʯʽʚ, ʱʦ 

ʟʥʘʭʦʜʷʪʴʩʷ ʥʘ ʧʦʚʝʨʭʥʽ ɿʝʤʣʽ ʥʝʟʘʣʝʞʥʦ ʚʽʜ ʾʭ ʤʽʩʮʷ ʨʦʟʪʘʰʫʚʘʥʥʷ, ʪʘ ʥʠʟʴʢʦʦʨʙʽʪʘʣʴʥʠʭ 

ʩʫʧʫʪʥʠʢʦʚʠʭ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʩʠʩʪʝʤ. ʄʝʨʝʞʘ ʩʢʣʘʜʘʻʪʴʩʷ ʽʟ ʛʝʦʩʪʘʮʽʦʥʘʨʥʠʭ ʩʫʧʫʪʥʠʢʽʚ 

ʜʚʦʭ ʪʠʧʽʚ (ʨʠʩ.1): 

- ʉʫʧʫʪʥʠʢ ï ʜʘʪʘ-ʮʝʥʪʨ; 

- ʉʫʧʫʪʥʠʢ ï ʰʣʶʟ ʜʦʩʪʫʧʫ. 

 

 
ʈʠʩ.1. ʆʨʙʽʪʘʣʴʥʘ ʩʠʩʪʝʤʘ ʭʤʘʨʥʠʭ ʩʭʦʚʠʱ ʜʘʥʠʭ. 

ʂʦʨʠʩʥʠʤ ʥʘʚʘʥʪʘʞʝʥʥʷʤ ʩʫʧʫʪʥʠʢʘ ï ʜʘʪʘ-ʮʝʥʪʨʫ ʻ ʦʙʯʠʩʣʶʚʘʣʴʥʠʡ ʤʦʜʫʣʴ ʽʟ 

ʩʝʨʚʝʨʘʤʠ ʪʘ ʤʦʜʫʣʴ ʧʘʤôʷʪʽ. ʂʦʨʠʩʥʝ ʥʘʚʘʥʪʘʞʝʥʥʷ ʩʫʧʫʪʥʠʢʘ ʧʦ ʩʢʣʘʜʫ ʪʘ ʧʦ ʧʦʨʷʜʢʫ 

ʚʟʘʻʤʦʜʽʾ ʧʦʜʽʙʥʝ ʜʦ ʮʽʣʴʦʚʦʛʦ ʦʙʣʘʜʥʘʥʥʷ ʥʘʟʝʤʥʦʛʦ ʜʘʪʘ-ʮʝʥʪʨʫ. ɼʣʷ ʧʽʜʢʣʶʯʝʥʥʷ ʜʦ 

ʥʘʟʝʤʥʦʾ ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ ʜʘʪʘ-ʮʝʥʪʨʽʚ ʩʫʧʫʪʥʠʢ ʤʘʻ ʦʢʨʝʤʠʡ ʨʘʜʽʦʢʘʥʘʣ ʚʠʩʦʢʦʾ 

ʧʨʦʧʫʩʢʥʦʾ ʟʜʘʪʥʦʩʪʽ ʽʟ ʜʝʢʽʣʴʢʦʤʘ ʥʘʜʚʫʟʴʢʠʤʠ ʧʨʦʤʝʥʷʤʠ, ʱʦ ʦʨʽʻʥʪʦʚʘʥʽ 

ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʚ ʪʦʯʢʠ ʨʦʟʪʘʰʫʚʘʥʥʷ ʥʘʟʝʤʥʠʭ ʜʘʪʘ-ʮʝʥʪʨʽʚ. 

ʉʫʧʫʪʥʠʢ ï ʰʣʶʟ ʧʦʙʫʜʦʚʘʥʠʡ ʧʦ ʪʝʭʥʦʣʦʛʽʾ ʩʫʧʫʪʥʠʢʘ ʚʝʣʠʢʦʾ ʧʨʦʧʫʩʢʥʦʾ ʟʜʘʪʥʦʩʪʽ. 

ʅʘ ʜʦʜʘʪʦʢ ʜʦ ʥʘʜʚʫʟʴʢʠʭ ʧʨʦʤʝʥʽʚ ʟ ʬʽʢʩʦʚʘʥʦʶ ʦʨʽʻʥʪʘʮʽʻʶ ʩʫʧʫʪʥʠʢ ï ʰʣʶʟ ʟʜʘʪʥʠʡ 

ʬʦʨʤʫʚʘʪʠ ʢʝʨʦʚʘʥʽ ʧʨʦʤʝʥʽ, ʱʦ ʚʽʜʩʪʝʞʫʶʪʴ ʨʫʭ ʢʦʨʠʩʪʫʚʘʯʽʚ ʥʘ ʧʦʚʝʨʭʥʽ ɿʝʤʣʽ, ʪʘ ʥʘ 

ʥʠʟʴʢʽʡ ʥʘʚʢʦʣʦʟʝʤʥʽʡ ʦʨʙʽʪʽ. ʅʘ ʚʽʜʤʽʥʫ ʚʽʜ ʢʣʘʩʠʯʥʠʭ ʩʫʧʫʪʥʠʢʽʚ ʚʝʣʠʢʦʾ ʧʨʦʧʫʩʢʥʦʾ 

ʟʜʘʪʥʦʩʪʽ, ʩʫʧʫʪʥʠʢ ï ʰʣʶʟ ʟʘʙʝʟʧʝʯʫʻ ʧʝʨʝʜʘʯʫ ʦʪʨʠʤʘʥʦʾ ʽʥʬʦʨʤʘʮʽʾ ʜʦ ʩʫʧʫʪʥʠʢʘ ï 



 148 

ʜʘʪʘ-ʮʝʥʪʨʘ. ʆʜʥʦʯʘʩʥʦ ʩʫʧʫʪʥʠʢ ï ʰʣʶʟ ʟʜʽʡʩʥʶʻ ʢʦʥʪʨʦʣʴ ʜʦʩʪʫʧʫ ʢʦʨʠʩʪʫʚʘʯʽʚ ʜʦ 

ʨʝʩʫʨʩʽʚ ʩʠʩʪʝʤʠ ʪʘ ʟʘʙʝʟʧʝʯʫʻ ʽʥʬʦʨʤʘʮʽʡʥʠʡ ʟʘʭʠʩʪ ʩʠʩʪʝʤʠ. 

ɼʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʦʨʙʽʪʘʣʴʥʦʾ ʩʠʩʪʝʤʠ ʩʪʚʦʨʶʻʪʴʩʷ ʦʨʙʽʪʘʣʴʥʘ 

ʤʝʨʝʞʘ ʧʝʨʝʜʘʯʽ ʜʘʥʠʭ. ʄʝʨʝʞʘ ʧʝʨʝʜʘʯʽ ʜʘʥʠʭ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʨʘʜʽʦ ʘʙʦ ʦʧʪʠʯʥʠʭ ʣʽʥʽʡ 

ʟʚôʷʟʢʫ ʤʽʞ ʩʫʧʫʪʥʠʢʘʤʠ ʪʘ ʢʦʤʫʪʘʮʽʡʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ ʽ ʤʘʨʰʨʫʪʠʟʘʪʦʨʽʚ, ʱʦ ʚʩʪʘʥʦʚʣʝʥʽ 

ʫ ʩʢʣʘʜʽ ʩʫʧʫʪʥʠʢʽʚ ï ʰʣʶʟʽʚ. 

2. ɹʘʟʦʚʽ ʪʝʭʥʦʣʦʛʽʾ ʜʣʷ ʧʦʙʫʜʦʚʠ ʩʠʩʪʝʤʠ.  

ʉʪʚʦʨʝʥʥʷ ʥʘ ʛʝʦʩʪʘʮʽʦʥʘʨʥʽʡ ʦʨʙʽʪʽ ʟʘʧʨʦʧʦʥʦʚʘʥʦʾ ʩʫʧʫʪʥʠʢʦʚʦʾ ʤʝʨʝʞʽ ʭʤʘʨʥʠʭ 

ʩʭʦʚʠʱ ʜʘʥʠʭ ʙʘʟʫʻʪʴʩʷ ʥʘ ʩʫʯʘʩʥʽ ʪʝʭʥʦʣʦʛʽʾ, ʷʢʽ ʦʧʨʘʮʴʦʚʘʥʽ ʚ ʨʽʟʥʠʭ ʩʝʛʤʝʥʪʘʭ 

ʩʫʯʘʩʥʠʭ ʽʥʬʦʢʦʤʫʥʽʢʘʮʽʡ. ɼʦ ʪʘʢʠʭ ʪʝʭʥʦʣʦʛʽʡ ʚʽʜʥʦʩʷʪʴʩʷ: 

- ʌʘʟʦʚʘʥʽ ʪʘ ʮʠʬʨʦʚʽ ʘʥʪʝʥʥʽ ʨʝʰʽʪʢʠ; 

- ʇʨʦʛʨʘʤʥʦ-ʢʦʥʬʽʛʫʨʦʚʘʥʝ ʨʘʜʽʦ; 

- ʇʨʦʛʨʘʤʥʦ-ʢʦʥʬʽʛʫʨʦʚʘʥʽ ʤʝʨʝʞʽ ʧʝʨʝʜʘʯʽ ʜʘʥʠʭ. 

ʌʘʟʦʚʘʥʽ ʪʘ ʮʠʬʨʦʚʽ ʘʥʪʝʥʥʽ ʨʝʰʽʪʢʠ. ʌʘʟʦʚʘʥʽ ʘʥʪʝʥʥʽ ʨʝʰʽʪʢʠ ʧʨʝʜʩʪʘʚʣʷʶʪʴ 

ʩʦʙʦʶ ʥʘʙʽʨ ʝʣʝʤʝʥʪʘʨʥʠʭ ʚʠʧʨʦʤʽʥʶʚʘʯʽʚ, ʱʦ ʨʦʟʪʘʰʦʚʘʥʽ ʚ ʧʝʚʥʦʤʫ ʧʦʨʷʜʢʫ ʚ ʣʽʥʽʶ 

ʘʙʦ ʥʘ ʧʣʦʱʠʥʽ [2,3]. ʗʢ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩ.2, ʬʨʦʥʪ ʨʘʜʽʦʭʚʠʣʽ ʧʨʠʭʦʜʠʪʴ ʥʘ ʚʠʧʨʦʤʽʥʶʚʘʯʽ 

ʘʥʪʝʥʥʦʾ ʨʝʰʽʪʢʠ ʚ ʨʽʟʥʽ ʤʦʤʝʥʪʠ ʯʘʩʫ. ʗʢʱʦ ʥʘ ʩʫʤʫʶʯʠʡ ʧʨʠʩʪʨʽʡ ʧʦʜʘʪʠ ʧʨʠʡʥʷʪʽ 

ʩʠʛʥʘʣʠ ʽʟ ʚʨʘʭʫʚʘʥʥʷʤ ʚʽʜʥʦʩʥʦʾ ʟʘʪʨʠʤʢʠ ʥʘʜʭʦʜʞʝʥʥʷ ʬʨʦʥʪʫ ʭʚʠʣʽ ʥʘ ʚʠʧʨʦʤʽʥʶʚʘʯʽ, 

ʪʦ ʥʘ ʚʠʭʦʜʽ ʤʦʞʥʘ ʩʬʦʨʤʫʚʘʪʠ ʩʠʥʬʘʟʥʠʡ ʧʽʜʩʠʣʝʥʠʡ ʩʠʛʥʘʣ, ʷʢʠʡ ʚʠʟʥʘʯʘʻ ʨʘʜʽʦʩʠʛʥʘʣ, 

ʧʨʠʡʥʷʪʠʡ ʽʟ ʥʘʧʨʷʤʢʫ ʧʨʠʭʦʜʫ ʬʨʦʥʪʫ ʭʚʠʣʽ. ʅʘʧʨʷʤʦʢ ʧʨʠʡʦʤʫ ʨʘʜʽʦʩʠʛʥʘʣʫ 

ʚʠʟʥʘʯʘʻʪʴʩʷ ʚʽʜʥʦʩʥʦʶ ʟʘʪʨʠʤʢʦʶ ʩʠʛʥʘʣʽʚ ʚʽʜ ʩʫʩʽʜʥʽʭ ʚʠʧʨʦʤʽʥʶʚʘʯʽʚ. ɼʣʷ 

ʬʦʨʤʫʚʘʥʥʷ ʧʝʨʝʜʘʚʘʣʴʥʦʛʦ ʧʨʦʤʝʥʶ ʩʠʛʥʘʣʠ, ʱʦ ʥʘʜʭʦʜʷʪʴ ʥʘ ʚʠʧʨʦʤʽʥʶʚʘʯʽ ʘʥʪʝʥʥʦʾ 

ʨʝʰʽʪʢʠ, ʤʘʶʪʴ ʟʩʫʚ ʧʦ ʬʘʟʽ ʘʙʦ ʟʘʪʨʠʤʢʫ ʚ ʯʘʩʽ, ʷʢʽ ʚʠʟʥʘʯʘʶʪʴ ʥʘʧʨʷʤʦʢ ʬʦʨʤʫʚʘʥʥʷ 

ʧʽʜʩʫʤʢʦʚʦʛʦ ʧʝʨʝʜʘʚʘʣʴʥʦʛʦ ʧʨʦʤʝʥʶ. 

 

ʈʠʩ.2. ʉʭʝʤʘʪʠʯʥʝ ʧʨʝʜʩʪʘʚʣʝʥʥʷ 

ʬʦʨʤʫʚʘʥʥʷ ʧʝʨʝʜʘʚʘʣʴʥʦʛʦ ʧʨʦʤʝʥʶ 

ʬʘʟʦʚʘʥʦʶ ʘʥʪʝʥʥʦʶ ʨʝʰʽʪʢʦʶ. 

ɼʣʷ ʟʜʽʡʩʥʝʥʥʷ ʟʘʪʨʠʤʢʠ ʩʠʛʥʘʣʽʚ ʚʽʜ 

ʚʠʧʨʦʤʽʥʶʚʘʯʽʚ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʘʙʦ ʬʘʟʦʚʘ 

ʟʘʪʨʠʤʢʘ, ʷʢʘ ʨʝʘʣʽʟʫʻʪʴʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʬʘʟʦʦʙʝʨʪʘʯʽʚ, ʘʙʦ ʣʽʥʽʾ ʟʘʪʨʠʤʢʠ. ʆʩʪʘʥʥʽʤ 

ʯʘʩʦʤ ʥʘ ʨʠʥʢʫ ʟôʷʚʠʣʠʩʴ ʧʨʠʩʪʨʦʾ, ʷʢʽ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʦʧʪʠʯʥʽ ʩʠʩʪʝʤʠ ʜʣʷ 

ʟʘʙʝʟʧʝʯʝʥʥʷ ʟʘʪʨʠʤʢʠ ʩʠʛʥʘʣʽʚ. ʄʝʪʦʜ 

ʫʧʨʘʚʣʽʥʥʷ ʩʬʦʨʤʦʚʘʥʠʤ ʧʨʦʤʝʥʝʤ ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʣʽʥʽʡ ʟʘʪʨʠʤʢʠ ʻ ʙʽʣʴʰ ʝʬʝʢʪʠʚʥʠʤ 

ʟ ʪʦʯʢʠ ʟʦʨʫ ʬʦʨʤʫʚʘʥʥʷ ʧʘʨʘʟʠʪʥʠʭ ʧʨʦʤʝʥʽʚ 

ʪʘ ʧʨʦʷʚʫ ʽʥʰʠʭ ʥʝʛʘʪʠʚʥʠʭ ʬʘʢʪʦʨʽʚ. 

ʎʠʬʨʦʚʽ ʘʥʪʝʥʥʽ ʨʝʰʽʪʢʠ ʻ ʨʽʟʥʦʚʠʜʦʤ 

ʬʘʟʦʚʘʥʠʭ ʘʥʪʝʥʥʠʭ ʨʝʰʽʪʦʢ, ʚ ʷʢʠʭ ʫʩʽ 

ʦʧʝʨʘʮʽʾ ʟ ʚʥʝʩʝʥʥʷ ʬʘʟʦʚʠʭ ʟʘʪʨʠʤʦʢ 

ʨʝʘʣʽʟʫʶʪʴʩʷ ʮʠʬʨʦʚʠʤʠ ʤʝʪʦʜʘʤʠ. ʉʠʛʥʘʣ ʟ 

ʚʠʭʦʜʫ ʚʠʧʨʦʤʽʥʶʚʘʯʘ ʧʝʨʝʚʦʜʠʪʴʩʷ ʚ 

ʮʠʬʨʦʚʠʡ ʬʦʨʤʘʪ ʽ ʜʘʣʽ ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ 

ʤʝʪʦʜʠ ʮʠʬʨʦʚʦʾ ʦʙʨʦʙʢʠ ʩʠʛʥʘʣʽʚ. 

ɼʦ ʧʝʨʝʚʘʛ ʬʘʟʦʚʘʥʠʭ ʪʘ ʮʠʬʨʦʚʠʭ ʘʥʪʝʥʥʠʭ ʨʝʰʽʪʦʢ ʚʽʜʥʦʩʠʪʴʩʷ ʤʦʞʣʠʚʽʩʪʴ ʬʦʨʤʫʚʘʪʠ 

ʧʨʦʤʝʥʽ ʩʢʣʘʜʥʦʾ ʬʦʨʤʠ, ʬʦʨʤʫʚʘʪʠ ʙʘʛʘʪʦ ʥʝʟʘʣʝʞʥʠʭ ʧʨʦʤʝʥʽʚ, ʱʦ ʜʦʟʚʦʣʷʻ ʟʤʽʥʶʚʘʪʠ 

ʟʦʥʫ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʩʫʧʫʪʥʠʢʘ ʚ ʧʨʦʮʝʩʽ ʡʦʛʦ ʦʨʙʽʪʘʣʴʥʦʾ ʝʢʩʧʣʫʘʪʘʮʽʾ, ʪʘ ʬʦʨʤʫʚʘʪʠ 
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ʢʝʨʦʚʘʥʽ ʧʨʦʤʝʥʽ ʜʣʷ ʚʽʜʩʪʝʞʝʥʥʷ ʥʘʧʨʷʤʢʫ ʥʘ ʢʦʨʠʩʪʫʚʘʯʘ ʚ ʧʨʦʮʝʩʽ ʡʦʛʦ ʨʫʭʫ ʧʦ 

ʧʦʚʝʨʭʥʽ ɿʝʤʣʽ, ʘʙʦ ʨʫʭʫ ʩʫʧʫʪʥʠʢʘ ʥʘ ʥʠʟʴʢʽʡ ʥʘʚʢʦʣʦʟʝʤʥʽʡ ʦʨʙʽʪʽ. 

ʇʨʦʛʨʘʤʥʦ-ʢʦʥʬʽʛʫʨʦʚʘʥʝ ʨʘʜʽʦ.  

 

ʘ) 

 

ʙ) 

ʈʠʩ.3. ʉʪʨʫʢʪʫʨʥʽ ʩʭʝʤʠ ʪʨʘʢʪʽʚ ʧʨʦʛʨʘʤʥʦ-ʢʦʥʬʽʛʫʨʦʚʘʥʦʛʦ ʨʘʜʽʦ: 

ʘ) ʧʨʠʡʤʘʣʴʥʠʡ ʪʨʘʢʪ; ʙ) ʧʝʨʝʜʘʚʘʣʴʥʠʡ ʪʨʘʢʪ. 

 

ʇʨʦʛʨʘʤʥʦ-ʢʦʥʬʽʛʫʨʦʚʘʥʝ ʨʘʜʽʦ ʧʦʙʫʜʦʚʘʥʝ ʥʘ ʙʘʟʽ ʜʦʙʨʝ ʦʧʨʘʮʴʦʚʘʥʠʭ ʪʘ 

ʜʦʩʣʽʜʞʝʥʠʭ ʘʣʛʦʨʠʪʤʽʚ ʮʠʬʨʦʚʦʾ ʦʙʨʦʙʢʠ ʩʠʛʥʘʣʽʚ [4]. ɺ ʮʠʬʨʦʚʽʡ ʬʦʨʤʽ ʟʜʽʡʩʥʶʻʪʴʩʷ 

ʤʦʜʫʣʷʮʽʷ / ʜʝʤʦʜʫʣʷʮʽʷ ʩʠʛʥʘʣʽʚ ʚʠʜʘʤʠ ʤʦʜʫʣʷʮʽʾ ʨʽʟʥʦʾ ʩʢʣʘʜʥʦʩʪʽ, ʬʽʣʴʪʨʘʮʽʷ, 

ʢʦʜʫʚʘʥʥʷ / ʜʝʢʦʜʫʚʘʥʥʷ ʨʽʟʥʠʤʠ ʟʘʚʘʜʦʩʪʽʡʢʠʤʠ ʢʦʜʘʤʠ, ʢʦʨʝʣʷʮʽʡʥʘ ʦʙʨʦʙʢʘ ʩʠʛʥʘʣʽʚ, 

ʪʦʱʦ. ʅʘ ʨʠʩ.3 ʥʘʚʝʜʝʥʦ ʩʪʨʫʢʪʫʨʥʫ ʩʭʝʤʫ ʧʨʦʛʨʘʤʥʦ-ʢʦʥʬʽʛʫʨʦʚʘʥʦʛʦ ʧʨʠʡʤʘʣʴʥʦʛʦ 

(ʨʠʩ.3.ʘ)) ʪʘ ʧʝʨʝʜʘʚʘʣʴʥʦʛʦ (ʨʠʩ.3.ʙ)) ʧʨʠʩʪʨʦʾʚ. ɸʥʘʣʦʛʦʚʠʡ ʩʠʛʥʘʣ, ʷʢʠʡ ʧʨʠʡʤʘʻʪʴʩʷ 

ʘʥʪʝʥʦʶ ʧʨʠʡʤʘʣʴʥʦʛʦ ʧʨʠʩʪʨʦʶ ʽ ʧʨʠʩʫʪʥʽʡ ʥʘ ʚʠʭʦʜʽ ʧʨʠʡʤʘʣʴʥʦʾ ʘʥʪʝʥʠ, ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʨʘʜʽʦʧʨʠʡʤʘʯʘ (ʈʏ ʧʨʠʡʤʘʯ) ʧʝʨʝʥʦʩʠʪʴʩʷ ʥʘ ʧʨʦʤʽʞʥʫ ʯʘʩʪʦʪʫ (ʇʏ) ʪʘ 

ʥʘʜʭʦʜʠʪʴ ʥʘ ʚʭʽʜ ʘʥʘʣʦʛʦ-ʮʠʬʨʦʚʦʛʦ ʧʝʨʝʪʚʦʨʶʚʘʯʘ (ɸʎʇ), ʜʝ ʧʝʨʝʪʚʦʨʶʻʪʴʩʷ ʚ 

ʧʦʩʣʽʜʦʚʥʽʩʪʴ ʮʠʬʨʦʚʠʭ ʚʽʜʣʽʢʽʚ, ʷʢʽ ʧʨʝʜʩʪʘʚʣʷʶʪʴ ʩʠʛʥʘʣ ʚ ʬʦʨʤʘʪʽ I/Q (ʩʠʥʬʘʟʥʘ ʪʘ 

ʢʚʘʜʨʘʪʫʨʥʘ ʩʢʣʘʜʦʚʽ). ʊʘʢʘ ʬʦʨʤʘ ʚʽʜʣʽʢʽʚ ʜʦʟʚʦʣʷʻ ʟʙʝʨʝʛʪʠ ʽʥʬʦʨʤʘʮʽʶ ʧʨʦ ʘʤʧʣʽʪʫʜʫ 

ʪʘ ʬʘʟʫ ʨʘʜʽʦʩʠʛʥʘʣʫ. ɼʘʣʽ ʦʙʨʦʙʢʘ ʟʜʽʡʩʥʶʻʪʴʩʷ ʚ ʮʠʬʨʦʚʽʡ ʬʦʨʤʽ ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʘʣʛʦʨʠʪʤʽʚ ʮʠʬʨʦʚʦʾ ʦʙʨʦʙʢʠ ʩʠʛʥʘʣʽʚ. ʇʽʩʣʷ ʧʝʨʝʪʚʦʨʝʥʥʷ ʧʦʩʣʽʜʦʚʥʦʩʪʽ ʚʽʜʣʽʢʽʚ ʩʠʛʥʘʣʫ 

ʇʏ ʚ ʧʦʩʣʽʜʦʚʥʽʩʪʴ ʚʽʜʣʽʢʽʚ ʥʠʟʴʢʦʯʘʩʪʦʪʥʦʛʦ ʩʠʛʥʘʣʫ (ʅʏ) ʚ ʮʠʬʨʦʚʦʤʫ ʧʦʥʠʞʫʶʯʦʤʫ 

ʢʦʥʚʝʨʪʦʨʽ ʧʨʠʡʥʷʪʠʡ ʩʠʛʥʘʣ ʫ ʚʠʛʣʷʜʽ ʧʦʩʣʽʜʦʚʥʦʩʪʽ ʮʠʬʨʦʚʠʭ ʚʽʜʣʽʢʽʚ ʥʘʜʭʦʜʠʪʴ ʜʦ 

ʮʠʬʨʦʚʦʛʦ ʩʠʛʥʘʣʴʥʦʛʦ ʧʨʦʮʝʩʦʨʫ, ʜʝ ʟʜʽʡʩʥʶʻʪʴʩʷ ʡʦʛʦ ʜʝʤʦʜʫʣʷʮʽʷ, ʬʽʣʴʪʨʘʮʽʷ, 

ʜʝʢʦʜʫʚʘʥʥʷ ʪʘ ʦʙʨʦʙʢʘ ʟʛʽʜʥʦ ʦʙʨʘʥʦʛʦ ʘʣʛʦʨʠʪʤʫ, ʷʢʠʡ ʚʩʪʘʥʦʚʣʶʻʪʴʩʷ ʧʨʦʛʨʘʤʥʠʤ 

ʤʝʪʦʜʦʤ. 

ʅʘ ʧʝʨʝʜʘʚʘʣʴʥʽʡ ʩʪʦʨʦʥʽ ʩʠʛʥʘʣ, ʷʢʠʡ ʩʬʦʨʤʦʚʘʥʠʡ ʥʘ ʚʠʭʦʜʽ ʮʠʬʨʦʚʦʛʦ 
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ʩʠʛʥʘʣʴʥʦʛʦ ʧʨʦʮʝʩʦʨʘ, ʽ ʧʨʝʜʩʪʘʚʣʷʻ ʩʦʙʦʶ ʧʦʩʣʽʜʦʚʥʽʩʪʴ ʮʠʬʨʦʚʠʭ ʚʽʜʣʽʢʽʚ ʅʏ 

ʤʦʜʫʣʴʦʚʘʥʦʛʦ ʩʠʛʥʘʣʫ, ʥʘʜʭʦʜʠʪʴ ʜʦ ʮʠʬʨʦʚʦʛʦ ʧʽʜʚʠʱʫʶʯʦʛʦ ʢʦʥʚʝʨʪʦʨʫ, ʟ ʚʠʭʦʜʫ 

ʷʢʦʛʦ ʧʦʩʣʽʜʦʚʥʽʩʪʴ ʚʽʜʣʽʢʽʚ ʚ ʬʦʨʤʘʪʽ I/Q ʥʘʜʭʦʜʠʪʴ ʥʘ ʚʭʽʜ ʮʠʬʨʦ-ʘʥʘʣʦʛʦʚʦʛʦ 

ʧʝʨʝʪʚʦʨʶʚʘʯʘ (ʎɸʇ). ʅʘ ʚʠʭʦʜʽ ʧʨʠʩʪʨʦʶ ʬʦʨʤʫʻʪʴʩʷ ʘʥʘʣʦʛʦʚʠʡ ʤʦʜʫʣʴʦʚʘʥʠʡ ʩʠʛʥʘʣ 

ʥʘ ʧʨʦʤʽʞʥʽʡ ʯʘʩʪʦʪʽ. ɼʘʣʽ ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ ʘʥʘʣʦʛʦʚʘ ʪʝʭʥʦʣʦʛʽʷ ʬʦʨʤʫʚʘʥʥʷ ʨʘʜʽʦʩʠʛʥʘʣʫ. 

ʉʫʯʘʩʥʽ ʘʧʘʨʘʪʥʽ ʟʘʩʦʙʠ ʮʠʬʨʦʚʦʾ ʦʙʨʦʙʢʠ ʩʠʛʥʘʣʽʚ ʪʘ ʩʠʛʥʘʣʴʥʽ ʧʨʦʮʝʩʦʨʠ 

ʜʦʟʚʦʣʷʶʪʴ ʟʜʽʡʩʥʶʚʘʪʠ ʦʧʝʨʘʮʽʾ ʘʥʘʣʦʛʦ-ʮʠʬʨʦʚʦʛʦ ʪʘ ʮʠʬʨʦ-ʘʥʘʣʦʛʦʚʦʛʦ ʧʝʨʝʪʚʦʨʝʥʥʷ 

ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʥʘ ʨʦʙʦʯʽʡ ʯʘʩʪʦʪʽ ʨʘʜʽʦʩʠʛʥʘʣʫ. 

ɼʦ ʧʝʨʝʚʘʛ ʪʝʭʥʦʣʦʛʽʾ ʧʨʦʛʨʘʤʥʦ-ʢʦʥʬʽʛʫʨʦʚʘʥʦʛʦ ʨʘʜʽʦ ʚʽʜʥʦʩʠʪʴʩʷ ʛʥʫʯʢʽʩʪʴ ʚ 

ʟʘʩʪʦʩʫʚʘʥʥʽ ʨʽʟʥʦʤʘʥʽʪʥʠʭ ʘʣʛʦʨʠʪʤʽʚ ʬʦʨʤʫʚʘʥʥʷ ʪʘ ʦʙʨʦʙʢʠ ʨʘʜʽʦʩʠʛʥʘʣʽʚ ʦʜʥʦʯʘʩʥʦ ʽʟ 

ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʫʥʽʚʝʨʩʘʣʴʥʦʛʦ ʘʧʘʨʘʪʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ. 

ʇʨʦʛʨʘʤʥʦ-ʢʦʥʬʽʛʫʨʦʚʘʥʽ ʤʝʨʝʞʽ ʧʝʨʝʜʘʯʽ ʜʘʥʠʭ. 

ʇʨʦʛʨʘʤʦʚʘʥʽʩʪʴ ʤʝʨʝʞʽ, ʚʽʜʢʨʠʪʽʩʪʴ ʪʘ ʚʽʨʪʫʘʣʽʟʘʮʽʷ ʻ ʢʣʶʯʦʚʠʤʠ ʩʣʦʚʘʤʠ ʩʫʯʘʩʥʠʭ 

ʤʝʨʝʞʝʚʠʭ ʘʨʭʽʪʝʢʪʫʨ. ʇʨʦʛʨʘʤʥʦ-ʢʦʥʬʽʛʫʨʦʚʘʥʘ ʤʝʨʝʞʘ (SDN) ʚʠʥʠʢʣʘ ʷʢ ʥʦʚʘ 

ʘʨʭʽʪʝʢʪʫʨʘ ʜʣʷ ʧʨʦʛʨʘʤʫʚʘʥʥʷ ʪʘ ʫʧʨʘʚʣʽʥʥʷ ʤʝʨʝʞʝʶ, ʷʢʘ ʚʠʢʦʨʠʩʪʦʚʫʻ ʧʨʦʛʨʘʤʥʽ 

ʢʦʥʪʨʦʣʝʨʠ ʘʙʦ ʽʥʪʝʨʬʝʡʩʠ ʧʨʠʢʣʘʜʥʦʛʦ ʧʨʦʛʨʘʤʫʚʘʥʥʷ (API) ʜʣʷ ʟʚôʷʟʢʫ ʟ ʙʘʟʦʚʦʶ 

ʘʧʘʨʘʪʥʦʶ ʽʥʬʨʘʩʪʨʫʢʪʫʨʦʶ ʪʘ ʧʨʷʤʦʛʦ ʪʨʘʬʽʢʫ ʚ ʤʝʨʝʞʽ. ʎʷ ʘʨʭʽʪʝʢʪʫʨʘ ʚʽʜʦʢʨʝʤʣʶʻ 

ʤʝʨʝʞʝʚʽ ʬʫʥʢʮʽʾ ʢʦʥʪʨʦʣʶ ʽ ʧʝʨʝʜʘʯʽ, ʱʦ ʜʦʟʚʦʣʷʻ ʟʨʦʙʠʪʠ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʧʨʦʛʨʘʤʥʠʡ 

ʢʦʥʪʨʦʣʴ ʩʘʤʦʾ ʤʝʨʝʞʽ, ʘ ʧʨʠʩʫʪʥʶ ʚ ʦʩʥʦʚʽ ʽʥʬʨʘʩʪʨʫʢʪʫʨʫ ʚʠʜʽʣʠʪʠ ʜʣʷ ʜʦʜʘʪʢʽʚ ʽ 

ʤʝʨʝʞʝʚʠʭ ʩʝʨʚʽʩʽʚ. ʇʨʠ ʮʴʦʤʫ OpenFlow ʻ ʦʩʥʦʚʥʠʤ ʝʣʝʤʝʥʪʦʤ, ʥʝʦʙʭʽʜʥʠʤ ʜʣʷ 

ʩʪʚʦʨʝʥʥʷ ʨʽʰʝʥʴ SDN. 

ɸʨʭʽʪʝʢʪʫʨʘ ʧʨʦʛʨʘʤʥʦ-ʢʦʥʬʽʛʫʨʦʚʘʥʦʾ ʤʝʨʝʞʽ (SDN) ʚʠʟʥʘʯʘʻ, ʤʝʨʝʞʫ ʷʢ 

ʦʙʯʠʩʣʶʚʘʣʴʥʫ ʩʠʩʪʝʤʫ, ʷʢʫ ʤʦʞʥʘ ʧʦʙʫʜʫʚʘʪʠ ʟʘ ʜʦʧʦʤʦʛʦʶ ʢʦʤʙʽʥʘʮʽʾ ʚʽʜʢʨʠʪʠʭ 

ʧʨʦʛʨʘʤʥʦ-ʙʘʟʦʚʘʥʠʭ ʪʝʭʥʦʣʦʛʽʡ ʪʘ ʩʪʘʥʜʘʨʪʥʦʛʦ ʤʝʨʝʞʝʚʦʛʦ ʦʙʣʘʜʥʘʥʥʷ. 

ɺ ʘʨʭʽʪʝʢʪʫʨʽ ʤʝʨʝʞʽ ʧʨʠʩʫʪʥʽ ʪʨʠ ʨʽʚʥʽ (ʨʠʩ.4): 

1) ɯʥʬʨʘʩʪʨʫʢʪʫʨʥʠʡ ʨʽʚʝʥʴ ʘʙʦ ʨʽʚʝʥʴ ʧʝʨʝʜʘʯʽ ʜʘʥʠʭ (ʥʘ ʮʴʦʤʫ ʨʽʚʥʽ ʬʫʥʢʮʽʦʥʫʶʪʴ 

ʤʝʨʝʞʝʚʽ ʢʦʤʫʪʘʪʦʨʠ ʪʘ ʢʘʥʘʣʠ ʧʝʨʝʜʘʯʽ ʜʘʥʠʭ); 

2) ʈʽʚʝʥʴ ʫʧʨʘʚʣʽʥʥʷ (ʥʘ ʮʴʦʤʫ ʨʽʚʥʽ ʧʨʠʩʫʪʥʽʡ ʥʘʙʽʨ ʧʨʦʛʨʘʤʥʠʭ ʟʘʩʦʙʽʚ ʷʢʽ ʻ ʬʽʟʠʯʥʦ 

ʚʽʜʦʢʨʝʤʣʝʥʠʤʠ ʚʽʜ ʽʥʬʨʘʩʪʨʫʢʪʫʨʥʦʛʦ ʨʽʚʥʷ, ʷʢʠʡ ʟʘʙʝʟʧʝʯʫʻ ʨʝʘʣʽʟʘʮʽʶ ʤʝʭʘʥʽʟʤʽʚ 

ʫʧʨʘʚʣʽʥʥʷ ʧʨʠʩʪʨʦʷʤʠ ʽʥʬʨʘʩʪʨʫʢʪʫʨʥʦʛʦ ʨʽʚʥʷ). ʈʽʚʝʥʴ ʫʧʨʘʚʣʽʥʥʷ ʚʠʟʥʘʯʘʻ 

ʩʧʨʷʤʫʚʘʥʥʷ ʧʦʪʦʢʽʚ ʜʘʥʠʭ ʥʘ ʧʽʜʩʪʘʚʽ ʪʘʙʣʠʮʴ ʧʦʪʦʢʽʚ. 

3) ʈʽʚʝʥʴ ʤʝʨʝʞʝʚʠʭ ʜʦʜʘʪʢʽʚ (ʥʘ ʮʴʦʤʫ ʨʽʚʥʽ ʻ ʥʘʙʽʨ SDN-ʜʦʜʘʪʢʽʚ, ʱʦ ʚʟʘʻʤʦʜʽʶʪʴ ʽʟ 

SDN-ʢʦʥʪʨʦʣʝʨʦʤ ʯʝʨʝʟ ʧʨʦʛʨʘʤʥʠʡ ʧʨʦʪʦʢʦʣ (API) ʜʣʷ ʟʙʦʨʫ, ʘʥʘʣʽʟʫ, ʨʦʟʛʦʨʪʘʥʥʷ ʪʘ 

ʫʧʨʘʚʣʽʥʥʷ ʤʝʨʝʞʝʚʦʶ ʽʥʬʨʘʩʪʨʫʢʪʫʨʦʶ ʥʘ ʨʽʚʥʽ ʜʦʜʘʪʢʽʚ). ʈʽʚʝʥʴ ʤʝʨʝʞʥʠʭ ʜʦʜʘʪʢʽʚ 

ʚʠʟʥʘʯʘʻ ʧʨʠʢʣʘʜʥʽ ʟʘʚʜʘʥʥʷ ʫʩʽʻʾ ʽʥʬʦʨʤʘʮʽʡʥʦʾ ʧʨʦʛʨʘʤʥʦ-ʢʦʥʬʽʛʫʨʦʚʘʥʦʾ ʤʝʨʝʞʽ.  

ɼʦ ʧʝʨʝʚʘʛ ʧʨʦʛʨʘʤʥʦ-ʢʦʥʬʽʛʫʨʦʚʘʥʦʾ ʤʝʨʝʞʽ ʚʽʜʥʦʩʠʪʴʩʷ ʛʥʫʯʢʽʩʪʴ ʫʧʨʘʚʣʽʥʥʷ, 

ʧʨʦʩʪʦʪʘ ʚʧʨʦʚʘʜʞʝʥʥʷ ʥʦʚʠʭ ʧʦʩʣʫʛ ʪʘ ʤʦʜʠʬʽʢʘʮʽʾ ʽʩʥʫʶʯʠʭ, ʤʦʞʣʠʚʽʩʪʴ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʫʥʽʬʽʢʦʚʘʥʦʛʦ ʩʧʨʦʱʝʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ, ʷʢʝ ʟʘʚʜʷʢʠ ʧʨʦʛʨʘʤʥʦʤʫ ʫʧʨʘʚʣʽʥʥʶ ʜʦʟʚʦʣʷʻ 

ʨʝʘʣʽʟʫʚʘʪʠ ʰʠʨʦʢʠʡ ʩʧʝʢʪʨ ʟʘʚʜʘʥʴ ʽ ʬʫʥʢʮʽʡ ʤʝʨʝʞʽ. 
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ʈʠʩ.4. ɸʨʭʽʪʝʢʪʫʨʘ ʧʨʦʛʨʘʤʥʦ-ʢʦʥʬʽʛʫʨʦʚʘʥʦʾ ʤʝʨʝʞʽ. 

ɺʠʩʥʦʚʢʠ: 

1. ʊʝʭʥʦʣʦʛʽʾ ʬʘʟʦʚʘʥʠʭ / ʮʠʬʨʦʚʠʭ ʘʥʪʝʥʥʠʭ ʨʝʰʽʪʦʢ; ʧʨʦʛʨʘʤʥʦ-ʢʦʥʬʽʛʫʨʦʚʘʥʦʛʦ 

ʨʘʜʽʦ, ʧʨʦʛʨʘʤʥʦ-ʢʦʥʬʽʛʫʨʦʚʘʥʠʭ ʤʝʨʝʞ ʧʝʨʝʜʘʯʽ ʜʘʥʠʭ ʤʦʞʥʘ ʨʝʢʦʤʝʥʜʫʚʘʪʠ ʚ ʷʢʦʩʪʽ 

ʪʝʭʥʦʣʦʛʽʯʥʦʾ ʦʩʥʦʚʠ ʧʨʦʛʨʘʤʥʦ-ʢʦʥʬʽʛʫʨʦʚʘʥʠʭ ʩʫʧʫʪʥʠʢʽʚ. 

2. ʅʘʩʪʫʧʥʠʤ ʢʨʦʢʦʤ ʚ ʨʦʟʚʠʪʢʫ ʩʫʧʫʪʥʠʢʦʚʠʭ ʪʝʣʝʢʦʤʫʥʽʢʘʮʽʡʥʠʭ ʪʘ ʽʥʬʦʨʤʘʮʽʡʥʠʭ 

ʩʠʩʪʝʤ ʤʦʞʝ ʩʪʘʪʠ ʩʪʚʦʨʝʥʥʷ ʦʨʙʽʪʘʣʴʥʠʭ ʩʠʩʪʝʤ ʭʤʘʨʥʠʭ ʩʭʦʚʠʱ ʜʘʥʠʭ, ʷʢʽ ʟʜʘʪʥʽ 

ʥʘʜʘʚʘʪʠ ʧʦʩʣʫʛʠ ʭʤʘʨʥʠʭ ʮʝʥʪʨʽʚ ʜʘʥʠʭ. ʆʨʙʽʪʘʣʴʥʘ ʩʫʧʫʪʥʠʢʦʚʘ ʤʝʨʝʞʘ ʭʤʘʨʥʠʭ 

ʮʝʥʪʨʽʚ ʜʘʥʠʭ ʟʘʙʝʟʧʝʯʫʻ ʚʟʘʻʤʦʜʽʻ ʽʟ ʥʘʟʝʤʥʦʶ ʤʝʨʝʞʝʶ ʜʘʪʘ-ʮʝʥʪʨʽʚ ʽ ʜʦʧʦʚʥʶʻ ʾʾ ʜʣʷ 

ʥʘʜʘʥʥʷ ʧʦʩʣʫʛ ʥʝʟʘʣʝʞʥʦ ʚʽʜ ʤʽʩʮʷ ʨʦʟʪʘʰʫʚʘʥʥʷ ʩʧʦʞʠʚʘʯʘ ʪʘ ʩʪʘʥʫ ʥʘʷʚʥʦʾ 

ʪʝʣʝʢʦʤʫʥʽʢʘʮʽʡʥʦʾ ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ.  

3. ɹʝʟʟʘʧʝʨʝʯʥʦʶ ʧʝʨʝʚʘʛʦʶ ʟʘʧʨʦʧʦʥʦʚʘʥʦʾ ʪʝʭʥʦʣʦʛʽʾ ʻ ʤʦʞʣʠʚʽʩʪʴ ʟʘʙʝʟʧʝʯʠʪʠ 

ʧʨʠʡʦʤ-ʧʝʨʝʜʘʯʫ ʪʘ ʦʙʨʦʙʢʫ ʽʥʬʦʨʤʘʮʽʾ ʚʽʜ ʩʫʧʫʪʥʠʢʽʚ, ʷʢʽ ʟʥʘʭʦʜʷʪʴʩʷ ʥʘ ʥʠʟʴʢʽʡ 

ʥʘʚʢʦʣʦʟʝʤʥʽʡ ʦʨʙʽʪʽ. ʊʘʢʝ ʨʽʰʝʥʥʷ ʟʥʘʯʥʦ ʧʽʜʚʠʱʫʻ ʝʬʝʢʪʠʚʥʽʩʪʴ ʪʘ ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ 

ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʥʠʟʴʢʦʦʨʙʽʪʘʣʴʥʠʭ ʩʫʧʫʪʥʠʢʦʚʠʭ ʩʠʩʪʝʤ ʨʽʟʥʦʤʘʥʽʪʥʦʛʦ ʧʨʠʟʥʘʯʝʥʥʷ. 
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ʆʅʊʆʃʆɻɯʏʅʀʁ ʇɯɼʍɯɼ ɼʆ ʇʈɽɼʉʊɸɺʃɽʅʅʗ  

ɯʅʌʆʈʄɸʎɯɰ ʅɸʋʂʆɺʀʄʀ ʋʉʊɸʅʆɺɸʄʀ 

 

ʋ ʩʪʘʪʪʽ ʦʧʠʩʫʻʪʴʩʷ ʧʨʦʮʝʩ ʩʪʚʦʨʝʥʥʷ ʦʥʪʦʣʦʛʽʯʥʦʾ ʤʦʜʝʣʽ ʧʨʝʜʩʪʘʚʣʝʥʥʷ ʽʥʬʦʨʤʘʮʽʾ, 

ʥʘʢʦʧʠʯʝʥʦʾ ʨʽʟʥʠʤʠ ʥʘʫʢʦʚʠʤʠ ʪʘ ʦʩʚʽʪʥʽʤʠ ʦʨʛʘʥʽʟʘʮʽʷʤʠ. ʌʫʥʢʮʽʦʥʫʚʘʥʥʷ ʥʘʫʢʦʚʠʭ ʪʘ 

ʦʩʚʽʪʥʽʭ ʦʨʛʘʥʽʟʘʮʽʡ ʧʦʚôʷʟʘʥʦ ʽʟ ʥʘʢʦʧʠʯʝʥʥʷʤ ʚʝʣʠʢʦʾ ʢʽʣʴʢʦʩʪʽ ʽʥʬʦʨʤʘʮʽʾ, ʷʢʘ ʚ ʩʚʦʶ 

ʯʝʨʛʫ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʚ ʧʨʦʮʝʩʽ ʦʮʽʥʢʠ ʷʢʦʩʪʽ ʾʭ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ. ɺ ʦʩʥʦʚʫ ʘʣʛʦʨʠʪʤʫ 

ʧʨʦʮʝʩʫ ʩʪʚʦʨʝʥʥʷ ʦʥʪʦʣʦʛʽʯʥʦʾ ʤʦʜʝʣʽ ʧʦʢʣʘʜʝʥʦ ʚʠʣʫʯʝʥʥʷ ʟʤʽʩʪʦʚʥʦʾ ʽʥʬʦʨʤʘʮʽʾ, ʷʢʘ 

ʟʽʙʨʘʥʘ ʟ ʨʽʟʥʠʭ ʽʥʪʝʨʥʝʪ ʜʞʝʨʝʣ, ʟʘ ʨʘʭʫʥʦʢ ʾʾ ʩʪʨʫʢʪʫʨʠʟʘʮʽʾ ʪʘ ʩʠʩʪʝʤʘʪʠʟʘʮʽʾ ʜʣʷ ʾʾ 

ʧʦʜʘʣʴʰʦʛʦ ʘʥʘʣʽʟʫ ʪʘ ʦʙʨʦʙʢʠ. ʆʧʠʩʘʥʦ ʝʣʝʤʝʥʪʠ ʚʩʽʭ ʢʦʤʧʦʥʝʥʪʽʚ ʟʘʛʘʣʴʥʦʾ ʦʥʪʦʣʦʛʽʾ. 

ʇʨʘʢʪʠʯʥʘ ʨʦʟʨʦʙʢʘ ʟʘʧʨʦʧʦʥʦʚʘʥʦʾ ʦʥʪʦʣʦʛʽʯʥʦʾ ʤʦʜʝʣʽ ʙʫʣʘ ʚʠʢʦʥʘʥʘ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ 

ʧʣʘʪʬʦʨʤʠ ʨʦʟʨʦʙʢʠ ʦʥʪʦʣʦʛʽʯʥʠʭ ʨʽʰʝʥʴ TEDAOS. 
 

Introduction. Today, there are a large number of public and private 

institutions providing services in various spheres of social life. The demand for 

such institutions depends on the efficiency of their functioning. It is for the 

organizations involved in the fields of science and education that the efficiency of 

functioning is of particular importance, because the quality of services they 

provide depends on the future level of the state development and the life of its 

citizens. That is why there are currently some general-ly accepted principles for 

evaluating such organizations. The process of such peer review is outlined and 

approved in the relevant regulatory documents  

[1, 2, 3]. 

Today there is a tendency to the development of artificial intelligence and 

their penetration into any sphere of human life. Specialized technologies based on 

artifi-cial intelligence are used to develop information systems of various kinds and 

pur-poses. Artificial intelligence technologies also offer a wide range for the 

presentation of knowledge and data. Among the existing models of knowledge 

representation it is the ontological model that has acquired the greatest use. 

Presented study proposes to use the ontology as one of the models of knowledge 

representation to organize in-formation of scientific institutions for its structuring 

and systematization, as well as for its further processing and use. 
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Ontology system of scientific institutions information representation. The 

functioning of scientific organizations is associated with certain specific features 

that are not characteristic of other types of institutions. For example, the important 

indicators of the scientific process are as follows - the number of publications, 

citations, various scientific indexes and ratings, participation in international 

projects and programs, completed scientific topics, trained specialists of different 

qualification levels in different specialties and specializations, and more. That is 

why the information produced during the operation of such institutions also reflects 

all levels (aspects) of such functioning. This feature must be taken into account 

when developing an ontological model. Also, several basic processes are involved 

in the process of organization of scientific activity: organization of activity of 

institution; definition of indicators by which it is possible to identify the level of 

performance of a certain type of activity in an institution; the existence of criteria 

for evaluating such indicators by which it is possible to evaluate the achievements 

of the organization and to determine whether its activity meets the requirements; 

organization of the institution's evaluation process itself. 

Thus ontology system is a collection of several components (Fig. 1). 
 

 

Fig. 1. Ontology system of scientific institutions information representation. 
 

In the process of constructing an ontological model, there is a need to describe its 

elements. The ontological model includes the following elements [4]: 

Ontological model = <classes, attributes, relations, types of attribute values, 

con-straints on attribute values, instances of classes>, 

where classes are elements of an ontological model that describe the concepts 

of a particular subject or problem area; 

attributes ï are elements of the ontological model that describe the properties 

of concepts and relations; 

relations ï are defined on classes, and display either the relations of classes 

with each other or the relations of classes to data or attributes. There are relations 

of the following types: 

Å associative relations ï allow to perform meaningful searches through the 

ontol-ogy information space, 
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Å part-to-whole relations ï allow you to establish relations between classes at 

the hierarchy level, 

Å inheritance relations ï is used to pass attributes and relations from parent to 

daughter, 

Å class-data relations ï allow to associate instances of concepts with class; 

attribute value types - specify standard types for class attribute values (for ex-

ample: string, integer, real, date); 

restrictions on the values of the attributes of concepts and relations ï is used 

not for all attributes, but only for those whose values must lie in a certain area, they 

can`t be less/more than a given value or they are determined by a certain rule. For 

example, the value of the attribute ñstart dateò of some ontology class is 

constrained by T (date) = date F(ʊ) > 0); 

class instances ï are an ontology element that displays specific domain data 

that obey the structure of the ontological model. 

In the course of the study, the described ontological model elements were 

identi-fied for all ontologies. The process of detailing the elements of an ontology 

is an important step in designing a general onto-logical model that will allow you 

to set structures for further filling the ontology with domain information (instances 

of classes). 

An ontology for scientific institutions information representation was 

developed using the IT- TEDAOS environment [5, 6]. During the construction of 

the ontological model, 895 objects and 2837 data elements (attributes) were 

created. In Fig. 2. shows the lower level ontology, which shows that the rating of 

each employee, which is divided into three areas of activity, and each area of work 

is divided into groups of work by type. 

 
 

Fig. 2. Lower level ontology. 
 

Each class of the developed ontology is described by attributes which are 

also set at the program level in the TEDAOS environment.  












































































































































































