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ʉʽʤʥʘʜʮʷʪʽʡ ʤʽʞʥʘʨʦʜʥʽʡ ʥʘʫʢʦʚʦ-ʪʝʭʥʽʯʥʽʡ ʢʦʥʬʝʨʝʥʮʽʾ "ʇʝʨʩʧʝʢʪʠʚʠ 
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ʂʆʊ ʊ.ʄ. - Dr.-Eng., Solutions Architect, NVision Czech Republic, ʇʨʘʛʘ, ʏʝʭʽʷ; 
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ʋʈʀɺʉʔʂʀʁ ʃ.ʆ. - ʜ.ʪ.ʥ., ʧʨʦʬ.,  ʂʇɯ ʽʤ. ɯʛʦʨʷ ʉʽʢʦʨʩʴʢʦʛʦ, ʂʠʾʚ; 

ʌɽʃʔɼʄɸʅʅ ʄʘʨʽʫʩ - Dr.-Eng. Technical University of Dresden, ɼʨʝʟʜʝʥ, ʅʽʤʝʯʯʠʥʘ; 
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ʊʝʭʥʽʯʥʠʡ ʢʦʤʽʪʝʪ: 

ɼʫʣʷ ʖ.ɸ. ï ʛʦʣʦʚʥʠʡ ʙʫʭʛʘʣʪʝʨ ʅɼɯ ʊʂ. 
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 E-mail:  leonid_uic@ukr.net   

CONTINUATION OF THE CASE OF ACADEMICIAN  

GLUSHKOV V.M. IN THE DEVELOPMENT OF MODERN INFORMATION & 

COMMUNICATION TECHNOLOGIES  

The outstanding contribution of Academician Glushkov V.M. into the theory and practice 

of creating automated control systems on a national scale makes the achievements of a scientist 

and organizer of science relevant and important. Significant achievements, promising 

developments, recognized scientific schools of Igor Sikorsky Kyiv Polytechnic Institute in the 

most important areas of fundamental and applied scientific research in the field of information 

technology were noted. The leader of the implementation of current and promising developments 

and achievements in the information and telecommunication sphere in our university is ES ITS. 

ʅʝʤʦʞʣʠʚʦ ʧʝʨʝʦʮʽʥʠʪʠ ʪʫ ʩʧʘʜʱʠʥʫ, ʷʢʫ ʟʘʣʠʰʠʚ ʫ ʚʽʪʯʠʟʥʷʥʽʡ ʪʘ 

ʩʚʽʪʦʚʽʡ ʥʘʫʮʽ ʪʘ ʪʝʭʥʽʮʽ ʘʢʘʜʝʤʽʢ ɺ.ʄ. ɻʣʫʰʢʦʚ [1], 100-ʨʽʯʯʷ ʽʟ ʜʥʷ 

ʥʘʨʦʜʞʝʥʥʷ ʷʢʦʛʦ ʟʫʩʪʨʽʯʘʻ ʫ ʮʴʦʤʫ ʨʦʮʽ ʚʩʝʩʚʽʪʥʷ ʥʘʫʢʦʚʘ ʩʧʽʣʴʥʦʪʘ. ɿʘ 

ʩʧʨʘʚʝʜʣʠʚʠʤ ʚʠʩʣʦʚʦʤ ʘʢʘʜʝʤʽʢʘ ɯ.ɺ. ʉʝʨʛʽʻʥʢʘ [2-3], ʤʠ ʷʩʥʦ ʙʘʯʠʤʦ, ʱʦ 

ɺ.ʄ. ɻʣʫʰʢʦʚ ʥʘʙʘʛʘʪʦ ʨʘʥʽʰʝ ʚʽʜ ʙʽʣʴʰʦʩʪʽ ʩʚʦʾʭ ʢʦʣʝʛ ʟʫʤʽʚ ʦʮʽʥʠʪʠ 

ʚʘʞʣʠʚʽʩʪʴ ʪʘ ʧʝʨʩʧʝʢʪʠʚʥʽʩʪʴ ʚʠʢʦʨʠʩʪʘʥʥʷ ʢʦʤʧ'ʶʪʝʨʠʟʦʚʘʥʠʭ ʩʠʩʪʝʤ 

ʫʧʨʘʚʣʽʥʥʷ ʪʘ ʤʦʜʝʣʶʚʘʥʥʷ ʫ ʨʽʟʥʦʤʘʥʽʪʥʠʭ ʩʬʝʨʘʭ ʝʢʦʥʦʤʽʢʠ ʢʨʘʾʥʠ. ʉʘʤʝ 

ʚʠʜʘʪʥʠʡ ʚʥʝʩʦʢ ʫ ʪʝʦʨʽʶ ʪʘ ʧʨʘʢʪʠʢʫ ʩʪʚʦʨʝʥʥʷ ʘʚʪʦʤʘʪʠʟʦʚʘʥʠʭ ʩʠʩʪʝʤ 

ʫʧʨʘʚʣʽʥʥʷ ʜʝʨʞʘʚʥʦʛʦ ʤʘʩʰʪʘʙʫ ʨʦʙʠʪʴ ʘʢʪʫʘʣʴʥʠʤʠ ʪʘ ʚʘʞʣʠʚʠʤʠ 

ʜʦʩʷʛʥʝʥʥʷ ʚʯʝʥʦʛʦ ʪʘ ʦʨʛʘʥʽʟʘʪʦʨʘ ʥʘʫʢʠ.  

ʇʽʜ ʡʦʛʦ ʢʝʨʽʚʥʠʮʪʚʦʤ ʫ 1966 ʨ. ʙʫʣʘ ʨʦʟʨʦʙʣʝʥʘ ʧʝʨʰʘ ʧʝʨʩʦʥʘʣʴʥʘ 

ʝʣʝʢʪʨʦʥʥʦ-ʦʙʯʠʩʣʶʚʘʣʴʥʘ ʤʘʰʠʥʘ (ɽʆʄ) çʄʀʈ-1è ʷʢ ʩʧʝʮʽʘʣʽʟʦʚʘʥʘ 

ʦʙʯʠʩʣʶʚʘʣʴʥʘ ʤʘʰʠʥʘ (ʧʨʦʦʙʨʘʟ ʢʦʤʧôʶʪʝʨʘ) ʜʣʷ ʽʥʞʝʥʝʨʥʠʭ ʨʦʟʨʘʭʫʥʢʽʚ 

[1,3].  

ʋ 1973 ʨ. ɺ.ʄ. ɻʣʫʰʢʦʚ ʧʽʜʪʨʠʤʘʚ ʽ ʨʦʟʚʠʥʫʚ ʨʝʚʦʣʶʮʽʡʥʫ ʽʜʝʶ 

ʩʪʚʦʨʝʥʥʷ ʤʝʨʝʞʽ ɽʆʄ ʟ ʧʘʢʝʪʥʦʶ ʢʦʤʫʪʘʮʽʻʶ ʢʘʥʘʣʽʚ ʥʘ ʦʩʥʦʚʽ 

ʨʘʜʽʦʢʘʥʘʣʽʚ, ʱʦ ʜʦʟʚʦʣʠʣʦ ʦʙ'ʻʜʥʫʚʘʪʠ ʥʘ ʨʽʚʥʦʧʨʘʚʥʽʡ ʦʩʥʦʚʽ ʚʝʣʠʢʽ ɽʆʄ 

ʪʘ ʚʽʜʜʘʣʝʥʽ ʪʝʨʤʽʥʘʣʠ ʥʘ ʧʣʦʱʽ ʜʝʩʷʪʢʠ ʢʚʘʜʨʘʪʥʠʭ ʢʽʣʦʤʝʪʨʽʚ [4]. 

ʋ ʩʫʯʘʩʥʦʤʫ ʩʚʽʪʽ ʧʨʦʩʪʽʨ ʪʝʣʝʢʦʤʫʥʽʢʘʮʽʡ ʧʝʨʝʞʠʚʘʻ ʝʧʦʭʫ ʙʫʨʭʣʠʚʦʾ 

ʝʚʦʣʶʮʽʾ, ʧʦʪʝʥʮʽʘʣ ʷʢʦʾ ʥʘʢʦʧʠʯʫʚʘʚʩʷ ʧʨʦʪʷʛʦʤ ʦʩʪʘʥʥʽʭ ʪʨʴʦʭ ʜʝʩʷʪʠʣʽʪʴ. 

ʊʘʢʘ ʝʚʦʣʶʮʽʷ ʧʨʦʷʚʣʷʻʪʴʩʷ ʫ ʢʽʣʴʢʦʭ ʚʘʞʣʠʚʠʭ ʥʘʧʨʷʤʘʭ.  

ɻʦʣʦʚʥʠʤ ʽʟ ʮʠʭ ʥʘʧʨʷʤʽʚ ʩʣʽʜ ʚʚʘʞʘʪʠ ʪʝʥʜʝʥʮʽʶ ʜʦ ʟʣʠʪʪʷ ʨʘʥʽʰʝ 

ʥʝʟʘʣʝʞʥʠʭ ʦʜʠʥ ʚʽʜ ʦʜʥʦʛʦ ʪʝʭʥʦʣʦʛʽʡ: ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʪʘ ʢʦʤʫʥʽʢʘʮʽʡʥʠʭ.  
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ɸʢʘʜʝʤʽʢʫ ɺ.ʄ. ɻʣʫʰʢʦʚʫ ʥʘʣʝʞʠʪʴ ʚʦʽʩʪʠʥʫ ʧʨʦʨʦʯʝ ʚʠʩʣʦʚʣʶʚʘʥʥʷ 

(1982 ʨ.): çɹʝʟʧʘʧʝʨʦʚʘ ʽʥʬʦʨʤʘʪʠʢʘ ʨʦʟʚʠʚʘʻʪʴʩʷ ʚʠʢʣʶʯʥʦ ʰʚʠʜʢʠʤʠ 

ʪʝʤʧʘʤʠ <é>. ɿʨʦʱʫʚʘʥʥʷ ʟʘʩʦʙʽʚ ʪʝʣʝʢʦʤʫʥʽʢʘʮʽʡ ʟ ʤʘʰʠʥʥʦʶ 

ʽʥʬʦʨʤʘʪʠʢʦʶ (ʱʦ ʨʝʘʣʽʟʫʻʪʴʩʷ ʚ ʤʝʨʝʞʘʭ ɽʆʄ ʪʘ ɺʎ ʟ ʚʽʜʜʘʣʝʥʠʤʠ 

ʪʝʨʤʽʥʘʣʘʤʠ) ʚʞʝ ʧʨʠʟʚʝʣʦ ʜʦ ʧʦʷʚʠ ʥʦʚʦʛʦ ʪʝʨʤʽʥʫ ʪʝʣʝʤʘʪʠʢʘ. ʅʘʡʙʽʣʴʰ 

ʟʘʚʟʷʪʽ ʘʧʦʣʦʛʝʪʠ ʪʝʣʝʤʘʪʠʢʠ ʧʨʦʨʦʢʫʶʪʴ, ʱʦ ʚʞʝ ʥʝʜʘʣʝʢʠʡ ʪʦʡ ʜʝʥʴ, ʢʦʣʠ 

ʟʥʠʢʥʫʪʴ ʟʚʠʯʘʡʥʽ ʢʥʠʛʠ, ʛʘʟʝʪʠ ʪʘ ʞʫʨʥʘʣʠ. ʅʘʪʦʤʽʩʪʴ ʢʦʞʥʘ ʣʶʜʠʥʘ ʙʫʜʝ 

ʥʦʩʠʪʠ ʟ ʩʦʙʦʶ çʝʣʝʢʪʨʦʥʥʠʡè ʙʣʦʢʥʦʪ, ʱʦ ʻ ʢʦʤʙʽʥʘʮʽʻʶ ʧʣʦʩʢʦʛʦ ʜʠʩʧʣʝʷ 

ʟ ʤʽʥʽʘʪʶʨʥʠʤ ʨʘʜʽʦʧʝʨʝʜʘʚʘʯʝʤ. ʅʘʙʠʨʘʶʯʠ ʥʘ ʢʣʘʚʽʘʪʫʨʽ ʮʴʦʛʦ ʙʣʦʢʥʦʪʫ 

ʧʦʪʨʽʙʥʠʡ ʢʦʜ, ʤʦʞʥʘ (ʧʝʨʝʙʫʚʘʶʯʠ ʚ ʙʫʜʴ-ʷʢʦʤʫ ʤʽʩʮʽ ʥʘ ʥʘʰʽʡ ʧʣʘʥʝʪʽ), 

ʚʠʢʣʠʢʘʪʠ ʟ ʛʽʛʘʥʪʩʴʢʠʭ ʢʦʤʧ'ʶʪʝʨʥʠʭ ʙʘʟ ʜʘʥʠʭ, ʧʦʚ'ʷʟʘʥʠʭ ʫ ʤʝʨʝʞʽ, ʙʫʜʴ-

ʷʢʽ ʪʝʢʩʪʠ, ʟʦʙʨʘʞʝʥʥʷ (ʫ ʪʦʤʫ ʯʠʩʣʽ ʽ ʜʠʥʘʤʽʯʥʽ), ʷʢʽ ʽ ʟʘʤʽʥʷʪʴ ʥʝ ʪʽʣʴʢʠ 

ʩʫʯʘʩʥʽ ʢʥʠʛʠ, ʞʫʨʥʘʣʠ ʪʘ ʛʘʟʝʪʠ, ʘʣʝ ʡ ʩʫʯʘʩʥʽ ʪʝʣʝʚʽʟʦʨʠ. ʇʨʦʛʨʝʩ 

ʝʣʝʢʪʨʦʥʥʦʾ ʪʝʭʥʦʣʦʛʽʾ, ʤʘʰʠʥʥʦʾ ʽʥʬʦʨʤʘʪʠʢʠ ʪʘ ʪʝʣʝʤʘʪʠʢʠ ʚʽʜʙʫʚʘʻʪʴʩʷ 

ʥʘʩʪʽʣʴʢʠ ʙʫʨʭʣʠʚʠʤʠ ʪʝʤʧʘʤʠ, ʱʦ ʬʘʥʪʘʩʪʠʢʘ ʫ ʮʽʡ ʛʘʣʫʟʽ ʩʪʘʻ ʨʝʘʣʴʥʽʩʪʶ 

ʙʫʢʚʘʣʴʥʦ ʥʘ ʥʘʰʠʭ ʦʯʘʭè [5]. 

ʋ ʩʫʯʘʩʥʽʡ ʧʨʘʢʪʠʮʽ ʪʝʨʤʽʥ çʪʝʣʝʤʘʪʠʢʘè (ʪʝʣʝʢʦʤʫʥʽʢʘʮʽʾ + 

ʽʥʬʦʨʤʘʪʠʢʘ) ʥʘʡʯʘʩʪʽʰʝ ʚʞʠʚʘʻʪʴʩʷ ʫ ʢʦʥʩʪʨʫʢʮʽʾ çʽʥʬʦʢʦʤʫʥʽʢʘʮʽʾè 

(ʽʥʬʦʨʤʘʪʠʢʘ + ʪʝʣʝʢʦʤʫʥʽʢʘʮʽʾ).  

ʇʨʷʤʠʤ ʧʨʦʜʦʚʞʝʥʥʷʤ ʩʧʨʘʚʠ, ʨʦʟʧʦʯʘʪʦʾ ʘʢʘʜʝʤʽʢʦʤ ɺ.ʄ. ɻʣʫʰʢʦʚʠʤ. 

ʻ ʩʫʯʘʩʥʽ ʽʥʬʦʢʦʤʫʥʽʢʘʮʽʡʥʽ ʩʪʨʘʪʝʛʽʾ ʽ ʪʝʭʥʦʣʦʛʽʾ, ʧʦʚ'ʷʟʘʥʽ ʟ ʨʝʘʣʽʟʘʮʽʻʶ ʚ 

ʋʢʨʘʾʥʽ ʛʣʦʙʘʣʴʥʦʾ ʢʦʥʮʝʧʮʽʾ ʨʦʟʚʠʪʢʫ ʽʥʬʦʨʤʘʮʽʡʥʦʛʦ ʩʫʩʧʽʣʴʩʪʚʘ [6-8].  

ɺʽʜʧʦʚʽʜʥʦ ʜʦ ʆʢʽʥʘʚʩʴʢʦʾ ʍʘʨʪʽʾ ʛʣʦʙʘʣʴʥʦʛʦ ʽʥʬʦʨʤʘʮʽʡʥʦʛʦ 

ʩʫʩʧʽʣʴʩʪʚʘ [9], ʽʥʬʦʨʤʘʮʽʡʥʦ-ʢʦʤʫʥʽʢʘʮʽʡʥʽ ʪʝʭʥʦʣʦʛʽʾ (ɯʂʊ) ʻ ʦʜʥʠʤ ʽʟ 

ʥʘʡʚʘʞʣʠʚʽʰʠʭ ʬʘʢʪʦʨʽʚ, ʱʦ ʚʧʣʠʚʘʶʪʴ ʥʘ ʬʦʨʤʫʚʘʥʥʷ ʩʫʩʧʽʣʴʩʪʚʘ ʜʚʘʜʮʷʪʴ 

ʧʝʨʰʦʛʦ ʩʪʦʣʽʪʪʷ. ɰʭ ʨʝʚʦʣʶʮʽʡʥʠʡ ʚʧʣʠʚ ʩʪʦʩʫʻʪʴʩʷ ʩʧʦʩʦʙʫ ʞʠʪʪʷ ʣʶʜʝʡ, 

ʭʾʥʴʦʾ ʦʩʚʽʪʠ ʪʘ ʨʦʙʦʪʠ, ʘ ʪʘʢʦʞ ʚʟʘʻʤʦʜʽʾ ʫʨʷʜʫ ʪʘ ʛʨʦʤʘʜʷʥʩʴʢʦʛʦ 

ʩʫʩʧʽʣʴʩʪʚʘ.  

ʂʦʞʥʘ ʣʶʜʠʥʘ ʧʦʚʠʥʥʘ ʤʘʪʠ ʤʦʞʣʠʚʽʩʪʴ ʜʦʩʪʫʧʫ ʜʦ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʪʘ 

ʢʦʤʫʥʽʢʘʮʽʡʥʠʭ ʤʝʨʝʞ.  

ʂʣʶʯʦʚʦʶ ʩʢʣʘʜʦʚʦʶ ʮʽʻʾ ʩʪʨʘʪʝʛʽʾ ʤʘʻ ʩʪʘʪʠ ʙʝʟʧʝʨʝʨʚʥʠʡ ʨʫʭ ʫ 

ʥʘʧʨʷʤʢʫ ʟʘʛʘʣʴʥʦʛʦ ʜʦʩʪʫʧʫ ʜʣʷ ʚʩʽʭ. ʊʦʤʫ ʥʘʡʙʽʣʴʰ ʜʠʥʘʤʽʯʥʦ ʨʦʟʚʠʥʫʪʦʶ 

ʛʽʣʢʦʶ ʩʫʯʘʩʥʠʭ ʢʦʤʫʥʽʢʘʮʽʡ ʩʪʘʚ ɯʥʪʝʨʥʝʪ ʷʢ ʚʝʨʰʠʥʘ çʙʝʟʧʘʧʝʨʦʚʦʾ 

ʽʥʬʦʨʤʘʪʠʢʠè.  

ɯʥʪʝʨʥʝʪ ʚ ʥʘʰ ʯʘʩ ʧʝʨʝʪʚʦʨʠʚʩʷ ʥʘ ʦʜʠʥ ʽʟ ʢʣʶʯʦʚʠʭ ʝʣʝʤʝʥʪʽʚ 

ʣʶʜʩʴʢʦʛʦ ʞʠʪʪʷ. ʉʴʦʛʦʜʥʽ ʚʽʥ ʻ ʰʠʨʦʢʦ ʜʦʩʪʫʧʥʠʤ ʥʘ ʩʤʘʨʪʬʦʥʘʭ ʪʘ ʽʥʰʠʭ 

ʤʦʙʽʣʴʥʠʭ ʧʨʠʩʪʨʦʷʭ.  

ʋ 2022 ʨʦʮʽ [10] ʽʥʪʝʨʥʝʪ ʚʠʢʦʨʠʩʪʦʚʫʚʘʚʩʷ ʧʝʨʝʚʘʞʥʦ ʜʣʷ ʩʧʽʣʢʫʚʘʥʥʷ ʟ 

ʽʥʰʠʤʠ ʣʶʜʴʤʠ, ʥʘʜʩʠʣʘʥʥʷ/ʦʪʨʠʤʘʥʥʷ ʝʣʝʢʪʨʦʥʥʠʭ ʣʠʩʪʽʚ (77%), ʦʙʤʽʥʫ 

ʤʠʪʪʻʚʠʤʠ ʧʦʚʽʜʦʤʣʝʥʥʷʤʠ (72%), ʧʦʰʫʢʫ ʽʥʬʦʨʤʘʮʽʾ ʧʨʦ ʪʦʚʘʨʠ ʪʘ ʧʦʩʣʫʛʠ 

(70%), ʟʜʽʡʩʥʝʥʥʷ ʛʦʣʦʩʦʚʠʭ ʯʠ ʚʽʜʝʦʜʟʚʽʥʢʽʚ (66%) ʽ ʧʝʨʝʛʣʷʜʫ ʧʦʪʦʢʦʚʦʛʦ 

ʪʝʣʝʙʘʯʝʥʥʷ ʯʠ ʚʽʜʝʦ ʦʥʣʘʡʥ (65%). 

ʅʘ ʨʽʚʥʽ ɭʉ ʫ 2022 ʨʦʮʽ 24% ʦʪʨʠʤʫʚʘʣʠ ʜʦʩʪʫʧ ʜʦ ʦʩʦʙʠʩʪʠʭ ʤʝʜʠʯʥʠʭ 

ʟʘʧʠʩʽʚ ʦʥʣʘʡʥ ʪʘ ʱʝ 18% ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠ ʽʥʪʝʨʥʝʪ, ʘʙʠ ʦʪʨʠʤʘʪʠ ʜʦʩʪʫʧ ʜʦ 
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ʽʥʰʠʭ ʤʝʜʠʯʥʠʭ ʧʦʩʣʫʛ ʯʝʨʝʟ web-ʩʘʡʪ ʘʙʦ ʟʘʩʪʦʩʫʥʦʢ ʟʘʤʽʩʪʴ ʪʦʛʦ, ʱʦʙ ʡʪʠ 

ʜʦ ʣʽʢʘʨʥʽ ʯʠ ʚʽʜʚʽʜʫʚʘʪʠ ʧʨʠʚʘʪʥʦʛʦ ʣʽʢʘʨʷ. 

ʋʢʨʘʾʥʘ, ʥʘʩʣʽʜʫʶʯʠ ʛʣʦʙʘʣʴʥʽ ʪʝʥʜʝʥʮʽʾ, ʨʦʟʚʠʚʘʻ ʽʥʬʦʢʦʤʫʥʽʢʘʮʽʡʥʽ 

ʪʝʭʥʦʣʦʛʽʾ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʥʦʚʽʪʥʽʭ ʩʚʽʪʦʚʠʭ ʜʦʩʷʛʥʝʥʴ.  

ʉʪʨʫʢʪʫʨʘ ʜʦʭʦʜʽʚ ʚʽʜ ʥʘʜʘʥʥʷ ʧʦʩʣʫʛ ʪʝʣʝʢʦʤʫʥʽʢʘʮʽʡ ʚ ʋʢʨʘʾʥʽ 

ʚʽʜʧʦʚʽʜʘʻ ʩʚʽʪʦʚʠʤ ʪʝʥʜʝʥʮʽʷʤ (ʨʠʩ. 1) [11]. 

 
 

ʈʠʩ.1. ʉʪʨʫʢʪʫʨʘ ʜʦʭʦʜʽʚ ʚʽʜ ʥʘʜʘʥʥʷ ʧʦʩʣʫʛ ʪʝʣʝʢʦʤʫʥʽʢʘʮʽʡ ʚ ʋʢʨʘʾʥʽ  

2002-2021 ʨ.ʨ. 

 

ɿʘ ʢʽʣʴʢʽʩʪʶ ʢʦʨʠʩʪʫʚʘʯʽʚ ɯʥʪʝʨʥʝʪʫ ʋʢʨʘʾʥʘ ʧʦʩʽʜʘʻ ʛʽʜʥʝ ʤʽʩʮʝ ʫ ʩʚʽʪʽ 

[12] (ʊʘʙʣʠʮʷ 1), ʟʦʢʨʝʤʘ, ʟʘ ʚʽʜʩʦʪʢʦʤ ʢʦʨʠʩʪʫʚʘʯʽʚ ʚʽʜ ʟʘʛʘʣʴʥʦʾ 

ʯʠʩʝʣʴʥʦʩʪʽ ʥʘʩʝʣʝʥʥʷ. 
 

ʊʘʙʣʠʮʷ 1. ʉʚʽʪʦʚʘ ʩʪʘʪʠʩʪʠʢʘ ʢʦʨʠʩʪʫʚʘʯʽʚ ɯʥʪʝʨʥʝʪʫ 

 ʩʪʘʥʦʤ ʥʘ ʪʨʘʚʝʥʴ 2022 ʨʦʢʫ. 

ʂʨʘʾʥʘ 
ʂʦʨʠ 

ʩʪʫʚʘʯʽʚ ɯʥʪʝʨʥʝʪʫ, ʤʣʥ. 

ɺʽʜʩʦʪʦʢ 

ʥʘʩʝʣʝʥʥʷ 

ʂʠʪʘʡ 1010,7 69,8 

ɯʥʜʽʷ 833,7 59,5 

ʉʐɸ 312,3 93,4 

ʗʧʦʥʽʷ 118,6 93,3 

ʅʽʤʝʯʯʠʥʘ 79,1 94,0 

ʋʢʨʘʾʥʘ 40,9 94,5 

 

ɹʫʜʫʯʠ ʤʘʪʝʤʘʪʠʢʦʤ ʟʘ ʦʩʚʽʪʦʶ, ɺ.ʄ. ɻʣʫʰʢʦʚ ʚʠʷʚʠʚ ʨʘʟʶʯʫ 

ʧʨʦʟʦʨʣʠʚʽʩʪʴ ʫ ʩʢʣʘʜʥʠʭ ʧʠʪʘʥʥʷʭ ʫʧʨʘʚʣʽʥʥʷ ʝʢʦʥʦʤʽʢʦʶ. ʊʦʤʫ ʥʝ ʤʝʥʰ 

ʚʘʞʣʠʚʦʶ ʩʪʨʘʪʝʛʽʯʥʦʶ ʪʝʥʜʝʥʮʽʻʶ ʻ ʧʝʨʝʜʙʘʯʝʥʠʡ ɺ.ʄ. ɻʣʫʰʢʦʚʠʤ 

ʚʟʘʻʤʦʟʚ'ʷʟʦʢ ʽʥʬʦʨʤʘʪʠʢʠ ʪʘ ʝʢʦʥʦʤʽʢʠ, ʱʦ ʧʨʦʷʚʣʷʻʪʴʩʷ ʚ ʫʤʦʚʘʭ ʜʠʥʘʤʽʢʠ 

ʽʥʬʦʨʤʘʮʽʡʥʦʛʦ ʩʫʩʧʽʣʴʩʪʚʘ ʚ ʩʠʥʭʨʦʥʥʦʤʫ ʨʦʟʚʠʪʢʫ ʝʢʦʥʦʤʽʢʠ ʪʘ 

ʝʣʝʢʪʨʦʥʥʠʭ ʢʦʤʫʥʽʢʘʮʽʡ.  
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ʈʦʟʚʠʪʦʢ ʢʦʥʮʝʧʮʽʾ ʧʦʙʫʜʦʚʠ çʽʥʬʦʨʤʘʮʽʡʥʦʛʦ ʩʫʩʧʽʣʴʩʪʚʘè, ʫ ʷʢʽʡ 

ʛʦʣʦʚʥʠʤʠ ʧʨʦʜʫʢʪʘʤʠ ʚʠʨʦʙʥʠʮʪʚʘ ʩʪʘʶʪʴ ʽʥʬʦʨʤʘʮʽʷ ʪʘ ʟʥʘʥʥʷ, 

ʥʝʤʦʞʣʠʚʝ ʙʝʟ ʥʘʫʢʦʚʠʭ ʥʦʚʘʮʽʡ ʫ ʛʘʣʫʟʽ ʪʝʦʨʽʾ ʽʥʬʦʨʤʘʮʽʾ.  

ʈʝʘʣʴʥʠʤ ʚʽʜʦʙʨʘʞʝʥʥʷʤ ʚʪʽʣʝʥʥʷ ʟʛʘʜʘʥʦʾ ʢʦʥʮʝʧʮʽʾ ʻ ʧʨʦʮʝʩʠ, 

ʦʙ'ʻʜʥʘʥʽ ʧʦʥʷʪʪʷʤ çʽʥʬʦʨʤʘʪʠʟʘʮʽʷè ʪʘ ʩʧʨʷʤʦʚʘʥʽ ʥʘ ʧʦʙʫʜʦʚʫ ʪʘ ʨʦʟʚʠʪʦʢ 

ʢʦʤʫʥʽʢʘʮʽʡʥʦʾ ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ, ʱʦ ʧʦʻʜʥʫʻ ʪʝʨʠʪʦʨʽʘʣʴʥʦ ʨʦʟʧʦʜʽʣʝʥʽ 

ʽʥʬʦʨʤʘʮʽʡʥʽ ʨʝʩʫʨʩʠ.  

ʋ ʩʚʽʪʦʚʦʤʫ ʽʥʬʦʨʤʘʮʽʡʥʦʤʫ ʧʨʦʩʪʦʨʽ ʩʪʘʣʦ ʨʦʟʚʽʚʘʶʪʴʩʷ ʮʽʣʠʡ ʩʧʝʢʪʨ 

ʥʦʚʽʪʥʽʭ ʪʝʭʥʦʣʦʛʽʡ ʽ ʧʦʚôʷʟʘʥʠʭ ʽʟ ʮʠʤ ʟʘʩʪʦʩʫʚʘʥʴ [7]: 

ï ʚʧʨʦʚʘʜʞʝʥʥʷ 5G; 

ï ʨʦʟʚʠʪʦʢ ɯʥʪʝʨʥʝʪʫ ʨʝʯʝʡ (IoT);  

ï ʽʥʬʦʨʤʘʮʽʡʥʦ-ʢʦʤʫʥʽʢʘʮʽʡʥʽ ʪʝʭʥʦʣʦʛʽʾ ʚ ʧʨʦʮʝʩʘʭ çɯʥʜʫʩʪʨʽʘʣʽʟʘʮʽʾ 

4.0è; 

ï ʨʦʟʚʠʪʦʢ ʥʝʡʨʦʥʥʠʭ ʤʝʨʝʞ ʪʘ ʰʪʫʯʥʦʛʦ ʽʥʪʝʣʝʢʪʫ. 

ɿ 22 ʪʨʘʚʥʷ 2019 ʨ. ʚ ʋʢʨʘʾʥʽ ʟʘʧʨʘʮʶʚʘʣʘ ʩʠʩʪʝʤʘ ʝʣʝʢʪʨʦʥʥʦʾ 

ʚʟʘʻʤʦʜʽʾ çʊʨʝʤʙʽʪʘè. 125 ʜʝʨʞʘʚʥʠʭ ʧʦʩʣʫʛ ʜʦʩʪʫʧʥʽ ʥʘ ʫʨʷʜʦʚʦʤʫ ʧʦʨʪʘʣʽ 

ʪʘ ʧʦʚʥʽʩʪʶ ʘʚʪʦʤʘʪʠʟʦʚʘʥʽ. ɼʝʨʞʘʚʥʽ ʟʘʢʫʧʽʚʣʽ, ʧʨʠʚʘʪʠʟʘʮʽʷ, ʟʚʽʪʠ ʧʨʦ 

ʪʝʭʥʽʯʥʫ ʜʦʧʦʤʦʛʫ ʪʘ ʜʝʨʞʧʽʜʧʨʠʻʤʩʪʚʘ ï ʫʩʽ ʮʽ ʧʦʩʣʫʛʠ ʜʦʩʪʫʧʥʽ ʦʥʣʘʡʥ ʜʣʷ 

ʢʦʞʥʦʛʦ ʫʢʨʘʾʥʮʷ.  

çʅʘʰʘ ʤʝʪʘ ï ʢʨʘʾʥʘ ʚ ʩʤʘʨʪʬʦʥʽè, ï ʩʢʘʟʘʚ ʧʨʝʟʠʜʝʥʪ ɺ. ɿʝʣʝʥʩʴʢʠʡ 

[13].  

ʋ 2020 ʨʦʮʽ ʦʬʽʮʽʡʥʦ ʟʘʧʫʱʝʥʦ ʤʦʙʽʣʴʥʠʡ ʟʘʩʪʦʩʫʥʦʢ, ʚʝʙʧʦʨʪʘʣ ʽ 

ʙʨʝʥʜ ʮʠʬʨʦʚʦʾ ʜʝʨʞʘʚʠ ʚ ʋʢʨʘʾʥʽ, ʨʦʟʨʦʙʣʝʥʠʡ ʄʽʥʽʩʪʝʨʩʪʚʦʤ ʮʠʬʨʦʚʦʾ 

ʪʨʘʥʩʬʦʨʤʘʮʽʾ ʋʢʨʘʾʥʠ ï çɼʽʷè (ʩʢʦʨʦʯʝʥʥʷ ʚʽʜ çɼʝʨʞʘʚʘ ʽ ʷè) . 

ɼʦ 2024 ʨʦʢʫ 75% ʥʘʩʝʣʝʥʥʷ ʧʦʚʠʥʥʽ ʤʘʪʠ ʤʦʞʣʠʚʽʩʪʴ ʢʦʨʠʩʪʫʚʘʪʠʩʷ 

ʥʘʜʽʡʥʠʤʠ ʪʘ ʙʝʟʧʝʯʥʠʤʠ ʟʘʩʦʙʘʤʠ eID, ʘʜʞʝ ʧʦʥʘʜ 90% ʜʝʨʞʘʚʥʠʭ ʩʣʫʞʙ 

ʢʨʘʾʥʠ ʧʨʘʮʶʚʘʪʠʤʝ ʦʥʣʘʡʥ [14].  

ʆʜʥʠʤ ʽʟ ʘʢʪʠʚʥʠʭ ʫʯʘʩʥʠʢʽʚ ʧʨʦʮʝʩʫ ʨʦʟʚʠʪʢʫ ʩʫʯʘʩʥʠʭ 

ʪʝʣʝʢʦʤʫʥʽʢʘʮʽʡʥʠʭ ʩʪʨʘʪʝʛʽʡ ʻ ʅʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʋʢʨʘʾʥʠ 

çʂʠʾʚʩʴʢʠʡ ʧʦʣʽʪʝʭʥʽʯʥʠʡ ʽʥʩʪʠʪʫʪ ʽʤʝʥʽ ɯʛʦʨʷ ʉʽʢʦʨʩʴʢʦʛʦè, ʷʢʠʡ ʤʘʻ ʟʥʘʯʥʽ 

ʟʜʦʙʫʪʢʠ, ʧʝʨʩʧʝʢʪʠʚʥʽ ʨʦʟʨʦʙʢʠ, ʚʠʟʥʘʥʽ ʥʘʫʢʦʚʽ ʰʢʦʣʠ ʟ ʥʘʡʚʘʞʣʠʚʽʰʠʭ 

ʥʘʧʨʷʤʽʚ ʬʫʥʜʘʤʝʥʪʘʣʴʥʠʭ ʪʘ ʧʨʠʢʣʘʜʥʠʭ ʥʘʫʢʦʚʠʭ ʜʦʩʣʽʜʞʝʥʴ ʫ ʛʘʣʫʟʽ 

ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʪʝʭʥʦʣʦʛʽʡ: 

ï ʩʫʯʘʩʥʽ ʤʝʪʦʜʠ ʦʙʨʦʙʢʠ ʽʥʬʦʨʤʘʮʽʾ, ʧʨʠʥʮʠʧʠ ʧʦʙʫʜʦʚʠ 

ʚʠʩʦʢʦʧʨʦʜʫʢʪʠʚʥʠʭ ʦʙʯʠʩʣʶʚʘʣʴʥʠʭ ʩʠʩʪʝʤ ʪʘ ʤʝʨʝʞ, ʧʝʨʩʧʝʢʪʠʚʥʽ 

ʽʥʬʦʨʤʘʮʽʡʥʽ ʪʝʭʥʦʣʦʛʽʾ ʦʙʨʦʙʢʠ ʽʥʬʦʨʤʘʮʽʾ, ʜʽʘʛʥʦʩʪʠʢʠ ʪʘ ʫʧʨʘʚʣʽʥʥʷ ʫ 

ʩʢʣʘʜʥʠʭ ʦʨʛʘʥʽʟʘʮʽʡʥʦ-ʪʝʭʥʽʯʥʠʭ ʩʠʩʪʝʤʘʭ;  

ï ʘʧʘʨʘʪʥʝ, ʤʘʪʝʤʘʪʠʯʥʝ ʪʘ ʧʨʦʛʨʘʤʥʝ ʟʘʙʝʟʧʝʯʝʥʥʷ ʮʠʬʨʦʚʠʭ ʩʠʩʪʝʤ ʫ 

ʩʫʯʘʩʥʠʭ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʪʝʭʥʦʣʦʛʽʷʭ, ʤʝʪʦʜʦʣʦʛʽʷ ʪʘ ʤʝʪʦʜʠ ʧʦʙʫʜʦʚʠ 

ʽʥʪʝʣʝʢʪʫʘʣʽʟʦʚʘʥʠʭ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ï ʪʘ ʤʝʨʝʞʥʠʭ ʪʝʭʥʦʣʦʛʽʡ, ʙʘʟ ʜʘʥʠʭ ʪʘ 
ʟʥʘʥʴ; 

ï ʧʝʨʩʧʝʢʪʠʚʥʽ ʩʠʩʪʝʤʠ ʝʣʝʢʪʨʦʥʥʠʭ ʢʦʤʫʥʽʢʘʮʽʡ ʽ ʪʝʭʥʦʣʦʛʽʾ ʥʘ ʦʩʥʦʚʽ 

ʩʫʯʘʩʥʦʾ ʤʽʢʨʦʭʚʠʣʴʦʚʦʾ ʪʘ ʮʠʬʨʦʚʦʾ ʝʣʝʢʪʨʦʥʥʦʾ ʪʝʭʥʽʢʠ;  
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ï ʤʝʪʦʜʠ ʩʪʨʫʢʪʫʨʥʦ-ʧʘʨʘʤʝʪʨʠʯʥʦʾ ʦʧʪʠʤʽʟʘʮʽʾ ʝʣʝʢʪʨʦʜʠʥʘʤʽʯʥʠʭ 

ʩʠʩʪʝʤ ʪʘ ʩʪʚʦʨʝʥʥʷ ʥʦʚʠʭ ʨʘʜʽʦʪʝʭʥʽʯʥʠʭ, ʝʣʝʢʪʨʦʘʢʫʩʪʠʯʥʠʭ, 

ʤʽʢʨʦʝʣʝʢʪʨʦʥʥʠʭ ʧʨʠʩʪʨʦʾʚ. 

ʆʜʥʠʤ ʽʟ ʚʠʟʥʘʥʠʭ ʣʽʜʝʨʽʚ ʽʤʧʣʝʤʝʥʪʘʮʽʾ ʩʫʯʘʩʥʠʭ ʽ ʧʝʨʩʧʝʢʪʠʚʥʠʭ 

ʨʦʟʨʦʙʦʢ ʪʘ ʜʦʩʣʽʜʞʝʥʴ ʫ ʽʥʬʦʨʤʘʮʽʡʥʦ-ʢʦʤʫʥʽʢʘʮʽʡʥʦʾ ʩʬʝʨʽ ʻ ʅʅ ɯʊʉ ʂʇɯ 

ʽʤ. ɯʛʦʨʷ ʉʽʢʦʨʩʴʢʦʛʦ, ʚ ʷʢʦʤʫ ʩʢʣʘʣʠʩʷ ʙʘʛʘʪʦʨʽʯʥʽ ʪʨʘʜʠʮʽʾ ʨʦʟʚʠʪʢʫ 

ʥʘʫʢʦʚʦʾ ʰʢʦʣʠ, ʷʢʫ ʩʪʚʦʨʠʚ ʽ ʦʯʦʣʠʚ ʟʘʩʥʦʚʥʠʢ ʽ ʥʘʫʢʦʚʠʡ ʢʝʨʽʚʥʠʢ ʅʅ ɯʊʉ, 

ʘʢʘʜʝʤʽʢ ʅɸʅ ʋʢʨʘʾʥʠ ʜ.ʪ.ʥ., ʧʨʦʬʝʩʦʨ ɯʣʴʯʝʥʢʦ ʄ.ʖ. ɺʠʭʦʚʘʥʮʷʤʠ ʰʢʦʣʠ 

ʩʪʘʣʠ 8 ʜʦʢʪʦʨʽʚ ʪʝʭʥʽʯʥʠʭ ʥʘʫʢ, 37 ʢʘʥʜʠʜʘʪʽʚ ʪʝʭʥʽʯʥʠʭ ʥʘʫʢ. 

ɺʢʣʘʜ ʚʯʝʥʠʭ ʅʅ ɯʊʉ ʫ ʨʦʟʚʠʪʢʫ ʪʽ ʧʦʰʠʨʝʥʥʶ ʽʜʝʡ ʧʦʙʫʜʦʚʠ 

ʩʫʯʘʩʥʦʛʦ ʽʥʬʦʨʤʘʮʽʡʥʦʛʦ ʧʨʦʩʪʦʨʫ ʚ ʋʢʨʘʾʥʽ ʙʫʚ ʚʠʩʦʢʦ ʦʮʽʥʝʥʠʤ 

ʇʨʝʟʠʜʽʻʶ ʅɸʅ ʋʢʨʘʾʥʠ. ɺ ʧʨʠʩʫʪʥʦʩʪʽ ʘʢʘʜʝʤʽʢʘ ʇʘʪʦʥʘ ɹ.ɭ. ʜʠʧʣʦʤʠ 

ʇʨʝʤʽʾ ʽʤʝʥʽ ɻʣʫʰʢʦʚʘ ɺ.ʄ. ʚ 2019 ʨ. ʦʪʨʠʤʘʣʠ ʧʨʦʬʝʩʦʨʠ ɯʣʴʯʝʥʢʦ ʄ.ʖ., 

ʂʨʘʚʯʫʢ ʉ.ʆ., ʋʨʠʚʩʴʢʠʡ ʃ.ʆ. 

ʅʦʚʠʤ ʝʪʘʧʦʤ ʟʨʦʩʪʘʥʥʷ ʚʘʛʦʤʦʩʪʽ ʥʘʫʢʦʚʦʛʦ ʚʢʣʘʜʫ ʤʦʣʦʜʦʛʦ 

ʧʦʢʦʣʽʥʥʷ ʜʦʩʣʽʜʥʠʢʽʚ ʚ ʩʬʝʨʽ ʽʥʬʦʨʤʘʮʽʡʥʦ-ʪʝʣʝʢʦʤʫʥʽʢʘʮʽʡʥʠʭ ʪʝʭʥʦʣʦʛʽʡ 

ʩʪʘʚ ʧʝʨʝʭʽʜ ʜʦ ʧʽʜʛʦʪʦʚʢʠ ʜʦʢʪʦʨʽʚ ʬʽʣʦʩʦʬʽʾ ʟʘ ʩʧʝʮʽʘʣʴʥʽʩʪʶ 172 

ʊʝʣʝʢʦʤʫʥʽʢʘʮʽʾ ʪʘ ʨʘʜʽʦʪʝʭʥʽʢʘ. ʇʝʨʰʽ ʟʘʭʠʩʪʠ ʜʠʩʝʨʪʘʮʽʡ ʚʠʧʫʩʢʥʠʢʽʚ 

ʥʦʚʦʛʦ ʧʦʢʦʣʽʥʥʷ ʘʩʧʽʨʘʥʪʫʨʠ ʤʘʶʪʴ ʧʨʦʡʪʠ ʚ ʢʚʽʪʥʽ 2023 ʨ. 

ɺ ʅʅ ɯʊʉ ʽ ʅɼɯ ʪʝʣʝʢʦʤʫʥʽʢʘʮʽʡ, ʷʢʠʡ ʟ 2001 ʨʦʢʫ ʧʨʘʮʶʻ ʧʽʜ ʥʘʫʢʦʚʦ-

ʪʝʭʥʽʯʥʠʤ  ʢʝʨʽʚʥʠʮʪʚʦʤ ɺʽʜʜʽʣʝʥʥʷ ʽʥʬʦʨʤʘʪʠʢʠ ʅɸʅ ʋʢʨʘʾʥʠ, ʘʢʪʠʚʥʦ 

ʧʨʘʮʶʶʪʴ 8 ʥʘʫʢʦʚʠʭ ʛʨʫʧ, ʷʢʽ ʦʯʦʣʶʶʪʴ ʧʨʦʚʽʜʥʽ ʚʯʝʥʽ. ʂʝʨʽʚʥʠʢʘʤʠ 

ʩʪʫʜʝʥʪʩʴʢʠʭ ʥʘʫʢʦʚʦ-ʪʝʭʥʽʯʥʠʭ ʛʫʨʪʢʽʚ ʚʠʩʪʫʧʘʶʪʴ, ʷʢ ʧʨʘʚʠʣʦ, ʤʦʣʦʜʽ 

ʚʯʝʥʽ. 

ɿʘ ʦʬʽʮʽʡʥʠʤ ʜʘʥʠʤ ʄʆʅ ʋ, ʅʅ ɯʊʉ ʟʘʡʤʘʻ ʣʽʜʝʨʩʴʢʫ ʧʦʟʠʮʽʶ ʚ 

ʋʢʨʘʾʥʽ ʩʪʦʩʦʚʥʦ ʦʙʩʷʛʽʚ ʚʠʢʦʥʘʥʥʷ ʜʝʨʞʘʚʥʦʛʦ ʟʘʤʦʚʣʝʥʥʷ ʱʦʜʦ ʧʽʜʛʦʪʦʚʢʠ 

ʬʘʭʽʚʮʽʚ ʚʠʱʦʛʦ ʨʽʚʥʷ ʟʘ ʩʧʝʮʽʘʣʴʥʽʩʪʶ çɽʣʝʢʪʨʦʥʥʽ ʢʦʤʫʥʽʢʘʮʽʾ ʪʘ 

ʨʘʜʽʦʪʝʭʥʽʢʘè.  ɼʝʨʞʘʚʥʝ ʟʘʤʦʚʣʝʥʥʷ ʄʆʅ ʋʢʨʘʡʥʠ ʟʘ ʮʽʻʶ ʩʧʝʮʽʘʣʴʥʽʩʪʶ 

ʚʠʢʦʥʫʻ ʤʘʡʞʝ 40 ʫʥʽʚʝʨʩʠʪʝʪʽʚ ʢʨʘʾʥʠ. ʉʝʨʝʜ ʥʠʭ ʯʘʩʪʢʘ ʅʅ ɯʊʉ ʚ ʧʨʠʡʦʤʽ 

ʜʦ ʙʘʢʘʣʘʚʨʘʪʫ ʚ 2020, 2021, 2022 ʨʦʢʘʭ ʩʢʣʘʣʘ 180 ʦʩʽʙ ʘʙʦ 13% ʚʽʜ ʦʙʩʷʛʫ 

ʜʝʨʞʘʚʥʦʛʦ ʟʘʤʦʚʣʝʥʥʷ. 

ʋ ʮʴʦʤʫ ʧʨʦʷʚʣʷʻʪʴʩʷ ʥʘʩʪʫʧʥʽʩʪʴ ʧʦʢʦʣʽʥʴ, ʟʘʧʦʨʫʢʘ ʨʝʘʣʽʟʘʮʽʾ 

ʯʫʜʦʚʠʭ ʽʜʝʡ, ʟʘʧʦʚʽʜʘʥʠʭ ʥʘʤ ʘʢʘʜʝʤʽʢʦʤ ɺ.ʄ. ɻʣʫʰʢʦʚʠʤ.  

ɺʠʩʥʦʚʢʠ 

1. ʗʜʨʦ ʥʘʫʢʦʚʦʾ ʩʧʘʜʱʠʥʠ ʘʢʘʜʝʤʽʢʘ ɺ.ʄ. ɻʣʫʰʢʦʚʘ ʩʢʣʘʜʘʶʪʴ 

ʚʘʞʣʠʚʽ ʥʘʨʦʜʥʦʛʦʩʧʦʜʘʨʩʴʢʽ ʦʙ'ʻʢʪʠ:  

ï ʚʧʝʨʰʝ ʩʪʚʦʨʝʥʽ ʚʠʩʦʢʦʧʨʦʜʫʢʪʠʚʥʽ ʦʙʯʠʩʣʶʚʘʣʴʥʽ ʟʘʩʦʙʠ; 

ï ʨʝʘʣʽʟʦʚʘʥʽ ʚ ʜʝʨʞʘʚʥʦʤʫ ʤʘʩʰʪʘʙʽ ʘʚʪʦʤʘʪʠʟʦʚʘʥʽ ʩʠʩʪʝʤʠ 

ʫʧʨʘʚʣʽʥʥʷ ʝʢʦʥʦʤʽʢʦʶ;  

ï ʚʽʜʪʚʦʨʝʥʽ ʤʝʨʝʞʽ ʧʝʨʝʜʘʯʽ ʽʥʬʦʨʤʘʮʽʾ ʧʦ ʨʘʜʽʦʢʘʥʘʣʘʤ ʷʢ ʧʨʦʦʙʨʘʟʠ 

ʩʫʯʘʩʥʠʭ ʙʝʟʧʨʦʚʦʜʦʚʠʭ ʪʝʣʝʢʦʤʫʥʽʢʘʮʽʡ;  

ï ʪʝʦʨʝʪʠʯʥʽ ʟʘʩʘʜʠ ʦʨʛʘʥʽʟʘʮʽʾ ʙʝʟʧʘʧʝʨʦʚʦʾ ʽʥʬʦʨʤʘʪʠʢʠ.  

2. ʇʨʷʤʠʤ ʧʨʦʜʦʚʞʝʥʥʷʤ ʩʧʨʘʚʠ, ʨʦʟʧʦʯʘʪʦʾ ʘʢʘʜʝʤʽʢʦʤ ɺ.ʄ. 

ɻʣʫʰʢʦʚʠʤ, ʻ ʨʝʘʣʽʟʘʮʽʷ ʩʫʯʘʩʥʠʭ ʽʥʬʦʢʦʤʫʥʽʢʘʮʽʡʥʠʭ ʪʝʭʥʦʣʦʛʽʯʥʠʭ 

ʥʘʧʨʷʤʽʚ, ʧʦʚ'ʷʟʘʥʠʭ ʟ ʾʭ ʚʪʽʣʝʥʥʷʤ ʚ ʋʢʨʘʾʥʽ:  
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ï ɻʣʦʙʘʣʴʥʦʾ ʢʦʥʮʝʧʮʽʾ ʨʦʟʚʠʪʢʫ ʽʥʬʦʨʤʘʮʽʡʥʦʛʦ ʩʫʩʧʽʣʴʩʪʚʘ;  

ï ʪʽʩʥʦʛʦ ʚʟʘʻʤʦʟʚ'ʷʟʢʫ ʽʥʬʦʨʤʘʪʠʢʠ ʪʘ ʝʢʦʥʦʤʽʢʠ, ʱʦ ʧʝʨʝʜʙʘʯʘʻ, 

ʟʦʢʨʝʤʘ, ʩʠʥʭʨʦʥʥʠʡ ʨʦʟʚʠʪʦʢ ʝʢʦʥʦʤʽʢʠ ʪʘ ʪʝʣʝʢʦʤʫʥʽʢʘʮʽʡ;  

ï ʚʩʝʫʢʨʘʾʥʩʴʢʦʾ ʪʝʭʥʦʣʦʛʽʯʥʦʾ ʩʪʨʘʪʝʛʽʾ çɼʝʨʞʘʚʘ ʫ ʩʤʘʨʪʬʦʥʽè; 

ï ʨʦʟʚʠʪʢʫ ʢʽʙʝʨʥʝʪʠʢʠ ʷʢ ʥʘʫʢʠ, ʚʢʣʶʯʘʶʯʠ ʘʩʧʝʢʪʠ ʧʨʠʢʣʘʜʥʦʾ ʪʝʦʨʽʾ 

ʽʥʬʦʨʤʘʮʽʾ. 

 3. ʅʅ ɯʊʉ ʪʘ ʅɼɯ ʪʝʣʝʢʦʤʫʥʽʢʘʮʽʡ ʨʘʟʦʤ ʟ ʽʥʰʠʤʠ ʥʘʫʢʦʚʠʤʠ ʪʘ 

ʥʘʚʯʘʣʴʥʠʤʠ ʦʨʛʘʥʽʟʘʮʽʷʤʠ ʙʝʨʫʪʴ ʘʢʪʠʚʥʫ ʫʯʘʩʪʴ ʫ ʨʦʟʚʠʪʢʫ ʩʫʯʘʩʥʠʭ 

ʪʝʣʝʢʦʤʫʥʽʢʘʮʽʡʥʠʭ ʩʪʨʘʪʝʛʽʡ:  

ï ʯʝʨʝʟ ʫʯʘʩʪʴ ʫ ʚʠʢʦʥʘʥʥʽ ʥʘʫʢʦʚʦ-ʪʝʭʥʽʯʥʠʭ ʧʨʦʝʢʪʽʚ ʽ ʟʘʚʜʘʥʴ ʫ 

ʩʬʝʨʽ ʽʥʬʦʨʤʘʪʠʟʘʮʽʾ;  

ï ʪʝʦʨʝʪʠʯʥʠʡ ʪʘ ʧʨʘʢʪʠʯʥʠʡ ʨʦʟʚʠʪʦʢ ʟʘʩʦʙʽʚ ʧʝʨʝʜʘʯʽ ʽʥʬʦʨʤʘʮʽʾ ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʝʣʝʢʪʨʦʥʥʠʭ ʢʦʤʫʥʽʢʘʮʽʡ; 

ï ʨʝʘʣʽʟʘʮʽʷ ʢʦʥʮʝʧʮʽʾ NGN ʪʘ FGN ʫ ʥʘʚʯʘʣʴʥʦʤʫ ʧʨʦʮʝʩʽ ʧʨʠ 

ʬʦʨʤʫʚʘʥʥʽ ʧʨʦʬʝʩʽʡʥʦʛʦ ʚʠʛʣʷʜʫ ʩʫʯʘʩʥʦʛʦ ʚʠʧʫʩʢʥʠʢʘ ʚʠʰʫ ʫ ʩʬʝʨʽ 

ʽʥʬʦʨʤʘʪʠʟʘʮʽʾ. 
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1000+ INFOTELECOM NEWS  

 

The main news for 2022-2023 in the field of information and communication 

technologies are summarized. The main trends and development of key modern 

technologies are presented in Ukraine and the world. This material was prepared 

for students, teachers and engineers. 

 

ʅʠʥʽ ʚʘʞʢʦ ʥʘʚʽʪʴ ʫʷʚʠʪʠ, ʷʢ ʣʶʜʠ ʤʦʛʣʠ ʢʦʣʠʩʴ ʦʙʭʦʜʠʪʠʩʷ ʙʝʟ 

ʪʝʣʝʬʦʥʫ ʪʘ ɯʥʪʝʨʥʝʪʫ, ʘʜʞʝ ʮʽ ʨʝʯʽ ʩʪʘʣʠ ʜʣʷ ʥʘʩ ʥʝʚʽʜôʻʤʥʦʶ ʯʘʩʪʢʦʶ 

ʞʠʪʪʷ, ʚʦʥʠ ʥʘʜʘʶʪʴ ʙʝʟʤʝʞʥʽ ʤʦʞʣʠʚʦʩʪʽ ʜʣʷ ʩʧʽʣʢʫʚʘʥʥʷ, ʦʙʤʽʥʫ 

ʽʥʬʦʨʤʘʮʽʻʶ, ʧʽʟʥʘʥʥʷ ʥʦʚʦʛʦ ʪʘ ʟʙʝʨʝʞʝʥʥʷ ʽʥʪʝʣʝʢʪʫʘʣʴʥʠʭ ʽ ʥʘʫʢʦʚʠʭ 

ʥʘʜʙʘʥʴ. ɸ ʜʦʩʪʫʧʥʽʩʪʴ ʜʦ ʪʝʣʝʢʦʤʫʥʽʢʘʮʽʡʥʠʭ ʤʝʨʝʞ ʪʘ ʽʥʬʦʨʤʘʮʽʡʥʠʭ 

ʨʝʩʫʨʩʽʚ ʜʘʚʥʦ ʚʞʝ ʩʪʘʣʘ ʤʽʨʠʣʦʤ ʟʨʽʣʦʩʪʽ ʩʫʩʧʽʣʴʩʪʚʘ, ʡʦʛʦ ʟʜʘʪʥʦʩʪʽ 

ʨʝʘʛʫʚʘʪʠ ʥʘ ʚʠʢʣʠʢʠ ʯʘʩʫ. ɼʠʥʘʤʽʯʥʠʡ ʨʦʟʚʠʪʦʢ ʪʝʣʝʢʦʤʫʥʽʢʘʮʽʡʥʦʾ ʛʘʣʫʟʽ 

ʧʦʪʨʝʙʫʻ ʧʦʩʪʽʡʥʦʛʦ ʢʦʨʝʛʫʚʘʥʥʷ ʨʝʛʫʣʷʪʠʚʥʦʛʦ ʩʝʨʝʜʦʚʠʱʘ, ʬʦʨʤʫʚʘʥʥʷ 

ʥʦʚʽʪʥʽʭ ʧʽʜʭʦʜʽʚ ʜʦ ʩʪʚʦʨʝʥʥʷ ʥʘʡʢʨʘʱʠʭ ʫʤʦʚ ʨʦʟʚʠʪʢʫ ʪʝʭʥʦʣʦʛʽʯʥʠʭ 

ʽʥʥʦʚʘʮʽʡ. 

ʆʩʢʽʣʴʢʠ ʅʘʚʯʘʣʴʥʦ-ʥʘʫʢʦʚʦʛʦ ʽʥʩʪʠʪʫʪʫ ʪʝʣʝʢʦʤʫʥʽʢʘʮʽʡʥʠʭ ʩʠʩʪʝʤ 

ʂʇɯ ʽʤ. ɯʛʦʨʷ ʉʽʢʦʨʩʴʢʦʛʦ ʛʦʪʫʻ ʬʘʭʽʚʮʽʚ ʟʘ ʩʧʝʮʽʘʣʴʥʽʩʪʶ 172 

ʊʝʣʝʢʦʤʫʥʽʢʘʮʽʾ ʪʘ ʨʘʜʽʦʪʝʭʥʽʢʘ ʤʠ ʩʠʩʪʝʤʘʪʠʯʥʦ ʧʦʜʘʻʤʦ ʚ ʥʘʰʦʤʫ 

ʪʝʣʝʛʨʘʤ ʢʘʥʘʣʽ ɼʝʢʘʥʘʪ ɯʊʉ ʪʘ ʥʘ ʩʘʡʪʽ ʅʅ ɯʊʉ ʽʥʬʦʨʤʘʮʽʶ ʧʨʦ ʥʦʚʠʥʠ ʚ 

ʩʬʝʨʽ ʪʝʣʝʢʦʤʫʥʽʢʘʮʽʡ. 

ɿʘ ʚʝʩʴ ʧʝʨʽʦʜ ʩʪʚʦʨʝʥʥʷ ʥʦʚʠʥ ʽʥʬʦʪʝʣʝʢʦʤʫ ʙʫʣʦ ʦʧʫʙʣʽʢʦʚʘʥʦ: 1326 

ʥʦʚʠʥ. 

ɺ 2020 ʨʦʮʽ  ï 333 ʥʦʚʠʥʠ, ʚ 2021 ʨʦʮʽ  ï 486 ʥʦʚʠʥ, 2022 ʨʦʮʽ ï 459 

ʥʦʚʠʥ. 

ɿ ʧʦʯʘʪʢʫ 2023 ʨʦʢʫ ï 48 ʥʦʚʠʥ. 

 

ʉʫʯʘʩʥʽ ʪʝʥʜʝʥʮʽʾ ʨʦʟʚʠʪʢʫ ʫ ʩʚʽʪʦʚʽʡ ʩʬʝʨʽ ʪʝʣʝʢʦʤʫʥʽʢʘʮʽʾ ʤʦʞʥʘ 

ʦʭʘʨʘʢʪʝʨʠʟʫʚʘʪʠ ʷʢ ʧʝʨʝʭʽʜ ʜʦ ʛʣʦʙʘʣʽʟʘʮʽʾ, ʩʪʚʦʨʝʥʥʷ ʻʜʠʥʦʛʦ 

ʽʥʬʦʨʤʘʮʽʡʥʦʛʦ ʧʨʦʩʪʦʨʫ, ʻʜʠʥʦʾ ʫʥʽʬʽʢʦʚʘʥʦʾ ʩʠʩʪʝʤʠ ʪʝʣʝʢʦʤʫʥʽʢʘʮʽʡ ʪʘ 

ʩʪʘʥʜʘʨʪʽʚ, ʦʙʤʽʥʫ ʽʥʬʦʨʤʘʮʽʻʶ, ʚʧʨʦʚʘʜʞʝʥʥʷ ʥʦʚʠʭ ʽʥʬʦʨʤʘʮʽʡʥʠʭ 

ʪʝʭʥʦʣʦʛʽʡ ʫ ʚʩʽ ʩʬʝʨʠ ʞʠʪʪʷ ʩʫʩʧʽʣʴʩʪʚʘ. ɸ ʙʫʨʭʣʠʚʠʡ ʨʦʟʚʠʪʦʢ 
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ʪʝʣʝʢʦʤʫʥʽʢʘʮʽʡ ï ʮʝ ʥʝʦʙʭʽʜʥʘ ʫʤʦʚʘ ʩʪʚʦʨʝʥʥʷ ʙʽʟʥʝʩ-ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ ʪʘ 

ʨʦʟʚʠʪʦʢ ʩʫʯʘʩʥʠʭ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʪʝʭʥʦʣʦʛʽʡ. 

ʗʢ ʦʜʥʠʤ ʟ ʥʘʡʙʽʣʴʰʠʭ ʧʨʠʢʣʘʜʽʚ ʙʫʨʭʣʠʚʦʛʦ ʨʦʟʚʠʪʢʫ ʪʝʣʝʢʦʤʫʥʽʢʘʮʽʡ 

ʩʪʘʚ ʈʽʢ ʥʝʟʣʘʤʥʦʩʪʽ ʄʽʥʮʠʬʨʠ, ʷʢʠʡ ʧʦʢʘʟʘʚ ʫʩʴʦʤʫ ʩʚʽʪʫ, ʱʦ ʮʠʬʨʦʚʘ 

ʪʨʘʥʩʬʦʨʤʘʮʽʷ ʧʨʘʮʶʻ ʽ ʧʽʜ ʯʘʩ ʚʽʡʥʠ. 

ɺ ʮʴʦʤʫ ʨʦʮʽ ʨʦʟʜʽʣʝʤʦ ʥʦʚʠʥʠ ʽʥʬʦʪʦʣʝʢʦʤʫ ʥʘ ʥʘʩʪʫʧʥʽ ʨʦʟʜʽʣʠ: 

ʪhʫʯʥʠʡ ʽʥʪʝʣʝʢʪ (ʐɯ), ɯʥʪʝʨʥʝʪ ʨʝʯʝʡ (IoT), ʭʤʘʨʥʽ ʦʙʯʠʩʣʝʥʥʷ, ʙʣʦʢʯʝʡʥ, 

ʚʝʣʠʢʽ ʜʘʥʽ (Big Data) ʘʜʞʝ ʮʝ ʚʞʝ ʥʘʰʘ ʥʦʚʘ ʨʝʘʣʴʥʽʩʪʴ. 

ʇʦʷʚʘ ʥʘʫʢʠ ʧʨʦ ʚʝʣʠʢʽ ʜʘʥʽ ʷʢ ʛʘʣʫʟʽ ʚʠʚʯʝʥʥʷ ʪʘ ʧʨʘʢʪʠʯʥʦʛʦ 

ʟʘʩʪʦʩʫʚʘʥʥʷ ʟʘ ʦʩʪʘʥʥʻ ʩʪʦʣʽʪʪʷ ʧʨʠʟʚʝʣʘ ʜʦ ʨʦʟʚʠʪʢʫ ʪʘʢʠʭ ʪʝʭʥʦʣʦʛʽʡ, ʷʢ 

ʛʣʠʙʦʢʝ ʥʘʚʯʘʥʥʷ, ʦʙʨʦʙʢʘ ʧʨʠʨʦʜʥʦʾ ʤʦʚʠ ʪʘ ʢʦʤʧôʶʪʝʨʥʠʡ ʟʽʨ. ʎʝ 

ʜʦʟʚʦʣʠʣʦ ʟôʷʚʠʪʠʩʷ ʤʘʰʠʥʥʦʤʫ ʥʘʚʯʘʥʥʶ ʷʢ ʩʧʦʩʦʙʫ ʨʦʙʦʪʠ ʥʘʜ ʪʠʤ, ʱʦ 

ʤʠ ʥʘʟʠʚʘʻʤʦ ʰʪʫʯʥʠʤ ʽʥʪʝʣʝʢʪʦʤ, ʦʙʣʘʩʪʶ ʪʝʭʥʦʣʦʛʽʡ, ʷʢʘ ʰʚʠʜʢʦ ʟʤʽʥʶʻ 

ʪʝ, ʷʢ ʤʠ ʧʨʘʮʶʻʤʦ ʪʘ ʞʠʚʝʤʦ. 

ʐʪʫʯʥʠʡ ʽʥʪʝʣʝʢʪ ʻ ʦʜʥʽʻʶ ʟ ʢʣʶʯʦʚʠʭ ʪʝʭʥʦʣʦʛʽʡ ʩʫʯʘʩʥʦʩʪʽ. ʇʦʥʘʜ 

50 ʢʨʘʾʥ ʩʚʽʪʫ, ʘ ʪʘʢʦʞ ʇʽʚʥʽʯʥʦʘʪʣʘʥʪʠʯʥʠʡ ʘʣʴʷʥʩ, ʚʞʝ ʩʪʚʦʨʠʣʠ ʡ 

ʟʘʪʚʝʨʜʠʣʠ ʚʣʘʩʥʽ ʩʪʨʘʪʝʛʽʾ ʨʦʟʚʠʪʢʫ ʰʪʫʯʥʦʛʦ ʽʥʪʝʣʝʢʪʫ, ʱʦʙ ʟʘʬʽʢʩʫʚʘʪʠ 

ʩʚʦʾ ʟʘʚʜʘʥʥʷ ʡ ʧʨʽʦʨʠʪʝʪʠ ʫ ʮʽʡ ʩʬʝʨʽ, ʧʨʠʩʢʦʨʠʪʠ ʪʝʤʧʠ ʩʚʦʛʦ ʥʘʫʢʦʚʦ-

ʪʝʭʥʽʯʥʦʛʦ ʪʘ ʩʦʮʽʘʣʴʥʦ-ʝʢʦʥʦʤʽʯʥʦʛʦ ʨʦʟʚʠʪʢʫ. 

ʋ ʩʚʽʪʽ ʚʽʜʙʫʚʘʻʪʴʩʷ ʥʦʚʘ ʪʝʭʥʦʣʦʛʽʯʥʘ ʨʝʚʦʣʶʮʽʷ, ʷʢʘ ʨʦʟʛʦʨʪʘʻʪʴʩʷ ʥʘ 

ʦʩʥʦʚʽ ʽʥʪʝʛʨʘʮʽʾ ʟʘʟʥʘʯʝʥʠʭ ʪʝʭʥʦʣʦʛʽʡ ʧʨʘʢʪʠʯʥʦ ʚ ʫʩʽ ʩʬʝʨʠ ʝʢʦʥʦʤʽʢʠ ʡ 

ʩʦʮʽʘʣʴʥʦʛʦ ʞʠʪʪʷ. ʌʦʨʤʫʻʪʴʩʷ ʬʘʢʪʠʯʥʦ ʥʦʚʠʡ ʪʠʧ ʩʫʩʧʽʣʴʩʪʚʘ 

(ʉʫʩʧʽʣʴʩʪʚʦ 5.0), ʚʠʨʦʙʥʠʯʽ ʣʘʥʮʶʞʢʠ ʷʢʦʛʦ, ʣʦʛʽʩʪʠʢʘ, ʩʦʮʽʘʣʴʥʘ 

ʽʥʬʨʘʩʪʨʫʢʪʫʨʘ ʙʫʜʫʪʴ ʙʘʟʫʚʘʪʠʩʷ ʥʘ ʐɯ. ʋ ʥʘʡʙʣʠʞʯʦʤʫ ʤʘʡʙʫʪʥʴʦʤʫ 

ʦʟʙʨʦʻʥʽʩʪʴ ʽʥʪʝʣʝʢʪʫʘʣʴʥʠʤʠ ʪʝʭʥʦʣʦʛʽʷʤʠ, ʽʥʪʝʥʩʠʚʥʽʩʪʴ ʽ ʝʬʝʢʪʠʚʥʽʩʪʴ ʾʭ 

ʫʧʨʦʚʘʜʞʝʥʥʷ ʩʪʘʥʫʪʴ ʢʨʠʪʝʨʽʻʤ ʨʦʟʚʠʥʝʥʦʩʪʽ ʪʽʻʾ ʯʠ ʽʥʰʦʾ ʥʘʮʽʦʥʘʣʴʥʦʾ 

ʝʢʦʥʦʤʽʢʠ. ɺʽʜʧʦʚʽʜʥʦ ʧʨʠʚʘʙʣʠʚʽʩʪʴ ʢʨʘʾʥ ʽ ʨʝʛʽʦʥʽʚ, ʢʦʥʮʝʥʪʨʘʮʽʷ ʚ ʥʠʭ 

ʢʚʘʣʽʬʽʢʦʚʘʥʦʾ ʨʦʙʦʯʦʾ ʩʠʣʠ, ʦʙôʻʢʪʽʚ ʚʠʩʦʢʦʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʚʠʨʦʙʥʠʮʪʚʘ, 

ʤʘʪʝʨʽʘʣʴʥʠʭ ʽ ʬʽʥʘʥʩʦʚʠʭ ʨʝʩʫʨʩʽʚ, ʦʩʚʽʪʥʽʭ ʫʩʪʘʥʦʚ, ʽʥʬʨʘʩʪʨʫʢʪʫʨʥʠʭ ʽ 

ʢʫʣʴʪʫʨʥʠʭ ʦʙôʻʢʪʽʚ ʟʘʣʝʞʘʪʠʤʝ ʚʽʜ ʩʪʫʧʝʥʷ ʚʧʨʦʚʘʜʞʝʥʥʷ ʐɯ. ʈʽʟʥʽ ʢʨʘʾʥʠ 

ʙʘʯʘʪʴ ʧʦʜʽʙʥʽ ʤʦʞʣʠʚʦʩʪʽ ʫ ʩʬʝʨʽ ʨʦʟʚʠʪʢʫ ʪʘ ʚʧʨʦʚʘʜʞʝʥʥʷ ʰʪʫʯʥʦʛʦ 

ʽʥʪʝʣʝʢʪʫ. ʋ ʾʭʥʽʭ ʧʣʘʥʘʭ, ʢʦʥʮʝʧʮʽʷʭ ʽ ʩʪʨʘʪʝʛʽʷʭ ʥʘʡʯʘʩʪʽʰʝ 

ʧʽʜʢʨʝʩʣʶʻʪʴʩʷ, ʱʦ ʦʭʦʨʦʥʘ ʟʜʦʨʦʚôʷ, ʪʝʭʥʦʣʦʛʽʾ, ʩʽʣʴʩʴʢʝ ʛʦʩʧʦʜʘʨʩʪʚʦ ʡ 

ʚʠʨʦʙʥʠʮʪʚʦ ʻ ʩʝʢʪʦʨʘʤʠ ʟ ʥʘʡʙʽʣʴʰʠʤ ʧʦʪʝʥʮʽʘʣʦʤ ʪʨʘʥʩʬʦʨʤʘʮʽʡ ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʐɯ.  

ʋʨʷʜʠ ʚʩʽʭ ʢʨʘʾʥ ʨʦʟʫʤʽʶʪʴ ʧʦʪʝʥʮʽʘʣ ʮʽʻʾ ʪʝʭʥʦʣʦʛʽʾ ʜʣʷ ʟʙʝʨʝʞʝʥʥʷ ʡ 

ʤʦʞʣʠʚʦʛʦ ʧʨʦʩʫʚʘʥʥʷ ʩʚʦʾʭ ʢʦʥʢʫʨʝʥʪʥʠʭ ʧʦʟʠʮʽʡ ʚ ʦʩʥʦʚʥʠʭ ʛʘʣʫʟʷʭ 

ʧʨʦʤʠʩʣʦʚʦʩʪʽ, ʘ ʩʪʨʘʪʝʛʽʷ ʨʦʟʚʠʪʢʫ ʰʪʫʯʥʦʛʦ ʽʥʪʝʣʝʢʪʫ ʚ ʋʢʨʘʾʥʽ ʧʝʨʝʜʙʘʯʘʻ 

ʤʦʞʣʠʚʽʩʪʴ ʚʠʢʦʨʠʩʪʘʥʥʷ ʨʽʟʥʠʭ ʤʦʜʝʣʝʡ ʽ ʧʽʜʭʦʜʽʚ, ʷʢʽ ʩʧʨʠʷʪʠʤʫʪʴ 
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ʩʪʚʦʨʝʥʥʶ ʧʨʦʨʠʚʥʠʭ ʪʝʭʥʦʣʦʛʽʡ ʫ ʩʬʝʨʽ ʐɯ, ʟʦʢʨʝʤʘ ʢʚʘʥʪʦʚʠʭ ʽ 

ʥʝʡʨʦʧʦʜʽʙʥʠʭ ʢʦʤʧôʶʪʝʨʽʚ, ʩʠʩʪʝʤ ʤʘʰʠʥʥʦʛʦ ʥʘʚʯʘʥʥʷ. 

ʆʪʞʝ, ʚʠʨʽʰʝʥʥʷ ʧʨʦʙʣʝʤ ʨʦʟʚʠʪʢʫ ʪʘ ʝʬʝʢʪʠʚʥʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʩʠʩʪʝʤ 

ʟʥʘʥʴ ʫ ʨʽʟʥʠʭ ʛʘʣʫʟʷʭ ʣʶʜʩʴʢʦʾ ʜʽʷʣʴʥʦʩʪʽ, ʷʢ ʩʚʽʜʯʠʪʴ ʩʚʽʪʦʚʠʡ ʜʦʩʚʽʜ, 

ʣʝʞʠʪʴ ʫ ʧʣʦʱʠʥʽ ʟʘʩʪʦʩʫʚʘʥʥʷ ʩʫʯʘʩʥʠʭ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʪʝʭʥʦʣʦʛʽʡ, ʱʦ 

ʨʝʘʣʽʟʫʶʪʴʩʷ ʥʘ ʟʘʩʘʜʘʭ ʰʪʫʯʥʦʛʦ ʽʥʪʝʣʝʢʪʫ ʷʢ ʦʜʥʽʻʾ ʟ ʢʣʶʯʦʚʠʭ ʪʝʭʥʦʣʦʛʽʡ 

ʩʫʯʘʩʥʦʩʪʽ. 

ɯʥʪʝʨʥʝʪ ʨʝʯʝʡ. ɹʫʨʭʣʠʚʠʡ ʨʦʟʚʠʪʦʢ ʪʝʭʥʽʯʥʠʭ ʟʘʩʦʙʽʚ ʽ ʧʽʜʚʠʱʝʥʥʷ 

ʘʢʪʠʚʥʦʩʪʽ ʜʦʩʪʫʧʫ ʜʦ ʽʥʬʦʨʤʘʮʽʡʥʦ-ʦʙʯʠʩʣʶʚʘʣʴʥʠʭ ʨʝʩʫʨʩʽʚ ʧʽʜʚʠʱʠʣʠ 

ʽʥʪʝʨʝʩ ʜʦ ʧʨʦʙʣʝʤʠ ʝʬʝʢʪʠʚʥʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʤʝʨʝʞʝʚʠʭ ʨʝʩʫʨʩʽʚ IoT ʽ 

ʟʘʙʝʟʧʝʯʝʥʥʷ ʦʧʝʨʘʪʠʚʥʦʛʦ ʜʦʩʪʫʧʫ ʜʦ ʥʠʭ.  

ʅʘ ʜʘʥʠʡ ʯʘʩ ʧʨʠʩʪʨʦʾ IoT ʥʝ ʣʠʰʝ ʤʘʩʦʚʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʫ 

ʱʦʜʝʥʥʦʤʫ ʚʞʠʪʢʫ, ʘʣʝ ʡ ʫ ʩʫʯʘʩʥʦʤʫ ʙʽʟʥʝʩ-ʩʝʨʝʜʦʚʠʱʽ. ɿʦʢʨʝʤʘ ɯʥʪʝʨʥʝʪ 

ʨʝʯʝʡ ʘʢʪʠʚʥʦ ʚʧʨʦʚʘʜʞʫʻʪʴʩʷ ʚ ʨʽʟʥʠʭ ʛʘʣʫʟʷʭ ð ʚʽʜ ʧʨʦʤʠʩʣʦʚʦʾ ʩʬʝʨʠ ʜʦ 

ʩʽʣʴʩʴʢʦʛʦ ʛʦʩʧʦʜʘʨʩʪʚʘ, ʨʽʪʝʡʣʫ ʪʘ ʙʫʜʽʚʥʠʮʪʚʘ. ɸ ʟʨʦʩʪʘʥʥʷ ʢʽʣʴʢʦʩʪʽ 

ʧʨʠʩʪʨʦʾʚ IoT ʩʧʨʠʯʠʥʷʻ ʚʠʥʠʢʥʝʥʥʷ ʥʦʚʠʭ ʧʨʦʙʣʝʤ ʧʨʦʻʢʪʫʚʘʥʥʷ, 

ʟʘʩʪʦʩʫʚʘʥʥʷ, ʝʢʩʧʣʫʘʪʘʮʽʾ ʪʘ ʙʝʟʧʝʢʠ. ɹʫʨʭʣʠʚʠʡ ʨʦʟʚʠʪʦʢ ʪʝʭʥʽʯʥʠʭ ʟʘʩʦʙʽʚ 

ʽ ʧʽʜʚʠʱʝʥʥʷ ʘʢʪʠʚʥʦʩʪʽ ʜʦʩʪʫʧʫ ʜʦ ʽʥʬʦʨʤʘʮʽʡʥʦ-ʦʙʯʠʩʣʶʚʘʣʴʥʠʭ ʨʝʩʫʨʩʽʚ 

ʧʽʜʚʠʱʠʣʠ ʽʥʪʝʨʝʩ ʜʦ ʧʨʦʙʣʝʤʠ ʝʬʝʢʪʠʚʥʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʤʝʨʝʞʝʚʠʭ 

ʨʝʩʫʨʩʽʚ ɯʥʪʝʨʥʝʪʫ ʨʝʯʝʡ ʽ ʟʘʙʝʟʧʝʯʝʥʥʷ ʦʧʝʨʘʪʠʚʥʦʛʦ ʜʦʩʪʫʧʫ ʜʦ ʥʠʭ. 

ʇʦʧʫʣʷʨʥʠʤʠ ʩʴʦʛʦʜʥʽ ʩʪʘʶʪʴ ʪʘʢ ʟʚʘʥʽ çʨʦʟʫʤʥʽ ʨʝʯʽè, ʘʙʦ Smart ʨʝʯʽ. 

ʅʘʧʨʠʢʣʘʜ, ʛʘʜʞʝʪʠ, ʷʢʽ ʟʨʫʯʥʦ ʥʦʩʠʪʠ ʟ ʩʦʙʦʶ, ʤʘʶʪʴ ʥʝʚʝʣʠʢʽ ʨʦʟʤʽʨʠ ʽ 

ʥʝʟʥʘʯʥʫ ʤʘʩʫ ð çʨʦʟʫʤʥʠʡè ʛʦʜʠʥʥʠʢ, ʬʽʪʥʝʩ-ʪʨʝʢʝʨʠ, ʩʤʘʨʪ-ʦʢʫʣʷʨʠ, 

ʛʥʫʯʢʽ ʝʢʨʘʥʠ, ʘ çʨʦʟʫʤʥʽ ʙʫʜʠʥʢʠè ʜʘʶʪʴ ʟʤʦʛʫ ʝʬʝʢʪʠʚʥʦ ʢʝʨʫʚʘʪʠ ʚʩʽʤʘ 

ʩʠʩʪʝʤʘʤʠ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʙʫʜʽʚʣʽ ʟʘ ʜʦʧʦʤʦʛʦʶ ʜʠʩʪʘʥʮʽʡʥʠʭ ʧʫʣʴʪʽʚ ʽ 

ʤʦʙʽʣʴʥʠʭ ʪʝʣʝʬʦʥʽʚ, ʦʧʪʠʤʘʣʴʥʦ ʚʠʪʨʘʯʘʪʠ ʪʝʧʣʦ, ʚʦʜʫ, ʩʚʽʪʣʦ ʪʦʱʦ. ʋʩʝ ʮʝ 

ʩʪʚʦʨʶʻ ʫ ʩʚʽʪʽ ʫʤʦʚʠ ʜʣʷ ʥʦʚʦʛʦ ʷʚʠʱʘ ð ɯʥʪʝʨʥʝʪʫ ʤʘʡʙʫʪʥʴʦʛʦ, ʱʦ 

ʚʢʣʶʯʘʻ ʚ ʩʝʙʝ, ʢʨʽʤ ʥʠʥʽʰʥʴʦʛʦ ɯʥʪʝʨʥʝʪʫ ʣʶʜʝʡ (Internet of People, IoP), ʱʝ 

ʡ ɯʥʪʝʨʥʝʪ ʨʝʯʝʡ (Internet of Things, IoT), ɯʥʪʝʨʥʝʪ ʤʝʜʽʘʢʦʥʪʝʥʪʫ (Internet of 

Media, IoM), ɯʥʪʝʨʥʝʪ ʩʝʨʚʽʩʽʚ (Internet of Services, IoS). 

ʄʝʪʦʶ ʜʘʥʦʛʦ ʙʣʦʢʫ ʥʦʚʠʥ ʻ ʽʥʬʦʨʤʫʚʘʥʥʷ ʚʠʢʣʘʜʘʯʽʚ ʪʘ ʽʥʞʝʥʝʨʥʦ-

ʪʝʭʥʽʯʥʠʭ ʧʨʘʮʽʚʥʠʢʽʚ, ʱʦ ʟʘʡʤʘʶʪʴʩʷ ʥʘʫʢʦʚʠʤʠ ʨʦʟʨʦʙʢʘʤʠ ʽ 

ʧʨʦʻʢʪʫʚʘʥʥʷʤ ʚ ʦʙʣʘʩʪʽ ɯʥʪʝʨʥʝʪʫ ʨʝʯʝʡ ʪʘ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʩʠʩʪʝʤ ʡ 

ʪʝʭʥʦʣʦʛʽʡ, ʘ ʪʘʢʦʞ ʜʣʷ ʘʩʧʽʨʘʥʪʽʚ ʽ ʩʪʫʜʝʥʪʽʚ, ʷʢʽ ʮʽʢʘʚʣʷʪʴʩʷ ʜʘʥʠʤʠ 

ʧʠʪʘʥʥʷʤʠ. 

ʍʤʘʨʥʽ ʦʙʯʠʩʣʝʥʥʷ ʦʜʠʥ ʟ ʧʨʦʚʽʜʥʠʭ ʪʨʝʥʜʽʚ ʚ ʩʚʽʪʽ IT-ʧʨʦʪʷʛʦʤ 

ʦʩʪʘʥʥʽʭ ʨʦʢʽʚ. ɺʦʥʠ ʷʚʣʷʶʪʴ ʩʦʙʦʶ ʨʝʘʣʴʥʝ ʟʨʫʰʝʥʥʷ ʧʘʨʘʜʠʛʤʠ ʚ 

ʨʦʟʛʦʨʪʘʥʥʽ ʦʙʯʠʩʣʶʚʘʣʴʥʠʭ ʩʠʩʪʝʤ. ʍʤʘʨʥʽ ʦʙʯʠʩʣʝʥʥʷ ʨʦʙʣʷʪʴ ʨʝʘʣʴʥʽʩʪʶ 

ʜʘʚʥʶ ʤʨʽʶ ʧʨʦ ʥʝʩʢʽʥʯʝʥʥʦ ʤʘʩʰʪʘʙʦʚʘʥʫ, ʟʘʛʘʣʴʥʦʜʦʩʪʫʧʥʫ ʩʠʩʪʝʤʫ 
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ʦʙʯʠʩʣʝʥʴ, ʱʦ ʜʦʢʦʨʽʥʥʦ ʟʤʽʥʠʣʦ ʥʘʰ ʩʧʦʩʽʙ ʞʠʪʪʷ. ɸ ʧʘʨʘʜʠʛʤʘ ʭʤʘʨʥʠʭ 

ʦʙʯʠʩʣʝʥʴ ʧʝʨʝʜʙʘʯʘʻ, ʱʦ ʨʝʩʫʨʩʠ ï ʚʽʨʪʫʘʣʴʥʽ ʽ ʙʝʟʤʝʞʥʽ, ʱʦ ʜʝʪʘʣʽ 

ʬʽʟʠʯʥʠʭ ʩʠʩʪʝʤ, ʥʘ ʷʢʠʭ ʧʨʘʮʶʻ ʧʨʦʛʨʘʤʥʝ ʟʘʙʝʟʧʝʯʝʥʥʷ ʘʙʩʪʨʘʛʫʶʪʴʩʷ ʚʽʜ 

ʢʦʨʠʩʪʫʚʘʯʘ. 

ɺ ʜʘʥʦʤʫ ʨʦʟʜʽʣʽ ʥʦʚʠʥ ʽʥʬʦʪʝʣʝʢʦʤʫ ʚʠ ʟʤʦʞʝʪʝ ʜʽʟʥʘʪʠʩʴ ʚʽʜʧʦʚʽʜʽ ʥʘ 

ʛʦʣʦʚʥʽ ʧʠʪʘʥʥʷ: 

ʉʢʽʣʴʢʠ ʜʘʥʠʭ ʥʘʨʘʟʽ ʟʙʝʨʽʛʘʻʪʴʩʷ ʚ ʭʤʘʨʽ? 

ʍʪʦ ʻ ʥʘʡʙʽʣʴʰʠʤ ʧʨʦʚʘʡʜʝʨʦʤ ʭʤʘʨʥʠʭ ʩʝʨʚʽʩʽʚ?  

ɼʣʷ ʯʦʛʦ ʥʘʡʯʘʩʪʽʰʝ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʭʤʘʨʥʽ ʪʝʭʥʦʣʦʛʽʾ?  

ʗʢʠʡ ʜʘʪʘ-ʮʝʥʪʨ ʻ ʥʘʡʙʽʣʴʰʠʤ ʫ ʩʚʽʪʽ? 

ʍʤʘʨʠ ð ʧʫʙʣʽʯʥʽ, ʧʨʠʚʘʪʥʽ ʯʠ ʛʽʙʨʠʜʥʽ? 

ʗʢʠʡ ʚʽʜʩʦʪʦʢ ʢʦʤʧʘʥʽʡ ʟʙʝʨʽʛʘʻ ʢʦʥʬʽʜʝʥʮʽʡʥʽ ʜʘʥʽ ʫ ʭʤʘʨʽ? 

ʗʢʠʤ ʯʠʥʦʤ ʟʨʦʩʪʘʥʥʷ ʪʝʤʧʽʚ ʟʘʧʨʦʚʘʜʞʝʥʥʷ ʭʤʘʨʥʠʭ ʨʽʰʝʥʴ ʚʧʣʠʥʝ ʥʘ 

ʨʠʥʦʢ ɯʊ-ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ?  

ʗʢ ʟʤʽʥʠʚʩʷ ʧʦʧʠʪ ʥʘ ʧʨʦʬʝʩʽʾ, ʧʦʚôʷʟʘʥʽ ʟ ʭʤʘʨʥʠʤʠ ʦʙʯʠʩʣʝʥʥʷʤʠ? 

ʗʢʠʡ ʚʧʣʠʚ ʥʘ ʭʤʘʨʫ ʤʘʻ ʰʪʫʯʥʠʡ ʽʥʪʝʣʝʢʪ? 

ɹʣʦʢʯʝʡʥ ï ʦʜʥʘ ʟ ʪʨʝʥʜʦʚʠʭ ʪʝʭʥʦʣʦʛʽʡ ʩʴʦʛʦʜʝʥʥʷ, ʷʢʘ ʜʘʻ ʟʤʦʛʫ 

ʚʽʜʢʨʠʪʠ ʜʘʥʽ ʡ ʧʨʦʜʝʤʦʥʩʪʨʫʚʘʪʠ, ʱʦ ʚʦʥʠ ʥʝ ʟʘʟʥʘʣʠ ʟʤʽʥ, ʥʝ ʨʦʟʢʨʠʚʘʶʯʠ 

ʧʨʠ ʮʴʦʤʫ ʧʝʨʩʦʥʘʣʴʥʽ ʜʘʥʽ ʢʦʨʠʩʪʫʚʘʯʽʚ.  

ɯʥʪʝʨʝʩ ʜʦ ʪʝʭʥʦʣʦʛʽʾ ʙʣʦʢʯʝʡʥ ʚʠʷʚʣʷʶʪʴ ɯʊ-ʢʦʤʧʘʥʽʾ ʪʘ ʚʠʚʯʘʶʪʴ 

ʤʦʞʣʠʚʦʩʪʽ ʾʾ ʟʘʩʪʦʩʫʚʘʥʥʷ ʚʩʶʜʠ ð ʚʽʜ ʬʽʥʘʥʩʽʚ ʜʦ ʚʠʨʦʙʥʠʮʪʚʘ: 

ʂʦʨʧʦʨʘʮʽʷ Microsoft ʨʦʟʚʠʚʘʻ ʧʨʦʛʨʘʤʠ Blockchain-as-a-Service (BaaS) 

ʥʘ ʩʚʦʾʡ ʭʤʘʨʥʽʡ ʧʣʘʪʬʦʨʤʽ Azure; 

IBM ʟʘʧʫʩʪʠʣʘ ʚʣʘʩʥʫ BaaS ʧʨʦʧʦʟʠʮʽʶ; ʧʝʨʝʜʙʘʯʘʻʪʴʩʷ ʡʦʛʦ ʽʥʪʝʛʨʘʮʽʷ 

ʟ ʽʥʰʠʤʠ ʧʨʦʜʫʢʪʘʤʠ ʢʦʤʧʘʥʽʾ, ʪʘʢʠʤʠ ʷʢ ʦʙʯʠʩʣʶʚʘʣʴʥʘ ʤʝʨʝʞʘ IBM z 

Systems, ʩʠʩʪʝʤʘ ʰʪʫʯʥʦʛʦ ʽʥʪʝʣʝʢʪʫ Watson ʜʣʷ ɯʥʪʝʨʥʝʪʫ ʨʝʯʝʡ ʪʘ ʽʥ.; 

Blockchain Foundry ʧʨʠʜʽʣʷʻ ʛʦʣʦʚʥʫ ʫʚʘʛʫ ʟʘʩʥʦʚʘʥʠʤ ʥʘ ʙʣʦʢʯʝʡʥ 

ʩʝʨʚʽʩʘʤ ʜʣʷ ʩʪʚʦʨʝʥʥʷ ʧʨʦʪʦʪʠʧʽʚ ʽ ʚʠʧʫʩʢʫ ʧʨʦʤʠʩʣʦʚʦʾ ʧʨʦʜʫʢʮʽʾ; 

Bigchain DB ʧʨʦʧʦʥʫʻ ʤʘʩʰʪʘʙʦʚʘʥʽ ʩʝʨʚʽʩʠ ʙʣʦʢʯʝʡʥ; 

Chain ʨʝʢʣʘʤʫʻ ʧʣʘʪʬʦʨʤʫ ʙʣʦʢʯʝʡʥ ʜʣʷ ʬʽʥʘʥʩʦʚʠʭ ʩʝʨʚʽʩʽʚ; 

IBM ʽ Samsung ʧʨʘʮʶʶʪʴ ʥʘʜ ʢʦʥʮʝʧʮʽʻʶ ADEPT, ʚ ʷʢʽʡ ʪʝʭʥʦʣʦʛʽʷ 

ʙʣʦʢʯʝʡʥ ʙʫʜʝ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠʩʷ ʜʣʷ ʬʦʨʤʫʚʘʥʥʷ ʦʩʥʦʚʠ ʜʝʮʝʥʪʨʘʣʽʟʦʚʘʥʦʾ 

ʤʝʨʝʞʽ ʧʨʠʩʪʨʦʾʚ ð ɯʥʪʝʨʥʝʪʫ ʨʝʯʝʡ. ɹʣʦʢʯʝʡʥ ʧʣʘʥʫʶʪʴ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ 

ʜʣʷ ʨʝʻʩʪʨʘʮʽʾ ʤʽʣʴʷʨʜʽʚ ʧʨʠʩʪʨʦʾʚ, ʷʢʽ ʙʫʜʫʪʴ ʘʚʪʦʥʦʤʥʦ ʪʨʘʥʩʣʶʚʘʪʠ 

ʪʨʘʥʟʘʢʮʽʾ ʚ ʩʠʩʪʝʤʽ ʟ ʪʨʠʨʽʚʥʝʚʦʶ ʘʨʭʽʪʝʢʪʫʨʦʶ.  

ʈʝʚʦʣʶʮʽʷ ʚ ʩʬʝʨʽ ʜʘʥʠʭ ʦʙʫʤʦʚʣʝʥʘ ʘʢʪʠʚʥʠʤ ʥʘʢʦʧʠʯʝʥʥʷʤ ʦʙʩʷʛʽʚ 

ʜʘʥʠʭ, ʥʝʦʙʭʽʜʥʽʩʪʶ ʾʭ ʟʙʝʨʽʛʘʥʥʷ ʪʘ ʦʙʨʦʙʢʠ. ɯʩʥʫʶʯʽ ʪʝʭʥʦʣʦʛʽʾ ʚʽʜʩʪʘʚʘʣʠ 

ʚʽʜ ʧʦʪʨʝʙ ʢʦʨʠʩʪʫʚʘʯʽʚ, ʱʦ ʧʨʠʚʝʣʦ ʜʦ ʩʪʚʦʨʝʥʥʷ ʢʦʥʮʝʧʮʽʾ çʚʝʣʠʢʠʭ 

ʜʘʥʠʭè. Big Data ï ʮʝ ʛʦʨʠʟʦʥʪʘʣʴʥʦ ʤʘʩʰʪʘʙʦʚʘʥʘ ʩʠʩʪʝʤʘ, ʷʢʘ 

https://www.it.ua/knowledge-base/technology-innovation/internet-veschej-internet-of-things-iot
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ʚʠʢʦʨʠʩʪʦʚʫʻ ʥʘʙʽʨ ʤʝʪʦʜʠʢ ʽ ʪʝʭʥʦʣʦʛʽʡ, ʱʦ ʜʦʟʚʦʣʷʶʪʴ ʦʙʨʦʙʣʷʪʠ 

ʩʪʨʫʢʪʫʨʦʚʘʥʫ ʽ ʥʝʩʪʨʫʢʪʫʨʦʚʘʥʫ ʽʥʬʦʨʤʘʮʽʶ ʟʽ ʟʥʘʯʥʦʛʦ ʤʘʩʠʚʫ ʜʘʥʠʭ, 

ʬʦʨʤʫʚʘʪʠ ʚʽʜʧʦʚʽʜʥʽ ʟʚôʷʟʢʠ ʜʣʷ ʽʥʪʝʨʧʨʝʪʘʮʽʾ. ɼʣʷ çʚʝʣʠʢʠʭ ʜʘʥʠʭè 

ʭʘʨʘʢʪʝʨʥʠʤʠ ʻ ʧôʷʪʴ ʦʟʥʘʢ:  

volume ï ʦʙʩʷʛ ʜʘʥʠʭ ʚʚʘʞʘʻʪʴʩʷ ʚʝʣʠʢʠʤ, ʢʦʣʠ ʚʠʥʠʢʘʶʪʴ ʪʨʫʜʥʦʱʽ 

ʧʨʠ ʦʙʨʦʙʮʽ ʮʴʦʛʦ ʦʙʩʷʛʫ ʟʘʩʦʙʘʤʠ ʪʨʘʜʠʮʽʡʥʠʭ ʩʠʩʪʝʤ ʫʧʨʘʚʣʽʥʥʷ ʙʘʟʘʤʠ 

ʜʘʥʠʭ (ʙʽʣʴʰʝ 1 ʧʝʪʘʙʘʡʪ);  

velocity ï ʰʚʠʜʢʽʩʪʴ ʦʙʨʦʙʢʠ ʜʘʥʠʭ, ʚ ʪʦʤʫ ʯʠʩʣʽ, ʽ ʚ ʨʝʞʠʤʽ ʨʝʘʣʴʥʦʛʦ 

ʯʘʩʫ;  

variety ï ʽʥʬʦʨʤʘʮʽʷ ʚʝʣʠʢʠʭ ʦʙʩʷʛʽʚ ʜʫʞʝ ʨʽʜʢʦ ʙʫʚʘʻ ʦʜʥʦʨʽʜʥʦʶ. ʋ 

ʧʝʨʝʚʘʞʥʽʡ ʙʽʣʴʰʦʩʪʽ ʚʠʧʘʜʢʽʚ ʟʘʛʘʣʴʥʠʡ ʤʘʩʠʚ ʜʘʥʠʭ ʚʢʣʶʯʘʻ ʷʢ 

ʩʪʨʫʢʪʫʨʦʚʘʥʽ, ʪʘʢ ʽ ʥʝʩʪʨʫʢʪʫʨʦʚʘʥʽ ʜʘʥʽ;  

veracity ï ʟʜʘʪʥʽʩʪʴ ʚʠʜʽʣʠʪʠ ʽ ʚʽʜʩʽʷʪʠ ʢʦʨʠʩʥʫ ʩʢʣʘʜʦʚʫ ʜʘʥʠʭ ʚʽʜ 

ʽʥʬʦʨʤʘʮʽʡʥʦʛʦ çʰʫʤʫè; 

value ï ʮʽʥʥʽʩʪʴ ʽʥʬʦʨʤʘʮʽʾ ʚʠʟʥʘʯʘʻ ʜʦʮʽʣʴʥʽʩʪʴ ʾʾ ʦʙʨʦʙʢʠ. ɿʽʙʨʘʥʽ ʜʘʥʽ 

ʧʦʚʠʥʥʽ ʜʘʚʘʪʠ ʚʽʜʧʦʚʽʜʽ ʥʘ ʟʘʟʜʘʣʝʛʽʜʴ ʩʬʦʨʤʫʣʴʦʚʘʥʽ ʧʠʪʘʥʥʷ ʽ ʪʽ, ʱʦ 

ʟôʷʚʣʷʶʪʴʩʷ ʟʥʦʚʫ. 

ɺʦʥʠ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʚ ʪʝʭʥʦʣʦʛʽʷʭ ʢʦʛʥʽʪʠʚʥʠʭ ʨʦʟʨʘʭʫʥʢʽʚ, ʟʜʘʪʥʠʭ 

ʦʙʨʦʙʣʶʚʘʪʠ ʥʝʩʪʨʫʢʪʫʨʦʚʘʥʫ ʽʥʬʦʨʤʘʮʽʶ ʙʝʟ ʟʘʟʜʘʣʝʛʽʜʴ ʥʘʜʘʥʦʛʦ 

ʘʣʛʦʨʠʪʤʫ. 

ʇʦʪʝʥʮʽʘʣ, ʷʢʠʡ ʚʽʜʢʨʠʚʘʶʪʴ ʪʝʭʥʦʣʦʛʽʾ Big Data, ʘ ʧʦʪʽʤ ʽ ʨʦʟʫʤʥʠʭ 

ʜʘʥʠʭ, ʚʠʭʦʜʠʪʴ ʟʘ ʨʘʤʢʠ ʩʫʯʘʩʥʦʛʦ ʨʦʟʫʤʽʥʥʷ ʧʨʦ ʽʥʬʦʨʤʘʮʽʶ. ʋ ʪʦʡ ʯʘʩ, 

ʢʦʣʠ ʚʝʣʠʢʽ ʪʝʭʥʦʣʦʛʽʯʥʽ ʢʦʤʧʘʥʽʾ ʪʘʢʠʭ ʷʢ Google, Microsoft, Amazon, 

Facebook ʪʘ ʱʝ ʮʽʣʠʡ ʨʷʜ ʚʝʣʠʢʠʭ ʢʦʤʧʘʥʽʡ ʚʞʝ ʘʢʪʠʚʥʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʾʭ. 

 

ʉʣʽʜʢʫʡʪʝ ʟʘ ʥʘʰʠʤʠ ʥʦʚʠʥʘʤʠ ʪʘ ʙʫʜʴʪʝ ʚ ʢʫʨʩʽ ʛʦʣʦʚʥʠʭ ʧʦʜʽʡ ʪʘ 

ʪʨʝʥʜʽʚ ɯʊ-ʨʠʥʢʫ. 
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ʉʎʀʅʊʀʃʗʎɯʁʅɯ ʉɽʅʉʆʈʀ ʅɸ ʂʈʀʉʊɸʃɯ NAI:TL ɿ 3% ʈʆɿɼɯʃʔʅʆʖ 

ɿɼɸʊʅɯʉʊʖ ɺ ɿɸɼɸʏɸʍ ʂʃɸʉʀʌɯʂɸʎɯɰ ʅɽʁʈʆʅʅʀʄʀ ʄɽʈɽɾɸʄʀ 

 

 ʋ ʨʦʙʦʪʽ ʨʦʟʛʣʷʥʫʪʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʥʝʡʨʦʥʥʠʭ ʤʝʨʝʞ ʜʣʷ ʦʙʨʦʙʢʠ 

ʛʘʤʤʘ-ʩʧʝʢʪʨʽʚ, ʱʦ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʧʦʢʨʘʱʝʥʥʷ ʧʨʦʮʝʩʫ ʽʜʝʥʪʠʬʽʢʘʮʽʾ ʽʟʦʪʦʧʽʚ 

ʪʘ ʟʤʝʥʰʝʥʥʷ ʯʘʩʫ, ʥʝʦʙʭʽʜʥʦʛʦ ʜʣʷ ʘʥʘʣʽʟʫ. ʎʝ ʟʘʙʝʟʧʝʯʫʻ ʙʽʣʴʰ ʚʠʩʦʢʫ 

ʪʦʯʥʽʩʪʴ ʽʜʝʥʪʠʬʽʢʘʮʽʾ ʽʟʦʪʦʧʽʚ, ʰʚʠʜʰʫ ʪʘ ʙʽʣʴʰ ʘʚʪʦʤʘʪʠʟʦʚʘʥʫ, ʦʩʢʽʣʴʢʠ 

ʥʝ ʚʠʤʘʛʘʻ ʧʦʚʪʦʨʥʦʛʦ ʧʨʦʮʝʩʫ ʨʦʟʢʣʘʜʘʥʥʷ ʪʘ ʨʝʢʦʥʩʪʨʫʢʮʽʾ ʩʧʝʢʪʨʘ. 

 In the paper using of neural networks for processing gamma spectra leads to 

an improvement in the process of isotope identification and a reduction in the time 

required for analysis are considered.  It allows for a higher accuracy in isotope 

identification, faster and more automated, as it does not require the repetitive 

process of spectrum decomposition and reconstruction.  

 Keywords: energy resolution, neural networks, nucleus. 

 Modern gamma spectroscopy provides unique opportunities for conducting 

various studies in many areas of knowledge. The main task of spectroscopic 

measurements is to determine the energy, intensity of discrete gamma lines from 

various gamma sources, their identification, and localization. Such studies are 

often carried out using scintillation detectors based on inorganic crystals such as 

NaI:Tl, CsI:Tl, and others. These detectors are widely used due to their high 

sensitivity and good operational properties. However, the insufficiently high 

energy resolution of scintillation detectors (SD) based on inorganic crystals (at best 

6-7% for gamma quanta with an energy of 662 keV) does not allow solving many 

of the above-mentioned tasks to the fullest extent. 

 There are many ways and already implemented software products with 

classical approaches for processing radiation spectra. However, a relevant and 

actively developing issue today is the question of applying the paradigm of 

artificial neural networks for this purpose [1]. 

 A successful solution to the problem of isotope identification using neural 

networks has been presented in the work of Ukrainian scientists A.V. Kochergin 

and S.S. Pivovarcev [2]. Based on the recommendations of these authors, a method 

of identifying radionuclides using a three-layer feedforward neural network was 
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used. The authors [2] draw attention to the fact that the temporal constraints of the 

measurement and identification procedure lead to the fact that in most cases the 

resulting gamma spectrum has a complex character with a significant number of 

multiples. These multiples are difficult to identify at real count rate levels that are 

only slightly higher than the detector's background load. The number of 

simultaneously identified isotopes cannot be large, so it is recommended to limit 

the number of simultaneously identifiable nuclides. To overcome the alone-stated 

problem, it was decided to use a multi-pass identification procedure with a NaI:Tl 

crystal detector, and a neural network architecture using the Sequential class from 

Keras. To construct the neural network, one hidden layer of neurons was defined 

and the activation function of the output layer with one neuron and a sigmoid 

activation function was determined. The model was compiled using a binary cross-

entropy loss function, the Adam optimizer, and accuracy as the metric. The model 

was trined using the fitting method. We calculated the predictions. The output was 

an array of predicted probabilities for each input vector with values ranging from 0 

to 1. The developments were carried out in Python, using libraries for scientific 

data processing, such as Keras, Theano, Tensorflow, and others. 

 An artificial neural network trained on the simple linear spectra showed 

results close to 95% for identifying individual nuclides. However, identifying 

nuclides with complex linear spectra yielded ambiguous results. To further develop 

the identification method, it was decided to use a NaI:Tl crystal detector spectrum 

with 3% resolution and isolate the energy range of interest to build and train a 

separate artificial neural network for it. 

 Figure 1 shows the radiation spectrum obtained by the crystal detector of 

dimensions 25x25 mm. The energy resolution at the peak of full absorption is 

8.6%. The processed spectrum is shown in Figure 2, with an energy resolution at 

the peak of full absorption as 3.3%. 
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Fig.1.  Radiation spectrum Cs

137
. 

 

 To obtain the NaI:Tl crystal detector spectrum with 3% resolution, an 

algorithm for obtaining and analyzing the fine structure of the detector's output 
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pulses was proposed [3.4]. A mathematical model was assigned to each 

scintillation pulse. The idea of further research was to decompose (cluster) the set 

of pulses into groups based on the shape of each pulse. Similar events, such as 

those with similar attenuation, combustion characteristics, maximum amplitude, 

etc., were selected for each group. The mathematical measure of similarity was a 

norm, the choice of which allows controlling the criterion for group formation. 
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Fig.2. Gamma spectrum obtained on the crystal after processing.  

The energy resolution at the peak of total absorption is 3.3%. 

 

 Using a neural network to identify the isotope Ba133 based on the NaI:Tl 

crystal detector spectrum with 3% resolution yielded results close to 100%. 

Identifying nuclides with complex linear spectra showed results close to 40%. 

The multi-pass identification procedure method is a good approach for addressing 

problems associated with a large number of multiplexes in the gamma spectrum. 

The binary cross-entropy loss function and Adam optimizer are common choices 

for training neural networks, as they show good results in most machine learning tasks. 
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ANALYSIS OF POTENTIAL VULNERABILITIES AND THREATS IN 5G  

 

Vulnerabilities of 5G networks and critical infrastructure are considered. The criticality 

classification of 5G infrastructure assets is given. 

 

ɿ ʧʦʪʦʯʥʠʭ ʦʧʫʙʣʽʢʦʚʘʥʠʭ ʩʪʘʥʜʘʨʪʽʚ ʽ ʜʦʩʣʽʜʞʝʥʴ, ʧʨʦʚʝʜʝʥʠʭ ʚ 

ʩʧʽʚʪʦʚʘʨʠʩʪʚʽ 5G, ʙʫʣʠ ʚʠʷʚʣʝʥʽ ʜʝʷʢʽ ʧʦʤʽʪʥʽ ʚʨʘʟʣʠʚʦʩʪʽ. ʎʽ ʫʨʘʟʣʠʚʦʩʪʽ 

ʤʦʞʫʪʴ ʙʫʪʠ ʫʩʫʥʝʥʽ ʚ ʤʘʡʙʫʪʥʽʭ ʚʠʧʫʩʢʘʭ ʩʪʘʥʜʘʨʪʽʚ, ʽ ʦʯʽʢʫʻʪʴʩʷ, ʱʦ ʜʝʷʢʽ 

ʟ ʥʠʭ ʙʫʜʫʪʴ ʫʩʫʥʝʥʽ ʧʽʩʣʷ ʟʘʚʝʨʰʝʥʥʷ ʨʦʟʨʦʙʢʠ ʩʪʘʥʜʘʨʪʽʚ 5G. ɺʨʘʟʣʠʚʦʩʪʽ 

ʨʦʟʙʠʪʽ ʥʘ ʪʨʠ ʨʦʟʜʽʣʠ: ʢʦʥʬʽʜʝʥʮʽʡʥʽʩʪʴ, ʮʽʣʽʩʥʽʩʪʴ ʽ ʜʦʩʪʫʧʥʽʩʪʴ (CIA). 

ʊʨʽʘʜʘ CIA, ʷʢ ʚʽʜʦʤʦ, ʻ ʥʘʨʽʞʥʠʤ ʢʘʤʝʥʝʤ ʧʦʣʽʪʠʢʠ ʙʝʟʧʝʢʠ ʽ ʚʠʟʥʘʯʘʻ 

ʥʘʡʙʽʣʴʰ ʚʘʞʣʠʚʽ ʢʦʤʧʦʥʝʥʪʠ ʙʝʟʧʝʢʠ. ʎʽʣʢʦʤ ʽʤʦʚʽʨʥʦ, ʱʦ ʜʝʷʢʽ ʟ ʥʠʭ 

ʙʫʜʫʪʴ ʨʦʟʛʣʷʥʫʪʽ ʚ ʤʘʡʙʫʪʥʴʦʤʫ, ʦʜʥʘʢ ʜʝʷʢʽ ʚʠʩʥʦʚʢʠ ʙʫʜʝ ʚʘʞʢʦ 

ʧʦʤ'ʷʢʰʠʪʠ, ʽ ʩʪʘʥʦʤ ʥʘ ʚʠʧʫʩʢ 15 3GPP ʚʦʥʠ ʷʢ ʽ ʨʘʥʽʰʝ ʚʨʘʟʣʠʚʽ [1]. 

ʂʦʥʬʽʜʝʥʮʽʡʥʽʩʪʴ. ʂʦʥʬʽʜʝʥʮʽʡʥʽʩʪʴ ī ʮʝ ʧʨʠʥʮʠʧ, ʟʛʽʜʥʦ ʟ ʷʢʠʤ 

ʢʦʥʬʽʜʝʥʮʽʡʥʽ ʜʘʥʽ ʥʝ ʙʫʜʫʪʴ ʧʝʨʝʜʘʥʽ ʩʪʦʨʦʥʘʤ, ʷʢʽ ʥʝ ʤʘʶʪʴ ʧʦʪʨʝʙʠ ʘʙʦ 

ʧʦʚʥʦʚʘʞʝʥʴ ʥʘ ʜʦʩʪʫʧ. ʋ ʨʘʟʽ ʩʪʽʣʴʥʠʢʦʚʦʛʦ ʟʚôʷʟʢʫ ʮʝ ʤʦʞʝ ʦʟʥʘʯʘʪʠ 

ʪʝʢʩʪʦʚʽ ʧʦʚʽʜʦʤʣʝʥʥʷ, ʪʝʣʝʬʦʥʥʽ ʜʟʚʽʥʢʠ ʪʘ ʽʥʪʝʨʥʝʪ-ʪʨʘʬʽʢ. ʋ ʧʨʦʩʪʦʨʽ 5G ʟ 

IoT ʮʝ ʤʦʞʝ ʦʟʥʘʯʘʪʠ ʤʝʜʠʯʥʽ ʧʨʠʩʪʨʦʾ, ʷʢʽ ʟʙʠʨʘʶʪʴ ʜʘʥʽ ʜʣʷ ʧʨʘʢʪʠʢʫʶʯʠʭ 

ʣʽʢʘʨʽʚ, ʘʙʦ ʦʙʣʘʜʥʘʥʥʷ ʜʣʷ ʫʧʨʘʚʣʽʥʥʷ ʙʫʜʽʚʣʝʶ, ʷʢʝ ʜʦʟʚʦʣʷʻ ʚʭʦʜʠʪʠ ʚ 

ʪʝʨʠʪʦʨʽʶ. ɺʘʞʣʠʚʦ, ʱʦʙ ʮʽ ʜʘʥʽ ʙʫʣʠ ʟʘʭʠʱʝʥʽ ʚʽʜ ʟʘʛʨʦʟ, ʱʦʙ ʟʘʧʦʙʽʛʪʠ 

ʥʝʥʘʚʤʠʩʥʦʤʫ ʚʠʪʦʢʫ ʧʝʨʩʦʥʘʣʴʥʠʭ ʜʘʥʠʭ ʘʙʦ ʜʘʥʠʭ ʙʝʟʧʝʢʠ [2]. 

ʎʽʣʽʩʥʽʩʪʴ. ʎʽʣʽʩʥʽʩʪʴ ī ʮʝ ʧʨʠʥʮʠʧ ʧʽʜʪʨʠʤʢʠ ʪʦʯʥʦʩʪʽ ʪʘ ʫʟʛʦʜʞʝʥʦʩʪʽ 

ʜʘʥʠʭ ʚʽʜ ʢʽʥʮʝʚʦʾ ʪʦʯʢʠ ʜʦ ʪʦʯʢʠ, ʽ ʮʝ ʚʘʞʣʠʚʦ ʜʣʷ ʙʝʟʜʨʦʪʦʚʦʛʦ ʟʚôʷʟʢʫ, 

ʱʦʙ ʟʘʧʦʙʽʛʪʠ ʤʘʥʽʧʫʣʷʮʽʷʤ ʜʘʥʠʤʠ ʯʝʨʝʟ ʬʘʢʪʦʨʠ ʥʘʚʢʦʣʠʰʥʴʦʛʦ 

ʩʝʨʝʜʦʚʠʱʘ ʘʙʦ ʟʣʦʚʤʠʩʥʠʭ ʩʫʙôʻʢʪʽʚ. ʉʧʝʮʠʬʽʢʘʮʽʾ ʙʝʟʜʨʦʪʦʚʦʛʦ ʟʚôʷʟʢʫ 

ʯʘʩʪʦ ʚʢʣʶʯʘʶʪʴ ʤʝʪʦʜʠ ʧʦʚʪʦʨʥʦʾ ʧʝʨʝʜʘʯʽ ʜʘʥʠʭ, ʱʦʙ ʧʦʜʦʣʘʪʠ ʨʦʟʨʠʚʠ 

ʘʙʦ ʧʝʨʝʰʢʦʜʠ ʪʘ ʧʨʦʜʦʚʞʠʪʠ ʟôʻʜʥʘʥʥʷ. ɺʘʞʣʠʚʦ, ʱʦʙ ʮʽ ʜʘʥʽ ʙʫʣʠ 

ʧʝʨʝʚʽʨʝʥʽ, ʱʦʙ ʚʦʥʠ ʪʦʯʥʦ ʟʙʽʛʣʠʩʷ ʟ ʪʠʤʠ, ʷʢʽ ʥʘʜʽʩʣʘʚ ʧʨʠʩʪʨʽʡ. ʅʘʩʣʽʜʢʠ 

ʜʣʷ ʧʨʠʡʥʷʪʠʭ ʟʤʽʥʝʥʠʭ ʜʘʥʠʭ ʤʦʞʫʪʴ ʙʫʪʠ ʷʢ ʟʙʽʡ ʫ ʪʝʣʝʬʦʥʥʽʡ ʨʦʟʤʦʚʽ, ʪʘʢ 

ʽ ʢʘʪʘʩʪʨʦʬʽʯʥʠʤʠ, ʷʢ ʝʣʝʢʪʨʦʩʪʘʥʮʽʾ, ʷʢʽ ʦʪʨʠʤʫʶʪʴ ʥʝʧʨʘʚʠʣʴʥʽ ʢʦʥʪʨʦʣʴʥʽ 

ʢʦʜʠ. 

ɼʦʩʪʫʧʥʽʩʪʴ. ɼʦʩʪʫʧʥʽʩʪʴ ī ʮʝ ʪʨʝʪʷ ʯʘʩʪʠʥʘ ʪʨʽʘʜʠ CIA. ʎʝʡ ʧʨʠʥʮʠʧ 

ʚʠʤʘʛʘʻ, ʱʦʙ ʫʩʽ ʽʥʬʦʨʤʘʮʽʡʥʽ ʩʠʩʪʝʤʠ ʙʫʣʠ ʬʫʥʢʮʽʦʥʘʣʴʥʠʤʠ ʪʘ ʟʘʚʞʜʠ 

ʜʦʩʪʫʧʥʠʤʠ. ʎʝ ʚʘʞʣʠʚʘ ʤʝʪʘ, ʪʦʤʫ ʱʦ ʙʝʟ ʜʦʩʪʫʧʥʦʩʪʽ ʥʽʱʦ ʽʥʰʝ ʥʝ ʤʘʻ 

ʟʥʘʯʝʥʥʷ. ʗʢʱʦ ʩʠʩʪʝʤʘ ʥʝʜʦʩʪʫʧʥʘ, ʚʦʥʘ ʥʽʢʦʤʫ ʥʝ ʢʦʨʠʩʥʘ. ʂʦʣʠ ʚʠ ʤʘʻʪʝ 

ʩʧʨʘʚʫ ʟʽ ʩʪʽʣʴʥʠʢʦʚʠʤʠ ʤʝʨʝʞʘʤʠ, ʦʙʣʘʩʪʴ, ʷʢʘ ʥʝ ʧʦʰʠʨʶʻʪʴʩʷ, ʤʦʞʝ ʤʘʪʠ 
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ʩʝʨʡʦʟʥʽ ʥʘʩʣʽʜʢʠ. ɺ ʥʠʥʽʰʥʽʡ ʯʘʩ ʙʽʣʴʰʽʩʪʴ ʢʦʨʠʩʪʫʚʘʯʽʚ ʥʝ ʤʘʶʪʴ 

ʩʪʘʮʽʦʥʘʨʥʠʭ ʪʝʣʝʬʦʥʽʚ, ʘ ʛʨʦʤʘʜʩʴʢʠʭ ʪʝʣʝʬʦʥʽʚ ʜʫʞʝ ʤʘʣʦ. ʂʦʣʠ ʡʜʝʪʴʩʷ 

ʧʨʦ ʙʝʟʧʝʢʫ ʞʠʪʪʻʜʽʷʣʴʥʦʩʪʽ, ʘ ʢʦʤʫʥʽʢʘʮʽʷ ʤʘʻ ʚʠʨʽʰʘʣʴʥʝ ʟʥʘʯʝʥʥʷ, 

ʩʠʩʪʝʤʘ, ʷʢʘ ʟʘʙʝʟʧʝʯʫʻ ʢʦʤʫʥʽʢʘʮʽʾ, ʻ ʞʠʪʪʻʚʦ ʚʘʞʣʠʚʦʶ. 

ʈʦʟʚʠʪʦʢ ʨʦʟʫʤʽʥʥʷ ʢʨʠʪʠʯʥʦʾ ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ. ʇʨʠ ʚʠʙʦʨʽ ʢʨʠʪʠʯʥʦʩʪʽ 

ʪʝʣʝʢʦʤʫʥʽʢʘʮʽʡʥʠʭ ʝʣʝʤʝʥʪʽʚ, ʷʢʽ ʧʦʚʠʥʥʽ ʧʽʜʜʘʚʘʪʠʩʷ ʦʩʦʙʣʠʚʽʡ ʧʝʨʝʚʽʨʮʽ, 

ʦʩʥʦʚʥʫ ʫʚʘʛʫ ʩʣʽʜ ʧʨʠʜʽʣʷʪʠ ʢʨʠʪʠʯʥʽʡ ʽʥʬʨʘʩʪʨʫʢʪʫʨʽ, ʷʢʘ ʚʠʟʥʘʯʘʻʪʴʩʷ ʷʢ: 

- ɼʝʨʞʘʚʥʽ ʤʝʨʝʞʽ ʪʘ ʮʝʥʪʨʠ ʦʙʨʦʙʢʠ ʜʘʥʠʭ. 

- ɯʥʬʨʘʩʪʨʫʢʪʫʨʘ, ʷʢʘ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʧʦʩʪʘʯʘʣʴʥʠʢʘʤʠ ʦʩʥʦʚʥʠʭ 

ʧʨʦʜʫʢʪʽʚ ʽ ʧʦʩʣʫʛ: ʝʥʝʨʛʝʪʠʢʘ, ʧʨʦʜʦʚʦʣʴʩʪʚʦ, ʩʠʨʦʚʠʥʘ, ʟʘʣʽʟʥʠʮʽ, 

ʘʝʨʦʧʦʨʪʠ, ʪʝʣʝʢʦʤʫʥʽʢʘʮʽʾ, ʙʘʥʢʠ, ʽʥʪʝʨʥʝʪ-ʙʽʨʞʽ, ʚʦʜʦʢʘʥʘʣʠ, ʣʽʢʘʨʥʽ. 

- ɯʥʬʨʘʩʪʨʫʢʪʫʨʘ ʢʨʠʪʠʯʥʦ ʚʘʞʣʠʚʘ ʜʣʷ ʚʠʩʦʢʦʮʽʥʥʠʭ ʧʽʜʧʨʠʻʤʩʪʚ ʘʙʦ 

ʤʘʻ ʢʣʶʯʦʚʝ ʩʪʨʘʪʝʛʽʯʥʝ ʟʥʘʯʝʥʥʷ ʜʣʷ ʝʢʦʥʦʤʽʢʠ ʢʨʘʾʥʠ. 

ʅʝʦʙʭʽʜʥʦ ʨʦʟʫʤʽʪʠ, ʱʦ ʢʨʠʪʠʯʥʽʩʪʴ ʤʝʨʝʞ ʽ ʢʦʥʢʨʝʪʥʠʭ ʤʝʨʝʞʝʚʠʭ 

ʝʣʝʤʝʥʪʽʚ ʧʦʚʠʥʥʘ ʦʮʽʥʶʚʘʪʠʩʷ ʥʘ ʦʩʥʦʚʽ (ʧʦʪʝʥʮʽʡʥʦ ʧʦʨʫʰʝʥʠʭ) ʜʦʜʘʪʢʽʚ, 

ʧʽʜʪʨʠʤʫʚʘʥʠʭ ʮʠʤʠ ʤʝʨʝʞʘʤʠ. ʅʘʚʽʪʴ ʢʦʨʦʪʢʦʯʘʩʥʠʡ ʟʙʽʡ ʚ ʧʽʜʢʣʶʯʝʥʥʽ ʚ 

ʦʙʤʝʞʝʥʽʡ ʛʝʦʛʨʘʬʽʯʥʽʡ ʟʦʥʽ ʘʙʦ ʚʧʣʠʚ ʥʘ ʚʠʤʦʛʠ ʜʦ ʟʘʪʨʠʤʢʠ ʜʣʷ ʢʨʠʪʠʯʥʦ 

ʚʘʞʣʠʚʦʾ ʧʦʩʣʫʛʠ ʤʦʞʝ ʧʨʠʟʚʝʩʪʠ ʜʦ ʩʤʝʨʪʝʣʴʥʠʭ ʥʘʩʣʽʜʢʽʚ. ʊʘʢʠʤ ʯʠʥʦʤ, 

ʙʝʟʧʝʨʝʰʢʦʜʥʠʡ ʜʦʩʪʫʧ ʜʦ ʧʽʜʢʣʶʯʝʥʥʷ ʩʪʘʻ ʪʘʢʠʤ ʞʝ ʚʘʞʣʠʚʠʤ, ʷʢ ʽ ʜʦʩʪʫʧ 

ʜʦ ʝʣʝʢʪʨʠʢʠ. 

ʄʝʨʝʞʽ 5G ʙʫʜʫʪʴ ʟʘʩʥʦʚʘʥʽ ʥʘ ʭʤʘʨʽ, ʪʦʙʪʦ ʾʭ ʽʥʬʨʘʩʪʨʫʢʪʫʨʘ ʙʫʜʝ 

ʩʢʣʘʜʘʪʠʩʷ ʟ ʚʟʘʻʤʦʧʦʚ'ʷʟʘʥʠʭ ʮʝʥʪʨʽʚ ʦʙʨʦʙʢʠ ʜʘʥʠʭ, ʘʙʦ "ʭʤʘʨ". ɺʦʥʠ 

ʟʘʙʝʟʧʝʯʫʶʪʴ ʩʝʨʝʜʦʚʠʱʝ ʚʽʨʪʫʘʣʽʟʘʮʽʾ, ʚ ʷʢʦʤʫ ʤʝʨʝʞʝʚʽ ʬʫʥʢʮʽʾ 

ʚʠʢʦʥʫʶʪʴʩʷ ʷʢ ʚʽʨʪʫʘʣʴʥʽ ʤʝʨʝʞʝʚʽ ʬʫʥʢʮʽʾ ʚ ʟʘʛʘʣʴʥʽʡ ʽʥʬʨʘʩʪʨʫʢʪʫʨʽ, ʱʦ 

ʥʘʜʘʻ ʚʽʨʪʫʘʣʽʟʦʚʘʥʽ ʦʙʯʠʩʣʶʚʘʣʴʥʽ, ʤʝʨʝʞʝʚʽ ʪʘ ʟʘʧʘʤ'ʷʪʦʚʫʶʯʽ ʨʝʩʫʨʩʠ. 

ʎʝʥʪʨʠ ʦʙʨʦʙʢʠ ʜʘʥʠʭ ʙʫʜʫʪʴ ʟ'ʻʜʥʘʥʽ ʤʽʞ ʩʦʙʦʶ ʪʨʘʥʩʧʦʨʪʥʠʤʠ 

ʤʝʨʝʞʘʤʠ, ʱʦ ʩʢʣʘʜʘʶʪʴʩʷ ʟ ʚʫʟʣʽʚ ʪʨʘʥʩʧʦʨʪʥʦʾ ʤʝʨʝʞʽ (ʥʘʧʨʠʢʣʘʜ, 

ʦʧʪʠʯʥʠʭ ʢʦʤʫʪʘʪʦʨʽʚ) ʽ ʬʘʢʪʠʯʥʠʭ ʣʽʥʽʡ ʟʚ'ʷʟʢʫ (ʥʘʧʨʠʢʣʘʜ, ʦʧʪʦʚʦʣʦʢʦʥʥʠʭ 

ʤʝʨʝʞ). ʊʨʘʥʩʧʦʨʪʥʽ ʤʝʨʝʞʽ ʪʘʢʦʞ ʟʘʙʝʟʧʝʯʘʪʴ ʚʟʘʻʤʦʟʚ'ʷʟʦʢ ʤʽʞ ʮʝʥʪʨʘʤʠ 

ʦʙʨʦʙʢʠ ʜʘʥʠʭ, ʱʦ ʥʘʣʝʞʘʪʴ ʜʦ ʨʽʟʥʠʭ ʤʝʨʝʞ ʤʦʙʽʣʴʥʦʛʦ ʟʚ'ʷʟʢʫ, ʱʦ 

ʧʦʣʝʛʰʠʪʴ ʨʦʫʤʽʥʛ ʽ ʟʚ'ʷʟʦʢ ʤʽʞ ʘʙʦʥʝʥʪʘʤʠ ʨʽʟʥʠʭ ʤʝʨʝʞ. 

ʄʦʙʽʣʴʥʠʡ ʜʦʩʪʫʧ (RAN) ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʘʥʪʝʥ, ʨʘʜʽʦʯʘʩʪʦʪʥʦʛʦ ʪʘ 

ʰʠʨʦʢʦʩʤʫʛʦʚʦʛʦ ʦʙʣʘʜʥʘʥʥʷ. ʋ 5G RAN ʤʦʞʝ ʙʫʪʠ ʨʝʘʣʽʟʦʚʘʥʠʡ ʚ ʨʽʟʥʠʭ 

ʪʦʧʦʣʦʛʽʷʭ, ʧʦʯʠʥʘʶʯʠ ʚʽʜ "ʢʣʘʩʠʯʥʠʭ" ʨʦʟʧʦʜʽʣʝʥʠʭ ʤʝʨʝʞ, ʟʘʩʥʦʚʘʥʠʭ ʥʘ 

ʩʧʝʮʠʬʽʯʥʽʡ ʬʫʥʢʮʽʾ ʬʽʟʠʯʥʦʾ ʤʝʨʝʞʽ HW (PNF), ʜʦ ʚʽʨʪʫʘʣʽʟʦʚʘʥʠʭ 

ʘʨʭʽʪʝʢʪʫʨ (vRAN /VNF), ʟʘʩʥʦʚʘʥʠʭ ʥʘ ʚʝʣʠʢʽʡ ʢʽʣʴʢʦʩʪʽ Edge Cloud 

(ʛʨʘʥʠʯʥʠʭ ʭʤʘʨ). Edge Cloud ʥʝ ʙʫʜʝ ʚʠʜʽʣʝʥʘ ʜʣʷ RAN, ʘʣʝ ʪʘʢʦʞ ʙʫʜʝ 

ʤʽʩʪʠʪʠ ʯʘʩʪʠʥʫ ʗʜʨʘ, ʚ ʦʩʥʦʚʥʦʤʫ ʰʣʶʟʠ, ʽ ʜʦʜʘʪʢʠ ʜʣʷ ʨʝʘʣʽʟʘʮʽʾ ʚʘʨʽʘʥʪʽʚ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʟ ʥʠʟʴʢʦʶ ʟʘʪʨʠʤʢʦʶ, ʧʽʜʪʨʠʤʫʚʘʥʠʭ 5G. ʆʩʴ ʯʦʤʫ ʨʽʟʥʠʮʷ 

ʤʽʞ ʤʦʙʽʣʴʥʠʤ ʜʦʩʪʫʧʦʤ ʽ ʷʜʨʦʤ ʩʪʘʻ ʚʩʝ ʙʽʣʴʰ ʨʦʟʤʠʪʦʶ. 

ʍʦʯʘ ʧʨʠʩʪʨʦʾ, ʱʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʤʝʨʝʞʫ, ʟʘʟʚʠʯʘʡ ʥʝ ʻ ʘʢʪʠʚʘʤʠ 

ʦʧʝʨʘʪʦʨʽʚ ʤʦʙʽʣʴʥʦʛʦ ʟʚ'ʷʟʢʫ, ʚʦʥʠ ʚʩʝ ʦʜʥʦ ʤʦʞʫʪʴ ʤʽʩʪʠʪʠ, ʚʽʜʧʦʚʽʜʥʦ ʜʦ 

ʩʧʝʮʠʬʽʢʘʮʽʡ 3GPP, ʟʘʭʠʱʝʥʝ ʦʙʣʘʜʥʘʥʥʷ, ʟʘʟʚʠʯʘʡ ʚʽʜʦʤʝ ʷʢ "SIM-ʢʘʨʪʘ", 

ʘʣʝ ʚ ʩʧʝʮʠʬʽʢʘʮʽʷʭ ʟʚʘʥʝ UICC (Universal Integrated Circuit Card). UICC 

ʟʥʘʭʦʜʠʪʴʩʷ ʧʽʜ ʢʦʥʪʨʦʣʝʤ ʦʧʝʨʘʪʦʨʘ ʤʝʨʝʞʽ ʽ ʤʽʩʪʠʪʴ ʜʘʥʽ ʽ ʧʨʦʛʨʘʤʥʝ 
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ʟʘʙʝʟʧʝʯʝʥʥʷ, ʟʚʘʥʝ ʜʦʜʘʪʢʦʤ USIM (Universal Subscriber Identity Module). 

ɼʦʜʘʪʦʢ USIM ʥʘ UICC ʤʘʻ ʚʘʞʣʠʚʝ ʟʥʘʯʝʥʥʷ ʜʣʷ ʙʝʟʧʝʯʥʦʛʦ ʟʚ'ʷʟʢʫ ʤʽʞ 

ʧʨʠʩʪʨʦʻʤ ʽ ʤʝʨʝʞʝʶ ʽ ʤʦʞʝ ʨʦʟʛʣʷʜʘʪʠʩʷ ʷʢ ʯʘʩʪʠʥʘ ʘʢʪʠʚʽʚ ʦʧʝʨʘʪʦʨʽʚ 

ʤʦʙʽʣʴʥʦʛʦ ʟʚ'ʷʟʢʫ. ɼʣʷ ʧʨʠʩʪʨʦʾʚ ɯʥʪʝʨʥʝʪʫ ʨʝʯʝʡ UICC ʤʦʞʝ ʙʫʪʠ 

ʚʙʫʜʦʚʘʥʠʡ, ʽ ʪʽʣʴʢʠ ʡʦʛʦ ʯʘʩʪʠʥʘ USIM ʟʥʘʭʦʜʠʪʴʩʷ ʧʽʜ ʢʦʥʪʨʦʣʝʤ 

ʦʧʝʨʘʪʦʨʘ. 
 

ʊʘʙʣʠʮʷ 1. ʂʣʘʩʠʬʽʢʘʮʽʷ ʢʨʠʪʠʯʥʦʩʪʽ ʽʥʬʨʘʩʪʨʫʢʪʫʨʥʠʭ ʘʢʪʠʚʽʚ 5G. 

ʌʫʥʢʮʽʷ 5G / 

ʤʝʨʝʞʝʚʠʡ ʝʣʝʤʝʥʪ 
ʂʣʘʩʠʬʽʢʘʮʽʷ ʂʦʤʝʥʪʘʨ 

ʎʝʥʪʨʠ ʦʙʨʦʙʢʠ 

ʜʘʥʠʭ 
ʂʨʠʪʠʯʥʘ 

- ʎʝʥʪʨʠ ʦʙʨʦʙʢʠ ʜʘʥʠʭ ʨʦʟʤʽʱʫʶʪʴ: ʢʨʠʪʠʯʥʦ 

ʚʘʞʣʠʚʽ ʬʫʥʢʮʽʾ ʤʝʨʝʞʽ 5G, ʢʦʥʬʽʜʝʥʮʽʡʥʽ 

ʤʝʨʝʞʝʚʽ ʽ ʧʨʠʟʥʘʯʝʥʽ ʜʣʷ ʢʦʨʠʩʪʫʚʘʯʘ ʜʘʥʽ, ʘ 

ʪʘʢʦʞ ʽʥʪʝʨʬʝʡʩʠ ʜʦ ʽʥʰʠʭ ʤʝʨʝʞ. 

- ʙʣʠʞʯʝ ʜʦ ʛʨʘʥʠʮʽ (DC) ʨʠʟʠʢ ʤʦʞʝ ʟʤʝʥʰʠʪʠʩʷ, 

ʦʩʢʽʣʴʢʠ ʚʧʣʠʚ ʫʩʧʽʰʥʠʭ ʘʪʘʢ ʥʦʩʠʪʴ ʨʝʛʽʦʥʘʣʴʥʠʡ 

ʭʘʨʘʢʪʝʨ. 

ʊʨʘʥʩʧʦʨʪʥʽ ʤʝʨʝʞʽ 

(ʚʫʟʣʠ ʽ ʣʽʥʽʾ ʟʚ'ʷʟʢʫ, 

ʥʘʧʨʠʢʣʘʜ, ʦʧʪʠʯʥʽ 

ʢʦʤʫʪʘʪʦʨʠ ʽ 

ʚʦʣʦʢʥʘ; ʂʦʤʫʪʘʪʦʨʠ 

SDN) 

ɺʠʩʦʢʘ 

- ʬʽʟʠʯʥʠʡ ʚʧʣʠʚ, ʤʦʞʣʠʚʝ ʧʦʨʫʰʝʥʥʷ ʨʦʙʦʪʠ 

ʤʝʨʝʞʽ, 

- ʟʘʛʨʦʟʘ ʧʨʦʩʣʫʭʦʚʫʚʘʥʥʷ ʤʦʞʝ ʙʫʪʠ ʟʤʝʥʰʝʥʘ ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʰʠʬʨʫʚʘʥʥʷ,  

- ʨʝʟʝʨʚʫʚʘʥʥʷ ʜʦʟʚʦʣʷʻ ʜʦʣʘʪʠ ʘʪʘʢʠ ʥʘ ʦʢʨʝʤʽ 

ʪʨʘʥʩʧʦʨʪʥʽ ʚʫʟʣʠ ʪʘ ʢʘʥʘʣʠ 

ʆʙ'ʻʢʪʠ IPX ɺʠʩʦʢʘ 

- ʧʦʜʽʙʥʦ ʜʦ ʪʨʘʥʩʧʦʨʪʥʠʭ ʤʝʨʝʞ, ʪʨʘʬʽʢ ʤʦʞʝ 

ʙʫʪʠ ʟʘʭʠʱʝʥʠʡ ʟʘ ʜʦʧʦʤʦʛʦʶ ʤʝʭʘʥʽʟʤʽʚ, 

ʟʘʟʥʘʯʝʥʠʭ ʫ 3GPP, ʘʙʦ ʤʝʭʘʥʽʟʤʽʚ, ʚʠʟʥʘʯʝʥʠʭ 

ʽʥʰʠʤʠ ʦʨʛʘʥʽʟʘʮʽʷʤʠ, ʪʘʢʠʤʠ ʷʢ GSMA. 

ʅʝʚʽʨʪʫʘʣʽʟʦʚʘʥʽ 

ʙʘʟʦʚʽ ʩʪʘʥʮʽʾ 
ʉʝʨʝʜʥʷ 

- ɸʪʘʢʠ ʟʘʟʚʠʯʘʡ ʤʘʶʪʴ ʣʦʢʘʣʴʥʠʡ ʚʧʣʠʚ, ʤʦʞʣʠʚʦ 

ʥʘʜʤʽʨʥʝ ʧʦʢʨʠʪʪʷ ʟ ʽʥʰʠʭ ʙʘʟʦʚʠʭ ʩʪʘʥʮʽʡ, 

ʢʦʥʬʽʜʝʥʮʽʡʥʽ ʜʘʥʽ ʟʘʭʠʱʝʥʽ ʚ ʟʘʭʠʱʝʥʦʤʫ 

ʩʝʨʝʜʦʚʠʱʽ ʙʘʟʦʚʦʾ ʩʪʘʥʮʽʾ; ʦʜʥʘʢ ʚʧʨʦʚʘʜʞʝʥʥʷ 

DoS-ʘʪʘʢʠ ʚ ʷʜʨʦ ʪʘʢʦʞ ʧʨʝʜʩʪʘʚʣʷʻ ʨʠʟʠʢ 

ɸʥʪʝʥʘ ʅʠʟʴʢʘ 
- ʅʠʟʴʢʠʡ ʨʽʚʝʥʴ ʚʧʣʠʚʫ; ʪʽʣʴʢʠ ʣʦʢʘʣʽʟʦʚʘʥʽ DoS-

ʘʪʘʢʠ 

UICC/USIM ʅʠʟʴʢʘ 
- ʚʠʩʦʢʘ ʘʧʘʨʘʪʥʘ ʙʝʟʧʝʢʘ, ʜʫʞʝ ʣʦʢʘʣʴʥʠʡ ʚʧʣʠʚ 

ʧʨʠ ʟʣʦʤʽ ʘʙʦ ʢʣʦʥʫʚʘʥʥʽ USIM 

 

ʂʣʘʩʠʬʽʢʘʮʽʷ ʢʨʠʪʠʯʥʦʩʪʽ ʟʘʩʥʦʚʘʥʘ ʥʘ ʛʝʦʛʨʘʬʽʯʥʦʤʫ 

ʦʭʦʧʣʝʥʥʽ/ʢʽʣʴʢʦʩʪʽ ʘʙʦʥʝʥʪʽʚ, ʷʢʽ ʧʦʩʪʨʘʞʜʘʣʠ ʚ ʨʘʟʽ ʟʙʦʶ [3]. ʆʜʥʘʢ 

ʬʘʢʪʠʯʥʠʡ ʨʽʚʝʥʴ ʨʠʟʠʢʫ ʟʘʣʝʞʠʪʴ ʚʽʜ ʧʨʦʛʨʘʤ, ʷʢʽ ʤʦʞʫʪʴ ʙʫʪʠ 

ʩʢʦʤʧʨʦʤʝʪʦʚʘʥʽ. 
ʃʽʪʝʨʘʪʫʨʘ 
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THE PROGRAM FOR ASSESSING THE CONNECTIVITY  

OF NODES OF WIRELESS EPISODIC NETWORKS UNDER THE 

CONDITION OF USING UAVs  

 

The article describes the main problems of the duration of connectivity of 

mobile subscribers (nodes) (MA) of a wireless episodic network (BEM consisting 

of MA and UAV) in conditions of direct radio visibility and taking into account 

relaying. The obtained results can be used in the UAV network topology control 

method. 

 

ɿʚôʷʟʥʽʩʪʴ ʧʘʨʠ ʚʫʟʣʽʚ ʚʠʟʥʘʯʘʻʪʴʩʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʨʽʟʥʠʭ ʨʽʚʥʽʚ 

ʽʥʬʦʨʤʘʮʽʡʥʦʾ ʚʟʘʻʤʦʜʽʾ OSI, ʪʘʢʠʤʠ ʷʢ ʜʘʣʴʥʽʩʪʴ ʨʘʜʽʦʟʚôʷʟʢʫ, ʧʨʦʧʫʩʢʥʘ 

ʟʜʘʪʥʽʩʪʴ ʢʘʥʘʣʽʚ, ʟʘʪʨʠʤʢʘ ʧʝʨʝʜʘʯʽ ʽʥʬʦʨʤʘʮʽʾ ʪʘ ʽʥ. ɺ ʜʘʥʦʤʫ ʨʦʟʜʽʣʽ 

ʧʨʦʧʦʥʫʻʪʴʩʷ ʨʦʟʨʘʭʫʥʦʢ ʟʘʟʥʘʯʝʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʪʘ ʾʭ ʘʥʘʣʽʟ ʚ ʟʘʣʝʞʥʦʩʪʽ 

ʚʽʜ ʩʠʩʪʝʤʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʤʝʨʝʞʽ.  

ɹʝʟʧʨʦʚʦʜʦʚʘ ʝʧʽʟʦʜʠʯʥʘ ʤʝʨʝʞʘ ʧʝʨʝʜʘʯʽ ʜʘʥʠʭ ʟʘʟʚʠʯʘʡ ʬʫʥʢʮʽʦʥʫʻ ʫ 

ʤʝʞʘʭ ʧʨʷʤʦʾ ʨʘʜʽʦ ʚʠʜʠʤʦʩʪʽ ʚʫʟʣʽʚ. ʇʨʠ ʯʦʤʫ ʩʣʽʜ ʨʦʟʨʽʟʥʷʪʠ ʧʨʷʤʫ 

ʛʝʦʤʝʪʨʠʯʥʫ ʚʠʜʠʤʽʩʪʴ ʪʘ ʧʨʷʤʫ ʨʘʜʽʦ ʚʠʜʠʤʽʩʪʴ (line of site, LOS), ʱʦ 

ʧʝʨʝʜʙʘʯʘʻ ʥʘʷʚʥʽʩʪʴ ʥʝ ʣʠʰʝ ʧʨʷʤʦʾ ʛʝʦʤʝʪʨʠʯʥʦʾ ʚʠʜʠʤʦʩʪʽ, ʘ ʡ ʚʽʣʴʥʦʾ 

ʧʝʨʰʦʾ ʟʦʥʠ ʌʨʝʥʝʣʷ, ʫ ʷʢʽʡ ʨʦʟʧʦʚʩʶʜʞʫʻʪʴʩʷ ʦʩʥʦʚʥʘ ʝʥʝʨʛʽʷ ʨʘʜʽʦʩʠʛʥʘʣʫ 

[2, ʩʪ. 214].   

ʇʨʠ ʨʦʙʦʪʽ ʥʘ ʨʽʚʥʠʥʥʽʡ ʧʦʚʝʨʭʥʽ ɿʝʤʣʽ ʨʘʜʽʫʩ ʟʦʥʠ ʧʨʷʤʦʾ 

(ʛʝʦʤʝʪʨʠʯʥʦʾ) ʚʠʜʠʤʦʩʪʽ (R, ʢʤ) ʚʠʟʥʘʯʘʻʪʴʩʷ ʚʠʩʦʪʘʤʠ ʨʦʟʤʽʱʝʥʥʷ 

ʧʝʨʝʜʘʚʘʣʴʥʦʾ (H, ʤ) ʪʘ ʧʨʠʡʤʘʣʴʥʦʾ (h, ʤ) ʘʥʪʝʥʠ [ɻʘʚʨʠʣʝʥʢʦ]: 

)(57,3 KhKHR += , ʜʝ K ï ʧʦʧʨʘʚʦʯʥʠʡ ʢʦʝʬʽʮʽʻʥʪ, ʱʦ ʚʨʘʭʦʚʫʻ 

ʨʝʬʨʘʢʮʽʶ ʨʘʜʽʦʭʚʠʣʴ. 

ʅʘ ʨʠʩ.1 ʧʨʠʚʝʜʝʥʽ ʨʘʜʽʫʩʠ ʧʨʷʤʦʾ ʚʠʜʠʤʦʩʪʽ ʧʨʠ K=1 (ʘ) ʪʘ K=4/3 (ʙ). 

ɯʟ ʛʨʘʬʽʢʽʚ ʚʠʜʥʦ, ʱʦ ʪʠʧʦʚʝ ʟʥʘʯʝʥʥʷ ʛʝʦʤʝʪʨʠʯʥʦʾ ʚʠʜʠʤʦʩʪʽ ʧʘʨʠ 

ʘʙʦʥʝʥʪʽʚ (ʧʽʰʦʭʦʜʽʚ), ʱʦ ʟʥʘʭʦʜʷʪʴʩʷ ʥʘ ʨʽʚʥʠʥʥʽʡ ʤʽʩʮʝʚʦʩʪʽ, ʚ ʽʜʝʘʣʽ ʤʦʞʝ 

ʩʪʘʥʦʚʠʪʠ 7-10 ʢʤ. ʋ ʪʦʡ ʯʘʩ ʷʢ ʜʘʣʴʥʽʩʪʴ ʧʨʷʤʦʾ ʚʠʜʠʤʦʩʪʽ ʤʽʞ ʧʽʰʦʭʦʜʦʤ 

ʪʘ ɹʇʃɸ ʩʷʛʘʻ ʧʦʥʘʜ 130 ʢʤ.  

ʆʩʥʦʚʥʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ, ʱʦ ʚʠʟʥʘʯʘʶʪʴ ʝʬʝʢʪʠʚʥʽʩʪʴ 

ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʧʨʦʪʦʢʦʣʫ ʤʥʦʞʠʥʥʦʛʦ ʜʦʩʪʫʧʫ (ʄɼ) ʜʦ ʟʘʛʘʣʴʥʦʛʦ 

ʢʘʥʘʣʴʥʦʛʦ ʨʝʩʫʨʩʫ, ʻ : ʩʝʨʝʜʥʷ ʰʚʠʜʢʽʩʪʴ ʧʝʨʝʜʘʯʽ, ʩʝʨʝʜʥʷ ʟʘʪʨʠʤʢʘ 

ʧʝʨʝʜʘʯʽ ʪʘ ʛʨʘʥʠʯʥʝ ʟʥʘʯʝʥʥʷ ʪʨʘʬʽʢʫ, ʧʨʠ ʷʢʦʤʫ ʜʦʩʷʛʘʻʪʴʩʷ ʤʝʞʘ ʩʪʽʡʢʦʾ 
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ʨʦʙʦʪʠ ʤʝʨʝʞʽ (ʄʉ). ʎʽ ʧʘʨʘʤʝʪʨʠ ʚʠʟʥʘʯʘʶʪʴʩʷ ʷʢ ʬʫʥʢʮʽʷ ʩʠʩʪʝʤʥʠʭ 

ʧʘʨʘʤʝʪʨʽʚ, ʩʝʨʝʜ ʷʢʠʭ ʦʩʥʦʚʥʠʤʠ ʻ ʽʥʪʝʥʩʠʚʥʽʩʪʴ ʪʨʘʬʽʢʫ, ʰʚʠʜʢʽʩʪʴ 

ʧʝʨʝʜʘʯʽ, ʜʦʚʞʠʥʘ ʧʘʢʝʪʫ, ʛʝʦʤʝʪʨʠʯʥʽ ʨʦʟʤʽʨʠ ʤʝʨʝʞʽ ʘʙʦ ʫʟʘʛʘʣʴʥʶʶʯʠʡ ʾʭ 

ʽʥʪʝʨʚʘʣ ʫʨʘʟʣʠʚʦʩʪʽ [3]. 
 

                
ʘ)                                                           ʙ) 

ʈʠʩ. 1. ɼʘʣʴʥʽʩʪʴ ʧʨʷʤʦʾ ʚʠʜʠʤʦʩʪʽ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʚʠʩʦʪʠ ʧʽʜʚʽʩʫ ʘʥʪʝʥ ʧʨʠ ʨʽʟʥʠʭ 

ʧʦʧʨʘʚʦʯʥʠʭ ʢʦʝʬʽʮʽʻʥʪʘʭ: K=1 (ʘ) ʪʘ K=4/3 (ʙ). 

 

ʉʝʨʝʜʥʷ ʰʚʠʜʢʽʩʪʴ ʧʝʨʝʜʘʯʽ ʧʨʝʜʩʪʘʚʣʷʻ ʩʦʙʦʶ ʤʘʪʝʤʘʪʠʯʥʝ 

ʦʯʽʢʫʚʘʥʥʷ ʚʠʧʘʜʢʦʚʦʾ ʚʝʣʠʯʠʥʠ, ʱʦ ʚʠʟʥʘʯʘʻ ʢʽʣʴʢʽʩʪʴ ʙʝʟʢʦʥʬʣʽʢʪʥʦ 

ʧʝʨʝʜʘʥʠʭ ʧʘʢʝʪʽʚ ʟʘ ʦʜʠʥʠʮʶ ʯʘʩʫ. ɺ ʜʘʥʽʡ ʨʦʙʦʪʽ ʟʘ ʦʜʠʥʠʮʶ ʯʘʩʫ 

ʧʨʠʡʥʷʪʦ ʯʘʩ ʧʝʨʝʜʘʯʽ ʩʘʤʦʛʦ ʧʘʢʝʪʫ ʊ, ʪʦʜʽ ʤʘʢʩʠʤʘʣʴʥʠʤ ʪʝʦʨʝʪʠʯʥʠʤ 

ʟʥʘʯʝʥʥʷʤ ʩʝʨʝʜʥʴʦʾ ʰʚʠʜʢʦʩʪʽ ʧʝʨʝʜʘʯʽ ʙʫʜʝ ʦʜʠʥʠʮʷ. ʄʘʢʩʠʤʘʣʴʥʝ 

ʟʥʘʯʝʥʥʷ ʩʝʨʝʜʥʴʦʾ ʰʚʠʜʢʦʩʪʽ ʧʝʨʝʜʘʯʽ ʫ ʣʽʪʝʨʘʪʫʨʽ ʯʘʩʪʦ ʥʘʟʠʚʘʶʪʴ 

ʧʨʦʧʫʩʢʥʦʶ ʟʜʘʪʥʽʩʪʶ (ʽʥʦʜʽ ï ʻʤʥʽʩʪʶ) ʧʨʦʪʦʢʦʣʫ ʄɼ. 

ʉʝʨʝʜʥʷ ʟʘʪʨʠʤʢʘ ʧʝʨʝʜʘʯʽ ï ʮʝ ʥʦʨʤʦʚʘʥʠʡ ʽʥʪʝʨʚʘʣ ʯʘʩʫ (ʚ ʦʜʠʥʠʮʷʭ 

ʪʨʠʚʘʣʦʩʪʽ ʧʝʨʝʜʘʯʽ ʧʘʢʝʪʫ T) ʟ ʤʦʤʝʥʪʫ ʧʦʷʚʠ ʥʘ ʚʭʦʜʽ ʚʫʟʣʘ ʟʘʧʠʪʫ ʥʘ 

ʧʝʨʝʜʘʯʫ ʜʦ ʟʘʚʝʨʰʝʥʥʷ ʙʝʟʢʦʥʬʣʽʢʪʥʦʾ ʧʝʨʝʜʘʯʽ ʧʘʢʝʪʫ ʜʘʥʠʭ. ʇʨʠ ʯʦʤʫ 

ʚʨʘʭʦʚʫʻʪʴʩʷ ʪʽʣʴʢʠ ʜʚʘ ʬʘʢʪʦʨʠ, ʱʦ ʧʝʨʝʰʢʦʜʞʘʶʪʴ ʧʝʨʝʜʘʯʽ: ʟʘʪʨʠʤʢʘ 

ʜʦʩʪʫʧʫ, ʪʦʙʪʦ ʯʘʩ ʜʦ ʤʦʤʝʥʪʫ ʦʪʨʠʤʘʥʥʷ ʜʦʟʚʦʣʫ ʥʘ ʧʝʨʝʜʘʯʫ, ʪʘ ʟʘʪʨʠʤʢʘ 

ʧʦʚʪʦʨʥʦʾ ʧʝʨʝʜʘʯʽ, ʱʦ ʟʫʤʦʚʣʝʥʘ ʣʠʰʝ ʧʦʰʢʦʜʞʝʥʥʷʤ ʧʘʢʝʪʽʚ ʧʨʠ ʾʭ 

ʽʥʪʝʨʬʝʨʝʥʮʽʾ. ɼʘʥʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʨʦʟʨʘʭʦʚʫʻʪʴʩʷ ʫ ʥʘʩʪʫʧʥʦʤʫ ʧʽʜʨʦʟʜʽʣʽ. 

ɻʨʘʥʠʯʥʝ ʟʥʘʯʝʥʥʷ ʪʨʘʬʽʢʫ ʭʘʨʘʢʪʝʨʠʟʫʻ ʦʙʣʘʩʪʴ ʟʘʩʪʦʩʫʚʘʥʥʷ 

ʧʨʦʪʦʢʦʣʫ ʄɼ ʫ ʢʦʥʢʨʝʪʥʠʭ ʫʤʦʚʘʭ, ʘ ʪʘʢʦʞ ʚʠʟʥʘʯʘʻ ʢʽʣʴʢʽʩʪʴ ʚʫʟʣʽʚ ʫ ʟʦʥʽ 

ʜʽʾ ʄɸ ʪʘ ɹʇʃɸ, ʱʦ ʚʠʟʥʘʯʘʻʪʴʩʷ ʪʘʢʦʞ ʫ ʧʦʜʘʣʴʰʠʭ ʧʽʜʨʦʟʜʽʣʘʭ.[3] 

ɼʣʷ ʘʥʘʣʽʟʫ ʚʠʱʝ ʚʢʘʟʘʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʪʘ ʚʠʟʥʘʯʝʥʥʷ ʾʭ ʧʦʪʝʥʮʽʡʥʦ 

ʤʦʞʣʠʚʠʭ ʟʥʘʯʝʥʴ ʙʫʜʝʤʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʘʥʘʣʽʪʠʯʥʽ ʤʦʜʝʣʽ, ʱʦ ʙʫʜʫʶʪʴʩʷ 

ʽʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʝʣʝʤʝʥʪʽʚ ʪʝʦʨʽʾ ʚʽʜʥʦʚʣʝʥʥʷ ʪʘ ʧʨʠʧʫʱʝʥʥʷ, ʱʦ ʢʽʣʴʢʽʩʪʴ 

ʘʙʦʥʝʥʪʽʚ ʥʝʩʢʽʥʯʝʥʥʦ ʚʝʣʠʢʘ, ʢʦʞʝʥ ʟ ʷʢʠʭ ʛʝʥʝʨʫʻ ʧʘʢʝʪʠ ʟ ʥʝʩʢʽʥʯʝʥʥʦ 

ʤʘʣʦʶ ʰʚʠʜʢʽʩʪʶ. ʆʩʪʘʥʥʻ ʻ ʬʘʢʪʠʯʥʦ ʧʨʠʧʫʱʝʥʥʷʤ ʧʨʦ ʧʫʘʩʦʥʽʚʩʴʢʠʡ 

ʭʘʨʘʢʪʝʨ ʧʨʦʮʝʩʫ ʥʘʜʭʦʜʞʝʥʥʷ ʧʘʢʝʪʽʚ ʜʣʷ ʧʝʨʝʜʘʯʽ ʧʦ ʨʘʜʽʦʢʘʥʘʣʫ. ʇʨʠ 

ʮʴʦʤʫ ʽʥʪʝʥʩʠʚʥʽʩʪʴ ʥʘʜʭʦʜʞʝʥʥʷ ʧʘʢʝʪʽʚ ʚʠʤʽʨʶʻʪʴʩʷ ʢʽʣʴʢʽʩʪʶ ʟʘ ʯʘʩ 

ʧʝʨʝʜʘʯʽ ʧʘʢʝʪʫ T ʪʘ ʧʦʟʥʘʯʘʻʪʴʩʷ ʙʫʢʚʦʶ G. ʉʝʨʝʜʥʷ ʰʚʠʜʢʽʩʪʴ ʧʝʨʝʜʘʯʽ S 

ʪʘʢʦʞ ʚʠʤʽʨʶʻʪʴʩʷ ʚ ʢʽʣʴʢʦʩʪʽ ʧʘʢʝʪʽʚ ʟʘ ʯʘʩ T, ʘʣʝ ʱʦ ʧʝʨʝʜʘʥʽ 

ʙʝʟʢʦʥʬʣʽʢʪʥʦ. ʇʨʠʧʫʩʢʘʻʪʴʩʷ ʪʘʢʦʞ, ʱʦ ʚʩʽ ʧʘʢʝʪʠ ʤʘʶʪʴ ʦʜʥʘʢʦʚʫ 
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ʜʦʚʞʠʥʫ L. ɼʘʥʥʽ ʤʦʜʝʣʽ ʦʧʝʨʫʶʪʴ ʽʟ ʩʝʨʝʜʥʽʤʠ ʟʥʘʯʝʥʥʷʤʠ ʯʘʩʦʚʠʭ ʚʽʜʨʽʟʢʽʚ 

ʩʪʘʥʫ ʨʘʜʽʦʢʘʥʘʣʫ. ʊʘʢʦʞ ʙʫʜʝʤʦ ʚʚʘʞʘʪʠ, ʱʦ ʩʣʫʞʙʦʚʽ ʧʘʢʝʪʠ (ʢʚʠʪʘʥʮʽʾ), 

ʱʦ ʧʽʜʪʚʝʨʜʞʫʶʪʴ ʚʜʘʣʠʡ ʧʨʠʡʦʤ ʧʘʢʝʪʫ ʜʘʥʠʭ, ʤʘʶʪʴ ʥʦʨʤʦʚʘʥʫ ʜʦʚʞʠʥʫ 

ʪʘ ʧʝʨʝʜʘʶʪʴʩʷ ʧʦ ʦʢʨʝʤʦʤʫ ʢʘʥʘʣʫ ʙʝʟʢʦʥʬʣʽʢʪʥʦ.  

ʇʽʜ ʽʥʪʝʥʩʠʚʥʽʩʪʶ G ʥʘʜʭʦʜʞʝʥʥʷ ʧʘʢʝʪʽʚ ʥʘ ʧʝʨʝʜʘʯʫ, ʱʦ ʙʫʣʘ 

ʚʢʘʟʘʥʘ ʨʘʥʽʰʝ, ʙʫʜʝʤʦ ʨʦʟʫʤʽʪʠ ʩʫʤʘʨʥʫ ʽʥʪʝʥʩʠʚʥʽʩʪʴ, ʱʦ ʚʢʣʶʯʘʻ ʷʢ 

ʚʭʽʜʥʠʡ ʧʦʪʽʢ ʧʝʨʚʠʥʥʠʭ ʧʘʢʝʪʽʚ Z1, ʪʘʢ ʽ ʧʦʪʽʢ ʧʘʢʝʪʽʚ Z2, ʱʦ ʧʝʨʝʜʘʶʪʴʩʷ 

ʧʦʚʪʦʨʥʦ. ʇʦʪʽʢ Z1 ʢʦʞʥʦʛʦ ʚʫʟʣʘ ʬʦʨʤʫʶʪʴ ʷʢ ʚʣʘʩʥʽ ʧʘʢʝʪʠ, ʪʘʢ ʪʽ, ʱʦ 

ʧʦʪʨʽʙʥʦ ʨʝʪʨʘʥʩʣʶʚʘʪʠ ʚʽʜ ʽʥʰʠʭ ʚʫʟʣʽʚ (ʚʠʟʥʘʯʘʶʪʴʩʷ ʟʛʽʜʥʦ ʟʘʜʘʥʦʾ 

ʤʘʪʨʠʮʽ ʪʷʞʽʥʥʷ ɻ), ʘ ʧʦʪʽʢ Z2 ʚʠʟʥʘʯʘʶʪʴʩʷ ʧʨʦʮʝʜʫʨʥʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ 

ʧʨʦʪʦʢʦʣʫ ʄɼ ʪʘ ʟʥʘʯʝʥʥʷʤʠ ʡʦʛʦ ʩʠʩʪʝʤʥʠʭ ʧʘʨʘʤʝʪʨʽʚ, ʘ ʩʘʤʝ ʽʥʪʝʨʚʘʣʦʤ 

ʯʘʩʫ ʧʝʨʝʜ ʧʦʚʪʦʨʥʦʶ ʧʝʨʝʜʘʯʝʶ. ʅʘ ʧʨʘʢʪʠʮʽ ʜʣʷ ʩʪʽʡʢʦʾ ʨʦʙʦʪʠ ʤʝʨʝʞʽ 

ʽʥʪʝʥʩʠʚʥʽʩʪʴ ʧʦʪʦʯʥʦʛʦ ʪʨʘʬʽʢʫ ʥʝ ʤʘʻ ʧʝʨʝʚʠʱʫʚʘʪʠ 0,8g, ʜʝ g ï ʧʦʨʽʛ 

ʩʪʽʡʢʦʩʪʽ, ʱʦ ʚʠʟʥʘʯʘʻʪʴʩʷ ʪʠʧʦʤ ʧʨʦʪʦʢʦʣʫ ʄɼ . 

ʅʘ ʧʨʘʢʪʠʮʽ ʟʘʟʚʠʯʘʡ ʜʣʷ ʚʟʘʻʤʦʜʽʾ ʄɸ ʥʘ ʢʘʥʘʣʴʥʦʤʫ ʨʽʚʥʽ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʧʨʦʪʦʢʦʣ ʚʠʧʘʜʢʦʚʦʛʦ ʤʥʦʞʠʥʥʦʛʦ ʜʦʩʪʫʧʫ ʽʟ ʢʦʥʪʨʦʣʝʤ 

ʥʝʩʫʯʦʾ (ʄɼʂʅ). ɼʣʷ ʥʘʰʦʛʦ ʚʠʧʘʜʢʫ ʦʙʝʨʝʤʦ ʛʥʫʯʢʫ ʩʪʨʘʪʝʛʽʶ ʄɼʂʅ, ʪʦʜʽ  

ʟʛʽʜʥʦ ʩʝʨʝʜʥʶ ʰʚʠʜʢʽʩʪʴ ʧʝʨʝʜʘʯʽ ʤʦʞʥʘ ʚʠʟʥʘʯʠʪʠ ʟʘ ʥʘʩʪʫʧʥʦʶ 

ʬʦʨʤʫʣʦʶ: 

)exp()21(

)exp(

aGaG

aGG
S

-++

-
= ,       (1) 

ʜʝ ʘ ï ʥʦʨʤʦʚʘʥʠʡ ʤʘʢʩʠʤʘʣʴʥʠʡ ʯʘʩ ʨʦʟʧʦʚʩʶʜʞʝʥʥʷ ʨʘʜʽʦʩʠʛʥʘʣʫ ʚ 

ʤʝʨʝʞʽ. 

 

 
 

ʈʠʩ. 2. ɻʨʘʬʽʢʠ ʟʘʣʝʞʥʦʩʪʽ ʇɿ ʢʘʥʘʣʫ 

ʄɸ-ʄɸ ʚʽʜ ʚʽʜʩʪʘʥʽ ʤʽʞ ʚʫʟʣʘʤʠ ʧʨʠ 

ʨʽʟʥʠʭ ʟʥʘʯʝʥʥʷʭ ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʪʨʘʬʽʢʫ. 

 

ʈʠʩ. 3. ɻʨʘʬʽʢʠ ʟʘʣʝʞʥʦʩʪʽ ʇɿ ʢʘʥʘʣʫ 

ʄɸ-ʄɸ ʚʽʜ ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʪʨʘʬʽʢʫ ʧʨʠ 

ʨʽʟʥʠʭ ʟʥʘʯʝʥʥʷʭ ʚʽʜʩʪʘʥʽ ʤʽʞ ʚʫʟʣʘʤʠ. 
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ɺʨʘʭʦʚʫʶʯʠ, ʱʦ 
Lc

Vx
a

Ö

Ö
= , ʜʝ ʭ ï ʤʘʢʩʠʤʘʣʴʥʘ ʚʽʜʩʪʘʥʴ ʤʽʞ 

ʨʝʪʨʘʥʩʣʷʪʦʨʦʤ ʽ ʘʙʦʥʝʥʪʦʤ (ʪʦʙʪʦ ʤʽʞ ʄɸ), ʤ; ʩ ï ʰʚʠʜʢʽʩʪʴ 

ʨʦʟʧʦʚʩʶʜʞʝʥʥʷ ʩʠʛʥʘʣʫ, ʤ/ʩ;   L ï ʜʦʚʞʠʥʘ ʧʘʢʝʪʫ, ʙʽʪ; V ï ʰʚʠʜʢʽʩʪʴ 

ʧʝʨʝʜʘʯʽ, ʙʽʪ/ʩ, ʪʘ ʧʽʜʩʪʘʚʣʷʶʯʠ (17) ʚ (16) ʦʪʨʠʤʘʻʤʦ: 

)exp()21(

)exp(

G
Lc

Vx

Lc

Vx
G

G
Lc

Vx
G

S

Ö

Ö
-+

Ö

Ö
+

Ö

Ö
-Ö

=       (2) 

 

ʇʽʜʩʪʘʚʣʷʶʯʠ ʥʘʩʪʫʧʥʽ ʚʠʭʽʜʥʽ ʜʘʥʽ: V=11ʄʙʽʪ/ʩ, ʩ=3*10
8
ʤ/ʩ, 

L=1000ʙʽʪ ʫ ʚʠʨʘʟ (1), ʤʘʪʠʤʝʤʦ ʥʘʩʪʫʧʥʽ ʛʨʘʬʽʢʠ ʟʘʣʝʞʥʦʩʪʽ S ʥʘ 

ʢʘʥʘʣʴʥʦʤʫ ʨʽʚʥʽ ʄɸ-ʄɸ (ʨʠʩ.2, 3, 4). 
 

 
 

ʈʠʩ. 4. ɻʨʘʬʽʢʠ ʟʘʣʝʞʥʦʩʪʽ ʇɿ ʢʘʥʘʣʫ ʄɸ-ʄɸ ʚʽʜ ʜʦʚʞʠʥʠ ʧʘʢʝʪʫ  

ʧʨʠ ʨʽʟʥʠʭ ʟʥʘʯʝʥʥʷʭ ʚʽʜʩʪʘʥʽ ʤʽʞ ʚʫʟʣʘʤʠ (ʧʨʠ G=40). 

 

ɸʥʘʣʽʟʫʶʯʠ ʛʨʘʬʽʢʠ ʥʘ ʨʠʩ.2, ʤʦʞʝʤʦ ʙʘʯʠʪʠ, ʱʦ ʩʝʨʝʜʥʷ ʰʚʠʜʢʽʩʪʴ 

ʧʝʨʝʜʘʯʽ ʤʦʥʦʪʦʥʥʦ ʩʧʘʜʘʻ ʧʨʠ ʟʙʽʣʴʰʝʥʥʽ ʤʘʢʩʠʤʘʣʴʥʦʾ ʚʽʜʩʪʘʥʽ ʤʽʞ 

ʚʫʟʣʘʤʠ ʭ. ʎʝ ʧʦʚôʷʟʘʥʦ ʟ ʪʠʤ, ʱʦ ʧʨʠ ʟʙʽʣʴʰʝʥʥʽ ʭ ʟʨʦʩʪʘʻ ʟʦʥʘ ʫʨʘʟʣʠʚʦʩʪʽ 

ʘ, ʱʦ ʩʧʨʠʯʠʥʷʻ ʨʽʩʪ ʢʽʣʴʢʦʩʪʽ ʢʦʣʽʟʽʡ ʧʨʠ ʦʨʛʘʥʽʟʘʮʽʾ ʄɼ. ʊʘʢʦʞ ʟʛʽʜʥʦ ʨʠʩ.3 

ʟʙʽʣʴʰʝʥʥʷ ʭ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʟʤʝʥʰʝʥʥʷ ʤʝʞʽ ʩʪʽʡʢʦʩʪʽ g ʪʘ ʜʽʘʧʘʟʦʥʫ ʩʪʽʡʢʦʾ 

ʨʦʙʦʪʠ ʧʨʦʪʦʢʦʣʫ ʄɼ. ʊʘʢ ʧʨʠ ʭ=300ʤ (ʘ=0,011) g ʩʪʘʥʦʚʠʪʴ ʧʨʠʙʣʠʟʥʦ 9 

( 81,0maxºS ), ʧʨʠ ʭ=500ʤ (ʘ=0,0183) gº6,8 ( 76,0maxºS ), ʘ ʧʨʠ ʭ=1000ʤ 

(ʘ=0,0366) gº4,6 ( 67,0maxºS ). ʇʨʦʙʣʝʤʫ ʟʙʽʣʴʰʝʥʥʷ ʧʨʦʧʫʩʢʥʦʾ ʟʜʘʪʥʦʩʪʽ 

ʧʨʠ ʟʘʜʘʥʦʤʫ ʭ (ʘʙʦ ʞ ʝʢʚʽʚʘʣʝʥʪʥʦ ʟʙʽʣʴʰʝʥʥʷ ʤʘʢʩʠʤʘʣʴʥʦʾ ʚʽʜʩʪʘʥʽ ʤʽʞ 

ʄɸ ʭ ʧʨʠ ʟʘʜʘʥʽʡ S) ʤʦʞʥʘ ʚʠʨʽʰʠʪʠ ʰʣʷʭʦʤ ʟʙʽʣʴʰʝʥʥʷ ʜʦʚʞʠʥʠ ʧʘʢʝʪʫ L, 

ʦʜʥʘʢ ʧʨʠ ʮʴʦʤʫ ʟʨʦʩʪʘʻ ʡʤʦʚʽʨʥʽʩʪʴ ʫʨʘʞʝʥʥʷ ʧʘʢʝʪʘ ʟʘʚʘʜʦʶ ʪʘ ʯʘʩ 

ʜʦʩʪʘʚʢʠ ʧʘʢʝʪʽʚ ʚ ʤʝʨʝʞʽ. ʊʘʢʦʞ ʮʶ ʧʨʦʙʣʝʤʫ ʤʦʞʥʘ ʚʠʨʽʰʠʪʠ ʰʣʷʭʦʤ 

ʟʤʝʥʰʝʥʥʷ ʰʚʠʜʢʦʩʪʽ ʧʝʨʝʜʘʯʽ  V (ʪʦʙʪʦ ʚʠʜʽʣʝʥʦʾ ʯʘʩʪʦʪʥʦʾ ʩʤʫʛʠ ʇ), ʘʣʝ ʮʝ 

ï ʥʝʨʘʮʽʦʥʘʣʴʥʦ, ʦʩʢʽʣʴʢʠ ʧʨʠ ʮʴʦʤʫ ʟʥʠʞʘʶʪʴ ʽʥʰʽ ʦʩʥʦʚʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ʤʝʨʝʞʽ ï ʧʨʦʧʫʩʢʥʘ ʟʜʘʪʥʽʩʪʴ ʪʘ ʢʦʝʬʽʮʽʻʥʪ ʚʠʢʦʨʠʩʪʘʥʥʷ ʩʤʫʛʠ ʯʘʩʪʦʪ. 

ʆʪʞʝ, ʚʠʙʽʨ ʤʘʢʩʠʤʘʣʴʥʦʾ ʚʽʜʩʪʘʥʽ ʤʽʞ ʚʫʟʣʘʤʠ (ʨʘʜʽʫʩʫ ʨʘʜʽʦ ʧʦʢʨʠʪʪʷ ʄɸ) 

ʭ ʚʠʟʥʘʯʘʻʪʴʩʷ ʤʽʥʽʤʘʣʴʥʠʤ ʜʦʧʫʩʪʠʤʠʤ ʟʥʘʯʝʥʥʷʤ ʧʨʦʧʫʩʢʥʦʾ ʟʜʘʪʥʦʩʪʽ 
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ʧʨʦʪʦʢʦʣʫ ʄɼ ʧʨʠ ʟʘʜʘʥʠʭ V ʪʘ L.[3] 

ʆʨʛʘʥʽʟʘʮʽʷ ʽʥʬʦʨʤʘʮʽʡʥʦʾ ʚʟʘʻʤʦʜʽʾ ʥʘ ʤʝʨʝʞʥʦʤʫ ʨʽʚʥʽ ʤʽʞ ʙʫʜʴ-

ʷʢʦʶ ʧʘʨʦʶ ʘʙʦʥʝʥʪʽʚ ʤʝʨʝʞʽ ʧʦʪʨʝʙʫʻ ʥʘʷʚʥʦʩʪʽ ʤʘʨʰʨʫʪʫ ʧʝʨʝʜʘʯʽ ʜʘʥʠʭ 

ʟʘʜʘʥʦʾ ʷʢʦʩʪʽ (QoS). ʂʨʠʪʝʨʽʻʤ ʷʢʦʩʪʽ ʘʙʦ ʤʝʪʨʠʢʦʶ ʤʘʨʰʨʫʪʫ (ʥʘʧʨʠʢʣʘʜ, 

ʧʨʠ ʧʝʨʝʜʘʯʽ ʛʦʣʦʩʦʚʦʛʦ ʪʨʘʬʽʢʫ) ʤʦʞʝ ʚʠʩʪʫʧʘʪʠ ʢʽʣʴʢʽʩʪʴ ʨʝʪʨʘʥʩʣʷʮʽʡ ʘʙʦ 

ʞ ʚʝʣʠʯʠʥʘ ʟʘʪʨʠʤʢʠ ʧʝʨʝʜʘʯʽ ʧʘʢʝʪʫ ʽʟ ʢʽʥʮʷ ʚ ʢʽʥʝʮʴ ʯʝʨʝʟ ʤʝʨʝʞʫ 

ʧʨʦʤʽʞʥʠʭ ʚʫʟʣʽʚ-ʨʝʪʨʘʥʩʣʷʪʦʨʽʚ. ʋ ʟʘʛʘʣʴʥʦʤʫ ʚʠʛʣʷʜʽ ʮʷ ʚʝʣʠʯʠʥʘ ʤʘʪʠʤʝ 

ʥʘʩʪʫʧʥʠʡ ʚʠʛʣʷʜ: ʙʫʬʦʙʨʨʦʩʧʜʦʩʪʧʘʢ ʊTTʊTD ++++= , ʜʝ ʊʧʘʢ ï ʯʘʩ 

ʧʘʢʝʪʠʟʘʮʽʾ (ʬʦʨʤʫʚʘʥʥʷ ʧʘʢʝʪʫ ʫ ʚʫʟʣʽ-ʚʽʜʧʨʘʚʥʠʢʫ), ʱʦ ʟʘʣʝʞʠʪʴ ʚʽʜ ʪʠʧʫ 

ʪʨʘʬʽʢʫ (ʘʣʛʦʨʠʪʤʫ ʬʦʨʤʫʚʘʥʥʷ ʧʘʢʝʪʫ, ʥʘʧʨʠʢʣʘʜ, ʜʣʷ ʛʦʣʦʩʫ ï ʚʽʜ ʪʠʧʫ 

ʢʦʜʝʢʫ); ʊʜʦʩʪ ï ʩʝʨʝʜʥʽʡ ʯʘʩ ʟʘʪʨʠʤʢʠ ʜʦʩʪʫʧʫ ʜʦ ʢʘʥʘʣʫ (ʜʣʷ ʚʠʧʘʜʢʦʚʦʛʦ 

ʄɼ), ʱʦ ʟʘʣʝʞʠʪʴ ʚʽʜ ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʪʨʘʬʽʢʫ ʪʘ ʧʨʦʧʫʩʢʥʦʾ ʩʧʨʦʤʦʞʥʦʩʪʽ 

ʢʘʥʘʣʫ;   ʊʨʦʩʧ ï ʯʘʩ ʨʦʟʧʦʚʩʶʜʞʝʥʥʷ ʩʠʛʥʘʣʫ ʚ ʩʝʨʝʜʦʚʠʱʽ ʧʝʨʝʜʘʯʽ (ʥʝ 

ʟʘʣʝʞʠʪʴ ʚʽʜ ʪʠʧʫ ʪʨʘʬʽʢʘ); ʊʦʙʨ ï ʯʘʩ ʦʙʨʦʙʢʠ ʧʘʢʝʪʫ ʚ ʧʨʦʤʽʞʥʠʭ ʚʫʟʣʘʭ 

ʤʝʨʝʞʽ (ʟʘʣʝʞʠʪʴ ʚʽʜ ʪʠʧʫ ʪʨʘʬʽʢʫ); ʊʙʫʬ ï ʯʘʩ ʟʘʪʨʠʤʢʠ ʫ ʙʫʬʝʨʽ ʧʨʦʤʽʞʥʠʭ 

ʚʫʟʣʘʭ ʤʝʨʝʞʽ (ʟʘʣʝʞʠʪʴ ʚʽʜ ʪʠʧʫ ʪʨʘʬʽʢʫ, ʜʠʩʮʠʧʣʽʥʠ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ, 

ʧʨʽʦʨʠʪʝʪʥʦʩʪʽ ʪʨʘʬʽʢʫ (SLA)). ɼʣʷ ʧʘʢʝʪʫ IP ʩʝʨʝʜʥʴʦʾ ʜʦʚʞʠʥʠ 576 ʙʽʪ ʪʘ 

ʧʨʠ ʰʚʠʜʢʦʩʪʽ ʢʦʜʫʚʘʥʥʷ 64ʢʙʽʪ/ʩ ʯʘʩ ʧʘʢʝʪʠʟʘʮʽʾ ʩʪʘʥʦʚʠʪʠʤʝ 9 ʤʩ, ʯʠʤ 

ʤʦʞʥʘ ʟʥʝʭʪʫʚʘʪʠ ʧʨʠ ʛʨʫʙʽʡ ʦʮʽʥʮʽ ʟʘʪʨʠʤʢʠ ʧʝʨʝʜʘʯʽ. ʏʘʩ ʦʙʨʦʙʢʠ ʧʘʢʝʪʫ ʚ 

ʧʨʦʤʽʞʥʠʭ ʚʫʟʣʘʭ ʤʝʨʝʞʽ ʪʘʢʦʞ ʙʫʜʝʤʦ ʚʚʘʞʘʪʠ ʥʝʩʫʪʪʻʚʠʤ. ʊʘʢʦʞ 

ʧʨʠʧʫʩʪʠʤʦ, ʱʦ ʚ ʤʝʨʝʞʽ ʧʝʨʝʜʘʻʪʴʩʷ ʦʜʥʦʨʽʜʥʠʡ ʪʨʘʬʽʢ, ʥʘ ʧʨʦʤʽʞʥʠʭ 

ʚʫʟʣʘʭ ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ ʜʠʩʮʠʧʣʽʥʘ FIFO (çʧʝʨʰʠʡ ʧʨʠʡʰʦʚ, ʧʝʨʰʠʡ 

ʦʙʩʣʫʛʦʚʫʻʪʴʩʷè), ʧʨʠ ʯʦʤʫ ʧʘʢʝʪ ʚ ʚʫʟʣʽ ʦʙʨʦʙʣʷʻʪʴʩʷ ʚʽʜʨʘʟʫ ʙʝʟ ʚʽʜʧʨʘʚʢʠ 

ʡʦʛʦ ʫ ʯʝʨʛʫ, ʪʦʙʪʦ ʯʘʩʦʤ ʟʘʪʨʠʤʢʠ ʚ ʙʫʬʝʨʽ ʤʦʞʥʘ ʟʥʝʭʪʫʚʘʪʠ.[5, ʩʪ. 223] 

ʅʘʚʝʜʝʥʠʡ ʨʦʟʨʘʭʫʥʦʢ ʻ ʥʘʙʣʠʞʝʥʠʤ ʯʝʨʝʟ ʪʝ, ʱʦ ʦʢʨʽʤ ʧʨʠʧʫʱʝʥʥʷ 

ʱʦʜʦ ʧʫʘʩʦʥʽʚʩʴʢʦʛʦ ʭʘʨʘʢʪʝʨʫ ʧʦʪʦʢʫ ʧʘʢʝʪʽʚ, ʙʫʣʦ ʨʦʟʛʣʷʥʫʪʦ ʩʝʨʝʜʥʻ 

ʟʥʘʯʝʥʥʷ ʪʨʘʬʽʢʫ, ʛʝʥʝʨʦʚʘʥʦʛʦ ʫʩʽʤʘ ʘʙʦʥʝʥʪʘʤʠ, ʱʦ ʥʝ ʟʘʚʞʜʠ ʚʠʢʦʥʫʻʪʴʩʷ 

ʥʘ ʧʨʘʢʪʠʮʽ. ʅʝ ʜʠʚʣʷʯʠʩʴ ʥʘ ʮʝ, ʥʘʚʝʜʝʥʠʡ ʨʦʟʨʘʭʫʥʦʢ ʟʘʣʠʰʘʻʪʴʩʷ 

ʩʧʨʘʚʝʜʣʠʚʠʤ ʧʨʠ ʫʤʦʚʽ ʥʝʧʝʨʝʚʠʱʝʥʥʷ ʫʩʽʤʘ ʘʙʦʥʝʥʪʘʤʠ ʩʫʤʘʨʥʦʾ 

ʜʦʧʫʩʪʠʤʦʾ ʚʝʣʠʯʠʥʠ ʪʨʘʬʽʢʫ ʚ ʤʝʨʝʞʽ, ʱʦ ʦʙʤʝʞʫʻʪʴʩʷ ʤʘʢʩʠʤʘʣʴʥʦʶ 

ʩʝʨʝʜʥʴʦʶ ʟʘʪʨʠʤʢʦʶ ʧʝʨʝʜʘʯʽ. ʉʘʤʝ ʮʝʡ ʧʘʨʘʤʝʪʨ, ʚʠʤʽʨʷʥʠʡ ʢʦʞʥʠʤ 

ʘʙʦʥʝʥʪʦʤ ʤʝʨʝʞʽ ʰʣʷʭʦʤ ʦʙʣʽʢʫ ʯʘʩʫ ʦʪʨʠʤʘʥʥʷ ʢʚʠʪʘʥʮʽʡ ʥʘ ʨʷʜ 

ʧʝʨʝʜʘʥʠʭ ʧʘʢʝʪʽʚ, ʤʦʞʝ ʩʣʫʞʠʪʠ ʦʙʤʝʞʝʥʥʷʤ ʥʘ ʛʝʥʝʨʦʚʘʥʠʡ ʾʤ ʪʨʘʬʽʢ ʘʙʦ 

ʚʠʟʥʘʯʘʪʠ ʤʦʤʝʥʪ ʧʝʨʝʢʣʶʯʝʥʥʷ ʧʝʨʝʜʘʯʽ ʧʘʢʝʪʽʚ ʟ ʤʝʨʝʞʽ ʄɸ ʥʘ ʤʝʨʝʞʫ 

ɹʇʃɸ ʪʘ ʥʘʚʧʘʢʠ. ɿʥʘʶʯʠ ʢʽʣʴʢʽʩʪʴ ʥʘʟʝʤʥʠʭ ʘʙʦʥʝʥʪʽʚ, ʾʭ ʢʦʦʨʜʠʥʘʪʠ ʪʘ 

ʪʨʘʬʽʢ ʩʪʚʦʨʶʚʘʥʠʡ ʥʠʤʠ, ɹʇʃɸ ʤʦʞʝ ʟʥʘʡʪʠ ʩʚʦʻ ʦʧʪʠʤʘʣʴʥʝ ʨʦʟʤʽʱʝʥʥʷ 

ʫ ʧʨʦʩʪʦʨʽ, ʱʦ ʜʘʩʪʴ ʟʤʦʛʫ ʥʝ ʪʽʣʴʢʠ ʟʘʙʝʟʧʝʯʠʪʠ ʛʝʦʤʝʪʨʠʯʥʫ ʟʚôʷʟʥʽʩʪʴ 

ʘʙʦʥʝʥʪʽʚ, ʘ ʡ ʧʽʜʚʠʱʠʪʠ ʽʥʬʦʨʤʘʮʽʡʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʤʝʨʝʞʽ (ʪʘʢʽ ʷʢ 

ʧʨʦʧʫʩʢʥʘ ʟʜʘʪʥʽʩʪʴ) ʟʘʚʜʷʢʠ ʟôʻʜʥʘʥʥʷ ʚʽʜʜʘʣʝʥʠʭ ʘʙʦʥʝʥʪʽʚ ʪʘ 

ʨʦʟʚʘʥʪʘʞʝʥʥʷ ʧʝʨʝʚʘʥʪʘʞʝʥʠʭ ʢʘʥʘʣʽʚ ʚ ʨʘʡʦʥʘʭ ʩʢʫʧʯʝʥʥʷ ʘʙʦʥʝʥʪʽʚ.  

ɺʠʩʥʦʚʢʠ. 1. ʄʘʢʩʠʤʘʣʴʥʘ ʜʘʣʴʥʦʩʪʽ ʟʚôʷʟʢʫ (ʜʽʘʧʘʟʦʥʫ ʋʂɺ) 

ʦʙʤʝʞʫʻʪʴʩʷ ʢʨʠʚʠʟʥʦʶ ʟʝʤʥʦʾ ʧʦʚʝʨʭʥʽ ʪʘ ʚʠʩʦʪʘʤʠ ʧʽʜʚʽʩʫ ʧʝʨʝʜʘʚʘʣʴʥʦʾ 

ʪʘ ʧʨʠʡʦʤʥʦʾ ʘʥʪʝʥʠ. ʊʘʢ, ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʨʝʬʨʘʢʮʽʾ, ʤʘʢʩʠʤʘʣʴʥʘ 

ʧʨʦʪʷʞʥʽʩʪʴ ʨʘʜʽʦʣʽʥʽʾ ʄɸ-ʄɸ ʤʦʞʝ ʩʪʘʥʦʚʠʪʠ 7-10 ʢʤ, ʘ ɹʇʃɸ-ʄɸ ï 
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ʙʽʣʴʰʝ 130ʢʤ ʧʨʠ ʚʠʩʦʪʽ ʙʘʨʘʞʫʚʘʥʥʷ ɹʇʃɸ ʙʽʣʴʰʝ 1ʢʤ. ʂʨʽʤ ʪʦʛʦ, 

ʤʘʢʩʠʤʘʣʴʥʘ ʜʘʣʴʥʽʩʪʴ ʨʘʜʽʦʟʚôʷʟʢʫ ʦʙʤʝʞʫʻʪʴʩʷ ʝʥʝʨʛʝʪʠʢʦʶ ʨʘʜʽʦʣʽʥʽʾ, ʧʨʠ 

ʷʢʽʡ ʚʽʜʥʦʰʝʥʥʷ ʩʠʛʥʘʣ-ʰʫʤ ʚ ʪʦʯʮʽ ʧʨʠʡʦʤʫ ʥʝ ʤʝʥʰʝ ʚʠʟʥʘʯʝʥʦʾ ʚʝʣʠʯʠʥʠ 

ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʟʘʜʘʥʦʾ ʡʤʦʚʽʨʥʦʩʪʽ ʙʽʪʦʚʦʾ ʧʦʤʠʣʢʠ (BER) ʧʨʠ ʟʘʜʘʥʦʤʫ 

ʚʠʜʽ ʤʦʜʫʣʷʮʽʾ (ʚʽʜʧʦʚʽʜʥʽʡ ʰʚʠʜʢʦʩʪʽ ʧʝʨʝʜʘʯʽ). ʊʘʢ ʧʨʠ ʟʘʩʪʦʩʫʚʘʥʥʽ 

ʪʠʧʦʚʦʛʦ ʦʙʣʘʜʥʘʥʥʷ 802.11a/b/g ʤʘʢʩʠʤʘʣʴʥʘ ʧʨʦʪʷʞʥʽʩʪʴ ʨʘʜʽʦʣʽʥʽʾ ʄɸ-

ʄɸ ʥʝ ʧʝʨʝʚʠʱʫʻ 1000ʤ (ʥʘ ʰʚʠʜʢʦʩʪʽ ʧʝʨʝʜʘʯʽ 1ʄʙʽʪ/ʩ), ʘ ʧʨʠ ʨʝʘʣʴʥʦʤʫ 

ʨʝʣɹ̒ ʬʽ ʤʽʩʮʝʚʦʩʪʽ ï ʥʝ ʙʽʣʴʰʝ 630ʤ (ʜʣʷ ʚʝʣʠʢʦʛʦ ʤʽʩʪʘ). 

2. ʇʨʠ ʥʝʦʙʭʽʜʥʦʩʪʽ ʧʝʨʝʜʘʯʽ ʽʥʬʦʨʤʘʮʽʾ ʥʘ ʙʽʣʴʰʽ ʚʽʜʩʪʘʥʽ, ʘʥʽʞ 

ʜʘʣʴʥʽʩʪʴ ʧʨʷʤʦʛʦ ʟôʻʜʥʘʥʥʷ, ʥʝʦʙʭʽʜʥʦ ʟʘʩʪʦʩʦʚʫʚʘʪʠ ʤʝʭʘʥʽʟʤ 

ʨʝʪʨʘʥʩʣʷʮʽʾ (ʢʦʤʫʪʘʮʽʾ) ʧʘʢʝʪʽʚ ʯʝʨʝʟ ʧʨʦʤʽʞʥʽ ʚʫʟʣʠ. ʄʘʢʩʠʤʘʣʴʥʘ 

ʜʘʣʴʥʽʩʪʴ ʟʚôʷʟʢʫ ʫ ʜʘʥʦʤʫ ʚʠʧʘʜʢʫ ʚʠʟʥʘʯʘʻʪʴʩʷ ʟʘʜʘʥʦʶ ʚʝʣʠʯʠʥʦʶ 

ʟʘʪʨʠʤʢʠ ʧʝʨʝʜʘʯʽ çʽʟ ʢʽʥʮʷ ʚ ʢʽʥʝʮʴè ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʥʝʦʙʭʽʜʥʦʾ QoS. ʊʘʢ 

ʜʣʷ ʟʘʩʪʦʩʫʚʘʥʴ ʨʝʘʣʴʥʦʛʦ ʯʘʩʫ (VoIP, ʚʽʜʝʦʢʦʥʬʝʨʝʥʮʽʾ ʽ ʪ.ʧ.) ʢʽʣʴʢʽʩʪʴ 

ʨʝʪʨʘʥʩʣʷʮʽʡ ʤʝʨʝʞʝʶ ɹʇʃɸ ʥʝ ʤʘʻ ʧʝʨʝʚʠʱʫʚʘʪʠ 6-ʪʠ, ʘ ʜʣʷ ʟʘʩʪʦʩʫʚʘʥʴ 

ʥʝ ʢʨʠʪʠʯʥʠʭ ʜʦ ʟʘʪʨʠʤʢʠ (ʢʦʨʦʪʢʽ ʪʨʘʥʩʘʢʮʽʾ, ʤʘʩʠʚʠ ʜʘʥʠʭ, ʧʦʪʦʢʦʚʝ ʚʽʜʝʦ 

ʽ ʪ.ʧ.) ʤʦʞʝ ʩʪʘʥʦʚʠʪʠ ʜʝʢʽʣʴʢʘ ʜʝʩʷʪʢʽʚ ʧʨʠ ʟʘʜʘʥʽʡ ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʪʨʘʬʽʢʫ. 

ʊʘʢʦʞ ʧʦʢʘʟʘʥʦ, ʱʦ ʧʨʠ ʜʚʽʯʽ ʙʽʣʴʰʽʡ ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʪʨʘʬʽʢʫ ʩʝʨʝʜʥʷ 

ʟʘʪʨʠʤʢʘ ʧʝʨʝʜʘʯʽ ʣʘʥʢʠ ɹʇʃɸ-ɹʇʃɸ ʚʪʨʠʯʽ ʧʝʨʝʚʘʞʘʻ ʩʝʨʝʜʥʶ ʟʘʪʨʠʤʢʫ 

ʧʝʨʝʜʘʯʽ ʥʘ ʣʘʥʮʽ ʄɸ-ʄɸ. ʆʪʞʝ ʧʨʠ ʢʽʣʴʢʦʩʪʽ ʣʘʥʦʢ ʫ ʤʘʨʰʨʫʪʽ ʤʝʨʝʞʽ ʄɸ 

ʙʽʣʴʰʝ ʥʽʞ 3 ʜʦʮʽʣʴʥʽʰʝ ʧʝʨʝʜʘʚʘʪʠ ʽʥʬʦʨʤʘʮʽʶ ʯʝʨʝʟ ʤʝʨʝʞʫ ɹʇʃɸ ʧʨʠ 

ʥʘʷʚʥʦʩʪʽ ʧʦʢʨʠʪʪʷ ʦʩʪʘʥʥʴʦʾ.  
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SOFTWARE-CONFIGURED SATELLITE  

 INFRASTRUCTURE OF TH E INTERNET OF THINGS  

 

Abstract. The state of use of the satellite component for Internet of Things systems operating 

on the basis of the 5G ecosystem is considered. A multi-level satellite infrastructure is proposed, 

which is designed to support the functioning of Internet of Things systems and includes 

geostationary and low-orbital components. To support Internet of Things systems, the satellite 

infrastructure includes computing power for the implementation of cloud, fog, and edge 

computing. In order to improve data transmission management, it is proposed to create a 

software-configured data transmission network as part of the satellite infrastructure of the 

Internet of Things. The data transmission network combines geostationary and low-orbit 

components. The use of software-configured data transmission network technology makes it 

possible to simplify the operational adjustment of the low-orbit component to the regional 

characteristics of Internet of Things services and generated traffic. 

 

ɯʥʪʝʨʥʝʪ ʨʝʯʝʡ ʩʪʘʚ ʦʜʥʠʤ ʟ ʦʩʥʦʚʥʠʭ ʜʨʘʡʚʝʨʽʚ ʨʦʟʚʠʪʢʫ ʪʝʣʝʢʦʤʫʥʽʢʘʮʽʡʥʠʭ ʩʠʩʪʝʤ. 

ɺʧʨʦʚʘʜʞʝʥʥʷ ʩʠʩʪʝʤ ɯʥʪʝʨʥʝʪʫ ʨʝʯʝʡ ʩʫʧʨʦʚʦʜʞʫʻʪʴʩʷ ʧʦʩʪʽʡʥʠʤ ʟʨʦʩʪʘʥʥʷ ʧʦʧʠʪʫ ʥʘ 

ʚʽʣʴʥʫ ʧʨʦʧʫʩʢʥʫ ʟʜʘʪʥʽʩʪʴ ʪʝʣʝʢʦʤʫʥʽʢʘʮʽʡʥʠʭ ʤʝʨʝʞ. ɿ ʮʽʻʾ ʧʨʠʯʠʥʠ ʚ ʩʧʝʮʠʬʽʢʘʮʽʷʭ 

ʩʪʘʥʜʘʨʪʽʚ 4G ʪʘ 5G ʜʦʩʣʽʜʥʠʮʴʢʘ ʛʨʫʧʘ 3GPP ʧʦʯʠʥʘʶʯʠ ʚ ʨʝʣʽʟʫ 14 ʚʠʜʽʣʷʻ ʩʠʩʪʝʤʠ ʽ 

ʧʦʩʣʫʛʠ ɯʥʪʝʨʥʝʪʫ ʨʝʯʝʡ ʚ ʦʢʨʝʤʠʡ ʥʘʧʨʷʤʦʢ, ʷʢʠʡ ʬʦʨʤʘʣʽʟʦʚʘʥʠʡ ʫ ʚʠʛʣʷʜʽ 

ʚʫʟʴʢʦʩʤʫʛʦʚʦʾ ʧʦʩʣʫʛʠ ɯʥʪʝʨʥʝʪʫ ʨʝʯʝʡ (ʘʥʛʣ. 5GLTENarrowbandInternetofThings, ʘʙʦ NB-

IoT). ɼʣʷ ʨʦʟʰʠʨʝʥʥʷ ʟʦʥʠ ʥʘʜʘʥʥʷ ʧʦʩʣʫʛ 4G, 5G, ʚʢʣʶʯʘʶʯʠ ʧʦʩʣʫʛʠ NB-IoT, 

ʜʦʩʣʽʜʥʠʮʴʢʘ ʛʨʫʧʘ 3GPP ʧʦʯʠʥʘʶʯʠ ʟ ʨʝʣʽʟʫ 14 ʚʢʣʶʯʘʻ ʜʦ ʩʢʣʘʜʫ ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ 

ʤʦʙʽʣʴʥʦʾ ʤʝʨʝʞʽ ʩʫʧʫʪʥʠʢʦʚʫ ʩʢʣʘʜʦʚʫ. ɼʦ ʙʝʟʟʘʧʝʨʝʯʥʠʭ ʧʝʨʝʚʘʛ ʩʫʧʫʪʥʠʢʦʚʠʭ ʩʠʩʪʝʤ 

ʟʚôʷʟʢʫ ʪʘ ʧʝʨʝʜʘʯʽ ʜʘʥʠʭ ʚʽʜʥʦʩʷʪʴʩʷ ʧʨʘʢʪʠʯʥʦ ʛʣʦʙʘʣʴʥʘ ʟʦʥʘ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʪʘ 

ʩʧʨʦʤʦʞʥʽʩʪʴ ʟʘʙʝʟʧʝʯʠʪʠ ʧʽʜʢʣʶʯʝʥʥʷ ʥʝʟʘʣʝʞʥʦ ʚʽʜ ʩʪʘʥʫ ʥʘʟʝʤʥʠʭ 

ʪʝʣʝʢʦʤʫʥʽʢʘʮʽʡʥʠʭ ʤʝʨʝʞ.ɺ ʨʝʣʽʟʘʭ ʛʨʫʧʠ 3GPP ʩʫʧʫʪʥʠʢʦʚʘ ʩʢʣʘʜʦʚʘ ʨʦʟʛʣʷʜʘʻʪʴʩʷ ʚ 

ʧʝʨʰʫ ʯʝʨʛʫ ʷʢ ʦʧʝʨʘʪʠʚʥʠʡ ʟʘʩʽʙ ʟʘʙʝʟʧʝʯʠʪʠ ʧʽʜʢʣʶʯʝʥʥʷ ʚʽʜʜʘʣʝʥʠʭ ʨʘʡʦʥʽʚ ʽʟ 

ʥʝʧʽʜʛʦʪʦʚʣʝʥʦʶ ʽʥʬʨʘʩʪʨʫʢʪʫʨʦʶ, ʜʝ ʨʦʟʤʽʱʝʥʽ ʙʘʟʦʚʽ ʩʪʘʥʮʽʾ, ʜʦ ʢʦʨʝʥʝʚʦʾ ʤʝʨʝʞʽ. ɼʣʷ 

ʮʴʦʛʦ ʪʠʧʫ ʧʦʩʣʫʛ ʛʨʫʧʘ 3GPP ʚʚʝʣʘ ʪʝʨʤʽʥ  ñʥʝʥʘʟʝʤʥʘ ʤʝʨʝʞʘò (ʘʥʛʣ. Non-

TerrestrialNetworks). ʋ ʚʽʜʧʦʚʽʜʴ ʥʘ ʧʨʦʧʦʟʠʮʽʾ ʛʨʫʧʠ 3GPP ʨʦʟʨʦʙʥʠʢʠ ʪʘ ʦʧʝʨʘʪʦʨʠ 

ʩʫʧʫʪʥʠʢʦʚʠʭ ʪʝʣʝʢʦʤʫʥʽʢʘʮʽʡʥʠʭ ʩʠʩʪʝʤ ʟʚʝʨʥʫʣʠ ʦʩʦʙʣʠʚʫ ʫʚʘʛʫ ʥʘ ʟʘʙʝʟʧʝʯʝʥʥʷ 

ʩʫʤʽʩʥʦʩʪʽ ʮʠʭ ʩʠʩʪʝʤ ʽʟ ʥʘʟʝʤʥʠʤʠ ʩʠʩʪʝʤʘʤʠ ʰʠʨʦʢʦʩʤʫʛʦʚʦʛʦ ʜʦʩʪʫʧʫ 5G. 

ɺ ʨʝʣʽʟʽ 17 ʩʫʧʫʪʥʠʢʦʚʽʡ ʢʦʤʧʦʥʝʥʪʽ ʚʽʜʚʦʜʠʪʴʩʷ ʙʽʣʴʰ ʚʘʞʣʠʚʝ ʤʽʩʮʝ ʚ ʝʢʦʩʠʩʪʝʤʽ 

5G [1], ʷʢʘ ʨʦʟʛʣʷʜʘʻʪʴʩʷ ʷʢ ʢʨʠʪʠʯʥʦ ʚʘʞʣʠʚʘ ʩʢʣʘʜʦʚʘ ʛʣʦʙʘʣʴʥʦʾ ʝʢʦʩʠʩʪʝʤʠ 5G. ɺ 

ʨʝʣʽʟʽ ʚʠʟʥʘʯʝʥʽ ʩʧʝʮʠʬʽʢʘʮʽʾ ʜʣʷ ʙʝʟʧʦʩʝʨʝʜʥʴʦʛʦ ʧʽʜʢʣʶʯʝʥʥʷ 5G ʜʦ ʩʫʧʫʪʥʠʢʘ (ʘʥʛʣ. 

direct-to-device 5Goversatellite). ʈʝʣʽʟ 17 ʧʝʨʝʜʙʘʯʘʻ ʚʠʢʦʨʠʩʪʘʥʥʷ ʛʝʦʩʪʘʮʽʦʥʘʨʥʦʾ ʽ 

ʥʠʟʴʢʦʦʨʙʽʪʘʣʴʥʦʾ ʩʢʣʘʜʦʚʠʭ, ʚʽʜʟʥʘʯʘʶʯʠ ʾʭ ʧʝʨʝʚʘʛʠ ʪʘ ʥʝʜʦʣʽʢʠ.ɺ ʯʘʩʪʠʥʽ ʨʦʟʚʠʪʢʫ 

ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ 5G ʩʫʧʫʪʥʠʢʦʚʘ ʢʦʤʧʦʥʝʥʪʘ ʨʦʟʛʣʷʜʘʻʪʴʩʷ ʷʢ ʟʘʩʽʙ ʜʣʷ ʧʽʜʢʣʶʯʝʥʥʷ 

ʚʽʜʜʘʣʝʥʠʭ ʟʦʥ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʜʣʷ ʪʝʭʥʦʣʦʛʽʾ, ʱʦ ʦʪʨʠʤʘʣʘ ʥʘʟʚʫ çʅʦʚʝ ʨʘʜʽʦ ʥʝ 
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ʥʘʟʝʤʥʠʭ ʤʝʨʝʞè (ʘʥʛʣ. NewRadio - Non-TerrestrialNetworks, NR-NTN). ɺ ʮʴʦʤʫ ʚʠʧʘʜʢʫ 

NR-NTN ʤʦʞʥʘ ʨʦʟʛʣʷʜʘʪʠ ʷʢ ʯʘʩʪʠʥʫ ʨʦʟʰʠʨʝʥʦʾ ʤʦʙʽʣʴʥʦʾ ʰʠʨʦʢʦʩʤʫʛʦʚʦʾ ʤʝʨʝʞʽ 

(ʘʥʛʣ. EnhancedMobileBroadband, eMBB) [10]. ɿʚʘʞʘʶʯʠ ʥʘ ʚʠʤʦʛʠ ʨʠʥʢʫ ʱʦʜʦ 

ʚʧʨʦʚʘʜʞʝʥʥʷ ʩʠʩʪʝʤ ʽ ʧʦʩʣʫʛ ɯʥʪʝʨʥʝʪʫ ʨʝʯʝʡ ʨʷʜ ʧʨʦʚʽʜʥʠʭ ʩʫʧʫʪʥʠʢʦʚʠʭ ʢʦʤʧʘʥʽʡ ï 

ʦʧʝʨʘʪʦʨʽʚ ʧʦʯʘʣʠ ʧʨʦʧʦʥʫʚʘʪʠ ʥʘ ʨʠʥʢʫ ʚʣʘʩʥʽ ʨʽʰʝʥʥʷ. ʅʘ ʩʴʦʛʦʜʥʽ ʙʽʣʴʰʝ 80% ʦʙʩʷʛʫ 

ʧʦʩʣʫʛ ʩʫʧʫʪʥʠʢʦʚʦʛʦ ɯʥʪʝʨʥʝʪʫ ʨʝʯʝʡ ʥʘʜʘʶʪʴ ʢʦʤʧʘʥʽʾ Inmarsat, Iridium, GlobalStarʽ 

ORBCOM [5].  

ʆʜʥʠʤ ʟ ʛʦʣʦʚʥʠʭ ʥʘʧʨʷʤʢʽʚ ʨʦʟʚʠʪʢʫ ʩʫʧʫʪʥʠʢʦʚʠʭ ʪʝʣʝʢʦʤʫʥʽʢʘʮʽʡʥʠʭ ʩʠʩʪʝʤ ʻ 

ʚʧʨʦʚʘʜʞʝʥʥʷ ʪʝʭʥʦʣʦʛʽʾ ʧʨʦʛʨʘʤʥʦ-ʢʦʥʬʽʛʫʨʦʚʘʥʠʭ ʤʝʨʝʞ (ʘʥʛʣ. Software-

definedNetwork, SDN)[4]. ʄʝʪʦʶ ʚʧʨʦʚʘʜʞʝʥʥʷ ʮʽʻʾ ʪʝʭʥʦʣʦʛʽʾ ʻ ʩʧʨʦʱʝʥʥʷ ʫʧʨʘʚʣʽʥʥʷ 

ʢʦʥʬʽʛʫʨʘʮʽʻʶ ʩʫʧʫʪʥʠʢʦʚʦʾ ʤʝʨʝʞʽ ʪʘ ʟʘʙʝʟʧʝʯʝʥʥʷ ʾʾ ʛʥʫʯʢʦʩʪʽ, ʥʘʜʽʡʥʦʩʪʽ, ʘʜʘʧʪʘʮʽʾ ʜʦ 

ʥʦʚʠʭ ʚʠʜʽʚ ʧʦʩʣʫʛ, ʪʦʱʦ.  

ɼʦ ʦʩʦʙʣʠʚʦʩʪʝʡ ʩʫʧʫʪʥʠʢʦʚʠʭ ʩʠʩʪʝʤ, ʷʢʽ ʧʝʨʝʜʙʘʯʘʶʪʴ ʥʘʜʘʥʥʷ ʧʦʩʣʫʛ ɯʥʪʝʨʥʝʪʫ 

ʨʝʯʝʡ, ʚʘʞʣʠʚʦʶ ʚʣʘʩʪʠʚʽʩʪʶ ʻ ʾʭ ʟʜʘʪʥʽʩʪʴ ʟʘʙʝʟʧʝʯʠʪʠ ʥʘʜʘʥʥʷ ʧʦʩʣʫʛ ʽʟ ʨʽʟʥʠʤʠ 

ʩʪʘʥʜʘʨʪʘʤʠ IoT, ʟʦʢʨʝʤʘ ʽʟ ʩʪʘʥʜʘʨʪʘʤʠ, ʱʦ ʙʘʟʫʶʪʴʩʷ ʥʘ ʪʝʭʥʦʣʦʛʽʾ LoRaÈ ʪʘ ʥʘ 

ʪʝʭʥʦʣʦʛʽʾ IoT-NTN. ɼʣʷ ʜʦʩʷʛʥʝʥʥʷ ʪʘʢʦʾ ʤʝʪʠ ʧʽʜʭʽʜ, ʷʢʠʡ ʙʘʟʫʻʪʴʩʷ ʥʘ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʪʝʭʥʦʣʦʛʽʡSDN ʪʘ ʧʨʦʛʨʘʤʥʦ-ʢʦʥʬʽʛʫʨʦʚʘʥʦʛʦ ʨʘʜʽʦ (Software-DefinedRadio, SDR), ʻ 

ʧʨʠʚʘʙʣʠʚʠʤ ʽ ʩʪʚʦʨʶʻ ʧʝʨʝʜʫʤʦʚʠ ʜʣʷ ʧʦʜʘʣʴʰʦʾ ʽʥʪʝʛʨʘʮʽʾ ʜʦ ʝʢʦʩʠʩʪʝʤʠ 5G.ʅʘ 

ʩʧʨʦʱʝʥʥʷ ʨʝʢʦʥʬʽʛʫʨʘʮʽʾ ʤʝʨʝʞʽ ʪʘ ʩʧʽʣʴʥʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʾʾ ʨʝʩʫʨʩʽʚ ʙʘʛʘʪʴʤʘ 

ʩʧʦʞʠʚʘʯʘʤʠ ʧʦʩʣʫʛ ʦʨʽʻʥʪʦʚʘʥʽ ʪʝʭʥʦʣʦʛʽʾ çʚʽʨʪʫʘʣʽʟʘʮʽʾ ʤʝʨʝʞʝʚʠʭ ʬʫʥʢʮʽʡè (ʘʥʛʣ. 

NetworkFunctionVirtualization, NFV) ʪʘ ʚʽʨʪʫʘʣʽʟʘʮʽʾ ʤʝʨʝʞʽ (ʘʥʛʣ. NetworkVirtualization, 

NV) [11]. ɺ ʷʢʦʩʪʽ ʧʝʨʩʧʝʢʪʠʚʥʦʾ ʩʫʧʫʪʥʠʢʦʚʦʾ ʪʝʣʝʢʦʤʫʥʽʢʘʮʽʡʥʦʾ ʩʠʩʪʝʤʠ, ʷʢʘ 

ʩʧʨʷʤʦʚʘʥʘ ʥʘ ʥʘʜʘʥʥʷ ʧʦʩʣʫʛ ɯʥʪʝʨʥʝʪʫ ʨʝʯʝʡ ʽʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʚʣʘʩʥʠʭ ʦʙʯʠʩʣʶʚʘʣʴʥʠʭ 

ʧʦʪʫʞʥʦʩʪʝʡ ʜʣʷ ʨʝʘʣʽʟʘʮʽʾ ʢʦʥʮʝʧʮʽʾ ʢʨʘʻʚʠʭ (ʘʙʦ ʛʨʘʥʠʯʥʠʭ), ʪʫʤʘʥʥʠʭ ʪʘ ʭʤʘʨʥʠʭ 

ʦʙʯʠʩʣʝʥʴ, ʧʨʦʧʦʥʫʻʪʴʩʷ ʙʘʛʘʪʦʨʽʚʥʝʚʘ ʧʨʦʛʨʘʤʥʦ-ʢʦʥʬʽʛʫʨʦʚʘʥʘʩʫʧʫʪʥʠʢʦʚʘ 

ʽʥʬʨʘʩʪʨʫʢʪʫʨʘ ɯʥʪʝʨʥʝʪʫ ʨʝʯʝʡ. 

ʇʨʦʛʨʘʤʥʦ-ʢʦʥʬʽʛʫʨʦʚʘʥʘ ʩʫʧʫʪʥʠʢʦʚʘ ʽʥʬʨʘʩʪʨʫʢʪʫʨʘ ɯʥʪʝʨʥʝʪʫ ʨʝʯʝʡ (ʜʘʣʽ - 

IoTʩʫʧʫʪʥʠʢʦʚʘ ʽʥʬʨʘʩʪʨʫʢʪʫʨʘ) ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʪʨʴʦʭ ʦʩʥʦʚʥʠʭ ʩʝʛʤʝʥʪʽʚ: 

- ʛʝʦʩʪʘʮʽʦʥʘʨʥʠʡ ʩʝʛʤʝʥʪ; 

- ʥʠʟʴʢʦʦʨʙʽʪʘʣʴʥʠʡ ʩʝʛʤʝʥʪ; 

- ʥʘʟʝʤʥʠʡ ʩʝʛʤʝʥʪ. 

ʅʘ ʨʠʩ.1. ʧʨʝʜʩʪʘʚʣʝʥʘ ʘʨʭʽʪʝʢʪʫʨʘ ʢʦʩʤʽʯʥʦʾ ʩʢʣʘʜʦʚʦʾ IoT ʩʫʧʫʪʥʠʢʦʚʦʾ 

ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ. ɻʝʦʩʪʘʮʽʦʥʘʨʥʠʡ ʩʝʛʤʝʥʪ ʚʢʣʶʯʘʻ GEOʩʫʧʫʪʥʠʢʠ-ʨʝʪʨʘʥʩʣʷʪʦʨʠ ʪʘ 

GEO-ʩʫʧʫʪʥʠʢʠ ï ʭʤʘʨʥʽ ʮʝʥʪʨʠ ʜʘʥʠʭ. GEO ʩʫʧʫʪʥʠʢʠ-ʨʝʪʨʘʥʩʣʷʪʦʨʠ ʧʨʠʟʥʘʯʝʥʽ ʜʣʷ 

ʟʘʙʝʟʧʝʯʝʥʥʷ ʬʦʨʤʫʚʘʥʥʷ ʪʘ ʧʽʜʪʨʠʤʢʠ ʣʽʥʽʡ ʟʚôʷʟʢʫ ʪʠʧʫ çʩʫʧʫʪʥʠʢ-ʩʫʧʫʪʥʠʢè ʽʟ LEO 

ʩʫʧʫʪʥʠʢʘʤʠ-ʨʝʪʨʘʥʩʣʷʪʦʨʘʤʠ, ʜʣʷ ʚʟʘʻʤʦʜʽʾ ʽʟ ʥʘʟʝʤʥʠʤ ʢʦʤʧʣʝʢʩʦʤ ʫʧʨʘʚʣʽʥʥʷ ʪʘ 

ʥʘʟʝʤʥʠʤʠ ʟʘʩʦʙʘʤʠ ʦʧʝʨʘʪʦʨʽʚ ʽ ʩʝʨʚʽʩ-ʧʨʦʚʘʡʜʝʨʽʚ, ʘ ʪʘʢʦʞ ʽʟ ʥʘʟʝʤʥʠʤʠ ʤʝʨʝʞʘʤʠ 

ʧʝʨʝʜʘʯʽ ʜʘʥʠʭ.  

GEOʩʫʧʫʪʥʠʢʠ-ʨʝʪʨʘʥʩʣʷʪʦʨʠ ʦʙʣʘʜʥʘʥʽ ʮʠʬʨʦʚʠʤ ʢʦʨʠʩʥʠʤ ʥʘʚʘʥʪʘʞʝʥʥʷʤ, ʷʢʝ 

ʬʫʥʢʮʽʦʥʫʻ ʽʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʪʝʭʥʦʣʦʛʽʡ SDN ʪʘ SDR. ɺ ʢʦʥʩʪʨʫʢʮʽʾ ʚʠʩʦʢʦʯʘʩʪʦʪʥʦʾ 

ʯʘʩʪʠʥʠ ʢʦʨʠʩʥʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ GEO ʩʫʧʫʪʥʠʢʽʚ-ʨʝʪʨʘʥʩʣʷʪʦʨʽʚ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ 

ʪʝʭʥʦʣʦʛʽʾ ʩʫʧʫʪʥʠʢʽʚ ʚʝʣʠʢʦʾ ʧʨʦʧʫʩʢʥʦʾ ʟʜʘʪʥʦʩʪʽ (ʘʥʛʣ. High-ThroughputSatellite, HTS), 

ʱʦ ʜʦʟʚʦʣʷʻ ʬʦʨʤʫʚʘʪʠ ʦʜʥʦʯʘʩʥʦ ʚʝʣʠʢʫ ʢʽʣʴʢʽʩʪʴ ʢʝʨʦʚʘʥʠʭ ʪʘ ʥʝʨʫʭʦʤʠʭ ʧʨʦʤʝʥʽʚ. 

ʂʝʨʦʚʘʥʽ ʧʨʦʤʝʥʽ ʧʨʠʟʥʘʯʝʥʽ ʜʣʷ ʩʫʧʨʦʚʦʜʞʝʥʥʷ ʨʫʭʫ LEO ʩʫʧʫʪʥʠʢʽʚ-ʨʝʪʨʘʥʩʣʷʪʦʨʽʚ.  

ɼʣʷ ʬʦʨʤʫʚʘʥʥʷ ʢʝʨʦʚʘʥʠʭ ʧʨʦʤʝʥʽʚ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʬʘʟʦʚʘʥʽ ʘʥʪʝʥʥʽ ʨʝʰʽʪʢʠ. 

GEO ʩʫʧʫʪʥʠʢʠ ï ʭʤʘʨʥʽ ʮʝʥʪʨʠ ʜʘʥʠʭ ʧʨʠʟʥʘʯʝʥʽ ʜʣʷ ʦʙʨʦʢʠ, ʟʙʝʨʝʞʝʥʥʷ ʪʘ ʧʦʰʠʨʝʥʥʷ 

ʜʘʥʠʭ, ʪʘ ʥʘʜʘʥʥʷ ʦʙʯʠʩʣʶʚʘʣʴʥʦʾ ʧʦʪʫʞʥʦʩʪʽ ʜʣʷ ʧʽʜʪʨʠʤʢʠ ʧʦʩʣʫʛ ɯʥʪʝʨʥʝʪʫ ʨʝʯʝʡ, 

ʧʦʙʫʜʦʚʘʥʠʭ ʽʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ çʭʤʘʨʥʦʾè ʩʢʣʘʜʦʚʦʾ.ʋʩʽ GEO ʩʫʧʫʪʥʠʢʠ ʦʙôʻʜʥʘʥʽ ʣʽʥʽʷʤʠ 

ʟʚôʷʟʢʫ ʪʠʧʫ çʩʫʧʫʪʥʠʢ-ʩʫʧʫʪʥʠʢè, ʱʦ ʜʦʟʚʦʣʷʻ ʩʬʦʨʤʫʚʘʪʠ ɻʉʆ ʤʝʨʝʞʫ ʧʝʨʝʜʘʯʽ ʜʘʥʠʭ 

ʢʽʣʴʮʝʚʦʾ ʘʨʭʽʪʝʢʪʫʨʠ.  

ʅʠʟʴʢʦʦʨʙʽʪʘʣʴʥʘ ʩʢʣʘʜʦʚʘ IoT ʩʫʧʫʪʥʠʢʦʚʦʾ ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ ʧʦʙʫʜʦʚʘʥʘ ʥʘ ʙʘʟʽ 

ʘʨʭʽʪʝʢʪʫʨʠ ʨʦʟʧʦʜʽʣʝʥʦʛʦ ʩʫʧʫʪʥʠʢʘ [12]. ʈʦʟʧʦʜʽʣʝʥʽ ʩʫʧʫʪʥʠʢʠ ʨʦʟʪʘʰʦʚʘʥʽ ʚ ʢʽʣʴʢʦʭ 
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ʦʨʙʽʪʘʣʴʥʠʭ ʧʣʦʱʠʥʘʭ ʥʘ ʥʠʟʴʢʽʡ ʥʘʚʢʦʣʦʟʝʤʥʽʡ ʦʨʙʽʪʽ. ʇʘʨʘʤʝʪʨʠ ʦʨʙʽʪʠ, ʢʽʣʴʢʽʩʪʴ 

ʦʨʙʽʪʘʣʴʥʠʭ ʧʣʦʱʠʥ ʽ ʨʦʟʧʦʜʽʣʝʥʠʭ ʩʫʧʫʪʥʠʢʽʚ ʚ ʢʦʞʥʽʡ ʧʣʦʱʠʥʽ ʚʠʟʥʘʯʘʻʪʴʩʷ ʟʦʥʦʶ 

ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʪʘ ʧʦʢʘʟʥʠʢʘʤʠ ʙʝʟʧʝʨʝʨʚʥʦʩʪʽ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ. ʅʠʟʴʢʦʦʨʙʽʪʘʣʴʥʘ 

ʩʢʣʘʜʦʚʘ ʧʨʠʟʥʘʯʝʥʘ ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʚʟʘʻʤʦʜʽʾ ʽʟ ʢʽʥʮʝʚʠʤʠ ʧʨʠʩʪʨʦʷʤʠ ɯʥʪʝʨʥʝʪʫ ʨʝʯʝʡ 

ʚ ʨʝʞʠʤʽ ʙʝʟʧʦʩʝʨʝʜʥʴʦʛʦ ʜʦʩʪʫʧʫ (ʘʥʛʣ. Direct-to-Satellite) ʪʘ ʽʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʪʝʨʤʽʥʘʣʽʚ 

ʢʽʥʮʝʚʠʭ ʩʧʦʞʠʚʘʯʽʚ. ʈʝʞʠʤ ʙʝʟʧʦʩʝʨʝʜʥʴʦʛʦ ʜʦʩʪʫʧʫ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʜʣʷ ʧʦʩʣʫʛ 

ɯʥʪʝʨʥʝʪʫ ʨʝʯʝʡ ʥʘ ʙʘʟʽ ʚʫʟʴʢʦʩʤʫʛʦʚʠʭʧʨʦʪʦʢʦʣʽʚ LoRaÈ ʪʘ NB-IoT. ʇʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ 

ʧʦʩʣʫʛ ɯʥʪʝʨʥʝʪʫ ʨʝʯʝʡ, ʷʢʽ ʚʠʤʘʛʘʶʪʴ ʰʠʨʦʢʦʩʤʫʛʦʚʦʛʦ ʢʘʥʘʣʫ, ʚʢʣʶʯʘʶʯʠ ʢʘʥʘʣʠ 

ʧʝʨʝʜʘʯʽ ʚʽʜʝʦʽʥʬʦʨʤʘʮʽʾ, ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʪʝʨʤʽʥʘʣ  ʢʦʨʠʩʪʫʚʘʯʽʚ, ʘʥʘʣʦʛʦʤ ʷʢʠʭ ʻ 

ʪʝʨʤʽʥʘʣʠ ʥʠʟʴʢʦʦʨʙʽʪʘʣʴʥʠʭ ʩʠʩʪʝʤ Starlinkʪʘ OneWeb. 

 
ʈʠʩ.1. ɸʨʭʽʪʝʢʪʫʨʘ ʢʦʩʤʽʯʥʦʾ ʩʢʣʘʜʦʚʦʾ IoT ʩʫʧʫʪʥʠʢʦʚʦʾ ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ. 

 

ʂʦʞʝʥ ʨʦʟʧʦʜʽʣʝʥʠʡ ʩʫʧʫʪʥʠʢ ʟʘ ʜʦʧʦʤʦʛʦʶ ʣʽʥʽʡ ʟʚôʷʟʢʫ ʪʠʧʫ çʩʫʧʫʪʥʠʢ-ʩʫʧʫʪʥʠʢè 

ʚʩʪʘʥʦʚʣʶʻ ʣʽʥʽʾ ʟʚôʷʟʢʫ ʟ ʜʚʦʤʘ ʩʫʩʽʜʥʽʤʠ ʨʦʟʧʦʜʽʣʝʥʠʤʠ ʩʫʧʫʪʥʠʢʘʤ ʚ ʩʚʦʾʡ ʦʨʙʽʪʘʣʴʥʽʡ 

ʧʣʦʱʠʥʽ ʪʘ ʧʦ ʦʜʥʦʤʫ ʨʦʟʧʦʜʽʣʝʥʦʤʫ ʩʫʧʫʪʥʠʢʫ ʚ ʜʚʦʭ ʩʫʩʽʜʥʽʭ ʦʨʙʽʪʘʣʴʥʠʭ ʧʣʦʱʠʥʘʭ. 

ʃʽʥʽʾ ʟʚôʷʟʢʫ ʤʽʞ ʨʦʟʧʦʜʽʣʝʥʠʤʠ ʩʫʧʫʪʥʠʢʘʤʠ ʫʪʚʦʨʶʶʪʴ ʪʨʘʥʩʧʦʨʪʥʫ ʤʝʨʝʞʫ ʜʣʷ 

ʦʨʙʽʪʘʣʴʥʦʾ ʩʠʩʪʝʤʠ ʧʝʨʝʜʘʯʽ ʜʘʥʠʭ ʥʠʟʴʢʦʦʨʙʽʪʘʣʴʥʦʾ ʩʢʣʘʜʦʚʦʾ IoT ʩʫʧʫʪʥʠʢʦʚʦʾ 

ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ. ɼʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʧʦʚʥʦʟʚôʷʟʥʦʩʪʠIoT ʩʫʧʫʪʥʠʢʦʚʦʾ ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ ʜʦ 

ʩʢʣʘʜʫ ʢʦʞʥʦʾ ʦʨʙʽʪʘʣʴʥʦʾ ʧʣʦʱʠʥʠ ʥʠʟʴʢʦʦʨʙʽʪʘʣʴʥʦʾ ʩʢʣʘʜʦʚʦʾ ʚʚʝʜʝʥʽ LEO ʩʫʧʫʪʥʠʢʠ-

ʨʝʪʨʘʥʩʣʷʪʦʨʠ, ʟʘʚʜʘʥʥʷʤ ʷʢʠʭ ʻ ʧʽʜʪʨʠʤʢʘ ʣʽʥʽʾ çʩʫʧʫʪʥʠʢ-ʩʫʧʫʪʥʠʢè ʟ GEO 

ʩʫʧʫʪʥʠʢʘʤʠ-ʨʝʪʨʘʥʩʣʷʪʦʨʘʤʠ. 

ɼʦ ʦʩʦʙʣʠʚʦʩʪʝʡ ʥʠʟʴʢʦʦʨʙʽʪʘʣʴʥʦʾ ʩʢʣʘʜʦʚʦʾ ʚʽʜʥʦʩʷʪʴʩʷ ʬʘʢʪʦʨʠ, ʷʢʽ ʟʫʤʦʚʣʝʥʽ 

ʦʩʦʙʣʠʚʦʩʪʷʤʠ ʥʠʟʴʢʦʾ ʥʘʚʢʦʣʦʟʝʤʥʦʾ ʦʨʙʽʪʠ. ɸ ʩʘʤʝ, ʩʫʧʫʪʥʠʢʠ ʧʦʩʪʽʡʥʦ ʨʫʭʘʶʪʴʩʷ 

ʚʽʜʥʦʩʥʦ ʦʙôʻʢʪʽʚ, ʨʦʟʪʘʰʦʚʘʥʠʭ ʥʘ ʧʦʚʝʨʭʥʽ ɿʝʤʣʽ, ʪʘ ʚʽʜʥʦʩʥʦ ʩʫʧʫʪʥʠʢʽʚ, ʨʦʟʪʘʰʦʚʘʥʠʭ 

ʥʘ ʛʝʦʩʪʘʮʽʦʥʘʨʥʽʡ ʦʨʙʽʪʽ. ʊʦʤʫ ʟʦʥʘ ʨʘʜʽʦʙʘʯʝʥʥʷ ʥʠʟʴʢʦʦʨʙʽʪʘʣʴʥʦʛʦ ʩʫʧʫʪʥʠʢʘ 

ʧʦʩʪʽʡʥʦ ʨʫʭʘʻʪʴʩʷ ʧʦ ʧʦʚʝʨʭʥʽ ɿʝʤʣʽ, ʧʨʦʭʦʜʷʯʠ ʫʩʽ ʰʠʨʦʪʠ ʚ ʤʝʞʘʭ ʟʦʥʠ 

ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʩʠʩʪʝʤʠ, ʘ ʩʢʣʘʜ ʥʠʟʴʢʦʦʨʙʽʪʘʣʴʥʠʭ ʩʫʧʫʪʥʠʢʽʚ, ʷʢʽ ʟʥʘʭʦʜʷʪʴʩʷ ʚ ʤʝʞʘʭ 

ʜʦ ʟʦʥʠ ʨʘʜʽʦʙʘʯʝʥʥʷ ʛʝʦʩʪʘʮʽʦʥʘʨʥʦʛʦ ʩʫʧʫʪʥʠʢʘ, ʧʦʩʪʽʡʥʦ ʟʤʽʥʶʻʪʴʩʷ. ɿʚʘʞʘʶʯʠ ʥʘ 

ʧʝʚʥʽ ʚʽʜʤʽʥʥʦʩʪʽ ʚ ʩʢʣʘʜʽ ʪʘ ʩʧʝʮʠʬʽʮʽ ʧʦʩʣʫʛ ɯʥʪʝʨʥʝʪʫ ʨʝʯʝʡ ʚ ʨʽʟʥʠʭ ʨʝʛʽʦʥʘʭ ʩʚʽʪʫ, 

ʥʝʦʙʭʽʜʥʦ ʟʘʟʥʘʯʠʪʠ, ʱʦ ʟʦʥʠ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʩʫʧʫʪʥʠʢʽʚ ʫʩʽʭ ʦʨʙʽʪʘʣʴʥʠʭ ʧʣʦʱʠʥ ʟʽ 

ʩʢʣʘʜʫ ʥʠʟʴʢʦʦʨʙʽʪʘʣʴʥʦʾ ʩʢʣʘʜʦʚʦʾ ʚ ʧʝʚʥʠʡ ʯʘʩ ʙʫʜʫʪʴ ʧʨʦʭʦʜʠʪʠ ʧʦ ʫʩʽʭ ʨʝʛʽʦʥʘʭ 

ʧʦʚʝʨʭʥʽ ɿʝʤʣʽ. ʊʦʤʫ ʚ ʩʢʣʘʜʽ ʥʠʟʴʢʦʦʨʙʽʪʘʣʴʥʦʾ ʩʢʣʘʜʦʚʦʾ ʤʦʞʥʘ ʚʠʜʽʣʠʪʠ ʧʝʚʥʽ ʛʨʫʧʠ 

ʩʫʧʫʪʥʠʢʽʚ ʚ ʢʦʞʥʽʡ ʦʨʙʽʪʘʣʴʥʽʡ ʧʣʦʱʠʥʽ, ʷʢʽ ʥʘʜʘʶʪʴ ʧʦʩʣʫʛʠ ʫ ʚʠʟʥʘʯʝʥʠʭ ʨʝʛʽʦʥʘʭ 

ʩʚʽʪʫ, ʽ ʪʘʢʠʤ ʯʠʥʦʤ ʨʦʟʜʽʣʠʪʠ ʩʢʣʘʜ ʩʫʧʫʪʥʠʢʽʚ ʢʦʞʥʦʾ ʦʨʙʽʪʘʣʴʥʦʾ ʧʣʦʱʠʥʠ ʥʘ ʧʝʚʥʽ 

ʛʨʫʧʠ, ʷʢ ʮʝ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩ.1. ʉʫʧʫʪʥʠʢʠ ʟʽ ʩʢʣʘʜʫ ʛʝʦʩʪʘʮʽʦʥʘʨʥʦʾ ʩʢʣʘʜʦʚʦʾ 
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ʟʥʘʭʦʜʷʪʴʩʷ ʚ ʩʪʘʮʽʦʥʘʨʥʦʤʫ ʧʦʣʦʞʝʥʥʽ ʚʽʜʥʦʩʥʦ ʮʠʭ ʨʝʛʽʦʥʽʚ. ʊʦʤʫ ʮʽ ʩʫʧʫʪʥʠʢʠ ʤʘʶʪʴ 

ʟʘʙʝʟʧʝʯʫʚʘʪʠ ʧʽʜʪʨʠʤʢʫ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʥʠʟʴʢʦʦʨʙʽʪʘʣʴʥʦʾ ʩʢʣʘʜʦʚʦʾ ʽ ʥʘʜʘʥʥʷ ʥʝʶ 

ʧʦʩʣʫʛ ɯʥʪʝʨʥʝʪʫ ʨʝʯʝʡ ʟʛʽʜʥʦ ʨʝʛʽʦʥʘʣʴʥʦʾ ʩʧʝʮʠʬʽʢʠ, ʟʚʘʞʘʶʯʠ ʥʘ ʧʦʩʪʽʡʥʫ ʟʤʽʥʫ ʩʢʣʘʜʫ 

ʩʫʧʫʪʥʠʢʽʚ ʥʠʟʴʢʦʦʨʙʽʪʘʣʴʥʦʾ ʩʢʣʘʜʦʚʦʾ ʫ ʚʠʟʥʘʯʝʥʦʤʫ ʨʝʛʽʦʥʽ. ʊʘʢʘ ʚʽʜʤʽʥʥʽʩʪʴ ʚʨʘʭʦʚʫʻ 

ʥʝ ʪʽʣʴʢʠ ʘʣʛʦʨʠʪʤʠ ʦʙʨʦʙʢʠ ʽʥʬʦʨʤʘʮʽʾ ɯʥʪʝʨʥʝʪʫ ʨʝʯʝʡ, ʘ ʡ ʤʘʨʰʨʫʪʠʟʘʮʽʶ 

ʮʠʨʢʫʣʶʶʯʦʾ ʽʥʬʦʨʤʘʮʽʾ. 

IoT ʩʫʧʫʪʥʠʢʦʚʘ ʽʥʬʨʘʩʪʨʫʢʪʫʨʘ ʤʘʻ ʚʣʘʩʥʽ ʦʙʯʠʩʣʶʚʘʣʴʥʽ ʧʦʪʫʞʥʦʩʪʽ, ʷʢʽ ʨʝʘʣʽʟʫʶʪʴ 

ʭʤʘʨʥʽ, ʪʫʤʘʥʥʽ ʪʘ ʢʨʘʻʚʽ, ʘʙʦ ʛʨʘʥʠʯʥʽ ʦʙʯʠʩʣʝʥʥʷ, ʱʦ ʚʽʜʧʦʚʽʜʘʻ ʙʘʛʘʪʦʨʽʚʥʝʚʽʡ 

ʽʻʨʘʨʭʽʯʥʽʡ ʘʨʭʽʪʝʢʪʫʨʽ ʩʠʩʪʝʤ ɯʥʪʝʨʥʝʪʫ ʨʝʯʝʡ. ʍʤʘʨʥʽ ʦʙʯʠʩʣʝʥʥʷ ʨʝʘʣʽʟʫʶʪʴʩʷ 

ʦʙʯʠʩʣʶʚʘʣʴʥʠʤʠ ʧʦʪʫʞʥʦʩʪʷʤʠ ʩʧʝʮʽʘʣʴʥʦ ʚʠʜʽʣʝʥʠʭ GEO ʩʫʧʫʪʥʠʢʽʚ ï ʭʤʘʨʥʠʭ 

ʮʝʥʪʨʽʚ ʦʙʨʦʙʢʠ ʜʘʥʠʭ. ɼʣʷ ʨʝʘʣʽʟʘʮʽʾ ʪʫʤʘʥʥʠʭ ʽ ʢʨʘʻʚʠʭ (ʛʨʘʥʠʯʥʠʭ) ʦʙʯʠʩʣʝʥʴ ʜʦ 

ʨʦʟʧʦʜʽʣʝʥʠʭ ʩʫʧʫʪʥʠʢʽʚ ʟʽ ʩʢʣʘʜʫ ʥʠʟʴʢʦʦʨʙʽʪʘʣʴʥʦʾ ʩʢʣʘʜʦʚʦʾ ʚʚʝʜʝʥʽ ʩʫʧʫʪʥʠʢʠ-

ʦʙʯʠʩʣʶʚʘʯʽ [12]. 

 

ʈʠʩ.2. ɸʨʭʽʪʝʢʪʫʨʘ SDN ʤʝʨʝʞʽ IoT ʩʫʧʫʪʥʠʢʦʚʦʾ ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ. 
 

ɻʝʦʩʪʘʮʽʦʥʘʨʥʘ ʪʘ ʥʠʟʴʢʦʦʨʙʽʪʘʣʴʥʘ ʩʢʣʘʜʦʚʽ IoT ʩʫʧʫʪʥʠʢʦʚʦʾ ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ 

ʫʪʚʦʨʶʶʪʴ ʻʜʠʥʫ SDN ʤʝʨʝʞʫ ʧʝʨʝʜʘʯʽ ʜʘʥʠʭ. ʅʘ ʨʠʩ.2 ʧʨʝʜʩʪʘʚʣʝʥʘ SDN ʤʝʨʝʞʘ 

ʧʝʨʝʜʘʯʽ ʜʘʥʠʭ IoT ʩʫʧʫʪʥʠʢʦʚʦʾ ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ. ʌʫʥʢʮʽʦʥʘʣ ʫʧʨʘʚʣʽʥʥʷ ʧʝʨʝʜʘʯʝʶ 

ʜʘʥʠʭ ɻʉʆ ʤʝʨʝʞʽ ʨʦʟʧʦʜʽʣʝʥʠʡ ʤʽʞ ʪʨʴʦʤʘ ʧʣʦʱʠʥʘʤʠ (ʜʠʚ. ʨʠʩ.2): ʫʧʨʘʚʣʽʥʥʷ 

ʤʝʨʝʞʝʶ, ʫʧʨʘʚʣʽʥʥʷ ʪʨʘʬʽʢʦʤ ʪʘ ʧʝʨʝʜʘʯʽ ʜʘʥʠʭ. ʅʘ ʨʽʚʥʽ ʫʧʨʘʚʣʽʥʥʷ ʤʝʨʝʞʝʶ 

ʟʜʽʡʩʥʶʻʪʴʩʷ ʫʧʨʘʚʣʽʥʥʷ ʘʨʭʽʪʝʢʪʫʨʦʶ IoTʩʫʧʫʪʥʠʢʦʚʦʾ ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ ʷʢ ʤʝʨʝʞʽ 

ʧʝʨʝʜʘʯʽ ʜʘʥʠʭ ʚ ʮʽʣʦʤʫ ʪʘ ʾʾ ʩʢʣʘʜʦʚʠʭ ʜʣʷ ʥʘʜʘʥʥʷ ʧʦʩʣʫʛ ɯʥʪʝʨʥʝʪʫ ʨʝʯʝʡ. ɼʣʷ 

ʩʧʨʦʱʝʥʥʷ ʫʧʨʘʚʣʽʥʥʷ ʤʝʨʝʞʝʶ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʪʝʭʥʦʣʦʛʽʾ NFV ʪʘ NVʚ ʧʦʻʜʥʘʥʥʽ ʽʟ 

ʛʽʧʝʨʚʽʟʦʨʘʤʠ, ʷʢ ʟʘʩʦʙʘʤʠ ʚʽʨʪʫʘʣʽʟʘʮʽʾ ʬʫʥʢʮʽʡ ʽ ʩʧʨʦʱʝʥʥʷ ʧʨʝʜʩʪʘʚʣʝʥʥʷ ʽʥʬʦʨʤʘʮʽʾ ʚ 

ʛʨʘʬʽʯʥʦʤʫ ʚʠʛʣʷʜʽ. ʈʽʚʝʥʴ ʫʧʨʘʚʣʽʥʥʷ ʤʝʨʝʞʝʶ ʟʜʽʡʩʥʶʻ ʫʧʨʘʚʣʽʥʥʷ ʛʝʦʩʪʘʮʽʦʥʘʨʥʦʶ 

ʩʢʣʘʜʦʚʦʶ ʽ ʥʠʟʴʢʦʦʨʙʽʪʘʣʴʥʦʶ ʩʢʣʘʜʦʚʠʤʠIoT ʩʫʧʫʪʥʠʢʦʚʦʾ ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ. ʈʽʚʝʥʴ 

ʫʧʨʘʚʣʽʥʥʷ ʤʝʨʝʞʝʶ ʚʟʘʻʤʦʜʽʻ ʽʟ ʨʽʚʥʝʤ ʫʧʨʘʚʣʽʥʥʷ ʪʨʘʬʽʢʦʤ ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʧʨʦʛʨʘʤʦʚʘʥʦʛʦ ʽʥʪʝʨʬʝʡʩʫ ʜʦʜʘʪʢʽʚ (ʘʥʛʣ. ApplicationProgrammingInterface, API). 

ʋ ʚʽʜʧʦʚʽʜʥʦʩʪʽ ʜʦ ʘʙʩʪʨʘʢʮʽʡ ʤʝʨʝʞʽ (ʘʥʛʣ. NetworkAbstractions), ʷʢʽ ʚʠʟʥʘʯʝʥʽ ʥʘ 

ʧʽʜʩʪʘʚʽ ʦʪʨʠʤʘʥʠʭ ʧʦ ʧʽʚʥʽʯʥʦʤʫ ʽʥʪʝʨʬʝʡʩʫ API, ʨʽʚʝʥʴ ʫʧʨʘʚʣʽʥʥʷ ʪʨʘʬʽʢʦʤ ʚʠʟʥʘʯʘʻ 

ʢʦʥʬʽʛʫʨʘʮʽʶ SDN ʢʦʥʪʨʦʣʝʨʽʚ ɻɽʆ ʤʝʨʝʞʽ ʧʝʨʝʜʘʯʽ ʜʘʥʠʭ. ʂʝʨʫʶʯʘ ʽʥʬʦʨʤʘʮʽʷ ʫ 

ʚʠʛʣʷʜʽ API ʯʝʨʝʟ ʧʽʚʜʝʥʥʠʡ ʽʥʪʝʨʬʝʡʩ ʨʽʚʥʷ ʫʧʨʘʚʣʽʥʥʷ ʪʨʘʬʽʢʦʤ ʜʦʚʦʜʠʪʴʩʷ ʜʦ 

ʧʨʠʩʪʨʦʾʚ ʨʽʚʥʷ ʧʝʨʝʜʘʯʽ ʜʘʥʠʭ, ʷʢʽ ʟʜʽʡʩʥʶʶʪʴ ʤʘʨʰʨʫʪʠʟʘʮʽʶ ʽʥʬʦʨʤʘʮʽʾ ɯʥʪʝʨʥʝʪʫ 

ʨʝʯʝʡ, ʱʦ ʮʠʨʢʫʣʶʻ ʚ ʩʠʩʪʝʤʽ. ʂʦʞʝʥ ʽʟ GEO ʩʫʧʫʪʥʠʢʽʚ-ʨʝʪʨʘʥʩʣʷʪʦʨʽʚ ʟʘʙʝʟʧʝʯʫʻ 

ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʦʙʤʽʥ ʽʟ LEOʩʫʧʫʪʥʠʢʘʤʠ-ʨʝʪʨʘʥʩʣʷʪʦʨʘʤʠ ʟʽ ʩʢʣʘʜʫ ʥʠʟʴʢʦʦʨʙʽʪʘʣʴʥʦʾ 
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ʩʢʣʘʜʦʚʦʾ ʚ ʤʝʞʘʭ ʚʣʘʩʥʦʾ ʟʦʥʠ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ. ʇʦ ʢʘʥʘʣʫ ʧʝʨʝʜʘʯʽ ʜʘʥʠʭ, ʷʢʠʡ 

ʧʦʙʫʜʦʚʘʥʠʡ ʽʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʣʽʥʽʡ çʩʫʧʫʪʥʠʢ-ʩʫʧʫʪʥʠʢè ʧʝʨʝʜʘʶʪʴʩʷ ʜʘʥʽ ʩʣʘʡʩʫ ʜʘʥʠʭ 

ɯʥʪʝʨʥʝʪʫ ʨʝʯʝʡ ʪʘ ʽʥʬʦʨʤʘʮʽʷ ʩʣʘʡʩʫ ʫʧʨʘʚʣʽʥʥʷ ʤʝʨʝʞʝʶ ʧʝʨʝʜʘʯʽ ʜʘʥʠʭ. ʅʘ ʨʠʩ.2 

ʧʦʢʘʟʘʥʽ ʟʘʭʽʜʥʠʡ ʽ ʩʭʽʜʥʠʡ ʽʥʪʝʨʬʝʡʩʠ ʧʣʦʱʠʥʠ ʫʧʨʘʚʣʽʥʥʷ ʪʨʘʬʽʢʦʤ, ʷʢʽ ʟʘʙʝʟʧʝʯʫʶʪʴ 

ʧʝʨʝʜʘʯʽ API ʤʽʞ ʛʝʦʩʪʘʮʽʦʥʘʨʥʦʶ ʪʘ ʥʠʟʴʢʦʦʨʙʽʪʘʣʴʥʦʶ ʩʢʣʘʜʦʚʠʤʠ.  

ʋ ʩʢʣʘʜʽ ʥʠʟʴʢʦʦʨʙʽʪʘʣʴʥʦʾ ʩʢʣʘʜʦʚʦʾ ʥʘ ʙʘʟʽ ʣʽʥʽʡ çʩʫʧʫʪʥʠʢ-ʩʫʧʫʪʥʠʢè ʤʽʞ 

ʨʦʟʧʦʜʽʣʝʥʠʤʠ ʩʫʧʫʪʥʠʢʘʤʠ ʩʬʦʨʤʦʚʘʥʦ ʥʠʟʴʢʦʦʨʙʽʪʘʣʴʥʫ SDNʤʝʨʝʞʫ ʧʝʨʝʜʘʯʽ ʜʘʥʠʭ, 

ʷʢʘ ʻ ʩʢʣʘʜʦʚʦʶ ʯʘʩʪʠʥʦʶ SDNʤʝʨʝʞʽ IoT ʩʫʧʫʪʥʠʢʦʚʦʾ ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ. SDNʢʦʥʪʨʦʣʝʨʠ 

ʟʽ ʩʢʣʘʜʫ ʨʽʚʥʷ ʫʧʨʘʚʣʽʥʥʷ ʪʨʘʬʽʢʦʤ ʚʠʟʥʘʯʘʶʪʴ ʨʦʟʧʦʜʽʣ ʧʦʪʦʢʽʚ ʜʘʥʠʭ ʚ ʤʝʞʘʭ 

ʥʠʟʴʢʦʦʨʙʽʪʘʣʴʥʦʾ ʩʢʣʘʜʦʚʦʾ ʪʘ ʤʽʞ ʥʠʟʴʢʦʦʨʙʽʪʘʣʴʥʦʶ ʪʘ ʛʝʦʩʪʘʮʽʦʥʘʨʥʦʶ ʩʢʣʘʜʦʚʠʤʠ. 

ɿʚʘʞʘʶʯʠ ʥʘ ʦʩʦʙʣʠʚʽʩʪʴ ʨʫʭʫ ʥʠʟʴʢʦʦʨʙʽʪʘʣʴʥʦʾ ʩʢʣʘʜʦʚʦʾ ʚʽʜʥʦʩʥʦ ʧʦʚʝʨʭʥʽ ɿʝʤʣʽ 

ʧʝʨʝʣʽʢ ʟʘʚʜʘʥʴ, ʱʦ ʨʝʘʣʽʟʫʶʪʴʩʷ SDN ʢʦʥʪʨʦʣʝʨʘʤʠ ʜʠʥʘʤʽʯʥʦ ʟʤʽʥʶʻʪʴʩʷ ʫ 

ʚʽʜʧʦʚʽʜʥʦʩʪʽ ʽʟ ʨʫʭʦʤ ʟʦʥʠ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʨʦʟʧʦʜʽʣʝʥʦʛʦ ʩʫʧʫʪʥʠʢʘ ʚʽʜʥʦʩʥʦ ʧʦʚʝʨʭʥʽ 

ɿʝʤʣʽ. ɿʤʽʥʘ ʟʘʚʜʘʥʴ ʟʜʽʡʩʥʶʻʪʴʩʷ ʽʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʟʘʭʽʜʥʦʛʦ ʪʘ ʩʭʽʜʥʦʛʦ ʽʥʪʝʨʬʝʡʩʽʚ ʫ 

ʚʽʜʧʦʚʽʜʥʦʩʪʽ ʜʦ ʩʪʨʫʢʪʫʨ ʧʦʩʣʫʛ ɯʥʪʝʨʥʝʪʫ ʨʝʯʝʡ, ʷʢʽ  ʚʠʟʥʘʯʝʥʽ API ʧʦ ʧʽʚʥʽʯʥʦʤʫ 

ʽʥʪʝʨʬʝʡʩʫ. 
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IMPLEMENTATION OF GENERAL PRINCIPLES OF "STEM EDUCATION" IN THE 

EDUCATIONAL AND SCIENTIFIC INSTITUTE OF  TELECOMMUNICATION 

SYSTEMS, IGOR SIKORSKY KYIV POLYTECHNIC INSTITUTE  

 

A brief comparative analysis of the education of students at the Educational and 

Scientific Institute of Telecommunication Systems of NTUU "KPI" was conducted for 

compliance with the general principles of the global trend of "STEM education" and the main 

problems of its implementation in Ukraine were shown. A brief comparative analysis of the 

education of students at the Educational and Scientific Institute of Telecommunication Systems 

of NTUU "KPI" was conducted for compliance with the general principles of the global trend of 

"STEM education" and the main problems of its implementation in Ukraine were shown. 

 

ɺ ʦʩʪʘʥʥʽ ʨʦʢʽ ʚ ʩʚʽʪʽ ʽ ʚ ʋʢʨʘʾʥʽ [1,2] ʥʘʚʯʘʥʥʷ ʤʦʣʦʜʽ ʚʝʜʝʪʴʩʷ ʥʘ 

ʦʩʥʦʚʽ ʚʠʢʦʨʠʩʪʘʥʥʷ ʙʘʟʦʚʠʭ ʧʨʠʥʮʠʧʽʚ ʪʨʝʥʜʫ çSTEMè (ʘʥʛʣ. Science,   

Technology, Engineering, Mathematics), ʷʢʽʡ ʙʫʚ ʚʚʝʜʝʥʠʡ National Science 

Foundation ʉʐɸ ʪʘ ʚʧʨʦʚʘʜʞʝʥʠʡ ʫ ʦʩʚʽʪʥʽ ʧʨʦʛʨʘʤʠ ʥʘʚʯʘʣʴʥʠʭ ʟʘʢʣʘʜʽʚ ʥʘ 

ʥʘʮʽʦʥʘʣʴʥʦʤʫ ʨʽʚʥʽ ʟ ʤʝʪʦʶ ʨʦʟʚʠʪʢʫ ʪʘ ʧʽʜʩʠʣʝʥʥʷ ʢʦʤʧʝʪʝʥʮʽʡ ʫʯʥʽʚ ʪʘ 

ʩʪʫʜʝʥʪʽʚ ʫ  ʥʘʫʢʦʚʦ-ʪʝʭʥʽʯʥʦʤʫ ʥʘʧʨʷʤʽ ʜʣʷ ʧʽʜʛʦʪʦʚʢʠ ʬʘʭʽʚʮʽʚ ʚ ʛʘʣʫʟʷʭ 

ʚʠʩʦʢʠʭ ʪʝʭʥʦʣʦʛʽʡ ʢ ʷʢʠʤ ʚʽʜʥʦʩʷʪʴʩʷ ʽ ʽʥʬʦʢʦʤʫʥʽʢʘʮʽʾ. 

ʎʽ ʟʘʛʘʣʴʥʽ ʧʨʠʥʮʠʧʽ ʚʢʣʶʯʘʶʪʴ: 

- ʽʥʪʝʛʨʦʚʘʥʫ ʦʩʚʽʪʫ (ʧʨʦʝʢʪʥʠʡ ʽ ʤʽʞʜʠʩʮʠʧʣʽʥʘʨʥʠʡ ʧʽʜʭʽʜ); 

- ʫʜʦʩʢʦʥʘʣʝʥʥʷ ʢʦʛʥʽʪʠʚʥʠʭ ʥʘʚʠʯʦʢ; 

- ʘʢʪʠʚʥʫ ʫʯʘʩʪʴ ʩʪʫʜʝʥʪʽʚ ʫ ʥʘʚʯʘʣʴʥʦ-ʧʨʘʢʪʠʯʥʽʡ ʜʽʷʣʴʥʦʩʪʽ, 

(ʢʦʤʘʥʜʥʘ ʩʧʽʚʧʨʘʮʷ);  

- ʨʦʟʚʠʪʦʢ ʢʨʠʪʠʯʥʦʛʦ ʪʘ ʢʨʝʘʪʠʚʥʦʛʦ ʤʠʩʣʝʥʥʷ, ʚʤʽʥʥʷ ʧʨʘʮʶʚʘʪʠ 

ʩʘʤʦʩʪʽʡʥʦ ʡ ʫ ʢʦʣʝʢʪʠʚʽ; 

- ʚʠʢʦʨʠʩʪʘʥʥʷ ʦʪʨʠʤʘʥʠʭ ʟʥʘʥʴ ʚ ʨʝʘʣʴʥʦʤʫ ʞʠʪʪʽ (ʨʝʘʣʴʥʦ ʚʠʢʦʥʘʥʽ 

ʜʦʩʣʽʜʥʽ ʧʨʦʝʢʪʠ). 

ʎʝ ʜʦʜʘʪʢʦʚʦ ʜʘʻ ʧʽʜʩʠʣʝʥʥʷ ʩʦʮʽʘʣʴʥʦ-ʝʤʦʮʽʡʥʦʾ ʩʢʣʘʜʦʚʦʾ ʥʘʚʯʘʥʥʷ 

ʪʘ ʤʦʞʣʠʚʦʩʪʽ ʰʠʨʦʢʦʛʦ ʦʙʩʷʛʫ ʚʠʙʦʨʫ ʧʨʦʬʝʩʽʡ ʪʘ ʢʘʨôʻʨʥʦʛʦ ʟʨʦʩʪʘʥʥʷ ʫ 

ʤʘʡʙʫʪʥʴʦʤʫ, ʫ ʪʦʤʫ ʯʠʩʣʽ ʽ ʚʽʜʢʨʠʪʪʷ ʚʠʧʫʩʢʥʠʢʘʤʠ ʟʘʢʣʘʜʽʚ ʚʠʱʦʾ ʦʩʚʽʪʽ 

(ɿɺʆ) ʚʣʘʩʥʠʭ ʬʽʨʤ. 

ʈʦʟʛʣʷʥʝʤʦ ʢʦʨʦʪʢʦ ʩʠʩʪʝʤʫ ʧʽʜʛʦʪʦʚʢʠ ʚʠʧʫʩʢʥʠʢʽʚ ʅʘʚʯʘʣʴʥʦ-

ʥʘʫʢʦʚʦʛʦ ʽʥʩʪʠʪʫʪʫ ʪʝʣʝʢʦʤʫʥʽʢʘʮʽʡʥʠʭ ʩʠʩʪʝʤ ʅʊʋʋ çʂʇɯè (ʅʅ ɯʊʉ) ʪʘ ʾʭ 

ʚʽʜʧʦʚʽʜʥʽʩʪʴ ʪʨʝʥʜʫ çSTEMè. 
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ɿ ʯʘʩʫ ʫʪʚʦʨʝʥʥʷ ʢʘʬʝʜʨʠ ʟʘʩʦʙʽʚ ʪʝʣʝʢʦʤʫʥʽʢʘʮʽʡ ʫ 1993 ʨʦʢʫ ʪʘ ʅʅ 

ɯʊʉ ʚ 2002 ʨʦʮʽ ʢʦʣʠʰʥʽ ʰʢʦʣʷʨʽ ʧʦʪʨʘʧʣʷʣʠ ʚ ʘʪʤʦʩʬʝʨʫ ʚʟʘʻʤʥʦʾ ʧʦʚʘʛʠ ʪʘ 

ʜʦʙʨʦʟʠʯʣʠʚʦʩʪʽ ʫ ʩʪʦʩʫʥʢʘʭ ʤʽʞ ʩʪʫʜʝʥʪʘʤʠ ʪʘ ʚʠʢʣʘʜʘʯʘʤʠ. ɿʘʚʜʷʢʠ 

ʚʠʩʦʢʦʤʫ ʧʨʦʬʝʩʽʦʥʘʣʽʟʤʫ ʚʠʢʣʘʜʘʯʽʚ ʟʘʟʥʘʯʝʥʘ ʘʪʤʦʩʬʝʨʘ ʽ ʩʴʦʛʦʜʥʽ ʩʧʨʠʷʻ 

ʩʪʚʦʨʝʥʥʶ ʫʤʦʚ ʜʣʷ ʷʢʽʩʥʦʛʦ ʥʘʚʯʘʥʥʷ ʪʘ ʥʘʫʢʦʚʦʛʦ ʟʨʦʩʪʘʥʥʷ ʤʦʣʦʜʽ. 

ʇʦʯʠʥʘʶʯʠ ʟ ʜʥʷ ʧʝʨʰʦʢʫʨʩʥʠʢʘ ʽ ʜʦ ʩʘʤʦʛʦ ʚʠʧʫʩʢʫ ʩʪʫʜʝʥʪʠ ʅʅ ɯʊʉ 

ʟʥʘʭʦʜʷʪʴʩʷ ʚ ʩʝʨʝʜʦʚʠʱʽ (ʨʠʩ. 1), ʱʦ ʤʘʻ ʟʘ ʤʝʪʫ ʛʦʪʫʚʘʪʠ 

ʚʠʩʦʢʦʢʚʘʣʽʬʽʢʦʚʘʥʠʭ, ʢʦʥʢʫʨʝʥʪʦʩʧʨʦʤʦʞʥʠʭ, ʢʨʝʘʪʠʚʥʠʭ, ʢʫʣʴʪʫʨʥʦ 

ʦʩʚʽʯʝʥʠʭ ʬʘʭʽʚʮʽʚ ʜʣʷ ʛʘʣʫʟʽ ʽʥʬʦʢʦʤʫʥʽʢʘʮʽʡ.  

ʈʠʩ. 1. 
 

ʇʨʠ ʮʴʦʤʫ ʚʝʣʠʢʘ ʫʚʘʛʘ ʧʨʠʜʽʣʷʻʪʴʩʷ ʧʝʨʰʽʡ ʩʢʣʘʜʦʚʽʡ ʘʙʨʝʚʽʘʪʫʨʠ 

çSTEMè - ʥʘʫʢʠ. ɿʘʣʫʯʝʥʥʷ ʦʢʨʝʤʠʭ ʩʪʫʜʝʥʪʽʚ ʜʦ ʥʘʫʢʦʚʦʾ ʨʦʙʦʪʠ 

ʧʦʯʠʥʘʻʪʴʩʷ ʟ ʜʨʫʛʦʛʦ ʢʫʨʩʫ, ʯʝʪʚʝʨʪʦʤʫ ʩʷʛʘʻ 70%, ʘ ʥʘ ʜʨʫʛʦʤʫ 

(ʤʘʛʽʩʪʝʨʩʴʢʦʤʫ) ʨʽʚʥʽ ʧʽʜʛʦʪʦʚʢʠ ʧʨʘʢʪʠʯʥʦ ʚʩʽ ʩʪʫʜʝʥʪʠ ʟʦʙʦʚ'ʷʟʘʥʽ 

ʘʧʨʦʙʫʚʘʪʠ ʩʚʦʾ ʨʝʟʫʣʴʪʘʪʠ ʥʘ ʨʽʟʥʠʭ ʥʘʫʢʦʚʠʭ ʢʦʥʬʝʨʝʥʮʽʷʭ ʪʘ ʦʬʦʨʤʠʪʠ ʾʭ 

ʫ ʚʠʛʣʷʜʽ ʩʪʘʪʪʽ ʯʠ ʧʘʪʝʥʪʫ. 

ɼʝʷʢʽ ʨʝʟʫʣʴʪʘʪʠ ʮʽʻʾ ʨʦʙʦʪʠ ʟʘ ʦʩʪʘʥʥʽ ʨʦʢʽ ʚʠʜʥʽ ʟ ʜʽʘʛʨʘʤ ʥʘ ʨʠʩʫʥʢʠ 

2, ʥʘ ʷʢʠʭ ʧʝʨʰʠʡ ʩʪʦʚʧʯʠʢ ʧʦʢʘʟʫʻ ʢʽʣʴʢʽʩʪʴ ʩʪʫʜʝʥʪʽʚ, ʷʢʽ ʙʝʨʫʪʴ ʫʯʘʩʪʴ ʫ 

ʥʘʫʢʦʚʦ ï ʜʦʩʣʽʜʥʦʾ ʨʦʙʦʪʽ (ʅɼʈ), ʘ ʮʝ ʱʦʨʽʯʥʦ ʩʪʘʥʦʚʠʪʴ ʧʨʠʙʣʠʟʥʦ ʯʚʝʨʪʴ 

ʚʽʜ ʫʩʴʦʛʦ ʢʦʥʪʠʥʛʝʥʪʫ ɯʊʉ, ʜʨʫʛʠʡ - ʟʘʛʘʣʴʥʫ ʢʽʣʴʢʽʩʪʴ ʧʫʙʣʽʢʘʮʽʡ ʫ ʚʠʜʽ ʪʝʟ 

ʥʘ ʤʽʞʥʘʨʦʜʥʠʭ ʢʦʥʬʝʨʝʥʮʽʷʭ, ʟʚʽʪʽʚ ʟ ʅɼʈ, ʩʪʘʪʝʡ ʪʘ ʧʘʪʝʥʪʽʚ, ʫ ʷʢʠʭ 

ʩʪʫʜʝʥʪʠ ʧʫʙʣʽʢʫʶʪʴʩʷ ʨʘʟʦʤ ʽʟ ʢʝʨʽʚʥʠʢʘʤʠ ʯʠ ʩʘʤʽ, ʘ ʪʨʝʪʽʡ ʩʪʦʚʧʯʠʢ ï 

ʢʽʣʴʢʽʩʪʴ ʫʯʘʩʥʠʢʽʚ ʚ ʄʽʞʥʘʨʦʜʥʦʾ ʥʘʫʢʦʚʦ-ʪʝʭʥʽʯʥʦʾ ʢʦʥʬʝʨʝʥʮʽʾ ʩʪʫʜʝʥʪʽʚ 

ʪʘ ʘʩʧʽʨʘʥʪʽʚ çʇʝʨʩʧʝʢʪʠʚʠ ʨʦʟʚʠʪʢʫ ʽʥʬʦʨʤʘʮʽʡʥʦ - ʪʝʣʝʢʦʤʫʥʽʢʘʮʽʡʥʠʭ 

ʪʝʭʥʦʣʦʛʽʡ ʪʘ ʩʠʩʪʝʤè (ʇʈɯʊʉ), ʷʢʘ ʧʨʦʚʦʜʠʪʴʩʷ ʫ ʅʊʋʋ "ʂʇɯ" ʽʤ. ɯʛʦʨʷ 

ʉʽʢʦʨʩʴʢʦʛʦ ʥʘ ʙʘʟʽ ɯʊʉ ʽ ʜʝ ʚʦʥʠ ʙʝʨʫʪʴ ʫʯʘʩʪʴ ʦʩʦʙʠʩʪʦ. 
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 ʈʠʩ. 2. 
 

ʋʯʘʩʪʴ ʩʪʫʜʝʥʪʽʚ ɯʊʉ ʚ ʅɼʈ ʜʦʟʚʦʣʷʻ ʧʦʯʫʚʘʪʠʩʷ ʚʧʝʚʥʝʥʦ ʽ ʚ ʽʥʰʠʭ 

ʘʩʧʝʢʪʘʭ ʪʨʝʥʜʫ çSTEMè ʪʝʭʥʦʣʦʛʽʯʥʦʤʫ (Technology) ʪʘ ʽʥʞʝʥʝʨʥʦʤʫ 

(Engineering). ʇʨʦʷʚʦʤ ʮʴʦʛʦ ʻ ʢʽʣʴʢʽʩʥʽ ʧʦʢʘʟʥʠʢʠ (ʨʠʩ. 3) ʫʯʘʩʪʽ ʫ 

ɺʩʝʫʢʨʘʾʥʩʴʢʠʭ ʦʣʽʤʧʽʘʜʘʭ (ʟʘ ʦʩʪʘʥʥʽ 15 ʨʦʢʽʚ 19 ʩʪʫʜʝʥʪʽʚ ɯʊʉ ʦʪʨʠʤʘʣʠ 1-

3 ʤʽʩʮʷ ʦʩʦʙʠʩʪʦ ʪʘ 57 ï ʚ ʢʦʤʘʥʜʥʦʤʫ ʟʘʣʽʢʫ) ʪʘ ʢʦʥʢʫʨʩʘʭ ʩʪʫʜʝʥʪʩʴʢʠʭ 

ʥʘʫʢʦʚʠʭ ʧʨʘʮʴ ʽʥʬʦʢʦʤʫʥʽʢʘʮʽʡʥʦʛʦ ʧʨʦʬʽʣʶ (24 ʜʠʧʣʦʤʘ 1-3 ʩʪʫʧʝʥʷ), ʘ 

ʪʘʢʦʞ ʨʽʟʥʦʤʘʥʽʪʥʠʭ ʪʝʭʥʦʣʦʛʽʯʥʦ-ʽʥʞʝʥʝʨʥʠʭ ʢʦʥʢʫʨʩʘʭ ʚʽʜʦʤʠʭ ʚ ʋʢʨʘʾʥʽ 

ʪʝʣʝʢʦʤʫʥʽʢʘʮʽʡʥʠʭ ʬʽʨʤ, ʥʘʧʨʠʢʣʘʜ, ʄʊʉ (VODAFONE) çʇʨʦʬʝʩʽʦʥʘʣʠ 

ʤʘʡʙʫʪʥʴʦʛʦè, ʪʘ ʢʦʥʢʫʨʩʥʠʭ ʩʪʘʞʫʚʘʥʴ ʫ ʮʠʭ ʬʽʨʤʘʭ.  

 

   ʈʠʩ. 3. 
 

ʉʶʜʠ ʞʝ ʤʦʞʥʘ ʚʽʜʥʝʩʪʠ ʘʢʪʠʚʥʫ ʫʯʘʩʪʴ ʩʪʫʜʝʥʪʽʚ ɯʊʉ ʫ ʢʦʥʢʫʨʩʥʦʤʫ 

ʚʽʜʙʦʨʽ ʥʘʡʢʨʘʱʠʭ 10 ʩʪʫʜʝʥʪʽʚ ʟ ʋʢʨʘʾʥʠ ʽʥʬʦʢʦʤʫʥʽʢʘʮʽʡʥʦʛʦ ʥʘʧʨʷʤʢʫ 

ʧʽʜʛʦʪʦʚʢʠ ʥʘ ʩʪʘʞʫʚʘʥʥʷ ʫ ʢʦʤʧʘʥʽʾ çʍʫʘʚʝʡè ʧʦ ʧʨʦʛʨʘʤʠ çʅʘʩʽʥʥʷ ʜʣʷ 

ʤʘʡʙʫʪʥʝʛʦè ʥʘ ʪʝʨʠʪʦʨʽʾ ʂʠʪʘʶ. ʂ ʥʠʤ ʚʽʜʥʦʩʷʪʴʩʷ ʥʘʰʽ ʢʨʘʱʽ ʩʪʫʜʝʥʪʽ, 

ʥʘʧʨʠʢʣʘʜ, ɼʘʨʴʷ ɻʦʨʜʝʝʚʘ (2016 ʨ.), ʅʘʪʘʣʽʷ ɻʚʦʟʜʝʮʴʢʘ (2017 ʨ.), ʄʠʢʠʪʘ 
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ʆʩʦʢʽʥ (2018 ʨ.) ʪʘ ʽʥʰ. 

ʊʘʢʦʞ ʚʠʢʣʘʜʘʯʘʤʠ ɯʊʉ ʧʦʩʪʽʡʥʦ ʚʝʜʝʪʴʩʷ ʨʦʙʦʪʘ ʟ ʧʽʜʛʦʪʦʚʢʠ 

ʥʘʡʢʨʘʱʠʭ ʩʪʫʜʝʥʪʽʚ ʟ ʜʦʧʦʚʽʜʷʤʠ ʧʨʦ ʾʭ ʥʘʧʨʘʮʶʚʘʥʥʷ ʥʘ ʨʽʟʥʠʭ 

ʤʽʞʥʘʨʦʜʥʠʭ ʬʦʨʫʤʘʭ. 

ʑʦ ʞ ʜʦ ʯʝʪʚʝʨʪʦʾ ʢʦʤʧʦʥʝʥʪʠ ʪʨʝʥʜʫ çSTEMè - Mathematics, ʪʦ ʧʦ-

ʧʝʨʰʝ, ʩʘʤ ʢʫʨʩ ʤʘʪʝʤʘʪʠʢʠ ʫʟʛʦʜʞʝʥʦ ʟ ʽʥʬʦʢʦʤʫʥʽʢʘʮʽʡʥʠʤ ʧʨʦʬʽʣʝʤ 

ʧʽʜʛʦʪʦʚʢʠ ʩʪʫʜʝʥʪʽʚ, ʘ ʧʦ-ʜʨʫʛʝ, ʜʣʷ ʧʝʨʰʦʛʦ ʪʘ ʩʪʘʨʰʠʭ ʢʫʨʩʽʚ ʚ ʅʅ ɯʊʉ 

ʱʦʨʽʯʥʦ ʧʨʦʚʦʜʷʪʴʩʷ ʤʘʪʝʤʘʪʠʯʥʽ ʦʣʽʤʧʽʘʜʠ ʟ ʧʦʜʘʣʴʰʦʶ ʫʯʘʩʪʶ 

ʧʝʨʝʤʦʞʮʽʚ ʚ ʦʣʽʤʧʽʘʜʘʭ ʥʘ ʨʽʚʥʽ ʫʥʽʚʝʨʩʠʪʝʪʫ. 

ɿʘʛʘʣʦʤ ʪʘʢʘ ʧʽʜʛʦʪʦʚʢʘ ʩʪʫʜʝʥʪʽʚ ɯʊʉ ʟʘʙʝʟʧʝʯʫʻ ʥʘʰʫ ʜʝʨʞʘʚʫ 

ʚʠʩʦʢʦʢʚʘʣʽʬʽʢʦʚʘʥʠʤʠ ʩʧʝʮʽʘʣʽʩʪʘʤʠ (ʟʘ ʦʩʪʘʥʥʽ 3 ʨʦʢʠ ʥʘʡʚʠʱʽ ʧʦʢʘʟʥʠʢʠ 

ʨʝʢʦʤʝʥʜʦʚʘʥʠʭ ʄʆʅʋ ʘʙʽʪʫʨʝʥʪʽʚ ʜʣʷ ʚʩʪʫʧʫ ʥʘ 1ʡ ʢʫʨʩ ʥʘ ʜʝʥʥʫ ʬʦʨʤʫ 

ʥʘʚʯʘʥʥʷ ʟʘ ʜʝʨʞʟʘʤʦʚʣʝʥʥʷʤ ʜʦ ɯʊʉ ʟʘ ʩʧʝʮʽʘʣʴʥʽʩʪʶ 172 ʩʝʨʝʜ ʫʩʽʭ ɿɺʆ: 

2020 ʨ. -160, 2021 ʨ. -180, 2022 ʨ. -ʜʠʚ. ʪʘʙʣ.), ʚʽʜʢʨʠʚʘʻ ʥʘʰʠʤ ʥʘʡʢʨʘʱʠʤ 

ʚʠʧʫʩʢʥʠʢʘʤ ʜʦʨʦʛʫ ʷʢ ʤʽʥʽʤʫʤ ʜʦ ɭʚʨʦʧʝʡʩʴʢʦʛʦ ʩʦʶʟʫ ʟʘʚʜʷʢʠ ʧʨʦʛʨʘʤʽ 

ʜʚʦʭ ʜʠʧʣʦʤʽʚ ʟ ʊʝʭʥʽʯʥʠʤ ʫʥʽʚʝʨʩʠʪʝʪʦʤ ɼʨʝʟʜʝʥʘ (ʟʘ 15 ʨʦʢʽʚ ʫʯʘʩʪʴ ʫ 

ʧʨʦʛʨʘʤʠ ʙʽʣʴʰ 30 ʩʪʫʜʝʥʪʽʚ ɯʊʉ) ʪʘ ʟʘʙʝʟʧʝʯʫʻ ʟʤʽʥʫ ʧʦʢʦʣʽʥʴ ʚʠʢʣʘʜʘʯʽʚ ʫ 

ʩʘʤʦʤʫ ʽʥʩʪʠʪʫʪʽ (ʟʘʭʠʩʪ ʚʠʧʫʩʢʥʠʢʘʤʠ 17 ʢʘʥʜʠʜʘʪʩʴʢʠʭ ʜʠʩʝʨʪʘʮʽʡ ʪʘ 

ʦʜʥʦʾ ʜʦʢʪʦʨʩʴʢʦʾ ʚ ʂʇɯ, 3 ï ʭ ʜʦʢʪʦʨʽʚ ʬʽʣʦʩʦʬʽʾ ʚ ɺʝʩʪʤʽʥʩʪʝʨʩʴʢʦʤʫ 

ʫʥʽʚʝʨʩʠʪʝʪʠ (ʃʦʥʜʦʥ) ʪʘ 2 ï ʭ ʚ ɼʨʝʟʜʝʥʝ). 

ʊʘʙʣʠʮʷ 1. 

 
ʊʨʝʥʜ çSTEMè ʪʘʢʦʞ ʧʝʨʝʜʙʘʯʘʻ ʢʦʣʝʢʪʠʚʥʫ ʨʦʙʦʪʫ ʟ ʚʠʨʽʰʝʥʥʷ ʪʽʻʾ 

ʯʠ ʽʥʰʦʾ ʥʘʫʢʦʚʦʾ ʧʨʦʙʣʝʤʠ. ʊʦʤʫ ʚ ɯʊʉ ʩʢʣʘʣʠʩʷ ʽ ʧʨʦʜʦʚʞʫʶʪʴ 

ʧʝʨʝʜʘʚʘʪʠʩʷ ʚʽʜ ʧʦʢʦʣʽʥʥʷ ʜʦ ʧʦʢʦʣʽʥʥʷ ʩʠʣʴʥʽ ʪʨʘʜʠʮʽʾ ʩʪʫʜʝʥʪʩʴʢʦʛʦ 

ʩʘʤʦʚʨʷʜʫʚʘʥʥʷ: 

- ʢʫʨʘʪʦʨʩʪʚʦ ʩʪʘʨʰʠʭ ʢʫʨʩʽʚ ʥʘʜ ʧʝʨʰʠʤ; 

- ʧʨʦʚʝʜʝʥʥʷ ʩʪʘʨʰʦʢʫʨʩʥʠʢʘʤʠ ʢʦʥʩʫʣʴʪʘʮʽʡ ʜʣʷ 1,2 ʢʫʨʩʽʚ ʟʽ 

ʩʢʣʘʜʥʠʭ ʜʣʷ ʩʪʫʜʝʥʪʽʚ ʧʨʝʜʤʝʪʽʚ; 

- ʚʠʜʘʥʥʷ ʩʪʫʜʝʥʪʩʴʢʦʾ ʛʘʟʝʪʠ; 

- ʦʨʛʘʥʽʟʘʮʽʷ ʜʦʟʚʽʣʣʷ ʩʪʫʜʝʥʪʽʚ, ʦʩʦʙʣʠʚʦ ʦʨʛʘʥʽʟʘʮʽʷ ʜʚʽʯʽ ʥʘ ʨʽʢ 
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ʩʧʦʨʪʠʚʥʦ-ʽʛʨʦʚʠʭ ʟʘʭʦʜʽʚ çOpen Airè (ʫʩʴʦʛʦ 22 ʜʦ ʧʦʯʘʪʢʫ COVID-19) ʥʘ 

ʧʨʠʨʦʜʽ ʜʣʷ ʚʩʴʦʛʦ ʽʥʩʪʠʪʫʪʫ ʽʟ ʟʘʧʨʦʰʝʥʥʷʤ ʚʠʢʣʘʜʘʯʽʚ; 

- ʘʢʪʠʚʥʫ ʫʯʘʩʪʴ ʫ ʩʧʦʨʪʠʚʥʦʤʫ ʞʠʪʪʽ ʫʥʽʚʝʨʩʠʪʝʪʫ ʪʘ ʽʥʰʠʭ 

ʟʘʛʘʣʴʥʦʫʥʽʚʝʨʩʠʪʝʪʩʴʢʠʭ ʟʘʭʦʜʘʭ; 

- ʚʦʣʦʥʪʝʨʩʪʚʦ ʪʘ ʦʭʦʨʦʥʘ ʦʙ'ʻʢʪʽʚ ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ ʫʥʽʚʝʨʩʠʪʝʪʫ ʚ 

ʫʤʦʚʘʭ ʚʽʡʥʠ. 

ʆʩʦʙʣʠʚʦ ʩʣʽʜ ʟʘʟʥʘʯʠʪʠ ʥʘʷʚʥʽʩʪʴ ʚ ʩʪʫʜʝʥʪʩʴʢʦʾ ʈʘʜʠ ɯʊʉ ʩʝʢʪʦʨʫ 

ʥʘʫʢʦʚʦʾ ʨʦʙʦʪʠ, ʷʢʠʡ ʨʽʟʢʦ ʘʢʪʠʚʽʟʫʚʘʚ ʩʚʦʶ ʨʦʙʦʪʫ ʥʘ ʧʦʯʘʪʢʫ ʚʽʡʥʠ ʫ ʚʠʜʽ 

ʉʪʫʜʝʥʪʩʴʢʦʛʦ ʢʦʥʩʪʨʫʢʪʦʨʩʴʢʦʛʦ ʙʶʨʦ [3], ʦʩʥʦʚʥʦʾ ʤʝʪʦʶ ʷʢʦʛʦ ʻ 

ʚʦʣʦʥʪʝʨʩʪʚʦ ʪʘ ʜʦʧʦʤʦʛʘ ɿʉʋ, ʥʘʧʨʠʢʣʘʜ, ʫʯʘʩʪʴ ʫ ʚʠʧʨʦʙʫʚʘʥʥʷʭ ʧʝʨʰʠʭ ʚ 

ʋʢʨʘʾʥʽ çStarlinkè ɯʣʦʥʘ ʄʘʩʢʘ ʫ ʟʦʥʽ ʙʦʡʦʚʠʭ ʜʽʡ ʫ ʄʠʢʦʣʘʾʚʩʴʢʽʡ ʦʙʣʘʩʪʽ. 

ʆʜʥʘʢ ʚʠʢʦʨʠʩʪʘʥʥʷ ʧʝʨʝʚʘʛ çSTEM-ʦʩʚʽʪʠè ʚ ʰʢʦʣʽ ʪʘ ɿɺʆ ʋʢʨʘʾʥʠ 

ʩʪʨʠʤʫʻʪʴʩʷ, ʥʘ ʥʘʰ ʧʦʛʣʷʜ, ʧʦʣʽʪʠʢʦ-ʝʢʦʥʦʤʽʯʥʦʶ ʩʠʪʫʘʮʽʻʶ ʚ ʢʨʘʾʥʽ ʪʘ 

ʚʢʨʘʡ ʥʝʜʦʩʪʘʪʥʽʤ ʬʽʥʘʥʩʫʚʘʥʥʷʤ ʥʘʫʢʠ ʪʘ ʦʩʚʽʪʠ ʟ ʙʦʢʫ ʜʝʨʞʘʚʠ ʟʘʛʘʣʦʤ, 

ʩʪʘʥ ʷʢʦʾ ʚ 2016 ʨʦʢʫ ʚʽʜʦʙʨʘʞʝʥʦ (ʨʠʩ. 4) ʫ ʜʦʧʦʚʽʜʽ ʄʘʢʩʠʤʘ ʉʪʨʽʭʠ, 

ʧʨʠʩʚʷʯʝʥʽʡ ʽʤʧʣʝʤʝʥʪʘʮʽʾ ʟʘʢʦʥʫ ʋʢʨʘʾʥʠ çʇʨʦ ʥʘʫʢʦʚʫ ʽ ʥʘʫʢʦʚʦ-ʪʝʭʥʽʯʥʫ 

ʜʽʷʣʴʥʽʩʪʴè. 

 

ʈʠʩ.4. 
 

ɿ ʪʦʛʦ ʯʘʩʫ ʩʠʪʫʘʮʽʷ ʚ ʥʘʫʢʦʚʦʾ ʩʬʝʨʠ ʽʩʪʦʪʥʦ ʥʝ ʧʦʢʨʘʱʝʥʘ ʽ ʜʣʷ 

ʦʙʜʘʨʦʚʘʥʦʾ ʤʦʣʦʜʽ ʥʝʤʘʻ ʤʦʪʠʚʘʮʽʾ ʟʘʡʤʘʪʠʩʷ ʥʘʫʢʦʶ ʚ ʨʽʜʥʽʡ ʢʨʘʾʥʽ, ʷʢ ʙʠ 

ʤʠ ʾʾ ʜʦʙʨʝ ʥʝ ʧʽʜʛʦʪʫʚʘʣʠ ʚ ʰʢʦʣʽ ʘʙʦ ʄɸʅʋ ʚ ʨʘʤʢʘʭ çSTEM-ʦʩʚʽʪʠè. 

ʊʦʤʫ ʟ ʢʦʞʥʠʤ ʨʦʢʦʤ ʟʨʦʩʪʘʻ ʢʽʣʴʢʽʩʪʴ ʫʢʨʘʾʥʩʴʢʠʭ ʩʪʫʜʝʥʪʽʚ ʫ ɿɺʆ ɭʚʨʦʧʠ 

ʽ ʚʦʥʘ ʤʦʞʝ ʩʫʪʪʻʚʦ ʟʨʦʩʪʠ ʧʽʩʣʷ ʟʘʢʽʥʯʝʥʥʷ ʚʽʡʥʠ ʯʝʨʝʟ ʩʧʘʜ ʝʢʦʥʦʤʽʢʠ. 
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ɼʨʫʛʦʾ ʛʣʦʙʘʣʴʥʦʶ ʧʨʦʙʣʝʤʦʶ ʻ ʥʝʘʜʝʢʚʘʪʥʘ ʧʦʟʠʮʽʷ ʫʨʷʜʫ ʋʢʨʘʾʥʠ 

ʱʦʜʦ ʩʪʘʪʫʩʫ ɿɺʆ ʫ ʩʬʝʨʽ ʧʽʜʛʦʪʦʚʢʠ ʥʘʫʢʦʚʠʭ ʢʘʜʨʽʚ. ɺʽʜʦʤʦ [4], ʱʦ ʚ 

ʧʨʦʚʽʜʥʠʭ ɿɺʆ ʩʚʽʪʫ ʮʷ ʧʽʜʛʦʪʦʚʢʘ ʚʝʜʝʪʴʩʷ ʰʣʷʭʦʤ ʽʥʪʝʛʨʘʮʽʾ ʥʘʚʯʘʣʴʥʦʛʦ 

ʧʨʦʮʝʩʫ ʪʘ ʬʫʥʜʘʤʝʥʪʘʣʴʥʠʭ ʥʘʫʢʦʚʠʭ ʜʦʩʣʽʜʞʝʥʴ, ʷʢʘ ʫʧʝʨʰʝ ʩʠʩʪʝʤʥʦ 

ʙʫʣʘ ʚʠʟʥʘʯʝʥʘ ɺʽʣʴʛʝʣʴʤʦʤ ʬʦʥ ɻʫʤʙʦʣʴʜʪʦʤ ʱʦ ʫ ʍɯʍ ʩʪʦʨʽʯʯʽ ʪʘ ʫʩʧʽʰʥʦ 

ʨʝʘʣʽʟʫʻʪʴʩʷ ʚ ʜʦʩʣʽʜʥʠʮʴʢʠʭ ʫʥʽʚʝʨʩʠʪʝʪʘʭ (ʫ 2000 ʨʦʮʽ ʪʘʢʠʭ ʫʥʽʚʝʨʩʠʪʝʪʽʚ 

ʪʽʣʴʢʠ ʫ ʉʐɸ ʙʫʣʦ 260, ɺʝʣʠʢʦʙʨʠʪʘʥʽʾ ï 73, ʅʽʤʝʯʯʠʥʽ ï 70, ʘ ʚ ɯʩʧʘʥʽʾ - 41). 

ɿʘ ʚʠʟʥʘʯʝʥʥʷʤ ʘʤʝʨʠʢʘʥʩʴʢʦʛʦ ʜʦʩʣʽʜʥʠʢʘ ɼʞ. ʃʦʤʙʘʨʜʽ, ʜʦʩʣʽʜʥʠʮʴʢʽ 

ʫʥʽʚʝʨʩʠʪʝʪʠ ʛʝʥʝʨʫʶʪʴ ʥʘʡʚʠʱʠʡ ʨʽʚʝʥʴ çʚʥʫʪʨʽʰʥʴʦʾ ʘʢʘʜʝʤʽʯʥʦʾ ʷʢʦʩʪʽè, 

ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ ʷʢ ʩʚʦʻʨʽʜʥʝ ʧʘʣʠʚʦ ʚ ʩʚʦʾʭ çʜʚʠʛʫʥʘʭ ʷʢʦʩʪʽè 

ʥʘʡʝʬʝʢʪʠʚʥʽʰʽ ʨʝʩʫʨʩʠ, ʚ ʧʝʨʰʫ ʯʝʨʛʫ, ʣʶʜʩʴʢʽ: ʧʨʦʬʝʩʦʨʩʴʢʦ-

ʚʠʢʣʘʜʘʮʴʢʠʡ, ʘʜʤʽʥʽʩʪʨʘʪʠʚʥʠʡ, ʜʦʩʣʽʜʥʠʮʴʢʠʡ ʧʝʨʩʦʥʘʣ, ʩʪʫʜʝʥʪʽʚ; ʘ ʪʘʢʦʞ 

ʤʘʪʝʨʽʘʣʴʥʽ, ʬʽʥʘʥʩʦʚʽ ʽ ʽʥʬʦʨʤʘʮʽʡʥʽ ʨʝʩʫʨʩʠ. ʇʨʦʮʝʩ ʧʨʠʟʥʘʯʝʥʥʷ ʩʪʘʪʫʩʫ 

ʜʦʩʣʽʜʥʠʮʴʢʠʭ ʫʥʽʚʝʨʩʠʪʝʪʽʚ ʚ ʋʢʨʘʾʥʽ ʙʽʣʴʰ ʟʘ 30 ʢʨʠʪʝʨʽʷʤʠ ʜʽʷʣʴʥʦʩʪʽ 

(ʨʠʩ. 5) ʚʽʜʙʫʚʘʚʩʷ ʟʘ ʽʥʽʮʽʘʪʠʚʦʶ ʅʊʋʋ çʂʇɯè ʫ 2007ð2010 ʨʦʢʘʭ [5].  

 

    ʈʠʩ. 5. 
 

ʇʽʟʥʽʰʝ ʮʽʡ ʩʪʘʪʫʩ ʙʫʣʦ ʥʘʜʘʥʦ 14 ɿɺʆ ʋʢʨʘʾʥʠ, ʦʜʥʘʢ, ʥʘʞʘʣʴ, ʟʘ ʯʘʩ 

ʧʨʝʤ'ʻʨʩʪʚʘ ɸʨʩʝʥʽʷ ʗʮʝʥʶʢʘ ʩʪʘʪʫʩ ʜʦʩʣʽʜʥʠʮʴʢʠʭ ʫʥʽʚʝʨʩʠʪʝʪʽʚ ʚ ʜʝʨʞʘʚʽ 

ʙʫʚ ʪʠʤʯʘʩʦʚʦ ʧʨʠʧʠʥʝʥʠʡ. 

ʊʘʢʠʤ ʯʠʥʦʤ, ʚ ʜʘʥʠʡ ʯʘʩ ʧʽʜʛʦʪʦʚʢʘ ʬʘʭʽʚʮʽʚ ʅʅ ɯʊʉ ʟʜʽʡʩʥʶʻʪʴʩʷ ʟʘ 

ʜʚʦʤʘ ʛʦʣʦʚʥʠʤʠ ʥʘʧʨʷʤʢʘʤʠ ʪʨʠʢʫʪʥʠʢʘ ʟʥʘʥʴ (ʨʠʩ. 6): ʧʝʨʝʜʦʚʘ ʦʩʚʽʪʘ ʪʘ 

ʢʦʥʢʫʨʝʥʪʦʩʧʨʦʤʦʞʥʘ ʥʘʫʢʘ. ɼʣʷ ʚʧʨʦʚʘʜʞʝʥʥʷ ʽʥʥʦʚʘʮʽʡʥʦʾ ʜʽʷʣʴʥʦʩʪʽ ʪʘ 

ʦʩʪʘʪʦʯʥʦʛʦ ʚʚʝʜʝʥʥʷ ʚ ʥʘʚʯʘʥʥʷ ʧʨʠʥʮʠʧʽʚ çSTEM-ʦʩʚʽʪʠè, ʥʝʦʙʭʽʜʥʦ 

ʜʦʜʘʪʢʦʚʦ ʬʽʥʘʥʩʫʚʘʥʥʷ (ʨʠʩ. 7), ʱʦ ʜʦʟʚʦʣʠʪʴ ɯʊʉ ʽ ʅʊʋʋ çʂʇɯè ʚ ʮʽʣʦʤʫ 

ʪʘ ʽ ʽʥʰʠʤ ɿɺʆ ʋʢʨʘʾʥʠ ʪʝʭʥʽʯʥʦʛʦ ʥʘʧʨʷʤʢʫ ʨʽʰʠʪʴ ʧʨʦʙʣʝʤʫ ʧʽʜʛʦʪʦʚʢʠ 

ʩʫʯʘʩʥʠʭ ʬʘʭʽʚʮʽʚ. 
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ʈʠʩ. 6                                                                           ʈʠʩ. 7 

 

ʃʽʪʝʨʘʪʫʨʘ 
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STUDENTS SCIENTIFIC ACTIVITY OF THE EDUCATIONAL  

AND RESEARCH INSTITUTE OF TELECOMMUNICATION SYSTEMS IGOR 

SIKORSKY KYIV POLITECHNICAL UNIVERSITY  

 

This review will present the chronological order of the origin and development of the 

student "scientific movement," which is actively working on topical research topics at the base of 

the Educational and Scientific Institute of Telecommunication Systems of the National Technical 

University of Ukraine "Ihor Sikorskyi Kyiv Polytechnic Institute". 

 

ɺ ʨʦʙʦʪʽ ʧʨʝʜʩʪʘʚʣʝʥʦ ʭʨʦʥʦʣʦʛʽʯʥʠʡ ʧʦʨʷʜʦʢ ʟʘʨʦʜʞʝʥʥʷ ʪʘ ʨʦʟʚʠʪʢʫ 

ʩʪʫʜʝʥʪʩʴʢʦʛʦ çʥʘʫʢʦʚʦʛʦ ʨʫʭʫè, ʷʢʠʡ ʘʢʪʠʚʥʦ ʧʨʘʮʶʻ ʥʘʜ ʘʢʪʫʘʣʴʥʠʤ ʪʝʤʘʤʠ 

ʜʦʩʣʽʜʞʝʥʴ ʥʘ ʙʘʟʽ ʅʘʚʯʘʣʴʥʦ-ʥʘʫʢʦʚʦʛʦ ʽʥʩʪʠʪʫʪʫ ʪʝʣʝʢʦʤʫʥʽʢʘʮʽʡʥʠʭ ʩʠʩʪʝʤ 

ʅʘʮʽʦʥʘʣʴʥʦʛʦ ʪʝʭʥʽʯʥʦʛʦ ʫʥʽʚʝʨʩʠʪʝʪʫ ʋʢʨʘʾʥʠ "ʂʠʾʚʩʴʢʠʡ ʧʦʣʽʪʝʭʥʽʯʥʠʡ ʽʥʩʪʠʪʫʪ ʽʤʝʥʽ 

ɯʛʦʨʷ ʉʽʢʦʨʩʴʢʦʛʦ". 

 

¶ ʂʚʽʪʝʥʴ 2021ʨ. ï ʧʨʦʪʦʢʦʣʦʤ ˉ10/2021 ɿʘʩʽʜʘʥʥʷ ʉʈ ʅʅ ɯʊʉ 

ʩʪʚʦʨʝʥʦ ʥʘʫʢʦʚʠʡ ʚʽʜʜʽʣ ʥʘ ʙʘʟʽ ʦʨʛʘʥʫ ʩʪʫʜʝʥʪʩʴʢʦʛʦ ʩʘʤʦʚʨʷʜʫʚʘʥʥʷ ʅʅ 

ɯʊʉ ʂʇɯ ʽʤ. ɯʛʦʨʷ ʉʽʢʦʨʩʴʢʦʛʦ. ʆʯʽʣʴʥʠʢ (ʜʦ ʪʨʘʚʥʷ 2022 ʨʦʢʫ ï ʩʪʫʜʝʥʪʢʘ ʛʨ. 

ʊɿ-81 ɯʥʥʘ ɹʫʪʴʢʦ, ʟ ʪʨʘʚʥʷ 2022ʨ. ï ʩʪʫʜʝʥʪ ʛʨ.ʊʅ-21ʤʥ ʂʦʩʪʷʥʪʠʥ 

ʃʽʩʦʚʩʴʢʠʡ). ɺʽʜʜʽʣ ʩʧʨʠʷʻ ʩʪʫʜʝʥʪʩʴʢʦʤʫ ʢʦʥʪʠʥʛʝʥʪʫ ʷʢ ʫ ʧʦʰʫʢʫ ʪʝʤ ʜʣʷ 

ʜʦʩʣʽʜʞʝʥʴ, ʪʘʢ ʽ ʫ ʚʠʜʘʥʥʷʭ ʜʦ ʧʫʙʣʽʢʫʚʘʥʥʷ (ʩʘʤʚʠʜʘʪ, ʞʫʨʥʘʣʠ, ʥʘʫʢʦʚʽ 

ʢʦʥʬʝʨʝʥʮʽʾ ʦʯʥʦʛʦ/ʜʠʩʪʘʥʮʽʡʥʦʛʦ/ʟʘʦʯʥʦ-ʜʠʩʪʘʥʮʽʡʥʦʛʦ ʪʠʧʫ ʪʦʱʦ). 

¶ ɻʨʫʜʝʥʴ 2021ʨ. ï ʧʨʝʟʝʥʪʘʮʽʷ ʤʦʜʝʨʥʽʟʦʚʘʥʦʾ Wi-Fi ʤʝʨʝʞʽ ʅʅ 

ɯʊʉ, ʟʘʪʚʝʨʜʞʝʥʥʷ ʧʨʦʻʢʪʫ ʜʦ ʨʦʟʚʠʪʢʫ ʪʘ ʚʧʨʦʚʘʜʞʝʥʥʷ ʨʽʰʝʥʥʷʤ ɺʯʝʥʦʾ 

ʈʘʜʠ ʅʅ ɯʊʉ ʚʽʜ 28.12.2021ʨ. [1]. 

¶ ʉʽʯʝʥʴ 2022 ʨ. ï ʥʘʢʘʟʦʤ ˉʅʆʅ/23/2022 ʚʽʜ 20.01.2022 ʚ 

ʅʘʚʯʘʣʴʥʦ-ʥʘʫʢʦʚʦʤʫ ɯʥʩʪʠʪʫʪʽ ʪʝʣʝʢʦʤʫʥʽʢʘʮʽʡʥʠʭ ʩʠʩʪʝʤ ʟʘʨʝʻʩʪʨʦʚʘʥʦ 

ʛʫʨʪʦʢ çʉʪʫʜʝʥʪʩʴʢʝ ʢʦʥʩʪʨʫʢʪʦʨʩʴʢʝ ʙʶʨʦ ɯʊʉè, ʷʢʠʡ ʽʩʥʫʻ ʡ ʜʦʩʽ [2]. 

¶ ʉʽʯʝʥʴ 2022 ʨ. ï ʦʥʦʚʣʝʥʥʷ ʣʦʢʘʣʴʥʦʾ ʨʘʜʽʦʤʝʨʝʞʽ ʅʅ ɯʊʉ. ɹʫʣʦ 

ʚʠʢʦʥʘʥʦ ʨʷʜ ʟʘʭʦʜʽʚ, ʘ ʩʘʤʝ: ʧʨʦʚʝʜʝʥʥʷ ʧʨʦʬʽʣʘʢʪʠʯʥʠʭ ʨʦʙʽʪ, ʟʘʧʫʩʢʽʚ, 

ʧʨʦʢʣʘʜʘʥʥʷ ʜʦʜʘʪʢʦʚʦʾ ʛʽʣʢʠ ʥʘ ʚʠʭʽʜ ʢʦʨʧʫʩʫ ˉ30, ʪʝʩʪʫʚʘʣʴʥʽ ʟʘʧʫʩʢʠ 

ʩʠʩʪʝʤʠ ʦʧʦʚʽʱʝʥʴ (ʩʠʛʥʘʣ çʋɺɸɻɸ ɺʉɯʄ!è ʟ ʪʨʠʚʘʣʽʩʪʶ ʟʚʫʯʘʥʥʷ ʜʦ 20 

ʩʝʢʫʥʜ, ʧʦʧʝʨʝʜʞʝʥʥʷ ʧʨʦ ʪʝʩʪʫʚʘʥʥʷ ʩʠʩʪʝʤʠïʜʚʽʯʽ ʟ ʪʨʠʚʘʣʽʩʪʶ ʜʦ 10 

ʩʝʢʫʥʜ) [3]. 

¶ ʃʶʪʠʡ 2022 ʨ. ï ʧʨʦʬʽʣʘʢʪʠʯʥʽ ʨʦʙʦʪʠ ʟ ʦʥʦʚʣʝʥʥʷ ʧʨʦʛʨʘʤʥʦʛʦ 

ʟʘʙʝʟʧʝʯʝʥʥʷ ʜʽʶʯʦʾ ʙʝʟʜʨʦʪʦʚʦʾ ʤʝʨʝʞʽ. ʆʥʦʚʣʝʥʥʷ ʇɿ ʙʫʣʦ ʟʜʽʡʩʥʝʥʝ ʟ 

ʤʝʪʦʶ ʩʪʘʙʽʣʽʟʘʮʽʾ ʨʦʙʦʪʠ ʜʽʶʯʦʾ ʤʝʨʝʞʽ, ʧʨʦʬʽʣʘʢʪʠʢʠ ñʚʠʢʠʜʽʚò ʧʽʜ ʯʘʩ 
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ʜʦʚʛʦʪʨʠʚʘʣʦʛʦ ʢʦʨʠʩʪʫʚʘʥʥʷ ʪʘ ʟʘʙʝʟʧʝʯʝʥʥʷ ʩʪʘʙʽʣʴʥʦʾ ʧʨʦʧʫʩʢʥʦʾ 

ʟʜʘʪʥʦʩʪʽ ʧʽʜʢʣʶʯʝʥʥʷ [4]. 

¶ ʃʶʪʠʡ 2022 ʨ. ï ʥʘʫʢʦʚʘ ʧʫʙʣʽʢʘʮʽʷ ʟ ʪʝʤʠ çArtificial Intelligence 

in the security system of enterpriseè ʟ ʟʘʢʦʨʜʦʥʥʠʤ ʘʚʪʦʨʩʪʚʦʤ [5]. 

¶ ɹʝʨʝʟʝʥʴ 2022 ʨ. ï ʪʝʭʥʽʯʥʘ ʧʫʙʣʽʢʘʮʽʷ ʟ ʪʝʤʠ çʆʩʥʦʚʠ ʨʦʙʦʪʠ 

ʘʥʪʠʚʽʨʫʩʥʦʛʦ ʧʨʦʛʨʘʤʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷè ʫ ʩʧʽʚʘʚʪʦʨʩʪʚʽ ʟ ʘʙʽʪʫʨʽʻʥʪʘʤʠ 

[6]. 

 

ʈʠʩ. 1. ɿʘʩʽʜʘʥʥʷ ʨʦʙʦʯʦʾ ʛʨʫʧʠ 

ʉʂɹ ʧʽʜ ʯʘʩ ʘʪʘʢ ʤʦʩʢʦʚʽʾ. 

¶ ɹʝʨʝʟʝʥʴ 2022 ʨ. ï ʩʪʚʦʨʝʥʥʷ çʢʽʙʝʨʬʨʦʥʪʫè ʟ ʤʝʪʦʶ ʙʦʨʦʪʴʙʠ ʧʨʦʪʠ 

ʤʦʩʢʦʚʽʾ ʫ ʮʠʬʨʦʚʽʡ ʧʣʦʱʠʥʽ. ɸʢʪʠʚʥʝ ʟʘʙʠʚʘʥʥʷ ʝʪʝʨʫ ʦʢʫʧʘʥʪʘʤ ʥʘ 

ʧʽʚʜʥʽ [7]. 

¶ ɹʝʨʝʟʝʥ-ɹʢʚʽʪʝʥʴ 2022 ʨ. ï ʧʨʦʢʣʘʜʘʥʥʷ ʽʥʪʝʨʥʝʪ-ʟʚ'ʷʟʢʫ ʫ ʩʭʦʚʠʱʘʭ 

ʥʘ ʪʝʨʠʪʦʨʽʾ ʩʪʫʜʤʽʩʪʝʯʢʘ ʂʇɯ ʽʤ. ɯʛʦʨʷ ʉʽʢʦʨʩʴʢʦʛʦ [8]. 

¶ ʂʚʽʪʝʥʴ 2022 ʨ. ï ʅʘʫʢʦʚʘ ʧʫʙʣʽʢʘʮʽʷ-ʜʦʩʣʽʜʞʝʥʥʷ ʟ ʘʢʪʫʘʣʴʥʦʾ ʪʝʤʠ 

çCommunication Architecture And Protocols Uav Networkè [9]. 

¶ ʂʚʽʪʝʥʴ-ʪʨʘʚʝʥʴ 2022 ʨ. ï ʥʘʫʢʦʚʘ ʧʫʙʣʽʢʘʮʽʷ-ʜʦʩʣʽʜʞʝʥʥʷ ʟ 

ʘʢʪʫʘʣʴʥʦʾ ʪʝʤʠ çʆʛʣʷʜ ʪʘ ʨʝʚʝʨʩ-ʽʥʞʝʥʽʨʽʥʛ ʨʦʫʪʝʨʫ ʪʘ Ethernet-

ʘʜʘʧʪʝʨʫ Dishy Starlinkè [10]. 

¶ ʊʨʘʚʝʥʴ 2022 ʨ. ï ʟʫʩʪʨʽʯ ʧʨʝʜʩʪʘʚʥʠʢʽʚ ʨʝʢʪʦʨʘʪʫ ʟ 

ʘʜʤʽʥʽʩʪʨʘʮʽʻʶ ʪʘ ʉʪʫʜʝʥʪʩʴʢʦʶ ʨʘʜʦʶ ɯʥʩʪʠʪʫʪʫ, ʦʙʛʦʚʦʨʝʥʥʷ ʧʣʘʥʽʚ 

ʤʘʩʰʪʘʙʫʚʘʥʥʷ çʤʦʜʝʣʽ ɯʊʉè [11]. 

 

ʈʠʩ. 2. ɿʫʩʪʨʽʯ ʟ 

ʘʜʤʽʥʽʩʪʨʘʮʽʻʶ ʂʇɯ  

ʽʤ. ɯʛʦʨʷ ʉʽʢʦʨʩʴʢʦʛʦ. 

¶ ʃʠʧʝʥʴ 2022 ʨ. ï ʥʘʫʢʦʚʘ ʧʫʙʣʽʢʘʮʽʷ-ʜʦʩʣʽʜʞʝʥʥʷ ʟ ʘʢʪʫʘʣʴʥʦʾ ʪʝʤʠ 

çʆʛʣʷʜ ʪʘ ʨʝʚʝʨʩ-ʽʥʞʝʥʽʨʽʥʛ ʨʦʫʪʝʨʫ STARLINK II  ʧʦʢʦʣʽʥʥʷè [12]. 

¶ ʉʝʨʧʝʥʴ 2022 ʨ. ï ʦʪʨʠʤʘʥʥʷ ʪʝʨʤʽʥʘʣʴʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ 

STARLINK ʫ ʢʦʨʠʩʪʫʚʘʥʥʷ ʅʅ ɯʊʉ, ʤʦʜʝʨʥʽʟʘʮʽʷ ʦʙʣʘʜʥʘʥʥʷ, ʧʨʦʚʝʜʝʥʥʷ 
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ʚʠʾʟʥʠʭ ʪʝʩʪʫʚʘʥʴ [13]. 

 

ʈʠʩ. 3. ɺʠʾʟʥʝ ʪʝʩʪʫʚʘʥʥʷ 

ʪʝʨʤʽʥʘʣʴʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ 

STARLINK. 

¶ ɺʝʨʝʩʝʥʴ 2022 ʨ. ï ʧʨʝʜʩʪʘʚʣʝʥʥʷ çʧʽʣʦʪʥʦʾè ʚʝʨʩʽʾ ʩʘʤʚʠʜʘʪʫ 

ʤʝʪʦʜʠʯʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʟʘ ʪʝʤʦʶ ʨʦʟʚʽʜʢʠ ʥʘ ʦʩʥʦʚʽ ʚʽʜʢʨʠʪʠʭ ʜʘʥʠʭ 

[14]. 

¶ ɾʦʚʪʝʥʴ 2022 ʨ. ï ʩʪʚʦʨʝʥʥʷ ʨʦʙʦʯʦʾ ʛʨʫʧʠ çPowerbankè ʥʘ ʙʘʟʽ 

ʉʂɹ, ʦʨʛʘʥʽʟʘʮʽʷ ʚʠʛʦʪʦʚʣʝʥʥʷ powerbank-ʽʚ ʪʘ ʥʘʢʦʧʠʯʫʚʘʯʽʚ ʜʣʷ ɿʙʨʦʡʥʠʭ 

ʉʠʣ ʋʢʨʘʾʥʠ ʟ ʧʝʨʝʨʦʙʣʝʥʠʭ ʦʜʥʦʨʘʟʦʚʠʭ ʝʣʝʢʪʨʦʥʥʠʭ ʩʠʛʘʨʝʪ. 

 

ʈʠʩ. 4. ɿʚʽʪ ʉʂɹ 2022 ï  

ʩʣʘʡʜ ʧʨʦ ʈɻ. 

¶ ʃʠʩʪʦʧʘʜ 2022 ʨ. ï ʪʝʩʪʦʚʝ ʚʩʪʘʥʦʚʣʝʥʥʷ ʪʝʨʤʽʥʘʣʴʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ 

STARLINK ʫ ʢʦʨʧʫʩʽ ˉ30, çʩʪʨʝʩ-ʪʝʩʪʫʚʘʥʥʷè ʚ ʫʤʦʚʘʭ ʛʨʘʬʽʢʽʚ 

ʧʦʛʦʜʠʥʥʠʭ ʚʽʜʢʣʶʯʝʥʴ ʪʘ ʨʝʛʫʣʷʨʥʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ [15]. 

¶ ɻʨʫʜʝʥʴ 2022 ʨ. ï ʥʘʫʢʦʚʽ ʧʫʙʣʽʢʘʮʽʾ-ʜʦʩʣʽʜʞʝʥʥʷ ʟ ʘʢʪʫʘʣʴʥʠʭ ʪʝʤ: 

çTHE CONSEQUENCES OF EL-SALVADOR'S ADOPTION OF 

CRYPTOCURRENCY AS LEGAL TENDERè ʪʘ çNETWORK LAYER: 

ITS ARCHITECTURE, SURVEY AND NETWORK SYSTEMè [16], [17]. 

¶ ɹʝʨʝʟʝʥʴ 2023 ʨ. ï ʥʘʫʢʦʚʘ ʧʫʙʣʽʢʘʮʽʷ ʟʘ ʘʢʪʫʘʣʴʥʦʶ ʪʝʤʦʶ: 

çPOTENTIAL DEVELOPMENT & IMPLEMENTING OF 

BLOCKCHAIN AND CRYPTOCURRENCIES IN THE EUROPEAN 

UNION AND THE EUROZONEè [18]. 

 

ʉʪʫʜʝʥʪʩʴʢʠʡ ʢʦʣʝʢʪʠʚ ʉʂɹ ʅʅ ɯʊʉ ʂʇɯ ʽʤ. ɯʛʦʨʷ ʉʽʢʦʨʩʴʢʦʛʦ, ʩʣʽʜʢʫʻ 

ʟʘ ʪʝʥʜʝʥʮʽʷʤʠ ʨʦʟʚʠʪʢʫ ʮʠʬʨʦʚʠʭ ʪʝʭʥʦʣʦʛʽʡ ʧʨʠ ʘʢʪʠʚʥʽʡ ʜʦʧʦʤʦʟʽ ʷʢ 
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ʩʪʫʜʝʥʪʽʚ, ʪʘʢ ʽ ʥʘʫʢʦʚʠʭ ʢʝʨʽʚʥʠʢʽʚ ʩʪʚʦʨʶʶʪʴ ʪʝʭʥʽʯʥʽ ʦʧʠʩʠ ʥʘʫʢʦʚʠʭ 

ʦʛʣʷʜʽʚ ʪʘ ʜʦʩʣʽʜʞʝʥʴ. 
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APPLICA TION OF GENETIC ALGORITHM  

FOR SYNTHESIS OF OPTIMAL STRUCTURE OF TURBOCODE  
 

The parameters of the target function and the algorithm for searching for the configuration 

of the turbocode with the help of a genetic algorithm are determined in the work, which will 

ensure the best efficiency of the communication system under given limitations and conditions. 
 

ʅʠʥʽ ʫ ʩʬʝʨʽ ʪʝʣʝʢʦʤʫʥʽʢʘʮʽʡ ʰʠʨʦʢʝ ʟʘʩʪʦʩʫʚʘʥʥʷ ʟʥʘʭʦʜʷʪʴ ʘʜʘʧʪʠʚʥʽ 

ʩʠʩʪʝʤʠ ʨʘʜʽʦʟʚ'ʷʟʢʫ. ʋ ʨʦʙʦʪʘʭ [1, 2] ʦʙʛʦʚʦʨʶʻʪʴʩʷ ʥʝʦʙʭʽʜʥʽʩʪʴ ʩʪʚʦʨʝʥʥʷ 

ʩʠʩʪʝʤʠ ʟʚ'ʷʟʢʫ ʩʧʝʮʽʘʣʴʥʦʛʦ ʧʨʠʟʥʘʯʝʥʥʷ (ʉɿʉʇ), ʟʘʩʥʦʚʘʥʦʾ ʥʘ 

ʚʠʢʦʨʠʩʪʘʥʥʽ ʨʦʟʰʠʨʝʥʥʷ ʩʧʝʢʪʨʘ ʪʘ ʝʬʝʢʪʠʚʥʠʭ ʩʠʛʥʘʣʴʥʦ-ʢʦʜʦʚʠʭ 

ʢʦʥʩʪʨʫʢʮʽʡ, ʧʘʨʘʤʝʪʨʠ ʷʢʠʭ ʟʤʽʥʶʚʘʣʠʩʷ ʙ ʟʘʣʝʞʥʦ ʚʽʜ ʟʤʽʥʠ ʩʪʘʥʫ ʢʘʥʘʣʫ 

ʟʚ'ʷʟʢʫ. ʗʢ ʢʦʨʠʛʫʚʘʣʴʥʽ ʢʦʜʠ ʤʦʞʫʪʴ ʙʫʪʠ ʨʦʟʛʣʷʥʫʪʽ ʢʦʜʠ ɹʏʍ, ʈʽʜʘ-

ʉʦʣʦʤʦʥʘ, ʢʘʩʢʘʜʥʽ ʢʦʜʠ ʽ ʪʫʨʙʦʢʦʜʠ (ʊʂ), ʘ ʷʢ ʤʦʜʫʣʷʮʽʷ ï ʌʄ-ʄ ʽ ʂɸʄ-ʄ. 

ɼʣʷ ʧʦʙʫʜʦʚʠ ʘʜʘʧʪʠʚʥʦʾ ʉɿʉʇ ʚʠʥʠʢʘʻ ʥʝʦʙʭʽʜʥʽʩʪʴ ʚʠʙʦʨʫ ʧʘʨʘʤʝʪʨʽʚ 

ʩʠʛʥʘʣʴʥʦ-ʢʦʜʦʚʠʭ ʢʦʥʩʪʨʫʢʮʽʡ (ʉʂʂ), ʟʘʣʝʞʥʦ ʚʽʜ ʟʤʽʥʠ ʩʪʘʥʫ ʢʘʥʘʣʫ 

ʟʚ'ʷʟʢʫ. ɿʘ ʚʠʥʷʪʢʦʤ ʊʂ, ʧʦʢʘʟʥʠʢʠ ʟʘʚʘʜʦʩʪʽʡʢʦʩʪʽ ʉʂʂ ʦʧʠʩʫʶʪʴʩʷ 

ʘʥʘʣʽʪʠʯʥʠʤʠ ʚʠʨʘʟʘʤʠ. ɿʥʘʯʝʥʥʷ ʡʤʦʚʽʨʥʦʩʪʽ ʙʽʪʦʚʦʾ ʧʦʤʠʣʢʠ ʜʣʷ ʊʂ 

ʚʠʭʦʜʷʪʴ, ʷʢ ʧʨʘʚʠʣʦ, ʽʤʽʪʘʮʽʡʥʠʤ ʤʦʜʝʣʶʚʘʥʥʷʤ [3-6]. 

ɼʣʷ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʘʜʘʧʪʠʚʥʠʭ ʉɿʉʇ ʟ ʊʂ ʚʘʞʣʠʚʦʶ ʟʘʜʘʯʝʶ ʻ ʚʠʙʽʨ 

ʦʧʪʠʤʘʣʴʥʦʾ ʩʪʨʫʢʪʫʨʠ ʊʂ ʜʣʷ ʢʘʥʘʣʫ ʟʚ'ʷʟʢʫ, ʧʘʨʘʤʝʪʨʽ ʷʢʦʛʦ ʟʤʽʥʶʶʪʴʩʷ ʚ 

ʯʘʩʽ. 

ɿʘʜʘʯʘ ʦʧʪʠʤʽʟʘʮʽʾ ʪʨʘʜʠʮʽʡʥʦ ʬʦʨʤʫʣʶʻʪʴʩʷ ʫ ʚʠʛʣʷʜʽ [7]: 

 
                                   (1) 

 
ʈʝʟʫʣʴʪʘʪ ʦʧʪʠʤʽʟʘʮʽʾ ʤʘʻ ʥʘ ʤʝʪʽ ʟʥʘʭʦʜʞʝʥʥʷ ʪʘʢʦʛʦ ʚʝʢʪʦʨʫ , ʷʢʠʡ 

ʜʦʟʚʦʣʠʪʴ ʦʪʨʠʤʘʪʠ ʤʽʥʽʤʘʣʴʥʝ ʟʥʘʯʝʥʥʷ ʬʫʥʢʮʽʾ , ʱʦ ʤʘʻ ʥʘʟʚʫ 

ʮʽʣʴʦʚʦʾ. ʆʙʣʘʩʪʴ, ʚ ʷʢʽʡ ʟʜʽʡʩʥʶʚʘʪʠʤʝʪʴʩʷ ʧʦʰʫʢ ʟʥʘʯʝʥʴ ʚʝʢʪʦʨʫ  ʙʫʜʝ 

ʦʙʤʝʞʝʥʘ ʥʘʩʘʤʧʝʨʝʜ ʦʙʣʘʩʪʶ ʚʠʟʥʘʯʝʥʥʷ , ʜʦ ʷʢʦʾ ʥʘʣʝʞʠʪʴ , ʘ ʪʘʢʦʞ 

ʤʥʦʞʠʥʦʶ ʦʙʤʝʞʝʥʴ  ʟʥʘʯʝʥʥʷ ʟʥʘʢʦʚʦʛʦ ʚʝʢʪʦʨʫ. 

ʑʦ ʩʪʦʩʫʻʪʴʩʷ ʉɿʉʇ ʟ ʊʂ ʟʘʚʜʘʥʥʷ (1) ʤʘʪʠʤʝ ʪʘʢʽ ʦʩʦʙʣʠʚʦʩʪʽ. ʎʽʣʴʦʚʘ 

ʬʫʥʢʮʽʷ (ʎʌ)  ʭʘʨʘʢʪʝʨʠʟʫʻ ʝʬʝʢʪʠʚʥʽʩʪʴ ʧʝʨʝʜʘʯʽ (ʢʽʣʴʢʽʩʥʘ ʦʮʽʥʢʘ 

ʝʬʝʢʪʠʚʥʦʩʪʽ ʨʦʙʦʪʠ ʉɿʉʇ). ʄʝʪʦʶ ʟʘʚʜʘʥʥʷ ʻ ʟʥʘʭʦʜʞʝʥʥʷ ʪʘʢʦʛʦ ʚʝʢʪʦʨʫ 
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ʢʦʥʬʽʛʫʨʘʮʽʾ ʉɿʉʇ  ʧʨʠ ʷʢʦʤʫ ʢʽʣʴʢʽʩʪʴ ʧʦʤʠʣʦʢ ʧʽʜ ʯʘʩ 

ʧʝʨʝʜʘʯʽ ʽʥʬʦʨʤʘʮʽʾ ʙʫʣʘ ʙ ʤʽʥʽʤʘʣʴʥʦʶ. ʂʦʤʧʦʥʝʥʪʘʤʠ ʚʝʢʪʦʨʫ X ʻ 

ʧʘʨʘʤʝʪʨʠ, ʷʢʽ ʦʧʠʩʫʶʪʴ ʩʪʨʫʢʪʫʨʫ ʊʂ, ʱʦ ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ. ɺ ʨʘʤʢʘʭ ʨʦʙʦʪʠ 

ʨʦʟʛʣʷʜʘʻʪʴʩʷ ʜʚʦʢʦʤʧʦʥʝʥʪʥʠʡ ʚʝʢʪʦʨ , ʢʦʤʧʦʥʝʥʪʠ ʷʢʦʛʦ 

ʚʽʜʧʦʚʽʜʘʪʠʤʫʪʴ ʢʽʣʴʢʽʩʪʽ ʢʦʤʽʨʦʢ ʧʘʤ'ʷʪʽ, ʱʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʧʨʠ 

ʬʦʨʤʫʚʘʥʥʽ ʟʛʦʨʪʢʦʚʦʛʦ ʊʂ () ʪʘ ʢʽʣʴʢʽʩʪʴ ʧʝʨʝʚʽʨʦʯʥʠʭ ʙʽʪ, ʱʦ 

ʛʝʥʝʨʫʶʪʴʩʷ ʊʂ (). 

ʄʥʦʞʠʥʘ ʦʙʤʝʞʝʥʴ  ʦʧʠʩʫʻ ʟʘʛʘʣʴʥʫ ʩʪʨʫʢʪʫʨʫ ʉɿʉʇ, ʷʢʘ ʧʦʚʠʥʥʘ 

ʟʘʣʠʰʠʪʠʩʷ ʥʝʟʤʽʥʥʦʶ ʚ ʧʨʦʮʝʩʽ ʧʦʰʫʢʫ ʝʢʩʪʨʝʤʫʤʫ: ʢʽʣʴʢʽʩʪʴ ʧʝʨʝʚʽʨʦʯʥʠʭ 

ʙʽʪ (P) ʨʝʢʫʨʩʠʚʥʦʛʦ ʩʠʩʪʝʤʘʪʠʯʥʦʛʦ ʟʛʦʨʪʢʦʚʦʛʦ ʢʦʜʝʨʘ (ʈʉʉʂ), ʢʽʣʴʢʽʩʪʴ 

ʝʣʝʤʝʥʪʽʚ ʢʦʤʽʨʦʢ ʧʘʤ'ʷʪʽ ʈʉʉʂ (M), ʜʦʚʞʠʥʘ ʙʣʦʢʫ ʜʘʥʠʭ, ʱʦ ʧʝʨʝʜʘʻʪʴʩʷ, 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʥʠʡ ʘʣʛʦʨʠʪʤ ʜʝʢʦʜʫʚʘʥʥʷ, ʪʠʧ ʧʝʨʝʤʝʞʫʚʘʯʘ, ʢʽʣʴʢʽʩʪʴ 

ʽʪʝʨʘʮʽʡ ʜʝʢʦʜʫʚʘʥʥʷ; ʩʪʘʥ ʢʘʥʘʣʫ ʟʚ'ʷʟʢʫ ʪʦʱʦ. 

ʆʙʣʘʩʪʴ ʚʠʟʥʘʯʝʥʥʷ S ʫ ʟʘʛʘʣʴʥʦʤʫ ʚʠʧʘʜʢʫ ʻ ʢʦʤʧʦʥʝʥʪʥʦ-ʨʽʟʥʦʨʽʜʥʦʶ: 

, ʪʦʙʪʦ. ʨʽʟʥʽ ʢʦʤʧʦʥʝʥʪʠ ʚʝʢʪʦʨʘ X ʤʦʞʫʪʴ ʥʘʣʝʞʘʪʠ 

ʨʽʟʥʠʤ ʧʽʜʤʥʦʞʠʥʘʤ, ʱʦ ʥʝ ʧʝʨʝʪʠʥʘʶʪʴʩʷ. ʄʥʦʞʠʥʘ S ʻ ʢʽʥʮʝʚʦʶ. 

ɼʣʷ ʉɿʉʇ ʟ ʊʂ ʽʥʬʦʨʤʘʮʽʷ ʧʨʦ ʬʫʥʢʮʽʾ , , ʪʘ ʾʭ ʧʦʭʽʜʥʠʭ 

ʚʽʜʩʫʪʥʷ. ʎʝ ʦʙʫʤʦʚʣʝʥʝ ʪʠʤ, ʱʦ ʫ ʜʦʩʣʽʜʞʫʚʘʥʦʾ ʩʠʩʪʝʤʠ ʟʚ'ʷʟʢʫ ʬʫʥʢʮʽʾ 

,  ʟʘʜʘʶʪʴʩʷ ʥʝ ʫ ʚʠʛʣʷʜʽ ʘʥʘʣʽʪʠʯʥʦʛʦ ʚʠʨʘʟʫ, ʘ ʷʢ ʘʣʛʦʨʠʪʤ. 

ʈʦʟʛʣʷʥʫʪʽ ʦʩʦʙʣʠʚʦʩʪʽ ʥʝ ʜʘʶʪʴ ʤʦʞʣʠʚʦʩʪʽ ʚʠʨʽʰʝʥʥʷ ʟʘʚʜʘʥʥʷ 

ʦʧʪʠʤʽʟʘʮʽʾ (1) ʟʘ ʜʦʧʦʤʦʛʦʶ ʢʣʘʩʠʯʥʠʭ ʤʝʪʦʜʽʚ, ʷʢ ʟʘʚʜʘʥʥʷ 

ʙʘʛʘʪʦʬʘʢʪʦʨʥʦʛʦ ʧʦʰʫʢʫ ʝʢʩʪʨʝʤʫʤʫ, ʪʦʤʫ ʱʦ ʬʫʥʢʮʽʷ  ʥʝ ʻ ʛʣʘʜʢʦʶ 

ʧʦ ʚʩʽʡ ʦʙʣʘʩʪʽ ʚʠʟʥʘʯʝʥʥʷ. ʆʜʥʘʢ ʯʝʨʝʟ ʪʝ, ʱʦ ʦʙʣʘʩʪʴ ʚʠʟʥʘʯʝʥʥʷ S ʻ 

ʢʽʥʮʝʚʦʶ ʤʥʦʞʠʥʦʶ, ʟʘʚʜʘʥʥʷ ʤʦʞʝ ʙʫʪʠ ʚʠʨʽʰʝʥʝ ʧʨʦʩʪʠʤ ʧʝʨʝʙʦʨʦʤ ʚʩʽʭ 

ʤʦʞʣʠʚʠʭ ʟʥʘʯʝʥʴ ʚʝʢʪʦʨʘ X. ʉʣʽʜ ʟʘʟʥʘʯʠʪʠ, ʱʦ ʫ ʨʘʟʽ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʜʦʩʪʘʪʥʴʦ ʩʢʣʘʜʥʦʛʦ ʈʉʉʂ, ʤʝʪʦʜ ʧʝʨʝʙʦʨʫ ʙʫʜʝ ʥʝʧʨʠʡʥʷʪʥʠʤ ʫ ʟʚ'ʷʟʢʫ ʟ 

ʪʨʠʚʘʣʠʤʠ ʦʙʯʠʩʣʶʚʘʣʴʥʠʤʠ ʧʨʦʮʝʩʘʤʠ. ʊʦʤʫ ʜʣʷ ʚʠʨʽʰʝʥʥʷ ʟʘʜʘʯʽ 

ʦʧʪʠʤʽʟʘʮʽʾ ʙʘʞʘʥʦ ʟʘʩʪʦʩʦʚʫʚʘʪʠ ʤʝʪʦʜʠ, ʱʦ ʟʘʙʝʟʧʝʯʫʶʪʴ ʤʽʥʽʤʘʣʴʥʠʡ ʯʘʩ 

ʥʘʭʦʜʞʝʥʥʷ ʧʦʪʨʽʙʥʦʛʦ ʨʝʟʫʣʴʪʘʪʫ, ʥʽʞ ʤʝʪʦʜ ʧʦʚʥʦʛʦ ʧʝʨʝʙʦʨʫ. ʗʢ ʪʘʢʠʡ 

ʤʝʪʦʜ ʧʨʦʧʦʥʫʻʪʴʩʷ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʛʝʥʝʪʠʯʥʠʡ ʧʦʰʫʢ ʝʢʩʪʨʝʤʫʤʫ ʎʌ. 

ʅʘʜʘʣʽ ʧʽʜ ʢʦʥʬʽʛʫʨʘʮʽʻʶ ʊʂ ʤʘʻʪʴʩʷ ʥʘ ʫʚʘʟʽ ʧʦʣʽʥʦʤ, ʱʦ ʚʠʟʥʘʯʘʻ 

ʨʦʙʦʪʫ ʩʠʩʪʝʤʠ ʢʘʥʘʣʴʥʦʛʦ ʢʦʜʫʚʘʥʥʷ/ʜʝʢʦʜʫʚʘʥʥʷ. 

ʆʩʥʦʚʥʠʤ ʧʠʪʘʥʥʷʤ ʧʨʠ ʬʦʨʤʫʣʶʚʘʥʥʽ ʟʘʜʘʯʽ ʦʧʪʠʤʽʟʘʮʽʾ (1) ʻ ʚʠʙʽʨ 

ʎʌ , ʷʢʘ ʜʦʟʚʦʣʠʪʴ ʢʽʣʴʢʽʩʥʦ ʦʮʽʥʠʪʠ ʝʬʝʢʪʠʚʥʽʩʪʴ ʨʦʙʦʪʠ ʉɿʉʇ ʟ ʊʂ, 

ʱʦ ʤʘʻ ʢʦʥʬʽʛʫʨʘʮʽʻʶ X. ʋ ʮʽʡ ʨʦʙʦʪʽ ʚʠʙʽʨ ʎʌ ʟʘʩʥʦʚʘʥʠʡ ʥʘ ʧʨʠʥʮʠʧʽ 

ʽʪʝʨʘʪʠʚʥʦʛʦ ʜʝʢʦʜʫʚʘʥʥʷ ʊʂ ʧʨʠʡʥʷʪʦʾ ʙʽʪʦʚʦʾ ʧʦʩʣʽʜʦʚʥʦʩʪʽ ʧʨʠ 

ʧʘʨʘʣʝʣʴʥʽʡ ʢʦʥʢʘʪʝʥʘʮʽʾ ʜʚʦʭ ʈʉɿʂ [7, 8]. 

ɻʝʥʝʪʠʯʥʠʡ ʘʣʛʦʨʠʪʤ (ɻɸ) ʧʦʰʫʢʫ ʦʧʪʠʤʘʣʴʥʦʛʦ ʟʥʘʯʝʥʥʷ ʤʦʞʝ ʙʫʪʠ 

ʟʘʩʪʦʩʦʚʘʥʠʡ ʫ ʨʷʜʽ ʚʠʧʘʜʢʽʚ, ʢʦʣʠ ʪʨʘʜʠʮʽʡʥʽ ʘʣʛʦʨʠʪʤʠ ʧʦʰʫʢʫ ʻ 

ʥʝʝʬʝʢʪʠʚʥʠʤʠ ʘʙʦ ʥʝ ʤʦʞʫʪʴ ʟʘʩʪʦʩʦʚʫʚʘʪʠʩʷ ʚʟʘʛʘʣʽ [3]. ʈʦʟʛʣʷʜʘʻʪʴʩʷ ɻɸ, 

ʱʦ ʦʧʝʨʫʻ ʷʢ ʜʘʥʽ ʙʽʪʦʚʠʤʠ ʧʦʩʣʽʜʦʚʥʦʩʪʷʤʠ. ʊʘʢ ʷʢ ʧʦʣʽʥʦʤ ʈʉʉʂ 

ʚʠʟʥʘʯʘʻʪʴʩʷ ʙʽʪʦʚʦʶ ʧʦʩʣʽʜʦʚʥʽʩʪʶ, ʪʦ ʧʝʨʝʪʚʦʨʝʥʥʷ ʧʦʣʽʥʦʤʘ ʚ ʙʽʪʦʚʠʡ 

ʨʷʜʦʢ ʚʽʜʙʫʚʘʻʪʴʩʷ ʪʘʢʠʤ ʯʠʥʦʤ: ʥʘ ʧʝʨʰʝ ʤʽʩʮʝ ʩʪʘʚʠʪʴʩʷ ʮʠʬʨʘ 1, 

ʟʘʧʠʩʫʶʪʴʩʷ ʙʽʪʦʚʽ ʢʦʤʙʽʥʘʮʽʾ, ʱʦ ʚʽʜʧʦʚʽʜʘʶʪʴ ʟʘ ʬʦʨʤʫʚʘʥʥʷ ʧʝʨʝʚʽʨʦʯʥʠʭ 
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ʩʠʤʚʦʣʽʚ, ʧʦʪʽʤ ï ʙʽʪʦʚʘ ʢʦʤʙʽʥʘʮʽʷ, ʱʦ ʬʦʨʤʫʻ ʟʚʦʨʦʪʥʠʡ ʟʚ'ʷʟʦʢ, ʽ ʪʘʢ ʚ 

ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʟʥʘʯʝʥʥʷ ʈ. ʅʘʧʨʠʢʣʘʜ, ʧʨʠ M = 3 ʽ P = 2 ʜʣʷ ʧʦʣʽʥʦʤʘ 

[1,1011/1101,1001/1101] ʡʦʛʦ ʙʽʪʦʚʝ ʫʷʚʣʝʥʥʷ ʙʫʜʝ =101110011101. 

ʄʥʦʞʠʥʘ ʧʦʜʽʙʥʠʭ ʨʷʜʢʽʚ ʫʪʚʦʨʶʶʪʴ ʥʘʩʝʣʝʥʥʷ. ʂʦʞʝʥ ʨʷʜʦʢ ʻ ʦʜʥʠʤ ʽʟ 

ʤʦʞʣʠʚʠʭ ʨʦʟʚ'ʷʟʢʽʚ ʟʘʜʘʯʽ. 

ɼʘʥʠʡ ʚʝʢʪʦʨ . ʅʝʦʙʭʽʜʥʦ ʚʠʟʥʘʯʠʪʠ , ʱʦ ʟʘʜʦʚʦʣʴʥʷʶʪʴ 

ʢʦʥʬʽʛʫʨʘʮʽʾ  ʟ ʥʘʡʢʨʘʱʠʤ ʟʥʘʯʝʥʥʷʤ ʮʽʣʴʦʚʦʾ ʬʫʥʢʮʽʾ. ɼʣʷ ʢʦʞʥʦʛʦ ʨʷʜʢʘ 

ʧʦʧʫʣʷʮʽʾ ʦʙʯʠʩʣʶʻʪʴʩʷ ʎʌ ʟʘ ʧʨʘʚʠʣʦʤ:  ʜʝ n ï ʢʽʣʴʢʽʩʪʴ 

ʧʝʨʝʜʘʥʠʭ ʙʣʦʢʽʚ ʩʠʤʚʦʣʽʚ. 

ʊʨʘʜʠʮʽʡʥʽ ʽʪʝʨʘʪʠʚʥʽ ʘʣʛʦʨʠʪʤʠ ʟʘʡʤʘʶʪʴʩʷ ʧʦʢʨʘʱʝʥʥʷʤ ʻʜʠʥʦʛʦ 

ʧʨʦʤʽʞʥʦʛʦ ʨʽʰʝʥʥʷ, ʷʢʝ ʤʘʻ ʥʘʙʣʠʟʠʪʠʩʷ ʜʦ ʪʦʯʥʦʛʦ. ɯʪʝʨʘʪʠʚʥʠʡ ɻɸ ʥʘ 

ʚʽʜʤʽʥʫ ʚʽʜ ʥʠʭ ʧʨʘʮʶʻ ʥʘ ʢʦʨʠʩʪʴ ʧʦʣʽʧʰʝʥʥʷ ʚʩʽʻʾ ʧʦʧʫʣʷʮʽʾ ʚ ʮʽʣʦʤʫ, ʘ ʥʝ 

ʜʝʷʢʦʛʦ ʢʦʥʢʨʝʪʥʦʛʦ ʟʥʘʯʝʥʥʷ ʚʝʢʪʦʨʫ ʍ.  ʇʝʨʝʚʘʛʦʶ ɻɸ ʧʦʰʫʢʫ ʝʢʩʪʨʝʤʫʤʫ 

ʫ ʚʽʜʩʫʪʥʦʩʪʽ ʧʦʚʥʦʛʦ ʧʝʨʝʙʦʨʫ ʤʦʞʣʠʚʠʭ ʨʝʟʫʣʴʪʘʪʽʚ, ʻ ʡʦʛʦ ʥʝʟʘʣʝʞʥʽʩʪʴ 

ʚʽʜ ʩʢʣʘʜʥʦʩʪʽ ʨʝʘʣʽʟʘʮʽʾ ʉɿʉʇ ʟ ʊʂ. 

ʇʘʨʘʤʝʪʨʠ ɻɸ ʧʨʠ ʬʽʢʩʦʚʘʥʽʡ ʢʽʣʴʢʦʩʪʽ ʽʪʝʨʘʮʽʡ ʚʧʣʠʚʘʪʠʤʫʪʴ ʪʽʣʴʢʠ ʥʘ 

ʰʚʠʜʢʽʩʪʴ ʟʙʽʞʥʦʩʪʽ, ʘʣʝ ʥʝ ʥʘ ʰʚʠʜʢʽʩʪʴ ʨʦʙʦʪʠ ʘʣʛʦʨʠʪʤʫ. ʏʘʩ ʨʦʙʦʪʠ ɻɸ 

ʙʫʜʝ ʟʘʣʝʞʘʪʠ ʚʽʜ ʢʽʣʴʢʦʩʪʽ ʽʪʝʨʘʮʽʡ ɻɸ ʪʘ ʢʽʣʴʢʦʩʪʽ ʨʷʜʢʽʚ ʫ ʧʦʧʫʣʷʮʽʾ. 

ʋ ʨʦʙʦʪʠ ʬʦʨʤʫʣʶʚʘʥʥʽ ʪʘ ʨʦʟʚôʷʟʘʥʥʽ ʟʘʜʘʯʽ ʦʧʪʠʤʽʟʘʮʽʾ ʧʦʰʫʢʫ 

ʦʧʪʠʤʘʣʴʥʦʾ ʢʦʥʬʽʛʫʨʘʮʽʾ ʉɿʉʇ ʟ ʊʂ ʥʘ ʧʽʜʩʪʘʚʽ ʛʝʥʝʪʠʯʥʦʛʦ ʘʣʛʦʨʠʪʤʫ  

ʇʦʜʘʣʴʰʠʡ ʨʦʟʚʠʪʦʢ ʨʦʙʦʪʠ ʧʦʚ'ʷʟʘʥʽ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʩʪʨʫʢʪʫʨ, 

ʦʪʨʠʤʘʥʠʭ ʛʝʥʝʪʠʯʥʠʤ ʤʝʪʦʜʦʤ, ʚ ʘʚʪʦʥʦʤʥʦʤʫ ʘʜʘʧʪʠʚʥʦʤʫ ʫʧʨʘʚʣʽʥʥʽ 

ʨʦʙʦʪʦʶ ʉɿʉʇ ʟ ʊʂ. 
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NEW COMPOSITE BARKER CODES IN SYSTEMS  

WITH DIRECT SPECTRUM SPREADING  

 

Modeling in the MatLab software package showed the possibility of using new composite 

Barker codes as code words in direct spread spectrum systems. 

 

ʅʘ ʜʘʥʠʡ ʯʘʩ ʰʠʨʦʢʦʩʤʫʛʦʚʽ ʩʠʛʥʘʣʠ (ʐʉʉ) ʟʥʘʭʦʜʷʪʴ ʟʘʩʪʦʩʫʚʘʥʥʷ ʚ ʩʫʯʘʩʥʠʭ 

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

ʩʠʩʪʝʤʘʭ ʙʝʟʜʨʦʪʦʚʦʛʦ ʟʚ'ʷʟʢʫ ʩʽʤʝʡʩʪʚʘ 802.11 ʟ ʪʝʭʥʦʣʦʛʽʻʶ ʨʦʟʰʠʨʝʥʥʷ ʩʧʝʢʪʨʘ 

ʤʝʪʦʜʦʤ ʧʨʷʤʦʾ ʧʦʩʣʽʜʦʚʥʦʩʪʽ (Direct Sequence Spread Spectrum, DSSS), ʚ ʩʫʯʘʩʥʠʭ 

ʨʘʜʽʦʣʦʢʘʮʽʡʥʠʭ ʩʠʩʪʝʤʘʭ. ʅʘʡʢʨʘʱʠʤʠ ʢʦʨʝʣʷʮʽʡʥʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʟ ʫʩʽʭ ʐʇʉ 

ʚʦʣʦʜʽʶʪʴ ʧʦʩʣʽʜʦʚʥʦʩʪʽ ɹʘʨʢʝʨʘ [1], ʦʩʥʦʚʥʠʡ ʚʠʢʠʜ ɸʂʌ ʷʢʠʭ ʜʦʨʽʚʥʶʻ ʯʠʩʣʫ ʨʦʟʨʷʜʽʚ 

ʨʝʟʫʣʴʪʫʶʯʦʾ ʧʦʩʣʽʜʦʚʥʦʩʪʽ N, ʘ ʤʘʢʩʠʤʘʣʴʥʠʡ ʙʽʯʥʠʡ ʚʠʢʠʜ ʚ ʧʦʟʠʪʠʚʥʫ ʦʙʣʘʩʪʴ ʤʘʻ 

ʟʥʘʯʝʥʥʷ 1. ɺ [2] ʦʪʨʠʤʘʥʦ 4 ʧʘʨʠ ʥʦʚʠʭ ʢʦʤʧʦʟʠʪʥʠʭ ʧʦʩʣʽʜʦʚʥʦʩʪʝʡ ɹʘʨʢʝʨʘ, ʘ ʚ [3] ʱʝ 

28 ʥʦʚʠʭ ʧʘʨ, ʷʢʽ ʤʘʶʪʴ ʪʫ ʞ ʩʘʤʫ ɸʂʌ, ʱʦ ʽ ʧʦʩʣʽʜʦʚʥʦʩʪʽ ʟ [2]. ɺ [4] ʜʦʩʣʽʜʞʝʥʘ 

ʤʦʞʣʠʚʽʩʪʴ ʚʠʢʦʨʠʩʪʘʥʥʷ ʥʦʚʠʭ ʢʦʤʧʦʟʠʪʥʠʭ ʧʦʩʣʽʜʦʚʥʦʩʪʝʡ ɹʘʨʢʝʨʘ ʚ ʷʢʦʩʪʽ 

ʩʠʥʭʨʦʩʠʛʥʘʣʽʚ ʽ ʧʦʢʘʟʘʥʘ ʾʭ ʝʬʝʢʪʠʚʥʽʩʪʴ. ɺ [5, 6] ʧʦʢʘʟʘʥʘ ʝʬʝʢʪʠʚʥʽʩʪʴ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʥʦʚʠʭ ʢʦʤʧʦʟʠʪʥʠʭ ʧʦʩʣʽʜʦʚʥʦʩʪʝʡ ɹʘʨʢʝʨʘ ʚ ʷʢʦʩʪʽ ʩʠʥʭʨʦʩʠʛʥʘʣʽʚ ʚ ʧʦʨʽʚʥʷʥʥʽ ʟ 

ʧʦʩʣʽʜʦʚʥʦʩʪʷʤʠ ɻʦʣʜʘ. 

ʄʝʪʦʶ ʜʘʥʦʾ ʨʦʙʦʪʠ ʻ ʜʦʩʣʽʜʞʝʥʥʷ ʥʦʚʠʭ ʢʦʤʧʦʟʠʪʥʠʭ ʧʦʩʣʽʜʦʚʥʦʩʪʝʡ ɹʘʨʢʝʨʘ ʚ 

ʷʢʦʩʪʽ ʢʦʜʦʚʠʭ ʩʣʽʚ ʚ ʩʠʩʪʝʤʘʭ ʟ ʧʨʷʤʠʤ ʨʦʟʰʠʨʝʥʥʷʤ ʩʧʝʢʪʨʫ. ɺ ʷʢʦʩʪʽ ʢʦʜʦʚʠʭ ʩʣʽʚ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʥʦʚʽ ʢʦʤʧʦʟʠʪʥʽ ʢʦʜʠ ɹʘʨʢʝʨʘ 21ʘ, 33ʘ, 49, 77ʘ, 121, ʘ ʚ ʷʢʦʩʪʽ ʩʠʛʥʘʣʽʚ 

ʩʠʥʭʨʦʥʽʟʘʮʽʾ ʢʦʤʧʦʟʠʪʥʠʡ ʢʦʜ ɹʘʨʢʝʨʘ 121 ʽ ʢʦʜ ɻʦʣʜʘ 127-1. ɼʣʷ ʩʠʥʪʝʟʫ ʢʦʜʽʚ ɻʦʣʜʘ 

127 ʚ ʧʨʦʛʨʘʤʽ MATLAB R2015B ʙʨʘʣʠʩʷ preferred polynomial (1) (çʧʝʨʝʚʘʞʥʠʡ ʧʦʣʽʥʦʤè) 

'z^7+z^3+1' ʽ ʚʽʜʧʦʚʽʜʥʦ preferred polynomial (2) 'z^7+z^3+z^2+1' ʟ ʜʦʚʽʣʴʥʦ ʦʙʨʘʥʠʤ 

ʚʠʭʽʜʥʠʤ ʩʪʘʥʦʤ ʨʝʛʽʩʪʨʽʚ. 

ʄʦʜʝʣʶʚʘʥʥʷ ʨʝʞʠʤʫ ʧʨʠʡʦʤʫ ʐʇʉ. ʉʭʝʤʘ ʤʦʜʝʣʽ ʧʦʙʫʜʦʚʘʥʘ ʚ ʧʨʦʛʨʘʤʽ 

MATLAB R2015B ʽ ʤʘʻ ʜʚʘ ʙʣʦʢʠ ʬʦʨʤʫʚʘʯʽʚ ʧʦʩʣʽʜʦʚʥʦʩʪʝʡ ʩʠʥʭʨʦʽʤʧʫʣʴʩʽʚ (ʉɯ) ʪʘ 

ʢʦʜʦʚʠʭ ʩʣʽʚ (ʷʢ ʧʨʷʤʠʭ (ʂʉ) ʪʘʢ ʽ ʽʥʚʝʨʩʥʠʭ (ʂʉʽʥʚ)). ɻʝʥʝʨʘʪʦʨ ʽʤʧʫʣʴʩʽʚ ʢʝʨʫʻ 

ʧʝʨʝʤʠʢʘʯʝʤ ʽ ʧʦ ʯʝʨʟʽ ʥʘʧʨʘʚʣʷʻ ʚ ʢʘʥʘʣ ʽʤʧʫʣʴʩʠ ʩʠʥʭʨʦʥʽʟʘʮʽʾ ʪʘ ʢʦʜʦʚʽ ʩʣʦʚʘ, 

ʫʪʚʦʨʶʶʯʠ ʐʉʉ, ʷʢʠʡ ʤʘʻ ʥʘʩʪʫʧʥʽ ʮʠʢʣʠ: ʉɯ-ʂʉʽʥʚ-ʂʉ-ʂʉʽʥʚ-ʂʉ-ʉɯ-ʂʉ-ʂʉʽʥʚ-ʂʉ-

ʂʉʽʥʚ-ʉɯ-ʂʉ-é ʉʬʦʨʤʦʚʘʥʠʡ ʐʉʉ ʧʦʩʪʫʧʘʻ ʥʘ ʜʚʘ ʽʜʝʥʪʠʯʥʽ ʪʨʘʢʪʠ ʧʨʠʡʦʤʫ ʪʘ 

ʦʙʨʦʙʢʠ ʉɯ ʽ ʧʨʠʡʦʤʫ ʪʘ ʦʙʨʦʙʢʠ ʂʉ ʪʘ ʂʉʽʥʚ. ʈʽʚʝʥʴ ʙʽʣʦʛʦ ɻʘʫʩʦʚʦʛʦ ʰʫʤʫ, ʱʦ 

ʜʦʜʘʻʪʴʩʷ ʜʦ ʚʭʽʜʥʦʛʦ ʐʉʉ ʚʩʪʘʥʦʚʣʶʻʪʴʩʷ ʧʘʨʘʤʝʪʨʦʤ SNR [dB] ʙʣʦʢʫ AWGN. 

ɺ ʪʨʘʢʪʽ ʧʨʠʡʦʤʫ ʪʘ ʦʙʨʦʙʢʠ ʉɯ ʮʠʬʨʦʚʠʡ ʫʟʛʦʜʞʝʥʠʡ ʬʽʣʴʪʨ ʎʋʌ-1 ʚʠʜʽʣʷʻ ʽʟ 

ʩʫʤʽʰʽ ʐʉʉ ʽ ʰʫʤʫ ʩʠʥʭʨʦʽʤʧʫʣʴʩʠ, ʩʭʠʣʴʥʽ ʜʦ ʜʽʾ ʧʝʨʝʰʢʦʜ ʽ ʰʫʤʫ. ʅʘ ʚʠʭʦʜʽ ʎʋʌ-1 

ʫʪʚʦʨʶʶʪʴʩʷ ʷʢ ʧʨʘʚʠʣʴʥʦ ʧʨʠʡʥʷʪʽ ʉɯ, ʪʘʢ ʽ ʽʤʧʫʣʴʩʠ ʧʦʤʠʣʢʦʚʦʛʦ ʩʧʨʘʮʴʦʚʫʚʘʥʥʷ.  

ɼʨʫʛʠʡ ʮʠʬʨʦʚʠʡ ʫʟʛʦʜʞʝʥʠʡ ʬʽʣʴʪʨ ʎʋʌ-2 ʽʟ ʐʉʉ ʙʝʟ ʰʫʤʽʚ ʪʘ ʧʝʨʝʰʢʦʜ 

ʚʠʜʽʣʷʻ çʝʪʘʣʦʥʥʽè ʩʠʥʭʨʦʽʤʧʫʣʴʩʠ. ʋ ʩʭʝʤʽ ʬʽʢʩʘʮʽʾ ʧʦʤʠʣʦʢ ʽʟ ʩʫʤʽʰʽ ʧʨʘʚʠʣʴʥʠʭ ʪʘ 

ʭʠʙʥʠʭ ʽʤʧʫʣʴʩʽʚ ʚʠʢʣʶʯʘʶʪʴʩʷ ʧʨʘʚʠʣʴʥʦ ʧʨʠʡʥʷʪʽ, ʱʦ ʟʙʽʛʘʶʪʴʩʷ ʟ çʝʪʘʣʦʥʥʠʤʠè, 

ʟʘʣʠʰʘʶʪʴʩʷ ʪʽʣʴʢʠ ʽʤʧʫʣʴʩʠ ʭʠʙʥʦʛʦ ʩʧʨʘʮʴʦʚʫʚʘʥʥʷ, ʷʢʽ ʧʽʜʨʘʭʦʚʫʶʪʴʩʷ ʣʽʯʠʣʴʥʠʢʦʤ 
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ʧʦʤʠʣʦʢ ʉɯ. ʂʦʞʝʥ ʽʤʧʫʣʴʩ ʧʦʤʠʣʢʦʚʦʛʦ ʩʧʨʘʮʴʦʚʫʚʘʥʥʷ ʯʝʨʝʟ ʩʭʝʤʫ ʫʧʨʘʚʣʽʥʥʷ ʨʽʚʥʝʤ 

ʦʙʤʝʞʝʥʥʷ Lo ʟʙʽʣʴʰʫʻ ʧʦʨʽʛ ʦʙʤʝʞʝʥʥʷ ʜʦ ʪʠʭ ʧʽʨ, ʧʦʢʠ ʰʫʤʦʚʽ ʪʘ ʭʠʙʥʽ ʩʢʣʘʜʦʚʽ ʥʝ 

ʙʫʜʫʪʴ ʢʦʤʧʝʥʩʦʚʘʥʽ. ʈʽʚʝʥʴ ʦʙʤʝʞʝʥʥʷ ʬʽʢʩʫʻʪʴʩʷ ʽʥʜʠʢʘʪʦʨʦʤ Lo.  

ʅʘ ʨʠʩ. 1 ʥʘʚʝʜʝʥʦ ʩʠʛʥʘʣʠ ʥʘ ʚʠʭʦʜʽ ʪʨʘʢʪʽʚ ʧʨʠʡʦʤʫ ʪʘ ʦʙʨʦʙʢʠ ʉɯ ʽ ʂʉ (ʚ ʷʢʦʩʪʽ 

ʧʨʠʢʣʘʜʫ ʚʟʷʪʦ ʉɯ Gold127 - ʂʉ Bark21 ʽ ʉɯ Bark121 - ʂʉ Bark21). ɿ ʨʠʩ. 1 ʚʠʜʥʦ, ʱʦ 

ʩʪʨʫʢʪʫʨʘ ʮʠʢʣʫ ʥʝ ʧʦʨʫʰʝʥʘ, ʧʨʷʤʽ ʪʘ ʽʥʚʝʨʩʥʽ ʂʉ ʯʝʨʛʫʶʪʴʩʷ. ʊʘʢʦʞ ʚʠʜʥʦ, ʱʦ 

ʥʝʛʘʪʠʚʥʽ ʚʠʢʠʜʠ ɸʂʌ ʢʦʜʦʚʠʭ ʽʥʚʝʨʩʥʠʭ ʩʣʽʚ ʩʪʘʶʪʴ ʧʦʟʠʪʠʚʥʦʶ ʟʘʚʘʜʦʶ ʜʣʷ ʧʨʷʤʠʭ 

ʢʦʜʦʚʠʭ ʩʣʽʚ. 

 

 
Gold 127 + Bark21 

 
Bark121 + Bark21 

ʈʠʩ. 1. ʉʠʛʥʘʣʠ ʥʘ ʚʠʭʦʜʽ ʪʨʘʢʪʽʚ ʧʨʠʡʦʤʫ ʪʘ ʦʙʨʦʙʢʠ ʩʠʥʭʨʦʽʤʧʫʣʴʩʽʚ ʽ ʢʦʜʦʚʠʭ ʩʣʽʚ. 

 

ʇʦʨʽʚʥʷʥʥʷ ʧʨʦʚʦʜʠʣʦʩʷ ʟʘ ʢʨʠʪʝʨʽʻʤ ʚʽʜʩʦʪʢʘ ʚʪʨʘʪ ʧʽʢʦʚʦʛʦ ʟʥʘʯʝʥʥʷ ɸʂʌ ʧʨʠ 

ʢʦʤʧʝʥʩʘʮʽʾ ʨʽʚʥʷ ʰʫʤʽʚ ʨʽʟʥʠʭ ʟʥʘʯʝʥʴ SNR (dB) (Signal-to-Noise Ratio). ɽʬʝʢʪʠʚʥʽʩʪʴ 

ʨʽʟʥʠʭ ʚʠʜʽʚ ʢʦʜʦʚʠʭ ʩʣʽʚ ʦʮʽʥʶʚʘʣʘʩʷ ʟʘ ʢʨʠʪʝʨʽʻʤ ʚʪʨʘʪʠ ʧʽʢʫ ɸʂʌ ʩʠʥʭʨʦʽʤʧʫʣʴʩʫ 

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

ʜʝ L0 - ʨʽʚʝʥʴ ʧʦʨʦʛʫ ʧʨʠ ʙʝʟʧʦʤʠʣʢʦʚʦʤʫ ʧʨʠʡʦʤʽ, ɸ ï ʘʤʧʣʽʪʫʜʘ ʽʤʧʫʣʴʩʫ ʩʠʥʭʨʦʥʽʟʘʮʽʾ, 

ʱʦ ʜʦʨʽʚʥʶʻ ʜʦʚʞʠʥʽ ʢʦʜʫ. 

ɽʬʝʢʪʠʚʥʽʩʪʴ ʚʠʢʦʨʠʩʪʘʥʥʷ ʢʦʜʦʚʠʭ ʩʣʽʚ ʧʨʠ ʨʽʟʥʠʭ ʚʠʜʘʭ ʩʠʥʭʨʦʽʤʧʫʣʴʩʽʚ 

ʦʮʽʥʶʚʘʣʘʩʴ ʧʘʨʘʤʝʪʨʦʤ  

                                           ȹPʂʉ (%) = ʈBar/Bar (%) ï ʈBar/Gold (%),  (2) 

ʜʝ ʈBar/Bar (%) ʽ  ʈBar/Gold (%) ï ʚʪʨʘʪʠ ʚʠʜʽʣʝʥʥʷ ʧʽʢʫ ʢʦʜʦʚʠʭ ʩʣʽʚ ʧʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ ʚ ʷʢʦʩʪʽ 

ʩʠʥʭʨʦʽʤʧʫʣʴʩʽʚ ʢʦʤʧʦʟʠʪʥʠʭ ʢʦʜʽʚ ɹʘʨʢʝʨʘ ʘʙʦ ʢʦʜʽʚ ɻʦʣʜʘ. 

ɽʬʝʢʪʠʚʥʽʩʪʴ ʚʠʢʦʨʠʩʪʘʥʥʷ ʩʠʥʭʨʦʽʤʧʫʣʴʩʽʚ ʧʨʠ ʨʽʟʥʠʭ ʢʦʜʦʚʠʭ ʩʣʦʚʘʭ 

ʦʮʽʥʶʚʘʣʘʩʴ ʧʘʨʘʤʝʪʨʦʤ 

                                           ȹPʉɯ (%) = ʈʉɯ Bar/Bar (%) ï ʈʉɯ Bar/Gold (%),  (3) 

ʜʝ ʈʉɯ Bar/Bar (%) ʽ  ʈʉɯ Bar/Gold (%) ï ʚʪʨʘʪʠ ʚʠʜʽʣʝʥʥʷ ʧʽʢʫ ʩʠʥʭʨʦʽʤʧʫʣʴʩʫ ʢʦʤʧʦʟʠʪʥʦʛʦ 

ʢʦʜʫ ɹʘʨʢʝʨʘ ʘʙʦ ʢʦʜʫ ɻʦʣʜʘ ʧʨʠ ʨʽʟʥʠʭ ʢʦʜʦʚʠʭ ʩʣʦʚʘʭ. 

ʅʘ ʨʠʩ. 2, 3 ʥʘʚʝʜʝʥʦ ʚʽʜʧʦʚʽʜʥʽ ʛʨʘʬʽʢʠ ʚʪʨʘʪ ʧʽʢʽʚ ɸʂʌ ʂʉ ʧʨʠ ʉɯ Gold 127 ʽ Bark 

121.  

 

 
 

ʈʠʩ. 2. ɺʪʨʘʪʠ ʧʽʢʽʚ ɸʂʌ ʂʉ ʧʨʠ ʉɯ Gold 127. 

  
 

ʈʠʩ. 3. ɺʪʨʘʪʠ ʧʽʢʽʚ ɸʂʌ ʂʉ ʧʨʠ ʉɯ Bark 121. 
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ɺʠʩʥʦʚʢʠ 

 

1. ɸʥʘʣʽʟ ʨʝʟʫʣʴʪʘʪʽʚ ʤʦʜʝʣʶʚʘʥʥʷ ʧʦʢʘʟʫʻ, ʱʦ ʥʦʚʽ ʢʦʤʧʦʟʠʪʥʽ ʢʦʜʠ ɹʘʨʢʝʨʘ 21ʘ, 

33ʘ, 49, 77ʘ, 121 ʤʦʞʫʪʴ ʙʫʪʠ ʚʠʢʦʨʠʩʪʘʥʽ ʚ ʷʢʦʩʪʽ ʢʦʜʦʚʠʭ ʩʣʽʚ ʚ ʰʠʨʦʢʦʩʤʫʛʦʚʠʭ 

ʩʠʩʪʝʤʘʭ ʟ ʧʨʷʤʠʤ ʨʦʟʰʠʨʝʥʥʷʤ ʩʧʝʢʪʨʫ.  

2. ʇʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ ʢʦʤʧʦʟʠʪʥʠʭ ʢʦʜʽʚ ɹʘʨʢʝʨʘ 21ʘ, 33ʘ, 49, 77ʘ, 121 ʚ ʷʢʦʩʪʽ 

ʢʦʜʦʚʠʭ ʩʣʽʚ ʾʭ ʥʝ ʩʣʽʜ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʟ ʢʦʤʧʦʟʠʪʥʠʤʠ ʢʦʜʘʤʠ ʚ ʷʢʦʩʪʽ ʩʠʛʥʘʣʽʚ 

ʩʠʥʭʨʦʥʽʟʘʮʽʾ. ʊʘʢ ʚʠʢʦʨʠʩʪʘʥʥʷ ʢʦʤʧʦʟʠʪʥʠʭ ʢʦʜʽʚ ʚ ʷʢʦʩʪʽ ʢʦʜʦʚʠʭ ʩʣʽʚ ʨʘʟʦʤ ʟ 

ʩʠʥʭʨʦʽʤʧʫʣʴʩʦʤ ɻʦʣʜ 127 ʚʠʷʚʠʣʦʩʷ ʙʽʣʴʰ ʝʬʝʢʪʠʚʥʠʤ ʥʽʞ ʟ ʩʠʥʭʨʦʽʤʧʫʣʴʩʦʤ ɹʘʨʢʝʨ 

121, ʘ ʩʘʤʝ: 

- ʢʦʜʠ ɹʘʨʢʝʨʘ 21ʘ ʚ ʜʽʘʧʘʟʦʥʽ ʟʤʽʥʠ SNR (5 õ 30) dB ʙʽʣʴʰ ʝʬʝʢʪʠʚʥʽ ʥʘ (9,50 õ 11,9)%;  

- ʢʦʜʠ ɹʘʨʢʝʨʘ 33ʘ ʚ ʜʽʘʧʘʟʦʥʽ ʟʤʽʥʠ SNR (0 õ 30) dB ʙʽʣʴʰ ʝʬʝʢʪʠʚʥʽ ʥʘ (1,0 õ 8,0)%;  

- ʢʦʜʠ ɹʘʨʢʝʨʘ 49 ʚ ʜʽʘʧʘʟʦʥʽ ʟʤʽʥʠ SNR (-3 õ 30) dB ʙʽʣʴʰ ʝʬʝʢʪʠʚʥʽ ʥʘ (0,0 õ 1,0)%; 

- ʢʦʜʠ ɹʘʨʢʝʨʘ 77ʘ ʚ ʜʽʘʧʘʟʦʥʽ ʟʤʽʥʠ SNR (-5 õ 30) dB ʙʽʣʴʰ ʝʬʝʢʪʠʚʥʽ ʥʘ (0,0 õ -5,0)%;  

- ʢʦʜʠ ɹʘʨʢʝʨʘ 121 ʚ ʜʽʘʧʘʟʦʥʽ ʟʤʽʥʠ SNR (-6 õ 30) dB ʙʽʣʴʰ ʝʬʝʢʪʠʚʥʽ ʥʘ (5,0 õ 7,0)%. 

3. ʇʽʜʪʚʝʨʜʞʝʥʘ ʝʬʝʢʪʠʚʥʽʩʪʴ ʚʠʢʦʨʠʩʪʘʥʥʷ ʢʦʤʧʦʟʠʪʥʠʭ ʢʦʜʽʚ ɹʘʨʢʝʨʘ ʚ ʷʢʦʩʪʽ 

ʩʠʥʭʨʦʽʤʧʫʣʴʩʽʚ ʚ ʧʦʨʽʚʥʷʥʥʽ ʟ ʢʦʜʘʤʠ ɻʦʣʜʘ ʧʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ ʢʦʤʧʦʟʠʪʥʠʭ ʢʦʜʽʚ 

ɹʘʨʢʝʨʘ ʚ ʷʢʦʩʪʽ ʢʦʜʦʚʠʭ ʩʣʽʚ.  

4. ɺʨʘʭʦʚʫʶʯʠ, ʱʦ ʥʝ ʚʩʽ ʢʦʤʧʦʟʠʪʥʽ ʢʦʜʠ ʨʦʟʛʣʷʜʘʣʠʩʷ ʚ ʜʘʥʽʡ ʨʦʙʦʪʽ, ʙʘʞʘʥʦ ʚ 

ʷʢʦʩʪʽ ʢʦʜʦʚʠʭ ʩʣʽʚ ʜʦʜʘʪʢʦʚʦ ʨʦʟʛʣʷʥʫʪʠ ʢʦʤʧʦʟʠʪʥʽ ʢʦʜʠ 21ʙ, 33ʙ, 49 (Nev2- Nev4), 77ʙ,, 

121 (Nev2- Nev4). 
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IMPROVED METHOD OF BUILDING MODELS FOR RELIABILITY  

ASSESSMENT OF ELECTRONIC COMMUNICATION EQUIPMENT  

OBJECTS WITH COMBINED TIME RESERVE  

 

An improved method has been proposed that allows for the derivation of new analytical 

formulas to evaluate the key reliability indicators of a system with a combined time reserve, 

which enables the consideration of various types of failures and malfunctions of technical and 

software components of electronic communication equipment. 

 

ɸʥʘʣʽʟ, ʧʨʦʚʝʜʝʥʠʡ ʫ [1ī3], ʧʦʢʘʟʘʚ, ʱʦ ʚ ʦʙôʻʢʪʘʭ ʝʣʝʢʪʨʦʥʥʦʛʦ 

ʢʦʤʫʥʽʢʘʮʽʡʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ (ɽʂʆ) ʤʦʞʫʪʴ ʚʠʥʠʢʘʪʠ ʚʽʜʤʦʚʠ ʪʘ ʟʙʦʾ ʷʢ 

ʪʝʭʥʽʯʥʠʭ, ʪʘʢ ʽ ʧʨʦʛʨʘʤʥʠʭ ʟʘʩʦʙʽʚ. ʋ ʚʽʜʧʦʚʽʜʥʦʩʪʽ ʟ ɼʉʊʋ [4], ʧʽʜ ʟʙʦʻʤ 

ʙʫʜʝʤʦ ʨʦʟʫʤʽʪʠ ʩʘʤʦʫʩʫʚʘʶʯʫ ʚʽʜʤʦʚʫ ʘʙʦ ʦʜʥʦʨʘʟʦʚʫ ʚʽʜʤʦʚʫ, ʱʦ 

ʫʩʫʚʘʻʪʴʩʷ ʥʝʟʥʘʯʥʠʤ ʚʪʨʫʯʘʥʥʷʤ ʦʧʝʨʘʪʦʨʘ. ɿʦʢʨʝʤʘ, ʧʨʠʢʣʘʜʦʤ ʤʦʞʫʪʴ 

ʙʫʪʠ ʟʙʦʾ ʧʨʦʛʨʘʤʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ, ʦʜʥʽ ʟ ʷʢʠʭ ʥʝ ʧʦʪʨʝʙʫʻ 

ʧʝʨʝʟʘʚʘʥʪʘʞʝʥʥʷ ɽʂʆ ʽ ʤʘʶʪʴ ʪʨʠʚʘʣʽʩʪʴ, ʱʦ ʥʝ ʧʝʨʝʚʠʱʫʻ ʧʦʧʦʚʥʶʚʘʥʠʡ 

ʨʝʟʝʨʚ ʯʘʩʫ ʜt , ʧʨʠ ʮʴʦʤʫ ʦʙôʻʢʪ ʥʝ ʧʨʠʧʠʥʷʻ ʥʦʨʤʘʣʴʥʝ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ. 

ɯʥʰʽ ʟʙʦʾ ʚʠʤʘʛʘʶʪʴ ʧʝʨʝʟʘʚʘʥʪʘʞʝʥʥʷ ɽʂʆ ʟʘ ʫʯʘʩʪʽ ʦʧʝʨʘʪʦʨʘ ʽ ʜʣʷ 

ʚʽʜʥʦʚʣʝʥʥʷ ʧʨʘʮʝʟʜʘʪʥʦʩʪʽ ʧʨʦʛʨʘʤʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ ʚʠʪʨʘʯʘʻʪʴʩʷ ʯʘʩ, ʱʦ 

ʧʝʨʝʚʠʱʫʻ ʜʦʧʫʩʪʠʤʝ ʟʥʘʯʝʥʥʷ ʜt . ʋ ʮʴʦʤʫ ʚʠʧʘʜʢʫ ʚ ʤʦʤʝʥʪ ʚʠʪʨʘʯʝʥʥʷ 

ʧʦʧʦʚʥʶʚʘʥʦʛʦ ʨʝʟʝʨʚʫ ʯʘʩʫ ʜt  ʚʠʥʠʢʘʻ ʚʽʜʤʦʚʘ ʦʙôʻʢʪʘ ʽ ʟʘʢʽʥʯʫʻʪʴʩʷ ʡʦʛʦ 

ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ. 

ʋ ʧʦʜʘʣʴʰʦʤʫ ʚʠʢʣʘʜʝʥʥʽ ʟʙʦʾ ʪʘ ʚʽʜʤʦʚʠ ʙʫʜʝʤʦ ʥʘʟʠʚʘʪʠ ʩʪʽʡʢʠʤʠ 

ʚʽʜʤʦʚʘʤʠ (ʘʙʦ ʧʨʦʩʪʦ ʚʽʜʤʦʚʘʤʠ), ʷʢʱʦ ʧʽʩʣʷ ʟʘʢʽʥʯʝʥʥʷ ʧʦʧʦʚʥʶʚʘʥʦʛʦ 

ʨʝʟʝʨʚʫ ʯʘʩʫ ʜt   ʥʘ ʚʽʜʥʦʚʣʝʥʥʷ ʧʨʘʮʝʟʜʘʪʥʦʩʪʽ ʦʙôʻʢʪʘ ʚʠʪʨʘʯʘʻʪʴʩʷ ʜʝʷʢʠʡ 

ʯʘʩ. 

ʆʩʦʙʣʠʚʽʩʪʶ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʦʙôʻʢʪʽʚ ʟ ʢʦʤʙʽʥʦʚʘʥʠʤ ʨʝʟʝʨʚʦʤ ʯʘʩʫ ʻ 

ʪʝ, ʱʦ ʚ ʥʠʭ ʧʝʨʝʜʙʘʯʝʥʽ ʦʜʥʦʯʘʩʥʦ ʦʙʤʝʞʝʥʥʷ ʥʘ ʯʘʩ ʢʦʞʥʦʛʦ ʨʝʤʦʥʪʫ 

ʦʙôʻʢʪʘ, ʘ ʪʘʢʦʞ ʥʘ ʩʫʤʘʨʥʠʡ ʯʘʩ ʧʨʦʩʪʦʶ ʚ ʨʝʤʦʥʪʽ (ʧʨʠ ʟʥʝʮʽʥʶʶʯʠʭ 

ʚʽʜʤʦʚʘʭ ï ʽ ʥʘ ʧʦʚʪʦʨʝʥʥʷ ʚʩʽʻʾ ʘʙʦ ʯʘʩʪʠʥʠ ʧʦʧʝʨʝʜʥʴʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ) ʜʦ 

ʚʠʢʦʥʘʥʥʷ ʟʘʚʜʘʥʥʷ. ʍʦʯʘ ʚ ʩʠʩʪʝʤʽ ʦʙôʻʢʪ ï ʯʘʩ ʨʝʟʝʨʚ ʯʘʩʫ ʻ ʻʜʠʥʠʤ, 

ʟʨʫʯʥʦ ʧʨʠ ʘʥʘʣʽʟʽ ʥʘʜʽʡʥʦʩʪʽ ʚʚʘʞʘʪʠ, ʱʦ ʚʽʥ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʜʚʦʭ ʩʢʣʘʜʦʚʠʭ: 

ʧʦʧʦʚʥʶʚʘʥʦʾ ʜt  ʽ ʥʝʧʦʧʦʚʥʶʚʘʥʦʾ ʨt  [5]. 

ʋʤʦʚʠ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʪʘʢʦʾ ʩʠʩʪʝʤʠ ʆʏ ʧʨʠ ʜʦʩʷʛʥʝʥʥʽ ʢʨʠʪʠʯʥʦʛʦ 
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ʟʥʘʯʝʥʥʷ ʯʘʩʫ ʚʽʜʥʦʚʣʝʥʥʷ ʚt  ʦʙôʻʢʪʘ, ʪʦʙʪʦ ʢʦʣʠ ʚʦʥʦ ʩʪʘʻ ʨʽʚʥʠʤ ʦʜʥʽʻʾ ʟʽ 

ʩʢʣʘʜʦʚʠʭ ʨʝʟʝʨʚʫ ʯʘʩʫ, ʚʠʟʥʘʯʘʻʪʴʩʷ ʚʟʘʻʤʦʜʽʻʶ ʧʦʧʦʚʥʶʚʘʥʦʾ ʜt  ʽ 

ʥʝʧʦʧʦʚʥʶʚʘʥʦʾ ʨt  ʩʢʣʘʜʦʚʠʭ ʢʦʤʙʽʥʦʚʘʥʦʛʦ ʨʝʟʝʨʚʫ. 

ʉʬʦʨʤʫʣʶʻʤʦ ʚʠʭʽʜʥʽ ʧʝʨʝʜʫʤʦʚʠ, ʦʙʤʝʞʝʥʥʷ ʪʘ ʜʦʧʫʱʝʥʥʷ, ʧʨʠ ʷʢʠʭ 

ʙʫʜʝʤʦ ʚʠʨʽʰʫʚʘʪʠ ʟʘʜʘʯʫ ʧʦʙʫʜʦʚʠ ʤʦʜʝʣʝʡ ʦʮʽʥʢʠ ʥʘʜʽʡʥʦʩʪʽ ʦʙôʻʢʪʽʚ Eʂʆ 

ʟ ʢʦʤʙʽʥʦʚʘʥʠʤ ʨʝʟʝʨʚʦʤ ʯʘʩʫ. ʅʝʭʘʡ ʚ ʦʙôʻʢʪʽ ʚʠʥʠʢʘʶʪʴ ʚʽʜʤʦʚʠ ʪʘ ʟʙʦʾ 

ʪʝʭʥʽʯʥʠʭ ʪʘ ʧʨʦʛʨʘʤʥʠʭ ʟʘʩʦʙʽʚ i  ʪʠʧʽʚ ( )1²i , ʷʢʽ ʤʦʞʫʪʴ ʧʨʠʟʚʦʜʠʪʠ ʜʦ 

ʟʘʪʨʠʤʢʠ ʚʠʢʦʥʘʥʥʷ ʟʘʚʜʘʥʥʷ ʪʨʠʚʘʣʽʩʪʶ constʟ=t . ʇʦʟʥʘʯʠʤʦ ʯʝʨʝʟ 

() { }ttPtF ʽʽ <= 0  ʽ () { }ttPtF ʽʽ <= ʚʚ  ī ʬʫʥʢʮʽʾ ʨʦʟʧʦʜʽʣʫ ʚʽʜʧʦʚʽʜʥʦ 

ʥʘʧʨʘʮʶʚʘʥʥʷ ʦʙôʻʢʪʘ ʜʦ ʚʽʜʤʦʚʠ ʽt0  ʽ ʯʘʩʫ ʚʽʜʥʦʚʣʝʥʥʷ ʽtʚ, 1²i . ʅʝʚʘʞʢʦ 

ʧʦʙʘʯʠʪʠ, ʱʦ ʥʘʧʨʘʮʶʚʘʥʥʷ ʦʙôʻʢʪʘ ʜʦ ʙʫʜʴ ʷʢʦʾ ʚʽʜʤʦʚʠ ï ʚʠʧʘʜʢʦʚʘ 

ʚʝʣʠʯʠʥʘ 0t  ʟ ʬʫʥʢʮʽʻʶ ʨʦʟʧʦʜʽʣʫ 

() { } ()[ ]Ô
²

--=<=
1

00 11
i

i tFttPtF . 

ɹʫʜʝʤʦ ʚʚʘʞʘʪʠ, ʱʦ ʥʘʧʨʘʮʶʚʘʥʥʷ ʦʙôʻʢʪʘ ʜʦ ʚʽʜʤʦʚʠ ʽt0  ʽ ʯʘʩ 

ʚʽʜʥʦʚʣʝʥʥʷ ʧʨʘʮʝʟʜʘʪʥʦʩʪʽ ʽtʚ ʧʨʠ ʚʽʜʤʦʚʘʭ i -ʛʦ ʪʠʧʫ ( )1²i  ī ʚʟʘʻʤʦ 

ʥʝʟʘʣʝʞʥʽ ʚʠʧʘʜʢʦʚʽ ʚʝʣʠʯʠʥʠ ʟ ʚʽʜʦʤʠʤʠ ʘʙʦ ʟʘʜʘʥʠʤʠ ʬʫʥʢʮʽʷʤʠ 

ʨʦʟʧʦʜʽʣʫ, ʷʢʽ ʤʘʶʪʴ ʢʽʥʮʝʚʽ ʤʘʪʝʤʘʪʠʯʥʽ ʦʯʽʢʫʚʘʥʥʷ. ɺʽʜʥʦʩʥʦ ʧʦʚʝʜʽʥʢʠ 

ʦʙôʻʢʪʘ ʧʽʩʣʷ ʚʽʜʥʦʚʣʝʥʥʷ ʧʨʘʮʝʟʜʘʪʥʦʩʪʽ ʧʨʠʡʤʝʤʦ ʥʘʩʪʫʧʥʽ ʜʦʧʫʱʝʥʥʷ: ʚ 

ʤʦʤʝʥʪ ʟʘʢʽʥʯʝʥʥʷ ʨʝʤʦʥʪʫ ʦʙôʻʢʪ ʟ ʡʤʦʚʽʨʥʽʩʪʶ ʽp , 10 ¢¢ ʽp  ʧʨʦʜʦʚʞʫʻ 

ʚʠʢʦʥʫʚʘʪʠ ʟʘʚʜʘʥʥʷ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʧʦʧʝʨʝʜʥʴʦʛʦ ʥʘʧʨʘʮʶʚʘʥʥʷ (ʧʨʠ 

ʥʝʟʥʝʮʽʥʶʶʯʽʡ ʚʽʜʤʦʚʽ) ʘʙʦ ʡʤʦʚʽʨʥʽʩʪʶ ʽp-1  ʧʨʠʩʪʫʧʘʻ ʜʦ ʚʠʢʦʥʘʥʥʷ 

ʟʘʚʜʘʥʥʷ ʟ ʩʘʤʦʛʦ ʧʦʯʘʪʢʫ ʧʽʩʣʷ ʚʽʜʥʦʚʣʝʥʥʷ ʦʙôʻʢʪʘ (ʧʨʠ ʟʥʝʮʽʥʶʶʯʠʭ 

ʚʽʜʤʦʚʘʭ). ɺʥʘʩʣʽʜʦʢ ʟʘʪʨʠʤʦʢ, ʦʙʫʤʦʚʣʝʥʠʭ ʚʠʥʠʢʥʝʥʥʷʤ ʪʘ ʫʩʫʥʝʥʥʷʤ 

ʚʽʜʤʦʚ, ʨʝʘʣʴʥʠʡ ʯʘʩ ʚʠʢʦʥʘʥʥʷ ʟʘʚʜʘʥʥʷ ʩʪʘʻ ʚʠʧʘʜʢʦʚʦʶ ʚʝʣʠʯʠʥʦʶ ʚʟT  ʟ 

ʥʝʚʽʜʦʤʦʶ ʬʫʥʢʮʽʻʶ ʨʦʟʧʦʜʽʣʫ. 

ɺ ʦʙôʻʢʪʽ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʢʦʤʙʽʥʦʚʘʥʠʡ ʨʝʟʝʨʚ ʯʘʩʫ (ʜt , ʨt ) ʟ ʟʘʜʘʥʠʤʠ 

ʟʥʘʯʝʥʥʷʤʠ ʧʦʧʦʚʥʶʚʘʥʦʾ ʜt  ʽ ʥʝʧʦʧʦʚʥʶʚʘʥʦʾ ʨt  ʩʢʣʘʜʦʚʠʭ ʨʝʟʝʨʚʫ. 

ɺʟʘʻʤʦʜʽʷ ʮʠʭ ʩʢʣʘʜʦʚʠʭ ʜt  ʽ ʨt  ʟʜʽʡʩʥʶʻʪʴʩʷ ʫ ʚʽʜʧʦʚʽʜʥʦʩʪʽ ʟ ʥʘʚʝʜʝʥʦʶ 

ʚʠʱʝ ʤʦʜʝʣʣʶ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʦʙôʻʢʪʘ ʧʨʠ ʥʝʟʥʝʮʽʥʶʶʯʠʭ ʽ ʟʥʝʮʽʥʶʶʯʠʭ 

ʚʽʜʤʦʚʘʭ. ɺʽʜʤʦʚʘ (ʟʨʠʚ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ) ʨʦʟʛʣʷʜʘʻʤʦʾ ʩʠʩʪʝʤʠ ʦʙôʻʢʪ ï ʯʘʩ 

(ʆʏ) ʚʠʥʠʢʘʻ ʧʨʠ ʚʠʢʦʥʘʥʥʽ ʫʤʦʚʠ () ʨʟʥʧ ttT >  ʚ ʤʦʤʝʥʪ ʚʠʪʨʘʯʝʥʥʷ 

ʥʝʧʦʧʦʚʥʶʚʘʥʦʾ ʩʢʣʘʜʦʚʦʾ ʨʝʟʝʨʚʫ ʯʘʩʫ 0ʨ=t  (ʪʫʪ ()ʟʥʧtT  ī ʩʫʤʘʨʥʠʡ 

ʥʝʧʨʦʜʫʢʪʠʚʥʠʡ ʯʘʩ). 

ʇʨʠ ʪʝʦʨʝʪʠʯʥʦʤʫ ʜʦʩʣʽʜʞʝʥʥʽ ʜʘʥʦʾ ʩʠʩʪʝʤʠ ʆʏ ʧʨʠʡʤʝʤʦ ʥʘʩʪʫʧʥʽ 

ʦʙʤʝʞʝʥʥʷ ʪʘ ʜʦʧʫʱʝʥʥʷ: ʢʦʥʪʨʦʣʴ ʧʨʘʮʝʟʜʘʪʥʦʩʪʽ ʦʙôʻʢʪʘ ʧʦʚʥʠʡ, 

ʥʝʧʝʨʝʨʚʥʠʡ ʪʘ ʜʦʩʪʦʚʽʨʥʠʡ, ʱʦ ʜʦʟʚʦʣʷʻ ʚʠʷʚʠʪʠ ʚʽʜʤʦʚʠ ʦʙôʻʢʪʘ ʙʫʜʴ-

ʷʢʦʛʦ ʪʠʧʫ ʚ ʤʦʤʝʥʪ ʾʭ ʚʠʥʠʢʥʝʥʥʷ; ʥʘʧʨʘʮʶʚʘʥʥʷ ʤʽʞ ʩʫʩʽʜʥʽʤʠ ʚʽʜʤʦʚʘʤʠ 

ʨʦʟʧʦʜʽʣʝʥʘ ʟʘ ʪʠʤ ʞʝ ʟʘʢʦʥʦʤ ()tF , ʱʦ ʽ ʥʘʧʨʘʮʶʚʘʥʥʷ ʜʦ ʧʝʨʰʦʾ ʚʽʜʤʦʚʠ; 

ʨʝʤʦʥʪ ʧʦʚʥʽʩʪʶ ʚʽʜʥʦʚʣʶʻ ʚʠʭʽʜʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʦʙôʻʢʪʘ ʽ ʧʽʩʣʷ ʡʦʛʦ 
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ʟʘʢʽʥʯʝʥʥʷ ʥʝʛʘʡʥʦ ʚʽʜʥʦʚʣʶʻʪʴʩʷ ʚʠʢʦʥʘʥʥʷ ʟʘʚʜʘʥʥʷ; ʢʽʣʴʢʽʩʪʴ ʚʽʜʥʦʚʣʝʥʴ 

ʧʨʘʮʝʟʜʘʪʥʦʩʪʽ ʚ ʦʧʝʨʘʪʠʚʥʦʤʫ ʽʥʪʝʨʚʘʣʽ ʯʘʩʫ ʥʝ ʦʙʤʝʞʫʻʪʴʩʷ, ʧʨʠ ʮʴʦʤʫ ʯʘʩ 

ʚʽʜʥʦʚʣʝʥʥʷ ʚt  ʥʝ ʟʘʣʝʞʠʪʴ ʚʽʜ ʢʽʣʴʢʦʩʪʽ ʚʽʜʤʦʚ ʚ ʤʠʥʫʣʦʤʫ ʽ ʨʦʟʧʦʜʽʣʷʻʪʴʩʷ 

ʟʘ ʟʘʢʦʥʦʤ ()tFʚ  [6]. 

ɼʣʷ ʧʨʠʡʥʷʪʠʭ ʚʠʭʽʜʥʠʭ ʫʤʦʚ ʥʝʦʙʭʽʜʥʦ ʦʪʨʠʤʘʪʠ ʤʦʜʝʣʴ ʦʮʽʥʢʠ     

ʥʘʜʽʡʥʦʩʪʽ ï ʨʦʟʨʘʭʫʥʢʦʚʽ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʜʣʷ ʦʩʥʦʚʥʠʭ ʧʦʢʘʟʥʠʢʽʚ 

ʥʘʜʽʡʥʦʩʪʽ ʨʦʟʛʣʷʜʘʻʤʦʾ ʩʠʩʪʝʤʠ ʆʏ ʟ ʢʦʤʙʽʥʦʚʘʥʠʤ ʨʝʟʝʨʚʦʤ ʯʘʩʫ. 

ɸʣʛʦʨʠʪʤ ʧʨʘʢʪʠʯʥʦʾ ʨʝʘʣʽʟʘʮʽʾ ʜʘʥʦʛʦ ʤʝʪʦʜʫ ʚʢʣʶʯʘʻ ʚ ʩʝʙʝ 

ʩʫʢʫʧʥʽʩʪʴ ʥʘʩʪʫʧʥʠʭ ʦʩʥʦʚʥʠʭ ʚʟʘʻʤʦʧʦʚôʷʟʘʥʠʭ ʦʧʝʨʘʮʽʡ: 1. ɺʠʙʽʨ ʪʘ 

ʦʙˇʨʫʥʪʫʚʘʥʥʷ ʚʘʨʽʘʥʪʫ ʚʟʘʻʤʦʜʽʾ ʧʦʧʦʚʥʶʚʘʥʦʾ ʜt  ʽ ʥʝʧʦʧʦʚʥʶʚʘʥʦʾ ʨt  

ʩʢʣʘʜʦʚʠʭ ʢʦʤʙʽʥʦʚʘʥʦʛʦ ʨʝʟʝʨʚʫ ʯʘʩʫ ʚ ʧʨʦʮʝʩʽ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʩʠʩʪʝʤʠ 

ʆʏ; 2. ʅʘ ʧʝʨʰʦʤʫ ʝʪʘʧʽ ï ʜʦʩʣʽʜʞʝʥʥʷ ʤʦʜʝʣʽ ʥʘʜʽʡʥʦʩʪʽ ʦʙôʻʢʪʘ ʟ 

ʧʦʧʦʚʥʶʚʘʥʠʤ ʨʝʟʝʨʚʦʤ ʯʘʩʫ ʜt  ʧʨʠ ʚʠʢʦʥʘʥʥʽ ʯʘʩʦʚʦʛʦ ʦʙʤʝʞʝʥʥʷ ʜʚ tt >  ʟ 

ʤʝʪʦʶ ʦʙˇʨʫʥʪʫʚʘʥʥʷ ʫʤʦʚ, ʧʨʠ ʷʢʠʭ ʥʘʧʨʘʮʶʚʘʥʥʷ ʜʦ ʚʽʜʤʦʚʠ ʙʫʜʝ ʙʣʠʟʴʢʘ 

ʜʦ ʝʢʩʧʦʥʝʥʮʽʘʣʴʥʦʛʦ ʟʘʢʦʥʫ ʟ ʧʘʨʘʤʝʪʨʦʤ iii ql=l* , 1²i , ʜʝ ()ʜʚ1 tFq ii -= ; 

3. ʅʘ ʜʨʫʛʦʤʫ ʝʪʘʧʽ ï ʧʦʙʫʜʦʚʘ ʤʦʜʝʣʽ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʦʙôʻʢʪʘ ʟ 

ʥʝʧʦʧʦʚʥʶʚʘʥʠʤ ʨʝʟʝʨʚʦʤ ʯʘʩʫ ʨt  ʟ ʤʝʪʦʶ ʧʝʨʝʚʽʨʢʠ ʯʘʩʦʚʦʛʦ ʦʙʤʝʞʝʥʥʷ 

() ʨʟʥʧ ttT >  ʽ ʦʪʨʠʤʘʥʥʷ ʥʘʙʣʠʞʝʥʠʭ ʨʦʟʨʘʭʫʥʢʦʚʠʭ ʬʦʨʤʫʣ ʜʣʷ ʧʦʢʘʟʥʠʢʽʚ 

ʥʘʜʽʡʥʦʩʪʽ ʩʠʩʪʝʤʠ ʆʏ ʟ ʢʦʤʙʽʥʦʚʘʥʠʤ ʨʝʟʝʨʚʦʤ ʯʘʩʫ. 

ʈʝʘʣʽʟʘʮʽʷ ʟʘʧʨʦʧʦʥʦʚʘʥʦʛʦ ʤʝʪʦʜʫ ʜʦʟʚʦʣʷʻ ʩʧʨʦʩʪʠʪʠ ʦʪʨʠʤʘʥʥʷ 

ʥʘʫʢʦʚʠʭ ʨʝʟʫʣʴʪʘʪʽʚ ʜʦʩʣʽʜʞʝʥʥʷ ï ʥʦʚʠʭ ʨʦʟʨʘʭʫʥʢʦʚʠʭ ʬʦʨʤʫʣ ʜʣʷ 

ʦʩʥʦʚʥʠʭ ʧʦʢʘʟʥʠʢʽʚ ʥʘʜʽʡʥʦʩʪʽ ʩʠʩʪʝʤʠ ʟ ʢʦʤʙʽʥʦʚʘʥʠʤ ʨʝʟʝʨʚʦʤ ʯʘʩʫ ʽ ʜʘʻ 

ʤʦʞʣʠʚʽʩʪʴ ʩʫʤʽʩʥʦ ʚʨʘʭʦʚʫʚʘʪʠ ʨʽʟʥʽ ʪʠʧʠ ʚʽʜʤʦʚ ʪʘ ʟʙʦʾʚ ʪʝʭʥʽʯʥʠʭ ʽ 

ʧʨʦʛʨʘʤʥʠʭ ʟʘʩʦʙʽʚ ɽʂʆ ʪʘ ʧʘʨʘʤʝʪʨʠ ʚʠʢʦʨʠʩʪʦʚʫʚʘʥʦʾ ʥʘʜʣʠʰʢʦʚʦʩʪʽ. 
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STUDY OF THE INFLUENCE OF THE SELF -SIMILARITY  

FACTOR ON THE FUNCTIONING OF THE QS.  
 

One of the characteristics of modern telecommunications networks is the self-similarity 

property, due to which load ripples occur in the network at different random time intervals, 

which can lead to long delays and packet losses. The paper compares the traditional QS model 

with the Poisson distribution and QS with the Weibull distribution, which describes the self-

similarity property. A quantitative assessment of the difference in the characteristics of the 

models is given, and the importance of taking into account the self-similarity factor when 

calculating QS quality indicators is shown.   

 

ʆʩʪʘʥʥʻ ʜʝʩʷʪʠʣʽʪʪʷ ʦʟʥʘʤʝʥʫʚʘʣʦʩʷ ʽʩʪʦʪʥʠʤ ʜʦʩʷʛʥʝʥʥʷʤ ʫ ʩʬʝʨʽ 

ʪʝʦʨʽʾ ʪʝʣʝʪʨʘʬʽʢʫ [1, 2] ï ʚʽʜʢʨʠʪʪʷʤ ʩʘʤʦʧʦʜʽʙʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʧʨʦʮʝʩʽʚ, 

ʱʦ ʧʨʦʪʽʢʘʶʪʴ ʫ ʩʫʯʘʩʥʠʭ ʤʝʨʝʞʘʭ. ɺʧʝʨʰʝ ʧʨʦ ʩʘʤʦʧʦʜʽʙʥʠʡ ʪʝʣʝʪʨʘʬʽʢ 

ʟʘʛʦʚʦʨʠʣʠ ʟ ʤʦʤʝʥʪʫ ʡʦʛʦ ʚʽʜʢʨʠʪʪʷ ʚ 1993 ʨʦʮʽ ʛʨʫʧʦʶ ʚʯʝʥʠʭ W.Leland, 

M.Taqqu, W.Willinger ʽ D.Wilson [3], ʷʢʽ ʜʦʩʣʽʜʞʫʚʘʣʠ Ethernet-ʪʨʘʬʽʢ ʫ 

ʤʝʨʝʞʽ ʢʦʨʧʦʨʘʮʽʾ Bellcore ʽ ʚʠʷʚʠʣʠ, ʱʦ ʚʭʽʜʥʽ ʧʦʪʦʢʠ ʚʽʜ ʜʞʝʨʝʣ ʜʠʩʢʨʝʪʥʦʾ 

ʽʥʬʦʨʤʘʮʽʾ ʻ ʢʦʨʝʣʴʦʚʘʥʠʤʠ (ʥʘ ʚʽʜʤʽʥʫ ʚʽʜ ʚʣʘʩʪʠʚʦʩʪʝʡ ʨʝʯʦʚʦʛʦ ʪʨʘʬʽʢʫ ʽʟ 

ʥʝʟʘʣʝʞʥʠʤʠ  ʚʭʽʜʥʠʤʠ ʧʦʪʦʢʘʤʠ), ʪʦʙʪʦ ʤʘʶʪʴ ʚʣʘʩʪʠʚʽʩʪʴ ʩʘʤʦʧʦʜʽʙʥʦʩʪʽ. 

ɻ. ʍʝʨʩʪ [4] ʙʫʚ ʧʝʨʰʠʤ, ʭʪʦ ʚʠʢʦʨʠʩʪʘʚ ʩʧʝʮʠʬʽʯʥʠʡ ʧʦʢʘʟʥʠʢ ʜʣʷ 

ʚʠʤ̔ʨʫ ʚ ʷʚʠʱʘʭ ʩʪʫʧʝʥʽ ʩʘʤʦʧʦʜʽʙʥʦʩʪʽ, ʷʢʘ ʟʘʨʘʟ ʚʠʟʥʘʻʪʴʩʷ ʧʨʠʩʫʪʥʴʦʶ ʚ 

ʙʘʛʘʪʴʦʭ ʧʨʦʮʝʩʘʭ, ʱʦ ʧʦʷʩʥʶʶʪʴ ʧʨʠʨʦʜʥʽ ʪʘ ʰʪʫʯʥʽ ʧʦʜʽʾ. 

ʆʪʞʝ, ʢʽʣʴʢʽʩʥʦʶ ʤʽʨʦʶ ʩʪʫʧʝʥʷ ʩʘʤʦʧʦʜʽʙʥʦʩʪʽ ʪʨʘʬʽʢʫ ʻ ʧʦʢʘʟʥʠʢ 

ʍʝʨʩʪʘ H, ʷʢʠʡ ʤʦʞʝ ʥʘʙʫʚʘʪʠ ʟʥʘʯʝʥʴ ʚ ʽʥʪʝʨʚʘʣʽ ʚʽʜ 0,5 (ʬʘʢʪʠʯʥʘ 

ʚʽʜʩʫʪʥʽʩʪʴ  ʧʨʦʷʚʫ ʩʘʤʦʧʦʜʽʙʥʦʩʪʽ) ʜʦ 1 (ʤʘʢʩʠʤʘʣʴʥʘ ʩʪʫʧʽʥʴ 

ʩʘʤʦʧʦʜʽʙʥʦʩʪʽ, ʷʢʘ ʥʘ ʧʨʘʢʪʠʮʽ ʥʝ ʟʫʩʪʨʽʯʘʻʪʴʩʷ). ʑʦ ʙʣʠʞʯʝ ʮʝʡ ʧʘʨʘʤʝʪʨ 

ʜʦ ʦʜʠʥʠʮʽ, ʪʦ ʷʩʢʨʘʚʽʰʝ ʧʨʦʷʚʣʷʶʪʴʩʷ ʩʘʤʦʧʦʜʽʙʥʽ ʚʣʘʩʪʠʚʦʩʪʽ [5]. 

ɼʣʷ ʦʧʠʩʫ ʉʄʆ ʚʠʢʦʨʠʩʪʘʥʦ ʨʦʟʧʦʜʽʣ ɺʝʡʙʫʣʣʘ [6], ʷʢ ʥʘʡʙʽʣʴʰ 

ʘʜʝʢʚʘʪʥʠʡ ʚ ʤʦʜʝʣʷʭ ʉʄʆ ʽʟ ʩʘʤʦʧʦʜʽʙʥʽʩʪʶ. ʆʨʠʛʽʥʘʣʴʥʽʩʪʴ ʜʦʩʣʽʜʞʝʥʥʶ 

ʧʨʠʜʘʻ ʘʢʮʝʥʪ ʥʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ, ʱʦ ʟʘʙʝʟʧʝʯʫʶʪʴ ʥʝʦʙʭʽʜʥʫ ʷʢʽʩʪʴ 

ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ.  

ɼʣʷ ʜʦʚʝʜʝʥʥʷ ʚʘʞʣʠʚʦʩʪʽ ʚʨʘʭʫʚʘʥʥʷ ʬʘʢʪʦʨʫ ʩʘʤʦʧʦʜʽʙʥʦʩʪʽ 

ʧʨʦʚʝʜʝʥʦ ʛʨʘʬʽʯʥʝ ʧʦʨʽʚʥʷʥʥʷ ʧʦʢʘʟʥʠʢʽʚ ʷʢʦʩʪʽ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʧʨʠ 

ʨʦʟʧʦʜʽʣʽ ʇʫʘʩʩʦʥʘ ʽ ʨʦʟʧʦʜʽʣʽ ɺʝʡʙʫʣʣʘ, ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ ʧʨʦʛʨʘʤʥʝ 
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ʟʘʙʝʟʧʝʯʝʥʥʷ ñMatlabò ʜʣʷ ʨʦʟʨʘʭʫʥʢʫ ʟʥʘʯʝʥʥʷ ů (ʩʽʛʤʠ) ʜʣʷ ʧʘʨʘʤʝʪʨʫ 

ʍʝʨʩʪʘ ʨʽʚʥʠʤ 0.6, 0.7 ʪʘ 0.8, ʪʘ ʇɿ ñExcelò ʜʣʷ ʨʦʟʨʘʭʫʥʢʫ ʬʦʨʤʫʣ ʜʣʷ 

ʦʪʨʠʤʘʥʠʭ ʟʥʘʯʝʥʴ ʪʘ ʧʦʙʫʜʦʚʠ ʩʘʤʠʭ ʛʨʘʬʽʢʽʚ. 

ʈʦʟʛʣʷʜʘʶʯʠ ʨʦʟʧʦʜʽʣ ʇʫʘʩʩʦʥʘ ʽ ʨʦʟʧʦʜʽʣ ɺʝʡʙʫʣʣʘ ʜʣʷ ʜʦʩʣʽʜʞʝʥʥʷ 

ʧʦʢʘʟʥʠʢʘ Wʦʯ (ʉʝʨʝʜʥʽʡ ʯʘʩ ʦʯʽʢʫʚʘʥʥʷ ʟʘʷʚʢʠ ʚ ʯʝʨʟʽ) ʚʠʢʦʨʠʩʪʘʥʦ 

ʬʦʨʤʫʣʠ [7, 8]: 

ʇʫʘʩʩʦʥ (ʄ/ʄ/1/Ð) ɺʝʡʙʫʣʣ (ʄ/ʄ/1/Ð) 

 

(1) 
 

(2) 

 

ɼʣʷ ʥʘʛʣʷʜʥʦʛʦ ʧʦʨʽʚʥʷʥʥʷ ʨʦʟʨʘʭʦʚʘʥʦ ʟʘʣʝʞʥʽʩʪʴ ʧʦʢʘʟʥʠʢʘ Wʦʯ ʫ 

ʚʽʜʩʫʪʥʦʩʪʽ ʩʘʤʦʧʦʜʽʙʥʦʩʪʽ ʚ ʪʨʘʬʽʢʫ  ʧʨʠ ʨʦʟʧʦʜʽʣʽ ʇʫʘʩʩʦʥʘ (ʅ = 0.5) ʪʘ ʧʨʠ 

ʫʨʘʭʫʚʘʥʥʽ ʩʘʤʦʧʦʜʽʙʥʦʩʪʽ (ʅ > 0.5). ɺ ʊʘʙʣʠʮʽ 1 ʜʦʩʣʽʜʞʝʥʦ ʜʘʥʠʡ ʧʦʢʘʟʥʠʢ 

ʧʨʠ ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ Õ= 1,25. 

ʊʘʙʣ. 1. ɿʘʣʝʞʥʽʩʪʴ ʧʦʢʘʟʥʠʢʘ Wʦʯ ʧʨʠ ʨʦʟʧʦʜʽʣʘʭ  

ʇʫʘʩʩʦʥʘ (ʅ = 0.5) ʪʘ ɺʝʡʙʫʣʣʘ (ʅ > 0.5). 

ɟ 0,5 0,6 0,7 0,8 

ʅ 0,5 0,6 0,7 0,8 0,5 0,6 0,7 0,8 0,5 0,6 0,7 0,8 0,5 0,6 0,7 0,8 

Wʦʯ 0,75 1,1 1,9 4,5 1,2 1,7 2,5 6,7 1,9 2,5 4,1 10,7 3,2 4,4 7 19,2 

ʈʦʟʙʽʞʥʽʩʪʴ 1 1,47 2,53 6 1 1,42 2,08 5,58 1 1,32 2,16 5,63 1 1,38 2,19 6 

 

ʊʦʜʽ ʦʪʨʠʤʫʻʤʦ ʪʘʢʽ ʛʨʘʬʽʯʥʽ ʟʘʣʝʞʥʦʩʪʽ ʧʨʠ ʟʘʜʘʥʠʭ ʟʥʘʯʝʥʥʷʭ 

ʧʘʨʘʤʝʪʨʫ ʍʝʨʩʪʘ: 

 
ʈʠʩ. 1.  ʉʝʨʝʜʥʽʡ ʯʘʩ ʦʯʽʢʫʚʘʥʥʷ ʧʨʠ ʨʽʟʥʠʭ 

ʟʥʘʯʝʥʥʷʭ ʧʘʨʘʤʝʪʨʫ ʍʝʨʩʪʘ. 

ɻʨʘʬʽʢ ʟʘʣʝʞʥʦʩʪʝʡ 

ʟʦʙʨʘʞʝʥʠʡ ʚ ʜʽʘʧʘʟʦʥʽ 

ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʚʽʜ 

0.48 ʜʦ 0.88 ʽ ʩʝʨʝʜʥʴʦʛʦ ʯʘʩʫ 

ʦʯʽʢʫʚʘʥʥʷ ʚʽʜ 0 ʜʦ 20.  

ʍʘʨʘʢʪʝʨ ʥʘʜʘʥʦʾ ʟʘʣʝʞʥʦʩʪʽ 

ʪʘʢʠʡ, ʱʦ ʨʦʟʙʽʞʥʽʩʪʴ ʚ 

ʧʦʢʘʟʥʠʢʘʭ ʟʨʦʩʪʘʻ ʧʦ ʤʽʨʽ 

ʟʨʦʩʪʘʥʥʷ ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʚʭʽʜʥʦʛʦ 

ʧʦʪʦʢʫ ʪʘ, ʦʜʥʦʯʘʩʥʦ, ʬʘʢʪʦʨʫ 

ʩʘʤʦʧʦʜʽʙʥʦʩʪʽ ʽ ʜʦʩʷʛʘʻ ʟʥʘʯʝʥʴ 

ʙʣʠʟʴʢʦ 6 ʧʨʠ ʩʫʪʪʻʚʽʡ ʤʽʨʽ 

ʩʘʤʦʧʦʜʽʙʥʦʩʪʽ (ʅ = 0,8). 

ʇʨʠ ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ Õ = 2 ʪʘʙʣʠʮʷ ʟ ʟʘʣʝʞʥʦʩʪʷʤʠ ʤʘʻ 

ʚʠʛʣʷʜ: 
 

ʊʘʙʣ. 2. ɿʘʣʝʞʥʽʩʪʴ ʧʦʢʘʟʥʠʢʘ Wʦʯ ʧʨʠ ʨʦʟʧʦʜʽʣʘʭ ʇʫʘʩʩʦʥʘ ʪʘ ɺʝʡʙʫʣʣʘ (Õ = 

2). 

Ʌ 0,3 0,4 0,5 0,6 

ʅ 0,5 0,6 0,7 0,8 0,5 0,6 0,7 0,8 0,5 0,6 0,7 0,8 0,5 0,6 0,7 0,8 

Wʦʯ 0,2 0,3 0,5 1,4 0,3 0,5 0,8 2 0,5 0,7 1,2 2,8 0,8 1 1,7 4,1 

ʈʦʟʙʽʞʥʽʩʪʴ 1 1,5 2,5 7 1 1,67 2,67 6,67 1 1,4 2,4 5,6 1 1,25 2,13 5,13 
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ɼʣʷ ʜʘʥʦʛʦ ʥʘʙʦʨʫ ʟʥʘʯʝʥʴ ʦʪʨʠʤʫʻʤʦ ʪʘʢʫ ʛʨʘʬʽʯʥʫ ʟʘʣʝʞʥʽʩʪʴ: 

 

  
ʈʠʩ. 2.  ʉʝʨʝʜʥʽʡ ʯʘʩ ʦʯʽʢʫʚʘʥʥʷ ʧʨʠ ʨʽʟʥʠʭ 

ʟʥʘʯʝʥʥʷʭ ʧʘʨʘʤʝʪʨʫ ʍʝʨʩʪʘ. 

ʈʦʟʙʽʞʥʽʩʪʴ ʜʦʩʷʛʘʻ 

ʟʥʘʯʝʥʴ ʚʽʜ 5 ʜʦ 7 ʧʨʠ 

ʩʫʪʪʻʚʽʡ ʤʽʨʽ ʩʘʤʦʧʦʜʽʙʥʦʩʪʽ 

(ʅ = 0,8). 

ɼʣʷ ʧʦʨʽʚʥʷʥʥʷ 

ʜʦʩʣʽʜʠʤʦ ʟʘʣʝʞʥʦʩʪʽ ʧʨʠ Õ 

= 2.25. 

 

 

ʊʘʙʣ. 3. ɿʘʣʝʞʥʽʩʪʴ ʧʦʢʘʟʥʠʢʘ Wʦʯ ʧʨʠ ʨʦʟʧʦʜʽʣʘʭ ʇʫʘʩʩʦʥʘ ʪʘ ɺʝʡʙʫʣʣʘ (Õ = 2,25). 

ɟ 0,3 0,4 0,5 0,6 

ʅ 0,5 0,6 0,7 0,8 0,5 0,6 0,7 0,8 0,5 0,6 0,7 0,8 0,5 0,6 0,7 0,8 

Wʦʯ 0,2 0,3 0,5 1,1 0,3 0,4 0,6 1,7 0,5 0,7 1 2,5 0,7 0,9 1,5 3,7 

ʈʦʟʙʽʞʥʽʩʪʴ 1 1,5 2,5 5,5 1 1,33 2 5,67 1 1,4 2 5 1 1,29 2,14 5,29 

 

ɼʘʣʽ ʦʪʨʠʤʫʻʤʦ ʛʨʘʬʽʯʥʫ ʟʘʣʝʞʥʽʩʪʴ: 

  
ʈʠʩ. 3.  ʉʝʨʝʜʥʽʡ ʯʘʩ ʦʯʽʢʫʚʘʥʥʷ ʧʨʠ ʨʽʟʥʠʭ 

ʟʥʘʯʝʥʥʷʭ ʧʘʨʘʤʝʪʨʫ ʍʝʨʩʪʘ  

ɸʥʘʣʽʟʫʶʯʠ ʦʪʨʠʤʘʥʽ 

ʛʨʘʬʽʢʠ, ʤʦʞʥʘ ʟʨʦʙʠʪʠ 

ʟʘʛʘʣʴʥʠʡ ʚʠʩʥʦʚʦʢ, ʱʦ, 

ʷʢʱʦ ʥʝ ʚʨʘʭʦʚʫʚʘʪʠ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʫ ʩʪʫʧʝʥʽ 

ʩʘʤʦʧʦʜʽʙʥʦʩʪʽ ʪʨʘʬʽʢʫ, 

ʪʦʙʪʦ ʧʘʨʘʤʝʪʨ ʍʝʨʩʪʘ ʅ, 

ʪʦ ʥʝʤʦʞʣʠʚʦ ʘʜʝʢʚʘʪʥʦ 

ʧʨʝʜʩʪʘʚʠʪʠ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʜʣʷ 

ʟʘʜʦʚʦʣʝʥʥʷ ʷʢʦʩʪʽ 

ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʚ 

ʭʤʘʨʥʦʤʫ ʩʝʨʝʜʦʚʠʱʽ.  

 

 

ɺʠʩʥʦʚʢʠ. ɺ ʩʪʘʪʪʽ ʜʦʩʣʽʜʞʝʥʦ, ʷʢ ʟʤʽʥʠ ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ 

ʚʧʣʠʚʘʶʪʴ ʥʘ ʷʢʽʩʥʽ ʧʦʢʘʟʥʠʢʠ ʩʠʩʪʝʤʠ ʤʘʩʦʚʦʛʦ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ, ʢʦʣʠ ʤʘʻ 

ʤ̔ ʩʮʝ ʩʘʤʦʧʦʜʽʙʥʠʡ ʪʨʘʬʽʢ. ʉʘʤʦʧʦʜʽʙʥʽʩʪʴ ʦʧʠʩʫʻʪʴʩʷ ʧʘʨʘʤʝʪʨʦʤ ʍʝʨʩʪʘ ʚ 

ʽʥʪʝʨʚʘʣʽ ʚʽʜ 0.5 ʜʦ 1. 

ʄʝʪʦʜʠʢʠ ʟʥʘʭʦʜʞʝʥʥʷ ʟʥʘʯʝʥʴ ʧʘʨʘʤʝʪʨʽʚ ʷʢʦʩʪʽ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʚ 

ʉʄʆ ʜʦʩʣʽʜʞʝʥʦ ʟʘ ʜʦʧʦʤʦʛʦʶ ʬʦʨʤʫʣ ʃʽʪʪʣʘ,  ʷʢʠʡ ʻ ʦʜʥʠʤ ʽʟ 

ʦʩʥʦʚʦʧʦʣʦʞʥʠʢʽʚ ʪʝʦʨʽʾ ʤʘʩʦʚʦʛʦ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ. 
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ʅʘ ʛʨʘʬʽʢʘʭ ʟʦʙʨʘʞʝʥʘ ʟʘʣʝʞʥʽʩʪʴ ʩʝʨʝʜʥʴʦʛʦ ʯʘʩʫ ʚʽʜ ʽʥʪʝʥʩʠʚʥʦʩʪʽ 

ʥʘʚʘʥʪʘʞʝʥʥʷ ʧʨʠ ʧʝʚʥʠʭ ʟʥʘʯʝʥʥʷʭ ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʽ 

ʧʘʨʘʤʝʪʨʫ ʍʝʨʩʪʘ. ʄʦʞʥʘ ʧʦʤʽʪʠʪʠ, ʱʦ ʟʙʽʣʴʰʝʥʥʷ ʩʝʨʝʜʥʴʦʛʦ ʯʘʩʫ 

ʦʯʽʢʫʚʘʥʥʷ ʦʙʫʤʦʚʣʝʥʦ ʷʢ ʟʙʽʣʴʰʝʥʥʷʤ ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʥʘʚʘʥʪʘʞʝʥʥʷ, ʪʘʢ ʽ 

ʟʙʽʣʴʰʝʥʥʷʤ ʩʪʫʧʝʥʽ ʩʘʤʦʧʦʜʽʙʥʦʩʪʽ. ʇʨʠ Õ = 2 ʽ ʟʤʽʥʽ ʽʥʪʝʥʩʠʚʥʦʩʪʽ 

ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʚ ʜʽʘʧʘʟʦʥʽ ʚʽʜ 0,3 ʜʦ 0,75 ʦʪʨʠʤʘʥʽ ʨʝʟʫʣʴʪʘʪʠ ʜʝʤʦʥʩʪʨʫʶʪʴ  

ʟʤʽʥʫ ʟʥʘʯʝʥʥʷ ʩʝʨʝʜʥʴʦʛʦ ʯʘʩʫ ʟʤʽʥʶʻʪʴʩʷ ʚʽʜ 0,2 ʜʦ 1,5 ʧʨʠ ʥʘʡʧʨʦʩʪʽʰʦʤʫ 

ʧʦʪʦʮʽ (ʅ = 0,5) ʪʘ ʚʽʜ 1,4 ʜʦ 8,4 ʧʨʠ ʩʘʤʦʧʦʜʽʙʥʦʩʪʽ ʟ ʧʘʨʘʤʝʪʨʦʤ ʍʝʨʩʪʘ ʅ = 

0,8. ʇʨʠ ɟ = 0,3, ʨʦʟʙʽʞʥʽʩʪʴ ʚ ʯʘʩʽ ʦʯʽʢʫʚʘʥʥʷ ʜʦʩʷʛʘʻ 7, ʘ ʧʨʠ ɟ = 0,7 

ʨʦʟʙʽʞʥʽʩʪʴ ʟʥʘʯʝʥʴ ʜʦʩʷʛʘʻ 5,4.  

ʆʪʞʝ, ʚ ʨʘʟʽ ʽʛʥʦʨʫʚʘʥʥʷ ʬʘʢʪʦʨʫ ʩʘʤʦʧʦʜʽʙʥʦʩʪʽ ʩʠʩʪʝʤʘ 

ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʥʝ ʙʫʜʝ ʚʽʜʧʦʚʽʜʘʪʠ ʦʯʽʢʫʚʘʥʠʤ ʧʘʨʘʤʝʪʨʘʤ, ʱʦ ʤʦʞʝ 

ʧʨʠʟʚʝʩʪʠ ʜʦ ʩʫʪʪʻʚʦʾ ʧʦʤʠʣʢʠ ʫ ʚʠʟʥʘʯʝʥʥʽ ʢʽʣʴʢʽʩʥʠʭ ʟʥʘʯʝʥʴ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʉʄʆ, ʥʝʦʙʭʽʜʥʠʭ ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʧʦʪʨʽʙʥʦʾ ʷʢʦʩʪʽ 

ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʢʦʨʠʩʪʫʚʘʯʽʚ. 
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ESTIMATION  OF POTENTIAL  POSSIBILITIES   

FOR 5G MOBILE  NETWORKS RADIOCHANNELS  

 
The report is devoted to results of studies such key indicators (KPI) of the 5G mobile 

radio access network (IMT-2020), as the bandwidth of radio channels, delay and spectral 

efficiency. The 5G radio network uses the modern technologies such as OFDM with subcarrier 

modulation from BPSK to QAM256, antenna systems based on the principle of massive MIMO 

and with the function of beamforming in the direction of user concentration, interference-

resistant coding and other techniques used in modern digital radio systems. The purpose of the 

research was trying to find the potential possibilities of the 5G radio channel concerning 

bandwidth, delay and spectral efficiency. 

ɼʦʧʦʚʽʜʴ ʧʨʠʩʚʷʯʝʥʘ ʨʝʟʫʣʴʪʘʪʘʤ ʜʦʩʣʽʜʞʝʥʴ ʪʘʢʠʭ ʢʣʶʯʦʚʠʭ ʧʦʢʘʟʥʠʢʽʚ (ʂʈɯ) 

ʤʝʨʝʞʽ ʨʘʜʽʦʜʦʩʪʫʧʫ ʤʦʙʽʣʴʥʦʛʦ ʟʚôʷʟʢʫ 5G (IMT-2020), ʷʢ ʧʝʨʝʧʫʩʢʥʘ ʟʜʘʪʥʽʩʪʴ 

ʨʘʜʽʦʢʘʥʘʣʽʚ, ʟʘʪʨʠʤʢʘ ʪʘ ʩʧʝʢʪʨʘʣʴʥʘ ʝʬʝʢʪʠʚʥʽʩʪʴ. ɺ ʨʘʜʽʦʤʝʨʝʞʽ 5G ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ 

ʪʘʢʽ ʥʦʚʽʪʥʽ ʪʝʭʥʦʣʦʛʽʾ ʷʢ OFDM ʟ ʤʦʜʫʣʷʮʽʶ ʧʽʜʥʝʩʫʯʠʭ ʚʽʜ BPSK ʜʦ QAM256, ʘʥʪʝʥʥʽ 

ʩʠʩʪʝʤʠ ʟʘ ʧʨʠʥʮʠʧʦʤ ʤʘʩʠʚʥʠʭ MIMO ʪʘ ʟ ʬʫʥʢʮʽʻʶ ʬʦʨʤʫʚʘʥʥʷ ʧʨʦʤʝʥʽʚ ʫ ʥʘʧʨʷʤʢʫ 

ʢʦʥʮʝʥʪʨʘʮʽʾ ʢʦʨʠʩʪʫʚʘʯʽʚ, ʟʘʚʘʜʦʩʪʽʡʢʝ ʢʦʜʫʚʘʥʥʷ  ʪʘ ʽʥʰʽ ʪʝʭʥʽʢʠ, ʷʢʽ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ 

ʚ ʩʫʯʘʩʥʠʭ ʮʠʬʨʦʚʠʭ ʨʘʜʽʦʩʠʩʪʝʤʘʭ. ʄʝʪʦʶ ʜʦʩʣʽʜʞʝʥʴ ʙʫʣʦ ʥʘʤʘʛʘʥʥʷ ʟʥʘʡʪʠ 

ʧʦʪʝʥʮʽʡʥʽ ʤʦʞʣʠʚʦʩʪʽ ʨʘʜʽʦʢʘʥʘʣʽʚ ʤʝʨʝʞʽ 5G ʚʽʜʥʦʩʥʦ ʧʝʨʝʧʫʩʢʥʦʾ ʟʜʘʪʥʦʩʪʽ, ʟʘʪʨʠʤʢʠ 

ʪʘ ʩʧʝʢʪʨʘʣʴʥʦʾ ʝʬʝʢʪʠʚʥʦʩʪʽ.  

 

ʉʪʚʦʨʝʥʥʷ ʨʘʜʽʦʢʘʥʘʣʽʚ ʚ ʤʝʨʝʞʽ ʤʦʙʽʣʴʥʦʛʦ ʟʚôʷʟʢʫ 5G ʚʽʜʙʫʚʘʻʪʴʩʷ ʟʘ 

ʨʘʭʫʥʦʢ ʚʠʢʦʨʠʩʪʘʥʥʷ ʩʫʯʘʩʥʠʭ ʪʝʭʥʦʣʦʛʽʡ ʪʘʢʠʭ ʷʢ OFDM ʪʘ massive 

MIMO. ʊʘʢʦʞ ʦʧʪʠʤʽʟʦʚʘʥʽ ʬʨʝʡʤʠ ʪʘ ʚʜʦʩʢʦʥʘʣʝʥʠʡ ʨʦʟʧʦʜʽʣ ʯʘʩʪʦʪʥʦ-

ʯʘʩʦʚʠʭ ʨʝʩʫʨʩʽʚ ʷʢ ʥʘ Downlink, ʪʘʢ ʽ ʥʘ Uplink. ɺʩʝ ʮʝ ʚʽʜʦʙʨʘʞʝʥʦ ʫ 

ʩʧʝʮʠʬʽʢʘʮʽʾ ʨʘʜʽʦʽʥʪʝʨʬʝʡʩʫ 5G-NR (5G - New Radio). ʉʝʨʝʜ ʢʣʶʯʦʚʠʭ 

ʧʦʢʘʟʥʠʢʽʚ ʷʢʦʩʪʽ ʨʘʜʽʦʢʘʥʘʣʽʚ ʟʥʘʯʫʱʠʤʠ ʻ  ʧʽʢʦʚʘ ʰʚʠʜʢʽʩʪʴ ʧʝʨʝʜʘʯʽ, 

ʟʘʪʨʠʤʢʘ ʪʘ ʩʧʝʢʪʨʘʣʴʥʘ ʝʬʝʢʪʠʚʥʽʩʪʴ. ʊʦʤʫ ʜʦʩʣʽʜʞʝʥʥʷ ʧʨʦʚʦʜʠʣʠʩʴ ʩʘʤʝ 

ʜʣʷ ʮʠʭ ʧʦʢʘʟʥʠʢʽʚ. 

ʗʢ ʨʝʢʦʤʝʥʜʦʚʘʥʦ ʚ [1], ʦʮʽʥʦʯʥʠʡ ʨʦʟʨʘʭʫʥʦʢ ʧʽʢʦʚʦʾ ʰʚʠʜʢʦʩʪʽ ʚ 

ʥʘʧʨʷʤʢʫ Downlink ʤʦʞʝ ʧʨʦʚʦʜʠʪʠʩʴ ʟʘ ʬʦʨʤʫʣʦʶ:  
 

, (1) 

 

ʜʝ: J ï ʢʽʣʴʢʽʩʪʴ ʘʛʨʝʛʦʚʘʥʠʭ ʢʦʤʧʦʥʝʥʪʥʠʭ ʥʝʩʫʯʠʭ ʫ ʩʤʫʟʽ ʯʘʩʪʦʪ ʘʙʦ 

ʢʦʤʙʽʥʘʮʽʾ ʩʤʫʛ (ʤʘʢʩʠʤʫʤ 16);  = 948/1024 - ʤʘʢʩʠʤʘʣʴʥʘ ʚʽʜʥʦʩʥʘ 

ʰʚʠʜʢʽʩʪʴ ʟʘʚʘʜʦʩʪʽʡʢʦʛʦ ʢʦʜʫʚʘʥʥʷ LDPC;  ï ʤʘʢʩʠʤʘʣʴʥʘ ʢʽʣʴʢʽʩʪʴ 
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ʧʦʪʦʢʽʚ ʚʽʜ ʧʝʨʝʜʘʚʘʯʘ ʙʘʟʦʚʦʾ ʩʪʘʥʮʽʾ gNB ʫ ʥʘʧʨʷʤʢʫ ʪʝʨʤʽʥʘʣʽʚ 

ʢʦʨʠʩʪʫʚʘʯʽʚ;  ï ʢʨʘʪʥʽʩʪʴ ʤʦʜʫʣʷʮʽʾ QAM;  = 1; 0,8; 0,75; 0,4 ï 

ʤʘʩʰʪʘʙʫʶʯʠʡ ʢʦʝʬʽʮʽʻʥʪ;  = 0; 1; 2; 3 ï ʥʦʤʝʨ ʩʤʫʛʠ ʯʘʩʪʦʪ ʦʜʥʽʻʾ 

ʧʽʜʥʝʩʫʯʦʾ ï 15, 30, 60,  

120 ʢɻʮ, ʚʽʜʧʦʚʽʜʥʦ;    - ʩʝʨʝʜʥʷ ʪʨʠʚʘʣʽʩʪʴ ʩʠʤʚʦʣʫ OFDM ʫ 

ʩʫʙʢʘʜʨʽ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʥʦʤʝʨʫ ʩʤʫʛʠ ʯʘʩʪʦʪ ʦʜʥʽʻʾ ʧʽʜʥʝʩʫʯʦʾ;  ï 

ʤʘʢʩʠʤʘʣʴʥʘ ʢʽʣʴʢʽʩʪʴ ʨʝʩʫʨʩʥʠʭ ʙʣʦʢʽʚ ʫ ʩʤʫʟʽ ʯʘʩʪʦʪ, ʱʦ 

ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ; ʆʅ ï ʯʘʩʪʢʘ ʯʘʩʫ, ʷʢʘ ʚʠʪʨʘʯʘʻʪʴʩʷ ʥʘ ʩʣʫʞʙʦʚʽ ʜʘʥʽ ʫ 

ʥʘʧʨʷʤʢʫ Downlink. ʆʅ = 0,14 ʜʣʷ ʜʽʘʧʘʟʦʥʫ FR1 (450é6000 ʄɻʮ) ʪʘ 0,18 ï 

ʜʣʷ ʜʽʘʧʘʟʦʥʫ FR2 (24250é 

52600 ʄɻʮ).  

ʂʽʣʴʢʽʩʪʴ ʨʝʩʫʨʩʥʠʭ ʙʣʦʢʽʚ, ʱʦ ʤʦʞʫʪʴ ʙʫʪʠ ʚʠʢʦʨʠʩʪʘʥʽ ʚ ʩʤʫʟʽ 

ʯʘʩʪʦʪ,  ʟʘʣʝʞʠʪʴ ʚʽʜ ʩʤʫʛʠ ʯʘʩʪʦʪ ʦʜʥʽʻʾ ʧʽʜʥʝʩʫʯʦʾ (SCS ï Subcarrier Channel 

Space) ʪʘ ʟʘʛʘʣʴʥʦʾ ʩʤʫʛʠ ʯʘʩʪʦʪ [2]. 

ɿʘ ʬʦʨʤʫʣʦʶ (1) ʚʠʢʦʥʘʥʽ ʨʦʟʨʘʭʫʥʢʠ ʤʘʢʩʠʤʘʣʴʥʦʾ ʧʽʢʦʚʦʾ ʰʚʠʜʢʦʩʪʽ 

ʜʣʷ ʤʘʢʩʠʤʘʣʴʥʦʾ ʢʨʘʪʥʦʩʪʽ ʤʦʜʫʣʷʮʽʾ QAM256, ʷʢʘ ʜʦʨʽʚʥʶʻ 8, ʄɯʄʆ 8ʭ8, 

ʨʽʟʥʠʭ ʩʤʫʛ ʧʽʜʥʝʩʫʯʦʾ ʪʘ ʟʘʛʘʣʴʥʠʭ ʩʤʫʛ ʯʘʩʪʦʪ, ʱʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʚ 

ʤʝʨʝʞʽ. ʈʝʟʫʣʴʪʘʪʠ ʨʦʟʨʘʭʫʥʢʽʚ ʥʘʚʝʜʝʥʽ ʫ ʚʠʛʣʷʜʽ ʛʨʘʬʽʢʽʚ ʥʘ ʨʠʩ. 1.  
 

 
 

ʈʠʩ. 1. ɿʘʣʝʞʥʽʩʪʴ ʤʘʢʩʠʤʘʣʴʥʦʾ ʧʽʢʦʚʦʾ ʰʚʠʜʢʦʩʪʽ (ʄʙʽʪ/ʩ)  

ʜʣʷ QAM256 ʚʽʜ ʩʤʫʛʠ ʧʽʜʥʝʩʫʯʦʾ ʪʘ ʟʘʛʘʣʴʥʦʾ ʩʤʫʛʠ ʯʘʩʪʦʪ. 

 

 ʄʘʢʩʠʤʘʣʴʥʘ ʧʽʢʦʚʘ ʰʚʠʜʢʽʩʪʴ ʧʝʨʝʜʘʯʽ ʩʪʘʥʦʚʠʪʴ 275 ɻʙʽʪ/ʩ ʽ 

ʜʦʩʷʛʘʻʪʴʩʷ ʧʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ ʩʤʫʛʠ ʧʽʜʥʝʩʫʯʦʾ 120 ʢɻʮ, ʢʽʣʴʢʦʩʪʽ ʧʽʜʥʝʩʫʯʠʭ 

16 ʽ ʟʘʛʘʣʴʥʽʡ ʩʤʫʟʽ ʯʘʩʪʦʪ ʫ 400 ʄɻʮ. 

 ɿʘʪʨʠʤʢʘ ʚ ʧʝʨʝʜʘʯʽ ʜʣʷ ʧʣʦʱʠʥʠ ʢʦʨʠʩʪʫʚʘʯʘ (UPL) ʚʠʟʥʘʯʘʻʪʴʩʷ ʷʢ 

ʟʘʪʨʠʤʢʘ ʧʨʠ ʧʝʨʝʜʘʯʽ ʜʘʥʠʭ ʤʽʞ gNB ʽ UE (User Equipment), ʪʦʙʪʦ ʯʘʩ ʚʽʜ 

ʤʦʤʝʥʪʫ ʧʝʨʝʜʘʯʽ IP-ʧʘʢʝʪʫ, ʜʦ ʤʦʤʝʥʪʫ ʢʦʣʠ ʧʨʠʡʤʘʯ ʫʩʧʽʰʥʦ ʧʨʠʡʤʘʻ  

IP-ʧʘʢʝʪ ʽ ʜʦʩʪʘʚʣʷʻ ʧʘʢʝʪ ʥʘ ʚʝʨʭʥʽʡ ʨʽʚʝʥʴ. ɼʣʷ ʨʦʟʨʘʭʫʥʢʫ ʟʘʪʨʠʤʢʠ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʘʩʴ ʤʝʪʦʜʠʢʘ ʪʘ ʤʦʜʝʣʴ, ʱʦ ʥʘʚʝʜʝʥʘ ʚ [3]. ʄʦʜʝʣʴ ʜʣʷ 

ʨʦʟʨʘʭʫʥʢʫ ʥʘʚʝʜʝʥʘ ʨʠʩ. 2.  
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ʈʠʩ. 2. ʄʦʜʝʣʴ ʜʣʷ ʨʦʟʨʘʭʫʥʢʫ ʟʘʪʨʠʤʢʠ. 

 

ɿʘʪʨʠʤʢʘ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʟʘʪʨʠʤʢʠ ʧʝʨʝʜʘʯʽ (Ű1), ʟʘʧʠʪʫ 

HARQ (Hybrid Automatic Repeat Request) (Ű2) ʽ ʧʦʚʪʦʨʥʦʾ ʧʝʨʝʜʘʯʽ (Ű3) ʤʽʞ 

ʦʙʦʤʘ ʦʙôʻʢʪʘʤʠ. ʏʘʩ ʟʘʪʨʠʤʢʠ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʥʘʚʝʜʝʥʦʾ ʤʦʜʝʣʽ ʤʦʞʥʘ 

ʚʠʟʥʘʯʠʪʠ ʟʘ ʬʦʨʤʫʣʦʶ: 

, 

ʜʝ:  - ʚʽʨʦʛʽʜʥʽʩʪʴ ʧʦʚʪʦʨʥʦʾ ʧʝʨʝʜʘʯʽ; ; 

 - ʪʨʠʚʘʣʽʩʪʴ ʦʙʨʦʙʢʠ ʧʘʢʝʪʽʚ ʚ ʙʘʟʦʚʽʡ 

ʩʪʘʥʮʽʾ; tFA1 - ʯʘʩ, ʥʝʦʙʭʽʜʥʠʡ ʜʣʷ ʚʠʨʽʚʥʶʚʘʥʥʷ ʢʘʜʨʫ ʘʙʦ ʯʘʩ ʦʯʽʢʫʚʘʥʥʷ 

ʥʘʩʪʫʧʥʦʛʦ ʜʦʩʪʫʧʥʦʛʦ DL (Down Link) ʩʣʦʪʫ;  tTTI - ʯʘʩ ʧʝʨʝʜʘʯʽ ʜʘʥʠʭ;  

tUE,rx - ʯʘʩ ʦʙʨʦʙʢʠ ʚ UE. 

ʄʽʥʽʤʘʣʴʥʘ ʟʘʪʨʠʤʢʘ ʚʽʜʧʦʚʽʜʘʻ  =0 ʽ ʟʘʣʝʞʠʪʴ ʚʽʜ ʩʤʫʛʠ ʯʘʩʪʦʪ 

ʧʽʜʥʝʩʫʯʦʾ. ʈʦʟʨʘʭʫʥʢʠ ʜʘʶʪʴ ʥʘʩʪʫʧʥʽ ʨʝʟʫʣʴʪʘʪʠ ʜʣʷ ʨʽʟʥʠʭ SCS: 15ʢɻʮ ï 

1,8ʤʩ; 30 ʢɻʮ ï 1,91ʤʩ; 60ʢɻʮ ï 2,08ʤʩ. 

 ʇʽʢʦʚʘ ʩʧʝʢʪʨʘʣʴʥʘ ʝʬʝʢʪʠʚʥʽʩʪʴ ʤʦʞʝ ʙʫʪʠ ʨʦʟʨʘʭʦʚʘʥʦʶ ʟʘ 

ʥʘʩʪʫʧʥʦʶ ʬʦʨʤʫʣʦʶ:  

, 

ʜʝ:  ï ʧʽʢʦʚʘ ʰʚʠʜʢʽʩʪʴ ʧʝʨʝʜʘʯʽ;  ï ʢʦʝʬʽʮʽʻʥʪ ʚʠʢʦʨʠʩʪʘʥʥʷ ʯʘʩʪʦʪʥʠʭ 

ʨʝʩʫʨʩʽʚ;  ï ʩʤʫʛʘ ʯʘʩʪʦʪ, ʱʦ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʚ ʤʝʨʝʞʽ. 

 ʈʝʟʫʣʴʪʘʪʠ ʨʦʟʨʘʭʫʥʢʽʚ  ʫ ʙʽʪ/ʩ/ɻʮ ʥʘʚʝʜʝʥʽ ʚ ʪʘʙʣʠʮʽ: 

 
 ʉʤʫʛʘ DL- 25 ʄɻʮ ʉʤʫʛʘ DL- 50 ʄɻʮ 

ɼʽʘʧʘʟʦʥ 

FR1 

ʐʠʨʠʥʘ 

ʩʧʝʢʪʨʫ 

ʧʽʜʥʝʩʫʯʦʾ 

 SISO 

(ʙʝʟ MIMO) 

 MIMO 

 

 SISO 

(ʙʝʟ ʄɯʄʆ) 

 MIMO 

15 5,7 45,5 5,8 46,2 

30 5,6 44,5 5,7 45,5 

60 5,3 42,5 5,6 44,5 

 

ʃʽʪʝʨʘʪʫʨʘ 

 

1. 3GPP TS 38.306 version 15.15.0 Release 15. 5G; NR; User Equipment (UE) radio access 

capabilities ï 2021. 

2. 3GPP TS 38.101-1 version 15.5.0 Release 15. 5G; NR; User Equipment (UE) radio 

transmission and reception ï 2019. 

3. 3GPP TR 37.910 version 16.1.0 Release 16. 5G; Study on self-evaluation towards IMT-2020 

submission ï 2020. 
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ʋɼʂ 621.39 

ʉʊʈʋʂʊʋʈʀ ʆʇʊʀʏʅʀʍ ʉɽʂʎɯʁ ʃɯʅɯʁʅʀʍ  

ʊʈɸʂʊɯɺ ɺʆʉʇ ʉʋ ɯɿ ɻʈɸʅʀʏʅʆ ʄɯʅɯʄɸʃʔʅʀʄ OSNR 

 

ɹʝʨʜʥʠʢʦʚ ʆ.ʄ. 

ɯʥʩʪʠʪʫʪ ʩʧʝʮʽʘʣʴʥʦʛʦ ʟʚôʷʟʢʫ ʪʘ ʟʘʭʠʩʪʫ  

ʽʥʬʦʨʤʘʮʽʾ ʂʇɯ ʽʤ. ɯʛʦʨʷ ʉʽʢʦʨʩʴʢʦʛʦ, ʋʢʨʘʾʥʘ 

E-mail: 2507bom@gmail.com 

 
OPTICAL SECTIONS LINEAR PATHS STRUCTURES  

OF FOTS WDM WITH EXTREMELY MINIMAL OSNR  

 

Improvement of the optical signal / noise ratio (OSNR) coefficient in each optical path 

formed by the VOSP SU is possible due to the reduction of amplifiers of intermediate points of 

the linear path. The results of long optical sections of OASs transformation that meet the 

requirements of ITU-T Rec. G.692 on the working attenuation of amplification sections and the 

sections length on which it is possible to obtain the minimum limit OSNR are provided. 

 

ʆʩʪʘʥʥʽ ʜʝʩʷʪʠʣʽʪʪʷ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴʩʷ ʷʚʥʦ ʚʠʨʘʞʝʥʠʤ ʧʨʦʮʝʩʦʤ 

ʽʥʪʝʛʨʘʮʽʾ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʩʠʩʪʝʤ ʪʘ ʪʝʣʝʢʦʤʫʥʽʢʘʮʽʡʥʠʭ ʪʝʭʥʦʣʦʛʽʡ, ʱʦ ʫ 

ʪʝʧʝʨʽʰʥʴʦʤʫ ʯʘʩʽ ʧʦʚôʷʟʘʥʠʡ ʟ ʮʠʬʨʦʚʽʟʘʮʽʻʶ ʩʫʩʧʽʣʴʩʪʚʘ, ʟʦʢʨʝʤʘ, ʚ 

ʋʢʨʘʾʥʽ, ʷʢʘ ʩʪʨʽʤʢʦ ʧʽʜʚʠʱʫʻ ʩʚʦʾ ʧʦʟʠʮʽʾ, ʚ ʪʦʤʫ ʯʠʩʣʽ ʥʘ digital-ʣʘʥʜʰʘʬʪʽ 

ɭʚʨʦʧʠ. ʈʝʘʣʽʟʘʮʽʷ ʮʴʦʛʦ ʧʨʦʮʝʩʫ ʚʠʤʘʛʘʻ ʥʝʫʭʠʣʴʥʦʛʦ ʟʙʽʣʴʰʝʥʥʷ 

ʧʨʦʧʫʩʢʥʦʾ ʩʧʨʦʤʦʞʥʦʩʪʽ ʅʘʮʽʦʥʘʣʴʥʦʾ ʪʝʣʝʢʦʤʫʥʽʢʘʮʽʡʥʦʾ ʤʝʨʝʞʽ ʋʢʨʘʾʥʠ 

(ʅʊʄʋ), ʧʽʜʚʠʱʝʥʥʷ ʾʾ ʛʥʫʯʢʦʩʪʽ, ʟʘʙʝʟʧʝʯʝʥʥʷ ʝʬʝʢʪʠʚʥʦʾ ʤʘʨʰʨʫʪʠʟʘʮʽʾ 

ʧʨʠ ʧʝʨʝʜʘʯʽ ʪʝʢʩʪʦʚʦʾ ʪʘ ʤʦʚʥʦʾ ʽʥʬʦʨʤʘʮʽʾ, ʨʫʭʦʤʠʭ ʽ ʥʝʨʫʭʦʤʠʭ ʚʽʟʫʘʣʽʚ, 

ʽʥʰʠʭ ʤʫʣʴʪʠʤʝʜʽʡʥʠʭ ʧʦʩʣʫʛ. ʉʝʨʝʜ ʦʩʥʦʚʥʠʭ ʢʦʤʧʦʥʝʥʪʽʚ ʅʊʄʋ, ʱʦ 

ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʚʽʜʧʦʚʽʜʘʶʪʴ ʟʘ ʧʨʦʧʫʩʢʥʫ ʩʧʨʦʤʦʞʥʽʩʪʴ ʤʝʨʝʞʽ, ʻ ʦʧʪʠʯʥʠʡ 

ʩʝʛʤʝʥʪ ʪʨʘʥʩʧʦʨʪʥʦʾ ʧʣʘʪʬʦʨʤʠ, ʷʢʠʡ ʩʬʦʨʤʦʚʘʥʦ ʪʝʣʝʢʦʤʫʥʽʢʘʮʽʡʥʠʤʠ 

ʪʨʘʥʩʧʦʨʪʥʠʤʠ ʩʠʩʪʝʤʘʤʠ (ʊʊʉ). ɯʥʪʝʛʨʘʣʴʥʦʶ ʦʮʽʥʢʦʶ ʪʘʢʠʭ ʩʠʩʪʝʤ ʷʢ ʨʘʟ 

ʻ ʧʨʦʧʫʩʢʥʘ ʩʧʨʦʤʦʞʥʽʩʪʴ, ʱʦ ʚʠʟʥʘʯʘʻʪʴʩʷ ʰʚʠʜʢʽʩʪʶ ʪʘ ʜʘʣʴʥʽʩʪʶ 

ʧʝʨʝʜʘʯʽ ʣʽʥʽʡʥʦʛʦ ʩʠʛʥʘʣʫ. ɺ ʷʢʦʩʪʽ ʊʊʉ ʥʘ ʪʝʣʝʢʦʤʫʥʽʢʘʮʽʡʥʠʭ 

ʪʨʘʥʩʧʦʨʪʥʠʭ ʤʝʨʝʞʘʭ ʽ ʤʝʨʝʞʘʭ ʜʦʩʪʫʧʫ ʱʝ ʟ ʢʽʥʮʷ ʤʠʥʫʣʦʛʦ ʩʪʦʣʽʪʪʷ 

ʫʩʧʽʰʥʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʚʦʣʦʢʦʥʥʦ-ʦʧʪʠʯʥʽ ʩʠʩʪʝʤʠ ʧʝʨʝʜʘʚʘʥʥʷ (ɺʆʉʇ). 

ɿʘ ʮʝʡ ʧʝʨʽʦʜ ʚʦʥʠ ʟʘʟʥʘʣʠ ʧʦʤʽʪʥʦʾ ʪʨʘʥʩʬʦʨʤʘʮʽʾ ʚ ʙʽʢ ʟʙʽʣʴʰʝʥʥʷ 

ʰʚʠʜʢʦʩʪʝʡ ʧʝʨʝʜʘʯʽ ʩʠʛʥʘʣʽʚ ʚ ʦʧʪʠʯʥʠʭ ʣʽʥʽʡʥʠʭ ʪʨʘʢʪʘʭ (ʆʃʊ) ɺʆʉʇ. 

ʗʢʱʦ ʧʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ ʢʘʥʘʣʦʫʪʚʦʨʶʶʯʦʾ ʘʧʘʨʘʪʫʨʠ (ʂʋɸ) ʧʣʝʟʽʦʭʨʦʥʥʦʾ 

ʮʠʬʨʦʚʦʾ ʽʻʨʘʨʭʽʾ ʚʦʥʘ ʩʪʘʥʦʚʠʣʘ ʜʝʩʷʪʢʠ ʽ ʩʦʪʥʽ ʤʝʛʘʙʽʪ ʚ ʩʝʢʫʥʜʫ, ʧʨʠ 

ʧʝʨʝʭʦʜʽ ʜʦ ʂʋɸ ʩʠʥʭʨʦʥʥʦʾ ʮʠʬʨʦʚʦʾ ʽʻʨʘʨʭʽʾ  ï 10 ʽ 40 ɻʙʽʪ / ʩ. ɺ ʪʝʧʝʨʽʰʥʽʡ 

ʯʘʩ ʰʚʠʜʢʦʩʪʽ ʧʝʨʝʜʘʯʽ ʩʠʛʥʘʣʽʚ ʚ ʆʃʊ, ʱʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʪʝʭʥʦʣʦʛʽʶ 

ʩʧʝʢʪʨʘʣʴʥʦʛʦ ʫʱʽʣʴʥʝʥʥʷ (ʉʋ) (WDM ï Wavelength Division Multiplexing / 

WDʄ) ʪʽʣʴʢʠ ʜʣʷ ʉ-ʜʽʘʧʘʟʦʥʫ ʜʦʚʞʠʥʠ ʭʚʠʣʴ (ʥʘʡʙʽʣʴʰ ʚʠʢʦʨʠʩʪʦʚʫʚʘʥʠʡ ʚ 

ʋʢʨʘʾʥʽ) ʩʢʣʘʜʘʶʪʴ ʪʝʨʘʙʽʪʠ ʚ ʩʝʢʫʥʜʫ [1, 2]. ʆʧʪʠʯʥʠʡ ʩʝʛʤʝʥʪ ʪʨʘʥʩʧʦʨʪʥʦʾ 

ʧʣʘʪʬʦʨʤʠ ʅʊʄʋ ʩʬʦʨʤʦʚʘʥʦ ɺʆʉʇ, ʱʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʪʝʭʥʦʣʦʛʽʶ 

ʩʧʝʢʪʨʘʣʴʥʦʛʦ ʫʱʽʣʴʥʝʥʥʷ (ɺʆʉʇ ʉʋ). ʊʘʢʽ ɺʆʉʇ ʉʋ ʤʘʶʪʴ ʢʣʘʩʠʯʥʫ 

ʩʪʨʫʢʪʫʨʫ ʙʫʜʦʚʠ ʊʊʉ, ʷʢʘ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʦʙʣʘʜʥʘʥʥʷ ʢʽʥʮʝʚʠʭ (ʂʇ) ʪʘ 
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ʧʨʦʤʽʞʥʠʭ ʧʫʥʢʪʽʚ (ʇʇ), ʱʦ ʟôʻʜʥʘʥʽ ʦʜʥʦʤʦʜʦʚʠʤʠ ʦʧʪʠʯʥʠʤʠ ʚʦʣʦʢʥʘʤʠ 

(ʆʆɺ) ʦʧʪʠʯʥʠʭ ʢʘʙʝʣʽʚ (ʆʂ) ʨʠʩ. 1. 

ʆʙʣʘʜʥʘʥʥʷ ʢʽʥʮʝʚʠʭ ʧʫʥʢʪʽʚ (ʂʇ) ʬʦʨʤʫʻʪʴʩʷ ʟ ʦʧʪʠʯʥʠʭ, ʬʦʪʦʥʥʠʭ 

ʣʽʥʽʡʥʠʭ ʪʝʨʤʽʥʘʣʽʚ (PLTs ï Photon Line Terminals), ʘ ʧʨʦʤʽʞʥʠʭ ʧʫʥʢʪʽʚ 

(ʇʇ) ʟ ʦʧʪʠʯʥʠʭ ʣʽʥʽʡʥʠʭ ʧʽʜʩʠʣʶʚʘʯʽʚ (OLAs ï Optical Line Amplifiers), ʷʢʽ 

ʩʢʣʘʜʘʶʪʴ ʦʧʪʠʯʥʠʡ, ʬʦʪʦʥʥʠʡ ʣʽʥʽʡʥʠʡ ʪʨʘʢʪ (PLP ï Photon Line Path). 

ʆʩʥʦʚʥʠʤʠ ʧʨʠʩʪʨʦʷʤʠ ʪʝʨʤʽʥʘʣʘ PLT  ̒ ʦʧʪʠʯʥʽ ʤʫʣʴʪʠʧʣʝʢʩʦʨ ʽ 

ʜʝʤʫʣʴʪʠʧʣʝʢʩʦʨ (Optical Multiplexer  ̔ Demultiplexer (OMX  ̔ ODMX)) ʪʘ 

ʧʽʜʩʠʣʶʚʘʯʽ ï ʦʧʪʠʯʥʠʡ ʙʫʩʪʝʨ (ʆɺ ï Optical Booster) ʥʘ ʧʝʨʝʜʘʯʽ ʡ ʦʧʪʠʯʥʠʡ 

ʧʝʨʝʜʧʽʜʩʠʣʶʚʘʯ (OP ï Optical PreAmplifier) ʥʘ ʧʨʠʡʦʤʽ [1]. 

 
ʈʠʩ. 1. 

ʂʣʶʯʦʚʘ ʦʩʦʙʣʠʚʽʩʪʴ ɺʆʇ ʚ ʪʦʤʫ, ʱʦ ʚʦʥʠ ʻ ʰʠʨʦʢʦʩʤʫʛʦʚʠʤʠ (ʐʉʄ) 

ʘʙʦ ʥʘʜʰʠʨʦʢʦʩʤʫʛʦʚʠʤʠ ʧʽʜʩʠʣʶʚʘʯʘʤʠ. ʐʉʄ ɺʆʇ ʧʨʘʮʶʶʪʴ, ʥʘʧʨʠʢʣʘʜ, 

ʫ C- ʘʙʦ L- ʜʽʘʧʘʟʦʥʽ ʜʦʚʞʠʥ ʭʚʠʣʴïɚ ʪʘ ʧʦʩʠʣʶʶʪʴ ʤʫʣʴʪʠʧʣʝʢʩʥʠʡ 

ʦʧʪʠʯʥʠʡ ʩʠʛʥʘʣ ɚ1+2+3+é+N ʫ ʜʽʘʧʘʟʦʥʽ 4é5 ʊɻʮ ʟ ʥʝʨʽʚʥʦʤʽʨʥʽʩʪʶ ɸʍʍ ʥʝ 

ʙʽʣʴʰʝ Ñ 1 ʜɹ. ʆʜʥʘʢ, ɺʆʇ ñʰʫʤʣʷʪʴò ʪʦʙʪʦ, ʟʜʽʡʩʥʶʶʯʠ ʧʦʩʠʣʝʥʥʷ 

ʤʫʣʴʪʠʧʣʝʢʩʥʦʛʦ ʩʠʛʥʘʣʫ ɚ1+2+3+é+N ʫ ʣʽʥʽʡʥʦʤʫ ʪʨʘʢʪʽ, ʚʦʥʠ ʚʥʦʩʷʪʴ 

ʜʦʜʘʪʢʦʚʠʡ ʰʫʤ, ʷʢʠʡ ʚʨʘʭʦʚʫʻʪʴʩʷ ʢʦʝʬʽʮʽʻʥʪʦʤ ʚʽʜʥʦʰʝʥʥʷ ʦʧʪʠʯʥʠʡ 

ʩʠʛʥʘʣ / ʰʫʤ (OSNR ï Optical Signal to Noise Ratio) ʫ ʢʦʞʥʦʤʫ ʦʧʪʠʯʥʦʤʫ 

ʪʨʘʢʪʽ (ʆʊʨ), ʱʦ ʫʪʚʦʨʝʥʠʡ ɺʆʉʇ ʉʋ. ʋ ɺʆʉʇ ʨʽʟʥʠʭ ʪʝʭʥʦʣʦʛʽʡ ʉʋ 

(DWDM, HDWDM, NWDM) ʪʝʩʪʫʚʘʥʥʷ ʟ ʢʦʝʬʽʮʽʻʥʪʘ ʧʦʤʠʣʦʢ ʧʦ ʙʽʪʘʭ (BER ï 

Bit Error Rate) ʧʨʦʚʦʜʠʪʴʩʷ ʜʣʷ ʢʦʞʥʦʛʦ ʫʪʚʦʨʝʥʦʛʦ ʆʊʨ. ʇʨʠ ʪʝʩʪʫʚʘʥʥʽ 

ʆʊʨ ʧʦ BER ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʦʜʥʦʟʥʘʯʥʫ ʬʫʥʢʮʽʦʥʘʣʴʥʫ ʟʘʣʝʞʥʽʩʪʴ BER=ű 

(ʉ/ʐ), ʜʝ ʢʦʝʬʽʮʽʻʥʪ ʧʦʤʠʣʦʢ ʻ ʬʫʥʢʮʽʻʶ BER ʪʦʙʪʦ ʚʽʜʥʦʰʝʥʥʷ OSNR 

ʧʦʪʫʞʥʦʩʪʽ ʩʠʛʥʘʣʫ (ʈʉ) ʜʦ ʧʦʪʫʞʥʦʩʪʽ ʰʫʤʫ (ʈʐ). ɼʣʷ ʜʚʽʡʢʦʚʠʭ ʮʠʬʨʦʚʠʭ 

ʩʠʛʥʘʣʽʚ ʪʘʢʦʶ ʬʫʥʢʮʽʻʶ ʻ ʬʫʥʢʮʽʷ ʂʨʘʤʧʘ, ʜʣʷ ʥʝʾ ʽʩʥʫʶʪʴ ʚʽʜʧʦʚʽʜʥʽ 

ʪʘʙʣʠʮʽ. ʊʦʜʽ, ʚʠʤʽʨ BER ʝʢʚʽʚʘʣʝʥʪʥʠʡ ʚʠʤʽʨʶʚʘʥʥʶ OSNR. ʊʦʤʫ, ʱʦʙ 

ʧʽʜʪʨʠʤʫʚʘʪʠ ʟʘʜʘʥʝ OSNR ʥʘ ʚʠʭʦʜʽ ʆʊʨ, ʱʦ ʫʪʚʦʨʶʻʪʴʩʷ, ʯʠʩʣʦ OLAs ʚ 

ʣʽʥʽʡʥʦʤʫ ʪʨʘʢʪʽ ʧʦʚʠʥʥʦ ʙʫʪʠ ʦʙʤʝʞʝʥʝ. 

ʅʘʡʙʣʠʞʯʽ ʧʫʥʢʪʠ PLP ʟôʻʜʥʘʥʽ ʩʪʘʥʜʘʨʪʠʟʦʚʘʥʠʤʠ ʜʽʣʷʥʢʘʤʠ 

ʧʦʩʠʣʝʥʥʷ (ɼʇ) ʟ ʦʧʪʠʯʥʠʭ ʚʦʣʦʢʦʥ ʨʽʟʥʠʭ ʪʠʧʽʚ ʟ ʜʦʚʞʠʥʘʤʠ ǎɼʇ, ʢʤ ʨʠʩ. 1. 

ʊʘʢʽ ɼʇ ʯʝʨʝʟ ʆʆɺ ʆʂ ʟôʻʜʥʫʶʪʴ ʚʢʘʟʘʥʽ ʝʣʝʤʝʥʪʠ ʣʽʥʽʡʥʠʭ ʪʨʘʢʪʽʚ. ʋ 

ɺʆʉʇ ʉʋ ʜʣʷ ʧʦʙʫʜʦʚʠ ʾʭ PLPs ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ ʚʩʽ ʪʨʠ ʛʨʫʧʠ ʪʠʧʽʚ ʆʆɺ: 

SF, DSF ʠ NZDSF. 

ʉʫʢʫʧʥʽʩʪʴ ʜʝʢʽʣʴʢʦʭ ɼʇ ʩʢʣʘʜʘʶʪʴ ʦʧʪʠʯʥʫ ʩʝʢʮʽʶ ʧʦʩʠʣʝʥʥʷ (OAS ï 

Optical Amplifier Section) ï ʮʝ ʯʘʩʪʠʥʘ PLP ʤʽʞ ʜʚʦʤʘ ʙʫʜʴ-ʷʢʠʤʠ ʩʫʩʽʜʥʽʤʠ 

ʧʫʥʢʪʘʤʠ ʜʦʩʪʫʧʫ ʘʙʦ ʝʣʝʤʝʥʪʘʤʠ ʤʝʨʝʞʽ, ʚ ʷʢʠʭ PLP ʨʦʟʜʽʣʷʻʪʴʩʷ ʥʘ ʆʊʨ. 

ʉʝʢʮʽʾ OASs ʤʦʞʫʪʴ ʙʫʪʠ ʢʦʨʦʪʢʠʤʠ, ʩʝʨʝʜʥʽʤʠ ʽ ʜʦʚʛʠʤʠ. ʂʦʨʦʪʢʽ OASs 

(50é80 ʢʤ), ʷʢ ʧʨʘʚʠʣʦ, ʥʝ ʤʽʩʪʷʪʴ ɺʆʇ. ʉʝʨʝʜʥʽ OASs (120é150 ʢʤ) 

ʟʘʟʚʠʯʘʡ ʤʽʩʪʷʪʴ ʦʧʪʠʯʥʽ ʙʫʩʪʝʨʠ-ʆɺ ʽ ʧʝʨʝʜʧʽʜʩʠʣʶʚʘʯʽ-ʆʈ. ɼʦʚʛʽ ʩʝʢʮʽʾ 
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OASs (600é800 ʢʤ), ʢʨʽʤ ʆɺ ʪʘ ʆʈ, ʤʽʩʪʷʪʴ ʢʽʣʴʢʘ ʧʽʜʩʠʣʶʚʘʯʽʚ OLAs. 

ɼʦʢʫʤʝʥʪʘʤʠ ITU-T ʈʝʢ. G.692 ʚ ʩʪʨʫʢʪʫʨʽ ʜʦʚʛʠʭ ʩʝʢʮʽʡ OASs 

ʨʝʢʦʤʝʥʜʦʚʘʥʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʪʨʠ ʚʘʨʽʘʥʪʠ ʜʦʚʛʠʭ ʜʽʣʷʥʦʢ ɼʇ. L (Long) ï 

ʜʦʚʛʽ ɼʇ ʮʝ ʜʽʣʷʥʢʠ ʆʆɺ ʜʦ 80 ʢʤ ʟ ʟʘʪʫʭʘʥʥʷʤ (ʘʈ
L
) ʜʦ 22 ʜɹ, ʪʦʜʽ ʢʦʝʬʽʮʽʻʥʪ 

ʟʘʪʫʭʘʥʥʷ ʆʆɺ ʙʫʜʝ ʥʝ ʙʽʣʴʰʝ ŬL = (22 ʜɹ):(80 ʢʤ) = 0,275 ʜɹ/ʢʤ. VL (Very 

Long) ï ʜʫʞʝ ʜʦʚʛʽ ɼʇ ʮʝ ʜʽʣʷʥʢʠ ʆʆɺ ʜʦ 120 ʢʤ ʟ ʟʘʪʫʭʘʥʥʷʤ (ʘʈ
VL
) ʜʦ 33 ʜɹ, 

ʪʦʜʽ ʢʦʝʬʽʮʽʻʥʪ ʟʘʪʫʭʘʥʥʷʤ ʆʆɺ ʙʫʜʝ ʥʝ ʙʽʣʴʰʝ ŬVL = (33 ʜɹ):(120 ʢʤ) = 0,275 

ʜɹ/ʢʤ. UL (Ultra Long) ï ʥʘʜʜʦʚʛʽ ɼʇ ʮʝ ʜʽʣʷʥʢʠ ʆʆɺ ʧʨʦʪʷʞʥʽʩʪʶ ʜʦ 160 ʢʤ ʟ 

ʟʘʪʫʭʘʥʥʷʤ (ʘʈ
UL
) ʜʦ 44 ʜɹ, ʪʦʜʽ ʢʦʝʬʽʮʽʻʥʪ ʟʘʪʫʭʘʥʥʷʤ ʆʆɺ ʙʫʜʝ ʥʝ ʙʽʣʴʰʝ 

ŬUL = (44 ʜɹ):(160 ʢʤ) = 0,275 ʜɹ/ʢʤ. ʗʢ ʚʠʜʥʦ, ʚʩʽ ʨʝʢʦʤʝʥʜʦʚʘʥʽ ɼʇ ʩʝʢʮʽʾ 

OAS ʪʠʧʫ L, VL, UL ʟ ʨʽʟʥʠʤʠ ʜʦʚʞʠʥʘʤʠ ʤʘʶʪʴ ʦʜʥʘʢʦʚʝ ʟʥʘʯʝʥʥʷ 

ʢʦʝʬʽʮʽʻʥʪʘ ʟʘʪʫʭʘʥʥʷ ʆʆɺ (Ŭ). ʅʘ ʧʨʘʢʪʠʮʽ ʧʨʠ ʙʫʜʽʚʥʠʮʪʚʽ PLPs ʮʝ ʥʝ 

ʚʠʢʦʥʫʻʪʴʩʷ. 

ɿʛʽʜʥʦ ʈʝʢ. ITU-T G.692 ʢʦʞʥʠʡ ʪʠʧ ɼʇ ʚʠʟʥʘʯʘʻʪʴʩʷ ʨʦʙʦʯʠʤ 

ʟʘʪʫʭʘʥʥʷʤ (ʘʈ
ɼʇ

), ʜʦʚʞʠʥʦʶ OAS (ǎOAS) ʪʘ ʢʽʣʴʢʽʩʪʶ ɼʇ (nɼʇ), ʱʦ ʥʘʜʘʥʦ ʚ 

ʪʘʙʣ. 1 ʩʪʨʽʯʢʘʤʠ, ʷʢʽ ʚʠʜʽʣʝʥʽ ʩʽʨʠʤ ʢʦʣʴʦʨʦʤ. 

ɿʘʛʘʣʴʥʫ ʩʪʨʫʢʪʫʨʫ OASs PLPs ɺʆʉʇ ʉʋ ʧʦʷʩʥʶʻ ʨʠʩ. 1, ʥʘ ʷʢʦʤʫ 

ʥʘʜʘʥʽ OLAs ʇʇ, ʱʦ ʚʥʦʩʷʪʴ ʤʘʢʩʠʤʘʣʴʥʫ ʜʦʣʶ ʰʫʤʽʚ PLPs ʚ ʢʦʞʥʠʡ ʆʊʨ. 

ɿʽ ʟʤʝʥʰʝʥʥʷʤ ʰʫʤʽʚ ʧʦʢʨʘʱʫʻʪʴʩʷ ʢʦʝʬʽʮʽʻʥʪ OSNR ʽ ʟʥʠʞʫʻʪʴʩʷ 

ʢʦʝʬʽʮʽʻʥʪ BER ʚ ʢʦʞʥʦʤʫ ʆʊʨ. ʄʽʥʽʤʽʟʘʮʽʶ ʰʫʤʽʚ ʤʦʞʣʠʚʦ ʜʦʩʷʛʥʫʪʠ 

ʟʤʝʥʰʝʥʥʷʤ ʢʽʣʴʢʦʩʪʽ OLAs ʧʨʠ ʟʘʜʘʥʦʤʫ ʟʘ ʈʝʢ. ITU-T G.692 ʨʦʙʦʯʦʤʫ 

ʟʘʪʫʭʘʥʥʽ ɼʇ (ʘʈ
ɼʇ) ʪʘ ʜʦʚʞʠʥʦʶ ʩʝʢʮʽʾ OASs (ǎOAS). ʈʝʟʫʣʴʪʘʪʠ, ʱʦ ʥʘʚʝʜʝʥʽ ʚ 

ʪʘʙʣ. 1, ʚʢʘʟʫʶʪʴ ʥʘ ʥʘʷʚʥʽʩʪʴ ʩʪʨʫʢʪʫʨ OASs ʟ ʛʨʘʥʠʯʥʦ ʤʽʥʽʤʘʣʴʥʠʤʠ 

ʢʦʝʬʽʮʽʻʥʪʘʤʠ OSNR. 
ʊʘʙʣʠʮʷ  1. 

 
ʇʨʠ ʟʘʩʪʦʩʫʚʘʥʥʽ ʆʆɺ ʪʠʧʫ NZ DSF ʨʽʟʥʠʭ ʚʝʥʜʝʨʽʚ ʟ ʢʦʝʬʽʮʽʻʥʪʘʤʠ 

ʟʘʪʫʭʘʥʥʷ ʤʝʥʰ 0,275 ʜɹ/ʢʤ ʟʤʝʥʰʫʻʪʴʩʷ ʟʘʛʘʣʴʥʠʡ ʨʽʚʝʥʴ ʰʫʤʽʚ (æ OSNR) ʚ 

ʛʨʘʥʠʮʷʭ ʚʽʜ 11 ʜʦ 33%, ʱʦ ʜʦʟʚʦʣʷʻ ʟʨʦʙʠʪʠ ʚʠʩʥʦʚʦʢ ʧʨʦ ʷʢʽʩʥʝ 

ʧʦʣʽʧʰʫʚʘʥʥʷ ʢʦʝʬʽʮʽʻʥʪʫ BER ʚ ʢʦʞʥʦʤʫ ʆʊʨ ʟʘ ʨʘʭʫʥʦʢ ʪʨʘʥʩʬʦʨʤʘʮʽʾ 

ʩʪʨʫʢʪʫʨ ʩʝʢʮʽʡ OASs ʣʽʥʽʡʥʠʭ ʪʨʘʢʪʽʚ ɺʆʉʇ ʉʋ. 
ʃʽʪʝʨʘʪʫʨʘ 

1. ʍʤʝʣʝʚ ʂ.ʌ. ʆʩʥʦʚʳ ʬʦʪʦʥʥʦʛʦ ʪʨʘʥʩʧʦʨʪʘ. ï ʂʠʝʚ: ʊʝʭʥʽʢʘ. 2008. ï 680 ʩ. 

2. ɹʝʨʜʥʠʢʦʚ ʆ.ʄ., ʍʤʝʣʴʦʚ ʂ.ʇ. ɿʘʩʪʦʩʫʚʘʥʥʷ ʪʝʭʥʦʣʦʛʽʾ WDM ʥʘ ʪʝʣʝʢʦʤʫʥʽʢʘʮʽʡʥʠʭ 
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ʋɼʂ 621.38 
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EXTENDING THE FUNC TIONALITY OF TUYA SMART  

DEVICES USING THE PYTHON PROGRAMMING LANGUAGE  

 
Prospects for the development of the Internet of Things industry are considered. Ways to 

expand the functionality of smart devices from the Tuya Smart company are also considered. In 

addition, a solution to the practical use of IoT devices in the conditions of modern war in 

Ukraine is proposed. 

 

ɯʥʪʝʨʥʝʪ ʨʝʯʝʡ (Internet of Things, IoT) - ʮʝ ʪʝʭʥʦʣʦʛʽʷ, ʱʦ ʟ'ʻʜʥʫʻ ʨʽʟʥʽ 

ʧʨʠʩʪʨʦʾ, ʷʢʽ  ʤʦʞʫʪʴ ʦʙʤʽʥʶʚʘʪʠʩʷ ʜʘʥʠʤʠ ʙʝʟ ʥʝʦʙʭʽʜʥʦʩʪʽ ʣʶʜʩʴʢʦʛʦ 

ʚʪʨʫʯʘʥʥʷ. ʎʷ ʪʝʭʥʦʣʦʛʽʷ ʨʦʟʚʠʚʘʻʪʴʩʷ ʜʫʞʝ ʰʚʠʜʢʦ ʽ ʦʯʽʢʫʻʪʴʩʷ, ʱʦ 

ʢʽʣʴʢʽʩʪʴ ʧʽʜʢʣʶʯʝʥʠʭ ʜʦ ɯʥʪʝʨʥʝʪʫ ʨʝʯʝʡ ʟʨʦʩʪʝ ʟ 26,66 ʤʣʨʜ ʚ 2019 ʨʦʮʽ ʜʦ 

75,44 ʤʣʨʜ ʚ 2025 ʨʦʮʽ, ʘ ʩʚʽʪʦʚʽ ʚʠʪʨʘʪʠ ʥʘ IoT ʜʦʩʷʛʥʫʪʴ 1,1 ʪʨʠʣʴʡʦʥʘ 

ʜʦʣʘʨʽʚ ʉʐɸ. (ʟʘ ʜʘʥʠʤʠ Statista). ʇʨʦʪʝ, ʨʦʟʰʠʨʝʥʥʷ ʬʫʥʢʮʽʦʥʘʣʫ ʨʦʟʫʤʥʠʭ 

ʧʨʠʩʪʨʦʾʚ ʻ ʘʢʪʫʘʣʴʥʦʶ ʧʨʦʙʣʝʤʦʶ, ʦʩʢʽʣʴʢʠ ʚʦʥʠ ʯʘʩʪʦ ʥʝ ʤʦʞʫʪʴ 

ʚʠʢʦʥʫʚʘʪʠ ʚʩʽ ʟʘʚʜʘʥʥʷ, ʷʢʽ ʙʘʞʘʶʪʴ ʢʦʨʠʩʪʫʚʘʯʽ [1, 2]. 

 
 

 
 

ʈʠʩ.1. çIoT Enterprise Spending 2020-2025 according to IoT Analytics dataè. 
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ʋ ʟʚôʷʟʢʫ ʟ ʧʦʚʥʦʤʘʩʰʪʘʙʥʠʤ ʚʪʦʨʛʥʝʥʥʷʤ ʢʨʘʾʥʠ ʘʛʨʝʩʦʨʘ 2022 ʨʽʢ ʩʪʘʚ 

ʥʘʦʯʥʠʤ ʧʨʠʢʣʘʜʦʤ, ʯʦʤʫ ʚ ʋʢʨʘʾʥʽ ʚʘʞʣʠʚʦ ʨʦʟʚʠʚʘʪʠ ʪʝʭʥʦʣʦʛʽʾ ɯʥʪʝʨʥʝʪʫ 

ʨʝʯʝʡ ʪʘ ʨʦʟʰʠʨʶʚʘʪʠ ʬʫʥʢʮʽʦʥʘʣ ʟʘʩʪʦʩʫʚʘʥʥʷ ʥʝ ʪʽʣʴʢʠ ʜʣʷ ʤʠʨʥʠʭ 

ʧʦʙʫʪʦʚʠʭ ʪʘ ʽʥʜʫʩʪʨʽʘʣʴʥʠʭ ʮʽʣʝʡ, ʘʣʝ ʡ ʜʣʷ ʙʝʟʧʝʢʠ ʞʠʪʪʷ ʛʨʦʤʘʜʷʥ ʢʨʘʾʥʠ 

ʫ ʚʦʻʥʥʦʤʫ ʩʪʘʥʽ. ʆʩʦʙʣʠʚʫ ʫʚʘʛʫ ʚ ʜʘʥʦʤʫ ʧʠʪʘʥʥʽ ʪʨʝʙʘ ʧʨʠʜʽʣʠʪʠ 

ʪʝʭʥʦʣʦʛʽʷʤ, ʷʢʽ ʟʘʙʝʟʧʝʯʫʶʪʴ ʽʥʬʦʨʤʘʮʽʻʶ ʤʠʪʪʻʚʦʛʦ ʨʝʘʛʫʚʘʥʥʷ, ʩʪʘʶʪʴ 

ʽʥʢʣʶʟʠʚʥʠʤʠ ʪʘ ʜʦʧʦʤʘʛʘʶʪʴ ʣʶʜʷʤ ʟ ʧʝʚʥʠʤʠ ʚʘʜʘʤʠ ʟʜʦʨʦʚôʷ. 

ʇʨʠʢʣʘʜʦʤ ʧʨʘʢʪʠʯʥʦʛʦ ʟʘʩʪʦʩʫʚʘʥʥʷ ʧʨʠʩʪʨʦʶ IoT ʟ ʨʦʟʰʠʨʝʥʠʤ 

ʬʫʥʢʮʽʦʥʘʣʦʤ ʤʦʞʝ ʙʫʪʠ ʨʦʟʨʦʙʢʘ ʧʨʦʛʨʘʤʠ ʥʘ Python, ʷʢʘ ʙ ʜʦʟʚʦʣʷʣʘ 

ʟʤʽʥʶʚʘʪʠ ʢʦʣʽʨ ʨʦʟʫʤʥʦʾ LED-ʣʘʤʧʠ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʥʘʷʚʥʦʩʪʽ ʘʙʦ 

ʚʽʜʩʫʪʥʦʩʪʽ ʧʦʚʽʜʦʤʣʝʥʥʷ ʧʨʦ ʧʦʚʽʪʨʷʥʫ ʪʨʠʚʦʛʫ ʥʘ ʪʝʨʠʪʦʨʽʾ ʦʙʣʘʩʪʽ 

ʢʦʨʠʩʪʫʚʘʯʘ. 

ɼʘʥʝ ʧʨʦʛʨʘʤʥʝ ʟʘʙʝʟʧʝʯʝʥʥʷ  ʟʤʦʛʣʦ ʙ ʜʦʧʦʤʦʛʪʠ ʣʶʜʷʤ ʟ ʚʘʜʘʤʠ 

ʩʣʫʭʫ, ʷʢʽ ʬʽʟʠʯʥʦ ʥʝ ʤʦʞʫʪʴ ʯʫʪʠ ʩʠʛʥʘʣ ʧʦʚʽʪʨʷʥʦʾ ʪʨʠʚʦʛʠ, ʘʙʦ ʣʶʜʷʤ 

ʧʦʭʠʣʦʛʦ ʚʽʢʫ, ʷʢʽ ʧʦʛʘʥʦ ʢʦʨʠʩʪʫʶʪʴʩʷ ʩʤʘʨʪʬʦʥʦʤ. ʎʝ ʜʫʞʝ ʚʘʞʣʠʚʦ ʚ 

ʩʴʦʛʦʜʥʽʰʥʽʭ ʨʝʘʣʽʷʭ, ʘʜʞʝ ʩʚʦʻʯʘʩʥʝ ʨʝʘʛʫʚʘʥʥʷ ʣʶʜʠʥʠ ʥʘ ʥʝʙʝʟʧʝʢʫ ʤʦʞʝ 

ʟʙʝʨʝʛʪʠ ʾʡ ʞʠʪʪʷ. 

ʆʜʥʽʻʶ ʟ ʢʦʤʧʘʥʽʡ, ʷʢʘ ʧʨʦʧʦʥʫʻ ʨʽʰʝʥʥʷ ʧʦʩʪʘʚʣʝʥʦʾ ʟʘʜʘʯʽ ʻ Tuya 

Smart -  ʦʜʠʥ ʟ ʧʨʦʚʽʜʥʠʭ ʩʚʽʪʦʚʠʭ ʧʦʩʪʘʯʘʣʴʥʠʢʽʚ ʧʣʘʪʬʦʨʤ AI (Artificial  

intelligence) + IoT ʽ ʧʨʦʜʫʢʪʽʚ ʜʣʷ ʨʦʟʫʤʥʦʛʦ ʙʫʜʠʥʢʫ. Tuya Smart ʧʨʦʧʦʥʫʻ 

ʰʠʨʦʢʠʡ ʘʩʦʨʪʠʤʝʥʪ ʧʨʦʜʫʢʪʽʚ ʜʣʷ ʨʦʟʫʤʥʦʛʦ ʙʫʜʠʥʢʫ, ʪʘʢʠʭ ʷʢ ʨʦʟʫʤʥʽ 

ʣʘʤʧʦʯʢʠ, ʚʠʤʠʢʘʯʽ, ʨʦʟʝʪʢʠ, ʢʘʤʝʨʠ ʪʦʱʦ. ʈʦʟʫʤʥʽ ʧʨʠʩʪʨʦʾ ʚʽʜ Tuya Smart 

ʤʘʶʪʴ ʚʝʣʠʢʠʡ ʧʦʪʝʥʮʽʘʣ ʜʣʷ ʨʦʟʰʠʨʝʥʥʷ ʬʫʥʢʮʽʦʥʘʣʫ, ʘʜʞʝ ʤʦʞʫʪʴ 

ʜʦʜʘʚʘʪʠʩʷ ʜʦ ʭʤʘʨʥʦʾ ʧʣʘʪʬʦʨʤʠ Tuya IoT Platform, ʷʢʘ ʦʙôʻʜʥʫʻ ʨʦʟʫʤʥʽ 

ʧʨʠʩʪʨʦʾ ʪʘ ʜʦʟʚʦʣʷʻ ʢʦʨʠʩʪʫʚʘʯʘʤ ʢʝʨʫʚʘʪʠ ʥʠʤʠ ʟ ʙʫʜʴ-ʷʢʦʾ ʪʦʯʢʠ ʩʚʽʪʫ ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʩʚʦʾʭ ʩʤʘʨʪʬʦʥʽʚ. ʇʣʘʪʬʦʨʤʘ ʧʨʦʩʪʘ ʫ ʚʠʢʦʨʠʩʪʘʥʥʽ ʪʘ ʤʦʞʝ 

ʙʫʪʠ ʽʥʪʝʛʨʦʚʘʥʘ ʟ ʨʽʟʥʠʤʠ ʝʢʦʩʠʩʪʝʤʘʤʠ ʨʦʟʫʤʥʦʛʦ ʙʫʜʠʥʢʫ, ʪʘʢʠʤʠ ʷʢ 

Amazon Alexa, Google Assistant ʪʘ IFTTT [3].  

ʇʣʘʪʬʦʨʤʘ Tuya Smart ʧʽʜʪʨʠʤʫʻ ʰʠʨʦʢʠʡ ʩʧʝʢʪʨ ʧʨʦʪʦʢʦʣʽʚ ʟʚôʷʟʢʫ, 

ʪʘʢʠʭ ʷʢ Wi-Fi, Bluetooth, Zigbee ʽ Z-Wave, ʱʦ ʨʦʙʠʪʴ ʾʾ ʩʫʤʽʩʥʦʶ ʟ ʩʤʘʨʪ-

ʧʨʠʩʪʨʦʷʤʠ ʚʽʜ ʨʽʟʥʠʭ ʚʠʨʦʙʥʠʢʽʚ. ʊʘʢʦʞ ʚʦʥʘ ʥʘʜʘʻ API (Application 

Programming Interface), ʷʢʠʡ ʜʦʟʚʦʣʷʻ ʨʦʟʨʦʙʥʠʢʘʤ ʽʥʪʝʛʨʫʚʘʪʠ ʩʚʦʾ ʩʤʘʨʪ-

ʧʨʠʩʪʨʦʾ ʟ ʧʣʘʪʬʦʨʤʦʶ ʪʘ ʨʦʟʰʠʨʶʚʘʪʠ ʾʭ ʬʫʥʢʮʽʦʥʘʣʴʥʽʩʪʴ. API ʜʦʩʪʫʧʥʠʡ 

ʨʽʟʥʠʤʠ ʤʦʚʘʤʠ ʧʨʦʛʨʘʤʫʚʘʥʥʷ, ʪʘʢʠʤʠ ʷʢ Python, Java ʽ Node.js [4].  

ʆʩʥʦʚʥʦʶ ʧʝʨʝʚʘʛʦʶ ʤʦʚʠ ʧʨʦʛʨʘʤʫʚʘʥʥʷ Python ʧʝʨʝʜ ʽʥʰʠʤʠ ʤʦʚʘʤʠ 

ʧʨʦʛʨʘʤʫʚʘʥʥʷ ʻ ʥʘʷʚʥʽʩʪʴ ʚʝʣʠʢʦʾ ʢʽʣʴʢʦʩʪʽ ʨʽʟʥʠʭ ʙʽʙʣʽʦʪʝʢ ʪʘ ʩʪʦʨʦʥʥʽʭ 

ʤʦʜʫʣʽʚ ʟ ʰʠʨʦʢʠʤ ʩʧʝʢʪʨʦʤ ʤʦʞʣʠʚʦʩʪʝʡ [5]. ʆʜʥʽʻʶ ʟ ʪʘʢʠʭ ʙʽʙʣʽʦʪʝʢ ʻ 

ʙʽʙʣʽʦʪʝʢʘ tuya_iot -  ʽʥʩʪʨʫʤʝʥʪ, ʱʦ ʜʦʟʚʦʣʷʻ ʢʝʨʫʚʘʪʠ ʧʨʠʩʪʨʦʷʤʠ Tuya 

Smart ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʤʦʚʠ ʧʨʦʛʨʘʤʫʚʘʥʥʷ Python. ɹʽʙʣʽʦʪʝʢʘ tuya_iot 

ʙʘʟʫʻʪʴʩʷ ʥʘ ʧʨʦʪʦʢʦʣʽ Tuya API, ʱʦ ʜʦʟʚʦʣʷʻ ʟʜʽʡʩʥʶʚʘʪʠ ʟʚ'ʷʟʦʢ ʤʽʞ Python 

ʪʘ ʧʽʜʢʣʶʯʝʥʠʤʠ ʜʦ ʤʝʨʝʞʽ Tuya Smart ʧʨʠʩʪʨʦʷʤʠ. ɿʘ ʜʦʧʦʤʦʛʦʶ ʥʝʾ ʤʦʞʥʘ 

ʟʜʽʡʩʥʶʚʘʪʠ ʨʽʟʥʦʤʘʥʽʪʥʽ ʦʧʝʨʘʮʽʾ ʟ ʥʠʤʠ:  ʚʤʠʢʘʥʥʷ ʪʘ ʚʠʤʠʢʘʥʥʷ 

ʧʨʠʩʪʨʦʶ, ʟʤʽʥʘ ʢʦʣʴʦʨʫ ʩʚʽʪʣʘ, ʨʝʛʫʣʶʚʘʥʥʷ ʷʩʢʨʘʚʦʩʪʽ ʩʚʽʪʣʘ, ʪʦʱʦ [4, 6]. 
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ɼʣʷ ʨʦʙʦʪʠ ʟ ʙʽʙʣʽʦʪʝʢʦʶ ʧʦʪʨʽʙʥʦ ʤʘʪʠ ʜʦʜʘʪʢʦʚʽ ʜʘʥʽ, ʪʘʢʽ ʷʢ 

ʽʜʝʥʪʠʬʽʢʘʪʦʨʠ ʧʨʠʩʪʨʦʾʚ ʪʘ ʢʣʶʯʽ API. ɰʭ ʤʦʞʥʘ ʦʪʨʠʤʘʪʠ ʟ ʜʦʜʘʪʢʫ Tuya 

Smart ʘʙʦ ʚʽʜʧʦʚʽʜʥʦʾ ʭʤʘʨʥʦʾ ʧʣʘʪʬʦʨʤʠ [4, 6]. 

 

 

 
 

ʈʠʩ.2. ɼʘʥʽ ʧʨʦ ʧʨʦʝʢʪ ʥʘ ʧʣʘʪʬʦʨʤʽ Tuya IoT Platform. 

 

ɹʽʙʣʽʦʪʝʢʘ tuya_iot ʻ ʜʦʩʠʪʴ ʧʦʧʫʣʷʨʥʠʤ ʽʥʩʪʨʫʤʝʥʪʦʤ ʜʣʷ ʨʦʟʨʦʙʢʠ 

ʨʽʟʥʦʤʘʥʽʪʥʠʭ IoT-ʧʨʦʝʢʪʽʚ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʤʦʚʠ ʧʨʦʛʨʘʤʫʚʘʥʥʷ Python  ʜʣʷ 

ʨʦʙʦʪʠ ʟ ʨʽʟʥʠʤʠ ʪʠʧʘʤʠ ʧʨʠʩʪʨʦʾʚ, ʪʘʢʠʤʠ ʷʢ ʨʦʟʫʤʥʽ LED-ʣʘʤʧʠ, ʨʦʟʝʪʢʠ, 

ʜʠʤʦʚʽ ʜʝʪʝʢʪʦʨʠ, ʪʦʱʦ. ɺʦʥʘ ʤʘʻ ʨʷʜ ʬʫʥʢʮʽʡ ʜʣʷ ʢʝʨʫʚʘʥʥʷ ʧʨʠʩʪʨʦʷʤʠ 

Tuya Smart, ʥʘʧʨʠʢʣʘʜ, ʪʘʢʽ ʷʢ ʽʥʽʮʽʘʣʽʟʘʮʽʷ ʟ'ʻʜʥʘʥʥʷ (login(),  connect(), ʪʘ 

get_access_token()), ʚʽʜʧʨʘʚʢʘ ʢʦʤʘʥʜ(ʤʝʪʦʜ post() ʪʘ device_control()), 

ʦʪʨʠʤʘʥʥʷ ʜʘʥʠʭ (ʤʝʪʦʜ get())  ʪʘ ʽʥʰʽ [4, 6]. 

ɼʣʷ ʢʦʨʠʩʪʫʚʘʯʽʚ, ʷʢʽ ʤʘʶʪʴ ʧʝʚʥʠʡ ʜʦʩʚʽʜ ʨʦʙʦʪʠ ʟ Python, ʮʝ ʤʦʞʝ 

ʩʪʘʪʠ ʧʦʪʫʞʥʠʤ ʽʥʩʪʨʫʤʝʥʪʦʤ ʜʣʷ ʨʦʟʰʠʨʝʥʥʷ ʬʫʥʢʮʽʦʥʘʣʫ ʪʘ ʥʘʣʘʰʪʫʚʘʥʥʷ 

ʧʨʠʩʪʨʦʾʚ Tuya Smart ʧʽʜ ʩʚʦʾ ʧʦʪʨʝʙʠ. 
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ANALYSIS OF PROBLEMS IN THE IMPLEMENTATION  

OF INDUSTRIAL INTERNET OF THINGS TECHNOLOGY  
 

The article examines the essence and aspects that need to be taken into account when 

considering the Internet of Things, in particular, attention is paid to the importance of industrial 

IIoT. The main problems of IoT technologies are identified. 
 

ʅʘ ʩʴʦʛʦʜʥʽ, ʚ ʝʧʦʭʫ ʮʠʬʨʦʚʦʾ ʨʝʚʦʣʶʮʽʾ 4.0 ʚʘʞʣʠʚʫ ʨʦʣʴ ʚ ʞʠʪʪʽ 

ʣʶʜʠʥʠ ʚʽʜʽʛʨʘʻ ʟʘʩʪʦʩʫʚʘʥʥʷ ɯʥʪʝʨʥʝʪʫ ʨʝʯʝʡ (IoT). ʇʝʨʰʦʶ ʤʝʪʦʶ 

ʚʧʨʦʚʘʜʞʝʥʥʷ IoT ʰʣʷʭʦʤ ʦʩʥʘʱʝʥʥʷ ʚʩʽʭ ʦʙ'ʻʢʪʽʚ ʫ ʩʚʽʪʽ ʤʽʥʽʘʪʶʨʥʠʤʠ 

ʧʨʠʩʪʨʦʷʤʠ ʽʜʝʥʪʠʬʽʢʘʮʽʾ ʙʫʣʦ ʧʝʨʝʪʚʦʨʝʥʥʷ ʧʦʚʩʷʢʜʝʥʥʦʛʦ ʞʠʪʪʷ, ʚʥʝʩʝʥʥʷ 

ʜʦ ʥʴʦʛʦ ʙʽʣʴʰʦʛʦ ʢʦʤʬʦʨʪʫ, ʫʧʦʨʷʜʢʦʚʘʥʦʩʪʽ ʪʘ ʧʨʦʛʥʦʟʦʚʘʥʦʩʪʽ [1]. 

ʉʣʽʜ ʟʘʟʥʘʯʠʪʠ ʥʘʩʪʫʧʥʽ ʘʩʧʝʢʪʠ, ʷʢʽ ʧʦʪʨʽʙʥʦ ʚʨʘʭʦʚʫʚʘʪʠ ʧʽʜ ʯʘʩ 

ʚʧʨʦʚʘʜʞʝʥʥʷ ʨʽʰʝʥʴ IoT: ʩʠʩʪʝʤʥʠʡ, ʽʥʪʝʣʝʢʪʫʘʣʴʥʠʡ, ʽʥʬʦʨʤʘʮʽʡʥʠʡ, 

ʧʨʦʝʢʪʥʠʡ, ʫʧʨʘʚʣʽʥʩʴʢʠʡ. ʊʘʢ, ʩʠʩʪʝʤʥʠʡ ʘʩʧʝʢʪ ʜʦʟʚʦʣʷʻ ʨʦʟʛʣʷʜʘʪʠ 

ʩʠʩʪʝʤʫ, ʪʝʭʥʦʣʦʛʽʶ ʯʠ ʧʨʦʮʝʩ ʽʟ ʩʠʩʪʝʤʥʠʭ ʧʦʟʠʮʽʡ. ɯʥʪʝʣʝʢʪʫʘʣʴʥʠʡ 

ʘʩʧʝʢʪ ʚʠʤʘʛʘʻ ʧʦʜʽʣʫ IoT-ʧʨʠʩʪʨʦʾʚ ʟʘ ʬʫʥʢʮʽʷʤʠ ʥʘ çʨʦʟʫʤʥʽè ʪʘ 

çʽʥʪʝʣʝʢʪʫʘʣʴʥʽè. ɯʥʬʦʨʤʘʮʽʡʥʠʡ ʘʩʧʝʢʪ ʜʦʟʚʦʣʷʻ ʨʦʟʛʣʷʜʘʪʠ IoT ʷʢ 

ʤʽʞʤʝʨʝʞʝʚʫ ʚʟʘʻʤʦʜʽʶ ʬʽʟʠʯʥʠʭ ʧʨʠʩʪʨʦʾʚ (ʧʽʜʢʣʶʯʝʥʠʭ ʯʠ 

ʽʥʪʝʣʝʢʪʫʘʣʴʥʠʭ ʧʨʠʩʪʨʦʾʚ). ʇʨʦʻʢʪʥʠʡ ʘʩʧʝʢʪ ʜʦʟʚʦʣʷʻ ʨʦʟʛʣʷʜʘʪʠ ʩʭʝʤʫ 

IoT ʷʢ ʽʥʬʦʨʤʘʮʽʡʥʫ ʢʦʥʩʪʨʫʢʮʽʶ. ʋʧʨʘʚʣʽʥʩʴʢʠʡ ʘʩʧʝʢʪ ʚʠʤʘʛʘʻ ʨʦʟʛʣʷʜʘʪʠ 

IoT ʷʢ ʩʠʩʪʝʤʫ ʽʟ ʩʝʪʝʮʝʥʪʨʠʯʥʠʤ ʘʙʦ ʩʫʙʩʠʜʽʘʨʥʠʤ ʫʧʨʘʚʣʽʥʥʷʤ.  

ɺʘʞʣʠʚʝ ʟʥʘʯʝʥʥʷ ʤʘʻ IoT ʜʣʷ ʤʦʥʽʪʦʨʠʥʛʫ ʦʪʦʯʫʶʯʦʛʦ ʩʝʨʝʜʦʚʠʱʘ, 

ʫʧʨʘʚʣʽʥʥʷ ʽʥʬʨʘʩʪʨʫʢʪʫʨʦʶ, ʚ ʤʝʜʠʮʠʥʽ, ʚ ʙʫʜʽʚʥʠʮʪʚʽ, ʚ ʽʥʪʝʛʨʘʮʽʾ ʟʘʩʦʙʽʚ 

ʟʚ'ʷʟʢʫ, ʫʧʨʘʚʣʽʥʥʽ ʪʘ ʦʙʨʦʙʮʽ ʽʥʬʦʨʤʘʮʽʾ [1]. ɿʘʛʘʣʦʤ ʤʦʞʥʘ ʚʠʜʽʣʠʪʠ ʩʽʤ 

ʛʘʣʫʟʝʡ ʟʘʩʪʦʩʫʚʘʥʥʷ ʪʝʭʥʦʣʦʛʽʾ IoT (ʨʠʩ.1), ʘ ʩʘʤʝ: ʣʶʜʠʥʘ, ʙʫʜʠʥʦʢ, ʦʬʽʩ, 

ʧʽʜʧʨʠʻʤʩʪʚʦ, ʚʠʨʦʙʥʠʯʠʡ ʦʙôʻʢʪ, ʤʽʩʪʦ, ʟʦʚʥʽʰʥʽʡ ʧʘʨʘʤʝʪʨ. 
 

 
ʈʠʩ.1. ɻʘʣʫʟʽ ʟʘʩʪʦʩʫʚʘʥʥʷ ʪʝʭʥʦʣʦʛʽʾ IoT. 
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ɻʣʦʙʘʣʴʥʠʤ ʩʝʛʤʝʥʪʦʤ IoT ʜʣʷ ʢʦʨʧʦʨʘʪʠʚʥʦʛʦ (ʛʘʣʫʟʝʚʦʛʦ) 

ʟʘʩʪʦʩʫʚʘʥʥʷ ʻ ʽʥʜʫʩʪʨʽʘʣʴʥʠʡ ɯʥʪʝʨʥʝʪ ʨʝʯʝʡ (Industrial Internet of Things, 

IIoT) ï ɯʥʪʝʨʥʝʪ ʨʝʯʝʡ ʜʣʷ ʢʦʨʧʦʨʘʪʠʚʥʦʛʦ ʘʙʦ ʛʘʣʫʟʝʚʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ï 

ʩʠʩʪʝʤʘ ʦʙ'ʻʜʥʘʥʠʭ ʢʦʤʧ'ʶʪʝʨʥʠʭ ʤʝʨʝʞ ʪʘ ʧʽʜʢʣʶʯʝʥʠʭ ʧʨʦʤʠʩʣʦʚʠʭ 

ʦʙ'ʻʢʪʽʚ ʽʟ ʚʙʫʜʦʚʘʥʠʤʠ ʜʘʪʯʠʢʘʤʠ ʪʘ ʧʨʦʛʨʘʤʥʠʤ ʟʘʙʝʟʧʝʯʝʥʥʷʤ ʜʣʷ ʟʙʦʨʫ 

ʪʘ ʦʙʤʽʥʫ ʜʘʥʠʤʠ, ʟ ʤʦʞʣʠʚʽʩʪʶ ʚʽʜʜʘʣʝʥʦʛʦ ʢʦʥʪʨʦʣʶ ʪʘ ʫʧʨʘʚʣʽʥʥʷ ʚ 

ʘʚʪʦʤʘʪʠʟʦʚʘʥʦʤʫ ʨʝʞʠʤʽ, ʙʝʟ ʫʯʘʩʪʽ ʣʶʜʠʥʠ [2].  

ɼʣʷ ʧʦʟʥʘʯʝʥʥʷ ʚʫʞʯʦʛʦ ʧʨʦʤʠʩʣʦʚʦʛʦ ʩʝʛʤʝʥʪʫ IoT ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ 

ʪʝʨʤʽʥ çʧʨʦʤʠʩʣʦʚʠʡ ɯʥʪʝʨʥʝʪ ʨʝʯʝʡè. ɺʧʨʦʚʘʜʞʝʥʥʷ IIoT ʚ ʦʙʨʦʙʥʽʡ 

ʧʨʦʤʠʩʣʦʚʦʩʪʽ ʤʦʞʝ ʧʨʠʟʚʝʩʪʠ ʜʦ ʟʙʽʣʴʰʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʚʠʨʦʙʥʠʮʪʚʘ, ʱʦ 

ʩʪʘʥʝ ʧʦʰʪʦʚʭʦʤ ʜʦ ʯʝʪʚʝʨʪʦʾ ʧʨʦʤʠʩʣʦʚʦʾ ʨʝʚʦʣʶʮʽʾ (Industry 4.0) [2]. ʆʪʞʝ, 

IIoT ï ʮʝ ʝʚʦʣʶʮʽʷ ʨʦʟʧʦʜʽʣʝʥʦʾ ʩʠʩʪʝʤʠ ʫʧʨʘʚʣʽʥʥʷ (DCS), ʷʢʘ ʜʦʟʚʦʣʷʻ 

ʧʽʜʚʠʱʠʪʠ ʨʽʚʝʥʴ ʘʚʪʦʤʘʪʠʟʘʮʽʾ ʟʘ ʨʘʭʫʥʦʢ ʚʠʢʦʨʠʩʪʘʥʥʷ ʭʤʘʨʥʠʭ ʦʙʯʠʩʣʝʥʴ 

ʜʣʷ ʫʪʦʯʥʝʥʥʷ ʪʘ ʦʧʪʠʤʽʟʘʮʽʾ ʫʧʨʘʚʣʽʥʥʷ ʧʨʦʮʝʩʦʤ. 

IIoT ʚʠʢʦʨʠʩʪʦʚʫʻ ʪʝʭʥʦʣʦʛʽʾ ʢʽʙʝʨʙʝʟʧʝʢʠ, ʭʤʘʨʥʽ ʦʙʯʠʩʣʝʥʥʷ, 

ʛʨʘʥʠʯʥʽ ʦʙʯʠʩʣʝʥʥʷ, ʤʦʙʽʣʴʥʽ ʪʝʭʥʦʣʦʛʽʾ, ʤʽʞʤʘʰʠʥʥʫ ʚʟʘʻʤʦʜʽʶ, 3D-ʜʨʫʢ, 

ʧʝʨʝʜʦʚʫ ʨʦʙʦʪʦʪʝʭʥʽʢʫ, ʘʥʘʣʽʟ ʚʝʣʠʢʠʭ ʦʙʩʷʛʽʚ ʜʘʥʠʭ, IoT, ʪʝʭʥʦʣʦʛʽʶ RFID 

ʪʘ ʢʦʛʥʽʪʠʚʥʽ ʦʙʯʠʩʣʝʥʥʷ. ɺʠʜʽʣʠʤʦ ʧ'ʷʪʴ ʥʘʡʚʘʞʣʠʚʽʰʠʭ ʟ ʥʠʭ: 1. 

ʂʽʙʝʨʬʽʟʠʯʥʽ ʩʠʩʪʝʤʠ ï̔ ʥʬʦʨʤʘʮʽʡʥʦ-ʪʝʭʥʦʣʦʛʽʯʥʘ ʢʦʥʮʝʧʮʽʷ, ʱʦ ʧʝʨʝʜʙʘʯʘʻ 

ʽʥʪʝʛʨʘʮʽʶ ʦʙʯʠʩʣʶʚʘʣʴʥʠʭ ʨʝʩʫʨʩʽʚ ʫ ʬʽʟʠʯʥʽ ʧʨʦʮʝʩʠ [3]. 2. ʍʤʘʨʥʽ 

ʦʙʯʠʩʣʝʥʥʷ ʜʦʟʚʦʣʷʶʪʴ ʥʘʜʘʚʘʪʠ ɯʊ-ʧʦʩʣʫʛʠ, ʨʝʩʫʨʩʠ ʧʨʠ ʮʴʦʤʫ 

ʟʘʚʘʥʪʘʞʫʶʪʴʩʷ ʪʘ ʚʠʣʫʯʘʶʪʴʩʷ ʙʝʟ ʧʨʷʤʦʛʦ ʧʽʜʢʣʶʯʝʥʥʷ ʜʦ ʩʝʨʚʝʨʘ [4]. 3. 

ʂʨʘʡʦʚʽ ʦʙʯʠʩʣʝʥʥʷ ï ʧʘʨʘʜʠʛʤʘ ʨʦʟʧʦʜʽʣʝʥʠʭ ʦʙʯʠʩʣʝʥʴ, ʱʦ ʥʘʙʣʠʞʘʻ 

ʢʦʤʧ'ʶʪʝʨʥʝ ʩʭʦʚʠʱʝ ʜʘʥʠʭ ʜʦ ʤʽʩʮʷ, ʜʝ ʚʦʥʠ ʧʦʪʨʽʙʥʽ [5]. 4. ɸʥʘʣʽʪʠʢʘ 

ʚʝʣʠʢʠʭ ʜʘʥʠʭ ï ʧʨʦʮʝʩ ʚʠʚʯʝʥʥʷ ʚʝʣʠʢʠʭ ʽ ʨʽʟʥʦʤʘʥʽʪʥʠʭ ʥʘʙʦʨʽʚ ʜʘʥʠʭ ʘʙʦ 

ʚʝʣʠʢʠʭ ʦʙʩʷʛʽʚ ʜʘʥʠʭ [6]. 5. ʐʪʫʯʥʠʡ ʽʥʪʝʣʝʢʪ ʪʘ ʤʘʰʠʥʥʝ ʥʘʚʯʘʥʥʷ [7]. 

ʉʠʩʪʝʤʠ IIoT ʯʘʩʪʦ ʩʧʨʠʡʤʘʶʪʴʩʷ ʷʢ ʙʘʛʘʪʦʨʽʚʥʝʚʘ ʤʦʜʫʣʴʥʘ 

ʘʨʭʽʪʝʢʪʫʨʘ ʮʠʬʨʦʚʠʭ ʪʝʭʥʦʣʦʛʽʡ. ʈʽʚʝʥʴ ʧʨʠʩʪʨʦʶ ʚʠʟʥʘʯʘʻʪʴʩʷ ʬʽʟʠʯʥʠʤ 

ʢʦʤʧʦʥʝʥʪʦʤ: CPS, ʜʘʪʯʠʢʦʤ ʯʠ ʤʘʰʠʥʦʶ. ʄʝʨʝʞʝʚʠʡ ʨʽʚʝʥʴ ʚʢʣʶʯʘʻ 

ʬʽʟʠʯʥʽ ʤʝʨʝʞʝʚʽ ʰʠʥʠ, ʭʤʘʨʥʽ ʦʙʯʠʩʣʝʥʥʷ ʪʘ ʧʨʦʪʦʢʦʣʠ ʟʚ'ʷʟʢʫ, ʱʦ 

ʘʛʨʝʛʫʶʪʴ ʪʘ ʪʨʘʥʩʧʦʨʪʫʶʪʴ ʜʘʥʽ ʥʘ ʩʝʨʚʽʩʥʠʡ ʨʽʚʝʥʴ. ʉʝʨʚʽʩʥʠʡ ʨʽʚʝʥʴ 

ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʜʦʜʘʪʢʽʚ, ʷʢʽ ʧʨʘʮʶʶʪʴ ʟ ʜʘʥʠʤʠ ʪʘ ʦʙ'ʻʜʥʫʶʪʴ ʾʭ ʫ 

ʽʥʬʦʨʤʘʮʽʶ, ʱʦ ʚʽʜʦʙʨʘʞʘʻʪʴʩʷ ʥʘ ʧʘʥʝʣʽ ʧʨʠʣʘʜʽʚ ʜʨʘʡʚʝʨʘ. 

ɼʣʷ ʪʦʛʦ, ʱʦʙ IoT ʚʧʨʦʚʘʜʠʪʠ ʚ ʙʽʣʴʰ ʰʠʨʦʢʝ ʚʠʢʦʨʠʩʪʘʥʥʷ, 

ʥʝʦʙʭʽʜʥʦ ʚʠʨʽʰʠʪʠ ʥʠʟʢʫ ʧʨʦʙʣʝʤ. ɼʝʷʢʽ ʟ ʮʠʭ ʧʨʦʙʣʝʤ ʤʘʶʪʴ ʪʝʭʥʽʯʥʠʡ 

ʭʘʨʘʢʪʝʨ, ʽʥʰʽ ï ʩʫʪʦ ʩʪʨʫʢʪʫʨʥʠʡ. ʅʘʧʨʠʢʣʘʜ, ʢʦʨʠʩʪʫʚʘʯʽ ʧʦʚʠʥʥʽ ʧʦʯʘʪʠ 

ʜʦʚʽʨʷʪʠ ʩʠʩʪʝʤʘʤ, ʱʦ ʧʨʘʮʶʶʪʴ ʥʘ ʦʩʥʦʚʽ IoT, ʘ ʢʦʤʧʘʥʽʷʤ ʥʝʦʙʭʽʜʥʦ ʧʨʠ 

ʧʨʠʡʥʷʪʪʽ ʨʽʰʝʥʴ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʧʽʜʭʦʜʠ ʥʘ ʦʩʥʦʚʽ ʮʠʬʨʦʚʠʭ ʜʘʥʠʭ. 

ʈʦʟʛʣʷʥʝʤʦ ʦʩʥʦʚʥʽ ʧʨʦʙʣʝʤʠ ʧʨʠ ʨʝʘʣʽʟʘʮʽʾ ʪʝʭʥʦʣʦʛʽʡ IIoT: 

1. ʉʫʤʽʩʥʽʩʪʴ ʧʨʠʩʪʨʦʾʚ. ɿʜʘʪʥʽʩʪʴ ʧʨʠʩʪʨʦʾʚ ʪʘ ʩʠʩʪʝʤ IIoT ʧʨʘʮʶʚʘʪʠ 

ʩʧʽʣʴʥʦ ʤʘʻ ʚʠʨʽʰʘʣʴʥʝ ʟʥʘʯʝʥʥʷ ʜʣʷ ʨʝʘʣʽʟʘʮʽʾ ʚʩʽʭ ʤʦʞʣʠʚʦʩʪʝʡ IIoT -

ʜʦʜʘʪʢʽʚ. ʇʨʠʡʥʷʪʪʷ ʚʽʜʢʨʠʪʠʭ ʩʪʘʥʜʘʨʪʽʚ ʻ ʦʜʥʠʤ ʽʟ ʩʧʦʩʦʙʽʚ ʟʘʙʝʟʧʝʯʝʥʥʷ 

ʩʫʤʽʩʥʦʩʪʽ. 

2. ʂʦʥʬʽʜʝʥʮʽʡʥʽʩʪʴ. ʋ ʙʽʣʴʰʦʩʪʽ ʢʦʨʠʩʪʫʚʘʯʽʚ ʚʠʢʣʠʢʘʶʪʴ 

ʟʘʥʝʧʦʢʦʻʥʥʷ ʧʨʦʙʣʝʤʠ ʢʦʥʬʽʜʝʥʮʽʡʥʦʩʪʽ ʦʩʦʙʠʩʪʠʭ ʜʘʥʠʭ, ʱʦ ʟʙʠʨʘʶʪʴʩʷ 
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ʤʽʣʴʷʨʜʘʤʠ ʧʨʠʩʪʨʦʾʚ, ʪʘ ʥʝʟʘʢʦʥʥʦʛʦ ʾʭ ʚʠʢʦʨʠʩʪʘʥʥʷ, ʦʨʛʘʥʽʟʘʮʽʾ ʥʝʧʦʢʦʾʪʴ 

ʤʦʞʣʠʚʽʩʪʴ ʥʝʟʘʢʦʥʥʦʛʦ ʜʦʩʪʫʧʫ ʜʦ ʢʦʤʝʨʮʽʡʥʦʾ ʢʦʥʬʽʜʝʥʮʽʡʥʦʾ ʽʥʬʦʨʤʘʮʽʾ. 

3. ɿʘʭʠʩʪ ʜʘʥʠʭ. ʆʨʛʘʥʽʟʘʮʽʾ, ʱʦ ʟʙʠʨʘʶʪʴ ʜʘʥʽ ʟ ʤʽʣʴʷʨʜʽʚ ʧʨʠʩʪʨʦʾʚ, 

ʧʦʚʠʥʥʽ ʤʘʪʠ ʤʦʞʣʠʚʽʩʪʴ ʟʘʭʠʩʪʠʪʠ ʮʽ ʜʘʥʽ ʚʽʜ ʥʝʩʘʥʢʮʽʦʥʦʚʘʥʦʛʦ ʜʦʩʪʫʧʫ ʙʦ 

ʧʦʰʠʨʝʥʥʷ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʪʝʭʥʦʣʦʛʽʡ ʥʘ ʥʦʚʽ ʧʨʠʩʪʨʦʾ ʩʪʚʦʨʶʻ ʥʘʙʘʛʘʪʦ 

ʙʽʣʴʰʝ ʧʦʪʝʥʮʽʡʥʠʭ ʚʨʘʟʣʠʚʦʩʪʝʡ. 

4. ɿʘʭʠʩʪ ʽʥʪʝʣʝʢʪʫʘʣʴʥʦʾ ʚʣʘʩʥʦʩʪʽ. ʑʦʙ ʨʦʟʢʨʠʪʠ ʚʝʣʠʯʝʟʥʠʡ 

ʧʦʪʝʥʮʽʘʣ IoT, ʧʦʪʨʽʙʥʦ ʯʽʪʢʽʰʝ ʨʦʟʤʝʞʫʚʘʪʠ ʧʨʘʚʘ ʪʘ ʦʙʦʚ'ʷʟʢʠ ʫʯʘʩʥʠʢʽʚ 

ʧʨʘʚʦʚʽʜʥʦʩʠʥ, ʱʦ ʚʠʥʠʢʘʶʪʴ ʫ ʟʚ'ʷʟʢʫ ʽʟ ʟʘʩʪʦʩʫʚʘʥʥʷʤ ʪʝʭʥʦʣʦʛʽʡ IoT, ʽ 

ʚʠʟʥʘʯʠʪʠ, ʷʢʽ ʧʨʘʚʘ ʧʦʰʠʨʶʶʪʴʩʷ ʥʘ ʜʘʥʽ, ʩʪʚʦʨʶʚʘʥʽ ʨʽʟʥʠʤʠ 

ʧʽʜʢʣʶʯʝʥʠʤʠ ʧʨʠʩʪʨʦʷʤʠ. 

ʋʩʽ ʚʠʱʝʟʘʟʥʘʯʝʥʽ ʧʨʦʙʣʝʤʠ ʧʦʚôʷʟʘʥʽ ʟ ʧʠʪʘʥʥʷʤʠ ʙʝʟʧʝʢʠ.  
ʆʪʞʝ, ʧʨʦʤʠʩʣʦʚʠʡ ɯʥʪʝʨʥʝʪ ʨʝʯʝʡ - ʮʝ ʤʝʨʝʞʘ ʧʨʠʩʪʨʦʾʚ, ʷʢʽ ʧʦʚ'ʷʟʘʥʽ 

ʤʽʞ ʩʦʙʦʶ ʟʘ ʜʦʧʦʤʦʛʦʶ ʢʦʤʫʥʽʢʘʮʽʡʥʠʭ ʪʝʭʥʦʣʦʛʽʡ. ʆʜʥʠʤ ʽʟ ʩʢʣʘʜʥʠʭ 

ʟʘʚʜʘʥʴ ʫ ʨʦʟʚʠʪʢʫ ʢʦʥʮʝʧʮʽʾ ɯʥʪʝʨʥʝʪ ʨʝʯʝʡ (IoT) ʫ ʙʘʛʘʪʴʦʭ ʜʦʜʘʪʢʘʭ ʻ ʩʢʣʘʜʥʽ 

ʧʨʦʙʣʝʤʠ ʟʘʙʝʟʧʝʯʝʥʥʷ ʽʥʬʦʨʤʘʮʽʡʥʦʾ ʙʝʟʧʝʢʠ ʫ ʰʠʨʦʢʦʤʫ ʩʧʝʢʪʨʽ ʟʘʭʠʩʪʫ ʚʽʜ 

ʟʘʛʨʦʟ ʟʣʦʚʤʠʩʥʠʢʘ. ʎʽ ʧʨʦʙʣʝʤʠ ʦʩʦʙʣʠʚʦ ʘʢʪʫʘʣʴʥʽ, ʦʩʢʽʣʴʢʠ ʧʨʦʛʥʦʟʫʻʪʴʩʷ 

ʟʨʦʩʪʘʥʥʷ ʧʦʪʨʝʙʠ ʢʦʨʠʩʪʫʚʘʯʽʚ ʚ IoT. 

ɹʝʟʧʝʢʘ ʽʥʪʝʨʥʝʪʫ ʨʝʯʝʡ ʧʝʨʝʜʙʘʯʘʻ ʟʘʭʠʩʪ ʽʥʪʝʨʥʝʪ-ʧʨʠʩʪʨʦʾʚ ʪʘ ʤʝʨʝʞ, 

ʜʦ ʷʢʠʭ ʚʦʥʠ ʧʽʜʢʣʶʯʝʥʽ, ʚʽʜ ʦʥʣʘʡʥ-ʟʘʛʨʦʟ ʪʘ ʟʣʦʤʽʚ. ʎʝ ʜʦʩʷʛʘʻʪʴʩʷ ʰʣʷʭʦʤ 

ʚʠʷʚʣʝʥʥʷ, ʤʦʥʽʪʦʨʠʥʛʫ ʪʘ ʫʩʫʥʝʥʥʷ ʧʦʪʝʥʮʽʡʥʠʭ ʚʨʘʟʣʠʚʦʩʪʝʡ ʙʝʟʧʝʢʠ ʥʘ 

ʧʨʠʩʪʨʦʷʭ. 
ʃʽʪʝʨʘʪʫʨʘ 
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This report provides the use of advanced Machine-to-Machine (M2M) communication 

technologies for the automotive industry. The report covers the latest developments in M2M 

technologies such as 5G, which is expected to revolutionize the way cars communicate with each 

other and with the surrounding infrastructure. Additionally, the report shows benefits of M2M 

technologies for the automotive industry, specifically improved safety. 
 

ʇʨʦʙʣʝʤʘ, ʱʦ ʚʠʨʽʰʫʻʪʴʩʷ. ɸʚʪʦʤʦʙʽʣʴʥʽ ʜʦʨʦʞʥʴʦ-ʪʨʘʥʩʧʦʨʪʥʽ 

ʧʨʠʛʦʜʠ (ɼʊʇ) ʻ ʦʜʥʽʻʶ ʟ ʥʘʡʙʽʣʴʰ ʧʦʰʠʨʝʥʠʭ ʧʨʠʯʠʥ ʟʘʛʠʙʝʣʽ ʣʶʜʝʡ ʫ 

ʩʚʽʪʽ, ʟʦʢʨʝʤʘ ʚ ʋʢʨʘʾʥʽ. ʉʪʘʪʠʩʪʠʢʘ ʩʚʽʜʯʠʪʴ [1], ʱʦ ʟʘ 2021 ʨʽʢ, ʟʘʛʘʣʦʤ ʚ 

ʢʨʘʾʥʽ ʟʘʨʝʻʩʪʨʦʚʘʥʦ 24521 ɼʊʇ, ʚ ʷʢʠʭ ʟʘʛʠʥʫʣʦ 3238 ʣʶʜʠʥʘ, ʪʘ ʙʫʣʦ 

ʪʨʘʚʤʦʚʘʥʦ 29738 ʦʩʽʙ. ʆʪʞʝ, ʟʤʝʥʰʝʥʥʷ ʡʤʦʚʽʨʥʦʩʪʽ ʚʠʥʠʢʥʝʥʥʷ ɼʊʇ ʟ 

ʤʝʪʦʶ ʟʙʝʨʝʞʝʥʥʷ ʣʶʜʩʴʢʠʭ ʞʠʪʪʽʚ ʪʘ ʟʤʝʥʰʝʥʥʷ ʡʤʦʚʽʨʥʦʩʪʽ ʣʝʪʘʣʴʥʦʛʦ 

ʨʝʟʫʣʴʪʘʪʫ ɼʊʇ ʫ ʩʚʽʪʽ ʪʘ ʚ ʋʢʨʘʾʥʽ ʻ ʘʢʪʫʘʣʴʥʠʤ ʟʘʚʜʘʥʥʷʤ.  

ʇʦʩʪʘʥʦʚʢʘ ʟʘʚʜʘʥʥʷ. ɿʤʝʥʰʠʪʠ ʡʤʦʚʽʨʥʽʩʪʴ ʚʠʥʠʢʥʝʥʥʷ ɼʊʇ ʪʘ 

ʣʝʪʘʣʴʥʦʛʦ ʨʝʟʫʣʴʪʘʪʫ ɼʊʇ. 

ʐʣʷʭʠ ʚʠʨʽʰʝʥʥʷ ʟʘʚʜʘʥʥʷ. ʇʦʩʪʘʚʣʝʥʝ ʟʘʚʜʘʥʥʷ ʤʦʞʥʘ ʚʠʨʽʰʠʪʠ 

ʨʽʟʥʠʤʠ ʩʧʦʩʦʙʘʤʠ, ʘ ʩʘʤʝ: ʩʠʩʪʝʤʥʠʤ ʦʙʤʝʞʝʥʥʷʤ ʰʚʠʜʢʦʩʪʽ ʨʫʭʫ 

ʪʨʘʥʩʧʦʨʪʥʠʭ ʟʘʩʦʙʽʚ (ʊɿ) ʜʦ ʙʝʟʧʝʯʥʦʛʦ ʥʘ ʟʘʢʦʥʦʜʘʚʯʦʤʫ ʨʽʚʥʽ; 

ʢʦʥʩʪʨʫʢʪʠʚʥʦʶ ʦʨʛʘʥʽʟʘʮʽʻʶ ʜʦʨʽʛ ʪʘ ʾʾ ʝʣʝʤʝʥʪʽʚ; ʚʧʨʦʚʘʜʞʝʥʥʷʤ 

ʪʝʭʥʽʯʥʠʭ ʨʽʰʝʥʴ ʚʟʘʻʤʦʜʽʾ ʊɿ ʫ ʨʫʩʽ, ʪʦʱʦ.  

ʆʜʥʠʤ ʽʟ ʪʝʭʥʽʯʥʠʭ ʨʽʰʝʥʴ ʚʠʨʽʰʝʥʥʷ ʧʦʩʪʘʚʣʝʥʦʛʦ ʟʘʚʜʘʥʥʷ ʻ 

ʦʨʛʘʥʽʟʘʮʽʷ ʢʦʤʫʥʽʢʘʮʽʾ ʤʽʞ ʪʨʘʥʩʧʦʨʪʥʠʤʠ ʟʘʩʦʙʘʤʠ, ʷʢʽ ʧʝʨʝʙʫʚʘʶʪʴ ʫ ʨʫʩʽ, 

ʟ ʤʝʪʦʶ ʟʙʦʨʫ ʪʘ ʦʙʤʽʥʫ ʽʥʬʦʨʤʘʮʽʻʶ ʤʽʞ ʊɿ, ʽ ʮʝʥʪʨʘʣʽʟʦʚʘʥʦʛʦ ʯʠ 

ʜʝʮʝʥʪʨʘʣʽʟʦʚʘʥʦʛʦ ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʴ ʪʨʘʥʩʧʦʨʪʥʠʤʠ ʟʘʩʦʙʘʤʠ ʚ ʨʝʘʣʴʥʦʤʫ 

ʨʝʞʠʤʽ ʯʘʩʫ ʱʦʜʦ ʥʝʦʙʭʽʜʥʦʩʪʽ ʨʝʘʛʫʚʘʥʥʷ ʊɿ ʥʘ ʦʙʩʪʘʚʠʥʠ, ʱʦ ʩʢʣʘʣʠʩʷ ʚ 

ʢʦʞʝʥ ʤʦʤʝʥʪ ʯʘʩʫ ʫ ʧʨʦʮʝʩʽ ʨʫʭʫ. 

ʂʦʤʫʥʽʢʘʮʽʷ ʤʽʞ ʊɿ ʤʦʞʝ ʙʫʪʠ ʦʨʛʘʥʽʟʦʚʘʥʘ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷ ʧʨʦʪʦʢʦʣʽʚ 

ɯʥʪʝʨʥʝʪʫ ʈʝʯʝʡ (Internet of Things, ï IoT [2]), ʪʘ ʤʽʞʤʘʰʠʥʥʦʛʦ ʟʚôʷʟʢʫ, 

ʚʽʜʦʤʦʛʦ ʷʢ M2M-ʢʦʤʫʥʽʢʘʮʽʾ (ʘʥʛʣ. ʄ2ʄ ï Machine-to-Machine 

Communications, [3]). 

ʄʽʞʤʘʰʠʥʥʠʡ ʟʚôʷʟʦʢ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʜʣʷ ʘʚʪʦʤʘʪʠʟʦʚʘʥʦʾ ʧʝʨʝʜʘʯʽ 

ʜʘʥʠʭ ʪʘ ʚʠʤʽʨʶʚʘʥʴ ʤʽʞ ʤʝʭʘʥʽʯʥʠʤʠ ʘʙʦ ʝʣʝʢʪʨʦʥʥʠʤʠ ʧʨʠʩʪʨʦʷʤʠ. 

ʂʣʶʯʦʚʠʤʠ ʢʦʤʧʦʥʝʥʪʘʤʠ ʩʠʩʪʝʤʠ M2M ʻ ʙʝʟʧʨʦʚʦʜʦʚʽ ʧʨʠʩʪʨʦʾ ʽʟ 

ʚʙʫʜʦʚʘʥʠʤʠ ʜʘʪʯʠʢʘʤʠ ʘʙʦ RFID, ʙʝʟʧʨʦʚʦʜʦʚʽ ʢʦʤʫʥʽʢʘʮʽʡʥʽ ʤʝʨʝʞʽ 

ʩʪʽʣʴʥʠʢʦʚʦʛʦ ʟʚôʷʟʢʫ, Wi-Fi, ZigBee, WiMAX, WLAN, ʘ ʪʘʢʦʞ ʧʨʦʚʦʜʦʚʽ 
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ʽʥʬʦʢʦʤʫʥʽʢʘʮʽʡʥʽ ʤʝʨʝʞʽ [4]. ʅʘ ʨʠʩ. 1 ʟʦʙʨʘʞʝʥʦ ʘʨʭʽʪʝʢʪʫʨʫ 

ʽʥʬʦʢʦʤʫʥʽʢʘʮʽʡʥʦʾ ʄ2ʄ ʤʝʨʝʞʽ IoT ʚ ʢʦʥʪʝʢʩʪʽ ʘʚʪʦʪʨʘʥʩʧʦʨʪʫ ʽ ʊɿ [5].  
 

 
 

ʈʠʩ. 1. ɸʨʭʽʪʝʢʪʫʨʘ ʤʝʨʝʞʽ ʄ2ʄ ʚ ʢʦʥʪʝʢʩʪʽ ʘʚʪʦʪʨʘʥʩʧʦʨʪʫ. 
 

ɺʘʨʪʦ ʚʽʜʟʥʘʯʠʪʠ, ʱʦ ʜʦʩʪʦʚʽʨʥʽʩʪʴ ʪʘ ʩʚʦʻʯʘʩʥʽʩʪʴ ʧʝʨʝʜʘʚʘʥʥʷ 

ʽʥʬʦʨʤʘʮʽʾ ʻ ʥʘʜʟʚʠʯʘʡʥʦ ʚʘʞʣʠʚʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʜʣʷ ʦʨʛʘʥʽʟʘʮʽʾ 

ʙʝʟʧʨʦʚʦʜʦʚʦʛʦ ʄ2ʄ ʟʚôʷʟʢʫ. ʄʝʨʝʞʽ ʟ ʥʠʟʴʢʦʶ ʟʘʪʨʠʤʢʦʶ, ʪʘʢʽ ʷʢ 5G, 

ʧʦʢʨʘʱʫʶʪʴ ʄ2ʄ ʟʚôʷʟʦʢ ʤʽʞ ʊɿ ʪʘ ʧʨʠʩʪʨʦʷʤʠ, ʽ ʟʘʙʝʟʧʝʯʫʶʪʴ 

ʙʝʟʧʝʨʝʙʽʡʥʠʡ ʧʦʪʽʢ ʽʥʬʦʨʤʘʮʽʾ ʜʣʷ ʚʨʘʭʫʚʘʥʥʷ ʥʝʚʠʟʥʘʯʝʥʦʩʪʝʡ ʜʦʨʦʞʥʴʦʛʦ 

ʨʫʭʫ, ʚʢʣʶʯʘʶʯʠ ʘʚʘʨʽʾ ʪʘ ʜʦʨʦʞʥʽ ʫʤʦʚʠ [6]. 

ʄʦʞʣʠʚʽ ʟʘʩʪʦʩʫʚʘʥʥʷ M2M-ʧʨʦʪʦʢʦʣʽʚ ʚ ʘʚʪʦʤʦʙʽʣʴʥʽʡ ʧʨʦʤʠʩʣʦʚʦʩʪʽ: 

1. ɿʙʽʨ ʜʘʥʠʭ ʧʨʦ ʨʫʭ ʊɿ, ʚʟʘʻʤʦʜʽʷ ʟ ʤʝʨʝʞʘʤʠ, ʽʥʰʠʤʠ ʊɿ ʪʘ 

ʽʥʬʨʘʩʪʨʫʢʪʫʨʦʶ ʥʘʚʢʦʣʦ ʊɿ [6]. ʎʽ ʜʘʥʽ ʤʦʞʫʪʴ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠʩʷ ʜʣʷ 

ʘʥʘʣʽʟʫ ʩʪʘʥʫ ʜʦʨʦʛʠ, ʧʝʨʝʜʙʘʯʝʥʥʷ ʤʦʞʣʠʚʠʭ ʘʚʘʨʽʡ ʪʘ ʟʘʙʝʟʧʝʯʝʥʥʷ ʙʽʣʴʰ 

ʝʬʝʢʪʠʚʥʦʛʦ ʨʫʭʫ ʊɿ. ʅʘʧʨʠʢʣʘʜ, ʟʙʽʨ ʜʘʥʠʭ ʧʨʦ ʰʚʠʜʢʽʩʪʴ ʨʫʭʫ, ʧʦʛʦʜʥʽ 

ʫʤʦʚʠ, ʛʘʣʴʤʫʚʘʥʥʷ ʪʘ ʨʦʟʛʽʥ, ʥʘʩʠʯʝʥʽʩʪʴ ʪʨʘʬʽʢʫ ʊɿ ʤʦʞʫʪʴ ʜʦʧʦʤʦʛʪʠ 

ʚʠʷʚʠʪʠ ʥʝʙʝʟʧʝʯʥʽ ʜʽʣʷʥʢʠ ʜʦʨʦʛʠ ʪʘ ʨʦʟʨʦʙʠʪʠ ʟʘʭʦʜʠ ʜʣʷ ʟʤʝʥʰʝʥʥʷ 

ʨʠʟʠʢʫ ɼʊʇ. 

2. ɿʘʙʝʟʧʝʯʝʥʥʷ ʢʦʤʫʥʽʢʘʮʽʾ ʤʽʞ ʚʫʟʣʘʤʠ ʊɿ ʜʣʷ ʧʦʢʨʘʱʝʥʥʷ ʙʝʟʧʝʢʠ 

ʨʫʭʫ. ʅʘʧʨʠʢʣʘʜ, ʚʠʢʦʨʠʩʪʘʥʥʷ ʧʨʦʪʦʢʦʣʽʚ M2M ʤʦʞʝ ʜʦʧʦʤʦʛʪʠ 

ʟʘʙʝʟʧʝʯʠʪʠ ʟʚ'ʷʟʦʢ ʤʽʞ ʩʠʩʪʝʤʦʶ ʘʚʪʦʤʘʪʠʯʥʦʛʦ ʛʘʣʴʤʫʚʘʥʥʷ ʘʚʪʦʤʦʙʽʣʷ. 
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ʇʨʠʢʣʘʜʦʤ ʨʝʘʣʽʟʘʮʽʾ ʢʦʤʫʥʽʢʘʮʽʾ ʤʽʞ ʚʫʟʣʘʤʠ ʊɿ ʻ ʢʦʣʽʟʽʡʥʘ ʩʠʩʪʝʤʘ 

ʧʦʧʝʨʝʜʞʝʥʥʷ (Collision Warning System, ï CWS) [7-8]. CWS ʤʦʞʝ ʚʠʷʚʠʪʠ 

ʥʝʙʝʟʧʝʢʫ ʟʽʪʢʥʝʥʥʷ ʪʘ ʥʘʜʽʩʣʘʪʠ ʚʽʜʧʦʚʽʜʥʠʡ ʩʠʛʥʘʣ ʚʦʜʽʻʚʽ ʪʘ ʩʠʩʪʝʤʽ 

ʛʘʣʴʤʫʚʘʥʥʷ, ʱʦ ʜʦʧʦʤʘʛʘʻ ʫʥʠʢʥʫʪʠ ɼʊʇ ʪʘ ʟʤʝʥʰʠʪʠ ʯʠʩʣʦ ʪʨʘʚʤʦʚʘʥʠʭ.  

ɿʘ ʜʘʥʠʤʠ ɭʚʨʦʧʝʡʩʴʢʦʾ ʘʩʦʮʽʘʮʽʾ ʘʚʪʦʚʠʨʦʙʥʠʢʽʚ (ACEA), 40,5% ʥʦʚʠʭ 

ʣʝʛʢʦʚʠʭ ʘʚʪʦʤʦʙʽʣʽʚ, ʱʦ ʙʫʣʠ ʟʘʨʝʻʩʪʨʦʚʘʥʽ ʚ ɭʚʨʦʧʽ, ʤʘʣʠ ʩʠʩʪʝʤʠ 

ʝʢʩʪʨʝʥʦʛʦ ʛʘʣʴʤʫʚʘʥʥʷ ʟ ʜʘʪʯʠʢʦʤ ʧʝʨʝʰʢʦʜ (Autonomous Emergency 

Braking, ï AEB), ʱʦ ʻ ʦʜʥʽʻʶ ʟ ʚʠʜʽʚ ʩʠʩʪʝʤ CWS. 

IoT M2M ʧʨʦʪʦʢʦʣʠ. ʆʜʠʥ ʟ ʤʦʞʣʠʚʠʭ ʧʨʦʪʦʢʦʣʽʚ, ʷʢʽ ʤʦʞʫʪʴ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠʩʴ ʫ CWS, ï CAN (Controller Area Network). CAN ï ʮʝ 

ʧʨʦʤʠʩʣʦʚʠʡ ʩʪʘʥʜʘʨʪ ʧʨʦʪʦʢʦʣʫ, ʷʢʠʡ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʜʣʷ ʦʙʤʽʥʫ 

ʜʘʥʠʤʠ ʤʽʞ ʢʦʤʧʦʥʝʥʪʘʤʠ ʘʚʪʦʤʦʙʽʣʴʥʦʾ ʩʠʩʪʝʤʠ, ʚʢʣʶʯʘʶʯʠ ʩʝʥʩʦʨʠ, 

ʢʦʥʪʨʦʣʝʨʠ ʪʘ ʽʥʰʽ ʧʨʠʩʪʨʦʾ. CAN ʜʦʟʚʦʣʷʻ ʰʚʠʜʢʠʡ ʪʘ ʥʘʜʽʡʥʠʡ ʦʙʤʽʥ 

ʜʘʥʠʤʠ ʚ ʨʝʘʣʴʥʦʤʫ ʯʘʩʽ ʪʘ ʻ ʦʜʥʠʤ ʟ ʥʘʡʙʽʣʴʰ ʧʦʰʠʨʝʥʠʭ ʧʨʦʪʦʢʦʣʽʚ ʚ 

ʘʚʪʦʤʦʙʽʣʴʥʽʡ ʧʨʦʤʠʩʣʦʚʦʩʪʽ. 

ɯʥʰʽ ʧʨʦʪʦʢʦʣʠ, ʷʢʽ ʤʦʞʫʪʴ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠʩʴ ʫ CWS, ʚʢʣʶʯʘʶʪʴ 

Bluetooth, Wi-Fi, Zigbee ʪʘ ʽʥʰʽ ʙʝʟʧʨʦʚʦʜʦʚʽ ʧʨʦʪʦʢʦʣʠ, ʷʢʽ ʜʦʟʚʦʣʷʶʪʴ 

ʧʝʨʝʜʘʚʘʪʠ ʜʘʥʽ ʤʽʞ ʢʦʤʧʦʥʝʥʪʘʤʠ ʩʠʩʪʝʤʠ ʙʝʟ ʚʠʢʦʨʠʩʪʘʥʥʷ ʢʘʙʝʣʽʚ. 

ʅʘʧʨʠʢʣʘʜ, ʩʠʩʪʝʤʘ CWS ʤʦʞʝ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ Bluetooth ʜʣʷ ʧʝʨʝʜʘʯʽ 

ʜʘʥʠʭ ʤʽʞ ʩʝʥʩʦʨʘʤʠ, ʢʦʥʪʨʦʣʝʨʘʤʠ ʪʘ ʽʥʰʠʤʠ ʧʨʠʩʪʨʦʷʤʠ ʚ ʘʚʪʦʤʦʙʽʣʽ.  

ɿʤʝʥʰʝʥʥʷ ʡʤʦʚʽʨʥʦʩʪʽ ɼʊʇ. ɿʛʽʜʥʦ ʟʽ ʟʚʽʪʦʤ NHTSA ʧʨʦ ʩʪʘʪʠʩʪʠʢʫ 

ʘʚʘʨʽʡ ʟ ʫʯʘʩʪʶ ʘʚʪʦʪʨʘʥʩʧʦʨʪʫ ʟʘ 2019 ʨʽʢ [9], ʟ ʥʠʭ 8,2% (ʘʙʦ ʙʽʣʴʰʝ 3 000 

ʘʚʘʨʽʡ) ʚʽʜʙʫʣʠʩʷ ʯʝʨʝʟ ʟʽʪʢʥʝʥʥʷ ʟ ʧʝʨʝʰʢʦʜʦʶ, ʷʢʫ ʘʚʪʦʤʦʙʽʣʴ ʤʽʛ 

ʟʘʧʦʙʽʛʪʠ ʟʘ ʜʦʧʦʤʦʛʦʶ ʩʠʩʪʝʤʠ ʧʦʧʝʨʝʜʞʝʥʥʷ ʧʨʦ ʟʽʪʢʥʝʥʥʷ. ɼʦʩʣʽʜʞʝʥʥʷ 

NHTSA ʪʘʢʦʞ ʧʦʢʘʟʫʻ, ʱʦ ʚʩʪʘʥʦʚʣʝʥʥʷ M2M ʩʠʩʪʝʤʠ ʧʦʧʝʨʝʜʞʝʥʥʷ ʧʨʦ 

ʟʽʪʢʥʝʥʥʷ ʚ ʘʚʪʦʤʦʙʽʣʷʭ, ʷʢʘ ʧʨʘʮʶʻ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʨʘʜʘʨʫ ʘʙʦ ʢʘʤʝʨʠ, 

ʤʦʞʝ ʟʥʠʟʠʪʠ ʢʽʣʴʢʽʩʪʴ ʘʚʘʨʽʡ ʥʘ 20% [9]. 

ɺʠʩʥʦʚʦʢ. ɺʠʢʦʨʠʩʪʘʥʥʷ M2M-ʧʨʦʪʦʢʦʣʽʚ ʚ ʘʚʪʦʤʦʙʽʣʴʥʽʡ 

ʧʨʦʤʠʩʣʦʚʦʩʪʽ ʜʦʧʦʤʘʛʘʻ ʷʢʽʩʥʦ ʪʘ ʢʽʣʴʢʽʩʥʦ ʟʤʝʥʰʠʪʠ ʢʽʣʴʢʽʩʪʴ ɼʊʇ, ʪʘ 

ʧʦʣʽʧʰʠʪʠ ʙʝʟʧʝʢʫ ʥʘ ʜʦʨʦʛʘʭ. 
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ɻʨʠʛʦʨʝʥʢʦ ʆ.ɻ., ʈʝʫʪʘ ɻ.ɺ. 
ʅʘʚʯʘʣʴʥʦ-ʥʘʫʢʦʚʠʡ ɯʥʩʪʠʪʫʪ ʪʝʣʝʢʦʤʫʥʽʢʘʮʽʡʥʠʭ  

ʩʠʩʪʝʤ ʂʇɯ ʽʤ. ɯʛʦʨʷ ʉʽʢʦʨʩʴʢʦʛʦ, ʋʢʨʘʾʥʘ  
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DIGITAL SIGNATURES AND CERTIFICATES USING FOR  

SECURE TRANSACTIONS AND CONFIRMATION OF THE ELECTRONIC 

DOCUMENTS AUTHENTICITY  
 

Analyzed features of digital signatures and certificates and the advantages of their use in 

various areas of modern life, which allows safe transactions on the Internet and confirm the 

authenticity of electronic documents. 

ʇʨʦʘʥʘʣʽʟʦʚʘʥʽ ʦʩʦʙʣʠʚʦʩʪʽ ʮʠʬʨʦʚʠʭ ʧʽʜʧʠʩʽʚ ʪʘ ʩʝʨʪʠʬʽʢʘʪʽʚ ʪʘ ʧʝʨʝʚʘʛʠ ʾʭ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʚ ʨʽʟʥʠʭ ʩʬʝʨʘʭ ʩʫʯʘʩʥʦʛʦ ʞʠʪʪʷ, ʱʦ ʜʦʟʚʦʣʷʻ ʙʝʟʧʝʯʥʦ ʧʨʦʚʦʜʠʪʠ  

ʪʨʘʥʟʘʢʮʽʾ ʚ ʤʝʨʝʞʽ ɯʥʪʝʨʥʝʪ ʪʘ ʧʽʜʪʚʝʨʜʞʫʚʘʪʠ ʩʧʨʘʚʞʥʽʩʪʴ ʝʣʝʢʪʨʦʥʥʠʭ ʜʦʢʫʤʝʥʪʽʚ. 
 

ʎʠʬʨʦʚʽ ʧʽʜʧʠʩʠ ʪʘ ʩʝʨʪʠʬʽʢʘʪʠ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʫ ʨʽʟʥʠʭ ʩʬʝʨʘʭ 

ʥʘʰʦʛʦ ʞʠʪʪʷ. çɿʝʣʝʥʝ ʩʚʽʪʣʦè ʜʣʷ ʰʠʨʦʢʦʛʦ ʟʘʩʪʦʩʫʚʘʥʥʷ ʝʣʝʢʪʨʦʥʥʠʭ 

ʜʦʢʫʤʝʥʪʽʚ ʪʘ ʮʠʬʨʦʚʦʛʦ ʧʽʜʧʠʩʫ ʚ ʋʢʨʘʾʥʽ ʜʘʣʠ ɿʘʢʦʥ ñʇʨʦ ʝʣʝʢʪʨʦʥʥʽ 

ʜʦʢʫʤʝʥʪʠ ʪʘ ʝʣʝʢʪʨʦʥʥʠʡ ʜʦʢʫʤʝʥʪʦʦʙʽʛò ʪʘ ɿʘʢʦʥ ñʇʨʦ ɽʎʇò [1,2]. ɺ 

ʋʢʨʘʾʥʽ ʚʠʢʦʨʠʩʪʘʥʥʷ ʮʠʭ ʪʝʭʥʦʣʦʛʽʡ ʻ ʥʘʜʟʚʠʯʘʡʥʦ ʘʢʪʫʘʣʴʥʠʤ ʯʝʨʝʟ ʚʽʡʥʫ, 

ʘ ʨʘʥʽʰʝ ʣʦʢʜʘʫʥ. 

ʎʠʬʨʦʚʠʡ ʧʽʜʧʠʩ - ʚʠʜ ʝʣʝʢʪʨʦʥʥʦʛʦ ʧʽʜʧʠʩʫ, ʦʪʨʠʤʘʥʦʛʦ ʟʘ 

ʨʝʟʫʣʴʪʘʪʦʤ ʢʨʠʧʪʦʛʨʘʬʽʯʥʦʛʦ ʧʝʨʝʪʚʦʨʝʥʥʷ ʥʘʙʦʨʫ ʝʣʝʢʪʨʦʥʥʠʭ ʜʘʥʠʭ, 

ʷʢʠʡ ʜʦʜʘʻʪʴʩʷ ʜʦ ʮʴʦʛʦ ʥʘʙʦʨʫ ʘʙʦ ʣʦʛʽʯʥʦ ʟ ʥʠʤ ʧʦʻʜʥʫʻʪʴʩʷ ʽ ʜʘʻ ʟʤʦʛʫ 

ʧʽʜʪʚʝʨʜʠʪʠ ʡʦʛʦ ʮʽʣʽʩʥʽʩʪʴ ʪʘ ʽʜʝʥʪʠʬʽʢʫʚʘʪʠ ʧʽʜʧʠʩʫʚʘʯʘ [2,4,5]. 

ɽʣʝʢʪʨʦʥʥʠʡ ʮʠʬʨʦʚʠʡ ʧʽʜʧʠʩ (ɽʎʇ) ʥʘʢʣʘʜʘʻʪʴʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʦʩʦʙʠʩʪʦʛʦ 

ʢʣʶʯʘ ʪʘ ʧʝʨʝʚʽʨʷʻʪʴʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʚʽʜʢʨʠʪʦʛʦ ʢʣʶʯʘ. ɯʣʶʩʪʨʘʮʽʷ 

ʮʠʬʨʦʚʦʛʦ ʧʽʜʧʠʩʫ ʧʦʢʘʟʘʥʘ ʥʘ ʨʠʩ.1. 

 
ʈʠʩ.1. ɯʣʶʩʪʨʘʮʽʷ ʮʠʬʨʦʚʦʛʦ ʧʽʜʧʠʩʫ ʜʘʥʠʭ [7]. 

ʎʠʬʨʦʚʠʡ ʧʽʜʧʠʩ 

ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʜʚʦʭ ʯʘʩʪʠʥ: 

ʧʝʨʰʘ ð ʚʽʜʢʨʠʪʘ ʜʣʷ 

ʪʠʭ ʩʪʦʨʽʥ, ʱʦ 

ʦʙʩʣʫʛʦʚʫʶʪʴ ʧʨʦʛʨʘʤʥʝ 

ʟʘʙʝʟʧʝʯʝʥʥʷ, ʷʢʝ 

ʚʠʢʦʨʠʩʪʦʚʫʻ ʪʘ ʜʦʧʦʤʘʛʘʻ 

ʩʢʣʘʜʘʪʠ ʝʣʝʢʪʨʦʥʥʽ 

ʜʦʢʫʤʝʥʪʠ, ʚʽʜʧʨʘʚʣʷʻ ʪʘ 

ʦʪʨʠʤʫʻ ʝʣʝʢʪʨʦʥʥʽ 

ʜʦʢʫʤʝʥʪʠ, ð ʮʷ ʯʘʩʪʠʥʘ 

ʜʦʟʚʦʣʷʻ ʪʘʢʠʤ ʩʪʦʨʦʥʘʤ 

ʽʜʝʥʪʠʬʽʢʫʚʘʪʠ ʦʩʦʙʫ; 

mailto:olenagri@ukr.net
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ʜʨʫʛʘ ð ʩʝʢʨʝʪʥʘ ʯʘʩʪʠʥʘ ʩʪʚʦʨʶʻʪʴʩʷ ʣʠʰʝ ʚʣʘʩʥʠʢʦʤ ʧʽʜʧʠʩʫ, ʮʝ ʻ 

ʧʘʨʦʣʴ ʚʣʘʩʥʠʢʘ, ʷʢʠʤ ʚʽʥ ʢʦʨʠʩʪʫʻʪʴʩʷ, ʱʦʙ ʩʪʚʦʨʠʪʠ ʝʣʝʢʪʨʦʥʥʠʡ 

ʮʠʬʨʦʚʠʡ ʧʽʜʧʠʩ ʪʘ ʧʦʪʽʤ ʧʽʜʧʠʩʫʚʘʪʠ ʥʠʤ ʝʣʝʢʪʨʦʥʥʽ ʜʦʢʫʤʝʥʪʠ. 

ɻʘʨʘʥʪʽʾ ʮʠʬʨʦʚʦʛʦ ʧʽʜʧʠʩʫ ʟʘʙʝʟʧʝʯʫʶʪʴʩʷ ʡʦʛʦ ʦʩʦʙʣʠʚʦʩʪʷʤʠ [3]: 

- ɸʚʪʝʥʪʠʯʥʽʩʪʴ. ʇʽʜʪʚʝʨʜʞʫʻʪʴʩʷ ʦʩʦʙʘ, ʷʢʘ ʧʽʜʧʠʩʘʣʘ ʜʦʢʫʤʝʥʪ. 

- ʎʽʣʽʩʥʽʩʪʴ. ɺʤʽʩʪ ʥʝ ʟʤʽʥʝʥʦ ʘʙʦ ʥʝ ʧʽʜʨʦʙʣʝʥʦ ʧʽʩʣʷ ʪʦʛʦ, ʷʢ ʥʘ 

ʥʴʦʤʫ ʧʦʩʪʘʚʣʝʥʦ ʮʠʬʨʦʚʠʡ ʧʽʜʧʠʩ. 

- ʅʝʤʦʞʣʠʚʽʩʪʴ ʚʽʜʤʦʚʠ. ʇʽʜʪʚʝʨʜʞʫʻ ʜʣʷ ʚʩʽʭ ʩʪʦʨʽʥ ʧʦʭʦʜʞʝʥʥʷ 

ʧʽʜʧʠʩʘʥʦʛʦ ʚʤʽʩʪʫ. ɺʽʜʤʦʚʘ ï ʮʝ ʟʘʧʝʨʝʯʝʥʥʷ ʘʚʪʦʨʦʤ ʧʽʜʧʠʩʫ ʩʚʦʻʾ 

ʧʨʠʯʝʪʥʦʩʪʽ ʜʦ ʧʽʜʧʠʩʘʥʦʛʦ ʚʤʽʩʪʫ. 

- ʅʦʪʘʨʽʘʣʴʥʝ ʟʘʩʚʽʜʯʝʥʥʷ. ʇʽʜʧʠʩʠ ʫ ʬʘʡʣʘʭ, ʥʘʧʨʠʢʣʘʜ, Microsoft 

Word, Microsoft Excel ʘʙʦ Microsoft PowerPoint ʽʟ ʧʦʟʥʘʯʢʦʶ ʯʘʩʫ ʚʽʜ 

ʥʘʜʽʡʥʦʛʦ ʩʝʨʚʝʨʘ ʧʦʟʥʘʯʦʢ ʯʘʩʫ ʟʘ ʧʝʚʥʠʭ ʫʤʦʚ ʧʨʠʨʽʚʥʶʶʪʴʩʷ ʜʦ 

ʥʦʪʘʨʽʘʣʴʥʦʛʦ ʟʘʩʚʽʜʯʝʥʥʷ. 

ʉʝʨʪʠʬʽʢʘʪ ð ʮʝ ʮʠʬʨʦʚʠʡ ʜʦʢʫʤʝʥʪ, ʷʢʠʡ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʜʣʷ 

ʧʽʜʪʚʝʨʜʞʝʥʥʷ ʩʧʨʘʚʞʥʦʩʪʽ ʮʠʬʨʦʚʦʛʦ ʧʽʜʧʠʩʫ. ɺʽʥ ʚʠʜʘʻʪʴʩʷ ʎʝʥʪʨʦʤ 

ʩʝʨʪʠʬʽʢʘʮʽʾ ʽ ʤʽʩʪʠʪʴ ʽʥʬʦʨʤʘʮʽʶ ʧʨʦ ʚʣʘʩʥʠʢʘ ʧʽʜʧʠʩʫ ʪʘ ʢʣʶʯ, ʜʦ ʷʢʦʛʦ ʚʽʥ 

ʙʫʚ ʩʪʚʦʨʝʥʠʡ. ʉʝʨʪʠʬʽʢʘʪ ʤʦʞʝ ʙʫʪʠ ʚʠʢʦʨʠʩʪʘʥʠʡ ʜʣʷ ʧʝʨʝʚʽʨʢʠ 

ʩʧʨʘʚʞʥʦʩʪʽ ʪʘ ʮʽʣʽʩʥʦʩʪʽ ʜʘʥʠʭ, ʷʢʽ ʙʫʣʠ ʩʪʚʦʨʝʥʽ ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʚʽʜʧʦʚʽʜʥʦʛʦ ʮʠʬʨʦʚʦʛʦ ʧʽʜʧʠʩʫ. 

ʎʠʬʨʦʚʽ ʩʝʨʪʠʬʽʢʘʪʠ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʜʣʷ ʧʝʨʝʚʽʨʢʠ ʦʨʛʘʥʽʟʘʮʽʾ ʘʙʦ 

ʦʢʨʝʤʦʛʦ ʢʦʨʠʩʪʫʚʘʯʘ, ʘ ʪʘʢʦʞ ʜʣʷ ʘʫʪʝʥʪʠʬʽʢʘʮʽʾ ʚʝʙ-ʩʘʡʪʫ ʧʦʩʪʘʯʘʣʴʥʠʢʘ ʽ 

ʚʩʪʘʥʦʚʣʝʥʥʷ ʟʘʰʠʬʨʦʚʘʥʦʛʦ ʟ'ʻʜʥʘʥʥʷ ʜʣʷ ʦʙʤʽʥʫ ʢʦʥʬʽʜʝʥʮʽʡʥʠʤʠ ʜʘʥʠʤʠ. 

ʗʢʱʦ ʮʠʬʨʦʚʠʡ ʩʝʨʪʠʬʽʢʘʪ ʚʽʜʧʦʚʽʜʘʻ ʩʪʘʥʜʘʨʪʥʽʡ ʩʪʨʫʢʪʫʨʽ, ʪʦ ʡʦʛʦ ʤʦʞʝ 

ʧʨʦʯʠʪʘʪʠ ʪʘ ʟʨʦʟʫʤʽʪʠ ʙʫʜʴ-ʷʢʘ ʩʠʩʪʝʤʘ ʥʝʟʘʣʝʞʥʦ ʚʽʜ ʪʦʛʦ, ʢʠʤ ʚʽʥ ʙʫʚ 

ʚʠʜʘʥʠʡ. X.509 ʻ ʩʪʘʥʜʘʨʪʦʤ ʜʣʷ ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ ʚʽʜʢʨʠʪʠʭ ʢʣʶʯʽʚ (PKI - 

public key infrastructure) ʜʣʷ ʢʝʨʫʚʘʥʥʷ ʮʠʬʨʦʚʠʤʠ ʩʝʨʪʠʬʽʢʘʪʘʤʠ. 

ʅʘʡʧʦʰʠʨʝʥʽʰʽ ʧʨʠʢʣʘʜʠ ʚʠʢʦʨʠʩʪʘʥʥʷ ʮʠʬʨʦʚʠʭ ʧʽʜʧʠʩʽʚ ʪʘ 

ʩʝʨʪʠʬʽʢʘʪʽʚ (ʎʇʉ) ʫ ʨʽʟʥʠʭ ʛʘʣʫʟʷʭ ʚʢʣʶʯʘʶʪʴ: ʝʣʝʢʪʨʦʥʥʫ ʢʦʤʝʨʮʽʶ (ʜʣʷ 

ʙʝʟʧʝʯʥʦʾ ʘʫʪʝʥʪʠʬʽʢʘʮʽʾ ʝʣʝʢʪʨʦʥʥʠʭ ʧʣʘʪʝʞʽʚ ʪʘ ʟʘʙʝʟʧʝʯʝʥʥʷ 

ʢʦʥʬʽʜʝʥʮʽʡʥʦʩʪʽ ʪʘ ʮʽʣʽʩʥʦʩʪʽ ʝʣʝʢʪʨʦʥʥʠʭ ʪʨʘʥʟʘʢʮʽʡ ʤʽʞ ʨʽʟʥʠʤʠ 

ʩʪʦʨʦʥʘʤʠ), ʙʘʥʢʽʚʩʴʢʠʡ ʩʝʢʪʦʨ, ʜʝʨʞʘʚʥʫ ʪʘ ʤʫʥʽʮʠʧʘʣʴʥʫ ʩʬʝʨʠ, ʤʝʜʠʯʥʫ 

ʩʬʝʨʫ (ʜʣʷ ʧʽʜʧʠʩʘʥʥʷ ʪʘ ʦʙʤʽʥʫ ʤʝʜʠʯʥʠʤʠ ʜʦʢʫʤʝʥʪʘʤʠ ʪʘ ʨʝʮʝʧʪʘʤʠ), 

ʢʦʨʧʦʨʘʪʠʚʥʫ ʩʬʝʨʫ, ɯʥʪʝʨʥʝʪ-ʙʝʟʧʝʢʫ (ʜʣʷ ʧʝʨʝʚʽʨʢʠ ʩʧʨʘʚʞʥʦʩʪʽ ʪʘ 

ʮʽʣʽʩʥʦʩʪʽ ʚʝʙ-ʩʘʡʪʽʚ ʪʘ ʟʘʭʠʩʪʫ ʢʦʨʠʩʪʫʚʘʯʽʚ ʚʽʜ ʬʽʰʠʥʛʫ ʪʘ ʽʥʰʠʭ ʪʠʧʽʚ 

ʰʘʭʨʘʡʩʪʚʘ), ʽʥʪʝʣʝʢʪʫʘʣʴʥʫ ʚʣʘʩʥʽʩʪʴ (ʜʣʷ ʟʘʭʠʩʪʫ ʘʚʪʦʨʩʴʢʠʭ ʧʨʘʚ ʽ 

ʧʘʪʝʥʪʽʚ).  

ʅʘ ʦʥʣʘʡʥ-ʧʣʘʪʬʦʨʤʽ ʜʝʨʞʘʚʥʠʭ ʧʦʩʣʫʛ ɼɯʗ ʟʘ ʜʦʧʦʤʦʛʦʶ ɽʎʇ ʤʦʞʥʘ 

ʦʪʨʠʤʘʪʠ  ʧʦʩʣʫʛʠ ʱʦʜʦ ʦʪʨʠʤʘʥʥʷ ʛʨʘʥʪʽʚ ʜʣʷ ʨʦʟʚʠʪʢʫ ʤʘʣʦʛʦ ʪʘ 

ʩʝʨʝʜʥʴʦʛʦ ʙʽʟʥʝʩʫ, ʝʣʝʢʪʨʦʥʥʠʡ ʢʘʙʽʥʝʪ ʧʝʥʩʽʡʥʦʛʦ ʬʦʥʜʫ, ʝʣʝʢʪʨʦʥʥʠʡ 

ʢʘʙʽʥʝʪ ʚʦʜʽʷ ʪʦʱʦ [6]. 

ʅʘʡʙʽʣʴʰ ʧʦʰʠʨʝʥʠʤʠ ʻ ʪʨʠ ʘʣʛʦʨʠʪʤʠ ʮʠʬʨʦʚʦʛʦ ʧʽʜʧʠʩʫ - Digital 

Signature Algorithm (DSA), Rivest-Shamir-Adleman (RSA) ʽ Elliptic Curve 

Digital Signature Algorithm (ECDSA). ɺʩʽ ʪʨʠ ʘʣʛʦʨʠʪʤʠ ʤʽʩʪʷʪʴ ʤʝʭʘʥʽʟʤʠ 

ʩʪʚʦʨʝʥʥʷ ʪʘ ʧʝʨʝʚʽʨʢʠ ʮʠʬʨʦʚʠʭ ʧʽʜʧʠʩʽʚ ʽ ʬʫʥʢʮʽʦʥʫʶʪʴ ʥʘ ʦʩʥʦʚʽ 
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ʘʩʠʤʝʪʨʠʯʥʦʛʦ ʰʠʬʨʫʚʘʥʥʷ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʚʽʜʢʨʠʪʠʭ ʢʣʶʯʽʚ. ʆʧʝʨʘʮʽʾ 

ʛʝʥʝʨʘʮʽʾ ʢʣʶʯʘ ʪʘ ʧʝʨʝʚʽʨʢʠ ʚʠʤʘʛʘʶʪʴ ʰʠʬʨʫʚʘʥʥʷ ʽ ʜʝʰʠʬʨʫʚʘʥʥʷ 

ʢʣʶʯʽʚ.ʊʘʢʦʞ ʙʫʣʘ ʧʨʝʜʩʪʘʚʣʝʥʘ ʨʦʟʰʠʨʝʥʘ ʢʨʠʧʪʦʩʠʩʪʝʤʘ ʮʠʬʨʦʚʦʛʦ 

ʧʽʜʧʠʩʫ ʄʝʨʢʣʝ (XMSS), ʷʢʘ ʤʘʻ ʧʨʷʤʫ ʩʝʢʨʝʪʥʽʩʪʴ ʪʘ ʩʪʽʡʢʽʩʪʴ ʜʦ 

ʢʨʠʧʪʦʘʥʘʣʽʟʫ ʽʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʢʚʘʥʪʦʚʠʭ ʢʦʤʧ'ʶʪʝʨʽʚ [7]. 

ɸʣʛʦʨʠʪʤ DSA ʙʘʟʫʻʪʴʩʷ ʥʘ ʩʢʣʘʜʥʦʩʪʽ ʦʙʯʠʩʣʝʥʴ ʜʠʩʢʨʝʪʥʠʭ 

ʣʦʛʘʨʠʬʤʽʚ. ʄʦʞʣʠʚʦʩʪʽ ʘʣʛʦʨʠʪʤʫ DSA ʦʙʤʝʞʫʶʪʴʩʷ ʬʦʨʤʫʚʘʥʥʷʤ ʪʘ 

ʧʝʨʝʚʽʨʢʦʶ ʮʠʬʨʦʚʦʛʦ ʧʽʜʧʠʩʫ. RSA ʻ ʥʘʡʙʽʣʴʰ ʧʦʰʠʨʝʥʠʤ ʘʣʛʦʨʠʪʤʦʤ ʽ 

ʤʦʞʝ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠʩʷ ʥʝ ʪʽʣʴʢʠ ʜʣʷ ʨʦʙʦʪʠ ʟ ʮʠʬʨʦʚʠʤʠ ʧʽʜʧʠʩʘʤʠ, ʘ 

ʪʘʢʦʞ ʜʣʷ ʰʠʬʨʫʚʘʥʥʷ ʧʦʚʽʜʦʤʣʝʥʥʷ. DSA ʧʨʘʮʶʻ ʰʚʠʜʰʝ, ʥʽʞ RSA, ʚ 

ʷʢʦʩʪʽ ʧʽʜʧʠʩʫ ʜʣʷ ʮʠʬʨʦʚʦʛʦ ʜʦʢʫʤʝʥʪʘ. ɸʣʛʦʨʠʪʤ RSA ʢʨʘʱʝ ʧʽʜʭʦʜʠʪʴ 

ʜʣʷ ʩʠʪʫʘʮʽʡ, ʢʦʣʠ ʢʨʽʤ ʚʠʤʦʛ ʧʽʜʧʠʩʫ ʽ ʧʝʨʝʚʽʨʢʠ ʝʣʝʢʪʨʦʥʥʠʭ ʜʦʢʫʤʝʥʪʽʚ 

ʥʝʦʙʭʽʜʥʝ ʱʝ ʡ ʰʠʬʨʫʚʘʥʥʷ ʧʦʚʽʜʦʤʣʝʥʴ. ɸʣʛʦʨʠʪʤ RSA ʙʘʟʫʻʪʴʩʷ ʥʘ ʜʚʦʭ 

ʤʘʪʝʤʘʪʠʯʥʠʭ ʢʦʤʧʦʥʝʥʪʘʭ: ʤʦʜʫʣʴʥʽʡ ʘʨʠʬʤʝʪʠʮʽ ʽ ʟʘʜʘʯʽ ʬʘʢʪʦʨʠʟʘʮʽʾ 

ʚʝʣʠʢʠʭ ʮʽʣʠʭ ʯʠʩʝʣ. ECDSA ʧʦʩʪʫʧʦʚʦ ʟʘʤʽʥʶʻ RSA ʪʦʤʫ, ʱʦ ECDSA ʤʦʞʝ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʥʘʙʘʛʘʪʦ ʤʝʥʰʽ ʨʦʟʤʽʨʠ ʢʣʶʯʘ ʧʨʠ ʪʘʢʦʤʫ ʞ ʨʽʚʥʽ ʙʝʟʧʝʢʠ ʽ 

ʚʠʤʘʛʘʻ ʟʥʘʯʥʦ ʤʝʥʰʠʭ ʦʙ'ʻʤʽʚ ʦʙʯʠʩʣʝʥʴ, ʥʽʞ RSA. 

ʅʘʜʟʚʠʯʘʡʥʦ ʚʘʞʣʠʚʠʤ ʻ ʚʠʢʦʨʠʩʪʘʥʥʷ ʧʦʟʥʘʯʦʢ ʯʘʩʫ ʧʨʠ ʟʘʩʪʦʩʫʚʘʥʥʽ 

ɽʎʇ, ʙʦ ʾʭ ʚʽʜʩʫʪʥʽʩʪʴ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʢʨʠʪʠʯʥʦʾ ʚʨʘʟʣʠʚʦʩʪʽ ʽ ʜʦʟʚʦʣʷʻ 

ʨʝʘʣʽʟʫʚʘʪʠ ʘʪʘʢʠ ʥʘ ɽʎʇ [7]. ʎʝ ʧʦʚ'ʷʟʘʥʦ ʟ ʦʩʦʙʣʠʚʦʩʪʷʤʠ ʟʘʩʪʦʩʫʚʘʥʥʷ 

ɽʎʇ, ʱʦʜʦ ʜʦʢʫʤʝʥʪʽʚ, ʪʝʨʤʽʥ ʜʽʾ ʷʢʠʭ ʧʝʨʝʚʠʱʫʻ ʪʝʨʤʽʥ ʜʽʾ ɽʎʇ. ɺʘʣʽʜʥʽʩʪʴ 

ʪʘʢʠʭ ʜʦʢʫʤʝʥʪʽʚ ʧʝʨʝʚʽʨʷʻʪʴʩʷ ʪʽʣʴʢʠ ʥʘ ʤʦʤʝʥʪ ʧʽʜʧʠʩʫ. ʇʨʠʢʣʘʜʦʤ ʪʘʢʠʭ 

ʜʦʢʫʤʝʥʪʽʚ ʻ ʧʦʜʘʯʘ ʝʣʝʢʪʨʦʥʥʦʾ ʟʚʽʪʥʦʩʪʽ. 

ʇʝʨʝʨʘʭʦʚʘʥʽ ʚʠʱʝ ʦʩʦʙʣʠʚʦʩʪʽ ʝʣʝʢʪʨʦʥʥʦʛʦ ʮʠʬʨʦʚʦʛʦ ʧʽʜʧʠʩʫ ʻ 

ʝʬʝʢʪʠʚʥʠʤ ʽʥʩʪʨʫʤʝʥʪʦʤ ʟʘʙʝʟʧʝʯʝʥʥʷ ʽʥʬʦʨʤʘʮʽʡʥʦʾ ʙʝʟʧʝʢʠ ʥʘ ʚʩʽʭ ʨʽʚʥʷʭ 

ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ ʩʫʩʧʽʣʴʩʪʚʘ ʪʘ ʜʝʨʞʘʚʠ. ʆʢʨʽʤ ʮʴʦʛʦ ʧʝʨʝʭʽʜ ʜʦ 

ʝʣʝʢʪʨʦʥʥʦʛʦ ʜʦʢʫʤʝʥʪʦʦʙʽʛʫ ʜʦʟʚʦʣʷʻ ʟʙʝʨʽʛʘʪʠ ʣʽʩʠ, ʟʤʝʥʰʫʚʘʪʠ ʢʽʣʴʢʽʩʪʴ 

ʧʽʜʧʨʠʻʤʩʪʚ ʟ ʚʠʨʦʙʥʠʮʪʚʘ ʧʘʧʝʨʫ, ʱʦ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʝʥʝʨʛʦʟʙʝʨʝʞʝʥʥʷ ʪʘ 

ʟʘʭʠʩʪʫ ʜʦʚʢʽʣʣʷ ʚ ʨʝʟʫʣʴʪʘʪʽ. 
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DATA CONFIDENTIALITY IN INFORMATION  

COMMUNICATION NETWORKS AND MEANS OF ITS ENSURING  

 

The current issue of data confidentiality in the network is considered and the main means 

of its provision are analyzed. This contributes to the safe transmission, processing and storage of 

data in the face of growing potential threats in cyberspace 

ʈʦʟʛʣʷʥʫʪʦ ʘʢʪʫʘʣʴʥʝ ʧʠʪʘʥʥʷ ʢʦʥʬʽʜʝʥʮʽʡʥʦʩʪʽ ʜʘʥʠʭ ʚ ʤʝʨʝʞʽ ʪʘ ʧʨʦʘʥʘʣʽʟʦʚʘʥʽ 

ʦʩʥʦʚʥʽ ʟʘʩʦʙʠ ʾʾ ʟʘʙʝʟʧʝʯʝʥʥʷ. ʎʝ ʩʧʨʠʷʻ ʙʝʟʧʝʯʥʽʡ ʧʝʨʝʜʘʯʽ, ʦʙʨʦʙʮʽ ʪʘ ʟʙʝʨʽʛʘʥʥʶ ʜʘʥʠʭ  

ʧʨʠ ʟʨʦʩʪʘʥʥʽ ʧʦʪʝʥʮʽʡʥʠʭ ʟʘʛʨʦʟ ʚ ʢʽʙʝʨʧʨʦʩʪʦʨʽ 

 

ɺ ʩʴʦʛʦʜʥʽʰʥʴʦʤʫ ʩʚʽʪʽ, ʢʦʣʠ ʟʘʛʘʣʴʥʦʜʦʩʪʫʧʥʘ ʤʝʨʝʞʘ ɯʥʪʝʨʥʝʪ 

ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʜʣʷ ʦʙʤʽʥʫ ʚʘʞʣʠʚʠʤʠ ʜʘʥʠʤʠ, ʟʘʙʝʟʧʝʯʝʥʥʷ 

ʢʦʥʬʽʜʝʥʮʽʡʥʦʩʪʽ ʜʘʥʠʭ ʻ ʘʢʪʫʘʣʴʥʦʶ ʟʘʜʘʯʝʶ ʜʣʷ ʙʫʜʴ-ʷʢʦʾ ʽʥʬʦʨʤʘʮʽʡʥʦʾ 

ʩʠʩʪʝʤʠ. ʋ ʟʚ'ʷʟʢʫ ʟ ʮʠʤ, ʚʘʞʣʠʚʠʤ ʻ ʧʨʦʘʥʘʣʽʟʫʚʘʪʠ ʟʘʩʦʙʠ ʟʘʙʝʟʧʝʯʝʥʥʷ 

ʢʦʥʬʽʜʝʥʮʽʡʥʦʩʪʽ ʜʘʥʠʭ ʚ ʽʥʬʦʢʦʤʫʥʽʢʘʮʽʡʥʠʭ ʤʝʨʝʞʘʭ, ʚʠʟʥʘʯʠʪʠ ʾʭ 

ʦʩʦʙʣʠʚʦʩʪʽ.  

ʂʦʥʬʽʜʝʥʮʽʡʥʽʩʪʴ ʟʘʧʦʙʽʛʘʻ ʨʦʟʢʨʠʪʪʶ ʽʥʬʦʨʤʘʮʽʾ ʥʝʘʚʪʦʨʠʟʦʚʘʥʠʤ 

ʦʩʦʙʘʤ, ʨʝʩʫʨʩʘʤ ʘʙʦ ʧʨʦʮʝʩʘʤ. ʊʦʤʫ ʢʦʥʬʽʜʝʥʮʽʡʥʽʩʪʴ ʜʘʥʠʭ ʚ 

ʢʽʙʝʨʧʨʦʩʪʦʨʽ ʧʦʪʨʽʙʥʦ ʟʘʙʝʟʧʝʯʫʚʘʪʠ ʧʨʠ ʾʭ ʟʙʝʨʽʛʘʥʥʽ, ʦʙʨʦʙʮʽ ʪʘ ʧʽʜ ʯʘʩ 

ʧʝʨʝʜʘʯʽ ʽʥʬʦʢʦʤʫʥʽʢʘʮʽʡʥʦʶ ʤʝʨʝʞʝʶ.  

ʇʦʥʷʪʪʷ ʢʦʥʬʽʜʝʥʮʽʡʥʦʾ ʽʥʬʦʨʤʘʮʽʾ ʚʢʣʶʯʘʻ ʜʘʥʽ, ʟʘʭʠʱʝʥʽ ʚʽʜ 

ʥʝʩʘʥʢʮʽʦʥʦʚʘʥʦʛʦ ʜʦʩʪʫʧʫ ʜʣʷ ʛʘʨʘʥʪʫʚʘʥʥʷ ʙʝʟʧʝʢʠ ʦʢʨʝʤʽʡ ʦʩʦʙʽ ʘʙʦ 

ʦʨʛʘʥʽʟʘʮʽʾ. ʂʦʥʬʽʜʝʥʮʽʡʥʫ ʽʥʬʦʨʤʘʮʽʶ ʤʦʞʥʘ ʨʦʟʜʽʣʠʪʠ ʥʘ ʪʨʠ ʪʠʧʠ: 

- ʧʝʨʩʦʥʘʣʴʥʘ ʽʥʬʦʨʤʘʮʽʷ - ʮʝ ʦʩʦʙʠʩʪʘ ʽʥʬʦʨʤʘʮʽʷ, ʘ ʩʘʤʝ ʜʘʥʽ, ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʷʢʠʭ ʤʦʞʥʘ ʚʠʟʥʘʯʠʪʠ ʦʩʦʙʠʩʪʽʩʪʴ ʣʶʜʠʥʠ. ʎʝ ʪʘʢʽ ʜʘʥʽ ʷʢ 

ʧʘʩʧʦʨʪʥʽ ʜʘʥʽ, ʤʝʜʠʯʥʽ ʟʘʧʠʩʠ, ʥʦʤʝʨʘ ʙʘʥʢʽʚʩʴʢʠʭ ʢʘʨʪʦʢ, ʬʽʥʘʥʩʦʚʘ 

ʽʥʬʦʨʤʘʮʽʷ; 

- ʜʽʣʦʚʘ ʽʥʬʦʨʤʘʮʽʷ - ʮʝ ʽʥʬʦʨʤʘʮʽʷ, ʷʢʘ ʫ ʨʘʟʽ ʦʧʨʠʣʶʜʥʝʥʥʷ ʤʦʞʝ 

ʩʪʚʦʨʠʪʠ ʧʨʦʙʣʝʤʠ ʜʣʷ ʦʨʛʘʥʽʟʘʮʽʾ. ɼʦ ʪʘʢʠʭ ʜʘʥʠʭ ʚʽʜʥʦʩʷʪʴʩʷ ʪʦʨʛʦʚʝʣʴʥʽ 

ʩʝʢʨʝʪʠ, ʧʣʘʥʠ ʧʨʠʜʙʘʥʥʷ, ʬʽʥʘʥʩʦʚʽ ʜʘʥʽ, ʽʥʬʦʨʤʘʮʽʷ ʩʧʦʞʠʚʘʯʘ; 

- ʩʝʢʨʝʪʥʘ ʽʥʬʦʨʤʘʮʽʷ - ʮʝ ʽʥʬʦʨʤʘʮʽʷ, ʱʦ ʥʘʣʝʞʠʪʴ ʜʝʨʞʘʚʥʠʤ 

ʦʨʛʘʥʘʤ, ʟʘʩʝʢʨʝʯʝʥʘ ʯʝʨʝʟ ʚʠʩʦʢʠʡ ʨʽʚʝʥʴ ʢʦʥʬʽʜʝʥʮʽʡʥʦʩʪʽ. 

ʂʦʤʧʘʥʽʾ, ʦʨʛʘʥʽʟʘʮʽʾ ʟʘʟʚʠʯʘʡ ʦʙʤʝʞʫʶʪʴ ʜʦʩʪʫʧ, ʱʦʙ ʛʘʨʘʥʪʫʚʘʪʠ, ʱʦ 

ʪʽʣʴʢʠ ʫʧʦʚʥʦʚʘʞʝʥʽ ʦʩʦʙʠ ʤʦʞʫʪʴ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʜʘʥʽ ʘʙʦ ʽʥʰʽ ʤʝʨʝʞʥʽ 

ʨʝʩʫʨʩʠ. ʅʘʧʨʠʢʣʘʜ, ʧʨʦʛʨʘʤʽʩʪ ʥʝ ʧʦʚʠʥʝʥ ʤʘʪʠ ʜʦʩʪʫʧ ʜʦ ʦʩʦʙʠʩʪʦʾ 

ʽʥʬʦʨʤʘʮʽʾ ʚʩʽʭ ʩʧʽʚʨʦʙʽʪʥʠʢʽʚ. ʊʘʢʦʞ ʚ ʢʦʤʧʘʥʽʷʭ ʧʦʪʨʽʙʥʦ ʥʘʚʯʘʪʠ  

ʩʧʽʚʨʦʙʽʪʥʠʢʽʚ ʢʨʘʱʠʤ ʤʝʪʦʜʘʤ ʟʘʭʠʩʪʫ ʢʦʥʬʽʜʝʥʮʽʡʥʦʾ ʽʥʬʦʨʤʘʮʽʾ, ʱʦʙ 
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ʟʘʭʠʩʪʠʪʠ ʾʭ ʪʘ ʦʨʛʘʥʽʟʘʮʽʶ ʚʽʜ ʘʪʘʢ. ʆʩʥʦʚʥʽ ʟʘʩʦʙʠ, ʷʢʽ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ 

ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʢʦʥʬʽʜʝʥʮʽʡʥʦʩʪʽ, ʚʢʣʶʯʘʶʪʴ ʰʠʬʨʫʚʘʥʥʷ ʜʘʥʠʭ, 

ʘʫʪʝʥʪʠʬʽʢʘʮʽʶ ʽ ʢʦʥʪʨʦʣʴ ʜʦʩʪʫʧʫ, ʧʦʣʽʪʠʢʠ ʪʘ ʧʨʦʮʝʜʫʨʠ ʱʦʜʦ 

ʢʽʙʝʨʙʝʟʧʝʢʠ. ʙʝʟʧʝʯʥʽ ʧʨʦʪʦʢʦʣʠ (SSH, SSL/TLS, IPsec) [4], ʚʠʢʦʨʠʩʪʘʥʥʷ 

VPN (Virtual Private Network) (ʨʠʩ.1). 
 

 
ʈʠʩ.1 ʆʩʥʦʚʥʽ ʟʘʩʦʙʠ ʟʘʙʝʟʧʝʯʝʥʥʷ ʢʦʥʬʽʜʝʥʮʽʡʥʦʩʪʽ 

ʐʠʬʨʫʚʘʥʥʷ ʧʝʨʝʪʚʦʨʶʻ ʜʘʥʽ ʪʘʢʠʤ ʯʠʥʦʤ, ʱʦʙ ʥʝʘʚʪʦʨʠʟʦʚʘʥʘ ʪʨʝʪʷ 

ʩʪʦʨʦʥʘ ʥʝ ʟʤʦʛʣʘ ʾʭ ʧʨʦʯʠʪʘʪʠ [1]. ɼʣʷ ʰʠʬʨʫʚʘʥʥʷ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ 

ʤʘʪʝʤʘʪʠʯʥʽ ʘʣʛʦʨʠʪʤʠ, ʥʘʜʽʡʥʽʩʪʴ ʷʢʠʭ ʥʘʧʨʷʤʫ ʟʘʣʝʞʠʪʴ ʚʽʜ ʥʘʜʽʡʥʦʩʪʽ 

ʢʣʶʯʘ. ʏʠʤ ʩʢʣʘʜʥʽʰʠʡ ʢʣʶʯ, ʪʠʤ ʙʽʣʴʰ ʙʝʟʧʝʯʥʠʡ ʘʣʛʦʨʠʪʤ. ʂʝʨʫʚʘʥʥʷ 

ʢʣʶʯʘʤʠ ʻ ʚʘʞʣʠʚʦʶ ʯʘʩʪʠʥʦʶ ʮʴʦʛʦ ʧʨʦʮʝʩʫ. ɺʩʽ ʩʫʯʘʩʥʽ ʢʨʠʧʪʦʛʨʘʬʽʯʥʽ 

ʘʣʛʦʨʠʪʤʠ ʤʽʩʪʷʪʴ ʦʙʦʚ'ʷʟʢʦʚʽ ʧʨʦʮʝʜʫʨʠ ʢʝʨʫʚʘʥʥʷ ʢʣʶʯʘʤʠ. ʅʘ ʧʨʘʢʪʠʮʽ 

ʙʽʣʴʰʽʩʪʴ ʘʪʘʢ ʥʘ ʢʨʠʧʪʦʛʨʘʬʽʯʥʽ ʩʠʩʪʝʤʠ ʩʧʨʷʤʦʚʘʥʽ ʥʘ ʩʠʩʪʝʤʫ ʢʝʨʫʚʘʥʥʷ 

ʢʣʶʯʘʤʠ, ʘ ʥʝ ʥʘ ʩʘʤ ʢʨʠʧʪʦʛʨʘʬʽʯʥʠʡ ʘʣʛʦʨʠʪʤ. 

ʂʦʥʪʨʦʣʴ ʜʦʩʪʫʧʫ ʚʠʟʥʘʯʘʻ ʨʷʜ ʩʭʝʤ ʟʘʭʠʩʪʫ, ʷʢʽ ʟʘʧʦʙʽʛʘʶʪʴ 

ʥʝʩʘʥʢʮʽʦʥʦʚʘʥʦʤʫ ʜʦʩʪʫʧʫ ʜʦ ʢʦʤʧ'ʶʪʝʨʘ, ʤʝʨʝʞʽ, ʙʘʟʠ ʜʘʥʠʭ ʘʙʦ ʽʥʰʠʭ 

ʨʝʩʫʨʩʽʚ ʜʘʥʠʭ. ʂʦʥʮʝʧʮʽʷ ɸAA (Authentication, Authorization, Accounting) 

ʚʢʣʶʯʘʻ ʚ ʩʝʙʝ ʪʨʠ ʩʣʫʞʙʠ ʙʝʟʧʝʢʠ: ʘʫʪʝʥʪʠʬʽʢʘʮʽʷ, ʘʚʪʦʨʠʟʘʮʽʷ ʪʘ ʦʙʣʽʢ. ʎʽ 

ʩʣʫʞʙʠ ʟʘʙʝʟʧʝʯʫʶʪʴ ʦʩʥʦʚʥʫ ʩʪʨʫʢʪʫʨʫ ʢʦʥʪʨʦʣʶ ʜʦʩʪʫʧʫ. 

ɸʫʪʝʥʪʠʬʽʢʘʮʽʷ ʧʝʨʝʚʽʨʷʻ ʦʩʦʙʫ ʢʦʨʠʩʪʫʚʘʯʘ ʜʣʷ ʟʘʧʦʙʽʛʘʥʥʷ 

ʥʝʩʘʥʢʮʽʦʥʦʚʘʥʦʤʫ ʜʦʩʪʫʧʫ [2]. ʂʦʨʠʩʪʫʚʘʯʽ ʧʽʜʪʚʝʨʜʞʫʶʪʴ ʩʚʦʶ 

ʦʩʦʙʠʩʪʽʩʪʴ ʟʘ ʽʤ'ʷʤ ʢʦʨʠʩʪʫʚʘʯʘ ʘʙʦ ʽʜʝʥʪʠʬʽʢʘʪʦʨʦʤ. ɸʫʪʝʥʪʠʬʽʢʘʮʽʷ 

ʚʠʤʘʛʘʻ, ʱʦʙ ʢʦʨʠʩʪʫʚʘʯ ʥʘʜʘʚ ʽʥʬʦʨʤʘʮʽʶ, ʷʢʫ ʚʽʥ ʟʥʘʻ (ʥʘʧʨʠʢʣʘʜ, ʧʘʨʦʣʴ), 

ʘʙʦ/ʪʘ ʧʽʜʪʚʝʨʜʠʚ ʥʘʷʚʥʽʩʪʴ ʯʦʛʦʩʴ (ʥʘʧʨʠʢʣʘʜ, ʢʘʨʪʢʘ), ʘʙʦ/ʪʘ ʥʘʜʘʚ 

ʙʽʦʤʝʪʨʠʯʥʫ ʽʥʬʦʨʤʘʮʽʶ (ʥʘʧʨʠʢʣʘʜ, ʚʽʜʙʠʪʢʠ ʧʘʣʴʮʽʚ). ʅʘʡʙʽʣʴʰ 

ʧʦʧʫʣʷʨʥʦʶ ʬʦʨʤʦʶ ʘʫʪʝʥʪʠʬʽʢʘʮʽʾ ʻ ʚʠʢʦʨʠʩʪʘʥʥʷ ʧʘʨʦʣʽʚ. ʇʦʻʜʥʘʥʥʷ 

ʜʝʢʽʣʴʢʦʭ ʪʠʧʽʚ ʘʫʪʝʥʪʠʬʽʢʘʮʽʾ ʚʽʜʦʤʝ ʷʢ ʙʘʛʘʪʦʬʘʢʪʦʨʥʘ ʘʫʪʝʥʪʠʬʽʢʘʮʽʷ, ʷʢʘ 

ʻ ʙʽʣʴʰ ʙʝʟʧʝʯʥʦʶ ʽ ʥʘʜʽʡʥʦʶ ʟʘʚʜʷʢʠ ʥʝʤʦʞʣʠʚʦʩʪʽ ʜʣʷ ʢʽʙʝʨʟʣʦʯʠʥʮʽʚ ʟʘ 

ʢʦʨʦʪʢʠʡ ʯʘʩ ʟʣʘʤʘʪʠ ʚʩʽ ʚʠʜʠ ʟʘʭʠʩʪʫ.  

ɸʚʪʦʨʠʟʘʮʽʷ ʚʠʟʥʘʯʘʻ ʜʦ ʷʢʠʭ ʨʝʩʫʨʩʽʚ ʤʦʞʫʪʴ ʦʪʨʠʤʘʪʠ ʜʦʩʪʫʧ 

ʢʦʨʠʩʪʫʚʘʯʽ, ʘ ʪʘʢʦʞ ʦʧʝʨʘʮʽʾ, ʷʢʽ ʚʦʥʠ ʤʦʞʫʪʴ ʚʠʢʦʥʫʚʘʪʠ. ɼʝʷʢʽ ʩʠʩʪʝʤʠ 

ʨʝʘʣʽʟʫʶʪʴ ʮʝ ʟʘ ʜʦʧʦʤʦʛʦʶ ʩʧʠʩʢʫ ʢʝʨʫʚʘʥʥʷ ʜʦʩʪʫʧʦʤ ʘʙʦ ACL (Access 

Control List). ACL ʚʠʟʥʘʯʘʻ, ʯʠ ʤʘʻ ʢʦʨʠʩʪʫʚʘʯ ʧʝʚʥʽ ʧʨʠʚʽʣʝʾ ʜʦʩʪʫʧʫ ʧʽʩʣʷ 

ʧʨʦʭʦʜʞʝʥʥʷ ʘʫʪʝʥʪʠʬʽʢʘʮʽʾ. ɸʚʪʦʨʠʟʘʮʽʷ ʪʘʢʦʞ ʤʦʞʝ ʢʦʥʪʨʦʣʶʚʘʪʠ, ʢʦʣʠ, 
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ʪʦʙʪʦ ʚ ʷʢʠʡ ʯʘʩ, ʢʦʨʠʩʪʫʚʘʯ ʤʘʻ ʜʦʩʪʫʧ ʜʦ ʧʝʚʥʦʛʦ ʨʝʩʫʨʩʫ. 

VPN - ʮʝ ʧʨʠʚʘʪʥʘ ʤʝʨʝʞʘ, ʷʢʘ ʚʠʢʦʨʠʩʪʦʚʫʻ ʟʘʛʘʣʴʥʦʜʦʩʪʫʧʥʫ 

ʤʝʨʝʞʫ, ʟʘʟʚʠʯʘʡ ɯʥʪʝʨʥʝʪ, ʜʣʷ ʩʪʚʦʨʝʥʥʷ ʙʝʟʧʝʯʥʦʛʦ ʢʘʥʘʣʫ ʟʚ'ʷʟʢʫ [5]. VPN 

ʟ'ʻʜʥʫʻ ʟʘ ʜʦʧʦʤʦʛʦʶ ʟʘʰʠʬʨʦʚʘʥʦʛʦ ʪʫʥʝʣʶ ʜʚʽ ʢʽʥʮʝʚʽ ʪʦʯʢʠ, ʪʘʢʽ ʷʢ ʜʚʘ 

ʚʽʜʜʘʣʝʥʠʭ ʦʬʽʩʠ, ʯʝʨʝʟ ɯʥʪʝʨʥʝʪ, ʱʦʙ ʩʪʚʦʨʠʪʠ ʟ'ʻʜʥʘʥʥʷ.  

ʄʝʨʝʞʽ VPN ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ IPsec - ʥʘʙʽʨ ʧʨʦʪʦʢʦʣʽʚ, ʨʦʟʨʦʙʣʝʥʠʭ ʜʣʷ 

ʨʝʘʣʽʟʘʮʽʾ ʙʝʟʧʝʯʥʠʭ ʤʝʨʝʞʥʠʭ ʩʝʨʚʽʩʽʚ. ʉʝʨʚʽʩʠ IPsec ʟʘʙʝʟʧʝʯʫʶʪʴ 

ʘʫʪʝʥʪʠʬʽʢʘʮʽʶ, ʮʽʣʽʩʥʽʩʪʴ, ʢʦʥʪʨʦʣʴ ʜʦʩʪʫʧʫ ʪʘ ʢʦʥʬʽʜʝʥʮʽʡʥʽʩʪʴ. ɿʘ 

ʜʦʧʦʤʦʛʦʶ IPsec ʚʽʜʜʘʣʝʥʽ ʚʫʟʣʠ ʤʦʞʫʪʴ ʦʙʤʽʥʶʚʘʪʠʩʷ ʟʘʰʠʬʨʦʚʘʥʦʶ ʽ 

ʧʝʨʝʚʽʨʝʥʦʶ ʽʥʬʦʨʤʘʮʽʻʶ. 

ɼʣʷ ʧʦʙʫʜʦʚʠ ʧʦʣʽʪʠʢʠ ʽʥʬʦʨʤʘʮʽʡʥʦʾ ʙʝʟʧʝʢʠ ʨʝʢʦʤʝʥʜʫʻʪʴʩʷ ʦʢʨʝʤʦ 

ʨʦʟʛʣʷʜʘʪʠ ʪʘʢʽ ʥʘʧʨʷʤʠ ʟʘʭʠʩʪʫ ʽʥʬʦʨʤʘʮʽʡʥʦʾ ʩʠʩʪʝʤʠ [3] ʷʢ ʟʘʭʠʩʪ ʦʙ'ʻʢʪʽʚ 

ʽʥʬʦʨʤʘʮʽʡʥʦʾ ʩʠʩʪʝʤʠ; ʟʘʭʠʩʪ ʧʨʦʮʝʩʽʚ, ʧʨʦʮʝʜʫʨ ʽ ʧʨʦʛʨʘʤ ʦʙʨʦʙʢʠ 

ʽʥʬʦʨʤʘʮʽʾ; ʟʘʭʠʩʪ ʢʘʥʘʣʽʚ ʟʚ'ʷʟʢʫ ʨʽʟʥʦʛʦ ʚʠʜʫ; ʧʨʠʜʫʰʝʥʥʷ ʧʦʙʽʯʥʠʭ 

ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʠʭ ʚʠʧʨʦʤʽʥʶʚʘʥʴ ʽ ʥʘʚʝʜʝʥʴ; ʫʧʨʘʚʣʽʥʥʷ ʩʠʩʪʝʤʦʶ ʟʘʭʠʩʪʫ. 

ʇʽʜʩʫʤʦʚʫʶʯʠ, ʟʘʟʥʘʯʠʤʦ, ʱʦ ʟʘʙʝʟʧʝʯʝʥʥʷ ʢʦʥʬʽʜʝʥʮʽʡʥʦʩʪʽ ʜʘʥʠʭ ʻ 

ʥʘ ʩʴʦʛʦʜʥʽ ʥʘʜʟʚʠʯʘʡʥʦ ʘʢʪʫʘʣʴʥʠʤ ʧʠʪʘʥʥʷʤ ʥʘ ʪʣʽ ʟʨʦʩʪʘʥʥʷ ʧʦʪʝʥʮʽʡʥʠʭ 

ʟʘʛʨʦʟ ʫ ʢʽʙʝʨʧʨʦʩʪʦʨʽ. ɼʣʷ ʮʴʦʛʦ ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ ʢʦʤʧʣʝʢʩ ʪʝʭʥʽʯʥʠʭ, 

ʦʨʛʘʥʽʟʘʮʽʡʥʠʭ, ʧʨʘʚʦʚʠʭ ʟʘʭʦʜʽʚ. ɸʥʘʣʽʟ ʦʩʦʙʣʠʚʦʩʪʝʡ ʟʘʩʦʙʽʚ ʟʘʙʝʟʧʝʯʝʥʥʷ 

ʢʦʥʬʽʜʝʥʮʽʡʥʦʩʪʽ ʧʦʢʘʟʘʚ, ʱʦ ʦʩʥʦʚʥʠʤʠ ʻ ʰʠʬʨʫʚʘʥʥʷ, ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʙʝʟʧʝʯʥʠʭ ʧʨʦʪʦʢʦʣʽʚ ʪʘ VPN. ʆʩʦʙʣʠʚʫ ʫʚʘʛʫ ʦʨʛʘʥʽʟʘʮʽʾ ʧʨʠʜʽʣʷʶʪʴ 

ʢʦʥʪʨʦʣʶ ʜʦʩʪʫʧʫ ʪʘ ʨʦʟʨʦʙʮʽ ʧʦʣʽʪʠʢ ʽ ʧʨʦʮʝʜʫʨ ʱʦʜʦ ʽʥʬʦʨʤʘʮʽʡʥʦʾ 

ʙʝʟʧʝʢʠ. ʊʘʢʦʞ ʟʘʚʞʜʠ ʪʨʝʙʘ ʚʨʘʭʦʚʫʚʘʪʠ ʣʶʜʩʴʢʠʡ ʬʘʢʪʦʨ ʽ ʨʝʛʫʣʷʨʥʦ 

ʧʨʦʚʦʜʠʪʠ ʥʘʚʯʘʥʥʷ ʟ ʢʽʙʝʨʙʝʟʧʝʢʠ ʜʣʷ ʧʝʨʩʦʥʘʣʫ ʢʦʤʧʘʥʽʾ ʽ ʥʘʚʯʘʪʠ ʥʦʚʠʤ 

ʪʝʭʥʦʣʦʛʽʷʤ ʟʘʭʠʩʪʫ. 

ʃʽʪʝʨʘʪʫʨʘ 

1. ʐʠʬʨʫʚʘʥʥʷ: ʪʠʧʠ ʽ ʘʣʛʦʨʠʪʤʠ/ [ɽʣʝʢʪʨʦʥʥʠʡ ʨʝʩʫʨʩ] ï ʈʝʞʠʤ ʜʦʩʪʫʧʫ: 
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ʇɽʈʉʇɽʂʊʀɺʅɯ ʅɸʇʈʗʄʂʀ ʈʆɿɺʀʊʂʋ ʊɽʃɽʂʆʄʋʅɯʂɸʎɯʁʅʀʍ  

ʄɽʈɽɾ ʅɸ ɿɸʉɸɼɸʍ ʂʆʅʎɽʇʎɯɰ IMT -2030 
 

ʈʦʟʛʣʷʥʫʪʦ ʧʝʨʩʧʝʢʪʠʚʥʽ ʥʘʧʨʷʤʢʠ ʨʦʟʙʫʜʦʚʠ ʩʫʯʘʩʥʠʭ ʪʝʣʝʢʦʤʫʥʽʢʘʮʽʡ ʚ ʢʦʥʪʝʢʩʪʽ 

ʧʦʜʘʣʴʰʦʛʦ ʨʦʟʚʠʪʢʫ ʪʘ ʚʧʨʦʚʘʜʞʝʥʥʷ ʙʘʟʦʚʦʾ ʢʦʥʮʝʧʮʽʾ ʤʦʙʽʣʴʥʦʛʦ ʟʚôʷʟʢʫ ï IMT. ʅʘ 

ʦʩʥʦʚʽ ʧʨʦʛʨʘʤʥʠʭ ʜʦʢʫʤʝʥʪʽʚ ITU-T ʧʨʦʘʥʘʣʽʟʦʚʘʥʦ ʦʩʥʦʚʥʽ ʟʘʩʘʜʠ ʨʦʟʚʠʪʢʫ ʩʫʯʘʩʥʠʭ ʪʘ 

ʤʘʡʙʫʪʥʽʭ ʪʝʣʝʢʦʤʫʥʽʢʘʮʽʡʥʠʭ ʩʠʩʪʝʤ ʥʘ ʧʝʨʽʦʜ ʜʦ 2030 ʨʦʢʫ (ʢʦʥʮʝʧʮʽʷ IMT-2030). 

ɺʽʜʟʥʘʯʝʥʦ ʚʘʞʣʠʚʽʩʪʴ ʘʜʘʧʪʘʮʽʾ ʥʦʚʠʭ ʪʝʭʥʦʣʦʛʽʡ ʪʘ ʪʝʭʥʽʯʥʠʭ ʨʽʰʝʥʴ ʜʦ ʽʩʥʫʶʯʦʾ 

ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ ʪʝʣʝʢʦʤʫʥʽʢʘʮʽʡʥʠʭ ʤʝʨʝʞ, ʘ ʪʘʢʦʞ ʥʝʦʙʭʽʜʥʽʩʪʴ ʟʘʙʝʟʧʝʯʝʥʥʷ ʪʦʯʥʦʾ 

ʩʠʥʭʨʦʥʽʟʘʮʽʾ ʜʣʷ ʙʘʛʘʪʴʦʭ ʩʫʯʘʩʥʠʭ ʪʘ ʤʘʡʙʫʪʥʽʭ ʟʘʩʪʦʩʫʚʘʥʴ. 
 

Ever-increasing demand for infocommunication services in very different 

fields of modern business and social life leads to the development of new technical 

concepts and solutions. As people communicate in high-definition video and gain 

more user experience with virtual reality, cloud gaming etc., the need for more 

bandwidth is growing. High-speed, low-latency device-to-device (D2D) interaction 

is also a very promising trend, especially for industrial processes automation and 

Internet of Things (IoT). New digital realities strongly influence the ways of 

learning, understanding and memorizing in different fields of science. It is 

important to note the steadily increasing role of users in the IT & Telecom market 

development: now the user experience shapes the technologies for personalized 

needs [1, 2]. 

On the other hand, new technical solutions should provide the sustainable 

interaction with existing resources and processes. So the role of standardization in 

the new technologies deployment is really important. 

During the last decade the telecommunications development has been based 

on the IMT (International Mobile Telecommunications) concept defining the 

mobile broadband systems and corresponding network infrastructure. It reflects the 

ever-increasing role of mobile communications in the modern world. The emerging 

demand for new mobile services is one of the main driving factors in IT &Telecom 

now. IMT concept went through several stages of development (IMT-2000, IMT-

Advanced, IMT-2020) and now the next stage ï IMT-2030 ï is actively discussed. 

So the development and standardization of IMT-2030 deployment scenarios will 

be in focus of telecom industry for the next years. The IMT-2020/2030 

standardization activities are coordinated by the corresponding International 
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Communication Union sectors ï ITU-R (radio technologies and interfaces) and 

ITU-T (network architecture, transport network, synchronization). 

The capabilities of IMT systems are being continuously updated in line with 

user trends and technological developments. The current IMT-2020 concept (based 

on 5G mobile telecommunications standards) has introduced some promising 

technologies such enhanced mobile broadband (eMBB), ultra-reliable low-latency 

communications (URLLC) and massive machine-type communications (mMTC). 

Besides significantly enhancing the data rate and mobility provided in IMT-

Advanced, IMT-2020 has introduced new advantages such as spectrum efficiency, 

latency, reliability, connection density, energy efficiency etc. to support emerging 

usage scenarios and applications. 

IMT-2030 is expected to provide a revolutionary new user experience with 

connection speeds in the Terabits/s range per user and a whole new array of 

sensory information such as touch, taste and smell. New services and application 

trends for IMT towards 2030 and beyond are summarized in [1] and includes: 

ï Enabling services that help to steer communities and countries towards 

reaching the United Nationsô Sustainable Development Goals (UN-SDGs); 

ï Customization of user experience based on the user-centric resource 

orchestration models; 

ï Community-driven networks and publicïprivate partnerships as new models 

for future service provisioning; 

ï Development of products and technologies that innovate to zero will be 

promoted; for example, zero-waste and zero-emission technologies. 

ï Increasing role of artificial intelligence (AI) in different industry and social 

applications. The goal is to provide the access of AI to everyone, every business, 

every service anywhere anytime. 

ï The trend towards higher data rates will continue: peak data rates may 

approach Tera bits per second (Tbit/s) indoors, requiring large available 

bandwidths giving rise to (sub-) Tera hertz (THz) communications. 

The technical base for implementation of the abovementioned tasks is being 

formed now. The three basic usage scenarios proposed for IMT-2020 ï eMBB, 

mMTC and URLLC ï will still remain relevant. At the same time, new promising 

use cases and applications (digital twin, cyber-physical systems, ñmixed realityò ï 

MR, industrial/service robots etc.) will require to develop and implement the 

various new technologies and solutions. 

For example, the different solutions are proposed to enhance the radio 

interface such as advanced modulation, coding and multiple access schemes, 

advanced antenna technologies (e.g. E-MIMO) and holographic radio [1]. 

Extreme MIMO (E-MIMO) is further development of massive MIMO, which 

is widely deployed in IMT-2020 systems. It can be achieved by exploiting much 

larger antenna array, using new materials, applying new deployments and new 

tools, etc.  

Holographic radio (HR) can be applied in some promising use cases, such as 

high-precision positioning and perception, smart factory and immersive media. It 

utilizes the spatially continuous electromagnetic aperture and interference 
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exploitation to enable spatial multiplexing and spectral multiplexing with pixelated 

ultra-high resolution. HR can make use of all available spatial dimensions to 

achieve benefits in terms of flexibility, spectral efficiency, delay, power 

consumption and complexity. 

The important aspect of IMT-2020 (and future IMT-2030) systems 

deployment is the effective adaptation of the existing transport network 

infrastructure to new technical requirements [2, 3]. The main aspects of such 

adaptation has been summarized in ITU-T Recommendation G.8300 

ñCharacteristics of transport networks to support IMT-2020/5Gò [4] which defines: 

- Relationship of 5G network architecture to transport network architecture; 

- Operations, administration, and maintenance (OAM) requirements; 

- Timing performance and time/synchronization distribution architecture; 

- Survivability mechanisms. 

All these issues will remain relevant as new solutions based on IMT-2030 

concept are introduced. The use of data and algorithms such as artificial 

intelligence (AI) will play an important role, and technological complementarities 

are required to ensure that the technology innovations complement each other [1]. 

One of the most important aspects of new telecommunication technologies 

deployment has traditionally been synchronization issues [2, 3]. The precise 

synchronization will remain critical for many new application such as time-

sensitive networking for automated vehicles, controlling robots in smart factories, 

high-precision positioning. Industrial devices, processes and future haptic 

applications will require strict timing synchronization with tight requirements for 

jitter. It should be considered in the respective ITU-T standards and in the new 

generations of synchronization equipment. 

It is generally expected that IMT-2030-based networks will connect many 

devices, processes and humans to a global information grid cognitively, thereby 

offering new opportunities for various verticals. Future applications could allow 

users to feel material objects in holographic form, taste food samples in a kind of 

virtual reality, and even smell samples thanks to innovative digital scent 

technologies. But a lot of work should be done from the research & development to 

standardization and deployment of new technical decisions. All these activities 

should consider the need to adapt the new technologies, networks architectures as 

well as management and OAM tools with the existing network infrastructure. 
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ʇʈʆɭʂʊʋɺɸʅʅʗ ʊɸ ʆʇʊʀʄɯɿɸʎɯʗ ɼʈʋʂʆɺɸʅʆɰ  

ɼʀʇʆʃʔʅʆɰ ɸʅʊɽʅʀ ɼʃʗ ʏɸʉʊʆʊʅʆɻʆ ɼɯɸʇɸɿʆʅʋ 2,4 ɻɻʎ 

 

ɿʜʽʡʩʥʝʥʦ ʧʨʦʻʢʪʫʚʘʥʥʷ ʪʘ ʦʧʪʠʤʽʟʘʮʽʶ ʩʠʤʝʪʨʠʯʥʦʾ ʜʠʧʦʣʴʥʦʾ ʘʥʪʝʥʠ ʜʽʘʧʘʟʦʥʫ  

2,4 ɻɻʮ, ʚʠʢʦʥʘʥʦʾ ʟʘ ʤʽʢʨʦʩʤʫʞʢʦʚʦʶ ʪʝʭʥʦʣʦʛʽʻʶ. ɾʠʚʣʝʥʥʷ ʘʥʪʝʥʠ ʟʜʽʡʩʥʶʻʪʴʩʷ 

ʢʦʘʢʩʽʘʣʴʥʠʤ ʢʘʙʝʣʝʤ, ʱʦ ʧʝʨʝʜʙʘʯʘʻ ʨʝʘʣʽʟʘʮʽʶ ʩʠʤʝʪʨʫʚʘʣʴʥʦʛʦ ʧʨʠʩʪʨʦʶ. ʇʨʦʚʝʜʝʥʦ 

ʤʦʜʝʣʶʚʘʥʥʷ ʨʦʙʦʪʠ ʘʥʪʝʥʠ ʤʝʪʦʜʦʤ ʩʢʽʥʯʝʥʥʠʭ ʝʣʝʤʝʥʪʽʚ ʚ ʜʽʘʧʘʟʦʥʽ ʨʦʙʦʯʠʭ ʯʘʩʪʦʪ 

2.4é2.483 ɻɻʮ. ɺ ʨʝʟʫʣʴʪʘʪʽ ʦʧʪʠʤʽʟʘʮʽʾ ʘʥʪʝʥʠ ʟʙʽʣʴʰʝʥʦ ʩʤʫʛʫ ʾʾ ʧʨʦʧʫʩʢʘʥʥʷ ʪʘ 

ʧʦʢʨʘʱʝʥʦ ʫʟʛʦʜʞʝʥʥʷ ʫ ʩʤʫʟʽ ʨʦʙʦʯʠʭ ʯʘʩʪʦʪ. ɺ ʤʝʞʘʭ ʨʦʙʦʯʦʾ ʩʤʫʛʠ ʯʘʩʪʦʪ ʂʉʍ 

ʨʦʟʨʘʭʦʚʘʥʦʾ ʘʥʪʝʥʠ ʟʥʘʭʦʜʠʪʴʩʷ ʚ ʜʽʘʧʘʟʦʥʽ 1é1.2. 

 

Printed microstrip antennas are widely used in communication systems due to 

their small dimensions, low cost and possibility to integrate an antenna with the 

device at the common printed circuit board (PCB). There is a large number of 

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

and fabrication [1] ï [3]. Among the microstrip radiating structures, patch antennas 

are often used. However, these antennas are not omnidirectional and typically have 

gain of 6é9 dB [4 ï 7]. To obtain omnidirectional directivity pattern, dipole or 

monopole antenna structures should be used. 

In this paper, a microstrip dipole antenna for 2.4 GHz band is designed and 

simulated using the finite-element method. The antenna to be designed shall 

operate in 2400é2483 MHz frequency range, and have uniform directivity pattern 

in one of the planes. The proposed antenna can be used in mobile ISM (Industrial, 

Scientific and Medical) band communication systems, such as Wi-Fi, Bluetooth or 

Zigbee applications. Thus, the operating frequency of the antenna was chosen to be 

f0 = 2442 MHz, which is the center frequency of the operating band. 

As a substrate for the antenna, FR4 laminate was used with the following 

parameters: dielectric constant Ůr = 4.4; thickness h = 1.5 mm; thickness of the top 

and bottom copper layers t = 0.020 mm; dissipation is defined by tan d = 0.02. 

The layout of the antenna is shown in Fig. 1. The antenna was designed so as 

to be fed by microstrip line or coaxial cable using SMA (SubMiniature version A) 

connector. Since a dipole antenna has balanced input, a balun is needed to convert 

unbalanced coaxial or microstrip input to balanced input of the antenna. In the 

presented antenna, tapered balun was used. Linear tapering was implemented due 

to its simplicity and pertinent transmission characteristics. To provide impedance 

matching, the dipole arms section, feed section and the balun were designed to 

have 50 ɋ input impedance. 
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Fig. 1. Dimensions of a microstrip dipole antenna. (a)  

Antenna dimensions. (b) Side view of the antenna. 

 

The theory and design approach for the selected antenna type are considered 

in [1] ï [3]. The design procedure contained the following stages: analysis of the 

printed dipole section in order to match the resonant frequency and provide 50 ɋ 

input with minimum value of reactance; design of the feeding section so as to 

provide impedance matching; design and optimization of the balun section; final 

simulation and optimization of the antenna. 

 

Fig. 2. Model of the antenna. 

 

As a result of the optimization process, the following values were obtained for 

the antenna geometry Larm = 20 mm; Lfeed = 45 mm; Lbalun = 20 mm; warm = 1.5 mm; 

wfeed = 4.1 mm; wbalun = 20 mm; w = 2.9 mm. 

In Fig.3, the simulated results for the directivity diagram and the frequency 

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

RL = |S11| å -21 dB at the operating bandôs left bound (fL = 2.4 GHz), and 

RL = |S11| å -21.9 dB at the bandôs right bound (fR = 2.483 GHz), and RL = |S11| å -
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26.1 dB at the center frequency f0 = 2.442 GHz. The gain of the antenna is 

G å 2 dBi. The polarization of the antenna is linear. 

 

E-Plane

H-Plane

 
(a) 

 
 

(b) 

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

 

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

easily fabricated. VSWR value is less than 1.2 within the operating band 

2.4é2.483 GHz. It can be noticed that the directivity pattern has some distortion 

relative to the pattern of an ideal dipole antenna. This is caused by the impact of 

the dielectric plate and feeding elements in the proximity of the radiating section of 

the antenna. 
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ʄɯʂʈʆʉʄʋɾʂʆɺɸ ʂɯʃʔʎɽɺɸ ɸʅʊɽʅɸ 

 ɼʃʗ ʏɸʉʊʆʊʅʆɻʆ ɼɯɸʇɸɿʆʅʋ 2,4 ɻɻʎ 

 

ɿʜʽʡʩʥʝʥʦ ʧʨʦʻʢʪʫʚʘʥʥʷ ʪʘ ʦʧʪʠʤʽʟʘʮʽʶ ʥʝʩʠʤʝʪʨʠʯʥʦʾ ʚʽʙʨʘʪʦʨʥʦʾ ʘʥʪʝʥʠ ʽʟ 

ʚʠʧʨʦʤʽʥʶʚʘʯʝʤ ʢʽʣʴʮʝʚʦʛʦ ʪʠʧʫ ʜʣʷ ʨʦʙʦʪʠ ʫ ʜʽʘʧʘʟʦʥʽ 2,4 ɻɻʮ, ʚʠʢʦʥʘʥʦʾ ʟʘ 

ʤʽʢʨʦʩʤʫʞʢʦʚʦʶ ʪʝʭʥʦʣʦʛʽʻʶ. ɾʠʚʣʝʥʥʷ ʘʥʪʝʥʠ ʟʜʽʡʩʥʶʻʪʴʩʷ ʤʽʢʨʦʩʤʫʞʢʦʚʦʶ ʣʽʥʽʻʶ. 

ʇʨʦʚʝʜʝʥʦ ʤʦʜʝʣʶʚʘʥʥʷ ʨʦʙʦʪʠ ʘʥʪʝʥʠ ʤʝʪʦʜʦʤ ʩʢʽʥʯʝʥʥʠʭ ʝʣʝʤʝʥʪʽʚ ʚ ʜʽʘʧʘʟʦʥʽ 

ʨʦʙʦʯʠʭ ʯʘʩʪʦʪ 2.4é2.483 ɻɻʮ. ɿʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʦʧʪʠʤʽʟʘʮʽʾ ʘʥʪʝʥʠ ʟʘʙʝʟʧʝʯʝʥʦ 

ʟʤʝʥʰʝʥʥʷ ʟʚʦʨʦʪʥʠʭ ʚʪʨʘʪ, ʪʘʢ ʱʦ ʧʨʠʩʪʨʽʡ ʜʝʤʦʥʩʪʨʫʻ ʜʦʩʪʘʪʥʽ ʜʣʷ ʝʢʩʧʣʫʘʪʘʮʽʾ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʫ ʜʽʘʧʘʟʦʥʽ ʯʘʩʪʦʪ, ʱʦ ʟʥʘʯʥʦ ʧʝʨʝʚʠʱʫʻ ʨʦʙʦʯʫ ʩʤʫʛʫ. ɺ ʤʝʞʘʭ ʨʦʙʦʯʦʾ 

ʩʤʫʛʠ ʯʘʩʪʦʪ ʂʉʍ ʨʦʟʨʘʭʦʚʘʥʦʾ ʘʥʪʝʥʠ ʟʥʘʭʦʜʠʪʴʩʷ ʚ ʜʽʘʧʘʟʦʥʽ 1é1.2. 

 

Printed microstrip antennas are widely used in radiocommunication systems 

due to their small dimensions, low cost and possibility to be integrated at the 

common PCB with the device. There is a large number of small-size antenna types 

and design techniques that can be used for their analysis and fabrication [1] ï [3]. 

Among the microstrip radiating structures, patch antennas are often used. 

However, these antennas are not omnidirectional and typically have gain of 6é9 

dB [4 ï 7]. To obtain omnidirectional directivity pattern, dipole or monopole 

antenna structures should be used. 

In this paper, a microstrip monopole antenna for 2.4 GHz band is designed 

and simulated. The antenna is designed to operate in 2400é2483 MHz frequency 

band. As a radiating element, a ring topology was used. Antennas with such layout 

manifest ultrawideband operation. Therefore, even being optimized for 2.4 GHz 

band, the proposed antenna can be used in larger frequency range. The antenna can 

be used in mobile ISM band communication systems, such as Wi-Fi, Bluetooth or 

Zigbee applications. As numeric technique for the simulation, finite element 

method was used. 

As a substrate for the antenna, FR4 laminate was used with the following 

parameters: dielectric constant Ůr = 4.4; thickness h = 1.5 mm; thickness of the top 

and bottom copper layers t = 0.018 mm; dissipation is defined by tan d = 0.02. 

The layout of the antenna is shown in Fig. 1. The antenna was designed so as 

to be fed by 50 ɋ microstrip line or coaxial cable using SMA connector. The 

antenna of the selected type is ultrawideband and has pertinent performance in the 

frequency range that covers a few gigahertz higher 2 GHz frequency. As soon as it 

was designed primarily of 2.4 GHz band, its parameters were optimized to have the 

lowest return loss value in 2400é2483 GHz frequency range. 
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Fig.1. Dimensions of a microstrip dipole antenna. (a)  

Antenna dimensions. (b) Side view of the antenna. 

 

The theory and design approach for the selected antenna type are considered 

in [1] ï [3]. The design procedure contained the following stages: rough estimation 

of the geometry parameters according to general principles of the design of 

monopole antennas; analysis of the impact of Lm parameter on the antenna 

characteristics; optimization procedure over the two parameters: Rin, Rout. 

As a result of the optimization process, the following values were obtained for 

the antenna geometry Lground = 30 mm; Lm = 1 mm; w = 2.9 mm; Rin = 19.7 mm; 

Rout = 28.1 mm. The model of the antenna is shown in Fig. 2 (a), and Fig. 2 (b) 

shows the return loss of the antenna. It can be seen that the return loss is smaller 

than -20 dB in the operating band. 
 

 
 

(a) (b) 
Fig.2. (a) Model of the antenna. (b) Return loss of the antenna. 

 

The antenna with a ring shape of monopole has semi-omnidirectional 

directivity pattern. The maximum radiation is observed not in the azimuthal plane, 

but is inclined for about 45 degrees. In Fig. 3, the radiation pattern of the antenna is 

presented. The observed gain is 2é4 dBi within the cone of the highest directivity, 
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which is observed for ɡ = 46Á. The distortion of the radiation pattern is caused by 
the dielectric layer of PCB and the ring shape of the radiating element. 

 

ɡ = 90Ј 

ɡ = 46Ј

 

(a) (b) 

Fig.3. Directivity pattern of the antenna. (a) E-plane. (b) H-plane. 

 

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

easily fabricated. VSWR value is less than 1.2 within the operating bandwidth 

2.4é2.483 GHz. The antenna gain in the maximum of the main lobe is 2é4 dBi. 

The main lobe is inclined for about 45Á relative to the azimuthal plane, which 

makes this solution well-suited for being mounted at considerable height for 

providing wide coverage area. 
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SDN NETWORK SIMULATION USING ONOS  

OPEN NETWORK OPERATING SYSTEM  
 

This article demonstrates how to modify the parameters of network components and 

communication channels while describing network topology, as well as test the capabilities of a 

network that is subordinated to ONOS controller with specified network parameters, such as 

bandwidth and maximum queue-size. 

ʋ ʨʦʙʦʪʽ ʜʦʩʣʽʜʞʝʥʽ ʧʘʨʘʤʝʪʨʠ ʧʨʦʧʫʩʢʥʦʾ ʟʜʽʙʥʦʩʪʽ ʤʝʨʝʞʽ SDN, ʥʘ ʙʘʟʽ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʧʨʦʛʨʘʤʥʠʭ ʧʨʦʜʫʢʪʽʚ Mininet ʪʘ ONOS, ʷʢʽ ʻ ʫ ʚʽʜʢʨʠʪʦʤʫ ʜʦʩʪʫʧʽ. 

ʇʦʢʘʟʘʥʦ ʷʢ ʟʤʽʥʶʚʘʪʠ ʧʘʨʘʤʝʪʨʠ ʤʝʨʝʞʝʚʠʭ ʢʦʤʧʦʥʝʥʪʽʚ ʪʘ ʢʘʥʘʣʽʚ ʟʚôʷʟʢʫ ʧʨʠ ʦʧʠʩʽ 

ʪʦʧʦʣʦʛʽʾ ʤʝʨʝʞʽ. ʇʨʦʘʥʘʣʽʟʦʚʘʥʦ ʚʧʣʠʚ ʨʽʟʥʠʭ ʧʨʦʪʦʢʦʣʽʚ ʪʘ ʨʦʟʤʽʨ ʯʝʨʛʠ ʥʘ ʧʨʦʧʫʩʢʥʫ 

ʟʜʽʙʥʽʩʪʴ ʤʝʨʝʞʽ.   

 

ʆʩʢʽʣʴʢʠ Mininet ʷʚʣʷʻʪʴʩʷ ʟʘʛʘʣʴʥʦʶ ʧʣʘʪʬʦʨʤʦʶ-ʝʤʫʣʷʪʦʨʦʤ, ʪʦ ʧʨʠ 

ʟʘʧʫʩʢʫ ʤʝʨʝʞʽ ʙʝʟ ʟʘʟʥʘʯʝʥʥʷ ʤʝʨʝʞʝʚʠʭ ʧʘʨʘʤʝʪʨʽʚ ʚʦʥʘ ʥʝ ʚʽʜʧʦʚʽʜʘʻ 

ʜʽʡʩʥʽʡ SDN ʤʝʨʝʞʽ. ʊʦʤʫ ʟ ʧʦʯʘʪʢʫ ʧʦʪʨʽʙʥʦ ʟʘʟʥʘʯʠʪʠ ʥʠʟʢʫ ʧʘʨʘʤʝʪʨʽʚ ʽ 

ʧʨʦʚʝʩʪʠ ʜʝʢʽʣʴʢʘ ʢʨʦʢʽʚ ʥʘʣʘʰʪʫʚʘʥʥʷ, ʱʦʙ ʤʝʨʝʞʘ ʚʽʜʧʦʚʽʜʘʣʘ ʚʠʤʦʛʘʤ 

ʨʝʘʣʴʥʦʾ SDN ʤʝʨʝʞʽ[1]. 

ɺ ʥʘʰʦʤʫ ʚʠʧʘʜʢʫ ʙʫʜʝ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠʩʴ ʪʦʧʦʣʦʛʽʷ ʤʝʨʝʞʽ (ʨʠʩ. 1), 

ʷʢʘ ʥʘʧʠʩʘʥʘ ʥʘ ʚʠʱʦʤʫ ʨʽʚʥʽ Mininet API (Python API). ʊʦʧʦʣʦʛʽʷ Mininet 

ʦʧʠʩʘʥʘ ʚ ʦʢʨʝʤʦʤʫ ʬʘʡʣʽ ʨʦʟʰʠʨʝʥʥʷ ñ. pyò ʟ ʟʘʣʫʯʝʥʥʷʤ ʩʪʦʨʦʥʥʽʭ 

ʙʽʙʣʽʦʪʝʢ ʜʣʷ ʙʽʣʴʰ ʛʥʫʯʢʠʭ ʥʘʣʘʰʪʫʚʘʥʴ ʤʝʨʝʞʽ. ɺ ʨʦʙʦʪʽ ʙʫʣʘ ʚʠʢʦʨʠʩʪʘʥʘ 

ʙʽʙʣʽʦʪʝʢʘ TCLink, ʷʢʘ ʥʘʜʘʻ ʟʤʦʛʫ ʟʘʜʘʚʘʪʠ ʧʨʦʧʫʩʢʥʫ ʟʜʽʙʥʽʩʪʴ, ʟʘʪʨʠʤʢʫ, 

ʜʞʠʪʪʝʨ ʫ ʢʘʥʘʣʘʭ ʟʚôʷʟʢʫ, ʘ ʪʘʢʦʞ RemoteController ʜʣʷ ʦʧʠʩʘʥʥʷ ONOS 

ʢʦʥʪʨʦʣʝʨʘ, ʷʢʽʡ ʚ ʧʦʜʘʣʴʰʦʤʫ ʙʫʜʝ ʧʽʜʢʣʶʯʝʥʠʡ ʜʦ ʤʝʨʝʞʽ ʚ ʷʢʦʩʪʽ 

ʮʝʥʪʨʘʣʽʟʦʚʘʥʦʛʦ ʦʨʛʘʥʫ ʫʧʨʘʚʣʽʥʥʷ[2][6] . 

ʂʦʥʬʽʛʫʨʘʮʽʡʥʠʡ ʬʘʡʣ ʤʝʨʝʞʽ/ʪʦʧʦʣʦʛʽʾ ʤʘʻ ʥʘʩʪʫʧʥʠʡ ʚʠʛʣʷʜ: 
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ɿʘʟʥʘʯʝʥʠʡ ʢʦʜ ʦʧʠʩʫʻ ʧʨʦʮʝʩ ʟʘʧʫʩʢʫ ʦʩʥʦʚʥʠʭ ʝʣʝʤʝʥʪʽʚ ʤʝʨʝʞʽ. ʎʝʡ 

ʧʨʦʮʝʩ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʥʘʩʪʫʧʥʠʭ ʝʪʘʧʽʚ: 

- ʽʤʧʦʨʪ ʙʽʙʣʽʦʪʝʢ python, ʱʦ ʥʘʜʘʶʪʴ ʟʤʦʛʫ ʢʦʤʧʽʣʷʪʦʨʫ python ʨʦʟʫʤʽʪʠ 

ʩʠʥʪʘʢʩʠʩ ʦʧʠʩʫ ʩʘʤʝ ʪʦʧʦʣʦʛʽʾ Mininet; 

- ʜʦʜʘʥʥʷ ʤʝʨʝʞʝʚʠʭ ʝʣʝʤʝʥʪʽʚ: ʢʦʤʫʪʘʪʦʨʽʚ ʟ ʧʽʜʪʨʠʤʢʦʶ OpenFlow, ʭʦʩʪʽʚ, 

ʘ ʪʘʢʦʞ ʟʘʜʘʥʥʷ ʾʤ ʫʥʽʢʘʣʴʥʽ ʘʜʨʝʩʠ ʪʘ ʽʜʝʥʪʠʬʽʢʘʪʦʨʠ ʚ ʤʝʨʝʞʽ, ʦʧʠʩʘʥʥʷ 

ʨʦʟʪʘʰʫʚʘʥʥʷ ʢʦʥʪʨʦʣʝʨʫ ʪʘ ʧʦʨʪ ʥʘ ʷʢʦʤʫ ʚʽʥ ʧʨʠʡʤʘʻ ʚʢʣʶʯʝʥʥʷ; 

- ʜʦʜʘʥʥʷ ʤʝʨʝʞʝʚʠʭ ʟʚôʷʟʢʽʚ - ʧʽʜʢʣʶʯʝʥʥʷ ʢʦʤʫʪʘʪʦʨʽʚ ʤʽʞ ʩʦʙʦʶ, ʘ ʪʘʢʦʞ 

ʧʽʜʢʣʶʯʝʥʥʷ ʭʦʩʪʽʚ ʜʦ ʢʦʤʫʪʘʪʦʨʽʚ; 

- ʟʘʧʫʩʢ ʤʝʨʝʞʝʚʠʭ ʢʦʤʧʦʥʝʥʪʽʚ, Mininet ʢʦʥʩʦʣʽ, ʘ ʪʘʢʦʞ ʧʽʜʢʣʶʯʝʥʥʷ 

ʢʦʞʥʦʛʦ ʢʦʤʫʪʘʪʦʨʘ ʜʦ ʢʦʥʪʨʦʣʝʨʘ ONOS. 

 

 
 

ʈʠʩ.1. ʊʦʧʦʣʦʛʽ ̫SDN ʤʝʨʝʞʽ. 

 

ʇʽʩʣʷ ʟʘʧʫʩʢʫ ʤʝʨʝʞʽ ʥʝʦʙʭʽʜʥʦ ʧʨʦʚʝʩʪʠ ʪʝʩʪʫʚʘʥʥʷ ʧʘʨʘʤʝʪʨʽʚ 

ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʤʝʨʝʞʽ. ɺ ʨʦʙʦʪʽ ʧʨʦʚʝʜʝʥʦ ʪʝʩʪʫʚʘʥʥʷ ʧʨʦʧʫʩʢʥʦʾ ʟʜʘʪʥʦʩʪʽ 

ʢʘʥʘʣʽʚ ʟʚôʷʟʢʫ ʫ ʥʘʧʨʷʤʢʫ ʚʽʜ h11 ʜʦ h9. ɼʣʷ ʮʴʦʛʦ, ʦʨʛʘʥʽʟʦʚʘʥʘ ʧʝʨʝʜʘʯʘ 

UDP ʪʨʘʬʽʢʫ ʧʨʠ ʨʽʟʥʦʤʫ ʥʘʚʘʥʪʘʞʝʥʥʽ ʢʘʥʘʣʽʚ ʟʚôʷʟʢʫ ʽ ʧʨʠ ʨʽʟʥʽʡ 

ʰʚʠʜʢʦʩʪʽ ʧʝʨʝʜʘʯʽ. ʇʨʠ ʮʴʦʤʫ ʙʫʣʠ ʚʠʢʦʨʠʩʪʘʥʽ ʥʘʩʪʫʧʥʽ ʚʠʭʽʜʥʽ ʜʘʥʥʽ: 

- ʪʦʧʦʣʦʛʽʷ ʤʝʨʝʞʽ, ʱʦ ʟʦʙʨʘʞʝʥʘ ʥʘ ʨʠʩ.1; 

- ʽʥʬʦʨʤʘʮʽʡʥʠʡ ʥʘʧʨʷʤʦʢ ʟʚôʷʟʢʫ ʤʽʞ ʭʦʩʪʘʤʠ h11 - h9; 

- ʢʽʣʴʢʽʩʪʴ ʧʨʦʤʽʞʥʠʭ ʚʫʟʣʽʚ(ʢʦʤʫʪʘʪʦʨʽʚ) ï 3; 

- ʥʘʚʘʥʪʘʞʝʥʥʷ ʚ ʧʘʢʝʪʘʭ, ʱʦ ʧʝʨʝʜʘʻʪʴʩʷ ï 500 ʄʙʘʡʪ; 

- ʰʚʠʜʢʽʩʪʴ ʧʝʨʝʜʘʯʽ ʫ ʣʽʥʽʷʭ ʟʚôʷʟʢʫ ï 100 ʄʙʽʪ/ʩ. 

ʋ ʭʦʜʽ ʧʨʦʚʝʜʝʥʥʷ ʜʦʩʣʽʜʫ ʙʫʣʦ ʟʥʷʪʦ ʯʘʩʦʚʽ ʜʽʘʛʨʘʤʠ ʰʚʠʜʢʦʩʪʽ 

ʧʝʨʝʜʘʯʽ UPD ʪʨʘʬʽʢʫ. ʂʨʦʢ ʧʽʜʚʠʱʝʥʥʷ ʥʘʚʘʥʪʘʞʝʥʥʷ ʫ ʣʽʥʽʷʭ ʟʚôʷʟʢʫ 

ʩʪʘʥʦʚʠʪʴ: 10%, 50%, 100% ʚʽʜ ʤʘʢʩʠʤʘʣʴʥʦ ʟʘʜʘʥʦʾ ʰʚʠʜʢʦʩʪʽ ʧʝʨʝʜʘʯʽ ʣʽʥʽʾ 

ʟʚôʷʟʢʫ. ʊʦʙʪʦ 10, 50, 100ʄʙʽʪ/ʩ, ʚʽʜʧʦʚʽʜʥʦ. ʏʘʩʦʚʽ ʜʽʘʛʨʘʤʠ ʥʘʚʝʜʝʥʽ ʥʘ 

 ʨʠʩ. 2. 
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 ʈʠʩ. 2. ʐʚʠʜʢʽʩʪʴ ʧʝʨʝʜʘʯʽ ʪʨʘʬʽʢʫ ʢʘʥʘʣʦʤ ʟʚôʷʟʢʫ ʧʨʠ: ʘ) ʥʘʚʘʥʪʘʞʝʥʥʷ 10%; ʙ) 

ʥʘʚʘʥʪʘʞʝʥʥʷ 50%; ʚ) ʥʘʚʘʥʪʘʞʝʥʥʷ 100%. 

 

ʅʘʩʪʫʧʥʠʤ ʝʪʘʧʦʤ ʪʝʩʪʫʚʘʥʥʷ ʤʝʨʝʞʽ ʩʪʘʣʘ ʧʝʨʝʚʽʨʢʘ ʭʘʨʘʢʪʝʨʫ 

ʧʦʚʝʜʽʥʢʠ ʤʝʨʝʞʽ ʰʣʷʭʦʤ ʟʥʷʪʪʷ ʧʦʢʘʟʥʠʢʽʚ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʧʨʠ ʟʤʽʥʽ 

ʧʦʢʘʟʥʠʢʘ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʙʫʬʝʨʫ ʧʘʢʝʪʽʚ ʚ ʯʝʨʟʽ (queue size). ɺʽʜʧʦʚʽʜʥʝ 

ʜʦʩʣʽʜʞʝʥʥʷ ʜʘʣʦ ʟʤʦʛʫ ʧʝʨʝʚʽʨʠʪʠ ʦʩʦʙʣʠʚʦʩʪʽ ʧʝʨʝʜʘʯʽ TCP/UDP ʪʨʘʬʽʢʫ. 

ɿʤʽʥʘ ʜʦʚʞʠʥʠ ʙʫʬʝʨʫ ʧʘʢʝʪʽʚ ʧʨʦʚʦʜʠʣʘʩʴ ʥʘ ʚʩʽʭ ʽʥʪʝʨʬʝʡʩʘʭ ʚ 

ʥʘʧʨʷʤʢʫ ʧʝʨʝʜʘʯʽ ʪʨʘʬʽʢʫ ʥʘʩʪʫʧʥʠʤ ʯʠʥʦʤ: 1, 5, 10, 25, 50, 75, 100, 200, 500 

ʧʘʢʝʪʽʚ.  

ʈʝʟʫʣʴʪʘʪʠ ʧʦʚʝʜʽʥʢʠ ʤʝʨʝʞʽ ʚʽʜʦʙʨʘʞʝʥʦ ʥʘ ʨʠʩ. 3 

 
ʈʠʩ. 3a. ʇʘʨʘʤʝʪʨʠ ʪʨʘʬʽʢʫ ʧʨʠ ʧʝʨʝʜʘʯʽ ʟʘ ʧʨʦʪʦʢʦʣʦʤ UDP. 

 
ʈʠʩ. 3ʙ. ʇʘʨʘʤʝʪʨʠ ʪʨʘʬʽʢʫ ʧʨʠ ʧʝʨʝʜʘʯʽ ʟʘ ʧʨʦʪʦʢʦʣʦʤ ʊʉʈ. 

 

ʇʨʦʚʝʜʝʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʜʦʟʚʦʣʷʶʪʴ ʚʠʟʥʘʯʠʪʠ ʜʝ ʷʢʽ ʦʩʦʙʣʠʚʦʩʪʽ. 

ʇʦʙʫʜʦʚʘ ʤʝʨʝʞʽ SDN ʜʦʚʽʣʴʥʦʾ ʪʦʧʦʣʦʛʽʾ ʚʠʤʘʛʘʻ ʜʦʜʘʪʢʦʚʦʛʦ ʥʘʧʠʩʘʥʥʷ 

ʧʨʦʛʨʘʤʥʦʛʦ ʢʦʜʫ ʥʘ ʤʦʚʽ python. ʎʝ ʜʘʻ ʤʦʞʣʠʚʽʩʪʴ ʩʪʚʦʨʶʚʘʪʠ ʥʝʦʙʭʽʜʥʽ 

ʟʚôʷʟʢʠ ʷʢ ʤʽʞ ʝʣʝʤʝʥʪʘʤʠ ʤʝʨʝʞʽ, ʪʘʢ ʽ ʤʽʞ ʝʣʝʤʝʥʪʘʤʠ ʢʝʨʫʚʘʥʥʷ ʤʝʨʝʞʝʶ.  
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ɺ ʨʦʙʦʪʽ, ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ ʧʦʙʫʜʦʚʘʥʫ ʪʦʧʦʣʦʛʽʶ ʪʘ ʧʝʨʝʨʘʭʦʚʘʥʽ 

ʚʠʭʽʜʥʽ ʜʘʥʽ, ʙʫʣʦ ʟʥʷʪʦ ʯʘʩʦʚʽ ʜʽʘʛʨʘʤʠ ʧʨʠ ʥʘʚʘʥʪʘʞʝʥʥʽ ʥʘʧʨʷʤʢʫ ʟʚôʷʟʢʫ. 

ɺʽʜʦʙʨʘʞʝʥʽ ʨʝʟʫʣʴʪʘʪʠ ʧʦʢʘʟʘʣʠ, ʱʦ ʧʨʠ ʥʘʚʘʥʪʘʞʝʥʥʽ ʣʽʥʽʾ ʟʚôʷʟʢʫ ʜʦ 50%, 

ʧʝʨʝʜʘʯʘ ʚʽʜʙʫʚʘʻʪʴʩʷ ʟ ʧʦʩʪʽʡʥʦʶ ʰʚʠʜʢʽʩʪʶ ʙʝʟ ʩʫʪʪʻʚʠʭ ʟʤʽʥ, ʱʦ ʥʝ 

ʤʦʞʥʘ ʩʢʘʟʘʪʠ ʧʨʠ ʥʘʚʘʥʪʘʞʝʥʥʽ ʙʽʣʴʰʝ 50%. ɺ ʪʘʢʦʤʫ ʚʠʧʘʜʢʫ, ʭʘʨʘʢʪʝʨ 

ʰʚʠʜʢʦʩʪʽ ʥʝʧʝʨʝʜʙʘʯʫʚʘʥʠʡ, ʭʦʯʘ ʚ ʦʙʦʭ ʚʠʧʘʜʢʘʭ, ʧʝʨʝʜʘʥʠʡ ʦʙôʻʤ ʪʨʘʬʽʢʫ 

ʜʦʩʪʘʚʣʷʻʪʴʩʷ ʙʝʟ ʚʪʨʘʪ[4]. 

ʇʨʦʚʦʜʷʯʠ ʘʥʘʣʽʟ ʜʦʩʣʽʜʫ, ʧʨʠ ʟʤʽʥʽ queue-size, ʤʦʞʥʘ ʟʨʦʙʠʪʠ 

ʚʠʩʥʦʚʢʠ: 

ʇʨʠ ʧʝʨʝʜʘʯʽ UDP ʪʨʘʬʽʢʫ, ʚʩʪʘʥʦʚʠʚʰʠ ʟʥʘʯʝʥʥʷ max_queue_size ï 100 

ʧʘʢʝʪʽʚ ʽ ʙʽʣʴʰʝ, ʚʪʨʘʪʠ ʤʘʡʞʝ ʥʝʧʦʤʽʪʥʽ (ʜʦʩʷʛʘʶʪʴ 0,07% ʤʘʢʩʠʤʫʤ), ʦʜʥʘʢ 

ʧʨʠ ʟʤʝʥʰʝʥʥʽ ʙʫʬʝʨʫ ʯʝʨʛʠ ʚʽʜ 1 ʜʦ 100 ʧʘʢʝʪʽʚ, ʚʪʨʘʪʠ ʤʦʞʫʪʴ ʙʫʪʠ 

ʩʫʪʪʻʚʠʤʠ, ʪʦʙʪʦ 72-41%. 

ʇʨʠ ʧʝʨʝʜʘʯʽ TCP ʪʨʘʬʽʢʫ, ʚʪʨʘʪʠ ʥʝ ʩʧʦʩʪʝʨʽʛʘʶʪʴʩʷ, ʭʦʯʘ ʰʚʠʜʢʽʩʪʴ 

ʧʝʨʝʜʘʯʽ ʜʘʥʠʭ ʟʤʝʥʰʫʻʪʴʩʷ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʟʤʝʥʰʝʥʥʷ ʧʘʨʘʤʝʪʨʫ ʙʫʬʝʨʘ 

(max_queue_size). ʎʝ ʧʦʷʩʥʶʻʪʴʩʷ ʛʦʣʦʚʥʦʶ ʦʩʦʙʣʠʚʽʩʪʶ TCP ʪʨʘʬʽʢʫ, ʘ 

ʩʘʤʝ ʥʘʷʚʥʽʩʪʶ ʧʽʜʪʚʝʨʜʞʝʥʴ (ACK) ʚʽʜ ʦʪʨʠʤʫʚʘʯʘ, ʷʢʽ ʧʦʚʽʜʦʤʣʷʶʪʴ 

ʚʽʜʧʨʘʚʥʠʢʘ ʧʨʦ ʫʩʧʽʰʥʫ ʜʦʩʪʘʚʢʫ ʢʦʞʥʦʛʦ ʧʘʢʝʪʫ[3][5]. ʗʢʱʦ ʚʽʜʧʨʘʚʥʠʢ ʥʝ 

ʦʪʨʠʤʫʻ ʧʽʜʪʚʝʨʜʞʝʥʥʷ ʚʯʘʩʥʦ, ʚʽʥ ʧʦʚʪʦʨʥʦ ʥʘʜʩʠʣʘʻ ʧʘʢʝʪ ʜʦ ʦʪʨʠʤʫʚʘʯʘ. 

ʋ UDP ʪʘʢʘ ʛʘʨʘʥʪʽʷ ʚʽʜʩʫʪʥʷ, ʪʦʤʫ ʧʘʢʝʪʠ ʤʦʞʫʪʴ ʙʫʪʠ ʚʪʨʘʯʝʥʽ ʚ ʨʘʟʽ 

ʧʝʨʝʚʘʥʪʘʞʝʥʥʷ ʤʝʨʝʞʽ ʘʙʦ ʽʥʰʠʭ ʧʨʦʙʣʝʤ ʟ ʧʝʨʝʜʘʯʝʶ ʜʘʥʠʭ. 

ʊʨʝʙʘ ʚʽʜʤʽʪʠʪʠ ʩʫʪʪʻʚʠʡ ʥʝʜʦʣʽʢ ʧʨʦʚʝʜʝʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʥʘ ʙʘʟʽ ʮʠʭ 

ʧʨʦʛʨʘʤʥʠʭ ʧʨʦʜʫʢʪʽʚ. ʇʨʠ ʤʦʜʝʣʶʚʘʥʥʽ ʤʠ ʥʝ ʟʤʦʛʣʠ ʟʨʦʙʠʪʠ ʙʘʣʘʥʩʫʚʘʥʥʷ 

ʪʨʘʬʽʢʫ. ʊʦʤʫ ʢʦʣʠ ʟôʷʚʣʷʻʪʴʩʷ ʧʝʨʝʚʘʥʪʘʞʝʥʥʷ ʚ ʥʘʧʨʷʤʢʫ ʟʚôʷʟʢʫ ʽ ʧʨʠ 

ʮʴʦʤʫ ʻ ʥʘʷʚʥʠʡ ʚʽʣʴʥʠʡ ʨʝʩʫʨʩ ʚ ʤʝʨʝʞʽ, ʢʦʥʪʨʦʣʝʨ ONOS ʥʝ ʨʝʘʛʫʻ ʥʘ 

ʧʝʨʝʚʘʥʪʘʞʝʥʥʷ ʽ ʥʝ ʟʤʽʥʶʻ ʰʣʷʭʠ ʧʝʨʝʜʘʚʘʥʥʷ ʪʨʘʬʽʢʫ. ʎʝ ʛʦʚʦʨʠʪʴ ʦ ʪʦʤ, 

ʱʦ ʮʷ ʬʫʥʢʮʽʷ ʯʠ ʧʦʢʠ ʱʦ ʚʽʜʩʫʪʥʷ ʫ ʮʴʦʤʫ ʧʨʦʛʨʘʤʥʦʤʫ ʧʨʦʜʫʢʪʽ, ʯʠ ʤʠ ʥʝ 

ʟʤʦʛʣʠ ʾʾ ʧʽʜʢʣʶʯʠʪʠ. 
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INTEGRATION  OF THE IMS  

ARCHITECTURE  IN THE 5G NETWORK  

 

With the advent of the 5G network, the Internet of Things (IoT) and the increased use of 

mobile devices, mobile operators are forced to improve the quality of their networks and ensure 

a stable connection of users to the Internet and other services. In this regard, the integration of 

the IMS (IP Multimedia Subsystem) architecture in the 5G network is becoming more and more 

relevant. 

 

IMS is a standard architecture that provides the ability to transmit voice information and 

services using IP protocols. IMS provides a connection to the world of the Internet and the 

traditional telephony network. The integration of IMS into the 5G network ensures excellent 

quality of services and improves the efficiency of using network resources. 

 

ɿ ʧʦʷʚʦʶ ʤʝʨʝʞʽ 5G, ʽʥʪʝʨʥʝʪ ʨʝʯʝʡ (IoT) ʪʘ ʨʦʟʰʠʨʝʥʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʤʦʙʽʣʴʥʠʭ ʧʨʠʩʪʨʦʾʚ, ʤʦʙʽʣʴʥʽ ʦʧʝʨʘʪʦʨʠ ʚʠʤʫʰʝʥʽ ʧʽʜʚʠʱʫʚʘʪʠ ʷʢʽʩʪʴ ʩʚʦʾʭ 

ʤʝʨʝʞ ʪʘ ʟʘʙʝʟʧʝʯʫʚʘʪʠ ʩʪʘʙʽʣʴʥʝ ʧʽʜʢʣʶʯʝʥʥʷ ʢʦʨʠʩʪʫʚʘʯʽʚ ʜʦ ʽʥʪʝʨʥʝʪʫ ʪʘ 

ʽʥʰʠʭ ʧʦʩʣʫʛ. ʋ ʟʚ'ʷʟʢʫ ʟ ʮʠʤ, ʽʥʪʝʛʨʘʮʽʷ ʘʨʭʽʪʝʢʪʫʨʠ IMS (IP Multimedia 

Subsystem) ʚ ʤʝʨʝʞʽ 5G ʩʪʘʻ ʜʝʜʘʣʽ ʙʽʣʴʰ ʘʢʪʫʘʣʴʥʦʶ. 

IMS - ʮʝ ʩʪʘʥʜʘʨʪʥʘ ʘʨʭʽʪʝʢʪʫʨʘ, ʷʢʘ ʟʘʙʝʟʧʝʯʫʻ ʤʦʞʣʠʚʽʩʪʴ ʧʝʨʝʜʘʯʽ 

ʛʦʣʦʩʦʚʦʾ ʽʥʬʦʨʤʘʮʽʾ ʪʘ ʧʦʩʣʫʛ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ IP-ʧʨʦʪʦʢʦʣʽʚ. IMS 

ʟʘʙʝʟʧʝʯʫʻ ʟ'ʻʜʥʘʥʥʷ ʟʽ ʩʚʽʪʦʤ ʽʥʪʝʨʥʝʪʫ ʪʘ ʪʨʘʜʠʮʽʡʥʦʾ ʤʝʨʝʞʽ ʪʝʣʝʬʦʥʽʾ. 

ɯʥʪʝʛʨʘʮʽʷ IMS ʚ ʤʝʨʝʞʫ 5G ʟʘʙʝʟʧʝʯʫʻ ʚʽʜʤʽʥʥʫ ʷʢʽʩʪʴ ʧʦʩʣʫʛ ʪʘ ʟʘʙʝʟʧʝʯʫʻ 

ʧʽʜʚʠʱʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʚʠʢʦʨʠʩʪʘʥʥʷ ʨʝʩʫʨʩʽʚ ʤʝʨʝʞʽ. ɺʟʘʻʤʦʜʽʷ 

ʘʨʭʽʪʝʢʪʫʨʠ IMS ʪʘ ʤʝʨʝʞʽ 5G ʙʫʜʝ ʤʘʪʠ ʪʘʢʠʡ ʚʠʛʣʷʜ (ʈʠʩ. 1). ʆʜʥʘʢ, ʷʢ ʽ ʟ 

ʙʫʜʴ-ʷʢʠʤ ʪʝʭʥʦʣʦʛʽʯʥʠʤ ʨʽʰʝʥʥʷʤ, ʽʥʪʝʛʨʘʮʽʷ ʘʨʭʽʪʝʢʪʫʨʠ IMS ʚ ʤʝʨʝʞʫ 5G 

ʤʘʻ ʩʚʦʾ ʧʝʨʝʚʘʛʠ ʪʘ ʥʝʜʦʣʽʢʠ. 

ʇʝʨʝʚʘʛʠ ʽʥʪʝʛʨʘʮʽʾ IMS ʚ ʤʝʨʝʞʫ 5G: 

1. ʇʦʢʨʘʱʝʥʥʷ ʷʢʦʩʪʽ ʧʦʩʣʫʛ: ɯʥʪʝʛʨʘʮʽʷ IMS ʚ ʤʝʨʝʞʫ 5G ʟʘʙʝʟʧʝʯʫʻ 

ʧʝʨʝʜʘʯʫ ʛʦʣʦʩʦʚʦʾ ʽʥʬʦʨʤʘʮʽʾ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ IP-ʧʨʦʪʦʢʦʣʽʚ. ʎʝ ʜʦʟʚʦʣʷʻ 

ʟʘʙʝʟʧʝʯʫʚʘʪʠ ʚʽʜʤʽʥʥʫ ʷʢʽʩʪʴ ʧʦʩʣʫʛ ʪʘ ʧʽʜʚʠʱʫʚʘʪʠ ʟʘʜʦʚʦʣʝʥʽʩʪʴ 

ʢʦʨʠʩʪʫʚʘʯʽʚ. 

2. ɺʠʢʦʨʠʩʪʘʥʥʷ ʨʝʩʫʨʩʽʚ ʤʝʨʝʞʽ: ɯʥʪʝʛʨʘʮʽʷ IMS ʜʦʟʚʦʣʷʻ ʤʦʙʽʣʴʥʠʤ 

ʦʧʝʨʘʪʦʨʘʤ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʨʝʩʫʨʩʠ ʤʝʨʝʞʽ ʙʽʣʴʰ ʝʬʝʢʪʠʚʥʦ. ʎʝ ʤʦʞʝ ʙʫʪʠ 

ʜʦʩʷʛʥʫʪʦ ʟʘ ʨʘʭʫʥʦʢ ʚʠʢʦʨʠʩʪʘʥʥʷ ʦʜʥʦʛʦ ʧʨʦʪʦʢʦʣʫ ʜʣʷ ʧʝʨʝʜʘʯʽ ʛʦʣʦʩʫ ʪʘ 

ʽʥʰʠʭ ʜʘʥʠʭ. 

3. ɿʘʙʝʟʧʝʯʝʥʥʷ ʙʽʣʴʰ ʰʚʠʜʢʦʛʦ ʜʦʩʪʫʧʫ ʜʦ ʧʦʩʣʫʛ: IMS ʜʦʟʚʦʣʷʻ 

ʤʦʙʽʣʴʥʠʤ ʦʧʝʨʘʪʦʨʘʤ ʟʘʙʝʟʧʝʯʫʚʘʪʠ ʙʽʣʴʰ ʰʚʠʜʢʠʡ ʜʦʩʪʫʧ ʜʦ ʧʦʩʣʫʛ ʜʣʷ 
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ʢʦʨʠʩʪʫʚʘʯʘ 

4. ɿʘʙʝʟʧʝʯʝʥʥʷ ʙʽʣʴʰʦʾ ʙʝʟʧʝʢʠ: ɯʥʪʝʛʨʘʮʽʷ IMS ʜʦʟʚʦʣʷʻ ʤʦʙʽʣʴʥʠʤ 

ʦʧʝʨʘʪʦʨʘʤ ʟʘʙʝʟʧʝʯʫʚʘʪʠ ʙʽʣʴʰʫ ʙʝʟʧʝʢʫ ʪʘ ʟʘʭʠʩʪ ʚʽʜ ʘʪʘʢ. IMS 

ʚʠʢʦʨʠʩʪʦʚʫʻ ʰʠʬʨʫʚʘʥʥʷ ʜʘʥʠʭ, ʱʦ ʟʘʙʝʟʧʝʯʫʻ ʙʝʟʧʝʢʫ ʧʝʨʝʜʘʯʽ 

ʽʥʬʦʨʤʘʮʽʾ. 

5. ʇʽʜʚʠʱʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʤʝʨʝʞʽ: ɯʥʪʝʛʨʘʮʽʷ IMS ʜʦʟʚʦʣʷʻ ʤʦʙʽʣʴʥʠʤ 

ʦʧʝʨʘʪʦʨʘʤ ʧʽʜʚʠʱʫʚʘʪʠ ʝʬʝʢʪʠʚʥʽʩʪʴ ʤʝʨʝʞʽ ʰʣʷʭʦʤ ʟʤʝʥʰʝʥʥʷ ʧʨʦʩʪʦʶ 

ʤʝʨʝʞʽ ʪʘ ʟʙʽʣʴʰʝʥʥʷ ʾʾ ʧʨʦʧʫʩʢʥʦʾ ʟʜʘʪʥʦʩʪʽ. 

 

 
ʈʠʩ. 1. ʇʦʙʫʜʦʚa ʤʝʨʝʞʽ 5G  ʥʘ ʙʘʟʽ IMS. 

 

ʅʝʜʦʣʽʢʠ ʽʥʪʝʛʨʘʮʽʾ IMS ʚ ʤʝʨʝʞʫ 5G: 

1. ɺʠʩʦʢʽ ʚʠʪʨʘʪʠ ʥʘ ʚʧʨʦʚʘʜʞʝʥʥʷ: ɯʥʪʝʛʨʘʮʽʷ IMS ʚ ʤʝʨʝʞʫ 5G ʚʠʤʘʛʘʻ 

ʚʝʣʠʢʠʭ ʚʠʪʨʘʪ ʥʘ ʚʧʨʦʚʘʜʞʝʥʥʷ ʥʦʚʦʾ ʘʨʭʽʪʝʢʪʫʨʠ ʪʘ ʧʨʦʪʦʢʦʣʽʚ. 

2. ʉʢʣʘʜʥʽʩʪʴ ʚʧʨʦʚʘʜʞʝʥʥʷ: ɯʥʪʝʛʨʘʮʽʷ IMS ʚ ʤʝʨʝʞʫ 5G ʧʦʪʨʝʙʫʻ 

ʟʥʘʯʥʦʾ ʪʝʭʥʽʯʥʦʾ ʝʢʩʧʝʨʪʠʟʠ, ʘ ʪʘʢʦʞ ʥʘʚʯʘʥʥʷ ʧʝʨʩʦʥʘʣʫ ʜʣʷ ʨʦʙʦʪʠ ʟ 

ʥʦʚʠʤʠ ʧʨʦʪʦʢʦʣʘʤʠ ʪʘ ʽʥʪʝʨʬʝʡʩʘʤʠ. 

3. ʇʨʦʙʣʝʤʠ ʟʽ ʩʫʤʽʩʥʽʩʪʶ: ɯʥʪʝʛʨʘʮʽʷ IMS ʚ ʤʝʨʝʞʫ 5G ʤʦʞʝ ʚʠʥʠʢʥʫʪʠ 

ʧʨʦʙʣʝʤʠ ʟʽ ʩʫʤʽʩʥʽʩʪʶ ʟʽ ʩʪʘʨʽʰʠʤʠ ʚʝʨʩʽʷʤʠ ʤʝʨʝʞ ʪʘ ʧʨʠʩʪʨʦʾʚ. 

ɯʥʪʝʛʨʘʮʽʷ ʘʨʭʽʪʝʢʪʫʨʠ IMS ʚ ʤʝʨʝʞʫ 5G - ʩʢʣʘʜʥʠʡ ʪʝʭʥʦʣʦʛʽʯʥʠʡ 

ʧʨʦʮʝʩ, ʱʦ ʧʦʪʨʝʙʫʻ ʨʦʟʨʦʙʢʠ ʪʘ ʨʝʘʣʽʟʘʮʽʾ ʧʝʚʥʠʭ ʧʨʦʪʦʢʦʣʽʚ ʪʘ ʽʥʪʝʨʬʝʡʩʽʚ. 

ɼʣʷ ʪʦʛʦ, ʱʦʙ ʟʘʙʝʟʧʝʯʠʪʠ ʚʟʘʻʤʦʜʽʶ ʤʝʨʝʞʽ 5G ʟ ʘʨʭʽʪʝʢʪʫʨʦʶ IMS, 

ʚʠʜʽʣʠʤʦ ʦʩʥʦʚʥʽ ʟ ʥʠʭ: 

SIP (Session Initiation Protocol): ʇʨʦʪʦʢʦʣ SIP ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʜʣʷ 

ʽʥʽʮʽʶʚʘʥʥʷ ʪʘ ʫʧʨʘʚʣʽʥʥʷ ʩʝʘʥʩʘʤʠ ʟʚ'ʷʟʢʫ, ʪʘʢʠʤʠ ʷʢ ʛʦʣʦʩʦʚʽ ʪʘ 

ʚʽʜʝʦʟʚ'ʷʟʢʠ. 

RTP (Real-Time Transport Protocol): RTP ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʜʣʷ ʧʝʨʝʜʘʯʽ 

ʛʦʣʦʩʦʚʠʭ ʪʘ ʚʽʜʝʦʜʘʥʠʭ ʚ ʨʝʘʣʴʥʦʤʫ ʯʘʩʽ. 

Diameter: Diameter - ʮʝ ʧʨʦʪʦʢʦʣ ʫʧʨʘʚʣʽʥʥʷ ʩʝʘʥʩʘʤʠ, ʷʢʠʡ 

ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʜʣʷ ʘʚʪʦʨʠʟʘʮʽʾ ʪʘ ʘʫʪʝʥʪʠʬʽʢʘʮʽʾ ʢʦʨʠʩʪʫʚʘʯʽʚ, ʘ ʪʘʢʦʞ ʜʣʷ 
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ʫʧʨʘʚʣʽʥʥʷ ʩʝʘʥʩʘʤʠ. 

IMS Interworking Function (IWF): IWF - ʮʝ ʽʥʪʝʨʬʝʡʩ, ʷʢʠʡ ʟʘʙʝʟʧʝʯʫʻ 

ʽʥʪʝʨʦʧʝʨʘʙʝʣʴʥʽʩʪʴ ʤʽʞ IMS ʪʘ ʽʥʰʠʤʠ ʤʝʨʝʞʘʤʠ. 

IMS Centralized Services (ICS): ICS - ʮʝ ʽʥʪʝʨʬʝʡʩ, ʷʢʠʡ ʟʘʙʝʟʧʝʯʫʻ 

ʮʝʥʪʨʘʣʽʟʦʚʘʥʽ ʩʝʨʚʽʩʠ, ʪʘʢʽ ʷʢ ʧʝʨʝʩʠʣʘʥʥʷ ʧʦʚʽʜʦʤʣʝʥʴ, ʛʨʫʧʦʚʽ ʜʟʚʽʥʢʠ ʪʘ 

ʢʦʥʬʝʨʝʥʮʽʾ. 

IMS Media Plane (IMSP): IMSP - ʮʝ ʽʥʪʝʨʬʝʡʩ, ʷʢʠʡ ʟʘʙʝʟʧʝʯʫʻ ʧʝʨʝʜʘʯʫ 

ʛʦʣʦʩʦʚʠʭ ʪʘ ʚʽʜʝʦʜʘʥʠʭ ʤʽʞ IMS ʪʘ ʽʥʰʠʤʠ ʤʝʨʝʞʘʤʠ. 

IP Multimedia Subsystem Application Programming Interface (IMS API): 

IMS API - ʮʝ ʽʥʪʝʨʬʝʡʩ ʧʨʦʛʨʘʤʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ, ʷʢʠʡ ʜʦʟʚʦʣʷʻ 

ʨʦʟʨʦʙʥʠʢʘʤ ʩʪʚʦʨʶʚʘʪʠ ʥʦʚʽ ʜʦʜʘʪʢʠ, ʱʦ ʧʨʘʮʶʶʪʴ ʚ IMS. 

IP Multimedia Subsystem Service Control Function (IMS SCF): IMS SCF - 

ʮʝ ʽʥʪʝʨʬʝʡʩ, ʷʢʠʡ ʟʘʙʝʟʧʝʯʫʻ ʫʧʨʘʚʣʽʥʥʷ ʩʝʨʚʽʩʘʤʠ IMS. 

ɺʠʩʥʦʚʢʠ. ɯʥʪʝʛʨʘʮʽʷ ʘʨʭʽʪʝʢʪʫʨʠ IMS ʚ ʤʝʨʝʞʫ 5G ʤʘʻ ʙʘʛʘʪʦ ʧʝʨʝʚʘʛ 

ʜʣʷ ʤʦʙʽʣʴʥʠʭ ʦʧʝʨʘʪʦʨʽʚ ʪʘ ʢʦʨʠʩʪʫʚʘʯʽʚ ʤʝʨʝʞʽ. ʎʝ ʜʦʟʚʦʣʷʻ ʦʧʝʨʘʪʦʨʘʤ 

ʟʘʙʝʟʧʝʯʫʚʘʪʠ ʥʦʚʽ ʧʦʩʣʫʛʠ ʪʘ ʧʦʢʨʘʱʫʚʘʪʠ ʷʢʽʩʪʴ ʟʚ'ʷʟʢʫ, ʘ ʪʘʢʦʞ 

ʟʘʙʝʟʧʝʯʫʚʘʪʠ ʙʽʣʴʰʫ ʙʝʟʧʝʢʫ ʪʘ ʟʘʭʠʩʪ ʚʽʜ ʘʪʘʢ. ʆʜʥʘʢ, ʚʧʨʦʚʘʜʞʝʥʥʷ ʥʦʚʦʾ 

ʘʨʭʽʪʝʢʪʫʨʠ ʪʘ ʧʨʦʪʦʢʦʣʽʚ ʧʦʪʨʝʙʫʻ ʟʥʘʯʥʠʭ ʚʠʪʨʘʪ ʪʘ ʪʝʭʥʽʯʥʦʾ ʝʢʩʧʝʨʪʠʟʠ. 

ʅʘ ʱʘʩʪʷ, ʽʩʥʫʻ ʰʠʨʦʢʠʡ ʩʧʝʢʪʨ ʧʨʦʪʦʢʦʣʽʚ ʪʘ ʽʥʪʝʨʬʝʡʩʽʚ, ʥʝʦʙʭʽʜʥʠʭ ʜʣʷ 

ʫʩʧʽʰʥʦʾ ʽʥʪʝʛʨʘʮʽʾ IMS ʚ ʤʝʨʝʞʫ 5G. ɿʥʘʥʥʷ ʮʠʭ ʧʨʦʪʦʢʦʣʽʚ ʪʘ ʽʥʪʝʨʬʝʡʩʽʚ 

ʤʦʞʝ ʜʦʧʦʤʦʛʪʠ ʤʦʙʽʣʴʥʠʤ ʦʧʝʨʘʪʦʨʘʤ ʫʩʧʽʰʥʦ ʚʧʨʦʚʘʜʞʫʚʘʪʠ IMS ʚ 

ʤʝʨʝʞʫ 5G ʪʘ ʟʘʙʝʟʧʝʯʠʪʠ ʙʽʣʴʰʫ ʷʢʽʩʪʴ ʟʚ'ʷʟʢʫ ʪʘ ʧʽʜʚʠʱʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ 

ʤʝʨʝʞʽ. 
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ADDITIONAL NETWORK I NTERCONNECTION IN KU BERNETES 

 

Containerization of applications and their deployment in a cloud environment is a key 

factor in ensuring the scalability, elasticity and availability of network applications. Kubernetes, 

a state-of-the-art container management platform, provides many capabilities for automatically 

scaling resources to ensure high availability and application performance. However, there are 

limitations that lead to the need to improve the mechanisms of network interaction, especially in 

conditions of uncertainty and variability of the environment. 
 

ʂʦʥʪʝʡʥʝʨʠʟʘʮʽʷ ʧʨʦʛʨʘʤ ʽ ʾʭ ʨʦʟʛʦʨʪʘʥʥʷ ʚ ʭʤʘʨʥʦʤʫ ʩʝʨʝʜʦʚʠʱʽ ʻ ʢʣʶʯʦʚʠʤ 

ʬʘʢʪʦʨʦʤ ʟʘʙʝʟʧʝʯʝʥʥʷ ʤʘʩʰʪʘʙʦʚʘʥʦʩʪʽ, ʝʣʘʩʪʠʯʥʦʩʪʽ ʪʘ ʜʦʩʪʫʧʥʦʩʪʽ ʤʝʨʝʞʝʚʠʭ 

ʧʨʦʛʨʘʤ. Kubernetes, ʥʘʡʩʫʯʘʩʥʽʰʘ ʧʣʘʪʬʦʨʤʘ ʢʝʨʫʚʘʥʥʷ ʢʦʥʪʝʡʥʝʨʘʤʠ, ʥʘʜʘʻ ʙʘʛʘʪʦ 

ʤʦʞʣʠʚʦʩʪʝʡ ʜʣʷ ʘʚʪʦʤʘʪʠʯʥʦʛʦ ʤʘʩʰʪʘʙʫʚʘʥʥʷ ʨʝʩʫʨʩʽʚ ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʚʠʩʦʢʦʾ 

ʜʦʩʪʫʧʥʦʩʪʽ ʪʘ ʝʬʝʢʪʠʚʥʦʩʪʽ ʧʨʦʛʨʘʤ. ʆʜʥʘʢ ʽʩʥʫʶʪʴ ʦʙʤʝʞʝʥʥʷ, ʷʢʽ ʧʨʠʟʚʦʜʷʪʴ ʜʦ 

ʥʝʦʙʭʽʜʥʦʩʪʽ ʚʜʦʩʢʦʥʘʣʝʥʥʷ ʤʝʭʘʥʽʟʤʽʚ ʤʝʨʝʞʝʚʦʾ ʚʟʘʻʤʦʜʽʾ, ʦʩʦʙʣʠʚʦ ʚ ʫʤʦʚʘʭ 

ʥʝʚʠʟʥʘʯʝʥʦʩʪʽ ʪʘ ʤʽʥʣʠʚʦʩʪʽ ʩʝʨʝʜʦʚʠʱʘ. 

 

ʄʝʨʝʞʘ ʻ ʢʨʠʪʠʯʥʦ ʚʘʞʣʠʚʠʤ ʢʦʤʧʦʥʝʥʪʦʤ ʙʫʜʴ-ʷʢʦʾ ʨʦʟʧʦʜʽʣʝʥʦʾ 

ʩʠʩʪʝʤʠ, ʚʢʣʶʯʥʦ ʟ Kubernetes. ʆʜʥʘʢ ʧʨʦʙʣʝʤʠ ʟ ʤʝʨʝʞʝʶ ʤʦʞʫʪʴ ʚʧʣʠʥʫʪʠ 

ʥʘ ʜʦʩʪʫʧʥʽʩʪʴ, ʥʘʜʽʡʥʽʩʪʴ ʽ ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ ʧʨʦʛʨʘʤ, ʨʦʟʛʦʨʥʫʪʠʭ ʫ 

Kubernetes. ʋ ʮʽʡ ʨʦʙʦʪʽ ʤʠ ʜʦʩʣʽʜʞʫʻʤʦ ʚʧʣʠʚ ʤʝʨʝʞʝʚʠʭ ʧʨʦʙʣʝʤ ʫ 

Kubernetes ʽ ʘʥʘʣʽʟʫʻʤʦ ʥʘʡʢʨʘʱʽ ʤʝʪʦʜʠ ʚʠʷʚʣʝʥʥʷ ʪʘ ʚʠʨʽʰʝʥʥʷ ʮʠʭ 

ʧʨʦʙʣʝʤ. 

Kubernetes - ʮʝ ʧʦʧʫʣʷʨʥʘ ʧʣʘʪʬʦʨʤʘ ʦʨʢʝʩʪʨʦʚʢʠ ʢʦʥʪʝʡʥʝʨʽʚ ʟ 

ʚʽʜʢʨʠʪʠʤ ʚʠʭʽʜʥʠʤ ʢʦʜʦʤ, ʷʢʘ ʜʘʻ ʟʤʦʛʫ ʦʨʛʘʥʽʟʘʮʽʷʤ ʤʘʩʰʪʘʙʥʦ ʨʦʟʛʦʨʪʘʪʠ 

ʪʘ ʢʝʨʫʚʘʪʠ ʢʦʥʪʝʡʥʝʨʥʠʤʠ ʧʨʦʛʨʘʤʘʤʠ. ʆʜʥʽʻʶ ʟ ʢʣʶʯʦʚʠʭ ʧʝʨʝʚʘʛ 

Kubernetes ʻ ʡʦʛʦ ʟʜʘʪʥʽʩʪʴ ʘʙʩʪʨʘʛʫʚʘʪʠʩʷ ʚʽʜ ʦʩʥʦʚʥʦʾ ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ, ʱʦ 

ʧʦʣʝʛʰʫʻ ʨʦʟʨʦʙʥʠʢʘʤ ʟʦʩʝʨʝʜʞʝʥʥʷ ʥʘ ʩʪʚʦʨʝʥʥʽ ʪʘ ʨʦʟʛʦʨʪʘʥʥʽ ʩʚʦʾʭ 

ʧʨʦʛʨʘʤ. ʇʨʦʪʝ ʤʝʨʝʞʘ ʻ ʢʨʠʪʠʯʥʦ ʚʘʞʣʠʚʠʤ ʢʦʤʧʦʥʝʥʪʦʤ ʙʫʜʴ-ʷʢʦʾ 

ʨʦʟʧʦʜʽʣʝʥʦʾ ʩʠʩʪʝʤʠ, ʚʢʣʶʯʘʶʯʠ Kubernetes, ʽ ʧʨʦʙʣʝʤʠ ʟ ʤʝʨʝʞʝʶ ʤʦʞʫʪʴ 

ʚʧʣʠʥʫʪʠ ʥʘ ʜʦʩʪʫʧʥʽʩʪʴ, ʥʘʜʽʡʥʽʩʪʴ ʽ ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ ʧʨʦʛʨʘʤ, ʨʦʟʛʦʨʥʫʪʠʭ 

ʥʘ Kubernetes. 

ɺʧʣʠʚ ʤʝʨʝʞʝʚʠʭ ʧʨʦʙʣʝʤ. ʇʨʦʙʣʝʤʠ ʟ ʤʝʨʝʞʝʶ ʚ Kubernetes ʤʦʞʫʪʴ 

ʧʨʦʷʚʣʷʪʠʩʷ ʨʽʟʥʠʤʠ ʩʧʦʩʦʙʘʤʠ, ʚʢʣʶʯʘʶʯʠ ʧʨʦʙʣʝʤʠ ʟ ʧʽʜʢʣʶʯʝʥʥʷʤ, 

ʧʨʦʙʣʝʤʠ ʟ ʚʠʨʽʰʝʥʥʷʤ DNS, ʟʙʦʾ ʙʘʣʘʥʩʫʚʘʣʴʥʠʢʘ ʥʘʚʘʥʪʘʞʝʥʥʷ ʪʦʱʦ. ʎʽ 

ʧʨʦʙʣʝʤʠ ʤʦʞʫʪʴ ʩʧʨʠʯʠʥʠʪʠ ʧʨʦʩʪʽʡ ʧʨʦʛʨʘʤʠ, ʧʦʚʽʣʴʥʠʡ ʯʘʩ ʚʽʜʛʫʢʫ ʪʘ 
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ʽʥʰʽ ʧʨʦʙʣʝʤʠ, ʷʢʽ ʤʦʞʫʪʴ ʥʝʛʘʪʠʚʥʦ ʚʧʣʠʥʫʪʠ ʥʘ ʨʦʙʦʪʫ ʢʽʥʮʝʚʦʛʦ 

ʢʦʨʠʩʪʫʚʘʯʘ. ʅʘʧʨʠʢʣʘʜ, ʷʢʱʦ ʢʦʥʪʝʡʥʝʨ ʥʝ ʤʦʞʝ ʧʽʜʢʣʶʯʠʪʠʩʷ ʜʦ ʙʘʟʠ 

ʜʘʥʠʭ ʯʝʨʝʟ ʧʨʦʙʣʝʤʫ ʟ ʤʝʨʝʞʝʶ, ʧʨʦʛʨʘʤʘ ʤʦʞʝ ʚʠʡʪʠ ʟ ʣʘʜʫ ʘʙʦ ʧʝʨʝʩʪʘʪʠ 

ʚʽʜʧʦʚʽʜʘʪʠ, ʱʦ ʧʨʠʟʚʝʜʝ ʜʦ ʧʨʦʩʪʦʶ ʜʣʷ ʢʽʥʮʝʚʠʭ ʢʦʨʠʩʪʫʚʘʯʽʚ. 

ɺʠʷʚʣʝʥʥʷ ʤʝʨʝʞʝʚʠʭ ʧʨʦʙʣʝʤ. ʑʦʙ ʚʠʷʚʠʪʠ ʧʨʦʙʣʝʤʠ ʟ ʤʝʨʝʞʝʶ ʚ 

Kubernetes, ʚʘʞʣʠʚʦ ʚʽʜʩʪʝʞʫʚʘʪʠ ʤʝʨʝʞʝʚʠʡ ʪʨʘʬʽʢ ʤʽʞ ʢʦʥʪʝʡʥʝʨʘʤʠ ʪʘ 

ʚʫʟʣʘʤʠ, ʘ ʪʘʢʦʞ ʩʧʨʘʚʥʽʩʪʴ ʤʝʨʝʞʝʚʠʭ ʢʦʤʧʦʥʝʥʪʽʚ, ʪʘʢʠʭ ʷʢ DNS ʽ 

ʙʘʣʘʥʩʫʚʘʣʴʥʠʢʽʚ ʥʘʚʘʥʪʘʞʝʥʥʷ. Kubernetes ʥʘʜʘʻ ʢʽʣʴʢʘ ʚʙʫʜʦʚʘʥʠʭ 

ʽʥʩʪʨʫʤʝʥʪʽʚ ʜʣʷ ʤʦʥʽʪʦʨʠʥʛʫ ʤʝʨʝʞʽ, ʟʦʢʨʝʤʘ ʩʝʨʚʝʨ Kubernetes API, kube-

proxy ʽ core_dns. ʂʨʽʤ ʪʦʛʦ, ʩʪʦʨʦʥʥʽ ʽʥʩʪʨʫʤʝʥʪʠ ʤʦʥʽʪʦʨʠʥʛʫ, ʪʘʢʽ ʷʢ 

Prometheus ʽ Grafana, ʤʦʞʥʘ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʜʣʷ ʤʦʥʽʪʦʨʠʥʛʫ 

ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ ʤʝʨʝʞʽ ʪʘ ʚʠʷʚʣʝʥʥʷ ʧʨʦʙʣʝʤ. 

ɺʠʨʽʰʝʥʥʷ ʧʨʦʙʣʝʤ ʤʝʨʝʞʽ. ɺʠʨʽʰʝʥʥʷ ʤʝʨʝʞʝʚʠʭ ʧʨʦʙʣʝʤ ʫ 

Kubernetes ʤʦʞʝ ʙʫʪʠ ʩʢʣʘʜʥʠʤ ʟʘʚʜʘʥʥʷʤ, ʦʩʢʽʣʴʢʠ ʻ ʙʘʛʘʪʦ ʧʦʪʝʥʮʽʡʥʠʭ 

ʧʨʠʯʠʥ ʽ ʢʦʥʬʽʛʫʨʘʮʽʡ, ʷʢʽ ʩʣʽʜ ʚʨʘʭʦʚʫʚʘʪʠ. ɺ ʨʦʙʦʪʽ ʤʠ ʨʦʟʛʣʷʥʫʣʠ ʦʜʥʫ ʟ 

ʥʘʡʢʨʘʱʠʭ ʧʨʘʢʪʠʢ [2,3] ʟ ʪʦʯʢʠ ʟʦʨʫ ʩʧʦʨʽʜʥʝʥʦʾ ʪʝʭʥʦʣʦʛʽʾ, ʷʢʽ ʤʦʞʫʪʴ 

ʜʦʧʦʤʦʛʪʠ ʰʚʠʜʢʦ ʚʠʷʚʠʪʠ ʪʘ ʚʠʨʽʰʠʪʠ ʧʨʦʙʣʝʤʠ ʟ ʤʝʨʝʞʝʶ. ɼʦ ʥʝʾ 

ʥʘʣʝʞʠʪʴ ʚʠʢʦʨʠʩʪʘʥʥʷ ʩʝʨʚʽʩʥʦʾ ʤʝʨʝʞʽ Istio, ʱʦʙ ʢʝʨʫʚʘʪʠ ʪʨʘʬʽʢʦʤ ʤʽʞ 

ʢʦʥʪʝʡʥʝʨʘʤʠ ʪʘ ʚʫʟʣʘʤʠ. 

Istio - ʮʝ ʧʦʧʫʣʷʨʥʘ ʩʽʪʢʘ ʩʝʨʚʽʩʫ ʟ ʚʽʜʢʨʠʪʠʤ ʢʦʜʦʤ, ʷʢʘ ʥʘʜʘʻ 

ʢʦʤʧʣʝʢʩʥʝ ʨʽʰʝʥʥʷ ʜʣʷ ʢʝʨʫʚʘʥʥʷ ʪʨʘʬʽʢʦʤ ʤʽʞ ʢʦʥʪʝʡʥʝʨʘʤʠ ʪʘ ʚʫʟʣʘʤʠ ʚ 

Kubernetes. Istio ʚʠʢʦʨʠʩʪʦʚʫʻ ʤʦʜʝʣʴ sidecar, ʜʝ ʧʨʦʢʩʽ (Envoy) ʨʦʟʛʦʨʪʘʻʪʴʩʷ 

ʧʦʨʷʜ ʟ ʢʦʞʥʠʤ ʢʦʥʪʝʡʥʝʨʦʤ ʫ ʤʦʜʫʣʽ. ʎʝʡ ʧʨʦʢʩʽ-ʩʝʨʚʝʨ ʧʝʨʝʭʦʧʣʶʻ ʚʝʩʴ 

ʤʝʨʝʞʝʚʠʡ ʪʨʘʬʽʢ ʜʦ ʪʘ ʟ ʢʦʥʪʝʡʥʝʨʘ ʪʘ ʜʦʟʚʦʣʷʻ Istio ʢʝʨʫʚʘʪʠ ʪʨʘʬʽʢʦʤ ʤʽʞ 

ʢʦʥʪʝʡʥʝʨʘʤʠ ʪʘ ʚʫʟʣʘʤʠ. 

 

 
 

ʈʠʩ. 1. Istio routing. 
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ɺʠʟʥʘʯʝʥʽ ʧʨʘʚʠʣʘ ʤʘʨʰʨʫʪʠʟʘʮʽʾ ʜʦʩʪʘʪʥʴʦ ʧʨʦʩʪʽ ʜʣʷ ʟʤʽʱʝʥʥʷ 

ʘʢʮʝʥʪʫ ʥʘ ʨʝʘʣʽʟʘʮʽʶ (ʈʠʩ. 1): ʧʽʩʣʷ ʨʦʟʛʦʨʪʘʥʥʷ ʩʝʨʚʽʩʽʚ Istio (sidecar 

service) ʤʦʞʥʘ ʚʠʟʥʘʯʠʪʠ ʧʨʘʚʠʣʘ ʤʘʨʰʨʫʪʠʟʘʮʽʾ ʟʘ ʜʦʧʦʤʦʛʦʶ ʬʫʥʢʮʽʡ 

ʢʝʨʫʚʘʥʥʷ ʪʨʘʬʽʢʦʤ Istio. ʎʝ ʜʘʻ ʟʤʦʛʫ ʢʦʥʪʨʦʣʶʚʘʪʠ, ʷʢ ʪʨʘʬʽʢ ʧʨʦʭʦʜʠʪʴ 

ʤʽʞ ʢʦʥʪʝʡʥʝʨʘʤʠ ʪʘ ʚʫʟʣʘʤʠ ʫ ʚʘʰʦʤʫ ʢʣʘʩʪʝʨʽ Kubernetes. ʅʘʧʨʠʢʣʘʜ, 

ʤʦʞʥʘ ʚʠʟʥʘʯʠʪʠ ʧʨʘʚʠʣʘ, ʧʦ ʷʢʠʤ ʤʘʨʰʨʫʪʠʟʫʻʪʴʩʷ ʪʨʘʬʽʢ ʥʘ ʦʩʥʦʚʽ 

ʢʦʥʢʨʝʪʥʠʭ ʟʘʛʦʣʦʚʢʽʚ, ʰʣʷʭʽʚ ʘʙʦ ʘʛʝʥʪʽʚ ʢʦʨʠʩʪʫʚʘʯʽʚ. 

ʈʝʢʦʤʝʥʜʘʮʽʾ. ɺʽʜʩʪʝʞʫʡʪʝ ʪʘ ʟʘʭʠʱʘʡʪʝ ʪʨʘʬʽʢ: Istio ʪʘʢʦʞ ʥʘʜʘʻ 

ʬʫʥʢʮʽʾ ʤʦʥʽʪʦʨʠʥʛʫ ʪʘ ʙʝʟʧʝʢʠ, ʷʢʽ ʜʦʟʚʦʣʷʶʪʴ ʚʽʜʩʪʝʞʫʚʘʪʠ ʤʝʨʝʞʝʚʠʡ 

ʪʨʘʬʽʢ ʽ ʟʘʭʠʱʘʪʠ ʚʘʰʽ ʧʨʦʛʨʘʤʠ Kubernetes. ɺʠ ʤʦʞʝʪʝ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ 

Istio ʜʣʷ ʟʘʩʪʦʩʫʚʘʥʥʷ ʪʘʢʠʭ ʧʦʣʽʪʠʢ, ʷʢ ʦʙʤʝʞʝʥʥʷ ʰʚʠʜʢʦʩʪʽ, ʢʦʥʪʨʦʣʴ 

ʜʦʩʪʫʧʫ ʪʘ ʰʠʬʨʫʚʘʥʥʷ. 

ʄʘʩʰʪʘʙʫʡʪʝ Istio ʪʘ ʢʝʨʫʡʪʝ ʥʠʤ. ʅʘʨʝʰʪʽ, ʚʠ ʤʦʞʝʪʝ ʤʘʩʰʪʘʙʫʚʘʪʠ 

Istio ʪʘ ʢʝʨʫʚʘʪʠ ʥʠʤ ʟʘ ʜʦʧʦʤʦʛʦʶ ʪʘʢʠʭ ʽʥʩʪʨʫʤʝʥʪʽʚ Kubernetes, ʷʢ kubectl 

ʽ Helm. ɺʠ ʤʦʞʝʪʝ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʮʽ ʽʥʩʪʨʫʤʝʥʪʠ ʜʣʷ ʨʦʟʛʦʨʪʘʥʥʷ ʥʦʚʠʭ 

ʢʦʥʬʽʛʫʨʘʮʽʡ Istio, ʦʥʦʚʣʝʥʥʷ ʽʩʥʫʶʯʠʭ ʢʦʥʬʽʛʫʨʘʮʽʡ ʽ ʢʝʨʫʚʘʥʥʷ ʪʘʢʠʤʠ 

ʢʦʤʧʦʥʝʥʪʘʤʠ Istio, ʷʢ ʧʣʦʱʠʥʘ ʢʝʨʫʚʘʥʥʷ ʪʘ ʧʣʦʱʠʥʘ ʜʘʥʠʭ. 

ɿʘʛʘʣʦʤ, Istio ʥʘʜʘʻ ʧʦʪʫʞʥʝ ʪʘ ʛʥʫʯʢʝ ʨʽʰʝʥʥʷ ʜʣʷ ʢʝʨʫʚʘʥʥʷ ʪʨʘʬʽʢʦʤ 

ʤʽʞ ʢʦʥʪʝʡʥʝʨʘʤʠ ʪʘ ʚʫʟʣʘʤʠ ʚ Kubernetes. ɺʠʢʦʨʠʩʪʦʚʫʶʯʠ Istio, ʚʠ ʤʦʞʝʪʝ 

ʧʝʨʝʢʦʥʘʪʠʩʷ, ʱʦ ʚʘʰʽ ʧʨʦʛʨʘʤʠ Kubernetes ʥʘʜʽʡʥʽ, ʧʨʦʜʫʢʪʠʚʥʽ ʪʘ ʙʝʟʧʝʯʥʽ. 

ɺʠʩʥʦʚʦʢ. ʄʝʨʝʞʘ ʻ ʢʨʠʪʠʯʥʦ ʚʘʞʣʠʚʠʤ ʢʦʤʧʦʥʝʥʪʦʤ ʙʫʜʴ-ʷʢʦʾ 

ʨʦʟʧʦʜʽʣʝʥʦʾ ʩʠʩʪʝʤʠ, ʚʢʣʶʯʥʦ ʟ Kubernetes. ʇʨʦʙʣʝʤʠ ʟ ʤʝʨʝʞʝʶ ʤʦʞʫʪʴ 

ʚʧʣʠʥʫʪʠ ʥʘ ʜʦʩʪʫʧʥʽʩʪʴ, ʥʘʜʽʡʥʽʩʪʴ ʽ ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ ʧʨʦʛʨʘʤ, ʨʦʟʛʦʨʥʫʪʠʭ ʫ 

Kubernetes. ʊʦʤʫ ʚʘʞʣʠʚʦ ʰʚʠʜʢʦ ʚʠʷʚʣʷʪʠ ʪʘ ʚʠʨʽʰʫʚʘʪʠ ʮʽ ʧʨʦʙʣʝʤʠ, 

ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ ʧʝʨʝʜʦʚʽ ʧʨʘʢʪʠʢʠ, ʪʘʢʽ ʷʢ ʤʦʥʽʪʦʨʠʥʛ ʤʝʨʝʞʝʚʦʛʦ ʪʨʘʬʽʢʫ, 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʩʽʪʢʠ ʩʣʫʞʙʠ ʪʘ ʦʙʤʝʞʝʥʥʷ ʪʨʘʬʽʢʫ ʟʘ ʜʦʧʦʤʦʛʦʶ ʤʝʨʝʞʝʚʠʭ 

ʧʦʣʽʪʠʢ. ɼʦʪʨʠʤʫʶʯʠʩʴ ʮʠʭ ʥʘʡʢʨʘʱʠʭ ʧʨʘʢʪʠʢ, ʦʨʛʘʥʽʟʘʮʽʾ ʤʦʞʫʪʴ 

ʧʝʨʝʢʦʥʘʪʠʩʷ, ʱʦ ʾʭʥʽ ʧʨʦʛʨʘʤʠ ʥʘʜʽʡʥʽ ʪʘ ʧʨʦʜʫʢʪʠʚʥʽ, ʥʘʚʽʪʴ ʷʢʱʦ 

ʚʠʥʠʢʘʶʪʴ ʧʨʦʙʣʝʤʠ ʟ ʤʝʨʝʞʝʶ. 
ʃʽʪʝʨʘʪʫʨʘ 
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Winding machine for manufacturing of fiber -optic gyro coils  
 

Winding machine for manufacturing of fiber-optic gyro coils is presented. Structure of the 

machine hardware part and its software is shown, and main functions of the machine are 

described. 
 

ɼʣʷ ʚʠʤʽʨʶʚʘʥʥʷ ʢʫʪʦʚʦʾ ʰʚʠʜʢʦʩʪʽ ʰʠʨʦʢʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ 

ʚʦʣʦʢʦʥʥʦ-ʦʧʪʠʯʥʽ ʛʽʨʦʩʢʦʧʠ (ɺʆɻ). ʇʨʘʢʪʠʯʥʝ ʟʘʩʪʦʩʫʚʘʥʥʷ ʪʘʢʽ ʧʨʠʣʘʜʠ 

ʟʥʘʡʰʣʠ ʫ ʪʝʣʝʢʦʤʫʥʽʢʘʮʽʾ ʚ ʩʠʩʪʝʤʘʭ ʦʨʽʻʥʪʘʮʽʾ ʪʘ ʩʪʘʙʽʣʽʟʘʮʽʾ ʘʥʪʝʥ, 

ʟʦʢʨʝʤʘ ʩʫʧʫʪʥʠʢʦʚʦʛʦ ʟʚôʷʟʢʫ, ʚ ʩʠʩʪʝʤʘʭ ʦʨʽʻʥʪʘʮʽʾ ʪʘ ʥʘʚʽʛʘʮʽʾ ʢʦʩʤʽʯʥʠʭ 

ʘʧʘʨʘʪʽʚ, ʧʽʣʦʪʦʚʘʥʦʾ ʘʚʽʘʮʽʾ ʪʘ ʙʝʟʧʽʣʦʪʥʠʭ ʘʧʘʨʘʪʽʚ ï ʘʚʽʘʮʽʡʥʠʭ, ʥʘʜʚʦʜʥʠʭ, 

ʧʽʜʚʦʜʥʠʭ.  

ʉʪʚʦʨʝʥʥʷ ʜʘʥʥʦʛʦ ʢʣʘʩʫ ʧʨʠʣʘʜʽʚ ʩʪʘʣʦ ʤʦʞʣʠʚʠʤ ʣʠʰʝ ʟ ʨʦʟʚʠʪʢʦʤ ʽ 

ʚʜʦʩʢʦʥʘʣʝʥʥʷʤ ʝʣʝʤʝʥʪʥʦʾ ʙʘʟʠ ʢʚʘʥʪʦʚʦʾ ʝʣʝʢʪʨʦʥʠʢʠ. ʇʨʠʥʮʠʧ ʜʽʾ 

ʦʧʪʠʯʥʠʭ ʛʽʨʦʩʢʦʧʽʚ ʟʘʩʥʦʚʘʥʠʡ ʥʘ ʚʠʭʨʦʚʦʤʫ ʝʬʝʢʪʽ ʉʘʥʴʷʢʘ. ʂʣʶʯʦʚʠʤ 

ʝʣʝʤʝʥʪʦʤ ʪʘʢʦʛʦ ʧʨʠʣʘʜʫ ʻ ʢʦʪʫʰʢʘ, ʥʘʤʦʪʘʥʘ ʟ ʦʧʪʠʯʥʦʛʦ ʚʦʣʦʢʥʘ. ɺʽʜ 

ʷʢʦʩʪʽ ʾʾ ʥʘʤʦʪʢʠ ʟʘʣʝʞʠʪʴ ʪʦʯʥʽʩʪʴ ʧʨʠʣʘʜʫ ʪʘ ʩʪʘʙʽʣʴʥʽʩʪʴ ʡʦʛʦ ʧʘʨʘʤʝʪʨʽʚ. 

ʆʩʢʽʣʴʢʠ ʧʨʦʮʝʩ ʥʘʤʦʪʢʠ ʢʦʪʫʰʢʠ ʪʨʫʜʦʤʽʩʪʢʠʡ, ʪʦ ʜʣʷ ʡʦʛʦ ʘʚʪʦʤʘʪʠʟʘʮʽʾ 

ʧʨʦʝʢʪʫʶʪʴ ʥʘʤʦʪʦʯʥʽ ʤʘʰʠʥʠ. 

ʇʝʨʰʽ ʜʦʩʣʽʜʞʝʥʥʷ ʚ ʛʘʣʫʟʽ ʩʪʚʦʨʝʥʥʷ ʥʘʤʦʪʦʯʥʠʭ ʤʘʰʠʥ ʨʦʟʧʦʯʘʪʦ ʱʝ 

ʚ 1990-ʭ. ʅʘʧʨʠʢʣʘʜ, ʚ [1] ʧʦʜʘʥʦ ʟʘʛʘʣʴʥʽ ʥʘʩʪʘʥʦʚʠ ʟ ʧʨʦʝʢʪʫʚʘʥʥʷ ʪʘʢʦʾ 

ʤʘʰʠʥʠ.  ʋ 2001 ʨʦʮʽ ʘʚʪʦʨʠ [2] ʧʨʝʜʩʪʘʚʠʣʠ ʤʘʰʠʥʫ ʟ ʩʠʩʪʝʤʦʶ 

ʧʽʜʪʨʠʤʘʥʥʷ ʩʪʘʣʦʛʦ ʥʘʪʷʛʫ ʚʦʣʦʢʥʘ, ʘʚʪʦʤʘʪʠʯʥʠʤ ʧʝʨʝʤʠʢʘʥʥʷʤ ʧʦʜʘʯʽ 

ʚʦʣʦʢʥʘ ʟ ʨʦʙʦʯʠʭ ʢʦʪʫʰʦʢ. ʎʝ ʥʝʦʙʭʽʜʥʦ ʜʣʷ ʢʦʪʫʰʦʢ ʟʽ ʩʢʣʘʜʥʦʶ 

ʥʘʤʦʪʢʦʶ, ʥʘʧʨʠʢʣʘʜ ʢʚʘʜʨʫʧʦʣʴʥʦʶ, ʪʘ ʢʦʥʪʨʦʣʶ ʜʝʬʝʢʪʽʚ ʥʘʤʦʪʢʠ ʫ 

ʧʨʦʮʝʩʽ ʨʦʙʦʪʠ ʤʘʰʠʥʠ. ɸʥʘʣʦʛʽʯʥʠʡ ʧʽʜʭʽʜ ʟʘʩʪʦʩʦʚʘʥʦ ʚ ʨʦʙʦʪʽ [3]. 

ʋ [4] ʟʘʧʨʦʧʦʥʘʥʦ ʥʘʤʦʪʦʯʥʫ ʤʘʰʠʥʫ ʥʘ ʦʩʥʦʚʽ ʩʢʣʘʜʥʦʾ ʩʠʩʪʝʤʠ, 

ʟʘʩʥʦʚʘʥʦʾ ʥʘ ʨʦʟʧʦʜʽʣʝʥʠʭ ʤʝʨʝʞʝʚʠʭ ʪʝʭʥʦʣʦʛʽʷʭ ʽ ʟ ʟʘʩʪʦʩʫʚʘʥʥʷʤ ʥʝʯʽʪʢʦʾ 

ʣʦʛʽʢʠ. ʊʘʢʠʡ ʧʽʜʭʽʜ ʟʥʽʤʘʻ ʧʨʦʙʣʝʤʠ, ʧʦʚôʷʟʘʥʽ ʟ ʦʙʤʝʞʝʥʥʦʶ 

ʦʙʯʠʩʣʶʚʘʣʴʥʦʶ ʧʦʪʫʞʥʽʩʪʶ ʢʝʨʫʶʯʠʭ ʧʨʠʩʪʨʦʾʚ. ɺʦʜʥʦʯʘʩ ʚʽʥ ʟʥʠʞʫʻ 

ʦʧʝʨʘʪʠʚʥʽʩʪʴ ʢʝʨʫʚʘʥʥʷ ʤʘʰʠʥʦʶ, ʱʦ ʤʦʞʝ ʧʨʠʟʚʝʩʪʠ ʜʦ ʚʠʥʠʢʥʝʥʥʷ 

ʜʦʜʘʪʢʦʚʠʭ ʜʝʬʝʢʪʽʚ. 
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ɸʚʪʦʨʠ [5] ʪʘ [6] ʩʪʚʦʨʠʣʠ ʥʘʤʦʪʦʯʥʫ ʤʘʰʠʥʫ, ʚ ʷʢʽʡ ʟʘʩʪʦʩʦʚʘʥʦ ʽʥʰʠʡ 

ʧʨʠʥʮʠʧ. ʋʩʝ ʢʝʨʫʚʘʥʥʷ ʪʘ ʦʙʨʦʙʢʫ ʜʘʥʠʭ ʟʦʩʝʨʝʜʞʝʥʦ ʥʘ ʦʜʥʦʤʫ ʛʦʣʦʚʥʦʤʫ 

ʢʦʤʧôʶʪʝʨʽ (ʚʠʢʦʨʠʩʪʘʥʦ ʪʝʭʥʦʣʦʛʽʶ ʚʽʨʪʫʘʣʴʥʠʭ ʧʨʠʩʪʨʦʾʚ LabView). 

ʅʝʜʦʣʽʢʦʤ ʪʘʢʦʛʦ ʧʽʜʭʦʜʫ ʻ ʥʝʦʙʭʽʜʥʽʩʪʴ ʟʘʩʪʦʩʫʚʘʥʥʷ ʧʦʪʫʞʥʦʛʦ 

ʧʨʦʤʠʩʣʦʚʦʛʦ ʢʦʤʧôʶʪʝʨʘ ʪʘ ʜʦʨʦʛʦʛʦ ʧʨʦʛʨʘʤʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ. ʇʨʠ ʮʴʦʤʫ 

ʦʩʥʦʚʥʽ ʧʨʠʥʮʠʧʠ ʢʝʨʫʚʘʥʥʷ - ʧʽʜʪʨʠʤʘʥʥʷ ʩʪʘʣʦʛʦ ʥʘʪʷʛʫ ʚʦʣʦʢʥʘ, 

ʘʚʪʦʤʘʪʠʯʥʝ ʧʝʨʝʤʠʢʘʥʥʷ ʧʦʜʘʯʽ ʚʦʣʦʢʥʘ, ʢʦʥʪʨʦʣʴ ʷʢʦʩʪʽ ʥʘʤʦʪʢʠ ï 

ʥʝʟʤʽʥʥʽ ʫ ʚʩʽʭ ʨʦʟʨʦʙʢʘʭ. ʉʪʚʦʨʝʥʘ ʤʘʰʠʥʘ ʦʨʽʻʥʪʦʚʘʥʘ ʥʘ ʚʠʛʦʪʦʚʣʝʥʥʷ 

ʢʦʪʫʰʦʢ ʟ ʢʚʘʜʨʫʧʦʣʴʥʦʶ ʥʘʤʦʪʢʦʶ. 

ʋ ʜʘʥʽʡ ʧʫʙʣʽʢʘʮʽʾ ʧʨʝʜʩʪʘʚʣʝʥʦ ʨʦʟʨʦʙʣʶʚʘʥʫ ʚ ʅɼɯ ʊʂ ʂʇɯ ʽʤ. ɯʛʦʨʷ 

ʉʽʢʦʨʩʴʢʦʛʦ ʥʘʤʦʪʦʯʥʫ ʤʘʰʠʥʫ (ʜʝʨʞʘʚʥʠʡ ʨʝʻʩʪʨʘʮʽʡʥʠʡ ʥʦʤʝʨ 

0122U200937). ɼʣʷ ʜʦʩʷʛʥʝʥʥʷ ʚʠʩʦʢʦʾ ʩʪʘʙʽʣʴʥʦʩʪʽ ʨʦʙʦʪʠ ʛʽʨʦʩʢʦʧʘ ʚ 

ʤʽʥʣʠʚʠʭ  ʫʤʦʚʘʭ ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ, ʟʦʢʨʝʤʘ ʟ ʫʨʘʭʫʚʘʥʥʷʤ 

ʯʫʪʣʠʚʦʩʪʽ ʚʠʭʽʜʥʦʛʦ ʩʠʛʥʘʣʫ ʜʦ ʪʝʤʧʝʨʘʪʫʨʠ,  ʥʘʤʦʪʦʯʥʘ ʤʘʰʠʥʘ 

ʟʘʙʝʟʧʫʯʫʻ ʚʠʛʦʪʦʚʣʝʥʥʷ ʢʦʪʫʰʦʢ ʟ ʢʽʣʴʢʦʤʘ ʪʠʧʘʤʠ ʥʘʤʦʪʦʢ ʪʘʢʠʭ ʷʢ 

ʢʚʘʜʨʫʧʦʣʴʥʦʶ, ʤʦʜʠʬʽʢʦʚʘʥʦʶ ʢʚʘʜʨʫʧʦʣʴʥʦʶ ʪʘ ʽʥʰʠʤʠ [7]. ʉʭʝʤʫ 

ʤʘʰʠʥʠ ʜʣʷ ʥʘʤʦʪʢʠ ʦʧʪʠʯʥʦʛʦ ʚʦʣʦʢʥʘ, ʟʘʩʥʦʚʘʥʫ ʥʘ ʜʦʩʚʽʜʽ ʧʦʙʫʜʦʚʠ 

ʪʘʢʠʭ ʤʘʰʠʥ ʽʥʰʠʤʠ ʜʦʩʣʽʜʥʠʢʘʤʠ [1,2, 5, 6], ʥʘʚʝʜʝʥʦ ʥʘ ʨʠʩ. 1. 

 

 
 

ʈʠʩ. 1. ʄʘʰʠʥʘ ʜʣʷ ʥʘʤʦʪʢʠ ʦʧʪʠʯʥʦʛʦ ʚʦʣʦʢʥʘ: 1 ï ʦʩʥʦʚʘ, 2 ï ʥʘʤʦʪʫʚʘʣʴʥʠʡ 

ʤʦʜʫʣʴ, 3 ï ʢʦʪʫʰʢʘ ɺʆɻ, 4 ï ʚʦʜʠʣʦ, 5 ï ʨʦʙʦʯʘ ʢʦʪʫʰʢʘ, 6 ï ʚʫʟʦʣ ʢʨʽʧʣʝʥʥʷ ʦʩʽ ʚʦʜʠʣʘ,  

7 ï ʨʝʜʫʢʪʦʨ, 8 ï ʣʽʥʽʡʥʽ ʥʘʧʨʘʚʣʷʶʯʽ 

 

ɼʣʷ ʥʘʤʦʪʢʠ ʚʦʣʦʢʥʘ ʥʘ ʢʦʪʫʰʢʫ ɺʆɻ ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ ʜʚʘ ʥʘʤʦʪʦʯʥʠʭ 

ʤʦʜʫʣʽ 2 ʟ ʚʦʜʠʣʘʤʠ 4. ɿʘ ʨʘʭʫʥʦʢ ʢʝʨʫʚʘʥʥʷ ʨʫʭʦʤ ʮʠʭ ʤʦʜʫʣʽʚ ʟ 

ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʣʽʥʽʡʥʠʭ ʥʘʧʨʘʚʣʷʶʯʠʭ ʪʘ ʚʦʜʠʣ ʟʘʙʝʟʧʝʯʫʻʪʴʩʷ ʨʽʚʥʦʤʽʨʥʘ 

ʫʢʣʘʜʢʘ ʚʦʣʦʢʥʘ ʥʘ ʢʦʪʫʰʢʫ ɺʆɻ 3 ʪʘ ʩʪʘʙʽʣʽʟʘʮʽʷ ʡʦʛʦ ʥʘʪʷʛʫ ʧʨʠ ʥʘʤʦʪʮʽ. 
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ɺʠʢʦʨʠʩʪʘʥʥʷ ʩʠʩʪʝʤʠ ʤʘʰʠʥʥʦʛʦ ʟʦʨʫ ʟʘʙʝʟʧʝʯʫʻ ʚʠʷʚʣʝʥʥʷ ʜʝʬʝʢʪʽʚ 

(ʚʽʟʫʘʣʴʥʦ ʡ ʥʘʧʽʚʘʚʪʦʤʘʪʠʯʥʦ), ʦʮʽʥʢʫ ʡ ʢʣʘʩʠʬʽʢʘʮʽʶ ʟʘ ʪʠʧʘʤʠ ʜʝʬʝʢʪʽʚ, 

ʚʝʜʝʥʥʷ ʩʪʘʪʠʩʪʠʢʠ, ʘ ʪʘʢʦʞ ʟʙʝʨʝʞʝʥʥʷ ʪʘ ʚʠʜʘʯʫ ʨʝʟʫʣʴʪʘʪʽʚ ʨʦʙʦʪʠ ʟʘ 

ʟʘʜʘʥʠʡ ʧʝʨʽʦʜ ʽʟ ʤʦʞʣʠʚʽʩʪʶ ʘʚʪʦʤʘʪʠʯʥʦʛʦ ʩʪʚʦʨʝʥʥʷ ʟʚʽʪʽʚ. ʇʨʘʚʠʣʴʥʘ 

ʢʣʘʩʠʬʽʢʘʮʽʷ ʚʠʷʚʣʝʥʠʭ ʜʝʬʝʢʪʽʚ ʜʦʟʚʦʣʷʻ ʚʠʟʥʘʯʠʪʠ ʧʨʠʯʠʥʠ ʾʭ ʚʠʥʠʢʥʝʥʥʷ,  

ʩʚʦʻʯʘʩʥʦ ʚʥʝʩʪʠ ʥʝʦʙʭʽʜʥʽ ʢʦʨʠʛʫʚʘʥʥʷ ʫ ʚʠʨʦʙʥʠʯʠʡ ʧʨʦʮʝʩ. ʆʧʪʠʯʥʘ 

ʢʘʤʝʨʘ, ʱʦ ʚʭʦʜʠʪʴ ʜʦ ʩʠʩʪʝʤʠ ʤʘʰʠʥʥʦʛʦ ʟʦʨʫ ʥʘ ʨʠʩ.1 ʥʝ ʧʦʢʘʟʘʥʘ. 

ɼʣʷ ʢʝʨʫʚʘʥʥʷ ʤʘʰʠʥʦʶ, ʥʘ ʚʽʜʤʽʥʫ ʚʽʜʽʩʥʫʶʯʠʭ ʘʥʘʣʦʛʽʚ, 

ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʟʘʩʪʦʩʫʚʘʪʠ ʢʦʤʙʽʥʦʚʘʥʠʡ ʧʽʜʭʽʜ, ʘ ʩʘʤʝ: ʜʣʷ ʙʝʟʧʦʩʝʨʝʜʥʴʦʛʦ 

ʢʝʨʫʚʘʥʥʷ ʧʨʦʮʝʩʦʤ ʥʘʤʦʪʢʠ, ʚʢʣʶʯʘʶʯʠ ʧʦʟʠʮʽʦʥʫʚʘʥʥʷ ʥʘʤʦʪʦʯʥʠʭ 

ʤʦʜʫʣʽʚ ʪʘ ʩʪʘʙʽʣʽʟʘʮʽʷ ʥʘʪʷʛʫ ʚʦʣʦʢʥʘ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʩʧʝʮʽʘʣʴʥʦ 

ʨʦʟʨʦʙʣʝʥʠʡ ʝʣʝʢʪʨʦʥʥʠʡ ʙʣʦʢ ʢʝʨʫʚʘʥʥʷ, ʘ ʜʣʷ ʟʘʛʘʣʴʥʦʛʦ ʢʝʨʫʚʘʥʥʷ 

ʧʨʦʮʝʩʦʤ ʥʘʤʦʪʢʠ (ʷʢ ʧʫʣʴʪ ʢʝʨʫʚʘʥʥʷ) ʪʘ ʚʠʷʚʣʝʥʥʷ ʜʝʬʝʢʪʽʚ 

ʟʘʩʪʦʩʦʚʫʚʘʪʠʤʝʪʴʩʷ ʧʝʨʩʦʥʘʣʴʥʠʡ ʢʦʤʧôʶʪʝʨ. ʎʝ ʜʦʟʚʦʣʠʪʴ ʩʫʪʪʻʚʦ 

ʟʜʝʰʝʚʠʪʠ ʘʧʘʨʘʪʥʫ ʯʘʩʪʠʥʫ ʤʘʰʠʥʠ. 

ʇʨʦʛʨʘʤʥʝ ʟʘʙʝʟʧʝʯʝʥʥʷ (ʇɿ) ʤʘʰʠʥʠ ʩʢʣʘʜʘʻʪʴʩʷ ʚʽʜʧʦʚʽʜʥʦ ʟ ʇɿ 

ʝʣʝʢʪʨʦʥʥʦʛʦ ʙʣʦʢʘ ʢʝʨʫʚʘʥʥʷ ʪʘ ʇɿ ʚʝʨʭʥʴʦʛʦ ʨʽʚʥʷ.  

ʇɿ ʝʣʝʢʪʨʦʥʥʦʛʦ ʙʣʦʢʘ ʢʝʨʫʚʘʥʥʷ ʧʨʠʟʥʘʯʝʥʝ ʜʣʷ ʢʝʨʫʚʘʥʥʷ ʤʘʰʠʥʦʶ 

ʥʘ ʥʠʟʴʢʦʤʫ ʨʽʚʥʽ, ʟʘʙʝʟʧʝʯʫʚʘʪʠʤʝ ʧʽʜʪʨʠʤʘʥʥʷ ʟʘʜʘʥʦʛʦ ʥʘʪʷʛʫ ʚʦʣʦʢʥʘ, 

ʨʽʚʥʦʤʽʨʥʽʩʪʴ ʫʢʣʘʜʢʠ ʚʦʣʦʢʥʘ ʥʘ ʢʦʪʫʰʢʠ, ʘ ʪʘʢʦʞ ʚʠʢʦʥʘʥʥʷ ʥʘʤʦʪʢʠ 

ʚʦʣʦʢʥʘ ʟʛʽʜʥʦ ʟ ʧʨʦʛʨʘʤʦʶ ʥʘʤʦʪʢʠ, ʟʘʜʘʥʦʾ ʟ ʧʫʣʴʪʘ ʢʝʨʫʚʘʥʥʷ. 

ʇɿ ʚʝʨʭʥʴʦʛʦ ʨʽʚʥʷ (ʨʠʩ. 2) ʙʫʜʝ ʚʩʪʘʥʦʚʣʝʥʦ ʥʘ ʧʫʣʴʪʽ ʢʝʨʫʚʘʥʥʷ, 

ʟʘʙʝʟʧʝʯʫʚʘʪʠʤʝ ʟʘʛʘʣʴʥʝ ʢʝʨʫʚʘʥʥʷ ʥʘʤʦʪʢʦʶ, ʚʢʣʶʯʘʶʯʠ ʢʝʨʫʚʘʥʥʷ 

ʨʝʞʠʤʦʤ ʥʘʤʦʪʢʠ, ʟʘʜʘʥʥʷ ʥʘʪʷʛʫ ʚʦʣʦʢʥʘ ʪʘ ʢʦʥʪʨʦʣʴ ʜʝʬʝʢʪʽʚ ʥʘʤʦʪʢʠ ʚ 

ʨʝʘʣʴʥʦʤʫ ʯʘʩʽ. 

 
ʈʠʩ. 2. ɯʥʪʝʨʬʝʡʩ ʇɿ ʚʝʨʭʥʴʦʛʦ ʨʽʚʥʷ 



 115 

ʅʘ ʜʘʥʠʡ ʤʦʤʝʥʪ ʜʦʩʣʽʜʥʠʡ ʟʨʘʟʦʢ ʥʘʤʦʪʦʯʥʦʾ ʤʘʰʠʥʠ ʟʥʘʭʦʜʠʪʴʩʷ ʫ 

ʧʨʦʮʝʩʽ ʚʠʛʦʪʦʚʣʝʥʥʷ. ʈʝʟʫʣʴʪʘʪʠ ʨʦʟʨʦʙʢʠ ʙʫʜʝ ʧʨʝʜʩʪʘʚʣʝʥʦ ʧʽʩʣʷ 

ʚʠʧʨʦʙʫʚʘʥʴ ʫ ʪʝʭʥʽʯʥʽʡ ʟʚʽʪʥʦʩʪʽ ʧʦ ʥʘʫʢʦʚʦ-ʜʦʩʣʽʜʥʽʡ ʨʦʙʦʪʽ, ʥʘ 

ʤʽʞʥʘʨʦʜʥʠʭ ʢʦʤʫʥʽʢʘʪʠʚʥʠʭ ʬʦʨʫʤʘʭ, ʚʩʝʫʢʨʘʾʥʩʴʢʠʭ ʪʘ ʨʝʛʽʦʥʘʣʴʥʠʭ 

ʥʘʫʢʦʚʦ-ʪʝʭʥʽʯʥʠʭ/ʧʨʦʤʠʩʣʦʚʠʭ ʚʠʩʪʘʚʢʦʚʠʭ ʟʘʭʦʜʘʭ, ʘ ʪʘʢʦʞ ʫ ʥʘʫʢʦʚʠʭ 

ʞʫʨʥʘʣʘʭ. 
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SDN NETWORK MANAGEMENT  

USING Ryu CONTROLLER  

 

The concept of software-defined networking (SDN) fundamentally changes the way 

networks operate and how they are managed. In the rapidly changing modern world, it is the data 

transmission networks that have been called the "thin link" that limits the growth of application 

performance as the number of mobile users grows, virtual environments scale, and clusters are 

formed for Big Data. In SDN networks, traffic switching tasks and control tasks are strictly 

separated. All control logic is centralized and transferred to the controller. 

 

ʊʨʘʜʠʮʽʡʥʽ ʤʝʨʝʞʽ ʦʙʤʝʞʝʥʽ ʨʷʜʦʤ ʚʠʤʦʛ ʜʦ ʧʦʩʣʫʛ, ʘ ʪʘʢʦʞ ʨʦʟʤʽʨʦʤ 

ʤʝʨʝʞʽ. ʎʽ ʚʠʤʦʛʠ ʩʪʦʩʫʶʪʴʩʷ ʽʥʞʝʥʝʨʥʦʛʦ ʪʨʘʬʽʢʫ, ʢʝʨʫʚʘʥʥʷ ʧʦʪʦʢʦʤ, 

ʨʝʘʣʽʟʘʮʽʾ ʧʦʣʽʪʠʢʠ, ʥʘʜʽʡʥʦʩʪʽ, ʽ ʜʝʷʢʽ ʟ ʥʠʭ ʚʢʣʶʯʘʶʪʴ ʚʽʨʪʫʘʣʽʟʘʮʽʶ. 

ʄʝʨʝʞʽ ʩʪʘʶʪʴ ʜʝʜʘʣʽ ʩʢʣʘʜʥʽʰʠʤʠ, ʾʭ ʚʘʞʢʦ ʧʨʦʝʢʪʫʚʘʪʠ ʪʘ ʝʢʩʧʣʫʘʪʫʚʘʪʠ. 

ʇʨʦʛʨʘʤʥʦ ʚʠʟʥʘʯʝʥʘ ʤʝʨʝʞʘ (SDN) - ʮʝ ʚʽʜʥʦʩʥʦ ʥʦʚʘ ʤʝʨʝʞʝʚʘ 

ʘʨʭʽʪʝʢʪʫʨʘ, ʷʢʘ ʩʪʘʣʘ ʥʘʡʙʽʣʴʰ ʦʙʛʦʚʦʨʶʚʘʥʦʶ ʤʝʨʝʞʝʚʦʶ ʪʝʭʥʦʣʦʛʽʻʶ ʟʘ 

ʦʩʪʘʥʥʽ ʨʦʢʠ ʪʘ ʦʩʪʘʥʥʴʦʶ ʨʦʟʨʦʙʢʦʶ ʚ ʛʘʣʫʟʽ ʮʠʬʨʦʚʠʭ ʤʝʨʝʞ. ʄʝʪʘ ʜʘʥʦʾ 

ʨʦʟʨʦʙʢʠ - ʟʨʦʙʠʪʠ ʨʝʩʫʨʩʠ ʙʽʣʴʰ ʢʝʨʦʚʘʥʠʤʠ, ʙʝʟʧʝʯʥʠʤʠ ʪʘ 

ʢʦʥʪʨʦʣʴʦʚʘʥʠʤʠ [1]. 

SDN ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ, ʱʦʙ ʟʨʦʙʠʪʠ ʤʝʨʝʞʽ ʙʽʣʴʰ ʧʨʦʛʨʘʤʦʚʘʥʠʤʠ ʪʘ 

ʧʦʣʝʛʰʠʪʠ ʢʝʨʫʚʘʥʥʷ ʤʝʨʝʞʝʶ. ʎʝ ʜʦʟʚʦʣʷʻ ʪʨʘʜʠʮʽʡʥʠʤ ʤʝʨʝʞʘʤ ʨʦʟʜʽʣʷʪʠ 

ʬʫʥʢʮʽʾ ʨʽʚʥʷ ʢʝʨʫʚʘʥʥʷ ʪʘ ʜʘʥʠʭ, ʩʪʚʦʨʶʶʯʠ ʙʽʣʴʰ ʜʠʥʘʤʽʯʥʠʡ, 

ʘʜʘʧʪʦʚʘʥʠʡ, ʘʚʪʦʤʘʪʠʟʦʚʘʥʠʡ ʪʘ ʢʝʨʦʚʘʥʠʡ ʜʠʟʘʡʥ. ʄʝʨʝʞʘ ʧʨʦʛʨʘʤʫʻʪʴʩʷ 

ʟʘ ʜʦʧʦʤʦʛʦʶ ʧʨʦʛʨʘʤʥʠʭ ʜʦʜʘʪʢʽʚ, ʷʢʽ ʚʟʘʻʤʦʜʽʶʪʴ ʽʟ ʧʨʠʩʪʨʦʷʤʠ ʨʽʚʥʷ 

ʜʘʥʠʭ, ʷʢʽ ʩʪʘʶʪʴ ʦʩʥʦʚʥʠʤʠ ʝʣʝʤʝʥʪʘʤʠ ʧʝʨʝʩʠʣʘʥʥʷ ʪʘ ʥʝ ʤʘʶʪʴ ʧʨʷʤʦʛʦ 

ʬʽʟʠʯʥʦʛʦ ʢʦʥʪʨʦʣʶ ʥʘʜ ʥʠʤʠ. ɺʽʥ ʚʽʜʦʢʨʝʤʣʶʻ ʬʫʥʢʮʽʦʥʘʣʴʥʽʩʪʴ ʢʝʨʫʚʘʥʥʷ 

ʚʽʜ ʽʥʩʪʨʫʤʝʥʪʫ ʤʝʨʝʞʝʚʦʾ ʧʣʦʱʠʥʠ ʪʘ ʮʝʥʪʨʘʣʽʟʫʻ ʡʦʛʦ, ʤʘʶʯʠ ʝʬʝʢʪʠʚʥʝ 

ʧʝʨʝʥʘʧʨʘʚʣʝʥʥʷ ʪʨʘʬʽʢʫ ʥʘ ʚʽʜʤʽʥʫ ʚʽʜ ʪʨʘʜʠʮʽʡʥʠʭ ʤʝʨʝʞ [2]. 

ɸʨʭʽʪʝʢʪʫʨʘ ʧʨʦʛʨʘʤʥʦ-ʢʦʥʬʽʛʫʨʦʚʘʥʦʾ ʤʝʨʝʞʽ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʪʨʴʦʭ 

ʨʽʚʥʽʚ: ʜʦʜʘʪʢʽʚ, ʫʧʨʘʚʣʽʥʥʷ ʪʘ ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ, ʧʦʚ'ʷʟʘʥʠʭ ʦʜʠʥ ʟ ʦʜʥʠʤ 

ʯʝʨʝʟ ʚʽʜʢʨʠʪʽ API-ʽʥʪʝʨʬʝʡʩʠ (ʨʠʩ. 1). 
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ʈʠʩ. 1. ɿʘʛʘʣʴʥʘ 

ʘʨʭʽʪʝʢʪʫʨʘ SDN. 

 

Ryu Controller - ʮʝ ʚʽʜʢʨʠʪʠʡ ʢʦʥʪʨʦʣʝʨ ʤʝʨʝʞʽ (SDN), ʧʨʠʟʥʘʯʝʥʠʡ 

ʜʣʷ ʧʽʜʚʠʱʝʥʥʷ ʛʥʫʯʢʦʩʪʽ ʤʝʨʝʞʽ ʟʘ ʨʘʭʫʥʦʢ ʧʦʩʠʣʝʥʥʷ ʫʧʨʘʚʣʽʥʥʷ ʪʘ 

ʘʜʘʧʪʘʮʽʾ ʩʧʦʩʦʙʽʚ ʦʙʨʦʙʢʠ ʪʨʘʬʽʢʫ. ɺ ʟʘʛʘʣʴʥʦʤʫ, ʢʦʥʪʨʦʣʝʨ SDN - ʮʝ 

ʤʦʟʢʦʚʘ ʩʝʨʝʜʦʚʠʱʝ SDN, ʱʦ ʧʝʨʝʜʘʻ ʽʥʬʦʨʤʘʮʽʶ ʧʨʦ ʢʦʤʫʪʘʪʦʨʠ ʪʘ 

ʤʘʨʰʨʫʪʠʟʘʪʦʨʠ ʟʘ ʜʦʧʦʤʦʛʦʶ ʧʽʚʜʝʥʥʠʭ API, ʘ ʪʘʢʦʞ ʧʨʦ ʧʨʦʛʨʘʤʠ ʪʘ 

ʙʽʟʥʝʩ-ʣʦʛʽʢʫ ʟʘ ʜʦʧʦʤʦʛʦʶ ʧʽʚʥʽʯʥʠʭ API. ʂʦʥʪʨʦʣʝʨ Ryu ʧʽʜʪʨʠʤʫʻ NTT ʽ 

ʪʘʢʦʞ ʨʦʟʚʝʨʪʘʻʪʴʩʷ ʚ ʦʙʣʘʩʥʠʭ ʮʝʥʪʨʘʭ ʦʙʨʦʙʢʠ ʜʘʥʠʭ NTT.[3] 

ʂʦʥʪʨʦʣʝʨ Ryu ʥʘʜʘʻ ʧʨʦʛʨʘʤʥʽ ʢʦʤʧʦʥʝʥʪʠ ʨʘʟʦʤ ʽʟ ʧʝʚʥʠʤʠ 

ʽʥʪʝʨʬʝʡʩʘʤʠ ʧʨʠʢʣʘʜʥʠʭ ʧʨʦʛʨʘʤ (API), ʷʢʽ ʩʧʨʠʷʶʪʴ ʨʦʟʨʦʙʥʠʢʘʤ 

ʩʪʚʦʨʝʥʥʷ ʥʦʚʠʭ ʜʦʜʘʪʢʽʚ ʢʝʨʫʚʘʥʥʷ ʪʘ ʢʦʥʪʨʦʣʶ ʤʝʨʝʞʽ. ʎʝʡ ʢʦʤʧʦʥʝʥʪʥʠʡ 

ʧʽʜʭʽʜ ʜʦʧʦʤʘʛʘʻ ʦʨʛʘʥʽʟʘʮʽʷʤ ʥʘʣʘʰʪʫʚʘʪʠ ʨʦʟʚʝʨʪʘʥʥʷ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʩʚʦʾʭ 

ʢʦʥʢʨʝʪʥʠʭ ʧʦʪʨʝʙ; ʈʦʟʨʦʙʥʠʢʠ ʤʦʞʫʪʴ ʰʚʠʜʢʦ ʽ ʣʝʛʢʦ ʟʤʽʥʠʪʠ ʽʩʥʫʶʯʽ 

ʢʦʤʧʦʥʝʥʪʠ ʘʙʦ ʚʠʜʘʣʠʪʠ ʩʚʦʾ ʚʣʘʩʥʽ, ʱʦʙ ʙʘʟʦʚʠʡ ʥʘʙʽʨ ʚʽʜʧʦʚʽʜʘʚ ʟʤʽʥʥʠʤ 

ʚʠʤʦʛʘʤ ʾʭ ʧʨʦʛʨʘʤ. 

ɺʝʩʴ ʢʦʜ Ryu ʧʦʚʥʽʩʪʶ ʥʘʧʠʩʘʥʠʡ ʥʘ Python ʜʦʩʪʫʧʥʠʡ ʧʽʜ ʣʽʮʝʥʟʽʻʶ 

Apache 2.0 ʽ ʚʽʜʢʨʠʪʠʡ ʜʣʷ ʚʩʽʭ. ʂʦʥʪʨʦʣʝʨ Ryu ʧʽʜʪʨʠʤʫʻ ʧʨʦʪʦʢʦʣʠ 

ʫʧʨʘʚʣʽʥʥʷ ʤʝʨʝʞʝʶ NETCONF ʽ OF-config, ʘ ʪʘʢʦʞ OpenFlow, ʷʢʠʡ ʻ ʦʜʥʠʤ 

ʟ ʧʝʨʰʠʭ ʩʪʘʥʜʘʨʪʽʚ ʟʚ'ʷʟʢʫ SDN, ʱʦ ʥʘʡʙʽʣʴʰ ʰʠʨʦʢʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ.  

ʉʪʨʫʢʪʫʨʘ Ryu ʚʽʜʨʽʟʥʷʻʪʴʩʷ ʚʽʜ ʽʥʰʠʭ ʨʽʰʝʥʴ ʪʠʤ, ʱʦ ʚʦʥʘ ʥʘʜʘʻ 

ʧʨʦʩʪʫ ʜʦʧʦʤʽʞʥʫ ʽʥʬʨʘʩʪʨʫʢʪʫʨʫ, ʷʢʫ ʢʦʨʠʩʪʫʚʘʯʽ ʧʣʘʪʬʦʨʤʠ ʧʦʚʠʥʥʽ 

ʥʘʧʠʩʘʪʠ ʜʣʷ ʚʠʢʦʨʠʩʪʘʥʥʷ ʥʘ ʚʣʘʩʥʠʡ ʨʦʟʩʫʜ. ʍʦʯʘ ʜʣʷ ʮʴʦʛʦ ʧʦʪʨʽʙʥʠʡ 

ʜʦʩʚʽʜ ʨʦʟʨʦʙʢʠ, ʮʝ ʪʘʢʦʞ ʟʘʙʝʟʧʝʯʫʻ ʧʦʚʥʫ ʛʥʫʯʢʽʩʪʴ ʨʽʰʝʥʥʷ SDN. ɯʩʥʫʶʯʽ 

ʢʦʤʧʦʥʝʥʪʠ ʤʦʞʥʘ ʰʚʠʜʢʦ ʽ ʣʝʛʢʦ ʦʥʦʚʣʶʚʘʪʠ ʽ ʦʙ'ʻʜʥʫʚʘʪʠ ʚ ʽʩʥʫʶʯʽ 

ʤʝʨʝʞʽ, ʱʦʙ ʟʘʜʦʚʦʣʴʥʠʪʠ ʧʦʪʨʝʙʠ ʨʽʟʥʠʭ ʧʨʦʛʨʘʤ, ʱʦ ʟʤʽʥʶʶʪʴʩʷ, 

ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ ʮʽ ʢʦʤʧʦʥʝʥʪʠ. ɿʘʚʜʷʢʠ ʩʚʦʾʤ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤ Ryu ʻ 

ʚʽʜʤʽʥʥʠʤ ʨʽʰʝʥʥʷʤ ʜʣʷ ʥʝʚʝʣʠʢʠʭ ʢʦʤʝʨʮʽʡʥʠʭ ʪʘ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ 
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ʟʘʩʪʦʩʫʚʘʥʴ. ʎʝʡ ʨʽʚʝʥʴ ʢʝʨʫʚʘʥʥʷ ʜʦʟʚʦʣʷʻ ʩʪʚʦʨʶʚʘʪʠ ʧʨʦʛʨʘʤʠ ʪʘ ʤʦʜʫʣʽ, 

ʦʩʢʽʣʴʢʠ ʚʽʥ ʨʦʟʨʦʙʣʝʥʠʡ ʥʘ Python [4]. 

 

 

ʈʠʩ. 2. ɸʨʭʽʪʝʢʪʫʨʘ 

RYU Controller. 

 

ʂʦʥʪʨʦʣʝʨ Ryu ʥʘʜʘʻ ʧʨʦʛʨʘʤʥʽ ʢʦʤʧʦʥʝʥʪʠ ʨʘʟʦʤ ʽʟ ʧʝʚʥʠʤʠ 

ʽʥʪʝʨʬʝʡʩʘʤʠ ʧʨʠʢʣʘʜʥʠʭ ʧʨʦʛʨʘʤ (API), ʷʢʽ ʩʧʨʠʷʶʪʴ ʨʦʟʨʦʙʥʠʢʘʤ 

ʩʪʚʦʨʝʥʥʷ ʥʦʚʠʭ ʜʦʜʘʪʢʽʚ ʢʝʨʫʚʘʥʥʷ ʪʘ ʢʦʥʪʨʦʣʶ ʤʝʨʝʞʽ. ʎʝʡ ʢʦʤʧʦʥʝʥʪʥʠʡ 

ʧʽʜʭʽʜ ʜʦʧʦʤʘʛʘʻ ʦʨʛʘʥʽʟʘʮʽʷʤ ʥʘʣʘʰʪʫʚʘʪʠ ʨʦʟʚʝʨʪʘʥʥʷ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʩʚʦʾʭ 

ʢʦʥʢʨʝʪʥʠʭ ʧʦʪʨʝʙ; ʈʦʟʨʦʙʥʠʢʠ ʤʦʞʫʪʴ ʰʚʠʜʢʦ ʽ ʣʝʛʢʦ ʟʤʽʥʠʪʠ ʽʩʥʫʶʯʽ 

ʢʦʤʧʦʥʝʥʪʠ ʘʙʦ ʚʠʜʘʣʠʪʠ ʩʚʦʾ ʚʣʘʩʥʽ, ʱʦʙ ʙʘʟʦʚʠʡ ʥʘʙʽʨ ʚʽʜʧʦʚʽʜʘʚ ʟʤʽʥʥʠʤ 

ʚʠʤʦʛʘʤ ʾʭ ʧʨʦʛʨʘʤ. ʋ ʤʘʡʙʫʪʥʴʦʤʫ ʧʣʘʥʫʻʪʴʩʷ ʚʠʚʯʠʪʠ ʙʽʣʴʰʝ ʢʦʥʪʨʦʣʝʨʽʚ, 

ʱʦʙ ʟʤʝʥʰʠʪʠ ʾʭ ʚʧʣʠʚ ʥʘ ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ SDN. 
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USE OF LI-FI IN MEDICINE  
 

Currently, information technologies (IT) are implemented in virtually all areas of health 

care. That is why, medicine has acquired completely new features today. Li-Fi is a technology 

for transmitting data using light, which can be used in medicine to improve the quality of 

diagnosis and treatment. 

 

LiFi, ʪʘʢʦʞ ʚʽʜʦʤʘ ʷʢ çLight Fidelityè, ð ʮʝ ʪʝʭʥʦʣʦʛʽʷ ʙʝʟʜʨʦʪʦʚʦʾ 

ʦʧʪʠʯʥʦʾ ʤʝʨʝʞʽ, ʷʢʘ ʚʠʢʦʨʠʩʪʦʚʫʻ ʩʚʽʪʣʦʜʽʦʜʠ ʜʣʷ ʧʝʨʝʜʘʯʽ ʜʘʥʠʭ. ʋ 2011 

ʨʦʮʽ ʧʨʦʬʝʩʦʨ ɻʘʨʘʣʴʜ ʍʘʘʩ ʟʨʦʙʠʚ ʜʝʤʦʥʩʪʨʘʮʽʶ LiFi ʥʘ TED (Technology, 

Entertainment, Design) Global Talk on Visible Light Communication (VLC). VLC 

ʚʠʢʦʨʠʩʪʦʚʫʻ ʩʚʽʪʣʦ ʷʢ ʩʝʨʝʜʦʚʠʱʝ ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʚʠʩʦʢʦʰʚʠʜʢʽʩʥʦʛʦ 

ʟʚôʷʟʢʫ ʧʦʜʽʙʥʦ ʜʦ Wi-Fi.  

LiFi ð ʮʝ ʩʠʩʪʝʤʘ ʟʚôʷʟʢʫ ʫ ʚʠʜʠʤʦʤʫ ʩʚʽʪʣʽ, ʷʢʘ ʧʝʨʝʜʘʻ ʙʝʟʜʨʦʪʦʚʠʡ 

ɯʥʪʝʨʥʝʪ-ʟʚôʷʟʦʢ ʥʘ ʜʫʞʝ ʚʠʩʦʢʽʡ ʰʚʠʜʢʦʩʪʽ. ʎʝ ʜʦʩʷʛʘʻʪʴʩʷ ʰʣʷʭʦʤ ʜʫʞʝ 

ʰʚʠʜʢʦʛʦ ʚʤʠʢʘʥʥʷ ʪʘ ʚʠʤʠʢʘʥʥʷ ʩʚʽʪʣʦʜʽʦʜʘ (ʤʽʣʴʡʦʥ ʨʘʟʽʚ ʥʘ ʩʝʢʫʥʜʫ). 

ɿʘʚʜʷʢʠ ʮʽʡ ʪʝʭʥʦʣʦʛʽʾ ʩʚʽʪʣʦʜʽʦʜʥʘ ʣʘʤʧʦʯʢʘ ʚʠʧʨʦʤʽʥʶʻ ʽʤʧʫʣʴʩʠ ʩʚʽʪʣʘ ʽ ʚ 

ʤʝʞʘʭ ʮʠʭ ʚʠʧʨʦʤʽʥʶʚʘʥʠʭ ʽʤʧʫʣʴʩʽʚ ʜʘʥʽ ʤʦʞʫʪʴ ʧʝʨʝʜʘʚʘʪʠʩʴ ʜʦ 

ʧʨʠʡʤʘʯʽʚ ʽ ʟ ʥʠʭ. 

 
 

ʈʠʩ.2. ʇʝʨʝʜʘʯʘ ʜʘʥʠʭ ʟʘ ʜʦʧʦʤʦʛʦʶ ʩʚʽʪʣʘ. 

 

ʆʪʞʝ, Li-Fi ʤʘʻ ʜʚʘ ʝʣʝʤʝʥʪʠ, ʪʦʙʪʦ ʧʝʨʝʜʘʚʘʣʴʥʠʡ ʝʣʝʤʝʥʪ (ʩʚʽʪʣʦʜʽʦʜ) 

ʽ ʧʨʠʡʤʘʣʴʥʠʡ ʝʣʝʤʝʥʪ (ʢʨʝʤʥʽʻʚʠʡ ʬʦʪʦʜʽʦʜ). ʉʚʽʪʣʦʜʽʦʜ ʤʦʞʥʘ ʜʫʞʝ 

ʰʚʠʜʢʦ ʚʤʠʢʘʪʠ ʪʘ ʚʠʤʠʢʘʪʠ, ʱʦ ʜʘʻ ʯʫʜʦʚʫ ʤʦʞʣʠʚʽʩʪʴ ʜʣʷ ʧʝʨʝʜʘʯʽ ʜʘʥʠʭ 

ʫ ʚʠʛʣʷʜʽ ʜʚʽʡʢʦʚʦʛʦ ʢʦʜʫ. ʋʚʽʤʢʥʝʥʥʷ ʩʚʽʪʣʦʜʽʦʜʫ ʻ ʣʦʛʽʯʥʠʤ 1 , ʘ 

ʚʠʤʢʥʝʥʥʷ ʩʚʽʪʣʦʜʽʦʜʫ ʣʦʛʽʯʥʠʤ 0 . ɼʘʥʽ ʢʦʜʫʶʪʴʩʷ ʚ ʩʚʽʪʣʦʜʽʦʜʠ ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʢʦʥʪʨʦʣʝʨʘ; ʧʽʩʣʷ ʯʦʛʦ ʧʦʚʠʥʥʽ ʚʘʨʽʶʚʘʪʠ, ʷʢʽ ʩʚʽʪʣʦʜʽʦʜʠ 
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ʤʝʨʝʭʪʷʪʴ ʟʘʣʝʞʥʦ ʚʽʜ ʜʘʥʠʭ, ʷʢʽ ʤʠ ʭʦʯʝʤʦ ʟʘʢʦʜʫʚʘʪʠ, ʱʦʙ ʦʪʨʠʤʘʪʠ ʨʷʜʢʠ 

ʟ 0 ʽ 1. 

LiFi ʚʠʢʦʨʠʩʪʦʚʫʻ ʚʠʜʠʤʝ ʩʚʽʪʣʦ ʥʘ ʚʽʜʤʽʥʫ ʚʽʜ ʨʘʜʽʦʯʘʩʪʦʪ. ʆʩʢʽʣʴʢʠ 

ʩʧʝʢʪʨ ʚʠʜʠʤʦʛʦ ʩʚʽʪʣʘ ʚ 10 000 ʨʘʟʽʚ ʰʠʨʰʠʡ ʟʘ ʚʝʩʴ ʨʘʜʽʦʩʧʝʢʪʨ, LiFi ʪʝʧʝʨ 

ʤʦʞʝ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʙʽʣʴʰ ʧʦʚʥʠʡ ʜʽʘʧʘʟʦʥ ʜʦʩʪʫʧʥʠʭ ʯʘʩʪʦʪ. ʉʧʝʢʪʨ 

ʚʠʜʠʤʦʛʦ ʩʚʽʪʣʘ ʦʭʦʧʣʶʻ ʜʦʚʞʠʥʠ ʭʚʠʣʴ ʚʽʜ ʙʣʠʞʥʴʦʛʦ ʫʣʴʪʨʘʬʽʦʣʝʪʦʚʦʛʦ ʜʦ 

ʙʣʠʞʥʴʦʛʦ  ʽʥʬʨʘʯʝʨʚʦʥʦʛʦ ʜʽʘʧʘʟʦʥʫ ʪʘ ʯʘʩʪʦʪʠ ʚʽʜ 430 000 ʜʦ 770 000 ɻɻʮ. 

 

 
 

ʈʠʩ.2. ɽʣʝʢʪʨʦʤʘʛʥʽʪʥʠʡ ʩʧʝʢʪʨ. 

 

ʎʷ ʪʝʭʥʦʣʦʛʽʷ ʤʦʞʝ ʙʫʪʠ ʢʦʨʠʩʥʦʶ ʚ ʙʘʛʘʪʴʦʭ ʩʬʝʨʘʭ, ʚʢʣʶʯʘʶʯʠ 

ʤʝʜʠʮʠʥʫ. ʆʜʥʠʤ ʟ ʛʦʣʦʚʥʠʭ ʧʝʨʝʚʘʛ Li-fi ʻ ʪʝ, ʱʦ ʚʦʥʘ ʥʝ ʚʠʧʨʦʤʽʥʶʻ 

ʰʢʽʜʣʠʚʠʭ ʨʘʜʽʘʮʽʡʥʠʭ ʭʚʠʣʴ, ʪʦʤʫ, ʱʦ ʥʘ ʚʽʜʤʽʥʫ ʚʽʜ ʨʘʜʽʦʭʚʠʣʴ, ʩʚʽʪʣʦ 

ʙʝʟʧʝʯʥʽʰʝ ʜʣʷ ʣʶʜʠʥʠ, ʱʦ ʤʦʞʝ ʙʫʪʠ ʦʩʦʙʣʠʚʦ ʢʦʨʠʩʥʦ ʜʣʷ ʧʘʮʽʻʥʪʽʚ ʟ 

ʧʝʚʥʠʤʠ ʟʘʭʚʦʨʶʚʘʥʥʷʤʠ, ʪʘʢʠʤʠ ʷʢ ʨʘʢ, ʪʘʢʦʞ ʮʝ ʩʪʘʥʦʚʠʪʴ ʟʘʛʨʦʟʫ ʜʣʷ 

ʣʶʜʝʡ ʟ ʩʝʨʮʝʚʠʤʠ ʽʤʧʣʘʥʪʘʤʠ, ʪʦʱʦ. 

 

 
 

ʈʠʩ.3. ɯʣʶʩʪʨʘʮʽʷ ʚʠʢʦʨʠʩʪʘʥʥʷ Li-fi ʚ ʩʪʦʤʘʪʦʣʦʛʽʾ. 
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Li -fi ʤʦʞʝ ʙʫʪʠ ʚʠʢʦʨʠʩʪʘʥʘ ʜʣʷ ʧʝʨʝʜʘʯʽ ʜʘʥʠʭ ʚ ʣʽʢʘʨʥʷʭ ʪʘ ʢʣʽʥʽʢʘʭ, 

ʜʝ ʙʝʟʧʝʢʘ ʜʘʥʠʭ ʪʘ ʢʦʥʬʽʜʝʥʮʽʡʥʽʩʪʴ ʻ ʦʩʦʙʣʠʚʦ ʚʘʞʣʠʚʠʤʠ. ʉʚʽʪʣʦ ʥʝ ʤʦʞʝ 

ʧʨʦʭʦʜʠʪʠ ʢʨʽʟʴ ʩʪʽʥʠ, ʪʦʤʫ ʜʘʥʽ ʥʝ ʤʦʞʫʪʴ ʙʫʪʠ ʟʣʘʤʘʥʽ ʩʪʦʨʦʥʥʽʤʠ 

ʦʩʦʙʘʤʠ, ʱʦ ʟʘʙʝʟʧʝʯʫʻ ʱʝ ʦʜʠʥ ʨʽʚʝʥʴ ʙʝʟʧʝʢʠ. 

ʂʨʽʤ ʪʦʛʦ, ʪʝʭʥʦʣʦʛʽʷ Li-fi ʤʦʞʝ ʙʫʪʠ ʚʠʢʦʨʠʩʪʘʥʘ ʜʣʷ ʩʪʚʦʨʝʥʥʷ ʪʦʯʥʠʭ 

ʪʝʨʘʧʝʚʪʠʯʥʠʭ ʩʠʩʪʝʤ, ʱʦ ʜʦʟʚʦʣʷʻ ʧʦʢʨʘʱʠʪʠ ʝʬʝʢʪʠʚʥʽʩʪʴ ʣʽʢʫʚʘʥʥʷ 

ʧʘʮʽʻʥʪʽʚ, ʪʘʢʦʞ  ʤʦʞʝ ʙʫʪʠ ʚʠʢʦʨʠʩʪʘʥʘ ʜʣʷ ʩʪʚʦʨʝʥʥʷ ʪʦʯʢʦʚʦʛʦ ʦʩʚʽʪʣʝʥʥʷ 

ʚ ʦʧʝʨʘʮʽʡʥʠʭ ʟʘʣʘʭ, ʱʦ ʜʦʧʦʤʦʞʝ ʭʽʨʫʨʛʘʤ ʙʽʣʴʰ ʪʦʯʥʦ ʧʨʦʚʦʜʠʪʠ ʦʧʝʨʘʮʽʾ, 

ʪʘ ʥʘʚʽʪʴ ʚ ʩʪʦʤʘʪʦʣʦʛʽʾ. ʅʘʧʨʠʢʣʘʜ, ʷʢʱʦ ʤʠ ʚʽʟʴʤʝʤʦ ʜʦ ʫʚʘʛʠ 

ʩʪʦʤʘʪʦʣʦʛʽʶ, ʪʦ Li-fi ʤʦʞʝ ʙʫʪʠ ʚʠʢʦʨʠʩʪʘʥʘ ʜʣʷ ʧʝʨʝʜʘʯʽ ʜʘʥʠʭ ʟ ʤʝʜʠʯʥʠʭ 

ʧʨʠʣʘʜʽʚ, ʪʘʢʠʭ ʷʢ ʨʝʥʪʛʝʥʽʚʩʴʢʽ ʘʧʘʨʘʪʠ ʪʘ ʽʥʰʽ ʜʽʘʛʥʦʩʪʠʯʥʽ ʧʨʠʣʘʜʠ, ʱʦ 

ʜʦʟʚʦʣʷʻ ʣʽʢʘʨʷʤ ʟʙʠʨʘʪʠ ʪʦʯʥʽ ʜʘʥʽ ʧʨʦ ʩʪʘʥ ʟʫʙʽʚ, ʘʙʦ ʪʘ ʜʦʧʦʤʘʛʘʪʠ ʫ 

ʚʠʙʦʨʽ ʦʧʪʠʤʘʣʴʥʦʛʦ ʣʽʢʫʚʘʥʥʷ. 

ɯʥʰʠʤ ʧʨʠʢʣʘʜʦʤ ʚʠʢʦʨʠʩʪʘʥʥʷ Li-fi ʤʦʞʝ ʙʫʪʠ ʩʪʚʦʨʝʥʥʷ ʩʠʩʪʝʤʠ 

ʢʦʥʪʨʦʣʶ ʟʘ ʛʽʛʽʻʥʦʶ ʨʦʪʦʚʦʾ ʧʦʨʦʞʥʠʥʠ. ɿʘ ʜʦʧʦʤʦʛʦʶ Li-fi ʤʦʞʥʘ ʩʪʚʦʨʠʪʠ 

ʩʠʩʪʝʤʫ, ʷʢʘ ʙʫʜʝ ʘʚʪʦʤʘʪʠʯʥʦ ʢʦʥʪʨʦʣʶʚʘʪʠ ʛʽʛʽʻʥʫ ʨʦʪʦʚʦʾ ʧʦʨʦʞʥʠʥʠ 

ʧʘʮʽʻʥʪʘ, ʪʠʤ ʩʘʤʠʤ ʟʤʝʥʰʫʶʯʠ ʨʠʟʠʢ ʟʘʭʚʦʨʶʚʘʥʴ ʪʘ ʧʦʢʨʘʱʫʶʯʠ ʩʪʘʥ 

ʟʫʙʽʚ ʪʘ ʷʩʝʥ. 

ɿʘ ʜʦʧʦʤʦʛʦʶ Li-fi ʤʦʞʥʘ ʩʪʚʦʨʠʪʠ ʩʠʩʪʝʤʫ, ʷʢʘ ʙʫʜʝ ʘʚʪʦʤʘʪʠʯʥʦ 

ʢʦʥʪʨʦʣʶʚʘʪʠ ʜʦʟʫ ʣʽʢʽʚ, ʱʦ ʥʘʜʭʦʜʷʪʴ ʜʦ ʧʘʮʽʻʥʪʘ, ʪʠʤ ʩʘʤʠʤ ʟʤʝʥʰʫʶʯʠ 

ʨʠʟʠʢ ʧʝʨʝʜʦʟʫʚʘʥʥʷ ʪʘ ʧʦʢʨʘʱʫʶʯʠ ʝʬʝʢʪʠʚʥʽʩʪʴ ʣʽʢʫʚʘʥʥʷ. ɽʣʝʢʪʨʦʥʥʘ 

ʘʚʪʦʤʘʪʠʟʦʚʘʥʘ ʧʽʜʛʦʪʦʚʢʘ ʧʨʠʟʥʘʯʝʥʴ, ʨʝʮʝʧʪʽʚ, ʚʠʧʠʩʦʢ, ʣʽʢʘʨʥʷʥʠʭ ʣʠʩʪʽʚ 

ʪʘ ʽʥʰʠʭ ʩʪʘʥʜʘʨʪʠʟʦʚʘʥʠʭ ʜʦʢʫʤʝʥʪʽʚ ʜʣʷ ʧʘʮʽʻʥʪʽʚ. 

ʆʪʞʝ, ʚʠʢʦʨʠʩʪʘʥʥʷ ʪʝʭʥʦʣʦʛʽʾ Li-fi ʚ ʩʪʦʤʘʪʦʣʦʛʽʾ ʤʦʞʝ ʤʘʪʠ ʟʥʘʯʥʠʡ 

ʧʦʟʠʪʠʚʥʠʡ ʚʧʣʠʚ ʥʘ ʝʬʝʢʪʠʚʥʽʩʪʴ ʣʽʢʫʚʘʥʥʷ ʧʘʮʽʻʥʪʽʚ ʪʘ ʟʘʙʝʟʧʝʯʝʥʥʷ 

ʙʝʟʧʝʢʠ ʜʘʥʠʭ. 
ʃʽʪʝʨʘʪʫʨʘ 

 

1. IT ʊɽʍʅʆʃʆɻɯɰ ɺ ʄɽɼʀʎʀʅɯ [ɽʣʝʢʪʨʦʥʥʠʡ ʨʝʩʫʨʩ] ð ʈʝʞʠʤ ʜʦʩʪʫʧʫ: 

https://naukam.triada.in.ua/index.php/konferentsiji/42-dvanadtsyata-vseukrajinska-

praktichno-piznavalna-internet-konferentsiya/462-it-tekhnologiji-v-meditsini 

2. What exactly is LiFi? [ɽʣʝʢʪʨʦʥʥʠʡ ʨʝʩʫʨʩ] ð ʈʝʞʠʤ ʜʦʩʪʫʧʫ: https://lifi.co/what-is-lifi/  

3. LiFi vs WiFi [ɽʣʝʢʪʨʦʥʥʠʡ ʨʝʩʫʨʩ] ð ʈʝʞʠʤ ʜʦʩʪʫʧʫ:  https://www.scaler.com/topics/lifi-

vs-wifi/  

4. Mehmet G¿ven, Erdal Eroĵlu, Sel­uk ¢ºmlek­i. Electromagnetic Fields in Dental Clinics. Am 

J Biomed Sci & Res. 2021 - 13(5). AJBSR.MS.ID.001902. DOI: 

10.34297/AJBSR.2021.13.001902. 

5. ɯʥʬʦʨʤʘʮʽʡʥʽ ʪʝʭʥʦʣʦʛʽʾ ʚ ʤʝʜʠʮʠʥʽ [ɽʣʝʢʪʨʦʥʥʠʡ ʨʝʩʫʨʩ] ð ʈʝʞʠʤ ʜʦʩʪʫʧʫ: 

https://uk.wikipedia.org/wiki  
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ʗʂɯʉʊʔ ʆɹʉʃʋɻʆɺʋɺɸʅʅʗ ʅɸ ʆʉʅʆɺɯ SIP 

 

ʇʽʜʧʘʣʠʡ ʆ.ɯ. 

ʅʘʚʯʘʣʴʥʦ-ʥʘʫʢʦʚʠʡ ɯʥʩʪʠʪʫʪ ʪʝʣʝʢʦʤʫʥʽʢʘʮʽʡʥʠʭ  

ʩʠʩʪʝʤ ʂʇɯ ʽʤ. ɯʛʦʨʷ ʉʽʢʦʨʩʴʢʦʛʦ, ʋʢʨʘʾʥʘ  

E-mail:  studentalex2515@gmail.com 

 

QUALITY OF SERVICE BASED ON SIP  
 

Analysis, optimization and control of quality of service (QoS) parameters such as delay, 

jitter, packet loss rate and throughput for SIP-based communication services. 

 

ɸʥʘʣʽʟ, ʦʧʪʠʤʽʟʘʮʽʷ ʪʘ ʢʦʥʪʨʦʣʴ ʧʘʨʘʤʝʪʨʽʚ ʷʢʦʩʪʽ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ (QoS), ʪʘʢʠʭ ʷʢ 

ʟʘʪʨʠʤʢʘ, ʜʞʠʪʪʝʨ, ʰʚʠʜʢʽʩʪʴ ʚʪʨʘʪʠ ʧʘʢʝʪʽʚ ʪʘ ʧʨʦʧʫʩʢʥʘ ʟʜʘʪʥʽʩʪʴ ʜʣʷ ʧʦʩʣʫʛ ʟʚ'ʷʟʢʫ ʥʘ 

ʦʩʥʦʚʽ SIP. 

 

ʇʦʩʪʘʥʦʚʢʘ ʟʘʜʘʯʽ. ɿʘʜʘʥʘ ʷʢʽʩʪʴ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ (Quality of service ï 

QoS) ʤʦʞʝ ʚʚʦʜʠʪʠʩʷ ʚ ʤʝʨʝʞʘʭ, ʱʦʙ ʚʠʟʥʘʯʠʪʠ ʟʜʘʪʥʽʩʪʴ ʤʝʨʝʞ ʚʽʜʧʦʚʽʜʘʪʠ 

ʟʘʜʘʥʠʤ ʚʠʤʦʛʘʤ. ɿʘ ʜʦʧʦʤʦʛʦʶ ʷʢʦʩʪʽ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʤʦʞʥʘ ʚʠʟʥʘʯʠʪʠ, ʯʠ 

ʤʦʞʝ ʤʝʨʝʞʘ ʚʠʢʦʥʘʪʠ ʟʘʚʜʘʥʥʷ ʟ ʤʦʥʽʪʦʨʠʥʛʫ, ʦʙʨʦʙʢʠ ʪʘ ʧʝʨʝʜʘʯ ʜʘʥʠʭ 

ʧʨʠ ʨʽʟʥʠʭ ʫʤʦʚʘʭ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ. ʊʦʤʫ ʜʦʮʽʣʴʥʦ ʧʨʦʚʝʩʪʠ ʘʥʘʣʽʟ 

ʧʘʨʘʤʝʪʨʽʚ ʷʢʦʩʪʽ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ (QoS) ʪʘ ʤʝʪʦʜʽʚ ʟʘʙʝʟʧʝʯʝʥʥʷ ʷʢʦʩʪʽ 

ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʜʣʷ ʩʝʥʩʦʨʥʠʭ ʤʝʨʝʞ, ʚʠʟʥʘʯʠʪʠ ʾʭ ʦʩʥʦʚʥʽ ʧʝʨʝʚʘʛʠ ʪʘ 

ʥʝʜʦʣʽʢʠ, ʘ ʪʘʢʦʞ ʧʨʦʘʥʘʣʽʟʫʚʘʪʠ ʯʠ ʜʦʮʽʣʴʥʦ ʾʭ ʟʘʩʪʦʩʦʚʫʚʘʪʠ ʜʣʷ ʪʘʢʪʠʯʥʠʭ 

ʙʝʟʧʨʦʚʦʜʦʚʠʭ ʩʝʥʩʦʨʥʠʭ ʤʝʨʝʞ.     

ɸʥʘʣʽʟ ʦʩʪʘʥʥʽʭ ʧʫʙʣʽʢʘʮʽʡ. ʑʦʜʦ ʧʨʦʙʣʝʤʘʪʠʢʠ ʧʘʨʘʤʝʪʨʽʚ ʷʢʦʩʪʽ 

ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ (QoS) ʪʘ ʤʝʪʦʜʽʚ ʟʘʙʝʟʧʝʯʝʥʥʷ ʷʢʦʩʪʽ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʜʣʷ 

ʩʝʥʩʦʨʥʠʭ ʤʝʨʝʞ ʚʘʨʪʦ ʚʽʜʟʥʘʯʠʪʠ ʨʦʙʦʪʠ ʆ.ɺ. ʃʝʤʝʰʢʘ, ɺ.ɺ. ʇʝʪʨʦʚʘ, 

ɹ.ʉ.ʎʠʙʘʢʦʚʘ, ɸ.ɻ. ʃʦʞʢʦʚʩʴʢʦʛʦ, ʆ.ɯ.ʉʠʜʦʨʦʚʦʾ, Yanfeng Zhang, Cuirong 

Wang ʪʘ Yuan Gao.  

ʄʝʪʦʶ ʩʪʘʪʪʽ ʻ ʘʥʘʣʽʟ ʽʩʥʫʶʯʠʭ ʧʘʨʘʤʝʪʨʽʚ ʧʽʜʚʠʱʝʥʥʷ ʷʢʦʩʪʽ 

ʧʦʢʘʟʥʠʢʽʚ ʧʝʨʝʜʘʯʽ ʪʨʘʬʽʢʫ ʪʘ ʤʝʪʦʜʽʚ ʟʘʙʝʟʧʝʯʝʥʥʷ QoS ʚ ʙʝʟʧʨʦʚʽʜʥʠʭ 

ʤʝʨʝʞʘʭ.  

ɺʠʢʣʘʜ ʦʩʥʦʚʥʦʛʦ ʤʘʪʝʨʽʘʣʫ. ʅʘʡʙʽʣʴʰʠʤ ʘʢʪʫʘʣʴʥʠʤ ʥʘʫʢʦʚʠʤ 

ʟʘʚʜʘʥʥʷʤ ʫ ʛʘʣʫʟʽ ʪʝʣʝʢʦʤʫʥʽʢʘʮʽʡ ʻ ʧʝʨʝʜʘʯʘ ʧʦʪʦʢʦʚʦʛʦ ʪʨʘʬʽʢʫ ʚ ʨʝʞʠʤʽ 

ʨʝʘʣʴʥʦʛʦ ʯʘʩʫ ʟ ʜʦʪʨʠʤʘʥʥʷʤ ʧʝʚʥʠʭ ʚʠʤʦʛ ʱʦʜʦ ʷʢʦʩʪʽ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ. ʎʝ 

ʤʦʞʥʘ ʧʦʚ'ʷʟʘʪʠ ʟ ʪʠʤ, ʱʦ ʧʦʪʦʢʠ ʜʘʥʠʭ ʧʝʨʝʜʘʶʪʴʩʷ ʧʦ ʤʝʨʝʞʽ, ʨʝʩʫʨʩʠ ʷʢʦʾ 

ʨʦʟʧʦʜʽʣʷʶʪʴʩʷ ʤʽʞ ʧʦʪʦʢʘʤʠ ʟʘ ʧʝʚʥʠʤʠ ʧʨʦʧʦʨʮʽʷʤʠ. ʆʩʢʽʣʴʢʠ ʜʘʥʽ, ʷʢʽ 

ʤʦʞʫʪʴ ʧʝʨʝʜʘʚʘʪʠʩʷ, ʨʽʟʥʽ ʟʘ ʩʚʦʾʤʠ ʧʘʨʘʤʝʪʨʘʤʠ, ʪʦ ʧʦʪʨʽʙʥʦ ʤʘʪʠ 

ʤʝʭʘʥʽʟʤ, ʷʢʠʡ ʜʘʩʪʴ ʟʤʦʛʫ ʨʦʟʚ'ʷʟʘʪʠ ʟʘʜʘʯʫ ʱʦʜʦ ʨʦʟʧʦʜʽʣʝʥʥʷ ʨʝʩʫʨʩʽʚ 

ʜʫʞʝ ʰʚʠʜʢʦ, ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʚʣʘʩʪʠʚʦʩʪʝʡ ʧʦʪʦʢʫ, ʷʢʠʡ ʧʝʨʝʜʘʻʪʴʩʷ ʫ 

ʢʦʥʢʨʝʪʥʠʡ ʯʘʩ ʯʝʨʝʟ ʢʦʥʢʨʝʪʥʠʡ ʪʝʣʝʢʦʤʫʥʽʢʘʮʽʡʥʠʡ ʚʫʟʣ. ʊʘʢʠʡ ʤʝʭʘʥʽʟʤ 

ʧʦʚʠʥʝʥ ʛʨʫʥʪʫʚʘʪʠʩʴ ʥʘ ʚʜʦʩʢʦʥʘʣʝʥʥʷ ʤʝʪʦʜʽʚ ʨʦʟʧʦʜʽʣʫ ʨʝʩʫʨʩʫ, ʱʦ ʤʘʻ 

ʚʠʩʦʢʫ ʤʘʩʰʪʘʙʦʚʘʥʽʩʪʴ, ʰʚʠʜʢʦʜʽʶ, ʛʥʫʯʢʽʩʪʴ, ʥʠʟʴʢʽ ʦʧʝʨʘʮʽʡʥʽ ʩʢʣʘʜʥʦʩʪʽ 

ʪʘ ʨʝʩʫʨʩʦʻʤʥʦʩʪʽ.  
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ɼʣʷ ʧʽʜʚʠʱʝʥʥʷ ʷʢʦʩʪʽ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ (QoS) ʧʝʨʝʜʘʥʠʭ ʤʝʨʝʞʝʚʥʠʭ 

ʪʨʘʬʽʢʽʚ ʘʢʪʫʘʣʴʥʠʤ ʻ ʧʦʰʫʢ ʛʥʫʯʢʦʛʦ ʤʝʪʦʜʫ ʢʝʨʫʚʘʥʥʷ ʤʝʨʝʞʥʠʤ ʨʝʩʫʨʩʦʤ  

ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʾʭʥʽʭ ʟʙʘʣʘʥʩʦʚʘʥʠʭ ʟʘʚʘʥʪʘʞʝʥʴ ʡ ʛʘʨʘʥʪʦʚʘʥʦʾ ʷʢʦʩʪʽ 

ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʨʽʟʥʠʭ ʪʨʘʬʽʢʽʚ ʢʦʨʠʩʪʫʚʘʯʽʚ ʫ ʤʫʣʴʪʠʩʝʨʚʽʩʥʽʡ ʤʝʨʝʞʽ [1].  

ʗʢʽʩʪʴ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ (Quality of Service, QoS) ʚʠʟʥʘʯʘʻ ʢʽʣʴʢʽʩʥʫ 

ʦʮʽʥʢʫ ʽʤʦʚʽʨʥʦʩʪʽ ʪʦʛʦ, ʱʦ ʯʝʨʝʟ ʤʝʨʝʞʫ ʙʫʜʫʪʴ ʧʝʨʝʜʘʚʘʪʠʩʷ ʧʝʚʥʽ ʧʦʪʦʢʠ 

ʜʘʥʠʭ ʤʽʞ ʜʚʦʤʘ ʚʫʟʣʘʤʠ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʧʦʪʨʝʙ ʜʦʜʘʪʢʫ ʘʙʦ ʢʦʨʠʩʪʫʚʘʯʽʚ. 

QoS ʻ ʥʝʦʙʭʽʜʥʠʤ ʜʣʷ ʧʘʢʝʪʥʦʾ ʤʝʨʝʞʽ, ʷʢʘ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʜʣʷ ʩʝʨʚʽʩʫ 

ʣʶʜʝʡ ʫ ʨʝʞʠʤʽ ʨʝʘʣʴʥʦʛʦ ʯʘʩʫ, ʥʘʩʘʤʧʝʨʝʜ VoIP. ʄʝʨʝʞʝʚʠʡ ʧʨʦʪʦʢʦʣ, 

ʷʢʠʡ ʦʙʩʣʫʛʦʚʫʻ ʩʝʨʚʽʩ ʨʝʘʣʴʥʦʛʦ ʯʘʩʫ ʻ ʯʫʪʣʠʚʠʡ ʜʦ  ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ, ʘ ʩʘʤʝ 

ʜʦ ʚʪʨʘʪʠ ʧʘʢʝʪʫ ʜʘʥʠʭ, ʟʘʪʨʠʤʢʠ ʫ ʧʝʨʝʜʘʯʘʭ ʧʘʢʝʪʽʚ ʪʘ ʥʝʨʽʚʥʦʤʽʨʥʦʩʪʽ ʮʽʻʾ 

ʟʘʪʨʠʤʢʠ.  

ʋ ʙʽʣʴʰʦʩʪʽ ʚʠʧʘʜʢʽʚ ʷʢʽʩʪʴ ʟʚ'ʷʟʢʫ ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʯʦʪʠʨʤʘ 

ʧʘʨʘʤʝʪʨʘʤʠ [2]:  

- ʇʨʦʧʫʩʢʥʘ ʩʤʫʛʘ, ʚ ʷʢʽʡ ʦʧʠʩʫʻʪʴʩʷ ʜʦʩʪʫʧʥʘ ʧʨʦʧʫʩʢʥʘ 

ʟʜʘʪʥʽʩʪʴ ʢʘʥʘʣʫ ʟʚ'ʷʟʢʫ. ɺʠʤʽʨʶʻʪʴʩʷ ʫ ʙʽʪʦʚʽʡ ʰʚʠʜʢʦʩʪʽ - bit/s, kbit/s, 

Mbit /s. 

- ɿʘʪʨʠʤʢʘ ʧʨʠ ʧʝʨʝʜʘʯʽ ʧʘʢʝʪʽʚ, ʚʠʤʽʨʶʻʪʴʩʷ ʫ ʤʽʣʽʩʝʢʫʥʜʘʭ. 

- ɼʞʠʪʪʝʨ (Jitter) - ʥʝʨʽʚʥʦʤʽʨʥʘ ʟʘʪʨʠʤʢʘ ʧʘʢʝʪʫ ʧʨʠ ʧʝʨʝʜʘʯʽ ʮʠʭ 

ʧʘʢʝʪʽʚ. 

- ɺʪʨʘʪʘ ʧʘʢʝʪʽʚ (Packet loss) - ʚʠʟʥʘʯʘʻ ʢʽʣʴʢʽʩʪʴ ʧʘʢʝʪʽʚ, ʷʢʽ ʙʫʣʠ 

ʟʘʛʫʙʣʝʥʽ ʫ ʤʝʨʝʞʽ ʧʽʜ ʯʘʩ ʧʝʨʝʜʘʯʽ. 

ɼʣʷ ʧʨʦʩʪʦʪʠ ʨʦʟʫʤʽʥʥʷ ʢʘʥʘʣ ʟʚ'ʷʟʢʫ ʤʦʞʥʘ ʫʷʚʠʪʠ ʫ ʚʠʛʣʷʜʽ 

ʪʨʘʜʠʮʽʡʥʦʾ ʪʨʫʙʠ, ʘ ʧʨʦʧʫʩʢʥʫ ʟʜʘʪʥʽʩʪʴ ʤʦʞʥʘ ʦʧʠʩʘʪʠ ʷʢ ʬʫʥʢʮʽʶ ʜʚʦʭ 

ʧʘʨʘʤʝʪʨʽʚ: ʰʠʨʠʥʠ ʪʘ ʜʦʚʞʠʥʠ ʪʨʫʙʠ. ʂʦʣʠ ʧʝʨʝʜʘʯʘ ʜʘʥʠʭ ʩʪʠʢʘʻʪʴʩʷ ʟ 

ʧʨʦʙʣʝʤʦʶ çʚʫʟʴʢʦʛʦ ʤʽʩʮʷè ʥʘʜʩʠʣʘʥʥʷ ʪʘ ʦʪʨʠʤʘʥʥʷ ʧʘʢʝʪʽʚ 

ʤʘʨʰʨʫʪʠʟʘʪʦʨʘʤʠ, ʟʘʟʚʠʯʘʡ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʤʝʪʦʜ FIFO: First In - First Out 

(ʇʝʨʰʠʤ ʟʘʡʰʦʚ - ʧʝʨʰʠʤ ʚʠʡʰʦʚ) [3].  

ɼʣʷ ʱʽʣʴʥʦʛʦ ʪʨʘʬʽʢʫ ʮʝ ʩʪʚʦʨʶʻ ʧʝʨʝʚʘʥʪʘʞʝʥʥʷ ʪʨʘʬʽʢʫ, ʽ ʨʽʰʝʥʥʷ 

ʧʨʦʩʪʝ: ʫʩʽ ʧʘʢʝʪʠ, ʷʢʽ ʥʝ ʧʦʪʨʘʧʣʷʶʪʴ ʫ ʯʝʨʛʫ FIFO (ʚʭʽʜʥʽ ʯʠ ʚʠʭʽʜʥʽ), 

ʽʛʥʦʨʫʶʪʴʩʷ ʤʘʨʰʨʫʪʠʟʘʪʦʨʦʤ ʽ ʪʦʤʫ ʚʪʨʘʯʘʶʪʴʩʷ ʙʝʟʧʦʚʦʨʦʪʥʦ. ʈʦʟʫʤʥʠʤ 

ʧʽʜʭʦʜʦʤ ʻ ʚʠʢʦʨʠʩʪʘʥʥʷ çʨʦʟʫʤʥʠʭè ʯʝʨʛ, ʜʝ ʧʨʽʦʨʠʪʝʪ ʧʘʢʝʪʽʚ ʟʘʣʝʞʠʪʴ ʚʽʜ 

ʪʠʧʫ ʧʦʩʣʫʛʠ - ToS (Type of Service). ʅʝʦʙʭʽʜʥʘ ʫʤʦʚʘ: ʧʘʢʝʪʠ ʚʞʝ ʧʦʚʠʥʥʽ 

ʙʫʪʠ ʧʦʟʥʘʯʝʥʽ ʪʠʧʦʤ ʩʣʫʞʙʠ, ʱʦʙ ʩʪʚʦʨʠʪʠ çʨʦʟʫʤʥʫè ʯʝʨʛʫ. ɿʚʠʯʘʡʥʽ 

ʢʦʨʠʩʪʫʚʘʯʽ ʥʘʡʯʘʩʪʽʰʝ ʟʫʩʪʨʽʯʘʶʪʴ ʪʝʨʤʽʥ QoS ʚ ʜʦʤʘʰʥʽʭ 

ʤʘʨʰʨʫʪʠʟʘʪʦʨʘʭ, ʷʢʽ ʧʽʜʪʨʠʤʫʶʪʴ QoS. ʅʘʧʨʠʢʣʘʜ, ʣʦʛʽʯʥʦ ʥʘʜʘʪʠ ʚʠʩʦʢʠʡ 

ʧʨʽʦʨʠʪʝʪ VoIP ʽ ʥʠʟʴʢʠʡ ʧʨʽʦʨʠʪʝʪ FTP, SMTP ʢʣʽʻʥʪʘʤ ʤʝʨʝʞʽ ʦʙʤʽʥʫ 

ʬʘʡʣʘʤʠ. ʅʘ ʚʽʜʤʽʥʫ ʚʽʜ ʢʣʘʩʠʯʥʠʭ (ʙʝʟʜʨʦʪʦʚʠʭ ʘʙʦ ʜʨʦʪʦʚʠʭ) ʤʝʨʝʞ, 

ʙʝʟʜʨʦʪʦʚʽ ʩʝʥʩʦʨʥʽ ʤʝʨʝʞʽ ʟʘʙʝʟʧʝʯʫʶʪʴ ʥʝ ʪʽʣʴʢʠ ʧʝʨʝʜʘʯʫ ʜʘʥʠʭ, ʘ ʡ ʟʙʽʨ ʽ 

ʦʙʨʦʙʢʫ ʜʘʥʠʭ. ɺʽʜʧʦʚʽʜʥʦ, ʷʢʽʩʪʴ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʪʘ ʡʦʛʦ ʧʦʢʘʟʥʠʢʠ ʚ 

ʙʝʟʜʨʦʪʦʚʠʭ ʩʝʥʩʦʨʥʠʭ ʤʝʨʝʞʘʭ ʪʘʢʦʞ ʙʫʜʫʪʴ ʚʽʜʨʽʟʥʷʪʠʩʷ ʚʽʜ ʢʣʘʩʠʯʥʠʭ 

ʫʷʚʣʝʥʴ.  

ʊʘʢʪʠʯʥʽ ʩʝʥʩʦʨʥʽ ʤʝʨʝʞʽ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴʩʷ: I ï ʦʙʤʝʞʝʥʠʤʠ 

ʨʝʩʫʨʩʘʤʠ ʚʫʟʣʘ ʤʝʨʝʞʽ (ʱʦʜʦ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ ʧʨʦʮʝʩʦʨʘ, ʧʘʤôʷʪʽ, 

ʧʦʪʫʞʥʦʩʪʽ ʧʝʨʝʜʘʚʘʯʘ, ʟʘʨʷʜʫ ʙʘʪʘʨʝʾ, ʦʙʤʝʞʝʥʦʾ ʜʘʣʴʥʦʩʪʽ ʪʘ ʧʨʦʧʫʩʢʥʦʾ 
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ʟʜʘʪʥʦʩʪʽ ʢʘʥʘʣʽʚ ʨʘʜʽʦʟʚôʷʟʢʫ ʤʽʞ ʚʫʟʣʘʤʠ, ʢʦʥʮʝʥʪʨʘʮʽʾ ʪʨʘʬʽʢʫ ʙʽʣʷ 

ʰʣʶʟʽʚ ʪʦʱʦ) II ï ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʦʧʝʨʘʮʽʾ (ʨʦʟʛʦʨʪʘʥʥʷ ʚʫʟʣʽʚ (ʚʠʧʘʜʢʦʚʝ, 

ʜʝʪʝʨʤʽʥʦʚʘʥʝ), ʚʠʧʘʜʢʦʚʽ ʟʤʽʥʠ ʪʦʧʦʣʦʛʽʾ (ʧʝʨʝʤʽʱʝʥʥʷ ʚʫʟʣʽʚ, ʨʫʡʥʫʚʘʥʥʷ 

ʚʫʟʣʽʚ, ʨʦʟʨʷʜ ʙʘʪʘʨʝʾ), ʨʝʟʝʨʚʫʚʘʥʥʷ ʜʘʥʠʭ (ʯʝʨʝʟ ʱʽʣʴʥʝ ʨʦʟʪʘʰʫʚʘʥʥʷ 

ʚʫʟʣʽʚ), ʪʨʘʥʩʧʦʨʪʫʚʘʥʥʷ ʨʽʟʥʠʭ ʪʠʧʽʚ ʪʨʘʬʽʢʫ, ʚʝʣʠʢʘ ʤʘʩʰʪʘʙʦʚʘʥʽʩʪʴ 

ʤʝʨʝʞʽ (ʩʦʪʥʽ ʜʘʪʯʠʢʽʚ), ʨʦʟʛʦʨʪʘʥʥʷ ʪʘ ʝʢʩʧʣʫʘʪʘʮʽʷ ʤʝʨʝʞʽ ʚ ʨʘʥʽʰʝ 

ʥʝʚʽʜʦʤʽʡ ʛʝʦʛʨʘʬʽʯʥʽʡ ʤʽʩʮʝʚʦʩʪʽ, ʜʝ ʚʦʨʦʛ ʤʦʞʝ ʟʘʚʜʘʪʠ ʰʢʦʜʠ) [4].  

ɭ ʪʘʢʽ ʪʨʘʜʠʮʽʡʥʽ ʤʝʪʦʜʠ ʥʘʜʘʥʥʷ QoS, ʷʢ ʚʠʢʦʨʠʩʪʘʥʥʷ ʧʨʦʪʦʢʦʣʽʚ ʟ 

ʬʫʥʢʮʽʷʤʠ QoS: EART (Energy-aware QoS Routing), ʧʨʦʪʦʢʦʣ 

ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʜʣʷ ʧʝʨʝʜʘʯʽ ʪʨʘʬʽʢʫ ʚ ʨʝʘʣʴʥʦʤʫ ʯʘʩʽ, ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ 

ʜʣʷ ʟʙʘʣʘʥʩʫʚʘʥʥʷ ʝʥʝʨʛʦʩʧʦʞʠʚʘʥʥʷ ʚʫʟʣʽʚ ʽ ʨʦʟʰʠʨʝʥʥʷ ʮʠʢʣʫ ʨʦʙʦʪʠ 

ʤʝʨʝʞʽ, ʘ ʪʘʢʦʞ ʚʠʙʦʨʫ ʤʘʨʰʨʫʪʫ ʟ ʙʽʣʴʰʠʤ ʝʥʝʨʛʦʟʙʝʨʝʞʝʥʥʷʤ. 

ɿʘʧʨʦʧʦʥʦʚʘʥʠʡ ʧʨʦʪʦʢʦʣ ʚʨʘʭʦʚʫʻ ʧʘʨʘʤʝʪʨʠ ʤʘʨʰʨʫʪʠʟʘʮʽʾ QoS, ʟʘʪʨʠʤʢʫ 

ʪʘ ʧʽʜʚʠʱʝʥʫ ʥʘʜʽʡʥʽʩʪʴ.  

EQSR (Efficient and QoS-Aware Multipath Routing Protocol) ʧʨʠʟʥʘʯʝʥʠʡ 

ʜʣʷ ʧʦʙʫʜʦʚʠ ʤʘʨʰʨʫʪʽʚ ʟʘ ʥʘʷʚʥʦʩʪʽ ʟʘʪʨʠʤʦʢ ʧʦʚʽʜʦʤʣʝʥʴ. ɺ ʦʩʥʦʚʥʦʤʫ ʚʽʥ 

ʚʠʢʦʨʠʩʪʦʚʫʻ ʤʝʭʘʥʽʟʤ ʧʨʦʪʦʢʦʣʫ ʩʧʨʷʤʦʚʘʥʦʾ ʜʠʬʫʟʽʾ. ʅʘ ʝʪʘʧʽ ʧʦʰʫʢʫ 

ʰʣʷʭʫ ʚʘʨʪʽʩʪʴ ʢʦʞʥʦʛʦ ʟôʻʜʥʘʥʥʷ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʷʢ ʽʥʜʝʢʩ. ʇʨʠ ʧʦʙʫʜʦʚʽ 

ʤʘʨʰʨʫʪʫ ʧʦʪʨʽʙʥʦ ʚʨʘʭʫʚʘʪʠ ʟʥʘʯʝʥʥʷ ʚʽʜʥʦʰʝʥʥʷ ʩʠʛʥʘʣ/ʰʫʤ, ʙʫʬʝʨʥʫ 

ʻʤʥʽʩʪʴ ʚʫʟʣʽʚ ʽ ʟʘʣʠʰʦʢ ʝʥʝʨʛʽʾ ʘʢʫʤʫʣʷʪʦʨʘ [5].  

SAR (Sequential Assignment Routing) - ʦʜʠʥ ʽʟ ʥʘʡʧʝʨʰʠʭ ʧʨʦʪʦʢʦʣʽʚ 

ʤʘʨʰʨʫʪʠʟʘʮʽʾ ʚ ʙʝʟʜʨʦʪʦʚʠʭ ʩʝʥʩʦʨʥʠʭ ʤʝʨʝʞʘʭ. ɺʽʥ ʟʘʩʥʦʚʘʥʠʡ ʥʘ 

ʚʠʟʥʘʯʝʥʦʤʫ ʧʨʽʦʨʠʪʝʪʽ ʜʣʷ ʢʦʞʥʦʛʦ ʧʘʢʝʪʘ. ʂʨʽʤ ʪʦʛʦ, ʧʽʜʢʣʶʯʝʥʥʷ ʪʘ 

ʤʘʨʰʨʫʪʠ ʚʢʣʶʯʘʶʪʴ ʤʽʨʫ ʾʭ ʟʜʘʪʥʦʩʪʽ ʥʘʜʘʚʘʪʠ ʷʢʽʩʥʽ ʧʦʩʣʫʛʠ. ʎʝʡ 

ʧʦʢʘʟʥʠʢ ʚʠʟʥʘʯʘʻʪʴʩʷ ʟʘʪʨʠʤʢʦʶ ʪʘ ʩʧʦʞʠʚʘʥʥʷʤ ʝʥʝʨʛʽʾ. ʅʘ ʦʩʥʦʚʽ ʮʴʦʛʦ 

ʘʣʛʦʨʠʪʤʫ ʩʪʚʦʨʶʻʪʴʩʷ ʜʝʨʝʚʦ ʤʘʨʰʨʫʪʠʟʘʮʽʾ. ɼʣʷ ʮʴʦʛʦ ʚʨʘʭʦʚʫʻʪʴʩʷ ʢʽʣʴʢʘ 

ʧʘʨʘʤʝʪʨʽʚ, ʪʘʢʠʭ ʷʢ ʧʨʽʦʨʠʪʝʪ ʧʘʢʝʪʽʚ, ʝʥʝʨʛʽʷ, ʧʦʢʘʟʥʠʢʠ QoS. ʇʨʦʪʦʢʦʣ 

ʧʝʨʽʦʜʠʯʥʦ ʦʥʦʚʣʶʻ ʤʘʨʰʨʫʪʠ ʥʘ ʦʩʥʦʚʽ ʩʪʘʥʫ ʤʝʨʝʞʽ.  

SPEED (Stateless Protocol for Real-Time Communication in Sensor 

Networks) ʂʦʞʝʥ ʚʫʟʦʣ ʟʙʝʨʽʛʘʻ ʽʥʬʦʨʤʘʮʽʶ ʧʨʦ ʩʚʦʾʭ ʩʫʩʽʜʽʚ ʽ ʜʘʥʽ ʧʨʦ ʩʚʦʻ 

ʛʝʦʛʨʘʬʽʯʥʝ ʨʦʟʪʘʰʫʚʘʥʥʷ, ʱʦʙ ʟʥʘʡʪʠ ʰʣʷʭʠ ʧʝʨʝʜʘʯʽ. ʂʨʽʤ ʪʦʛʦ, ʧʨʦʪʦʢʦʣ 

ʥʘʤʘʛʘʻʪʴʩʷ ʛʘʨʘʥʪʫʚʘʪʠ, ʱʦ ʢʦʞʝʥ ʧʘʢʝʪ ʤʘʻ ʧʝʚʥʫ ʰʚʠʜʢʽʩʪʴ ʧʝʨʝʜʘʯʽ [6].  

ʊʘʢʠʤ ʯʠʥʦʤ, ʤʦʞʥʘ ʟʘʟʜʘʣʝʛʽʜʴ ʦʮʽʥʠʪʠ ʟʘʪʨʠʤʢʫ ʪʨʘʥʟʠʪʫ ʧʦʩʠʣʢʠ 

ʚʽʜ ʚʽʜʧʨʘʚʥʠʢʘ ʜʦ ʦʜʝʨʞʫʚʘʯʘ, ʨʦʟʜʽʣʠʪʠ ʚʽʜʩʪʘʥʴ ʥʘ ʰʚʠʜʢʽʩʪʴ ʧʦʩʠʣʢʠ 

ʪʦʱʦ.  

ʇʝʨʝʚʘʛʦʶ ʚʠʢʦʨʠʩʪʘʥʥʷ ʚʠʱʝʟʘʟʥʘʯʝʥʦʛʦ ʧʨʦʪʦʢʦʣʫ ʻ ʛʘʨʘʥʪʽʷ 

ʝʥʝʨʛʦʟʙʝʨʝʞʝʥʥʷ ʪʘ ʟʘʙʝʟʧʝʯʝʥʥʷ ʷʢʦʩʪʽ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʥʘ ʨʽʚʥʽ ʤʝʨʝʞʽ. 

ʅʝʜʦʣʽʢʦʤ ʻ ʪʝ, ʱʦ ʮʽ ʧʨʦʪʦʢʦʣʠ ʟʦʩʝʨʝʜʞʝʥʽ ʣʠʰʝ ʥʘ ʧʝʚʥʠʭ ʪʠʧʘʭ ʪʨʘʬʽʢʫ 

ʪʘ ʧʦʪʨʝʙʫʶʪʴ ʤʝʥʰʦʛʦ ʨʦʟʤʽʨʫ ʤʝʨʝʞʽ [7].  

ʄʦʞʥʘ ʟʘʟʥʘʯʠʪʠ, ʱʦ ʥʘʜʘʥʥʷ QoS ʫ ʩʝʥʩʦʨʥʠʭ ʤʝʨʝʞʘʭ ʜʦʩʷʛʘʻʪʴʩʷ 

ʟʘʚʜʷʢʠ ʚʟʘʻʤʦʜʽʾ ʪʨʴʦʭ ʘʩʧʝʢʪʽʚ: ʧʦʢʨʠʪʪʷ, ʤʦʥʽʪʦʨʠʥʛ ʽ ʧʝʨʝʜʘʯʘ ʜʘʥʠʭ. 

ʊʦʤʫ, ʧʨʦʧʦʥʫʻʪʴʩʷ ʚʚʝʜʝʥʥʷ ʢʨʦʩ-ʨʽʚʥʝʚʦʾ ʥʘʜʙʫʜʦʚʠ ʥʘʜ ʨʽʚʥʷʤʠ OSI, ʷʢʘ 

ʙʫʜʝ ʟʜʽʡʩʥʶʚʘʪʠ ʫʟʛʦʜʞʝʥʥʷ ʪʘ ʢʦʦʨʜʠʥʘʮʽʶ ʨʽʚʥʽʚ ʤʦʜʝʣʽ ʧʝʨʝʜʘʯʽ ʜʘʥʠʭ 

ʪʘ ʚʩʽʭ ʬʫʥʢʮʽʡ ʩʠʩʪʝʤʠ ʫʧʨʘʚʣʽʥʥʷ (ʧʦʢʨʠʪʪʷ, ʤʦʥʽʪʦʨʠʥʛ ʽ ʧʝʨʝʜʘʯʘ ʜʘʥʠʭ) 

ɹʉʄ.  
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ʅʝʦʙʭʽʜʥʽʩʪʴ ʧʝʨʝʭʦʜʫ ʥʘ ʢʨʦʩ-ʨʽʚʥʝʚʫ ʤʦʜʝʣʴ ʟʫʤʦʚʣʶʻʪʴʩʷ: ï 

ʟôʻʜʥʘʥʥʷ ʦʢʨʝʤʠʭ ʪʘ ʽʟʦʣʴʦʚʘʥʠʭ ʤʝʭʘʥʽʟʤʽʚ QoS ʤʦʞʝ ʩʧʨʠʯʠʥʠʪʠ 

ʢʦʥʬʣʽʢʪʠ ʚ ʟʘʙʝʟʧʝʯʝʥʥʽ ʟʘʜʘʥʦʾ ʷʢʦʩʪʽ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ; ï ʟʘʙʝʟʧʝʯʝʥʥʷ QoS 

ʦʢʨʝʤʦ ʜʣʷ ʢʦʞʥʦʛʦ ʟ ʨʽʚʥʽʚ ʻ ʥʝʝʬʝʢʪʠʚʥʠʤ ʨʽʰʝʥʥʷʤ; ï ʟʘʜʘʥʘ ʷʢʽʩʪʴ 

ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ, ʷʢʘ ʧʽʜʪʨʠʤʫʻʪʴʩʷ ʥʘ ʦʢʨʝʤʦʤʫ ʨʽʚʥʽ ʤʦʜʝʣʽ ʚʟʘʻʤʦʜʽʾ ʥʝ 

ʤʦʞʝ ʛʘʨʘʥʪʫʚʘʪʠ ʟʘʛʘʣʴʥʝ ʟʘʙʝʟʧʝʯʝʥʥʷ QoS.  

ɺʠʩʥʦʚʦʢ. ʊʦʤʫ ʥʘ ʜʘʥʠʡ ʤʦʤʝʥʪ ʨʦʟʨʦʙʣʝʥʦ ʚʝʣʠʢʫ ʢʽʣʴʢʽʩʪʴ ʤʝʪʦʜʽʚ 

ʜʣʷ ʧʦʢʨʘʱʝʥʥʷ ʪʘ ʟʘʙʝʟʧʝʯʝʥʥʷ QoS ʫ ʙʝʟʜʨʦʪʦʚʠʭ ʩʝʥʩʦʨʥʠʭ ʤʝʨʝʞʘʭ. 

ʇʨʦʚʝʜʝʥʠʡ ʘʥʘʣʽʟ ʧʦʢʘʟʫʻ, ʱʦ ʤʝʪʦʜʠ, ʷʢʽ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʚ ʪʨʘʜʠʮʽʡʥʠʭ 

ʙʝʟʜʨʦʪʦʚʠʭ (ʘʙʦ ʜʨʦʪʦʚʠʭ) ʤʝʨʝʞʘʭ, ʥʝ ʤʦʞʫʪʴ ʙʫʪʠ ʝʬʝʢʪʠʚʥʦ ʚʠʢʦʨʠʩʪʘʥʽ 

ʚ ʙʝʟʜʨʦʪʦʚʠʭ ʩʝʥʩʦʨʥʠʭ ʤʝʨʝʞʘʭ, ʚʨʘʭʦʚʫʶʯʠ ʚʽʜʤʽʥʥʦʩʪʽ ʚ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʭ ʮʠʭ ʤʝʨʝʞ. ʇʨʦʚʝʜʝʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʧʦʢʘʟʫʶʪʴ, ʱʦ ʥʝ ʽʩʥʫʻ 

ʤʝʪʦʜʫ, ʷʢʠʡ ʤʽʛ ʙʠ ʚʨʘʭʫʚʘʪʠ ʚʩʽ ʧʘʨʘʤʝʪʨʠ ʩʝʥʩʦʨʥʠʭ ʤʝʨʝʞ ʽ ʧʦʚʥʽʩʪʶ 

ʟʘʙʝʟʧʝʯʠʪʠ QoS. 

ʊʦʤʫ ʚ ʮʽʡ ʩʪʘʪʪʽ ʧʨʦʧʦʥʫʻʪʴʩʷ ʥʦʚʠʡ ʤʝʪʦʜ ʦʮʽʥʢʠ ʷʢʦʩʪʽ 

ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ BSM, ʪʦʙʪʦ ʦʮʽʥʢʠ ʪʨʴʦʭ ʦʩʥʦʚʥʠʭ ʬʫʥʢʮʽʡ ʙʝʟʜʨʦʪʦʚʠʭ 

ʩʝʥʩʦʨʥʠʭ ʤʝʨʝʞ: ʧʦʢʨʠʪʪʷ, ʤʦʥʽʪʦʨʠʥʛ ʽ ʧʝʨʝʜʘʯʘ ʜʘʥʠʭ. 

ʅʘʧʨʷʤʦʢ ʧʦʜʘʣʴʰʠʭ ʜʦʩʣʽʜʞʝʥʴ ʧʦʣʷʛʘʻ ʫ ʚʜʦʩʢʦʥʘʣʝʥʥʽ ʽʩʥʫʶʯʠʭ 

ʤʝʪʦʜʽʚ ʧʦʢʨʘʱʝʥʥʷ ʪʘ ʛʘʨʘʥʪʫʚʘʥʥʷ ʷʢʦʩʪʽ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ, ʘ ʪʘʢʦʞ ʾʭ 

ʟʘʩʪʦʩʫʚʘʥʥʷ ʚ ʪʘʢʪʠʯʥʠʭ ʩʝʥʩʦʨʥʠʭ ʤʝʨʝʞʘʭ ʪʘ ʚʠʟʥʘʯʝʥʥʽ ʥʘʧʨʷʤʢʽʚ 

ʧʦʜʘʣʴʰʠʭ ʥʘʫʢʦʚʠʭ ʜʦʩʣʽʜʞʝʥʴ. 
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COMPARATIVE ANALYSIS OF THE PRODUCTIVITY OF  

MODERN SOFTWARE SWITCHES 

 

In recent years, Network Function Virtualization (NFV) has become increasingly popular 

as a way to replace proprietary hardware appliances with Virtual Network Functions (VNFs) 

implemented in software. To effectively route traffic between VNFs and physical Network 

Interface Cards (NICs), it is essential to compare the performance of different software switch 

designs and architectures. This paper proposes a comprehensive methodology for this 

comparison, exploring the design spaces of four state-of-the-art software switches and evaluating 

their performance under four representative test scenarios.  

 

ɿʚʠʯʘʡʥʠʡ ʢʦʤʫʪʘʪʦʨ ð ʮʝ ʧʨʠʩʪʨʽʡ, ʷʢʠʡ ʜʦʟʚʦʣʷʻ ʟ'ʻʜʥʫʚʘʪʠ 

ʤʝʨʝʞʝʚʽ ʧʨʠʩʪʨʦʾ ʽ ʚʽʜʧʨʘʚʣʷʪʠ ʤʝʨʝʞʝʚʠʡ ʪʨʘʬʽʢ ʥʘ ʧʦʪʨʽʙʥʽ ʧʦʨʪʠ. 

ʇʨʦʛʨʘʤʥʽ ʢʦʤʫʪʘʪʦʨʠ ʙʫʜʫʶʪʴʩʷ ʥʘ ʙʘʟʽ ʧʨʦʛʨʘʤʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ, ʷʢʝ 

ʜʦʟʚʦʣʷʻ ʧʝʨʝʪʚʦʨʠʪʠ ʟʚʠʯʘʡʥʠʡ ʩʝʨʚʝʨ ʚ ʢʦʤʫʪʘʪʦʨ. ɺʦʥʠ ʧʨʘʮʶʶʪʴ ʥʘ 

ʦʩʥʦʚʽ ʚʽʜʢʨʠʪʠʭ ʧʨʦʪʦʢʦʣʽʚ ʤʝʨʝʞʽ, ʱʦ ʜʦʟʚʦʣʷʻ ʾʤ ʧʨʘʮʶʚʘʪʠ ʟ 

ʨʽʟʥʦʤʘʥʽʪʥʠʤ ʦʙʣʘʜʥʘʥʥʷʤ ʪʘ ʧʨʦʛʨʘʤʥʠʤ ʟʘʙʝʟʧʝʯʝʥʥʷʤ. ʇʨʦʛʨʘʤʥʠʡ 

ʢʦʤʫʪʘʪʦʨ ʤʘʻ ʩʧʝʮʽʘʣʴʥʽ ʜʨʘʡʚʝʨʠ, ʷʢʽ ʜʦʟʚʦʣʷʶʪʴ ʡʦʤʫ ʧʨʘʮʶʚʘʪʠ ʟ 

ʬʽʟʠʯʥʠʤʠ ʤʝʨʝʞʝʚʠʤʠ ʽʥʪʝʨʬʝʡʩʘʤʠ, ʘ ʪʘʢʦʞ ʧʨʦʛʨʘʤʥʝ ʟʘʙʝʟʧʝʯʝʥʥʷ, ʱʦ 

ʟʘʙʝʟʧʝʯʫʻ ʦʙʨʦʙʢʫ ʪʨʘʬʽʢʫ ʪʘ ʧʝʨʝʜʘʯʫ ʡʦʛʦ ʧʦ ʤʝʨʝʞʽ. ɺʩʽ ʮʽ ʝʣʝʤʝʥʪʠ 

ʜʦʟʚʦʣʷʶʪʴ ʧʨʦʛʨʘʤʥʦʤʫ ʢʦʤʫʪʘʪʦʨʫ ʧʨʘʮʶʚʘʪʠ ʷʢ ʟʚʠʯʘʡʥʠʡ ʢʦʤʫʪʘʪʦʨ, ʘʣʝ 

ʟ ʜʦʜʘʪʢʦʚʠʤʠ ʤʦʞʣʠʚʦʩʪʷʤʠ ʢʦʥʬʽʛʫʨʘʮʽʾ ʪʘ ʤʦʥʽʪʦʨʠʥʛʫ ʨʦʙʦʪʠ ʤʝʨʝʞʽ [1]. 

ʈʦʟʛʣʷʥʝʤʦ ʪʘ ʧʦʨʽʚʥʷʻʤʦ ʯʦʪʠʨʠ ʧʨʦʛʨʘʤʥʠʭ ʢʦʤʫʪʘʪʦʨʘ: FastClick, 

OVS-DPDK, Snabb ʪʘ VPP. ʇʦʨʽʚʥʶʚʘʣʠʩʷ ʩʘʤʝ ʮʽ ʢʦʤʫʪʘʪʦʨʠ, ʦʩʢʽʣʴʢʠ ʚʦʥʠ 

ʻ ʧʨʝʜʩʪʘʚʥʠʢʘʤʠ ʨʽʟʥʠʭ ʧʽʜʭʦʜʽʚ ʜʦ ʧʨʦʝʢʪʫʚʘʥʥʷ ʚʽʨʪʫʘʣʴʥʠʭ ʢʦʤʫʪʘʪʦʨʽʚ, 

ʷʢʽ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʚ ʦʙʣʘʩʪʽ ʚʽʨʪʫʘʣʽʟʘʮʽʾ ʤʝʨʝʞʽ. ʎʽ ʢʦʤʫʪʘʪʦʨʠ ʻ 

ʧʦʧʫʣʷʨʥʠʤʠ ʪʘ ʰʠʨʦʢʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʫ ʚʽʨʪʫʘʣʽʟʦʚʘʥʠʭ ʩʝʨʝʜʦʚʠʱʘʭ [2].  

ʂʨʽʤ ʪʦʛʦ, ʢʦʞʝʥ ʟ ʮʠʭ ʢʦʤʫʪʘʪʦʨʽʚ ʤʘʻ ʩʚʦʾ ʦʩʦʙʣʠʚʦʩʪʽ ʪʘ ʧʝʨʝʚʘʛʠ ʚ 

ʧʝʚʥʠʭ ʩʮʝʥʘʨʽʷʭ ʚʠʢʦʨʠʩʪʘʥʥʷ. ʇʦʨʽʚʥʷʥʥʷ ʮʠʭ ʢʦʤʫʪʘʪʦʨʽʚ ʜʦʟʚʦʣʷʻ 

ʟʨʦʟʫʤʽʪʠ, ʷʢʽ ʧʽʜʭʦʜʠ ʜʦ ʧʨʦʝʢʪʫʚʘʥʥʷ ʚʽʨʪʫʘʣʴʥʠʭ ʢʦʤʫʪʘʪʦʨʽʚ ʻ ʙʽʣʴʰ 

ʝʬʝʢʪʠʚʥʠʤʠ ʚ ʨʽʟʥʠʭ ʩʮʝʥʘʨʽʷʭ ʚʠʢʦʨʠʩʪʘʥʥʷ ʪʘ ʜʦʟʚʦʣʷʻ ʟʥʘʡʪʠ ʥʘʡʙʽʣʴʰ 

ʧʽʜʭʦʜʷʱʠʡ ʢʦʤʫʪʘʪʦʨ ʜʣʷ ʢʦʥʢʨʝʪʥʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ. ʈʦʟʛʣʷʥʝʤʦ ʾʭ 

ʦʩʦʙʣʠʚʦʩʪʽ ʜʝʪʘʣʴʥʽʰʝ: 

FastClick - ʮʝ ʧʨʦʛʨʘʤʥʠʡ ʢʦʤʫʪʘʪʦʨ, ʷʢʠʡ ʜʦʟʚʦʣʷʻ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ 

ʤʦʚʫ ʧʨʦʛʨʘʤʫʚʘʥʥʷ C++ ʜʣʷ ʩʪʚʦʨʝʥʥʷ ʧʨʘʚʠʣ ʦʙʨʦʙʢʠ ʤʝʨʝʞʝʚʦʛʦ ʪʨʘʬʽʢʫ 

ʷʢʠʡ ʧʨʘʮʶʻ ʥʘ ʨʽʚʥʽ ʷʜʨʘ ʦʧʝʨʘʮʽʡʥʦʾ ʩʠʩʪʝʤʠ ʪʘ ʥʘʜʘʻ ʤʦʞʣʠʚʽʩʪʴ 

ʧʨʦʛʨʘʤʫʚʘʪʠ ʤʘʨʰʨʫʪʠʟʘʮʽʶ, ʬʽʣʴʪʨʘʮʽʶ ʪʘ ʦʙʨʦʙʢʫ ʧʘʢʝʪʽʚ ʟʘ ʜʦʧʦʤʦʛʦʶ 
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ʩʧʝʮʽʘʣʴʥʦʾ ʤʦʚʠ ʧʨʦʛʨʘʤʫʚʘʥʥʷ. ʆʩʥʦʚʥʘ ʧʝʨʝʚʘʛʘ FastClick ʧʦʣʷʛʘʻ ʚ ʡʦʛʦ 

ʛʥʫʯʢʦʩʪʽ ʪʘ ʧʨʦʛʨʘʤʦʚʘʥʦʩʪʽ. ʈʦʟʨʦʙʣʝʥʠʡ ʷʢ ʧʨʦʝʢʪ ʄʘʩʩʘʯʫʩʝʪʩʴʢʦʛʦ 

ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʽʥʩʪʠʪʫʪʫ ʷʢʠʡ ʤʘʻ ʥʘʟʚʫ Click Modular Router Project ʙʫʚ 

ʩʧʦʯʘʪʢʫ ʨʦʟʨʦʙʣʝʥʠʡ ʜʣʷ ʧʦʙʫʜʦʚʠ ʩʧʝʮʽʘʣʽʟʦʚʘʥʠʭ ʤʘʨʰʨʫʪʠʟʘʪʦʨʽʚ ʪʘ 

ʢʦʤʫʪʘʪʦʨʽʚ, ʘʣʝ ʚ ʧʦʜʘʣʴʰʦʤʫ ʙʫʚ ʘʜʘʧʪʦʚʘʥʠʡ ʜʣʷ ʚʠʢʦʨʠʩʪʘʥʥʷ ʚ ʭʤʘʨʥʠʭ 

ʩʝʨʝʜʦʚʠʱʘʭ [3]. 

OVS-DPDK - ʮʝ ʧʨʦʛʨʘʤʥʠʡ ʢʦʤʫʪʘʪʦʨ ʥʘ ʙʘʟʽ Open vSwitch, ʷʢʠʡ 

ʚʠʢʦʨʠʩʪʦʚʫʻ Data Plane Development Kit (DPDK) ʜʣʷ ʧʨʠʩʢʦʨʝʥʥʷ ʦʙʨʦʙʢʠ 

ʤʝʨʝʞʝʚʦʛʦ ʪʨʘʬʽʢʫ. OVS-DPDK ʚʠʢʦʨʠʩʪʦʚʫʻ ʨʦʟʧʦʜʽʣʝʥʫ ʘʨʭʽʪʝʢʪʫʨʫ, ʷʢʘ 

ʜʦʟʚʦʣʷʻ ʚʠʢʦʥʫʚʘʪʠ ʬʫʥʢʮʽʾ ʢʦʤʫʪʘʪʦʨʘ ʥʘ ʨʽʚʥʽ ʜʦʜʘʪʢʫ, ʱʦ ʜʦʟʚʦʣʷʻ 

ʟʘʙʝʟʧʝʯʫʚʘʪʠ ʚʠʩʦʢʫ ʧʨʦʧʫʩʢʥʫ ʟʜʘʪʥʽʩʪʴ ʪʘ ʥʠʟʴʢʫ ʟʘʪʨʠʤʢʫ. ʈʦʟʨʦʙʣʝʥʠʡ 

VMware ʪʘ Linux Foundation ʩʧʝʮʽʘʣʴʥʦ ʜʣʷ ʚʠʢʦʨʠʩʪʘʥʥʷ ʫ ʚʽʨʪʫʘʣʽʟʦʚʘʥʠʭ 

ʩʝʨʝʜʦʚʠʱʘ ʽ ʤʘʻ ʚʠʩʦʢʫ ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ ʟʘʚʜʷʢʠ ʚʠʢʦʨʠʩʪʘʥʥʶ ʪʝʭʥʦʣʦʛʽʾ 

Data Plane Development Kit (DPDK) [4]. 

 
ʈʠʩ.1 ʂʦʤʤʫʪʘʪʦʨ OVS-DPDK. 

 

Snabb - ʮʝ ʧʨʦʛʨʘʤʥʠʡ ʢʦʤʫʪʘʪʦʨ, ʷʢʠʡ ʙʫʚ ʨʦʟʨʦʙʣʝʥʠʡ ʩʧʝʮʽʘʣʴʥʦ 

ʜʣʷ ʚʠʢʦʨʠʩʪʘʥʥʷ ʚ ʚʠʤʦʛʣʠʚʠʭ ʟʘʩʪʦʩʫʥʢʘʭ ʤʝʨʝʞʝʚʦʾ ʚʽʨʪʫʘʣʽʟʘʮʽʾ. Snabb 

ʧʨʦʧʦʥʫʻ ʚʽʜʢʨʠʪʫ ʘʨʭʽʪʝʢʪʫʨʫ ʜʣʷ ʨʦʟʨʦʙʢʠ ʜʦʜʘʪʢʽʚ ʪʘ ʤʦʞʣʠʚʽʩʪʴ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʤʦʚ ʧʨʦʛʨʘʤʫʚʘʥʥʷ, ʪʘʢʠʭ ʷʢ ʉ ʪʘ Lua. ʋ ʧʦʨʽʚʥʷʥʥʽ ʟ ʽʥʰʠʤʠ 

ʢʦʤʫʪʘʪʦʨʘʤʠ ʫ ʮʴʦʤʫ ʜʦʩʣʽʜʞʝʥʥʽ, Snabb ʤʘʻ ʥʘʡʥʠʞʯʫ ʟʘʪʨʠʤʢʫ, ʱʦ 

ʨʦʙʠʪʴ ʡʦʛʦ ʚʽʜʤʽʥʠʤ ʚʠʙʦʨʦʤ ʜʣʷ ʟʘʩʪʦʩʫʚʘʥʴ ʟ ʚʠʤʦʛʘʤʠ ʜʦ ʥʠʟʴʢʦʾ 

ʟʘʪʨʠʤʢʠ. ʆʜʥʘʢ, Snabb ʤʘʻ ʤʝʥʰʫ ʧʨʦʧʫʩʢʥʫ ʟʜʘʪʥʽʩʪʴ ʧʦʨʽʚʥʷʥʦ ʟ OVS-

DPDK. ʈʦʟʨʦʙʣʝʥʘ ʜʦʙʨʦʚʦʣʴʮʷʤʠ ʽʟ Snabb Community ʚʽʥ ʙʫʚ ʨʦʟʨʦʙʣʝʥʠʡ ʟ 

ʤʝʪʦʶ ʟʘʙʝʟʧʝʯʝʥʥʷ ʚʠʩʦʢʦʧʨʦʜʫʢʪʠʚʥʦʛʦ ʤʝʨʝʞʝʚʦʛʦ ʟôʻʜʥʘʥʥʷ ʚʽʨʪʫʘʣʴʥʠʭ 

ʤʘʰʠʥ, ʘʣʝ ʤʦʞʝ ʙʫʪʠ ʟʘʩʪʦʩʦʚʘʥʝ ʜʣʷ ʨʝʘʣʽʟʘʮʽʾ ʨʽʟʥʠʭ ʤʝʨʝʞʝʚʠʭ ʬʫʥʢʮʽʡ 

[5, 7]. 

VPP - ʚʠʢʦʨʠʩʪʦʚʫʻ ʚʽʜʢʨʠʪʫ ʘʨʭʽʪʝʢʪʫʨʫ ʪʘ ʧʨʦʧʦʥʫʻ ʤʦʞʣʠʚʦʩʪʽ ʜʣʷ 

ʥʘʣʘʰʪʫʚʘʥʥʷ ʪʘ ʦʧʪʠʤʽʟʘʮʽʾ ʦʙʨʦʙʢʠ ʤʝʨʝʞʝʚʦʛʦ ʪʨʘʬʽʢʫ. VPP ʤʘʻ ʜʫʞʝ 

ʚʠʩʦʢʫ ʧʨʦʧʫʩʢʥʫ ʟʜʘʪʥʽʩʪʴ ʪʘ ʥʠʟʴʢʫ ʟʘʪʨʠʤʢʫ. ʆʜʥʘʢ, ʚ ʧʦʨʽʚʥʷʥʥʽ ʟ 

ʽʥʰʠʤʠ ʢʦʤʫʪʘʪʦʨʘʤʠ ʫ ʮʴʦʤʫ ʜʦʩʣʽʜʞʝʥʥʽ, VPP ʚʠʤʘʛʘʻ ʙʽʣʴʰʝ ʨʝʩʫʨʩʽʚ ʜʣʷ 

ʦʙʨʦʙʢʠ ʤʝʨʝʞʝʚʦʛʦ ʪʨʘʬʽʢʫ. ʈʦʟʨʦʙʣʝʥʠʡ ʢʦʤʧʘʥʽʻʶ Linux foundation 
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backed ʥʘ ʦʩʥʦʚʽ ʪʝʭʥʦʣʦʛʽʾ Vector Packet Processing. ʑʦʙ ʟʘʙʝʟʧʝʯʠʪʴ 

ʤʘʩʰʪʘʙʦʚʘʥʽʩʪʴ ʤʝʨʝʞ, VPP ʟʯʠʪʫʻ ʥʘʡʙʽʣʴʰʠʡ ʜʦʩʪʫʧʥʠʡ ʩʝʢʪʦʨ ʧʘʢʝʪʽʚ ʥʘ 

ʨʽʚʥʽ ʤʝʨʝʞʝʚʦʛʦ ʚʚʦʜʫ-ʚʠʚʦʜʫ. ɿʘʤʽʩʪʴ ʪʦʛʦ, ʱʦʙ ʦʙʨʦʙʣʷʪʠ ʢʦʞʝʥ ʧʘʢʝʪ 

ʦʢʨʝʤʦ ʧʦ ʚʩʴʦʤʫ ʛʨʘʬʫ ʟ ʢʽʣʴʢʦʤʘ ʚʫʟʣʘʤʠ, VPP ʚʠʙʠʨʘʻ ʚʝʩʴ ʚʝʢʪʦʨ ʧʘʢʝʪʽʚ 

ʽ ʧʨʦʰʪʦʚʭʫʻ ʾʭ ʯʝʨʝʟ ʚʫʟʦʣ ʛʨʘʬʫ, ʧʝʨʰ ʥʽʞ ʧʝʨʝʡʪʠ ʜʦ ʥʘʩʪʫʧʥʦʛʦ ʚʫʟʣʘ. 

ʇʦʪʽʤ ʢʝʰ ʽʥʩʪʨʫʢʮʽʡ ʘʜʘʧʪʫʻʪʴʩʷ ʜʦ ʧʨʦʮʝʩʫ, ʘ ʧʘʢʝʪʠ, ʱʦ ʟʘʣʠʰʠʣʠʩʷ, 

ʦʙʨʦʙʣʷʶʪʴʩʷ ʱʝ ʰʚʠʜʰʝ ʟʘʚʜʷʢʠ ʨʘʥʽʰʝ ʚʠʚʯʝʥʠʤ ʽʥʩʪʨʫʢʮʽʷʤ ʟ ʧʝʨʰʦʛʦ 

ʚʝʢʪʦʨʥʦʛʦ ʧʘʢʝʪʘ. 

ʂʦʞʝʥ ʟ ʧʨʦʛʨʘʤʥʠʭ ʢʦʤʫʪʘʪʦʨʽʚ ʤʘʻ ʩʚʦʾ ʧʝʨʝʚʘʛʠ ʪʘ ʥʝʜʦʣʽʢʠ ʚ 

ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʢʦʥʢʨʝʪʥʦʛʦ ʟʘʩʪʦʩʫʚʘʥʥʷ. ʅʘʧʨʠʢʣʘʜ, ʷʢʱʦ ʚʘʞʣʠʚʦ 

ʜʦʩʷʛʥʫʪʠ ʤʘʢʩʠʤʘʣʴʥʦʾ ʧʨʦʧʫʩʢʥʦʾ ʟʜʘʪʥʦʩʪʽ ʪʘ ʤʽʥʽʤʘʣʴʥʦʾ ʟʘʪʨʠʤʢʠ, ʪʦ 

ʚʘʨʪʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ OVS-DPDK ʘʙʦ VPP [6, 8]. ʗʢʱʦ ʞ ʥʝʦʙʭʽʜʥʘ ʙʽʣʴʰ 

ʛʥʫʯʢʘ ʢʦʥʬʽʛʫʨʘʮʽʷ ʪʘ ʥʘʣʘʰʪʫʚʘʥʥʷ, ʪʦ ʤʦʞʥʘ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ Click ʘʙʦ 

Snabb. ʂʨʽʤ ʪʦʛʦ, ʚʠʙʽʨ ʧʨʦʛʨʘʤʥʦʛʦ ʢʦʤʫʪʘʪʦʨʘ ʤʦʞʝ ʟʘʣʝʞʘʪʠ ʚʽʜ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʦʙʯʠʩʣʶʚʘʣʴʥʠʭ ʨʝʩʫʨʩʽʚ ʪʘ ʤʝʨʝʞʝʚʦʛʦ ʦʙʣʘʜʥʘʥʥʷ, ʱʦ 

ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ. 

ʂʦʞʝʥ ʢʦʤʫʪʘʪʦʨ, ʱʦ ʨʝʘʣʽʟʦʚʘʥʠʡ ʚ ʧʨʦʛʨʘʤʥʦʤʫ ʟʘʙʝʟʧʝʯʝʥʥʽ, ʘʙʦ 

ʧʨʠʩʪʨʽʡ ʜʣʷ ʪʝʩʪʫʚʘʥʥʷ (DUT), ʦʮʽʥʶʻʪʴʩʷ ʟʘ 2 ʨʽʟʥʠʤʠ ʪʝʩʪʦʚʠʤʠ 

ʩʮʝʥʘʨʽʷʤʠ: ʬʽʟʠʯʥʠʡ NIC ʜʦ ʬʽʟʠʯʥʦʛʦ NIC (p2p), VNF ʜʦ VNF (v2v) ʷʢ 

ʽʣʶʩʪʨʦʚʘʥʦ ʥʘ ʨʠʩ. 2. ʇʦʪʦʢʠ ʜʘʥʠʭ 2 ʩʮʝʥʘʨʽʾʚ ʧʦʷʩʥʶʶʪʴʩʷ ʥʘʩʪʫʧʥʠʤ 

ʯʠʥʦʤ: 

(p2p) ʬʽʟʠʯʥʠʡ ʜʦ ʬʽʟʠʯʥʦʛʦ: ʫ ʮʴʦʤʫ ʩʮʝʥʘʨʽʾ ʧʘʢʝʪʠ ʥʘʜʭʦʜʷʪʴ ʯʝʨʝʟ 

ʬʽʟʠʯʥʠʡ NIC, ʦʪʨʠʤʫʻ ʧʨʠʩʪʨʽʡ ʜʣʷ ʪʝʩʪʫʚʘʥʥʷ ʪʘ ʧʝʨʝʩʠʣʘʶʪʴʩʷ ʯʝʨʝʟ 

ʽʥʰʠʡ NIC. ɺʠʤʽʨʶʚʘʥʥʷ ʧʨʦʚʦʜʷʪʴʩʷ ʥʘ ʜʞʝʨʝʣʽ ʪʘ ʧʨʠʡʤʘʯʽ ʧʦʪʦʢʫ 

ʧʘʢʝʪʽʚ, ʧʦʟʘ ʧʨʠʩʪʨʦʻʤ ʜʣʷ ʪʝʩʪʫʚʘʥʥʷ. ʎʝ ʥʘʡʧʨʦʩʪʽʰʠʡ ʪʝʩʪʦʚʠʡ ʩʮʝʥʘʨʽʡ 

ʙʝʟ VNF, ʱʦ ʧʨʘʮʶʶʪʴ ʫ ʚʽʨʪʫʘʣʴʥʦʤʫ ʩʝʨʝʜʦʚʠʱʽ, ʽ ʥʘʜʘʻ ʙʘʟʦʚʽ ʨʝʟʫʣʴʪʘʪʠ 

ʜʣʷ ʚʩʽʭ ʧʨʦʛʨʘʤʥʠʭ ʢʦʤʫʪʘʪʦʨʽʚ. 

 (v2v) virtual-to-virtual: ʋ ʚʠʧʘʜʢʫ v2v ʧʘʢʝʪʠ ʛʝʥʝʨʫʶʪʴʩʷ ʜʞʝʨʝʣʦʤ 

VNF ʪʘ ʚʚʦʜʷʪʴʩʷ ʚ ʧʨʠʩʪʨʽʡ ʜʣʷ ʪʝʩʪʫʚʘʥʥʷ. ʇʦʪʽʤ ʚʽʥ ʧʝʨʝʩʠʣʘʻ ʧʘʢʝʪʠ ʫ 

ʧʨʠʡʤʘʯ VNF ʜʣʷ ʚʠʤʽʨʶʚʘʥʥʷ. ʎʝʡ ʩʮʝʥʘʨʽʡ ʜʝʤʦʥʩʪʨʫʻ ʝʬʝʢʪʠʚʥʽʩʪʴ 

ʧʨʠʩʪʨʦʾʚ ʱʦʜʦ ʧʝʨʝʩʠʣʘʥʥʷ ʪʨʘʬʽʢʫ ʤʽʞ VNF. 

 

ʈʠʩ.2: ʈʝʟʫʣʴʪʘʪʠ ʪʝʩʪʽʚ 

ʧʨʦʧʫʩʢʥʦʾ ʟʜʘʪʥʦʩʪʽ ʜʣʷ 

ʚʩʽʭ ʩʮʝʥʘʨʽʾʚ.  

 

 

ɺʽʨʪʫʘʣʴʥʘ ʤʘʰʠʥʘ 

ʜʦʟʚʦʣʷʻ ʤʘʢʩʠʤʫʤ 

ʥʘʜʩʠʣʘʪʠ 14,9 ʤʣʥ 

ʧʘʢʝʪʽʚ ʥʘ ʩʝʢʫʥʜʫ ʜʣʷ 

ʧʘʢʝʪʽʚ ʨʦʟʤʽʨʦʤ 64 ɹ. 
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ʈʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʥʷ. ʅʘ ʨʠʩ. 2 ʧʦʢʘʟʘʥʘ ʦʜʥʦʩʪʦʨʦʥʥʷ ʧʨʦʧʫʩʢʥʘ 

ʟʜʘʪʥʽʩʪʴ ʨʦʟʛʣʷʥʫʪʠʭ ʧʨʦʛʨʘʤʥʠʭ ʢʦʤʫʪʘʪʦʨʽʚ ʫ ʩʮʝʥʘʨʽʷʭ, ʦʧʠʩʘʥʠʭ ʚʠʱʝ. 

ʗʢ ʤʠ ʤʦʞʝʤʦ ʧʦʙʘʯʠʪʠ, ʞʦʜʝʥ ʧʨʦʛʨʘʤʥʠʡ ʢʦʤʫʪʘʪʦʨ ʥʝ ʧʝʨʝʚʘʞʘʻ ʚ 

ʨʦʟʛʣʷʥʫʪʠʭ ʩʮʝʥʘʨʽʷʭ. ʅʘʧʨʠʢʣʘʜ Snabb ʚʠʷʚʣʷʻʪʴʩʷ ʢʨʘʱʠʤ ʫ ʩʮʝʥʘʨʽʾ v2v, 

ʦʩʢʽʣʴʢʠ ʡʦʛʦ ʨʝʘʣʽʟʘʮʽʷ vhost-user ʻ ʙʽʣʴʰ ʝʬʝʢʪʠʚʥʦʶ ʜʣʷ ʜʦʩʪʘʚʢʠ ʧʘʢʝʪʽʚ 

ʤʽʞ ʚʽʨʪʫʘʣʴʥʠʤʠ ʤʘʰʠʥʘʤʠ. 

ʅʘ ʦʩʥʦʚʽ ʨʝʟʫʣʴʪʘʪʽʚ ʜʦʩʣʽʜʞʝʥʥʷ ʤʦʞʥʘ ʟʨʦʙʠʪʠ ʚʠʩʥʦʚʦʢ, ʱʦ Snabb 

ʤʘʻ ʥʘʡʢʨʘʱʫ ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ ʩʝʨʝʜ ʫʩʽʭ ʧʨʦʛʨʘʤʥʠʭ ʢʦʤʫʪʘʪʦʨʽʚ ʜʣʷ 

ʚʽʨʪʫʘʣʽʟʘʮʽʾ ʬʫʥʢʮʽʡ ʤʝʨʝʞʽ. ʇʨʦʪʝ, ʚʨʘʭʦʚʫʶʯʠ ʚʘʞʣʠʚʽʩʪʴ ʟʘʪʨʠʤʢʠ ʜʣʷ 

ʜʝʷʢʠʭ ʜʦʜʘʪʢʽʚ, OVS-DPDK ʤʦʞʝ ʙʫʪʠ ʢʨʘʱʠʤ ʚʠʙʦʨʦʤ ʚʠʧʘʜʢʫ ʢʦʣʠ 

ʙʫʜʫʪʴ ʨʦʟʛʣʷʜʘʪʠʩʷ ʤʝʨʝʞʽ ʽʟ ʬʽʟʠʯʥʠʤʠ ʪʘ ʚʽʨʪʫʘʣʽʟʦʚʘʥʠʤʠ ʬʫʥʢʮʽʷʤʠ 

ʤʝʨʝʞʽ. ʂʨʽʤ ʪʦʛʦ, ʚʘʞʣʠʚʦ ʚʨʘʭʦʚʫʚʘʪʠ ʨʦʟʤʽʨ ʙʫʬʝʨʽʚ ʜʣʷ ʦʧʪʠʤʘʣʴʥʦʾ 

ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ. 

ʈʽʟʥʽ ʧʽʜʭʦʜʠ ʜʦ ʧʨʦʝʢʪʫʚʘʥʥʷ ʚʽʨʪʫʘʣʴʥʠʭ ʢʦʤʫʪʘʪʦʨʽʚ ʜʦʟʚʦʣʷʶʪʴ 

ʚʠʨʽʰʫʚʘʪʠ ʨʽʟʥʽ ʟʘʚʜʘʥʥʷ ʚ ʦʙʣʘʩʪʽ ʚʽʨʪʫʘʣʽʟʘʮʽʾ ʤʝʨʝʞʽ. ʅʘʧʨʠʢʣʘʜ, 

FastClick ʤʦʞʝ ʙʫʪʠ ʢʦʨʠʩʥʠʤ ʜʣʷ ʥʘʣʘʛʦʜʞʝʥʥʷ ʪʝʩʪʦʚʠʭ ʩʝʨʝʜʦʚʠʱ, ʪʦʜʽ ʷʢ 

OVS-DPDK ʤʦʞʝ ʟʘʙʝʟʧʝʯʠʪʠ ʚʠʩʦʢʫ ʧʨʦʧʫʩʢʥʫ ʟʜʘʪʥʽʩʪʴ ʜʣʷ ʦʙʨʦʙʢʠ 

ʚʝʣʠʢʦʾ ʢʽʣʴʢʦʩʪʽ ʪʨʘʬʽʢʫ. Snabb ʤʦʞʝ ʙʫʪʠ ʢʦʨʠʩʥʠʤ ʜʣʷ ʚʠʢʦʨʠʩʪʘʥʥʷ ʚ 

ʪʝʣʝʢʦʤʫʥʽʢʘʮʽʡʥʠʭ ʤʝʨʝʞʘʭ, ʪʦʜʽ ʷʢ VPP ʤʦʞʝ ʙʫʪʠ ʢʦʨʠʩʥʠʤ ʜʣʷ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʚ ʭʤʘʨʥʠʭ ʩʝʨʝʜʦʚʠʱʘʭ ʪʘ ʤʝʨʝʞʘʭ ʽʥʪʝʨʥʝʪʫ ʨʝʯʝʡ. 
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ADVANTAGES OF THE SOFTWARE COMPLEX WITH SIDE -EFFECT 

ARCHITECTURAL PATTERN BASED ON ISTIO  

 

This article examines the software complex for managing the network of services, its 

advantages and disadvantages. The side-effect architectural complex used in ISTIO to separate 

functions is described. 

ʋ ʨʦʙʦʪʽ ʨʦʟʛʣʷʥʫʪʦ ʧʨʦʛʨʘʤʥʠʡ ʢʦʤʧʣʝʢʩ ʜʣʷ ʫʧʨʘʚʣʽʥʥʷ ʤʝʨʝʞʝʶ ʩʝʨʚʽʩʽʚ, ʡʦʛʦ 

ʧʝʨʝʚʘʛʠ ʽ ʥʝʜʦʣʽʢʠ. ʆʧʠʩʘʥʦ ʘʨʭʽʪʝʢʪʫʨʥʠʡ ʢʦʤʧʣʝʢʩ side-effect, ʷʢʠʡ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʚ 

ISTIO ʜʣʷ ʨʦʟʜʽʣʝʥʥʷ ʬʫʥʢʮʽʡ.  

 

ISTIO - ʮʝ ʚʽʜʢʨʠʪʠʡ ʧʨʦʛʨʘʤʥʠʡ ʢʦʤʧʣʝʢʩ ʜʣʷ ʫʧʨʘʚʣʽʥʥʷ ʤʝʨʝʞʝʶ 

ʩʝʨʚʽʩʽʚ, ʷʢʠʡ ʜʦʟʚʦʣʷʻ ʢʝʨʫʚʘʪʠ ʪʨʘʬʽʢʦʤ, ʟʘʙʝʟʧʝʯʫʚʘʪʠ ʙʝʟʧʝʢʫ ʪʘ 

ʚʽʜʩʪʝʞʫʚʘʪʠ ʤʝʪʨʠʢʠ ʚ ʩʝʨʝʜʦʚʠʱʘʭ ʤʽʢʨʦʩʝʨʚʽʩʥʦʾ ʘʨʭʽʪʝʢʪʫʨʠ. ISTIO 

ʟʘʙʝʟʧʝʯʫʻ ʟʨʫʯʥʠʡ ʪʘ ʧʨʦʩʪʠʡ ʩʧʦʩʽʙ ʥʘʣʘʰʪʫʚʘʥʥʷ, ʤʦʥʽʪʦʨʠʥʛʫ ʪʘ 

ʫʧʨʘʚʣʽʥʥʷ ʚʟʘʻʤʦʜʽʾ ʤʽʞ ʩʝʨʚʽʩʘʤʠ. 

ʆʜʥʠʤ ʽʟ ʢʣʶʯʦʚʠʭ ʘʨʭʽʪʝʢʪʫʨʥʠʭ ʧʘʪʪʝʨʥʽʚ, ʷʢʽ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʚ 

ISTIO, ʻ side-effect ʧʘʪʪʝʨʥ. ɺʽʥ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʜʣʷ ʨʦʟʜʽʣʝʥʥʷ ʬʫʥʢʮʽʡ ʥʘ 

ʜʚ̔ ʢʘʪʝʛʦʨʽʾ: ʪʽ, ʱʦ ʟʘʣʝʞʘʪʴ ʚʽʜ ʟʦʚʥʽʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ, ʪʘ ʪʽ, ʱʦ ʥʝ 

ʟʘʣʝʞʘʪʴ ʚʽʜ ʥʴʦʛʦ. ʌʫʥʢʮʽʾ, ʷʢʽ ʟʘʣʝʞʘʪʴ ʚʽʜ ʟʦʚʥʽʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ, 

ʧʦʚʠʥʥʽ ʙʫʪʠ ʟʘʙʝʟʧʝʯʝʥʽ ʜʦʜʘʪʢʦʚʠʤʠ ʟʘʭʦʜʘʤʠ ʙʝʟʧʝʢʠ ʪʘ ʥʘʜʽʡʥʦʩʪʽ, ʪʘʢ ʷʢ 

ʚʦʥʠ ʤʦʞʫʪʴ ʧʽʜʜʘʚʘʪʠʩʷ ʨʽʟʥʦʤʘʥʽʪʥʠʤ ʚʧʣʠʚʘʤ ʟʦʚʥʽʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ. 

Side-effect ʧʘʪʪʝʨʥ ʜʦʟʚʦʣʷʻ ʨʦʟʜʽʣʷʪʠ ʬʫʥʢʮʽʾ ʥʘ ʜʚʽ ʛʨʫʧʠ ʪʘ 

ʟʘʙʝʟʧʝʯʫʚʘʪʠ ʾʭ ʥʝʟʘʣʝʞʥʽʩʪʴ ʚʽʜ ʟʦʚʥʽʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ. ʎʝ ʜʦʟʚʦʣʷʻ 

ʟʤʝʥʰʠʪʠ ʟʘʣʝʞʥʽʩʪʴ ʤʽʞ ʩʝʨʚʽʩʘʤʠ ʪʘ ʟʘʙʝʟʧʝʯʫʚʘʪʠ ʙʝʟʧʝʢʫ ʪʘ ʥʘʜʽʡʥʽʩʪʴ 

ʩʠʩʪʝʤʠ. ʂʨʽʤ ʪʦʛʦ, side-effect ʧʘʪʪʝʨʥʠ ʜʦʟʚʦʣʷʻ ʟʘʙʝʟʧʝʯʫʚʘʪʠ 

ʤʘʩʰʪʘʙʦʚʘʥʽʩʪʴ ʪʘ ʝʬʝʢʪʠʚʥʽʩʪʴ ʩʠʩʪʝʤʠ. ʌʫʥʢʮʽʾ, ʷʢʽ ʥʝ ʟʘʣʝʞʘʪʴ ʚʽʜ 

ʟʦʚʥʽʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ, ʤʦʞʫʪʴ ʙʫʪʠ ʢʝʰʦʚʘʥʽ ʘʙʦ ʨʦʟʧʦʜʽʣʝʥʽ ʤʽʞ 

ʜʝʢʽʣʴʢʦʤʘ ʚʫʟʣʘʤʠ ʩʠʩʪʝʤʠ, ʱʦ ʜʦʟʚʦʣʷʻ ʟʙʽʣʴʰʠʪʠ ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ ʪʘ 

ʟʤʝʥʰʠʪʠ ʥʘʚʘʥʪʘʞʝʥʥʷ ʥʘ ʦʢʨʝʤʽ ʚʫʟʣʠ. 

ISTIO ʪʘʢʦʞ ʟʘʙʝʟʧʝʯʫʻ ʙʝʟʧʝʢʫ ʤʽʢʨʦʩʝʨʚʽʩʥʦʾ ʘʨʭʽʪʝʢʪʫʨʠ ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʪʘʢʠʭ ʤʝʭʘʥʽʟʤʽʚ, ʷʢ ʘʚʪʝʥʪʠʬʽʢʘʮʽʷ, ʘʚʪʦʨʠʟʘʮʽʷ ʪʘ ʰʠʬʨʫʚʘʥʥʷ 

ʪʨʘʬʽʢʫ. ISTIO ʤʦʞʝ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʨʽʟʥʽ ʤʝʪʦʜʠ ʘʚʪʝʥʪʠʬʽʢʘʮʽʾ, ʪʘʢʽ ʷʢ 

JWT ʘʙʦ X.509 ʩʝʨʪʠʬʽʢʘʪʠ, ʱʦʙ ʟʘʙʝʟʧʝʯʠʪʠ ʙʝʟʧʝʢʫ ʤʽʞ ʩʝʨʚʽʩʘʤʠ. ʂʨʽʤ 

ʪʦʛʦ, ISTIO ʤʦʞʝ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʧʦʣʽʪʠʢʫ ʘʚʪʦʨʠʟʘʮʽʾ, ʱʦʙ ʜʦʟʚʦʣʷʪʠ ʘʙʦ 

ʟʘʙʦʨʦʥʷʪʠ ʜʦʩʪʫʧ ʜʦ ʩʝʨʚʽʩʽʚ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʧʨʘʚ ʜʦʩʪʫʧʫ ʢʦʨʠʩʪʫʚʘʯʘ. 

ISTIO ʪʘʢʦʞ ʟʘʙʝʟʧʝʯʫʻ ʤʦʥʽʪʦʨʠʥʛ ʪʘ ʣʦʛʫʚʘʥʥʷ ʤʽʢʨʦʩʝʨʚʽʩʥʦʾ 

ʘʨʭʽʪʝʢʪʫʨʠ, ʤʦʞʝ ʟʙʠʨʘʪʠ ʤʝʪʨʠʢʠ ʧʨʦ ʨʦʙʦʪʫ ʩʝʨʚʽʩʽʚ ʪʘ ʨʦʟʧʦʜʽʣʝʥʽ ʪʨʘʩʠ 
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ʜʣʷ ʜʽʘʛʥʦʩʪʠʢʠ ʧʨʦʙʣʝʤ ʫ ʤʽʢʨʦʩʝʨʚʽʩʘʭ.  

ʆʜʥʽʻʶ ʟ ʛʦʣʦʚʥʠʭ ʧʝʨʝʚʘʛ ISTIO ʻ ʡʦʛʦ ʟʜʘʪʥʽʩʪʴ ʘʚʪʦʤʘʪʠʯʥʦ 

ʥʘʣʘʰʪʦʚʫʚʘʪʠ ʪʘ ʫʧʨʘʚʣʷʪʠ ʤʽʢʨʦʩʝʨʚʽʩʥʦʶ ʘʨʭʽʪʝʢʪʫʨʦʶ. ISTIO ʤʦʞʝ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʧʨʘʚʠʣʘ ʤʘʨʰʨʫʪʠʟʘʮʽʾ, ʱʦʙ ʘʚʪʦʤʘʪʠʯʥʦ ʨʦʟʧʦʜʽʣʷʪʠ 

ʪʨʘʬʽʢ ʤʽʞ ʩʝʨʚʽʩʘʤʠ, ʘ ʪʘʢʦʞ ʚʠʢʦʥʫʚʘʪʠ ʙʘʣʘʥʩʫʚʘʥʥʷ ʥʘʚʘʥʪʘʞʝʥʥʷ. 

ʆʜʥʽʻʶ ʟ ʘʣʴʪʝʨʥʘʪʠʚ ISTIO ʜʣʷ ʘʚʪʦʤʘʪʠʯʥʦʛʦ ʨʦʟʧʦʜʽʣʫ ʪʨʘʬʽʢʫ ʤʽʞ 

ʤʽʢʨʦʩʝʨʚʽʩʘʤʠ ʻ Kubernetes Ingress. ʎʝ ʤʝʭʘʥʽʟʤ, ʷʢʠʡ ʜʦʟʚʦʣʷʻ ʫʧʨʘʚʣʷʪʠ 

ʟʦʚʥʽʰʥʽʤ ʜʦʩʪʫʧʦʤ ʜʦ ʩʝʨʚʽʩʽʚ Kubernetes-ʢʣʘʩʪʝʨʘ. Kubernetes Ingress ʤʦʞʝ 

ʨʦʟʧʦʜʽʣʷʪʠ ʪʨʘʬʽʢ ʤʽʞ ʨʽʟʥʠʤʠ ʩʝʨʚʽʩʘʤʠ, ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ ʧʨʘʚʠʣʘ 

ʤʘʨʰʨʫʪʠʟʘʮʽʾ ʥʘ ʦʩʥʦʚʽ URL-ʘʜʨʝʩ, ʭʦʩʪ-ʽʤʝʥ, ʟʘʛʦʣʦʚʢʽʚ ʪʦʱʦ. ʆʜʥʘʢ, ʚ 

ʧʦʨʽʚʥʷʥʥʽ ʟ ISTIO, Kubernetes Ingress ʤʘʻ ʤʝʥʰʽ ʤʦʞʣʠʚʦʩʪʽ ʜʣʷ ʫʧʨʘʚʣʽʥʥʷ 

ʤʝʨʝʞʝʶ ʪʘ ʙʝʟʧʝʢʦʶ. 

ʄʦʞʥʘ ʧʦʨʽʚʥʷʪʠ Kubernetes Ingress ʽ ISTIO ʟʘ ʥʘʩʪʫʧʥʠʤʠ 

ʧʘʨʘʤʝʪʨʘʤʠ: 

- ʌʫʥʢʮʽʦʥʘʣʴʥʽʩʪʴ: ISTIO ʤʘʻ ʙʽʣʴʰ ʰʠʨʦʢʠʡ ʥʘʙʽʨ ʬʫʥʢʮʽʡ, ʱʦ 

ʜʦʟʚʦʣʷʻ ʫʧʨʘʚʣʷʪʠ ʤʝʨʝʞʝʶ ʪʘ ʙʝʟʧʝʢʦʶ ʥʘ ʨʽʚʥʽ ʤʽʢʨʦʩʝʨʚʽʩʽʚ. Kubernetes 

Ingress ʥʘʜʘʻ ʣʠʰʝ ʙʘʟʦʚʽ ʤʦʞʣʠʚʦʩʪʽ ʤʘʨʰʨʫʪʠʟʘʮʽʾ. 

- ʉʢʣʘʜʥʽʩʪʴ ʥʘʣʘʰʪʫʚʘʥʥʷ: ISTIO ʚʠʤʘʛʘʻ ʙʽʣʴʰʝ ʟʫʩʠʣʴ ʜʣʷ 

ʥʘʣʘʰʪʫʚʘʥʥʷ, ʦʩʢʽʣʴʢʠ ʤʘʻ ʩʢʣʘʜʥʫ ʘʨʭʽʪʝʢʪʫʨʫ ʪʘ ʙʽʣʴʰʝ ʤʦʞʣʠʚʦʩʪʝʡ. 

Kubernetes Ingress ʤʘʻ ʤʝʥʰʫ ʩʢʣʘʜʥʽʩʪʴ ʥʘʣʘʰʪʫʚʘʥʥʷ, ʱʦ ʤʦʞʝ ʙʫʪʠ 

ʢʦʨʠʩʥʠʤ ʜʣʷ ʧʨʦʩʪʠʭ ʧʨʦʝʢʪʽʚ. 

- ʐʚʠʜʢʦʜʽʷ: Kubernetes Ingress ʤʦʞʝ ʙʫʪʠ ʰʚʠʜʰʠʤ ʟʘ ISTIO, ʦʩʢʽʣʴʢʠ 

ʥʝ ʤʘʻ ʜʦʜʘʪʢʦʚʠʭ ʰʘʨʽʚ ʤʝʨʝʞʝʚʦʾ ʘʙʩʪʨʘʢʮʽʾ. 

- ʄʘʩʰʪʘʙʦʚʘʥʽʩʪʴ: ISTIO ʤʦʞʝ ʙʫʪʠ ʙʽʣʴʰ ʤʘʩʰʪʘʙʦʚʘʥʠʤ ʟʘ ʨʘʭʫʥʦʢ 

ʩʚʦʻʾ ʙʽʣʴʰ ʜʝʪʘʣʴʥʦʾ ʢʦʥʬʽʛʫʨʘʮʽʾ ʤʝʨʝʞʽ ʪʘ ʙʝʟʧʝʢʠ. 

- ʈʝʩʫʨʩʦʻʤʥʽʩʪʴ: ISTIO ʚʠʤʘʛʘʻ ʙʽʣʴʰʝ ʨʝʩʫʨʩʽʚ ʜʣʷ ʨʦʙʦʪʠ, ʦʩʢʽʣʴʢʠ 

ʤʘʻ ʙʽʣʴʰ ʩʢʣʘʜʥʫ ʘʨʭʽʪʝʢʪʫʨʫ. Kubernetes Ingress ʤʦʞʝ ʧʨʘʮʶʚʘʪʠ ʟ ʤʝʥʰʦʶ 

ʢʽʣʴʢʽʩʪʶ ʨʝʩʫʨʩʽʚ. 

- ʇʽʜʪʨʠʤʢʘ: ISTIO ʤʘʻ ʙʽʣʴʰ ʘʢʪʠʚʥʫ ʩʧʽʣʴʥʦʪʫ ʪʘ ʧʽʜʪʨʠʤʢʫ, ʦʩʢʽʣʴʢʠ 

ʻ ʙʽʣʴʰ ʧʦʧʫʣʷʨʥʠʤ ʨʽʰʝʥʥʷʤ ʜʣʷ ʫʧʨʘʚʣʽʥʥʷ ʤʝʨʝʞʝʶ ʪʘ ʙʝʟʧʝʢʦʶ ʚ 

ʩʝʨʝʜʦʚʠʱʽ ʤʽʢʨʦʩʝʨʚʽʩʽʚ. 

- ɿʨʫʯʥʽʩʪʴ ʚʠʢʦʨʠʩʪʘʥʥʷ: ʜʣʷ ʧʨʦʩʪʠʭ ʧʨʦʝʢʪʽʚ, Kubernetes Ingress 

ʤʦʞʝ ʙʫʪʠ ʙʽʣʴʰ ʟʨʫʯʥʠʤ ʫ ʚʠʢʦʨʠʩʪʘʥʥʽ, ʦʩʢʽʣʴʢʠ ʤʘʻ ʤʝʥʰʫ ʩʢʣʘʜʥʽʩʪʴ 

ʥʘʣʘʰʪʫʚʘʥʥʷ ʪʘ ʚʽʜʧʦʚʽʜʘʻ ʙʘʟʦʚʠʤ ʧʦʪʨʝʙʘʤ ʚ ʫʧʨʘʚʣʽʥʥʽ ʤʝʨʝʞʝʶ. 

ʂʽʣʴʢʽʩʥʽ ʧʦʢʘʟʥʠʢʠ, ʟʘ ʷʢʠʤʠ ʤʦʞʥʘ ʦʮʽʥʶʚʘʪʠ ʮʽ ʜʚʘ ʧʽʜʭʦʜʠ: 

1. ʐʚʠʜʢʽʩʪʴ ʚʽʜʧʦʚʽʜʽ ʩʠʩʪʝʤʠ: ʯʘʩ, ʷʢʠʡ ʟʘʪʨʘʯʫʻʪʴʩʷ ʥʘ ʚʠʢʦʥʘʥʥʷ 

ʟʘʧʠʪʽʚ ʽ ʧʦʚʝʨʥʝʥʥʷ ʨʝʟʫʣʴʪʘʪʽʚ ʢʦʨʠʩʪʫʚʘʯʘʤ. 

2. ʅʘʜʽʡʥʽʩʪʴ: ʯʘʩʪʦʪʘ ʚʠʥʠʢʥʝʥʥʷ ʧʦʤʠʣʦʢ ʚ ʩʠʩʪʝʤʽ, ʪʘʢʠʭ ʷʢ ʚʽʜʤʦʚʠ 

ʤʽʢʨʦʩʝʨʚʽʩʽʚ ʘʙʦ ʧʦʤʠʣʢʠ ʤʘʨʰʨʫʪʠʟʘʮʽʾ ʪʨʘʬʽʢʫ. 

3. ʄʘʩʰʪʘʙʦʚʘʥʽʩʪʴ: ʟʜʘʪʥʽʩʪʴ ʩʠʩʪʝʤʠ ʜʦ ʟʙʽʣʴʰʝʥʥʷ ʦʙʩʷʛʽʚ ʪʨʘʬʽʢʫ, 

ʢʽʣʴʢʦʩʪʽ ʢʦʨʠʩʪʫʚʘʯʽʚ ʽ ʤʽʢʨʦʩʝʨʚʽʩʽʚ. 

4. ʇʦʪʫʞʥʽʩʪʴ ʦʙʯʠʩʣʶʚʘʣʴʥʠʭ ʨʝʩʫʨʩʽʚ: ʢʽʣʴʢʽʩʪʴ ʨʝʩʫʨʩʽʚ, ʥʝʦʙʭʽʜʥʠʭ 

ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʨʦʙʦʪʠ ʩʠʩʪʝʤʠ. 

5. ɺʠʪʨʘʪʠ ʥʘ ʨʦʟʨʦʙʢʫ ʪʘ ʧʽʜʪʨʠʤʢʫ: ʢʦʰʪʠ, ʥʝʦʙʭʽʜʥʽ ʜʣʷ ʩʪʚʦʨʝʥʥʷ 

ʪʘ ʧʽʜʪʨʠʤʢʠ ʩʠʩʪʝʤʠ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʧʝʚʥʦʛʦ ʧʽʜʭʦʜʫ. 
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6. ɺʽʜʢʨʠʪʽʩʪʴ ʪʘ ʣʝʛʢʽʩʪʴ ʚʠʢʦʨʠʩʪʘʥʥʷ: ʯʠ ʻ ʧʽʜʭʽʜ ʚʽʜʢʨʠʪʠʤ ʪʘ ʯʠ  

ʣʝʛʢʦ ʟʨʦʟʫʤʽʪʠ ʪʘ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʜʣʷ ʨʦʟʨʦʙʥʠʢʽʚ. 

7. ʈʽʚʝʥʴ ʩʢʣʘʜʥʦʩʪʽ ʩʠʩʪʝʤʠ: ʷʢʽʩʪʴ ʽ ʯʘʩ, ʥʝʦʙʭʽʜʥʽ ʜʣʷ ʚʧʨʦʚʘʜʞʝʥʥʷ 

ʧʝʚʥʦʛʦ ʧʽʜʭʦʜʫ. 
 

ʂʽʣʴʢʽʩʪʴ ʚʭʽʜʥʠʭ ʟʘʧʠʪʽʚ K8s Ingress ʤʘʩʰʪʘʙʫʚʘʥʥʷ Istio ʤʘʩʰʪʘʙʫʚʘʥʥʷ 

100 1000 ʤʩ 1000 ʤʩ 

200 1400 ʤʩ 1000 ʤʩ 

500 2450 ʤʩ 1000 ʤʩ 

1000 4278 ʤʩ 1000 ʤʩ 

2000 7658 ʤʩ 2000 ʤʩ 

5000 14933 ʤʩ 5000 ʤʩ 
 

ʈʝʟʫʣʴʪʘʪʠ ʧʨʦʚʝʜʝʥʽ ʥʘ ʤʘʪʝʤʘʪʠʯʥʦʤʫ ʤʦʜʝʣʶʚʘʥʥʽ ʜʚʦʭ ʧʽʜʭʦʜʽʚ: 

ɺʠʢʦʨʠʩʪʘʥʥʷ ʪʨʘʜʠʮʽʡʥʦʛʦ ʧʽʜʭʦʜʫ ʟ HTTP ʧʨʦʪʦʢʦʣʦʤ. ɺʭʽʜʥʽ ʜʘʥʽ: ʯʘʩ ʥʘ 

ʦʙʨʦʙʢʫ ʟʘʧʠʪʫ ʩʢʣʘʜʘʻ 500 ʤʽʣʽʩʝʢʫʥʜ, ʘ ʯʘʩ ʥʘ ʧʝʨʝʜʘʯʫ ʜʘʥʠʭ ʚʽʜ ʢʣʽʻʥʪʘ 

ʜʦ ʩʝʨʚʝʨʘ ʽ ʥʘʟʘʜ ʩʢʣʘʜʘʻ 200 ʤʽʣʽʩʝʢʫʥʜ. 

ɺʠʢʦʨʠʩʪʘʥʥʷ ISTIO ʜʣʷ ʘʚʪʦʤʘʪʠʯʥʦʛʦ ʨʦʟʧʦʜʽʣʫ ʪʨʘʬʽʢʫ ʤʽʞ 

ʩʝʨʚʽʩʘʤʠ: ʩʝʨʝʜʥʽʡ ʯʘʩ ʥʘ ʦʙʨʦʙʢʫ ʟʘʧʠʪʫ ʩʪʘʥʦʚʠʪʴ 400 ʤʽʣʽʩʝʢʫʥʜ, ʘ ʯʘʩ ʥʘ 

ʧʝʨʝʜʘʯʫ ʜʘʥʠʭ ʤʽʞ ʩʝʨʚʽʩʘʤʠ ʩʢʣʘʜʘʻ 50 ʤʽʣʽʩʝʢʫʥʜ. ɼʣʷ ʨʫʯʥʦʛʦ 

ʤʘʩʰʪʘʙʫʚʘʥʥʷ ʧʨʠʧʫʩʢʘʻʪʴʩʷ, ʱʦ ʦʙʠʜʚʘ ʩʝʨʚʽʩʠ ʤʘʶʪʴ ʧʦ ʦʜʥʦʤʫ 

ʝʢʟʝʤʧʣʷʨʫ. 

ɺʠʩʥʦʚʦʢ. ʑʦʙ ʧʽʜʩʫʤʫʚʘʪʠ, ISTIO ʻ ʧʦʪʫʞʥʠʤ ʪʘ ʚʘʞʣʠʚʠʤ 

ʽʥʩʪʨʫʤʝʥʪʦʤ ʜʣʷ ʫʧʨʘʚʣʽʥʥʷ ʤʽʢʨʦʩʝʨʚʽʩʥʦʶ ʘʨʭʽʪʝʢʪʫʨʦʶ, ʷʢʠʡ ʟʘʙʝʟʧʝʯʫʻ 

ʙʝʟʧʝʢʫ, ʤʘʩʰʪʘʙʦʚʘʥʽʩʪʴ ʪʘ ʥʘʜʽʡʥʽʩʪʴ ʩʠʩʪʝʤʠ, ʧʽʜʪʨʠʤʢʫ ʜʣʷ ʨʽʟʥʠʭ 

ʧʣʘʪʬʦʨʤ ʪʘ ʭʤʘʨʥʠʭ ʩʝʨʚʽʩʽʚ, ʘʢʪʠʚʥʫ ʩʧʽʣʴʥʦʪʫ ʪʘ ʧʨʦʟʦʨʽʩʪʴ 

ʤʽʢʨʦʩʝʨʚʽʩʥʦʾ ʘʨʭʽʪʝʢʪʫʨʠ. ʅʝʟʚʘʞʘʶʯʠ ʥʘ ʜʝʷʢʽ ʥʝʜʦʣʽʢʠ, ISTIO ʤʦʞʝ 

ʜʦʧʦʤʦʛʪʠ ʦʨʛʘʥʽʟʘʮʽʾ ʟʤʝʥʰʠʪʠ ʚʠʪʨʘʪʠ ʥʘ ʨʦʟʨʦʙʢʫ ʪʘ ʧʽʜʪʨʠʤʢʫ ʩʠʩʪʝʤʠ 

ʪʘ ʟʘʙʝʟʧʝʯʠʪʠ ʝʬʝʢʪʠʚʥʠʡ ʨʦʟʚʠʪʦʢ ʪʘ ʤʘʩʰʪʘʙʫʚʘʥʥʷ. 
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ONOS CLUSTER DEPLOYMENT FOR EMULATION OF CUSTOM SDN NETWORK  

 

This article outlines the process of building a custom network based on an ONOS cluster, 

which involves deploying ONOS controllers and installing them on cluster nodes, creating a 

virtual user network, configuring and managing network services and traffic on ONOS using a 

graphical interface or API, collecting and analyzing network data to verify network operation. 

 

ʋ ʜʘʥʽʡ ʩʪʘʪʪʽ ʚʽʜʦʙʨʘʞʝʥʦ ʧʨʦʮʝʩ ʧʦʙʫʜʦʚʠ ʢʦʨʠʩʪʫʚʘʮʴʢʦʾ ʤʝʨʝʞʽ ʥʘ ʙʘʟʽ ONOS 

ʢʣʘʩʪʝʨʫ, ʱʦ ʧʝʨʝʜʙʘʯʘʻ ʨʦʟʛʦʨʪʘʥʥʷ ʢʦʥʪʨʦʣʝʨʽʚ ONOS ʪʘ ʚʩʪʘʥʦʚʣʝʥʥʷ ʾʭ ʥʘ ʚʫʟʣʘʭ 

ʢʣʘʩʪʝʨʫ, ʩʪʚʦʨʝʥʥʷ ʚʽʨʪʫʘʣʴʥʦʾ ʢʦʨʠʩʪʫʚʘʮʴʢʦʾ ʤʝʨʝʞʽ, ʥʘʣʘʰʪʫʚʘʥʥʷ ʪʘ ʢʝʨʫʚʘʥʥʷ 

ʤʝʨʝʞʝʚʠʤʠ ʩʝʨʚʽʩʘʤʠ ʪʘ ʪʨʘʬʽʢʦʤ ʚ ONOS ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʛʨʘʬʽʯʥʦʛʦ ʽʥʪʝʨʬʝʡʩʫ ʘʙʦ 

API, ʟʙʽʨ ʪʘ ʘʥʘʣʽʟ ʤʝʨʝʞʝʚʠʭ ʜʘʥʠʭ ʟ ʤʝʪʦʶ ʧʝʨʝʚʽʨʢʠ ʨʦʙʦʪʠ ʤʝʨʝʞʽ. 

 

ʇʦʙʫʜʦʚʘ ʢʦʨʠʩʪʫʚʘʮʴʢʦʾ ʤʝʨʝʞʽ ʥʘ ʙʘʟʽ ONOS ʪʘ Mininet ʤʘʻ ʥʘ ʤʝʪʽ 

ʜʦʩʣʽʜʞʝʥʥʷ ʪʘ ʪʝʩʪʫʚʘʥʥʷ ʨʽʟʥʦʤʘʥʽʪʥʠʭ ʤʝʨʝʞʝʚʠʭ ʩʮʝʥʘʨʽʾʚ. ʄʽʥʽʤʽʟʫʶʯʠ 

ʚʠʪʨʘʪʠ ʥʘ ʦʙʣʘʜʥʘʥʥʷ, ʤʦʞʥʘ ʩʪʚʦʨʠʪʠ ʚʽʨʪʫʘʣʴʥʫ ʤʝʨʝʞʫ, ʱʦ ʜʦʟʚʦʣʠʪʴ 

ʚʠʨʽʰʠʪʠ ʧʨʦʙʣʝʤʠ ʥʘ ʨʽʟʥʠʭ ʨʽʚʥʷʭ ʤʝʨʝʞʽ. ʊʘʢʦʞ ʜʘʥʠʡ ʧʽʜʭʽʜ ʜʦʟʚʦʣʷʻ 

ʧʨʦʚʦʜʠʪʠ ʜʦʩʣʽʜʞʝʥʥʷ ʪʘ ʪʝʩʪʫʚʘʥʥʷ ʨʽʟʥʠʭ ʘʩʧʝʢʪʽʚ ʤʝʨʝʞʝʚʠʭ ʪʝʭʥʦʣʦʛʽʡ, 

ʪʘʢʠʭ ʷʢ ʨʦʟʧʦʜʽʣʝʥʽ ʧʨʦʪʦʢʦʣʠ ʤʘʨʰʨʫʪʠʟʘʮʽʾ, ʩʪʨʘʪʝʛʽʾ ʢʝʨʫʚʘʥʥʷ ʪʨʘʬʽʢʦʤ, 

ʟʙʽʨ ʩʪʘʪʠʩʪʠʢʠ ʧʨʦ ʤʝʨʝʞʫ ʪʘ ʽʥʰʽ. 

 

 
 

ʈʠʩ.1. ʇʨʦʛʨʘʤʥʽ ʢʦʤʧʦʥʝʥʪʽʚ ʤʝʨʝʞʽ ʥʘ ʙʘʟʽ ONOS ʢʣʘʩʪʝʨʫ. 
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ʎʝ ʜʘʻ ʤʦʞʣʠʚʽʩʪʴ ʚʠʨʽʰʠʪʠ ʧʨʦʙʣʝʤʠ, ʧʦʚ'ʷʟʘʥʽ ʟ ʥʝʜʦʩʪʘʪʥʴʦʶ 

ʝʬʝʢʪʠʚʥʽʩʪʶ ʪʘ ʥʘʜʽʡʥʽʩʪʶ ʤʝʨʝʞʽ, ʚʠʷʚʠʪʠ ʧʨʦʙʣʝʤʠ ʚ ʨʦʙʦʪʽ ʤʝʨʝʞʽ ʪʘ 

ʟʥʘʡʪʠ ʾʭ ʚʠʨʽʰʝʥʥʷ, ʚʠʟʥʘʯʠʪʠ ʤʽʩʮʷ ʟʘʪʦʨʽʚ ʪʘ ʚʫʟʴʢʽ ʤʽʩʮʷ, ʱʦ ʤʦʞʝ 

ʜʦʧʦʤʦʛʪʠ ʟʨʦʙʠʪʠ ʤʝʨʝʞʫ ʙʽʣʴʰ ʝʬʝʢʪʠʚʥʦʶ ʪʘ ʥʘʜʽʡʥʦʶ. ʂʨʽʤ ʪʦʛʦ, ʮʝ 

ʜʦʟʚʦʣʷʻ ʚʽʜʪʚʦʨʠʪʠ ʨʽʟʥʽ ʩʮʝʥʘʨʽʾ, ʱʦ ʤʦʞʫʪʴ ʩʪʘʪʠʩʷ ʚ ʨʝʘʣʴʥʠʭ ʤʝʨʝʞʘʭ, 

ʪʘ ʧʨʦʪʝʩʪʫʚʘʪʠ ʨʽʟʥʽ ʤʝʪʦʜʠ ʾʭ ʚʠʨʽʰʝʥʥʷ. 

ʆʩʥʦʚʥʠʡ ʧʨʦʮʝʩ ʧʦʙʫʜʦʚʠ ʢʦʨʠʩʪʫʚʘʮʴʢʦʾ ʤʝʨʝʞʽ ʥʘ ʙʘʟʽ ONOS 

ʢʣʘʩʪʝʨʫ ʚʢʣʶʯʘʻ ʢʽʣʴʢʘ ʝʪʘʧʽʚ, ʱʦ ʚʽʜʦʙʨʘʞʝʥʽ ʥʘ ʨʠʩ. 1. 

 

 
 

ʈʠʩ.2. ʆʧʠʩ ʤʝʨʝʞʝʚʦʾ ʪʦʧʦʣʦʛʽʾ ʥʘ API Mininet ʫ ʚʠʛʣʷʜʽ python-ʬʘʡʣʫ. 

 

ɽʪʘʧ 1. ʇʦʯʠʥʘʶʯʠ ʟ ʨʦʟʛʦʨʪʘʥʥʷ ʢʦʥʪʨʦʣʝʨʽʚ ONOS, ʧʝʨʰʠʤ ʢʨʦʢʦʤ ʻ 

ʚʩʪʘʥʦʚʣʝʥʥʷ ʥʝʦʙʭʽʜʥʦʛʦ ʧʨʦʛʨʘʤʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ ʥʘ ʚʫʟʣʘʭ ʢʣʘʩʪʝʨʫ, ʥʘ 

ʷʢʠʭ ʙʫʜʫʪʴ ʧʨʘʮʶʚʘʪʠ ʢʦʥʪʨʦʣʝʨʠ. ɼʣʷ ʮʴʦʛʦ ʟʥʘʜʦʙʠʪʴʩʷ ʢʦʤʧôʶʪʝʨ ʽʟ ʥʝ 

ʤʝʥʰʝ 8 ɻɹ ʦʧʝʨʘʪʠʚʥʦʾ ʧʘʤôʷʪʽ ʪʘ ʥʝ ʤʝʥʰʝ 20 ɻɹ ʚʽʣʴʥʦʛʦ ʤʽʩʮʷ ʥʘ 

ʞʦʨʩʪʢʦʤʫ ʜʠʩʢʫ. ʐʚʠʜʰʠʡ ʧʨʦʮʝʩʦʨ ʘʙʦ ʪʚʝʨʜʦʪʽʣʴʥʠʡ ʥʘʢʦʧʠʯʫʚʘʯ 

ʧʨʠʰʚʠʜʰʠʪʴ ʯʘʩ ʟʘʚʘʥʪʘʞʝʥʥʷ ʚʽʨʪʫʘʣʴʥʦʾ ʤʘʰʠʥʠ. ʂʦʤʧôʶʪʝʨ ʤʦʞʝ 

ʧʨʘʮʶʚʘʪʠ ʧʽʜ ʢʝʨʫʚʘʥʥʷʤ Windows, Mac OS X ʘʙʦ Linux ï ʫʩʽ ʜʦʙʨʝ 

ʧʨʘʮʶʶʪʴ ʽʟ VirtualBox, ʻʜʠʥʦʶ ʧʨʦʛʨʘʤʥʦʶ ʚʠʤʦʛʦʶ. 

ɿʘʧʫʩʢ ʢʣʘʩʪʝʨʘ ʟʘʟʚʠʯʘʡ ʚʽʜʙʫʚʘʻʪʴʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʽʥʩʪʨʫʤʝʥʪʽʚ 

ʢʦʥʪʝʡʥʝʨʠʟʘʮʽʾ, ʪʘʢʠʭ ʷʢ Docker ʘʙʦ Kubernetes. ʂʦʞʝʥ ʢʦʥʪʨʦʣʝʨ 
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ʟʘʧʫʩʢʘʻʪʴʩʷ ʷʢ ʦʢʨʝʤʠʡ ʢʦʥʪʝʡʥʝʨ, ʽ ʚʩʽ ʢʦʥʪʝʡʥʝʨʠ ʧʽʜʢʣʶʯʘʶʪʴʩʷ ʜʦ 

ʤʝʨʝʞʽ, ʷʢʦʶ ʚʦʥʠ ʢʝʨʫʶʪʴ. ɿʚ'ʷʟʦʢ ʤʽʞ ʚʽʨʪʫʘʣʴʥʦʶ ʤʘʰʠʥʦʶ ʪʘ 

ʢʦʥʪʝʡʥʝʨʘʤʠ ʟʜʽʡʩʥʶʻʪʴʩʷ ʯʝʨʝʟ ʤʝʨʝʞʝʚʫ ʚʟʘʻʤʦʜʽʶ. ɿʘʧʫʩʢ ʢʣʘʩʪʝʨʫ ʚ 

ʥʘʰʦʤʫ ʚʠʧʘʜʢʫ ʚʠʢʦʥʫʻʪʴʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʩʢʨʠʧʪʘ, ʢʦʪʨʠʡ ʧʽʜ ʯʘʩ ʟʘʧʫʩʢʫ 

ʟʚʝʨʪʘʻʪʴʩʷ ʜʦ Docker Hub ʪʘ ʟʘʚʘʥʪʘʞʫʻ ʢʦʥʪʝʡʥʝʨʠ ʢʦʥʪʨʦʣʝʨʽʚ ʥʘ ʥʘʰʫ 

ʚʽʨʪʫʘʣʴʥʫ ʤʘʰʠʥʫ, ʢʦʤʧʽʣʶʻ ʾʭ ʽ ʟʘʧʫʩʢʘʻ. 

ɽʪʘʧ 2. ʇʽʩʣʷ ʚʩʪʘʥʦʚʣʝʥʥʷ ʢʦʥʪʨʦʣʝʨʽʚ, ʥʝʦʙʭʽʜʥʦ ʩʪʚʦʨʠʪʠ ʚʽʨʪʫʘʣʴʥʫ 

ʢʦʨʠʩʪʫʚʘʮʴʢʫ ʤʝʨʝʞʫ (ʜʠʚ. ʨʠʩ. 3), ʘ ʩʘʤʝ ʥʦʚʠʡ ʬʘʡʣ ʪʦʧʦʣʦʛʽʾ (ʜʠʚ. ʨʠʩ. 2) 

ʢʦʨʠʩʪʫʚʘʮʴʢʦʾ ʤʝʨʝʞʽ Mininet ʟ ʨʦʟʰʠʨʝʥʥʷʤ ".py", ʥʘʧʨʠʢʣʘʜ: çtopo.pyè.  ʋ 

ʷʢʦʤʫ ʩʣʽʜ ʚʠʟʥʘʯʠʪʠ ʪʦʧʦʣʦʛʽʶ ʤʝʨʝʞʽ ʟʘ ʜʦʧʦʤʦʛʦʶ API Mininet, ʚʢʘʟʘʚʰʠ 

ʢʽʣʴʢʽʩʪʴ ʭʦʩʪʽʚ, ʢʦʤʫʪʘʪʦʨʽʚ, ʥʘʣʘʰʪʫʚʘʚʰʠ ʟʚ'ʷʟʢʠ ʤʽʞ ʝʣʝʤʝʥʪʘʤʠ ʤʝʨʝʞʽ, 

ʘ ʪʘʢʦʞ ʧʨʦʧʠʩʘʪʠ ʧʦʨʷʜʦʢ ʟʘʧʫʩʢʫ ʢʦʤʧʦʥʝʥʪʽʚ ʤʝʨʝʞʽ. ɼʘʣʽ ʧʦʪʨʽʙʥʦ 

ʚʠʟʥʘʯʠʪʠ ʢʦʥʪʨʦʣʝʨ ONOS, ʜʦ ʷʢʦʛʦ ʧʦʪʨʽʙʥʦ ʧʽʜʢʣʶʯʠʪʠʩʷ, 

ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ ʪʘʢʦʞ API. ɿʘʧʫʩʢ ʥʘʧʠʩʘʥʦʾ ʪʦʧʦʣʦʛʽʾ, ʤʦʞʥʘ ʚʠʢʦʥʘʪʠ 

ʰʣʷʭʦʤ ʚʠʢʦʥʘʥʥʷ, ʫ ʪʝʨʤʽʥʘʣʽ ʚʽʨʪʫʘʣʴʥʦʾ ʤʘʰʠʥʠ, ʢʦʤʘʥʜʠ: 
>> sudo python topo.py 

ʅʘʧʦʚʥʝʥʥʷ ʬʘʡʣʫ çtopo.pyè ʚʠʛʣʷʜʘʻ ʥʘʩʪʫʧʥʠʤ ʯʠʥʦʤ: 
 

 
 

ʈʠʩ.3. ʂʦʨʠʩʪʫʚʘʮʴʢʘ ʪʦʧʦʣʦʛʽʷ ʪʘ ʧʽʜʧʦʨʷʜʢʦʚʫʚʘʥʥʷ  

ʢʦʤʫʪʘʪʦʨʽʚ ʨʽʟʥʠʤ ʢʦʥʪʨʦʣʝʨʘʤ ʚ ʢʣʘʩʪʝʨʽ. 

 

ɽʪʘʧ 3. ʇʽʩʣʷ ʚʠʢʦʥʘʥʥʷ ʢʦʤʘʥʜʠ ʚʠʱʝ, ʢʦʞʝʥ ʢʦʥʪʨʦʣʝʨ ONOS 

ʧʽʜʢʣʶʯʘʻʪʴʩʷ ʜʦ ʤʝʨʝʞʽ ʽ ʦʪʨʠʤʫʻ ʽʥʬʦʨʤʘʮʽʶ ʧʨʦ ʩʪʘʥ ʤʝʨʝʞʽ ʪʘ 

ʤʝʨʝʞʝʚʠʡ ʪʨʘʬʽʢ. ɯʥʬʦʨʤʘʮʽʷ ʦʙʤʽʥʶʻʪʴʩʷ ʤʽʞ ʢʦʥʪʨʦʣʝʨʘʤʠ ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʧʨʦʪʦʢʦʣʫ OpenFlow ʘʙʦ NETCONF. ʊʘʢʠʤ ʯʠʥʦʤ, ʢʦʥʪʨʦʣʝʨʠ ʧʨʘʮʶʶʪʴ ʷʢ 

ʨʦʟʧʦʜʽʣʝʥʽ ʩʠʩʪʝʤʠ, ʱʦ ʩʧʽʣʴʥʦ ʢʝʨʫʶʪʴ ʤʝʨʝʞʝʶ ʽ ʟʘʙʝʟʧʝʯʫʶʪʴ ʾʾ 

ʝʬʝʢʪʠʚʥʫ ʨʦʙʦʪʫ. 

ɽʪʘʧ 4. ʇʽʩʣʷ ʩʪʚʦʨʝʥʥʷ ʤʝʨʝʞʽ, ʥʝʦʙʭʽʜʥʦ ʚʠʢʦʥʘʪʠ ʥʘʣʘʰʪʫʚʘʪʠ 

ʤʝʨʝʞʝʚʠʭ ʩʝʨʚʽʩʽʚ ʪʘ ʪʨʘʬʽʢʫ ʚ ONOS. ɼʣʷ ʮʴʦʛʦ ʤʦʞʥʘ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ 

ʛʨʘʬʽʯʥʠʡ ʽʥʪʝʨʬʝʡʩ ʘʙʦ API, ʷʢʠʡ ʜʦʟʚʦʣʷʻ ʦʪʨʠʤʫʚʘʪʠ ʜʦʩʪʫʧ ʜʦ 
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ʨʽʟʥʦʤʘʥʽʪʥʠʭ ʬʫʥʢʮʽʡ ʪʘ ʩʝʨʚʽʩʽʚ. ʅʘʧʨʠʢʣʘʜ, ʟʘ ʜʦʧʦʤʦʛʦʶ API ʤʦʞʥʘ 

ʥʘʣʘʰʪʦʚʫʚʘʪʠ ʧʨʘʚʠʣʘ ʤʘʨʰʨʫʪʠʟʘʮʽʾ, ʢʝʨʫʚʘʪʠ ʨʦʟʧʦʜʽʣʝʥʥʷʤ 

ʥʘʚʘʥʪʘʞʝʥʥʷ ʥʘ ʚʫʟʣʘʭ ʤʝʨʝʞʽ, ʥʘʣʘʰʪʦʚʫʚʘʪʠ ʤʝʨʝʞʝʚʽ ʩʝʨʚʽʩʠ ʪʦʱʦ. 

ɻʨʘʬʽʯʥʠʡ ʽʥʪʝʨʬʝʡʩ ONOS ʥʘʜʘʻ ʤʦʞʣʠʚʽʩʪʴ ʢʝʨʫʚʘʪʠ ʨʽʟʥʠʤʠ 

ʤʝʨʝʞʝʚʠʤʠ ʜʦʜʘʪʢʘʤʠ, ʷʢʽ ʤʦʞʫʪʴ ʙʫʪʠ ʚʠʢʦʨʠʩʪʘʥʽ ʜʣʷ ʫʧʨʘʚʣʽʥʥʷ 

ʤʝʨʝʞʝʶ ʪʘ ʾʾ ʨʝʩʫʨʩʘʤʠ. ʆʩʥʦʚʥʽ ʤʝʨʝʞʝʚʽ ʜʦʜʘʪʢʠ, ʷʢʽ ʤʦʞʥʘ ʚʤʠʢʘʪʠ ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʛʨʘʬʽʯʥʦʛʦ ʽʥʪʝʨʬʝʡʩʫ ONOS, ʦʧʠʩʘʥʽ ʥʠʞʯʝ: 

- Host Location: ʮʝʡ ʜʦʜʘʪʦʢ ʜʦʟʚʦʣʷʻ ʚʽʜʩʪʝʞʫʚʘʪʠ ʤʽʩʮʝʟʥʘʭʦʜʞʝʥʥʷ ʭʦʩʪʽʚ 

ʫ ʤʝʨʝʞʽ ʪʘ ʢʦʥʪʨʦʣʶʚʘʪʠ ʾʭ ʨʫʭ. 

- Intent: ʮʝʡ ʜʦʜʘʪʦʢ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʜʣʷ ʩʪʚʦʨʝʥʥʷ ʪʘ ʢʝʨʫʚʘʥʥʷ ʮʽʣʷʤʠ 

(intents), ʷʢʽ ʤʦʞʫʪʴ ʙʫʪʠ ʚʠʢʦʨʠʩʪʘʥʽ ʜʣʷ ʥʘʣʘʰʪʫʚʘʥʥʷ ʤʝʨʝʞʽ ʪʘ 

ʨʝʩʫʨʩʽʚ. 

- Link Connectivity: ʮʝʡ ʜʦʜʘʪʦʢ ʜʦʟʚʦʣʷʻ ʚʽʜʩʪʝʞʫʚʘʪʠ ʟʚ'ʷʟʦʢ ʤʽʞ ʨʽʟʥʠʤʠ 

ʚʫʟʣʘʤʠ ʫ ʤʝʨʝʞʽ ʪʘ ʟʘʙʝʟʧʝʯʫʻ ʩʪʽʡʢʽʩʪʴ ʤʝʨʝʞʽ. 

- OpenFlow: ʮʝʡ ʜʦʜʘʪʦʢ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʜʣʷ ʚʩʪʘʥʦʚʣʝʥʥʷ ʟʚ'ʷʟʢʫ ʤʽʞ 

ʢʦʥʪʨʦʣʝʨʦʤ ʪʘ OpenFlow-ʩʫʤʽʩʥʠʤʠ ʢʦʤʫʪʘʪʦʨʘʤʠ. 

ʋʟʘʛʘʣʴʥʶʶʯʠ ʨʝʟʫʣʴʪʘʪʠ ʨʦʙʦʪʠ, ʙʫʣʦ ʦʧʠʩʘʥʦ ʧʦʙʫʜʦʚʫ 

ʢʦʨʠʩʪʫʚʘʮʴʢʦʾ ʤʝʨʝʞʽ ʥʘ ʙʘʟʽ ONOS ʢʣʘʩʪʝʨʫ ʟ ʟʘʣʫʯʝʥʥʷʤ ʧʣʘʪʬʦʨʤʠ 

ʝʤʫʣʷʮʽʾ SDN Mininet. ɹʫʣʦ ʨʦʟʛʣʷʥʫʪʦ ʧʨʦʮʝʩ ʧʦʙʫʜʦʚʠ ʢʣʘʩʪʝʨʫ ONOS, 

ʩʠʩʪʝʤʥʽ ʚʠʤʦʛʠ ʪʘ ʚʘʨʽʘʥʪ ʨʦʟʛʦʨʪʘʥʥʷ ʥʘ Linux. ɹʫʣʦ ʚʽʜʦʙʨʘʞʝʥʦ ʧʨʦʮʝʩ 

ʦʧʠʩʘʥʥʷ ʪʦʧʦʣʦʛʽʾ ʚʽʨʪʫʘʣʴʥʦʾ ʤʝʨʝʞʽ ʟʘ ʜʦʧʦʤʦʛʦʶ ʤʦʚʠ python ʥʘ ʦʜʥʦʤʫ 

ʟ ʨʽʚʥʽʚ Mininet API, ʧʽʜʢʣʶʯʝʥʥʷ ʤʝʨʝʞʽ ʜʦ ʚʽʜʜʘʣʝʥʦʛʦ ʢʦʥʪʨʦʣʝʨʘ. 

ʆʧʠʩʘʥʽ ʤʝʨʝʞʝʚʽ ʩʝʨʚʽʩʠ, ʱʦ ʤʦʞʥʘ ʚʤʠʢʘʪʠ ʯʝʨʝʟ ʛʨʘʬʽʯʥʠʡ ʽʥʪʝʨʬʝʡʩ 

ʢʦʥʪʨʦʣʝʨʘ ʪʘ API. ʊʘʢʦʞ ʙʫʣʦ ʥʘʚʝʜʝʥʦ ʤʦʞʣʠʚʽ ʧʨʦʙʣʝʤʠ, ʷʢʽ ʤʦʞʥʘ 

ʚʠʨʽʰʠʪʠ ʟʘ ʜʦʧʦʤʦʛʦʶ ʧʦʙʫʜʦʚʠ ʤʝʨʝʞʽ ʥʘ ʙʘʟʽ ONOS ʪʘ Mininet. 
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FEATURES OF THE CONSTRUCTION DISTRIBUTED  

NETWORK OPERATING SYSTEM ONOS  

 

This article discusses the ONOS distributed network operating system, which provides a 

software-defined approach to network management, enabling a more flexible and efficient 

approach to managing network resources. Key features of ONOS are analyzed, such as traffic 

management, event processing, monitoring and analysis of network data, network topology 

construction, and management of network services. 

 

ʋ ʩʪʘʪʪʽ ʨʦʟʛʣʷʥʫʪʦ ʨʦʟʧʦʜʽʣʝʥʫ ʤʝʨʝʞʝʚʫ ʦʧʝʨʘʮʽʡʥʫ ʩʠʩʪʝʤʫ ONOS, ʱʦ ʥʘʜʘʻ 

ʤʦʞʣʠʚʽʩʪʴ ʧʨʦʛʨʘʤʥʦʛʦ ʢʝʨʫʚʘʥʥʷ ʤʝʨʝʞʝʶ, ʱʦ ʟʘʙʝʟʧʝʯʫʻ ʙʽʣʴʰ ʛʥʫʯʢʠʡ ʪʘ ʝʬʝʢʪʠʚʥʠʡ 

ʧʽʜʭʽʜ ʜʦ ʢʝʨʫʚʘʥʥʷ ʤʝʨʝʞʝʚʠʤʠ ʨʝʩʫʨʩʘʤʠ. ʇʨʦʘʥʘʣʽʟʦʚʘʥʽ ʢʣʶʯʦʚʽ ʤʦʞʣʠʚʦʩʪʽ ONOS, 

ʪʘʢʽ ʷʢ: ʢʝʨʫʚʘʥʥʷ ʪʨʘʬʽʢʦʤ, ʦʙʨʦʙʢʘ ʧʦʜʽʡ, ʤʦʥʽʪʦʨʠʥʛ ʪʘ ʘʥʘʣʽʟ ʤʝʨʝʞʝʚʠʭ ʜʘʥʠʭ, 

ʧʦʙʫʜʦʚʘ ʤʝʨʝʞʝʚʠʭ ʪʦʧʦʣʦʛʽʡ, ʫʧʨʘʚʣʽʥʥʷ ʤʝʨʝʞʝʚʠʤʠ ʩʝʨʚʽʩʘʤʠ. 

 

ʅʘ ʩʴʦʛʦʜʥʽ ʤʝʨʝʞʝʚʽ ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ ʟʘʟʚʠʯʘʡ ʩʪʠʢʘʶʪʴʩʷ ʟ ʧʨʦʙʣʝʤʦʶ 

ʦʙʤʝʞʝʥʦʩʪʽ ʪʨʘʜʠʮʽʡʥʠʭ ʤʝʨʝʞʝʚʠʭ ʘʨʭʽʪʝʢʪʫʨ, ʷʢʽ ʧʨʘʮʶʶʪʴ ʥʘ ʦʩʥʦʚʽ 

ʞʦʨʩʪʢʦ ʟʘʜʘʥʠʭ ʧʨʘʚʠʣ ʽ ʥʝ ʟʘʙʝʟʧʝʯʫʶʪʴ ʜʦʩʪʘʪʥʴʦʾ ʛʥʫʯʢʦʩʪʽ ʪʘ 

ʝʬʝʢʪʠʚʥʦʩʪʽ ʫʧʨʘʚʣʽʥʥʷ ʤʝʨʝʞʝʶ. ʎʝ ʩʪʚʦʨʶʻ ʩʝʨʡʦʟʥʽ ʦʙʤʝʞʝʥʥʷ ʜʣʷ 

ʨʦʟʨʦʙʥʠʢʽʚ ʽ ʦʧʝʨʘʪʦʨʽʚ ʤʝʨʝʞ, ʷʢʽ ʧʦʪʨʝʙʫʶʪʴ ʟʤʽʥ ʪʘ ʝʬʝʢʪʠʚʥʦʛʦ ʧʽʜʭʦʜʫ 

ʜʦ ʢʝʨʫʚʘʥʥʷ ʤʝʨʝʞʝʚʠʤʠ ʨʝʩʫʨʩʘʤʠ. 

ʂʨʽʤ ʪʦʛʦ, ʽʩʥʫʶʯʽ ʤʝʨʝʞʝʚʽ ʘʨʭʽʪʝʢʪʫʨʠ ʥʝ ʟʘʙʝʟʧʝʯʫʶʪʴ ʜʦʩʪʘʪʥʴʦʾ 

ʤʘʩʰʪʘʙʦʚʘʥʦʩʪʽ ʪʘ ʛʥʫʯʢʦʩʪʽ ʜʣʷ ʚʽʜʧʦʚʽʜʽ ʥʘ ʟʨʦʩʪʘʶʯʽ ʚʠʤʦʛʠ ʜʦ 

ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʤʝʨʝʞʽ, ʪʘʢʽ ʷʢ ʟʘʙʝʟʧʝʯʝʥʥʷ ʚʠʩʦʢʦʾ ʜʦʩʪʫʧʥʦʩʪʽ, 

ʤʘʩʰʪʘʙʫʚʘʥʥʷ ʪʘ ʦʙʨʦʙʢʘ ʚʝʣʠʢʦʛʦ ʦʙʩʷʛʫ ʪʨʘʬʽʢʫ. ʊʦʤʫ ʙʫʣʘ ʥʝʦʙʭʽʜʥʽʩʪʴ 

ʫ ʩʪʚʦʨʝʥʥʽ ʥʦʚʦʾ ʤʝʨʝʞʝʚʦʾ ʘʨʭʽʪʝʢʪʫʨʠ, ʷʢʘ ʙ ʟʘʙʝʟʧʝʯʫʚʘʣʘ ʙʽʣʴʰ 

ʦʧʪʠʤʘʣʴʥʠʡ ʧʽʜʭʽʜ ʜʦ ʢʝʨʫʚʘʥʥʷ ʤʝʨʝʞʝʚʠʤʠ ʨʝʩʫʨʩʘʤʠ. ɯ ʩʘʤʝ ʚʽʜʢʨʠʪʝ 

ʧʨʦʛʨʘʤʥʝ ʟʘʙʝʟʧʝʯʝʥʥʷ ONOS ʩʪʚʦʨʝʥʦ ʜʣʷ ʚʠʨʽʰʝʥʥʷ ʮʠʭ ʧʨʦʙʣʝʤ ʥʘ 

ʦʩʥʦʚʽ ʧʽʜʭʦʜʫ SDN. 

ONOS ʚʢʣʶʯʘʻ ʚ ʩʝʙʝ ʢʦʥʪʨʦʣʝʨ SDN, ʷʢʠʡ ʜʦʟʚʦʣʷʻ ʚʽʜʜʘʣʝʥʦ ʢʝʨʫʚʘʪʠ 

ʪʨʘʬʽʢʦʤ ʤʝʨʝʞʽ, ʟʘʙʝʟʧʝʯʫʚʘʪʠ ʙʘʣʘʥʩʫʚʘʥʥʷ ʥʘʚʘʥʪʘʞʝʥʥʷ, ʨʝʘʣʽʟʦʚʫʚʘʪʠ 

ʤʝʭʘʥʽʟʤʠ ʙʝʟʧʝʢʠ ʤʝʨʝʞʽ ʪʘ ʽʥʰʽ ʬʫʥʢʮʽʾ, ʷʢʽ ʨʘʥʽʰʝ ʙʫʣʠ ʟʘʣʝʞʥʽ ʚʽʜ 

ʚʙʫʜʦʚʘʥʠʭ ʧʨʦʪʦʢʦʣʽʚ ʢʦʤʫʪʘʮʽʾ. 

ONOS ʪʘʢʦʞ ʟʘʙʝʟʧʝʯʫʻ ʚʽʜʢʨʠʪʠʡ API ʜʣʷ ʚʟʘʻʤʦʜʽʾ ʟ ʨʽʟʥʠʤʠ 

ʧʨʦʛʨʘʤʘʤʠ ʪʘ ʩʠʩʪʝʤʘʤʠ, ʱʦ ʜʦʟʚʦʣʷʻ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʡʦʛʦ ʚ ʨʽʟʥʠʭ 
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ʩʝʨʝʜʦʚʠʱʘʭ ʪʘ ʽʥʪʝʛʨʫʚʘʪʠ ʟ ʨʽʟʥʠʤʠ ʢʦʤʧʦʥʝʥʪʘʤʠ ʤʝʨʝʞʽ. ɼʦʜʘʪʢʦʚʦ, 

ONOS ʤʘʻ ʨʦʟʰʠʨʶʚʘʥʫ ʘʨʭʽʪʝʢʪʫʨʫ, ʷʢʘ ʜʦʟʚʦʣʷʻ ʨʦʟʨʦʙʥʠʢʘʤ ʩʪʚʦʨʶʚʘʪʠ 

ʩʚʦʾ ʚʣʘʩʥʽ ʤʦʜʫʣʽ ʪʘ ʜʦʜʘʪʢʠ ʜʣʷ ʨʦʟʰʠʨʝʥʥʷ ʬʫʥʢʮʽʦʥʘʣʴʥʦʩʪʽ ʩʠʩʪʝʤʠ. 

ONOS ʤʘʻ ʤʦʜʫʣʴʥʫ ʘʨʭʽʪʝʢʪʫʨʫ, ʷʢʘ ʟʦʙʨʘʞʝʥʘ ʥʘ ʨʠʩ.1. 

 

 
 

ʈʠʩ.1. ɸʨʭʽʪʝʢʪʫʨʘ ʧʦʙʫʜʦʚʠ ʢʣʘʩʪʝʨʫ ONOS. 

 

ʈʽʚʝʥʴ 1. Applications ï ɼʦʜʘʪʢʠ ï ʮʝ ʚʝʨʭʥʽʡ ʨʽʚʝʥʴ ʘʨʭʽʪʝʢʪʫʨʠ ONOS, 

ʷʢʠʡ ʧʨʝʜʩʪʘʚʣʷʻ ʩʦʙʦʶ ʤʥʦʞʠʥʫ ʜʦʜʘʪʢʽʚ, ʱʦ ʨʝʘʣʽʟʦʚʘʥʽ ʥʘ ʦʩʥʦʚʽ 

ʧʣʘʪʬʦʨʤʠ ONOS. ʂʦʞʝʥ ʜʦʜʘʪʦʢ ʤʦʞʝ ʤʘʪʠ ʚʣʘʩʥʫ ʣʦʛʽʢʫ ʪʘ 

ʬʫʥʢʮʽʦʥʘʣʴʥʽʩʪʴ, ʪʘʢʽ ʷʢ ʢʝʨʫʚʘʥʥʷ ʪʨʘʬʽʢʦʤ, ʤʦʥʽʪʦʨʠʥʛ ʤʝʨʝʞʝʚʠʭ ʧʦʜʽʡ, 

ʢʝʨʫʚʘʥʥʷ ʩʝʨʚʽʩʘʤʠ ʪʦʱʦ. 

ʈʽʚʝʥʴ 2. Northbound API ï ʇʽʚʥʽʯʥʽ API ï ʮʝ ʨʽʚʝʥʴ, ʷʢʠʡ ʟʘʙʝʟʧʝʯʫʻ 

ʜʦʩʪʫʧ ʜʦ ʬʫʥʢʮʽʡ ONOS ʯʝʨʝʟ ʩʪʘʥʜʘʨʪʥʽ ʽʥʪʝʨʬʝʡʩʠ API, ʷʢʽ ʤʦʞʫʪʴ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠʩʷ ʜʦʜʘʪʢʘʤʠ, ʢʦʥʪʨʦʣʝʨʘʤʠ ʪʘ ʽʥʰʠʤʠ ʩʠʩʪʝʤʘʤʠ. ʎʝʡ 

ʨʽʚʝʥʴ ʜʦʟʚʦʣʷʻ ʨʦʟʨʦʙʥʠʢʘʤ ʜʦʜʘʪʢʽʚ ʣʝʛʢʦ ʽʥʪʝʛʨʫʚʘʪʠ ʾʭ ʟ ʧʣʘʪʬʦʨʤʦʶ 

ONOS ʪʘ ʚʟʘʻʤʦʜʽʷʪʠ ʟ ʥʝʶ. 

ʈʽʚʝʥʴ 3. Distributed core ï ʈʦʟʧʦʜʽʣʴʥʝ ʷʜʨʦ ï ʮʝ ʨʽʚʝʥʴ, ʷʢʠʡ ʟʘʙʝʟʧʝʯʫʻ 

ʨʦʙʦʪʫ ʧʣʘʪʬʦʨʤʠ ʚ ʨʦʟʧʦʜʽʣʝʥʦʤʫ ʩʝʨʝʜʦʚʠʱʽ. ONOS ʤʦʞʝ ʧʨʘʮʶʚʘʪʠ ʥʘ 

ʜʝʢʽʣʴʢʦʭ ʚʫʟʣʘʭ, ʽ ʮʝʡ ʨʽʚʝʥʴ ʜʦʟʚʦʣʷʻ ʨʦʟʧʦʜʽʣʷʪʠ ʟʘʚʜʘʥʥʷ ʤʽʞ ʨʽʟʥʠʤʠ 

ʚʫʟʣʘʤʠ ʪʘ ʢʦʦʨʜʠʥʫʚʘʪʠ ʾʭʥʶ ʨʦʙʦʪʫ. ʅʘ ʮʴʦʤʫ ʨʽʚʥʽ ʤʽʩʪʠʪʴʩʷ ʦʩʥʦʚʥʘ 

ʣʦʛʽʢʘ ʩʠʩʪʝʤʠ, ʷʢʘ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʜʝʢʽʣʴʢʦʭ ʢʦʤʧʦʥʝʥʪʽʚ, ʪʘʢʠʭ ʷʢ: 

- Cluster Manager: ʚʽʜʧʦʚʽʜʘʻ ʟʘ ʫʧʨʘʚʣʽʥʥʷ ʨʦʟʧʦʜʽʣʝʥʠʤ ʩʝʨʝʜʦʚʠʱʝʤ. 

ɺʽʥ ʟʘʙʝʟʧʝʯʫʻ ʦʙʤʽʥ ʽʥʬʦʨʤʘʮʽʻʶ ʤʽʞ ʢʦʥʪʨʦʣʝʨʘʤʠ ʽ ʟʙʝʨʽʛʘʥʥʷ ʜʘʥʠʭ. 

- Communication Manager: ʟʘʙʝʟʧʝʯʫʻ ʟʚ'ʷʟʦʢ ʤʽʞ ʨʽʟʥʠʤʠ ʢʦʥʪʨʦʣʝʨʘʤʠ 

ONOS. 
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- Storage Manager: ʟʘʙʝʟʧʝʯʫʻ ʟʙʝʨʽʛʘʥʥʷ ʽʥʬʦʨʤʘʮʽʾ ʧʨʦ ʩʪʘʥ ʤʝʨʝʞʽ, 

ʥʘʣʘʰʪʫʚʘʥʥʷ ʪʘ ʽʥʰʽ ʜʘʥʽ, ʷʢʽ ʧʦʪʨʽʙʥʽ ʜʣʷ ʨʦʙʦʪʠ ʢʦʥʪʨʦʣʝʨʽʚ. 

- Topology Manager: ʚʽʜʧʦʚʽʜʘʻ ʟʘ ʟʙʽʨ ʽʥʬʦʨʤʘʮʽʾ ʧʨʦ ʪʦʧʦʣʦʛʽʶ ʤʝʨʝʞʽ ʽ 

ʧʦʙʫʜʦʚʫ ʪʦʧʦʣʦʛʽʯʥʦʛʦ ʟʦʙʨʘʞʝʥʥʷ ʜʣʷ ʘʥʘʣʽʟʫ ʪʘ ʢʝʨʫʚʘʥʥʷ ʤʝʨʝʞʝʶ. 

ʈʽʚʝʥʴ 4. Device driver ï ɼʨʘʡʚʝʨʘ ʧʨʠʩʪʨʦʶ ï ʮʝ  ʨʽʚʝʥʴ, ʷʢʠʡ 

ʟʘʙʝʟʧʝʯʫʻ ʚʟʘʻʤʦʜʽʶ ʟ ʤʝʨʝʞʝʚʠʤʠ ʧʨʠʩʪʨʦʷʤʠ, ʪʘʢʠʤʠ ʷʢ ʢʦʤʫʪʘʪʦʨʠ ʘʙʦ 

ʤʘʨʰʨʫʪʠʟʘʪʦʨʠ. ʂʦʞʝʥ ʧʨʠʩʪʨʽʡ ʤʝʨʝʞʽ ʧʦʪʨʝʙʫʻ ʚʣʘʩʥʦʛʦ ʜʨʘʡʚʝʨʘ, ʷʢʠʡ 

ʟʘʙʝʟʧʝʯʫʻ ʢʦʤʫʥʽʢʘʮʽʶ. 

ʈʽʚʝʥʴ 5. Southbound API ï ʇʽʚʜʝʥʥʽ API ï ʮʝ  ʽʥʪʝʨʬʝʡʩ ʤʽʞ ONOS ʽ 

ʩʫʤʽʩʥʠʤʠ ʟ ʥʠʤ ʤʝʨʝʞʝʚʠʤʠ ʝʣʝʤʝʥʪʘʤʠ. ʎʝʡ ʨʽʚʝʥʴ ʘʨʭʽʪʝʢʪʫʨʠ ʚʽʜʧʦʚʽʜʘʻ 

ʟʘ ʚʟʘʻʤʦʜʽʶ ʟ ʨʽʟʥʠʤʠ ʤʝʨʝʞʝʚʠʤʠ ʧʨʠʩʪʨʦʷʤʠ, ʪʘʢʠʤʠ ʷʢ ʢʦʤʫʪʘʪʦʨʠ, 

ʤʘʨʰʨʫʪʠʟʘʪʦʨʠ ʪʘ ʽʥʰʽ. ʇʽʜʪʨʠʤʫʶʪʴʩʷ ʨʽʟʥʽ ʧʨʦʪʦʢʦʣʠ, ʪʘʢʽ ʷʢ OpenFlow, 

NETCONF ʪʘ OVSDB, ʱʦʙ ʟʘʙʝʟʧʝʯʠʪʠ ʚʟʘʻʤʦʜʽʶ ʟ ʨʽʟʥʠʤʠ ʤʝʨʝʞʝʚʠʤʠ 

ʝʣʝʤʝʥʪʘʤʠ. 

ʈʽʚʝʥʴ 6. Data plane ï ʇʣʦʱʠʥʘ ʜʘʥʥʠʭ ï ʮʝ  ʯʘʩʪʠʥʘ ʤʝʨʝʞʽ, ʱʦ 

ʚʽʜʧʦʚʽʜʘʻ ʟʘ ʧʝʨʝʜʘʯʫ ʜʘʥʠʭ. ʋ ʜʘʥʦʤʫ ʚʠʧʘʜʢʫ, ʚʦʥʘ ʩʢʣʘʜʘʻʪʴʩʷ ʟ 

ʢʦʤʫʪʘʪʦʨʽʚ, ʤʘʨʰʨʫʪʠʟʘʪʦʨʽʚ ʪʘ ʽʥʰʠʭ ʤʝʨʝʞʝʚʠʭ ʧʨʠʩʪʨʦʾʚ. ONOS 

ʚʟʘʻʤʦʜʽʻ ʟ data plane ʯʝʨʝʟ southbound API, ʱʦʙ ʟʘʙʝʟʧʝʯʠʪʠ ʢʝʨʫʚʘʥʥʷ 

ʤʝʨʝʞʝʶ. 

ʅʘʩʧʨʘʚʜʽ, ʥʘʡʮʽʢʘʚʽʰʠʤ ʪʘ ʚʘʞʣʠʚʠʤ ʫ ʨʦʙʦʪʽ ʢʦʥʪʨʦʣʝʨʘ ʻ ʨʽʚʝʥʴ 

ʜʦʜʘʪʢʽʚ, ʦʩʢʽʣʴʢʠ ʩʘʤʝ ʚʦʥʠ ʜʦʜʘʶʪʴ ʥʦʚʽ ʤʦʞʣʠʚʦʩʪʽ ʘʙʦ ʟʤʽʥʶʶʪʴ 

ʧʦʚʝʜʽʥʢʫ ʢʦʥʪʨʦʣʝʨʘ, ʘ ʦʪʞʝ ʤʝʨʝʞʽ ʚ ʮʽʣʦʤʫ. ɼʦʜʘʪʢʠ ʨʝʘʣʽʟʦʚʘʥʽ ʷʢ ʦʢʨʝʤʽ 

ʤʦʜʫʣʽ, ʷʢʽ ʤʦʞʥʘ ʚʩʪʘʥʦʚʣʶʚʘʪʠ, ʦʥʦʚʣʶʚʘʪʠ, ʚʠʜʘʣʷʪʠ ʽ ʟʘʧʫʩʢʘʪʠ ʟ 

ʽʥʪʝʨʬʝʡʩʫ ONOS. ʈʽʚʝʥʴ ʜʦʜʘʪʢʽʚ ʪʘʢʦʞ ʟʘʙʝʟʧʝʯʫʻ ʤʦʞʣʠʚʽʩʪʴ ʚʟʘʻʤʦʜʽʾ 

ʜʦʜʘʪʢʽʚ ʤʽʞ ʩʦʙʦʶ ʪʘ ʟ ʽʥʰʠʤʠ ʨʽʚʥʷʤʠ ʢʦʥʪʨʦʣʝʨʘ. 

ɼʦʜʘʪʢʠ ʤʦʞʫʪʴ ʚʢʣʶʯʘʪʠ ʫ ʩʝʙʝ ʨʽʟʥʦʤʘʥʽʪʥʽ ʬʫʥʢʮʽʾ, ʪʘʢʽ ʷʢ ʧʽʜʪʨʠʤʢʘ 

ʨʽʟʥʠʭ ʧʨʦʪʦʢʦʣʽʚ ʤʝʨʝʞʽ, ʫʧʨʘʚʣʽʥʥʷ ʨʝʩʫʨʩʘʤʠ ʤʝʨʝʞʽ, ʤʘʨʰʨʫʪʠʟʘʮʽʷ, ʟʙʽʨ 

ʜʘʥʠʭ, ʘʥʘʣʽʟ ʤʝʨʝʞʽ ʪʘ ʙʘʛʘʪʦ ʽʥʰʦʛʦ. ʈʽʚʝʥʴ ʜʦʜʘʪʢʽʚ ʜʦʟʚʦʣʷʻ ʨʦʟʰʠʨʠʪʠ 

ʬʫʥʢʮʽʦʥʘʣʴʥʽʩʪʴ ʢʦʥʪʨʦʣʝʨʘ ONOS ʪʘ ʘʜʘʧʪʫʚʘʪʠ ʡʦʛʦ ʜʦ ʢʦʥʢʨʝʪʥʠʭ 

ʧʦʪʨʝʙ ʤʝʨʝʞʽ. ʂʽʣʴʢʽʩʪʴ ʜʦʜʘʪʢʽʚ, ʱʦ ʘʚʪʦʤʘʪʠʯʥʦ ʚʤʠʢʘʶʪʴʩʷ ʧʨʠ ʟʘʧʫʩʢʫ 

ʢʦʥʪʨʦʣʝʨʘ ONOS, ʟʘʣʝʞʠʪʴ ʚʽʜ ʢʦʥʬʽʛʫʨʘʮʽʾ ʪʘ ʥʘʣʘʰʪʫʚʘʥʴ ʩʠʩʪʝʤʠ. 

ɿʘʟʚʠʯʘʡ ʟʘ ʟʘʤʦʚʯʫʚʘʥʥʷʤ ʚʤʠʢʘʶʪʴʩʷ ʜʝʷʢʽ ʙʘʟʦʚʽ ʜʦʜʘʪʢʠ, ʥʝʦʙʭʽʜʥʽ ʜʣʷ 

ʧʨʘʚʠʣʴʥʦʾ ʨʦʙʦʪʠ ʢʦʥʪʨʦʣʝʨʘ ONOS. 

ɼʝʷʢʽ ʟ ʙʘʟʦʚʠʭ ʜʦʜʘʪʢʽʚ, ʘʚʪʦʤʘʪʠʯʥʦ ʚʤʠʢʘʶʪʴʩʷ ʧʨʠ ʟʘʧʫʩʢʫ ONOS, ʪʘ 

ʚʢʣʶʯʘʶʪʴ: 

OpenFlow Provider Suite (OF) - ʜʦʜʘʪʦʢ ʜʣʷ ʧʽʜʪʨʠʤʢʠ ʧʨʦʪʦʢʦʣʫ 

OpenFlow. 

Link Layer Discovery Protocol (LLDP) - ʜʦʜʘʪʦʢ ʜʣʷ ʚʠʷʚʣʝʥʥʷ ʽʥʬʦʨʤʘʮʽʾ 

ʧʨʦ ʟ'ʻʜʥʘʥʥʷ ʤʝʨʝʞʝʚʠʭ ʧʨʠʩʪʨʦʾʚ. 



 140 

Network Configuration Protocol (Netcfg) - ʜʦʜʘʪʦʢ ʜʣʷ ʥʘʣʘʰʪʫʚʘʥʥʷ 

ʤʝʨʝʞʝʚʠʭ ʧʘʨʘʤʝʪʨʽʚ. 

Open Virtual Network (OVN) - ʜʦʜʘʪʦʢ ʜʣʷ ʧʽʜʪʨʠʤʢʠ ʚʽʨʪʫʘʣʴʥʠʭ ʤʝʨʝʞ. 

Intent Framework (INT) - ʜʦʜʘʪʦʢ ʜʣʷ ʚʠʢʦʥʘʥʥʷ ʽʥʪʝʥʪʽʚ (ʥʘʤʽʨʽʚ) ʫ 

ʤʝʨʝʞʽ. 

Reactive Forwarding (Reactive) - ʜʦʜʘʪʦʢ ʜʣʷ ʨʝʘʢʪʠʚʥʦʾ ʤʘʨʰʨʫʪʠʟʘʮʽʾ 

ʧʘʢʝʪʽʚ ʚ ʤʝʨʝʞʽ. 

ɿʘʛʘʣʴʥʘ ʢʽʣʴʢʽʩʪʴ ʜʦʜʘʪʢʽʚ, ʷʢʽ ʤʦʞʫʪʴ ʘʚʪʦʤʘʪʠʯʥʦ ʚʤʠʢʘʪʠʩʴ ʧʨʠ 

ʟʘʧʫʩʢʫ ONOS, ʤʦʞʝ ʚʘʨʽʶʚʘʪʠʩʴ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʚʝʨʩʽʾ ONOS, ʢʦʥʬʽʛʫʨʘʮʽʾ 

ʪʘ ʥʘʣʘʰʪʫʚʘʥʴ ʩʠʩʪʝʤʠ, ʟʘʟʚʠʯʘʡ ʮʝ ʤʽʥʽʤʫʤ 173 ʜʦʜʘʪʢʠ. 

ʋʟʘʛʘʣʴʥʶʶʯʠ ʚʠʱʝ ʦʧʠʩʘʥʝ ʤʦʞʥʘ ʟʨʦʙʠʪʠ ʚʠʩʥʦʚʦʢ, ʱʦ ʧʦʙʫʜʦʚʘ 

ʤʝʨʝʞ SDN ʥʘ ʙʘʟʽ ʢʦʥʪʨʦʣʝʨʫ ONOS ʜʦʟʚʦʣʷʻ ʧʦʙʫʜʫʚʘʪʠ ʙʽʣʴʰ ʛʥʫʯʢʫ ʪʘ 

ʝʬʝʢʪʠʚʥʫ ʤʝʨʝʞʫ, ʱʦ ʤʦʞʝ ʙʫʪʠ ʧʨʠʩʪʦʩʦʚʘʥʘ ʜʦ ʢʦʥʢʨʝʪʥʠʭ ʧʦʪʨʝʙ 

ʢʦʨʠʩʪʫʚʘʯʽʚ. ʂʨʽʤ ʪʦʛʦ, ONOS ʟʘʙʝʟʧʝʯʫʻ ʰʚʠʜʢʫ ʨʝʘʢʮʽʶ ʥʘ ʟʤʽʥʠ ʚ ʤʝʨʝʞʽ 

ʪʘ ʚʠʩʦʢʫ ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ, ʱʦ ʻ ʚʘʞʣʠʚʠʤʠ ʬʘʢʪʦʨʘʤʠ ʜʣʷ ʙʘʛʘʪʴʦʭ 

ʦʨʛʘʥʽʟʘʮʽʡ. ʊʘʢʦʞ ʫ ʭʦʜʽ ʚʠʢʦʥʘʥʥʷ ʨʦʙʦʪʠ ʙʫʣʦ ʧʨʦʘʥʘʣʽʟʦʚʘʥʦ ʦʩʦʙʣʠʚʦʩʪʽ 

ʘʨʭʽʪʝʢʪʫʨʠ ONOS ʪʘ ʾʾ ʩʢʣʘʜʦʚʠʭ, ʪʘʢʽ ʷʢ ʨʽʚʥʽ ʜʦʜʘʪʢʽʚ, ʨʽʚʝʥʴ ʢʝʨʫʚʘʥʥʷ 

ʪʦʧʦʣʦʛʽʻʶ ʤʝʨʝʞʽ, ʨʽʚʝʥʴ ʦʙʨʦʙʢʠ ʧʦʪʦʢʽʚ ʜʘʥʠʭ ʪʘ ʨʽʚʝʥʴ ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ . 
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SDN NETWORK SIMULATION ON THE END -USER SIDE 
 

End-user SDN modeling is the process of creating a virtual SDN network on a local 

computer for network testing and analysis. This process provides an opportunity to determine the 

optimal parameters of the network and to investigate its operation in different conditions. 
 

Software Defined Networking (SDN) ï ʮʝ ʥʦʚʘ ʪʝʭʥʦʣʦʛʽʷ ʤʝʨʝʞʝʚʦʛʦ 

ʫʧʨʘʚʣʽʥʥʷ, ʷʢʘ ʥʘʜʘʻ ʙʽʣʴʰ ʛʥʫʯʢʠʡ ʪʘ ʧʨʦʩʪʽʰʠʡ ʧʽʜʭʽʜ ʜʦ ʫʧʨʘʚʣʽʥʥʷ 

ʤʝʨʝʞʘʤʠ, ʟʤʝʥʰʫʶʯʠ ʩʢʣʘʜʥʽʩʪʴ ʽ ʧʦʢʨʘʱʫʶʯʠ ʝʬʝʢʪʠʚʥʽʩʪʴ. ʋ 

ʪʨʘʜʠʮʽʡʥʠʭ ʤʝʨʝʞʘʭ, ʫʧʨʘʚʣʽʥʥʷ ʤʝʨʝʞʝʚʠʤʠ ʧʨʠʩʪʨʦʷʤʠ ʚʽʜʙʫʚʘʻʪʴʩʷ ʟ 

ʪʦʯʢʠ ʟʦʨʫ ʘʧʘʨʘʪʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ. SDN ʚʠʢʦʨʠʩʪʦʚʫʻ ʧʨʦʛʨʘʤʥʝ 

ʟʘʙʝʟʧʝʯʝʥʥʷ ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʢʦʥʪʨʦʣʶ ʽ ʢʝʨʫʚʘʥʥʷ ʤʝʨʝʞʝʶ, ʱʦ ʨʦʙʠʪʴ 

ʡʦʛʦ ʙʽʣʴʰ ʛʥʫʯʢʠʤ ʪʘ ʝʬʝʢʪʠʚʥʠʤ. SDN ʤʝʨʝʞʽ ʜʦʟʚʦʣʷʶʪʴ ʨʦʟʧʦʜʽʣʷʪʠ 

ʧʨʦʧʫʩʢʥʫ ʟʜʘʪʥʽʩʪʴ ʥʘ ʦʩʥʦʚʽ ʧʦʪʨʝʙ ʢʦʨʠʩʪʫʚʘʯʽʚ ʽ ʫʧʨʘʚʣʷʪʠ ʤʝʨʝʞʝʚʠʤ 

ʪʨʘʬʽʢʦʤ ʚ ʨʝʞʠʤʽ [1].   

ʆʩʥʦʚʥʽ ʢʦʥʮʝʧʮʽʾ SDN. SDN ï ʷʢ ʘʨʭʽʪʝʢʪʫʨʘ ʤʝʨʝʞʽ ʜʦʟʚʦʣʷʻ 

ʨʦʟʧʦʜʽʣʷʪʠ ʤʝʨʝʞʝʚʫ ʧʨʦʧʫʩʢʥʫ ʟʜʘʪʥʽʩʪʴ ʥʘ ʦʩʥʦʚʽ ʧʦʪʨʝʙ ʢʦʨʠʩʪʫʚʘʯʽʚ. 

ʆʩʥʦʚʥʠʡ ʧʨʠʥʮʠʧ SDN ʧʦʣʷʛʘʻ ʫ ʨʦʟʜʽʣʝʥʥʽ ʤʝʨʝʞʝʚʦʛʦ ʢʦʥʪʨʦʣʶ ʪʘ 

ʧʝʨʝʩʠʣʘʥʥʷ ʜʘʥʠʭ ʥʘ ʦʢʨʝʤʽ ʧʨʠʩʪʨʦʾ. ʄʝʨʝʞʝʚʠʡ ʢʦʥʪʨʦʣʴ ʚʠʢʦʥʫʻʪʴʩʷ ʥʘ 

ʮʝʥʪʨʘʣʴʥʦʤʫ ʢʦʥʪʨʦʣʝʨʽ, ʷʢʠʡ ʢʝʨʫʻ ʚʩʽʤʘ ʤʝʨʝʞʝʚʠʤʠ ʧʨʠʩʪʨʦʷʤʠ, ʪʦʜʽ ʷʢ 

ʧʝʨʝʩʠʣʘʥʥʷ ʜʘʥʠʭ ʚʽʜʙʫʚʘʻʪʴʩʷ ʥʘ ʢʦʤʫʪʘʪʦʨʘʭ. 

ʆʜʥʠʤ ʟ ʦʩʥʦʚʥʠʭ ʝʣʝʤʝʥʪʽʚ SDN ʻ ʢʦʥʪʨʦʣʝʨ (ʨʠʩ. 1), ʷʢʠʡ ʚʽʜʧʦʚʽʜʘʻ 

ʟʘ ʢʝʨʫʚʘʥʥʷʤ ʤʝʨʝʞʝʚʠʤʠ ʧʨʠʩʪʨʦʷʤʠ. ʂʦʥʪʨʦʣʝʨ ʤʦʞʝ ʙʫʪʠ ʬʽʟʠʯʥʠʤ ʘʙʦ 

ʚʽʨʪʫʘʣʴʥʠʤ, ʟʘʣʝʞʥʦ ʚʽʜ ʢʦʥʬʽʛʫʨʘʮʽʾ ʤʝʨʝʞʽ. ɺʽʥ ʧʨʠʡʤʘʻ ʨʽʰʝʥʥʷ ʧʨʦ 

ʨʦʟʧʦʜʽʣ ʧʨʦʧʫʩʢʥʦʾ ʟʜʘʪʥʦʩʪʽ, ʥʘ ʦʩʥʦʚʽ ʧʦʪʨʝʙ ʢʦʨʠʩʪʫʚʘʯʽʚ ʪʘ ʩʪʘʥʫ 

ʤʝʨʝʞʽ. ʂʦʥʪʨʦʣʝʨ ʚʠʢʦʨʠʩʪʦʚʫʻ ʧʨʦʪʦʢʦʣ OpenFlow ʜʣʷ ʚʟʘʻʤʦʜʽʾ ʟ 

ʢʦʤʫʪʘʪʦʨʘʤʠ ʪʘ ʽʥʰʠʤʠ ʤʝʨʝʞʝʚʠʤʠ ʧʨʠʩʪʨʦʷʤʠ [2]. 

ʂʦʤʫʪʘʪʦʨʠ ʚ SDN ʤʝʨʝʞʘʭ ʤʘʶʪʴ ʙʽʣʴʰ ʧʨʦʩʪʫ ʘʨʭʽʪʝʢʪʫʨʫ ʧʦʨʽʚʥʷʥʦ 

ʟ ʪʨʘʜʠʮʽʡʥʠʤʠ ʢʦʤʫʪʘʪʦʨʘʤʠ. ɺʦʥʠ ʥʝ ʤʘʶʪʴ ʚʙʫʜʦʚʘʥʦʛʦ ʨʦʟʧʦʜʽʣʫ 

ʧʨʦʧʫʩʢʥʦʾ ʟʜʘʪʥʦʩʪʽ ʪʘ ʧʨʘʚʠʣ ʤʘʨʰʨʫʪʠʟʘʮʽʾ. ʂʦʤʫʪʘʪʦʨʠ ʚʠʢʦʥʫʶʪʴ 

ʽʥʩʪʨʫʢʮʽʾ, ʷʢʽ ʦʪʨʠʤʫʶʪʴ ʚʽʜ ʢʦʥʪʨʦʣʝʨʘ ʯʝʨʝʟ ʧʨʦʪʦʢʦʣ OpenFlow. 

ʄʦʜʝʣʶʚʘʥʥʷ ʤʝʨʝʞʽ SDN ʥʘ ʩʪʦʨʦʥʽ ʢʽʥʮʝʚʦʛʦ ʢʦʨʠʩʪʫʚʘʯʘ. 

ʄʦʜʝʣʶʚʘʥʥʷ ʤʝʨʝʞʽ SDN ʥʘ ʩʪʦʨʦʥʽ ʢʽʥʮʝʚʦʛʦ ʢʦʨʠʩʪʫʚʘʯʘ ï ʮʝ ʧʨʦʮʝʩ 

ʩʪʚʦʨʝʥʥʷ ʚʽʨʪʫʘʣʴʥʦʾ SDN ʤʝʨʝʞʽ ʥʘ ʣʦʢʘʣʴʥʦʤʫ ʢʦʤʧ'ʶʪʝʨʽ, ʜʣʷ 

ʪʝʩʪʫʚʘʥʥʷ ʪʘ ʘʥʘʣʽʟʫ ʤʝʨʝʞʽ. ʎʝʡ ʧʨʦʮʝʩ ʟʘʙʝʟʧʝʯʫʻ ʤʦʞʣʠʚʽʩʪʴ ʚʠʟʥʘʯʠʪʠ 

ʦʧʪʠʤʘʣʴʥʽ ʧʘʨʘʤʝʪʨʠ ʤʝʨʝʞʽ ʪʘ ʜʦʩʣʽʜʠʪʠ ʾʾ ʨʦʙʦʪʫ ʚ ʨʽʟʥʠʭ ʫʤʦʚʘʭ.  



 142 

ɼʣʷ ʤʦʜʝʣʶʚʘʥʥʷ ʤʝʨʝʞʽ SDN ʥʘ ʩʪʦʨʦʥʽ ʢʽʥʮʝʚʦʛʦ ʢʦʨʠʩʪʫʚʘʯʘ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʚʽʨʪʫʘʣʴʥʽ ʩʝʨʝʜʦʚʠʱʘ, ʪʘʢʽ ʷʢ Mininet [3], GNS3 [4] ʪʘ 

ʽʥʰʽ. 

 
ʈʠʩʫʥʦʢ 1. ʄʦʜʝʣʴ ʤʝʨʝʞʽ SDN ʟ ʢʽʥʮʝʚʠʤʠ ʢʦʨʠʩʪʫʚʘʯʘʤʠ ʪʘ ʩʫʧʫʪʥʽʤ ʦʙʣʘʜʥʘʥʥʷʤ. 

 

 ʎʽ ʩʝʨʝʜʦʚʠʱʘ ʜʦʟʚʦʣʷʶʪʴ ʩʪʚʦʨʠʪʠ ʚʽʨʪʫʘʣʴʥʫ ʤʝʨʝʞʫ ʟ ʜʝʢʽʣʴʢʦʭ 

ʚʽʨʪʫʘʣʴʥʠʭ ʢʦʤʫʪʘʪʦʨʽʚ, ʭʦʩʪʽʚ ʪʘ ʢʦʥʪʨʦʣʝʨʽʚ, ʱʦ ʜʦʟʚʦʣʷʻ ʜʦʩʣʽʜʞʫʚʘʪʠ 

ʨʦʙʦʪʫ ʤʝʨʝʞʽ ʪʘ ʪʝʩʪʫʚʘʪʠ ʾʾ ʬʫʥʢʮʽʦʥʘʣʴʥʽʩʪʴ [5]. 

ʇʨʦʮʝʩ ʤʦʜʝʣʶʚʘʥʥʷ ʤʝʨʝʞʽ SDN ʥʘ ʩʪʦʨʦʥʽ ʢʽʥʮʝʚʦʛʦ ʢʦʨʠʩʪʫʚʘʯʘ 

ʚʢʣʶʯʘʻ ʥʘʩʪʫʧʥʽ ʝʪʘʧʠ: 

1. ɺʩʪʘʥʦʚʣʝʥʥʷ ʚʽʨʪʫʘʣʴʥʦʛʦ ʩʝʨʝʜʦʚʠʱʘ: ʜʣʷ ʩʪʚʦʨʝʥʥʷ ʚʽʨʪʫʘʣʴʥʦʾ 

ʤʝʨʝʞʽ ʥʝʦʙʭʽʜʥʦ ʚʩʪʘʥʦʚʠʪʠ ʚʽʨʪʫʘʣʴʥʝ ʩʝʨʝʜʦʚʠʱʝ, ʪʘʢʝ ʷʢ Mininet ʘʙʦ 

GNS3. ʎʽ ʩʝʨʝʜʦʚʠʱʘ ʜʦʟʚʦʣʷʶʪʴ ʩʪʚʦʨʠʪʠ ʚʽʨʪʫʘʣʴʥʫ ʤʝʨʝʞʫ ʥʘ 

ʣʦʢʘʣʴʥʦʤʫ ʢʦʤʧ'ʶʪʝʨʽ. 

2. ʉʪʚʦʨʝʥʥʷ ʪʦʧʦʣʦʛʽʾ ʤʝʨʝʞʽ: ʧʽʩʣʷ ʚʩʪʘʥʦʚʣʝʥʥʷ ʚʽʨʪʫʘʣʴʥʦʛʦ 

ʩʝʨʝʜʦʚʠʱʘ ʥʝʦʙʭʽʜʥʦ ʩʪʚʦʨʠʪʠ ʪʦʧʦʣʦʛʽʶ ʤʝʨʝʞʽ, ʷʢʘ ʚʢʣʶʯʘʻ ʚ ʩʝʙʝ 

ʚʽʨʪʫʘʣʴʥʽ ʢʦʤʫʪʘʪʦʨʠ, ʭʦʩʪʠ ʪʘ ʢʦʥʪʨʦʣʝʨʠ. 

3. ʅʘʣʘʰʪʫʚʘʥʥʷ ʧʘʨʘʤʝʪʨʽʚ ʤʝʨʝʞʽ: ʧʽʩʣʷ ʩʪʚʦʨʝʥʥʷ ʪʦʧʦʣʦʛʽʾ ʤʝʨʝʞʽ 

ʥʝʦʙʭʽʜʥʦ ʥʘʣʘʰʪʫʚʘʪʠ ʧʘʨʘʤʝʪʨʠ ʤʝʨʝʞʽ, ʪʘʢʽ ʷʢ ʨʦʟʤʽʨ ʙʫʬʝʨʘ, ʧʨʦʧʫʩʢʥʫ 

ʟʜʘʪʥʽʩʪʴ ʪʘ ʧʨʘʚʠʣʘ ʤʘʨʰʨʫʪʠʟʘʮʽʾ. 

4. ʊʝʩʪʫʚʘʥʥʷ ʤʝʨʝʞʽ: ʧʽʩʣʷ ʥʘʣʘʰʪʫʚʘʥʥʷ ʧʘʨʘʤʝʪʨʽʚ ʤʝʨʝʞʽ ʤʦʞʥʘ 

ʧʦʯʘʪʠ ʪʝʩʪʫʚʘʥʥʷ ʤʝʨʝʞʽ, ʱʦʙ ʧʝʨʝʚʽʨʠʪʠ ʾʾ ʬʫʥʢʮʽʦʥʘʣʴʥʽʩʪʴ ʪʘ ʚʠʷʚʠʪʠ 

ʧʨʦʙʣʝʤʠ. 

5. ɸʥʘʣʽʟ ʨʝʟʫʣʴʪʘʪʽʚ: ʧʽʩʣʷ ʟʘʚʝʨʰʝʥʥʷ ʪʝʩʪʫʚʘʥʥʷ ʤʝʨʝʞʽ ʥʝʦʙʭʽʜʥʦ 

ʧʨʦʘʥʘʣʽʟʫʚʘʪʠ ʨʝʟʫʣʴʪʘʪʠ ʪʝʩʪʫʚʘʥʥʷ ʪʘ ʚʠʟʥʘʯʠʪʠ ʦʧʪʠʤʘʣʴʥʽ ʧʘʨʘʤʝʪʨʠ 

ʤʝʨʝʞʽ. 

Graphical Network Simulator, ʮʝ ʛʨʘʬʽʯʥʠʡ ʝʤʫʣʷʪʦʨ ʤʝʨʝʞʽ, ʷʢʠʡ 

ʜʦʟʚʦʣʷʻ ʩʪʚʦʨʶʚʘʪʠ ʨʽʟʥʽ ʤʝʨʝʞʝʚʽ ʪʦʧʦʣʦʛʽʾ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʥʘ ʢʦʤʧ'ʶʪʝʨʽ. 

GNS3 ʟʘʟʚʠʯʘʡ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʷʢ ʣʘʙʦʨʘʪʦʨʥʠʡ ʤʘʡʜʘʥʯʠʢ ʜʣʷ ʧʝʨʝʚʽʨʢʠ 

ʪʝʭʥʦʣʦʛʽʡ ʪʘ ʩʭʝʤ. ʆʜʥʘʢ, GNS3 - ʮʝ ʝʤʫʣʷʪʦʨ, ʘ ʥʝ ʩʠʤʫʣʷʪʦʨ, ʽ ʚʘʨʪʦ 

ʨʦʟʫʤʽʪʠ ʨʽʟʥʠʮʶ ʤʽʞ ʮʠʤʠ ʪʝʨʤʽʥʘʤʠ ʜʣʷ ʢʦʨʠʩʪʫʚʘʯʘ. ɽʤʫʣʷʪʦʨ ʜʦʟʚʦʣʷʻ 
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ʩʪʚʦʨʠʪʠ ʤʦʜʝʣʴ ʢʦʤʧ'ʶʪʝʨʘ ʘʙʦ ʧʨʠʩʪʨʦʶ ʪʘ ʟʘʧʫʩʪʠʪʠ ʚ ʥʴʦʤʫ ʦʨʠʛʽʥʘʣʴʥʝ 

ʧʨʦʛʨʘʤʥʝ ʟʘʙʝʟʧʝʯʝʥʥʷ, ʝʤʫʣʶʶʯʠ ʚʩʽ ʦʩʥʦʚʥʽ ʢʦʤʧʦʥʝʥʪʠ ʧʨʠʩʪʨʦʶ, 

ʚʢʣʶʯʘʶʯʠ ʧʨʦʮʝʩʦʨ, ʧʘʤ'ʷʪʴ ʪʘ ʧʨʠʩʪʨʦʾ ʚʚʝʜʝʥʥʷ/ʚʠʚʝʜʝʥʥʷ. ɺ ʨʘʟʽ 

ʝʤʫʣʷʮʽʾ ʧʨʠʩʪʨʦʾʚ Cisco [6], ʩʪʚʦʨʶʻʪʴʩʷ ʤʦʜʝʣʴ ʤʘʨʰʨʫʪʠʟʘʪʦʨʘ ʷʢʘ 

ʟʘʧʫʩʢʘʻ ʚ ʥʴʦʤʫ ʨʝʘʣʴʥʫ ʦʧʝʨʘʮʽʡʥʫ ʩʠʩʪʝʤʫ Cisco IOS, ʱʦ ʜʦʟʚʦʣʷʻ 

ʦʪʨʠʤʘʪʠ ʧʦʚʥʦʬʫʥʢʮʽʦʥʘʣʴʥʠʡ ʤʘʨʰʨʫʪʠʟʘʪʦʨ. 

ɿ ʽʥʰʦʛʦ ʙʦʢʫ, ʩʠʤʫʣʷʪʦʨ ʽʤʽʪʫʻ ʧʦʚʝʜʽʥʢʫ ʩʠʩʪʝʤʠ ʪʘ ʾʾ ʽʥʪʝʨʬʝʡʩʫ, 

ʥʘʧʨʠʢʣʘʜ, Cisco Packet Tracer ʩʪʚʦʨʶʻ ʧʨʠʩʪʨʦʾ ʟʽ ʩʭʦʞʠʤ ʽʥʪʝʨʬʝʡʩʦʤ ʪʘ 

ʢʦʤʘʥʜʘʤʠ. 

ʇʝʨʝʚʘʛʠ ʚʠʢʦʨʠʩʪʘʥʥʷ GNS3: 

1. ʇʝʨʰʘ ʪʘ ʛʦʣʦʚʥʘ ʧʝʨʝʚʘʛʘ ʧʦʣʷʛʘʻ ʚ ʧʦʚʥʦʤʫ ʬʫʥʢʮʽʦʥʘʣʽ 

ʝʤʫʣʴʦʚʘʥʠʭ ʧʨʠʩʪʨʦʾʚ. ʎʝ ʦʟʥʘʯʘʻ, ʱʦ ʧʨʠ ʟʘʧʫʩʢʫ ʤʘʨʰʨʫʪʠʟʘʪʦʨʘ Cisco ʫ 

GNS3, ʢʦʨʠʩʪʫʚʘʯ ʤʘʻ ʜʦʩʪʫʧ ʜʦ ʧʨʘʢʪʠʯʥʦ ʚʩʽʭ ʬʫʥʢʮʽʡ, ʷʢʽ ʧʨʘʮʶʶʪʴ ʥʘ 

ʨʝʘʣʴʥʦʤʫ ʤʘʨʰʨʫʪʠʟʘʪʦʨʽ. ʋ ʧʦʨʽʚʥʷʥʥʽ ʟ Cisco Packet Tracer, ʜʝ ʟʥʘʯʥʘ 

ʯʘʩʪʠʥʘ ʬʫʥʢʮʽʦʥʘʣʫ ʻ ʥʝʜʦʩʪʫʧʥʦʶ ʯʝʨʝʟ ʡʦʛʦ ʩʠʤʫʣʶʶʯʠʡ ʭʘʨʘʢʪʝʨ. 

2. ʄʦʞʣʠʚʽʩʪʴ ʧʦʙʫʜʦʚʠ ʛʝʪʝʨʦʛʝʥʥʠʭ ʤʝʨʝʞ. ɿʘ ʜʦʧʦʤʦʛʦʶ GNS3 

ʢʦʨʠʩʪʫʚʘʯ ʤʦʞʝ ʩʪʚʦʨʠʪʠ ʤʝʨʝʞʫ, ʜʝ ʧʨʠʩʫʪʥʽ ʥʝ ʣʠʰʝ ʧʨʠʩʪʨʦʾ Cisco, ʘʣʝ ʡ 

Juniper, Mikrotik, CheckPoint ʪʦʱʦ. ʎʝ ʤʦʜʝʣʶʻ ʨʝʘʣʴʥʝ ʞʠʪʪʷ, ʜʝ ʤʝʨʝʞʘ 

ʟʘʟʚʠʯʘʡ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʦʙʣʘʜʥʘʥʥʷ ʨʽʟʥʠʭ ʚʠʨʦʙʥʠʢʽʚ. 

3. ʋ GNS3 ʤʦʞʥʘ ʜʦʜʘʚʘʪʠ ʧʦʚʥʦʮʽʥʥʽ ʨʦʙʦʯʽ ʩʪʘʥʮʽʾ ʪʘ ʩʝʨʚʝʨʠ, ʱʦ 

ʚʽʜʨʽʟʥʷʻ ʡʦʛʦ ʚʽʜ Cisco Packet Tracer, ʜʝ ʢʣʽʻʥʪʩʴʢʽ ʢʦʤʧ'ʶʪʝʨʠ ʘʙʦ ʩʝʨʚʝʨʠ 

ʤʘʶʪʴ ʦʙʤʝʞʝʥʽ ʤʦʞʣʠʚʦʩʪʽ. ɿ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʪʝʭʥʦʣʦʛʽʡ ʚʽʨʪʫʘʣʽʟʘʮʽʾ (ʷʢ 

ʧʨʠʢʣʘʜ VirtualBox ʘʙʦ VMWare) ʘʙʦ ʧʽʜʢʣʶʯʝʥʥʷʤ ʜʦ ʨʝʘʣʴʥʦ ʽʩʥʫʶʯʦʾ 

ʨʦʟʛʦʨʥʫʪʦʾ ʤʝʨʝʞʽ, ʢʦʨʠʩʪʫʚʘʯ ʤʦʞʝ ʜʦʜʘʪʠ ʢʦʤʧ'ʶʪʝʨʠ ʟ ʦʧʝʨʘʮʽʡʥʠʤʠ 

ʩʠʩʪʝʤʘʤʠ, ʪʘʢʠʤʠ ʷʢ Windows ʘʙʦ Ubuntu, ʘ ʪʘʢʦʞ ʩʝʨʚʝʨʠ, ʪʘʢʽ ʷʢ Windows 

Server ʯʠ RedHat. ʎʝ ʜʘʻ ʟʤʦʛʫ ʧʝʨʝʚʽʨʠʪʠ ʨʦʙʦʪʫ ʨʽʟʥʠʭ ʬʫʥʢʮʽʦʥʘʣʴʥʠʭ 

ʤʦʞʣʠʚʦʩʪʝʡ, ʪʘʢʠʭ ʷʢ ʚʩʪʘʥʦʚʣʝʥʥʷ VPN ʢʣʽʻʥʪʘ ʥʘ ʨʦʙʦʯʫ ʩʪʘʥʮʽʶ, 

ʘʚʪʝʥʪʠʬʽʢʘʮʽʷ ʢʦʨʠʩʪʫʚʘʯʽʚ ʯʝʨʝʟ ʩʝʨʚʝʨ AAA, ʘ ʪʘʢʦʞ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʙʨʘʫʟʝʨʘ ʧʨʠ ʧʽʜʢʣʶʯʝʥʥʽ ʜʦ ɯʥʪʝʨʥʝʪʫ. ɺʩʝ ʮʝ ʜʦʟʚʦʣʷʻ ʥʘʙʣʠʟʠʪʠ ʫʤʦʚʠ 

ʪʝʩʪʦʚʠʭ ʣʘʙʦʨʘʪʦʨʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʜʦ ʨʝʘʣʴʥʠʭ ʫʤʦʚ ʨʦʟʛʦʨʪʘʥʥʷ, 

ʥʘʚʘʥʪʘʞʝʥʥʷ ʪʘ ʚʠʢʦʨʠʩʪʘʥʥʷ. 

4. ɹʝʟʢʦʰʪʦʚʥʽʩʪʴ ʻ ʱʝ ʦʜʥʽʻʶ ʚʘʞʣʠʚʦʶ ʧʝʨʝʚʘʛʦʶ GNS3. ʇɿ 

ʜʦʩʪʫʧʥʠʡ ʜʣʷ ʚʠʢʦʨʠʩʪʘʥʥʷ ʙʝʟ ʙʫʜʴ-ʷʢʠʭ ʦʙʤʝʞʝʥʴ, ʱʦ ʨʦʙʠʪʴ ʡʦʛʦ 

ʦʩʦʙʣʠʚʦ ʧʨʠʚʘʙʣʠʚʠʤ. ʅʘ ʚʽʜʤʽʥʫ ʚʽʜ Cisco Packet Tracer, ʷʢʠʡ ʤʦʞʝ ʙʫʪʠ 

ʥʝʟʘʢʦʥʥʦ ʟʘʚʘʥʪʘʞʝʥʠʡ, GNS3 ʻ ʙʝʟʢʦʰʪʦʚʥʠʤ ʽ ʜʦʩʪʫʧʥʠʤ ʜʣʷ ʚʩʽʭ 

ʢʦʨʠʩʪʫʚʘʯʽʚ. ɯ ʭʦʯʘ ʻ ʽʥʰʽ ʧʣʘʪʥʽ ʩʠʤʫʣʷʪʦʨʠ ʪʘ ʝʤʫʣʷʪʦʨʠ, ʪʘʢʽ ʷʢ Boson 

NetSim ʘʙʦ Cisco VIRL, GNS3 ʟʘʣʠʰʘʻʪʴʩʷ ʙʝʟʢʦʰʪʦʚʥʠʤ ʪʘ ʜʦʩʪʫʧʥʠʤ ʜʣʷ 

ʚʩʽʭ.  

ʅʝʜʦʣʽʢʠ ʚʠʢʦʨʠʩʪʘʥʥʷ GNS3 

1. ɻʦʣʦʚʥʠʡ ʥʝʜʦʣʽʢ ʧʦʣʷʛʘʻ ʚ ʪʦʤʫ, ʱʦ GNS3 ʥʝ ʤʦʞʝ ʝʤʫʣʶʚʘʪʠ 

ʢʦʤʫʪʘʪʦʨʠ ʯʝʨʝʟ ʚʠʢʦʨʠʩʪʘʥʥʷ ʚʝʣʠʢʦʾ ʢʽʣʴʢʦʩʪʽ ASIC ʤʽʢʨʦʩʭʝʤ, ʷʢʽ 

ʥʝʤʦʞʣʠʚʦ ʝʤʫʣʶʚʘʪʠ ʥʘ ʟʚʠʯʘʡʥʦʤʫ ʢʦʤʧ'ʶʪʝʨʽ. ʎʽ ʤʽʢʨʦʩʭʝʤʠ 

ʟʘʙʝʟʧʝʯʫʶʪʴ ʚʝʣʠʢʫ ʰʚʠʜʢʽʩʪʴ ʦʙʨʦʙʢʠ ʧʘʢʝʪʽʚ, ʪʦʜʽ ʷʢ ʤʘʨʰʨʫʪʠʟʘʪʦʨʠ 

ʧʨʘʮʶʶʪʴ ʥʘ ʧʨʦʮʝʩʦʨʽ, ʱʦ ʟʥʘʯʥʦ ʧʦʚʽʣʴʥʽʰʠʡ ʟʘ ASIC ʤʽʢʨʦʩʭʝʤʠ. ʆʜʥʘʢ, 

ʥʘ ʧʨʘʢʪʠʮʽ ʧʨʦʙʣʝʤ ʽʟ ʝʤʫʣʷʮʽʻʶ ʤʘʨʰʨʫʪʠʟʘʪʦʨʘ ʥʝ ʚʠʥʠʢʘʻ. 
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2. ɿʥʘʯʥʠʡ ʥʝʜʦʣʽʢ ʧʦʣʷʛʘʻ ʚ ʚʠʩʦʢʠʭ ʚʠʤʦʛʘʭ ʜʦ ʩʠʩʪʝʤʥʠʭ ʨʝʩʫʨʩʽʚ. 

GNS3 ʧʨʘʮʶʻ ʟ ʨʝʘʣʴʥʠʤʠ ʇɿ ʧʨʠʩʪʨʦʾʚ, ʱʦ ʚʠʤʘʛʘʻ ʟʥʘʯʥʦ ʙʽʣʴʰʝ ʨʝʩʫʨʩʽʚ, 

ʥʽʞ ʩʠʤʫʣʷʮʽʾ ʫ Cisco Packet Tracer. ʅʘʧʨʠʢʣʘʜ, ʟʘʧʫʩʢ Cisco ASA ʚʠʤʘʛʘʻ 1 

ɻʙ ʦʧʝʨʘʪʠʚʥʦʾ ʧʘʤ'ʷʪʽ, ʘ ʟʙʠʨʘʥʥʷ ʢʣʘʩʪʝʨʘ ʘʙʦ ʚʢʣʶʯʝʥʥʷ Cisco IPS ʤʦʞʝ 

ʜʦʜʘʪʠ ʱʝ 1 ɻʙ. ʄʽʥʽʤʘʣʴʥʽ ʩʠʩʪʝʤʥʽ ʚʠʤʦʛʠ ʜʣʷ GNS3 ʩʴʦʛʦʜʥʽ ʩʪʘʥʦʚʣʷʪʴ 4 

ɻʙ ʦʧʝʨʘʪʠʚʥʦʾ ʧʘʤ'ʷʪʽ, ʘʣʝ ʨʝʢʦʤʝʥʜʫʻʪʴʩʷ ʤʘʪʠ ʭʦʯʘ ʙ 8 ɻʙ ʜʣʷ ʩʢʣʘʜʥʠʭ 

ʩʭʝʤ ʪʘ ʟʨʫʯʥʦʩʪʽ ʦʙʯʠʩʣʝʥʴ. 

3. ʊʨʝʪʽʡ ʥʝʜʦʣʽʢ ʧʦʣʷʛʘʻ ʚ ʥʘʷʚʥʦʩʪʽ ʧʨʦʛʨʘʤʥʠʭ ʧʦʤʠʣʦʢ. GNS3 ʤʘʻ 

ʯʠʤʘʣʦ ʧʦʤʠʣʦʢ, ʷʢʽ ʚʠʧʨʘʚʣʷʶʪʴʩʷ ʚ ʥʦʚʠʭ ʚʝʨʩʽʷʭ, ʘʣʝ ʢʦʞʝʥ ʨʝʣʽʟ ʥʦʚʦʾ 

ʚʝʨʩʽʾ ʤʦʞʝ ʪʘʢʦʞ ʤʘʪʠ ʥʦʚʽ ʧʦʤʠʣʢʠ. ʎʝ ʤʦʞʝ ʙʫʪʠ ʥʝʟʨʫʯʥʦ ʜʣʷ 

ʢʦʨʠʩʪʫʚʘʯʽʚ, ʘʣʝ ʚʘʞʣʠʚʦ ʥʘʚʯʠʪʠʩʷ ʢʦʨʠʩʪʫʚʘʪʠʩʷ ʽʥʩʪʨʫʤʝʥʪʦʤ ʥʝʟʘʣʝʞʥʦ 

ʚʽʜ ʮʠʭ ʧʦʤʠʣʦʢ. 

ʄʦʜʝʣʶʚʘʥʥʷ ʤʝʨʝʞʽ SDN ʥʘ ʩʪʦʨʦʥʽ ʢʽʥʮʝʚʦʛʦ ʢʦʨʠʩʪʫʚʘʯʘ ʚʠʩʪʫʧʘʻ  

ʢʦʨʠʩʥʠʤ ʜʣʷ ʨʦʟʨʦʙʥʠʢʽʚ ʤʝʨʝʞʝʚʠʭ ʜʦʜʘʪʢʽʚ, ʤʝʨʝʞʝʚʠʭ ʽʥʞʝʥʝʨʽʚ ʪʘ 

ʘʜʤʽʥʽʩʪʨʘʪʦʨʽʚ ʤʝʨʝʞʽ. ʎʝʡ ʧʨʦʮʝʩ ʜʦʟʚʦʣʷʻ ʪʝʩʪʫʚʘʪʠ ʨʽʟʥʽ ʧʘʨʘʤʝʪʨʠ 

ʤʝʨʝʞʽ ʪʘ ʚʠʷʚʣʷʪʠ ʧʨʦʙʣʝʤʠ ʜʦ ʾʭ ʚʠʥʠʢʥʝʥʥʷ ʫ ʨʝʘʣʴʥʽʡ ʤʝʨʝʞʽ. ʇʨʠ 

ʨʦʙʦʪʽ ʟ ʤʝʨʝʞʘʤʠ ʪʘ ʾʭ ʤʦʜʝʣʶʚʘʥʥʷʤ (ʦʩʦʙʣʠʚʦ ʟ ʦʙʣʘʜʥʘʥʥʷʤ ʉisco), 

ʟʥʘʥʥʷ GNS3 ʧʝʨʝʪʚʦʨʶʶʪʴʩʷ ʚ ʥʝʦʙʭʽʜʥʠʡ ʽʥʩʪʨʫʤʝʥʪ ʥʘ ʨʷʜʫ ʟ ʘʧʘʨʘʪʥʠʤ 

ʦʙʣʘʜʥʘʥʥʷʤ. ʎʝ ʇɿ ʷʚʣʷʻ ʩʦʙʦʶ ʧʨʘʢʪʠʯʥʦ ʧʦʚʥʦʮʽʥʥʠʡ ʣʘʙʦʨʘʪʦʨʥʠʡ 

ʩʪʝʥʜ, ʜʝ ʤʦʞʥʘ ʤʘʢʝʪʫʚʘʪʠ ʧʦʪʨʽʙʥʽ ʩʭʝʤʠ ʯʠ ʨʽʰʝʥʥʷ, ʧʝʨʝʚʽʨʠʪʠ 

ʢʦʥʬʽʛʫʨʘʮʽʶ ʧʝʨʝʜ ʟʘʩʪʦʩʫʚʘʥʥʷʤ ʥʘ ʨʝʘʣʴʥʦʤʫ ʧʨʠʩʪʨʦʾ. ɯ ʚʩʷ ʮʷ 

ʣʘʙʦʨʘʪʦʨʽʷ ʨʦʟʛʦʨʥʫʪʘ ʚ ʦʜʥʦʤʫ ʢʦʤʧ'ʶʪʝʨʽ. ʎʝ ʩʫʪʪʻʚʦ ʟʘʦʱʘʜʠʪʴ ʷʢ ʢʦʰʪʠ 

ʪʘʢ ʽ ʯʘʩ ʥʘ ʧʽʜʛʦʪʦʚʢʫ ʪʘ ʚʧʨʦʚʘʜʞʝʥʥʷ ʧʨʦʛʨʘʤʥʦ ʢʦʥʬʽʛʫʨʦʚʘʥʠʭ ʨʽʰʝʥʴ.  
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 The article describes the development of a complex for the study of satellite television 

broadcasting signals using a combined hardware and software method. The laboratory testing of 

the created development was carried out, and the hypothesis of combining hardware and 

software methods for measuring the parameters of satellite television broadcasting signals was 

confirmed.  

  

 ʊʝʣʝʚʽʟʽʡʥʝ ʤʦʚʣʝʥʥʷ ʜʦʩʽ ʟʙʝʨʽʛʘʻ ʩʚʦʶ ʧʦʧʫʣʷʨʥʽʩʪʴ. ʇʝʨʝʜ 

ʢʦʨʠʩʪʫʚʘʯʘʤʠ ʪʘ ʨʦʟʨʦʙʥʠʢʘʤʠ ʩʠʩʪʝʤ ʩʫʧʫʪʥʠʢʦʚʦʛʦ ʪʝʣʝʙʘʯʝʥʥʷ ʧʦʩʪʘʻ 

ʧʨʦʙʣʝʤʘ ʧʦʢʨʘʱʝʥʥʷ ʷʢʦʩʪʽ ʧʨʠʡʤʘʥʥʷ ʩʫʧʫʪʥʠʢʦʚʦʛʦ ʩʠʛʥʘʣʫ. 

ʉʫʧʫʪʥʠʢʦʚʝ ʪʝʣʝʚʽʟʽʡʥʝ ʤʦʚʣʝʥʥʷ ʟʜʽʡʩʥʶʻʪʴʩʷ ʫ ʜʽʣʷʥʮʽ Ku-ʜʽʘʧʘʟʦʥʫ 

(10,7...12,75 ɻɻʮ), ̫ ʢʘ ̒ ʥʘʡʧʦʧʫʣʷʨʥʽʰʦʶ ʪʘ ʥʘʡʙʽʣʴʰ ʚʠʢʦʨʠʩʪʦʚʫʚʘʥʦʶ. 

 ʋ 1994 ʨ. ʙʫʣʦ ʨʦʟʨʦʙʣʝʥʦ ʩʪʘʥʜʘʨʪ ʩʫʧʫʪʥʠʢʦʚʦʾ ʮʠʬʨʦʚʦʾ ʩʠʩʪʝʤʠ 

ʙʘʛʘʪʦʧʨʦʛʨʘʤʥʦʛʦ ʪʝʣʝʚʽʟʽʡʥʦʛʦ ʤʦʚʣʝʥʥʷ DVB-S. ʈʦʙʦʯʘ ʩʤʫʛʘ ʯʘʩʪʦʪ ʜʣ ̫

ʩʠʩʪʝʤ ʜʘʥʦʛʦ ʩʪʘʥʜʘʨʪʫ ʟʘʡʤʘʻ Ku-ʜʽʘʧʘʟʦʥ (10,7...12,75 ɻɻʮ). ʉʪʘʥʜʘʨʪ 

ʩʫʧʫʪʥʠʢʦʚʦʾ ʮʠʬʨʦʚʦʾ ʩʠʩʪʝʤʠ DVB-S2 ð ʩʧʝʮʠʬʽʢʘʮʽʷ ʜʨʫʛʦʛʦ ʧʦʢʦʣʽʥʥʷ, 

ʨʦʟʨʦʙʣʝʥʘ ʥʘ ʦʩʥʦʚʽ ʩʧʝʮʠʬʽʢʘʮʽʾ ʧʝʨʰʦʛʦ ʧʦʢʦʣʽʥʥʷ DVB-S ʜʣʷ 

ʧʝʨʝʜʘʚʘʥʥʷ ʙʽʣʴʰʦʛʦ ʦʙʩʷʛʫ ʢʦʨʠʩʥʦʾ ̔ ʥʬʦʨʤʘʮʽʾ ʚ ʟʘʜʘʥʽʡ ʩʤʫʟʽ ʯʘʩʪʦʪ ʟ 

ʤʽʥʽʤʘʣʴʥʠʤʠ ʚʠʪʨʘʪʘʤʠ ʥʘ ʧʨʠʡʤʘʣʴʥʽʡ ʯʘʩʪʠʥʽ ʩʠʩʪʝʤʠ. 

 ɼʦʩʣʽʜʞʝʥʥʷ ʧʘʨʘʤʝʪʨʽʚ ʩʠʛʥʘʣʽʚ ʩʫʧʫʪʥʠʢʦʚʦʛʦ ʪʝʣʝʚʽʟʽʡʥʦʛʦ 

ʤʦʚʣʝʥʥʷ ʟʜʽʡʩʥʶʶʪʴʩʷ ʨʝʛʫʣʷʨʥʦ ʟ ʤʝʪʦʶ ʧʽʜʚʠʱʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʨʦʙʦʪʠ 

ʡʦʛʦ ʩʠʩʪʝʤ. ɼʦ ʦʩʥʦʚʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʩʠʛʥʘʣʽʚ ʩʫʧʫʪʥʠʢʦʚʦʛʦ ʪʝʣʝʙʘʯʝʥʥʷ 

ʥʘʣʝʞʘʪʴ ʧʦʪʫʞʥʽʩʪʴ, ʯʘʩʪʦʪʘ, ʧʦʣʷʨʠʟʘʮʽʷ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʦʾ ʭʚʠʣʽ, 

ʤʦʜʫʣʷʮʽʷ, h ʠʨʠʥʘ ʩʧʝʢʪʨʘ, ʚʽʜʥʦʰʝʥʥʷ ʩʠʛʥʘʣ/ʰʫʤ, ̔ ʤʦʚʽʨʥʽʩʪʴ ʙʽʪʦʚʦʾ 

ʧʦʤʠʣʢʠ, ʩʠʤʚʦʣʴʥʘ h ʚʠʜʢʽʩʪʴ. ɼʣ ̫ʢʽʣʴʢʽʩʥʦʾ ʦʮʽʥʢʠ ʧʘʨʘʤʝʪʨʽʚ ʩʠʛʥʘʣʽʚ 
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ʩʫʧʫʪʥʠʢʦʚʦʛʦ ʪʝʣʝʚʽʟʽʡʥʦʛʦ ʤʦʚʣʝʥʥʷ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʩʧʝʮʽʘʣʽʟʦʚʘʥʘ 

ʚʠʤʽʨʶʚʘʣʴʥʘ ʪʝʭʥʽʢʘ (ʘʥʘʣʽʟʘʪʦʨʠ ʩʠʛʥʘʣʫ, ʩʧʝʢʪʨʫ)  ̔ ʧʨʦʛʨʘʤʥʝ 

ʟʘʙʝʟʧʝʯʝʥʥʷ. 

 ɹʫʣʦ ʚʠʩʫʥʫʪʦ ʛʽʧʦʪʝʟʫ: ʰʣʷʭʦʤ ʢʦʤʙʽʥʫʚʘʥʥʷ ʘʧʘʨʘʪʥʠʭ ʪʘ 

ʧʨʦʛʨʘʤʥʠʭ ʝʣʝʤʝʥʪʽʚ ʤʦʞʣʠʚʦ ʟʘʙʝʟʧʝʯʠʪʠ ʦʧʪʠʤʘʣʴʥʫ ʪʦʯʥʽʩʪʴ 

ʚʠʤʽʨʶʚʘʥʴ ʧʘʨʘʤʝʪʨʽʚ ʩʠʛʥʘʣʽʚ ʩʫʧʫʪʥʠʢʦʚʦʛʦ ʪʝʣʝʚʽʟʽʡʥʦʛʦ ʤʦʚʣʝʥʥʷ. ʋ 

ʩʪʚʦʨʝʥʦʤʫ ʢʦʤʧʣʝʢʩʽ ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ ʢʦʤʙʽʥʦʚʘʥʠʡ ʤʝʪʦʜ ʚʠʤʽʨʶʚʘʥʥʷ 

ʧʘʨʘʤʝʪʨʽʚ ʩʠʛʥʘʣʽʚ ʩʫʧʫʪʥʠʢʦʚʦʛʦ ʪʝʣʝʚʽʟʽʡʥʦʛʦ ʤʦʚʣʝʥʥʷ.  

 ʄʝʪʦʶ ʩʪʘʪʪʽ  ̒ʧʽʜʪʚʝʨʜʞʝʥʥʷ ʛʽʧʦʪʝʟʠ ʧʨʦ ʟʘʙʝʟʧʝʯʝʥʥʷ ʤʘʢʩʠʤʘʣʴʥʦʾ 

ʪʦʯʥʦʩʪʽ ʚʠʤʽʨʶʚʘʥʴ ʧʘʨʘʤʝʪʨʽʚ ʩʠʛʥʘʣʽʚ ʩʫʧʫʪʥʠʢʦʚʦʛʦ ʪʝʣʝʚʽʟʽʡʥʦʛʦ 

ʤʦʚʣʝʥʥʷ ʰʣʷʭʦʤ ʢʦʤʙʽʥʫʚʘʥʥʷ ʘʧʘʨʘʪʥʦʛʦ ʪʘ ʧʨʦʛʨʘʤʥʦʛʦ ʤʝʪʦʜʽʚ.  

 ɼʣʷ ʧʽʜʪʚʝʨʜʞʝʥʥʷ ʚʠʩʫʥʫʪʦʾ ʛʽʧʦʪʝʟʠ ʙʫʣʦ ʚʠʢʦʥʘʥʦ ʥʘʩʪʫʧʥʽ 

ʟʘʚʜʘʥʥʷ: 

1) ʜʦʩʣʽʜʞʝʥʦ ʪʝʦʨʝʪʠʯʥʽ ʦʩʥʦʚʠ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʩʠʩʪʝʤ 

ʩʫʧʫʪʥʠʢʦʚʦʛʦ ʪʝʣʝʚʽʟʽʡʥʦʛʦ ʤʦʚʣʝʥʥʷ ʪʘ ʤʝʪʦʜʽʚ ʚʠʤʽʨʶʚʘʥʥʷ ʧʘʨʘʤʝʪʨʽʚ 

ʩʠʛʥʘʣʽʚ ʩʫʧʫʪʥʠʢʦʚʦʛʦ ʪʝʣʝʚʽʟʽʡʥʦʛʦ ʤʦʚʣʝʥʥʷ; 

2) ʟʜʽʡʩʥʝʥʦ ʢʦʤʧôʶʪʝʨʥʝ ʤʦʜʝʣʶʚʘʥʥʷ ʩʠʩʪʝʤʠ ʩʫʧʫʪʥʠʢʦʚʦʛʦ 

ʪʝʣʝʚʽʟʽʡʥʦʛʦ ʤʦʚʣʝʥʥʷ ʩʪʘʥʜʘʨʪʽʚ DVB-S, DVB-S2 ʜʣʷ ʜʦʩʣʽʜʞʝʥʥʷ 

ʦʩʦʙʣʠʚʦʩʪʝʡ ʧʨʠʡʤʘʥʥʷ ʩʠʛʥʘʣʫ (ʜʠʚ. ʨʠʩ. 1); 

3) ʩʪʚʦʨʝʥʦ ʤʘʢʝʪʥʠʡ ʟʨʘʟʦʢ ʘʧʘʨʘʪʥʦ-ʧʨʦʛʨʘʤʥʦʛʦ ʢʦʤʧʣʝʢʩʫ ʜʣʷ 

ʜʦʩʣʽʜʞʝʥʥʷ ʧʘʨʘʤʝʪʨʽʚ ʩʠʛʥʘʣʽʚ ʩʫʧʫʪʥʠʢʦʚʦʛʦ ʪʝʣʝʚʽʟʽʡʥʦʛʦ ʤʦʚʣʝʥʥʷ; 

4) ʟʜʽʡʩʥʝʥʦ ʣʘʙʦʨʘʪʦʨʥʫ ʘʧʨʦʙʘʮʽʶ ʩʪʚʦʨʝʥʦʾ ʨʦʟʨʦʙʢʠ ʜʣʷ ʧʝʨʝʚʽʨʢʠ 

ʾʾ ʬʫʥʢʮʽʦʥʘʣʴʥʦʩʪʽ. 

 

  

ʈʠʩ. 1. ʉʭʝʤʘ ʩʪʚʦʨʝʥʦʛʦ ʢʦʤʧʣʝʢʩʫ. ʈʠʩ. 2. ɺʽʟʫʘʣʽʟʘʮʽʷ ʩʧʝʢʪʨʽʚ ʧʨʠʡʥʷʪʠʭ  ʩʠʛʥʘʣʽʚ 

ʧʨʦʛʨʘʤʥʠʤ ʟʘʙʝʟʧʝʯʝʥʥʷʤ CrazyScan. 

 

ʃʘʙʦʨʘʪʦʨʥʘ ʘʧʨʦʙʘʮʽʷ ʩʪʚʦʨʝʥʦʾ ʨʦʟʨʦʙʢʠ ʧʦʣʷʛʘʣʘ ʫ ʧʨʠʡʤʘʥʥʽ 

ʩʠʛʥʘʣʫ ʟ ʦʙʨʘʥʦʛʦ ʩʫʧʫʪʥʠʢʘ ʪʘ ʜʦʩʣʽʜʞʝʥʥʽ ʡʦʛʦ ʧʘʨʘʤʝʪʨʽʚ. ɿʘ ʜʦʧʦʤʦʛʦʶ 

ʜʘʥʦʛʦ ʢʦʤʧʣʝʢʩʫ ʙʫʣʦ ʜʦʩʣʽʜʞʝʥʦ ʧʘʨʘʤʝʪʨʠ ʩʠʛʥʘʣʽʚ ʩʫʧʫʪʥʠʢʽʚ ʟ ʩʫʟʽʨôʷ 



 147 

Astra (Astra 5B, Astra 2E, Astra 2G, Astra 2F). ɿʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʣʘʙʦʨʘʪʦʨʥʦʾ 

ʘʧʨʦʙʘʮʽʾ ʙʫʣʦ ʧʽʜʪʚʝʨʜʞʝʥʦ: ʬʫʥʢʮʽʦʥʘʣʴʥʽʩʪʴ ʩʪʚʦʨʝʥʦʛʦ ʘʧʘʨʘʪʥʦ-

ʧʨʦʛʨʘʤʥʦʛʦ ʢʦʤʧʣʝʢʩʫ; ʛʽʧʦʪʝʟʫ ʧʨʦ ʢʦʤʙʽʥʫʚʘʥʥʷ ʤʝʪʦʜʽʚ ʚʠʤʽʨʶʚʘʥʥʷ 

ʧʘʨʘʤʝʪʨʽʚ ʩʠʛʥʘʣʫ ʩʫʧʫʪʥʠʢʦʚʦʛʦ ʪʝʣʝʚʽʟʽʡʥʦʛʦ ʤʦʚʣʝʥʥʷ (ʜʠʚ. ʊʘʙʣʠʮʶ 1). 

 

ʊʘʙʣʠʮʷ 1. ʇʦʨʽʚʥʷʥʥʷ ʧʝʨʝʚʘʛ  ̔ʥʝʜʦʣʽʢʽʚ ʘʧʘʨʘʪʥʦʛʦ, ʧʨʦʛʨʘʤʥʦʛʦ ʪʘ  

ʢʦʤʙʽʥʦʚʘʥʦʛʦ ʤʝʪʦʜʽʚ ʚʠʤʽʨʶʚʘʥʥʷ ʧʘʨʘʤʝʪʨʽʚ ʩʠʛʥʘʣʫ. 

 ɸʧʘʨʘʪʥʠʡ ʤʝʪʦʜ ʇʨʦʛʨʘʤʥʠʡ ʤʝʪʦʜ ʂʦʤʙʽʥʦʚʘʥʠʡ 

ʤʝʪʦʜ 

ʆʪʨʠʤʘʥʥʷ ʜʘʥʠʭ ʫ ʨʝʞʠʤʽ ʨʝʘʣʴʥʦʛʦ ʯʘʩʫ  + - + 

ɼʝʪʘʣʴʥʝ ʜʦʩʣʽʜʞʝʥʥʷ, ʘʥʘʣʽʟ ʧʘʨʘʤʝʪʨʽʚ 

ʩʠʛʥʘʣʫ 
- + + 

ɺʠʟʥʘʯʝʥʥʷ ʯʘʩʪʦʪʠ ʪʨʘʥʩʧʦʥʜʝʨʘ, ʪʠʧʫ 

ʤʦʜʫʣʷʮʽʡʥʦʛʦ ʩʫʟʽʨôʷ 
- + + 

ɺʽʟʫʘʣʽʟʘʮʽ ̫ʜʽʘʛʨʘʤʠ ʩʠʛʥʘʣʴʥʦʛʦ ʩʫʟʽʨôʷ 

ʪʘ ʩʧʝʢʪʨʫ ʩʠʛʥʘʣʫ 
- + + 

 

ɺʠʩʥʦʚʢʠ. ʈʝʟʫʣʴʪʘʪʠ ʣʘʙʦʨʘʪʦʨʥʦʾ ʘʧʨʦʙʘʮʽʾ ʧʽʜʪʚʝʨʜʠʣʠ ʛʽʧʦʪʝʟʫ ʧʨʦ 

ʢʦʤʙʽʥʫʚʘʥʥʷ ʤʝʪʦʜʽʚ ʜʦʩʣʽʜʞʝʥʥʷ ʩʠʛʥʘʣʫ; ʣʘʙʦʨʘʪʦʨʥʘ ʘʧʨʦʙʘʮʽʷ 

ʧʽʜʪʚʝʨʜʠʣʘ ʤʦʞʣʠʚʽʩʪʴ ʧʨʘʢʪʠʯʥʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʨʦʟʨʦʙʢʠ ʜʣʷ 

ʤʦʥʽʪʦʨʠʥʛʫ ʩʪʘʥʫ ʩʠʩʪʝʤ ʩʫʧʫʪʥʠʢʦʚʦʛʦ ʊɺ ʤʦʚʣʝʥʥʷ. 
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CONSTRUCTION A BROADBAND ACCESS NETWORK  

WITH SDN SUPPORT BASED ON THE SEBA PLATFORM  
 

SDN Enabled Broadband Access (SEBA) is a large open source development and 

integration project organized by the Open Network Foundation (ONF). SEBA is a designed to 

support the network and functional needs of several operators with a general architecture. 

SEBAôs reference design (RD) provides a high-level template or architecture to support 

broadband with minimal purpose technological choice. 
 

ʋ ʩʫʯʘʩʥʦʤʫ ʩʚʽʪʽ ʤʝʨʝʞʽ ʧʦʪʨʝʙʫʶʪʴ ʙʽʣʴʰ ʚʠʩʦʢʦʾ ʰʚʠʜʢʦʩʪʽ ʧʝʨʝʜʘʯʽ 

ʜʘʥʠʭ ʽ ʧʦʣʽʧʰʝʥʥʷ ʽʥʩʪʨʫʤʝʥʪʽʚ, ʱʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʜʣʷ ʫʧʨʘʚʣʽʥʥʷ 

ʤʝʨʝʞʘʤʠ ʪʘ ʤʦʥʽʪʦʨʠʥʛʦʤ. ʎʽ ʦʙʩʪʘʚʠʥʠ ʧʨʠʟʚʝʣʠ ʜʦ ʧʦʷʚʠ ʥʦʚʠʭ 

ʬʫʥʢʮʽʦʥʘʣʴʥʠʭ ʽ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʤʝʨʝʞ ʟʽ ʩʢʣʘʜʥʠʤʠ ʽʥʬʨʘʩʪʨʫʢʪʫʨʘʤʠ, ʘ 

ʩʘʤʝ ʚʠʥʠʢʥʝʥʥʷ ʥʦʚʦʾ ʢʦʥʮʝʧʮʽʾ ʧʦʙʫʜʦʚʠ ʤʝʨʝʞ ʥʘ ʦʩʥʦʚʽ SDN (Software-

Defined Networking) ʘʨʭʽʪʝʢʪʫʨʠ. ʂʨʽʤ ʮʴʦʛʦ ʩʫʯʘʩʥʽ ʪʝʥʜʝʥʮʽʾ ʨʦʟʚʠʪʢʫ 

ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʪʝʭʥʦʣʦʛʽʡ ʯʽʪʢʦ ʟʤʽʥʶʶʪʴ ʢʦʨʧʦʨʘʪʠʚʥʽ ʤʝʨʝʞʽ, ʧʦʩʪʽʡʥʦ 

ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʟʙʽʣʴʰʝʥʥʷ ʦʙʩʷʛʽʚ ʤʝʨʝʞʝʚʦʛʦ ʪʨʘʬʽʢʫ, ʫ ʟʚôʷʟʢʫ ʟ ʮʠʤ, 

ʚʠʥʠʢʘʻ ʧʦʪʨʝʙʘ ʚ ʢʦʥʬʽʛʫʨʘʮʽʾ ʧʦʩʪʽʡʥʦʛʦ ʜʦʜʘʚʘʥʥʷ ʩʢʣʘʜʥʠʭ ʤʝʨʝʞʥʠʭ 

ʩʪʨʫʢʪʫʨ. ʉʘʤʝ ʧʣʘʪʬʦʨʤʘ SEBA ʥʘʜʘʻ ʤʦʞʣʠʚʽʩʪʴ ʫʜʦʩʢʦʥʘʣʠʪʠ ʤʝʨʝʞʽ 

ʜʦʩʪʫʧʫ ʧʦ ʚʩʴʦʤʫ ʩʚʽʪʫ ʜʣʷ ʚʽʜʢʨʠʪʠʭ, ʢʝʨʦʚʘʥʠʭ  ʧʨʦʛʨʘʤʥʠʭ ʟʘʙʝʟʧʝʯʝʥʴ 

ʩʠʩʪʝʤ ʫ ʥʦʚʠʭ ʢʣʶʯʦʚʠʭ ʦʙʣʘʩʪʷʭ, ʙʦ ʷʢʨʘʟ SEBA ʩʪʚʦʨʝʥʘ ʜʣʷ ʥʘʜʘʥʥʷ 

ʰʘʙʣʦʥʫ ʘʨʭʽʪʝʢʪʫʨʠ ʜʣʷ ʨʦʟʨʦʙʢʠ ʨʽʰʝʥʴ ʥʦʩʽʾʚ ʰʠʨʦʢʦʩʤʫʛʦʚʦʛʦ ʜʦʩʪʫʧʫ 

[1]. 

SEBA ï ʮʝ ʧʣʘʪʬʦʨʤʘ ʟ ʚʽʜʢʨʠʪʠʤ ʚʠʭʽʜʥʠʤ ʢʦʜʦʤ, ʷʢʘ ʚʽʨʪʫʘʣʽʟʫʻ 

ʰʠʨʦʢʦʩʤʫʛʦʚʽ ʤʝʨʝʞʽ. ɺʠʜʦʙʫʚʘʶʯʠ ʪʘ çʭʤʘʨʫʶʯʠè ʙʽʣʴʰʽʩʪʴ ʬʫʥʢʮʽʡ, ʷʢʽ 

ʪʨʘʜʠʮʽʡʥʦ ʚʠʢʦʥʫʚʘʣʠʩʷ ʚ ʩʢʣʘʜʥʠʭ PON-ʩʠʩʪʝʤʘʭ ʥʘ ʙʘʟʽ ʰʘʩʽ, ʦʧʝʨʘʪʦʨʠ 

ʤʦʞʫʪʴ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʩʠʩʪʝʤʠ PON (Passive Optical Network ï ʩʠʩʪʝʤʘ 

ʧʘʩʠʚʥʦʾ ʦʧʪʠʯʥʦʾ ʤʝʨʝʞʽ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʦʧʪʠʯʥʦʛʦ ʣʽʥʽʡʥʦʛʦ ʪʝʨʤʽʥʘʣʫ (OLT 

ï Optical Line Terminal), ʷʢʠʡ ʟôʻʜʥʫʻ ʢʽʣʴʢʘ ʦʧʪʠʯʥʠʭ ʤʝʨʝʞʝʚʠʭ ʪʝʨʤʽʥʘʣʽʚ 

(ONT ï Optical Network Terminal) ʟʘ ʜʦʧʦʤʦʛʦʶ ʧʘʩʠʚʥʦʾ ʦʧʪʠʯʥʦʾ 

ʨʦʟʧʦʜʽʣʴʯʦʾ ʤʝʨʝʞʽ) ʚʽʜ ʨʽʟʥʠʭ ʧʦʩʪʘʯʘʣʴʥʠʢʽʚ, ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ ʧʨʠ ʮʴʦʤʫ 

ʩʧʽʣʴʥʝ ʧʨʦʛʨʘʤʥʝ ʟʘʙʝʟʧʝʯʝʥʥʷ ʜʣʷ ʫʧʨʘʚʣʽʥʥʷ. ʎʝ ʦʧʪʠʤʽʟʫʻ ʢʘʧʽʪʘʣʴʥʽ ʪʘ 

ʦʧʝʨʘʮʽʡʥʽ ʚʠʪʨʘʪʠ, ʘ ʪʘʢʦʞ ʩʪʚʦʨʶʻ ʤʦʜʝʣʴ ʨʦʟʛʦʨʪʘʥʥʷ, ʷʢʫ ʧʨʠʡʥʷʣʠ 

ʧʨʦʚʽʜʥʽ ʦʧʝʨʘʪʦʨʠ.  

ʇʽʜʭʽʜ ʜʦʟʚʦʣʷʻ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʜʝʢʽʣʴʢʘ ʧʦʪʦʢʽʚ ʨʝʘʣʽʟʘʮʽʾ ʜʣʷ 

ʚʽʜʧʦʚʽʜʥʦʩʪʽ SEBA ʚʠʤʦʛ ʧʦʚʥʽʩʪʶ ʘʙʦ ʧʦ ʯʘʩʪʠʥʘʭ ʷʢ ʩʫʢʫʧʥʽʩʪʴ ʤʦʜʫʣʽʚ ʽ 
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ʢʦʤʧʦʟʠʮʽʡ, ʱʦ ʜʦʟʚʦʣʷʶʪʴ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʧʦʻʜʥʘʥʥʷ SDN, NFV (Network 

Function Virtualization), ʘ ʪʘʢʦʞ ʟʘʩʪʘʨʽʣʽ ʢʦʤʧʦʥʝʥʪʽʚ PNF (Physical 

Networking Function) ʜʣʷ ʚʠʢʦʨʠʩʪʘʥʥʷ ʷʢ ʢʦʤʧʦʟʠʮʽʡʥʠʭ ʝʣʝʤʝʥʪʽʚ ʫ 

ʨʦʟʛʦʨʪʘʥʥʽ [2].  

SEBA ʩʪʚʦʨʝʥʘ ʜʣʷ ʥʘʜʘʥʥʷ ʰʘʙʣʦʥʫ ʘʨʭʽʪʝʢʪʫʨʠ ʜʣʷ ʨʦʟʨʦʙʢʠ ʨʽʰʝʥʴ 

ʜʣʷ ʰʠʨʦʢʦʩʤʫʛʦʚʦʛʦ ʜʦʩʪʫʧʫ ʥʦʩʽʾʚ. ʉʬʝʨʘ ʟʘʩʪʦʩʫʚʘʥʥʷ SEBA RD 

ʧʨʠʟʥʘʯʝʥʘ ʜʣʷ ʦʭʦʧʣʝʥʥʷ ʰʠʨʦʢʦʛʦ ʥʘʙʦʨʫ ʙʝʟʜʨʦʪʦʚʠʭ ʽ ʬʽʢʩʦʚʘʥʠʭ 

ʪʝʭʥʦʣʦʛʽʡ ʙʝʟʜʨʦʪʦʚʦʛʦ ʜʦʩʪʫʧʫ ʽ ʧʦʚ'ʷʟʘʥʠʭ ʟ ʥʠʤʠ ʤʦʞʣʠʚʦʩʪʝʡ Service 

Edge. ɼʦ ʥʠʭ ʚʽʜʥʦʩʷʪʴʩʷ, ʘʣʝ ʥʝ ʦʙʤʝʞʫʶʪʴʩʷ: PON (Passive Optical 

Network), XGS-PON (10-Gigabit-capable Symmetric Passive Optical Network), 

NG-PON2 (Next-Generation Passive Optical Network 2), EPON (Ethernet Passive 

Optical Network), ʤʘʡʙʫʪʥʽ ʪʝʭʥʦʣʦʛʽʾ PON, Gfast, Ethernet, DOCSIS (Data 

Over Cable Service Interface Specification). ʉʬʝʨʘ ʟʘʩʪʦʩʫʚʘʥʥʷ ʧʦʚʠʥʥʘ 

ʜʦʟʚʦʣʷʪʠ ʣʝʛʢʦ ʘʜʘʧʪʫʚʘʪʠ ʥʦʚʽ ʪʝʭʥʦʣʦʛʽʾ, ʱʦ ʧʽʜʪʨʠʤʫʶʪʴ ʮʽ ʪʝʭʥʦʣʦʛʽʾ ʪʘ 

ʥʦʚʽ ʧʨʠʩʪʨʦʾ, ʷʢʽ ʚʢʣʶʯʘʶʪʴ ʮʽ ʪʝʭʥʦʣʦʛʽʾ ʫ ʝʣʝʤʝʥʪʠ, ʱʦ ʨʦʟʛʦʨʪʘʶʪʴʩʷ. ʎʝ 

ʧʦʚʠʥʥʦ ʙʫʪʠ ʤʦʞʣʠʚʦ ʙʝʟ ʧʝʨʝʧʠʩʫʚʘʥʥʷ ʦʩʥʦʚʥʠʭ ʨʦʟʜʽʣʽʚ ʧʽʜʢʦʤʧʦʥʝʥʪʽʚ, 

ʟ ʷʢʠʭ ʩʢʣʘʜʘʻʪʴʩʷ SEBA ʽ ʥʝ ʧʦʚʠʥʥʽ ʚʠʤʘʛʘʪʠ ʥʦʚʠʭ ʬʫʥʜʘʤʝʥʪʘʣʴʥʠʭ 

ʚʟʘʻʤʦʜʽʡ ʥʘ ʧʽʚʥʽʯ ʚʽʜ ʧʣʘʪʬʦʨʤ ʘʚʪʦʤʘʪʠʟʘʮʽʾ ʥʦʩʽʾʚ [1]. 

SEBA ʨʦʟʨʦʙʣʝʥʠʡ ʷʢ ʥʘʙʽʨ ʢʦʥʪʝʡʥʝʨʥʠʭ ʝʣʝʤʝʥʪʽʚ, ʷʢʽ ʧʨʘʮʶʶʪʴ ʚ 

ʩʝʨʝʜʦʚʠʱʽ Kubernetes. ʉʠʩʪʝʤʘ ʤʦʜʫʣʴʦʚʘʥʘ ʥʘ ʘʨʭʽʪʝʢʪʫʨʫ ʪʠʧʦʚʦʾ 

ʤʽʢʨʦʩʝʨʚʽʩʥʦʾ ʩʠʩʪʝʤʠ ʪʘ ʽʩʥʫʻ ʽʻʨʘʨʭʽʷ ʤʦʜʫʣʴʥʦʩʪʽ, ʷʢʘ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ, 

ʱʦʙ ʜʦʟʚʦʣʷʪʠ ʛʥʫʯʢʽ ʢʦʤʧʦʟʠʮʽʾ ʚ ʨʽʟʥʠʭ ʤʘʩʰʪʘʙʘʭ. 

 

 
 

ʈʠʩ.1. ʇʦʧʝʨʝʜʥʷ ʘʨʭʽʪʝʢʪʫʨʘ ʚʠʩʦʢʦʛʦ ʨʽʚʥʷ SEBA. 
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ʈʠʩ. 2. ʅʦʚʽʪʥʷ ʤʦʜʫʣʴʥʘ ʘʨʭʽʪʝʢʪʫʨʘ ʚʠʩʦʢʦʛʦ ʨʽʚʥʷ SEBA. 

 

ʅʘ ʨʠʩ. 1 ʪʘ ʨʠʩ. 2 ʧʦʢʘʟʘʥʦ, ʱʦ SEBA ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʜʝʢʽʣʴʢʦʭ ʧʨʦʛʨʘʤ 

ʤʦʜʫʣʽʚ ʚʠʩʦʢʦʛʦ ʨʽʚʥʷ, ʪʘʢʽ ʷʢ: 

- ʄʦʜʫʣʴ NEM - Network Edge Mediator; 

- ʄʦʜʫʣʴ ʢʝʨʫʚʘʥʥʷ SDN; 

- ʄʦʜʫʣʴ ʢʝʨʫʚʘʥʥʷ ʜʦʜʘʪʢʘʤʠ; 

- ɼʨʘʡʚʝʨ ʜʦʩʪʫʧʫ ʜʦ ʚʫʟʣʘ (AN); 

- ɼʨʘʡʚʝʨ ʘʛʨʝʛʘʮʽʾ ʪʘ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ (ASG); 

- ɼʠʩʧʝʪʯʝʨ ʧʨʠʩʪʨʦʾʚ. 

ʇʦʨʽʚʥʷʥʦ ʟ ʧʦʧʝʨʝʜʥʴʶ ʤʦʜʝʣʣʶ (ʨʠʩ. 1) ʚʽʜʙʫʣʠʩʷ ʜʦʧʦʚʥʝʥʥʷ (ʨʠʩ.2), 

ʘ ʩʘʤʝ: 

- ɼʝʪʘʣʴʥʽ API-ʽʥʪʝʨʬʝʡʩʠ NBI ʜʣʷ POD, OLT (Optical Line Terminal), 

ONT (Optical Network Terminal), ʫʧʨʘʚʣʽʥʥʷ ʩʝʨʚʽʩʘʤʠ; 

- ʆʥʦʚʣʝʥʥʷ ʰʠʨʦʢʦʩʤʫʛʦʚʦʛʦ ʤʝʨʝʞʝʚʦʛʦ ʰʣʶʟʫ (BNG); 

- ʂʝʨʫʚʘʥʥʷ ʧʨʠʩʪʨʦʷʤʠ (DM);   

- ʄʦʜʝʣʴ ʩʪʝʢʘ OLT VOLTHA ʤʘʩʰʪʘʙʫʚʘʥʥʷ; 

- ʊʝʭʥʦʣʦʛʽʷ ʜʦʩʪʫʧʫ ï ʬʽʢʩʦʚʘʥʠʡ ʙʝʟʜʨʦʪʦʚʠʡ ʜʦʩʪʫʧ (FWA) / 

mmWAVE. 

- ɺʘʨʽʘʥʪʠ ʚʠʢʦʨʠʩʪʘʥʥʷ ʜʣʷ ʢʝʨʫʚʘʥʥʷ ʞʠʪʪʻʚʠʤ ʮʠʢʣʦʤ POD [3]. 

ʅʦʚʽʪʥʷ ʘʨʭʽʪʝʢʪʫʨʘ ʚʠʱʦʛʦ ʨʽʚʥʷ ʩʪʘʻ ʙʽʣʴʰ ʢʦʨʠʩʥʦʶ ʜʣʷ ʨʦʟʨʦʙʥʠʢʽʚ 

ʧʨʠʢʣʘʜʽʚ ʧʣʘʪʬʦʨʤ, ʱʦ ʟʤʫʩʠʪʴ ʾʭ ʽʥʪʝʛʨʫʚʘʪʠʩʷ ʟ ʩʠʩʪʝʤʘʤʠ 

ʝʢʩʧʣʫʘʪʘʮʽʡʥʦʾ ʧʽʜʪʨʠʤʢʠ ʰʚʠʜʰʝ ʥʽʞ ʟ ʦʧʝʨʘʪʦʨʘʤʠ ʧʨʦʛʨʘʤʥʦʛʦ 

ʟʘʙʝʟʧʝʯʝʥʥʷ. ʊʦʤʫ ʦʥʦʚʣʝʥʥʷ ʰʠʨʦʢʦʩʤʫʛʦʚʦʛʦ ʤʝʨʝʞʝʚʦʛʦ ʰʣʶʟʫ 

ʜʦʟʚʦʣʠʪʴ ʧʽʜʪʨʠʤʫʚʘʪʠ ʤʘʡʙʫʪʥʽ ʪʝʭʥʦʣʦʛʽʾ, ʘ ʦʪʞʝ ʨʦʙʦʪʫ ʯʝʨʝʟ ʯʽʪʢʦ 

ʚʠʟʥʘʯʝʥʽ ʽʥʪʝʨʬʝʡʩʠ ʪʘ ʤʦʜʝʣʽ. 

ʊʦʙʪʦ ʚ API ʽʥʪʝʨʬʝʡʩʽ, ʘ ʩʘʤʝ ʫʧʨʘʚʣʽʥʥʽ POD ʚʠʟʥʘʯʘʶʪʴʩʷ ʪʘʢʽ 

ʢʦʤʧʦʥʝʥʪʠ: ʥʘʜʘʥʥʷ ʽʥʬʦʨʤʘʮʽʾ ʧʨʦ ʽʥʚʝʥʪʘʨʠʟʘʮʽʶ, ʤʦʥʽʪʦʨʠʥʛ ʘʧʘʨʘʪʥʠʭ 

ʨʝʩʫʨʩʽʚ, ʟʚʽʪʥʽʩʪʴ ʧʨʦ ʩʪʘʥ, ʫʧʨʘʚʣʽʥʥʷ ʩʠʛʥʘʣʽʟʘʮʽʻʶ ʪʘ ʤʦʥʽʪʦʨʠʥʛ 

ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ. 
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ɺ ʫʧʨʘʚʣʽʥʥʽ OLT (Optical Line Terminal) ʟʘʟʥʘʯʘʻʪʴʩʷ, ʱʦ ʚʽʜʙʫʚʘʻʪʴʩʷ: 

ʧʦʩʪʘʯʘʥʥʷ ʘʧʘʨʘʪʥʠʤ ʟʘʙʝʟʧʝʯʝʥʥʷʤ OLT, ʦʪʨʠʤʘʥʥʷ ʩʧʠʩʢʫ ʧʨʠʩʪʨʦʾʚ, 

ʦʪʨʠʤʘʥʥʷ ʩʧʠʩʢʫ ʧʦʨʪʽʚ OLT NNI/PON, ʫʧʨʘʚʣʽʥʥʷ ʧʨʦʛʨʘʤʥʠʤ 

ʟʘʙʝʟʧʝʯʝʥʥʷʤ ʪʘ ʦʥʦʚʣʝʥʥʷʤʠ OLT, ʟʘʧʫʩʢ ʜʦʩʪʫʧʥʠʭ ʜʽʘʛʥʦʩʪʠʢ OLT ʽ 

ʦʪʨʠʤʘʥʥʷ ʨʝʟʫʣʴʪʘʪʽʚ, ʦʪʨʠʤʘʥʥʷ ʽʥʬʦʨʤʘʮʽʾ ʧʨʦ ʽʥʚʝʥʪʘʨʠʟʘʮʽʶ ʜʣʷ SFP 

(Small Form-factor Pluggable) ʧʨʠʩʪʨʦʾʚ ʪʘ ʧʽʜʢʣʶʯʝʥʠʭ ʜʦ ʧʦʨʪʽʚ OLT. 

ɺ ʫʧʨʘʚʣʽʥʥʽ ONT ʚʽʜʙʫʚʘʻʪʴʩʷ: ʦʥʦʚʣʝʥʥʷ ʩʝʨʽʡʥʦʛʦ ʥʦʤʝʨʘ 

ʦʙʣʘʜʥʘʥʥʷ ONT, ʦʪʨʠʤʘʥʥʷ ʽʥʬʦʨʤʘʮʽʾ ʧʨʦ ʽʥʚʝʥʪʘʨʠʟʘʮʽʶ ʦʙʣʘʜʥʘʥʥʷ 

ONT, ʫʧʨʘʚʣʽʥʥʷ ʧʨʦʛʨʘʤʥʠʤ ʟʘʙʝʟʧʝʯʝʥʥʷʤ ʪʘ ʦʥʦʚʣʝʥʥʷʤʠ, ʫʧʨʘʚʣʽʥʥʷ 

ʘʩʦʮʽʡʦʚʘʥʠʤʠ ʢʦʥʬʽʛʫʨʘʮʽʷʤʠ ONT DB, ʟʘʧʫʩʢ ʜʦʩʪʫʧʥʦʾ ONT ʜʽʘʛʥʦʩʪʠʢʠ 

ʪʘ ʦʪʨʠʤʘʥʥʷ ʨʝʟʫʣʴʪʘʪʽʚ [3, 5]. 

SDN ʐʠʨʦʢʦʩʤʫʛʦʚʠʡ ʜʦʩʪʫʧ (SEBA) ʻ ʥʘʡʫʩʧʽʰʥʽʰʠʤ ʜʦʩʣʽʜʞʝʥʥʷʤ 

ʜʦʜʘʪʢʽʚ SDN ʜʣʷ ʤʝʨʝʞʽ ʜʦʩʪʫʧʫ, ʜʝ ʢʽʣʴʢʘ ʦʧʝʨʘʪʦʨʽʚ ʨʝʢʣʘʤʫʶʪʴ 

ʢʦʤʝʨʮʽʡʥʽ ʨʦʟʛʦʨʪʘʥʥʷ. ʆʪʞʝ, ʧʣʘʪʬʦʨʤʘ SEBA ʧʨʘʮʶʻ ʰʚʠʜʢʦ ʽ ʜʦʟʚʦʣʷʻ 

ʢʝʨʫʚʘʪʠ ʨʽʟʥʠʤʠ ʪʝʭʥʦʣʦʛʽʷʤʠ ʚʽʨʪʫʘʣʽʟʦʚʘʥʦʛʦ ʜʦʩʪʫʧʫ ʽʥʪʝʛʨʫʶʯʠ ʟ ʾʭ 

EMS ʚʢʽʥʮʽ ʤʝʨʝʞʽ ʦʧʝʨʘʪʦʨʘ. SEBA ʧʨʘʛʥʝ ʢʝʨʫʚʘʪʠ ʨʽʟʥʠʤʠ ʪʠʧʘʤʠ white-

boxes OLT ʧʦʰʠʨʶʶʯʠ ʟʘʧʫʩʢ ʧʨʦʛʨʘʤʥʠʭ ʤʦʜʫʣʽʚ ʟʘʛʘʣʴʥʦʛʦ ʧʨʠʟʥʘʯʝʥʥʷ 

ʩʝʨʚʝʨʽʚ. ʇʨʦʛʨʘʤʥʝ ʟʘʙʝʟʧʝʯʝʥʥʷ SEBA ʻ ʚʽʜʢʨʠʪʠʤ ʚʠʭʽʜʥʠʤ ʢʦʜʦʤ, ʱʦ 

ʜʦʟʚʦʣʷʻ ʨʽʟʥʠʤ ʦʧʝʨʘʪʦʨʘʤ ʟʚôʷʟʢʫ ʪʘ ʧʦʩʪʘʯʘʣʴʥʠʢʘʤ, ʱʦ ʚʠʤʘʛʘʶʪʴ 

ʨʝʘʣʽʟʘʮʽʾ ʢʦʞʥʦʾ ʬʫʥʢʮʽʾ [4, 6]. 
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ʇʨʦʧʦʥʫʻʪʴʩʷ ʥʦʚʝ ʨʽʰʝʥʥʷ ʟʘʜʘʯʽ ʧʦʙʫʜʦʚʠ ʩʤʫʛʦʚʠʭ ʬʽʣʴʪʨʽʚ ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʩʧʝʮʽʘʣʴʥʠʤ ʯʠʥʦʤ ʦʧʪʠʤʽʟʦʚʘʥʠʭ ʨʝʞʝʢʪʦʨʥʠʭ ʩʪʨʫʢʪʫʨ, ʧʦʙʫʜʦʚʘʥʠʭ ʥʘ 

ʦʧʪʠʯʥʠʭ ʤʠʢʨʦʨʝʟʦʥʘʪʦʨʘʭ ʟ ʢʦʣʠʚʘʥʥʷʤʠ ʰʝʧʦʯʫʯʦʾ ʛʘʣʝʨʝʾ. ʇʦʢʘʟʘʥʦ, ʱʦ ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʧʽʜʙʦʨʫ ʧʘʨʘʤʝʪʨʽʚ ʟʚôʷʟʢʫ, ʨʦʟʤʽʨʽʚ ʪʘ ʯʠʩʣʘ ʤʽʢʨʦʨʝʟʦʥʘʪʦʨʽʚ, 

ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ ʧʝʨʽʦʜʠʯʥʽʩʪʴ ʨʝʟʦʥʘʥʩʥʠʭ ʯʘʩʪʦʪ ʢʦʣʠʚʘʥʴ ʰʝʧʦʯʫʯʦʾ ʛʘʣʝʨʝʾ, ʤʦʞʥʘ 

ʨʝʘʣʽʟʦʚʫʚʘʪʠ ʨʽʟʥʽ  ʩʤʫʛʠ ʧʨʦʧʫʩʢʘʥʥʷ ʟʘʜʘʥʦʾ ʰʠʨʠʥʠ. ʇʦʙʫʜʦʚʘʥʦ ʝʣʝʢʪʨʦʜʠʥʘʤʽʯʥʽ 

ʤʦʜʝʣʽ ʨʝʞʝʢʪʦʨʥʠʭ ʬʽʣʴʪʨʽʚ ʥʘ ʤʽʢʨʦʨʝʟʦʥʘʪʦʨʘʭ ʟ ʢʦʣʠʚʘʥʥʷʤʠ ʰʝʧʦʯʫʯʦʾ ʛʘʣʝʨʝʾ. 

ɿʘʧʨʦʧʦʥʦʚʘʥʽ ʬʽʣʴʪʨʠ ʤʦʞʫʪʴ ʟʘʩʪʦʩʦʚʫʚʘʪʠʩʴ ʫ ʧʨʠʩʪʨʦʷʭ DWDM ʦʧʪʦʚʦʣʦʢʦʥʥʠʭ 

ʩʠʩʪʝʤ ʟʚ'ʷʟʢʫ. 

 

Whispering gallery microresonators have uniquely high Q-factors, which has 

led to their wide application as elements of various frequency-selective devices in 

infrared and optical communication systems [1ï3]. Thanks to active research 

carried out in recent decades, the design of filters based on microresonators has 

reached a high level of development [4]. However, along with the indicated 

advantage, this type of resonators also has a well-known limitation - a quasi-

periodic spectrum of frequencies of natural oscillations. To compare the spectral 

parameters of the resonators, the concept of the frequency distance between 

neighboring resonant peaks was introduced: FSR - free spectral range. The 

frequency distance between adjacent resonant peaks for ring microresonators is 

inversely proportional to their radius.  

The presence of a periodic sequence of natural frequencies in microresonators 

with whispering gallery oscillations makes it possible to use their structure, built as 

a bandstop filter, to obtain the frequency characteristics of scattering as for 

bandpass filters. In this report, we consider the possibility of implementing 

bandpass filters on the structure of bandstop filter by optimizing the number of 

microresonators and directional changes in their FSR. 

To carry out numerical studies, we have developed an electrodynamic model 

of a bandstop filter based on perturbation theory [5]. To reduce the coupling 

between adjacent microcavities, it was assumed that the filter has the form of a 

linear array of ring microresonators with degenerate oscillations (Fig. 1, a). 
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Fig. 1. Bandstop filter built on a linear array of ring microcavities (a). Scattering characteristics 

of bandstop filters (a) on 2 (b, c), 4 (d, e) microresonators (center frequency 0f 200=  THz). 

 

It was also assumed that neighboring microresonators are located on different 

sides of the transmission line at a distance z (2s 1) / 2pGD = +  (s-integer) and are 

made of the same dielectric (G is the wave number; t t 1z z z+D = - ; tz  is the 

longitudinal coordinate of the t -th resonator). 

First, the scattering characteristics of structures optimized as bandstop filters 

were studied. (fig. 1, b - e).  

At the second stage, by varying the FSR, the coupling coefficients, and the 

number of microresonators, we tuned and optimized the transmission parameters to 

the characteristic of bandpass filters (fig. 2).  

As a result, we obtained the following data: 

The frequency response of the first bandpass filter (fig. 2, a - d) has such 

parameters:  

center frequency 0f 199,880=  THz;  

minimum loss in the passband -1,4 dB; 3-  dB bandwidth: 560 GHz;  

squareness frequency response (ratio of -30 dB bandwidth to -3 dB bandwidth) 3,7. 

The frequency response of the second bandpass filter (fig. 2, e - h) is characterized by 

the following parameters:  

center frequency 199,885 THz;  

minimum loss in the passband -0,9 dB; 3-  dB bandwidth: 50 GHz;  

squareness of frequency response 8.  

Interestingly, the narrowing of the bandwidth of the second filter did not lead 

to an increase in losses. 

The phase-frequency dependence of both filters in the passband is close to 

linear (fig. 2, d, h). 
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Fig. 2. Scattering characteristics of a bandpass filter based on an optimized linear array  

of 8 microresonators (a - d) (N 8= ; 0f 199,880=  THz; FSR:  f 10D =  THz;);  

of 14 microresonators (e - h) (N 14= ; 0 199 5f ,88= THz; FSR: f 9,6D =  THz). 

 

Thus, the obtained simulation results demonstrate the possibility of 

implementing a wide class bandpass filters based on barrier structures, using 

microresonators with whispering gallery oscillations. The proposed new type of 

filters can find practical application in multiplexers, amplifiers, lasers and other 

devices of infrared and optical communication systems. 
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ʈʦʟʛʣʷʜʘʻʪʴʩʷ ʟʘʜʘʯʘ ʨʦʟʩʽʶʚʘʥʥʷ ʧʣʦʩʢʠʭ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʠʭ ʭʚʠʣʴ ʥʘ 

ʦʜʥʦʚʠʤʽʨʥʠʭ ʨʝʰʽʪʢʘʭ ʜʽʝʣʝʢʪʨʠʯʥʠʭ ʨʝʟʦʥʘʪʦʨʽʚ (ɼʈ) ʩʬʝʨʠʯʥʦʾ ʬʦʨʤʠ ʟ 

ʥʠʞʯʠʤʠ ʢʦʣʠʚʘʥʥʷʤʠ ʤʘʛʥʽʪʥʦʛʦ ʪʠʧʫ 1m1H . ʅʘ ʦʩʥʦʚʽ ʪʝʦʨʽʾ ʟʙʫʨʝʥʴ, 

ʧʦʙʫʜʦʚʘʥʘ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʘ ʤʦʜʝʣʴ ʨʝʰʽʪʦʢ. ɸʥʘʣʽʟʫʶʪʴʩʷ ʦʩʦʙʣʠʚʽ ʚʠʧʘʜʢʠ 

ʨʦʟʩʽʶʚʘʥʥʷ ʥʘ ʣʽʥʽʡʥʠʭ ʪʘ ʢʽʣʴʮʝʚʠʭ ʩʪʨʫʢʪʫʨʘʭ. ʈʦʟʛʣʷʥʫʪʽ ʨʝʰʽʪʢʠ ʤʦʞʫʪʴ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠʩʷ ʷʢ ʝʣʝʤʝʥʪʠ ʘʥʪʝʥ ʚ ʧʨʠʩʪʨʦʷʭ ʟʚôʷʟʢʫ ʘʙʦ ʽʥʪʝʨʥʝʪʫ 

ʨʝʯʝʡ ʦʧʪʠʯʥʦʛʦ ʪʘ ʽʥʬʨʘʯʝʨʚʦʥʦʛʦ ʜʽʘʧʘʟʦʥʽʚ ʜʦʚʞʠʥ ʭʚʠʣʴ.   

 

Today, spherical dielectric resonators (DRs) are considered as one of the main 

elements of various devices in the infrared and optical ranges [1-4]. Despite the 

fact that the fields of this type of resonators are described by relatively simple 

analytical expressions, the calculation of more complex structures, based on them, 

faces significant computational difficulties. At the same time, obtaining exact 

analytical solutions usually leads to cumbersome computational structures [5]. 

Analytical modeling using perturbation theory also makes a number of difficulties 

arising from the high sensitivity of the output parameters to the relative frequencies 

of partial resonators, as well as the uncertainty in the choice of basis functions for a 

spherical DRs. At the same time, the construction of electromagnetic models of 

such structures provides valuable information about the behavior of systems of 

various shapes lattices under different scattering conditions.  

In this report, we considered the problem of scattering of plane waves on 

various one-dimensional lattices of spherical DRs with fundamental magnetic 

oscillations of partial resonators 1m1H  (m 0, 1= °). On the basis of perturbation 

theory [6], an electromagnetic model of scattering on one-dimensional and quasi-

one-dimensional ring lattices is constructed, taking into account the excitation of 

degenerate oscillations of the main type in the system of resonators. Various 

particular cases of wave scattering are considered, which are of interest for the 

development of antenna field spatial converters for access points of optical and 

infrared communication systems. 
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Fig. 1. Linear lattice of spherical DRs. Angular dependences of the squared modulus of  

scattering amplitude  
2

k kf , ,q j q j for 0k d 1/ 4= ; kj =p; k / 2q =p   (b, c); k 3 / 4q = p (d, e) 

for p scattering - (b, d); for s-scattering (c, e). (Straight lines show the direction of the incident 

wave, and the dots show the spatial arrangement of the resonators). 

 

Expanding the scattered field of the lattice in terms of natural oscillations of 

the system of resonators [6], we took into account the coupling coefficients of all 

types of oscillations 1m1H  (m 0, 1= °) [7], differing from each other by the field 

rotation, near the lowest resonance frequency 0f . 

                          

 
Fig. 2. Angular dependences of the squared modulus of scattering amplitude for 0k d 1= ; 

kj =p; 

k / 2q =p;  (a, b) and for 
kq =p(a, c) for p scattering - (a) for s-scattering (b, c). 
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The noted relationship between degenerate oscillations with different values of 

azimuthal indices in the spatial structures of spherical DRs redistributes the lattice 

field in most cases, having a noticeable effect on its characteristics (see, for 

example, fig. 3, e). At the same time, the maximum spatial symmetry of spherical 

DRs makes lattices, built on their basis, as responsive as possible for different 

directions of incidence for waves of different polarizations, which is especially 

attractive for building access points in communication systems. 

 

 
Fig. 3. Ring lattice of 16 Spherical DR (a). Angular dependences of the squared modulus  

of scattering amplitude  for    0 0k R p= ;  kj =p; kq =p (b); k 3 / 4q = p  (c, e);   k / 2q =p  (d, f);   

for p scattering - (b - d) for s-scattering (e - f). 
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The constructed model made it possible to calculate and analyze the scattering 

features of p and s type plane waves for different angles of incidence. On fig. 1-3 

points show the conditional spatial arrangement of the lattices. The direction of 

propagation of the incident wave is shown by a solid line, defined by wave vector 

0k .  

It was assumed that all resonators are made of a dielectric with 
1r 36e= .  

As follows from the calculations, in the case of s-scattering, the incident plane 

wave is transformed by a linear grating into a uniformly distributed wave in 

azimuth (fig. 1, c; fig. 2, b) compressed in the vertical direction. In the case of p-

scattering, the incident wave is scattered in directions determined by its 

polarization with respect to the spatial arrangement of the lattice (fig. 1, b, d; fig. 2, 

a; fig. 3, b - d). Interestingly, in the case of p-scattering on a linear lattice with 

0k d 1= , the theory predicts the same distribution of the field for two different 

directions of the incident wave: k 0q =; and kq =p. 

Thus, the data obtained show that linear and ring lattices based on spherical DRs 

have a more complex field structure associated with the excitation of several types 

of degenerate oscillations of these type resonators. The considered structures are of 

practical interest for use in access and transmission systems of optical and infrared 

communication systems. 
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ʐʀʈʆʂʆʉʄʋɻʆɺʀʁ ɹɽɿɼʈʆʊʆɺʀʁ ɿɺ'ʗɿʆʂ ɺ ʊɽʈɸɻɽʈʎʆɺʆʄʋ 

ɼɯɸʇɸɿʆʅɯ : ɿɸʇʆʈʋʂɸ ʉʊɯʁʂʆʉʊɯ ʎʀʌʈʆɺʆɰ ɽʂʆʅʆʄɯʂʀ  

 

ʋ ʩʪʘʪʪʽ ʥʘʚʦʜʷʪʴʩʷ  ʥʦʚʽʪʥʽ ʪʝʥʜʝʥʮʽʾ ʟʘʩʪʦʩʫʚʘʥʥʷ ʯʘʩʪʦʪ ʪʝʨʘʛʝʨʮʦʚʦʛʦ ʜʽʘʧʘʟʦʥʫ 

ʜʣʷ ʩʪʚʦʨʝʥʥʷ ʥʦʚʽʪʥʽʭ ʩʪʽʡʢʠʭ ʙʝʟʜʨʦʪʦʚʠʭ ʪʝʣʝʢʦʤʫʥʽʢʘʮʽʡʥʠʭ ʪʝʭʥʦʣʦʛʽʡ ʽ ʩʠʩʪʝʤ 

ʥʘʩʪʫʧʥʠʭ ʧʦʢʦʣʽʥʴ, ʷʢʽ ʜʦʟʚʦʣʷʶʪʴ ʟʙʽʣʴʰʠʪʠ ʦʙʩʷʛ ʧʝʨʝʜʘʯʽ ʽʥʬʦʨʤʘʮʽʾ, ʤʘʩʦʚʝ 

ʧʽʜʢʣʶʯʝʥʥʷ ʧʨʠʩʪʨʦʾʚ  ʪʘ ʙʝʟʧʝʯʥʫ ʧʝʨʝʜʘʯʫ ʜʘʥʠʭ ʧʨʠ ʟʦʥʜʫʚʘʥʥʽ ʦʙôʻʢʪʽʚ ʟ ʚʠʩʦʢʦʶ 

ʨʦʟʜʽʣʴʥʦʶ ʟʜʘʪʥʽʩʪʶ ʱʦʜʦ ʟʘʙʝʟʧʝʯʝʥʥʷ ʩʪʽʡʢʦʩʪʽ ʮʠʬʨʦʚʦʾ ʪʨʘʥʩʬʦʨʤʘʮʽʾ ʝʢʦʥʦʤʽʢʠ ʽ 

ʩʫʩʧʽʣʴʩʪʚʘ. 

 

The article focuses on the latest trends in using terahertz band frequencies to 

create sustainable next-generation wireless telecommunications technologies and 

systems. These technologies and systems enable increased information 

transmission, mass device connectivity, and secure data transmission. Additionally, 

they can sense high-resolution objects for a sustainable digital transformation of 

the future economy. 

The shared digital future of society depends on the growing number of 

devices, services, and products in the limited radio frequency spectrum. In 

Ukraine, identifying and agreeing on the availability of spectrum is crucial for 

achieving cost-effective deployment of communication services. Increased 

coverage and bandwidth are crucial within the framework of the World 

Radiocommunication Conference, ITU WRC-23 [1]. This conference regulates the 

use of radio frequency spectrum, as well as geostationary satellite and non-

geostationary satellite orbits. 

The terahertz (THz) electromagnetic spectrum lies between the mm-wave 

(mmWave) and far-infrared (IR) bands and provides much higher bandwidth 

compared to the mmWave band and more favorable propagation conditions 

compared to the IR band. THz frequencies promise to provide a wide spectrum, 

data transfer rates of more than a hundred gigabits per second (Gbps), mass 

connectivity, denser networks and highly secure data transmission. The U.S. 

Defense Advanced Research Projects Agency (DARPA) has identified THz 

technology as one of four major research areas. It is also considered a major 

component of the next phase of telecommunications. This technology may have a 
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greater impact on society than the Internet itself. 

Among the main areas of application of the terahertz band, the International 

Telecommunication Union (ITU) has identified several main areas, namely: mobile 

broadband expansion (eMBB), machine-type communication (mMTC) and mobile 

broadband expansion (eMBB). mMTC communications and ultra-reliable low-

latency communications (uRLLC) are defined to support a wide range of traditional 

and emerging applications and services anytime, anywhere [2]. With mmWave 

communication becoming an industrial standard, the IEEE ComSoc has emerged as 

a key communication platform. Given this trend, there is a growing need to explore 

new wireless technologies that operate in the THz range, which is the next frontier 

beyond mmWave [3]. 

By 2030, 6G networks are expected to be a key enabler of the intelligent 

information society, providing higher performance than 5G in space, air, land, and 

underwater networks. These networks will enable ubiquitous and unlimited 

wireless communication, based on the integration of various promising radio 

access technologies for the 6G ecosystem, including THz communication [4]. 

The large bandwidth available at terahertz frequencies can offload low-

frequency bands and provide speeds in the multi-gigabit range for future wireless 

systems, enabling unprecedented levels of data transfer, including massive 

multicore wireless networks on a chip, terabit-per-second wireless personal 

networks, broadband transit for Internet access in rural areas and high-speed inter-

satellite connections. 

In connection with the growth of the number of telecommunication systems 

that use electromagnetic radiation of various frequency ranges, there is a need to 

create new sustainable wireless telecommunication technologies and systems. These 

should allow for an increase in the amount of information transmitted while 

maintaining an environmentally safe level of radio radiation. Already, American 

scientists from NASA's Jet Propulsion Laboratory (JPL) are engaged in the 

development and integration of aerospace warfare technologies. They have managed 

to achieve terahertz signal transmission at a speed of 2 Gbps over a distance of 2.03 

km without a bit error rate (BER). This achievement is expected to contribute to the 

development of 6G and the sustainability of the digital ecosystem [5]. 

For the 6G ecosystem and wireless communication networks of the next 

generation, in the scientific literature, scientists consider the need to use 

subterahertz and terahertz frequency ranges from 100 GHz to 10 THz. This is 

necessary to provide multi-kilometer and multi-gigabit-second sub-terahertz 

communication for wireless transit programs [6]. 

The need to provide higher wireless data rates for the ever-increasing 

number of devices connected to a wireless network is driving the search for a 

spectrum of radio frequency resources that is not yet in use. The Government of 

Ukraine has taken the first steps to carry out the conversion of the radio frequency 

resource of Ukraine [7] This is aimed at improving access to the mobile Internet in 

the radio frequency bands of 790ï960 MHz and the conditions for the compatible 

functioning of the radio-electronic means of special users of the radio frequency 

resource with the radio-electronic means of mobile communication networks. 
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These efforts have made it possible to conduct research on innovative 

communication applications in the terahertz range [8]. 

However, there are many technological innovations that have yet to be 

explored. For example, the use of machine learning algorithms in wireless 

networks is a promising area of research that could greatly improve network 

performance and efficiency. Additionally, the implementation of advanced 

modulation schemes, such as orthogonal frequency division multiplexing (OFDM) 

and filter bank multicarrier (FBMC), could provide higher spectral efficiency and 

better resistance to interference. Further exploration of these and other innovations 

could lead to significant improvements in the design and operation of future 

wireless systems. The prospect of large contiguous bandwidths in the 

communications industry is a key research area for 6G wireless communication. 

This is due to the need to meet the demand for ultra-high data rates in the Tbit/s 

range with low latency while ensuring robust co-communication and radar sensing. 

THz waves are promising for use in many applications in spectroscopy and 

high-resolution imaging, since many forms of condensed matter, molecular 

compounds, vapours, and gases have different physical properties that resonate 

with THz waves [9]. Terahertz waves allow for non-destructive control of products 

and do not have an ionizing effect. 

Also emerging is a concept that uses wireless frequencies for both 

communication and sensing capabilities, namely joint communication and sensing. 

Terahertz frequencies would not just transmit data, but could work like a high-

precision radar system to detect objects. Thus, THz sensing can provide high-

resolution maps of the environment and positioning and location information with 

centimeter and subcentimeter accuracy. 
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FEATURES AND TRENDS OF TROPOSPHERIC COMMUNICATION SYSTEMS  

 

It is substantiated that the most relevant for application in the Armed Forces of Ukraine 

and other military formations for the construction of digital telecommunication systems and 

special-purpose networks are stations and complexes of tropospheric communication The 

analysis of digital tropospheric systems of the American company Comtech Systems, which is 

one of the world's leading leaders in the field of tropospheric communication, and tropospheric 

stations, which are in service with the Armed Forces of Ukraine, has been carried out. The 

directions of further improvement, digitalization and development of means of tropospheric 

communication, in particular their noise immunity, multifunctionality, multi-option and capacity 

increase, are considered. It is shown that the introduction of digital signal processing and the use 

of digital antenna arrays and space-time processing mechanisms are the most acceptable in the 

context of the prospects for the use of tropospheric communication with the inexpediency of 

increasing the mass and size indicators of tropospheric stations and transmitter signal power.  

  
ɼʦʩʚʽʜ ʙʦʡʦʚʠʭ ʜʽʡ ʫ ʭʦʜʽ ʧʨʦʚʝʜʝʥʥʷ ʆʆʉ (ɸʊʆ) ʧʦʢʘʟʘʚ ʨʷʜ ʧʨʦʙʣʝʤʥʠʭ ʧʠʪʘʥʴ ʟ 

ʦʨʛʘʥʽʟʘʮʽʾ ʟʚôʷʟʢʫ ʚ ʪʘʢʪʠʯʥʽʡ (ʦʧʝʨʘʪʠʚʥʽʡ) ʣʘʥʮʽ ʫʧʨʘʚʣʽʥʥʷ. ʉʝʨʝʜ ʦʩʥʦʚʥʠʭ ʬʘʢʪʦʨʽʚ, 

ʱʦ ʥʝʛʘʪʠʚʥʦ ʚʧʣʠʥʫʣʠ ʥʘ ʦʨʛʘʥʽʟʘʮʽʶ ʟʚôʷʟʢʫ, ʩʣʽʜ ʟʘʟʥʘʯʠʪʠ ʥʘʩʪʫʧʥʽ: ʥʝʜʦʮʽʣʴʥʽʩʪʴ 

ʧʦʙʫʜʦʚʠ ʙʘʛʘʪʦ ʽʥʪʝʨʚʘʣʴʥʠʭ ʨʘʜʽʦʨʝʣʝʡʥʠʭ ʣʽʥʽʡ ʟʚôʷʟʢʫ ʯʝʨʝʟ ʩʢʣʘʜʥʦʱʽ ʧʨʠ 

ʦʨʛʘʥʽʟʘʮʽʾ ʦʭʦʨʦʥʠ ʪʘ ʦʙʦʨʦʥʠ ʨʘʜʽʦʨʝʣʝʡʥʠʭ ʩʪʘʥʮʽʡ ʥʘ ʪʝʨʠʪʦʨʽʷʭ, ʱʦ ʥʝ 

ʢʦʥʪʨʦʣʶʶʪʴʩʷ ʚʽʡʩʴʢʦʚʠʤʠ ʬʦʨʤʫʚʘʥʥʷʤʠ; ʚʽʜʩʫʪʥʽʩʪʴ ʥʘʮʽʦʥʘʣʴʥʦʾ ʩʫʧʫʪʥʠʢʦʚʦʾ 

ʩʠʩʪʝʤʠ ʟʚôʷʟʢʫ ʪʘ ʥʝʦʙʭʽʜʥʽʩʪʴ ʦʨʝʥʜʠ ʪʨʘʬʽʢʫ ʫ ʮʠʚʽʣʴʥʠʭ ʦʧʝʨʘʪʦʨʽʚ ʟʚôʷʟʢʫ; 

ʥʝʜʦʩʪʘʪʥʷ ʢʽʣʴʢʽʩʪʴ ʘʧʘʨʘʪʥʠʭ (ʩʪʘʥʮʽʡ) ʟʚôʷʟʢʫ ʪʘ ʚʽʜʧʦʚʽʜʥʦʛʦ ʦʩʦʙʦʚʦʛʦ ʩʢʣʘʜʫ ʚ ʰʪʘʪʽ 

ʚʽʡʩʴʢʦʚʠʭ ʯʘʩʪʠʥ ʜʣʷ ʚʠʢʦʥʘʥʥʷ ʧʦʩʪʘʚʣʝʥʠʭ ʟʘʚʜʘʥʴ ʫ ʩʢʣʘʜʽ ʙʘʪʘʣʴʡʦʥʥʠʭ ʨʦʪʥʠʭ) 

ʪʘʢʪʠʯʥʠʭ ʛʨʫʧ.  

ʎʝ, ʚ ʩʚʦʶ ʯʝʨʛʫ, ʚʠʤʘʛʘʻ ʚʠʨʽʰʠʪʠ ʟʘʚʜʘʥʥʷ ʱʦʜʦ ʟʘʙʝʟʧʝʯʝʥʥʷ ʚʠʩʦʢʦʾ 

ʧʨʦʧʫʩʢʥʦʾ ʩʧʨʦʤʦʞʥʦʩʪʽ ʪʨʘʥʩʧʦʨʪʥʠʭ ʪʝʣʝʢʦʤʫʥʽʢʘʮʽʡʥʠʭ ʩʠʩʪʝʤ ʩʧʝʮʽʘʣʴʥʦʛʦ 

ʧʨʠʟʥʘʯʝʥʥʷ. ɺ ʪʘʢʠʭ ʫʤʦʚʘʭ, ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʟʚôʷʟʢʫ ʥʘ ʧʝʨʰʠʡ ʧʣʘʥ ʚʠʭʦʜʷʪʴ ʟʘʩʦʙʠ, 

ʷʢʽ ʜʦʟʚʦʣʷʶʪʴ ʰʚʠʜʢʦ ʦʨʛʘʥʽʟʫʚʘʪʠ ʽʥʬʦʨʤʘʮʽʡʥʽ ʥʘʧʨʷʤʢʠ ʤʽʞ ʧʫʥʢʪʘʤʠ ʫʧʨʘʚʣʽʥʥʷ. 

ʊʘʢʠʤʠ ʻ ʩʫʧʫʪʥʠʢʦʚʽ ʪʘ ʪʨʦʧʦʩʬʝʨʥʽ ʩʪʘʥʮʽʾ ʟʚôʷʟʢʫ. ʆʜʥʘʢ ʩʫʧʫʪʥʠʢʦʚʽ ʟʘʩʦʙʠ ʤʘʶʪʴ 

ʥʝʜʦʣʽʢʠ: ʟʘʣʝʞʥʽʩʪʴ ʚʽʜ ʽʥʦʟʝʤʥʦʛʦ ʦʧʝʨʘʪʦʨʘ, ʚʠʩʦʢʘ ʚʘʨʪʽʩʪʴ ʦʨʝʥʜʠ ʧʦʩʣʫʛ, ʪʦʱʦ. 

ʊʦʤʫ, ʥʘʡʙʽʣʴʰ ʘʢʪʫʘʣʴʥʠʤʠ ʜʣʷ ʟʘʩʪʦʩʫʚʘʥʥʷ ʫ ɿʙʨʦʡʥʠʭ ʉʠʣʘʭ ʋʢʨʘʾʥʠ ʪʘ ʽʥʰʠʭ 

ʚʽʡʩʴʢʦʚʠʭ ʬʦʨʤʫʚʘʥʥʷʭ ʜʣʷ ʧʦʙʫʜʦʚʠ ʮʠʬʨʦʚʠʭ ʪʝʣʝʢʦʤʫʥʽʢʘʮʽʡʥʠʭ ʩʠʩʪʝʤ ʪʘ ʤʝʨʝʞ ʻ 

ʩʪʘʥʮʽʾ ʪʘ ʢʦʤʧʣʝʢʩʠ ʪʨʦʧʦʩʬʝʨʥʦʛʦ ʟʚôʷʟʢʫ [1-2].  

ʉʝʨʝʜ ʦʩʥʦʚʥʠʭ ʧʝʨʝʚʘʛ ʟʘʩʪʦʩʫʚʘʥʥʷ ʪʨʦʧʦʩʬʝʨʥʦʛʦ ʟʚôʷʟʢʫ ʩʣʽʜ ʟʘʟʥʘʯʠʪʠ 

ʥʘʩʪʫʧʥʽ: ʚʽʜʩʫʪʥʽʩʪʴ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʨʝʣʴʻʬʫ ʪʘ ʽʥʰʠʭ ʬʘʢʪʦʨʽʚ ʤʽʩʮʝʚʦʩʪʽ; ʟʘʙʝʟʧʝʯʝʥʥʷ 

ʟʚôʷʟʢʫ ʥʘ ʚʝʣʠʢʫ ʜʘʣʴʥʽʩʪʴ (ʜʦ 200 ʢʤ ʪʘ ʙʽʣʴʰʝ); ʥʝʚʝʣʠʢʠʡ ʯʘʩ ʥʘ ʨʦʟʛʦʨʪʘʥʥʷ 

ʪʨʦʧʦʩʬʝʨʥʠʭ ʣʽʥʽʡ ʟʚôʷʟʢʫ; ʚʠʩʦʢʘ ʤʦʙʽʣʴʥʽʩʪʴ ʩʪʘʥʮʽʡ ʥʘ ʘʚʪʦʤʦʙʽʣʴʥʽʡ ʙʘʟʽ, ʤʦʞʣʠʚʽʩʪʴ 

ʚʩʪʘʥʦʚʣʝʥʥʷ ʦʙʣʘʜʥʘʥʥʷ ʥʘ ʙʨʦʥʝʙʘʟʫ. 

ɼʦ ʭʘʨʘʢʪʝʨʥʠʭ ʦʩʦʙʣʠʚʦʩʪʝʡ ʪʨʦʧʦʩʬʝʨʥʠʭ ʩʠʩʪʝʤ ʟʚôʷʟʢʫ ʚʽʜʥʦʩʷʪʴʩʷ:  

- ʚʝʣʠʢʝ ʜʦʜʘʪʢʦʚʝ (ʫ ʧʦʨʽʚʥʷʥʥʽ ʟ ʚʠʧʘʜʢʦʤ ʧʦʰʠʨʝʥʥʷ ʨʘʜʽʦʭʚʠʣʴ ʫ ʚʽʣʴʥʦʤʫ 

ʧʨʦʩʪʦʨʽ) ʟʛʘʩʘʥʥʷ ʨʘʜʽʦʭʚʠʣʴ, ʱʦ ʜʣʷ ʽʥʪʝʨʚʘʣʽʚ ʚʽʡʩʴʢʦʚʠʭ ʪʨʦʧʦʩʬʝʨʥʠʭ ʨʘʜʽʦʣʽʥʽʡ 

(ʊʈʃ) ʜʦʚʞʠʥʦʶ 150-200 ʢʤ ʤʦʞʝ ʩʢʣʘʜʘʪʠ 60-80 ʜɹ. ɼʦʜʘʪʢʦʚʝ ʦʩʣʘʙʣʝʥʥʷ ʽʩʪʦʪʥʦ 
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ʟʙʽʣʴʰʫʻʪʴʩʷ ʟ ʨʦʩʪʦʤ  ʜʦʚʞʠʥʠ ʽʥʪʝʨʚʘʣʫ (1-1,5 ʜɹ ʥʘ 10 ʢʤ ʟʚ'ʷʟʢʫ);  

- ʽʩʪʦʪʥʘ ʥʝʩʪʘʮʽʦʥʘʨʥʽʩʪʴ ʧʦʣʷ ʚ ʪʦʯʮʽ ʧʨʠʡʦʤʫ, ʱʦ ʟʚ'ʷʟʘʥʦ ʟ ʙʘʛʘʪʦʧʨʦʤʝʥʝʚʽʩʪʶ 

ʩʠʛʥʘʣʫ ʫ ʩʧʦʣʫʯʝʥʥʽ ʟ ʨʫʭʣʠʚʽʩʪʶ ʥʝʦʜʥʦʨʽʜʥʦʩʪʝʡ ʪʘ  ʟʽ ʟʤʽʥʦʶ ʤʝʪʝʦʫʤʦʚ ʚ ʦʙ'ʻʤʽ 

ʧʝʨʝʚʠʧʨʦʤʽʥʶʚʘʥʥʷ . 

ʂʦʤʧʘʥʽʷ Comtech Systems ʚʟʷʣʘ ʘʢʪʠʚʥʫ ʫʯʘʩʪʴ ʚ ʤʦʜʝʨʥʽʟʘʮʽʾ ʪʨʦʧʦʩʬʝʨʥʠʭ 

ʩʪʘʥʮʽʡ. ʇʝʨʰʝ ʦʥʦʚʣʝʥʥʷ ʧʝʨʝʜʙʘʯʘʣʦ ʟʙʽʣʴʰʝʥʥʷ ʧʨʦʧʫʩʢʥʦʾ ʟʜʘʪʥʦʩʪʽ ʜʘʥʠʭ ʟ 2 ʄʙʽʪ/ʩ 

ʜʦ 8 ʄʙʽʪ/ʩ ʚ AN/TRC-170 ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʮʠʬʨʦʚʦʛʦ ʪʨʦʧʦʩʬʝʨʥʦʛʦ ʤʦʜʝʤʫ CS6716, 

ʷʢʠʡ ʧʽʜʪʨʠʤʫʚʘʚ ʢʦʨʝʢʮʽʶ ʧʦʤʠʣʦʢ ʽ ʫʧʨʘʚʣʽʥʥʷ ʘʜʘʧʪʘʮʽʻʶ ʧʦ ʧʦʪʫʞʥʦʩʪʽ. ɼʨʫʛʝ 

ʦʥʦʚʣʝʥʥʷ ʜʣʷ ʪʨʦʧʦʩʬʝʨʥʠʭ ʩʪʘʥʮʽʡ AN/TRC-170 ʧʝʨʝʜʙʘʯʘʣʦ ʟʙʽʣʴʰʝʥʥʷ ʧʨʦʧʫʩʢʥʦʾ 

ʩʧʨʦʤʦʞʥʦʩʪʽ ʜʦ 16 ʄʙʽʪ/ʩ ʽ ʩʪʚʦʨʝʥʥʷ ʙʽʣʴʰ ʤʦʙʽʣʴʥʠʭ ʘʥʪʝʥʥʠʭ ʧʦʩʪʽʚ, ʷʢʽ ʜʦʟʚʦʣʷʣʠ ʙ 

ʨʦʟʛʦʨʪʘʥʥʷ ʟʘʦʙʨʽʡʥʦʛʦ ʟʚ'ʷʟʢʫ ʧʨʦʪʷʛʦʤ 30ï45 ʭʚʠʣʠʥ ʜʚʦʤʘ ʯʣʝʥʘʤʠ ʝʢʽʧʘʞʫ, ʟʘʤʽʩʪʴ 6 

ʛʦʜʠʥ 6ï8 ʯʣʝʥʘʤʠ ʝʢʽʧʘʞʫ, ʱʦ ʙʫʣʦ ʨʘʥʽʰʝ ʥʦʨʤʦʶ ʜʣʷ AN/TRC-170S. 

 

ʉʪʘʥʦʤ ʥʘ  ʩʴʦʛʦʜʝʥʥʷ ʥʘ ʦʟʙʨʦʻʥʥʽ ɿʉ 

ʋʢʨʘʾʥʠ ʟʥʘʭʦʜʷʪʴʩʷ, ʚ ʦʩʥʦʚʥʦʤʫ, 

ʤʦʜʝʨʥʽʟʦʚʘʥʽ ʤʦʙʽʣʴʥʽ ʮʠʬʨʦʚʽ 

ʪʨʦʧʦʩʬʝʨʥʽ ʩʪʘʥʮʽʾ ʟ ʚʩʪʘʥʦʚʣʝʥʥʷʤ ʥʘ 

ʚʽʡʩʴʢʦʚʦʤʫ ʚʘʥʪʘʞʥʦʤʫ ʟʘʩʦʙʽ  ʜʚʦʭ 

ʘʥʪʝʥʦ-ʧʦʚʦʨʦʪʥʠʭ ʦʙʣʘʜʥʘʥʴ (ʨʠʩ. 1). 

 

 

ʈʠʩ. 1. ʊʨʦʧʦʩʬʝʨʥʘ ʩʪʘʥʮʽʷ  ʈ-412ɹ - 

ʤʦʙʽʣʴʥʠʡ ʚʘʨʽʘʥʪ ʥʘ ʙʨʦʥʝ ʙʘʟʽ 

 

ʄʦʜʫʣʴʥʘ ʢʦʥʩʪʨʫʢʮʽʷ ʩʪʘʥʮʽʡ ʧʦʢʨʘʱʫʻ ʫʤʦʚʠ ʨʝʤʦʥʪʦʧʨʠʜʘʪʥʦʩʪʽ ʪʘ ʜʦʟʚʦʣʷʻ ʟʘ 

1-3 ʭʚʠʣʠʥʠ ʟ ʜʦʧʦʤʦʛʦʶ ʘʚʪʦʤʘʪʠʯʥʦʾ ʩʠʛʥʘʣʽʟʘʮʽʾ ʚʠʟʥʘʯʠʪʠ ʥʝʩʧʨʘʚʥʽʩʪʴ ʪʘ ʟʘʤʽʥʠʪʠ 

ʤʦʜʫʣʴ, ʱʦ ʚʠʡʰʦʚ ʟ ʣʘʜʫ. ɺ ʜʝʷʢʠʭ ʩʠʩʪʝʤʘʭ ʟʘʙʝʟʧʝʯʫʻʪʴʩʷ ʘʚʪʦʤʘʪʠʯʥʝ ʧʝʨʝʤʠʢʘʥʥʷ 

ʥʝʩʧʨʘʚʥʦʛʦ ʤʦʜʫʣʷ ʥʘ ʨʝʟʝʨʚʥʠʡ.  

ɺ ʢʨʘʾʥʘʭ ʅɸʊʆ  ʜʣʷ ʚʠʨʽʰʝʥʥʷ ʧʨʦʙʣʝʤʠ ʟʘʚʘʜʦʟʘʭʠʱʝʥʦʩʪʽ ʨʘʜʽʦʨʝʣʝʡʥʠʭ ʪʘ 

ʪʨʦʧʦʩʬʝʨʥʠʭ ʟʘʩʦʙʽʚ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʛʦʩʪʨʦʥʘʧʨʘʚʣʝʥʽ ʘʥʪʝʥʠ, ʟʤʝʥʰʫʶʪʴʩʷ ʨʽʚʥʽ 

ʙʦʢʦʚʦʛʦ ʪʘ ʟʘʜʥʴʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʴ, ʩʪʚʦʨʶʶʪʴʩʷ ʘʥʪʝʥʠ ʟ ʢʝʨʦʚʘʥʠʤ ʥʫʣʝʤ ʜʽʘʛʨʘʤʠ 

ʥʘʧʨʘʚʣʝʥʦʩʪʽ, ʰʫʢʘʶʪʴʩʷ ʤʦʞʣʠʚʦʩʪʽ ʢʝʨʫʚʘʥʥʷ ʧʨʦʤʝʥʝʤ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʘʥʪʝʥʠ, ʘ 

ʪʘʢʦʞ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʩʢʣʘʜʥʽ ʩʠʛʥʘʣʠ, ʤʝʪʦʜʠ ʟʘʚʘʜʦʩʪʽʡʢʦʛʦ ʢʦʜʫʚʘʥʥʷ, 

ʟʘʚʘʜʦʟʘʭʠʱʝʥʽ ʤʦʜʝʤʠ, ʘʜʘʧʪʘʮʽʷ ʧʦ ʧʦʪʫʞʥʦʩʪʽ ʧʝʨʝʜʘʚʘʯʽʚ, ʚʧʨʦʚʘʜʞʫʻʪʴʩʷ ʘʧʘʨʘʪʫʨʘ 

ʢʦʥʪʨʦʣʶ ʪʘ ʚʠʟʥʘʯʝʥʥʷ ʟʘʚʘʜ ʟ ʚʽʟʫʘʣʴʥʠʤ ʾʭ ʚʽʜʦʙʨʘʞʝʥʥʷʤ, ʚʠʰʫʢʫʶʪʴʩʷ ʽʥʞʝʥʝʨʥʦ-

ʪʝʭʥʽʯʥʽ ʰʣʷʭʠ ʜʣʷ ʩʪʚʦʨʝʥʥʷ ʟʘʚʘʜʦʟʘʭʠʱʝʥʠʭ ʙʘʛʘʪʦʧʨʦʤʝʥʝʚʠʭ ʘʥʪʝʥʥʠʭ ʩʠʩʪʝʤ.  

ʇʦʜʘʣʴʰʝ ʚʜʦʩʢʦʥʘʣʝʥʥʷ ʟʘʩʦʙʽʚ ʪʨʦʧʦʩʬʝʨʥʦʛʦ ʟʚôʷʟʢʫ, ʟʘ ʧʦʛʣʷʜʘʤʠ ʟʘʢʦʨʜʦʥʥʠʭ 

ʽ ʚʽʪʯʠʟʥʷʥʠʭ ʩʧʝʮʽʘʣʽʩʪʽʚ, ʥʘʧʨʘʚʣʝʥʦ ʥʘ ʧʨʠʩʢʦʨʝʥʝ ʚʧʨʦʚʘʜʞʝʥʥʷ ʮʠʬʨʦʚʠʭ ʤʝʪʦʜʽʚ 

ʧʝʨʝʜʘʚʘʥʥʷ ʩʠʛʥʘʣʽʚ, ʧʨʦʜʦʚʞʝʥʥʷ ʩʪʚʦʨʝʥʥʷ ʫʥʽʬʽʢʦʚʘʥʠʭ ʪʠʧʽʚ ʘʧʘʨʘʪʫʨʠ, ʱʦ 

ʩʢʣʘʜʘʶʪʴʩʷ ʟ ʜʝʢʽʣʴʢʦʭ ʤʦʜʠʬʽʢʘʮʽʡ, ʚʠʢʦʨʠʩʪʘʥʥʷ ʻʜʠʥʠʭ ʟʘʩʦʙʽʚ ʪʨʦʧʦʩʬʝʨʥʦʛʦ 

ʟʚôʷʟʢʫ ʜʣʷ ʚʽʡʩʴʢʦʚʠʭ, ʫʨʷʜʦʚʠʭ ʪʘ ʢʦʤʝʨʮʽʡʥʠʭ ʮʽʣʝʡ, ʧʦʜʘʣʴʰʝ ʧʽʜʚʠʱʝʥʥʷ ʨʦʟʚʽʜ- ʽ 

ʟʘʚʘʜʦ ʟʘʭʠʱʝʥʦʾ ʨʦʙʦʪʠ, ʟʙʽʣʴʰʝʥʥʷ ʧʨʦʧʫʩʢʥʦʾ ʩʧʨʦʤʦʞʥʦʩʪʽ, ʫʜʦʩʢʦʥʘʣʝʥʥʷ ʨʦʙʦʪʠ ʚ 

ʨʝʞʠʤʽ ʧʨʷʤʦʾ ʚʠʜʠʤʦʩʪʽ ʧʨʠ ʧʦʥʠʞʝʥʽʡ ʧʦʪʫʞʥʦʩʪʽ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ, ʚʠʢʦʨʠʩʪʘʥʥʷ ʢʨʽʤ 

ʨʦʟʥʝʩʝʥʦʛʦ ʧʨʠʡʦʤʫ ʢʦʤʙʽʥʦʚʘʥʠʭ ʩʧʦʩʦʙʽʚ ʙʦʨʦʪʴʙʠ ʟ ʙʘʛʘʪʦʧʨʦʤʝʥʝʚʽʩʪʶ, ʚ ʪʦʤʫ ʯʠʩʣʽ 

ʘʜʘʧʪʠʚʥʽ ʤʦʜʝʤʠ, ʤʝʪʦʜ ʧʨʷʤʦʾ ʢʦʨʝʢʮʽʾ ʧʦʤʠʣʦʢ, ʱʦ ʜʦʟʚʦʣʠʪʴ ʧʽʜʚʠʱʠʪʠ ʝʬʝʢʪʠʚʥʽʩʪʴ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʯʘʩʪʦʪʥʦʛʦ ʩʧʝʢʪʨʫ.  

 ʂʽʣʴʢʽʩʪʴ ʬʫʥʢʮʽʡ ʪʘ ʦʧʮʽʡ ʪʦʛʦ ʯʠ ʽʥʰʦʛʦ ʧʨʠʩʪʨʦʶ ʙʽʣʴʰʦʶ ʤʽʨʦʶ ʚʠʟʥʘʯʘʻʪʴʩʷ 

ʧʨʦʛʨʘʤʫʚʘʥʥʷʤ ʤʝʥʰʦʶ ʤʽʨʦʶ ʘʧʘʨʘʪʥʦ ʽ ʩʧʨʷʤʦʚʘʥʝ ʥʘ ʟʨʫʯʥʽʩʪʴ ʢʦʨʠʩʪʫʚʘʥʥʷ 

ʧʦʩʣʫʛʘʤʠ, ʪʦʤʫ ʩʪʘʣʦ ʤʦʞʣʠʚʠʤ ʥʽʚʝʣʶʚʘʥʥʷ ʚʘʨʪʦʩʪʽ ʦʜʥʦ-ʽ ʙʘʛʘʪʦʬʫʥʢʮʽʦʥʘʣʴʥʠʭ 

ʧʨʠʩʪʨʦʾʚ, ʱʦ ʽ ʧʦʩʣʫʞʠʣʦ ʢʘʪʘʣʽʟʘʪʦʨʦʤ ʨʦʟʚʠʪʢʫ ʮʴʦʛʦ ʥʘʧʨʷʤʢʫ. ɼʫʞʝ ʝʬʝʢʪʥʠʤ ʽ 

ʧʝʨʩʧʝʢʪʠʚʥʠʤ ʻ ʨʦʟʚʠʪʦʢ ʪʘʢʦʛʦ ʥʘʧʨʷʤʫ ʚ ʪʨʦʧʦʩʬʝʨʥʦʤʫ  ʟʚôʷʟʢʫ ʪʨʦʧʦʩʬʝʨʥʦʛʦ 

ʟʚôʷʟʢʫ ʷʢ ʧʘʢʝʪʥʠʡ ʤʝʪʦʜ ʧʝʨʝʜʘʯʽ ʽʥʬʦʨʤʘʮʽʾ. ɿ ʪʝʭʥʽʢʦ-ʝʢʦʥʦʤʽʯʥʦʾ ʪʦʯʢʠ ʟʦʨʫ 

ʚʧʨʦʚʘʜʞʝʥʥʷ ʜʘʥʦʛʦ ʤʝʪʦʜʫ ʦʙʫʤʦʚʣʝʥʦ ʧʨʦʩʪʦʪʦʶ ʽ ʟʨʫʯʥʽʩʪʶ ʢʦʨʠʩʪʫʚʘʥʥʷ 
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ʽʥʪʝʨʬʝʡʩʦʤ ʟʘʩʦʙʽʚ ʪʨʦʧʦʩʬʝʨʥʦʛʦ ʟʚôʷʟʢʫ ʜʣʷ ʩʪʠʢʫʚʘʥʥʷ ʟ ʢʽʥʮʝʚʠʤ ʦʙʣʘʜʥʘʥʥʷʤ 

ʢʦʨʠʩʪʫʚʘʯʘ, ʱʦ, ʙʝʟʩʫʤʥʽʚʥʦ, ʙʣʘʛʦʪʚʦʨʥʦ ʧʦʟʥʘʯʘʻʪʴʩʷ ʥʘ ʝʢʦʥʦʤʽʯʥʠʭ ʧʦʢʘʟʥʠʢʘʭ. ʅʘ 

ʩʴʦʛʦʜʥʽʰʥʽʡ ʜʝʥʴ ʥʘʡʙʽʣʴʰʦʛʦ ʧʦʰʠʨʝʥʥʷ ʥʘʙʫʣʘ ʧʘʢʝʪʥʘ ʪʝʭʥʦʣʦʛʽʷ IP/Ethernet, ʚ ʷʢʽʡ 

ʥʝʟʘʣʝʞʥʦ ʦʜʠʥ ʚʽʜ ʦʜʥʦʛʦ ʧʦʻʜʥʫʶʪʴʩʷ ʦʙʨʦʙʢʘ TDM-ʪʨʘʬʽʢʫ (ʧʦ ʩʫʪʽ, ʢʨʦʩ-ʢʦʤʫʪʘʮʽʷ 

TDM-ʧʦʪʦʢʽʚ) ʪʘ ʤʝʭʘʥʽʟʤ Ethernet-ʢʦʤʫʪʘʮʽʾ ʜʣʷ ʧʝʨʝʜʘʯʽ Ethernet-ʢʘʜʨʽʚ. ɼʘʥʫ ʩʠʩʪʝʤʫ 

ʚʠʛʽʜʥʦ ʚʽʜʨʽʟʥʷʻ ʙʽʣʴʰ ʚʠʩʦʢʘ ʝʬʝʢʪʠʚʥʽʩʪʴ ʧʝʨʝʜʘʯʽ ʽʥʬʦʨʤʘʮʽʾ (ʥʘʜʘʥʥʷ TDM-ʧʦʩʣʫʛʠ ʟ 

ʧʨʦʜʫʢʪʠʚʥʽʩʪʶ ʷʢ ʽ ʚ TDM-ʨʘʜʽʦ), ʤʽʥʽʤʘʣʴʥʠʡ ʯʘʩ ʟʘʪʨʠʤʢʠ, ʱʦ ʚʥʦʩʠʪʴʩʷ ʩʠʩʪʝʤʦʶ, 

ʧʦʣʽʧʰʝʥʥʷ ʧʘʨʘʤʝʪʨʽʚ FER (Frame Error Ratio ï ʯʘʩʪʦʪʘ ʧʦʷʚʠ ʧʦʤʠʣʦʢ ʢʘʜʨʫ) [6-7].  

ɺʠʩʥʦʚʢʠ. ʅʘʡʙʽʣʴʰ ʧʨʠʡʥʷʪʥʦʶ ʚ ʢʦʥʪʝʢʩʪʽ ʧʝʨʩʧʝʢʪʠʚ ʟʘʩʪʦʩʫʚʘʥʥʷ 

ʪʨʦʧʦʩʬʝʨʥʦʛʦ ʟʚôʷʟʢʫ ʧʨʠ ʥʝʜʦʮʽʣʴʥʦʩʪʽ ʟʙʽʣʴʰʝʥʥʷ ʤʘʩʦʛʘʙʘʨʠʪʥʠʭ ʧʦʢʘʟʥʠʢʽʚ 

ʪʨʦʧʦʩʬʝʨʥʠʭ ʩʪʘʥʮʽʾ ʪʘ ʝʥʝʨʛʽʾ ʩʠʛʥʘʣʫ ʧʝʨʝʜʘʚʘʯʘ, ʥʘ ʧʝʨʰʠʡ ʧʣʘʥ ʫ ʧʨʦʙʣʝʤʽ 

ʧʽʜʚʠʱʝʥʥʷ ʧʨʦʧʫʩʢʥʦʾ ʩʧʨʦʤʦʞʥʦʩʪʽ ʪʨʦʧʦʩʬʝʨʥʠʭ ʣʽʥʽʡ ʟʚôʷʟʢʫ ʻ ʚʧʨʦʚʘʜʞʝʥʥʷ 

ʮʠʬʨʦʚʦʾ ʦʙʨʦʙʢʠ ʩʠʛʥʘʣʽʚ ʪʘ ʚʠʢʦʨʠʩʪʘʥʥʷ ʮʠʬʨʦʚʠʭ ʘʥʪʝʥʥʠʭ ʨʝʰʽʪʦʢ ʽ  ʤʝʭʘʥʽʟʤʽʚ 

ʧʨʦʩʪʦʨʦʚʦ-ʯʘʩʦʚʦʾ ʦʙʨʦʙʢʠ (Space-Time Processing ï STP) ʩʠʛʥʘʣʽʚ.  

ɿ ʤʝʪʦʶ ʥʘʙʫʪʪʷ ʩʧʨʦʤʦʞʥʦʩʪʽ ʱʦʜʦ ʟʘʙʝʟʧʝʯʝʥʥʷ ʪʨʦʧʦʩʬʝʨʥʦʛʦ ʟʚôʷʟʢʫ ʚ 

ʽʥʪʝʨʝʩʘʭ ɿʉ ʋʢʨʘʾʥʠ ʚʽʡʩʴʢʦʚʠʤʠ ʯʘʩʪʠʥʘʤʠ (ʧʽʜʨʦʟʜʽʣʘʤʠ) ʟʚôʷʟʢʫ ʜʦʮʽʣʴʥʦ ʨʦʟʨʦʙʠʪʠ 

(ʧʝʨʝʦʧʨʘʮʶʚʘʪʠ) ʥʦʨʤʘʪʠʚʥʦ- ʧʨʘʚʦʚʽ ʜʦʢʫʤʝʥʪʠ ʱʦʜʦ ʨʦʟʚʠʪʢʫ ʪʘ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ 

ʪʨʦʧʦʩʬʝʨʥʦʛʦ ʟʚôʷʟʢʫ ʚ ʋʢʨʘʾʥʽ ʽ ʧʨʦʚʝʩʪʠ ʧʝʨʝʦʩʥʘʱʝʥʥʷ ʧʽʜʨʦʟʜʽʣʽʚ ɿʉ ʋʢʨʘʾʥʠ 

ʩʫʯʘʩʥʠʤʠ ʟʘʩʦʙʘʤʠ ʪʨʦʧʦʩʬʝʨʥʦʛʦ ʟʚôʷʟʢʫ ʚʽʪʯʠʟʥʷʥʦʛʦ ʪʘ (ʘʙʦ) ʟʘʢʦʨʜʦʥʥʦʛʦ 

ʚʠʨʦʙʥʠʮʪʚʘ. ɺʠʢʦʥʘʥʥʷ ʟʘʧʨʦʧʦʥʦʚʘʥʠʭ ʟʘʭʦʜʽʚ ʜʦʟʚʦʣʠʪʴ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ 

ʪʨʦʧʦʩʬʝʨʥʠʡ ʟʚôʷʟʦʢ ʜʣʷ ʧʦʙʫʜʦʚʠ ʨʝʟʝʨʚʥʠʭ ʪʨʦʧʦʩʬʝʨʥʠʭ ʣʽʥʽʡ ʟʚôʷʟʢʫ, ʘʙʦ ʧʨʷʤʠʭ 

ʥʘʧʨʷʤʢʽʚ ʚ ʽʥʪʝʨʝʩʘʭ ʨʫʭʦʤʠʭ ʧʫʥʢʪʽʚ ʫʧʨʘʚʣʽʥʥʷ ɿʙʨʦʡʥʠʭ ʉʠʣ ʋʢʨʘʾʥʠ. 

ʇʽʜʙʠʚʘʶʯʠ ʧʽʜʩʫʤʢʠ ʚʠʱʝ ʚʠʢʣʘʜʝʥʦʛʦ, ʤʦʞʥʘ  ʩʢʘʟʘʪʠ, ʱʦ ʚ ʥʘʡʙʣʠʞʯʦʤʫ 

ʤʘʡʙʫʪʥʴʦʤʫ ʪʨʦʧʦʩʬʝʨʥʠʡ  ʟʚ'ʷʟʦʢ ʥʝ ʚʪʨʘʪʠʪʴ ʩʚʦʛʦ ʟʥʘʯʝʥʥʷ ʽ ʜʘʣʽ ʟʘʡʤʘʪʠʤʝ ʛʽʜʥʝ 

ʤʽʩʮʝ ʚ ʪʝʣʝʢʦʤʫʥʽʢʘʮʽʡʥʽʡ ʩʠʩʪʝʤʽ  ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʜʝʨʞʘʚʠ ʥʦʚʽʪʥʽʤʠ ʚʽʪʯʠʟʥʷʥʠʤʠ 

ʟʨʘʟʢʘʤʠ ʦʟʙʨʦʻʥʥʷ ʥʘ ʚʠʢʦʥʘʥʥʷ ʨʦʟʧʦʨʷʜʞʝʥʥʷ ʂʘʙʽʥʝʪʫ ʄʽʥʽʩʪʨʽʚ ʋʢʨʘʾʥʠ ʚʽʜ 

30.08.2017ʨ. ˉ600 çɼʝʷʢʽ ʧʠʪʘʥʥʷ ʨʦʟʚʠʪʢʫ ʢʨʠʪʠʯʥʠʭ ʪʝʭʥʦʣʦʛʽʡ ʫ ʩʬʝʨʽ ʚʠʨʦʙʥʠʮʪʚʘ 

ʦʟʙʨʦʻʥʥʷ ʪʘ ʚʽʡʩʴʢʦʚʦʾ ʪʝʭʥʽʢʠè ʟʘ ʥʘʧʨʷʤʦʤ çʊʝʭʥʦʣʦʛʽʾ ʪʨʦʧʦʩʬʝʨʥʦʛʦ ʟʚôʷʟʢʫè. 
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DEVELOPMENT OF A MODEL FOR RESEARCH  

RECEIVERS OF SATELLITE NAVI GATION SYSTEMS 
 

A version of the layout project for the study of radio receivers of satellite navigation 

systems is presented, which is supposed to be developed on the basis of SDR technologies for 

the educational process of the Institute of Telecommunication Systems. The thesis is of interest 

to specialists in the field of satellite radio navigation. 
 

ʉʫʧʫʪʥʠʢʦʚʽ ʨʘʜʽʦʥʘʚʽʛʘʮʽʡʥʽ ʩʠʩʪʝʤʠ (ʉʈʅʉ) GPS, ɻʃʆʅɸʉʉ ʪʘ 

Galileo ʩʪʘʣʠ ʯʘʩʪʠʥʦʶ ʥʘʰʦʛʦ ʧʦʚʩʷʢʜʝʥʥʦʛʦ ʞʠʪʪʷ. ɺʦʥʠ ʜʦʟʚʦʣʷʶʪʴ ʥʘʤ 

ʦʨʽʻʥʪʫʚʘʪʠʩʷ ʥʘ ʥʝʟʥʘʡʦʤʽʡ ʤʽʩʮʝʚʦʩʪʽ, ʚʽʜʩʪʝʞʫʚʘʪʠ ʪʨʘʥʩʧʦʨʪʽ ʟʘʩʦʙʠ, 

ʪʨʘʥʩʣʶʚʘʪʠ ʤʽʩʮʝ ʟʥʘʭʦʜʞʝʥʥʷ ʽʥʰʠʭ ʣʶʜʝʡ ʪʘ ʚʠʢʦʥʫʶʪʴ ʽʥʰʽ ʜʽʾ. 

ʇʨʠʡʤʘʯʽ ʥʘʚʽʛʘʮʽʡʥʠʭ ʩʠʛʥʘʣʽʚ ʚʠʢʦʥʫʶʪʴ ʚʠʨʽʰʘʣʴʥʫ ʨʦʣʴ ʫ ʮʠʭ ʩʠʩʪʝʤʘʭ, 

ʦʩʢʽʣʴʢʠ ʩʘʤʝ ʚʦʥʠ ʟʘʭʦʧʣʶʶʪʴ ʪʘ ʦʙʨʦʙʣʷʶʪʴ (ʜʝʢʦʜʫʶʪʴ) ʩʠʛʥʘʣʠ ʚʽʜ 

ʥʘʚʽʛʘʮʽʡʥʠʭ ʩʫʧʫʪʥʠʢʽʚ (ʅʉ), ʷʢʽ ʤʽʩʪʷʪʴ ʝʬʝʤʝʨʽʜʠ ï ʽʥʬʦʨʤʘʮʽʶ ʧʨʦ ʤʽʩʮʝ 

ʟʥʘʭʦʜʞʝʥʥʷ ʅʉ ʪʘ ʯʘʩ ʧʝʨʝʜʘʯʽ ʩʠʛʥʘʣʫ. ʇʨʠʡʤʘʯ ʚʠʢʦʨʠʩʪʦʚʫʻ ʮʶ 

ʽʥʬʦʨʤʘʮʽʶ ʜʣʷ ʦʙʯʠʩʣʝʥʥʷ ʧʦʣʦʞʝʥʥʷ ʢʦʨʠʩʪʫʚʘʯʘ ʥʘ ʧʦʚʝʨʭʥʽ ɿʝʤʣʽ. ʋ 

ʟʘʛʘʣʴʥʦʤʫ ʚʠʧʘʜʢʫ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʢʦʦʨʜʠʥʘʪ (xc(t), yc(t), zc(t)) ʤʽʩʮʷ 

ʨʦʟʪʘʰʫʚʘʥʥʷ  ʦʙôʻʢʪʘ ʚ ʧʨʦʩʪʦʨʽ ʧʨʠʡʤʘʯʝʚʽ ʥʝʦʙʭʽʜʥʦ ʧʨʦʚʝʩʪʠ 

ʚʠʤʽʨʶʚʘʥʥʷ ʧʩʝʚʜʦʜʘʣʴʥʦʩʪʝʡ ȹD1(t)é ȹD4(t) ʜʦ ʯʦʪʠʨʴʦʭ ʅʉ. ʇʨʠ ʮʴʦʤʫ 

ʦʪʨʠʤʘʻʤʦ ʢʣʘʩʠʯʥʫ ʩʠʩʪʝʤʫ ʟ ʯʦʪʠʨʴʦʭ ʨʽʚʥʷʥʴ, ʨʽʰʝʥʥʷ ʷʢʦʾ ʜʦʟʚʦʣʠʪʴ 

ʦʙʯʠʩʣʠʪʠ ʯʦʪʠʨʠ ʥʝʚʽʜʦʤʠʭ (xc(t), yc(t), zc(t), ȹt) [1]: 

     ( ) ( ) ( )
2 2 2

. . .( ) ( ) ( ) ( ) ( ) ( ) ( ) ( )i i ʅʉ i c ʅʉ i c ʅʉ i cD t D t c t x t x t y t y t z t z tD = + D = - + - + -, 1,4i =              (1) 

ʜʝ ʭʅʉ.i(t), ʫʅʉ.i(t), zʅʉ.i(t) ï ʧʦʪʦʯʥʽ ʢʦʦʨʜʠʥʘʪʠ ʅʉ, ʱʦ ʧʝʨʝʜʘʶʪʴʩʷ 

ʥʘʚʽʛʘʮʽʡʥʦʤʫ ʧʨʠʡʤʘʯʫ ʩʧʦʞʠʚʘʯʘ ʚ ʽʥʬʦʨʤʘʮʽʡʥʦʤʫ ʩʣʫʞʙʦʚʦʤʫ 

ʧʦʚʽʜʦʤʣʝʥʥʽ ʚʽʜ ʅʉ; ȹt  ï ʯʘʩʦʚʘ ʨʦʟʙʽʞʥʽʩʪʴ (ʨʦʟʩʠʥʭʨʦʥʽʟʘʮʽʷ) ʰʢʘʣ ʤʽʞ 

ʅʉ ʪʘ ʥʘʚʽʛʘʮʽʡʥʠʤ ʧʨʠʡʤʘʯʝʤ; Di(t) ï ʜʽʡʩʥʝ ʟʥʘʯʝʥʥʷ ʜʘʣʴʥʦʩʪʽ ʜʦ -̔ʛʦ ʅʉ 

ʚʽʜ ʧʨʠʡʤʘʯʘ,1,4i = ; c ï ʰʚʠʜʢʽʩʪʴ ʧʦʰʠʨʝʥʥʷ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʠʭ ʭʚʠʣʴ. 

ɼʦ ʥʘʡʙʽʣʴʰ ʩʝʨʡʦʟʥʠʭ ʧʨʦʙʣʝʤ, ʟ ʷʢʠʤʠ ʩʪʠʢʘʶʪʴʩʷ ʧʨʠʡʤʘʯʽ ʩʠʛʥʘʣʽʚ 

ʉʈʅʉ, ʻ ʧʦʛʽʨʰʝʥʥʷ ʩʠʛʥʘʣʫ ʯʝʨʝʟ ʨʽʟʥʽ ʬʘʢʪʦʨʠ ʥʘʚʢʦʣʠʰʥʴʦʛʦ 

ʩʝʨʝʜʦʚʠʱʘ: ʘʪʤʦʩʬʝʨʥʽ ʫʤʦʚʠ ʧʦʰʠʨʝʥʥʷ ʨʘʜʽʦʭʚʠʣʴ, ʢʽʣʴʢʽʩʪʴ ʅʉ, 

çʚʠʜʠʤʠʭè ʘʥʪʝʥʦʶ ʧʨʠʡʤʘʯʘ, ʙʫʜʴ-ʷʢʽ ʰʪʫʯʥʽ ʧʝʨʝʰʢʦʜʠ ʤʽʞ ʅʉ ʪʘ 

ʧʨʠʡʤʘʯʝʤ, ʪʘʢʽ ʷʢ ʙʫʜʽʚʣʽ ʯʠ ʜʝʨʝʚʘ.  

ʇʨʦʚʦʜʷʯʠ ʩʫʯʘʩʥʽ ʜʦʩʣʽʜʞʝʥʥʷ, ʥʘʫʢʦʚʮʽ ʨʦʟʨʦʙʠʣʠ ʥʠʟʢʫ ʤʝʪʦʜʽʚ ʜʣʷ 

ʧʦʢʨʘʱʝʥʥʷ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ ʧʨʠʡʤʘʯʽʚ ʩʠʛʥʘʣʽʚ ʉʈʅʉ. ʅʘʧʨʠʢʣʘʜ, ʤʝʪʦʜ 

ʘʜʘʧʪʠʚʥʦʾ ʬʽʣʴʪʨʘʮʽʾ ʤʦʞʥʘ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʜʣʷ ʟʤʝʥʰʝʥʥʷ ʚʧʣʠʚʫ 

ʙʘʛʘʪʦʧʨʦʤʝʥʝʚʠʭ ʩʠʛʥʘʣʽʚ, ʷʢʽ ʚʠʥʠʢʘʶʪʴ ʧʽʜ ʯʘʩ ʚʽʜʙʠʪʪʷ ʩʠʛʥʘʣʫ ʚʽʜ 
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ʨʽʟʥʠʭ ʧʦʚʝʨʭʦʥʴ, ʜʦ ʪʦʛʦ ʷʢ ʡʦʛʦ ʟʘʭʦʧʣʶʻ ʧʨʠʡʤʘʯ ʩʠʛʥʘʣʫ [2]. 

ʊʘʢʦʞ, ʜʣʷ ʧʦʢʨʘʱʝʥʥʷ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ ʧʨʠʡʤʘʯʽʚ ʩʠʛʥʘʣʽʚ ʉʈʅʉ 

ʰʠʨʦʢʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʤʝʪʦʜ ʮʠʬʨʦʚʦʾ ʦʙʨʦʙʢʠ. ɼʘʥʠʡ ʤʝʪʦʜ ʤʦʞʝ ʙʫʪʠ 

ʚʠʢʦʨʠʩʪʘʥʠʡ ʜʣʷ ʧʦʢʨʘʱʝʥʥʷ ʷʢʦʩʪʽ ʩʠʛʥʘʣʫ, ʟʤʝʥʰʝʥʥʷ ʰʫʤʫ ʪʘ 

ʧʽʜʚʠʱʝʥʥʷ ʧʦʪʫʞʥʦʩʪʽ ʩʠʛʥʘʣʫ [3]. 

ʂʽʣʴʢʽʩʪʴ ʚʠʜʠʤʠʭ ʩʫʧʫʪʥʠʢʽʚ ʽ ʛʝʦʤʝʪʨʽʷ ʾʭ ʨʦʟʪʘʰʫʚʘʥʥʷ ʚʽʜʥʦʩʥʦ 

ʧʨʠʡʤʘʯʘ ʩʠʛʥʘʣʫ ʪʘʢʦʞ ʤʘʶʪʴ ʟʥʘʯʥʠʡ ʚʧʣʠʚ ʥʘ ʪʦʯʥʽʩʪʴ ʚʠʟʥʘʯʝʥʥʷ 

ʤʽʩʮʝʧʦʣʦʞʝʥʥʷ ʦʙôʻʢʪʽʚ ʧʦ ʩʠʛʥʘʣʘʭ ʉʈʅʉ. ɼʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʙʽʣʴʰ 

ʥʘʜʽʡʥʦʾ ʨʦʙʦʪʠ ʧʨʠʡʤʘʯʽʚ ʚ ʨʦʙʦʪʽ [4] ʙʫʣʘ ʟʘʧʨʦʧʦʥʦʚʘʥʘ ʤʝʪʦʜʦʣʦʛʽʷ 

ʚʠʙʦʨʫ çʦʧʪʠʤʘʣʴʥʠʭè ʅʉ ʜʣʷ  GPS-ʧʦʟʠʮʽʦʥʫʚʘʥʥʷ.   

ɯʥʰʠʤʠ ʚʘʞʣʠʚʠʤʠ ʘʩʧʝʢʪʘʤʠ ʧʨʠʡʤʘʯʽʚ ʩʠʛʥʘʣʽʚ ʉʈʅC ʻ ʾʭ ʟʜʘʪʥʽʩʪʴ 

ʧʨʘʮʶʚʘʪʠ ʚ ʨʽʟʥʠʭ ʩʝʨʝʜʦʚʠʱʘʭ ʽ ʟʘ ʨʽʟʥʠʭ ʫʤʦʚ. ʅʘʡʘʢʪʫʘʣʴʥʽʰʠʤʠ 

ʩʫʯʘʩʥʠʤʠ ʨʦʟʨʦʙʢʘʤʠ ʻ ʧʨʠʡʤʘʯʽ ʜʣʷ ʩʬʝʨ, ʷʢʽ ʨʦʟʚʠʚʘʶʪʴʩʷ, ʪʘʢʠʭ ʷʢ 

ʘʚʽʘʮʽʷ, ʤʦʨʩʴʢʝ, ʚʽʡʩʴʢʦʚʝ ʪʘ ʢʦʩʤʽʯʥʝ ʚʠʢʦʨʠʩʪʘʥʥʷ. ʆʜʥʽʻʶ ʟ ʪʘʢʠʭ ʨʦʙʽʪ ʻ 

ʨʦʟʨʦʙʢʘ ʚʠʩʦʪʥʦʛʦ ʧʨʠʡʤʘʯʘ GPS ʜʣʷ ʥʘʚʽʛʘʮʽʾ ʢʦʩʤʽʯʥʦʛʦ ʢʦʨʘʙʣʷ [5]. 

ʊʘʢʠʡ ʧʨʠʡʤʘʯ ʤʦʞʝ ʥʘʜʽʡʥʦ ʧʨʘʮʶʚʘʪʠ ʚ ʩʢʣʘʜʥʠʭ ʫʤʦʚʘʭ ʢʦʩʤʦʩʫ.   

ʂʨʽʤ ʪʦʛʦ, ʜʦʩʣʽʜʞʝʥʥʷ ʪʘ ʨʦʟʨʦʙʢʠ ʚ ʧʨʠʡʤʘʯʘʭ ʩʠʛʥʘʣʽʚ ʉʈʅʉ, 

ʟʦʩʝʨʝʜʞʝʥʽ ʥʘ ʨʦʟʰʠʨʝʥʥʽ ʾʭ ʤʦʞʣʠʚʦʩʪʝʡ ʪʘ ʧʽʜʪʨʠʤʢʠ ʥʦʚʠʭ ʧʨʦʛʨʘʤ,  

ʥʘʧʨʠʢʣʘʜ ʘʚʪʦʥʦʤʥʝ ʚʦʜʽʥʥʷ [6]. ʊʘʢʽ ʪʝʭʥʦʣʦʛʽʾ ʤʦʞʫʪʴ ʙʫʪʠ ʨʝʘʣʽʟʦʚʘʥʽ ʚ 

ʪʦʤʫ ʚʠʧʘʜʢʫ, ʷʢʱʦ ʙʫʜʝ ʟʘʙʝʟʧʝʯʝʥʘ ʪʦʯʥʘ ʪʘ ʥʘʜʽʡʥʘ ʽʥʬʦʨʤʘʮʽʷ ʧʨʦ ʤʽʩʮʝ 

ʟʥʘʭʦʜʞʝʥʥʷ.  

ʆʪʞʝ, ʚʠʱʝʚʢʘʟʘʥʽ ʧʨʠʢʣʘʜʠ ʧʦʢʘʟʫʶʪʴ, ʱʦ ʨʦʟʚʠʪʦʢ ʉʈʅʉ ʚ ʯʘʩʪʠʥʽ 

ʨʦʟʨʦʙʢʠ ʉʈʅʉ-ʧʨʠʡʤʘʯʽʚ ʪʘ ʫʜʦʩʢʦʥʘʣʝʥʥʷ ʦʙʨʦʙʢʠ ʩʠʛʥʘʣʽʚ ʫ ʥʠʭ ʻ 

ʘʢʪʫʘʣʴʥʦʶ ʪʘ ʩʚʦʻʯʘʩʥʦʶ ʟʘʜʘʯʝʶ. ʋ ʟʚôʷʟʢʫ ʟ ʮʠʤ ʚʚʘʞʘʻʤʦ, ʱʦ ʥʝʦʙʭʽʜʥʦ 

ʧʦʩʠʣʠʪʠ ʧʨʘʢʪʠʯʥʫ ʢʦʤʧʦʥʝʥʪʫ ʫ ʚʠʚʯʝʥʥʽ ʧʨʠʥʮʠʧʽʚ ʬʦʨʤʫʚʘʥʥʷ 

ʥʘʚʽʛʘʮʽʡʥʠʭ ʩʠʛʥʘʣʽʚ ʪʘ ʾʭ ʦʙʨʦʙʣʝʥʥʷ ʚ ʥʘʚʽʛʘʮʽʡʥʠʭ ʧʨʠʡʤʘʯʘʭ. ʅʘ ʜʘʥʠʡ 

ʤʦʤʝʥʪ ʯʘʩʫ ʘʚʪʦʨʘʤʠ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʩʪʨʫʢʪʫʨʥʦʾ ʩʭʝʤʠ, ʱʦ ʟʦʙʨʘʞʝʥʘ ʥʘ 

ʨʠʩ.1, ʚʞʝ ʨʦʟʨʦʙʣʝʥʦ ʜʣʷ ʥʘʚʯʘʣʴʥʦʛʦ ʧʨʦʮʝʩʫ ʜʝʢʽʣʴʢʘ ʤʘʢʝʪʽʚ ʉʈʅʉ-

ʧʨʠʡʤʘʯʽʚ ʥʘ ʙʘʟʽ ʥʘʚʽʛʘʮʽʡʥʠʭ ʤʦʜʫʣʽʚ ʚʽʜ ʢʦʤʧʘʥʽʡ SIMCom, LOCOSYS ʪʘ 

ʽʥʰ., ʷʢʽ ʧʽʜʪʚʝʨʜʠʣʠ ʩʚʦʶ ʧʨʘʮʝʟʜʘʪʥʽʩʪʴ [7].   

ʅʝʜʦʣʽʢʦʤ ʨʦʟʨʦʙʣʝʥʠʭ ʤʘʢʝʪʽʚ [7] ʻ ʥʝʦʙʭʽʜʥʽʩʪʴ ʾʭ ʚʩʪʘʥʦʚʣʝʥʥʷ ʘʙʦ 

ʧʦʟʘ ʥʘʚʯʘʣʴʥʦʾ ʣʘʙʦʨʘʪʦʨʽʾ, ʘʙʦ ʥʘ ʧʽʜʚʽʢʦʥʥʽ ʣʘʙʦʨʘʪʦʨʽʾ, ʪʦʙʪʦ ʪʘʤ, ʜʝ ʻ 

ʥʘʜʽʡʥʠʡ ʧʨʠʡʦʤ ʥʘʚʽʛʘʮʽʡʥʠʭ ʩʠʛʥʘʣʽʚ. ɿ ʽʥʰʦʛʦ ʙʦʢʫ ʚ ʨʦʟʨʦʙʣʝʥʠʭ 

ʤʘʢʝʪʘʭ ʥʝʤʘʻ ʤʦʞʣʠʚʦʩʪʽ ʢʝʨʫʚʘʪʠ ʧʘʨʘʤʝʪʨʘʤʠ ʧʨʠʡʥʷʪʠʭ ʥʘʚʽʛʘʮʽʡʥʠʭ 

ʩʠʛʥʘʣʽʚ, ʱʦ ʥʝ ʜʦʟʚʦʣʷʻ ʜʦʩʣʽʜʠʪʠ ʚʧʣʠʚ ʮʠʭ ʧʘʨʘʤʝʪʨʽʚ ʥʘ ʨʝʞʠʤʠ ʨʦʙʦʪʠ 

ʥʘʚʽʛʘʮʽʡʥʠʭ ʧʨʠʡʤʘʯʽʚ. ʋ ʟʚôʷʟʢʫ ʟ ʮʠʤ ʘʚʪʦʨʠ ʧʨʦʧʦʥʫʶʪʴ ʜʦʧʦʚʥʠʪʠ ʚʞʝ 

ʥʘʷʚʥʽ ʤʘʢʝʪʠ [7] ʥʘ ʨʠʩ.1 ʜʞʝʨʝʣʦʤ ʬʦʨʤʫʚʘʥʥʷ ʥʘʚʽʛʘʮʽʡʥʠʭ ʩʠʛʥʘʣʽʚ ʥʘ 

ʙʘʟʽ  

SDR-ʪʨʘʥʩʠʚʝʨʘ (ʥʘʧʨʠʢʘʜ, BladeRFx40), ʱʦ ʙʫʜʝ ʧʽʜʢʣʶʯʝʥʠʡ ʜʦ 

ʧʝʨʩʦʥʘʣʴʥʦʛʦ ʢʦʤʧôʶʪʝʨʫ (ʥʦʫʪʙʫʢʘ) ʽ ʧʨʘʮʶʚʘʪʠʤʝ ʧʽʜ ʢʝʨʽʚʥʠʮʪʚʦʤ 

ʦʧʝʨʘʮʽʡʥʦʾ ʩʠʩʪʝʤʠ Ubuntu. ʊʘʢʠʡ ʧʽʜʭʽʜ, ʧʦ-ʧʝʨʰʝ, ʜʦʟʚʦʣʠʪʴ ʨʦʟʤʽʱʫʚʘʪʠ  

ʉʅʈʉ-ʧʨʠʡʤʘʯ ʫ ʙʫʜʴ- ʢ̫ʦʤʫ ʤʽʩʮʽ ʥʘʚʯʘʣʴʥʦʾ ʣʘʙʦʨʘʪʦʨʽʾ, ʟʘʙʝʟʧʝʯʫʶʯʠ 

ʟʨʫʯʥʽʩʪʴ ʧʨʦʚʝʜʝʥʥʷ ʟʘʥʷʪʴ, ʘ ʧʦ-ʜʨʫʛʝ ʟʘʙʝʟʧʝʯʫʚʘʪʠʤʝ ʛʥʫʯʢʝ ʢʝʨʫʚʘʥʥʷ 

ʢʽʣʴʢʽʩʪʶ ʥʘʚʽʛʘʮʽʡʥʠʭ ʩʠʛʥʘʣʽʚ ʪʘ ʾʭ ʧʘʨʘʤʝʪʨʘʤʠ, ʽʤʽʪʫʶʯʠ ʨʽʟʥʽ ʚʘʨʽʘʥʪʠ 

ʧʦʰʠʨʝʥʥʷ ʩʠʛʥʘʣʽʚ ʟ ʧʦʜʘʣʴʰʠʤ ʜʦʩʣʽʜʞʝʥʥʷʤ ʨʦʙʦʪʠ ʉʈʅʉ-ʧʨʠʡʤʘʯʽʚ. 
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ʈʠʩ. 1.  ʉʪʫʢʪʫʨʥʘ ʩʭʝʤʘ ʉʈʅʉ ʧʨʠʡʤʘʯʘ ʥʘ ʙʘʟʽ ʥʘʚʽʛʘʮʽʡʥʦʛʦ ʤʦʜʫʣʷ SIMCom SIM68M. 

 

ʌʦʨʤʫʚʘʥʥʷ ʩʠʛʥʘʣʽʚ ʉʈʅʉ GPS ʪʘ/ʘʙʦ GLONASS ʚʽʜʙʫʚʘʪʠʤʝʪʴʩʷ ʫ 

ʧʨʦʛʨʘʤʥʦʤʫ ʩʝʨʝʜʦʚʠʱʽ GNURadio ʜʣʷ ʜʽʘʧʘʟʦʥʫ L1, ʷʢʽ 

ʚʠʧʨʦʤʽʥʶʚʘʪʠʤʫʪʴʩʷ ʚ ʤʝʞʘʭ ʥʘʚʯʘʣʴʥʦʾ ʣʘʙʦʨʘʪʦʨʽʾ ʽ ʧʨʠʡʤʘʪʠʤʫʪʴʩʷ 

ʥʘʷʚʥʠʤʠ ʤʘʢʝʪʘʤʠ ʉʈʅʉ-ʧʨʠʡʤʘʯʽʚ ʟ ʧʦʜʘʣʴʰʦʶ ʦʙʨʦʙʢʦʶ ʪʘ 

ʚʽʟʫʘʣʽʟʘʮʽʻʶ ʢʦʦʨʜʠʥʘʪ ʤʽʩʮʝʧʦʣʦʞʝʥʥʷ ʦʙôʻʢʪʘ ʪʘ ʽʥʰʠʭ ʧʘʨʘʤʝʪʨʽʚ ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʩʧʝʮʽʘʣʽʟʦʚʘʥʦʛʦ ʧʨʦʛʨʘʤʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ. 
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ANALYSIS OF INTERFERENCE RESISTANCE OF THE ALGORITHM  

OF ENTERING INTO SYNCHRONISM RADIO LINE WITH FHSS  

ON THE BASIS OF M-SEQUENCE PHASE DETERMINATION  
 

In this paper analysis of interference resistance of the algorithm of entering into 

synchronism radio line with frequency-hopping spectrum spreading (FHSS) on the basis of M-

sequence phase determination, which allows to optimize the time of entering synchronization 

with the given requirements of the probability of entering synchronization, or to solve the inverse 

problem of selection number of frequencies required for entering synchronization and generator 

register length of the pseudo-random sequence (PRS). 
 

ʉʠʩʪʝʤʠ ʨʘʜʽʦʟʚôʷʟʢʫ (ʉʈɿ) ʧʦʩʪʽʡʥʦ ʟʤʫʰʝʥʽ ʬʫʥʢʮʽʦʥʫʚʘʪʠ ʫ 

ʩʢʣʘʜʥʽʡ ʨʘʜʽʦʝʣʝʢʪʨʦʥʥʽʡ ʦʙʩʪʘʥʦʚʮʽ, ʷʢʘ ʟʫʤʦʚʣʶʻʪʴʩʷ ʷʢ ʧʨʠʨʦʜʥʠʤʠ ʪʘʢ ʽ 

ʥʘʚʤʠʩʥʠʤʠ ʟʘʚʘʜʘʤʠ, ʱʦ ʜʽʶʪʴ ʚ ʢʘʥʘʣʽ ʟʚôʷʟʢʫ. ʆʜʥʠʤ ʟ ʝʬʝʢʪʠʚʥʠʭ 

ʤʝʪʦʜʽʚ ʟʘʭʠʩʪʫ ʉʈɿ ʚʽʜ ʥʘʚʤʠʩʥʠʭ ʟʘʚʘʜ ʻ ʚʠʢʦʨʠʩʪʘʥʥʷ ʰʠʨʦʢʦʩʤʫʛʦʚʠʭ 

ʩʠʛʥʘʣʽʚ ʟ ʧʩʝʚʜʦʚʠʧʘʜʢʦʚʠʤ ʧʝʨʝʥʘʣʘʰʪʫʚʘʥʥʷʤ ʨʦʙʦʯʦʾ ʯʘʩʪʦʪʠ (ʇʇʈʏ). 

ʆʩʢʽʣʴʢʠ ʧʨʠʡʦʤ ʪʘ ʦʙʨʦʙʢʘ ʰʠʨʦʢʦʩʤʫʛʦʚʠʭ ʩʠʛʥʘʣʽʚ ʟ ʇʇʈʏ ʚʠʤʘʛʘʻ 

ʪʦʯʥʦʾ ʩʠʥʭʨʦʥʽʟʘʮʽʾ ʤʽʞ ʦʧʦʨʥʦʶ ʪʘ ʧʨʠʡʥʷʪʦʶ ʧʩʝʚʜʦʚʠʧʘʜʢʦʚʠʤʠ 

ʧʦʩʣʽʜʦʚʥʦʩʪʷʤʠ (ʇɺʇ), ʥʘ ʧʨʠʡʤʘʣʴʥʽʡ ʩʪʦʨʦʥʽ ʧʦʚʠʥʥʽ ʚʞʠʚʘʪʠʩʷ ʟʘʭʦʜʠ 

ʜʣʷ ʩʧʽʚʧʘʜʘʥʥʷ ʫ ʯʘʩʽ ʦʧʦʨʥʦʾ ʪʘ ʧʨʠʡʥʷʪʦʾ ʇɺʇ, ʘ ʪʘʢʦʞ ʧʽʜʪʨʠʤʮʽ ʮʴʦʛʦ 

ʩʪʘʥʫ [1-2]. 

ʋ ʨʦʙʦʪʽ ʧʨʦʚʝʜʝʥʦ ʘʥʘʣʽʟ ʘʣʛʦʨʠʪʤʫ ʚʭʦʜʞʝʥʥʷ ʚ ʩʠʥʭʨʦʥʽʟʤ 

ʨʘʜʽʦʣʽʥʽʾ ʟ ʇʇʈʏ, ʱʦ ˇʨʫʥʪʫʻʪʴʩʷ ʥʘ ʩʧʦʩʦʙʽ ʚʠʟʥʘʯʝʥʥʷ ʬʘʟʠ ʄ-

ʧʦʩʣʽʜʦʚʥʽʩʪʴ ʥʘ ʙʫʜʴ-ʷʢʦʤʫ ( )i l+ -ʦʤʫ ʪʘʢʪʽ ʨʦʙʦʪʠ ʥʘ ʦʩʥʦʚʽ ʧʨʠʡʥʷʪʠʭ 

ʥʘʙʦʨʽʚ ʚʽʜʨʽʟʢʽʚ ʄ-ʧʦʩʣʽʜʦʚʥʦʩʪʽ, ʩʫʤʘ ʩʠʤʚʦʣʽʚ ʷʢʠʭ ʥʝ ʤʝʥʰʝ ʜʦʚʞʠʥʠ 

ʨʝʛʽʩʪʨʘ ʛʝʥʝʨʘʪʦʨʘ ʇɺʇ [3]. 

ɿ ʤʝʪʦʶ ʟʘʙʝʟʧʝʯʝʥʥʷ ʤʦʞʣʠʚʦʩʪʽ ʘʥʘʣʽʟʫ ʟʘʚʘʜʦʩʪʽʡʢʦʩʪʽ, ʧʨʦʮʝʩ 

ʚʭʦʜʞʝʥʥʷ ʚ ʩʠʥʭʨʦʥʽʟʤ ʨʘʜʽʦʣʽʥʽʾ ʟ ʇʇʈʏ ʙʫʚ ʧʨʝʜʩʪʘʚʣʝʥʠʡ ʫ ʚʠʛʣʷʜʽ 

ʛʨʘʬʫ ʩʪʘʥʽʚ, ʜʝ ʚʫʟʣʠ ʛʨʘʬʘ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴ ʩʪʘʥ ʩʠʩʪʝʤʠ ʩʠʥʭʨʦʥʽʟʘʮʽʾ 

ʨʘʜʽʦʣʽʥʽʾ ʟ ʇʇʈʏ, ʘ ʧʝʨʝʭʦʜʠ ï ʧʦʜʽʾ. ʋ ʨʦʙʦʪʽ, ʷʢ ʧʨʠʢʣʘʜ, ʥʘʚʝʜʝʥʦ ʛʨʘʬ 

ʩʪʘʥʽʚ ʧʨʦʮʝʩʫ ʚʭʦʜʞʝʥʥʷ ʚ ʩʠʥʭʨʦʥʽʟʤ ʨʘʜʽʦʣʽʥʽʾ ʟ ʇʇʏʈ ʜʣʷ ʜʦʚʞʠʥʠ 

ʨʝʛʽʩʪʨʫ 9n=  ʪʘ ʢʽʣʴʢʦʩʪʽ ʯʘʩʪʦʪ ʚʭʦʜʞʝʥʥʷ ʚ ʩʠʥʭʨʦʥʽʟʤ 8k=  (ʨʠʩ. 1).  

ʅʘ ʛʨʘʬʽ 0p  ï ʡʤʦʚʽʨʥʽʩʪʴ ʪʘʢʪʦʚʦʾ ʩʠʥʭʨʦʥʽʟʘʮʽʾ, ʘ 
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ʈʠʩ. 1. ɻʨʘʬ ʩʪʘʥʽʚ ʧʨʦʮʝʩʫ ʚʭʦʜʞʝʥʥʷ ʚ ʩʠʥʭʨʦʥʽʟʤ ʨʘʜʽʦʣʽʥʽʾ ʟ ʇʇʈʏ 

 

ʉʪʘʥʫ 1 ʛʨʘʬʘ ʚʽʜʧʦʚʽʜʘʻ ʩʪʘʥ ʧʦʯʘʪʢʦʚʦʛʦ ʧʨʠʡʤʘʥʥʷ ʩʠʛʥʘʣʫ 

ʧʝʨʝʜʘʚʘʯʘ (ʧʝʨʰʝ ʩʧʽʚʧʘʜʘʥʥʷ ʯʘʩʪʦʪ ʧʝʨʝʜʘʯʽ ʪʘ ʧʨʠʡʦʤʫ, ʘ ʪʘʢʦʞ 

ʧʨʘʚʠʣʴʥʦʾ ʪʘʢʪʦʚʦʾ ʩʠʥʭʨʦʥʽʟʘʮʽʾ).  

ʉʪʘʥʘʤ 2.2, 3.3, 4.5, 5.7, 6.6 ʚʽʜʧʦʚʽʜʘʶʪʴ ʩʪʘʥʠ ʧʨʠʡʦʤʫ ʩʠʛʥʘʣʫ, ʧʨʠ 

ʷʢʦʤʫ ʧʘʤ'ʷʪʴ ʧʨʦʮʝʩʦʨʘ ʟʘʧʦʚʥʶʻʪʴʩʷ ʧʦʩʣʽʜʦʚʥʦ (ʙʝʟ ʧʨʦʧʫʩʢʽʚ ʫ ʯʘʩʽ).  

ʉʪʘʥʠ 2.1, 3.2, 4.2, 4.4, 5.2, 5.6, 6.5, 7, 5.2, 6.1, 5.4, 6.3, 6.4 

ʭʘʨʘʢʪʝʨʠʟʫʶʪʴ ʥʝʧʨʠʡʥʷʪʪʷ ʩʠʛʥʘʣʫ ʪʘ ʧʝʨʝʥʘʣʘʰʪʫʚʘʥʥʷ ʧʨʠʡʤʘʯʘ ʥʘ 

ʢʨʘʱʫ ʯʘʩʪʦʪʫ. 

ʉʪʘʥʠ 3.1, 4.3, 5,5 ʭʘʨʘʢʪʝʨʠʟʫʶʪʴ ʧʨʠʡʦʤ ʩʠʛʥʘʣʫ ʧʝʨʝʜʘʚʘʯʘ, ʫ ʷʢʦʤʫ 

ʧʘʤ'ʷʪʴ ʧʨʦʮʝʩʦʨʘ ʟʘʧʦʚʥʶʻʪʴʩʷ ʥʝ ʧʦʩʣʽʜʦʚʥʦ, ʘ ʟ ʜʝʷʢʠʤʠ ʧʨʦʧʫʩʢʘʤʠ. 

ʊʦʙʪʦ ʤʽʞ ʚʽʜʦʤʠʤʠ (ʧʨʠʡʥʷʪʠʤʠ) ʩʝʛʤʝʥʪʘʤʠ ʚʠʷʚʣʷʶʪʴʩʷ ʙʽʣʴʰʝ ʦʜʥʦʛʦ 

ʥʝʚʽʜʦʤʠʭ (ʥʝʧʨʠʡʥʷʪʠʭ) ʩʫʙʝʣʝʤʝʥʪʽʚ.  

ʉʪʘʥ 8 ʭʘʨʘʢʪʝʨʠʟʫʻ ʧʦʚʥʝ ʟʘʧʦʚʥʝʥʥʷ ʨʝʛʽʩʪʨʫ ʛʝʥʝʨʘʪʦʨʘ ʇɺʇ ʘʙʦ 

ʧʨʠʡʦʤ ʥʘʙʦʨʫ ʩʝʛʤʝʥʪʽʚ ʄ-ʧʦʩʣʽʜʦʚʥʦʩʪʽ, ʩʫʤʘ ʩʫʙʝʣʝʤʝʥʪʽʚ ʷʢʠʭ ʥʝ ʤʝʥʰʝ 

ʜʦʚʞʠʥʠ ʨʝʛʽʩʪʨʘ ʛʝʥʝʨʘʪʦʨʘ ʇɺʇ. 

ʈʘʟʦʤ ʟ ʮʠʤ ʧʨʠ ʨʦʟʨʘʭʫʥʢʫ ʡʤʦʚʽʨʥʦʩʪʽ ʚʭʦʜʞʝʥʥʷ ʚ ʩʠʥʭʨʦʥʽʟʤ (cP ) 

ʜʦ ʨʘʜʽʦʣʽʥʽʾ ʟ ʇʇʈʏ ʙʫʣʠ ʚʠʩʫʥʫʪʽ ʪʘʢʽ ʦʙʤʝʞʝʥʥʷ: ʜʦʚʞʠʥʘ ʨʝʛʽʩʪʨʫ 
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ʛʝʥʝʨʘʪʦʨʘ ʇɺʇ [ ] 8; 9 n= ; ʢʽʣʴʢʽʩʪʴ ʯʘʩʪʦʪ ʚʭʦʜʞʝʥʥʷ ʚ ʩʠʥʭʨʦʥʽʟʤ 8k= ; 

ʢʽʣʴʢʽʩʪʴ ʪʘʢʪʽʚ ʚʭʦʜʞʝʥʥʷ ʚ ʩʠʥʭʨʦʥʽʟʤ [ ]5, 50  N= ; ʡʤʦʚʽʨʥʦʩʪʽ ʪʘʢʪʦʚʦʾ 

ʩʠʥʭʨʦʥʽʟʘʮʽʾ [ ]0 0.01,  0.999p = .  

ʈʝʟʫʣʴʪʘʪʠ ʨʦʟʨʘʭʫʥʢʽʚ ʙʫʣʠ ʧʨʝʜʩʪʘʚʣʝʥʽ ʫ ʚʠʛʣʷʜʽ ʛʨʘʬʽʢʽʚ 

ʟʘʣʝʞʥʦʩʪʽ ( )0cP f p=  ʧʨʠ ʬʽʢʩʦʚʘʥʠʭ ʟʥʘʯʝʥʥʷʭ N  (ʨʠʩ. 2) ʪʘ ( )cP f N=  ʜʣʷ 

ʬʽʢʩʦʚʘʥʠʭ ʟʥʘʯʝʥʴ 
0p , ʪʘ 9n=  ʽ 8n=  (ʨʠʩ. 3). 
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ʈʠʩ. 2. ɻʨʘʬʽʢʠ ʟʘʣʝʞʥʦʩʪʽ ( )0cP f p=   ʈʠʩ. 3. ɻʨʘʬʽʢʠ ʟʘʣʝʞʥʦʩʪʽ ( )cP f N=  

 

ɸʥʘʣʽʟ ʨʝʟʫʣʴʪʘʪʽʚ ʧʨʝʜʩʪʘʚʣʝʥʠʭ ʥʘ ʨʠʩ. 2-3 ʜʦʟʚʦʣʷʻ ʩʪʚʝʨʜʞʫʚʘʪʠ, 

ʱʦ:  

ʜʦʩʷʛʥʝʥʥʷ ʟʥʘʯʝʥʴ 1ʩP º, ʥʘʚʽʪʴ ʧʨʠ ʚʝʣʠʢʠʭ ʟʥʘʯʝʥʥʷʭ 0p , ʙʝʟ 

ʟʙʽʣʴʰʝʥʥʷ ʢʽʣʴʢʦʩʪʽ ʯʘʩʪʦʪ ʚʭʦʜʞʝʥʥʷ ʚ ʩʠʥʭʨʦʥʽʟʤ k  ʥʝ ʤʦʞʣʠʚʝ; 

ʚʠʢʦʨʠʩʪʘʥʥʷ 30N>  ʧʨʠ [ ]0 0,9; 99  0,p =  ʥʝʜʦʮʽʣʴʥʦ, ʦʩʢʽʣʴʢʠ 

ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʟʙʽʣʴʰʝʥʥʷ ʯʘʩʫ ʚʭʦʜʞʝʥʥʷ ʚ ʩʠʥʭʨʦʥʽʟʤ ʧʨʠ ʥʝʟʥʘʯʥʦʤʫ 

ʟʙʽʣʴʰʝʥʥʽ ʩP ; 

ʟʤʝʥʰʝʥʥʷ ʜʦʚʞʠʥʠ ʨʝʛʽʩʪʨʫ ʛʝʥʝʨʘʪʦʨʘ ʇɺʇ ʟ 9n=  (ʚʝʨʭʥʽ ʢʨʠʚʽ ʨʠʩ. 

3) ʜʦ 8n=  (ʥʠʞʥʽ ʢʨʠʚʽ ʨʠʩ. 3) ʜʣʷ ʟʥʘʯʝʥʴ [ ]0 0,9; 99  0,p =  ʥʝ ʧʨʠʟʚʦʜʠʪʴ ʜʦ 

ʟʥʘʯʥʦʛʦ ʟʙʽʣʴʰʝʥʥʷ ʟʥʘʯʝʥʥʷ ʩP . 
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OVERVIEW OF MODERN TECHNOLOGIES  

OF DIGITAL TELEVISION BROADCAST  
 

A brief overview of modern standards and technologies of digital television broadcasting is 

presented: DVB, HbbTV, ATSC, IPTV, OTT. 

 

ʉʴʦʛʦʜʥʽ ʮʠʬʨʦʚʝ ʪʝʣʝʚʽʟʽʡʥʝ ʤʦʚʣʝʥʥʷ ʻ ʦʜʥʽʻʶ ʟ ʦʩʥʦʚʥʠʭ ʪʝʭʥʦʣʦʛʽʡ 

ʫ ʩʬʝʨʽ ʪʝʣʝʢʦʤʫʥʽʢʘʮʽʡ ʪʘ ʤʘʩʦʚʦʾ ʢʦʤʫʥʽʢʘʮʽʾ. ʎʠʬʨʦʚʝ ʪʝʣʝʙʘʯʝʥʥʷ 

ʟʘʙʝʟʧʝʯʫʻ ʢʨʘʱʫ ʷʢʽʩʪʴ ʟʦʙʨʘʞʝʥʥʷ ʪʘ ʟʚʫʢʫ, ʙʽʣʴʰʫ ʢʽʣʴʢʽʩʪʴ ʢʘʥʘʣʽʚ ʽ 

ʤʦʞʣʠʚʽʩʪʴ ʧʝʨʝʜʘʯʽ ʢʦʥʪʝʥʪʫ ʚʠʩʦʢʦʾ ʯʽʪʢʦʩʪʽ (HD) ʽ ʥʘʜʚʠʩʦʢʦʾ ʯʽʪʢʦʩʪʽ 

(4K). ʅʠʞʯʝ ʥʘʚʝʜʝʥʦ ʦʛʣʷʜ ʜʝʷʢʠʭ ʩʫʯʘʩʥʠʭ ʪʝʭʥʦʣʦʛʽʡ ʮʠʬʨʦʚʦʛʦ 

ʪʝʣʝʚʽʟʽʡʥʦʛʦ ʤʦʚʣʝʥʥʷ. 

1. DVB (ʮʠʬʨʦʚʝ ʚʽʜʝʦʤʦʚʣʝʥʥʷ). 

DVB ï ʤʽʞʥʘʨʦʜʥʠʡ ʩʪʘʥʜʘʨʪ, ʷʢʠʡ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʜʣʷ ʮʠʬʨʦʚʦʛʦ 

ʪʝʣʝʚʽʟʽʡʥʦʛʦ ʤʦʚʣʝʥʥʷ. ʉʪʘʥʜʘʨʪ DVB ʦʭʦʧʣʶʻ ʨʽʟʥʽ ʪʝʭʥʦʣʦʛʽʾ ʮʠʬʨʦʚʦʛʦ 

ʪʝʣʝʙʘʯʝʥʥʷ, ʚʢʣʶʯʘʶʯʠ DVB-S/S2 (ʩʫʧʫʪʥʠʢʦʚʝ ʤʦʚʣʝʥʥʷ), DVB-T/T2 

(ʥʘʟʝʤʥʝ ʤʦʚʣʝʥʥʷ) ʽ DVB-C (ʢʘʙʝʣʴʥʝ ʤʦʚʣʝʥʥʷ). 

- ʎʠʬʨʦʚʝ ʪʝʣʝʙʘʯʝʥʥʷ DVB-T2 ï ʮʝ ʩʪʘʥʜʘʨʪ ʮʠʬʨʦʚʦʛʦ ʥʘʟʝʤʥʦʛʦ 

ʪʝʣʝʚʽʟʽʡʥʦʛʦ ʤʦʚʣʝʥʥʷ ʜʨʫʛʦʛʦ ʧʦʢʦʣʽʥʥʷ. ʆʜʥʽʻʶ ʟ ʢʣʶʯʦʚʠʭ ʧʝʨʝʚʘʛ  

DVB-T2 ʻ ʡʦʛʦ ʟʜʘʪʥʽʩʪʴ ʧʝʨʝʜʘʚʘʪʠ ʙʽʣʴʰʝ ʢʘʥʘʣʽʚ ʫ ʟʘʜʘʥʽʡ ʩʤʫʟʽ 

ʨʘʜʽʦʯʘʩʪʦʪʥʦʛʦ ʢʘʥʘʣʫ ʧʦʨʽʚʥʷʥʦ ʟ DVB-T, ʱʦ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʙʽʣʴʰ 

ʝʬʝʢʪʠʚʥʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʩʧʝʢʪʨʫ. ʎʝ ʜʦʟʚʦʣʷʻ ʥʘʜʘʪʠ ʛʣʷʜʘʯʘʤ ʙʽʣʴʰʠʡ 

ʚʠʙʽʨ ʢʘʥʘʣʽʚ ʽ ʧʨʦʛʨʘʤ. 

- ʂʘʙʝʣʴʥʝ ʪʝʣʝʙʘʯʝʥʥʷ DVB-C ï ʻʚʨʦʧʝʡʩʴʢʠʡ ʩʪʘʥʜʘʨʪ ʮʠʬʨʦʚʦʛʦ 

ʪʝʣʝʙʘʯʝʥʥʷ ʪʨʘʥʩʣʴʦʚʘʥʦʛʦ ʟʘ ʜʦʧʦʤʦʛʦʶ ʢʘʙʝʣʶ. ʂʘʙʝʣʴʥʝ ʪʝʣʝʙʘʯʝʥʥʷ ʜʘʻ 

ʥʘʜʽʡʥʠʡ ʟʘ  ʷʢʽʩʪʶ ʩʠʛʥʘʣ, ʘʜʞʝ ʞʦʜʝʥ ʩʧʦʩʽʙ ʙʝʟʜʨʦʪʦʚʦʾ ʧʝʨʝʜʘʯʽ ʜʘʥʠʭ ʥʝ 

ʤʦʞʝ ʙʫʪʠ ʝʬʝʢʪʠʚʥʽʰʝ, ʥʽʞ ʢʘʙʝʣʴ. ʇʦ ʢʘʙʝʣʶ ʢʘʨʪʠʥʢʘ ʟʘʚʞʜʠ ʙʫʜʝ ʯʽʪʢʦʶ 

 ̔ʙʝʟ ʧʝʨʝʰʢʦʜ [1]. 

- ʉʫʧʫʪʥʠʢʦʚʝ ʪʝʣʝʙʘʯʝʥʥʷ DVB-S - ʮʝ ʩʪʘʥʜʘʨʪ, ʷʢʠʡ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ 

ʜʣʷ ʩʫʧʫʪʥʠʢʦʚʦʛʦ ʪʝʣʝʚʽʟʽʡʥʦʛʦ ʤʦʚʣʝʥʥʷ, ʱʦ ʜʦʟʚʦʣʷʻ ʧʝʨʝʜʘʚʘʪʠ ʮʠʬʨʦʚʽ 

ʚʽʜʝʦ ʪʘ ʘʫʜʽʦʩʠʛʥʘʣʠ ʯʝʨʝʟ ʩʫʧʫʪʥʠʢ. ɼʣʷ ʧʨʠʡʦʤʫ ʧʝʨʝʜʘʯ DVB-S ʚʘʤ 

ʧʦʪʨʽʙʥʘ ʩʫʧʫʪʥʠʢʦʚʘ ʘʥʪʝʥʘ, ʩʧʨʷʤʦʚʘʥʘ ʥʘ ʩʫʧʫʪʥʠʢ, ʱʦ ʪʨʘʥʩʣʶʻ ʩʠʛʥʘʣ, 

ʩʫʧʫʪʥʠʢʦʚʠʡ ʧʨʠʡʤʘʯ, ʷʢʠʡ ʤʦʞʝ ʜʝʢʦʜʫʚʘʪʠ ʮʠʬʨʦʚʽ ʩʠʛʥʘʣʠ, ʽ ʪʝʣʝʚʽʟʦʨ 

ʘʙʦ ʽʥʰʠʡ ʧʨʠʩʪʨʽʡ ʚʽʜʦʙʨʘʞʝʥʥʷ ʜʣʷ ʧʝʨʝʛʣʷʜʫ ʧʨʦʛʨʘʤ [2]. 

2. HbbTV (ʛʽʙʨʠʜʥʝ ʰʠʨʦʢʦʩʤʫʛʦʚʝ ʤʦʚʣʝʥʥʷ) 

HbbTV ï ʮʝ ʩʪʘʥʜʘʨʪ, ʷʢʠʡ ʧʦʻʜʥʫʻ ʪʨʘʜʠʮʽʡʥʝ ʪʝʣʝʙʘʯʝʥʥʷ ʪʘ ɯʥʪʝʨʥʝʪ. 

HbbTV ʜʦʟʚʦʣʷʻ ʢʦʨʠʩʪʫʚʘʯʘʤ ʜʠʚʠʪʠʩʷ ʪʝʣʝʧʨʦʛʨʘʤʠ ʪʘ ʚʟʘʻʤʦʜʽʷʪʠ ʟ 

https://deps.ua/ua/knowegable-base/articles/9689.html
http://www.konturm.ru/tech.php?id=dvbs
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ɯʥʪʝʨʥʝʪʦʤ ʟʘ ʜʦʧʦʤʦʛʦʶ ʦʜʥʦʛʦ ʧʨʠʩʪʨʦʶ. ʂʦʨʠʩʪʫʚʘʯʽ ʤʦʞʫʪʴ ʧʝʨʝʛʣʷʜʘʪʠ 

ʚʽʜʝʦ ʟʘ ʟʘʧʠʪʦʤ, ʧʝʨʝʛʣʷʜʘʪʠ ʚʝʙ-ʩʪʦʨʽʥʢʠ ʪʘ ʢʦʨʠʩʪʫʚʘʪʠʩʷ ʨʽʟʥʠʤʠ 

ʩʝʨʚʽʩʘʤʠ. 

3. ATSC 3.0 (ʂʦʤʽʪʝʪ ʟ ʧʝʨʝʜʦʚʠʭ ʪʝʣʝʚʽʟʽʡʥʠʭ ʩʠʩʪʝʤ 3.0) 

ATSC 3.0 ð ʮʝ ʥʦʚʘ ʚʝʨʩʽʷ ʩʪʘʥʜʘʨʪʫ ATSC, ʷʢʘ ʙʫʣʘ ʧʨʝʜʩʪʘʚʣʝʥʘ   ʚ 

ʉʧʦʣʫʯʝʥʠʭ ʐʪʘʪʘʭ ʫ 2020 ʨʦʮʽ. ATSC 3.0 ʟʘʙʝʟʧʝʯʫʻ ʚʠʱʫ ʷʢʽʩʪʴ ʚʽʜʝʦ ʪʘ 

ʘʫʜʽʦ, ʧʦʢʨʘʱʫʻ ʧʨʠʡʦʤ ʪʘ ʽʥʪʝʨʘʢʪʠʚʥʽʩʪʴ, ʚʢʣʶʯʘʶʯʠ ʮʽʣʴʦʚʫ ʨʝʢʣʘʤʫ ʪʘ 

ʧʝʨʩʦʥʘʣʽʟʦʚʘʥʠʡ ʢʦʥʪʝʥʪ. ATSC 3.0 ʪʘʢʦʞ ʩʫʤʽʩʥʠʡ ʟ ʤʦʙʽʣʴʥʠʤʠ 

ʧʨʠʩʪʨʦʷʤʠ ʪʘ ʜʦʟʚʦʣʷʻ ʙʽʣʴʰ ʝʬʝʢʪʠʚʥʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʩʧʝʢʪʨ, ʱʦ ʤʦʞʝ 

ʧʨʠʟʚʝʩʪʠ ʜʦ ʩʪʚʦʨʝʥʥʷ ʥʦʚʠʭ ʧʦʩʣʫʛ ʽ ʜʦʜʘʪʢʽʚ. 

 4. IPTV (Internet Protocol Television) 

 IPTV ï ʮʝ ʪʝʭʥʦʣʦʛʽʷ, ʷʢʘ ʜʦʟʚʦʣʷʻ ʪʨʘʥʩʣʶʚʘʪʠ ʪʝʣʝʚʽʟʽʡʥʠʡ ʢʦʥʪʝʥʪ 

ʯʝʨʝʟ ɯʥʪʝʨʥʝʪ-ʧʨʦʪʦʢʦʣ (IP). ɯPTV ʥʘʜʘʻ ʢʦʨʠʩʪʫʚʘʯʝʚʽ ʤʦʞʣʠʚʽʩʪʴ 

ʧʝʨʝʛʣʷʜʘʪʠ ʪʝʣʝʧʨʦʛʨʘʤʫ ʚ ʙʫʜʴ-ʷʢʠʡ ʯʘʩ ʪʘ ʚ ʙʫʜʴ-ʷʢʦʤʫ ʤʽʩʮʽ, ʱʦ ʨʦʙʠʪʴ 

ʾʾ ʜʫʞʝ ʟʨʫʯʥʦʶ ʪʘ ʜʦʩʪʫʧʥʦʶ. 

ʑʦʙ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ IPTV, ʛʣʷʜʘʯʘʤ ʟʘʟʚʠʯʘʡ ʧʦʪʨʽʙʥʘ ʪʝʣʝʚʽʟʽʡʥʘ 

ʧʨʠʩʪʘʚʢʘ ʘʙʦ ʩʤʘʨʪ-ʪʝʣʝʚʽʟʦʨ ʽʟ ʚʙʫʜʦʚʘʥʠʤʠ ʤʦʞʣʠʚʦʩʪʷʤʠ IPTV, ʘ ʪʘʢʦʞ 

ʧʽʜʢʣʶʯʝʥʥʷ ʜʦ ɯʥʪʝʨʥʝʪʫ ʟ ʜʦʩʪʘʪʥʴʦʶ ʧʨʦʧʫʩʢʥʦʶ ʟʜʘʪʥʽʩʪʶ ʜʣʷ ʦʙʨʦʙʢʠ 

ʧʦʪʦʢʦʚʦʛʦ ʚʽʜʝʦʚʤʽʩʪʫ [3]. 

ʆʜʥʽʻʶ ʟ ʛʦʣʦʚʥʠʭ ʧʝʨʝʚʘʛ IPTV ʻ ʡʦʛʦ ʛʥʫʯʢʽʩʪʴ ʽ ʫʥʽʚʝʨʩʘʣʴʥʽʩʪʴ. ʎʝ 

ʜʦʟʚʦʣʷʻ ʛʣʷʜʘʯʘʤ ʦʪʨʠʤʫʚʘʪʠ ʜʦʩʪʫʧ ʜʦ ʪʝʣʝʚʽʟʽʡʥʠʭ ʧʨʦʛʨʘʤ ʧʨʘʢʪʠʯʥʦ ʟ 

ʙʫʜʴ-ʷʢʦʛʦ ʤʽʩʮʷ, ʜʝ ʻ ʧʽʜʢʣʶʯʝʥʥʷ ʜʦ ɯʥʪʝʨʥʝʪʫ, ʱʦ ʨʦʙʠʪʴ ʡʦʛʦ ʦʩʦʙʣʠʚʦ 

ʢʦʨʠʩʥʠʤ ʜʣʷ ʤʘʥʜʨʽʚʥʠʢʽʚ ʘʙʦ ʣʶʜʝʡ, ʷʢʽ ʞʠʚʫʪʴ ʫ ʨʘʡʦʥʘʭ ʟ ʦʙʤʝʞʝʥʠʤ 

ʜʦʩʪʫʧʦʤ ʜʦ ʪʨʘʜʠʮʽʡʥʠʭ ʪʝʣʝʚʽʟʽʡʥʠʭ ʧʦʩʣʫʛ. ʂʨʽʤ ʪʦʛʦ, ʦʩʢʽʣʴʢʠ IPTV 

ʚʠʢʦʨʠʩʪʦʚʫʻ ɯʥʪʝʨʥʝʪ-ʧʨʦʪʦʢʦʣʠ, ʡʦʛʦ ʤʦʞʥʘ ʣʝʛʢʦ ʽʥʪʝʛʨʫʚʘʪʠ ʟ ʽʥʰʠʤʠ 

ʽʥʪʝʨʥʝʪ-ʩʝʨʚʽʩʘʤʠ, ʪʘʢʠʤʠ ʷʢ ʚʝʙ-ʧʝʨʝʛʣʷʜ, ʝʣʝʢʪʨʦʥʥʘ ʧʦʰʪʘ ʪʘ ʩʦʮʽʘʣʴʥʽ 

ʤʝʨʝʞʽ. 

5. OTT (Over-The-Top) ï ʮʝ ʪʝʭʥʦʣʦʛʽʷ, ʱʦ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʚ 

ʮʠʬʨʦʚʦʤʫ ʪʝʣʝʚʽʟʽʡʥʦʤʫ ʤʦʚʣʝʥʥʽ, ʷʢʘ ʜʦʟʚʦʣʷʻ ʢʦʨʠʩʪʫʚʘʯʘʤ ʦʪʨʠʤʫʚʘʪʠ 

ʜʦʩʪʫʧ ʜʦ ʪʝʣʝʚʽʟʽʡʥʦʛʦ ʚʤʽʩʪʫ ʯʝʨʝʟ ɯʥʪʝʨʥʝʪ ʙʝʟ ʥʝʦʙʭʽʜʥʦʩʪʽ ʧʽʜʧʠʩʢʠ ʥʘ 

ʪʨʘʜʠʮʽʡʥʝ ʢʘʙʝʣʴʥʝ ʘʙʦ ʩʫʧʫʪʥʠʢʦʚʝ ʪʝʣʝʙʘʯʝʥʥʷ. ʇʦʩʣʫʛʠ OTT ʥʘʜʘʶʪʴʩʷ 

ʯʝʨʝʟ ʰʠʨʦʢʦʩʤʫʛʦʚʽ ʤʝʨʝʞʽ, ʽ ʢʦʨʠʩʪʫʚʘʯʽ ʤʦʞʫʪʴ ʦʪʨʠʤʘʪʠ ʜʦ ʥʠʭ ʜʦʩʪʫʧ 

ʯʝʨʝʟ ʨʽʟʥʽ ʧʨʠʩʪʨʦʾ, ʪʘʢʽ ʷʢ ʩʤʘʨʪʬʦʥʠ, ʧʣʘʥʰʝʪʠ, ʩʤʘʨʪ-ʪʝʣʝʚʽʟʦʨʠ ʪʘ 

ʧʦʪʦʢʦʚʽ ʧʨʠʩʪʨʦʾ. 

ʆʜʥʽʻʶ ʟ ʧʝʨʝʚʘʛ ʪʝʭʥʦʣʦʛʽʾ OTT ʻ ʪʝ, ʱʦ ʚʦʥʘ ʥʘʜʘʻ ʢʦʨʠʩʪʫʚʘʯʘʤ 

ʙʽʣʴʰʝ ʢʦʥʪʨʦʣʶ ʥʘʜ ʪʠʤ, ʱʦ ʚʦʥʠ ʜʠʚʣʷʪʴʩʷ ʪʘ ʢʦʣʠ ʚʦʥʠ ʮʝ ʜʠʚʣʷʪʴʩʷ. 

ʂʦʨʠʩʪʫʚʘʯʽ ʤʦʞʫʪʴ ʦʪʨʠʤʘʪʠ ʜʦʩʪʫʧ ʜʦ ʨʽʟʥʦʤʘʥʽʪʥʦʛʦ ʢʦʥʪʝʥʪʫ ʥʘ ʚʠʤʦʛʫ 

ʪʘ ʧʦʩʣʫʛ ʧʦʪʦʢʦʚʦʛʦ ʧʝʨʝʜʘʚʘʥʥʷ, ʷʢʽ ʤʦʞʫʪʴ ʙʫʪʠ ʥʝʜʦʩʪʫʧʥʽ ʯʝʨʝʟ 

ʪʨʘʜʠʮʽʡʥʫ ʧʽʜʧʠʩʢʫ ʥʘ ʪʝʣʝʙʘʯʝʥʥʷ. ʇʦʩʣʫʛʠ OTV ʪʘʢʦʞ ʜʦʟʚʦʣʷʶʪʴ 

ʥʘʜʘʚʘʪʠ ʙʽʣʴʰ ʧʝʨʩʦʥʘʣʽʟʦʚʘʥʽ ʨʝʢʦʤʝʥʜʘʮʽʾ ʱʦʜʦ ʚʤʽʩʪʫ ʪʘ ʤʦʞʫʪʴ ʥʘʜʘʪʠ 

ʢʦʨʠʩʪʫʚʘʯʘʤ ʙʽʣʴʰ ʽʥʪʝʨʘʢʪʠʚʥʠʡ ʜʦʩʚʽʜ ʧʝʨʝʛʣʷʜʫ [4]. 

ʆʜʥʘʢ ʦʜʥʽʻʶ ʟ ʧʨʦʙʣʝʤ ʪʝʭʥʦʣʦʛʽʾ OTT ʻ ʥʝʦʙʭʽʜʥʽʩʪʴ ʥʘʜʽʡʥʦʛʦ ʪʘ 

ʚʠʩʦʢʦʰʚʠʜʢʽʩʥʦʛʦ ʧʽʜʢʣʶʯʝʥʥʷ ʜʦ ɯʥʪʝʨʥʝʪʫ. ɹʝʟ ʭʦʨʦʰʦʛʦ ʧʽʜʢʣʶʯʝʥʥʷ ʜʦ 

ɯʥʪʝʨʥʝʪʫ ʢʦʨʠʩʪʫʚʘʯʽ ʤʦʞʫʪʴ ʟʽʪʢʥʫʪʠʩʷ ʟ ʙʫʬʝʨʠʟʘʮʽʻʶ, ʧʦʚʽʣʴʥʠʤ ʯʘʩʦʤ 

ʟʘʚʘʥʪʘʞʝʥʥʷ ʪʘ ʥʠʟʴʢʦʶ ʷʢʽʩʪʶ ʚʽʜʝʦ. ʂʨʽʤ ʪʦʛʦ, ʦʩʢʽʣʴʢʠ ʧʦʩʣʫʛʠ OTT 

https://deps.ua/ua/knowegable-base/articles/9689.html
https://nettech.ua/news/iptv-vs-ott-sdelayte-svoy-vibor
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ʧʦʢʣʘʜʘʶʪʴʩʷ ʥʘ ʰʠʨʦʢʦʩʤʫʛʦʚʽ ʤʝʨʝʞʽ, ʚʦʥʠ ʤʦʞʫʪʴ ʙʫʪʠ ʙʽʣʴʰ 

ʩʧʨʠʡʥʷʪʣʠʚʠʤʠ ʜʦ ʟʙʦʾʚ ʘʙʦ ʟʙʦʾʚ ʧʽʜ ʯʘʩ ʚʠʩʦʢʦʛʦ ʪʨʘʬʽʢʫ ʤʝʨʝʞʽ ʘʙʦ 

ʪʝʭʥʽʯʥʦʛʦ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ. 

ʆʪʞʝ, ʧʦʩʣʫʛʠ OTT ʪʘ IPTV ʟʘʙʝʟʧʝʯʫʶʪʴ ʙʽʣʴʰʫ ʛʥʫʯʢʽʩʪʴ ʽ ʟʨʫʯʥʽʩʪʴ, 

ʦʩʢʽʣʴʢʠ ʜʦʟʚʦʣʷʶʪʴ ʜʠʚʠʪʠʩʷ ʊɹ ʥʘ ʚʠʤʦʛʫ ʪʘ ʥʘ ʨʽʟʥʠʭ ʧʨʠʩʪʨʦʷʭ. 

ɺʘʨʽʘʥʪ ʮʠʬʨʦʚʦʛʦ ʝʬʽʨʥʦʛʦ ʪʝʣʝʙʘʯʝʥʥʷ DVB-T2 ʚʽʜʤʽʥʥʦ ʧʽʜʽʡʜʝ ʜʣʷ 

ʪʠʭ, ʭʪʦ ʜʠʚʠʪʴʩʷ ʧʝʚʥʽ ʢʘʥʘʣʠ ʪʠʧʫ ʮʝʥʪʨʘʣʴʥʠʭ, ʥʘ ʷʢʠʭ ʻ ʷʢ ʥʦʚʠʥʥʠʡ 

ʢʦʥʪʝʥʪ, ʪʘʢ ʽ ʨʦʟʚʘʞʘʣʴʥʠʡ (ʟʘ ʮʝ ʥʝ ʩʪʷʛʫʻʪʴʩʷ ʘʙʦʥʧʣʘʪʘ) . 

ʉʫʧʫʪʥʠʢʦʚʠʡ ʊɹ - ʢʦʤʧʣʝʢʪ ʧʽʜʽʡʜʝ ʞʠʪʝʣʷʤ ʩʝʣʠʱ ʢʦʪʝʜʞʥʦʛʦ ʪʠʧʫ 

ʘʙʦ ʚ ʩʽʣʴʩʴʢʽʡ ʤʽʩʮʝʚʦʩʪʽ, ʘʜʞʝ ʜʦʩʪʫʧʥʠʡ ʚ ʪʠʭ ʛʝʦʛʨʘʬʽʯʥʠʭ ʨʘʡʦʥʘʭ, ʜʝ 

ʥʝʤʘʻ ʪʝʣʝʮʝʥʪʨʽʚ ʘʙʦ ʢʘʙʝʣʴʥʦʛʦ ʪʝʣʝʙʘʯʝʥʥʷ ʪʘ ʥʘʜʘʻ ʥʘʡʰʠʨʰʠʡ ʩʧʝʢʪʨ 

ʢʘʥʘʣʽʚ ʪʘ ʧʦʩʣʫʛ. 

ʂʘʙʝʣʴʥʝ ʪʘ ʩʫʧʫʪʥʠʢʦʚʝ ʪʝʣʝʙʘʯʝʥʥʷ ʤʦʞʝ ʙʫʪʠ ʙʽʣʴʰ ʥʘʜʽʡʥʠʤ ʽ 

ʥʘʜʘʚʘʪʠ ʙʽʣʴʰʠʡ ʜʽʘʧʘʟʦʥ ʢʘʥʘʣʽʚ, ʘʣʝ ʚʩʝ ʞ ʤʘʢʩʠʤʘʣʴʥʦ "ʥʘʙʠʨʘʻ ʦʙʝʨʪʽʚ" 

ʫ ʩʚʦʻʤʫ ʨʦʟʚʠʪʢʫ ɯʥʪʝʨʥʝʪ-ʪʝʣʝʙʘʯʝʥʥʷ.  

ʆʪʞʝ, ʚʨʘʭʦʚʫʶʯʠ ʚʠʱʝʟʘʟʥʘʯʝʥʝ, ʤʦʞʥʘ ʩʢʘʟʘʪʠ ʧʨʦ ʘʢʪʫʘʣʴʥʽʩʪʴ 

ʧʨʘʢʪʠʯʥʦʛʦ ʚʠʚʯʝʥʥʷ ʦʩʦʙʣʠʚʦʩʪʝʡ ʪʝʭʥʽʯʥʦʾ ʨʝʘʣʽʟʘʮʽʾ ʩʫʯʘʩʥʠʭ ʤʝʨʝʞ 

ʪʝʣʝʚʽʟʽʡʥʦʛʦ ʤʦʚʣʝʥʥʷ ʨʽʟʥʠʭ ʪʝʭʥʦʣʦʛʽʡ ʜʣʷ ʧʽʜʚʠʱʝʥʥʷ ʨʽʚʥʷ ʧʽʜʛʦʪʦʚʢʠ 

ʩʪʫʜʝʥʪʽʚ ʟʘ ʩʧʝʮʽʘʣʴʥʽʩʪʶ 172 çʊʝʣʝʢʦʤʫʥʽʢʘʮʽʾ ʪʘ ʨʘʜʽʦʪʝʭʥʽʢʘè, ʷʢʠʭ ʛʦʪʫʻ 

ʥʘʚʯʘʣʴʥʦ-ʥʘʫʢʦʚʠʡ ʽʥʩʪʠʪʫʪ ʪʝʣʝʢʦʤʫʥʽʢʘʮʽʡʥʠʭ ʩʠʩʪʝʤ. ɿ ʮʽʻʶ ʤʝʪʦʶ 

ʘʚʪʦʨʢʦʶ ʪʝʟʠʩʫ ʨʘʟʦʤ ʟ ʢʝʨʽʚʥʠʢʦʤ ʾʾ ʜʠʧʣʦʤʥʦʾ ʨʦʙʦʪʠ ʧʨʦʧʦʥʫʻʪʴʩʷ 

ʚʘʨʽʘʥʪ ʣʘʙʦʨʘʪʦʨʥʦʛʦ ʤʘʢʝʪʫ ʜʣʷ ʜʦʩʣʽʜʞʝʥʥʷ ʧʨʠʡʦʤʫ ʩʠʛʥʘʣʽʚ ʮʠʬʨʦʚʦʛʦ 

ʪʝʣʝʚʽʟʽʡʥʦʛʦ ʤʦʚʣʝʥʥʷ ʩʪʘʥʜʘʨʪʽʚ DVB-S/S2, DVB-T/T2, DVB-C ʥʘ ʦʩʥʦʚʽ 

ʟʘʩʪʦʩʫʚʘʥʥʷ ʪʝʭʥʦʣʦʛʽʾ ʧʨʦʛʨʘʤʥʦ-ʢʦʥʬʽʛʫʨʦʚʘʥʦʛʦ ʨʘʜʽʦ (SDR), ʷʢʠʡ 

ʜʦʟʚʦʣʠʪʴ ʟʘʢʨʽʧʠʪʠ ʦʩʦʙʣʠʚʦʩʪʽ ʬʦʨʤʫʚʘʥʥʷ (ʟʘʚʘʜʦʩʪʽʡʢʦʛʦ ʢʦʜʫʚʘʥʥʷ, 

ʧʝʨʝʤʝʞʝʥʥʷ, ʤʦʜʫʣʷʮʽʾ, ʧʽʜʩʠʣʝʥʥʷ, ʧʝʨʝʪʚʦʨʝʥʥʷ ʯʘʩʪʦʪʠ ʪʦʱʦ), 

ʧʝʨʝʜʘʚʘʥʥʷ, ʧʨʠʡʦʤʫ (ʜʝʤʦʜʫʣʷʮʽʾ, ʜʝʧʝʨʝʤʝʞʝʥʥʷ, ʜʝʢʦʜʫʚʘʥʥʷ ʪʦʱʦ) 

ʩʠʛʥʘʣʽʚ ʮʠʬʨʦʚʦʛʦ ʪʝʣʝʚʽʟʽʡʥʦʛʦ ʤʦʚʣʝʥʥʷ.  
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PROBLEMS OF DESIGNING ARCHITECTURE FOR  

WIRELESS SENSOR NETWORK 

 

The article discusses the importance of designing an effective architecture for wireless sensor 

networks that can be used for data collection in various fields such as environmental monitoring 

or medical diagnostics. The article focuses on key issues that arise when designing such a 

network. The authors examine each of the problems in detail and propose possible solutions to 

address them. 

 

ɺʠʙʽʨ ʪʘ ʧʨʦʝʢʪʫʚʘʥʥʷ ʘʨʭʽʪʝʢʪʫʨʠ ʙʝʟʜʨʦʪʦʚʠʭ ʩʝʥʩʦʨʥʠʭ ʤʝʨʝʞ ʧʦʪʨʝʙʫʻ 

ʧʦʧʝʨʝʜʥʴʦʛʦ ʘʥʘʣʽʟʫ ʽ ʚʠʨʽʰʝʥʥʷ ʧʨʦʙʣʝʤ, ʷʢʽ ʚʠʥʠʢʘʶʪʴ ʧʨʠ ʧʨʦʝʢʪʫʚʘʥʥʽ 

ʙʝʟʜʨʦʪʦʚʠʭ ʩʝʥʩʦʨʥʠʭ ʤʝʨʝʞ. ɼʦ ʪʘʢʠʭ ʜʦʩʣʽʜʞʫʶʪʴ ʧʠʪʘʥʥʷ ʚʠʙʦʨʫ 

ʦʧʪʠʤʘʣʴʥʦʛʦ ʧʨʦʪʦʢʦʣʫ ʧʝʨʝʜʘʯʽ ʜʘʥʠʭ, ʟʘʙʝʟʧʝʯʝʥʥʷ ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʦʩʪʽ, 

ʤʘʨʰʨʫʪʠʟʘʮʽʾ ʜʘʥʠʭ ʪʘ ʽʥʰʽ ʪʝʭʥʽʯʥʽ ʧʨʦʙʣʝʤʠ, ʧʦʚ'ʷʟʘʥʽ ʟ ʧʨʦʝʢʪʫʚʘʥʥʷʤ 

ʪʘʢʠʭ ʤʝʨʝʞ. 

ɼʦ ʦʩʥʦʚʥʠʭ ʢʣʶʯʦʚʠʭ ʧʨʦʙʣʝʤʘʭ, ʱʦ ʚʠʥʠʢʘʶʪʴ ʧʨʠ ʧʨʦʝʢʪʫʚʘʥʥʽ ʪʘʢʦʾ 

ʤʝʨʝʞʽ ʚʽʜʥʦʩʷʪʴʩʷ ʧʨʦʙʣʝʤʠ ʟ ʝʥʝʨʛʦʧʦʩʪʘʯʘʥʥʷʤ, ʩʠʥʭʨʦʥʽʟʘʮʽʻʶ ʛʦʜʠʥʥʠʢʽʚ 

ʪʘ ʣʦʢʘʣʽʟʘʮʽʻʶ ʩʝʥʩʦʨʽʚ ʫ ʤʝʨʝʞʽ, ʜʠʟʘʡʥʦʤ ʦʙʣʘʜʥʘʥʥʷ ʪʘ ʩʦʙʽʚʘʨʪʽʩʪʶ 

ʧʨʦʜʫʢʮʽʾ ʪʘ ʽʥʰʝ. ʈʦʟʛʣʷʥʝʤʦ ʙʽʣʴʰ ʜʝʪʘʣʴʥʦ ʦʩʥʦʚʥʽ ʪʝʭʥʽʯʥʽ ʧʨʦʙʣʝʤʠ, 

ʧʦʚ'ʷʟʘʥʽ ʟ ʧʨʦʝʢʪʫʚʘʥʥʷʤ ʪʘʢʠʭ ʤʝʨʝʞ.  
ʉʧʦʞʠʚʘʥʥʷ ʝʥʝʨʛʽʾ. ʋ WSN ʝʥʝʨʛʦʩʧʦʞʠʚʘʥʥʷ ʻ ʦʜʥʽʻʶ ʟ ʛʦʣʦʚʥʠʭ ʧʨʦʙʣʝʤ. 

ɺ ʢ̫ʦʩʪʽ ʜʞʝʨʝʣʘ ʝʥʝʨʛʽʾ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʘʢʫʤʫʣʷʪʦʨ, ʦʩʥʘʱʝʥʠʡ ʩʝʥʩʦʨʥʠʤʠ 

ʚʫʟʣʘʤʠ. ʉʝʥʩʦʨʥʘ ʤʝʨʝʞʘ ʚʣʘʰʪʦʚʘʥʘ ʚ ʥʝʙʝʟʧʝʯʥʠʭ ʩʠʪʫʘʮʽʷʭ, ʪʦʤʫ ʚ ʽʥʰʦʤʫ 

ʚʠʧʘʜʢʫ ʟʘʤʽʥʠʪʠ ʘʢʫʤʫʣʷʪʦʨʠ ʩʪʘʻ ʩʢʣʘʜʥʦ. ʉʧʦʞʠʚʘʥʥʷ ʝʥʝʨʛʽʾ ʚ ʦʩʥʦʚʥʦʤʫ 

ʟʘʣʝʞʠʪʴ ʚʽʜ ʦʧʝʨʘʮʽʡ ʩʝʥʩʦʨʥʠʭ ʚʫʟʣʽʚ, ʪʘʢʠʭ ʷʢ ʟʚôʷʟʦʢ, ʟʦʥʜʫʚʘʥʥʷ ʪʘ ʦʙʨʦʙʢʘ 

ʜʘʥʠʭ. ʇʽʜ ʯʘʩ ʩʧʽʣʢʫʚʘʥʥʷ ʩʧʦʞʠʚʘʥʥʷ ʝʥʝʨʛʽʾ ʜʫʞʝ ʚʝʣʠʢʝ. ʊʘʢʠʤ ʯʠʥʦʤ, 

ʩʧʦʞʠʚʘʥʥʷ ʝʥʝʨʛʽʾ ʤʦʞʥʘ ʫʥʠʢʥʫʪʠ ʥʘ ʢʦʞʥʦʤʫ ʨʽʚʥʽ, ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ 

ʝʬʝʢʪʠʚʥʽ ʧʨʦʪʦʢʦʣʠ ʤʘʨʰʨʫʪʠʟʘʮʽʾ [1]. 

ʃʦʢʘʣʽʟʘʮʽʷ. ɼʣʷ ʨʦʙʦʪʠ ʤʝʨʝʞʽ ʦʩʥʦʚʥʦʶ, ʘ ʪʘʢʦʞ ʢʨʠʪʠʯʥʦʶ ʧʨʦʙʣʝʤʦʶ ʻ 

ʣʦʢʘʣʽʟʘʮʽʷ ʜʘʪʯʠʢʘ. ʊʘʢʠʤ ʯʠʥʦʤ, ʩʝʥʩʦʨʥʽ ʚʫʟʣʠ ʨʦʟʪʘʰʦʚʘʥʽ ʚ ʩʧʝʮʽʘʣʴʥʦʤʫ 

ʧʦʨʷʜʢʫ, ʱʦʙ ʚʦʥʠ ʥʝ ʟʥʘʣʠ ʧʨʦ ʩʚʦʻ ʤʽʩʮʝʟʥʘʭʦʜʞʝʥʥʷ. ʉʢʣʘʜʥʽʩʪʴ ʚʠʟʥʘʯʝʥʥʷ 

ʬʽʟʠʯʥʦʛʦ ʨʦʟʪʘʰʫʚʘʥʥʷ ʜʘʪʯʠʢʘ ʧʽʩʣʷ ʪʦʛʦ, ʷʢ ʚʦʥʠ ʨʦʟʪʘʰʦʚʘʥʽ, ʚʽʜʦʤʘ ʷʢ 

ʣʦʢʘʣʽʟʘʮʽʷ. ʎʶ ʧʨʦʙʣʝʤʫ ʤʦʞʥʘ ʚʠʨʽʰʠʪʠ ʟʘ ʜʦʧʦʤʦʛʦʶ GPS, ʚʫʟʣʽʚ-ʤʘʷʢʽʚ, 

ʣʦʢʘʣʽʟʘʮʽʾ ʥʘ ʦʩʥʦʚʽ ʙʣʠʟʴʢʦʩʪʽ [2]. 

ʇʦʢʨʠʪʪʷ. ʉʝʥʩʦʨʥʽ ʚʫʟʣʠ ʚ ʙʝʟʜʨʦʪʦʚʽʡ ʩʝʥʩʦʨʥʽʡ ʤʝʨʝʞʽ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ 
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ʘʣʛʦʨʠʪʤ ʧʦʢʨʠʪʪʷ ʜʣʷ ʚʠʷʚʣʝʥʥʷ ʜʘʥʠʭ, ʘ ʪʘʢʦʞ ʧʝʨʝʜʘʶʪʴ ʾʭ ʥʘ ʧʨʠʡʤʘʯ ʯʝʨʝʟ 

ʘʣʛʦʨʠʪʤ ʤʘʨʰʨʫʪʠʟʘʮʽʾ. ʑʦʙ ʦʭʦʧʠʪʠ ʚʩʶ ʤʝʨʝʞʫ, ʥʝʦʙʭʽʜʥʦ ʚʠʙʨʘʪʠ ʩʝʥʩʦʨʥʽ 

ʚʫʟʣʠ. ʈʝʢʦʤʝʥʜʫʶʪʴʩʷ ʪʘʢʽ ʝʬʝʢʪʠʚʥʽ ʤʝʪʦʜʠ, ʷʢ ʘʣʛʦʨʠʪʤʠ ʰʣʷʭʫ ʥʘʡʤʝʥʰʦʛʦ 

ʪʘ ʥʘʡʚʠʱʦʛʦ ʚʧʣʠʚʫ, ʘ ʪʘʢʦʞ ʧʨʦʪʦʢʦʣ ʧʨʦʝʢʪʫʚʘʥʥʷ ʧʦʢʨʠʪʪʷ [3]. 

ʉʠʥʭʨʦʥʽʟʘʮʽʷ ʛʦʜʠʥʥʠʢʽʚ. ʋ WSN ʩʠʥʭʨʦʥʽʟʘʮʽʷ ʛʦʜʠʥ ʻ ʩʝʨʡʦʟʥʦʶ 

ʧʦʩʣʫʛʦʶ. ʆʩʥʦʚʥʘ ʬʫʥʢʮʽʷ ʮʽʻʾ ʩʠʥʭʨʦʥʽʟʘʮʽʾ ʧʦʣʷʛʘʻ ʚ ʪʦʤʫ, ʱʦʙ 

ʟʘʧʨʦʧʦʥʫʚʘʪʠ ʟʚʠʯʘʡʥʠʡ ʯʘʩʦʚʠʡ ʤʘʩʰʪʘʙ ʜʣʷ ʚʫʟʣʽʚ ʣʦʢʘʣʴʥʠʭ ʛʦʜʠʥʥʠʢʽʚ ʫ 

ʩʝʥʩʦʨʥʠʭ ʤʝʨʝʞʘʭ. ʎʽ ʛʦʜʠʥʥʠʢʠ ʧʦʚʠʥʥʽ ʙʫʪʠ ʩʠʥʭʨʦʥʽʟʦʚʘʥʽ ʚ ʜʝʷʢʠʭ 

ʧʨʦʛʨʘʤʘʭ, ʪʘʢʠʭ ʷʢ ʤʦʥʽʪʦʨʠʥʛ ʽ ʚʽʜʩʪʝʞʝʥʥʷ [3]. 

ʆʙʯʠʩʣʝʥʥʷ. ʆʙʯʠʩʣʝʥʥʷ ʤʦʞʥʘ ʚʠʟʥʘʯʠʪʠ ʷʢ ʩʫʤʫ ʜʘʥʠʭ, ʷʢʘ ʧʨʦʜʦʚʞʫʻʪʴʩʷ 

ʯʝʨʝʟ ʢʦʞʝʥ ʚʫʟʦʣ. ʆʩʥʦʚʥʘ ʧʨʦʙʣʝʤʘ ʚ ʦʙʯʠʩʣʝʥʥʷʭ ʧʦʣʷʛʘʻ ʚ ʪʦʤʫ, ʱʦ ʚʦʥʠ 

ʧʦʚʠʥʥʽ ʟʤʝʥʰʠʪʠ ʚʠʢʦʨʠʩʪʘʥʥʷ ʨʝʩʫʨʩʽʚ. ʗʢʱʦ ʪʨʠʚʘʣʽʩʪʴ ʞʠʪʪʷ ʙʘʟʦʚʦʾ 

ʩʪʘʥʮʽʾ ʙʽʣʴʰ ʥʝʙʝʟʧʝʯʥʘ, ʪʦ ʦʙʨʦʙʢʘ ʜʘʥʠʭ ʙʫʜʝ ʟʘʚʝʨʰʝʥʘ ʥʘ ʢʦʞʥʦʤʫ ʚʫʟʣʽ 

ʧʝʨʝʜ ʧʝʨʝʜʘʯʝʶ ʜʘʥʠʭ ʥʘ ʙʘʟʦʚʫ ʩʪʘʥʮʽʶ. ʅʘ ʢʦʞʥʦʤʫ ʚʫʟʣʽ, ʷʢʱʦ ʫ ʥʘʩ ʻ ʧʝʚʥʽ 

ʨʝʩʫʨʩʠ, ʪʦʜʽ ʚʩʝ ʦʙʯʠʩʣʝʥʥʷ ʤʘʻ ʚʠʢʦʥʫʚʘʪʠʩʷ ʥʘ ʧʨʠʡʤʘʯʽ. 

ɺʘʨʪʽʩʪʴ ʚʠʨʦʙʥʠʮʪʚʘ. ʋ WSN ʦʨʛʘʥʽʟʦʚʘʥʘ ʚʝʣʠʢʘ ʢʽʣʴʢʽʩʪʴ ʩʝʥʩʦʨʥʠʭ 

ʚʫʟʣʽʚ. ʆʪʞʝ, ʷʢʱʦ ʮʽʥʘ ʦʜʥʦʛʦ ʚʫʟʣʘ ʜʫʞʝ ʚʠʩʦʢʘ, ʟʘʛʘʣʴʥʘ ʮʽʥʘ ʤʝʨʝʞʽ ʪʘʢʦʞ 

ʙʫʜʝ ʚʠʩʦʢʦʶ. ɿʨʝʰʪʦʶ, ʮʽʥʘ ʢʦʞʥʦʛʦ ʩʝʥʩʦʨʥʦʛʦ ʚʫʟʣʘ ʧʦʚʠʥʥʘ ʙʫʪʠ ʤʝʥʰʦʶ. 

ʊʘʢʠʤ ʯʠʥʦʤ, ʮʽʥʘ ʢʦʞʥʦʛʦ ʩʝʥʩʦʨʥʦʛʦ ʚʫʟʣʘ ʚ ʙʝʟʜʨʦʪʦʚʽʡ ʩʝʥʩʦʨʥʽʡ ʤʝʨʝʞʽ ʻ 

ʩʢʣʘʜʥʦʶ ʧʨʦʙʣʝʤʦʶ. 

ɼʠʟʘʡʥ ʦʙʣʘʜʥʘʥʥʷ. ʇʨʠ ʨʦʟʨʦʙʮʽ ʘʧʘʨʘʪʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ ʙʫʜʴ-ʷʢʦʾ 

ʩʝʥʩʦʨʥʦʾ ʤʝʨʝʞʽ, ʥʘʧʨʠʢʣʘʜ ʢʝʨʫʚʘʥʥʷ ʞʠʚʣʝʥʥʷʤ, ʤʽʢʨʦʢʦʥʪʨʦʣʝʨ ʽ 

ʢʦʤʫʥʽʢʘʮʽʡʥʠʡ ʙʣʦʢ ʤʘʶʪʴ ʙʫʪʠ ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʠʤʠ. ʁʦʛʦ ʜʠʟʘʡʥ ʤʦʞʝ ʙʫʪʠ 

ʚʠʢʦʥʘʥʠʡ ʪʘʢʠʤ ʯʠʥʦʤ, ʱʦ ʚʽʥ ʚʠʢʦʨʠʩʪʦʚʫʻ ʥʠʟʴʢʫ ʝʥʝʨʛʽʶ. 

ʗʢʽʩʪʴ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ. ʗʢʽʩʪʴ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʘʙʦ QoS - ʮʝ ʥʝ ʱʦ ʽʥʰʝ, ʷʢ 

ʜʘʥʽ ʧʦʚʠʥʥʽ ʙʫʪʠ ʨʦʟʧʦʜʽʣʝʥʽ ʚ ʯʘʩʽ. ʊʦʤʫ ʱʦ ʜʝʷʢʽ ʜʦʜʘʪʢʠ ʥʘ ʦʩʥʦʚʽ ʜʘʪʯʠʢʽʚ 

ʫ ʨʝʘʣʴʥʦʤʫ ʯʘʩʽ ʚ ʦʩʥʦʚʥʦʤʫ ʟʘʣʝʞʘʪʴ ʚʽʜ ʯʘʩʫ. ʆʪʞʝ, ʷʢʱʦ ʜʘʥʽ ʥʝ 

ʨʦʟʧʦʜʽʣʷʶʪʴʩʷ ʚʯʘʩʥʦ ʜʦ ʦʜʝʨʞʫʚʘʯʘ, ʚʦʥʠ ʩʪʘʥʫʪʴ ʤʘʨʥʠʤʠ. ʋ WSN ʽʩʥʫʶʪʴ 

ʨʽʟʥʽ ʪʠʧʠ ʧʨʦʙʣʝʤ ʽʟ QoS, ʥʘʧʨʠʢʣʘʜ ʪʦʧʦʣʦʛʽʷ ʤʝʨʝʞʽ, ʷʢʘ ʤʦʞʝ ʯʘʩʪʦ 

ʟʤʽʥʶʚʘʪʠʩʷ, ʘ ʪʘʢʦʞ ʜʦʩʪʫʧʥʠʡ ʩʪʘʥ ʽʥʬʦʨʤʘʮʽʾ, ʱʦ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʜʣʷ 

ʤʘʨʰʨʫʪʠʟʘʮʽʾ, ʤʦʞʝ ʙʫʪʠ ʥʝʪʦʯʥʠʤ. 

ʉʪʨʫʢʪʫʨʘ ʙʝʟʜʨʦʪʦʚʦʾ ʩʝʥʩʦʨʥʦʾ ʤʝʨʝʞʽ. ʉʪʨʫʢʪʫʨʘ WSN ʚ ʦʩʥʦʚʥʦʤʫ 

ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʨʽʟʥʠʭ ʪʦʧʦʣʦʛʽʡ, ʷʢʽ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʜʣʷ ʤʝʨʝʞ ʨʘʜʽʦʟʚôʷʟʢʫ, 

ʪʘʢʠʭ ʷʢ ʟʽʨʢʘ, ʩʽʪʢʘ ʪʘ ʛʽʙʨʠʜʥʘ ʟʽʨʢʘ. ʎʽ ʪʦʧʦʣʦʛʽʾ ʢʦʨʦʪʢʦ ʦʙʛʦʚʦʨʶʶʪʴʩʷ ʥʠʞʯʝ. 

ɿʦʨʷʥʘ ʤʝʨʝʞʘ. ʂʦʤʫʥʽʢʘʮʽʡʥʘ ʪʦʧʦʣʦʛʽʷ ʪʠʧʫ ʟʽʨʢʦʚʦʾ ʤʝʨʝʞʽ 

ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʩʢʨʽʟʴ, ʜʝ ʪʽʣʴʢʠ ʙʘʟʦʚʘ ʩʪʘʥʮʽʷ ʤʦʞʝ ʧʝʨʝʜʘʪʠ ʘʙʦ ʦʪʨʠʤʘʪʠ 

ʧʦʚʽʜʦʤʣʝʥʥʷ ʜʦ ʚʽʜʜʘʣʝʥʠʭ ʚʫʟʣʽʚ. ɯʩʥʫʻ ʢʽʣʴʢʘ ʜʦʩʪʫʧʥʠʭ ʚʫʟʣʽʚ, ʷʢʠʤ 

ʟʘʙʦʨʦʥʝʥʦ ʧʝʨʝʜʘʚʘʪʠ ʧʦʚʽʜʦʤʣʝʥʥʷ ʦʜʠʥ ʦʜʥʦʤʫ. ʇʝʨʝʚʘʛʠ ʮʽʻʾ ʤʝʨʝʞʽ ʚ 

ʦʩʥʦʚʥʦʤʫ ʧʦʣʷʛʘʶʪʴ ʫ ʧʨʦʩʪʦʪʽ, ʟʜʘʪʥʽʡ ʟʚʝʩʪʠ ʜʦ ʤʽʥʽʤʫʤʫ ʩʧʦʞʠʚʘʥʥʷ ʝʥʝʨʛʽʾ 

ʚʽʜʜʘʣʝʥʠʭ ʚʫʟʣʽʚ. 

ʎʝ ʪʘʢʦʞ ʜʦʟʚʦʣʷʻ ʟʜʽʡʩʥʶʚʘʪʠ ʟʚôʷʟʦʢ ʽʟ ʤʝʥʰʦʶ ʟʘʪʨʠʤʢʦʶ ʤʽʞ ʙʘʟʦʚʦʶ 

ʩʪʘʥʮʽʻʶ ʪʘ ʚʽʜʜʘʣʝʥʠʤ ʚʫʟʣʦʤ. ʆʩʥʦʚʥʠʤ ʥʝʜʦʣʽʢʦʤ ʮʽʻʾ ʤʝʨʝʞʽ ʻ ʪʝ, ʱʦ ʙʘʟʦʚʘ 

ʩʪʘʥʮʽʷ ʧʦʚʠʥʥʘ ʙʫʪʠ ʚ ʟʦʥʽ ʜʽʾ ʨʘʜʽʦ ʜʣʷ ʚʩʽʭ ʦʢʨʝʤʠʭ ʚʫʟʣʽʚ. ɺʽʥ ʥʝ ʻ ʥʘʜʽʡʥʠʤ, 

ʷʢ ʽʥʰʽ ʤʝʨʝʞʽ, ʦʩʢʽʣʴʢʠ ʚʽʥ ʟʘʣʝʞʠʪʴ ʚʽʜ ʦʜʥʦʛʦ ʚʫʟʣʘ, ʷʢʠʡ ʦʙʩʣʫʛʦʚʫʻ ʤʝʨʝʞʫ 

[4]. 

Mesh ʤʝʨʝʞʘ. ʎʝʡ ʪʠʧ ʤʝʨʝʞʽ ʜʦʟʚʦʣʷʻ ʧʝʨʝʜʘʚʘʪʠ ʜʘʥʽ ʚʽʜ ʦʜʥʦʛʦ ʚʫʟʣʘ ʜʦ 
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ʽʥʰʦʛʦ ʚ ʤʝʞʘʭ ʤʝʨʝʞʽ, ʷʢʘ ʟʥʘʭʦʜʠʪʴʩʷ ʚ ʟʦʥʽ ʜʽʾ ʨʘʜʽʦʧʝʨʝʜʘʯʽ. ʗʢʱʦ ʚʫʟʣʫ 

ʧʦʪʨʽʙʥʦ ʧʝʨʝʜʘʪʠ ʧʦʚʽʜʦʤʣʝʥʥʷ ʽʥʰʦʤʫ ʚʫʟʣʫ, ʷʢʠʡ ʟʥʘʭʦʜʠʪʴʩʷ ʧʦʟʘ ʟʦʥʦʶ 

ʨʘʜʽʦʟʚôʷʟʢʫ, ʚʽʥ ʤʦʞʝ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʚʫʟʦʣ ʷʢ ʧʨʦʤʽʞʥʠʡ ʟʚôʷʟʦʢ, ʱʦʙ 

ʥʘʜʽʩʣʘʪʠ ʧʦʚʽʜʦʤʣʝʥʥʷ ʙʘʞʘʥʦʤʫ ʚʫʟʣʫ. 

ʆʩʥʦʚʥʦʶ ʧʝʨʝʚʘʛʦʶ ʩʽʪʯʘʩʪʦʾ ʤʝʨʝʞʽ ʻ ʤʘʩʰʪʘʙʦʚʘʥʽʩʪʴ, ʘ ʪʘʢʦʞ 

ʥʘʜʤʽʨʥʽʩʪʴ. ʂʦʣʠ ʦʢʨʝʤʠʡ ʚʫʟʦʣ ʧʨʠʧʠʥʷʻ ʧʨʘʮʶʚʘʪʠ, ʚʽʜʜʘʣʝʥʠʡ ʚʫʟʦʣ ʤʦʞʝ 

ʩʧʽʣʢʫʚʘʪʠʩʷ ʟ ʙʫʜʴ-ʷʢʠʤ ʽʥʰʠʤ ʪʠʧʦʤ ʚʫʟʣʘ ʚ ʤʝʞʘʭ ʜʽʘʧʘʟʦʥʫ, ʘ ʧʦʪʽʤ 

ʧʝʨʝʩʠʣʘʻ ʧʦʚʽʜʦʤʣʝʥʥʷ ʜʦ ʙʘʞʘʥʦʛʦ ʤʽʩʮʷ. ʂʨʽʤ ʪʦʛʦ, ʜʽʘʧʘʟʦʥ ʤʝʨʝʞʽ ʥʝ 

ʦʙʤʝʞʫʻʪʴʩʷ ʘʚʪʦʤʘʪʠʯʥʦ ʯʝʨʝʟ ʜʽʘʧʘʟʦʥ ʤʽʞ ʦʢʨʝʤʠʤʠ ʚʫʟʣʘʤʠ; ʡʦʛʦ ʤʦʞʥʘ 

ʨʦʟʰʠʨʠʪʠ, ʧʨʦʩʪʦ ʜʦʜʘʚʰʠ ʢʽʣʴʢʘ ʚʫʟʣʽʚ ʜʦ ʩʠʩʪʝʤʠ. 

ʆʩʥʦʚʥʠʤ ʥʝʜʦʣʽʢʦʤ ʪʘʢʦʛʦ ʪʠʧʫ ʤʝʨʝʞʽ ʻ ʚʠʢʦʨʠʩʪʘʥʥʷ ʧʦʪʫʞʥʦʩʪʽ ʜʣʷ 

ʤʝʨʝʞʝʚʠʭ ʚʫʟʣʽʚ, ʷʢʽ ʟʜʽʡʩʥʶʶʪʴ ʟʚôʷʟʦʢ, ʥʘʧʨʠʢʣʘʜ ʙʘʛʘʪʦʭʦʧʦʚʝ, ʟʘʟʚʠʯʘʡ 

ʚʠʱʝ, ʥʽʞ ʽʥʰʽ ʚʫʟʣʠ, ʷʢʽ ʥʝ ʤʘʶʪʴ ʪʘʢʦʾ ʟʜʘʪʥʦʩʪʽ ʯʘʩʪʦ ʦʙʤʝʞʫʚʘʪʠ ʪʝʨʤʽʥ 

ʩʣʫʞʙʠ ʙʘʪʘʨʝʾ. ɹʽʣʴʰʝ ʪʦʛʦ, ʢʦʣʠ ʢʽʣʴʢʽʩʪʴ ʩʪʨʠʙʢʽʚ ʟʚôʷʟʢʫ ʟʙʽʣʴʰʫʻʪʴʩʷ ʜʦ 

ʧʫʥʢʪʫ ʧʨʠʟʥʘʯʝʥʥʷ, ʯʘʩ, ʚʠʪʨʘʯʝʥʠʡ ʥʘ ʥʘʜʩʠʣʘʥʥʷ ʧʦʚʽʜʦʤʣʝʥʥʷ, ʪʘʢʦʞ 

ʟʙʽʣʴʰʫʚʘʪʠʤʝʪʴʩʷ, ʦʩʦʙʣʠʚʦ ʷʢʱʦ ʥʠʟʴʢʘ ʧʦʪʫʞʥʽʩʪʴ ʧʨʦʮʝʩʫ ʚʫʟʣʽʚ ʻ 

ʥʝʦʙʭʽʜʥʽʩʪʶ [5]. 

Hybrid Star ï Mesh Network. ɻʽʙʨʠʜ ʤʽʞ ʜʚʦʤʘ ʤʝʨʝʞʘʤʠ, ʷʢ-ʦʪ ʟʽʨʢʘ ʪʘ ʩʽʪʢʘ, 

ʟʘʙʝʟʧʝʯʫʻ ʧʦʪʫʞʥʫ ʪʘ ʛʥʫʯʢʫ ʢʦʤʫʥʽʢʘʮʽʡʥʫ ʤʝʨʝʞʫ, ʟʙʝʨʽʛʘʶʯʠ ʧʨʠ ʮʴʦʤʫ 

ʤʽʥʽʤʘʣʴʥʝ ʝʥʝʨʛʦʩʧʦʞʠʚʘʥʥʷ ʙʝʟʜʨʦʪʦʚʠʭ ʩʝʥʩʦʨʥʠʭ ʚʫʟʣʽʚ. ʋ ʪʘʢʽʡ ʪʦʧʦʣʦʛʽʾ 

ʤʝʨʝʞʽ ʩʝʥʩʦʨʥʽ ʚʫʟʣʠ ʟ ʤʝʥʰʦʶ ʧʦʪʫʞʥʽʩʪʶ ʥʝ ʤʦʞʫʪʴ ʧʝʨʝʜʘʚʘʪʠ 

ʧʦʚʽʜʦʤʣʝʥʥʷ. ʎʝ ʜʦʟʚʦʣʷʻ ʤʽʥʽʤʘʣʴʥʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʝʣʝʢʪʨʦʝʥʝʨʛʽʶ ʜʣʷ 

ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ. 

ɸʣʝ ʽʥʰʽ ʤʝʨʝʞʝʚʽ ʚʫʟʣʠ ʤʘʶʪʴ ʤʦʞʣʠʚʽʩʪʴ ʧʝʨʝʜʘʚʘʪʠ ʧʦʚʽʜʦʤʣʝʥʥʷ ʚʽʜ 

ʦʜʥʦʛʦ ʚʫʟʣʘ ʜʦ ʽʥʰʦʛʦ ʚ ʤʝʨʝʞʽ. ɿʘʟʚʠʯʘʡ ʚʫʟʣʠ ʟ ʙʘʛʘʪʦʧʨʦʭʽʜʥʦʶ ʻʤʥʽʩʪʶ 

ʤʘʶʪʴ ʚʠʩʦʢʫ ʧʦʪʫʞʥʽʩʪʴ ʽ ʯʘʩʪʦ ʧʽʜʢʣʶʯʘʶʪʴʩʷ ʜʦ ʤʝʨʝʞʽ. ʎʝ ʨʝʘʣʽʟʦʚʘʥʘ 

ʪʦʧʦʣʦʛʽʷ ʯʝʨʝʟ ʤʘʡʙʫʪʥʶ ʩʪʘʥʜʘʨʪʥʫ ʩʽʪʯʘʩʪʫ ʤʝʨʝʞʫ ʧʽʜ ʥʘʟʚʦʶ ZigBee.[6] 
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METHODS OF ENERGY SAVING BASED ON  

ENERGY-EFFICIENT CLUSTERING FOR WSN  

 

The article discusses methods of energy saving based on energy-efficient clustering for 

wireless sensor networks. The article provides an overview of several methods that can be used 

for efficient energy management in WSNs.  

 

ʄʝʪʦʜʠ ʝʥʝʨʛʦʟʙʝʨʝʞʝʥʥʷ ʻ ʦʜʥʠʤ ʟ ʛʦʣʦʚʥʠʭ ʥʘʧʨʷʤʢʽʚ ʨʦʟʚʠʪʢʫ 

ʙʝʟʜʨʦʪʦʚʠʭ ʩʝʥʩʦʨʥʠʭ ʤʝʨʝʞ (WSN). ɿ ʤʝʪʦʶ ʟʘʙʝʟʧʝʯʝʥʥʷ ʦʧʪʠʤʘʣʴʥʦʾ 

ʨʦʙʦʪʠ WSN, ʜʦʩʣʽʜʥʠʢʠ ʧʨʘʮʶʶʪʴ ʥʘʜ ʨʦʟʨʦʙʢʦʶ ʝʬʝʢʪʠʚʥʠʭ ʤʝʪʦʜʽʚ 

ʝʥʝʨʛʦʟʙʝʨʝʞʝʥʥʷ. ʆʜʠʥ ʟ ʪʘʢʠʭ ʤʝʪʦʜʽʚ - ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʘ ʢʣʘʩʪʝʨʠʟʘʮʽʷ, 

ʷʢʘ ʟʘʙʝʟʧʝʯʫʻ ʟʙʽʣʴʰʝʥʥʷ ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʦʩʪʽ WSN [1]. 

ʋ WSN, ʩʝʥʩʦʨʥʽ ʚʫʟʣʠ ʟʚʠʯʘʡʥʦ ʧʨʘʮʶʶʪʴ ʟ ʙʘʪʘʨʝʡʥʠʤ ʞʠʚʣʝʥʥʷʤ. 

ʎʝ ʦʟʥʘʯʘʻ, ʱʦ ʦʙʤʝʞʝʥʽ ʨʝʩʫʨʩʠ ʝʥʝʨʛʽʾ, ʷʢʽ ʧʦʪʨʽʙʥʦ ʝʬʝʢʪʠʚʥʦ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ, ʱʦʙ ʧʨʦʜʦʚʞʫʚʘʪʠ ʨʦʙʦʪʫ ʤʝʨʝʞʽ ʧʨʦʪʷʛʦʤ ʪʨʠʚʘʣʦʛʦ 

ʯʘʩʫ. ɭ ʢʽʣʴʢʘ ʩʧʦʩʦʙʽʚ ʝʥʝʨʛʦʟʙʝʨʝʞʝʥʥʷ, ʪʘʢʠʭ ʷʢ ʢʝʨʫʚʘʥʥʷ 
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ʝʥʝʨʛʦʩʧʦʞʠʚʘʥʥʷʤ, ʨʝʛʫʣʶʚʘʥʥʷ ʧʦʪʦʢʫ ʜʘʥʠʭ, ʤʘʨʰʨʫʪʠʟʘʮʽʷ ʪʘ 

ʢʣʘʩʪʝʨʠʟʘʮʽʷ [2]. 

ɽʥʝʨʛʦʝʬʝʢʪʠʚʥʘ ʢʣʘʩʪʝʨʠʟʘʮʽʷ - ʮʝ ʧʨʦʮʝʩ ʛʨʫʧʫʚʘʥʥʷ ʩʝʥʩʦʨʥʠʭ 

ʚʫʟʣʽʚ ʫ ʢʣʘʩʪʝʨʠ, ʷʢʽ ʤʘʶʪʴ ʚʠʱʫ ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʽʩʪʴ. ʂʦʞʝʥ ʢʣʘʩʪʝʨ ʤʘʻ 

ʩʚʦʛʦ ʢʝʨʽʚʥʠʢʘ, ʷʢʠʡ ʟʘʙʝʟʧʝʯʫʻ ʟʙʽʨ ʜʘʥʠʭ ʪʘ ʾʭ ʧʝʨʝʜʘʯʫ ʜʦ ʙʘʟʦʚʦʾ ʩʪʘʥʮʽʾ. 

ʎʝ ʜʦʟʚʦʣʷʻ ʟʤʝʥʰʠʪʠ ʢʽʣʴʢʽʩʪʴ ʧʝʨʝʜʘʚʘʥʠʭ ʧʦʚʽʜʦʤʣʝʥʴ ʪʘ ʟʙʽʣʴʰʠʪʠ ʯʘʩ 

ʨʦʙʦʪʠ ʤʝʨʝʞʽ ʟʘ ʨʘʭʫʥʦʢ ʟʤʝʥʰʝʥʥʷ ʝʥʝʨʛʦʩʧʦʞʠʚʘʥʥʷ ʩʝʥʩʦʨʥʠʭ ʚʫʟʣʽʚ 

[3]. 

ɭ ʢʽʣʴʢʘ ʤʝʪʦʜʽʚ ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʦʾ ʢʣʘʩʪʝʨʠʟʘʮʽʾ. ʆʜʠʥ ʟ ʥʠʭ - Low 

Energy Adaptive Clustering Hierarchy (LEACH) [4], ʱʦ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʜʣʷ 

WSN ʟ ʨʽʚʥʦʤʽʨʥʠʤ ʨʦʟʧʦʜʽʣʦʤ ʩʝʥʩʦʨʥʠʭ ʚʫʟʣʽʚ. LEACH ʟʘʙʝʟʧʝʯʫʻ 

ʨʽʚʥʦʤʽʨʥʝ ʨʦʟʧʦʜʽʣʝʥʥʷ ʝʥʝʨʛʽʾ ʤʽʞ ʩʝʥʩʦʨʥʠʤʠ ʚʫʟʣʘʤʠ, ʱʦ ʟʤʝʥʰʫʻ 

ʢʽʣʴʢʽʩʪʴ ʚʫʟʣʽʚ, ʷʢʽ ʧʝʨʝʨʠʚʘʶʪʴ ʩʚʦʶ ʨʦʙʦʪʫ ʯʝʨʝʟ ʚʠʩʥʘʞʝʥʥʷ ʝʥʝʨʛʽʾ 

ʙʘʪʘʨʝʾ. 

ɯʥʰʠʡ ʤʝʪʦʜ - Stable Election Protocol (SEP) [5], ʷʢʠʡ ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ 

ʜʣʷ WSN ʟ ʥʝʨʽʚʥʦʤʽʨʥʠʤ ʨʦʟʧʦʜʽʣʦʤ ʩʝʥʩʦʨʥʠʭ ʚʫʟʣʽʚ. SEP ʟʘʙʝʟʧʝʯʫʻ 

ʚʠʙʽʨ ʢʝʨʽʚʥʠʢʽʚ ʢʣʘʩʪʝʨʽʚ, ʷʢʽ ʤʘʶʪʴ ʙʽʣʴʰʫ ʟʘʣʠʰʢʦʚʫ ʝʥʝʨʛʽʶ. ʎʝ ʜʦʟʚʦʣʷʻ 

ʟʤʝʥʰʠʪʠ ʢʽʣʴʢʽʩʪʴ ʧʦʚʽʜʦʤʣʝʥʴ, ʷʢʽ ʧʝʨʝʜʘʶʪʴʩʷ ʚʽʜ ʩʝʥʩʦʨʥʠʭ ʚʫʟʣʽʚ ʜʦ 

ʙʘʟʦʚʦʾ ʩʪʘʥʮʽʾ, ʪʠʤ ʩʘʤʠʤ ʟʙʝʨʽʛʘʶʯʠ ʝʥʝʨʛʽʶ ʚ ʙʘʪʘʨʝʾ ʩʝʥʩʦʨʥʠʭ ʚʫʟʣʽʚ. 

ɯʥʰʽ ʤʝʪʦʜʠ ʝʥʝʨʛʦʟʙʝʨʝʞʝʥʥʷ ʥʘ ʦʩʥʦʚʽ ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʦʾ 

ʢʣʘʩʪʝʨʠʟʘʮʽʾ ʚʢʣʶʯʘʶʪʴ Multi-Hop Routing Protocol (MRP), Threshold 

Sensitive Energy Efficient Network Protocol (TEEN) ʪʘ Distributed Energy 

Efficient Clustering (DEEC). 

ʋ ʙʽʣʴʰʦʩʪʽ ʜʦʩʣʽʜʞʝʥʴ, ʱʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʤʝʪʦʜ ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʦʾ 

ʢʣʘʩʪʝʨʠʟʘʮʽʾ, ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʤʦʜʝʣʶʚʘʥʥʷ ʪʘ ʩʠʤʫʣʷʮʽʷ ʚ ʧʨʦʛʨʘʤʥʦʤʫ 

ʟʘʙʝʟʧʝʯʝʥʥʽ. ʆʜʥʘʢ, ʜʝʷʢʽ ʜʦʩʣʽʜʞʝʥʥʷ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʨʝʘʣʴʥʽ WSN ʜʣʷ 

ʧʝʨʝʚʽʨʢʠ ʝʬʝʢʪʠʚʥʦʩʪʽ ʟʘʧʨʦʧʦʥʦʚʘʥʠʭ ʤʝʪʦʜʽʚ [9]. 

ʄʝʪʦʜʠ ʝʥʝʨʛʦʟʙʝʨʝʞʝʥʥʷ ʥʘ ʦʩʥʦʚʽ ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʦʾ ʢʣʘʩʪʝʨʠʟʘʮʽʾ 

ʜʣʷ WSN ʜʫʞʝ ʚʘʞʣʠʚʽ ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʜʦʚʛʦʪʨʠʚʘʣʦʾ ʨʦʙʦʪʠ ʤʝʨʝʞʽ ʪʘ 

ʟʤʝʥʰʝʥʥʷ ʟʘʪʨʘʪ ʥʘ ʟʘʤʽʥʫ ʙʘʪʘʨʝʡ. ɯʩʥʫʻ ʙʘʛʘʪʦ ʤʝʪʦʜʽʚ, ʷʢʽ ʤʦʞʫʪʴ ʙʫʪʠ 
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ʚʠʢʦʨʠʩʪʘʥʽ ʜʣʷ WSN ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʩʮʝʥʘʨʽʶ ʚʠʢʦʨʠʩʪʘʥʥʷ. ʆʜʥʘʢ, 

ʜʦʩʣʽʜʞʝʥʥʷ ʮʠʭ ʤʝʪʦʜʽʚ ʜʦʟʚʦʣʠʪʴ ʚʠʟʥʘʯʠʪʠ ʥʘʡʙʽʣʴʰ ʝʬʝʢʪʠʚʥʠʡ ʤʝʪʦʜ 

ʜʣʷ ʢʦʥʢʨʝʪʥʦʾ WSN. ɿʘʩʪʦʩʫʚʘʥʥʷ ʤʝʪʦʜʽʚ ʝʥʝʨʛʦʟʙʝʨʝʞʝʥʥʷ ʥʘ ʦʩʥʦʚʽ 

ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʦʾ ʢʣʘʩʪʝʨʠʟʘʮʽʾ ʻ ʚʘʞʣʠʚʠʤ ʢʨʦʢʦʤ ʫ ʧʦʢʨʘʱʝʥʥʽ 

ʜʦʚʛʦʚʽʯʥʦʩʪʽ ʪʘ ʝʬʝʢʪʠʚʥʦʩʪʽ WSN, ʱʦ ʚ ʩʚʦʶ ʯʝʨʛʫ ʧʽʜʚʠʱʫʻ ʾʭ ʧʨʠʢʣʘʜʥʫ 

ʮʽʥʥʽʩʪʴ. 

ʆʪʞʝ, ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʘ ʢʣʘʩʪʝʨʠʟʘʮʽʷ ʻ ʝʬʝʢʪʠʚʥʠʤ ʤʝʪʦʜʦʤ 

ʝʥʝʨʛʦʟʙʝʨʝʞʝʥʥʷ ʜʣʷ WSN. ʄʝʪʦʜʠ, ʪʘʢʽ ʷʢ LEACH, SEP, MRP, TEEN ʪʘ 

DEEC, ʻ ʝʬʝʢʪʠʚʥʠʤʠ ʚ ʨʽʟʥʠʭ ʩʮʝʥʘʨʽʷʭ ʨʦʙʦʪʠ WSN. ɼʦʩʣʽʜʞʝʥʥʷ ʮʠʭ 

ʤʝʪʦʜʽʚ ʤʦʞʝ ʜʦʧʦʤʦʛʪʠ ʚʠʟʥʘʯʠʪʠ ʥʘʡʢʨʘʱʠʡ ʤʝʪʦʜ ʜʣʷ ʢʦʥʢʨʝʪʥʦʛʦ 

ʟʘʩʪʦʩʫʚʘʥʥʷ WSN. 
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ANALYSIS  OF DIRECTIONS FOR BUILDING  A RATIONAL   

5G NETWORK  ARCHITECTURE BASED ON EXISTING 4G NETWORKS  
 

The migration scenario from LTE to 5G networks is presented. Options for choosing the 

level of integration are offered. 
 

ʉʮʝʥʘʨʽʾ ʤʽʛʨʘʮʽʾ ʚʽʜ LTE ʜʦ 5G. 

ʅʘʡʙʽʣʴʰ ʟʘʪʨʝʙʫʚʘʥʦʶ ʩʪʨʘʪʝʛʽʻʶ ʨʦʟʛʦʨʪʘʥʥʷ 5G ʜʣʷ ʦʧʝʨʘʪʦʨʽʚ 

ʟʚôʷʟʢʫ, ʡʤʦʚʽʨʥʦ, ʙʫʜʝ ʜʦʚʛʦʩʪʨʦʢʦʚʝ ʩʧʽʚʽʩʥʫʚʘʥʥʷ ʤʝʨʝʞ 4-ʛʦ ʽ 5-ʛʦ 

ʧʦʢʦʣʽʥʥʷ ʟ ʤʘʢʩʠʤʘʣʴʥʠʤ ʧʦʚʪʦʨʥʠʤ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ, ʚʫʟʣʽʚ 

ʽ ʝʣʝʤʝʥʪʽʚ ʤʝʨʝʞʽ. ʎʝ ʜʦʟʚʦʣʠʪʴ ʦʧʝʨʘʪʦʨʘʤ ʤʦʜʝʨʥʽʟʫʚʘʪʠ ʩʚʦʾ ʤʝʨʝʞʽ ʥʝ 

ʨʝʚʦʣʶʮʽʡʥʦ, ʘ ʧʨʦʛʨʝʩʠʚʥʦ (ʝʚʦʣʶʮʽʡʥʦ), ʟ ʦʜʥʦʛʦ ʙʦʢʫ, ʟʙʝʨʽʛʘʶʯʠ 

ʽʥʚʝʩʪʠʮʽʾ ʚ ʙʫʜʽʚʥʠʮʪʚʦ LTE-ʤʝʨʝʞ ʽ ʰʠʨʦʢʫ ʟʦʥʫ ʨʘʜʽʦʧʦʢʨʠʪʪʷ ʤʝʨʝʞ 

LTE, ʟ ʽʥʰʦʛʦ ï ʥʘʜʘʚʘʪʠ ʢʣʽʻʥʪʘʤ ʥʦʚʽ ʧʦʩʣʫʛʠ ʥʘ ʦʩʥʦʚʽ 5G ʚ ʦʙʣʘʩʪʷʭ, ʜʝ 

ʮʽ ʧʦʩʣʫʛʠ ʢʦʨʠʩʪʫʶʪʴʩʷ ʧʦʧʠʪʦʤ. 

ɺʠʙʽʨ ʨʽʚʥʷ ʽʥʪʝʛʨʘʮʽʾ. 

ʈʽʚʝʥʴ, ʥʘ ʷʢʦʤʫ ʩʪʠʢʘʶʪʴʩʷ ʩʪʝʢʠ ʧʨʦʪʦʢʦʣʽʚ LTE ʽ 5G, ʚʠʟʥʘʯʘʻʪʴʩʷ ʷʢ 

ʨʽʚʝʥʴ ʽʥʪʝʛʨʘʮʽʾ. ʎʝʡ ʨʽʚʝʥʴ ʤʘʻ ʽʥʪʝʨʬʝʡʩ ʜʣʷ ʥʠʞʯʠʭ ʨʽʚʥʽʚ, ʷʢʽ 

ʚʽʜʥʦʩʷʪʴʩʷ ʜʦ ʨʽʟʥʠʭ ʪʝʭʥʦʣʦʛʽʡ ʨʘʜʽʦʜʦʩʪʫʧʫ, ʘʣʝ ʧʨʦʧʦʥʫʻ ʦʜʥʘʢʦʚʽ 

ʧʦʩʣʫʛʠ ʜʣʷ ʨʽʚʥʷ ʽʥʪʝʛʨʘʮʽʾ. ʆʩʪʘʥʥʽʡ ʙʫʜʝ ʜʦʩʪʘʚʣʷʪʠ ʧʘʢʝʪʠ ʟ ʚʝʨʭʥʽʭ 

ʰʘʨʽʚ ʜʦ ʨʽʟʥʠʭ RAT, ʽ ʟʙʠʨʘʪʠ ʪʨʘʬʽʢ, ʱʦ ʥʘʜʭʦʜʠʪʴ ʟ ʨʽʟʥʠʭ ʥʠʞʥʽʭ ʰʘʨʽʚ. 

ɺʘʨʽʘʥʪʠ ʚʠʙʦʨʫ ʨʽʚʥʷ ʽʥʪʝʛʨʘʮʽʾ: 

ʉʧʽʣʴʥʠʡ ʨʽʚʝʥʴ PHY: ʮʝ ʨʽʰʝʥʥʷ ʪʝʦʨʝʪʠʯʥʦ ʤʦʞʝ ʙʫʪʠ ʞʠʪʪʻʟʜʘʪʥʠʤ, 

ʪʘʢ ʷʢ OFDM ʘʙʦ ʦʜʠʥ ʟ ʡʦʛʦ ʚʘʨʽʘʥʪʽʚ, ʷʢ ʦʯʽʢʫʻʪʴʩʷ, ʙʫʜʝ ʦʩʥʦʚʦʶ ʜʣʷ 

ʘʨʭʽʪʝʢʪʫʨʠ ʬʽʟʠʯʥʦʛʦ ʨʽʚʥʷ 5G. ʆʜʥʘʢ 5G ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠʤʝ ʜʫʞʝ ʨʽʟʥʽ 

ʩʪʨʫʢʪʫʨʠ ʢʘʜʨʽʚ ʽ 

ʥʫʤʝʨʦʣʦʛʽʷ ʜʣʷ ʨʽʟʥʠʭ ʮʽʣʝʡ. ʊʦʤʫ ʽʥʪʝʛʨʘʮʽʷ LTE ʽ 5G ʥʘ ʨʽʚʥʽ PHY ʻ 

ʜʫʞʝ ʩʢʣʘʜʥʠʤ ʟʘʚʜʘʥʥʷʤ, ʽ ʧʝʨʝʚʘʛʠ ʙʫʜʫʪʴ ʦʙʤʝʞʝʥʽ. 

ɹʽʣʴʰʝ ʪʦʛʦ, ʚʠʢʦʨʠʩʪʘʥʥʷ ʟʘʛʘʣʴʥʦʛʦ ʨʽʚʥʷ PHY ʦʙʤʝʞʫʻ ʤʦʞʣʠʚʽʩʪʴ 

ʟʤʽʥ ʩʪʝʢʫ ʚʝʨʭʥʽʭ ʰʘʨʽʚ, ʱʦʙ ʘʜʘʧʪʫʚʘʪʠ ʡʦʛʦ ʜʦ ʚʠʤʦʛ 5G. ʅʘʨʝʰʪʽ, 

ʦʧʝʨʘʮʽʾ ʥʘ ʈʽʚʥʽ PHY ʚ ʮʴʦʤʫ ʚʠʧʘʜʢʫ ʧʦʚʠʥʥʽ ʙʫʪʠ ʩʠʣʴʥʦ ʩʠʥʭʨʦʥʽʟʦʚʘʥʽ, ʽ 

ʮʝ ʟʘʧʦʙʽʛʘʻ ʥʝʨʦʟʤʽʱʝʥʦʤʫ ʨʦʟʛʦʨʪʘʥʥʶ eNB ʜʣʷ ʨʽʟʥʠʭ RAT; 

ʉʧʽʣʴʥʠʡ ʨʽʚʝʥʴ MAC: ʽʥʪʝʛʨʘʮʽʷ ʥʘ ʨʽʚʥʽ MAC ʤʦʞʝ ʟʘʙʝʟʧʝʯʠʪʠ  

ʚʠʩʦʢʠʡ ʨʽʚʝʥʴ ʢʦʦʨʜʠʥʘʮʽʾ. ʄʦʞʣʠʚʠʤ ʚʘʨʽʘʥʪʦʤ ʘʛʨʝʛʘʮʽʾ MAC ʻ ʘʛʨʝʛʘʮʽʷ 
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ʥʝʩʫʯʠʭ, ʷʢʘ ʚʞʝ ʩʪʘʥʜʘʨʪʠʟʦʚʘʥʘ ʜʣʷ LTE. ʅʘ ʮʴʦʤʫ ʨʽʚʥʽ ʤʦʞʣʠʚʦ 

ʢʦʦʨʜʠʥʫʚʘʪʠ ʧʣʘʥʫʚʘʥʥʷ ʨʝʩʫʨʩʽʚ ʜʣʷ ʨʽʟʥʠʭ RAT, ʚʠʢʦʥʫʚʘʪʠ HARQ ʥʘ 

ʨʽʟʥʠʭ ʥʦʩʽʷʭ ʪʘ ʫʥʠʢʘʪʠ ʪʨʫʜʥʦʱʽʚ ʧʝʨʝʜʘʯʽ ʢʦʥʪʝʢʩʪʫ ʤʽʞ RLC ʪʘ PDCP, 

ʦʩʢʽʣʴʢʠ ʜʣʷ ʢʦʞʥʦʛʦ ʥʦʩʽʷ ʙʫʜʝ ʧʦ ʦʜʥʽʡ ʢʦʧʽʾ ʦʙʦʭ. ʆʜʥʘʢ ʦʧʝʨʘʮʽʾ ʨʽʚʥʷ 

MAC ʩʠʥʭʨʦʥʽʟʦʚʘʥʽ, ʱʦ ʜʦʟʚʦʣʷʻ ʨʦʟʛʦʨʪʘʥʥʷ ʣʠʰʝ ʩʧʽʣʴʥʦ ʨʦʟʪʘʰʦʚʘʥʠʭ 

RAT. ɹʽʣʴʰʝ ʪʦʛʦ, LTE ʽ 5G ʤʦʞʫʪʴ ʨʦʟʨʦʙʣʷʪʠʩʷ ʟ ʨʽʟʥʠʤʠ ʜʫʧʣʝʢʩʥʠʤʠ 

ʨʽʰʝʥʥʷʤʠ ʪʘ ʨʽʟʥʠʤʠ ʩʭʝʤʘʤʠ ʨʦʟʧʦʜʽʣʫ ʯʘʩʫ ʪʘ ʯʘʩʪʦʪʠ. ʊʦʤʫ, ʭʦʯʘ 

ʧʦʪʝʥʮʽʡʥʽ ʧʝʨʝʚʘʛʠ ʜʫʞʝ ʧʨʠʚʘʙʣʠʚʽ, ʽʥʪʝʛʨʘʮʽʷ ʥʘ MAC ʦʙʤʝʞʫʻ 

ʤʦʞʣʠʚʦʩʪʽ ʧʨʦʝʢʪʫʚʘʥʥʷ ʫʧʨʘʚʣʽʥʥʷ ʜʦʩʪʫʧʦʤ ʜʦ 5G, ʥʘ ʚʽʜʤʽʥʫ ʚʽʜ LTE, ʥʝ 

ʜʦʧʫʩʢʘʻ ʘʙʩʦʣʶʪʥʦ ʥʦʚʦʛʦ ʜʠʟʘʡʥʫ, ʷʢʠʡ ʚʨʘʭʦʚʫʻ ʦʩʦʙʣʠʚʦʩʪʽ ʢʦʤʫʥʽʢʘʮʽʡ 

mmWave; 

ʉʧʽʣʴʥʠʡ ʨʽʚʝʥʴ RLC: ʮʝʡ ʚʠʙʽʨ ʤʘʻ ʜʝʷʢʽ ʦʙʤʝʞʝʥʥʷ, ʱʦ ʟʜʘʪʥʽ 

ʟʘʧʦʙʽʛʪʠ ʨʦʟʛʦʨʪʘʥʥʶ ʙʝʟ ʩʧʽʣʴʥʦʛʦ ʨʦʟʤʽʱʝʥʥʷ. ɼʽʡʩʥʦ, ʨʽʚʝʥʴ RLC 

ʧʨʠʡʤʘʻ ʟ ʽʥʩʪʨʫʢʮʽʡ ʧʣʘʥʫʚʘʣʴʥʠʢʘ ʨʽʚʥʷ MAC ʫʢʘʟʠ ʱʦʜʦ ʤʦʞʣʠʚʦʩʪʝʡ 

ʧʝʨʝʜʘʯʽ, ʪʦʙʪʦ ʩʢʽʣʴʢʠ ʙʘʡʪʽʚ ʜʦʩʪʫʧʥʦ ʜʣʷ ʧʝʨʝʜʘʯʽ ʧʨʦʪʷʛʦʤ ʥʘʩʪʫʧʥʦʛʦ 

ʽʥʪʝʨʚʘʣʫ ʯʘʩʫ. ʎʝʡ ʟʚ'ʷʟʦʢ ʥʝ ʤʦʞʝ ʧʽʜʣʷʛʘʪʠ ʜʦʜʘʪʢʦʚʠʤ ʟʘʪʨʠʤʢʘʤ ʟʚ'ʷʟʢʫ 

MAC-RLC ʤʽʞ ʚʽʜʜʘʣʝʥʠʤʠ ʪʦʯʢʘʤʠ ʨʦʟʤʽʱʝʥʥʷ. ʂʨʽʤ ʪʦʛʦ, ʩʝʛʤʝʥʪʘʮʽʷ ʽ 

ʧʦʚʪʦʨʥʝ ʩʢʣʘʜʘʥʥʷ ʧʨʘʮʶʚʘʪʠʤʝ ʪʽʣʴʢʠ ʧʨʠ ʥʘʷʚʥʦʩʪʽ ʟʘʛʘʣʴʥʦʛʦ 

ʧʣʘʥʫʚʘʣʴʥʠʢʘ. ɺʨʝʰʪʽ, ʦʩʥʦʚʥʦʶ ʧʝʨʝʚʘʛʦʶ ʽʥʪʝʛʨʘʮʽʾ ʥʘ ʩʪʝʮʽ RLC ʻ 

ʥʘʷʚʥʽʩʪʴ ʦʜʥʽʻʾ ʧʝʨʝʜʘʯʽ ʽ, ʜʣʷ AM RLC, ʙʫʬʝʨʘ ʧʦʚʪʦʨʥʦʾ ʧʝʨʝʜʘʯʽ, ʱʦ 

ʟʜʘʪʥʝ ʧʦʢʨʘʱʠʪʠ ʢʦʦʨʜʠʥʘʮʽʶ ʤʽʞ ʜʚʦʤʘ RAT; 

ɿʘʛʘʣʴʥʠʡ ʨʽʚʝʥʴ PDCP: ʨʽʚʝʥʴ PDCP ʥʝ ʤʘʻ ʞʦʨʩʪʢʠʭ ʚʠʤʦʛ ʜʦ 

ʩʠʥʭʨʦʥʽʟʘʮʽʾ ʽ ʪʦʤʫ ʤʦʞʝ ʙʫʪʠ ʯʫʜʦʚʠʤ ʢʘʥʜʠʜʘʪʦʤ ʷʢ ʨʽʚʝʥʴ ʽʥʪʝʛʨʘʮʽʾ, 

ʢʦʣʠ ʙʘʞʘʥʠʡ ʧʽʜʭʽʜ ʥʝ ʧʦʚôʷʟʘʥʠʡ ʽʟ ʩʧʽʣʴʥʠʤ ʨʦʟʪʘʰʫʚʘʥʥʷʤ. ɯʥʪʝʛʨʘʮʽʷ ʥʘ 

ʨʽʚʥʽ PDCP ʜʦʟʚʦʣʷʻ ʩʪʚʦʨʶʚʘʪʠ ʟ ʯʠʩʪʦʛʦ ʘʨʢʫʰʘ ʨʽʚʥʽ PHY, MAC ʽ RLC, 

ʱʦʙ ʾʭ ʤʦʞʥʘ ʙʫʣʦ ʘʜʘʧʪʫʚʘʪʠ ʜʦ ʥʦʚʠʭ ʚʠʤʦʛ ʤʝʨʝʞ 5G. 

ɼʣʷ ʨʝʘʣʽʟʘʮʽʾ ʮʽʻʾ ʩʪʨʘʪʝʛʽʾ 3GPP ʟʘʧʨʦʧʦʥʫʚʘʚ ʢʽʣʴʢʘ ʤʦʞʣʠʚʠʭ 

ʩʮʝʥʘʨʽʾʚ (ʘʙʦ ʚʘʨʽʘʥʪʽʚ) ʚʧʨʦʚʘʜʞʝʥʥʷ 4G (LTE) ʽ 5G (NR). ɺʩʽ ʚʘʨʽʘʥʪʠ 

ʜʽʣʷʪʴʩʷ ʥʘ ʜʚʽ ʦʩʥʦʚʥʽ ʛʨʫʧʠ: 

1. Standalone (SA) - ʧʝʨʝʜʙʘʯʘʶʪʴ ʚʠʢʦʨʠʩʪʘʥʥʷ ʪʽʣʴʢʠ ʦʜʥʽʻʾ ʪʝʭʥʦʣʦʛʽʾ 

ʨʘʜʽʦʜʦʩʪʫʧʫ (LTE ʘʙʦ NR - New Radio); 

2. Non-Standalone (NSA) - ʚʠʢʦʨʠʩʪʘʥʥʷ ʽ LTE ʽ NR, ʱʦ ʩʧʨʦʱʫʻ 

ʨʦʟʛʦʨʪʘʥʥʷ ʤʝʨʝʞ 5G ʥʘ ʧʦʯʘʪʢʦʚʦʤʫ ʝʪʘʧʽ. 

ʅʝʘʚʪʦʥʦʤʥʝ ʨʦʟʛʦʨʪʘʥʥʷ 5G ʚʠʤʘʛʘʻ ʦʥʦʚʣʝʥʥʷ ʙʘʟʦʚʠʭ ʩʪʘʥʮʽʡ 4G-

LTE ʜʦ eLTE (ʘʙʦ ʨʦʟʰʠʨʝʥʦʛʦ LTE), ʱʦʙ ʧʽʜʪʨʠʤʫʚʘʪʠ ʨʦʟʰʠʨʝʥʽ ʬʫʥʢʮʽʾ 

ʙʘʟʦʚʦʾ ʩʪʘʥʮʽʾ 5G (gNb). ʉʪʘʥʜʘʨʪʠʟʘʮʽʷ ʮʴʦʛʦ ʩʮʝʥʘʨʽʶ (ʚ ʨʘʤʢʘʭ ʚʠʧʫʩʢʫ 

15 3GPP) ʙʫʣʘ ʟʘʚʝʨʰʝʥʘ ʚ ʩʽʯʥʽ 2018 ʨʦʢʫ. 

ɺʘʞʣʠʚʠʤ ʘʩʧʝʢʪʦʤ ʜʣʷ ʨʝʘʣʽʟʘʮʽʾ ʥʝʘʚʪʦʥʦʤʥʠʭ ʦʧʮʽʡ ʻ ʢʦʥʮʝʧʮʽʷ 

ʧʦʜʚʽʡʥʦʛʦ ʧʽʜʢʣʶʯʝʥʥʷ, ʚʠʟʥʘʯʝʥʘ 3GPP ʫ ʚʠʧʫʩʢʫ 12, ʷʢʘ ʧʝʨʝʜʙʘʯʘʻ 

ʧʽʜʢʣʶʯʝʥʥʷ ʪʝʨʤʽʥʘʣʽʚ ʢʦʨʠʩʪʫʚʘʯʘ (UE) ʫ ʩʪʘʥʽ RRC_CONNECTED ʜʦ 

ʜʚʦʭ ʙʘʟʦʚʠʭ ʩʪʘʥʮʽʡ ʦʜʥʦʯʘʩʥʦ (Master eNb ʽ Secondary eNb). ʂʣʶʯʦʚʘ 

ʚʽʜʤʽʥʥʽʩʪʴ ʤʽʞ ʧʦʜʚʽʡʥʠʤ ʧʽʜʢʣʶʯʝʥʥʷʤ ʪʘ ʘʛʨʝʛʘʮʽʻʶ ʯʘʩʪʦʪ ʧʦʣʷʛʘʻ ʚ 

ʪʦʤʫ, ʱʦ ʚʽʥ ʧʽʜʢʣʶʯʘʻʪʴʩʷ ʜʦ ʜʚʦʭ ʨʽʟʥʠʭ ʙʘʟʦʚʠʭ ʩʪʘʥʮʽʡ, ʧʽʜʢʣʶʯʝʥʠʭ 
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ʯʝʨʝʟ ʽʥʪʝʨʬʝʡʩ X2, ʽ, ʷʢ ʧʨʘʚʠʣʦ, ʨʦʟʪʘʰʦʚʘʥʽ ʥʘ ʨʽʟʥʠʭ ʩʘʡʪʘʭ. 

ʇʨʠ ʮʴʦʤʫ ʤʦʞʣʠʚʽ ʜʚʽ ʩʭʝʤʠ ʨʝʘʣʽʟʘʮʽʾ: 

1. split bearer - ʚ ʮʽʡ ʩʭʝʤʽ ʥʘ PDCP ʨʽʚʥʽ ʧʦʪʽʢ ʧʨʠʟʥʘʯʝʥʠʭ ʜʣʷ 

ʢʦʨʠʩʪʫʚʘʯʘ ʜʘʥʠʭ (user plane) ʚʽʨʪʫʘʣʴʥʦʛʦ ʢʘʥʘʣʫ ʨʦʟʱʝʧʣʶʻʪʴʩʷ ʥʘ ʜʚʘ 

ʧʽʜʧʦʪʦʢʽʚ ʚ ʥʘʧʨʷʤʢʫ Master eNb ʽ Secondary eNb ʚʽʜʧʦʚʽʜʥʦ; 

2. switch bearer - ʚ ʮʽʡ ʩʭʝʤʽ ʧʦʪʽʢ ʧʨʠʟʥʘʯʝʥʠʭ ʜʣʷ ʢʦʨʠʩʪʫʚʘʯʘ ʜʘʥʠʭ 

(user plane) ʤʦʞʝ ʢʦʤʫʪʫʚʘʪʠʩʷ ʘʙʦ ʚ ʥʘʧʨʷʤʢʫ Master eNb, ʘʙʦ ʚ ʥʘʧʨʷʤʢʫ 

Secondary eNb (ʙʝʟ ʘʛʨʝʛʘʮʽʾ). 

ʈʝʘʣʽʟʘʮʽʷ Non-Standalone ʥʘʢʣʘʜʘʻ ʜʦʜʘʪʢʦʚʽ ʚʠʤʦʛʠ ʜʦ ʩʢʣʘʜʥʦʩʪʽ 

ʢʦʨʠʩʪʫʚʘʮʴʢʠʭ ʪʝʨʤʽʥʘʣʽʚ (UE), ʚʢʣʶʯʘʶʯʠ ʦʜʥʦʯʘʩʥʫ ʨʦʙʦʪʫ ʜʚʦʭ ʤʦʜʝʤʽʚ, 

ʟʙʽʣʴʰʝʥʥʷ ʨʦʟʤʽʨʫ ʙʫʬʝʨʘ ʪʘ ʜʦʜʘʪʢʦʚʝ ʥʘʚʘʥʪʘʞʝʥʥʷ ʥʘ ʨʝʩʫʨʩʠ ʧʨʦʮʝʩʦʨʘ 

ʨʽʚʥʷ PDCP ʜʣʷ ʚʽʜʥʦʚʣʝʥʥʷ ʧʦʨʷʜʢʫ ʧʘʢʝʪʽʚ (ʫ ʨʝʞʠʤʽ MCG split bearer). 

ɺʠʙʽʨ ʩʮʝʥʘʨʽʶ ʤʽʛʨʘʮʽʾ. 

ɿʘʨʘʟ ʫ ʙʘʛʘʪʴʦʭ ʨʦʟʚʠʥʝʥʠʭ ʢʨʘʾʥʘʭ ʚʞʝ ʻ ʧʦʢʨʠʪʪʷ 4G ʧʦ ʚʩʽʡ ʘʙʦ 

ʤʘʡʞʝ ʧʦ ʚʩʽʡ ʢʨʘʾʥʽ. ɺ ʋʢʨʘʾʥʽ ʩʠʪʫʘʮʽʷ ʽʥʰʘ, ʦʩʢʽʣʴʢʠ ʚʝʣʠʢʽ ʪʝʨʠʪʦʨʽʾ 

ʟʘʣʠʰʘʶʪʴʩʷ ʥʝʦʭʦʧʣʝʥʠʤʠ ʥʘʚʽʪʴ ʤʝʨʝʞʘʤʠ ʪʨʝʪʴʦʛʦ ʧʦʢʦʣʽʥʥʷ, ʘʣʝ ʥʘ ʮʝ ʻ 

ʷʢ ʪʝʭʥʽʯʥʽ ʪʘʢ ʽ ʽʥʰʽ ʦʙôʻʢʪʠʚʥʽ ʧʨʠʯʠʥʠ. ʇʨʦʪʝ ʚʩʽ ʚʝʣʠʢʽ ʤʽʩʪʘ ʤʘʶʪʴ 

ʧʦʢʨʠʪʪʷ 4G ʚʽʜ ʚʝʣʠʢʠʭ ʫʢʨʘʾʥʩʴʢʠʭ ʦʧʝʨʘʪʦʨʽʚ ʤʦʙʽʣʴʥʦʛʦ ʟʚôʷʟʢʫ, ʘ ʚʝʣʠʢʽ 

ʤʽʩʪʘ ʻ ʧʝʨʰʠʤʠ ʢʘʥʜʠʜʘʪʘʤʠ ʥʘ ʚʧʨʦʚʘʜʞʝʥʥʷ ʥʦʚʠʭ ʤʦʙʽʣʴʥʠʭ ʪʝʭʥʦʣʦʛʽʡ 

ʧôʷʪʦʛʦ ʧʦʢʦʣʽʥʥʷ, ʦʩʢʽʣʴʢʠ ʚ ʥʠʭ ʻ ʚʝʣʠʢʠʡ ʥʘʪʦʚʧ ʣʶʜʝʡ, ʻ ʧʦʪʨʝʙʘ ʫ ʚʠʱʽʡ 

ʰʚʠʜʢʦʩʪʽ ʤʦʙʽʣʴʥʦʛʦ ʽʥʪʝʨʥʝʪʫ ʪʘ ʙʽʣʴʰʘ ʧʨʦʧʫʩʢʥʘ ʟʜʘʪʥʽʩʪʴ, ʤʦʞʣʠʚʽʩʪʴ 

ʦʜʥʦʯʘʩʥʦ ʥʘʜʘʚʘʪʠ ʧʦʩʣʫʛʠ ʚʝʣʠʢʽʡ ʢʽʣʴʢʦʩʪʽ ʣʶʜʝʡ ʽ ʧʽʜʢʣʶʯʘʪʠ ʚʝʣʠʯʝʟʥʫ 

ʢʽʣʴʢʽʩʪʴ ʨʽʟʥʠʭ ʧʨʠʩʪʨʦʾʚ, ʻ ʙʘʞʘʥʥʷ ʨʦʟʚʠʚʘʪʠ ɯʥʪʝʨʥʝʪ ʨʝʯʝʡ ʜʣʷ ʨʝʘʣʽʟʘʮʽʾ 

ʽʜʝʡ çʨʦʟʫʤʥʦʛʦè ʤʽʩʪʘ, ʘʚʪʦʤʘʪʠʟʫʚʘʪʠ ʙʘʛʘʪʦ ʧʨʦʮʝʩʽʚ. ʇʝʨʰʠʤʠ 

ʢʘʥʜʠʜʘʪʘʤʠ ʥʘ ʧʦʢʨʠʪʪʷ 5G ʻ ʩʪʘʜʽʦʥʠ, ʚʝʣʠʢʽ ʪʦʨʛʦʚʽ ʮʝʥʪʨʠ ʪʦʱʦ. 

ɺʨʘʭʦʚʫʶʯʠ ʥʘʷʚʥʽʩʪʴ ʧʦʚʥʽʩʪʶ ʨʦʟʛʦʨʥʫʪʠʭ ʽ ʬʫʥʢʮʽʦʥʫʶʯʠʭ ʤʝʨʝʞ 

ʯʝʪʚʝʨʪʦʛʦ ʧʦʢʦʣʽʥʥʷ, ʥʘʡʢʨʘʱʠʤ ʨʽʰʝʥʥʷʤ ʙʫʣʦ ʙ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʾʭ ʥʘ 

ʨʘʥʥʽʭ ʝʪʘʧʘʭ ʚʧʨʦʚʘʜʞʝʥʥʷ ʥʦʚʦʾ ʪʝʭʥʦʣʦʛʽʾ 5G. ʋ ʙʫʜʴ-ʷʢʦʤʫ ʚʠʧʘʜʢʫ ʮʠʤ 

ʪʝʭʥʦʣʦʛʽʷʤ ʜʦʚʝʜʝʪʴʩʷ ʩʧʽʚʽʩʥʫʚʘʪʠ ʜʫʞʝ ʜʦʚʛʦ, ʪʦʤʫ ʧʦʪʨʽʙʥʦ ʟʨʦʙʠʪʠ ʾʭ 

ʚʟʘʻʤʦʜʽʶ ʤʘʢʩʠʤʘʣʴʥʦ ʝʬʝʢʪʠʚʥʦʶ ʽ ʥʝʧʦʤʽʪʥʦʶ ʜʣʷ ʟʚʠʯʘʡʥʦʛʦ 

ʢʦʨʠʩʪʫʚʘʯʘ. 

ʇʦʩʪʫʧʦʚʝ ʚʧʨʦʚʘʜʞʝʥʥʷ ʜʦʟʚʦʣʠʪʴ ʦʧʝʨʘʪʦʨʘʤ ʦʥʦʚʣʶʚʘʪʠ ʩʚʦʾ 

ʤʝʨʝʞʽ ʧʦʩʪʫʧʦʚʦ, ʙʝʟ ʧʦʩʧʽʭʫ, ʟʙʝʨʽʛʘʶʯʠ ʧʨʠ ʮʴʦʤʫ ʰʠʨʦʢʝ ʧʦʢʨʠʪʪʷ 4G, 

ʧʨʦʧʦʥʫʶʯʠ ʢʣʽʻʥʪʘʤ, ʷʢʽ ʟʘʮʽʢʘʚʣʝʥʽ ʚ ʥʦʚʠʭ ʤʦʞʣʠʚʦʩʪʷʭ, ʷʢʽ 

ʚʽʜʢʨʠʚʘʶʪʴʩʷ ʟ ʪʝʭʥʦʣʦʛʽʷʤʠ ʥʘʩʪʫʧʥʦʛʦ ʧʦʢʦʣʽʥʥʷ. 

ʊʦʤʫ ʚʠʢʦʨʠʩʪʘʥʥʷ ʩʮʝʥʘʨʽʶ Non-Standalone (NSA) ʻ ʥʘʡʙʽʣʴʰ 

ʦʧʪʠʤʘʣʴʥʠʤ ʜʣʷ ʦʧʝʨʘʪʦʨʽʚ ʪʘ ʾʭ ʢʣʽʻʥʪʽʚ. 
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USING MPTCP TECHNOLOGY TO INCREASE THE SURVIVABILITY  

OF WIFI UAV CONTROL CHANNELS UNDER THE INFLUENCE  

OF INTENTIONAL AND UNINTENTIONAL INTERFERENCE  

 
This paper proposes the use of MPTCP technology to create UAV control and 

communication channels. Such control channels will be protected from the influence of various 

kinds of attacks on the UAV. Features of technology and flow control mechanisms in MPTCP 

are considered . The proposed solution was tested in laboratory conditions on a test stand using 

the appropriate software. 
 

ɺ ʦʩʪʘʥʥʽ ʨʦʢʠ ʙʝʟʧʽʣʦʪʥʽ ʣʽʪʘʣʴʥʽ ʘʧʘʨʘʪʠ (ɹʇʃɸ) ʚʩʝ ʙʽʣʴʰʝ 
ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʜʣʷ ʨʽʟʥʠʭ ʟʘʩʪʦʩʫʚʘʥʴ ʷʢ ʫ ʚʽʡʩʴʢʦʚʠʭ ʮʽʣʷʭ, ʪʘʢ ʽ ʚ 
ʮʠʚʽʣʴʥʠʭ. ʆʜʥʘʢ ʚʩʝ ʙʽʣʴʰʝ ʧʦʰʠʨʝʥʥʷ ʟʘʩʪʦʩʫʚʘʥʥʷ ɹʇʃɸ ʟʙʽʣʴʰʫʻ ʡ 
ʧʨʦʙʣʝʤʠ ʙʝʟʧʝʢʠ. ʆʩʦʙʣʠʚʦ ʮʝ ʩʪʦʩʫʻʪʴʩʷ ʚʨʘʟʣʠʚʦʩʪʽ ʢʘʥʘʣʽʚ ʫʧʨʘʚʣʽʥʥʷ 
ɹʇʃɸ ʜʦ ʚʧʣʠʚʫ ʨʽʟʥʦʤʘʥʽʪʥʠʭ ʪʠʧʽʚ ʘʪʘʢ ʥʘ ʥʠʭ. ɺ ʨʦʙʦʪʘʭ [1-4] ʙʫʣʦ 
ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʢʦʤʧʣʝʢʩ ʨʽʰʝʥʴ ʧʦ ʧʽʜʚʠʱʝʥʥʶ ʩʪʽʡʢʦʩʪʽ ʢʘʥʘʣʽʚ ʫʧʨʘʚʣʽʥʥʷ 
ʪʘ ʟʚ'ʷʟʢʫ ɹʇʃɸ ʜʦ ʚʧʣʠʚʫ ʥʘ ʥʠʭ ʥʘʚʤʠʩʥʠʭ ʪʘ ʥʝʥʘʚʤʠʩʥʠʭ ʟʘʚʘʜ, ʷʢʽ 
ʙʘʟʫʶʪʴʩʷ ʥʘ ʧʦʙʫʜʦʚʽ ʢʘʥʘʣʽʚ ʫʧʨʘʚʣʽʥʥʷ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʜʚʦʭ ʢʘʥʘʣʽʚ 
ʟʚ'ʷʟʢʫ ʚ ʜʚʦʭ ʜʽʘʧʘʟʦʥʘʭ ʯʘʩʪʦʪ.  

ɯʩʥʫʻ ʮʽʣʠʡ ʢʣʘʩ ʙʝʟʧʽʣʦʪʥʠʭ ʣʽʪʘʣʴʥʠʭ ʘʧʘʨʘʪʽʚ, ʷʢʽ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ 
ʪʝʭʥʦʣʦʛʽʾ WiFi ʜʣʷ ʦʨʛʘʥʽʟʘʮʽʾ ʢʘʥʘʣʽʚ ʫʧʨʘʚʣʽʥʥʷ, ʪʝʣʝʤʝʪʨʽʾ ʪʘ ʧʝʨʝʜʘʯʽ 
ʜʘʥʠʭ. ɼʣʷ ʮʠʭ ɹʇʃɸ ʪʘʢʦʞ ʤʦʞʣʠʚʝ ʚʠʢʦʨʠʩʪʘʥʥʷ ʟʘʧʨʦʧʦʥʦʚʘʥʠʭ ʚ [1-4] 
ʨʽʰʝʥʴ ʟ ʦʜʥʦʯʘʩʥʦʶ ʨʦʙʦʪʦʶ ʚ ʜʚʦʭ ʜʽʘʧʘʟʦʥʘʭ ʯʘʩʪʦʪ - 2,4 ɻɻʮ ʪʘ 5 ɻɻʮ. ɺ 
ʪʘʢʠʭ ʙʝʟʧʽʣʦʪʥʠʭ ʘʧʘʨʘʪʘʭ ʜʣʷ ʟʜʝʰʝʚʣʝʥʥʷ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʩʪʘʥʜʘʨʪʥʽ 
WiFi ʤʦʜʫʣʽ ʪʘ ʧʨʦʛʨʘʤʥʝ ʟʘʙʝʟʧʝʯʝʥʥʷ ʫʧʨʘʚʣʽʥʥʷ ʥʘ ʙʘʟʽ Embedded Linux. 
ʆʜʥʘʢ ʟʘʩʪʦʩʫʚʘʥʥʷ  ʚʠʩʦʢʦʝʬʝʢʪʠʚʥʠʭ ʘʣʛʦʨʠʪʤʽʚ ʧʨʦʪʠʜʽʾ ʚʧʣʠʚʫ 
ʥʘʚʤʠʩʥʠʭ ʟʘʚʘʜ ʤʘʻ ʽʩʪʦʪʥʽ ʥʝʜʦʣʽʢʠ ʚ ʩʠʣʫ ʽʩʥʫʶʯʦʛʦ ʦʙʤʝʞʝʥʥʷ ʥʘ 
ʢʽʣʴʢʽʩʪʴ ʜʦʩʪʫʧʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʢʘʥʘʣʫ ʟʚôʷʟʢʫ, ʷʢʠʤʠ ʚʠʟʥʘʯʘʻʪʴʩʷ ʩʪʘʥ 
ʢʘʥʘʣʫ. ʇʦ ʩʫʪʽ ʚʠʢʦʨʠʩʪʘʥʥʷ ʩʪʘʥʜʘʨʪʥʠʭ WiFi ʤʦʜʫʣʽʚ, ʱʦ ʧʦʙʫʜʦʚʘʥʽ ʥʘ 
ʥʝʜʦʨʦʛʠʭ ʯʽʧʩʝʪʘʭ, ʦʜʥʦʯʘʩʥʦ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʩʪʘʥʜʘʨʪʥʠʭ ʜʨʘʡʚʝʨʽʚ Linux 
ʦʙʤʝʞʫʻ ʤʦʞʣʠʚʦʩʪʽ ʮʠʭ ʘʣʛʦʨʠʪʤʽʚ ʚʥʘʩʣʽʜʦʢ ʥʝʚʝʣʠʢʦʾ ʢʽʣʴʢʦʩʪʽ 
ʜʦʩʪʫʧʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʜʣʷ ʘʥʘʣʽʟʫ ʩʪʘʥʫ ʢʘʥʘʣʫ ʟʚ'ʷʟʢʫ [5]. ʊʘʢ, ʜʦʩʪʫʧʥʠʤʠ 
ʧʘʨʘʤʝʪʨʘʤʠ ʧʨʦ ʩʪʘʥ ʢʘʥʘʣʫ ʜʣʷ ʽʥʪʝʨʬʝʡʩʫ Interface wlp2s0, ʷʢʠʡ 
ʚʠʚʦʜʠʪʴʩʷ ʢʦʤʘʥʜʦʶ iw dev ʧʽʩʣʷ ʚʚʝʜʝʥʥʷ ʢʦʤʘʥʜʠ iw dev wlp2s0 link ʻ: 
ʨʽʚʝʥʴ ʧʨʠʡʥʷʪʦʛʦ ʩʠʛʥʘʣʫ ʪʘ ʰʚʠʜʢʽʩʪʴ ʧʝʨʝʜʘʯʽ ʚ ʢʘʥʘʣʽ.  ɺʚʝʜʝʥʥʷ 
ʢʦʤʘʥʜʠ iw dev wlp2s0 station dump ʜʦʟʚʦʣʷʻ ʜʦʜʘʪʢʦʚʦ ʚʠʟʥʘʯʠʪʠ ʩʝʨʝʜʥʽʡ 
ʨʽʚʝʥʴ ʧʨʠʡʥʷʪʦʛʦ ʩʠʛʥʘʣʫ, ʢʽʣʴʢʽʩʪʴ ʧʦʚʪʦʨʥʠʭ ʟʘʧʠʪʽʚ ʥʘ ʧʝʨʝʜʘʯʫ ʧʘʢʝʪʽʚ: 
ʪʘ ʢʽʣʴʢʽʩʪʴ ʚʪʨʘʯʝʥʠʭ ʧʘʢʝʪʽʚ  ʧʨʠ ʧʝʨʝʜʘʯʽ. ʎʠʭ ʧʘʨʘʤʝʪʨʽʚ ʜʦʩʪʘʪʥʴʦ ʙʫʜʝ 
ʣʠʰʝ ʜʣʷ ʪʦʛʦ, ʱʦʙ ʚʠʟʥʘʯʠʪʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʫ ʧʨʠʡʥʷʪʦʛʦ ʩʠʛʥʘʣʫ ʟʘ ʨʽʚʥʝʤ 
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ʧʨʠʡʥʷʪʦʛʦ ʩʠʛʥʘʣʫ, ʘ ʷʢʽʩʪʴ ʩʠʛʥʘʣʫ ʚʠʟʥʘʯʘʻʪʴʩʷ ʪʽʣʴʢʠ ʟʘ ʢʽʣʴʢʽʩʪʶ 
ʚʪʨʘʯʝʥʠʭ ʧʘʢʝʪʽʚ. ʊʘʢʠʤ ʯʠʥʦʤ ʚʠʢʦʨʠʩʪʘʥʥʷ ʦʙʤʝʞʝʥʦʾ ʢʽʣʴʢʦʩʪʽ  
ʧʘʨʘʤʝʪʨʽʚ ʙʫʜʝ ʜʦʩʪʘʪʥʽʤ ʣʠʰʝ ʜʣʷ ʧʨʦʪʠʜʽʾ ʚʧʣʠʚʫ ʟʘʚʘʜʘʤ ʛʣʫʰʝʥʥʷ 
ʢʘʥʘʣʫ. ɼʣʷ ʧʨʦʪʠʜʽʾ ʚʧʣʠʚʫ ʽʥʰʠʤ ʚʠʜʘʤ ʟʘʚʘʜ ʧʦʪʨʽʙʥʽ ʽʥʰʽ ʘʣʛʦʨʠʪʤʽʯʥʽ 
ʨʽʰʝʥʥʷ. ʅʘʡʙʽʣʴʰ ʝʬʝʢʪʠʚʥʠʤ ʻ ʚʠʢʦʨʠʩʪʘʥʥʷ ʪʝʭʥʦʣʦʛʽʾ 
ʙʘʛʘʪʦʤʘʨʰʨʫʪʥʦʛʦ  TCP (Multipath TCP). 

ʊʝʭʥʦʣʦʛʽʷ MPTCP ð ʦʜʥʝ ʟ ʥʘʡʚʘʞʣʠʚʽʰʠʭ ʨʦʟʰʠʨʝʥʴ TCP, ʱʦ 
ʜʦʟʚʦʣʷʻ ʚʠʢʦʨʠʩʪʘʥʥʷ ʢʽʣʴʢʦʭ ʰʣʷʭʽʚ ʧʝʨʝʜʘʯʽ ʜʣʷ TCP-ʟôʻʜʥʘʥʥʷ. ʋ 
MPTCP ʢʽʥʮʝʚʽ ʭʦʩʪʠ ʧʝʨʝʜʘʶʪʴ ʜʘʥʽ ʟ ʢʽʣʴʢʦʭ ʧʽʜʧʦʪʦʢʽʚ TCP ʦʜʥʦʯʘʩʥʦ ʧʦ 
ʦʜʥʦʤʫ ʟ'ʻʜʥʘʥʥʶ. MPTCP ʤʦʞʝ ʜʦʩʠʪʴ ʝʬʝʢʪʠʚʥʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʨʝʩʫʨʩʠ 
ʩʤʫʛʠ ʧʨʦʧʫʩʢʘʥʥʷ ʜʣʷ ʧʽʜʚʠʱʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʧʝʨʝʜʘʯʽ. ʊʘʢʦʞ ʮʷ 
ʪʝʭʥʦʣʦʛʽʷ ʟʘʙʝʟʧʝʯʫʻ ʩʪʽʡʢʽʩʪʴ ʦʨʛʘʥʽʟʦʚʘʥʦʛʦ ʪʘʢʠʤ ʯʠʥʦʤ ʢʘʥʘʣʫ ʟʚôʷʟʢʫ 
ʟʘʚʜʷʢʠ ʙʘʛʘʪʦʢʘʥʘʣʴʥʽʡ ʧʝʨʝʜʘʯʽ ʜʘʥʠʭ. ʋ ʜʦʜʘʪʢʘʭ ʪʘ ʨʽʰʝʥʥʷʭ, ʜʝ ʚʘʞʣʠʚʘ 
ʰʚʠʜʢʽʩʪʴ ʧʝʨʝʜʘʯʽ ʜʘʥʠʭ ʪʘ ʥʘʜʽʡʥʽʩʪʴ, MPTCP ʤʦʞʝ ʙʫʪʠ ʥʘʡʙʽʣʴʰ 
ʧʝʨʩʧʝʢʪʠʚʥʠʤ ʧʽʜʭʦʜʦʤ ʜʦ ʚʠʨʽʰʝʥʥʷ ʮʠʭ ʧʨʦʙʣʝʤ ʫ ʚʠʧʘʜʢʫ, ʢʦʣʠ ʽʥʰʽ 
ʤʝʪʦʜʠ ʻ ʥʝʜʦʩʪʫʧʥʠʤʠ. 

MPTCP ʨʦʟʨʦʙʣʝʥʦ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʪʘʢʠʭ ʤʦʤʝʥʪʽʚ: ʧʽʜʚʠʱʝʥʥʷ 
ʧʨʦʧʫʩʢʥʦʾ ʩʧʨʦʤʦʞʥʦʩʪʽ; ʥʝ ʩʪʚʦʨʝʥʥʷ ʥʝʛʘʪʠʚʥʦʛʦ ʚʧʣʠʚʫ ʥʘ ʟʚʠʯʘʡʥʠʡ 
TCP; ʙʘʣʘʥʩʫʚʘʥʥʷ ʥʘʚʘʥʪʘʞʝʥʥʷ ʽ ʧʽʜʚʠʱʝʥʥʷ ʚʽʜʤʦʚʦʩʪʽʡʢʦʩʪʽ ʟʘ ʨʘʭʫʥʦʢ 
ʟʤʽʱʝʥʥʷ ʧʦʪʦʢʽʚ ʟ ʧʝʨʝʚʘʥʪʘʞʝʥʦʛʦ, ʘʙʦ ʥʝʩʧʨʘʚʥʦʛʦ ʰʣʷʭʫ, ʥʘ ʥʘʡʤʝʥʰʠʡ 
ʧʝʨʝʚʘʥʪʘʞʝʥʠʡ ʰʣʷʭ. 

ɿʘʩʪʦʩʫʚʘʥʥʶ  MPTCP ʜʣʷ ʦʨʛʘʥʽʟʘʮʽʾ ʟʚôʷʟʢʫ ʚ ʨʫʭʦʤʠʭ ʟʘʩʦʙʘʭ 
ʧʨʠʩʚʷʯʝʥʦ ʚʝʣʠʢʫ ʢʽʣʴʢʽʩʪʴ ʜʦʩʣʽʜʞʝʥʴ, ʧʨʠ ʮʴʦʤʫ ʚʝʣʠʢʘ ʫʚʘʛʘ 
ʧʨʠʩʚʷʯʫʻʪʴʩʷ ʩʘʤʝ ʘʚʪʦʤʦʙʽʣʴʥʠʤ ʤʝʨʝʞʘʤ. ɺʽʜʟʥʘʯʘʻʪʴʩʷ, ʱʦ ʚʠʙʽʨ 
ʧʨʘʚʠʣʴʥʠʭ ʰʣʷʭʽʚ ʧʝʨʝʜʘʯʽ  ʜʫʞʝ ʚʘʞʣʠʚʠʡ. ɼʦʩʣʽʜʞʝʥʥʷ ʱʦʜʦ 
ʙʘʛʘʪʦʰʣʷʭʦʚʦʾ ʤʘʨʰʨʫʪʠʟʘʮʽʾ [6]  ʧʨʦʚʦʜʠʣʠʩʷ ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ 
ʝʬʝʢʪʠʚʥʦʩʪʽ ʽ ʥʘʜʽʡʥʦʩʪʽ ʰʣʷʭʽʚ ʧʝʨʝʜʘʯʽ. ɿʘʢʦʨʜʦʥʥʽ ʜʦʩʣʽʜʥʠʢʠ ʪʘʢʦʞ 
ʧʨʦʚʦʜʷʪʴ ʜʦʩʣʽʜʞʝʥʥʷ, ʚʽʜʥʦʩʥʦ ʟʘʩʪʦʩʦʚʘʥʥʷ MPTCP ʪʝʭʥʦʣʦʛʽʡ ʚ 
ʙʝʟʧʽʣʦʪʥʠʭ ʣʽʪʘʣʴʥʠʭ ʘʧʘʨʘʪʘʭ. ɺ ʨʦʙʦʪʽ [7] ʙʫʣʦ ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʙʝʟʧʽʣʦʪʥʫ 
ʣʽʪʘʣʴʥʫ ʩʠʩʪʝʤʫ, ʷʢʘ ʚʠʢʦʨʠʩʪʦʚʫʻ ʢʽʣʴʢʘ ʚʟʘʻʤʦʜʽʶʯʠʭ ɹʇʃɸ. 

MPTCP ʤʘʻ ʜʚʘ ʚʘʞʣʠʚʽ ʤʝʭʘʥʽʟʤʠ ʢʝʨʫʚʘʥʥʷ ʧʦʪʦʢʦʤ, ʘ ʩʘʤʝ ʢʦʥʪʨʦʣʴ 
ʧʝʨʝʚʘʥʪʘʞʝʥʥʷ ʽ ʧʣʘʥʫʚʘʣʴʥʠʢ ʧʘʢʝʪʽʚ. ʂʦʥʪʨʦʣʴ ʧʝʨʝʚʘʥʪʘʞʝʥʥʷ 
ʚʽʜʧʦʚʽʜʘʻ ʟʘ ʢʦʥʪʨʦʣʴ ʚʠʢʣʠʢʘʥʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ ʥʘ ʤʝʨʝʞʫ ʱʦʙ ʫʥʠʢʥʫʪʠ 
ʧʝʨʝʚʘʥʪʘʞʝʥʥʷ ʤʝʨʝʞʽ. ʊʨʘʜʠʮʽʡʥʠʡ TCP ʟ ʦʜʥʠʤ ʤʘʨʰʨʫʪʦʤ ʚʠʢʦʨʠʩʪʦʚʫʻ 
ʘʣʛʦʨʠʪʤ ʫʥʠʢʥʝʥʥʷ ʧʝʨʝʚʘʥʪʘʞʝʥʴ, ʷʢʠʡ ʚʢʣʶʯʘʻ ʩʭʝʤʫ ʧʦʚʽʣʴʥʦʛʦ ʟʘʧʫʩʢʫ 
ʪʘ ʩʭʝʤʫ ʘʜʠʪʠʚʥʦʛʦ ʟʙʽʣʴʰʝʥʥʷ/ʤʫʣʴʪʠʧʣʽʢʘʪʠʚʥʦʛʦ ʟʤʝʥʰʝʥʥʷ (AIMD ð 
additive increase/multiplicative decrease).  

ʄʝʭʘʥʽʟʤ ʢʦʥʪʨʦʣʶ ʧʝʨʝʚʘʥʪʘʞʝʥʥʷ MPTCP ʙʫʚ ʨʦʟʨʦʙʣʝʥʠʡ ʽ 
ʩʪʘʥʜʘʨʪʠʟʦʚʘʥʠʡ [8]. ɿ ʽʥʰʦʛʦ ʙʦʢʫ, ʧʣʘʥʫʚʘʣʴʥʠʢ ʚʽʜʧʦʚʽʜʘʻ ʟʘ 
ʨʦʟʧʦʚʩʶʜʞʝʥʥʷ ʜʘʥʠʭ ʢʽʣʴʢʦʤʘ ʰʣʷʭʘʤʠ. ʅʘʣʝʞʥʠʡ ʧʣʘʥʫʚʘʣʴʥʠʢ ʤʦʞʝ 
ʧʦʢʨʘʱʠʪʠ ʭʦʨʦʰʫ ʧʨʦʧʫʩʢʥʫ ʟʜʘʪʥʽʩʪʴ (ʧʨʦʧʫʩʢʥʘ ʟʜʘʪʥʽʩʪʴ ʥʘ ʨʽʚʥʽ 
ʧʨʦʛʨʘʤʠ), ʘʙʦ ʟʘʙʝʟʧʝʯʠʪʠ ʚʠʩʦʢʫ ʥʘʜʽʡʥʽʩʪʴ ʧʝʨʝʜʘʯʽ ʽʥʬʦʨʤʘʮʽʾ ʥʘʚʽʪʴ ʚ 
ʫʤʦʚʘʭ ʚʧʣʠʚʫ ʥʘ ʢʘʥʘʣ ʥʘʚʤʠʩʥʠʭ ʟʘʚʘʜ. ʆʜʥʘʢ, ʥʘ ʚʽʜʤʽʥʫ ʚʽʜ ʢʦʥʪʨʦʣʶ 
ʧʝʨʝʚʘʥʪʘʞʝʥʥʷ MPTCP, ʧʣʘʥʫʚʘʣʴʥʠʢ ʱʝ ʥʝ ʩʪʘʥʜʘʨʪʠʟʦʚʘʥʠʡ. ʅʘʡʙʽʣʴʰ 
ʯʘʩʪʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʥʠʤʠ ʧʣʘʥʫʚʘʣʴʥʠʢʘʤʠ ʻ ʮʠʢʣʽʯʥʠʡ ʧʣʘʥʫʚʘʣʴʥʠʢ (RR - 
round robin) ʽ ʥʘʡʢʦʨʦʪʰʠʡ ʟʛʣʘʜʞʝʥʠʡ (RTT -Round Trip Time), ʯʠ (SRTT - 
Shortest Smoothed RTT). ʇʣʘʥʫʚʘʣʴʥʠʢ ʨʝʘʣʽʟʘʮʽʾ MPTCP ʷʜʨʘ Linux [9] 
ʙʘʟʫʻʪʴʩʷ ʥʘ SRTT. ʆʩʪʘʥʥʽʤʠ ʨʦʢʘʤʠ ʙʫʣʦ ʧʨʦʚʝʜʝʥʦ ʙʘʛʘʪʦ ʜʦʩʣʽʜʞʝʥʴ 
ʱʦʜʦ ʢʦʥʪʨʦʣʶ ʧʝʨʝʚʘʥʪʘʞʝʥʴ ʽ ʧʣʘʥʫʚʘʣʴʥʠʢʘ MPTCP, ʻ ʪʘʢʦʞ ʜʝʷʢʽ 
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ʜʦʩʣʽʜʞʝʥʥʷ, ʷʢʽ ʧʦʻʜʥʫʶʪʴ ʢʦʥʪʨʦʣʴ ʧʝʨʝʚʘʥʪʘʞʝʥʥʷ MPTCP ʽ 
ʧʣʘʥʫʚʘʣʴʥʠʢ ʨʘʟʦʤ ʜʣʷ ʧʦʢʨʘʱʝʥʥʷ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ ʪʘ ʷʢʦʩʪʽ ʧʝʨʝʜʘʯʽ.  

ɼʣʷ ʢʘʥʘʣʫ ʟʚôʷʟʢʫ ʪʘ ʫʧʨʘʚʣʽʥʥʷ ɹʇʃɸ, ʷʢʠʡ ʨʝʘʣʽʟʫʻʪʴʩʷ ʥʘ ʙʘʟʽ ʜʚʦʭ 
ʤʦʜʫʣʽʚ WiFi ʜʣʷ ʜʽʘʧʘʟʦʥʽʚ ʯʘʩʪʦʪ 2,4 ʪʘ 5 ɻɻʮ, ʱʦ ʧʨʘʮʶʶʪʴ ʧʽʜ 
ʫʧʨʘʚʣʽʥʥʷʤ ʦʧʝʨʘʮʽʡʥʦʾ ʩʠʩʪʝʤʠ ʥʘ ʙʘʟʽ Linux ʦʜʠʥ ʟ ʚʘʨʽʘʥʪʽʚ  MPTCP 
ʤʦʞʝ ʙʫʪʠ ʨʝʘʣʽʟʦʚʘʥʠʡ ʷʢ ʚ ʨʦʟʨʦʙʣʝʥʠʡ ʚ ʚʽʜʢʨʠʪʦʤʫ ʧʨʦʝʢʪʽ [10].  

ʇʨʦʮʝʩ ʩʪʚʦʨʝʥʥʷ ʪʘ ʨʝʘʣʽʟʘʮʽʾ MPTCP ʙʫʣʦ ʧʝʨʝʚʽʨʝʥʦ ʪʘ ʨʝʘʣʽʟʦʚʘʥʦ ʚ 
ʣʘʙʦʨʘʪʦʨʥʠʭ ʫʤʦʚʘʭ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʪʝʩʪʦʚʦʛʦ ʩʪʝʥʜʫ. ɼʣʷ ʧʝʨʝʚʽʨʢʠ ʙʫʣʦ  
ʚʩʪʘʥʦʚʣʝʥʦ ʚʽʜʧʦʚʽʜʥʫ ʚʝʨʩʽʾ  Linux, ʷʢʘ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʚ ʷʢʦʩʪʽ 
Embedded Linux, ʚʝʨʩʽʶ MultiPath TCP. ɺʩʪʘʥʦʚʣʝʥʘ ʚʝʨʩʽʷ Linux ʚʽʜʧʦʚʽʜʘʣʘ 
ʪʘʢʦʞ ʚʝʨʩʽʾ ʜʣʷ Raspberry PI, ʷʢʘ ʜʫʞʝ ʯʘʩʪʦ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʚ 
ʤʘʣʦʛʘʙʘʨʠʪʥʠʭ ɹʇʃɸ. ɺ ʷʢʦʩʪʽ ʨʦʙʦʯʦʾ ʩʪʘʥʮʽʾ ʚ ʩʪʝʥʜʽ ʙʫʣʦ ʚʠʢʦʨʠʩʪʘʥʦ 
ʥʦʫʪʙʫʢ, ʚ ʷʢʦʤʫ ʙʫʣʦ ʚʩʪʘʥʦʚʣʝʥʦ ʜʚʘ ʤʦʜʫʣʽ WiFi ʜʣʷ ʜʽʘʧʘʟʦʥʽʚ ʯʘʩʪʦʪ 2,4 
ʪʘ 5 ɻɻʮ. 
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USING  RF SYSTEM-ON-CHIP IN THE DEVELOPMENT OF SDR SYSTEMS  

  

The concept of SDR and the three primary architectures for implementing SDR has 

considered. The RFSoC devices are able to perform many of required functions in MIMO 

systems, beamforming, radio standards for mobile networks. 
 

ʇʨʦʛʨʘʤʥʦ ʚʠʟʥʘʯʝʥʽ ʨʘʜʽʦʩʠʩʪʝʤʠ (SDR) - ʮʝ ʩʠʩʪʝʤʠ ʨʘʜʽʦʟʚ'ʷʟʢʫ, ʜʝ 

ʢʦʤʧʦʥʝʥʪʠ, ʷʢʽ ʪʨʘʜʠʮʽʡʥʦ ʚʧʨʦʚʘʜʞʫʶʪʴʩʷ ʚ ʘʧʘʨʘʪʥʝ ʟʘʙʝʟʧʝʯʝʥʥʷ 

(ʟʤʽʰʫʚʘʯʽ, ʬʽʣʴʪʨʠ, ʧʽʜʩʠʣʶʚʘʯʽ, ʤʦʜʫʣʷʪʦʨʠ / ʜʝʤʦʜʫʣʷʪʦʨʠ, ʜʝʪʝʢʪʦʨʠ 

ʪʦʱʦ), ʟʘʤʽʩʪʴ ʮʴʦʛʦ ʨʝʘʣʽʟʫʶʪʴʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʧʨʦʛʨʘʤʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ 

ʥʘ ʧʝʨʩʦʥʘʣʴʥʦʤʫ ʢʦʤʧ'ʶʪʝʨʽ ʘʙʦ ʟʘ ʜʦʧʦʤʦʛʦʶ ʚʙʫʜʦʚʘʥʠʭ ʩʠʩʪʝʤ, ʚ ʷʢʠʭ 

ʦʙʯʠʩʣʶʚʘʣʴʥʽ ʝʣʝʤʝʥʪʠ  ʧʦʙʫʜʦʚʘʥʽ ʥʘ ʩʫʯʘʩʥʠʭ ʧʨʠʩʪʨʦʷʭ ʦʙʨʦʙʢʠ 

ʩʠʛʥʘʣʽʚ, ʪʘʢʠʭ ʷʢ ʧʨʦʮʝʩʦʨʠ ʟʘʛʘʣʴʥʦʛʦ ʧʨʠʟʥʘʯʝʥʥʷ (GPP), ʮʠʬʨʦʚʽ 

ʩʠʛʥʘʣʴʥʽ ʧʨʦʮʝʩʦʨʠ (DSP), ʧʨʦʛʨʘʤʦʚʘʥʽ ʣʦʛʽʯʥʽ ʽʥʪʝʛʨʘʣʴʥʽ ʩʭʝʤʠ (FPGA), 

ʩʠʩʪʝʤʠ-ʥʘ-ʢʨʠʩʪʘʣʽ (SoC) ʪʘ ʽʥ.[1] 

ʆʩʥʦʚʥʘ ʽʜʝʷ ʚʠʢʦʨʠʩʪʘʥʥʷ ʧʨʠʩʪʨʦʾʚ SDR ʧʦʣʷʛʘʻ ʚ ʪʦʤʫ, ʱʦ ʦʜʥʠʤ 

ʘʙʦ ʜʝʢʽʣʴʢʦʤʘ ʘʩʧʝʢʪʘʤʠ ʬʫʥʢʮʽʦʥʘʣʴʥʦʩʪʽ ʨʘʜʽʦʧʨʠʩʪʨʦʶ ʤʦʞʥʘ ʢʝʨʫʚʘʪʠ 

ʟʘ ʜʦʧʦʤʦʛʦʶ ʧʨʦʛʨʘʤʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ. 

ʉʦɹʛʦʜʥʽ ʥʝ ʽʩʥʫʻ ʻʜʠʥʦʾ ʦʩʪʘʪʦʯʥʦʾ ʘʨʭʽʪʝʢʪʫʨʠ ʜʣʷ SDR. ɼʣʷ 

ʩʪʚʦʨʝʥʥʷ ʩʠʩʪʝʤ SDR ʤʦʞʥʘ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʢʽʣʴʢʘ ʨʽʟʥʠʭ ʚʘʨʽʘʥʪʽʚ 

ʧʦʙʫʜʦʚʠ ʧʨʠʩʪʨʦʾʚ, ʜʝʷʢʽ ʟ ʥʠʭ ʥʘʚʝʜʝʥʦ ʥʘ ʨʠʩ 1 (ʘ ï ʨʝʘʣʽʟʘʮʽʷ ʥʘ ʪʨʴʦʭ 

ʧʨʠʩʪʨʦʷʭ, ʙ ï ʥʘ ʜʚʦʭ, ʚ ï ʦʜʥʦʯʽʧʦʚʘ ʨʝʘʣʽʟʘʮʽʷ). 

ʆʩʥʦʚʥʠʤʠ ʘʧʘʨʘʪʥʠʤʠ ʝʣʝʤʝʥʪʘʤʠ SDR ʻ: 

Å ɸʥʪʝʥʘ(ʠ) 

Å ʌʨʦʥʪʝʥʜ, ʱʦ ʚʠʢʦʥʫʻ ʬʫʥʢʮʽʾ ʬʦʨʤʫʚʘʥʥʷ ʩʠʛʥʘʣʫ, (ʚʢʣʶʯʘʶʯʠ 

ʧʽʜʩʠʣʶʚʘʯʽ ʪʘ ʬʽʣʴʪʨʠ), ʘʥʘʣʦʛʦʚʦʛʦ ʟʤʽʰʫʚʘʥʥʷ ʪʘ ʧʝʨʝʪʚʦʨʝʥʥʷ ʜʘʥʠʭ ʭʘ 

ʜʦʧʦʤʦʛʦʶ ɸʎʇ ʪʘ ʎɸʇ) 

Å ʇʣʘʪʬʦʨʤʘ(ʠ) ʦʙʨʦʙʢʠ 

ɺʠʙʽʨ ʘʧʘʨʘʪʥʠʭ ʢʦʤʧʦʥʝʥʪʽʚ ʫ SDR ʟʘʟʚʠʯʘʡ ʟʘʣʝʞʠʪʴ ʚʽʜ 

ʬʫʥʢʮʽʦʥʘʣʴʥʠʭ ʢʨʠʪʝʨʽʾʚ (ʪʘʢʠʭ ʧʘʨʘʤʝʪʨʽʚ, ʷʢ ʥʝʩʫʯʘ ʨʘʜʽʦʯʘʩʪʦʪʘ, 

ʰʚʠʜʢʦʩʪʽ ʧʝʨʝʜʘʯʽ ʜʘʥʠʭ ʽ ʧʘʨʘʤʝʪʨʽʚ, ʱʦ ʚʠʪʽʢʘʶʪʴ ʟ ʥʠʭ), ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ 

ʪʘ ʦʙʤʝʞʝʥʴ ʱʦʜʦ ʚʘʨʪʦʩʪʽ. 

ɯʥʰʠʤ ʚʘʞʣʠʚʠʤ ʬʘʢʪʦʨʦʤ ʻ ʢʽʣʴʢʽʩʪʴ ʧʽʜʪʨʠʤʫʚʘʥʠʭ ʨʘʜʽʦʢʘʥʘʣʽʚ 

ʧʝʨʝʜʘʯʽ ʪʘ ʧʨʠʡʦʤʫ. 

ʍʦʯʘ ʤʦʞʣʠʚʦ ʨʝʘʣʽʟʫʚʘʪʠ SDR, ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ ʦʢʨʝʤʽ ʢʦʤʧʦʥʝʥʪʠ 

ʜʣʷ ʨʝʘʣʽʟʘʮʽʾ ʢʦʞʥʦʛʦ ʟ ʧʝʨʝʨʘʭʦʚʘʥʠʭ ʚʠʱʝ ʝʣʝʤʝʥʪʽʚ, ʚʩʝ ʯʘʩʪʽʰʝ 
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ʟôʷʚʣʷʶʪʴʩʷ ʽʥʪʝʛʨʦʚʘʥʽ ʧʨʦʜʫʢʪʠ, ʷʢʽ ʧʦʻʜʥʫʶʪʴ ʜʝʷʢʽ ʟ ʚʠʱʝʟʘʟʥʘʯʝʥʠʭ 

ʬʫʥʢʮʽʡ.  

 

 
ʈʠʩʫʥʦʢ 1. ɺʘʨʽʘʥʪʠ ʧʦʙʫʜʦʚʠ ʧʨʠʩʪʨʦʾʚ SDR. 

 

ʆʜʥʠʤ ʟ ʪʘʢʠʭ ʚʠʩʦʢʦʽʥʪʝʛʨʦʚʘʥʠʭ ʧʨʦʜʫʢʪʽʚ ʻ ʥʦʚʽʪʥʽ ʘʧʘʨʘʪʥʽ 

ʧʣʘʪʬʦʨʤʠ ï ʩʠʩʪʝʤʠ ʥʘ ʢʨʠʩʪʘʣʽ ʜʣʷ ʨʘʜʽʦʯʘʩʪʦʪʥʠʭ ʟʘʩʪʦʩʫʚʘʥʴ  - RFSoC, 

ʷʢʽ  ʧʦʻʜʥʫʶʪʴ ʚ ʩʦʙʽ ʢʦʥʚʝʨʪʝʨʠ ʜʘʥʠʭ ʽʟ ʧʣʘʪʬʦʨʤʦʶ ʦʙʨʦʙʢʠ. 

ɹʽʣʴʰʽʩʪʴ ʧʨʠʩʪʨʦʾʚ RFSoC ʧʽʜʪʨʠʤʫʶʪʴ ʜʦ 16 ʢʘʥʘʣʽʚ ʧʝʨʝʜʘʯʽ ʪʘ 

ʧʨʠʡʦʤʫ. ɯʥʪʝʛʨʘʮʽʷ ʪʘʢʦʾ ʚʝʣʠʢʦʾ ʢʽʣʴʢʦʩʪʽ ʢʘʥʘʣʽʚ ʥʘ ʦʜʥʦʤʫ ʯʽʧʽ ʻ 

ʧʦʪʫʞʥʠʤ ʟʘʩʦʙʦʤ ʜʣʷ ʧʦʙʫʜʦʚʠ ʨʽʟʥʦʤʘʥʽʪʥʠʭ ʨʘʜʽʦʩʠʩʪʝʤ. ɹʘʛʘʪʦʢʘʥʘʣʴʥʽ 

ʤʦʞʣʠʚʦʩʪʽ RFSoC ʤʦʞʥʘ ʚʠʢʦʨʠʩʪʘʪʠ ʜʣʷ ʨʝʘʣʽʟʘʮʽʾ: ʩʠʩʪʝʤ ʽʟ ʢʽʣʴʢʦʤʘ 

ʚʭʦʜʘʤʠ ʪʘ ʢʽʣʴʢʦʤʘ ʚʠʭʦʜʘʤʠ (MIMO), ʬʦʨʤʫʚʘʥʥʷ ʧʨʦʤʝʥʶ ʪʘ 

ʨʘʜʽʦʩʠʩʪʝʤ, ʷʢʽ ʧʽʜʪʨʠʤʫʶʪʴ ʢʽʣʴʢʘ ʨʽʟʥʠʭ ʩʪʘʥʜʘʨʪʽʚ ʦʜʥʦʯʘʩʥʦ. 

MIMO ð ʮʝ ʪʝʭʥʽʢʘ ʙʝʟʜʨʦʪʦʚʦʛʦ ʟʚôʷʟʢʫ, ʷʢʘ ʧʦʰʠʨʶʻʪʴʩʷ ʥʘ 

ʢʦʥʬʽʛʫʨʘʮʽʶ Single Input Single Output (SISO), ʪʦʙʪʦ ʦʜʠʥ ʧʝʨʝʜʘʚʘʯ ʽ 

ʧʨʠʡʤʘʯ, ʟʘʤʽʩʪʴ ʮʴʦʛʦ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʢʽʣʴʢʘ ʧʝʨʝʜʘʚʘʯʽʚ ʽ ʧʨʠʡʤʘʯʽʚ. 

ʊʝʭʥʽʢʘ MIMO ʚʠʢʦʨʠʩʪʦʚʫʻ ʧʨʦʩʪʦʨʦʚʝ ʨʦʟʥʝʩʝʥʥʷ, ʦʩʢʽʣʴʢʠ ʢʦʞʥʘ ʟ 

ʧʝʨʝʜʘʚʘʣʴʥʠʭ ʪʘ ʧʨʠʡʤʘʣʴʥʠʭ ʘʥʪʝʥ ʟʘʡʤʘʻ ʨʽʟʥʝ ʧʦʣʦʞʝʥʥʷ ʚ ʧʨʦʩʪʦʨʽ, ʽ 

ʪʦʤʫ ʢʦʤʧʦʥʝʥʪʠ ʩʠʛʥʘʣʫ ʧʨʦʭʦʜʷʪʴ ʨʽʟʥʽ ʬʽʟʠʯʥʽ ʰʣʷʭʠ ʯʝʨʝʟ ʨʘʜʽʦʢʘʥʘʣ. 

ʅʘʙʦʨʠ ʧʝʨʝʜʘʚʘʣʴʥʠʭ ʽ ʧʨʠʡʤʘʣʴʥʠʭ ʘʥʪʝʥ ʟʘʟʚʠʯʘʡ ʨʦʟʪʘʰʦʚʫʶʪʴʩʷ ʚ 

ʣʽʥʽʡʥʠʭ ʘʙʦ ʜʚʦʚʠʤʽʨʥʠʭ ʤʘʩʠʚʘʭ, ʧʨʠ ʮʴʦʤʫ ʥʘʡʧʨʦʩʪʽʰʽ ʩʠʩʪʝʤʠ MIMO 

ʚʢʣʶʯʘʶʪʴ ʜʚʘ ʧʝʨʝʜʘʚʘʯʘ ʽ ʜʚʘ ʧʨʠʡʤʘʯʘ. ɯʩʥʫʻ ʢʦʥʮʝʧʮʽʷ çMassive MIMOè, 

ʷʢʘ ʚʠʢʦʨʠʩʪʦʚʫʻ ʟʥʘʯʥʦ ʙʽʣʴʰʝ ʘʥʪʝʥ. ʉʠʩʪʝʤʠ Massive MIMO ʤʦʞʫʪʴ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʜʦ  64 ʘʥʪʝʥ [2].  

ʏʠʤ ʙʽʣʴʰʘ ʢʽʣʴʢʽʩʪʴ ʘʥʪʝʥ, ʪʠʤ ʙʽʣʴʰʠʡ ʧʦʪʝʥʮʽʘʣ ʜʣʷ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʧʨʦʩʪʦʨʦʚʦʛʦ ʨʦʟʥʝʩʝʥʥʷ ʪʘ, ʪʘʢʠʤ ʯʠʥʦʤ, ʧʦʢʨʘʱʝʥʥʷ ʧʨʦʧʫʩʢʥʦʾ ʟʜʘʪʥʦʩʪʽ 

ʯʝʨʝʟ ʙʝʟʜʨʦʪʦʚʝ ʟôʻʜʥʘʥʥʷ. 

ʌʦʨʤʫʚʘʥʥʷ ʧʨʦʤʝʥʶ ʻ ʱʝ ʦʜʥʠʤ ʧʨʠʢʣʘʜʦʤ ʩʠʩʪʝʤʠ, ʜʝ ʧʦʪʨʽʙʥʦ 
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ʢʽʣʴʢʘ ʘʥʪʝʥ. ʎʶ ʪʝʭʥʽʢʫ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʥʘ ʧʝʨʝʜʘʚʘʯʽ, ʱʦʙ ʝʣʝʢʪʨʦʥʥʦ 

ʢʝʨʫʚʘʪʠ ʥʘʧʨʷʤʢʦʤ ʚʠʧʨʦʤʽʥʶʚʘʥʦʾ ʝʥʝʨʛʽʾ, ʽ ʥʘ ʧʨʠʡʤʘʯʽ, ʱʦʙ ʝʣʝʢʪʨʦʥʥʦ 

ʢʝʨʫʚʘʪʠ ʯʫʪʣʠʚʽʩʪʶ ʚ ʙʘʞʘʥʦʤʫ ʥʘʧʨʷʤʢʫ. ʊʘʢʦʞ ʤʦʞʥʘ ʛʝʥʝʨʫʚʘʪʠ çʥʫʣʽè 

ʚ ʧʝʚʥʠʭ ʥʘʧʨʷʤʢʘʭ  ʷʢ ʟʘʩʽʙ ʧʦʤôʷʢʰʝʥʥʷ ʚʧʣʠʚʫ ʧʝʨʝʰʢʦʜ.  

ʆʜʥʘ ʟ ʛʦʣʦʚʥʠʭ ʧʝʨʝʚʘʛ ʫ ʮʴʦʤʫ ʢʦʥʪʝʢʩʪʽ ʧʦʣʷʛʘʻ ʚ ʪʦʤʫ, ʱʦ 

ʥʘʧʨʷʤʦʢ ʧʨʦʤʝʥʶ ʤʦʞʥʘ ʜʠʥʘʤʽʯʥʦ ʟʤʽʥʶʚʘʪʠ ʟʘ ʜʦʧʦʤʦʛʦʶ ʘʣʛʦʨʠʪʤʽʚ 

ʮʠʬʨʦʚʦʾ ʦʙʨʦʙʢʠ ʙʝʟ ʙʫʜʴ-ʷʢʦʾ ʥʝʦʙʭʽʜʥʦʩʪʽ ʬʽʟʠʯʥʦ ʧʝʨʝʤʽʱʫʚʘʪʠ ʘʥʪʝʥʠ. 

ʇʦʜʽʙʥʦ ʜʦ MIMO, ʘʥʪʝʥʠ ʤʦʞʥʘ ʨʦʟʪʘʰʦʚʫʚʘʪʠ ʚ ʨʽʟʥʠʭ ʢʦʥʬʽʛʫʨʘʮʽʷʭ ʫ 

ʬʽʟʠʯʥʦʤʫ ʧʨʦʩʪʦʨʽ, ʽ ʙʽʣʴʰʘ ʢʽʣʴʢʽʩʪʴ ʘʥʪʝʥ ʧʝʨʝʜʙʘʯʘʻ ʙʽʣʴʰʫ ʪʦʯʥʽʩʪʴ 

ʢʝʨʫʚʘʥʥʷ ʧʽʜ ʯʘʩ ʢʝʨʫʚʘʥʥʷ ʧʨʦʤʝʥʝʤ. ʌʦʨʤʫʚʘʥʥʷ ʧʨʦʤʝʥʶ ʪʘ MIMO 

ʪʘʢʦʞ ʤʦʞʥʘ ʢʦʤʙʽʥʫʚʘʪʠ, ʱʦʙ ʥʘʧʨʘʚʣʷʪʠ ʧʨʦʤʝʥʽ ʥʘ ʢʦʥʢʨʝʪʥʠʭ ʘʙʦʥʝʥʪʽʚ 

ʫ ʪʨʠʚʠʤʽʨʥʦʤʫ ʧʨʦʩʪʦʨʽ [3]. ʎʷ ʪʝʭʥʽʢʘ ʟʙʽʣʴʰʫʻ ʧʨʦʧʫʩʢʥʫ ʟʜʘʪʥʽʩʪʴ 

ʩʪʽʣʴʥʠʢʦʚʠʭ ʤʝʨʝʞ ʰʣʷʭʦʤ ʧʨʦʩʪʦʨʦʚʦʛʦ ʧʦʚʪʦʨʥʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʜʦʩʪʫʧʥʦʛʦ ʨʘʜʽʦʨʝʩʫʨʩʫ. 

ʗʢ ʜʣʷ ʜʦʜʘʪʢʽʚ MIMO, ʪʘʢ ʽ ʜʣʷ ʧʨʦʛʨʘʤ ʬʦʨʤʫʚʘʥʥʷ ʧʨʦʤʝʥʶ 

ʚʘʞʣʠʚʦ, ʱʦʙ ʢʘʥʘʣʠ ʙʫʣʠ ʩʠʥʭʨʦʥʽʟʦʚʘʥʽ ʟ ʦʜʥʘʢʦʚʠʤ ʦʧʦʨʥʠʤ ʯʘʩʦʤ ʽ 

ʯʘʩʪʦʪʦʶ. ʋ RFSoC ʮʝ ʧʽʜʪʨʠʤʫʻʪʴʩʷ ʬʫʥʢʮʽʻʶ Multi-Tile Synchronization, 

ʷʢʘ ʤʦʞʝ ʩʠʥʭʨʦʥʽʟʫʚʘʪʠ ʢʘʥʘʣʠ ʚ ʦʜʥʦʤʫ ʘʙʦ ʥʘ ʢʽʣʴʢʦʭ ʧʨʠʩʪʨʦʷʭ [4], [5]. 

ʂʨʽʤ ʩʠʩʪʝʤ ʟ ʜʝʢʽʣʴʢʦʤʘ ʘʥʪʝʥʘʤʠ, ʙʘʛʘʪʦʢʘʥʘʣʴʥʽ ʚʣʘʩʪʠʚʦʩʪʽ RFSoC 

ʪʘʢʦʞ ʤʦʞʥʘ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʜʣʷ ʧʽʜʪʨʠʤʢʠ ʢʽʣʴʢʦʭ ʨʽʟʥʠʭ ʨʘʜʽʦʩʪʘʥʜʘʨʪʽʚ 

ʥʘ ʦʜʥʦʤʫ ʯʽʧʽ. [6], [7]. ʎʝʡ ʧʽʜʭʽʜ ʤʦʞʥʘ ʧʦʨʽʚʥʷʪʠ ʟ ʙʽʣʴʰ ʩʢʣʘʜʥʦʶ 

ʟʘʛʘʣʴʥʦʶ ʩʠʩʪʝʤʦʶ ʘʙʦ ʥʘʚʽʪʴ ʨʝʘʣʽʟʘʮʽʻʶ, ʷʢʘ ʚʠʤʘʛʘʻ ʢʽʣʴʢʦʭ ʦʢʨʝʤʠʭ 

ʧʨʠʩʪʨʦʾʚ. 
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DRONE ID OPEN ARCHITECTURE AND  

REMOTE DRONE IDENTIFICATION PROTOCOL  

 

This paper reviews a selection of open source projects used in drones, reviews open source 

systems for flight surveillance, including unmanned traffic management (UTM), flight control, 

flight safety and authorization, and mainly remote identification. 

 

ɿʘʛʘʣʴʥʦʚʽʜʦʤʦ, ʱʦ ʧʨʦʛʨʘʤʥʝ ʟʘʙʝʟʧʝʯʝʥʥʷ (ʇɿ) ʟ ʚʽʜʢʨʠʪʠʤ ʚʠʭʽʜʥʠʤ 

ʢʦʜʦʤ ʦʟʥʘʯʘʻ ʇɿ, ʚʠʭʽʜʥʠʡ ʢʦʜ ʷʢʦʛʦ ʻ ʟʘʛʘʣʴʥʦʜʦʩʪʫʧʥʠʤ. ʎʝ ʜʦʟʚʦʣʷʻ 

ʧʝʨʝʚʽʨʷʪʠ, ʤʦʜʠʬʽʢʫʚʘʪʠ ʪʘ ʧʦʢʨʘʱʫʚʘʪʠ ʧʨʦʛʨʘʤʥʝ ʟʘʙʝʟʧʝʯʝʥʥʷ. 

ʇʨʦʛʨʘʤʥʝ ʟʘʙʝʟʧʝʯʝʥʥʷ ʟ ʚʽʜʢʨʠʪʠʤ ʚʠʭʽʜʥʠʤ ʢʦʜʦʤ ʟʘʟʚʠʯʘʡ ʨʝʛʫʣʶʻʪʴʩʷ 

ʫʤʦʚʘʤʠ ʣʽʮʝʥʟʫʚʘʥʥʷ. ʇʦʜʽʙʥʠʤ ʯʠʥʦʤ ʘʧʘʨʘʪʥʝ ʟʘʙʝʟʧʝʯʝʥʥʷ/ʚʠʢʦʥʘʥʥʷ ʟ 

ʚʽʜʢʨʠʪʠʤ ʚʠʭʽʜʥʠʤ ʢʦʜʦʤ ʧʨʝʜʩʪʘʚʣʷʻ ʩʦʙʦʶ ʘʧʘʨʘʪʥʝ ʟʘʙʝʟʧʝʯʝʥʥʷ, 

ʜʠʟʘʡʥ/ʢʦʥʩʪʨʫʢʪʠʚ ʷʢʦʛʦ ʻ ʟʘʛʘʣʴʥʦʜʦʩʪʫʧʥʠʤ, ʱʦ ʜʦʟʚʦʣʷʻ ʥʘ ʦʩʥʦʚʽ ʮʴʦʛʦ 

ʜʠʟʘʡʥʫ ʚʠʚʯʘʪʠ, ʟʤʽʥʶʚʘʪʠ, ʨʦʟʧʦʚʩʶʜʞʫʚʘʪʠ ʪʘ ʩʪʚʦʨʶʚʘʪʠ ʥʦʚʝ ʘʧʘʨʘʪʥʝ 

ʟʘʙʝʟʧʝʯʝʥʥʷ. ɺʽʜʢʨʠʪʽ ʽʥʪʝʨʬʝʡʩʠ ʧʨʠʢʣʘʜʥʦʛʦ ʧʨʦʪʦʢʦʣʫ (API) ʜʦʟʚʦʣʷʶʪʴ 

ʚʣʘʩʥʦʤʫ ʧʨʦʛʨʘʤʥʦʤʫ ʟʘʙʝʟʧʝʯʝʥʥʶ ʩʧʽʣʢʫʚʘʪʠʩʷ ʟ ʽʥʰʠʤ ʧʨʦʛʨʘʤʥʠʤ 

ʟʘʙʝʟʧʝʯʝʥʥʷʤ ʙʝʟ ʜʦʩʪʫʧʫ ʜʦ ʚʠʭʽʜʥʦʛʦ ʢʦʜʫ [1]. 

ɹʝʟʧʽʣʦʪʥʽ ʣʽʪʘʣʴʥʽ ʘʧʘʨʘʪʠ (ɹʇʃɸ) ʤʘʶʪʴ ʨʦʟʚʠʥʝʥʫ ʩʠʩʪʝʤʫ 

ʧʨʦʛʨʘʤʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ ʟ ʚʽʜʢʨʠʪʠʤ ʢʦʜʦʤ. ʄʘʡʞʝ ʢʦʞʝʥ ʘʩʧʝʢʪ 

ʩʪʚʦʨʝʥʥʷ, ʧʦʣʴʦʪʫ ʪʘ ʥʘʚʽʛʘʮʽʾ ʜʨʦʥʘ (ʤʘʣʦʛʦ ɹʇʃɸ) ʤʦʞʥʘ ʨʝʘʣʽʟʫʚʘʪʠ ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʪʝʭʥʦʣʦʛʽʡ ʟ ʚʽʜʢʨʠʪʠʤ ʢʦʜʦʤ. 

ɼʨʦʥʠ ʤʦʞʫʪʴ ʙʫʪʠ ʦʨʛʘʥʽʟʦʚʘʥʽ ʟʘ ʽʻʨʘʨʭʽʻʶ ʨʽʚʥʽʚ ʟʚʝʨʭʫ ʚʥʠʟ: 

ʢʦʥʪʨʦʣʴ ʟʘ ʧʦʣʴʦʪʘʤʠ; ʢʝʨʫʚʘʥʥʷ ʪʘ ʢʦʥʪʨʦʣʴ ʟʘ ʜʨʦʥʦʤ; ʩʠʤʫʣʷʮʽʷ; 

ʦʧʝʨʘʮʽʡʥʘ ʩʠʩʪʝʤʘ; ʘʧʘʨʘʪʥʝ ʟʘʙʝʟʧʝʯʝʥʥʷ. 
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ʋʧʨʘʚʣʽʥʥʷ ʧʦʣʴʦʪʘʤʠ ʧʦʚôʷʟʘʥʝ ʟ ʫʧʨʘʚʣʽʥʥʷʤ ʪʨʘʬʽʢʦʤ, ʜʦʟʚʦʣʦʤ ʥʘ 

ʧʦʣʽʪ, ʧʽʜʪʚʝʨʜʞʝʥʥʷʤ ʙʝʟʧʝʢʠ ʪʘ ʜʠʩʪʘʥʮʽʡʥʦʶ ʽʜʝʥʪʠʬʽʢʘʮʽʻʶ. ʋʧʨʘʚʣʽʥʥʷ 

ʜʨʦʥʦʤ ʩʪʦʩʫʻʪʴʩʷ ʘʧʘʨʘʪʥʦʛʦ ʪʘ ʧʨʦʛʨʘʤʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ, ʱʦ 

ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʜʣʷ ʧʦʣʴʦʪʫ ʪʘ ʢʝʨʫʚʘʥʥʷ ʜʨʦʥʦʤ. ʉʠʤʫʣʷʮʽʷ ʜʨʦʥʫ 

ʩʪʦʩʫʻʪʴʩʷ ʚʩʽʭ ʘʩʧʝʢʪʽʚ ʡʦʛʦ ʧʦʣʴʦʪʫ ʪʘ ʤʦʞʝ ʚʢʣʶʯʘʪʠ ʘʩʧʝʢʪʠ ʢʝʨʫʚʘʥʥʷ 

ʪʨʘʻʢʪʦʨʽʻʶ, ʤʦʜʝʣʽ ʪʨʘʥʩʧʦʨʪʥʠʭ ʟʘʩʦʙʽʚ, ʬʽʟʠʯʥʽ ʤʦʜʝʣʽ, ʤʦʜʝʣʽ ʧʦʛʦʜʠ ʪʘ 

ʚʽʟʫʘʣʽʟʘʮʽʶ. ʑʦ ʩʪʦʩʫʻʪʴʩʷ ʙʝʟʧʨʦʚʦʜʦʚʦʾ ʤʝʨʝʞʽ ʜʨʦʥʫ, ʩʠʤʫʣʷʮʽʷ ʤʦʞʝ 

ʚʢʣʶʯʘʪʠ ʪʘʢʽ ʩʠʩʪʝʤʠ ʟʚôʷʟʢʫ, ʷʢ LTE, ʜʽʘʛʨʘʤʠ ʩʧʨʷʤʦʚʘʥʦʩʪʽ ʘʥʪʝʥ, ʤʦʜʝʣʽ 

ʢʘʥʘʣʽʚ ʽ ʚʪʨʘʪʠ ʥʘ ʰʣʷʭʫ. ɸʧʘʨʘʪʥʝ ʟʘʙʝʟʧʝʯʝʥʥʷ ʪʘ ʦʧʝʨʘʮʽʡʥʽ ʩʠʩʪʝʤʠ 

ʚʟʘʻʤʦʜʽʶʪʴ ʽʟ ʧʨʦʛʨʘʤʥʠʤ ʟʘʙʝʟʧʝʯʝʥʥʷʤ ʜʨʦʥʫ ʟ ʬʽʟʠʯʥʠʤ ɹʇʃɸ. ɼʣʷ 

ʫʧʨʘʚʣʽʥʥʷ ʜʨʦʥʽʚ, ʱʦ ʧʨʘʮʶʶʪʴ ʥʘ ʚʽʜʢʨʠʪʦʤʫ ʫʩʪʘʪʢʫʚʘʥʥʽ, ʙʫʣʦ 

ʨʦʟʨʦʙʣʝʥʦ ʩʧʝʮʽʘʣʽʟʦʚʘʥʽ ʦʧʝʨʘʮʽʡʥʽ ʩʠʩʪʝʤʠ ʟ ʚʽʜʢʨʠʪʠʤ ʚʠʭʽʜʥʠʤ ʢʦʜʦʤ. 

ɺ ʜʘʥʽʡ ʨʦʙʦʪʽ ʨʦʟʛʣʷʜʘʻʪʴʩʷ ʚʠʙʽʨʢʘ ʧʨʦʝʢʪʽʚ ʟ ʚʽʜʢʨʠʪʠʤ ʢʦʜʦʤ, ʷʢʽ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʚ ʜʨʦʥʘʭ, ʨʦʟʛʣʷʜʘʶʪʴʩʷ ʩʠʩʪʝʤʠ ʟ ʚʽʜʢʨʠʪʠʤ ʚʠʭʽʜʥʠʤ 

ʢʦʜʦʤ ʜʣʷ ʩʧʦʩʪʝʨʝʞʝʥʥʷ ʟʘ ʧʦʣʴʦʪʘʤʠ, ʚʢʣʶʯʘʶʯʠ ʫʧʨʘʚʣʽʥʥʷ ʙʝʟʧʽʣʦʪʥʠʤ 

ʨʫʭʦʤ (UTM), ʫʧʨʘʚʣʽʥʥʷ ʧʦʣʴʦʪʘʤʠ, ʙʝʟʧʝʢʘ ʧʦʣʴʦʪʽʚ ʽ ʘʚʪʦʨʠʟʘʮʽʷ, ʘ, 

ʛʦʣʦʚʥʠʤ ʯʠʥʦʤ, ʜʠʩʪʘʥʮʽʡʥʘ ʽʜʝʥʪʠʬʽʢʘʮʽʷ. 

ʄʘʣʝʥʴʢʽ UA çʤʘʣʦʥʘʛʣʷʜʘʥʽè, ʦʩʢʽʣʴʢʠ ʚʦʥʠ: ʟʘʟʚʠʯʘʡ ʤʘʶʪʴ ʤʘʣʝ 

ʧʦʧʝʨʝʯʥʠʡ ʧʝʨʝʨʽʟ ʨʘʜʽʦʣʦʢʘʮʽʾ; ʚʠʜʘʶʪʴ ʰʫʤ, ʜʫʞʝ ʧʦʤʽʪʥʠʡ ʥʘ ʙʣʠʟʴʢʽʡ 

ʚʽʜʩʪʘʥʽ, ʘʣʝ ʡʦʛʦ ʚʘʞʢʦ ʚʠʷʚʠʪʠ ʥʘ ʚʽʜʩʪʘʥʽ, ʷʢʫ ʚʦʥʠ ʤʦʞʫʪʴ ʰʚʠʜʢʦ 

ʩʢʦʨʦʪʠʪʠ; ʟʘʟʚʠʯʘʡ ʣʽʪʘʶʪʴ ʥʘ ʤʘʣʠʭ ʚʠʩʦʪʘʭ; ʤʘʶʪʴ ʚʠʩʦʢʫ ʤʘʥʝʚʨʝʥʽʩʪʴ, 

ʪʦʤʫ ʤʦʞʫʪʴ ʣʽʪʘʪʠ ʧʽʜ ʜʝʨʝʚʘʤʠ ʽ ʤʽʞ ʙʫʜʠʥʢʘʤʠ. ɼʨʦʥ ʤʦʞʝ ʥʝʩʪʠ ʢʦʨʠʩʥʝ 

ʥʘʚʘʥʪʘʞʝʥʥʷ, ʚʢʣʶʯʘʶʯʠ ʜʘʪʯʠʢʠ, ʢʽʙʝʨ-  ̔ ʢʽʥʝʪʠʯʥʫ ʟʙʨʦʶ, ʘʙʦ ʤʦʞʝ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠʩʷ ʷʢ ʟʙʨʦʷ, ʥʘʧʨʘʚʣʷʶʯʠ ʾʾ ʚ ʮʽʣʴ. ʅʘ ʥʠʭ ʤʦʞʫʪʴ ʣʽʪʘʪʠ 

ʥʝʦʩʚʽʯʝʥʽ, ʥʝʜʙʘʣʽ ʯʠ ʟʣʦʯʠʥʥʽ ʦʧʝʨʘʪʦʨʠ. ʊʘʢʠʤ ʯʠʥʦʤ, ʦʩʥʦʚʥʦʶ 

ʬʫʥʢʮʽʻʶ ʽʜʝʥʪʠʬʽʢʘʮʽʡʥʦʶ ʬʫʥʢʮʽʻʶ ʻ çɯʜʝʥʪʠʬʽʢʘʮʽʷ ʩʚʦʛʦ ʘʙʦ ʯʫʞʦʛʦè 

(IFF, Identification Friend or Foe) ʜʣʷ ʧʦʤ'ʷʢʰʝʥʥʷ ʟʥʘʯʥʦʾ ʟʘʛʨʦʟʠ, ʷʢʫ ʚʦʥʠ 

ʩʪʘʥʦʚʣʷʪʴ. ɯʥʰʽ ʧʨʦʛʨʘʤʠ ʤʦʞʫʪʴ ʙʫʪʠ ʚʢʣʶʯʝʥʽ ʘʙʦ ʧʦʣʝʛʰʝʥʽ ʟʘ 

ʜʦʧʦʤʦʛʦʶ RID (Remote Identification and tracking). ɿʚʘʞʘʡʪʝ ʥʘ ʚʘʞʣʠʚʽʩʪʴ 

ʽʜʝʥʪʠʬʽʢʘʪʦʨʽʚ ʫ ʙʘʛʘʪʴʦʭ ʽʥʪʝʨʥʝʪ-ʧʨʦʪʦʢʦʣʘʭ ʽ ʩʣʫʞʙʘʭ, ʥʘʧʨʠʢʣʘʜ, ʧʦʚʥʽ 
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ʜʦʤʝʥʥʽ ʽʤʝʥʘ (FQDN), ʽʜʝʥʪʠʬʽʢʘʪʦʨʠ ʪʨʘʥʩʧʦʨʪʥʠʭ ʧʨʦʪʦʢʦʣʽʚ, ʧʦʨʪʠ UDP 

ʪʘ TCP, ʫʥʽʬʽʢʦʚʘʥʽ ʽʜʝʥʪʠʬʽʢʘʪʦʨʠ ʨʝʩʫʨʩʽʚ (URI), ʽʜʝʥʪʠʬʽʢʘʪʦʨʠ 

ʚʽʜʢʨʠʪʦʛʦ ʢʣʶʯʘ X.509, ʘʜʨʝʩʠ ʝʣʝʢʪʨʦʥʥʦʾ ʧʦʰʪʠ, ʮʠʬʨʦʚʽ ʽʜʝʥʪʠʬʽʢʘʪʦʨʠ 

ʦʙ'ʻʢʪʽʚ (DOI) ʪʘ ʙʘʛʘʪʦ ʽʥʰʦʛʦ, ʟʘ ʱʦ ʚʽʜʧʦʚʽʜʘʻ ʬʫʥʢʮʽʷ ʫʧʨʘʚʣʽʥʥʷ 

ʧʨʦʩʪʦʨʘʤʠ IP-ʘʜʨʝʩ IANA (Internet Assigned Numbers Authority). 

ʄʘʻ ʤʽʩʮʝ ʪʘʢʦʞ ʤʝʨʝʞʥʠʡ RID ʚ ʢʽʣʴʢʦʭ ʚʘʨʽʘʥʪʘʭ. ɼʨʦʥ ʤʦʞʝ ʤʘʪʠ 

ʧʦʩʪʽʡʥʝ ʧʽʜʢʣʶʯʝʥʥʷ ʜʦ ɯʥʪʝʨʥʝʪʫ, ʽ ʚ ʮʴʦʤʫ ʚʠʧʘʜʢʫ ʚʽʥ ʤʦʞʝ ʧʦʩʪʽʡʥʦ 

ʦʪʨʠʤʫʚʘʪʠ ʽʥʬʦʨʤʘʮʽʶ RID ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʯʝʨʝʟ ɯʥʪʝʨʥʝʪ. ɼʨʦʥ ʤʦʞʝ ʤʘʪʠ 

ʧʝʨʝʨʠʚʯʘʩʪʝ ʧʽʜʢʣʶʯʝʥʥʷ ʜʦ ɯʥʪʝʨʥʝʪʫ, ʽ ʚ ʮʴʦʤʫ ʚʠʧʘʜʢʫ GCS (Ground 

Control Station) ʧʦʚʠʥʝʥ ʦʪʨʠʤʘʪʠ ʽʥʬʦʨʤʘʮʽʶ RID, ʢʦʣʠ ʩʘʤ ʜʨʦʥ ʧʝʨʝʙʫʚʘʻ 

ʚ ʘʚʪʦʥʦʤʥʦʤʫ ʨʝʞʠʤʽ. ɼʨʦʥ ʤʦʞʝ ʥʝ ʤʘʪʠ ʚʣʘʩʥʦʛʦ ʟôʻʜʥʘʥʥʷ ʟ ɯʥʪʝʨʥʝʪʦʤ, 

ʘʣʝ ʥʘʪʦʤʽʩʪʴ ʤʘʪʠ ʽʥʰʫ ʬʦʨʤʫ ʟʚôʷʟʢʫ ʟ ʽʥʰʠʤ ʚʫʟʣʦʤ, ʷʢʠʡ ʤʦʞʝ 

ʧʝʨʝʜʘʚʘʪʠ ʽʥʬʦʨʤʘʮʽʶ RID ʚ ɯʥʪʝʨʥʝʪ. ɺ ʮʴʦʤʫ ʦʩʪʘʥʥʴʦʤʫ ʚʠʧʘʜʢʫ 

ʨʝʪʨʘʥʩʣʷʪʦʨʦʤ ʟʘʟʚʠʯʘʡ ʙʫʜʝ GCS (ʷʢʠʡ ʜʣʷ ʚʠʢʦʥʘʥʥʷ ʩʚʦʾʭ ʬʫʥʢʮʽʡ 

ʧʦʚʠʥʝʥ ʟʥʘʪʠ, ʜʝ ʟʥʘʭʦʜʠʪʴʩʷ ʜʨʦʥ, ʭʦʯʘ ʟʙʦʾ ʚ ʟôʻʜʥʘʥʥʽ C2 (Command and 

Control) ʪʨʘʧʣʷʶʪʴʩʷ). ɼʨʦʥ ʤʦʞʝ ʥʝ ʤʘʪʠ ʟʘʩʦʙʽʚ ʦʪʨʠʤʘʥʥʷ ʽʥʬʦʨʤʘʮʽʾ RID, 

ʫ ʪʘʢʦʤʫ ʚʠʧʘʜʢʫ GCS ʘʙʦ ʽʥʰʠʡ ʜʦʩʪʫʧʥʠʡ ʜʣʷ ʦʧʝʨʘʪʦʨʘ ʽʥʪʝʨʬʝʡʩ 

ʧʦʚʠʥʝʥ ʦʪʨʠʤʘʪʠ ʾʾ. ʎʝ ʚʩʝ ʤʦʞʝ ʧʝʨʝʰʢʦʜʞʘʪʠ ʫʩʫʥʝʥʥʶ ʥʝʦʜʥʦʟʥʘʯʥʦʩʪʽ 

ʽʜʝʥʪʠʬʽʢʘʪʦʨʘ, ʷʢʱʦ ʢʽʣʴʢʘ ʜʨʦʥʽʚ ʧʨʘʮʶʶʪʴ ʚ ʦʜʥʦʤʫ ʦʙôʻʤʽ. 
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TECHNOLOGIES AND SYSTEMS FOR  

COUNTERING THREATS FROM SMALL DRONES  

 

Technologies to counter drones (drone swarms) can have different purposes, but at the same 

time play an important role in ensuring security. All systems for countering drone threats can be 

divided into two broad categories: Monitoring Equipment and Countermeasures. 

 
ʊʝʭʥʦʣʦʛʽʾ ʧʨʦʪʠʜʽʾ ʜʨʦʥʘʤ (ʨʦʷʤ ʜʨʦʥʽʚ) ʤʦʞʫʪʴ ʤʘʪʠ ʨʽʟʥʽ ʧʨʠʟʥʘʯʝʥʥʷ, 

ʘʣʝ ʧʨʠ ʮʴʦʤʫ ʚʽʜʽʛʨʘʚʘʪʠ ʚʘʞʣʠʚʫ ʨʦʣʴ ʫ ʟʘʙʝʟʧʝʯʝʥʥʽ ʙʝʟʧʝʢʠ. ʋ ʤʠʨʥʠʡ 
ʯʘʩ ʪʝʭʥʦʣʦʛʽʾ ʧʨʦʪʠʜʽʾ ʜʨʦʥʘʤ ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʙʝʟʧʝʢʠ 
ʧʦʚʽʪʨʷʥʦʛʦ ʧʨʦʩʪʦʨʫ ʥʘʚʢʦʣʦ ʢʨʠʪʠʯʥʦ ʚʘʞʣʠʚʠʭ ʦʙ'ʻʢʪʽʚ ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ ʪʘ 
ʚʝʣʠʢʠʭ ʟʘʭʦʜʽʚ, ʪʘʢʠʭ ʷʢ ʝʥʝʨʛʝʪʠʯʥʽ ʚʫʟʣʠ, ʩʧʦʨʪʠʚʥʽ ʽʛʨʠ ʪʘ ʤʫʟʠʯʥʽ 
ʬʝʩʪʠʚʘʣʽ, ʘ ʪʘʢʦʞ ʜʣʷ ʟʘʭʠʩʪʫ ʧʝʚʥʠʭ ʧʝʨʩʦʥ, ʧʨʠʚʘʪʥʠʭ ʚʦʣʦʜʽʥʴ ʪʘ 
ʧʨʦʪʠʜʽʾ ʧʨʦʪʠ ʙʫʜʴ-ʷʢʦʾ ʢʦʥʪʨʘʙʘʥʜʠ ʚ ʧʦʚʽʪʨʽ. ʋ ʚʦʻʥʥʠʡ ʯʘʩ (ʘʙʦ ʚ ʧʝʨʽʦʜ 
ʪʝʨʦʨʠʩʪʠʯʥʠʭ ʘʪʘʢ) ʪʘʢʽ ʪʝʭʥʦʣʦʛʽʾ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʜʣʷ ʟʘʭʠʩʪʫ ʙʘʟ, 
ʩʢʣʘʜʽʚ, ʧʦʣʽʛʦʥʽʚ, ʚʽʡʩʴʢʦʚʠʭ ʢʦʨʘʙʣʽʚ, ʢʦʥʚʦʾʚ ʪʘ ʥʘʟʝʤʥʠʭ ʧʽʜʨʦʟʜʽʣʽʚ. 
ʊʝʭʥʦʣʦʛʽʾ ʧʨʦʪʠʜʽʾ ʜʨʦʥʘʤ, ʜʣʷ ʨʝʘʣʽʟʘʮʽʾ ʷʢʠʭ ʯʘʩʪʦ ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ 
ʥʝʦʜʥʦʨʽʜʥʽ ʩʝʥʩʦʨʥʽ ʩʠʩʪʝʤʠ, ʫ ʙʫʜʴ-ʷʢʦʤʫ ʩʚʦʻʤʫ ʧʨʠʟʥʘʯʝʥʥʽ ʻ ʩʢʣʘʜʥʠʤʠ 
ʙʘʛʘʪʦʝʪʘʧʥʠʤʠ ʧʨʦʮʝʩʘʤʠ, ʱʦ ʚʢʣʶʯʘʶʪʴ ʚʟʘʻʤʦʜʽʶ ʤʽʞ ʨʷʜʦʤ ʦʢʨʝʤʠʭ 
ʩʠʩʪʝʤ/ʦʙ'ʻʢʪʽʚ/ʩʝʥʩʦʨʽʚ, ʘ ʪʘʢʦʞ ʤʽʞ ʮʠʤʠ ʩʠʩʪʝʤʘʤʠ/ʦʙ'ʻʢʪʘʤʠ ʽ 
ʦʧʝʨʘʪʦʨʦʤ (ʣʶʜʠʥʦʶ ʘʙʦ ʰʪʫʯʥʠʤ ʽʥʪʝʣʝʢʪʦʤ) [1-3]. 
ʋʩʽ ʩʠʩʪʝʤʠ ʦʧʦʨʫ ʟʘʛʨʦʟʘʤ ʜʨʦʥʽʚ ʤʦʞʥʘ ʨʦʟʜʽʣʠʪʠ ʥʘ ʜʚʽ ʚʝʣʠʢʽ 

ʢʘʪʝʛʦʨʽʾ: ʦʙʣʘʜʥʘʥʥʷ ʤʦʥʽʪʦʨʠʥʛʫ ʪʘ ʟʘʩʦʙʠ ʧʨʦʪʠʜʽʾ (Monitoring Equipment 
and Countermeasures). 
ʆʙʣʘʜʥʘʥʥʷ ʜʣʷ ʤʦʥʽʪʦʨʠʥʛʫ ʜʨʦʥʽʚ ʤʦʞʝ ʙʫʪʠ ʧʘʩʠʚʥʠʤ (ʧʨʦʩʪʠʡ ʦʛʣʷʜ 

ʪʘ ʧʨʦʩʣʫʭʦʚʫʚʘʥʥʷ) ʘʙʦ ʘʢʪʠʚʥʠʤ (ʚʠʧʨʦʤʽʥʶʻ ʩʠʛʥʘʣ ʪʘ ʘʥʘʣʽʟʫʻ ʚʽʜʙʠʪʠʡ) 
ʽ ʤʦʞʝ ʚʠʢʦʥʫʚʘʪʠ ʪʘʢʽ ʬʫʥʢʮʽʾ: ʚʠʷʚʣʝʥʥʷ; ʢʣʘʩʠʬʽʢʘʮʽʷ ʪʘ ʽʜʝʥʪʠʬʽʢʘʮʽʷ 
(ʨʦʟʧʽʟʥʘʚʘʥʥʷ); ʧʦʰʫʢ ʪʘ ʚʽʜʩʪʝʞʝʥʥʷ; ʦʧʦʚʽʱʝʥʥʷ (ʷʢʱʦ ʧʦʪʨʽʙʥʦ). 
ɹʽʣʴʰʽʩʪʴ ʫʩʪʘʪʢʫʚʘʥʥʷ ʥʝʩʧʨʦʤʦʞʥʘ ʚʠʢʦʥʫʚʘʪʠ ʦʜʥʦʯʘʩʥʦ ʚʩʽ 

ʧʝʨʝʣʽʯʝʥʽ ʚʠʱʝ ʬʫʥʢʮʽʾ, ʱʦ ʟʥʠʞʫʻ ʾʭ ʝʬʝʢʪʠʚʥʽʩʪʴ. ʋ ʢʨʘʱʦʤʫ ʚʠʧʘʜʢʫ 
ʩʠʩʪʝʤʠ ʤʦʥʽʪʦʨʠʥʛʫ ʧʦʚʠʥʥʽ ʚʠʷʚʣʷʪʠ, ʽʜʝʥʪʠʬʽʢʫʚʘʪʠ, ʚʠʟʥʘʯʘʪʠ 
ʤʽʩʮʝʟʥʘʭʦʜʞʝʥʥʷ ʽ ʚʽʜʩʪʝʞʫʚʘʪʠ ʜʨʦʥ, ʱʦ ʥʘʙʣʠʞʘʻʪʴʩʷ. ɿʘʣʝʞʥʦ ʚʽʜ ʪʠʧʫ 
ʩʠʩʪʝʤʠ, ʱʦ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ, ʩʝʥʩʦʨʫ, ʱʦ ʚʠʨʦʙʣʷʻ ʧʦʯʘʪʢʦʚʝ ʚʠʷʚʣʝʥʥʷ 
(ʥʘʧʨʠʢʣʘʜ, ʨʘʜʽʦʣʦʢʘʮʽʷ), ʤʦʞʝ ʟʥʘʜʦʙʠʪʠʩʷ çʧʝʨʝʭʨʝʩʥʘ ʧʝʨʝʜʘʯʘè 
ʚʪʦʨʠʥʥʠʤ ʩʝʥʩʦʨʘʤ, ʪʘʢʠʤ ʷʢ ʦʧʪʠʯʥʽ ʤʘʪʨʠʮʽ ʘʙʦ ʝʣʝʢʪʨʦʥʥʽ 
ʽʜʝʥʪʠʬʽʢʘʮʽʡʥʽ ʝʣʝʤʝʥʪʠ, ʱʦʙ ʧʽʜʪʚʝʨʜʠʪʠ, ʱʦ ʚʠʷʚʣʝʥʠʡ ʦʙ'ʻʢʪ, ʧʦ ʩʫʪʽ, ʻ 
ʜʨʦʥʦʤ (ʘ ʥʝ ʧʪʘʭʦʤ), ʘ ʪʘʢʦʞ ʚʠʟʥʘʯʠʪʠ ʡʦʛʦ ʪʦʯʥʝ ʤʽʩʮʝʟʥʘʭʦʜʞʝʥʥʷ ʟ 
ʚʽʜʩʪʝʞʝʥʥʷʤ ʡʦʛʦ ʧʝʨʝʤʽʱʝʥʥʷ. ɺʪʦʨʠʥʥʽ ʩʝʥʩʦʨʠ ʪʘʢʦʞ ʤʦʞʫʪʴ ʩʣʫʞʠʪʠ 
ʜʣʷ ʥʘʜʘʥʥʷ ʜʦʜʘʪʢʦʚʦʾ ʽʥʬʦʨʤʘʮʽʾ ʧʨʦ ʜʨʦʥʫ, ʷʢʘ ʜʦʧʦʤʦʞʝ ʚʠʟʥʘʯʠʪʠ ʡʦʛʦ 
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ʥʘʤʽʨ. ʅʘʧʨʠʢʣʘʜ, ʚʽʜʝʦʢʘʤʝʨʘ ʤʦʞʝ ʧʦʢʘʟʘʪʠ, ʯʠ ʜʨʦʥ ʥʝʩʝ ʥʝʙʝʟʧʝʯʥʝ 
ʥʘʚʘʥʪʘʞʝʥʥʷ ï ʙʦʤʙʫ, ʦʟʙʨʦʻʥʥʷ. 
ˆʨʫʥʪʫʶʯʠʩʴ ʥʘ ʽʥʬʦʨʤʘʮʽʾ ʚʽʜ ʫʩʽʭ ʩʝʥʩʦʨʽʚ ʩʠʩʪʝʤʠ ʤʦʥʽʪʦʨʠʥʛʫ, 

ʦʧʝʨʘʪʦʨ ʫ ʜʫʞʝ ʦʙʤʝʞʝʥʠʡ ʯʘʩ ʤʘʻ ʫʭʚʘʣʠʪʠ ʨʽʰʝʥʥʷ ʧʨʦ ʪʝ, ʷʢ ʨʝʘʛʫʚʘʪʠ 
ʥʘ ʚʠʷʚʣʝʥʠʡ ʜʨʦʥ. ʎʝ ʥʝ ʟʘʚʞʜʠ ʤʦʞʝ ʚʢʣʶʯʘʪʠ ʘʢʪʠʚʘʮʽʶ ʩʠʩʪʝʤʠ 
ʧʨʦʪʠʜʽʾ/ʟʘʭʠʩʪʫ, ʦʩʦʙʣʠʚʦ ʚ ʤʠʨʥʠʡ ʯʘʩ. 
ɼʣʷ ʧʝʨʝʭʦʧʣʝʥʥʷ ʜʨʦʥʫ ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ ʟʘʩʦʙʠ ʧʨʦʪʠʜʽʾ, ʱʦ ʤʦʞʝ 

ʧʨʠʟʚʝʩʪʠ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʪʝʭʥʽʢʠ, ʱʦ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ, ʜʦ ʨʽʟʥʠʭ 
ʥʘʩʣʽʜʢʽʚ. ʅʘʧʨʠʢʣʘʜ, ʧʦʩʘʜʢʘ ʜʨʦʥʫ ʥʘ ʟʝʤʣʶ (ʫ ʨʘʟʽ ʛʣʫʰʽʥʥʷ ʯʠ ʩʧʫʬʽʥʛʫ), 
ʘʢʪʠʚʘʮʽʷ ʨʝʞʠʤʫ çʧʦʚʝʨʥʝʥʥʷ ʜʦʜʦʤʫè, ʟʘʭʦʧʣʝʥʥʷ ʜʨʦʥʘ (ʧʨʦʩʪʠʤʠ 
ʤʝʨʝʞʘʤʠ), ʡʦʛʦ ʧʦʚʥʝ ʯʠ ʯʘʩʪʢʦʚʝ ʟʥʠʱʝʥʥʷ.   
ʉʠʩʪʝʤʠ ʤʦʥʽʪʦʨʠʥʛʫ ʜʨʦʥʽʚ.  ɯʩʥʫʶʪʴ ʪʘʢʽ ʪʠʧʠ ʦʙʣʘʜʥʘʥʥʷ ʜʣʷ 

ʤʦʥʽʪʦʨʠʥʛʫ ʜʨʦʥʽʚ: ʨʘʜʽʦʯʘʩʪʦʪʥʽ ʘʥʘʣʽʟʘʪʦʨʠ (Radio Frequency (RF) 
Analyzers), ʘʢʫʩʪʠʯʥʽ ʜʘʪʯʠʢʠ (ʤʽʢʨʦʬʦʥʠ), ʦʧʪʠʯʥʽ ʜʘʪʯʠʢʠ (ʢʘʤʝʨʠ), ʨʘʜʘʨ. 
ʈʘʜʽʦʯʘʩʪʦʪʥʽ ʘʥʘʣʽʟʘʪʦʨʠ - ʮʝ ʧʘʩʠʚʥʽ ʨʘʜʽʦʧʨʠʩʪʨʦʶ, ʷʢʽ ʩʢʣʘʜʘʶʪʴʩʷ ʟ 

ʦʜʥʽʻʾ ʘʙʦ ʜʝʢʽʣʴʢʦʭ ʘʥʪʝʥ ʜʣʷ ʧʨʠʡʦʤʫ ʨʘʜʽʦʭʚʠʣʴ ʪʘ ʧʨʦʮʝʩʦʨʘ ʜʣʷ ʘʥʘʣʽʟʫ 
ʨʘʜʽʦʯʘʩʪʦʪʥʦʛʦ ʩʧʝʢʪʨʫ. ɺʦʥʠ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʥʘ ʢʦʨʦʪʢʠʭ ʚʽʜʩʪʘʥʷʭ ʜʣʷ 
ʚʠʷʚʣʝʥʥʷ ʢʘʥʘʣʫ ʨʘʜʽʦʟʚ'ʷʟʢʫ ʤʽʞ ʜʨʦʥʦʤ ʪʘ ʡʦʛʦ ʩʪʘʥʮʽʻʶ, ʱʦ ʫʧʨʘʚʣʷʻ. 
ʇʨʠ ʮʴʦʤʫ ʜʝʷʢʽ ʟ ʥʠʭ ʤʦʞʫʪʴ ʚʠʟʥʘʯʘʪʠ ʥʘʡʧʦʰʠʨʝʥʽʰʽ ʤʦʜʝʣʽ ʜʨʦʥʽʚ ʘʙʦ 
MAC-ʘʜʨʝʩʠ ʷʢ ʜʨʦʥʫ, ʪʘʢ ʽ ʩʪʘʥʮʽʾ ʫʧʨʘʚʣʽʥʥʷ, ʦʩʦʙʣʠʚʦ ʮʝ ʩʪʦʩʫʻʪʴʩʷ 
ʨʦʙʦʪʠ ʚ ʜʽʘʧʘʟʦʥʽ Wi-Fi. ɯʥʰʽ ʩʠʩʪʝʤʠ ʪʘʢʦʞ ʤʦʞʫʪʴ ʪʨʽʘʥʛʫʣʶʚʘʪʠ 
ʧʦʣʦʞʝʥʥʷ ʜʨʦʥʘ ʪʘ ʡʦʛʦ ʩʪʘʥʮʽʾ ʢʝʨʫʚʘʥʥʷ ʧʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ ʜʝʢʽʣʴʢʦʭ 
ʨʘʜʽʦʤʦʜʫʣʽʚ, ʨʦʟʤʽʱʝʥʠʭ ʫ ʚʽʜʜʘʣʝʥʥʽ ʦʜʠʥ ʚʽʜ ʦʜʥʦʛʦ. 
ʉʠʩʪʝʤʘ ʟ ʘʢʫʩʪʠʯʥʠʭ ʩʝʥʩʦʨʽʚ (ʤʽʢʨʦʬʦʥʽʚ) ʻ ʛʨʫʧʦʶ/ʥʘʙʦʨʦʤ 

ʤʽʢʨʦʬʦʥʽʚ, ʷʢʽ ʚʣʦʚʣʶʶʪʴ ʟʚʫʢ, ʱʦ ʚʠʜʘʻʪʴʩʷ ʜʨʦʥʦʤ, ʽ ʚʠʟʥʘʯʘʶʪʴ ʟʘ 
ʜʦʧʦʤʦʛʦʶ ʪʨʽʘʥʛʫʣʷʮʽʾ ʥʘʧʨʷʤʦʢ ʥʘ ʥʴʦʛʦ. ʊʘʢʘ ʧʘʩʠʚʥʘ ʩʠʩʪʝʤʘ ʚʠʷʚʣʷʻ ʚʩʽ 
ʜʨʦʥʠ ʚ ʙʣʠʞʥʽʡ ʟʦʥʽ, ʫ ʪʦʤʫ ʯʠʩʣʽ ʧʨʘʮʶʶʯʽ ʘʚʪʦʥʦʤʥʦ. ɺʠʷʚʣʷʻ ʜʨʦʥʠ ʚ 
ʫʤʦʚʘʭ ʧʝʨʝʰʢʦʜ ʚʽʜ ʟʝʤʣʽ. ʆʜʥʘʢ ʜʘʣʴʥʽʩʪʴ ʨʦʙʦʪʠ ʘʢʫʩʪʠʯʥʦʾ ʩʠʩʪʝʤʠ 
ʦʙʤʝʞʝʥʘ ʥʝʚʝʣʠʢʦʶ ʚʽʜʩʪʘʥʥʶ ʜʦ 500 ʤ ʽ ʜʫʞʝ ʧʦʛʘʥʦ ʧʨʘʮʶʻ ʫ ʰʫʤʥʽʡ 
ʦʙʩʪʘʥʦʚʮʽ. 
ʆʧʪʠʯʥʽ ʩʝʥʩʦʨʠ (ʢʘʤʝʨʠ, ʤʘʪʨʠʮʽ) ʤʦʞʫʪʴ ʙʫʪʠ ʩʪʘʥʜʘʨʪʥʠʤʠ 

ʚʽʜʝʦʢʘʤʝʨʘʤʠ ʜʝʥʥʦʛʦ ʩʚʽʪʣʘ, ʪʘʢ ʽ ʽʥʬʨʘʯʝʨʚʦʥʠʤʠ ʘʙʦ ʪʝʧʣʦʚʽʟʽʡʥʠʤʠ. 
ɺʦʥʠ ʥʘʜʘʻ ʟʦʙʨʘʞʝʥʥʷ ʜʨʦʥʘ ʪʘ ʡʦʛʦ ʢʦʨʠʩʥʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ. ʆʧʪʠʯʥʽ 
ʜʘʪʯʠʢʠ ʤʘʶʪʴ ʚʠʩʦʢʠʡ ʨʽʚʝʥʴ ʧʦʤʠʣʢʦʚʠʭ ʩʧʨʘʮʴʦʚʫʚʘʥʴ, ʽ ʧʦʛʘʥʘ ʨʦʙʦʪʘ ʫ 
ʪʝʤʨʷʚʽ, ʪʫʤʘʥʽ ʪʘ ʽʥʰʠʭ ʘʪʤʦʩʬʝʨʥʠʭ ʪʫʨʙʫʣʝʥʪʥʦʩʪʽ. 
ʈʘʜʘʨ ï ʧʨʠʩʪʨʽʡ ʚʠʢʦʨʠʩʪʦʚʫʻ ʨʘʜʽʦʭʚʠʣʽ ʜʣʷ ʚʠʷʚʣʝʥʥʷ ʦʙ'ʻʢʪʘ. ʈʘʜʘʨ 

ʚʠʧʨʦʤʽʥʶʻ ʩʠʛʥʘʣ ʽ ʦʪʨʠʤʫʻ ʚʽʜʙʠʪʠʡ ʩʠʛʥʘʣ ʚʽʜ ʜʨʦʥʘ, ʚʠʤʽʨʶʻ ʥʘʧʨʷʤʦʢ ʽ 
ʚʽʜʩʪʘʥʴ (ʧʦʣʦʞʝʥʥʷ) ʜʦ ʦʙ'ʻʢʪʘ. ɹʽʣʴʰʽʩʪʴ ʨʘʜʘʨʽʚ ʧʦʩʠʣʘʶʪʴ ʩʚʽʡ 
ʨʘʜʽʦʩʠʛʥʘʣ ʫ ʚʠʛʣʷʜʽ ʧʘʢʝʪʘ, ʘ ʧʦʪʽʤ ʧʨʦʩʣʫʭʦʚʫʶʪʴ çʣʫʥʘè. ɹʘʛʘʪʦ ʨʘʜʘʨʽʚ 
ʩʧʨʦʝʢʪʦʚʘʥʽ ʪʘʢ, ʱʦʙ ʥʝ ʚʠʷʚʣʷʪʠ ʜʨʽʙʥʽ ʮʽʣʽ. ɺʦʥʠ ʧʨʠʟʥʘʯʝʥʽ ʜʣʷ 
ʚʽʜʩʪʝʞʝʥʥʷ ʚʝʣʠʢʠʭ ʦʙ'ʻʢʪʽʚ, ʷʢ-ʦʪ ʣʽʪʘʢʠ. 
ʉʠʩʪʝʤʠ ʜʣʷ ʧʨʦʪʠʜʽʾ ʜʨʦʥʘʤ. ʋ ʚʠʧʘʜʢʫ ʟʘʭʦʜʠ ʧʨʦʪʠʜʽʾ ʜʨʦʥʘʤ ʤʦʞʥʘ 

ʨʦʟʜʽʣʠʪʠ ʥʘ: ʬʽʟʠʯʥʝ ʟʥʠʱʝʥʥʷ, ʥʝʡʪʨʘʣʽʟʘʮʽʷ, ʫʧʨʘʚʣʽʥʥʷ (ʟʘʭʦʧʣʝʥʥʷ). ɼʦ 
ʦʙʣʘʜʥʘʥʥʷ ʧʨʦʪʠʜʽʾ ʜʨʦʥʘʤ ʚʽʜʥʦʩʷʪʴʩʷ: Radio Frequency Jammers, GPS 
Spoofer, High Power Microwave (HPM) devices, Nets and Guns, High-energy 
lasers, Birds of Prey. 
ʇʦʜʘʚʣʶʚʘʯʽ ʨʘʜʽʦʯʘʩʪʦʪ ʘʙʦ ʨʘʜʽʦʯʘʩʪʦʪʥʠʡ ʛʣʫʰʥʠʢ (Radio Frequency 

Jammers) - ʮʝ ʩʪʘʮʽʦʥʘʨʥʠʡ ʘʙʦ ʧʦʨʪʘʪʠʚʥʠʡ ʧʨʠʩʪʨʽʡ, ʷʢʠʡ ʧʝʨʝʜʘʻ ʯʝʨʝʟ 
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ʨʘʜʽʦʢʘʥʘʣ ʚʝʣʠʢʠʡ ʧʦʪʽʢ ʝʥʝʨʛʽʾ ʫ ʙʽʢ ʜʨʦʥʫ, ʤʘʩʢʫʶʯʠ ʩʠʛʥʘʣ ʦʧʝʨʘʪʦʨʘ. 
ʊʘʢʘ ʜʽʷ ʤʦʞʝ ʧʨʠʟʚʝʩʪʠ ʜʦ ʪʦʛʦ, ʱʦ ʜʨʦʥ ʟʜʽʡʩʥʶʻ ʢʝʨʦʚʘʥʫ ʧʦʩʘʜʢʫ ʚ 
ʧʦʪʦʯʥʦʤʫ ʧʦʣʦʞʝʥʥʽ, ʧʦʚʝʨʪʘʻʪʴʩʷ ʚ ʟʘʜʘʥʝ ʢʦʨʠʩʪʫʚʘʯʝʤ ʜʦʤʘʰʥʻ ʤʽʩʮʝ, 
ʙʝʟʢʦʥʪʨʦʣʴʥʦ ʧʘʜʘʻ ʥʘ ʟʝʤʣʶ ʘʙʦ ʣʝʪʠʪʴ ʫ ʚʠʧʘʜʢʦʚʦʤʫ ʥʘʧʨʷʤʢʫ. ʊʘʢʽ 
ʧʨʠʩʪʨʦʾ ʤʦʞʫʪʴ ʧʨʠʟʚʝʩʪʠ ʜʦ ʥʝʧʝʨʝʜʙʘʯʫʚʘʥʦʾ ʧʦʚʝʜʽʥʢʠ ʜʨʦʥʘ ʪʘ ʩʪʚʦʨʠʪʠ 
ʨʘʜʽʦʧʝʨʝʰʢʦʜʠ ʽʥʰʠʤ ʨʘʜʽʦʟʘʩʦʙʘʤ. 

GPS-ʦʰʫʢʘʥʮʽ ʧʦʩʠʣʘʶʪʴ ʩʚʽʡ ʥʦʚʠʡ ʩʠʛʥʘʣ ʜʨʦʥʫ, ʧʽʜʤʽʥʷʶʯʠ ʟʚ'ʷʟʦʢ ʽʟ 
ʩʫʧʫʪʥʠʢʘʤʠ GPS, ʷʢʽ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʜʣʷ ʥʘʚʽʛʘʮʽʾ. ʊʘʢʠʤ ʯʠʥʦʤ, ʜʨʦʥ 
çʦʙʤʘʥʶʻʪʴʩʷè ʪʘ ʦʪʨʠʤʫʻ ʜʝʟʦʨʽʻʥʪʘʮʽʶ. ɼʠʥʘʤʽʯʥʦ ʟʤʽʥʶʶʯʠ GPS-
ʢʦʦʨʜʠʥʘʪʠ ʚ ʨʝʞʠʤʽ ʨʝʘʣʴʥʦʛʦ ʯʘʩʫ, ʪʘʢʠʡ ʧʨʠʩʪʨʽʡ ʤʦʞʝ ʢʦʥʪʨʦʣʶʚʘʪʠ 
ʧʦʣʦʞʝʥʥʷ ʜʨʦʥʫ. ʗʢ ʪʽʣʴʢʠ ʫʧʨʘʚʣʽʥʥʷ ʙʫʜʝ ʦʪʨʠʤʘʥʦ, ʜʨʦʥ ʤʦʞʝ ʙʫʪʠ 
ʩʧʨʷʤʦʚʘʥʠʡ, ʥʘʧʨʠʢʣʘʜ, ʫ çʧʦʪʨʽʙʥʦʤʫ ʥʘʧʨʷʤʢʫè. ʆʜʥʘʢ ʟʘʩʪʦʩʫʚʘʥʥʷ 
ʪʘʢʠʭ ʧʨʠʩʪʨʦʾʚ ʦʙʤʝʞʝʥʦ ʤʘʣʦʶ ʜʘʣʴʥʽʩʪʶ ʪʘ ʤʦʞʣʠʚʽʩʪʶ ʚʧʣʠʚʫ ʥʘ 
(ʛʣʫʰʽʥʥʷ) ʽʥʰʠʭ ʟʘʩʦʙʽʚ ʨʘʜʽʦʟʚ'ʷʟʢʫ. 
ʄʽʢʨʦʭʚʠʣʴʦʚʽ ʧʨʠʩʪʨʦʾ ʚʠʩʦʢʦʾ ʧʦʪʫʞʥʦʩʪʽ ʛʝʥʝʨʫʶʪʴ ʚʝʣʠʢʠʡ 

ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʠʡ ʽʤʧʫʣʴʩ (ɽʄɯ), ʟʜʘʪʥʠʡ ʚʠʚʝʩʪʠ ʟ ʝʢʩʧʣʫʘʪʘʮʽʾ ʝʣʝʢʪʨʦʥʥʽ 
ʧʨʠʩʪʨʦʾ. ɽʄɯ ʩʪʚʦʨʶʻ ʧʝʨʝʰʢʦʜʠ ʚ ʨʘʜʽʦʢʘʥʘʣʘʭ ʪʘ ʫʰʢʦʜʞʫʻ ʝʣʝʢʪʨʦʥʥʽ 
ʩʭʝʤʠ ʜʨʦʥʽʚ (ʘ ʪʘʢʦʞ ʙʫʜʴ-ʷʢʽ ʽʥʰʽ ʝʣʝʢʪʨʦʥʥʽ ʧʨʠʩʪʨʦʾ ʚ ʤʝʞʘʭ 
ʜʦʩʷʞʥʦʩʪʽ). ɼʘʥʽ ʧʨʠʩʪʨʦʾ ʤʦʞʫʪʴ ʝʬʝʢʪʠʚʥʦ ʥʝ ʢʽʥʝʪʠʯʥʦ ʟʫʧʠʥʠʪʠ ʜʨʦʥ, 
ʘʣʝ ʚʦʥʠ ʩʪʚʦʨʶʶʪʴ ʨʠʟʠʢ ʥʝʥʘʚʤʠʩʥʦʛʦ ʧʦʨʫʰʝʥʥʷ ʟʚ'ʷʟʢʫ ʘʙʦ ʟʥʠʱʝʥʥʷ 
ʽʥʰʠʭ ʝʣʝʢʪʨʦʥʥʠʭ ʧʨʠʩʪʨʦʾʚ ʫ ʟʦʥʽ ʜʽʾ, ʘ ʜʨʦʥ ʧʨʠ ʾʭ ʜʽʾ ʤʠʪʪʻʚʦ 
ʙʝʟʢʦʥʪʨʦʣʴʥʦ ʧʘʜʘʻ ʥʘ ʟʝʤʣʶ. 
ʉʽʪʢʠ ʪʘ ʟʙʨʦʷ. ʉʪʨʽʣʷʥʠʥʘ ʩʽʪʢʘʤʠ ʧʦ ʜʨʦʥʫ ʘʙʦ ʽʥʰʝ ʢʦʥʪʘʢʪʫʚʘʥʥʷ 

ʩʽʪʢʠ ʟ ʜʨʦʥʦʤ ʚʠʢʣʠʢʘʻ ʡʦʛʦ ʟʫʧʠʥʢʫ ʪʘ ʧʘʜʽʥʥʷ. ʊʘʢʘ ʩʪʨʽʣʷʥʠʥʘ ʤʝʨʝʞʝʶ 
ʤʦʞʝ ʙʫʪʠ ʨʝʘʣʽʟʦʚʘʥʘ ʽʟ ɿʝʤʣʽ ʟ ʜʘʣʴʥʽʩʪʶ ʜʦ 300 ʤ, ʟ ʽʥʰʦʛʦ ʜʨʦʥʘ ʘʙʦ ʟʘ 
ʜʦʧʦʤʦʛʦʶ ʧʽʜʚʽʩʥʦʾ ʤʝʨʝʞʽ, ʷʢʘ ʨʦʟʛʦʨʪʘʻʪʴʩʷ ʟʽ ʩʧʝʮʽʘʣʴʥʦʛʦ çʤʝʨʝʞʝʚʦʛʦè 
ʜʨʦʥʫ.  
ɺʠʩʦʢʦʝʥʝʨʛʝʪʠʯʥʽ ʣʘʟʝʨʠ ʻ ʧʦʪʫʞʥʠʤ ʝʥʝʨʛʝʪʠʯʥʦ ʦʧʪʠʯʥʠʤ ʧʨʠʣʘʜʦʤ, 

ʱʦ ʚʠʨʦʙʣʷʻ ʜʫʞʝ ʩʠʣʴʥʦ ʩʬʦʢʫʩʦʚʘʥʠʡ ʧʫʯʦʢ ʩʚʽʪʣʘ ʚ ʣʘʟʝʨʥʠʡ ʧʨʦʤʽʥʴ. 
ʃʘʟʝʨ ʚʨʘʞʘʻ ʜʨʦʥ, ʨʫʡʥʫʶʯʠ ʩʪʨʫʢʪʫʨʫ ʪʘ/ʘʙʦ ʝʣʝʢʪʨʦʥʽʢʫ, ʧʨʦʪʝ ʤʘʻ 
ʚʠʩʦʢʫ ʚʘʨʪʽʩʪʴ, ʨʠʟʠʢ ʧʦʙʽʯʥʦʾ ʰʢʦʜʠ ʪʘ ʚʝʣʠʢʽ ʛʘʙʘʨʠʪʠ. 
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THE RESULTS OF THE ANALYSIS OF TERMINOLOGY IN THE FIELD OF 

ELECTRONIC COMMUNICATIONS USING ARTIFI CIAL INTELLIGENCE  
 

With the release of the new law of Ukraine "On Electronic Communications", with the 

significant spread of new terms in the field of information technology (IT) and Telecom, it 

becomes quite urgent to analyze such terminology for its better understanding with the help of a 

powerful AI toolkit. 
 
ʅʘ ʜʘʥʠʡ ʯʘʩ ʟʥʘʯʥʠʡ ʽʥʪʝʨʝʩ ʧʨʠʢʫʪʦ ʜʦ ʧʨʘʢʪʠʯʥʦʾ ʘʧʨʦʙʘʮʽʾ ʜʽʘʣʦʛʦʚʠʭ 

ʩʠʩʪʝʤ ʰʪʫʯʥʦʛʦ ʽʥʪʝʣʝʢʪʫ (ʐɯ). ɿ ʚʠʭʦʜʦʤ ʥʦʚʦʛʦ ʟʘʢʦʥʫ ʋʢʨʘʾʥʠ çʇʨʦ 
ʝʣʝʢʪʨʦʥʥʽ ʢʦʤʫʥʽʢʘʮʽʾè, ʟʽ ʟʥʘʯʥʠʤ ʧʦʰʠʨʝʥʥʷ ʥʦʚʠʭ ʪʝʨʤʽʥʽʚ ʚ ʛʘʣʫʟʽ 
ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʪʝʭʥʦʣʦʛʽʡ (ɯʊ) ʪʘ ʊʝʣʝʢʦʤʫ, ʩʪʘʻ ʜʦʩʠʪʴ ʘʢʪʫʘʣʴʥʠʤ 
ʧʨʦʚʝʜʝʥʥʷ ʘʥʘʣʽʟʫ ʪʘʢʦʾ ʪʝʨʤʽʥʦʣʦʛʽʾ ʜʣʷ ʾʾ ʢʨʘʱʦʛʦ ʨʦʟʫʤʽʥʥʷ ʟʘ ʜʦʧʦʤʦʛʦʶ 
ʧʦʪʫʞʥʦʛʦ ʽʥʩʪʨʫʤʝʥʪʘʨʽʶ ʐɯ [1-4].  ɺ ʷʢʦʩʪʽ ʪʘʢʦʛʦ ʽʥʩʪʨʫʤʝʥʪʫ ʙʫʣʦ 
ʦʙʨʘʥʦ  ʯʘʪ-ʙʦʪ ChatGPT (https://chat.openai.com/), ʱʦ ʧʨʠʟʥʘʯʝʥʠʡ ʜʣʷ 
ʚʝʜʝʥʥʷ ʜʽʘʣʦʛʽʚ ʥʘ ʙʘʟʽ ʥʝʡʨʦʤʝʨʝʞʽ, ʨʦʟʨʦʙʣʝʥʦʾ ʣʘʙʦʨʘʪʦʨʽʻʶ ʐɯ 
ʢʦʨʧʦʨʘʮʽʾ OpenAI LP. ɿʘʛʘʣʦʤ, ChatGPT ʤʦʞʝ ʜʦʧʦʤʦʛʪʠ ʜʦʩʣʽʜʥʠʢʘʤ ʟ 
ʚʠʢʦʥʘʥʥʷ ʧʝʚʥʠʭ ʟʘʜʘʯ. ʆʜʥʘʢ, ʪʘʢʠʤ ʩʝʨʚʽʩʦʤ ʥʝ ʩʣʽʜ ʟʣʦʚʞʠʚʘʪʠ. ʄʦʞʥʘ 
ʚʠʜʽʣʠʪʠ ʨʷʜ ʢʦʨʠʩʥʠʭ ʬʫʥʢʮʽʡ ChatGPT: ʧʝʨʝʢʣʘʜ ʪʝʢʩʪʫ, ʨʦʟʧʽʟʥʘʚʘʥʥʷ 
ʤʦʚʠ, ʩʪʚʦʨʝʥʥʷ ʧʨʦʛʨʘʤʥʠʭ ʢʦʜʽʚ, ʧʽʜʙʽʨ ʪʘ ʘʥʘʣʽʟ ʽʥʬʦʨʤʘʮʽʾ, ʧʦʰʫʢ ʥʦʚʠʭ 
ʽʜʝʡ ʜʦʩʣʽʜʞʝʥʴ, ʦʬʦʨʤʣʝʥʥʷ ʜʦʜʘʪʢʽʚ ʪʘ ʽʣʶʩʪʨʘʮʽʡ. ɻʦʣʦʚʥʝ, ʱʦ ʥʘʤ 
ʧʦʪʨʽʙʥʦ, ʮʝ ʤʦʞʣʠʚʽʩʪʴ ʪʘʢʦʛʦ ʯʘʪ-ʙʦʪʫ ʧʨʦʚʦʜʠʪʠ ʘʥʘʣʽʟ ʚʝʣʠʯʝʟʥʦʾ 
ʢʽʣʴʢʦʩʪʽ ʩʚʽʪʦʚʠʭ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʜʞʝʨʝʣ. 
ʇʦʯʥʝʤʦ ʥʘʰ ʜʽʘʣʦʛʦʚʠʡ ʘʥʘʣʽʟ (ʟʘʧʠʪʘʥʴ ʪʘ ʚʽʜʧʦʚʽʜʝʡ) ʽʟ ʥʘʡʙʽʣʴʰ 

ʚʞʠʚʘʥʠʭ ʪʝʨʤʽʥʽʚ: ʪʝʣʝʢʦʤʫʥʽʢʘʮʽʾ, ʝʣʝʢʪʨʦʥʥʽ ʢʦʤʫʥʽʢʘʮʽʾ ʪʘ 
ʽʥʬʦʢʦʤʫʥʽʢʘʮʽʾ.  
ʇʝʨʰʝ ʟʘʚʜʘʥʥʷ ʘʥʘʣʽʟʫ ï ʷʢʠʡ ʟ ʧʝʨʝʨʘʭʦʚʘʥʠʭ ʚʠʱʝ ʪʝʨʤʽʥʽʚ ʻ ʥʘʡʙʽʣʴʰ 

ʚʞʠʚʘʥʠʤ? ʅʘ ʩʴʦʛʦʜʥʽ ʥʘʡʙʽʣʴʰ ʚʞʠʚʘʥʠʤ ʚʠʷʚʠʚʩʷ ʪʝʨʤʽʥ 
"ʽʥʬʦʢʦʤʫʥʽʢʘʮʽʾ", ʦʩʢʽʣʴʢʠ ʚʽʥ (ʥʘ ʜʫʤʢʫ ʐɯ) ʰʠʨʰʝ ʦʭʦʧʣʶʻ ʚʩʽ ʘʩʧʝʢʪʠ 
ʦʙʤʽʥʫ ʽʥʬʦʨʤʘʮʽʻʶ, ʚʢʣʶʯʘʶʯʠ ʪʝʣʝʢʦʤʫʥʽʢʘʮʽʾ ʪʘ ʝʣʝʢʪʨʦʥʥʽ ʢʦʤʫʥʽʢʘʮʽʾ, ʘ 
ʪʘʢʦʞ ʽʥʬʦʨʤʘʮʽʡʥʽ ʪʝʭʥʦʣʦʛʽʾ ʪʘ ʽʥʬʦʨʤʘʮʽʡʥʽ ʩʠʩʪʝʤʠ. ʊʝʨʤʽʥ 
"ʪʝʣʝʢʦʤʫʥʽʢʘʮʽʾ" ʟʘʟʚʠʯʘʡ ʚʽʜʥʦʩʠʪʴʩʷ ʜʦ ʧʝʨʝʜʘʯʽ ʛʦʣʦʩʫ, ʜʘʥʠʭ ʪʘ ʚʽʜʝʦ ʟʘ 
ʜʦʧʦʤʦʛʦʶ ʪʝʣʝʬʦʥʽʾ, ʪʝʣʝʚʽʟʽʡʥʠʭ ʤʝʨʝʞ ʪʘ ʽʥʰʠʭ ʟʘʩʦʙʽʚ ʢʦʤʫʥʽʢʘʮʽʾ. 
ʊʝʨʤʽʥ "ʝʣʝʢʪʨʦʥʥʽ ʢʦʤʫʥʽʢʘʮʽʾ" ʟʘʟʚʠʯʘʡ ʚʽʜʥʦʩʠʪʴʩʷ ʜʦ ʧʝʨʝʜʘʯʽ ʜʘʥʠʭ ʪʘ 
ʝʣʝʢʪʨʦʥʥʠʭ ʧʦʚʽʜʦʤʣʝʥʴ ʯʝʨʝʟ ʤʝʨʝʞʽ ɯʥʪʝʨʥʝʪ. ʆʜʥʘʢ, ʫ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ 
ʢʦʥʪʝʢʩʪʫ ʪʘ ʛʘʣʫʟʽ, ʤʦʞʝ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠʩʷ ʙʫʜʴ-ʷʢʠʡ ʟ ʮʠʭ ʪʝʨʤʽʥʽʚ. 
ʏʠ ʥʝ ʻ ʪʝʨʤʽʥ ʪʝʣʝʢʦʤʫʥʽʢʘʮʽʾ ʟʘʩʪʘʨʽʣʠʤ? ʊʝʨʤʽʥ "ʪʝʣʝʢʦʤʫʥʽʢʘʮʽʾ" ʥʝ 

ʻ ʟʘʩʪʘʨʽʣʠʤ, ʦʩʢʽʣʴʢʠ ʚʽʥ ʧʨʦʜʦʚʞʫʻ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠʩʷ ʚ ʨʽʟʥʠʭ ʛʘʣʫʟʷʭ, 
ʧʦʚ'ʷʟʘʥʠʭ ʟ ʧʝʨʝʜʘʯʝʶ ʜʘʥʠʭ, ʛʦʣʦʩʫ ʪʘ ʚʽʜʝʦ, ʘ ʪʘʢʦʞ ʚ ʪʝʭʥʽʯʥʠʭ 
ʩʧʝʮʠʬʽʢʘʮʽʷʭ, ʩʪʘʥʜʘʨʪʘʭ ʪʘ ʟʘʢʦʥʦʜʘʚʯʠʭ ʜʦʢʫʤʝʥʪʘʭ ʟ ʨʝʛʫʣʶʚʘʥʥʷ 
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ʟʘʩʦʙʽʚ ʤʘʩʦʚʦʾ ʽʥʬʦʨʤʘʮʽʾ ʪʘ ʟʚ'ʷʟʢʫ. ʆʜʥʘʢ, ʟ ʨʦʟʚʠʪʢʦʤ ʪʝʭʥʦʣʦʛʽʡ ʪʘ 
ʟʙʽʣʴʰʝʥʥʷʤ ʦʙʩʷʛʽʚ ʦʙʤʽʥʫ ʽʥʬʦʨʤʘʮʽʻʶ, ʫ ʰʠʨʦʢʦʤʫ ʚʞʠʪʢʫ ʩʪʘʣʠ 
ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʪʝʨʤʽʥʠ "ʝʣʝʢʪʨʦʥʥʽ ʢʦʤʫʥʽʢʘʮʽʾ" ʪʘ "ʽʥʬʦʢʦʤʫʥʽʢʘʮʽʾ", ʷʢʽ 
ʦʭʦʧʣʶʶʪʴ ʙʽʣʴʰ ʰʠʨʦʢʠʡ ʩʧʝʢʪʨ ʟʘʩʦʙʽʚ ʪʘ ʪʝʭʥʦʣʦʛʽʡ ʦʙʤʽʥʫ 
ʽʥʬʦʨʤʘʮʽʻʶ. ʊʘʢʠʤ ʯʠʥʦʤ, ʪʝʨʤʽʥ "ʪʝʣʝʢʦʤʫʥʽʢʘʮʽʾ" ʤʦʞʝ 
ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠʩʷ ʫ ʚʠʧʘʜʢʘʭ, ʢʦʣʠ ʤʦʚʘ ʡʜʝ ʧʨʦ ʢʦʥʢʨʝʪʥʽ ʚʠʜʠ ʢʦʤʫʥʽʢʘʮʽʾ 
ʯʝʨʝʟ ʧʝʚʥʽ ʢʘʥʘʣʠ ʟʚ'ʷʟʢʫ. 
ʊʘʢ ʱʦ ʢʨʘʱʝ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʪʝʣʝʢʦʤʫʥʽʢʘʮʽʾ ʘʙʦ ʝʣʝʢʪʨʦʥʥʽ 

ʢʦʤʫʥʽʢʘʮʽʾ? ɺʠʙʽʨ ʤʽʞ ʪʝʨʤʽʥʘʤʠ "ʪʝʣʝʢʦʤʫʥʽʢʘʮʽʾ" ʪʘ "ʝʣʝʢʪʨʦʥʥʽ 
ʢʦʤʫʥʽʢʘʮʽʾ" ʟʘʣʝʞʠʪʴ ʚʽʜ ʢʦʥʪʝʢʩʪʫ ʪʘ ʤʝʪʠ ʚʠʢʦʨʠʩʪʘʥʥʷ. ʗʢʱʦ ʤʦʚʘ ʡʜʝ 
ʧʨʦ ʧʝʨʝʜʘʯʫ ʛʦʣʦʩʫ, ʜʘʥʠʭ ʪʘ ʚʽʜʝʦ ʯʝʨʝʟ ʪʝʣʝʬʦʥʽʶ, ʪʝʣʝʚʽʟʽʡʥʽ ʤʝʨʝʞʽ ʪʘ 
ʽʥʰʽ ʟʘʩʦʙʠ ʢʦʤʫʥʽʢʘʮʽʾ, ʪʦ ʤʦʞʥʘ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʪʝʨʤʽʥ "ʪʝʣʝʢʦʤʫʥʽʢʘʮʽʾ". 
ʗʢʱʦ ʞ ʤʦʚʘ ʡʜʝ ʧʨʦ ʧʝʨʝʜʘʯʫ ʝʣʝʢʪʨʦʥʥʠʭ ʧʦʚʽʜʦʤʣʝʥʴ ʯʝʨʝʟ ʤʝʨʝʞʽ 
ɯʥʪʝʨʥʝʪ, ʪʦ ʢʨʘʱʝ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʪʝʨʤʽʥ "ʝʣʝʢʪʨʦʥʥʽ ʢʦʤʫʥʽʢʘʮʽʾ". ʇʨʦʪʝ, 
ʫ ʟʘʛʘʣʴʥʦʤʫ ʢʦʥʪʝʢʩʪʽ, ʢʦʣʠ ʤʦʚʘ ʡʜʝ ʧʨʦ ʦʙʤʽʥ ʽʥʬʦʨʤʘʮʽʻʶ ʙʫʜʴ-ʷʢʦʛʦ 
ʪʠʧʫ, ʤʦʞʥʘ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʙʽʣʴʰ ʰʠʨʦʢʠʡ ʪʘ ʫʥʽʚʝʨʩʘʣʴʥʠʡ ʪʝʨʤʽʥ 
"ʽʥʬʦʢʦʤʫʥʽʢʘʮʽʾ", ʷʢʠʡ ʦʭʦʧʣʶʻ ʰʠʨʦʢʠʡ ʩʧʝʢʪʨ ʟʘʩʦʙʽʚ ʪʘ ʪʝʭʥʦʣʦʛʽʡ, ʱʦ 
ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʜʣʷ ʦʙʤʽʥʫ ʽʥʬʦʨʤʘʮʽʻʶ ʪʘ ʢʦʤʫʥʽʢʘʮʽʾ, ʪʘʢʠʭ ʷʢ ʤʝʨʝʞʽ 
ʟʚ'ʷʟʢʫ, ɯʥʪʝʨʥʝʪ, ʩʦʮʽʘʣʴʥʽ ʤʝʨʝʞʽ, ʝʣʝʢʪʨʦʥʥʘ ʧʦʰʪʘ, ʤʦʙʽʣʴʥʽ ʜʦʜʘʪʢʠ, 
ʦʥʣʘʡʥ-ʛʨʦʤʘʜʩʴʢʽʩʪʴ ʪʘ ʽʥʰʽ. ʎʝʡ ʪʝʨʤʽʥ ʚʽʜʦʙʨʘʞʘʻ ʟʤʽʥʫ ʚ ʪʝʭʥʦʣʦʛʽʯʥʠʭ 
ʪʘ ʩʦʮʽʘʣʴʥʠʭ ʪʝʥʜʝʥʮʽʷʭ, ʜʝ ʦʙʤʽʥ ʽʥʬʦʨʤʘʮʽʻʶ ʩʪʘʻ ʚʩʝ ʙʽʣʴʰ ʚʘʞʣʠʚʠʤ ʽ 
ʚʩʝ ʙʽʣʴʰʝ ʧʦʚ'ʷʟʘʥʠʤ ʟ ʪʝʭʥʦʣʦʛʽʯʥʠʤʠ ʟʘʩʦʙʘʤʠ. 
ʏʠʤ ʚʽʜʨʽʟʥʷʶʪʴʩʷ ʽʥʬʦʢʦʤʫʥʽʢʘʮʽʡʥʽ ʪʘ ʽʥʬʦʨʤʘʮʽʡʥʦ-ʢʦʤʫʥʽʢʘʮʽʡʥʽ 

ʩʠʩʪʝʤʠ? ɯʥʬʦʨʤʘʮʽʡʥʦ-ʢʦʤʫʥʽʢʘʮʽʡʥʽ ʩʠʩʪʝʤʠ (ɯʂʉ) ʪʘ ʽʥʬʦʢʦʤʫʥʽʢʘʮʽʾ 
ʧʦʚ'ʷʟʘʥʽ ʤʽʞ ʩʦʙʦʶ, ʘʣʝ ʚʦʥʠ ʥʝ ʻ ʪʦʪʦʞʥʠʤʠ. ɯʂʉ - ʮʝ ʢʦʤʧʣʝʢʩʥʘ ʩʠʩʪʝʤʘ 
ʦʙʨʦʙʢʠ, ʧʝʨʝʜʘʯʽ, ʟʙʝʨʝʞʝʥʥʷ ʪʘ ʚʽʜʪʚʦʨʝʥʥʷ ʽʥʬʦʨʤʘʮʽʾ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ 
ʨʽʟʥʠʭ ʪʝʭʥʦʣʦʛʽʡ ʢʦʤʫʥʽʢʘʮʽʡ ʪʘ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʪʝʭʥʦʣʦʛʽʡ. ɯʂʉ 
ʟʘʙʝʟʧʝʯʫʶʪʴ ʽʥʬʨʘʩʪʨʫʢʪʫʨʫ ʜʣʷ ʨʽʟʥʦʤʘʥʽʪʥʠʭ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʧʦʩʣʫʛ, 
ʪʘʢʠʭ ʷʢ ʝʣʝʢʪʨʦʥʥʘ ʧʦʰʪʘ, ʚʽʜʝʦʟʚ'ʷʟʦʢ, ʜʦʩʪʫʧ ʜʦ ɯʥʪʝʨʥʝʪʫ, ʧʝʨʝʜʘʯʘ ʜʘʥʠʭ 
ʪʘ ʽʥʰʽ. ɯʥʬʦʢʦʤʫʥʽʢʘʮʽʾ - ʮʝ ʧʨʦʮʝʩ ʦʙʤʽʥʫ ʽʥʬʦʨʤʘʮʽʻʶ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ 
ʙʫʜʴ-ʷʢʠʭ ʜʦʩʪʫʧʥʠʭ ʪʝʭʥʦʣʦʛʽʡ. ɯʥʬʦʢʦʤʫʥʽʢʘʮʽʾ ʤʦʞʫʪʴ ʚʢʣʶʯʘʪʠ ʚ ʩʝʙʝ 
ʪʘʢʽ ʟʘʩʦʙʠ, ʷʢ ʤʝʨʝʞʽ ʟʚ'ʷʟʢʫ, ʢʦʤʧ'ʶʪʝʨʠ, ʤʦʙʽʣʴʥʽ ʧʨʠʩʪʨʦʾ, ʩʦʮʽʘʣʴʥʽ 
ʤʝʨʝʞʽ, ʝʣʝʢʪʨʦʥʥʘ ʧʦʰʪʘ, ʪʝʣʝʙʘʯʝʥʥʷ, ʨʘʜʽʦ ʪʘ ʽʥʰʽ ʟʘʩʦʙʠ ʢʦʤʫʥʽʢʘʮʽʾ.  
ɯʥʰʠʤʠ ʩʣʦʚʘʤʠ, ɯʂʉ ʟʘʙʝʟʧʝʯʫʶʪʴ ʪʝʭʥʽʯʥʫ ʙʘʟʫ ʜʣʷ ʽʥʬʦʢʦʤʫʥʽʢʘʮʽʡ, 

ʪʦʜʽ ʷʢ ʽʥʬʦʢʦʤʫʥʽʢʘʮʽʾ ʦʭʦʧʣʶʶʪʴ ʰʠʨʰʠʡ ʩʧʝʢʪʨ ʚʟʘʻʤʦʜʽʾ ʣʶʜʝʡ ʪʘ 
ʦʨʛʘʥʽʟʘʮʽʡ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʙʫʜʴ-ʷʢʠʭ ʜʦʩʪʫʧʥʠʭ ʪʝʭʥʦʣʦʛʽʡ ʜʣʷ ʦʙʤʽʥʫ 
ʽʥʬʦʨʤʘʮʽʻʶ. 
ʑʦ ʧʨʝʜʩʪʘʚʣʷʶʪʴ ʩʦʙʦʶ ʧʦʩʣʫʛʘ, ʪʝʭʥʦʣʦʛʽʷ ʽ ʩʠʩʪʝʤʘ ʝʣʝʢʪʨʦʥʥʠʭ 

ʢʦʤʫʥʽʢʘʮʽʡ? ʇʦʩʣʫʛʘ ʝʣʝʢʪʨʦʥʥʠʭ ʢʦʤʫʥʽʢʘʮʽʡ ʦʭʦʧʣʶʻ ʙʫʜʴ-ʷʢʽ ʧʦʩʣʫʛʠ 
ʧʝʨʝʜʘʯʽ, ʦʙʨʦʙʢʠ ʪʘ ʦʪʨʠʤʘʥʥʷ ʽʥʬʦʨʤʘʮʽʾ, ʱʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʝʣʝʢʪʨʦʥʥʫ 
ʪʝʭʥʦʣʦʛʽʶ. 
ʊʝʭʥʦʣʦʛʽʾ ʝʣʝʢʪʨʦʥʥʠʭ ʢʦʤʫʥʽʢʘʮʽʡ ʚʢʣʶʯʘʶʪʴ ʫ ʩʝʙʝ ʚʩʽ ʝʣʝʢʪʨʦʥʥʽ 

ʧʨʠʩʪʨʦʾ, ʤʝʨʝʞʽ, ʧʨʦʛʨʘʤʥʝ ʟʘʙʝʟʧʝʯʝʥʥʷ ʪʘ ʧʨʦʪʦʢʦʣʠ, ʷʢʽ 
ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʜʣʷ ʧʝʨʝʜʘʯʽ ʜʘʥʠʭ, ʛʦʣʦʩʫ, ʚʽʜʝʦ ʪʘ ʽʥʰʦʾ ʽʥʬʦʨʤʘʮʽʾ. ʎʽ 
ʪʝʭʥʦʣʦʛʽʾ ʤʦʞʫʪʴ ʙʫʪʠ ʙʝʟʜʨʦʪʦʚʠʤʠ ʘʙʦ ʧʨʦʚʽʜʥʠʤʠ, ʟʘʣʝʞʥʦ ʚʽʜ ʪʦʛʦ, ʷʢ 
ʧʝʨʝʜʘʻʪʴʩʷ ʽʥʬʦʨʤʘʮʽʷ. 
ʉʠʩʪʝʤʘ ʝʣʝʢʪʨʦʥʥʠʭ ʢʦʤʫʥʽʢʘʮʽʡ - ʮʝ ʢʦʤʧʣʝʢʩ ʪʝʭʥʽʯʥʠʭ ʟʘʩʦʙʽʚ ʪʘ 

ʧʨʦʛʨʘʤʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ, ʷʢʽ ʟʘʙʝʟʧʝʯʫʶʪʴ ʧʝʨʝʜʘʯʫ, ʦʙʨʦʙʢʫ, ʟʙʝʨʝʞʝʥʥʷ 
ʪʘ ʦʪʨʠʤʘʥʥʷ ʽʥʬʦʨʤʘʮʽʾ. ɺʦʥʘ ʤʦʞʝ ʩʢʣʘʜʘʪʠʩʷ ʟ ʨʽʟʥʦʤʘʥʽʪʥʠʭ 
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ʢʦʤʧʦʥʝʥʪʽʚ, ʪʘʢʠʭ ʷʢ ʤʝʨʝʞʽ ʧʝʨʝʜʘʯʽ ʜʘʥʠʭ, ʪʝʣʝʬʦʥʥʽ ʩʠʩʪʝʤʠ, ʤʝʨʝʞʽ 
ɯʥʪʝʨʥʝʪ ʪʦʱʦ. 
ʉʦʮʽʘʣʴʥʽ ʤʝʨʝʞʽ ʦʭʦʧʣʝʥʽ ʪʝʨʤʽʥʘʤʠ ʪʝʣʝʢʦʤʫʥʽʢʘʮʽʾ ʪʘ ʝʣʝʢʪʨʦʥʥʽ 

ʢʦʤʫʥʽʢʘʮʽʾ? ʉʦʮʽʘʣʴʥʽ ʤʝʨʝʞʽ ʤʦʞʥʘ ʚʚʘʞʘʪʠ ʦʜʥʠʤ ʟ ʚʠʜʽʚ ʝʣʝʢʪʨʦʥʥʠʭ 
ʢʦʤʫʥʽʢʘʮʽʡ, ʦʩʢʽʣʴʢʠ ʚʦʥʠ ʜʦʟʚʦʣʷʶʪʴ ʢʦʨʠʩʪʫʚʘʯʘʤ ʦʙʤʽʥʶʚʘʪʠʩʷ 
ʧʦʚʽʜʦʤʣʝʥʥʷʤʠ ʪʘ ʽʥʰʦʶ ʽʥʬʦʨʤʘʮʽʻʶ ʯʝʨʝʟ ɯʥʪʝʨʥʝʪ. ʇʨʦʪʝ, ʪʝʨʤʽʥ 
"ʝʣʝʢʪʨʦʥʥʽ ʢʦʤʫʥʽʢʘʮʽʾ" ʥʝ ʚʽʜʦʙʨʘʞʘʻ ʧʦʚʥʽʩʪʶ ʚʩʽʭ ʘʩʧʝʢʪʽʚ ʩʦʮʽʘʣʴʥʠʭ 
ʤʝʨʝʞ ʷʢ ʬʝʥʦʤʝʥʫ, ʦʩʢʽʣʴʢʠ ʩʦʮʽʘʣʴʥʽ ʤʝʨʝʞʽ ʪʘʢʦʞ ʚʢʣʶʯʘʶʪʴ ʚ ʩʝʙʝ 
ʤʦʞʣʠʚʦʩʪʽ ʜʣʷ ʩʪʚʦʨʝʥʥʷ ʩʧʽʣʴʥʦʪ, ʦʙʤʽʥʫ ʜʫʤʢʘʤʠ, ʜʦʩʣʽʜʞʝʥʥʷ ʜʘʥʠʭ ʪʘ 
ʽʥʰʽ ʬʫʥʢʮʽʾ, ʷʢʽ ʥʝ ʧʦʚ'ʷʟʘʥʽ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʟ ʢʦʤʫʥʽʢʘʮʽʻʶ. 
ɽʣʝʢʪʨʦʥʥʽ ʢʦʤʫʥʽʢʘʮʽʾ ʪʘ ʪʝʣʝʢʦʤʫʥʽʢʘʮʽʾ ʻ ʯʘʩʪʠʥʘʤʠ 

ʽʥʬʦʢʦʤʫʥʽʢʘʮʽʡ? ʊʘʢ, ʝʣʝʢʪʨʦʥʥʽ ʢʦʤʫʥʽʢʘʮʽʾ ʪʘ ʪʝʣʝʢʦʤʫʥʽʢʘʮʽʾ ʻ ʯʘʩʪʠʥʘʤʠ 
ʽʥʬʦʢʦʤʫʥʽʢʘʮʽʡ. ɯʥʬʦʢʦʤʫʥʽʢʘʮʽʾ - ʮʝ ʰʠʨʦʢʠʡ ʪʝʨʤʽʥ, ʷʢʠʡ ʦʭʦʧʣʶʻ ʙʫʜʴ-
ʷʢʠʡ ʦʙʤʽʥ ʽʥʬʦʨʤʘʮʽʻʶ, ʱʦ ʚʽʜʙʫʚʘʻʪʴʩʷ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʨʽʟʥʠʭ 
ʪʝʭʥʦʣʦʛʽʡ, ʚʢʣʶʯʘʶʯʠ ʝʣʝʢʪʨʦʥʥʽ ʢʦʤʫʥʽʢʘʮʽʾ ʪʘ ʪʝʣʝʢʦʤʫʥʽʢʘʮʽʾ. 
ɽʣʝʢʪʨʦʥʥʽ ʢʦʤʫʥʽʢʘʮʽʾ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʜʣʷ ʦʙʤʽʥʫ ʽʥʬʦʨʤʘʮʽʻʶ ʟʘ 
ʜʦʧʦʤʦʛʦʶ ʝʣʝʢʪʨʦʥʥʠʭ ʟʘʩʦʙʽʚ, ʪʘʢʠʭ ʷʢ ʝʣʝʢʪʨʦʥʥʘ ʧʦʰʪʘ, ʤʠʪʪʻʚʽ 
ʧʦʚʽʜʦʤʣʝʥʥʷ, ʚʽʜʝʦʟʚ'ʷʟʦʢ ʪʦʱʦ. ʊʝʣʝʢʦʤʫʥʽʢʘʮʽʾ ʦʭʦʧʣʶʶʪʴ ʧʝʨʝʜʘʯʫ 
ʽʥʬʦʨʤʘʮʽʾ ʟʘ ʜʦʧʦʤʦʛʦʶ ʤʝʨʝʞʽ ʟʚ'ʷʟʢʫ, ʪʘʢʦʾ ʷʢ ʪʝʣʝʬʦʥʥʽ ʤʝʨʝʞʽ, ʤʝʨʝʞʽ 
ʧʝʨʝʜʘʯʽ ʜʘʥʠʭ, ʩʫʧʫʪʥʠʢʦʚʽ ʤʝʨʝʞʽ ʪʘ ʽʥʰʽ. ʊʘʢʠʤ ʯʠʥʦʤ, ʝʣʝʢʪʨʦʥʥʽ 
ʢʦʤʫʥʽʢʘʮʽʾ ʪʘ ʪʝʣʝʢʦʤʫʥʽʢʘʮʽʾ ʻ ʜʚʦʤʘ ʛʦʣʦʚʥʠʤʠ ʩʢʣʘʜʦʚʠʤʠ 
ʽʥʬʦʢʦʤʫʥʽʢʘʮʽʡ. 
ʗʢ ʧʦʚʷʟʘʥʽ ʪʝʨʤʽʥʠ ʝʣʝʢʪʨʦʟʚʷʟʦʢ ʽ ʪʝʣʝʢʦʤʫʥʽʢʘʮʽʾ? ʊʝʨʤʽʥʠ 

"ʝʣʝʢʪʨʦʟʚ'ʷʟʦʢ" ʽ "ʪʝʣʝʢʦʤʫʥʽʢʘʮʽʾ" ʤʘʶʪʴ ʧʝʚʥʫ ʩʧʽʣʴʥʽʩʪʴ, ʦʩʢʽʣʴʢʠ ʦʙʠʜʚʘ 
ʦʧʠʩʫʶʪʴ ʧʝʨʝʜʘʯʫ ʽʥʬʦʨʤʘʮʽʾ ʥʘ ʚʽʜʩʪʘʥʴ ʟʘ ʜʦʧʦʤʦʛʦʶ ʝʣʝʢʪʨʠʯʥʠʭ 
ʩʠʛʥʘʣʽʚ. ʆʜʥʘʢ, ʪʝʨʤʽʥ "ʝʣʝʢʪʨʦʟʚ'ʷʟʦʢ" ʻ ʙʽʣʴʰ ʩʪʘʨʠʤ ʽ ʟʘʟʚʠʯʘʡ 
ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʜʣʷ ʦʧʠʩʫ ʪʨʘʜʠʮʽʡʥʠʭ ʤʝʪʦʜʽʚ ʧʝʨʝʜʘʯʽ ʛʦʣʦʩʦʚʦʾ 
ʽʥʬʦʨʤʘʮʽʾ ʥʘ ʚʽʜʩʪʘʥʴ, ʪʘʢʠʭ ʷʢ ʪʝʣʝʬʦʥʽʷ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʧʨʦʚʦʜʽʚ, 
ʨʘʜʽʦʚʠʧʨʦʤʽʥʝʥʥʷ, ʘ ʪʘʢʦʞ ʪʝʣʝʛʨʘʬʫʚʘʥʥʷ. ʊʝʨʤʽʥ "ʪʝʣʝʢʦʤʫʥʽʢʘʮʽʾ" ʻ 
ʙʽʣʴʰ ʰʠʨʦʢʠʤ ʪʘ ʫʥʽʚʝʨʩʘʣʴʥʠʤ, ʽ ʚʽʥ ʚʢʣʶʯʘʻ ʚ ʩʝʙʝ ʪʝʨʤʽʥ 
"ʝʣʝʢʪʨʦʟʚ'ʷʟʦʢ" ʷʢ ʦʜʠʥ ʟ ʡʦʛʦ ʘʩʧʝʢʪʽʚ. 
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THE METHOD OF INCREASING THE AMPLIFICATION  

COEFFICIENT OF THE RECEIVING AND TRANSMITTING EQUIPMENT  

OF THE COMMUNICATION CHANNEL WITH DRONES  
 

When using drones, it is necessary to ensure the transmission of a large amount of data 

with a given bandwidth and bit error probability. For this, it is necessary to provide measures 

that allow to ensure the required energy level of the transmitted signal. Such a task can be solved 

by using directional antennas both on the ground control complex and on board the drone. 
 

ɿʘ ʜʦʧʦʤʦʛʦʶ ʤʫʣʴʪʠʢʦʧʪʝʨʥʠʭ ʜʨʦʥʽʚ ʤʦʞʥʘ ʢʦʥʪʨʦʣʶʚʘʪʠ ʪʝʭʥʽʯʥʠʡ 
ʩʪʘʥ ʦʙ'ʻʢʪʽʚ, ʾʭ ʙʝʟʧʝʢʫ ʪʘ ʨʝʞʠʤʠ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ, ʟʜʽʡʩʥʶʚʘʪʠ 
ʘʝʨʦʬʦʪʦʟʥʽʤʘʥʥʷ ʜʣʷ ʢʘʨʪʦʛʨʘʬʫʚʘʥʥʷ, ʜʨʦʥʠ ʤʦʞʫʪʴ ʜʦʩʪʘʚʣʷʪʠ ʚʘʥʪʘʞʽ, 
ʙʫʪʠ ʦʩʥʦʚʦʶ ʪʝʣʝʢʦʤʫʥʽʢʘʮʽʡʥʦʾ ʧʦʚʽʪʨʷʥʦʾ ʧʣʘʪʬʦʨʤʠ  ʽ ʪ.ʧ. [1]. 

ʇʨʠ ʟʘʩʪʦʩʫʚʘʥʥʽ ʜʨʦʥʽʚ ʥʝʦʙʭʽʜʥʦ ʟʘʙʝʟʧʝʯʠʪʠ ʧʝʨʝʜʘʯʫ ʚʝʣʠʢʦʛʦ 
ʦʙʩʷʛʫ ʜʘʥʠʭ ʧʨʠ ʟʘʜʘʥʠʭ ʩʤʫʟʽ ʧʨʦʧʫʩʢʘʥʥʷ ʡ ʽʤʦʚʽʨʥʦʩʪʽ ʙʽʪʦʚʦʾ ʧʦʤʠʣʢʠ. 

ɼʣʷ ʟʘʜʦʚʦʣʝʥʥʷ ʚʠʤʦʛ ʧʦ ʧʨʦʧʫʩʢʥʽʡ ʟʜʘʪʥʦʩʪʽ ʜʦʮʽʣʴʥʠʤ ʻ ʚʠʙʽʨ 
ʥʘʜʚʠʩʦʢʠʭ ʯʘʩʪʦʪ (ʅɺʏ), ʘ ʩʘʤʝ, ʜʽʘʧʘʟʦʥʫ 2,4 ɻɻʮ [2]. 

ɿʘʟʚʠʯʘʡ ʜʨʦʥʠ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʥʘ ʚʽʜʩʪʘʥʷʭ ʜʦ 10 ʢʤ. ʋ ʜʽʘʧʘʟʦʥʽ 
2,4 ɻɻʮ ʟʘʛʘʩʘʥʥʷ ʩʠʛʥʘʣʫ ʥʘ ʚʽʜʩʪʘʥʽ 10 ʢʤ ʜʦʩʷʛʘʻ 120 ʜʙ [2], ʪʦʤʫ 
ʥʝʦʙʭʽʜʥʦ ʧʝʨʝʜʙʘʯʠʪʠ ʟʘʭʦʜʠ, ʱʦ ʜʦʟʚʦʣʷʶʪʴ ʟʘʙʝʟʧʝʯʠʪʠ ʥʝʦʙʭʽʜʥʠʡ 
ʝʥʝʨʛʝʪʠʯʥʠʡ ʨʽʚʝʥʴ ʧʝʨʝʜʘʥʦʛʦ ʩʠʛʥʘʣʫ ʥʘ ʪʘʢʠʡ ʚʽʜʩʪʘʥʽ. ɸʥʘʣʽʟ ʨʠʥʢʫ 
ʤʘʣʦʛʘʙʘʨʠʪʥʠʭ ʧʨʠʡʤʘʣʴʥʦ-ʧʝʨʝʜʘʶʯʠʭ ʧʨʠʩʪʨʦʾʚ ʧʦʢʘʟʫʻ, ʱʦ 
ʥʘʡʧʦʰʠʨʝʥʽʰʽ ʧʨʠʡʤʘʯʽ ʽʟ ʯʫʪʣʠʚʽʩʪʶ ʧʦʨʷʜʢʫ ï90 ʜʙ, ʽ ʧʝʨʝʜʘʚʘʯʽ ʟ 
ʧʦʩʠʣʝʥʥʷʤ ʙʣʠʟʴʢʦ 30 ʜʙ, ʱʦ ʜʦʟʚʦʣʷʻ ʧʝʨʝʢʨʠʪʠ ʟʘʛʘʩʘʥʥʷ ʚ 120 ʜʙ.  

ʅʘʧʨʠʢʣʘʜ, ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʡʤʦʚʽʨʥʦʩʪʽ ʧʦʤʠʣʢʠ ʧʦʨʷʜʢʫ  ʧʨʠ 
ʚʠʢʦʨʠʩʪʘʥʥʽ QAM32 ʥʘ ʚʭʦʜʽ ʧʨʠʡʤʘʯʘ ʥʝʦʙʭʽʜʥʦ ʟʘʙʝʟʧʝʯʠʪʠ ʚʽʜʥʦʰʝʥʥʷ 
ʩʠʛʥʘʣ/ʰʫʤ ʥʘ ʨʽʚʥʽ 18 ʜʙ [2]. ɺʨʘʭʦʚʫʶʯʠ ʚʪʨʘʪʠ ʫ ʬʽʜʝʨʽ ʧʨʠʡʤʘʯʘ ʡ 
ʧʝʨʝʜʘʚʘʯʘ (ʫʩʴʦʛʦ ʙʣʠʟʴʢʦ 3 ʜʙ), ʩʪʘʻ ʟʨʦʟʫʤʽʣʠʤ, ʱʦ ʝʥʝʨʛʝʪʠʢʘ ʧʝʨʝʜʘʥʦʛʦ 
ʩʠʛʥʘʣʫ ʧʦʚʠʥʥʘ ʙʫʪʠ ʟʙʽʣʴʰʝʥʘ, ʷʢ ʤʽʥʽʤʫʤ, ʥʘ 21 ʜʙ, ʘ ʚ ʨʝʘʣʴʥʠʭ ʫʤʦʚʘʭ 
ʧʦʰʠʨʝʥʥʷ ʩʠʛʥʘʣʫ ʡ ʚʧʣʠʚʫ ʥʝʥʘʚʤʠʩʥʠʭ ʧʝʨʝʰʢʦʜ ï ʥʘ ʱʝ ʙʽʣʴʰʫ 
ʚʝʣʠʯʠʥʫ. ʈʦʟʚ'ʷʟʘʪʠ ʪʘʢʝ ʟʘʚʜʘʥʥʷ ʤʦʞʥʘ ʰʣʷʭʦʤ ʚʠʢʦʨʠʩʪʘʥʥʷ 
ʩʧʨʷʤʦʚʘʥʠʭ ʘʥʪʝʥ ʷʢ ʥʘ ʥʘʟʝʤʥʦʤʫ ʢʦʤʧʣʝʢʩʽ ʫʧʨʘʚʣʽʥʥʷ (ʅʂʋ), ʪʘʢ ʽ ʥʘ 
ʙʦʨʪʽ ʜʨʦʥʘ. 

ʅʘ ʅʂʋ ʤʦʞʥʘ ʚʠʢʦʨʠʩʪʘʪʠ ʧʘʨʘʙʦʣʽʯʥʫ ʘʥʪʝʥʫ, ʢʦʝʬʽʮʽʻʥʪ ʧʽʜʩʠʣʝʥʥʷ 
ʷʢʦʾ ʜʣʷ ʧʨʠʡʥʷʪʥʠʭ ʚʘʛʦ-ʛʘʙʘʨʠʪʥʠʭ ʧʦʢʘʟʥʠʢʽʚ (ʧʨʠ ʜʽʘʤʝʪʨʽ ʜʟʝʨʢʘʣʘ ʜʦ 
0,5 ʤ) ʩʢʣʘʜʝ ʥʝ ʙʽʣʴʰʝ 19 ʜʙ. ʇʦʜʘʣʴʰʝ ʧʽʜʚʠʱʝʥʥʷ ʢʦʝʬʽʮʽʻʥʪʘ ʧʽʜʩʠʣʝʥʥʷ 
ʤʦʞʝ ʙʫʪʠ ʟʜʽʡʩʥʝʥʝ ʟʘ ʨʘʭʫʥʦʢ ʟʙʽʣʴʰʝʥʥʷ ʜʽʘʤʝʪʨʘ ʜʟʝʨʢʘʣʘ, ʱʦ ʚʘʞʢʦ 
ʨʝʘʣʽʟʫʚʘʪʠ ʜʣʷ ʥʦʩʠʤʠʭ ʅʂʋ. ɿʨʦʟʫʤʽʣʦ, ʱʦ ʨʽʚʝʥʴ ʩʠʛʥʘʣʫ ʧʦʚʠʥʝʥ ʙʫʪʠ 
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ʧʽʜʚʠʱʝʥʠʡ çʽʟ ʟʘʧʘʩʦʤè ʧʨʠʙʣʠʟʥʦ ʥʘ 5 ʜʙ. 
ʋʧʨʘʚʣʽʥʥʷ ʥʘʧʨʷʤʢʦʤ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʧʦʩʠʣʝʥʥʷ ʙʦʨʪʦʚʦʾ ʘʥʪʝʥʠ 

ʤʦʞʝ ʟʜʽʡʩʥʶʚʘʪʠʩʷ ʜʝʢʽʣʴʢʦʤʘ ʩʧʦʩʦʙʘʤʠ [2]: ʫʩʪʘʥʦʚʢʘ ʘʥʪʝʥʠ ʥʘ ʦʧʦʨʥʦ-
ʧʦʚʦʨʦʪʥʦʤʫ ʧʨʠʩʪʨʦʾ; ʚʠʢʦʨʠʩʪʘʥʥʷ ʙʘʛʘʪʦʝʣʝʤʝʥʪʥʦʾ ʘʥʪʝʥʥʦʾ ʨʝʰʽʪʢʠ ʟ 
ʢʝʨʦʚʘʥʦʶ ʜʽʘʛʨʘʤʦʶ ʩʧʨʷʤʦʚʘʥʦʩʪʽ; ʚʠʢʦʨʠʩʪʘʥʥʷ ʜʝʢʽʣʴʢʦʭ ʘʥʪʝʥ, ʱʦ 
ʧʝʨʝʤʠʢʘʶʪʴʩʷ. 

ʈʝʘʣʽʟʘʮʽʷ ʧʝʨʰʦʛʦ ʩʧʦʩʦʙʫ ʜʦʟʚʦʣʷʻ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʦʜʥʫ 
ʛʦʩʪʨʦʩʧʨʷʤʦʚʘʥʫ ʘʥʪʝʥʫ ʜʣʷ ʙʝʟʧʝʨʝʨʚʥʦʛʦ ʩʧʦʩʪʝʨʝʞʝʥʥʷ ʟʘ ʥʘʧʨʷʤʢʦʤ ʥʘ 
ʅʂʋ. ʇʨʠ ʫʩʪʘʥʦʚʮʽ ʘʥʪʝʥʠ ʥʘ ʦʧʦʨʥʦ-ʧʦʚʦʨʦʪʥʦʤʫ ʧʨʠʩʪʨʦʾ ʥʝʦʙʭʽʜʥʝ 
ʩʪʚʦʨʝʥʥʷ ʦʙʝʨʪʦʚʦʛʦ ʧʝʨʝʭʦʜʫ. ɺʽʥ ʤʦʞʝ ʙʫʪʠ ʨʦʟʤʽʱʝʥʠʡ ʫ ʨʽʟʥʠʭ ʤʽʩʮʷʭ: 
ʧʝʨʝʜ ʘʥʪʝʥʦʶ ʧʽʩʣʷ ʧʽʜʩʠʣʶʚʘʯʘ ʧʦʪʫʞʥʦʩʪʽ; ʧʽʩʣʷ ʧʝʨʝʜʘʚʘʯʘ ʧʝʨʝʜ 
ʧʽʜʩʠʣʶʚʘʯʝʤ ʧʦʪʫʞʥʦʩʪʽ ʡ ʘʥʪʝʥʦʶ; ʧʝʨʝʜʘʚʘʣʴʥʠʡ ʧʨʠʩʪʨʽʡ, ʧʽʜʩʠʣʶʚʘʯ 
ʧʦʪʫʞʥʦʩʪʽ ʡ ʘʥʪʝʥʘ ʨʦʟʤʽʱʫʶʪʴʩʷ ʥʘ ʧʦʚʦʨʦʪʥʦʤʫ ʧʨʠʩʪʨʦʾ, ʯʝʨʝʟ 
ʙʘʛʘʪʦʢʘʥʘʣʴʥʠʡ ʦʙʝʨʪʦʚʠʡ ʧʝʨʝʭʽʜ ʧʝʨʝʜʘʶʪʴʩʷ ʩʠʛʥʘʣʠ ʪʘ ʞʠʚʣʝʥʥʷ. 

ɿʘʛʘʣʴʥʠʤʠ ʥʝʜʦʣʽʢʘʤʠ ʚʠʢʦʨʠʩʪʘʥʥʷ ʦʧʦʨʥʦ-ʧʦʚʦʨʦʪʥʦʛʦ ʧʨʠʩʪʨʦʶ ʻ:  
- ʚʠʩʦʢʘ ʚʘʨʪʽʩʪʴ ʦʙʝʨʪʦʚʦʛʦ ʢʦʘʢʩʽʘʣʴʥʦʛʦ ʅɺʏ ʧʝʨʝʭʦʜʫ; 
- ʧʨʠ ʨʦʟʤʽʱʝʥʥʽ ʛʦʩʪʨʦʩʧʨʷʤʦʚʘʥʦʾ ʘʥʪʝʥʠ ʙʫʜʴ-ʷʢʦʛʦ ʪʠʧʫ ʥʘ ʦʧʦʨʥʦ-

ʧʦʚʦʨʦʪʥʦʤʫ ʧʨʠʩʪʨʦʾ, ʙʽʣʴʰʘ ʯʘʩʪʠʥʘ ʧʦʚʝʨʭʥʽ ʧʦʚʦʨʦʪʥʦʾ ʧʣʘʪʬʦʨʤʠ 
ʟʘʣʠʰʘʻʪʴʩʷ ʥʝʚʠʢʦʨʠʩʪʘʥʦʶ.;  

- ʧʝʨʝʤʽʱʝʥʥʷ ʘʥʪʝʥʠ ʚ ʛʦʨʠʟʦʥʪʘʣʴʥʽʡ ʧʣʦʱʠʥʽ ʧʨʠʚʦʜʠʪʴ ʜʦ 
ʧʝʨʝʤʽʱʝʥʥʷ ʮʝʥʪʨʫ ʚʘʛʠ ʜʨʦʥʫ, ʘ ʦʪʞʝ ʜʦ ʜʝʩʪʘʙʽʣʽʟʘʮʽʾ ʡʦʛʦ ʧʨʦʩʪʦʨʦʚʦʛʦ 
ʧʦʣʦʞʝʥʥʷ;  

- ʟʥʘʯʥʽ ʚʠʪʨʘʪʠ ʧʦʪʫʞʥʦʩʪʽ ʥʘ ʨʦʙʦʪʫ ʝʣʝʢʪʨʦʧʨʠʚʦʜʘ. 
ʇʨʠ ʨʝʘʣʽʟʘʮʽʾ ʜʨʫʛʦʛʦ ʩʧʦʩʦʙʫ ʜʣʷ ʩʪʚʦʨʝʥʥʷ ʘʥʪʝʥʥʦʾ ʩʠʩʪʝʤʠ ʟ 

ʢʝʨʦʚʘʥʦʶ ʜʽʘʛʨʘʤʦʶ ʩʧʨʷʤʦʚʘʥʦʩʪʽ ʤʦʞʝ ʙʫʪʠ ʚʠʢʦʨʠʩʪʘʥʘ ʢʽʣʴʮʝʚʘ 
ʘʥʪʝʥʥʘ ʨʝʰʽʪʢʘ. ɿʘʚʜʷʢʠ ʢʽʣʴʮʝʚʽʡ ʩʠʤʝʪʨʽʾ ʘʥʪʝʥʥʦʾ ʨʝʰʽʪʢʠ ʚʜʘʻʪʴʩʷ 
ʦʜʝʨʞʘʪʠ ʩʧʨʷʤʦʚʘʥʽ ʜʽʘʛʨʘʤʠ, ʷʢʽ ʤʘʣʦ ʟʤʽʥʶʶʪʴʩʷ ʧʨʠ ʩʢʘʥʫʚʘʥʥʽ ʚ ʤʝʞʘʭ 
360Ü ʫ ʧʣʦʱʠʥʽ ʨʝʰʽʪʢʠ. 

ʆʜʥʘʢ, ʜʣʷ ʦʜʝʨʞʘʥʥʷ ʧʦʩʠʣʝʥʥʷ ʢʽʣʴʮʝʚʦʶ ʘʥʪʝʥʥʦʶ ʨʝʰʽʪʢʦʶ 
ʥʝʦʙʭʽʜʥʦ ʟʙʽʣʴʰʫʚʘʪʠ ʯʠʩʣʦ ʝʣʝʤʝʥʪʽʚ, ʱʦ ʫ ʟʚ'ʷʟʢʫ ʟ ʚʘʛʦ-ʛʘʙʘʨʠʪʥʠʤʠ 
ʦʙʤʝʞʝʥʥʷʤʠ ʥʝʧʨʠʡʥʷʪʥʦ ʜʣʷ ʤʫʣʴʪʠʢʦʧʪʝʨʥʠʭ ʜʨʦʥʽʚ ʟ ʝʣʝʢʪʨʦʧʨʠʚʦʜʦʤ. 
ʂʨʽʤ ʪʦʛʦ, ʚʠʢʦʨʠʩʪʘʥʥʷ ʙʘʛʘʪʦʝʣʝʤʝʥʪʥʦʾ ʘʥʪʝʥʥʦʾ ʨʝʰʽʪʢʠ ʫʩʢʣʘʜʥʷʻʪʴʩʷ 
ʥʝʦʙʭʽʜʥʽʩʪʶ ʚʠʛʦʪʦʚʣʝʥʥʷ ʩʢʣʘʜʥʠʭ ʽ ʚʠʩʦʢʦʚʘʨʪʽʩʥʠʭ ʜʽʘʛʨʘʤ ʫʪʚʦʨʶʶʯʠʭ 
ʧʨʠʩʪʨʦʾʚ. 

ʊʨʝʪʽʡ ʩʧʦʩʽʙ ʧʝʨʝʜʙʘʯʘʻ ʚʠʢʦʨʠʩʪʘʥʥʷ ʜʝʢʽʣʴʢʦʭ ʘʥʪʝʥ, ʱʦ 
ʧʝʨʝʤʠʢʘʶʪʴʩʷ, ʪʦʜʽ ʧʨʦʩʪʦʨʦʚʽ ʥʘʧʨʷʤʢʠ ʧʦ ʘʟʠʤʫʪʫ ʨʦʟʙʠʚʘʶʪʴʩʷ ʥʘ 
ʩʝʢʪʦʨʠ. ɿʽ ʟʙʽʣʴʰʝʥʥʷʤ ʢʦʝʬʽʮʽʻʥʪʽʚ ʧʽʜʩʠʣʝʥʥʷ ʘʥʪʝʥ ʾʭ ʯʠʩʣʦ ʟʨʦʩʪʘʻ, ʘ 
ʜʣʷ ʨʦʟʤʽʱʝʥʥʷ ʚʝʣʠʢʦʾ ʢʽʣʴʢʦʩʪʽ ʘʥʪʝʥ ʧʦʪʨʽʙʥʦ ʟʙʽʣʴʰʫʚʘʪʠ ʛʘʙʘʨʠʪʥʽ 
ʨʦʟʤʽʨʠ ʡ ʤʘʩʫ ʚʩʽʻʾ ʘʥʪʝʥʥʦʾ ʩʠʩʪʝʤʠ. ʋ ʮʴʦʤʫ ʚʠʧʘʜʢʫ ʤʦʞʣʠʚʠʡ 
ʢʦʤʧʨʦʤʽʩʥʠʡ ʨʦʟʚ'ʷʟʦʢ, ʱʦ ʟʘʙʝʟʧʝʯʫʻ ʥʝʦʙʭʽʜʥʝ ʧʦʩʠʣʝʥʥʷ ʡ ʟʘʜʦʚʦʣʴʥʷʻ 
ʚʘʛʦ-ʛʘʙʘʨʠʪʥʽ ʦʙʤʝʞʝʥʥʷ.  

ɼʣʷ ʡʦʛʦ ʨʝʘʣʽʟʘʮʽʾ ʧʨʦʧʦʥʫʻʪʴʩʷ ʨʦʟʤʽʩʪʠʪʠ ʥʘ ʙʦʨʪʫ ʜʨʦʥʘ ʰʽʩʪʴ 
ʘʥʪʝʥ ʪʠʧʫ çʭʚʠʣʴʦʚʠʡ ʢʘʥʘʣè. ɿ ʫʨʘʭʫʚʘʥʥʷʤ ʚʘʛʦ-ʛʘʙʘʨʠʪʥʠʭ ʦʙʤʝʞʝʥʴ 
ʢʦʥʩʪʨʫʢʮʽʷ ʦʜʥʽʻʾ ʘʥʪʝʥʠ ʙʫʜʝ ʩʢʣʘʜʘʪʠʩʷ ʣʠʰʝ ʽʟ ʪʨʴʦʭ ʝʣʝʤʝʥʪʽʚ.  

ʈʦʟʤʽʨʠ ʝʣʝʤʝʥʪʽʚ ʘʥʪʝʥʠ ʚʠʟʥʘʯʘʶʪʴʩʷ ʜʦʚʞʠʥʦʶ ʭʚʠʣʽ, ʘ ʩʘʤʝ: 
ʘʢʪʠʚʥʠʡ ʚʽʙʨʘʪʦʨ ; ʨʝʬʣʝʢʪʦʨ ʥʝʟʥʘʯʥʦ ʙʽʣʴʰʝ ʚʽʙʨʘʪʦʨʘ ; 
ʜʠʨʝʢʪʦʨ ʥʝʟʥʘʯʥʦ ʤʝʥʰʝ ʡʦʛʦ ; ʚʽʜʩʪʘʥʴ ʤʽʞ ʨʝʬʣʝʢʪʦʨʦʤ, ʘʢʪʠʚʥʠʤ 
ʚʽʙʨʘʪʦʨʦʤ ʽ ʜʠʨʝʢʪʦʨʦʤ . ɼʣʷ ʦʙʨʘʥʦʛʦ ʯʘʩʪʦʪʥʦʛʦ ʜʽʘʧʘʟʦʥʫ 
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 ʤ, ʪʦʤʫ ʦʜʥʘ ʘʥʪʝʥʘ ʤʘʻ ʛʘʙʘʨʠʪʠ ʧʨʠʙʣʠʟʥʦ 7ʭ7 ʩʤ, ʘ ʢʦʥʩʪʨʫʢʮʽʷ 
ʽʟ ʰʝʩʪʠ ʘʥʪʝʥ ʚʧʠʩʫʻʪʴʩʷ ʚ ʦʢʨʫʞʥʽʩʪʴ ʨʘʜʽʫʩʦʤ  ʩʤ, ʘ 
ʾʾ ʚʘʛʘ ʩʢʣʘʜʝ ʙʣʠʟʴʢʦ 120 ʛʨʘʤ. ʂʦʝʬʽʮʽʻʥʪ ʧʽʜʩʠʣʝʥʥʷ ʪʨʴʦʭʝʣʝʤʝʥʪʥʦʾ 
ʘʥʪʝʥʠ ʪʠʧʫ çʭʚʠʣʴʦʚʠʡ ʢʘʥʘʣè ï 5,5 ʜʙ [2].  

ʇʨʠ ʥʘʷʚʥʦʩʪʽ ʜʝʢʽʣʴʢʦʭ ʘʥʪʝʥ ʥʘ ʙʦʨʪʫ ʜʨʦʥʘ ʚʠʥʠʢʘʻ ʥʝʦʙʭʽʜʥʽʩʪʴ 
ʚʠʙʦʨʫ ʘʥʪʝʥʠ, ʩʧʨʷʤʦʚʘʥʦʾ ʫʙʽʢ ʅʂʋ. ɯʩʥʫʻ ʢʽʣʴʢʘ ʚʘʨʽʘʥʪʽʚ ʨʝʘʣʽʟʘʮʽʾ 
ʧʦʜʽʙʥʦʾ ʩʠʩʪʝʤʠ: ʧʝʨʝʤʠʢʘʥʥʷ ʚʠʭʦʜʫ ʧʽʜʩʠʣʶʚʘʯʘ ʧʝʨʝʜʘʚʘʯʘ ʤʽʞ 
ʘʥʪʝʥʘʤʠ (ʦʜʠʥ ʧʝʨʝʜʘʚʘʯ, ʦʜʠʥ ʧʽʜʩʠʣʶʚʘʯ ʧʦʪʫʞʥʦʩʪʽ, ʢʽʣʴʢʘ ʘʥʪʝʥ); 
ʧʝʨʝʤʠʢʘʥʥʷ ʚʠʭʦʜʫ ʧʝʨʝʜʘʚʘʯʘ ʤʽʞ ʧʽʜʩʠʣʶʚʘʯʘʤʠ ʧʦʪʫʞʥʦʩʪʽ ʡ ʘʥʪʝʥʘʤʠ 
(ʦʜʠʥ ʧʝʨʝʜʘʚʘʯ, ʢʽʣʴʢʘ ʩʧʦʣʫʯʝʥʠʭ ʧʽʜʩʠʣʶʚʘʯʽʚ ʧʦʪʫʞʥʦʩʪʽ ʡ ʘʥʪʝʥ); 
ʧʝʨʝʤʠʢʘʥʥʷ ʩʠʛʥʘʣʫ ʤʽʞ ʧʝʨʝʜʘʚʘʯʘʤʠ (ʯʠʩʣʦ ʧʝʨʝʜʘʚʘʯʽʚ ʽ ʧʽʜʩʠʣʶʚʘʯʽʚ 
ʧʦʪʫʞʥʦʩʪʽ ʜʦʨʽʚʥʶʻ ʯʠʩʣʫ ʘʥʪʝʥ). 

ʇʨʠ ʧʝʨʰʦʤʫ ʚʘʨʽʘʥʪʽ ʚʠʭʽʜʥʠʡ ʩʠʛʥʘʣ ʧʽʜʩʠʣʶʚʘʯʘ ʧʦʪʫʞʥʦʩʪʽ 
ʢʦʤʫʪʠʨʫʻʪʴʩʷ ʤʽʞ ʜʝʢʽʣʴʢʦʤʘ ʘʥʪʝʥʘʤʠ. ɻʽʜʥʽʩʪʶ ʮʴʦʛʦ ʚʘʨʽʘʥʪʘ ʻ 
ʚʠʢʦʨʠʩʪʘʥʥʷ ʻʜʠʥʦʛʦ ʧʝʨʝʜʘʚʘʣʴʥʦʛʦ ʤʦʜʫʣʷ ʡ ʧʽʜʩʠʣʶʚʘʯʘ ʧʦʪʫʞʥʦʩʪʽ ʜʣʷ 
ʨʦʙʦʪʠ ʥʘ ʢʽʣʴʢʘ ʘʥʪʝʥʥʠʭ ʧʨʠʩʪʨʦʾʚ. ɿʘʛʘʣʴʥʠʤ ʥʝʜʦʣʽʢʦʤ ʻ ʚʪʨʘʪʠ ʚ 
ʢʦʤʫʪʫʶʯʦʤʫ ʧʨʠʩʪʨʦʾ. 

ʇʨʠ ʜʨʫʛʦʤʫ ʚʘʨʽʘʥʪʽ ʯʠʩʣʦ ʧʽʜʩʠʣʶʚʘʯʽʚ ʧʦʪʫʞʥʦʩʪʽ ʜʦʨʽʚʥʶʻ ʯʠʩʣʫ 
ʘʥʪʝʥ. ɼʦ ʥʝʜʦʣʽʢʽʚ ʪʘʢʦʛʦ ʧʽʜʭʦʜʫ ʤʦʞʥʘ ʚʽʜʥʝʩʪʠ: ʥʘʷʚʥʽʩʪʴ ʜʝʢʽʣʴʢʦʭ 
ʧʽʜʩʠʣʶʚʘʯʽʚ ʧʦʪʫʞʥʦʩʪʽ, ʷʢʽ ʟʘʡʤʘʶʪʴ ʙʘʛʘʪʦ ʤʽʩʮʷ ʡ ʤʘʶʪʴ ʙʽʣʴʰʫ ʚʘʛʫ. 

ʊʨʝʪʽʡ ʚʘʨʽʘʥʪ ʚʠʤʘʛʘʻ ʚʠʢʦʨʠʩʪʘʥʥʷ ʜʣʷ ʢʦʞʥʦʾ ʘʥʪʝʥʠ ʩʚʦʛʦ 
ʧʝʨʝʜʘʚʘʯʘ ʡ ʧʽʜʩʠʣʶʚʘʯʘ ʧʦʪʫʞʥʦʩʪʽ. ʋ ʮʴʦʤʫ ʚʠʧʘʜʢʫ ʧʝʨʝʤʠʢʘʯ ʩʠʛʥʘʣʽʚ 
ʚʠʢʦʥʫʻʪʴʩʷ ʥʘ ʨʽʚʥʽ ʮʠʬʨʦʚʦʾ ʣʦʛʽʢʠ. ɼʦ ʧʝʨʝʚʘʛ ʜʘʥʦʛʦ ʧʽʜʭʦʜʫ ʩʣʽʜ 
ʚʽʜʥʝʩʪʠ ʚʠʩʦʢʫ ʥʘʜʽʡʥʽʩʪʴ ʩʠʩʪʝʤʠ. ʆʜʥʘʢ ʧʣʘʪʦʶ ʟʘ ʮʝ ʻ ʚʝʣʠʢʘ ʚʘʛʘ ʡ 
ʚʠʩʦʢʘ ʚʘʨʪʽʩʪʴ. 

ʆʯʝʚʠʜʥʦ, ʱʦ ʜʣʷ ʜʨʦʥʽʚ ʢʨʘʱʠʤ ʻ ʧʝʨʰʠʡ ʚʘʨʽʘʥʪ ï ʪʦʙʪʦ 
ʧʝʨʝʤʠʢʘʥʥʷ ʚʠʭʦʜʫ ʧʽʜʩʠʣʶʚʘʯʘ ʧʦʪʫʞʥʦʩʪʽ ʧʝʨʝʜʘʚʘʯʘ ʤʽʞ ʘʥʪʝʥʘʤʠ.  

ʊʘʢʠʤ ʯʠʥʦʤ, ʧʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ ʟʘʧʨʦʧʦʥʦʚʘʥʦʛʦ ʚʘʨʽʘʥʪʘ ʧʦʙʫʜʦʚʠ 
ʘʥʪʝʥʥʦʾ ʩʠʩʪʝʤʠ ʟʘʛʘʣʴʥʝ ʧʦʩʠʣʝʥʥʷ ʧʨʠʡʤʘʣʴʥʦ ʧʝʨʝʜʘʚʘʣʴʥʦʛʦ 
ʦʙʣʘʜʥʘʥʥʷ ʢʘʥʘʣʫ ʟʚôʷʟʢʫ ʟ ʜʨʦʥʘʤʠ ʤʦʞʝ ʙʫʪʠ ʟʥʘʯʥʦ ʟʙʽʣʴʰʝʥʝ, ʱʦ 
ʟʘʙʝʟʧʝʯʠʪʴ ʤʦʞʣʠʚʽʩʪʴ ʟʜʽʡʩʥʝʥʥʷ ʚʠʩʦʢʦʰʚʠʜʢʽʩʥʦʾ ʪʘ ʷʢʽʩʥʦʾ ʧʝʨʝʜʘʯʽ 
ʽʥʬʦʨʤʘʮʽʾ ʥʘ ʟʥʘʯʥʽ ʚʽʜʩʪʘʥʽ ʟ ʥʠʟʴʢʦʶ ʽʤʦʚʽʨʥʽʩʪʶ ʧʦʤʠʣʢʠ.  
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SYSTEM OF INTERNET OF THINGS BASED ON 5G NETWORK  

 

Due to increasing customer demands, the current architecture of IoT will not be reliable 

and responsive enough to accommodate next-generation IoT applications and future services. 

This document proposes the next-generation architecture of IoT based on new technologies that 

take into account the requirements of future programs, services, and generated data. Specifically, 

this architecture benefits from new technologies such as Device-to-Device (D2D) 

communication, 5G-IoT, Machine-Type Communication (MTC), Wireless Network Function 

Virtualization (WNFV), Wireless Software-Defined Networks (WSDN), Mobile Edge 

Computing (MEC), and Mobile Cloud Computing (MCC). This combination of technologies is 

capable of meeting the requirements of new applications. The proposed new architecture is 

modular, efficient, flexible, scalable, simple, and capable of handling large amounts of data and 

application requirements. 

In this official document, we explore the path to digital transformation with 5G support. 

This journey will take several years as 5G networks and capabilities gradually become available 

while previous generations of networks are phased out. 

 

ʂʝʚʽʥ ɽʰʪʦʥ ʧʨʠʧʫʩʪʠʚ, ʱʦ ʟʛʦʜʦʤ ʫ ʢʦʞʥʦʾ ʟ ʨʝʯʝʡ ʨʝʘʣʴʥʦʛʦ ʬʽʟʠʯʥʦʛʦ ʩʚʽʪʫ ʚ IoT 

ʙʫʜʝ ʮʠʬʨʦʚʠʡ ʜʚʽʡʥʠʢ, ʾʾ ʚʽʨʪʫʘʣʴʥʝ ʧʨʝʜʩʪʘʚʣʝʥʥʷ [1]. 

ɻʣʦʙʘʣʴʥʠʡ ʦʙʩʷʛ ʜʘʥʠʭ ʧʦʩʪʽʡʥʦ ʟʙʽʣʴʰʫʻʪʴʩʷ, ʱʦ ʨʦʙʠʪʴ ʨʦʟʚʠʥʝʥʠʤ 5G 

ʥʝʦʙʭʽʜʥʠʤ ʽ ʥʝʤʠʥʫʯʠʤ ʬʘʢʪʦʤ. ɺʥʘʩʣʽʜʦʢ ʪʘʢʦʛʦ ʚʝʣʠʯʝʟʥʦʛʦ ʟʨʦʩʪʘʥʥʷ ʦʙʩʷʛʽʚ ʜʘʥʠʭ ʫ 

ʩʝʨʝʜʥʴʦʩʪʨʦʢʦʚʽʡ ʧʝʨʩʧʝʢʪʠʚʽ ʽʩʥʫʶʯʽ ʪʝʭʥʦʣʦʛʽʾ ʙʽʣʴʰʝ ʥʝ ʚʽʜʧʦʚʽʜʘʪʠʤʫʪʴ ʚʠʤʦʛʘʤ 

ʩʚʽʪʫ IoT. 

5G IoT ʚʠʭʦʜʠʪʴ ʥʘ ʥʦʚʠʡ ʨʽʚʝʥʴ ʫ ʚʩʽʭ ʘʩʧʝʢʪʘʭ. ʇʨʦʧʫʩʢʥʘ ʟʜʘʪʥʽʩʪʴ ʫ ʥʦʚʽʡ 

ʤʝʨʝʞʽ ʤʘʻ ʜʦʩʷʛʘʪʠ 20 ʛʽʛʘʙʽʪ ʥʘ ʩʝʢʫʥʜʫ, ʱʦ ʜʦʟʚʦʣʠʪʴ ʩʢʦʨʦʪʠʪʠ ʯʘʩ ʚʽʜʛʫʢʫ. ɿ 5G 

ʤʦʞʥʘ ʙʫʜʝ ʪʘʢʦʞ ʧʝʨʝʜʘʚʘʪʠ ʜʘʥʽ ʚ ʨʝʞʠʤʽ ʨʝʘʣʴʥʦʛʦ ʯʘʩʫ. ʎʝ ʦʟʥʘʯʘʻ, ʱʦ 100 ʤʽʣʴʷʨʜʽʚ 

ʤʦʙʽʣʴʥʠʭ ʧʨʠʩʪʨʦʾʚ ʫ ʚʩʴʦʤʫ ʩʚʽʪʽ ʙʫʜʫʪʴ ʜʦʩʪʫʧʥʽ ʦʜʥʦʯʘʩʥʦ. ɯʥʰʠʤʠ ʩʣʦʚʘʤʠ, ʛʫʩʪʠʥʘ 

ʧʽʜʢʣʶʯʝʥʥʷ ʧʨʠʙʣʠʟʥʦ ʦʜʠʥ ʤʽʣʴʡʦʥ ʧʨʠʩʪʨʦʾʚ ʥʘ ʢʚʘʜʨʘʪʥʠʡ ʢʽʣʦʤʝʪʨ. ʋ ʪʦʡ ʞʝ ʯʘʩ 

ʥʦʚʘ ʪʝʭʥʦʣʦʛʽʷ ʜʘʩʪʴ ʧʦʢʨʘʱʝʥʥʷ ʟʚ'ʷʟʢʫ ʧʽʜ ʯʘʩ ʨʫʭʫ, ʮʝ ʦʟʥʘʯʘʻ, ʱʦ ʷʢʽʩʪʴ ʟʚ'ʷʟʢʫ ʙʫʜʝ 

ʥʘʙʘʛʘʪʦ ʩʪʘʙʽʣʴʥʽʰʦʶ ʜʦ ʰʚʠʜʢʦʩʪʽ 500 ʢʽʣʦʤʝʪʨʽʚ ʥʘ ʛʦʜʠʥʫ, ʱʦ ʧʨʠʥʝʩʝ ʚʝʣʠʯʝʟʥʽ 

ʧʝʨʝʚʘʛʠ, ʦʩʦʙʣʠʚʦ ʜʣʷ ʢʦʨʠʩʪʫʚʘʯʽʚ ʤʝʨʝʞʽ, ʱʦ ʧʦʜʦʨʦʞʫʶʪʴ. 

ɿ͊ ͍ͨͪͦͨͦͤͦ͊ͤͦ ͊ͪͻ͔ͭͭͯͪͯ͜͟ 5GïIoT  .ɸʨʭʽʪʝʢʪʫʨʘ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʚʦʩʴʤʠ ʧʦʚ'ʷʟʘʥʠʭ ʤʽʞ 

ʩʦʙʦʶ ʰʘʨʽʚ ʟ ʤʦʞʣʠʚʽʩʪʶ ʜʚʦʩʪʦʨʦʥʥʴʦʛʦ ʦʙʤʽʥʫ ʜʘʥʠʤʠ, ʷʢ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩ. 1. ɼʨʫʛʠʡ 

ʰʘʨ ʽ ʧ'ʷʪʠʡ ʰʘʨ ʩʢʣʘʜʘʶʪʴʩʷ ʟ ʜʚʦʭ ʽ ʪʨʴʦʭ ʧʽʜʰʘʨʽʚ, ʚʽʜʧʦʚʽʜʥʦ, ʽ ʨʽʚʝʥʴ ʙʝʟʧʝʢʠ 

ʧʦʢʨʠʚʘʻ ʚʩʽ ʽʥʰʽ ʨʽʚʥʽ. ʎʽ ʰʘʨʠ ʚʠʙʨʘʥʦ ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʥʘʡʢʨʘʱʦʾ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ ʪʘ 

ʦʜʥʦʯʘʩʥʦ ʧʽʜʪʨʠʤʫʚʘʪʠ ʤʦʜʫʣʴʥʽʩʪʴ ʘʨʭʽʪʝʢʪʫʨʠ. 
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1. ʈʽʚʝʥʴ ʬʽʟʠʯʥʦʛʦ ʧʨʠʩʪʨʦʶ. 

ʎʝʡ ʨʽʚʝʥʴ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʙʝʟʜʨʦʪʦʚʠʭ ʜʘʪʯʠʢʽʚ, ʧʨʠʚʦʜʽʚ ʽ ʢʦʥʪʨʦʣʝʨʽʚ, ʷʢʽ ʥʘʩʧʨʘʚʜʽ 

ʻ çʨʝʯʘʤʠè IoT. ʌʽʟʠʯʥʽ ʧʨʠʩʪʨʦʾ ʻ ʟʘʛʘʣʴʥʠʤ ʨʽʚʥʝʤ ʫ ʚʩʽʭ ʘʨʭʽʪʝʢʪʫʨʘʭ. ʋ ʮʴʦʤʫ ʰʘʨʽ 

ʤʘʶʪʴ ʙʫʪʠ ʚʠʢʦʨʠʩʪʘʥʽ ʧʨʠʩʪʨʦʾ ʥʝʚʝʣʠʢʦʛʦ ʨʦʟʤʽʨʫ, ʪʘʢʽ ʷʢ ʥʘʥʦʯʽʧʠ ʱʦʙ ʟʙʽʣʴʰʠʪʠ 

ʦʙʯʠʩʣʶʚʘʣʴʥʫ ʧʦʪʫʞʥʽʩʪʴ ʽ ʟʤʝʥʰʠʪʠ ʧʦʪʫʞʥʽʩʪʴ ʩʧʦʞʠʚʘʥʥʷ. ʅʘʥʦʯʽʧʠ ʟʜʘʪʥʽ 

ʚʠʨʦʙʣʷʪʠ ʚʝʣʠʢʫ ʢʽʣʴʢʽʩʪʴ ʧʦʯʘʪʢʦʚʦ ʦʙʨʦʙʣʝʥʠʭ ʜʘʥʠʭ, ʷʢʽ ʧʽʜʭʦʜʷʪʴ ʜʣʷ Big Data ʚ 

ʘʥʘʣʽʪʠʯʥʦʤʫ ʨʽʚʥʽ (ʨʽʚʝʥʴ 5). 

 

 

ʈʠʩ.1. ɸʨʭʽʪʝʢʪʫʨʘ 5GïIoT. 

2. ʈʽʚʝʥʴ ʟʚ'ʷʟʢʫ 

ʎʝʡ ʰʘʨ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʜʚʦʭ 

ʧʽʜʰʘʨʽʚ. ɿʚ'ʷʟʦʢ D2D ʽ ʨʽʚʥʽ 

ʧʽʜʢʣʶʯʝʥʥʷ. 

Å ʇʽʜʨʽʚʝʥʴ ʧʨʷʤʦʛʦ ʟʚôʷʟʢʫ ʤʽʞ 

ʧʨʠʩʪʨʦʷʤʠ (D2D). ɿʘʚʜʷʢʠ 

ʟʙʽʣʴʰʝʥʥʶ ʦʙʯʠʩʣʶʚʘʣʴʥʦʾ 

ʧʦʪʫʞʥʦʩʪʽ ʪʘ ʽʥʪʝʣʝʢʪʫ ʬʽʟʠʯʥʠʭ 

ʧʨʠʩʪʨʦʾʚ (ʚʫʟʣʽʚ) ʚʦʥʠ ʤʽʩʪʷʪʴ ʩʚʦʾ 

ʚʣʘʩʥʫ ʽʜʝʥʪʠʯʥʽʩʪʴ ʪʘ ʦʩʦʙʠʩʪʽʩʪʴ ʽ 

ʤʦʞʫʪʴ ʩʪʚʦʨʶʚʘʪʠ ʚʣʘʩʥʽ ʜʘʥʽ. ɼʣʷ 

ʧʽʜʚʠʱʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʽ 

ʤʦʞʣʠʚʦʩʪʽ IoT ʩʠʩʪʝʤʠ, ʮʽ ʧʨʠʩʪʨʦʾ 

ʧʦʚʠʥʥʽ ʬʦʨʤʫʚʘʪʠ ʅʝʦʜʥʦʨʽʜʥʫ 

ʤʝʨʝʞʫ (HetNet) ʜʣʷ ʩʧʽʣʢʫʚʘʥʥʷ 

ʦʜʠʥ ʟ ʦʜʥʠʤ. ʅʘ ʮʴʦʤʫ ʧʽʜʨʽʚʥʽ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʩʫʯʘʩʥʽ ʧʨʦʪʦʢʦʣʠ 

ʟʚôʷʟʢʫ ʙʝʟʜʨʦʪʦʚʦʾ ʩʝʥʩʦʨʥʦʾ ʤʝʨʝʞʽ 

(WSN).  

ɺʫʟʣʠ ʤʦʞʫʪʴ ʩʪʚʦʨʶʚʘʪʠ ʢʣʘʩʪʝʨʠ ʘʙʦ ʥʘʚʽʪʴ ʚʠʙʠʨʘʪʠ ʣʽʜʝʨʘ (ʛʦʣʦʚʫ ʢʣʘʩʪʝʨʘ) ʜʣʷ 

ʚʽʜʧʦʚʽʜʥʦʾ ʤʝʨʝʞʽ. ʆʜʥʽʻʶ ʟ ʥʘʡʚʘʞʣʠʚʽʰʠʭ ʪʝʭʥʦʣʦʛʽʡ, ʷʢʽ ʧʦʢʨʘʱʫʶʪʴ ʮʝʡ ʧʽʜʨʽʚʝʥʴ, 

ʮʝ mmWave (ʤʽʣʽʤʝʪʨʦʚʽ ʭʚʠʣʽ). ʂʨʽʤ ʪʦʛʦ, ʥʘ ʮʴʦʤʫ ʧʽʜʨʽʚʥʽ 5G ʻ ʱʝ ʦʜʥʘ ʜʦʜʘʪʢʦʚʘ 

ʪʝʭʥʦʣʦʛʽʷ, ʷʢʘ ʟʜʘʪʥʘ ʧʦʢʨʘʱʠʪʠ D2D ʩʧʽʣʢʫʚʘʥʥʷ. 5G ʨʦʟʛʣʷʜʘʻʪʴʩʷ ʷʢ ʚʘʞʣʠʚʠʡ 

ʢʘʥʜʠʜʘʪ ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʧʽʜʢʣʶʯʝʥʥʷ ʜʦ MTC ʧʨʠʩʪʨʦʾʚ. ɿʘʚʜʷʢʠ ʧʽʜʪʨʠʤʮʽ ʚʠʩʦʢʦʾ 

ʰʚʠʜʢʦʩʪʽ ʧʝʨʝʜʘʯʽ ʜʘʥʠʭ ʪʘ ʽʥʰʽ ʚʘʞʣʠʚʠʭ ʬʫʥʢʮʽʡ MTC 5G-Plus-HetNet 

ʨʦʟʛʣʷʜʘʻʪʴʩʷ ʷʢ ʩʠʣʴʥʝ ʪʝʭʥʦʣʦʛʽʯʥʝ ʨʽʰʝʥʥʷ ʚ ʟʘʧʨʦʧʦʥʦʚʘʥʽʡ 

ʘʨʭʽʪʝʢʪʫʨʽ 5G-IoT, ʷʢʘ ʟʘʙʝʟʧʝʯʫʻ ʥʠʟʴʢʫ ʟʘʪʨʠʤʢʫ ʜʣʷ IoT. 

Å ʇʽʜʨʽʚʝʥʴ ʟʚ'ʷʟʢʫ. ʅʘ ʮʴʦʤʫ ʧʽʜʨʽʚʥʽ ʧʨʠʩʪʨʦʾ ʧʽʜʢʣʶʯʘʶʪʴʩʷ ʜʦ ʮʝʥʪʨʽʚ ʟʚôʷʟʢʫ, 

ʪʘʢʠʭ ʷʢ ʙʘʟʦʚʽ ʩʪʘʥʮʽʾ. ʂʨʽʤ ʪʦʛʦ, ʚʦʥʠ ʥʘʜʩʠʣʘʶʪʴ ʽ ʘʥʘʣʽʟʫʶʪʴ ʩʚʦʾ ʜʘʥʽ ʯʝʨʝʟ ʮʝʥʪʨʠ 

ʯʝʨʝʟ ʧʽʜʢʣʶʯʝʥʥʷ ʜʦ ʚʥʫʪʨʽʰʥʴʦʾ ʤʝʨʝʞʽ ʜʦ ʙʣʦʢʫ ʟʙʝʨʽʛʘʥʥʷ. ʅʘ ʜʘʥʠʡ ʤʦʤʝʥʪ ʮʝʡ 

ʧʽʜʨʽʚʝʥʴ IoT ʤʘʻ ʧʝʚʥʽ ʧʨʦʙʣʝʤʠ: ʤʦʞʥʘ ʦʙʨʦʙʣʷʪʠ ʣʠʰʝ ʦʙʤʝʞʝʥʫ ʢʽʣʴʢʽʩʪʴ ʧʽʜʢʣʶʯʝʥʴ 

ʧʨʠʩʪʨʦʾʚ; ʫ ʧʨʦʛʨʘʤʘʭ, ʪʘʢʠʭ ʷʢ ʘʚʪʦʥʦʤʥʽ ʪʨʘʥʩʧʦʨʪʥʽ ʟʘʩʦʙʠ, ʦʙʤʽʥ ʜʘʥʠʤʠ ʜʣʷ ʨʽʟʥʠʭ 

ʪʠʧʽʚ ʜʘʥʠʭ ʥʝ ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ; ʚʝʣʠʢʠʡ ʦʙʩʷʛ ʜʘʥʠʭ ʥʘʚʨʷʜ ʯʠ ʤʦʞʥʘ ʦʙʨʦʙʠʪʠ ʚ ʨʝʞʠʤʽ 

ʨʝʘʣʴʥʦʛʦ ʯʘʩʫ ʯʝʨʝʟ ʚʝʣʠʢʫ ʟʘʪʨʠʤʢʫ ʟʚôʷʟʢʫ. ʅʘʡʙʣʠʞʯʠʤ ʯʘʩʦʤ ʨʦʟʛʦʨʪʘʥʥʷ 5G ʨʦʙʠʪʴ 

ʟʥʘʯʥʫ ʝʚʦʣʶʮʽʶ ʥʘ ʮʴʦʤʫ ʧʽʜʨʽʚʥʽ ʚ ʩʝʥʩʽ ʥʘʜʽʡʥʦʩʪʽ, ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ ʪʘ ʛʥʫʯʢʦʩʪʽ. 

 ɯʥʰʦʶ ʪʝʭʥʦʣʦʛʽʻʶ ʮʴʦʛʦ ʧʽʜʨʽʚʥʷ ʻ Advanced SSIM. ɿʘʚʜʷʢʠ ʮʽʡ ʪʝʭʥʦʣʦʛʽʾ 

ʧʨʠʩʪʨʦʾ IoT ʦʪʨʠʤʫʶʪʴ ʤʦʞʣʠʚʽʩʪʴ ʚʠʙʦʨʫ ʚʽʜʧʦʚʽʜʥʦʛʦ ʩʧʝʢʪʨʫ (ʜʽʘʧʘʟʦʥʽʚ ʯʘʩʪʦʪ) ʽʟ 
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ʜʦʩʪʘʪʥʴʦ ʥʠʟʴʢʠʤʠ ʧʝʨʝʰʢʦʜʘʤʠ. ʅʘʩʧʨʘʚʜʽ ʤʝʪʦʜʠ SSIM ʻ ʢʦʨʠʩʥʠʤʠ ʜʣʷ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʤʦʞʣʠʚʦʩʪʝʡ ʩʧʽʣʴʥʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʩʧʝʢʪʨʫ ʥʘ ʦʩʥʦʚʽ ʢʦʛʥʽʪʠʚʥʦʛʦ ʨʘʜʽʦ. ʎʝʡ 

ʧʽʜʨʽʚʝʥʴ, ʨʦʟʨʦʙʣʝʥʠʡ ʚ ʘʨʭʽʪʝʢʪʫʨʽ, ʟʘʙʝʟʧʝʯʫʻ ʥʠʟʴʢʫ ʟʘʪʨʠʤʢʫ, ʥʘʜʽʡʥʽʩʪʴ ʟôʻʜʥʘʥʴ ʽ 

ʧʽʜʪʨʠʤʢʫ ʨʽʟʥʠʭ ʪʠʧʽʚ ʜʘʥʠʭ.  

3. ʆʙʯʠʩʣʶʚʘʣʴʥʠʡ ʨʽʚʝʥʴ Edge (Fog).  

 ʅʘ ʮʴʦʤʫ ʨʽʚʥʽ ʜʘʥʽ ʦʙʨʦʙʣʷʶʪʴʩʷ ʚʫʟʣʘʤʠ ʘʙʦ ʾʭ ʣʽʜʝʨʘʤʠ ʜʣʷ ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʴ ʥʘ 

ʨʽʚʥʽ Edge. ɿ ʧʦʷʚʦʶ ʪʝʭʥʦʣʦʛʽʾ 5G ʽ ʨʦʟʚʠʪʢʦʤ ʤʦʙʽʣʴʥʠʭ ʧʨʠʩʪʨʦʾʚ (ʪʘʢʠʭ ʷʢ ʩʤʘʨʪʬʦʥʠ) 

ʪʝʭʥʦʣʦʛʽʷ MEC ʩʪʘʥʝ ʙʽʣʴʰ ʧʦʪʫʞʥʦʶ ʜʣʷ ʧʦʜʦʣʘʥʥʷ ʚʠʢʣʠʢʽʚ ʽ ʟʨʦʙʠʪʴ ʟʥʘʯʥʠʡ ʚʥʝʩʦʢ 

ʥʘ ʮʴʦʤʫ ʨʽʚʥʽ.  

4. ʈʽʚʝʥʴ ʟʙʝʨʽʛʘʥʥʷ ʜʘʥʠʭ  

 ʎʝʡ ʨʽʚʝʥʴ ʤʽʩʪʠʪʴ ʙʣʦʢʠ ʟʙʝʨʽʛʘʥʥʷ ʜʘʥʠʭ, ʫ ʷʢʠʭ ʟʙʝʨʽʛʘʻʪʴʩʷ ʽʥʬʦʨʤʘʮʽʷ, 

ʦʪʨʠʤʘʥʘ ʚʽʜ ʦʙʨʦʙʢʠ ʧʝʨʠʬʝʨʽʾ ʬʽʟʠʯʥʠʭ ʧʨʠʩʪʨʦʾʚ, ʘ ʪʘʢʦʞ ʥʝʦʙʨʦʙʣʝʥʽ ʜʘʥʽ. ʎʝʡ ʨʽʚʝʥʴ 

ʧʦʪʨʝʙʫʻ ʦʩʦʙʣʠʚʦʛʦ ʟʘʭʠʩʪʫ ʟ ʪʦʯʢʠ ʟʦʨʫ ʙʝʟʧʝʢʠ, ʘ ʪʘʢʦʞ ʧʦʚʠʥʝʥ ʨʝʘʛʫʚʘʪʠ ʥʘ 

ʚʝʣʠʯʝʟʥʠʡ ʦʙʩʷʛ ʜʘʥʠʭ ʽ ʪʨʘʬʽʢ ʤʘʡʙʫʪʥʽʭ ʧʨʦʛʨʘʤ. 

5. ʈʽʚʝʥʴ ʩʣʫʞʙʠ ʢʝʨʫʚʘʥʥʷ.  

ʎʝʡ ʨʽʚʝʥʴ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʪʨʴʦʭ ʧʽʜʨʽʚʥʽʚ.  

Å ʇʽʜʨʽʚʝʥʴ ʢʝʨʫʚʘʥʥʷ ʤʝʨʝʞʝʶ. ʋʧʨʘʚʣʽʥʥʷ ʤʝʨʝʞʝʶ ʧʝʨʝʜʙʘʯʘʻ ʟʤʽʥʫ ʪʠʧʫ ʟʚôʷʟʢʫ 

ʤʽʞ ʧʨʠʩʪʨʦʷʤʠ ʪʘ ʮʝʥʪʨʘʤʠ ʦʙʨʦʙʢʠ ʜʘʥʠʭ. ʅʘʡʚʘʞʣʠʚʽʰʦʶ ʪʝʭʥʦʣʦʛʽʻʶ, ʟʘʜʽʷʥʦʶ ʚ 

ʮʴʦʤʫ ʧʽʜʨʽʚʥʽ, ʻ WNFV. WNFV ʤʦʞʝ ʦʜʥʦʯʘʩʥʦ ʦʥʦʚʣʶʚʘʪʠ ʪʦʧʦʣʦʛʽʶ ʤʝʨʝʞʽ ʪʘ ʪʠʧ 

ʧʨʦʪʦʢʦʣʽʚ ʟʚôʷʟʢʫ, ʥʘʧʨʠʢʣʘʜ 5G-IoT ʘʙʦ ZigBee, ʜʣʷ ʧʦʢʨʘʱʝʥʥʷ ʷʢʦʩʪʽ ʩʪʨʫʢʪʫʨʠ IoT. 

ɯʥʰʦʶ ʢʦʨʠʩʥʦʶ ʪʝʭʥʦʣʦʛʽʻʶ ʥʘ ʮʴʦʤʫ ʧʽʜʨʽʚʥʽ ʻ WSDN. WSDN ʢʝʨʫʻ ʤʝʨʝʞʝʶ IoT ʽ 

ʜʦʟʚʦʣʷʻ ʟʤʽʥʶʚʘʪʠ ʢʦʥʬʽʛʫʨʘʮʽʶ ʤʝʨʝʞʽ ʟʘʤʽʩʪʴ ʪʨʘʜʠʮʽʡʥʦʛʦ ʤʦʥʽʪʦʨʠʥʛʫ ʤʝʨʝʞʽ ʜʣʷ 

ʧʽʜʚʠʱʝʥʥʷ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ. 

Å ʇʽʜʨʽʚʝʥʴ ʭʤʘʨʥʠʭ ʦʙʯʠʩʣʝʥʴ. ʅʘ ʮʴʦʤʫ ʧʽʜʨʽʚʥʽ ʜʘʥʽ ʪʘ ʽʥʬʦʨʤʘʮʽʷ ʟ 

ʧʝʨʠʬʝʨʽʡʥʠʭ ʦʙʯʠʩʣʝʥʴ (ʧʦʚʪʦʨʥʦ) ʦʙʨʦʙʣʷʶʪʴʩʷ ʚ ʭʤʘʨʽ, ʱʦʙ ʤʦʞʥʘ ʙʫʣʦ ʦʪʨʠʤʘʪʠ 

ʦʩʪʘʪʦʯʥʫ ʦʙʨʦʙʣʝʥʫ ʽʥʬʦʨʤʘʮʽʶ. ɿʘʚʜʷʢʠ ʚʧʨʦʚʘʜʞʝʥʥʶ ʪʝʭʥʦʣʦʛʽʾ 5G ʤʦʙʽʣʴʥʽ ʧʨʠʩʪʨʦʾ 

ʤʦʞʫʪʴ ʚʠʢʦʥʫʚʘʪʠ ʮʝʡ ʪʠʧ ʦʙʯʠʩʣʝʥʴ, ʷʢʠʡ ʥʘʟʠʚʘʻʪʴʩʷ MCC, ʫ ʨʝʞʠʤʽ ʨʝʘʣʴʥʦʛʦ ʯʘʩʫ. 

ʊʘʢʠʤ ʯʠʥʦʤ, ʦʧʝʨʘʮʽʾ ʦʙʨʦʙʢʠ ʙʫʜʫʪʴ ʨʦʟʧʦʜʽʣʝʥʽ ʤʽʞ ʤʦʙʽʣʴʥʠʤʠ ʧʨʠʩʪʨʦʷʤʠ 

ʧʘʨʘʣʝʣʴʥʦ, ʱʦʙ ʟʨʦʙʠʪʠ ʩʠʩʪʝʤʫ IoT ʙʽʣʴʰ ʝʬʝʢʪʠʚʥʦʶ, ʩʪʽʡʢʦʶ, ʤʘʩʰʪʘʙʦʚʘʥʦʶ ʪʘ 

ʰʚʠʜʰʦʶ.  

Å ʇʽʜʨʽʚʝʥʴ ʘʥʘʣʽʟʫ ʜʘʥʠʭ. ʅʘ ʮʴʦʤʫ ʧʽʜʨʽʚʥʽ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʥʦʚʽ ʤʝʪʦʜʠ ʘʥʘʣʽʟʫ 

ʜʘʥʠʭ [9] ʜʣʷ ʩʪʚʦʨʝʥʥʷ ʮʽʥʥʦʩʪʽ (ʽʥʬʦʨʤʘʮʽʾ, ʷʢʫ ʤʦʞʥʘ ʤʘʥʽʧʫʣʶʚʘʪʠ) ʽʟ ʚʠʭʽʜʥʠʭ ʜʘʥʠʭ. 

ɹʫʜʴ-ʷʢʝ ʚʜʦʩʢʦʥʘʣʝʥʥʷ ʘʣʛʦʨʠʪʤʽʚ ʚʝʣʠʢʠʭ ʜʘʥʠʭ ʧʦʢʨʘʱʠʪʴ ʦʙʨʦʙʢʫ ʜʘʥʠʭ ʥʘ ʮʴʦʤʫ 

ʧʽʜʨʽʚʥʽ. ʅʘʩʧʨʘʚʜʽ ʨʦʣʴ ʮʴʦʛʦ ʜʦʤʽʥʫʶʯʘ ʫ ʥʘʡʙʣʠʞʯʦʤʫ ʤʘʡʙʫʪʥʴʦʤʫ, ʢʦʣʠ ʢʽʣʴʢʽʩʪʴ 

ʟʽʙʨʘʥʦʾ ʽʥʬʦʨʤʘʮʽʾ ʟʙʽʣʴʰʠʪʴʩʷ ʟʘʚʜʷʢʠ ʽʥʪʝʛʨʘʮʽʾ 5G ʪʘ IoT.  

6. ʇʨʠʢʣʘʜʥʠʡ ʨʽʚʝʥʴ  

 ʅʘ ʮʴʦʤʫ ʨʽʚʥʽ ʧʨʦʛʨʘʤʥʝ ʟʘʙʝʟʧʝʯʝʥʥʷ ʚʟʘʻʤʦʜʽʻ ʟ ʧʦʧʝʨʝʜʥʽʤʠ ʨʽʚʥʷʤʠ ʪʘ ʜʘʥʠʤʠ, 

ʷʢʽ ʧʝʨʝʙʫʚʘʶʪʴ ʫ ʩʪʘʥʽ ʩʧʦʢʦʶ, ʪʦʤʫ ʥʝʤʘʻ ʥʝʦʙʭʽʜʥʦʩʪʽ ʧʨʘʮʶʚʘʪʠ ʥʘ ʰʚʠʜʢʦʩʪʽ ʤʝʨʝʞʽ. 

ɼʦʜʘʪʢʠ ʟʜʘʪʥʽ ʨʝʚʦʣʶʮʽʦʥʽʟʫʚʘʪʠ ʚʝʨʪʠʢʘʣʴʥʽ ʨʠʥʢʠ ʪʘ ʙʽʟʥʝʩ-ʧʦʪʨʝʙʠ, ʢʝʨʫʶʯʠ 

ʧʨʦʛʨʘʤʘʤʠ, ʚʝʨʪʠʢʘʣʴʥʠʤʠ ʪʘ ʤʦʙʽʣʴʥʠʤʠ ʜʦʜʘʪʢʘʤʠ, ʙʽʟʥʝʩ-ʘʥʘʣʽʪʠʢʦʶ ʪʘ ʘʥʘʣʽʪʠʢʦʶ. 

ʌʘʢʪʠʯʥʦ, ʧʨʠʢʣʘʜʥʠʡ ʨʽʚʝʥʴ ʜʦʟʚʦʣʷʻ ʙʽʟʥʝʩʤʝʥʘʤ ʨʦʙʠʪʠ ʧʨʘʚʠʣʴʥʽ ʨʝʯʽ ʚ ʧʦʪʨʽʙʥʠʡ 

ʯʘʩ ʟ ʧʦʪʨʽʙʥʠʤʠ ʜʘʥʠʤʠ.  

7. ʈʽʚʝʥʴ ʩʧʽʚʧʨʘʮʽ ʪʘ ʧʨʦʮʝʩʽʚ  

ʉʠʩʪʝʤʘ IoT ʪʘ ʽʥʬʦʨʤʘʮʽʷ, ʱʦ ʥʘʜʭʦʜʠʪʴ ʽʟ ʧʦʧʝʨʝʜʥʽʭ ʨʽʚʥʽʚ, ʥʝ ʢʦʨʠʩʥʽ, ʷʢʱʦ 
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ʚʦʥʠ ʥʝ ʩʪʚʦʨʶʶʪʴ ʘʢʪ. ʃʶʜʠ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʧʨʦʛʨʘʤʠ ʪʘ ʧʦʚôʷʟʘʥʽ ʟ ʥʠʤʠ ʜʘʥʽ ʜʣʷ 

ʚʣʘʩʥʠʭ ʧʦʪʨʝʙ. ɯʥʦʜʽ ʢʽʣʴʢʘ ʦʩʽʙ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʦʜʥʫ ʧʨʦʛʨʘʤʫ ʜʣʷ ʨʽʟʥʠʭ ʮʽʣʝʡ. 

ʅʘʩʧʨʘʚʜʽ ʣʶʜʠ ʧʦʚʠʥʥʽ ʤʘʪʠ ʤʦʞʣʠʚʽʩʪʴ ʩʧʽʚʧʨʘʮʶʚʘʪʠ ʪʘ ʩʧʽʣʢʫʚʘʪʠʩʷ, ʱʦʙ ʟʨʦʙʠʪʠ 

IoT ʧʨʠʜʘʪʥʠʤ ʜʣʷ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ.  

8. ʈʽʚʝʥʴ ʙʝʟʧʝʢʠ  

ʎʝʡ ʨʽʚʝʥʴ ʚʚʘʞʘʻʪʴʩʷ ʦʢʨʝʤʠʤ. ʅʘʩʧʨʘʚʜʽ ʮʝʡ ʨʽʚʝʥʴ ʦʭʦʧʣʶʻ ʪʘ ʟʘʭʠʱʘʻ ʚʩʽ 

ʧʦʧʝʨʝʜʥʽ ʰʘʨʠ, ʘʣʝ ʢʦʞʝʥ ʨʦʟʜʽʣ (ʪʦʯʢʘ ʧʝʨʝʪʠʥʫ ʮʴʦʛʦ ʰʘʨʫ ʟ ʽʥʰʠʤ) ʤʘʻ ʚʣʘʩʥʫ 

ʬʫʥʢʮʽʦʥʘʣʴʥʽʩʪʴ. ʈʽʚʝʥʴ ʙʝʟʧʝʢʠ ʟʘʧʨʦʧʦʥʦʚʘʥʦʾ ʘʨʭʽʪʝʢʪʫʨʠ ʧʝʨʝʜʙʘʯʘʻ ʨʽʟʥʽ ʪʝʨʤʽʥʠ 

ʬʫʥʢʮʽʡ ʙʝʟʧʝʢʠ, ʚʢʣʶʯʘʶʯʠ ʰʠʬʨʫʚʘʥʥʷ ʜʘʥʠʭ, ʘʚʪʝʥʪʠʬʽʢʘʮʽʶ ʢʦʨʠʩʪʫʚʘʯʽʚ, ʢʦʥʪʨʦʣʴ 

ʜʦʩʪʫʧʫ ʜʦ ʤʝʨʝʞʽ ʪʘ ʟʘʭʠʩʪ ʭʤʘʨʠ [3]. ʂʨʽʤ ʪʦʛʦ, ʨʽʚʝʥʴ ʙʝʟʧʝʢʠ ʪʘʢʦʞ ʟʘʧʦʙʽʛʘʻ ʪʘ 

ʧʝʨʝʜʙʘʯʘʻ ʥʝʙʝʟʧʝʢʠ ʪʘ ʢʽʙʝʨʘʪʘʢʠ, ʚʢʣʶʯʘʶʯʠ ʢʨʠʤʽʥʘʣʽʩʪʠʢʫ ʜʣʷ ʚʠʷʚʣʝʥʥʷ ʪʠʧʫ ʘʪʘʢʠ 

ʪʘ ʾʾ ʧʦʨʘʟʢʠ. 

ɺʠʩʥʦʚʢʠ. ɸʨʭʽʪʝʢʪʫʨʠ, ʟʘʩʥʦʚʘʥʽ ʥʘ ʪʝʭʥʦʣʦʛʽʾ ʟʚôʷʟʢʫ 5G, ʟʜʘʪʥʽ ʟʘʜʦʚʦʣʴʥʠʪʠ 

ʚʠʱʝʚʢʘʟʘʥʽ ʚʠʤʦʛʠ ʪʘ ʟʘʙʝʟʧʝʯʠʪʠ ʪʘʢʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ: ʧʨʦʩʪʦʪʘ ʫʧʨʘʚʣʽʥʥʷ, ʥʘʜʽʡʥʽʩʪʴ, 

ʤʦʞʣʠʚʽʩʪʴ ʨʝʢʦʥʬʽʛʫʨʘʮʽʾ, ʚʠʩʦʢʠʡ ʨʽʚʝʥʴ ʙʝʟʧʝʢʠ, ʣʝʛʢʝ ʪʘ ʰʚʠʜʢʝ ʫʩʫʥʝʥʥʷ 

ʥʝʩʧʨʘʚʥʦʩʪʝʡ, ʰʠʨʦʢʝ ʧʦʢʨʠʪʪʷ, ʥʠʟʴʢʘ ʚʘʨʪʽʩʪʴ ʨʦʟʛʦʨʪʘʥʥʷ. ɸʨʭʽʪʝʢʪʫʨʘ, ʨʦʟʨʦʙʣʝʥʘ ʚ 

ʮʴʦʤʫ ʜʦʢʫʤʝʥʪʽ, ʟʘʙʝʟʧʝʯʫʻ ʥʠʟʴʢʫ ʟʘʪʨʠʤʢʫ ʟʘʚʜʷʢʠ ʚʠʢʦʨʠʩʪʘʥʥʶ ʢʦʤʫʥʽʢʘʮʽʡ 5G ʽ 

D2D, ʘ ʪʘʢʦʞ ʥʘʜʽʡʥʽʩʪʴ ʟôʻʜʥʘʥʴ ʟʘʚʜʷʢʠ MTC ʽ Het-Net. 

ʂʨʽʤ ʪʦʛʦ, ʚʽʥ ʧʽʜʪʨʠʤʫʻ ʨʽʟʥʽ ʪʠʧʠ ʜʘʥʠʭ ʟʘʚʜʷʢʠ ʧʝʨʝʚʘʛʘʤ 5G. ʌʘʢʪʠʯʥʦ, ʟʘʚʜʷʢʠ 

ʽʥʪʝʛʨʘʮʽʾ 5G ʪʘ IoT ʙʘʛʘʪʦ ʽʥʰʠʭ ʪʝʭʥʦʣʦʛʽʡ, ʪʘʢʠʭ ʷʢ MTC ʽ WNFV, ʤʦʞʫʪʴ ʚʟʷʪʠ ʫʯʘʩʪʴ 

ʚ ʘʨʭʽʪʝʢʪʫʨʘʭ IoT ʥʘʩʪʫʧʥʦʛʦ ʧʦʢʦʣʽʥʥʷ. ɺʽʜʧʦʚʽʜʥʘ ʢʦʤʙʽʥʘʮʽʷ ʮʠʭ ʪʝʭʥʦʣʦʛʽʡ ʤʦʞʝ 

ʩʪʚʦʨʠʪʠ ʙʽʣʴʰ ʢʦʤʧʣʝʢʩʥʫ ʩʪʨʫʢʪʫʨʫ, ʷʢʘ ʚʽʜʧʦʚʽʜʘʻ ʧʝʨʝʣʽʯʝʥʠʤ ʚʠʤʦʛʘʤ ʜʦʜʘʪʢʽʚ IoT 

ʥʘʩʪʫʧʥʦʛʦ ʧʦʢʦʣʽʥʥʷ. 
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In the course of the work, an assessment of the scientific direction of research on voice 

services in 5th generation networks based on artificial intelligence ChatGPT was considered. The 

results of an empirical study of ChatGPT and its potential contribution to science are presented. 

 

ɺ ʭʦʜʽ ʨʦʙʦʪʠ ʙʫʣʦ ʨʦʟʛʣʷʥʫʪʦ ʦʮʽʥʢʫ ʥʘʫʢʦʚʦʛʦ ʥʘʧʨʷʤʫ ʜʦʩʣʽʜʞʝʥʴ ʛʦʣʦʩʦʚʠʭ 

ʧʦʩʣʫʛ ʫ ʤʝʨʝʞʘʭ 5-ʛʦ ʧʦʢʦʣʽʥʥʷ ʥʘ ʦʩʥʦʚʽ ʰʪʫʯʥʦʛʦ ʽʥʪʝʣʝʢʪʫ ChatGPT. ʇʨʠʚʝʜʝʥʦ 

ʨʝʟʫʣʴʪʘʪʠ ʝʤʧʽʨʠʯʥʦʛʦ ʜʦʩʣʽʜʫ ʨʦʙʦʪʠ ChatGPT ʪʘ ʡʦʛʦ ʧʦʪʝʥʮʽʡʥʠʡ ʚʥʝʩʦʢ ʫ ʥʘʫʢʫ.  

 

ʋ ʩʫʯʘʩʥʦʤʫ ʩʚʽʪʽ ʨʦʟʚʠʪʦʢ ʥʦʚʠʭ ʪʝʭʥʦʣʦʛʽʡ ʟʘʡʤʘʻ ʬʫʥʜʘʤʝʥʪʘʣʴʥʝ 

ʤʽʩʮʝ. ʆʜʥʽʻʶ ʟ ʧʨʦʚʽʜʥʠʭ ʽʥʞʝʥʝʨʥʠʭ ʪʝʭʥʦʣʦʛʽʡ ʻ ʰʪʫʯʥʠʡ ʽʥʪʝʣʝʢʪ 

(Artificial Intelligence, AI). ʋ ʟʘʛʘʣʴʥʦʤʫ ʨʦʟʫʤʽʥʥʽ, AI ï ʮʝ ʢʦʤʧôʶʪʝʨʥʘ 

ʩʠʩʪʝʤʘ, ʷʢʘ ʟʜʘʪʥʘ ʚʠʢʦʥʫʚʘʪʠ ʟʘʚʜʘʥʥʷ, ʜʣʷ ʚʠʢʦʥʘʥʥʷ ʷʢʠʭ ʟʘʟʚʠʯʘʡ 

ʧʦʪʨʽʙʝʥ ʣʶʜʩʴʢʠʡ ʽʥʪʝʣʝʢʪ. ɿʘʣʫʯʝʥʥʷ ʪʘʢʠʭ ʽʥʩʪʨʫʤʝʥʪʽʚ, ʷʢ ʰʪʫʯʥʠʡ 

ʽʥʪʝʣʝʢʪ, ʜʦ ʥʘʫʢʦʚʠʭ ʜʦʩʣʽʜʞʝʥʴ, ʤʦʞʝ ʧʨʠʰʚʠʜʰʠʪʠ ʪʘ ʧʦʣʝʛʰʠʪʠ 

ʦʪʨʠʤʘʥʥʷ ʨʝʟʫʣʴʪʘʪʽʚ. ʋ ʩʚʦʶ ʯʝʨʛʫ AI ʚʤʽʻ ʦʧʝʨʫʚʘʪʠ ʚʝʣʠʢʠʤ ʦʙʩʷʛʦʤ 

ʜʘʥʠʭ ʟʘ ʣʽʯʝʥʽ ʩʝʢʫʥʜʠ. ʎʝ ʤʦʞʝ ʥʘʜʘʪʠ ʙʘʛʘʪʦ ʧʝʨʝʚʘʛ ʧʦʨʽʚʥʷʥʦ ʟ 

ʜʦʩʣʽʜʞʝʥʥʷʤʠ ʜʝ ʰʪʫʯʥʠʡ ʽʥʪʝʣʝʢʪ ʥʝ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ. 

ʅʘʨʘʟʽ ʽʩʥʫʶʪʴ ʨʽʟʥʽ ʪʠʧʠ ʪʘ ʨʝʩʫʨʩʠ ʰʪʫʯʥʦʛʦ ʽʥʪʝʣʝʢʪʫ. ʇʦʧʫʣʷʨʥʠʤʠ 

AI ʨʝʩʫʨʩʘʤʠ ʻ: TensorFlow, OpenAI, Keras, PyTorch, Character AI, Machine 

Learning Mastery ʪʘ ʽʥʰʽ. ʇʨʦʪʝ, ʥʘʡʙʽʣʴʰ ʧʨʦʛʨʝʩʠʚʥʠʤ ʻ ʤʦʚʥʘ ʤʦʜʝʣʴ 

ChatGPT ʚʽʜ ʦʜʥʽʻʾ ʟ ʧʨʦʚʽʜʥʠʭ ʩʚʽʪʦʚʠʭ ʜʦʩʣʽʜʥʠʮʴʢʠʭ ʦʨʛʘʥʽʟʘʮʽʡ ʰʪʫʯʥʦʛʦ 

ʽʥʪʝʣʝʢʪʫ Open AI. ʗʢ ʤʦʚʥʘ ʤʦʜʝʣʴ, ChatGPT ʧʨʠʟʥʘʯʝʥʠʡ ʜʣʷ ʦʙʨʦʙʢʠ ʪʘ 

ʛʝʥʝʨʫʚʘʥʥʷ ʣʶʜʩʴʢʦʾ ʤʦʚʠ, ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ ʧʝʨʝʜʦʚʽ ʤʝʪʦʜʠ ʤʘʰʠʥʥʦʛʦ 

ʥʘʚʯʘʥʥʷ ʜʣʷ ʥʘʚʯʘʥʥʷ ʥʘ ʚʝʣʠʢʠʭ ʦʙʩʷʛʘʭ ʪʝʢʩʪʦʚʠʭ ʜʘʥʠʭ. ɺ ʦʩʥʦʚʽ 

ChatGPT ʣʝʞʠʪʴ ʪʨʘʥʩʬʦʨʤʘʪʦʨʥʘ ʘʨʭʽʪʝʢʪʫʨʘ, ʷʢʘ ʻ ʪʠʧʦʤ ʥʝʡʨʦʥʥʦʾ 

ʤʝʨʝʞʽ, ʱʦ ʯʫʜʦʚʦ ʩʧʨʘʚʣʷʻʪʴʩʷ ʟ ʦʙʨʦʙʢʦʶ ʧʦʩʣʽʜʦʚʥʠʭ ʜʘʥʠʭ, ʪʘʢʠʭ ʷʢ 

ʪʝʢʩʪ [1]. 

ɺʘʨʪʦ ʨʦʟʛʣʷʥʫʪʠ ʡ ʦʮʽʥʠʪʠ ʚʧʣʠʚ ʪʘ ʚʥʝʩʦʢ ʜʘʥʦʛʦ ʧʨʦʜʫʢʪʫ ʥʘ 

ʧʨʠʢʣʘʜʽ ʜʦʩʣʽʜʞʝʥʥʷ ʛʦʣʦʩʦʚʠʭ ʧʦʩʣʫʛ ʫ ʤʝʨʝʞʘʭ 5-ʛʦ ʧʦʢʦʣʽʥʥʷ. ʆʩʢʽʣʴʢʠ 

ʟʛʘʜʘʥʘ ʥʘʫʢʦʚʘ ʧʨʦʙʣʝʤʘʪʠʢʘ ʻ ʙʝʟʩʫʤʥʽʚʥʦ ʘʢʪʫʘʣʴʥʦʶ, ʪʦ ʜʘʥʠʡ ʘʥʘʣʽʟ 

ʤʦʞʝ ʧʦʢʘʟʘʪʠ ʨʝʘʣʴʥʠʡ ʨʝʟʫʣʴʪʘʪ ʨʦʙʦʪʠ ʰʪʫʯʥʦʛʦ ʽʥʪʝʣʝʢʪʫ ChatGPT. ɿ 

ʧʨʘʢʪʠʯʥʦʾ ʪʦʯʢʠ ʟʦʨʫ, ʚʠʢʦʨʠʩʪʘʥʥʷ AI, ʧʽʜ ʯʘʩ ʧʦʰʫʢʫ ʨʽʰʝʥʥʷ ʱʦʜʦ 
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ʨʝʘʣʽʟʘʮʽʾ ʛʦʣʦʩʦʚʠʭ ʧʦʩʣʫʛ ʫ ʤʝʨʝʞʘʭ 5G, ʤʦʞʝ ʟʘʧʨʦʧʦʥʫʚʘʪʠ ʥʦʚʽ ʽʜʝʾ, ʥʫ 

ʘʙʦ ʞ ʪʽ, ʱʦ ʥʘ ʧʝʨʰʠʡ ʧʦʛʣʷʜ ʤʦʛʣʠ ʙ ʥʝ ʩʧʘʪʠ. ɺʘʞʣʠʚʦʶ ʫʤʦʚʦʶ 

ʜʦʩʣʽʜʞʝʥʴ ʻ ʢʨʠʪʝʨʽʾ ʷʢʦʩʪʽ ʥʘʜʘʥʥʷ ʛʦʣʦʩʦʚʠʭ ʧʦʩʣʫʛ ʫ ʤʝʨʝʞʘʭ 5G 

ʤʦʙʽʣʴʥʦʛʦ ʟʚôʷʟʢʫ ʪʘ ʚʠʤʦʛʠ ʜʦ KPI-ʧʘʨʘʤʝʪʨʽʚ ʧʝʨʝʜʘʯʽ ʛʦʣʦʩʦʚʦʛʦ ʪʨʘʬʽʢʫ. 

ʉʧʨʦʙʫʻʤʦ ʟʘʧʠʪʘʪʠ ʫ ChatGPT, ʷʢ ʚʽʥ ʦʮʽʥʶʻ ʥʘʫʢʦʚʠʡ ʥʘʧʨʷʤ 

ʜʦʩʣʽʜʞʝʥʴ ʛʦʣʦʩʦʚʠʭ ʧʦʩʣʫʛ ʫ ʤʝʨʝʞʘʭ 5-ʛʦ ʧʦʢʦʣʽʥʥʷ (ʨʠʩ. 1).  

 

 

ʈʠʩ. 1. ʆʮʽʥʢʘ ʰʪʫʯʥʠʤ 

ʽʥʪʝʣʝʢʪʦʤ ChatGPT ʥʘʫʢʦʚʦʛʦ 

ʥʘʧʨʷʤʫ ʜʦʩʣʽʜʞʝʥʴ ʛʦʣʦʩʦʚʠʭ 

ʧʦʩʣʫʛ ʫ ʤʝʨʝʞʘʭ 5-ʛʦ ʧʦʢʦʣʽʥʥʷ. 

 

 

ʗʢ ʚʠʜʥʦ ʟ ʚʽʜʧʦʚʽʜʽ, ʰʦ ʥʘʜʘʚ ChatGPT , ʚʽʥ ʜʽʡʩʥʦ ʨʦʟʫʤʽʻ 

ʚʘʞʣʠʚʽʩʪʴ ʜʦʩʣʽʜʞʝʥʴ ʜʘʥʦʾ ʪʝʤʠ, ʨʦʟʫʤʽʻ ʧʨʦ ʧʝʨʩʧʝʢʪʠʚʠ ʪʘ ʦʮʽʥʶʻ 

ʧʦʪʝʥʮʽʘʣ ʚʠʨʽʰʝʥʥʷ ʧʝʚʥʠʭ ʧʨʦʙʣʝʤ ʫ ʭʦʜʽ ʜʦʩʣʽʜʞʝʥʴ [3]. ʍʦʯ ʚʽʜʧʦʚʽʜʴ 

ʙʫʣʘ ʥʘʜʘʥʘ ʜʦʩʠʪʴ ʣʘʢʦʥʽʯʥʘ, ʧʨʦʪʝ ʭʽʜ ʜʫʤʦʢ ʻ ʧʦʩʣʽʜʦʚʥʠʤ ʪʘ ʚʽʨʥʠʤ. 

ʊʘʢʦʞ ʮʽʢʘʚʦ ʜʽʟʥʘʪʠʩʴ ʜʫʤʢʫ ʰʪʫʯʥʦʛʦ ʽʥʪʝʣʝʢʪʫ ʟ ʧʨʠʚʦʜʫ ʚʘʞʣʠʚʦʩʪʽ 

ʜʦʩʣʽʜʞʝʥʥʷ ʢʨʠʪʝʨʽʾʚ ʷʢʦʩʪʽ ʥʘʜʘʥʥʷ ʛʦʣʦʩʦʚʠʭ ʧʦʩʣʫʛ ʫ ʤʝʨʝʞʘʭ 5G 

ʤʦʙʽʣʴʥʦʛʦ ʟʚôʷʟʢʫ ʪʘ ʚʠʤʦʛʠ ʜʦ KPI-ʧʘʨʘʤʝʪʨʽʚ ʧʝʨʝʜʘʯʽ ʛʦʣʦʩʦʚʦʛʦ ʪʨʘʬʽʢʫ 

(ʨʠʩ. 2). 

 

 

ʈʠʩ. 2. ʆʮʽʥʢʘ ʰʪʫʯʥʠʤ 

ʽʥʪʝʣʝʢʪʦʤ ChatGPT 

ʚʘʞʣʠʚʦʩʪʽ ʜʦʩʣʽʜʞʝʥʥʷ 

ʢʨʠʪʝʨʽʾʚ ʷʢʦʩʪʽ ʥʘʜʘʥʥʷ 

ʛʦʣʦʩʦʚʠʭ ʧʦʩʣʫʛ ʫ ʤʝʨʝʞʘʭ 

5G ʤʦʙʽʣʴʥʦʛʦ ʟʚôʷʟʢʫ ʪʘ 

ʚʠʤʦʛʠ ʜʦ KPI-ʧʘʨʘʤʝʪʨʽʚ 

ʧʝʨʝʜʘʯʽ ʛʦʣʦʩʦʚʦʛʦ ʪʨʘʬʽʢʫ. 
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ɼʘʥʘ ʚʽʜʧʦʚʽʜʴ ʰʪʫʯʥʦʛʦ ʽʥʪʝʣʝʢʪʫ ʧʨʠʻʤʥʦ ʚʨʘʞʘʻ. ʗʢ ʽ ʚ 

ʧʦʧʝʨʝʜʥʴʦʤʫ ʚʠʧʘʜʢʫ, ʚʽʜʧʦʚʽʜʴ ʻ ʣʘʢʦʥʽʯʥʦʶ ʪʘ ʤʽʩʪʠʪʴ ʚʣʘʩʥʠʡ ʘʥʘʣʽʟ ʽʟ 

ʟʘʟʥʘʯʝʥʠʤ ʚʠʩʥʦʚʢʦʤ ʩʢʘʟʘʥʦʛʦ. ʊʦʙʪʦ, ʥʘ ʧʝʨʰʠʡ ʧʦʛʣʷʜ, ʜʦʩʠʪʴ ʥʝʣʝʛʢʦ 

ʟʨʦʟʫʤʽʪʠ, ʱʦ ʜʘʥʘ ʚʽʜʧʦʚʽʜʴ ʙʫʣʘ ʥʘʜʘʥʘ ʥʝ ʬʘʭʽʚʮʝʤ ʫ ʮʽʡ ʛʘʣʫʟʽ çʞʠʚʦʶ 

ʣʶʜʠʥʦʶè, ʘ ʰʪʫʯʥʠʤ ʽʥʪʝʣʝʢʪʦʤ. ʊʘʢʠʡ ʨʝʟʫʣʴʪʘʪ ʙʝʟʩʫʤʥʽʚʥʦ ʻ ʯʘʩʪʠʥʦʶ 

ʥʘʫʢʦʚʦʛʦ ʧʨʦʛʨʝʩʫ, ʚʨʘʭʦʚʫʶʯʠ ʧʦʩʪʽʡʥʫ ʨʦʙʦʪʫ ʥʘʜ ʧʦʢʨʘʱʝʥʥʷʤʠ ʨʦʙʦʪʠ 

ʜʘʥʦʛʦ ʰʪʫʯʥʦʛʦ ʽʥʪʝʣʝʢʪʫ ʚʽʜ Open AI . ɯʥʰʠʤʠ ʩʣʦʚʘʤʠ, ʚʽʥ ʤʦʞʝ ʥʘʜʘʪʠ 

ʜʦʩʣʽʜʥʠʢʘʤ ʰʠʨʦʢʠʡ ʜʽʘʧʘʟʦʥ ʽʥʬʦʨʤʘʮʽʾ ʪʘ ʟʥʘʥʴ ʟ ʙʘʛʘʪʴʦʭ ʨʽʟʥʠʭ 

ʦʙʣʘʩʪʝʡ, ʱʦ ʤʦʞʝ ʜʦʧʦʤʦʛʪʠ ʫ ʚʠʨʽʰʝʥʥʽ ʨʽʟʥʠʭ ʧʨʦʙʣʝʤ ʪʘ ʟʘʚʜʘʥʴ. 

ʆʩʦʙʣʠʚʦ ʮʝ ʘʢʪʫʘʣʴʥʦ, ʜʣʷ ʩʬʝʨʠ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʪʝʭʥʦʣʦʛʽʡ ʪʘ 

ʪʝʣʝʢʦʤʫʥʽʢʘʮʽʡ, ʷʢʽ ʻ ʨʫʰʽʡʥʦʶ ʩʠʣʦʶ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʧʨʦʛʨʝʩʫ [2]. 

ʇʝʨʝʚʘʛʠ ʚʠʢʦʨʠʩʪʘʥʥʷ ChatGPT ʯʠʩʣʝʥʥʽ. ʇʦ-ʧʝʨʰʝ, ChatGPT ʜʫʞʝ 

ʪʦʯʥʦ ʛʝʥʝʨʫʻ ʟʚ'ʷʟʥʫ ʽ ʢʦʥʪʝʢʩʪʫʘʣʴʥʦ ʨʝʣʝʚʘʥʪʥʫ ʤʦʚʫ, ʱʦ ʨʦʙʠʪʴ ʡʦʛʦ 

ʽʜʝʘʣʴʥʠʤ ʽʥʩʪʨʫʤʝʥʪʦʤ ʜʣʷ ʰʠʨʦʢʦʛʦ ʩʧʝʢʪʨʫ ʟʘʚʜʘʥʴ ʟ ʦʙʨʦʙʢʠ ʧʨʠʨʦʜʥʦʾ 

ʤʦʚʠ. ʇʦ-ʜʨʫʛʝ, ChatGPT ʤʦʞʥʘ ʪʦʯʥʦ ʥʘʣʘʰʪʫʚʘʪʠ ʧʽʜ ʢʦʥʢʨʝʪʥʽ ʟʘʚʜʘʥʥʷ, 

ʱʦ ʜʦʟʚʦʣʷʻ ʦʨʛʘʥʽʟʘʮʽʷʤ ʘʙʦ ʞ ʥʘʫʢʦʚʮʷʤ  ʘʜʘʧʪʫʚʘʪʠ ʤʦʜʝʣʴ ʜʦ ʩʚʦʾʭ 

ʢʦʥʢʨʝʪʥʠʭ ʧʦʪʨʝʙ.  

ʆʜʥʘʢ, ʫ ʚʠʢʦʨʠʩʪʘʥʥʽ ChatGPT ʻ ʽ ʜʝʷʢʽ ʧʦʪʝʥʮʽʡʥʽ ʥʝʜʦʣʽʢʠ. ʆʜʥʘ ʟ 

ʥʠʭ ʧʦʣʷʛʘʻ ʚ ʪʦʤʫ, ʱʦ ʤʦʜʝʣʴ ʤʦʞʝ ʫʚʽʯʥʠʪʠ ʫʧʝʨʝʜʞʝʥʥʷ ʪʘ ʩʪʝʨʝʦʪʠʧʠ, 

ʷʢʽ ʧʨʠʩʫʪʥʽ ʚ ʥʘʚʯʘʣʴʥʠʭ ʜʘʥʠʭ. ʅʘʧʨʠʢʣʘʜ, ʷʢʱʦ ʤʦʜʝʣʴ ʥʘʚʯʘʻʪʴʩʷ ʥʘ 

ʥʘʙʦʨʽ ʜʘʥʠʭ, ʱʦ ʚʞʝ ʚʪʨʘʪʠʣʠ ʘʢʪʫʘʣʴʥʽʩʪʴ ʘʙʦ ʥʘ ʤʝʞʽ ʚʪʨʘʪʠ ʘʢʪʫʘʣʴʥʦʩʪʽ. 

ʂʨʽʤ ʪʦʛʦ, ʦʩʢʽʣʴʢʠ ChatGPT ʻ ʤʦʚʥʦʶ ʤʦʜʝʣʣʶ, ʚʦʥʘ ʥʝ ʤʘʻ ʛʣʠʙʦʢʦʛʦ 

ʨʦʟʫʤʽʥʥʷ ʦʩʥʦʚʥʠʭ ʢʦʥʮʝʧʮʽʡ ʽ ʟʥʘʯʝʥʴ, ʱʦ ʣʝʞʘʪʴ ʚ ʦʩʥʦʚʽ ʤʦʚʠ, ʷʢʫ ʚʦʥʘ 

ʛʝʥʝʨʫʻ. ʎʝ ʤʦʞʝ ʧʨʠʟʚʝʩʪʠ ʜʦ ʥʝʧʦʨʦʟʫʤʽʥʴ ʘʙʦ ʧʦʤʠʣʦʢ ʫ ʧʝʚʥʠʭ 

ʢʦʥʪʝʢʩʪʘʭ [3].  

ʇʽʜʩʫʤʦʚʫʶʯʠ, ʤʦʞʥʘ ʩʢʘʟʘʪʠ, ʱʦ ʰʪʫʯʥʠʡ ʽʥʪʝʣʝʢʪ ChatGPT ʻ ʜʦʩʠʪʴ 

ʢʦʨʠʩʥʠʤ ʽʥʩʪʨʫʤʝʥʪʦʤ ʧʨʠ ʦʮʽʥʮʽ ʥʘʫʢʦʚʦʛʦ ʥʘʧʨʷʤʫ ʜʦʩʣʽʜʞʝʥʴ ʛʦʣʦʩʦʚʠʭ 

ʧʦʩʣʫʛ ʫ ʤʝʨʝʞʘʭ 5-ʛʦ ʧʦʢʦʣʽʥʥʷ, ʦʩʢʽʣʴʢʠ ʚʽʥ ʤʘʻ ʚʝʣʠʯʝʟʥʫ ʙʘʟʫ ʟʥʘʥʴ ʪʘ 

ʤʦʞʝ ʥʘʜʘʚʘʪʠ ʚʽʜʧʦʚʽʜʽ ʟ ʝʣʝʤʝʥʪʘʤʠ ʘʥʘʣʽʟʫ. ʂʨʽʤ ʪʦʛʦ, ChatGPT ʤʦʞʝ ʙʫʪʠ 

ʢʦʨʠʩʥʠʤ ʜʣʷ ʛʝʥʝʨʘʮʽʾ ʥʦʚʠʭ ʽʜʝʡ ʪʘ ʧʽʜʭʦʜʽʚ ʜʦ ʜʦʩʣʽʜʞʝʥʥʷ. ʊʘʢʦʞ, 

ʚʨʘʭʦʚʫʶʯʠ ʥʘʜʘʥʽ ʚʽʜʧʦʚʽʜʽ ʰʪʫʯʥʠʤ ʽʥʪʝʣʝʢʪʦʤ, ʚʽʥ ʤʦʞʝ ʟʘʙʝʟʧʝʯʠʪʠ 

ʰʚʠʜʢʠʡ ʪʘ ʣʝʛʢʠʡ ʜʦʩʪʫʧ ʜʦ ʚʝʣʠʢʦʾ ʢʽʣʴʢʦʩʪʽ ʽʥʬʦʨʤʘʮʽʾ, ʱʦ ʜʦʧʦʤʦʞʝ 

ʟʨʦʙʠʪʠ ʜʦʩʣʽʜʞʝʥʥʷ ʙʽʣʴʰ ʝʬʝʢʪʠʚʥʠʤ ʪʘ ʨʝʟʫʣʴʪʘʪʠʚʥʠʤ. 

 

ʃʽʪʝʨʘʪʫʨʘ 

 

1. Introducing ChatGPT // [ɽʣʝʢʪʨʦʥʥʠʡ ʨʝʩʫʨʩ] ʨʝʞʠʤ ʜʦʩʪʫʧʫ: https://openai.com/blog/chatgpt 

2. ChatGPT helper // [ɽʣʝʢʪʨʦʥʥʠʡ ʨʝʩʫʨʩ] ʨʝʞʠʤ ʜʦʩʪʫʧʫ: https://chat.openai.com/chat 

3. What are the advantages and disadvantages of ChatGPT in digital marketing? 

// [ɽʣʝʢʪʨʦʥʥʠʡ ʨʝʩʫʨʩ] ʨʝʞʠʤ ʜʦʩʪʫʧʫ: https://www.quora.com/What-are-the-advantages-

and-disadvantages-of-Chat-GPT-in-digital-marketing 

 

 



 208 

ʋɼʂ 621.396.1 

ɼʆʉʃɯɼɾɽʅʅʗ ʄɽʊʆɼɯɺ ʄʆʅɯʊʆʈʀʅɻʋ  

ʊʈɸʌɯʂʋ ɼʃʗ ʇʈʆʊʀɼɯɰ ʌʈʆɼʋ ɺ ɯʈ-ʊɽʃɽʌʆʅɯɰ 

 

ʂʘʨʧʠʰʠʥ ʅ.ʗ., ʂʨʘʚʯʫʢ ʉ.ʆ. 

ʅʘʚʯʘʣʴʥʦ-ʥʘʫʢʦʚʠʡ ɯʥʩʪʠʪʫʪ ʪʝʣʝʢʦʤʫʥʽʢʘʮʽʡʥʠʭ  

ʩʠʩʪʝʤ ʂʇɯ ʽʤ. ɯʛʦʨʷ ʉʽʢʦʨʩʴʢʦʛʦ, ʋʢʨʘʾʥʘ 

E-mail: nazar.karpishin@gmail.com 

 
RESEARCH OF TRAFFIC MONITORING   

METHODS TO ANTI -FRAUD IN IP -TELEPHONY  

 

Currently, IP telephony technology has become quite widespread, as it provides many 

advantages of using Internet protocols for voice transmission compared to traditional circuit-

switched systems. 

 

ʅʘ ʜʘʥʠʡ ʯʘʩ ʪʝʭʥʦʣʦʛʽʷ IP-ʪʝʣʝʬʦʥʽʾ ʥʘʙʫʣʘ ʜʦʩʠʪʴ ʚʝʣʠʢʝ ʧʦʰʠʨʝʥʥʷ, 

ʦʩʢʽʣʴʢʠ ʚʦʥʘ ʥʘʜʘʻ ʙʘʛʘʪʦ ʧʝʨʝʚʘʛ ʟʘʩʪʦʩʫʚʘʥʥʷ ɯʥʪʝʨʥʝʪ-ʧʨʦʪʦʢʦʣʽʚ ʜʣʷ 

ʧʝʨʝʜʘʯʽ ʛʦʣʦʩʫ ʧʦʨʽʚʥʷʥʦ ʟ ʪʨʘʜʠʮʽʡʥʠʤʠ ʩʠʩʪʝʤʘʤʠ ʟ ʢʦʤʫʪʘʮʽʻʶ ʢʘʥʘʣʽʚ. 

ɿʨʦʩʪʘʥʥʷ ʯʘʩʪʢʠ IP-ʪʝʣʝʬʦʥʽʾ ʟ ʨʦʢʘʤʠ ʜʝʤʦʥʩʪʨʫʻ ʨʠʩ. 1, ʜʝ ʥʘʚʝʜʝʥʦ 

ʟʨʦʩʪʘʥʥʷ ʢʘʧʽʪʘʣʫ ʨʠʥʢʫ ʪʝʭʥʦʣʦʛʽʾ ʧʝʨʝʜʘʯʽ ʤʝʜʽʘ-ʜʘʥʠʭ ʫ ʨʝʘʣʴʥʦʤʫ ʯʘʩʽ ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʩʽʤʝʡʩʪʚʘ ʧʨʦʪʦʢʦʣʽʚ TCP/IP ( VoIP, ʛʦʣʦʩ ʯʝʨʝʟ IP (voice over IP). 

 

 

 

ʈʠʩ. 1. ɿʘʣʝʞʥʽʩʪʴ ʧʨʦʛʥʦʟʫ ʟʙʽʣʴʰʝʥʥʷ ʢʘʧʽʪʘʣʫ  

VOIP ʨʠʥʢʫ ʚʽʜ ʯʘʩʫ, ʚ ʨʦʢʘʭ (ɼʞʝʨʝʣʦ: ZionResearchAnalysis 2016 ʨ.) 

 

ʊʝʭʥʦʣʦʛʽʷ 5G (ʇôʷʪʝ ʧʦʢʦʣʽʥʥʷ ʤʦʙʽʣʴʥʠʭ ʤʝʨʝʞ ) ʤʦʞʝ ʚʽʜʽʛʨʘʪʠ 

ʚʘʞʣʠʚʫ ʨʦʣʴ ʫ ʨʦʟʚʠʪʢʫ Voice over Internet Protocol (VoIP), ʪʦʙʪʦ ʪʝʣʝʬʦʥʽʾ 

ʯʝʨʝʟ ɯʥʪʝʨʥʝʪ. 

5G ʤʘʻ ʟʥʘʯʥʦ ʙʽʣʴʰʫ ʧʨʦʧʫʩʢʥʫ ʟʜʘʪʥʽʩʪʴ ʪʘ ʰʚʠʜʢʽʩʪʴ ʧʝʨʝʜʘʯʽ ʜʘʥʠʭ 

ʧʦʨʽʚʥʷʥʦ ʟ ʧʦʧʝʨʝʜʥʽʤʠ ʚʝʨʩʽʷʤʠ ʤʦʙʽʣʴʥʠʭ ʤʝʨʝʞ, ʱʦ ʤʦʞʝ ʟʘʙʝʟʧʝʯʠʪʠ 

ʚʠʩʦʢʦʷʢʽʩʥʫ ʧʝʨʝʜʘʯʫ ʛʦʣʦʩʫ ʚ ʨʝʘʣʴʥʦʤʫ ʯʘʩʽ ʟ ʤʽʥʽʤʘʣʴʥʠʤ ʟʘʪʨʠʤʢʦʶ. ʎʝ 

ʤʦʞʝ ʙʫʪʠ ʦʩʦʙʣʠʚʦ ʢʦʨʠʩʥʦ ʜʣʷ VoIP, ʜʝ ʷʢʽʩʪʴ ʟʚ'ʷʟʢʫ ʤʘʻ ʚʝʣʠʢʝ ʟʥʘʯʝʥʥʷ.  

ɿʘʚʜʷʢʠ 5G ʤʝʨʝʞʽ, ʢʦʨʠʩʪʫʚʘʯʽ VoIP ʤʦʞʫʪʴ ʚʽʜʯʫʚʘʪʠ ʙʽʣʴʰ ʩʪʘʙʽʣʴʥʝ 

ʪʘ ʷʢʽʩʥʝ ʟ'ʻʜʥʘʥʥʷ, ʷʢʝ ʟʘʙʝʟʧʝʯʫʻ ʙʽʣʴʰʫ ʷʢʽʩʪʴ ʧʝʨʝʜʘʯʽ ʛʦʣʦʩʫ ʪʘ 

ʟʤʝʥʰʝʥʥʷ ʟʘʪʨʠʤʢʠ. ʂʨʽʤ ʪʦʛʦ, ʟʚ'ʷʟʦʢ ʯʝʨʝʟ 5G ʤʝʨʝʞʫ ʤʦʞʝ ʙʫʪʠ ʙʽʣʴʰ 

ʙʝʟʧʝʯʥʠʤ ʪʘ ʟʘʭʠʱʝʥʠʤ, ʱʦ ʜʦʟʚʦʣʷʻ ʢʦʨʠʩʪʫʚʘʯʘʤ ʚʽʜʯʫʚʘʪʠ ʩʝʙʝ ʙʽʣʴʰ 

ʫʧʝʚʥʝʥʠʤʠ ʫ ʪʦʤʫ, ʱʦ ʾʭʥʽ ʦʩʦʙʠʩʪʽ ʜʘʥʽ ʟʘʭʠʱʝʥʽ. 

ʉʪʨʽʤʢʠʡ ʨʽʩʪ ʮʽʢʘʚʦʩʪʽ ʜʦ ʪʝʭʥʦʣʦʛʽʡ ʰʪʫʯʥʦʛʦ ʽʥʪʝʣʝʢʪʫ ʥʝ ʙʫʚ 

ʧʨʦʽʛʥʦʨʦʚʘʥʠʡ ʽ ʚ ʩʬʝʨʽ VOIP. ʐʪʫʯʥʠʡ ʽʥʪʝʣʝʢʪ ʪʘ ʤʘʰʠʥʥʝ ʥʘʚʯʘʥʥʷ ʚʞʝ 

ʤʦʞʫʪʴ ʨʦʟʧʽʟʥʘʚʘʪʠ ʤʦʚʫ ʪʘ ʘʥʘʣʽʟʫʚʘʪʠ ʜʘʥʽ ʜʟʚʽʥʢʽʚ. ɯ ʟ ʨʦʟʚʠʪʢʦʤ ʮʽʻʾ 

ʛʘʣʫʟʽ ʦʯʽʢʫʻʪʴʩʷ ʘʚʪʦʤʘʪʠʯʥʘ ʚʽʜʧʨʘʚʢʘ ʢʦʨʝʩʧʦʥʜʝʥʮʽʾ ʪʘ ʜʦʩʪʘʚʢʘ. ʂʨʽʤ 
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ʪʦʛʦ, ʰʪʫʯʥʠʡ ʽʥʪʝʣʝʢʪ ʟʤʦʞʝ ʚʠʷʚʣʷʪʠ ʪʘ ʨʝʘʛʫʚʘʪʠ ʥʘ ʧʦʤʠʣʢʠ ʪʘ 

ʥʝʩʧʨʘʚʥʦʩʪʽ. 

ʊʘʢʦʞ ʨʦʟʚʠʪʦʢ ʰʪʫʯʥʦʛʦ ʽʥʪʝʣʝʢʪʫ ʤʦʞʝ ʩʫʪʪʻʚʦ ʜʦʧʦʤʦʛʪʠ ʚ ʧʨʦʪʠʜʽʾ 

ʰʘʭʨʘʡʩʪʚʫ ʚ IP ʪʝʣʝʬʦʥʽʾ. ʉʝʨʝʜ ʚʘʨʽʘʥʪʽʚ - ʤʦʥʽʪʦʨʠʥʛ ʪʨʘʬʽʢʫ. ɿʘʚʜʷʢʠ 

ʤʘʰʠʥʥʦʤʫ ʥʘʚʯʘʥʥʶ, ʩʠʩʪʝʤʘ ʤʦʞʝ ʥʘʚʯʠʪʠʩʴ ʨʦʟʧʽʟʥʘʚʘʪʠ ʥʝʥʦʨʤʘʣʴʥʽ 

ʧʘʪʝʨʥʠ ʚ ʪʨʘʬʽʢʫ, ʱʦ ʤʦʞʫʪʴ ʩʚʽʜʯʠʪʠ ʧʨʦ ʩʧʨʦʙʠ ʰʘʭʨʘʡʩʪʚʘ. ʅʘʧʨʠʢʣʘʜ, 

ʷʢʱʦ ʚʠʷʚʣʝʥʦ, ʱʦ ʜʟʚʽʥʢʠ ʟ ʦʜʥʦʛʦ ʥʦʤʝʨʘ ʟʜʽʡʩʥʶʶʪʴʩʷ ʜʦ ʙʘʛʘʪʴʦʭ ʨʽʟʥʠʭ 

ʥʦʤʝʨʽʚ ʦʜʥʦʯʘʩʥʦ, ʮʝ ʤʦʞʝ ʩʚʽʜʯʠʪʠ ʧʨʦ ʘʚʪʦʤʘʪʠʟʦʚʘʥʠʡ ʰʘʭʨʘʡʩʴʢʠʡ 

ʧʨʦʮʝʩ. 

ʐɯ ʤʦʞʝ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠʩʴ ʜʣʷ ʘʚʪʦʤʘʪʠʯʥʦʛʦ ʚʠʷʚʣʝʥʥʷ ʧʽʜʦʟʨʽʣʠʭ 

ʪʨʘʥʟʘʢʮʽʡ ʪʘ ʧʽʜʦʟʨʽʣʠʭ ʜʟʚʽʥʢʽʚ ʥʘ ʦʩʥʦʚʽ ʘʥʘʣʽʟʫ ʧʦʚʝʜʽʥʢʠ ʢʦʨʠʩʪʫʚʘʯʽʚ, 

ʽʩʪʦʨʽʾ ʪʨʘʥʟʘʢʮʽʡ ʪʘ ʽʥʰʠʭ ʬʘʢʪʦʨʽʚ. ʊʘʢʠʤ ʯʠʥʦʤ, ʰʪʫʯʥʠʡ ʽʥʪʝʣʝʢʪ ʤʦʞʝ 

ʜʦʧʦʤʦʛʪʠ ʚʠʷʚʣʷʪʠ ʰʘʭʨʘʾʚ, ʷʢʽ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʪʝʣʝʬʦʥʥʽ ʤʝʨʝʞʽ ʜʣʷ 

ʟʜʽʡʩʥʝʥʥʷ ʰʘʭʨʘʡʩʪʚʘ ʪʘ ʽʥʰʠʭ ʟʣʦʯʠʥʥʠʭ ʜʽʡ. ʂʨʽʤ ʪʦʛʦ, ʰʪʫʯʥʠʡ ʽʥʪʝʣʝʢʪ 

ʤʦʞʝ ʜʦʧʦʤʦʛʪʠ ʚʜʦʩʢʦʥʘʣʠʪʠ ʩʠʩʪʝʤʫ ʘʚʪʦʨʠʟʘʮʽʾ ʪʘ ʽʜʝʥʪʠʬʽʢʘʮʽʾ 

ʢʦʨʠʩʪʫʚʘʯʽʚ, ʟʘʙʝʟʧʝʯʫʶʯʠ ʚʠʩʦʢʠʡ ʨʽʚʝʥʴ ʙʝʟʧʝʢʠ ʪʘ ʟʘʭʠʩʪʫ ʚʽʜ 

ʥʝʩʘʥʢʮʽʦʥʦʚʘʥʦʛʦ ʜʦʩʪʫʧʫ ʜʦ ʩʠʩʪʝʤʠ. ɺʽʥ ʪʘʢʦʞ ʤʦʞʝ ʜʦʧʦʤʦʛʪʠ 

ʫʧʨʘʚʣʷʪʠ ʨʠʟʠʢʘʤʠ ʪʘ ʧʦʢʨʘʱʠʪʠ ʝʬʝʢʪʠʚʥʽʩʪʴ ʙʦʨʦʪʴʙʠ ʟ ʬʨʦʜʦʤ ʫ ʤʝʨʝʞʽ 

IP ʪʝʣʝʬʦʥʽʾ. 

ɺ ʮʽʣʦʤʫ, ʟʘʩʪʦʩʫʚʘʥʥʷ ʰʪʫʯʥʦʛʦ ʽʥʪʝʣʝʢʪʫ ʚ ʤʦʥʽʪʦʨʠʥʛʫ ʪʨʘʬʽʢʫ ʜʣʷ 

ʧʨʦʪʠʜʽʾ ʬʨʦʜʫ ʚ IP ʪʝʣʝʬʦʥʽʾ ʤʦʞʝ ʜʦʧʦʤʦʛʪʠ ʟʘʙʝʟʧʝʯʠʪʠ ʚʠʩʦʢʠʡ ʨʽʚʝʥʴ 

ʙʝʟʧʝʢʠ ʪʘ ʝʬʝʢʪʠʚʥʦʩʪʽ ʤʝʨʝʞʽ, ʟʤʝʥʰʠʪʠ ʨʠʟʠʢʠ ʚʽʜ ʰʘʭʨʘʾʚ ʪʘ ʽʥʰʠʭ 

ʟʣʦʯʠʥʮʽʚ, ʘ ʪʘʢʦʞ ʧʽʜʚʠʱʠʪʠ ʨʽʚʝʥʴ ʟʘʜʦʚʦʣʝʥʥʷ ʢʦʨʠʩʪʫʚʘʯʽʚ. 

ʄʝʪʘ ʨʦʙʦʪʠ  ʧʦʣʷʛʘʻ ʚ ʪʦʤʫ, ʱʦʙ ʰʣʷʭʦʤ ʜʦʩʣʽʜʞʝʥʥʷ ʜʦʩʪʫʧʥʠʭ 

ʤʝʪʦʜʽʚ ʤʦʥʽʪʦʨʠʥʛʫ ʪʨʘʬʽʢʫ ʨʦʟʨʦʙʦʪʠ ʥʦʚʽ ʪʘ/ʘʙʦ ʫʜʦʩʢʦʥʘʣʠʪʠ ʥʘʷʚʥʽ, ʜʣʷ 

ʦʧʪʠʤʽʟʘʮʽʾ ʧʨʦʪʠʜʽʾ ʰʘʭʨʘʡʩʪʚʫ ʚ IP ʪʝʣʝʬʦʥʽʾ. ʎʝ ʜʦʟʚʦʣʠʪʴ ʟʤʝʥʰʠʪʠ 

ʬʽʥʘʥʩʦʚʽ ʪʘ ʨʝʧʫʪʘʮʽʡʥʽ ʨʠʟʠʢʠ, ʷʢ ʜʣʷ ʢʦʤʧʘʥʽʡ ʧʨʦʚʘʡʜʝʨʽʚ, ʪʘʢ ʽ ʜʣʷ  ʾʭ 

ʢʣʽʻʥʪʽʚ.  

ʌʨʦʜ (ʘʥʛʣ. fraud) - ʮʝ ʰʘʭʨʘʡʩʪʚʦ ʘʙʦ ʦʙʤʘʥ, ʷʢʠʡ ʟʘʟʚʠʯʘʡ ʚʠʢʦʥʫʻʪʴʩʷ 

ʟ ʤʝʪʦʶ ʦʪʨʠʤʘʥʥʷ ʥʝʟʘʢʦʥʥʦʾ ʚʠʛʦʜʠ, ʯʘʩʪʦ ʬʽʥʘʥʩʦʚʦʾ. ʌʨʦʜ ʚ IP-ʪʝʣʝʬʦʥʽʾ 

ʻ ʩʝʨʡʦʟʥʦʶ ʧʨʦʙʣʝʤʦʶ ʚ ʩʫʯʘʩʥʦʤʫ ʩʚʽʪʽ. IP-ʪʝʣʝʬʦʥʽʷ, ʷʢ ʪʝʭʥʦʣʦʛʽʷ 

ʧʝʨʝʜʘʯʽ ʛʦʣʦʩʫ ʯʝʨʝʟ ɯʥʪʝʨʥʝʪ, ʩʪʘʣʘ ʜʫʞʝ ʧʦʧʫʣʷʨʥʦʶ ʚ ʦʩʪʘʥʥʽ ʨʦʢʠ, ʽʟ 

ʟʨʦʩʪʘʥʥʷʤ ʧʦʧʫʣʷʨʥʦʩʪʽ ʚʦʥʘ ʩʪʘʣʘ ʙʽʣʴʰ ʚʨʘʟʣʠʚʘ ʥʘ ʰʘʭʨʘʡʩʪʚʦ.ɺ ʩʚʦʶ 

ʯʝʨʛʫ ʤʦʞʥʘ ʚʠʜʽʣʠʪʠ ʜʝʷʢʽ ʟ ʥʘʡʧʦʰʠʨʝʥʽʰʠʭ ʚʠʜʽʚ ʧʦʨʫʰʝʥʴ: tollfraud , 

ʨʝʬʘʡʣ, ʟʣʦʤ ʧʨʦʚʘʡʜʝʨʩʴʢʦʛʦ ʘʙʦ ʢʣʽʻʥʪʩʴʢʦʛʦ ʦʙʣʘʜʥʘʥʥʷ. (ɸʊʉ, IPPBX). 

ʉʝʨʝʜ ʥʘʡʙʽʣʴʰ ʜʽʻʚʠʭ ʤʝʪʦʜʽʚ ʧʨʦʪʠʜʽʾ ʬʨʦʜʫ ʩʣʽʜ ʚʠʜʽʣʠʪʠ ʤʦʥʽʪʦʨʠʥʛ 

ʪʨʘʬʽʢʫ ʚ ʤʝʨʝʞʽ, ʷʢʠʡ ʜʦʟʚʦʣʷʻ ʝʬʝʢʪʠʚʥʦ ʧʨʦʪʠʜʽʷʪʠ ʧʦʨʫʰʝʥʥʷʤ. ʊʘʢʦʞ 

ʩʣʽʜ ʚʠʜʽʣʠʪʠ ʩʘʤʝ ʤʝʪʦʜʠ ʤʦʥʽʪʦʨʠʥʛʫ ʪʨʘʬʽʢʫ ʩʝʨʝʜ ʷʢʠʭ:  

1. Packet Sniffing: ʮʝʡ ʤʝʪʦʜ ʟʘʙʝʟʧʝʯʫʻ ʟʙʽʨ ʜʘʥʠʭ, ʷʢʽ ʧʝʨʝʜʘʶʪʴʩʷ ʯʝʨʝʟ 

ʤʝʨʝʞʫ IP ʪʝʣʝʬʦʥʽʾ. ʎʝʡ ʤʝʪʦʜ ʤʦʞʥʘ ʚʠʢʦʥʘʪʠ ʟʘ ʜʦʧʦʤʦʛʦʶ ʧʨʦʛʨʘʤʥʦʛʦ 

ʟʘʙʝʟʧʝʯʝʥʥʷ, ʪʘʢʦʛʦ ʷʢ Wireshark, ʽ ʜʦʟʚʦʣʷʻ ʧʝʨʝʚʽʨʷʪʠ ʚʤʽʩʪ ʢʦʞʥʦʛʦ 

ʧʘʢʝʪʫ. 
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2. Deep Packet Inspection (DPI): ʮʝʡ ʤʝʪʦʜ ʟʘʙʝʟʧʝʯʫʻ ʟʙʽʨ ʜʦʜʘʪʢʦʚʠʭ 

ʜʘʥʠʭ ʟ ʢʦʞʥʦʛʦ ʧʘʢʝʪʫ, ʪʘʢʠʭ ʷʢ IP-ʘʜʨʝʩʠ ʪʘ ʥʦʤʝʨʠ ʪʝʣʝʬʦʥʽʚ. DPI 

ʜʦʟʚʦʣʷʻ ʟʜʽʡʩʥʶʚʘʪʠ ʜʝʪʘʣʴʥʠʡ ʘʥʘʣʽʟ ʪʨʘʬʽʢʫ, ʚʠʷʚʣʷʪʠ ʰʢʽʜʣʠʚʽ ʧʨʦʛʨʘʤʠ 

ʪʘ ʚʠʷʚʣʷʪʠ ʘʥʦʤʘʣʴʥʫ ʘʢʪʠʚʥʽʩʪʴ. 

3. NetFlow Analysis: ʮʝʡ ʤʝʪʦʜ ʜʦʟʚʦʣʷʻ ʟʙʠʨʘʪʠ ʜʘʥʽ ʧʨʦ ʪʨʘʬʽʢ ʪʘ 

ʘʥʘʣʽʟʫʚʘʪʠ ʡʦʛʦ. ɯʥʬʦʨʤʘʮʽʷ ʧʨʦ ʪʨʘʬʽʢ, ʱʦ ʧʝʨʝʜʘʻʪʴʩʷ ʯʝʨʝʟ IP ʪʝʣʝʬʦʥʽʶ, 

ʟʘʧʠʩʫʻʪʴʩʷ ʚ ʬʦʨʤʘʪʽ NetFlow ʪʘ ʤʦʞʝ ʙʫʪʠ ʘʥʘʣʽʟʦʚʘʥʘ, ʱʦʙ ʚʠʷʚʠʪʠ 

ʘʥʦʤʘʣʴʥʫ ʘʢʪʠʚʥʽʩʪʴ. 

4. Call Detail Record (CDR) Analysis: ʮʝʡ ʤʝʪʦʜ ʟʘʙʝʟʧʝʯʫʻ ʟʙʽʨ ʜʘʥʠʭ ʧʨʦ 

ʢʦʞʝʥ ʪʝʣʝʬʦʥʥʠʡ ʜʟʚʽʥʦʢ, ʚʢʣʶʯʘʶʯʠ ʯʘʩ ʜʟʚʽʥʢʘ, ʪʨʠʚʘʣʽʩʪʴ ʪʘ ʥʦʤʝʨʠ, ʱʦ 

ʙʝʨʫʪʴ ʫʯʘʩʪʴ. ʎʽ ʜʘʥʽ ʤʦʞʫʪʴ ʙʫʪʠ ʘʥʘʣʽʟʦʚʘʥʽ ʜʣʷ ʚʠʷʚʣʝʥʥʷ ʥʝʟʚʠʯʘʡʥʦʾ 

ʘʢʪʠʚʥʦʩʪʽ ʪʘ ʰʘʭʨʘʡʩʪʚʘ. 

5. Real-time Monitoring: ʮʝʡ ʤʝʪʦʜ ʟʘʙʝʟʧʝʯʫʻ ʤʦʥʽʪʦʨʠʥʛ ʤʝʨʝʞʽ IP 

ʪʝʣʝʬʦʥʽʾ ʚ ʨʝʞʠʤʽ ʨʝʘʣʴʥʦʛʦ ʯʘʩʫ. ʎʝ ʜʦʟʚʦʣʷʻ ʚʠʷʚʣʷʪʠ ʧʨʦʙʣʝʤʠ ʚ ʤʝʨʝʞʽ 

ʪʘ ʰʢʽʜʣʠʚʽ ʜʽʾ ʚ ʤʦʤʝʥʪ ʾʭ ʚʠʥʠʢʥʝʥʥʷ. 

ʂʦʤʙʽʥʫʚʘʥʥʷ ʨʽʟʥʠʭ ʤʝʪʦʜʽʚ ʤʦʥʽʪʦʨʠʥʛʫ ʪʨʘʬʽʢʫ, ʪʘʢʠʭ ʷʢ ʘʥʘʣʽʟ 

ʧʦʚʝʜʽʥʢʠ ʢʦʨʠʩʪʫʚʘʯʽʚ, ʚʠʷʚʣʝʥʥʷ ʘʥʦʤʘʣʴʥʦʛʦ ʪʨʘʬʽʢʫ ʪʘ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʩʠʛʥʘʪʫʨ ʜʣʷ ʽʜʝʥʪʠʬʽʢʘʮʽʾ ʬʨʦʜʫ, ʜʦʟʚʦʣʷʻ ʩʪʚʦʨʠʪʠ ʙʽʣʴʰ ʢʦʤʧʣʝʢʩʥʫ 

ʩʠʩʪʝʤʫ ʟʘʭʠʩʪʫ ʚʽʜ ʰʘʭʨʘʡʩʪʚʘ ʚ ʽʨ-ʪʝʣʝʬʦʥʽʾ. 

ʊʘʢʘ ʢʦʤʙʽʥʘʮʽʷ ʤʝʪʦʜʽʚ ʤʦʥʽʪʦʨʠʥʛʫ ʪʨʘʬʽʢʫ ʜʦʟʚʦʣʷʻ ʟʙʽʣʴʰʠʪʠ 

ʪʦʯʥʽʩʪʴ ʚʠʷʚʣʝʥʥʷ ʬʨʦʜʫ ʪʘ ʟʥʠʟʠʪʠ ʢʽʣʴʢʽʩʪʴ ʧʦʤʠʣʢʦʚʠʭ ʩʧʨʘʮʶʚʘʥʴ 

ʩʠʩʪʝʤʠ ʟʘʭʠʩʪʫ. ʅʘʧʨʠʢʣʘʜ, ʚʠʷʚʣʝʥʥʷ ʘʥʦʤʘʣʴʥʦʛʦ ʪʨʘʬʽʢʫ ʤʦʞʝ 

ʜʦʧʦʚʥʶʚʘʪʠʩʴ ʘʥʘʣʽʟʦʤ ʧʦʚʝʜʽʥʢʠ ʢʦʨʠʩʪʫʚʘʯʽʚ, ʱʦ ʜʦʟʚʦʣʠʪʴ ʚʠʷʚʣʷʪʠ 

ʟʣʦʚʤʠʩʥʫ ʜʽʷʣʴʥʽʩʪʴ ʥʘ ʦʩʥʦʚʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʚʠʢʦʨʠʩʪʦʚʫʚʘʥʦʛʦ ʪʨʘʬʽʢʫ ʪʘ 

ʚʟʘʻʤʦʜʽʾ ʟ ʤʝʨʝʞʝʶ. 

ʂʨʽʤ ʪʦʛʦ, ʚʠʢʦʨʠʩʪʘʥʥʷ ʩʠʛʥʘʪʫʨ ʜʣʷ ʽʜʝʥʪʠʬʽʢʘʮʽʾ ʬʨʦʜʫ ʜʦʧʦʤʘʛʘʻ 

ʚʠʷʚʣʷʪʠ ʚʞʝ ʚʽʜʦʤʽ ʤʝʪʦʜʠ ʘʪʘʢ, ʪʦʜʽ ʷʢ ʘʥʘʣʽʟ ʧʦʚʝʜʽʥʢʠ ʢʦʨʠʩʪʫʚʘʯʽʚ ʪʘ 

ʚʠʷʚʣʝʥʥʷ ʘʥʦʤʘʣʴʥʦʛʦ ʪʨʘʬʽʢʫ ʜʦʟʚʦʣʷʶʪʴ ʚʠʷʚʣʷʪʠ ʥʦʚʽ ʪʘ ʥʝʚʽʜʦʤʽ ʤʝʪʦʜʠ 

ʘʪʘʢ. 

ʊʘʢʠʤ ʯʠʥʦʤ, ʢʦʤʙʽʥʘʮʽʷ ʨʽʟʥʠʭ ʤʝʪʦʜʽʚ ʤʦʥʽʪʦʨʠʥʛʫ ʪʨʘʬʽʢʫ ʻ ʜʽʻʚʠʤ 

ʽʥʩʪʨʫʤʝʥʪʦʤ ʜʣʷ ʟʘʭʠʩʪʫ ʚʽʜ ʬʨʦʜʫ ʚ ʽʨ-ʪʝʣʝʬʦʥʽʾ, ʱʦ ʟʘʙʝʟʧʝʯʫʻ ʙʽʣʴʰ 

ʪʦʯʥʠʡ ʪʘ ʢʦʤʧʣʝʢʩʥʠʡ ʘʥʘʣʽʟ ʪʨʘʬʽʢʫ ʪʘ ʜʦʟʚʦʣʷʻ ʚʠʷʚʣʷʪʠ ʷʢ ʚʽʜʦʤʽ, ʪʘʢ ʽ 

ʥʦʚʽ ʤʝʪʦʜʠ ʘʪʘʢ. 
ʃʪ̔ʝʨʘʪʫʨʘ 
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USING CHAT  GPT TO TROUBLESHOOT  VIDEO   

SIGNAL  TRANSMISSION THROUGH  IOT  DEVICES  
 

The object of the study was the problems of video signal transmission through IoT 

devices using a distributed network, and the sought answer is a way to modernize the network to 

improve video signal transmission. 
 

Chat GPT (Generative Pre-trained Transformer 3) - ʮʝ ʦʜʠʥ ʟ 

ʥʘʡʧʦʪʫʞʥʽʰʠʭ ʰʪʫʯʥʦ-ʽʥʪʝʣʝʢʪʫʘʣʴʥʠʭ ʘʣʛʦʨʠʪʤʽʚ ʜʣʷ ʛʝʥʝʨʘʮʽʾ ʪʝʢʩʪʫ, 

ʷʢʠʡ ʙʫʚ ʨʦʟʨʦʙʣʝʥʠʡ ʢʦʤʧʘʥʽʻʶ OpenAI ʥʘ ʦʩʥʦʚʽ ʪʝʭʥʦʣʦʛʽʾ ʤʘʰʠʥʥʦʛʦ 

ʥʘʚʯʘʥʥʷ. Chat GPT ʤʦʞʝ ʛʝʥʝʨʫʚʘʪʠ ʪʝʢʩʪ, ʷʢʠʡ ʚʠʛʣʷʜʘʻ, ʤʦʚ ʙʫʜʴ-ʷʢʘ 

ʣʶʜʠʥʘ ʡʦʛʦ ʥʘʧʠʩʘʣʘ. ɺʽʥ ʤʦʞʝ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠʩʷ ʜʣʷ ʘʚʪʦʤʘʪʠʟʘʮʽʾ 

ʧʨʦʮʝʩʽʚ ʦʙʨʦʙʢʠ ʪʝʢʩʪʫ, ʪʘʢʠʭ ʷʢ ʩʪʚʦʨʝʥʥʷ ʚʽʜʧʦʚʽʜʝʡ ʥʘ ʟʘʧʠʪʘʥʥʷ, 

ʛʝʥʝʨʘʮʽʷ ʩʪʘʪʝʡ ʪʘ ʽʥʰʽ ʟʘʚʜʘʥʥʷ.  

ChatGPT ʟʜʘʪʥʠʡ ʚʽʜʧʦʚʽʩʪʠ ʥʘ ʰʠʨʦʢʠʡ ʩʧʝʢʪʨ ʪʝʭʥʽʯʥʠʭ ʟʘʧʠʪʘʥʴ ʟʘ 

ʫʤʦʚʠ, ʱʦ ʚʦʥʠ ʯʽʪʢʽ ʪʘ ʜʦʙʨʝ ʩʬʦʨʤʫʣʴʦʚʘʥʽ. ʆʩʴ ʢʽʣʴʢʘ ʧʦʨʘʜ, ʯʘʩʪʠʥʫ ʟ 

ʷʢʠʭ ʥʘʜʘʚ ʩʘʤ ʙʦʪ, ʷʢʽ ʜʦʧʦʤʦʞʫʪʴ ʟ ʦʪʨʠʤʘʥʥʷʤ ʝʬʝʢʪʠʚʥʠʭ ʚʽʜʧʦʚʽʜʝʡ: 

1. ɹʫʜʴʪʝ ʢʦʥʢʨʝʪʥʠʤʠ: ʫʥʠʢʘʡʪʝ ʨʦʟʧʣʠʚʯʘʩʪʠʭ ʘʙʦ ʥʘʜʪʦ ʟʘʛʘʣʴʥʠʭ 

ʟʘʧʠʪʘʥʴ. ʅʘʤʘʛʘʡʪʝʩʷ ʟʘʜʘʚʘʪʠ ʧʠʪʘʥʥʷ, ʷʢʽ ʩʪʦʩʫʶʪʴʩʷ ʢʦʥʢʨʝʪʥʦʾ 

ʧʨʦʙʣʝʤʠ ʯʠ ʪʝʤʠ. 

2. ɺʠʢʦʨʠʩʪʦʚʫʡʪʝ ʧʨʘʚʠʣʴʥʫ ʪʝʨʤʽʥʦʣʦʛʽʶ, ʘʣʝ ʥʝ ʟʘʥʘʜʪʦ ʨʦʟʧʣʠʚʯʘʪʽ, 

ʘʙʦ ʞ ʟʘʥʘʜʪʦ ʚʫʟʴʢʦ ʧʨʦʬʽʣʴʦʚʘʥʽ.  

3. ʉʪʘʚʣʷʯʠ ʪʝʭʥʽʯʥʽ ʟʘʧʠʪʘʥʥʷ, ʥʘʜʘʚʘʡʪʝ ʷʢʦʤʦʛʘ ʙʽʣʴʰʝ ʚʽʜʧʦʚʽʜʥʦʛʦ 

ʢʦʥʪʝʢʩʪʫ. ʎʝ ʤʦʞʝ ʤʽʩʪʠʪʠ ʽʥʬʦʨʤʘʮʽʶ ʧʨʦ ʚʘʰʽ ʧʦʪʦʯʥʽ ʥʘʣʘʰʪʫʚʘʥʥʷ, 

ʧʨʦʙʣʝʤʫ, ʷʢʫ ʚʠ ʥʘʤʘʛʘʻʪʝʩʷ ʚʠʨʽʰʠʪʠ, ʽ ʙʫʜʴ-ʷʢʽ ʧʦʧʝʨʝʜʥʽ ʩʧʨʦʙʠ, ʷʢʽ ʚʠ 

ʨʦʙʠʣʠ ʜʣʷ ʚʠʨʽʰʝʥʥʷ ʧʨʦʙʣʝʤʠ. 

4. ɹʫʜʴʪʝ ʣʘʢʦʥʽʯʥʠʤʠ: ʧʦʩʪʘʨʘʡʪʝʩʷ ʧʦʩʪʘʚʠʪʠ ʩʚʦʻ ʟʘʧʠʪʘʥʥʷ ʷʢʦʤʦʛʘ 

ʤʝʥʰʦʶ ʢʽʣʴʢʽʩʪʶ ʩʣʽʚ, ʥʘʜʘʶʯʠ ʧʨʠ ʮʴʦʤʫ ʚʩʶ ʥʝʦʙʭʽʜʥʫ ʽʥʬʦʨʤʘʮʽʶ. ʎʝ 

ʜʦʧʦʤʦʞʝ ChatGPT ʥʘʜʘʪʠ ʙʽʣʴʰ ʮʽʣʝʩʧʨʷʤʦʚʘʥʫ ʪʘ ʽʥʬʦʨʤʘʪʠʚʥʫ ʚʽʜʧʦʚʽʜʴ. 

5. ʂʨʘʱʝ ʩʪʘʚʠʪʠ ʟʘʧʠʪʘʥʥʷ ʘʥʛʣʽʡʩʴʢʦʶ. ʍʦʯ ʽ ʙʫʣʘ ʜʦʜʘʥʘ ʫʢʨʘʾʥʩʴʢʘ 

ʤʦʚʘ ʜʦ ʩʝʨʚʽʩʫ, ʘʣʝ ʰʚʠʜʢʽʩʪʴ ʦʙʨʦʙʢʠ ʟʘʧʠʪʽʚ ʪʘ ʚʠʜʘʯʽ ʚʽʜʧʦʚʽʜʝʡ ʟʥʘʯʥʦ 

ʥʠʞʯʘ. ɼʦ ʪʦʛʦ ʞ, ʧʽʩʣʷ ʟʘʧʠʪʽʚ ʫʢʨʘʾʥʩʴʢʦʶ ʟʥʘʯʥʦ ʙʽʣʴʰʘ ʚʽʨʦʛʽʜʥʽʩʪʴ 

ʦʪʨʠʤʘʪʠ ʧʦʤʠʣʢʫ ʦʙʨʦʙʢʠ ʟʘʧʠʪʫ, ʷʢʫ ʜʝʢʦʣʠ ʚʠʜʘʻ ʩʝʨʚʽʩ. 

ʅʘ ʧʦʪʦʯʥʦʤʫ ʝʪʘʧʽ ʨʦʟʚʠʪʢʫ, ʜʘʥʠʡ ʩʝʨʚʽʩ ʥʝ ʤʦʞʝ ʩʘʤ ʧʠʩʘʪʠ ʥʘʫʢʦʚʽ 

ʨʦʙʦʪʠ, ʥʝ ʤʘʻ ʩʚʦʻʾ ʜʫʤʢʠ ʱʦʜʦ ʧʝʨʩʧʝʢʪʠʚ ʨʦʟʚʠʪʢʫ ʯʠ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʪʝʭʥʦʣʦʛʽʡ, ʥʝ ʧʨʦʧʦʥʫʻ ʩʚʦʾʭ ʚʘʨʽʘʥʪʽʚ ʚʠʨʽʰʝʥʥʷ ʧʨʦʙʣʝʤ ʯʠ ʟʘʜʘʯ, ʘ 
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ʚʩʴʦʛʦ ʣʠʰ ʥʘʜʘʻ ʘʥʘʣʽʪʠʯʥʫ ʯʠ ʩʪʘʪʠʩʪʠʯʥʫ ʽʥʬʦʨʤʘʮʽʶ ʧʦ ʚʞʝ ʥʘʷʚʥʠʤ 

ʧʨʦʙʣʝʤʘʤ, ʟʘʜʘʯʘʤ ʪʘ ʧʠʪʘʥʥʷʤ. ʊʘʢʦʞ ʧʨʠ ʟʤʽʥʽ ʭʦʯʘ ʙ ʦʜʥʦʛʦ ʩʣʦʚʘ ʫ 

ʟʘʧʠʪʽ, ʯʠ ʧʨʠ ʟʘʜʘʚʘʥʥʽ ʦʜʥʦʛʦ ʽ ʪʦʛʦ ʞ ʟʘʧʠʪʫ ʯʝʨʝʟ ʧʝʚʥʠʡ ʧʨʦʤʽʞʦʢ ʯʘʩʫ, 

ʤʦʞʣʠʚʽ ʨʽʟʥʽ ʚʘʨʽʘʥʪʠ ʚʽʜʧʦʚʽʜʝʡ, ʪʘʢ ʷʢ ʤʦʞʫʪʴ ʟʤʽʥʶʚʘʪʠʩʴ ʘʣʛʦʨʠʪʤʠ 

ʦʙʨʦʙʢʠ ʟʘʧʠʪʫ, ʘʣʛʦʨʠʪʤʠ ʧʦʰʫʢʫ ʪʘ ʦʙʨʦʙʢʠ ʚʽʜʧʦʚʽʜʝʡ, ʙʘʟʘ ʜʘʥʠʭ ʩʝʨʚʽʩʫ 

ʪʘ ʽʥʰʽ ʩʫʧʫʪʥʽ ʬʘʢʪʦʨʠ. ʇʨʠ ʮʴʦʤʫ, ʩʝʨʚʽʩ ʤʦʞʝ ʜʦʧʦʤʦʛʪʠ ʟʚʫʟʠʪʠ ʢʦʣʦ 

ʧʦʰʫʢʫ ʽʥʬʦʨʤʘʮʽʾ, ʥʘʜʘʪʠ ʢʦʨʦʪʢʠʡ ʦʛʣʷʜ ʩʫʪʽ ʪʽʻʾ ʯʠ ʽʥʰʦʾ ʧʨʦʙʣʝʤʠ 

ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ ʚʞʝ ʥʘʷʚʥʽ ʤʘʪʝʨʽʘʣʠ. ʊʘʢʦʞ ʚʘʞʣʠʚʦʶ ʦʩʦʙʣʠʚʽʩʪʶ Chat 

GPT ʻ ʪʝ, ʱʦ ʚʽʥ ʧʨʘʮʶʻ ʚ ʬʦʨʤʘʪʽ ʜʽʘʣʦʛʫ, ʪʦʞ ʤʦʞʥʘ ʨʦʟʚʠʚʘʪʠ ʪʝʤʫ 

ʦʩʥʦʚʫʶʯʠʩʴ ʥʘ ʧʦʧʝʨʝʜʥʽʭ ʚʽʜʧʦʚʽʜʷʭ ʽ ʟʘʧʠʪʘʭ, ʪʠʤ ʩʘʤʠʤ ʧʦʩʪʫʧʦʚʦ 

ʜʽʩʪʘʚʘʪʠʩʴ ʜʦ ʩʫʪʽ ʧʦʪʨʽʙʥʦʾ ʪʝʤʠ. 

ɺʠʢʦʥʫʶʯʽ ʜʦʩʣʽʜʞʝʥʥʷ, ʙʫʣʦ ʚʠʨʽʰʝʥʦ ʩʧʨʦʙʫʚʘʪʠ ʚʠʢʦʨʠʩʪʘʪʠ Chat 

GPT. ʆʙᾷʻʢʪʦʤ ʜʦʩʣʽʜʞʝʥʥʷ ʩʪʘʣʠ ʧʨʦʙʣʝʤʠ ʧʝʨʝʜʘʯʽ ʚʽʜʝʦ ʩʠʛʥʘʣʫ ʯʝʨʝʟ 

ʧʨʠʩʪʨʦʾ IoT ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ ʨʦʟʧʦʜʽʣʝʥʫ ʤʝʨʝʞʫ, ʘ ʰʫʢʘʥʦʶ ʚʽʜʧʦʚʽʜʜʶ ʻ 

ʩʧʦʩʽʙ ʤʦʜʝʨʥʽʟʘʮʽʾ ʤʝʨʝʞʽ ʜʣʷ ʧʦʢʨʘʱʝʥʥʷ ʧʝʨʝʜʘʯʽ ʚʽʜʝʦ ʩʠʛʥʘʣʫ. 

ʇʦʯʘʪʢʦʚʠʤ ʟʘʧʠʪʦʤ ʙʫʣʦ ʧʠʪʘʥʥʷ çʅʘʟʚʠ 5 ʥʘʡʙʽʣʴʰʠʭ ʧʨʦʙʣʝʤ ʧʨʠ 

ʧʝʨʝʜʘʯʽ ʚʽʜʝʦ ʩʠʛʥʘʣʫ ʧʨʠʩʪʨʦʷʤʠ IoT ʯʝʨʝʟ ʨʦʟʧʦʜʽʣʝʥʫ ʤʝʨʝʞʫè ʟʘʜʣʷ 

ʧʦʜʘʣʴʰʦʛʦ ʚʠʙʦʨʫ ʰʣʷʭʫ ʨʦʟʚʠʪʢʫ ʜʦʩʣʽʜʞʝʥʥʷ. ʋ ʚʽʜʧʦʚʽʜʴ ʧʦʩʪʫʧʠʚ 

ʥʘʩʪʫʧʥʠʡ ʥʘʙʽʨ ʧʨʦʙʣʝʤʘʪʠʢ (ʚʽʜʧʦʚʽʜʽ ʩʢʦʨʦʯʝʥʦ ʜʦ ʦʩʥʦʚʥʠʭ ʪʝʟ): 

1. ʆʙʤʝʞʝʥʘ ʧʨʦʧʫʩʢʥʘ ʟʜʘʪʥʽʩʪʴ ʤʝʨʝʞʽ; 

2. ʇʝʨʝʚʘʥʪʘʞʝʥʥʷ ʤʝʨʝʞʽ ʯʝʨʝʟ ʧʝʨʝʜʘʯʫ ʩʘʤʝ ʚʽʜʝʦ ʩʠʛʥʘʣʫ; 

3. ɿʘʚʠʩʦʢʘ ʜʣʷ ʧʝʨʝʜʘʯʽ ʚʽʜʝʦ ʩʠʛʥʘʣʫ ʟʘʪʨʠʤʢʘ ʤʝʨʝʞʽ; 

4. ʇʝʨʝʰʢʦʜʠ ʩʠʛʥʘʣʫ; 

5. ɺʠʩʦʢʝ ʝʥʝʨʛʦʩʧʦʞʠʚʘʥʥʷ ʧʨʠʩʪʨʦʷʤʠ IoT, ʟʘʜʽʷʥʠʤʠ ʜʣʷ ʧʝʨʝʜʘʯʽ 

ʚʽʜʝʦʩʠʛʥʘʣʫ. 

ɿʘʜʣʷ ʧʦʜʘʣʴʰʦʛʦ ʨʦʟʚʠʪʢʫ ʜʽʘʣʦʛʫ, ʙʫʣʦ ʨʦʟʛʣʷʥʫʪʦ ʧʠʪʘʥʥʷ 

ʧʝʨʝʚʘʥʪʘʞʝʥʥʷ ʤʝʨʝʞʽ, ʘ ʩʘʤʝ ʥʘʜʽʩʣʘʥʦ ʟʘʧʠʪ ʥʘ ʚʘʨʽʘʥʪʠ ʡʦʛʦ ʤʽʥʽʤʽʟʘʮʽʾ, 

ʥʘ ʱʦ ʙʫʣʘ ʦʪʨʠʤʘʥʘ ʥʘʩʪʫʧʥʘ ʚʽʜʧʦʚʽʜʴ: 

1. ɺʠʢʦʨʠʩʪʘʥʥʷ ʥʦʚʽʰʠʭ ʤʝʪʦʜʽʚ ʩʪʠʩʥʝʥʥʷ ʪʘ ʢʦʜʫʚʘʥʥʷ ʚʽʜʝʦ, 

ʥʘʧʨʠʢʣʘʜ ʢʦʜʝʢ ʅ.265 (HEVC), ʷʢʽ ʜʦʧʦʤʦʞʫʪʴ ʟʥʘʯʥʦ ʟʥʠʟʠʪʠ ʦʙôʻʤ ʜʘʥʠʭ; 

2. ʈʝʘʣʽʟʘʮʽʷ ʤʝʪʦʜʽʚ quality of service (QoS), ʘ ʩʘʤʝ ʢʝʨʫʚʘʥʥʷ ʩʤʫʛʦʶ 

ʧʨʦʧʫʩʢʘʥʥʷ, ʧʨʠʦʨʽʪʝʟʘʮʽʷ ʪʘ ʬʦʨʤʫʚʘʥʥʷ ʪʨʘʬʽʢʫ; 

3. ɺʠʢʦʨʠʩʪʘʥʥʷ ʪʝʭʥʦʣʦʛʽʾ ʘʜʘʧʪʠʚʥʦʛʦ ʚʽʜʝʦ ʙʽʪʨʝʡʪʫ; 

4. ʂʝʰʫʚʘʥʥʷ ʪʘ ʧʦʧʝʨʝʜʥʷ ʚʠʙʽʨʢʘ ʪʨʘʬʽʢʫ (ʟʙʝʨʽʛʘʥʥʷ ʚʽʜʝʦʚʤʽʩʪʫ, ʜʦ 

ʷʢʦʛʦ ʯʘʩʪʦ ʟʚʝʨʪʘʶʪʴʩʷ, ʥʘ ʣʦʢʘʣʴʥʠʭ ʧʨʠʩʪʨʦʷʭ); 

5. ʈʦʟʧʦʜʽʣ ʪʨʘʬʽʢʫ ʤʽʞ ʢʽʣʴʢʦʤʘ ʩʪʽʣʴʥʠʢʦʚʠʤʠ ʤʝʨʝʞʘʤʠ. 

ʎʴʦʛʦ ʨʘʟʫ ʙʫʣʦ ʦʪʨʠʤʘʥʦ ʙʽʣʴʰ ʢʦʥʢʨʝʪʥʽ ʚʽʜʧʦʚʽʜʽ, ʘʣʝ ʥʝ ʚʩʽ 

ʚʽʜʧʦʚʽʜʽ ʤʦʞʫʪʴ ʙʫʪʠ ʢʦʨʠʩʥʠʤʠ. ʅʘʧʨʠʢʣʘʜ, ʚʠʢʦʨʠʩʪʘʥʥʷ ʢʦʜʝʢʫ ʅ.265 

ʧʦʪʨʝʙʫʻ ʚʠʱʠʭ ʧʦʪʫʞʥʦʩʪʝʡ ʧʨʠʩʪʨʦʾʚ, ʥʽʞ ʧʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ ʙʽʣʴʰ 

ʟʚʠʯʥʠʭ ʢʦʜʝʢʽʚ, ʘʣʝ ʥʝ ʚʩʽ ʧʨʠʩʪʨʦʾ ʽʥʪʝʨʥʝʪʫ ʨʝʯʝʡ ʙʫʜʫʪʴ ʜʦʩʪʘʪʥʴʦ 

ʧʦʪʫʞʥʠʤʠ. ʊʘʢ ʩʘʤʦ ʨʝʘʣʽʟʘʮʽʷ ʪʝʭʥʦʣʦʛʽʾ ʘʜʘʧʪʠʚʥʦʛʦ ʙʽʪʨʝʡʪʫ. ɺʦʥʘ 

ʜʦʧʦʤʦʞʝ ʚ ʧʝʚʥʠʭ ʚʠʧʘʜʢʘʭ ʟʥʠʟʠʪʠ ʦʙôʻʤʠ ʧʝʨʝʜʘʯʽ ʽʥʬʦʨʤʘʮʽʾ, ʘʣʝ ʟʥʘʯʥʦ 
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ʟʙʽʣʴʰʫʻ ʥʘʚʘʥʪʘʞʝʥʥʷ ʥʘ ʧʨʠʩʪʨʽʡ ʢʦʜʫʚʘʥʥʷ ʪʘ ʧʝʨʝʜʘʯʽ ʩʠʛʥʘʣʫ, 

ʧʽʜʚʠʱʫʶʯʠ ʚʠʤʦʛʠ ʜʦ ʾʭ ʧʦʪʫʞʥʦʩʪʽ. ʂʝʰʫʚʘʥʥʷ ʪʘ ʨʦʟʧʦʜʽʣ ʪʨʘʬʽʢʫ, ʭʦʯ ʽ 

ʟʥʠʞʫʻ ʫ ʧʝʚʥʠʭ ʩʠʪʫʘʮʽʷʭ ʦʙôʻʤ ʧʝʨʝʜʘʥʠʭ ʜʘʥʠʭ, ʘʣʝ ʪʘʢʦʞ ʧʽʜʚʠʱʫʻ 

ʥʘʚʘʥʪʘʞʝʥʥʷ ʥʘ ʧʨʠʩʪʨʦʾ ʧʝʨʝʜʘʯʽ ʪʘ ʦʪʨʠʤʘʥʥʷ ʜʘʥʠʭ. ʈʦʟʧʦʜʽʣ ʪʨʘʬʽʢʫ 

ʤʽʞ ʢʽʣʴʢʦʤʘ ʤʝʨʝʞʘʤʠ, ʥʘʧʨʠʢʣʘʜ ʜʚʦʭ ʯʠ ʪʨʴʦʭ ʤʦʙʽʣʴʥʠʭ ʦʧʝʨʘʪʦʨʽʚ, 

ʜʽʡʩʥʦ ʜʦʧʦʤʦʞʝ ʨʦʟʚʘʥʪʘʞʠʪʠ ʤʝʨʝʞʽ, ʘʣʝ ʮʷ ʪʝʭʥʦʣʦʛʽʷ ʚʞʝ ʰʠʨʦʢʦ 

ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ, ʽ ʛʦʣʦʚʥʝ ʾʾ ʦʙʤʝʞʝʥʥʷ ʧʦʣʷʛʘʻ ʚ ʥʘʷʚʥʦʩʪʽ ʨʽʟʥʠʭ ʤʝʨʝʞ ʚ 

ʪʦʯʮʽ ʧʝʨʝʜʘʯʽ. ɯ ʛʦʣʦʚʥʝ, ʱʦ ʦʙôʻʜʥʘʣʦ ʚʩʽ ʮʽ ʚʽʜʧʦʚʽʜʽ, ʱʦ ʚʦʥʠ ʥʝ 

ʜʦʧʦʤʦʞʫʪʴ ʧʦʢʨʘʱʠʪʠ ʤʦʙʽʣʴʥʫ ʤʝʨʝʞʫ. ʊʦʞ ʟ ʧôʷʪʠ ʚʽʜʧʦʚʽʜʝʡ, ʚ ʨʘʤʢʘʭ 

ʚʠʙʨʘʥʦʾ ʧʦʯʘʪʢʦʚʦʾ ʮʽʣʽ, ʣʠʰʝ ʦʜʠʥ ʚʽʜʧʦʚʽʜʘʚ ʚʠʙʨʘʥʦʤʫ ʥʘʧʨʷʤʢʫ. 

ʈʦʟʚʠʪʦʢ ʧʠʪʘʥʥʷ QoS ʻ ʘʢʪʫʘʣʴʥʠʤ ʽ ʧʦʚʥʽʩʪʶ ʧʽʜʭʦʜʠʪʴ ʜʣʷ 

ʧʦʜʘʣʴʰʦʛʦ ʨʦʟʚʠʪʢʫ ʤʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ, ʘʣʝ ʯʝʨʝʟ ʦʙʤʝʞʝʥʥʷ ʥʘ ʜʦʚʞʠʥʫ ʪʘ 

ʥʘʧʦʚʥʝʥʽʩʪʴ ʚʽʜʧʦʚʽʜʝʡ Chat GPʊ, ʧʦʪʨʽʙʥʦ ʙʫʣʦ ʚʠʙʨʘʪʠ ʣʠʰʝ ʦʜʠʥ ʟ 

ʤʝʪʦʜʽʚ ʨʝʘʣʽʟʘʮʽʾ QoS, ʽ ʙʫʣʦ ʚʟʷʪʝ ʧʠʪʘʥʥʷ ʢʝʨʫʚʘʥʥʷ ʩʤʫʛʦʶ ʧʨʦʧʫʩʢʘʥʥʷ. 

ɿʘʜʣʷ ʧʝʨʝʚʽʨʢʠ ʤʦʞʣʠʚʦʩʪʝʡ, ʥʘʩʪʫʧʥʝ ʧʠʪʘʥʥʷ ʟʚʫʯʘʣʦ çɯ ʷʢ ʢʝʨʫʚʘʥʥʷ 

ʩʤʫʛʦʶ ʧʨʦʧʫʩʢʘʥʥʷ ʤʝʥʽ ʟ ʮʠʤ ʜʦʧʦʤʦʞʝ?è, ʥʘ ʱʦ ʷ ʦʪʨʠʤʘʚ ʚʽʜʧʦʚʽʜʴ: 

ʇʨʠʦʨʽʪʝʟʘʮʽʾ ʚʽʜʝʦ ʪʨʘʬʽʢʫ ʥʘʜ ʽʥʰʠʤʠ ʪʠʧʘʤʠ ʪʨʘʬʽʢʫ; ʌʦʨʤʫʚʘʥʥʷ 

ʬʽʢʩʦʚʘʥʦʛʦ ʧʦʪʦʢʫ ʪʨʘʬʽʢʫ ʜʣʷ ʚʽʜʝʦ ʜʘʥʠʭ; ʈʦʟʧʦʜʽʣ ʩʤʫʛʠ ʧʨʦʧʫʩʢʘʥʥʷ; 

ɼʦʧʦʤʦʛʘ ʚ ʧʨʦʚʘʜʞʝʥʥʽ ʽʥʰʠʭ ʤʝʪʦʜʽʚ QoS. 

ɺʽʜʧʦʚʽʜʴ ʥʘ ʮʝ ʧʠʪʘʥʥʷ ʙʫʣʘ ʜʦʩʠʪʴ ʢʦʥʢʨʝʪʥʦʶ (ʚ ʧʦʨʽʚʥʷʥʥʽ ʟ 

ʧʦʧʝʨʝʜʥʽʤʠ ʟʘʧʠʪʘʤʠ), ʽ ʥʘʙʣʠʟʠʣʘ ʤʝʥʝ ʜʦ ʟʚʫʞʝʥʥʷ ʥʘʧʨʷʤʫ ʜʦʩʣʽʜʞʝʥʥʷ. 

ʇʦʜʘʣʴʰʠʭ ʨʦʟʚʠʪʦʢ ʚʽʜʧʦʚʽʜʝʡ ʜʦʧʦʤʽʛ ʙʠ ʦʩʪʘʪʦʯʥʦ ʚʠʟʥʘʯʠʪʠʩʴ ʟ 

ʧʨʝʜʤʝʪʦʤ ʧʦʜʘʣʴʰʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ, ʪʦʙʪʦ ʧʦʯʘʪʢʦʚʫ ʟʘʜʘʯʫ Chat GPT ʟʤʽʛ 

ʚʠʢʦʥʘʪʠ.  

ʅʝʟʚʘʞʘʶʯʠ ʥʘ ʪʝ, ʱʦ ʜʣʷ ʦʪʨʠʤʘʥʥʷ ʢʦʥʢʨʝʪʥʠʭ ʚʽʜʧʦʚʽʜʝʡ ʽ 

ʧʦʪʨʽʙʥʦʾ ʜʦʧʦʤʦʛʠ ʟ ʜʦʩʣʽʜʞʝʥʥʷ ʜʦʚʝʣʦʩʴ ʨʦʟʚʠʚʘʪʠ ʜʽʘʣʦʛ ʚʽʜ ʟʘʛʘʣʴʥʦʛʦ 

ʧʠʪʘʥʥʷ ʚ ʩʪʦʨʦʥʫ ʟʚʫʞʝʥʥʷ ʚʽʜʧʦʚʽʜʝʡ, ʜʘʥʠʡ ʨʦʟʤʦʚʥʠʡ ʘʣʛʦʨʠʪʤ ʤʦʞʝ 

ʜʦʧʦʤʦʛʪʠ ʚʠʟʥʘʯʠʪʠʩʴ ʟ ʧʦʯʘʪʢʦʚʦʶ ʪʦʯʢʦʶ ʥʘʫʢʦʚʦʾ ʨʦʙʦʪʠ, ʧʦʜʘʣʴʰʠʤ 

ʨʦʟʚʠʪʢʦʤ ʜʦʩʣʽʜʞʝʥʥʷ, ʜʦʧʦʤʦʛʪʠ ʨʦʟʢʨʠʚʘʪʠ ʧʦʪʨʽʙʥʽ ʧʠʪʘʥʥʷ, ʘ ʪʘʢʦʞ 

ʥʘʜʘʚʘʪʠ ʩʧʠʩʦʢ ʨʝʩʫʨʩʽʚ ʜʣʷ ʧʦʜʘʣʴʰʦʛʦ ʛʣʠʙʰʦʛʦ ʟʘʥʫʨʝʥʥʷ ʚ ʪʝʤʫ. 

ʅʝʟʚʘʞʘʶʯʠ ʥʘ ʪʦʡ ʬʘʢʪ, ʱʦ ʧʽʜ ʯʘʩ ʥʘʧʠʩʘʥʥʷ ʜʘʥʠʭ ʪʝʟ ʷʢ ʤʦʚʘ ʢʦʤʫʥʽʢʘʮʽʾ 

ʟ ʙʦʪʦʤ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʘʩʴ ʘʥʛʣʽʡʩʴʢʘ, ʘ ʪʘʢʦʞ ʙʦʪ ʚʠʜʘʚʘʚ ʧʦʤʠʣʢʫ 

ʛʝʥʝʨʘʮʽʾ ʪʝʢʩʪʫ, ʯʝʨʝʟ ʱʦ ʜʦʚʦʜʠʣʦʩʴ ʧʝʨʝʟʘʚʘʥʪʘʞʫʚʘʪʠ ʩʪʦʨʽʥʢʫ, ʘ ʪʘʢʦʞ, 

ʥʘ ʤʦʤʝʥʪ ʥʘʧʠʩʘʥʥʷ ʮʠʭ ʪʝʟ, ʥʝ ʧʨʘʮʶʚʘʣʘ ʬʫʥʢʮʽʷ ʟʙʝʨʝʞʝʥʥʷ ʽʩʪʦʨʽʾ 

ʟʘʧʠʪʽʚ, Chat GPT ʚʞʝ ʤʦʞʥʘ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʷʢ ʧʦʤʽʯʥʠʢʘ ʜʣʷ ʧʦʰʫʢʫ 

ʽʥʬʦʨʤʘʮʽʾ, ʽ ʧʦʜʘʣʴʰʠʡ ʡʦʛʦ ʨʦʟʚʠʪʦʢ, ʥʘʧʝʚʥʦ, ʟʤʦʞʝ ʧʨʠʩʢʦʨʠʪʠ ʪʘ 

ʧʦʣʝʛʰʠʪʠ ʥʘʧʠʩʘʥʥʷ ʥʘʫʢʦʚʠʭ ʨʦʙʽʪ. 
 

ʃʽʪʝʨʘʪʫʨʘ 
 

1 Chat GPT (Generative Pre-trained Transformer 3), 2023. 
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CHALLENGES OF END -TO-END TESTING OF TELECOMMUNICATION SYSTEMS  
 

End-to-end (E2E) network testing is critical for service providers, it helps to identify bugs 

early in software development process but also presents some major challenges. Testing triangle, 

challenges and solutions for microservices testing are presented. 
 

ɿʘʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʩʫʯʘʩʥʠʭ ʧʦʪʨʝʙ ʢʣʽʻʥʪʽʚ, ʪʝʣʝʢʦʤʫʥʽʢʘʮʽʡʥʽ 

ʢʦʤʧʘʥʽʾ ʚʧʨʦʚʘʞʜʫʶʪʴ ʥʦʚʽ ʧʦʩʣʫʛʠ, ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʥʦʚʽʪʥʽ ʪʝʭʥʦʣʦʛʽʾ ʽ 

ʧʦʩʪʽʡʥʦ ʨʦʟʰʠʨʶʶʪʴ ʩʚʦʶ ʽʥʬʨʘʩʪʨʫʢʪʫʨʫ. ʆʩʢʽʣʴʢʠ ʧʦʩʣʫʛʠ ʤʘʡʞʝ ʥʽʢʦʣʠ 

ʥʝ ʙʫʚʘʶʪʴ ʘʪʦʤʘʨʥʠʤʠ, ʘ ʤʘʡʞʝ ʟʘʚʞʜʠ ʽʥʪʝʛʨʦʚʘʥʽ ʦʜʥʘ ʟ ʦʜʥʦʶ, 

ʪʝʭʥʦʣʦʛʽʯʥʽ ʩʠʩʪʝʤʠ, ʱʦ ʥʘʜʘʶʪʴ ʮʽ ʧʦʩʣʫʛʠ - ʪʽʩʥʦ ʧʦʚôʷʟʘʥʽ ʤʽʞ ʩʦʙʦʶ. ɸ 

ʢʦʞʝʥ ʟʚôʷʟʦʢ, ʽʥʪʝʛʨʘʮʽʷ ʦʜʥʽʻʾ ʩʠʩʪʝʤʠ ʟ ʽʥʰʦʶ ʥʝ ʤʦʞʝ ʚʽʜʙʫʪʠʩʴ ʙʝʟ 

ʜʝʪʘʣʴʥʦʛʦ ʘʥʘʣʽʟʫ ʪʘ ʽʥʪʝʛʨʘʮʽʡʥʦʛʦ ʩʢʨʽʟʥʦʛʦ ɽ2ɽ ʪʝʩʪʫʚʘʥʥʷ [1]. 

 ɼʣʷ ʛʘʨʘʥʪʫʚʘʥʥʷ, ʱʦ ʚʧʨʦʚʘʜʞʫʚʘʥʽ ʧʦʩʣʫʛʠ - ʥʘʡʚʠʱʦʾ ʷʢʦʩʪʽ, QA 

ʽʥʞʝʥʝʨʘʤ ʚʘʨʪʦ ʨʦʟʫʤʽʪʠ ʦʩʥʦʚʥʽ ʢʘʪʝʛʦʨʽʾ ʨʠʟʠʢʽʚ ʪʘ ʧʦʪʝʥʮʽʡʥʠʭ ʧʨʦʙʣʝʤ, 

ʽ ʷʢ ʥʘʩʣʽʞʦʢ - ʰʣʷʭʠ ʟʘʧʦʙʽʛʘʥʥʷ ʨʠʟʠʢʽʚ ʽ ʚʠʨʽʰʝʥʥʷ ʧʨʦʙʣʝʤ. ʆʩʥʦʚʥʽ 

ʧʨʦʙʣʝʤʠ ʪʝʩʪʫʚʘʥʥʷ ʪʝʣʝʢʦʤʫʥʽʢʘʮʽʡʥʠʭ ʩʠʩʪʝʤʠ ʤʦʞʥʘ ʨʦʟʙʠʪʠ ʥʘ 

ʢʘʪʝʛʦʨʽʾ: 

ǒ ʆʨʛʘʥʽʟʘʮʽʡʥʽ; 

ǒ ɯʥʬʨʘʩʪʨʫʢʪʫʨʥʽ; 

ǒ ʇʨʦʛʨʘʤʥʽ; 

ǒ ʇʦʚôʷʟʘʥʽ ʟ ʜʘʥʠʤʠ. 

ʆʨʛʘʥʽʟʘʮʽʡʥʽ ʨʠʟʠʢʠ ʽ ʧʨʦʙʣʝʤʠ, ʭʦʯ ʽ ʥʝ ʧʦʚôʷʟʘʥʽ ʥʘʧʨʷʤʫ ʘ ʥʽ ʟ 

ʧʨʦʛʨʘʤʥʠʤ ʟʘʙʝʟʧʝʯʝʥʥʷʤ, ʘ ʥʽ ʟ ʘʧʘʨʘʪʥʠʤʠ ʢʦʤʧʣʝʢʩʘʤʠ, ʯʘʩʪʦ ʻ ʦʜʥʠʤʠ ʟ 

ʥʘʡʩʫʪʪʻʚʽʰʠʭ. ʊʠʧʦʚʠʡ ʧʨʠʢʣʘʜ - ʨʦʟʧʦʜʽʣ ʥʝʦʙʭʽʜʥʠʭ ʧʨʘʚ ʜʦʩʪʫʧʽʚ QA 

ʽʥʞʝʥʝʨʘʤ, ʢʦʣʠ ʟʘʜʣʷ ʟʘʜʦʚʽʣʴʥʝʥʥʷ ʚʠʤʦʛ ʜʝʧʘʨʪʘʤʝʥʪʫ ʙʝʟʧʝʢʠ, ʥʝʦʙʭʽʜʥʽ 

ʩʧʝʮʽʘʣʽʩʪʠ ʙʘʥʘʣʴʥʦ ʥʝ ʤʘʶʪʴ ʟʤʦʛʠ ʧʦʯʘʪʠ ʧʨʦʮʝʩ E2Eʪʝʩʪʫʚʘʥʥʷ, ʯʠ 

ʦʪʨʠʤʫʶʪʴ ʡʦʛʦ ʧʽʟʥʽʰʝ ʟʘʧʣʘʥʦʚʘʥʦʛʦ, ʱʦ, ʚʽʜʧʦʚʽʜʥʦ, ʟʤʝʥʰʫʻ ʯʘʩ ʥʘ 

ʧʨʦʚʝʜʝʥʥʷ ʩʠʩʪʝʤʥʠʭ ʽʥʪʝʛʨʘʮʽʡʥʠʭ ʪʝʩʪʽʚ ʪʘ ʨʝʪʝʩʪ ʚʠʷʚʣʝʥʠʭ ʧʨʦʙʣʝʤ. 

ɯʥʰʘ ʪʠʧʦʚʘ ʦʨʛʘʥʽʟʘʮʽʡʥʘ ʧʨʦʙʣʝʤʘ - ʥʘʣʘʛʦʜʞʝʥʥʷ ʟʨʫʯʥʠʭ ʽ ʛʥʫʯʢʠʭ 

ʧʨʦʮʝʩʽʚ ʨʦʟʨʦʙʢʠ ʽ ʪʝʩʪʫʚʘʥʥʷ. ʅʝʟʚʘʞʘʶʯʠ ʥʘ ʜʝʢʣʘʨʫʚʘʥʥʷ ʛʥʫʯʢʦʛʦ 

ʧʽʜʭʦʜʫ ʜʦ ʧʨʦʻʢʪʫʚʘʥʥʷ (Agile) - ʫ ʚʝʣʠʢʠʭ ʦʨʛʘʥʽʟʘʮʽʷʭ, ʪʘʢʽ ʷʢ ʪʝʣʝʢʦʤ 

ʢʦʤʧʘʥʽʾ, ʙʘʛʘʪʦ ʧʨʦʮʝʩʽʚ ʟʘʣʠʰʘʶʪʴʩʷ ʩʪʨʦʛʠʤʠ, ʧʦʩʣʽʜʦʚʥʠʤʠ ʽ 

ʥʝʟʛʨʘʙʥʠʤʠ. ɹʽʣʴʰ ʪʦʛʦ, ʚ ʙʘʛʘʪʴʦʭ ʚʠʧʘʜʢʘʭ ʜʦ ʪʝʩʪʫʚʘʥʥʷ ʩʪʘʚʣʷʪʴʩʷ ʷʢ ʜʦ 

ʢʦʥʪʨʦʣʶ ʷʢʦʩʪʽ, ʪʦʙʪʦ ʪʝʩʪ ʽʥʞʝʥʝʨʽʚ ʟʘʣʫʯʘʶʪʴ ʟʘʧʽʟʥʦ, ʚ ʪʦʡ ʯʘʩ, ʷʢ 

ʧʨʦʛʨʝʩʠʚʥʘ ʩʧʽʣʴʥʦʪʘ ʨʫʭʘʻʪʴʩʷ ʚ ʙʽʢ QA ʪʘ TestOps ʧʽʜʭʦʜʽʚ [2]. 
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ɯʥʬʨʘʩʪʨʫʢʪʫʨʥʽ ʨʠʟʠʢʠ ʧʦʚôʷʟʘʥʽ ʟ ʥʝʪʦʯʥʠʤ ʯʠ ʥʝʩʚʦʻʯʘʩʥʠʤ 

ʨʦʟʛʦʨʪʘʥʥʷʤ ʥʝʦʙʭʽʜʥʦʾ ʽʥʬʨʘʩʪʨʢʫʢʪʫʨʠ ʷʢ ʜʣʷ ʧʨʦʮʝʩʫ ʨʦʟʨʦʙʢʠ, 

ʪʝʩʪʫʚʘʥʥʷ, ʪʘʢ ʽ ʜʣʷ ʚʧʨʦʚʘʜʞʝʥʥʷ. ʅʝ ʟʚʘʞʘʶʯʠ ʥʘ ʪʝ, ʱʦ ʽʜʝʦʣʦʛʽʷ DevOps 

ʤʘʻ ʚʠʨʽʰʫʚʘʪʠ ʧʨʦʙʣʝʤʠ, ʥʘʞʘʣʴ, ʯʘʩʪʦ ʚʦʥʘ ʩʪʚʦʨʶʻ ʥʦʚʽ, ʪʘʢʽ ʷʢ ʚʠʜʽʣʝʥʥʷ 

ʦʢʨʝʤʠʭ ʨʦʣʝʡ ʜʣʷ ʥʘʣʘʰʪʫʚʘʥʥʷ ʩʝʨʝʜʦʚʠʱ, ʥʝʜʦʩʪʘʪʥʽʩʪʴ ʨʝʩʫʨʩʽʚ, 

ʥʝʭʪʫʚʘʥʥʷ ʪʝʩʪʦʚʠʤʠ ʩʝʨʝʜʦʚʠʱʘʤʠ, ʚʽʜʩʫʪʥʽʩʪʴ ʤʦʥʽʪʦʨʠʥʛʫ ʪʘ ʽʥʞʝʥʝʨʽʚ, 

ʱʦ ʚʽʜʧʦʚʽʜʘʶʪʴ ʟʘ ʥʴʦʛʦ 

ʇʨʦʛʨʘʤʥʽ ʧʨʦʙʣʝʤʠ - ʥʘʡʙʽʣʴʰ ʙʣʠʟʴʢʽ ʪʘ ʦʯʝʚʠʜʥʽ ʢʦʣʫ QA ʽʥʞʝʥʝʨʽʚ. 

ʉʫʯʘʩʥʽ ʨʦʟʧʦʜʽʣʝʥʽ ʩʠʩʪʝʤʠ ʯʘʩʪʦ ʙʘʟʫʶʪʴʩʷ ʥʘ ʤʽʢʨʦʩʝʨʚʽʩʥʽʡ ʘʨʭʽʪʝʢʪʫʨʽ. 

ʈʘʥʥʻ ʪʝʩʪʫʚʘʥʥʷ ʤʽʢʨʦʩʝʨʚʽʩʽʚ ʻ ʝʬʝʢʪʠʚʥʠʤ ʤʝʪʦʜʦʤ ʚʠʷʚʣʝʥʥʷ ʧʦʤʠʣʦʢ ʥʘ 

ʧʦʯʘʪʢʦʚʠʭ ʝʪʘʧʘʭ ʨʦʟʨʦʙʢʠ ʧʨʦʛʨʘʤʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ. ʄʦʜʠʬʽʢʦʚʘʥʘ 

ʧʽʨʘʤʽʜʘ ʪʝʩʪʫʚʘʥʥʷ ʚʨʘʭʦʚʫʻ ʦʩʦʙʣʠʚʦʩʪʽ ʢʦʥʪʨʦʣʶ ʷʢʦʩʪʽ ʨʦʟʧʦʜʽʣʝʥʠʭ 

ʩʠʩʪʝʤ ʥʘ ʤʽʢʨʦʩʝʨʚʽʩʥʽʡ ʘʨʭʽʪʝʢʪʫʨʽ ʡ ʚʢʣʶʯʘʻ ʧʽʜʭʦʜʠ ʜʣʷ ʪʝʩʪʫʚʘʥʥʷ 

ʤʽʢʨʦʩʝʨʚʽʩʽʚ ʟ ʥʠʞʥʴʦʛʦ ʨʽʚʥʷ. 

 
ʈʠʩ.1. ʊʨʠʢʫʪʥʠʢ ʪʝʩʪʫʚʘʥʥʷ. 

 

ʎʝʡ ʧʽʜʭʽʜ ʻ ʯʘʩʪʠʥʦʶ ʤʝʪʦʜʦʣʦʛʽʾ "Shift-left" ʫ ʪʝʩʪʫʚʘʥʥʽ ʧʨʦʛʨʘʤʥʦʛʦ 

ʟʘʙʝʟʧʝʯʝʥʥʷ, ʷʢʘ ʩʧʨʷʤʦʚʘʥʘ ʥʘ ʧʝʨʝʥʝʩʝʥʥʷ ʪʝʩʪʫʚʘʥʥʷ ʥʘ ʨʘʥʥʽ ʝʪʘʧʠ 

ʨʦʟʨʦʙʢʠ. ʄʝʪʦʶ ʩʪʚʦʨʝʥʥʷ ʜʦʜʘʪʢʦʚʠʭ ʩʫʤʽʞʥʠʭ ʨʽʚʥʽʚ ʪʝʩʪʦʚʦʾ ʧʽʨʘʤʽʜʠ 

ʜʣʷ ʤʽʢʨʦʩʝʨʚʽʩʽʚ ʻ ʚʠʷʚʣʝʥʥʷ ʨʽʟʥʠʭ ʪʠʧʽʚ ʧʨʦʙʣʝʤ ʥʘ ʧʦʯʘʪʢʦʚʠʭ ʝʪʘʧʘʭ 

ʨʦʟʨʦʙʢʠ ʩʠʩʪʝʤ, ʱʦ ʜʦʟʚʦʣʷʻ ʟʤʝʥʰʠʪʠ ʢʽʣʴʢʽʩʪʴ ʧʨʦʙʣʝʤ ʚ ʝʢʩʧʣʫʘʪʘʮʽʾ. 

ʂʦʞʝʥ ʪʠʧ ʪʝʩʪʫʚʘʥʥʷ ʩʧʨʷʤʦʚʘʥʠʡ ʥʘ ʧʝʨʝʚʽʨʢʫ ʦʯʽʢʫʚʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ ʥʘ 

ʨʽʟʥʠʭ ʨʽʚʥʷʭ ʧʨʦʛʨʘʤʥʦʾ ʩʠʩʪʝʤʠ. ɼʣʷ ʨʦʟʧʦʜʽʣʝʥʦʾ ʩʠʩʪʝʤʠ ʥʘ 

ʤʽʢʨʦʩʝʨʚʽʩʥʽʡ ʘʨʭʽʪʝʢʪʫʨʽ ʤʦʞʥʘ ʦʨʛʘʥʽʟʫʚʘʪʠ ʪʝʩʪʠ ʚ ʥʘʩʪʫʧʥʽ ʝʪʘʧʠ: 

1. ʊʝʩʪʫʚʘʥʥʷ ʤʦʜʫʣʽʚ - ʪʝʩʪʫʻʪʴʩʷ ʥʝʚʝʣʠʢʘ ʦʜʠʥʠʮʷ ʚʠʭʽʜʥʦʛʦ ʢʦʜʫ 

ʤʽʢʨʦʩʝʨʚʽʩʽʚ ʪʘ ʧʝʨʝʚʽʨʷʻʪʪʴʩʷ ʧʦʚʝʜʽʥʢʘ ʤʝʪʦʜʽʚ ʘʙʦ ʬʫʥʢʮʽʡ ʚʠʭʽʜʥʦʛʦ 

ʢʦʜʫ ʚʩʝʨʝʜʠʥʽ ʤʽʢʨʦʩʝʨʚʽʩʫ, ʽʤʽʪʫʶʯʠ ʟʘʣʝʞʥʽ ʤʦʜʫʣʽ ʪʘ ʪʝʩʪʦʚʽ ʜʘʥʽ. 
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2. ʊʝʩʪʫʚʘʥʥʷ ʢʦʤʧʦʥʝʥʪʽʚ - ʮʝ ʪʝʩʪʫʚʘʥʥʷ ʩʧʨʷʤʦʚʘʥʝ ʥʘ ʥʝʟʘʣʝʞʥʝ 

ʪʝʩʪʫʚʘʥʥʷ ʚʩʽʭ ʬʫʥʢʮʽʦʥʘʣʴʥʠʭ ʤʦʞʣʠʚʦʩʪʝʡ ʤʽʢʨʦʩʝʨʚʽʩʽʚ ʪʘ API-

ʽʥʪʝʨʬʝʡʩʽʚ ʜʣʷ ʦʢʨʝʤʦ ʚʟʷʪʠʭ ʤʽʢʨʦʩʝʨʚʽʩʽʚ. 

3. ʊʝʩʪʫʚʘʥʥʷ ʢʦʥʪʨʘʢʪʽʚ - ʧʝʨʝʚʽʨʷʻ ʫʟʛʦʜʞʝʥʽ ʢʦʥʪʨʘʢʪʠ ʤʽʞ ʨʽʟʥʠʤʠ 

ʜʦʤʝʥʥʠʤʠ ʤʽʢʨʦʩʝʨʚʽʩʘʤʠ; ʪʝʩʪʫʻʪʴʩʷ ʯʘʩʪʠʥʘ ʽʥʪʝʛʨʘʮʽʾ: ʤʽʞ ʤʽʢʨʦʩʝʨʚʽʩʦʤ 

ʪʘ ʧʽʜʢʣʶʯʝʥʠʤʠ ʙʘʟʘʤʠ ʜʘʥʠʭ, ʚʠʢʣʠʢʠ API ʤʽʞ ʜʚʦʤʘ ʤʽʢʨʦʩʝʨʚʽʩʘʤʠ. 

4. ɯʥʪʝʛʨʘʮʽʡʥʝ ʪʝʩʪʫʚʘʥʥʷ - ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʜʣʷ ʪʝʩʪʫʚʘʥʥʷ ʪʘ 

ʧʝʨʝʚʽʨʢʠ ʚʩʽʻʾ ʬʫʥʢʮʽʦʥʘʣʴʥʦʩʪʽ ʰʣʷʭʦʤ ʪʝʩʪʫʚʘʥʥʷ ʚʩʽʭ ʧʦʚôʷʟʘʥʠʭ 

ʤʽʢʨʦʩʝʨʚʽʩʽʚ. 

5. ɽ2ɽ ʪʝʩʪʫʚʘʥʥʷ - ʟʜʽʡʩʥʶʻʪʴʩʷ ʥʘʩʢʨʽʟʥʝ ʪʝʩʪʫʚʘʥʥʷ ʬʫʥʢʮʽʦʥʘʣʴʥʦʩʪʽ 

ʩʠʩʪʝʤʠ ʟ ʤʝʪʦʶ ʧʝʨʝʚʽʨʢʠ ʾʾ ʚʽʜʧʦʚʽʜʥʦʩʪʽ ʬʫʥʢʮʽʦʥʘʣʴʥʠʤ ʙʽʟʥʝʩ-ʮʽʣʷʤ 

ʢʦʨʠʩʪʫʚʘʯʘ, ʢʣʽʻʥʪʘ ʘʙʦ ʧʦʪʝʥʮʽʡʥʦʛʦ ʢʣʽʻʥʪʘ. E2E ʪʝʩʪʫʚʘʥʥʷ ʟʜʽʡʩʥʶʻʪʴʩʷ 

ʥʘ ʟʦʚʥʽʰʥʴʦʤʫ ʽʥʪʝʨʬʝʡʩʽ (UI) ʘʙʦ ʚʠʢʣʠʢʘʭ ʢʣʽʻʥʪʘ API, ʟʦʢʨʝʤʘ ʟʘ 

ʜʦʧʦʤʦʛʦʶ REST ʢʣʽʻʥʪʽʚ ʪʘ ʧʨʦʚʦʜʠʪʴʩʷ ʚ ʨʽʟʥʠʭ ʨʦʟʧʦʜʽʣʝʥʠʭ 

ʤʽʢʨʦʩʝʨʚʽʩʘʭ ʪʘ ʜʦʜʘʪʢʘʭ SPA/MFE. ɼʘʥʠʡ ʚʠʜ ʪʝʩʪʫʚʘʥʥʷ ʚʢʣʶʯʘʻ ʫ ʩʝʙʝ 

ʧʝʨʝʚʽʨʢʫ ʽʥʪʝʨʬʝʡʩʫ ʢʦʨʠʩʪʫʚʘʯʘ, ʩʝʨʚʝʨʥʠʭ ʤʽʢʨʦʩʝʨʚʽʩʽʚ, ʙʘʟ ʜʘʥʠʭ ʪʘ ʾʭ 

ʚʥʫʪʨʽʰʥʽʭ/ʟʦʚʥʽʰʥʽʭ ʢʦʤʧʦʥʝʥʪʽʚ. 

ɼʣʷ ʟʙʽʣʴʰʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʪʝʩʪʫʚʘʥʥʷ ʥʘ ʙʫʜʴ-ʷʢʦʤʫ ʝʪʘʧʽ ʤʦʞʥʘ 

ʧʨʦʚʦʜʠʪʠ ʪʝʩʪʫʚʘʥʥʷ ʥʝ ʟ ʪʦʯʢʠ ʟʦʨʫ ʯʦʨʥʦʛʦ ʷʱʠʢʘ (QA ʽʥʞʝʥʝʨ ʥʝ ʟʥʘʻ, ʷʢ 

ʚʣʘʰʪʦʚʘʥʘ ʩʠʩʪʝʤʘ), ʘ ʟ ʪʦʯʢʠ ʟʦʨʫ ʙʽʣʦʛʦ ʷʱʠʢʘ - ʚʢʣʶʯʘʶʯʠ ʧʝʨʝʛʣʷʜ 

ʚʠʭʽʜʥʠʭ ʢʦʜʽʚ ʦʢʨʝʤʠʭ ʤʽʢʨʦʩʝʨʚʽʩʽʚ, ʚʥʫʪʨʽʰʥʽʭ ʣʦʛʽʚ, ʜʘʥʠʭ ʚ ʤʝʨʝʞʝʚʠʭ 

ʧʦʚʽʜʦʤʣʝʥʥʷʭ ʪʘ ʟʘʧʠʩʽʚ ʚ ʙʘʟʘʭ ʜʘʥʠʭ. 

ʆʩʪʘʥʥʷ, ʘʣʝ ʥʝ ʧʦ ʟʥʘʯʠʤʦʩʪʽ, ʢʘʪʝʛʦʨʽʷ ʧʨʦʙʣʝʤ - ʧʨʦʙʣʝʤʠ ʟ ʜʘʥʠʤʠ. 

ʇʦ-ʧʝʨʰʝ, ʚ QA ʽʥʞʝʥʝʨʽʚ ʤʘʶʪʴ ʙʫʪʠ ʦʧʠʩʠ ʧʨʘʚʠʣʴʥʠʭ ʽ ʥʝ ʧʨʘʚʠʣʴʥʠʭ 

ʜʘʥʠʭ, ʷʢʽ ʤʦʞʥʘ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʚ ʽʥʪʝʛʨʘʮʽʡʥʦʤʫ ʪʝʩʪʫʚʘʥʥʽ. ʇʦ-ʜʨʫʛʝ, 

ʤʘʶʪʴ ʙʫʪʠ ʧʨʠʢʣʘʜʠ ʩʘʤʠʭ ʜʘʥʠʭ. ʈʘʥʽʰʝ, ʚ ʯʘʩʠ ʜʦ GDPR, ʙʘʛʘʪʦ 

ʪʝʣʝʢʦʤʫʥʽʢʘʮʽʡʥʠʭ ʢʦʤʧʘʥʽʡ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠ ʤʽʥʽʤʘʣʴʥʦ ʟʤʽʥʝʥʽ ʜʘʥʽ ʟʽ 

ʩʚʦʾʭ ʽʩʥʫʶʯʠʭ ʧʨʦʜʫʢʪʦʚʠʭ ʩʠʩʪʝʤ, ʦʩʢʽʣʴʢʠ ʥʽʱʦ ʥʝ ʤʦʞʝ ʙʫʪʠ ʢʨʘʱʠʤ, 

ʥʽʞ ʩʧʨʘʚʞʥʽ ʜʘʥʽ. ɿʘʨʘʟ ʩʠʪʫʘʮʽʷ ʜʣʷ ʪʝʩʪʫʚʘʥʥʷ ʩʪʘʣʘ ʩʢʣʘʜʥʽʰʘ, ʦʩʢʽʣʴʢʠ 

ʧʨʘʚʠʣʴʥʽ ʜʘʥʽ ʜʣʷ ʚʩʽʭ ʤʽʢʨʦʩʝʨʚʽʩʽʚ, ʚ ʧʦʪʨʽʙʥʠʭ ʢʽʣʴʢʦʩʪʷʭ ʧʦʪʨʽʙʥʦ 

ʛʝʥʝʨʫʚʘʪʠ ʩʘʤʠʤ ʽʥʞʝʥʝʨʘʤ. ʅʘ ʾʭ ʞʝ ʧʣʝʯʽ ʣʷʛʘʻ ʪʷʛʘʨ ʟʘʙʝʟʧʝʯʝʥʥʷ 

ʮʽʣʦʩʥʦʩʪʽ ʜʘʥʠʭ ʫ ʚʠʧʘʜʢʫ ʨʦʟʧʦʜʽʣʝʥʠʭ ʩʠʩʪʝʤ, ʢʝʨʫʚʘʥʥʷ ʜʘʥʠʭ ʜʣʷ 

ʪʝʩʪʦʚʠʭ ʢʦʤʘʥʜ ʽ ʢʦʤʘʥʜ ʨʦʟʨʦʙʢʠ. 

ɭ ʨʽʟʥʽ ʧʽʜʭʦʜʠ, ʚʽʜ ʧʨʦʘʢʪʠʚʥʠʭ, ʩʠʩʪʝʤʥʠʭ, ʱʦ ʤʘʶʪʴ ʥʘ ʤʝʪʽ ʚʠʨʽʰʠʪʠ 

ʩʘʤʫ ʧʨʠʯʠʥʫ ʧʨʦʙʣʝʤ. ɺʣʘʩʥʝ, ʬʦʨʤʫʣʶʚʘʥʥʷ ʧʨʦʙʣʝʤʠ - ʚʞʝ ʧʝʨʰʠʡ ʢʨʦʢ 

ʜʦ ʾʾ ʚʠʨʽʰʝʥʥʷ, ʦʩʢʽʣʴʢʠ ʽʥʞʝʥʝʨʠ ʯʘʩʪʦ ʥʘʜʘʶʪʴ ʧʝʨʝʚʘʛʫ ʥʝ ʧʦʤʽʯʘʪʠ 

ʦʯʝʚʠʜʥʝ. ɯʥʰʠʡ ʧʽʜʭʽʜ - ʨʝʘʢʪʠʚʥʠʡ - ʚʠʨʽʰʝʥʥʷ ʢʦʥʢʨʝʪʥʠʭ ʧʨʦʙʣʝʤ ʧʦ 

ʬʘʢʪʫ ʾʭ ʚʠʷʚʣʝʥʥʷ. ʅʝ ʟʚʘʞʘʶʯʠ ʥʘ ʦʯʝʚʠʜʥʽ ʧʝʨʝʚʘʛʠ ʧʝʨʰʦʛʦ ʧʽʜʭʦʜʫ, 

ʢʦʞʝʥ ʤʘʻ ʷʢ ʧʝʨʝʚʘʛʠ, ʪʘʢ ʽ ʥʝʜʦʣʽʢʠ.  
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COMPARISON OF TRADITIONAL FRAUD  

DETECTION MODEL WITH MACHINE LEARNING  

 

The article analyzes machine learning, its methods, advantages and disadvantages, 

combating fraud. 

 

ʐʘʭʨʘʡʩʪʚʦ ʚ ʤʝʨʝʞʽ ʻ ʩʝʨʡʦʟʥʦʶ ʧʨʦʙʣʝʤʦʶ, ʚʽʜ ʷʢʦʾ ʩʪʨʘʞʜʘʶʪʴ 

ʣʶʜʠ. ɺʦʥʦ ʧʝʨʝʜʙʘʯʘʻ ʥʝʩʘʥʢʮʽʦʥʦʚʘʥʝ ʚʠʢʦʨʠʩʪʘʥʥʷ, ʚʪʨʫʯʘʥʥʷ ʘʙʦ 

ʤʘʥʽʧʫʣʷʮʽʾ ʟ ʤʦʙʽʣʴʥʠʤ ʪʝʣʝʬʦʥʦʤ ʘʙʦ ʦʩʦʙʠʩʪʠʤʠ  ʜʘʥʠʤʠ, ʟ ʤʝʪʦʶ 

ʥʝʟʘʢʦʥʥʦʛʦ ʦʪʨʠʤʘʥʥʷ ʛʨʦʰʝʡ. ʐʘʭʨʘʾ ʤʦʞʫʪʴ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʨʽʟʥʽ 

ʚʨʘʟʣʠʚʽ ʤʽʩʮʷ  ʪʘ ʣʘʟʽʚʢʠ ʚ ʽʥʬʨʘʩʪʨʫʢʪʫʨʽ ʤʦʙʽʣʴʥʠʭ ʤʝʨʝʞ, ʧʨʠʩʪʨʦʷʭ ʽ 

ʧʦʩʣʫʛʘʭ ʜʣʷ ʟʜʽʡʩʥʝʥʥʷ ʩʚʦʾʭ ʟʣʦʚʤʠʩʥʠʭ ʜʽʡ.  ʄʘʰʠʥʥʝ ʥʘʚʯʘʥʥʷ ʩʪʘʻ ʚʩʝ 

ʙʽʣʴʰ ʧʦʧʫʣʷʨʥʠʤ ʫ ʙʦʨʦʪʴʙʽ ʟ ʮʠʤ. ɿʘ ʜʦʧʦʤʦʛʦʶ ʮʽʻʾ ʪʝʭʥʦʣʦʛʽʾ ʤʦʞʥʘ 

ʚʠʷʚʣʷʪʠ ʰʘʭʨʘʾʚ ʪʘ ʫʥʠʢʘʪʠ ʬʽʥʘʥʩʦʚʠʭ ʚʪʨʘʪ [1]. 

ɯʩʪʦʨʽʷ ʨʦʟʚʠʪʢʫ ʤʘʰʠʥʥʦʛʦ ʥʘʚʯʘʥʥʷ ʚʠʷʚʣʝʥʥʷ ʰʘʭʨʘʡʩʪʚʘ ʧʦʯʘʣʘʩʷ 

ʚ 1990-ʭ ʨʦʢʘʭ, ʢʦʣʠ ʢʦʤʧ'ʶʪʝʨʥʘ ʪʝʭʥʦʣʦʛʽʷ ʩʪʘʣʘ ʜʦʩʠʪʴ ʨʦʟʚʠʥʝʥʦʶ, ʱʦʙ 

ʦʙʨʦʙʣʷʪʠ ʚʝʣʠʢʫ ʢʽʣʴʢʽʩʪʴ ʜʘʥʠʭ ʪʘ ʚʠʢʦʥʫʚʘʪʠ ʩʢʣʘʜʥʽ ʟʘʚʜʘʥʥʷ. ʇʦʯʘʪʢʦʚʦ 

ʤʘʰʠʥʥʝ ʥʘʚʯʘʥʥʷ ʟʘʩʪʦʩʦʚʫʚʘʣʦʩʴ ʜʣʷ ʚʠʷʚʣʝʥʥʷ ʰʘʭʨʘʡʩʪʚʘ ʚ ʬʽʥʘʥʩʦʚʠʭ 

ʪʨʘʥʟʘʢʮʽʷʭ, ʘʣʝ ʟʛʦʜʦʤ ʚʦʥʦ ʩʪʘʣʦ ʟʘʩʪʦʩʦʚʫʚʘʪʠʩʴ ʚ ʙʘʛʘʪʴʦʭ ʽʥʰʠʭ ʩʬʝʨʘʭ, 

ʪʘʢʠʭ ʷʢ ʤʝʜʠʮʠʥʘ, ʪʨʘʥʩʧʦʨʪ, ʪʦʨʛʽʚʣʷ ʪʘ ʽʥʰʽ. 

ʋ 2000-ʭ ʨʦʢʘʭ ʤʘʰʠʥʥʝ ʥʘʚʯʘʥʥʷ ʧʦʯʘʣʦ ʨʦʟʚʠʚʘʪʠʩʴ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ 

ʛʣʠʙʦʢʦʛʦ ʥʘʚʯʘʥʥʷ, ʱʦ ʜʘʣʦ ʤʦʞʣʠʚʽʩʪʴ ʩʪʚʦʨʶʚʘʪʠ ʙʽʣʴʰ ʪʦʯʥʽ ʪʘ ʥʘʜʽʡʥʽ 

ʤʦʜʝʣʽ ʚʠʷʚʣʝʥʥʷ ʰʘʭʨʘʡʩʪʚʘ. ɻʣʠʙʦʢʝ ʥʘʚʯʘʥʥʷ ʜʦʟʚʦʣʷʻ ʥʘʚʯʠʪʠ 

ʢʦʤʧ'ʶʪʝʨ ʨʦʟʧʽʟʥʘʚʘʪʠ ʩʢʣʘʜʥʽ ʟʘʣʝʞʥʦʩʪʽ ʤʽʞ ʨʽʟʥʠʤʠ ʦʟʥʘʢʘʤʠ ʪʨʘʥʟʘʢʮʽʡ 

ʪʘ ʚʠʷʚʣʷʪʠ ʥʘʚʽʪʴ ʥʘʡʩʢʣʘʜʥʽʰʽ ʬʦʨʤʠ ʰʘʭʨʘʡʩʪʚʘ. 

ʉʴʦʛʦʜʥʽ ʤʘʰʠʥʥʝ ʥʘʚʯʘʥʥʷ ʩʪʘʣʦ ʥʝʦʙʭʽʜʥʽʩʪʶ ʜʣʷ ʙʘʛʘʪʴʦʭ 

ʦʨʛʘʥʽʟʘʮʽʡ, ʷʢʽ ʧʨʘʮʶʶʪʴ ʟ ʚʝʣʠʢʦʶ ʢʽʣʴʢʽʩʪʶ ʜʘʥʠʭ ʪʘ ʧʨʦʚʦʜʷʪʴ ʪʨʘʥʟʘʢʮʽʾ 

ʚ ɯʥʪʝʨʥʝʪʽ. ɺʦʥʦ ʜʦʟʚʦʣʷʻ ʘʚʪʦʤʘʪʠʟʫʚʘʪʠ ʧʨʦʮʝʩ ʚʠʷʚʣʝʥʥʷ ʰʘʭʨʘʡʩʪʚʘ ʪʘ 

ʟʤʝʥʰʠʪʠ ʢʽʣʴʢʽʩʪʴ ʧʦʤʠʣʦʢ, ʱʦ ʤʦʞʫʪʴ ʙʫʪʠ ʟʨʦʙʣʝʥʽ ʣʶʜʩʴʢʠʤ ʬʘʢʪʦʨʦʤ. 

ʂʨʽʤ ʪʦʛʦ, ʟʜʘʪʥʝ ʰʚʠʜʢʦ ʚʠʷʚʣʷʪʠ ʥʦʚʽ ʬʦʨʤʠ ʰʘʭʨʘʡʩʪʚʘ, ʷʢʽ ʤʦʞʫʪʴ 

ʚʠʥʠʢʥʫʪʠ ʚ ʤʘʡʙʫʪʥʴʦʤʫ, ʱʦ ʜʦʟʚʦʣʷʻ ʟʘʙʝʟʧʝʯʠʪʠ ʙʽʣʴʰ ʝʬʝʢʪʠʚʥʝ ʟʘʭʠʩʪ 

ʚʽʜ ʰʘʭʨʘʡʩʪʚʘ [2]. 

ʄʘʰʠʥʥʝ ʥʘʚʯʘʥʥʷ ʻ ʢʨʘʱʠʤ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʰʘʭʨʘʡʩʪʚʘ ʚ ʧʦʨʽʚʥʷʥʥʽ 

ʟ ʽʥʰʠʤʠ ʤʝʪʦʜʘʤʠ. ʆʩʴ ʦʩʥʦʚʥʽ ʤʝʪʦʜʠ ʤʘʰʠʥʥʦʛʦ ʥʘʚʯʘʥʥʷ ʜʣʷ ʚʠʷʚʣʝʥʥʷ 

ʰʘʭʨʘʡʩʪʚʘ: 
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ʂʣʘʩʠʬʽʢʘʮʽʷ: ʮʝʡ ʤʝʪʦʜ ʧʦʣʷʛʘʻ ʚ ʪʦʤʫ, ʱʦʙ ʥʘʚʯʠʪʠ ʢʦʤʧ'ʶʪʝʨ 

ʨʦʟʧʽʟʥʘʚʘʪʠ ʰʘʙʣʦʥʠ ʰʘʭʨʘʡʩʪʚʘ ʥʘ ʦʩʥʦʚʽ ʽʩʪʦʨʠʯʥʠʭ ʜʘʥʠʭ ʪʘ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʾʭ ʜʣʷ ʚʠʷʚʣʝʥʥʷ ʥʦʚʠʭ ʚʠʧʘʜʢʽʚ. ʎʝʡ ʤʝʪʦʜ ʟʘʟʚʠʯʘʡ 

ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʜʣʷ ʚʠʷʚʣʝʥʥʷ ʬʽʰʠʥʛʦʚʠʭ ʘʪʘʢ, ʢʦʣʠ ʰʘʭʨʘʾ ʚʽʜʧʨʘʚʣʷʶʪʴ 

ʣʠʩʪʠ, ʱʦʙ ʧʝʨʝʭʦʧʠʪʠ ʦʩʦʙʠʩʪʫ ʽʥʬʦʨʤʘʮʽʶ. 

 

ʂʣʘʩʪʝʨʠʟʘʮʽʷ: ʮʝʡ ʤʝʪʦʜ ʧʦʣʷʛʘʻ ʚ ʪʦʤʫ, ʱʦʙ ʥʘʚʯʠʪʠ ʢʦʤʧ'ʶʪʝʨ 

ʛʨʫʧʫʚʘʪʠ ʩʭʦʞʽ ʪʨʘʥʟʘʢʮʽʾ ʟʘ ʩʧʝʮʠʬʽʯʥʠʤʠ ʦʟʥʘʢʘʤʠ, ʪʘʢʠʤʠ ʷʢ 

ʤʽʩʮʝʟʥʘʭʦʜʞʝʥʥʷ ʘʙʦ ʯʘʩ. ʗʢʱʦ ʧʝʚʥʠʡ ʢʣʘʩ ʪʨʘʥʟʘʢʮʽʡ ʚʠʷʚʣʷʻʪʴʩʷ ʷʢ 

ʰʘʭʨʘʡʩʪʚʦ, ʪʦ ʤʦʞʥʘ ʙʽʣʴʰ ʝʬʝʢʪʠʚʥʦ ʚʠʷʚʣʷʪʠ ʧʦʜʽʙʥʽ ʰʘʙʣʦʥʠ 

ʰʘʭʨʘʡʩʪʚʘ ʫ ʤʘʡʙʫʪʥʴʦʤʫ. 

 

ʅʝʡʨʦʥʥʽ ʤʝʨʝʞʽ: ʮʝʡ ʤʝʪʦʜ ʧʦʣʷʛʘʻ ʚ ʪʦʤʫ, ʱʦʙ ʥʘʚʯʠʪʠ ʢʦʤʧ'ʶʪʝʨ 

ʨʦʟʧʽʟʥʘʚʘʪʠ ʩʢʣʘʜʥʽ ʟʚ'ʷʟʢʠ ʤʽʞ ʨʽʟʥʠʤʠ ʦʟʥʘʢʘʤʠ ʪʨʘʥʟʘʢʮʽʾ. ʎʝ ʜʘʻ 

ʤʦʞʣʠʚʽʩʪʴ ʚʠʷʚʣʷʪʠ ʙʽʣʴʰ ʩʢʣʘʜʥʽ ʬʦʨʤʠ ʰʘʭʨʘʡʩʪʚʘ, ʪʘʢʽ ʷʢ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʰʪʫʯʥʦʛʦ ʽʥʪʝʣʝʢʪʫ. 

 

ʄʝʪʦʜʠ ʢʣʘʩʠʬʽʢʘʮʽʾ, ʢʣʘʩʪʝʨʠʟʘʮʽʾ ʪʘ ʥʝʡʨʦʥʥʠʭ ʤʝʨʝʞ ʜʦʟʚʦʣʷʶʪʴ 

ʘʚʪʦʤʘʪʠʟʫʚʘʪʠ ʧʨʦʮʝʩ ʚʠʷʚʣʝʥʥʷ ʰʘʭʨʘʡʩʪʚʘ ʪʘ ʟʤʝʥʰʠʪʠ ʢʽʣʴʢʽʩʪʴ 

ʧʦʤʠʣʦʢ, ʷʢʽ ʤʦʞʫʪʴ ʚʠʥʠʢʥʫʪʠ ʚ ʨʝʟʫʣʴʪʘʪʽ ʨʫʯʥʦʛʦ ʘʥʘʣʽʟʫ. ʇʨʦʪʝ, ʫʩʧʽʰʥʝ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʤʘʰʠʥʥʦʛʦ ʥʘʚʯʘʥʥʷ ʚ ʩʬʝʨʽ ʚʠʷʚʣʝʥʥʷ ʰʘʭʨʘʡʩʪʚʘ ʧʦʪʨʝʙʫʻ 
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ʷʢʽʩʥʠʭ ʜʘʥʠʭ, ʘ ʪʘʢʦʞ ʧʦʩʪʽʡʥʦʛʦ ʦʥʦʚʣʝʥʥʷ ʥʘʚʯʘʣʴʥʠʭ ʤʦʜʝʣʝʡ ʜʣʷ 

ʟʘʙʝʟʧʝʯʝʥʥʷ ʝʬʝʢʪʠʚʥʦʛʦ ʚʠʷʚʣʝʥʥʷ ʥʘʡʥʦʚʽʰʠʭ ʬʦʨʤ ʰʘʭʨʘʡʩʪʚʘ. 

ʄʘʰʠʥʥʝ ʥʘʚʯʘʥʥʷ ʤʘʻ ʢʽʣʴʢʘ ʧʝʨʝʚʘʛ ʚ ʧʦʨʽʚʥʷʥʥʽ ʟ ʪʨʘʜʠʮʽʡʥʠʤʠ 

ʤʝʪʦʜʘʤʠ. ʆʩʴ ʜʝʷʢʽ ʟ ʥʠʭ: 

ɺʽʜʩʫʪʥʽʩʪʴ ʣʶʜʩʴʢʦʛʦ ʬʘʢʪʦʨʫ: ʂʦʤʧ'ʶʪʝʨʥʽ ʘʣʛʦʨʠʪʤʠ, ʥʘʚʯʝʥʽ ʥʘ ʧʽʜʩʪʘʚʽ 

ʽʩʪʦʨʠʯʥʠʭ ʜʘʥʠʭ, ʤʦʞʫʪʴ ʙʫʪʠ ʙʽʣʴʰ ʪʦʯʥʠʤʠ ʪʘ ʝʬʝʢʪʠʚʥʠʤʠ ʚʠʷʚʣʷʪʠ 

ʰʘʭʨʘʡʩʪʚʦ, ʦʩʢʽʣʴʢʠ ʥʝ ʧʽʜʜʘʶʪʴʩʷ ʣʶʜʩʴʢʦʤʫ ʚʧʣʠʚʫ. 

ʐʚʠʜʢʽʩʪʴ ʪʘ ʝʬʝʢʪʠʚʥʽʩʪʴ: ʄʘʰʠʥʥʝ ʥʘʚʯʘʥʥʷ ʤʦʞʝ ʦʙʨʦʙʣʷʪʠ ʚʝʣʠʢʽ 

ʦʙʩʷʛʠ ʜʘʥʠʭ ʚ ʟʥʘʯʥʦ ʤʝʥʰʽ ʪʝʨʤʽʥʠ, ʧʦʨʽʚʥʷʥʦ ʟ ʣʶʜʩʴʢʠʤʠ ʘʥʘʣʽʪʠʢʘʤʠ. 

ʎʝ ʜʦʟʚʦʣʷʻ ʚʠʷʚʣʷʪʠ ʰʘʭʨʘʡʩʪʚʦ ʰʚʠʜʰʝ ʪʘ ʟ ʤʝʥʰʦʶ ʢʽʣʴʢʽʩʪʶ ʧʦʤʠʣʦʢ. 

ɸʚʪʦʤʘʪʠʟʘʮʽʷ: ʄʘʰʠʥʥʝ ʥʘʚʯʘʥʥʷ ʤʦʞʝ ʙʫʪʠ ʧʦʚʥʽʩʪʶ ʘʚʪʦʤʘʪʠʟʦʚʘʥʦʶ 

ʩʠʩʪʝʤʦʶ, ʱʦ ʜʦʟʚʦʣʷʻ ʚʠʷʚʣʷʪʠ ʰʘʭʨʘʡʩʪʚʦ ʚ ʨʝʞʠʤʽ ʨʝʘʣʴʥʦʛʦ ʯʘʩʫ. ʎʝ 

ʜʦʟʚʦʣʷʻ ʨʝʘʛʫʚʘʪʠ ʥʘ ʰʘʭʨʘʡʩʪʚʦ ʰʚʠʜʢʦ ʪʘ ʝʬʝʢʪʠʚʥʦ, ʪʠʤ ʩʘʤʠʤ 

ʟʘʧʦʙʽʛʘʶʯʠ ʚʝʣʠʢʽʡ ʢʽʣʴʢʦʩʪʽ ʚʪʨʘʪ. 

ʉʧʨʦʤʦʞʥʽʩʪʴ ʘʜʘʧʪʫʚʘʪʠʩʷ: ʄʘʰʠʥʥʝ ʥʘʚʯʘʥʥʷ ʤʦʞʝ ʘʜʘʧʪʫʚʘʪʠʩʷ ʜʦ 

ʥʦʚʠʭ ʬʦʨʤ ʰʘʭʨʘʡʩʪʚʘ, ʱʦ ʧʦʩʪʽʡʥʦ ʟ'ʷʚʣʷʶʪʴʩʷ. ʎʝ ʜʦʟʚʦʣʷʻ ʧʽʜʪʨʠʤʫʚʘʪʠ 

ʚʠʩʦʢʠʡ ʨʽʚʝʥʴ ʝʬʝʢʪʠʚʥʦʩʪʽ ʧʨʠ ʚʠʷʚʣʝʥʥʽ ʰʘʭʨʘʡʩʪʚʘ, ʥʝʟʘʣʝʞʥʦ ʚʽʜ ʪʦʛʦ, 

ʥʘʩʢʽʣʴʢʠ ʩʢʣʘʜʥʠʤ ʚʦʥʦ ʤʦʞʝ ʙʫʪʠ. [3] 

ʊʨʘʜʠʮʽʡʥʘ ʤʦʜʝʣʴ ʚʠʷʚʣʝʥʥʷ ʰʘʭʨʘʡʩʪʚʘ, ʷʢʘ ʙʘʟʫʻʪʴʩʷ ʥʘ ʩʪʘʪʠʯʥʽʡ 

ʩʠʩʪʝʤʽ, ʥʘ ʦʩʥʦʚʽ ʧʨʘʚʠʣ, ʤʘʻ ʩʚʦʾ ʧʝʨʝʚʘʛʠ ʪʘ ʥʝʜʦʣʽʢʠ. ʆʩʥʦʚʥʘ ʧʝʨʝʚʘʛʘ 

ʧʦʣʷʛʘʻ ʫ ʪʦʤʫ, ʱʦ ʧʨʘʚʠʣʘ ʚʽʜʦʙʨʘʞʘʶʪʴ ʜʦʩʚʽʜ ʪʘ ʟʥʘʥʥʷ ʝʢʩʧʝʨʪʽʚ, ʪʦʤʫ 

ʚʦʥʠ ʤʦʞʫʪʴ ʙʫʪʠ ʜʦʩʠʪʴ ʝʬʝʢʪʠʚʥʠʤʠ ʚʠʷʚʣʷʪʠ ʧʽʜʦʟʨʽʣʫ ʘʢʪʠʚʥʽʩʪʴ ʚ 

ʤʝʨʝʞʽ. ʆʜʥʘʢ, ʮʽ ʩʠʩʪʝʤʠ ʤʘʶʪʴ ʢʽʣʴʢʘ ʟʥʘʯʥʠʭ ʥʝʜʦʣʽʢʽʚ. 

ʇʦ-ʧʝʨʰʝ, ʩʪʘʪʠʯʥʘ ʩʠʩʪʝʤʘ ʥʘ ʦʩʥʦʚʽ ʧʨʘʚʠʣ ʩʠʣʴʥʦ ʟʘʣʝʞʠʪʴ ʚʽʜ 

ʣʶʜʩʴʢʦʾ ʧʨʘʮʽ. ʅʘʚʽʪʴ ʷʢʱʦ ʧʨʘʚʠʣʘ ʨʦʟʨʦʙʣʷʶʪʴ ʥʘʡʢʨʘʱʽ ʝʢʩʧʝʨʪʠ, ʮʝ ʚʩʝ 

ʦʜʥʦ ʦʙʤʝʞʫʻ ʤʦʞʣʠʚʦʩʪʽ ʩʠʩʪʝʤʠ, ʦʩʢʽʣʴʢʠ ʚʦʥʘ ʥʝ ʤʦʞʝ ʘʜʘʧʪʫʚʘʪʠʩʷ ʜʦ 

ʥʦʚʠʭ ʚʠʜʽʚ ʰʘʭʨʘʡʩʪʚʘ ʪʘ ʽʥʰʠʭ ʟʤʽʥ ʫ ʤʝʨʝʞʽ. ʇʦ-ʜʨʫʛʝ, ʩʪʚʦʨʝʥʥʷ ʪʘ 

ʚʜʦʩʢʦʥʘʣʝʥʥʷ ʧʨʘʚʠʣ ʧʦʪʨʝʙʫʻ ʯʘʩʫ ʪʘ ʟʫʩʠʣʴ. ʅʦʚʽ ʚʠʜʠ ʰʘʭʨʘʡʩʪʚʘ 

ʧʦʩʪʽʡʥʦ ʟ'ʷʚʣʷʶʪʴʩʷ, ʪʦʤʫ ʩʪʘʪʠʯʥʘ ʩʠʩʪʝʤʘ ʥʘ ʦʩʥʦʚʽ ʧʨʘʚʠʣ ʥʝ ʟʘʚʞʜʠ 

ʤʦʞʝ ʙʫʪʠ ʚʯʘʩʥʦ ʦʥʦʚʣʝʥʘ, ʱʦʙ ʚʠʷʚʣʷʪʠ ʥʦʚʽ ʟʘʛʨʦʟʠ. ʇʦ-ʪʨʝʪʻ, ʩʪʘʪʠʯʥʘ 

ʩʠʩʪʝʤʘ ʤʦʞʝ ʙʫʪʠ ʜʦʩʠʪʴ ʩʢʣʘʜʥʦʶ ʪʘ ʤʽʩʪʠʪʠ ʚʝʣʠʢʫ ʢʽʣʴʢʽʩʪʴ ʧʨʘʚʠʣ, ʱʦ 

ʤʦʞʝ ʫʩʢʣʘʜʥʶʚʘʪʠ ʾʾ ʧʽʜʪʨʠʤʢʫ ʪʘ ʨʦʟʫʤʽʥʥʷ ʩʪʦʨʦʥʥʽʤʠ ʢʦʨʠʩʪʫʚʘʯʘʤʠ. 

ɺ ʮʽʣʦʤʫ, ʪʨʘʜʠʮʽʡʥʘ ʤʦʜʝʣʴ ʤʦʞʝ ʙʫʪʠ ʢʦʨʠʩʥʦʶ, ʘʣʝ ʾʾ ʦʙʤʝʞʝʥʦʩʪʽ 

ʪʘ ʥʝʜʦʣʽʢʠ ʤʦʞʫʪʴ ʙʫʪʠ ʧʨʦʙʣʝʤʦʶ ʜʣʷ ʝʬʝʢʪʠʚʥʦʛʦ ʚʠʷʚʣʝʥʥʷ ʰʘʭʨʘʡʩʪʚʘ 

ʚ ʩʫʯʘʩʥʠʭ ʮʠʬʨʦʚʠʭ ʩʝʨʝʜʦʚʠʱʘʭ. 

ɺʠʷʚʣʝʥʥʷ ʰʘʭʨʘʡʩʪʚʘ ʟʘ ʜʦʧʦʤʦʛʦʶ ʤʘʰʠʥʥʦʛʦ ʥʘʚʯʘʥʥʷ ʤʦʞʝ 

ʚʠʨʽʰʠʪʠ ʚʩʽ ʮʽ ʧʨʦʙʣʝʤʠ. ʅʘʚʽʪʴ ʧʝʨʝʚʝʨʰʠʪʠ ʪʨʘʜʠʮʽʡʥʽ ʩʠʩʪʝʤʠ ʚʠʷʚʣʝʥʥʷ 

ʰʘʭʨʘʡʩʪʚʘ ʟʘ ʰʚʠʜʢʽʩʪʶ, ʷʢʽʩʪʶ ʪʘ ʝʢʦʥʦʤʽʯʥʦʶ ʝʬʝʢʪʠʚʥʽʩʪʶ. 
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The article describes the Zigbee pipeline and the XBee library, which is used to develop a 

Java application for device monitoring. 

ʋ ʩʪʘʪʪʽ ʦʧʠʩʘʥʦ ʧʨʦʪʦʢʦʣ Zigbee ʪʘ ʙʽʙʣʽʦʪʝʢʫ XBee, ʟʘ ʜʦʧʦʤʦʛʦʶ ʷʢʦʾ 

ʚʽʜʙʫʚʘʻʪʴʩʷ ʨʦʟʨʦʙʢʘ Java-ʜʦʜʘʪʢʫ ʜʣʷ ʤʦʥʽʪʦʨʠʥʛʫ ʧʨʠʩʪʨʦʾʚ. 

 

ʆʩʪʘʥʥʽʤ ʯʘʩʦʤ ʜʫʞʝ ʩʠʣʴʥʦ ʟʨʦʩʪʘʻ ʧʦʧʫʣʷʨʥʽʩʪʴ ʪʝʭʥʦʣʦʛʽʡ 

ʙʝʟʜʨʦʪʦʚʠʭ ʩʝʥʩʦʨʥʠʭ ʤʝʨʝʞ, ʷʢʽ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʜʣʷ ʟʙʦʨʫ ʜʘʥʠʭ ʫ 

ʨʽʟʥʠʭ ʛʘʣʫʟʷʭ, ʪʘʢʠʭ ʷʢ ʤʝʜʠʮʠʥʘ, ʧʨʦʤʠʩʣʦʚʽʩʪʴ, ʙʫʜʽʚʥʠʮʪʚʦ ʪʘ ʽʥʰʽ. 

ʇʨʦʪʦʢʦʣʠ ʙʝʟʜʨʦʪʦʚʦʛʦ ʟʚôʷʟʢʫ ʚ ʩʝʥʩʦʨʥʠʭ ʤʝʨʝʞʘʭ ʚʽʜʽʛʨʘʶʪʴ ʢʣʶʯʦʚʫ 

ʨʦʣʴ ʫ ʟʘʙʝʟʧʝʯʝʥʥʽ ʝʬʝʢʪʠʚʥʦʾ ʨʦʙʦʪʠ ʪʘ ʥʘʜʽʡʥʦʾ ʢʦʤʫʥʽʢʘʮʽʾ ʤʽʞ ʚʫʟʣʘʤʠ. 

ʆʩʢʽʣʴʢʠ ʩʝʥʩʦʨʥʽ ʤʝʨʝʞʽ ʤʘʶʪʴ ʦʙʤʝʞʝʥʽ ʨʝʩʫʨʩʠ, ʪʘʢʽ ʷʢ ʦʙʤʝʞʝʥʘ 

ʝʥʝʨʛʦʧʦʪʨʝʙʘ, ʦʙʤʝʞʝʥʘ ʰʚʠʜʢʽʩʪʴ ʧʝʨʝʜʘʯʽ ʜʘʥʠʭ, ʚʦʥʠ ʧʦʪʨʝʙʫʶʪʴ 

ʧʨʦʪʦʢʦʣʽʚ, ʷʢʽ ʙ ʜʦʟʚʦʣʷʣʠ ʝʬʝʢʪʠʚʥʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʮʽ ʨʝʩʫʨʩʠ ʪʘ 

ʟʘʙʝʟʧʝʯʫʚʘʣʠ ʤʽʥʽʤʘʣʴʥʠʡ ʨʽʚʝʥʴ ʧʦʤʠʣʦʢ ʧʨʠ ʧʝʨʝʜʘʯʽ ʜʘʥʠʭ. 

ɺʠʢʦʨʠʩʪʘʥʥʷ ʧʨʦʪʦʢʦʣʫ Zigbee ʫ ʙʝʟʜʨʦʪʦʚʠʭ ʩʝʥʩʦʨʥʠʭ ʤʝʨʝʞʘʭ 

ʜʦʟʚʦʣʷʻ ʟʘʙʝʟʧʝʯʠʪʠ ʩʪʽʡʢʫ ʪʘ ʥʘʜʽʡʥʫ ʢʦʤʫʥʽʢʘʮʽʶ ʥʘ ʚʽʜʩʪʘʥʴ ʜʦ 10 ʢʤ ʟ 

ʚʠʩʦʢʦʶ ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʽʩʪʶ. 

ZigBee ð ʮʝ ʧʨʦʪʦʢʦʣ ʙʝʟʜʨʦʪʦʚʦʛʦ ʟʚôʷʟʢʫ, ʷʢʠʡ ʫʩʧʽʰʥʦ 

ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʚ ʨʽʟʥʦʤʘʥʽʪʥʠʭ ʜʦʜʘʪʢʘʭ ʚʽʜ ʜʦʤʘʰʥʴʦʾ ʘʚʪʦʤʘʪʠʟʘʮʽʾ ʜʦ 

ʧʨʦʤʠʩʣʦʚʦʛʦ ʢʝʨʫʚʘʥʥʷ ʪʘ ʩʧʦʞʠʚʯʦʾ ʝʣʝʢʪʨʦʥʽʢʠ. 

ɺʽʥ ʦʩʦʙʣʠʚʦ ʧʽʜʭʦʜʠʪʴ ʜʣʷ ʙʝʟʜʨʦʪʦʚʠʭ ʩʝʥʩʦʨʥʠʭ ʤʝʨʝʞ ʯʝʨʝʟ ʥʠʟʴʢʫ 

ʚʘʨʪʽʩʪʴ ʧʨʠʩʪʨʦʾʚ ʽ ʾʭ ʥʠʟʴʢʝ ʝʥʝʨʛʦʩʧʦʞʠʚʘʥʥʷ. ZigBee ʧʨʘʮʶʻ ʚʠʱʝ 

ʩʪʘʥʜʘʨʪʫ ʙʝʟʜʨʦʪʦʚʦʛʦ ʟʚôʷʟʢʫ IEEE 802.15.4, ʷʢʠʡ ʤʽʩʪʠʪʴ ʧʨʦʮʝʜʫʨʠ 

ʜʦʩʪʫʧʫ ʜʦ ʩʝʨʝʜʦʚʠʱʘ ʪʘ ʬʽʟʠʯʥʦʛʦ ʨʽʚʥʷ ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʨʦʙʦʪʠ ʚ 

ʥʝʣʽʮʝʥʟʽʡʥʦʤʫ ʯʘʩʪʦʪʥʦʤʫ ʩʧʝʢʪʨʽ. ɼʦʜʘʪʢʦʚʦʶ ʧʝʨʝʚʘʛʦʶ ʧʨʦʪʦʢʦʣʫ 

about:blank
http://nadyadenishich@gmail.com/
about:blank
http://nadyadenishich@gmail.com/
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ZigBee ʻ ʡʦʛʦ ʟʜʘʪʥʽʩʪʴ ʨʦʟʰʠʨʶʚʘʪʠ ʜʘʣʴʥʽʩʪʴ ʟʚôʷʟʢʫ ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʙʘʛʘʪʦʧʨʦʭʽʜʥʦʛʦ ʟʚôʷʟʢʫ.  

ZigBee ʚʽʜʨʽʟʥʷʻʪʴʩʷ ʚʽʜ ʪʘʢʠʭ ʧʨʦʪʦʢʦʣʽʚ, ʷʢ IEEE 802.11, ʪʠʤ, ʱʦ ʚʽʥ 

ʚʠʟʥʘʯʘʻ ʚʠʢʦʨʠʩʪʘʥʥʷ ʧʦʚʥʦʛʦ ʥʘʙʦʨʫ ʧʨʦʪʦʢʦʣʽʚ, ʩʧʝʮʽʘʣʴʥʦ ʨʦʟʨʦʙʣʝʥʠʭ 

ʜʣʷ ʟʚôʷʟʢʫ ʤʽʞ ʧʨʠʩʪʨʦʷʤʠ. 

ʅʘ ʨʽʚʥʽ ʜʦʜʘʪʢʽʚ ZigBee ʚʠʟʥʘʯʘʻ ʧʨʦʬʽʣʽ ʜʦʜʘʪʢʽʚ, ʷʢʽ ʧʦʣʝʛʰʫʶʪʴ 

ʟʚôʷʟʦʢʤʽʞ ʜʦʜʘʪʢʘʤʠ ʥʘ ʨʽʟʥʠʭ ʧʨʠʩʪʨʦʷʭ, ʘ ʪʘʢʦʞ ʚʠʟʥʘʯʘʶʪʴ ʧʨʦʮʝʜʫʨʠ 

ʜʣʷ ʚʠʷʚʣʝʥʥʷ ʤʝʨʝʞʽ ʪʘ ʚʩʪʘʥʦʚʣʝʥʥʷ ʟôʻʜʥʘʥʥʷ. ZigBee ʪʘʢʦʞ ʚʠʟʥʘʯʘʻ 

ʧʽʜʨʽʚʝʥʴ ʧʽʜʪʨʠʤʢʠ ʜʦʜʘʪʢʽʚ (APS), ʷʢʠʡ ʢʝʨʫʻ ʧʦʪʦʯʥʠʤʠ ʟôʻʜʥʘʥʥʷʤʠ ʪʘ 

ʤʘʻ ʬʫʥʢʮʽʾ ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʨʽʚʥʷ ʜʣʷ ʥʘʩʢʨʽʟʥʦʾ ʥʘʜʽʡʥʦʾ ʧʝʨʝʜʘʯʽ ʜʘʥʠʭ ʽʟ 

ʧʽʜʪʚʝʨʜʞʝʥʥʷʤʠ, ʧʦʚʪʦʨʥʠʤʠ ʧʝʨʝʜʘʯʘʤʠ ʪʘ ʚʽʜʭʠʣʝʥʥʷʤ ʜʫʙʣʽʢʘʪʽʚ 

ʧʘʢʝʪʽʚ. 

ʅʘ ʩʚʦʻʤʫ ʤʝʨʝʞʝʚʦʤʫ ʨʽʚʥʽ ZigBee ʚʠʟʥʘʯʘʻ ʧʨʦʮʝʜʫʨʠ ʜʣʷ 

ʚʩʪʘʥʦʚʣʝʥʥʷ ʤʘʨʰʨʫʪʽʚ ʟʚôʷʟʢʫ ʟ ʢʽʣʴʢʦʤʘ ʧʝʨʝʭʦʜʘʤʠ ʤʽʞ ʧʨʠʩʪʨʦʷʤʠ, 

ʚʠʟʥʘʯʘʶʯʠ ʧʨʦʮʝʜʫʨʠ ʜʣʷ ʚʠʷʚʣʝʥʥʷ ʤʘʨʰʨʫʪʫ ʪʘ ʘʣʛʦʨʠʪʤʠ 

ʤʘʨʰʨʫʪʠʟʘʮʽʾ. ɺʠʟʥʘʯʝʥʦ ʯʦʪʠʨʠ ʘʣʛʦʨʠʪʤʠ ʤʘʨʰʨʫʪʠʟʘʮʽʾ: ʤʘʨʰʨʫʪʠʟʘʮʽʷ 

ʥʘ ʦʩʥʦʚʽ ʪʘʙʣʠʮʽ (ʩʭʦʞʘ ʥʘ AODV), ʤʘʨʰʨʫʪʠʟʘʮʽʷ ʽʻʨʘʨʭʽʯʥʦʛʦ ʜʝʨʝʚʘ, 

ʙʘʛʘʪʦʘʜʨʝʩʥʘ ʤʘʨʰʨʫʪʠʟʘʮʽʷ ʪʘ ʙʘʛʘʪʦ-ʜʦ-ʦʜʥʦʛʦ ʤʘʨʰʨʫʪʠʟʘʮʽʷ ʜʞʝʨʝʣʘ.  

ɼʣʷ ʧʽʜʪʨʠʤʢʠ ʤʝʨʝʞʝʚʠʭ ʬʫʥʢʮʽʡ ZigBee ʪʘʢʦʞ ʚʠʟʥʘʯʘʻ, ʱʦ ʚʫʟʣʠ 

ʧʝʨʽʦʜʠʯʥʦ ʪʨʘʥʩʣʶʶʪʴ ʧʦʚʽʜʦʤʣʝʥʥʷ ʧʨʦ ʩʪʘʥ ʟʚôʷʟʢʫ (LS). ʋ ʢʦʞʥʦʤʫ 

ʧʦʚʽʜʦʤʣʝʥʥʽ LS ʚʫʟʦʣ ʪʨʘʥʩʣʶʻ ʩʚʦʻ ʧʦʪʦʯʥʝ ʫʷʚʣʝʥʥʷ ʧʨʦ ʢʦʞʥʝ ʩʫʩʽʜʥʻ 

ʧʦʩʠʣʘʥʥʷ. ʊʦʯʥʽʰʝ, ʧʦʚʽʜʦʤʣʝʥʥʷ LS, ʧʝʨʝʜʘʥʝ ʚʫʟʣʦʤ, ʤʽʩʪʠʪʴ ʩʧʠʩʦʢ ʫʩʽʭ 

ʩʫʩʽʜʽʚ ʚʫʟʣʘ ʪʘ ʤʽʩʪʠʪʴ ʚʘʨʪʽʩʪʴ ʟʚôʷʟʢʫ ʚʽʜ ʢʦʞʥʦʛʦ ʟ ʡʦʛʦ ʩʫʩʽʜʽʚ ʜʦ ʚʫʟʣʘ. 

ɺʘʞʣʠʚʦ ʧʽʜʢʨʝʩʣʠʪʠ: 

- ɺʘʨʪʽʩʪʴ ʟʚôʷʟʢʫ, ʥʘʷʚʥʘ ʚ ʧʦʚʽʜʦʤʣʝʥʥʽ LS, ʢʚʘʥʪʫʻʪʴʩʷ ʫ ʪʨʠ ʙʽʪʠ. 

- ZigBee ʨʦʟʨʽʟʥʷʻ ʚʘʨʪʽʩʪʴ ʚʠʭʽʜʥʦʛʦ ʪʘ ʚʭʽʜʥʦʛʦ ʟʚôʷʟʢʫ; ʦʜʥʘʢ ʜʣʷ 

ʤʘʨʰʨʫʪʠʟʘʮʽʾ M2O ʩʧʝʮʠʬʽʢʘʮʽʾ ZigBee ʚʠʟʥʘʯʘʶʪʴ, ʱʦ ʚʘʨʪʽʩʪʴ ʰʣʷʭʫ 

ʙʘʟʫʻʪʴʩʷ ʥʘ ʤʘʢʩʠʤʫʤʽ ʤʽʞ ʥʠʤʠ. ʑʦʙ ʩʧʨʦʩʪʠʪʠ ʥʘʰʝ ʦʙʛʦʚʦʨʝʥʥʷ, 

ʚʠʪʨʘʪʠ ʥʘ ʧʦʩʠʣʘʥʥʷ ʚ ʮʽʡ ʩʪʘʪʪʽ ʩʪʦʩʫʶʪʴʩʷ ʤʘʢʩʠʤʫʤʫ ʤʽʞ ʚʭʽʜʥʠʤʠ ʪʘ 

ʚʠʭʽʜʥʠʤʠ ʚʠʪʨʘʪʘʤʠ ʥʘ ʧʦʩʠʣʘʥʥʷ. 

ʇʨʦʛʨʘʤʘ Java ʜʣʷ ʤʦʥʽʪʦʨʠʥʛʫ ʧʨʠʩʪʨʦʾʚ Zigbee: 

ɼʣʷ ʤʦʥʽʪʦʨʠʥʛʫ ʧʨʠʩʪʨʦʾʚ Zigbee ʤʦʞʥʘ ʨʦʟʨʦʙʠʪʠ ʧʨʦʛʨʘʤʫ Java ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʙʽʙʣʽʦʪʝʢʠ XBee.  

ɹʽʙʣʽʦʪʝʢʘ XBee Java ð ʮʝ API Java, ʷʢʠʡ ʟʥʘʯʥʦ ʩʢʦʨʦʯʫʻ ʯʘʩ ʚʠʭʦʜʫ 

ʥʘ ʨʠʥʦʢ ʧʨʦʝʢʪʽʚ XBee, ʨʦʟʨʦʙʣʝʥʠʭ ʥʘ Java, ʽ ʧʦʣʝʛʰʫʻ ʨʦʟʨʦʙʢʫ ʪʘʢʠʭ 

ʪʠʧʽʚ ʧʨʦʛʨʘʤ, ʨʦʙʣʷʯʠ ʮʝʡ ʧʨʦʮʝʩ ʣʝʛʢʠʤ ʽ ʧʣʘʚʥʠʤ. ɹʽʙʣʽʦʪʝʢʘ XBee Java 

ʤʽʩʪʠʪʴ ʪʘʢʽ ʬʫʥʢʮʽʾ: 

- ʇʽʜʪʨʠʤʢʘ ʢʽʣʴʢʦʭ ʧʨʠʩʪʨʦʾʚ ʽ ʧʨʦʪʦʢʦʣʽʚ XBee. 
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- ɺʠʩʦʢʠʡ ʨʽʚʝʥʴ ʘʙʩʪʨʘʢʮʽʾ ʟʘʙʝʟʧʝʯʫʻ ʧʨʦʩʪʠʡ ʫ ʚʠʢʦʨʠʩʪʘʥʥʽ 

ʨʦʙʦʯʠʡ ʧʨʦʮʝʩ. 

- ʄʦʞʣʠʚʽʩʪʴ ʥʘʣʘʰʪʫʚʘʥʥʷ ʣʦʢʘʣʴʥʠʭ ʽ ʚʽʜʜʘʣʝʥʠʭ ʧʨʠʩʪʨʦʾʚ XBee 

ʤʝʨʝʞʽ. 

- ʌʫʥʢʮʽʷ ʚʠʷʚʣʝʥʥʷ ʟʥʘʭʦʜʠʪʴ ʚʽʜʜʘʣʝʥʽ ʚʫʟʣʠ ʚ ʪʽʡ ʞʝ ʤʝʨʝʞʽ, ʱʦ ʡ 

ʣʦʢʘʣʴʥʠʡ ʤʦʜʫʣʴ. 

- ʄʦʞʣʠʚʽʩʪʴ ʧʝʨʝʜʘʯʽ ʪʘ ʦʪʨʠʤʘʥʥʷ ʜʘʥʠʭ ʟ ʙʫʜʴ-ʷʢʦʛʦ ʧʨʠʩʪʨʦʶ 

XBee ʚ ʤʝʨʝʞʽ. 

- ʄʦʞʣʠʚʽʩʪʴ ʢʝʨʫʚʘʪʠ ʚʭʽʜʥʠʤʠ ʪʘ ʚʠʭʽʜʥʠʤʠ ʣʽʥʽʷʤʠ ʟʘʛʘʣʴʥʦʛʦ 

ʧʨʠʟʥʘʯʝʥʥʷ ʚʩʽʭ ʚʘʰʠʭ ʧʨʠʩʪʨʦʾʚ XBee. 

- ʄʦʞʣʠʚʽʩʪʴ ʥʘʜʩʠʣʘʪʠ ʪʘ ʦʪʨʠʤʫʚʘʪʠ ʜʘʥʽ ʤʽʞ ʣʦʢʘʣʴʥʠʤʠ 

ʽʥʪʝʨʬʝʡʩʘʤʠ XBee (Bluetooth Low Energy, MicroPython ʽ Serial Port). 

ɹʽʙʣʽʦʪʝʢʘ XBee Java ʪʘʢʦʞ ʧʨʦʧʦʥʫʻ ʧʽʜʙʽʙʣʽʦʪʝʢʫ ʜʣʷ ʨʦʟʨʦʙʢʠ 

ʜʦʜʘʪʢʽʚ Android, ʷʢʽ ʢʝʨʫʶʪʴ ʧʨʠʩʪʨʦʷʤʠ XBee ʘʙʦ ʩʧʽʣʢʫʶʪʴʩʷ ʟ ʥʠʤʠ 

ʯʝʨʝʟ Bluetooth Low Energy, USB ʘʙʦ ʧʦʩʣʽʜʦʚʥʠʡ ʧʦʨʪ. ʎʷ ʜʦʢʫʤʝʥʪʘʮʽʷ 

ʜʦʧʦʤʦʞʝ ʚʘʤ ʥʘ ʨʽʟʥʠʭ ʝʪʘʧʘʭ ʨʦʟʨʦʙʢʠ ʚʘʰʠʭ ʧʨʦʛʨʘʤ Java ʘʙʦ Android ʟ 

ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʮʠʭ ʙʽʙʣʽʦʪʝʢ. 

ʆʪʞʝ, Zigbee ʻ ʚʘʞʣʠʚʠʤ ʧʨʦʪʦʢʦʣʦʤ ʙʝʟʜʨʦʪʦʚʦʛʦ ʟʚôʷʟʢʫ ʜʣʷ 

ʙʝʟʜʨʦʪʦʚʠʭ ʩʝʥʩʦʨʥʠʭ ʤʝʨʝʞ. ɺʽʥ ʟʘʙʝʟʧʝʯʫʻ ʧʨʦʪʦʢʦʣ ʟʚôʷʟʢʫ ʟ ʥʠʟʴʢʠʤ 

ʝʥʝʨʛʦʩʧʦʞʠʚʘʥʥʷʤ ʽ ʥʠʟʴʢʦʶ ʰʚʠʜʢʽʩʪʶ ʧʝʨʝʜʘʯʽ ʜʘʥʠʭ, ʷʢʠʡ ʽʜʝʘʣʴʥʦ 

ʧʽʜʭʦʜʠʪʴ ʜʣʷ ʤʦʥʽʪʦʨʠʥʛʫ ʬʽʟʠʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ. ɿʘʚʜʷʢʠ ʙʽʙʣʽʦʪʝʮʽ XBee 

ʤʦʞʥʘ ʨʦʟʨʦʙʠʪʠ ʧʨʦʛʨʘʤʫ Java ʜʣʷ ʤʦʥʽʪʦʨʠʥʛʫ ʧʨʠʩʪʨʦʾʚ Zigbee ʫ ʤʝʨʝʞʽ.  
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ONTOLOGICAL MODELING OF  

TECHNOLOGICAL PROCESSES FOR THE PRODUCTION OF  

DETAILS OF COMPLEX FORM  
 

The research proposes an original approach to the design and storage of data and 

knowledge regarding objects of technological process for end-production preparation (parts, 

equipment, materials, design procedures, etc.). It is involved to use ontological model for 

modelling the technology of manufacturing complex details. 

 

ʅʘ ʩʴʦʛʦʜʥʽʰʥʽʡ ʜʝʥʴ ʪʝʨʤʽʥ çʟʥʘʥʥʷè ʨʦʟʛʣʷʜʘʻʪʴʩʷ ʟ ʨʽʟʥʠʭ ʪʦʯʦʢ ʟʦʨʫ 

[1]. ʆʜʥʘ ʟ ʥʠʭ, ʧʦʟʠʮʽʦʥʫʻ ʟʥʘʥʥʷ ʷʢ ʫʤʦʚʫ ʜʦʩʪʫʧʫ ʜʦ ʽʥʬʦʨʤʘʮʽʾ. 

ʉʪʚʝʨʜʞʫʻʪʴʩʷ, ʱʦ ʧʨʝʜʩʪʘʚʣʝʥʥʷ ʟʥʘʥʴ ʧʦʚʠʥʥʦ ʙʫʪʠ ʦʨʛʘʥʽʟʦʚʘʥʝ ʪʘʢʠʤ 

ʯʠʥʦʤ, ʱʦʙ ʜʦ ʥʠʭ ʙʫʣʦ ʣʝʛʢʦ ʦʪʨʠʤʘʪʠ ʜʦʩʪʫʧ ʪʘ ʦʪʨʠʤʘʪʠ ʾʭ. 

ʋ ʜʞʝʨʝʣʽ [2] ʩʪʚʝʨʜʞʫʻʪʴʩʷ, ʱʦ ʧʨʝʜʩʪʘʚʣʝʥʥʷ ʟʥʘʥʴ ʚʠʤʘʛʘʻ ʨʽʟʥʠʭ 

ʩʪʨʘʪʝʛʽʡ ʪʘ ʨʽʟʥʠʭ ʚʠʜʽʚ ʽʥʩʪʨʫʤʝʥʪʽʚ ʪʘ ʪʝʭʥʦʣʦʛʽʡ ʜʣʷ ʫʧʨʘʚʣʽʥʥʷ 

ʟʥʘʥʥʷʤʠ. ʅʘʧʨʠʢʣʘʜ, ʷʢʱʦ ʟʥʘʥʥʷ ʨʦʟʛʣʷʜʘʶʪʴʩʷ ʷʢ ʦʙ'ʻʢʪ, ʪʦ ʽʥʽʮʽʘʪʠʚʠ 

ʫʧʨʘʚʣʽʥʥʷ ʟʥʘʥʥʷʤʠ ʧʦʚʠʥʥʽ ʧʽʜʢʨʝʩʣʶʚʘʪʠ ʚʘʞʣʠʚʽʩʪʴ ʩʪʚʦʨʝʥʥʷ ʟʘʧʘʩʽʚ 

ʟʥʘʥʴ ʚ ʦʨʛʘʥʽʟʘʮʽʷʭ. ʋ ʮʴʦʤʫ ʚʠʧʘʜʢʫ ʩʠʩʪʝʤʘ ʫʧʨʘʚʣʽʥʥʷ ʟʥʘʥʥʷʤʠ ʪʘʢʘ, ʷʢ 

ʩʭʦʚʠʱʘ ʟʥʘʥʴ, ʧʦʚʠʥʥʘ ʤʘʪʠ ʟʜʘʪʥʽʩʪʴ ʬʽʢʩʫʚʘʪʠ ʟʘʧʘʩʠ ʟʥʘʥʴ. ɸʥʘʣʦʛʽʯʥʠʤ 

ʯʠʥʦʤ, ʷʢʱʦ ʟʥʘʥʥʷ ʨʦʟʛʣʷʜʘʶʪʴʩʷ ʷʢ ʧʨʦʮʝʩ, ʪʦ ʽʥʽʮʽʘʪʠʚʠ ʟ ʫʧʨʘʚʣʽʥʥʷ 

ʟʥʘʥʥʷʤʠ ʧʦʚʠʥʥʽ ʦʧʝʨʫʚʘʪʠ ʟ ʧʦʪʦʢʘʤʠ ʟʥʘʥʴ ʫ ʧʨʦʮʝʩʘʭ ʩʪʚʦʨʝʥʥʷ ʟʥʘʥʴ, 

ʦʙʤʽʥʫ ʟʥʘʥʥʷʤʠ ʪʘ ʧʦʰʠʨʝʥʥʽ ʟʥʘʥʴ. 

ʅʘ ʩʴʦʛʦʜʥʽʰʥʽʡ ʜʝʥʴ ʽʩʥʫʶʪʴ ʨʽʟʥʽ ʤʦʜʝʣʽ ʧʨʝʜʩʪʘʚʣʝʥʥʷ ʟʥʘʥʴ [3, 4], 

ʢʦʞʥʘ ʟ ʷʢʠʭ ʤʘʻ ʩʚʦʾ ʧʝʨʝʚʘʛʠ ʪʘ ʥʝʜʦʣʽʢʠ. ʆʥʪʦʣʦʛʽʯʥʝ ʤʦʜʝʣʶʚʘʥʥʷ ʻ 

ʦʜʥʠʤ ʟ ʥʘʡʯʘʩʪʽʰʝ ʚʠʢʦʨʠʩʪʦʚʫʚʘʥʠʭ ʩʧʦʩʦʙʽʚ ʧʨʝʜʩʪʘʚʣʝʥʥʷ ʟʥʘʥʴ ʥʘ 

ʧʦʪʦʯʥʠʡ ʤʦʤʝʥʪ [5] ʦʩʢʽʣʴʢʠ ʜʦʟʚʦʣʷʻ ʥʝ ʣʠʰʝ ʩʪʨʫʢʪʫʨʫʚʘʪʠ ʪʘ 

ʩʠʩʪʝʤʘʪʠʟʫʚʘʪʠ ʟʥʘʥʥʷ, ʘʣʝ i ʦʧʠʩʘʪʠ ʧʝʚʥʽ ʧʨʦʮʝʩʠ ʚʟʘʻʤʦʜʽʾ ʤʽʞ ʜʘʥʠʤʠ 

ʜʣʷ ʚʠʜʦʙʫʪʢʫ ʥʦʚʠʭ ʟʥʘʥʴ.  

ɼʣʷ ʘʚʪʦʤʘʪʠʟʘʮʽʾ ʚʠʨʦʙʥʠʯʠʭ ʪʘ ʪʝʭʥʽʯʥʠʭ ʧʨʦʮʝʩʽʚ ʥʘ ʧʦʪʦʯʥʠʡ 

ʤʦʤʝʥʪ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʨʽʟʥʽ SAP ʩʠʩʪʝʤʠ ʪʘ ʪʝʭʥʦʣʦʛʽʾ ʦʧʠʩʫ ʙʽʟʥʝʩ 

ʧʨʦʮʝʩʽʚ ʪʘ workflow. ʆʜʥʘʢ, ʜʣʷ ʢʦʨʝʢʪʥʦʛʦ ʤʝʥʝʜʞʤʝʥʪʫ ʩʫʯʘʩʥʠʭ ʨʦʙʦʯʠʭ 

ʧʨʦʮʝʩʽʚ ʜʫʞʝ ʚʘʞʣʠʚʦ ʪʘʢʦʞ ʚʨʘʭʦʚʫʚʘʪʠ ʢʦʤʧʦʥʝʥʪʠ ʫʧʨʘʚʣʽʥʥʷ ʪʘ 
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ʧʨʝʜʩʪʘʚʣʝʥʥʷ ʟʥʘʥʴ, ʷʢʽ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʪʘ ʛʝʥʝʨʫʶʪʴʩʷ ʧʽʜ ʯʘʩ 

ʚʠʢʦʥʘʥʥʷ ʪʘʢʠʭ ʚʠʨʦʙʥʠʯʠʭ ʧʨʦʮʝʩʽʚ.  

ʅʘʚʝʜʝʥʝ ʜʦʩʣʽʜʞʝʥʥʷ ʧʨʠʩʚʷʯʝʥʝ ʨʦʟʨʦʙʮʽ ʦʥʪʦʣʦʛʽ,ʾ ʷʢʘ ʭʘʨʘʢʪʝʨʠʟʫʻ 

ʚʠʨʦʙʥʠʯʠʡ ʪʝʭʥʦʣʦʛʽʯʥʠʡ ʧʨʦʮʝʩ. ʊʘʢʘ ʦʪʦʣʦʛʽʷ ʧʨʝʜʩʪʘʚʣʷʻ ʩʦʙʦʶ ʩʠʩʪʝʤʫ 

ʚʟʘʻʤʦʟʚôʷʟʘʥʠʭ ʢʦʤʧʦʥʝʥʪ, ʢʦʞʥʘ ʟ ʷʢʠʭ ʻ ʟʘʚʝʨʰʝʥʦʶ ʦʥʪʦʣʦʛʽʻʶ ʩʘʤʘ ʧʦ 

ʩʦʙʽ, ʘ ʫ ʩʫʢʫʧʥʦʩʪʽ ʤʥʦʞʠʥʘ ʪʘʢʠʭ ʢʦʤʧʦʥʝʥʪ ʜʦʟʚʦʣʷʻ ʥʝ ʣʠʰʝ ʦʧʠʩʘʪʠ ʫʩʽ 

ʝʣʝʤʝʥʪʠ ʪʘ ʩʪʘʜʽʾ ʪʝʭʥʽʯʥʦʛʦ ʧʨʦʮʝʩʫ, ʘʣʝ ʽ ʚʽʜʧʦʚʽʜʥʝ ʦʙʣʘʜʥʘʥʥʷ, 

ʧʨʦʛʨʘʤʥʝ ʪʘ ʪʝʭʥʽʯʥʝ ʟʘʙʝʟʧʝʯʝʥʥʷ ʷʢʝ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʫ ʪʝʭʥʽʯʥʦʤʫ 

ʧʨʦʮʝʩʽ, ʘ ʪʘʢʦʞ ʚʚʝʩʪʠ ʪʘ ʦʧʠʩʘʪʠ ʜʝʷʢʽ ʧʦʢʘʟʥʠʢʠ ʝʬʝʢʪʠʚʥʦʩʪʽ 

ʦʧʠʩʫʚʘʥʦʛʦ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʧʨʦʮʝʩʫ. ʉʠʩʪʝʤʫ ʘʥʪʦʣʦʛʽʡ ʜʣʷ ʦʧʠʩʫ 

ʪʝʭʥʽʯʥʦʛʦ ʧʨʦʮʝʩʫ ʧʨʝʜʩʪʘʚʣʝʥʦ ʥʘ  

ʨʠʩ. 1. 

ʆʥʪʦʣʦʛ̫̔ ʪʝʭʥ̔ʯʥʠʭ ʧʨʦʮʝʩ̔ʚ

ʆʥʪʦʣʦʛ̫̔ ʧʨʝʜʤʝʪʥʦʾ ʦʙʣʘʩʪ̔

ʆʥʪʦʣʦʛ̫̔ 

ʚʠʨʦʙʥʠʯʦʛʦ 

ʩʝʨʝʜʦʚʠɦ ʘ

ʉʠʩʪʝʤʘ ʦʥʪʦʣʦʛ̔ʡ

ɼʘʥʥ̔

ɿʥʘʥʥ̫

ɯʥʬʦʨʤʘʮ̫̔  ʇʨʆ

ɯʥʬʦʨʤʘʮ̔ʡʥ̔ ʨʝʩʫʨʩʠ

ʆʙʯʠʩʣʁ ʚʘʣɹʥ̔ ʨʝʩʫʨʩʠ 

ʊʝʭʥ̔ʯʥ̔ ʟʘʩʦʙʠ

ʆʥʪʦʣʦʛ̫̔ 

ʧʨʦʛʨʘʤʥʦʛʦ 

ʩʝʨʝʜʦʚʠɦ ʘ

ʆʥʪʦʣʦʛ̫̔ ʧʦʢʘʟʥʠʢ̔ʚ ʝʬʝʢʪʠʚʥʦʩʪ̔

 
 

ʈʠʩ. 1. ʉʠʩʪʝʤʘ ʦʥʪʦʣʦʛʽʡ ʜʣʷ ʦʧʠʩʫ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʧʨʦʮʝʩʫ. 

 

ʆʥʪʦʣʦʛʽʷ ʪʝʭʥʽʯʥʠʭ ʧʨʦʮʝʩʽʚ ʻ ʦʩʥʦʚʥʦʶ ʦʥʪʦʣʦʛʽʻʶ ʩʠʩʪʝʤʠ, ʚʦʥʘ 

ʦʧʠʩʫʻ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʪʘ ʝʣʝʤʝʥʪʠ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʧʨʦʮʝʩʫ, ʘ ʪʘʢʦʞ ʟʚôʷʟʢʠ 

ʤʽʞ ʥʠʤʠ. ɺ ʩʠʩʪʝʤʫ ʚʢʣʶʯʝʥʦ ʪʨʠ ʦʥʪʦʣʦʛʽʾ ʥʠʞʥʴʦʛʦ ʨʽʚʥʷ: ʆʥʪʦʣʦʛʽʶ 

ʚʠʨʦʙʥʠʯʦʛʦ ʩʝʨʝʜʦʚʠʱʘ, ʦʥʪʦʣʦʛʽʶ ʧʨʦʛʨʘʤʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ ʪʘ ʦʥʪʦʣʦʛʽʶ 

ʧʨʝʜʤʝʪʥʦʾ ʦʙʣʘʩʪʽ. ʆʥʪʦʣʦʛʽʷ ʚʠʨʦʙʥʠʯʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʦʧʠʩʫʻ ʨʽʟʥʦʤʘʥʽʪʥʽ 

ʪʝʭʥʦʣʦʛʽʯʥʽ ʟʘʩʦʙʠ, ʪʘʢʽ ʷʢ ʦʙʣʘʜʥʘʥʥʷ, ʫʩʪʘʪʢʫʚʘʥʥʷ, ʽʥʩʪʨʫʤʝʥʪʠ ʪʘ 

ʤʘʪʝʨʽʘʣʠ, ʷʢʽ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʫ ʪʝʭʥʦʣʦʛʽʯʥʦʤʫ ʧʨʦʮʝʩʽ; ʆʥʪʦʣʦʛʽʷ 

ʧʨʦʛʨʘʤʥʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʦʧʠʩʫʻ ʧʨʦʛʨʘʤʥʝ ʟʘʙʝʟʧʝʯʝʥʥʷ ʪʘ ʪʝʭʥʽʯʥʽ ʟʘʩʦʙʠ 

ʷʢʽ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʫ ʪʝʭʥʽʯʥʦʤʫ ʧʨʦʮʝʩʽ; ʆʥʪʦʣʦʛʽʷ ʧʨʝʜʤʝʪʥʦʾ ʦʙʣʘʩʪʽ 

ʙʘʟʫʻʪʴʩʷ ʥʘ ʙʝʟʧʦʩʝʨʝʜʥʴʦʤʫ ʦʧʠʩʽ ʢʦʥʮʝʧʪʽʚ ʧʨʝʜʤʝʪʥʦʾ ʦʙʣʘʩʪʽ ʪʘ ʟʘʜʘʻ 

ʩʪʨʫʢʪʫʨʠ ʜʣʷ ʾʭ çʧʦʻʜʥʘʥʥʷè ʟ ʽʥʰʠʤʠ ʦʥʪʦʣʦʛʽʷʤʠ ʩʠʩʪʝʤʠ, ʚʦʥʘ ʤʽʩʪʠʪʴ 

ʫʩʶ ʽʥʬʦʨʤʘʮʽʶ ʷʢʘ ʩʪʦʩʫʻʪʴʩʷ ʧʨʦʮʝʩʽʚ ʪʘ ʦʙôʻʢʪʽʚ ʷʢʽ ʧʨʠʡʤʘʶʪʴ ʫʯʘʩʪʴ ʫ 
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ʪʝʭʥʽʯʥʦʤʫ ʧʨʦʮʝʩʽ, ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʪʦʛʦ ʜʣʷ ʷʢʦʾ ʧʨʝʜʤʝʪʥʦʾ ʦʙʣʘʩʪʽ 

ʚʽʜʙʫʚʘʻʪʴʩʷ ʮʝʡ ʪʝʭʥʦʣʦʛʽʯʥʠʡ ʧʨʦʮʝʩ. 

ɺ ʧʨʦʮʝʩʽ ʧʦʙʫʜʦʚʠ ʢʦʞʥʦʾ ʟ ʚʚʝʜʝʥʠʭ ʦʥʪʦʣʦʛʽʡ ʥʝʦʙʭʽʜʥʦ ʦʧʠʩʘʪʠ ʾʾ 

ʝʣʝʤʝʥʪʠ. ʆʥʪʦʣʦʛʽʷ ʚʢʣʶʯʘʻ ʥʘʩʪʫʧʥʽ ʝʣʝʤʝʥʪʠ: ʢʣʘʩʠ, ʘʪʨʠʙʫʪʠ, 

ʚʽʜʥʦʰʝʥʥʷ, ʪʠʧʠ ʟʥʘʯʝʥʴ ʘʪʨʠʙʫʪʽʚ, ʦʙʤʝʞʝʥʥʷ  ʥʘ  ʟʥʘʯʝʥʥʷ  ʘʪʨʠʙʫʪʽʚ, 

ʝʢʟʝʤʧʣʷʨʠ ʢʣʘʩʽʚ. 

ʉʘʤʝ ʪʘʢʘ ʤʥʦʞʠʥʘ ʝʣʝʤʝʥʪʽʚ ʜʦʟʚʦʣʷʻ ʟʘʜʘʪʠ ʦʥʪʦʣʦʛʽʶ ʷʢ ʢʦʤʧʣʝʢʩʥʫ 

ʤʦʜʝʣʴ. ʊʘʢʠʤ ʯʠʥʦʤ, ʦʥʪʦʣʦʛʽʷ ʷʚʣʷʻ ʩʦʙʦʶ ʽʻʨʘʨʭʽʶ ʧʦʥʷʪʴ (ʘʙʦ ʢʣʘʩʽʚ), 

ʧʦʚ'ʷʟʘʥʠʭ ʚʽʜʥʦʰʝʥʥʷʤʠ. ɺʠʢʦʨʠʩʪʘʥʥʷ ʚʽʜʥʦʰʝʥʴ ʘʩʦʮʽʘʪʠʚʥʦʛʦ ʪʠʧʫ 

ʜʦʟʚʦʣʷʻ ʚʠʟʥʘʯʠʪʠ ʦʥʪʦʣʦʛʽʯʥʫ ʤʦʜʝʣʴ ʥʝ ʪʽʣʴʢʠ ʷʢ ʽʻʨʘʨʭʽʯʥʫ ʩʪʨʫʢʪʫʨʫ, 

ʘʣʝ ʽ ʷʢ ʩʪʨʫʢʪʫʨʫ, ʱʦ ʚʨʘʭʦʚʫʻ ʟʤʽʩʪʦʚʥʠʡ ʩʝʥʩ ʟʚ'ʷʟʢʫ ʤʽʞ ʨʝʘʣʴʥʠʤʠ 

ʦʙôʻʢʪʘʤʠ. ʈʽʟʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʢʦʞʥʦʛʦ ʧʦʥʷʪʪʷ ʦʧʠʩʫʶʪʴʩʷ ʥʘ ʦʩʥʦʚʽ 

ʘʪʨʠʙʫʪʽʚ ʧʦʥʷʪʴ ʽ ʦʙʤʝʞʝʥʴ, ʥʘʢʣʘʜʝʥʠʭ ʥʘ ʦʙʣʘʩʪʴ ʾʭ ʟʥʘʯʝʥʴ. 

ʆʥʪʦʣʦʛʽʷ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʧʨʦʮʝʩʫ ʤʽʩʪʠʪʴ ʤʥʦʞʠʥʫ ʢʣʘʩʽʚ, ʷʢʽ 

ʦʧʠʩʫʶʪʴʩʷ ʚʽʜʧʦʚʽʜʥʠʤʠ ʘʪʨʠʙʫʪʘʤʠ. ʂʣʘʩʠ ï ʮʝ ʝʣʝʤʝʥʪ ʦʥʪʦʣʦʛʽʯʥʦʾ 

ʤʦʜʝʣʽ, ʷʢʠʡ ʦʧʠʩʫʻ ʧʦʥʷʪʪʷ ʜʝʷʢʦʾ ʧʨʝʜʤʝʪʥʦʾ ʘʙʦ ʧʨʦʙʣʝʤʥʦʾ ʦʙʣʘʩʪʽ. 

ɸʪʨʠʙʫʪʠ ï ʝʣʝʤʝʥʪʠ ʦʥʪʦʣʦʛʽʯʥʦʾ ʤʦʜʝʣʽ, ʷʢʽ ʦʧʠʩʫʶʪʴ ʚʣʘʩʪʠʚʦʩʪʽ ʢʣʘʩʽʚ ʽ 

ʚʽʜʥʦʰʝʥʴ. ʊʠʧʠ ʟʥʘʯʝʥʴ ʘʪʨʠʙʫʪʽʚ ʟʘʜʘʶʪʴ ʩʪʘʥʜʘʨʪʥʽ ʪʠʧʠ ʜʣʷ ʟʥʘʯʝʥʴ 

ʘʪʨʠʙʫʪʽʚ ʢʣʘʩʽʚ (ʥʘʧʨʠʢʣʘʜ: string, integer, real, date). ʆʙʤʝʞʝʥʥʷ  ʥʘ  

ʟʥʘʯʝʥʥʷ  ʘʪʨʠʙʫʪʽʚ  ʢʣʘʩʽʚ ʪʘ ʚʽʜʥʦʰʝʥʴ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʥʝ ʜʣʷ ʚʩʽʭ 

ʘʪʨʠʙʫʪʽʚ, ʘ ʣʠʰʝ ʜʣʷ ʪʠʭ, ʟʥʘʯʝʥʥʷ ʷʢʠʭ ʧʦʚʠʥʥʽ ʣʝʞʘʪʠ ʚ ʜʝʷʢʽʡ ʦʙʣʘʩʪʽ, ʥʝ 

ʤʦʞʫʪʴ ʙʫʪʠ ʤʝʥʰʝ/ʙʽʣʴʰʝ ʟʘʜʘʥʦʾ ʚʝʣʠʯʠʥʠ ʘʙʦ ʚʠʟʥʘʯʘʶʪʴʩʷ ʧʝʚʥʠʤ 

ʧʨʘʚʠʣʦʤ.  

ɿʘʧʨʦʧʦʥʦʚʘʥʠʡ ʫ ʜʦʩʣʽʜʞʝʥʥʽ ʧʽʜʭʽʜ ʜʦ ʧʨʝʜʩʪʘʚʣʝʥʥʷ ʝʣʝʤʝʥʪʽʚ 

ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʧʨʦʮʝʩʫ ʫ ʚʠʛʣʷʜʽ ʦʥʪʦʣʦʛʽʯʥʦʾ ʤʦʜʝʣʽ ʜʦʟʚʦʣʷʻ ʦʪʨʠʤʘʪʠ 

ʬʫʥʢʮʽʦʥʘʣʴʥʦ ʧʦʚʥʠʡ ʧʝʨʝʣʽʢ ʝʣʝʤʝʥʪʘʨʥʠʭ, ʘʣʛʦʨʠʪʤʽʯʥʦ ʢʦʨʝʢʪʥʠʭ 

ʬʫʥʢʮʽʦʥʘʣʴʥʠʭ ʟʘʜʘʯ, ʧʨʠʟʥʘʯʝʥʠʭ ʜʣʷ ʧʨʦʝʢʪʫʚʘʥʥʷ ʜʦʢʫʤʝʥʪʽʚ 

ʢʦʥʩʪʨʫʢʪʦʨʩʴʢʦ-ʪʝʭʥʦʣʦʛʽʯʥʦʾ ʧʽʜʛʦʪʦʚʢʠ ʚʠʨʦʙʥʠʮʪʚʘ; ʤʝʪʦʜʽʚ ʧʨʠʡʥʷʪʪʷ 

ʪʝʭʥʽʯʥʠʭ ʨʽʰʝʥʴ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʰʪʫʯʥʦʛʦ ʽʥʪʝʣʝʢʪʫ; ʧʨʠʥʮʠʧʽʚ ʛʥʫʯʢʦʾ 

ʘʜʘʧʪʘʮʽʾ ʜʦ ʢʦʥʢʨʝʪʥʦʛʦ ʚʠʨʦʙʥʠʯʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʪʘ ʚʠʤʦʛ ʩʫʯʘʩʥʦʛʦ ʨʠʥʢʫ. 
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DEVELOPMENT OF A METHOD OF DYNAMIC MANAGEMENT  

OF INFORMATION AND COMMUNICATION INFRASTRUCTURE  

 

The main directions of the principle of operation of the hypervisor in SDN are summarized. 

The results of the analysis of ensuring the criteria for the functioning of the information and 

communication network for existing hypervisor solutions are given. 
 

ʇʨʦʛʨʘʤʥʦïʢʦʥʬʽʛʫʨʦʚʘʥʘ ʤʝʨʝʞʘ (SDN, Software-defined Networking) - 

ʤʝʨʝʞʘ ʧʝʨʝʜʘʯʽ ʜʘʥʠʭ, ʚ ʷʢʽʡ ʨʽʚʝʥʴ ʫʧʨʘʚʣʽʥʥʷ ʤʝʨʝʞʝʶ ʚʽʜʜʽʣʝʥʠʡ ʚʽʜ 

ʧʨʠʩʪʨʦʾʚ ʧʝʨʝʜʘʯʽ ʜʘʥʠʭ ʽ ʨʝʘʣʽʟʫʻʪʴʩʷ ʧʨʦʛʨʘʤʥʦ [1]. SDN ï ʮʝ ʥʦʚʘ 

ʢʦʥʮʝʧʮʽʷ, ʷʢʘ ʤʘʻ ʥʘ ʤʝʪʽ ʟʥʷʪʠ ʬʫʥʢʮʽʾ ʧʣʦʱʠʥʠ ʫʧʨʘʚʣʽʥʥʷ ʟ ʤʝʨʝʞʝʚʠʭ 

ʧʨʠʩʪʨʦʾʚ ʽ ʨʦʟʤʽʩʪʠʪʠ ʾʭ ʫ ʩʧʝʮʽʘʣʽʟʦʚʘʥʦʤʫ, ʣʦʛʽʯʥʦ ʮʝʥʪʨʘʣʽʟʦʚʘʥʦʤʫ 

ʢʦʥʪʨʦʣʝʨʽ ʤʝʨʝʞʽ. ʎʝ ʜʘʻ ʧʝʨʝʚʘʛʫ ʚ ʩʧʨʦʱʝʥʥʽ ʢʦʥʬʽʛʫʨʘʮʽʾ ʤʝʨʝʞʽ ʪʘ 

ʜʦʪʨʠʤʘʥʥʷ ʧʨʘʚʠʣ. ʎʝ ʪʘʢʦʞ ʟʤʝʥʰʫʻ ʥʝʦʙʭʽʜʥʽ ʩʠʩʪʝʤʥʽ ʨʝʩʫʨʩʠ, ʦʩʢʽʣʴʢʠ 

ʚʦʥʠ ʙʽʣʴʰʝ ʥʝ ʧʦʪʨʽʙʥʽ ʜʣʷ ʟʘʧʫʩʢʫ ʬʫʥʢʮʽʡ ʧʣʦʱʠʥʠ ʫʧʨʘʚʣʽʥʥʷ [2].  

ɿʘʨʘʟ ʧʦʩʪʘʯʘʣʴʥʠʢʠ ʧʦʩʣʫʛ ʚʽʨʪʫʘʣʽʟʫʶʪʴ ʯʘʩʪʠʥʠ ʩʚʦʻʾ ʤʝʨʝʞʽ. ʊʘʢʠʡ 

ʧʽʜʭʽʜ ʽʩʪʦʪʥʦ ʚʧʣʠʚʘʻ ʥʘ ʨʽʰʝʥʥʷ ʜʣʷ ʘʥʘʣʽʟʫ ʪʘ ʦʮʽʥʢʠ ʧʘʨʘʤʝʪʨʽʚ 

ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ, ʱʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʨʦʙʦʪʠ ʤʝʨʝʞʽ. 

ʇʨʦʜʫʢʪʠʚʥʽʩʪʴ ʥʦʚʠʭ ʤʝʨʝʞ ʽʩʪʦʪʥʦ ʟʘʣʝʞʠʪʴ ʚʽʜ ʦʨʛʘʥʽʟʘʮʽʾ 

ʦʙʯʠʩʣʶʚʘʣʴʥʦʛʦ ʧʨʦʮʝʩʫ ʚ ʩʠʩʪʝʤʘʭ, ʱʦ ʟʘʙʝʟʧʝʯʫʶʪʴ ʾʭ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ. 

ʇʣʘʥʫʚʘʥʥʷ ʨʦʙʦʪʠ ʚʽʨʪʫʘʣʽʟʦʚʘʥʦʾ ʤʝʨʝʞʽ, ʷʢʘ ʟʘʙʝʟʧʝʯʫʻ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ 

ʛʽʙʨʠʜʥʠʭ ʽʥʬʦʨʤʘʮʽʡʥʦ-ʪʝʣʝʢʦʤʫʥʽʢʘʮʽʡʥʠʭ ʧʦʩʣʫʛ, ʟʘʙʝʟʧʝʯʫʻ ʫʤʦʚʥʦ 

ʥʝʩʢʽʥʯʝʥʥʠʡ ʦʙʯʠʩʣʶʚʘʣʴʥʠʡ ʨʝʩʫʨʩ [2].  

ɽʢʩʧʝʨʠʤʝʥʪʠ ʧʨʦʚʦʜʷʪʴʩʷ ʥʘ, ʚʽʨʪʫʘʣʴʥʦʤʫ ʪʝʩʪʦʚʦʤʫ ʩʪʝʥʜʽ ʥʘ ʦʩʥʦʚʽ 

Mininet [3] ʜʣʷ ʦʮʽʥʢʠ ʬʫʥʢʮʽʦʥʘʣʴʥʠʭ ʘʩʧʝʢʪʽʚ ʚʽʨʪʫʘʣʽʟʘʮʽʾ ʤʝʨʝʞʽ.ʋ ʚʩʽʭ 

ʝʢʩʧʝʨʠʤʝʥʪʘʭ ʢʦʥʪʨʦʣʝʨʦʤ OpenFlow ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ Floodlight [4], 

ʦʩʢʽʣʴʢʠ ʮʝ ʧʨʦʩʪʠʡ ʫ ʥʘʣʘʰʪʫʚʘʥʥʽ ʢʦʥʪʨʦʣʝʨ ʽ ʤʽʩʪʠʪʴ ʫʩʽ ʬʫʥʢʮʽʾ, 

ʥʝʦʙʭʽʜʥʽ ʜʣʷ ʝʢʩʧʝʨʠʤʝʥʪʫ ʟ ʪʝʩʪʦʚʘʥʠʤʠ ʤʝʨʝʞʘʤʠ. 
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ʈʠʩ.1. ʊʝʩʪʦʚʠʡ ʩʮʝʥʘʨʽʡ Mininet. 
 

ɻʨʘʬʽʯʥʠʡ ʽʥʪʝʨʬʝʡʩ Floodlight ʙʫʚ ʚʠʢʦʨʠʩʪʘʥʠʡ ʜʣʷ ʧʝʨʝʚʽʨʢʠ ʪʦʛʦ, 

ʱʦ ʛʽʧʝʨʚʽʟʦʨʠ ʤʝʨʝʞʽ ʚʠʩʪʘʚʣʷʣʠ ʧʨʘʚʠʣʴʥʝ ʧʦʜʘʥʥʷ ʚʽʨʪʫʘʣʴʥʦʾ ʤʝʨʝʞʽ 

ʢʦʥʪʨʦʣʝʨʘʤ ʦʨʝʥʜʠ. ʊʨʠ ʝʢʟʝʤʧʣʷʨʠ ʢʦʥʪʨʦʣʝʨʘ ʦʨʝʥʜʘʨʷ Floodlight ʙʫʣʠ 

ʩʪʚʦʨʝʥʽ ʚ ʧʦʨʪʘʭ 10000, 20000 ʪʘ 30000 ʜʣʷ ʫʧʨʘʚʣʽʥʥʷ ʤʝʨʝʞʘʤʠ A, B ʪʘ C 

ʚʽʜʧʦʚʽʜʥʦ. ɯʟʦʣʷʮʽʷ ʤʝʨʝʞʽ ʪʘʢʦʞ ʙʫʣʘ ʧʝʨʝʚʽʨʝʥʘ ʟ ʪʦʯʢʠ ʟʦʨʫ ʤʝʨʝʞʝʚʠʭ 

ʭʦʩʪʽʚ. 

ʊʘʙʣʠʮʷ 1. ʇʽʜʢʣʶʯʝʥʥʷ ʭʦʩʪʽʚ, ʚ 

Mininet.  

ɿʘ ʜʦʧʦʤʦʛʦʶ ʽʥʩʪʨʫʤʝʥʪʫ test_packets.py ʙʫʣʦ ʧʝʨʝʚʽʨʝʥʦ ʙʘʛʘʪʦ ʪʠʧʽʚ 

ʪʨʘʬʽʢʫ, ʱʦʙ ʦʮʽʥʠʪʠ, ʯʠ ʙʣʦʢʫʶʪʴ ʢʦʥʪʨʦʣʝʨʠ ʚʽʨʪʫʘʣʽʟʘʮʽʾ ʧʝʚʥʽ ʢʘʜʨʠ. 

ʋʟʘʛʘʣʴʥʝʥʽ ʨʝʟʫʣʴʪʘʪʠ ʥʘʚʝʜʝʥʽ ʚ ʪʘʙʣʠʮʽ ʪʘ ʢʣʘʩʠʬʽʢʦʚʘʥʽ ʥʘ ʰʽʩʪʴ ʨʽʟʥʠʭ 

ʢʘʪʝʛʦʨʽʡ. 

 






























































































































































































































































































































