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ʗɺɯʉʗ ɺ.ʉ. - ʢ.ʪ.ʥ., ʜʦʮ.,  ʂʇɯ ʽʤ. ɯʛʦʨʷ ʉʽʢʦʨʩʴʢʦʛʦ, ʂʠʾʚ; 

ʗʂʆʈʅʆɺ ɭ.ɸ. - ʢ.ʪ.ʥ., ʧʨʦʬ.,  ʂʇɯ ʽʤ. ɯʛʦʨʷ ʉʽʢʦʨʩʴʢʦʛʦ, ʂʠʾʚ. 
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ɹʝʨʝʟʦʚʩʴʢʘ ʆ.ɺ. ï ʨʝʻʩʪʨʘʮʽʷ, ʟʘʙʝʟʧʝʯʝʥʥʷ ʜʦʢʫʤʝʥʪʦʦʙʽʛʫ. 

ʄʽʢʣʷʻʚ ʆ.ɺ. ï ʪʝʭʥʽʯʥʝ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ. 
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ZOOM ʪʘ MEET). 
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ʇʆʂɸɿʅʀʂʀ ɽʌɽʂʊʀɺʅʆʉʊɯ ɿɸʉʊʆʉʋɺɸʅʅʗ ʍʄɸʈʅʀʍ 
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ʪʘ ʘʩʧʽʨʘʥʪʽʚ çʇɽʈʉʇɽʂʊʀɺʀ ʈʆɿɺʀʊʂʋ ɯʅʌʆʈʄɸʎɯʁʅʆ-

ʊɽʃɽʂʆʄʋʅɯʂɸʎɯʁʅʀʍ ʊɽʍʅʆʃʆɻɯʁ ʊɸ ʉʀʉʊɽʄè 
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ʪʝʣʝʢʦʤʫʥʽʢʘʮʽʡʥʠʭ ʩʠʩʪʝʤ ʂʇɯ ʽʤ. ɯʛʦʨʷ ʉʽʢʦʨʩʴʢʦʛʦ; 

ʂʈɸɺʏʋʂ ɯ.ʄ.  ï  ʢ.ʶ.ʥ., ʜʦʮ., ʅʘʚʯʘʣʴʥʦ-ʥʘʫʢʦʚʦʛʦ ɯʥʩʪʠʪʫʪʫ 

ʪʝʣʝʢʦʤʫʥʽʢʘʮʽʡʥʠʭ ʩʠʩʪʝʤ ʂʇɯ ʽʤ. ɯʛʦʨʷ ʉʽʢʦʨʩʴʢʦʛʦ; 
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ɺʽʪʘʥʥʷ 

 

ɺʠʩʪʫʧ ʥʘ ʚʽʜʢʨʠʪʪʽ  

Xɯʍ  ʄʽʞʥʘʨʦʜʥʦʾ ʥʘʫʢʦʚʦ-ʪʝʭʥʽʯʥʦʾ ʢʦʥʬʝʨʝʥʮʽʾ  

çʇʝʨʩʧʝʢʪʠʚʠ ʪʝʣʝʢʦʤʫʥʽʢʘʮʽʡè 

 

15 ʢʚʽʪʥʷ 2025 ʨ. 

ʉʝʨʛʽʡ ʉʊɯʈɽʅʂʆ  

ʧʨʦʨʝʢʪʦʨ ʟ ʥʘʫʢʦʚʦʾ ʨʦʙʦʪʠ ʂʇɯ ʽʤ. ɯʛʦʨʷ ʉʽʢʦʨʩʴʢʦʛʦ, 

ʜ.ʪ.ʥ., ʧʨʦʬʝʩʦʨ 

 
 

ʐʘʥʦʚʥʽ ʢʦʣʝʛʠ, ʚʽʪʘʶ ʚʘʩ ʥʘ ʚʽʜʢʨʠʪʪʽ Xɯʍ  ʄʽʞʥʘʨʦʜʥʦʾ ʥʘʫʢʦʚʦ-

ʪʝʭʥʽʯʥʦʾ ʢʦʥʬʝʨʝʥʮʽʾ çʇʝʨʩʧʝʢʪʠʚʠ ʪʝʣʝʢʦʤʫʥʽʢʘʮʽʡè! 

ʂʦʥʬʝʨʝʥʮʽʷ çʇʝʨʩʧʝʢʪʠʚʠ ʪʝʣʝʢʦʤʫʥʽʢʘʮʽʡè ʚʞʝ ʜʝʚôʷʪʥʘʜʮʷʪʠʡ ʨʽʢ 

ʧʦʩʧʽʣʴ ʧʨʦʚʦʜʠʪʴʩʷ ʥʘ ʙʘʟʽ ʅʘʚʯʘʣʴʥʦ-ʥʘʫʢʦʚʦʛʦ ʽʥʩʪʠʪʫʪʫ 

ʪʝʣʝʢʦʤʫʥʽʢʘʮʽʡʥʠʭ ʩʠʩʪʝʤ. ʅʅ ɯʊʉ ʟʘ ʟʤʽʩʪʦʤ ʥʘʚʯʘʣʴʥʦ-ʥʘʫʢʦʚʦʾ 

ʜʽʷʣʴʥʦʩʪʽ ʙʫʚ ʦʨʛʘʥʽʟʦʚʘʥʠʡ ʥʘ ʟʘʩʘʜʘʭ ʧʦʻʜʥʘʥʥʷ ʥʘʫʢʦʚʠʭ ʜʦʩʣʽʜʞʝʥʴ ʽ 

ʟʤʽʩʪʫ ʥʘʚʯʘʥʥʷ ʟʘ ʥʦʚʦʶ ʜʣʷ ʥʝʟʘʣʝʞʥʦʾ ʋʢʨʘʾʥʠ ʩʧʝʮʽʘʣʴʥʽʩʪʶ ʚ ʛʘʣʫʟʽ 

ʪʝʣʝʢʦʤʫʥʽʢʘʮʽʡ.  

ʈʝʟʫʣʴʪʘʪʠʚʥʽʩʪʴ ʧʦʻʜʥʘʥʥʷ ʥʘʫʢʠ ʽ ʥʘʚʯʘʥʥʷ ʧʽʜʪʚʝʨʜʞʫʻʪʴʩʷ ʬʘʢʪʦʤ 

ʱʦ ʚ ʩʝʨʝʜʦʚʠʱʽ ʅʅ ɯʊʉ ʫʩʧʽʰʥʦ ʧʨʘʮʶʶʪʴ 15 ʣʘʫʨʝʘʪʽʚ ɼʝʨʞʘʚʥʠʭ ʧʨʝʤʽʡ 

ʚ ʛʘʣʫʟʽ ʥʘʫʢʠ ʽ ʪʝʭʥʽʢʠ ʋʢʨʘʾʥʠ, ʚ ʪʦʤʫ ʯʠʩʣʽ 5 ʩʪʘʣʠ ʣʘʫʨʝʘʪʘʤʠ ʚ 2004 ʨʦʮʽ 

ʟʘ ʚʠʢʦʥʘʥʥʷ ʢʦʥʢʫʨʩʥʦʾ ʨʦʙʦʪʠ ʟʽ ʩʪʚʦʨʝʥʥʷ ʩʫʧʫʪʥʠʢʦʚʦʾ ʽʥʬʦʨʤʘʮʽʡʥʦ-

ʢʦʤʫʥʽʢʘʮʽʡʥʦʾ ʩʠʩʪʝʤʠ ʋʢʨʘʾʥʠ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʤʽʢʨʦʭʚʠʣʴʦʚʠʭ ʪʝʭʥʦʣʦʛʽʡ 

ʽ ʦʙʯʠʩʣʶʚʘʣʴʥʠʭ ʟʘʩʦʙʽʚ. ɯ ʩʴʦʛʦʜʥʽ ʮʷ ʪʨʘʜʠʮʽʷ ʤʘʻ ʪʝʥʜʝʥʮʽʶ ʜʦ 

ʧʨʦʜʦʚʞʝʥʥʷ ʦʩʢʽʣʴʢʠ 2025 ʨʦʮʽ ʈʝʢʪʦʨʘʪ ʽ ɺʯʝʥʘ ʨʘʜʘ ʂʇɯ ʽʤ. ɯʛʦʨʷ 

ʉʽʢʦʨʩʴʢʦʛʦ ʧʦʜʘʣʠ ʥʘ ʟʜʦʙʫʪʪʷ ʅʘʮʽʦʥʘʣʴʥʦʾ ʧʨʝʤʽʾ ʽʤ. ɹʦʨʠʩʘ ʇʘʪʦʥʘ ʱʝ 

ʦʜʥʫ ʨʦʙʦʪʫ çʉʪʚʦʨʝʥʥʷ ʨʘʜʽʦʪʝʭʥʽʯʥʠʭ ʩʠʩʪʝʤ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ 

ʪʨʦʧʦʩʬʝʨʥʠʭ ʪʝʭʥʦʣʦʛʽʡ ʪʘ ʟʘʩʦʙʽʚ ʝʣʝʢʪʨʦʥʥʠʭ ʢʦʤʫʥʽʢʘʮʽʡè. ʋʯʘʩʥʠʢʘʤʠ 

ʮʽʻʾ ʨʦʙʦʪʠ ʻ ʪʨʠ ʥʘʫʢʦʚʦ-ʧʝʜʘʛʦʛʽʯʥʽ ʧʨʘʮʽʚʥʠʢʠ ɯʊʉ.  

ʅʝʱʦʜʘʚʥʦ ʨʝʢʪʦʨʘʪ ʧʦʜʘʚ ʧʨʦʧʦʟʠʮʽʶ ʜʦ ʄʆʅ ʋʢʨʘʾʥʠ ʩʪʦʩʦʚʥʦ 

ʩʪʚʦʨʝʥʥʷ ʥʘ ʙʘʟʽ ʅɼɯ ʊʝʣʝʢʦʤʫʥʽʢʘʮʽʡ ʥʘʫʢʦʚʦ-ʢʦʥʩʫʣʴʪʘʮʽʡʥʦʛʦ ʮʝʥʪʨʫ  

çɿʚ'ʷʟʦʢ ʪʘ ʥʘʚʽʛʘʮʽʷè. ʇʦʜʽʙʥʽ ʮʝʥʪʨʠ ʙʫʜʫʪʴ ʩʪʚʦʨʝʥʽ ʟʛʽʜʥʦ ʨʽʰʝʥʥʷ 

ʜʝʨʞʘʚʠ ʜʣʷ ʧʨʠʚʝʜʝʥʥʷ ʩʠʩʪʝʤʠ ʦʨʛʘʥʽʟʘʮʽʾ ʥʘʫʢʦʚʠʭ ʜʦʩʣʽʜʞʝʥʴ ʫ ʚʠʱʠʭ 

ʥʘʚʘʣʴʥʠʭ ʟʘʢʣʘʜʘʭ ʜʦ ʩʚʽʪʦʚʠʭ ʩʪʘʥʜʘʨʪʽʚ. 
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ʌʘʭʽʚʮʽ ʅʅ ɯʊʉ ʽ ʅɼɯ ʊʝʣʝʢʦʤʫʥʽʢʘʮʽʡ ʫʩʧʽʰʥʦ ʚʠʢʦʥʫʶʪʴ ʧʨʝʩʪʠʞʥʽ 

ʥʘʫʢʦʚʽ ʧʨʦʝʢʪʠ ʅʘʫʢʦʚʦʾ ʨʘʜʠ ʅɸʊʆ çʅʘʫʢʘ ʟʘʨʘʜʠ ʤʠʨʫ ʪʘ ʙʝʟʧʝʢʠè ñ3D 

ʄʝʪʘʤʘʪʝʨʽʘʣʠ ʜʣʷ ʟʙʠʨʘʥʥʷ ʝʥʝʨʛʽʾ ʪʘ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʦʛʦ  ʟʦʥʜʫʚʘʥʥʷò ʽ 

ʅʘʮʽʦʥʘʣʴʥʦʛʦ ʌʦʥʜʫ ɼʦʩʣʽʜʞʝʥʴ ʋʢʨʘʾʥʠ çʄʽʢʨʦʭʚʠʣʴʦʚʽ ʧʨʠʩʪʨʦʾ ʥʘ 

ʦʩʥʦʚʽ ʨʝʟʦʥʘʥʩʥʠʭ ʩʪʨʫʢʪʫʨ ʟ ʤʝʪʘʤʘʪʝʨʽʘʣʴʥʠʤʠ ʚʣʘʩʪʠʚʦʩʪʷʤʠ ʜʣʷ ʟʘʭʠʩʪʫ 

ʞʠʪʪʻʜʽʷʣʴʥʦʩʪʽ ʪʘ ʽʥʬʦʨʤʘʮʽʡʥʦʾ ʙʝʟʧʝʢʠ ʋʢʨʘʾʥʠè. 

12 ʢʚʽʪʥʷ ʥʘ ʯʝʨʛʦʚʠʡ ʢʦʥʢʫʨʩ ʅʌɼ ʋʢʨʘʾʥʠ ʟ ʚʠʢʦʥʘʥʥʷ ʧʨʠʢʣʘʜʥʠʭ 

ʥʘʫʢʦʚʠʭ ʜʦʩʣʽʜʞʝʥʴ ʽ ʨʦʟʨʦʙʦʢ, ʩʧʨʷʤʦʚʘʥʠʭ ʥʘ ʟʤʽʮʥʝʥʥʷ 

ʦʙʦʨʦʥʦʟʜʘʪʥʦʩʪʽ ʪʘ ʙʝʟʧʝʢʠ ʋʢʨʘʾʥʠ ʧʦʜʘʥʦ ʧʨʦʝʢʪ, ʷʢʠʡ ʩʪʦʩʫʻʪʴʩʷ 

ʨʦʟʚʠʪʢʫ ʥʦʚʦʛʦ ʧʨʠʥʮʠʧʫ ʧʦʙʫʜʦʚʠ ʤʽʢʨʦʭʚʠʣʴʦʚʠʭ ʯʘʩʪʦʪʥʦ-ʚʠʙʽʨʢʦʚʠʭ 

ʧʨʠʩʪʨʦʾʚ ʥʘʩʪʫʧʥʦʛʦ ʧʦʢʦʣʽʥʥʷ ʪʘ ʾʭ ʧʨʘʢʪʠʯʥʦʛʦ ʟʘʩʪʦʩʫʚʘʥʥʷ ʚ ʫʜʘʨʥʠʭ 

ʜʨʦʥʘʭ. 

ʆʛʣʷʜ ʥʘʧʨʷʤʽʚ ʚʠʩʪʫʧʽʚ ʥʘ ʢʦʥʬʝʨʝʥʮʽʾ çʇʝʨʩʧʝʢʪʠʚʠ ʪʝʣʝʢʦʤʫʥʽʢʘʮʽʡ-

2025è ʚʢʘʟʫʻ ʥʘ ʪʝ, ʱʦ ʪʝʤʘʪʠʢʘ ʢʦʥʬʝʨʝʥʮʽʾ ʻ ʜʽʡʩʥʦ ʩʫʯʘʩʥʦʶ ʦʩʢʽʣʴʢʠ 

ʚʽʜʧʦʚʽʜʘʻ ʩʚʽʪʦʚʠʤ ʧʨʽʦʨʠʪʝʪʘʤ ʜʦʩʣʽʜʞʝʥʴ ʚ ʛʘʣʫʟʽ ʪʝʣʝʢʦʤʫʥʽʢʘʮʽʡ. ʉʝʨʝʜ 

ʥʠʭ:  

¶ ʪʝʭʥʦʣʦʛʽʾ 5G ʽ 6G,  

¶ ʩʠʩʪʝʤʠ ɯʥʪʝʨʥʝʪʫ ʨʝʯʝʡ,  

¶ ʟʘʩʪʦʩʫʚʘʥʥʷ ʰʪʫʯʥʦʛʦ ʽʥʪʝʣʝʢʪʫ,  

¶ ʜʦʩʣʽʜʞʝʥʥʷ ʤʝʪʘʤʘʪʝʨʽʘʣʽʚ ʪʘ ʾʭ ʟʘʩʪʦʩʫʚʘʥʥʷ ʚ ʪʝʣʝʢʦʤʫʥʽʢʘʮʽʷʭ.  

ʊʘʢʦʞ ʚʘʞʣʠʚʦʶ ʻ ʧʨʝʜʩʪʘʚʥʠʮʴʢʘ ʰʠʨʦʢʘ ʫʯʘʩʪʴ  ʩʪʫʜʝʥʪʽʚ ʅʅ ɯʊʉ ʷʢ 

ʚ ʢʦʥʬʝʨʝʥʮʽʾ çʇʝʨʩʧʝʢʪʠʚʠ ʪʝʣʝʢʦʤʫʥʽʢʘʮʽʡ-2025è ʪʘʢ ʽ ʫ ʩʧʝʮʽʘʣʴʥʦ 

ʩʪʚʦʨʝʥʽʡ ʜʣʷ ʥʠʭ ʩʽʤʥʘʜʮʷʪʽʡ ʥʘʫʢʦʚʦ-ʪʝʭʥʽʯʥʽʡ ʢʦʥʬʝʨʝʥʮʽʾ ʩʪʫʜʝʥʪʽʚ ʪʘ 

ʘʩʧʽʨʘʥʪʽʚ çʇʝʨʩʧʝʢʪʠʚʠ ʨʦʟʚʠʪʢʫ ʽʥʬʦʨʤʘʮʽʡʥʦʪʝʣʝʢʦʤʫʥʽʢʘʮʽʡʥʠʭ 

ʪʝʭʥʦʣʦʛʽʡ ʪʘ ʩʠʩʪʝʤè, ʷʢʘ ʧʨʦʚʦʜʠʪʴʩʷ ʷʢ ʩʝʢʮʽʷ ʢʦʥʬʝʨʝʥʮʽʾ çʇʝʨʩʧʝʢʪʠʚʠ 

ʪʝʣʝʢʦʤʫʥʽʢʘʮʽʡ-2025è. 

ʊʦʞ, ʚʽʪʘʶ ʟ ʧʦʯʘʪʢʦʤ ʨʦʙʦʪʠ Xɯʍ  ʄʽʞʥʘʨʦʜʥʦʾ ʥʘʫʢʦʚʦ-ʪʝʭʥʽʯʥʦʾ 

ʢʦʥʬʝʨʝʥʮʽʾ çʇʝʨʩʧʝʢʪʠʚʠ ʪʝʣʝʢʦʤʫʥʽʢʘʮʽʡè!  
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ʉɺɯʊʆɺɯ  ʇʈɯʆʈʀʊɽʊʀ ʉʋʏɸʉʅʀʍ ɯʅʌʆʈʄɸʎɯʁʅʆ-

ʂʆʄʋʅɯʂɸʎɯʁʅʀʍ ʊɽʍʅʆʃʆɻɯʁ 

 

ɺʠʩʪʫʧ ʥʘ ʚʽʜʢʨʠʪʪʽ  

Xɯʍ  ʄʽʞʥʘʨʦʜʥʦʾ ʥʘʫʢʦʚʦ-ʪʝʭʥʽʯʥʦʾ ʢʦʥʬʝʨʝʥʮʽʾ  

çʇʝʨʩʧʝʢʪʠʚʠ ʪʝʣʝʢʦʤʫʥʽʢʘʮʽʡè 

 

15 ʢʚʽʪʥʷ 2025 ʨ. 

ʄʠʭʘʡʣʦ ɯʃʔʏɽʅʂʆ 

ʘʢʘʜʝʤʽʢ ʅɸʅʋ, ʜ.ʪ.ʥ., ʧʨʦʬʝʩʦʨ 

 

ʇʨʘʢʪʠʯʥʝ ʚʠʢʦʨʠʩʪʘʥʥʷ ʽʥʬʦʨʤʘʮʽʡʥʦ-ʢʦʤʫʥʽʢʘʮʽʡʥʠʭ ʪʝʭʥʦʣʦʛʽʡ (ɯʂʊ) 

ʚʧʨʦʜʦʚʞ ʦʩʪʘʥʥʽʭ ʨʦʢʽʚ ʩʪʘʣʦ ʥʘʫʢʦʚʦ-ʪʝʭʥʽʯʥʠʤ ʙʘʟʠʩʦʤ ʟʜʽʡʩʥʝʥʥʷ 

ʮʠʬʨʦʚʦʾ ʪʨʘʥʩʬʦʨʤʘʮʽʾ ʋʢʨʘʾʥʠ ʽ ʨʝʘʣʽʟʘʮʽʾ ʜʠʩʪʘʥʮʽʡʥʦʾ ʜʽʷʣʴʥʦʩʪʽ 

ʩʫʩʧʽʣʴʩʪʚʘ. ɯʂʊ ʻ ʚʠʟʥʘʯʝʥʠʤʠ ʥʘ ʜʝʨʞʘʚʥʦʤʫ ʨʽʚʥʽ ʦʜʥʠʤ ʽʟ ʧʨʽʦʨʠʪʝʪʥʠʭ 

ʥʘʧʨʷʤʽʚ ʨʦʟʚʠʪʢʫ ʥʘʫʢʠ ʽ ʪʝʭʥʽʢʠ, ʟʘ ʷʢʠʤ ʟʜʽʡʩʥʶʶʪʴʩʷ ʥʘʫʢʦʚʽ 

ʜʦʩʣʽʜʞʝʥʥʷ ʚ ʋʢʨʘʾʥʽ. ʉʪʦʩʦʚʥʦ ʩʚʽʪʦʚʠʭ ʧʨʽʦʨʠʪʝʪʽʚ ʟʘʟʥʘʯʠʤʦ, ʱʦ ʚʦʥʠ 

ʚʠʟʥʘʯʝʥʽ ʧʝʨʰʠʤ ʚ ʽʩʪʦʨʽʾ ʧʦʚʥʽʩʪʶ ʚʽʨʪʫʘʣʴʥʠʤ ɺʩʝʩʚʽʪʥʽʤ 

ʄʽʢʨʦʭʚʠʣʴʦʚʠʤ ʂʦʥʛʨʝʩʦʤ, ʷʢʠʡ ʩʧʦʥʩʦʨʫʚʘʚʩʷ IEEE MTT-S ʽ ʚʽʜʙʫʚʩʷ ʚ 

ʪʨʘʚʥʽ 2024 ʨʦʢʫ. ʈʽʰʝʥʥʷʤʠ ʮʴʦʛʦ ʂʦʥʛʨʝʩʫ ʜʦ ʩʚʽʪʦʚʠʭ ʧʨʽʦʨʠʪʝʪʽʚ 

ʚʽʜʥʝʩʝʥʽ ʪʘʢʽ:   

- ɯʥʪʝʣʝʢʪʫʘʣʴʥʽ 6G: ʧʨʠʩʪʨʦʾ, ʩʭʝʤʠ ʽ ʩʠʩʪʝʤʠ, ʘ ʪʘʢʦʞ ʾʭʥʽ ʘʥʪʝʥʠ ʽ 

ʤʘʪʝʨʽʘʣʠ; 

- ʐʪʫʯʥʠʡ ɯʥʪʝʣʝʢʪ ʚ ʚʠʧʨʦʙʫʚʘʥʥʷʭ ʽ ʚʠʤʽʨʶʚʘʥʥʷʭ; 

- ʄʝʪʘʤʘʪʝʨʽʘʣʴʥʽ ʧʦʚʝʨʭʥʽ ʪʘ ʟʦʥʜʫʚʘʥʥʷ ʊɻʮ; 

- ʂʚʘʥʪʦʚʽ ʪʝʭʥʦʣʦʛʽʾ ʪʘ ʽʥʰʽ. 

ɻʘʣʫʟʴ ɯʂʊ ʧʨʦʜʦʚʞʫʻ ʨʦʟʚʠʚʘʪʠʩʷ ʚʠʥʷʪʢʦʚʦ ʜʠʥʘʤʽʯʥʦ. ɯ ʮʝ ʥʝʦʙʭʽʜʥʦ 

ʚʨʘʭʦʚʫʚʘʪʠ ʧʨʠ ʚʜʦʩʢʦʥʘʣʝʥʥʽ ʟʤʽʩʪʫ ʥʘʚʯʘʥʥʷ ʥʘʰʠʭ ʩʪʫʜʝʥʪʽʚ ʽ ʦʨʛʘʥʽʟʘʮʽʾ 

ʥʘʫʢʦʚʠʭ ʜʦʩʣʽʜʞʝʥʴ ʥʘʫʢʦʚʦ-ʧʝʜʘʛʦʛʽʯʥʠʤʠ ʪʘ ʽʥʰʠʤʠ ʧʨʘʮʽʚʥʠʢʘʤʠ. ʊʦʤʫ 

ʟʘ ʤʦʻʾ ʽʥʽʮʽʘʪʠʚʠ ʚ ɯʊʉ ʟʘʧʨʦʚʘʜʞʝʥʦ ʽʥʬʦʨʤʘʮʽʡʥʠʡ ʧʨʦʝʢʪ çʊʝʣʝʢʦʤ-

ʥʦʚʠʥʠè, ʟʘʚʜʷʢʠ ʷʢʦʤʫ ʫʧʨʦʜʦʚʞ ʢʘʣʝʥʜʘʨʥʦʛʦ ʨʦʢʫ  ʚʠʢʣʘʜʘʯʽ, ʥʘʫʢʦʚʮʽ, 

ʘʩʧʽʨʘʥʪʠ ʪʘ ʩʪʫʜʝʥʪʠ ʤʘʶʪʴ ʤʦʞʣʠʚʽʩʪʴ ʤʘʡʞʝ ʱʦʜʝʥʥʦ ʟʥʘʡʦʤʠʪʠʩʴ  ʟ 

ʥʦʚʠʥʘʤʠ, ʱʦ ʨʦʟʪʘʰʦʚʫʶʪʴʩʷ ʥʘ ʩʘʡʪʘʭ ʽʥʩʪʠʪʫʪʫ ʪʘ ʜʝʢʘʥʘʪʫ ɯʊʉ.   

ɺʩʴʦʛʦ ʟʘ ʦʩʪʘʥʥʽʡ ʧʝʨʽʦʜ ʦʟʥʘʡʦʤʣʝʥʦ ʟ ʧʦʥʘʜ 2000 ʥʦʚʠʥʘʤʠ, ʚ ʪʦʤʫ ʯʠʩʣʽ 

ʤʘʡʞʝ 400 ʫʧʨʦʜʦʚʞ 2024 ʨ. ʗʢ ʢʝʨʽʚʥʠʢ ʧʨʦʝʢʪʫ çʊʝʣʝʢʦʤ-ʥʦʚʠʥʠè ʜʷʢʫʶ 

ʤʦʾʤ ʢʦʣʝʛʘʤ ɯʨʠʥʽ ʂʦʥʦʥʦʚʽʡ, ɯʨʠʥʽ ʂʨʘʚʯʫʢ, ɺʽʢʪʦʨʽʾ ʉʻʚʻʨʻʥʽʡ ʟʘ 

ʧʨʦʬʝʩʽʡʥʫ ʫʯʘʩʪʴ ʫ ʟʜʽʡʩʥʝʥʥʽ ʧʨʦʝʢʪʫ.  

https://www.its.kpi.ua/uk/infotelecom_news  

https://www.its.kpi.ua/uk/infotelecom_news
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 ɿʤʽʩʪ ʥʦʚʠʥ ʫ ʥʘʩ ʜʠʬʝʨʝʥʮʽʡʦʚʘʥʦ ʟʘ ʪʘʢʠʤʠ ʥʘʧʨʷʤʘʤʠ: 

- ɽʣʝʢʪʨʦʥʥʽ ʢʦʤʫʥʽʢʘʮʽʾ ʚ ʋʢʨʘʾʥʽ; 

- ʅʦʚʽ ʧʦʢʦʣʽʥʥʷ ʤʦʙʽʣʴʥʦʛʦ ʟʚôʷʟʢʫ 5G ʽ 6G; 

- ʉʫʧʫʪʥʠʢʦʚʽ ʪʝʣʝʢʦʤʫʥʽʢʘʮʽʡʥʽ ʪʝʭʥʦʣʦʛʽʾ; 

- ʉʠʩʪʝʤʠ ɯʥʪʝʨʥʝʪʫ ʨʝʯʝʡ; 

- ʐʪʫʯʥʠʡ ʽʥʪʝʣʝʢʪ ʚ ʪʝʣʝʢʦʤʫʥʽʢʘʮʽʷʭ. 

ʅʘʚʝʜʝʤʦ ʦʢʨʝʤʽ ʧʨʠʢʣʘʜʠ ʩʫʯʘʩʥʠʭ ʥʦʚʠʥ ʽ ʾʭʥʽ ʧʝʨʰʦʜʞʝʨʝʣʘ, 

ʽʥʬʦʨʤʘʮʽʶ ʧʨʦ ʷʢʽ ʦʨʛʘʥʽʟʘʪʦʨʠ ʧʨʦʝʢʪʫ ʦʪʨʠʤʘʣʠ ʥʘʩʘʤʧʝʨʝʜ ʫʧʨʦʜʦʚʞ 

ʩʽʯʥʷ ï ʙʝʨʝʟʥʷ 2025 ʨʦʢʫ: 

 

ɻʣʦʙʘʣʴʥʝ ʚʧʨʦʚʘʜʞʝʥʥʷ 5G 

https://iotbusinessnews.com/  

ü ʉʚʽʪʦʚʘ ʽʥʜʫʩʪʨʽʷ ʙʝʟʜʨʦʪʦʚʠʭ ʪʝʣʝʢʦʤʫʥʽʢʘʮʽʡ ʜʦʩʷʛʣʘ ʽʩʪʦʨʠʯʥʦʾ ʚʽʭʠ 

ʫ 2024 ʨʦʮʽ - ʢʽʣʴʢʽʩʪʴ ʧʽʜʢʣʶʯʝʥʴ 5G ʫ ʚʩʴʦʤʫ ʩʚʽʪʽ ʜʦʩʷʛʣʘ 2,25 

ʤʽʣʴʷʨʜʘ. 

ü ɻʣʦʙʘʣʴʥʽ ʧʽʜʢʣʶʯʝʥʥʷ 5G: 1,5 ʙʝʟʜʨʦʪʦʚʠʭ ʟ'ʻʜʥʘʥʴ ʥʘ ʣʶʜʠʥʫ ʚ 

ʫʩʴʦʤʫ ʩʚʽʪʽ ʜʦ ʢʽʥʮʷ 2024 ʨʦʢʫ. 

ü ʃʽʜʝʨʠ ï ʇʽʚʥʽʯʥʘ ʪʘ ʃʘʪʠʥʩʴʢʘ ɸʤʝʨʠʢʠ, ʂʠʪʘʡ. 

 

ɺʧʣʠʚ 5G ʥʘ ʨʦʟʚʠʪʦʢ IoT-ʧʨʠʩʪʨʦʾʚ: 

ʱʦ ʦʯʽʢʫʚʘʪʠ ʚ ʥʘʡʙʣʠʞʯʽ ʨʦʢʠ 

https://expert.com.ua/   

ü ʋ 2024 ʨʦʮʽ ʙʫʣʦ ʜʦʜʘʥʦ 438 ʤʽʣʴʡʦʥʽʚ ʥʦʚʠʭ ʧʽʜʢʣʶʯʝʥʴ IoT, ʱʦ 

ʟʙʣ̔ʴʰʠʣʦ ʟʘʛʘʣʴʥʫ  ʢʽʣʴʢʽʩʪʴ ʫ ʚʩʴʦʤʫ ʩʚʽʪʽ ʜʦ 3,6 ʤʽʣʴʷʨʜʘ. 

ü 5G ï ʮʝ ʨʝʚʦʣʶʮʽʡʥʘ ʪʝʭʥʦʣʦʛʽʷ, ʟʜʘʪʥʘ ʟʘʙʝʟʧʝʯʠʪʠ ʰʚʠʜʢʽʩʪʴ 

ʧʝʨʝʜʘʯʽ ʜʘʥʠʭ ʜʦ 20 ɻʙʽʪ/ʩ ʽ ʤʽʥʽʤʘʣʴʥʫ ʟʘʪʨʠʤʢʫ ʩʠʛʥʘʣʫ.  

ü 5G ʽ IoT ʥʝ ʧʨʦʩʪʦ ʟʤʽʥʶʶʪʴ ʦʢʨʝʤʽ ʧʨʠʩʪʨʦʾ ï ʚʦʥʠ ʪʨʘʥʩʬʦʨʤʫʶʪʴ 

ʮʽʣʽ ʛʘʣʫʟʽ ʪʘ ʚʧʣʠʚʘʶʪʴ ʥʘ ʩʧʦʩʽʙ ʞʠʪʪʷ. ɯ ʭʦʯʘ ʰʣʷʭ ʜʦ ʧʦʚʥʦʛʦ 

ʨʦʟʢʨʠʪʪʷ ʮʴʦʛʦ ʧʦʪʝʥʮʽʘʣʫ ʤʦʞʝ ʟʘʡʥʷʪʠ ʢʽʣʴʢʘ ʨʦʢʽʚ, ʫʞʝ ʟʘʨʘʟ 

ʚʠʜʥʦ, ʷʢ ʮʽ ʪʝʭʥʦʣʦʛʽʾ ʨʦʙʣʷʪʴ ʥʘʰʝ ʞʠʪʪʷ ʟʨʫʯʥʽʰʠʤ, ʙʝʟʧʝʯʥʽʰʠʤ ʽ 

ʮʽʢʘʚʽʰʠʤ. 

 

Samsung Electronics ʧʨʝʜʩʪʘʚʠʣʘ ʥʦʚʫ ʙʽʣʫ ʢʥʠʛʫ 6G 

https://www.rcrwireless.com/    

ü ʅʦʚʘ ʪʝʭʥʦʣʦʛʽʷ ʤʘʻ ʧʦʢʨʘʱʠʪʠ ʧʦʚʩʷʢʜʝʥʥʝ ʞʠʪʪʷ ʩʧʦʞʠʚʘʯʘ, 

ʟʦʢʨʝʤʘ, XR-ʤʦʞʣʠʚʦʩʪʽ (ʨʦʟʰʠʨʝʥʫ ʨʝʘʣʴʥʽʩʪʴ) ʫ ʨʦʟʚʘʛʘʭ, ʦʭʦʨʦʥʽ 

ʟʜʦʨʦʚôʷ ʪʘ ʥʘʫʮʽ.  

ü 6G ʧʦʢʨʘʱʠʪʴ ʤʘʩʦʚʠʡ ʟʚôʷʟʦʢ, ʟʘʙʝʟʧʝʯʫʶʯʠ ʧʦʩʪʽʡʥʝ ʟôʻʜʥʘʥʥʷ ʤʽʞ 

ʙʝʟʣʽʯʯʶ ʧʨʠʩʪʨʦʾʚ, ʜʘʪʯʠʢʘʤʠ, ʤʘʰʠʥʘʤʠ ʪʘ ʪʝʨʤʽʥʘʣʘʤʠ, ʘ ʪʘʢʦʞ 

ʟʚ'ʷʟʦʢ ʤʽʞ ʥʘʟʝʤʥʠʤʠ ʪʘ ʩʫʧʫʪʥʠʢʦʚʠʤʠ ʤʝʨʝʞʘʤʠ ʽ ʪʝʭʥʦʣʦʛʽʶ Fixed 

Wireless Access.  

ü ʎʝ ʙʫʜʝ ʟʜʽʡʩʥʝʥʦ ʟʘ ʜʦʧʦʤʦʛʦʶ ʚʠʢʦʨʠʩʪʘʥʥʷ ʐɯ ʫ ʨʽʟʥʠʭ ʩʝʛʤʝʥʪʘʭ 

ʤʝʨʝʞʽ 6G. 

https://iotbusinessnews.com/
https://expert.com.ua/
https://www.rcrwireless.com/
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6G ʚʞʝ ʙʣʠʟʴʢʦ: ʷʧʦʥʩʴʢʽ ʚʯʝʥʽ ʚʩʪʘʥʦʚʠʣʠ ʨʝʢʦʨʜ ʰʚʠʜʢʦʩʪʽ 

ʙʝʟʜʨʦʪʦʚʦʛʦ ʬʦʪʦʥʥʦʛʦ ʟʚ'ʷʟʢʫ 

https://internetua.com/    

ü ʅʘʫʢʦʚʮʽ ʟ ʗʧʦʥʽʾ ʧʽʜʥʷʣʠ ʧʣʘʥʢʫ ʰʚʠʜʢʦʩʪʽ ʙʝʟʜʨʦʪʦʚʦʛʦ ʟʚ'ʷʟʢʫ ʥʘ 

ʙʝʟʧʨʝʮʝʜʝʥʪʥʠʡ ʨʽʚʝʥʴ. ɰʤ ʚʜʘʣʦʩʷ  ʜʦʤʦʛʪʠʩʷ ʰʚʠʜʢʦʩʪʽ ʧʝʨʝʜʘʯʽ 

ʜʘʥʠʭ 240 ɻʙʽʪ/ʩ ʧʦ ʦʜʥʦʤʫ ʮʠʬʨʦʚʦʤʫ ʢʘʥʘʣʫ, ʱʦ ʻ ʨʝʚʦʣʶʮʽʡʥʠʤ 

ʜʦʩʷʛʥʝʥʥʷʤ. 

ü ʇʨʦʙʣʝʤʘ ʧʦʣʷʛʘʣʘ ʫ ʟʤʝʥʰʝʥʥʽ ʧʝʨʝʰʢʦʜ ʽ ʬʘʟʦʚʦʛʦ ʰʫʤʫ, ʷʢʽ ʤʦʞʫʪʴ 

ʚʧʣʠʚʘʪʠ ʥʘ ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ ʙʘʛʘʪʦʨʽʚʥʝʚʦʾ ʤʦʜʫʣʷʮʽʾ ʩʠʛʥʘʣʫ ʥʘ 

ʥʘʜʚʠʩʦʢʠʭ ʰʚʠʜʢʦʩʪʷʭ. 

ü ʉʘʤʝ ʮʶ ʧʨʦʙʣʝʤʫ ʚʠʨʽʰʠʣʘ ʢʦʤʘʥʜʘ ʟ ʋʥʽʚʝʨʩʠʪʝʪʫ ʆʩʘʢʠ. ɺʯʝʥʽ 

ʩʪʚʦʨʠʣʠ ʩʠʩʪʝʤʫ ʟʚ'ʷʟʢʫ ʥʘ ʯʘʩʪʦʪʽ 300 ɻɻʮ ʟ ʛʝʥʝʨʘʪʦʨʦʤ ʩʠʛʥʘʣʫ ʚ 

ʧʨʠʡʤʘʯʽ ʽ ʧʝʨʝʜʘʚʘʯʽ, ʱʦ ʚʢʣʶʯʘʻ ʮʠʬʨʦʚʫ ʦʙʨʦʙʢʫ ʩʠʛʥʘʣʽʚ  ʜʣʷ 

ʜʝʤʦʜʫʣʷʮʽʾ ʩʠʛʥʘʣʫ ʽ ʧʽʜʚʠʱʝʥʥʷ ʰʚʠʜʢʦʩʪʽ ʧʝʨʝʜʘʯʽ ʜʘʥʠʭ. ʎʝʡ 

ʽʥʥʦʚʘʮʽʡʥʠʡ ʧʽʜʭʽʜ ʟʥʘʯʥʦ ʟʤʝʥʰʠʚ ʬʘʟʦʚʠʡ ʰʫʤ, ʧʦʜʦʣʘʚʰʠ 

ʦʙʤʝʞʝʥʥʷ, ʷʢʽ ʧʝʨʝʰʢʦʜʞʘʣʠ ʟʚ'ʷʟʢʫ ʥʘ ʯʘʩʪʦʪʽ 300 ɻɻʮ. 

 

SpaceX ʛʦʪʫʻ ʥʦʚʫ ʘʥʪʝʥʫ Starlink, ʫ 5 ʨʘʟʽʚ ʰʚʠʜʰʫ ʟʘ ʥʠʥʽʰʥʽ ʤʦʜʝʣʽ 

https://itechua.com/ 

ü SpaceX ʧʨʘʮʶʻ ʥʘʜ ʩʪʚʦʨʝʥʥʷʤ ʥʦʚʦʾ ʘʥʪʝʥʠ ʜʣʷ Starlink, ʷʢʘ ʟʤʦʞʝ 

ʧʝʨʝʜʘʚʘʪʠ ʜʘʥʽ ʟʽ ʰʚʠʜʢʽʩʪʶ ʜʦ 1 ɻʙʽʪ/ʩ. ɼʣʷ ʜʦʩʷʛʥʝʥʥʷ ʪʘʢʠʭ 

ʨʝʟʫʣʴʪʘʪʽʚ SpaceX ʧʣʘʥʫʻ ʦʥʦʚʠʪʠ ʩʚʦʻ ʩʫʧʫʪʥʠʢʦʚʝ ʫʛʨʫʧʦʚʘʥʥʷ ʪʘ 

ʨʦʟʰʠʨʠʪʠ ʚʠʢʦʨʠʩʪʘʥʥʷ ʯʘʩʪʦʪʥʦʛʦ ʜʽʘʧʘʟʦʥʫ ʜʣʷ ʩʫʧʫʪʥʠʢʦʚʦʛʦ 

ʽʥʪʝʨʥʝʪʫ. 

ü ɿʘʚʜʷʢʠ ʮʠʤ ʦʥʦʚʣʝʥʥʷʤ Starlink ʟʤʦʞʝ ʩʪʘʪʠ ʩʝʨʡʦʟʥʠʤ ʢʦʥʢʫʨʝʥʪʦʤ 

ʪʨʘʜʠʮʽʡʥʠʤ ʦʧʪʦʚʦʣʦʢʦʥʥʠʤ ʤʝʨʝʞʘʤ. 

ü SpaceX ʫʞʝ ʧʨʝʜʩʪʘʚʠʣʘ ʥʦʚʫ ʧʦʪʫʞʥʫ ʧʣʦʩʢʫ ʘʥʪʝʥʫ ʜʣʷ ʙʽʟʥʝʩ-

ʢʦʨʠʩʪʫʚʘʯʽʚ. 

 

ʈʝʚʦʣʶʮʽʷ WI-FI: ʢʦʣʠ ʚ ʋʢʨʘʾʥʽ ʟôʷʚʠʪʴʩʷ ʥʘʜʰʚʠʜʢʠʡ ʽʥʪʝʨʥʝʪ 

ʤʘʡʙʫʪʥʴʦʛʦ 

https://ysc.kiev.ua/ 

ü ɿ ʨʦʟʚʠʪʢʦʤ ʪʝʭʥʦʣʦʛʽʡ ʟʨʦʩʪʘʻ ʧʦʪʨʝʙʘ ʫ ʰʚʠʜʢʦʤʫ ʪʘ ʩʪʘʙʽʣʴʥʦʤʫ 

ʙʝʟʜʨʦʪʦʚʦʤʫ ʽʥʪʝʨʥʝʪʽ. Wi-Fi 7 ʦʙʽʮʷʻ ʚʠʨʽʰʠʪʠ ʮʶ ʧʨʦʙʣʝʤʫ. 

ü Wi-Fi 7 (IEEE 802.11be) - ʮʝ ʥʦʚʠʡ ʩʪʘʥʜʘʨʪ ʙʝʟʜʨʦʪʦʚʦʛʦ ʟʚôʷʟʢʫ, ʱʦ 

ʟʘʙʝʟʧʝʯʫʻ ʟʥʘʯʥʦ ʚʠʱʫ ʰʚʠʜʢʽʩʪʴ, ʤʝʥʰʽ ʟʘʪʨʠʤʢʠ ʪʘ ʧʦʢʨʘʱʝʥʫ 

ʩʪʘʙʽʣʴʥʽʩʪʴ ʧʽʜʢʣʶʯʝʥʥʷ. 

ü ʄʘʩʦʚʝ ʚʧʨʦʚʘʜʞʝʥʥʷ ʦʯʽʢʫʻʪʴʩʷ ʫʞʝ ʚ ʮʴʦʤʫ ʨʦʮʽ, ʢʦʣʠ ʥʦʚʽ 

ʤʘʨʰʨʫʪʠʟʘʪʦʨʠ ʪʘ ʛʘʜʞʝʪʠ ʧʦʯʥʫʪʴ ʰʠʨʦʢʦ ʧʽʜʪʨʠʤʫʚʘʪʠ ʥʦʚʠʡ 

ʩʪʘʥʜʘʨʪ. ɼʣʷ ʧʦʚʥʦʾ ʨʝʘʣʽʟʘʮʽʾ ʧʝʨʝʚʘʛ Wi-Fi 7 ʧʦʪʨʽʙʥʽ ʩʫʤʽʩʥʠʡ 

ʤʘʨʰʨʫʪʠʟʘʪʦʨ ʽ ʧʨʠʩʪʨʦʾ (ʩʤʘʨʪʬʦʥʠ, ʥʦʫʪʙʫʢʠ, ʪʝʣʝʚʽʟʦʨʠ). 

 

 

https://internetua.com/
https://internetua.com/
https://itechua.com/
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Vodafone ʟʜʽʡʩʥʠʚ ʧʝʨʰʠʡ ʫ ʩʚʽʪʽ ʚʽʜʝʦʜʟʚʽʥʦʢ ʯʝʨʝʟ ʩʫʧʫʪʥʠʢʦʚʠʡ 

ʟʚôʷʟʦʢ 

https://processer.media/ 

ü Vodafone ʟʜʽʡʩʥʠʚ ʧʝʨʰʠʡ ʫ ʩʚʽʪʽ ʚʽʜʝʦʜʟʚʽʥʦʢ ʯʝʨʝʟ ʩʫʧʫʪʥʠʢʦʚʠʡ 

ʟʚôʷʟʦʢ ʟʽ ʩʪʘʥʜʘʨʪʥʦʛʦ ʩʤʘʨʪʬʦʥʘ ʪʘ ʧʣʘʥʫʻ ʟʘʧʫʩʪʠʪʠ ʮʶ ʪʝʭʥʦʣʦʛʽʶ  

ʥʘʧʨʠʢʽʥʮʽ 2025 ï ʥʘ ʧʦʯʘʪʢʫ 2026 ʨʦʢʫ. 

ü ʊʝʭʥʦʣʦʛʽʷ ʜʦʟʚʦʣʠʪʴ ʢʦʨʠʩʪʫʚʘʯʘʤ ʫ ʟʦʥʘʭ ʙʝʟ ʤʦʙʽʣʴʥʦʛʦ ʟʚôʷʟʢʫ 

ʟʜʽʡʩʥʶʚʘʪʠ ʚʽʜʝʦʜʟʚʽʥʢʠ, ʢʦʨʠʩʪʫʚʘʪʠʩʷ ʽʥʪʝʨʥʝʪʦʤ ʽ ʦʥʣʘʡʥ-

ʩʝʨʚʽʩʘʤʠ ʙʝʟ ʥʝʦʙʭʽʜʥʦʩʪʽ ʫ ʩʧʝʮʽʘʣʴʥʦʤʫ ʦʙʣʘʜʥʘʥʥʽ.  

ü ʉʤʘʨʪʬʦʥʠ ʟ ʧʽʜʪʨʠʤʢʦʶ 4G ʽ 5G ʟʤʦʞʫʪʴ ʘʚʪʦʤʘʪʠʯʥʦ ʧʝʨʝʤʠʢʘʪʠʩʷ 

ʤʽʞ ʩʫʧʫʪʥʠʢʦʚʠʤʠ ʪʘ ʥʘʟʝʤʥʠʤʠ ʤʝʨʝʞʘʤʠ 

 

çʂʠʾʚʩʪʘʨè ʽ Starlink ʱʦʜʦ ʚʧʨʦʚʘʜʞʝʥʥʷ ʧʦʩʣʫʛʠ Direct to Cell ʚ ʋʢʨʘʾʥʽ 

https://mediasat.info/    

ü Starlink ʧʣʘʥʫʻ ʩʧʝʨʰʫ ʚʠʚʝʩʪʠ ʥʘ ʦʨʙʽʪʫ ʜʦʜʘʪʢʦʚʽ ʩʫʧʫʪʥʠʢʠ ʜʣʷ 

ʧʽʜʪʨʠʤʢʠ ʪʝʭʥʦʣʦʛʽʾ Direct to Cell. ɿʘ ʧʣʘʥʦʤ ʢʦʤʧʘʥʽʾ, ʢʽʣʴʢʽʩʪʴ 

ʩʫʧʫʪʥʠʢʽʚ ʥʝʦʙʭʽʜʥʦ ʧʦʜʚʦʾʪʠ. 

ü ʊʝʭʥʦʣʦʛʽʷ ʥʘʜʘʚʘʪʠʤʝ ʤʦʙʽʣʴʥʠʡ ʟʚôʷʟʦʢ ʯʝʨʝʟ ʩʫʧʫʪʥʠʢ ʙʫʜʴ-ʷʢʦʤʫ 

ʩʤʘʨʪʬʦʥʫ, ʱʦ ʧʽʜʪʨʠʤʫʻ 4G.  

 

Ajax Systems ʧʨʦʧʦʥʫʻ ʚʽʜʝʦʜʟʚʽʥʦʢ Doorbell ʽʟ ʚʙʫʜʦʚʘʥʠʤ AI ʜʣʷ 

ʨʦʟʧʽʟʥʘʥʥʷ ʦʙôʻʢʪʽʚ 

https://ko.com.ua/  

ü ʇʨʠʩʪʨʽʡ ʣʝʛʢʦ ʽʥʪʝʛʨʫʻʪʴʩʷ ʚ ʝʢʦʩʠʩʪʝʤʫ Ajax ʪʘ ʧʦʻʜʥʫʻ 

ʙʝʟʧʝʨʝʙʽʡʥʫ ʨʦʙʦʪʫ ʟ ʧʝʨʝʜʦʚʠʤʠ ʦʭʦʨʦʥʥʠʤʠ ʤʦʞʣʠʚʦʩʪʷʤʠ. 

ü ʆʩʥʦʚʥʘ ʬʫʥʢʮʽʷ Ajax DoorBell ï ʧʦʚʽʜʦʤʣʷʪʠ ʢʦʨʠʩʪʫʚʘʯʘ ʧʨʦ ʛʦʩʪʝʡ 

ʫ ʨʝʘʣʴʥʦʤʫ ʯʘʩʽ ʙʝʟ ʟʘʪʨʠʤʦʢ. 

ü ɺʽʜʝʦʜʟʚʽʥʦʢ ʤʘʻ ʚʙʫʜʦʚʘʥʠʡ ʰʪʫʯʥʠʡ ʽʥʪʝʣʝʢʪ, ʱʦ ʨʦʟʧʽʟʥʘʻ ʣʶʜʝʡ, 

ʪʚʘʨʠʥ ʽ ʪʨʘʥʩʧʦʨʪʥʽ ʟʘʩʦʙʠ. 

 

ʋʢʨʘʾʥʘ ʟʘʡʤʘʻ ʧôʷʪʝ ʤʽʩʮʝ ʫ ʛʣʦʙʘʣʴʥʦʤʫ ʮʠʬʨʦʚʦʤʫ ʨʝʡʪʠʥʛʫ ʆʆʅ  

https://www.ukrinform.ua/  

ü ɿʘ ʧôʷʪʴ ʨʦʢʽʚ ʋʢʨʘʾʥʽ ʚʜʘʣʦʩʷ ʧʽʜʥʷʪʠʩʷ ʟʘ ʽʥʜʝʢʩʦʤ ʦʥʣʘʡʥ-ʩʝʨʚʽʩʽʚ ʫ 

ʛʣʦʙʘʣʴʥʦʤʫ ʨʝʡʪʠʥʛʫ ʆʆʅ ʟʽ 102-ʛʦ ʥʘ 5-ʪʝ ʤʽʩʮʝ.  

ñʅʘʰ ʜʦʩʚʽʜ ʧʦʙʫʜʦʚʠ ʮʠʬʨʦʚʦʾ ʜʝʨʞʘʚʠ ʫʥʽʢʘʣʴʥʠʡ ʽ ʚʘʞʣʠʚʠʡ ʜʣʷ 

ʚʩʴʦʛʦ ʩʚʽʪʫ. ʇʨʘʮʶʻʤʦ ʜʘʣʽ ʪʘ ʥʘʙʣʠʞʘʻʤʦʩʷ ʜʦ ʻʜʠʥʦʛʦ ʮʠʬʨʦʚʦʛʦ ʨʠʥʢʫ 

ɭʉò ï ʟʘʷʚʠʣʠ ʚ ʄʽʥʮʠʬʨʽ. 

https://processer.media/
https://mediasat.info/
https://ko.com.ua/
https://www.ukrinform.ua/
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ɺʧʨʦʚʘʜʞʝʥʥʷ ʰʪʫʯʥʦʛʦ ʽʥʪʝʣʝʢʪʫ (ʢʦʥʮʝʧʪʫʘʣʴʥʦ) 

ɯʣʦʥ ʄʘʩʢ ʩʪʚʝʨʜʞʫʻ, ʱʦ ʐɯ ʚʠʯʝʨʧʘʚ ʫʩʽ ʥʘʷʚʥʽ ʣʶʜʩʴʢʽ ʟʥʘʥʥʷ 

https://itechua.com/ 

ʅʘ ʧʦʪʦʯʥʠʡ ʤʦʤʝʥʪ ʽʩʥʫʻ ʙʨʘʢ ʨʝʘʣʴʥʠʭ ʜʘʥʠʭ ʜʣʷ ʥʘʚʯʘʥʥʷ ʰʪʫʯʥʦʛʦ 

ʽʥʪʝʣʝʢʪʫ. 

ʈʽʰʝʥʥʷ ʧʨʦʙʣʝʤʠ ï ʚʠʢʦʨʠʩʪʘʥʥʷ ʩʠʥʪʝʪʠʯʥʠʭ ʜʘʥʠʭ, ʱʦ ʛʝʥʝʨʫʶʪʴʩʷ 

ʩʘʤʠʤʠ ʐɯ-ʤʦʜʝʣʷʤʠ.  

 

ʈʠʥʦʢ ʧʨʘʮʽ ʤʘʡʙʫʪʥʴʦʛʦ: ʐɯ ʟʘʙʝʟʧʝʯʠʪʴ 78 ʤʽʣʴʡʦʥʽʚ ʥʦʚʠʭ ʚʘʢʘʥʩʽʡ.  

https://itechua.com/  

ʇʨʦʛʥʦʟ ɺʩʝʩʚʽʪʥʴʦʛʦ ʝʢʦʥʦʤʽʯʥʦʛʦ ʬʦʨʫʤʫ: ʜʦ 2030 ʨʦʢʫ 

ʚʧʨʦʚʘʜʞʝʥʥʷ ʰʪʫʯʥʦʛʦ ʽʥʪʝʣʝʢʪʫ ʧʨʠʟʚʝʜʝ ʜʦ ʩʪʚʦʨʝʥʥʷ 170 ʤʽʣʴʡʦʥʽʚ 

ʨʦʙʦʯʠʭ ʤʽʩʮʴ, ʘʣʝ ʦʜʥʦʯʘʩʥʦ ʟʥʠʢʥʫʪʴ 92 ʤʽʣʴʡʦʥʠ. ʋ ʧʽʜʩʫʤʢʫ, ʦʯʽʢʫʻʪʴʩʷ 

ʯʠʩʪʠʡ ʧʨʠʨʽʩʪ ʫ 78 ʤʽʣʴʡʦʥʽʚ ʨʦʙʦʯʠʭ ʤʽʩʮʴ. 

 

ʐʪʫʯʥʠʡ ʽʥʪʝʣʝʢʪ ʟʤʽʥʶʻ ʬʽʥʘʥʩʦʚʫ ʛʘʣʫʟʴ:  

ʙʘʥʢʠ ʧʣʘʥʫʶʪʴ ʤʘʩʦʚʽ ʩʢʦʨʦʯʝʥʥʷ 

https://itechua.com/ 

ʉʚʽʪʦʚʽ ʙʘʥʢʠ ʧʣʘʥʫʶʪʴ ʩʢʦʨʦʪʠʪʠ ʙʣʠʟʴʢʦ 200 ʪʠʩʷʯ ʨʦʙʦʯʠʭ ʤʽʩʮʴ ʫ 

ʥʘʡʙʣʠʞʯʽ 3-5 ʨʦʢʽʚ ʯʝʨʝʟ ʘʢʪʠʚʥʝ ʚʧʨʦʚʘʜʞʝʥʥʷ ʰʪʫʯʥʦʛʦ ʽʥʪʝʣʝʢʪʫ. 

ʎʝ ʜʦʟʚʦʣʠʪʴ ʙʘʥʢʘʤ ʦʧʪʠʤʽʟʫʚʘʪʠ ʧʨʦʮʝʩʠ ʡ ʧʽʜʚʠʱʠʪʠ 

ʧʨʠʙʫʪʢʦʚʽʩʪʴ, ʷʢʘ, ʟʘ ʧʨʦʛʥʦʟʘʤʠ, ʤʦʞʝ ʟʨʦʩʪʠ ʜʦ 17% ʫ 2027 ʨʦʮʽ. 

 

ɺʝʣʠʢʘ ɹʨʠʪʘʥʽʷ ʩʪʘʥʝ ʣʽʜʝʨʦʤ ʫ ʩʚʽʪʽ ʟ ʨʦʟʚʠʪʢʫ ʐɯ 

https://itechua.com/    

ʇʣʘʥ ʧʝʨʝʜʙʘʯʘʻ ʩʪʚʦʨʝʥʥʷ ʩʧʝʮʽʘʣʴʥʠʭ ʟʦʥ ʜʣʷ ʜʘʪʘ-ʮʝʥʪʨʽʚ, 

ʧʨʠʩʢʦʨʝʥʥʷ ʾʭʥʴʦʛʦ ʙʫʜʽʚʥʠʮʪʚʘ ʪʘ ʧʽʜʪʨʠʤʢʫ ʚʠʧʫʩʢʥʠʢʽʚ, ʷʢʽ ʦʙʠʨʘʶʪʴ 

ʪʝʭʥʦʣʦʛʽʯʥʽ ʥʘʧʨʷʤʢʠ. 

ʇʦʚʥʝ ʚʧʨʦʚʘʜʞʝʥʥʷ ʐɯ ʤʦʞʝ ʧʽʜʚʠʱʠʪʠ ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ ʥʘ 1.5% ʥʘ 

ʨʽʢ, ʱʦ ʧʨʠʥʝʩʝ ʝʢʦʥʦʤʽʮʽ ʜʦʜʘʪʢʦʚʠʡ ʜʦʭʽʜ ʫ ʨʦʟʤʽʨʽ Ã47 ʤʣʨʜ ʩʪʝʨʣʽʥʛʽʚ 

ʱʦʨʦʢʫ ʚʧʨʦʜʦʚʞ 10 ʨʦʢʽʚ. 

 

ʉʐɸ ʧʦʩʠʣʶʶʪʴ ʢʦʥʪʨʦʣʴ ʥʘʜ ʩʚʽʪʦʚʠʤ ʨʠʥʢʦʤ ʐɯ-ʯʠʧʽʚ 

https://itechua.com/  

ɿʘʧʨʦʚʘʜʞʫʶʪʴʩʷ ʞʦʨʩʪʢʽʰʽ ʦʙʤʝʞʝʥʥʷ ʥʘ ʝʢʩʧʦʨʪ ʯʠʧʽʚ ʪʘ ʪʝʭʥʦʣʦʛʽʡ 

ʰʪʫʯʥʦʛʦ ʽʥʪʝʣʝʢʪʫ, ʧʨʘʛʥʫʯʠ ʟʙʝʨʝʛʪʠ ʧʝʨʝʚʘʛʫ ʫ ʧʝʨʝʜʦʚʠʭ ʨʦʟʨʦʙʢʘʭ ʜʣʷ 

ʚʣʘʩʥʠʭ ʧʦʪʨʝʙ ʪʘ ʩʦʶʟʥʠʢʽʚ, ʚʦʜʥʦʯʘʩ ʫʩʢʣʘʜʥʶʶʯʠ ʜʦʩʪʫʧ ʜʦ ʮʠʭ 

ʪʝʭʥʦʣʦʛʽʡ ʜʣʷ ʂʠʪʘʶ. 

https://itechua.com/
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ɼʦʩʣʽʜʞʝʥʥʷ ʧʦʢʘʟʘʣʦ, ʥʘʩʢʽʣʴʢʠ ʣʶʜʠ ʛʦʪʦʚʽ ʜʦʚʽʨʷʪʠ ʰʪʫʯʥʦʤʫ 

ʽʥʪʝʣʝʢʪʫ. 

https://itechua.com/    

ɼʦʩʣʽʜʥʠʢʠ ʟ ʋʥʽʚʝʨʩʠʪʝʪʫ ʇʽʚʜʝʥʥʦʾ ɸʚʩʪʨʘʣʽʾ ʚʠʷʚʠʣʠ, ʱʦ ʜʦʚʽʨʘ ʜʦ 

ʐɯ ʟʘʣʝʞʠʪʴ ʚʽʜ ʨʽʚʥʷ ʟʥʘʥʴ ʪʘ ʟʥʘʯʫʱʦʩʪʽ ʚʠʙʦʨʫ. ʆʧʠʪʘʚʰʠ 2 ʪʠʩ. 

ʨʝʩʧʦʥʜʝʥʪʽʚ ʽʟ 20 ʢʨʘʾʥ, ʚʦʥʠ ʟôʷʩʫʚʘʣʠ, ʱʦ ʣʶʜʠ ʟʽ ʟʥʘʥʥʷʤ ʩʪʘʪʠʩʪʠʢʠ 

ʯʘʩʪʽʰʝ ʜʦʚʽʨʷʶʪʴ ʘʣʛʦʨʠʪʤʘʤ ʫ ʧʨʦʩʪʠʭ ʩʠʪʫʘʮʽʷʭ, ʘʣʝ ʩʫʤʥʽʚʘʶʪʴʩʷ ʚ ʥʠʭ 

ʧʨʠ ʧʨʠʡʥʷʪʪʽ ʩʝʨʡʦʟʥʠʭ ʨʽʰʝʥʴ. 

 

Vodafone ʧʨʠʻʜʥʘʚʩʷ ʜʦ ʽʥʽʮʽʘʪʠʚʠ   ʩʘʤʦʨʝʛʫʣʶʚʘʥʥʷ ʐɯ ʚ ʋʢʨʘʾʥʽ.  

https://mediasat.info/  

ʊʝʣʝʢʦʤʫʥʽʢʘʮʽʡʥʠʡ ʦʧʝʨʘʪʦʨ ʦʬʽʮʽʡʥʦ ʩʪʘʚ ʫʯʘʩʥʠʢʦʤ ʽʥʽʮʽʘʪʠʚʠ 

ʩʘʤʦʨʝʛʫʣʶʚʘʥʥʷ ʫ ʩʬʝʨʽ ʐɯ, ʩʪʚʦʨʝʥʦʾ ʫʢʨʘʾʥʩʴʢʠʤʠ IT-ʢʦʤʧʘʥʽʷʤʠ. 

ʆʧʝʨʘʪʦʨ ʤʘʻ ʥʘʤʽʨ ʨʦʟʚʠʚʘʪʠ ʐɯ-ʪʝʭʥʦʣʦʛʽʾ ʟ ʜʦʪʨʠʤʘʥʥʷʤ ʝʪʠʯʥʠʭ 

ʟʘʩʘʜ ʽ ʩʪʘʥʜʘʨʪʽʚ ʙʝʟʧʝʢʠ.  

 

ʇʨʦʨʠʚ ʫ ʩʪʚʦʨʝʥʥʽ ʪʘ ʚʠʢʦʨʠʩʪʘʥʥʽ ʜʨʦʥʽʚ 

ü ʋʢʨʘʾʥʩʴʢʽ ʦʙʦʨʦʥʥʽ ʩʠʣʠ ʘʢʪʠʚʥʦ ʟʘʩʪʦʩʦʚʫʶʪʴ ʚʠʩʦʢʦʰʚʠʜʢʽʩʥʽ 

ʜʨʦʥʠ, ʦʩʥʘʱʝʥʽ ʩʫʯʘʩʥʠʤʠ ʪʝʭʥʦʣʦʛʽʷʤʠ ʰʪʫʯʥʦʛʦ ʽʥʪʝʣʝʢʪʫ. 

ü ʋ 2025 ʨʦʮʽ ʥʘ ʬʨʦʥʪʽ ʦʯʽʢʫʻʪʴʩʷ ʧʦʷʚʘ ʘʚʪʦʥʦʤʥʠʭ "ʨʦʙʦʪʽʚ-ʚʙʠʚʮʴ", 

ʟʜʘʪʥʠʭ ʚʠʢʦʥʫʚʘʪʠ ʙʦʡʦʚʽ ʟʘʚʜʘʥʥʷ ʙʝʟ ʧʨʷʤʦʛʦ ʚʪʨʫʯʘʥʥʷ ʣʶʜʠʥʠ.  

ü ɺ ʋʢʨʘʾʥʽ ʻ ʚʘʛʦʤʠʡ ʜʦʩʚʽʜ  ʧʦʙʫʜʦʚʠ ʩʘʤʝ ʫʢʨʘʾʥʩʴʢʦʾ ʝʢʦʩʠʩʪʝʤʠ 

ʜʨʦʥʦʙʫʜʽʚʥʠʮʪʚʘ, ʟʦʢʨʝʤʘ ʧʝʨʰʠʭ ʫ ʩʚʽʪʽ ʤʦʨʩʴʢʠʭ ʜʨʦʥʽʚ.  

ü ɼʣʷ ʧʨʦʪʠʜʽʾ ʨʘʜʽʦʝʣʝʢʪʨʦʥʥʦʤʫ ʚʧʣʠʚʫ ʫʢʨʘʾʥʩʴʢʽ ʽʥʞʝʥʝʨʠ ʨʦʟʨʦʙʠʣʠ 

ʥʘʚʽʛʘʮʽʡʥʽ ʤʦʜʫʣʽ, ʱʦ ʧʨʘʮʶʶʪʴ ʙʝʟ GPS, ʪʘ ʙʘʛʘʪʦʯʘʩʪʦʪʥʽ ʢʘʥʘʣʠ 

ʟʚôʷʟʢʫ, ʘ ʪʘʢʦʞ ʥʦʚʽʪʥʽ FPV-ʜʨʦʥʠ, ʱʦ ʢʝʨʫʶʪʴʩʷ ʯʝʨʝʟ 

ʦʧʪʦʚʦʣʦʢʦʥʥʠʡ ʢʘʙʝʣʴ, ʨʦʟʧʦʯʘʣʠ ʨʦʟʨʦʙʢʫ çʃʦʚʮʽʚ -ʜʨʦʥʽʚè.  

 

ʈʦʣʴ ʪʝʣʝʢʦʤʫʥʽʢʘʮʽʡ ʚ ʩʪʚʦʨʝʥʥʽ ʜʨʦʥʽʚ 

ʊʝʣʝʢʦʤʫʥʽʢʘʮʽʾ ʚʽʜʽʛʨʘʶʪʴ ʢʣʶʯʦʚʫ ʨʦʣʴ ʫ ʩʪʚʦʨʝʥʥʽ ʨʽʟʥʠʭ 

ʢʦʥʬʽʛʫʨʘʮʽʡ ʜʨʦʥʽʚ ʚʽʡʩʴʢʦʚʦʛʦ ʟʘʩʪʦʩʫʚʘʥʥʷ.  

ʆʩʥʦʚʥʽ ʘʩʧʝʢʪʠ ʫ ʨʦʟʰʠʨʝʥʥʽ ʬʫʥʢʮʽʦʥʘʣʫ ʩʬʝʨʠ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʜʨʦʥʽʚ: 

1. ʋʧʨʘʚʣʽʥʥʷ ʪʘ ʢʦʥʪʨʦʣʴ:  

2. ʇʝʨʝʜʘʯʘ ʜʘʥʠʭ:  

3. ʉʠʩʪʝʤʠ ʟʚôʷʟʢʫ:  

4. ɸʚʪʦʥʦʤʥʽʩʪʴ ʪʘ ʽʥʪʝʛʨʘʮʽʷ ʚ ʙʦʡʦʚʽ ʤʝʨʝʞʽ:  

5. ʂʽʙʝʨʙʝʟʧʝʢʘ:  

6. ʄʦʥʽʪʦʨʠʥʛ ʽ ʢʦʥʪʨʦʣʴ ʧʦʚʽʪʨʷʥʦʛʦ ʧʨʦʩʪʦʨʫ:  

https://itechua.com/
https://mediasat.info/


 29 

ɼʨʦʥʠ ʜʣʷ ʨʦʟʚʠʪʢʫ ʪʝʣʝʢʦʤʫʥʽʢʘʮʽʡ 

ɼʨʦʥʠ ʚʩʝ ʙʽʣʴʰʝ ʽʥʪʝʛʨʫʶʪʴʩʷ ʚ ʪʝʣʝʢʦʤʫʥʽʢʘʮʽʾ ʽ ʮʷ ʪʝʥʜʝʥʮʽʷ ʩʧʨʠʷʻ 

ʨʦʟʚʠʪʢʫ ʥʦʚʠʭ ʪʝʭʥʦʣʦʛʽʡ ʪʘ ʧʽʜʭʦʜʽʚ ʜʦ ʧʝʨʝʜʘʯʽ ʜʘʥʠʭ. 

ʆʩʥʦʚʥʽ ʥʘʧʨʷʤʢʠ ʨʦʟʨʦʙʦʢ ʫ ʮʽʡ ʩʬʝʨʽ: 

1. ʄʦʙʽʣʴʥʽ ʙʘʟʦʚʽ ʩʪʘʥʮʽʾ ʥʘ ʜʨʦʥʘʭ (Cellular on Drone) 

2. 5G ʥʘ ʙʦʨʪʫ ʜʨʦʥʽʚ 

3. ɯʥʪʝʨʥʝʪ ʨʝʯʝʡ (IoT) ʽ ʜʨʦʥʠ 

4. ʆʧʪʠʯʥʠʡ ʟʚ'ʷʟʦʢ (Free-Space Optics) 

5. ʐʪʫʯʥʠʡ ʽʥʪʝʣʝʢʪ ʪʘ ʘʚʪʦʤʘʪʠʟʘʮʽʷ ʟʚ'ʷʟʢʫ 

6. ʊʝʭʥʦʣʦʛʽʾ ʧʦʟʠʮʽʦʥʫʚʘʥʥʷ ʪʘ ʙʝʟʧʝʢʘ ʟʚ'ʷʟʢʫ 

7. ʈʦʟʰʠʨʝʥʥʷ ʧʦʢʨʠʪʪʷ ʤʝʨʝʞ 5G ʽ 6G 

 

ʉʚʽʪʦʚʠʡ ʨʽʚʝʥʴ ʜʨʦʥʦʙʫʜʫʚʘʥʥʷ 

https://terazus.com/ 

ʂʠʪʘʡ ʨʦʟʨʦʙʠʚ ʚʽʡʩʴʢʦʚʫ ʤʦʙʽʣʴʥʫ ʩʪʘʥʮʽʶ 5G, ʷʢʘ ʟʤʽʥʠʪʴ ʤʘʡʙʫʪʥʻ 

ʚʦʻʥ ʽ ʨʝʘʣʴʥʦ ʟʜʽʡʩʥʶʻ ʪʝʭʥʦʣʦʛʽʯʥʠʡ ʧʨʦʨʠʚ ʫ ʚʽʡʩʴʢʦʚʦʤʫ ʟʚ'ʷʟʢʫ: 

ʂʠʪʘʡʩʴʢʘ ʩʠʩʪʝʤʘ ʟʜʘʪʥʘ ʦʜʥʦʯʘʩʥʦ ʢʝʨʫʚʘʪʠ 10 000 ʜʨʦʥʽʚ ʫ ʨʘʜʽʫʩʽ 3 

ʢʽʣʦʤʝʪʨʽʚ, ʟʘʙʝʟʧʝʯʫʶʯʠ ʰʚʠʜʢʽʩʪʴ ʧʝʨʝʜʘʯʽ ʜʘʥʠʭ ʜʦ 10 ʛʽʛʘʙʽʪ ʥʘ ʩʝʢʫʥʜʫ. 

ɿʘʪʨʠʤʢʘ ʩʠʛʥʘʣʫ ʩʪʘʥʦʚʠʪʴ ʤʝʥʰʝ 15 ʤʽʣʽʩʝʢʫʥʜ, ʱʦ ʢʨʠʪʠʯʥʦ ʚʘʞʣʠʚʦ ʜʣʷ 

ʢʦʦʨʜʠʥʘʮʽʾ ʚʽʡʩʴʢʦʚʠʭ ʜʽʡ ʫ ʨʝʞʠʤʽ ʨʝʘʣʴʥʦʛʦ ʯʘʩʫ. 

ʆʩʦʙʣʠʚʦ ʚʨʘʞʘʻ ʟʜʘʪʥʽʩʪʴ ʩʠʩʪʝʤʠ ʧʨʘʮʶʚʘʪʠ ʚ ʥʘʡʚʠʤʦʛʣʠʚʽʰʠʭ 

ʫʤʦʚʘʭ. ʄʦʙʽʣʴʥʽ ʩʪʘʥʮʽʾ ʤʦʞʫʪʴ ʚʩʪʘʥʦʚʣʶʚʘʪʠʩʷ ʥʘ ʚʽʡʩʴʢʦʚʫ ʪʝʭʥʽʢʫ, ʘ 

ʩʧʝʮʽʘʣʴʥʽ ʜʨʦʥʠ-ʨʝʪʨʘʥʩʣʷʪʦʨʠ ʟʘʙʝʟʧʝʯʫʶʪʴ ʙʝʟʧʝʨʝʙʽʡʥʝ ʧʦʢʨʠʪʪʷ ʥʘʚʽʪʴ 

ʫ ʛʽʨʩʴʢʽʡ ʤʽʩʮʝʚʦʩʪʽ ʪʘ ʤʽʩʴʢʽʡ ʤʽʩʮʝʚʦʩʪʽ. 

ɺʘʞʣʠʚʦʶ ʻ ʘʤʙʽʪʥʘ ʮʽʣʴ ʢʠʪʘʡʮʽʚ ï ʤʘʪʠ ʙʽʣʴʰʝ ʜʨʦʥʽʚ, ʥʽʞ ʞʠʚʠʭ 

ʩʦʣʜʘʪʽʚ. ʉʠʩʪʝʤʘ ʤʘʻ ʥʘʜʽʡʥʠʡ ʟʘʭʠʩʪ ʚʽʜ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʠʭ ʧʝʨʝʰʢʦʜ ʽ 

ʤʦʞʝ ʘʚʪʦʥʦʤʥʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʮʠʚʽʣʴʥʫ ʽʥʬʨʘʩʪʨʫʢʪʫʨʫ 5G ʟ ʙʽʣʴʰ ʥʽʞ 

4,2 ʤʽʣʴʡʦʥʘ ʙʘʟʦʚʠʭ ʩʪʘʥʮʽʡ. 

ɽʢʩʧʝʨʪʠ ʟʘʟʥʘʯʘʶʪʴ, ʱʦ ʪʘʢʘ ʪʝʭʥʦʣʦʛʽʷ ʤʦʞʝ ʩʫʪʪʻʚʦ ʟʤʽʥʠʪʠ ʙʘʣʘʥʩ 

ʩʠʣ ʫ ʩʚʽʪʽ. ɿʜʘʪʥʽʩʪʴ ʢʝʨʫʚʘʪʠ ʚʝʣʠʯʝʟʥʠʤʠ ʨʦʷʤʠ ʜʨʦʥʽʚ ʽ ʨʦʙʦʪʠʟʦʚʘʥʠʭ 

ʩʠʩʪʝʤ ʩʪʚʦʨʶʻ ʥʦʚʽ ʚʠʢʣʠʢʠ ʜʣʷ ʪʨʘʜʠʮʽʡʥʠʭ ʚʽʡʩʴʢʦʚʠʭ ʩʪʨʘʪʝʛʽʡ. 
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ɺʽʜʧʦʚʽʜʥʽʩʪʴ ʥʘʫʢʦʚʠʭ ʧʨʦʝʢʪʽʚ ɯʊʉ ʽ ʅɼɯ ʪʝʣʝʢʦʤʫʥʽʢʘʮʽʡ ʩʚʽʪʦʚʠʤ 

ʧʨʽʦʨʠʪʝʪʘʤ 

  ʅʘ ʩʪʘʜʽʾ ʚʠʢʦʥʘʥʥʷ ʩʴʦʛʦʜʥʽ ʪʘʢʽ ʤʽʞʥʘʨʦʜʥʽ ʪʘ ʚʽʪʯʠʟʥʷʥʽ   ʧʨʦʝʢʪʠ: 

ü ʇʨʦʻʢʪ ʅʘʫʢʦʚʦʾ ʨʘʜʠ NATO ʟʘ ʧʨʦʛʨʘʤʦʶ çʅʘʫʢʘ ʟʘʨʘʜʠ ʤʠʨʫ ʪʘ 

ʙʝʟʧʝʢʠè  

ñ3D Metamaterials for Energy Harvesting and Electromagnetic Sensingò (ç3D 

ʤʝʪʘʤʘʪʝʨʽʘʣʠ ʜʣʷ ʟʙʦʨʫ ʝʥʝʨʛʽʾ ʥʘ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʠʭ ʩʝʥʩʦʨʽʚè, NATO 

MYP SPS G6002, 2024-2026ʨʨ.) 

× ɿʜʽʡʩʥʝʥʦ ʤʦʜʝʣʶʚʘʥʥʷ ʧʝʨʩʧʝʢʪʠʚʥʠʭ ʢʦʤʽʨʦʢ ʤʝʪʘʤʘʪʝʨʽʘʣʽʚ ʟ 

ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʤʽʢʨʦʩʤʫʞʢʦʚʠʭ ʽ ʜʽʝʣʝʢʪʨʠʯʥʠʭ ʨʝʟʦʥʘʪʦʨʽʚ, 

× ɼʦʩʣʽʜʞʝʥʦ ʚʣʘʩʪʠʚʦʩʪʽ ʩʪʚʦʨʝʥʠʭ ʢʦʤʽʨʦʢ, ʷʢ ʢʦʤʙʽʥʦʚʘʥʠʭ ʩʪʨʫʢʪʫʨ 

ʜʣʷ ʧʦʙʫʜʦʚʠ ʨʝʢʪʝʥ ʽ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʠʭ ʩʝʥʩʦʨʽʚ, 

× ɿʘʧʨʦʚʘʜʞʝʥʦ ʧʨʠʥʮʠʧ ʥʘʢʦʧʠʯʝʥʥʷ ʝʥʝʨʛʽʾ ʧʨʦʪʷʛʦʤ ʢʽʣʴʢʦʭ ʧʝʨʽʦʜʽʚ ʽʟ 

ʾʾ ʥʘʩʪʫʧʥʠʤ ʜʝʪʝʢʪʫʚʘʥʥʷʤ ʰʣʷʭʦʤ ʟʘʤʽʥʠ ʫʟʛʦʜʞʫʚʘʣʴʥʦʛʦ ʢʦʣʘ ʥʘ 

çʧʦʤʥʦʞʫʚʘʯʽè ʝʥʝʨʛʽʾ ʥʘ ʙʘʟʽ ʨʝʟʦʥʘʪʦʨʽʚ ʙʽʞʫʯʦʾ ʭʚʠʣʽ ʽ ʩʧʨʷʤʦʚʘʥʠʭ 

ʬʽʣʴʪʨʽʚ ʥʘ ʦʩʥʦʚʽ ʤʝʪʘʤʘʪʝʨʽʘʣʴʥʠʭ ʩʪʨʫʢʪʫʨ, ʷʢʽ ʚʩʪʘʥʦʚʣʶʶʪʴʩʷ ʧʝʨʝʜ 

ʜʝʪʝʢʪʦʨʦʤ. 

 

ü ʇʨʦʻʢʪ ʅʘʮʽʦʥʘʣʴʥʦʛʦ ʬʦʥʜʫ ʜʦʩʣʽʜʞʝʥʴ ʋʢʨʘʾʥʠ 

çʄʽʢʨʦʭʚʠʣʴʦʚʽ ʧʨʠʩʪʨʦʾ ʥʘ ʦʩʥʦʚʽ ʨʝʟʦʥʘʥʩʥʠʭ ʩʪʨʫʢʪʫʨ ʟ 

ʤʝʪʘʤʘʪʝʨʽʘʣʴʥʠʤʠ ʚʣʘʩʪʠʚʦʩʪʷʤʠ ʜʣʷ ʟʘʭʠʩʪʫ ʞʠʪʪʻʜʽʷʣʴʥʦʩʪʽ ʪʘ 

ʽʥʬʦʨʤʘʮʽʡʥʦʾ ʙʝʟʧʝʢʪʠ ʋʢʨʘʾʥʠè (ɼʦʛʦʚʽʨ ˉ142/0030 ʚʽʜ 03.03.2025) 

× ɺ ʨʘʤʢʘʭ ʧʘʨʘʜʠʛʤʠ ʤʝʪʘʤʘʪʝʨʽʘʣʴʥʦʾ ʤʽʢʨʦʭʚʠʣʴʦʚʦʾ  ʪʝʭʥʽʢʠ ʥʘʫʢʦʚʦʶ 

ʰʢʦʣʦʶ çɿ ʪʝʭʥʦʣʦʛʽʡ ʝʣʝʢʪʨʦʥʥʠʭ ʢʦʤʫʥʽʢʘʮʽʡè ʂʇɯ ʽʤʝʥʽ ɯʛʦʨʷ 

ʉʽʢʦʨʩʴʢʦʛʦ ʦʪʨʠʤʘʥʦ ʥʦʚʽ ʥʘʫʢʦʚʽ ʟʥʘʥʥʷ ʽ ʩʪʚʦʨʝʥʦ ʥʠʟʢʫ ʧʨʠʩʪʨʦʾʚ ʜʣʷ 

ʧʨʘʢʪʠʯʥʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʚ  ʨʘʜʽʦʪʝʭʥʽʯʥʠʭ ʢʦʤʧʣʝʢʩʘʭ ʽ ʩʠʩʪʝʤʘʭ 

ʝʣʝʢʪʨʦʥʥʠʭ ʢʦʤʫʥʽʢʘʮʽʡ.    ʂʦʥʩʪʨʫʶʚʘʥʥʷ ʩʪʨʫʢʪʫʨʥʠʭ ʦʜʠʥʠʮʴ ï 

ʢʦʤʽʨʦʢ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʠʭ ʤʝʪʘʤʘʪʝʨʽʘʣʽʚ ˇʨʫʥʪʫʚʘʣʦʩʷ ʥʘ ʚʠʢʦʨʠʩʪʘʥʥʽ 

ʨʝʟʦʥʘʥʩʥʠʭ ʷʚʠʱ ʧʨʠ ʚʟʘʻʤʦʜʽʾ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʦʛʦ ʧʦʣʷ ʟ 

ʜʽʝʣʝʢʪʨʠʯʥʠʤʠ ʨʝʟʦʥʘʪʦʨʘʤʠ, ʱʦ ʟʙʫʜʞʫʚʘʣʦʩʴ ʨʽʟʥʠʤʠ ʪʠʧʘʤʠ 

ʢʦʣʠʚʘʥʴ, ʘ ʪʘʢʦʞ ʟʽ ʩʤʫʞʢʦʚʠʤʠ ʨʝʟʦʥʘʪʦʨʘʤʠ ʨʽʟʥʠʭ ʨʦʟʤʽʨʽʚ ʽ 

ʪʦʧʦʣʦʛʽʡ. 

× ɺʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʤʝʪʘʤʘʪʝʨʽʘʣʴʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʩʪʨʫʢʪʫʨ ʟôʷʚʣʷʶʪʴʩʷ ʧʨʠ 

ʟʙʫʜʞʝʥʥʽ ʦʜʥʦʯʘʩʥʦ, ʥʝʟʘʣʝʞʥʦ ʽ ʧʘʨʘʣʝʣʴʥʦ ʷʢ ʤʽʥʽʤʫʤ ʜʚʦʭ ʪʠʧʽʚ 

ʢʦʣʠʚʘʥʴ, ʝʣʝʢʪʨʠʯʥʦʛʦ ʪʘ ʤʘʛʥʽʪʥʦʛʦ, ʘʙʦ ʘʜʝʢʚʘʪʥʠʭ ʾʤ ʩʠʥʬʘʟʥʠʭ ʪʘ 
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ʧʨʦʪʠʬʘʟʥʠʭ ʢʦʣʠʚʘʥʴ.  

× ʉʝʨʝʜ ʚʣʘʩʪʠʚʦʩʪʝʡ ʽ ʝʬʝʢʪʽʚ, ʷʢʽ ʤʦʞʥʘ ʚʽʜʥʝʩʪʠ ʜʦ ʤʝʪʘʤʘʪʝʨʽʘʣʴʥʠʭ, 

ʥʘʟʚʝʤʦ ʤʦʞʣʠʚʦʩʪʽ ʟʜʽʡʩʥʝʥʥʷ: 

- ʘʥʦʤʘʣʴʥʦ ʚʠʩʦʢʦʛʦ ʟʘʛʘʩʘʥʥʷ ʨʝʞʝʢʪʦʨʥʠʭ ʩʪʨʫʢʪʫʨ; 

- ʘʥʦʤʘʣʴʥʦ ʚʠʩʦʢʦʛʦ Q-ʬʘʢʪʦʨʘ; 

- ʘʥʦʤʘʣʴʥʦ ʚʠʩʦʢʦʾ ʯʘʩʦʚʦʾ ʟʘʪʨʠʤʢʠ. 

 

ü ɺʘʛʦʤʽ ʟʜʦʙʫʪʢʠ ʧʨʦʝʢʪʫ ʅʌɼʋ, ʘ ʪʘʢʦʞ ʨʦʟʨʦʙʣʝʥʽ ʧʦʨʪʘʪʠʚʥʽ ʩʠʩʪʝʤʠ 

ʟʚôʷʟʢʫ ʚ ʨʘʤʢʘʭ ʨʦʙʦʪʠ çʉʪʚʦʨʝʥʥʷ ʨʘʜʽʦʪʝʭʥʽʯʥʠʭ ʩʠʩʪʝʤ ʟ 

ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʪʨʦʧʦʩʬʝʨʥʠʭ ʪʝʭʥʦʣʦʛʽʡ ʪʘ ʟʘʩʦʙʽʚ ʝʣʝʢʪʨʦʥʥʠʭ 

ʢʦʤʫʥʽʢʘʮʽʡè ʧʨʝʜʩʪʘʚʣʝʥʽ ʥʘ ʟʜʦʙʫʪʪʷ ʅʘʮʽʦʥʘʣʴʥʦʾ ʧʨʝʤʽʾ ʋʢʨʘʾʥʠ 

ʽʤʝʥʽ ɹʦʨʠʩʘ ʇʘʪʦʥʘ 2025 ʨʦʢʫ 

× ʅʘʫʢʦʚʦ-ʪʝʭʥʽʯʥʠʤ ʨʝʟʫʣʴʪʘʪʦʤ ʨʦʙʦʪʠ ʻ ʩʪʚʦʨʝʥʥʷ ʪʘ ʚʧʨʦʚʘʜʞʝʥʥʷ 

ʤʦʙʽʣʴʥʦʾ ʮʠʬʨʦʚʦʾ ʪʨʦʧʦʩʬʝʨʥʦ-ʨʘʜʽʦʨʝʣʝʡʥʦʾ ʩʪʘʥʮʽʾ, ʤʘʣʦʛʘʙʘʨʠʪʥʦʾ 

ʮʠʬʨʦʚʦʾ ʪʨʦʧʦʩʬʝʨʥʦʾ ʩʪʘʥʮʽʾ, ʥʦʚʠʭ ʤʽʢʨʦʭʚʠʣʴʦʚʠʭ ʝʣʝʤʝʥʪʽʚ ʪʘ 

ʧʨʠʣʘʜʽʚ, ʚ ʪʦʤʫ ʯʠʩʣʽ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʥʦʚʠʭ ʤʝʪʘʤʘʪʝʨʽʘʣʽʚ, 

ʬʦʨʤʫʚʘʥʥʷ ʨʘʜʽʦʥʘʚʽʛʘʮʽʡʥʦʛʦ ʧʦʣʷ ʟ ʚʠʟʥʘʯʝʥʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ ʰʣʷʭʦʤ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʪʨʦʧʦʩʬʝʨʥʠʭ ʥʝʦʜʥʦʨʽʜʥʦʩʪʝʡ. 

× ʈʦʟʨʦʙʣʝʥʘ ʧʦʨʪʘʪʠʚʥʘ ʮʠʬʨʦʚʘ ʪʨʦʧʦʩʬʝʨʥʘ ʩʪʘʥʮʽʷ  ʟ ʧʽʜʚʠʱʝʥʦʶ 

ʟʘʚʘʜʦʩʪʽʡʢʽʩʪʶ ʻ ʩʪʘʥʮʽʻʶ, ʷʢʘ ʚʽʜʨʽʟʥʷʻʪʴʩʷ ʥʠʟʴʢʠʤ 

ʝʥʝʨʛʦʩʧʦʞʠʚʘʥʥʷʤ, ʢʦʤʧʘʢʪʥʠʤʠ ʛʘʙʘʨʠʪʘʤʠ ʪʘ ʥʝʚʝʣʠʢʦʶ ʤʘʩʦʶ 

ʟʘʚʜʷʢʠ ʚʠʢʦʨʠʩʪʘʥʥʶ ʥʦʚʽʪʥʴʦʾ ʝʣʝʤʝʥʪʥʦʾ ʙʘʟʠ ʤʽʢʨʦʝʣʝʢʪʨʦʥʽʢʠ ʚ 

ʅɺʏ ʜʽʘʧʘʟʦʥʽ, ʩʫʯʘʩʥʠʭ ʨʘʜʽʦʪʝʭʥʦʣʦʛʽʡ ʬʦʨʤʫʚʘʥʥʷ ʪʘ ʧʝʨʝʜʘʯʽ 

ʨʘʜʽʦʩʠʛʥʘʣʫ ʯʝʨʝʟ ʪʨʦʧʦʩʬʝʨʥʠʡ ʢʘʥʘʣ.  

× ʋ ʨʦʙʦʪʽ ʦʪʨʠʤʘʣʠ ʧʦʜʘʣʴʰʠʡ ʨʦʟʚʠʪʦʢ ʪʘʢʽ ʪʨʦʧʦʩʬʝʨʥʽ ʪʝʭʥʦʣʦʛʽʾ: 

ʯʘʩʪʦʪʥʝ ʨʦʟʥʝʩʝʥʥʷ ʩʠʛʥʘʣʽʚ; ʢʫʪʦʚʝ ʨʦʟʥʝʩʝʥʥʷ ʩʠʛʥʘʣʽʚ; ʪʝʭʥʦʣʦʛʽʷ 

ʧʽʜʚʠʱʝʥʥʷ ʟʘʚʘʜʦʩʪʽʡʢʦʩʪʽ ʪʨʦʧʦʩʬʝʨʥʠʭ ʟʘʩʦʙʽʚ ʝʣʝʢʪʨʦʥʥʠʭ 

ʢʦʤʫʥʽʢʘʮʽʡ ʟʘ ʨʘʭʫʥʦʢ ʚʠʢʦʨʠʩʪʘʥʥʷ ʩʠʩʪʝʤ ʟ ʨʦʟʰʠʨʝʥʥʷʤ ʩʧʝʢʪʨʘ, ʷʢ 

ʧʩʝʚʜʦʚʠʧʘʜʢʦʚʘ ʧʝʨʝʙʫʜʦʚʘ ʨʦʙʦʯʦʾ ʯʘʩʪʦʪʠ, ʪʘʢ ʽ ʰʠʨʦʢʦʩʤʫʛʦʚʽ 

ʩʠʛʥʘʣʠ; ʧʨʦʩʪʦʨʦʚʝ ʨʦʟʥʝʩʝʥʥʷ ʩʠʛʥʘʣʽʚ ʥʘ ʧʝʨʝʜʘʯʽ. 

× ʇʨʠʩʪʨʦʾ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʤʝʪʘʤʘʪʝʨʽʘʣʽʚ ʩʪʚʦʨʝʥʽ ʥʘ ʨʽʚʥʽ ʩʚʽʪʦʚʠʭ 

ʨʝʟʫʣʴʪʘʪʽʚ ʻ ʦʨʠʛʽʥʘʣʴʥʠʤʠ ʽ ʩʪʦʩʫʶʪʴʩʷ ʨʝʞʝʢʪʦʨʥʠʭ, ʩʤʫʛʦʚʠʭ, 

ʩʧʨʷʤʦʚʘʥʠʭ ʬʽʣʴʪʨʽʚ, ʯʘʩʪʦʪʥʦ-ʩʝʣʝʢʪʠʚʥʠʭ ʧʦʚʝʨʭʦʥʴ, ʘʥʪʝʥʥʠʭ 

ʚʠʧʨʦʤʽʥʶʚʘʯʽʚ ʽ ʯʘʩʪʦʪʥʦ-ʩʪʘʙʽʣʽʟʦʚʘʥʠʭ ʛʝʥʝʨʘʪʦʨʽʚ. ʎʽ ʧʨʠʣʘʜʠ 

ʧʨʘʢʪʠʯʥʦ ʥʝʦʙʭʽʜʥʽ ʷʢ ʜʣʷ ʩʠʩʪʝʤ ʪʨʦʧʦʩʬʝʨʥʦʛʦ ʟʚôʷʟʢʫ, ʪʘʢ ʽ ʜʣʷ 

ʰʠʨʦʢʦʛʦ ʢʦʣʘ ʨʘʜʽʦʪʝʭʥʽʯʥʠʭ ʩʠʩʪʝʤ. 
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ʄɯɾʅɸʈʆɼʅɸ ʅɸʋʂʆɺʆ-ʊɽʍʅɯʏʅɸ ʂʆʅʌɽʈɽʅʎɯʗ 

"ʇɽʈʉʇɽʂʊʀɺʀ ʊɽʃɽʂʆʄʋʅɯʂɸʎɯʁ"(ʄʅʊʂ "ʇʊ")/ 

INTERNATIONAL SCIENTIFIC AND TECHNICAL CONFERENCE  

"MODERN CHALLENGES IN TELECOMMUNICATIONS" (ʄʉʊ)* 

 

ɯʚʘʥʦʚʘ ʊ.ʃ., ʅʦʚʦʛʨʫʜʩʴʢʘ ʈ.ʃ. 

ʅʘʚʯʘʣʴʥʦ-ʥʘʫʢʦʚʠʡ ʽʥʩʪʠʪʫʪ ʪʝʣʝʢʦʤʫʥʽʢʘʮʽʡʥʠʭ  

ʩʠʩʪʝʤ ʂʇɯ ʽʤ. ɯʛʦʨʷ ʉʽʢʦʨʩʴʢʦʛʦ, ʋʢʨʘʾʥʘ 

ɽ-mail: conf@its.kpi.ua 

 

ʄʽʞʥʘʨʦʜʥʘ ʥʘʫʢʦʚʦ-ʪʝʭʥʽʯʥʘ ʢʦʥʬʝʨʝʥʮʽʷ çʇʝʨʩʧʝʢʪʠʚʠ 

ʪʝʣʝʢʦʤʫʥʽʢʘʮʽʡè ʻ ʚʘʞʣʠʚʠʤ ʤʘʡʜʘʥʯʠʢʦʤ ʜʣʷ ʦʙʤʽʥʫ ʟʥʘʥʥʷʤʠ ʪʘ 

ʽʥʥʦʚʘʮʽʷʤʠ ʫ ʩʬʝʨʽ ʪʝʣʝʢʦʤʫʥʽʢʘʮʽʡʥʠʭ ʪʝʭʥʦʣʦʛʽʡ. ɺʦʥʘ ʧʨʦʚʦʜʠʪʴʩʷ 

ʱʦʨʦʢʫ ʧʦʯʠʥʘʶʯʠ ʟ 2007** ʚ ʩʝʨʝʜʠʥʽ ʢʚʽʪʥʷ, ʟʛʽʜʥʦ ʇʣʘʥʫ ʧʨʦʚʝʜʝʥʥʷ 

ʥʘʫʢʦʚʠʭ ʪʘ ʥʘʫʢʦʚʦ-ʪʝʭʥʽʯʥʠʭ ʟʘʭʦʜʽʚ ʂʇɯ ʽʤ. ɯʛʦʨʷ ʉʽʢʦʨʩʴʢʦʛʦ, ʱʦ 

ʧʽʜʢʨʝʩʣʶʻ ʡʦʛʦ ʟʥʘʯʫʱʽʩʪʴ ʫ ʘʢʘʜʝʤʽʯʥʦʤʫ ʪʘ ʧʨʦʬʝʩʽʡʥʦʤʫ ʩʝʨʝʜʦʚʠʱʽ. 

ʂʦʥʬʝʨʝʥʮʽʷ ʧʨʦʚʦʜʠʪʴʩʷ ʥʘ ʙʘʟʽ ʅʘʚʯʘʣʴʥʦ-ʥʘʫʢʦʚʦʛʦ ʽʥʩʪʠʪʫʪʫ 

ʪʝʣʝʢʦʤʫʥʽʢʘʮʽʡʥʠʭ ʩʠʩʪʝʤ ʪʘ ʅɼɯ ʪʝʣʝʢʦʤʫʥʽʢʘʮʽʡ ʂʇɯ ʽʤ. ɯʛʦʨʷ 

ʉʽʢʦʨʩʴʢʦʛʦ (ʟʘ ʘʜʨʝʩʦʶ ʧʨʦʚʫʣʦʢ ɯʥʜʫʩʪʨʽʘʣʴʥʠʡ ʙʫʜ. 2, ʢʦʨʧʫʩ ʂʇɯ ˉ 30, 

ʤ. ʂʠʾʚ, ʋʢʨʘʾʥʘ, 03056) ʪʘ ʜʠʩʪʘʥʮʽʡʥʦ (ʟʘ ʜʦʧʦʤʦʛʦʶ on-line ʩʝʨʚʽʩʽʚ ʜʣʷ 

ʚʽʜʝʦʢʦʥʬʝʨʝʥʮʽʡ ʪʘ ʚʝʙʽʥʘʨʽʚ ZOOM ʪʘ MEET), ʘʙʦ ʫ ʟʤʽʰʘʥʦʤʫ ʬʦʨʤʘʪʽ. 

* ʅʘʟʚʘ ʄʅʊʂ ʜʦ 2019 ʨʦʢʫ "ʇʈʆɹʃɽʄʀ ʊɽʃɽʂʆʄʋʅɯʂɸʎɯʁ". 

** ɯʥʬʦʨʤʘʮʽʶ ʧʨʦ ʚʩʽ ʤʠʥʫʣʽ ʢʦʥʬʝʨʝʥʮʽʾ  ʜʠʚʠʪʠʩʴ ʟʘ ʇʆʉʀʃɸʅʅʗʄ. 
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ʅʘ ʙʘʟʽ ʄʽʞʥʘʨʦʜʥʦʾ ʅʘʫʢʦʚʦ-ʪʝʭʥʽʯʥʦʾ ʂʦʥʬʝʨʝʥʮʽʾ "ʇʝʨʩʧʝʢʪʠʚʠ 

ʪʝʣʝʢʦʤʫʥʽʢʘʮʽʡ" ʱʦʨʦʢʫ ʧʦʯʠʥʘʶʯʠ ʟ 2009, ʧʨʦʚʦʜʠʪʴʩʷ ʅʘʫʢʦʚʦ-ʪʝʭʥʽʯʥʘ 

ʢʦʥʬʝʨʝʥʮʽʷ ʩʪʫʜʝʥʪʽʚ ʪʘ ʘʩʧʽʨʘʥʪʽʚ çʇʝʨʩʧʝʢʪʠʚʠ ʨʦʟʚʠʪʢʫ ʽʥʬʦʨʤʘʮʽʡʥʦ-

ʪʝʣʝʢʦʤʫʥʽʢʘʮʽʡʥʠʭ ʪʝʭʥʦʣʦʛʽʡ ʪʘ ʩʠʩʪʝʤè (ʇʈɯʊʉ), ʷʢ ʦʢʨʝʤʘ ʩʝʢʮʽʷ. 

ʑʦʨʽʯʥʦ ʥʘ ʙʘʟʽ ʄʽʞʥʘʨʦʜʥʦʾ ʅʘʫʢʦʚʦ-ʪʝʭʥʽʯʥʦʾ ʂʦʥʬʝʨʝʥʮʽʾ 

"ʇʝʨʩʧʝʢʪʠʚʠ ʪʝʣʝʢʦʤʫʥʽʢʘʮʽʡ" ʧʦʯʠʥʘʶʯʠ ʟ 2018 ʨʦʢʫ, ʧʨʦʚʦʜʠʪʴʩʷ 

ʧʦʩʪʽʡʥʦ ʜʽʶʯʘ ʥʘʫʢʦʚʦ-ʪʝʭʥʽʯʥʘ ʦʥ-ʣʘʡʥ ɺʀʉʊɸɺʂɸ: ɯʥʥʦʚʘʮʽʡʥʽ ʨʦʟʨʦʙʢʠ 

ʚ ʩʬʝʨʽ ʪʝʣʝʢʦʤʫʥʽʢʘʮʽʡ (https://conferenc.its.kpi.ua/2025/schedConf/presentations). 

ʄʝʪʦʶ ʢʦʥʬʝʨʝʥʮʽʾ ʻ ʩʧʨʠʷʥʥʷ ʨʦʟʚʠʪʢʫ ʪʝʣʝʢʦʤʫʥʽʢʘʮʽʡʥʠʭ 

ʪʝʭʥʦʣʦʛʽʡ, ʦʙʤʽʥ ʧʝʨʝʜʦʚʠʤ ʜʦʩʚʽʜʦʤ ʪʘ ʧʨʝʟʝʥʪʘʮʽʷ ʥʦʚʽʪʥʽʭ ʜʦʩʣʽʜʞʝʥʴ. 

ɺʦʥʘ ʦʙôʻʜʥʫʻ ʥʘʫʢʦʚʮʽʚ, ʽʥʞʝʥʝʨʽʚ, ʚʠʢʣʘʜʘʯʽʚ ʽ ʩʪʫʜʝʥʪʽʚ ʟ ʫʩʴʦʛʦ ʩʚʽʪʫ, 

ʩʪʚʦʨʶʶʯʠ ʧʣʘʪʬʦʨʤʫ ʜʣʷ ʜʽʘʣʦʛʫ ʪʘ ʩʧʽʚʧʨʘʮʽ. 

ʅʘ ʪʝʨʝʥʘʭ ʽʥʪʝʨʥʝʪʫ ʢʦʥʬʝʨʝʥʮʽʷ ʤʘʻ ʪʨʠ ʣʦʢʘʮʽʾ, ʥʘ ʷʢʠʭ ʨʦʟʪʘʰʦʚʘʥʦ 

ʽʥʬʦʨʤʘʮʽʡʥʦ-ʜʝʤʦʥʩʪʨʘʮʽʡʥʽ ʨʝʩʫʨʩʠ ʪʘ ʤʘʪʝʨʽʘʣʠ: 

1. ʅʘ ʩʘʡʪʽ ʅʅ ɯʊʉ ʂʇɯ ʽʤ. ɯʛʦʨʷ ʉʽʢʦʨʩʴʢʦʛʦ 

https://conferenc.its.kpi.ua ʫ ʚʢʣʘʜʠʥʮʽ 

ʅɸʋʂʆɺɸ ʈʆɹʆʊɸ ï ʂʆʅʌɽʈɽʅʎɯɰ ʪʘ ʫ 

ʚʢʣʘʜʠʥʮʽ ʅɼɯ ʊʝʣʝʢʦʤʫʥʽʢʘʮʽʡ ï ʄʅʊʂ "ʇʊ" 

ʪʘ "ʇʈɯʊʉ", ʜʝ ʨʦʟʛʦʣʦʞʫʻʪʴʩʷ ʥʘ ʩʪʦʨʽʥʢʠ 

ʟʘʛʘʣʴʥʦ-ʽʥʬʦʨʤʘʮʽʡʥʠʤ,  ʧʦʪʦʯʥʠʤ ʪʘ ʤʠʥʫʣʠʤ 

ʢʦʥʪʝʥʪʦʤ.  

 

 

 
- ɸʨʭʽʚ ɺʀʉʊɸɺʂʀ.  

- ɿɺɯʊʀ ʧʦ ʢʦʥʬʝʨʝʥʮʽʾ 

ʟ 2020 ʨʦʢʫ (ʥʘʢʘʟʠ, 

ʨʽʰʝʥʥʷ). 

 
ɹʽʙʣʽʦʪʝʢʘ ʜʨʫʢʦʚʘʥʠʭ 

ɿʙʽʨʥʠʢʽʚ ʤʘʪʝʨʽʘʣʽʚ ʄʅʊʂ ʇʊ 

ʪʘ ʇʈɯʊ ʟʘ ʚʩʽ ʨʦʢʠ 

 

2. ʆʜʥʠʤ ʽʟ ʢʣʶʯʦʚʠʭ ʘʢʪʠʚʽʚ ʢʦʥʬʝʨʝʥʮʽʾ ʻ ʾʾ 

ʚʝʙ-ʩʘʡʪ ʨʦʟʪʘʰʦʚʘʥʠʡ ʥʘ ʦʨʛʘʥʽʟʘʮʽʡʥʽʡ 

ʧʣʘʪʬʦʨʤʽ Open Conference Systems (OCS) 

(https://conferences.uran.ua) - ʅɸʋʂʆɺɯ 

ʂʆʅʌɽʈɽʅʎɯɰ ʋʂʈɸɰʅʀ, ʷʢʠʡ ʟ ʛʨʫʜʥʷ 2017 

ʨʦʢʫ ʩʪʘʙʽʣʴʥʦ ʟʘʡʤʘʻ ʧʝʨʰʽ ʤʽʩʮʷ ʚ ʨʝʡʪʠʥʛʫ 

ʩʘʡʪʽʚ ʢʦʥʬʝʨʝʥʮʽʡ ʥʘʰʦʛʦ ʫʥʽʚʝʨʩʠʪʝʪʫ. 
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ɼʣʷ ʫʯʘʩʪʽ ʚ ʢʦʥʬʝʨʝʥʮʽʾ ʥʝʦʙʭʽʜʥʘ 

ʝʣʝʢʪʨʦʥʥʘ ʨʝʻʩʪʨʘʮʽʷ ʷʢ ʯʠʪʘʯʘ ʪʘ ʘʚʪʦʨʘ, ʡ 

ʧʦʜʘʥʥʷ ʤʘʪʝʨʽʘʣʽʚ ʜʦʧʦʚʽʜʽ ʥʘ ʦʨʛʘʥʽʟʘʮʽʡʥʽʡ 

ʧʣʘʪʬʦʨʤʽ Open Conference Systems. ʂʦʞʥʘ 

ʧʦʜʘʥʘ ʩʪʘʪʪʷ ʥʘ ʄʅʊʂ ʇʊ ʪʘ ʪʝʟʘ ʥʘ ʅʊʂ 

ʇʈɯʊʉ ʤʘʶʪʴ ʥʘ ʧʣʘʪʬʦʨʤʽ OCS ʩʚʦʻ 

ʽʥʜʠʚʽʜʫʘʣʴʥʝ ʧʦʩʠʣʘʥʥʷ - URL-ʘʜʨʝʩʫ. 
 

3. ɽʣʝʢʪʨʦʥʥʠʡ ʟʙʽʨʥʠʢ ʤʘʪʝʨʽʘʣʽʚ ʄʅʊʂ çʇɽʈʉʇɽʂʊʀɺʀ 

ʊɽʃɽʂʆʄʋʅɯʂɸʎɯʁè (https://conferenc-journal.its.kpi.ua) - ʱʦʨʽʯʥʝ ʚʠʜʘʥʥʷ, 

ʱʦ ʚʠʜʘʻʪʴʩʷ on-line ʥʘ ʻʜʠʥʽʡ ʚʠʜʘʚʥʠʮʴʢʦ-ʪʝʭʥʽʯʥʽʡ ʧʣʘʪʬʦʨʤʽ Open 

Journal Systems (OJS) (http://journals.uran.ua) - ʅɸʋʂʆɺɸ ʇɽʈɯʆɼʀʂɸ 

ʋʂʈɸɰʅʀ. ʂʦʞʥʘ ʩʪʘʪʪʷ ʤʘʻ ʥʘ ʧʣʘʪʬʦʨʤʽ OJS ʩʚʦʶ URL-ʘʜʨʝʩʫ. 

 

ɿ 2019 ʨʦʮʽ ʚʠʜʘʥʥʷ "ɿʙʽʨʥʠʢ ʤʘʪʝʨʽʘʣʽʚ ʄʽʞʥʘʨʦʜʥʦʾ 

ʥʘʫʢʦʚʦ-ʪʝʭʥʽʯʥʦʾ ʢʦʥʬʝʨʝʥʮʽʾ "ʇɽʈʉʇɽʂʊʀɺʀ 

ʊɽʃɽʂʆʄʋʅɯʂɸʎɯʁ" / ("MODERN CHALLENGES IN 

TELECOMMUNICATIONS") ʚʥʝʩʝʥʦ ʫ ʩʚʽʪʦʚʫ ʙʘʟʫ ʜʘʥʠʭ 

ʧʝʨʽʦʜʠʯʥʠʭ ʚʠʜʘʥʴ ʧʽʜ ʧʦʩʪʽʡʥʠʤʠ ISSN ʥʦʤʝʨʘʤʠ: 

 

ɽʣʝʢʪʨʦʥʥʠʡ ʟʙʽʨʥʠʢ  

ISSN online 2664-3057 

 

 

 

ɼʨʫʢʦʚʘʥʠʡ ʟʙʽʨʥʠʢ 

ISSN print 2663-502X 
 

ɿʙʽʨʥʠʢ ʚʢʣʶʯʝʥʦ ʜʦ ʥʘʩʪʫʧʥʠʭ ʙʘʟ ʜʘʥʠʭ: ʅʘʫʢʦʚʘ ʧʝʨʽʦʜʠʢʘ ʋʢʨʘʾʥʠ 

URAN (OJS), ɽʣʝʢʪʨʦʥʥʦʛʦ ʘʨʭʽʚʫ ʥʘʫʢʦʚʠʭ ʤʘʪʝʨʽʘʣʽʚ ELA KPI. ɺʠʜʘʥʥʷ 

ʽʥʜʝʢʩʫʻʪʴʩʷ ʤʽʞʥʘʨʦʜʥʦʶ ʥʘʫʢʦʤʝʪʨʠʯʥʦʶ ʙʘʟʦʶ Google Scholar. ʊʘʢʦʞ 

ʧʦʚʥʦʮʽʥʥʦ ʧʨʝʜʩʪʘʚʣʷʶʪʴʩʷ ʫ ʚʩʝʩʚʽʪʥʴʦʤʫ ʬʝʜʝʨʘʪʠʚʥʦʤʫ ʙʽʙʣʽʦʪʝʯʥʦʤʫ 

ʢʘʪʘʣʦʟʽ WorldCat, ʚ ʢʘʪʘʣʦʛʘʭ ʥʘʫʢʦʚʠʭ ʙʽʙʣʽʦʪʝʢ, ʥʘ ʧʦʰʫʢʦʚʠʭ ʧʣʘʪʬʦʨʤʘʭ 

Google Scholar, Bielefeld Academic Search Engine (BASE), OpenAIRE ʪʘ ʽʥ. ʎʝ 

ʧʽʜʪʚʝʨʜʞʫʻ ʚʠʩʦʢʠʡ ʨʽʚʝʥʴ ʦʨʛʘʥʽʟʘʮʽʾ ʪʘ ʚʽʜʧʦʚʽʜʥʽʩʪʴ ʤʽʞʥʘʨʦʜʥʠʤ 

ʩʪʘʥʜʘʨʪʘʤ ʥʘʫʢʦʚʠʭ ʧʫʙʣʽʢʘʮʽʡ. 

ɿʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʢʦʥʬʝʨʝʥʮʽʾ ʥʘ ɺʯʝʥʽʡ ʈʘʜʽ ʅʅ ɯʊʉ ʂʇɯ ʽʤ. ɯʛʦʨʷ 

ʉʽʢʦʨʩʴʢʦʛʦ ʧʨʠʡʤʘʻʪʴʩʷ ʈɯʐɽʅʅʗ, ʚ ʷʢʦʤʫ ʧʽʜʚʦʜʠʪʴʩʷ ʩʪʘʪʠʩʪʠʢʘ ʽ  

ʬʦʨʤʫʶʪʴʩʷ ʚʠʩʥʦʚʢʠ ʧʦ ʢʦʥʬʝʨʝʥʮʽʾ, ʪʘ ʚʠʟʥʘʯʘʶʪʴʩʷ ʥʘʡʢʨʘʱʽ ʜʦʧʦʚʽʜʽ ʟʘ 

ʥʘʩʪʫʧʥʠʤʠ ʢʘʪʝʛʦʨʽʷʤʠ: 

- ʜʦʧʦʚʽʜʴ, ʱʦ ʚʠʢʣʠʢʘʣʘ ʥʘʡʙʽʣʴʰʠʡ ʽʥʪʝʨʝʩ (ʦʙʛʦʚʦʨʝʥʥʷ-) 

ʥʘʛʦʨʦʜʞʫʶʪʴʩʷ ʩʝʨʪʠʬʽʢʘʪʘʤʠ; 

http://conferenc.its.kpi.ua/index/about/index
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https://portal.issn.org/resource/ISSN/2663-502X
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- ʜʦʧʦʚʽʜʽ, ʷʢʽ ʧʽʩʣʷ ʧʝʚʥʦʾ ʜʦʨʦʙʢʠ ʨʝʢʦʤʝʥʜʫʶʪʴʩʷ ʢʦʥʬʝʨʝʥʮʽʻʶ ʜʣʷ 

ʧʽʜʛʦʪʦʚʢʠ ʜʦ ʧʫʙʣʽʢʘʮʽʾ ʚ ʬʘʭʦʚʦʤʫ ʞʫʨʥʘʣʽ ; 

- ʜʦʧʦʚʽʜʽ (ʦʢʨʝʤʽ ʘʙʦ ʦʙôʻʜʥʘʥʽ), ʷʢʽ ʧʽʩʣʷ ʧʝʚʥʦʾ ʜʦʨʦʙʢʠ ʤʦʞʫʪʴ ʙʫʪʠ 

ʨʝʢʦʤʝʥʜʦʚʘʥʽ ʢʦʥʬʝʨʝʥʮʽʻʶ ʜʣʷ ʧʽʜʛʦʪʦʚʢʠ ʜʦ ʧʫʙʣʽʢʘʮʽʾ ʚ ʤʦʥʦʛʨʘʬʽʾ  

çSpringerè; 

- ʜʦʧʦʚʽʜʽ, ʚ ʷʢʠʭ ʧʨʝʜʩʪʘʚʣʝʥʽ ʽʥʥʦʚʘʮʽʡʥʽ ʨʦʟʨʦʙʢʠ, ʱʦ ʤʦʞʫʪʴ 

ʨʝʢʦʤʝʥʜʫʚʘʪʠʩʷ ʥʘ ʢʦʥʢʫʨʩʠ/ʬʝʩʪʠʚʘʣʽ ɯʥʥʦʚʘʮʽʡʥʠʭ ʧʨʦʝʢʪʽʚ ʪʘ ʩʪʘʨʪʘʧʽʚ 

(ʥʘʧʨ. Sikorsky Challenge); 

- ʜʦʪʝʥʮʽʡʥʽ ʥʦʚʽ ʥʘʫʢʦʚʽ ʪʝʤʠ, ʱʦ ʤʦʞʫʪʴ ʙʫʪʠ ʟʘʧʨʦʧʦʥʦʚʘʥʽ ʜʣʷ ʫʯʘʩʪʽ 

ʚ ʢʦʥʢʫʨʩʘʭ ʥʘ  ʅɼʈ, ʪʘ ʜʦʧʦʚʽʜʽ, ʷʢʽ ʮʽ ʪʝʤʠ ʚʠʟʥʘʯʘʶʪʴ (ʦʙˇʨʫʥʪʦʚʫʶʪʴ) ʪʘ 

ʻ ʥʦʚʠʤʠ ʥʘʫʢʦʚʠʤʠ ʨʝʟʫʣʴʪʘʪʘʤʠ. 

4. ɺʽʜʝʦ-ʟʘʧʠʩʠ ʄʅʊʂ "ʇɽʈʉʇɽʂʊʀɺʀ 

ʊɽʃɽʂʆʄʋʅɯʂɸʎɯʁ" ʪʘ ʇʈɯʊʉ ʨʦʟʤʽʱʝʥʦ ʟ 2020 

ʨʦʢʫ ʥʘ YouTube-ʢʘʥʘʣʽ ʢʦʥʬʝʨʝʥʮʽʾ ʄʅʊʂ 

"ʇɽʈʉʇɽʂʊʀɺʀ ʊɽʃɽʂʆʄʋʅɯʂɸʎɯʁ" ʪʘ ʇʈɯʊʉ. 
 

ɿ 2024 ʨʦʢʫ ʚʽʜʝʦ ʟʘʩʽʜʘʥʴ ʜʦʜʘʪʢʦʚʦ 

ʨʦʟʪʘʰʦʚʘʥʦ ʥʘ YouTube-playlist International 

Scientific and Technical Conference "MODERN 

CHALLENGES IN TELECOMMUNICATIONS". 
   

5. ɼʣʷ ʝʢʩʧʨʝʩ ʽʥʬʦʨʤʫʚʘʥʥʷ ʫʯʘʩʥʠʢʽʚ, ʟ 

ʩʽʯʥʷ 2023 ʨʦʢʫ ʩʪʚʦʨʝʥʦ ʪʝʣʝʛʨʘʤ-ʛʨʫʧʫ 

ʢʦʥʬʝʨʝʥʮʽʾ t.me/MNTK_PT.  

 

ɿʘʚʜʷʢʠ ʘʢʪʠʚʥʦʤʫ ʩʫʧʨʦʚʦʜʫ ʩʘʡʪ ʄʅʊʂ ʇʊ ʟʘʣʠʰʘʻʪʴʩʷ ʣʽʜʝʨʦʤ, 

ʟʘʙʝʟʧʝʯʫʶʯʠ ʟʨʫʯʥʠʡ ʜʦʩʪʫʧ ʜʦ ʽʥʬʦʨʤʘʮʽʾ ʧʨʦ ʢʦʥʬʝʨʝʥʮʽʶ, ʘʨʭʽʚ 

ʤʘʪʝʨʽʘʣʽʚ ʪʘ ʘʢʪʫʘʣʴʥʽ ʘʥʦʥʩʠ. 

ʋʩʽ ʤʘʪʝʨʽʘʣʠ ʽʥʜʝʢʩʫʶʪʴʩʷ ʚ Google Scholar, ʘ ʘʥʦʪʘʮʽʾ ʜʦ ʨʦʙʽʪ ʜʦʩʪʫʧʥʽ 

ʜʣʷ ʰʠʨʦʢʦʛʦ ʟʘʛʘʣʫ, ʱʦ ʩʧʨʠʷʻ ʧʦʧʫʣʷʨʠʟʘʮʽʾ ʜʦʩʣʽʜʞʝʥʴ. ʅʘʫʢʦʚʮʽ ʤʦʞʫʪʴ 

ʧʝʨʝʛʣʷʜʘʪʠ ʩʪʘʪʠʩʪʠʢʫ ʩʚʦʾʭ ʧʫʙʣʽʢʘʮʽʡ ʫ ʧʝʨʩʦʥʘʣʴʥʠʭ ʢʘʙʽʥʝʪʘʭ, ʱʦ 

ʧʽʜʚʠʱʫʻ ʧʨʦʟʦʨʽʩʪʴ ʽ ʟʨʫʯʥʽʩʪʴ ʨʦʙʦʪʠ ʟ ʤʘʪʝʨʽʘʣʘʤʠ. 

 

ɿʘʧʨʦʰʫʻʤʦ ʥʘʫʢʦʚʮʽʚ, ʘʩʧʽʨʘʥʪʽʚ ʪʘ ʩʪʫʜʝʥʪʽʚ ʙʨʘʪʠ ʘʢʪʠʚʥʫ ʫʯʘʩʪʴ ʫ 

ʄʽʞʥʘʨʦʜʥʽʡ ʅʘʫʢʦʚʦ-ʪʝʭʥʽʯʥʽʡ ʂʦʥʬʝʨʝʥʮʽʾ "ʇʝʨʩʧʝʢʪʠʚʠ 

ʪʝʣʝʢʦʤʫʥʽʢʘʮʽʡ" ʪʘ ʅʘʫʢʦʚʦ-ʪʝʭʥʽʯʥʽʡ ʢʦʥʬʝʨʝʥʮʽʾ ʩʪʫʜʝʥʪʽʚ ʪʘ 

ʘʩʧʽʨʘʥʪʽʚ çʇʝʨʩʧʝʢʪʠʚʠ ʨʦʟʚʠʪʢʫ ʽʥʬʦʨʤʘʮʽʡʥʦ-ʪʝʣʝʢʦʤʫʥʽʢʘʮʽʡʥʠʭ 

ʪʝʭʥʦʣʦʛʽʡ ʪʘ ʩʠʩʪʝʤè. 

ʆʨʛʢʦʤʽʪʝʪ ʄʅʊʂ çʇʊè ʪʘ ʅʊʂ çʇʈɯʊʉè. 

 

https://www.youtube.com/channel/UC3FtHhQCTa8I252RSxXuYYg
https://www.youtube.com/channel/UC3FtHhQCTa8I252RSxXuYYg
https://www.youtube.com/channel/UC3FtHhQCTa8I252RSxXuYYg
https://www.youtube.com/playlist?list=PLurRYkN5hL0jf0QKFX41o82sY0U6cRuPd
https://www.youtube.com/playlist?list=PLurRYkN5hL0jf0QKFX41o82sY0U6cRuPd
https://www.youtube.com/playlist?list=PLurRYkN5hL0jf0QKFX41o82sY0U6cRuPd
https://www.youtube.com/playlist?list=PLurRYkN5hL0jf0QKFX41o82sY0U6cRuPd
https://www.youtube.com/playlist?list=PLurRYkN5hL0hr2Ts4KPOK-Sz-ooUBngPM
https://t.me/MNTK_PT
https://t.me/MNTK_PT
https://t.me/MNTK_PT
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ɼʞʝʨʝʣʘ 

 

1. ʉʪʦʨʽʥʢʘ ʩʘʡʪʫ ʅʅ ɯʊʉ ʂʇɯ ʽʤ. ɯʛʦʨʷ ʉʽʢʦʨʩʴʢʦʛʦ - ʄʅʊʂ "ʇʊ" ʪʘ 

"ʇʈɯʊʉ" [https://its.kpi.ua/uk/conferences]. 

2. ʉʪʦʨʽʥʢʘ ʩʘʡʪʫ ʅʅ ɯʊʉ ʂʇɯ ʽʤ. ɯʛʦʨʷ ʉʽʢʦʨʩʴʢʦʛʦ - ʇʦʪʦʯʥʘ ʄʅʊʂ ʇʊ ʪʘ 

ʇʈɯʊʉ[https://its.kpi.ua/uk/potochna%20MNTK%20PT]. 

3. ʉʪʦʨʽʥʢʘ ʩʘʡʪʫ ʅʅ ɯʊʉ ʂʇɯ ʽʤ. ɯʛʦʨʷ ʉʽʢʦʨʩʴʢʦʛʦ - "ʇʊ" ʤʠʥʫʣʠʭ 

ʨʦʢʽʚ[https://its.kpi.ua/uk/vsi%20MNTK%20PT]. 

4. ɸʈʍɯɺ ʄʅʊʂ "ʇʊ" ʪʘ "ʇʈɯʊʉ" ʟ 2016 ʨʦʢʫ ʥʘ ʦʨʛʘʥʽʟʘʮʽʡʥʽʡ ʧʣʘʪʬʦʨʤʽ 

Open Conference Systems (OCS) (https://conferences.uran.ua) - ʅɸʋʂʆɺɯ 

ʂʆʅʌɽʈɽʅʎɯɰ ʋʂʈɸɰʅʀ  

[https://conferenc.its.kpi.ua/index/schedConfs/archive]. 

5. ʄʘʪʝʨʽʘʣʠ ʄʅʊʂ "ʇʊ" ʪʘ "ʇʈɯʊʉ" 2025 ʨʦʢʫ ʥʘ ʦʨʛʘʥʽʟʘʮʽʡʥʽʡ ʧʣʘʪʬʦʨʤʽ 

Open Conference Systems (OCS) (https://conferences.uran.ua) - ʅɸʋʂʆɺɯ 

ʂʆʅʌɽʈɽʅʎɯɰ ʋʂʈɸɰʅʀ 

[https://conferenc.its.kpi.ua/2025/schedConf/presentations], ʽʟ ʟʤʽʥʦʶ ʮʠʬʨʠ 

ʨʦʢʫ ʧʦʩʠʣʘʥʥʷ ʧʨʘʮʶʚʘʪʠʤʝ ʜʣʷ ʤʘʪʝʨʽʘʣʽʚ ʧʦʯʠʥʘʶʯʠ ʟ 2016 ʨʦʢʫ. 

6. ɸʈʍɯɺ ɿʙʽʨʥʠʢʽʚ ʤʘʪʝʨʽʘʣʽʚ ʄʽʞʥʘʨʦʜʥʦʾ ʥʘʫʢʦʚʦ-ʪʝʭʥʽʯʥʦʾ ʢʦʥʬʝʨʝʥʮʽʾ 

çʇɽʈʉʇɽʂʊʀɺʀ ʊɽʃɽʂʆʄʋʅɯʂɸʎɯʁè ʟ 2015 ʨʦʢʫ [https://conferenc-

journal.its.kpi.ua/issue/archive]. 

7. YouTube-ʢʘʥʘʣ ʢʦʥʬʝʨʝʥʮʽʾ ʄʅʊʂ "ʇɽʈʉʇɽʂʊʀɺʀ 

ʊɽʃɽʂʆʄʋʅɯʂɸʎɯʁ" ʪʘ 

ʇʈɯʊʉ[https://www.youtube.com/channel/UC3FtHhQCTa8I252RSxXuYYg]. 

8. YouTube-playlist International Scientific and Technical Conference "MODERN 

CHALLENGES IN TELECOMMUNICATIONS" 2024 

[https://www.youtube.com/playlist?list=PLurRYkN5hL0jf0QKFX41o82sY0U6

cRuPd]. 

9. YouTube-playlist International Scientific and Technical Conference "MODERN 

CHALLENGES IN TELECOMMUNICATIONS" 2025 

[https://www.youtube.com/playlist?list=PLurRYkN5hL0hr2Ts4KPOK-Sz-

ooUBngPM]. 

10. ʌʦʪʦʘʣʴʙʦʤ. ʄʽʞʥʘʨʦʜʥʘ ʥʘʫʢʦʚʦ-ʪʝʭʥʽʯʥʘ ʢʦʥʬʝʨʝʥʮʽʷ çʇʝʨʩʧʝʢʪʠʚʠ 

ʪʝʣʝʢʦʤʫʥʽʢʘʮʽʡ - 2025è: ʨʝʟʫʣʴʪʘʪʠ [https://its.kpi.ua/uk/node/344]. 
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ʊɽʅɼɽʅʎɯɰ ɺʇʈʆɺɸɼɾɽʅʅʗ ʐʊʋʏʅʆɻʆ  

ɯʅʊɽʃɽʂʊʋ ɺ ʄɽʈɽɾɸʍ 6G 
 

ɸʩʪʨʘʭʘʥʮʝʚ ɸ.ɸ. 
ʅʘʚʯʘʣʴʥʦ-ʥʘʫʢʦʚʠʡ ʽʥʩʪʠʪʫʪ ʪʝʣʝʢʦʤʫʥʽʢʘʮʽʡʥʠʭ ʩʠʩʪʝʤ  

ʂʇɯ ʽʤ. ɯʛʦʨʷ ʉʽʢʦʨʩʴʢʦʛʦ, ʋʢʨʘʾʥʘ 

E-mail: andrii.astrakhantsev@nure.ua 

 

TRENDS OF IMPLEMENTING ARTIFICIAL  

INTELLIGENCE IN 6G NETWORKS  

 

6G networks should be deployed by 2030. This paper describes the main vectors of 5G to 

6G network development. The purpose of the paper is to analyze the main scenarios of 6G 

networks and to assess the capabilities of artificial intelligence to achieve the declared 

characteristics and scenarios in 6G networks.  
 

ʈʦʟʢʚʽʪ ʰʪʫʯʥʦʛʦ ʽʥʪʝʣʝʢʪʫ (ʐI) ʚ ʪʘʢʠʭ ʩʬʝʨʘʭ ʷʢ ʦʭʦʨʦʥʘ ʟʜʦʨʦʚô̫ , 

ʬʽʥʘʥʩʠ, ʧʨʦʤʠʩʣʦʚʽʩʪʴ ʚʞʝ ʧʨʠʟʚʽʚ ʜʦ ʽʩʪʦʪʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ [1,3]. ʇʝʚʥʽ 

ʟʘʩʪʦʩʫʚʘʥʥʷ ʐI ʚʞʝ ʥʘʙʫʣʠ ʧʦʰʠʨʝʥʥʷ ʽ ʚ ʤʦʙʽʣʴʥʠʭ ʤʝʨʝʞʘʭ 5G: ʚʽʥ 

ʚʜʦʩʢʦʥʘʣʶʻ ʧʨʦʮʝʩ ʭʝʥʜʦʚʝʨʘ, ʦʧʪʠʤʽʟʫʻ ʧʨʦʮʝʜʫʨʠ ʧʣʘʥʫʚʘʥʥʷ ʤʝʨʝʞ, 

ʟʤʝʥʰʫʻ ʝʥʝʨʛʦʩʧʦʞʠʚʘʥʥʷ ʪʘ ʧʝʨʝʜʙʘʯʘʻ ʘʥʦʤʘʣʽʾ ʚ ʪʨʘʬʽʢʫ ʯʠ ʨʦʙʦʪʽ 

ʤʝʨʝʞʽ. ɺʨʘʭʦʚʫʶʯʠ, ʱʦ ʩʠʩʪʝʤʠ ʤʦʙʽʣʴʥʦʛʦ ʟʚ'ʷʟʢʫ ʨʦʟʚʠʚʘʶʪʴʩʷ ʚʽʜ 

ʧʦʢʦʣʽʥʥʷ ʜʦ ʧʦʢʦʣʽʥʥʷ ʧʨʠʙʣʠʟʥʦ ʢʦʞʥʽ 10 ʨʦʢʽʚ ʫ ʥʘʧʨʷʤʢʫ ʧʽʜʚʠʱʝʥʥʷ 

ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ (ʥʘʧʨʠʢʣʘʜ, ʟʙʽʣʴʰʝʥʥʷ ʰʚʠʜʢʦʩʪʽ ʧʝʨʝʜʘʯʽ ʜʘʥʠʭ ʽ 

ʟʤʝʥʰʝʥʥʷ ʟʘʪʨʠʤʦʢ) ʽ ʢʦʞʥʝ ʧʦʢʦʣʽʥʥʷ ʧʨʦʧʦʥʫʻ ʥʦʚʽ ʽʥʥʦʚʘʮʽʡʥʽ ʩʝʨʚʽʩʠ, 

ʪʦ ʟʛʽʜʥʦ [1] ʧʨʦʚʽʜʥʫ ʨʦʣʴ ʚ 6G ʤʝʨʝʞʘʭ ʤʘʻ ʟʽʛʨʘʪʠ ʩʘʤʝ ʰʪʫʯʥʠʡ ʽʥʪʝʣʝʢʪ.  

ɼʘʥʘ ʨʦʙʦʪʘ ʩʪʘʚʠʪʴ ʟʘ ʤʝʪʫ ʘʥʘʣʽʟ ʩʝʨʚʽʩʽʚ, ʷʢʽ ʤʘʶʪʴ ʧʨʠʚʥʝʩʪʠ ʤʝʨʝʞʽ 

6G ʽ ʦʮʽʥʠʪʠ ʪʝʥʜʝʥʮʽʾ ʟʘʩʪʦʩʫʚʘʥʥʷ ʰʪʫʯʥʦʛʦ ʽʥʪʝʣʝʢʪʫ ʧʨʠ ʟʘʩʪʦʩʫʚʘʥʥʽ 

ʮʠʭ ʩʝʨʚʽʩʽʚ.  

 

1. ʆʩʥʦʚʥʽ ʩʮʝʥʘʨʽʾ ʟʘʩʪʦʩʫʚʘʥʥʷ ʪʘ ʘʪʨʠʙʫʪʠ ʤʝʨʝʞ 6G.  

ɼʣʷ ʦʮʽʥʶʚʘʥʥʷ ʚʧʣʠʚʫ ʐI ʨʦʟʛʣʷʥʝʤʦ ʦʩʥʦʚʥʽ ʦʯʽʢʫʚʘʥʽ ʩʮʝʥʘʨʽʾ 

ʟʘʩʪʦʩʫʚʘʥʥʷ ʤʝʨʝʞ 6G. ɿʛʽʜʥʦ [2], ʤʝʨʝʞʽ 6G ʧʝʨʝʜʙʘʯʘʶʪʴ ʧʨʦʜʦʚʞʝʥʥʷ 

ʨʦʟʚʠʪʢʫ MIMO, ʥʘʜʘʥʥʷ ʤʦʞʣʠʚʦʩʪʝʡ ʧʦʚʥʦʜʫʧʣʝʢʩʥʦʛʦ ʟʚôʷʟʢʫ ʙʝʟ 

ʨʦʟʧʦʜʽʣʫ ʧʦ ʯʘʩʪʦʪʽ ʪʘ ʯʘʩʫ, ʚʧʨʦʚʘʜʞʝʥʥʷ ʰʪʫʯʥʦʛʦ ʽʥʪʝʣʝʢʪʫ ʪʘ 

ʤʘʰʠʥʥʦʛʦ ʥʘʚʯʘʥʥʷ ʜʣʷ ʧʦʚʽʪʨʷʥʦʛʦ ʽʥʪʝʨʬʝʡʩʫ ʪʘ ʨʘʜʽʦʤʝʨʝʞ ʥʘʩʪʫʧʥʦʛʦ 

ʧʦʢʦʣʽʥʥʷ. ʆʩʥʦʚʥʠʤʠ ʩʮʝʥʘʨʽʷʤʠ ʜʣʷ 6G ʧʨʠ ʮʴʦʤʫ ʚʚʘʞʘʶʪʴʩʷ [3]: 

ɿʤʽʰʘʥʘ ʨʝʘʣʴʥʽʩʪʴ (XR) ʟ ʧʦʚʥʠʤ ʟʘʥʫʨʝʥʥʷʤ (Truly Immersive XR) 

ʧʦʻʜʥʫʻ ʚ ʩʦʙʽ ʩʮʝʥʘʨʽʾ ʚʽʨʪʫʘʣʴʥʦʾ ʽ ʜʦʧʦʚʥʝʥʦʾ ʨʝʘʣʴʥʦʩʪʽ. ʅʘ ʩʴʦʛʦʜʥʽ 

ʟʘʩʪʦʩʫʚʘʥʥʷ ʪʝʭʥʦʣʦʛʽʾ ʦʙʤʝʞʫʶʪʴ ʘʧʘʨʘʪʥʽ ʤʦʞʣʠʚʦʩʪʽ ʧʨʠʩʪʨʦʾʚ ʪʘ 

ʚʠʤʦʛʠ ʜʦ ʧʨʦʧʫʩʢʥʦʾ ʟʜʘʪʥʦʩʪʽ ʤʝʨʝʞʽ, ʘʣʝ ʦʯʽʢʫʻʪʴʩʷ ʢʘʧʽʪʘʣʽʟʘʮʽʷ ʮʽʻʾ 

ʧʦʩʣʫʛʠ ʥʘ ʨʽʚʥʽ $87 ʤʣʨʜ ʜʦ 2030 ʨ. 
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ʄʦʙʽʣʴʥʽ ʛʦʣʦʛʨʘʤʠ ʚʠʩʦʢʦʾ ʪʦʯʥʦʩʪʽ (High-Fidelity Mobile Hologram) ʻ 

ʤʝʜʽʘ-ʪʝʭʥʦʣʦʛʽʻʶ ʥʘʩʪʫʧʥʦʛʦ ʧʦʢʦʣʽʥʥʷ, ʷʢʘ ʜʦʟʚʦʣʷʻ ʨʝʘʣʽʟʦʚʫʚʘʪʠ 

ʛʦʣʦʛʨʘʤʠ ʟ ʝʬʝʢʪʦʤ ʧʨʠʩʫʪʥʦʩʪʽ, ʧʝʨʝʜʘʯʝʶ ʞʝʩʪʽʚ ʽ ʝʤʦʮʽʡ ʥʘ ʩʧʝʮʽʘʣʴʥʠʭ 

ʜʠʩʧʣʝʷʭ. ʅʘ ʩʴʦʛʦʜʥʽ ʟʘʩʪʦʩʫʚʘʥʥʷ ʪʝʭʥʦʣʦʛʽʾ ʦʙʤʝʞʝʥʦ ʝʢʩʪʨʝʤʘʣʴʥʦ 

ʚʠʩʦʢʠʤʠ ʚʠʤʦʛʘʤʠ ʜʦ ʧʨʦʧʫʩʢʥʦʾ ʟʜʘʪʥʦʩʪʽ, ʷʢʘ ʥʘ ʧʦʨʷʜʦʢ ʧʝʨʝʚʠʱʫʻ 

ʤʦʞʣʠʚʦʩʪʽ 5G. 

ʊʨʝʪʽʤ ʩʮʝʥʘʨʽʻʤ ʻ ʮʠʬʨʦʚʘ ʨʝʧʣʽʢʘʮʽʷ (Digital Replication), ʷʢʫ ʱʝ 

ʥʘʟʠʚʘʶʪʴ ʪʝʭʥʦʣʦʛʽʻʶ ʩʪʚʦʨʝʥʥʷ ʮʠʬʨʦʚʠʭ ʜʚʽʡʥʠʢʽʚ (digital twin). ʎʷ 

ʪʝʭʥʦʣʦʛʽʷ ʜʦʟʚʦʣʷʻ ʧʨʘʮʶʚʘʪʠ ʚʽʜʜʘʣʝʥʦ ʟ ʙʫʜʴ-ʷʢʠʤʠ ʦʙôʻʢʪʘʤʠ ʽ ʻ 

ʥʘʩʪʫʧʥʠʤ ʢʨʦʢʦʤ ʚ ʤʦʜʝʣʶʚʘʥʥʽ. ʉʘʤʝ ʟʘ ʜʦʧʦʤʦʛʦʶ ʰʪʫʯʥʦʛʦ ʽʥʪʝʣʝʢʪʫ ʪʘ 

ʮʠʬʨʦʚʦʾ ʨʝʧʣʽʢʘʮʽʾ, ʚʠʷʚʣʝʥʥʷ ʪʘ ʧʦʤ'ʷʢʰʝʥʥʷ ʧʨʦʙʣʝʤ ʤʦʞʥʘ ʝʬʝʢʪʠʚʥʦ 

ʟʜʽʡʩʥʶʚʘʪʠ ʙʝʟ ʧʨʠʩʫʪʥʦʩʪʽ ʘʙʦ ʥʘʚʽʪʴ ʙʝʟ ʜʝʪʘʣʴʥʦʛʦ ʥʘʛʣʷʜʫ ʟ ʙʦʢʫ 

ʣʶʜʠʥʠ. 

ʅʘʚʝʜʝʥʽ ʚʠʱʝ ʩʮʝʥʘʨʽʾ ʜʦʟʚʦʣʷʶʪʴ ʚʠʜʽʣʠʪʠ 4 ʢʣʶʯʦʚʽ ʘʪʨʠʙʫʪʠ ʤʝʨʝʞ 

6G (ʨʠʩ.1): 

 
ʈʠʩ.1. ɽʚʦʣʶʮʽʷ ʤʝʨʝʞ ʚʽʜ 5G ʜʦ 6G [1]. 

 

ʅʘʪʠʚʥʠʡ ʐɯ (AI -Native) ʧʝʨʝʜʙʘʯʘʻ ʚʠʢʦʨʠʩʪʘʥʥʷ ʪʘ ʚʧʨʦʚʘʜʞʝʥʥʷ ʐɯ 

ʚ ʢʦʤʫʥʽʢʘʮʽʡʥʽ ʬʫʥʢʮʽʾ (ʤʦʞʣʠʚʽ ʧʨʠʢʣʘʜʠ: ʩʪʠʩʥʝʥʥʷ ʪʘ ʧʨʦʛʥʦʟʫʚʘʥʥʷ 

ʽʥʬʦʨʤʘʮʽʾ ʧʨʦ ʩʪʘʥ ʢʘʥʘʣʫ (CSI), ʘʣʛʦʨʠʪʤʠ TX/ RX, ʘ ʪʘʢʦʞ ʝʢʩʧʣʫʘʪʘʮʽʷ ʪʘ 

ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʤʝʨʝʞʽ) ʚʽʜ ʧʦʯʘʪʢʫ ʧʨʦʝʢʪʫʚʘʥʥʷ ʩʠʩʪʝʤʠ ʜʦ ʨʦʟʨʦʙʢʠ, 

ʫʧʨʘʚʣʽʥʥʷ ʪʘ ʝʢʩʧʣʫʘʪʘʮʽʾ ʩʠʩʪʝʤ, ʱʦʙ ʜʦʩʷʛʪʠ ʙʘʞʘʥʦʛʦ ʧʽʜʚʠʱʝʥʥʷ 

ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ.  

ʉʪʘʣʘ ʤʝʨʝʞʘ (Sustainable Network) ʰʣʷʭʦʤ ʟʘʩʪʦʩʫʚʘʥʥʷ ʐɯ ʤʘʻ 

ʟʤʝʥʰʠʪʠ ʦʧʝʨʘʮʽʡʥʽ ʚʠʪʨʘʪʠ ʽ ʚʧʣʠʥʫʪʠ ʥʘ ʟʘʜʦʚʦʣʝʥʽʩʪʴ ʢʦʨʠʩʪʫʚʘʯʽʚ ʟʘ 

ʨʘʭʫʥʦʢ ʧʽʜʚʠʱʝʥʥʷ ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʦʩʪʽ ʷʢ ʤʝʨʝʞ, ʪʘʢ ʽ ʪʝʨʤʽʥʘʣʽʚ.  

ʇʦʚʩʶʜʥʝ ʧʦʢʨʠʪʪʷ (Ubiquitous Coverage) ʟʘʩʪʦʩʦʚʫʻ ʐɯ ʜʣʷ 

ʟʤʝʥʰʝʥʥʷ ʢʘʧʽʪʘʣʴʥʠʭ ʚʠʪʨʘʪ ʥʘ ʤʝʨʝʞʽ ʪʘ ʧʦʢʨʘʱʝʥʥʷ ʷʢʦʩʪʽ ʧʦʩʣʫʛ, ʱʦ 

ʥʘʜʘʶʪʴʩʷ ʢʦʨʠʩʪʫʚʘʯʘʤ, ʟʘ ʨʘʭʫʥʦʢ ʨʦʟʰʠʨʝʥʥʷ ʟʦʥʠ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ 

ʟʚ'ʷʟʢʫ. 

 ɹʝʟʧʝʯʥʘ ʪʘ ʩʪʽʡʢʘ ʤʝʨʝʞʘ (Secure and Resilient Network) ʟʘʣʝʞʠʪʴ ʚʽʜ 

ʟʘʩʪʦʩʫʚʘʥʥʷ ʐɯ, ʦʩʢʽʣʴʢʠ ʩʘʤʝ ʥʘ ʐɯ ʧʦʢʣʘʜʘʶʪʴʩʷ ʟʘʜʘʯʽ ʧʝʨʝʜʙʘʯʝʥʥʷ 

ʘʥʦʤʘʣʴʥʦʾ ʧʦʚʝʜʽʥʢʠ ʤʝʨʝʞʽ, ʚʠʷʚʣʝʥʥʷ ʰʢʽʜʦʥʦʩʥʦʛʦ ʪʨʘʬʽʢʘ ʪʘ 

ʟʘʩʪʦʩʫʚʘʥʥʷ ʧʽʜʭʦʜʽʚ ʜʦ ʥʝʡʪʨʘʣʽʟʘʮʽʾ ʟʘʛʨʦʟ. 
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2. ɸʥʘʣʽʟ ʚʧʣʠʚʫ ʐɯ ʥʘ 6G ʤʝʨʝʞʽ. 

ɹʘʟʫʶʯʠʩʴ ʥʘ ʦʧʠʩʘʥʠʭ ʚʠʱʝ ʘʪʨʠʙʫʪʘʭ, ʨʦʟʛʣʷʥʝʤʦ ʚʧʣʠʚ ʐɯ (ʨʠʩ.2) ʽ 

ʟʘʧʨʦʧʦʥʦʚʘʥʽ ʤʝʪʦʜʠ, ʟʘʩʪʦʩʫʚʘʥʥʷ ʷʢʠʭ ʜʘʩʪʴ ʚʠʛʨʘʰ ʚ ʧʝʚʥʠʭ ʧʦʢʘʟʥʠʢʘʭ 

(KPIs) ʧʽʜ ʯʘʩ ʧʦʙʫʜʦʚʠ ʽ ʝʢʩʧʣʫʘʪʘʮʽʾ ʤʝʨʝʞʽ [2]. ʈʦʟʛʣʷʥʝʤʦ ʾʭ ʙʽʣʴʰ 

ʜʝʪʘʣʴʥʦ. 

 
ʈʠʩ.2. ɺʧʣʠʚ ʐɯ ʥʘ ʨʽʟʥʽ ʪʝʭʥʦʣʦʛʽʯʥʽ ʧʨʦʮʝʩʠ ʚ 6G ʤʝʨʝʞʽ [2]. 

 

2.1. ʐɯ ʚ ʩʠʩʪʝʤʥʽʡ ʤʝʨʝʞʝʚʽʡ ʘʨʭʽʪʝʢʪʫʨʽ ʪʘ ʫʧʨʘʚʣʽʥʥʷ. 

ʐɯ ʧʨʠʚʝʨʪʘʻ ʙʘʛʘʪʦ ʫʚʘʛʠ ʷʢ ʽʥʩʪʨʫʤʝʥʪ ʜʣʷ ʚʠʨʽʰʝʥʥʷ ʧʨʦʙʣʝʤ, ʷʢʽ 

ʨʘʥʽʰʝ ʚʚʘʞʘʣʠʩʷ ʥʝʨʦʟʚ'ʷʟʥʠʤʠ ʯʝʨʝʟ ʾʭʥʶ ʚʝʣʠʯʝʟʥʫ ʩʢʣʘʜʥʽʩʪʴ ʘʙʦ 

ʚʽʜʩʫʪʥʽʩʪʴ ʥʝʦʙʭʽʜʥʦʾ ʤʦʜʝʣʽ ʪʘ ʘʣʛʦʨʠʪʤʫ [3]. 6G ʧʝʨʝʜʙʘʯʘʻ ʢʦʤʧʣʝʢʩʥʫ 

ʩʠʩʪʝʤʫ ʰʪʫʯʥʦʛʦ ʽʥʪʝʣʝʢʪʫ ʜʣʷ ʦʧʪʠʤʽʟʘʮʽʾ ʟʘʛʘʣʴʥʦʾ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ 

ʩʠʩʪʝʤʠ ʪʘ ʨʦʙʦʪʠ ʤʝʨʝʞʽ. ɿʘʛʘʣʦʤ, ʟʘʛʘʣʴʥʘ ʘʨʭʽʪʝʢʪʫʨʘ ʤʝʨʝʞʽ ʩʢʣʘʜʘʻʪʴʩʷ 

ʟ ʯʦʪʠʨʴʦʭ ʨʽʚʥʽʚ ʦʙ'ʻʢʪʽʚ: ʦʙʣʘʜʥʘʥʥʷ ʢʦʨʠʩʪʫʚʘʯʘ (UE), ʙʘʟʦʚʽ ʩʪʘʥʮʽʾ (BS), 

ʷʜʨʦ ʤʝʨʝʞʽ ʪʘ ʩʝʨʚʝʨ ʜʦʜʘʪʢʽʚ. ɿʘʩʪʦʩʫʚʘʥʥʷ ʐɯ ʤʦʞʥʘ ʨʦʟʜʽʣʠʪʠ ʥʘ 3 ʨʽʚʥʽ 

(ʨʠʩ.3): 1) ʣʦʢʘʣʴʥʠʡ ʐɯ, 2) ʩʧʽʣʴʥʠʡ ʐɯ ʽ 3) E2E ʐI. 

 

 
ʈʠʩ.3. ʂʦʣʝʢʪʠʚʥʠʡ ʐɯ 6G ʤʝʨʝʞʽ [3]. 
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ʃʦʢʘʣʴʥʠʡ ʐɯ ʚʧʨʦʚʘʜʞʫʻʪʴʩʷ ʚ ʢʦʞʥʦʤʫ ʝʣʝʤʝʥʪʽ ʤʝʨʝʞʽ. ʇʨʠʢʣʘʜʦʤ 

ʻ ʚʠʢʦʨʠʩʪʘʥʥʷ ʐɯ ʜʣʷ ʦʧʪʠʤʽʟʘʮʽʾ ʤʦʜʫʣʷʮʽʾ, ʢʦʜʫʚʘʥʥʷ ʜʞʝʨʝʣʘ ʪʘ 

ʢʦʜʫʚʘʥʥʷ ʢʘʥʘʣʫ [3,5]. ʉʧʽʣʴʥʠʡ ʐɯ ʤʦʞʝ ʦʧʪʠʤʽʟʫʚʘʪʠ ʩʧʽʣʴʥʫ ʨʦʙʦʪʫ UE ʽ 

BS ʘʙʦ ʩʧʽʣʴʥʫ ʨʦʙʦʪʫ ʤʘʛʽʩʪʨʘʣʴʥʠʭ ʤʝʨʝʞ ʽ ʩʝʨʚʝʨʽʚ ʜʦʜʘʪʢʽʚ. ʇʨʠʢʣʘʜʦʤ 

ʤʦʞʣʠʚʦʩʪʽ ʩʧʽʣʴʥʦʾ ʦʧʪʠʤʽʟʘʮʽʾ ʻ ʦʧʪʠʤʽʟʘʮʽʷ ʭʝʥʜʦʚʝʨʘ ʥʘ ʦʩʥʦʚʽ 

ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʤʘʡʙʫʪʥʽʭ ʤʝʨʝʞʝʚʠʭ ʫʤʦʚ ʫ ʩʢʣʘʜʥʠʭ ʙʝʟʜʨʦʪʦʚʠʭ 

ʩʝʨʝʜʦʚʠʱʘʭ. E2E ʐI ʦʧʪʠʤʽʟʫʻ ʚʩʶ ʩʠʩʪʝʤʫ ʟʚ'ʷʟʢʫ. ɿʘ ʜʦʧʦʤʦʛʦʶ E2E AI 

ʩʪʘʻ ʤʦʞʣʠʚʠʤ ʚʠʷʚʣʷʪʠ ʘʙʦ ʧʨʦʛʥʦʟʫʚʘʪʠ ʘʥʦʤʘʣʽʾ ʚ ʨʦʙʦʪʽ ʤʝʨʝʞʽ ʪʘ 

ʧʨʦʧʦʥʫʚʘʪʠ ʢʦʨʠʛʫʚʘʣʴʥʽ ʜʽʾ. 

ʊʘʢʦʞ ML ʙʫʜʝ ʥʝʦʙʭʽʜʥʠʡ ʜʣʷ ʧʽʜʪʨʠʤʢʠ ʨʝʥʪʘʙʝʣʴʥʦʩʪʽ ʝʢʩʧʣʫʘʪʘʮʽʾ 

ʧʝʨʝʜʙʘʯʫʚʘʥʠʭ ʩʢʣʘʜʥʠʭ ʧʦʩʣʫʛ 6G, ʪʘʢʠʭ ʷʢ ʚʟʘʻʤʦʜʽʷ ʫ ʩʬʝʨʘʭ çʣʶʜʠʥʘ-

ʮʠʬʨʦʚʠʡ ʩʚʽʪ-ʬʽʟʠʯʥʠʡ ʩʚʽʪè ʪʘ çɯʥʪʝʨʥʝʪ ʧʦʯʫʪʪʽʚè [2]. ʂʨʽʤ ʪʦʛʦ, 

ʧʦʰʠʨʝʥʥʷ ʯʠʩʣʝʥʥʠʭ ʪʝʭʥʦʣʦʛʽʡ ʚʽʨʪʫʘʣʽʟʘʮʽʾ, ʚʢʣʶʯʘʶʯʠ ʚʽʨʪʫʘʣʴʥʽ 

ʧʨʠʣʘʜʠ, ʤʽʢʨʦʩʝʨʚʽʩʠ, ʢʦʥʪʝʡʥʝʨʠ, ʙʝʟʩʝʨʚʝʨʥʽ ʬʫʥʢʮʽʾ ʪʘ ʾʭʥʶ 

ʽʥʪʝʨʦʧʝʨʘʙʝʣʴʥʽʩʪʴ, ʟʙʽʣʴʰʠʪʴ ʩʢʣʘʜʥʽʩʪʴ ʤʝʨʝʞʝʚʠʭ ʦʧʝʨʘʮʽʡ. ʊʘʢʠʤ 

ʯʠʥʦʤ, ʤʝʭʘʥʽʟʤʠ AI/ML ʩʪʘʥʫʪʴ ʚʠʨʽʰʘʣʴʥʠʤʠ ʜʣʷ ʘʚʪʦʤʘʪʠʟʘʮʽʾ ʧʨʦʮʝʩʽʚ 

ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʴ. AI/ML ʪʘʢʦʞ ʜʦʟʚʦʣʠʪʴ ʨʝʘʣʽʟʫʚʘʪʠ ʧʨʝʜʠʢʪʠʚʥʫ 

ʦʨʢʝʩʪʨʦʚʢʫ ʚ 6G, ʥʘʧʨʠʢʣʘʜ, ʜʣʷ ʜʦʩʷʛʥʝʥʥʷ ʤʘʡʞʝ ʦʧʪʠʤʘʣʴʥʠʭ ʨʽʰʝʥʴ 

ʱʦʜʦ ʨʦʟʤʽʱʝʥʥʷ ʙʘʟʦʚʠʭ ʩʪʘʥʮʽʡ ʽ ʢʦʥʬʽʛʫʨʘʮʽʾ ʩʝʨʚʽʩʽʚ. 

2.2. ʐɯ ʚ ʛʨʘʥʠʯʥʠʭ ʪʘ ʧʦʚʩʶʜʥʠʭ ʦʙʯʠʩʣʝʥʥʷʭ  

ʆʩʥʦʚʥʠʤʠ ʮʽʣʷʤʠ ʧʝʨʠʬʝʨʽʡʥʠʭ ʽ ʧʦʚʩʶʜʥʠʭ ʦʙʯʠʩʣʝʥʴ ʻ ʟʤʝʥʰʝʥʥʷ 

ʟʘʪʨʠʤʦʢ ʽ ʧʽʜʚʠʱʝʥʥʷ ʰʚʠʜʢʦʩʪʽ ʨʝʘʛʫʚʘʥʥʷ, ʘ ʪʘʢʦʞ ʟʤʝʥʰʝʥʥʷ ʦʙʩʷʛʫ 

ʧʦʪʦʢʽʚ ʜʘʥʠʭ ʤʽʞ ʢʦʨʠʩʪʫʚʘʮʴʢʠʤʠ IoT-ʧʨʠʩʪʨʦʷʤʠ ʽ ʮʝʥʪʨʘʣʽʟʦʚʘʥʠʤʠ 

ʭʤʘʨʥʠʤʠ ʦʙʯʠʩʣʶʚʘʣʴʥʠʤʠ ʨʝʩʫʨʩʘʤʠ. ɺʧʨʦʚʘʜʞʝʥʥʷ ʤʝʪʦʜʽʚ ML/NN 

ʜʦʟʚʦʣʷʻ ʦʧʪʠʤʽʟʫʚʘʪʠ ʧʦʪʦʢʠ ʦʙʯʠʩʣʝʥʴ ʽ ʟʘʙʝʟʧʝʯʠʪʠ ʟʤʝʥʰʝʥʥʷ ʟʘʪʨʠʤʦʢ. 

ʇʨʠʢʣʘʜʦʤ ʪʘʢʠʭ ʧʨʦʮʝʩʽʚ ʻ ʜʠʥʘʤʽʯʥʠʡ ʨʦʟʧʦʜʽʣ ʩʧʝʢʪʨʫ ʥʘ ʦʩʥʦʚʽ ʐɯ 

(ʨʠʩ.4).  

 
ʈʠʩ.4. ʈʦʟʧʦʜʽʣ ʩʧʝʢʪʨʫ ʥʘ ʦʩʥʦʚʽ ʐɯ [3]. 

 

ʆʩʥʦʚʥʠʤ ʚʠʢʣʠʢʦʤ ʜʠʥʘʤʽʯʥʦʛʦ ʨʦʟʧʦʜʽʣʫ ʩʧʝʢʪʨʫ ʻ ʫʥʠʢʥʝʥʥʷ (ʘʙʦ 

ʤʽʥʽʤʽʟʘʮʽʾ) ʢʦʣʽʟʽʡ ʫ ʚʠʢʦʨʠʩʪʘʥʥʽ ʩʧʝʢʪʨʫ ʤʽʞ ʨʽʟʥʠʤʠ ʩʫʙ'ʻʢʪʘʤʠ, ʧʨʠ 

ʮʴʦʤʫ ʥʘʜʘʥʥʷ ʾʤ ʜʦʩʪʫʧʫ ʜʦ ʩʧʝʢʪʨʫ ʚ ʜʠʥʘʤʽʯʥʦʤʫ ʨʝʞʠʤʽ. ʊʝʦʨʝʪʠʯʥʦ, 

ʱʦʙ ʟʘʧʦʙʽʛʪʠ ʪʘʢʠʤ ʢʦʣʽʟʽʷʤ ʟʘʧʦʙʽʛʪʠ ʪʘʢʠʤ ʢʦʣʽʟʽʷʤ, ʤʝʨʝʞʝʚʽ ʦʧʝʨʘʪʦʨʠ 
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ʤʦʛʣʠ ʙ ʦʙʤʽʥʶʚʘʪʠʩʷ ʚʩʽʻʶ ʥʝʦʙʭʽʜʥʦʶ ʽʥʬʦʨʤʘʮʽʻʶ ʧʨʦ ʜʦʩʪʫʧ ʜʦ ʩʧʝʢʪʨʫ. 

ʅʘ ʧʨʘʢʪʠʮʽ, ʦʜʥʘʢ, ʮʝ ʥʝʤʦʞʣʠʚʦ ʦʩʢʽʣʴʢʠ ʦʪʨʠʤʘʥʥʷ ʚʩʽʻʾ ʥʝʦʙʭʽʜʥʦʾ 

ʽʥʬʦʨʤʘʮʽʾ ʜʣʷ ʢʦʞʥʦʛʦ ʩʫʙ'ʻʢʪʘ ʚ ʨʝʞʠʤʽ ʨʝʘʣʴʥʦʛʦ ʯʘʩʫ ʧʨʠʟʚʝʣʦ ʙ ʜʦ 

ʚʝʣʠʯʝʟʥʠʭ ʥʘʢʣʘʜʥʠʭ ʚʠʪʨʘʪ ʥʘ ʟʚ'ʷʟʦʢ. ʐɯ ʤʽʛ ʙʠ ʫʥʠʢʥʫʪʠ ʢʦʣʽʟʽʡ 

ʧʨʦʛʥʦʟʫʶʯʠ ʚʠʢʦʨʠʩʪʘʥʥʷ ʩʧʝʢʪʨʫ ʽʥʰʠʤʠ ʩʫʙ'ʻʢʪʘʤʠ ʦʙʤʽʥʶʶʯʠʩʴ 

ʦʙʤʝʞʝʥʠʤ ʦʙʩʷʛʦʤ ʽʥʬʦʨʤʘʮʽʾ. 

2.3. ʐɯ ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʙʝʟʧʝʢʠ ʤʝʨʝʞʽ ʽ ʩʝʨʚʽʩʽʚ. 

ʇʦʜʘʥʥʷ 6G ʷʢ ʚʠʩʦʢʦʨʦʟʧʦʜʽʣʝʥʦʾ ʘʨʭʽʪʝʢʪʫʨʠ ʦʙʯʠʩʣʝʥʴ ʽ ʟʚ'ʷʟʢʫ, ʟ 

ʚʽʨʪʫʘʣʽʟʘʮʽʻʶ ʽ ʘʚʪʦʤʘʪʠʟʘʮʽʻʶ ʢʨʠʪʠʯʥʦ ʚʘʞʣʠʚʠʭ ʬʫʥʢʮʽʡ ʫʧʨʘʚʣʽʥʥʷ 

ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʩʪʚʦʨʝʥʥʷ ʥʘʙʘʛʘʪʦ ʰʠʨʰʦʾ ʽ ʩʢʣʘʜʥʽʰʦʾ ʧʦʚʝʨʭʥʽ ʘʪʘʢ, ʥʽʞ ʚ 

ʥʠʥʽʰʥʴʦʤʫ ʜʦʤʝʥʽ 5G [4]. ʉʠʩʪʝʤʘ ʥʝ ʣʠʰʝ ʚʨʘʟʣʠʚʘ ʜʦ ʧʨʷʤʠʭ ʢʽʙʝʨʘʪʘʢ, 

ʘʣʝ ʡ ʧʦʪʨʝʙʫʻ ʚʠʷʚʣʝʥʥʷ ʟʙʦʾʚ ʫ ʨʦʙʦʪʽ ʘʚʪʦʤʘʪʠʟʦʚʘʥʠʭ ʬʫʥʢʮʽʡ ʪʘ 

ʤʽʥʽʤʽʟʘʮʽʾ ʾʭʥʴʦʛʦ ʚʧʣʠʚʫ. ɻʘʨʘʥʪʫʚʘʥʥʷ ʥʘʜʽʡʥʦʩʪʽ ʪʘ ʜʦʩʪʦʚʽʨʥʦʩʪʽ ʩʠʩʪʝʤʠ 

ʙʫʜʝ ʦʜʥʠʤ ʟ ʛʦʣʦʚʥʠʭ ʚʠʢʣʠʢʽʚ. ʊʘʢʽ ʨʽʰʝʥʥʷ, ʷʢ ʤʽʢʨʦʩʝʛʤʝʥʪʘʮʽʷ ʽ ʥʘʨʽʟʢʘ 

ʙʝʟ ʜʦʪʠʢʫ, ʧʦʚʠʥʥʽ ʙʫʪʠ ʛʘʨʘʥʪʦʚʘʥʽ, ʘ ʨʦʟʧʦʜʽʣʝʥʽ ʬʫʥʢʮʽʾ ʽ ʤʦʜʝʣʽ ʐɯ ʪʘ 

ML ʧʦʚʠʥʥʽ ʙʫʪʠ ʧʦʩʠʣʝʥʽ, ʱʦʙ ʫʥʠʢʥʫʪʠ ʟʙʦʾʚ ʽ ʢʽʙʝʨʘʪʘʢ ʽ ʛʘʨʘʥʪʫʚʘʪʠ ʾʭ 

ʜʦʩʪʦʚʽʨʥʽʩʪʴ ʽ ʙʝʟʧʝʢʫ (ʥʘʧʨʠʢʣʘʜ, ʱʦʙ ʫʥʠʢʥʫʪʠ ʦʪʨʫʻʥʥʷ ʤʦʜʝʣʝʡ ʽ ʘʪʘʢ ʥʘ 

ʚʠʚʝʜʝʥʥʷ ʥʘʣʝʞʥʦʩʪʽ ʚ ʨʦʟʧʦʜʽʣʝʥʠʭ ʘʨʭʽʪʝʢʪʫʨʘʭ ʟ ʬʝʜʝʨʘʪʠʚʥʠʤ 

ʥʘʚʯʘʥʥʷʤ). 

2.4. ʐɯ ʜʣʷ ʧʽʜʚʠʱʝʥʥʷ ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʦʩʪʽ ʤʝʨʝʞʽ 

ɽʥʝʨʛʦʟʙʝʨʝʞʝʥʥʷ ʚ ʤʝʨʝʞʽ ʻ ʩʢʣʘʜʥʦʶ ʧʨʦʙʣʝʤʦʶ [5], ʱʦ ʚʢʣʶʯʘʻ ʚ 

ʩʝʙʝ ʢʽʣʴʢʘ ʨʽʚʥʽʚ ʤʝʨʝʞʽ ʪʘ ʥʝʦʙʭʽʜʥʽʩʪʴ ʙʘʣʘʥʩʫʚʘʥʥʷ ʟ ʽʥʰʠʤʠ ʢʣʶʯʦʚʠʤʠ 

ʧʦʢʘʟʥʠʢʘʤʠ ʝʬʝʢʪʠʚʥʦʩʪʽ ʪʘ ʚʠʤʦʛʘʤʠ ʜʦ ʷʢʦʩʪʽ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ (QoS). 

ʊʨʘʜʠʮʽʡʥʽ ʤʝʭʘʥʽʟʤʠ ʝʥʝʨʛʦʟʙʝʨʝʞʝʥʥʷ ʚ ʤʝʨʝʞʽ ʧʦʢʣʘʜʘʶʪʴʩʷ ʥʘ 

ʢʦʥʬʽʛʫʨʘʮʽʶ ʥʘ ʦʩʥʦʚʽ ʧʨʘʚʠʣ, ʥʘʧʨʠʢʣʘʜ, ʚʤʠʢʘʥʥʷ/ʚʠʤʠʢʘʥʥʷ ʦʩʝʨʝʜʢʽʚ ʥʘ 

ʦʩʥʦʚʽ ʨʽʟʥʠʭ ʧʦʨʦʛʦʚʠʭ ʟʥʘʯʝʥʴ ʥʘʚʘʥʪʘʞʝʥʥʷ ʥʘ ʦʩʝʨʝʜʦʢ. ʊʘʢʽ ʤʝʪʦʜʠ, 

ʟʘʩʥʦʚʘʥʽ ʥʘ ʧʨʘʚʠʣʘʭ, ʻ ʨʝʘʢʪʠʚʥʠʤʠ, ʥʝʛʥʫʯʢʠʤʠ ʽ ʩʢʣʘʜʥʠʤʠ ʜʣʷ 

ʜʦʩʷʛʥʝʥʥʷ ʛʣʦʙʘʣʴʥʦ ʦʧʪʠʤʽʟʦʚʘʥʦʾ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ ʪʘ ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʦʩʪʽ 

ʩʠʩʪʝʤʠ. ɸʣʛʦʨʠʪʤʠ ʐɯ ʤʦʞʫʪʴ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʜʘʥʽ RAN ʜʣʷ ʦʧʪʠʤʽʟʘʮʽʾ 

ʝʥʝʨʛʦʟʙʝʨʝʞʝʥʥʷ ʤʝʨʝʞʽ, ʥʘʧʨʠʢʣʘʜ, ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʦʩʪʽ ʪʘ 

ʥʘʚʘʥʪʘʞʝʥʥʷ ʚ ʤʘʡʙʫʪʥʽʭ ʩʪʘʥʘʭ, ʱʦʙ ʫʤʦʞʣʠʚʠʪʠ ʧʨʦʘʢʪʠʚʥʽ, ʘʜʘʧʪʠʚʥʽ ʜʽʾ 

ʟ ʨʦʟʚʘʥʪʘʞʝʥʥʷ ʪʨʘʬʽʢʫ, ʤʦʜʠʬʽʢʘʮʽʾ ʧʦʢʨʠʪʪʷ ʪʘ ʘʢʪʠʚʘʮʽʾ/ʜʝʘʢʪʠʚʘʮʽʾ 

ʩʪʽʣʴʥʠʢʽʚ.  

2.5. ʐɯ ʥʘ ʄɸʉ ʨʽʚʥʽ. 

ʄʝʪʦʜʠ ML ʤʦʞʫʪʴ ʱʝ ʙʽʣʴʰʝ ʚʜʦʩʢʦʥʘʣʠʪʠ ʥʘʪʠʚʥʠʡ ʧʦʚʽʪʨʷʥʠʡ 

ʽʥʪʝʨʬʝʡʩ ʰʪʫʯʥʦʛʦ ʽʥʪʝʣʝʢʪʫ (AI-AI), ʧʝʨʝʜʙʘʯʝʥʠʡ ʜʣʷ 6G [6]. ʈʦʟʛʣʷʥʝʤʦ 

ʜʝʢʽʣʴʢʘ ʧʽʜʭʦʜʽʚ.  

ɸʜʘʧʪʠʚʥʘ ʤʦʜʫʣʷʮʽʷ ʪʘ ʢʦʜʫʚʘʥʥʷ ʻ ʚʘʞʣʠʚʦʶ ʬʫʥʢʮʽʻʶ MAC ʨʽʚʥʷ. 

ɺʦʥʘ ʦʙʠʨʘʻ ʥʘʡʢʨʘʱʫ ʩʭʝʤʫ ʤʦʜʫʣʷʮʽʾ ʪʘ ʢʦʜʫʚʘʥʥʷ (MCS), ʚʨʘʭʦʚʫʶʯʠ 

ʯʘʩʦʚʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʢʘʥʘʣʫ, ʨʦʟʤʽʨ ʜʘʥʠʭ ʪʘ ʩʠʩʪʝʤʥʽ ʦʙʤʝʞʝʥʥʷ. ɹʘʟʦʚʘ 

ʝʚʨʠʩʪʠʢʘ Inner Loop Link Adaptation (ILLA) ʚʠʢʦʨʠʩʪʦʚʫʻ ʪʘʙʣʠʮʽ ʧʦʰʫʢʫ 

ʜʣʷ ʚʠʙʦʨʫ MCS, ʚ ʪʦʡ ʯʘʩ ʷʢ Outer Loop Link Adaptation (OLLA) ʢʦʨʠʛʫʻ ʾʾ, 

ʟʤʽʱʫʶʯʠ ʧʨʦʛʥʦʟʠ SINR ʜʣʷ ʤʽʥʽʤʽʟʘʮʽʾ BLER.  

ʋ ʤʝʨʝʞʘʭ 4G ʽ 5G ʫʧʨʘʚʣʽʥʥʷ ʧʦʪʫʞʥʽʩʪʶ ʧʝʨʝʜʘʯʽ ʚʠʩʭʽʜʥʦʾ ʣʽʥʽʾ 

ʟʚ'ʷʟʢʫ ʚʢʣʶʯʘʻ ʨʦʟʽʤʢʥʫʪʠʡ ʽ ʟʘʤʢʥʫʪʠʡ ʢʦʤʧʦʥʝʥʪʠ, ʷʢʽ ʟʘʙʝʟʧʝʯʫʶʪʴ 
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ʩʧʝʢʪʨʘʣʴʥʫ ʨʽʚʥʦʤʽʨʥʽʩʪʴ, ʤʘʢʩʠʤʽʟʘʮʽʶ SINR ʽ ʤʽʥʽʤʘʣʴʥʠʡ ʨʦʟʨʷʜ 

ʘʢʫʤʫʣʷʪʦʨʘ UE. ʋʧʨʘʚʣʽʥʥʷ ʧʦʪʫʞʥʽʩʪʶ ʚ ʨʦʟʽʤʢʥʫʪʦʤʫ ʢʦʥʪʫʨʽ (OLPC) 

ʨʝʛʫʣʶʻ ʧʦʪʫʞʥʽʩʪʴ ʧʝʨʝʜʘʯʽ ʟʘ ʜʦʧʦʤʦʛʦʶ ʜʚʦʭ ʧʘʨʘʤʝʪʨʽʚ, ʩʧʝʮʠʬʽʯʥʠʭ 

ʜʣʷ ʢʦʥʢʨʝʪʥʦʾ ʩʪʽʣʴʥʠʢʠ: P0, ʷʢʠʡ ʚʠʟʥʘʯʘʻ ʦʯʽʢʫʚʘʥʫ ʧʦʪʫʞʥʽʩʪʴ ʥʘ PRB, ʽ 

Ŭ, ʷʢʠʡ ʧʦʟʥʘʯʘʻ ʢʦʝʬʽʮʽʻʥʪ ʢʦʤʧʝʥʩʘʮʽʾ ʚʪʨʘʪ ʫ ʪʨʘʢʪʽ. ʎʽ ʧʘʨʘʤʝʪʨʠ 

ʟʘʟʚʠʯʘʡ ʚʩʪʘʥʦʚʣʶʶʪʴʩʷ ʦʧʝʨʘʪʦʨʦʤ ʤʦʙʽʣʴʥʦʛʦ ʟʚ'ʷʟʢʫ ʤʝʪʦʜʦʤ ʧʨʦʙ ʽ 

ʧʦʤʠʣʦʢ. ʍʦʯʘ ʽʩʪʦʨʠʯʥʦ ʮʽ ʧʦʢʘʟʥʠʢʠ ʻ ʥʘʜʽʡʥʠʤʠ, ʚʦʥʠ ʯʘʩʪʦ 

ʥʝʦʧʪʠʤʘʣʴʥʽ. ɼʦʩʣʽʜʞʝʥʥʷ ʥʦʚʠʭ ʟʥʘʯʝʥʴ (P0, Ŭ) ʥʝʩʝ ʨʠʟʠʢʠ ʜʣʷ ʟʚ'ʷʟʢʫ, ʘ 

ʚʽʜʩʫʪʥʽʩʪʴ ʚʠʨʘʟʽʚ ʫ ʟʘʢʨʠʪʽʡ ʬʦʨʤʽ ʜʣʷ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ ʤʝʨʝʞʽ ʥʝ ʜʦʟʚʦʣʷʻ 

ʦʧʝʨʘʪʦʨʘʤ ʚʽʜʭʠʣʷʪʠʩʷ ʚʽʜ ʚʩʪʘʥʦʚʣʝʥʠʭ ʟʥʘʯʝʥʴ. ɼʣʷ ʚʠʨʽʰʝʥʥʷ ʮʠʭ 

ʧʨʦʙʣʝʤ ʦʩʪʘʥʥʽʤ ʯʘʩʦʤ ʟʫʩʠʣʣʷ ʙʫʣʠ ʟʦʩʝʨʝʜʞʝʥʽ ʥʘ ʤʝʪʦʜʘʭ ʦʧʪʠʤʽʟʘʮʽʾ 

çʯʦʨʥʦʾ ʩʢʨʠʥʴʢʠè, ʪʘʢʠʭ ʷʢ ʙʘʡʻʩʽʚʩʴʢʘ ʦʧʪʠʤʽʟʘʮʽʷ ʟ ʛʘʫʩʦʚʠʤʠ ʧʨʦʮʝʩʘʤʠ 

(BOGP). 

ɿʛʽʜʥʦ [6] ʚʧʨʦʚʘʜʞʝʥʥʷ ʐɯ ʥʘ ʄɸʉ-ʨʽʚʥʽ ʜʦʟʚʦʣʷʻ ʙʽʣʴʰʝ ʥʽʞ ʥʘ 15% 

ʧʽʜʚʠʱʠʪʠ ʤʝʜʽʘʥʥʫ ʰʚʠʜʢʽʩʪʴ ʧʝʨʝʜʘʯʽ, ʥʘ 65% ʟʤʝʥʰʠʪʠ ʚʠʢʦʨʠʩʪʘʥʥʷ 

CPU. ʊʘʢʦʞ ʟʘʩʪʦʩʫʚʘʥʥʷ ʐɯ ʜʦʟʚʦʣʷʻ ʟʤʝʥʰʠʪʠ ʨʽʚʝʥʴ ʙʣʦʢʦʚʠʭ ʧʦʤʠʣʦʢ ʟ 
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-7
 ʽ ʟʤʝʥʰʠʪʠ ʢʽʣʴʢʽʩʪʴ ʢʦʣʽʟʽʡ.  

ʆʪʞʝ, ʚ ʷʢʦʩʪʽ ʚʠʩʥʦʚʢʽʚ ʤʦʞʥʘ ʟʘʟʥʘʯʠʪʠ, ʱʦ ʬʘʢʪʠʯʥʦ ʚʩʽ ʝʣʝʤʝʥʪʠ 

ʤʝʨʝʞʽ 6G ʤʘʶʪʴ ʟʘʩʪʦʩʦʚʫʚʘʪʠ ʪʽ ʯʠ ʽʥʰʽ ʘʣʛʦʨʠʪʤʠ ʐɯ. ɹʽʣʴʰ ʪʦʛʦ, 

ʰʪʫʯʥʠʡ ʽʥʪʝʣʝʢʪ ʻ ʦʙôʻʜʥʫʶʯʠʤ ʝʣʝʤʝʥʪʦʤ ʜʣʷ ʙʘʛʘʪʴʦʭ ʧʨʦʮʝʩʽʚ ʽ ʜʦʟʚʦʣʷʻ 

ʧʽʜʚʠʱʫʚʘʪʠ ʥʘʡʨʽʟʥʦʤʘʥʽʪʥʽʰʽ ʚʣʘʩʪʠʚʦʩʪʽ ʤʝʨʝʞʽ ʽ ʟʘʙʝʟʧʝʯʫʚʘʪʠ ʦʯʽʢʫʚʘʥʽ 

ʚʽʜ ʥʝʾ ʩʝʨʚʽʩʠ. 
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INCREASING THE EFFICIENCY OF INFORMATION TRANSMISSION IN 5G 

NETWORKS THROUGH SELF -ORGANIZATION TECHNOLOGIES  
 

The article examines the role of self-organizing technologies in 5G networks. It highlights 

key challenges and opportunities related to automated network management, including resource 

optimization, latency minimization, and data transfer efficiency improvement. It analyzes 

modern machine learning methods used for self-configuration and self-optimization of networks. 

 

ɿ ʨʦʟʚʠʪʢʦʤ ʤʦʙʽʣʴʥʦʛʦ ʟʚôʷʟʢʫ ʪʘ ʚʧʨʦʚʘʜʞʝʥʥʷʤ ʪʝʭʥʦʣʦʛʽʡ 5G ʟʨʦʩʪʘʻ 

ʧʦʪʨʝʙʘ ʫ ʚʠʩʦʢʦʝʬʝʢʪʠʚʥʠʭ, ʛʥʫʯʢʠʭ ʽ ʘʚʪʦʥʦʤʥʠʭ ʤʝʨʝʞʥʠʭ ʩʠʩʪʝʤʘʭ 

ʫʧʨʘʚʣʽʥʥʷ ʽ ʟʘʙʝʟʧʝʯʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʧʝʨʝʜʘʯʽ ʽʥʬʦʨʤʘʮʽʾ .   

ʉʘʤʦʦʨʛʘʥʽʟʦʚʘʥʽ ʤʝʨʝʞʽ (Self Organʽzʽng Network - SON) ʻ 

ʧʝʨʩʧʝʢʪʠʚʥʠʤ ʨʽʰʝʥʥʷʤ, ʱʦ ʟʘʙʝʟʧʝʯʫʻ ʘʚʪʦʤʘʪʠʯʥʫ ʢʦʥʬʽʛʫʨʘʮʽʶ, 

ʦʧʪʠʤʽʟʘʮʽʶ ʪʘ ʚʽʜʥʦʚʣʝʥʥʷ ʤʝʨʝʞʝʚʠʭ ʨʝʩʫʨʩʽʚ ʙʝʟ ʨʫʯʥʦʛʦ ʚʪʨʫʯʘʥʥʷ. SON 

ʘʢʪʠʚʥʦ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʚ ʤʝʨʝʞʘʭ LTE (4G). ɼʣʷ ʤʝʨʝʞ 5G SON ʤʘʻ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʥʦʚʽ ʧʽʜʭʦʜʠ ʪʘʢʽ ʷʢ ʤʘʰʠʥʥʝ ʥʘʚʯʘʥʥʷ (ML) ʽ ʰʪʫʯʥʠʡ 

ʽʥʪʝʣʝʢʪ (AI). ʂʨʽʤ ʪʦʛʦ, ʤʠ ʧʨʝʜʩʪʘʚʣʷʻʤʦ ʪʘ ʢʦʤʝʥʪʫʻʤʦ ʦʩʪʘʥʥʽ ʧʨʦʧʦʟʠʮʽʾ 

ʱʦʜʦ ʨʦʟʛʦʨʪʘʥʥʷ SON ʫ ʤʝʨʝʞʘʭ 5G. ʊʠʧʦʚʽ ʧʨʠʢʣʘʜʠ ʚʢʣʶʯʘʶʪʴ 

ʧʦʻʜʥʘʥʥʷ ʩʠʩʪʝʤ SON ʽʟ ʪʘʢʠʤʠ ʤʝʪʦʜʘʤʠ, ʷʢ ʚʽʨʪʫʘʣʽʟʘʮʽʷ ʤʝʨʝʞʝʚʠʭ 

ʬʫʥʢʮʽʡ (NFV), Cloud RAN (C-RAN), ʥʘʜʥʘʜʽʡʥʽ ʢʦʤʫʥʽʢʘʮʽʾ ʟ ʥʠʟʴʢʦʶ 

ʟʘʪʨʠʤʢʦʶ (URLLC), ʤʘʩʦʚʠʡ ʟʚôʷʟʦʢ ʤʘʰʠʥʥʦʛʦ ʪʠʧʫ (mMTC) ʜʣʷ IoT. 

ʊʝʭʥʦʣʦʛʽʷ SON ʫʩʫʚʘʻ ʧʨʦʮʝʩʠ, ʷʢʽ ʟʘʡʤʘʶʪʴ ʙʘʛʘʪʦ ʯʘʩʫ, ʘ ʩʘʤʝ, ʨʫʯʥʽ 

ʧʨʦʮʝʩʠ ʧʨʠ ʝʢʩʧʣʫʘʪʘʮʽʾ ʤʝʨʝʞ, ʧʽʜʚʠʱʫʻ ʝʢʩʧʣʫʘʪʘʮʽʡʥʫ ʝʬʝʢʪʠʚʥʽʩʪʴ ʽ 

ʜʦʟʚʦʣʷʻ ʦʧʝʨʘʪʦʨʘʤ ʚʧʨʦʚʘʜʞʫʚʘʪʠ ʥʦʚʽ ʪʝʭʥʦʣʦʛʽʾ ʽ ʨʦʟʰʠʨʶʚʘʪʠ ʤʝʨʝʞʽ 

ʰʚʠʜʰʝ, ʥʽʞ ʜʦ ʮʴʦʛʦ. ʈʽʰʝʥʥʷ SON ʧʽʜʚʠʱʫʻ ʝʬʝʢʪʠʚʥʽʩʪʴ ʝʢʩʧʣʫʘʪʘʮʽʾ 

ʽʩʥʫʶʯʠʭ ʤʝʨʝʞ ʟʘ ʨʘʭʫʥʦʢ ʾʭ ʘʚʪʦʤʘʪʠʯʥʦʾ ʫʩʪʘʥʦʚʢʠ ʜʣʷ ʧʨʦʮʝʩʽʚ 

ʭʝʥʜʦʚʝʨʘ, ʙʘʣʘʥʩʫʚʘʥʥʷ ʥʘʚʘʥʪʘʞʝʥʥʷ ʤʦʙʽʣʴʥʦʛʦ ʪʨʘʬʽʢʫ ʽ ʤʽʥʽʤʽʟʘʮʽʶ 

ʨʫʯʥʦʛʦ  ʪʝʩʪʫʚʘʥʥʷʭ ʪʘ ʥʘʣʘʰʪʫʚʘʥʥʷ. ʂʨʽʤ ʪʦʛʦ, ʟʘ ʨʘʭʫʥʦʢ ʢʦʤʧʝʥʩʫʶʯʠʭ 

ʬʫʥʢʮʽʡ ʽ ʩʘʤʦʚʽʜʥʦʚʣʝʥʥʷ ʤʽʥʽʤʽʟʫʻʪʴʩʷ ʧʝʨʝʨʚʘ ʚ ʨʦʙʦʪʽ ʤʝʨʝʞʽ ʜʣʷ 

ʢʽʥʮʝʚʠʭ ʢʦʨʠʩʪʫʚʘʯʽʚ. ʆʩʦʙʣʠʚʽʩʪʶ SON ʻ ʧʽʜʪʨʠʤʢʘ ʢʦʥʬʽʛʫʨʘʮʽʾ ʟʘ 

ʧʨʠʥʮʠʧʦʤ "plug & play", ʪʦʙʪʦ "ʧʨʠʻʜʥʘʚ ʽ ʧʨʘʮʶʻ", ʚʽʜʩʫʪʥʷ ʥʝʦʙʭʽʜʥʽʩʪʴ ʫ 

ʚʠʢʣʠʢʫ ʬʘʭʽʚʮʽʚ ʜʣʷ ʫʩʪʘʥʦʚʢʠ ʧʨʦʛʨʘʤʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ ʽ ʡʦʛʦ 

ʥʘʣʘʰʪʫʚʘʥʥʷ ʜʣʷ ʨʦʙʦʪʠ ʚ ʤʝʨʝʞʽ. ɸʚʪʦʤʘʪʠʯʥʘ ʢʦʥʬʽʛʫʨʘʮʽʷ ʧʦʚʥʽʩʪʶ 

ʧʦʟʙʘʚʠʪʴ ʚʽʜ ʚʠʪʨʘʪ ʥʘ ʣʦʢʘʣʴʥʽ ʥʘʩʪʨʦʡʢʠ, ʘ ʘʚʪʦʤʘʪʠʯʥʝ ʨʦʟʧʽʟʥʘʚʘʥʥʷ 

ʩʫʩʽʜʥʴʦʛʦ ʚʫʟʣʘ ʟʥʘʯʥʦ ʟʥʠʟʠʪʴ ʚʠʪʨʘʪʠ ʥʘ ʦʧʪʠʤʽʟʘʮʽʶ. 

ɼʦ ʦʩʥʦʚʥʠʭ ʤʦʞʣʠʚʦʩʪʝʡ SON ʤʦʞʥʘ ʚʽʜʥʝʩʪʠ ʩʘʤʦʢʦʥʬʽʛʫʨʘʮʽʶ ʪʘ 
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ʩʘʤʦʦʧʪʠʤʽʟʘʮʽʶ. ʇʨʦʮʝʩ ʩʘʤʦʢʦʥʬʽʛʫʨʘʮʽʾ ï ʮʝ ʧʨʦʮʝʩ, ʧʨʠ ʷʢʦʤʫ ʪʽʣʴʢʠ ʱʦ 

ʨʦʟʛʦʨʥʫʪʽ ʥʦʚʽ ʚʫʟʣʠ ʘʚʪʦʤʘʪʠʯʥʦ, ʚ ʧʨʦʮʝʩʽ ʥʘʣʘʰʪʫʚʘʥʥʷ, ʢʦʥʬʽʛʫʨʫʶʪʴʩʷ 

ʰʣʷʭʦʤ ʦʪʨʠʤʘʥʥʷ ʥʝʦʙʭʽʜʥʦʾ ʜʣʷ ʨʦʙʦʪʠ ʙʘʟʦʚʽʡ ʢʦʥʬʽʛʫʨʘʮʽʾ, ʪʦʙʪʦ 

ʚʽʜʙʫʚʘʻʪʴʩʷ ʘʚʪʦʤʘʪʠʯʥʝ ʚʚʝʜʝʥʥʷ ʚ ʝʢʩʧʣʫʘʪʘʮʽʶ. ʌʫʥʢʮʽʷ ANR (Automatic 

Neighbor Relations) ï ʘʚʪʦʤʘʪʠʟʘʮʽʷ ʚʽʜʥʦʩʠʥ ʤʽʞ ʩʫʩʽʜʘʤʠ, ʘʚʪʦʤʘʪʠʯʥʝ 

ʚʠʷʚʣʝʥʥʷ ʪʘ ʥʘʣʘʰʪʫʚʘʥʥʷ ʩʫʩʽʜʥʽʭ ʙʘʟʦʚʠʭ ʩʪʘʥʮʽʡ ʙʝʟ ʨʫʯʥʦʛʦ ʚʪʨʫʯʘʥʥʷ. 

ʑʝ ʦʜʥʘ ʬʫʥʢʮʽʷ ɸʚʪʦʤʘʪʠʯʥʘ ʢʦʥʬʽʛʫʨʘʮʽʷ ʨʘʜʽʦʤʝʨʝʞʽ - ʧʦʯʘʪʢʦʚʝ 

ʥʘʣʘʰʪʫʚʘʥʥʷ ʥʦʚʠʭ ʙʘʟʦʚʠʭ ʩʪʘʥʮʽʡ, ʚʢʣʶʯʘʶʯʠ ʧʘʨʘʤʝʪʨʠ ʯʘʩʪʦʪʥʦʛʦ 

ʧʣʘʥʫʚʘʥʥʷ, ʧʦʪʫʞʥʦʩʪʽ ʩʠʛʥʘʣʫ ʪʘ ʽʜʝʥʪʠʬʽʢʘʮʽʾ. ɼʘʥʘ ʬʫʥʢʮʽʷ ʜʦʟʚʦʣʷʻ 

ʰʚʠʜʰʝ ʘʜʘʧʪʫʚʘʪʠ ʤʝʨʝʞʫ ʜʦ ʟʤʽʥ. ʄʦʙʽʣʴʥʽ ʤʝʨʝʞʽ 5G ʩʢʣʘʜʘʶʪʴʩʷ ʟ 

ʚʝʣʠʢʦʾ ʢʽʣʴʢʦʩʪʽ ʙʘʟʦʚʠʭ ʩʪʘʥʮʽʡ, ʷʢʽ ʥʝ ʤʦʞʫʪʴ ʙʫʪʠ ʪʽʣʴʢʠ ʧʽʜ ʢʦʥʪʨʦʣʝʤ 

ʦʧʝʨʘʪʦʨʘ, ʪʦʤʫ ʬʫʥʢʮʽʷ ʩʘʤʦʢʦʥʬʽʛʫʨʘʮʽʾ ʟʘʙʝʟʧʝʯʠʪʴ ʤʝʨʝʞʫ ʛʥʫʯʢʽʩʪʶ.  
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ʈʠʩ. 1. ʇʨʦʮʝʩ ʘʚʪʦʤʘʪʠʟʘʮʽʾ ʚʟʘʻʤʦʟʚôʷʟʢʫ ʤʽʞ ʩʫʩʽʜʥʽʤʠ ʩʝʛʤʝʥʪʘʤʠ ʤʝʨʝʞʽ. 

 

ʇʨʦʮʝʩ ʩʘʤʦʦʧʪʠʤʽʟʘʮʽʾ ʚʠʟʥʘʯʝʥʦ ʷʢ ʧʨʦʮʝʩ, ʧʽʜ ʯʘʩ ʷʢʦʛʦ ʧʨʠʟʥʘʯʝʥʝ 

ʜʣʷ ʢʦʨʠʩʪʫʚʘʯʘ ʫʩʪʘʪʢʫʚʘʥʥʷ ʽ ʙʘʟʦʚʘ ʩʪʘʥʮʽʷ ʧʨʦʚʦʜʷʪʴ ʚʠʤʽʨʶʚʘʥʥʷ, 

ʨʝʟʫʣʴʪʘʪʠ ʷʢʠʭ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʜʣʷ ʘʚʪʦʥʘʩʪʨʦʡʢʠ ʤʝʨʝʞʽ. ʇʨʦʮʝʩ 

ʩʘʤʦʦʧʪʠʤʽʟʘʮʽʾ ʧʦʣʷʛʘʻ ʚ ʦʪʨʠʤʘʥʥʽ ʨʝʟʫʣʴʪʘʪʽʚ ʚʠʤʽʨʶʚʘʥʴ ʘʙʦ ʢʦʥʪʨʦʣʶ 

ʚʽʜ ʦʙʣʘʜʥʘʥʥʷ ʢʦʨʠʩʪʫʚʘʯʘ ʽ ʤʝʨʝʞʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ ʪʘ ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʟʦʚʥʽʰʥʽʭ ʟʘʩʦʙʽʚ ʦʧʪʠʤʽʟʘʮʽʾ ʧʨʦʚʦʜʠʪʴʩʷ ʘʚʪʦʤʘʪʠʯʥʝ ʧʽʜʩʪʨʦʶʚʘʥʥʷ 

ʢʦʥʬʽʛʫʨʘʮʽʡʥʠʭ ʜʘʥʠʭ ʜʣʷ ʦʧʪʠʤʽʟʘʮʽʾ ʤʝʨʝʞʽ. ʂʣʶʯʦʚʦʶ ʬʫʥʢʮʽʻʶ SON ʻ 

ʦʧʪʠʤʽʟʘʮʽʷ ʙʘʣʘʥʩʫʚʘʥʥʷ ʥʘʚʘʥʪʘʞʝʥʥʷ ʤʦʙʽʣʴʥʦʩʪʽ. Mobility Load Balancing 

(MLB) ï ʮʝ ʬʫʥʢʮʽʷ SON, ʷʢʘ ʨʽʚʥʦʤʽʨʥʦ ʨʦʟʧʦʜʽʣʷʻ ʥʘʚʘʥʪʘʞʝʥʥʷ ʤʽʞ 

ʙʘʟʦʚʠʤʠ ʩʪʘʥʮʽʷʤʠ, ʱʦʙ ʫʥʠʢʥʫʪʠ ʧʝʨʝʚʘʥʪʘʞʝʥʥʷ ʦʢʨʝʤʠʭ ʢʦʤʽʨʦʢ. ɺʦʥʘ 

ʧʨʘʮʶʻ ʰʣʷʭʦʤ ʤʦʥʽʪʦʨʠʥʛʫ ʥʘʚʘʥʪʘʞʝʥʥʷ, ʚʠʷʚʣʝʥʥʷ ʧʝʨʝʚʘʥʪʘʞʝʥʠʭ ʩʦʪ ʽ 

ʧʝʨʝʥʘʧʨʘʚʣʝʥʥʷ ʯʘʩʪʠʥʠ ʢʦʨʠʩʪʫʚʘʯʽʚ ʜʦ ʤʝʥʰ ʟʘʚʘʥʪʘʞʝʥʠʭ ʩʫʩʽʜʥʽʭ 

ʩʪʘʥʮʽʡ. ʎʝ ʜʦʩʷʛʘʻʪʴʩʷ ʢʦʨʠʛʫʚʘʥʥʷʤ ʧʘʨʘʤʝʪʨʽʚ ʭʝʥʜʦʚʝʨʘ ʘʙʦ ʟʤʽʥʦʶ 

ʧʦʪʫʞʥʦʩʪʽ ʧʝʨʝʜʘʚʘʯʽʚ. MLB ʧʦʢʨʘʱʫʻ ʷʢʽʩʪʴ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ, ʟʤʝʥʰʫʻ 

ʟʘʪʨʠʤʢʠ ʪʘ ʧʽʜʚʠʱʫʻ ʰʚʠʜʢʽʩʪʴ ʧʝʨʝʜʘʯʽ ʜʘʥʠʭ. ʋ ʤʝʨʝʞʘʭ 5G ʮʷ ʬʫʥʢʮʽʷ 

ʚʠʢʦʨʠʩʪʦʚʫʻ ʰʪʫʯʥʠʡ ʽʥʪʝʣʝʢʪ ʜʣʷ ʙʽʣʴʰ ʪʦʯʥʦʛʦ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʽ 

ʙʘʣʘʥʩʫʚʘʥʥʷ ʪʨʘʬʽʢʫ.  

ɿʘʣʝʞʥʦ ʚʽʜ ʤʽʩʮʷ ʘʣʛʦʨʠʪʤʽʚ ʦʧʪʠʤʽʟʘʮʽʾ SON ʤʦʞʥʘ ʨʦʟʜʽʣʠʪʠ ʥʘ ʪʨʠ 

ʢʣʘʩʠ: ʮʝʥʪʨʘʣʽʟʦʚʘʥʽ, ʨʦʟʧʦʜʽʣʝʥʽ ʽ ʛʽʙʨʠʜʥʽ. ʋ ʮʝʥʪʨʘʣʽʟʦʚʘʥʠʭ SON  

ʘʣʛʦʨʠʪʤʠ ʦʧʪʠʤʽʟʘʮʽʾ ʚʠʢʦʥʫʶʪʴʩʷ ʚ ʩʠʩʪʝʤʽ ʫʧʨʘʚʣʽʥʥʷ, ʚ ʨʦʟʧʦʜʽʣʝʥʠʭ 
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SON ʚʠʢʦʥʫʶʪʴʩʷ ʚ eNB. ʋ ʛʽʙʨʠʜʥʠʭ SON ʯʘʩʪʠʥʘ ʘʣʛʦʨʠʪʤʽʚ ʦʧʪʠʤʽʟʘʮʽʾ 

ʚʠʢʦʥʫʻʪʴʩʷ ʚ ʩʠʩʪʝʤʽ ʫʧʨʘʚʣʽʥʥʷ, ʘ ʽʥʰʘ ʯʘʩʪʠʥʘ ʥʘ ʙʘʟʦʚʽʡ ʩʪʘʥʮʽʾ eNB.  

ʄʘʰʠʥʥʝ ʥʘʚʯʘʥʥʷ, ʷʢ ʩʢʣʘʜʦʚʘ ʰʪʫʯʥʦʛʦ ʽʥʪʝʣʝʢʪʫ, ʚʽʜʽʛʨʘʻ ʢʣʶʯʦʚʫ 

ʨʦʣʴ ʫ ʩʠʩʪʝʤʘʭ SON, ʦʩʢʽʣʴʢʠ ʚʩʽ ʾʭʥʽ ʬʫʥʢʮʽʾ ʙʘʟʫʶʪʴʩʷ ʥʘ ʽʥʪʝʣʝʢʪʫʘʣʴʥʠʭ 

ʘʣʛʦʨʠʪʤʘʭ ML, ʱʦ ʘʥʘʣʽʟʫʶʪʴ ʨʝʘʣʴʥʽ ʤʝʨʝʞʝʚʽ ʜʘʥʽ ʜʣʷ ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʴ 

ʱʦʜʦ ʦʧʪʠʤʽʟʘʮʽʾ ʪʘ ʩʪʚʦʨʝʥʥʷ ʚʠʢʦʥʫʚʘʥʠʭ ʩʮʝʥʘʨʽʾʚ. ɺʞʝ ʟʘʨʘʟ ʤʘʰʠʥʥʝ 

ʥʘʚʯʘʥʥʷ ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ ʜʣʷ ʩʘʤʦʚʽʜʥʦʚʣʝʥʥʷ ʪʘ ʩʘʤʦʦʧʪʠʤʽʟʘʮʽʾ, ʥʘʧʨʠʢʣʘʜ, 

ʯʝʨʝʟ ʩʘʤʦʦʨʛʘʥʽʟʫʶʯʽ ʢʘʨʪʠ (SoM), ʷʢʽ ʟʜʽʡʩʥʶʶʪʴ ʢʣʘʩʪʝʨʠʟʘʮʽʶ ʜʘʥʠʭ ʪʘ 

ʛʨʫʧʫʶʪʴ ʩʪʽʣʴʥʠʢʠ ʟʘ ʩʭʦʞʠʤʠ ʤʝʨʝʞʥʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ ʜʣʷ ʫʟʛʦʜʞʝʥʠʭ 

ʟʤʽʥ. ʅʘʚʯʘʥʥʷ ʟ ʧʽʜʢʨʽʧʣʝʥʥʷʤ (RL) ʝʬʝʢʪʠʚʥʝ ʜʣʷ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ 

ʘʚʪʦʥʦʤʥʠʭ IoT-ʧʨʠʩʪʨʦʾʚ, ʤʘʨʰʨʫʪʠʟʘʮʽʾ ʪʨʘʬʽʢʫ ʪʘ ʩʘʤʦʦʧʪʠʤʽʟʘʮʽʾ, 

ʦʩʢʽʣʴʢʠ ʙʘʟʫʻʪʴʩʷ ʥʘ ʚʟʘʻʤʦʜʽʾ ʚʫʟʣʽʚ ʪʘ ʚʠʢʦʨʠʩʪʘʥʥʽ ʬʫʥʢʮʽʾ ʚʠʥʘʛʦʨʦʜʠ 

ʜʣʷ ʦʮʽʥʢʠ ʝʬʝʢʪʠʚʥʦʩʪʽ. ɻʣʠʙʦʢʝ ʥʘʚʯʘʥʥʷ ʟ ʧʽʜʢʨʽʧʣʝʥʥʷʤ ʻ ʧʝʨʩʧʝʢʪʠʚʥʠʤ 

ʨʦʟʚʠʪʢʦʤ RL, ʱʦ ʜʦʟʚʦʣʷʻ ʧʦʢʨʘʱʠʪʠ ʧʨʦʮʝʩʠ ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʴ ʫ 5G-

ʤʝʨʝʞʘʭ, ʧʽʜʚʠʱʫʶʯʠ ʾʭʥʶ ʘʜʘʧʪʠʚʥʽʩʪʴ ʪʘ ʝʬʝʢʪʠʚʥʽʩʪʴ. 

ɼʦ ʧʦʜʘʣʴʰʠʭ ʥʘʧʨʷʤʢʽʚ ʜʦʩʣʽʜʞʝʥʴ SON ʜʣʷ 5G ʤʦʞʥʘ ʚʽʜʥʝʩʪʠ: 

Å ʈʦʟʨʦʙʢʫ ʧʣʘʪʬʦʨʤ Virtual SON (V-SON), ʘ ʪʘʢʦʞ ʧʨʠʚôʷʟʫʚʘʥʥʷ SON 

ʜʦ C-RAN. 

Å ʈʦʟʨʦʙʢʫ ʥʦʚʠʭ ʘʣʛʦʨʠʪʤʽʚ ML ʽ ʧʨʠʚôʷʟʢʘ SON ʜʦ ʚʝʣʠʢʠʭ ʜʘʥʠʭ ʽ 

ʪʝʭʥʦʣʦʛʽʡ ʛʣʠʙʦʢʦʛʦ ʥʘʚʯʘʥʥʷ. 

Å ʇʦʻʜʥʘʥʥʷ SON ʽʟ ʢʣʶʯʦʚʠʤʠ ʟʘʩʦʙʘʤʠ ʧʽʜʪʨʠʤʢʠ 5G eMBB, ʪʘʢʠʤʠ 

ʷʢ mmWave. 

Å ʈʝʘʣʽʟʘʮʽʶ SON ʚ ʤʝʨʝʞʥʠʭ ʽʥʬʨʘʩʪʨʫʢʪʫʨʘʭ IoT ʽ ʤʽʞʤʘʰʠʥʥʦʶ 

ʚʟʘʻʤʦʜʽʻʶ (mMTC). 

ɺʠʩʥʦʚʦʢ: ʊʝʭʥʦʣʦʛʽʾ ʩʘʤʦʦʨʛʘʥʽʟʘʮʽʾ ʚʽʜʽʛʨʘʶʪʴ ʢʣʶʯʦʚʫ ʨʦʣʴ ʚ 

ʘʚʪʦʤʘʪʠʟʘʮʽʾ ʤʦʙʽʣʴʥʠʭ ʤʝʨʝʞ, ʟʘʙʝʟʧʝʯʫʶʯʠ ʝʬʝʢʪʠʚʥʝ ʫʧʨʘʚʣʽʥʥʷ 

ʨʝʩʫʨʩʘʤʠ ʪʘ ʦʧʪʠʤʽʟʘʮʽʶ ʧʨʦʮʝʩʽʚ ʟʘ ʜʦʧʦʤʦʛʦʶ ʘʣʛʦʨʠʪʤʽʚ ʤʘʰʠʥʥʦʛʦ 

ʥʘʚʯʘʥʥʷ (ML). ɺʦʥʠ ʜʘʶʪʴ ʟʤʦʛʫ ʤʝʨʝʞʽ ʘʚʪʦʤʘʪʠʯʥʦ ʥʘʣʘʰʪʦʚʫʚʘʪʠʩʷ, 

ʘʜʘʧʪʫʚʘʪʠʩʷ ʪʘ ʚʽʜʥʦʚʣʶʚʘʪʠʩʷ ʙʝʟ ʨʫʯʥʦʛʦ ʚʪʨʫʯʘʥʥʷ, ʱʦ ʧʽʜʚʠʱʫʻ ʾʾ 

ʝʬʝʢʪʠʚʥʽʩʪʴ ʽ ʥʘʜʽʡʥʽʩʪʴ. ɺʠʢʦʨʠʩʪʘʥʥʷ ML ʜʦʟʚʦʣʷʻ ʘʥʘʣʽʟʫʚʘʪʠ ʚʝʣʠʢʽ 

ʦʙʩʷʛʠ ʜʘʥʠʭ ʫ ʨʝʘʣʴʥʦʤʫ ʯʘʩʽ, ʧʨʠʡʤʘʪʠ ʦʙˇʨʫʥʪʦʚʘʥʽ ʨʽʰʝʥʥʷ ʪʘ ʜʠʥʘʤʽʯʥʦ 

ʢʦʨʠʛʫʚʘʪʠ ʧʘʨʘʤʝʪʨʠ ʤʝʨʝʞʽ. ʎʝ ʩʧʨʠʷʻ ʟʤʝʥʰʝʥʥʶ ʟʘʪʨʠʤʦʢ, ʟʥʠʞʝʥʥʶ 

ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʭ ʚʠʪʨʘʪ ʽ ʧʦʢʨʘʱʝʥʥʶ ʷʢʦʩʪʽ ʧʦʩʣʫʛ ʜʣʷ ʢʦʨʠʩʪʫʚʘʯʽʚ. 

ʅʘʜʘʣʽ ʨʦʟʚʠʪʦʢ ʘʣʛʦʨʠʪʤʽʚ ʩʘʤʦʦʨʛʘʥʽʟʘʮʽʾ ʩʪʘʥʝ ʚʠʟʥʘʯʘʣʴʥʠʤ ʬʘʢʪʦʨʦʤ 

ʜʣʷ ʧʽʜʚʠʱʝʥʥʷ ʘʚʪʦʥʦʤʥʦʩʪʽ ʪʘ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ ʤʦʙʽʣʴʥʠʭ ʤʝʨʝʞ.  
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MACHINE LEARNING IN ELECTRONIC COMMUNICATIONS TEC HNOLOGIES  
 

The implementation of ML technologies in various areas of our activity requires a broader 

study of their application in the telecommunications industry. Examples of ML applications are 

given with a brief analysis of the learning models used. 
 

 ʉʝʨʝʜ ʟʘʜʘʯ ʪʝʣʝʢʦʤʫʥʽʢʘʮʽʡʥʠʭ ʪʝʭʥʦʣʦʛʽʡ, ʷʢʽ ʝʬʝʢʪʠʚʥʦ ʜʦʧʦʤʘʛʘʻ 

ʚʠʨʽʰʠʪʠ ʤʘʰʠʥʥʝ ʥʘʚʯʘʥʥʷ (ML  Machine Learning), ʥʘʩʪʫʧʥʽ: 

- ɺʠʷʚʣʝʥʥʷ ʘʥʦʤʘʣʽʡ ʪʘ ʚʪʦʨʛʥʝʥʴ. 

- ʋʧʨʘʚʣʽʥʥʷ ʽʥʪʝʨʬʝʨʝʥʮʽʻʶ ʚ ʩʪʽʣʴʥʠʢʦʚʠʭ ʤʝʨʝʞʘʭ. 

- ʆʧʪʠʤʽʟʘʮʽʷ ʤʝʨʝʞʽ. 

- ʆʧʪʠʤʽʟʘʮʽʷ ʧʘʨʘʤʝʪʨʽʚ ʨʘʜʽʦʩʠʛʥʘʣʫ. 

- ʋʧʨʘʚʣʽʥʥʷ ʞʠʚʣʝʥʥʷʤ. 

- ʇʨʦʛʥʦʟʫʚʘʥʥʷ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ. 

- ʆʮʽʥʢʘ ʷʢʦʩʪʽ ʧʝʨʝʜʘʯʽ. 

- ʂʣʘʩʠʬʽʢʘʮʽʷ ʪʨʘʬʽʢʫ ʪʘ ʢʣʘʩʪʝʨʠʟʘʮʽʷ ʧʦʪʦʢʽʚ. 

ɺʘʞʣʠʚʦ ʨʦʟʫʤʽʪʠ ʚʽʜʤʽʥʥʦʩʪʽ ʪʘ ʟʚôʷʟʢʠ ʤʽʞ ʰʪʫʯʥʠʤ ʽʥʪʝʣʝʢʪʦʤ (AI), 

ʤʘʰʠʥʥʠʤ ʥʘʚʯʘʥʥʷʤ (ML), ʰʪʫʯʥʠʤʠ ʥʝʡʨʦʥʥʠʤʠ ʤʝʨʝʞʘʤʠ (ANN) ʪʘ 

ʛʣʠʙʦʢʠʤ ʥʘʚʯʘʥʥʷʤ (DL). ʅʘ ʨʠʩ.1 ʟʦʙʨʘʞʝʥʽ ʮʽ ʚʽʜʤʽʥʥʦʩʪʽ ʪʘ ʟʚôʷʟʢʠ. 

 

ʈʠʩʫʥʦʢ 1. ʈʦʟʫʤʽʥʥʷ 

ʰʪʫʯʥʦʛʦ ʽʥʪʝʣʝʢʪʫ, 

ʤʘʰʠʥʥʦʛʦ ʥʘʚʯʘʥʥʷ, 

ʰʪʫʯʥʠʭ ʥʝʡʨʦʥʥʠʭ ʤʝʨʝʞ 

ʽ ʛʣʠʙʦʢʦʛʦ ʥʘʚʯʘʥʥʷ. 

ʐʪʫʯʥʠʡ ʽʥʪʝʣʝʢʪ: ʚʩʝʦʭʦʧʣʶʶʯʘ ʢʦʥʮʝʧʮʽʷ, ʷʢʘ ʚʢʣʶʯʘʻ ʚʩʝ: ʚʽʜ 

ʦʙʨʦʙʢʠ ʧʨʠʨʦʜʥʦʾ ʤʦʚʠ ʜʦ ʽʥʪʝʣʝʢʪʫʘʣʴʥʠʭ ʨʦʙʦʪʽʚ. 

ʄʘʰʠʥʥʝ ʥʘʚʯʘʥʥʷ: ʧʽʜʤʥʦʞʠʥʘ ʰʪʫʯʥʦʛʦ ʽʥʪʝʣʝʢʪʫ, ʟʦʩʝʨʝʜʞʝʥʘ ʥʘ 

ʨʦʟʨʦʙʮʽ ʘʣʛʦʨʠʪʤʽʚ, ʷʢʽ ʜʦʟʚʦʣʷʶʪʴ ʢʦʤʧôʶʪʝʨʘʤ ʥʘʚʯʘʪʠʩʷ ʪʘ ʨʦʙʠʪʠ 

ʧʨʦʛʥʦʟʠ ʥʘ ʦʩʥʦʚʽ ʜʘʥʠʭ. 
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ʐʪʫʯʥʽ ʥʝʡʨʦʥʥʽ ʤʝʨʝʞʽ: ʧʝʚʥʠʡ ʥʘʙʽʨ ʘʣʛʦʨʠʪʤʽʚ ʫ ʩʠʩʪʝʤʽ ʤʘʰʠʥʥʦʛʦ 

ʥʘʚʯʘʥʥʷ, ʨʦʟʨʦʙʣʝʥʠʡ ʜʣʷ ʨʦʟʧʽʟʥʘʚʘʥʥʷ ʰʘʙʣʦʥʽʚ. 

ɻʣʠʙʦʢʝ ʥʘʚʯʘʥʥʷ: ʥʘʡʙʽʣʴʰ ʩʧʝʮʽʘʣʽʟʦʚʘʥʘ ʬʦʨʤʘ ʥʝʡʨʦʥʥʠʭ ʤʝʨʝʞ, ʷʢʘ 

ʧʨʘʮʶʻ ʟ ʚʝʣʠʯʝʟʥʠʤʠ ʦʙʩʷʛʘʤʠ ʜʘʥʠʭ ʽ ʩʢʣʘʜʥʠʤʠ ʘʣʛʦʨʠʪʤʘʤʠ, ʪʘʢʠʤʠ ʷʢ 

ʟʛʦʨʪʦʯʥʽ ʥʝʡʨʦʥʥʽ ʤʝʨʝʞʽ (CNN), ʨʝʢʫʨʝʥʪʥʽ ʥʝʡʨʦʥʥʽ ʤʝʨʝʞʽ (RNN) ʽ 

ʛʝʥʝʨʘʪʠʚʥʽ ʟʤʘʛʘʣʴʥʽ ʤʝʨʝʞʽ (GAN). 

ɺ ʛʘʣʫʟʽ ʝʣʝʢʪʨʦʥʥʠʭ ʢʦʤʫʥʽʢʘʮʽʡ ʚʘʞʣʠʚʽ ʪʽ ʟʘʩʪʦʩʫʚʘʥʥʷ ML, ʷʢʽ 

ʜʦʟʚʦʣʷʶʪʴ ʦʧʪʠʤʽʟʫʚʘʪʠ ʽʥʞʝʥʝʨʥʽ ʨʽʰʝʥʥʷ, ʘʙʦ ʦʪʨʠʤʘʪʠ ʥʦʚʽ ʥʘ ʦʩʥʦʚʽ 

ʦʙʨʦʙʣʝʥʥʷ ʚʝʣʠʢʠʭ ʤʘʩʠʚʽʚ ʜʘʥʠʭ. ʅʠʞʯʝ ʥʘʚʝʜʝʥʽ ʨʝʟʫʣʴʪʘʪʠ ʘʥʘʣʽʟʫ 

ʟʘʩʪʦʩʫʚʘʥʥʷ ML ʚ ʪʝʣʝʢʦʤʫʥʽʢʘʮʽʷʭ. 

ʊʘʙʣʠʮʷ. 1 ʄʦʜʝʣʽ ʢʘʪʝʛʦʨʽʾ çML ʟ ʚʯʠʪʝʣʝʤè  

ʟ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʪʘ ʟʘʩʪʦʩʫʚʘʥʥʷʤ [1]. 

ʄʦʜʝʣʴ ʥʘʚʯʘʥʥʷ ʍʘʨʘʢʪʝʨʠʩʪʠʢʠ ɿʘʩʪʦʩʫʚʘʥʥʷ 

ɼʝʨʝʚʘ ʨʽʰʝʥʴ  

(Decision trees) 

ʇʨʦʛʥʦʟʫʻ ʤʽʪʢʠ ʜʘʥʠʭ 

ʰʣʷʭʦʤ ʽʪʝʨʘʮʽʾ ʚʭʽʜʥʠʭ 

ʜʘʥʠʭ ʯʝʨʝʟ ʜʝʨʝʚʦ ʥʘʚʯʘʥʥʷ 

ʂʦʣʝʢʮʽʷ ʰʣʷʭʫ, ʨʽʚʝʥʴ 

ʚʪʨʘʪ, ʘʛʨʝʛʘʮʽʷ ʜʘʥʠʭ, 

ʘʥʦʤʘʣʽʷ [2] 

ɺʠʧʘʜʢʦʚʠʡ ʣʽʩ 

(Random forest) 

ʂʦʣʝʢʮʽʷ ʜʝʨʝʚ, ʢʦʞʥʝ ʟ ʷʢʠʭ 

ʧʨʦʧʦʥʫʻ ʢʣʘʩʠʬʽʢʘʮʽʶ 

ʇʦʢʨʠʪʪʷ, ʨʦʟʪʘʰʫʚʘʥʥʷ, 

ʧʨʦʪʦʢʦʣʠ MAC, ʜʘʥʽ 

ʢʘʪʝʛʦʨʠʟʘʮʽʾ [3] 

ʐʪʫʯʥʘ ʥʝʡʨʦʥʥʘ ʤʝʨʝʞʘ 

(Arti ficial neural network) 

ɹʣʦʢʠ ʥʝʡʨʦʥʽʚ ʜʣʷ 

ʽʜʝʘʣʴʥʦʾ ʢʘʪʝʛʦʨʠʟʘʮʽʾ 

ʥʝʦʙʨʦʙʣʝʥʠʭ ʜʘʥʠʭ. 

ɺʠʷʚʣʝʥʥʷ ʚʪʦʨʛʥʝʥʥʷ 

/ʘʥʦʤʘʣʽʡ /ʟʙʦʾʚ, ʣʦʢʘʣʽʟʘʮʽʷ, 

ʤʘʨʰʨʫʪʠʟʘʮʽʷ, ʢʦʥʪʨʦʣʴ 

ʧʝʨʝʚʘʥʪʘʞʝʥʥʷ [4] 

ʂ-ʥʘʡʙʣʠʞʯʠʭ ʩʫʩʽʜʽʚ  

(K-NN) 
ɹʽʣʴʰʽʩʪʴ ʛʦʣʦʩʽʚ ʩʫʩʽʜʽʚ 

ɸʛʨʝʛʘʮʽʷ ʜʘʥʠʭ, ʦʮʽʥʢʘ 

ʢʘʥʘʣʫ, ʥʝʩʧʨʘʚʥʽ ʚʫʟʣʠ, 

ʩʠʩʪʝʤʘ ʦʙʨʦʙʢʠ ʟʘʧʠʪʽʚ [5] 

ʄʝʪʦʜ ʦʧʦʨʥʠʭ ʚʝʢʪʦʨʽʚ 

(Support Vector Machine) 

ʈʦʟʜʽʣʴʥʽ ʚʭʦʜʠ, ʣʝʛʢʝ 

ʥʘʚʯʘʥʥʷ 

ʈʦʟʧʽʟʥʘʚʘʥʥʷ ʩʧʝʢʪʨʫ, 

ʚʠʷʚʣʝʥʥʷ ʘʥʦʤʘʣʽʡ [2] 

ɹʘʡʻʩʦʚʘ ʤʝʨʝʞʘ  

(Bayesian network) 

ʉʪʘʪʠʩʪʠʯʥʽ ʤʦʜʝʣʽ, 

ʥʝʟʘʣʝʞʥʽ ʨʝʟʫʣʴʪʘʪʠ, ʷʢ ʚ 

ʯʘʩʦʚʠʭ ʨʷʜʘʭ ʄʘʨʢʦʚʘ 

ʆʮʽʥʢʘ ʢʘʥʘʣʫ, ʩʧʝʢʪʨʫ, 

ʧʦʢʨʠʪʪʷ, ʧʦʤʠʣʦʢ, 

ʚʽʜʩʪʝʞʝʥʥʷ ʧʘʢʝʪʽʚ [6] 

 
ʊʘʙʣʠʮʷ 2. ʄʦʜʝʣʽ ʢʘʪʝʛʦʨʽʾ çML ʙʝʟ ʚʯʠʪʝʣʷè ʟ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʪʘ ʟʘʩʪʦʩʫʚʘʥʥʷʤ. 

ʄʦʜʝʣʴ ʥʘʚʯʘʥʥʷ ʍʘʨʘʢʪʝʨʠʩʪʠʢʠ ɿʘʩʪʦʩʫʚʘʥʥʷ 

ʂ-ʩʝʨʝʜʥʽʭ  

(K-means) 

ɺʽʜʢʨʠʚʘʻ ʥʘʡʚʠʛʽʜʥʽʰʽ 

ʧʘʨʘʤʝʪʨʠ ʢʣʘʩʪʝʨʽʚ 

ɺʠʣʫʯʝʥʥʷ ʬʫʥʢʮʽʡ, ʟʙʽʨ 

ʜʘʥʠʭ, ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʴ [7] 

ʅʝʯʽʪʢʘ ʢʣʘʩʪʝʨʠʟʘʮʽʷ- c -

ʩʝʨʝʜʥʽʭ (Fuzzy-c-means) 

ʂʣʘʩʪʝʨ ʥʘ ʦʩʥʦʚʽ 

ʧʦʪʫʞʥʦʩʪʽ, ʚʽʜʩʪʘʥʽ, ʟʚôʷʟʢʫ 

ʃʦʢʘʣʽʟʘʮʽʷ, ʟʚôʷʟʦʢ, 

ʤʦʙʽʣʴʥʽʩʪʴ [3] 

ʆʧʦʨʥʠʡ ʚʝʢʪʦʨʥʠʡ ʚʠʤʽʨ 

(Support Vector Dimension) 

ɿʤʝʥʰʝʥʥʷ ʨʦʟʤʽʨʥʦʩʪʽ ʜʣʷ 

ʤʘʪʨʠʯʥʦʾ ʬʘʢʪʦʨʠʟʘʮʽʾ 

ʂʣʘʩʠʬʽʢʘʮʽʷ, ʘʛʨʝʛʘʮʽʷ 

ʜʘʥʠʭ, ʤʘʨʰʨʫʪʠʟʘʮʽʷ [5] 

ɸʥʘʣʽʟ ʛʦʣʦʚʥʠʭ ʢʦʤʧʦʥʝʥʪ  

(Principle component 

analysis) 

ʆʨʪʦʛʦʥʘʣʴʥʘ ʚʽʩʴ ʜʣʷ 

ʤʘʢʩʠʤʽʟʘʮʽʾ ʜʠʩʧʝʨʩʽʾ ʜʣʷ 

ʟʤʝʥʰʝʥʥʷ ʨʦʟʤʽʨʥʦʩʪʽ 

ʋʩʫʥʝʥʥʷ ʰʫʤʽʚ, ʟʤʝʥʰʝʥʥʷ 

ʨʦʟʤʽʨʥʦʩʪʽ, ʚʠʣʫʯʝʥʥʷ 

ʦʟʥʘʢ [8] 

ʅʝʟʘʣʝʞʥʠʡ ʢʦʤʧʦʥʝʥʪʥʠʡ 

ʘʥʘʣʽʟ  

(Independent component 

analysis) 

ɼʽʘʛʨʘʤʘ ʜʘʥʠʭ, 

ʙʘʛʘʪʦʚʠʤʽʨʥʝ 

ʩʧʦʩʪʝʨʝʞʝʥʥʷ ʚ 

ʧʽʜʢʦʤʧʦʥʝʥʪʘʭ 

ɿʤʝʥʰʝʥʥʷ ʜʘʥʠʭ, 

ʢʣʘʩʪʝʨʠʟʘʮʽʷ ʜʘʥʠʭ, 

ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʴ [9] 
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ʊʘʙʣʠʮʷ 3. ʄʦʜʝʣʽ DL ʟ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ  

ʪʘ ʟʘʩʪʦʩʫʚʘʥʥʷʤ [1]. 

ʄʦʜʝʣʴ ʥʘʚʯʘʥʥʷ ʍʘʨʘʢʪʝʨʠʩʪʠʢʠ ɿʘʩʪʦʩʫʚʘʥʥʷ 

ɸʚʪʦʢʦʜʝʨ 

(Auto-encoder) 

ɿʤʝʥʰʝʥʥʷ ʚʭʽʜʥʠʭ ʜʘʥʠʭ 

ʜʦ ʚʠʭʽʜʥʠʭ ʯʝʨʝʟ 

ʩʧʝʮʠʬʽʢʘʮʽʾ 

ɺʠʟʥʘʯʝʥʥʷ ʩʧʝʢʪʨʫ, ʦʮʽʥʢʘ 

ʢʘʥʘʣʫ, ʫʩʫʥʝʥʥʷ ʰʫʤʽʚ [3] 

ʈʝʢʫʨʝʥʪʥʘ ʥʝʡʨʦʥʥʘ 

ʤʝʨʝʞʘ 

(Recurrent neural network) 

ɺʚʝʜʝʥʥʷ/ʚʠʚʝʜʝʥʥʷ 

ʩʢʣʘʜʘʶʪʴʩʷ ʟ ʘʚʪʦʥʦʤʥʠʭ 

ʧʦʩʣʽʜʦʚʥʦʩʪʝʡ 

ʏʘʩ/ʧʦʜʽʷ, ʦʮʽʥʢʘ ʢʘʥʘʣʫ 

[10] 

ɿʛʦʨʪʢʦʚʘ ʥʝʡʨʦʥʥʘ ʤʝʨʝʞʘ 

(Convolution neural network) 

ʅʘʚʯʘʥʥʷ ʙʘʛʘʪʦʰʘʨʦʚʠʭ 

ʥʝʡʨʦʥʽʚ ʜʣʷ ʟʤʝʥʰʝʥʥʷ 

ʦʙʨʦʙʢʠ ʜʘʥʠʭ 

ʄʦʜʫʣʴʥʘ ʢʣʘʩʠʬʽʢʘʮʽʷ, 

ʝʚʦʣʶʮʽʷ ʟʚôʷʟʢʽʚ, ʙʝʟʧʝʢʘ, 

ʚʠʣʫʯʝʥʥʷ ʦʟʥʘʢ [4] 

 

ʂʽʣʴʢʽʩʪʴ ʟʘʜʘʯ, ʷʢʽ ʚʠʨʽʰʫʶʪʴʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ML, ʟʙʽʣʴʰʫʻʪʴʩʷ ʟ 

ʚʧʨʦʚʘʜʞʝʥʥʷʤ ʥʦʚʠʭ ʪʝʭʥʦʣʦʛʽʡ. ʊʘʢ, ʚ ʩʪʘʥʜʘʨʪʽ 6G ʚʠʷʚʣʝʥʥʷ ʩʠʛʥʘʣʫ 

ʢʦʨʠʩʪʫʚʘʯʘ, ʚʠʟʥʘʯʝʥʥʷ ʪʠʧʫ ʤʦʜʫʣʷʮʽʾ ʪʘ ʥʘʧʨʷʤʫ ʥʘ ʜʞʝʨʝʣʦ ʨʘʜʽʦ 

ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʧʦʚʥʽʩʪʶ ʚʠʢʦʥʫʻʪʴʩʷ ʟ ʜʦʧʦʤʦʛʦʶ ML [4, 5]. 
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PROSPECTIVE DIRECTIONS  OF NEW RESEARCH IN THE  

FIELD OF ELECTRONIC COMMUNICATIONS  

 

This work aims to summarize and highlight key areas in the development of electronic 

communications that shape the present and future of the industry. It outlines scientific challenges 

and opportunities associated with the digitalization of society and the growing demand for fast, 

reliable, and secure data transmission. Additionally, this material serves as a reference for 

scientists, researchers, and telecommunications specialists, helping to identify relevant topics for 

further research and development. 

 

ʋ ʛʘʣʫʟʽ ʝʣʝʢʪʨʦʥʥʠʭ ʢʦʤʫʥʽʢʘʮʽʡ ʧʨʦʜʦʚʞʫʻʪʴʩʷ ʩʪʨʽʤʢʠʡ ʨʦʟʚʠʪʦʢ, ʱʦ 

ʦʙʫʤʦʚʣʝʥʦ ʧʦʩʪʽʡʥʠʤ ʟʨʦʩʪʘʥʥʷʤ ʧʦʧʠʪʫ ʥʘ ʰʚʠʜʢʽʩʪʴ, ʥʘʜʽʡʥʽʩʪʴ, ʙʝʟʧʝʢʫ 

ʧʝʨʝʜʘʯʽ ʜʘʥʠʭ, ʘ ʪʘʢʦʞ ʽʥʪʝʛʨʘʮʽʻʶ ʥʦʚʠʭ ʪʝʭʥʦʣʦʛʽʡ [1-7]. ʆʩʦʙʣʠʚʦ 

ʘʢʪʫʘʣʴʥʠʤ ʻ ʚʠʟʥʘʯʝʥʥʷ ʢʣʶʯʦʚʠʭ ʥʘʧʨʷʤʢʽʚ ʧʦʜʘʣʴʰʠʭ ʥʘʫʢʦʚʠʭ 

ʜʦʩʣʽʜʞʝʥʴ, ʷʢʽ ʩʧʨʠʷʪʠʤʫʪʴ ʨʦʟʚʠʪʢʫ ʝʣʝʢʪʨʦʥʥʠʭ ʢʦʤʫʥʽʢʘʮʽʡ ʫ ʢʦʥʪʝʢʩʪʽ 

ʮʠʬʨʦʚʽʟʘʮʽʾ ʩʫʩʧʽʣʴʩʪʚʘ. 

ɼʘʥʘ ʨʦʙʦʪʘ ʤʘʻ ʥʘ ʤʝʪʽ ʫʟʘʛʘʣʴʥʠʪʠ ʪʘ ʚʠʩʚʽʪʣʠʪʠ ʢʣʶʯʦʚʽ ʥʘʧʨʷʤʢʠ 

ʨʦʟʚʠʪʢʫ ʝʣʝʢʪʨʦʥʥʠʭ ʢʦʤʫʥʽʢʘʮʽʡ, ʷʢʽ ʚʠʟʥʘʯʘʶʪʴ ʩʫʯʘʩʥʠʡ ʪʘ ʤʘʡʙʫʪʥʽʡ 

ʩʪʘʥ ʛʘʣʫʟʽ. ɺʦʥʘ ʩʧʨʷʤʦʚʘʥʘ ʥʘ ʦʢʨʝʩʣʝʥʥʷ ʥʘʫʢʦʚʠʭ ʚʠʢʣʠʢʽʚ ʽ ʧʝʨʩʧʝʢʪʠʚ, 

ʱʦ ʧʦʚôʷʟʘʥʽ ʟ ʮʠʬʨʦʚʽʟʘʮʽʻʶ ʩʫʩʧʽʣʴʩʪʚʘ, ʟʨʦʩʪʘʥʥʷʤ ʧʦʧʠʪʫ ʥʘ ʰʚʠʜʢʫ, 

ʥʘʜʽʡʥʫ ʪʘ ʙʝʟʧʝʯʥʫ ʧʝʨʝʜʘʯʫ ʜʘʥʠʭ. ʊʘʢʦʞ ʤʘʪʝʨʽʘʣ ʩʣʫʛʫʻ ʦʨʽʻʥʪʠʨʦʤ ʜʣʷ 

ʥʘʫʢʦʚʮʽʚ, ʜʦʩʣʽʜʥʠʢʽʚ ʪʘ ʬʘʭʽʚʮʽʚ ʫ ʩʬʝʨʽ ʪʝʣʝʢʦʤʫʥʽʢʘʮʽʡ, ʜʦʧʦʤʘʛʘʶʯʠ 

ʚʠʟʥʘʯʠʪʠ ʘʢʪʫʘʣʴʥʽ ʪʝʤʠ ʜʣʷ ʧʦʜʘʣʴʰʠʭ ʜʦʩʣʽʜʞʝʥʴ ʪʘ ʨʦʟʨʦʙʦʢ. 

ʅʠʞʯʝ ʥʘʚʝʜʝʥʦ ʧʝʨʝʣʽʢ ʥʘʡʙʽʣʴʰ ʘʢʪʫʘʣʴʥʠʭ ʥʘʧʨʷʤʢʽʚ ʜʣʷ ʥʦʚʠʭ 

ʜʦʩʣʽʜʞʝʥʴ, ʷʢʽ ʤʦʞʫʪʴ ʚʠʟʥʘʯʠʪʠ ʤʘʡʙʫʪʥʻ ʮʽʻʾ ʛʘʣʫʟʽ (ʨʠʩ. 1).  

1. 6G ʪʘ ʤʘʡʙʫʪʥʽ ʧʦʢʦʣʽʥʥʷ ʤʝʨʝʞ (6G and the next generations of 

networks). ʇʦʢʠ 5G ʚʧʨʦʚʘʜʞʫʻʪʴʩʷ ʧʦ ʚʩʴʦʤʫ ʩʚʽʪʫ, ʥʘʫʢʦʚʮʽ ʚʞʝ ʧʨʘʮʶʶʪʴ 

ʥʘʜ 6G, ʷʢʘ ʦʙʽʮʷʻ ʱʝ ʚʠʱʽ ʰʚʠʜʢʦʩʪʽ ʧʝʨʝʜʘʯʽ ʜʘʥʠʭ (ʜʦ 1 ʊʙ/ʩ), ʤʽʥʽʤʘʣʴʥʽ 

ʟʘʪʨʠʤʢʠ ʪʘ ʧʽʜʪʨʠʤʢʫ ʥʦʚʠʭ ʩʮʝʥʘʨʽʾʚ ʚʠʢʦʨʠʩʪʘʥʥʷ, ʪʘʢʠʭ ʷʢ ʛʦʣʦʛʨʘʬʽʯʥʽ 

ʢʦʤʫʥʽʢʘʮʽʾ, ʪʦʯʥʠʡ ʢʦʥʪʨʦʣʴ ʨʦʙʦʪʽʚ ʫ ʨʝʘʣʴʥʦʤʫ ʯʘʩʽ ʪʘ ʽʥʪʝʛʨʘʮʽʷ ʟ 

ʢʚʘʥʪʦʚʠʤʠ ʪʝʭʥʦʣʦʛʽʷʤʠ. 

2. ʂʚʘʥʪʦʚʽ ʢʦʤʫʥʽʢʘʮʽʾ (Quantum communications). ʂʚʘʥʪʦʚʽ ʪʝʭʥʦʣʦʛʽʾ 

ʟʘʙʝʟʧʝʯʫʶʪʴ ʘʙʩʦʣʶʪʥʫ ʙʝʟʧʝʢʫ ʧʝʨʝʜʘʯʽ ʜʘʥʠʭ ʟʘʚʜʷʢʠ ʧʨʠʥʮʠʧʘʤ 

ʢʚʘʥʪʦʚʦʾ ʢʨʠʧʪʦʛʨʘʬʽʾ. ʎʝ ʩʪʘʻ ʦʩʦʙʣʠʚʦ ʚʘʞʣʠʚʠʤ ʫ ʩʚʽʪʽ, ʜʝ ʢʽʙʝʨʟʘʛʨʦʟʠ 

ʩʪʘʶʪʴ ʚʩʝ ʩʢʣʘʜʥʽʰʠʤʠ. 

3. ɯʥʪʝʨʥʝʪ ʨʝʯʝʡ (IoT) ʪʘ ʡʦʛʦ ʤʘʩʰʪʘʙʫʚʘʥʥʷ (Internet of Things (IoT) and 

its scaling). ʂʽʣʴʢʽʩʪʴ ʧʽʜʢʣʶʯʝʥʠʭ ʧʨʠʩʪʨʦʾʚ ʟʨʦʩʪʘʻ ʝʢʩʧʦʥʝʥʮʽʡʥʦ, ʱʦ 
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ʚʠʤʘʛʘʻ ʥʦʚʠʭ ʧʽʜʭʦʜʽʚ ʜʦ ʫʧʨʘʚʣʽʥʥʷ ʤʝʨʝʞʘʤʠ, ʝʥʝʨʛʦʩʧʦʞʠʚʘʥʥʷ ʪʘ 

ʦʙʨʦʙʢʠ ʜʘʥʠʭ. 

4. ʐʪʫʯʥʠʡ ʽʥʪʝʣʝʢʪ (AI) ʪʘ ʤʘʰʠʥʥʝ ʥʘʚʯʘʥʥʷ (ML) ʫ ʤʝʨʝʞʘʭ (Artificial 

Intelligence (AI) and Machine Learning (ML) in Networks). AI ʪʘ ML 

ʜʦʟʚʦʣʷʶʪʴ ʦʧʪʠʤʽʟʫʚʘʪʠ ʨʦʙʦʪʫ ʤʝʨʝʞ, ʧʨʦʛʥʦʟʫʚʘʪʠ ʥʘʚʘʥʪʘʞʝʥʥʷ, 

ʚʠʷʚʣʷʪʠ ʘʥʦʤʘʣʽʾ ʪʘ ʘʚʪʦʤʘʪʠʟʫʚʘʪʠ ʫʧʨʘʚʣʽʥʥʷ ʨʝʩʫʨʩʘʤʠ. 

5. ɹʝʟʧʝʢʘ ʪʘ ʢʦʥʬʽʜʝʥʮʽʡʥʽʩʪʴ ʫ ʝʣʝʢʪʨʦʥʥʠʭ ʢʦʤʫʥʽʢʘʮʽʷʭ (Security and 

privacy in electronic communications). ɿʨʦʩʪʘʥʥʷ ʢʽʣʴʢʦʩʪʽ ʢʽʙʝʨʘʪʘʢ, ʚʠʪʦʢʽʚ 

ʜʘʥʠʭ ʪʘ ʰʧʠʛʫʥʩʴʢʠʭ ʧʨʦʛʨʘʤ ʚʠʤʘʛʘʻ ʥʦʚʠʭ ʧʽʜʭʦʜʽʚ ʜʦ ʟʘʭʠʩʪʫ 

ʽʥʬʦʨʤʘʮʽʾ. 

 
ʈʠʩ. 1. ʅʘʧʨʷʤʢʠ ʜʣʷ ʥʦʚʠʭ ʜʦʩʣʽʜʞʝʥʴ, ʷʢʽ ʤʦʞʫʪʴ  

ʚʠʟʥʘʯʠʪʠ ʤʘʡʙʫʪʥʻ ʝʣʝʢʪʨʦʥʥʠʭ ʢʦʤʫʥʽʢʘʮʽʡ. 

 

6. ʇʝʨʠʬʝʨʽʡʥʽ ʪʘ ʪʫʤʘʥʥʽ ʦʙʯʠʩʣʝʥʥʷ (Edge ʪʘ Fog Computing). 

ɿʨʦʩʪʘʥʥʷ ʦʙʩʷʛʽʚ ʜʘʥʠʭ, ʱʦ ʛʝʥʝʨʫʶʪʴʩʷ ʧʨʠʩʪʨʦʷʤʠ IoT, ʚʠʤʘʛʘʻ 

ʧʝʨʝʥʝʩʝʥʥʷ ʦʙʨʦʙʢʠ ʙʣʠʞʯʝ ʜʦ ʜʞʝʨʝʣʘ ʜʘʥʠʭ, ʱʦʙ ʟʤʝʥʰʠʪʠ ʟʘʪʨʠʤʢʠ ʪʘ 

ʥʘʚʘʥʪʘʞʝʥʥʷ ʥʘ ʮʝʥʪʨʘʣʽʟʦʚʘʥʽ ʭʤʘʨʥʽ ʩʝʨʚʝʨʠ. 

7. ɺʽʨʪʫʘʣʽʟʘʮʽʷ ʤʝʨʝʞʥʠʭ ʬʫʥʢʮʽʡ (NFV) ʪʘ ʧʨʦʛʨʘʤʥʦ-ʚʠʟʥʘʯʝʥʽ ʤʝʨʝʞʽ 

(SDN) (Network Functions Virtualization (NFV) and Software-Defined 

Networking (SDN)). ʎʽ ʪʝʭʥʦʣʦʛʽʾ ʜʦʟʚʦʣʷʶʪʴ ʛʥʫʯʢʦ ʢʝʨʫʚʘʪʠ ʤʝʨʝʞʝʚʠʤʠ 

ʨʝʩʫʨʩʘʤʠ, ʱʦ ʻ ʢʣʶʯʦʚʠʤ ʜʣʷ ʧʽʜʪʨʠʤʢʠ ʩʫʯʘʩʥʠʭ ʚʠʩʦʢʦʥʘʚʘʥʪʘʞʝʥʠʭ 

ʤʝʨʝʞ. 

8. ɿʝʣʝʥʽ ʢʦʤʫʥʽʢʘʮʽʾ (Green Communications). ɽʥʝʨʛʦʩʧʦʞʠʚʘʥʥʷ ʤʝʨʝʞ 

ʟʨʦʩʪʘʻ, ʱʦ ʚʧʣʠʚʘʻ ʥʘ ʥʘʚʢʦʣʠʰʥʻ ʩʝʨʝʜʦʚʠʱʝ. ɿʝʣʝʥʽ ʪʝʭʥʦʣʦʛʽʾ 
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ʩʧʨʷʤʦʚʘʥʽ ʥʘ ʟʤʝʥʰʝʥʥʷ ʝʥʝʨʛʦʚʠʪʨʘʪ. 

9. ɻʦʣʦʛʨʘʬʽʯʥʽ ʪʘ ʪʘʢʪʠʣʴʥʽ ʢʦʤʫʥʽʢʘʮʽʾ (Holographic and tactile 

communications). ʎʽ ʪʝʭʥʦʣʦʛʽʾ ʚʽʜʢʨʠʚʘʶʪʴ ʥʦʚʽ ʤʦʞʣʠʚʦʩʪʽ ʜʣʷ ʦʩʚʽʪʠ, 

ʤʝʜʠʮʠʥʠ, ʨʦʟʚʘʛ ʪʘ ʧʨʦʤʠʩʣʦʚʦʩʪʽ, ʜʦʟʚʦʣʷʶʯʠ ʧʝʨʝʜʘʚʘʪʠ ʥʝ ʣʠʰʝ ʟʚʫʢ ʪʘ 

ʚʽʜʝʦ, ʘʣʝ ʡ ʪʘʢʪʠʣʴʥʽ ʚʽʜʯʫʪʪʷ. 

10. ʄʝʨʝʞʽ ʜʣʷ ʢʨʠʪʠʯʥʦ ʚʘʞʣʠʚʠʭ ʟʘʩʪʦʩʫʚʘʥʴ MCN (Mission-Critical 

Networks). ɿʨʦʩʪʘʻ ʧʦʪʨʝʙʘ ʫ ʥʘʜʽʡʥʠʭ ʤʝʨʝʞʘʭ ʜʣʷ ʤʝʜʠʮʠʥʠ, ʪʨʘʥʩʧʦʨʪʫ, 

ʝʥʝʨʛʝʪʠʢʠ ʪʘ ʦʙʦʨʦʥʠ, ʜʝ ʥʘʚʽʪʴ ʤʽʥʽʤʘʣʴʥʽ ʟʘʪʨʠʤʢʠ ʯʠ ʟʙʦʾ ʥʝʧʨʠʡʥʷʪʥʽ. 

11. ɻʣʠʙʦʢʠʡ ʢʦʩʤʽʯʥʠʡ ʪʘ ʤʽʞʧʣʘʥʝʪʘʨʥʠʡ ʟʚ'ʷʟʦʢ (Deep Space and 

Interplanetary Connection). ʎʽ ʜʦʩʣʽʜʞʝʥʥʷ ʚʽʜʢʨʠʚʘʶʪʴ ʥʦʚʽ ʛʦʨʠʟʦʥʪʠ ʜʣʷ 

ʣʶʜʩʪʚʘ, ʨʦʙʣʷʯʠ ʢʦʩʤʦʩ ʙʽʣʴʰ ʜʦʩʪʫʧʥʠʤ ʽ ʟʨʦʟʫʤʽʣʠʤ. 

ʊʘʢʠʤ ʯʠʥʦʤ, ʧʝʨʝʨʘʭʦʚʘʥʽ ʥʘʧʨʷʤʠ ʚʠʟʥʘʯʘʶʪʴ ʤʘʡʙʫʪʥʻ ʝʣʝʢʪʨʦʥʥʠʭ 

ʢʦʤʫʥʽʢʘʮʽʡ. ɼʦʩʣʽʜʞʝʥʥʷ ʫ ʮʠʭ ʩʬʝʨʘʭ ʜʦʟʚʦʣʷʪʴ ʟʘʙʝʟʧʝʯʠʪʠ ʩʪʽʡʢʠʡ 

ʨʦʟʚʠʪʦʢ ʛʘʣʫʟʽ, ʚʨʘʭʦʚʫʶʯʠ ʟʨʦʩʪʘʶʯʽ ʧʦʪʨʝʙʠ ʩʫʯʘʩʥʦʛʦ ʩʫʩʧʽʣʴʩʪʚʘ ʫ 

ʰʚʠʜʢʠʭ, ʙʝʟʧʝʯʥʠʭ ʪʘ ʥʘʜʽʡʥʠʭ ʪʝʭʥʦʣʦʛʽʷʭ ʧʝʨʝʜʘʯʽ ʜʘʥʠʭ. 
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REVIEW OF PROSPECTIVE SATELLITE SYSTEMS FOR UKRAINE'S NEEDS  

 

There is presented an overview of promising satellite systems, the services of which are used 

and can be implemented in Ukraine in the near future. There are shown the possibilities of 

implementing the 5G architecture in satellite information systems and trends in the development 

of NTN (Non terrestrial networks) technology. Modern geostationary (GEO) High-Throughput 

Satellite systems (HTS), Very High-Throughput   and Ultra High-throughput Satellite systems 

(VHTS and UHTS) are considered in terms of their ability to theirs interact with 5G networks on 

the example of the Viasat-3 (USA) and Ovzon-3 (Sweden, USA) satellites. The opportunity to 

establish the Regional System for Ukraine based on the technologies of HTS systems and a small 

GEO satellite of Astranis (USA) is noted. The tendency to combine the GEO component 

resource with the LEO and MEO components is identified on the example of the O3b/mPOWER 

systems of SES (Luxembourg) and the Eutelsat OneWeb system (France). It is shown that the 

manufacturers of user terminals All.Space and Kymeta offer appropriate solutions based on flat 

panels with phased array antennas for such services. The EUôs project of secure satellite 

communication system IRISĮ is developed as multi-orbit system based on such trends. The 

article shows innovations in the Starlink system regarding the using of laser communication for 

establish the Inter-Satellite-Links, the introduction of satellite access services as a cellular 

network base station in space, and intentions to apply the higher frequency bands and lower 

orbits. The tendency of satellite interaction with 4G, 5G networks to provide services by the AST 

Space Mobile system outside the service areas of terrestrial networks for traditional terminals 

such as smartphones and tablets is noted. The influence of the Cluster Launch Method of 

spacecraft on the Satellite Telecommunication Systems development is considered on the 

examples of satellite buses such as Starlink V0.9, Meridian Space (SpinLaunch), Flatellite 

(Rocket Lab), Enterprise, and SmallSat GEOÊ (Terran Orbital). In conclusion, aspects of the 

development of satellite systems for Internet-of-Things services are considered. 

1. ɺʩʪʫʧ 

ʇʦʜʽʾ ʦʩʪʘʥʥʽʭ ʨʦʢʽʚ, ʱʦ ʚʽʜʙʫʚʘʶʪʴʩʷ ʥʘ ʪʝʨʠʪʦʨʽʾ ʋʢʨʘʾʥʠ ʽ ʧʦʚôʷʟʘʥʽ ʽʟ ʚʽʜʙʠʪʪʷʤ 

ʘʛʨʝʩʽʾ ʨʬ, ʪʘ ʨʦʟʚʠʪʦʢ ʪʝʭʥʦʣʦʛʽʡ ʩʫʧʫʪʥʠʢʦʚʠʭ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʩʠʩʪʝʤ ʧʨʠʟʚʝʣʠ ʜʦ 

ʬʦʨʤʫʚʘʥʥʷ ʥʦʚʠʭ ʧʦʛʣʷʜʽʚ ʪʘ ʚʠʤʦʛ ʜʦ ʮʠʭ ʩʠʩʪʝʤ. ɺʽʜʦʤʦ, ʱʦ ʥʘ ʧʦʯʘʪʢʦʚʦʤʫ ʝʪʘʧʽ 

ʧʦʚʥʦʤʘʩʰʪʘʙʥʦʾ ʚʽʡʥʠ ʚʧʨʦʚʘʜʞʝʥʥʷ ʧʦʩʣʫʛ ʥʠʟʴʢʦʦʨʙʽʪʘʣʴʥʦʾ ʩʫʧʫʪʥʠʢʦʚʦʾ ʩʠʩʪʝʤʠ 

ʰʠʨʦʢʦʩʤʫʛʦʚʦʛʦ ʜʦʩʪʫʧʫ (ʉʉʐɼ) Starlink ʜʦʟʚʦʣʠʣʦ ʚ ʩʪʠʩʣʽ ʩʪʨʦʢʠ ʟʘʙʝʟʧʝʯʠʪʠ 

ʩʢʦʦʨʜʠʥʦʚʘʥʝ ʪʘ ʢʦʥʪʨʦʣʴʦʚʘʥʝ ʫʧʨʘʚʣʽʥʥʷ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷʤ ʉʠʣ ʦʙʦʨʦʥʠ ʋʢʨʘʾʥʠ. 

ʈʘʟʦʤ ʽʟ ʪʠʤ ʚʠʢʦʨʠʩʪʘʥʥʷ ʧʦʩʣʫʛ ʪʽʣʴʢʠ ʦʜʥʽʻʾ ʩʫʧʫʪʥʠʢʦʚʦʾ ʩʠʩʪʝʤʠ ʧʨʠʟʚʝʣʦ ʜʦ 

ʢʨʠʪʠʯʥʦʾ ʟʘʣʝʞʥʦʩʪʽ ʩʠʩʪʝʤ ʟʚôʷʟʢʫ, ʫʧʨʘʚʣʽʥʥʷ ʪʘ ʽʥʬʦʨʤʘʮʽʡʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ ʉʠʣ 

ʦʙʦʨʦʥʠ ʋʢʨʘʾʥʠ ʚʽʜ ʮʽʻʾ ʩʠʩʪʝʤʠ, ʽ ʩʪʚʦʨʠʣʦ ʧʝʨʝʜʫʤʦʚʠ ʜʣʷ ʟʘʛʨʦʟʠ ʧʦʨʫʰʝʥʥʷ 

ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʮʠʭ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʩʠʩʪʝʤ. ʊʦʤʫ ʘʢʪʫʘʣʴʥʠʤ ʟʘʚʜʘʥʥʷʤ ʩʪʘʚ ʧʦʰʫʢ 

ʘʣʴʪʝʨʥʘʪʠʚʥʠʭ ʨʽʰʝʥʴ, ʱʦ ʤʦʞʫʪʴ ʙʫʪʠ ʨʝʘʣʽʟʦʚʘʥʽ ʰʣʷʭʦʤ ʟʘʣʫʯʝʥʥʷ ʚʞʝ ʽʩʥʫʶʯʠʭ 

ʉʉʐɼ ʪʘ ʩʠʩʪʝʤ, ʱʦ ʟʥʘʭʦʜʷʪʴʩʷ ʚ ʩʪʘʜʽʾ ʩʪʚʦʨʝʥʥʷ ʽ ʬʦʨʤʫʚʘʥʥʷ ʦʨʙʽʪʘʣʴʥʦʛʦ 

ʫʛʨʫʧʦʚʘʥʥʷ ʪʘ ʧʽʜʛʦʪʦʚʢʠ ʥʘʟʝʤʥʦʾ ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ. 
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ɸʢʪʫʘʣʴʥʽʩʪʴ ʜʦʩʣʽʜʞʝʥʥʷ ʟʫʤʦʚʣʝʥʘ ʟʨʦʩʪʘʶʯʠʤ ʧʦʧʠʪʦʤ ʥʘ ʧʦʩʣʫʛʠ ʩʫʧʫʪʥʠʢʦʚʠʭ 

ʪʝʣʝʢʦʤʫʥʽʢʘʮʽʡʥʠʭ ʩʠʩʪʝʤ, ʦʩʦʙʣʠʚʦ ʥʘ ʧʦʩʣʫʛʠ ʰʠʨʦʢʦʩʤʫʛʦʚʦʛʦ ʜʦʩʪʫʧʫ, ʷʢʠʡ 

ʩʬʦʨʤʦʚʘʥʠʡ ʥʘ ʧʽʜʩʪʘʚʽ ʙʽʣʴʰ ʥʽʞ ʪʨʠʨʽʯʥʦʛʦ ʜʦʩʚʽʜʫ ʚʠʢʦʨʠʩʪʘʥʥʷ ʪʝʨʤʽʥʘʣʽʚ ʽ ʧʦʩʣʫʛ 

ʩʠʩʪʝʤʠ Starlink ʚ ʋʢʨʘʾʥʽ.  

ʄʝʪʦʶ ʜʦʧʦʚʽʜʽ ʻ ʧʨʦʚʝʩʪʠ ʘʥʘʣʽʟ ʽʩʥʫʶʯʠʭ ʪʘ ʧʝʨʩʧʝʢʪʠʚʥʠʭ ʩʫʧʫʪʥʠʢʦʚʠʭ 

ʪʝʣʝʢʦʤʫʥʽʢʘʮʽʡʥʠʭ ʩʠʩʪʝʤ, ʧʦʩʣʫʛʠ ʷʢʠʭ ʤʦʞʫʪʴ ʙʫʪʠ ʚʧʨʦʚʘʜʞʝʥʽ ʚ ʋʢʨʘʾʥʽ, ʚʠʟʥʘʯʠʪʠ 

ʪʝʥʜʝʥʮʽʾ ʚ ʨʦʟʚʠʪʢʫ ʪʘʢʠʭ ʩʠʩʪʝʤ. 

2. ʆʩʥʦʚʥʘ ʯʘʩʪʠʥʘ 

2.1.  ɺʧʨʦʚʘʜʞʝʥʥʷ ʘʨʭʽʪʝʢʪʫʨʠ 5G ʜʦ ʩʫʧʫʪʥʠʢʦʚʠʭ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʩʠʩʪʝʤ. 

ʈʦʟʚʠʪʦʢ ʪʝʭʥʦʣʦʛʽʾ ʥʝʥʘʟʝʤʥʠʭ ʤʝʨʝʞ NTN. 

ɸʨʭʽʪʝʢʪʫʨʘ ʤʫʣʴʪʠʦʨʙʽʪʘʣʴʥʠʭ ʩʫʧʫʪʥʠʢʦʚʠʭ ʩʠʩʪʝʤ, ʱʦ ʧʝʨʝʜʙʘʯʘʻ ʙʝʟʧʦʩʝʨʝʜʥʶ 

ʚʟʘʻʤʦʜʽʶ ʤʽʞ ʩʫʧʫʪʥʠʢʘʤʠ, ʱʦ ʨʦʟʪʘʰʦʚʘʥʽ ʥʘ ʨʽʟʥʠʭ ʦʨʙʽʪʘʭ 

ʈʦʟʚʠʪʦʢ ʪʝʭʥʦʣʦʛʽʡ ʥʘʟʝʤʥʦʛʦ ʤʦʙʽʣʴʥʦʛʦ ʰʠʨʦʢʦʩʤʫʛʦʚʦʛʦ ʜʦʩʪʫʧʫ (ʅʄʐɼ) 

ʦʭʦʧʣʶʻ ʚʩʝ ʙʽʣʴʰʝ ʪʝʭʥʦʣʦʛʽʡ ʪʘ ʩʬʝʨ ʟʘʩʪʦʩʫʚʘʥʥʷ ʪʝʭʥʦʣʦʛʽʡ ʪʝʣʝʢʦʤʫʥʽʢʘʮʽʡ. ʎʝ 

ʩʪʦʩʫʻʪʴʩʷ ʽ ʩʝʛʤʝʥʪʫ ʩʫʧʫʪʥʠʢʦʚʠʭ ʪʝʣʝʢʦʤʫʥʽʢʘʮʽʡʥʠʭ ʩʠʩʪʝʤ (ʉʊʉ). ɺʠʢʦʨʠʩʪʘʥʥʷ 

ʉʊʉ ʨʫʭʘʻʪʴʩʷ ʚ ʥʘʧʨʷʤʢʫ ʚʽʜ ʟʘʙʝʟʧʝʯʝʥʥʷ ʧʽʜʢʣʶʯʝʥʥʷ ʚʽʜʜʘʣʝʥʠʭ ʙʘʟʦʚʠʭ ʩʪʘʥʮʽʡ (ɹʉ) 

ʤʦʙʽʣʴʥʠʭ ʦʧʝʨʘʪʦʨʽʚ ʜʦ ʤʘʛʽʩʪʨʘʣʴʥʠʭ ʢʘʥʘʣʽʚ ʤʝʨʝʞʽ ʨʘʜʽʦʜʦʩʪʫʧʫ ʽ ʮʝʥʪʨʽʚ ʤʦʙʽʣʴʥʦʾ 

ʢʦʤʫʪʘʮʽʾ G2, ʘʙʦ ʙʘʟʦʚʦʾ ʤʝʨʝʞʽ EPC LTE. ɺʘʞʣʠʚʠʡ ʢʨʦʢ ʚ ʧʦʜʘʣʴʰʽʡ ʽʥʪʝʛʨʘʮʽʾ ʉʊʉ ʜʦ 

ʅʄʐɼ 5G ʟʨʦʙʠʣʘ ʜʦʩʣʽʜʥʠʮʴʢʘ ʛʨʫʧʘ 3GPP ʚ ʈʝʣʽʟʽ 17 [1]. ɺ ʮʴʦʤʫ ʜʦʢʫʤʝʥʪʽ ʚʚʝʜʝʥʦ 

ʧʦʥʷʪʪʷ ʅʝʥʘʟʝʤʥʦʾ ʤʝʨʝʞʽ NTN (Non terrestrial networks), ʷʢʠʡ ʚʠʟʥʘʯʘʻ ʙʝʟʣʽʯ ʩʮʝʥʘʨʽʾʚ 

ʟʚôʷʟʢʫ, ʧʦʯʠʥʘʶʯʠ ʚʽʜ ʩʫʧʫʪʥʠʢʦʚʦʛʦ ʟʚôʷʟʢʫ ʽ ʜʦ ʟʚôʷʟʢʫ ʯʝʨʝʟ ʧʦʚʽʪʨʷʥʽ ʩʪʘʥʮʽʾ, ʪʘ 

ʚʨʘʭʦʚʫʻ ʪʘʢʽ ʟʘʩʪʦʩʫʚʘʥʥʷ, ʷʢ ʢʝʨʫʚʘʥʥʷ ʧʦʣʴʦʪʦʤ ʧʦʚʽʪʨʷ-ʟʝʤʣʷ, ʘʙʦ ʟʘʩʪʦʩʫʚʘʥʥʷ ʚ 

ʷʢʦʩʪʽ ʨʝʪʨʘʥʩʣʷʪʦʨʽʚ ʙʝʟʧʽʣʦʪʥʠʭ ʣʽʪʘʣʴʥʠʭ ʘʧʘʨʘʪʽʚ. ʆʩʦʙʣʠʚʝ ʤʽʩʮʝ ʚ ʪʝʭʥʦʣʦʛʽʾ NTN 

ʟʘʡʤʘʻ ʚʟʘʻʤʦʜʽʷ ʽʟ ʉʊʉ, ʜʣʷ ʷʢʠʭ ʧʝʨʝʜʙʘʯʝʥʽ ʨʽʟʥʽ ʩʮʝʥʘʨʽʾ ʟʚôʷʟʢʫ ʪʘ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʩʫʧʫʪʥʠʢʽʚ ʉʊʉ ʥʘ ʛʝʦʩʪʘʮʽʦʥʘʨʥʽʡ ʦʨʙʽʪʽ (GEO), ʪʘ ʥʘ ʩʝʨʝʜʥʽʡ (MEO) ʽ ʥʠʟʴʢʽʡ 

ʥʘʚʢʦʣʦʟʝʤʥʽʡ ʦʨʙʽʪʽ (LEO). ʈʦʟʛʣʷʜʘʶʪʴʩʷ ʨʽʟʥʽ ʟʦʥʠ ʧʦʢʨʠʪʪʷ ʉʊʉ ʪʘ ʧʝʨʝʜʙʘʯʝʥʦ 

ʟʚôʷʟʦʢ ʤʽʞ ʩʫʧʫʪʥʠʢʘʤʠ. ʆʢʨʝʤʦ ʧʦʪʨʽʙʥʦ ʚʠʜʽʣʠʪʠ ʨʝʞʠʤ ʙʝʟʧʦʩʝʨʝʜʥʴʦʛʦ ʜʦʩʪʫʧʫ 

ʯʘʨʫʥʦʢ ʩʪʽʣʴʥʠʢʦʚʦʾ ʤʝʨʝʞʽ, ʜʝ ʟʥʘʭʦʜʷʪʴʩʷ ʪʝʨʤʽʥʘʣʠ ʢʦʨʠʩʪʫʚʘʯʘ (UE), ʜʦ ʩʫʧʫʪʥʠʢʘ 

D2C (Direct-to-Cell) [2]. 

ɺʧʨʦʚʘʜʞʝʥʥʷ ʧʨʦʛʨʘʤʥʦ-ʚʠʟʥʘʯʝʥʠʭ ʤʝʨʝʞ ʜʦ ʤʫʣʴʪʠʦʨʙʽʪʘʣʴʥʠʭ ʩʠʩʪʝʤ 

ɼʦ ʦʩʦʙʣʠʚʦʩʪʝʡ ʩʠʩʪʝʤ 5G ʚʽʜʥʦʩʠʪʴʩʷ ʚʧʨʦʚʘʜʞʝʥʥʷ ʧʨʦʛʨʘʤʥʦ-ʚʠʟʥʘʯʝʥʠʭ ʤʝʨʝʞ 

ʧʝʨʝʜʘʯʽ ʜʘʥʠʭ SDN ʪʘ ʚʽʨʪʫʘʣʽʟʘʮʽʾ ʤʝʨʝʞʝʚʠʭ ʬʫʥʢʮʽʡ NFV. ɺ ʨʷʜʽ ʧʫʙʣʽʢʘʮʽʡ [3] 

ʨʦʟʛʣʷʜʘʻʪʴʩʷ ʮʝ ʧʠʪʘʥʥʷ ʚʽʜʥʦʩʥʦ ʘʨʭʽʪʝʢʪʫʨʠ NTN ʟ D2S ʪʘ ʟ ʜʦʩʪʫʧʦʤ ʯʝʨʝʟ 

ʩʧʝʮʽʘʣʽʟʦʚʘʥʽ ʪʝʨʤʽʥʘʣʠ. 

2.2.  ʉʪʚʦʨʝʥʥʷ ʛʝʦʩʪʘʮʽʦʥʘʨʥʠʭ ʩʠʩʪʝʤ ʚʠʩʦʢʦʾ ʽ ʥʘʜʚʠʩʦʢʦʾ ʧʨʦʧʫʩʢʥʦʾ 

ʟʜʘʪʥʦʩʪʽ, ʱʦ ʟʘʙʝʟʧʝʯʫʶʪʴ ʚʟʘʻʤʦʜʽʶ ʟ ʤʝʨʝʞʘʤʠ ʪʘ ʩʠʩʪʝʤʘʤʠ 5G. 

ʉʫʧʫʪʥʠʢʠ Viasat-3 

ɸʨʭʽʪʝʢʪʫʨʘ ʩʫʯʘʩʥʠʭ ʉʊʉ ʧʝʨʝʜʙʘʯʘʻ ʾʭ ʽʥʪʝʛʨʘʮʽʶ ʟ ʘʨʭʽʪʝʢʪʫʨʦʶ ʤʝʨʝʞ 5G. 

ʇʨʠʢʣʘʜʦʤ ʚʧʨʦʚʘʜʞʝʥʥʷ ʘʨʭʽʪʝʢʪʫʨʠ 5G ʚ GEO ʩʠʩʪʝʤʠ ʻ ʩʫʧʫʪʥʠʢʠ ʩʝʨʽʾ Viasat-3 

(ʉʐɸ) [4]. ʄʝʨʝʞʘ ʩʫʧʫʪʥʠʢʽʚ Viasat-3 ʤʘʻ ʚʢʣʶʯʘʪʠ 3 ʩʫʧʫʪʥʠʢʠ, ʱʦ ʨʦʟʪʘʰʦʚʘʥʽ ʥʘ 

GEO ʧʽʜ ʚʟʘʻʤʥʠʤ ʢʫʪʦʤ ʧʨʠʙʣʠʟʥʦ 120Á ʜʣʷ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʧʨʘʢʪʠʯʥʦ ʚʩʽʻʾ ʧʦʚʝʨʭʥʽ 

ɿʝʤʣʽ. ʂʦʨʠʩʥʝ ʥʘʚʘʥʪʘʞʝʥʥʷ ʩʫʧʫʪʥʠʢʽʚ ʧʦʙʫʜʦʚʘʥʦ ʟʘ ʨʝʛʝʥʝʨʘʪʠʚʥʦʶ ʩʭʝʤʦʶ. ʂʦʞʝʥ 

ʩʫʧʫʪʥʠʢ ʬʦʨʤʫʻ ʟʦʥʫ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʽʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʤʘʡʞʝ ʪʠʩʷʯʽ ʥʘʜʚʫʟʴʢʠʭ 

ʧʨʦʤʝʥʽʚ ʂʘ-ʜʽʘʧʘʟʦʥʫ ʚ ʪʘʢʠʭ ʨʝʛʽʦʥʘʭ: ɸʤʝʨʠʢʘ; ɭʚʨʦʧʘ, ɹʣʠʟʴʢʠʡ ʉʭʽʜ ʪʘ ɸʬʨʠʢʘ; 

ɸʟʽʘʪʩʴʢʦ-ʊʠʭʦʦʢʝʘʥʩʴʢʠʡ ʨʝʛʽʦʥ [5]. ɼʣʷ ʬʦʨʤʫʚʘʥʥʷ ʥʘʜʚʫʟʴʢʠʭ ʧʨʦʤʝʥʽʚ ʩʫʧʫʪʥʠʢ 

ʦʙʣʘʜʥʘʥʠʡ ʘʥʪʝʥʦʶ ʜʽʘʤʝʪʨʦʤ 18 ʤ. ɿʘʛʘʣʴʥʘ ʧʨʦʧʫʩʢʥʘ ʟʜʘʪʥʽʩʪʴ ʢʦʞʥʦʛʦ ʩʫʧʫʪʥʠʢʘ 

ʩʪʘʥʦʚʠʪʴ ʧʦʥʘʜ 1 ʊʙʽʪ/ʩ ʪʘ ʟʘʙʝʟʧʝʯʫʻ ʜʠʥʘʤʽʯʥʠʡ ʧʝʨʝʨʦʟʧʦʜʽʣ ʧʨʦʧʫʩʢʥʦʾ ʟʜʘʪʥʦʩʪʽ ʤʽʞ 

ʧʨʦʤʝʥʷʤʠ. ʐʚʠʜʢʽʩʪʴ ʧʝʨʝʜʘʯʽ ʽʥʬʦʨʤʘʮʽʾ ʜʦ ʪʝʨʤʽʥʘʣʫ ʢʦʨʠʩʪʫʚʘʯʘ ʩʪʘʥʦʚʠʪʠʤʝ ʜʦ 100 

ʄʙʽʪ/ʩ. ʇʦʷʚʘ ʩʫʧʫʪʥʠʢʽʚ ʩʝʨʽʾ Viasat-3 ʦʟʥʘʤʝʥʫʚʘʣʘ ʧʦʷʚʫ ʥʦʚʦʛʦ ʪʝʨʤʽʥʫ: ʩʫʧʫʪʥʠʢʠ ʟ 

ʜʫʞʝ ʚʝʣʠʢʦʶ ʧʨʦʧʫʩʢʥʦʶ ʟʜʘʪʥʽʩʪʶ VHTS (Very High-Throughput Satellite) ʪʘ ʟ ʫʣʴʪʨʘ 

ʚʝʣʠʢʦʶ ʧʨʦʧʫʩʢʥʦʶ ʟʜʘʪʥʽʩʪʶ UHTS (Ultra-High Throughput Satellite). ʋʢʨʘʾʥʘ, ʷʢ ʡ ʫʩʽ 
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ɭʚʨʦʧʘ, ʚʭʦʜʷʪʴ ʜʦ ʟʦʥʠ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʜʨʫʛʦʛʦ ʩʫʧʫʪʥʠʢʘ ʩʝʨʽʾ Viasat-3. 

ʐʚʝʜʩʴʢʦ-ʘʤʝʨʠʢʘʥʩʴʢʘ ʩʠʩʪʝʤʘ Ovzon 

ɺ ʷʢʦʩʪʽ ʨʝʛʽʦʥʘʣʴʥʦʾ GEO ʩʠʩʪʝʤʠ ʩʫʧʫʪʥʠʢʦʚʦʛʦ ʟʚôʷʟʢʫ ʤʦʞʥʘ ʧʨʝʜʩʪʘʚʠʪʠ 

ʩʠʩʪʝʤʫ Ovzon (ʐʚʝʮʽʷ, ʉʐɸ). ʂʦʤʧʘʥʽʷ Ovzon AB ʤʘʻ ʚʣʘʩʥʠʡ GEO ʩʫʧʫʪʥʠʢ ʽ 

ʧʨʦʧʦʥʫʻ ʽʥʪʝʛʨʦʚʘʥʽ ʧʦʩʣʫʛʠ ʩʪʘʮʽʦʥʘʨʥʦʛʦ ʪʘ ʨʫʭʦʤʦʛʦ ʩʫʧʫʪʥʠʢʦʚʦʛʦ ʟʚôʷʟʢʫ ʪʘ 

ʧʝʨʝʜʘʯʽ ʜʘʥʠʭ ʽʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʪʝʨʤʽʥʘʣʽʚ ʢʦʨʠʩʪʫʚʘʯʽʚ ʚʣʘʩʥʦʾ ʨʦʟʨʦʙʢʠ [6]. ʉʫʧʫʪʥʠʢ 

Ovzon-3 ʦʙʣʘʜʥʘʥʠʡ ʨʝʛʝʥʝʨʘʪʠʚʥʠʤ ʢʦʨʠʩʥʠʤ ʥʘʚʘʥʪʘʞʝʥʥʷʤ ʥʘ ʙʘʟʽ ʙʦʨʪʦʚʦʛʦ 

ʧʨʦʮʝʩʦʨʘ Ovzon (OBP) ʜʣʷ ʩʪʚʦʨʝʥʥʷ mesh ʤʝʨʝʞʽ ʚ Ku-ʜʽʘʧʘʟʦʥʽ ʟ ʩʫʚʝʨʝʥʥʠʤ 

ʢʦʥʪʨʦʣʝʤ. ɼʦ ʚʽʜʤʽʥʥʦʩʪʝʡ ʩʫʧʫʪʥʠʢʘ ʪʘʢʦʞ ʚʽʜʥʦʩʠʪʴʩʷ ʥʘʷʚʥʽʩʪʴ ʢʝʨʦʚʘʥʠʭ ʚʫʟʴʢʠʭ 

ʧʨʦʤʝʥʽʚ, ʦʨʽʻʥʪʘʮʽʷ ʷʢʠʭ ʤʦʞʝ ʟʤʽʥʶʚʘʪʠʩʴ ʧʦ ʢʦʤʘʥʜʘʭ ʟ ɿʝʤʣʽ. ɼʣʷ ʚʠʢʦʨʠʩʪʘʥʥʷʤ 

ʧʦʩʣʫʛ ʩʫʧʫʪʥʠʢʘ Ovzon-3 ʩʧʝʮʽʘʣʴʥʦ ʨʦʟʨʦʙʣʝʥʘ ʣʽʥʽʡʢʘ ʪʝʨʤʽʥʘʣʽʚ ʢʦʨʠʩʪʫʚʘʯʽʚ, ʱʦ 

ʚʢʣʶʯʘʻ ʤʘʣʦʛʘʙʘʨʠʪʥʽ ʪʝʨʤʽʥʘʣʠ ʽʟ ʧʘʨʘʙʦʣʽʯʥʠʤʠ ʘʥʪʝʥʘʤʠ ʪʠʧʫ Ovzon Medium W/H, 

ʱʦ ʟʘʙʝʟʧʝʯʫʶʪʴ ʧʨʠʡʦʤ ʽʥʬʦʨʤʘʮʽʾ ʥʘ ʰʚʠʜʢʦʩʪʽ 20-100 ʄʙʽʪ/ʩ ʪʘ ʧʝʨʝʜʘʯʫ ʥʘ ʰʚʠʜʢʦʩʪʽ 

1-70 ʄʙʽʪ/ʩ. ʊʘʢʦʞ ʣʽʥʽʡʢʘ ʪʝʨʤʽʥʘʣʽʚ ʚʢʣʶʯʘʻ ʧʣʦʩʢʽ ʪʝʨʤʽʥʘʣʠ Ovzon T6 OTP (ʧʨʠʡʦʤ 

ʥʘ ʰʚʠʜʢʦʩʪʽ ʜʦ 120 ʄʙʽʪ/ʩ ʪʘ ʧʝʨʝʜʘʯʘ ï ʜʦ 70 ʄʙʽʪ/ʩ) ʪʘ Ovzon T7 OTP (ʧʨʠʡʦʤ ʥʘ 

ʚhʠʜʢʦʩʪʽ ʜʦ 60 ʄʙʽʪ/ʩ, ʧʝʨʝʜʘʯʘ ï ʜʦ 10 ʄʙʽʪ/ʩ). ʂʦʤʧʘʥʽʷ Ovzon AB ʧʽʜʪʚʝʨʜʠʣʘ 

ʝʬʝʢʪʠʚʥʽʩʪʴ ʚʠʢʦʨʠʩʪʘʥʥʷ ʟʘʧʨʦʧʦʥʦʚʘʥʠʭ ʨʽʰʝʥʴ ʚ ʭʦʜʽ ʥʘʪʫʨʥʦʛʦ ʝʢʩʧʝʨʠʤʝʥʪʫ ʧʦ 

ʚʽʜʜʘʣʝʥʦʤʫ ʢʝʨʫʚʘʥʥʶ ʙʝʟʧʽʣʦʪʥʠʤ ʨʦʚʝʨʦʤ UGV, ʱʦ ʙʫʚ ʦʙʣʘʜʥʘʥʠʡ ʪʝʨʤʽʥʘʣʦʤ Ovzon 

F50 ʥʘ ʜʦʩʣʽʜʥʠʮʴʢʦʤʫ ʮʝʥʪʨʽ ʂʽʨʫʥʘ ʟ ʧʫʥʢʪʫ ʫʧʨʘʚʣʽʥʥʷ ʚ ʉʪʦʢʛʦʣʴʤʽ. ɺʽʜʩʪʘʥʴ 

ʩʪʘʥʦʚʠʣʘ 950 ʢʤ. 

ʇʦʚʝʨʥʝʥʥʷ ʜʦ ʽʜʝʦʣʦʛʽʾ ʚʠʢʦʨʠʩʪʘʥʥʷ ʤʘʣʠʭ ʛʝʦʩʪʘʮʽʦʥʘʨʥʠʭ ʩʫʧʫʪʥʠʢʽʚ ʥʘ ʩʫʯʘʩʥʽʡ 

ʪʝʭʥʦʣʦʛʽʯʥʽʡ ʙʘʟʽ ʽʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʧʽʜʭʦʜʽʚ ʜʦ ʘʨʭʽʪʝʢʪʫʨʠ HTS 

ɺ ʷʢʦʩʪʽ ʮʽʢʘʚʦʾ ʪʝʥʜʝʥʮʽʾ ʱʦʜʦ ʩʪʚʦʨʝʥʥʷ GEO ʩʠʩʪʝʤ ʽʟ ʨʝʛʽʦʥʘʣʴʥʠʤ ʧʦʢʨʠʪʪʷʤ ʻ 

ʧʨʦʝʢʪ ʢʦʤʧʘʥʽʾ Astranis (ʉʐɸ) ʽʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʤʘʣʠʭ GEO ʩʫʧʫʪʥʠʢʽʚ. ʅʘ ʚʽʜʤʽʥʫ ʚʽʜ 

ʪʨʘʜʠʮʽʡʥʠʭ ʧʽʜʭʦʜʽʚ, ʩʫʧʫʪʥʠʢʠ Astranis ʤʘʶʪʴ ʩʪʘʨʪʦʚʫ ʤʘʩʫ ʧʦʨʷʜʢʫ 600 ʢʛ [7], ʱʦ 

ʙʽʣʴʰ ʥʽʞ ʚ ʜʝʩʷʪʴ ʨʘʟʽʚ ʤʝʥʰʘ ʟʘ ʩʪʘʨʪʦʚʫ ʤʘʩʫ ʧʦʨʷʜʢʫ 6500 ʢʛ ʩʫʯʘʩʥʠʭ GEO 

ʩʫʧʫʪʥʠʢʽʚ. ʆʩʦʙʣʠʚʫ ʫʚʘʛʫ ʚʠʢʣʠʢʘʻ ʧʣʘʪʬʦʨʤʘ Omega, ʱʦ ʧʦʙʫʜʦʚʘʥʘ ʽʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ 

ʪʝʭʥʦʣʦʛʽʾ ʩʫʧʫʪʥʠʢʽʚ VHTS ʱʦʜʦ ʬʦʨʤʫʚʘʥʥʷ ʟʦʥʠ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʥʘʜʚʫʟʴʢʠʤʠ 

ʧʨʦʤʝʥʷʤʠʚ ʂʘ-ʜʽʘʧʘʟʦʥʽ, ʪʘ ʦʙʣʘʜʥʘʥʘ ʮʠʬʨʦʚʠʤ ʢʦʨʠʩʥʠʤ ʥʘʚʘʥʪʘʞʝʥʥʷʤ ʧʨʦʟʦʨʦʛʦ 

ʪʠʧʫ ʽʟ ʟʘʛʘʣʴʥʦʶ ʧʨʦʧʫʩʢʥʦʶ ʟʜʘʪʥʽʩʪʶ ʧʦʥʘʜ 50ɻʙʽʪ/ʩ. ɺ ʢʦʥʩʪʨʫʢʮʽʾ ʩʫʧʫʪʥʠʢʘ ʪʘ ʡʦʛʦ 

ʢʦʨʠʩʥʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʩʫʯʘʩʥʽ ʪʝʭʥʦʣʦʛʽʾ ʧʨʦʛʨʘʤʥʦ-ʚʠʟʥʘʯʝʥʦʛʦ 

ʨʘʜʽʦ SDR, ʝʬʝʢʪʠʚʥʦʾ ʍʦʣʣʽʚʩʴʢʦʾ ʨʫʰʽʡʥʦʾ ʩʠʩʪʝʤʠ ʪʘ ʨʘʜʽʘʮʽʡʥʦ ʩʪʽʡʢʦʾ ʝʣʝʢʪʨʦʥʽʢʠ. 

ʄʘʣʘ ʩʪʘʨʪʦʚʘ ʚʘʛʘ ʩʫʧʫʪʥʠʢʽʚ ʜʦʟʚʦʣʷʻ ʟʘʙʝʟʧʝʯʫʚʘʪʠ ʢʣʘʩʪʝʨʥʠʡ ʟʘʧʫʩʢ ʦʜʥʦʯʘʩʥʦ 4 

ʩʫʧʫʪʥʠʢʽʚ ʥʘ GEO. ʇʨʠʚʘʙʣʠʚʽʩʪʴ ʪʘʢʦʛʦ ʨʽʰʝʥʥʷ ʜʣʷ ʋʢʨʘʾʥʠ ʧʦʣʷʛʘʻ ʚ ʤʦʞʣʠʚʦʩʪʽ 

ʩʪʚʦʨʠʪʠ ʦʪʨʠʤʘʪʠ ʚʣʘʩʥʫ ʉʊʉ ʽʟ ʩʫʧʫʪʥʠʢʦʤ ʥʘ GEO, ʱʦ ʧʦʢʨʠʚʘʻ ʚʠʢʣʶʯʥʦ ʪʝʨʠʪʦʨʽʶ 

ʋʢʨʘʾʥʠ ʽ ʥʘʜʘʻ ʧʨʦʧʫʩʢʥʫ ʟʜʘʪʥʽʩʪʴ, ʱʦ ʧʦʨʽʚʥʷʥʘ ʽʟ ʧʨʦʧʫʩʢʥʦʶ ʟʜʘʪʥʽʩʪʶ LEO ʩʠʩʪʝʤ 

ʷʢ ʪʦ Starlink. 

2.3.  ʌʦʨʤʫʚʘʥʥʷ ʤʝʨʝʞ ʥʘʜʚʠʩʦʢʦʾ ʧʨʦʧʫʩʢʥʦʾ ʟʜʘʪʥʦʩʪʽ ʥʘ ʩʝʨʝʜʥʽʡ 

ʥʘʚʢʦʣʦʟʝʤʥʽʡ ʦʨʙʽʪʽ. ʂʦʤʧʣʝʢʩʥʝ ʧʦʻʜʥʘʥʥʷ ʨʝʩʫʨʩʫ ʩʠʩʪʝʤ ʥʘ ʩʝʨʝʜʥʽʡ 

ʥʘʚʢʦʣʦʟʝʤʥʽʡ ʪʘ ʛʝʦʩʪʘʮʽʦʥʘʨʥʽʡ ʦʨʙʽʪʘʭ. 

ʉʠʩʪʝʤʘ O3b/mPOWER ʢʦʤʧʘʥʽʾ SES ï ʩʠʩʪʝʤʘ ʥʘʜʚʠʩʦʢʦʾ ʧʨʦʧʫʩʢʥʦʾ ʟʜʘʪʥʦʩʪʽ ʥʘ 

ʩʝʨʝʜʥʽʡ ʥʘʚʢʦʣʦʟʝʤʥʽʡ ʦʨʙʽʪʽ 

ʂʦʤʧʘʥʽʷ SES (ʃʶʢʩʝʤʙʫʨʛ), ʷʢʘ ʻ ʧʨʦʚʽʜʥʠʤ ʦʧʝʨʘʪʦʨʦʤ ʩʫʧʫʪʥʠʢʦʚʠʭ ʩʠʩʪʝʤ ʥʘ 

GEO ʪʘ MEO ʟʘʚʝʨʰʫʻ ʦʥʦʚʣʝʥʥʷ ʚʣʘʩʥʦʛʦ ʫʛʨʫʧʦʚʘʥʥʷ O3b ʟʘ ʨʘʭʫʥʦʢ ʟʘʧʫʩʢʫ 

ʩʫʧʫʪʥʠʢʽʚ O3b/mPOWER [8]. ʉʫʧʫʪʥʠʢʠ ʟʥʘʭʦʜʷʪʴʩʷ ʥʘ ʦʨʙʽʪʽ ʚʠʩʦʪʦʶ 8200 ʢʤ ʚ 

ʧʣʦʱʠʥʽ ʝʢʚʘʪʦʨʘ. ʆʨʙʽʪʘʣʴʥʝ ʫʛʨʫʧʦʚʘʥʥʷ ʩʠʩʪʝʤʠ ʩʢʣʘʜʘʻʪʴʩʷ ʟ 11 ʩʫʧʫʪʥʠʢʽʚ. ʊʘʢʘ 

ʢʦʥʬʽʛʫʨʘʮʽʷ ʜʦʟʚʦʣʠʪʴ ʟʘʙʝʟʧʝʯʠʪʠ ʥʘʜʘʥʥʷ ʧʦʩʣʫʛ ʥʘ ʚʩʽʡ ʪʝʨʠʪʦʨʽʾ ʋʢʨʘʾʥʠ ʚ ʨʝʞʠʤʽ 

24/7. ʉʫʧʫʪʥʠʢʠ ʧʦʙʫʜʦʚʘʥʽ ʥʘ ʙʘʟʽ ʧʣʘʪʬʦʨʤʠ Boeing-702 ʽ ʦʙʣʘʜʥʘʥʽ ʮʠʬʨʦʚʠʤ 

ʢʦʨʠʩʥʠʤ ʥʘʚʘʥʪʘʞʝʥʥʷʤ ʪʘ ʬʘʟʦʚʘʥʠʤʠ ʘʥʪʝʥʥʠʤʠ ʨʝʰʽʪʢʘʤʠ. ʂʦʞʝʥ ʩʫʧʫʪʥʠʢ ʟʜʘʪʝʥ 

ʬʦʨʤʫʚʘʪʠ ʜʦ 5000 ʥʝʟʘʣʝʞʥʠʭ ʢʝʨʦʚʘʥʠʭ ʧʨʦʤʝʥʽʚ ʚ ʂʘ ʜʽʘʧʘʟʦʥʽ ʽʟ ʧʨʦʧʫʩʢʥʦʶ 

ʟʜʘʪʥʽʩʪʶ ʚʽʜ 40 ʄʙʽʪ/ʩ ʜʦ 10 ɻʙʽʪ /ʩ (ʜʣʷ ʦʢʨʝʤʦʛʦ ʧʨʦʤʝʥʶ). ʂʦʤʧʘʥʽʷ ʜʝʢʣʘʨʫʻ 

ʤʦʞʣʠʚʽʩʪʴ ʚʩʪʘʥʦʚʣʝʥʥʷ ʩʪʘʥʮʽʾ ʩʧʨʷʞʝʥʥʷ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʥʘ ʪʝʨʠʪʦʨʽʾ ʟʘʤʦʚʥʠʢʘ, ʪʦʙʪʦ 
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ʚ ʋʢʨʘʾʥʽ, ʱʦ ʟʘʙʝʟʧʝʯʠʪʴ ʧʽʜʢʣʶʯʝʥʥʷ ʩʫʧʫʪʥʠʢʦʚʦʛʦ ʩʝʛʤʝʥʪʫ ʜʦ ʥʘʮʽʦʥʘʣʴʥʦʾ 

ʤʘʛʽʩʪʨʘʣʴʥʦʾ ʤʝʨʝʞʽ ʟʚôʷʟʢʫ ʪʘ ʧʝʨʝʜʘʯʽ ʜʘʥʠʭ. ʉʠʩʪʝʤʘ O3b/mPOWER ʧʨʠʟʥʘʯʝʥʘ ʜʣʷ 

ʥʘʜʘʥʥʷ ʧʦʩʣʫʛ ʜʣʷ ʫʨʷʜʦʚʠʭ ʩʪʨʫʢʪʫʨ, ʚʢʣʶʯʘʶʯʠ ʉʠʣʠ ʆʙʦʨʦʥʠ, ʪʘ ʜʣʷ ʮʠʚʽʣʴʥʠʭ 

ʢʦʨʧʦʨʘʪʠʚʥʠʭ ʽ ʧʨʠʚʘʪʥʠʭ ʢʦʨʠʩʪʫʚʘʯʽʚ. ɼʣʷ ʢʦʨʠʩʪʫʚʘʯʽʚ ʨʦʟʨʦʙʣʝʥʘ ʪʘ ʩʝʨʪʠʬʽʢʦʚʘʥʘ 

ʣʽʥʽʡʢʘ ʨʽʟʥʠʭ ʪʝʨʤʽʥʘʣʽʚ. ʆʩʦʙʣʠʚʫ ʫʚʘʛʫ ʩ ʪʦʯʢʠ ʟʦʨʫ ʤʦʙʽʣʴʥʠʭ ʢʦʨʠʩʪʫʚʘʯʽʚ 

ʧʨʠʚʝʨʪʘʶʪʴ ʪʝʨʤʽʥʘʣʠ Hydra-2, Hydra-4, ʨʦʟʨʦʙʣʝʥʽ ʢʦʤʧʘʥʽʻʶ AllSpace [9]. ʊʝʨʤʽʥʘʣʠ 

ʟʘʙʝʟʧʝʯʫʶʪʴ ʦʜʥʦʯʘʩʥʫ ʨʦʙʦʪʫ ʽʟ ʩʫʧʫʪʥʠʢʘʤʠ ʥʘ GEO ʪʘ MEO ʚ ʯʘʩʪʦʪʥʠʭ ʜʽʘʧʘʟʦʥʘʭ 

Ku ʪʘ ʂʘ, ʽ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʪʝʭʥʦʣʦʛʽʶ ʬʦʨʤʫʚʘʥʥʷ ʢʝʨʦʚʘʥʠʭ ʧʨʦʤʝʥʽʚ ʤʝʪʦʜʦʤ ʜʽʡʩʥʦʾ 

ʟʘʪʨʠʤʢʠ ʚʠʧʨʦʤʽʥʝʥʥʷ ʚʠʧʨʦʤʽʥʶʚʘʯʽʚ (TTD, Thue Time Delay). 

2.4.  ʊʝʥʜʝʥʮʽʾ ʨʦʟʚʠʪʢʫ ʥʠʟʴʢʦʦʨʙʽʪʘʣʴʥʠʭ ʩʠʩʪʝʤ ʰʠʨʦʢʦʩʤʫʛʦʚʦʛʦ ʜʦʩʪʫʧʫ: 

ʮʠʬʨʦʚʝ ʨʝʛʝʥʝʨʘʪʠʚʥʝ ʢʦʨʠʩʥʝ ʥʘʚʘʥʪʘʞʝʥʥʷ, ʣʘʟʝʨʥʽ ʣʽʥʽʾ ʟʚôʷʟʢʫ ʤʽʞ 

ʩʫʧʫʪʥʠʢʘʤʠ, ʙʝʟʧʦʩʝʨʝʜʥʽʡ ʜʦʩʪʫʧ ʪʝʨʤʽʥʘʣʽʚ ʢʦʨʠʩʪʫʚʘʯʽʚ 4G, 5G ʜʦ ʩʫʧʫʪʥʠʢʘ. 

ʉʠʩʪʝʤʘ Starlink ʚʧʨʦʚʘʜʠʣʘ ʦʧʪʠʯʥʽ ʣʘʥʘʾ ʟʚôʷʟʢʫ ʤʽʞ ʩʫʧʫʪʥʠʢʘʤʠ ʪʘ ʨʦʟʧʦʯʘʣʘ 

ʬʦʨʤʫʚʘʪʠ ʫʛʨʫʧʦʚʘʥʥʷ ʜʣʷ ʧʦʩʣʫʛ D2C 

ʂʦʤʧʘʥʽʷ SpaceX ʪʘ Starlink ʟʘʣʠʰʘʶʪʴʩʷ ʣʽʜʝʨʘʤʠ ʟ ʚʧʨʦʚʘʜʞʝʥʥʷ ʧʝʨʩʧʝʢʪʠʚʥʠʭ 

ʨʽʰʝʥʴ ʚ ʉʉʐɼ Starlink. ʇʦ-ʧʝʨʰʝ, SpaceX ʧʨʦʜʦʚʞʫʻ ʥʘʨʦʱʫʚʘʥʥʷ ʩʢʣʘʜʫ ʦʨʙʽʪʘʣʴʥʦʛʦ 

ʫʛʨʫʧʦʚʘʥʥʷ Starlink, ʟʙʽʣʴʰʠʚʰʠ ʢʽʣʴʢʽʩʪʴ ʬʫʥʢʮʽʦʥʫʶʯʠʭ ʩʫʧʫʪʥʠʢʽʚ ʜʦ 7105 ʦʜʠʥʠʮʴ 

(ʥʘ ʦʨʙʽʪʽ ʟʥʘʭʦʜʷʪʴʩʷ 7135 ʩʫʧʫʪʥʠʢʽʚ). ɿʘʨʘʟ ʜʣʷ ʧʨʦʜʦʚʞʝʥʥʷ ʬʦʨʤʫʚʘʥʥʷ ʦʨʙʽʪʘʣʴʥʦʛʦ 

ʫʛʨʫʧʦʚʘʥʥʷ ʟʘʧʫʩʢʘʶʪʴʩʷ ʩʫʧʫʪʥʠʢʠ ʪʠʧʫ Starlink V2-mini, ʤʘʩʘ ʷʢʠʭ ʩʪʘʥʦʚʠʪʴ ~560-

700ʢʛ. ʉʫʧʫʪʥʠʢʠ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ Ku ʪʘ Ka ʜʽʘʧʘʟʦʥʠ. ʂʦʞʝʥ ʩʫʧʫʪʥʠʢ ʬʦʨʤʫʻ 16 

ʢʝʨʦʚʘʥʠʭ ʧʨʦʤʝʥʽʚ Ku-ʜʽʘʧʘʟʦʥʫ ʜʦ ʢʦʨʠʩʪʫʚʘʯʽʚ (ʥʘ ʚʽʜʤʽʥʫ ʚʽʜ 8 ʧʨʦʤʝʥʽʚ ʚ ʩʫʧʫʪʥʠʢʘʭ 

ʧʝʨʰʦʛʦ ʧʦʢʦʣʽʥʥʷ Starlink V0.9). ʂʦʨʠʩʥʝ ʥʘʚʘʥʪʘʞʝʥʥʷ ʩʫʧʫʪʥʠʢʽʚ Starlink 

ʟʘʙʝʟʧʝʯʫʶʪʴ ʤʘʨʰʨʫʪʠʟʘʮʽʶ ʧʦʪʦʢʽʚ ʥʘ ʙʦʨʪʫ. 

ʂʦʤʧʘʥʽʷ Starlink ʚʧʨʦʚʘʜʠʣʘ ʣʘʟʝʨʥʽ ʣʽʥʽʾ ʟʚôʷʟʢʫ ʤʽʞ ʩʫʧʫʪʥʠʢʘʤʠ. ʂʦʞʝʥ ʩʫʧʫʪʥʠʢ 

Starlink ʦʙʣʘʜʥʘʥʠʡ ʪʨʴʦʤʘ ʦʧʪʠʯʥʠʤʠ ʪʨʘʥʩʽʚʝʨʘʤʠ. ʆʧʪʠʯʥʽ ʣʘʟʝʨʥʽ ʣʽʥʽʾ ʟʘʙʝʟʧʝʯʫʶʪʴ 

ʧʝʨʝʜʘʯʽ ʽʥʬʦʨʤʘʮʽʾ ʟʽ ʰʚʠʜʢʽʩʪʶ ʜʦ 200 ɻʙʽʪ/ʩ ʽ ʫʪʚʦʨʶʶʪʴ ʛʣʦʙʘʣʴʥʫ mesh-ʤʝʨʝʞʫ ʜʣʷ 

ʟʘʙʝʟʧʝʯʝʥʥʷ ʧʦʩʣʫʛ ʩʧʦʞʠʚʘʯʘʤ ʚ ʙʫʜʴ ʷʢʽʡ ʪʦʯʮʽ ʥʘ ʧʦʚʝʨʭʥʽ ɿʝʤʣʽ [12]. ʇʨʦʚʝʜʝʥʽ 

ʝʢʩʧʝʨʠʤʝʥʪʠ ʧʦʢʘʟʘʣʠ, ʱʦ ʣʘʟʝʨʥʘ ʩʠʩʪʝʤʘ Starlink ʟʤʦʛʣʘ ʟ'ʻʜʥʘʪʠ ʜʚʘ ʩʫʧʫʪʥʠʢʠ, ʱʦ 

ʟʥʘʭʦʜʷʪʴʩʷ ʥʘ ʚʽʜʩʪʘʥʽ ʧʦʥʘʜ 5400 ʢʽʣʦʤʝʪʨʽʚ ʦʜʠʥ ʚʽʜ ʦʜʥʦʛʦ. ɿʚôʷʟʦʢ ʙʫʚ ʥʘʩʪʽʣʴʢʠ 

ʜʦʚʛʠʤ, ʱʦ ʚʽʥ ʧʨʦʨʽʟʘʚ ʘʪʤʦʩʬʝʨʫ ʘʞ ʜʦ ʚʠʩʦʪʠ 30 ʢʽʣʦʤʝʪʨʽʚ ʥʘʜ ʧʦʚʝʨʭʥʝʶ ɿʝʤʣʽ, ʧʝʨʰ 

ʥʽʞ ʟôʻʜʥʘʥʥʷ ʨʦʟʽʨʚʘʣʦʩʷ. ʃʘʟʝʨʥʽ ʣʽʥʽʾ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʜʣʷ ʟʚôʷʟʢʫ ʩʫʧʫʪʥʠʢʘ Starlink ʟ 

ʜʚʦʤʘ ʩʫʩʽʜʥʽʤʠ ʩʫʧʫʪʥʠʢʘʤʠ ʚ ʩʚʦʾʡ ʦʨʙʽʪʘʣʴʥʽʡ ʧʣʦʱʠʥʽ ʽ ʟ ʦʜʥʠʤ ʩʫʧʫʪʥʠʢʦʤ ʚ 

ʦʨʙʽʪʘʣʴʥʽʡ ʧʣʦʱʠʥʽ, ʱʦ ʧʝʨʝʪʠʥʘʻʪʴʩʷ ʜʣʷ ʚʠʨʽʰʝʥʥʷ ʧʨʦʙʣʝʤʠ çʟʰʠʚʘʥʥʷè 

ʦʨʙʽʪʘʣʴʥʦʛʦ ʫʛʨʫʧʦʚʘʥʥʷ. 

ɺʚʝʜʝʥʥʷ ʜʦ ʩʢʣʘʜʫ ʩʠʩʪʝʤʠ ʣʘʟʝʨʥʠʭ ʣʽʥʽʡ ʟʚôʷʟʢʫ ʤʽʞ ʩʫʧʫʪʥʠʢʘʤʠ ʜʦʟʚʦʣʠʣʠ 

ʟʤʽʥʠʪʠ ʩʪʨʫʢʪʫʨʫ ʪʨʘʢʪʫ ʥʘʜʘʥʥʷ ʧʦʩʣʫʛ. ʊʦʯʢʘ ʧʨʠʩʫʪʥʦʩʪʽ PoP (Point-of-Present) 

ʟʘʙʝʟʧʝʯʫʻ ʧʽʜʢʣʶʯʝʥʥʷ ʜʦ ʧʨʦʚʘʡʜʝʨʽʚ ʧʦʩʣʫʛ ʪʘ ʻ ʚʭʽʜʥʠʭ ʽʥʪʝʨʬʝʡʩʦʤ ʜʣʷ ʩʠʩʪʝʤʠ 

Sytarlink. ʊʦʯʢʘ ʧʨʠʩʫʪʥʦʩʪʽ ʧʽʜʢʣʶʯʝʥʘ ʣʽʥʽʻʶ ʦʧʪʠʢʦ-ʚʦʣʦʢʦʥʥʦʛʦ ʟʚôʷʟʢʫ ʜʦ ʩʪʘʥʮʽʾ 

ʩʧʨʷʞʝʥʥʷ (GateWay), ʷʢʘ ʟʘʙʝʟʧʝʯʫʻ ʧʽʜʢʣʶʯʝʥʥʷ ʩʫʧʫʪʥʠʢʽʚ Starlink ʜʦ ʥʘʟʝʤʥʦʾ ʤʝʨʝʞʽ 

ʟʚôʷʟʢʫ ʯʝʨʝʟ ʦʢʨʝʤʠʡ ʧʨʦʤʽʥʴ Ka-ʜʽʘʧʘʟʦʥʫ ʜʦ ʩʪʘʥʮʽʾ ʩʧʨʷʞʝʥʥʷ. ɺ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ 

ʨʦʟʪʘʰʫʚʘʥʥʷ ʢʦʨʝʩʧʦʥʜʝʥʪʘ, ʩʫʧʫʪʥʠʢ ʟʜʽʡʩʥʶʻ ʤʘʨʰʨʫʪʠʟʘʮʽʶ ʽʥʬʦʨʤʘʮʽʡʥʦʛʦ ʧʦʪʦʢʫ 

ʚ ʧʨʦʤʽʥʴ ʜʦ ʢʦʨʠʩʪʫʚʘʯʘ, ʘʙʦ ʚ ʦʧʪʠʯʥʫ ʣʽʥʽʶ ʟʚôʷʟʢʫ ʤʽʞ ʩʫʧʫʪʥʠʢʘʤʠ. ɼʽʣʷʥʢʘ ʤʽʞ 

ʪʦʯʢʦʶ ʧʨʠʩʫʪʥʦʩʪʽ PoP ʪʘ ʪʝʨʤʽʥʘʣʦʤ ʢʦʨʠʩʪʫʚʘʯʘ ʤʘʻ ʥʘʩʢʨʽʟʥʝ AES-ʰʠʬʨʫʚʘʥʥʷ. 

ʑʝ ʦʜʥʠʤ ʥʘʧʨʷʤʢʦʤ ʨʦʟʚʠʪʢʫ ʧʦʩʣʫʛ ʩʠʩʪʝʤʠ Starlink ʻ ʚʧʨʦʚʘʜʞʝʥʥʷ ʧʦʩʣʫʛ 

ʙʝʟʧʦʩʝʨʝʜʥʴʦʛʦ ʜʦʩʪʫʧʫ ʧʨʠʩʪʨʦʾʚ ʢʦʨʠʩʪʫʚʘʯʽʚ ʷʢ ʪʦ ʩʤʘʨʪʬʦʥ ʪʘ ʧʣʘʥʰʝʪ, ʜʦ 

ʩʫʧʫʪʥʠʢʘ, ʪʦʙʪʦ ʧʦʩʣʫʛʘ ʪʠʧʫ D2ʉ (Direct-to-Cell) [10,11]. ʄʝʨʝʞʘ Direct-to-Cell 

ʟʘʙʝʟʧʝʯʫʻ ʧʽʜʢʣʶʯʝʥʥʷ ʪʘ ʙʝʟʧʝʨʝʰʢʦʜʥʠʡ ʜʦʩʪʫʧ ʜʦ ʪʝʢʩʪʦʚʠʭ ʧʦʚʽʜʦʤʣʝʥʴ, ʛʦʣʦʩʫ ʪʘ 

ʜʘʥʠʭ ʜʣʷ ʪʝʣʝʬʦʥʽʚ ʪʘ ʧʨʠʩʪʨʦʾʚ LTE ʧʦ ʚʩʴʦʤʫ ʩʚʽʪʫ ʚ ʩʤʫʟʽ ʯʘʩʪʦʪ 1800 ʄɻʮ. ʇʦʩʣʫʛʠ 

ʪʝʢʩʪʦʚʠʭ ʧʦʚʽʜʦʤʣʝʥʴ ʨʦʟʧʦʯʘʣʠʩʴ ʚ 2024 ʨʦʮʽ, ʘ ʫ 2025 ʨʦʮʽ ð ʛʦʣʦʩʦʚʽ, ʜʘʥʽ ʪʘ ʧʦʩʣʫʛʠ 

ɯʥʪʝʨʥʝʪʫ ʨʝʯʝʡ (IoT). ɼʣʷ ʨʝʘʣʽʟʘʮʽʾ ʮʴʦʛʦ ʟʘʚʜʘʥʥʷ ʩʫʧʫʪʥʠʢʠ Starlink V.2mini-D2C 

ʦʙʣʘʜʥʘʥʽ ʬʘʟʦʚʘʥʦʶ ʘʥʪʝʥʥʦʶ ʨʝʰʽʪʢʦʶ ʨʦʟʤʽʨʦʤ 2,7 ʤ Ĭ 2,3 ʤ. ɼʣʷ ʥʘʜʘʥʥʷ ʧʦʩʣʫʛ 

D2D ʢʦʤʧʘʥʽʷ Starlink ʟʚʝʨʥʫʣʘʩʴ ʜʦ ʌʝʜʝʨʘʣʴʥʦʾ ʢʦʤʽʩʽʾ ʟʽ ʟʚôʷʟʢʫ ʉʐɸ (FCC) ʱʦʜʦ 



 56 

ʦʪʨʠʤʘʥʥʷ ʣʽʮʝʥʟʽʡ ʥʘ ʚʠʢʦʨʠʩʪʘʥʥʷ ʦʨʙʽʪ ʚʠʩʦʪʦʶ 340 ʢʤ ʪʘ ʥʘʭʠʣʝʥʥʷʤ 53Á ʪʘ 360 ʢʤ 

96,9Á, ʷʢʽ ʦʪʨʠʤʘʣʠ ʥʘʟʚʫ ʜʫʞʝ ʥʠʟʴʢʽ ʦʨʙʽʪʠ Very Low Earth Orbit (VLEO). ʊʘʢʦʞ ʜʦ FCC 

ʧʦʜʘʥʽ ʟʘʷʚʢʠ ʥʘ ʦʪʨʠʤʘʥʥʷ ʩʤʫʛ ʯʘʩʪʦʪ ʚ ʯʘʩʪʦʪʥʠʭ ʜʽʘʧʘʟʦʥʘʭ Q/V. 

ʅʘʞʘʣʴ ʜʦ ʩʴʦʛʦʜʥʽ ʷʢʽʩʪʴ ʧʦʩʣʫʛ ʩʠʩʪʝʤʠ Starlink ʚ ʋʢʨʘʾʥʽ ʟʘʣʠʰʘʻʪʴʩʷ ʪʘʢʦʶ, ʱʦ ʥʝ 

ʚʽʜʧʦʚʽʜʘʻ ʚʩʪʘʥʦʚʣʝʥʠʤ ʚʠʤʦʛʘʤ ʪʘ ʢʦʨʧʦʨʘʪʠʚʥʠʤ ʩʪʘʥʜʘʨʪʘʤ [15]. ʆʩʥʦʚʥʘ ʧʨʠʯʠʥʘ 

ʧʦʣʷʛʘʻ ʫ ʚʽʜʩʫʪʥʦʩʪʽ ʥʘ ʪʝʨʠʪʦʨʽʾ ʋʢʨʘʾʥʠ ʩʪʘʥʮʽʾ ʩʧʨʷʞʝʥʥʷ. ʂʦʨʠʩʪʫʚʘʯʽ ʚ ʋʢʨʘʾʥʽ 

ʦʙʩʣʫʛʦʚʫʶʪʴʩʷ ʩʪʘʥʮʽʷʤʠ ʩʧʨʷʞʝʥʥʷ ɺʦʣʷ ʂʨʦʙʦʚʩʢʘ (ʇʦʣʴʱʘ) ʪʘ ʂʘʫʥʘʩ (ʃʠʪʚʘ). 

ʉʠʩʪʝʤʘ Eutelsat OneWeb ï ʽʥʪʝʛʨʘʮʽʷ ʧʦʩʣʫʛ ʥʠʟʴʢʦʦʨʙʽʪʘʣʴʥʦʾ ʪʘ ʛʝʦʩʪʘʮʽʦʥʘʨʥʦʾ 

ʩʢʣʘʜʦʚʠʭ. 

ɼʣʷ ʜʠʚʝʨʩʠʬʽʢʘʮʽʾ ʧʦʩʣʫʛ ʉʉʐɼ ʚ ʋʢʨʘʾʥʽ ʤʦʞʣʠʚʝ ʚʠʢʦʨʠʩʪʘʥʥʷ ʧʦʩʣʫʛ ʩʠʩʪʝʤʠ 

Eutelsat OneWeb [13]. ɿʘ ʧʽʜʩʫʤʢʘʤʠ ʧʝʨʰʦʛʦ ʧʽʚʨʽʯʯʷ 2023 ʨʦʢʫ ʉʠʩʪʝʤʘ OneWeb 

ʟʘʚʝʨʰʠʣʘ ʬʦʨʤʫʚʘʥʥʷ ʧʦʚʥʦʛʦ ʦʨʙʽʪʘʣʴʥʦʛʦ ʫʛʨʫʧʦʚʘʥʥʷ ʫ ʩʢʣʘʜʽ 648 ʩʫʧʫʪʥʠʢʽʚ. 

ʉʫʧʫʪʥʠʢʠ ʨʦʟʤʽʱʝʥʽ ʫ 18 ʦʨʙʽʪʘʣʴʥʠʭ ʧʣʦʱʠʥʘʭ ʥʘ ʥʠʟʴʢʽʡ ʥʘʚʢʦʣʦʟʝʤʥʽʡ ʦʨʙʽʪʽ 

ʚʠʩʦʪʦʶ 1200 ʢʤ ʟ ʥʘʭʠʣʝʥʥʷʤ 87,9Á. ʉʠʩʪʝʤʘ ʤʘʻ ʩʧʨʦʱʝʥʫ ʘʨʭʽʪʝʢʪʫʨʫ ʚ ʧʦʨʽʚʥʷʥʥʽ ʟ 

Starlink. ʂʦʞʝʥ ʩʫʧʫʪʥʠʢ OneWeb ʬʦʨʤʫʻ 16 ʥʝʢʝʨʦʚʘʥʠʭ ʧʨʦʤʝʥʽʚ Ku-ʜʽʘʧʘʟʦʥʫ ʜʦ 

ʢʦʨʠʩʪʫʚʘʯʽʚ, ʷʢʽ ʨʘʟʦʤ ʧʦʢʨʠʚʘʶʪʴ ʪʝʨʠʪʦʨʽʶ 1100Ĭ1100 ʢʤ. ʌʦʨʤʫʚʘʥʥʷ ʪʨʘʬʽʢʫ ʜʣʷ 

ʢʦʞʥʦʛʦ ʧʨʦʤʝʥʶ ʟʜʽʡʩʥʶʻ ʩʪʘʥʮʽʷ ʩʧʨʷʞʝʥʥʷ ʥʘ ʧʽʜʩʪʘʚʽ ʢʦʦʨʜʠʥʘʪ ʪʝʨʤʽʥʘʣʽʚ 

ʢʦʨʠʩʪʫʚʘʯʽʚ. ʂʦʞʝʥ ʩʫʧʫʪʥʠʢ ʧʽʜʪʨʠʤʫʻ ʟʚôʷʟʦʢ ʽʟ ʩʪʘʥʮʽʻʶ ʩʧʨʷʞʝʥʥʷ ʽʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ 

ʧʨʦʤʝʥʶ ʂʘ-ʜʽʘʧʘʟʦʥʫ, ʚ ʷʢʦʤʫ ʫ ʦʢʨʝʤʠʭ 8 ʩʤʫʛʘʭ ʚ ʜʚʦʭ ʧʦʣʷʨʠʟʘʮʽʷʭ ʧʝʨʝʜʘʻʪʴʩʷ 

ʪʨʘʬʽʢ ʜʣʷ 16 ʧʨʦʤʝʥʽʚ ʢʦʨʠʩʪʫʚʘʯʽʚ. ʅʘ ʙʦʨʪʫ ʩʫʧʫʪʥʠʢʘ ʟʜʽʡʩʥʶʻʪʴʩʷ ʧʝʨʝʥʦʩ ʩʤʫʛʠ 

ʯʘʩʪʦʪ ʟ ʂɸ-ʜʽʘʧʘʟʦʥʫ ʚ Ku-ʜʽʘʧʘʟʦʥ ʪʘ ʚ ʟʚʦʨʦʪʥʦʤʫ ʥʘʧʨʷʤʢʫ. ʊʝʨʤʽʥʘʣ ʢʦʨʠʩʪʫʚʘʯʘ 

ʟʤʽʥʶʻ ʧʨʦʤʽʥʴ ʢʦʞʥʽ 18 ʩʝʢ., ʪʘ ʟʤʽʥʶʻ ʩʫʧʫʪʥʠʢ ʢʦʞʥʽ 2ʭʚ. 40ʩʝʢ. ʈʝʛʽʦʥʘʣʴʥʠʡ ʪʨʘʬʽʢ 

ʬʦʨʤʫʻʪʴʩʷ ʚ ʪʦʯʮʽ ʧʨʠʩʫʪʥʦʩʪʽ. ʉʠʩʪʝʤʘ Eutelsat OneWeb ʟʘʙʝʟʧʝʯʫʻ 100% ʧʦʢʨʠʪʪʷ 

ʪʝʨʠʪʦʨʽʾ ʋʢʨʘʾʥʠ ʽʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʩʪʘʥʮʽʾ ʩʧʨʷʞʝʥʥʷ, ʱʦ ʨʦʟʪʘʰʦʚʘʥʘ ʚ ɹʦʣʛʘʨʽʾ. 

ʇʨʠʜʙʘʥʥʷ ʢʦʤʧʘʥʽʻʶ Eutelsat, ʷʢʘ ʻ ʧʨʦʚʽʜʥʠʤ ʦʧʝʨʘʪʦʨʦʤ GEO ʩʫʧʫʪʥʠʢʽʚ, ʢʦʤʧʘʥʽʾ 

ʽ LEO ʩʠʩʪʝʤʠ OneWeb ʩʪʚʦʨʠʣʦ ʫʤʦʚʠ ʜʣʷ ʥʘʜʘʥʥʷ ʢʦʤʧʣʝʢʩʥʠʭ ʧʦʩʣʫʛ LEO-GEO 

ʩʠʩʪʝʤʠ. ɼʣʷ ʨʝʘʣʽʟʘʮʽʾ ʮʽʻʾ ʧʦʩʣʫʛʠ ʤʦʞʫʪʴ ʙʫʪʠ ʚʠʢʦʨʠʩʪʘʥʽ ʪʝʨʤʽʥʘʣʠ Kymeta Hawk u8 

[14].  ʇʨʦʛʨʘʤʥʦ-ʚʠʟʥʘʯʝʥʘ ʪʘ ʝʣʝʢʪʨʦʥʥʦ ʢʝʨʦʚʘʥʘ ʘʥʪʝʥʘ u8 ʧʨʘʮʶʻ ʫ ʚʩʴʦʤʫ Ku-

ʜʽʘʧʘʟʦʥʽ. ʇʣʦʩʢʽ ʧʘʥʝʣʽ ï ʪʝʨʤʽʥʘʣʠ Kymeta Hawk u8 ʤʘʶʪʴ ʥʠʟʴʢʦʧʨʦʬʽʣʴʥʠʡ 

ʘʝʨʦʜʠʥʘʤʽʯʥʠʡ ʜʠʟʘʡʥ. ʅʘ ʚʽʜʤʽʥʫ ʚʽʜ ʪʝʨʤʽʥʘʣʽʚ Starlink, ʚ ʘʥʪʝʥʘʭ ʪʠʧʫ Kymeta U8 

ʟʘʩʪʦʩʦʚʘʥʘ ʛʦʣʦʛʨʘʬʽʯʥʘ ʪʝʭʥʦʣʦʛʽʷ ʬʦʨʤʫʚʘʥʥʷ ʧʨʦʤʝʥʶ ʽʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ 

ʞʠʜʢʦʢʨʠʩʪʘʣʽʯʥʦʾ ʪʝʭʥʦʣʦʛʽʾ LED ʪʘ ʤʝʪʘʤʘʪʝʨʽʘʣʽʚ. ɸʥʪʝʥʘ Kymeta U8 ʦʩʥʘʱʝʥʘ 

ʤʦʜʝʤʥʦʶ ʧʣʘʪʦʶ iQ 200 ʚʽʜ ST Engineering iDirect, ʷʢʘ ʟʘʙʝʟʧʝʯʫʻ ʢʣʶʯʦʚʽ ʬʫʥʢʮʽʾ 

ʘʥʪʝʥʠ, ʟʦʢʨʝʤʘ: ʚʠʩʦʢʫ ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ ʪʘ ʝʬʝʢʪʠʚʥʽʩʪʴ ʟ ʧʨʠʡʥʷʪʠʤ ʩʠʛʥʘʣʦʤ DVB-

S2/DVBS2X ʪʘ ʘʜʘʧʪʠʚʥʠʤ ʟʚʦʨʦʪʥʽʤ ʩʠʛʥʘʣʦʤ TDMA, ʙʝʟʧʝʯʥʝ 256-ʙʽʪʦʚʝ AES-

ʰʠʬʨʫʚʘʥʥʷ.  

ʉʠʩʪʝʤʘ Amazon Kuiper ʨʦʟʧʦʯʠʥʘʻ ʬʦʨʤʫʚʘʥʥʷ ʦʨʙʽʪʘʣʴʥʦʛʦ ʫʛʨʫʧʦʚʘʥʥʷ 

ɺ 2025 ʨʦʮʽ ʨʦʟʧʦʯʠʥʘʻʪʴʩʷ ʬʦʨʤʫʚʘʥʥʷ ʦʨʙʽʪʘʣʴʥʦʛʦ ʫʛʨʫʧʦʚʘʥʥʷ ʉʉʐɼ Amazon 

Kuiper [16]. ʋʛʨʫʧʦʚʘʥʥʷ ʩʫʧʫʪʥʠʢʽʚ ʩʢʣʘʜʘʪʠʤʝʪʴʩʷ ʟ 3 232 ʩʫʧʫʪʥʠʢʽʚ, ʱʦ ʨʦʟʪʘʰʦʚʘʥʽ ʚ 

98 ʦʨʙʽʪʘʣʴʥʠʭ ʧʣʦʱʠʥʘʭ ʥʘ ʥʠʟʴʢʽʡ ʥʘʚʢʦʣʦʟʝʤʥʽʡ ʦʨʙʽʪʽ ʥʘ ʚʠʩʦʪʘʭ 590 ʢʤ, 610 ʢʤ ʪʘ 

630 ʢʤ. ʉʫʧʫʪʥʠʢʠ ʙʫʜʫʪʴ ʟʘʧʫʱʝʥʽ ʚ ʢʽʣʴʢʘ ʝʪʘʧʽʚ, ʧʨʠʯʦʤʫ ʥʘ ʧʝʨʰʦʤʫ ʝʪʘʧʽ ʙʫʜʝ 

ʨʦʟʛʦʨʥʫʪʦ 578 ʩʫʧʫʪʥʠʢʽʚ ʥʘ ʚʠʩʦʪʽ 630 ʢʤ ʟ ʥʘʭʠʣʝʥʥʷʤ ʦʨʙʽʪʠ 51,9Á. ʊʘʢʘ ʢʦʥʬʽʛʫʨʘʮʽʷ 

ʦʨʙʽʪʘʣʴʥʦʛʦ ʫʛʨʫʧʦʚʘʥʥʷ ʟʜʘʪʥʝ ʟʘʙʝʟʧʝʯʠʪʠ ʧʦʚʥʝ ʧʦʢʨʠʪʪʷ ʪʝʨʠʪʦʨʽʾ ʋʢʨʘʾʥʠ ʪʘ 

ʥʘʜʘʥʥʷ ʧʦʩʣʫʛ ʚ ʨʝʞʠʤʽ 24/7. ʉʠʩʪʝʤʘ Amazon Kuiper ʚʠʢʦʨʠʩʪʦʚʫʻ ʯʘʩʪʦʪʠ, ʚʠʜʽʣʝʥʽ 

ʬʽʢʩʦʚʘʥʽʡ ʩʫʧʫʪʥʠʢʦʚʽʡ ʩʣʫʞʙʽ FSS ʪʘ ʨʫʭʦʤʽʡ ʩʫʧʫʪʥʠʢʦʚʽʡ ʩʣʫʞʙʽ MSS ʚ Ka-ʜʽʘʧʘʟʦʥʽ 

ʚ ʩʤʫʛʘʭ ʯʘʩʪʦʪ: 27,5ï27,8185 ɻɻʮ, 28,4545ï28,8265 ɻɻʮ, 29,5ï30 ɻɻʮ. ɺ ʮʠʭ ʩʤʫʛʘʭ ʯʘʩʪʦʪ 

ʟʜʽʡʩʥʶʻʪʴʩʷ ʬʦʨʤʫʚʘʥʥʷ ʢʝʨʦʚʘʥʠʭ ʧʨʦʤʝʥʽʚ ʜʦ ʢʦʨʠʩʪʫʚʘʯʽʚ ʪʘ ʜʦ ʩʪʘʥʮʽʡ ʩʧʨʷʞʝʥʥʷ. ɺ 

ʘʨʭʽʪʝʢʪʫʨʽ ʦʨʙʽʪʘʣʴʥʦʛʦ ʫʛʨʫʧʦʚʘʥʥʷ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʣʽʥʽʾ ʟʚôʷʟʢʫ ʤʽʞ ʩʫʧʫʪʥʠʢʘʤʠ. 

ʉʪʨʫʢʪʫʨʘ ʪʨʘʢʪʫ ʥʘʜʘʥʥʷ ʧʦʩʣʫʛʠ ʚʢʣʶʯʘʻ: ʪʦʯʢʫ ʧʨʠʩʫʪʥʦʩʪʽ PoP, ʜʦ ʷʢʦʾ 

ʧʽʜʢʣʶʯʘʶʪʴʩʷ ʟʦʚʥʽʰʥʽ ʽʥʬʦʨʤʘʮʽʡʥʽ ʤʝʨʝʞʽ; PoP ʯʝʨʝʟ ʦʨʝʥʜʦʚʘʥʽ ʣʽʥʽʾ ʚʦʣʦʢʦʥʥʦ-

ʦʧʪʠʯʥʦʛʦ ʟʚôʷʟʢʫ ʧʽʜʢʣʶʯʝʥʽ ʜʦ ʩʪʘʥʮʽʡ ʩʧʨʷʞʝʥʥʷ GateWay, ʷʢʽ ʧʽʜʢʣʶʯʝʥʽ ʜʦ 

ʩʫʧʫʪʥʠʢʽʚ Kuiper ʯʝʨʝʟ ʧʨʦʤʝʥʽ ʜʦ ʩʪʘʥʮʽʡ ʩʧʨʷʞʝʥʥʷ. ʂʦʨʠʩʪʫʚʘʯʽ ʦʪʨʠʤʘʶʪʴ ʜʦʩʪʫʧ ʜʦ 
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ʩʫʧʫʪʥʠʢʘ Kuiper ʯʝʨʝʟ ʢʝʨʦʚʘʥʽ ʧʨʦʤʝʥʽ ʜʦ ʢʦʨʠʩʪʫʚʘʯʽʚ. 

ʅʘ ʩʫʧʫʪʥʠʢʘʭ Amazon Kuiper ʚʩʪʘʥʦʚʣʝʥʝ ʧʨʦʛʨʘʤʥʦ ʢʦʥʬʽʛʫʨʦʚʘʥʝ ʢʦʨʠʩʥʝ 

ʥʘʚʘʥʪʘʞʝʥʥʷ ʨʝʛʝʥʝʨʘʪʠʚʥʦʛʦ ʪʠʧʫ, ʷʢʝ ʧʝʨʝʧʨʦʛʨʘʤʦʚʫʻʪʴʩʷ ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ 

ʧʨʦʧʫʩʢʥʦʾ ʟʜʘʪʥʦʩʪʽ ʥʘ ʦʩʥʦʚʽ ʧʦʪʨʝʙ ʢʣʽʻʥʪʽʚ ʫ ʦʙʩʣʫʛʦʚʫʚʘʥʠʭ ʨʘʡʦʥʘʭ. ʇʽʜʩʠʩʪʝʤʘ 

ʤʝʨʝʞʝʚʦʛʦ ʪʘ ʤʘʨʰʨʫʪʠʟʘʮʽʡʥʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ ʥʘʣʘʰʪʦʚʫʻʪʴʩʷ ʥʘʟʝʤʥʠʤʠ ʤʝʨʝʞʝʚʠʤʠ 

ʦʧʝʨʘʮʽʷʤʠ ʩʠʩʪʝʤʠ Kuiper ʜʣʷ ʧʦʧʝʨʝʜʥʴʦʛʦ ʧʨʦʛʨʘʤʫʚʘʥʥʷ ʧʨʦʤʝʥʽʚ ʫ ʚʽʜʧʦʚʽʜʥʽ 

ʚʽʨʪʫʘʣʴʥʽ ʪʦʯʢʠ ʥʘ ʟʝʤʣʽ. ɺʝʩʴ ʚʠʩʭʽʜʥʠʡ ʪʘ ʥʠʟʭʽʜʥʠʡ ʪʨʘʬʽʢ ʧʦʚʥʽʩʪʶ ʨʝʛʝʥʝʨʫʻʪʴʩʷ ʥʘ 

ʩʫʧʫʪʥʠʢʫ, ʘ ʤʽʞ ʧʨʦʤʝʥʷʤʠ ʟʜʽʡʩʥʶʻʪʴʩʷ ʤʘʨʰʨʫʪʠʟʘʮʽʷ/ʢʦʤʫʪʘʮʽʷ/ʧʝʨʝʧʘʢʫʚʘʥʥʷ. 

ʄʦʜʝʤʠ ʧʽʜʪʨʠʤʫʶʪʴ ʰʠʨʦʢʠʡ ʩʧʝʢʪʨ ʚʘʨʽʘʥʪʽʚ ʤʦʜʫʣʷʮʽʾ ʪʘ ʢʦʜʫʚʘʥʥʷ, ʚʢʣʶʯʘʶʯʠ 

ʟʘʚʘʜʦʩʪʽʡʢʝ ʢʦʜʫʚʘʥʥʷ ʽʟ ʧʦʥʠʞʝʥʦʶ ʱʽʣʴʥʽʩʪʶ ʧʝʨʝʚʽʨʦʢ ʥʘ ʧʘʨʥʽʩʪʴ LDPC. ʂʦʞʝʥ 

ʤʦʜʝʤ ʧʽʜʪʨʠʤʫʻ ʘʜʘʧʪʠʚʥʝ ʢʦʜʫʚʘʥʥʷ ʪʘ ʤʦʜʫʣʷʮʽʶ ʜʣʷ ʢʦʞʥʦʛʦ ʢʘʥʘʣʫ ʟʚ'ʷʟʢʫ ʪʘ 

ʧʽʜʪʨʠʤʫʻ ʯʝʨʛʠ ʷʢʦʩʪʽ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʜʣʷ ʥʘʣʝʞʥʦʾ ʙʫʬʝʨʠʟʘʮʽʾ ʜʘʥʠʭ. ʇʽʜʩʠʩʪʝʤʘ 

ʤʝʨʝʞʝʚʦʛʦ ʪʘ ʤʘʨʰʨʫʪʠʟʘʮʽʡʥʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ ʧʽʜʪʨʠʤʫʻ ʢʽʣʴʢʘ ʨʽʚʥʽʚ ʷʢʦʩʪʽ 

ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ, ʱʦ ʜʦʟʚʦʣʷʻ ʟʘʙʝʟʧʝʯʠʪʠ ʚʠʢʦʥʘʥʥʷ ʫʛʦʜ ʧʨʦ ʨʽʚʝʥʴ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ. 

ɼʣʷ ʥʘʜʘʥʥʷ ʧʦʩʣʫʛ ʢʽʥʮʝʚʠʤ ʩʧʦʞʠʚʘʯʘʤ ʩʠʩʪʝʤʘ Amazon Kuiper ʧʨʦʧʦʥʫʻ ʢʽʣʴʢʘ 

ʪʠʧʽʚ ʪʝʨʤʽʥʘʣʽʚ: ʥʘʜʢʦʤʧʘʢʪʥʘ ʤʦʜʝʣʴ, ʱʦ ʟʘʙʝʟʧʝʯʫʻ ʰʚʠʜʢʽʩʪʴ ʜʦ 100 ʄʙʽʪ/ʩ; 

ʩʪʘʥʜʘʨʪʥʘ ʤʦʜʝʣʴ, ʱʦ ʟʘʙʝʟʧʝʯʫʻ ʰʚʠʜʢʽʩʪʴ  ʜʦ 400 ʄʙʽʪ/ʩ; ʥʘʡʙʽʣʴʰʘ ʤʦʜʝʣʴ, 

ʧʨʠʟʥʘʯʝʥʘ ʜʣʷ ʢʦʨʧʦʨʘʪʠʚʥʠʭ, ʫʨʷʜʦʚʠʭ ʪʘ ʪʝʣʝʢʦʤʫʥʽʢʘʮʽʡʥʠʭ ʟʘʩʪʦʩʫʚʘʥʴ, ʟʘʙʝʟʧʝʯʫʻ 

ʰʚʠʜʢʽʩʪʴ ʜʦ 1 ɻʙʽʪ/ʩ. ʋʩʽ ʤʦʜʝʣʽ ʧʦʙʫʜʦʚʘʥʽ ʫ ʚʠʛʣʷʜʽ ʧʣʦʩʢʠʭ ʧʘʥʝʣʝʡ ʪʘ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʪʝʭʥʦʣʦʛʽʶ ʬʘʟʦʚʘʥʠʭ ʘʥʪʝʥʥʠʭ ʨʝʰʽʪʦʢ. 

ɿʘʷʚʣʝʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʩʠʩʪʝʤʠ Amazon Kuiper ʧʦʢʘʟʫʶʪʴ ʥʘʤʽʨʠ ʢʦʤʧʘʥʽʾ Amazon 

ʩʪʚʦʨʠʪʠ ʉʉʐɼ, ʱʦ ʩʪʘʥʝ ʢʦʥʢʫʨʝʥʪʦʤ ʩʠʩʪʝʤʽ Starlink. 

ʉʠʩʪʝʤʘ AST-Space Mobile ï ʚʧʨʦʚʘʜʞʫʻ ʧʦʩʣʫʛʠ 4G/5G ʚ ʨʝʞʠʤʽ D2S, ʱʦ ʥʝ 

ʧʝʨʝʜʙʘʯʘʻ ʤʦʜʝʨʥʽʟʘʮʽʾ ʪʝʨʤʽʥʘʣʽʚ ʢʦʨʠʩʪʫʚʘʯʽʚ  

ʅʘ ʩʝʛʤʝʥʪ ʨʠʥʢʫ ʧʦʩʣʫʛ ʫ ʬʦʨʤʘʪʽ D2S ʟʛʽʜʥʦ ʘʨʭʽʪʝʢʪʫʨʠ 5G ʻ ʧʨʦʝʢʪ ʩʪʚʦʨʝʥʥʷ 

ʩʠʩʪʝʤʠ AST Space Mobile [17]. ʂʦʤʧʘʥʽʷ AST SpaceMobile ʪʘ ʾʾ ʧʘʨʪʥʝʨʠ ʧʦ ʩʴʦʤʫ ʩʚʽʪʫ 

ʙʫʜʫʶʪʴ ʧʝʨʰʫ ʽ ʧʦʢʠ ʱʦ ʻʜʠʥʫ ʩʪʽʣʴʥʠʢʦʚʫ ʰʠʨʦʢʦʩʤʫʛʦʚʫ ʤʝʨʝʞʫ ʢʦʩʤʽʯʥʦʛʦ 

ʙʘʟʫʚʘʥʥʷ, ʷʢʘ ʟʘʙʝʟʧʝʯʫʚʘʪʠʤʝ ʜʦʩʪʫʧ ʜʣʷ ʩʪʘʥʜʘʨʪʥʠʭ ʩʤʘʨʪʬʦʥʽʚ ʪʘ ʧʣʘʥʰʝʪʽʚ (ʙʝʟ 

ʙʫʜʴ-ʷʢʠʭ ʤʦʜʝʨʥʽʟʘʮʽʡ). ʎʷ ʩʪʽʣʴʥʠʢʦʚʘ ʤʝʨʝʞʘ ʧʨʠʟʥʘʯʝʥʘ ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʧʽʜʢʣʶʯʝʥʴ 

ʟʘ ʩʪʘʥʜʘʨʪʘʤʠ ʪʘ ʥʘ ʰʚʠʜʢʦʩʪʷʭ 4G/5G ʧʦʚʩʶʜʠ ʚ ʤʝʞʘʭ ʟʦʥʠ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ. 10 

ʚʝʨʝʩʥʷ 2022 ʨʦʢʫ ʢʦʤʧʘʥʽʷ AST SpaceMobile ʟʜʽʡʩʥʠʣʘ ʟʘʧʫʩʢ ʩʫʧʫʪʥʠʢʘ BlueWalker 3, 

ʷʢʠʡ ʻ ʧʦʧʝʨʝʜʥʠʢʦʤ ʢʦʤʝʨʮʽʡʥʠʭ ʩʫʧʫʪʥʠʢʽʚ ʧʽʜ ʥʘʟʚʦʶ BlueBirds. ʉʫʧʫʪʥʠʢ ʙʫʚ 

ʧʦʙʫʜʦʚʘʥʠʡ ʟ ʘʧʝʨʪʫʨʦʶ ~64,5 ʤĮ ʜʣʷ ʙʝʟʧʦʩʝʨʝʜʥʴʦʛʦ ʟʚôʷʟʢʫ ʟ ʤʦʙʽʣʴʥʠʤʠ ʪʝʣʝʬʦʥʘʤʠ 

ʚ ʩʤʫʛʘʭ ʯʘʩʪʦʪ ʩʪʘʥʜʘʨʪʽʚ 3GPP. ɿʘ ʜʦʧʦʤʦʛʦʶ ʮʴʦʛʦ ʩʫʧʫʪʥʠʢʘ ʢʦʤʧʘʥʽʷ AST 

SpaceMobile ʫ ʧʘʨʪʥʝʨʩʪʚʽ ʟ Vodafone, AT&T ʪʘ Nokia ʧʨʦʜʝʤʦʥʩʪʨʫʚʘʣʘ ʤʦʞʣʠʚʽʩʪʴ 

ʥʘʜʘʥʥʷ ʧʦʩʣʫʛ ʰʠʨʦʢʦʩʤʫʛʦʚʦʛʦ ʟʚôʷʟʢʫ 5G ʽʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʩʪʽʣʴʥʠʢʦʚʦʾ ʪʝʭʥʦʣʦʛʽʾ 

ʢʦʩʤʽʯʥʦʛʦ ʙʘʟʫʚʘʥʥʷ, ʜʦʩʷʛʥʫʚʰʠ ʰʚʠʜʢʦʩʪʽ ʧʝʨʝʜʘʯʽ ʜʘʥʠʭ 14 ʄʙʽʪ/ʩ ʧʽʩʣʷ ʫʩʧʽʰʥʠʭ 

ʚʠʧʨʦʙʫʚʘʥʴ 4G. 12 ʚʝʨʝʩʥʷ 2024 ʨʦʢʫ ʙʫʣʠ ʟʘʧʫʱʝʥʽ ʧôʷʪʴ ʢʦʤʝʨʮʽʡʥʠʭ ʩʫʧʫʪʥʠʢʽʚ ɹʣʦʢ 

1 BlueBird ʥʘ LEO.  

ɿʛʽʜʥʦ ʽʟ ʟʘʷʚʢʦʶ, ʜʦ ʙʫʣʘ ʧʦʜʘʥʘ ʚ ʢʚʽʪʥʽ 2020 ʨʦʢʫ ʢʦʤʧʘʥʽʻʶ AST & Science LLC ʜʦ 

FCC (ʉʐɸ), ʩʠʩʪʝʤʘ ʧʝʨʝʜʙʘʯʘʻ ʚʠʢʦʨʠʩʪʘʥʥʷ ʦʨʙʽʪʘʣʴʥʦʛʦ ʫʛʨʫʧʦʚʘʥʥʷ ʫ ʩʢʣʘʜʽ 243 

ʩʫʧʫʪʥʠʢʽʚ ʚ 16 ʦʨʙʽʪʘʣʴʥʠʭ ʧʣʦʱʠʥʘʭ ʥʘ ʦʨʙʽʪʘʭ ʤʽʞ 725 ʪʘ 740 ʢʤ ʽʟ ʥʘʭʠʣʝʥʥʷʤ ʚʽʜ 40Á 

ʜʦ 55Á. ʂʦʞʝʥ ʩʫʧʫʪʥʠʢ ʬʦʨʤʫʚʘʪʠʤʝ 2800 ʧʨʦʤʝʥʽʚ ʜʦ ʢʦʨʠʩʪʫʚʘʯʽʚ ʪʘ 3 ʧʨʦʤʝʥʽ ʜʦ 

ʩʪʘʥʮʽʡ ʩʧʨʷʞʝʥʥʷ. 

ʉʪʨʫʢʪʫʨʘ ʥʘʜʘʥʥʷ ʧʦʩʣʫʛ ʚʢʣʶʯʘʻ ʩʪʘʥʮʽʶ ʩʧʨʷʞʝʥʥʷ, ʱʦ ʟʘʙʝʟʧʝʯʫʻ ʧʽʜʢʣʶʯʝʥʥʷ 

ʜʦ ʥʘʟʝʤʥʦʾ ʤʘʛʽʩʪʨʘʣʴʥʦʾ ʤʝʨʝʞʽ ʩʫʧʫʪʥʠʢʽʚ ʽʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʬʽʜʝʨʥʠʭ ʣʽʥʽʡ Q/V 

ʜʽʘʧʘʟʦʥʽʚ. ʊʝʨʤʽʥʘʣʠ ʢʦʨʠʩʪʫʚʘʯʽʚ ʪʠʧʫ ʩʤʘʨʪʬʦʥ/ʧʣʘʥʰʝʪ ʦʪʨʠʤʘʶʪʴ ʙʝʟʧʦʩʝʨʝʜʥʽʡ 

ʜʦʩʪʫʧ ʜʦ ʩʫʧʫʪʥʠʢʘ ʚ ʨʝʞʠʤʽ D2S. 

ɭʚʨʦʧʝʡʩʴʢʘ ʩʠʩʪʝʤʘ ʟʘʭʠʱʝʥʦʛʦ ʟʚôʷʟʢʫ. 

ɿʚʘʞʘʶʯʠ ʥʘ ʨʝʟʫʣʴʪʘʪʠ ʚʠʢʦʨʠʩʪʘʥʥʷ ʚ ʋʢʨʘʾʥʽ ʩʠʩʪʝʤʠ Starlink  ʚ ʫʤʦʚʘʭ 

ʧʦʚʥʦʤʘʩʰʪʘʙʥʦʾ ʚʽʡʥʠ, ɭʚʨʦʧʝʡʩʴʢʠʡ ʉʦʶʟ ʧʨʠʡʥʷʚ ʨʽʰʝʥʥʷ ʧʨʦ ʩʪʚʦʨʝʥʥʷ ʚʣʘʩʥʦʾ 

ʙʘʛʘʪʦʦʨʙʽʪʘʣʴʥʦʾ ʩʠʩʪʝʤʠ ʟʘʭʠʱʝʥʦʛʦ ʟʚôʷʟʢʫ IRISĮ (Infrastructure for Resilience, 
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Interconnectivity and Security by Satellite) [18]. ʉʠʩʪʝʤʘ, ʱʦ ʙʫʜʝ ʥʘʜʘʚʘʪʠ ʧʦʩʣʫʛʠ ʥʘ 

ʦʩʥʦʚʽ ʧʨʦʪʦʢʦʣʽʚ ʽʥʪʝʨʥʝʪ. ʇʦʯʘʪʦʢ ʨʦʟʛʦʨʪʘʥʥʷ ʩʠʩʪʝʤʠ ʟʘʧʣʘʥʦʚʘʥʦ ʜʦ 2027 ʨʦʢʫ. 

ʆʯʽʢʫʻʪʴʩʷ, ʱʦ ʧʦʯʘʪʢʦʚʽ ʧʦʩʣʫʛʠ ʜʝʨʞʘʚʥʠʤ ʢʦʨʠʩʪʫʚʘʯʘʤ ʙʫʜʫʪʴ ʥʘʜʘʚʘʪʠʩʴ ʧʦʯʠʥʘʶʯʠ 

ʟ 2030 ʨʦʢʫ. 

ʉʠʩʪʝʤʘ IRISĮ ʩʢʣʘʜʘʪʠʤʝʪʴʩʷ ʟ 264 ʩʫʧʫʪʥʠʢʽʚ ʥʘ LEO ʥʘ ʚʠʩʦʪʽ 1200 ʢʤ ʪʘ 18 

ʩʫʧʫʪʥʠʢʽʚ ʥʘ MEO ʥʘ ʚʠʩʦʪʽ 8000 ʢʤ. ʉʠʩʪʝʤʘ ʧʨʠʟʥʘʯʝʥʘ ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʙʝʟʧʝʯʥʦʛʦ 

ʟʚôʷʟʢʫ, ʚʽʜʩʪʝʞʝʥʥʷ ʤʽʩʮʝʟʥʘʭʦʜʞʝʥʥʷ ʪʘ ʧʦʩʣʫʛ ʩʧʦʩʪʝʨʝʞʝʥʥʷ ʟʘ ʙʝʟʧʝʢʦʶ ʜʣʷ 

ʫʨʷʜʦʚʠʭ ʫʩʪʘʥʦʚ, ʱʦ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʧʦʨʽʚʥʶʻʪʴʩʷ ʟ ʧʨʦʝʢʪʦʤ Starshield ʘʤʝʨʠʢʘʥʩʴʢʦʾ 

ʢʦʤʧʘʥʽʾ SpaceX. 

ʉʠʩʪʝʤʘ ʪʘʢʦʞ ʤʘʻ ʥʘ ʤʝʪʽ ʟʘʙʝʟʧʝʯʠʪʠ ʰʠʨʦʢʦʩʤʫʛʦʚʠʡ ʜʦʩʪʫʧ ʜʣʷ ʧʨʠʚʘʪʥʠʭ 

ʢʦʤʧʘʥʽʡ ʪʘ ʛʨʦʤʘʜʷʥ. ʅʘ ʤʦʤʝʥʪ ʧʽʜʧʠʩʘʥʥʷ ʢʦʥʪʨʘʢʪʫ ʚ ʛʨʫʜʥʽ 2024 ʨʦʢʫ ʦʮʽʥʦʯʥʘ 

ʚʘʨʪʽʩʪʴ ʩʪʘʥʦʚʠʣʘ 10,5 ʤʽʣʴʷʨʜʘ ʻʚʨʦ, ʟ ʷʢʠʭ 6,5 ʤʽʣʴʷʨʜʘ ʻʚʨʦ ï ʜʝʨʞʘʚʥʽ ʢʦʰʪʠ. IRISĮ ʻ 

ʯʘʩʪʠʥʦʶ ʟʘʛʘʣʴʥʦʾ ʢʦʩʤʽʯʥʦʾ ʩʪʨʘʪʝʛʽʾ ɭʉ, ʚʢʣʶʯʘʶʯʠ ʂʦʩʤʽʯʥʫ ʩʪʨʘʪʝʛʽʶ ɭʉ ʱʦʜʦ 

ʙʝʟʧʝʢʠ ʪʘ ʦʙʦʨʦʥʠ. ɭʚʨʦʧʝʡʩʴʢʝ ʢʦʩʤʽʯʥʝ ʘʛʝʥʪʩʪʚʦ (ɭʂɸ) ʚʽʜʧʦʚʽʜʘʻ ʟʘ ʨʦʟʨʦʙʢʫ ʪʘ 

ʨʦʟʛʦʨʪʘʥʥʷ ʩʠʩʪʝʤʠ, ʘ ɸʛʝʥʪʩʪʚʦ ɭʚʨʦʧʝʡʩʴʢʦʛʦ ʉʦʶʟʫ ʟ ʢʦʩʤʽʯʥʦʾ ʧʨʦʛʨʘʤʠ (EUSPA) 

ʚʽʜʧʦʚʽʜʘʻ ʟʘ ʥʘʜʘʥʥʷ ʜʝʨʞʘʚʥʠʭ ʧʦʩʣʫʛ. 

2.5. ɺʧʣʠʚ ʤʝʪʦʜʫ ʛʨʫʧʦʚʦʛʦ ʢʣʘʩʪʝʨʥʦʛʦ ʟʘʧʫʩʢʫ ʥʘ ʢʦʥʩʪʨʫʢʮʽʶ ʢʦʩʤʽʯʥʠʭ 

ʘʧʘʨʘʪʽʚ ʩʫʧʫʪʥʠʢʦʚʠʭ ʪʝʣʝʢʦʤʫʥʽʢʘʮʽʡʥʠʭ ʩʠʩʪʝʤ. 

ʇʣʘʪʬʦʨʤʠ ʢʦʩʤʽʯʥʠʭ ʘʧʘʨʘʪʽʚ ʜʣʷ ʥʠʟʴʢʦʦʨʙʽʪʘʣʴʥʠʭ ʤʫʣʴʪʠʩʫʧʫʪʥʠʢʦʚʠʭ ʩʠʩʪʝʤ. 

ʉʪʚʦʨʝʥʥʷ ʤʫʣʴʪʠʩʫʧʫʪʥʠʢʦʚʠʭ ʩʠʩʪʝʤ, ʬʦʨʤʫʚʘʥʥʷ ʷʢʠʭ ʟʜʽʡʩʥʶʻʪʴʩʷ ʽʟ 

ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʟʘʧʫʩʢʽʚ ʧʘʢʝʪʽʚ ʩʫʧʫʪʥʠʢʽʚ ʚ ʢʽʣʴʢʘ ʜʝʩʷʪʢʽʚ ʚ ʦʜʥʦʤʫ ʟʘʧʫʩʢʫ ʧʨʠʟʚʝʣʦ 

ʜʦ ʘʢʪʠʚʽʟʘʮʽʾ ʨʦʟʨʦʙʢʠ ʧʣʘʪʬʦʨʤ LEO ʩʫʧʫʪʥʠʢʽʚ, ʢʦʥʩʪʨʫʢʮʽʷ ʷʢʠʭ ʩʧʝʮʽʘʣʴʥʦ 

ʘʜʘʧʪʦʚʘʥʘ ʜʦ ʫʤʦʚ ʛʨʫʧʦʚʦʛʦ ʟʘʧʫʩʢʫ. ʇʝʨʰʠʤʠ ʚ ʮʴʦʤʫ ʩʪʘʣʠ ʩʫʧʫʪʥʠʢʠ Starlink V0.9. 

ʇʦʜʘʣʴʰʽ ʤʦʜʝʨʥʽʟʘʮʽʾ ʧʣʘʪʬʦʨʤ ʩʫʧʫʪʥʠʢʽʚ Starlink V2, V2mini ʪʘʢʦʞ ʨʫʭʘʶʪʴʩʷ ʚ ʮʴʦʤʫ 

ʥʘʧʨʷʤʢʫ. ʊʘʢ ʩʫʧʫʪʥʠʢʠ Starlink V2mini ʚʽʜʨʽʟʥʷʶʪʴʩʷ ʚʽʜ ʩʫʧʫʪʥʠʢʽʚ Starlink V0.9 

ʙʽʣʴʰʠʤ ʨʦʟʤʽʨʦʤ, ʢʽʣʴʢʽʩʪʶ ʬʘʟʦʚʘʥʠʭ ʘʥʪʝʥʥʠʭ ʨʝʰʽʪʦʢ, ʣʘʟʝʨʥʠʤʠ ʪʨʘʥʩʽʚʝʨʘʤʠ ʽ 

ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʜʚʦʭ ʧʘʥʝʣʝʡ ʩʦʥʷʯʥʠʭ ʙʘʪʘʨʝʡ ʟʘʤʽʩʪʴ ʦʜʥʽʻʾ. ɸʣʝ ʧʣʦʩʢʘ ʬʦʨʤʘ ʢʦʨʧʫʩʫ 

ʩʫʧʫʪʥʠʢʘ ʟʙʝʨʝʞʝʥʘ, ʱʦ ʜʦʟʚʦʣʷʻ ʬʦʨʤʫʚʘʪʠ ʧʘʢʝʪ ʟ ʜʝʩʷʪʢʽʚ ʩʫʧʫʪʥʠʢʽʚ ʜʣʷ ʛʨʫʧʦʚʦʛʦ 

ʟʘʧʫʩʢʫ. 

ɿʘ ʧʨʠʢʣʘʜʦʤ Starlink ʘʤʝʨʠʢʘʥʩʴʢʘ ʢʦʤʧʘʥʽʷ Rocket Lab ʦʛʦʣʦʩʠʣʘ ʧʨʦ ʩʪʚʦʨʝʥʥʷ 

ʧʣʘʪʬʦʨʤʠ Flatellite, ʱʦ ʩʧʝʮʽʘʣʴʥʦ ʧʨʠʟʥʘʯʝʥʘ ʜʣʷ ʩʝʨʽʡʥʦʛʦ ʚʠʨʦʙʥʠʮʪʚʘ ʩʫʧʫʪʥʠʢʽʚ ʽ 

ʘʜʘʧʪʦʚʘʥʘ ʜʣʷ ʚʝʣʠʢʠʡ ʦʨʙʽʪʘʣʴʥʠʭ ʫʛʨʫʧʦʚʘʥʴ [19]. ʇʨʠ ʩʪʚʦʨʝʥʥʽ ʧʣʘʪʬʦʨʤʠ Flatellite 

ʢʦʤʧʘʥʽʷ Rocket Lab ʽʥʪʝʛʨʫʚʘʣʘ ʪʨʘʜʠʮʽʡʥʽ ʢʦʤʧʦʥʝʥʪʠ ʪʘ ʧʽʜʩʠʩʪʝʤʠ, ʱʦ ʤʘʶʪʴ ʜʦʩʚʽʜ 

ʦʨʙʽʪʘʣʴʥʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʽ, ʚʢʣʶʯʘʶʯʠ ʨʫʰʽʡʥʫ ʫʩʪʘʥʦʚʢʫ, ʧʨʦʛʨʘʤʥʝ ʟʘʙʝʟʧʝʯʝʥʥʷ ʜʣʷ 

ʧʦʣʴʦʪʫ, ʘʚʽʦʥʽʢʫ, ʜʚʠʛʫʥʠ-ʤʘʭʦʚʠʢʠ, ʟʦʨʷʥʽ ʜʘʪʯʠʢʠ, ʩʠʩʪʝʤʫ ʨʦʟʜʽʣʝʥʥʷ, ʩʦʥʷʯʥʽ ʙʘʪʘʨʝʾ, 

ʨʘʜʽʦʩʪʘʥʮʽʾ, ʢʦʤʧʦʟʠʪʥʽ ʢʦʥʩʪʨʫʢʮʽʾ, ʧʘʣʠʚʥʽ ʙʘʢʠ ʪʦʱʦ. 

ʅʘ ʟʘʤʦʚʣʝʥʥʷ ʅɸʉɸ ɸʝʨʦʢʦʩʤʽʯʥʘ ʢʦʨʧʦʨʘʮʽʷ (ɽʣ ʉʝʛʫʥʜʦ, ʂʘʣʽʬʦʨʥʽʷ) ʨʦʟʨʦʙʠʣʘ 

ʜʝʤʦʥʩʪʨʘʮʽʡʥʠʡ ʤʘʢʝʪ ʩʫʧʫʪʥʠʢʘ DiskSat ʪʦʚʱʠʥʦʶ 2,5 ʩʤ ʪʘ ʜʽʘʤʝʪʨʦʤ 1 ʤ [20]. 

ɸʝʨʦʢʦʩʤʽʯʥʘ ʢʦʨʧʦʨʘʮʽʷ ʟʘ ʧʽʜʪʨʠʤʢʠ ʋʧʨʘʚʣʽʥʥʷ ʢʦʩʤʽʯʥʠʭ ʪʝʭʥʦʣʦʛʽʡ NASA (STMD) 

ʛʦʪʫʻ ʧʦʣʽʪ ʯʦʪʠʨʴʦʭ DiskSat ʜʣʷ ʟʘʧʫʩʢʫ ʚ 2026 ʨʦʮʽ, ʱʦʙ ʧʨʦʜʝʤʦʥʩʪʨʫʚʘʪʠ ʜʦʮʽʣʴʥʽʩʪʴ 

ʷʢ ʜʠʩʧʝʥʩʝʨʘ, ʪʘʢ ʽ ʧʣʘʪʬʦʨʤʠ DiskSat. 

ɸʤʝʨʠʢʘʥʩʴʢʘ ʢʦʤʧʘʥʽʷ SpinLaunch ʫʢʣʘʣʘ ʢʦʥʪʨʘʢʪ ʥʘ ʩʫʤʫ 122,5 ʤʽʣʴʡʦʥʘ ʻʚʨʦ ʟ 

ʢʦʤʧʘʥʽʻʶ Kongsberg NanoAvionics ʥʘ ʙʫʜʽʚʥʠʮʪʚʦ ʧʝʨʰʠʭ 282 ʩʫʧʫʪʥʠʢʽʚ ʜʣʷ 

ʢʦʤʫʥʽʢʘʮʽʡʥʦʛʦ ʫʛʨʫʧʦʚʘʥʥʷ Meridian Space ʢʦʤʧʘʥʽʾ [21]. Meridian Space ï ʮʝ LEO 

ʫʛʨʫʧʦʚʘʥʥʷ ʪʝʣʝʢʦʤʫʥʽʢʘʮʽʡʥʠʭ ʩʫʧʫʪʥʠʢʽʚ, ʨʦʟʨʦʙʣʝʥʝ SpinLaunch ʜʣʷ ʥʘʜʘʥʥʷ 

ʛʣʦʙʘʣʴʥʠʭ ʚʠʩʦʢʦʰʚʠʜʢʽʩʥʠʭ ʰʠʨʦʢʦʩʤʫʛʦʚʠʭ ʧʦʩʣʫʛ ʢʦʨʧʦʨʘʪʠʚʥʠʤ ʢʣʽʻʥʪʘʤ. ɿʘ 

ʜʘʥʠʤʠ SpinLaunch, ʩʫʧʫʪʥʠʢʠ Meridian Space ʤʘʪʠʤʫʪʴ ʧʣʦʩʢʠʡ ʬʦʨʤ-ʬʘʢʪʦʨ, ʱʦ 

ʜʦʟʚʦʣʠʪʴ ʨʦʟʛʦʨʥʫʪʠ ʜʦ 250 ʦʜʠʥʠʮʴ ʟʘ ʦʜʠʥ çʪʨʘʜʠʮʽʡʥʠʡ ʨʘʢʝʪʥʠʡ ʟʘʧʫʩʢè. 2 ʢʚʽʪʥʷ 

NanoAvionics ʦʛʦʣʦʩʠʣʘ ʧʨʦ ʫʢʣʘʜʝʥʥʷ ʢʦʥʪʨʘʢʪʫ ʥʘ ʙʫʜʽʚʥʠʮʪʚʦ 282 ʩʫʧʫʪʥʠʢʽʚ ʜʣʷ 

ʫʛʨʫʧʦʚʘʥʥʷ SpinLaunch Meridian Space. ʋʛʦʜʘ ʚʢʣʶʯʘʻ ʜʚʘ ʦʨʙʽʪʘʣʴʥʽ ʜʝʤʦʥʩʪʨʘʪʦʨʠ ʪʘ 

ʩʝʨʽʡʥʝ ʚʠʨʦʙʥʠʮʪʚʦ ʧʝʨʰʠʭ 280 ʩʫʧʫʪʥʠʢʽʚ ʫ ʫʛʨʫʧʦʚʘʥʥʽ, ʷʢʝ, ʷʢ ʦʯʽʢʫʻʪʴʩʷ, ʟʨʦʩʪʝ 

ʱʦʥʘʡʤʝʥʰʝ ʜʦ 1190 ʢʦʩʤʽʯʥʠʭ ʘʧʘʨʘʪʽʚ. ɿʘʧʫʩʢ ʧʝʨʰʦʛʦ ʜʝʤʦʥʩʪʨʘʪʦʨʘ ʟʘʧʣʘʥʦʚʘʥʦ ʥʘ 
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2026 ʨʽʢ, ʽ ʚʽʥ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠʤʝ ʩʪʘʥʜʘʨʪʥʫ ʤʽʢʨʦʩʫʧʫʪʥʠʢʦʚʫ ʰʠʥʫ MP42 NanoAvionics 

ʜʣʷ ʧʝʨʝʚʽʨʢʠ ʢʦʨʠʩʥʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ ʟʚ'ʷʟʢʫ SpinLaunch Meridian. 

ʂʦʤʧʘʥʽʷ Terran Orbital ʦʛʦʣʦʩʠʣʘ ʧʨʦ ʩʪʚʦʨʝʥʥʷ ʣʽʥʽʡʢʠ ʧʣʘʪʬʦʨʤʠ Enterprise [22], ʱʦ 

ʙʘʟʫʻʪʴʩʷ ʥʘ ʜʦʚʛʽʡ ʣʽʥʽʡʮʽ SmallSat, ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ ʪʫ ʩʘʤʫ ʘʚʽʦʥʽʢʫ ʪʘ ʘʣʛʦʨʠʪʤʠ GNC, 

ʱʦ ʡ ʤʝʥʰʽ ʢʣʘʩʠ ʧʣʘʪʬʦʨʤ ʩʫʧʫʪʥʠʢʽʚ. ɿʥʘʯʥʽ ʚʜʦʩʢʦʥʘʣʝʥʥʷ ʢʦʥʩʪʨʫʢʮʽʾ ʧʽʜʪʨʠʤʫʶʪʴ 

ʥʘʡʙʽʣʴʰʽ ʢʦʨʠʩʥʽ ʥʘʚʘʥʪʘʞʝʥʥʷ ʪʘ ʚʢʣʶʯʘʶʪʴ ʬʫʥʢʮʽʶ ʦʧʪʠʯʥʦʛʦ ʤʽʞʩʫʧʫʪʥʠʢʦʚʦʛʦ 

ʟʚôʷʟʢʫ (OISL). ɼʣʷ ʟʤʝʥʰʝʥʥʷ ʚʘʛʠ ʪʘ ʟʙʽʣʴʰʝʥʥʷ ʧʦʪʫʞʥʦʩʪʽ, ʜʦʩʪʫʧʥʦʾ ʜʣʷ ʢʦʨʠʩʥʦʛʦ 

ʥʘʚʘʥʪʘʞʝʥʥʷ, ʙʫʣʘ ʨʦʟʨʦʙʣʝʥʘ ʥʦʚʘ ʩʠʩʪʝʤʘ ʝʥʝʨʛʦʞʠʚʣʝʥʥʷ. ʇʣʘʪʬʦʨʤʘ Enterprise ʻ 

ʦʜʥʽʻʶ ʟ ʥʘʡʙʽʣʴʰʠʭ ʧʣʘʪʬʦʨʤ, ʱʦ ʧʨʦʧʦʥʫʶʪʴʩʷ ʚ ʩʪʘʥʜʘʨʪʥʽʡ ʣʽʥʽʡʮʽ ʧʨʦʜʫʢʪʽʚ, ʽ ʻ 

ʚʽʜʧʨʘʚʥʦʶ ʪʦʯʢʦʶ ʜʣʷ ʚʠʤʦʛ ʜʦ ʧʣʦʩʢʦʛʦ ʧʘʢʫʚʘʥʥʷ, ʱʦ ʜʦʟʚʦʣʷʻ ʜʦʩʪʘʚʣʷʪʠ ʜʦ 24 

ʩʫʧʫʪʥʠʢʽʚ ʟʘ ʦʜʠʥ ʟʘʧʫʩʢ. ɺʦʥʘ ʦʧʪʠʤʘʣʴʥʘ ʜʣʷ ʚʝʣʠʢʠʭ ʩʠʩʪʝʤ ʪʘ ʜʦʩʪʫʧʥʘ ʚ ʪʨʴʦʭ 

ʢʦʥʬʽʛʫʨʘʮʽʷʭ.  

ʇʣʘʪʬʦʨʤʘ ʜʣʷ ʤʘʣʠʭ ʛʝʦʩʪʘʮʽʦʥʘʨʥʠʭ ʩʫʧʫʪʥʠʢʽʚ. 

ɿʚʘʞʘʶʯʠ ʥʘ ʚʽʜʥʦʚʣʝʥʥʷ ʨʠʥʢʫ ʤʘʣʠʭ GEO ʩʫʧʫʪʥʠʢʽʚ ʢʦʤʧʘʥʽʷ Terran Orbital 

ʨʦʟʨʦʙʠʣʘ ʚʣʘʩʥʝ ʨʽʰʝʥʥʷ ï ʧʣʘʪʬʦʨʤʫ SmallSat GEOÊ. ʇʣʘʪʬʦʨʤʘ ʜʦʟʚʦʣʷʻ ʩʪʚʦʨʠʪʠ 

GEO ʩʫʧʫʪʥʠʢ ʤʘʩʦʶ ʜʦ 1250 ʢʛ, ʨʦʟʤʽʩʪʠʪʠ ʢʦʨʠʩʥʝ ʥʘʚʘʥʪʘʞʝʥʥʷ ʜʦ 300 ʢʛ, ʟʘʙʝʟʧʝʯʠʪʠ 

ʧʦʩʪʘʯʘʥʥʷ ʝʥʝʨʛʦʞʠʚʣʝʥʥʷ ʜʦ 3 ʢɺʪ ʪʘ ʩʪʨʦʢ ʦʨʙʽʪʘʣʴʥʦʾ ʝʢʩʧʣʫʘʪʘʮʽʾ ʥʝ ʤʝʥʰʝ 7 ʨʦʢʽʚ. 

2.6. ʈʦʟʚʠʪʦʢ ʩʫʧʫʪʥʠʢʦʚʠʭ ʩʠʩʪʝʤ ʪʘ ʧʦʩʣʫʛ ʽʥʪʝʨʥʝʪʫ ʨʝʯʝʡ. 

ɼʨʝʡʬ ʦʧʝʨʘʪʦʨʽʚ ʽʩʥʫʶʯʠʭ ʥʠʟʴʢʦʦʨʙʽʪʘʣʴʥʠʭ ʩʠʩʪʝʤ ʧʝʨʩʦʥʘʣʴʥʦʛʦ ʟʚôʷʟʢʫ ʚ 

ʥʘʧʨʷʤʢʫ ʧʦʩʣʫʛ ɯʥʪʝʨʥʝʪʫ ʨʝʯʝʡ. 

ɿʚʘʞʘʶʯʠ ʥʘ ʘʢʪʠʚʥʝ ʚʧʨʦʚʘʜʞʝʥʥʷ ʚ ʉʊʉ ʘʨʭʽʪʝʢʪʫʨʠ 5G, ʧʨʦʪʷʛʦʤ ʦʩʪʘʥʥʽʭ ʨʦʢʽʚ ʥʘ 

ʨʠʥʦʢ ʧʦʯʘʣʠ ʘʢʪʠʚʥʦ ʚʠʭʦʜʠʪʠ ʩʫʧʫʪʥʠʢʦʚʽ LEO ʩʠʩʪʝʤʠ ʽʥʪʝʨʥʝʪʫ ʨʝʯʝʡ IoT (Internet-

of-Things). ʇʝʨʰʠʤʠ ʚ ʮʴʦʤʫ ʩʝʛʤʝʥʪʽ ʨʠʥʢʫ ʟôʷʚʠʣʠʩʴ ʦʧʝʨʘʪʦʨʠ LEO ʩʠʩʪʝʤ 

ʧʝʨʩʦʥʘʣʴʥʦʛʦ ʩʫʧʫʪʥʠʢʦʚʦʛʦ ʟʚôʷʟʢʫ Iridium ʪʘ Global Star [23,24]. ɺʠʭʽʜ ʥʘ ʨʠʥʦʢ ʉʉʐɼ 

ʧʨʠʟʚʽʚ ʜʦ ʜʨʝʡʬʫ ʧʦʧʠʪʫ ʚ ʥʘʧʨʷʤʢʫ ʰʠʨʦʢʦʩʤʫʛʦʚʠʭ ʧʦʩʣʫʛ ʽ ʚʪʨʘʪʠ ʮʠʤʠ ʢʦʤʧʘʥʽʷʤʠ 

ʾʭ ʟʚʠʯʘʡʥʦʛʦ ʨʠʥʢʫ. ʊʦʤʫ ʮʽ ʢʦʤʧʘʥʽʾ ʟʚʝʨʥʫʣʠ ʫʚʘʛʫ ʥʘ ʥʦʚʠʡ ʩʝʛʤʝʥʪ ï IoT. 

ʅʝʟʚʘʞʘʶʯʠ ʥʘ ʧʦʚʥʠʡ ʩʢʣʘʜ ʦʨʙʽʪʘʣʴʥʦʛʦ ʫʛʨʫʧʦʚʘʥʥʷ ʪʘ ʙʘʛʘʪʦʨʽʯʥʠʡ ʜʦʩʚʽʜ 

ʝʢʩʧʣʫʘʪʘʮʽʾ, ʜʦ ʥʝʜʦʣʽʢʽʚ ʮʠʭ ʩʠʩʪʝʤ ʤʦʞʥʘ ʚʽʜʥʝʩʪʠ ʚʠʢʦʨʠʩʪʘʥʥʷ ʧʨʦʧʨʽʻʪʘʨʥʠʭ 

ʧʨʦʪʦʢʦʣʽʚ ʜʦʩʪʫʧʫ. 

ʅʠʟʴʢʦʦʨʙʽʪʘʣʴʥʽ ʩʫʧʫʪʥʠʢʦʚʽ ʩʠʩʪʝʤ ɯʥʪʝʨʥʝʪʫ ʨʝʯʝʡ ʥʘ ʙʘʟʽ ʤʽʢʨʦʩʫʧʫʪʥʠʢʽʚ ʪʘ 

ʢʫʙʩʘʪʽʚ. 

ɿ ʽʥʰʦʛʦ ʙʦʢʫ, ʨʦʟʚʠʪʦʢ ʪʝʭʥʦʣʦʛʽʾ ʤʽʢʨʦ- ʪʘ ʥʘʥʦʩʫʧʪʫʥʠʢʽʚ ï CubSat ʚ ʧʦʻʜʥʘʥʥʽ ʽʟ 

ʚʠʭʦʜʦʤ ʥʘ ʨʠʥʦʢ ʚʽʟʴʢʦʩʤʫʛʦʚʠʭ ʧʨʦʪʦʢʦʣʽʚ IoT ʚʝʣʠʢʦʛʦ ʨʘʜʽʫʩʫ ʜʽʾ, ʷʢ ʪʦ NB-IoT ʪʘ 

LoRaWAN, ʩʪʘʣʠ ʪʝʭʥʦʣʦʛʽʯʥʦʶ ʦʩʥʦʚʦʶ ʜʣʷ ʧʦʷʚʠ ʩʧʝʮʽʘʣʽʟʦʚʘʥʠʭ ʩʫʧʫʪʥʠʢʦʚʠʭ LEO 

ʩʠʩʪʝʤ IoT, ʱʦ ʧʦʙʫʜʦʚʘʥʽ ʽʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ CubSat. ɿʚʘʞʘʶʯʠ ʥʘ ʛʝʪʝʨʦʛʝʥʥʠʡ ʭʘʨʘʢʪʝʨ 

ʤʝʨʝʞ ʨʘʜʽʦʜʦʩʪʫʧʫ ʚ ʩʪʘʥʜʘʨʪʽ 5G, ʮʽ ʩʠʩʪʝʤʠ ʦʨʛʘʥʽʯʥʦ ʚʧʠʩʫʶʪʴʩʷ ʚ ʩʪʚʦʨʶʚʘʥʫ 

ʝʢʦʩʠʩʪʝʤʫ NTN 5G. 

Astrocast ï ʮʝ ʩʠʩʪʝʤʘ ʰʚʝʡʮʘʨʩʴʢʦʾ ʩʪʘʨʪʘʧ-ʢʦʤʧʘʥʽ ʩʫʧʫʪʥʠʢʦʚʦʛʦ ʟʚôʷʟʢʫ ʟ ʚʣʘʩʥʦʶ 

ʛʣʦʙʘʣʴʥʦʶ ʤʝʨʝʞʝʶ ʥʘʥʦʩʫʧʫʪʥʠʢʽʚ ɯoT ʜʣʷ ʚʽʜʩʪʝʞʝʥʥʷ, ʤʦʥʽʪʦʨʠʥʛʫ, ʫʧʨʘʚʣʽʥʥʷ ʪʘ 

ʟʚôʷʟʢʫ ʟ ʘʢʪʠʚʘʤʠ ʫ ʚʽʜʜʘʣʝʥʠʭ ʨʝʛʽʦʥʘʭ ʩʚʽʪʫ [25]. ʂʦʤʧʘʥʽʷ ʙʘʟʫʻʪʴʩʷ ʧʦʙʣʠʟʫ ʃʦʟʘʥʥʠ 

ʫ ʐʚʝʡʮʘʨʽʾ. ʄʘʶʯʠ ʩʠʩʪʝʤʫ ʟ 100 ʥʘʥʦʩʫʧʫʪʥʠʢʽʚ, Astrocast ʥʘʜʘʻ ʧʦʚʥʠʡ ʢʦʤʧʣʝʢʩʥʠʡ 

ʩʝʨʚʽʩ ʧʨʷʤʦʛʦ ʚʠʚʝʜʝʥʥʷ ʥʘ ʦʨʙʽʪʫ, ʱʦ ʚʢʣʶʯʘʻ ʥʘʡʩʫʯʘʩʥʽʰʽ ʢʦʤʫʥʽʢʘʮʽʡʥʽ ʤʦʜʫʣʽ ʪʘ 

ʧʦʩʣʫʛʠ ʢʦʨʧʦʨʘʪʠʚʥʦʛʦ ʢʣʘʩʫ. ʉʠʩʪʝʤʘ ʧʦʙʫʜʦʚʘʥʘ ʽʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʧʨʦʪʦʢʦʣʫ 

LoRaWAN. ɼʣʷ ʥʘʜʘʥʥʷ ʧʦʩʣʫʛ ʢʦʤʧʘʥʽʷ Astrocast ʨʦʟʨʦʙʠʣʘ ʩʧʝʮʽʘʣʴʥʽ ʯʽʧʩʝʪʠ, ʱʦ 

ʚʩʪʘʥʦʚʣʶʶʪʴʩʷ ʚ ʤʦʜʫʣʴ Astronode S. 

ʋ 2018 ʨʦʮʽ ʟʘ ʽʥʽʮʽʘʪʠʚʦʶ CNES (ʌʨʘʥʮʽʷ) ʙʫʣʘ ʩʪʚʦʨʝʥʘ ʢʦʤʧʘʥʽʷ Kin®is [26]. ʄʝʪʘ 

ʩʪʚʦʨʝʥʥʷ ʢʦʤʧʘʥʽʾ - ʝʢʩʧʣʫʘʪʘʮʽʾ ʩʠʩʪʝʤʠ Argos, ʱʦ ʻ ʨʝʟʫʣʴʪʘʪʦʤ ʤʽʞʥʘʨʦʜʥʦʛʦ 

ʥʘʫʢʦʚʦʛʦ ʩʧʽʚʨʦʙʽʪʥʠʮʪʚʘ ʤʽʞ CNES (ʌʨʘʥʮʽʷ), ʅʘʮʽʦʥʘʣʴʥʠʤ ʫʧʨʘʚʣʽʥʥʷʤ ʦʢʝʘʥʽʯʥʠʭ ʽ 

ʘʪʤʦʩʬʝʨʥʠʭ ʜʦʩʣʽʜʞʝʥʴ (NOAA), ɭʚʨʦʧʝʡʩʴʢʦʶ ʦʨʛʘʥʽʟʘʮʽʻʶ ʟ ʝʢʩʧʣʫʘʪʘʮʽʾ 

ʤʝʪʝʦʨʦʣʦʛʽʯʥʠʭ ʩʫʧʫʪʥʠʢʽʚ (EUMETSAT) ʪʘ ɯʥʜʽʡʩʴʢʦʶ ʦʨʛʘʥʽʟʘʮʽʻʶ ʢʦʩʤʽʯʥʠʭ 

ʜʦʩʣʽʜʞʝʥʴ (ISRO), ʜʣʷ ʤʦʥʽʪʦʨʠʥʛʫ ʜʠʢʦʾ ʧʨʠʨʦʜʠ, ʨʠʙʘʣʴʩʪʚʘ ʪʘ ʟʙʦʨʫ ʜʘʥʠʭ ʧʨʦ ʢʣʽʤʘʪ 

ʽ ʥʘʚʢʦʣʠʰʥʻ ʩʝʨʝʜʦʚʠʱʝ ɿʝʤʣʽ ʟʘ ʜʦʧʦʤʦʛʦʶ CLS ʽ ʧʨʠʟʥʘʯʝʥʘ ʜʣʷ ʨʠʥʢʫ ɯʥʪʝʨʥʝʪʫ 
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ʨʝʯʝʡ (IoT). ɿʘʨʘʟ ʩʠʩʪʝʤʘ Kin®is ʤʘʻ 25 ʥʘʥʦʩʫʧʫʪʥʠʢʽʚ, ʱʦ ʨʦʟʪʘʰʦʚʘʥʽ ʚ ʧôʷʪʠ 

ʦʨʙʽʪʘʣʴʥʠʭ ʧʣʦʱʠʥʘʭ ʥʘ ʩʦʥʷʯʥʦ-ʩʠʥʭʨʦʥʥʽ ʦʨʙʽʪʽ.  18 ʙʝʨʝʟʥʷ 2025 ʨʦʢʫ ʢʦʤʧʘʥʽʷ 

Rocket Lab  ʟʘ ʜʦʧʦʤʦʛʦʶ ʨʘʢʝʪʠ-ʥʦʩʽʷ Electron ʟʘʧʫʩʪʠʣʘ ʬʽʥʘʣʴʥʽ 5 ʩʫʧʫʪʥʠʢʽʚ, ʱʦ 

ʟʘʚʝʨʰʠʣʦ ʬʦʨʤʫʚʘʥʥʷ ʦʨʙʽʪʘʣʴʥʦʛʦ ʫʛʨʫʧʦʚʘʥʥʷ ʽʟ 25 ʩʫʧʫʪʥʠʢʽʚ. ʅʦʚʝ ʦʨʽʪʘʣʴʥʝ 

ʫʛʨʫʧʦʚʘʥʥʷ Kin®is ʜʦʧʦʚʥʠʪʴ ʽʩʥʫʶʯʫ ʩʠʩʪʝʤʫ ʧʦʪʫʞʥʽʰʠʤʠ ʥʘʥʦʩʫʧʫʪʥʠʢʘʤʠ ʢʣʘʩʫ 30 

ʢʛ, ʷʢʽ ʽʥʪʝʛʨʫʶʪʴ ʪʝʭʥʦʣʦʛʽʶ IoT ʪʘ ʩʠʩʪʝʤʫ ʘʚʪʦʤʘʪʠʯʥʦʾ ʽʜʝʥʪʠʬʽʢʘʮʽʾ (AIS) ʜʣʷ 

ʚʽʜʩʪʝʞʝʥʥʷ ʩʫʜʝʥ. ʇʽʩʣʷ ʨʦʟʛʦʨʪʘʥʥʷ ʮʷ ʪʝʭʥʦʣʦʛʽʷ ʜʦʟʚʦʣʠʪʴ Kin®is ʨʦʟʰʠʨʶʚʘʪʠʩʷ 

ʦʭʦʧʣʶʶʯʠ ʨʽʟʥʽ ʛʘʣʫʟʽ ʪʘ ʤʘʩʰʪʘʙʫʚʘʪʠʩʷ ʟ 20 000 ʧʽʜʢʣʶʯʝʥʠʭ ʧʨʠʩʪʨʦʾʚ ʜʦ ʤʽʣʴʡʦʥʽʚ. 

ɺʠʩʥʦʚʢʠ. 

ɸʥʘʣʽʟ ʩʪʘʥʫ ʪʘ ʥʘʧʨʷʤʢʽʚ ʨʦʟʚʠʪʢʫ ʩʫʧʫʪʥʠʢʦʚʠʭ ʪʝʣʝʢʦʤʫʥʽʢʘʮʽʡʥʠʭ ʩʠʩʪʝʤ ʩʚʽʜʯʠʪʴ 

ʧʨʦ ʧʝʚʥʽ ʪʝʥʜʝʥʮʽʾ, ʘ ʩʘʤʝ: 

1. ʇʨʦʪʷʛʦʤ ʦʩʪʘʥʥʴʦʛʦ ʯʘʩʫ ʚʽʜʩʪʝʞʫʻʪʴʩʷ ʪʝʥʜʝʥʮʽʷ ʱʦʜʦ ʽʥʪʝʛʨʘʮʽʾ ʩʫʧʫʪʥʠʢʦʚʠʭ 

ʩʠʩʪʝʤ ʪʘ ʤʦʙʽʣʴʥʠʭ ʤʝʨʝʞ 4G, 5G. ɼʦʩʣʽʜʥʠʮʴʢʘ ʛʨʫʧʘ 3GPP ʚʠʟʥʘʯʠʣʘ ʪʝʭʥʦʣʦʛʽʯʥʽ 

ʫʤʦʚʠ ʚʟʘʻʤʦʜʽʾ ʤʝʨʝʞʽ 5G ʪʘ ʩʫʧʫʪʥʠʢʦʚʠʭ ʩʠʩʪʝʤ ʫ ʬʦʨʤʘʪʽ ʥʝʥʘʟʝʤʥʠʭ ʤʝʨʝʞ NTN.  

2. ɯʥʪʝʛʨʘʮʽʷ ʩʫʧʫʪʥʠʢʦʚʠʭ ʩʠʩʪʝʤ ʽʟ ʤʝʨʝʞʘʤʠ 5G ʩʪʚʦʨʶʻ ʧʝʨʝʜʫʤʦʚʠ ʜʣʷ 

ʢʦʥʚʝʨʛʝʥʮʽʾ ʘʨʭʽʪʝʢʪʫʨʠ 5G ʜʦ ʩʫʧʫʪʥʠʢʦʚʠʭ ʩʠʩʪʝʤ. ɺʘʞʣʠʚʦʶ ʚʽʜʤʽʥʥʽʩʪʶ ʤʝʨʝʞ 5G 

ʚʽʜ ʧʦʧʝʨʝʜʥʽʭ ʛʝʥʝʨʘʮʽʡ ʻ ʚʧʨʦʚʘʜʞʝʥʥʷ ʪʝʭʥʦʣʦʛʽʡ ʧʨʦʛʨʘʤʥʦ-ʚʠʟʥʘʯʝʥʠʭ ʤʝʨʝʞ ʪʘ 

ʚʽʨʪʫʘʣʽʟʘʮʽʾ ʤʝʨʝʞʝʚʠʭ ʬʫʥʢʮʽʡ. ʇʨʠ ʨʦʟʨʦʙʮʽ ʘʨʭʽʪʝʢʪʫʨʠ ʤʫʣʴʪʠʦʨʙʽʪʘʣʴʥʠʭ 

ʩʫʧʫʪʥʠʢʦʚʠʭ ʩʠʩʪʝʤ NTN ʦʢʨʝʤʘ ʫʚʘʛʘ ʧʨʠʜʽʣʷʻʪʴʩʷ ʮʠʤ ʪʝʭʥʦʣʦʛʽʷʤ. 

3. ʉʪʘʣʦʶ ʪʝʥʜʝʥʮʽʻʶ ʚ ʨʦʟʚʠʪʢʫ ʩʫʧʫʪʥʠʢʦʚʠʭ ʪʝʣʝʢʦʤʫʥʽʢʘʮʽʡʥʠʭ ʩʠʩʪʝʤ ʻ ʦʩʚʦʻʥʥʷ 

ʙʽʣʴʰ ʚʠʩʦʢʠʭ ʜʽʘʧʘʟʦʥʽʚ ʯʘʩʪʦʪ. ʇʽʩʣʷ ʂʘ-ʜʽʘʧʘʟʦʥʫ ʦʧʝʨʘʪʦʨʠ ʩʫʧʫʪʥʠʢʦʚʠʭ ʩʠʩʪʝʤ 

ʟʚʝʨʥʫʣʠʩʴ ʜʦ ʯʘʩʪʦʪʥʠʭ ʜʽʘʧʘʟʦʥʽʚ Q ʪʘ V. ɺʽʜʥʦʩʥʦ ʥʦʚʠʤ ʥʘʧʨʷʤʢʦʤ ʻ ʚʠʚʽʣʴʥʝʥʥʷ 

ʯʘʩʪʦʪʥʦʛʦ ʜʽʘʧʘʟʦʥʫ ʉ ʚʽʜ ʥʘʟʝʤʥʠʭ ʩʠʩʪʝʤ ʜʣʷ ʚʠʢʦʨʠʩʪʘʥʥʷ ʩʫʧʫʪʥʠʢʦʚʠʤʠ ʩʠʩʪʝʤʘʤʠ. 

4. ɻʝʦʩʪʘʮʽʦʥʘʨʥʽ ʩʠʩʪʝʤʠ ʟʘʣʠʰʘʶʪʴʩʷ ʚʘʞʣʠʚʦʶ ʩʢʣʘʜʦʚʦʶ ʩʫʧʫʪʥʠʢʦʚʠʭ 

ʪʝʣʝʢʦʤʫʥʽʢʘʮʽʡʥʠʭ ʩʠʩʪʝʤ. ɿʘ ʦʩʪʘʥʥʻ ʜʝʩʷʪʠʨʽʯʯʷ ʚ ʩʝʢʪʦʨʽ ʛʝʦʩʪʘʮʽʦʥʘʨʥʠʭ ʩʫʧʫʪʥʠʢʽʚ 

ʚʽʜʩʪʝʞʫʻʪʴʩʷ ʪʝʥʜʝʥʮʽʷ ʜʦ ʝʚʦʣʶʮʽʡʥʦʛʦ ʧʝʨʝʭʦʜʫ ʚʽʜ ʩʫʧʫʪʥʠʢʽʚ ʚʝʣʠʢʦʾ ʧʨʦʧʫʩʢʥʦʾ 

ʟʜʘʪʥʦʩʪʽ HTS ʜʦ ʩʫʧʫʪʥʠʢʽʚ ʥʘʜʚʝʣʠʢʦʾ ʧʨʦʧʫʩʢʥʦʾ ʟʜʘʪʥʦʩʪʽ VHTS ʽ ʩʫʧʫʪʥʠʢʽʚ 

ʫʣʴʪʨʘʚʝʣʠʢʦʾ ʧʨʦʧʫʩʢʥʦʾ ʟʜʘʪʥʦʩʪʽ UHTS. ʋʩʽ ʟʥʦʚ ʩʪʚʦʨʝʥʽ ʩʠʩʪʝʤʠ ʟʜʘʪʥʽ ʚʟʘʻʤʦʜʽʷʪʠ ʟ 

ʤʝʨʝʞʘʤʠ 5G. ɼʦ ʦʩʥʦʚʥʠʭ ʦʩʦʙʣʠʚʦʩʪʝʡ ʪʝʭʥʦʣʦʛʽʡ HTS, VHTS ʪʘ UHTS ʚʽʜʥʦʩʷʪʴʩʷ: 

ʬʦʨʤʫʚʘʥʥʷ ʟʦʥʠ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʟʘ ʨʘʭʫʥʦʢ ʚʝʣʠʢʦʾ ʢʽʣʴʢʽʩʪʽ (ʜʦ ʪʠʩʷʯʽ) ʥʘʜʚʫʟʴʢʠʭ 

ʧʨʦʤʝʥʽʚ ʂʘ-ʜʽʘʧʘʟʦʥʫ ʜʦ ʢʦʨʠʩʪʫʚʘʯʽʚ ʪʘ ʚʠʢʦʨʠʩʪʘʥʥʷ ʮʠʬʨʦʚʦʛʦ ʨʝʛʝʥʝʨʘʪʠʚʥʦʛʦ 

ʢʦʨʠʩʥʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ. ɼʣʷ ʋʢʨʘʾʥʠ ʦʩʦʙʣʠʚʫ ʟʘʮʽʢʘʚʣʝʥʽʩʪʴ ʧʨʝʜʩʪʘʚʣʷʶʪʴ ʧʨʦʝʢʪʠ 

Viasat-3, Ovzon ʪʘ Astranis. ʅʘʷʚʥʽʩʪʴ ʚʣʘʩʥʦʾ ʥʘʟʝʤʥʦʾ ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ ʟʥʘʯʥʦ ʧʦʣʽʧʰʠʪʴ 

ʷʢʽʩʪʴ ʧʦʩʣʫʛ ʪʘ ʩʧʨʠʷʪʠʤʝ ʧʽʜʚʠʱʝʥʥʶ ʛʥʫʯʢʦʩʪʽ, ʙʝʟʧʝʢʠ ʽ ʥʘʜʽʡʥʦʩʪʽ ʽʥʬʦʨʤʘʮʽʡʥʠʭ 

ʤʝʨʝʞ ʥʘ ʾʭ ʦʩʥʦʚʽ. 

5. ʉʠʩʪʝʤʘ O3b/mPOWER ʢʦʤʧʘʥʽʾ SES, ʱʦ ʚʠʢʦʨʠʩʪʦʚʫʻ ʩʝʨʝʜʥʶ ʥʘʚʢʦʣʦʟʝʤʥʫ 

ʦʨʙʽʪʫ MEO, ʻ ʝʬʝʢʪʠʚʥʠʤ ʟʘʩʦʙʦʤ ʰʠʨʦʢʦʩʤʫʛʦʚʦʛʦ ʟʚôʷʟʢʫ ʥʘ ʰʚʠʜʢʦʩʪʷʭ ʚʽʜ 50 ʄʙʽʪ/ʩ 

ʜʦ 1 ɻʙʽʪ/ʩ. ɿʚʘʞʘʶʯʠ ʥʘ ʚʣʘʩʥʠʡ ʬʣʦʪ ʛʝʦʩʪʘʮʽʦʥʘʨʥʠʭ GEO ʩʫʧʫʪʥʠʢʽʚ ʢʦʤʧʘʥʽʷ SES 

ʟʜʘʪʥʘ ʟʘʧʨʦʧʦʥʫʚʘʪʠ ʚ ʋʢʨʘʾʥʽ ʢʦʤʧʣʝʢʩʫ MEO-GEO ʧʦʩʣʫʛʫ. ʊʝʨʤʽʥʘʣʠ Hydra 2, Hydra 

4, ʱʦ ʨʦʟʨʦʙʣʝʥʽ ʢʦʤʧʘʥʽʻʶ all.space, ʧʨʠʟʥʘʯʝʥʽ ʜʣʷ ʦʜʥʦʯʘʩʥʦʾ ʨʦʙʦʪʠ ʟ ʩʫʧʫʪʥʠʢʘʤʠ ʥʘ 

ʨʽʟʥʠʭ ʦʨʙʽʪʘʭ ʚ ʰʠʨʦʢʦʤʫ ʜʽʘʧʘʟʦʥʽ ʯʘʩʪʦʪ. ʂʦʤʧʘʥʽʷ SES ʜʝʢʣʘʨʫʻ ʤʦʞʣʠʚʽʩʪʴ 

ʚʩʪʘʥʦʚʠʪʠ ʩʪʘʥʮʽʶ ʩʧʨʷʞʝʥʥʷ ʥʘ ʪʝʨʠʪʦʨʽʾ ʟʘʤʦʚʥʠʢʘ ʧʦʩʣʫʛʠ, ʪʦʙʪʦ ʚ ʋʢʨʘʾʥʽ, ʚ ʨʘʟʽ 

ʙʘʞʘʥʥʷ ʟʘʤʦʚʥʠʢʘ. 

6. Starlink ʟʘʣʠʰʘʻʪʴʩʷ ʣʽʜʝʨʦʤ ʫ ʚʧʨʦʚʘʜʞʝʥʥʽ ʥʦʚʠʭ ʨʽʰʝʥʴ ʚ ʥʠʟʴʢʦʦʨʙʽʪʘʣʴʥʠʭ 

ʩʠʩʪʝʤʘʭ ʰʠʨʦʢʦʩʤʫʛʦʚʦʛʦ ʜʦʩʪʫʧʫ. ʅʦʚʝ ʧʦʢʦʣʽʥʥʷ ʩʫʧʫʪʥʠʢʽʚ Starlink ʟʘʙʝʟʧʝʯʫʻ 

ʣʘʟʝʨʥʠʡ ʟʚôʷʟʦʢ ʤʽʞ ʩʫʧʫʪʥʠʢʘʤʠ ʪʘ ʥʘʜʘʥʥʷ ʧʦʩʣʫʛ ʚ ʨʝʞʠʤʽ çʜʦ ʯʘʨʫʥʢʠ ʩʪʽʣʴʥʠʢʦʚʦʾ 

ʤʝʨʝʞʽè (D2C). ʉʠʩʪʝʤʘ Starlink ʧʣʘʥʫʻ ʨʦʟʰʠʨʝʥʥʷ ʜʦʩʪʫʧʥʦʾ ʩʤʫʛʠ ʯʘʩʪʦʪ ʟʘ ʨʘʭʫʥʦʢ 

ʯʘʩʪʦʪʥʠʭ ʜʽʘʧʘʟʦʥʽʚ V ʪʘ Q, ʽ ʦʧʘʥʫʚʘʥʥʷ ʥʘʜʥʠʟʴʢʠʭ ʥʘʚʢʦʣʦʟʝʤʥʠʭ ʦʨʙʽʪ VLEO. 

7. ʂʦʤʧʘʥʽʷ Eutelsat ʧʽʩʣʷ ʦʪʨʠʤʘʥʥʷ ʩʠʩʪʝʤʠ OneWeb ʟʜʘʪʥʘ ʥʘʜʘʚʘʪʠ ʧʦʩʣʫʛʠ 

ʰʠʨʦʢʦʩʤʫʛʦʚʦʛʦ ʜʦʩʪʫʧʫ ʥʘ ʪʝʨʠʪʦʨʽʾ ʋʢʨʘʾʥʠ, ʱʦ ʧʝʚʥʠʤ ʯʠʥʦʤ ʜʠʚʝʨʩʠʬʽʢʫʻ 

ʧʦʩʪʘʯʘʥʥʷ ʧʦʩʣʫʛ ʰʠʨʦʢʦʩʤʫʛʦʚʦʛʦ ʩʫʧʫʪʥʠʢʦʚʦʛʦ ʜʦʩʪʫʧʫ, ʪʘ ʤʘʻ ʤʦʞʣʠʚʽʩʪʴ ʥʘʜʘʚʘʪʠ 

ʢʦʤʧʣʝʢʩʫ ʧʦʩʣʫʛʫ ʽʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʚʣʘʩʥʦʛʦ ʩʫʧʫʪʥʠʢʦʚʦʛʦ ʨʝʩʫʨʩʫ ʥʘ ʛʝʦʩʪʘʮʽʦʥʘʨʥʽʡ 
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ʪʘ ʥʠʟʴʢʽʡ ʥʘʚʢʦʣʦʟʝʤʥʽʡ ʦʨʙʽʪʽ GEO-LEO. ʊʝʨʤʽʥʘʣʠ Kymeta U8 ʻ ʝʬʝʢʪʠʚʥʠʤ ʟʘʩʦʙʦʤ 

ʜʣʷ ʥʘʜʘʥʥʷ ʧʦʩʣʫʛ GEO-LEO ʢʽʥʮʝʚʠʤ ʢʦʨʠʩʪʫʚʘʯʘʤ. 

8. ʂʦʤʧʘʥʽʷ Amazon Kuiper ʧʦʯʠʥʘʻ ʬʦʨʤʫʚʘʥʥʷ ʚʣʘʩʥʦʛʦ ʦʨʙʽʪʘʣʴʥʦʛʦ 

ʤʫʣʴʪʠʩʫʧʫʪʥʠʢʦʚʦʛʦ ʫʛʨʫʧʦʚʘʥʥʷ. ɿʘ ʩʚʦʾʤʠ ʘʨʭʽʪʝʢʪʫʨʥʠʤʠ ʦʩʦʙʣʠʚʦʩʪʷʤʠ ʪʘ 

ʧʦʢʘʟʥʠʢʘʤʠ ʧʦʩʣʫʛ ʩʠʩʪʝʤʘ ʙʣʠʟʴʢʘ ʜʦ ʩʠʩʪʝʤʠ Starlink, ʘʣʝ ʚʠʢʦʨʠʩʪʦʚʫʻ ʙʽʣʴʰ ʚʠʩʦʢʠʡ 

ʂʘ-ʜʽʘʧʘʟʦʥ ʚ ʣʽʥʽʾ ʜʦ ʢʦʨʠʩʪʫʚʘʯʘ. ʇʦʩʣʫʛʠ ʩʠʩʪʝʤʠ ʤʦʞʫʪʴ ʙʫʪʠ ʜʦʩʪʫʧʥʽ ʚ ʋʢʨʘʾʥʽ 

ʥʘʡʙʣʠʞʯʠʤ ʯʘʩʦʤ. ɺʠʭʦʜʷʯʠ ʟ ʜʦʩʚʽʜʫ ʚʠʢʦʨʠʩʪʘʥʥʷ ʧʦʩʣʫʛ ʩʠʩʪʝʤ Starlink ʪʘ Eutelsat 

OneWeb ʜʣʷ ʧʦʣʽʧʰʝʥʥʷ ʷʢʦʩʪʽ ʧʦʩʣʫʛ ʩʪʚʦʨʶʚʘʥʦʾ ʩʠʩʪʝʤʠ Amazon Kuiper ʜʦʮʽʣʴʥʦ 

ʚʠʨʽʰʠʪʠ ʧʠʪʘʥʥʷ ʧʨʦ ʙʫʜʽʚʥʠʮʪʚʦ ʚ ʋʢʨʘʾʥʽ ʩʪʘʥʮʽʾ ʩʧʨʷʞʝʥʥʷ ʪʘ ʪʦʯʢʠ ʧʨʠʩʫʪʥʦʩʪʽ. 

9. ʉʠʩʪʝʤʘ AST Space Mobile ʦʨʽʻʥʪʦʚʘʥʘ ʥʘ ʥʘʜʘʥʥʷ ʧʦʩʣʫʛ ʢʦʨʠʩʪʫʚʘʯʘʤ ʤʝʨʝʞ 

4G/5G, ʱʦ ʟʥʘʭʦʜʷʪʴʩʷ ʧʦʟʘ ʤʝʞʘʤʠ ʟʦʥʠ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʥʘʟʝʤʥʠʭ ʤʝʨʝʞ. ɼʦ 

ʦʩʦʙʣʠʚʦʩʪʝʡ ʩʠʩʪʝʤʠ ʚʽʜʥʦʩʠʪʴʩʷ ʧʨʦʧʦʟʠʮʽʷ ʧʦʩʣʫʛʠ ʜʦʩʪʫʧʫ ʪʝʨʤʽʥʘʣʫ ʢʦʨʠʩʪʫʚʘʯʘ 

çʙʝʟʧʦʩʝʨʝʜʥʴʦ ʜʦ ʩʫʧʫʪʥʠʢʘè D2S, ʱʦ ʥʝ ʚʠʤʘʛʘʻ ʤʦʜʝʨʥʽʟʘʮʽʾ ʪʝʨʤʽʥʘʣʽʚ ʢʦʨʠʩʪʫʚʘʯʽʚ 

ʪʠʧʫ ʩʤʘʨʪʬʦʥ ʪʘ ʧʣʘʥʰʝʪ. ɼʣʷ ʚʧʨʦʚʘʜʞʝʥʥʷ ʧʦʩʣʫʛ ʚ ʋʢʨʘʾʥʽ ʧʦʪʨʽʙʥʘ ʧʽʜʛʦʪʦʚʢʘ 

ʥʘʟʝʤʥʦʾ ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ ï ʩʪʘʥʮʽʾ ʩʧʨʷʞʝʥʥʷ. 

10. ɺʠʤʦʛʠ ʜʦ ʧʝʨʩʧʝʢʪʠʚʥʦʾ ʻʚʨʦʧʝʡʩʴʢʦʾ ʤʽʣʴʪʠʦʨʙʽʪʘʣʴʥʦʾ ʩʠʩʪʝʤʠ ʟʘʭʠʱʝʥʦʛʦ 

ʟʚôʷʟʢʫ IRISĮ ʩʬʦʨʤʦʚʘʥʽ ʽʟ ʚʨʘʭʫʚʘʥʥʷʤ ʜʦʩʚʽʜʫ ʚʠʢʦʨʠʩʪʘʥʥʷ ʩʫʧʫʪʥʠʢʦʚʠʭ ʩʠʩʪʝʤ 

ʰʠʨʦʢʦʩʤʫʛʦʚʦʛʦ ʜʦʩʪʫʧʫ ʚ ʋʢʨʘʾʥʽ. ɿʚʘʞʘʶʯʠ ʥʘ ʧʨʘʛʥʝʥʥʷ ʋʢʨʘʾʥʠ ʱʦʜʦ ʚʩʪʫʧʫ ʜʦ 

ɭʚʨʦʧʝʡʩʴʢʦʛʦ ʉʦʶʟʫ, ʚ ʧʝʨʩʧʝʢʪʠʚʽ ʧʦʪʨʽʙʥʦ ʧʝʨʝʜʙʘʯʘʪʠ ʽʥʪʝʛʨʘʮʽʶ ʽʟ ʽʥʬʦʨʤʘʮʽʡʥʠʤʠ 

ʪʘ ʪʝʣʝʢʦʤʫʥʽʢʘʮʽʡʥʠʤʠ ʤʝʨʝʞʘʤʠ ɭʉ, ʜʦ ʷʢʠʭ ʙʝʟʧʝʨʝʯʥʦ ʚʽʜʥʦʩʠʪʴʩʷ ʩʠʩʪʝʤʘ IRISĮ. 

11. ɼʦʩʚʽʜ ʬʦʨʤʫʚʘʥʥʷ ʤʫʣʴʪʠʩʫʧʫʪʥʠʢʦʚʠʭ ʩʠʩʪʝʤ ʚʧʣʠʥʫʚ ʥʘ ʢʦʥʩʪʨʫʢʪʠʚʥʽ ʨʽʰʝʥʥʷ 

ʱʦʜʦ ʩʫʧʫʪʥʠʢʽʚ. ʉʪʘʣʦʶ ʪʝʥʜʝʥʮʽʻʶ ʚ ʧʨʦʝʢʪʫʚʘʥʥʽ ʩʫʧʫʪʥʠʢʽʚ ʜʣʷ ʪʘʢʠʭ ʩʠʩʪʝʤ ʩʪʘʣʘ 

ʧʣʦʩʢʘ ʢʦʥʬʽʛʫʨʘʮʽʷ, ʷʢʘ ʚ ʥʘʡʙʽʣʴʰʽʡ ʤʽʨʽ ʘʜʘʧʪʦʚʘʥʘ ʜʦ ʢʣʘʩʪʝʨʥʦʛʦ ʟʘʧʫʩʢʫ ʧʘʢʝʪʫ 

ʩʫʧʫʪʥʠʢʽʚ ʦʜʥʽʻʶ ʨʘʢʝʪʦʶ-ʥʦʩʽʻʤ. 

12. ʇʽʩʣʷ ʚʠʭʦʜʫ ʥʘ ʨʠʥʦʢ ʥʠʟʴʢʦʦʨʙʽʪʘʣʴʥʠʭ ʩʫʧʫʪʥʠʢʦʚʠʭ ʩʠʩʪʝʤ ʰʠʨʦʢʦʩʤʫʛʦʚʦʛʦ 

ʜʦʩʪʫʧʫ ʪʘ ʟʚʘʞʘʶʯʠ ʥʘ ʧʝʨʩʧʝʢʪʠʚʠ ʚʧʨʦʚʘʜʞʝʥʥʷ ʧʦʩʣʫʛ ʩʠʩʪʝʤ, ʱʦ ʩʫʤʽʩʥʽ ʟ ʤʝʨʝʞʘʤʠ 

4G ʪʘ 5G, ʦʧʝʨʘʪʦʨʠ ʥʠʟʴʢʦʦʨʙʽʪʘʣʴʥʠʭ ʩʫʧʫʪʥʠʢʦʚʠʭ ʩʠʩʪʝʤ ʧʝʨʩʦʥʘʣʴʥʦʛʦ ʟʚôʷʟʢʫ 

ʧʝʨʝʥʝʩʣʠ ʩʚʦʶ ʫʚʘʛʫ ʥʘ ʧʦʩʣʫʛʠ ɯʥʪʝʨʥʝʪʫ ʨʝʯʝʡ IoT ʥʘ ʙʘʟʽ ʚʣʘʩʥʠʭ ʪʨʘʜʠʮʽʡʥʠʭ 

ʧʨʦʪʦʢʦʣʽʚ. ʆʜʥʦʯʘʩʥʦ ʽʟ ʮʠʤ ʧʦʯʘʣʦʩʴ ʩʪʚʦʨʝʥʥʷ ʥʠʟʴʢʦʦʨʙʽʪʘʣʴʥʠʭ ʩʫʧʫʪʥʠʢʦʚʠʭ 

ʩʠʩʪʝʤ IoT ʽʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʤʘʣʠʭ ʩʫʧʫʪʥʠʢʽʚ ʢʣʘʩʫ ʤʽʢʨʦ- ʪʘ ʥʘʥʦʩʫʧʫʪʥʠʢ, ʘʙʦ ʢʫʙʩʘʪ, 

ʱʦ ʙʘʟʫʶʪʴʩʷ ʥʘ ʧʨʦʪʦʢʦʣʘʭ IoT ʚʝʣʠʢʦʾ ʜʘʣʴʥʦʩʪʽ ʪʠʧʫ NB-IoT ʪʘ LoRaWAN. 
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CLOUD SERVICES AND PLATFORMS RESEARCH  

FOR IOT APPLICATIONS DEPLOYMENT  
 

The paper analyzes, considers selection criteria, and provides examples of choosing cloud 

services and platforms for building IoT applications. 

ɺ ʨʦʙʦʪʽ ʧʨʦʚʝʜʝʥʦ ʘʥʘʣʽʟ, ʨʦʟʛʣʷʥʫʪʦ ʢʨʠʪʝʨʽʾ ʚʠʙʦʨʫ ʪʘ ʥʘʚʝʜʝʥʦ ʧʨʠʢʣʘʜʠ ʚʠʙʦʨʫ 

ʭʤʘʨʥʠʭ ʩʝʨʚʽʩʽʚ ʽ ʧʣʘʪʬʦʨʤ ʜʣʷ ʧʦʙʫʜʦʚʠ ʟʘʩʪʦʩʫʥʢʽʚ ɯʦʊ. 
 

ʇʦʩʪʘʥʦʚʢʘ ʟʘʚʜʘʥʥʷ. ʋ ʧʨʦʝʢʪʫʚʘʥʥʽ ʽ ʚʧʨʦʚʘʜʞʝʥʥʽ ʩʫʯʘʩʥʠʭ ɯʦʊ 

ʟʘʩʪʦʩʫʥʢʽʚ ʦʜʥʠʤ ʽʟ ʢʣʶʯʦʚʠʭ ʪʝʭʥʽʯʥʠʭ ʨʽʰʝʥʴ ʻ ʚʠʙʽʨ ʩʝʨʝʜʦʚʠʱʘ ʜʣʷ 

ʨʦʟʛʦʨʪʘʥʥʷ ʽ ʚʧʨʦʚʘʜʞʝʥʥʷ ʬʫʥʢʮʽʡ ʧʝʨʝʜʘʚʘʥʥʷ, ʟʙʝʨʝʞʝʥʥʷ ʽ ʦʙʨʦʙʢʠ 

ʽʥʬʦʨʤʘʮʽʾ ʜʣʷ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ɯʦʊ ʟʘʩʪʦʩʫʥʢʫ. ʊʘʢʝ ʨʽʰʝʥʥʷ ʧʨʠʡʤʘʻʪʴʩʷ ʥʘ 

ʦʩʥʦʚʽ ʩʧʝʮʠʬʽʢʠ ʟʘʩʪʦʩʫʥʢʫ ɯʦʊ, ʡʦʛʦ ʢʦʨʠʩʪʫʚʘʯʽʚ, ʢʽʣʴʢʦʩʪʽ ʜʘʥʠʭ, 

ʥʝʦʙʭʽʜʥʦʩʪʽ ʤʘʩʰʪʘʙʫʚʘʥʥʷ ʟʘʩʪʦʩʫʥʢʫ, ʪʘ ʙʶʜʞʝʪʫ ʜʣʷ ʚʧʨʦʚʘʜʞʝʥʥʷ ɯʦʊ 

ʟʘʩʪʦʩʫʥʢʫ. ʆʪʞʝ, ʟʥʘʥʥʷ ʩʫʯʘʩʥʠʭ ʭʤʘʨʥʠʭ ʩʝʨʚʽʩʽʚ ʽ ʧʣʘʪʬʦʨʤ ʜʣʷ 

ʧʦʙʫʜʦʚʠ ʟʘʩʪʦʩʫʥʢʽʚ ɯʦʊ ʻ ʘʢʪʫʘʣʴʥʠʤ ʟʥʷʥʥʷʤ ʩʫʯʘʩʥʦʛʦ ʽʥʞʝʥʝʨʘ 

ʽʥʬʦʢʦʤʫʥʽʢʘʮʽʡʥʠʭ ʩʠʩʪʝʤ. 

ʉʫʯʘʩʥʽ ʭʤʘʨʥʽ ʩʝʨʚʽʩʠ ʚʽʜʽʛʨʘʶʪʴ ʢʣʶʯʦʚʫ ʨʦʣʴ ʫ ʨʦʟʚʠʪʢʫ IoT-

ʝʢʦʩʠʩʪʝʤ, ʟʘʙʝʟʧʝʯʫʶʯʠ ʟʨʫʯʥʽ ʽʥʩʪʨʫʤʝʥʪʠ ʜʣʷ ʟʙʦʨʫ, ʦʙʨʦʙʢʠ ʪʘ ʘʥʘʣʽʟʫ 

ʜʘʥʠʭ. ɼʦ ʥʘʡʙʽʣʴʰ ʧʦʧʫʣʷʨʥʠʭ ʨʽʰʝʥʴ ʥʘʣʝʞʘʪʴ AWS IoT, Azure IoT Hub, 

Google Cloud IoT, IBM Watson IoT ʪʘ ʽʥʰʽ. ɺʦʥʠ ʧʨʦʧʦʥʫʶʪʴ ʨʽʟʥʽ ʧʽʜʭʦʜʠ ʜʦ 

ʫʧʨʘʚʣʽʥʥʷ ʧʨʠʩʪʨʦʷʤʠ, ʟʘʙʝʟʧʝʯʝʥʥʷ ʙʝʟʧʝʢʠ, ʤʘʩʰʪʘʙʦʚʘʥʦʩʪʽ ʪʘ ʽʥʪʝʛʨʘʮʽʾ. 

ɺʠʙʽʨ ʢʦʥʢʨʝʪʥʦʾ ʧʣʘʪʬʦʨʤʠ ʟʘʣʝʞʠʪʴ ʚʽʜ ʚʠʤʦʛ ʜʦ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ, 

ʘʥʘʣʽʪʠʯʥʠʭ ʤʦʞʣʠʚʦʩʪʝʡ ʪʘ ʧʽʜʪʨʠʤʢʠ ʩʧʝʮʠʬʽʯʥʠʭ ʧʨʦʪʦʢʦʣʽʚ ʟʚôʷʟʢʫ. 

ʂʨʠʪʝʨʽʾ ʚʠʙʦʨʫ IoT-ʧʣʘʪʬʦʨʤʠ. ɺʠʙʽʨ ʦʧʪʠʤʘʣʴʥʦʾ IoT-ʧʣʘʪʬʦʨʤʠ 

ʟʘʣʝʞʠʪʴ ʚʽʜ ʥʠʟʢʠ ʢʣʶʯʦʚʠʭ ʢʨʠʪʝʨʽʾʚ (ʊʘʙʣ. 1), ʪʘʢʠʭ ʷʢ ʘʥʘʣʽʪʠʢʘ, 

ʤʘʰʠʥʥʝ ʥʘʚʯʘʥʥʷ, ʟʙʝʨʽʛʘʥʥʷ ʜʘʥʠʭ, ʽʥʪʝʛʨʘʮʽʷ ʟ ʧʨʠʩʪʨʦʷʤʠ, ʚʘʨʪʽʩʪʴ 

ʨʽʰʝʥʥʷ, ʪʦʱʦ.  

ʈʦʟʰʠʨʝʥʽ ʘʥʘʣʽʪʠʯʥʽ ʤʦʞʣʠʚʦʩʪʽ ʪʘ ʧʽʜʪʨʠʤʢʘ ʤʘʰʠʥʥʦʛʦ ʥʘʚʯʘʥʥʷ ʻ 

ʢʨʠʪʠʯʥʠʤʠ ʜʣʷ ʧʦʙʫʜʦʚʠ ʽʥʪʝʣʝʢʪʫʘʣʴʥʠʭ IoT-ʩʠʩʪʝʤ. ʅʘʧʨʠʢʣʘʜ, AWS IoT 

Greengrass ʜʦʟʚʦʣʷʻ ʚʠʢʦʥʫʚʘʪʠ ʣʦʢʘʣʴʥʫ ʦʙʨʦʙʢʫ ʜʘʥʠʭ, ʪʦʜʽ ʷʢ Google 

Cloud IoT ʽʥʪʝʛʨʫʻʪʴʩʷ ʟ Google AI ʜʣʷ ʩʢʣʘʜʥʦʛʦ ʘʥʘʣʽʟʫ ʜʘʥʠʭ. ʅʘʷʚʥʽʩʪʴ 

ʽʥʩʪʨʫʤʝʥʪʽʚ ʜʣʷ ʘʥʘʣʽʪʠʢʠ ʪʘ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʜʦʧʦʤʘʛʘʻ ʦʧʪʠʤʽʟʫʚʘʪʠ ʨʦʙʦʪʫ 

IoT-ʩʠʩʪʝʤ ʽ ʟʤʝʥʰʠʪʠ ʚʠʪʨʘʪʠ. 
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ʆʙʩʷʛ, ʪʠʧ ʪʘ ʰʚʠʜʢʽʩʪʴ ʜʦʩʪʫʧʫ ʜʦ ʜʘʥʠʭ ʻ ʚʘʞʣʠʚʠʤʠ ʬʘʢʪʦʨʘʤʠ ʧʨʠ 

ʚʠʙʦʨʽ ʧʣʘʪʬʦʨʤʠ. AWS ʥʘʜʘʻ ʪʘʢʽ ʩʝʨʚʽʩʠ, ʷʢ S3 ʪʘ DynamoDB ʜʣʷ 

ʤʘʩʰʪʘʙʦʚʘʥʦʛʦ ʟʙʝʨʽʛʘʥʥʷ, ʪʦʜʽ ʷʢ Azure IoT Hub ʽʥʪʝʛʨʫʻʪʴʩʷ ʟ Cosmos DB 

ʜʣʷ ʨʦʙʦʪʠ ʟ ʚʝʣʠʢʠʤʠ ʤʘʩʠʚʘʤʠ ʽʥʬʦʨʤʘʮʽʾ. ɺʘʞʣʠʚʦ ʚʨʘʭʦʚʫʚʘʪʠ ʥʝ ʣʠʰʝ 

ʤʦʞʣʠʚʦʩʪʽ ʟʙʝʨʝʞʝʥʥʷ, ʘ ʡ ʚʠʪʨʘʪʠ ʥʘ ʦʙʨʦʙʢʫ ʪʘ ʜʦʩʪʫʧ ʜʦ ʜʘʥʠʭ. 

 
ʊʘʙʣʠʮʷ 1. ʂʨʠʪʝʨʽʾ ʚʠʙʦʨʫ ʭʤʘʨʥʠʭ IoT-ʧʣʘʪʬʦʨʤ [1-3]. 

ʂʨʠʪʝʨʽʡ AWS IoT Core 
Azure IoT 

Hub 

Google Cloud 

IoT 

IBM Watson 

IoT 
ThingSpeak 

ʇʽʜʪʨʠʤʢʘ 

ʧʨʦʪʦʢʦʣʽʚ 

MQTT, HTTPS, 

WebSockets 

MQTT, 

AMQP, 

HTTPS 

MQTT, HTTP, 

CoAP 
MQTT, HTTP 

MQTT, HTTP, 

CoAP, 

WebSockets 

ɿʙʝʨʽʛʘʥʥʷ ʜʘʥʠʭ 
S3, DynamoDB, 

Timestream 

Cosmos DB, 

Blob Storage 

Cloud Storage, 

Bigtable 
Cloudant, Db2 

PostgreSQL, 

InfluxDB 

(ʟʘʣʝʞʥʦ ʚʽʜ 

ʢʦʥʬʽʛʫʨʘʮʽʾ) 

ʄʘʩʰʪʘʙʦʚʘʥʽʩʪʴ 

ɺʠʩʦʢʘ, 

ʘʚʪʦʤʘʪʠʯʥʝ 

ʤʘʩʰʪʘʙʫʚʘʥʥʷ 

ɺʠʩʦʢʘ, 

ʛʥʫʯʢʽ ʩʝʨʚʽʩʠ 

ɺʠʩʦʢʘ, 

ʧʽʜʪʨʠʤʢʘ 

ʛʣʦʙʘʣʴʥʠʭ IoT-

ʤʝʨʝʞ 

ɺʠʩʦʢʘ, 

ʦʨʽʻʥʪʘʮʽʷ ʥʘ 

ʙʽʟʥʝʩ-ʨʽʰʝʥʥʷ 

ɺʽʜ ʩʝʨʝʜʥʴʦʾ 

ʜʦ ʚʠʩʦʢʦʾ, 

ʟʘʣʝʞʠʪʴ ʚʽʜ 

ʨʦʟʛʦʨʪʘʥʥʷ 

ʃʦʢʘʣʴʥʘ 

ʦʙʨʦʙʢʘ 

AWS IoT 

Greengrass 

Azure IoT 

Edge 

Edge TPU, Cloud 

Functions 
Edge Analytics 

ʄʦʞʣʠʚʘ 

ʯʝʨʝʟ 

ʩʪʦʨʦʥʥʽ 

ʨʽʰʝʥʥʷ 

ɸʥʘʣʽʪʠʢʘ ʪʘ 

ʤʘʰʠʥʥʝ 

ʥʘʚʯʘʥʥʷ 

AWS IoT 

Analytics, 

Greengrass ML 

ɺʙʫʜʦʚʘʥʘ 

ʘʥʘʣʽʪʠʢʘ, 

ʽʥʪʝʛʨʘʮʽʷ ʟ 

Azure AI 

BigQuery, 

AutoML, Google 

AI  

IBM Cloud AI, 

Watson 

Analytics 

ʆʙʤʝʞʝʥʘ, 

ʟʘʣʝʞʠʪʴ ʚʽʜ 

ʽʥʪʝʛʨʘʮʽʡ 

ɺʘʨʪʽʩʪʴ 

Pay-as-you-go, 

ʙʝʟʢʦʰʪʦʚʥʠʡ 

ʨʽʚʝʥʴ 

Pay-as-you-go, 

ʙʝʟʢʦʰʪʦʚʥʠʡ 

ʨʽʚʝʥʴ 

Pay-as-you-go, ʻ 

ʙʝʟʢʦʰʪʦʚʥʠʡ 

ʨʽʚʝʥʴ 

ɼʦʨʦʛʦ ʜʣʷ 

ʢʦʨʧʦʨʘʪʠʚʥʠʭ 

ʨʽʰʝʥʴ 

ɹʝʟʢʦʰʪʦʚʥʦ ʽ 

ʥʠʟʴʢʘ ʟʘ 

ʭʦʩʪʠʥʛ ʪʘ 

ʨʦʟʰʠʨʝʥʥʷ 

 

ʇʽʜʪʨʠʤʢʘ ʰʠʨʦʢʦʛʦ ʩʧʝʢʪʨʫ ʧʨʦʪʦʢʦʣʽʚ ʟʚôʷʟʢʫ ʻ ʥʝʦʙʭʽʜʥʦʶ ʫʤʦʚʦʶ 

ʜʣʷ IoT-ʧʣʘʪʬʦʨʤʠ. ʗʢ ʧʦʢʘʟʘʥʦ ʫ ʊʘʙʣ. 1, ʫ ʢʘʪʝʛʦʨʽʾ "ɿʙʝʨʽʛʘʥʥʷ ʜʘʥʠʭ" 

ʧʝʨʝʤʽʛ AWS IoT Core, ʟʘʚʜʷʢʠ ʛʥʫʯʢʦʤʫ ʪʘ ʤʘʩʰʪʘʙʦʚʘʥʦʤʫ ʟʙʝʨʽʛʘʥʥʶ (S3, 

DynamoDB, Timestream). ʅʘʡʢʨʘʱʦʶ ʧʣʘʪʬʦʨʤʦʶ ʟʘ "ʇʽʜʪʨʠʤʢʦʶ 

ʧʨʦʪʦʢʦʣʽʚ" ʩʪʘʚ Azure IoT Hub, ʦʩʢʽʣʴʢʠ ʧʽʜʪʨʠʤʫʻ MQTT, AMQP ʪʘ HTTP, 

ʱʦ ʟʘʙʝʟʧʝʯʫʻ ʫʥʽʚʝʨʩʘʣʴʥʽʩʪʴ ʧʽʜʢʣʶʯʝʥʥʷ. ɿʘ "ʄʘʩʰʪʘʙʦʚʘʥʽʩʪʶ" ʣʽʜʝʨʘʤʠ 

ʻ AWS IoT Core ʪʘ Google Cloud IoT, ʦʩʢʽʣʴʢʠ ʦʙʠʜʚʽ ʧʣʘʪʬʦʨʤʠ ʥʘʜʘʶʪʴ 

ʘʚʪʦʤʘʪʠʯʥʝ ʤʘʩʰʪʘʙʫʚʘʥʥʷ ʜʣʷ ʚʝʣʠʢʠʭ IoT-ʤʝʨʝʞ. ʋ ʢʘʪʝʛʦʨʽʾ "ɺʘʨʪʽʩʪʴ" 

ʧʝʨʝʤʦʞʮʝʤ ʩʪʘʣʦ open-source ʨʽʰʝʥʥʷ ThingSpeak ʦʩʢʽʣʴʢʠ ʚʦʥʦ ʟʘʙʝʟʧʝʯʫʻ 

ʥʘʡʜʝʰʝʚʰʠʡ ʚʘʨʽʘʥʪ ʜʣʷ ʛʥʫʯʢʠʭ IoT-ʨʽʰʝʥʴ.  

ʋ ʪʦʡ ʞʝ ʯʘʩ, ʚʘʨʪʦ ʧʘʤôʷʪʘʪʠ, ʱʦ ʢʦʞʥʘ ʧʣʘʪʬʦʨʤʘ ʤʘʻ ʩʚʦʾ ʧʝʨʝʚʘʛʠ ʽ 

ʥʝʜʦʣʽʢʠ ʜʣʷ ʨʝʘʣʽʟʘʮʽʾ ʧʨʦʜʫʢʪʫ, ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʩʧʝʮʠʬʽʯʥʠʭ ʚʠʤʦʛ ɯʦʊ 

ʟʘʩʪʦʩʫʥʢʫ.  

ʇʨʠʢʣʘʜʠ ʚʠʙʦʨʫ IoT-ʧʣʘʪʬʦʨʤʠ. ʋ ʪʘʙʣ. 2 ʥʘʚʝʜʝʥʽ ʧʨʠʢʣʘʜʠ ɯʦʊ 

ʟʘʩʪʦʩʫʥʢʽʚ, ɯʦʊ ʧʣʘʪʬʦʨʤʠ ʜʣʷ ʨʦʟʛʦʨʪʘʥʥʷ ʽ ʭʦʩʪʠʥʛʫ ɯʦʊ ʟʘʩʪʦʩʫʥʢʽʚ, ʪʘ 

ʦʩʦʙʣʠʚʦʩʪʽ ʨʝʘʣʽʟʘʮʽʾ ɯʦʊ ʟʘʩʪʦʩʫʥʢʫ ʥʘ ʚʠʙʨʘʥʽʡ ʧʣʘʪʬʦʨʤʽ. 
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ʊʘʙʣʠʮʷ 2. ʇʨʠʢʣʘʜʠ ʚʠʙʦʨʫ ɯʦʊ ʧʣʘʪʬʦʨʤʠ ʜʣʷ ɯʦʊ ʟʘʩʪʦʩʫʥʢʫ. 

IoT ʟʘʩʪʦʩʫʥʦʢ 
IoT 

ʧʣʘʪʬʦʨʤʘ 
ʆʩʦʙʣʠʚʦʩʪʽ ʨʝʘʣʽʟʘʮʽʾ ɯʦʊ ʟʘʩʪʦʩʫʥʢʫ 

ʈʦʟʫʤʥʝ 

ʟʝʤʣʝʨʦʙʩʪʚʦ 

(ʪʦʯʥʝ 

ʟʝʤʣʝʨʦʙʩʪʚʦ) 

Azure IoT 

Hub 

ɿʙʠʨʘʻ ʜʘʥʽ ʚ ʨʝʘʣʴʥʦʤʫ ʯʘʩʽ ʟ ʜʘʪʯʠʢʽʚ ʚʦʣʦʛʦʩʪʽ 

ˇʨʫʥʪʫ, ʪʝʤʧʝʨʘʪʫʨʠ ʪʘ ʧʦʛʦʜʠ. ɯʥʪʝʛʨʫʻʪʴʩʷ ʟ 

ʤʘʰʠʥʥʠʤ ʥʘʚʯʘʥʥʷʤ Azure ʜʣʷ ʧʨʦʛʥʦʟʥʦʾ 

ʘʥʘʣʽʪʠʢʠ. ɸʚʪʦʤʘʪʠʟʫʻ ʧʦʣʠʚ ʥʘ ʦʩʥʦʚʽ ʧʨʦʛʥʦʟʽʚ 

ʧʦʛʦʜʠ ʪʘ ʩʪʘʥʫ ˇʨʫʥʪʫ. 

ɸʚʪʦʤʘʪʠʟʘʮʽʷ 

ʨʦʟʫʤʥʦʛʦ 

ʙʫʜʠʥʢʫ 

Blynk 

ʍʤʘʨʥʘ ʧʣʘʪʬʦʨʤʘ ʜʣʷ ʢʦʥʪʨʦʣʶ ʜʦʤʘʰʥʴʦʾ 

ʙʝʟʧʝʢʠ, ʦʩʚʽʪʣʝʥʥʷ ʪʘ ʧʦʙʫʪʦʚʦʾ ʪʝʭʥʽʢʠ. ʇʽʜʪʨʠʤʫʻ 

ʪʘʢʽ ʧʨʠʩʪʨʦʾ IoT, ʷʢ ESP8266, Raspberry Pi ʪʘ 

Arduino.ʅʘʜʘʻ ʽʥʪʫʾʪʠʚʥʦ ʟʨʦʟʫʤʽʣʠʡ ʽʥʪʝʨʬʝʡʩ 

ʤʦʙʽʣʴʥʦʛʦ ʜʦʜʘʪʢʘ ʟ ʤʦʞʣʠʚʽʩʪʶ ʧʝʨʝʪʷʛʫʚʘʥʥʷ ʜʣʷ 

ʤʦʥʽʪʦʨʠʥʛʫ ʧʨʠʩʪʨʦʶ. 

ʇʨʦʤʠʩʣʦʚʝ 

ʪʝʭʥʽʯʥʝ 

ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ 

AWS IoT 

Core 

ɺʽʜʩʪʝʞʫʻ ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ ʤʘʰʠʥ ʽ ʧʨʦʛʥʦʟʫʻ ʟʙʦʾ ʥʘ 

ʟʘʚʦʜʘʭ. ɺʠʢʦʨʠʩʪʦʚʫʻ AWS Lambda ʜʣʷ ʦʙʨʦʙʢʠ 

ʧʦʜʽʡ ʫ ʨʝʘʣʴʥʦʤʫ ʯʘʩʽ. ɯʥʪʝʛʨʫʻʪʴʩʷ ʟ Amazon 

SageMaker ʜʣʷ ʚʠʷʚʣʝʥʥʷ ʘʥʦʤʘʣʽʡ ʥʘ ʦʩʥʦʚʽ 

ʰʪʫʯʥʦʛʦ ʽʥʪʝʣʝʢʪʫ. 

 

ɺʠʩʥʦʚʢʠ. ʋ ʭʦʜʽ ʧʨʦʚʝʜʝʥʦʛʦ ʘʥʘʣʽʟʫ ʭʤʘʨʥʠʭ IoT-ʧʣʘʪʬʦʨʤ 

ʨʦʟʛʣʷʥʫʪʽ ʢʣʶʯʦʚʽ ʢʨʠʪʝʨʽʾ, ʷʢʽ ʚʠʟʥʘʯʘʶʪʴ ʾʭ ʬʫʥʢʮʽʦʥʘʣʴʥʽʩʪʴ, 

ʤʘʩʰʪʘʙʦʚʘʥʽʩʪʴ ʪʘ ʟʜʘʪʥʽʩʪʴ ʜʦ ʽʥʪʝʛʨʘʮʽʾ. ʇʦʨʽʚʥʷʚʰʠ ʧʦʧʫʣʷʨʥʽ 

ʧʣʘʪʬʦʨʤʠ, ʪʘʢʽ ʷʢ AWS IoT Core, Azure IoT Hub, Google Cloud IoT, IBM 

Watson IoT ʪʘ ThingSpeak, ʚʠʷʚʣʝʥʦ ʾʭ ʩʠʣʴʥʽ ʩʪʦʨʦʥʠ, ʱʦ ʜʦʟʚʦʣʷʻ ʟʨʦʙʠʪʠ 

ʦʙˇʨʫʥʪʦʚʘʥʠʡ ʚʠʙʽʨ ʜʣʷ ʨʝʘʣʽʟʘʮʽʾ ɯʦʊ ʟʘʩʪʦʩʫʥʢʽʚ. ʋ ʨʝʟʫʣʴʪʘʪʽ ʜʦʩʣʽʜʞʝʥʥʷ 

ʚʠʟʥʘʯʝʥʽ ʦʧʪʠʤʘʣʴʥʽ ʧʣʘʪʬʦʨʤʠ ʜʣʷ ʨʽʟʥʠʭ ʚʠʤʦʛ, ʚʽʜ ʤʘʩʰʪʘʙʦʚʘʥʦʩʪʽ ʽ 

ʙʝʟʧʝʢʠ ʜʦ ʧʽʜʪʨʠʤʢʠ ʧʨʦʪʦʢʦʣʽʚ ʽ ʽʥʪʝʛʨʘʮʽʡʥʠʭ ʤʦʞʣʠʚʦʩʪʝʡ. ʎʝ ʜʦʟʚʦʣʷʻ 

ʢʦʞʥʦʤʫ ʨʦʟʨʦʙʥʠʢʫ ʘʙʦ ʧʽʜʧʨʠʻʤʩʪʚʫ ʚʠʙʨʘʪʠ ʥʘʡʙʽʣʴʰ ʧʽʜʭʦʜʷʱʠʡ 

ʽʥʩʪʨʫʤʝʥʪ ʜʣʷ ʨʝʘʣʽʟʘʮʽʾ ʩʚʦʾʭ IoT-ʽʥʽʮʽʘʪʠʚ. ʊʘʢʦʞ, ʫ ʨʦʙʦʪʽ ʨʦʟʛʣʷʥʫʪʽ 

ʧʨʠʢʣʘʜʠ ʚʠʙʦʨʫ IoT-ʧʣʘʪʬʦʨʤʠ ʜʣʷ ʨʝʘʣʽʟʘʮʽʾ ɯʦʊ ʟʘʩʪʦʩʫʥʢʽʚ, ʽ ʧʦʢʘʟʘʥʦ 

ʦʩʦʙʣʠʚʦʩʪʽ ʾʭ ʨʝʘʣʽʟʘʮʽʾ. 
 

ʃʽʪʝʨʘʪʫʨʘ 
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MATHEMATICAL MODEL FOR MAINTAINING THE CONNECTIVITY OF A 

MOBILE DIRECTED -ACTION SENSOR NETWORK WITH 

TELECOMMUNICATION AERIAL PLATFORMS OF T WO-LEVEL ARRANGEMENT  

 

The paper describes a mathematical model that, unlike existing mathematical models of 

MSNs with TA, includes mathematical models of the functioning of directed-action sensors and 

TA of two-level arrangement with different power supply. An algorithmically defined 

mathematical model is also presented, which allows calculating the criteria for assessing 

connectivity. 

 

ɯʩʥʫʶʯʘ ʥʘ ʩʴʦʛʦʜʥʽ ʩʠʩʪʝʤʘ-ʧʨʦʪʦʪʠʧ [1, 3] ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʥʘʟʝʤʥʠʭ 

ʩʝʥʩʦʨʽʚ ʚʩʝʩʧʨʷʤʦʚʘʥʦʾ ʜʽʾ ʽ ʊɸ ʥʘ ʙʘʟʽ ɹʇʃɸ ʣʽʪʘʢʦʚʦʛʦ ʪʘ ʛʝʣʽʢʦʧʪʝʨʥʦʛʦ 

ʪʠʧʽʚ, ʷʢʽ ʚʠʢʦʥʫʶʪʴ ʬʫʥʢʮʽʶ ʟʙʦʨʫ ʪʘ ʦʙʤʽʥʫ ʽʥʬʦʨʤʘʮʽʾ ʟ ʽʥʰʠʤʠ ʊɸ ʽ 

ʤʝʨʝʞʝʚʠʤʠ ʝʣʝʤʝʥʪʘʤʠ (ʙʘʟʦʚʠʤʠ ʩʪʘʥʮʽʷʤʠ, ʩʫʧʫʪʥʠʢʘʤʠ ʪʦʱʦ) 

ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ ʨʽʟʥʽ ʘʣʛʦʨʠʪʤʠ ʪʘ ʧʨʦʪʦʢʦʣʠ ʦʙʤʽʥʫ ʜʘʥʠʭ. 

ʄʽʩʮʝʨʦʟʪʘʰʫʚʘʥʥʷ ʜʘʥʠʭ ʩʠʩʪʝʤ ʷʚʣʷʻ ʩʦʙʦʶ ʟʦʥʫ ʥʘʜʟʚʠʯʘʡʥʦʾ ʩʠʪʫʘʮʽʾ, 

ʩʪʠʭʽʡʥʦʛʦ ʣʠʭʘ ʧʨʠʨʦʜʥʦʛʦ ʘʙʦ ʪʝʭʥʦʛʝʥʥʦʛʦ ʭʘʨʘʢʪʝʨʫ ʚ ʷʢʽʡ ʟʥʠʱʝʥʦ 

ʽʥʬʦʨʤʘʮʽʡʥʦ-ʪʝʣʝʢʦʤʫʥʽʢʘʮʽʡʥʫ ʽʥʬʨʘʩʪʨʫʢʪʫʨʫ, ʘ ʙʘʟʦʚʽ ʩʪʘʥʮʽʾ 

ʟʥʘʭʦʜʷʪʴʩʷ ʥʘ ʤʝʞʽ ʘʙʦ ʧʦʟʘ ʜʘʥʦʶ ʟʦʥʦʶ (ʨʠʩ.1). 

ɺ ʫʤʦʚʘʭ ʩʫʯʘʩʥʠʭ ʪʘ ʧʨʦʛʥʦʟʦʚʘʥʠʭ ʥʘ ʤʘʡʙʫʪʥʻ ʧʨʠʨʦʜʥʠʭ ʪʘ 

ʪʝʭʥʦʛʝʥʥʠʭ ʥʘʜʟʚʠʯʘʡʥʠʭ ʩʠʪʫʘʮʽʡ ʤʦʙʽʣʴʥʠʤ ʩʝʥʩʦʨʥʠʤ ʤʝʨʝʞʘʤ ʟ 

ʪʝʣʝʢʦʤʫʥʽʢʘʮʽʡʥʠʤʠ ʘʝʨʦʧʣʘʪʬʦʨʤʘʤʠ (ʄʉʄ ʟ ʊɸ) ʜʣʷ ʝʬʝʢʪʠʚʥʦʛʦ 

ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʥʝʦʙʭʽʜʥʦ ʤʘʪʠ ʝʥʝʨʛʝʪʠʯʥʠʡ ʟʘʧʘʩ ʤʘʡʞʝ ʥʘ ʧʦʨʷʜʦʢ 

ʙʽʣʴʰʠʡ ʥʽʞ ʝʥʝʨʛʝʪʠʯʥʠʡ ʟʘʧʘʩ, ʷʢʠʤ ʟʘʙʝʟʧʝʯʫʶʪʴʩʷ ʩʫʯʘʩʥʽ ʄʉʄ ʟ ʊɸ. 

ʉʫʯʘʩʥʽ ʄʉʄ ʟ ʊɸ ʤʘʶʪʴ ʥʝʜʦʧʫʩʪʠʤʦ ʚʝʣʠʢʠʡ ʯʘʩ ʟʘʪʨʠʤʢʠ ʜʣʷ 

ʧʝʨʝʜʘʯʽ ʽʥʬʦʨʤʘʮʽʾ, ʤʘʣʫ ʰʚʠʜʢʽʩʪʴ ʾʾ ʧʝʨʝʜʘʯʽ ʚʽʜ ʚʫʟʣʘ ʜʦ ʢʽʥʮʝʚʦʛʦ 

ʧʫʥʢʪʫ, ʚʠʤʘʛʘʶʪʴ ʚʠʢʦʨʠʩʪʘʥʥʷ ʥʘʜʟʚʠʯʘʡʥʦ ʚʝʣʠʢʦʾ ʢʽʣʴʢʦʩʪʽ 

ʪʝʣʝʢʦʤʫʥʽʢʘʮʽʡʥʠʭ ʘʝʨʦʧʣʘʪʬʦʨʤ ʜʣʷ ʥʝʧʝʨʝʨʚʥʦʾ ʧʽʜʪʨʠʤʢʠ ʟʚôʷʟʥʦʩʪʽ. 

ʊʦʤʫ ʻ ʦʙôʻʢʪʠʚʥʘ ʥʝʦʙʭʽʜʥʽʩʪʴ ʘʧʘʨʘʪʥʦ (ʢʦʥʩʪʨʫʢʪʠʚʥʦ-

ʘʣʛʦʨʠʪʤʽʯʥʦʛʦ) ʚʜʦʩʢʦʥʘʣʝʥʥʷ ʽʩʥʫʶʯʠʭ ʤʦʙʽʣʴʥʠʭ ʩʝʥʩʦʨʥʠʭ ʤʝʨʝʞ ʟ 

ʪʝʣʝʢʦʤʫʥʽʢʘʮʽʡʥʠʤʠ ʘʝʨʦʧʣʘʪʬʦʨʤʘʤʠ ʜʣʷ ʟʤʝʥʰʝʥʥʷ ʯʘʩʫ ʟʘʪʨʠʤʢʠ 

ʧʝʨʝʜʘʯʽ ʽʥʬʦʨʤʘʮʽʾ ʪʘ ʟʙʽʣʴʰʝʥʥʷ ʰʚʠʜʢʦʩʪʽ ʾʾ ʧʝʨʝʜʘʯʽ ʟ ʢʽʥʮʷ ʚ ʢʽʥʝʮʴ, ʘ 

ʪʘʢʦʞ ʟʤʝʥʰʝʥʥʷ ʢʽʣʴʢʦʩʪʽ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʟʘʜʽʷʥʠʭ ʪʝʣʝʢʦʤʫʥʽʢʘʮʽʡʥʠʭ 

ʘʝʨʦʧʣʘʪʬʦʨʤ (ʊɸ) ʽʟ ʚʨʘʭʫʚʘʥʥʷʤ ʧʦʪʨʝʙʠ ʝʢʦʥʦʤʥʽʰʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ 
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ʥʘʷʚʥʦʛʦ ʚ ʚʫʟʣʘʭ ʤʝʨʝʞʽ ʪʘ ʥʘ ʙʦʨʪʫ ʊɸ ʝʥʝʨʛʝʪʠʯʥʦʛʦ ʨʝʩʫʨʩʫ. 
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ʈʠʩʫʥʦʢ 1. ʉʪʨʫʢʪʫʨʘ ʤʦʙʽʣʴʥʦʾ ʩʝʥʩʦʨʥʦʾ ʤʝʨʝʞʽ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ  

ʪʝʣʝʢʦʤʫʥʽʢʘʮʽʡʥʠʭ ʘʝʨʦʧʣʘʪʬʦʨʤ ʥʘ ʙʘʟʽ ɹʇʃɸ ʣʽʪʘʢʦʚʦʛʦ ʪʘ ʛʝʣʽʢʦʧʪʝʨʥʦʛʦ ʪʠʧʽʚ,  

ʷʢʘ ʧʦʻʜʥʫʻ ʨʽʟʥʽ ʘʣʛʦʨʠʪʤʠ ʪʘ ʧʨʦʪʦʢʦʣʠ ʦʙʤʽʥʫ ʽʥʬʦʨʤʘʮʽʻʶ. 

 

ɹʫʣʦ ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʚʜʦʩʢʦʥʘʣʝʥʥʷ ʽʩʥʫʶʯʠʭ ʄʉʄ ʟ ʊɸ, ʷʢʝ 

ʜʦʩʷʛʘʻʪʴʩʷ ʟʘʚʜʷʢʠ ʟʘʩʪʦʩʫʚʘʥʥʶ ʤʦʙʽʣʴʥʦʾ ʤʝʨʝʞʽ ʩʝʥʩʦʨʽʚ ʩʧʨʷʤʦʚʘʥʦʾ ʜʽʾ 

ʟ ʪʝʣʝʢʦʤʫʥʽʢʘʮʽʡʥʠʤʠ ʘʝʨʦʧʣʘʪʬʦʨʤʘʤʠ ʨʽʟʥʦʨʽʚʥʝʚʦʛʦ ʨʦʟʪʘʰʫʚʘʥʥʷ [2, 4]. 

ʅʘ ʥʫʣʴʦʚʦʤʫ ʨʽʚʥʽ ʨʦʟʪʘʰʦʚʘʥʽ ʩʝʥʩʦʨʠ ʩʧʨʷʤʦʚʘʥʦʾ ʜʽʾ, ʷʢʽ 

ʨʦʟʪʘʰʦʚʫʶʪʴʩʷ ʯʠ ʧʝʨʝʩʫʚʘʶʪʴʩʷ ʧʦ ʧʦʚʝʨʭʥʽ. ʊɸ ʛʝʣʽʢʦʧʪʝʨʥʦʛʦ ʪʠʧʫ (ʘʙʦ 

ʚ ʜʝʷʢʠʭ ʚʠʧʘʜʢʘʭ ʣʽʪʘʢʦʚʦʛʦ) ʩʪʚʦʨʶʶʪʴ 1-ʡ ʨʽʚʝʥʴ ʤʝʨʝʞʽ (ʪʘʢʪʠʯʥʠʡ 

ʨʽʚʝʥʴ), ʷʢʠʡ ʟʘʙʝʟʧʝʯʫʻ ʣʦʢʘʣʴʥʫ ʟʚôʷʟʥʽʩʪʴ ʜʣʷ ʟʙʦʨʫ ʪʘ ʦʙʤʽʥʫ ʽʥʬʦʨʤʘʮʽʾ 

ʤʽʞ ʪʝʭʥʽʯʥʠʤʠ ʟʘʩʦʙʘʤʠ ʨʷʪʫʚʘʥʥʷ ʽ ʧʦʰʫʢʫ ʪʘ ʨʷʪʫʚʘʣʴʥʠʢʘʤʠ. ɺʠʩʦʪʘ 

ʨʦʟʪʘʰʫʚʘʥʥʷ ʚʽʜ ʧʽʚ ʢʽʣʦʤʝʪʨʘ ʜʦ ʦʜʠʥʠʮʴ ʢʽʣʦʤʝʪʨʽʚ. ɸʣʝ ʱʦʙ ʧʝʨʝʜʘʪʠ 

ʽʥʬʦʨʤʘʮʽʶ ʥʘ ʜʘʣʝʢʽ ʚʽʜʩʪʘʥʽ ʜʦ ʤʽʩʮʴ ʜʝ ʧʨʠʡʤʘʶʪʴʩʷ ʟʘʛʘʣʴʥʽ 

(ʦʧʝʨʘʪʠʚʥʦ-ʩʪʨʘʪʝʛʽʯʥʽ) ʨʽʰʝʥʥʷ ʥʝʦʙʭʽʜʥʠʡ ʱʝ ʦʜʠʥ ʨʽʚʝʥʴ ʊɸ ï 2-ʡ 

(ʚʠʩʦʪʘ ʷʢʦʛʦ ʥʘʜ ʟʝʤʥʦʶ ʧʦʚʝʨʭʥʝʶ ʚʽʜ ʜʝʢʽʣʴʢʦʭ ʢʽʣʦʤʝʪʨʽʚ ʜʦ ʜʝʢʽʣʴʢʦʭ 

ʜʝʩʷʪʢʽʚ ʢʽʣʦʤʝʪʨʽʚ). ɺʽʥ ʧʦʚʠʥʝʥ ʚʟʘʻʤʦʜʽʷʪʠ ʷʢ ʟ ʤʝʨʝʞʝʶ ʊɸ 

ʛʝʣʽʢʦʧʪʝʨʥʦʛʦ ʪʠʧʫ (ʪʘʢʪʠʯʥʠʡ ʨʽʚʝʥʴ) ʪʘʢ ʽʟ ʩʫʧʫʪʥʠʢʦʤ ʥʘ ʥʠʟʴʢʽʡ 

ʥʘʚʢʦʣʦʟʝʤʥʽʡ ʦʨʙʽʪʽ ʘʙʦ ʽʟ ʚʠʩʦʪʥʦʶ ʪʝʣʝʢʦʤʫʥʽʢʘʮʽʡʥʦʶ ʧʣʘʪʬʦʨʤʦʶ 

(ʧʩʝʚʜʦʩʫʧʫʪʥʠʢʦʤ) ʜʣʷ ʪʦʛʦ, ʱʦʙ ʟ ʾʭ ʜʦʧʦʤʦʛʦʶ ʰʚʠʜʢʦ ʧʝʨʝʜʘʚʘʪʠ 

ʽʥʬʦʨʤʘʮʽʶ ʜʦ ʛʦʣʦʚʥʦʛʦ ʮʝʥʪʨʫ ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʴ. ɸʙʦ ʧʝʨʝʜʘʚʘʪʠ 

ʽʥʬʦʨʤʘʮʽʶ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʜʦ ʮʴʦʛʦ ʮʝʥʪʨʫ (ʨʠʩ.2). 

ɼʣʷ ʧʨʦʚʝʜʝʥʥʷ ʽʤʽʪʘʮʽʡʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ [5] ʙʫʣʘ ʨʦʟʨʦʙʣʝʥʘ 

ʙʘʛʘʪʦʢʨʠʪʝʨʽʘʣʴʥʘ ʤʘʪʝʤʘʪʠʯʥʘ ʤʦʜʝʣʴ. ɺʦʥʘ ʜʦʟʚʦʣʷʻ ʤʦʜʝʣʶʚʘʪʠ ʷʢ 

ʫʤʦʚʠ ʽʩʥʫʚʘʥʥʷ, ʪʘʢ ʽ ʚʽʜʩʫʪʥʦʩʪʽ ʟʚôʷʟʥʦʩʪʽ ʄʄʉʉɼ ʟ ʊɸ ʨʽʟʥʦʨʽʚʥʝʚʦʛʦ 

ʨʦʟʪʘʰʫʚʘʥʥʷ ʪʘ ʝʥʝʨʛʝʪʠʯʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ, ʘ ʪʘʢʦʞ ʦʙʯʠʩʣʶʚʘʪʠ ʯʠʩʝʣʴʥʽ 

ʟʥʘʯʝʥʥʷ ʩʢʣʘʜʦʚʠʭ ʚʝʢʪʦʨʥʦʛʦ ʢʨʠʪʝʨʽʶ, ʟʘ ʷʢʠʤʠ ʤʦʞʥʘ ʚʠʢʦʥʘʪʠ ʢʽʣʴʢʽʩʥʝ 

ʦʮʽʥʶʚʘʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʮʽʻʾ ʟʚôʷʟʥʦʩʪʽ. 
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ʆʙʤʽʥ ʜʘʥʠʤʠ ʟ ʛʦʣʦʚʥʠʤ 

ʚʫʟʣʦʤ 

ʈʘʜʽʫʩ ʢʣʘʩʪʝʨʫ R 

ʅʘʧʨʷʤʦʢ ʨʫʭʫ ʊɸ ɺʫʟʦʣ ʘʢʪʠʚʥʠʡ 

ʄʘʢʩʠʤʘʣʴʥʘ ʚʽʜʩʪʘʥʴ 

ʊɸ-ʚʫʟʦʣ  

h 

ɺʫʟʦʣ ʥʝʘʢʪʠʚʥʠʡ 

ɻʦʣʦʚʥʠʡ ʚʫʟʦʣ ʢʣʘʩʪʝʨʫ 

ʆʙʤʽʥ ʜʘʥʠʤʠ ʟ ʢʦʞʥʠʤ 

ʚʫʟʣʦʤ 

ʃʽʥʽʾ ʟʚôʷʟʢʫ 

ʅʫʣʴʦʚʠʡ ʨʽʚʝʥʴ 

ɺʫʟʣʠ ʄʉʄ 

ʊɸ 

1-ʛʦ ʨʽʚʥʷ 

ʊɸ 

2-ʛʦ ʨʽʚʥʷ 

ʊʨʝʪʽʡ ʨʽʚʝʥʴ 

ʅʠʟʴʢʦʦʨʙʽʪʘʣʴʥʽ ʩʫʧʫʪʥʠʢʠ, 

ʧʩʝʚʜʦʩʫʧʫʪʥʠʢʠ 

 
ʈʠʩʫʥʦʢ 2. ʉʪʨʫʢʪʫʨʘ ʤʦʙʽʣʴʥʦʾ ʤʝʨʝʞʽ ʩʝʥʩʦʨʽʚ ʩʧʨʷʤʦʚʘʥʦʾ ʜʽʾ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ 

ʪʝʣʝʢʦʤʫʥʽʢʘʮʽʡʥʠʭ ʘʝʨʦʧʣʘʪʬʦʨʤ ʜʚʦʨʽʚʥʝʚʦʛʦ ʨʦʟʪʘʰʫʚʘʥʥʷ. 

ʂʽʣʴʢʽʩʥʽ ʟʥʘʯʝʥʥʷ ʩʢʘʣʷʨʥʠʭ ʢʨʠʪʝʨʽʾʚ , ʱʦ ʻ ʩʢʣʘʜʦʚʠʤʠ 

ʚʝʢʪʦʨʥʦʛʦ ʢʨʠʪʝʨʽʶ: 

1

11

( )

( )

( )

W X

W X

W X

è ø
é ù
=
é ù
é ùê ú, 

ʜʝ X ï ʚʝʢʪʦʨ ʢʝʨʫʶʯʠʭ ʧʘʨʘʤʝʪʨʽʚ, ʘ ʡʦʛʦ ʧʨʠʥʘʣʝʞʥʽʩʪʴ ʦʙʣʘʩʪʽ 

ʜʦʧʫʩʪʠʤʠʭ ʟʥʘʯʝʥʴ G ʦʙʯʠʩʣʶʻʪʴʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʘʣʛʦʨʠʪʤʽʯʥʦ ʟʘʜʘʥʦʾ 

ʤʦʜʝʣʽ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʄʄʉʉɼ ʟ ʊɸ ʨʽʟʥʦʨʽʚʥʝʚʦʛʦ ʨʦʟʪʘʰʫʚʘʥʥʷ ʽʟ ʨʽʟʥʠʤ 

ʝʥʝʨʛʝʪʠʯʥʠʤ ʟʘʙʝʟʧʝʯʝʥʥʷʤ (ʨʠʩ. 3). ɽʪʘʧʠ ʾʾ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʜʝʪʘʣʴʥʦ 

ʦʧʠʩʘʥʦ ʫ ʩʪʘʪʪʽ [2]. 

 
ʈʠʩʫʥʦʢ 3. ɸʣʛʦʨʠʪʤʽʯʥʦ ʟʘʜʘʥʘ ʤʘʪʝʤʘʪʠʯʥʘ ʤʦʜʝʣʴ  

ʦʙʯʠʩʣʝʥʥʷ ʩʢʘʣʷʨʥʠʭ ʩʢʣʘʜʦʚʠʭ ʚʝʢʪʦʨʥʦʛʦ ʢʨʠʪʝʨʽʶ. 
 

ʉʢʣʘʜʦʚʽ ʚʝʢʪʦʨʫ ʢʝʨʫʶʯʠʭ ʧʘʨʘʤʝʪʨʽʚ X: ʧʦʪʫʞʥʦʩʪʽ ʧʝʨʝʜʘʚʘʯʽʚ 

ʚʫʟʣʽʚ, ʊɸ ʧʝʨʰʦʛʦ ʪʘ ʜʨʫʛʦʛʦ ʨʽʚʥʷ; ʢʦʝʬʽʮʽʻʥʪ ʧʽʜʩʠʣʝʥʥʷ ʘʥʪʝʥ ʚʫʟʣʽʚ ʪʘ 

ʧʨʦʩʪʦʨʦʚʘ ʦʨʽʻʥʪʘʮʽʷ ʧʨʦʤʝʥʶ (ʘʟʠʤʫʪ, ʢʫʪ ʤʽʩʷʮʷ); ʨʦʙʦʯʘ ʯʘʩʪʦʪʘ, ʩʤʫʛʘ 

ʧʨʦʧʫʩʢʘʥʥʷ; ʢʽʣʴʢʽʩʪʴ ʪʘ ʨʦʟʤʽʨʠ ʢʣʘʩʪʝʨʽʚ; ʯʘʩ ʩʥʫ ʚʫʟʣʽʚ. 

ɼʣʷ ʙʘʛʘʪʦʢʨʠʪʝʨʽʘʣʴʥʦʾ ʤʘʪʝʤʘʪʠʯʥʦʾ ʤʦʜʝʣʽ ʙʫʣʦ ʩʬʦʨʤʦʚʘʥʦ ʥʘʙʽʨ 
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ʢʨʠʪʝʨʽʾʚ  ʽʟ ʧʝʨʝʣʽʢʫ ʤʝʪʦʜʠʯʥʠʭ ʨʝʢʦʤʝʥʜʘʮʽʡ ʄʉɽ-ʈ ʪʘ 

ʧʨʦʛʨʘʤʥʦʛʦ ʢʦʤʧʣʝʢʩʫ Matlab: 

 ï ʯʘʩ ʧʝʨʝʜʘʯʽ ʽʥʬʦʨʤʘʮʽʾ ʫʩʝʨʝʜʥʝʥʠʡ ʟʘ ʢʽʣʴʢʽʩʪʶ ʩʝʥʩʦʨʽʚ, ʩ; 

 ï ʰʚʠʜʢʽʩʪʴ ʧʝʨʝʜʘʯʽ ʽʥʬʦʨʤʘʮʽʾ ʫʩʝʨʝʜʥʝʥʘ ʟʘ ʢʽʣʴʢʽʩʪʶ ʩʝʥʩʦʨʽʚ, 

ʙʽʪ/c;  ï ʢʽʣʴʢʽʩʪʴ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʟʘʜʽʷʥʠʭ ʊɸ ʫʩʝʨʝʜʥʝʥʘ ʟʘ ʢʽʣʴʢʽʩʪʶ 

ʩʝʥʩʦʨʽʚ, ʰʪ.;  ï ʤʘʢʩʠʤʘʣʴʥʘ ʢʽʣʴʢʽʩʪʴ ʊɸ, ʰʪ.;  ï ʤʝʜʽʘʥʘ 

ʢʽʣʴʢʦʩʪʽ ʊɸ, ʰʪ.;  ï ʤʦʜʘ ʢʽʣʴʢʦʩʪʽ ʊɸ, ʰʪ.;  ï ʜʦʚʞʠʥʘ 

ʤʘʨʰʨʫʪʫ ʫʩʝʨʝʜʥʝʥʘ ʟʘ ʢʽʣʴʢʽʩʪʶ ʩʝʥʩʦʨʽʚ, ʤ;  ï ʤʘʢʩʠʤʘʣʴʥʘ 

ʜʦʚʞʠʥʘ ʤʘʨʰʨʫʪʫ, ʤ;  ï ʤʽʥʽʤʘʣʴʥʘ ʜʦʚʞʠʥʘ ʤʘʨʰʨʫʪʫ, ʤ;  ï 

ʤʝʜʽʘʥʘ ʜʦʚʞʠʥʠ ʤʘʨʰʨʫʪʫ, ʤ;  ï ʤʦʜʘ ʜʦʚʞʠʥʠ ʤʘʨʰʨʫʪʫ, ʤ. 

ʇʘʨʘʤʝʪʨʠ ʤʘʪʝʤʘʪʠʯʥʦʾ ʤʦʜʝʣʽ, ʷʢʽ ʚʚʘʞʘʶʪʴʩʷ ʥʝʟʤʽʥʥʠʤʠ: 

1. ʍʘʨʘʢʪʝʨʠʩʪʠʢʠ ʚʫʟʣʽʚ (ʢʽʣʴʢʽʩʪʴ , ʪʠʧ ʙʘʪʘʨʝʾ, ʾʾ ʻʤʥʽʩʪʴ, 

ʬʦʨʤʬʘʢʪʦʨ); 

2. ʍʘʨʘʢʪʝʨʠʩʪʠʢʠ ʊɸ (ʢʽʣʴʢʽʩʪʴ ʊɸ 1-ʛʦ ʪʘ 2-ʛʦ ʨʽʚʥʽʚ , ʪʠʧ 

ʜʞʝʨʝʣʘ ʞʠʚʣʝʥʥʷ, ʰʚʠʜʢʽʩʪʴ, ʚʠʩʦʪʘ ʧʦʣʴʦʪʫ ʘʙʦ ʜʽʘʧʘʟʦʥ ʚʠʩʦʪ); 

3. ʇʣʦʱʘ ʥʘ ʷʢʽʡ ʚʦʥʠ ʨʦʟʪʘʰʦʚʫʶʪʴʩʷ ʪʘ ʤʘʨʰʨʫʪʠ ʧʝʨʝʤʽʱʝʥʥʷ; 

4. ʂʦʦʨʜʠʥʘʪʠ ʚʫʟʣʽʚ ʽ ʊɸ ʚ ʤʦʤʝʥʪ ʧʝʨʝʜʘʯʽ ʽʥʬʦʨʤʘʮʽʾ (ʧʨʠ ʨʦʟʛʣʷʜʽ 

ʩʮʝʥʘʨʽʶ ʢʚʘʟʽʤʦʙʽʣʴʥʦʩʪʽ); 

5. ʆʙôʻʤ ʜʘʥʠʭ (ʟʦʢʨʝʤʘ ʽ ʩʣʫʞʙʦʚʦʛʦ)  Ὥ-ʛʦ ʚʫʟʣʘ, ʱʦ ʥʝʦʙʭʽʜʥʦ 
ʧʝʨʝʜʘʪʠ, i=1é; 

6. ʊʦʧʦʣʦʛʽʷ ʪʘ ʤʘʨʰʨʫʪʠ ʧʝʨʝʜʘʯʽ ʜʘʥʠʭ ʟ ʚʫʟʣʽʚ ʄʉʄ ʜʦ ʩʫʧʫʪʥʠʢʘ 

ʯʝʨʝʟ ʊɸ; 

7. ʄʦʞʣʠʚʦʩʪʽ ʚʟʘʻʤʦʜʽʾ ʤʽʞ ʩʦʙʦʶ ʤʝʨʝʞʝʚʠʭ ʝʣʝʤʝʥʪʽʚ ʢʦʞʥʦʛʦ ʨʽʚʥʷ. 

ʃʽʪʝʨʘʪʫʨʘ 
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PROVIDING PERFORMANCE OF AUTONOMOUS NPN 5G  

NETWORKS WITH TIME DUPLEX BY USING SYMBOL PLANNING  

 

A significant advantage of the autonomous NPN 5G network is the ability to slice the 

network operation for individual applications: eMBB, URLLC and mMTC. At the same time, 

different frequency-time parameters of equipment operating in a limited area are a source of 

mutual interference and reduce performance within the NPN network. To minimize the impact of 

interference, the symbol positions in the slot formats are defined in such a way as to ensure their 

compatibility.  

 

ʆʮʽʥʢʘ ʩʫʤʽʩʥʦʩʪʽ ʬʦʨʤʘʪʽʚ ʩʣʦʪʽʚ ʟ ʤʦʜʽʬʽʢʦʚʘʥʠʤʠ ʛʥʫʯʢʠʤʠ 

ʩʠʤʚʦʣʘʤʠ, ʷʢʘ ʧʨʦʚʝʜʝʥʘ ʚ [1], ʧʦʢʘʟʘʣʘ, ʱʦ ʟʘ ʢʨʠʪʝʨʽʷʤʠ ʤʽʥʽʤʘʣʴʥʠʭ 

ʚʪʨʘʪ ʫ ʻʤʥʦʩʪʽ (5%) ʽ ʧʦʢʨʠʪʪʽ (5%) ʨʝʘʣʴʥʠʡ ʽʥʪʝʨʝʩ ʧʨʝʜʩʪʘʚʣʷʻ ʣʠʰʝ 

ʦʙʤʝʞʝʥʘ ʢʽʣʴʢʽʩʪʴ ʢʦʤʙʽʥʘʮʽʡ ʩʣʦʪʦʚʠʭ ʬʦʨʤʘʪʽʚ (ʜʦ 4-ʭ), ʷʢʽ ʚʽʜʨʽʟʥʷʶʪʴʩʷ 

ʟʘ ʨʘʭʫʥʦʢ  ʤʦʜʠʬʽʢʘʮʽʾ ʛʥʫʯʢʠʭ ʩʠʤʚʦʣʽʚ, ʘʣʝ, ʚʦʜʥʦʯʘʩ, ʻ ʩʫʤʽʩʥʠʤʠ, ʘ ʪʦʤʫ 

ʤʦʞʫʪʴ ʙʫʪʠ ʨʝʢʦʤʝʥʜʦʚʘʥʠʤʠ ʚ ʟʘʚʘʜʦʚʠʭ ʩʠʪʫʘʮʽʷʭ. ʇʨʦʚʝʜʝʥʘ ʦʮʽʥʢʘ ʥʝ 

ʦʭʦʧʣʶʻ ʧʦʚʥʠʡ ʧʝʨʝʣʽʢ ʩʠʪʫʘʮʽʡ, ʚ ʷʢʠʭ ʜʦʮʽʣʴʥʦ ʟʘʩʪʦʩʦʚʫʚʘʪʠ ʩʠʤʚʦʣʴʥʝ 

ʧʣʘʥʫʚʘʥʥʷ ʜʣʷ ʧʦʢʨʘʱʝʥʥʷ ʟʘʚʜʘʥʴ ʧʣʘʥʫʚʘʥʥʷ ʤʝʨʝʞ 5G, ʤʽʥʽʤʽʟʘʮʽʾ ʜʽʾ 

ʟʘʚʘʜ ʽ ʟʘʙʝʟʧʝʯʝʥʥʷ ʩʪʘʣʦʾ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ ʤʝʨʝʞ. 

ʊʦʤʫ ʫ ʟʚôʷʟʢʫ ʽʟ ʧʦʰʠʨʝʥʥʷʤ ʫ ʩʚʽʪʽ ʤʘʣʦʧʦʪʫʞʥʠʭ ʘʚʪʦʥʦʤʥʠʭ (ʥʝ 

ʟʘʛʘʣʴʥʠʭ) ʤʝʨʝʞ NPN (Non-Public-Network) ʚ ʨʦʙʦʪʘʭ [2-5] ʩʪʘʚʣʷʪʴʩʷ 

ʧʠʪʘʥʥʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʩʫʤʽʩʥʦʩʪʽ ʦʙʣʘʜʥʘʥʥʷ 5G NR ʷʢ ʚʩʝʨʝʜʝʥʽ ʤʝʨʝʞʽ, ʪʘʢ 

ʽ ʩʫʤʽʩʥʦʩʪʽ ʟ ʩʫʩʽʜʥʽʤʠ ʘʚʪʦʥʦʤʥʠʤʠ ʤʝʨʝʞʘʤʠ NPN, ʱʦ ʩʧʽʣʴʥʦ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʪʦʡ ʩʘʤʠʡ ʯʘʩʪʦʪʥʠʡ ʨʝʩʫʨʩ. ʇʨʠʯʠʥʦʶ ʮʴʦʛʦ ʩʪʘʣʠ ʟʥʘʯʥʽ 

ʦʧʝʨʘʮʽʡʥʽ ʽ ʪʝʭʥʽʯʥʽ ʦʙʤʝʞʝʥʥʷ, ʧʦʚôʷʟʘʥʽ ʽʟ ʚʪʦʨʠʥʥʦʶ ʦʩʥʦʚʦʶ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʩʧʝʢʪʨʫ ʤʝʨʝʞʘʤʠ NPN ʧʦʨʷʜ ʽʟ ʧʝʨʚʠʥʥʦʶ ʦʩʥʦʚʦʶ ʜʣʷ 

ʟʘʛʘʣʴʥʠʭ ʤʝʨʝʞ 5G, ʥʘʢʣʘʜʘʥʥʷʤ ʦʙʤʝʞʝʥʴ ʥʘ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ (ʧʦʪʫʞʥʽʩʪʴ 

ʽ ʧʦʟʘʩʤʫʛʦʚʽ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ) ʽ, ʯʠ ʥʝ ʥʘʡʚʘʞʣʠʚʽʰʝ, ʥʝʦʙʭʽʜʥʽʩʪʶ 

ʟʘʙʝʟʧʝʯʝʥʥʷ ʩʫʤʽʩʥʦʾ ʨʦʙʦʪʠ ʦʙʣʘʜʥʘʥʥʷ ʜʣʷ ʦʩʥʦʚʥʠʭ ʟʘʩʪʦʩʫʚʘʥʴ 

(ʰʚʠʜʢʽʩʥʘ ʧʝʨʝʜʘʯʘ ʜʘʥʠʭ, ʥʠʟʴʢʘ ʟʘʪʨʠʤʢʘ ʽ ʤʽʞʤʘʰʠʥʥʠʡ ʟʚ'ʷʟʦʢ), ʱʦ ʫ 

NPN ʧʨʘʮʶʶʪʴ ʥʘ ʩʧʽʣʴʥʽʡ ʦʙʤʝʞʝʥʽʡ ʪʝʨʠʪʦʨʽʾ ʚ ʨʝʞʠʤʽ ʨʦʟʰʘʨʫʚʘʥʥʷ 

(slicing) ʤʝʨʝʞʽ. 
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ɿ ʤʝʪʦʶ ʦʮʽʥʢʠ ʝʬʝʢʪʠʚʥʦʩʪʽ ʚʠʢʦʨʠʩʪʘʥʥʷ ʩʣʦʪʦʚʠʭ ʬʦʨʤʘʪʽʚ ʜʣʷ 

ʟʘʙʝʟʧʝʯʝʥʥʷ ʨʦʟʰʘʨʫʚʘʥʥʷ ʤʝʨʝʞʽ NPN ʥʘʨʘʟʽ ʧʨʦʚʝʜʝʥʦ ʨʦʟʨʘʭʫʥʢʠ 

ʩʫʤʽʩʥʦʩʪʽ ʪʠʧʦʚʠʭ ʩʣʦʪʦʚʠʭ ʬʦʨʤʘʪʽʚ (ʟʘ ʥʦʤʝʨʘʤʠ), ʱʦ ʻ ʭʘʨʘʢʪʝʨʥʠʤʠ ʜʣʷ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʚ ʟʘʟʥʘʯʝʥʠʭ ʟʘʩʪʦʩʫʚʘʥʥʷʭ (ʨʠʩ. 1). ʏʘʩʪʠʥʘ ʬʦʨʤʘʪʽʚ (ˉˉ 

28; 34; 50; 10; 12; 14) ʦʙʨʘʥʽ ʜʣʷ ʨʦʟʨʘʭʫʥʢʽʚ ʷʢ ʭʘʨʘʢʪʝʨʥʽ ʜʣʷ ʟʘʩʪʦʩʫʚʘʥʴ 

ʨʦʟʰʘʨʫʚʘʥʥʷ ʽ ʧʨʠʡʥʷʪʽ ʽʟ ʪʝʭʥʽʯʥʠʭ ʩʧʝʮʠʬʽʢʘʮʽʡ [6] ʙʝʟ ʟʤʽʥ ʚ ʩʪʨʫʢʪʫʨʽ. 

ʈʝʰʪʘ ʬʦʨʤʘʪʽʚ (ˉˉ 52*; 52-1; 52-2; 52-3) ʦʪʨʠʤʘʥʘ ʽʟ ʬʦʨʤʘʪʫ ʩʣʦʪʘ ˉ 52 

ʰʣʷʭʦʤ ʤʦʜʠʬʽʢʘʮʽʡ ʩʠʤʚʦʣʫ F ʚ ʙʽʢ ʟʘʜʦʚʦʣʝʥʥʷ ʧʦʪʨʝʙ ʟʘʩʪʦʩʫʚʘʥʴ 

ʨʦʟʰʘʨʫʚʘʥʥʷ. 
 

eMBB (ʚʘʞʢʠʡ ʽ ʩʝʨʝʜʥʽʡ DL (ʟ ʟʘʤʽʥʦʶ F)): 

28 D D D D D D D D D D D D F U 

52* D F U U D F U D F U U D F U 

 

eMBB (ʚʘʞʢʠʡ ʽ ʩʝʨʝʜʥʽʡ UL): 

34 D F U U U U U U U U U U U U 

50 D D D F U U U D D D F U U U 

 

URLLC (ʟ ʟʘʤʽʥʦʶ F): 

52-1 D F U D F U D D F U D F U D 
52-2 D F D F D F D D F U D F U D 
52-3 D F U D F U D D F D F D F D 

 

mMTC 

10 F U U U U U U U U U U U U U 

12 F F F U U U U U U U U U U U 

14 F F F F F U U U U U U U U U 

 

ʈʠʩ 1. ʆʙʨʘʥʽ ʜʣʷ ʨʦʟʨʘʭʫʥʢʽʚ ʪʠʧʦʚʽ ʬʦʨʤʘʪʠ ʩʣʦʪʽʚ ʜʣʷ ʨʦʙʦʪʠ ʟ ʨʽʟʥʠʤʠ ʟʘʩʪʦʩʫʚʘʥʥʷʤʠ.  

ʋʤʦʚʥʽ ʧʦʟʥʘʯʝʥʥʷ: D - ʩʠʤʚʦʣʠ DL; U ï ʩʠʤʚʦʣʠ UL;  

F ï ʛʥʫʯʢʽ (flexible) ʩʠʤʚʦʣʠ ʘʙʦ ʟʘʭʠʩʥʠʡ ʽʥʪʝʨʚʘʣ GP. 
 

ʆʮʽʥʢʘ ʩʫʤʽʩʥʦʩʪʽ  ʧʨʦʚʦʜʠʣʘʩʴ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʤʝʪʦʜʫ, ʥʘʚʝʜʝʥʦʤʫ ʚ 

[1] ʰʣʷʭʦʤ ʧʝʨʝʙʦʨʫ ʚʽʜʧʦʚʽʜʥʠʭ ʢʦʤʙʽʥʘʮʽʡ ʬʦʨʤʘʪʽʚ ʩʣʦʪʽʚ ʜʣʷ ʩʮʝʥʘʨʽʾʚ 

ʚʟʘʻʤʦʜʽʾ: eMBBźURLLC; eMBBźmMTC; URLLCźmMTC. ʅʘ ʨʠʩ. 2 

ʧʨʝʜʩʪʘʚʣʝʥʽ ʨʝʟʫʣʴʪʘʪʠ ʨʦʟʨʘʭʫʥʢʽʚ, ʦʪʨʠʤʘʥʽ ʟʘ ʜʦʧʦʤʦʛʦʶ ʧʨʦʛʨʘʤʠ 

Excel. ʌʦʨʤʘʪʠ ʩʣʦʪʽʚ ʜʣʷ ʟʘʩʪʦʩʫʚʘʥʴ ʨʦʟʰʘʨʫʚʘʥʥʷ ʻ ʢʨʠʪʠʯʥʠʤʠ ʟʘ ʩʚʦʻʶ 

ʩʪʨʫʢʪʫʨʦʶ ʽ, ʪʦʤʫ, ʧʝʨʝʜʙʘʯʫʚʘʥʦ ʻ ʥʝʩʫʤʽʩʥʠʤʠ ʤʽʞ ʩʦʙʦʶ. ɺ ʞʦʜʥʦʤʫ ʟ 

ʩʮʝʥʘʨʽʾʚ ʚʟʘʻʤʦʜʽʾ ʚʽʜʩʫʪʥʽ ʢʦʤʙʽʥʘʮʽʾ, ʱʦ ʟʘʜʦʚʦʣʴʥʷʣʠ ʙʠ ʚʠʤʦʛʠ ʚʪʨʘʪ 

ʻʤʥʦʩʪʽ ʥʝ ʙʽʣʴʰʝ ʟʘ 5%. ʇʨʦʪʝ ʽʩʥʫʶʪʴ ʥʘʩʪʫʧʥʽ ʢʦʤʙʽʥʘʮʽʾ, ʱʦ 

ʟʘʜʦʚʦʣʴʥʷʶʪʴ ʚʠʤʦʛʠ ʥʝ ʙʽʣʴʰʝ ʟʘ 20 %, ʱʦ ʚ ʫʤʦʚʘʭ ʟʘʚʘʜʦʚʦʾ ʩʠʪʫʘʮʽʾ 

ʤʦʞʥʘ ʧʨʠʡʥʷʪʠ ʟʘʜʦʚʽʣʴʥʠʤʠ: 1) ʚʩʽ ʬʦʨʤʘʪʠ mMTC  ʽ ˉ52 eMBB (ʩʝʨʝʜʥʽʡ 

DL); 2) ʬʦʨʤʘʪʠ ˉ10, ˉ12 mMTC ʽ ˉ52 eMBB (ʩʝʨʝʜʥʽʡ DL); 3) ʬʦʨʤʘʪ 

ˉ12 mMTC ʽ ʬʦʨʤʘʪ ˉ50 (ʩʝʨʝʜʥʽʡ UL). ɿ ʤʝʪʦʶ ʢʦʤʧʝʥʩʘʮʽʾ ʚʪʨʘʪ ʫ 

ʻʤʥʦʩʪʽ ʥʝʦʙʭʽʜʥʦ ʚʞʠʚʘʪʠ ʜʦʜʘʪʢʦʚʽ ʟʘʭʦʜʠ, ʪʘʢʽ ʷʢ: ʧʨʦʩʪʦʨʦʚʝ ʨʦʟʥʝʩʝʥʥʷ 

ɹʉ, ʟʤʽʥʘ ʩʝʢʪʦʨʫ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʽ ʦʨʽʻʥʪʘʮʽʾ ʧʝʣʶʩʪʢʽʚ ʜʽʘʛʨʘʤʠ 

ʩʧʨʷʤʦʚʘʥʦʩʪʽ ʘʥʪʝʥʠ.  
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ʈʠʩ.2. ʈʝʟʫʣʴʪʘʪʠ ʨʦʟʨʘʭʫʥʢʽʚ ʚʪʨʘʪ ʻʤʥʦʩʪʽ. 

 

ʆʪʨʠʤʘʥʽ ʨʝʟʫʣʴʪʘʪʠ ʤʦʞʫʪʴ ʙʫʪʠ ʨʝʢʦʤʝʥʜʦʚʘʥʽ ʜʣʷ ʧʦʧʝʨʝʜʥʴʦʛʦ 

ʥʘʣʘʰʪʫʚʘʥʥʷ ʤʝʨʝʞ NPN, ʜʝ ʧʣʘʥʫʻʪʴʩʷ ʦʜʥʦʯʘʩʥʘ ʨʦʙʦʪʘ ʨʽʟʥʠʭ 

ʟʘʩʪʦʩʫʚʘʥʴ ʥʘ ʦʙʤʝʞʝʥʽʡ ʪʝʨʠʪʦʨʽʾ (ʚʠʨʦʙʥʠʮʪʚʦ, ʬʝʨʤʝʨʩʴʢʽ ʭʦʟʷʡʩʪʚʘ, 

ʤʝʜʠʯʥʽ ʽ ʥʘʚʯʘʣʴʥʽ ʟʘʢʣʘʜʠ, ʢʘʤʧʫʩʠ ʪʦʱʦ). 
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COMPARATIVE ANALYSIS OF CURRENT MATHEMATICAL  

MODELS FOR ASSESSING THE NOISE IMMUNITY  

OF SIGNALS WITH DISCRETE MODULATION  
 

This paper presents a comparative analysis of current mathematical models used to assess 

the noise immunity of signals with discrete modulation.  
 

ɿʘ ʦʩʪʘʥʥʽ ʜʝʩʷʪʠʣʽʪʪʷ ʮʠʬʨʦʚʽ ʢʦʤʫʥʽʢʘʮʽʾ ʚʩʪʫʧʠʣʠ ʚ ʬʘʟʫ ʙʫʨʭʣʠʚʦʛʦ 

ʨʦʟʚʠʪʢʫ, ʷʢʘ ʘʢʪʠʚʥʦ ʧʨʦʜʦʚʞʫʻʪʴʩʷ ʽ ʚ ʪʝʧʝʨʽʰʥʽʡ ʯʘʩ. ɺʠʢʦʨʠʩʪʘʥʥʷ 

ʩʠʛʥʘʣʴʥʦ-ʢʦʜʦʚʠʭ ʢʦʥʩʪʨʫʢʮʽʡ (ʉʂʂ) ʜʦʟʚʦʣʷʻ ʥʘʡʙʽʣʴʰ ʝʬʝʢʪʠʚʥʦ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʨʝʩʫʨʩʠ ʢʘʥʘʣʫ, ʘʜʞʝ ʦʜʥʦʯʘʩʥʦ ʤʦʞʣʠʚʦ ʦʪʨʠʤʘʪʠ ʚʠʛʨʘʰ 

ʷʢ ʟ ʝʥʝʨʛʝʪʠʯʥʦʾ, ʪʘʢ ʯʘʩʪʦʪʥʦʾ ʝʬʝʢʪʠʚʥʦʩʪʽ ʘʙʦ, ʫ ʚʩʷʢʦʤʫ ʨʘʟʽ, ʦʪʨʠʤʘʪʠ 

ʚʠʛʨʘʰ ʧʦ ʦʜʥʦʤʫ ʧʦʢʘʟʥʠʢʫ, ʥʝ ʧʦʛʽʨʰʫʶʯʠ ʽʥʰʠʡ. 

ɺʘʞʣʠʚʠʤ ʽʥʩʪʨʫʤʝʥʪʦʤ ʚʠʙʦʨʫ ʦʧʪʠʤʘʣʴʥʠʭ ʚʘʨʽʘʥʪʽʚ ʉʂʂ ʚ ʢʘʥʘʣʘʭ 

ʽʟ ʨʽʟʥʦʤʘʥʽʪʥʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ ʻ ʦʮʽʥʢʘ ʡʤʦʚʽʨʥʦʩʪʽ ʙʽʪʦʚʦʾ ʧʦʤʠʣʢʠ (BER), 

ʷʢʘ  ʜʦʧʦʤʦʛʘʻ ʦʙʨʘʪʠ ʩʧʦʩʽʙ ʤʘʥʽʧʫʣʷʮʽʾ ʪʘ ʩʧʦʩʽʙ ʢʦʜʫʚʘʥʥʷ ʜʣʷ ʜʦʩʷʛʥʝʥʥʷ 

ʧʦʪʨʽʙʥʠʭ ʧʦʢʘʟʥʠʢʽʚ ʷʢʦʩʪʽ ʧʝʨʝʜʘʚʘʥʥʷ ʽʥʬʦʨʤʘʮʽʾ. ɼʣʷ ʧʦʰʠʨʝʥʠʭ ʚʠʜʽʚ 

ʤʘʥʽʧʫʣʷʮʽʾ, ʟʦʢʨʝʤʘ, ʜʣʷ ʢʚʘʜʨʘʪʫʨʥʦʾ ʘʤʧʣʽʪʫʜʥʦʾ ʤʦʜʫʣʷʮʽʾ (QAM) 

ʧʦʢʘʟʥʠʢ BER ʪʨʘʜʠʮʽʡʥʦ ʚʠʟʥʘʯʘʻʪʴʩʷ ʰʣʷʭʦʤ ʨʦʟʨʘʭʫʥʢʫ ʡʤʦʚʽʨʥʦʩʪʽ 

ʧʦʤʠʣʢʠ ʟʘ ʜʦʧʦʤʦʛʦʶ ʚʽʜʦʤʠʭ ʘʥʘʣʽʪʠʯʥʠʭ ʟʘʣʝʞʥʦʩʪʝʡ [1-4].  

ʇʦʧʨʠ ʚʠʩʦʢʫ ʪʦʯʥʽʩʪʴ ʘʥʘʣʽʪʠʯʥʠʭ ʚʠʨʘʟʽʚ ʧʨʠ ʚʠʩʦʢʦʤʫ ʚʽʜʥʦʰʝʥʥʽ 

ʩʠʛʥʘʣ-ʰʫʤ h
2
, ʾʭ ʟʘʩʪʦʩʫʚʘʥʥʷ ʧʨʠ ʥʠʟʴʢʠʭ ʟʥʘʯʝʥʥʷʭ h

2 
ʤʦʞʝ ʧʨʠʟʚʦʜʠʪʠ ʜʦ 

ʟʥʘʯʥʠʭ ʚʽʜʭʠʣʝʥʴ ʚʽʜ ʪʦʯʥʠʭ ʟʥʘʯʝʥʴ BER. ʋ ʟʚôʷʟʢʫ ʟ ʮʠʤ ʧʦʩʪʘʻ 

ʥʝʦʙʭʽʜʥʽʩʪʴ ʧʦʨʽʚʥʷʣʴʥʦʛʦ ʘʥʘʣʽʟʫ ʘʢʪʫʘʣʴʥʠʭ ʤʘʪʝʤʘʪʠʯʥʠʭ ʤʦʜʝʣʝʡ, ʱʦʙ 

ʦʙʨʘʪʠ ʥʘʡʙʽʣʴʰ ʜʦʩʪʦʚʽʨʥʫ ʦʮʽʥʢʫ ʟʘʚʘʜʦʩʪʽʡʢʦʩʪʽ ʩʠʛʥʘʣʽʚ ʽʟ ʜʠʩʢʨʝʪʥʦʶ 

ʤʦʜʫʣʷʮʽʻʶ. 

ʋ ʜʦʧʦʚʽʜʽ ʧʨʦʚʝʜʝʥʦ ʦʛʣʷʜ ʩʫʯʘʩʥʠʭ ʤʝʪʦʜʽʚ ʦʮʽʥʢʠ BER, ʚʠʟʥʘʯʝʥʦ 

ʾʭʥʽ ʧʝʨʝʚʘʛʠ ʪʘ ʥʝʜʦʣʽʢʠ, ʘ ʪʘʢʦʞ ʨʦʟʛʣʷʥʫʪʦ ʤʦʞʣʠʚʽ ʥʘʧʨʷʤʢʠ 

ʚʜʦʩʢʦʥʘʣʝʥʥʷ ʧʽʜʭʦʜʽʚ ʜʦ ʤʘʪʝʤʘʪʠʯʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ʟʘʚʘʜʦʩʪʽʡʢʦʩʪʽ 

ʮʠʬʨʦʚʠʭ ʩʠʛʥʘʣʽʚ. 

ʇʦʩʪʘʥʦʚʢʘ ʟʘʜʘʯʽ ʜʦʩʣʽʜʞʝʥʥʷ 

ɼʣʷ ʦʮʽʥʢʠ ʟʘʚʘʜʦʩʪʽʡʢʦʩʪʽ ʰʠʨʦʢʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʘʥʘʣʽʪʠʯʥʽ ʪʘ 

ʩʠʤʫʣʷʮʽʡʥʽ ʧʽʜʭʦʜʠ. ɸʥʘʣʽʪʠʯʥʽ ʤʝʪʦʜʠ ʟʘʙʝʟʧʝʯʫʶʪʴ ʚʠʩʦʢʫ ʪʦʯʥʽʩʪʴ ʜʣʷ 

ʚʠʩʦʢʦʾ ʝʥʝʨʛʝʪʠʢʠ ʪʘ ʰʚʠʜʢʽʩʪʴ ʦʮʽʥʶʚʘʥʥʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʟʘʚʘʜʦʩʪʽʡʢʦʩʪʽ 
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ʙʝʟ ʚʝʣʠʢʠʭ ʦʙʯʠʩʣʶʚʘʣʴʥʠʭ ʚʠʪʨʘʪ. ʉʠʤʫʣʷʮʽʡʥʽ ʤʝʪʦʜʠ (ʤʝʪʦʜʠ 

ʩʪʘʪʠʩʪʠʯʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ), ʥʘʧʨʠʢʣʘʜ. ʚʝʢʪʦʨʥʦ-ʬʘʟʦʚʠʡ ʤʝʪʦʜ [5], 

ʜʦʟʚʦʣʷʶʪʴ ʦʪʨʠʤʘʪʠ ʝʤʧʽʨʠʯʥʽ ʨʝʟʫʣʴʪʘʪʠ ʧʨʠ ʨʽʟʥʠʭ ʫʤʦʚʘʭ ʢʘʥʘʣʫ, ʦʜʥʘʢ 

ʚʦʥʠ ʻ ʟʘʪʨʘʪʥʠʤʠ ʟʘ ʯʘʩʦʤ ʪʘ ʦʙʯʠʩʣʶʚʘʣʴʥʠʤʠ ʨʝʩʫʨʩʘʤʠ.  

ʋ ʣʽʪʝʨʘʪʫʨʽ ʥʘʚʝʜʝʥʦ ʨʽʟʥʽ ʘʥʘʣʽʪʠʯʥʽ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ 

ʡʤʦʚʽʨʥʦʩʪʽ ʧʦʤʠʣʢʠ ʤʘʥʽʧʫʣʴʦʚʘʥʦʛʦ ʩʠʤʚʦʣʫ (ʈʩʠʤ) ʪʘ ʽʥʬʦʨʤʘʮʽʡʥʦʛʦ ʙʽʪʘ 

(ʈʙʽʪ) ʧʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ ʙʘʛʘʪʦʧʦʟʠʮʽʡʥʠʭ ʩʠʛʥʘʣʽʚ. 

ɺʽʜʦʤʦ ʢʽʣʴʢʘ ʤʝʪʦʜʽʚ ʨʦʟʨʘʭʫʥʢʫ ʩʠʤʚʦʣʴʥʠʭ ʽ ʙʽʪʦʚʠʭ ʧʦʤʠʣʦʢ, ʩʝʨʝʜ 

ʷʢʠʭ ʚʝʢʪʦʨʥʦ-ʬʘʟʦʚʠʡ ʤʝʪʦʜ ʪʘ ʧʽʜʭʽʜ, ʟʘʧʨʦʧʦʥʦʚʘʥʠʡ ɼʞ. ʇʨʦʢʽʩʦʤ [1],  

ʃ. ʌʽʥʢʦʤ [2] , ʂ. ʏʦ ʪʘ ɼ. ʖʥʦʤ [3].   

ɼʣʷ ʩʠʛʥʘʣʽʚ ʙʘʛʘʪʦʧʦʟʠʮʽʡʥʦʾ ʤʘʥʽʧʫʣʷʮʽʾ ɼʞ. ʇʨʦʢʽʩʦʤ [1] 

ʟʘʧʨʦʧʦʥʦʚʘʥʽ ʥʘʩʪʫʧʥʽ ʘʥʘʣʽʪʠʯʥʽ ʚʠʨʘʟʠ: 

 - ʁʤʦʚʽʨʥʽʩʪʴ ʙʽʪʦʚʦʾ ʧʦʤʠʣʢʠ ʜʣʷ QPSK 

                                       (1) 

 - ʤʦʚʽʨʥʽʩʪʴ ʙʽʪʦʚʦʾ ʧʦʤʠʣʢʠ ʜʣʷ QAM-M  

.                               (2) 

ɺ ʩʚʦʾʡ ʧʫʙʣʽʢʘʮʽʾ [3] ʂ. ʏʦ ʽ ɼ. ʖʥ ʟʘʧʨʦʧʦʥʦʚʘʣʠ ʘʣʴʪʝʨʥʘʪʠʚʥʽ 

ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ: 

- ʁʤʦʚʽʨʥʽʩʪʴ ʙʽʪʦʚʦʾ ʧʦʤʠʣʢʠ ʜʣʷ QAM-M 

. (3) 

ɺ ʩʚʦʶ ʯʝʨʛʫ, ʃ. ʌʽʥʢ [2] ʜʣʷ m-ʙʘʛʘʪʦʧʦʟʠʮʽʡʥʠʭ ʩʠʛʥʘʣʽʚ ʬʘʟʦʚʦʾ 

ʤʘʥʽʧʫʣʷʮʽʾ ʟʘʧʨʦʧʦʥʫʚʘʚ ʘʥʘʣʽʪʠʯʥʽ ʬʦʨʤʫʣʠ: 

 - ʁʤʦʚʽʨʥʽʩʪʴ ʙʽʪʦʚʦʾ ʧʦʤʠʣʢʠ ʜʣʷ M-PSK 

                                    (4) 

ɼʣʷ ʦʪʨʠʤʘʥʥʷ ʪʦʯʥʽʰʠʭ ʨʝʟʫʣʴʪʘʪʽʚ ʥʝʦʙʭʽʜʥʦ ʧʨʦʚʝʩʪʠ ʨʦʟʨʘʭʫʥʢʠ 
ʜʣʷ ʘʥʘʣʽʪʠʯʥʠʭ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ, ʱʦ ʜʦʟʚʦʣʷʶʪʴ ʚʠʟʥʘʯʘʪʠ ʡʤʦʚʽʨʥʦʩʪʽ 
ʧʦʤʠʣʦʢ ʜʣʷ ʰʠʨʰʦʛʦ ʩʧʝʢʪʨʫ ʚʠʜʽʚ ʤʘʥʽʧʫʣʷʮʽʾ ʩʠʛʥʘʣʽʚ.  

ʋ ʜʦʧʦʚʽʜʽ ʧʨʦʚʝʜʝʥʦ ʘʥʘʣʽʟ ʜʣʷ ʪʘʢʠʭ ʪʠʧʽʚ ʤʦʜʫʣʷʮʽʾ: QPSK ʪʘ QAM-
16, QAM-64. ɸʥʘʣʽʪʠʯʥʽ ʨʦʟʨʘʭʫʥʢʠ ʪʘ ʛʨʘʬʽʯʥʽ ʟʘʣʝʞʥʦʩʪʽ ʡʤʦʚʽʨʥʦʩʪʽ 
ʙʽʪʦʚʠʭ ʧʦʤʠʣʦʢ ʚʽʜ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʩʠʛʥʘʣ/ʰʫʤ ʚʠʢʦʥʘʥʦ ʟʘ ʚʽʜʦʤʠʤʠ 
ʬʦʨʤʫʣʘʤʠ. 

ʇʦʨʽʚʥʷʥʥʷ ʨʝʟʫʣʴʪʘʪʽʚ ʜʦʩʣʽʜʞʝʥʥʷ ʟʘʚʘʜʦʩʪʽʡʢʦʩʪʽ  
ɺʽʜʦʤʦ, ʱʦ ʟʘʚʘʜʦʩʪʽʡʢʽʩʪʴ ʩʠʛʥʘʣʽʚ QPSK, QAM-ʄ ʽʩʪʦʪʥʦ 

ʨʦʟʨʽʟʥʷʻʪʴʩʷ ʧʨʠ ʟʤʽʥʽ ʧʦʟʠʮʽʡʥʦʩʪʽ ʄ, ʪʦʙʪʦ ʢʽʣʴʢʦʩʪʽ ʙʽʪ ʚ ʦʜʥʦʤʫ ʚʽʜʣʽʢʫ 
ʤʦʜʫʣʴʦʚʘʥʦʛʦ ʩʠʛʥʘʣʫ. 

ɺʠʭʦʜʷʯʠ ʟ ʚʠʜʫ QAM-ʄ, ʢʦʞʥʦʤʫ ʟʥʘʯʝʥʥʶ h
2
 ʤʦʞʥʘ ʧʦʩʪʘʚʠʪʠ ʫ 

ʚʽʜʧʦʚʽʜʥʽʩʪʴ ʟʥʘʯʝʥʥʷ ʈb. 
ɿʘ ʜʦʧʦʤʦʛʦʶ ʚʠʨʘʟʽʚ (1)é(4) ʧʨʦʚʝʜʝʥʦ ʘʥʘʣʽʟ ʟʘʣʝʞʥʦʩʪʝʡ 
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ʡʤʦʚʽʨʥʦʩʪʽ ʩʠʤʚʦʣʴʥʦʾ ʧʦʤʠʣʢʠ ʚʽʜ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʩʠʛʥʘʣ/ʰʫʤ ʜʣʷ 
ʢʦʞʥʦʛʦ ʪʠʧʫ ʤʦʜʫʣʷʮʽʾ ʧʦʙʫʜʦʚʘʥʦ ʟʘ ʜʦʧʦʤʦʛʦʶ ʧʨʦʛʨʘʤʥʦʛʦ ʩʝʨʝʜʦʚʠʱʘ 
Matlab ʽ ʥʘʚʝʜʝʥʦ ʥʠʞʯʝ. 

ʅʘ ʨʠʩʫʥʢʫ 1 ʥʘʚʝʜʝʥʦ ʛʨʘʬʽʢʠ ʟʘʣʝʞʥʦʩʪʝʡ ʟʘʚʘʜʦʩʪʽʡʢʦʩʪʽ ʩʠʛʥʘʣʽʚ 
ʙʽʥʘʨʥʦʾ ɺPSK ʪʘ ʢʚʘʜʨʘʪʫʨʥʦʾ QPSK ʤʘʥʽʧʫʣʷʮʽʾ, ʚʠʟʥʘʯʝʥʠʭ ʟʘ 
ʩʧʽʚʚʽʜʥʦʰʝʥʥʷʤʠ (1), (3), (4). ʂʨʠʚʽ ʜʣʷ ʩʠʛʥʘʣʽʚ ɺPSK ʟʙʽʛʣʠʩʷ ʜʣʷ ʚʩʽʭ 
ʩʧʽʚʚʽʜʥʦʰʝʥʴ,  ʜʣʷ ʩʠʛʥʘʣʽʚ  QPSK ʥʘʡʙʽʣʴʰ ʜʦʩʪʦʚʽʨʥʦʶ ʻ ʬʦʨʤʫʣʘ (4) [2]. 

 

ʈʠʩ. 1. ɻʨʘʬʽʢ ʟʘʣʝʞʥʦʩʪʽ ʡʤʦʚʽʨʥʦʩʪʽ ʙʽʪʦʚʠʭ ʧʦʤʠʣʦʢ  ʚʽʜ  ʜʣʷ ʩʠʛʥʘʣʽʚ 

 ʙʽʥʘʨʥʦʾ ɺPSK ʪʘ ʢʚʘʜʨʘʪʫʨʥʦʾ QPSK ʤʘʥʽʧʫʣʷʮʽʾ. 

 

ʈʠʩ. 2. ɻʨʘʬʽʢ ʟʘʣʝʞʥʦʩʪʽ ʡʤʦʚʽʨʥʦʩʪʽ ʙʽʪʦʚʠʭ ʧʦʤʠʣʦʢ   

ʚʽʜ  ʜʣʷ ʙʘʛʘʪʦʧʦʟʠʮʽʡʥʠʭ ʩʠʛʥʘʣʽʚ 16-QAM ʪʘ 64-QAM. 
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ɿʘʣʝʞʥʦʩʪʽ, ʷʢʽ ʥʘʚʝʜʝʥʦ ʥʘ ʨʠʩ. 2 ʜʝʤʦʥʩʪʨʫʶʪʴ, ʱʦ, ʟʘ ʫʤʦʚ ʥʠʟʴʢʦʾ 

ʝʥʝʨʛʝʪʠʢʠ (h
2 
< 8-10 ʜɹ) ʬʦʨʤʫʣʠ ɼʞ. ʇʨʦʢʽʩʘ [1], ʚʠʢʦʨʠʩʪʘʥʥʷ ʷʢʠʭ ʜʫʞʝ 

ʧʦʰʠʨʝʥʦ ʚ ʩʫʯʘʩʥʠʭ ʜʦʩʣʽʜʞʝʥʥʷ ʟʘʚʘʜʦʩʪʽʡʢʦʩʪʽ ʢʘʥʘʣʽʚ ʟ 

ʙʘʛʘʪʦʧʦʟʠʮʽʡʥʦʶ ʤʘʥʽʧʫʣʷʮʽʻʶ,  ʥʝ ʟʘʙʝʟʧʝʯʫʶʪʴ ʜʦʩʪʘʪʥʴʦʾ ʪʦʯʥʦʩʪʽ.  

ʇʨʠ ʤʦʜʫʣʷʮʽʾ 16-QAM ʜʣʷ h
2 

> 8 ʜɹ ʛʨʘʬʽʯʥʽ ʟʘʣʝʞʥʦʩʪʽ, ʦʪʨʠʤʘʥʽ ʟʘ 

ʚʠʨʘʟʘʤʠ (2) ʽ (3) ʤʘʡʞʝ ʽʜʝʥʪʠʯʥʽ. ʆʜʥʦʯʘʩʥʦ, ʧʨʠ h
2
å0 ʡʤʦʚʽʨʥʽʩʪʴ ʧʦʤʠʣʢʠ 

ʟʘ  ʤʝʪʦʜʠʢʦʶ ʇʨʦʢʽʩʘ ʩʪʘʥʦʚʠʪʴ ʙʣʠʟʴʢʦ 0.32, ʪʦʜʽ ʷʢ ʫ ʂ. ʏʦ ʽ ɼ. ʖʥ ʚʦʥʘ 
ʙʣʠʟʴʢʦ 0.14. 

ɼʣʷ ʚʠʧʘʜʢʫ ʤʦʜʫʣʷʮʽʾ 64-QAM ʜʣʷ h
2 

> 9 ʜɹ ʛʨʘʬʽʯʥʽ ʟʘʣʝʞʥʦʩʪʽ, 

ʦʪʨʠʤʘʥʽ ʟʘ ʚʠʨʘʟʘʤʠ (2) ʽ (3) ʤʘʡʞʝ ʽʜʝʥʪʠʯʥʽ, ʘʣʝ ʧʨʠ ʤʝʥʰʠʭ ʟʥʘʯʝʥʥʷʭ  h
2 

ʨʝʟʫʣʴʪʘʪʠ ʩʫʪʪʻʚʦ ʨʽʟʥʷʪʴʩʷ:
 
ʡʤʦʚʽʨʥʽʩʪʴ ʧʦʤʠʣʢʠ ʟʘ ʬʦʨʤʫʣʦʶ (2)  

ɼʞ. ʇʨʦʢʽʩʘ ʧʨʠ h
2
å0 ʧʝʨʝʚʠʱʫʻ 0.5 (ʱʦ ʥʝ ʚʽʜʧʦʚʽʜʘʻ ʬʽʟʠʯʥʦʤʫ ʟʤʽʩʪʫ ʮʽʻʾ 

ʧʦʤʠʣʢʠ), ʘ ʤʝʪʦʜ Cho & Yoon ʥʘʜʘʻ ʨʝʟʫʣʴʪʘʪ, ʙʣʠʟʴʢʠʡ ʜʦ 0.17. 

ʆʪʞʝ, ʤʦʜʝʣʴ ʂ. ʏʦ ʽ ɼ. ʖʥ [3] ʜʝʤʦʥʩʪʨʫʻ ʢʨʘʱʫ ʪʦʯʥʽʩʪʴ ʧʨʠ ʤʘʣʠʭ 

ʟʥʘʯʝʥʥʷʭ h
2 

< 8-10 ʜɹ. ʇʨʠ ʚʠʩʦʢʠʭ ʟʥʘʯʝʥʥʷʭ h
2 

> 8-9 ʜɹ ʛʨʘʬʽʢʠ 

ʟʘʚʘʜʦʩʪʽʡʢʦʩʪʽ ʩʭʦʜʷʪʴʩʷ, ʱʦ ʦʟʥʘʯʘʻ, ʱʦ ʜʣʷ ʚʠʩʦʢʦʾ ʝʥʝʨʛʝʪʠʢʠ ʨʽʟʥʠʮʷ 

ʤʽʞ ʤʝʪʦʜʘʤʠ ʤʝʥʰ ʟʥʘʯʫʱʘ. 

ʄʝʪʦʜʠʢʘ ɼʞ. ʇʨʦʢʽʩʘ (2) ʜʘʻ ʧʝʨʝʚʠʱʝʥʫ ʦʮʽʥʢʫ ʡʤʦʚʽʨʥʦʩʪʽ ʧʦʤʠʣʢʠ 

ʥʘ ʥʠʟʴʢʠʭ ʟʥʘʯʝʥʥʷʭ h
2
, ʱʦ ʦʟʥʘʯʘʻ ʟʥʠʞʝʥʫ ʪʦʯʥʽʩʪʴ ʜʣʷ ʥʠʟʴʢʦʾ 

ʝʥʝʨʛʝʪʠʢʠ. ʅʘʪʦʤʽʩʪʴ ʤʦʜʝʣʴ ʂ. ʏʦ ʽ ɼ. ʖʥ (3) ʻ ʙʽʣʴʰ ʪʦʯʥʦʶ ʪʘ 

ʩʪʘʙʽʣʴʥʦʶ ʚ ʫʩʴʦʤʫ ʜʽʘʧʘʟʦʥʽ ʟʥʘʯʝʥʴ h
2
. 

ʇʦʨʽʚʥʷʥʥʷ ʨʽʟʥʠʮʽ ʚ ʜʦʧʦʚʥʝʥʥʷʭ ʧʦʢʘʟʥʠʢʽʚ ʟʘʚʘʜʦʩʪʽʡʢʦʩʪʽ 

ʨʝʟʫʣʴʪʘʪʘʤʠ ʟʘʚʘʜʦʩʪʽʡʢʦʛʦ ʢʦʜʫʚʘʥʥʷ (ʜʣʷ ʜʦʩʷʛʥʝʥʥʷ ʧʦʪʨʽʙʥʦʾ 

ʜʦʩʪʦʚʽʨʥʦʩʪʽ) ʽ ʟʤʽʥʘʭ ʽʥʬʦʨʤʘʮʽʡʥʦʾ ʝʬʝʢʪʠʚʥʦʩʪʽ 

ʆʮʽʥʢʘ ʟʘʚʘʜʦʩʪʽʡʢʦʩʪʽ ʧʨʠʡʥʷʪʦʛʦ ʩʠʛʥʘʣʫ ʯʝʨʝʟ ʧʦʢʘʟʥʠʢ  BER ʻ 

ʧʝʨʰʠʤ ʝʪʘʧʦʤ ʦʙʨʦʙʢʠ ʉʂʂ. ʅʘʩʪʫʧʥʠʤ ʝʪʘʧʦʤ ʻ ʚʠʙʽʨ ʩʧʦʩʦʙʫ ʢʦʜʫʚʘʥʥʷ, 

ʷʢʠʡ ʟʘʙʝʟʧʝʯʠʪʴ ʧʨʠʡʦʤ ʩʠʛʥʘʣʫ ʽʟ ʟʘʜʘʥʦʶ ʷʢʽʩʪʶ. ʉʫʢʫʧʥʽʩʪʴ ʩʧʦʩʦʙʽʚ 

ʦʙʨʦʙʢʠ ʩʠʛʥʘʣʫ ʥʘ ʧʝʨʰʦʤʫ ʽ ʜʨʫʛʦʤʫ ʝʪʘʧʽ ʚʠʟʥʘʯʘʶʪʴ ʧʽʜʩʫʤʢʦʚʫ 

ʝʬʝʢʪʠʚʥʽʩʪʴ ʚʠʢʦʨʠʩʪʘʥʥʷ ʥʘʜʘʥʠʭ ʨʝʩʫʨʩʽʚ (ʯʘʩʪʦʪʠ ʽ ʝʥʝʨʛʝʪʠʢʠ) ʢʘʥʘʣʫ 

ʟʚôʷʟʢʫ. ʌʽʥʘʣʴʥʠʤ ʧʦʢʘʟʥʠʢʦʤ ʻ ʽʥʬʦʨʤʘʮʽʡʥʘ ʝʬʝʢʪʠʚʥʽʩʪʴ ʢʘʥʘʣʫ ʧʨʠ 

ʥʘʜʘʥʠʭ ʡʦʤʫ ʨʝʩʫʨʩʘʭ. ɼʣʷ ʦʮʽʥʢʠ ʝʥʝʨʛʝʪʠʯʥʦʾ, ʯʘʩʪʦʪʥʦʾ ʪʘ ʽʥʬʦʨʤʘʮʽʡʥʦʾ 

ʝʬʝʢʪʠʚʥʦʩʪʽ ʚʠʢʦʨʠʩʪʘʥʘ ʚʽʜʦʤʘ ʤʝʪʦʜʠʢʘ [5, 6]. 

ʅʘ ʧʨʠʢʣʘʜʽ ʩʠʛʥʘʣʽʚ ʟ ʤʦʜʫʣʷʮʽʻʶ QPSK (ʈʠʩ. 3) ʧʦʢʘʟʘʥʦ, ʷʢ 

ʚʘʨʽʶʶʪʴʩʷ ʚʢʘʟʘʥʽ ʧʦʢʘʟʥʠʢʠ ʝʬʝʢʪʠʚʥʦʩʪʽ ʜʣʷ ʜʦʩʷʛʥʝʥʥʷ ʥʝʦʙʭʽʜʥʦʾ 

ʙʽʪʦʚʦʾ ʜʦʩʪʦʚʽʨʥʦʩʪʽ ʧʦʤʠʣʢʠ 10 
-7
.  

ʇʨʠ ʚʠʭʽʜʥʽʡ ʙʽʪʦʚʽʡ ʡʤʦʚʽʨʥʦʩʪʽ 10
-3
 ʚ ʢʘʥʘʣʽ (ʪʦʯʢʘ 1), ʤʦʞʥʘ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʟʘʚʘʜʦʩʪʽʡʢʠʡ ʙʣʦʢʦʚʠʡ ʢʦʜ (127,99,4) ʜʣʷ ʜʦʩʷʛʥʝʥʥʷ  

Pb = 10
-7 
(ʪʦʯʢʘ 4), ʘ ʧʨʠ ʚʠʭʽʜʥʽʡ ʙʽʪʦʚʽʡ ʡʤʦʚʽʨʥʦʩʪʽ 10

-5
 ʚ ʢʘʥʘʣʽ (ʪʦʯʢʘ 2), 

ʤʦʞʥʘ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʟʘʚʘʜʦʩʪʽʡʢʠʡ ʙʣʦʢʦʚʠʡ ʢʦʜ (127,113,2) ʜʣʷ 

ʜʦʩʷʛʥʝʥʥʷ Pb = 10
-7 
(ʪʦʯʢʘ 5).  

ʗʢ ʤʦʞʥʘ ʧʦʤʽʪʠʪʠ ʟ ʨʠʩ. 3, ʟʘʩʪʦʩʫʚʘʥʥʷ ʩʪʫʧʝʥʽ ʟʘʚʘʜʦʩʪʽʡʢʦʛʦ 

ʢʦʜʫʚʘʥʥʷ ʟʘʚʞʜʠ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʟʥʠʞʝʥʥʷ ʯʘʩʪʦʪʥʦʾ ʝʬʝʢʪʠʚʥʦʩʪʽ ɔ.  ʏʠʤ 

ʙʽʣʴʰʝ ʰʚʠʜʢʽʩʪʴ ʢʦʜʫ, ʪʠʤ ʤʝʥʰʫ ʯʘʩʪʦʪʥʫ ʝʬʝʢʪʠʚʥʽʩʪʴ ʚʦʥʦ ʟʘʙʝʟʧʝʯʫʻ. 

ɺʦʜʥʦʯʘʩ, ʩʣʽʜ ʟʘʫʚʘʞʠʪʠ, ʱʦ ʧʨʠ ʟʘʩʪʦʩʫʚʘʥʥʽ ʟʘʚʘʜʦʩʪʽʡʢʦʛʦ ʢʦʜʫʚʘʥʥʷ 
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ʝʥʝʨʛʝʪʠʯʥʘ ʝʬʝʢʪʠʚʥʽʩʪʴ ɓ ʧʦʢʨʘʱʫʻʪʴʩʷ. 

 
ʈʠʩ. 3. ʇʦʢʘʟʥʠʢʠ ʝʬʝʢʪʠʚʥʦʩʪʽ ʚʠʢʦʨʠʩʪʘʥʥʷ ʨʝʩʫʨʩʽʚ ʧʨʠ Pb =10

-7
. 

 

ʄʦʜʠʬʽʢʦʚʘʥʘ ʰʢʘʣʘ ʝʬʝʢʪʠʚʥʦʩʪʽ ʜʦʟʚʦʣʷʻ ʢʦʤʧʣʝʢʩʥʦ ʦʮʽʥʠʪʠ 

ʯʘʩʪʦʪʥʫ ɔ, ʝʥʝʨʛʝʪʠʯʥʫ ɓ ʪʘ ʽʥʬʦʨʤʘʮʽʡʥʫ ʝʬʝʢʪʠʚʥʦʩʪʽ ɖ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʙʘʛʘʪʦʧʦʟʠʮʽʡʥʦʾ ʤʘʥʽʧʫʣʷʮʽʾ ʪʘ ʟʘʚʘʜʦʩʪʽʡʢʦʛʦ ʢʦʜʫʚʘʥʥʷ.  

ʊʘʢʠʡ ʩʧʦʩʽʙ ʦʮʽʥʢʠ ʨʦʟʰʠʨʶʻ ʩʧʝʢʪʨ ʧʦʰʫʢʫ ʦʧʪʠʤʘʣʴʥʠʭ ʟʘ 

ʚʽʜʥʦʩʥʠʤ ʢʨʠʪʝʨʽʷʤ ʝʥʝʨʛʝʪʠʯʥʦʾ ʽ ʯʘʩʪʦʪʥʦʾ ʝʬʝʢʪʠʚʥʦʩʪʽ ʩʠʩʪʝʤ ʧʝʨʝʜʘʯʽ, 

ʘ ʪʘʢʦʞ ʘʙʩʦʣʶʪʥʠʤ ʝʥʝʨʛʝʪʠʯʥʠʤ ʧʦʢʘʟʥʠʢʦʤ h
2
, ʦʩʢʽʣʴʢʠ ʟʘʙʝʟʧʝʯʫʻ ʚʝʣʠʢʽ 

ʤʦʞʣʠʚʦʩʪʽ ʚʘʨʽʶʚʘʥʥʷ ʧʘʨʘʤʝʪʨʘʤʠ ʜʣʷ ʜʦʩʷʛʥʝʥʥʷ ʤʘʢʩʠʤʘʣʴʥʦʾ 

ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ ʧʨʠ ʤʽʥʽʤʘʣʴʥʠʭ ʚʠʪʨʘʪʘʭ ʨʝʩʫʨʩʽʚ ʢʘʥʘʣʫ ʟʚ'ʷʟʢʫ.  

ʇʨʠ ʮʴʦʤʫ ʚʘʞʣʠʚʦ ʚʠʭʦʜʠʪʠ ʽʟ ʜʦʩʪʦʚʽʨʥʦʾ ʦʮʽʥʢʠ ʷʢʦʩʪʽ ʧʨʠʡʦʤʫ 

ʩʠʛʥʘʣʽʚ ʜʦ ʢʦʜʫʚʘʥʥʷ, ʱʦʙ ʽʥʩʪʨʫʤʝʥʪʠ ʟʘʚʘʜʦʩʪʽʡʢʦʛʦ ʢʦʜʫʚʘʥʥʽ ʯʽʪʢʦ 

ʚʽʜʧʦʚʽʜʘʣʠ ʚʠʤʦʛʘʤ ʷʢʦʩʪʽ, ʦʩʢʽʣʴʢʠ ʥʘʜʣʠʰʦʢ ʨʝʩʫʨʩʽʚ ʚʝʜʝ ʜʦ ʟʥʠʞʝʥʥʷ 

ʽʥʬʦʨʤʘʮʽʡʥʦʾ ʝʬʝʢʪʠʚʥʦʩʪʽ, ʘʙʦ ʥʝʩʪʘʯʘ ʧʦʪʫʞʥʦʩʪʽ ʢʦʜʫ ʥʝ ʟʘʙʝʟʧʝʯʫʻ 

ʚʠʤʦʛʦ ʜʦ ʜʦʩʪʦʚʽʨʥʦʩʪʽ ʧʨʠʡʤʫ ʩʠʛʥʘʣʽʚ. 

ɺʠʩʥʦʚʢʠ 

1. ʋ ʜʦʧʦʚʽʜʽ ʧʨʦʜʝʤʦʥʩʪʨʦʚʘʥʦ ʚʘʞʣʠʚʽʩʪʴ ʚʠʢʦʨʠʩʪʘʥʥʷ ʩʠʛʥʘʣʴʥʦ-

ʢʦʜʦʚʠʭ ʢʦʥʩʪʨʫʢʮʽʡ ʜʣʷ ʧʽʜʚʠʱʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʮʠʬʨʦʚʠʭ ʩʠʩʪʝʤ ʟʚôʷʟʢʫ. 

ɿʦʢʨʝʤʘ, ʨʦʟʛʣʷʥʫʪʦ ʘʥʘʣʽʪʠʯʥʽ ʧʽʜʭʦʜʠ ʜʦ ʦʮʽʥʶʚʘʥʥʷ ʡʤʦʚʽʨʥʦʩʪʽ ʙʽʪʦʚʦʾ 

ʧʦʤʠʣʢʠ ʜʣʷ ʩʠʛʥʘʣʽʚ QPSK ʪʘ QAM-ʄ ʟʘ ʬʦʨʤʫʣʘʤʠ (1)é(4).  

2. ʇʦʨʽʚʥʷʥʥʷ ʨʝʟʫʣʴʪʘʪʽʚ ʨʽʟʥʠʭ ʤʝʪʦʜʽʚ ʦʮʽʥʢʠ ʙʽʪʦʚʦʾ ʧʦʤʠʣʢʠ (ɼʞ. 

ʇʨʦʢʽʩ, ʂ. ʏʦ&ɼ. ʖʥ, ʃ.ʌʽʥʢ) ʩʚʽʜʯʠʪʴ ʧʨʦ ʧʝʨʝʚʘʛʠ ʪʘ ʦʙʤʝʞʝʥʥʷ ʢʦʞʥʦʛʦ 

ʟ ʧʽʜʭʦʜʽʚ. ʄʝʪʦʜʠ ʩʪʘʪʠʩʪʠʯʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ, ʪʘʢʽ ʷʢ ʚʝʢʪʦʨʥʦ-ʬʘʟʦʚʠʡ, 

ʜʘʶʪʴ ʟʤʦʛʫ ʟʜʦʙʫʪʠ ʙʽʣʴʰ ʫʥʽʚʝʨʩʘʣʴʥʽ ʨʝʟʫʣʴʪʘʪʠ ʟʘ ʫʤʦʚ ʨʽʟʥʠʭ 

ʧʘʨʘʤʝʪʨʽʚ ʢʘʥʘʣʫ, ʧʨʦʪʝ ʚʠʤʘʛʘʶʪʴ ʚʝʣʠʢʠʭ ʦʙʯʠʩʣʶʚʘʣʴʥʠʭ ʟʘʪʨʘʪ. 

ɸʥʘʣʽʪʠʯʥʽ ʚʠʨʘʟʠ ʻ ʰʚʠʜʰʠʤʠ ʫ ʨʝʘʣʽʟʘʮʽʾ ʽ ʥʘʜʽʡʥʠʤʠ ʜʣʷ ʚʠʩʦʢʠʭ 

ʩʧʽʚʚʽʜʥʦʰʝʥʴ ʩʠʛʥʘʣ/ʰʫʤ, ʘʣʝ ʧʦʪʨʝʙʫʶʪʴ ʢʦʨʝʢʮʽʾ ʘʙʦ ʨʦʟʰʠʨʝʥʥʷ ʫ ʨʘʟʽ 

ʥʠʟʴʢʦʾ ʝʥʝʨʛʝʪʠʢʠ ʯʠ ʥʝʩʪʘʥʜʘʨʪʥʠʭ ʫʤʦʚ ʧʝʨʝʜʘʯʽ. ʋʩʽ ʮʽ ʤʝʪʦʜʠ ʜʦʮʽʣʴʥʦ 

ʚʨʘʭʦʚʫʚʘʪʠ ʧʨʠ ʧʨʦʻʢʪʫʚʘʥʥʽ ʪʘ ʦʧʪʠʤʽʟʘʮʽʾ ʮʠʬʨʦʚʠʭ ʩʠʩʪʝʤ, ʦʩʦʙʣʠʚʦ, 

ʢʦʣʠ ʥʘ ʧʝʨʰʠʡ ʧʣʘʥ ʚʠʭʦʜʷʪʴ ʚʠʤʦʛʠ ʜʦ ʪʦʯʥʦʩʪʽ, ʰʚʠʜʢʦʜʽʾ ʪʘ 
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ʨʝʩʫʨʩʦʻʤʥʦʩʪʽ ʨʦʟʨʘʭʫʥʢʽʚ. 

3. ʇʦʢʘʟʘʥʦ, ʱʦ ʪʨʘʜʠʮʽʡʥʽ ʬʦʨʤʫʣʠ (4), (1) ʜʣʷ ʩʠʛʥʘʣʽʚ ɺPSK ʽ QPSK 

ʜʦʟʚʦʣʷʶʪʴ ʪʦʯʥʦ ʦʮʽʥʠʪʠ ʡʤʦʚʽʨʥʽʩʪʴ ʙʽʪʦʚʦʾ ʧʦʤʠʣʢʠ ʫ ʚʠʧʘʜʢʫ ʷʢ ʟʘ 

ʥʠʟʴʢʦʛʦ ʨʽʚʥʷ ʝʥʝʨʛʽʾ ʩʠʛʥʘʣʫ, ʪʘʢ ʽ ʜʣʷ ʚʽʜʥʦʩʥʦ ʚʠʩʦʢʠʭ ʩʧʽʚʚʽʜʥʦʰʝʥʴ 

ʩʠʛʥʘʣ/ʰʫʤ, ʪʦʜʽ ʤʦʞʫʪʴ ʚʠʥʠʢʘʪʠ ʧʦʤʽʪʥʽ ʚʽʜʭʠʣʝʥʥʷ ʚʽʜ ʝʤʧʽʨʠʯʥʠʭ ʪʘ 

ʙʽʣʴʰ ʪʦʯʥʠʭ ʘʥʘʣʽʪʠʯʥʠʭ ʦʮʽʥʦʢ. 

4. ɼʣʷ ʩʠʛʥʘʣʽʚ QAM-ʄ ʬʦʨʤʫʣʠ (2), (3) ʜʦʟʚʦʣʷʶʪʴ ʪʦʯʥʦ ʦʮʽʥʠʪʠ 

ʡʤʦʚʽʨʥʽʩʪʴ ʙʽʪʦʚʦʾ ʧʦʤʠʣʢʠ ʫ ʚʠʧʘʜʢʫ ʚʽʜʥʦʩʥʦ ʚʠʩʦʢʠʭ ʩʧʽʚʚʽʜʥʦʰʝʥʴ 

ʩʠʛʥʘʣ/ʰʫʤ (h2 > 10 ʜɹ), ʪʦʜʽ ʷʢ ʟʘ ʥʠʟʴʢʦʛʦ ʨʽʚʥʷ ʝʥʝʨʛʽʾ (h2 > 8 ʜɹ) ʤʦʞʫʪʴ 

ʚʠʥʠʢʘʪʠ ʧʦʤʽʪʥʽ ʚʽʜʭʠʣʝʥʥʷ ʚʽʜ ʝʤʧʽʨʠʯʥʠʭ ʪʘ ʙʽʣʴʰ ʪʦʯʥʠʭ ʘʥʘʣʽʪʠʯʥʠʭ 

ʦʮʽʥʦʢ. ɿʘ ʫʤʦʚ ʥʠʟʴʢʦʾ ʝʥʝʨʛʝʪʠʢʠ (h2 < 8-10 ʜɹ) ʬʦʨʤʫʣʠ ɼʞ. ʇʨʦʢʽʩʘ [1], 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʷʢʠʭ ʜʫʞʝ ʧʦʰʠʨʝʥʦ ʚ ʩʫʯʘʩʥʠʭ ʜʦʩʣʽʜʞʝʥʥʷ ʟʘʚʘʜʦʩʪʽʡʢʦʩʪʽ 

ʢʘʥʘʣʽʚ ʟ ʙʘʛʘʪʦʧʦʟʠʮʽʡʥʦʶ ʤʘʥʽʧʫʣʷʮʽʻʶ,  ʥʝ ʟʘʙʝʟʧʝʯʫʶʪʴ ʜʦʩʪʘʪʥʴʦʾ 

ʪʦʯʥʦʩʪʽ. ɼʣʷ ʦʮʽʥʢʠ ʟʘʚʘʜʦʩʪʽʡʢʦʩʪʽ ʩʠʛʥʘʣʽ QAM-ʄ ʙʽʣʴʰ ʜʦʩʪʦʚʽʨʥʦʶ ʩʣʽʜ 

ʚʚʘʞʘʪʠ ʤʝʪʦʜʠʢʫ ʂ. ʏʦ ʽ ɼ. ʖʥ [3]. 

5. ɸʥʘʣʽʟ ʦʪʨʠʤʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ ʜʝʤʦʥʩʪʨʫʻ, ʱʦ ʟʘʩʪʦʩʫʚʘʥʥʷ 

ʟʘʚʘʜʦʩʪʽʡʢʦʛʦ ʢʦʜʫʚʘʥʥʷ ʚʧʣʠʚʘʻ ʥʘ ʯʘʩʪʦʪʥʫ ʪʘ ʝʥʝʨʛʝʪʠʯʥʫ ʝʬʝʢʪʠʚʥʽʩʪʴ 

ʩʠʩʪʝʤʠ. ʇʽʜʚʠʱʝʥʥʷ ʥʘʜʽʡʥʦʩʪʽ ʰʣʷʭʦʤ ʢʦʜʫʚʘʥʥʷ ʟʙʽʣʴʰʫʻ ʝʥʝʨʛʝʪʠʯʥʠʡ 

ʚʠʛʨʘʰ ʽ ʟʥʠʞʫʻ ʡʤʦʚʽʨʥʽʩʪʴ ʧʦʤʠʣʢʠ, ʘʣʝ ʦʜʥʦʯʘʩʥʦ ʟʤʝʥʰʫʻ ʯʘʩʪʦʪʥʫ 

ʝʬʝʢʪʠʚʥʽʩʪʴ. ʆʪʞʝ, ʧʨʠ ʚʠʙʦʨʽ ʦʧʪʠʤʘʣʴʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʤʦʜʫʣʷʮʽʾ ʪʘ 

ʢʦʜʫʚʘʥʥʷ ʜʦʮʽʣʴʥʦ ʚʨʘʭʦʚʫʚʘʪʠ ʷʢ ʚʠʤʦʛʠ ʜʦ ʷʢʦʩʪʽ ʟʚôʷʟʢʫ (BER, 

ʝʥʝʨʛʝʪʠʯʥʘ ʝʬʝʢʪʠʚʥʽʩʪʴ), ʪʘʢ ʽ ʦʙʤʝʞʝʥʥʷ ʱʦʜʦ ʧʨʦʧʫʩʢʥʦʾ ʟʜʘʪʥʦʩʪʽ 

ʢʘʥʘʣʫ. ʋʥʽʚʝʨʩʘʣʴʥʠʡ ʧʽʜʭʽʜ, ʱʦ ʧʦʻʜʥʫʻ ʘʥʘʣʽʪʠʯʥʝ ʤʦʜʝʣʶʚʘʥʥʷ, 

ʝʤʧʽʨʠʯʥʽ ʨʦʟʨʘʭʫʥʢʠ ʡ ʘʜʘʧʪʠʚʥʝ ʥʘʣʘʰʪʫʚʘʥʥʷ ʩʠʩʪʝʤʠ, ʜʦʟʚʦʣʠʪʴ 

ʤʘʢʩʠʤʘʣʴʥʦ ʝʬʝʢʪʠʚʥʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʨʝʩʫʨʩʠ ʩʫʯʘʩʥʠʭ ʮʠʬʨʦʚʠʭ ʩʠʩʪʝʤ 

ʧʝʨʝʜʘʯʽ. 
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METHODS OF INCREASING THE  EFFICIENCY OF  

PROCESSING RZ-SIGNALS AGAINST THE BACKGROUND OF NON -GAUSSIAN 

INTERFERENCE IN INFORMATION AND MEASUREMENT SYSTEMS  
 

The paper considers the problem of increasing the efficiency of bipolar discrete RZ-signal 

detection systems in information and measuring systems operating under non-Gaussian 

interference. It is proposed to use the moment-cumulative description of random processes to 

develop momentary quality criteria for testing statistical hypotheses and polynomial decision-

making rules. The proposed approach allows taking into account non-Gaussian interference 

parameters, which significantly increases the accuracy of signal processing. It is established that 

the use of moment-cumulative representation of signals and synthesized algorithms allows 

reducing the probability of errors in systems against the background of non-Gaussian 

interference, which is confirmed by the results of modeling, using ROC curves. 
 

ʉʠʩʪʝʤʠ ʧʝʨʝʜʘʯʽ ʪʘ ʧʨʠʡʦʤʫ ʜʘʥʠʭ ʻ ʥʝʚʽʜôʻʤʥʦʶ ʩʢʣʘʜʦʚʦʶ ʩʫʯʘʩʥʠʭ 

ɯɺʉ. ʈʦʟʚʠʪʦʢ ʪʘʢʠʭ ʩʠʩʪʝʤ ʩʫʧʨʦʚʦʜʞʫʻʪʴʩʷ ʟʨʦʩʪʘʥʥʷʤ ʚʠʤʦʛ ʜʦ ʷʢʦʩʪʽ 
ʦʙʨʦʙʢʠ ʧʨʠʡʥʷʪʠʭ ʜʘʥʠʭ. ʇʨʠ ʧʨʦʻʢʪʫʚʘʥʥʽ ʧʦʜʽʙʥʠʭ ʩʠʩʪʝʤ ʰʠʨʦʢʦ 

ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʣʽʥʽʡʥʝ ʢʦʜʫʚʘʥʥʷ ʧʦʚʽʜʦʤʣʝʥʴ, ʟʦʢʨʝʤʘ RZ-ʢʦʜʫʚʘʥʥʷ [1].  
ʅʘ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʩʫʯʘʩʥʠʭ ɯɺʉ, ʷʢ ʧʨʘʚʠʣʦ, ʚʧʣʠʚʘʶʪʴ ʨʽʟʥʦʤʘʥʽʪʥʽ 

ʜʝʩʪʘʙʽʣʽʟʫʶʯʽ ʟʘʚʘʜʠ, ʱʦ ʚ ʩʚʦʶ ʯʝʨʛʫ ʧʦʟʥʘʯʘʻʪʴʩʷ ʥʘ ʷʢʦʩʪʽ ʪʘ 

ʝʬʝʢʪʠʚʥʦʩʪʽ ʾʭʥʴʦʾ ʨʦʙʦʪʠ. ʆʜʠʥ ʽʟ ʜʽʻʚʠʭ ʧʽʜʭʦʜʽʚ ʜʦ ʚʜʦʩʢʦʥʘʣʝʥʥʷ 
ʧʨʦʮʝʩʽʚ ʦʙʨʦʙʢʠ ʽʥʬʦʨʤʘʮʽʾ ʚ ɯɺʉ ð ʮʝ ʨʦʟʨʦʙʢʘ ʤʝʪʦʜʽʚ ʽ ʟʘʩʦʙʽʚ 

ʤʘʪʝʤʘʪʠʯʥʦʛʦ ʪʘ ʢʦʤʧôʶʪʝʨʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ, ʱʦ ʜʦʟʚʦʣʷʻ ʧʽʜʚʠʱʠʪʠ 
ʪʦʯʥʽʩʪʴ ʦʙʨʦʙʢʠ ʩʠʛʥʘʣʽʚ ʽ ʟʥʠʟʠʪʠ ʡʤʦʚʽʨʥʽʩʪʴ ʧʦʤʠʣʦʢ ʚ ʫʤʦʚʘʭ ʜʽʾ ʟʘʚʘʜ. 

ʇʨʦʙʣʝʤʠ, ʱʦ ʚʠʥʠʢʘʶʪʴ ʧʨʠ ʚʜʦʩʢʦʥʘʣʝʥʥʽ ɯɺʉ, ʧʦʚôʷʟʘʥʽ ʟʽ 
ʩʪʚʦʨʝʥʥʷʤ ʝʬʝʢʪʠʚʥʠʭ ʤʝʪʦʜʽʚ ʦʙʨʦʙʢʠ ʩʠʛʥʘʣʽʚ ʥʘ ʬʦʥʽ ʥʝʛʘʫʩʦʚʠʭ ʟʘʚʘʜ, 

ʷʢʽ ʻ ʚʠʧʘʜʢʦʚʠʤʠ ʧʨʦʮʝʩʘʤʠ. ʊʨʘʜʠʮʽʡʥʠʡ ʧʽʜʭʽʜ ʜʦ ʜʦʩʣʽʜʞʝʥʥʷ ʪʘ 
ʨʦʟʨʦʙʢʠ ʩʠʩʪʝʤ ʦʙʨʦʙʢʠ ʩʫʤʽʰʽ ʜʠʩʢʨʝʪʥʠʭ ʩʠʛʥʘʣʽʚ ʽ ʥʝʛʘʫʩʦʚʠʭ ʟʘʚʘʜ ʤʘʻ 

ʟʥʘʯʥʽ ʦʙʤʝʞʝʥʥʷ, ʟʫʤʦʚʣʝʥʽ ʩʢʣʘʜʥʽʩʪʶ ʘʣʛʦʨʠʪʤʽʯʥʦʾ ʨʝʘʣʽʟʘʮʽʾ ʪʘ 
ʚʠʩʦʢʠʤʠ ʦʙʯʠʩʣʶʚʘʣʴʥʠʤʠ ʚʠʪʨʘʪʘʤʠ. ʎʝ ʫʩʢʣʘʜʥʶʻ ʨʦʟʨʦʙʢʫ ʷʢʽʩʥʠʭ 

ʧʨʦʛʨʘʤʥʦ-ʘʣʛʦʨʠʪʤʽʯʥʠʭ ʽ ʘʧʘʨʘʪʥʠʭ ʟʘʩʦʙʽʚ ʜʣʷ ʦʙʨʦʙʢʠ ʩʠʛʥʘʣʽʚ. 
ɿʘʟʥʘʯʝʥʽ ʦʩʦʙʣʠʚʦʩʪʽ ʤʦʞʫʪʴ ʟʥʘʯʥʦ ʫʩʢʣʘʜʥʶʚʘʪʠ ʟʘʩʪʦʩʫʚʘʥʥʷ 

ʪʨʘʜʠʮʽʡʥʠʭ ʤʝʪʦʜʽʚ ʦʙʨʦʙʢʠ ʩʠʛʥʘʣʽʚ, ʟʘʩʥʦʚʘʥʠʭ ʥʘ ʡʤʦʚʽʨʥʽʩʥʠʭ ʢʨʠʪʝʨʽʷʭ 
ʷʢʦʩʪʽ, ʪʘʢʠʭ ʷʢ ʢʨʠʪʝʨʽʡ ɹʘʡʻʩʘ, ʤʘʢʩʠʤʘʣʴʥʦʾ ʧʨʘʚʜʦʧʦʜʽʙʥʦʩʪʽ ʘʙʦ 

ʅʝʡʤʘʥʘ-ʇʽʨʩʦʥʘ. ʋ ʮʠʭ ʤʝʪʦʜʘʭ ʚʠʧʘʜʢʦʚʽ ʚʝʣʠʯʠʥʠ ʦʧʠʩʫʶʪʴʩʷ ʟʘ 
ʜʦʧʦʤʦʛʦʶ ʱʽʣʴʥʦʩʪʝʡ ʨʦʟʧʦʜʽʣʫ ʡʤʦʚʽʨʥʦʩʪʝʡ, ʱʦ ʩʪʚʦʨʶʻ ʜʦʜʘʪʢʦʚʽ 

ʪʨʫʜʥʦʱʽ ʧʨʠ ʨʦʙʦʪʽ ʟ ʥʝʛʘʫʩʦʚʠʤʠ ʟʘʚʘʜʘʤʠ [2]. 
ʆʪʞʝ, ʘʣʴʪʝʨʥʘʪʠʚʥʠʤ ʧʽʜʭʦʜʦʤ ʜʦ ʨʦʟʚôʷʟʘʥʥʷ ʟʘʜʘʯʽ ʤʦʞʝ ʩʪʘʪʠ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʤʦʤʝʥʪʥʦ-ʢʫʤʫʣʷʥʪʥʦʛʦ ʦʧʠʩʫ ʚʠʧʘʜʢʦʚʠʭ ʧʨʦʮʝʩʽʚ ʪʘ 
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ʤʦʤʝʥʪʥʠʭ ʢʨʠʪʝʨʽʾʚ ʷʢʦʩʪʽ ʧʝʨʝʚʽʨʢʠ ʩʪʘʪʠʩʪʠʯʥʠʭ ʛʽʧʦʪʝʟ, ʜʣʷ ʨʦʟʨʦʙʢʠ 

ʧʨʘʚʠʣ ʚʠʷʚʣʝʥʥʷ ʩʠʛʥʘʣʽʚ ʥʘ ʬʦʥʽ ʥʝʛʘʫʩʦʚʠʭ ʟʘʚʘʜ.  
ʄʝʪʦʶ ʨʦʙʦʪʠ ʻ ʧʽʜʚʠʱʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʩʠʩʪʝʤ ʧʨʠʡʦʤʫ ʜʘʥʠʭ ʜʣʷ 

ʚʠʷʚʣʝʥʥʷ RZ - ʩʠʛʥʘʣʽʚ ʥʘ ʬʦʥʽ ʥʝʛʘʫʩʦʚʠʭ ʟʘʚʘʜ ʰʣʷʭʦʤ ʟʘʩʪʦʩʫʚʘʥʥʷ 
ʤʦʤʝʥʪʥʦ-ʢʫʤʫʣʷʥʪʥʦʛʦ ʧʨʝʜʩʪʘʚʣʝʥʥʷ ʚʠʧʘʜʢʦʚʠʭ ʚʝʣʠʯʠʥ. ʎʝ ʚʢʣʶʯʘʻ 

ʨʦʟʨʦʙʢʫ ʤʦʤʝʥʪʥʦʛʦ ʢʨʠʪʝʨʽʶ ʷʢʦʩʪʽ ʜʣʷ ʧʝʨʝʚʽʨʢʠ ʩʪʘʪʠʩʪʠʯʥʦʾ ʛʽʧʦʪʝʟʠ ʪʘ 
ʧʦʣʽʥʦʤʽʘʣʴʥʠʭ ʧʨʘʚʠʣ ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʴ. 

ʇʦʩʪʘʥʦʚʢʘ ʟʘʜʘʯʽ: ʅʝʭʘʡ ʥʘ ʽʥʪʝʨʚʘʣʽ ʩʧʦʩʪʝʨʝʞʝʥʥʷ (0 )T-  

ʩʧʦʩʪʝʨʽʛʘʶʪʴʩʷ ʚʠʧʘʜʢʦʚʽ ʩʠʛʥʘʣʠ ( )i tx , 0,1,2i=  ʷʢʽ ʷʚʣʷʶʪʴ ʩʦʙʦʶ 

ʘʜʠʪʠʚʥʫ ʩʫʤʽʰ ʧʦʩʪʽʡʥʠʭ ʢʦʨʠʩʥʠʭ ʩʠʛʥʘʣʽʚ 1a , 2a-  ʪʘ ʟ ( )th  ï 

ʘʩʠʤʝʪʨʠʯʥʦ-ʝʢʩʮʝʩʥʦʾ ʥʝʛʘʫʩʦʚʦʾ ʟʘʚʘʜʠ ʟ ʥʫʣʴʦʚʠʤ ʤʘʪʝʤʘʪʠʯʥʠʤ 

ʩʧʦʜʽʚʘʥʥʷʤ ʪʘ ʜʠʩʧʝʨʩʽʻʶ 2 :c  0( ) ( ),t tx h=  1 1( ) ( ),t a tx h= + 2 2( ) ( ).t a tx h=- + . 

ɿ ʚʠʧʘʜʢʦʚʦʾ ʩʫʤʽʰʽ ʩʠʛʥʘʣʽʚ ( )i tx , 0,1,2i=  ʦʪʨʠʤʫʻʤʦ ʚʝʢʪʦʨ ʚʠʙʽʨʢʦʚʠʭ 

ʟʥʘʯʝʥʴ 1 2{ , ,... },nX x x x=  ʟʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʦʙʨʦʙʢʠ ʷʢʦʛʦ ʥʝʦʙʭʽʜʥʦ ʧʨʠʡʥʷʪʠ 

ʨʽʰʝʥʥʷ ʧʨʦ ʨʝʘʣʽʟʘʮʽʶ ʛʽʧʦʪʝʟʠ 1H  ʘʙʦ 2H , ʱʦ ʚʽʜʧʦʚʽʜʘʻ ʧʨʠʡʦʤʫ 

ʧʦʩʪʽʡʥʦʛʦ ʢʦʨʠʩʥʦʛʦ ʩʠʛʥʘʣʫ 1a  ʘʙʦ 2a-  ʚʽʜʧʦʚʽʜʥʦ, ʘʙʦ ʨʽʰʝʥʥʷ ʧʨʦ 

ʨʝʘʣʽʟʘʮʽʶ ʛʽʧʦʪʝʟʠ 0H , ʱʦ ʭʘʨʘʢʪʝʨʠʟʫʻ ʥʘʷʚʥʽʩʪʴ ʘʜʠʪʠʚʥʦʾ ʥʝʛʘʫʩʦʚʦʾ 

ʟʘʚʘʜʠ. ʂʦʞʥʦʤʫ ʩʠʛʥʘʣʫ, ʷʢʠʡ ʧʨʠʡʤʘʻʪʴʩʷ, ʚʽʜʧʦʚʽʜʘʻ ʤʦʤʝʥʪʥʦ-
ʢʫʤʫʣʷʥʪʥʠʡ ʦʧʠʩ, ʧʨʝʜʩʪʘʚʣʝʥʠʡ ʫ ʚʠʛʣʷʜʽ ʢʽʥʮʝʚʦʾ ʧʦʩʣʽʜʦʚʥʦʩʪʽ ʤʦʤʝʥʪʽʚ 

2 3[{0, , ,... }]i i i ijm c g g, ʜʝ 3,...i ijg gï ʢʫʤʫʣʷʥʪʥʽ ʢʦʝʬʽʮʽʻʥʪʠ, ʷʢʽ ʦʧʠʩʫʶʪʴ 

ʦʟʥʘʢʠ ʥʝʛʘʫʩʦʚʦʾ ʟʘʚʘʜʠ ( )th .  

ɼʣʷ ʦʙʨʦʙʢʠ ʚʝʢʪʦʨʫ ʚʠʙʽʨʢʦʚʠʭ ʟʥʘʯʝʥʴ { }1 2, , , nʍ x x x=  ʧʨʦʧʦʥʫʻʪʴʩʷ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʥʝʣʽʥʽʡʥʽ ʨʦʟʚôʷʟʫʚʘʣʴʥʽ ʧʨʘʚʠʣʘ (ʈʇ), ʷʢʽ ʧʨʝʜʩʪʘʚʣʝʥʦ ʫ 
ʚʠʛʣʷʜʽ ʩʪʦʭʘʩʪʠʯʥʠʭ ʧʦʣʽʥʦʤʽʚ. ʉʠʥʪʝʟʦʚʘʥʽ ʈʇ ʧʨʠ ʩʪʝʧʝʥʽ ʧʦʣʽʥʦʤʘ 1S= , 

ʷʚʣʷʶʪʴ ʩʦʙʦʶ ʩʠʩʪʝʤʫ ʨʽʚʥʷʥʴ ʧʝʨʝʚʽʨʢʠ ʛʽʧʦʪʝʟ 10 20 21,  ,  H H H , ʷʢʽ ʥʝ 

ʚʨʘʭʦʚʫʶʪʴ ʥʝʛʘʫʩʽʚʩʴʢʠʡ ʨʦʟʧʦʜʽʣ ʜʦʩʣʽʜʞʫʚʘʥʠʭ ʚʠʧʘʜʢʦʚʠʭ ʧʨʦʮʝʩʽʚ. ʇʨʠ 

ʟʙʽʣʴʰʝʥʥʽ ʩʪʝʧʝʥʽ ʧʦʣʽʥʦʤʘ ʜʦ 2S=  ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʧʦʯʘʪʢʦʚʽ ʤʦʤʝʥʪʠ 
3-ʛʦ ʪʘ 4-ʛʦ ʧʦʨʷʜʢʽʚ, ʱʦ ʜʘʻ ʤʦʞʣʠʚʽʩʪʴ ʚʨʘʭʫʚʘʪʠ ʥʝʛʘʫʩʦʚʽ ʧʘʨʘʤʝʪʨʠ 

ʜʦʩʣʽʜʞʫʚʘʥʠʭ ʚʠʧʘʜʢʦʚʠʭ ʧʨʦʮʝʩʽʚ, ʟʦʢʨʝʤʘ ʜʣʷ ʜʘʥʦʾ ʧʦʩʪʘʥʦʚʢʠ ʟʘʜʘʯʽ ʫ 

ʚʠʛʣʷʜʽ ʢʦʝʬʽʮʽʻʥʪʫ ʘʩʠʤʝʪʨʽʾ ʪʘ ʝʢʩʮʝʩʫ3 4,g g ʚʽʜʧʦʚʽʜʥʦ [3].  

ɸʥʘʣʽʟ ʦʪʨʠʤʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ: ɼʣʷ ʦʮʽʥʢʠ ʝʬʝʢʪʠʚʥʦʩʪʽ ʦʪʨʠʤʘʥʠʭ 

ʨʝʟʫʣʴʪʘʪʽʚ ʧʨʦʚʝʜʝʥʦ ʧʦʙʫʜʦʚʫ ROC (receiver operating characteristic) ʢʨʠʚʦʾ, 
ʷʢʘ ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ ʜʣʷ ʦʮʽʥʢʠ ʷʢʦʩʪʽ ʤʦʜʝʣʝʡ (ʚ ʜʘʥʦʤʫ ʚʠʧʘʜʢʫ ʚʦʥʘ 

ʭʘʨʘʢʪʝʨʠʟʫʻ ʧʦʤʠʣʢʠ ʧʝʨʰʦʛʦ ʪʘ ʜʨʫʛʦʛʦ ʨʦʜʫ ʧʨʠ ʩʪʝʧʝʥʽ ʧʦʣʽʥʦʤʫ 
1, 2S S= =). ʅʘ ʨʠʩ.1. ʧʦʢʘʟʘʥʦ ʨʝʟʫʣʴʪʘʪʠ ʤʦʜʝʣʶʚʘʥʥʷ ROC ʢʨʠʚʦʾ  

ʜʝʪʝʢʪʦʨʘ ʧʦʣʽʥʦʤʽʘʣʴʥʦʾ ʦʙʨʦʙʢʠ ʩʠʛʥʘʣʫ ʥʘ ʬʦʥʽ ʥʝʛʘʫʩʦʚʠʭ ʟʘʚʘʜ. 

ʇʦʢʘʟʘʥʦ, ʱʦ ʜʣʷ ʤʦʜʝʣʽ ʥʝʛʘʫʩʦʚʦʾ ʟʘʚʘʜʠ, ʢʦʣʠ ʢʦʝʬʽʮʽʻʥʪʠ ʘʩʠʤʝʪʨʽʾ 

( 3g) ʽ ʝʢʩʮʝʩʫ 4g) ʜʦʨʽʚʥʶʶʪʴ ʥʫʣʶ, ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʣʽʥʽʡʥʦʛʦ ʈʇ (1S=) ʽ 

ʥʝʣʽʥʽʡʥʦʛʦ ʈʇ (2S= ) ʦʜʥʘʢʦʚʽ (ʨʠʩ. 1ʘ). ɺʘʞʣʠʚʦ ʚʽʜʟʥʘʯʠʪʠ, ʱʦ ʣʽʥʽʡʥʝ ʈʇ 

ʟʙʽʛʘʻʪʴʩʷ ʟ ʢʣʘʩʠʯʥʠʤ ʈʇ, ʷʢʝ ʚʠʚʝʜʝʥʝ ʽʟ ʡʤʦʚʽʨʥʦʩʪʽ ʧʝʨʝʜʙʘʯʫʚʘʥʦʾ ʤʦʜʝʣʽ 

ʥʝʛʘʫʩʦʚʦʾ ʟʘʚʘʜʠ. ɯʟ ʟʙʽʣʴʰʝʥʥʷʤ ʢʦʝʬʽʮʽʻʥʪʘ ʘʩʠʤʝʪʨʽʾ (ʟʥʘʯʝʥʥʷ 3g= 0.5, 1.0, 

1.2 ʜʣʷ ʢʽʣʴʢʦʩʪʽ ʚʠʙʽʨʢʦʚʠʭ ʟʥʘʯʝʥʴ n=100, ʥʘ ʨʠʩ. 1ʚ ʽ 1ʛ ʟʥʘʯʝʥʥʷ ɔ3 ʦʜʥʘʢʦʚʽ 
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ʽ ʜʦʨʽʚʥʶʶʪʴ 1.0 (ʥʘ ʨʠʩ. 1ʚ  gam 3=1, ʥʘ ʨʠʩ. 1ʛ  gam 3=1.0), ʥʘʚʝʜʝʥʽ ʥʘ ʨʠʩ.1. 

ʙ, ʚ, ʛ) ʢʨʠʚʘ ʚʽʜʭʠʣʷʻʪʴʩʷ ʫ ʚʝʨʭʥʽʡ ʣʽʚʠʡ ʢʫʪ. ʎʝ ʩʚʽʜʯʠʪʴ ʧʨʦ ʟʙʽʣʴʰʝʥʥʷ 
ʝʬʝʢʪʠʚʥʦʩʪʽ ʨʦʙʦʪʠ ʥʝʣʽʥʽʡʥʦʛʦ ʈʇ ʚ ʧʦʨʽʚʥʷʥʥʽ ʟ ʣʽʥʽʡʥʠʤ. ɺʨʘʭʫʚʘʥʥʷ 

ʥʝʛʘʫʩʦʚʦʾ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʜʦʩʣʽʜʞʫʚʘʥʠʭ ʧʨʦʮʝʩʽʚ ʫ ʚʠʛʣʷʜʽ ʢʦʝʬʽʮʽʻʥʪʽʚ 

ʘʩʠʤʝʪʨʽʾ ʪʘ ʝʢʩʮʝʩʫ (3 0,g¸ 4 0g¸ ) ʜʦʟʚʦʣʷʻ ʟʙʽʣʴʰʠʪʠ ʝʬʝʢʪʠʚʥʽʩʪʴ ʨʦʙʦʪʠ ʈʊ 

ʧʨʠ ʥʝʣʽʥʽʡʥʽʡ ʦʙʨʦʙʮʽ ʚʠʙʽʨʢʦʚʠʭ ʟʥʘʯʝʥʴ 2,S=  ʫ ʧʦʨʽʚʥʷʥʥʽ ʟ ʜʦʙʨʝ 

ʚʽʜʦʤʠʤʠ ʨʝʟʫʣʴʪʘʪʘʤʠ ʜʣʷ ʥʝʛʘʫʩʦʚʠʭ ʤʦʜʝʣʝʡ 1S= . 

 

a) 

 

ʙ) 

 

ʚ) 

 

ʛ) 

ʈʠʩ.1. ʄʦʜʝʣʶʚʘʥʥʷ ʢʨʠʚʦʾ ROC ʜʝʪʝʢʪʦʨʘ ʧʦʣʽʥʦʤʽʘʣʴʥʦʛʦ  

ʩʠʛʥʘʣʫ ʥʘ ʬʦʥʽ ʥʝʛʘʫʩʦʚʠʭ ʟʘʚʘʜ. 

ɺʠʩʥʦʚʢʠ. ʋ ʨʦʙʦʪʽ ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʘʣʴʪʝʨʥʘʪʠʚʥʠʡ ʧʽʜʭʽʜ ʜʦ ʦʧʠʩʫ 

ʚʠʧʘʜʢʦʚʠʭ ʧʨʦʮʝʩʽʚ. ʎʝʡ ʧʽʜʭʽʜ ʟʘʩʥʦʚʘʥʠʡ ʥʘ ʚʠʢʦʨʠʩʪʘʥʥʽ ʤʦʤʝʥʪʽʚ ʽ 

ʢʫʤʫʣʷʥʪʽʚ, ʥʝʩʢʽʥʯʝʥʥʘ ʧʦʩʣʽʜʦʚʥʽʩʪʴ ʷʢʠʭ ʜʦʟʚʦʣʠʪʴ ʪʦʯʥʦ ʥʘʙʣʠʟʠʪʠ 

ʟʘʧʨʦʧʦʥʦʚʘʥʠʡ ʦʧʠʩ ʚʠʧʘʜʢʦʚʠʭ ʚʝʣʠʯʠʥ ʜʦ ʧʦʚʥʦʛʦ ʽʤʦʚʽʨʥʽʩʥʦʛʦ ʧʨʦʮʝʩʫ. 

ɼʦʩʣʽʜʞʝʥʥʷ ʧʦʢʘʟʘʣʠ, ʱʦ ʥʦʚʠʡ ʧʽʜʭʽʜ ʜʦ ʦʧʠʩʫ ʚʠʧʘʜʢʦʚʠʭ ʚʝʣʠʯʠʥ ʽ 

ʩʠʥʪʝʟʫ ʈʇ ʤʦʞʝ ʧʽʜʚʠʱʠʪʠ ʪʦʯʥʽʩʪʴ ʦʙʨʦʙʢʠ ʩʠʛʥʘʣʽʚ ʧʦʨʽʚʥʷʥʦ ʟ ʜʦʙʨʝ 

ʚʽʜʦʤʠʤʠ ʨʝʟʫʣʴʪʘʪʘʤʠ. ɺʠʢʦʨʠʩʪʘʥʥʷ ʟʘʧʨʦʧʦʥʦʚʘʥʦʛʦ ʤʝʪʦʜʫ ʪʘ 

ʩʠʥʪʝʟʦʚʘʥʠʭ ʘʣʛʦʨʠʪʤʽʚ ʧʽʜʚʠʱʫʻ ʟʘʚʘʜʦʩʪʽʡʢʽʩʪʴ ʩʠʩʪʝʤʠ ʧʨʠʡʦʤʫ 

ʙʽʧʦʣʷʨʥʠʭ ʜʠʩʢʨʝʪʥʠʭ ʩʠʛʥʘʣʽʚ ʚ ɯɺʉ, ʱʦ ʧʽʜʪʚʝʨʜʞʝʥʦ ʨʝʟʫʣʴʪʘʪʘʤʠ 

ʤʦʜʝʣʶʚʘʥʥʷ. 
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SCENARIOS AND STRATEGIES FOR INFORMATION  

TRANSMISSION IN INTERNET OF THINGS SYSTEMS  

 
The concepts of Scenario and Strategy of information transmission in Internet of Things 

systems are considered. A solution to the conflict between the capabilities provided by the 

available resource and the capabilities that the required telecommunication resource could 

provide is presented. 

 

ʇʨʦʪʠʨʽʯʯʷ ʤʽʞ ʙʝʟʧʝʨʝʨʚʥʦ ʟʨʦʩʪʘʶʯʠʤʠ ʽʥʬʦʨʤʘʮʽʡʥʠʤʠ ʧʦʪʨʝʙʘʤʠ 

ʩʫʩʧʽʣʴʩʪʚʘ ʽ ʚʽʜʩʪʘʚʘʥʥʷ ʬʽʟʠʯʥʠʭ ʤʦʞʣʠʚʦʩʪʝʡ ʪʝʣʝʢʦʤʫʥʽʢʘʮʽʡ ʟ 

ʧʝʨʝʤʽʱʝʥʥʷ ʽʥʬʦʨʤʘʮʽʾ ʚʽʜ ʜʞʝʨʝʣ ʜʦ ʦʜʝʨʞʫʚʘʯʽʚ ʩʪʘʥʦʚʠʪʴ ʪʨʠʚʘʣʫ ʚ ʯʘʩʽ 

ʧʨʦʙʣʝʤʫ ʟ ʧʦʟʠʮʽʾ ʩʫʯʘʩʥʦʾ ʧʘʨʘʜʠʛʤʠ ʪʝʣʝʢʦʤʫʥʽʢʘʮʽʡʥʠʭ ʟʥʘʥʴ [1]. 

ʉʠʩʪʝʤʠ ɯʥʪʝʨʥʝʪʫ ʨʝʯʝʡ ʚʽʜʦʙʨʘʞʘʶʪʴ ʤʦʞʣʠʚʠʡ ʰʣʷʭ ʚʠʨʽʰʝʥʥʷ 

ʜʘʥʦʛʦ ʧʨʦʪʠʨʽʯʯʷ ʟʘʚʜʷʢʠ ʧʦʻʜʥʘʥʥʶ ʨʽʟʥʦʤʘʥʽʪʥʠʭ ʩʮʝʥʘʨʽʾʚ ʧʝʨʝʜʘʯʽ 

ʽʥʬʦʨʤʘʮʽʡ ʪʘ ʩʧʦʩʦʙʽʚ ʾʭ ʨʝʘʣʽʟʘʮʽʾ. ʉʫʢʫʧʥʽʩʪʴ ʚʠʢʦʨʠʩʪʦʚʫʚʘʥʠʭ ʧʦʩʣʫʛ 

ʦʜʥʦʛʦ ʢʦʨʠʩʪʫʚʘʯʘ, ʛʨʫʧʠ ʢʦʨʠʩʪʫʚʘʯʽʚ, ʩʧʽʣʴʥʦʪʠ ʘʙʦ ʩʫʩʧʽʣʴʩʪʚʘ ʚʠʟʥʘʯʘʻ 

ʽʥʬʦʨʤʘʮʽʡʥʠʡ ʩʮʝʥʘʨʽʡ ʧʝʨʝʜʘʯʽ ʽʥʬʦʨʤʘʮʽʾ. 

ʉʮʝʥʘʨʽʡ ʤʽʩʪʠʪʴ ʚ ʩʦʙʽ ʚʝʩʴ ʥʘʙʽʨ ʧʦʩʣʫʛ, ʷʢʠʡ ʥʝʦʙʭʽʜʥʦ ʨʝʘʣʽʟʫʚʘʪʠ 

ʜʣʷ ʢʦʨʠʩʪʫʚʘʯʘ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʡʦʛʦ ʧʦʙʘʞʘʥʴ (ʚʽʜ ʨʦʟʫʤʥʦʛʦ ʙʫʜʠʥʢʫ ʜʦ 

ʧʨʦʤʠʩʣʦʚʠʭ ʘʚʪʦʤʘʪʠʟʦʚʘʥʠʭ ʧʨʦʮʝʩʽʚ ʪʘ ʦʙʦʨʦʥʥʠʭ ʩʠʩʪʝʤ). 

ʊʘʢ, ʥʘʧʨʠʢʣʘʜ, ʧʽʜʭʽʜ ʜʦ ʨʝʘʛʫʚʘʥʥʷ ʥʘ ʢʨʠʟʦʚʽ ʩʠʪʫʘʮʽʾ ʥʘ ʦʩʥʦʚʽ 

ɯʥʪʝʨʥʝʪʫ ʨʝʯʝʡ ʧʨʦʧʦʥʫʻ ʥʠʟʢʫ ʚʘʛʦʤʠʭ ʧʝʨʝʚʘʛ ʧʦʨʽʚʥʷʥʦ ʟ ʪʨʘʜʠʮʽʡʥʠʤʠ 

ʤʝʪʦʜʘʤʠ. ɺʠʢʦʨʠʩʪʦʚʫʶʯʠ ʜʘʥʽ ʪʘ ʘʥʘʣʽʪʠʢʫ ʚ ʨʝʞʠʤʽ ʨʝʘʣʴʥʦʛʦ ʯʘʩʫ, 

ʨʽʰʝʥʥʷ, ʟʘʩʥʦʚʘʥʽ ʥʘ ɯʥʪʝʨʥʝʪʽ ʨʝʯʝʡ, ʜʦʟʚʦʣʷʶʪʴ ʰʚʠʜʢʦ ʪʘ ʝʬʝʢʪʠʚʥʦ 

ʚʠʷʚʣʷʪʠ, ʚʽʜʩʪʝʞʫʚʘʪʠ ʪʘ ʨʝʘʛʫʚʘʪʠ ʥʘ ʢʘʪʘʩʪʨʦʬʠ. ɼʦʜʘʪʢʦʚʦ, ʩʠʩʪʝʤʠ, 

ʧʦʙʫʜʦʚʘʥʽ ʥʘ ʙʘʟʽ ɯʥʪʝʨʥʝʪʫ ʨʝʯʝʡ, ʤʦʞʫʪʴ ʙʫʪʠ ʚʠʢʦʨʠʩʪʘʥʽ ʜʣʷ 

ʽʥʬʦʨʤʫʚʘʥʥʷ ʧʨʦ ʧʣʘʥʠ ʝʚʘʢʫʘʮʽʾ ʘʙʦ ʩʠʛʥʘʣʠ ʧʨʦ ʥʝʙʝʟʧʝʢʫ [3]. 

ʂʦʞʝʥ ʝʣʝʤʝʥʪ ʩʮʝʥʘʨʽʶ ʤʘʻ ʪʨʠʚʠʤʽʨʥʫ ʩʪʨʫʢʪʫʨʫ: 

{ }iiii SpTQX ;;D
,            (1.1) 

ʜʝ Xi ï i-ʡ ʝʣʝʤʝʥʪ ʩʮʝʥʘʨʽʷ, QSi ï ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʦʙôʻʤʫ ʽʥʬʦʨʤʘʮʽʾ, 

ʧʦʚôʷʟʘʥʠʡ ʟ i-ʤ ʝʣʝʤʝʥʪʦʤ, TSi ï ʯʘʩʦʚʝ ʦʙʤʝʞʝʥʥʷ, ʧʦʚ'ʷʟʘʥʝ ʟ ʥʘʜʘʥʥʷʤ 

ʧʦʩʣʫʛ i-ʛʦ ʝʣʝʤʝʥʪʘ, SpSiï ʧʨʦʩʪʦʨʦʚʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ i-ʛʦ ʝʣʝʤʝʥʪʘ. 

ʇʨʠ ʦʙ'ʻʜʥʘʥʥʽ ʝʣʝʤʝʥʪʽʚ ʫ ʩʮʝʥʘʨʽʡ ʫʪʚʦʨʶʻʪʴʩʷ ʚʝʢʪʦʨ 

{ }njijjjj XXXXX ,...,,, 21=            (1.2) 
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ʜʝ Xj ï j-ʷ ʚʝʨʩʽʷ ʩʮʝʥʘʨʽʷ, ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʥʘʙʦʨʦʤ ʝʣʝʤʝʥʪʽʚ Xj̔. 

ʇʨʠ ʚʠʙʦʨʽ ʩʧʦʩʦʙʫ ʨʝʘʣʽʟʘʮʽʾ ʢʦʞʥʦʛʦ (Xj ï ʛʦ) ʩʮʝʥʘʨʽʶ ʚʘʞʣʠʚʫ ʨʦʣʴ 

ʚʽʜʽʛʨʘʻ ʪʦʯʥʘ ʚʽʜʧʦʚʽʜʥʽʩʪʴ ʤʽʞ ʥʝʦʙʭʽʜʥʠʤʠ ʦʙʩʷʛʘʤʠ ʧʝʨʝʜʘʯʽ ʽʥʬʦʨʤʘʮʽʾ 

(ʽʥʬʦʨʤʘʮʽʡʥʘ ʢʦʤʧʦʥʝʥʪʘ), ʯʘʩʦʤ ʦʙʨʦʙʢʠ ʽ ʜʦʩʪʘʚʢʠ ʽʥʬʦʨʤʘʮʽʾ (ʯʘʩʦʚʘ 

ʢʦʤʧʦʥʝʥʪʘ) ʽ ʤʽʩʮʝʤ ʨʝʘʣʽʟʘʮʽʾ ʩʮʝʥʘʨʽʶ (ʧʨʦʩʪʦʨʦʚʘ ʢʦʤʧʦʥʝʥʪʘ). 

ʊʘʢʠʤ ʯʠʥʦʤ, ʩʮʝʥʘʨʽʡ, ʷʢ ʩʫʢʫʧʥʽʩʪʴ ʝʣʝʤʝʥʪʽʚ, ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ 

ʪʘʢʦʞ ʪʨʴʦʤʘ ʢʦʦʨʜʠʥʘʪʘʤʠ: 

{ }jjjj SpTQX ,, .      (1.3) 

ʜʝ Xj ï j-ʷ ʚʝʨʩʽʷ ʩʮʝʥʘʨʽʷ, Qj ï ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʦʙôʻʤʫ ʽʥʬʦʨʤʘʮʽʾ, 

ʧʦʚôʷʟʘʥʦʛʦ ʟ j-ʤ ʩʮʝʥʘʨʽʻʤ, Tj ï ʯʘʩʦʚʝ ʦʙʤʝʞʝʥʥʷ, ʧʦʚ'ʷʟʘʥʝ ʟ ʥʘʜʘʥʥʷʤ 

ʧʦʩʣʫʛ ʚ ʨʘʤʢʘʭ j-ʛʦ ʩʮʝʥʘʨʽʷ, Spjï ʧʨʦʩʪʦʨʦʚʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ, ʧʦʚ'ʷʟʘʥʘ ʟ 

ʥʘʜʘʥʥʷʤ ʧʦʩʣʫʛ ʚ ʨʘʤʢʘʭ j-ʛʦ ʩʮʝʥʘʨʽʷ. 

ʋ ʥʘʡʧʨʦʩʪʽʰʦʤʫ ʚʠʧʘʜʢʫ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʦʙʩʷʛʫ ʽʥʬʦʨʤʘʮʽʾ 

ʧʽʜʩʫʤʦʚʫʶʪʴʩʷ: 

ä=
)(i

ijj QQ ,     (1.4) 

ʯʘʩʦʚʘ ʢʦʤʧʦʥʝʥʪʘ: 

{ }ij
i

j TT
)(

min= ,            (1.5) 

ʧʨʦʩʪʦʨʦʚʘ ʢʦʤʧʦʥʝʥʪʘ: 

{ }ijj SpSp max=        (1.6) 

ʧʨʠʡʤʘʶʪʴ ʝʢʩʪʨʝʤʘʣʴʥʽ ʟʥʘʯʝʥʥʷ (1.5-1.6). 

ʋ ʟʘʛʘʣʴʥʦʤʫ ʚʠʧʘʜʢʫ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʚʝʢʪʦʨʘ (1.3) ʤʦʞʥʘ ʧʨʝʜʩʪʘʚʠʪʠ 

ʫ ʚʠʛʣʷʜʽ ʪʨʠʚʠʤʽʨʥʦʾ ʤʘʪʨʠʮʽ-ʚʝʢʪʦʨʘ, ʜʝ ʢʦʞʥʦʾ ʢʦʤʧʦʥʝʥʪʽ ʦʙʩʷʛʫ 

ʽʥʬʦʨʤʘʮʽʾ ʚʽʜʧʦʚʽʜʘʻ ʩʚʦʻ ʟʥʘʯʝʥʥʷ ʯʘʩʦʚʦʾ ʽ ʧʨʦʩʪʦʨʦʚʦʾ ʢʦʤʧʦʥʝʥʪʠ. [1] 

ʉʠʩʪʝʤʠ ɯʥʪʝʨʥʝʪʫ ʨʝʯʝʡ ʤʘʶʪʴ ʷʢ ʽʥʬʦʨʤʘʮʽʡʥʫ (ʩʝʨʚʽʩʥʫ) ʢʦʤʧʦʥʝʥʪʫ, 

ʨʝʘʣʽʟʦʚʘʥʫ ʘʧʘʨʘʪʥʦ-ʧʨʦʛʨʘʤʥʠʤʠ ʟʘʩʦʙʘʤʠ, ʪʘʢ ʽ ʢʦʤʧʦʥʝʥʪʫ ʜʦʩʪʘʚʢʠ 

ʧʦʩʣʫʛʠ ʢʦʨʠʩʪʫʚʘʯʝʚʽ (ʪʝʣʝʢʦʤʫʥʽʢʘʮʽʡʥʫ ʢʦʤʧʦʥʝʥʪʫ), ʟʘʚʜʷʢʠ ʯʦʤʫ 

ʧʦʻʜʥʫʶʪʴ ʚ ʩʦʙʽ ʚʩʽ ʥʝʦʙʭʽʜʥʽ ʫʤʦʚʠ ʽʤʧʣʝʤʝʥʪʘʮʽʾ ʩʮʝʥʘʨʽʾʚ, ʱʦ ʥʘʜʘʣʽ 

ʚʠʟʥʘʯʘʻʪʴʩʷ, ʷʢ ʩʪʨʘʪʝʛʽʾ ʧʝʨʝʜʘʯʽ ʽʥʬʦʨʤʘʮʽʾ. [2] 

ʅʘʦʯʥʠʡ ʧʨʠʢʣʘʜ ʩʪʨʘʪʝʛʽʡ ʜʣʷ ʪʝʣʝʢʦʤʫʥʽʢʘʮʽʡʥʦʾ ʣʘʥʢʠ ʩʠʩʪʝʤ 

ɯʥʪʝʨʥʝʪʫ ʨʝʯʝʡ ʤʦʞʥʘ ʧʦʙʘʯʠʪʠ ʥʘ ʤʘʣʶʥʢʫ 1. 

ʇʽʜ ʉʪʨʘʪʝʛʽʻʶ ʩʣʜ̔ ʨʦʟʫʤʽʪʠ ʩʫʢʫʧʥʽʩʪʴ ʩʧʦʩʦʙʽʚ ʧʝʨʝʜʘʯʽ ʽʥʬʦʨʤʘʮʽʾ, 

ʱʦ ʚʠʢʦʨʠʩʪʦʚʫʻ ʦʙˇʨʫʥʪʦʚʘʥʝ ʧʦʻʜʥʘʥʥʷ ʧʨʦʪʦʢʦʣʽʚ ʧʝʨʝʜʘʯʽ ʪʘ ʟʘʩʦʙʽʚ 

ʧʝʨʝʥʝʩʝʥʥʷ ʝʣʝʢʪʨʠʯʥʠʭ ʩʠʛʥʘʣʽʚ. 

 

{ } SJi EFXY ,DF=
    (1.7) 
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ʈʠʩ. 1. ʊʝʣʝʢʦʤʫʥʽʢʘʮʽʡʥʽ ʧʨʦʪʦʢʦʣʠ ʪʘ ʪʝʭʥʦʣʦʛʽʾ ʩʠʩʪʝʤ ɯʥʪʝʨʥʝʪʫ ʨʝʯʝʡ. 
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ʄʦʞʣʠʚʽʩʪʴ ʨʝʘʣʽʟʘʮʽʾ ʉʮʝʥʘʨʽʶ ʟʘʩʦʙʘʤʠ ʦʙʨʘʥʦʾ ʉʪʨʘʪʝʛʽʾ ʜʣʷ 

ʟʘʙʝʟʧʝʯʝʥʥʷ ʥʘʜʘʥʥʷ ʚʽʜʧʦʚʽʜʥʠʭ ʧʦʩʣʫʛ ʟʘʣʝʞʠʪʴ ʚʽʜ ʥʘʷʚʥʦʛʦ 

ʪʝʣʝʢʦʤʫʥʽʢʘʮʽʡʥʦʛʦ ʨʝʩʫʨʩʫ, ʘ ʩʘʤʝ: ʝʥʝʨʛʝʪʠʢʠ ʚ ʢʘʥʘʣʽ ʚ ʪʦʯʮʽ ʧʝʨʝʜʘʯʽ ʽ 

ʧʫʥʢʪʘʭ ʧʨʠʡʦʤʫ ʽʥʬʦʨʤʘʮʽʾ (ɽ); ʩʤʫʛʠ (ʘʙʦ ʜʽʘʧʘʟʦʥʫ) ʯʘʩʪʦʪ (F), ʥʘʜʘʥʠʭ 

ʜʣʷ ʧʝʨʝʜʘʯʽ; ʯʘʩʫ, ʥʝʦʙʭʽʜʥʦʛʦ ʜʣʷ ʧʝʨʝʜʘʯʽ ʽʥʬʦʨʤʘʮʽʾ (T).  

ʊʘʢʠʤ ʯʠʥʦʤ, ʽʥʩʪʨʫʤʝʥʪʦʤ ʨʝʘʣʽʟʘʮʽʾ ʉʮʝʥʘʨʽʾʚ ʧʝʨʝʜʘʯʽ ʽʥʬʦʨʤʘʮʽʾ ʚ 

ʩʠʩʪʝʤʘʭ ɯʥʪʝʨʥʝʪʫ ʨʝʯʝʡ ʻ ʨʝʘʣʴʥʽ ʨʝʩʫʨʩʠ ʪʝʣʝʢʦʤʫʥʽʢʘʮʽʡʥʦʾ ʩʠʩʪʝʤʠ. 

ʂʦʞʥʘ ʊʂʉ ʥʘʜʘʻ ʧʝʚʥʠʡ ʧʨʦʪʦʢʦʣ ʧʝʨʝʜʘʯʽ ʽʥʬʦʨʤʘʮʽʾ, ʩʧʦʩʽʙ ʧʝʨʝʜʘʯʽ 

ʽʥʬʦʨʤʘʮʽʾ, ʝʥʝʨʛʝʪʠʢʫ ʚ ʢʘʥʘʣʽ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʚʠʜʫ ʟʚ'ʷʟʢʫ, ʟʘʜʘʥʦʾ ʷʢʦʩʪʽ 

ʪʘ ʦʙʩʷʛʫ ʽʥʬʦʨʤʘʮʽʾ, ʱʦ ʧʝʨʝʜʘʻʪʴʩʷ. 
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COMPARATIVE ANALYSIS OF RADIO TECHNOLOGIES  

FOR INTERNET OF THINGS NETWORKS  

 

The modern development of the Internet of Things (IoT) creates a need for efficient radio 

technologies for data transmission in networks of various scales and application specifics. IoT 

radio technologies are becoming particularly relevant in the context of smart city development, 

industrial Internet of Things, agricultural systems, and conventional household solutions. The 

primary objective of this study is to compare various radio technologies based on their technical 

specifications, such as energy consumption, communication range, bandwidth, and deployment 

costs, which allows for the identification of optimal solutions for different application scenarios. 

ʉʫʯʘʩʥʠʡ ʨʦʟʚʠʪʦʢ ɯʥʪʝʨʥʝʪʫ ʨʝʯʝʡ (IoT) ʩʪʚʦʨʶʻ ʧʦʪʨʝʙʫ ʫ ʚʠʢʦʨʠʩʪʘʥʥʽ 

ʝʬʝʢʪʠʚʥʠʭ ʨʘʜʽʦʪʝʭʥʦʣʦʛʽʡ ʜʣʷ ʧʝʨʝʜʘʯʽ ʜʘʥʠʭ ʫ ʤʝʨʝʞʘʭ ʨʽʟʥʦʛʦ ʤʘʩʰʪʘʙʫ ʪʘ ʩʧʝʮʠʬʽʢʠ 

ʟʘʩʪʦʩʫʚʘʥʥʷ. ʈʘʜʽʦʪʝʭʥʦʣʦʛʽʾ IoT ʥʘʙʫʚʘʶʪʴ ʦʩʦʙʣʠʚʦʾ ʘʢʪʫʘʣʴʥʦʩʪʽ ʚ ʫʤʦʚʘʭ ʨʦʟʚʠʪʢʫ 

ʩʤʘʨʪ-ʤʽʩʪ, ʧʨʦʤʠʩʣʦʚʦʛʦ ɯʥʪʝʨʥʝʪʫ ʨʝʯʝʡ, ʘʛʨʘʨʥʠʭ ʩʠʩʪʝʤ ʪʘ ʽ ʫ ʟʚʠʯʘʡʥʠʭ ʧʦʙʫʪʦʚʠʭ 

ʨʽʰʝʥʥʷʭ. ʆʩʥʦʚʥʘ ʤʝʪʘ ʜʦʩʣʽʜʞʝʥʥʷ ʧʦʣʷʛʘʻ ʫ ʧʦʨʽʚʥʷʥʥʽ ʨʽʟʥʦʤʘʥʽʪʥʠʭ ʨʘʜʽʦʪʝʭʥʦʣʦʛʽʡ 

ʟ ʦʛʣʷʜʫ ʥʘ ʾʭ ʪʝʭʥʽʯʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ, ʪʘʢʽ ʷʢ ʝʥʝʨʛʦʩʧʦʞʠʚʘʥʥʷ, ʜʘʣʴʥʽʩʪʴ ʟʚôʷʟʢʫ, 

ʧʨʦʧʫʩʢʥʫ ʟʜʘʪʥʽʩʪʴ ʪʘ ʚʘʨʪʽʩʪʴ ʨʦʟʛʦʨʪʘʥʥʷ, ʱʦ ʜʦʟʚʦʣʷʻ ʚʠʟʥʘʯʠʪʠ ʦʧʪʠʤʘʣʴʥʽ ʨʽʰʝʥʥʷ 

ʜʣʷ ʨʽʟʥʠʭ ʩʮʝʥʘʨʽʾʚ ʾʭ ʟʘʩʪʦʩʫʚʘʥʥʷ. 

 

ɯʥʪʝʨʥʝʪ ʨʝʯʝʡ ʜʦʢʦʨʽʥʥʦ ʟʤʽʥʠʚ ʢʦʥʮʝʧʮʽʶ ʧʽʜʢʣʶʯʝʥʥʷ, ʨʦʟʰʠʨʠʚʰʠ 

ʾʾ ʚʽʜ ʚʟʘʻʤʦʜʽʾ ʤʽʞ ʣʶʜʴʤʠ ʜʦ ʽʥʪʝʛʨʘʮʽʾ ʤʘʡʞʝ ʚʩʽʭ ʧʨʠʩʪʨʦʾʚ, ʟʜʘʪʥʠʭ ʜʦ 

ʟʚôʷʟʢʫ. ɻʦʣʦʚʥʦʶ ʤʝʪʦʶ ʪʘʢʦʾ ʤʘʩʰʪʘʙʥʦʾ ʤʝʨʝʞʽ ʚʟʘʻʤʦʧʦʚôʷʟʘʥʠʭ ʦʙôʻʢʪʽʚ 

ʻ ʧʽʜʚʠʱʝʥʥʷ ʷʢʦʩʪʽ ʞʠʪʪʷ ʪʘ ʩʪʠʤʫʣʶʚʘʥʥʷ ʝʢʦʥʦʤʽʯʥʦʛʦ ʨʦʟʚʠʪʢʫ ʰʣʷʭʦʤ 

ʫʧʨʦʚʘʜʞʝʥʥʷ IoT-ʨʽʰʝʥʴ ʫ ʨʽʟʥʽ ʩʬʝʨʠ, ʟʦʢʨʝʤʘ: ʘʚʪʦʤʦʙʽʣʴʥʫ 

ʧʨʦʤʠʩʣʦʚʽʩʪʴ, ʤʦʥʽʪʦʨʠʥʛ ʜʦʚʢʽʣʣʷ, ʤʝʜʠʮʠʥʫ, ʧʨʦʤʠʩʣʦʚʫ ʘʚʪʦʤʘʪʠʟʘʮʽʶ, 

ʥʦʩʠʤʽ ʧʨʠʩʪʨʦʾ, ʘʚʪʦʤʘʪʠʟʦʚʘʥʝ ʩʽʣʴʩʴʢʝ ʛʦʩʧʦʜʘʨʩʪʚʦ, ʽʥʪʝʣʝʢʪʫʘʣʴʥʽ 

ʝʥʝʨʛʦʤʝʨʝʞʽ ʪʦʱʦ. 

ʇʨʦʪʝ ʜʣʷ ʧʦʚʥʦʮʽʥʥʦʛʦ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ IoT ʥʝʦʙʭʽʜʥʦ ʚʠʨʽʰʠʪʠ 

ʥʠʟʢʫ ʚʘʞʣʠʚʠʭ ʪʝʭʥʽʯʥʠʭ ʧʠʪʘʥʴ, ʩʝʨʝʜ ʷʢʠʭ: ʽʜʝʥʪʠʬʽʢʘʮʽʷ ʧʨʠʩʪʨʦʾʚ, 

ʩʝʥʩʦʨʠʢʘ, ʢʦʤʫʥʽʢʘʮʽʷ, ʦʙʯʠʩʣʶʚʘʣʴʥʽ ʧʦʪʫʞʥʦʩʪʽ, ʥʘʜʘʥʥʷ ʩʝʨʚʽʩʽʚ ʪʘ 

ʽʥʪʝʨʧʨʝʪʘʮʽʷ ʜʘʥʠʭ. ʋ ʮʴʦʤʫ ʢʦʥʪʝʢʩʪʽ ʚʘʞʣʠʚʫ ʨʦʣʴ ʚʽʜʽʛʨʘʶʪʴ 

ʢʦʤʫʥʽʢʘʮʽʡʥʽ ʪʝʭʥʦʣʦʛʽʾ, ʷʢʽ ʟʘʙʝʟʧʝʯʫʶʪʴ ʚʟʘʻʤʦʟʚôʷʟʦʢ ʤʽʞ ʨʽʟʥʠʤʠ 

ʛʝʪʝʨʦʛʝʥʥʠʤʠ ʧʨʠʩʪʨʦʷʤʠ ʜʣʷ ʨʝʘʣʽʟʘʮʽʾ ʦʯʽʢʫʚʘʥʠʭ ʧʦʩʣʫʛ. 

ɯʥʪʝʨʥʝʪ ʨʝʯʝʡ (IoT) ʚʠʢʦʨʠʩʪʦʚʫʻ ʨʽʟʥʦʤʘʥʽʪʥʽ ʨʘʜʽʦʪʝʭʥʦʣʦʛʽʾ ʜʣʷ 
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ʟôʻʜʥʘʥʥʷ ʧʨʠʩʪʨʦʾʚ. ɼʣʷ ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʦʛʦ ʟʚôʷʟʢʫ ʥʘ ʤʘʣʠʭ ʜʠʩʪʘʥʮʽʷʭ 

ɯʥʩʪʠʪʫʪ ʽʥʞʝʥʝʨʽʚ ʟ ʝʣʝʢʪʨʦʪʝʭʥʽʢʠ ʪʘ ʝʣʝʢʪʨʦʥʽʢʠ (IEEE) ʟʘʧʨʦʧʦʥʫʚʘʚ ʜʚʘ 

ʢʣʶʯʦʚʽ ʩʪʘʥʜʘʨʪʠ: IEEE 802.15.4 ʪʘ IEEE 802.11 (WiFi). ʇʨʦʚʽʜʥʽ ʦʨʛʘʥʽʟʘʮʽʾ, 

ʪʘʢʽ ʷʢ Bluetooth, SIG ʪʘ ZigBee Alliance, ʘʜʘʧʪʫʚʘʣʠ ʮʽ ʩʪʘʥʜʘʨʪʠ, ʱʦ 

ʜʦʟʚʦʣʠʣʦ ʩʪʚʦʨʠʪʠ ʝʢʦʥʦʤʽʯʥʦ ʝʬʝʢʪʠʚʥʽ ʨʽʰʝʥʥʷ ʜʣʷ ʙʝʟʜʨʦʪʦʚʦʛʦ ʟʚôʷʟʢʫ 

ʥʘ ʢʦʨʦʪʢʽ ʚʽʜʩʪʘʥʽ. ɺʦʜʥʦʯʘʩ ʧʦʰʠʨʝʥʽ ʨʘʜʽʦʪʝʭʥʦʣʦʛʽʾ SigFox ʪʘ LoRa, ʷʢʽ 

ʟʘʙʝʟʧʝʯʫʶʪʴ ʚʝʣʠʢʫ ʜʘʣʴʥʽʩʪʴ ʧʝʨʝʜʘʯʽ ʟ ʥʠʟʴʢʠʤ ʝʥʝʨʛʦʩʧʦʞʠʚʘʥʥʷʤ. 

ʇʦʨʽʚʥʷʥʥʷ ʧʦʰʠʨʝʥʠʭ ʨʘʜʽʦʪʝʭʥʦʣʦʛʽʡ ɯʦʊ ʥʘʚʝʜʝʥʦ ʚ ʪʘʙʣ. 1. 

 

ʊʘʙʣʠʮʷ 1. ʇʦʨʽʚʥʷʥʥʷ ʨʘʜʽʦʪʝʭʥʦʣʦʛʽʡ ɯʦʊ. 
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Wi -Fi 
2,4 ɻɻʮ / 5 

ɻɻʮ 
ɼʦ 100 ʤ 

11ï9600 

ʄʙʽʪ/ʩ 
ɺʠʩʦʢʝ 

ɺʠʩʦʢʘ ʰʚʠʜʢʽʩʪʴ, 

ʚʝʣʠʢʘ ʢʽʣʴʢʽʩʪʴ 

ʧʨʠʩʪʨʦʾʚ 

ɺʠʩʦʢʝ 

ʩʧʦʞʠʚʘʥʥʷ 

ʝʥʝʨʛʽʾ, ʤʘʣʘ 

ʜʘʣʴʥʽʩʪʴ 

Bluetooth 

(BLE)  
2,4 ɻɻʮ 

ɼʦ 100 ʤ 

(BLE) 
ɼʦ 2 ʄʙʽʪ/ʩ ʅʠʟʴʢʝ 

ɽʥʝʨʛʦʝʬʝʢʪʠʚʥʽʩʪʴ

, ʩʫʤʽʩʥʽʩʪʴ ʟʽ 

ʩʤʘʨʪʬʦʥʘʤʠ 

ʄʘʣʘ 

ʜʘʣʴʥʽʩʪʴ, 

ʦʙʤʝʞʝʥʘ 

ʢʽʣʴʢʽʩʪʴ 

ʧʨʠʩʪʨʦʾʚ 

Zigbee 2,4 ɻɻʮ ɼʦ 100 ʤ 
ɼʦ 250 

ʂʙʽʪ/ʩ 
ʅʠʟʴʢʝ 

ʄʝʨʝʞʝʚʘ 

ʪʦʧʦʣʦʛʽʷ, ʥʠʟʴʢʝ 

ʩʧʦʞʠʚʘʥʥʷ 

ʅʠʟʴʢʘ 

ʰʚʠʜʢʽʩʪʴ, 

ʦʙʤʝʞʝʥʘ 

ʜʘʣʴʥʽʩʪʴ 

Z-Wave 

868 ʄɻʮ 

(ɭʉ) / 908 

ʄɻʮ (ʉʐɸ) 

ɼʦ 100 ʤ 
ɼʦ 100 

ʢʙʽʪ/ʩ 
ʅʠʟʴʢʝ 

ɽʥʝʨʛʦʝʬʝʢʪʠʚʥʽʩʪʴ

, ʭʦʨʦʰʘ 

ʧʨʦʭʽʜʥʽʩʪʴ ʯʝʨʝʟ 

ʩʪʽʥʠ 

ʄʝʥʘh 

ʧʽʜʪʨʠʤʢʘ 

ʧʨʠʩʪʨʦʾʚ, 

ʦʙʤʝʞʝʥʘ 

ʧʨʦʧʫʩʢʥʘ 

ʟʜʘʪʥʽʩʪʴ 

LoRa 

(LoRaWAN)  

868 ʄɻʮ 

(ɭʉ) / 915 

ʄɻʮ (ʉʐɸ) 

2ï15 ʢʤ ɼʦ 50 ʢʙʽʪ/ʩ 
ɼʫʞʝ 

ʥʠʟʴʢʝ 

ɺʝʣʠʢʘ ʜʘʣʴʥʽʩʪʴ, 

ʨʦʙʦʪʘ ʚ ʩʢʣʘʜʥʠʭ 

ʫʤʦʚʘʭ 

ʅʠʟʴʢʘ 

ʰʚʠʜʢʽʩʪʴ, 

ʣʽʮʝʥʟʫʚʘʥʥʷ 

ʯʘʩʪʦʪ ʫ 

ʜʝʷʢʠʭ ʢʨʘʾʥʘʭ 

NB-IoT  

ʃʽʮʝʥʟʦʚʘʥʽ 

ʜʽʘʧʘʟʦʥʠ 

(700-2100 

ʄɻʮ) 

1ï15 ʢʤ 
ɼʦ 250 

ʢʙʽʪ/ʩ 
ʅʠʟʴʢʝ 

ɯʥʪʝʛʨʘʮʽʷ ʟ 

ʤʦʙʽʣʴʥʠʤʠ 

ʤʝʨʝʞʘʤʠ, ʚʠʩʦʢʘ 

ʥʘʜʽʡʥʽʩʪʴ 

ɿʘʣʝʞʥʽʩʪʴ ʚʽʜ 

ʦʧʝʨʘʪʦʨʽʚ, 

ʧʣʘʪʘ ʟʘ 

ʧʽʜʢʣʶʯʝʥʥʷ 

Sigfox 

868 ʄɻʮ 

(ɭʉ) / 902 

ʄɻʮ (ʉʐɸ) 

10ï50 ʢʤ ɼʦ 100 ʙʽʪ/ʩ 
ɼʫʞʝ 

ʥʠʟʴʢʝ 

ɺʝʣʠʢʘ ʜʘʣʴʥʽʩʪʴ, 

ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʽʩʪʴ 

ɼʫʞʝ ʥʠʟʴʢʘ 

ʰʚʠʜʢʽʩʪʴ, 

ʦʙʤʝʞʝʥʘ 

ʧʽʜʪʨʠʤʢʘ 

 

 



 87 

ɺʠʙʽʨ ʪʝʭʥʦʣʦʛʽʾ ʟʘʣʝʞʠʪʴ ʚʽʜ ʚʠʤʦʛ ʱʦʜʦ ʜʘʣʴʥʦʩʪʽ ʟʚôʷʟʢʫ, 

ʝʥʝʨʛʦʩʧʦʞʠʚʘʥʥʷ, ʰʚʠʜʢʦʩʪʽ ʧʝʨʝʜʘʯʽ ʜʘʥʠʭ ʪʘ ʚʘʨʪʦʩʪʽ. 

ɸʥʘʣʽʟ ʥʘʚʝʜʝʥʠʭ ʨʘʜʽʦʪʝʭʥʦʣʦʛʽʡ ʜʦʟʚʦʣʷʻ ʥʘʜʘʪʠ ʥʘʩʪʫʧʥʽ 

ʨʝʢʦʤʝʥʜʘʮʽʾ ʱʦʜʦ ʾʭ ʚʠʢʦʨʠʩʪʘʥʥʷ: 

- Wi-Fi ï ʧʽʜʭʦʜʠʪʴ ʜʣʷ ʚʠʩʦʢʦʰʚʠʜʢʽʩʥʦʛʦ IoT (ʨʦʟʫʤʥʽ ʙʫʜʠʥʢʠ, 

ʢʘʤʝʨʠ, ʧʦʪʦʢʦʚʝ ʚʽʜʝʦ); 

- Bluetooth (BLE) ï ʽʜʝʘʣʴʥʠʡ ʜʣʷ ʧʝʨʝʥʦʩʥʠʭ ʧʨʠʩʪʨʦʾʚ (ʬʽʪʥʝʩ-

ʙʨʘʩʣʝʪʠ, ʨʦʟʫʤʥʽ ʛʦʜʠʥʥʠʢʠ); 

- Zigbee, Z-Wave ï ʜʦʙʨʝ ʧʨʘʮʶʶʪʴ ʫ ʨʦʟʫʤʥʠʭ ʙʫʜʠʥʢʘʭ ʪʘ 

ʘʚʪʦʤʘʪʠʟʘʮʽʾ; 

- LoRa, Sigfox ï ʝʬʝʢʪʠʚʥʽ ʜʣʷ ʨʦʟʧʦʜʽʣʝʥʠʭ ʜʘʪʯʠʢʽʚ (ʨʦʟʫʤʥʝ ʤʽʩʪʦ, 

ʘʛʨʘʨʥʽ ʨʽʰʝʥʥʷ); 

- NB-IoT ï ʧʽʜʭʦʜʠʪʴ ʜʣʷ IoT ʫ ʩʬʝʨʽ ʽʥʜʫʩʪʨʽʾ, ʪʨʘʥʩʧʦʨʪʫ ʪʘ 

ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ. 
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PROBLEMS AND DIRECTIONS OF THE RPL PROTOCOL  

RESEARCH IN THE INTERNET OF THINGS NETWORKS  

 

In IoT networks, the RPL (Routing Protocol for Low-Power and Lossy Networks) 

protocol is used as a routing protocol specially designed for networks with power constraints and 

high channel error rates. Despite its widespread use, RPL has certain problems such as the lack 

of effective load balancing mechanisms, limited mobility support, and vulnerability to attacks 

such as black hole attacks or selective packet drop. In this regard, research into RPL is necessary 

to develop advanced routing algorithms that will improve the performance and reliability of IoT 

networks. 

 

ɺ ʤʝʨʝʞʘʭ ɯʥʪʝʨʥʝʪʫ ʨʝʯʝʡ ʫ ʷʢʦʩʪʽ ʧʨʦʪʦʢʦʣʫ ʤʘʨʰʨʫʪʠʟʘʮʽʾ 

ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʧʨʦʪʦʢʦʣ RPL (Routing Protocol for Low-Power and Lossy 

Networks), ʩʧʝʮʽʘʣʴʥʦ ʨʦʟʨʦʙʣʝʥʠʡ ʜʣʷ ʤʝʨʝʞ ʟ ʦʙʤʝʞʝʥʥʷʤʠ ʚ 

ʝʥʝʨʛʦʩʧʦʞʠʚʘʥʥʽ ʪʘ ʚʠʩʦʢʠʤ ʨʽʚʥʝʤ ʧʦʤʠʣʦʢ ʚ ʢʘʥʘʣʘʭ. ʅʝʟʚʘʞʘʶʯʠ ʥʘ 

ʰʠʨʦʢʝ ʚʠʢʦʨʠʩʪʘʥʥʷ, RPL ʤʘʻ ʧʝʚʥʽ ʧʨʦʙʣʝʤʠ ʪʘʢʽ ʷʢ ʚʽʜʩʫʪʥʽʩʪʴ 

ʝʬʝʢʪʠʚʥʠʭ ʤʝʭʘʥʽʟʤʽʚ ʙʘʣʘʥʩʫʚʘʥʥʷ ʥʘʚʘʥʪʘʞʝʥʥʷ, ʦʙʤʝʞʝʥʘ ʧʽʜʪʨʠʤʢʘ 

ʤʦʙʽʣʴʥʦʩʪʽ, ʚʨʘʟʣʠʚʦʩʪʽ ʜʦ ʘʪʘʢ, ʪʘʢʠʭ ʷʢ ʘʪʘʢʘ çʯʦʨʥʘ ʜʽʨʘè ʘʙʦ ʩʝʣʝʢʪʠʚʥʝ 

ʚʽʜʢʠʜʘʥʥʷ ʧʘʢʝʪʽʚ. ʋ ʟʚôʷʟʢʫ ʟ ʮʠʤ ʜʦʩʣʽʜʞʝʥʥʷ RPL ʻ ʥʝʦʙʭʽʜʥʠʤ ʜʣʷ 

ʨʦʟʨʦʙʢʠ ʚʜʦʩʢʦʥʘʣʝʥʠʭ ʘʣʛʦʨʠʪʤʽʚ ʤʘʨʰʨʫʪʠʟʘʮʽʾ, ʷʢʽ ʩʧʨʠʷʪʠʤʫʪʴ 

ʧʦʢʨʘʱʝʥʥʶ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ ʪʘ ʥʘʜʽʡʥʦʩʪʽ IoT-ʤʝʨʝʞ.  

ɯʥʪʝʨʥʝʪ ʨʝʯʝʡ (IoT) ʟʘʙʝʟʧʝʯʫʻ ʽʥʪʝʛʨʘʮʽʶ ʯʠʩʣʝʥʥʠʭ ʩʝʥʩʦʨʥʠʭ 

ʧʨʠʩʪʨʦʾʚ ʫ ʨʽʟʥʠʭ ʛʘʣʫʟʷʭ, ʟʦʢʨʝʤʘ ʚ ʧʨʦʤʠʩʣʦʚʦʩʪʽ, ʤʝʜʠʮʠʥʽ, ʪʨʘʥʩʧʦʨʪʽ ʪʘ 

ʨʦʟʫʤʥʠʭ ʤʽʩʪʘʭ. ʆʜʥʠʤ ʽʟ ʛʦʣʦʚʥʠʭ ʚʠʢʣʠʢʽʚ ʪʘʢʠʭ ʤʝʨʝʞ ʻ ʟʘʙʝʟʧʝʯʝʥʥʷ 

ʝʬʝʢʪʠʚʥʦʾ ʤʘʨʰʨʫʪʠʟʘʮʽʾ ʜʘʥʠʭ ʧʨʠ ʦʙʤʝʞʝʥʠʭ ʝʥʝʨʛʝʪʠʯʥʠʭ ʪʘ 

ʦʙʯʠʩʣʶʚʘʣʴʥʠʭ ʨʝʩʫʨʩʘʭ. ɼʠʩʪʘʥʮʽʡʥʦ-ʚʝʢʪʦʨʥʠʡ ʧʨʦʪʦʢʦʣ ʤʘʨʰʨʫʪʠʟʘʮʽʾ 

RPL ʻ ʩʪʘʥʜʘʨʪʠʟʦʚʘʥʠʤ (RFC 6550) ʽ ʨʦʟʨʦʙʣʝʥʠʡ ʩʧʝʮʽʘʣʴʥʦ ʜʣʷ 

ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʠʭ ʙʝʟʜʨʦʪʦʚʠʭ ʤʝʨʝʞ ʽʟ ʚʠʩʦʢʠʤ ʨʽʚʥʝʤ ʚʪʨʘʪ. ʁʦʛʦ 

ʢʣʶʯʦʚʦʶ ʦʩʦʙʣʠʚʽʩʪʶ ʻ ʧʦʙʫʜʦʚʘ ʩʧʨʷʤʦʚʘʥʦʛʦ ʘʮʠʢʣʽʯʥʦʛʦ ʛʨʘʬʘ 

(DODAG) (ʨʠʩ.1), ʱʦ ʜʦʟʚʦʣʷʻ ʝʬʝʢʪʠʚʥʦ ʦʨʛʘʥʽʟʦʚʫʚʘʪʠ ʤʘʨʰʨʫʪʠ ʧʝʨʝʜʘʯʽ 

ʜʘʥʠʭ ʪʘ ʤʽʥʽʤʽʟʫʚʘʪʠ ʝʥʝʨʛʦʩʧʦʞʠʚʘʥʥʷ. 
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ʈʠʩʫʥʦʢ 1. ʉʪʨʫʢʪʫʨʘ DODAG (ʩʧʨʷʤʦʚʘʥʠʡ ʘʮʠʢʣʽʯʥʠʡ ʛʨʘʬ). 

 

ʅʝʟʚʘʞʘʶʯʠ ʥʘ ʰʠʨʦʢʝ ʚʠʢʦʨʠʩʪʘʥʥʷ, RPL ʤʘʻ ʧʝʚʥʽ ʦʙʤʝʞʝʥʥʷ. 

ɺʽʜʩʫʪʥʽʩʪʴ ʝʬʝʢʪʠʚʥʠʭ ʤʝʭʘʥʽʟʤʽʚ ʙʘʣʘʥʩʫʚʘʥʥʷ ʥʘʚʘʥʪʘʞʝʥʥʷ ʧʨʠʟʚʦʜʠʪʴ 

ʜʦ ʧʝʨʝʚʘʥʪʘʞʝʥʥʷ ʦʢʨʝʤʠʭ ʚʫʟʣʽʚ, ʱʦ ʟʥʠʞʫʻ ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ ʤʝʨʝʞʽ. 

ʆʙʤʝʞʝʥʘ ʧʽʜʪʨʠʤʢʘ ʤʦʙʽʣʴʥʦʩʪʽ ʫʩʢʣʘʜʥʶʻ ʨʦʙʦʪʫ ʚ ʜʠʥʘʤʽʯʥʠʭ 

ʩʝʨʝʜʦʚʠʱʘʭ, ʜʝ ʩʪʨʫʢʪʫʨʘ ʤʝʨʝʞʽ ʧʦʩʪʽʡʥʦ ʟʤʽʥʶʻʪʴʩʷ. ʂʨʽʤ ʪʦʛʦ, 

ʚʨʘʟʣʠʚʦʩʪʽ ʜʦ ʘʪʘʢ, ʪʘʢʠʭ ʷʢ ʘʪʘʢʘ çʯʦʨʥʘ ʜʽʨʘè ʘʙʦ ʩʝʣʝʢʪʠʚʥʝ ʚʽʜʢʠʜʘʥʥʷ 

ʧʘʢʝʪʽʚ, ʩʪʚʦʨʶʶʪʴ ʟʘʛʨʦʟʠ ʜʣʷ ʙʝʟʧʝʢʠ ʧʝʨʝʜʘʥʠʭ ʜʘʥʠʭ. ʋ ʟʚôʷʟʢʫ ʟ ʮʠʤ 

ʜʦʩʣʽʜʞʝʥʥʷ RPL ʻ ʥʝʦʙʭʽʜʥʠʤʠ ʜʣʷ ʨʦʟʨʦʙʢʠ ʚʜʦʩʢʦʥʘʣʝʥʠʭ ʘʣʛʦʨʠʪʤʽʚ 

ʤʘʨʰʨʫʪʠʟʘʮʽʾ, ʷʢʽ ʩʧʨʠʷʪʠʤʫʪʴ ʧʦʢʨʘʱʝʥʥʶ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ ʪʘ ʥʘʜʽʡʥʦʩʪʽ 

IoT-ʤʝʨʝʞ. ʆʧʪʠʤʽʟʘʮʽʷ RPL ʤʦʞʣʠʚʘ ʰʣʷʭʦʤ ʧʦʢʨʘʱʝʥʥʷ ʤʝʭʘʥʽʟʤʽʚ 

ʙʘʣʘʥʩʫʚʘʥʥʷ ʥʘʚʘʥʪʘʞʝʥʥʷ, ʧʽʜʚʠʱʝʥʥʷ ʘʜʘʧʪʠʚʥʦʩʪʽ ʜʦ ʤʦʙʽʣʴʥʠʭ 

ʧʨʠʩʪʨʦʾʚ, ʟʤʝʥʰʝʥʥʷ ʟʘʪʨʠʤʦʢ ʫ ʧʝʨʝʜʘʯʽ ʜʘʥʠʭ ʪʘ ʚʧʨʦʚʘʜʞʝʥʥʷ 

ʚʜʦʩʢʦʥʘʣʝʥʠʭ ʟʘʭʦʜʽʚ ʙʝʟʧʝʢʠ. ɺʘʞʣʠʚʠʤ ʥʘʧʨʷʤʢʦʤ ʜʦʩʣʽʜʞʝʥʥʷ ʻ 

ʨʦʟʨʦʙʢʘ ʥʦʚʠʭ ʘʣʛʦʨʠʪʤʽʚ ʚʠʙʦʨʫ ʦʧʪʠʤʘʣʴʥʠʭ ʤʘʨʰʨʫʪʽʚ, ʱʦ ʚʨʘʭʦʚʫʶʪʴ 

ʷʢ ʝʥʝʨʛʦʩʧʦʞʠʚʘʥʥʷ, ʪʘʢ ʽ ʧʨʦʧʫʩʢʥʫ ʟʜʘʪʥʽʩʪʴ ʚʫʟʣʽʚ ʤʝʨʝʞʽ. ɸʥʘʣʽʟ 

ʽʩʥʫʶʯʠʭ ʧʽʜʭʦʜʽʚ (ʪʘʙʣ. 1) ʧʦʢʘʟʫʻ, ʱʦ RPL ʧʦʩʪʫʧʘʻʪʴʩʷ ʜʝʷʢʠʤ 

ʘʣʴʪʝʨʥʘʪʠʚʥʠʤ ʧʨʦʪʦʢʦʣʘʤ ʫ ʧʝʚʥʠʭ ʘʩʧʝʢʪʘʭ. ɿʦʢʨʝʤʘ, AODV (Ad hoc On-

Demand Distance Vector Routing) ʟʘʙʝʟʧʝʯʫʻ ʢʨʘʱʫ ʧʽʜʪʨʠʤʢʫ ʤʦʙʽʣʴʥʦʩʪʽ ʟʘ 

ʨʘʭʫʥʦʢ ʰʚʠʜʢʦʾ ʘʜʘʧʪʘʮʽʾ ʜʦ ʟʤʽʥ ʪʦʧʦʣʦʛʽʾ, ʪʦʜʽ ʷʢ OLSR (Optimized Link 

State Routing Protocol) ʜʝʤʦʥʩʪʨʫʻ ʚʠʩʦʢʫ ʧʨʦʧʫʩʢʥʫ ʟʜʘʪʥʽʩʪʴ, ʭʦʯʘ ʽ ʟʘ 

ʨʘʭʫʥʦʢ ʟʙʽʣʴʰʝʥʦʛʦ ʩʣʫʞʙʦʚʦʛʦ ʪʨʘʬʽʢʫ.  

 
ʊʘʙʣʠʮʷ 1. ʇʦʨʽʚʥʷʥʥʷ ʧʨʦʪʦʢʦʣʽʚ ʤʘʨʰʨʫʪʠʟʘʮʽʾ. 

 

ʇʘʨʘʤʝʪʨ RPL AODV OLSR 

ɽʥʝʨʛʦʩʧʦʞʠʚʘʥʥʷ (ʤɺʪ) 15 35 50 

ɿʘʪʨʠʤʢʘ ʧʝʨʝʜʘʯʽ (ʤʩ) 50 ï 100 80 ï 120 30 ï 70 

ʇʨʦʧʫʩʢʥʘ ʟʜʘʪʥʽʩʪʴ (ʢʙʽʪ/ʩ) 40 ï 60 40 ï 80 100 ï 200 

ʏʘʩ ʢʦʥʚʝʨʛʝʥʮʽʾ (ʩ) 0,5 ï 2 0,1 ï 1 2 ï 5 

ʏʘʩʪʦʪʘ ʦʥʦʚʣʝʥʥʷ (ɻʮ) 0,2 ï 1 1 ï 5 2 ï 10 

ɺʪʨʘʪʘ ʧʘʢʝʪʽʚ ʧʽʜ ʯʘʩ ʤʦʙʽʣʴʥʦʩʪʽ (%) 10 ï 20 5 ï 15 20 ï 40 

Handover Delay (ʤʩ) 100 ï 300 50 ï 200 200 ï 500 

ɹʝʟʧʝʢʘ (ʰʠʬʨʫʚʘʥʥʷ) AES-128 ʆʙʤʝʞʝʥʘ ʆʙʤʝʞʝʥʘ 



 90 

ʇʘʨʘʤʝʪʨ RPL AODV OLSR 

ʆʙʩʷʛ ʢʦʜʫ (ʂɹ) 40 ï 100 50 ï 120 80 ï 150 

ɺʠʢʦʨʠʩʪʘʥʥʷ CPU (%) 5 ï 15 10 ï 25 15 ï 35 

ʆʙʩʷʛ RAM (ʂɹ) 20 ï 50 30 ï 70 40 ï 100 

ʉʣʫʞʙʦʚʠʡ ʪʨʘʬʽʢ (ʧʘʢʝʪʽʚ/ʩʝʢ) 0,2 ï 1 1 ï 5 2 ï 10 

ʉʢʣʘʜʥʽʩʪʴ ʢʦʥʬʽʛʫʨʘʮʽʾ (1-5) 3 4 5 

 

ʆʩʥʦʚʥʠʤʠ ʧʝʨʝʚʘʛʘʤʠ RPL ʻ ʥʠʟʴʢʝ ʝʥʝʨʛʦʩʧʦʞʠʚʘʥʥʷ, ʝʬʝʢʪʠʚʥʝ 

ʫʧʨʘʚʣʽʥʥʷ ʤʘʨʰʨʫʪʘʤʠ ʪʘ ʤʽʥʽʤʽʟʘʮʽʷ ʩʣʫʞʙʦʚʦʛʦ ʪʨʘʬʽʢʫ, ʱʦ ʜʦʟʚʦʣʷʻ 

ʤʘʩʰʪʘʙʫʚʘʪʠ ʤʝʨʝʞʫ ʜʦ ʪʠʩʷʯ ʚʫʟʣʽʚ. ʇʨʦʪʝ, ʚʽʥ ʤʘʻ ʦʙʤʝʞʝʥʫ ʧʽʜʪʨʠʤʢʫ 

ʤʦʙʽʣʴʥʦʩʪʽ, ʱʦ ʤʦʞʝ ʩʪʘʪʠ ʢʨʠʪʠʯʥʠʤ ʬʘʢʪʦʨʦʤ ʫ ʚʠʩʦʢʦʤʦʙʽʣʴʥʠʭ 

ʤʝʨʝʞʘʭ, ʜʝ AODV ʘʙʦ ʽʥʰʽ ʧʨʦʪʦʢʦʣʠ ʤʦʞʫʪʴ ʧʨʘʮʶʚʘʪʠ ʝʬʝʢʪʠʚʥʽʰʝ. 

ʊʘʢʦʞ ʟʽ ʟʙʽʣʴʰʝʥʥʷʤ ʪʨʘʬʽʢʫ ʤʦʞʣʠʚʝ ʧʝʨʝʥʘʚʘʥʪʘʞʝʥʥʷ ʚʫʟʣʽʚ. ʇʝʚʥʽ 

ʧʨʦʙʣʝʤʠ ʟ ʙʝʟʧʝʢʦʶ ʚʠʤʘʛʘʶʪʴ ʧʦʰʫʢ ʝʬʝʢʪʠʚʥʠʭ ʤʝʪʦʜʽʚ ʾʾ ʧʽʜʚʠʱʝʥʥʷ. 

ɺʩʝ ʮʝ ʽ ʚʠʟʥʘʯʘʻ ʥʘʧʨʷʤʢʠ ʧʦʜʘʣʴʰʠʭ ʜʦʩʣʽʜʞʝʥʴ ʟ ʤʝʪʦʶ ʚʜʦʩʢʦʥʘʣʝʥʥʷ 

ʧʨʦʪʦʢʦʣʫ RIP. 
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EFFECTIVENESS INDICATORS OF THE APPLICATION OF CLOUD  

TECHNOLOGIES AND THE INTERNET OF THINGS FOR SMART CITIES  

 

This paper analyzes the key performance indicators for smart sustainable cities, which are 

designed to assess the role and effectiveness of information and communication technologies in 

the economic dimension of the city. 

 

ʉʪʨʽʤʢʝ ʟʨʦʩʪʘʥʥʷ ʫʨʙʘʥʽʟʘʮʽʾ ʪʘ ʢʦʥʮʝʥʪʨʘʮʽʷ ʥʘʩʝʣʝʥʥʷ ʚ ʤʽʩʪʘʭ 

ʚʠʤʘʛʘʶʪʴ ʥʦʚʠʭ ʧʽʜʭʦʜʽʚ ʜʦ ʤʽʩʴʢʦʛʦ ʧʣʘʥʫʚʘʥʥʷ ʪʘ ʫʧʨʘʚʣʽʥʥʷ. ʂʣʶʯʦʚʫ 

ʨʦʣʴ ʫ ʚʠʨʽʰʝʥʥʽ ʮʠʭ ʚʠʢʣʠʢʽʚ ʚʽʜʽʛʨʘʶʪʴ ʮʠʬʨʦʚʽ ʪʝʭʥʦʣʦʛʽʾ, ʟʦʢʨʝʤʘ 

ʢʦʥʮʝʧʮʽʷ "ʨʦʟʫʤʥʠʭ ʤʽʩʪ", ʟʘʙʝʟʧʝʯʫʶʯʠ ʩʪʘʣʠʡ ʨʦʟʚʠʪʦʢ ʪʘ ʧʦʢʨʘʱʝʥʥʷ 

ʷʢʦʩʪʽ ʞʠʪʪʷ ʤʝʰʢʘʥʮʽʚ.  

ʈʦʟʫʤʥʽ ʤʽʩʪʘ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʜʘʥʽ ʟ IoT-ʧʨʠʩʪʨʦʾʚ ʜʣʷ ʦʧʪʠʤʽʟʘʮʽʾ 

ʨʝʩʫʨʩʽʚ, ʟʥʠʞʝʥʥʷ ʚʠʪʨʘʪ ʪʘ ʧʽʜʚʠʱʝʥʥʷ ʷʢʦʩʪʽ ʧʦʩʣʫʛ. ɼʣʷ ʦʙʨʦʙʢʠ ʚʝʣʠʢʠʭ 

ʦʙʩʷʛʽʚ ʜʘʥʠʭ, ʱʦ ʛʝʥʝʨʫʶʪʴʩʷ ʚ ʨʦʟʫʤʥʠʭ ʤʽʩʪʘʭ, ʢʨʠʪʠʯʥʦ ʚʘʞʣʠʚʠʤʠ ʻ 

ʭʤʘʨʥʽ ʪʝʭʥʦʣʦʛʽʾ, ʟʘʙʝʟʧʝʯʫʶʯʠ ʤʘʩʰʪʘʙʦʚʘʥʽʩʪʴ, ʥʘʜʽʡʥʽʩʪʴ ʪʘ 

ʮʝʥʪʨʘʣʽʟʦʚʘʥʝ ʢʝʨʫʚʘʥʥʷ. ɽʬʝʢʪʠʚʥʽʩʪʴ ʟʘʩʪʦʩʫʚʘʥʥʷ ʭʤʘʨʥʠʭ ʪʝʭʥʦʣʦʛʽʡ ʪʘ 

IoT ʚ ʨʦʟʫʤʥʠʭ ʤʽʩʪʘʭ ʚʠʟʥʘʯʘʻʪʴʩʷ ʷʢ ʩʪʫʧʽʥʴ ʜʦʩʷʛʥʝʥʥʷ ʮʽʣʝʡ ʟ 

ʤʽʥʽʤʘʣʴʥʠʤʠ ʨʝʩʫʨʩʘʤʠ ʪʘ ʤʘʢʩʠʤʘʣʴʥʠʤ ʧʦʟʠʪʠʚʥʠʤ ʚʧʣʠʚʦʤ ʥʘ ʷʢʽʩʪʴ 

ʞʠʪʪʷ, ʚʨʘʭʦʚʫʶʯʠ ʝʢʦʥʦʤʽʯʥʽ, ʩʦʮʽʘʣʴʥʽ ʪʘ ʝʢʦʣʦʛʽʯʥʽ ʘʩʧʝʢʪʠ. ɸʥʘʣʽʟ 

ʝʬʝʢʪʠʚʥʦʩʪʽ ʚʧʨʦʚʘʜʞʝʥʥʷ ʭʤʘʨʥʠʭ ʪʝʭʥʦʣʦʛʽʡ ʚ IoT ʚ ʨʦʟʫʤʥʠʭ ʤʽʩʪʘʭ ʻ 

ʚʘʞʣʠʚʠʤ ʜʣʷ ʦʙˇʨʫʥʪʫʚʘʥʥʷ ʽʥʚʝʩʪʠʮʽʡ, ʦʧʪʠʤʽʟʘʮʽʾ ʨʝʩʫʨʩʽʚ ʪʘ ʧʦʢʨʘʱʝʥʥʷ 

ʷʢʦʩʪʽ ʞʠʪʪʷ ʛʨʦʤʘʜʷʥ. 

ʈʝʢʦʤʝʥʜʘʮʽʷ ITU-T Y.4903 [1] ʤʽʩʪʠʪʴ ʢʣʶʯʦʚʽ ʧʦʢʘʟʥʠʢʠ 

ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ (key performance indicators (KPIs)) ʜʣʷ ʨʦʟʫʤʥʠʭ ʩʪʘʣʠʭ ʤʽʩʪ, 

ʷʢʽ ʧʨʠʟʥʘʯʝʥʽ ʜʣʷ ʦʮʽʥʢʠ ʨʦʣʽ ʪʘ ʝʬʝʢʪʠʚʥʦʩʪʽ ʽʥʬʦʨʤʘʮʽʡʥʦ-ʢʦʤʫʥʽʢʘʮʽʡʥʠʭ 

ʪʝʭʥʦʣʦʛʽʡ (ɯʂʊ) ʫ ʪʨʴʦʭ ʚʠʤʽʨʘʭ ʤʽʩʪʘ: ʝʢʦʥʦʤʽʢʘ, ʥʘʚʢʦʣʠʰʥʻ ʩʝʨʝʜʦʚʠʱʝ, 

ʩʫʩʧʽʣʴʩʪʚʦ ʪʘ ʢʫʣʴʪʫʨʘ. ʉʝʨʝʜ ʞʠʪʪʻʚʦ ʚʘʞʥʠʭ ʝʢʦʥʦʤʽʯʥʠʭ ʢʘʪʝʛʦʨʽʡ 

ʨʦʟʫʤʥʠʭ ʤʽʩʪ ʩʣʽʜ ʚʠʜʽʣʠʪʠ ʚʦʜʦʧʦʩʪʘʯʘʥʥʷ (KPIs: ʨʦʟʫʤʥʽ ʣʽʯʠʣʴʥʠʢʠ ʚʦʜʠ, 

ʤʦʥʽʪʦʨʠʥʛ ʚʦʜʦʧʦʩʪʘʯʘʥʥʷ), ʝʣʝʢʪʨʦʧʦʩʪʘʯʘʥʥʷ (KPIs: ʨʦʟʫʤʥʽ ʣʽʯʠʣʴʥʠʢʠ 

ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ, ɯʂʊ ʤʦʥʽʪʦʨʠʥʛ ʝʣʝʢʪʨʦʧʦʩʪʘʯʘʥʥʷ), ʪʨʘʥʩʧʦʨʪ (KPIs: 

ʜʠʥʘʤʽʯʥʘ ʽʥʬʦʨʤʘʮʽʷ ʧʨʦ ʛʨʦʤʘʜʩʴʢʠʡ ʪʨʘʥʩʧʦʨʪ, ʤʦʥʽʪʦʨʠʥʛ ʜʦʨʦʞʥʴʦʛʦ 

ʨʫʭʫ, ʢʦʥʪʨʦʣʴ ʧʝʨʝʭʨʝʩʪʴ) ʽ ʜʝʨʞʘʚʥʠʡ ʩʝʢʪʦʨ (KPIs: ʚʽʜʢʨʠʪʽ ʜʘʥʽ).  

ʇʦʢʘʟʥʠʢ çʈʦʟʫʤʥʽ ʣʽʯʠʣʴʥʠʢʠ ʚʦʜʠè ʜʦʟʚʦʣʷʻ ʫ ʨʝʞʠʤʽ ʨʝʘʣʴʥʦʛʦ ʯʘʩʫ 

ʢʦʥʪʨʦʣʶʚʘʪʠ ʦʙʩʷʛʠ ʩʧʦʞʠʚʘʥʥʷ, ʚʠʷʚʣʷʪʠ ʥʝʩʘʥʢʮʽʦʥʦʚʘʥʝ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʘʙʦ ʚʠʪʦʢʠ, ʘ ʪʘʢʦʞ ʦʧʪʠʤʽʟʫʚʘʪʠ ʨʦʟʧʦʜʽʣ ʚʦʜʥʠʭ ʨʝʩʫʨʩʽʚ. ʈʦʟʨʘʭʦʚʫʻʪʴʩʷ ʷʢ 

ʚʽʜʩʦʪʦʢ ʚʩʪʘʥʦʚʣʝʥʠʭ ʨʦʟʫʤʥʠʭ ʣʽʯʠʣʴʥʠʢʽʚ ʚʦʜʠ ʚʽʜ ʟʘʛʘʣʴʥʦʾ ʢʽʣʴʢʦʩʪʽ 
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ʚʩʪʘʥʦʚʣʝʥʠʭ ʣʽʯʠʣʴʥʠʢʽʚ ʚʦʜʠ. 

ʇʦʢʘʟʥʠʢ çɯʂʊ ʤʦʥʽʪʦʨʠʥʛ ʚʦʜʦʧʦʩʪʘʯʘʥʥʷè ʜʦʟʚʦʣʷʻ ʫ ʨʝʞʠʤʽ 

ʨʝʘʣʴʥʦʛʦ ʯʘʩʫ ʰʚʠʜʢʦ ʨʝʘʛʫʚʘʪʠ ʥʘ ʘʚʘʨʽʡʥʽ ʩʠʪʫʘʮʽʾ, ʩʚʦʻʯʘʩʥʦ ʧʨʦʚʦʜʠʪʠ 

ʪʝʭʥʽʯʥʝ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʪʘ ʤʽʥʽʤʽʟʫʚʘʪʠ ʚʪʨʘʪʠ ʚʦʜʠ. ʈʦʟʨʘʭʦʚʫʻʪʴʩʷ ʷʢ 

ʚʽʜʩʦʪʦʢ ʜʦʚʞʠʥʠ ʩʠʩʪʝʤʠ ʜʠʩʧʝʪʯʝʨʩʴʢʦʛʦ ʢʦʥʪʨʦʣʶ ʪʘ ʟʙʦʨʫ ʜʘʥʠʭ (SCADA 

Supervisory Control and Data Acquisition) ʚʦʜʦʧʦʩʪʘʯʘʥʥʷ, ʷʢʘ ʢʦʥʪʨʦʣʶʻʪʴʩʷ 

ɯʂʊ (ʢʤ) ʚʽʜ ʟʘʛʘʣʴʥʦʾ ʜʦʚʞʠʥʠ ʩʠʩʪʝʤʠ ʚʦʜʦʧʦʩʪʘʯʘʥʥʷ (ʢʤ).  

ɺʠʢʦʨʠʩʪʘʥʥʷ ʮʠʭ ʧʦʢʘʟʥʠʢʽʚ ʥʘʜʘʻ ʤʦʞʣʠʚʽʩʪʴ ʨʦʟʫʤʥʠʤ ʤʽʩʪʘʤ 

ʜʦʩʷʛʪʠ ʮʽʣʽ ʩʪʘʣʦʛʦ ʨʦʟʚʠʪʢʫ ʚ ʢʘʪʝʛʦʨʽʾ ʚʦʜʦʧʦʩʪʘʯʘʥʥʷ, ʘ ʩʘʤʝ: ʜʦ 2030 ʨʦʢʫ 

ʩʫʪʪʻʚʦ ʧʽʜʚʠʱʠʪʠ ʝʬʝʢʪʠʚʥʽʩʪʴ ʚʠʢʦʨʠʩʪʘʥʥʷ ʚʦʜʠ ʚ ʫʩʽʭ ʩʝʢʪʦʨʘʭ ʽ 

ʟʘʙʝʟʧʝʯʠʪʠ ʩʪʘʣʠʡ ʟʘʙʽʨ ʽ ʧʦʩʪʘʯʘʥʥʷ ʧʨʽʩʥʦʾ ʚʦʜʠ ʜʣʷ ʚʠʨʽʰʝʥʥʷ ʧʨʦʙʣʝʤʠ 

ʜʝʬʽʮʠʪʫ ʚʦʜʠ ʪʘ ʩʫʪʪʻʚʦʛʦ ʟʤʝʥʰʝʥʥʷ ʢʽʣʴʢʦʩʪʽ ʣʶʜʝʡ, ʷʢʽ ʩʪʨʘʞʜʘʶʪʴ ʚʽʜ 

ʥʝʩʪʘʯʽ ʚʦʜʠ. ʉʣʽʜ ʪʘʢʦʞ ʚʽʜʟʥʘʯʠʪʠ, ʱʦ ʚʧʨʦʚʘʜʞʝʥʥʷ ʭʤʘʨʥʠʭ IoT-

ʪʝʭʥʦʣʦʛʽʡ ʚ ʩʬʝʨʽ çʨʦʟʫʤʥʦʛʦè ʚʦʜʦʧʦʩʪʘʯʘʥʥʷ ʚʞʝ ʜʦʚʝʣʦ ʩʚʦʶ 

ʝʬʝʢʪʠʚʥʽʩʪʴ ʥʘ ʧʨʠʢʣʘʜʽ ɹʘʨʩʝʣʦʥʠ, ʜʦʟʚʦʣʠʚʰʠ ʟʝʢʦʥʦʤʠʪʠ 58 ʤʽʣʴʡʦʥʽʚ 

ʻʚʨʦ ʥʘ ʨʽʢ [2]. 

ʇʦʢʘʟʥʠʢ çʈʦʟʫʤʥʽ ʣʽʯʠʣʴʥʠʢʠ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾè ʜʦʟʚʦʣʷʻ ʚ ʨʝʞʠʤʽ 

ʨʝʘʣʴʥʦʛʦ ʯʘʩʫ ʚʠʤʽʨʶʚʘʪʠ ʥʘʚʘʥʪʘʞʝʥʥʷ ʥʘ ʝʣʝʢʪʨʦʤʝʨʝʞʫ, ʱʦ ʟʘʙʝʟʧʝʯʫʻ 

ʪʦʯʥʠʡ ʦʙʣʽʢ ʩʧʦʞʠʚʘʥʥʷ, ʚʠʷʚʣʝʥʥʷ ʘʥʦʤʘʣʽʡ ʪʘ ʦʧʝʨʘʪʠʚʥʝ ʨʝʘʛʫʚʘʥʥʷ ʥʘ 

ʟʙʦʾ ʯʠ ʘʚʘʨʽʡʥʽ ʩʠʪʫʘʮʽʾ. ʈʦʟʨʘʭʦʚʫʻʪʴʩʷ ʷʢ ʚʽʜʩʦʪʦʢ ʚʩʪʘʥʦʚʣʝʥʠʭ ʨʦʟʫʤʥʠʭ 

ʣʽʯʠʣʴʥʠʢʽʚ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ ʚʽʜ ʟʘʛʘʣʴʥʦʾ ʢʽʣʴʢʦʩʪʽ ʚʩʪʘʥʦʚʣʝʥʠʭ ʣʽʯʠʣʴʥʠʢʽʚ 

ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ. 

ʇʦʢʘʟʥʠʢ çɯʂʊ ʤʦʥʽʪʦʨʠʥʛ ʝʣʝʢʪʨʦʧʦʩʪʘʯʘʥʥʷè ʚʠʟʥʘʯʘʻ ʨʽʚʝʥʴ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʩʠʩʪʝʤ ʤʦʥʽʪʦʨʠʥʛʫ SCADA, IoT ʪʘ ʭʤʘʨʥʠʭ ʪʝʭʥʦʣʦʛʽʡ ʜʣʷ 

ʮʝʥʪʨʘʣʽʟʦʚʘʥʦʛʦ ʟʙʦʨʫ, ʘʥʘʣʽʟʫ ʪʘ ʦʙʨʦʙʢʠ ʜʘʥʠʭ ʟ ʝʣʝʢʪʨʦʤʝʨʝʞ ʚ ʨʝʞʠʤʽ 

ʨʝʘʣʴʥʦʛʦ ʯʘʩʫ. ʊʘʢʠʡ ʤʦʥʽʪʦʨʠʥʛ ʜʘʻ ʟʤʦʛʫ ʦʪʨʠʤʘʪʠ ʜʝʪʘʣʴʥʫ ʽʥʬʦʨʤʘʮʽʶ 

ʧʨʦ ʢʽʣʴʢʽʩʪʴ ʝʥʝʨʛʽʾ, ʥʝʦʙʭʽʜʥʦʾ ʜʣʷ ʨʽʟʥʠʭ ʩʣʫʞʙ (ʛʨʦʤʘʜʩʴʢʝ ʦʩʚʽʪʣʝʥʥʷ, 

ʪʨʘʥʩʧʦʨʪ, ʩʚʽʪʣʦʬʦʨʠ ʪʘ ʢʘʤʝʨʠ ʚʽʜʝʦʩʧʦʩʪʝʨʝʞʝʥʥʷ), ʧʨʦʛʥʦʟʫʚʘʪʠ 

ʧʦʪʝʥʮʽʡʥʽ ʘʚʘʨʽʡʥʽ ʩʠʪʫʘʮʽʾ ʪʘ ʟʘʙʝʟʧʝʯʫʚʘʪʠ ʩʚʦʻʯʘʩʥʝ ʪʝʭʥʽʯʥʝ 

ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ. ʈʦʟʨʘʭʦʚʫʻʪʴʩʷ ʷʢ ʚʽʜʩʦʪʦʢ ʜʦʚʞʠʥʠ ʩʠʩʪʝʤʠ 

ʜʠʩʧʝʪʯʝʨʩʴʢʦʛʦ ʢʦʥʪʨʦʣʶ ʪʘ ʟʙʦʨʫ ʜʘʥʠʭ (SCADA) ʝʣʝʢʪʨʦʧʦʩʪʘʯʘʥʥʷ, ʷʢʘ 

ʢʦʥʪʨʦʣʶʻʪʴʩʷ ɯʂʊ (ʢʤ) ʚʽʜ ʟʘʛʘʣʴʥʦʾ ʜʦʚʞʠʥʠ ʩʠʩʪʝʤʠ ʝʣʝʢʪʨʦʧʦʩʪʘʯʘʥʥʷ 

(ʢʤ). 

ɺʠʢʦʨʠʩʪʘʥʥʷ ʮʠʭ ʧʦʢʘʟʥʠʢʽʚ ʥʘʜʘʻ ʤʦʞʣʠʚʽʩʪʴ ʨʦʟʫʤʥʠʤ ʤʽʩʪʘʤ 

ʜʦʩʷʛʪʠ ʮʽʣʽ ʩʪʘʣʦʛʦ ʨʦʟʚʠʪʢʫ ʚ ʢʘʪʝʛʦʨʽʾ ʝʣʝʢʪʨʦʧʦʩʪʘʯʘʥʥʷ, ʘ ʩʘʤʝ: ʜʦ 2030 

ʨʦʢʫ ʧʦʜʚʦʾʪʠ ʛʣʦʙʘʣʴʥʽ ʪʝʤʧʠ ʧʽʜʚʠʱʝʥʥʷ ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʦʩʪʽ. ʉʣʽʜ ʪʘʢʦʞ 

ʚʽʜʟʥʘʯʠʪʠ, ʱʦ ʟʘʩʪʦʩʫʚʘʥʥʷ ʨʦʟʫʤʥʠʭ ʜʘʪʯʠʢʽʚ ʦʩʚʽʪʣʝʥʥʷ ʥʝ ʪʽʣʴʢʠ ʥʘʜʘʻ 

ʥʦʚʫ ʩʚʽʪʣʦʜʽʦʜʥʫ ʪʝʭʥʦʣʦʛʽʶ ʜʣʷ ʟʤʝʥʰʝʥʥʷ ʩʧʦʞʠʚʘʥʥʷ, ʘʣʝ ʡ ʚʠʷʚʣʷʪʠ 

ʚʽʜʩʫʪʥʽʩʪʴ ʧʽʰʦʭʦʜʽʚ, ʱʦʙ ʟʤʝʥʰʠʪʠ ʽʥʪʝʥʩʠʚʥʽʩʪʴ ʩʚʽʪʣʘ. ɼʣʷ ɹʘʨʩʝʣʦʥʠ 

ʪʘʢʝ ʚʧʨʦʚʘʜʞʝʥʥʷ ʧʨʠʟʚʝʣʦ ʜʦ 30% ʝʢʦʥʦʤʽʾ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ, ʘʙʦ ʙʣʠʟʴʢʦ 37 

ʤʽʣʴʡʦʥʽʚ ʻʚʨʦ ʱʦʨʦʢʫ [9]. ʅʘ ʧʨʠʢʣʘʜʽ ɽʜʠʥʙʫʨʛʫ ʮʝ ʜʦʟʚʦʣʠʣʦ ʩʢʦʨʦʪʠʪʠ 

ʨʽʯʥʽ ʚʠʪʨʘʪʠ ʥʘ ʝʣʝʢʪʨʦʝʥʝʨʛʽʶ ʥʘ 1,6 ʤʽʣʴʡʦʥʘ ʬʫʥʪʽʚ ʩʪʝʨʣʽʥʛʽʚ ʘʙʦ 50% ʥʘ 

ʨʽʢ [3]. ʇʨʦʝʢʪ Smartcity Malaga ʚ ʧʝʨʰʽ 5 ʨʦʢʽʚ ʜʦʩʷʛʥʫʚ 25% ʝʢʦʥʦʤʽʾ 

ʟʘʛʘʣʴʥʦʛʦ ʩʧʦʞʠʚʘʥʥʷ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ ʪʘ ʩʢʦʨʦʪʠʚ ʚʠʢʠʜ CO2 ʥʘ 4500 ʪʦʥ ʥʘ 

ʨʽʢ, ʱʦ ʩʪʘʥʦʚʠʣʦ 20% ʩʢʦʨʦʯʝʥʥʷ ʚʠʢʠʜʽʚ, ʟʘʚʜʷʢʠ ʚʧʨʦʚʘʜʞʝʥʥʶ ʢʦʥʮʝʧʪʫ 
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çSmart Gridè ʨʦʟʫʤʥʠʭ IoT-ʩʠʩʪʝʤ ʤʦʥʽʪʦʨʠʥʛʫ ʝʣʝʢʪʨʦʩʧʦʞʠʚʘʥʥʷ [4].  

ʇʦʢʘʟʥʠʢ çɼʠʥʘʤʽʯʥʘ ʽʥʬʦʨʤʘʮʽʷ ʧʨʦ ʛʨʦʤʘʜʩʴʢʠʡ ʪʨʘʥʩʧʦʨʪè ʚʠʟʥʘʯʘʻ 

ʟʜʘʪʥʽʩʪʴ ʤʽʩʪʘ ʥʘʜʘʚʘʪʠ ʧʘʩʘʞʠʨʘʤ ʘʢʪʫʘʣʴʥʫ ʽʥʬʦʨʤʘʮʽʶ ʧʨʦ ʩʪʘʥ ʪʘ ʨʫʭ 

ʛʨʦʤʘʜʩʴʢʦʛʦ ʪʨʘʥʩʧʦʨʪʫ ʫ ʨʝʞʠʤʽ ʨʝʘʣʴʥʦʛʦ ʯʘʩʫ. ɿʘʚʜʷʢʠ ʽʥʪʝʛʨʘʮʽʾ IoT 

ʧʨʠʩʪʨʦʾʚ, GPS ʪʨʝʢʽʥʛʫ ʪʘ ʭʤʘʨʥʠʭ ʪʝʭʥʦʣʦʛʽʡ, ʜʠʥʘʤʽʯʥʘ ʽʥʬʦʨʤʘʮʽʷ ʧʨʦ 

ʩʪʘʥ ʩʠʩʪʝʤʠ, ʘ ʪʘʢʦʞ ʯʘʩ ʧʨʠʙʫʪʪʷ ʪʘ ʯʘʩ ʫ ʜʦʨʦʟʽ ʜʦʟʚʦʣʷʻ ʥʝ ʣʠʰʝ 

ʧʦʢʨʘʱʠʪʠ ʜʦʩʚʽʜ ʢʦʨʠʩʪʫʚʘʯʽʚ, ʘʣʝ ʡ ʜʦʧʦʤʘʛʘʻ ʦʧʝʨʘʪʦʨʘʤ ʢʦʨʠʛʫʚʘʪʠ 

ʨʦʟʢʣʘʜʠ, ʦʧʪʠʤʽʟʫʚʘʪʠ ʤʘʨʰʨʫʪʠ ʪʘ ʫʧʨʘʚʣʷʪʠ ʨʝʩʫʨʩʘʤʠ ʙʽʣʴʰ ʝʬʝʢʪʠʚʥʦ. 

ʈʦʟʨʘʭʦʚʫʻʪʴʩʷ ʷʢ ʚʽʜʩʦʪʦʢ ʢʽʣʴʢʦʩʪʽ ʟʫʧʠʥʦʢ ʽ ʩʪʘʥʮʽʡ ʟ ʜʦʩʪʫʧʥʦʶ 

ʜʠʥʘʤʽʯʥʦʶ ʽʥʬʦʨʤʘʮʽʻʶ ʚʽʜ ʟʘʛʘʣʴʥʦʾ ʢʽʣʴʢʦʩʪʽ ʟʫʧʠʥʦʢ ʽ ʩʪʘʥʮʽʡ. 

ʇʦʢʘʟʥʠʢ çʄʦʥʽʪʦʨʠʥʛ ʜʦʨʦʞʥʴʦʛʦ ʨʫʭʫè ʚʠʟʥʘʯʘʻ ʟʜʘʪʥʽʩʪʴ ʩʠʩʪʝʤʠ ʚ 

ʨʝʞʠʤʽ ʨʝʘʣʴʥʦʛʦ ʯʘʩʫ ʟʙʠʨʘʪʠ ʪʘ ʘʥʘʣʽʟʫʚʘʪʠ ʜʘʥʽ ʧʨʦ ʨʫʭ ʪʨʘʥʩʧʦʨʪʥʠʭ 

ʟʘʩʦʙʽʚ ʥʘ ʛʦʣʦʚʥʠʭ (ʦʩʥʦʚʥʠʭ) ʚʫʣʠʮʷʭ, ʷʢʽ ʚʢʣʶʯʘʪʠʤʫʪʴ ʣʠʰʝ ʤʘʛʽʩʪʨʘʣʽ ʪʘ 

ʰʦʩʝ (ʞʠʪʣʦʚʽ ʚʫʣʠʮʽ ʥʝ ʚʢʣʶʯʘʶʪʴʩʷ). ʎʝʡ ʧʦʢʘʟʥʠʢ ʦʭʦʧʣʶʻ ʚʠʤʽʨʶʚʘʥʥʷ 

ʰʚʠʜʢʦʩʪʽ ʨʫʭʫ, ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʪʨʘʬʽʢʫ, ʚʠʷʚʣʝʥʥʷ ʟʘʪʦʨʽʚ ʪʘ ʨʽʟʥʠʭ ʘʚʘʨʽʡʥʠʭ 

ʩʠʪʫʘʮʽʡ. ɿʘʚʜʷʢʠ ʽʥʪʝʛʨʘʮʽʾ IoT-ʧʨʠʩʪʨʦʾʚ, ʚʽʜʝʦʢʘʤʝʨ, GPS-ʪʨʝʢʽʥʛʫ ʪʘ 

ʭʤʘʨʥʠʭ ʪʝʭʥʦʣʦʛʽʡ, ʩʠʩʪʝʤʘ ʜʦʟʚʦʣʷʻ ʦʧʝʨʘʪʠʚʥʦ ʢʦʨʠʛʫʚʘʪʠ ʥʘʣʘʰʪʫʚʘʥʥʷ 

ʩʚʽʪʣʦʬʦʨʽʚ, ʧʝʨʝʥʘʧʨʘʚʣʷʪʠ ʧʦʪʦʢʠ ʪʨʘʥʩʧʦʨʪʫ ʪʘ ʽʥʬʦʨʤʫʚʘʪʠ ʛʨʦʤʘʜʷʥ ʧʨʦ 

ʧʦʪʦʯʥʫ ʩʠʪʫʘʮʽʶ ʥʘ ʜʦʨʦʛʘʭ. ʈʦʟʨʘʭʦʚʫʻʪʴʩʷ ʷʢ ʚʽʜʩʦʪʦʢ ʢʽʣʴʢʦʩʪʽ ʜʦʚʞʠʥʠ 

ʦʩʥʦʚʥʠʭ ʚʫʣʠʮʴ, ʷʢʽ ʢʦʥʪʨʦʣʶʶʪʴʩʷ ɯʂʊ (ʢʤ) ʚʽʜ ʟʘʛʘʣʴʥʦʾ ʧʨʦʪʷʞʥʽʩʪʴ 

ʦʩʥʦʚʥʠʭ ʚʫʣʠʮʴ (ʢʤ). 

ʇʦʢʘʟʥʠʢ çʂʦʥʪʨʦʣʴ ʧʝʨʝʭʨʝʩʪʴè ʚʠʤʽʨʶʻ ʝʬʝʢʪʠʚʥʽʩʪʴ ʘʜʘʧʪʠʚʥʦʛʦ 

ʫʧʨʘʚʣʽʥʥʷ ʜʦʨʦʞʥʽʤ ʨʫʭʦʤ ʘʙʦ ʚʠʟʥʘʯʝʥʥʷ ʧʨʽʦʨʠʪʝʪʽʚ ʥʘ ʧʝʨʝʭʨʝʩʪʷʭ ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʩʚʽʪʣʦʬʦʨʽʚ ʫ ʨʦʟʫʤʥʠʭ ʤʽʩʪʘʭ. ɿʘ ʜʦʧʦʤʦʛʦʶ ʽʥʪʝʛʨʘʮʽʾ IoT 

ʜʘʪʯʠʢʽʚ, ʢʘʤʝʨ ʚʽʜʝʦʩʧʦʩʪʝʨʝʞʝʥʥʷ, GPS ʩʠʩʪʝʤ ʪʘ ʭʤʘʨʥʠʭ ʪʝʭʥʦʣʦʛʽʡ, 

ʩʠʩʪʝʤʘ ʟʙʠʨʘʻ ʜʘʥʽ ʚ ʨʝʞʠʤʽ ʨʝʘʣʴʥʦʛʦ ʯʘʩʫ ʧʨʦ ʽʥʪʝʥʩʠʚʥʽʩʪʴ ʪʨʘʬʽʢʫ, 

ʩʝʨʝʜʥʽʡ ʯʘʩ ʟʘʪʨʠʤʢʠ, ʜʦʚʞʠʥʫ ʘʚʪʦʤʦʙʽʣʴʥʠʭ ʧʦʪʦʢʽʚ ʪʘ ʽʥʰʽ ʧʘʨʘʤʝʪʨʠ 

ʨʦʙʦʪʠ ʧʝʨʝʭʨʝʩʪʷ. ʅʘ ʦʩʥʦʚʽ ʮʠʭ ʜʘʥʠʭ ʘʜʘʧʪʠʚʥʽ ʩʠʩʪʝʤʠ, ʪʘʢʽ ʷʢ SCATS, 

SCOOT ʘʙʦ ATSAC ʘʚʪʦʤʘʪʠʯʥʦ ʢʦʨʠʛʫʶʪʴ ʪʨʠʚʘʣʽʩʪʴ ʟʝʣʝʥʦʛʦ, ʞʦʚʪʦʛʦ ʪʘ 

ʯʝʨʚʦʥʦʛʦ ʩʠʛʥʘʣʽʚ, ʦʧʪʠʤʽʟʫʶʪʴ ʨʦʟʧʦʜʽʣ ʧʦʪʦʢʫ ʪʨʘʥʩʧʦʨʪʥʠʭ ʟʘʩʦʙʽʚ, ʱʦ 

ʩʧʨʠʷʻ ʟʥʠʞʝʥʥʶ ʟʘʪʦʨʽʚ, ʩʢʦʨʦʯʝʥʥʶ ʯʘʩʫ ʧʝʨʝʙʫʚʘʥʥʷ ʘʚʪʦʤʦʙʽʣʽʚ ʥʘ 

ʧʝʨʝʭʨʝʩʪʷʭ ʪʘ ʧʽʜʚʠʱʝʥʥʶ ʨʽʚʥʷ ʙʝʟʧʝʢʠ. ʈʦʟʨʘʭʦʚʫʻʪʴʩʷ ʷʢ ʚʽʜʩʦʪʦʢ 

ʢʽʣʴʢʦʩʪʽ ʧʝʨʝʭʨʝʩʪʴ ʟ ʘʜʘʧʪʠʚʥʠʤ ʨʝʛʫʣʶʚʘʥʥʷʤ ʨʫʭʫ ʚʽʜ ʟʘʛʘʣʴʥʦʾ ʢʽʣʴʢʦʩʪʽ 

ʨʝʛʫʣʴʦʚʘʥʠʭ ʧʝʨʝʭʨʝʩʪʴ. 

ɺʠʢʦʨʠʩʪʘʥʥʷ ʮʠʭ ʧʦʢʘʟʥʠʢʽʚ ʥʘʜʘʻ ʤʦʞʣʠʚʽʩʪʴ ʨʦʟʫʤʥʠʤ ʤʽʩʪʘʤ 

ʜʦʩʷʛʪʠ ʮʽʣʽ ʩʪʘʣʦʛʦ ʨʦʟʚʠʪʢʫ ʚ ʢʘʪʝʛʦʨʽʾ ʪʨʘʥʩʧʦʨʪʫ, ʘ ʩʘʤʝ: ʜʦ 2030 ʨʦʢʫ 

ʟʘʙʝʟʧʝʯʠʪʠ ʜʦʩʪʫʧ ʜʦ ʙʝʟʧʝʯʥʠʭ, ʥʝʜʦʨʦʛʠʭ, ʜʦʩʪʫʧʥʠʭ ʽ ʩʪʽʡʢʠʭ 

ʪʨʘʥʩʧʦʨʪʥʠʭ ʩʠʩʪʝʤ ʜʣʷ ʚʩʽʭ, ʧʦʢʨʘʱʫʶʯʠ ʙʝʟʧʝʢʫ ʜʦʨʦʞʥʴʦʛʦ ʨʫʭʫ, ʟʦʢʨʝʤʘ 

ʰʣʷʭʦʤ ʨʦʟʰʠʨʝʥʥʷ ʛʨʦʤʘʜʩʴʢʦʛʦ ʪʨʘʥʩʧʦʨʪʫ, ʧʨʠʜʽʣʷʶʯʠ ʦʩʦʙʣʠʚʫ ʫʚʘʛʫ 

ʧʦʪʨʝʙʘʤ ʪʠʭ, ʭʪʦ ʧʝʨʝʙʫʚʘʻ ʚ ʫʨʘʟʣʠʚʠʭ ʩʠʪʫʘʮʽʷʭ, ʞʽʥʦʢ, ʜʽʪʝʡ, ʣʶʜʝʡ ʟ 

ʦʙʤʝʞʝʥʠʤʠ ʤʦʞʣʠʚʦʩʪʷʤʠ ʪʘ ʣʶʜʝʡ ʧʦʭʠʣʦʛʦ ʚʽʢʫ. ʉʣʽʜ ʚʽʜʟʥʘʯʠʪʠ, ʱʦ 

ʚʧʨʦʚʘʜʞʝʥʥʷ ʪʝʭʥʦʣʦʛʽʡ ʥʘʜʘʥʥʷ ʜʠʥʘʤʽʯʥʦʾ ʽʥʬʦʨʤʘʮʽʾ ʧʨʦ ʛʨʦʤʘʜʩʴʢʠʡ 

ʪʨʘʥʩʧʦʨʪ ʚ ɻʘʘʟʽ ʜʦʟʚʦʣʠʣʦ ʩʢʦʨʦʪʠʪʠ ʯʘʩ ʦʯʽʢʫʚʘʥʥʷ ʥʘ 20% ʪʘ ʧʽʜʚʠʱʠʪʠ 

ʝʬʝʢʪʠʚʥʽʩʪʴ ʚʠʢʦʨʠʩʪʘʥʥʷ ʪʨʘʥʩʧʦʨʪʥʦʾ ʤʝʨʝʞʽ [5]. ɺʧʨʦʚʘʜʞʝʥʥʷ ʩʠʩʪʝʤʠ 

ʘʚʪʦʤʘʪʠʯʥʦʛʦ ʢʦʥʪʨʦʣʶ ʪʨʘʬʽʢʫ ʥʘ ʧʝʨʝʭʨʝʩʪʷʭ (ATSAC) ʚ ʃʦʩ-ɸʥʜʞʝʣʝʩʽ 
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ʜʦʟʚʦʣʠʣʦ ʩʢʦʨʦʪʠʪʠ ʟʘʪʨʠʤʢʠ ʪʨʘʬʽʢʫ ʥʘ 32%, ʘ ʪʘʢʦʞ ʟʤʝʥʰʠʪʠ ʚʠʢʠʜʠ 

ʰʢʽʜʣʠʚʠʭ ʛʘʟʽʚ ʚʽʜ ʪʨʘʥʩʧʦʨʪʥʠʭ ʟʘʩʦʙʽʚ ʥʘ 3% [6, 7]. 

ʇʦʢʘʟʥʠʢ çɺʽʜʢʨʠʪʽ ʜʘʥʽè ʚʠʤʽʨʶʻ ʨʽʚʝʥʴ ʜʦʩʪʫʧʥʦʩʪʽ, ʷʢʦʩʪʽ ʪʘ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʜʘʥʠʭ, ʱʦ ʧʫʙʣʽʢʫʶʪʴʩʷ ʤʽʩʴʢʦʶ ʚʣʘʜʦʶ, ʚ ʪʦʤʫ ʯʠʩʣʽ 

ʦʪʨʠʤʘʥʠʭ ʟʘ ʜʦʧʦʤʦʛʦʶ IoT-ʧʨʠʩʪʨʦʾʚ ʽ ʦʙʨʦʙʣʝʥʠʭ ʭʤʘʨʥʠʤʠ ʪʝʭʥʦʣʦʛʽʷʤʠ. 

ɺʠʩʦʢʠʡ ʨʽʚʝʥʴ ʚʽʜʢʨʠʪʠʭ ʜʘʥʠʭ ʩʧʨʠʷʻ ʧʽʜʚʠʱʝʥʥʶ ʧʨʦʟʦʨʦʩʪʽ ʨʦʙʦʪʠ 

ʜʝʨʞʘʚʥʠʭ ʦʨʛʘʥʽʚ, ʟʘʣʫʯʝʥʥʶ ʛʨʦʤʘʜʩʴʢʦʩʪʽ ʜʦ ʘʥʘʣʽʟʫ ʪʘ ʢʦʥʪʨʦʣʶ ʟʘ 

ʜʽʷʣʴʥʽʩʪʶ ʚʣʘʜʠ, ʘ ʪʘʢʦʞ ʩʪʠʤʫʣʶʻ ʨʦʟʚʠʪʦʢ ʽʥʥʦʚʘʮʽʡʥʠʭ ʜʦʜʘʪʢʽʚ ʽ ʧʦʩʣʫʛ ʫ 

ʛʨʦʤʘʜʩʴʢʦʤʫ ʩʝʢʪʦʨʽ. ʈʦʟʨʘʭʦʚʫʻʪʴʩʷ ʷʢ ʚʽʜʩʦʪʦʢ ʟʘʛʘʣʴʥʦʾ ʢʽʣʴʢʦʩʪʽ 

ʦʧʫʙʣʽʢʦʚʘʥʠʭ ʥʘʙʦʨʽʚ ʚʽʜʢʨʠʪʠʭ ʜʘʥʠʭ ʚʽʜ ʟʘʛʘʣʴʥʦʾ ʢʽʣʴʢʦʩʪʽ ʥʘʙʦʨʽʚ ʜʘʥʠʭ.  

ɺʠʢʦʨʠʩʪʘʥʥʷ ʮʴʦʛʦ ʧʦʢʘʟʥʠʢʘ ʥʘʜʘʻ ʤʦʞʣʠʚʽʩʪʴ ʨʦʟʫʤʥʠʤ ʤʽʩʪʘʤ 

ʜʦʩʷʛʪʠ ʮʽʣʽ ʩʪʘʣʦʛʦ ʨʦʟʚʠʪʢʫ ʚ ʢʘʪʝʛʦʨʽʾ ʜʝʨʞʘʚʥʠʡ ʩʝʢʪʦʨ, ʘ ʩʘʤʝ: ʨʦʟʚʠʚʘʪʠ 

ʝʬʝʢʪʠʚʥʽ, ʧʽʜʟʚʽʪʥʽ ʪʘ ʧʨʦʟʦʨʽ ʫʩʪʘʥʦʚʠ ʥʘ ʚʩʽʭ ʨʽʚʥʷʭ ʪʘ ʟʘʙʝʟʧʝʯʠʪʠ 

ʨʝʧʨʝʟʝʥʪʘʪʠʚʥʝ, ʦʧʝʨʘʪʠʚʥʝ ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʴ ʥʘ ʚʩʽʭ ʨʽʚʥʷʭ. ʃʽʜʝʨʦʤ ʫ 

ʚʠʢʦʨʠʩʪʘʥʥʽ ʚʽʜʢʨʠʪʠʭ ʜʘʥʠʭ ʻ ʤʽʩʪʦ ʅʴʶ-ʁʦʨʢ ʟʘʚʜʷʢʠ ʧʦʨʪʘʣʫ NYC Open 

Data, ʱʦ ʥʘʣʽʯʫʻ ʙʣʠʟʴʢʦ 2,6 ʪʠʩʷʯ ʥʘʙʦʨʽʚ ʜʘʥʠʭ, ʪʘ 6 ʤʽʣʴʷʨʜʽʚ ʨʷʜʢʽʚ ʜʘʥʠʭ. 

ɿʘʚʜʷʢʠ ʮʴʦʤʫ ʧʨʦʝʢʪʫ ʨʦʟʨʦʙʥʠʢʠ ʪʘ ʛʨʦʤʘʜʩʴʢʽ ʦʨʛʘʥʽʟʘʮʽʾ ʤʦʞʫʪʴ 

ʩʪʚʦʨʶʚʘʪʠ ʙʝʟʣʽʯ ʽʥʥʦʚʘʮʽʡʥʠʭ ʨʽʰʝʥʴ, ʟʦʢʨʝʤʘ ʜʦʜʘʪʢʠ ʜʣʷ ʘʥʘʣʽʟʫ ʪʨʘʬʽʢʫ, 

ʦʧʪʠʤʽʟʘʮʽʾ ʚʠʢʦʨʠʩʪʘʥʥʷ ʨʝʩʫʨʩʽʚ ʪʘ ʤʦʥʽʪʦʨʠʥʛʫ ʝʬʝʢʪʠʚʥʦʩʪʽ ʤʽʩʴʢʠʭ 

ʧʦʩʣʫʛ [8]. 

ɺʠʩʥʦʚʦʢ. ɯʥʪʝʛʨʘʮʽʷ ʭʤʘʨʥʠʭ ʪʝʭʥʦʣʦʛʽʡ ʪʘ IoT-ʧʨʠʩʪʨʦʾʚ ʻ ʦʩʥʦʚʦʶ 

ʨʦʟʚʠʪʢʫ ʨʦʟʫʤʥʠʭ ʤʽʩʪ, ʟʘʙʝʟʧʝʯʫʶʯʠ ʮʝʥʪʨʘʣʽʟʦʚʘʥʝ ʫʧʨʘʚʣʽʥʥʷ ʪʘ 

ʧʽʜʚʠʱʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʧʦʩʣʫʛ.  
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APPLICATION FEATURES OF IoT SYSTEMS AND NETWORKS  

FOR INTELLIGENT TRANSPORT SYSTEMS  

 

The application features of the Internet of Things for intelligent transport systems are 

analyzed, which contributes to increasing the efficiency of vehicle and logistics management. 

ʇʨʦʘʥʘʣʽʟʦʚʘʥʽ ʦʩʦʙʣʠʚʦʩʪʽ ʟʘʩʪʦʩʫʚʘʥʥʷ ɯʥʪʝʨʥʝʪʫ ʨʝʯʝʡ ʜʣʷ ʽʥʪʝʣʝʢʪʫʘʣʴʥʠʭ 

ʪʨʘʥʩʧʦʨʪʥʠʭ ʩʠʩʪʝʤ, ʱʦ ʩʧʨʠʷʻ ʧʽʜʚʠʱʝʥʥʶ ʝʬʝʢʪʠʚʥʦʩʪʽ ʫʧʨʘʚʣʽʥʥʷ ʪʨʘʥʩʧʦʨʪʥʠʤʠ 

ʟʘʩʦʙʘʤʠ ʽ ʣʦʛʽʩʪʠʢʦʶ. 

 

ʉʠʩʪʝʤʠ ʪʘ ʤʝʨʝʞʽ ɯʥʪʝʨʥʝʪʫ ʨʝʯʝʡ ʚʩʝ ʛʣʠʙʰʝ ʧʨʦʥʠʢʘʶʪʴ ʫ ʥʘʰʝ 

ʧʦʚʩʷʢʜʝʥʥʝ ʞʠʪʪʷ, ʟʦʢʨʝʤʘ ʧʨʠ ʢʦʨʠʩʪʫʚʘʥʥʽ ʘʚʪʦʤʦʙʽʣʷʤʠ, ʪʦʤʫ 

ʘʢʪʫʘʣʴʥʽʩʪʴ ʟʘʩʪʦʩʫʚʘʥʥʷ ɯʦʊ ʚ ʪʨʘʥʩʧʦʨʪʥʠʭ ʩʠʩʪʝʤʘʭ ʻ ʘʢʪʫʘʣʴʥʦʶ. 

ɸʚʪʦʤʦʙʽʣʴʥʽ IoT-ʩʠʩʪʝʤʠ ʨʦʟʚʠʚʘʶʪʴʩʷ ʰʚʠʜʢʠʤʠ ʪʝʤʧʘʤʠ, ʽ ʨʘʟʦʤ ʽʟ ʮʠʤ 

ʟôʷʚʣʷʶʪʴʩʷ ʥʦʚʽ ʚʠʢʣʠʢʠ ʪʘ ʟʘʛʨʦʟʠ. ʑʦʨʦʢʫ ʟôʷʚʣʷʶʪʴʩʷ ʥʦʚʽ IoT-ʨʽhʝʥʥʷ, 

ʙʽʣʴʰ ʧʦʪʫʞʥʽ ʜʘʪʯʠʢʠ, ʰʚʠʜʰʽ ʤʝʨʝʞʽ ʟʚôʷʟʢʫ (5G, 6G), ʫʜʦʩʢʦʥʘʣʝʥʽ 

ʘʣʛʦʨʠʪʤʠ ʰʪʫʯʥʦʛʦ ʽʥʪʝʣʝʢʪʫ ʜʣʷ ʘʚʪʦʥʦʤʥʦʛʦ ʚʦʜʽʥʥʷ. ʎʝ ʦʟʥʘʯʘʻ, ʱʦ 

ʩʴʦʛʦʜʥʽʰʥʽ ʩʪʘʥʜʘʨʪʠ ʪʘ ʧʽʜʭʦʜʠ ʤʦʞʫʪʴ ʩʪʘʪʠ ʟʘʩʪʘʨʽʣʠʤʠ ʚʞʝ ʯʝʨʝʟ ʢʽʣʴʢʘ 

ʨʦʢʽʚ. ɼʦʩʣʽʜʞʝʥʥʷ ʦʩʦʙʣʠʚʦʩʪʝʡ ʟʘʩʪʦʩʫʚʘʥʥʷ ʩʠʩʪʝʤ ʪʘ ʤʝʨʝʞ IoT ʜʦʟʚʦʣʷʻ 

ʧʝʨʝʜʙʘʯʠʪʠ ʮʽ ʟʤʽʥʠ ʪʘ ʘʜʘʧʪʫʚʘʪʠʩʷ ʜʦ ʥʠʭ. 

ɯʥʪʝʣʝʢʪʫʘʣʴʥʘ ʪʨʘʥʩʧʦʨʪʥʘ ʩʠʩʪʝʤʘ (ɯʊʉ) - ʮʝ ʩʠʩʪʝʤʘ, ʱʦ ʽʥʪʝʛʨʫʻ 

ʩʫʯʘʩʥʽ ʪʝʭʥʦʣʦʛʽʾ ʫʧʨʘʚʣʽʥʥʷ ʟ ʪʝʣʝʤʘʪʠʢʦʶ, ʧʨʠʟʥʘʯʝʥʘ ʜʣʷ 

ʘʚʪʦʤʘʪʠʟʦʚʘʥʦʛʦ ʧʦʰʫʢʫ ʪʘ ʧʨʠʡʥʷʪʪʷ ʥʘʡʙʽʣʴʰ ʝʬʝʢʪʠʚʥʠʭ ʩʮʝʥʘʨʽʾʚ 

ʢʝʨʫʚʘʥʥʷ ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʟʘʩʦʙʫ ʽ ʡʦʛʦ ʝʣʝʤʝʥʪʽʚ ʟ ʤʝʪʦʶ ʟʘʙʝʟʧʝʯʝʥʥʷ 

ʤʦʙʽʣʴʥʦʩʪʽ. ʋ ʩʚʽʪʦʚʽʡ ʧʨʘʢʪʠʮʽ ɯʊʉ ʚʠʟʥʘʥʽ ʷʢ ʩʧʦʩʽʙ ʽʥʪʝʛʨʘʮʽʾ ʜʦʩʷʛʥʝʥʴ 

ʩʫʯʘʩʥʠʭ ʤʝʪʦʜʽʚ ʫʧʨʘʚʣʽʥʥʷ ʽ ʪʝʣʝʤʘʪʠʢʠ ʚ ʫʩʽ ʚʠʜʠ ʪʨʘʥʩʧʦʨʪʥʦʾ ʜʽʷʣʴʥʦʩʪʽ 

ʜʣʷ ʚʠʨʽʰʝʥʥʷ ʧʨʦʙʣʝʤ ʝʢʦʥʦʤʽʯʥʦʛʦ ʽ ʩʦʮʽʘʣʴʥʦʛʦ ʭʘʨʘʢʪʝʨʫ: ʧʽʜʚʠʱʝʥʥʷ 

ʝʬʝʢʪʠʚʥʦʩʪʽ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʧʘʩʘʞʠʨʩʴʢʦʛʦ ʪʘ ʚʘʥʪʘʞʥʦʛʦ ʪʨʘʥʩʧʦʨʪʫ, 

ʟʥʠʞʝʥʥʷ ʪʨʘʥʩʧʦʨʪʥʠʭ ʚʠʪʨʘʪ, ʟʘʙʝʟʧʝʯʝʥʥʷ ʪʨʘʥʩʧʦʨʪʥʦʾ ʙʝʟʧʝʢʠ ʽ 

ʧʦʣʽʧʰʝʥʥʷ ʝʢʦʣʦʛʽʯʥʠʭ ʧʦʢʘʟʥʠʢʽʚ [1]. 

ʋ ɼʠʨʝʢʪʠʚʽ 2010/40/ɭʉ ɭʚʨʦʧʝʡʩʴʢʦʛʦ ʇʘʨʣʘʤʝʥʪʫ ʪʘ ʈʘʜʠ ʚʽʜ 7 

ʣʠʧʥʷ 2010 ʨʦʢʫ çʇʨʦ ʬʨʝʡʤʚʦʨʢ ʜʣʷ ʨʦʟʛʦʨʪʘʥʥʷ ʽʥʪʝʣʝʢʪʫʘʣʴʥʠʭ 

ʪʨʘʥʩʧʦʨʪʥʠʭ ʩʠʩʪʝʤ ʫ ʩʬʝʨʽ ʘʚʪʦʤʦʙʽʣʴʥʦʛʦ ʪʨʘʥʩʧʦʨʪʫ ʪʘ ʜʣʷ ʽʥʪʝʨʬʝʡʩʫ ʟ 

ʽʥʰʠʤʠ ʚʠʜʘʤʠ ʪʨʘʥʩʧʦʨʪʫè ʚʠʟʥʘʯʝʥʦ, ʱʦ ɯʊʉ ʦʟʥʘʯʘʶʪʴ ʩʠʩʪʝʤʠ, ʚ ʷʢʠʭ 

ʽʥʬʦʨʤʘʮʽʡʥʽ ʪʘ ʢʦʤʫʥʽʢʘʮʽʡʥʽ ʪʝʭʥʦʣʦʛʽʾ ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ ʫ ʩʬʝʨʽ 

ʘʚʪʦʤʦʙʽʣʴʥʦʛʦ ʪʨʘʥʩʧʦʨʪʫ [2], ʚʢʣʶʯʘʶʯʠ ʽʥʬʨʘʩʪʨʫʢʪʫʨʫ, ʪʨʘʥʩʧʦʨʪʥʽ 

ʟʘʩʦʙʠ ʪʘ ʢʦʨʠʩʪʫʚʘʯʽʚ, ʘ ʪʘʢʦʞ ʚ ʫʧʨʘʚʣʽʥʥʽ ʨʫʭʦʤ ʽ ʤʦʙʽʣʴʥʽʩʪʶ, ʪʘ ʜʣʷ 

ʽʥʪʝʨʬʝʡʩʫ ʟ ʽʥʰʠʤʠ ʚʠʜʘʤʠ ʪʨʘʥʩʧʦʨʪʫ.  
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ʄʽʞʥʘʨʦʜʥʠʡ ʩʪʘʥʜʘʨʪ ISO 21217:2020 (ɯʥʪʝʣʝʢʪʫʘʣʴʥʽ ʪʨʘʥʩʧʦʨʪʥʽ 

ʩʠʩʪʝʤʠ - ʩʪʘʥʮʽʡʥʘ ʪʘ ʪʝʣʝʢʦʤʫʥʽʢʘʮʽʡʥʘ ʘʨʭʽʪʝʢʪʫʨʘ) ʥʘʜʘʻ ʧʨʠʢʣʘʜʠ 

ʢʦʤʫʥʽʢʘʮʽʡ ʚ ɯʊʉ, ʱʦʙ ʧʽʜʪʨʠʤʘʪʠ ʚʝʣʠʢʫ ʨʽʟʥʦʤʘʥʽʪʥʽʩʪʴ ʧʦʩʣʫʛ ʟ ʨʽʟʥʠʤʠ 

ʚʠʤʦʛʘʤʠ, ʘ ʪʘʢʦʞ ʝʬʝʢʪʠʚʥʠʡ ʦʙʤʽʥ ʽʥʬʦʨʤʘʮʽʻʶ, ʷʢʫ ʟʙʝʨʽʛʘʶʪʴ ʦʢʨʝʤʽ 

ʩʝʨʚʽʩʥʽ ʧʨʦʛʨʘʤʠ [2]. 

ʆʜʥʽʻʶ ʟ ʦʩʦʙʣʠʚʦʩʪʝʡ ʟʘʩʪʦʩʫʚʘʥʥʷ ʩʠʩʪʝʤ ʪʘ ʤʝʨʝʞ ɯʦʊ ʜʣʷ ɯʊʉ ʻ 

ʥʝʦʙʭʽʜʥʽʩʪʴ ʧʦʻʜʥʫʚʘʪʠ ʪʝʭʥʦʣʦʛʽʾ ʙʝʟʧʨʦʚʦʜʦʚʦʛʦ ʜʦʩʪʫʧʫ ʪʘ ʧʨʦʪʦʢʦʣʠ 

ʟʚôʷʟʢʫ ʟ ʚʽʜʤʽʥʥʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ (ʜʘʣʴʥʽʩʪʴ ʟʚôʷʟʢʫ, 

ʜʦʩʪʫʧʥʘ ʩʤʫʛʘ ʧʨʦʧʫʩʢʘʥʥʷ, ʟʘʪʨʠʤʢʘ ʥʘʩʢʨʽʟʥʦʾ ʧʝʨʝʜʘʯʽ, ʷʢʽʩʪʴ 

ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ, ʙʝʟʧʝʢʘ ʪʦʱʦ) [2]. 

ʄʘʰʠʥʥʦ-ʦʨʽʻʥʪʦʚʘʥʠʡ ʟʚ'ʷʟʦʢ (MOɿ) - ʮʝ ʬʦʨʤʘ ʧʝʨʝʜʘʚʘʥʥʷ ʜʘʥʠʭ 

ʤʽʞ ʜʚʦʤʘ ʘʙʦ ʙʽʣʴʰʝ ʦʙ'ʻʢʪʘʤʠ, ʧʽʜ ʯʘʩ ʚʠʢʦʨʠʩʪʘʥʥʷ ʷʢʦʾ ʱʦʥʘʡʤʝʥʰʝ 

ʦʜʥʦʤʫ ʦʙ'ʻʢʪʫ ʥʝ ʧʦʪʨʽʙʥʝ ʦʙʦʚ'ʷʟʢʦʚʝ ʚʪʨʫʯʘʥʥʷ ʣʶʜʠʥʠ ʚ ʧʨʦʮʝʩ ʟʚ'ʷʟʢʫ 

[2]. ɼʦʤʝʥ ʧʨʠʩʪʨʦʾʚ ʤʘʰʠʥʥʦ-ʦʨʽʻʥʪʦʚʘʥʦʛʦ ʟʚ'ʷʟʢʫ ʤʽʩʪʠʪʴ ʧʨʠʩʪʨʦʾ ʪʘ 

ʰʣʶʟʠ MOɿ. ʇʨʠʩʪʨʦʾ ʤʦʞʫʪʴ ʙʫʪʠ ʨʽʟʥʠʭ ʪʠʧʽʚ, ʷʢ ʚʠʜʥʦ ʟ ʨʠʩʫʥʢʘ 1 [2]. 

 

ʈʠʩ.1. ʆʛʣʷʜ ʤʝʨʝʞ, ʱʦ ʟʘʙʝʟʧʝʯʫʶʪʴ ʧʽʜʪʨʠʤʢʫ ʜʦʜʘʪʢʽʚ ʤʘʰʠʥʥʦ-ʦʨʽʻʥʪʦʚʘʥʦʛʦ  

ʟʚôʷʟʢʫ (ʄʆɿ) ʫ ʩʝʨʝʜʦʚʠʱʽ ʤʝʨʝʞ ʥʘʩʪʫʧʥʠʭ ʧʦʢʦʣʽʥʴ NGN [2]. 

ɽʬʝʢʪʠʚʥʽʩʪʴ ʪʘ ʨʝʟʫʣʴʪʘʪʠʚʥʽʩʪʴ ʫʧʨʘʚʣʽʥʥʷ ʪʨʘʥʩʧʦʨʪʥʦʶ 

ʣʦʛʽʩʪʠʢʦʶ ʟʘʣʝʞʠʪʴ ʚʽʜ ʩʢʣʘʜʫ ʪʘ ʩʪʘʥʫ ʧʘʨʢʫ, ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ ʚʦʜʽʾʚ, 

ʢʦʤʫʥʽʢʘʮʽʾ ʚʦʜʽʾʚ ʪʘ ʜʠʩʧʝʪʯʝʨʽʚ. ɸʚʪʦʤʘʪʠʟʫʚʘʪʠ ʮʽ ʧʨʦʮʝʩʠ ʜʦʧʦʤʘʛʘʶʪʴ 

ʩʠʩʪʝʤʠ ʫʧʨʘʚʣʽʥʥʷ ʧʘʨʢʦʤ (FMS), ʷʢʽ ʥʝ ʪʽʣʴʢʠ ʜʦʟʚʦʣʷʶʪʴ ʝʬʝʢʪʠʚʥʦ 

ʢʦʥʪʨʦʣʶʚʘʪʠ ʨʫʭ ʪʨʘʥʩʧʦʨʪʫ, ʧʣʘʥʫʚʘʪʠ ʦʧʪʠʤʘʣʴʥʽ ʪʘ ʥʘʡʝʬʝʢʪʠʚʥʽʰʽ 

ʤʘʨʰʨʫʪʠ ʜʣʷ ʜʦʩʪʘʚʢʠ ʪʦʚʘʨʽʚ ʪʘ ʫʥʠʢʘʪʠ ʟʘʪʨʠʤʦʢ, ʘʣʝ ʡ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ 

ʤʦʥʽʪʦʨʠʥʛ ʪʘ ʘʥʘʣʽʟ ʧʦʚʝʜʽʥʢʠ ʚʦʜʽʾʚ, ʡʦʛʦ ʩʪʠʣʴ ʚʦʜʽʥʥʷ, ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʛʘʣʴʤ ʪʘ ʽʥ., ʱʦ ʜʦʟʚʦʣʷʻ ʧʦʢʨʘʱʠʪʠ ʙʝʟʧʝʢʫ ʥʘ ʜʦʨʦʟʽ, ʟʥʠʟʠʪʠ ʨʠʟʠʢ 

ʥʝʱʘʩʥʠʭ ʚʠʧʘʜʢʽʚ ʪʘ ʟʤʝʥʰʠʪʠ ʟʥʦʩ ʪʨʘʥʩʧʦʨʪʥʠʭ ʟʘʩʦʙʽʚ [3]. 

ʅʘʧʨʠʢʣʘʜ, ʩʠʩʪʝʤʠ FMS TomTom Telematics, ʟʘʙʝʟʧʝʯʫʶʪʴ ʟʙʽʨ 

ʜʘʥʠʭ ʧʨʦ ʨʫʭ ʘʚʪʦʧʘʨʢʫ, ʚʢʣʶʯʘʶʯʠ ʰʚʠʜʢʽʩʪʴ, ʧʨʦʙʽʛ, ʚʠʢʦʨʠʩʪʘʥʥʷ 
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ʧʘʣʠʚʘ, ʟʜʽʡʩʥʶʻ ʘʥʘʣʽʪʠʢʫ ʪʘ ʧʦʚʽʜʦʤʣʷʻ ʧʨʦ ʥʝʦʙʭʽʜʥʽʩʪʴ ʪʝʭʥʽʯʥʦʛʦ 

ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʪʨʘʥʩʧʦʨʪʥʠʭ ʟʘʩʦʙʽʚ, ʚʢʣʶʯʘʶʯʠ ʧʝʨʝʚʽʨʢʫ ʤʘʩʪʠʣʘ ʪʘ 

ʟʘʤʽʥʫ ʜʝʪʘʣʝʡ. ʑʦʜʦ ʧʦʢʨʘʱʝʥʥʷ ʫʧʨʘʚʣʽʥʥʷ ʪʨʘʥʩʧʦʨʪʥʦʶ ʣʦʛʽʩʪʠʢʦʶ 

TomTom Telematics ʥʘʜʘʻ ʤʦʞʣʠʚʽʩʪʴ ʟʨʫʯʥʠʤʠ ʟʘʩʦʙʘʤʠ ʟʜʽʡʩʥʶʚʘʪʠ 

ʢʦʤʫʥʽʢʘʮʽʶ ʤʽʞ ʜʠʩʧʝʪʯʝʨʘʤʠ ʪʘ ʚʦʜʽʷʤʠ, ʩʧʨʠʷʪʠ ʩʧʽʚʧʨʘʮʽ ʚʩʝʨʝʜʠʥʽ 

ʢʦʤʘʥʜʠ, ʜʦʟʚʦʣʷʻ ʝʬʝʢʪʠʚʥʦ ʢʦʦʨʜʠʥʫʚʘʪʠ ʨʫʭ ʪʨʘʥʩʧʦʨʪʫ, ʥʘʜʩʠʣʘʪʠ 

ʧʦʚʽʜʦʤʣʝʥʥʷ ʧʨʦ ʟʤʽʥʠ ʚ ʤʘʨʰʨʫʪʽ ʘʙʦ ʽʥʩʪʨʫʢʮʽʾ ʜʣʷ ʚʦʜʽʾʚ, ʘ ʪʘʢʦʞ 

ʦʪʨʠʤʫʚʘʪʠ ʟʚʦʨʦʪʥʠʡ ʟʚ'ʷʟʦʢ [3]. 

ʂʦʞʝʥ ʧʽʜʢʣʶʯʝʥʠʡ ʘʚʪʦʤʦʙʽʣʴ ʦʙʣʘʜʥʘʥʠʡ ʜʘʪʯʠʢʘʤʠ, GPS, ʢʘʤʝʨʦʶ 

ʪʘ ʰʣʶʟʦʤ ʩʣʫʞʙʠ ʫʧʨʘʚʣʽʥʥʷ ʧʽʜʢʣʶʯʝʥʠʤ ʘʚʪʦʤʦʙʽʣʝʤ. ʎʝʥʪʨ ʫʧʨʘʚʣʽʥʥʷ 

ʟʙʠʨʘʻ ʜʘʥʽ ʧʨʦ ʤʽʩʮʝʟʥʘʭʦʜʞʝʥʥʷ, ʰʚʠʜʢʽʩʪʴ ʽ ʢʦʥʢʨʝʪʥʫ ʩʠʪʫʘʮʽʶ ʚʽʜ 

ʜʘʪʯʠʢʽʚ, GPS-ʧʨʠʡʤʘʯʘ ʽ ʚʽʜʝʦʢʘʤʝʨ ʚ ʘʚʪʦʤʦʙʽʣʽ. ɼʘʥʽ, ʟʽʙʨʘʥʽ ʯʝʨʝʟ 

ʨʦʟʪʘʰʦʚʘʥʠʡ ʚ ʘʚʪʦʤʦʙʽʣʽ ʰʣʶʟ, ʧʝʨʝʜʘʶʪʴʩʷ ʚ ʤʝʨʝʞʽ ʥʘʩʪʫʧʥʠʭ ʧʦʢʦʣʽʥʴ 

ʙʝʟʜʨʦʪʦʚʠʤ ʢʘʥʘʣʦʤ ʟʚ'ʷʟʢʫ (LTE, 4G, 5G ʪʦʱʦ). ʂʦʣʠ ʜʘʪʯʠʢ ʚ ʘʚʪʦʤʦʙʽʣʽ 

ʚʠʷʚʣʷʻ ʘʥʦʤʘʣʴʥʫ ʩʠʪʫʘʮʽʶ, ʥʘʧʨʠʢʣʘʜ ʟʘʧʘʭ ʙʝʥʟʠʥʫ, ʚ ʮʝʥʪʨ ʫʧʨʘʚʣʽʥʥʷ 

ʥʘʜʩʠʣʘʻʪʴʩʷ ʚʽʜʧʦʚʽʜʥʝ ʩʧʦʚʽʱʝʥʥʷ. ʂʦʣʠ ʘʚʪʦʤʦʙʽʣʴ ʚʠʾʞʜʞʘʻ ʟʘ ʤʝʞʽ 

ʟʘʜʘʥʦʛʦ ʤʘʨʰʨʫʪʫ, ʧʦʚʠʥʥʘ ʩʣʽʜʫʚʘʪʠ ʨʝʘʢʮʽʷ ʟ ʙʦʢʫ ʜʦʜʘʪʢʘ, ʥʘʧʨʠʢʣʘʜ 

ʜʟʚʽʥʦʢ ʚʦʜʽʻʚʽ ʘʙʦ ʩʧʦʚʽʱʝʥʥʷ ʘʜʤʽʥʽʩʪʨʘʪʦʨʫ ʘʚʪʦʤʦʙʽʣʷ [2]. 

ɺ ʽʥʪʝʨʥʝʪʽ ʟ'ʷʚʣʷʻʪʴʩʷ ʙʝʟʣʽʯ ʧʨʠʚʘʙʣʠʚʠʭ ʥʦʚʠʭ ʩʣʫʞʙ, ʥʘʧʨʠʢʣʘʜ 

ʩʣʫʞʙʠ ʩʦʮʽʘʣʴʥʠʭ ʤʝʨʝʞ. ɼʦʜʘʪʢʠ MOɿ ʧʦʚʠʥʥʽ ʤʘʪʠ ʤʦʞʣʠʚʽʩʪʴ ʚʟʘʻʤʦʜʽʾ 

ʟ ʮʠʤʠ ʽʥʪʝʨʥʝʪ-ʩʣʫʞʙʘʤʠ, ʱʦʙ ʢʣʽʻʥʪʠ ʤʦʛʣʠ ʟ ʥʠʤʠ ʧʨʘʮʶʚʘʪʠ, 

ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ ʮʽ ʜʦʜʘʪʢʠ. ɿʘʩʪʦʩʫʥʢʠ MOɿ, ʽʥʪʝʛʨʦʚʘʥʽ ʟ ʽʥʪʝʨʥʝʪ-

ʩʣʫʞʙʘʤʠ, ʭʘʨʘʢʪʝʨʠʟʫʶʪʴʩʷ ʜʦʚʰʠʤʠ ʣʘʥʮʶʞʢʘʤʠ ʩʪʚʦʨʝʥʥʷ ʜʦʜʘʥʦʾ 

ʚʘʨʪʦʩʪʽ ʪʘ ʟʘʣʫʯʘʶʪʴ ʙʽʣʴʰʝ ʢʣʽʻʥʪʽʚ [2]. 

ʇʽʜʩʫʤʦʚʫʶʯʠ, ʟʘʟʥʘʯʠʤʦ, ʱʦ ʚʧʨʦʚʘʜʞʝʥʥʷ IoT-ʨʽʰʝʥʴ ʩʧʨʠʷʻ 

ʧʽʜʚʠʱʝʥʥʶ ʝʬʝʢʪʠʚʥʦʩʪʽ ʫʧʨʘʚʣʽʥʥʷ ʪʨʘʥʩʧʦʨʪʥʦʶ ʣʦʛʽʩʪʠʢʦʶ ʟʘʚʜʷʢʠ 

ʽʥʪʝʛʨʘʮʽʾ ʜʘʥʠʭ ʫ ʨʝʘʣʴʥʦʤʫ ʯʘʩʽ, ʘʚʪʦʤʘʪʠʟʘʮʽʾ ʧʨʦʮʝʩʽʚ ʪʘ ʦʧʪʠʤʽʟʘʮʽʾ 

ʤʘʨʰʨʫʪʽʚ. ʋʩʧʽʰʥʝ ʚʧʨʦʚʘʜʞʝʥʥʷ IoT-ʨʽʰʝʥʴ ʫ ʪʨʘʥʩʧʦʨʪʥʽʡ ʛʘʣʫʟʽ ʚʠʤʘʛʘʻ 

ʤʽʞʛʘʣʫʟʝʚʦʾ ʩʧʽʚʧʨʘʮʽ ʪʘ ʜʝʨʞʘʚʥʦʾ ʧʽʜʪʨʠʤʢʠ. ʊʘʢʦʞ IoT ʤʘʻ ʟʥʘʯʥʠʡ 

ʧʦʪʝʥʮʽʘʣ ʜʣʷ ʪʨʘʥʩʬʦʨʤʘʮʽʾ ʪʨʘʥʩʧʦʨʪʥʠʭ ʩʠʩʪʝʤ, ʟʘʙʝʟʧʝʯʫʶʯʠ ʾʭʥʶ 

ʝʬʝʢʪʠʚʥʽʩʪʴ, ʙʝʟʧʝʢʫ ʪʘ ʝʢʦʣʦʛʽʯʥʽʩʪʴ. ʇʦʜʘʣʴʰʽ ʜʦʩʣʽʜʞʝʥʥʷ ʫ ʮʴʦʤʫ 

ʥʘʧʨʷʤʢʫ ʩʧʨʠʷʪʠʤʫʪʴ ʩʪʚʦʨʝʥʥʶ ʥʦʚʠʭ ʽʥʥʦʚʘʮʽʡʥʠʭ ʨʽʰʝʥʴ ʪʘ 

ʨʦʟʰʠʨʝʥʥʶ ʩʬʝʨ ʟʘʩʪʦʩʫʚʘʥʥʷ IoT ʚ ʘʚʪʦʤʦʙʽʣʴʥʽʡ ʧʨʦʤʠʩʣʦʚʦʩʪʽ.  
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THREAT S AND VULNERABILITIES OF INTERNET  

OF THINGS SYSTEMS IN CYBERSPACE 
 

The main threats, vulnerabilities, and attacks in Internet of Things networks have been 

analyzed, which allows for timely application of countermeasures and safe use of IoT in 

cyberspace. 

ʇʨʦʘʥʘʣʽʟʦʚʘʥʽ ʦʩʥʦʚʥʽ ʟʘʛʨʦʟʠ, ʚʨʘʟʣʠʚʦʩʪʽ, ʘʪʘʢʠ ʚ ʤʝʨʝʞʘʭ ɯʥʪʝʨʥʝʪʫ ʨʝʯʝʡ, ʱʦ 

ʜʦʟʚʦʣʷʻ ʚʯʘʩʥʦ ʟʘʩʪʦʩʫʚʘʪʠ ʟʘʭʦʜʠ ʧʨʦʪʠʜʽʾ ʽ ʙʝʟʧʝʯʥʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ɯʦʊ ʫ 

ʢʽʙʝʨʧʨʦʩʪʦʨʽ. 
 

ɯʥʪʝʨʥʝʪ ʨʝʯʝʡ ʙʝʟʩʫʤʥʽʚʥʦ ʻ ʩʴʦʛʦʜʥʽ ʦʜʥʠʤ ʟ ʛʦʣʦʚʥʠʭ ʢʦʤʧʦʥʝʥʪʽʚ 

ʥʘʫʢʦʚʦ-ʪʝʭʥʽʯʥʦʛʦ ʧʨʦʛʨʝʩʫ. ʂʽʣʴʢʽʩʪʴ ʧʨʠʩʪʨʦʾʚ ʥʝʚʧʠʥʥʦ ʟʨʦʩʪʘʻ (ʨʠʩ.1) ʽ 

ʮʷ ʪʝʥʜʝʥʮʽʷ ʟʙʝʨʽʛʘʪʠʤʝʪʴʩʷ ʽ ʥʘʜʘʣʽ [1,3]. ɿʘ ʚʠʟʥʘʯʝʥʥʷʤ ʢʦʤʧʘʥʽʾ Gartner: 

ñɯʥʪʝʨʥʝʪ ʨʝʯʝʡ (IoT) ð ʮʝ ʤʝʨʝʞʘ ʬʽʟʠʯʥʠʭ ʦʙôʻʢʪʽʚ, ʷʢʽ ʤʽʩʪʷʪʴ ʚʙʫʜʦʚʘʥʫ 

ʪʝʭʥʦʣʦʛʽʶ ʜʣʷ ʩʧʽʣʢʫʚʘʥʥʷ ʪʘ ʩʧʨʠʡʥʷʪʪʷ ʘʙʦ ʚʟʘʻʤʦʜʽʾ ʟ ʾʭʥʽʤ ʚʥʫʪʨʽʰʥʽʤ 

ʩʪʘʥʦʤ ʘʙʦ ʟʦʚʥʽʰʥʽʤ ʩʝʨʝʜʦʚʠʱʝʤò [4]. ʊʦʙʪʦ, ʮʝ ʝʢʦʩʠʩʪʝʤʘ ʧʨʠʩʪʨʦʾʚ ʽ 

ʪʝʭʥʦʣʦʛʽʡ, ʧʽʜʢʣʶʯʝʥʠʭ ʯʝʨʝʟ ɯʥʪʝʨʥʝʪ, ʷʢʽ ʧʦʩʪʽʡʥʦ ʟʙʠʨʘʶʪʴ ʽ ʧʝʨʝʜʘʶʪʴ 

ʜʘʥʽ. ʏʘʩʪʦ ʪʘʢʽ ʧʨʠʩʪʨʦʾ ʥʘʟʠʚʘʶʪʴ çʩʤʘʨʪè ʘʙʦ çʨʦʟʫʤʥʠʡè. 

 

ʈʠʩ.1. ʊʝʥʜʝʥʮʽʷ ʨʦʟʚʠʪʢʫ IoT(ʚ ʤʽʣʴʷʨʜʘʭ ʧʽʜʢʣʶʯʝʥʠʭ ʧʨʠʩʪʨʦʾʚ IoT) [1].  

 

ɯʦʊ ʻ ʜʫʞʝ ʟʨʫʯʥʠʤ ʪʘ ʢʦʨʠʩʥʠʤ ʥʘʙʦʨʦʤ ʪʝʭʥʦʣʦʛʽʡ, ʱʦ ʟʥʘʯʥʦ ʩʧʨʦʱʫʻ 
ʷʢ ʧʦʚʩʷʢʜʝʥʥʝ ʞʠʪʪʷ ʣʶʜʠʥʠ, ʪʘʢ ʽ ʨʦʙʦʪʫ ʦʨʛʘʥʽʟʘʮʽʡ. ʇʨʦʪʝ, ʧʨʠʩʪʨʦʾ ʽ 
ʤʝʨʝʞʽ ɯʦʊ ʤʘʶʪʴ ʚʨʘʟʣʠʚʦʩʪʽ, ʷʢʽ ʚʘʞʢʦ ʚʯʘʩʥʦ ʚʠʟʥʘʯʘʪʠ. ʊʘʢʦʞ IoT ʤʝʨʝʞʽ 
ï ʮʝ ʝʢʦʩʠʩʪʝʤʘ ʨʝʯʝʡ, ʜʝ ʥʽʢʦʤʫ ʚʽʜʩʣʽʜʢʦʚʫʚʘʪʠ ʥʝʪʠʧʦʚʫ ʩʠʪʫʘʮʽʶ ʽ ʚʽʨʫʩʠ. 
ʂʦʞʝʥ ʧʨʠʩʪʨʽʡ ɯʦʊ ʻ ʧʦʪʝʥʮʽʡʥʦ ʚʨʘʟʣʠʚʦʶ ʪʦʯʢʦʶ ʚʭʦʜʫ ʚ ʤʝʨʝʞʫ ʪʘ 
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ʙʽʟʥʝʩ-ʧʨʦʮʝʩʠ. ʊʦʤʫ ʪʘʢʽ ʤʝʨʝʞʽ ʤʦʞʫʪʴ ʩʪʘʪʠ (ʽ ʩʪʘʶʪʴ) ʧʝʨʰʠʤ ʝʪʘʧʦʤ 
ʙʽʣʴʰʠʭ ʟʣʘʤʽʚ, ʦʩʦʙʣʠʚʦ ʷʢʱʦ ʘʪʘʢʘ ʪʘʨʛʝʪʦʚʘʥʘ ʩʘʤʝ ʥʘ ʢʦʥʢʨʝʪʥʫ 
ʦʨʛʘʥʽʟʘʮʽʶ. ɿʚʘʞʘʶʯʠ ʥʘ ʮʝ, ʢʽʙʝʨʙʝʟʧʝʢʘ ʧʨʠʩʪʨʦʾʚ ɯʥʪʝʨʥʝʪʫ ʨʝʯʝʡ ʩʪʘʻ 
ʚʩʝ ʙʽʣʴʰ ʢʨʠʪʠʯʥʠʤ ʧʠʪʘʥʥʷʤ, ʦʩʢʽʣʴʢʠ ʢʽʣʴʢʽʩʪʴ ʧʨʠʩʪʨʦʾʚ, ʷʢʽ ʤʦʞʫʪʴ 
ʦʪʨʠʤʫʚʘʪʠ ʪʘ ʥʘʜʩʠʣʘʪʠ ʢʦʥʬʽʜʝʥʮʽʡʥʽ ʜʘʥʽ, ʱʦʜʝʥʥʦ ʨʦʩʪʝ. ʊʦʞ 
ʚʧʨʦʚʘʜʞʝʥʥʷ ʡ ʦʥʦʚʣʝʥʥʷ ʟʘʭʦʜʽʚ ʙʝʟʧʝʢʠ ʧʨʠʩʪʨʦʾʚ ʤʘʻ ʩʪʘʪʠ ʧʨʽʦʨʠʪʝʪʦʤ 
ʥʘ ʥʘʡʙʣʠʞʯʽ ʨʦʢʠ ʜʣʷ ʪʝʭʥʦʣʦʛʽʾ IoT [1]. 
ʅʘʡʧʦʰʠʨʝʥʽʰʠʤʠ ʘʪʘʢʘʤʠ ʥʘ ʧʨʠʩʪʨʦʾ ɯʥʪʝʨʥʝʪʫ ʨʝʯʝʡ (IoT) ʻ [1,2,5]: 
DDoS-ʘʪʘʢʠ (Distributed Denial of Service) ï ʍʘʢʝʨʠ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ 

ʟʣʘʤʘʥʽ IoT-ʧʨʠʩʪʨʦʾ ʜʣʷ ʩʪʚʦʨʝʥʥʷ ʙʦʪʥʝʪʽʚ (ʥʘʧʨʠʢʣʘʜ, Mirai) ʽ 
ʧʝʨʝʚʘʥʪʘʞʫʶʪʴ ʩʝʨʚʝʨʠ ʞʝʨʪʚʠ ʪʨʘʬʽʢʦʤ. 

Brute-force ʘʪʘʢʠ ʥʘ ʧʘʨʦʣʽ ï ɹʘʛʘʪʦ IoT-ʧʨʠʩʪʨʦʾʚ ʤʘʶʪʴ ʩʣʘʙʢʽ ʘʙʦ 
ʩʪʘʥʜʘʨʪʥʽ ʧʘʨʦʣʽ (ʪʠʧʫ "admin/admin"), ʷʢʽ ʟʣʦʚʤʠʩʥʠʢʠ ʣʝʛʢʦ ʧʽʜʙʠʨʘʶʪʴ. 
ɸʪʘʢʠ ʯʝʨʝʟ ʥʝʟʘʭʠʱʝʥʽ API ï ʗʢʱʦ IoT-ʧʨʠʩʪʨʽʡ ʚʟʘʻʤʦʜʽʻ ʟ ʩʝʨʚʝʨʦʤ 

ʯʝʨʝʟ API ʙʝʟ ʥʘʣʝʞʥʦʾ ʘʚʪʝʥʪʠʬʽʢʘʮʽʾ ʘʙʦ ʰʠʬʨʫʚʘʥʥʷ, ʭʘʢʝʨʠ ʤʦʞʫʪʴ 
ʦʪʨʠʤʘʪʠ ʢʦʥʪʨʦʣʴ ʥʘʜ ʥʠʤ. 

MITM -ʘʪʘʢʘ (Man-in-the-Middle) ï ʇʝʨʝʭʦʧʣʝʥʥʷ ʥʝʟʘʰʠʬʨʦʚʘʥʠʭ ʜʘʥʠʭ 
ʤʽʞ IoT-ʧʨʠʩʪʨʦʻʤ ʽ ʩʝʨʚʝʨʦʤ, ʱʦ ʜʦʟʚʦʣʷʻ ʟʤʽʥʶʚʘʪʠ ʘʙʦ ʚʠʢʨʘʜʘʪʠ 
ʽʥʬʦʨʤʘʮʽʶ. 
ʌʽʟʠʯʥʠʡ ʟʣʘʤ ʧʨʠʩʪʨʦʶ ï ʗʢʱʦ ʭʘʢʝʨ ʦʪʨʠʤʫʻ ʬʽʟʠʯʥʠʡ ʜʦʩʪʫʧ ʜʦ 

ʧʨʠʩʪʨʦʶ, ʚʽʥ ʤʦʞʝ ʚʠʪʷʛʥʫʪʠ ʜʘʥʽ ʟ ʧʘʤôʷʪʽ, ʧʽʜʢʣʶʯʠʪʠʩʷ ʜʦ ʫʧʨʘʚʣʷʶʯʠʭ 
ʧʦʨʪʽʚ (ʥʘʧʨʠʢʣʘʜ, JTAG, UART) ʘʙʦ ʟʤʽʥʠʪʠ ʤʽʢʨʦʧʨʦʛʨʘʤʫ (firmware). 
ɸʪʘʢʘ ʥʘ ʦʥʦʚʣʝʥʥʷ ʧʨʦʰʠʚʢʠ ï ʗʢʱʦ ʧʨʠʩʪʨʽʡ ʦʥʦʚʣʶʻʪʴʩʷ ʙʝʟ 

ʧʝʨʝʚʽʨʢʠ ʮʠʬʨʦʚʦʛʦ ʧʽʜʧʠʩʫ, ʟʣʦʚʤʠʩʥʠʢʠ ʤʦʞʫʪʴ ʧʽʜʩʫʥʫʪʠ ʰʢʽʜʣʠʚʝ 
ʧʨʦʛʨʘʤʥʝ ʟʘʙʝʟʧʝʯʝʥʥʷ (ʇɿ). 
ʇʝʨʝʭʦʧʣʝʥʥʷ ʪʘ ʧʽʜʤʽʥʘ ʨʘʜʽʦʩʠʛʥʘʣʽʚ ï ʅʘʧʨʠʢʣʘʜ, ʘʪʘʢʠ ʥʘ Wi-Fi, 

Zigbee, Bluetooth, RFID, LoRaWAN, ʢʦʣʠ ʭʘʢʝʨʠ ʧʝʨʝʭʦʧʣʶʶʪʴ ʘʙʦ 
ʤʦʜʠʬʽʢʫʶʪʴ ʧʝʨʝʜʘʥʽ ʜʘʥʽ. 
ɽʢʩʧʣʫʘʪʘʮʽʷ ʚʨʘʟʣʠʚʦʩʪʝʡ ʫ ʇɿ ï ɺʠʢʦʨʠʩʪʘʥʥʷ ʜʝʬʝʢʪʽʚ ʫ ʧʨʦʰʠʚʮʽ ʘʙʦ 

ʦʧʝʨʘʮʽʡʥʽʡ ʩʠʩʪʝʤʽ IoT-ʧʨʠʩʪʨʦʶ ʜʣʷ ʚʠʢʦʥʘʥʥʷ ʰʢʽʜʣʠʚʦʛʦ ʢʦʜʫ ʘʙʦ 
ʦʪʨʠʤʘʥʥʷ ʜʦʩʪʫʧʫ ʜʦ ʩʠʩʪʝʤʠ. 
ɿʣʦʚʞʠʚʘʥʥʷ ʩʪʘʥʜʘʨʪʥʠʤʠ ʩʝʨʚʽʩʘʤʠ (MQTT, CoAP, UPnP) ï ɼʝʷʢʽ IoT-

ʧʨʦʪʦʢʦʣʠ ʥʝ ʤʘʶʪʴ ʰʠʬʨʫʚʘʥʥʷ ʟʘ ʟʘʤʦʚʯʫʚʘʥʥʷʤ, ʱʦ ʜʘʻ ʟʤʦʛʫ ʭʘʢʝʨʘʤ 
ʰʧʠʛʫʚʘʪʠ ʘʙʦ ʧʽʜʨʦʙʣʷʪʠ ʢʦʤʘʥʜʠ. 
ɸʪʘʢʠ ʥʘ ʙʣʦʢʯʝʡʥ ʫ IoT ï ʗʢʱʦ IoT-ʧʨʠʩʪʨʽʡ ʚʠʢʦʨʠʩʪʦʚʫʻ ʙʣʦʢʯʝʡʥ ʜʣʷ 

ʟʙʝʨʝʞʝʥʥʷ ʜʘʥʠʭ, ʤʦʞʣʠʚʽ ʘʪʘʢʠ ʥʘ ʩʤʘʨʪ-ʢʦʥʪʨʘʢʪʠ ʘʙʦ ʤʝʨʝʞʫ 
(ʥʘʧʨʠʢʣʘʜ, 51% ʘʪʘʢʘ). 
ɿʘʭʠʩʪ ʧʨʠʩʪʨʦʾʚ ɯʥʪʝʨʥʝʪʫ ʨʝʯʝʡ ʻ ʞʠʪʪʻʚʦ ʚʘʞʣʠʚʠʤ ʢʦʤʧʦʥʝʥʪʦʤ 

ʙʝʟʧʝʢʠ ʩʫʯʘʩʥʦʾ ʤʝʨʝʞʽ ʚ ʦʨʛʘʥʽʟʘʮʽʷʭ. ʆʜʥʠʤ ʽʟ ʟʘʩʦʙʽʚ ʟʘʭʠʩʪʫ ʚʽʜ ʨʽʟʥʦʛʦ 
ʨʦʜʫ ʘʪʘʢ ʻ ʧʨʦʮʝʩ ʘʫʪʝʥʪʠʬʽʢʘʮʽʾ ʚ ʤʝʨʝʞʽ. 
ʈʠʟʠʢʠ IoT ʣʝʛʢʦ ʥʝ ʧʦʤʽʪʠʪʠ, ʷʢʱʦ ʥʝ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʧʨʠʟʥʘʯʝʥʽ ʜʣʷ 

ʮʴʦʛʦ ʽʥʩʪʨʫʤʝʥʪʠ. ɯʥʦʜʽ ʩʧʽʚʨʦʙʽʪʥʠʢʠ ʟ ʽʥʬʦʨʤʘʮʽʡʥʦʾ ʙʝʟʧʝʢʠ ʥʝʭʪʫʶʪʴ 
ʽʥʚʝʥʪʘʨʠʟʘʮʽʻʶ ʢʽʥʮʝʚʠʭ ʪʦʯʦʢ, ʯʝʨʝʟ ʮʝ ʣʝʛʢʦ ʤʦʞʥʘ ʧʨʦʧʫʩʪʠʪʠ 
ʧʦʪʝʥʮʽʡʥʦ ʚʨʘʟʣʠʚʠʡ ʜʦ ʘʪʘʢ ʧʨʠʩʪʨʽʡ. ʉʴʦʛʦʜʥʽ ʽʩʥʫʶʪʴ ʧʨʦʛʨʘʤʥʽ 
ʧʨʦʜʫʢʪʠ ʜʣʷ ʧʨʦʚʝʜʝʥʥʷ ʽʥʚʝʥʪʘʨʠʟʘʮʽʾ ʪʘ ʤʦʥʽʪʦʨʠʥʛʫ ʚʩʽʭ ʧʽʜʢʣʶʯʝʥʠʭ 
ɯʦʊ ʧʨʠʩʪʨʦʾʚ. ʊʘʢʠʡ ʪʠʧ ʨʽʰʝʥʴ ʟ ʙʝʟʧʝʢʠ ʟʥʘʯʥʦ ʟʥʠʞʫʻ ʨʠʟʠʢʠ, ʘʥʘʣʽʟʫʶʯʠ 
ʧʦʪʝʥʮʽʡʥʽ ʘʪʘʢʠ. 
ʈʽʟʥʦʤʘʥʽʪʥʽʩʪʴ ʧʨʠʩʪʨʦʾʚ IoT ʫ ʧʦʻʜʥʘʥʥʽ ʟ ʾʭ ʰʠʨʦʢʠʤ ʨʦʟʛʦʨʪʘʥʥʷʤ ʫ 
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ʢʨʠʪʠʯʥʠʭ ʩʝʢʪʦʨʘʭ, ʧʦʪʨʝʙʫʻ ʙʘʛʘʪʦʛʨʘʥʥʦʛʦ ʧʽʜʭʦʜʫ ʜʦ ʙʝʟʧʝʢʠ, ʷʢʠʡ 
ʚʠʭʦʜʠʪʴ ʟʘ ʨʘʤʢʠ ʪʨʘʜʠʮʽʡʥʠʭ ʟʘʭʦʜʽʚ. ʋʜʦʩʢʦʥʘʣʝʥʥʷ ʤʝʪʦʜʽʚ ʰʠʬʨʫʚʘʥʥʷ, 
ʘʣʛʦʨʠʪʤʽʚ ʟʙʝʨʝʞʝʥʥʷ ʢʦʥʬʽʜʝʥʮʽʡʥʦʩʪʽ, ʚʠʷʚʣʝʥʥʷ ʘʥʦʤʘʣʽʡ ʟʘ ʜʦʧʦʤʦʛʦʶ 
ʰʪʫʯʥʦʛʦ ʽʥʪʝʣʝʢʪʫ ʧʨʝʜʩʪʘʚʣʷʶʪʴ ʚʘʞʣʠʚʽ ʢʨʦʢʠ ʚ ʟʘʙʝʟʧʝʯʝʥʥʽ ʙʝʟʧʝʢʠ 
ʩʝʨʝʜʦʚʠʱ IoT [5,6]. 
ʊʘʢʦʞ ʥʝʦʙʭʽʜʥʦ ʟʘʩʪʦʩʦʚʫʚʘʪʠ ʮʽʣʽʩʥʽ ʥʘʩʢʨʽʟʥʽ ʩʪʨʫʢʪʫʨʠ ʢʽʙʝʨʙʝʟʧʝʢʠ, 

ʷʢʽ ʤʦʞʥʘ ʣʝʛʢʦ ʽʥʪʝʛʨʫʚʘʪʠ ʚ ʞʠʪʪʻʚʠʡ ʮʠʢʣ IoT ð ʚʽʜ ʧʨʦʻʢʪʫʚʘʥʥʷ 
ʤʝʨʝʞʽ, ʚʠʨʦʙʥʠʮʪʚʘ ʪʘ ʨʦʟʛʦʨʪʘʥʥʷ ʧʨʠʩʪʨʦʾʚ ʜʦ ʧʦʪʦʯʥʦʾ ʝʢʩʧʣʫʘʪʘʮʽʾ ʪʘ 
ʚʠʚʝʜʝʥʥʷ ʟ ʥʝʾ. ɺʽʜʩʫʪʥʽʩʪʴ ʩʪʘʥʜʘʨʪʠʟʦʚʘʥʠʭ ʧʨʦʪʦʢʦʣʽʚ ʙʝʟʧʝʢʠ ʪʘ 
ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ ʚ ʨʽʟʥʠʭ ʝʢʦʩʠʩʪʝʤʘʭ ɯʥʪʝʨʥʝʪʫ ʨʝʯʝʡ ʻ ʟʥʘʯʥʦʶ ʧʝʨʝʰʢʦʜʦʶ 
ʜʣʷ ʜʦʩʷʛʥʝʥʥʷ ʥʘʜʽʡʥʦʾ ʙʝʟʧʝʢʠ, ʱʦ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʥʝʧʦʩʣʽʜʦʚʥʠʭ ʧʦʣʦʞʝʥʴ 
ʙʝʟʧʝʢʠ ʥʘ ʨʽʟʥʠʭ ʧʨʠʩʪʨʦʷʭ ʽ ʤʝʨʝʞʘʭ, ʩʪʚʦʨʶʶʯʠ ʚʨʘʟʣʠʚʦʩʪʽ, ʷʢʽ ʤʦʞʫʪʴ 
ʙʫʪʠ ʚʠʢʦʨʠʩʪʘʥʽ ʟʣʦʚʤʠʩʥʠʢʘʤʠ. ʄʘʡʙʫʪʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʤʘʶʪʴ ʥʘʜʘʚʘʪʠ 
ʧʨʽʦʨʠʪʝʪ ʨʦʟʨʦʙʮʽ ʩʫʤʽʩʥʠʭ ʽ ʤʘʩʰʪʘʙʦʚʘʥʠʭ ʽʥʬʨʘʩʪʨʫʢʪʫʨ ʙʝʟʧʝʢʠ, ʷʢʽ 
ʤʦʞʥʘ ʘʜʘʧʪʫʚʘʪʠ ʜʦ ʨʽʟʥʦʤʘʥʽʪʥʠʭ ʧʨʠʩʪʨʦʾʚ IoT [5]. 
ʆʜʥʽʻʶ ʟ ʧʝʨʩʧʝʢʪʠʚ ʻ  ʽʥʪʝʛʨʘʮʽʷ ʰʪʫʯʥʦʛʦ ʽʥʪʝʣʝʢʪʫ ʪʘ ʤʘʰʠʥʥʦʛʦ 

ʥʘʚʯʘʥʥʷ ʚ ʢʽʙʝʨʙʝʟʧʝʢʫ [5,6]. ʊʦʤʫ ʚʘʞʣʠʚʠʤ ʻ ʨʦʟʨʦʙʢʘ ʩʪʽʡʢʠʭ ʤʦʜʝʣʝʡ 
ʐɯ, ʷʢʽ ʤʦʞʫʪʴ ʧʨʦʪʠʩʪʦʷʪʠ ʨʽʟʥʠʤ ʘʪʘʢʘʤ, ʘ ʪʘʢʦʞ ʥʝʦʙʭʽʜʥʽʩʪʴ ʧʦʩʪʽʡʥʦʛʦ 
ʤʦʥʽʪʦʨʠʥʛʫ ʪʘ ʦʥʦʚʣʝʥʥʷ ʮʠʭ ʤʦʜʝʣʝʡ, ʱʦʙ ʥʝ ʚʽʜʩʪʘʚʘʪʠ ʚʽʜ ʥʦʚʠʭ ʟʘʛʨʦʟ. 
ɿ ʚʠʱʝʟʘʟʥʘʯʝʥʠʭ ʚʝʢʪʦʨʽʚ ʘʪʘʢ ʥʘ IoT ʤʦʞʥʘ ʟʨʦʙʠʪʠ ʚʠʩʥʦʚʦʢ, ʱʦ 

ʦʩʥʦʚʥʽ ʢʦʤʧʦʥʝʥʪʠ ʩʠʩʪʝʤ ɯʥʪʝʨʥʝʪʫ ʨʝʯʝʡ ʻ ʜʦʩʠʪʴ ʚʨʘʟʣʠʚʠʤʠ ʜʦ ʘʪʘʢ 
ʟʣʦʚʤʠʩʥʠʢʽʚ, ʪʦʤʫ ʙʝʟʧʝʢʘ IoT ʧʦʚʠʥʥʘ ʨʦʟʛʣʷʜʘʪʠʩʷ ʱʝ ʥʘ ʝʪʘʧʽ 
ʧʨʦʝʢʪʫʚʘʥʥʷ, ʱʦʙ ʧʦʢʨʘʱʠʪʠ ʾʾ ʽʥʪʝʛʨʫʚʘʥʥʷ. 
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ANALYSIS OF ENERGY EFFICIENCY  

ENHANCEMENT METHODS IN 5G NETWORKS  

 

The main methods of increasing energy efficiency in 5G networks are analyzed, allowing to 

reduce energy consumption without losing productivity and communication quality. Modern 

technological solutions that contribute to the optimal use of energy resources are considered.  

ʇʨʦʘʥʘʣʽʟʦʚʘʥʦ ʦʩʥʦʚʥʽ ʤʝʪʦʜʠ ʧʽʜʚʠʱʝʥʥʷ ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʦʩʪʽ ʚ ʤʝʨʝʞʘʭ 5G, ʱʦ 

ʜʦʟʚʦʣʷʶʪʴ ʟʤʝʥʰʠʪʠ ʩʧʦʞʠʚʘʥʥʷ ʝʥʝʨʛʽʾ ʙʝʟ ʚʪʨʘʪʠ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ ʪʘ ʷʢʦʩʪʽ ʟʚôʷʟʢʫ. 

ʈʦʟʛʣʷʥʫʪʦ ʩʫʯʘʩʥʽ ʪʝʭʥʦʣʦʛʽʯʥʽ ʨʽʰʝʥʥʷ, ʷʢʽ ʩʧʨʠʷʶʪʴ ʦʧʪʠʤʘʣʴʥʦʤʫ ʚʠʢʦʨʠʩʪʘʥʥʶ 

ʝʥʝʨʛʝʪʠʯʥʠʭ ʨʝʩʫʨʩʽʚ. 

 

ʄʝʨʝʞʽ ʧôʷʪʦʛʦ ʧʦʢʦʣʽʥʥʷ (5G) ʩʪʘʣʠ ʢʣʶʯʦʚʠʤ ʝʣʝʤʝʥʪʦʤ ʮʠʬʨʦʚʦʾ 

ʪʨʘʥʩʬʦʨʤʘʮʽʾ, ʟʘʙʝʟʧʝʯʫʶʯʠ ʚʠʩʦʢʫ ʰʚʠʜʢʽʩʪʴ ʧʝʨʝʜʘʯʽ ʜʘʥʠʭ, ʥʠʟʴʢʫ 

ʟʘʪʨʠʤʢʫ ʪʘ ʧʽʜʪʨʠʤʢʫ ʤʘʩʦʚʦʛʦ ʧʽʜʢʣʶʯʝʥʥʷ ʧʨʠʩʪʨʦʾʚ. ɿʘ ʧʨʦʛʥʦʟʘʤʠ 

Ericsson ʜʦ ʢʽʥʮʷ 2025 ʨʦʢʫ 2,6 ʤʽʣʴʷʨʜʽʚ ʧʨʠʩʪʨʦʾʚ ʙʫʜʝ ʧʽʜʢʣʶʯʝʥʦ ʜʦ 5G, ʘ 

ʩʧʦʞʠʚʘʥʥʷ ʪʨʘʬʽʢʫ ʟʨʦʩʪʝ ʜʦ 24 ɻʽʛʘʙʘʡʪ [3], ʱʦ ʩʫʪʪʻʚʦ ʧʽʜʚʠʱʠʪʴ ʚʠʤʦʛʠ 

ʜʦ ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ. ʋ ʟʚʽʪʽ Ericsson Mobility Report ʟʘ ʣʠʩʪʦʧʘʜ 2024 ʨʦʢʫ 

ʧʨʦʛʥʦʟʫʻʪʴʩʷ, ʱʦ ʜʦ 2030 ʨʦʢʫ ʤʦʙʽʣʴʥʽ ʧʽʜʢʣʶʯʝʥʥʷ 5G ʩʪʘʥʦʚʠʪʠʤʫʪʴ 

60% ʚʽʜ ʟʘʛʘʣʴʥʦʾ ʢʽʣʴʢʦʩʪʽ ʧʽʜʢʣʶʯʝʥʴ, ʜʦʩʷʛʥʫʚʰʠ 500 ʤʽʣʴʡʦʥʽʚ ʥʘ 

ɹʣʠʟʴʢʦʤʫ ʉʭʦʜʽ ʪʘ ʚ ʇʽʚʥʽʯʥʽʡ ɸʬʨʠʮʽ [1]. ʆʜʥʘʢ ʨʘʟʦʤ ʽʟ ʪʝʭʥʦʣʦʛʽʯʥʠʤʠ 

ʧʝʨʝʚʘʛʘʤʠ 5G ʧʨʠʥʦʩʠʪʴ ʧʨʦʙʣʝʤʫ ʚʠʩʦʢʦʛʦ ʝʥʝʨʛʦʩʧʦʞʠʚʘʥʥʷ. ɹʘʟʦʚʽ 

ʩʪʘʥʮʽʾ 5G, ʦʩʥʘʱʝʥʽ ʪʝʭʥʦʣʦʛʽʻʶ Massive MIMO ʪʘ ʤʘʣʠʤʠ ʩʦʪʘʤʠ (small 

cells), ʩʧʦʞʠʚʘʶʪʴ ʫ 2-3 ʨʘʟʠ ʙʽʣʴʰʝ ʝʥʝʨʛʽʾ ʧʦʨʽʚʥʷʥʦ ʟ ʤʝʨʝʞʘʤʠ 4G. ʎʝ 

ʩʪʚʦʨʶʻ ʚʠʢʣʠʢʠ ʷʢ ʜʣʷ ʦʧʝʨʘʪʦʨʽʚ, ʷʢʽ ʧʨʘʛʥʫʪʴ ʟʥʠʟʠʪʠ ʦʧʝʨʘʮʽʡʥʽ ʚʠʪʨʘʪʠ, 

ʪʘʢ ʽ ʜʣʷ ʩʫʩʧʽʣʴʩʪʚʘ, ʱʦ ʦʨʽʻʥʪʫʻʪʴʩʷ ʥʘ ʩʪʘʣʠʡ ʨʦʟʚʠʪʦʢ. 

ʇʠʪʘʥʥʷ ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʦʩʪʽ ʚ ʪʝʣʝʢʦʤʫʥʽʢʘʮʽʷʭ ʥʘʙʫʚʘʻ ʦʩʦʙʣʠʚʦʾ 

ʘʢʪʫʘʣʴʥʦʩʪʽ ʚ ʢʦʥʪʝʢʩʪʽ ʛʣʦʙʘʣʴʥʠʭ ʝʢʦʣʦʛʽʯʥʠʭ ʽʥʽʮʽʘʪʠʚ, ʪʘʢʠʭ ʷʢ 

ʇʘʨʠʟʴʢʘ ʫʛʦʜʘ [2]. ʊʦʤʫ ʻ ʘʢʪʫʘʣʴʥʠʤ ʧʨʦʘʥʘʣʽʟʫʚʘʪʠ ʩʫʯʘʩʥʽ ʤʝʪʦʜʠ 

ʧʽʜʚʠʱʝʥʥʷ ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʦʩʪʽ ʚ ʤʝʨʝʞʘʭ 5G, ʦʮʽʥʠʪʠ ʾʭ ʝʬʝʢʪʠʚʥʽʩʪʴ ʪʘ 

ʚʠʟʥʘʯʠʪʠ ʧʝʨʩʧʝʢʪʠʚʠ ʨʦʟʚʠʪʢʫ.  

ɼʣʷ ʧʽʜʚʠʱʝʥʥʷ ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʦʩʪʽ ʚ ʤʝʨʝʞʘʭ 5G ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ 

ʨʽʟʥʦʤʘʥʽʪʥʽ ʪʝʭʥʦʣʦʛʽʾ, ʷʢʽ ʤʦʞʥʘ ʧʦʜʽʣʠʪʠ ʥʘ ʘʧʘʨʘʪʥʽ, ʧʨʦʛʨʘʤʥʽ, ʤʝʨʝʞʝʚʽ 

ʘʨʭʽʪʝʢʪʫʨʥʽ ʨʽʰʝʥʥʷ ʪʦʱʦ.[4-6] 

ʊʝʭʥʦʣʦʛʽʾ ʘʧʘʨʘʪʥʦʛʦ ʨʽʚʥʷ. ʆʜʥʠʤ ʽʟ ʢʣʶʯʦʚʠʭ ʧʽʜʭʦʜʽʚ ʻ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʠʭ ʯʠʧʽʚ, ʚʠʛʦʪʦʚʣʝʥʠʭ ʟʘ 7-ʥʤ ʪʝʭʥʦʣʦʛʽʻʶ. 

ʊʘʢʽ ʧʨʦʮʝʩʦʨʠ ʟʤʝʥʰʫʶʪʴ ʩʧʦʞʠʚʘʥʥʷ ʝʥʝʨʛʽʾ ʥʘ 20-30% ʧʦʨʽʚʥʷʥʦ ʟ 

ʧʦʧʝʨʝʜʥʽʤʠ ʧʦʢʦʣʽʥʥʷʤʠ. ɯʥʰʠʤ ʚʘʞʣʠʚʠʤ ʨʽʰʝʥʥʷʤ ʻ ʪʝʭʥʦʣʦʛʽʷ Massive 

MIMO, ʷʢʘ ʟʘʚʜʷʢʠ ʘʜʘʧʪʠʚʥʦʤʫ ʢʝʨʫʚʘʥʥʶ ʘʥʪʝʥʘʤʠ ʜʦʟʚʦʣʷʻ ʦʧʪʠʤʽʟʫʚʘʪʠ 

mailto:olenagri@ukr.net


 102 

ʧʝʨʝʜʘʯʫ ʩʠʛʥʘʣʫ, ʟʥʠʞʫʶʯʠ ʝʥʝʨʛʦʩʧʦʞʠʚʘʥʥʷ ʥʘ ʦʜʠʥʠʮʶ ʧʝʨʝʜʘʥʠʭ 

ʜʘʥʠʭ. ʇʨʦʪʝ ʚʠʩʦʢʘ ʱʽʣʴʥʽʩʪʴ ʘʥʪʝʥ ʧʦʪʨʝʙʫʻ ʩʢʣʘʜʥʦʛʦ ʥʘʣʘʰʪʫʚʘʥʥʷ, ʱʦ 

ʤʦʞʝ ʦʙʤʝʞʫʚʘʪʠ ʾʾ ʤʘʩʦʚʝ ʚʧʨʦʚʘʜʞʝʥʥʷ. 

 

 

ʈʠʩ.1. ʇʨʠʢʣʘʜ 

ʚʧʨʦʚʘʜʞʝʥʥʷ ʨʽʰʝʥʴ ʟ 

ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʦʩʪʽ ʚ Telstra 

ʫ 2023ʨ. ɽʢʦʥʦʤʽʷ ʝʥʝʨʛʽʾ 50, 

27 ʪʘ 38 % [4]. 

 

ʇʨʦʛʨʘʤʥʽ ʨʽʰʝʥʥʷ. ɸʣʛʦʨʠʪʤʠ "ʩʧʣʷʯʦʛʦ ʨʝʞʠʤʫ" (Sleep Mode) ʜʣʷ 

ʙʘʟʦʚʠʭ ʩʪʘʥʮʽʡ ʜʘʶʪʴ ʟʤʦʛʫ ʚʠʤʠʢʘʪʠ ʦʢʨʝʤʽ ʢʦʤʧʦʥʝʥʪʠ ʧʽʜ ʯʘʩ ʥʠʟʴʢʦʛʦ 

ʤʝʨʝʞʝʚʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ. ɿʘ ʦʮʽʥʢʘʤʠ, ʮʝ ʟʥʠʞʫʻ ʝʥʝʨʛʦʩʧʦʞʠʚʘʥʥʷ ʜʦ 40% 

ʫ ʥʽʯʥʽ ʛʦʜʠʥʠ. ɼʠʥʘʤʽʯʥʝ ʫʧʨʘʚʣʽʥʥʷ ʨʝʩʫʨʩʘʤʠ (Dynamic Resource 

Allocation) ʪʘʢʦʞ ʚʽʜʽʛʨʘʻ ʚʘʞʣʠʚʫ ʨʦʣʴ, ʜʦʟʚʦʣʷʶʯʠ ʘʜʘʧʪʫʚʘʪʠ ʧʦʪʫʞʥʽʩʪʴ 

ʧʝʨʝʜʘʯʽ ʜʦ ʧʦʪʦʯʥʦʛʦ ʪʨʘʬʽʢʫ. ʊʘʢʽ ʤʝʪʦʜʠ ʧʨʦʩʪʽ ʫ ʚʧʨʦʚʘʜʞʝʥʥʽ, ʘʣʝ ʾʭʥʷ 

ʝʬʝʢʪʠʚʥʽʩʪʴ ʟʘʣʝʞʠʪʴ ʚʽʜ ʩʪʘʙʽʣʴʥʦʩʪʽ ʥʘʚʘʥʪʘʞʝʥʥʷ. 

ɯʥʪʝʛʨʘʮʽʷ ʟ ʚʽʜʥʦʚʣʶʚʘʥʠʤʠ ʜʞʝʨʝʣʘʤʠ ʝʥʝʨʛʽʾ. ʋʩʝ ʙʽʣʴʰʝ 

ʦʧʝʨʘʪʦʨʽʚ ʝʢʩʧʝʨʠʤʝʥʪʫʶʪʴ ʽʟ ʞʠʚʣʝʥʥʷʤ ʙʘʟʦʚʠʭ ʩʪʘʥʮʽʡ ʚʽʜ ʩʦʥʷʯʥʠʭ 

ʧʘʥʝʣʝʡ ʽ ʚʽʪʨʦʚʠʭ ʪʫʨʙʽʥ. ʅʘʧʨʠʢʣʘʜ, ʫ ʩʽʣʴʩʴʢʠʭ ʨʝʛʽʦʥʘʭ ɯʥʜʽʾ ʚʞʝ 

ʨʝʘʣʽʟʦʚʘʥʦ ʧʨʦʻʢʪʠ, ʜʝ ʜʦ 60% ʝʥʝʨʛʽʾ ʜʣʷ 5G-ʩʪʘʥʮʽʡ ʥʘʜʭʦʜʠʪʴ ʽʟ ʟʝʣʝʥʠʭ 

ʜʞʝʨʝʣ. ʎʝ ʥʝ ʣʠʰʝ ʟʥʠʞʫʻ ʚʫʛʣʝʮʝʚʠʡ ʩʣʽʜ, ʘ ʡ ʟʤʝʥʰʫʻ ʟʘʣʝʞʥʽʩʪʴ ʚʽʜ 

ʪʨʘʜʠʮʽʡʥʠʭ ʝʥʝʨʛʦʥʦʩʽʾʚ [6]. 

ʄʝʨʝʞʝʚʘ ʘʨʭʽʪʝʢʪʫʨʘ. ʊʝʭʥʦʣʦʛʽʷ Cloud RAN (Centralized Radio 

Access Network) ʧʝʨʝʥʦʩʠʪʴ ʦʙʯʠʩʣʝʥʥʷ ʟ ʧʝʨʠʬʝʨʽʡʥʠʭ ʚʫʟʣʽʚ ʜʦ 

ʮʝʥʪʨʘʣʽʟʦʚʘʥʠʭ ʜʘʪʘ-ʮʝʥʪʨʽʚ, ʱʦ ʩʢʦʨʦʯʫʻ ʝʥʝʨʛʦʩʧʦʞʠʚʘʥʥʷ ʤʘʣʠʭ ʩʦʪ. 

ɺʦʜʥʦʯʘʩ ʚʧʨʦʚʘʜʞʝʥʥʷ ʰʪʫʯʥʦʛʦ ʽʥʪʝʣʝʢʪʫ (AI) ʜʣʷ ʫʧʨʘʚʣʽʥʥʷ ʤʝʨʝʞʝʶ 

ʜʦʟʚʦʣʷʻ ʧʨʦʛʥʦʟʫʚʘʪʠ ʧʽʢʦʚʽ ʥʘʚʘʥʪʘʞʝʥʥʷ ʪʘ ʘʚʪʦʤʘʪʠʯʥʦ ʦʧʪʠʤʽʟʫʚʘʪʠ 

ʨʝʩʫʨʩʠ. 

ɼʣʷ ʦʮʽʥʢʠ ʝʬʝʢʪʠʚʥʦʩʪʽ ʨʦʟʛʣʷʥʫʪʠʭ ʤʝʪʦʜʽʚ [4-6] ʚʠʢʦʨʠʩʪʘʥʦ ʪʘʢʽ 

ʢʨʠʪʝʨʽʾ ʷʢ ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʽʩʪʴ (ɺʪ/ʙʽʪ), ʚʘʨʪʽʩʪʴ ʚʧʨʦʚʘʜʞʝʥʥʷ, ʩʢʣʘʜʥʽʩʪʴ 

ʽʥʪʝʛʨʘʮʽʾ ʪʘ ʚʧʣʠʚ ʥʘ ʷʢʽʩʪʴ ʩʝʨʚʽʩʫ (QoS). 

Massive MIMO ʜʝʤʦʥʩʪʨʫʻ ʚʠʩʦʢʫ ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʽʩʪʴ (ʜʦ 10 ʄʙʽʪ/ɺʪ ʫ 

ʧʦʨʽʚʥʷʥʥʽ ʟ 5 ʄʙʽʪ/ɺʪ ʫ 4G), ʘʣʝ ʧʦʪʨʝʙʫʻ ʟʥʘʯʥʠʭ ʽʥʚʝʩʪʠʮʽʡ ʫ 

ʤʦʜʝʨʥʽʟʘʮʽʶ ʦʙʣʘʜʥʘʥʥʷ ʪʘ ʩʢʣʘʜʥʦʛʦ ʢʘʣʽʙʨʫʚʘʥʥʷ. ɺʧʣʠʚ ʥʘ QoS 

ʧʦʟʠʪʠʚʥʠʡ ʟʘʚʜʷʢʠ ʢʨʘʱʽʡ ʧʨʦʧʫʩʢʥʽʡ ʟʜʘʪʥʦʩʪʽ, ʘʣʝ ʟʘʪʨʠʤʢʠ ʤʦʞʫʪʴ 

ʟʨʦʩʪʘʪʠ ʧʨʠ ʥʝʧʨʘʚʠʣʴʥʦʤʫ ʥʘʣʘʰʪʫʚʘʥʥʽ. 

Sleep Mode ʻ ʝʢʦʥʦʤʽʯʥʦ ʚʠʛʽʜʥʠʤ ʨʽʰʝʥʥʷʤ ʽʟ ʥʠʟʴʢʦʶ ʚʘʨʪʽʩʪʶ 

ʚʧʨʦʚʘʜʞʝʥʥʷ. ɽʥʝʨʛʦʝʬʝʢʪʠʚʥʽʩʪʴ ʟʨʦʩʪʘʻ ʥʘ 30-40% ʫ ʧʝʨʽʦʜʠ ʥʠʟʴʢʦʛʦ 
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ʪʨʘʬʽʢʫ, ʦʜʥʘʢ ʫ ʧʽʢʦʚʽ ʛʦʜʠʥʠ ʤʝʪʦʜ ʚʪʨʘʯʘʻ ʘʢʪʫʘʣʴʥʽʩʪʴ, ʘ ʧʝʨʝʤʠʢʘʥʥʷ 

ʨʝʞʠʤʽʚ ʤʦʞʝ ʪʠʤʯʘʩʦʚʦ ʧʦʛʽʨʰʫʚʘʪʠ QoS. 

ɺʽʜʥʦʚʣʶʚʘʥʽ ʜʞʝʨʝʣʘ ʝʥʝʨʛʽʾ ʟʥʠʞʫʶʪʴ ʦʧʝʨʘʮʽʡʥʽ ʚʠʪʨʘʪʠ ʚ 

ʜʦʚʛʦʩʪʨʦʢʦʚʽʡ ʧʝʨʩʧʝʢʪʠʚʽ, ʘʣʝ ʧʦʪʨʝʙʫʶʪʴ ʟʥʘʯʥʠʭ ʧʦʯʘʪʢʦʚʠʭ ʽʥʚʝʩʪʠʮʽʡ ʽ 

ʟʘʣʝʞʘʪʴ ʚʽʜ ʢʣʽʤʘʪʠʯʥʠʭ ʫʤʦʚ. ɰʭʥʽʡ ʚʧʣʠʚ ʥʘ QoS ʥʝʡʪʨʘʣʴʥʠʡ, ʷʢʱʦ 

ʤʝʨʝʞʘ ʤʘʻ ʨʝʟʝʨʚʥʝ ʞʠʚʣʝʥʥʷ. 

Cloud RAN ʟʘʙʝʟʧʝʯʫʻ ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʽʩʪʴ ʥʘ ʨʽʚʥʽ 15 ʄʙʽʪ/ɺʪ ʫ 

ʚʝʣʠʢʠʭ ʤʝʨʝʞʘʭ, ʘʣʝ ʚʠʩʦʢʘ ʩʢʣʘʜʥʽʩʪʴ ʽʥʪʝʛʨʘʮʽʾ ʪʘ ʧʦʪʨʝʙʘ ʚ ʧʦʪʫʞʥʠʭ 

ʦʧʪʠʯʥʠʭ ʢʘʥʘʣʘʭ ʨʦʙʣʷʪʴ ʡʦʛʦ ʜʦʨʦʛʠʤ. AI-ʦʧʪʠʤʽʟʘʮʽʷ ʜʦʜʘʪʢʦʚʦ ʧʽʜʚʠʱʫʻ 

ʝʬʝʢʪʠʚʥʽʩʪʴ ʥʘ 10-15%, ʟʙʝʨʽʛʘʶʯʠ ʩʪʘʙʽʣʴʥʠʡ QoS. 

ɸʥʘʣʽʟ ʧʦʢʘʟʘʚ, ʱʦ ʥʘʡʙʽʣʴʰ ʧʝʨʩʧʝʢʪʠʚʥʠʤʠ ʻ ʢʦʤʙʽʥʦʚʘʥʽ ʧʽʜʭʦʜʠ, ʷʢʽ 

ʧʦʻʜʥʫʶʪʴ ʘʧʘʨʘʪʥʽ ʽʥʥʦʚʘʮʽʾ (Massive MIMO, ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʽ ʯʠʧʠ) ʟ 

ʧʨʦʛʨʘʤʥʠʤʠ ʨʽʰʝʥʥʷʤʠ (Sleep Mode, AI-ʫʧʨʘʚʣʽʥʥʷ). ʊʘʢʽ ʩʪʨʘʪʝʛʽʾ 

ʜʦʟʚʦʣʷʶʪʴ ʜʦʩʷʛʪʠ ʙʘʣʘʥʩʫ ʤʽʞ ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʽʩʪʶ, ʚʘʨʪʽʩʪʶ ʪʘ ʷʢʽʩʪʶ 

ʩʝʨʚʽʩʫ. ɯʥʪʝʛʨʘʮʽʷ ʟ ʚʽʜʥʦʚʣʶʚʘʥʠʤʠ ʜʞʝʨʝʣʘʤʠ ʝʥʝʨʛʽʾ ʻ ʚʘʞʣʠʚʠʤ ʢʨʦʢʦʤ 

ʜʦ ʝʢʦʣʦʛʽʯʥʦʾ ʩʪʽʡʢʦʩʪʽ, ʦʩʦʙʣʠʚʦ ʚ ʨʝʛʽʦʥʘʭ ʽʟ ʚʠʩʦʢʠʤ ʩʦʥʷʯʥʠʤ ʘʙʦ 

ʚʽʪʨʦʚʠʤ ʧʦʪʝʥʮʽʘʣʦʤ. 

ʈʝʢʦʤʝʥʜʫʻʪʴʩʷ ʟʦʩʝʨʝʜʠʪʠ ʧʦʜʘʣʴʰʽ ʜʦʩʣʽʜʞʝʥʥʷ ʥʘ ʨʦʟʚʠʪʢʫ AI-

ʪʝʭʥʦʣʦʛʽʡ ʜʣʷ ʘʚʪʦʤʘʪʠʯʥʦʾ ʦʧʪʠʤʽʟʘʮʽʾ ʝʥʝʨʛʦʩʧʦʞʠʚʘʥʥʷ ʪʘ ʥʘ 

ʩʪʘʥʜʘʨʪʠʟʘʮʽʾ ʛʽʙʨʠʜʥʠʭ ʝʥʝʨʛʝʪʠʯʥʠʭ ʩʠʩʪʝʤ. ʋ 2025 ʨʦʮʽ 

ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʽʩʪʴ ʤʦʞʝ ʩʪʘʪʠ ʢʦʥʢʫʨʝʥʪʥʦʶ ʧʝʨʝʚʘʛʦʶ ʜʣʷ ʦʧʝʨʘʪʦʨʽʚ, ʷʢʽ 

ʧʨʘʛʥʫʪʴ ʚʽʜʧʦʚʽʜʘʪʠ ʝʢʦʣʦʛʽʯʥʠʤ ʩʪʘʥʜʘʨʪʘʤ ʽ ʟʥʠʞʫʚʘʪʠ ʚʠʪʨʘʪʠ. ʊʘʢʠʤ 

ʯʠʥʦʤ, ʤʝʨʝʞʽ 5G ʥʝ ʣʠʰʝ ʟʘʙʝʟʧʝʯʘʪʴ ʪʝʭʥʦʣʦʛʽʯʥʠʡ ʧʨʦʛʨʝʩ, ʘ ʡ 

ʩʧʨʠʷʪʠʤʫʪʴ ʩʪʘʣʦʤʫ ʨʦʟʚʠʪʢʫ ʪʝʣʝʢʦʤʫʥʽʢʘʮʽʡʥʦʾ ʛʘʣʫʟʽ. 
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INVESTIGATION OF DYNAMIC PROPERTIES OF ADAPTIVE SOFTWARE -

CONTROLLED RADIO DEVICES IN STATE SPACE  

 
The problems of analyzing the dynamics of the processes of restructuring software-

controlled radio devices (SRD) are analyzed. The considered mathematical apparatus of the state 

space allows us to obtain algorithms for statistical analysis, optimal and quasi-optimal control of 

SRD, which in some cases lead to significant gains in efficiency compared to known algorithms 

 

ʅʝʟʚʘʞʘʶʯʠ ʥʘ ʜʦʩʠʪʴ ʚʝʣʠʢʫ ʢʽʣʴʢʽʩʪʴ ʧʫʙʣʽʢʘʮʽʡ ʟ ʧʨʦʙʣʝʤ 

ʧʨʦʝʢʪʫʚʘʥʥʷ ʘʜʘʧʪʠʚʥʠʭ ʩʠʩʪʝʤ, ʜʠʥʘʤʽʢʫ ʧʨʦʮʝʩʽʚ ʧʝʨʝʙʫʜʦʚʠ ʧʨʦʛʨʘʤʥʦ-

ʢʝʨʦʚʘʥʠʭ ʨʘʜʽʦʟʘʩʦʙʽʚ (ʇʈʉ) ʚʠʚʯʝʥʦ ʥʝʜʦʩʪʘʪʥʴʦ. ɿʘʣʠʰʘʶʪʴʩʷ 

ʥʝʚʠʨʽʰʝʥʠʤʠ ʪʘʢʽ ʟʘʚʜʘʥʥʷ: 

- ʦʮʽʥʢʘ ʚʧʣʠʚʫ ʚʠʜʫ ʪʘ ʧʘʨʘʤʝʪʨʽʚ ʟʘʢʦʥʫ ʧʝʨʝʙʫʜʦʚʠ ʇʈʉ ʥʘ ʚʝʣʠʯʠʥʫ 

ʜʠʥʘʤʽʯʥʦʾ ʧʦʭʠʙʢʠ ʧʨʠ ʟʘʜʘʥʠʭ ʧʘʨʘʤʝʪʨʘʭ ʘʜʘʧʪʠʚʥʠʭ ʩʠʩʪʝʤ; 

- ʘʥʘʣʽʟʫ ʚʧʣʠʚʫ ʚʠʜʫ, ʧʦʨʷʜʢʫ ʪʘ ʧʘʨʘʤʝʪʨʽʚ ʘʧʨʦʢʩʠʤʫʶʯʦʾ ʬʫʥʢʮʽʾ ʥʘ 

ʜʠʥʘʤʽʯʥʫ ʧʦʭʠʙʢʫ ʨʽʟʥʠʭ ʢʣʘʩʽʚ ʪʘʢʠʭ ʘʜʘʧʪʠʚʥʠʭ ʩʠʩʪʝʤ ʧʨʠ ʟʘʜʘʥʦʤʫ 

ʟʘʢʦʥʽ ʧʝʨʝʙʫʜʦʚʠ; 

- ʩʠʥʪʝʟʫ ʘʜʘʧʪʠʚʥʠʭ ʩʠʩʪʝʤ, ʱʦ ʧʝʨʝʙʫʜʦʚʫʶʪʴʩʷ ʟʘ ʟʘʜʘʥʠʤ ʟʘʢʦʥʦʤ 

ʪʘ ʟʘʙʝʟʧʝʯʫʶʪʴ ʥʝʦʙʭʽʜʥʫ ʜʠʥʘʤʽʯʥʫ ʪʦʯʥʽʩʪʴ; 

- ʦʧʪʠʤʽʟʘʮʽʾ ʟʘʢʦʥʫ ʧʝʨʝʙʫʜʦʚʠ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʚʠʤʦʛ ʜʦ ʜʠʥʘʤʽʯʥʦʾ 

ʪʦʯʥʦʩʪʽ, ʘ ʪʘʢʦʞ ʥʠʟʢʫ ʽʥʰʠʭ ʧʨʘʢʪʠʯʥʦ ʚʘʞʣʠʚʠʭ ʟʘʚʜʘʥʴ. 

ʈʦʟʛʣʷʥʝʤʦ ʘʜʘʧʪʠʚʥʽ ʩʠʩʪʝʤʠ ʜʦʚʽʣʴʥʦʛʦ ʢʣʘʩʫ ʪʘ ʧʦʨʷʜʢʫ, ʧʝʨʝʙʫʜʦʚʘ 

ʷʢʠʭ ʟʘʙʝʟʧʝʯʫʻʪʴʩʷ ʰʣʷʭʦʤ ʟʤʽʥʠ ʧʝʨʽʦʜʫ ʜʠʩʢʨʝʪʠʟʘʮʽʾ. ʊʘʢʽ ʘʜʘʧʪʠʚʥʽ 

ʩʠʩʪʝʤʠ ʦʧʠʩʫʶʪʴʩʷ ʥʝʩʪʘʮʽʦʥʘʨʥʠʤʠ ʨʽʟʥʠʮʝʚʠʤʠ ʨʽʚʥʷʥʥʷʤʠ ʜʠʥʘʤʽʢʠ 

ʚʠʜʫ 
 

î
í

î
ì

ë

Y=

+=

+=+

)(/)(

)()()(

)()()1(

nTnT

ndenny

nenn dd

Cx

BxAx

,                                                (1) 

 

ʜʝ )(ne , )(ny , )(nx ï ʚʭʽʜʥʘ, ʚʠʭʽʜʥʘ ʟʤʽʥʥʽ ʪʘ ʚʝʢʪʦʨ ʟʤʽʥʥʠʭ ʩʪʘʥʫ;dA , 

dB , ʉ ʪʘ d ï ʧʘʨʘʤʝʪʨʠ ʘʜʘʧʪʠʚʥʦʾ ʩʠʩʪʝʤʠ; )(nT  ï ʢʝʨʦʚʘʥʘ ʪʨʠʚʘʣʽʩʪʴ 

ʯʘʩʦʚʦʛʦ ʽʥʪʝʨʚʘʣʫ ʤʽʞ ʩʫʩʽʜʥʽʤʠ ʚʽʜʣʽʢʘʤʠ; )(nY  ï ʟʘʢʦʥ ʧʝʨʝʙʫʜʦʚʠ 

( 0)( ²Y n ). 

ɼʠʩʢʨʝʪʥʘ ʧʝʨʝʜʘʪʥʘ ʬʫʥʢʮʽʷ ʘʜʘʧʪʠʚʥʦʾ ʩʠʩʪʝʤʠ ʧʨʠ ʧʦʩʪʽʡʥʦʤʫ 
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ʚʧʣʠʚʽ, ʱʦ ʫʧʨʘʚʣʷʻ Y==Y constn)(  ʤʘʻ ʚʠʛʣʷʜ 
 

),z(Kd)z(),z(K /

ddd

/

d 1111 y-y =+-=y BAIC ,                 (2) 
 

ʜʝ )1,(zHd  ï ʚʠʨʘʟ ʮʽʻʾ ʬʫʥʢʮʽʾ ʧʨʠ 1=y , pTez= . 

ɺʝʣʠʯʠʥʘ y ʚʠʟʥʘʯʘʻ ʤʘʩʰʪʘʙ ʯʘʩʪʦʪʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʦ ʦʩʽ ʯʘʩʪʦʪ 

(ʯʘʩʪʦʪʫ ʥʘʣʘʰʪʫʚʘʥʥʷ ʘʜʘʧʪʠʚʥʦʾ ʩʠʩʪʝʤʠ) )1()( cc yw=yw . 

ʊʘʢ ʷʢ ʩʠʩʪʝʤʘ ʨʽʚʥʷʥʴ (1) ʥʝ ʤʦʞʝ ʙʫʪʠ ʚʠʨʽʰʝʥʘ ʤʝʪʦʜʘʤʠ ʪʝʦʨʽʾ 

ʜʠʩʢʨʝʪʥʠʭ ʩʠʩʪʝʤ, ʪʦ ʧʝʨʝʡʜʝʤʦ ʚʽʜ ˇʨʘʪʯʘʩʪʠʭ ʬʫʥʢʮʽʡ ʜʦ ʙʝʟʧʝʨʝʨʚʥʠʭ 
 

)()( tene ­ , )()( tyny ­ , )()( tn y­y , 

)()( tn xx ­ , )(/)()()1( ttTtn y+­+ xxx  
 

ʽ ʧʝʨʝʡʜʝʤʦ ʜʦ ʝʢʚʽʚʘʣʝʥʪʥʦʾ ʙʝʟʧʝʨʝʨʚʥʦʾ ʩʠʩʪʝʤʠ, ʱʦ ʦʧʠʩʫʻʪʴʩʷ 

ʜʠʬʝʨʝʥʮʽʘʣʴʥʠʤʠ ʨʽʚʥʷʥʥʷʤʠ 

[ ]

í
ì
ë

+=

+y=

)()()(

)()()()(

tdetty

tettt

Cx

BAxx#
,                                              (3) 

 

ʜʝ IAA -= -
dT 1 , dT BB 1-= . 

ʉʣʽʜ ʟʘʟʥʘʯʠʪʠ, ʱʦ ʘʜʝʢʚʘʪʥʠʤ ʽʥʩʪʨʫʤʝʥʪʦʤ ʜʦʩʣʽʜʞʝʥʥʷ ʧʨʦʮʝʩʽʚ 

ʧʝʨʝʙʫʜʦʚʠ ʤʦʞʝ ʙʫʪʠ ʜʠʥʘʤʽʯʥʘ ʯʘʩʪʦʪʥʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ (ɼʏʍ). ɿʘ 

ʬʽʟʠʯʥʠʤ ʟʤʽʩʪʦʤ ɼʏʍ ʙʣʠʟʴʢʘ ʜʦ ʢʦʤʧʣʝʢʩʥʦʛʦ ʢʦʝʬʽʮʽʻʥʪʘ ʧʝʨʝʜʘʯʽ 

ʩʪʘʮʽʦʥʘʨʥʦʾ ʩʠʩʪʝʤʠ, ʦʩʢʽʣʴʢʠ ʩʣʫʞʠʪʴ ʢʦʝʬʽʮʽʻʥʪʦʤ ʧʨʦʧʦʨʮʽʡʥʦʩʪʽ ʤʽʞ 

ʛʘʨʤʦʥʽʡʥʠʤ ʚʭʽʜʥʠʤ ʚʧʣʠʚʦʤ ʪʘ ʚʠʤʫʰʝʥʦʶ ʩʢʣʘʜʦʚʦʶ ʨʝʘʢʮʽʾ ʩʠʩʪʝʤʠ. 

ɼʠʥʘʤʽʯʥʘ ɸʏʍ ʚʽʜʦʙʨʘʞʘʻ ʧʨʦʮʝʩ ʟʤʽʥʠ ʚ ʯʘʩʽ ʤʦʜʫʣʷ ʢʦʝʬʽʮʽʻʥʪʘ 

ʧʝʨʝʜʘʯʽ ʥʘ ʯʘʩʪʦʪʽ ʚʧʣʠʚʫ, ʘ ʜʠʥʘʤʽʯʥʘ ʌʏʍ ï ʬʘʟʦʚʦʛʦ ʟʩʫʚʫ, ʱʦ 

ʚʥʦʩʠʪʴʩʷ. 

ʗʢ ʚʠʭʽʜʥʽ ʜʘʥʽ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʟʘʢʦʥ ʧʝʨʝʙʫʜʦʚʠ ʪʘ ʤʘʪʝʤʘʪʠʯʥʘ 

ʤʦʜʝʣʴ ʝʢʚʽʚʘʣʝʥʪʥʦʾ ʙʝʟʧʝʨʝʨʚʥʦʾ ʩʪʘʮʽʦʥʘʨʥʦʾ ʘʜʘʧʪʠʚʥʦʾ ʩʠʩʪʝʤʠ (ʇʈʉ) ʫ 

ʬʦʨʤʽ ʽʤʧʫʣʴʩʥʦʾ ʬʫʥʢʮʽʾ )(th  ʘʙʦ ʧʝʨʝʜʘʚʘʣʴʥʦʾ ʬʫʥʢʮʽʾ)( pK . 

ɺʚʘʞʘʶʯʠ, ʱʦ ʟʘʢʦʥʦʤ ʧʝʨʝʙʫʜʦʚʠ ʻ ʥʝʚʽʜ'ʻʤʥʘ ʽʥʪʝʛʨʦʚʘʥʘ ʬʫʥʢʮʽʷ  

)(ty , ʚʠʟʥʘʯʠʤʦ ʟʘʛʘʣʴʥʠʡ ʚʠʨʘʟ ɼʏʍ ʤʝʪʦʜʦʤ Ű-ʧʝʨʝʪʚʦʨʝʥʴ. ɯʜʝʷ ʮʴʦʛʦ 

ʤʝʪʦʜʫ ʧʦʣʷʛʘʻ ʚ ʧʝʨʝʭʦʜʽ ʜʦ ʥʦʚʦʾ (ʧʨʠʚʝʜʝʥʦʾ) ʰʢʘʣʠ ʯʘʩʫ, ʧʦʚ'ʷʟʘʥʦʾ ʟ 

ʘʙʩʦʣʶʪʥʠʤʠ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷʤʠ ñy=j=t
t

dttt
0

)()( , )(tf=t , ʚ ʷʢʽʡ ʨʽʚʥʷʥʥʷ 

(3), ʱʦ ʨʦʟʛʣʷʜʘʶʪʴʩʷ ʱʦʜʦ Ű-ʟʦʙʨʘʞʝʥʴ ʟʤʽʥʥʠʭ( ))(),(),(),( tttt rrrr ye xx # , 

ʧʝʨʝʪʚʦʨʶʶʪʴʩʷ ʥʘ ʩʪʘʮʽʦʥʘʨʥʠʡ ʽ ʥʘʙʫʚʘʶʪʴ ʚʠʛʣʷʜʫ 
 

í
ì
ë

t+t=t

t+t=t

)(de)()(y

)(e)()(

rrr

rrr

Cx

BAxx#
.                                           (4) 

 

ɿʘ ʜʦʧʦʤʦʛʦʶ Ű-ʧʝʨʝʪʚʦʨʝʥʴ ʧʨʝʜʩʪʘʚʠʤʦ Ű-ʟʦʙʨʘʞʝʥʥʷ ʚʭʽʜʥʦʛʦ 

ʚʧʣʠʚʫ )(),exp()( w== jpptte  ʫ ʚʠʛʣʷʜʽ )](exp[)( tf=t per  ʪʘ ʦʪʨʠʤʘʻʤʦ ɼʏʍ 
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.                               (5) 

 

ʇʽʩʣʷ ʟʚʦʨʦʪʥʦʛʦ Ű-ʧʝʨʝʪʚʦʨʝʥʥʷ ʚʠʭʦʜʠʪʴ ʰʫʢʘʥʠʡ ʚʠʨʘʟ ɼʏʍ 

 

,                                        (6) 

 

ʜʝ ])([),( xttxtR -jf-= . 

 

ʋ ʧʨʘʢʪʠʯʥʦ ʚʘʞʣʠʚʦʤʫ ʚʠʧʘʜʢʫ ʟʘʢʦʥ ʧʝʨʝʙʫʜʦʚʠ ʻ ʩʪʫʧʽʥʯʘʩʪʦʶ 

ʬʫʥʢʮʽʻʶ 

í
ì
ë

²b

<
=y

0  ʧʨʠ

0  ʧʨʠ1

t

t
)t( , 

ʘ ʟʘʢʦʥʠ Ű-ʧʝʨʝʪʚʦʨʝʥʴ ʚʠʟʥʘʯʘʶʪʴʩʷ ʚʠʨʘʟʘʤʠ 

 

í
ì
ë

²b

<
=j

0  ʧʨʠ

0  ʧʨʠ
)(

t

tt
t ,  

í
ì
ë

²tbt

<tt
=f

0  ʧʨʠ/

0  ʧʨʠ
)(t . 

 

ʊʦʜʽ ʚʠʨʘʟ ɼʏʍ ʜʣʷ ʜʘʥʦʛʦ ʚʠʧʘʜʢʫ ʤʘʻ ʚʠʛʣʷʜ 

 

,                    (7) 

 
 

ʜʝ ),( tpKD  ï ʜʠʥʘʤʽʯʥʘ ʧʦʭʠʙʢʘ. 

ä
= b--

b

-

b-
=D

N

i iii

ii

pppppB

tppA

pt

p
tpK

1 ))()((

)exp()(

)exp(

)1(
),( ; 

 

N  ï ʧʦʨʷʜʦʢ ʬʽʣʴʪʨʘ, ip  ï ʧʦʣʶʩʠ ʧʝʨʝʜʘʚʘʣʴʥʦʾ ʬʫʥʢʮʽʾ 

)(/)()( pBpApK = . 

 

ɿ ʘʥʘʣʽʟʫ (7) ʚʠʧʣʠʚʘʻ: 

1) ɼʏʍ ʘʜʘʧʪʠʚʥʠʭ ʩʠʩʪʝʤ, ʱʦ ʜʠʩʢʨʝʪʥʦ ʧʝʨʝʙʫʜʦʚʫʶʪʴʩʷ, ʻ ʬʫʥʢʮʽʻʶ 

ʪʨʴʦʭ ʟʤʽʥʥʠʭ ï ʯʘʩʪʦʪʠ w, ʯʘʩʫ t  ʪʘ ʛʣʠʙʠʥʠ ʧʝʨʝʙʫʜʦʚʠ b; 

2) ʘʩʠʤʧʪʦʪʘʤʠ ʮʽʻʾ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʩʣʫʞʘʪʴ ʧʦʯʘʪʢʦʚʽ ʪʘ ʢʽʥʮʝʚʽ ʚʠʨʘʟʠ 

ʩʪʘʪʠʯʥʦʾ ʧʝʨʝʜʘʚʘʣʴʥʦʾ ʬʫʥʢʮʽʾ 

 

; 

 

3) ɼʏʍ ʻ ʙʝʟʧʝʨʝʨʚʥʦʶ ʬʫʥʢʮʽʻʶ ʯʘʩʫ ï ʫ ʤʦʤʝʥʪ ʧʝʨʝʤʠʢʘʥʥʷ ʚʦʥʘ 

ʟʤʽʥʶʻ ʩʚʦʻ ʟʥʘʯʝʥʥʷ 
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)()0,()0,( )()( pKpKpK == -+ ; 

 

4) ʜʠʥʘʤʽʢʘ ʧʨʦʮʝʩʫ ʧʝʨʝʙʫʜʦʚʠ ʧʦʚʥʽʩʪʶ ʚʠʟʥʘʯʘʻʪʴʩʷ ʜʠʥʘʤʽʯʥʦʶ 

ʧʦʭʠʙʢʦʶ ; 

5) ʧʦʯʘʪʢʦʚʝ ʟʥʘʯʝʥʥʷ ʜʠʥʘʤʽʯʥʦʾ ʧʦʭʠʙʢʠ ʜʦʨʽʚʥʶʻ ʟʙʽʣʴʰʝʥʥʶ 

ʩʪʘʪʠʯʥʦʾ ʧʝʨʝʜʘʚʘʣʴʥʦʾ ʬʫʥʢʮʽʾ ; 

6) ʧʨʠ ʤʘʣʽʡ ʚʝʣʠʯʠʥʽ ʢʨʦʢʫ ʧʝʨʝʙʫʜʦʚʠ11 <<b-=bD  ʘʤʧʣʽʪʫʜʘ 

ʧʦʭʠʙʢʠ ʧʨʦʧʦʨʮʽʡʥʘ ʚʝʣʠʯʠʥʽ ʮʴʦʛʦ ʢʨʦʢʫ. 

 

ɺʠʩʥʦʚʢʠ. 

1. ʈʦʟʛʣʷʥʫʪʠʡ ʤʘʪʝʤʘʪʠʯʥʠʡ ʘʧʘʨʘʪ ʧʨʦʩʪʦʨʫ ʩʪʘʥʽʚ ʜʦʟʚʦʣʷʻ ʦʪʨʠʤʘʪʠ 

ʘʣʛʦʨʠʪʤʠ ʩʪʘʪʠʩʪʠʯʥʦʛʦ ʘʥʘʣʽʟʫ ʦʧʪʠʤʘʣʴʥʦʛʦ ʪʘ ʢʚʘʟʽʦʧʪʠʤʘʣʴʥʦʛʦ 

ʫʧʨʘʚʣʽʥʥʷ ʇʈʉ, ʱʦ ʧʨʠʟʚʦʜʷʪʴ ʫ ʨʷʜʽ ʚʠʧʘʜʢʽʚ ʜʦ ʩʫʪʪʻʚʠʭ ʚʠʛʨʘʰʽʚ ʫ 

ʝʬʝʢʪʠʚʥʦʩʪʽ ʧʦʨʽʚʥʷʥʦ ʟ ʚʽʜʦʤʠʤʠ ʘʣʛʦʨʠʪʤʘʤʠ. 

2. ɼʦʩʣʽʜʞʝʥʥʷ ʜʠʥʘʤʽʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʘʜʘʧʪʠʚʥʠʭ ʧʨʦʛʨʘʤʥʦ-

ʢʝʨʦʚʘʥʠʭ ʨʘʜʽʦʟʘʩʦʙʽʚ ʫ ʧʨʦʩʪʦʨʽ ʩʪʘʥʫ ʧʦʢʘʟʘʣʦ, ʱʦ ɼʏʍ ʇʈʉ ʻ 

ʙʝʟʧʝʨʝʨʚʥʦʶ ʬʫʥʢʮʽʻʶ ʯʘʩʫ ï ʫ ʤʦʤʝʥʪ ʧʝʨʝʤʠʢʘʥʥʷ ʚʦʥʘ ʥʝ ʟʤʽʥʶʻ ʩʚʦʛʦ 

ʟʥʘʯʝʥʥʷ, ʘ ʜʠʥʘʤʽʢʘ ʧʨʦʮʝʩʫ ʧʝʨʝʙʫʜʦʚʠ ʧʦʚʥʽʩʪʶ ʚʠʟʥʘʯʘʻʪʴʩʷ ʜʠʥʘʤʽʯʥʦʶ 

ʧʦʭʠʙʢʦʶ . 
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ANALYSIS OF PROTOCOL IN TERACTION IN  

NGN TELECOMMUNICATION NETWORKS  

 

This article examines the interplay of Softswitch-based NGN and IMS NGN protocols in 

the world of active IMS migration. 

ʎʷ ʩʪʘʪʪʷ ʨʦʟʛʣʷʜʘʻ ʚʟʘʻʤʦʜʽʶ ʧʨʦʪʦʢʦʣʽʚ ʤʝʨʝʞ NGN ʥʘ ʙʘʟʽ Softswitch ʪʘ NGN 

IMS ʫ ʩʚʽʪʣʽ ʘʢʪʠʚʥʦʛʦ ʧʝʨʝʭʦʜʫ ʥʘ ʤʝʨʝʞʽ IMS.  

 

ʅʘʨʘʟʽ ʚ ʋʢʨʘʾʥʽ ʚʽʜʙʫʚʘʻʪʴʩʷ ʘʢʪʠʚʥʠʡ ʧʝʨʝʭʽʜ ʦʧʝʨʘʪʦʨʽʚ ʜʦ 

ʘʨʭʽʪʝʢʪʫʨʠ IMS, ʱʦ ʥʘʜʘʻ ʘʙʦʥʝʥʪʘʤ ʤʝʨʝʞ ʪʘʢʽ ʧʝʨʝʚʘʛʠ ʷʢ, ʥʘʧʨʠʢʣʘʜ, 

ʜʟʚʽʥʢʠ ʟʘ ʪʝʭʥʦʣʦʛʽʻʶ VoLTE (ʜʟʚʽʥʢʠ ʯʝʨʝʟ ʤʝʨʝʞʫ LTE) ʪʘ VoWiFi 

(ʜʟʚʽʥʢʠ ʯʝʨʝʟ ʤʝʨʝʞʫ Wi-Fi), ʱʦ ʧʦʢʨʘʱʫʻ ʷʢʽʩʪʴ ʟʚʫʢʫ, ʟʤʝʥʰʫʻ ʯʘʩ 

ʟôʻʜʥʘʥʥʷ ʟ ʘʙʦʥʝʥʪʦʤ (ʯʝʨʝʟ ʚʽʜʩʫʪʥʽʩʪʴ ʧʨʦʮʝʜʫʨʠ ʉircuit Switching Fallback 

ï ʧʝʨʝʭʽʜ ʚ ʤʝʨʝʞʫ 2/3G), ʪʘ ʥʘʜʘʻ ʤʦʞʣʠʚʽʩʪʴ ʢʦʨʠʩʪʫʚʘʥʥʷ ɯʥʪʝʨʥʝʪʦʤ ʧʽʜ 

ʯʘʩ ʚʠʢʣʠʢʫ. ɸʣʝ ʥʘ ʜʘʥʠʡ ʯʘʩ ʟʘʣʠʰʘʻʪʴʩʷ ʚʝʣʠʢʘ ʢʽʣʴʢʽʩʪʴ ʣʶʜʝʡ, ʤʦʙʽʣʴʥʽ 

ʪʝʨʤʽʥʘʣʠ ʯʠ SIM-ʢʘʨʪʠ ʷʢʠʭ ʥʝ ʧʽʜʪʨʠʤʫʶʪʴ ʜʘʥʫ ʪʝʭʥʦʣʦʛʽʶ, ʪʦʤʫ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʩʪʘʨʠʭ ʪʝʭʥʦʣʦʛʽʡ ʪʘ ʤʝʨʝʞ ʥʘ ʙʘʟʽ Softwitch ʱʝ ʜʦʩʽ 

ʟʘʣʠʰʘʻʪʴʩʷ ʘʢʪʫʘʣʴʥʠʤ. ʗʢ ʚʽʜʦʤʦ, ʧʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ ʘʨʭʽʪʝʢʪʫʨʠ ʤʝʨʝʞʽ 

ʥʦʚʦʛʦ ʧʦʢʦʣʽʥʥʷ, ʦʙʤʽʥ ʧʦʚʽʜʦʤʣʝʥʥʷʤ ʤʽʞ ʝʣʝʤʝʥʪʘʤʠ ʤʝʨʝʞʽ ʚʽʜʙʫʚʘʻʪʴʩʷ 

ʟʘ ʧʨʦʪʦʢʦʣʘʤʠ H.323 ʪʘ Session Initiation Protocol (ʥʘʜʘʣʽ - SIP), ʚ ʪʦʡ ʯʘʩ ʷʢ 

ʚ IMS ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʪʽʣʴʢʠ SIP. ʊʘʢ ʷʢ ʩʘʤʠʤ ʧʨʦʪʦʢʦʣʦʤ SIP 

ʧʝʨʝʜʙʘʯʝʥʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʨʽʟʥʠʤʠ ʧʨʠʩʪʨʦʷʤʠ ʪʘ ʜʦʜʘʚʘʥʥʷʤ ʥʦʚʠʭ 

ʟʘʛʦʣʦʚʢʽʚ ʧʦʩʪʘʻ ʧʠʪʘʥʥʷ: ʷʢʠʤ ʯʠʥʦʤ ʩʪʦʨʦʥʠ ʟʤʦʞʫʪʴ ñʧʦʨʦʟʫʤʽʪʠʩʷò, 

ʷʢʱʦ ʚʦʥʠ ʧʦ ʨʽʟʥʦʤʫ ʤʦʞʫʪʴ ʨʝʘʣʽʟʦʚʫʚʘʪʠ SIP ʚ ʩʚʦʾʭ ʧʦʚʽʜʦʤʣʝʥʥʷʭ, ʘʙʦ 

ʚʟʘʛʘʣʽ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʨʽʟʥʽ ʧʨʦʪʦʢʦʣʠ?  

ʆʜʥʠʤ ʽʟ ʨʽʰʝʥʴ ʜʘʥʦʾ ʧʨʦʙʣʝʤʠ ʤʦʞʥʘ ʚʚʘʞʘʪʠ ʪʘʢʝ ʧʦʥʷʪʪʷ ʷʢ 

ʥʦʨʤʘʣʽʟʘʮʽʷ ʧʦʚʽʜʦʤʣʝʥʴ. ʅʦʨʤʘʣʽʟʘʮʽʷ ʧʦʚʽʜʦʤʣʝʥʴ  - ʮʝ ʜʦʜʘʚʘʥʥʷ, 

ʚʠʜʘʣʝʥʥʷ ʪʘ ʟʘʤʽʥʠ ʨʷʜʢʽʚ, ʱʦ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʫʟʛʦʜʞʝʥʠʭ ʬʦʨʤʘʪʽʚ, ʱʦ 

ʚʠʢʦʥʫʻ ʪʘʢʠʡ ʝʣʝʤʝʥʪ ʷʢ Session Border Controller (ʥʘʜʘʣʽ SBC). ʇʽʜ ʯʘʩ 

ʥʦʨʤʘʣʽʟʘʮʽʾ ʚʠʜʘʣʷʶʪʴʩʷ ʥʝʚʽʜʦʤʽ ʘʙʦ ʥʝʩʪʘʥʜʘʨʪʥʽ ʝʣʝʤʝʥʪʠ ʧʦʚʽʜʦʤʣʝʥʴ 

ʧʝʨʝʜ ʾʭʥʽʤ ʧʝʨʝʩʠʣʘʥʥʷʤ. ʎʽ ʝʣʝʤʝʥʪʠ ʤʦʞʫʪʴ ʚʢʣʶʯʘʪʠ ʟʘʛʦʣʦʚʢʠ, 

ʧʘʨʘʤʝʪʨʠ ʟʘʛʦʣʦʚʢʽʚ ʽ ʧʦʣʷ ʪʽʣʘ Session Description Protocol (ʧʨʠ 

ʚʠʢʦʨʠʩʪʘʥʥʽ ʤʝʨʝʞʝʶ ʥʘ ʙʘʟʽ Softswitch ʧʨʦʪʦʢʦʣʫ SIP). ʅʘʧʨʠʢʣʘʜ, SBC 
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ʥʘʜʭʦʜʠʪʴ ʥʝʥʦʨʤʘʣʽʟʦʚʘʥʝ ʧʦʚʽʜʦʤʣʝʥʥʷ ʚ ʷʢʦʤʫ ʟʘʟʥʘʯʝʥʠʡ ʥʦʤʝʨʠ 

ʘʙʦʥʝʥʪʽʚ ʚ ʥʘʮʽʦʥʘʣʴʥʦʤʫ ʬʦʨʤʘʪʽ, SBC ʤʦʞʝ ʚʠʢʦʥʘʪʠ ʧʝʨʝʬʦʨʤʘʪʫʚʘʥʥʷ ʚ 

ʽʥʪʝʨʥʘʮʽʦʥʘʣʴʥʠʡ ʬʦʨʤʘʪ ʘʙʦ, ʟʘ ʧʦʪʨʝʙʠ, ʥʘʚʧʘʢʠ ʪʘ ʚʟʘʛʘʣʽ ʧʨʠʭʦʚʘʪʠ 

ʥʦʤʝʨ, ʧʽʜʩʪʘʚʠʚʰʠ ʟʥʘʯʝʥʥʷ Anonymous ʫ ʧʦʣʝ From ʘʙʦ To. ʇʨʠ ʯʦʤʫ, ʥʝ 

ʜʠʚʣʷʯʠʩʴ ʥʘ ʨʝʢʦʤʝʥʜʘʮʽʶ ɽ.164 ʤʦʞʝ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠʩʴ, ʷʢ ʽ 

ʥʘʮʽʦʥʘʣʴʥʠʡ, ʪʘʢ ʽ ʽʥʪʝʨʥʘʮʽʦʥʘʣʴʥʠʡ ʬʦʨʤʘʪ ʥʦʤʝʨʫ, ʟʘʣʝʞʥʦ ʚʽʜ 

ʧʨʠʟʥʘʯʝʥʥʷ ʪʘ ʥʘʣʘʰʪʫʚʘʥʴ Softswitch.  

ʊʘʢʦʞ, ʤʝʨʝʞʘ IMS ʚʠʢʦʨʠʩʪʦʚʫʻ ʜʠʥʘʤʽʯʥʫ ʤʘʨʰʨʫʪʠʟʘʮʽʶ ʪʘ ʽʥʰʠʡ 

ʬʦʨʤʘʪ ʘʜʨʝʩʫ, ʽ, ʧʽʜ ʯʘʩ ʚʠʢʣʠʢʫ, ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʢʦʨʝʢʪʥʦʾ ʤʘʨʰʨʫʪʠʟʘʮʽʾ 

ʤʽʞ ʤʝʨʝʞʘʤʠ IMS ʪʘ ʤʝʨʝʞʽ ʥʘ ʙʘʟʽ Softswitch ʪʘʢʦʞ ʚʽʜʙʫʚʘʻʪʴʩʷ ʧʽʜʤʽʥʘ 

ʘʜʨʝʩʠ, ʱʦ ʭʘʨʘʢʪʝʨʥʘ ʜʣʷ ʤʝʨʝʞʽ IMS ʥʘ ʘʜʨʝʩʫ, ʱʦ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʚ 

ʤʝʨʝʞʽ NGN ʥʘ ʙʘʟʽ Softswitch, ʷʢ ʚʢʘʟʘʥʦ ʥʘ ʨʠʩ. 1:  

 

 
 

ʈʠʩ. 1. ʂʦʥʚʝʨʪʘʮʽʷ ʘʜʨʝʩʠ ʬʦʨʤʘʪʫ IMS ʫ ʘʜʨʝʩʫ, ʭʘʨʘʢʪʝʨʥʫ  

ʜʣʷ NGN ʥʘ ʙʘʟʽ Softswitch, ʜʝ NDC ï ʢʦʜ ʦʧʝʨʘʪʦʨʘ, SN  - ʥʦʤʝʨ ʘʙʦʥʝʥʪʘ,  

mnc00x ï ʽʜʝʥʪʠʬʽʢʘʪʦʨ ʦʧʝʨʘʪʦʨʘ, mcc255 ï ʢʦʜ ʋʢʨʘʾʥʠ. 
 

ʋ ʚʠʧʘʜʢʫ ʚʠʢʦʨʠʩʪʘʥʥʷ ʩʪʝʢʫ ʧʨʦʪʦʢʦʣʽʚ H.323 SBC ʚʠʢʦʥʫʻ 

ʢʦʥʚʝʨʪʘʮʽʶ ʧʦʚʽʜʦʤʣʝʥʴ ʟ SIP ʫ H.323 ʪʘ ʥʘʚʧʘʢʠ. ʅʘ ʨʠʩʫʥʢʫ ʥʠʞʯʝ 

ʧʦʢʘʟʘʥʦ ʷʢʠʤ ʯʠʥʦʤ ʚʽʜʙʫʚʘʻʪʴʩʷ ʦʙʤʽʥ ʧʦʚʽʜʦʤʣʝʥʥʷʤʠ ʤʽʞ ʧʨʠʩʪʨʦʷʤʠ, 

ʷʢʽ ñʨʦʟʫʤʽʶʪʴò ʪʽʣʴʢʠ ʘʙʦ ʧʨʦʪʦʢʦʣ SIP, ʘʙʦ H.323 (ʨʠʩ.2).  

 

 

ʈʠʩ.2. ʆʙʤʽʥ ʧʦʚʽʜʦʤʣʝʥʥʷʤʠ ʤʽʞ ʧʨʠʩʪʨʦʷʤʠ, ʱʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ  

SIP ʧʨʦʪʦʢʦʣ ʪʘ ʧʨʠʩʪʨʦʻʤ, ʱʦ ʚʠʢʦʨʠʩʪʦʚʫʻ ʩʪʝʢ ʧʨʦʪʦʢʦʣʽʚ H.323 ʯʝʨʝʟ SBC[3]. 
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ɯʟ ʨʠʩʫʥʢʫ ʚʠʜʥʦ, ʱʦ ʚʽʜʙʫʚʘʻʪʴʩʷ ʢʦʥʚʝʨʪʘʮʽʷ ʧʦʚʽʜʦʤʣʝʥʴ Invite ʚ 

Setup,  Proceeding ʚ183 Progress, Alerting ʚ 180 Ringing, Connect ʚ 200 OK. 

ʎʽʢʘʚʦ, ʱʦ ʧʦʚʽʜʦʤʣʝʥʥʷ 100 Trying ʚʽʜʧʨʘʚʣʷʻ SBC ʷʢ ʟʥʘʢ, ʱʦ ʚʽʥ ʙʫʜʝ 

ʚʩʪʘʥʦʚʣʶʚʘʪʠ ʟôʻʜʥʘʥʥʷ ʟ ʽʥʰʦʶ ʩʪʦʨʦʥʦʶ ʪʘ ʥʘ ʜʘʥʠʡ ʤʦʤʝʥʪ ʥʝ ʦʟʥʘʯʘʻ, 

ʱʦ ʚʽʜ SBC ʙʫʣʠ ʷʢʽʩʴ ʟʚʝʨʥʝʥʥʷ ʜʦ ʽʥʰʦʾ ʩʪʦʨʦʥʠ. ʊʘʢʦʞ ʦʩʪʘʥʥʻ 

ʧʦʚʽʜʦʤʣʝʥʥʷ ACK ʦʟʥʘʯʘʻ, ʱʦ ʩʝʘʥʩ ʚʩʪʘʥʦʚʣʝʥʦ, ʘʣʝ ʚ ʩʪʝʢʫ ʧʨʦʪʦʢʦʣʽʚ 

H.323 ʥʝʤʘʻ ʚʽʜʧʦʚʽʜʥʠʢʘ ʜʘʥʦʛʦ ʧʦʚʽʜʦʤʣʝʥʥʷ, ʪʦʤʫ SBC ʥʝ ʢʦʥʚʝʨʪʫʻ ʡʦʛʦ. 

ʇʽʩʣʷ ʮʴʦʛʦ, ʷʢ ʙʘʯʠʤʦ, ʩʝʩʽʷ ʚʩʪʘʥʦʚʣʝʥʘ. 

SBC ʪʘʢʦʞ ʤʦʞʝ ʚʠʢʦʥʫʚʘʪʠ ʤʘʧʽʥʛ (ʚʽʜʧʦʚʽʜʥʽʩʪʴ ʩʠʛʥʘʣʽʚ) ʜʣʷ SIP ʪʘ 

H.323, ʜʦ ʧʨʠʢʣʘʜʫ:  

Unreachable Destination (H.323) ź 404 Not Found (SIP) 

No Permission (H.323) ź 401 Unauthorized (SIP) 

ʄʘʧʽʥʛ ʤʦʞʣʠʚʦ ʥʘʣʘʰʪʫʚʘʪʠ ʪʘ ʤʦʜʠʬʽʢʫʚʘʪʠ ʢʦʥʚʝʨʪʘʮʽʶ ʢʦʜʫ 

ʧʨʠʯʠʥʠ. ʎʝ ʩʪʦʩʫʻʪʴʩʷ ʥʝ ʪʽʣʴʢʠ ʧʨʦʪʦʢʦʣʫ H.323, ʘ ʽ ISUP, ʩʪʝʢʫ ʧʨʦʪʦʢʦʣʽʚ 

SS7.  

ɺʠʩʥʦʚʢʠ. ʅʝ ʜʠʚʣʷʯʠ ʥʘ ʩʪʨʽʤʢʠʡ ʨʦʟʚʠʪʦʢ ʚ ʋʢʨʘʾʥʽ ʤʝʨʝʞ ʥʦʚʦʛʦ 

ʧʦʢʦʣʽʥʥʷ IMS, ʱʝ ʙʘʛʘʪʦ ʧʨʠʩʪʨʦʾʚ ʧʦʪʨʝʙʫʶʪʴ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʤʝʨʝʞʝʶ 

ʥʦʚʦʛʦ ʧʦʢʦʣʽʥʥʷ ʥʘ ʙʘʟʽ Softswitch, ʚ ʮʠʭ ʤʝʨʝʞʘʭ ʻ ʙʘʛʘʪʦ ʚʽʜʤʽʥʥʦʩʪʝʡ, ʷʢʽ 

ʧʦʪʨʽʙʥʦ ʚʨʘʭʦʚʫʚʘʪʠ ʟʘʜʣʷ ʙʝʟʧʝʨʝʙʽʡʥʦʛʦ ʥʘʜʘʥʥʷ ʧʦʩʣʫʛ ʦʧʝʨʘʪʦʨʩʴʢʦʛʦ 

ʟʚôʷʟʢʫ. ɹʽʣʴʰʽʩʪʴ ʟ ʮʠʭ ʧʨʦʙʣʝʤ, ʪʘʢʽ ʷʢ ʧʨʦʙʣʝʤʠ ʟ ʤʘʨʰʨʫʪʠʟʘʮʽʻʶ ʯʠ 

ʧʦʚʥʠʤ ʥʝʨʦʟʫʤʽʥʥʷʤ ʧʨʠʩʪʨʦʻʤ ʧʦʚʽʜʦʤʣʝʥʥʷ ʤʦʞʥʘ ʚʠʨʽʰʠʪʠ 

ʥʦʨʤʘʣʽʟʘʮʽʻʶ ʧʦʚʽʜʦʤʣʝʥʴ ʘʙʦ ʧʦʚʥʦʶ ʾʭ ʢʦʥʚʝʨʪʘʮʽʻʶ ʚ ʽʥʰʠʡ ʧʨʦʪʦʢʦʣ 

ʪʘʢʠʤ ʝʣʝʤʝʥʪʦʤ ʤʝʨʝʞʽ ʷʢ SBC. ʊʘʢʦʞ ʚʘʨʪʦ ʟʘʟʥʘʯʠʪʠ, ʱʦ ʯʘʩʪʠʥʘ 

ʥʦʨʤʘʣʽʟʘʮʽʾ ʤʦʞʝ ʚʠʢʦʥʫʚʘʪʠʩʷ ʥʝ ʪʽʣʴʢʠ SBC, ʘ ʽ MGC, MGCF ʯʠ S-CSCF.  

 

ʃʽʪʝʨʘʪʫʨʘ 

 

1. ʉ.ʆ. ʂʨʘʚʯʫʢ, ʊʝʦʨʽʷ ʩʠʩʪʝʤ ʤʦʙʽʣʴʥʠʭ ʽʥʬʦʢʦʤʫʥʽʢʘʮʽʡ. ʉʠʩʪʝʤʥʘ ʘʨʭʽʪʝʢʪʫʨʘ: 

ʥʘʚʯʘʣʴʥʠʡ ʧʦʩʽʙʥʠʢ ʜʣʷ ʩʪʫʜ. ʩʧʝʮʽʘʣʴʥʦʩʪʽ 172 çʊʝʣʝʢʦʤʫʥʽʢʘʮʽʾ ʪʘ ʨʘʜʽʦʪʝʭʥʽʢʘè  ï 

ʂʠʾʚ : ʂʇɯ ʽʤ. ɯʛʦʨʷ ʉʽʢʦʨʩʴʢʦʛʦ, 2023. ï 682 ʩ.: ɯʣ.  

2. [ɽʣʝʢʪʨʦʥʥʠʡ ʨʝʩʫʨʩ] /çConfiguring SIP Message Manipulationèï 2024. ï ʈʝʞʠʤ ʜʦʩʪʫʧʫ: 

URL: <https://techdocs.audiocodes.com/session-border-controller-sbc/mp-1288/user-

manual/version-740/Content/UM/Configuring%20SIP%20Message%20Manipulation.htm>. 

3. [ɽʣʝʢʪʨʦʥʥʠʡ ʨʝʩʫʨʩ] / çSIP and H.323èï 2024. ï ʈʝʞʠʤ ʜʦʩʪʫʧʫ: 

URL:<https://docs.oracle.com/en/industries/communications/session-border-

controller/9.3.0/configuration/sip-and-h-323.html#GUID-6E3AC13A-400D-4ECE-A33A-

405E16D81CF1> 

4. [ɽʣʝʢʪʨʦʥʥʠʡ ʨʝʩʫʨʩ] / çSIP Number Normalizationèï 2024. ï ʈʝʞʠʤ ʜʦʩʪʫʧʫ: 

URL:<https://docs.oracle.com/en/industries/communications/session-border-

controller/9.1.0/configuration/sip-number-normalization.html#GUID-D4FCC2E5-EA8C-

40E2-9B88-05B0A795948F> 
 

 

https://docs.oracle.com/en/industries/communications/session-border-controller/9.3.0/configuration/sip-and-h-323.html#GUID-6E3AC13A-400D-4ECE-A33A-405E16D81CF1
https://docs.oracle.com/en/industries/communications/session-border-controller/9.3.0/configuration/sip-and-h-323.html#GUID-6E3AC13A-400D-4ECE-A33A-405E16D81CF1
https://docs.oracle.com/en/industries/communications/session-border-controller/9.3.0/configuration/sip-and-h-323.html#GUID-6E3AC13A-400D-4ECE-A33A-405E16D81CF1
https://docs.oracle.com/en/industries/communications/session-border-controller/9.1.0/configuration/sip-number-normalization.html#GUID-D4FCC2E5-EA8C-40E2-9B88-05B0A795948F
https://docs.oracle.com/en/industries/communications/session-border-controller/9.1.0/configuration/sip-number-normalization.html#GUID-D4FCC2E5-EA8C-40E2-9B88-05B0A795948F
https://docs.oracle.com/en/industries/communications/session-border-controller/9.1.0/configuration/sip-number-normalization.html#GUID-D4FCC2E5-EA8C-40E2-9B88-05B0A795948F


 111 

ʉʝʢʮʽʷ 2. ʄʝʨʝʞʥʽ, ʦʧʪʦʚʦʣʦʢʦʥʥʽ ʪʝʭʥʦʣʦʛʽʾ ʪʘ ʙʝʟʧʝʢʘ 

 

UDC 621.396.946 

 

SCATTERING PARAMETER S OF OPTICAL  

FILTERS ON WHISPERIN G GALLERY MODE  

MICRORESONATORS FOR INTERLEAVERS BUILDIN G 
 

Trubin A. A.
 

National Technical University of Ukraine ñKyiv Polytechnic Instituteò 

E-mail: atrubin9@gmail.com 

 
 

ʇɸʈɸʄɽʊʈʀ ʈʆɿʉɯʖɺɸʅʅʗ ʆʇʊʀʏʅʀʍ ʌɯʃʔʊʈɯɺ ʅɸ 

ʄɯʂʈʆʈɽɿʆʅɸʊʆʈɸʍ ɿ ʂʆʃʀɺɸʅʅʗʄʀ ʐɽʇʆʏʋʏɽʁ ɻɸʃɽʈɽɰ ɼʃʗ 

ʇʆɹʋɼʆɺʀ ɯʅʊɽʈʃɯɺɽʈɯɺ 

 

ɺʧʝʨʰʝ ʨʦʟʛʣʷʜʫʶʪʴʩʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʨʦʟʩʽʶʚʘʥʥʷ ʚʽʜʦʤʠʭ ʦʧʪʠʯʥʠʭ ʬʽʣʴʪʨʽʚ, 

ʧʦʙʫʜʦʚʘʥʠʭ ʥʘ ɼʽʝʣʝʢʪʨʠʯʥʠʭ ʈʝʟʦʥʘʪʦʨʘʭ (ɼʈ) ʟ ʢʦʣʠʚʘʥʥʷʤʠ ʰʝʧʦʯʫʯʝʡ ʛʘʣʝʨʝʾ ʟ 

ʫʨʘʭʫʚʘʥʥʷʤ ʚʠʱʠʭ ʪʘ ʥʠʞʯʠʭ ʩʤʫʛ ʯʘʩʪʦʪ, ʦʙʫʤʦʚʣʝʥʠʭ ʽʥʰʠʤʠ ʢʦʣʠʚʘʥʥʷʤʠ 

ʨʝʟʦʥʘʪʦʨʽʚ.  

ɼʦʩʣʽʜʞʫʶʪʴʩʷ ʚʧʣʠʚ ʨʽʟʥʠʭ ʢʦʣʠʚʘʥʴ ʨʝʟʦʥʘʪʦʨʽʚ ʥʘ ʧʘʨʘʤʝʪʨʠ ʨʦʟʩʽʶʚʘʥʥʷ 

ʬʽʣʴʪʨʽʚ ʟ ʙʘʛʘʪʦ ʩʤʫʛʦʚʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ. ʆʪʨʠʤʘʥʽ ʟʘʢʦʥʦʤʽʨʥʦʩʪʽ ʜʦʙʨʝ 

ʫʟʛʦʜʞʫʶʪʴʩʷ ʟ ʨʝʟʫʣʴʪʘʪʘʤʠ  ʽʥʰʠʭ ʧʫʙʣʽʢʘʮʽʡ, ʦʪʨʠʤʘʥʠʭ ʥʘ ʦʩʥʦʚʽ ʟʘʩʪʦʩʫʚʘʥʥʷ 

ʯʠʩʝʣʴʥʠʭ ʤʝʪʦʜʽʚ ʪʘ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʦʩʣʽʜʞʝʥʴ.  ʇʨʝʜʩʪʘʚʣʝʥʽ ʤʝʪʦʜʠʢʠ ʻ ʦʩʥʦʚʦʶ 

ʜʣʷ ʤʦʜʝʣʶʚʘʥʥʷ ʽ ʧʦʙʫʜʦʚʠ ʰʠʨʦʢʦʛʦ ʢʣʘʩʫ ʽʥʪʝʨʣʽʚʝʨʽʚ ʩʫʯʘʩʥʠʭ ʩʠʩʪʝʤ ʦʧʪʠʯʥʦʛʦ 

ʟʚ'ʷʟʢʫ.    

 

Dielectric microresonators with whispering gallery modes (WGM) have a 

quasi-periodic frequency spectrum, which makes them convenient for use in 

interleavers optical wavelength ranges. [1 - 15].  

 

 
Fig. 1. Scattering characteristics (b - e) of two DR in a transmission line (a) calculated for 

seven oscillations of degenerate WGM: 0 200f = THz; 25=FSR GHz; DR coupling coefficients 

with a transmission line: for even mode: 
53 10-= Öe

sk ; for odd mode: 
65 10-= Öo

sk ; coupling 

coefficients of the DRs with open space: 
710k -= ; mutual coupling coefficients between DRs: 

for even mode: 
5

12 6,5 10-=- Öek ; for odd mode: 
5

12 2 10-= Öok ; dielectric loss Q-factor D 5Q 10= . 
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Relative distance between resonators 1,2 31 / 2zGD = p (G is a waveguide wave number). 

 

This paper presents new results of modeling the scattering characteristics of 

transmission line waves on DRs with WGM built on the basis of previously 

conducted theoretical studies [16 - 17]. For the first time, S-matrices of notch (Fig. 

1) and different Add/Drop (Fig. 2, 3) filters are investigated taking into account 

several types of oscillations.  

 

 
Fig. 2. Scattering characteristics (b - f) of two DR Add/Drop Filter (a) calculated for seven 

oscillations of degenerate WGM: 0 200f = THz; 25=FSR GHz; DR coupling coefficients with a 

transmission line: for even mode: 
52 10-= Öe

sk ; for odd mode: 
52 10-= Öo

sk ; with open space: 

710k -= ; coupling coefficients between DRs: for even mode: 
5

12 4 10ek -= Ö ; for odd mode: 

6
12 2 10ok -=- Ö ; dielectric loss Q-factor D 6Q 10= . 

 

For the ferst time showed the possibility of constructing electrodynamics 

models of filters with periodic scattering characteristics. 

 

 
Fig. 3. Scattering characteristics (b - e) of 4 DR Twisted double-channel SCISSOR (a) 

calculated for seven oscillations of degenerate WGM: 0 200f = THz; 30FSR= GHz; DR 

coupling coefficients with a transmission line: for even mode: 
51,2 10e

sk -= Ö ; for odd mode: 

51,2 10o
sk -= Ö ; coupling coefficients of the DRs with open space: 

810k -= ; coupling coefficients 

between DRs: for even mode: 
6

12 1 10-= Öek ; for odd mode: 
6

12 1 10-=- Öok ; coupling coefficients 

between ñvertically-coupledò DRs: for even mode: 
5

12 6 10eVk -= Ö ; for odd mode: 

5
12 3,5 10oVk -=- Ö ; dielectric loss Q-factor D 6Q 10= . 

Presented electrodynamicsô model allows to significantly accelerate the design 
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and optimization of scattering characteristics of modern optical communication 

systems using interleavers in technology WDM. 
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ʆʇʊʀʏʅɯ ɸʅʊɽʅʀ-ʌɯʃʔʊʈʀ ʅɸ ʈɯɿʅʀʍ ʊʀʇɸʍ ʉʌɽʈʀʏʅʀʍ  

ʄɯʂʈʆʈɽɿʆʅɸʊʆʈɯɺ ɼʃʗ ɺʀʂʆʈʀʉʊɸʅʅʗ ɺ ʊʆʏʂɸʍ ɼʆʉʊʋʇʋ 

 

ʇʨʦʧʦʥʫʻʪʴʩʷ ʥʦʚʠʡ ʪʠʧ ʦʧʪʠʯʥʠʭ ʘʥʪʝʥ, ʧʦʙʫʜʦʚʘʥʠʭ ʥʘ ʜʝʢʽʣʴʢʦʭ ʧʽʜʨʝʰʽʪʢʘʭ 

ɼʽʝʣʝʢʪʨʠʯʥʠʭ ʈʝʟʦʥʘʪʦʨʽʚ (ɼʈ) ʨʽʟʥʠʭ ʚʠʜʽʚ. ʇʦʢʘʟʘʥʦ, ʱʦ ʟʘʧʨʦʧʦʥʦʚʘʥʽ ʘʥʪʝʥʠ 

ʜʦʟʚʦʣʷʶʪʴ ʚʠʨʽʰʠʪʠ ʘʢʪʫʘʣʴʥʽ ʟʘʚʜʘʥʥʷ ʨʦʟʰʠʨʶʚʘʥʥʷ ʯʘʩʪʦʪʥʠʭ ʩʤʫʛ.  

ɺʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʘʥʪʝʥʠ ʥʘ ʨʽʟʥʠʭ ʧʽʜʨʝʰʽʪʢʘʭ ɼʈ ʤʦʞʫʪʴ ʨʦʙʠʪʠ ʚ ʜʝʢʽʣʴʢʦʭ 

ʨʝʞʠʤʘʭ, ʢʦʞʥʠʡ ʽʟ ʷʢʠʭ ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʟʙʫʜʞʝʥʥʷʤ ʟʘʜʘʥʦʾ ʧʽʜʩʠʩʪʝʤʠ ʨʝʟʦʥʘʪʦʨʽʚ. 

ʎʝ ʜʦʜʘʪʢʦʚʦ ʜʦʟʚʦʣʷʻ ʢʝʨʫʚʘʪʠ ʜʽʘʛʨʘʤʦʶ ʩʧʨʷʤʦʚʘʥʦʩʪʽ. ʇʦʢʘʟʘʥʦ ʪʘʢʦʞ, ʱʦ ʚʠʙʽʨ 

ʧʘʨʘʤʝʪʨʽʚ - ʪʠʧʽʚ ʢʦʣʠʚʘʥʴ, ʘ ʪʘʢʦʞ ʯʠʩʣʘ ʨʝʟʦʥʘʪʦʨʽʚ, ʜʦʟʚʦʣʷʻ ʝʬʝʢʪʠʚʥʦ ʨʦʟʰʠʨʷʪʠ 

ʩʤʫʛʫ ʧʨʦʧʫʩʢʘʥʥʷ ʘʥʪʝʥʠ. 

ɺʧʝʨʰʝ ʨʦʟʛʣʷʜʫʶʪʴʩʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʨʦʟʩʽʶʚʘʥʥʷ ʪʘ ʜʽʘʛʨʘʤʠ ʩʧʨʷʤʦʚʘʥʦʩʪʽ 

ʘʥʪʝʥ-ʬʽʣʴʪʨʽʚ, ʦʜʥʦʯʘʩʥʦ ʧʦʙʫʜʦʚʘʥʠʭ ʥʘ ɼʽʝʣʝʢʪʨʠʯʥʠʭ ʈʝʟʦʥʘʪʦʨʘʭ ʟ ʢʦʣʠʚʘʥʥʷʤʠ 

ʰʝʧʦʯʫʯʝʡ ʛʘʣʝʨʝʾ, ʪʘ ʥʘ ʨʝʟʦʥʘʪʦʨʘʭ ʟ ʦʩʥʦʚʥʠʤʠ ʪʠʧʘʤʠ ʚʣʘʩʥʠʭ ʢʦʣʠʚʘʥʴ.  

ʇʨʝʜʩʪʘʚʣʝʥʽ ʨʝʟʫʣʴʪʘʪʠ ʻ ʦʩʥʦʚʦʶ ʜʣʷ ʧʦʜʘʣʴʰʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ʽ ʦʧʪʠʤʽʟʘʮʽʾ 

ʰʠʨʦʢʦʛʦ ʢʣʘʩʫ ʘʥʪʝʥ ʜʣʷ ʧʦʙʫʜʦʚʠ ʪʦʯʦʢ ʜʦʩʪʫʧʫ ʩʫʯʘʩʥʠʭ ʩʠʩʪʝʤ ʦʧʪʠʯʥʦʛʦ ʟʚ'ʷʟʢʫ ʪʘ 

ɯʥʪʝʨʥʝʪʫ ʨʝʯʝʡ.    
 

In works [1 - 3] a new class of microwave antennas was investigated for 

simultaneously performing the functions of spatial distribution of the radiation 

field and at the same time frequency filtering. The obtained results and design 

principles cannot be transferred to shorter-wave ï infrared, optical frequency 

ranges due to the known shortcomings of physical materials. In this paper a new 

principle of the antenna-filters design in the optical range, based on usage of 

coupled sublattices of different types microresonators is proposed.  A new kind of 

the antenna, containing several different lattices of dielectric resonators is 

proposed. In this case one of the sublattices consists of microresonators with 

whispering gallery oscillations (WGM), this sub lattice forms frequency band of 

the antenna. The second sub lattice consists of microresonators with lower modes 

and forms the spatial distribution of the radiation field in the wave zone. 

The main difficulty in calculating such antennas lies in the very high degree 

of degeneration of the higher types of natural oscillations of the DRs. As an 

example, the results of modeling a new linear optical antenna [3 ï 6] built on two 

types of spherical microresonators are given. (Fig. 1, a).  
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 Fig. 1. One-dimensional dielectric antenna (b - e) made on two sublattices of spherical DR: 

with WGM oscillations 
25,1,1H  ( 11,2,...,N ); and DR with 

1,1,1H  oscillations ( 21,2,...,N ). Radiation 

characteristics of a 6-cavity antenna ( 1 2N = ; 2 4N = ) 0 200f = THz; 1 DR coupling coefficients 

with a transmission line L: 
34,5 10Lk -= Ö ; permittivity of resonators 1 2,25re = ; dielectric loss 

Q-factor of 1 sublattices resonators: D 7
1Q 10= ; dielectric loss Q-factor of 2 sublattices 

resonators: 2 25re = ; dielectric loss Q-factor D 3
2Q 10= . Relative distance between 2 sublattices 

resonators 0 1,2 / 2k zD =p; Antenna Directivity Diagram (b, c); input reflection coefficient 

frequency response (d); amplitude modules of forced oscillations of the DR lattice at different 

frequencies of the operating band (e) ( 1 2t 0,1,..., N N 1= + -). 

 

The conducted studies have shown that in the sublattices of various DRs, 

conditions can be created under which the coupling element of the antenna with the 

transmission line effectively excites only the oscillations of the low-Q 

microresonators of the sublattice (Fig. 1, e; Fig. 2, d). At that, the lattice consisting 

from high-Q DRs, forms the antenna bandwidth (Fig. 1, d; Fig. 2, c).  

At the same time, it has also been shown that changing one or several of the 

antenna parameters, for example frequency, in some cases can lead to a significant 

restructuring of its radiation pattern. (Fig. 2, a, b). The restructuring of the 

antenna's directional pattern is caused by a partial redistribution of the amplitudes 

of the field of the coupled oscillations of the "radiating" sublattice (Fig. 2, d).  
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Fig. 2. Radiation characteristics of a one-dimensional 10-resonator dielectric antenna (Fig. 1, 

a: 1 5N = ; 2 5N = ) (the parameters of the resonators and antenna are the same as on Fig.1) 

Antenna Directivity Diagram (a, b); input reflection coefficient frequency response (c); 

amplitude modules of forced oscillations of the DR lattice at different frequencies (d) 

( 1 2t 0,1,..., N N 1= + -). 

 

 

The obtained research results demonstrate the possibility of constructing a 

new class of dielectric antenna-filters in the optical wavelength range, performed 

on the basis of application of sublattices build on different microresonators, 

characterized by a controlled frequency band and directional characteristics. 

Presented results are the basis for further modeling and optimization of a wide 

class of antennas for building access points of modern optical communication 

systems, as well as IOT. 
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METHODS FOR OPTIMIZING NETWOR K RESOURCE UTILIZATION  
IN DATA CENTER SDN NETWORKS BY TRAFFIC ENGINEERING  

 
The study provides a comparative analysis of modern Traffic Engineering (TE) methods 

in Software-Defined Networks (SDN). Analyzed key approaches, such as ECMP with hashing, 
Min-Max Fairness, the Epstein algorithm, and load-balancing methods focused on managing 
elephant and mice flows. Also has been reviewed efficiency of SDN in dynamically managing 
traffic and adapting to real-time changes. By the results of analysis claimed that the combination 
of TE and SDN significantly improves network performance, reduces latency, and optimizes 
resource utilization. 

 

ʉʫʯʘʩʥʠʡ ʨʦʟʚʠʪʦʢ ʤʝʨʝʞ ʪʘ ʜʦʜʘʪʢʽʚ, ʦʩʦʙʣʠʚʦ ʚ ʤʝʨʝʞʘʭ ʜʘʪʘ-ʮʝʥʪʨʽʚ, 
ʚʠʤʘʛʘʻ ʛʥʫʯʢʦʩʪʽ ʫ ʾʭ ʨʦʟʛʦʨʪʘʥʥʽ ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʥʘʣʝʞʥʦʾ ʷʢʦʩʪʽ 
ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ (QoS) ʪʘ ʝʬʝʢʪʠʚʥʦʾ ʦʙʨʦʙʢʠ ʪʨʘʬʽʢʫ. ɼʘʪʘ-ʮʝʥʪʨʠ ʦʧʝʨʫʶʪʴ 
ʚʝʣʠʢʠʤʠ ʦʙʩʷʛʘʤʠ ʜʘʥʠʭ ʪʘ ʚʠʩʦʢʦʰʚʠʜʢʽʩʥʠʤʠ ʧʦʪʦʢʘʤʠ, ʱʦ ʧʦʪʨʝʙʫʻ 
ʜʠʥʘʤʽʯʥʦʛʦ ʫʧʨʘʚʣʽʥʥʷ ʪʨʘʬʽʢʦʤ ʪʘ ʦʧʪʠʤʘʣʴʥʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʨʝʩʫʨʩʽʚ. 
ʊʨʘʜʠʮʽʡʥʽ ʤʝʪʦʜʠ ʤʘʨʰʨʫʪʠʟʘʮʽʾ ʯʘʩʪʦ ʻ ʩʪʘʪʠʯʥʠʤʠ ʪʘ ʥʝ ʟʘʙʝʟʧʝʯʫʶʪʴ 
ʝʬʝʢʪʠʚʥʦʾ ʘʜʘʧʪʘʮʽʾ ʜʦ ʟʤʽʥ ʫ ʥʘʚʘʥʪʘʞʝʥʥʽ, ʱʦ ʦʩʦʙʣʠʚʦ ʢʨʠʪʠʯʥʦ ʜʣʷ 
ʤʘʩʰʪʘʙʦʚʘʥʠʭ ʽʥʬʨʘʩʪʨʫʢʪʫʨ. ɯʥʞʝʥʝʨʽʷ ʪʨʘʬʽʢʫ (Traffic Engineering, TE) 
ʜʦʧʦʤʘʛʘʻ ʚʠʨʽʰʠʪʠ ʮʽ ʧʨʦʙʣʝʤʠ ʰʣʷʭʦʤ ʘʥʘʣʽʟʫ ʤʝʨʝʞʝʚʦʛʦ ʩʪʘʥʫ, 
ʙʘʣʘʥʩʫʚʘʥʥʷ ʥʘʚʘʥʪʘʞʝʥʥʷ ʪʘ ʘʜʘʧʪʠʚʥʦʾ ʤʘʨʰʨʫʪʠʟʘʮʽʾ. ɺʧʨʦʚʘʜʞʝʥʥʷ  
SDN-ʤʦʜʝʣʽ ʩʪʘʣʦ ʢʣʶʯʦʚʠʤ ʢʨʦʢʦʤ ʫ ʨʦʟʚʠʪʢʫ TE, ʦʩʢʽʣʴʢʠ ʜʦʟʚʦʣʷʻ 
ʮʝʥʪʨʘʣʽʟʦʚʘʥʦ ʢʝʨʫʚʘʪʠ ʤʝʨʝʞʝʶ ʜʘʪʘ-ʮʝʥʪʨʽʚ, ʘʚʪʦʤʘʪʠʟʫʚʘʪʠ ʘʜʘʧʪʘʮʽʶ 
ʜʦ ʟʤʽʥ ʫ ʪʨʘʬʽʢʫ ʪʘ ʟʘʩʪʦʩʦʚʫʚʘʪʠ ʧʦʣʽʪʠʢʠ ʤʘʨʰʨʫʪʠʟʘʮʽʾ ʜʣʷ ʧʽʜʚʠʱʝʥʥʷ 
ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ ʪʘ ʟʥʠʞʝʥʥʷ ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʭ ʚʠʪʨʘʪ. 

ʅʘʨʘʟʽ ʥʘʡʙʽʣʴʰ ʝʬʝʢʪʠʚʥʽ ʪʘ ʧʦʧʫʣʷʨʥʽ ʤʝʪʦʜʠ ʊɽ ʫ SDN ʙʘʟʫʶʪʴʩʷ ʥʘ 
ʟʘʜʽʷʥʥʽ ʪʝʭʥʦʣʦʛʽʾ SDN, ʪʘ ʾʾ ʧʦʻʜʥʘʥʥʷ ʘʙʦ ʟ ʤʝʭʘʥʽʟʤʦʤ ʤʘʨʰʨʫʪʠʟʘʮʽʾ 
Equal Cost Multi-Path (ECMP routing), ʘʙʦ ʟ ʘʣʛʦʨʠʪʤʦʤ Min-Max Fairness [1], 
ʘʙʦ ʟ ʘʣʛʦʨʠʪʤʦʤ ʦʧʪʠʤʽʟʘʮʽʾ ʨʦʟʧʦʜʽʣʫ ʤʝʨʝʞʝʚʠʭ ʨʝʩʫʨʩʽʚ ɽʧʧʰʪʝʡʥʘ [3]. 

ʈʽʰʝʥʥʷ, ʷʢʝ ʚʠʢʦʨʠʩʪʦʚʫʻ ʫ ʩʚʦʾʡ ʨʝʘʣʽʟʘʮʽʾ ʧʽʜʭʽʜ ʟ ʟʘʣʫʯʝʥʥʷʤ Min-
Max Fairness ʪʘ ECMP ʻ B4 ʚʽʜ Google [4], ʜʝ ʨʦʟʛʦʨʥʫʪʦ ʧʨʠʚʘʪʥʫ SDN ʜʣʷ 
ʟ'ʻʜʥʘʥʥʷ ʩʚʦʾʭ ʮʝʥʪʨʽʚ ʦʙʨʦʙʢʠ ʜʘʥʠʭ ʧʦ ʚʩʴʦʤʫ ʩʚʽʪʫ. ʋʚʝʩʴ 
ʦʙʯʠʩʣʶʚʘʣʴʥʠʡ ʧʨʦʮʝʩ ʤʝʨʝʞʽ ʟʥʘʭʦʜʠʪʴʩʷ ʫ ʮʝʥʪʨʘʣʽʟʦʚʘʥʦʤʫ ʩʝʨʚʝʨʽ 
ʢʝʨʫʚʘʥʥʷ ʪʨʘʬʽʢʦʤ ʽ ʚʠʢʦʥʫʻʪʴʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʧʨʦʛʨʘʤʥʦ-ʨʝʣʽʟʦʚʘʥʠʭ 
ʜʦʜʘʪʢʽʚ. ʈʦʟʛʦʨʪʘʥʥʷ SDN ʪʝʭʥʦʣʦʛʽʾ ʪʫʪ ʜʦʟʚʦʣʠʣʦ ʰʚʠʜʢʦ ʨʦʟʛʦʨʪʘʪʠ ʥʦʚʽ 
ʘʙʦ ʩʪʘʥʜʘʨʪʥʽ ʧʨʦʪʦʢʦʣʽʚ, ʪʘ ʬʫʥʢʮʽʡ ʫʧʨʘʚʣʽʥʥʷ ʨʝʩʫʨʩʘʤʠ. ʆʜʥʽʻʶ ʟ ʪʘʢʠʭ 
ʚʧʨʦʚʘʜʞʝʥʠʭ ʬʫʥʢʮʽʡ ʻ ECMP ʟ ʭʝʰʫʚʘʥʥʷʤ, ʷʢʝ ʜʦʟʚʦʣʷʻ ʤʝʨʝʞʽ 
ʘʜʘʧʪʫʚʘʪʠ ʧʨʦʧʫʩʢʥʫ ʟʜʘʪʥʽʩʪʴ ʥʘ ʢʦʨʠʩʪʴ ʝʬʝʢʪʠʚʥʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʫʩʽʭ 
ʜʦʩʪʫʧʥʠʭ ʰʣʷʭʽʚ ʤʽʞ ʚʫʟʣʘʤʠ ʙʝʟ ʧʝʨʝʚʘʥʪʘʞʝʥʥʷ ʦʜʥʦʛʦ ʟ ʥʠʭ, ʱʦ ʚ ʨʘʟʠ 
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ʟʤʝʥʰʫʻ ʡʤʦʚʽʨʥʽʩʪʴ ʧʝʨʝʚʘʥʪʘʞʝʥʥʷ ʢʘʥʘʣʽʚ ʟʚôʷʟʢʫ ʽ ʧʨʠʟʚʦʜʠʪʴ ʜʦ 
ʟʤʝʥʰʝʥʥʷ ʟʘʪʨʠʤʦʢ ʧʨʠ ʧʝʨʝʜʘʯʽ ʪʨʘʬʽʢʫ.  

ʍʝ-hʬʫʥʢʮʽʷ ʫ ECMP ʚʽʜʧʦʚʽʜʘʻ ʟʘ ʧʝʨʝʜʘʯʫ ʫʩʽʭ ʧʘʢʝʪʽʚ ʦʜʥʦʛʦ ʧʦʪʦʢʫ 
ʯʝʨʝʟ ʦʜʥʘʢʦʚʠʡ ʤʘʨʰʨʫʪ, ʱʦ ʟʘʧʦʙʽʛʘʻ ʧʨʦʙʣʝʤʘʤ ʟʽ ʟʤʽʰʫʚʘʥʥʷʤ ʧʘʢʝʪʽʚ. 
ɸʣʛʦʨʠʪʤ Min-Max Fairness ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʜʣʷ ʙʘʣʘʥʩʫʚʘʥʥʷ ʨʝʩʫʨʩʽʚ, 
ʚʨʘʭʦʚʫʶʯʠ ʧʦʪʦʯʥʝ ʟʘʚʘʥʪʘʞʝʥʥʷ ʤʝʨʝʞʽ, ʱʦ ʜʦʟʚʦʣʷʻ ʚʠʨʽʰʠʪʠ ʧʨʦʙʣʝʤʫ ʟ 
ʥʝʩʧʨʘʚʝʜʣʠʚʠʤ ʚʠʜʽʣʝʥʥʷʤ ʨʝʩʫʨʩʽʚ ʪʦʤʫ ʯʠ ʽʥʰʦʤʫ ʩʝʨʚʽʩʫ. ɿʘ 
ʘʣʛʦʨʠʪʤʦʤ, ʩʧʦʯʘʪʢʫ ʚʠʜʽʣʷʻʪʴʩʷ ʤʽʥʽʤʘʣʴʥʘ ʧʨʦʧʫʩʢʥʘ ʟʜʘʪʥʽʩʪʴ ʜʣʷ 
ʢʦʞʥʦʛʦ ʧʦʪʦʢʫ (ʛʘʨʘʥʪʦʚʘʥʠʡ ʨʽʚʝʥʴ ʢʦʞʥʦʛʦ ʩʝʨʚʽʩʫ, Min), ʧʽʩʣʷ ʯʦʛʦ 
ʩʠʩʪʝʤʘ ʦʮʽʥʶʻ ʟʘʣʠʰʢʦʚʽ ʨʝʩʫʨʩʠ ʪʘ ʨʦʟʧʦʜʽʣʷʻ ʾʭ ʤʽʞ ʥʘʡʙʽʣʴʰ 
ʥʘʚʘʥʪʘʞʝʥʠʤʠ ʧʦʪʦʢʘʤʠ, ʱʦʙ ʤʘʢʩʠʤʘʣʴʥʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʜʦʩʪʫʧʥʫ 
ʻʤʥʽʩʪʴ ʤʝʨʝʞʽ (Max). ʋ ʨʘʟʽ ʚʠʭʦʜʫ ʟ ʣʘʜʫ ʯʘʩʪʠʥʠ ʤʝʨʝʞʽ ʯʠ ʾʾ ʢʦʤʧʦʥʝʥʪʽʚ, 
ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ ʢʣʘʩʠʬʽʢʘʮʽʷ ʪʨʘʬʽʢʫ ʪʘ ʧʨʽʦʨʠʪʝʟʘʮʽʷ, ʜʝ ʪʨʘʬʽʢ ʜʽʣʠʪʴʩʷ ʥʘ 
ʢʨʠʪʠʯʥʠʡ (ʥʘʧʨʠʢʣʘʜ, ʟʘʧʠʪʠ ʜʦ Google Search) ʪʘ ʥʝʢʨʠʪʠʯʥʠʡ (ʨʝʟʝʨʚʥʝ 
ʢʦʧʽʶʚʘʥʥʷ ʜʘʥʠʭ ʤʽʞ ʜʘʪʘ-ʮʝʥʪʨʘʤʠ), ʪʦʜʽ ʩʠʩʪʝʤʘ ʘʚʪʦʤʘʪʠʯʥʦ ʟʥʠʞʫʻ 
ʧʨʦʧʫʩʢʥʫ ʟʜʘʪʥʽʩʪʴ ʜʣʷ ʥʝʢʨʠʪʠʯʥʦʛʦ ʪʨʘʬʽʢʫ, ʱʦʙ ʟʘʙʝʟʧʝʯʠʪʠ ʙʝʟʚʽʜʤʦʚʥʫ 
ʨʦʙʦʪʫ ʚʘʞʣʠʚʠʭ ʩʝʨʚʽʩʽʚ, ʘʣʝ ʚ ʮʝʡ ʞʝ ʯʘʩ ʛʣʦʙʘʣʴʥʠʡ SDN-ʢʦʥʪʨʦʣʝʨ, ʷʢʠʡ 
ʤʦʥʽʪʦʨʠʪʴ ʩʪʘʥ ʤʝʨʝʞʽ, ʚ ʨʝʞʠʤʽ ʨʝʘʣʴʥʦʛʦ ʯʘʩʫ ʦʙʯʠʩʣʶʻ ʽ ʧʝʨʝʥʘʧʨʘʚʣʷʻ 
ʙʽʣʴʰ ʧʨʽʦʨʠʪʝʪʥʠʡ ʪʨʘʬʽʢʫ ʯʝʨʝʟ ʜʦʩʪʫʧʥʽ ʤʘʨʰʨʫʪʠ (ʥʝʢʨʠʪʠʯʥʽ ʟʘʜʘʯʽ 
ʙʫʜʫʪʴ ʟʘʪʨʠʤʘʥʽ, ʘʣʝ ʥʝ ʧʨʠʧʠʥʷʪʠʤʫʪʴ ʨʦʙʦʪʫ). 

MSDN-TE (Multipath Software-Defined Networking Traffic Engineering) 
[2], ʷʢʠʡ ʚʠʢʦʨʠʩʪʦʚʫʻ ʙʘʛʘʪʦʰʣʷʭʦʚʫ ʤʘʨʰʨʫʪʠʟʘʮʽʶ ʜʣʷ ʦʧʪʠʤʽʟʘʮʽʾ 
ʚʠʢʦʨʠʩʪʘʥʥʷ ʤʝʨʝʞʝʚʠʭ ʨʝʩʫʨʩʽʚ ʪʘ ʧʽʜʚʠʱʝʥʥʷ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ ʤʝʨʝʞʽ, ʚ 
ʩʚʦʶ ʯʝʨʛʫ, ʚʠʢʦʨʠʩʪʦʚʫʻ ʧʽʜʭʽʜ SDN ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʘʣʛʦʨʠʪʤʫ 
ɽʧʧʰʪʝʡʥʫ. ʇʽʜʭʽʜ ʙʘʟʫʻʪʴʩʷ ʥʘ ʚʠʢʦʨʠʩʪʘʥʥʽ ʜʝʢʽʣʴʢʦʭ ʰʣʷʭʽʚ ʜʣʷ 
ʧʝʨʝʩʠʣʘʥʥʷ ʧʦʪʦʢʽʚ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʬʘʢʪʠʯʥʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ ʥʘ ʥʠʭ ʧʨʠ 
ʧʨʠʡʥʷʪʪʽ ʨʽʰʝʥʴ ʧʨʦ ʧʝʨʝʩʠʣʘʥʥʷ, ʪʘ ˇʨʫʥʪʫʻʪʴʩʷ ʥʘ ʦʙʯʠʩʣʝʥʥʽ k-ʰʣʷʭʽʚ, 
ʜʦʩʪʫʧʥʠʭ ʜʣʷ ʧʝʨʝʩʠʣʘʥʥʷ ʧʦʪʦʢʽʚ ʤʽʞ ʙʫʜʴ-ʷʢʦʶ ʧʘʨʦʶ Source-Destination 
(S-D), ʽ ʚʠʙʦʨʽ ʥʘʡʤʝʥʰ ʟʘʚʘʥʪʘʞʝʥʦʛʦ ʰʣʷʭʫ ʜʣʷ ʦʙʨʦʙʢʠ ʚʭʽʜʥʦʛʦ ʧʦʪʦʢʫ. 
ʅʘ ʤʝʪʽ ʫ MSDN-TE ʩʪʦʾʪʴ ʟʘʧʦʙʽʛʘʥʥʷ ʩʪʚʦʨʝʥʥʷ ʧʝʨʝʚʘʥʪʘʞʝʥʠʭ ʪʦʯʦʢ ʚ 
ʤʝʨʝʞʽ. 

ɸʣʛʦʨʠʪʤ ɽʧʧʰʪʝʡʥʘ ʜʦʟʚʦʣʷʻ ʩʪʚʦʨʠʪʠ ʤʝʪʦʜ ʦʧʪʠʤʽʟʘʮʽʾ ʨʦʟʧʦʜʽʣʫ 
ʨʝʩʫʨʩʽʚ, ʷʢʠʡ ʙʘʣʘʥʩʫʚʘʪʠʤʝ ʥʘʚʘʥʪʘʞʝʥʥʷ ʤʽʞ ʢʘʥʘʣʘʤʠ ʫ ʤʝʨʝʞʽ. 
ɸʣʛʦʨʠʪʤ ʬʫʥʢʮʽʦʥʫʻ ʧʦ ʧʨʠʥʮʠʧʫ: ʟʙʦʨʫ ʤʝʨʝʞʝʚʠʭ ʤʝʪʨʠʢ, ʜʝ 
ʚʠʟʥʘʯʘʶʪʴʩʷ ʚʩʽ ʤʦʞʣʠʚʽ ʰʣʷʭʠ ʧʝʨʝʜʘʯʽ ʤʽʞ ʜʞʝʨʝʣʦʤ ʽ ʧʨʠʟʥʘʯʝʥʥʷʤ (S-
D), ʽ ʟʙʠʨʘʶʪʴʩʷ ʜʘʥʽ ʧʨʦ ʤʝʨʝʞʝʚʽ ʧʘʨʘʤʝʪʨʠ: ʟʘʪʨʠʤʢʠ, ʧʦʪʦʯʥʝ 
ʟʘʚʘʥʪʘʞʝʥʥʷ ʢʘʥʘʣʽʚ ʟʚôʷʟʢʫ; ʦʙʯʠʩʣʝʥʥʶ ʚʘʛʠ ʢʦʞʥʦʛʦ ʰʣʷʭʫ ʟʘ 
ʜʦʧʦʤʦʛʦʶ ʬʫʥʢʮʽʾ: 

,   (1) 

ʜʝ: delay ï ʟʘʪʨʠʤʢʘ; loss ï ʚʪʨʘʪʘ ʧʘʢʝʪʽʚ; utilization ï ʟʘʚʘʥʪʘʞʝʥʥʷ ʢʘʥʘʣʫ; 
ʢʦʝʬʽʮʽʻʥʪʠ Ŭ, ɓ, ɔ ʚʠʟʥʘʯʘʶʪʴ ʚʘʛʫ (weigh) ʢʦʞʥʦʾ ʤʝʪʨʠʢʠ. 

ʅʘʩʪʫʧʥʠʤ ʢʨʦʢʦʤ ʡʜʝ ʚʠʙʽʨ ʥʘʡʦʧʪʠʤʘʣʴʥʽʰʦʛʦ ʰʣʷʭʫ, ʧʦ ʷʢʦʤʫ ʜʘʣʽ 
ʧʦʪʦʢʫ ʧʨʠʩʚʦʶʻʪʴʩʷ ʰʣʷʭ ʧʝʨʝʜʘʯʽ ʟ ʥʘʡʤʝʥʰʠʤ ʟʥʘʯʝʥʥʷʤ W(P). ʆʩʪʘʥʥʽʤ 
ʢʨʦʢʦʤ ʡʜʝ ʧʨʦʮʝʩ ʜʠʥʘʤʽʯʥʦʛʦ ʢʦʨʠʛʫʚʘʥʥʷ, ʜʝ ʧʨʠ ʟʤʽʥʽ ʤʝʨʝʞʝʚʦʛʦ ʩʪʘʥʫ 
(ʟʙʽʣʴʰʝʥʥʷ ʟʘʚʘʥʪʘʞʝʥʦʩʪʽ, ʚʽʜʤʦʚʘ ʢʘʥʘʣʽʚ ʟʚôʷʟʢʫ) ʘʣʛʦʨʠʪʤ ʧʝʨʝʨʘʭʦʚʫʻ 
ʧʘʨʘʤʝʪʨ ʚʘʛʠ ʰʣʷʭʫ (W(P)) ʪʘ ʘʜʘʧʪʫʻ ʤʘʨʰʨʫʪʠʟʘʮʽʶ ʧʽʜ ʩʪʘʥ ʤʝʨʝʞʽ. 
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ʗʢʱʦ ʨʦʟʛʣʷʜʘʪʠ ʧʨʠʥʮʠʧ ʨʦʙʦʪʠ MSDN-TE, ʪʦ ʤʘʪʠʤʝʤʦ ʪʘʢʽ ʢʨʦʢʠ: 
ʢʦʣʠ ʜʦ ʤʝʨʝʞʽ ʥʘʜʭʦʜʠʪʴ ʥʦʚʠʡ ʧʦʪʽʢ, ʚʽʥ ʧʝʨʝʚʽʨʷʻʪʴʩʷ ʥʘ ʽʩʥʫʚʘʥʥʷ 
ʧʨʠʩʚʦʻʥʦʛʦ ʰʣʷʭʫ ʧʝʨʝʜʘʯʽ ʜʣʷ ʜʘʥʦʛʦ ʧʦʪʦʢʫ (ʷʢʱʦ k-ʰʣʷʭʫ ʤʽʞ S-D ʥʝ 
ʽʩʥʫʻ ï ʩʪʚʦʨʶʻʪʴʩʷ ʽ ʧʨʦʧʠʩʫʻʪʴʩʷ ʪʘʢʠʡ ʤʘʨʰʨʫʪ/ʰʣʷʭ); ʦʙʯʠʩʣʶʻʪʴʩʷ 
ʚʘʨʪʽʩʪʴ (ʚʘʛʘ) ʫʩʽʭ ʰʣʷʭʽʚ (W(P)) ʟʘ ʧʝʚʥʠʤʠ ʤʝʪʨʠʢʘʤʠ ʫ k-ʰʣʷʭʘʭ, 
ʧʝʨʝʜʘʯʘ ʧʦʪʦʢʫ ʧʨʠʟʥʘʯʘʻʪʴʩʷ ʰʣʷʭʫ ʟ ʥʘʡʥʠʞʯʦʶ ʚʘʨʪʽʩʪʶ (ʟ ʥʘʡʤʝʥʰʠʤ 
W(P)); ʟʯʠʪʫʻʪʴʩʷ ʟʘʛʘʣʴʥʘ ʩʪʘʪʠʩʪʠʢʘ ʤʝʨʝʞʽ (ʥʘʚʘʥʪʘʞʝʥʥʷ, ʟʘʪʨʠʤʢʠ) ʪʘ 
ʧʦʨʽʚʥʶʻʪʴʩʷ ʟ ʧʦʧʝʨʝʜʥʴʦ ʨʦʟʨʘʭʦʚʘʥʠʤʠ ʟʥʘʯʝʥʥʷʤʠ; ʬʽʢʩʫʻʪʴʩʷ 
ʩʧʦʞʠʚʘʥʥʷ ʨʝʩʫʨʩʽʚ ʢʦʨʠʩʪʫʚʘʯʘʤʠ (ʘʛʨʝʛʦʚʘʥʘ ʧʨʦʧʫʩʢʥʘ ʟʜʘʪʥʽʩʪʴ 
ʢʦʨʠʩʪʫʚʘʯʽʚ); ʚʩʽ ʤʝʪʨʠʢʠ ʢʘʥʘʣʽʚ ʦʥʦʚʣʶʶʪʴʩʷ (ʙʽʪʨʝʡʪ, ʚʽʜʩʦʪʦʢ ʚʪʨʘʪ, 
ʚʘʨʪʽʩʪʴ); ʚʽʜʙʫʚʘʻʪʴʩʷ ʧʝʨʝʭʽʜ ʜʦ ʝʪʘʧʫ 3 (ʘʙʦ ʞ ʜʦ ʝʪʘʧʫ 1, ʷʢʱʦ ʚʠʷʚʣʝʥʦ 
ʥʦʚʠʡ ʚʭʽʜʥʠʡ ʧʦʪʽʢ). 

ʊʘʢʦʞ ʽʩʥʫʶʪʴ ʤʝʪʦʜʠ (DevoFlow, Hedera, MiceTrap), ʱʦ ʤʘʶʪʴ ʟʘ 
ʦʩʥʦʚʫ ʨʦʟʧʦʜʽʣ ʪʨʘʬʽʢʘ ʥʘ ʚʝʣʠʢʽ (elephant-flows) ʪʘ ʤʘʣʽ ʧʦʪʦʢʠ (mice-
flows), ʘ ʪʘʢʦʞ ʩʧʝʮʽʘʣʴʥʫ ʾʭ ʦʙʨʦʙʢʫ. ʇʝʨʰʽ ʬʦʢʫʩʫʶʪʴʩʷ ʥʘ ʚʠʷʚʣʝʥʥʽ 
ʚʝʣʠʢʠʭ ʧʦʪʦʢʽʚ (ʷʢʽ ʤʦʞʫʪʴ ʙʝʟ ʦʙʨʦʙʢʠ ʩʫʪʪʻʚʘ ʥʘʚʘʥʪʘʞʫʚʘʪʠ ʤʝʨʝʞʫ), ʟ 
ʧʦʜʘʣʴʰʦʶ ʾʭ ʤʘʨʰʨʫʪʠʟʘʮʽʻʶ ʦʧʪʠʤʘʣʴʥʠʤʠ ʰʣʷʭʘʤʠ. ʊʦʜʽ ʷʢ ʜʨʫʛʽ 
ʟʦʩʝʨʝʜʞʝʥʽ ʥʘ ʤʘʣʠʭ ʧʦʪʦʢʘʭ, ʱʦ ʩʪʘʥʦʚʣʷʪʴ ʜʦ 90% ʫʩʴʦʛʦ ʪʨʘʬʽʢʫ, 
ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ ʘʣʛʦʨʠʪʤʠ ʟʚʘʞʝʥʦʾ ʤʘʨʰʨʫʪʠʟʘʮʽʾ ʜʣʷ ʨʽʚʥʦʤʽʨʥʦʛʦ 
ʨʦʟʧʦʜʽʣʫ ʥʘʚʘʥʪʘʞʝʥʥʷ ʫ ʤʝʨʝʞʽ. 

ɼʦʩʣʽʜʞʝʥʦ ʧʦʻʜʥʘʥʥʷ ECMP ʪʘ Min-Max Fairness ʫ ʪʝʭʥʦʣʦʛʽʾ B4, ʱʦ 
ʟʘʙʝʟʧʝʯʫʻ ʟʙʘʣʘʥʩʦʚʘʥʝ ʥʘʚʘʥʪʘʞʝʥʥʷ ʤʽʞ ʤʘʨʰʨʫʪʘʤʠ ʤʝʨʝʞʽ ʨʽʟʥʠʭ  
ʜʘʪʘ-ʮʝʥʪʨʽʚ. ʆʩʦʙʣʠʚʫ ʫʚʘʛʫ ʚʘʨʪʦ ʟʦʩʝʨʝʜʠʪʠ ʥʘ ʟʘʩʪʦʩʫʚʘʥʥʽ ʤʝʪʦʜʽʚ ʊɽ ʷʢ 
ʧʨʠ ʦʙʩʣʫʛʦʚʫʚʘʥʥʽ ñelephantò, ʪʘʢ ʽ ñmiceò ʧʦʪʦʢʽʚ ʟ ʤʝʪʦʶ ʦʧʪʠʤʽʟʘʮʽʾ 
ʚʠʢʦʨʠʩʪʘʥʥʷ ʤʝʨʝʞʝʚʠʭ ʨʝʩʫʨʩʽʚ ʽ ʟʤʝʥʰʝʥʥʷ ʡʤʦʚʽʨʥʦʩʪʽ ʧʦʷʚʠ 
ʧʝʨʝʚʘʥʪʘʞʝʥʴ ʚ ʤʝʨʝʞʽ. ɺʠʟʥʘʯʝʥʦ, ʱʦ ʛʽʙʨʠʜʥʽ ʧʽʜʭʦʜʠ, ʷʢʽ ʧʦʻʜʥʫʶʪʴ 
SDN ʪʘ ʩʫʯʘʩʥʽ ʤʝʪʦʜʠ TE, ʟʘʙʝʟʧʝʯʫʶʪʴ ʚʠʩʦʢʫ ʷʢʽʩʪʴ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ 
(QoS), ʤʘʩʰʪʘʙʦʚʘʥʽʩʪʴ ʪʘ ʛʥʫʯʢʽʩʪʴ ʩʫʯʘʩʥʠʭ ʤʝʨʝʞ ʜʘʪʘ-ʮʝʥʪʨʽʚ. 
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FORECASTING DISTORTED SIGNALS FROM LED  

LAMPS IN INDOOR POSITION ING SYSTEMS. 

 

The paper analyses the possibility of forecasting distorted signals from LED transmitting 

lamps used as signal transmitters in indoor positioning systems. It is shown that using the 

ófingerprintô method, it is possible to determine which lamps in a Li-Fi network are distorted. 

 

ʉʴʦʛʦʜʥʽ ʧʦʟʠʮʽʦʥʫʚʘʥʥʷ ʚʩʝʨʝʜʠʥʽ ʧʨʠʤʽʱʝʥʴ ʰʠʨʦʢʦ 

ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʫ ʨʽʟʥʠʭ ʛʘʣʫʟʷʭ ʩʫʯʘʩʥʠʭ ʜʦʩʣʽʜʞʝʥʴ. ɺʥʫʪʨʽʰʥʻ 

ʧʦʟʠʮʽʦʥʫʚʘʥʥʷ ʟʘʨʘʟ ʚʩʝ ʙʽʣʴʰʝ ʽ ʙʽʣʴʰʝ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʜʣʷ ʚʟʘʻʤʦʜʽʾ ʤʽʞ 

ʨʦʙʦʪʘʤʠ ʪʘ ʨʽʟʥʠʤʠ ʘʚʪʦʤʘʪʠʟʦʚʘʥʠʤʠ ʦʙ'ʻʢʪʘʤʠ. ʎʽ ʧʨʦʙʣʝʤʠ ʦʩʦʙʣʠʚʦ 

ʘʢʪʫʘʣʴʥʽ ʚ ɯʥʪʝʨʥʝʪʽ ʨʝʯʝʡ (IoT), ʚʨʘʭʦʚʫʶʯʠ ʰʚʠʜʢʝ ʟʨʦʩʪʘʥʥʷ IoT ʫ 

çʨʦʟʫʤʥʠʭè ʤʽʩʪʘʭ, çʨʦʟʫʤʥʠʭè ʤʝʨʝʞʘʭ ʪʘ çʨʦʟʫʤʥʠʭè ʤʝʜʠʯʥʠʭ ʟʘʢʣʘʜʘʭ.  

ʅʘ ʜʘʥʠʡ ʯʘʩ ʜʣʷ ʚʠʨʽʰʝʥʥʷ ʪʘʢʦʾ ʟʘʜʘʯʽ ʚ ʦʩʥʦʚʥʦʤʫ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ 

ʨʘʜʽʦʪʝʭʥʦʣʦʛʽʾ, ʪʘʢʽ ʷʢ Wi-Fi, Bluetooth, ZigBee, ʘʙʦ ʥʘʚʽʪʴ GPS, ʷʢʠʡ 

ʧʨʠʟʥʘʯʝʥʠʡ, ʚ ʦʩʥʦʚʥʦʤʫ, ʜʣʷ ʟʦʚʥʽʰʥʴʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ. ʆʩʥʦʚʥʠʤʠ 

ʥʝʜʦʣʽʢʘʤʠ ʮʠʭ ʤʝʪʦʜʽʚ ʻ ʪʝ, ʱʦ ʚʦʥʠ ʤʘʶʪʴ ʤʘʣʫ ʪʦʯʥʽʩʪʴ, ʥʝ ʤʦʞʫʪʴ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠʩʷ ʪʘʤ, ʜʝ ʻ ʦʙʤʝʞʝʥʥʷ ʥʘ ʟʘʩʪʦʩʫʚʘʥʥʷ ʨʘʜʽʦʭʚʠʣʴ 

(ʥʘʧʨʠʢʣʘʜ ʚ ʣʽʢʘʨʥʷʭ) ʽ , ʢʨʽʤ ʪʦʛʦ, ʚʞʝ ʚʽʜʯʫʚʘʻʪʴʩʷ ʥʝʩʪʘʯʘ ʚ 

ʨʘʜʽʦʯʘʩʪʦʪʥʦʤʫ (ʈʏ) ʩʧʝʢʪʨʽ. 

ʊʦʤʫ ʟʘʨʘʟ ʧʦʯʘʣʠ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʚʠʜʠʤʝ ʩʚʽʪʣʦ (VLC), ʷʢ ʽʥʥʦʚʘʮʽʡʥʝ 

ʨʽʰʝʥʥʷ ʜʣʷ ʙʝʟʜʨʦʪʦʚʦʾ ʧʝʨʝʜʘʯʽ ʜʘʥʠʭ. ʅʘ ʙʘʟʽ VLC ʟʘʨʘʟ ʙʫʜʫʶʪʴ ʤʝʨʝʞʽ 

Li-Fi, ʷʢʽ ʤʘʶʪʴ ʨʷʜ ʧʝʨʝʚʘʛ ʫ ʧʦʨʽʚʥʷʥʥʽ ʟ ʨʘʜʽʦʪʝʭʥʦʣʦʛʽʷʤʠ ʪʠʤ, ʱʦ ʚʠʜʠʤʝ 

ʩʚʽʪʣʦ ʤʘʻ ʚ 10 000 ʨʘʟʽʚ ʙʽʣʴʰʠʡ ʜʽʘʧʘʟʦʥ ʯʘʩʪʦʪ[1], ʤʦʞʝ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ 

ʜʣʷ ʧʝʨʝʜʘʚʘʥʥʷ ʜʘʥʠʭ ʩʚʽʪʣʦʜʽʦʜʥʽ LɽD ʣʘʤʧʠ, ʷʢʽ ʻ ʯʘʩʪʠʥʦʶ ʛʦʪʦʚʦʾ 

ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ ʦʩʚʽʪʣʝʥʥʷ, ʽ ʦʜʥʦʯʘʩʥʦ ʥʘ ʮʽʡ ʙʘʟʽ ʤʦʞʣʠʚʝ ʟʜʽʡʩʥʠʪʠ 

ʨʽʰʝʥʥʷ ʟʘʜʘʯ ʚʠʟʥʘʯʝʥʥʷ ʤʽʩʮʝʧʦʣʦʞʝʥʥʷ ʦʙ'ʻʢʪʽʚ ʫʩʝʨʝʜʠʥʽ ʧʨʠʤʽʱʝʥʥʷ 

[2,3]. 

ʈʦʟʛʣʷʥʝʤʦ ʩʪʨʫʢʪʫʨʫ ʩʠʩʪʝʤʠ ʥʘ ʙʘʟʽ VLC, ʷʢʘ ʜʦʟʚʦʣʷʻ ʚʠʨʽʰʠʪʠ 

ʟʘʜʘʯʫ ʧʦʟʠʮʽʦʥʫʚʘʥʥʷ. ɿʘʟʚʠʯʘʡ ʚ ʧʨʠʤʽʱʝʥʥʷʭ ʨʦʟʪʘʰʦʚʘʥʦ ʜʝʢʽʣʴʢʘ LED 

ʣʘʤʧ, ʽ ʚʩʽ ʮʽ ʣʘʤʧʠ ʤʦʞʥʘ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʜʣʷ ʧʝʨʝʜʘʚʘʥʥʷ ʽʥʬʦʨʤʘʮʽʾ ʽ 

ʚʠʟʥʘʯʝʥʥʷ ʤʽʩʮʝʧʦʣʦʞʝʥʥʷ ʦʙ'ʻʢʪʘ (ʨʠʩ 1) [4,5]. 

ɼʦʩʣʽʜʞʝʥʥʷ ʧʦʣʷʛʘʻ ʚ ʨʦʟʨʦʙʮʽ ʘʣʛʦʨʠʪʤʫ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ LED ʣʘʤʧ, 

ʚʽʜ ʷʢʠʭ ʧʨʠʡʤʘʯ ʢʦʨʠʩʪʫʚʘʯʘ ʦʪʨʠʤʫʻ ʩʧʦʪʚʦʨʝʥʽ ʩʠʛʥʘʣʠ. ɺʠʨʽʰʝʥʥʷ ʮʽʻʾ 

ʟʘʜʘʯʽ ʜʦʟʚʦʣʷʻ ʟʥʘʯʥʦ ʧʽʜʚʠʱʠʪʠ ʪʦʯʥʽʩʪʴ ʚʠʟʥʘʯʝʥʥʷ ʢʦʦʨʜʠʥʘʪ 

ʢʦʨʠʩʪʫʚʘʯʘ, ʢʦʣʠ ʩʠʩʪʝʤʘ ʧʦʟʠʮʽʦʥʫʚʘʥʥʷ ʧʨʘʮʶʻ ʚ ʫʤʦʚʘʭ ʥʘʷʚʥʦʩʪʽ 

mailto:a_i_romanov@ukr.net
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ʟʘʚʘʜ.[6] 

 
ʈʠʩ.1. ʤʦʜʝʣʴ ʩʠʩʪʝʤʠ ʧʦʟʠʮʽʦʥʫʚʘʥʥʷ ʥʘ ʙʘʟʽ ʤʝʨʝʞʽ Li-Fi. 

 

ʅʘ ʨʠʩ.1 ʧʨʝʜʩʪʘʚʣʝʥʦ ʤʦʜʝʣʴ ʩʠʩʪʝʤʠ ʧʦʟʠʮʽʦʥʫʚʘʥʥʷ ʥʘ ʙʘʟʽ ʤʝʨʝʞʽ 

Li-Fi ʪʘ ʾʾ ʦʩʥʦʚʥʽ ʝʣʝʤʝʥʪʠ. ʇʝʨʝʜʘʚʘʯʽ ʚ ʩʠʩʪʝʤʽ ʧʨʝʜʩʪʘʚʣʝʥʽ ʫ ʚʠʛʣʷʜʽ 

ʩʚʽʪʣʦʜʽʦʜʥʠʭ LED ʣʘʤʧ { L , L , L ,L }. ʇʨʠʯʦʤʫ ʣʘʤʧʠ, ʚʽʜ ʷʢʠʭ ʢʦʨʠʩʪʫʚʘʯ 

ʦʪʨʠʤʫʻ ʥʝʩʧʦʪʚʦʨʝʥʽ ʩʠʛʥʘʣʠ, ʤʘʶʪʴ ʟʝʣʝʥʽ ʢʦʣʴʦʨʠ { L , L }, ʘ ʣʘʤʧʠ, ʚʽʜ 

ʷʢʠʭ ʢʦʨʠʩʪʫʚʘʯ ʦʪʨʠʤʫʻ ʩʧʦʪʚʦʨʝʥʽ ʩʠʛʥʘʣʠ, ʤʘʶʪʴ ʯʝʨʚʦʥʽ ʢʦʣʴʦʨʠ { L ,L }. 

ʂʨʽʤ ʪʦʛʦ, ʥʘ ʨʠʩ.1 ʧʦʢʘʟʘʥʽ ʢʫʪʠ ʧʝʨʝʜʘʚʘʥʥʷ ʽ ʧʨʠʡʤʘʥʥʷ ʩʚʽʪʣʦʚʠʭ ʩʠʛʥʘʣʽʚ 

ʚ ʤʝʨʝʞʽ Li-Fi. ɺʦʥʠ ʜʦʟʚʦʣʷʶʪʴ ʨʦʟʨʘʭʫʚʘʪʠ ʟʘʛʘʩʘʥʥʷ ʩʚʽʪʣʦʚʠʭ ʩʠʛʥʘʣʽʚ ʚ 

ʧʨʦʮʝʩʽ ʡʦʛʦ ʧʝʨʝʤʽʱʝʥʥʷ ʚʽʜ ʧʝʨʝʜʘʚʘʯʘ ʜʦ ʧʨʠʡʤʘʯʘ.[7] 

ɼʣʷ ʨʽʰʝʥʥʷ ʟʘʜʘʯʽ ʧʦʟʠʮʽʦʥʫʚʘʥʥʷ ʚ ʜʘʥʽʡ ʨʦʙʦʪʽ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ 

ʤʝʪʦʜ çʚʽʜʙʠʪʢʠ ʧʘʣʴʮʽʚè. ɿʘʧʨʦʧʦʥʦʚʘʥʦ ʥʘʩʪʫʧʥʠʡ ʘʣʛʦʨʠʪʤ ʚʠʟʥʘʯʝʥʥʷ 

LED ʣʘʤʧ, ʚʽʜ ʷʢʠʭ ʧʨʠʡʤʘʶʪʴʩʷ ʥʝʩʧʦʪʚʦʨʝʥʽ ʩʠʛʥʘʣʠ: 

ʐʘʛ 1. ʆʧʝʨʘʪʦʨ A1-ʨʦʟʨʘʭʫʥʦʢ ʨʽʟʥʠʮʽ ʧʨʠʡʥʷʪʦʛʦ ʩʠʛʥʘʣʫ ʦʙ'ʻʢʪʦʤ ʪʘ 

ʝʪʘʣʦʥʥʠʤ ʩʠʛʥʘʣʦʤ ʚ ʙʘʟʽ ʜʘʥʠʭ ʜʣʷ ʢʦʞʥʦʾ ʪʦʯʢʠ. ʇʦʟʥʘʯʝʥʥʷ ʥʘ ʨʠʩ.2: 

M fingerprint ïʤʘʪʨʠʮʷ ʚʽʜʙʠʪʢʽʚ ʧʘʣʴʮʽʚ, ʚ ʷʢʽʡ ʤʽʩʪʠʪʴʩʷ ʽʥʬʦʨʤʘʮʽʷ ʦ 

ʧʦʪʫʞʥʦʩʪʽ ʩʠʛʥʘʣʽʚ ʚ ʦʧʦʨʥʠʭ ʪʦʯʢʘʭ; Muser ï ʧʨʠʡʥʷʪʽ ʟʥʘʯʝʥʥʷ ʧʦʪʫʞʥʦʩʪʽ 

ʩʠʛʥʘʣʽʚ ʚʽʜ ʨʽʟʥʠʭ ʣʘʤʧ, Mdiff - ʨʽʟʥʠʮʷ ʤʽʞ ʧʦʪʫʞʥʽʩʪʶ ʧʨʠʡʥʷʪʠʭ ʩʠʛʥʘʣʽʚ 

ʢʦʨʠʩʪʫʚʘʯʝʤ ʪʘ ʚ ʦʧʦʨʥʠʭ ʪʦʯʢʘʭ. 

ʐʘʛ 2. ʆʧʝʨʘʪʦʨ A2-ʬʽʣʴʪʨʘʮʽʷ ʨʽʟʥʠʮʽ ʧʨʠʡʥʷʪʦʾ ʧʦʪʫʞʥʦʩʪʽ ʪʘ 

ʧʦʪʫʞʥʦʩʪʽ ʚ ʙʘʟʽ ʜʘʥʠʭ; filter ï ʬʫʥʢʮʽʷ ʷʢʘ ʚʠʟʥʘʯʘʻ ʜʝ ʤʦʞʝ ʟʥʘʭʦʜʠʪʠʩʴ 

ʦʙ'ʻʢʪ. 

ʐʘʛ 3. ʆʧʝʨʘʪʦʨ A3-ʛʨʫʧʫʚʘʥʥʷ ʣʘʤʧ, ʜʝ group (Mfiltred) by (x,y) ʦʟʥʘʯʘʻ 

ʱʦ ʧʽʩʣʷ ʬʽʣʴʪʨʘʮʽʾ ʚʩʽ ʣʘʤʧʠ ʛʨʫʧʫʶʪʴʩʷ ʟʘ ʩʧʽʣʴʥʠʤʠ ʢʦʦʨʜʠʥʘʪʘʤʠ.  

ʐʘʛ 4. ʆʧʝʨʘʪʦʨ A4-ʦʙʨʘʭʫʥʦʢ ʩʝʨʝʜʥʴʦʢʚʘʜʨʘʪʠʯʥʦʛʦ ʟʥʘʯʝʥʥʷ 

ʧʦʪʫʞʥʦʩʪʽ ʜʣʷ ʢʦʞʥʦʾ ʧʘʨʠ LED ʣʘʤʧ.  
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ʐʘʛ 5. ʆʧʝʨʘʪʦʨ A5-ʚʠʟʥʘʯʝʥʥʷ ʥʘʡʤʝʥʰʦʛʦ ʩʝʨʝʜʥʴʦʢʚʘʜʨʘʪʠʯʥʦʛʦ 

ʟʥʘʯʝʥʥʷ ʧʦʤʠʣʢʠ min(MRSM). 

 

  
 

ʈʠʩ.2. ɸʣʛʦʨʠʪʤ ʚʠʟʥʘʯʝʥʥʷ LED ʣʘʤʧ, ʚʽʜ ʷʢʠʭ ʧʨʠʡʤʘʶʪʴʩʷ ʥʝʩʧʦʪʚʦʨʝʥʽ ʩʠʛʥʘʣ. 

 

ɼʣʷ ʧʝʨʝʚʽʨʢʠ ʘʣʛʦʨʠʪʤʫ ʙʫʣʦ ʧʨʦʚʝʜʝʥʦ ʤʦʜʝʣʶʚʘʥʥʷ, ʷʢʝ ʧʦʢʘʟʘʣʦ ʱʦ 

ʧʨʘʚʠʣʴʥʝ ʚʠʟʥʘʯʝʥʥʷ ʣʘʤʧ, ʚʽʜ ʷʢʠʭ ʩʠʛʥʘʣ ʻ ʥʝʩʧʦʪʚʦʨʝʥʠʤ ʩʢʣʘʜʘʻ 97%. 

ɺʠʩʥʦʚʢʠ. ʋ ʨʦʙʦʪʽ ʨʦʟʛʣʷʥʫʪʦ ʩʠʩʪʝʤʫ ʧʦʟʠʮʽʦʥʫʚʘʥʥʷ ʚʩʝʨʝʜʠʥʽ 

ʧʨʠʤʽʱʝʥʥʷ, ʷʢʘ ʧʨʘʮʶʻ ʚ ʫʤʦʚʘʭ ʟʘʚʘʜ. ɿʘʧʨʦʧʦʥʦʚʘʥʦ ʘʣʛʦʨʠʪʤ, ʷʢʠʡ ʜʘʻ 

ʟʤʦʛʫ ʟ ʚʠʩʦʢʠʤ ʩʪʫʧʝʥʝʤ ʽʤʦʚʽʨʥʦʩʪʽ ʚʠʟʥʘʯʘʪʠ LED ʣʘʤʧʠ, ʩʠʛʥʘʣʠ ʚʽʜ 

ʷʢʠʭ ʧʨʠʡʤʘʻʪʴʩʷ ʙʝʟ ʟʘʚʘʜ. ʎʝ ʜʘʻ ʤʦʞʣʠʚʽʩʪʴ ʧʽʜʚʠʱʠʪʠ ʪʦʯʥʽʩʪʴ 

ʨʦʟʚ'ʷʟʘʥʥʷ ʟʘʜʘʯ ʧʦʟʠʮʽʦʥʫʚʘʥʥʷ ʚʩʝʨʝʜʠʥʽ ʧʨʠʤʽʱʝʥʴ ʚ ʫʤʦʚʘʭ ʟʘʚʘʜ. 
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STARRY SKY IMAGE SYNTHESIS FOR STAR DETECTOR SETUP 

 

An algorithm for image synthesis for a starry sky simulator suitable for use in debugging 

and simulation tests of J, H and K-band IR star detector is considered. In the algorithm proposed, 

image is synthesized while taking temperature, radiation spectrum and magnitude of stars, light 

dispersion, and image blurring into account. Algorithm also allows one to take star detector 

resolution and spectral sensitivity into account. Modeling of the algorithm operation is done and 

starry sky images are formed using MATLAB. 
 

ɺʘʞʣʠʚʠʤ ʝʣʝʤʝʥʪʦʤ ʩʫʯʘʩʥʠʭ ʥʘʚʽʛʘʮʽʡʥʠʭ ʩʠʩʪʝʤ ʻ ʘʩʪʨʦʚʽʟʦʨ, ʷʢʠʡ 

ʩʪʘʙʽʣʽʟʫʻʪʴʩʷ ʩʠʩʪʝʤʦʶ ʥʘ ʦʩʥʦʚʽ ʚʦʣʦʢʦʥʥʦ-ʦʧʪʠʯʥʠʭ ʛʽʨʦʩʢʦʧʽʚ. ɼʣʷ 

ʥʘʣʘʛʦʜʞʝʥʥʷ ʪʘ ʚʠʧʨʦʙʫʚʘʥʥʷ ʘʩʪʨʦʚʽʟʦʨʽʚ, ʪʝʣʝʩʢʦʧʽʚ ʪʘ ʽʥ. 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʽʤʽʪʘʪʦʨʠ ʟʦʨʷʥʦʛʦ ʥʝʙʘ ï ʧʨʠʩʪʨʦʾ, ʷʢʽ ʩʪʚʦʨʶʶʪʴ 

ʟʦʙʨʘʞʝʥʥʷ ʥʝʙʘ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʬʽʟʠʯʥʠʭ ʟʘʢʦʥʽʚ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ, 

ʧʦʛʣʠʥʘʥʥʷ ʪʘ ʨʦʟʩʽʶʚʘʥʥʷ ʩʚʽʪʣʘ. ɿ ʪʦʯʢʠ ʟʦʨʫ ʚʩʝʧʦʛʦʜʥʦʾ ʥʘʚʽʛʘʮʽʾ 

ʚʘʞʣʠʚʠʤ ʻ ʩʪʚʦʨʝʥʥʷ ʽʤʽʪʘʪʦʨʽʚ ʜʣʷ ʽʥʬʨʘʯʝʨʚʦʥʦʛʦ (ɯʏ) ʜʽʘʧʘʟʦʥʫ, ʦʩʢʽʣʴʢʠ 

ʘʪʤʦʩʬʝʨʘ ʧʨʦʟʦʨʘ ʜʣʷ ɯʏ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʚ ʧʝʚʥʠʭ ʜʽʘʧʘʟʦʥʘʭ ʯʘʩʪʦʪ  

(J, H, K -band). 

ʂʣʘʩʠʯʥʠʡ ʧʽʜʭʽʜ ʜʦ ʬʦʨʤʫʚʘʥʥʷ ʽʤʽʪʘʪʦʨʘ ʟʦʨʷʥʦʛʦ ʥʝʙʘ ï ʩʪʚʦʨʝʥʥʷ 

ʤʦʜʝʣʝʡ ʟʽʨʦʢ ʥʘ ʩʬʝʨʽ ʟʘ ʜʦʧʦʤʦʛʦʶ ʩʚʽʪʣʦʜʽʦʜʽʚ, ʽ ʚʩʪʘʥʦʚʣʝʥʥʷ ʘʩʪʨʦʚʽʟʦʨʘ 

ʚʩʝʨʝʜʠʥʽ ʩʬʝʨʠ ʥʘ ʤʝʭʘʥʽʯʥʦʤʫ ʧʦʚʦʨʦʪʥʦʤʫ ʩʪʦʣʽ [1]. ʊʘʢʠʡ ʽʤʽʪʘʪʦʨ ʥʝ 

ʜʦʟʚʦʣʷʻ ʽʤʽʪʫʚʘʪʠ ʰʫʤʠ ʚ ʟʦʙʨʘʞʝʥʥʽ ʪʘ ʚʧʣʠʚ ʘʪʤʦʩʬʝʨʠ, ʪʦʤʫ ʚ ʩʫʯʘʩʥʠʭ 

ʽʤʽʪʘʪʦʨʘʭ ʟʦʨʷʥʦʛʦ ʥʝʙʘ ʟʘʩʪʦʩʦʚʫʶʪʴ ʢʦʤʧôʶʪʝʨʥʠʡ ʩʠʥʪʝʟ ʟʦʙʨʘʞʝʥʴ ʥʘ 

ʦʩʥʦʚʽ ʚʠʢʦʨʠʩʪʘʥʥʷ ʟʦʨʷʥʠʭ ʢʘʪʘʣʦʛʽʚ, ʥʘʧʨʠʢʣʘʜ 2MASS (Two Micron All -

Sky Survey) [2] ʪʘ Gaia (Global Astrometric Interferometer for Astrophysics) [3]. 

ɺ ʨʦʙʦʪʽ [4] ʧʨʦʚʝʜʝʥʦ ʩʠʤʫʣʷʮʽʶ ʟʦʙʨʘʞʝʥʥʷ ʟʦʨʷʥʦʛʦ ʥʝʙʘ, ʦʮʽʥʝʥʦ 

ʚʽʜʥʦʰʝʥʥʷ ʩʠʛʥʘʣ-ʰʫʤ ʪʘ ʚʧʣʠʚ ʥʘ ʟʦʙʨʘʞʝʥʥʷ ʨʫʭʫ ʪʘ ʚʽʙʨʘʮʽʾ ʦʙôʻʢʪʫ. 

ʅʝʜʦʣʽʢʦʤ ʜʦʩʣʽʜʞʝʥʥʷ [4] ʻ ʪʝ, ʱʦ ʚ ʥʴʦʤʫ ʚʠʢʦʨʠʩʪʘʥʦ ʣʠʰʝ ʜʽʘʧʘʟʦʥ  

J-band. 

ɸʚʪʦʨʠ [5] ʚʠʢʦʨʠʩʪʘʣʠ ʧʨʠ ʤʦʜʝʣʶʚʘʥʥʽ ʟʦʙʨʘʞʝʥʥʷ ʟʦʨʷʥʦʛʦ ʥʝʙʘ 

ʽʥʜʝʢʩ ʢʦʣʴʦʨʫ ʟʽʨʢʠ ʽ ʪʝʦʨʽʶ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʯʦʨʥʦʛʦ ʪʽʣʘ; ʟʛʽʜʥʦ [5] 

ʪʦʯʥʽʩʪʴ ʤʦʜʝʣʶʚʘʥʥʷ ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʧʽʜʚʠʱʠʣʘʩʷ ʥʘ 

5..15%, ʦʜʥʘʢ ʤʦʜʝʣʴ ʥʝ ʚʨʘʭʦʚʫʻ ʚʧʣʠʚ ʨʫʭʫ ʧʣʘʪʬʦʨʤʠ ʘʩʪʨʦʚʽʟʦʨʘ ʽ 

ʚʽʙʨʘʮʽʾ. 

ʋ ʨʦʙʦʪʽ [6] ʧʨʝʜʩʪʘʚʣʝʥʦ ʩʠʤʫʣʷʪʦʨ ʟʦʨʷʥʦʛʦ ʥʝʙʘ ʪʘ ʧʣʘʪʬʦʨʤʫ ʜʣʷ 

ʚʝʨʠʬʽʢʘʮʽʾ ʘʩʪʨʦʚʽʟʦʨʽʚ, ʷʢʽ ʜʦʟʚʦʣʷʶʪʴ ʤʦʜʝʣʶʚʘʪʠ ʟʦʨʷʥʝ ʥʝʙʦ; ʥʝʜʦʣʽʢ ï 

ʚʧʣʠʚ ʚʽʙʨʘʮʽʾ ʪʘ ʪʝʤʧʝʨʘʪʫʨʥʽ ʝʬʝʢʪʠ ʚ [6] ʥʝ ʧʨʦʘʥʘʣʽʟʦʚʘʥʦ. 
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ɺ [7] ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʘʣʛʦʨʠʪʤ ʩʠʤʫʣʷʮʽʾ ʟʦʨʷʥʦʛʦ ʥʝʙʘ, ʢʦʪʨʠʡ ʚʨʘʭʦʚʫʻ 

ʤʦʜʝʣʽ ʜʝʛʨʘʜʘʮʽʾ ʪʦʯʦʢ, ʱʦ ʧʨʝʜʩʪʘʚʣʷʶʪʴ ʟʽʨʢʠ, ʤʦʜʝʣʴ ʰʫʤʫ ʟʦʙʨʘʞʝʥʥʷ, ʽ 

ʤʦʜʝʣʴ ʥʝʨʽʚʥʦʤʽʨʥʦʛʦ ʦʩʚʽʪʣʝʥʥʷ ʪʘ ʟʙʫʨʝʥʴ ʧʦʣʦʞʝʥʥʷ ʘʩʪʨʦʚʽʟʦʨʘ. 

ʄʦʜʝʣʶʚʘʥʥʷ ʧʦʢʘʟʘʣʦ ʧʦʜʽʙʥʽʩʪʴ ʟ ʨʝʘʣʴʥʠʤʠ ʟʦʙʨʘʞʝʥʥʷʤʠ, ʦʜʥʘʢ ʤʦʜʝʣʴ 

ʥʝ ʚʨʘʭʦʚʫʻ ʥʘʢʣʘʜʘʥʥʷ ʟʦʙʨʘʞʝʥʴ ʟʽʨʦʢ; ʪʘʢʦʞ ʥʝʦʙʭʽʜʥʦ ʧʨʦʚʝʩʪʠ 

ʜʝʪʘʣʴʥʠʡ ʘʥʘʣʽʟ ʰʫʤʽʚ ʟʦʙʨʘʞʝʥʥʷ. 

ɺ ʨʦʙʦʪʽ [8] ʧʨʦʚʝʜʝʥʦ ʘʥʘʣʽʟ ʚʧʣʠʚʫ ʥʘ ʟʦʙʨʘʞʝʥʥʷ ʟʦʨʷʥʦʛʦ ʥʝʙʘ 

ʚʠʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʠʭ ʪʘ ʚʠʩʦʢʦʰʚʠʜʢʽʩʥʠʭ ʧʦʣʽʚ ʧʨʠ ʛʽʧʝʨʟʚʫʢʦʚʦʤʫ 

ʧʦʣʴʦʪʽ (ʰʚʠʜʢʦʩʪʽ ʚʽʜ 6 ʜʦ 16 ʄʘʭʽʚ). ʇʦʭʠʙʢʘ ʧʨʦʚʝʜʝʥʦʾ ʩʠʤʫʣʷʮʽʾ 

ʧʦʨʽʚʥʷʥʦ ʟ ʝʢʩʧʝʨʠʤʝʥʪʦʤ ʩʢʣʘʣʘ 30%, ʱʦ ʻ ʥʝʜʦʩʪʘʪʥʽʤ ʜʣʷ ʧʨʘʢʪʠʯʥʦʛʦ 

ʚʠʢʦʨʠʩʪʘʥʥʷ. 

ʊʘʢʠʤ ʯʠʥʦʤ, ʟʘʚʜʘʥʥʷ ʩʪʚʦʨʝʥʥʷ ʽʤʽʪʘʪʦʨʘ ʟʦʨʷʥʦʛʦ ʥʝʙʘ ʘʢʪʫʘʣʴʥʦʶ 

ʟʘʜʘʯʝʶ; ʢʣʶʯʦʚʠʤ ʝʣʝʤʝʥʪʦʤ ʪʘʢʦʛʦ ʽʤʽʪʘʪʦʨʘ ʻ ʘʣʛʦʨʠʪʤ ʩʠʥʪʝʟʫ 

ʟʦʙʨʘʞʝʥʥʷ. 

ʄʝʪʦʶ ʜʦʩʣʽʜʞʝʥʥʷ ʻ ʩʪʚʦʨʝʥʥʷ ʘʣʛʦʨʠʪʤʫ ʩʠʥʪʝʟʫ ʟʦʙʨʘʞʝʥʴ ʜʣʷ 

ʽʤʽʪʘʪʦʨʘ ʟʦʨʷʥʦʛʦ ʥʝʙʘ ʚ ɯʏ ʜʽʘʧʘʟʦʥʽ, ʘ ʪʘʢʦʞ ʧʝʨʝʚʽʨʢʘ ʤʦʞʣʠʚʦʩʪʽ 

ʟʘʩʪʦʩʫʚʘʥʥʷ ʩʠʥʪʝʟʦʚʘʥʦʛʦ ʟʦʙʨʘʞʝʥʥʷ ʜʣʷ ʥʘʣʘʰʪʫʚʘʥʥʷ ʘʩʪʨʦʚʽʟʦʨʘ. 

ɼʣʷ ʩʠʥʪʝʟʫ ʟʦʙʨʘʞʝʥʥʷ ʟʦʨʷʥʦʛʦ ʥʝʙʘ, ʧʨʠʜʘʪʥʦʛʦ ʜʣʷ ʥʘʣʘʰʪʫʚʘʥʥʷ 

ʘʩʪʨʦʚʽʟʦʨʘ, ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʘʣʛʦʨʠʪʤ, ʱʦ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʪʘʢʠʭ ʢʨʦʢʽʚ: 

- ʚʠʟʥʘʯʝʥʥʷ ʜʽʣʷʥʢʠ ʥʝʙʘ, ʧʦʢʨʠʪʦʛʦ ʧʦʣʝʤ ʟʦʨʫ ʘʩʪʨʦʚʽʟʦʨʘ, ʥʘ ʦʩʥʦʚʽ 

ʢʦʦʨʜʠʥʘʪ ʤʽʩʮʷ ʩʧʦʩʪʝʨʝʞʝʥʥʷ (ʰʠʨʦʪʠ ʽ ʜʦʚʛʦʪʠ), ʚʠʩʦʪʠ ʥʘʜ ʨʽʚʥʝʤ ʤʦʨʷ, 

ʯʘʩʫ ʩʧʦʩʪʝʨʝʞʝʥʥʷ (UTC), ʘʟʠʤʫʪʫ ʽ ʢʫʪʫ ʧʽʜʥʝʩʝʥʥʷ (ʱʦ ʚʠʟʥʘʯʘʶʪʴ 

ʦʨʽʻʥʪʘʮʽʶ ʘʩʪʨʦʚʽʟʦʨʘ), ʘ ʪʘʢʦʞ ʢʫʪʫ ʟʦʨʫ ʘʩʪʨʦʚʽʟʦʨʘ; 

- ʚʠʜʽʣʝʥʥʷ ʟ ʢʘʪʘʣʦʛʫ ʜʘʥʠʭ ʟʽʨʦʢ, ʱʦ ʧʦʧʘʜʘʶʪʴ ʚ ʧʦʣʝ ʟʦʨʫ (ʧʨʠ 

ʮʴʦʤʫ ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʢʦʨʝʢʪʥʦʾ ʽʜʝʥʪʠʬʽʢʘʮʽʾ ʪʘ ʢʘʣʽʙʨʫʚʘʥʥʷ ʪʨʝʙʘ ʥʝ 

ʤʝʥʰʝ 5 ʟʽʨʦʢ); 

- ʬʦʨʤʫʚʘʥʥʷ ʟʦʙʨʘʞʝʥʴ ʟʽʨʦʢ, ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʾʭ ʪʝʤʧʝʨʘʪʫʨʠ ʪʘ ʩʧʝʢʪʨʫ 

ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ, ʘ ʪʘʢʦʞ ʟʦʨʷʥʦʾ ʚʝʣʠʯʠʥʠ (ʚʠʟʥʘʯʘʶʪʴ ʜʽʘʧʘʟʦʥ 

ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʪʘ ʷʩʢʨʘʚʽʩʪʴ ʟʽʨʢʠ); 

- ʬʦʨʤʫʚʘʥʥʷ ʟʘʩʚʽʪʢʠ ʟʦʨʷʥʦʛʦ ʥʝʙʘ ʪʘ ʬʦʥʦʚʠʭ ʰʫʤʽʚ; 

- ʚʨʘʭʫʚʘʥʥʷ ʘʪʤʦʩʬʝʨʥʠʭ ʝʬʝʢʪʽʚ ï ʚ ʧʝʨʰʫ ʯʝʨʛʫ, ʧʦʩʣʘʙʣʝʥʥʷ ʩʚʽʪʣʘ ʽ 

ʨʦʟʤʠʚʘʥʥʷ ʟʦʙʨʘʞʝʥʥʷ ï ʜʣʷ ʧʽʜʚʠʱʝʥʥʷ ʨʝʘʣʽʩʪʠʯʥʦʩʪʽ ʟʦʙʨʘʞʝʥʴ; 

- ʚʨʘʭʫʚʘʥʥʷ ʨʦʟʜʽʣʴʥʦʾ ʟʜʘʪʥʦʩʪʽ ʘʩʪʨʦʚʽʟʦʨʘ (ʚʠʟʥʘʯʘʻ ʜʝʪʘʣʽʟʘʮʽʶ 

ʟʦʙʨʘʞʝʥʴ) ʽ ʡʦʛʦ ʩʧʝʢʪʨʘʣʴʥʦʾ ʯʫʪʣʠʚʦʩʪʽ ʢʦʞʥʦʤʫ ʜʽʘʧʘʟʦʥʽ. 

ɿʘʧʨʦʧʦʥʦʚʘʥʠʡ ʘʣʛʦʨʠʪʤ ʜʘʩʪʴ ʟʤʦʛʫ ʧʝʨʝʚʽʨʠʪʠ ʨʦʙʦʪʫ ʧʨʠʣʘʜʫ ʚ 

ʫʤʦʚʘʭ, ʤʘʢʩʠʤʘʣʴʥʦ ʥʘʙʣʠʞʝʥʠʭ ʜʦ ʨʝʘʣʴʥʠʭ. ʉʬʦʨʤʦʚʘʥʝ ʟʦʙʨʘʞʝʥʥʷ 

ʜʽʣʷʥʢʠ ʟʦʨʷʥʦʛʦ ʥʝʙʘ ʙʫʜʝ ʨʝʘʣʽʟʦʚʘʥʝ ʚ ʧʨʦʝʢʪʦʨʽ, ʷʢʠʡ ʤʦʞʝ ʙʫʪʠ 

ʦʧʪʠʯʥʠʤ, ʽʥʬʨʘʯʝʨʚʦʥʠʤ ʘʙʦ ʢʦʤʙʽʥʦʚʘʥʠʤ ʧʨʠʩʪʨʦʻʤ. 

ʗʢ ʧʨʠʢʣʘʜ, ʨʦʟʛʣʷʥʝʤʦ ʬʦʨʤʫʚʘʥʥʷ ʟʦʙʨʘʞʝʥʥʷ ʟʦʨʷʥʦʛʦ ʥʝʙʘ, ʷʢʝ ʙʫʜʝ  

ʚʽʜʦʙʨʘʞʝʥʦ ʥʘ ʜʘʪʯʠʢʫ ʟ ʤʘʪʨʠʮʝʶ 512 Ĭ 512 ʧʽʢʩʝʣʽʚ ʽ ʨʦʟʤʽʨʦʤ ʧʽʢʩʝʣʷ 

10ʤʢʤ. ɸʣʛʦʨʠʪʤ ʬʦʨʤʫʚʘʥʥʷ ʟʦʙʨʘʞʝʥʥʷ ʩʪʚʦʨʝʥʦ ʚ MATLAB, ʽ ʚʽʥ ʧʦʣʷʛʘʻ 

ʫ ʚʠʙʦʨʽ ʟ ʢʘʪʘʣʦʛʫ ʟʽʨʦʢ ʽʟ ʟʦʨʷʥʦʶ ʚʝʣʠʯʠʥʦʶ m Ò 2, ʚʨʘʭʫʚʘʥʥʷ ʬʦʥʦʚʦʛʦ 

ʰʫʤʫ ʪʘ ʚʧʣʠʚʫ ʘʪʤʦʩʬʝʨʠ. ɺʧʣʠʚ ʘʪʤʦʩʬʝʨʠ ʟʤʦʜʝʣʴʦʚʘʥʦ ʰʣʷʭʦʤ 

ʟʘʩʪʦʩʫʚʘʥʥʷ ʛʘʫʩʽʚʩʴʢʦʛʦ ʨʦʟʤʠʪʪʷ ʟ ů = 2. ɿʤʦʜʝʣʴʦʚʘʥʝ ʟʦʙʨʘʞʝʥʥʷ 

ʟʦʨʷʥʦʛʦ ʥʝʙʘ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩ. 1. ʗʢ ʚʠʜʥʦ ʟ ʨʠʩ. 1, ʟʦʨʽ ʥʘ ʟʦʙʨʘʞʝʥʥʽ ʯʝʨʝʟ 
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ʟʘʩʪʦʩʫʚʘʥʥʷ ʨʦʟʤʠʪʪʷ ʧʨʝʜʩʪʘʚʣʝʥʦ ʥʝ ʷʢ ʷʩʢʨʘʚʽ ʪʦʯʢʠ, ʘ ʚ ʬʦʨʤʽ ʨʦʟʤʠʪʠʭ 

ʢʨʫʛʽʚ. ɺʽʜʧʦʚʽʜʥʦ, ʜʣʷ ʽʜʝʥʪʠʬʽʢʘʮʽʾ ʟʽʨʦʢ ʽ ʚʠʟʥʘʯʝʥʥʷ ʾʭ ʢʦʦʨʜʠʥʘʪ 

ʜʦʚʝʜʝʪʴʩʷ ʟʘʩʪʦʩʦʚʫʚʘʪʠ ʚʠʟʥʘʯʝʥʥʷ ʮʝʥʪʨʽʚ ʭʘʨʘʢʪʝʨʥʠʭ (ʥʘʡʙʽʣʴʰ 

ʷʩʢʨʘʚʠʭ) ʟʽʨʦʢ. 

ʅʘ ʨʠʩ. 2 ʧʦʢʘʟʘʥʦ ʨʝʟʫʣʴʪʘʪʠ ʦʙʨʦʙʢʠ ʚ MATLAB  ʟʦʙʨʘʞʝʥʥʷ ʟʦʨʷʥʦʛʦ 

ʥʝʙʘ, ʽ ʽʜʝʥʪʠʬʽʢʦʚʘʥʽ ʟʘ ʤʝʪʦʜʦʤ ʥʘʡʙʣʠʞʯʦʛʦ ʩʫʩʽʜʘ ʭʘʨʘʢʪʝʨʥʽ ʟʽʨʢʠ.  

 

 

 

ʈʠʩ.1. ɿʤʦʜʝʣʴʦʚʘʥʝ ʟʦʙʨʘʞʝʥʥʷ ʟʦʨʷʥʦʛʦ ʥʝʙʘ ʟ ʘʪʤʦʩʬʝʨʥʠʤʠ ʝʬʝʢʪʘʤʠ  

(ʨʦʟʤʠʪʪʷ ʽ ʧʦʩʣʘʙʣʝʥʥʷ). ʇʨʘʚʦʨʫʯ ʰʢʘʣʘ ʽʥʪʝʥʩʠʚʥʦʩʪʽ. 

 

 

 

ʈʠʩ.2. ʆʙʨʦʙʣʝʥʝ ʟʦʙʨʘʞʝʥʥʷ ʥʝʙʘ ʟ ʚʠʜʽʣʝʥʥʷʤ ʭʘʨʘʢʪʝʨʥʠʭ ʟʽʨʦʢ,  

ʦʙʨʦʙʣʝʥʝ ʟʘ ʤʝʪʦʜʦʤ ʥʘʡʙʣʠʞʯʦʛʦ ʩʫʩʽʜʘ. 
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ɿ ʨʠʩ. 2 ʚʠʜʥʦ, ʱʦ ʦʪʨʠʤʘʥʝ ʟʘ ʦʧʠʩʘʥʠʤ ʚʠʱʝ ʘʣʛʦʨʠʪʤʦʤ ʟʦʙʨʘʞʝʥʥʷ 

ʜʘʻ ʟʤʦʛʫ ʽʜʝʥʪʠʬʽʢʫʚʘʪʠ ʭʘʨʘʢʪʝʨʥʽ ʟʽʨʢʠ ʽ ʦʪʨʠʤʘʪʠ ʾʭ ʢʦʦʨʜʠʥʘʪʠ ʟ 

ʪʦʯʥʽʩʪʶ ʜʦ 3-5 ʧʽʢʩʝʣʽʚ, ʪʦʙʪʦ ʩʠʥʪʝʟʦʚʘʥʝ ʟʦʙʨʘʞʝʥʥʷ ʧʨʠʜʘʪʥʝ ʜʣʷ 

ʥʘʣʘʰʪʫʚʘʥʥʷ ʘʩʪʨʦʚʽʟʦʨʘ. 

ɼʣʷ ʚʨʘʭʫʚʘʥʥʷ ʨʫʭʫ ʘʩʪʨʦʚʽʟʦʨʘ ʥʝʦʙʭʽʜʥʦ ʟʘʙʝʟʧʝʯʠʪʠ ʛʝʥʝʨʘʮʽʶ 

ʟʦʙʨʘʞʝʥʴ ʥʝʙʘ ʟ ʯʘʩʪʦʪʦʶ ʤʽʥʽʤʫʤ ʚ ʜʚʘ ʨʘʟʠ ʙʽʣʴʰʦʶ, ʥʽʞ ʰʚʠʜʢʽʩʪʴ 

ʦʥʦʚʣʝʥʥʷ ʟʦʙʨʘʞʝʥʴ ʟ ʇɿɿ-ʤʘʪʨʠʮʽ ʘʩʪʨʦʚʽʟʦʨʘ (ʮʝ ʚʠʧʣʠʚʘʻ ʟ ʪʝʦʨʝʤʠ 

ʅʘʡʢʚʽʩʪʘ). ʗʢʱʦ ʩʠʥʪʝʟ ʟʦʙʨʘʞʝʥʥʷ ʟʦʨʷʥʦʛʦ ʥʝʙʘ ʟ ʟʘʜʘʥʦʶ ʷʢʽʩʪʶ ʚ 

ʨʝʘʣʴʥʦʤʫ ʤʘʩʰʪʘʙʽ ʯʘʩʫ ʥʝʤʦʞʣʠʚʠʡ, ʪʦ ʤʦʞʥʘ ʧʨʦʚʝʩʪʠ ʩʠʥʪʝʟ ʟʦʙʨʘʞʝʥʴ, 

ʘ ʧʦʪʽʤ ʚ ʧʨʦʮʝʩʽ ʥʘʣʘʰʪʫʚʘʥʥʷ ʚʽʜʪʚʦʨʶʚʘʪʠ ʚʽʜʝʦ. 

ʗʢʱʦ ʥʘʣʘʰʪʦʚʫʻʪʴʩʷ ʘʩʪʨʦʚʽʟʦʨ, ʱʦ ʤʘʻ ʩʪʘʙʽʣʽʟʘʮʽʶ ʧʦʣʷ ʟʦʨʫ, ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʟʘʧʨʦʧʦʥʦʚʘʥʦʛʦ ʘʣʛʦʨʠʪʤʫ ʤʦʞʣʠʚʝ ʤʦʜʝʣʶʚʘʥʥʷ ʟʘʣʠʰʢʦʚʦʛʦ 

ʜʨʝʡʬʫ ʧʨʠʣʘʜʫ. ʋ ʚʠʧʘʜʢʫ ʧʨʠʩʫʪʥʦʩʪ ̔ʚʽʙʨʘʮʽʡ ʚ ʢʦʞʥʦʤʫ ʢʘʜʨʽ ʤʦʞʥʘ 

ʜʦʜʘʪʠ ʤʽʢʨʦʟʤʽʱʝʥʥʷ ʟʽʨʦʢ. ʂʨʽʤ ʪʦʛʦ, ʜʣʷ ʪʦʛʦ, ʱʦʙ ʟʤʝʥʰʠʪʠ ʯʘʩ 

ʩʪʚʦʨʝʥʥʷ ʢʘʜʨʫ, ʤʦʞʥʘ ʽʥʪʝʨʧʦʣʶʚʘʪʠ ʧʨʦʤʽʞʥʽ ʧʦʣʦʞʝʥʥʷ ʟʽʨʦʢ ʚ 

ʧʨʦʤʽʞʥʠʭ ʢʘʜʨʘʭ. 

ɺʠʩʥʦʚʢʠ. ʈʝʟʫʣʴʪʘʪʠ ʤʦʜʝʣʶʚʘʥʥʷ ʧʦʢʘʟʘʣʠ, ʱʦ ʟʘʧʨʦʧʦʥʦʚʘʥʠʡ 

ʘʣʛʦʨʠʪʤ ʤʦʞʥʘ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʜʣʷ ʤʦʜʝʣʶʚʘʥʥʷ ʟʦʨʷʥʦʛʦ ʥʝʙʘ ʚ ʽʤʽʪʘʪʦʨʽ 

ʟʦʨʷʥʦʛʦ ʥʝʙʘ ʽʥʬʨʘʯʝʨʚʦʥʦʛʦ ʜʽʘʧʘʟʦʥʫ ʽ ʩʠʥʪʝʟʦʚʘʥʝ ʟʦʙʨʘʞʝʥʥʷ ʧʨʠʜʘʪʥʝ 

ʜʣʷ ʥʘʣʘʰʪʫʚʘʥʥʷ ʘʩʪʨʦʚʽʟʦʨʘ. ʇʦʜʘʣʴʰʽ ʜʦʩʣʽʜʞʝʥʥʷ ʤʦʞʫʪʴ ʙʫʪʠ 

ʧʨʠʩʚʷʯʝʥʽ ʚʜʦʩʢʦʥʘʣʝʥʥʶ ʘʣʛʦʨʠʪʤʫ ʟ ʤʝʪʦʶ ʧʦʣʽʧʰʝʥʥʷ ʤʦʜʝʣʶʚʘʥʥʷ 

ʟʦʨʷʥʦʛʦ ʥʝʙʘ. 
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SECURING SOFTWARE-CONFIGURABLE NETWORKS  

WITH BLOCKCHAIN TECHNOLOGY  
 

The study analyzes the integration of Software-Defined Networking (SDN) and 

Blockchain to improve network security. It has been established that the combination of SDN 

and Blockchain provides decentralized management, cryptographic protection, and immutability 

of network transactions. The key security mechanisms are identified: policy automation through 

smart contracts, decentralized event log management, and dynamic access control. The 

architectural solutions are effective for IoT, telecommunications and corporate networks. The 

scientific novelty is the substantiation of the concept of integrating SDN and Blockchain, which 

is superior to traditional approaches to cybersecurity. 

ɼʦʩʣʽʜʞʝʥʥʷ ʘʥʘʣʽʟʫʻ ʽʥʪʝʛʨʘʮʽʶ Software-Defined Networking (SDN) ʪʘ Blockchain 

ʜʣʷ ʧʽʜʚʠʱʝʥʥʷ ʤʝʨʝʞʝʚʦʾ ʙʝʟʧʝʢʠ. ɺʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʧʦʻʜʥʘʥʥʷ SDN ʽ Blockchain 

ʟʘʙʝʟʧʝʯʫʻ ʜʝʮʝʥʪʨʘʣʽʟʘʮʽʶ ʫʧʨʘʚʣʽʥʥʷ, ʢʨʠʧʪʦʛʨʘʬʽʯʥʠʡ ʟʘʭʠʩʪ ʪʘ ʥʝʟʤʽʥʥʽʩʪʴ 

ʤʝʨʝʞʝʚʠʭ ʪʨʘʥʟʘʢʮʽʡ. ɺʠʟʥʘʯʝʥʦ ʢʣʶʯʦʚʽ ʤʝʭʘʥʽʟʤʠ ʙʝʟʧʝʢʠ: ʘʚʪʦʤʘʪʠʟʘʮʽʷ ʧʦʣʽʪʠʢ 

ʯʝʨʝʟ ʩʤʘʨʪ-ʢʦʥʪʨʘʢʪʠ, ʜʝʮʝʥʪʨʘʣʽʟʦʚʘʥʝ ʫʧʨʘʚʣʽʥʥʷ ʞʫʨʥʘʣʘʤʠ ʧʦʜʽʡ ʪʘ ʜʠʥʘʤʽʯʥʠʡ 

ʢʦʥʪʨʦʣʴ ʜʦʩʪʫʧʫ. ɸʨʭʽʪʝʢʪʫʨʥʽ ʨʽʰʝʥʥʷ ʝʬʝʢʪʠʚʥʽ ʜʣʷ IoT, ʪʝʣʝʢʦʤʫʥʽʢʘʮʽʡʥʠʭ ʪʘ 

ʢʦʨʧʦʨʘʪʠʚʥʠʭ ʤʝʨʝʞ. ʅʘʫʢʦʚʘ ʥʦʚʠʟʥʘ ï ʦʙˇʨʫʥʪʫʚʘʥʥʷ ʢʦʥʮʝʧʮʽʾ ʽʥʪʝʛʨʘʮʽʾ SDN ʽ 

Blockchain, ʱʦ ʧʝʨʝʚʝʨʰʫʻ ʪʨʘʜʠʮʽʡʥʽ ʧʽʜʭʦʜʠ ʜʦ ʢʽʙʝʨʟʘʭʠʩʪʫ. 

 

ʉʫʯʘʩʥʠʡ ʨʦʟʚʠʪʦʢ ʽʥʬʦʨʤʘʮʽʡʥʦ-ʢʦʤʫʥʽʢʘʮʽʡʥʠʭ ʪʝʭʥʦʣʦʛʽʡ 

ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʙʝʟʧʝʨʝʨʚʥʠʤ ʫʩʢʣʘʜʥʝʥʥʷʤ ʤʝʨʝʞʝʚʠʭ ʘʨʭʽʪʝʢʪʫʨ ʪʘ 

ʤʝʭʘʥʽʟʤʽʚ ʟʘʙʝʟʧʝʯʝʥʥʷ ʢʽʙʝʨʙʝʟʧʝʢʠ. ʌʫʥʜʘʤʝʥʪʘʣʴʥʽ ʪʨʘʥʩʬʦʨʤʘʮʽʾ ʚ 

ʛʘʣʫʟʽ ʤʝʨʝʞʝʚʠʭ ʪʝʭʥʦʣʦʛʽʡ, ʟʦʢʨʝʤʘ ʚʧʨʦʚʘʜʞʝʥʥʷ Software-Defined 

Networking (SDN) ʪʘ ʙʣʦʢʯʝʡʥ-ʪʝʭʥʦʣʦʛʽʡ, ʟʫʤʦʚʣʝʥʽ ʢʨʠʪʠʯʥʦʶ 

ʥʝʦʙʭʽʜʥʽʩʪʶ ʚʠʨʽʰʝʥʥʷ ʩʠʩʪʝʤʥʠʭ ʧʨʦʙʣʝʤ ʽʥʬʦʨʤʘʮʽʡʥʦʾ ʙʝʟʧʝʢʠ ʚ ʫʤʦʚʘʭ 

ʧʦʩʪʽʡʥʦ ʝʚʦʣʶʮʽʦʥʫʶʯʠʭ ʢʽʙʝʨʟʘʛʨʦʟ [1,2,3]. 

ɼʦʩʣʽʜʞʝʥʥʷ ʽʥʪʝʛʨʘʮʽʾ Software-Defined Networking (SDN) ʪʘ 

ʙʣʦʢʯʝʡʥ-ʪʝʭʥʦʣʦʛʽʡ ʧʨʦʚʦʜʠʣʦʩʷ ʢʦʤʧʣʝʢʩʥʦ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʰʠʨʦʢʦʛʦ 

ʩʧʝʢʪʨʫ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʜʞʝʨʝʣ ʪʘ ʤʝʪʦʜʦʣʦʛʽʯʥʠʭ ʧʽʜʭʦʜʽʚ. ʆʩʥʦʚʥʠʤ 

ʥʘʧʨʷʤʢʦʤ ʜʦʩʣʽʜʞʝʥʥʷ ʻ ʙʝʟʧʝʢʘ ʤʝʨʝʞʽ [4,5,6]. 

ɸʥʘʣʽʟ ʙʝʟʧʝʢʦʚʠʭ ʚʠʢʣʠʢʽʚ SDN-ʘʨʭʽʪʝʢʪʫʨʠ ʚʠʷʚʣʷʻ ʪʨʠ ʢʨʠʪʠʯʥʽ 

ʚʝʢʪʦʨʠ ʧʦʪʝʥʮʽʡʥʠʭ ʘʪʘʢ:  

- ʫʨʘʟʣʠʚʽʩʪʴ ʢʦʥʪʨʦʣʝʨʘ, 

- DDoS-ʘʪʘʢʠ ʥʘ ʧʣʦʱʠʥʫ ʢʝʨʫʚʘʥʥʷ  

- ɸʪʘʢʠ ʥʘ ʧʣʦʱʠʥʫ ʜʘʥʠʭ  

ɼʘʥʘ ʨʦʙʦʪʘ ʨʦʟʛʣʷʜʘʻʪʴʩʷ ʥʘ ʦʩʥʦʚʽ ʪʘʢʠʭ ʝʣʝʤʝʥʪʽʚ ʤʝʨʝʞʽ: 

ʢʦʨʠʩʪʫʚʘʯʽ, SDN ʢʦʤʫʪʘʪʦʨʠ, ʂʦʥʪʨʦʣʝʨ SDN, ʙʣʦʢʯʝʡʥ ʜʦʜʘʪʦʢ 
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ʈʠʩ.1. ʉʭʝʤʘʪʠʯʥʘ ʤʦʜʝʣʴ ʤʝʨʝʞʽ ʟ ʽʥʪʝʛʨʘʮʽʻʶ Blockchain ʫ SDN. 

 

ʋ ʨʘʤʢʘʭ ʜʦʩʣʽʜʞʝʥʥʷ ʙʫʣʦ ʧʨʦʚʝʜʝʥʦ ʪʝʩʪʫʚʘʥʥʷ ʢʽʣʴʢʦʭ ʪʠʧʽʚ ʘʪʘʢ, 

ʱʦʙ ʦʮʽʥʠʪʠ ʝʬʝʢʪʠʚʥʽʩʪʴ Blockchain ʪʝʭʥʦʣʦʛʽʡ ʫ ʧʨʦʛʨʘʤʥʦ-

ʢʦʥʬʽʛʫʨʦʚʘʥʠʭ ʤʝʨʝʞʘʭ (SDN) [7,8].  

ʈʝʟʫʣʴʪʘʪʠ ʪʝʩʪʫʚʘʥʥʷ ʧʦʢʘʟʘʣʠ, ʱʦ ʽʥʪʝʛʨʘʮʽʷ Blockchain ʪʝʭʥʦʣʦʛʽʾ 

ʟʥʘʯʥʦ ʧʽʜʚʠʱʠʣʘ ʨʽʚʝʥʴ ʙʝʟʧʝʢʠ ʧʨʦʛʨʘʤʥʦ-ʢʦʥʬʽʛʫʨʦʚʘʥʠʭ ʤʝʨʝʞ. 

 
ʊʘʙʣʠʮʷ 1. ʈʝʟʫʣʴʪʘʪʠ ʪʝʩʪʫʚʘʥʥʷ ʽʥʪʝʛʨʘʮʽʾ Zero Trust ʽ Blockchain 

ʊʠʧ ʘʪʘʢʠ 
ɺʧʣʠʚ ʜʦ 

ʚʧʨʦʚʘʜʞʝʥʥʷ 

ɺʧʣʠʚ ʧʽʩʣʷ 

ʚʧʨʦʚʘʜʞʝʥʥʷ 

ɿʘʙʣʦʢʦʚʘʥʦ 

ʘʪʘʢ (%) 

ʏʘʩ ʚʽʜʧʦʚʽʜʽ 

ʢʦʥʪʨʦʣʝʨʘ 

(ʤʩ) 

DDoS-ʘʪʘʢʠ 

ʇʦʚʥʘ ʚʪʨʘʪʘ 

ʜʦʩʪʫʧʥʦʩʪʽ 

ʢʦʥʪʨʦʣʝʨʘ 

ʉʪʘʙʽʣʴʥʘ 

ʨʦʙʦʪʘ ʤʝʨʝʞʽ 
95% 10 

ɸʪʘʢʠ ʥʘ 

ʧʣʦʱʠʥʫ 

ʢʝʨʫʚʘʥʥʷ 

ɿʤʽʥʘ ʧʨʘʚʠʣ 

ʤʘʨʰʨʫʪʠʟʘʮʽʾ 

ʅʝʤʦʞʣʠʚʽʩʪʴ 

ʟʤʽʥʠ 

ʤʘʨʰʨʫʪʠʟʘʮʽʾ 

98% 12 

ɸʪʘʢʠ ʥʘ 

ʧʣʦʱʠʥʫ ʜʘʥʠʭ 

ʇʝʨʝʭʦʧʣʝʥʥʷ 

ʪʨʘʬʽʢʫ 

ɸʚʪʝʥʪʠʬʽʢʘʮʽʷ 

ʪʘ ʰʠʬʨʫʚʘʥʥʷ 

ʜʘʥʠʭ 

97% 8 

 

ʇʽʜ ʯʘʩ ʪʝʩʪʫʚʘʥʥʷ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠʩʷ ʪʘʢʽ ʦʩʥʦʚʥʽ ʤʝʪʨʠʢʠ: 

1. ʏʘʩ ʚʽʜʧʦʚʽʜʽ ʢʦʥʪʨʦʣʝʨʘ () 

ɺʠʟʥʘʯʘʚʩʷ ʷʢ ʩʝʨʝʜʥʽʡ ʯʘʩ (ʫ ʤʽʣʽʩʝʢʫʥʜʘʭ) ʤʽʞ ʥʘʜʩʠʣʘʥʥʷʤ ʟʘʧʠʪʫ ʚʽʜ 

ʤʝʨʝʞʝʚʦʛʦ ʧʨʠʩʪʨʦʶ ʪʘ ʦʪʨʠʤʘʥʥʷʤ ʚʽʜʧʦʚʽʜʽ ʚʽʜ SDN-ʢʦʥʪʨʦʣʝʨʘ: 
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                                                                 (1) 

ʜʝ:  ï ʯʘʩ ʚʽʜʧʦʚʽʜʽ ʜʣʷ i-ʛʦ ʟʘʧʠʪʫ;  ï ʟʘʛʘʣʴʥʘ ʢʽʣʴʢʽʩʪʴ ʟʘʧʠʪʽʚ. 

2. ʂʽʣʴʢʽʩʪʴ ʫʩʧʽʰʥʦ ʟʘʙʣʦʢʦʚʘʥʠʭ ʘʪʘʢ () 

ʆʮʽʥʶʚʘʣʘʩʷ ʷʢ ʚʽʜʩʦʪʦʢ ʘʪʘʢ, ʷʢʽ ʙʫʣʠ ʚʠʷʚʣʝʥʽ ʪʘ ʟʘʙʣʦʢʦʚʘʥʽ 

ʩʠʩʪʝʤʦʶ ʙʝʟʧʝʢʠ, ʚʽʜ ʟʘʛʘʣʴʥʦʾ ʢʽʣʴʢʦʩʪʽ ʘʪʘʢ: 
 

                                                      (2) 

 

ʜʝ:  ï ʢʽʣʴʢʽʩʪʴ ʫʩʧʽʰʥʦ ʟʘʙʣʦʢʦʚʘʥʠʭ ʘʪʘʢ;  ï ʟʘʛʘʣʴʥʘ ʢʽʣʴʢʽʩʪʴ 

ʘʪʘʢ. 

 

ɺʠʩʥʦʚʢʠ: ʈʝʟʫʣʴʪʘʪʠ ʪʝʩʪʫʚʘʥʥʷ ʧʦʢʘʟʫʶʪʴ, ʱʦ ʽʥʪʝʛʨʘʮʽʷ Blockchain 

ʟ SDN ʥʝ ʣʠʰʝ ʧʽʜʚʠʱʠʣʘ ʨʽʚʝʥʴ ʙʝʟʧʝʢʠ ʤʝʨʝʞʽ, ʘʣʝ ʡ ʟʥʘʯʥʦ ʧʦʢʨʘʱʠʣʘ ʾʾ 

ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ ʽ ʩʪʽʡʢʽʩʪʴ ʜʦ ʘʪʘʢ. ʉʢʦʨʦʯʝʥʥʷ ʯʘʩʫ ʚʽʜʧʦʚʽʜʽ ʢʦʥʪʨʦʣʝʨʘ 

ʟʘʙʝʟʧʝʯʠʣʦ ʰʚʠʜʢʝ ʨʝʘʛʫʚʘʥʥʷ ʥʘ ʟʘʛʨʦʟʠ, ʱʦ ʻ ʢʨʠʪʠʯʥʦ ʚʘʞʣʠʚʠʤ ʜʣʷ 

ʟʘʧʦʙʽʛʘʥʥʷ ʾʭ ʥʝʛʘʪʠʚʥʦʤʫ ʚʧʣʠʚʫ. ɺʠʩʦʢʠʡ ʨʽʚʝʥʴ ʙʣʦʢʫʚʘʥʥʷ ʘʪʘʢ ʩʚʽʜʯʠʪʴ 

ʧʨʦ ʥʘʜʽʡʥʽʩʪʴ ʚʧʨʦʚʘʜʞʝʥʠʭ ʤʝʭʘʥʽʟʤʽʚ ʟʘʭʠʩʪʫ, ʘ ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ 

ʙʣʦʢʯʝʡʥʫ ʧʽʜʪʚʝʨʜʠʣʘ ʡʦʛʦ ʧʨʠʜʘʪʥʽʩʪʴ ʜʣʷ ʚʠʢʦʨʠʩʪʘʥʥʷ ʫ ʤʘʩʰʪʘʙʦʚʘʥʠʭ 

ʩʠʩʪʝʤʘʭ. 
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BENCHMARKING SEARCH SPEED IN KNOWLEDGE GRAPHS  
 

Knowledge Graphs (KG) play a key role in storing and retrieving structured knowledge, 

but traditional database methods such as SQL and NoSQL often introduce delays in query 

execution. This paper proposes methods to optimize search speed by using graph indexes, vector 

node representations, and modern similarity search algorithms such as HNSW (Hierarchical 

Navigable Small World) and FAISS (Facebook AI Similarity Search). The research results 

demonstrate improved search performance, which contributes to a more effective use of 

Retrieval-Augmented Generation (RAG) in large knowledge graphs. 
 

Knowledge Graphs ʻ ʚʘʞʣʠʚʠʤ ʢʦʤʧʦʥʝʥʪʦʤ ʩʫʯʘʩʥʠʭ ʩʠʩʪʝʤ ʰʪʫʯʥʦʛʦ 

ʽʥʪʝʣʝʢʪʫ, ʱʦ ʜʦʟʚʦʣʷʶʪʴ ʤʦʜʝʣʶʚʘʪʠ ʟʚôʷʟʢʠ ʤʽʞ ʦʙôʻʢʪʘʤʠ ʪʘ ʝʬʝʢʪʠʚʥʦ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʾʭ ʜʣʷ ʧʦʰʫʢʫ ʽʥʬʦʨʤʘʮʽʾ. ʇʨʦʪʝ ʪʨʘʜʠʮʽʡʥʽ ʧʽʜʭʦʜʠ ʜʦ 

ʟʙʝʨʽʛʘʥʥʷ ʪʘ ʦʙʨʦʙʢʠ KG ʟʘʩʥʦʚʘʥʽ ʥʘ SQL ʘʙʦ NoSQL ʙʘʟʘʭ ʜʘʥʠʭ, ʱʦ ʥʝ 

ʟʘʚʞʜʠ ʟʘʙʝʟʧʝʯʫʶʪʴ ʜʦʩʪʘʪʥʶ ʰʚʠʜʢʽʩʪʴ ʜʣʷ ʨʦʙʦʪʠ ʫ ʨʝʘʣʴʥʦʤʫ ʯʘʩʽ. 

ʆʧʪʠʤʽʟʘʮʽʷ ʰʚʠʜʢʦʩʪʽ ʧʦʰʫʢʫ ʚ KG ʻ ʢʨʠʪʠʯʥʦʶ ʟʘʜʘʯʝʶ, ʦʩʦʙʣʠʚʦ ʜʣʷ 

ʟʘʩʪʦʩʫʚʘʥʴ, ʱʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ Retrieval-Augmented Generation (RAG). 

ʆʩʥʦʚʥʠʤʠ ʧʨʦʙʣʝʤʘʤʠ, ʷʢʽ ʜʦʩʣʽʜʞʫʶʪʴʩʷ ʫ ʮʽʡ ʨʦʙʦʪʽ, ʻ ʧʦʨʽʚʥʷʥʥʷ 

ʤʝʪʦʜʽʚ ʦʧʪʠʤʽʟʘʮʽʾ ʯʝʨʝʟ ʟʘʩʪʦʩʫʚʘʥʥʷ: 

Å HNSW ʪʘ FAISS ʜʣʷ ʰʚʠʜʢʦʛʦ ʧʦʰʫʢʫ ʨʝʣʝʚʘʥʪʥʠʭ ʬʘʢʪʽʚ. 

Å ʂʣʘʩʪʝʨʠʟʘʮʽʷ ʚʫʟʣʽʚ ʜʣʷ ʰʚʠʜʰʦʛʦ ʜʦʩʪʫʧʫ ʜʦ ʩʭʦʞʠʭ ʬʘʢʪʽʚ. 

Å ɸʜʘʧʪʘʮʽʷ Graph Transformer Networks (GTN) ʜʣʷ ʩʝʤʘʥʪʠʯʥʦʛʦ 

ʧʦʰʫʢʫ. 

HNSW ʻ ʝʬʝʢʪʠʚʥʠʤ ʘʣʛʦʨʠʪʤʦʤ ʜʣʷ ʧʦʙʫʜʦʚʠ ʛʨʘʬʽʚ ʥʘʡʙʣʠʞʯʠʭ 

ʩʫʩʽʜʽʚ, ʱʦ ʟʥʘʯʥʦ ʧʨʠʰʚʠʜʰʫʻ ʧʦʰʫʢ ʧʦʜʽʙʥʦʩʪʝʡ ʫ ʚʝʣʠʢʠʭ ʥʘʙʦʨʘʭ ʜʘʥʠʭ. 

FAISS, ʫ ʩʚʦʶ ʯʝʨʛʫ, ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʜʣʷ ʚʝʢʪʦʨʥʦʛʦ ʧʦʰʫʢʫ, ʱʦ ʜʦʟʚʦʣʷʻ 

ʟʥʘʭʦʜʠʪʠ ʥʘʡʙʽʣʴʰ ʨʝʣʝʚʘʥʪʥʽ ʚʫʟʣʠ ʫ KG. HNSW ʟʘʙʝʟʧʝʯʫʻ ʝʬʝʢʪʠʚʥʫ 

ʥʘʚʽʛʘʮʽʶ ʫ ʚʠʩʦʢʦʨʦʟʤʽʨʥʠʭ ʧʨʦʩʪʦʨʘʭ ʟʘ ʜʦʧʦʤʦʛʦʶ ʽʻʨʘʨʭʽʯʥʦʾ ʩʪʨʫʢʪʫʨʠ 

ʛʨʘʬʘ. FAISS ʜʦʟʚʦʣʷʻ ʚʠʢʦʥʫʚʘʪʠ ʰʚʠʜʢʠʡ ʧʦʰʫʢ ʩʭʦʞʠʭ ʚʝʢʪʦʨʽʚ ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʢʦʤʧʨʝʩʽʾ ʪʘ ʧʦʧʝʨʝʜʥʴʦʾ ʽʥʜʝʢʩʘʮʽʾ. 

ʂʣʘʩʪʝʨʠʟʘʮʽʷ ʚʫʟʣʽʚ KG ʜʦʟʚʦʣʷʻ ʛʨʫʧʫʚʘʪʠ ʩʭʦʞʽ ʦʙôʻʢʪʠ, ʱʦ ʩʧʨʠʷʻ 

ʰʚʠʜʢʦʤʫ ʚʠʷʚʣʝʥʥʶ ʨʝʣʝʚʘʥʪʥʦʾ ʽʥʬʦʨʤʘʮʽʾ. ʄʝʪʦʜʠ ʢʣʘʩʪʝʨʠʟʘʮʽʾ: K-

Means, DBSCAN, Spectral Clustering. ʇʝʨʝʚʘʛʠ ʜʘʥʦʛʦ ʧʽʜʭʦʜʫ - ʮʝ 

ʟʤʝʥʰʝʥʥʷ ʢʽʣʴʢʦʩʪʽ ʧʦʨʽʚʥʷʥʴ ʤʽʞ ʚʫʟʣʘʤʠ, ʱʦ ʧʦʢʨʘʱʫʻ ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ 

ʧʦʰʫʢʫ. 

GTN ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʪʨʘʥʩʬʦʨʤʝʨʥʽ ʘʨʭʽʪʝʢʪʫʨʠ ʜʣʷ ʘʥʘʣʽʟʫ ʟʚôʷʟʢʽʚ 

ʤʽʞ ʚʫʟʣʘʤʠ, ʱʦ ʧʽʜʚʠʱʫʻ ʪʦʯʥʽʩʪʴ ʩʝʤʘʥʪʠʯʥʦʛʦ ʧʦʰʫʢʫ ʫ KG. Graph 
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Attention Networks (GAT): ʧʦʢʨʘʱʫʻ ʨʦʟʫʤʽʥʥʷ ʚʘʞʣʠʚʠʭ ʟʚôʷʟʢʽʚ ʤʽʞ 

ʚʫʟʣʘʤʠ. Transformer-based Search ʜʦʧʦʤʘʛʘʻ ʽʜʝʥʪʠʬʽʢʫʚʘʪʠ ʥʘʡʨʝʣʝʚʘʥʪʥʽʰʽ 

ʚʫʟʣʠ ʜʣʷ ʢʦʥʢʨʝʪʥʦʛʦ ʢʦʥʪʝʢʩʪʫ ʟʘʧʠʪʫ. 

ʆʧʪʠʤʽʟʘʮʽʷ ʰʚʠʜʢʦʩʪʽ ʧʦʰʫʢʫ ʫ Knowledge Graphs ʻ ʢʨʠʪʠʯʥʠʤ 

ʟʘʚʜʘʥʥʷʤ ʜʣʷ ʧʽʜʚʠʱʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʨʦʙʦʪʠ ʩʫʯʘʩʥʠʭ AI-ʩʠʩʪʝʤ. 

ɺʠʢʦʨʠʩʪʘʥʥʷ HNSW, FAISS, ʢʣʘʩʪʝʨʠʟʘʮʽʾ ʚʫʟʣʽʚ ʪʘ Graph Transformer 

Networks ʟʥʘʯʥʦ ʧʦʢʨʘʱʫʻ ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ RAG, ʨʦʙʣʷʯʠ ʩʠʩʪʝʤʫ ʙʽʣʴʰ 

ʰʚʠʜʢʦʶ ʪʘ ʪʦʯʥʦʶ. ʇʦʜʘʣʴʰʽ ʜʦʩʣʽʜʞʝʥʥʷ ʤʦʞʫʪʴ ʙʫʪʠ ʩʧʨʷʤʦʚʘʥʽ ʥʘ 

ʘʜʘʧʪʘʮʽʶ ʮʠʭ ʤʝʪʦʜʽʚ ʜʦ ʜʠʥʘʤʽʯʥʠʭ KG ʪʘ ʨʦʟʧʦʜʽʣʝʥʠʭ ʦʙʯʠʩʣʶʚʘʣʴʥʠʭ 

ʩʠʩʪʝʤ. 

ɼʣʷ ʧʦʨʽʚʥʷʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʧʦʰʫʢʫ ʚ Knowledge Graphs ʽʟ 

ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʨʽʟʥʠʭ ʤʝʪʦʜʽʚ ʽʥʜʝʢʩʘʮʽʾ ʪʘ ʧʦʰʫʢʫ (SQL/NoSQL, HNSW, 

FAISS, GTN) ʤʦʞʥʘ ʟʘʧʨʦʧʦʥʫʚʘʪʠ ʪʘʢʽ ʧʨʘʢʪʠʯʥʽ ʤʝʪʨʠʢʠ ʪʘ ʝʢʩʧʝʨʠʤʝʥʪʠ: 

ʄʝʪʨʠʢʠ ʝʬʝʢʪʠʚʥʦʩʪʽ: 

- ʏʘʩ ʚʠʢʦʥʘʥʥʷ ʧʦʰʫʢʫ (Query Latency, ms) ï ʩʝʨʝʜʥʽʡ ʯʘʩ ʦʙʨʦʙʢʠ 

ʟʘʧʠʪʫ ʫ ʨʽʟʥʠʭ ʤʝʪʦʜʘʭ. 

- ʇʨʦʧʫʩʢʥʘ ʟʜʘʪʥʽʩʪʴ (Queries per Second, QPS) ï ʢʽʣʴʢʽʩʪʴ ʟʘʧʠʪʽʚ, ʷʢʽ 

ʩʠʩʪʝʤʘ ʤʦʞʝ ʦʙʨʦʙʠʪʠ ʟʘ ʩʝʢʫʥʜʫ. 

- ʊʦʯʥʽʩʪʴ ʧʦʰʫʢʫ (Precision@K, Recall@K, MRR) ï ʦʮʽʥʢʘ 

ʨʝʣʝʚʘʥʪʥʦʩʪʽ ʨʝʟʫʣʴʪʘʪʽʚ ʫ ʧʦʨʽʚʥʷʥʥʽ ʟ ʝʪʘʣʦʥʥʦʶ ʚʽʜʧʦʚʽʜʜʶ. 

- ɺʠʢʦʨʠʩʪʘʥʥʷ ʧʘʤôʷʪʽ (Memory Consumption, MB) ï ʦʙʩʷʛ ʦʧʝʨʘʪʠʚʥʦʾ 

ʧʘʤôʷʪʽ, ʥʝʦʙʭʽʜʥʠʡ ʜʣʷ ʧʽʜʪʨʠʤʢʠ ʽʥʜʝʢʩʫ. 

- ɭʤʥʽʩʪʴ ʟʙʝʨʝʞʝʥʥʷ (Storage Size, GB) ï ʦʙʩʷʛ ʜʠʩʢʦʚʦʛʦ ʧʨʦʩʪʦʨʫ, 

ʥʝʦʙʭʽʜʥʠʡ ʜʣʷ ʽʥʜʝʢʩʦʚʘʥʦʛʦ ʛʨʘʬʘ. 

ɺ ʨʝʟʫʣʴʪʘʪʽ ʙʫʣʦ ʦʪʨʠʤʘʥʝ ʥʘʩʪʫʧʥʽ ʜʘʥʽ, ʷʢʝ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʦʩʴ ʜʣʷ 

ʧʦʙʫʜʦʚʠ ʟʘʣʝʞʥʦʩʪʽ, ʧʦʢʘʟʘʥʦʾ ʥʘ ʨʠʩ. 1: 

 

ʈʠʩ.1. ʇʦʨʽʚʥʷʥʥʷ 

ʝʬʝʢʪʠʚʥʦʩʪʽ 

ʤʝʪʦʜʽʚ ʧʦʰʫʢʫ ʚ 

Knowledge 

Graphs. 
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ɼʣʷ ʦʮʽʥʢʠ ʝʬʝʢʪʠʚʥʦʩʪʽ ʨʽʟʥʠʭ ʤʝʪʦʜʽʚ ʧʦʰʫʢʫ ʚ Knowledge Graphs 

(ʈʠʩ.1) ʙʫʣʦ ʧʨʦʚʝʜʝʥʦ ʩʝʨʽʶ ʝʢʩʧʝʨʠʤʝʥʪʽʚ, ʩʧʨʷʤʦʚʘʥʠʭ ʥʘ ʘʥʘʣʽʟ 

ʰʚʠʜʢʦʩʪʽ ʧʦʰʫʢʫ, ʪʦʯʥʦʩʪʽ ʨʝʟʫʣʴʪʘʪʽʚ ʽ ʨʝʩʫʨʩʦʩʧʦʞʠʚʘʥʥʷ. 

ʊʨʘʜʠʮʽʡʥʽ ʧʽʜʭʦʜʠ (SQL, NoSQL) ʜʝʤʦʥʩʪʨʫʶʪʴ ʟʥʘʯʥʽ ʟʘʪʨʠʤʢʠ (~180-

250 ʤʩ). ɺʝʢʪʦʨʥʽ ʤʝʪʦʜʠ (HNSW, FAISS) ʟʥʘʯʥʦ ʰʚʠʜʰʽ (~25-35 ʤʩ). GTN 

ʟʘʙʝʟʧʝʯʫʻ ʥʘʡʥʠʞʯʫ ʟʘʪʨʠʤʢʫ (~20 ʤʩ) ʟʘʚʜʷʢʠ ʛʣʠʙʦʢʦʤʫ ʘʥʘʣʽʟʫ ʟʚôʷʟʢʽʚ. 

ʇʨʠ ʦʮʽʥʮʽ ʧʨʦʧʫʩʢʥʦʾ ʟʜʘʪʥʦʩʪʽ ʥʝʦʙʭʽʜʥʦ ʙʫʣʦ ʚʠʟʥʘʯʠʪʠ, ʩʢʽʣʴʢʠ 

ʟʘʧʠʪʽʚ ʫ ʩʝʢʫʥʜʫ ʤʦʞʝ ʦʙʨʦʙʣʷʪʠ ʢʦʞʥʘ ʩʠʩʪʝʤʘ. SQL ʽ NoSQL ʦʙʨʦʙʣʷʶʪʴ 

ʣʠʰʝ 4-10 ʟʘʧʠʪʽʚ/ʩʝʢ ʯʝʨʝʟ ʦʙʤʝʞʝʥʥʷ ʽʥʜʝʢʩʫʚʘʥʥʷ. HNSW ʽ FAISS 

ʜʦʩʷʛʘʶʪʴ 100-150 QPS ʟʘʚʜʷʢʠ ʝʬʝʢʪʠʚʥʦʤʫ ʚʝʢʪʦʨʥʦʤʫ ʧʦʰʫʢʫ. GTN 

ʜʝʤʦʥʩʪʨʫʻ ʥʘʡʢʨʘʱʠʡ ʨʝʟʫʣʴʪʘʪ (~200 QPS), ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ ʦʧʪʠʤʽʟʦʚʘʥʽ 

ʛʨʘʬʦʚʽ ʩʪʨʫʢʪʫʨʠ. 

ʇʨʠ ʘʥʘʣʽʟ ʨʝʩʫʨʩʦʩʧʦʞʠʚʘʥʥʷ ʙʫʣʦ ʚʠʢʦʥʘʥʦ ʦʮʽʥʢʫ, ʩʢʽʣʴʢʠ 

ʦʧʝʨʘʪʠʚʥʦʾ ʧʘʤôʷʪʽ ʪʘ ʤʽʩʮʷ ʥʘ ʜʠʩʢʫ ʟʘʡʤʘʻ ʢʦʞʝʥ ʤʝʪʦʜ. SQL ʽ NoSQL 

ʤʘʶʪʴ ʥʘʡʙʽʣʴʰʽ ʚʠʤʦʛʠ ʜʦ ʧʘʤôʷʪʽ (~400-500 MB) ʪʘ ʟʙʝʨʽʛʘʥʥʷ (~8-10 GB). 

HNSW ʽ FAISS ʙʽʣʴʰ ʦʧʪʠʤʽʟʦʚʘʥʽ (~250-300 MB ʧʘʤôʷʪʽ, 4-5 GB ʩʭʦʚʠʱʘ). 

GTN ʩʧʦʞʠʚʘʻ ʥʘʡʤʝʥʰʝ ʨʝʩʫʨʩʽʚ (~220 MB, 3 GB), ʟʘʙʝʟʧʝʯʫʶʯʠ ʧʨʠ ʮʴʦʤʫ 

ʚʠʩʦʢʫ ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ. 

ɺʠʢʦʨʠʩʪʘʥʥʷ ʛʨʘʬʦʚʠʭ ʽʥʜʝʢʩʽʚ (HNSW, FAISS) ʩʫʪʪʻʚʦ ʧʨʠʩʢʦʨʶʻ 

ʧʦʰʫʢ ʫ Knowledge Graphs. Graph Transformer Networks (GTN) ʟʘʙʝʟʧʝʯʫʶʪʴ 

ʥʘʡʢʨʘʱʠʡ ʙʘʣʘʥʩ ʤʽʞ ʰʚʠʜʢʽʩʪʶ, ʪʦʯʥʽʩʪʶ ʪʘ ʨʝʩʫʨʩʦʩʧʦʞʠʚʘʥʥʷʤ. 

ɿʘʧʨʦʧʦʥʦʚʘʥʠʡ ʧʽʜʭʽʜ ʜʦʟʚʦʣʷʻ ʦʧʪʠʤʽʟʫʚʘʪʠ ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ RAG ʫ 

ʚʝʣʠʢʠʭ ʛʨʘʬʘʭ ʟʥʘʥʴ. 
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KAFKA QUEUES MODEL FOR REAL TIME EVENT PROCESSING  

 

This paper considers the problem of efficient message queue management in the Apache 

Kafka system, which is used for processing streaming data in distributed environments. A 

mathematical model based on the theory of M/M/c/K queues is proposed, which allows 

estimating the probability of message loss ( _loss) depending on the size of the Kafka buffer 

(B). The impact of this parameter on system performance is analyzed. The simulation results 

demonstrate that increasing the buffer size leads to an exponential decrease in the probability of 

loss, but after a certain threshold, a saturation effect is observed.  

 

Apache Kafka ʰʠʨʦʢʦ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʜʣʷ ʦʙʨʦʙʢʠ ʧʦʜʽʡ ʫ ʨʝʘʣʴʥʦʤʫ 

ʯʘʩʽ ʚ ʪʘʢʠʭ ʛʘʣʫʟʷʭ, ʷʢ ʬʽʥʘʥʩʦʚʽ ʪʝʭʥʦʣʦʛʽʾ, IoT ʪʘ ʪʝʣʝʢʦʤʫʥʽʢʘʮʽʾ. ʆʜʥʘʢ 

ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ ʩʠʩʪʝʤʠ ʟʥʘʯʥʦʶ ʤʽʨʦʶ ʟʘʣʝʞʠʪʴ ʚʽʜ ʧʨʘʚʠʣʴʥʦʾ 

ʢʦʥʬʽʛʫʨʘʮʽʾ ʧʘʨʘʤʝʪʨʽʚ ʯʝʨʛ. ʋ ʜʘʥʽʡ ʨʦʙʦʪʽ ʤʠ ʜʦʩʣʽʜʠʣʠ ʚʧʣʠʚ ʨʦʟʤʽʨʫ 

ʙʫʬʝʨʘ B ʥʘ ʡʤʦʚʽʨʥʽʩʪʴ ʚʪʨʘʪ ʧʦʚʽʜʦʤʣʝʥʴ ʪʘ ʟʘʧʨʦʧʦʥʫʚʘʣʠ ʦʧʪʠʤʽʟʘʮʽʡʥʽ 

ʧʽʜʭʦʜʠ.  

ʇʨʦʙʣʝʤʘʪʠʢʘ ʜʦʩʣʽʜʞʝʥʥʷ. ʋ ʙʘʛʘʪʴʦʭ ʨʝʘʣʴʥʠʭ ʩʮʝʥʘʨʽʷʭ 

ʚʠʢʦʨʠʩʪʘʥʥʷ Kafka (ʥʘʧʨʠʢʣʘʜ, ʬʽʥʘʥʩʦʚʽ ʪʨʘʥʟʘʢʮʽʾ, ʤʦʥʽʪʦʨʠʥʛ IoT-

ʧʨʠʩʪʨʦʾʚ, ʦʙʨʦʙʢʘ ʧʦʪʦʢʽʚ ʜʘʥʠʭ ʫ ʨʝʘʣʴʥʦʤʫ ʯʘʩʽ) ʥʘʜʭʦʜʞʝʥʥʷ 

ʧʦʚʽʜʦʤʣʝʥʴ ʻ ʥʝʨʽʚʥʦʤʽʨʥʠʤ ʽ ʤʦʞʝ ʟʥʘʯʥʦ ʧʝʨʝʚʠʱʫʚʘʪʠ ʤʦʞʣʠʚʦʩʪʽ ʾʭ 

ʦʙʨʦʙʢʠ. ʎʝ ʤʦʞʝ ʧʨʠʟʚʦʜʠʪʠ ʜʦ ʧʝʨʝʧʦʚʥʝʥʥʷ ʯʝʨʛ, ʚʪʨʘʪʠ ʢʨʠʪʠʯʥʦ 

ʚʘʞʣʠʚʠʭ ʜʘʥʠʭ ʪʘ ʟʥʠʞʝʥʥʷ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ ʩʠʩʪʝʤʠ.  

ʆʩʥʦʚʥʠʤʠ ʧʨʦʙʣʝʤʘʤʠ, ʷʢʽ ʜʦʩʣʽʜʞʫʶʪʴʩʷ ʫ ʮʽʡ ʨʦʙʦʪʽ, ʻ:  

Å ɺʠʟʥʘʯʝʥʥʷ ʦʧʪʠʤʘʣʴʥʦʛʦ ʨʦʟʤʽʨʫ ʙʫʬʝʨʘ (B), ʷʢʠʡ ʤʽʥʽʤʽʟʫʻ ʚʪʨʘʪʠ 

ʧʦʚʽʜʦʤʣʝʥʴ, ʥʝ ʧʝʨʝʚʘʥʪʘʞʫʶʯʠ ʧʘʤôʷʪʴ ʩʠʩʪʝʤʠ.  

Å ɼʦʩʣʽʜʞʝʥʥʷ ʚʧʣʠʚʫ ʨʽʟʥʠʭ ʧʘʨʘʤʝʪʨʽʚ Kafka (ʢʽʣʴʢʽʩʪʴ ʢʦʥʩʴʶʤʝʨʽʚ, 

ʰʚʠʜʢʽʩʪʴ ʦʙʨʦʙʢʠ) ʥʘ ʝʬʝʢʪʠʚʥʽʩʪʴ ʦʙʨʦʙʢʠ ʧʦʚʽʜʦʤʣʝʥʴ ʚ ʯʝʨʟʽ.  

Å ɸʥʘʣʽʟ ʚʧʣʠʚʫ ʝʬʝʢʪʫ ʥʘʩʠʯʝʥʥʷ ʥʘ ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ Kafka.  

ɼʣʷ ʘʥʘʣʽʟʫ ʚʠʱʝ ʟʘʟʥʘʯʝʥʠʭ ʧʨʦʙʣʝʤ, ʧʝʨʰʝ ʟʘ ʚʩʝ, ʥʝʦʙʭʽʜʥʦ 

ʚʠʟʥʘʯʠʪʠʩʷ ʟ ʤʦʜʝʣʣʶ, ʷʢʘ ʙʠ ʟʤʦʛʣʘ ʦʧʠʩʘʪʠ ʧʦʩʪʘʚʣʝʥʽ ʧʨʦʙʣʝʤʠ ʽ 

ʧʽʜʰʪʦʚʭʥʫʣʘ ʜʦ ʾʭ ʚʠʨʽʰʝʥʥʷ.  

ʄʘʪʝʤʘʪʠʯʥʘ ʤʦʜʝʣʴ ʯʝʨʛʠ ʫ Kafka. ʉʠʩʪʝʤʘ ʯʝʨʛʫʚʘʥʥʷ ʫ Kafka ʤʦʞʝ 

ʙʫʪʠ ʟʤʦʜʝʣʴʦʚʘʥʘ ʷʢ ʩʠʩʪʝʤʘ ʤʘʩʦʚʦʛʦ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ M/M/c/K, ʜʝ:  

Å ɚ - ʽʥʪʝʥʩʠʚʥʽʩʪʴ ʥʘʜʭʦʜʞʝʥʥʷ ʧʦʚʽʜʦʤʣʝʥʴ (ʧʦʜʽʡ ʟʘ ʩʝʢʫʥʜʫ).  

Å ɛ - ʰʚʠʜʢʽʩʪʴ ʦʙʨʦʙʢʠ ʧʦʚʽʜʦʤʣʝʥʴ ʦʜʥʠʤ ʢʦʥʩʴʶʤʝʨʦʤ.  

Å c - ʢʽʣʴʢʽʩʪʴ ʢʦʥʩʴʶʤʝʨʽʚ ʫ Consumer Group.  

Å B - ʨʦʟʤʽʨ ʙʫʬʝʨʘ Kafka (ʫ ʢʽʣʴʢʦʩʪʽ ʧʦʚʽʜʦʤʣʝʥʴ).  

Å Ploss - ʡʤʦʚʽʨʥʽʩʪʴ ʚʪʨʘʪʠ ʧʦʚʽʜʦʤʣʝʥʥʷ ʯʝʨʝʟ ʧʝʨʝʧʦʚʥʝʥʥʷ ʯʝʨʛʠ.  
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ʄʦʜʝʣʴ M/M/c/K ʻ ʢʣʘʩʠʯʥʦʶ ʚ ʪʝʦʨʽʾ ʤʘʩʦʚʦʛʦ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʽ 

ʥʘʡʢʨʘʱʝ ʧʽʜʭʦʜʠʪʴ ʜʣʷ ʦʧʠʩʫ ʯʝʨʛ ʫ Kafka ʯʝʨʝʟ ʪʘʢʽ ʦʩʦʙʣʠʚʦʩʪʽ:  

1. Poisson-ʨʦʟʧʦʜʽʣ ʥʘʜʭʦʜʞʝʥʥʷ ʧʦʚʽʜʦʤʣʝʥʴ: ʇʦʪʦʢʠ ʜʘʥʠʭ ʫ Kafka 

ʯʘʩʪʦ ʤʘʶʪʴ ʚʠʧʘʜʢʦʚʠʡ ʭʘʨʘʢʪʝʨ, ʪʦʤʫ ʧʨʠʧʫʱʝʥʥʷ ʧʨʦ ʚʠʧʘʜʢʦʚʽ ʯʘʩʦʚʽ 

ʽʥʪʝʨʚʘʣʠ ʤʽʞ ʧʦʜʽʷʤʠ ʚʽʜʧʦʚʽʜʘʻ ʨʝʘʣʴʥʠʤ ʩʮʝʥʘʨʽʷʤ ʚʠʢʦʨʠʩʪʘʥʥʷ.  

2. ɽʢʩʧʦʥʝʥʮʽʡʥʠʡ ʨʦʟʧʦʜʽʣ ʯʘʩʫ ʦʙʨʦʙʢʠ: ʂʦʥʩʶʤʝʨʠ ʤʦʞʫʪʴ 

ʦʙʨʦʙʣʷʪʠ ʧʦʜʽʾ ʟ ʚʠʧʘʜʢʦʚʦʶ ʟʘʪʨʠʤʢʦʶ, ʱʦ ʭʘʨʘʢʪʝʨʥʦ ʜʣʷ ʙʘʛʘʪʴʦʭ 

ʧʦʪʦʢʦʚʠʭ ʩʝʨʚʽʩʽʚ.  

3. ʆʙʤʝʞʝʥʘ ʜʦʚʞʠʥʘ ʯʝʨʛʠ (B): Kafka ʤʘʻ ʦʙʤʝʞʝʥʠʡ ʨʦʟʤʽʨ ʙʫʬʝʨʘ, 

ʧʽʩʣʷ ʯʦʛʦ ʥʦʚʽ ʧʦʚʽʜʦʤʣʝʥʥʷ ʚʪʨʘʯʘʶʪʴʩʷ. ʁʤʦʚʽʨʥʽʩʪʴ ʚʪʨʘʪ ʨʦʟʨʘʭʦʚʫʻʪʴʩʷ 

ʟʘ ʬʦʨʤʫʣʦʶ ɽʨʣʘʥʛʘ (1): 

 

(1) 

ʋʤʦʚʘ ʥʝʧʝʨʝʨʚʥʦʩʪʽ ʧʦʣʽʚ ʥʘ ʛʨʘʥʠʮʽ ʨʝʟʦʥʘʪʦʨ ï ʚʘʢʫʫʤ ʧʨʠ ʦʟʥʘʯʘʻ 

ʨʽʚʥʽʩʪʴ ʪʘʥʛʝʥʮʽʡʥʠʭ ʩʢʣʘʜʦʚʠʭ ʚʽʜʧʦʚʽʜʥʠʭ ʧʦʧʝʨʝʯʥʠʭ ʢʦʤʧʦʥʝʥʪ 

ʤʘʛʥʽʪʥʦʛʦ ʪʘ ʝʣʝʢʪʨʠʯʥʦʛʦ ʧʦʣʽʚ. ɺ ʨʝʟʫʣʴʪʘʪʽ ʙʫʣʦ ʦʪʨʠʤʘʥʝ ʥʘʩʪʫʧʥʝ 

ʭʘʨʘʢʪʝʨʠʩʪʠʯʥʝ ʨʽʚʥʷʥʥʷ, ʷʢʝ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʦʩʴ ʜʣʷ ʧʦʙʫʜʦʚʠ ʟʘʣʝʞʥʦʩʪʽ, 

ʧʦʢʘʟʘʥʦʾ ʥʘ ʨʠʩ. 2:  
 

 
 

ʈʠʩ.1. ɿʘʣʝʞʥʽʩʪʴ ʡʤʦʚʽʨʥʦʩʪʽ ʚʪʨʘʪ ʧʦʚʽʜʦʤʣʝʥʴ  

(P_loss) ʚʽʜ ʨʦʟʤʽʨʫ ʙʫʬʝʨʫ Kafka (B). 

 

ʈʠʩʫʥʦʢ 1 ʜʝʤʦʥʩʪʨʫʻ ʟʘʣʝʞʥʽʩʪʴ ʡʤʦʚʽʨʥʦʩʪʽ ʚʪʨʘʪ ʧʦʚʽʜʦʤʣʝʥʴ Ploss 

ʚʽʜ ʨʦʟʤʽʨʫ ʙʫʬʝʨʘ Kafka B ʜʣʷ ʨʽʟʥʠʭ ʟʥʘʯʝʥʴ ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʥʘʜʭʦʜʞʝʥʥʷ 
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ʧʦʚʽʜʦʤʣʝʥʴ (ɚ) ʪʘ ʢʽʣʴʢʦʩʪʽ ʢʦʥʩʴʶʤʝʨʽʚ (c). ʗʢ ʚʠʜʥʦ, ʟʙʽʣʴʰʝʥʥʷ BBB 

ʩʫʪʪʻʚʦ ʟʥʠʞʫʻ ʚʪʨʘʪʠ, ʧʨʦʪʝ ʧʽʩʣʷ ʧʝʚʥʦʛʦ ʨʽʚʥʷ ʝʬʝʢʪ ʥʘʩʠʯʝʥʥʷ ʩʪʘʻ 

ʧʦʤʽʪʥʠʤ. 

ɻʨʘʬʽʢʠ ʧʦʢʘʟʘʣʠ ʥʘʩʪʫʧʥʽ ʪʝʥʜʝʥʮʽʾ:  

Å ʇʨʠ ʤʘʣʠʭ ʟʥʘʯʝʥʥʷʭ B (10-50) ʚʪʨʘʪʠ ʧʦʚʽʜʦʤʣʝʥʴ ʧʝʨʝʚʠʱʫʶʪʴ 15%, 

ʦʩʦʙʣʠʚʦ ʧʨʠ ʚʠʩʦʢʠʭ ʟʥʘʯʝʥʥʷʭ ɚ.  

Å ɿʙʽʣʴʰʝʥʥʷ B ʜʦ 200 ʩʫʪʪʻʚʦ ʟʤʝʥʰʫʻ ʚʪʨʘʪʠ, ʜʦʩʷʛʘʶʯʠ ʟʥʘʯʝʥʴ <1%.  

Å ʇʦʜʘʣʴʰʝ ʟʙʽʣʴʰʝʥʥʷ B ʧʦʥʘʜ 500 ʤʘʡʞʝ ʥʝ ʚʧʣʠʚʘʻ ʥʘ ʚʪʨʘʪʠ, ʘʣʝ 

ʤʦʞʝ ʧʽʜʚʠʱʫʚʘʪʠ ʩʝʨʝʜʥʽʡ ʯʘʩ ʟʘʪʨʠʤʢʠ.  

Å ɿʽ ʟʙʽʣʴʰʝʥʥʷʤ ʢʽʣʴʢʦʩʪʽ ʢʦʥʩʴʶʤʝʨʽʚ (c) ʟʘʪʨʠʤʢʘ ʟʤʝʥʰʫʻʪʴʩʷ, ʘʣʝ 

ʧʨʠ c > 5 ʝʬʝʢʪ ʧʦʢʨʘʱʝʥʥʷ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ ʩʪʘʻ ʥʝʟʥʘʯʥʠʤ.  

ʆʢʨʝʩʣʝʥʽ ʧʝʨʩʧʝʢʪʠʚʥʽ ʥʘʧʨʷʤʢʠ ʜʦʩʣʽʜʞʝʥʴ Kafka ʯʝʨʛ ʯʝʨʝʟ 

ʤʘʪʝʤʘʪʠʯʥʫ ʤʦʜʝʣʴ. ʈʦʟʨʘʭʦʚʘʥʽ ʧʘʨʘʤʝʪʨʠ ʜʘʶʪʴ ʟʤʦʛʫ ʟʨʦʙʠʪʠ ʚʠʩʥʦʚʦʢ, 

ʱʦ ʟʙʽʣʴʰʝʥʥʷ ʙʫʬʝʨʘ (B) ʩʫʪʪʻʚʦ ʟʥʠʞʫʻ ʡʤʦʚʽʨʥʽʩʪʴ ʚʪʨʘʪ ʧʦʚʽʜʦʤʣʝʥʴ, 

ʦʜʥʘʢ ʥʘʜʤʽʨʥʝ ʡʦʛʦ ʟʙʽʣʴʰʝʥʥʷ ʥʝ ʜʘʻ ʟʥʘʯʥʦʛʦ ʧʦʢʨʘʱʝʥʥʷ ʧʽʩʣʷ ʧʝʚʥʦʛʦ 

ʧʦʨʦʛʫ. ʆʧʪʠʤʽʟʘʮʽʷ ʨʦʟʤʽʨʫ ʙʫʬʝʨʘ ʧʦʚʠʥʥʘ ʚʨʘʭʦʚʫʚʘʪʠ ʽʥʪʝʥʩʠʚʥʽʩʪʴ 

ʥʘʜʭʦʜʞʝʥʥʷ ʧʦʜʽʡ (ɚ) ʽ ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ ʢʦʥʩʴʶʤʝʨʽʚ (ɛ). ɺʠʢʦʨʠʩʪʘʥʥʷ 

ʤʘʪʝʤʘʪʠʯʥʦʾ ʤʦʜʝʣʽ M/M/c/K ʜʘʻ ʟʤʦʛʫ ʙʽʣʴʰ ʪʦʯʥʦ ʧʨʦʛʥʦʟʫʚʘʪʠ 

ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ Kafka ʪʘ ʫʥʠʢʘʪʠ ʥʘʜʤʽʨʥʠʭ ʚʪʨʘʪ ʧʦʚʽʜʦʤʣʝʥʴ ʫ ʨʝʘʣʴʥʦʤʫ 

ʯʘʩʽ. ʆʪʨʠʤʘʥʽ ʨʝʟʫʣʴʪʘʪʠ ʤʦʞʫʪʴ ʙʫʪʠ ʚʠʢʦʨʠʩʪʘʥʽ ʜʣʷ ʨʦʟʨʦʙʢʠ 

ʝʬʝʢʪʠʚʥʠʭ ʘʣʛʦʨʠʪʤʽʚ ʢʝʨʫʚʘʥʥʷ ʯʝʨʛʘʤʠ ʫ ʨʝʘʣʴʥʠʭ ʨʦʟʧʦʜʽʣʝʥʠʭ 

ʩʠʩʪʝʤʘʭ.  
ʃʽʪʝʨʘʪʫʨʘ 
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STUDY OF THE LEARNIN G SPEED OF NEURAL  

NETWORKS DEPENDING ON THE ACTIVATION FUNCTION  

 

The paper studies the learning speed of a neural network depending on the activation 

function used. Three types of activation functions were considered: the Heaviside function, the 

Sigmoid activation function, and the Hyperbolic Tangent activation function. It was determined 

that the activation function has a significant impact on the quality of learning. In addition, the 

coupling coefficients of the neural network and the range of input data values have a great 

impact on the speed and quality of solving the problem. 

ɺ ʨʦʙʦʪʽ ʧʨʦʚʝʜʝʥʦ ʜʦʩʣʽʜʞʝʥʥʷ ʰʚʠʜʢʦʩʪʽ ʥʘʚʯʘʥʥʷ ʥʝʡʨʦʥʥʦʾ ʤʝʨʝʞʽ ʚ 

ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʬʫʥʢʮʽʾ ʘʢʪʠʚʘʮʽʾ, ʱʦ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ. ɹʫʣʦ ʨʦʟʛʣʷʥʫʪʦ ʪʨʠ ʚʠʜʠ ʬʫʥʢʮʽʡ 

ʘʢʪʠʚʘʮʽʾ: ʬʫʥʢʮʽʷ ʍʝʚʽʩʘʡʜʫ, ʬʫʥʢʮʽʷ ʘʢʪʠʚʘʮʽʾ ʉʠʛʤʦʾʜʘ ʪʘ ʬʫʥʢʮʽʷ ʘʢʪʠʚʘʮʽʾ 

ɻʽʧʝʨʙʦʣʽʯʥʠʡ ʪʘʥʛʝʥʩ. ɹʫʣʦ ʚʠʟʥʘʯʝʥʦ, ʱʦ ʬʫʥʢʮʽʷ ʘʢʪʠʚʘʮʽʷ ʤʘʻ ʟʥʘʯʥʠʡ ʚʧʣʠʚ ʷʢʽʩʪʴ 

ʥʘʚʯʘʥʥʷ. ʂʨʽʤ ʪʦʛʦ, ʥʘ ʰʚʠʜʢʽʩʪʴ ʪʘ ʷʢʽʩʪʴ ʨʦʟʚ'ʷʟʘʥʥʷ ʟʘʜʘʯʽ ʤʘʶʪʴ ʚʝʣʠʢʠʡ ʚʧʣʠʚ 

ʢʦʝʬʽʮʽʻʥʪʠ ʟʚ'ʷʟʢʫ ʥʝʡʨʦʥʥʦʾ ʤʝʨʝʞʽ ʪʘ ʜʽʘʧʘʟʦʥ ʚʭʽʜʥʠʭ ʟʥʘʯʝʥʴ ʜʘʥʠʭ. 

 

ʄʝʪʦʶ ʜʦʩʣʽʜʞʝʥʥʷ ʻ ʘʥʘʣʽʟ ʚʧʣʠʚʫ ʨʽʟʥʠʭ ʬʫʥʢʮʽʡ ʘʢʪʠʚʘʮʽʾ ʥʘ ʰʚʠʜʢʽʩʪʴ 

ʥʘʚʯʘʥʥʷ ʥʝʡʨʦʥʥʦʾ ʤʝʨʝʞʽ. ɼʦʩʣʽʜʠʪʠ ʟʘʣʝʞʥʽʩʪʴ ʰʚʠʜʢʦʩʪʽ ʥʘʚʯʘʥʥʷ ʚʽʜ ʪʠʧʫ 

ʬʫʥʢʮʽʾ ʘʢʪʠʚʘʮʽʾ, ʢʦʝʬʽʮʽʻʥʪʽʚ ʟʚôʷʟʢʫ. 

ʉʫʯʘʩʥʽ ʪʝʣʝʢʦʤʫʥʽʢʘʮʽʡʥʽ ʤʝʨʝʞʽ ʧʦʩʪʽʡʥʦ ʨʦʟʰʠʨʶʶʪʴʩʷ. ʎʝ ʚ ʩʚʦʶ ʯʝʨʛʫ 

ʚʠʤʘʛʘʻ ʝʬʝʢʪʠʚʥʦʛʦ ʘʥʘʣʽʟʫ ʪʨʘʬʽʢʫ, ʩʪʘʥʫ ʪʝʣʝʢʦʤʫʥʽʢʘʮʽʡ. ʅʝʡʨʦʥʥʽ ʤʝʨʝʞʽ 

ʜʦʟʚʦʣʷʶʪʴ ʦʧʪʠʤʽʟʫʚʘʪʠ ʮʝʡ ʧʨʦʮʝʩ.  ʐʣʷʭʦʤ ʚʠʟʥʘʯʝʥʥʷ ʦʧʪʠʤʘʣʴʥʦʾ ʬʫʥʢʮʽʾ 

ʘʢʪʠʚʘʮʽʾ ʤʦʞʥʘ ʧʦʢʨʘʱʠʪʠ ʰʚʠʜʢʽʩʪʴ ʥʘʚʯʘʥʥʷ ʪʘ ʢʨʘʱʝ ʘʜʘʧʪʫʚʘʪʠʩʷ ʜʦ ʥʦʚʠʭ 

ʫʤʦʚ [1,2].  

ɺ ʜʦʩʣʽʜʞʝʥʥʽ ʚʠʢʦʨʠʩʪʦʚʫʚʘʚʩʷ ʦʜʥʦʰʘʨʦʚʠʡ ʧʝʨʮʝʧʪʨʦʥ (ʨʠʩ.1). ɺʽʥ 

ʧʨʘʮʶʶʪʴ ʧʦ ʧʨʠʥʮʠʧʫ:  

- ʥʘ ʚʭʦʜʠ ʤʝʨʝʞʽ ʧʦʜʘʶʪʴʩʷ ʟʥʘʯʝʥʥʷ, ʷʢʽ ʧʝʨʝʤʥʦʞʫʶʪʴʩʷ ʥʘ ʢʦʝʬʽʮʽʻʥʪʠ  

- ʜʘʣʽ ʟʥʘʯʝʥʥʷ ʧʽʜʩʫʤʦʚʫʶʪʴʩʷ ʪʘ ʜʦ ʥʠʭ ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ ʬʫʥʢʮʽʷ ʘʢʪʠʚʘʮʽʾ. 
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ʈʠʩ. 1. ʉʭʝʤʘʪʠʯʥʘ ʤʦʜʝʣʴ ʦʜʥʦʰʘʨʦʚʦʛʦ ʧʝʨʮʝʧʪʨʦʥʫ. 

ʅʘ ʨʠʩ. 1 ʧʦʟʥʘʯʝʥʦ: X1, X2 ï ʚʭʽʜʥʽ ʧʘʨʘʤʝʪʨʠ; Y ï ʚʠʭʽʜʥʠʡ ʨʝʟʫʣʴʪʘʪ; w1, w2  ï

ʢʦʝʬʽʮʽʻʥʪʠ ʥʝʡʨʦʥʥʦʾ ʤʝʨʝʞʽ.  

ɼʘʥʠʤʠ, ʥʘ ʷʢʠʭ ʥʘʯʘʚʩʷ ʧʝʨʮʝʧʪʨʦʥ ʩʣʫʛʫʚʘʣʠ ʟʥʘʯʝʥʥʷ, ʷʢʽ ʧʨʠʡʤʘʻ 

ʣʦʛʽʯʥʘ ʬʫʥʢʮʽʷ ʽʤʧʣʽʢʘʮʽʾ: 

y =  (x1 x2)                                                (1) 

ʜʝ: x1, x2 ï ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʷʢ ʚʭʽʜʥʽ ʟʥʘʯʝʥʥʷ ʚ ʥʝʡʨʦʥʥʫ ʤʝʨʝʞʫ;  

  y ï ʚʠʭʽʜʥʽ ʟʥʘʯʝʥʥʷ;  - ʦʧʝʨʘʪʦʨ ʣʦʛʽʯʥʦʾ ʽʤʧʣʽʢʘʮʽʾ.  

ʄʝʨʝʞʘ ʥʘʚʯʘʣʘʩʴ ʟʘ ʘʣʛʦʨʠʪʤʦʤ ʛʨʘʜʽʻʥʪʥʦʛʦ ʩʧʫʩʢʫ. ʄʝʪʨʠʢʦʶ, ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʷʢʦʾ ʚʠʟʥʘʯʘʣʘʩʴ ʰʚʠʜʢʽʩʪʴ ʥʘʚʯʘʥʥʷ ʤʘʻ ʥʘʩʪʫʧʥʠʡ ʚʠʜ: Nepoch ï 

ʢʽʣʴʢʽʩʪʴ ʝʧʦʭ ʥʘʚʯʘʥʥʷ. ɽʧʦʭʘ ï ʦʜʠʥ ʧʦʚʥʠʡ ʮʠʢʣ ʥʘʚʯʘʥʥʷ ʤʝʨʝʞʽ ʥʘ ʥʘʙʦʨʽ 

ʜʘʥʠʭ, ʷʢʠʡ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʜʣʷ ʪʨʝʥʫʚʘʥʥʷ ʤʦʜʝʣʽ. ʇʦʯʘʪʢʦʚʽ ʢʦʝʬʽʮʽʻʥʪʠ w1 w2 

ʚʩʪʘʥʦʚʣʶʚʘʣʠʩʴ ʨʽʚʥʠʤʠ ʦʜʥʦʤʫ ʟʥʘʯʝʥʥʶ w [3, 4, 5]. 

ʈʝʟʫʣʴʪʘʪʠ ʝʢʩʧʝʨʠʤʝʥʪʽʚ ʧʦʢʘʟʘʣʠ, ʱʦ ʧʨʠ ʥʘʚʯʘʥʥʽ ʟ ʢʦʞʥʦʶ ʬʫʥʢʮʽʻʶ 

ʘʢʪʠʚʘʮʽʾ ʻ ʟʥʘʯʝʥʥʷ ʢʦʝʬʽʮʽʻʥʪʽʚ ʧʨʠ ʷʢʠʭ ʰʚʠʜʢʽʩʪʴ ʥʘʚʯʘʥʥʷ ʻ ʥʘʡʙʽʣʴʰʦʶ.  

 

ʈʠʩ 2. ʈʝʟʫʣʴʪʘʪʠ ʥʘʚʯʘʥʥʷ ʦʜʥʦʰʘʨʦʚʦʛʦ  

ʧʝʨʮʝʧʪʨʦʥʫ ʟ ʬʫʥʢʮʽʻʶ ʘʢʪʠʚʘʮʽʾ ʉʠʛʤʦʾʜʘ. 
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ʈʠʩ. 3. ʈʝʟʫʣʴʪʘʪʠ ʥʘʚʯʘʥʥʷ  

ʦʜʥʦʰʘʨʦʚʦʛʦ ʧʝʨʮʝʧʪʨʦʥʫ ʟ ʬʫʥʢʮʽʻʶ 

ʘʢʪʠʚʘʮʽʾ ʍʝʚʽʩʘʡʜʘ. 

 
 

ʈʠʩ. 4. ʈʝʟʫʣʴʪʘʪʠ ʥʘʚʯʘʥʥʷ  

ʦʜʥʦʰʘʨʦʚʦʛʦ ʧʝʨʮʝʧʪʨʦʥʫ ʟ ʬʫʥʢʮʽʻʶ 

ʘʢʪʠʚʘʮʽʾ ɻʽʧʝʨʙʦʣʽʯʥʠʡ ʪʘʥʛʝʥʩ.  

 

ʅʘ ʨʠʩ. 2, 3, 4 ʧʦʟʥʘʯʝʥʦ: Nepoch ï ʢʽʣʴʢʽʩʪʴ ʝʧʦʭ ʥʘʚʯʘʥʥʷ; W ï ʟʥʘʯʝʥʥʷ, ʷʢʽ 

ʥʘʙʫʚʘʶʪʴ ʢʦʝʬʽʮʽʻʥʪʠ ʧʝʨʮʝʧʪʨʦʥʫ w1, w2. 

ɺʠʩʥʦʚʢʠ: ʈʝʟʫʣʴʪʘʪʠ ʝʢʩʧʝʨʠʤʝʥʪʽʚ ʧʦʢʘʟʫʶʪʴ, ʱʦ ʧʝʨʮʝʧʪʨʦʥ ʟ ʨʽʟʥʠʤʠ 

ʬʫʥʢʮʽʷʤʠ ʘʢʪʠʚʘʮʽʾ ʤʘʻ ʨʽʟʥʠʡ ʯʘʩ ʥʘʚʯʘʥʥʷ ʧʨʠ ʦʜʥʘʢʦʚʠʭ ʢʦʝʬʽʮʽʻʥʪʘʭ. ɹʫʣʦ 

ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʧʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ ʬʫʥʢʮʽʾ ʍʝʚʽʩʘʡʜʘ ʽ ʜʽʘʧʘʟʦʥʽ ʚʭʽʜʥʠʭ ʟʥʘʯʝʥʴ x1, 

x2  ɴ[0;1] ʰʚʠʜʢʽʩʪʴ ʥʘʚʯʘʥʥʷ ʤʝʨʝʞʽ ʻ ʥʘʡʙʽʣʴʰʦʶ. ʇʝʨʮʝʧʪʨʦʥ ʟ ʜʘʥʦʶ ʬʫʥʢʮʽʻʶ 

ʥʘʡʰʚʠʜʰʝ ʥʘʚʯʘʻʪʴʩʷ ʧʨʠ ʚʝʣʠʯʠʥʽ ʢʦʝʬʽʮʽʻʥʪʽʚ, ʨʽʚʥʠʭ ʥʫʣʶ, ʱʦ ʩʚʽʜʯʠʪʴ ʧʨʦ ʪʝ, 

ʱʦ ʧʨʠ ʽʥʽʮʽʘʣʽʟʘʮʽʾ ʢʦʝʬʽʮʽʻʥʪʽʚ ʚʠʧʘʜʢʦʚʠʤʠ ʯʠʩʣʘʤʠ ʢʨʘʱʝ ʙʨʘʪʠ ʟʥʘʯʝʥʥʷ, 

ʙʣʠʟʴʢʽ ʜʦ ʥʫʣʷ. 
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CHALLENGES OF IMPLEMENTING LI -FI  

TECHNOLOGY IN THE IOT NETWORK  
 

Suggestions for improving the quality of information transmission in networks of 

interaction between the Internet of Things and Li-Fi technologies by using different types of 

modulation. 
 

ʉʫʯʘʩʥʽ ʪʝʥʜʝʥʮʽʾ ʨʦʟʚʠʪʢʫ ʪʝʣʝʢʦʤʫʥʽʢʘʮʽʾ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴʩʷ 

ʰʚʠʜʢʠʤ ʟʨʦʩʪʘʥʥʷʤ ʢʽʣʴʢʦʩʪʽ ʧʽʜʢʣʶʯʝʥʠʭ ʧʨʠʩʪʨʦʾʚ. ʎʝ ʩʧʨʠʯʠʥʷʻ ʧʦʷʚʫ 

ʥʦʚʠʭ ʧʨʦʙʣʝʤ, ʷʢʽ ʤʦʞʫʪʴ ʙʫʪʠ ʚʠʨʽʰʝʥʽ ʰʣʷʭʦʤ ʟʙʽʣʴʰʝʥʥʷ ʻʤʥʦʩʪʽ, 

ʧʽʜʚʠʱʝʥʥʷ ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʦʩʪʽ, ʦʧʪʠʤʽʟʘʮʽʾ ʚʠʢʦʨʠʩʪʘʥʥʷ ʩʧʝʢʪʨʘ ʪʘ 

ʟʥʠʞʝʥʥʷ ʚʘʨʪʦʩʪʽ. ʎʴʦʛʦ ʤʦʞʥʘ ʜʦʩʷʛʪʠ ʰʣʷʭʦʤ ʽʥʪʝʛʨʘʮʽʾ ɯʥʪʝʨʥʝʪʫ ʨʝʯʝʡ 

(IoT) ʪʘ ʪʝʭʥʦʣʦʛʽʾ Light Fidelity (LiFi), ʷʢʘ ʩʧʨʷʤʦʚʘʥʘ ʥʘ ʧʦʢʨʘʱʝʥʥʷ 

ʝʬʝʢʪʠʚʥʦʩʪʽ ʩʠʩʪʝʤʠ ʟʘ ʜʦʧʦʤʦʛʦʶ ʢʦʤʫʥʽʢʘʮʽʡ ʫ ʚʠʜʠʤʦʤʫ ʩʚʽʪʣʽ (VLC) ʪʘ 

[1]. LiFi ʻ ʧʝʨʩʧʝʢʪʠʚʥʠʤ ʨʽʰʝʥʥʷʤ ʜʣʷ ʨʽʟʥʠʭ ʟʘʩʪʦʩʫʚʘʥʴ IoT, ʟʦʢʨʝʤʘ ʜʣʷ 

ʨʦʙʦʪʠ ʚ ʧʨʠʤʽʱʝʥʥʷʭ ʽ ʥʘ ʚʽʜʢʨʠʪʦʤʫ ʧʦʚʽʪʨʽ. 

ʈʦʟʛʣʷʜʘʶʯʠ ʧʠʪʘʥʥʷ ʽʥʪʝʛʨʘʮʽʾ ʟôʷʚʣʷʶʪʴʩʷ ʚʘʛʦʤʽ ʧʝʨʝʚʘʛʠ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʮʠʭ ʜʚʦʭ ʪʝʭʥʦʣʦʛʽʾ ʨʘʟʦʤ, ʩʝʨʝʜ ʷʢʠʭ [2]: 

- ɿʘʭʠʱʝʥʽʩʪʴ. ɺʠʜʠʤʝ ʩʚʽʪʣʦ ʥʝ ʧʨʦʭʦʜʠʪʴ ʢʨʽʟʴ ʩʪʽʥʠ, ʱʦ ʫʩʢʣʘʜʥʶʻ 

ʧʝʨʝʭʦʧʣʝʥʥʷ ʜʘʥʠʭ. ʎʝ ʨʦʙʠʪʴ ʪʝʭʥʦʣʦʛʽʶ ʧʦʪʝʥʮʽʡʥʦ ʙʝʟʧʝʯʥʽʰʦʶ, ʥʽʞ 

ʪʨʘʜʠʮʽʡʥʠʡ Wi-Fi. ʅʘ ʚʽʜʤʽʥʫ ʚʽʜ ʨʘʜʽʦʯʘʩʪʦʪʥʠʭ ʪʝʭʥʦʣʦʛʽʡ, Li-Fi 

ʜʦʟʚʦʣʷʻ ʧʦʚʥʽʩʪʶ ʧʦʢʨʠʪʠ ʟʘʢʨʠʪʫ ʮʽʣʴʦʚʫ ʢʽʤʥʘʪʫ ʩʠʛʥʘʣʦʤ. 

- ɺʠʩʦʢʦʰʚʠʜʢʽʩʥʘ ʧʝʨʝʜʘʯʘ ʜʘʥʠʭ. ʂʦʤʫʥʽʢʘʮʽʷ ʯʝʨʝʟ ʚʠʜʠʤʝ ʩʚʽʪʣʦ 

ʜʦʟʚʦʣʷʻ ʧʝʨʝʜʘʚʘʪʠ ʜʘʥʽ ʚ ʤʝʨʝʞʫ ʟʽ ʰʚʠʜʢʽʩʪʶ ʟʥʘʯʥʦ ʚʠʱʦʶ ʟʘ 

ʪʨʘʜʠʮʽʡʥʽ ʤʝʪʦʜʠ, ʱʦ ʥʘʜʟʚʠʯʘʡʥʦ ʥʝʦʙʭʽʜʥʦ ʜʣʷ ʧʨʠʩʪʨʦʾʚ ʟ 

ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʚʝʣʠʢʠʭ ʦʙʩʷʛʽʚ ʽʥʬʦʨʤʘʮʽʾ. 

- ɺʽʜʩʫʪʥʽʩʪʴ ʧʝʨʝʰʢʦʜ. ʆʧʪʠʯʥʠʡ ʢʘʥʘʣ ʟʚôʷʟʢʫ ʥʝ ʩʪʚʦʨʶʻ 

ʨʘʜʽʦʯʘʩʪʦʪʥʠʭ ʧʝʨʝʰʢʦʜ, ʱʦ ʨʦʙʠʪʴ ʡʦʛʦ ʧʨʠʜʘʪʥʠʤ ʜʣʷ ʚʠʢʦʨʠʩʪʘʥʥʷ ʫ 

ʯʫʪʣʠʚʠʭ ʜʦ ʨʘʜʽʦʭʚʠʣʴ ʩʝʨʝʜʦʚʠʱʘʭ. 

- ɽʥʝʨʛʦʝʬʝʢʪʠʚʥʽʩʪʴ. ʉʚʽʪʣʦʜʽʦʜʠ ʤʦʞʫʪʴ ʚʠʢʦʥʫʚʘʪʠ ʬʫʥʢʮʽʾ ʷʢ 

ʧʝʨʝʜʘʚʘʯʘ, ʪʘʢ ʽ ʟʘʩʦʙʫ ʦʩʚʽʪʣʝʥʥʷ ʧʨʠʤʽʱʝʥʥʷ. 

- ɹʝʟʧʝʢʘ. ʈʘʜʽʦ ʭʚʠʣʽ ʤʦʞʫʪʴ ʥʝʛʘʪʠʚʥʦ ʚʧʣʠʚʘʪʠ ʥʘ ʟʜʦʨʦʚôʷ ʣʶʜʠʥʠ, 

ʚ ʪʦʡ ʯʘʩ ʷʢ ʩʚʽʪʣʦ ʚʽʜ LED ʣʘʤʧʠ ʥʝ ʧʨʦʥʠʢʘʻ ʢʨʽʟʴ ʪʽʣʦ. ʄʝʨʝʭʪʽʥʥʷ 
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ʩʚʽʪʣʦʜʽʦʜʘ ʧʽʜ ʯʘʩ ʧʝʨʝʜʘʯʽ ʥʝ ʧʦʤʽʪʥʝ ʣʶʜʩʴʢʦʤʫ ʦʢʫ, ʪʦʤʫ ʮʝ ʥʝ ʚʠʢʣʠʯʝ 

ʜʠʩʢʦʤʬʦʨʪʫ ʫ ʢʦʨʠʩʪʫʚʘʯʽʚ. 

ʆʜʥʘʢ ʚʘʨʪʦ ʟʘʟʥʘʯʠʪʠ, ʱʦ ʜʣʷ ʧʨʘʚʠʣʴʥʦʾ ʨʦʙʦʪʠ ʧʨʠʩʪʨʦʾ IoT ʧʦʚʠʥʥʽ 

ʤʘʪʠ ʤʦʞʣʠʚʽʩʪʴ ʨʦʟʧʽʟʥʘʚʘʪʠ ʽʥʬʦʨʤʘʮʽʶ, ʦʙʨʦʙʣʷʪʠ ʾʾ ʪʘ ʟʚôʷʟʫʚʘʪʠʩʷ ʟ 

ʽʥʰʠʤʠ ʜʝʚʘʡʩʘʤʠ [3]. ʎʽ ʧʦʪʨʝʙʠ ʯʘʩʪʦ ʩʪʘʶʪʴ ʧʝʨʝʰʢʦʜʦʶ ʜʣʷ 

ʧʦʚʥʦʮʽʥʥʦʛʦ ʚʧʨʦʚʘʜʞʝʥʥʷ ʪʝʭʥʦʣʦʛʽʾ, ʦʩʢʽʣʴʢʠ ʚʦʥʠ ʩʧʨʠʯʠʥʷʶʪʴ ʨʽʟʥʽ 

ʩʢʣʘʜʥʦʱʽ, ʷʢʽ ʫʩʢʣʘʜʥʶʶʪʴ ʚʠʢʦʥʘʥʥʷ ʮʠʭ ʚʠʤʦʛ. ɼʝʷʢʽ ʟ ʮʠʭ ʧʨʦʙʣʝʤ 

ʧʦʣʷʛʘʶʪʴ ʫ ʟʘʙʝʟʧʝʯʝʥʥʽ ʥʘʜʽʡʥʦʾ ʪʘ ʜʚʦʥʘʧʨʘʚʣʝʥʦʾ ʩʠʛʥʘʣʽʟʘʮʽʾ, ʷʢʘ ʻ 

ʚʘʞʣʠʚʦʶ ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʧʝʨʝʜʘʯʽ ʽʥʬʦʨʤʘʮʽʾ. ʎʝ ʥʝʦʙʭʽʜʥʦ ʚʠʨʽʰʠʪʠ ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʥʘʜʽʡʥʦʛʦ ʜʚʦʩʪʦʨʦʥʥʴʦʛʦ ʢʘʥʘʣʫ ʟʚôʷʟʢʫ, ʷʢʠʡ ʜʦʟʚʦʣʠʪʴ ʷʢ 

ʥʘʜʩʠʣʘʪʠ, ʪʘʢ ʽ ʦʪʨʠʤʫʚʘʪʠ ʜʘʥʽ [4]. ɿʚʘʞʘʶʯʠ ʥʘ ʪʝ ʱʦ ʧʨʠʩʪʨʦʾ ʽʥʪʝʨʥʝʪʫ 

ʨʝʯʝʡ ʤʦʞʫʪʴ ʙʫʪʠ ʥʝ ʟʘʚʞʜʠ ʚ ʧʨʷʤʽʡ ʚʠʜʠʤʦʩʪʽ, ʘ ʦʪʨʠʤʫʚʘʪʠ ʩʠʛʥʘʣ 

ʰʣʷʭʦʤ ʚʽʜʙʠʪʪʷ ʩʚʽʪʣʘ ʚʽʜ ʨʽʟʥʠʭ ʦʙôʻʢʪʽʚ ʯʠ ʧʝʨʝʙʫʚʘʪʠ ʚ ʨʫʩʽ ʘʙʦ ʙʫʪʠ ʚ 

ʟʦʥʽ ʦʧʨʦʤʽʥʝʥʥʷ ʽʥʰʠʤʠ ʜʞʝʨʝʣʘʤʠ ʩʚʽʪʣʘ ʮʝ ʩʪʚʦʨʶʻ ʦʜʥʫ ʟ ʦʩʥʦʚʥʠʭ 

ʧʨʦʙʣʝʤ ʚʧʨʦʚʘʜʞʝʥʥʷ ʪʝʭʥʦʣʦʛʽʾ Li-Fi ʚ ʩʠʩʪʝʤʠ ʽʥʪʝʨʥʝʪʫ ʨʝʯʝʡ.  

ʄʥʦʞʠʥʘ ʨʽʟʥʠʭ ʚʠʜʽʚ ʤʦʜʫʣʷʮʽʾ ʩʠʛʥʘʣʫ, ʤʦʞʝ ʝʬʝʢʪʠʚʥʦ 

ʟʘʩʪʦʩʦʚʫʚʘʪʠʩʴ ʜʣʷ ʚʠʨʽʰʝʥʥʷ ʧʦʜʽʙʥʠʭ ʩʢʣʘʜʥʦʱʽʚ, ʦʩʢʽʣʴʢʠ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʨʽʟʥʠʭ ʘʣʛʦʨʠʪʤʽʚ ʟʘ ʧʝʚʥʠʭ ʩʮʝʥʘʨʽʾʚ ʜʦʧʦʤʦʞʝ ʟʙʝʨʝʛʪʠ ʝʬʝʢʪʠʚʥʽʩʪʴ 

ʧʝʨʝʜʘʯʽ ʜʘʥʠʭ. ʗʢ ʧʨʘʚʠʣʦ, ʪʠʧʦʚʽ ʤʝʪʦʜʠ ʤʦʜʫʣʷʮʽʾ, ʱʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ 

ʜʣʷ ʨʘʜʽʦʯʘʩʪʦʪʥʦʛʦ ʟʚôʷʟʢʫ, ʤʦʞʥʘ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʜʣʷ ʩʠʩʪʝʤ LiFi, 

ʦʩʢʽʣʴʢʠ ʽ ʩʚʽʪʣʦʚʽ, ʽ ʨʘʜʽʦʯʘʩʪʦʪʥʽ ʭʚʠʣʽ ʻ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʠʤʠ ʭʚʠʣʷʤʠ. 

ʆʜʥʘʢ, ʦʩʦʙʣʠʚʦʩʪʽ ʩʚʽʪʣʦʚʦʛʦ ʩʠʛʥʘʣʫ ʜʘʶʪʴ ʟʤʦʛʫ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʜʝʷʢʽ 

ʫʥʽʢʘʣʴʥʽ ʤʝʪʦʜʠ. ɿʘʛʘʣʦʤ ʤʦʞʥʘ ʨʦʟʜʽʣʠʪʠ ʚʠʜʠ ʤʦʜʫʣʷʮʽʾ, ʟ ʦʜʥʽʻʶ 

ʥʝʩʫʯʦʶ (SCM) ʪʘ ʜʝʢʽʣʴʢʦʤʘ ʥʝʩʫʯʠʤʠ (MCM) [5], ʷʢ ʮʝ ʧʦʢʘʟʘʥʦ ʥʘ 

ʨʠʩʫʥʢʫ 1: 

 
 

ʈʠʩ. 1 ɺʠʜʠ ʤʦʜʫʣʷʮʽʾ LiFi. 
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ɼʣʷ ʟʚôʷʟʢʫ ʫ ʚʠʜʠʤʦʤʫ ʩʚʽʪʣʽ ʚ ʧʨʠʤʽʱʝʥʥʽ ʧʨʦʚʝʜʝʥʦ ʘʥʘʣʽʟ 

ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ ʤʽʞ ʤʝʪʦʜʘʤʠ ʤʦʜʫʣʷʮʽʾ. ʈʝʟʫʣʴʪʘʪʠ 

ʧʦʢʘʟʫʶʪʴ, ʱʦ ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ ʤʝʪʦʜʽʚ ʟ ʦʜʥʽʻʶ ʥʝʩʫʯʦʶ ʧʦʛʽʨʰʫʻʪʴʩʷ ʟʽ 

ʟʙʽʣʴʰʝʥʥʷʤ ʰʚʠʜʢʦʩʪʽ ʧʝʨʝʜʘʯʽ ʜʘʥʠʭ ʯʝʨʝʟ ʤʽʞʩʠʤʚʦʣʴʥʫ ʽʥʪʝʨʬʝʨʝʥʮʽʶ. 

ʄʦʜʫʣʷʮʽʷ ʟ ʜʝʢʽʣʴʢʦʤʘ ʥʝʩʫʯʠʤʠ ʻ ʙʽʣʴʰ ʝʥʝʨʛʦʟʘʪʨʘʪʥʠʤ, ʘʣʝ ʙʽʣʴʰ 

ʝʬʝʢʪʠʚʥʠʤ ʱʦʜʦ ʧʨʦʧʫʩʢʥʦʾ ʟʜʘʪʥʦʩʪʽ ʧʦʨʽʚʥʷʥʦ ʟ SCM. OFDM ʻ ʦʜʥʽʻʶ ʟ 

ʥʘʡʧʦʰʠʨʝʥʽʰʠʭ ʩʭʝʤ, ʱʦ ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ ʚ MCM. ʅʝʟʚʘʞʘʶʯʠ ʥʘ 

ʩʢʣʘʜʥʽʩʪʴ ʚ ʨʝʘʣʽʟʘʮʽʾ ʮʝʡ ʤʝʪʦʜ ʜʘʻ ʟʤʦʛʫ ʢʦʨʠʛʫʚʘʪʠ ʯʘʩʪʦʪʥʽ ʟʤʽʱʝʥʥʷ 

ʷʢʱʦ ʧʨʠʩʪʨʽʡ ʨʫʭʘʻʪʴʩʷ ʘʙʦ ʟʥʘʭʦʜʠʪʴʩʷ ʥʝ ʫ ʟʦʥʽ ʧʨʷʤʦʾ ʚʠʜʠʤʦʩʪʽ. 

ʇʨʠʢʣʘʜʠ ʩʭʝʤ ʟ ʦʜʥʽʻʶ ʥʝʩʫʯʦʶ ʪʘʢʦʞ ʚʢʣʶʯʘʶʪʴ ʤʘʥʽʧʫʣʷʮʽʶ (OOK) ʽ 

ʽʤʧʫʣʴʩʥʫ ʧʦʟʠʮʽʡʥʫ ʤʦʜʫʣʷʮʽʶ (PPM), ʷʢʽ ʙʫʣʠ ʚʠʚʯʝʥʽ ʪʘ ʧʦʨʽʚʥʷʥʽ ʚ 

ʩʠʩʪʝʤʘʭ ʙʝʟʜʨʦʪʦʚʦʛʦ ʽʥʬʨʘʯʝʨʚʦʥʦʛʦ ʟʚôʷʟʢʫ [6]. ʇʝʨʰʠʡ ʪʠʧ ʻ ʧʨʦʩʪʠʤ ʫ 

ʨʝʘʣʽʟʘʮʽʾ ʪʘ ʧʽʜʭʦʜʠʪʴ ʜʣʷ ʧʨʠʩʪʨʦʾʚ IoT, ʧʨʦʪʝ ʚʽʥ ʯʫʪʣʠʚʠʡ ʜʦ ʰʫʤʫ. PPM 

ʤʘʻ ʙʽʣʴʰʫ ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʽʩʪʴ. VPPM ʟʘ ʨʘʭʫʥʦʢ ʯʽʪʢʽʰʦʾ ʯʘʩʦʚʦʾ 

ʦʨʛʘʥʽʟʘʮʽʾ ʽʤʧʫʣʴʩʽʚ ʤʦʞʝ ʫʥʠʢʥʫʪʠ ʚʧʣʠʚʫ ʩʚʽʪʣʦʚʠʭ ʧʝʨʝʰʢʦʜ. PSK ʜʦʙʨʝ 

ʧʽʜʭʦʜʠʪʴ ʜʣʷ ʜʝʚʘʡʩʽʚ ʟ ʩʝʨʝʜʥʴʦʶ ʩʢʣʘʜʥʽʩʪʶ ʦʙʯʠʩʣʝʥʴ, ʤʘʻ ʥʝʧʦʛʘʥʫ 

ʩʪʽʡʢʽʩʪʴ ʜʦ ʰʫʤʽʚ, ʧʨʦʪʝ ʚʠʤʘʛʘʻ ʬʘʟʦʚʦʾ ʩʠʥʭʨʦʥʽʟʘʮʽʾ [7]. ɺʠʢʦʨʠʩʪʘʥʥʷ 

QAM ʜʦʟʚʦʣʷʻ ʜʦʩʷʛʪʠ ʤʘʢʩʠʤʘʣʴʥʦʾ ʰʚʠʜʢʦʩʪʽ ʢʦʨʠʩʪʫʶʯʠʩʴ ʝʬʝʢʪʠʚʥʠʤ 

ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʩʧʝʢʪʨʫ, ʦʜʥʘʢ ʪʘʢʠʡ ʚʠʜ ʤʦʜʫʣʷʮʽʾ ʧʦʪʨʝʙʫʻ ʟʥʘʯʥʠʭ 

ʨʝʩʫʨʩʽʚ. 

ʇʨʦʚʝʜʝʥʠʡ ʘʥʘʣʽʟ ʧʨʦʙʣʝʤ ʚʧʨʦʚʘʜʞʝʥʥʷ Li-Fi ʚ ʤʝʨʝʞʽ ɯʦʊ, 

ʚʠʢʣʠʢʘʥʽ ʦʩʦʙʣʠʚʽʩʪʶ ʜʝʚʘʡʩʽʚ ʽʥʪʝʨʥʝʪʫ ʨʝʯʝʡ. ɼʦʩʣʽʜʞʝʥʦ ʩʧʦʩʦʙʠ 

ʟʘʙʝʟʧʝʯʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʨʦʙʦʪʠ Light Fidelity ʰʣʷʭʦʤ ʚʠʢʦʨʠʩʪʘʥʥʷ ʨʽʟʥʠʭ 

ʪʠʧʽʚ ʤʦʜʫʣʷʮʽʾ ʧʨʠ ʧʝʚʥʠʭ ʩʮʝʥʘʨʽʷʭ, ʪʘʢʠʭ ʷʢ ʚʧʣʠʚ ʟʦʚʥʽʰʥʴʦʛʦ ʩʚʽʪʣʘ, 

ʚʽʜʩʫʪʥʽʩʪʴ ʧʨʷʤʦʾ ʚʠʜʠʤʦʩʪʽ ʪʘ ʨʫʭʦʤʽ ʜʝʚʘʡʩʠ. 
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ARTIFICIAL INTELLIGENCE ALGORITHMS FOR LOAD BALANCING IN SDN 
 

This paper presents Artificial Intelligence (AI) algorithms for optimizing traffic 

management in Software Defined Networks (SDN). It discusses the integration of monitoring 

and AI analysis modules to enhance load balancing and dynamic traffic reconfiguration. 

Leveraging AI enables networks to forecast and manage parameters intelligently, addressing 

challenges like low reliability and inefficient resource usage. The paper also examines popular 

algorithms for resource optimization and their advantages, highlighting the importance of these 

technologies. 

 

ʊʝʭʥʦʣʦʛʽʷ SDN ʥʘʜʘʻ ʥʦʚʽ ʤʦʞʣʠʚʦʩʪʽ ʜʣʷ ʨʝʢʦʥʬʽʛʫʨʘʮʽʾ ʤʝʨʝʞʝʚʦʛʦ 

ʦʙʣʘʜʥʘʥʥʷ ʦʧʝʨʘʪʦʨʽʚ ʪʘ ʤʝʨʝʞʝʚʦʾ ʘʨʭʽʪʝʢʪʫʨʠ (ʥʘʧʨʠʢʣʘʜ, ʨʦʟʜʽʣʝʥʥʷ 

ʫʧʨʘʚʣʽʥʥʷ ʪʘ ʧʝʨʝʘʜʨʝʩʘʮʽʾ, ʚʽʨʪʫʘʣʽʟʘʮʽʷ, ʜʠʥʘʤʽʯʥʘ ʨʝʢʦʥʬʽʛʫʨʘʮʽʷ, 

ʮʝʥʪʨʘʣʽʟʦʚʘʥʝ ʫʧʨʘʚʣʽʥʥʷ ʪʘ ʢʦʥʪʨʦʣʴ), ʷʢʽ ʚʠʨʽʰʫʶʪʴ ʧʨʦʙʣʝʤʫ ʥʠʟʴʢʦʾ 

ʥʘʜʽʡʥʦʩʪʽ ʤʝʨʝʞʽ, ʥʠʟʴʢʦʛʦ ʪʘ ʥʝʟʙʘʣʘʥʩʦʚʘʥʦʛʦ ʨʽʚʥʷ ʚʠʢʦʨʠʩʪʘʥʥʷ ʤʝʨʝʞʝʚʠʭ 

ʨʝʩʫʨʩʽʚ, ʚʠʩʦʢʠʭ ʚʠʪʨʘʪ ʥʘ ʝʢʩʧʣʫʘʪʘʮʽʶ ʪʘ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʪʘ ʽʥʰʝ. 

ɺ ʩʚʦʶ ʯʝʨʛʫ, ʚʠʢʦʨʠʩʪʘʥʥʷ ʘʣʛʦʨʠʪʤʽʚ ʰʪʫʯʥʦʛʦ ʽʥʪʝʣʝʢʪʫ (ʐɯ) ʥʘʜʘʻ 

ʤʝʨʝʞʽ ʢʦʛʥʽʪʠʚʥʽ ʟʜʽʙʥʦʩʪʽ ʟ ʤʦʞʣʠʚʽʩʪʶ ʽʥʪʝʣʝʢʪʫʘʣʴʥʦʛʦ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʪʘ 

ʦʧʪʠʤʽʟʘʮʽʾ ʧʘʨʘʤʝʪʨʽʚ ʤʝʨʝʞʽ. ɺʠʢʦʨʠʩʪʘʥʥʷ ʤʝʨʝʞʽ SDN ʟ ʪʝʭʥʦʣʦʛʽʻʶ ʐɯ ʥʝ 

ʙʫʜʝ ʟʘʥʘʜʪʦ ʧʦʢʣʘʜʘʪʠʩʷ ʥʘ ʣʶʜʩʴʢʠʡ ʜʦʩʚʽʜ, ʪʦʙʪʦ ʐɯ ʜʦʧʦʤʦʞʝ ʢʦʥʪʨʦʣʶʚʘʪʠ 

ʪʘ ʦʧʪʠʤʽʟʫʚʘʪʠ ʤʝʨʝʞʫ ʟʘ ʜʦʧʦʤʦʛʦʶ ʧʦʩʪʽʡʥʦʛʦ ʙʽʣʴʰ ʪʦʯʥʦʛʦ ʘʥʘʣʽʟʫ ʜʘʥʠʭ ʪʘ 

ʘʜʘʧʪʠʚʥʠʭ ʘʣʛʦʨʠʪʤʽʚ. 

ɼʣʷ ʨʦʟʰʠʨʝʥʥʷ ʤʦʞʣʠʚʦʩʪʝʡ ʪʘ ʬʫʥʢʮʽʦʥʘʣʫ SDN-ʢʦʥʪʨʦʣʝʨʘ ʤʦʞʥʘ 

ʽʥʪʝʛʨʫʚʘʪʠ ʜʦʜʘʪʢʦʚʽ ʤʦʜʫʣʽ: ʤʦʥʽʪʦʨʠʥʛʫ ʜʣʷ ʟʙʦʨʫ ʜʦʜʘʪʢʦʚʠʭ ʧʘʨʘʤʝʪʨʽʚ  

ʤʝʨʝʞʽ (ʦʙʣʘʜʥʘʥʥʷ) ʪʘ ʤʦʜʫʣʴ ʐɯ-ʘʥʘʣʽʟʫ (ʧʨʦʛʥʦʟʫʚʘʥʥʷ) ʪʘ ʫʧʨʘʚʣʽʥʥʷ.  

ʅʘ ʨʠʩ. 1. ʧʦʢʘʟʘʥʘ ʫʟʘʛʘʣʴʥʝʥʘ ʩʪʨʫʢʪʫʨʘ ʚʧʨʦʚʘʜʞʝʥʥʷ ʽʥʪʝʣʝʢʪʫʘʣʴʥʦʛʦ ʨʽʚʥʷ ʚ 

ʤʝʨʝʞʫ SDN. ʈʦʟʛʣʷʥʝʤʦ ʧʨʠʟʥʘʯʝʥʥʷ ʪʘ ʚʟʘʻʤʦʜʽʶ ʽʥʪʝʛʨʦʚʘʥʠʭ ʤʦʜʫʣʽʚ ʟ  

SDN-ʢʦʥʪʨʦʣʝʨʦʤ ʪʘ ʝʣʝʤʝʥʪʘʤʠ ʛʝʪʝʨʦʛʝʥʥʦʾ ʤʝʨʝʞʽ. 

ʄʦʜʫʣʴ ʤʦʥʽʪʦʨʠʥʛʫ ï ʦʪʨʠʤʫʻ ʽʥʬʦʨʤʘʮʽʶ ʧʨʦ ʟʘʚʘʥʪʘʞʝʥʥʷ ʝʣʝʤʝʥʪʽʚ 

ʤʝʨʝʞʽ ʟʘ ʜʦʧʦʤʦʛʦʶ ʧʨʦʪʦʢʦʣʽʚ: 

SNMP/NETCONF ï ʤʦʜʠʬʽʢʦʚʘʥʽ ʧʨʦʪʦʢʦʣʠ ʫʧʨʘʚʣʽʥʥʷ ʪʘ ʤʦʥʽʪʦʨʠʥʛʫ 

ʚʠʟʥʘʯʝʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʤʝʨʝʞʽ ʟ ʧʽʜʪʨʠʤʢʦʶ ʧʨʦʪʦʢʦʣʫ OPENFLOW; 

Two-Way Active Measurement Protocol (TWAMP) ï ʜʘʥʠʡ ʧʨʦʪʦʢʦʣ ʩʪʚʦʨʝʥʠʡ 

ʜʣʷ ʟʙʦʨʫ ʩʪʘʪʠʩʪʠʢʠ ʪʘʢʠʭ ʤʝʨʝʞʝʚʠʭ ʚʝʥʜʦʨʽʚ ʷʢ Huawei (ʥʘʧʨʠʢʣʘʜ: ʟʘʪʨʠʤʢʘ 

(delay), ʪʨʝʤʪʽʥʥʷ (jitter), ʢʦʝʬʽʮʽʻʥʪ ʚʪʨʘʪʠ ʧʘʢʝʪʽʚ ñpacket loss rateò, ʥʘʚʘʥʪʘʞʝʥʥʷ 

ʥʘ ʧʨʦʮʝʩʦʨ, ʽ ʪ. ʜ.); 

MQTT ï ʧʨʦʪʦʢʦʣ ʟʙʦʨʫ ʪʝʣʝʤʝʪʨʽʾ, ʚ ʪʦʤʫ ʯʠʩʣʽ ʧʘʨʘʤʝʪʨʠ ʘʢʪʠʚʥʦʛʦ 

ʤʝʨʝʞʝʚʦʛʦ ʦʙʣʘʜʥʘʥʥʷ, ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʜʣʷ ʦʙʤʽʥʫ ʧʦʚʽʜʦʤʣʝʥʥʷʤʠ ʤʽʞ 

ʧʨʠʩʪʨʦʷʤʠ ʤʝʨʝʞʽ IoT. 
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ʈʠʩ. 1. ɸʨʭʽʪʝʢʪʫʨʘ SDN-ʤʝʨʝʞʽ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʐɯ. 

 

ʄʦʜʫʣʴ ʐɯ-ʘʥʘʣʽʟʫ (ʧʨʦʛʥʦʟʫʚʘʥʥʷ) ʪʘ ʫʧʨʘʚʣʽʥʥʷ ï ʘʥʘʣʽʟʫʻ ʥʘʜʘʥʫ 

ʤʦʜʫʣʝʤ ʤʦʥʽʪʦʨʠʥʛʫ ʩʪʘʪʠʩʪʠʢʫ ʪʘ ʬʦʨʤʫʻ ñʽʥʪʝʣʝʢʪʫʘʣʴʥʽ ʩʪʨʘʪʝʛʽʾò, ʱʦ 

ʧʦʣʷʛʘʶʪʴ ʚ: 

ʜʠʥʘʤʽʯʥʽʡ ʢʦʨʝʢʮʽʾ ʪʨʘʬʽʢʫ ï ʦʧʪʠʤʽʟʘʮʽʷ ʰʣʷʭʽʚ ʧʨʦʭʦʜʞʝʥʥʷ ʜʘʥʠʭ ʚ 

ʨʝʘʣʴʥʦʤʫ ʯʘʩʽ ʥʘ ʦʩʥʦʚʽ ʘʢʪʫʘʣʴʥʠʭ ʧʦʢʘʟʥʠʢʽʚ ʟʘʚʘʥʪʘʞʝʥʥʷ, ʟʘʪʨʠʤʢʠ, 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʨʝʩʫʨʩʽʚ ʪʘ ʽʥʰʠʭ ʤʝʨʝʞʝʚʠʭ ʧʘʨʘʤʝʪʨʽʚ; 

ʦʧʪʠʤʽʟʘʮʽʾ ʚʠʢʦʨʠʩʪʘʥʥʷ ʨʝʩʫʨʩʽʚ ï ʧʣʘʥʫʚʘʥʥʷ ʽ ʫʧʨʘʚʣʽʥʥʷ ʨʝʩʫʨʩʘʤʠ 

(ʧʝʨʝʥʘʧʨʘʚʣʝʥʥʷ ʥʘʚʘʥʪʘʞʝʥʥʷ ʰʣʷʭʦʤ ʟʤʽʥʠ ʤʘʨʰʨʫʪʫ ʪʨʘʬʽʢʫ) ʜʣʷ 

ʜʦʩʷʛʥʝʥʥʷ ʨʽʚʥʦʤʽʨʥʦʛʦ ʟʘʚʘʥʪʘʞʝʥʥʷ; 

ʧʨʦʬʽʣʘʢʪʠʮʽ ʧʝʨʝʚʘʥʪʘʞʝʥʴ ï ʧʦʩʪʽʡʥʝ ʚʠʟʥʘʯʝʥʥʷ ʧʦʪʝʥʮʽʡʥʠʭ ʟʦʥ 

ʧʝʨʝʚʘʥʪʘʞʝʥʥʷ ʚ ʤʝʨʝʞʽ ʽ ʟʘʚʯʘʩʥʝ ʚʞʠʪʪʷ ʟʘʭʦʜʽʚ ʜʣʷ ʙʘʣʘʥʩʫʚʘʥʥʷ 

ʪʨʘʬʽʢʫ, ʱʦʙ ʫʥʠʢʥʫʪʠ ʧʝʨʝʚʘʥʪʘʞʝʥʴ ʦʢʨʝʤʠʭ ʚʫʟʣʽʚ/ʤʘʨʰʨʫʪʽʚ. 

ʇʨʠʯʦʤʫ, ʽʥʪʝʣʝʢʪʫʘʣʴʥʽ ʩʪʨʘʪʝʛʽʾ ʧʨʝʜʩʪʘʚʣʷʶʪʴ ʩʦʙʦʶ ʢʦʤʧʣʝʢʩʥʽ 

ʘʣʛʦʨʠʪʤʠ ʽ ʨʽʰʝʥʥʷ, ʱʦ ʜʦʟʚʦʣʷʶʪʴ ʘʚʪʦʤʘʪʠʟʫʚʘʪʠ ʧʨʦʮʝʩʠ ʫʧʨʘʚʣʽʥʥʷ 

ʤʝʨʝʞʝʶ ʪʘ ʟʘʙʝʟʧʝʯʫʚʘʪʠ ʾʾ ʦʧʪʠʤʽʟʘʮʽʶ ʚ ʫʤʦʚʘʭ ʜʠʥʘʤʽʯʥʦʛʦ 

ʥʘʚʘʥʪʘʞʝʥʥʷ. 

ʈʦʟʛʣʷʥʝʤʦ ʧʦʧʫʣʷʨʥʽ ʘʣʛʦʨʠʪʤʠ ʜʣʷ ʦʧʪʠʤʽʟʘʮʽʾ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʤʝʨʝʞʝʚʠʭ ʨʝʩʫʨʩʽʚ ʪʘ ʙʘʣʘʥʩʫʚʘʥʥʷ ʥʘʚʘʥʪʘʞʝʥʥʷ ʚ SDN-ʤʝʨʝʞʽ: 

Mapping Algorithm Based on Particle Swarm Optimization (PSO) ï 

ʩʪʚʦʨʝʥʠʡ ʜʣʷ ʝʬʝʢʪʠʚʥʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʥʘʷʚʥʠʭ ʤʝʨʝʞʝʚʠʭ ʨʝʩʫʨʩʽʚ. 

ʆʩʥʦʚʦʶ ʘʣʛʦʨʠʪʤʫ ʻ ʚʠʢʦʨʠʩʪʘʥʥʷ ʤʝʪʦʜʫ ʨʦʶ ʯʘʩʪʠʥʦʢ. ʇʝʨʝʚʘʛʠ 

ʘʣʛʦʨʠʪʤʫ: ʤʦʞʣʠʚʽʩʪʴ ʨʽʚʥʦʤʽʨʥʦʛʦ ʨʦʟʧʦʜʽʣʫ ʨʝʩʫʨʩʽʚ ʤʝʨʝʞʽ, ʱʦ ʟʤʝʥʰʫʻ 

ʥʘʚʘʥʪʘʞʝʥʥʷ ʥʘ ʦʢʨʝʤʽ ʚʫʟʣʠ, ʟʙʽʣʴʰʫʻ ʩʫʤʘʨʥʫ ʧʨʦʧʫʩʢʥʫ ʩʧʨʦʤʦʞʥʽʩʪʴ 

ʛʨʫʧʠ ʤʘʨʰʨʫʪʽʚ; ʥʝʚʝʣʠʢʘ ʦʙʯʠʩʣʶʚʘʣʴʥʘ ʩʢʣʘʜʥʽʩʪʴ. ʉʝʨʝʜ ʤʽʥʫʩʽʚ: 

ʝʬʝʢʪʠʚʥʠʡ ʜʣʷ ʤʝʨʝʞ ʟ ʚʽʜʥʦʩʥʦ ʥʝʚʝʣʠʢʦʶ ʢʽʣʴʢʽʩʪʶ ʚʫʟʣʽʚ (<500 ʚʫʟʣʽʚ), 

ʦʩʢʽʣʴʢʠ ʧʨʠ ʦʙʯʠʩʣʝʥʥʽ ʦʧʪʠʤʘʣʴʥʠʭ ʤʘʨʰʨʫʪʽʚ ʘʣʛʦʨʠʪʤ ʥʝ ʚʨʘʭʦʚʫʻ ʚʩʽ 

ʤʦʞʣʠʚʽ ʤʘʨʰʨʫʪʠ ʽ ʰʫʢʘʻ ʥʘʡʦʧʪʠʤʘʣʴʥʽʰʠʡ ʣʦʢʘʣʴʥʠʡ ʤʘʨʰʨʫʪ; ʥʝ 

ʚʨʘʭʦʚʫʻ ʜʦʧʫʩʪʠʤʫ ʰʚʠʜʢʽʩʪʴ ʧʝʨʝʜʘʯʽ ʣʽʥʽʡ, ʷʢʽ ʚʭʦʜʷʪʴ ʜʦ ʩʢʣʘʜʫ 
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ʤʘʨʰʨʫʪʽʚ, ʱʦ ʘʥʘʣʽʟʫʶʪʴʩʷ; 

Weight Particle Swarm Optimization (WPSO) ï ʤʦʜʠʬʽʢʦʚʘʥʠʡ PSO, ʱʦ 

ʜʦʜʘʪʢʦʚʦ ʘʥʘʣʽʟʫʻ ʜʦʧʫʩʪʠʤʫ ʰʚʠʜʢʽʩʪʴ ʧʝʨʝʜʘʯʽ ʣʽʥʽʡ ʫ ʚʠʟʥʘʯʝʥʠʭ 

ʤʘʨʰʨʫʪʘʭ. ʆʩʥʦʚʥʠʡ ʥʝʜʦʣʽʢ ʰʫʢʘʻ ʥʘʡʦʧʪʠʤʘʣʴʥʽʰʠʡ ʣʦʢʘʣʴʥʠʡ ʤʘʨʰʨʫʪ, 

ʪʦʙʪʦ ʥʝ ʚʨʘʭʦʚʫʻ ʚʩʽ ʤʦʞʣʠʚʽ ʤʘʨʰʨʫʪʠ ʧʝʨʝʜʘʯʽ. 

Genetic Weight Particle Swarm Optimization (GWPSO) ï ʤʦʜʠʬʽʢʦʚʘʥʠʡ 

WPSO, ʱʦ ʧʦʢʨʘʱʝʥʠʡ ʰʣʷʭʦʤ ʧʦʻʜʥʘʥʥʷ ʤʝʪʦʜʫ ʨʦʶ ʯʘʩʪʠʥʦʢ (ʘʣʛʦʨʠʪʤʠ 

PSO/WPSO) ʟ ʛʝʥʝʪʠʯʥʠʤ ʘʣʛʦʨʠʪʤʦʤ. ɻʝʥʝʪʠʯʥʠʡ ʘʣʛʦʨʠʪʤ ʟʘ ʨʘʭʫʥʦʢ 

ʩʚʦʻʾ ʦʩʦʙʣʠʚʦʩʪʽ (ñʤʫʪʘʮʽʡò ʽ ñʢʨʦʩʦʚʝʨʽʚò) ʧʦʻʜʥʫʻ ʪʘ ʟʤʽʥʶʻ ʚʞʝ 

ʧʨʦʘʥʘʣʽʟʦʚʘʥʽ ʤʘʨʰʨʫʪʠ, ʘ ʩʘʤʝ ʟʙʽʣʴʰʫʻ ʢʽʣʴʢʽʩʪʴ ʚʘʨʽʘʮʽʡ ʤʘʨʰʨʫʪʽʚ 

ʨʦʟʰʠʨʶʶʯʠ ʚʠʙʽʨʢʫ ʧʨʦʘʥʘʣʽʟʦʚʘʥʠʭ ʤʘʨʰʨʫʪʽʚ ʥʘ ʚʩʶ ʤʝʨʝʞʫ, ʘ ʪʘʢʦʞ 

ʚʨʘʭʦʚʫʻ ʥʦʚʽ, ʱʦʡʥʦ ʜʦʜʘʥʽ, ʚʫʟʣʠ. ɺʧʨʦʚʘʜʞʝʥʥʷ ʛʝʥʝʪʠʯʥʦʛʦ ʘʣʛʦʨʠʪʤʫ 

ʜʦʟʚʦʣʠʣʦ ʚʠʨʽʰʠʪʠ ʧʨʦʙʣʝʤʫ ʨʦʟʧʦʜʽʣʫ ʨʝʩʫʨʩʽʚ ʪʽʣʴʢʠ ʣʦʢʘʣʴʥʠʭ 

ʤʘʨʰʨʫʪʽʚ, ʱʦ ʜʦʟʚʦʣʠʪʴ ʨʦʟʧʦʜʽʣʷʪʠ ʨʝʩʫʨʩʠ ʚʝʣʠʢʠʭ ʤʝʨʝʞ (>500 ʚʫʟʣʽʚ). 

ʉʝʨʝʜ ʥʝʜʦʣʽʢʽʚ ʤʦʞʥʘ ʟʘʟʥʘʯʠʪʠ, ʱʦ ʘʣʛʦʨʠʪʤ ʧʦʪʨʝʙʫʻ ʙʽʣʴʰʝ 

ʦʙʯʠʩʣʶʚʘʣʴʥʠʭ ʨʝʩʫʨʩʽʚ, ʘʥʽʞ ʟʚʠʯʘʡʥʽ PSO ʘʙʦ WPSO. 

ɺʠʢʦʨʠʩʪʘʥʥʷ ʪʝʭʥʦʣʦʛʽʡ ʐɯ ʜʦʟʚʦʣʷʻ ʨʦʟʰʠʨʠʪʠ ʬʫʥʢʮʽʦʥʘʣ  

SDN-ʢʦʥʪʨʦʣʝʨʘ ʟʘ ʨʘʭʫʥʦʢ ʽʥʪʝʣʝʢʪʫʘʣʽʟʘʮʽʾ ʤʝʪʦʜʽʚ ʦʙʨʦʙʢʠ ʩʪʘʪʠʩʪʠʯʥʠʭ 

ʜʘʥʠʭ ʪʘ ʚʠʟʥʘʯʝʥʥʷ ʽʥʪʝʣʝʢʪʫʘʣʴʥʠʭ ʩʪʨʘʪʝʛʽʡ ʦʙʨʦʙʢʠ ʧʦʪʦʢʽʚ ʜʘʥʠʭ ʜʣʷ 

ʙʘʣʘʥʩʫʚʘʥʥʷ, ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʧʝʨʝʥʘʚʘʥʪʘʞʝʥʴ. ʅʘ ʝʬʝʢʪʠʚʥʽʩʪʴ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʨʦʟʛʣʷʥʫʪʠʭ ʘʣʛʦʨʠʪʤʽʚ (PSO, WPSO, GWPSO) ʚʣʠʚʘʻ: 

ʨʦʟʤʽʨʥʽʩʪʴ ʤʝʨʝʞʽ, ʢʽʣʴʢʽʩʪʴ ʦʪʨʠʤʘʥʠʭ ʧʘʨʘʤʝʪʨʽʚ, ʧʦʚʥʦʪʘ ʦʪʨʠʤʘʥʠʭ 

ʜʘʥʠʭ ʪʘ ʧʦʪʨʝʙʫʻ ʧʦʜʘʣʴʰʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ.    

ʃʽʪʝʨʘʪʫʨʘ 

1. Construction and Methods for Solving Problems at the SDN Control Level / O. Romanov et 

al. Emerging Networking in the Digital Transformation Age. Cham, 2023. P. 85ï101. URL: 

https://doi.org/10.1007/978-3-031-24963-1_6. 

2. Romanov, O., Nesterenko, M., Marinov, A., Skolets, S., Burlaka, H. SDN network modeling 

using the GUI MiniEdit/Proceedings - 16th International Conference on Advanced Trends in 

Radioelectronics, Telecommunications and Computer Engineering, TCSET 2022, 2022, ʩʪʨ.  

637ï642 

3. Guo A., Yuan C. Network Intelligent Control and Traffic Optimization Based on SDN and 

Artificial Intelligence. Electronics. 2021. Vol. 10, no. 6. P. 700. URL: 

https://doi.org/10.3390/electronics10060700. 

4. Directions for the Development of SDN Networks: Setting Tasks, Management Methods, 

Interfaces. / O. Romanov et al. 2023 IEEE International Conference on Information and 

Telecommunication Technologies and Radio Electronics (UkrMiCo), Kyiv, Ukraine, 13ï18 

November 2023. 2023. URL: https://doi.org/10.1109/ukrmico61577.2023.10380413  

5. Event Model Algorithm with Microservice Architecture Implementation / O. Romanov et al. 

2022 IEEE 9th International Conference on Problems of Infocommunications, Science and 

Technology (PIC S&T), Kharkiv, Ukraine, 10ï12 October 2022. 2022. URL: 

https://doi.org/10.1109/picst57299.2022.10238498. 

6. Alhilali A. H., Montazerolghaem A. Artificial intelligence based load balancing in SDN: A 

comprehensive survey. Internet of Things. 2023. Vol. 22. P. 100814. URL: 

https://doi.org/10.1016/j.iot.2023.100814. 

 

https://doi.org/10.1007/978-3-031-24963-1_6
https://doi.org/10.3390/electronics10060700
https://doi.org/10.1109/ukrmico61577.2023.10380413
https://doi.org/10.1109/picst57299.2022.10238498
https://doi.org/10.1016/j.iot.2023.100814


 146 

ʋɼʂ 621.395 

 

ɸʅɸʃɯɿ ʊɽʍʅʆʃʆɻɯʁ IAC ɼʃʗ ʈʆɿɻʆʈʊɸʅʅʗ  

ɺɯɼʄʆɺʆʉʊɯʁʂʀʍ ʊɸ ɺʀʉʆʂʆʅɸɺɸʅʊɸɾɽʅʀʍ ʉɽʈɺɯʉɯɺ ɺ 

ʍʄɸʈʅʆʄʋ ʉɽʈɽɼʆɺʀʑɯ AWS 

 

ʅʝʩʪʝʨʝʥʢʦ ʄ.ʄ., ʂʘʣʶʞʥʠʡ ɯ.ɸ. 

ʅʘʚʯʘʣʴʥʦ-ʥʘʫʢʦʚʠʡ ʽʥʩʪʠʪʫʪ ʪʝʣʝʢʦʤʫʥʽʢʘʮʽʡʥʠʭ ʩʠʩʪʝʤ  

ʂʇɯ ʽʤ. ɯʛʦʨʷ ʉʽʢʦʨʩʴʢʦʛʦ, ʋʢʨʘʾʥʘ 

E-mail:  nikolaiy.nesterenko@gmail.com, kaluzhnyi.ivan@lll.kpi.ua 

 

ANALYSIS OF IAC TECHNOLOGIES FOR  

DEPLOYING HIGHLY AVAILABLE AND HIGH -PERFORMANCE  

SERVICES IN THE AWS CLOUD ENVIRONMENT  

 

This paper analyzes IaC technologies for deploying a fault-tolerant, high-load Kubernetes 

cluster in AWS. It explores automation, scalability, and maintainability using Terraform and 

Kubernetes. The study highlights best practices for cloud reliability and performance, proposing 

a highly available Kubernetes cluster design. 

 

ʉʫʯʘʩʥʽ ʽʥʬʦʨʤʘʮʽʡʥʦ-ʢʦʤʫʥʽʢʘʮʽʡʥʽ ʩʠʩʪʝʤʠ ʤʘʩʦʚʦ ʧʝʨʝʭʦʜʷʪʴ ʥʘ 

ʢʦʥʪʝʡʥʝʨʠʟʘʮʽʶ, ʱʦ ʟʘʙʝʟʧʝʯʫʻ ʛʥʫʯʢʽʩʪʴ, ʽʟʦʣʷʮʽʶ ʪʘ ʩʧʨʦʱʫʻ ʨʦʟʛʦʨʪʘʥʥʷ. 

ʅʘʡʧʦʧʫʣʷʨʥʽʰʦʶ ʪʝʭʥʦʣʦʛʽʻʶ ʢʦʥʪʝʡʥʝʨʠʟʘʮʽʾ ʻ Docker, ʘʣʴʪʝʨʥʘʪʠʚʥʽ - 

Podman, containerd ʽ CRI-O. ʇʨʦʪʝ ʚʠʢʦʨʠʩʪʘʥʥʷ ʣʠʰʝ ʩʠʩʪʝʤ 

ʢʦʥʪʝʡʥʝʨʠʟʘʮʽʾ ʩʪʚʦʨʶʻ ʧʨʦʙʣʝʤʠ ʟ ʫʧʨʘʚʣʽʥʥʷʤ ʨʦʟʨʦʙʣʝʥʠʤ ʧʨʦʝʢʪʦʤ, 

ʡʦʛʦ ʚʽʜʤʦʚʦʩʪʽʡʢʽʩʪʶ, ʙʘʣʘʥʩʫʚʘʥʥʷʤ ʥʘʚʘʥʪʘʞʝʥʥʷ, ʘʚʪʦʤʘʪʠʯʥʠʤ 

ʤʘʩʰʪʘʙʫʚʘʥʥʷʤ. ɺ ʟʚôʷʟʢʫ ʟ ʮʠʤ, ʤʝʪʦʶ ʜʦʩʣʽʜʞʝʥʥʷ ʻ ʚʠʟʥʘʯʝʥʥʷ ʩʪʝʢʫ 

ʪʝʭʥʦʣʦʛʽʡ ʪʘ ʧʦʙʫʜʦʚʘ ʤʦʜʝʣʽ ʢʣʘʩʪʝʨʫ ʜʣʷ ʨʦʟʛʦʨʪʘʥʥʷ 

ʚʠʩʦʢʦʥʘʚʘʥʪʘʞʝʥʠʭ ʪʘ ʚʽʜʤʦʚʦʩʪʽʡʢʠʭ ʟʘʩʪʦʩʫʥʢʽʚ. 

ɼʣʷ ʢʝʨʫʚʘʥʥʷ ʢʦʥʪʝʡʥʝʨʘʤʠ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʩʠʩʪʝʤʠ ʦʨʢʝʩʪʨʘʮʽʾ, ʷʢʽ 

ʘʚʪʦʤʘʪʠʟʫʶʪʴ ʨʦʟʛʦʨʪʘʥʥʷ, ʤʘʩʰʪʘʙʫʚʘʥʥʷ ʪʘ ʟʘʙʝʟʧʝʯʫʶʪʴ 

ʚʽʜʤʦʚʦʩʪʽʡʢʽʩʪʴ. ʅʘʡʧʦʧʫʣʷʨʥʽʰʽ ʨʽʰʝʥʥʷ: Docker Swarm (ʦʙʤʝʞʝʥʽʩʪʴ ʫ 

ʤʘʩʰʪʘʙʫʚʘʥʥʽ), Apache Mesos (ʜʦʮʽʣʴʥʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʚ ʥʘʜʚʝʣʠʢʠʭ 

ʤʘʩʠʚʘʭ ʜʘʥʠʭ). ʆʜʥʽʻʶ ʟ ʪʝʭʥʦʣʦʛʽʡ, ʷʢʘ ʟʘʙʝʟʧʝʯʫʻ ʚʽʜʤʦʚʦʩʪʽʡʢʽʩʪʴ ʽ 

ʤʘʩʰʪʘʙʫʚʘʥʥʷ ʢʦʥʪʝʡʥʝʨʽʚ ʟʘʚʜʷʢʠ ʘʚʪʦʤʘʪʠʯʥʦʤʫ ʚʽʜʥʦʚʣʝʥʥʶ, 

ʙʘʣʘʥʩʫʚʘʥʥʶ ʥʘʚʘʥʪʘʞʝʥʥʷ ʪʘ ʘʜʘʧʪʘʮʽʾ ʜʦ ʦʙôʻʤʽʚ ʪʨʘʬʽʢʫ ʻ Kubernetes. ɺʽʥ 

ʤʘʻ ʢʣʘʩʪʝʨʥʫ ʘʨʭʽʪʝʢʪʫʨʫ (ʨʠʩ. 1.) ʽ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʥʘʩʪʫʧʥʠʭ ʝʣʝʤʝʥʪʽʚ: 

mailto:nikolaiy.nesterenko@gmail.com
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ʈʠʩ. 1. ʋʟʘʛʘʣʴʥʝʥʘ ʘʨʭʽʪʝʢʪʫʨʘ Kubernetes ʢʣʘʩʪʝʨʫ. 

 

ɿʘ ʚʽʜʤʦʚʦʩʪʽʡʢʽʩʪʴ ʚ Kubernetes ʚʽʜʧʦʚʽʜʘʶʪʴ ʩʣʫʞʙʠ ʤʦʥʽʪʦʨʠʥʛʫ 

ʩʪʘʥʫ ʪʘ ʧʝʨʝʟʘʧʫʩʢʫ ʧʦʜʽʚ (pod) ʫ ʨʘʟʽ ʾʭ ʧʘʜʽʥʥʷ, ʙʘʣʘʥʩʫʚʘʥʥʷ 

ʥʘʚʘʥʪʘʞʝʥʥʷ ʪʘ ʨʦʟʧʦʜʽʣʝʥʥʷ  ʧʦʜʽʚ ʤʽʞ ʨʽʟʥʠʤʠ ʥʦʜʘʤʠ.  

Kubernetes ʻ ʫʥʽʚʝʨʩʘʣʴʥʠʤ ʨʽʰʝʥʥʷʤ ʜʣʷ ʦʨʢʝʩʪʨʘʮʽʾ (ʧʽʜʪʨʠʤʫʻ Docker, 

containerd ʪʘ CRI-O) ʟʘʚʜʷʢʠ ʩʪʘʥʜʘʨʪʫ Container Runtime Interface (CRI). 

ʊʘʢʦʞ Kubernetes ʽʥʪʝʛʨʫʻʪʴʩʷ ʟ ʫʩʽʤʘ ʚʝʣʠʢʠʤʠ ʭʤʘʨʥʠʤʠ ʧʨʦʚʘʡʜʝʨʘʤʠ: 

AWS, Google Cloud, Azure. Kubernetes ʤʦʞʥʘ ʨʦʟʛʦʨʪʘʪʠ ʽ ʥʘ ʬʽʟʠʯʥʠʭ 

ʩʝʨʚʝʨʘʭ ʘʙʦ ʚ ʜʘʪʘ-ʮʝʥʪʨʘʭ, ʱʦ ʜʘʻ ʟʤʦʛʫ ʙʫʜʫʚʘʪʠ ʛʽʙʨʠʜʥʽ ʘʙʦ on-premises 

ʨʽʰʝʥʥʷ, ʱʦ ʨʦʙʠʪʴ ʡʦʛʦ ʛʥʫʯʢʠʤ ʫʥʽʚʝʨʩʘʣʴʥʠʤ ʽʥʩʪʨʫʤʝʥʪʦʤ. 

ɼʣʷ ʘʚʪʦʤʘʪʠʟʘʮʽʾ ʨʦʟʛʦʨʪʘʥʥʷ, ʮʝʥʪʨʘʣʽʟʦʚʘʥʦʛʦ ʟʙʝʨʽʛʘʥʥʷ ʪʘ 

ʢʦʥʪʨʦʣʶ ʚʝʨʩʽʡ ʢʦʥʬʽʛʫʨʘʮʽʾ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ Infrastructure as a Code  (IaC) 

ʽʥʩʪʨʫʤʝʥʪʠ. ʆʜʥʠʤ ʟ ʥʘʡʧʦʰʠʨʝʥʽʰʠʭ ʩʧʦʩʦʙʽʚ ʨʦʟʛʦʨʪʘʥʥʷ 

ʚʠʩʦʢʦʥʘʚʘʥʪʘʞʝʥʦʛʦ ʪʘ ʚʽʜʤʦʚʦʩʪʽʡʢʦʛʦ Kubernetes ʢʣʘʩʪʝʨʫ ʻ ʩʝʨʚʽʩ EKS 

(Elastic Kubernetes Service) ʥʘ ʭʤʘʨʥʽʡ ʧʣʘʪʬʦʨʤʽ AWS (Amazon Web 

Services).  

ʅʘʡʙʽʣʴʰ ʧʝʨʩʧʝʢʪʠʚʥʠʤ ʽʥʩʪʨʫʤʝʥʪʦʤ IaC ʜʣʷ ʨʦʟʛʦʨʪʘʥʥʷ 

ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ ʚ ʛʝʪʝʨʦʛʝʥʥʦʤʫ ʭʤʘʨʥʦʤʫ ʩʝʨʝʜʦʚʠʱʽ, ʟ ʤʦʞʣʠʚʽʩʪʶ 

ʟʙʝʨʽʛʘʥʥʷ ʪʘ ʢʦʥʪʨʦʣʶ ʚʝʨʩʽʡ ʢʦʥʬʽʛʫʨʘʮʽʾ (ʥʘʧʨʠʢʣʘʜ - Git) ʻ Terraform, 

ʷʢʠʡ ʤʘʻ ʨʷʜ ʧʝʨʝʚʘʛ: ʚʩʽ ʟʤʽʥʠ ʦʧʠʩʫʶʪʴʩʷ ʚ ʢʦʜʽ (ʤʽʥʽʤʽʟʫʻ ʣʶʜʩʴʢʽ 

ʧʦʤʠʣʢʠ); ʧʦʧʝʨʝʜʥʷ ʧʝʨʝʚʽʨʢʘ ʢʦʥʬʽʛʫʨʘʮʽʡ ʟʘ ʜʦʧʦʤʦʛʦʶ ʢʦʤʘʥʜ ʜʣʷ 

ʚʠʷʚʣʝʥʥʷ ʧʦʤʠʣʦʢ; ʚʠʢʦʨʠʩʪʘʥʥʷ state file ʜʣʷ ʚʽʜʩʪʝʞʝʥʥʷ ʧʦʪʦʯʥʦʛʦ ʩʪʘʥʫ 

ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ; ʘʚʪʦʤʘʪʠʯʥʝ ʢʝʨʫʚʘʥʥʷ ʚʟʘʻʤʦʟʘʣʝʞʥʠʤʠ ʨʝʩʫʨʩʘʤʠ ʜʣʷ 

ʫʥʠʢʥʝʥʥʷ ʧʦʤʠʣʦʢ ʧʨʠ ʩʪʚʦʨʝʥʥʽ ʪʘ ʦʥʦʚʣʝʥʥʽ ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ; ʽʥʪʝʛʨʘʮʽʷ ʟ 

ʨʽʟʥʠʤʠ ʭʤʘʨʥʠʤʠ ʽ on-premise ʧʨʦʚʘʡʜʝʨʘʤʠ; ʜʝʢʣʘʨʘʪʠʚʥʠʡ ʧʽʜʭʽʜ ʦʧʠʩʫ 

ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ ʙʝʟ ʥʝʦʙʭʽʜʥʦʩʪʽ ʥʘʧʠʩʘʥʥʷ ʩʢʣʘʜʥʠʭ ʩʢʨʠʧʪʽʚ. 

ɿʘʧʨʦʧʦʥʦʚʘʥʦ ʨʦʟʛʦʨʪʘʥʥʷ  ʢʣʘʩʪʝʨʫ Kubernetes ʥʘ ʦʩʥʦʚʽ AWS EKS ʟʘ 

ʜʦʧʦʤʦʛʦʶ Terraform (ʨʠʩ. 2.). 
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ʈʠʩ. 2. ʇʨʠʢʣʘʜ ʩʭʝʤʠ Kubernetes ʢʣʘʩʪʝʨʫ. 

 

Terraform ʘʚʪʦʤʘʪʠʟʫʻ ʩʪʚʦʨʝʥʥʷ ʪʘ ʫʧʨʘʚʣʽʥʥʷ ʨʝʩʫʨʩʘʤʠ ʯʝʨʝʟ API 

ʟʦʚʥʽʰʥʽʭ ʧʣʘʪʬʦʨʤ (ʭʤʘʨʥʽ ʩʝʨʚʽʩʠ, PaaS, SaaS ʪʦʱʦ) ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʧʨʦʚʘʡʜʝʨʽʚ.  

ʇʨʦʮʝʩ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʪʨʴʦʭ ʝʪʘʧʽʚ:  

- Write: ʚʠʟʥʘʯʘʻʪʴʩʷ ʽʥʬʨʘʩʪʨʫʢʪʫʨʘ ʫ ʢʦʥʬʽʛʫʨʘʮʽʡʥʠʭ ʬʘʡʣʘʭ;  

- Plan: ʩʪʚʦʨʝʥʥʷ ʧʣʘʥʫ ʟʤʽʥ, ʧʦʨʽʚʥʷʥʥʷ ʢʦʥʬʽʛʫʨʘʮʽʾ ʟ ʧʦʪʦʯʥʠʤ ʩʪʘʥʦʤ 

ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ;  

- Apply: ʚʠʢʦʥʘʥʥʷ ʦʧʝʨʘʮʽʾ ʩʪʚʦʨʝʥʥʷ, ʦʥʦʚʣʝʥʥʷ ʯʠ ʚʠʜʘʣʝʥʥʷ ʨʝʩʫʨʩʽʚ 

ʫ ʧʨʘʚʠʣʴʥʦʤʫ ʧʦʨʷʜʢʫ, ʚʨʘʭʦʚʫʶʯʠ ʟʘʣʝʞʥʦʩʪʽ. 

ʊʦʙʪʦ, Kubernetes-ʢʣʘʩʪʝʨ ʙʫʜʝ ʨʦʟʛʦʨʥʫʪʦ ʚ AWS ʯʝʨʝʟ EKS ʥʘ ʦʩʥʦʚʽ 

ʩʪʚʦʨʝʥʦʛʦ VPC ʟʘ ʜʦʧʦʤʦʛʦʶ Terraform. ʇʽʩʣʷ ʮʴʦʛʦ ʚ EKS ʙʫʜʝ 

ʟʘʚʘʥʪʘʞʝʥʦ ʢʦʥʬʽʛʫʨʘʮʽʡʥʽ ʬʘʡʣʠ, ʱʦ ʥʘʣʘʰʪʫʶʪʴ ʢʣʘʩʪʝʨ ʚʽʜʧʦʚʽʜʥʦ ʜʦ 

ʟʘʩʪʦʩʫʥʢʫ. ʋʚʝʩʴ ʢʦʜ (Terraform ʽ Kubernetes) ʢʝʨʫʻʪʴʩʷ ʩʠʩʪʝʤʦʶ ʢʦʥʪʨʦʣʶ 

ʚʝʨʩʽʡ. ɼʦʩʪʫʧ ʢʦʨʠʩʪʫʚʘʯʽʚ ʟʜʽʡʩʥʶʚʘʪʠʤʝʪʴʩʷ ʯʝʨʝʟ ALB (Application Load 

Balancer), ʷʢʠʡ ʩʧʨʷʤʦʚʫʚʘʪʠʤʝ ʪʨʘʬʽʢ ʜʦ Kubernetes-ʢʣʘʩʪʝʨʫ. 

ɺʠʩʥʦʚʢʠ:  ʇʽʜʭʽʜ Infrastructure as a Code ʙʽʣʴʰ ʝʬʝʢʪʠʚʥʠʡ ʚ ʫʧʨʘʚʣʽʥʥʽ 

ʭʤʘʨʥʦʶ ʽʥʬʨʘʩʪʨʫʢʪʫʨʦʶ, ʟʘʚʜʷʢʠ ʘʚʪʦʤʘʪʠʟʘʮʽʾ, ʛʥʫʯʢʦʩʪʽ ʪʘ 

ʚʽʜʤʦʚʦʩʪʽʡʢʦʩʪʽ. Terraform, ʟʘʚʜʷʢʠ ʩʚʦʾʤ ʧʝʨʝʚʘʛʘʤ, ʦʜʠʥ ʽʟ 

ʥʘʡʧʦʧʫʣʷʨʥʽʰʠʭ ʽʥʩʪʨʫʤʝʥʪʽʚ ʜʣʷ ʨʦʟʛʦʨʪʘʥʥʷ ʩʝʨʚʽʩʽʚ ʚ AWS.  

ʄʘʡʙʫʪʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʤʦʞʫʪʴ ʟʦʩʝʨʝʜʠʪʠʩʷ ʥʘ ʽʥʪʝʛʨʘʮʽʾ IaC ʟ ʨʽʟʥʠʤʠ 

Cloud-ʧʨʦʚʘʡʜʝʨʘʤʠ, ʘʚʪʦʤʘʪʠʟʘʮʽʾ CI/CD (Continuous Integration/Continuous 
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Delivery/Deployment) ʧʨʦʮʝʩʽʚ, ʧʦʢʨʘʱʝʥʥʽ ʙʝʟʧʝʢʠ ʪʘ ʦʧʪʠʤʽʟʘʮʽʾ 

ʤʘʩʰʪʘʙʦʚʘʥʠʭ ʩʝʨʚʽʩʽʚ. 
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DIRECTIONS IMPLEME NTING TECHNOLOGIES  

ARTIFICIAL INTELLIGENCE IN SDN  
 

Integration of artificial intelligence methods and the main trends in the use of machine 

learning methods in SDN to improve traffic classification, prediction, routing, optimization 

flows, and security. 

 

ʄʝʨʝʞʽ SDN ʤʘʶʪʴ ʚʝʣʠʢʠʡ ʧʦʪʝʥʮʽʘʣ ʟʘ ʨʘʭʫʥʦʢ ʥʘʷʚʥʠʭ ʧʨʦʛʨʘʤʥʠʭ 

ʽʥʪʝʨʬʝʡʩʽʚ, ʱʦ ʜʦʟʚʦʣʷʻ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʟʘʩʦʙʠ ʰʪʫʯʥʦʛʦ ʽʥʪʝʣʝʢʪʫ (ʐɯ) 

ʜʣʷ ʾʭ ʦʧʝʨʘʪʠʚʥʦʾ ʧʝʨʝʢʦʥʬʽʛʫʨʘʮʽʾ ʪʘ ʦʧʪʠʤʽʟʘʮʽʾ ʫʧʨʘʚʣʽʥʥʷ, ʥʘʚʽʪʴ ʚ 

ʨʝʞʠʤʽ ʨʝʘʣʴʥʦʛʦ ʯʘʩʫ. ʇʨʦʚʝʜʝʥʠʡ ʘʥʘʣʽʟ ʧʦʢʘʟʫʻ, ʱʦ ʥʘʡʙʽʣʴʰ ʝʬʝʢʪʠʚʥʝ 

ʟʘʩʪʦʩʫʚʘʥʥʷ ʐɯ ʚ SDN ʤʝʨʝʞʘʭ ʤʦʞʝ ʙʫʪʠ ʧʨʠ ʨʽʰʝʥʥʽ ʥʘʩʪʫʧʥʠʭ ʟʘʜʘʯ: 

- ʢʣʘʩʠʬʽʢʘʮʽʷ ʤʫʣʴʪʠʩʝʨʚʽʩʥʦʛʦ ʪʨʘʬʽʢʫ ʥʘ ʦʩʥʦʚʽ ʤʝʪʦʜʽʚ ʤʘʰʠʥʥʦʛʦ 

ʥʘʚʯʘʥʥʷ; 

- ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʤʝʨʝʞʝʚʦʛʦ ʪʨʘʬʽʢʫ; 

- ʽʥʪʝʣʝʢʪʫʘʣʴʥʘ ʤʘʨʰʨʫʪʠʟʘʮʽʷ ʪʘ ʦʧʪʠʤʽʟʘʮʽʷ ʧʦʪʦʢʽʚ ʜʘʥʠʭ; 

- ʧʽʜʚʠʱʝʥʥʷ ʙʝʟʧʝʢʠ. 

ʈʦʟʛʣʷʥʝʤʦ ʤʦʞʣʠʚʽ ʨʽʰʝʥʥʷ ʚʧʨʦʚʘʜʞʝʥʥʷ ʐɯ ʚ ʮʠʭ ʥʘʧʨʷʤʢʘʭ. 

ʂʣʘʩʠʬʽʢʘʮʽʷ ʪʨʘʬʽʢʫ ʻ ʬʫʥʜʘʤʝʥʪʘʣʴʥʦʶ ʜʣʷ ʚʧʨʦʚʘʜʞʝʥʥʷ ʧʦʣʽʪʠʢ 

ʷʢʦʩʪʽ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ (QoS), ʟʘʭʦʜʽʚ ʙʝʟʧʝʢʠ ʪʘ ʤʘʨʰʨʫʪʠʟʘʮʽʾ ʟ 

ʫʨʘʭʫʚʘʥʥʷʤ ʪʠʧʫ ʩʝʨʚʽʩʽʚ. ʇʦʪʦʯʥʽ ʧʽʜʭʦʜʠ ʐɯ ʫ ʮʽʡ ʛʘʣʫʟʽ ʚʢʣʶʯʘʶʪʴ: 

- ʥʘʚʯʘʥʥʷ ʟ ʫʯʠʪʝʣʝʤ (supervised learning): ʤʦʜʝʣʽ, ʪʘʢʽ ʷʢ ʤʘʰʠʥʠ 

ʦʧʦʨʥʠʭ ʚʝʢʪʦʨʽʚ (SVM), ʚʠʧʘʜʢʦʚʠʡ ʣʽʩ (RF), ʜʝʨʝʚʘ ʨʽʰʝʥʴ (DT) ʪʘ k-

ʥʘʡʙʣʠʞʯʠʭ ʩʫʩʽʜʽʚ (KNN), ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʜʣʷ ʢʣʘʩʠʬʽʢʘʮʽʾ ʤʝʨʝʞʝʚʦʛʦ 

ʪʨʘʬʽʢʫ ʥʘ ʦʩʥʦʚʽ ʨʽʟʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ, ʪʘʢʠʭ ʷʢ ʨʦʟʤʽʨ ʧʘʢʝʪʫ, ʯʘʩ ʧʝʨʝʜʘʯʽ 

ʧʘʢʝʪʫ ʪʘ ʪʨʠʚʘʣʽʩʪʴ ʩʝʩʽʾ; 

- ʛʣʠʙʦʢʝ ʥʘʚʯʘʥʥʷ (deep learning): ʟʛʦʨʪʢʦʚʽ ʥʝʡʨʦʥʥʽ ʤʝʨʝʞʽ (CNN), 

ʙʘʛʘʪʦʰʘʨʦʚʽ ʧʝʨʮʝʧʪʨʦʥʠ (MLP) ʪʘ ʩʪʝʢʦʚʽ ʘʚʪʦʝʥʢʦʜʝʨʠ (SAE) 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʜʣʷ ʙʽʣʴʰ ʩʢʣʘʜʥʠʭ ʟʘʚʜʘʥʴ ʢʣʘʩʠʬʽʢʘʮʽʾ, ʦʩʦʙʣʠʚʦ ʜʣʷ 

ʟʘʰʠʬʨʦʚʘʥʦʛʦ ʪʨʘʬʽʢʫ. ʇʽʜʭʦʜʠ ʛʣʠʙʦʢʦʛʦ ʥʘʚʯʘʥʥʷ ʫʩʫʚʘʶʪʴ ʧʦʪʨʝʙʫ ʚ 

ʨʫʯʥʦʤʫ ʧʨʦʝʢʪʫʚʘʥʥʽ ʦʟʥʘʢ ʽ ʤʦʞʫʪʴ ʜʦʩʷʛʪʠ ʚʠʱʦʾ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ ʟ 

ʚʝʣʠʢʠʤʠ ʥʘʙʦʨʘʤʠ ʜʘʥʠʭ. 

- ʥʘʧʽʚʢʦʥʪʨʦʣʴʦʚʘʥʝ ʥʘʚʯʘʥʥʷ (semi-supervised learning): ʜʣʷ ʚʠʨʽʰʝʥʥʷ 

ʧʨʦʙʣʝʤʠ ʦʙʨʦʙʢʠ ʥʝʢʣʘʩʠʬʽʢʦʚʘʥʠʭ ʜʘʥʠʭ. ʊʦʙʪʦ ʥʘʧʽʚʢʦʥʪʨʦʣʴʦʚʘʥʽ 
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ʤʝʪʦʜʠ, ʪʘʢʽ ʷʢ ʃʘʧʣʘʩʽʚʩʴʢʠʡ SVM, ʙʫʣʠ ʚʧʨʦʚʘʜʞʝʥʽ ʜʣʷ ʢʣʘʩʠʬʽʢʘʮʽʾ 

ʪʨʘʬʽʢʫ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʷʢ ʧʨʦʤʘʨʢʦʚʘʥʠʭ, ʪʘʢ ʽ ʥʝʤʘʨʢʦʚʘʥʠʭ ʜʘʥʠʭ, ʱʦ 

ʙʣʠʞʯʝ ʜʦ ʨʝʘʣʴʥʠʭ ʩʮʝʥʘʨʽʾʚ. 

ʇʨʦʛʥʦʟʫʚʘʥʥʷ ʤʝʨʝʞʝʚʦʛʦ ʪʨʘʬʽʢʫ. ʄʝʪʦʜʠ ʐɯ ʜʦʟʚʦʣʷʶʪʴ 

ʢʦʥʪʨʦʣʝʨʘʤ SDN ʧʨʦʛʥʦʟʫʚʘʪʠ ʰʘʙʣʦʥʠ ʤʝʨʝʞʝʚʦʛʦ ʪʨʘʬʽʢʫ, ʜʦʟʚʦʣʷʶʯʠ 

ʧʨʦʘʢʪʠʚʥʝ ʨʦʟʧʦʜʽʣʝʥʥʷ ʨʝʩʫʨʩʽʚ ʪʘ ʫʥʠʢʥʝʥʥʷ ʧʝʨʝʚʘʥʪʘʞʝʥʴ. ɯʩʥʫʻ 

ʜʝʢʽʣʴʢʘ ʦʩʥʦʚʥʠʭ ʧʽʜʭʦʜʽʚ ʜʣʷ ʚʠʢʦʨʠʩʪʘʥʥʷ ʐɯ ʫ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʪʨʘʬʽʢʘ, ʘ 

ʩʘʤʝ: ʘʥʘʣʽʟ ʯʘʩʦʚʠʭ ʨʷʜʽʚ, ʛʣʠʙʦʢʝ ʥʘʚʯʘʥʥʷ ʪʘ ʬʝʜʝʨʘʪʠʚʥʝ ʥʘʚʯʘʥʥʷ. 

ɸʥʘʣʽʟ ʯʘʩʦʚʠʭ ʨʷʜʽʚ ʚʠʢʦʨʠʩʪʦʚʫʻ ʤʦʜʝʣʽ, ʪʘʢʽ ʷʢ ʘʚʪʦʨʝʛʨʝʩʽʡʥʝ 

ʽʥʪʝʛʨʦʚʘʥʝ ʢʦʚʟʥʝ ʩʝʨʝʜʥʻ (ARIMA) ʪʘ ʨʝʛʨʝʩʽʷ ʦʧʦʨʥʠʭ ʚʝʢʪʦʨʽʚ (SVR), 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʜʣʷ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʪʨʘʬʽʢʫ ʥʘ ʦʩʥʦʚʽ ʧʦʧʝʨʝʜʥʴʦ 

ʦʪʨʠʤʘʥʠʭ ʜʘʥʠʭ. 

ɻʣʠʙʦʢʝ ʥʘʚʯʘʥʥʷ ʜʣʷ ʧʨʦʛʥʦʟʫʚʘʥʥʷ: ʜʦʚʛʘ ʢʦʨʦʪʢʦʯʘʩʥʘ ʧʘʤ'ʷʪʴ 

(LSTM), ʚʝʥʪʠʣʴʥʽ ʨʝʢʫʨʝʥʪʥʽ ʚʫʟʣʠ (GRU) ʪʘ ʨʝʢʫʨʝʥʪʥʽ ʥʝʡʨʦʥʥʽ ʤʝʨʝʞʽ 

(RNN) ʧʦʢʘʟʘʣʠ ʚʠʱʫ ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ ʜʣʷ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʪʨʘʬʽʢʫ ʟʘʚʜʷʢʠ 

ʾʭʥʽʡ ʟʜʘʪʥʦʩʪʽ ʬʽʢʩʫʚʘʪʠ ʯʘʩʦʚʽ ʟʘʣʝʞʥʦʩʪʽ ʚ ʧʨʦʮʝʩʽ ʧʝʨʝʜʘʯʽ ʪʨʘʬʽʢʫ. 

ʌʝʜʝʨʘʪʠʚʥʝ ʥʘʚʯʘʥʥʷ. ʎʝʡ ʧʽʜʭʽʜ ʜʦʟʚʦʣʷʻ ʢʽʣʴʢʦʤ ʢʦʥʪʨʦʣʝʨʘʤ SDN 

ʩʧʽʣʴʥʦ ʥʘʚʯʘʪʠʩʷ ʪʘ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʤʦʜʝʣʽ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʙʝʟ ʦʙʤʽʥʫ 

ʥʝʦʙʨʦʙʣʝʥʠʤʠ ʜʘʥʠʤʠ, ʷʢ ʥʘʩʣʽʜʦʢ ʧʽʜʚʠʱʫʚʘʪʠ ʢʦʥʬʽʜʝʥʮʽʡʥʽʩʪʴ, 

ʦʜʥʦʯʘʩʥʦ ʦʪʨʠʤʫʶʯʠ ʧʝʨʝʚʘʛʠ ʚʽʜ ʢʦʣʝʢʪʠʚʥʦʛʦ ʽʥʪʝʣʝʢʪʫ. 

ɯʥʪʝʣʝʢʪʫʘʣʴʥʘ ʤʘʨʰʨʫʪʠʟʘʮʽʷ ʪʘ ʦʧʪʠʤʽʟʘʮʽʷ ʧʦʪʦʢʽʚ ʜʘʥʠʭ. 

ʊʝʭʥʦʣʦʛʽʾ ʐɯ ʤʦʞʫʪʴ ʚʠʟʥʘʯʘʪʠ ʦʧʪʠʤʘʣʴʥʽ ʤʘʨʰʨʫʪʠ ʚ ʨʝʞʠʤʽ ʨʝʘʣʴʥʦʛʦ 

ʯʘʩʫ ʥʘ ʦʩʥʦʚʽ ʤʝʨʝʞʝʚʠʭ ʫʤʦʚ. 

ʅʘʚʯʘʥʥʷ ʟ ʧʽʜʢʨʽʧʣʝʥʥʷʤ (RL): Q-ʥʘʚʯʘʥʥʷ ʪʘ ʽʥʰʽ ʘʣʛʦʨʠʪʤʠ RL 

ʜʦʟʚʦʣʷʶʪʴ ʢʦʥʪʨʦʣʝʨʘʤ SDN ʚʠʚʯʘʪʠ ʦʧʪʠʤʘʣʴʥʽ ʧʦʣʽʪʠʢʠ ʤʘʨʰʨʫʪʠʟʘʮʽʾ 

ʯʝʨʝʟ ʚʟʘʻʤʦʜʽʶ ʟ ʤʝʨʝʞʝʚʠʤ ʩʝʨʝʜʦʚʠʱʝʤ. ʇʽʜʭʽʜ FAST (Framework for 

Analyzing SDN Traffic) ʚʠʢʦʨʠʩʪʦʚʫʻ RL ʜʣʷ ʚʠʙʦʨʫ ʰʣʷʭʫ ʥʘ ʦʩʥʦʚʽ 

ʰʘʙʣʦʥʽʚ ʪʨʘʬʽʢʫ. 

ʈʦʡʦʚʠʡ ʽʥʪʝʣʝʢʪ: ɸʣʛʦʨʠʪʤʠ, ʱʦ ʦʧʠʩʫʶʪʴ ʢʦʣʝʢʪʠʚʥʫ ʧʦʚʝʜʽʥʢʫ 

ʜʝʮʝʥʪʨʘʣʽʟʦʚʘʥʦʾ ʩʠʩʪʝʤʠ ʽʟ ʟʜʘʪʥʽʩʪʶ ʜʦ ʩʘʤʦʦʨʛʘʥʽʟʘʮʽʾ, ʙʫʣʠ ʟʘʩʪʦʩʦʚʘʥʽ 

ʜʣʷ ʧʦʰʫʢʫ ʝʬʝʢʪʠʚʥʠʭ ʤʘʨʰʨʫʪʽʚ ʫ ʜʠʥʘʤʽʯʥʠʭ ʤʝʨʝʞʝʚʠʭ ʩʝʨʝʜʦʚʠʱʘʭ. 

ɻʣʠʙʦʢʝ ʥʘʚʯʘʥʥʷ ʟ ʧʽʜʢʨʽʧʣʝʥʥʷʤ (DRL): ʧʦʻʜʥʫʶʯʠ ʛʣʠʙʦʢʝ ʥʘʚʯʘʥʥʷ 

ʟ ʥʘʚʯʘʥʥʷʤ ʟ ʧʽʜʢʨʽʧʣʝʥʥʷʤ, DRL ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʦʩʴ ʜʣʷ ʦʧʪʠʤʽʟʘʮʽʾ ʨʽʰʝʥʴ 

ʤʘʨʰʨʫʪʠʟʘʮʽʾ ʚ ʩʢʣʘʜʥʠʭ ʤʝʨʝʞʝʚʠʭ ʩʮʝʥʘʨʽʷʭ. 

ʇʽʜʚʠʱʝʥʥʷ ʙʝʟʧʝʢʠ ʤʝʨʝʞ SDN ʯʝʨʝʟ ʽʥʪʝʣʝʢʪʫʘʣʴʥʝ ʚʠʷʚʣʝʥʥʷ ʪʘ 

ʧʦʧʝʨʝʜʞʝʥʥʷ ʢʽʙʝʨʽʥʮʠʜʝʥʪʽʚ.  

ɺʠʷʚʣʝʥʥʷ ʘʥʦʤʘʣʽʡ: ʪʝʭʥʽʢʠ ʥʘʚʯʘʥʥʷ ʙʝʟ ʫʯʠʪʝʣʷ, ʪʘʢʽ ʷʢ ʢʣʘʩʪʝʨʠʟʘʮʽʷ 

ʪʘ ʘʚʪʦʝʥʢʦʜʝʨʠ, ʜʦʧʦʤʘʛʘʶʪʴ ʽʜʝʥʪʠʬʽʢʫʚʘʪʠ ʥʝʟʚʠʯʘʡʥʽ ʟʤʽʥʠ ʚ 

ʤʝʨʝʞʝʚʦʤʫ ʪʨʘʬʽʢʫ, ʷʢʽ ʤʦʞʫʪʴ ʚʢʘʟʫʚʘʪʠ ʥʘ ʟʘʛʨʦʟʠ ʙʝʟʧʝʢʠ. 

ɺʠʷʚʣʝʥʥʷ DDoS-ʘʪʘʢ: ʤʦʜʝʣʽ ʤʘʰʠʥʥʦʛʦ ʥʘʚʯʘʥʥʷ, ʚʢʣʶʯʘʶʯʠ CNN, 

SVM ʪʘ RF, ʙʫʣʠ ʨʦʟʛʦʨʥʫʪʽ ʜʣʷ ʚʠʷʚʣʝʥʥʷ ʨʦʟʧʦʜʽʣʝʥʠʭ ʘʪʘʢ ʪʠʧʫ ʚʽʜʤʦʚʘ ʚ 

ʦʙʩʣʫʛʦʚʫʚʘʥʥʽ (DDoS) ʰʣʷʭʦʤ ʘʥʘʣʽʟʫ ʰʘʙʣʦʥʽʚ ʪʨʘʬʽʢʫ.  

ʊʘʢʦʞ ʩʠʩʪʝʤʠ ʨʘʥʥʴʦʛʦ ʚʠʷʚʣʝʥʥʷ ʚʪʦʨʛʥʝʥʴ (IDS) ʥʘ ʦʩʥʦʚʽ ʛʣʠʙʦʢʦʛʦ 

ʥʘʚʯʘʥʥʷ ʤʦʞʫʪʴ ʽʜʝʥʪʠʬʽʢʫʚʘʪʠ ʩʢʣʘʜʥʽ ʘʪʘʢʠ, ʥʘʚʯʘʶʯʠʩʴ ʥʘ ʽʩʪʦʨʠʯʥʠʭ 

ʽʥʮʠʜʝʥʪʘʭ ʙʝʟʧʝʢʠ. 
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ʅʝʦʙʭʽʜʥʦ ʚʽʜʤʽʪʠʪʠ, ʭʦʯʘ ʐɯ ʧʨʦʧʦʥʫʻ ʟʥʘʯʥʠʡ ʧʦʪʝʥʮʽʘʣ ʜʣʷ ʤʝʨʝʞ 

SDN, ʜʣʷ ʡʦʛʦ ʝʬʝʢʪʠʚʥʦʛʦ ʚʧʨʦʚʘʜʞʝʥʥʷ ʧʦʪʨʽʙʥʦ ʟʘʙʝʟʧʝʯʠʪʠ ʥʘʩʪʫʧʥʽ 

ʚʠʤʦʛʠ: 

- ʦʙʯʠʩʣʶʚʘʣʴʥʽ (ʨʦʟʨʘʭʫʥʢʦʚʽ) ʚʠʪʨʘʪʠ (ʢʦʥʪʨʦʣʝʨ SDN ʤʦʞʝ ʩʪʘʪʠ 

ʚʫʟʴʢʠʤ ʤʽʩʮʝʤ ʧʨʠ ʨʝʘʣʽʟʘʮʽʾ ʩʢʣʘʜʥʠʭ ʘʣʛʦʨʠʪʤʽʚ ʐɯ); 

- ʷʢʽʩʪʴ ʥʘʚʯʘʣʴʥʠʭ (ʚʭʽʜʥʠʭ) ʜʘʥʠʭ (ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ ʤʦʜʝʣʝʡ 

ʤʘʰʠʥʥʦʛʦ ʥʘʚʯʘʥʥʷ ʩʠʣʴʥʦ ʟʘʣʝʞʠʪʴ ʚʽʜ ʷʢʦʩʪʽ ʪʘ ʨʝʧʨʝʟʝʥʪʘʪʠʚʥʦʩʪʽ 

ʥʘʚʯʘʣʴʥʠʭ ʜʘʥʠʭ); 

- ʨʝʘʣʽʟʘʮʽʷ ʫʧʨʘʚʣʽʥʥʷ ʚ ʨʝʞʠʤʽ ʨʝʘʣʴʥʦʛʦ ʯʘʩʫ (ʚʝʣʠʢʘ ʢʽʣʴʢʽʩʪʴ 

ʤʝʨʝʞʝʚʠʭ ʨʽʰʝʥʴ ʧʦʪʨʝʙʫʶʪʴ ʚʽʜʧʦʚʽʜʝʡ ʫ ʨʝʘʣʴʥʦʤʫ ʯʘʩʽ, ʱʦ ʤʦʞʝ ʙʫʪʠ 

ʩʢʣʘʜʥʦ ʜʣʷ ʩʢʣʘʜʥʠʭ ʤʦʜʝʣʝʡ ʐɯ); 

- ʤʘʩʰʪʘʙʦʚʘʥʽʩʪʴ (ʟʙʽʣʴʰʝʥʥʷ ʨʦʟʤʽʨʥʦʩʪʽ ʤʝʨʝʞ ʤʘʩʰʪʘʙʦʚʘʥʽʩʪʴ 

ʨʽʰʝʥʴ ʐɯ ʩʪʘʻ ʢʨʠʪʠʯʥʦʶ ʧʨʦʙʣʝʤʦʶ); 

- ʙʝʟʧʝʢʘ ʤʦʜʝʣʝʡ ʤʘʰʠʥʥʦʛʦ ʥʘʚʯʘʥʥʷ (ʤʦʜʝʣʽ ʐɯ ʤʦʞʫʪʴ ʙʫʪʠ 

ʚʨʘʟʣʠʚʠʤʠ ʜʦ ʘʪʘʢ ʟʣʦʚʤʠʩʥʠʢʽʚ). 

ɯʥʪʝʛʨʘʮʽʷ ʤʝʪʦʜʽʚ ʐɯ ʚ SDN ʧʨʝʜʩʪʘʚʣʷʻ ʟʩʫʚ ʚ ʧʘʨʘʜʠʛʤʽ ʫʧʨʘʚʣʽʥʥʷ 

ʤʝʨʝʞʝʶ, ʜʦʟʚʦʣʷʶʯʠ ʤʝʨʝʞʘʤ ʩʪʘʪʠ ʙʽʣʴʰ ʽʥʪʝʣʝʢʪʫʘʣʴʥʠʤʠ, ʘʜʘʧʪʠʚʥʠʤʠ 

ʪʘ ʘʚʪʦʥʦʤʥʠʤʠ. ʈʽʟʥʽ ʪʝʭʥʽʢʠ ʐɯ, ʚʽʜ ʥʘʚʯʘʥʥʷ ʟ ʫʯʠʪʝʣʝʤ ʜʦ ʛʣʠʙʦʢʦʛʦ 

ʥʘʚʯʘʥʥʷ ʟ ʧʽʜʢʨʽʧʣʝʥʥʷʤ, ʧʦʢʘʟʫʶʪʴ ʧʝʨʩʧʝʢʪʠʚʠ ʧʦʢʨʘʱʝʥʥʷ ʢʣʘʩʠʬʽʢʘʮʽʾ 

ʪʨʘʬʽʢʫ, ʧʨʦʛʥʦʟʫʚʘʥʥʷ, ʤʘʨʰʨʫʪʠʟʘʮʽʾ ʪʘ ʙʝʟʧʝʢʠ.  

ʑʦ ʩʪʦʩʫʻʪʴʩʷ ʢʦʥʢʨʝʪʥʦ ʙʘʣʘʥʩʫʚʘʥʥʷ ʥʘʚʘʥʪʘʞʝʥʥʷ ʪʘ ʦʧʪʠʤʽʟʘʮʽʾ 

ʪʨʘʬʽʢʫ, ʐɯ ʧʨʦʧʦʥʫʻ ʽʥʩʪʨʫʤʝʥʪʠ ʜʣʷ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʰʘʙʣʦʥʽʚ ʪʨʘʬʽʢʫ, 

ʢʣʘʩʠʬʽʢʘʮʽʾ ʪʠʧʽʚ ʪʨʘʬʽʢʫ, ʜʠʥʘʤʽʯʥʦʛʦ ʢʦʨʠʛʫʚʘʥʥʷ ʨʦʟʧʦʜʽʣʫ ʨʝʩʫʨʩʽʚ ʪʘ 

ʦʧʪʠʤʽʟʘʮʽʾ ʨʽʰʝʥʴ ʤʘʨʰʨʫʪʠʟʘʮʽʾ. ʎʽ ʤʦʞʣʠʚʦʩʪʽ ʩʪʘʥʫʪʴ ʚʩʝ ʙʽʣʴʰ 

ʚʘʞʣʠʚʠʤʠ, ʦʩʢʽʣʴʢʠ ʩʫʯʘʩʥʽ ʤʝʨʝʞʽ ʧʨʦʜʦʚʞʫʶʪʴ ʟʨʦʩʪʘʪʠ ʚ ʩʢʣʘʜʥʦʩʪʽ ʪʘ 

ʤʘʩʰʪʘʙʽ, ʘ ʪʘʢʦʞ ʧʨʠ ʧʦʷʚʽ ʥʦʚʠʭ ʪʝʭʥʦʣʦʛʽʡ ʪʘ ʧʦʩʣʫʛ. 
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APPLICATION OF DIGITAL STEGANO GRAPHY  

IN MODERN CYBERSPACE 

 

This paper reviews recent documented cyber incidents involving the use of digital 

steganography in images, audio, video, and network traffic. The analysis shows that 

steganographic techniques can be effective in circumventing threat detection systems during 

cyberattacks. However, real-world use cases remain rare and poorly documented due to the 

complexity of both the implementation and the detection process. 

ɺ ʨʦʙʦʪʽ ʨʦʟʛʣʷʜʘʶʪʴʩʷ ʦʩʪʘʥʥʽ ʟʘʜʦʢʫʤʝʥʪʦʚʘʥʽ ʢʽʙʝʨʽʥʮʠʜʝʥʪʠ, ʧʦʚôʷʟʘʥʽ ʽʟ 

ʟʘʩʪʦʩʫʚʘʥʥʷʤ ʮʠʬʨʦʚʦʾ ʩʪʝʛʘʥʦʛʨʘʬʽʾ ʫ ʟʦʙʨʘʞʝʥʥʷʭ, ʘʫʜʽʦ-, ʚʽʜʝʦʬʘʡʣʘʭ ʪʘ ʤʝʨʝʞʥʦʤʫ 

ʪʨʘʬʽʢʫ. ɸʥʘʣʽʟ ʧʦʢʘʟʫʻ, ʱʦ ʩʪʝʛʘʥʦʛʨʘʬʽʯʥʽ ʤʝʪʦʜʠ ʤʦʞʫʪʴ ʙʫʪʠ ʝʬʝʢʪʠʚʥʠʤʠ ʜʣʷ ʦʙʭʦʜʫ 

ʩʠʩʪʝʤ ʚʠʷʚʣʝʥʥʷ ʟʘʛʨʦʟ ʧʽʜ ʯʘʩ ʢʽʙʝʨʘʪʘʢ. ɺʦʜʥʦʯʘʩ ʨʝʘʣʴʥʽ ʚʠʧʘʜʢʠ ʾʭʥʴʦʛʦ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʟʘʣʠʰʘʶʪʴʩʷ ʨʽʜʢʽʩʥʠʤʠ ʪʘ ʥʝʜʦʩʪʘʪʥʴʦ ʟʘʜʦʢʫʤʝʥʪʦʚʘʥʠʤʠ ʯʝʨʝʟ 

ʩʢʣʘʜʥʽʩʪʴ ʷʢ ʩʘʤʦʾ ʨʝʘʣʽʟʘʮʽʾ, ʪʘʢ ʽ ʧʨʦʮʝʩʫ ʚʠʷʚʣʝʥʥʷ. 

 

ʉʪʝʛʘʥʦʛʨʘʬʽʷ ʪʝʦʨʝʪʠʯʥʦ ʻ ʟʥʘʯʥʠʤ ʨʠʟʠʢʦʤ ʜʣʷ ʢʽʙʝʨʙʝʟʧʝʢʠ, ʘʣʝ ʾʾ 

ʟʘʜʦʢʫʤʝʥʪʦʚʘʥʝ ʚʠʢʦʨʠʩʪʘʥʥʷ ʚ ʨʝʘʣʴʥʦʤʫ ʩʚʽʪʽ, ʦʩʦʙʣʠʚʦ ʧʫʙʣʽʯʥʦ 

ʧʦʚʽʜʦʤʣʝʥʝ, ʻ ʚʽʜʥʦʩʥʦ ʨʽʜʢʽʩʥʠʤ. 

ʉʪʝʛʘʥʦʛʨʘʬʽʷ ʟʦʙʨʘʞʝʥʴ. ɿʣʦʚʤʠʩʥʠʢʠ ʯʘʩʪʦ ʧʨʠʭʦʚʫʶʪʴ 

ʟʣʦʚʤʠʩʥʠʡ ʢʦʜ ʘʙʦ ʜʘʥʽ ʫ ʬʘʡʣʘʭ ʟʦʙʨʘʞʝʥʴ (JPEG, PNG, BMP), ʦʩʢʽʣʴʢʠ 

ʟʦʙʨʘʞʝʥʥʷ ʻ ʥʘʡʙʽʣʴʰ ʧʦʰʠʨʝʥʠʤʠ ʤʫʣʴʪʠʤʝʜʽʡʥʠʤʠ ʜʘʥʠʤʠ. ɺʙʫʜʦʚʫʶʯʠ 

ʰʢʽʜʣʠʚʝ ʧʨʦʛʨʘʤʥʝ ʟʘʙʝʟʧʝʯʝʥʥʷ (ʇɿ) ʚ ʟʦʙʨʘʞʝʥʥʷ, ʟʣʦʚʤʠʩʥʠʢʠ ʤʦʞʫʪʴ 

ʧʨʦʩʢʦʯʠʪʠ ʧʦʚʟ ʘʥʪʠʚʽʨʫʩʥʽ ʩʢʘʥʝʨʠ ʪʘ ʙʨʘʥʜʤʘʫʝʨʠ. ʇʽʟʥʽʰʝ ʧʨʠʭʦʚʘʥʝ 

ʢʦʨʠʩʥʝ ʥʘʚʘʥʪʘʞʝʥʥʷ ʚʠʣʫʯʘʻʪʴʩʷ ʪʘ ʚʠʢʦʥʫʻʪʴʩʷ ʩʫʧʫʪʥʽʤ ʩʢʨʠʧʪʦʤ ʘʙʦ 

ʟʘʚʘʥʪʘʞʫʚʘʯʝʤ ʰʢʽʜʣʠʚʦʛʦ ʇɿ ʫ ʮʽʣʴʦʚʽʡ ʩʠʩʪʝʤʽ [1]. 

"GO#WEBBFUSCATOR" (2022) ï ʢʘʤʧʘʥʽʷ ʧʦ ʨʦʟʧʦʚʩʶʜʞʝʥʥʶ 

ʰʢʽʜʣʠʚʦʛʦ ʇɿ ʧʨʠʭʦʚʘʣʘ ʟʘʰʠʬʨʦʚʘʥʝ ʢʦʨʠʩʥʝ ʥʘʚʘʥʪʘʞʝʥʥʷ ʚʩʝʨʝʜʠʥʽ 

ʟʦʙʨʘʞʝʥʥʷ JPEG ʢʦʩʤʽʯʥʦʛʦ ʪʝʣʝʩʢʦʧʘ ɼʞʝʡʤʩʘ ɺʝʙʙʘ. ʇʨʠ ʟʚʠʯʘʡʥʦʤʫ 

ʧʝʨʝʛʣʷʜʽ ʟʦʙʨʘʞʝʥʥʷ ʙʫʣʦ ʬʦʪʦʛʨʘʬʽʻʶ ʛʘʣʘʢʪʠʢʠ, ʦʧʫʙʣʽʢʦʚʘʥʦʶ NASA, 

ʘʣʝ ʚ ʪʝʢʩʪʦʚʦʤʫ ʨʝʜʘʢʪʦʨʽ ʚʦʥʦ ʧʦʢʘʟʘʣʦ ʟʘʤʘʩʢʦʚʘʥʠʡ ʙʣʦʢ ʩʝʨʪʠʬʽʢʘʪʘ, 

ʷʢʠʡ ʤʽʩʪʠʪʴ ʰʢʽʜʣʠʚʝ  ʇɿ, ʟʘʢʦʜʦʚʘʥʝ Base64. ʎʝ ʜʦʟʚʦʣʠʣʦ ʧʦʯʘʪʢʦʚʦʤʫ 

ʟʘʨʘʞʝʥʥʶ ʯʝʨʝʟ ʬʽʰʠʥʛʦʚʠʡ ʜʦʢʫʤʝʥʪ ʟʘʚʘʥʪʘʞʠʪʠ ʪʝ, ʱʦ ʚʠʛʣʷʜʘʣʦ ʷʢ 

ʟʦʙʨʘʞʝʥʥʷ, ʤʠʥʘʶʯʠ ʩʢʘʥʝʨʠ, ʘ ʧʦʪʽʤ ʜʝʢʦʜʫʚʘʪʠ ʡʦʛʦ ʫ ʚʠʢʦʥʫʚʘʥʠʡ ʬʘʡʣ 

ʥʘ ʢʦʤʧôʶʪʝʨʽ ʞʝʨʪʚʠ [2]. 

ɸʫʜʽʦ ʩʪʝʛʘʥʦʛʨʘʬʽʷ. ʇʨʠ ʥʘʣʝʞʥʦʤʫ ʚʠʢʦʥʘʥʥʽ ʮʷ ʤʝʪʦʜʠʢʘ ʜʦʟʚʦʣʷʻ 

ʘʫʜʽʦʬʘʡʣʫ ʚʽʜʪʚʦʨʶʚʘʪʠʩʷ ʙʝʟ ʧʦʤʽʪʥʠʭ ʟʤʽʥ ʫ ʷʢʦʩʪʽ ʟʚʫʢʫ, ʥʝʟʚʘʞʘʶʯʠ ʥʘ 

ʧʨʠʭʦʚʘʥʝ ʢʦʨʠʩʥʝ ʥʘʚʘʥʪʘʞʝʥʥʷ. ʗʢ ʩʪʝʛʘʥʦʛʨʘʬʽʷ ʟʦʙʨʘʞʝʥʴ, ʮʷ ʪʘʢʪʠʢʘ 

ʤʦʞʝ ʙʫʪʠ ʢʦʨʠʩʥʦʶ ʜʣʷ ʧʨʠʭʦʚʘʥʦʾ ʜʦʩʪʘʚʢʠ ʰʢʽʜʣʠʚʦʛʦ ʇɿ.  

"ʂʨʠʧʪʦʤʘʡʥʝʨʠ ʚ ʤʫʟʠʮʽ" (2019) ï ʢʘʤʧʘʥʽʷ ʟ ʨʦʟʧʦʚʩʶʜʞʝʥʥʷ 
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ʰʢʽʜʣʠʚʦʛʦ ʇɿ, ʷʢʘ ʧʨʠʭʦʚʫʻ ʰʢʽʜʣʠʚʝ ʇɿ ʫ ʬʘʡʣʘʭ WAV ʜʣʷ ʚʩʪʘʥʦʚʣʝʥʥʷ 

ʢʨʠʧʪʦʤʘʡʥʝʨʽʚ Monero ʽ ʙʝʢʜʦʨʽʚ. ɿʣʦʚʤʠʩʥʠʢʠ ʧʦʻʜʥʘʣʠ ʤʫʟʠʢʫ ʫ WAV 

ʬʦʨʤʘʪʽ ʽʟ, ʚ ʦʜʥʦʤʫ ʚʠʧʘʜʢʫ, XMRig-ʢʨʠʧʪʦʤʘʡʥʝʨʦʤ, ʚ ʽʥʰʦʤʫ ï 

ʚʠʢʦʥʫʚʘʥʠʤ ʢʦʜʦʤ Metasploit ʜʣʷ ʥʘʣʘʰʪʫʚʘʥʥʷ ʚʽʜʜʘʣʝʥʦʛʦ ʜʦʩʪʫʧʫ ʷʢʠʡ 

ʟʘʚʘʥʪʘʞʫʚʘʯ ʤʽʛ ʚʠʣʫʯʠʪʠ ʟ ʘʫʜʽʦʬʘʡʣʘ ʚ ʧʘʤôʷʪʴ ʢʦʤʧôʶʪʝʨʘ. ɺ ʦʜʥʦʤʫ 

ʚʠʧʘʜʢʫ ʬʘʡʣ WAV ʤʽʩʪʠʚ XMRig ʢʨʠʧʪʦʤʘʡʥʝʨ, ʚ ʽʥʰʦʤʫ ï ʚʠʢʦʥʫʚʘʥʠʡ 

ʢʦʜ Metasploit ʜʣʷ ʩʪʚʦʨʝʥʥʷ ʟʚʦʨʦʪʥʦʾ ʦʙʦʣʦʥʢʠ. ɼʣʷ ʧʨʠʭʦʚʫʚʘʥʥʷ 

ʢʦʨʠʩʥʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ ʟʣʦʚʤʠʩʥʠʢʠ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠ LSB-ʟʘʤʽʥʫ ʽ 

ʧʩʝʚʜʦʚʠʧʘʜʢʦʚʝ ʢʦʜʫʚʘʥʥʷ. ʆʩʦʙʣʠʚʽʩʪʶ ʻ ʪʝ, ʱʦ ʧʨʠʭʦʚʘʥʠʡ ʢʦʜ 

ʰʢʽʜʣʠʚʦʛʦ ʇɿ ʥʽʢʦʣʠ ʥʝ ʟôʷʚʣʷʚʩʷ ʫ ʬʘʡʣʦʚʽʡ ʩʠʩʪʝʤʽ ï ʚʽʥ ʙʫʚ ʜʝʢʦʜʦʚʘʥʠʡ ʽ 

ʚʠʢʦʥʫʚʘʚʩʷ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʚ ʧʘʤôʷʪʽ, ʱʦ ʟʥʘʯʥʦ ʫʩʢʣʘʜʥʶʚʘʣʦ ʚʠʷʚʣʝʥʥʷ. 

ɼʦʩʣʽʜʥʠʢʠ ʚʽʜʟʥʘʯʠʣʠ, ʱʦ ʮʝ ʙʫʚ ʣʠʰʝ ʜʨʫʛʠʡ ʟʘʜʦʢʫʤʝʥʪʦʚʘʥʠʡ ʧʨʠʢʣʘʜ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʘʫʜʽʦʩʪʝʛʘʥʦʛʨʘʬʽʾ ʜʣʷ ʚʧʨʦʚʘʜʞʝʥʥʷ ʰʢʽʜʣʠʚʦʛʦ ʇɿ ʫ 

ʨʝʘʣʴʥʠʭ ʫʤʦʚʘʭ, ʧʽʜʢʨʝʩʣʠʚʰʠ, ʱʦ ʘʫʜʽʦʩʪʝʛʘʥʦʛʨʘʬʽʷ ʻ ʞʠʪʪʻʟʜʘʪʥʦʶ 

ʪʝʭʥʽʢʦʶ, ʭʦʯʘ ʽ ʨʽʜʢʽʩʥʦʶ [3]. 

ɺʽʜʝʦ ʩʪʝʛʘʥʦʛʨʘʬʽʷ. ɺʽʜʝʦʬʘʡʣʠ ʤʘʶʪʴ ʟʥʘʯʥʫ ʻʤʥʽʩʪʴ, ʽ ʡʤʦʚʽʨʥʽʩʪʴ 

ʾʭʥʴʦʛʦ ʩʢʘʥʫʚʘʥʥʷ ʥʘ ʧʨʠʭʦʚʘʥʠʡ ʚʤʽʩʪ ʻ ʥʘʚʽʪʴ ʥʠʞʯʦʶ, ʥʽʞ ʫ ʚʠʧʘʜʢʫ 

ʟʦʙʨʘʞʝʥʴ ʘʙʦ ʘʫʜʽʦʬʘʡʣʽʚ. 

ʆʜʥʠʤ ʽʟ ʦʩʪʘʥʥʽʭ ʟʘʜʦʢʫʤʝʥʪʦʚʘʥʠʭ ʚʠʧʘʜʢʽʚ ʚʠʢʦʨʠʩʪʘʥʥʷ ʙʫʣʦ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʚʽʜʝʦ ʜʣʷ ʚʠʣʫʯʝʥʥʷ ʜʘʥʠʭ ʽʟ ʩʢʦʤʧʨʦʤʝʪʦʚʘʥʦʾ ʤʝʨʝʞʽ. ʋ 2014 

ʨʦʮʽ ʦʜʥʘ ʟ ʥʘʡʙʽʣʴʰʠʭ ʢʦʤʧʘʥʽʡ ʟʽ ʩʧʠʩʢʫ Fortune 500 ʟʘʟʥʘʣʘ ʚʠʪʦʢʫ 

ʢʦʥʬʽʜʝʥʮʽʡʥʦʾ ʽʥʬʦʨʤʘʮʽʾ ʯʝʨʝʟ ʚʽʜʝʦʬʘʡʣʠ. ɼʘʥʽ ʩʧʦʯʘʪʢʫ ʙʫʣʠ 

ʟʘʰʠʬʨʦʚʘʥʽ, ʘ ʧʦʪʽʤ ʚʙʫʜʦʚʘʥʽ ʫ ʚʽʜʝʦʬʘʡʣʠ ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʟʘʛʘʣʴʥʦʜʦʩʪʫʧʥʦʛʦ ʽʥʩʪʨʫʤʝʥʪʫ ʩʪʝʛʘʥʦʛʨʘʬʽʾ, ʡʤʦʚʽʨʥʦ OpenPuff, ʧʽʩʣʷ 

ʯʦʛʦ ʟʣʦʚʤʠʩʥʠʢʠ ʟʘʚʘʥʪʘʞʠʣʠ ʾʭ ʚ ʟʘʛʘʣʴʥʦʜʦʩʪʫʧʥʠʡ ʭʤʘʨʥʠʡ ʩʝʨʚʽʩ ʜʣʷ 

ʦʙʤʽʥʫ ʚʽʜʝʦ. ɿʘʚʜʷʢʠ ʮʴʦʤʫ ʧʝʨʝʜʘʚʘʥʥʷ ʚʽʜʝʦʬʘʡʣʽʚ ʚʠʛʣʷʜʘʣʦ ʷʢ ʟʚʠʯʘʡʥʝ 

ʟʘʚʘʥʪʘʞʝʥʥʷ ʢʦʨʠʩʪʫʚʘʯʘʤʠ ʣʝʛʽʪʠʤʥʦʛʦ ʢʦʥʪʝʥʪʫ, ʱʦ ʫʥʝʤʦʞʣʠʚʠʣʦ 

ʚʠʷʚʣʝʥʥʷ ʥʝʩʘʥʢʮʽʦʥʦʚʘʥʦʛʦ ʚʠʚʘʥʪʘʞʝʥʥʷ ʽʥʬʦʨʤʘʮʽʾ ʪʨʘʜʠʮʽʡʥʠʤʠ 

ʟʘʩʦʙʘʤʠ ʙʝʟʧʝʢʠ [4]. 

ʄʝʨʝʞʥʘ ʩʪʝʛʘʥʦʛʨʘʬʽʷ. ʄʝʨʝʞʥʘ ʩʪʝʛʘʥʦʛʨʘʬʽʷ ʩʪʦʩʫʻʪʴʩʷ 

ʧʨʠʭʦʚʫʚʘʥʥʷ ʽʥʬʦʨʤʘʮʽʾ ʚ ʤʝʨʝʞʥʠʭ ʧʨʦʪʦʢʦʣʘʭ ʙʝʟ ʩʪʚʦʨʝʥʥʷ ʥʦʚʠʭ ʬʘʡʣʽʚ 

ʱʦ ʟʥʘʯʥʦ ʫʩʢʣʘʜʥʶʻ ʾʾ ʚʠʷʚʣʝʥʥʷ ʪʨʘʜʠʮʽʡʥʠʤʠ ʟʘʩʦʙʘʤʠ ʘʥʘʣʽʟʫ ʪʨʘʬʽʢʫ. 

ʎʝ ʤʦʞʥʘ ʟʨʦʙʠʪʠ, ʤʘʥʽʧʫʣʶʶʯʠ ʢʦʨʠʩʥʠʤ ʥʘʚʘʥʪʘʞʝʥʥʷʤ ʧʘʢʝʪʽʚ, ʾʭʥʴʦʶ 

ʧʦʩʣʽʜʦʚʥʽʩʪʶ, ʯʘʩʦʚʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ, ʧʦʣʷʤʠ ʟʘʛʦʣʦʚʢʘ ʧʨʦʪʦʢʦʣʫ [5]. 

ʄʝʪʦʶ ʻ ʩʪʚʦʨʝʥʥʷ ʧʨʠʭʦʚʘʥʦʛʦ ʢʘʥʘʣʫ ʟʚôʷʟʢʫ, ʷʢʠʡ ʙʫʜʝ ʥʝʧʦʤʽʪʥʦ 

ʽʥʪʝʛʨʫʚʘʪʠʩʷ ʚ ʣʝʛʽʪʠʤʥʠʡ ʪʨʘʬʽʢ, ʜʦʟʚʦʣʷʶʯʠ ʟʣʦʚʤʠʩʥʠʢʘʤ ʧʝʨʝʜʘʚʘʪʠ 

ʢʦʥʬʽʜʝʥʮʽʡʥʫ ʽʥʬʦʨʤʘʮʽʶ ʘʙʦ ʫʧʨʘʚʣʷʪʠ ʰʢʽʜʣʠʚʠʤ ʇɿ.  

ʆʜʥʠʤ ʽʟ ʦʩʪʘʥʥʽʭ ʧʨʠʢʣʘʜʽʚ ʻ Pingback ï ʰʢʽʜʣʠʚʝ ʇɿ ʜʣʷ Windows, 

ʚʠʷʚʣʝʥʝ ʫ 2021 ʨʦʮʽ, ʷʢʝ ʚʠʢʦʨʠʩʪʦʚʫʻ ICMP-ʪʫʥʝʣʶʚʘʥʥʷ ʜʣʷ ʢʦʤʫʥʽʢʘʮʽʾ ʟ 

ʉommand-and-ʉontol (C2) ʩʝʨʚʝʨʦʤ. ɿʘʤʽʩʪʴ ʚʠʢʦʨʠʩʪʘʥʥʷ HTTP ʘʙʦ TCP 

Pingback ʟʜʽʡʩʥʶʚʘʚ ʥʘʜʩʠʣʘʥʥʷ ʪʘ ʦʪʨʠʤʘʥʥʷ ʢʦʤʘʥʜ ʯʝʨʝʟ ICMP-ʧʘʢʝʪʠ 

ʟʘʧʠʪʫ ʪʘ ʚʽʜʧʦʚʽʜʽ, ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ ʧʨʦʪʦʢʦʣ, ʱʦ ʟʘʟʚʠʯʘʡ ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ 

ʜʣʷ ʜʽʘʛʥʦʩʪʠʢʠ ʤʝʨʝʞ (ʫʪʠʣʽʪʘ ping). ɺʠʢʦʨʠʩʪʘʥʥʷ ICMP ʷʢ ʢʘʥʘʣʫ ʟʚôʷʟʢʫ 

ʜʘʻ ʟʣʦʚʤʠʩʥʠʢʘʤ ʧʝʨʝʚʘʛʠ: ICMP-ʪʨʘʬʽʢ ʥʝ ʤʘʻ ʧʦʨʪʽʚ ʽ ʨʽʜʢʦ ʧʝʨʝʚʽʨʷʻʪʴʩʷ 

ʙʨʘʥʜʤʘʫʝʨʘʤʠ ʯʠ ʟʘʩʦʙʘʤʠ ʪʠʧʫ netstat. ɯʥʩʪʨʫʤʝʥʪʠ, ʷʢ Pingback, ʧʨʠʭʦʚʘʥʦ 
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ʧʝʨʝʜʘʶʪʴ C2-ʢʦʤʘʥʜʠ ʚ ʢʦʨʠʩʥʦʤʫ ʥʘʚʘʥʪʘʞʝʥʥʽ ICMP-ʧʘʢʝʪʽʚ, ʫʪʚʦʨʶʶʯʠ 

ʥʝʧʦʤʽʪʥʠʡ ʜʚʦʩʪʦʨʦʥʥʽʡ ʢʘʥʘʣ ʟʚ'ʷʟʢʫ ʟ ʟʘʨʘʞʝʥʠʤʠ ʧʨʠʩʪʨʦʷʤʠ. ɺʠʷʚʠʪʠ 

ʤʝʨʝʞʥʫ ʩʪʝʛʘʥʦʛʨʘʬʽʶ ʚʘʞʢʦ, ʘʜʞʝ ʚʦʥʘ ʚʠʢʦʨʠʩʪʦʚʫʻ ʜʦʟʚʦʣʝʥʠʡ ʪʨʘʬʽʢ 

(ICMP ʘʙʦ DNS), ʷʢʠʡ ʟʘʟʚʠʯʘʡ ʥʝ ʘʥʘʣʽʟʫʻʪʴʩʷ ʛʣʠʙʦʢʦ, ʱʦ ʜʘʻ ʟʤʦʛʫ 

ʦʙʭʦʜʠʪʠ ʟʘʩʦʙʠ ʚʠʷʚʣʝʥʥʷ ʟʘʛʨʦʟ ʽ ʝʢʩʬʽʣʴʪʨʫʚʘʪʠ ʜʘʥʽ [6]. 

ʇʽʜʩʫʤʦʚʫʶʯʠ, ʩʫʯʘʩʥʘ ʮʠʬʨʦʚʘ ʩʪʝʛʘʥʦʛʨʘʬʽʷ ʟʘʣʠʰʘʻʪʴʩʷ ʩʢʣʘʜʥʠʤ, 

ʘʣʝ ʝʬʝʢʪʠʚʥʠʤ ʽʥʩʪʨʫʤʝʥʪʦʤ. ɺ ʦʩʪʘʥʥʽʭ ʟʘʜʦʢʫʤʝʥʪʦʚʘʥʠʭ ʚʠʧʘʜʢʘʭ ʚʦʥʘ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʘʩʷ ʧʝʨʝʚʘʞʥʦ ʜʣʷ ʧʨʠʭʦʚʘʥʦʾ ʜʦʩʪʘʚʢʠ ʰʢʽʜʣʠʚʦʛʦ ʇɿ, 

ʢʝʨʫʚʘʥʥʷ ʟʘʨʘʞʝʥʠʤʠ ʩʠʩʪʝʤʘʤʠ ʪʘ ʚʠʢʨʘʜʝʥʥʷ ʜʘʥʠʭ. ɺʠʧʘʜʢʠ ʾʾ ʚʠʷʚʣʝʥʥʷ 

ʟʘʣʠʰʘʶʪʴʩʷ ʨʽʜʢʽʩʥʠʤʠ, ʱʦ ʧʦʷʩʥʶʻʪʴʩʷ ʢʽʣʴʢʦʤʘ ʬʘʢʪʦʨʘʤʠ. ʇʦ-ʧʝʨʰʝ, ʮʷ 

ʪʝʭʥʽʢʘ ʻ ʩʢʣʘʜʥʦʶ ʫ ʨʝʘʣʽʟʘʮʽʾ, ʽ ʾʾ ʟʘʩʪʦʩʦʚʫʶʪʴ ʣʠʰʝ ʢʚʘʣʽʬʽʢʦʚʘʥʽ 

ʟʣʦʚʤʠʩʥʠʢʠ ʚ ʩʧʝʮʽʘʣʽʟʦʚʘʥʠʭ ʩʮʝʥʘʨʽʷʭ. ʇʦ-ʜʨʫʛʝ, ʤʝʪʦʜʠ ʚʠʷʚʣʝʥʥʷ 

ʩʪʝʛʘʥʦʛʨʘʬʽʾ ʻ ʥʝʜʦʩʪʘʪʥʴʦ ʨʦʟʚʠʥʝʥʠʤʠ, ʱʦ ʫʩʢʣʘʜʥʶʻ ʘʚʪʦʤʘʪʠʟʘʮʽʶ 

ʾʭʥʴʦʛʦ ʚʠʷʚʣʝʥʥʷ. ʇʦ-ʪʨʝʪʻ, ʜʦʩʣʽʜʞʝʥʥʷ ʧʦʜʽʙʥʠʭ ʘʪʘʢ ʚʠʤʘʛʘʻ ʪʨʠʚʘʣʦʛʦ 

ʘʥʘʣʽʟʫ, ʯʝʨʝʟ ʙʨʘʢ ʧʫʙʣʽʯʥʠʭ ʟʚʽʪʽʚ ʟʘʣʠʰʘʻʪʴʩʷ ʤʘʣʦʚʽʜʦʤʠʤ. ʗʢ ʥʘʩʣʽʜʦʢ, 

ʭʦʯʘ ʟʘʜʦʢʫʤʝʥʪʦʚʘʥʽ ʚʠʧʘʜʢʠ ʚʠʢʦʨʠʩʪʘʥʥʷ ʩʪʝʛʘʥʦʛʨʘʬʽʾ ʻ ʚʽʜʥʦʩʥʦ 

ʟʘʩʪʘʨʽʣʠʤʠ, ʮʝ ʥʝ ʚʠʢʣʶʯʘʻ ʾʾ ʚʠʢʦʨʠʩʪʘʥʥʷ  ʫ ʩʢʣʘʜʥʠʭ ʽ ʮʽʣʴʦʚʠʭ ʘʪʘʢʘʭ. 
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SCALING NETWORK MODEL BASED ON STOCHASTIC PROCESSES 

UNDER SELF-SIMILAR TRAFFIC CONDITIONS  

 

A comparison of Poisson and fractal approaches to network traffic modeling is presented. It 

is proven that the use of stochastic processes in load forecasting allows minimizing delays and 

avoiding excessive resource consumption. A model is presented that provides adaptive 

management of network resources, creating a balance between performance and efficiency, as 

well as taking into account stochastic traffic characteristics. 
 

ʄʘʩʰʪʘʙʫʚʘʥʥʷ ʤʝʨʝʞ ʻ ʢʨʠʪʠʯʥʠʤ ʟʘʚʜʘʥʥʷʤ ʫ ʩʫʯʘʩʥʠʭ 

ʽʥʬʦʨʤʘʮʽʡʥʦ-ʢʦʤʫʥʽʢʘʮʽʡʥʠʭ ʩʠʩʪʝʤʘʭ, ʦʩʢʽʣʴʢʠ ʟʙʽʣʴʰʝʥʥʷ ʢʽʣʴʢʦʩʪʽ 

ʢʦʨʠʩʪʫʚʘʯʽʚ ʪʘ ʦʙʩʷʛʽʚ ʪʨʘʬʽʢʫ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʟʨʦʩʪʘʥʥʷ ʥʘʚʘʥʪʘʞʝʥʥʷ ʥʘ 

ʤʝʨʝʞʝʚʫ ʽʥʬʨʘʩʪʨʫʢʪʫʨʫ. 

ʋ ʨʦʙʦʪʽ [1] ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʥʦʚʠʡ ʤʝʪʦʜ ʤʘʪʝʤʘʪʠʯʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ 

ʩʘʤʦʧʦʜʽʙʥʦʛʦ ʪʨʘʬʽʢʫ ʚ ʽʥʬʦʢʦʤʫʥʽʢʘʮʽʡʥʠʭ ʤʝʨʝʞʘʭ, ʷʢʠʡ ʜʦʟʚʦʣʷʻ 

ʛʝʥʝʨʫʚʘʪʠ ʧʦʪʦʢʠ ʧʘʢʝʪʽʚ ʽʟ ʟʘʜʘʥʠʤ ʩʪʫʧʝʥʝʤ ʩʘʤʦʧʦʜʽʙʥʦʩʪʽ. ʎʝʡ ʧʽʜʭʽʜ 

ʙʘʟʫʻʪʴʩʷ ʥʘ ʚʠʢʦʨʠʩʪʘʥʥʽ ʨʦʟʧʦʜʽʣʫ ʇʘʨʝʪʦ ʪʘ ʤʝʪʦʜʫ ʤʘʢʩʠʤʘʣʴʥʦʾ 

ʧʨʘʚʜʦʧʦʜʽʙʥʦʩʪʽ ʜʣʷ ʦʮʽʥʢʠ ʧʘʨʘʤʝʪʨʽʚ ʤʦʜʝʣʽ. 

ɼʦʩʣʽʜʞʝʥʥʷ [2] ʦʙˇʨʫʥʪʦʚʫʻ ʤʝʪʦʜʠʢʫ ʩʪʨʫʢʪʫʨʥʦ-ʧʘʨʘʤʝʪʨʠʯʥʦʾ 

ʽʜʝʥʪʠʬʽʢʘʮʽʾ ʪʘ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʩʘʤʦʧʦʜʽʙʥʦʛʦ ʪʨʘʬʽʢʫ, ʱʦ ʚʢʣʶʯʘʻ 

ʢʦʤʧʦʟʠʮʽʶ ʤʝʪʦʜʽʚ ʛʣʦʙʘʣʴʥʦʾ ʪʘ ʣʦʢʘʣʴʥʦʾ ʦʧʪʠʤʽʟʘʮʽʾ, ʘ ʪʘʢʦʞ ʚʠʙʽʨ 

ʙʣʦʯʥʦ-ʦʨʽʻʥʪʦʚʘʥʠʭ ʩʪʨʫʢʪʫʨ ʤʦʜʝʣʝʡ. 

ʊʨʘʜʠʮʽʡʥʽ ʤʝʪʦʜʠ ʤʘʩʰʪʘʙʫʚʘʥʥʷ ʤʝʨʝʞ ʯʘʩʪʦ ʥʝ ʚʨʘʭʦʚʫʶʪʴ ʜʠʥʘʤʽʯʥʫ 

ʧʨʠʨʦʜʫ ʩʫʯʘʩʥʦʛʦ ʪʨʘʬʽʢʫ, ʱʦ ʤʦʞʝ ʧʨʠʟʚʦʜʠʪʠ ʜʦ ʥʝʝʬʝʢʪʠʚʥʦʛʦ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʨʝʩʫʨʩʽʚ. ʋ ʜʦʩʣʽʜʞʝʥʥʽ [3-4] ʨʦʟʛʣʷʥʫʪʦ ʩʫʯʘʩʥʽ ʪʝʥʜʝʥʮʽʾ 

ʟʘʩʪʦʩʫʚʘʥʥʷ ʪʝʭʥʦʣʦʛʽʡ ʰʪʫʯʥʦʛʦ ʽʥʪʝʣʝʢʪʫ ʪʘ ʤʘʰʠʥʥʦʛʦ ʥʘʚʯʘʥʥʷ ʜʣʷ 

ʫʧʨʘʚʣʽʥʥʷ ʪʝʣʝʢʦʤʫʥʽʢʘʮʽʡʥʠʤʠ ʤʝʨʝʞʘʤʠ ʪʘ ʧʦʩʣʫʛʘʤʠ. ɸʚʪʦʨʠ ʘʢʮʝʥʪʫʶʪʴ 

ʫʚʘʛʫ ʥʘ ʚʠʢʦʨʠʩʪʘʥʥʽ AI/ML (ʰʪʫʯʥʠʡ ʽʥʪʝʣʝʢʪ/ʤʘʰʠʥʥʝ ʥʘʚʯʘʥʥʷ) ʜʣʷ 

ʘʚʪʦʤʘʪʠʟʘʮʽʾ ʦʙʨʦʙʢʠ ʨʝʩʫʨʩʽʚ ʪʘ ʽʟʦʣʷʮʽʾ ʤʽʞ ʣʦʛʽʯʥʠʤʠ ʪʘ ʬʽʟʠʯʥʠʤʠ 

ʨʝʩʫʨʩʘʤʠ, ʱʦ ʻ ʬʫʥʜʘʤʝʥʪʘʣʴʥʠʤ ʜʣʷ ʤʝʨʝʞ 5G. 

ʉʪʦʭʘʩʪʠʯʥʽ ʧʨʦʮʝʩʠ ʻ ʧʦʪʫʞʥʠʤ ʽʥʩʪʨʫʤʝʥʪʦʤ ʜʣʷ ʤʦʜʝʣʶʚʘʥʥʷ 

ʥʝʧʝʨʝʜʙʘʯʫʚʘʥʠʭ ʟʤʽʥ ʫ ʤʝʨʝʞʝʚʦʤʫ ʪʨʘʬʽʢʫ ʪʘ ʦʧʪʠʤʽʟʘʮʽʾ ʨʦʟʧʦʜʽʣʫ 

ʨʝʩʫʨʩʽʚ. ʋ ʨʦʙʦʪʽ [5] ʨʦʟʛʣʷʥʫʪʦ ʟʘʩʪʦʩʫʚʘʥʥʷ ʩʪʦʭʘʩʪʠʯʥʠʭ ʤʝʪʦʜʽʚ ʜʣʷ 

ʝʬʝʢʪʠʚʥʦʛʦ ʧʝʨʝʨʦʟʧʦʜʽʣʫ ʦʙʯʠʩʣʶʚʘʣʴʥʠʭ ʪʘ ʤʝʨʝʞʝʚʠʭ ʨʝʩʫʨʩʽʚ ʟ 

ʤʽʥʽʤʘʣʴʥʠʤʠ ʟʘʪʨʠʤʢʘʤʠ. 

ʄʘʩʰʪʘʙʫʚʘʥʥʷ ʤʝʨʝʞʽ ʚ ʫʤʦʚʘʭ ʩʘʤʦʧʦʜʽʙʥʦʛʦ ʪʨʘʬʽʢʫ ʻ ʩʢʣʘʜʥʠʤ 
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ʟʘʚʜʘʥʥʷʤ, ʦʩʢʽʣʴʢʠ ʪʨʘʜʠʮʽʡʥʽ ʤʦʜʝʣʽ ʢʝʨʫʚʘʥʥʷ ʨʝʩʫʨʩʘʤʠ ʥʝ ʚʨʘʭʦʚʫʶʪʴ 

ʜʦʚʛʦʪʨʠʚʘʣʫ ʟʘʣʝʞʥʽʩʪʴ ʽ ʚʠʩʦʢʫ ʚʘʨʽʘʪʠʚʥʽʩʪʴ ʤʝʨʝʞʝʚʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ. 

ʉʘʤʦʧʦʜʽʙʥʠʡ ʪʨʘʬʽʢ ʧʨʦʷʚʣʷʻ ʚʣʘʩʪʠʚʦʩʪʽ ʬʨʘʢʪʘʣʴʥʦʩʪʽ ʪʘ ʚʘʞʢʦ 

ʧʨʦʛʥʦʟʦʚʘʥʠʭ ʩʧʣʝʩʢʽʚ ʥʘʚʘʥʪʘʞʝʥʥʷ, ʱʦ ʫʩʢʣʘʜʥʶʻ ʨʦʟʧʦʜʽʣ ʨʝʩʫʨʩʽʚ ʫ 

ʤʝʨʝʞʘʭ. ɼʣʷ ʝʬʝʢʪʠʚʥʦʛʦ ʤʘʩʰʪʘʙʫʚʘʥʥʷ ʥʝʦʙʭʽʜʥʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ 

ʤʘʪʝʤʘʪʠʯʥʽ ʤʝʪʦʜʠ, ʟʜʘʪʥʽ ʘʧʨʦʢʩʠʤʫʚʘʪʠ ʩʢʣʘʜʥʽ ʧʨʦʮʝʩʠ ʪʘ ʧʝʨʝʜʙʘʯʘʪʠ ʾʭ 

ʜʠʥʘʤʽʢʫ. ʋ ʮʴʦʤʫ ʢʦʥʪʝʢʩʪʽ ʤʘʨʢʽʚʩʴʢʘ ʘʧʨʦʢʩʠʤʘʮʽʷ ʻ ʧʝʨʩʧʝʢʪʠʚʥʠʤ 

ʧʽʜʭʦʜʦʤ, ʱʦ ʜʦʟʚʦʣʷʻ ʩʧʨʦʩʪʠʪʠ ʤʦʜʝʣʴ ʩʘʤʦʧʦʜʽʙʥʦʛʦ ʪʨʘʬʽʢʫ, 

ʥʘʙʣʠʞʘʶʯʠ ʾʾ ʜʦ ʢʝʨʦʚʘʥʠʭ ʩʪʦʭʘʩʪʠʯʥʠʭ ʩʠʩʪʝʤ. 

ʄʘʨʢʽʚʩʴʢʽ ʚʠʧʘʜʢʦʚʽ ʧʨʦʮʝʩʠ ʤʦʞʫʪʴ ʙʫʪʠ ʚʠʢʦʨʠʩʪʘʥʽ ʜʣʷ 

ʤʦʜʝʣʶʚʘʥʥʷ ʥʘʚʘʥʪʘʞʝʥʥʷ ʚ ʤʝʨʝʞʽ, ʦʩʢʽʣʴʢʠ ʚʦʥʠ ʜʦʙʨʝ ʧʽʜʭʦʜʷʪʴ ʜʣʷ 

ʦʧʠʩʫ ʩʠʩʪʝʤ ʽʟ ʟʘʣʝʞʥʦʩʪʷʤʠ ʢʦʨʦʪʢʦʾ ʧʘʤôʷʪʽ. ʍʦʯʘ ʩʘʤʦʧʦʜʽʙʥʠʡ ʪʨʘʬʽʢ 

ʤʘʻ ʜʦʚʛʦʪʨʠʚʘʣʽ ʢʦʨʝʣʷʮʽʾ, ʡʦʛʦ ʤʦʞʥʘ ʘʧʨʦʢʩʠʤʫʚʘʪʠ ʯʝʨʝʟ ʙʘʛʘʪʦʨʽʚʥʝʚʽ 

ʤʘʨʢʽʚʩʴʢʽ ʤʦʜʝʣʽ, ʱʦ ʜʦʟʚʦʣʷʻ ʦʧʠʩʘʪʠ ʟʤʽʥʫ ʩʪʘʥʽʚ ʥʘʚʘʥʪʘʞʝʥʥʷ ʫ 

ʩʧʨʦʱʝʥʽʡ ʬʦʨʤʽ. ʅʘʧʨʠʢʣʘʜ, ʤʦʞʥʘ ʟʘʩʪʦʩʫʚʘʪʠ ʄʘʨʢʽʚʩʴʢʠʡ ʧʨʦʮʝʩ ʽʟ 

ʧʨʠʭʦʚʘʥʠʤʠ ʩʪʘʥʘʤʠ (H/M/M) ʘʙʦ ʄʘʨʢʽʚʩʴʢʽ ʤʦʜʝʣʽ ʯʝʨʛ (M/G/1, M/M/Ð) 

ʜʣʷ ʦʮʽʥʢʠ ʧʦʚʝʜʽʥʢʠ ʪʨʘʬʽʢʫ ʪʘ ʘʜʘʧʪʠʚʥʦʛʦ ʧʝʨʝʨʦʟʧʦʜʽʣʫ ʤʝʨʝʞʝʚʠʭ 

ʨʝʩʫʨʩʽʚ. ʎʽ ʧʦʟʥʘʯʝʥʥʷ ʚʽʜʥʦʩʷʪʴʩʷ ʜʦ ʩʠʩʪʝʤ ʤʘʩʦʚʦʛʦ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ, 

ʦʧʠʩʫʚʘʥʠʭ ʟʘ ʜʦʧʦʤʦʛʦʶ ʥʦʪʘʮʽʾ ʂʝʥʜʘʣʣʘ (ɸ/ɺ/ʉ). 

ɺ ʜʘʥʽʡ ʜʦʧʦʚʽʜʽ ʜʦʩʣʽʜʞʫʻʪʴʩʷ ʤʦʜʝʣʶʚʘʥʥʷ ʧʨʦʮʝʩʫ, ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ 

ʭʤʘʨʥʦʾ ʧʣʘʪʬʦʨʤʠ ʜʣʷ ʧʦʪʦʢʦʚʦʛʦ ʚʽʜʝʦ, ʷʢʘ ʘʜʘʧʪʠʚʥʦ ʨʦʟʧʦʜʽʣʷʻ ʨʝʩʫʨʩʠ 

ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʢʽʣʴʢʦʩʪʽ ʘʢʪʠʚʥʠʭ ʢʦʨʠʩʪʫʚʘʯʽʚ. ʇʨʦʪʷʛʦʤ ʜʦʙʠ ʪʨʘʬʽʢ ʟʘʟʥʘʻ 

ʟʥʘʯʥʠʭ ʢʦʣʠʚʘʥʴ: ʚʨʘʥʮʽ ʥʘʚʘʥʪʘʞʝʥʥʷ ʤʽʥʽʤʘʣʴʥʝ, ʫʚʝʯʝʨʽ ï ʜʦʩʷʛʘʻ 

ʧʽʢʦʚʦʛʦ ʟʥʘʯʝʥʥʷ, ʘ ʚʧʨʦʜʦʚʞ ʜʥʷ ʤʦʞʣʠʚʽ ʨʘʧʪʦʚʽ ʩʧʣʝʩʢʠ ʘʢʪʠʚʥʦʩʪʽ. 

ʉʠʩʪʝʤʘ ʧʦʚʠʥʥʘ ʘʚʪʦʤʘʪʠʯʥʦ ʤʘʩʰʪʘʙʫʚʘʪʠ ʦʙʯʠʩʣʶʚʘʣʴʥʽ ʨʝʩʫʨʩʠ, ʱʦʙ 

ʟʘʧʦʙʽʛʪʠ ʧʝʨʝʚʘʥʪʘʞʝʥʥʶ ʪʘ ʦʧʪʠʤʽʟʫʚʘʪʠ ʚʠʪʨʘʪʠ. 

ɼʣʷ ʤʦʜʝʣʶʚʘʥʥʷ ʮʴʦʛʦ ʧʨʦʮʝʩʫ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʨʽʚʥʷʥʥʷ 

ʜʠʥʘʤʽʯʥʦʛʦ ʙʘʣʘʥʩʫʚʘʥʥʷ ʨʝʩʫʨʩʽʚ (1), ʪʨʘʜʠʮʽʡʥʦ ʚ ʤʘʨʢʽʚʩʴʢʠʭ ʧʨʦʮʝʩʘʭ  

ʧʦʟʥʘʯʘʶʪʴ ʽʥʪʝʥʩʠʚʥʽʩʪʴ ʚʭʽʜʥʦʛʦ ʧʦʪʦʢʫ. ɺʦʜʥʦʯʘʩ ʩʝʨʝʜʥʷ ʽʥʪʝʥʩʠʚʥʽʩʪʴ 

ʟʘʧʠʪʽʚ ʦʧʠʩʫʻʪʴʩʷ ʬʫʥʢʮʽʻʶ: 

 

(1) 

ʜʝ  ï ʙʘʟʦʚʘ ʢʽʣʴʢʽʩʪʴ ʟʘʧʠʪʽʚ,  ï ʘʤʧʣʽʪʫʜʘ ʜʦʙʦʚʠʭ ʢʦʣʠʚʘʥʴ,  ï 

ʯʘʩʪʦʪʘ ʟʤʽʥ, ʘ  ï ʩʪʦʭʘʩʪʠʯʥʠʡ ʧʨʦʮʝʩ, ʱʦ ʽʤʽʪʫʻ ʚʠʧʘʜʢʦʚʽ ʩʪʨʠʙʢʠ 

ʪʨʘʬʽʢʫ. 

ɿʘʩʪʦʩʫʚʘʥʥʷ ʨʽʚʥʷʥʥʷ ʜʠʥʘʤʽʯʥʦʛʦ ʙʘʣʘʥʩʫʚʘʥʥʷ ʜʦʟʚʦʣʷʻ ʭʤʘʨʥʽʡ 

ʧʣʘʪʬʦʨʤʽ ʚ ʨʝʘʣʴʥʦʤʫ ʯʘʩʽ ʘʜʘʧʪʫʚʘʪʠʩʷ ʜʦ ʟʤʽʥʥʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ, 

ʫʥʠʢʘʶʯʠ ʧʨʦʩʪʦʾʚ ʪʘ ʧʝʨʝʚʠʪʨʘʪ ʨʝʩʫʨʩʽʚ. 

ʇʫʘʩʩʦʥʽʚʩʴʢʠʡ ʧʨʦʮʝʩ ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʚʠʧʘʜʢʦʚʠʤʠ ʨʽʟʢʠʤʠ 

ʩʧʣʝʩʢʘʤʠ ʥʘʚʘʥʪʘʞʝʥʥʷ, ʱʦ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʯʘʩʪʠʭ ʽ ʨʘʧʪʦʚʠʭ ʟʤʽʥ ʫ 

ʥʝʦʙʭʽʜʥʦʩʪʽ ʤʘʩʰʪʘʙʫʚʘʥʥʷ ʩʝʨʚʝʨʽʚ. ʅʘʪʦʤʽʩʪʴ ʬʨʘʢʪʘʣʴʥʠʡ ʧʨʦʮʝʩ 

ʜʝʤʦʥʩʪʨʫʻ ʜʦʚʛʦʪʨʠʚʘʣʫ ʢʦʨʝʣʷʮʽʶ, ʱʦ ʟʘʙʝʟʧʝʯʫʻ ʙʽʣʴʰ ʧʣʘʚʥʽ ʟʤʽʥʠ 

ʪʨʘʬʽʢʫ ʪʘ ʩʪʘʙʽʣʴʥʽʰʝ ʚʠʢʦʨʠʩʪʘʥʥʷ ʨʝʩʫʨʩʽʚ. 

ʈʝʟʫʣʴʪʘʪʠ (ʨʠʩ. 1) ʚʢʘʟʫʶʪʴ ʥʘ ʚʘʞʣʠʚʽʩʪʴ ʫʨʘʭʫʚʘʥʥʷ ʩʘʤʦʧʦʜʽʙʥʦʩʪʽ 

ʪʨʘʬʽʢʫ ʧʨʠ ʧʨʦʝʢʪʫʚʘʥʥʽ ʤʘʩʰʪʘʙʦʚʘʥʠʭ ʤʝʨʝʞʝʚʠʭ ʩʠʩʪʝʤ. ɺʧʨʦʚʘʜʞʝʥʥʷ 
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ʘʜʘʧʪʠʚʥʠʭ ʘʣʛʦʨʠʪʤʽʚ, ʱʦ ʙʘʟʫʶʪʴʩʷ ʥʘ ʘʥʘʣʽʟʽ ʬʨʘʢʪʘʣʴʥʠʭ ʧʨʦʮʝʩʽʚ, 

ʜʦʟʚʦʣʷʻ ʟʥʠʟʠʪʠ ʚʠʪʨʘʪʠ ʥʘ ʽʥʬʨʘʩʪʨʫʢʪʫʨʫ ʪʘ ʧʽʜʚʠʱʠʪʠ ʝʬʝʢʪʠʚʥʽʩʪʴ 

ʨʦʟʧʦʜʽʣʫ ʨʝʩʫʨʩʽʚ ʫ ʜʠʥʘʤʽʯʥʠʭ ʩʝʨʝʜʦʚʠʱʘʭ. 

 

ʈʠʩ.1. ʄʘʩʰʪʘʙʫʚʘʥʥʷ ʨʝʩʫʨʩʽʚ 

ʤʝʨʝʞʽ ʧʨʠ ʜʠʥʘʤʽʯʥʽʡ ʟʤʽʥʽ 

ʥʘʚʘʥʪʘʞʝʥʥʷ. 

ʈʽʚʥʷʥʥʷ ʜʠʥʘʤʽʯʥʦʛʦ ʙʘʣʘʥʩʫʚʘʥʥʷ ʨʝʩʫʨʩʽʚ ʤʘʻ ʰʠʨʦʢʝ ʧʨʘʢʪʠʯʥʝ 

ʟʘʩʪʦʩʫʚʘʥʥʷ ʚ ʩʫʯʘʩʥʠʭ ʤʝʨʝʞʝʚʠʭ ʪʝʭʥʦʣʦʛʽʷʭ. ʆʜʥʽʻʶ ʟ ʢʣʶʯʦʚʠʭ ʩʬʝʨ 

ʡʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʻ ʧʨʦʛʨʘʤʥʦ-ʢʦʥʬʽʛʫʨʦʚʘʥʽ ʤʝʨʝʞʽ (SDN). ʋ ʪʘʢʠʭ 

ʤʝʨʝʞʘʭ ʢʦʥʪʨʦʣʝʨʠ SDN ʤʦʞʫʪʴ ʟʘʩʪʦʩʦʚʫʚʘʪʠ ʮʝ ʨʽʚʥʷʥʥʷ ʜʣʷ 

ʜʠʥʘʤʽʯʥʦʛʦ ʧʝʨʝʨʦʟʧʦʜʽʣʫ ʨʝʩʫʨʩʽʚ, ʨʝʘʛʫʶʯʠ ʥʘ ʟʤʽʥʠ ʥʘʚʘʥʪʘʞʝʥʥʷ ʚ 

ʨʝʞʠʤʽ ʨʝʘʣʴʥʦʛʦ ʯʘʩʫ. ʎʝ ʜʦʟʚʦʣʷʻ ʧʦʢʨʘʱʠʪʠ ʝʬʝʢʪʠʚʥʽʩʪʴ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʤʝʨʝʞʝʚʦʾ ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ ʪʘ ʧʽʜʚʠʱʠʪʠ ʨʽʚʝʥʴ ʷʢʦʩʪʽ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ (QoS). 

ʅʘʚʝʜʝʥʦ, ʱʦ ʤʦʜʝʣʴ ʟʘʙʝʟʧʝʯʫʻ ʘʜʘʧʪʠʚʥʝ ʢʝʨʫʚʘʥʥʷ ʤʝʨʝʞʝʚʠʤʠ 

ʨʝʩʫʨʩʘʤʠ, ʩʪʚʦʨʶʶʯʠ ʙʘʣʘʥʩ ʤʽʞ ʧʨʦʜʫʢʪʠʚʥʽʩʪʶ ʪʘ ʝʬʝʢʪʠʚʥʽʩʪʶ, ʘ ʪʘʢʦʞ 

ʚʨʘʭʦʚʫʶʯʠ ʩʪʦʭʘʩʪʠʯʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʪʨʘʬʽʢʫ. ʎʝ ʜʦʟʚʦʣʷʻ ʜʦʩʷʛʪʠ 

ʦʧʪʠʤʘʣʴʥʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ ʚ ʫʤʦʚʘʭ ʜʠʥʘʤʽʯʥʠʭ ʟʤʽʥ 

ʥʘʚʘʥʪʘʞʝʥʥʷ. 
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FEATURES OF PROTECTION OF INTERNET OF THINGS DEVI CES  
 

The method for protecting IoT end devices has been modified, which differs in the data 

protection mechanism and allows to increase the security of the IoT network. The proposed 

solution can be implemented by the owners of IoT end devices to increase network security 
 

ɿʘ ʨʘʭʫʥʦʢ ʧʽʜʢʣʶʯʝʥʥʷ ʨʽʟʥʠʭ ʧʨʠʩʪʨʦʾʚ ʜʦ ɯʥʪʝʨʥʝʪʫ ʪʝʭʥʦʣʦʛʽʷ 

ɯʥʪʝʨʥʝʪʫ ʨʝʯʝʡ ʜʘʻ ʥʦʚʽ ʤʦʞʣʠʚʦʩʪʽ ʜʣʷ ʘʚʪʦʤʘʪʠʟʘʮʽʾ, ʝʬʝʢʪʠʚʥʦʩʪʽ ʪʘ 

ʧʨʠʡʥʷʪʪʷ ʧʨʦʜʫʤʘʥʠʭ ʨʽʰʝʥʴ ʫ ʨʽʟʥʠʭ ʩʬʝʨʘʭ ʞʠʪʪʻʜʽʷʣʴʥʦʩʪʽ.  ɺ ʟʚôʷʟʢʫ  ʟ 

ʮʠʤ ʦʩʦʙʣʠʚʦ ʘʢʪʫʘʣʴʥʦʶ ʧʦʩʪʘʻ ʧʨʦʙʣʝʤʘ ʟʘʭʠʩʪʫ ʢʽʥʮʝʚʠʭ ʧʨʠʩʪʨʦʾʚ. ɸ 

ʪʦʤʫ ʤʝʪʦʶ ʧʫʙʣʽʢʘʮʽʾ ʻ  ʧʽʜʚʠʱʝʥʥʷ ʟʘʭʠʱʝʥʦʩʪʽ ʤʝʨʝʞʽ ɯʥʪʝʨʥʝʪʫ ʨʝʯʝʡ ʟʘ 

ʨʘʭʫʥʦʢ ʤʦʜʠʬʽʢʘʮʽʾ ʟʘʭʠʩʪʫ ʢʽʥʮʝʚʠʭ ʧʨʠʩʪʨʦʾʚ. 

ɺ ʨʦʙʦʪʽ ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʤʦʜʠʬʽʢʦʚʘʥʠʡ ʤʝʪʦʜ ʟʘʭʠʩʪʫ ʢʽʥʮʝʚʠʭ 

ʧʨʠʩʪʨʦʾʚ ɯʥʪʝʨʥʝʪʫ ʨʝʯʝʡ(ʨʠʩ.1). 

 

ʈʠʩ.1. ʄʦʜʠʬʽʢʦʚʘʥʠʡ ʤʝʪʦʜ ʟʘʭʠʩʪʫ ʢʽʥʮʝʚʠʭ ʧʨʠʩʪʨʦʾʚ ɯʥʪʝʨʥʝʪʫ ʨʝʯʝʡ. 
 

ɺʽʜʤʽʥʥʽʩʪʶ ʟʘʧʨʦʧʦʥʦʚʘʥʦʛʦ ʨʽʰʝʥʥʷ ʻ ʽʥʪʝʛʨʘʮʽʷ ʥʘʚʯʝʥʦʾ ʤʦʜʝʣʽ ʚ 

ʩʠʩʪʝʤʫ ʙʝʟʧʝʢʠ ʨʦʟʫʤʥʦʛʦ ʙʫʜʠʥʢʫ (ʨʠʩ.2). ï ʱʦ ʚʽʜʧʦʚʽʜʘʻ ʟʤʽʥʘʤ ʚ ʢʨʦʢʘʭ 

2 ʽ 3 ʤʦʜʠʬʽʢʦʚʘʥʦʛʦ ʤʝʪʦʜʫ (ʨʠʩ.1). 

ɺ ʧʝʨʰʫ ʯʝʨʛʫ, ʱʦʙ ʽʥʪʝʛʨʫʚʘʪʠ ʘʣʛʦʨʠʪʤ ʤʘʰʠʥʥʦʛʦ ʥʘʚʯʘʥʥʷ, ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʷʢʦʛʦ ʚʽʜʙʫʚʘʻʪʴʩʷ ʚʽʜʩʪʝʞʝʥʥʷ ʘʥʦʤʘʣʴʥʦʛʦ ʪʨʘʬʽʢʫ, ʧʦʪʨʽʙʥʦ 

ʟʽʙʨʘʪʠ ʜʘʥʽ ʟ ʫʩʽʭ ʜʘʪʯʠʢʽʚ.  

ɹʫʣʦ ʚʟʷʪʦ ʥʘʙʽʨ ʜʘʥʠʭ ʟ ʚʽʜʢʨʠʪʠʤ ʚʠʭʽʜʥʠʤ ʢʦʜʦʤ ʪʨʘʩ ʪʨʘʬʽʢʫ 

ʟʽʙʨʘʥʠʡ ʟ kaggle [1]. ɼʘʥʽ ʙʫʣʠ ʟʛʝʥʝʨʦʚʘʥʽ ʚ ʚʽʨʪʫʘʣʴʥʦʤʫ ʩʝʨʝʜʦʚʠʱʽ, 

ʤʘʢʩʠʤʘʣʴʥʦ ʥʘʙʣʠʞʝʥʠʤʠ ʜʦ ʨʝʘʣʴʥʠʭ. ɿʘʛʘʣʦʤ ʜʘʥʽ ʤʽʩʪʷʪʴ ʽʥʬʦʨʤʘʮʽʶ ʟ 

ʨʽʟʥʠʭ ʜʘʪʯʠʢʽʚ ʨʦʟʫʤʥʦʛʦ ʙʫʜʠʥʢʫ. ʎʽ ʥʘʙʦʨʠ ʜʘʥʠʭ ʤʽʩʪʷʪʴ ʟʚôʷʟʦʢ ʤʽʞ 

ʨʽʟʥʠʤʠ ʚʫʟʣʘʤʠ IoT. 
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ʅʘʙʽʨ ʮʠʭ ʜʘʥʠʭ ʚ ʩʦʙʽ ʤʽʩʪʷʪʴ 347 935 ʥʦʨʤʘʣʴʥʠʭ ʜʘʥʠʭ ʪʘ 10 017 

ʘʥʦʤʘʣʴʥʠʭ. ʊʘʢʦʞ ʤʘʻ ʚʽʜʩʫʪʥʽ ʟʥʘʯʝʥʥʷ ʚ ʦʟʥʘʢʘʭ çValueè - 148 ʚʽʜʩʫʪʥʽʭ 

ʟʥʘʯʝʥʴ, çSource Typeè ʤʘʻ 2050 ʚʽʜʩʫʪʥʽʭ ʜʘʥʠʭ. ʂʣʘʩʦʚʠʡ ʧʦʢʘʟʥʠʢ 

çNormalityè ʨʦʟʜʽʣʝʥʠʡ ʥʘ 8 ʨʽʟʥʠʭ ʢʣʘʩʽʚ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʥʦʨʤʘʣʴʥʦʩʪʽ. 

 
ʈʠʩ.2.  ʄʦʜʝʣʴ  ʤʘʰʠʥʥʦʛʦ ʥʘʚʯʘʥʥʷ ʤʦʜʠʬʽʢʦʚʘʥʦʛʦ ʤʝʪʦʜʫ. 

 

ʋ ʨʘʤʢʘʭ ʧʦʧʝʨʝʜʥʴʦʾ ʦʙʨʦʙʢʠ, ʚʠʢʦʥʫʻʪʴʩʷ ʜʚʘ ʦʩʥʦʚʥʠʭ ʢʨʦʢʠ. ʇʦ-

ʧʝʨʰʝ, ʚʠʷʚʣʷʶʪʴʩʷ ʪʘ ʦʙʨʦʙʣʷʶʪʴʩʷ ʧʨʦʧʫʱʝʥʽ ʟʥʘʯʝʥʥʷ. ʎʝ ʜʦʧʦʤʘʛʘʻ 

ʫʥʠʢʥʫʪʠ ʚʪʨʘʪʠ ʮʽʥʥʠʭ ʜʘʥʠʭ ʪʘ ʟʙʝʨʝʛʪʠ ʩʪʨʫʢʪʫʨʫ. ɼʨʫʛʠʤ ʚʘʞʣʠʚʠʤ 

ʢʨʦʢʦʤ ʻ ʦʙʨʦʙʢʘ ʥʝʩʧʦʜʽʚʘʥʠʭ ʟʥʘʯʝʥʴ. 

ʇʩ̔ʣʷ ʪʦʛʦ, ʷʢ ʦʪʨʠʤʘʥʦ ʜʘʥʽ, ʧʦʪʨʽʙʥʦ ʦʯʠʩʪʠʪʠ ʾʭ ʚʽʜ ʰʫʤʫ, ʱʦʜʦ 

ʢʽʣʴʢʦʩʪʽ ʝʢʟʝʤʧʣʷʨʽʚ ʢʦʞʥʦʛʦ ʢʣʘʩʫ ʚ ʜʘʥʠʭ ʧʽʩʣʷ ʦʙʨʦʙʢʠ ʜʘʥʠʭ ʪʘ 

ʚʠʣʫʯʝʥʥʷ ʟ ʥʝʾ ʥʝʦʙʭʽʜʥʦʾ ʽʥʬʦʨʤʘʮʽʾ. 

ɼʣʷ ʥʘʚʯʘʥʥʷ ʤʦʜʝʣʝʡ ʥʘʙʽʨ ʜʘʥʠʭ ʙʫʚ ʨʦʟʜʽʣʝʥʠʡ ʫ ʩʧʽʚʚʽʜʥʦʰʝʥʥʽ 80% 

ʜʣʷ ʥʘʚʯʘʥʥʷ ʽ 20% ʜʣʷ ʪʝʩʪʫʚʘʥʥʷ.  

ɿʘ ʜʦʧʦʤʦʛʦʶ ʦʪʨʠʤʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ ʚʽʜʦʙʨʘʞʝʥʠʭ ʥʘ ʙʘʛʘʪʦʢʣʘʩʦʚʠʭ 

ʤʘʪʨʠʮʷʭ ʧʦʤʠʣʦʢ, ʤʦʞʥʘ ʚʠʜʽʣʠʪʠ ʝʬʝʢʪʠʚʥʠʡ ʘʣʛʦʨʠʪʤ ʜʣʷ ʮʠʭ ʜʘʥʠʭ.  

ʈʝʟʫʣʴʪʘʪʠ ʥʘʪʫʨʥʦ-ʽʤʽʪʘʮʽʡʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ʧʦʢʘʟʘʣʠ, ʱʦ ʨʽʰʝʥʥʷ 

çʚʠʧʘʜʢʦʚʠʡ ʣʽʩè RF ʟʤʽʛ ʧʨʘʚʠʣʴʥʦ ʢʣʘʩʠʬʽʢʫʚʘʪʠ ʢʦʞʝʥ ʢʣʘʩ, ʣʠʰʝ 403 ʟ 

1178 ʟʨʘʟʢʘ DoS ʚʽʜʥʽʩ ʜʦ ʦʟʥʘʢʠ Normality, ʪʦʙʪʦ ʚʠʟʥʘʯʠʚ ʘʥʦʤʘʣʴʥʽ 

ʧʘʢʝʪʠ, ʷʢ ʥʦʨʤʘʣʴʥʽ.  ɸ ʪʘʢʦʞ ʧʦʤʠʣʢʦʚʦ ʢʣʘʩʠʬʽʢʫʚʘʚ 18 ʥʦʨʤʘʣʴʥʠʭ 

ʟʥʘʯʝʥʴ, ʷʢ DoS. DT ʤʘʻ ʬʘʢʪʠʯʥʦ ʪʘʢʫ ʞ ʩʠʪʫʘʮʽʶ, ʷʢ ʽ RF. ʅʝ ʥʘ ʙʘʛʘʪʦ 

ʛʽʨʰʽ ʨʝʟʫʣʴʪʘʪʠ ʦʪʨʠʤʘʚ ʘʣʛʦʨʠʪʤ ʤʘʰʠʥʥʦʛʦ ʥʘʚʯʘʥʥʷ ANN. ɺʽʥ ʥʝ ʟʤʽʛ 
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ʢʣʘʩʠʬʽʢʫʚʘʪʠ 2 ʧʘʢʝʪʘ SP ʪʘ 1 MC. ɯʥʰʽ ʞ ʘʣʛʦʨʠʪʤʠ, ʜʘʣʠ ʟʥʘʯʥʦ ʛʽʨʰʽ 

ʨʝʟʫʣʴʪʘʪʠ, ʚʦʥʠ ʥʝ ʟʤʦʛʣʠ ʢʣʘʩʠʬʽʢʫʚʘʪʠ ʪʦʯʥʦ ʘʥʦʤʘʣʴʥʽ ʜʘʥʽ. ʂʨʽʤ KNN 

ʚʽʥ ʢʣʘʩʠʬʽʢʫʚʘʚ ʚʩʝ ʚʽʨʥʦ, ʣʠʰʝ 444 ʥʦʨʤʘʣʴʥʠʭ ʟʥʘʯʝʥʴ ʚʠʟʥʘʯʠʚ ʷʢ DoS.  

 

 
ʈʠʩ. 3. ʇʦʨʽʚʥʷʥʥʷ ʟʘʧʨʦʧʦʥʦʚʘʥʦʛʦ ʨʽʰʝʥʥʷ. 

 

ɿʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʧ'ʷʪʠʢʨʘʪʥʦʾ ʧʝʨʝʭʨʝʩʥʦʾ ʧʝʨʝʚʽʨʢʠ ʤʦʞʥʘ ʜʽʡʪʠ ʜʦ 

ʪʘʢʠʭ ʩʘʤʠʭ ʚʠʩʥʦʚʢʽʚ, ʷʢ ʽ ʟʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʦʪʨʠʤʘʥʠʭ ʟ ʤʘʪʨʠʮʴ. ɸ ʩʘʤʝ 

ʘʣʛʦʨʠʪʤʠ  RF, DT ʪʘ ʰʪʫʯʥʘ ʥʝʡʨʦʥʥʘ ʤʝʨʝʞʘ ANN ʧʦʢʘʟʘʣʠ ʤʘʡʞʝ 

ʦʜʥʘʢʦʚʽ ʨʝʟʫʣʴʪʘʪʠ ʨʝʟʫʣʴʪʘʪʠ ʟ ʪʦʯʥʽʩʪʶ ʚ 99.40%. ɯʥʰʽ ʞ ʤʘʶʪʴ ʥʠʞʯʠʡ 

ʨʽʚʝʥʴ ʪʦʯʥʦʩʪʽ.  
 

ʃʽʪʝʨʘʪʫʨʘ 

 

1. DS2OS traffic traces [ɽʣʝʢʪʨʦʥʥʠʡ ʨʝʩʫʨʩ] // Kaggle. ï 2018. ï ʈʝʞʠʤ ʜʦʩʪʫʧʫ ʜʦ 

ʨʝʩʫʨʩʫ: https://www.kaggle.com/datasets/francoisxa/ds2ostraffictraces. 

2. Altulaihan E. Anomaly Detection IDS for Detecting DoS Attacks in IoT Networks Based on 

Machine Learning Algorithms / E. Altulaihan, M. Almaiah, A. Aljughaiman // MDPI. ï 2024. 

ï https://doi.org/10.3390/s24020713. 

3. ʏʫʜʦ ɸ.ʈ. ʂʫʨʜʝʯʘ ɺ.ɺ. ʄʦʜʠʬʽʢʦʚʘʥʠʡ ʤʝʪʦʜ ʟʘʭʠʩʪʫ ʢʽʥʮʝʚʠʭ ʧʨʠʩʪʨʦʾʚ ʽʥʪʝʨʥʝʪʫ 

ʨʝʯʝʡ // ʍVɯ ʄʽʞʥʘʨʦʜʥʘ ʥʘʫʢʦʚʦ-ʪʝʭʥʽʯʥʘ ʢʦʥʬʝʨʝʥʮʽʷ ʩʪʫʜʝʥʪʽʚ ʪʘ ʘʩʧʽʨʘʥʪʽʚ 

çʇʝʨʩʧʝʢʪʠʚʠ ʨʦʟʚʠʪʢʫ ʽʥʬʦʨʤʘʮʽʡʥʦ-ʪʝʣʝʢʦʤʫʥʽʢʘʮʽʡʥʠʭ ʪʝʭʥʦʣʦʛʽʡ ʪʘ ʩʠʩʪʝʤè 

ʇʈɯʊʉ 2024: ɿʙʽʨʥʠʢ ʪʝʟ ʢʦʥʬʝʨʝʥʮʽʾ. ʂ.: ʂʇɯ ʽʤ. ɯʛʦʨʷ ʉʽʢʦʨʩʴʢʦʛʦ, 2024. - ʩ.305. 

4. Globa, L., Kurdecha, V., Popenko, D., Bezvuhliak, M., Porolo, Y. (2022). Data Collection and 

Processing Method in the Networks of Industrial IOT. In: Perakovic, D., Knapcikova, L. (eds) 

Future Access Enablers for Ubiquitous and Intelligent Infrastructures. FABULOUS 2022. 

Lecture Notes of the Institute for Computer Sciences, Social Informatics and 

Telecommunications Engineering, vol 445. Springer, Cham. https://doi.org/10.1007/978-3-

031-15101-9_11 

https://www.kaggle.com/datasets/francoisxa/ds2ostraffictraces.
https://doi.org/10.3390/s24020713.


 162 

ʉʝʢʮʽʷ 3. ɹʝʟʧʨʦʚʦʜʦʚʽ ʪʝʭʥʦʣʦʛʽʾ, ʩʠʩʪʝʤʠ ʤʦʙʽʣʴʥʦʛʦ ʟʚôʷʟʢʫ 

 
USD 621.372.543 

DETERMINATION OF RESONATOR  

PARAMETERS USING THE APPROXIMATION METHOD  

 
1
Okhrimenko O., 

1
Ilchenko V., 

1
Stelnyk A., 

2
Zhivkov O. 

1
National Technical University of Ukraine ñIgor Sikorsky Kyiv Polytechnic Instituteò 

Educational and Scientific Institute of Telecommunication systems, Ukraine 
2
KTH Royal Institute of Technology  

Division of Micro- and Nanosystems, Sweden 

 E-mail: o.okhrimenko.ti22@kpi.ua, zhyvkov@kth.se, v.i.ilchenko@kpi.ua  

 
ɺʀɿʅɸʏɽʅʅʗ ʇɸʈɸʄɽʊʈɯɺ ʈɽɿʆʅɸʊʆʈɯɺ  

ɿɸ ɼʆʇʆʄʆɻʆʖ ʄɽʊʆɼʋ ɸʇʈʆʂʉʀʄɸʎɯɰ 

 

ʋ ʜʦʧʦʚʽʜʽ ʨʦʟʛʣʷʥʫʪʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʤʝʪʦʜʫ ʘʧʨʦʢʩʠʤʘʮʽʾ ʟʘʜʣʷ ʚʠʟʥʘʯʝʥʥʷ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʨʝʟʦʥʘʪʦʨʽʚ ʯʝʨʝʟ S-ʧʘʨʘʤʝʪʨʠ ʩʪʨʫʢʪʫʨ, ʜʦ ʷʢʠʭ ʚʦʥʠ ʚʭʦʜʷʪʴ. 

 

While researching new methods of data analysis and processing, our team's 

attention was drawn to a paper Pompeo et al. [1] about available methods for 

determination of physical parameters of resonators using curve fitting [2].  

We decided to investigate curve fitting further and consider its possibilities as 

a method that can be used to determine the parameters of resonators from the S-

parameters of the structures they belong to. This procedure is generally based on 

approximation, which is a method of replacing an unknown function with a set of 

simpler functions that approximately reproduce the properties and parameters of 

the initial function or characteristic [2], [4]. This allows to significantly simplify 

the final analysis or calculations, depending on the purpose for which the 

approximation is used.  

It is important to note that specialized computer software is used for such 

calculations, for example, MATLAB  provides this capability [6]. 

 
a) 

 
b) 

Figure 1. Two-resonator filter. 

a) actual appearance; b) experimental measurements of S11, S21, GD. 
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For example, letôs consider a two-resonator band-pass filter in Figure 1(a). 

The resonatorsô parameters are unknown to us - quality factor, resonant 

frequencies, and coupling coefficients. We are given with experimental 

measurements of S-parameters ï Figure 1(b). From [5], we have the formulas for 

the calculation of S21: 

, ,       

                                   (1)  
 

,  

 

There are 6 unknown characteristics in (1): 

- coupling coefficients of the resonators 

- resonant frequencies of the resonators  

- quality factors of the resonators  

 
a) 

 
b) 

 

c) 

 

d) 

Figure 2. S21 approximation 

results: 

 

a) graphical representation;  

b) approximation residuals;  

c) derived K, F and Q; 

 d) approximation quality. 
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Given the formulas (1) and the measurement data in Figure 1(b), it is 

possible to determine the unknown parameters of the band-pass filter resonators 

using approximation. We use MATLAB to do it [6]. 

As illustrated in Figure 2(a) - the approximation accurately reproduces the 

S21 characteristic, as proved by qualitative characteristics in Figure 2(d),. The 

main result of the approximation, are the coupling coefficients and Q-factors of the 

resonators, shown in Figure 2(c). 

The main benefit of this method lies in the possibility of determining 

microwave characteristics (coupling coefficients, Q-factors) from experimental 

data, which was impossible before. As any approximation, this method requires a 

special approach, like choosing of the starting point and/or approximation step, as 

well as broader verification, which are the tasks for future study. 
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ɸʃɻʆʈʀʊʄ ʈʆɿɼɯʃɽʅʅʗ ɺɿɸɭʄʅʆ ʅɽʆʈʊʆɻʆʅɸʃʔʅʀʍ 

ʉʀɻʅɸʃɯɺ ɿ ɼɺɯʁʂʆɺʆʖ ʌɸɿʆɺʆʖ ʄɸʅɯʇʋʃʗʎɯɭʖ  

ʋ ʇɽʈʉʇɽʂʊʀɺʅʀʍ ʉʀʉʊɽʄɸʍ ʄʆɹɯʃʔʅʆɻʆ ɿɺôʗɿʂʋ 5G  

 

ʋ ʩʪʘʪʪʽ ʥʘʚʦʜʠʪʴʩʷ ʦʧʠʩ ʟʘʧʨʦʧʦʥʦʚʘʥʦʛʦ ʦʧʪʠʤʘʣʴʥʦʛʦ, ʟʘ ʢʨʠʪʝʨʽʻʤ 

ʤʽʥʽʤʫʤʫ ʡʤʦʚʽʨʥʦʩʪʽ ʧʦʤʠʣʢʠ ʚ ʦʮʽʥʮʽ ʜʠʩʢʨʝʪʥʠʭ ʧʘʨʘʤʝʪʨʽʚ, ʘʣʛʦʨʠʪʤʫ 

ʨʦʟʜʽʣʝʥʥʷ ʜʚʦʭ ʚʟʘʻʤʥʦ ʥʝʦʨʪʦʛʦʥʘʣʴʥʠʭ BPSK-ʩʠʛʥʘʣʽʚ, ʱʦ ʧʝʨʝʜʘʶʪʴʩʷ  

ʫ ʦʜʥʽʡ ʯʘʩʪʦʪʥʦ-ʯʘʩʦʚʽʡ ʦʙʣʘʩʪʽ. 

 

In today's rapidly growing demand conditions for wireless services, Power-

Domain Non-Orthogonal Multiple Access (PD-NOMA) technology is becoming  

a key element in fifth-generation (5G) communication systems. Its implementation 

is drive, enable the connection of a large number of devices (including various 

types of sensors) and improve the quality of user service. 

Traditional orthogonal multiple access methods, currently actively used  

in fourth generation (4G) communication systems, use methods of frequency and 

time allocation of resources among users, which limits the number of simultaneous 

connections and therefore reduces the spectral efficiency of such systems. The use 

of PD-NOMA systems will allow to increase the efficiency of using limited 

spectral resources by allocating power among users in the same time and frequency 

domains. 

Since in PD-NOMA systems users transmit signals using one frequency-time 

resource, differing only in power levels [1], there is a need to eliminate the mutual 

influence of similar (interfering) signals. In order to eliminate such interfering 

signals PD-NOMA systems used of the method of successive error  

elimination (SIC) [2]. It should be noted that the efficiency of SIC may decrease 

due to the accumulation of demodulation errors, especially in conditions of real 

interference. Also, insufficient difference in the power levels of user signals 

transmitted in the same frequency-time domain may lead to a further increase  

in the probability of errors. The above emphasizes the importance of assessing  

the potential interference immunity of such systems, which will allow identifying 

mailto:stddssss@gmail.com
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possible vulnerabilities of modern wireless networks. 

Let us consider the case when the PD-NOMA system uses mutually  

non-orthogonal signals with binary phase shift keying (BPSK). 

From the theory of optimal nonlinear filtering it is known that the problem  

of a compatible, interconnected estimation of the initial phase of the carrier 

vibration and the discrete information parameter of the BPSK signal has already 

been solved [3]. In this case, to increase the signal-to-noise ratio during  

the removal of manipulation from the BPSK signal at the input of the phase-locked 

loop, used a ñsoftò estimation of the discrete parameters of signals. In this way,  

the reference (carrier) signal obtained used for quasi-coherent processing  

signals. 

In the statistical theory of digital signal separation, there is a known algorithm 

for separation-demodulation of two mutually non-orthogonal digital BPSK-signals, 

which is optimal according to the criterion of minimum probability of error  

in estimating discrete information parameters of each signal [4]. This algorithm 

was obtained in the formulation of the classical theory of potential noise immunity, 

where all non-information parameters of signals that are mutually non-orthogonal 

over the length of the information packet are considered to be exactly known.  

It should be noted that the second result is generalized to the case when 

it is possible to process one of the signals (more powerful) quasi-coherently,  

and the other (less powerful) ï incoherently. 

The paper proposes to combine this the results and use them to separate 

mutually non-orthogonal BPSK-signals. According to the results of the research, 

 it was found that when demodulating a more powerful signal, it is unnecessary  

to estimate the initial phase and amplitude of the carrier vibration of the less 

powerful signal. In addition, in order to receive the same probability of error  

for both signals, the difference between their instantaneous powers should 

be Ó 6 dB, which will allow, when estimating the non-information parameters  

of the more powerful signal, to neglect the presence in the observation of the less 

powerful signal. In this case, the difference in the initial phases of the mutually 

non-orthogonal carrier BPSK-signals over the length of the information clock 

interval must remain slowly-variable. 

In Fig. 1 presented one possible implementation option for such  

a quasi-coherent-incoherent demodulator of non-orthogonal BPSK-signals,  

which can be used in building 5G systems with using PD-NOMA technology. 

The developed scheme of a quasi-coherent-incoherent demodulator of two 

mutually non-orthogonal BPSK-signals differs from the known one in that first, 

quasi-coherent reception of the first more powerful signal occurs (r1
*
), then the first 

received signal is compensated from the mixture at the correlator output , and only 

after that incoherent (quadrature) reception occurs of the second less powerful 

signal (r2
*
). The presence of a reactive element (RE) in the scheme allows  
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for an estimate of the initial phase of the more powerful signal. The decision  

on acceptance of the second less powerful signal is based on the addition  

of the in-phase and quadrature components of the signal. 

 

RE G

Fig. 1. Block diagram of a quasi-coherent-incoherent demodulator 

of mutually non-orthogonal BPSK-signals. 

 

Conclusion. The paper proposes an algorithm for the separation-demodulation 

of two mutually non-orthogonal BPSK-signals, in which, when processing two 

similar interfering signals, it is necessary to estimate the non-information 

parameters (amplitude of the initial phase) of only the more powerful signal, which 

is processed quasi-coherently. 
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ʈʆɿʈʆɹʂɸ ʇɸʈɸʄɽʊʈʀʏʅʆɻʆ ʉʀʅʊɽɿɸʊʆʈɸ ʉʀɻʅɸʃɯɺ  

ɿ ʇʉɽɺɼʆɺʀʇɸɼʂʆɺʀʄ ʇɽʈɽʃɸʐʊʋɺɸʅʅʗʄ ʈʆɹʆʏʆɰ  

ʏɸʉʊʆʊʀ ɿ ɿɸɼɸʅʀʄʀ ʍɸʈɸʂʊɽʈʀʉʊʀʂɸʄʀ 

 

ɺ ʨʘʤʢʘʭ ʥʘʫʢʦʚʦʾ ʨʦʙʦʪʠ ʧʦ ʨʦʟʨʦʙʮʽ ʘʤʧʣʽʪʫʜʥʦʛʦ ʤʝʪʦʜʫ ʚʠʷʚʣʝʥʥʷ ʥʘʧʨʷʤʫ 

ʧʨʠʭʦʜʫ ʩʠʛʥʘʣʽʚ ʙʫʣʦ ʨʦʟʨʦʙʣʝʥʦ ʪʘ ʜʦʩʣʽʜʞʝʥʦ ʨʦʙʦʪʫ ʧʘʨʘʤʝʪʨʠʯʥʦʛʦ ʩʠʥʪʝʟʘʪʦʨʘ 

ʩʠʛʥʘʣʽʚ ʟ ʧʩʝʚʜʦʚʠʧʘʜʢʦʚʠʤ ʧʝʨʝʣʘʰʪʫʚʘʥʥʷʤ ʨʦʙʦʯʦʾ ʯʘʩʪʦʪʠ, ʱʦ ʟʘ ʩʚʦʾʤʠ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʥʘʙʣʠʞʝʥʠʡ ʜʦ ʜʞʝʨʝʣ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ, ʱʦ ʻ ʮʽʣʴʦʚʠʤʠ ʜʣʷ ʜʘʥʦʛʦ 

ʜʦʩʣʽʜʞʝʥʥʷ. ʆʪʨʠʤʘʥʽ ʨʝʟʫʣʴʪʘʪʠ ʜʦʟʚʦʣʷʶʪʴ ʩʪʚʝʨʜʞʫʚʘʪʠ ʧʨʦ ʤʦʞʣʠʚʽʩʪʴ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʨʦʟʨʦʙʣʝʥʦʛʦ ʩʠʥʪʝʟʘʪʦʨʘ ʷʢ ʜʞʝʨʝʣʘ ʪʝʩʪʦʚʦʛʦ ʩʠʛʥʘʣʫ ʫ ʧʦʜʘʣʴʰʦʤʫ 

ʜʦʩʣʽʜʞʝʥʥʽ. 

 

Problem Statement. In the development of new methods for determining 

the direction of arrival (DOA) of radio signals, an urgent issue is the synthesis of 

test signals that closely resemble the target signal in characteristics. This is 

particularly relevant for complex signals or modulations with spread spectrum, 

such as frequency-hopping spread spectrum (FHSS) signals, which are widely used 

for data transmission, control channels of unmanned aerial vehicles (UAV), and 

encrypted communication systems. The challenge of obtaining signals from real 

sources for testing newly developed algorithms is evident. The characteristics of 

target signals are typically determined using recordings from autonomous radio 

monitoring stations deployed in operational zones. Developing a synthesizer that 

serves as a relevant and adequate analog of a real radio signal source, the direction 

of arrival of which is of practical value, is an integral part of advancing innovative 

radio direction-finding methods.  

Synthesizer Implementation. To determine the necessary characteristics of 

the FHSS target signal, a large volume of spectrogram recordings of real 

transmitters and data from open sources was analyzed (Figure 1). 
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Figure 1. Recorded spectrograms from autonomous radio monitoring stations. 

 

Experimental studies have shown that, for the signals of interest, the FHSS 

frequency range varies from 1 to 10 MHz, with individual channel bandwidths of 

150ï300 kHz and a hopping rate up to 20 Hz. Using correlation analysis of a single 

channelôs bandwidth, a spectral fingerprint was obtained (Figure2), determined by 

the modulation type used for data transmission, specifically 2-FSK. The frequency 

range is predominantly sub-gigahertz, spanning 850-1025 MHz. Channel switching 

occurs according to a pseudo-random pattern with packet losses (gaps) of up to 

30%.  

 

 
 

Figure 2.  2-FSK spectral fingerprint. 

A review of available 

sources and scientific 

publications on this topic 

revealed that existing 

implementation approaches 

do not fully meet the 

requirements.  

The development of a 

synthesizer capable of 

generating a signal with the  

above characteristics and allowing real-time parameter variation ï essential for 

testing the developed direction-finding algorithms ï was carried out in the GNU 
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Radio Companion (GRC) environment using Python and an available GRC block 

library. 

During the formation of the functional scheme (Figure 3), the required 

structure of the FHSS signal synthesizer was determined to meet the requirements. 

The 2-FSK signal generator block from the GRC library is used as the primary 

signal source, with parameters defining a single channelôs frequency bandwidth. A 

low-pass filter suppresses high-frequency spectral components. The carrier 

frequency hopping is implemented in Python using a pseudo-random number 

generator and an algorithm that controls frequency switching based on input 

parameters such as frequency range and the number of FHSS channels. The 

hopping rate is set in the GRC environment as an external trigger for cyclically 

calling the frequency-switching block. The synthesized signal is shifted into the 

high-frequency range using a non-recursive frequency-shifting filter from the GRC 

library. 

Synchronization and packet skipping of FHSS signals are implemented 

using Python. This functional block acts as a controlled attenuator, using an 

external trigger and an embedded pseudo-random number generator. Considering 

the required packet gaps level as an input parameter, it either suppresses or allows 

FHSS packets to pass through the output of the FIR filter without distortion. 

To simulate real-world radio wave propagation conditions more accurately, 

the synthesized FHSS signal is mixed with additive white Gaussian noise (Figure  

4). The system is loaded with a virtual transmission path block. 

 

 
 

Figure 3. Functional block diagram of the developed synthesizer  

with the parameters and synchronization paths. 
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Figure 4. A block diagram of the developed synthesizer. 
 

Conclusion. Spectrograms of FHSS signals synthesized by the developed 

system with various input parameter settings are presented (Figure 5). In addition to 

the specified settings, the synthesizer and noise generator have independent 

adjustable amplifiers (AA), enabling control over the signal and noise amplitudes 

and their ratio. This allows for simulation of changes in the distance to the signal 

source or the effect of antenna rotation ï specifically, the dependence of received 

signal amplitude on the direction of arrival due to the antenna's directional pattern. 
 

 
 

Figure 5. Spectrograms of the synthesized FHSS signals. 
 

The provided spectrograms demonstrate that the overall appearance of the 

synthesized signal closely matches real FHSS signal recordings with similar 

characteristics. This confirms its suitability as a test input signal for developing 

direction-finding algorithms for spread-spectrum signal sources. 
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ɺʀʂʆʈʀʉʊɸʅʅʗ ʎʀʌʈʆɺʀʍ ʄɸʇ, ʆʊʈʀʄɸʅʀʍ ɿ ɺɯɼʂʈʀʊʀʍ 

ɼɾɽʈɽʃ, ɼʃʗ ʈʆɿʈɸʍʋʅʂɯɺ ʇʆʐʀʈɽʅʅʗ ɽʃɽʂʊʈʆʄɸɻʅɯʊʅʀʍ ʍɺʀʃʔ 

 

ʈʦʟʛʣʷʥʫʪʦ ʤʦʞʣʠʚʽʩʪʴ ʚʠʢʦʨʠʩʪʘʥʥʷ ʚʽʜʢʨʠʪʠʭ ʨʘʩʪʨʦʚʠʭ ʮʠʬʨʦʚʠʭ ʢʘʨʪʦʛʨʘʬʽʯʥʠʭ 

ʜʘʥʠʭ ʜʣʷ ʨʦʟʨʘʭʫʥʢʫ ʧʦʰʠʨʝʥʥʷ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʠʭ ʭʚʠʣʴ. ʅʘʜʘʥʦ ʦʩʥʦʚʥʽ ʢʨʠʪʝʨʽʾ 

ʚʠʙʦʨʫ ʮʠʬʨʦʚʠʭ ʤʘʧ. ʅʘʚʝʜʝʥʦ ʧʦʨʽʚʥʷʥʥʷ ʮʠʬʨʦʚʠʭ ʤʘʧ, ʦʪʨʠʤʘʥʠʭ ʰʣʷʭʦʤ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʨʽʟʥʠʭ ʪʝʭʥʦʣʦʛʽʡ ʟʦʥʜʫʚʘʥʥʷ ʟʝʤʥʦʾ ʧʦʚʝʨʭʥʽ. 

 

Digital maps are widely used for the numerical estimation of the signal level 

in different communication systems. The mostly used applications of such 

calculations include the calculation of the following parameters of the radio 

communication links: signal level and quality parameters. The calculations are 

performed over raster digital map layers. The result of such calculations contains 

the value of a required parameter for each pixel in the map layer. Such calculations 

make sense in case of a sufficiently sophisticated electromagnetic waves 

propagation model is used to properly take into account the terrain substrate over 

the radio communication link. 

In this paper, the possibility of using of open-source digital surface maps for 

different parameters of radio links is considered. For estimation of signal level, 

different specific values may be calculated depending on the type of the 

communication links. For instance, for mobile communication networks, RSSI 

(received signal strength indicator) parameter is calculated for GSM or UMTS 

networks [1], and RSRP (reference signal received power) parameter is calculated 

for LTE networks [2]. As a quality parameter, SNIR (Signal-to-interference-plus-

noise ratio) parameter is used for GSM and UMTS networks, whereas RSRQ 

(reference signals received quality) parameter is used for LTE networks. 

The results of such calculations are typically used in the following operations: 

planning of radio communication networks, control the quality and availability of 

existing mobile radio networks, electromagnetic compatibility assurance tasks and 

for the estimation of power budget during the process of design of microwave line-

of-sight point-to-point links [3]. 

The results of abovementioned calculations are typically presented as 

coverage raster digital map layers. To provide signal propagation calculations, 

different electromagnetic waves propagation models are used. One of the key 

factors that affects the propagation of electromagnetic waves is terrain substrate. 

Terrain is modelled by the elevation model. 

mailto:trubarov.i@gmail.com
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A digital map that presents the elevation model is a raster digital map layer, 

each pixel of which contains the value of elevation over the reference surface. 

There are two types of such digital maps: digital elevation map (DEM) and digital 

surface map (DSM). 

A DEM contains the bare-Earth surface, without all natural and built features. 

A DSM contains both the natural and built/artificial features of the environment. In 

particular, while a DEM contains only the Earth surface, a DSM also takes into 

account forests, buildings, other artificial objects etc. Evidently, for precise 

diffraction calculation, DSM is required. 

In commercial software that is aimed at electromagnetic waves propagation 

calculation, the three separate raster digital map layers are used to support the 

calculation: a DEM, a layer that contains the heights of natural and artificial object 

on the surface of Earth and a clutter layer. Clutter layer is a raster layer of the same 

dimensions as DEM. It contains the information about the type of terrain for each 

pixel, for example: water, forest, concrete buildings etc. The clutter layer 

information allows to take into account the impact of the surface type. It implies 

using of quite sophisticated propagation models that allow to take into account this 

information for more precise calculation. 

As a source of DEMs and DSMs, remote Earth sensing data are used. The 

corresponding satellite missions employ different types of radars and lidars. Since 

different types of objects manifest various reflection capability in different 

frequency bands, it is possible to build both DEMs and DSMs on the results of the 

measurements, if the reflection coefficient data are taken from different sensing 

tools on the board of a satellite. 

For the electromagnetic wave propagation calculation, typically commercial 

software is used, and commercial digital map layers are also prepared. However, 

the open-source DEM and DSM data that are available on the Internet can be used 

for the calculations. As an example, two data sources were considered, as follows: 

- Shuttle Radar Topography Mission (SRTP) [4]. The pixel size is 30 

(from North to South) by 20 (from East to West) meters. 

- Advanced Land Observing Satellite (ALOS) mission. ALOS Global 

Digital Surface Model "ALOS World 3D - 30m (AW3D30)" [5]. The pixel size is 

30 (from North to South) by 20 (from East to West) meters. 

It is important to understand which type of digital map, DEM or DSM, is 

presented by a map source. For example, Fig. 1 and Fig. 2 contain the result of the 

comparison of the two abovementioned maps.  

In Fig. 1, the test line for comparison is created. The line presents the radio 

link path to be analyzed in terms of radio wave propagation. For the comparison, 

an urban area was selected. 

In Fig. 2, the profiles, built for the test line using SRTM and ALOS data 

sources, are presented. As it can be seen, the SRTM data (red line in Fig. 1) 

represent a DEM, whereas ALOS data represent a DSM. Therefore, ALOS data 

shall be chosen for electromagnetic wave propagation calculation. 
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Fig. 1. Test line that simulates the radio waves propagation path for a radio link. 

 

 
Fig. 2. Profiles of the test line, built using SRTM (red line) and ALOS (blue line). 

 

The drawback of using open-source DSMs is the absence of clutter layer, 

which leads to using of the simplified propagation models that donôt take into 

account the nature of the on-surface objects. 

The strength of using open-source DSMs is using only a single value for each 

map pixel, which contains the total height of the surface. Therefore, there is no 

need to use additional map layers containing the heights of the on-surface objects. 

Different comparison operations have shown that ALOS data correctly take 

into account different terrestrial objects, such as forests, separate trees, buildings 

etc. Therefore, ALOS digital map can be used for electromagnetic wave 

propagation calculation. 
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ʆʎɯʅʂɸ ɼʀʌʈɸʂʎɯɰ ɽʃɽʂʊʈʆʄɸɻʅɯʊʅʀʍ  

ʍɺʀʃʔ ɼʃʗ ʈɸɼɯʆʈɽʃɽʁʅʀʍ ʃɯʅɯʁ ɿ ɺʀʂʆʈʀʉʊɸʅʅʗʄ ʎʀʌʈʆɺʀʍ  

ʄɸʇ ʇʆɺɽʈʍʅɯ, ʆʊʈʀʄɸʅʀʍ ɿ ɺɯɼʂʈʀʊʀʍ ɼɾɽʈɽʃ 

 
ʈʦʟʛʣʷʥʫʪʦ ʤʦʞʣʠʚʽʩʪʴ ʚʠʢʦʨʠʩʪʘʥʥʷ ʨʘʩʪʨʦʚʠʭ ʢʘʨʪʦʛʨʘʬʽʯʥʠʭ ʰʘʨʽʚ, ʦʪʨʠʤʘʥʠʭ ʟ 

ʚʽʜʢʨʠʪʠʭ ʜʞʝʨʝʣ, ʜʣʷ ʨʦʟʨʘʭʫʥʢʫ ʬʘʢʪʦʨʽʚ ʧʦʰʠʨʝʥʥʷ ʨʘʜʽʦʭʚʠʣʴ. ɸʥʘʣʽʟ ʟʦʩʝʨʝʜʞʝʥʦ ʥʘ 

ʦʮʽʥʮʽ ʜʠʬʨʘʢʮʽʾ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʠʭ ʭʚʠʣʴ ʥʘ ʝʣʝʤʝʥʪʘʭ ʟʝʤʥʦʾ ʧʦʚʝʨʭʥʽ ʷʢ ʦʜʥʦʛʦ ʟ 

ʢʣʶʯʦʚʠʭ ʬʘʢʪʦʨʽʚ, ʱʦ ʚʧʣʠʚʘʶʪʴ ʥʘ ʝʥʝʨʛʝʪʠʯʥʠʡ ʙʶʜʞʝʪ ʨʘʜʽʦʣʽʥʽʾ. ʈʦʟʛʣʷʥʫʪʦ 

ʘʣʛʦʨʠʪʤ ʨʦʟʨʘʭʫʥʢʫ ʧʨʦʬʽʣʷ ʨʘʜʽʦʣʽʥʽʾ ʥʘ ʦʩʥʦʚʽ ʨʘʩʪʨʦʚʦʛʦ ʢʘʨʪʦʛʨʘʬʽʯʥʦʛʦ ʰʘʨʫ. 

 

Microwave line-of-sight (LoS) communication links are essential for high-

capacity wireless networks. However, signal propagation in such systems is 

affected by obstacles that cause diffraction, leading to signal attenuation and 

degradation [1]. Accurate diffraction analysis is crucial for optimal link design, and 

Digital Surface Maps (DSMs) have become an essential tool in this process. 

DSMs provide high-resolution raster data representing terrain and built 

structures, which allows to model the exact propagation environment. By 

integrating DSMs into Geographic Information Systems (GIS), diffraction 

calculations can be performed with greater accuracy, ensuring that potential 

obstructions are identified and mitigated. 

In this paper, using open-source DSMs is considered for diffraction 

estimation as a part of the design of line-of-sight microwave links. The 

International Telecommunication Union (ITU) provides several diffraction models 

suitable for microwave link planning. The most used of them include the following 

approaches: 

- Knife-Edge Diffraction Model [2] is a simple yet effective method 

assuming a sharp-edged obstacle. While useful for basic calculations, it does not 

account for complex terrain variations. 

- Multiple Knife-Edge Model [2] extends the single knife-edge 

approach to multiple obstacles, offering improved accuracy in mountainous or 

urban environments. 

- Deygout Method [2] uses an iterative approach that estimates 

diffraction loss over multiple obstacles by identifying a dominant edge and 

computing successive diffraction effects. 

- Bullington Method [2] is a simplified model that approximates 

mailto:trubarov.i@gmail.com
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multiple obstacles as a single equivalent obstruction, reducing computational 

complexity. 

By using DSMs, it is possible to automate the selection of relevant diffraction 

models and optimize antenna location to minimize signal degradation. Modern GIS 

tools integrate DSM data with ITU-compliant algorithms, improving reliability and 

efficiency in microwave network planning. The combination of high-resolution 

DSMs and advanced diffraction models significantly enhances the accuracy of LoS 

assessments, reducing deployment costs and ensuring robust communication links. 

The procedure of power budget estimation of a LoS link requires generation a 

surface profile showing the surface heights over the signal path [3]. A DSM is a 

raster digital map layer, which contains values of surface height over the reference 

level for each raster pixel, which can be used for building a profile for a 

microwave link. Fig. 1 shows the fragment of a DSM, used for modelling the 

signal path for a microwave LoS link. 

ȹy

ȹxIntersection points

1st end 

point

2nd end 

point

 

Fig. 1. Building a surface profile for a microwave LoS link. 
 

The algorithm for building a profile includes the following steps: 

- Building the line between the end points of the microwave link 

and calculation of the intersection points (see Fig. 1). 

- Checking if the  and  (see Fig. 1) exceed the pre-defined 

threshold. 

- Basing on the number of the intersection points, calculation of 

the number of pixels along the link path. 

- Then, the profile as a dependence of surface height (Y axis in 

Fig. 2) versus distance from the 1
st
 end point (X axis in Fig. 2) can be 

built. The points for X axis are taken as a uniform array consisting of 

the points , where  is the distance from the 1
st
 end point of the 

link, and  is a surface height of this point. The distance values are 

calculated as follows: , where  is the point number,  is the 

distance between 1
st
 end point and 2

nd
 end point and  is the number of 

raster pixels along the path (shown as grey squares in Fig. 1). 

- As a result, a link profile can be built (see Fig. 2). 

For the calculations, open-source DSM can be used. In this work, the ALOS 
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digital maps [4] were implemented. These maps have 30 x 20 m resolution and 

take into account not only the Earth elevation, but also the height of terrestrial 

objects, such as forests, buildings etc. A drawback of using the open-sours DSMs 

is absence of clutter layer, which makes it impossible to consider differences in 

electromagnetic wave propagation in different environment (for instance, concrete, 

wood etc.). 

 
Fig. 2. Example of a microwave link profile. 

 

To check the presented approach, Deygout method was used. The strength of 

this method is its ability to consider not only one or two obstacles along the wave 

path, but all obstacles that are essential for diffraction. As an example, for the link 

shown in Fig. 2, the value of power loss due to diffraction, calculated using 

Deygout method, is 8.9 dB. To provide the calculations, Python programming 

language was used, which makes the presented calculation approach independent 

from any commercial software. 

It was shown that using ALOS DSMs and Deygout diffraction estimation 

approach allow to properly consider the diffraction along the signal propagation 

path in microwave LoS communication links. The calculations were performed for 

different types of terrain (rural and urban), different number of obstacles on the 

propagation path, various antenna heights. Good alignment with diffraction theory 

was observed for all combinations, which allows to consider the proposed 

approach reliable for the microwave LoS links planning and design. 
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SYSTEM FOR TRANSMISSION AND RECEPTION OF TELEVISION  

BROADCAST SIGNAL IN THE T ERAHERTZ FREQUENCY RANGE 
 

A variant of the layout of the DVB-S/S2 television broadcasting signal transmission and 

reception system in the terahertz frequency range is presented. The results of laboratory studies 

have shown the possibility of transmitting single- and multiprogram high-definition (HD) 

streams in 2K and 4K formats through this system. 
 

ʅʘ ʩʴʦʛʦʜʥʽʰʥʽʡ ʜʝʥʴ ʚ ʩʚʽʪʽ ʟʘʚʜʷʢʠ ʧʨʦʛʨʝʩʫ ʚ ʛʘʣʫʟʽ ʤʽʢʨʦʝʣʝʢʪʨʦʥʽʢʠ 

ʪʘ ʧʨʘʢʪʠʯʥʦʛʦ ʦʩʚʦʻʥʥʷ ʦʢʨʝʤʠʭ ʜʽʣʷʥʦʢ ʜʽʘʧʘʟʦʥʫ ʤʽʣʽʤʝʪʨʦʚʠʭ ʭʚʠʣʴ  

(30-300 ɻɻʮ) ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʧʦʩʪʫʧʦʚʠʡ ʧʝʨʝʭʽʜ ʜʦ ʚʧʨʦʚʘʜʞʝʥʥʷ 

ʪʝʭʥʦʣʦʛʽʡ ʤʦʙʽʣʴʥʦʛʦ ʟʚôʷʟʢʫ 5G, ʷʢʽ ʧʦʪʝʥʮʽʡʥʦ ʙʫʜʫʪʴ ʟʜʘʪʥʽ ʟʘʙʝʟʧʝʯʠʪʠ 

ʘʙʦʥʝʥʪʘʤ ʤʝʨʝʞʽ ʰʚʠʜʢʽʩʪʴ ʧʝʨʝʜʘʯʽ ʜʘʥʠʭ ʜʦ 10 ɻʙʽʪ/ʩ ʪʘ ʯʘʩʦʚʫ ʟʘʪʨʠʤʢʫ 

ʥʘ ʨʽʚʥʽ 5é20 ʤʩ. ʊʘʢʦʞ, ʥʘ ʪʝʧʝʨʽʰʥʽʡ ʯʘʩ ʪʘʢʠʤʠ ʧʨʦʚʽʜʥʠʤʠ  

ʚʠʨʦʙʥʠʢʘʤʠ ʦʙʣʘʜʥʘʥʥʷ ʜʣʷ ʨʘʜʽʦʨʝʣʝʡʥʠʭ ʣʽʥʽʡ ʟʚôʷʟʢʫ (ʈʈʃɿ) ʷʢ SAF 

Tehnika, Ceragon ʪʘ ʽʥ. ʨʦʟʨʦʙʣʝʥʦ ʣʽʥʽʡʢʫ ʨʘʜʽʦʨʝʣʝʡʥʠʭ ʩʪʘʥʮʽʡ E-ʜʽʘʧʘʟʦʥʫ 

(71-76 ɻɻʮ, 81-86 ɻɻʮ), ʷʢʽ ʟʜʘʪʥʽ ʟʘʙʝʟʧʝʯʠʪʠ ʧʝʨʝʜʘʚʘʥʥʷ ʪʘ ʧʨʠʡʦʤ 

ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʧʦʪʦʢʽʚ ʥʘ ʰʚʠʜʢʦʩʪʽ ʜʦ 10 ɻʙʽʪ/ʩ ʧʨʠ ʯʘʩʪʦʪʥʽʡ ʩʤʫʟʽ 

ʩʪʦʚʙʫʨʘ 2000 ʄɻʮ ʪʘ ʤʦʜʫʣʷʮʽʾ 128-QAM ʥʘ ʚʽʜʩʪʘʥʴ ʜʦ ʢʽʣʴʢʦʭ ʢʽʣʦʤʝʪʨʽʚ, 

ʱʦ ʮʽʣʢʦʤ ʜʦʩʪʘʪʥʴʦ ʜʣʷ ʪʦʛʦ, ʱʦʙ ʧʦʙʫʜʫʚʘʪʠ ʚ ʤʝʞʘʭ ʚʝʣʠʢʠʭ ʤʽʩʪ 

ʪʨʘʥʩʧʦʨʪʥʫ ʤʝʨʝʞʫ ʜʣʷ ʟôʻʜʥʘʥʥʷ ʤʽʞ ʩʦʙʦʶ ʙʘʟʦʚʠʭ ʩʪʘʥʮʽʡ ʤʝʨʝʞʽ 5G 

[1,2]. ʂʨʽʤ ʪʦʛʦ, ʪʘʢʽ ʈʈʃɿ ʤʦʞʫʪʴ ʨʦʟʛʣʷʜʘʪʠʩʷ ʷʢ ʘʣʴʪʝʨʥʘʪʠʚʘ 

ʧʨʦʢʣʘʜʘʥʥʶ ʚʦʣʦʢʦʥʥʦ-ʦʧʪʠʯʥʠʭ ʣʽʥʽʡ ʟʚôʷʟʢʫ ʘʙʦ ʾʭ ʨʝʟʝʨʚʫʚʘʥʥʷ. 

ɺʝʣʠʢʘ ʫʚʘʛʘ ʚʯʝʥʠʭ ʧʨʦʚʽʜʥʠʭ ʢʨʘʾʥ ʩʚʽʪʫ ʦʩʪʘʥʥʽ ʢʽʣʴʢʘ ʜʝʩʷʪʠʣʽʪʴ 

ʪʘʢʦʞ ʩʧʨʷʤʦʚʘʥʘ ʥʘ ʜʦʩʣʽʜʞʝʥʥʷ ʪʘ ʦʩʚʦʻʥʥʷ ʚ ʨʽʟʥʠʭ ʩʬʝʨʘʭ ʣʶʜʩʴʢʦʾ 

ʜʽʷʣʴʥʦʩʪʽ (ʙʝʟʜʨʦʪʦʚʠʡ ʟʚôʷʟʦʢ, ʨʘʜʽʦʣʦʢʘʮʽʷ, ʤʝʜʠʮʠʥʘ ʪʦʱʦ) 

ʢʦʨʦʪʢʦʭʚʠʣʴʦʚʦʾ ʯʘʩʪʠʥʠ ʜʽʘʧʘʟʦʥʫ ʤʽʣʽʤʝʪʨʦʚʠʭ ʭʚʠʣʴ (f > 100 ɻɻʮ), ʷʢʫ 

ʧʨʠʡʥʷʪʦ ʪʘʢʦʞ ʚʽʜʥʦʩʠʪʠ ʜʦ ʪʝʨʘʛʝʨʮʦʚʦʛʦ ʜʽʘʧʘʟʦʥʫ (0,1 ï 10 ʊɻʮ). ʋ 

ʮʴʦʤʫ ʜʽʘʧʘʟʦʥʽ ʚʞʝ ʨʦʟʨʦʙʣʝʥʦ ʥʠʟʴʢʫ ʤʘʢʝʪʥʠʭ ʟʨʘʟʢʽʚ ʙʝʟʜʨʦʪʦʚʦʾ 

ʧʝʨʝʜʘʯʽ ʽʥʬʦʨʤʘʮʽʾ, ʷʢʽ ʥʘ ʙʝʟʣʽʮʝʥʟʽʡʥʽʡ ʦʩʥʦʚʽ ʟʜʘʪʥʽ ʟʘʙʝʟʧʝʯʫʚʘʪʠ 

ʟʘʚʘʜʦʟʘʭʠʱʝʥʫ ʧʝʨʝʜʘʯʫ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʧʦʪʦʢʽʚ ʚ ʤʝʨʝʞʘʭ ʪʠʧʫ çʪʦʯʢʘ-

ʪʦʯʢʘè, çʪʦʯʢʘ-ʙʘʛʘʪʦʪʦʯʢʘè ʟʽ ʰʚʠʜʢʽʩʪʶ ʢʽʣʴʢʘ ʦʜʠʥʠʮʴ-ʜʝʩʷʪʢʽʚ ɻʙʽʪ/ʩ ʚ 

ʤʝʞʘʭ ʧʨʷʤʦʾ ʚʠʜʠʤʦʩʪʽ ʥʘ ʚʽʜʩʪʘʥʴ ʜʦ 2...3 ʢʤ. ʅʘʧʨʠʢʣʘʜ, ʚ ʨʦʙʦʪʽ [3] 

ʧʨʝʜʩʪʘʚʣʝʥʦ ʤʘʢʝʪ ʪʝʨʘʛʝʨʮʦʚʦʾ ʩʠʩʪʝʤʠ ʟʚôʷʟʢʫ, ʷʢʘ ʬʫʥʢʮʽʦʥʫʻ ʚ ʜʽʘʧʘʟʦʥʽ 

210é230 ɻɻʮ ʽ ʷʢʘ ʟʜʘʪʥʘ ʧʝʨʝʜʘʚʘʪʠ ʮʠʬʨʦʚʠʡ ʧʦʪʽʢ ʜʘʥʠʭ ʥʘ ʰʚʠʜʢʦʩʪʽ ʜʦ 

2 ɻʙʽʪ/ʩ ʥʘ ʚʽʜʩʪʘʥʴ ʙʽʣʷ 2,03 ʢʤ ʧʨʠ ʧʦʪʫʞʥʦʩʪʽ ʧʝʨʝʜʘʚʘʯʘ 200 ʤɺʪ. ɺʘʨʪʦ 

ʚʽʜʤʽʪʠʪʠ, ʱʦ ʧʝʨʝʚʘʞʥʘ ʙʽʣʴʰʽʩʪʴ ʩʫʯʘʩʥʠʭ ʧʫʙʣʽʢʘʮʽʡ ʟ ʧʨʦʻʢʪʫʚʘʥʥʷ 

ʜʦʩʣʽʜʥʠʭ ʟʨʘʟʢʽʚ ʙʝʟʜʨʦʪʦʚʠʭ ʣʽʥʽʡ ʟʚôʷʟʢʫ ʪʝʨʘʛʝʨʮʦʚʦʛʦ ʜʽʘʧʘʟʦʥʫ, ʱʦ 
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ʧʨʝʜʩʪʘʚʣʝʥʘ ʚ ʥʘʫʢʦʚʽʡ ʣʽʪʝʨʘʪʫʨʽ [3,4], ʙʘʟʫʻʪʴʩʷ ʥʘ ʟʘʩʪʦʩʫʚʘʥʥʽ 

ʦʧʪʦʝʣʝʢʪʨʦʥʥʦʛʦ ʧʝʨʝʪʚʦʨʝʥʥʷ ʚʠʩʦʢʦʩʪʘʙʽʣʴʥʠʭ ʣʘʟʝʨʥʠʭ ʚʠʧʨʦʤʽʥʶʚʘʥʴ 

ʜʣʷ ʬʦʨʤʫʚʘʥʥʷ ʚ ʪʝʨʘʛʝʨʮʦʚʦʤʫ ʜʽʘʧʘʟʦʥʽ (ʊɻʮ) ʚʠʩʦʢʦʩʪʘʙʽʣʴʥʦʛʦ ʥʝʩʫʯʦʛʦ 

ʢʦʣʠʚʘʥʥʷ ʛʝʪʝʨʦʜʠʥʫ ʪʘ ʡʦʛʦ ʤʦʜʫʣʷʮʽʾ ʟʘ ʜʦʧʦʤʦʛʦʶ ʦʧʪʠʯʥʠʭ ʤʦʜʫʣʷʪʦʨʽʚ 

ʄʘʭʘ-ʎʝʥʜʝʨʘ ʜʣʷ ʬʦʨʤʫʚʘʥʥʷ ʤʦʜʫʣʴʦʚʘʥʦʛʦ ʨʘʜʽʦʩʠʛʥʘʣʫ ʊɻʮ ʜʽʘʧʘʟʦʥʫ. 

ʋ ʜʘʥʠʭ ʪʝʟʘʭ ʥʘ ʚʽʜʤʽʥʫ ʚʽʜ ʧʫʙʣʽʢʘʮʽʡ [3,4] ʧʨʝʜʩʪʘʚʣʝʥʦ ʨʦʟʨʦʙʣʝʥʠʡ 

ʥʘʫʢʦʚʮʷʤʠ ʢʘʬʝʜʨʠ ʊʂ ʅʅ ɯʊʉ ʚʘʨʽʘʥʪ ʤʘʢʝʪʫ ʩʠʩʪʝʤʠ ʧʝʨʝʜʘʚʘʥʥʷ ʪʘ 

ʧʨʠʡʦʤʫ ʩʠʛʥʘʣʫ ʪʝʣʝʚʽʟʽʡʥʦʛʦ ʤʦʚʣʝʥʥʷ ʩʪʘʥʜʘʨʪʫ DVB-S/S2 ʜʽʘʧʘʟʦʥʫ  

130 ɻɻʮ, ʚ ʷʢʦʤʫ ʧʝʨʝʜʘʚʘʣʴʥʠʡ ʪʘ ʧʨʠʡʤʘʣʴʥʠʡ ʤʦʜʫʣʴ  ʨʝʘʣʽʟʦʚʘʥʦ ʟ 

ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʛʝʪʝʨʦʜʠʥʽʚ, ʥʝʩʫʯʘ ʯʘʩʪʦʪʘ ʷʢʠʭ f = 64,8 ɻɻʮ ʩʬʦʨʤʦʚʘʥʘ 

ʰʣʷʭʦʤ ʧʦʩʣʽʜʦʚʥʦʛʦ ʤʥʦʞʝʥʥʷ ʯʘʩʪʦʪʠ ʪʝʨʤʦʩʪʘʪʦʚʘʥʦʛʦ ʦʧʦʨʥʦʛʦ 

ʢʚʘʨʮʝʚʦʛʦ ʛʝʥʝʨʘʪʦʨʘ NI-100M-2900 ʟ ʚʠʭʽʜʥʦʶ ʯʘʩʪʦʪʦʶ f0 = 100 ʄɻʮ ʪʘ 

ʚʽʜʥʦʩʥʦʶ ʥʝʩʪʘʙʽʣʴʥʽʩʪʶ ʯʘʩʪʦʪʠ ŭf = 5Ŀ10
-8
  ʚ 648 ʨʘʟʽʚ (ʈʠʩ.1). 

 

 

ʈʠʩ.1. ʉʪʨʫʢʪʫʨʥʘ ʩʭʝʤʘ ʤʘʢʝʪʫ ʩʠʩʪʝʤʠ ʧʝʨʝʜʘʚʘʥʥʷ  

ʪʘ ʧʨʠʡʦʤʫ ʩʠʛʥʘʣʫ ʊɺ ʤʦʚʣʝʥʥʷ ʩʪʘʥʜʘʨʪʫ DVB-S/S2. 
 

ʌʦʨʤʫʚʘʥʥʷ ʨʘʜʽʦʩʠʛʥʘʣʫ ʊɻʮ ʜʽʘʧʘʟʦʥʫ ʟ ʥʝʩʫʯʦʶ ʯʘʩʪʦʪʦʶ  

fTR = 131,1 ɻɻʮ  ʥʘ ʧʝʨʝʜʘʚʘʣʴʥʽʡ ʩʪʦʨʦʥʽ ʤʘʢʝʪʫ (ʨʠʩ.1) ʟʜʽʡʩʥʶʚʘʣʦʩʴ 

ʰʣʷʭʦʤ ʧʝʨʝʪʚʦʨʝʥʥʷ ʧʦ ʯʘʩʪʦʪʽ ʨʘʜʽʦʩʠʛʥʘʣʫ ʊɺ ʤʦʚʣʝʥʥʷ ʩʪʘʥʜʘʨʪʫ  

DVB-S/S2, ʷʢʠʡ ʛʝʥʝʨʫʚʘʚʩʷ ʥʘ ʥʝʩʫʯʽʡ ʯʘʩʪʦʪʽ f IF = 1,5 ɻɻʮ ʟʘ ʜʦʧʦʤʦʛʦʶ 

PCI-ʧʣʘʪʠ ʊɺ ʤʦʜʫʣʷʪʦʨʘ Dektec DTA-107-S2, ʷʢʘ ʙʫʣʘ ʧʽʜʢʣʶʯʝʥʘ ʜʦ 

ʤʘʪʝʨʠʥʩʴʢʦʾ ʧʣʘʪʠ ʧʝʨʩʦʥʘʣʴʥʦʛʦ ʢʦʤʧôʶʪʝʨʘ, ʟ ʦʜʥʦ- ʘʙʦ 

ʙʘʛʘʪʦʧʨʦʛʨʘʤʥʦʛʦ ʧʦʪʦʢʫ ʊɺ ʤʦʚʣʝʥʥʷ ʩʪʘʥʜʘʨʪʫ ʩʪʠʩʥʝʥʥʷ H.264, ʷʢʠʡ ʙʫʚ 

ʧʦʧʝʨʝʜʥʴʦ ʟʘʧʠʩʘʥʠʡ ʥʘ SSD-ʜʠʩʢ ʇʂ ʫ ʚʠʛʣʷʜʽ ʬʘʡʣʫ ʟ ʨʦʟʰʠʨʝʥʥʷʤ *.ts. 

ʊʘʢʦʞ ʬʘʡʣ ʪʝʩʪʦʚʦʛʦ ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʧʦʪʦʢʫ ʜʣʷ ʊɺ ʤʦʜʫʣʷʪʦʨʘ Dektec ʤʦʞʝ 

ʙʫʪʠ ʩʬʦʨʤʦʚʘʥʠʡ ʟ ʙʫʜʴ-ʷʢʦʛʦ ʚʽʜʝʦʟʘʧʠʩʫ ʊɺ ʧʨʦʛʨʘʤʠ ʘʙʦ ʚʽʜʝʦʢʦʥʪʝʥʪʫ 

(ʥʘʧʨʠʢʣʘʜ, ʧʦʧʝʨʝʜʥʴʦ ʟʘʚʘʥʪʘʞʝʥʦʛʦ ʟ Youtube)  ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʬʫʥʢʮʽʦʥʘʣʫ ʧʨʦʛʨʘʤʥʦʛʦ ʟʘʩʪʦʩʫʥʢʫ ffmpeg [5] ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʨʠʩ.2. 

 

ʈʠʩ.2. ʌʦʨʤʫʚʘʥʥʷ ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʧʦʪʦʢʫ ʜʣʷ ʊɺ ʤʦʜʫʣʷʪʦʨʘ  

Dektec ʟʘ ʜʦʧʦʤʦʛʦʶ ʧʨʦʛʨʘʤʥʦʛʦ ʟʘʩʪʦʩʫʥʢʫ ffmpeg. 
ɼʣʷ ʢʦʥʪʨʦʣʶ ʧʘʨʘʤʝʪʨʽʚ ʩʬʦʨʤʦʚʘʥʦʛʦ ʥʘ ʧʨʦʤʽʞʥʽʡ ʯʘʩʪʦʪʽ  
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f IF = 1,5 ɻɻʮ ʊɺ ʤʦʜʫʣʷʪʦʨʦʤ Dektec ʟʘ ʜʦʧʦʤʦʛʦʶ ʧʨʦʛʨʘʤʥʦʛʦ 

ʟʘʙʝʟʧʝʯʝʥʥʷ StreamXpress (ʨʠʩ.3) ʨʘʜʽʦʩʠʛʥʘʣʫ ʊɺ ʤʦʚʣʝʥʥʷ ʩʪʘʥʜʘʨʪʫ 

DVB-S/S2, ʟ ʜʨʫʛʦʛʦ ɺʏ-ʚʠʭʦʜʫ ʈʉɯ-ʧʣʘʪʠ ʤʦʜʫʣʷʪʦʨʘ ʩʠʛʥʘʣ ʧʦʜʘʚʘʚʩʷ ʥʘ 

ɺʏ-ʚʭʽʜ PCI-ʧʣʘʪʠ ʩʫʧʫʪʥʠʢʦʚʦʛʦ ʨʝʩʠʚʝʨʘ OMICOM S2, ʷʢʠʡ ʙʫʚ ʜʦʜʘʥʠʡ 

ʜʦ ʤʘʪʝʨʠʥʩʴʢʦʾ ʧʣʘʪʠ ʇʂ ʧʝʨʝʜʘʚʘʣʴʥʦʾ ʩʪʦʨʦʥʠ ʽ ʷʢʠʡ ʢʦʥʪʨʦʣʶʚʘʚʩʷ 

ʧʨʦʛʨʘʤʥʠʤ ʧʘʢʝʪʦʤ CrazyScan [6] (ʨʠʩ.4). 
 

 

ʈʠʩ.3. ɺʽʢʥʦ 

ʧʨʦʛʨʘʤʥʦʛʦ 

ʧʘʢʝʪʫ 

StreamXpress ʜʣʷ 

ʬʦʨʤʫʚʘʥʥʷ 

ʤʦʜʫʣʷʪʦʨʦʤ 

Dektec 

ʨʘʜʽʦʩʠʛʥʘʣʫ ʊɺ 

ʤʦʚʣʝʥʥʷ 

ʩʪʘʥʜʘʨʪʫ DVB-

S/S2 ʥʘ ʧʨʦʤʽʞʥʽʡ 

ʯʘʩʪʦʪʽ 1,5 ɻɻʮ. 
 

 
 

ʈʠʩ.4. ɺʽʢʥʦ ʧʨʦʛʨʘʤʥʦʛʦ ʧʘʢʝʪʫ ʉrazyScan ʜʣʷ ʢʦʥʪʨʦʣʶ ʧʘʨʘʤʝʪʨʽʚ ʩʬʦʨʤʦʚʘʥʦʛʦ 

ʨʘʜʽʦʩʠʛʥʘʣʫ ʊɺ ʤʦʚʣʝʥʥʷ ʩʪʘʥʜʘʨʪʫ DVB-S/S2 ʥʘ ʧʨʦʤʽʞʥʽʡ ʯʘʩʪʦʪʽ 1,5 ɻɻʮ. 
 

ʉʬʦʨʤʦʚʘʥʠʡ ʨʘʜʽʦʩʠʛʥʘʣ ʊɻʮ ʜʽʘʧʘʟʦʥʫ ʟ ʚʠʭʽʜʥʦʶ ʧʦʪʫʞʥʽʩʪʶ 

-13ʜɹʤ ʪʘ ʥʝʩʫʯʦʶ ʯʘʩʪʦʪʦʶ 131,1 ɻɻʮ ʚʠʧʨʦʤʽʥʶʚʘʚʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʢʦʥʽʯʥʦʾ ʨʫʧʦʨʥʦʾ ʘʥʪʝʥʠ ʚ ʣʘʙʦʨʘʪʦʨʥʠʭ ʫʤʦʚʘʭ ʚ ʥʘʧʨʷʤʢʫ ʧʨʠʡʤʘʣʴʥʦʾ 

ʯʘʩʪʠʥʠ ʤʘʢʝʪʫ, ʷʢʘ ʙʫʣʘ ʨʦʟʪʘʰʦʚʘʥʘ ʥʘ ʚʽʜʩʪʘʥʽ ʙʽʣʷ 5 ʤ ʚʽʜ ʧʝʨʝʜʘʚʘʣʴʥʦʾ 

(ʨʠʩ.5). ʇʨʠʡʦʤ ʨʘʜʽʦʩʠʛʥʘʣʫ ʊɻʮ ʜʽʘʧʘʟʦʥʫ ʟʜʽʡʩʥʶʚʘʚʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʨʫʧʦʨʥʦʾ ʘʥʪʝʥʠ ʪʘ ʧʨʠʡʤʘʣʴʥʦʛʦ ʤʦʜʫʣʷ ʊɻʮ ʜʽʘʧʘʟʦʥʫ, ʷʢʠʡ  ʚʠʢʦʥʫʚʘʚ 

ʧʝʨʝʪʚʦʨʝʥʥʷ ʯʘʩʪʦʪʠ ʥʝʩʫʯʦʾ fTR = 131,1 ɻɻʮ  ʥʘ ʧʨʦʤʽʞʥʫ ʥʝʩʫʯʫ 

 f IF = 1,5 ɻɻʮ (ʨʠʩ.6). ɼʘʣʽ ʨʘʜʽʦʩʠʛʥʘʣ ʧʨʦʤʽʞʥʦʾ ʯʘʩʪʦʪʠ ʥʘʜʭʦʜʠʚ ʥʘ  

ɺʏ-ʚʭʽʜ ʩʪʘʥʜʘʨʪʥʦʛʦ ʨʝʩʠʚʝʨʫ (ʪʶʥʝʨʫ) ʩʫʧʫʪʥʠʢʦʚʦʛʦ ʊɺ ʤʦʚʣʝʥʥʷ, ʷʢʠʡ 

ʯʝʨʝʟ ʽʥʪʝʨʬʝʡʩ HDMI ʧʽʜʢʣʶʯʘʚʩʷ ʜʦ ʪʝʣʝʚʽʟʦʨʘ ʘʙʦ ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʢʦʥʚʝʨʪʦʨʘ ʅDMI/USB ʜʦ ʇʂ, ʚ ʷʢʦʤʫ ʚʽʜʝʦʟʦʙʨʘʞʝʥʥʷ ʪʘ ʟʚʫʢʦʚʠʡ ʩʫʧʨʦʚʽʜ 

ʧʝʨʝʜʘʥʦʾ ʊɺ ʧʨʦʛʨʘʤʠ ʚʽʜʪʚʦʨʶʚʘʣʠʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʤʝʜʽʘʧʣʝʻʨʘ VLC ʘʙʦ 

PotPlayer. ʂʨʽʤ ʪʦʛʦ, ʜʣʷ ʢʦʥʪʨʦʣʶ ʧʘʨʘʤʝʪʨʽʚ ʧʨʠʡʥʷʪʦʛʦ ʊɺ ʩʠʛʥʘʣʫ 

ʩʪʘʥʜʘʨʪʫ DVB-S/S2 ʯʝʨʝʟ 3-ʭ ʢʘʥʘʣʴʥʠʡ ʜʽʣʴʥʠʢ ʧʦʪʫʞʥʦʩʪʽ ʊɺ ʩʠʛʥʘʣʫ ʜʦ 

ʚʠʭʦʜʫ ʧʨʠʡʤʘʣʴʥʦʛʦ ʤʦʜʫʣʷ ʊɻʮ ʧʽʜʢʣʶʯʘʚʩʷ ʘʥʘʣʽʟʘʪʦʨ ʩʧʝʢʪʨʘ Signal 

Hound USB-SA44ɺ ʪʘ ʢʦʥʪʨʦʣʴʥʠʡ ʨʝʩʠʚʝʨ Prof7500. 
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ʈʠʩ.5. ʌʦʪʦʛʨʘʬʽʷ ʧʝʨʝʜʘʚʘʣʴʥʦʛʦ  

ʤʦʜʫʣʷ ʊɻʮ ʜʽʘʧʘʟʦʥʫ. 
ʈʠʩ.6. ʌʦʪʦʛʨʘʬʽʷ ʧʨʠʡʤʘʣʴʥʦʛʦ  

ʤʦʜʫʣʷ ʊɻʮ ʜʽʘʧʘʟʦʥʫ. 

ʅʘ ʨʠʩ.7 ʟʦʙʨʘʞʝʥʦ ʩʧʝʢʪʨ ʪʘ ʩʠʛʥʘʣʴʥʝ ʩʫʟʽʨôʷ, ʘ ʥʘ ʨʠʩ.8 ʧʘʨʘʤʝʪʨʠ 

ʧʨʠʡʥʷʪʦʛʦ ʨʘʜʽʦʩʠʛʥʘʣʫ ʊɺ ʤʦʚʣʝʥʥʷ ʟ ʥʝʩʫʯʦʶ ʯʘʩʪʦʪʦʶ f IF = 1,5 ɻɻʮ ʥʘ 

ʚʠʭʦʜʽ ʧʨʠʡʤʘʣʴʥʦʛʦ ʤʦʜʫʣʷ ʊɻʮ ʜʽʘʧʘʟʦʥʫ.  

 
 

ʈʠʩ.7. ʉʧʝʢʪʨ ʪʘ ʩʠʛʥʘʣʴʥʝ ʩʫʟʽʨôʷ 

ʧʨʠʡʥʷʪʦʛʦ ʨʘʜʽʦʩʠʛʥʘʣʫ ʥʘ 

ʧʨʠʡʤʘʣʴʥʽʡ ʩʪʦʨʦʥʽ ʤʘʢʝʪʫ. 

ʈʠʩ.8. ʇʘʨʘʤʝʪʨʠ ʧʨʠʡʥʷʪʦʛʦ ʨʘʜʽʦʩʠʛʥʘʣʫ ʥʘ 

ʧʨʠʡʤʘʣʴʥʽʡ ʩʪʦʨʦʥʽ ʤʘʢʝʪʫ. 

ʇʦʨʽʚʥʷʥʥʷ ʦʪʨʠʤʘʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʨʘʜʽʦʩʠʛʥʘʣʫ ʊɺ ʤʦʚʣʝʥʥʷ ʥʘ ʚʭʦʜʽ 

ʧʝʨʝʜʘʚʘʣʴʥʦʛʦ ʪʘ ʚʠʭʦʜʽ ʧʨʠʡʤʘʣʴʥʦʛʦ ʤʦʜʫʣʽʚ ʊɻʮ ʜʽʘʧʘʟʦʥʫ (ʨʠʩ.4, ʨʠʩ.7, 

ʨʠʩ.8) ʧʦʢʘʟʫʻ, ʱʦ ʩʠʛʥʘʣʴʥʝ ʩʫʟʽʨôʷ ʤʦʜʫʣʷʮʽʾ QPSK ʥʘ ʧʨʠʡʤʘʣʴʥʽʡ ʩʪʦʨʦʥʽ 

ʩʧʦʪʚʦʨʝʥʝ ʬʘʟʦʚʠʤʠ ʰʫʤʘʤʠ, ʚʽʜʥʦʰʝʥʥʷ ʩʠʛʥʘʣ/ʰʫʤ ʟʤʝʥʰʠʣʦʩʴ ʟ 27 ʜɹ 

ʜʦ 11 ʜɹ,  ʧʨʦʪʝ ʡʤʦʚʽʨʥʽʩʪʴ ʙʽʪʦʚʦʾ ʧʦʤʠʣʢʠ BER ʟʘʣʠʰʠʣʘʩʴ ʥʘ ʨʽʚʥʽ 10
-7
, 

ʱʦ ʙʫʣʦ ʜʦʩʪʘʪʥʽʤ ʜʣʷ ʷʢʽʩʥʦʛʦ ʚʽʜʪʚʦʨʝʥʥʷ ʟʦʙʨʘʞʝʥʥʷ ʊɺ ʧʨʦʛʨʘʤʠ ʙʝʟ 

ʩʧʦʪʚʦʨʝʥʴ. 
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DEVELOPMENT OF A COMPLEX OF LABORATORY  

WORK ON THE FORMATION AND RESEARCH OF SIGNALS OF 

MOBILE COMMUNICATION TECHNOLOGIES USING ROHDE & 

SCHWARZ EQUIPMENT  
 

The study investigates the impact of signal imperfections in the transmitter, such as I/Q 

imbalance, phase noise, and radio channel parameters, including multipath propagation and 

interference, on the quality of the received signal. Experimental measurements were conducted using 

the R&SÈSMJ100A vector signal generator and the R&SÈFSG-13 spectrum analyzer. A set of 

laboratory exercises for students in the field of wireless technologies is proposed to assess the impact 

of signal distortions and develop methods for their compensation.  

 

ʄʦʙʽʣʴʥʽ ʤʝʨʝʞʽ ʩʪʘʥʦʚʣʷʪʴ ʦʩʥʦʚʫ ʩʫʯʘʩʥʠʭ ʪʝʣʝʢʦʤʫʥʽʢʘʮʽʡ ʟ 

ʨʦʟʚʠʪʢʦʤ ʪʝʭʥʦʣʦʛʽʡ 4G, 5G ʪʘ ʤʘʡʙʫʪʥʴʦʛʦ 6G, ʟʘʙʝʟʧʝʯʫʶʯʠ ʚʠʩʦʢʫ 

ʰʚʠʜʢʽʩʪʴ, ʧʨʦʧʫʩʢʥʫ ʟʜʘʪʥʽʩʪʴ ʽ ʤʽʥʽʤʘʣʴʥʽ ʟʘʪʨʠʤʢʠ. ʉʢʣʘʜʥʽ ʫʤʦʚʠ 

ʨʘʜʽʦʢʘʥʘʣʫ ʯʝʨʝʟ ʙʘʛʘʪʦʧʨʦʤʝʥʝʚʝ ʧʦʰʠʨʝʥʥʷ, ʽʥʪʝʨʬʝʨʝʥʮʽʶ ʪʘ ʧʝʨʝʰʢʦʜʠ 

ʧʦʪʨʝʙʫʶʪʴ ʜʝʪʘʣʴʥʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ ʧʘʨʘʤʝʪʨʽʚ ʩʠʛʥʘʣʽʚ.  

ʈʦʟʨʦʙʣʝʥʠʡ ʣʘʙʦʨʘʪʦʨʥʠʡ ʢʦʤʧʣʝʢʩ ʜʣʷ ʩʪʫʜʝʥʪʽʚ ʪʝʣʝʢʦʤʫʥʽʢʘʮʽʡʥʠʭ 

ʩʧʝʮʽʘʣʴʥʦʩʪʝʡ ʚʠʢʦʨʠʩʪʦʚʫʻ ʧʨʦʬʝʩʽʡʥʝ ʦʙʣʘʜʥʘʥʥʷ Rohde & Schwarz 

(ʚʝʢʪʦʨʥʠʡ ʛʝʥʝʨʘʪʦʨ R&SÈSMJ100A ʪʘ ʘʥʘʣʽʟʘʪʦʨ ʩʧʝʢʪʨʫ R&SÈFSG-13), 

ʱʦ ʜʦʟʚʦʣʷʻ ʥʘʙʫʪʠ ʧʨʘʢʪʠʯʥʠʭ ʥʘʚʠʯʦʢ ʨʦʙʦʪʠ ʟ ʧʨʦʤʠʩʣʦʚʠʤ 

ʚʠʤʽʨʶʚʘʣʴʥʠʤ ʦʙʣʘʜʥʘʥʥʷʤ ʪʘ ʜʦʩʣʽʜʠʪʠ ʚʧʣʠʚ ʨʽʟʥʠʭ ʬʘʢʪʦʨʽʚ ʥʘ ʩʠʛʥʘʣʠ 

ʙʝʟʧʨʦʚʦʜʦʚʠʭ ʩʠʩʪʝʤ.  

ʂʦʤʧʣʝʢʩ ʩʧʨʷʤʦʚʘʥʠʡ ʥʘ ʚʠʨʽʰʝʥʥʷ ʧʨʦʙʣʝʤʠ ʥʝʜʦʩʪʘʪʥʴʦʾ ʧʨʘʢʪʠʯʥʦʾ 

ʧʽʜʛʦʪʦʚʢʠ ʬʘʭʽʚʮʽʚ ʫ ʛʘʣʫʟʽ ʤʦʙʽʣʴʥʦʛʦ ʟʚ'ʷʟʢʫ. ɽʚʦʣʶʮʽʷ ʚʽʜ 5G ʜʦ  

5G-Advanced ʪʘ ʧʽʜʛʦʪʦʚʢʘ ʜʦ 6G ʚʠʤʘʛʘʶʪʴ ʨʦʟʫʤʽʥʥʷ ʧʨʠʥʮʠʧʽʚ 

ʬʦʨʤʫʚʘʥʥʷ ʪʘ ʦʙʨʦʙʢʠ ʩʠʛʥʘʣʽʚ ʫ ʩʢʣʘʜʥʠʭ ʨʘʜʽʦʢʘʥʘʣʘʭ, ʚʢʣʶʯʘʶʯʠ 

ʩʧʦʪʚʦʨʝʥʥʷ ʫ ʧʝʨʝʜʘʚʘʯʘʭ (ʨʦʟʙʘʣʘʥʩ I/Q, ʬʘʟʦʚʽ ʰʫʤʠ) ʪʘ ʢʘʥʘʣʘʭ 

ʧʦʰʠʨʝʥʥʷ (ʙʘʛʘʪʦʧʨʦʤʝʥʝʚʽʩʪʴ, ʽʥʪʝʨʬʝʨʝʥʮʽʷ).  

ʆʜʥʘʢ, ʽʩʥʫʶʯʘ ʩʠʩʪʝʤʘ ʧʽʜʛʦʪʦʚʢʠ ʩʧʝʮʽʘʣʽʩʪʽʚ ʫ ʛʘʣʫʟʽ ʪʝʣʝʢʦʤʫʥʽʢʘʮʽʡ 

ʯʘʩʪʦ ʟʽʰʪʦʚʭʫʻʪʴʩʷ ʟ ʧʨʦʙʣʝʤʦʶ ʥʝʜʦʩʪʘʪʥʴʦʾ ʧʨʘʢʪʠʯʥʦʾ ʩʢʣʘʜʦʚʦʾ. 

ʊʝʦʨʝʪʠʯʥʽ ʟʥʘʥʥʷ, ʦʪʨʠʤʘʥʽ ʩʪʫʜʝʥʪʘʤʠ, ʥʝ ʟʘʚʞʜʠ ʧʽʜʢʨʽʧʣʶʶʪʴʩʷ 

ʧʨʘʢʪʠʯʥʠʤʠ ʥʘʚʠʯʢʘʤʠ ʨʦʙʦʪʠ ʟ ʨʝʘʣʴʥʠʤ ʦʙʣʘʜʥʘʥʥʷʤ ʪʘ ʜʦʩʣʽʜʞʝʥʥʷ 

ʨʝʘʣʴʥʠʭ ʩʠʛʥʘʣʽʚ. ʎʝ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʨʦʟʨʠʚʫ ʤʽʞ ʘʢʘʜʝʤʽʯʥʦʶ ʧʽʜʛʦʪʦʚʢʦʶ 
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ʪʘ ʚʠʤʦʛʘʤʠ ʽʥʜʫʩʪʨʽʾ. ʉʘʤʝ ʥʘ ʚʠʨʽʰʝʥʥʷ ʮʽʻʾ ʧʨʦʙʣʝʤʠ ʩʧʨʷʤʦʚʘʥʠʡ 

ʨʦʟʨʦʙʣʝʥʠʡ ʢʦʤʧʣʝʢʩ ʣʘʙʦʨʘʪʦʨʥʠʭ ʨʦʙʽʪ, ʷʢʠʡ ʜʘʻ ʤʦʞʣʠʚʽʩʪʴ ʩʪʫʜʝʥʪʘʤ 

ʧʨʘʮʶʚʘʪʠ ʟ ʧʨʦʬʝʩʽʡʥʠʤ ʦʙʣʘʜʥʘʥʥʷʤ ʪʘ ʜʦʩʣʽʜʞʫʚʘʪʠ ʨʝʘʣʴʥʽ ʝʬʝʢʪʠ, ʱʦ 

ʚʠʥʠʢʘʶʪʴ ʫ ʩʠʩʪʝʤʘʭ ʤʦʙʽʣʴʥʦʛʦ ʟʚ'ʷʟʢʫ.  

ɺʠʙʽʨ ʦʙʣʘʜʥʘʥʥʷ Rohde & Schwarz ʜʣʷ ʩʪʚʦʨʝʥʥʷ ʣʘʙʦʨʘʪʦʨʥʦʛʦ 

ʢʦʤʧʣʝʢʩʫ ʦʙʫʤʦʚʣʝʥʠʡ ʨʷʜʦʤ ʚʘʛʦʤʠʭ ʬʘʢʪʦʨʽʚ:  

1. ʇʨʦʤʠʩʣʦʚʠʡ ʩʪʘʥʜʘʨʪ ʷʢʦʩʪʽ: Rohde & Schwarz ʻ ʩʚʽʪʦʚʠʤ ʣʽʜʝʨʦʤ 

ʫ ʛʘʣʫʟʽ ʚʠʨʦʙʥʠʮʪʚʘ ʚʠʤʽʨʶʚʘʣʴʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ ʜʣʷ ʪʝʣʝʢʦʤʫʥʽʢʘʮʽʡ, ʱʦ 

ʰʠʨʦʢʦ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʧʨʦʚʽʜʥʠʤʠ ʢʦʤʧʘʥʽʷʤʠ ʪʘ ʜʦʩʣʽʜʥʠʮʴʢʠʤʠ 

ʮʝʥʪʨʘʤʠ. ʆʙʣʘʜʥʘʥʥʷ ʮʽʻʾ ʢʦʤʧʘʥʽʾ ʚʚʘʞʘʻʪʴʩʷ ʝʪʘʣʦʥʥʠʤ, ʱʦ ʜʦʟʚʦʣʷʻ 

ʩʪʫʜʝʥʪʘʤ ʦʪʨʠʤʘʪʠ ʜʦʩʚʽʜ ʨʦʙʦʪʠ ʟ ʥʘʡʢʨʘʱʠʤʠ ʧʨʦʬʝʩʽʡʥʠʤʠ 

ʽʥʩʪʨʫʤʝʥʪʘʤʠ.  

2. ʊʝʭʥʦʣʦʛʽʯʥʘ ʘʢʪʫʘʣʴʥʽʩʪʴ: ʂʦʤʧʘʥʽʷ ʧʦʩʪʽʡʥʦ ʦʥʦʚʣʶʻ ʩʚʦʻ 

ʦʙʣʘʜʥʘʥʥʷ ʪʘ ʧʨʦʛʨʘʤʥʝ ʟʘʙʝʟʧʝʯʝʥʥʷ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʨʦʟʚʠʪʢʫ ʪʝʭʥʦʣʦʛʽʡ 

ʟʚ'ʷʟʢʫ. ɿʦʢʨʝʤʘ, ʷʢ ʙʫʣʦ ʟʘʟʥʘʯʝʥʦ, ʥʘ MWC 2025 Rohde & Schwarz 

ʧʨʝʜʩʪʘʚʠʣʘ ʽʥʥʦʚʘʮʽʡʥʽ ʨʽʰʝʥʥʷ ʧʽʜ ʛʘʩʣʦʤ çEnabling Connections, 

Empowering Innovationsè, ʱʦ ʜʝʤʦʥʩʪʨʫʻ ʬʦʢʫʩ ʢʦʤʧʘʥʽʾ ʥʘ ʧʝʨʝʭʽʜ ʚʽʜ 5G ʜʦ 

5G-Advanced ʪʘ ʨʦʟʨʦʙʢʫ ʪʝʭʥʦʣʦʛʽʡ 6G.  

3. ʌʫʥʢʮʽʦʥʘʣʴʥʘ ʛʥʫʯʢʽʩʪʴ: ɺʝʢʪʦʨʥʠʡ ʛʝʥʝʨʘʪʦʨ ʩʠʛʥʘʣʽʚ 

R&SÈSMJ100A ʪʘ ʘʥʘʣʽʟʘʪʦʨ ʩʧʝʢʪʨʫ R&SÈFSG-13 ʜʦʟʚʦʣʷʶʪʴ ʧʨʦʚʦʜʠʪʠ 

ʰʠʨʦʢʠʡ ʩʧʝʢʪʨ ʝʢʩʧʝʨʠʤʝʥʪʽʚ ʟ ʨʽʟʥʠʤʠ ʪʠʧʘʤʠ ʤʦʜʫʣʷʮʽʾ, ʩʪʘʥʜʘʨʪʘʤʠ 

ʟʚ'ʷʟʢʫ ʪʘ ʫʤʦʚʘʤʠ ʢʘʥʘʣʫ. ʎʝ ʟʘʙʝʟʧʝʯʫʻ ʤʦʞʣʠʚʽʩʪʴ ʩʪʚʦʨʝʥʥʷ ʢʦʤʧʣʝʢʩʥʠʭ 

ʪʘ ʨʽʟʥʦʤʘʥʽʪʥʠʭ ʣʘʙʦʨʘʪʦʨʥʠʭ ʨʦʙʽʪ.  

4. ʉʫʤʽʩʥʽʩʪʴ ʟʽ ʩʪʘʥʜʘʨʪʘʤʠ: ʆʙʣʘʜʥʘʥʥʷ Rohde & Schwarz ʧʦʚʥʽʩʪʶ 

ʚʽʜʧʦʚʽʜʘʻ ʤʽʞʥʘʨʦʜʥʠʤ ʩʪʘʥʜʘʨʪʘʤ ʟʚ'ʷʟʢʫ, ʚʢʣʶʯʘʶʯʠ IEEE 802.11, 3GPP 

5G NR ʪʘ ʽʥʰʽ, ʱʦ ʜʦʟʚʦʣʷʻ ʧʨʦʚʦʜʠʪʠ ʜʦʩʣʽʜʞʝʥʥʷ ʩʠʛʥʘʣʽʚ ʫ ʧʦʚʥʽʡ 

ʚʽʜʧʦʚʽʜʥʦʩʪʽ ʜʦ ʨʝʘʣʴʥʠʭ ʩʠʩʪʝʤ.  

5. ʇʨʦʛʨʘʤʥʝ ʟʘʙʝʟʧʝʯʝʥʥʷ WINIQSIM2: ʎʝ ʇɿ ʜʦʟʚʦʣʷʻ ʤʦʜʝʣʶʚʘʪʠ 

ʩʠʛʥʘʣʠ ʨʽʟʥʠʭ ʩʪʘʥʜʘʨʪʽʚ ʟʚ'ʷʟʢʫ ʟ ʢʦʥʪʨʦʣʴʦʚʘʥʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ 

ʩʧʦʪʚʦʨʝʥʴ, ʱʦ ʻ ʥʝʦʙʭʽʜʥʠʤ ʜʣʷ ʩʠʩʪʝʤʘʪʠʯʥʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ ʚʧʣʠʚʫ ʨʽʟʥʠʭ 

ʬʘʢʪʦʨʽʚ ʥʘ ʷʢʽʩʪʴ ʩʠʛʥʘʣʫ.  

ʈʦʟʨʦʙʣʝʥʠʡ ʢʦʤʧʣʝʢʩ ʣʘʙʦʨʘʪʦʨʥʠʭ ʨʦʙʽʪ ʩʪʨʫʢʪʫʨʦʚʘʥʠʡ ʪʘʢʠʤ 

ʯʠʥʦʤ, ʱʦʙ ʟʘʙʝʟʧʝʯʠʪʠ ʧʦʩʪʫʧʦʚʝ ʫʩʢʣʘʜʥʝʥʥʷ ʟʘʚʜʘʥʴ ʪʘ ʦʭʦʧʣʝʥʥʷ ʨʽʟʥʠʭ 

ʘʩʧʝʢʪʽʚ ʬʦʨʤʫʚʘʥʥʷ ʪʘ ʜʦʩʣʽʜʞʝʥʥʷ ʩʠʛʥʘʣʽʚ.  

ʂʦʞʥʘ ʣʘʙʦʨʘʪʦʨʥʘ ʨʦʙʦʪʘ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʥʘʩʪʫʧʥʠʭ ʝʪʘʧʽʚ:  

1. ʊʝʦʨʝʪʠʯʥʘ ʧʽʜʛʦʪʦʚʢʘ: ʉʪʫʜʝʥʪʠ ʦʟʥʘʡʦʤʣʶʶʪʴʩʷ ʟ ʪʝʦʨʝʪʠʯʥʠʤʠ 

ʦʩʥʦʚʘʤʠ ʜʦʩʣʽʜʞʫʚʘʥʠʭ ʷʚʠʱ, ʤʘʪʝʤʘʪʠʯʥʠʤʠ ʤʦʜʝʣʷʤʠ ʪʘ ʦʯʽʢʫʚʘʥʠʤʠ 

ʨʝʟʫʣʴʪʘʪʘʤʠ.  

2. ʇʽʜʛʦʪʦʚʢʘ ʝʢʩʧʝʨʠʤʝʥʪʫ: ʅʘʣʘʰʪʫʚʘʥʥʷ ʦʙʣʘʜʥʘʥʥʷ Rohde & 

Schwarz ʟʛʽʜʥʦ ʟ ʧʘʨʘʤʝʪʨʘʤʠ, ʚʠʟʥʘʯʝʥʠʤʠ ʫ ʟʘʚʜʘʥʥʽ, ʧʨʦʛʨʘʤʫʚʘʥʥʷ 

ʚʝʢʪʦʨʥʦʛʦ ʛʝʥʝʨʘʪʦʨʘ ʩʠʛʥʘʣʽʚ ʟʘ ʜʦʧʦʤʦʛʦʶ WINIQSIM2.  

3. ʇʨʦʚʝʜʝʥʥʷ ʚʠʤʽʨʶʚʘʥʴ: ʉʠʩʪʝʤʘʪʠʯʥʝ ʚʠʤʽʨʶʚʘʥʥʷ ʧʘʨʘʤʝʪʨʽʚ 

ʩʠʛʥʘʣʫ ʧʨʠ ʨʽʟʥʠʭ ʨʽʚʥʷʭ ʩʧʦʪʚʦʨʝʥʴ ʪʘ ʫʤʦʚʘʭ ʢʘʥʘʣʫ.  

4. ɸʥʘʣʽʟ ʨʝʟʫʣʴʪʘʪʽʚ: ʆʙʨʦʙʢʘ ʪʘ ʽʥʪʝʨʧʨʝʪʘʮʽʷ ʦʪʨʠʤʘʥʠʭ ʜʘʥʠʭ, 

ʧʦʨʽʚʥʷʥʥʷ ʟ ʪʝʦʨʝʪʠʯʥʠʤʠ ʧʨʦʛʥʦʟʘʤʠ.  
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5. ʈʦʟʨʦʙʢʘ ʨʝʢʦʤʝʥʜʘʮʽʡ: ʌʦʨʤʫʣʶʚʘʥʥʷ ʚʠʩʥʦʚʢʽʚ ʱʦʜʦ ʚʧʣʠʚʫ 

ʜʦʩʣʽʜʞʫʚʘʥʠʭ ʬʘʢʪʦʨʽʚ ʪʘ ʤʝʪʦʜʽʚ ʟʤʝʥʰʝʥʥʷ ʾʭ ʥʝʛʘʪʠʚʥʦʛʦ ʚʧʣʠʚʫ.  

ɺʧʨʦʚʘʜʞʝʥʥʷ ʟʘʧʨʦʧʦʥʦʚʘʥʦʛʦ ʢʦʤʧʣʝʢʩʫ ʣʘʙʦʨʘʪʦʨʥʠʭ ʨʦʙʽʪ ʫ 

ʥʘʚʯʘʣʴʥʠʡ ʧʨʦʮʝʩ ʩʫʪʪʻʚʦ ʧʽʜʚʠʱʠʪʴ ʷʢʽʩʪʴ ʧʨʘʢʪʠʯʥʦʾ ʧʽʜʛʦʪʦʚʢʠ 

ʩʪʫʜʝʥʪʽʚ, ʥʘʜʘʶʯʠ ʾʤ ʮʽʥʥʠʡ ʜʦʩʚʽʜ ʨʦʙʦʪʠ ʟ ʧʨʦʬʝʩʽʡʥʠʤ ʦʙʣʘʜʥʘʥʥʷʤ ʪʘ 

ʤʦʞʣʠʚʽʩʪʴ ʟʘʩʪʦʩʫʚʘʪʠ ʪʝʦʨʝʪʠʯʥʽ ʟʥʘʥʥʷ ʥʘ ʧʨʘʢʪʠʮʽ. ʎʝ ʩʧʨʠʷʪʠʤʝ 

ʬʦʨʤʫʚʘʥʥʶ ʚʘʞʣʠʚʠʭ ʧʨʦʬʝʩʽʡʥʠʭ ʢʦʤʧʝʪʝʥʮʽʡ, ʚʢʣʶʯʘʶʯʠ ʨʦʟʫʤʽʥʥʷ 

ʧʨʠʥʮʠʧʽʚ ʬʦʨʤʫʚʘʥʥʷ ʪʘ ʘʥʘʣʽʟʫ ʩʠʛʥʘʣʽʚ, ʚʤʽʥʥʷ ʽʜʝʥʪʠʬʽʢʫʚʘʪʠ ʡ 

ʢʦʤʧʝʥʩʫʚʘʪʠ ʨʽʟʥʽ ʪʠʧʠ ʩʧʦʪʚʦʨʝʥʴ, ʘ ʪʘʢʦʞ ʥʘʚʠʯʢʠ ʦʧʪʠʤʽʟʘʮʽʾ ʧʘʨʘʤʝʪʨʽʚ 

ʩʠʩʪʝʤ ʟʚ'ʷʟʢʫ.  

ʉʪʫʜʝʥʪʠ ʨʦʟʚʠʥʫʪʴ ʘʥʘʣʽʪʠʯʥʝ ʤʠʩʣʝʥʥʷ, ʥʘʚʯʘʪʴʩʷ ʘʥʘʣʽʟʫʚʘʪʠ ʩʢʣʘʜʥʽ 

ʚʟʘʻʤʦʟʚ'ʷʟʢʠ ʤʽʞ ʧʘʨʘʤʝʪʨʘʤʠ ʩʠʛʥʘʣʫ ʪʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʩʠʩʪʝʤʠ, 

ʧʨʦʛʥʦʟʫʚʘʪʠ ʚʧʣʠʚ ʨʽʟʥʠʭ ʬʘʢʪʦʨʽʚ ʥʘ ʷʢʽʩʪʴ ʟʚ'ʷʟʢʫ. ʆʪʨʠʤʘʥʽ ʧʽʜ ʯʘʩ 

ʣʘʙʦʨʘʪʦʨʥʠʭ ʨʦʙʽʪ ʨʝʟʫʣʴʪʘʪʠ ʤʦʞʫʪʴ ʩʪʠʤʫʣʶʚʘʪʠ ʥʘʫʢʦʚʦ-ʜʦʩʣʽʜʥʠʮʴʢʫ 

ʜʽʷʣʴʥʽʩʪʴ, ʩʪʘʶʯʠ ʦʩʥʦʚʦʶ ʜʣʷ ʧʦʜʘʣʴʰʠʭ ʜʦʩʣʽʜʞʝʥʴ, ʢʫʨʩʦʚʠʭ ʪʘ 

ʜʠʧʣʦʤʥʠʭ ʨʦʙʽʪ. ɻʦʣʦʚʥʝ, ʱʦ ʪʘʢʠʡ ʧʽʜʭʽʜ ʜʦʟʚʦʣʠʪʴ ʩʢʦʨʦʪʠʪʠ ʨʦʟʨʠʚ ʤʽʞ 

ʦʩʚʽʪʦʶ ʪʘ ʽʥʜʫʩʪʨʽʻʶ, ʜʦʧʦʤʘʛʘʶʯʠ ʚʠʧʫʩʢʥʠʢʘʤ ʰʚʠʜʰʝ ʘʜʘʧʪʫʚʘʪʠʩʷ ʜʦ 

ʨʦʙʦʪʠ ʚ ʨʝʘʣʴʥʠʭ ʫʤʦʚʘʭ ʪʝʣʝʢʦʤʫʥʽʢʘʮʽʡʥʦʾ ʛʘʣʫʟʽ.  

ʈʦʟʨʦʙʣʝʥʠʡ ʢʦʤʧʣʝʢʩ ʣʘʙʦʨʘʪʦʨʥʠʭ ʨʦʙʽʪ ʟ ʬʦʨʤʫʚʘʥʥʷ ʪʘ ʜʦʩʣʽʜʞʝʥʥʷ 

ʩʠʛʥʘʣʽʚ ʪʝʭʥʦʣʦʛʽʡ ʤʦʙʽʣʴʥʦʛʦ ʟʚ'ʷʟʢʫ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʦʙʣʘʜʥʘʥʥʷ Rohde & 

Schwarz ʻ ʚʘʞʣʠʚʠʤ ʢʨʦʢʦʤ ʫ ʥʘʧʨʷʤʢʫ ʤʦʜʝʨʥʽʟʘʮʽʾ ʦʩʚʽʪʥʴʦʛʦ ʧʨʦʮʝʩʫ 

ʧʽʜʛʦʪʦʚʢʠ ʬʘʭʽʚʮʽʚ ʪʝʣʝʢʦʤʫʥʽʢʘʮʽʡʥʦʛʦ ʧʨʦʬʽʣʶ. ɺʽʥ ʟʘʙʝʟʧʝʯʫʻ 

ʩʠʩʪʝʤʘʪʠʯʥʝ ʜʦʩʣʽʜʞʝʥʥʷ ʚʧʣʠʚʫ ʨʽʟʥʠʭ ʪʠʧʽʚ ʩʧʦʪʚʦʨʝʥʴ ʥʘ ʧʘʨʘʤʝʪʨʠ 

ʩʠʛʥʘʣʽʚ ʪʘ ʜʦʟʚʦʣʷʻ ʩʪʫʜʝʥʪʘʤ ʥʘʙʫʪʠ ʧʨʘʢʪʠʯʥʠʭ ʥʘʚʠʯʦʢ ʨʦʙʦʪʠ ʟ 

ʧʨʦʬʝʩʽʡʥʠʤ ʦʙʣʘʜʥʘʥʥʷʤ.  

ʆʩʦʙʣʠʚʽʩʪʶ ʟʘʧʨʦʧʦʥʦʚʘʥʦʛʦ ʢʦʤʧʣʝʢʩʫ ʻ ʚʠʢʦʨʠʩʪʘʥʥʷ ʚʠʩʦʢʦʪʦʯʥʦʛʦ 

ʦʙʣʘʜʥʘʥʥʷ Rohde & Schwarz, ʱʦ ʜʘʻ ʤʦʞʣʠʚʽʩʪʴ ʜʦʩʣʽʜʞʫʚʘʪʠ ʪʦʥʢʽ ʝʬʝʢʪʠ 

ʬʦʨʤʫʚʘʥʥʷ ʪʘ ʧʦʰʠʨʝʥʥʷ ʩʠʛʥʘʣʽʚ, ʷʢʽ ʥʝʤʦʞʣʠʚʦ ʚʠʚʯʠʪʠ ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʩʧʨʦʱʝʥʠʭ ʥʘʚʯʘʣʴʥʠʭ ʩʪʝʥʜʽʚ. ʎʝ ʜʦʟʚʦʣʷʻ ʧʽʜʛʦʪʫʚʘʪʠ ʩʧʝʮʽʘʣʽʩʪʽʚ, 

ʟʜʘʪʥʠʭ ʝʬʝʢʪʠʚʥʦ ʧʨʘʮʶʚʘʪʠ ʟ ʩʫʯʘʩʥʠʤʠ ʪʘ ʧʝʨʩʧʝʢʪʠʚʥʠʤʠ ʪʝʭʥʦʣʦʛʽʷʤʠ 

ʤʦʙʽʣʴʥʦʛʦ ʟʚ'ʷʟʢʫ.  

ɺʧʨʦʚʘʜʞʝʥʥʷ ʜʘʥʦʛʦ ʢʦʤʧʣʝʢʩʫ ʣʘʙʦʨʘʪʦʨʥʠʭ ʨʦʙʽʪ ʩʧʨʠʷʪʠʤʝ 

ʧʽʜʚʠʱʝʥʥʶ ʷʢʦʩʪʽ ʦʩʚʽʪʠ, ʬʦʨʤʫʚʘʥʥʶ ʟʘʪʨʝʙʫʚʘʥʠʭ ʽʥʜʫʩʪʨʽʻʶ 

ʢʦʤʧʝʪʝʥʮʽʡ ʪʘ ʧʦʩʠʣʝʥʥʶ ʢʦʥʢʫʨʝʥʪʦʩʧʨʦʤʦʞʥʦʩʪʽ ʚʠʧʫʩʢʥʠʢʽʚ ʥʘ ʨʠʥʢʫ 

ʧʨʘʮʽ.  
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GENERATION OF GNSS GPS SIGNALS USING SDR TECHNOLOGY  

FOR TESTING GPS SATELLITE NAVIGATION RECEIVERS  

 

A variant of a hardware-software GNSS signal generator based on the HackRFOne SDR 

transceiver for testing GPS receivers in laboratory conditions is presented. The results of the 

presented research may be useful for developers of satellite radio navigation equipment. 

 

ʅʘ ʩʴʦʛʦʜʥʽʰʥʽʡ ʜʝʥʴ ʚ ʩʚʽʪʽ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʰʠʨʦʢʝ ʟʘʩʪʦʩʫʚʘʥʥʷ 

ʥʘʚʽʛʘʮʽʡʥʦʾ ʘʧʘʨʘʪʫʨʠ ʢʦʨʠʩʪʫʚʘʯʽʚ (ʅɸʂ) ʛʣʦʙʘʣʴʥʠʭ ʥʘʚʽʛʘʮʽʡʥʠʭ 

ʩʫʧʫʪʥʠʢʦʚʠʭ ʩʠʩʪʝʤ (ɻʅʉʉ) GPS, GLONASS, GALILEO, Beidou ʨʽʟʥʠʭ 

ʚʠʨʦʙʥʠʢʽʚ (U-Blox, SimCom, Locosys ʪʦʱʦ) ʚ ʨʽʟʥʠʭ ʩʬʝʨʘʭ ʜʽʷʣʴʥʦʩʪʽ 

ʣʶʜʠʥʠ: ʪʨʘʥʩʧʦʨʪ, ʧʨʦʤʠʩʣʦʚʽʩʪʴ, ʩʽʣʴʩʴʢʝ ʛʦʩʧʦʜʘʨʩʪʚʦ,  ʙʝʟʧʝʢʘ ʪʘ 

ʦʙʦʨʦʥʘ ʪʦʱʦ. ʊʦʤʫ ʟʘʜʘʯʘ ʩʪʚʦʨʝʥʥʷ ʥʝʜʦʨʦʛʠʭ ʧʨʠʩʪʨʦʾʚ ʛʝʥʝʨʫʚʘʥʥʷ 

ʩʠʛʥʘʣʽʚ ɻʅʉʉ ʜʣʷ ʪʝʩʪʫʚʘʥʥʷ ʚ ʣʘʙʦʨʘʪʦʨʥʠʭ, ʽ, ʥʘʚʽʪʴ, ʜʦʤʘʰʥʽʭ ʫʤʦʚʘʭ 

ʨʦʟʨʦʙʣʝʥʦʾ ʅɸʂ ʻ ʘʢʪʫʘʣʴʥʦʶ ʪʘ ʩʚʦʻʯʘʩʥʦʶ. ʉʫʯʘʩʥʝ ʧʨʦʬʝʩʽʡʥʝ 

ʦʙʣʘʜʥʘʥʥʷ ʜʣʷ ʪʝʩʪʫʚʘʥʥʷ ʅɸʇ ʚʦʣʦʜʽʻ ʰʠʨʦʢʠʤ ʬʫʥʢʮʽʦʥʘʣʦʤ ʽ ʜʦʟʚʦʣʷʻ 

ʦʜʥʦʯʘʩʥʦ ʬʦʨʤʫʚʘʪʠ ʪʝʩʪʦʚʽ ʩʠʛʥʘʣʠ ʢʽʣʴʢʦʭ ɻʅʉʉ, ʘʣʝ ʢʦʰʪʫʻ ʜʦʩʪʘʪʥʴʦ 

ʜʦʨʦʛʦ [1]. ɸʣʴʪʝʨʥʘʪʠʚʦʶ ʧʨʦʬʝʩʽʡʥʦʤʫ ʦʙʣʘʜʥʘʥʥʶ ʜʣʷ ʪʝʩʪʫʚʘʥʥʷ ʅɸʇ  ʻ 

ʬʦʨʤʫʚʘʯʽ ʩʠʛʥʘʣʽʚ ɻʅʉʉ ʥʘ ʙʘʟʽ ʪʝʭʥʦʣʦʛʽʾ ʧʨʦʛʨʘʤʥʦ-ʚʠʟʥʘʯʫʚʘʣʴʥʦʛʦ 

ʨʘʜʽʦ (SDR), ʪʨʘʥʩʠʚʝʨʠ ʷʢʦʾ ʥʘ ʜʘʥʠʡ ʤʦʤʝʥʪ ʯʘʩʫ ʥʘʣʽʯʫʶʪʴ ʜʦʩʪʘʪʥʴʦ 

ʰʠʨʦʢʫ ʥʦʤʝʥʢʣʘʪʫʨʫ ʤʦʜʝʣʝʡ: BladeRF, HackRF One, USRP, LimeSDR, 

PlutoSDR ʪʘ ʙʘʛʘʪʦ ʽʥʰʠʭ. ʊʘʢʽ  

SDR-ʪʨʘʥʩʠʚʝʨʠ ʜʦʟʚʦʣʷʶʪʴ ʬʦʨʤʫʚʘʪʠ ʚ ʜʽʘʧʘʟʦʥʘʭ ʉɺ, ʂɺ, ʋʂɺ 

ʨʘʜʽʦʩʠʛʥʘʣʠ ʙʫʜʴ-ʷʢʦʾ ʙʝʟʜʨʦʪʦʚʦʾ ʪʝʭʥʦʣʦʛʽʾ ʰʣʷʭʦʤ ʧʨʦʛʨʘʤʫʚʘʥʥʷ ʾʭ 

ʇʃɯʉ ʚʽʜʧʦʚʽʜʥʠʤ ʧʨʦʛʨʘʤʥʠʤ ʢʦʜʦʤ ʙʝʟ ʥʝʦʙʭʽʜʥʦʩʪʽ ʟʤʽʥ ʚ ʘʧʘʨʘʪʥʽʡ 

ʯʘʩʪʠʥʽ ʪʨʘʥʩʠʚʝʨʘ ʟ ʚʠʭʽʜʥʦʶ ʧʦʪʫʞʥʽʩʪʶ (ʙʝʟ ʟʘʩʪʦʩʫʚʘʥʥʷ ʧʽʜʩʠʣʶʚʘʯʘ 

ʧʦʪʫʞʥʦʩʪʽ) ʥʝ ʙʽʣʴʰʝ 15é20 ʜɹʤ. ɼʦʩʚʽʜ ʟʘʩʪʦʩʫʚʘʥʥʷ SDR-ʪʨʘʥʩʠʚʝʨʽʚ 

ʧʦʢʘʟʘʚ, ʱʦ ʥʘʡʙʽʣʴʰ ʧʨʦʩʪʠʤ ʪʘ ʫʥʽʚʝʨʩʘʣʴʥʠʤ ʻ ʬʦʨʤʫʚʘʥʥʷ ʪʝʩʪʦʚʠʭ 

ʩʠʛʥʘʣʽʚ ɻʅʉʉ GPS ʟʘ ʜʦʧʦʤʦʛʦʶ ʧʨʦʛʨʘʤʥʦʛʦ ʟʘʩʪʦʩʫʥʢʫ gps-sdr-sim, ʷʢʠʡ 

ʣʝʛʢʦ ʚʩʪʘʥʦʚʣʶʻʪʴʩʷ ʥʘ ʧʝʨʩʦʥʘʣʴʥʠʡ ʢʦʤʧôʶʪʝʨ ʟ ʦʧʝʨʘʮʽʡʥʦʶ ʩʠʩʪʝʤʦʶ 
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Ubuntu [2]. ʇʨʠ ʮʴʦʤʫ ʘʣʛʦʨʠʪʤ ʬʦʨʤʫʚʘʥʥʷ ʪʝʩʪʦʚʦʛʦ ʩʠʛʥʘʣʫ ʧʝʨʝʜʙʘʯʘʻ 

ʚʠʢʦʥʘʥʥʷ ʥʘʩʪʫʧʥʦʾ ʧʦʩʣʽʜʦʚʥʦʩʪʽ ʜʽʡ: 1) ʚʠʙʽʨ ʥʘ ʧʦʚʝʨʭʥʽ ʟʝʤʥʦʾ ʢʫʣʽ ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʢʘʨʪʦʛʨʘʬʽʯʥʦʛʦ ʩʝʨʚʽʩʫ Google Maps (ʘʙʦ ʙʫʜʴ-ʷʢʦʛʦ ʽʥʰʦʛʦ) 

ʪʦʯʢʠ ʽ ʟʯʠʪʫʚʘʥʥʷ ʾʾ ʛʝʦʛʨʘʬʽʯʥʠʭ ʢʦʦʨʜʠʥʘʪ (ʰʠʨʦʪʘ, ʜʦʚʛʦʪʘ, ʚʠʩʦʪʘ); 2) 

ʟʘʚʘʥʪʘʞʝʥʥʷ ʧʽʩʣʷ ʧʦʧʝʨʝʜʥʴʦʾ ʨʝʻʩʪʨʘʮʽʾ ʘʢʪʫʘʣʴʥʠʭ ʝʬʝʤʝʨʠʜ 

ʦʨʙʽʪʘʣʴʥʦʛʦ ʫʛʨʫʧʦʚʘʥʥʷ GPS ʟ ʩʘʡʪʫ NASA [3]; 3) ʬʦʨʤʫʚʘʥʥʷ ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʢʦʤʧʽʣʷʪʦʨʘ ʙʽʥʘʨʥʦʛʦ ʬʘʡʣʘ ʟ ʚʢʘʟʘʥʠʤʠ ʛʝʦʛʨʘʬʽʯʥʠʤʠ 

ʢʦʦʨʜʠʥʘʪʘʤʠ ʪʦʯʢʠ ʨʦʟʪʘʰʫʚʘʥʥʷ ʚʽʜʧʦʚʽʜʥʦʾ ʯʘʩʦʚʦʾ ʪʨʠʚʘʣʦʩʪʽ; 4) 

ʚʩʪʘʥʦʚʣʝʥʥʷ ʙʽʙʣʽʦʪʝʢʠ ʜʨʘʡʚʝʨʽʚ ʜʣʷ ʢʝʨʫʚʘʥʥʷ SDR-ʪʨʘʥʩʠʚʝʨʦʤ; 5) 

ʟʘʚʘʥʪʘʞʝʥʥʷ ʩʬʦʨʤʦʚʘʥʦʛʦ ʙʽʥʘʨʥʦʛʦ ʬʘʡʣʘ ʜʦ ʇʃɯʉ SDR-ʪʨʘʥʩʠʚʝʨʘ 

(ʨʠʩ.1). 

 

 

 

ʈʠʩ.1. ɸʣʛʦʨʠʪʤ ʬʦʨʤʫʚʘʥʥʷ ʪʝʩʪʦʚʠʭ ʩʠʛʥʘʣʽʚ  

ɻʅʉʉ GPS ʟʘ ʜʦʧʦʤʦʛʦʶ ʙʽʙʣʽʦʪʝʢʠ gps-sdr-sim. 

 

ʉʪʨʫʢʪʫʨʥʘ ʩʭʝʤʘ ʤʘʢʝʪʫ ʥʘ ʙʘʟʽ ʬʦʨʤʫʚʘʯʘ ʩʠʛʥʘʣʽʚ ɻʅʉʉ GPS ʱʦ 

ʙʫʣʘ ʚʠʢʦʨʠʩʪʘʥʘ ʧʨʠ ʧʨʦʚʝʜʝʥʥʽ ʪʝʩʪʫʚʘʥʥʷ GPS-ʧʨʠʡʤʘʯʽʚ ʧʦʢʘʟʘʥʘ ʥʘ 

ʨʠʩ.2. 

 

 

 

ʈʠʩ.2. ʉʪʨʫʢʪʫʨʥʘ ʩʭʝʤʘ ʤʘʢʝʪʫ ʜʣʷ ʪʝʩʪʫʚʘʥʥʷ ʅɸʂ ɻʅʉʉ GPS. 

 

ʇʨʠ ʧʨʦʚʝʜʝʥʥʽ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ ʟ ʬʦʨʤʫʚʘʥʥʷ 

ʩʠʛʥʘʣʽʚ ɻʅʉʉ GPS ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʦʥʣʘʡʥ-ʩʝʨʚʽʩʫ Google Maps ʙʫʣʦ 












































































































































































































































































































































































































































































