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ʉʝʢʮʽʷ 3. ɹʝʟʧʨʦʚʦʜʦʚʽ ʪʝʭʥʦʣʦʛʽʾ,  
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IMPACT OF INNOVATIONS AND INFORMATION  

TECHNOLOGIES ON MODERN WAR  

 

The life cycle of weapons and the influence of modern innovations and technologies on 

their development (modernization) are considered. It is shown that the duration of the arms 

development cycle is constantly decreasing. It has been noted that the modern battlefield is 

increasingly becoming a battlefield of autonomous and remote-controlled drones. 
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ʦʜʥʦʯʘʩʥʦ ʧʨʦʭʦʜʷʪʴ ʜʝʩʷʪʢʠ, ʘ ʽʥʦʜʽ ʽ ʩʦʪʥʽ ʙʦʡʦʚʠʭ ʟʽʪʢʥʝʥʴ, ʨʦʟʥʝʩʝʥʠʭ ʫ 

ʧʨʦʩʪʦʨʽ ʽ ʯʘʩʽ. ɺ ʮʠʭ ʟʽʪʢʥʝʥʥʷʭ ʙʝʨʫʪʴ ʫʯʘʩʪʴ ʦʢʨʝʤʽ ʝʣʝʤʝʥʪʠ ʽ ʩʠʩʪʝʤʠ 
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ʟʽʪʢʥʝʥʴ (ʚʟʘʻʤʦʜʽʡ) ʷʚʣʷʻ ʩʦʙʦʶ ʜʦ ʧʝʚʥʦʾ ʤʽʨʠ ʚʠʧʘʜʢʦʚʫ ʚʝʣʠʯʠʥʫ, ʱʦ 

ʟʘʣʝʞʠʪʴ ʚʽʜ ʙʘʛʘʪʴʦʭ ʯʠʥʥʠʢʽʚ, ʟʦʢʨʝʤʘ ʟʘʭʠʱʝʥʦʩʪʽ ʫʯʘʩʥʠʢʽʚ ʟʽʪʢʥʝʥʴ, ʾʭ 
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ʫʯʘʩʥʠʢʽʚ ʢʦʞʥʦʾ ʟʽ ʩʪʦʨʽʥ ʟʽʪʢʥʝʥʥʷ ï ʝʬʝʢʪ ʜʠʬʝʨʝʥʮʽʡʥʠʭ ʨʽʚʥʷʥʴ 

ʃʘʥʯʝʩʪʝʨʘ), ʽ ʥʘʨʝʰʪʽ ʚʽʜ ʟʦʚʥʽʰʥʽʭ ʬʘʢʪʦʨʽʚ, ʷʢ ʪʦ ʧʦʛʦʜʥʽ ʪʘ ʬʽʟʠʢʦ-

ʛʝʦʛʨʘʬʽʯʥʽ ʫʤʦʚʠ, ʩʪʘʥ ʤʽʩʮʝʚʦʩʪʽ ʪʘ ʾʾ ʬʦʨʪʠʬʽʢʘʮʽʡʥʝ ʦʙʣʘʜʥʘʥʥʷ 

(ʥʘʷʚʥʽʩʪʴ ʰʣʷʭʽʚ ʧʦʩʪʘʯʘʥʥʷ, ʾʭ ʩʪʘʥ, ʩʪʘʥ ʪʘ ʩʢʣʘʜʥʽʩʪʴ ʩʠʩʪʝʤʠ ʫʢʨʽʧʣʝʥʴ, 

ʥʘʷʚʥʽʩʪʴ, ʱʽʣʴʥʽʩʪʴ ʪʘ ʧʨʦʪʷʞʥʽʩʪʴ ʤʽʥʥʠʭ ʧʦʣʽʚ, ʪʦʱʦ). ʊʦʤʫ ʤʦʞʝʤʦ 

ʛʦʚʦʨʠʪʠ ʪʽʣʴʢʠ ʧʨʦ ʤʘʪʝʤʘʪʠʯʥʝ ʦʯʽʢʫʚʘʥʥʷ ʥʘʩʣʽʜʢʽʚ ʢʦʥʬʣʽʢʪʥʦʾ ʚʟʘʻʤʦʜʽʾ 

ʜʚʦʭ ʩʢʣʘʜʥʠʭ ʩʠʩʪʝʤ ʨʽʟʥʦʛʦ ʩʢʣʘʜʫ ʽ ʨʦʟʤʽʨʥʦʩʪʽ. ʊʘʢ, ʚʠʭʦʜʷʯʠ ʟ ʥʘʷʚʥʦʾ 

ʽʥʬʦʨʤʘʮʽʾ, ʫʩʧʽʰʥʝ  ʟʘʩʪʦʩʫʚʘʥʥʷ FPV ʜʨʦʥʽʚ (ʪʦʙʪʦ ʫʨʘʞʝʥʥʷ ʥʠʤʠ 

ʚʠʙʨʘʥʠʭ ʦʧʝʨʘʪʦʨʦʤ ʮʽʣʝʡ) ʩʷʛʘʻ ʧʨʠʙʣʠʟʥʦ 30% [1]. ʊʦʙʪʦ ʫ ʥʘʰʽʡ 

çʧʦʣʴʦʚʽʡ ʣʘʙʦʨʘʪʦʨʽʾè ʪʽʣʴʢʠ ʚ ʪʨʴʦʭ ʙʦʡʦʚʠʭ ʟʽʪʢʥʝʥʥʷʭ ʟ ʜʝʩʷʪʠ 

ʟʘʩʪʦʩʫʚʘʥʥʷ FPV ʜʨʦʥʘ ʻ ʫʩʧʽʰʥʠʤ. ɯ ʮʝ ʻ ʨʝʟʫʣʴʪʘʪʦʤ ʙʘʛʘʪʴʦʭ ʫʤʦʚ, ʱʦ 

ʩʢʣʘʣʠʩʷ ʥʘ ʪʦʡ ʤʦʤʝʥʪ, ʘʣʝ ʧʝʨʰ ʟʘ ʚʩʝ ʪʝʭʥʦʣʦʛʽʯʥʦʩʪʽ ʦʟʙʨʦʻʥʥʷ, 

ʥʘʚʯʝʥʦʩʪʽ ʦʧʝʨʘʪʦʨʘ ʪʘ ʚʧʣʠʚʫ ʟʘʩʦʙʽʚ ʧʨʦʪʠʜʽʾ.  

ʗʢ ʧʦʢʘʟʫʻ ʜʦʩʚʽʜ ʩʫʯʘʩʥʠʭ ʚʦʻʥ, ʚʽʡʩʴʢʦʚʽ ʪʝʭʥʦʣʦʛʽʾ ʪʘ ʰʚʠʜʢʽʩʪʴ ʾʭ 

ʨʦʟʨʦʙʢʠ ʽ ʟʘʩʪʦʩʫʚʘʥʥʷ ʻ ʚʩʝ ʙʽʣʴʰ ʜʦʤʽʥʫʶʯʠʤʠ ʥʘ ʩʫʯʘʩʥʦʤʫ ʧʦʣʽ ʙʦʶ [2]. 

ʇʽʜ ʚʽʡʩʴʢʦʚʠʤʠ ʪʝʭʥʦʣʦʛʽʷʤʠ ʤʠ ʨʦʟʫʤʽʻʤʦ ʩʫʢʫʧʥʽʩʪʴ ʤʝʪʦʜʽʚ (ʩʧʦʩʦʙʽʚ) 

ʚʠʨʦʙʥʠʮʪʚʘ ʥʦʚʠʭ ʟʨʘʟʢʽʚ ʦʟʙʨʦʻʥʥʷ ʪʘ ʚʽʡʩʴʢʦʚʦʾ ʪʝʭʥʽʢʠ ʟ ʟʘʜʘʥʠʤʠ 

ʪʝʭʥʽʯʥʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ.  
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ʅʦʚʠʤ ʪʝʭʥʦʣʦʛʽʷʤ ʧʝʨʝʜʫʶʪʴ ʥʦʚʽ ʽʜʝʾ ï ʽʥʥʦʚʘʮʽʾ. ʇʽʜ ʚʽʡʩʴʢʦʚʠʤʠ 

ʽʥʥʦʚʘʮʽʷʤʠ ʙʫʜʝʤʦ ʨʦʟʫʤʽʪʠ ʚʪʽʣʝʥʥʷ ʥʘʫʢʦʚʦʛʦ ʚʽʜʢʨʠʪʪʷ, ʪʝʭʥʽʯʥʦʛʦ 

ʚʠʥʘʭʦʜʫ ʚ ʥʦʚʽʡ ʪʝʭʥʦʣʦʛʽʾ ʘʙʦ ʥʦʚʦʤʫ ʚʠʜʽ ʚʠʨʦʙʫ (ʁ. ʐʫʤʧʝʪʝʨ) ʟ ʤʝʪʦʶ 

ʨʦʟʨʦʙʢʠ ʪʘ ʚʠʨʦʙʥʠʮʪʚʘ ʥʦʚʦʾ ʟʙʨʦʾ. ɯʥʰʠʤʠ ʩʣʦʚʘʤʠ ʽʥʥʦʚʘʮʽʷ ï ʮʝ ʽʜʝʷ, 

ʷʢʘ ʙʘʟʫʻʪʴʩʷ ʥʘ ʥʦʚʠʭ ʥʘʫʢʦʚʠʭ ʟʥʘʥʥʷʭ ʟ ʤʝʪʦʶ ʾʭ ʧʨʘʢʪʠʯʥʦʛʦ 

ʟʘʩʪʦʩʫʚʘʥʥʷ ʫ ʚʽʡʩʴʢʦʚʽʡ ʩʧʨʘʚʽ. ɺʟʘʻʤʦʟʚôʷʟʦʢ ʤʽʞ ʽʥʥʦʚʘʮʽʷʤʠ, 

ʪʝʭʥʦʣʦʛʽʷʤʠ ʽ ʥʦʚʦʶ ʟʙʨʦʻʶ ʩʭʝʤʘʪʠʯʥʦ ʧʨʝʜʩʪʘʚʣʝʥʦ ʥʘ ʈʠʩ.1. 
 

 

ʈʠʩ.1. ɿʚôʷʟʦʢ ʤʽʞ ʽʥʥʦʚʘʮʽʷʤʠ, ʪʝʭʥʦʣʦʛʽʷʤʠ ʽ ʥʦʚʠʤʠ ʟʨʘʟʢʘʤʠ ʟʙʨʦʾ. 
 

ʅʘ ʈʠʩ.2 ʧʨʝʜʩʪʘʚʣʝʥʦ ʞʠʪʪʻʚʠʡ ʮʠʢʣ ʟʙʨʦʾ ʚʽʜ ʧʦʷʚʠ ʾʾ ʥʘ ʧʦʣʽ ʙʦʶ ʽ 

ʜʦ ʟʘʤʽʥʠ ʥʘ ʙʽʣʴʰ ʩʫʯʘʩʥʽ, ʘʙʦ ʤʦʜʝʨʥʽʟʦʚʘʥʽ ʘʥʘʣʦʛʠ.  
 

 
 

ʈʠʩ. 2.  ɾʠʪʪʻʚʠʡ ʮʠʢʣ ʟʙʨʦʾ ʧʦ ʘʥʘʣʦʛʽʾ ʟ ʙʽʟʥʝʩ-ʮʠʢʣʦʤ ʚ ʝʢʦʥʦʤʽʮʽ. 
 

ʗʢ ʚʠʜʥʦ ʟ ʈʠʩ. 2 ʧʝʨʽʦʜ ʨʦʩʪʫ ʝʬʝʢʪʠʚʥʦʩʪʽ ʥʘ ʧʦʣʽ ʙʦʶ, ʱʦ ʧʦʚ'ʷʟʘʥʠʡ 

ʟ ʦʩʚʦʻʥʥʷʤ ʥʦʚʦʾ ʟʙʨʦʾ ʽ ʚʽʜʧʨʘʮʶʚʘʥʥʷʤ ʥʦʚʠʭ ʪʘʢʪʠʢ ʾʾ ʟʘʩʪʦʩʫʚʘʥʥʷ ʚ 

ʙʦʶ, ʟʤʽʥʶʻʪʴʩʷ ʩʧʘʜʦʤ. ʉʧʘʜ ʧʦʚ'ʷʟʘʥʠʡ ʟ ʨʦʟʨʦʙʢʦʶ ʥʦʚʠʭ ʟʘʩʦʙʽʚ ʧʨʦʪʠʜʽʾ 

ʜʘʥʦʤʫ ʟʨʘʟʢʫ ʟʙʨʦʾ. ʅʦʚʘ ʭʚʠʣʷ ʨʦʩʪʫ ʚʽʜʙʫʚʘʻʪʴʩʷ ʟʘʚʜʷʢʠ ʤʦʜʝʨʥʽʟʘʮʽʾ ʘʙʦ 

ʨʦʟʨʦʙʮʽ ʥʦʚʦʛʦ ʟʨʘʟʢʘ, ʱʦ ʧʝʨʝʚʝʨʰʫʶʪʴ ʪʘʢʪʠʢʦ-ʪʝʭʥʽʯʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ʽʩʥʫʶʯʦʛʦ, ʘʙʦ ʞ ʩʪʚʦʨʝʥʥʶ ʧʨʠʥʮʠʧʦʚʦ ʥʦʚʦʛʦ ʟʨʘʟʢʘ, ʱʦ ʧʨʠʭʦʜʠʪʴ ʥʘ 

ʟʘʤʽʥʫ ʽʩʥʫʶʯʦʤʫ. ʇʨʠʢʣʘʜʘʤʠ ʧʝʨʝʭʦʜʫ ʥʘ ʧʨʠʥʮʠʧʦʚʦ-ʥʦʚʽ ʟʨʘʟʢʠ ʟʙʨʦʾ ʻ 

ʣʫʢ - ʛʚʠʥʪʽʚʢʘ, ʚʘʞʢʘ ʢʘʚʘʣʝʨʽʷ ï ʪʘʥʢ, ʛʝʣʽʢʦʧʪʝʨ ï ʤʫʣʴʪʠʢʦʧʪʝʨ, ʪʦʱʦ. 

ʇʨʠ ʮʴʦʤʫ ʟʥʠʞʫʻʪʴʩʷ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʚʘʨʪʦʩʪʽ ʟʨʘʟʢʘ ʜʦ ʡʦʛʦ ʙʦʡʦʚʦʛʦ 

ʧʦʪʝʥʮʽʘʣʫ: 
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(1) 

ʜʝ ʉi ï ʚʘʨʪʽʩʪʴ -̔ʛʦ ʟʨʘʟʢʘ-ʘʥʘʣʦʛʘ, Ɋ ̔ï ʙʦʡʦʚʠʡ ʧʦʪʝʥʮʽʘʣ ʟʨʘʟʢʘ. ʂʨʽʤ 

ʪʦʛʦ, ʟʤʝʥʰʫʻʪʴʩʷ ʽʥʪʝʨʚʘʣ ʯʘʩʫ, ʧʨʦʪʷʛʦʤ ʷʢʦʛʦ ʧʨʦʭʦʜʠʪʴ ʪʘʢʠʡ ʧʝʨʝʭʽʜ. 

ʊʘʢ ʧʝʨʝʭʽʜ ʚʽʜ ʣʫʢʘ ʜʦ ʛʚʠʥʪʽʚʢʠ ʟʘʡʥʷʚ  ʧʨʠʙʣʠʟʥʦ 13 ï 13,5 ʪʠʩʷʯ ʨʦʢʽʚ, 

ʧʝʨʝʭʽʜ ʚʽʜ ʚʘʞʢʦʾ ʢʘʚʘʣʝʨʽʾ ʜʦ ʪʘʥʢʽʚ ï ʧʨʠʙʣʠʟʥʦ 2,5 ʪʠʩʷʯʽ ʨʦʢʽʚ, ʘ ʚʽʜ 

ʛʝʣʽʢʦʧʪʝʨʘ ʜʦ ʜʠʩʪʘʥʮʽʡʥʦ-ʢʝʨʦʚʘʥʦʛʦ ʤʫʣʴʪʠʢʦʧʪʝʨʘ ï ʧʨʠʙʣʠʟʥʦ 80 ʨʦʢʽʚ.  

ʅʠʥʽ ʩʧʦʩʪʝʨʽʛʘʶʪʴʩʷ ʥʘʩʪʫʧʥʽ ʪʝʥʜʝʥʮʽʾ ʫ ʨʦʟʚʠʪʢʫ ʟʨʘʟʢʽʚ ʦʟʙʨʦʻʥʥʷ 

ʪʘ ʚʽʡʩʴʢʦʚʦʾ ʪʝʭʥʽʢʠ: ʽʥʪʝʣʝʢʪʫʘʣʽʟʘʮʽʷ, ʤʽʥʽʘʪʶʨʠʟʘʮʽʷ, ʟʥʠʞʝʥʥʷ 

ʧʦʤʽʪʥʦʩʪʽ, ʧʽʜʚʠʱʝʥʥʷ ʪʦʯʥʦʩʪʽ, ʤʦʞʣʠʚʽʩʪʴ ʤʘʩʦʚʦʛʦ ʚʠʨʦʙʥʠʮʪʚʘ, 

ʘʜʘʧʪʠʚʥʽ ʪʘ ʩʘʤʦʦʨʛʘʥʽʟʫʶʯʽ ʬʫʥʢʮʽʾ, ʟʥʠʞʝʥʥʷ ʝʥʝʨʛʦʻʤʥʦʩʪʽ, ʤʽʥʽʤʽʟʘʮʽʷ 

ʯʘʩʫ ʥʘ ʚʠʢʦʥʘʥʥʷ ʟʘʚʜʘʥʴ, ʧʽʜʚʠʱʝʥʥʷ ʩʪʽʡʢʦʩʪʽ ʜʦ ʚʧʣʠʚʫ ʬʘʢʪʦʨʽʚ ʧʦʣʷ 

ʙʦʶ [3,4].     

ʇʦʣʝ ʙʦʶ ʩʪʘʻ ʚʩʝ ʙʽʣʴʰ ʩʢʣʘʜʥʠʤ, ʰʚʠʜʢʦʧʣʠʥʥʠʤ, ʪʝʭʥʦʣʦʛʽʯʥʠʤ, ʟ 

ʧʝʨʝʭʦʜʦʤ ʜʦ ʜʦʤʽʥʫʚʘʥʥʷ ʘʚʪʦʥʦʤʥʠʭ ʪʘ ʜʠʩʪʘʥʮʽʡʥʦ-ʢʝʨʦʚʘʥʠʭ ʤʘʰʠʥ. 

ʃʶʜʠʥʽ ʥʘ ʪʘʢʦʤʫ ʧʦʣʽ ʙʦʶ ʚʩʝ ʙʽʣʴʰ ʩʢʣʘʜʥʦ ʚʠʞʠʪʠ. ɸʚʪʦʤʘʪʠʟʦʚʘʥʽ ʪʘ 

ʘʚʪʦʤʘʪʠʯʥʽ, ʜʠʩʪʘʥʮʽʡʥʦ-ʢʝʨʦʚʘʥʽ ʪʘ ʘʚʪʦʥʦʤʥʽ, ʟ ʝʣʝʤʝʥʪʘʤʠ ʰʪʫʯʥʦʛʦ 

ʽʥʪʝʣʝʢʪʫ ʙʝʟʣʶʜʥʽ ʤʘʰʠʥ ʪʘ ʩʠʩʪʝʤʠ ʰʚʠʜʢʦ ʚʠʪʽʩʥʷʶʪʴ ʣʶʜʠʥʫ ʟ ʧʦʣʷ 

ʙʦʶ. ʎʽ ʤʘʰʠʥʠ ʪʘ ʩʠʩʪʝʤʠ ʤʘʶʪʴ ʨʽʟʥʝ ʬʫʥʢʮʽʦʥʘʣʴʥʝ ʧʨʠʟʥʘʯʝʥʥʷ, ʽ 

ʧʦʚôʷʟʘʥʽ ʤʽʞ ʩʦʙʦʶ ʩʢʣʘʜʥʠʤʠ ʤʝʨʝʞʘʤʠ ʟʚôʷʟʢʫ ʜʣʷ ʢʝʨʫʚʘʥʥʷ ʪʘ ʦʙʤʽʥʫ 

ʽʥʬʦʨʤʘʮʽʻʶ.  

ʅʠʥʽ ʙʫʜʴ-ʷʢʘ ʚʠʩʦʢʦʪʝʭʥʦʣʦʛʽʯʥʘ ʩʠʩʪʝʤʘ ʦʟʙʨʦʻʥʥʷ ʬʘʢʪʠʯʥʦ ʻ 

ʨʦʟʧʦʜʽʣʝʥʦʶ ʤʝʨʝʞʝʶ ʟ ʧʽʜʩʠʩʪʝʤʘʤʠ ʟʙʦʨʫ ʽʥʬʦʨʤʘʮʽʾ, ʾʾ ʘʥʘʣʽʟʫ ʪʘ 

ʦʙʨʦʙʢʠ, ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʩʠʪʫʘʮʽʾ, ʧʽʜʪʨʠʤʢʠ ʧʨʠʡʥʷʪʪʷ ʫʧʨʘʚʣʽʥʩʴʢʠʭ 

ʨʽʰʝʥʴ, ʨʦʟʧʦʜʽʣʫ ʪʘ ʫʨʘʞʝʥʥʷ ʚʠʷʚʣʝʥʠʭ ʮʽʣʝʡ. ʆʩʥʦʚʥʠʤʠ ʢʨʠʪʝʨʽʷʤʠ 

ʦʧʪʠʤʘʣʴʥʦʩʪʽ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʪʘʢʠʭ ʩʠʩʪʝʤ ʻ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʚʘʨʪʦʩʪʽ ʜʦ 

ʙʦʡʦʚʦʛʦ ʧʦʪʝʥʮʽʘʣʫ (1) ʪʘ ʤʽʥʽʤʽʟʘʮʽʾ ʯʘʩʫ ʥʘ ʚʠʢʦʥʘʥʥʷ ʧʦʩʪʘʚʣʝʥʠʭ 

ʟʘʚʜʘʥʴ.  

ʄʘʩʦʚʘʥʝ ʚʧʨʦʚʘʜʞʝʥʥʷ ʥʦʚʠʭ, ʚʠʩʦʢʦʪʝʭʥʦʣʦʛʽʯʥʠʭ ʙʦʡʦʚʠʭ ʩʠʩʪʝʤ 

ʢʘʨʜʠʥʘʣʴʥʦ ʤʽʥʷʻ ʩʫʯʘʩʥʝ ʧʦʣʝ ʙʦʶ, ʩʪʘʚʣʷʯʠ ʥʦʚʽ ʧʠʪʘʥʥʷ ʧʦ 

ʦʧʪʠʤʘʣʴʥʦʤʫ ʨʽʚʥʶ ʾʭ ʘʜʘʧʪʠʚʥʦʩʪʽ ʪʘ ʩʘʤʦʦʨʛʘʥʽʟʘʮʽʾ, ʘʚʪʦʥʦʤʥʦʩʪʽ, 

ʩʪʨʫʢʪʫʨʽ ʪʘ ʬʫʥʢʮʽʷʤ ʦʢʨʝʤʠʭ ʝʣʝʤʝʥʪʽʚ ʪʘʢʠʭ ʩʠʩʪʝʤ ʚ ʨʘʤʢʘʭ ʻʜʠʥʦʾ 

ʛʣʦʙʘʣʴʥʦʾ ʚʽʡʩʴʢʦʚʦʾ ʤʝʨʝʞʽ, ʷʢʘ ʙʝʨʝ ʫʯʘʩʪʴ ʫ ʚʽʡʩʴʢʦʚʦʤʫ ʢʦʥʬʣʽʢʪʽ.   
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ʉOMPARISON OF THE EFFICIENCY OF BROADBAND  

AND NARROWBAND SIGNALS IN LOW ENERGY CONDITIONS  
 

In this paper considered a comparative analysis of effectiveness of the communication 

channel resource of broadband and narrowband signals.  

 

ʈʽʟʥʽ ʩʠʩʪʝʤʠ ʟʚ'ʷʟʢʫ ʜʣʷ ʧʝʨʝʜʘʯʽ ʜʠʩʢʨʝʪʥʠʭ ʽ ʙʝʟʧʝʨʝʨʚʥʠʭ 

ʧʦʚʽʜʦʤʣʝʥʴ, ʥʝʟʚʘʞʘʶʯʠ ʥʘ ʾʭ ʚʽʜʤʽʥʥʽʩʪʴ ʷʢ ʟʘ ʧʨʠʟʥʘʯʝʥʥʷʤ, ʪʘʢ ʽ ʟʘ 

ʩʧʦʩʦʙʘʤʠ ʨʝʘʣʽʟʘʮʽʾ, ʭʘʨʘʢʪʝʨʠʟʫʶʪʴʩʷ ʧʝʚʥʠʤʠ ʢʽʣʴʢʽʩʥʠʤʠ ʧʦʢʘʟʥʠʢʘʤʠ. 

ʆʩʥʦʚʥʠʤʠ ʟ ʥʠʭ ʻ ʰʚʠʜʢʽʩʪʴ ʽ ʜʦʩʪʦʚʽʨʥʽʩʪʴ ʧʝʨʝʜʘʯʽ ʽʥʬʦʨʤʘʮʽʾ.  

ɽʬʝʢʪʠʚʥʽʩʪʴ ʚʠʢʦʨʠʩʪʘʥʥʷ ʨʝʩʫʨʩʽʚ ʢʘʥʘʣʫ ʦʧʠʩʫʻ ʧʦʢʘʟʥʠʢ 

ʽʥʬʦʨʤʘʮʽʡʥʦʾ ʝʬʝʢʪʠʚʥʦʩʪʽ, ʷʢʠʡ ʷʚʣʷʻ ʩʦʙʦʶ ʚʽʜʥʦʰʝʥʥʷ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ 

ʜʦ ʧʨʦʧʫʩʢʥʦʾ ʟʜʘʪʥʦʩʪʽ ʢʘʥʘʣʫ ʟʚ'ʷʟʢʫ [1]. 

ʗʚʣʷʻ ʽʥʪʝʨʝʩ ʧʦʨʽʚʥʷʥʥʷ ʤʽʞ ʩʦʙʦʶ ʨʽʟʥʽ ʩʠʩʪʝʤʠ ʟʚ'ʷʟʢʫ ʧʦ ʤʽʨʽ 

ʝʬʝʢʪʠʚʥʦʩʪʽ ʚʠʢʦʨʠʩʪʘʥʥʷ ʥʠʤʠ ʦʩʥʦʚʥʠʭ ʨʝʩʫʨʩʽʚ ʢʘʥʘʣʫ ð ʧʦʪʫʞʥʦʩʪʽ 

ʩʠʛʥʘʣʫ ʽ ʟʘʡʤʘʥʦʾ ʩʤʫʛʠ ʯʘʩʪʦʪ ð ʽ ʜʦʩʷʛʥʫʪʦʾ ʧʨʠ ʮʴʦʤʫ ʧʨʦʧʫʩʢʥʦʾ 

ʟʜʘʪʥʦʩʪʽ ʽ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ [2]. 

ʅʘ ʨʠʩʫʥʢʫ 1 ʚʽʜʦʙʨʘʞʝʥʽ ʟʘʣʝʞʥʦʩʪʽ ʝʬʝʢʪʠʚʥʦʩʪʽ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʨʝʩʫʨʩʽʚ ʙʘʛʘʪʦʧʦʟʠʮʽʡʥʦʾ ʤʦʜʫʣʷʮʽʾ ʽ ʉʂʂ ʜʣʷ ʨʽʟʥʠʭ ʚʠʤʦʛ ʜʦ Pb.  

 
 

ʈʠʩ.  1. ʇʦʢʘʟʥʠʢʠ ʝʬʝʢʪʠʚʥʦʩʪʽ ʚʠʢʦʨʠʩʪʘʥʥʷ ʨʝʩʫʨʩʽʚ  

ʢʘʥʘʣʽʚ ʟ ʙʘʛʘʪʦʧʦʟʠʮʽʡʥʠʤʠ ʩʠʛʥʘʣʘʤʠ. 
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ɼʣʷ ʰʠʨʦʢʦʩʤʫʛʦʚʦʛʦ ʩʠʛʥʘʣʫ ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʜʦʩʪʦʚʽʨʥʦʩʪʽ 10
-6
 ʥʘ 

ʚʠʭʦʜʽ ʜʝʢʦʜʝʨʘ ʧʨʠ B=100 ʥʝʦʙʭʽʜʥʦ ʟʘʙʝʟʧʝʯʠʪʠ h2 = 19.8 ʜɹ, ʧʨʠ B=1000 ï 

h2 = 22.4 ʜɹ, ʘ ʧʨʠ B=10000 ï h
2
= 27 ʜɹ. ʎʝ ʧʦʷʩʥʶʻʪʴʩʷ ʪʠʤ, ʱʦ ʧʦʪʫʞʥʽʩʪʴ 

ʟʘʚʘʜ ʚ ʩʤʫʟʽ ʯʘʩʪʦʪ F ʧʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ ʐʉʉ ʥʘʢʦʧʠʯʫʻʪʴʩʷ ʚ ʮʽʡ ʩʤʫʟʽ ʚ B 

ʨʘʟ ʙʽʣʴʰʝ ʰʫʤʽʚ ʚ ʧʦʨʽʚʥʷʥʥʽ ʟʽ ʩʤʫʛʦʶ  ɺʉʉ.  

ɺʠʢʦʨʠʩʪʘʥʥʷ ʐʉʉ ʟʤʽʥʶʻ ʧʽʜʭʽʜ ʜʦ ʜʠʥʘʤʽʢʠ ʚʟʘʻʤʦʟʘʣʝʞʥʦʩʪʽ 

ʯʘʩʪʦʪʥʦʾ ʪʘ ʝʥʝʨʛʝʪʠʯʥʦʾ ʝʬʝʢʪʠʚʥʦʩʪʽ: ʟ ʟʨʦʩʪʘʥʥʷʤ B ʧʦʛʽʨʰʫʻʪʴʩʷ 

ʽʥʬʦʨʤʘʮʽʡʥʘ ʝʬʝʢʪʠʚʥʽʩʪʴ ɖ ʪʘ ʘ ʝʥʝʨʛʝʪʠʯʥʘ ʝʬʝʢʪʠʚʥʽʩʪʴ ɓ, ʘ ʯʘʩʪʦʪʥʘ 

ʝʬʝʢʪʠʚʥʽʩʪʴ ɔ ʉʇɯ ʟʘʣʠʰʘʻʪʴʩʷ ʥʝʟʤʽʥʥʦʶ.  

ʅʘʡʙʽʣʴʰʘ ʟʤʽʥʘ ʫʟʘʛʘʣʴʥʝʥʦʾ ʝʬʝʢʪʠʚʥʦʩʪʽ ɖ ʤʘʻ ʤʽʩʮʝ ʧʨʠ ʧʝʨʝʭʦʜʽ 

ʚʽʜ BPSK ʜʦ ʐʉʉ ʧʨʠ ʟʥʘʯʝʥʥʽ ʙʘʟʠ B=100 (ʚʽʜ ʟʥʘʯʝʥʥʷ ɖ = 0,3 ʜʦ ɖ = 0,2). 

ʗʩʢʨʘʚʦ ʚʠʨʘʞʝʥʘ ʪʝʥʜʝʥʮʽʷ ʚʠʪʨʘʪʠ ʝʥʝʨʛʝʪʠʯʥʦʛʦ ʨʝʩʫʨʩʫ ʜʣʷ 

ʟʘʙʝʟʧʝʯʝʥʥʷ ʙʽʣʴʰ ʚʠʩʦʢʦʾ ʜʦʩʪʦʚʽʨʥʦʩʪʽ. ɺ ʦʜʠʥʠʮʷʭ ʧʦʢʘʟʥʠʢʘ 

ʝʥʝʨʛʝʪʠʯʥʦʾ ʝʬʝʢʪʠʚʥʦʩʪʽ ʜʽʘʧʘʟʦʥ -8...-12 ʜɹ ʜʣʷ BPSK ʧʨʠ ʜʠʥʘʤʽʮʽ 

ʜʦʩʷʞʥʦʾ ʜʦʩʪʦʚʽʨʥʦʩʪʽ 10
-3
...10

-7
, ʜʣʷ B=100: -16,5...-19,5  ʜɹ, B=10000: -

21,5...-23 ʜɹ. 

ʈʘʟʦʤ ʟ ʪʠʤ, ʥʦʚʠʤ ʻ ʥʘʦʯʥʝ ʚʽʜʦʙʨʘʞʝʥʥʷ ʪʝʥʜʝʥʮʽʾ ʧʦʛʽʨʰʝʥʥʷ 

ʫʟʘʛʘʣʴʥʝʥʠʭ ʧʦʢʘʟʥʠʢʽʚ ʽʥʬʦʨʤʘʮʽʡʥʦʾ ʝʬʝʢʪʠʚʥʦʩʪʽ ʧʨʠ ʧʦʢʨʘʱʝʥʥʽ 

ʜʦʩʪʦʚʽʨʥʦʩʪʽ ʩʠʛʥʘʣʽʚ BPSK ʪʘ ʐʉʉ. ʄʦʞʥʘ ʙʘʯʠʪʠ, ʱʦ ʧʨʠ ʧʦʢʨʘʱʝʥʥʽ 

ʜʦʩʪʦʚʽʨʥʦʩʪʽ, ʽʥʬʦʨʤʘʮʽʡʥʠʡ ʧʦʢʘʟʥʠʢ ɖ ʩʫʪʪʻʚʦ ʟʤʝʥʰʫʻʪʴʩʷ ʥʘ ʬʦʥʽ 

ʟʥʘʯʥʦʛʦ ʧʦʛʽʨʰʝʥʥʷ ʝʥʝʨʛʝʪʠʯʥʦʾ ʝʬʝʢʪʠʚʥʦʩʪʽ ɓ ʧʨʽ ʧʨʘʢʪʠʯʥʽʡ 

ʩʪʘʙʽʣʴʥʦʩʪʽ ʧʦʢʘʟʥʠʢʘ ʯʘʩʪʦʪʥʦʾ ʝʬʝʢʪʠʚʥʦʩʪʽ ɔ. 

 
ʈʠʩ.  2. ʇʦʢʘʟʥʠʢʠ ʝʬʝʢʪʠʚʥʦʩʪʽ ʚʠʢʦʨʠʩʪʘʥʥʷ  

ʨʝʩʫʨʩʽʚ ʢʘʥʘʣʽʚ ʟ ʐʉʉ ʪʘ ɺʉʉ ʌʄ ʟ ʝʢʚʽʚʘʣʝʥʪʥʦʶ 

ʧʦʪʫʞʥʽʩʪʶ. 

 

ɿʙʽʣʴʰʝʥʥʷ ʧʦʟʠʮʽʡ-

ʥʦʩʪʽ ʄ ʩʠʛʥʘʣʽʚ QAM-ʄ 

ʟʤʽʥʶʻ ʧʽʜʭʽʜ ʜʦ ʜʠʥʘʤʽʢʠ 

ʚʟʘʻʤʦʟʘʣʝʞʥʦʩʪʽ ʯʘʩʪʦʪ-

ʥʦʾ ʪʘ ʝʥʝʨʛʝʪʠʯʥʦʾ 

ʝʬʝʢʪʠʚʥʦʩʪʽ: ʟ ʟʨʦʩʪʘʥʥʷʤ 

ʄ ʧʦʢʨʘʱʫʻʪʴʩʷ ʽʥʬʦʨʤʘ-

ʮʽʡʥʘ ʝʬʝʢʪʠʚʥʽʩʪʴ ɖ, 

ʯʘʩʪʦʪʥʘ ʝʬʝʢʪʠʚʥʽʩʪʴ ɔ 

ʉʇɯ, ʘ ʪʘʢʦʞ ʝʥʝʨʛʝʪʠʯʥʘ 

ʝʬʝʢʪʠʚʥʽʩʪʴ ɓ.  

ʅʘʡʙʽʣʴʰʘ ʟʤʽʥʘ 

ʫʟʘʛʘʣʴʥʝʥʦʾ ʝʬʝʢʪʠʚʥʦʩʪʽ 

ɖ ʤʘʻ ʤʽʩʮʝ ʧʨʠ ʧʝʨʝʭʦʜʽ 

ʚʽʜ QPSK ʜʦ QAM-16 (ʚʽʜ 

ʟʥʘʯʝʥʥʷ ɖ = 0,3 ʜʦ ʟʥʘʯʝʥʴ 

ɖ = 0,5...0,6).  

ʗʩʢʨʘʚʦ ʚʠʨʘʞʝʥʘ ʪʝʥʜʝʥʮʽʷ ʚʠʪʨʘʪʠ ʝʥʝʨʛʝ-ʪʠʯʥʦʛʦ ʨʝʩʫʨʩʫ ʜʣʷ 

ʟʘʙʝʟʧʝʯʝʥʥʷ ʙʽʣʴʰ ʚʠʩʦʢʦʾ ʜʦʩʪʦʚʽʨʥʦʩʪʽ. ɺ ʦʜʠʥʠʮʷʭ ʧʦʢʘʟʥʠʢʘ 

ʝʥʝʨʛʝʪʠʯʥʦʾ ʝʬʝʢʪʠʚʥʦʩʪʽ ʜʽʘʧʘʟʦʥ -8...-11 ʜɹ ʜʣʷ QPSK ʧʨʠ ʜʠʥʘʤʽʮʽ 

ʜʦʩʷʞʥʦʾ ʜʦʩʪʦʚʽʨʥʦʩʪʽ 10-3...10-7, ʜʣʷ QAM-16 ï ʮʝ -7...-8,5 ʜɹ. 
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ɿʘʚʜʷʢʠ ʜʦʜʘʪʢʦʚʽʡ ʰʢʘʣʽ ʘʙʩʦʣʶʪʥʠʭ ʝʥʝʨʛʝʪʠʯʥʠʭ ʨʝʩʫʨʩʽʚ (h
2
 = Q) 

ʤʦʞʥʘ ʦʮʽʥʠʪʠ ʜʽʘʧʘʟʦʥ ʜʦʩʪʦʚʽʨʥʦʩʪʽ ʜʣʷ QPSK ʧʦʚ'ʷʟʘʥʠʡ ʟ ʝʥʝʨʛʝʪʠʯʥʠʤ 

ʨʝʩʫʨʩʦʤ ʢʘʥʘʣʫ ʟʚ'ʷʟʢʫ h
2
 = 7...15 ʜɹ, ʘ ʜʣʷ QAM-16 ï ʮʝ h

2
 = 15...20 ʜɹ. 

ʆʪʞʝ, ʚʝʣʠʢʘ ʩʫʢʫʧʥʘ ʝʬʝʢʪʠʚʥʽʩʪʴ ʩʠʛʥʘʣʽʚ ʟ ʚʝʣʠʢʠʤ ʟʥʘʯʝʥʥʷʤ ʄ 

ʚʠʤʘʛʘʻ ʙʽʣʴʰʦʾ ʧʦʪʫʞʥʦʩʪʽ ʩʠʛʥʘʣʫ ʚ ʪʦʯʮʽ ʧʨʠʡʦʤʫ [3].  

ɿʘʩʪʦʩʫʚʘʥʥʷ ʥʦʚʦʾ ʤʦʜʠʬʽʢʦʚʘʥʦʾ ʰʢʘʣʠ ʝʬʝʢʪʠʚʥʦʩʪʽ ʜʦʟʚʦʣʷʻ 

ʧʨʦʚʝʩʪʠ ʢʦʤʧʣʝʢʩʥʫ ʦʮʽʥʢʫ ʩʠʩʪʝʤʠ ʟʘ ʧʦʢʘʟʥʠʢʘʤʠ ʯʘʩʪʦʪʥʦʾ, ʝʥʝʨʛʝʪʠʯʥʦʾ 

ʪʘ ʫʟʘʛʘʣʴʥʝʥʦʾ (ʽʥʬʦʨʤʘʮʽʡʥʦʾ) ʝʬʝʢʪʠʚʥʦʩʪʽ, ʘ ʪʘʢʦʞ ʟʘ ʧʦʢʘʟʥʠʢʦʤ 

ʟʘʜʽʷʥʦʛʦ ʝʥʝʨʛʝʪʠʯʥʦʛʦ ʨʝʩʫʨʩʫ h
2
. 

ʇʨʠ ʮʴʦʤʫ ʤʦʜʠʬʽʢʦʚʘʥʘ ʰʢʘʣʘ ʝʬʝʢʪʠʚʥʦʩʪʽ ʜʦʟʚʦʣʷʻ ʢʦʤʧʣʝʢʩʥʦ 

ʦʮʽʥʠʪʠ ʯʘʩʪʦʪʥʫ ʪʘ ʝʥʝʨʛʝʪʠʯʥʫ ʝʬʝʢʪʠʚʥʽʩʪʴ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʙʘʛʘʪʦʧʦʟʠʮʽʡʥʦʾ ʤʘʥʽʧʫʣʷʮʽʾ ʪʘ ʟʘʚʘʜʦʩʪʽʡʢʦʛʦ ʢʦʜʫʚʘʥʥʷ. ʊʘʢʠʡ ʩʧʦʩʽʙ 

ʦʮʽʥʢʠ ʨʦʟʰʠʨʶʻ ʩʧʝʢʪʨ ʧʦʰʫʢʫ ʦʧʪʠʤʘʣʴʥʠʭ ʟʘ ʚʽʜʥʦʩʥʠʤ ʢʨʠʪʝʨʽʷʤ 

ʝʥʝʨʛʝʪʠʯʥʦʾ ʽ ʯʘʩʪʦʪʥʦʾ ʝʬʝʢʪʠʚʥʦʩʪʽ ʩʠʩʪʝʤ ʧʝʨʝʜʘʯʽ, ʘ ʪʘʢʦʞ ʘʙʩʦʣʶʪʥʠʤ 

ʝʥʝʨʛʝʪʠʯʥʠʤ ʧʦʢʘʟʥʠʢʦʤ h
2
, ʦʩʢʽʣʴʢʠ ʟʘʙʝʟʧʝʯʫʻ ʚʝʣʠʢʽ ʤʦʞʣʠʚʦʩʪʽ 

ʚʘʨʽʶʚʘʥʥʷ ʧʘʨʘʤʝʪʨʘʤʠ ʜʣʷ ʜʦʩʷʛʥʝʥʥʷ ʤʘʢʩʠʤʘʣʴʥʦʾ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ ʧʨʠ 

ʤʽʥʽʤʘʣʴʥʠʭ ʚʠʪʨʘʪʘʭ ʨʝʩʫʨʩʽʚ ʢʘʥʘʣʫ ʟʚ'ʷʟʢʫ. 

ɺʠʩʥʦʚʢʠ: ʄʝʪʦʜʠʢʘ ʜʦʟʚʦʣʷʻ ʦʮʽʥʠʪʠ ʝʬʝʢʪʠʚʥʽʩʪʴ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʨʝʩʫʨʩʽʚ ʢʘʥʘʣʽʚ ʟʚôʷʟʢʫ ʟ ʙʘʛʘʪʦʧʦʟʠʮʽʡʥʦʶ ʤʘʥʽʧʫʣʷʮʽʻʶ ʪʘ ʟʘʚʘʜʦʩʪʽʡʢʠʤ 

ʢʦʜʫʚʘʥʥʷʤ, ʘ ʪʘʢʦʞ ʢʽʣʴʢʽʩʥʦ ʦʮʽʥʠʪʠ ʚʠʪʨʘʪʠ ʥʘ ʨʝʘʣʽʟʘʮʽʶ ʟʘʭʦʜʽʚ ʱʦʜʦ 

ʧʽʜʚʠʱʝʥʥʷ ʜʦʩʪʦʚʽʨʥʦʩʪʽ ʘʙʦ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ ʫ ʚʠʤʽʨʽ ʟʘʧʨʦʧʦʥʦʚʘʥʠʭ 

ʧʦʢʘʟʥʠʢʽʚ. ʊʘʢʠʡ ʩʧʦʩʽʙ ʦʮʽʥʢʠ ʨʦʟʰʠʨʶʻ ʩʬʝʨʫ ʧʦʰʫʢʫ ʦʧʪʠʤʘʣʴʥʠʭ 

ʩʠʩʪʝʤ ʧʝʨʝʜʘʯʽ, ʦʩʢʽʣʴʢʠ ʚʨʘʭʦʚʫʻ ʤʦʞʣʠʚʦʩʪʽ ʚʘʨʽʶʚʘʥʥʷ ʧʘʨʘʤʝʪʨʘʤʠ 

ʩʠʛʥʘʣʽʚ ʚ ʢʘʥʘʣʘʭ ʟʚôʷʟʢʫ ʚ ʰʠʨʦʢʦʤʫ ʜʽʘʧʘʟʦʥʽ ʟʥʘʯʝʥʴ.  

ʐʠʨʦʢʦʩʤʫʛʦʚʽ ʩʠʛʥʘʣʠ, ʥʝ ʟʘʙʝʟʧʝʯʫʶʪʴ ʢʨʘʱʦʾ ʜʦʩʪʦʚʽʨʥʦʩʪʽ ʪʘ 

ʧʨʦʛʨʘʶʪʴ ʚ ʽʥʬʦʨʤʘʮʽʡʥʽʡ ʝʬʝʢʪʠʚʥʦʩʪʽ ɖ ʪʘ ʘ ʝʥʝʨʛʝʪʠʯʥʽʡ ʝʬʝʢʪʠʚʥʦʩʪʽ ɓ, 

ʧʨʠ ʥʝʟʤʽʥʥʽʡ ʯʘʩʪʦʪʥʽʡ ʝʬʝʢʪʠʚʥʦʩʪʽ ɔ. ʗʢʱʦ ʐʉʉ ʤʘʻ ʦʙʤʝʞʝʥʥʷ ʚ ʨʝʩʫʨʩʽ 

(ʦʙʤʝʞʝʥʘ ʝʥʝʨʛʽʷ ʩʠʛʥʘʣʫ), ʪʦ ʚʦʥʠ ʚʝʜʫʪʴ ʜʦ ʚʪʨʘʪʠ ʟʘʚʘʜʦʩʪʽʡʢʦʩʪʽ ʘʙʦ 

ʨʦʟʪʨʘʪʠ ʨʝʩʫʨʩʫ, ʱʦʙ ʚʽʜʥʦʚʠʪʠ ʚʠʭʽʜʥʫ ʜʦʩʪʦʚʽʨʥʽʩʪʴ. ɿʘʩʦʙʦʤ, ʱʦ 

ʜʦʟʚʦʣʷʻ ʧʽʜʚʠʱʠʪʠ ʜʦʩʪʦʚʽʨʥʽʩʪʴ ʧʨʠʡʦʤʫ ʻ ʟʘʚʘʜʦʩʪʽʡʢʝ ʢʦʜʫʚʘʥʥʷ, ʦʜʥʘʢ 

ʜʝʢʦʜʝʨ ʥʝ ʤʦʞʝ ʨʦʟʨʽʟʥʷʪʠ ʩʧʦʩʽʙ ʦʙʨʦʙʢʠ ʩʠʛʥʘʣʫ ʜʦ ʡʦʛʦ ʚʭʦʜʫ, ʪʦʤʫ ʧʨʠ 

ʨʽʚʥʽʡ ʝʥʝʨʛʝʪʠʮʽ ʽ ʦʜʥʘʢʦʚʽʡ ʰʚʠʜʢʦʩʪʽ ʩʠʤʚʦʣʽʚ ʜʞʝʨʝʣʘ, ɺʉʉ ʤʘʶʪʴ 

ʧʝʨʝʚʘʛʫ ʽ ʥʘ ʮʴʦʤʫ ʝʪʘʧʽ ʦʙʨʦʙʢʠ ʩʠʛʥʘʣʽʚ. 
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ARTIFICIAL  INTELLIGENCE  IN THE  

FIELD  OF ELECTRONIC  COMMUNICATIONS  

 

Information and communication technologies are developing rapidly, changing the way we 

interact with the technological world. One of the most relevant areas of development of 

information and communication technologies is artificial intelligence, which has significant 

potential for transforming industries, improving people's lives, creating new jobs, solving 

complex problems and stimulating economic growth.  

The material was prepared for students, teachers and engineers based on the news digest of 

the Educational and Research Institute of Telecommunication Systems. 

 

ʅʘʚʯʘʣʴʥʦ-ʥʘʫʢʦʚʠʡ ʽʥʩʪʠʪʫʪ ʪʝʣʝʢʦʤʫʥʽʢʘʮʽʡʥʠʭ ʩʠʩʪʝʤ ʂʇɯ ʽʤʝʥʽ 

ɯʛʦʨʷ ʉʽʢʦʨʩʴʢʦʛʦ ʘʢʪʠʚʥʦ ʽʥʬʦʨʤʫʻ ʩʪʫʜʝʥʪʽʚ ʪʘ ʚʠʢʣʘʜʘʯʽʚ ʧʨʦ ʥʦʚʠʥʠ ʚ 

ʩʬʝʨʽ ʝʣʝʢʪʨʦʥʥʠʭ ʢʦʤʫʥʽʢʘʮʽʡ ʯʝʨʝʟ ʪʝʣʝʛʨʘʤ ʢʘʥʘʣ ɼʝʢʘʥʘʪ ʪʘ ʩʘʡʪ 

ʽʥʩʪʠʪʫʪʫ. ʎʝ ʜʦʧʦʤʘʛʘʻ ʩʪʫʜʝʥʪʘʤ ʪʘ ʚʩʽʤ ʟʘʮʽʢʘʚʣʝʥʠʤ ʦʩʦʙʘʤ ʙʫʪʠ ʚ ʢʫʨʩʽ 

ʦʩʪʘʥʥʽʭ ʪʝʥʜʝʥʮʽʡ, ʧʦʜʽʡ ʽ ʨʦʟʚʠʪʢʫ ʮʽʻʾ ʚʘʞʣʠʚʦʾ ʛʘʣʫʟʽ. ʊʘʢʠʡ ʧʽʜʭʽʜ 

ʩʧʨʠʷʻ ʟʙʘʛʘʯʝʥʥʶ ʟʥʘʥʴ ʩʪʫʜʝʥʪʽʚ ʪʘ ʧʽʜʚʠʱʝʥʥʶ ʟʘʛʘʣʴʥʦʾ ʦʙʽʟʥʘʥʦʩʪʽ. 

ɿʘ ʧʝʨʽʦʜ ʩʪʚʦʨʝʥʥʷ ʥʦʚʠʥ ʽʥʬʦʪʝʣʝʢʦʤʫ ʙʫʣʦ ʦʧʫʙʣʽʢʦʚʘʥʦ: 1852 

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

ʥʦʚʠʥ; ʫ 2023 ʨʦʮʽ ï 428 ʥʦʚʠʥ, ʘ ʟ ʧʦʯʘʪʢʫ 2024 ʨʦʢʫ ï 146 ʥʦʚʠʥ. 

ʆʩʪʘʥʥʽʡ ʯʘʩ ʪʝʤʘ ʰʪʫʯʥʦʛʦ ʽʥʪʝʣʝʢʪʫ (ʐɯ) ʩʪʘʣʘ ʜʫʞʝ ʘʢʪʫʘʣʴʥʦʶ ʚ 

ʩʫʯʘʩʥʦʤʫ ʩʚʽʪʽ ʟʘʚʜʷʢʠ ʩʪʨʽʤʢʦʤʫ ʨʦʟʚʠʪʢʫ ɯʊ-ʩʬʝʨʠ, ʧʦʷʚʽ ʥʦʚʠʭ ʧʝʨʝʜʦʚʠʭ 

ʪʝʭʥʦʣʦʛʽʡ ʪʘ ʧʨʘʛʥʝʥʥʶ ʚʜʦʩʢʦʥʘʣʶʚʘʪʠ, ʤʦʜʝʨʥʽʟʫʚʘʪʠ ʪʘ ʘʚʪʦʤʘʪʠʟʫʚʘʪʠ 

ʩʫʯʘʩʥʝ ʞʠʪʪʷ.  

ʇʦʥʷʪʪʷ ʰʪʫʯʥʦʛʦ ʽʥʪʝʣʝʢʪʫ ʚʠʥʠʢʣʦ ʱʝ ʚ ʩʝʨʝʜʠʥʽ XX ʩʪʦʣʽʪʪʷ, ʽ ʟ ʪʠʭ 

ʧʽʨ ʽʜʝʷ ʨʦʟʚʠʪʢʫ ʩʠʩʪʝʤ, ʟʜʘʪʥʠʭ ʜʦ ʩʘʤʦʥʘʚʯʘʥʥʷ, ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʴ ʪʘ 

ʚʠʢʦʥʘʥʥʷ ʟʘʚʜʘʥʴ, ʚʞʝ ʙʫʣʘ ʧʨʝʜʤʝʪʦʤ ʜʦʩʣʽʜʞʝʥʴ ʽʥʞʝʥʝʨʽʚ ʪʘ ʥʘʫʢʦʚʮʽʚ. 

ʇʨʦʪʷʛʦʤ ʦʩʪʘʥʥʽʭ ʜʝʩʷʪʠʣʽʪʴ ʰʪʫʯʥʠʡ ʽʥʪʝʣʝʢʪ ʧʝʨʝʞʠʚʘʚ ʧʝʨʽʦʜʠ 

ʧʽʜʥʝʩʝʥʥʷ ʪʘ ʩʧʘʜʫ ʟʘ ʽʥʪʝʨʝʩʦʤ, ʘʣʝ ʩʘʤʝ ʚ ʦʩʪʘʥʥʽ ʨʦʢʠ ʚʽʥ ʩʪʘʚ ʦʩʦʙʣʠʚʦ 

ʘʢʪʫʘʣʴʥʠʤ ʟʘʚʜʷʢʠ ʧʦʻʜʥʘʥʥʶ ʧʝʨʝʜʦʚʠʭ ʦʙʯʠʩʣʶʚʘʣʴʥʠʭ ʤʦʞʣʠʚʦʩʪʝʡ, 

ʨʦʟʚʠʪʢʫ ʘʣʛʦʨʠʪʤʽʚ ʤʘʰʠʥʥʦʛʦ ʥʘʚʯʘʥʥʷ ʪʘ ʥʝʡʨʦʥʥʠʭ ʤʝʨʝʞ, ʘ ʪʘʢʦʞ 

ʜʦʩʪʫʧʥʦʩʪʽ ʚʝʣʠʢʦʛʦ ʦʙʩʷʛʫ ʜʘʥʠʭ ʜʣʷ ʘʥʘʣʽʟʫ. ʊʝʨʤʽʥ "ʰʪʫʯʥʠʡ ʽʥʪʝʣʝʢʪ" 

ʙʫʚ ʚʚʝʜʝʥʠʡ ɼʞ. ʄʘʢʢʘʨʪʽ, ʷʢʠʡ ʻ ʣʘʫʨʝʘʪʦʤ ʧʨʝʤʽʾ ʊʴʶʨʽʥʛʘ ʟʘ ʩʚʽʡ ʚʥʝʩʦʢ 

ʫ ʜʦʩʣʽʜʞʝʥʥʷ ʚ ʛʘʣʫʟʽ ʐɯ. ɺʽʥ ʚʠʟʥʘʯʠʚ ʐɯ ʷʢ "ʩʧʦʩʽʙ ʟʨʦʙʠʪʠ ʢʦʤʧ'ʶʪʝʨ 

ʘʙʦ ʧʨʦʛʨʘʤʫ, ʟʜʘʪʥʫ ʤʠʩʣʠʪʠ ʪʘʢ ʩʘʤʦ ʨʦʟʫʤʥʦ, ʷʢ ʣʶʜʠʥʘ". ʅʘʧʨʠʢʣʘʜ, 

ʚʯʝʥʽ ʚ ʛʘʣʫʟʽ ʪʝʦʨʽʾ ʦʙʯʠʩʣʝʥʴ, ʪʘʢʽ ʷʢ ɹʘʨʨ ʪʘ ʌʘʡʛʝʥʙʘʫʤ, ʨʦʟʛʣʷʜʘʶʪʴ ʐɯ 

ʷʢ ʛʘʣʫʟʴ ʽʥʬʦʨʤʘʪʠʢʠ, ʱʦ ʟʘʡʤʘʻʪʴʩʷ ʨʦʟʨʦʙʢʦʶ ʽʥʪʝʣʝʢʪʫʘʣʴʥʠʭ 

ʢʦʤʧ'ʶʪʝʨʥʠʭ ʩʠʩʪʝʤ, ʷʢʽ ʤʘʶʪʴ ʤʦʞʣʠʚʦʩʪʽ, ʪʨʘʜʠʮʽʡʥʦ ʧʦʚ'ʷʟʘʥʽ ʟ 
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ʣʶʜʩʴʢʠʤ ʨʦʟʫʤʦʤ - ʨʦʟʫʤʽʥʥʷ ʤʦʚʠ, ʥʘʚʯʘʥʥʷ, ʟʜʘʪʥʽʩʪʴ ʤʠʩʣʠʪʠ ʪʘ 

ʨʦʟʚ'ʷʟʫʚʘʪʠ ʧʨʦʙʣʝʤʠ ʪʘ ʽʥʰʝ. 

ɯʥʪʝʨʝʩ ʜʦ ʰʪʫʯʥʦʛʦ ʽʥʪʝʣʝʢʪʫ ʟʨʦʩʪʘʻ ʟ ʢʦʞʥʠʤ ʜʥʝʤ, ʽ ʮʝ ʩʪʘʻ 

ʧʦʤʽʪʥʠʤ ʷʚʠʱʝʤ ʫ ʚʩʴʦʤʫ ʩʚʽʪʽ. ʇʝʨʝʜʦʚʽ ʢʨʘʾʥʠ ʚʢʣʘʜʘʶʪʴ ʚʝʣʠʯʝʟʥʽ 

ʨʝʩʫʨʩʠ ʚ ʜʦʩʣʽʜʞʝʥʥʷ ʪʘ ʨʦʟʨʦʙʢʠ ʚ ʛʘʣʫʟʽ ʰʪʫʯʥʦʛʦ ʽʥʪʝʣʝʢʪʫ, ʟʤʘʛʘʶʯʠʩʴ 

ʤʽʞ ʩʦʙʦʶ ʚ ʥʦʚʠʭ ʽʥʥʦʚʘʮʽʷʭ ʪʘ ʧʨʦʻʢʪʘʭ, ʟʦʩʝʨʝʜʞʫʶʯʠʩʴ ʥʘ ʨʦʟʨʦʙʮʽ 

ʥʦʚʠʭ ʪʝʭʥʦʣʦʛʽʡ, ʷʢʽ ʤʦʞʫʪʴ ʟʘʩʪʦʩʦʚʫʚʘʪʠʩʷ ʚ ʨʽʟʥʠʭ ʛʘʣʫʟʷʭ, ʪʘʢʠʭ ʷʢ 

ʤʝʜʠʮʠʥʘ, ʪʨʘʥʩʧʦʨʪ, ʦʩʚʽʪʘ, ʤʘʰʠʥʦʙʫʜʫʚʘʥʥʷ, ʨʦʙʦʪʦʪʝʭʥʽʢʘ ʪʘ ʙʘʛʘʪʦ 

ʽʥʰʠʭ. ɿʨʦʩʪʘʥʥʷ ʽʥʪʝʨʝʩʫ ʩʚʽʜʯʠʪʴ ʧʨʦ ʚʧʝʚʥʝʥʽʩʪʴ ʫ ʪʦʤʫ, ʱʦ ʐɯ ʤʦʞʝ 

ʩʪʘʪʠ ʢʣʶʯʦʚʠʤ ʢʘʪʘʣʽʟʘʪʦʨʦʤ ʜʣʷ ʨʦʟʚʠʪʢʫ ʩʫʩʧʽʣʴʩʪʚʘ ʪʘ ʝʢʦʥʦʤʽʢʠ, 

ʟʘʙʝʟʧʝʯʫʶʯʠ ʥʦʚʽ ʤʦʞʣʠʚʦʩʪʽ, ʧʽʜʚʠʱʝʥʫ ʝʬʝʢʪʠʚʥʽʩʪʴ ʪʘ 

ʢʦʥʢʫʨʝʥʪʦʩʧʨʦʤʦʞʥʽʩʪʴ. ʈʦʟʰʠʨʝʥʥʷ ʜʦʩʣʽʜʞʝʥʴ ʽ ʚʧʨʦʚʘʜʞʝʥʥʷ 

ʽʥʥʦʚʘʮʽʡʥʠʭ ʨʽʰʝʥʴ ʫ ʛʘʣʫʟʽ ʰʪʫʯʥʦʛʦ ʽʥʪʝʣʝʢʪʫ ʚʽʜʢʨʠʚʘʻ ʰʠʨʦʢʽ 

ʧʝʨʩʧʝʢʪʠʚʠ ʜʣʷ ʤʘʡʙʫʪʥʴʦʛʦ ʽ ʤʦʞʝ ʧʨʠʥʝʩʪʠ ʟʥʘʯʥʽ ʩʦʮʽʘʣʴʥʽ ʪʘ ʝʢʦʥʦʤʽʯʥʽ 

ʚʠʛʦʜʠ. 

ʅʘ ʩʴʦʛʦʜʥʽʰʥʽʡ ʜʝʥʴ ʽʩʥʫʶʪʴ ʪʨʠ ʦʩʥʦʚʥʽ ʮʽʣʽ ʨʦʟʚʠʪʢʫ ʰʪʫʯʥʦʛʦ 

ʽʥʪʝʣʝʢʪʫ:  

ɸʚʪʦʤʘʪʠʟʘʮʽʷ ʽ ʦʧʪʠʤʽʟʘʮʽʷ ʣʶʜʩʴʢʦʾ ʧʨʘʮʽ: ʇʝʨʰʦʶ ʽ, ʤʦʞʣʠʚʦ, 

ʥʘʡʛʦʣʦʚʥʽʰʦʶ ʮʽʣʣʶ ʻ ʟʘʤʽʱʝʥʥʷ ʽ ʦʧʪʠʤʽʟʘʮʽʷ ʪʨʫʜʦʚʠʭ ʧʨʦʮʝʩʽʚ ʣʶʜʠʥʠ 

ʟʘ ʜʦʧʦʤʦʛʦʶ ʰʪʫʯʥʦʛʦ ʽʥʪʝʣʝʢʪʫ. ʂʦʤʧʘʥʽʾ ʪʘ ʨʦʟʨʦʙʥʠʢʠ ʧʨʘʮʶʶʪʴ ʥʘʜ 

ʩʪʚʦʨʝʥʥʷʤ ʽʥʪʝʣʝʢʪʫʘʣʴʥʠʭ ʩʠʩʪʝʤ, ʷʢʽ ʤʦʞʫʪʴ ʘʚʪʦʤʘʪʠʟʫʚʘʪʠ ʪʘ 

ʧʦʢʨʘʱʫʚʘʪʠ ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ ʧʨʘʮʽ. 

ʉʪʚʦʨʝʥʥʷ ʢʦʤʧ'ʶʪʝʨʥʠʭ ʤʦʜʝʣʝʡ ʜʣʷ ʽʤʽʪʘʮʽʾ ʧʨʦʮʝʩʽʚ ʨʦʟʚ'ʷʟʘʥʥʷ 

ʩʢʣʘʜʥʠʭ ʟʘʚʜʘʥʴ: ɼʨʫʛʦʶ ʮʽʣʣʶ ʻ ʨʦʟʨʦʙʢʘ ʢʦʤʧ'ʶʪʝʨʥʠʭ ʤʦʜʝʣʝʡ, ʷʢʽ 

ʤʦʞʫʪʴ ʽʤʽʪʫʚʘʪʠ ʧʨʦʮʝʩʠ ʨʦʟʚ'ʷʟʘʥʥʷ ʽʥʪʝʣʝʢʪʫʘʣʴʥʠʭ ʟʘʚʜʘʥʴ. ʎʝ 

ʜʦʧʦʤʘʛʘʻ ʢʨʘʱʝ ʟʨʦʟʫʤʽʪʠ ʧʨʠʨʦʜʫ ʩʘʤʦʛʦ ʧʨʦʮʝʩʫ ʪʘ ʚʠʪʷʛʥʫʪʠ ʤʘʢʩʠʤʫʤ 

ʜʣʷ ʧʦʜʘʣʴʰʦʛʦ ʨʦʟʚʠʪʢʫ ʪʘ ʧʦʙʫʜʦʚʠ ʽʥʪʝʣʝʢʪʫʘʣʴʥʠʭ ʩʠʩʪʝʤ. 

ʉʪʚʦʨʝʥʥʷ ʧʽʜʩʠʣʶʚʘʯʘ ʽʥʪʝʣʝʢʪʫ: ʊʨʝʪʷ ʮʽʣʴ ʩʪʘʣʘ ʨʝʟʫʣʴʪʘʪʦʤ ʜʚʦʭ 

ʧʦʧʝʨʝʜʥʽʭ. ɯʜʝʘʣʴʥʠʡ ʧʣʘʥ ʨʦʟʚʠʪʢʫ ʰʪʫʯʥʦʛʦ ʽʥʪʝʣʝʢʪʫ ʧʝʨʝʜʙʘʯʘʻ, ʱʦ ʚʽʥ 

ʧʝʨʝʚʝʨʰʠʪʴ ʧʨʠʨʦʜʥʠʡ ʽʥʪʝʣʝʢʪ ʣʶʜʠʥʠ, ʘʙʦ ʧʨʠʥʘʡʤʥʽ ʩʪʘʥʝ ʡʦʛʦ ʨʽʚʥʝʤ. 

ʎʝ ʤʘʻ ʧʨʠʟʚʝʩʪʠ ʜʦ ʧʦʩʠʣʝʥʥʷ ʽʥʪʝʣʝʢʪʫ ʣʶʜʠʥʠ ʟʘʚʜʷʢʠ ʩʠʥʝʨʛʽʾ ʤʽʞ ʥʠʤ ʽ 

ʰʪʫʯʥʠʤ ʽʥʪʝʣʝʢʪʦʤ. 

ɺ ʫʩʴʦʤʫ ʩʚʽʪʽ ʥʘʫʢʦʚʮʷʤ ʚʜʘʣʦʩʷ ʩʪʚʦʨʠʪʠ ʟʥʘʯʥʠʡ ʬʫʥʜʘʤʝʥʪʘʣʴʥʠʡ 

ʙʘʟʠʩ ʫ ʛʘʣʫʟʽ ʰʪʫʯʥʦʛʦ ʽʥʪʝʣʝʢʪʫ, ʨʦʟʨʦʙʠʚʰʠ ʤʝʪʦʜʠ, ʷʢʽ ʚʢʣʶʯʘʶʪʴ: 

ʤʘʰʠʥʥʝ ʥʘʚʯʘʥʥʷ ʜʣʷ ʦʙʨʦʙʢʠ ʟʦʙʨʘʞʝʥʴ ʪʘ ʨʦʟʧʽʟʥʘʚʘʥʥʷ ʦʙʨʘʟʽʚ; 

ʘʚʪʦʥʦʤʥʘ ʢʦʦʨʜʠʥʘʮʽʷ ʪʘ ʫʧʨʘʚʣʽʥʥʷ; ʢʦʣʝʢʪʠʚʥʘ ʚʟʘʻʤʦʜʽʷ ʨʦʙʦʪʽʚ ʜʣʷ 

ʚʠʨʽʰʝʥʥʷ ʛʨʫʧʦʚʠʭ ʟʘʚʜʘʥʴ; ʢʦʛʥʽʪʠʚʥʽ ʢʦʤʧ'ʶʪʝʨʥʽ ʤʦʜʝʣʽ ʟ ʨʦʟʫʤʽʥʥʷʤ 

ʧʨʠʨʦʜʥʦʾ ʤʦʚʠ; ʩʠʩʪʝʤʠ ʧʽʜʪʨʠʤʢʠ ʥʘʫʢʦʚʠʭ ʜʦʩʣʽʜʞʝʥʴ; ʘ ʪʘʢʦʞ 

ʘʚʪʦʤʘʪʠʟʘʮʽʷ ʤʠʩʣʝʥʥʷ, ʧʣʘʥʫʚʘʥʥʷ ʪʘ ʫʧʨʘʚʣʽʥʥʷ ʧʦʚʝʜʽʥʢʦʶ. 

ɼʦʩʣʽʜʞʝʥʥʷ ʪʘ ʨʦʟʨʦʙʢʘ ʐɯ ʩʪʘʣʦ ʢʣʶʯʦʚʠʤ ʥʘʧʨʷʤʢʦʤ ʜʣʷ ʙʘʛʘʪʴʦʭ 

ʚʝʣʠʢʠʭ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʢʦʤʧʘʥʽʡ: 

Google: Google ʚʦʣʦʜʽʻ ʚʝʣʠʢʠʤʠ ʟʥʘʥʥʷʤʠ ʚ ʛʘʣʫʟʽ ʤʘʰʠʥʥʦʛʦ ʥʘʚʯʘʥʥʷ 

ʪʘ ʛʣʠʙʦʢʦʛʦ ʥʘʚʯʘʥʥʷ. ɺʦʥʠ ʨʦʟʨʦʙʣʷʶʪʴ ʨʽʰʝʥʥʷ ʜʣʷ ʨʦʟʧʽʟʥʘʚʘʥʥʷ ʤʦʚʠ, 

ʦʙʨʦʙʢʠ ʧʨʠʨʦʜʥʦʾ ʤʦʚʠ, ʢʦʤʧ'ʶʪʝʨʥʦʛʦ ʟʦʨʫ, ʨʝʢʦʤʝʥʜʘʮʽʡʥʠʭ ʩʠʩʪʝʤ, 

ʘʚʪʦʥʦʤʥʦʛʦ ʚʦʜʽʥʥʷ ʪʘ ʽʥʰʠʭ ʦʙʣʘʩʪʝʡ. 
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Facebook: Facebook ʘʢʪʠʚʥʦ ʟʘʩʪʦʩʦʚʫʻ ʰʪʫʯʥʠʡ ʽʥʪʝʣʝʢʪ ʜʣʷ 

ʚʧʨʦʚʘʜʞʝʥʥʷ ʩʠʩʪʝʤ ʨʝʢʦʤʝʥʜʘʮʽʡ, ʬʽʣʴʪʨʘʮʽʾ ʥʦʚʠʥ, ʨʦʟʧʽʟʥʘʚʘʥʥʷ ʦʙʣʠʯʯʷ 

ʪʘ ʘʚʪʦʤʘʪʠʯʥʦʛʦ ʧʝʨʝʢʣʘʜʫ ʤʦʚʠ. 

Amazon: Amazon ʚʠʢʦʨʠʩʪʦʚʫʻ ʐɯ ʜʣʷ ʚʜʦʩʢʦʥʘʣʝʥʥʷ ʧʨʦʮʝʩʽʚ 

ʝʣʝʢʪʨʦʥʥʦʾ ʢʦʤʝʨʮʽʾ, ʪʘʢʠʭ ʷʢ ʧʝʨʩʦʥʘʣʽʟʦʚʘʥʽ ʨʝʢʦʤʝʥʜʘʮʽʾ, ʧʨʦʛʥʦʟʫʚʘʥʥʷ 

ʧʦʧʠʪʫ, ʘʚʪʦʤʘʪʠʟʦʚʘʥʝ ʫʧʨʘʚʣʽʥʥʷ ʟʘʧʘʩʘʤʠ ʪʘ ʯʘʪ-ʙʦʪʠ ʜʣʷ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ 

ʢʣʽʻʥʪʽʚ. 

Microsoft: Microsoft ʚʝʜʝ ʜʦʩʣʽʜʞʝʥʥʷ ʚ ʛʘʣʫʟʽ ʤʘʰʠʥʥʦʛʦ ʥʘʚʯʘʥʥʷ, 

ʨʦʟʨʦʙʣʷʶʯʠ ʨʽʰʝʥʥʷ ʜʣʷ ʨʽʟʥʠʭ ʩʬʝʨ, ʚʢʣʶʯʘʶʯʠ ʦʙʨʦʙʢʫ ʤʦʚʠ, 

ʢʦʤʧ'ʶʪʝʨʥʠʡ ʟʽʨ, ʤʝʜʠʮʠʥʫ, ʬʽʥʘʥʩʠ ʪʘ ʽʥʰʽ. 

IBM: IBM ʩʧʝʮʽʘʣʽʟʫʻʪʴʩʷ ʥʘ ʨʦʟʨʦʙʮʽ ʩʠʩʪʝʤ ʰʪʫʯʥʦʛʦ ʽʥʪʝʣʝʢʪʫ ʜʣʷ 

ʧʽʜʧʨʠʻʤʩʪʚ, ʪʘʢʠʭ ʷʢ ʩʠʩʪʝʤʠ ʘʥʘʣʽʟʫ ʜʘʥʠʭ, ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʚʠʪʨʘʪ, 

ʫʧʨʘʚʣʽʥʥʷ ʣʘʥʮʶʛʘʤʠ ʧʦʩʪʘʯʘʥʥʷ ʪʘ ʽʥʰʽ. 

Tesla: Tesla ʨʦʟʨʦʙʣʷʻ ʩʠʩʪʝʤʠ ʘʚʪʦʧʽʣʦʪʫ ʪʘ ʘʚʪʦʥʦʤʥʦʛʦ ʚʦʜʽʥʥʷ, ʷʢʽ 

ʙʘʟʫʶʪʴʩʷ ʥʘ ʰʪʫʯʥʦʤʫ ʽʥʪʝʣʝʢʪʽ ʪʘ ʛʣʠʙʦʢʦʤʫ ʥʘʚʯʘʥʥʽ ʜʣʷ ʘʥʘʣʽʟʫ 

ʜʦʨʦʞʥʴʦʾ ʩʠʪʫʘʮʽʾ ʪʘ ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʴ. 

OpenAI: OpenAI ʟʘʡʤʘʻʪʴʩʷ ʜʦʩʣʽʜʞʝʥʥʷʤʠ ʫ ʛʘʣʫʟʽ ʰʪʫʯʥʦʛʦ ʽʥʪʝʣʝʢʪʫ 

ʪʘ ʨʦʟʨʦʙʣʷʻ ʨʽʟʥʦʤʘʥʽʪʥʽ ʤʦʜʝʣʽ ʛʣʠʙʦʢʦʛʦ ʥʘʚʯʘʥʥʷ ʪʘ ʤʘʰʠʥʥʦʛʦ ʥʘʚʯʘʥʥʷ 

ʜʣ̫ ʨʽʟʥʠʭ ʟʘʩʪʦʩʫʚʘʥʴ, ʚʢʣʶʯʘʶʯʠ ʛʝʥʝʨʘʮʽʶ ʪʝʢʩʪʫ, ʢʦʤʧ'ʶʪʝʨʥʠʡ ʟʽʨ ʪʘ 

ʽʛʨʦʚʽ ʩʠʩʪʝʤʠ. 

General Electric (GE): ɺʠʢʦʨʠʩʪʘʥʥʷ ʐɯ ʜʣʷ ʨʦʟʨʦʙʢʠ ʘʚʪʦʥʦʤʥʠʭ 

ʨʦʙʦʪʽʚ ʜʦʟʚʦʣʷʻ ʢʦʤʧʘʥʽʾ GE ʘʚʪʦʤʘʪʠʟʫʚʘʪʠ ʩʢʣʘʜʥʽ ʟʘʚʜʘʥʥʷ, ʪʘʢʽ ʷʢ 

ʩʙʦʨʢʘ ʪʘ ʤʦʥʪʘʞ, ʱʦ ʨʘʥʽʰʝ ʚʠʢʦʥʫʚʘʣʠ ʣʶʜʠ. ʎʝ ʜʦʧʦʤʘʛʘʻ ʧʽʜʚʠʱʠʪʠ 

ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ ʪʘ ʫʥʠʢʥʫʪʠ ʧʦʤʠʣʦʢ. 

Siemens: ɺʠʢʦʨʠʩʪʘʥʥʷ ʐɯ ʜʣʷ ʨʦʟʨʦʙʢʠ ʩʠʩʪʝʤ ʘʥʘʣʽʟʫ ʜʘʥʠʭ ʜʦʟʚʦʣʷʻ 

Siemens ʚʽʜʩʣʽʜʢʦʚʫʚʘʪʠ ʝʬʝʢʪʠʚʥʽʩʪʴ ʚʠʨʦʙʥʠʯʠʭ ʣʽʥʽʡ ʽ ʚʠʷʚʣʷʪʠ 

ʧʦʪʝʥʮʽʡʥʽ ʧʨʦʙʣʝʤʠ ʟʘʟʜʘʣʝʛʽʜʴ. ʎʝ ʜʦʧʦʤʘʛʘʻ ʫ ʧʦʢʨʘʱʝʥʥʽ ʷʢʦʩʪʽ 

ʧʨʦʜʫʢʮʽʾ ʪʘ ʫʥʠʢʥʝʥʥʽ ʚʽʜʭʦʜʽʚ. 

Toyota: ɺʠʢʦʨʠʩʪʘʥʥʷ ʽʥʩʪʨʫʤʝʥʪʽʚ ʐɯ ʚ ʩʠʩʪʝʤʘʭ çʰʪʫʯʥʦʛʦ ʟʦʨʫè 

ʜʦʟʚʦʣʷʻ Toyota ʢʦʥʪʨʦʣʶʚʘʪʠ ʷʢʽʩʪʴ ʜʝʪʘʣʝʡ, ʚʠʛʦʪʦʚʣʶʚʘʥʠʭ ʥʘ 

ʚʠʨʦʙʥʠʯʠʭ ʣʽʥʽʷʭ. ʎʝ ʩʧʨʠʷʻ ʧʽʜʚʠʱʝʥʥʶ ʷʢʦʩʪʽ ʪʘ ʝʬʝʢʪʠʚʥʦʩʪʽ 

ʚʠʨʦʙʥʠʮʪʚʘ. 

ʎʽ ʢʦʤʧʘʥʽʾ ʚʠʪʨʘʯʘʶʪʴ ʟʥʘʯʥʽ ʢʦʰʪʠ ʥʘ ʨʦʟʨʦʙʢʫ ʥʦʚʠʭ ʪʝʭʥʦʣʦʛʽʡ, 

ʘʣʛʦʨʠʪʤʽʚ ʪʘ ʧʨʦʜʫʢʪʽʚ ʐɯ ʟ ʤʝʪʦʶ ʧʦʣʽʧʰʝʥʥʷ ʩʚʦʾʭ ʧʦʩʣʫʛ, ʩʪʚʦʨʝʥʥʷ 

ʥʦʚʠʭ ʧʨʦʜʫʢʪʽʚ ʪʘ ʚʠʨʽʰʝʥʥʷ ʩʢʣʘʜʥʠʭ ʟʘʚʜʘʥʴ. 

ɿʘ ʜʘʥʠʤʠ ʘʛʝʥʪʩʪʚʘ Deep Knowledge Analytics, ʋʢʨʘʾʥʘ ʚʭʦʜʠʪʴ ʜʦ 

ʪʨʽʡʢʠ ʢʨʘʾʥ ʉʭʽʜʥʦʾ ɭʚʨʦʧʠ ʟʘ ʢʽʣʴʢʽʩʪʶ IT-ʢʦʤʧʘʥʽʡ, ʱʦ ʧʨʘʮʶʶʪʴ ʫ ʩʬʝʨʽ 

ʰʪʫʯʥʦʛʦ ʽʥʪʝʣʝʢʪʫ. ʈʦʟʛʣʷʥʝʤʦ ʜʝʢʽʣʴʢʘ ʧʨʦʻʢʪʽʚ, ʷʢʽ ʚʞʝ ʜʦʩʷʛʣʠ ʫʩʧʽʭʽʚ ʫ 

ʮʽʡ ʛʘʣʫʟʽ: 

Preply: ʦʥʣʘʡʥ-ʧʣʘʪʬʦʨʤʘ ʜʣʷ ʥʘʚʯʘʥʥʷ ʽʥʦʟʝʤʥʠʭ ʤʦʚ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ 

ʽʥʜʠʚʽʜʫʘʣʴʥʠʭ ʫʨʦʢʽʚ ʟ ʚʠʢʣʘʜʘʯʘʤʠ ʟ ʫʩʴʦʛʦ ʩʚʽʪʫ. ʐʪʫʯʥʠʡ ʽʥʪʝʣʝʢʪ 

ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʜʣʷ ʧʽʜʙʦʨʫ ʥʘʡʢʨʘʱʠʭ ʚʠʢʣʘʜʘʯʽʚ ʜʣʷ ʢʦʞʥʦʛʦ ʩʪʫʜʝʥʪʘ, ʘ 

ʪʘʢʦʞ ʜʣʷ ʘʜʘʧʪʘʮʽʾ ʥʘʚʯʘʣʴʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʜʦ ʧʦʪʨʝʙ ʢʦʞʥʦʛʦ ʢʦʨʠʩʪʫʚʘʯʘ. 

People.ai: ʢʦʤʧʘʥʽʷ ʨʦʟʨʦʙʣʷʻ ʽʥʩʪʨʫʤʝʥʪʠ ʜʣʷ ʘʚʪʦʤʘʪʠʟʘʮʽʾ ʧʨʦʮʝʩʽʚ 

ʫʧʨʘʚʣʽʥʥʷ ʚʟʘʻʤʦʜʽʻʶ ʟ ʢʣʽʻʥʪʘʤʠ, ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ ʘʥʘʣʽʟ ʜʘʥʠʭ ʪʘ 
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ʰʪʫʯʥʠʡ ʽʥʪʝʣʝʢʪ. ɰʭ ʧʣʘʪʬʦʨʤʘ ʜʦʧʦʤʘʛʘʻ ʢʦʤʧʘʥʽʷʤ ʝʬʝʢʪʠʚʥʽʰʝ 

ʚʟʘʻʤʦʜʽʷʪʠ ʟ ʢʣʽʻʥʪʘʤʠ ʪʘ ʟʙʽʣʴʰʫʚʘʪʠ ʧʨʦʜʘʞʽ. 

GitLab: ʢʦʤʧʘʥʽʷ ʨʦʟʨʦʙʣʷʻ ʩʠʩʪʝʤʫ ʫʧʨʘʚʣʽʥʥʷ ʚʝʨʩʽʷʤʠ ʽʩʭʦʜʥʠʭ ʢʦʜʽʚ, 

ʷʢʘ ʚʠʢʦʨʠʩʪʦʚʫʻ ʰʪʫʯʥʠʡ ʽʥʪʝʣʝʢʪ ʜʣʷ ʘʚʪʦʤʘʪʠʟʘʮʽʾ ʧʨʦʮʝʩʽʚ ʨʦʟʨʦʙʢʠ 

ʧʨʦʛʨʘʤʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ ʪʘ ʫʧʨʘʚʣʽʥʥʷ ʧʨʦʝʢʪʘʤʠ. 

Looksery: ʢʦʤʧʘʥʽʷ ʩʪʚʦʨʠʣʘ ʪʝʭʥʦʣʦʛʽʶ ʨʦʟʧʽʟʥʘʚʘʥʥʷ ʦʙʣʠʯ ʜʣʷ 

ʚʽʜʝʦʟʚ'ʷʟʢʫ, ʷʢʘ ʚʠʢʦʨʠʩʪʦʚʫʻ ʰʪʫʯʥʠʡ ʽʥʪʝʣʝʢʪ ʜʣʷ ʧʦʢʨʘʱʝʥʥʷ ʷʢʦʩʪʽ ʪʘ 

ʨʝʘʣʽʩʪʠʯʥʦʩʪʽ ʦʙʤʽʥʫ ʟʦʙʨʘʞʝʥʥʷʤʠ. 

Grammarly: Grammarly ʻ ʦʜʥʽʻʶ ʟ ʥʘʡʚʽʜʦʤʽʰʠʭ ʫʢʨʘʾʥʩʴʢʠʭ 

ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʢʦʤʧʘʥʽʡ, ʷʢʘ ʨʦʟʨʦʙʣʷʻ ʧʨʦʛʨʘʤʠ ʜʣʷ ʧʝʨʝʚʽʨʢʠ ʧʨʘʚʦʧʠʩʫ ʪʘ 

ʛʨʘʤʘʪʠʢʠ. ɺʦʥʠ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʰʪʫʯʥʠʡ ʽʥʪʝʣʝʢʪ ʜʣʷ ʧʦʩʪʽʡʥʦʛʦ 

ʚʜʦʩʢʦʥʘʣʝʥʥʷ ʩʚʦʾʭ ʘʣʛʦʨʠʪʤʽʚ ʪʘ ʨʦʟʨʦʙʢʠ ʥʦʚʠʭ ʬʫʥʢʮʽʡ. 

Reface: ʨʦʟʨʦʙʣʷʻ ʜʦʜʘʪʦʢ ʜʣʷ ʦʙʤʽʥʫ ʦʙʣʠʯʴ ʟʜʦʙʫʚ ʟʥʘʯʥʠʡ ʫʩʧʽʭ, 

ʦʩʦʙʣʠʚʦ ʟʘʚʜʷʢʠ ʩʚʦʾʡ ʪʝʭʥʦʣʦʛʽʾ ʛʣʠʙʦʢʦʛʦ ʥʘʚʯʘʥʥʷ, ʷʢʘ ʜʦʟʚʦʣʷʻ 

ʨʝʘʣʽʩʪʠʯʥʦ ʧʝʨʝʥʦʩʠʪʠ ʦʙʣʠʯʯʷ ʢʦʨʠʩʪʫʚʘʯʽʚ ʥʘ ʬʦʪʦʛʨʘʬʽʾ ʪʘ ʚʽʜʝʦ.  

ʆʪʞʝ, ʩʫʯʘʩʥʠʡ ʝʪʘʧ ʨʦʟʚʠʪʢʫ ʩʫʩʧʽʣʴʩʪʚʘ ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ 

ʧʽʜʚʠʱʝʥʥʷʤ ʪʝʤʧʽʚ ʽʥʥʦʚʘʮʽʡʥʦʛʦ ʧʨʦʛʨʝʩʫ, ʘ ʩʠʩʪʝʤʠ ʰʪʫʯʥʦʛʦ ʽʥʪʝʣʝʢʪʫ ʻ 

ʡʦʛʦ ʦʩʥʦʚʥʠʤʠ ʜʠʥʘʤʽʯʥʠʤʠ ʩʠʣʘʤʠ. ʈʦʟʨʦʙʢʘ ʪʘ ʚʧʨʦʚʘʜʞʝʥʥʷ ʰʪʫʯʥʦʛʦ 

ʽʥʪʝʣʝʢʪʫ ʧʝʨʝʭʦʜʠʪʴ ʥʘ ʥʦʚʠʡ ʨʽʚʝʥʴ ʩʚʦʛʦ ʨʦʟʚʠʪʢʫ. ɺʩʝ ʯʘʩʪʽʰʝ ʟʚʫʯʠʪʴ 

ʪʚʝʨʜʞʝʥʥʷ ʧʨʦ ʥʘʙʣʠʞʝʥʥʷ ʥʦʚʦʾ ʝʨʠ ʢʽʙʦʨʛʽʟʘʮʽʾ, ʘ ʪʘʢʦʞ ʛʽʙʨʠʜʠʟʘʮʽʾ - 

ʥʘʩʪʫʧʥʦʛʦ ʢʨʦʢʫ ʚ ʨʦʟʚʠʪʢʫ ʽʥʪʝʣʝʢʪʫʘʣʴʥʦʾ ʨʦʙʦʪʦʪʝʭʥʽʢʠ ʨʽʟʥʦʛʦ 

ʧʨʠʟʥʘʯʝʥʥʷ. ʉʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʪʝʥʜʝʥʮʽʷ ʩʪʨʽʤʢʦʛʦ ʨʦʟʚʠʪʢʫ ʥʘʫʢʦʚʦ-

ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʨʦʟʨʦʙʦʢ ʫ ʛʘʣʫʟʽ ʰʪʫʯʥʦʛʦ ʽʥʪʝʣʝʢʪʫ ʪʘ ʧʨʠʩʢʦʨʝʥʥʷ ʾʭ 

ʧʨʘʢʪʠʯʥʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ. 

ʉʣʽʜʢʫʡʪʝ ʟʘ ʥʘʰʠʤʠ ʥʦʚʠʥʘʤʠ ʪʘ ʙʫʜʴʪʝ ʚ ʢʫʨʩʽ ʛʦʣʦʚʥʠʭ ʧʦʜʽʡ ʪʘ 

ʪʨʝʥʜʽʚ. 
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A METHOD FOR ADAPTIVE CONTROL OF  

THE PROCESS OF DECODING TURBO-LIKE CODES  
 

A method for obtaining a parity check code based on the decomposition of an information 

sequence into an n-dimensional array, combining ease of implementation and high reliability, 

has been developed; a perforated modification of this code has been proposed, taking into 

account the specifics of errors that occur when decoding turbocodes (TC) and providing greater 

reliability and less redundancy in the field of signal-to-noise ratio (SNR) with a predominance of 

decoded packets.. 
 

ɺʘʞʣʠʚʦʶ ʦʩʦʙʣʠʚʽʩʪʶ ʪʫʨʙʦʧʦʜʽʙʥʠʭ ʢʦʜʽʚ (ʊʂ) ʻ ʪʝ, ʱʦ ʚʦʥʠ ʥʘʣʝʞʘʪʴ ʜʦ 

ʢʦʜʽʚ, ʱʦ ʚʠʧʨʘʚʣʷʶʪʴ ʧʦʤʠʣʢʠ, ʽ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʽʪʝʨʘʪʠʚʥʝ ʜʝʢʦʜʫʚʘʥʥʷ. ɿ ʮʴʦʛʦ 

ʚʠʧʣʠʚʘʻ, ʱʦ ʧʽʩʣʷ ʢʦʨʝʢʮʽʾ ʢʘʥʘʣʴʥʦʾ ʧʦʩʣʽʜʦʚʥʦʩʪʽ ʥʘ ʧʝʚʥʽʡ ʽʪʝʨʘʮʽʾ ʜʝʢʦʜʝʨ 

ʧʦʚʠʥʝʥ ʢʣʘʩʠʬʽʢʫʚʘʪʠ ʦʪʨʠʤʘʥʫ ʽʥʬʦʨʤʘʮʽʡʥʫ ʧʦʩʣʽʜʦʚʥʽʩʪʴ ʷʢ ʟʘʜʦʚʽʣʴʥʫ ʘʙʦ 

ʧʦʤʠʣʢʦʚʫ. 

ɺʠʩʦʢʘ ʦʙʯʠʩʣʶʚʘʣʴʥʘ ʩʢʣʘʜʥʽʩʪʴ ʧʨʦʮʝʩʫ ʜʝʢʦʜʫʚʘʥʥʷ ʊʂ ʧʝʨʝʜʙʘʯʘʻ 

ʦʧʪʠʤʽʟʘʮʽʶ ʨʦʙʦʪʠ ʜʝʢʦʜʝʨʘ. ʆʜʥʠʤ ʟ ʤʦʞʣʠʚʠʭ ʨʽʰʝʥʴ ʮʴʦʛʦ ʟʘʚʜʘʥʥʷ ʻ ʚʽʜʤʦʚʘ 

ʚʽʜ ʧʨʦʮʝʜʫʨʠ ʜʝʢʦʜʫʚʘʥʥʷ ʟ ʬʽʢʩʦʚʘʥʦʶ ʢʽʣʴʢʽʩʪʶ ʽʪʝʨʘʮʽʡ ʪʘ ʟʘʩʪʦʩʫʚʘʥʥʷ 

ʘʣʛʦʨʠʪʤʽʚ ʫʧʨʘʚʣʽʥʥʷ ʪʫʨʙʦʜʝʢʦʜʝʨʦʤ, ʱʦ ʜʦʟʚʦʣʷʶʪʴ ʩʢʦʨʦʯʫʚʘʪʠ ʢʽʣʴʢʽʩʪʴ 

ʽʪʝʨʘʮʽʡ, ʱʦ ʚʠʢʦʥʫʶʪʴʩʷ. ɼʣʷ ʧʽʜʚʠʱʝʥʥʷ ʜʦʩʪʦʚʽʨʥʦʩʪʽ ʧʘʢʝʪʘ, ʱʦ ʜʝʢʦʜʫʻʪʴʩʷ, 

ʯʘʩʪʠʥʘ ʽʥʬʦʨʤʘʮʽʡʥʦʾ ʧʦʩʣʽʜʦʚʥʦʩʪʽ ʊʂ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʜʣʷ ʧʝʨʝʜʘʯʽ 

ʧʝʨʝʚʽʨʦʯʥʠʭ ʙʽʪ ʚʢʣʘʜʝʥʦʛʦ ʟʘʚʘʜʦʩʪʽʡʢʦʛʦ ʢʦʜʫ [1]. 

ʇʝʨʝʜʘʯʘ ʜʘʥʠʭ ʫ ʩʠʩʪʝʤʘʭ ʽʟ ʊʂ ʻ ʧʘʢʝʪʥʦʶ. ʇʘʢʝʪ ʻ ʟʚʠʯʘʡʥʦʶ 

ʧʦʩʣʽʜʦʚʥʽʩʪʶ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʙʽʪ ʙʝʟ ʟʘʛʦʣʦʚʢʫ. ʇʨʦʪʷʛʦʤ ʩʝʘʥʩʫ ʨʦʙʦʪʠ ʜʝʢʦʜʝʨ 

ʦʙʨʦʙʣʷʻ ʤʥʦʞʠʥʫ ʧʘʢʝʪʽʚ, ʢʦʞʝʥ ʙʽʪ ʚ ʷʢʠʭ ʟʘʟʥʘʚ ʢʘʥʘʣʴʥʠʭ ʩʧʦʪʚʦʨʝʥʴ. 

ʇʦʟʥʘʯʠʤʦ ʤʥʦʞʠʥʫ ʧʘʢʝʪʽʚ , ʱʦ ʧʝʨʝʜʘʶʪʴʩʷ  ʷʢ , ʘ ʧʽʜʤʥʦʞʠʥʠ ʢʦʨʝʢʪʥʠʭ 

ʪʘ ʥʝʢʦʨʝʢʪʥʠʭ ʧʝʨʝʜʘʥʠʭ (ʦʙʨʦʙʣʝʥʠʭ) ʧʘʢʝʪʽʚ ï ʷʢ  ʽ  ( ). ɿʘʚʜʘʥʥʷ 

ʘʣʛʦʨʠʪʤʫ ʫʧʨʘʚʣʽʥʥʷ ʧʨʦʮʝʩʦʤ ʪʫʨʙʦʜʝʢʦʜʫʚʘʥʥʷ ʧʦʣʷʛʘʻ ʫ ʧʨʠʡʥʷʪʪʽ ʨʽʰʝʥʥʷ 

ʧʨʦ ʪʝ, ʜʦ ʷʢʦʾ ʧʽʜʤʥʦʞʠʥʠ ʥʘʣʝʞʠʪʴ ʧʘʢʝʪ . ʎʝ ʜʦʩʷʛʘʻʪʴʩʷ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ 

ʧʘʨʠ ʧʨʘʚʠʣ ʢʣʘʩʠʬʽʢʘʮʽʾ  ʽ , ʢʦʞʥʝ ʟ ʷʢʠʭ ʻ ʧʨʝʜʠʢʘʪʦʤ ʽ ʧʦʚʝʨʪʘʻ 

ʽʩʪʠʥʫ, ʷʢʱʦ ʧʘʢʝʪ ʚʠʟʥʘʥʠʡ ʢʦʨʝʢʪʥʠʤ. 

ʉʫʪʴ ʧʝʨʰʦʛʦ ʧʨʘʚʠʣʘ  ʧʦʣʷʛʘʻ ʫ ʧʝʨʝʚʽʨʮʽ ʚʢʣʘʜʝʥʦʛʦ ʚ ʽʥʬʦʨʤʘʮʽʡʥʫ 

ʧʦʩʣʽʜʦʚʥʽʩʪʴ ʊʂ ʢʦʜʫ, ʱʦ ʨʝʻʩʪʨʫʻ ʧʦʤʠʣʢʠ. ʊʘʢʘ ʤʝʪʦʜʠʢʘ ʻ ʩʧʝʮʠʬʽʯʥʠʤ 

ʚʠʧʘʜʢʦʤ ʢʘʩʢʘʜʥʦʛʦ ʢʦʜʫʚʘʥʥʷ. ʉʧʨʘʚʘ ʚ ʪʦʤʫ, ʱʦ ʊʂ ʷʢ ʢʦʜ, ʱʦ ʚʠʧʨʘʚʣʷʻ 

ʧʦʤʠʣʢʠ, ʟʜʽʡʩʥʶʻ ʢʦʨʝʢʮʽʶ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʙʽʪ, ʧʨʦʪʝ ʩʘʤ ʧʦ ʩʦʙʽ ʥʝ ʤʦʞʝ 

ʨʝʻʩʪʨʫʚʘʪʠ ʧʦʤʠʣʢʠ. ɿʦʚʥʽʰʥʽʡ ʢʦʜ ʧʝʨʝʚʽʨʢʠ ʧʘʨʥʦʩʪʽ ʥʘʣʝʞʠʪʴ ʜʦ ʢʦʜʽʚ, ʱʦ 

ʨʝʻʩʪʨʫʶʪʴ ʧʦʤʠʣʢʠ, ʪʦʙʪʦ. ʥʝʩʧʨʦʤʦʞʥʠʡ ʟʜʽʡʩʥʶʚʘʪʠ ʢʦʨʝʢʮʽʶ. 

ɿʘʧʨʦʧʦʥʦʚʘʥʠʡ ʤʝʪʦʜ ʟʘʩʥʦʚʘʥʠʡ ʥʘ ʩʧʽʣʴʥʦʤʫ ʚʠʢʦʨʠʩʪʘʥʥʽ ʧʦʜʽʙʥʦʾ ʧʘʨʠ ʢʦʜʽʚ 
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ʟ ʬʫʥʢʮʽʦʥʘʣʴʥʽʩʪʶ, ʱʦ ʥʝ ʧʝʨʝʪʠʥʘʻʪʴʩʷ [2]. 

ʇʽʩʣʷ ʟʘʢʽʥʯʝʥʥʷ ʽʪʝʨʘʮʽʾ ʪʫʨʙʦʜʝʢʦʜʫʚʘʥʥʷ, ʽʥʬʦʨʤʘʮʽʡʥʘ ʧʦʩʣʽʜʦʚʥʽʩʪʴ ʊʂ 

 ʤʽʩʪʠʪʠʤʝ ʚʠʧʨʘʚʣʝʥʽ ʽʥʬʦʨʤʘʮʽʡʥʽ ʙʽʪʠ  ʪʘ ʧʝʨʝʚʽʨʦʯʥʽ ʙʽʪʠ ʚʢʣʘʜʝʥʦʛʦ 

ʢʦʜʫ . ʗʢʱʦ ʟʘ ʜʦʧʦʤʦʛʦʶ ʧʦʩʣʽʜʦʚʥʦʩʪʽ ʚʠʧʨʘʚʣʝʥʠʭ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʙʽʪ 

 ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʚʽʜʦʤʦʛʦ ʘʣʛʦʨʠʪʤʫ ʢʦʜʫʚʘʥʥʷ  ʚʜʘʻʪʴʩʷ ʦʪʨʠʤʘʪʠ 

ʧʦʩʣʽʜʦʚʥʽʩʪʴ ʚʠʧʨʘʚʣʝʥʠʭ ʧʝʨʝʚʽʨʦʯʥʠʭ ʙʽʪ , ʤʦʞʥʘ ʛʦʚʦʨʠʪʠ, ʱʦ 

ʽʥʬʦʨʤʘʮʽʡʥʘ ʧʦʩʣʽʜʦʚʥʽʩʪʴ ʊʂ ʙʫʣʘ ʜʝʢʦʜʦʚʘʥʘ ʢʦʨʝʢʪʥʦ. ʌʦʨʤʘʣʴʥʠʡ ʟʘʧʠʩ 

ʧʦʜʽʙʥʦʛʦ ʧʨʘʚʠʣʘ ʤʘʪʠʤʝ ʚʠʛʣʷʜ: 

, ʧʨʠ  

, ʧʨʠ . 
(1) 

ʉʫʪʴ ʜʨʫʛʦʛʦ ʧʨʘʚʠʣʘ  ʧʦʣʷʛʘʻ ʫ ʧʝʨʝʚʽʨʮʽ ʧʨʘʚʠʣʘ ʟʫʧʠʥʢʠ ʪʫʨʙʦʜʝʢʦʜʝʨʫ. 

ʅʘʡʙʽʣʴʰ ʦʯʝʚʠʜʥʠʤ ʧʨʘʚʠʣʦʤ ʟʫʧʠʥʢʠ ʜʝʢʦʜʝʨʘ ʊʂ ʻ ʧʦʨʽʚʥʷʥʥʷ "ʞʦʨʩʪʢʠʭ" 

ʨʽʰʝʥʴ, ʚʠʨʦʙʣʝʥʠʭ ʜʝʢʦʜʝʨʦʤ ʥʘ ʦʜʥʽʡ ʘʙʦ ʢʽʣʴʢʦʭ ʧʦʩʣʽʜʦʚʥʠʭ ʽʪʝʨʘʮʽʷʭ (H-

ʤʝʪʦʜ). 

ʇʦʜʽʙʥʽ ʤʝʪʦʜʠ ʨʦʟʛʣʷʜʘʶʪʴʩʷ ʫ [3]. ʅʝʭʘʡ ʩʠʩʪʝʤʘ, ʱʦ ʦʙʨʦʙʣʷʻ K 

ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʙʽʪ, ʥʘ  ʽʪʝʨʘʮʽʾ, ʷʢʘ ʜʣʷ ʢʦʞʥʦʛʦ  ʙʽʪʘ ( ) 

ʚʠʢʦʨʠʩʪʦʚʫʻ "ʞʦʨʩʪʢʽ" ʨʽʰʝʥʥʷ ʜʚʦʭ ʜʝʢʦʜʝʨʽʚ  ʽ  ʜʣʷ ʧʦʪʦʯʥʦʾ ʽʪʝʨʘʮʽʾ. 

ɺʠʢʦʨʠʩʪʘʥʥʷ ʽʥʬʦʨʤʘʮʽʾ ʧʨʦ "ʞʦʨʩʪʢʽ" ʨʽʰʝʥʥʷ ʟ ʧʦʧʝʨʝʜʥʽʭ ʽʪʝʨʘʮʽʡ 

ʟʥʠʞʫʚʘʪʠʤʝ ʜʦʩʪʦʚʽʨʥʽʩʪʴ ʯʝʨʝʟ ʪʝ, ʱʦ ʟ ʢʦʞʥʦʾ ʽʪʝʨʘʮʽʾ ʜʝʢʦʜʝʨ ʟʜʽʡʩʥʶʻ 

ʢʦʨʝʢʮʽʶ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʙʽʪ, ʪʦʙʪʦ. ʧʦʧʝʨʝʜʥʽ ʽʪʝʨʘʮʽʾ ʙʫʜʫʪʴ ʤʽʩʪʠʪʠ ʟʥʘʯʝʥʥʷ ʟ 

ʜʝʜʘʣʽ ʙʽʣʴʰʦʶ ʥʝʜʦʩʪʦʚʽʨʥʽʩʪʶ. ʌʦʨʤʘʣʴʥʠʡ ʟʘʧʠʩ ʧʨʘʚʠʣʘ ʟʫʧʠʥʢʠ ʤʘʪʠʤʝ 

ʪʘʢʠʡ ʚʠʛʣʷʜ: 

, ʧʨʠ , 1 Ò i Ò K, 

, ʧʨʠ , 1 Ò i Ò K,. 
(2) 

ɿ ʫʨʘʭʫʚʘʥʥʷʤ ʜʚʦʭ ʦʧʠʩʘʥʠʭ ʚʠʱʝ ʧʨʝʜʠʢʘʪʽʚ  ʽ , ʧʘʢʝʪ  
ʥʘʣʝʞʘʪʠʤʝ ʜʦʩʪʦʚʽʨʥʽʡ ʧʽʜʤʥʦʞʠʥʽ, ʷʢʱʦ 

. (3) 
ɼʘʣʽ ʨʦʟʛʣʷʜʘʻʪʴʩʷ ʚʠʧʘʜʦʢ ʫʧʨʘʚʣʽʥʥʷ ʪʫʨʙʦʜʝʢʦʜʝʨʦʤ, ʫ ʷʢʦʤʫ ʧʨʘʚʠʣʦ 

ʟʫʧʠʥʢʠ   ʟʘʣʠʰʘʻʪʴʩʷ ʥʝʟʤʽʥʥʠʤ, ʘ ʚʢʣʘʜʝʥʠʡ ʢʦʜ, ʷʢʠʡ ʨʝʻʩʪʨʫʻ ʧʦʤʠʣʢʠ 

 ʤʦʞʝ ʟʤʽʥʶʚʘʪʠʩʷ. ʅʝʦʙʭʽʜʥʦ ʟʥʘʡʪʠ ʪʘʢʠʡ ʚʢʣʘʜʝʥʠʡ ʢʦʜ, ʧʨʠ 

ʚʠʢʦʨʠʩʪʘʥʥʽ ʷʢʦʛʦ ʧʦʪʫʞʥʽʩʪʴ ʤʥʦʞʠʥʠ  ʙʫʜʝ ʤʘʢʩʠʤʘʣʴʥʦʶ. ʋ ʬʦʨʤʘʣʴʥʦʤʫ 

ʚʠʛʣʷʜʽ ʟʘʚʜʘʥʥʷ ʤʦʞʝ ʙʫʪʠ ʩʬʦʨʤʫʣʴʦʚʘʥʦ ʷʢ 

. (4) 

ʈʦʟʛʣʷʥʝʤʦ ʨʦʙʦʪʫ ʪʠʧʦʚʦʾ ʩʠʩʪʝʤʠ ʧʝʨʝʜʘʯʽ ʟ ʊʂ, ʢʦʜʝʨ ʷʢʦʾ ʚʠʢʦʨʠʩʪʦʚʫʻ 

ʜʚʘ ʧʘʨʘʣʝʣʴʥʦ ʟ'ʻʜʥʘʥʠʭ ʢʦʤʧʦʥʝʥʪʥʠʭ ʢʦʜʝʨʘ: ʨʝʢʫʨʩʠʚʥʠʭ ʟʛʦʨʪʢʦʚʠʭ ʢʦʜʝʨʽʚ 

(ʈɿʂ) ʨʦʟʜʽʣʝʥʠʭ ʧʝʨʝʤʝʞʫʚʘʯʝʤ [4]. ɼʦʚʞʠʥʘ ʢʦʜʦʚʦʾ ʧʦʩʣʽʜʦʚʥʦʩʪʽ (ʧʘʢʝʪʘ), ʱʦ 

ʧʝʨʝʜʘʻʪʴʩʷ ʢʘʥʘʣʦʤ, ʟʙʽʛʘʻʪʴʩʷ ʟ ʦʙʩʷʛʦʤ ʧʝʨʝʤʝʞʫʚʘʯʘ. ʗʢ ʤʝʪʦʜ ʧʝʨʝʤʝʞʫʚʘʥʥʷ 

ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʧʩʝʚʜʦʚʠʧʘʜʢʦʚʘ ʧʝʨʝʩʪʘʥʦʚʢʘ. ʂʦʤʧʦʥʝʥʪʥʠʡ ʈɿʂ 

ʽʥʽʮʽʘʣʽʟʫʻʪʴʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʧʦʣʽʥʦʤʽʘʣʴʥʦʛʦ ʛʝʥʝʨʘʪʦʨʘ G= (5/7), ʷʢ 

ʥʘʡʧʨʦʩʪʽʰʦʛʦ. ʐʚʠʜʢʽʩʪʴ ʢʦʜʫʚʘʥʥʷ ʩʪʘʥʦʚʠʪʴ 1/3 (ʧʝʨʬʦʨʘʮʽʷ ʥʝ 

ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ). ɻʨʘʥʠʯʥʘ ʢʽʣʴʢʽʩʪʴ ʽʪʝʨʘʮʽʡ Nmax ʚʠʙʨʘʥʦ ʨʽʚʥʠʤ ʚʦʩʴʤʠ. ʗʢ 

ʘʣʛʦʨʠʪʤ ʜʝʢʦʜʫʚʘʥʥʷ ʜʣʷ ʢʦʤʧʦʥʝʥʪʥʦʛʦ ʜʝʢʦʜʝʨʘ ʦʙʨʘʥʠʡ MAX-LOG-MAP 

(ʥʘʙʣʠʞʝʥʠʡ, ʧʦ ʚʽʜʥʦʰʝʥʥʶ ʜʦ MAP) ʷʢ ʥʘʡʧʨʦʩʪʽʰʠʡ ʟ ʪʦʯʢʠ ʟʦʨʫ 

ʦʙʯʠʩʣʶʚʘʣʴʥʦʾ ʩʢʣʘʜʥʦʩʪʽ. ʉʪʨʫʢʪʫʨʘ ʢʦʜʝʨʘ ʪʘ ʜʝʢʦʜʝʨʘ ʊʂ ʜʝʪʘʣʴʥʦ ʦʧʠʩʘʥʘ ʫ 

[5]. 
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ʇʨʠ ʤʦʜʝʣʶʚʘʥʥʽ ʨʦʙʦʪʠ ʩʠʩʪʝʤʠ ʧʝʨʝʜʘʯʽ ʚʠʢʦʨʠʩʪʦʚʫʚʘʚʩʷ ʢʘʥʘʣ ʟ 

ʘʜʠʪʠʚʥʠʤ ʙʽʣʠʤ ʛʘʫʩʽʚʩʴʢʠʤ ʰʫʤʦʤ, ɺʽʜʥʦʰʝʥʥʷ ʩʠʛʥʘʣ-ʰʫʤ (ɺʉʐ) ʟʤʽʥʶʚʘʣʦʩʷ 

ʚʽʜ 0 ʜʦ 4 ʜɹ: ʥʘʜʘʣʽ ï ʨʦʙʦʯʘ ʦʙʣʘʩʪʴ. ʇʨʠ ʚʠʢʦʥʘʥʥʽ ʽʤʽʪʘʮʽʡʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ 

ɺʉʐ ʟʤʽʥʶʚʘʣʦʩʷ ʟ ʢʨʦʢʦʤ 0,2 ʜɹ. 

ʈʝʟʫʣʴʪʘʪʠ ʤʦʜʝʣʶʚʘʥʥʷ ʨʦʙʦʪʠ ʩʠʩʪʝʤʠ ʧʝʨʝʜʘʯʽ ʟ ʊʂ, ʱʦ ʚʠʢʦʨʠʩʪʦʚʫʻ 

ʨʽʟʥʽ ʩʧʦʩʦʙʠ ʫʧʨʘʚʣʽʥʥʷ ʜʝʢʦʜʝʨʦʤ, ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩ. 1. 

 
 

ʈʠʩ. 1.  ɿʘʣʝʞʥʽʩʪʴ ʜʦʩʪʦʚʽʨʥʦʩʪʽ ʜʝʢʦʜʦʚʘʥʦʛʦ ʧʘʢʝʪʘ ʚʽʜ  

ɺʉʐ ʧʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ ʨʽʟʥʠʭ ʤʝʪʦʜʠʢ ʟʫʧʠʥʢʠ 

ʪʫʨʙʦʜʝʢʦʜʝʨʫ. 

ʗʢ ʙʘʯʠʤʦ, ʦʢʨʝʤʝ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʚʢʣʘʜʝʥʦʛʦ 

ʢʦʜʫ ʧʝʨʝʚʽʨʢʠ ʧʘʨʥʦʩʪʽ ʜʣʷ 

ʢʝʨʫʚʘʥʥʷ ʨʦʙʦʪʦʶ 

ʪʫʨʙʦʜʝʢʦʜʝʨʘ ʧʦʚ'ʷʟʘʥʝ ʟ 

ʜʝʢʦʜʫʚʘʥʥʷʤ ʧʘʢʝʪʽʚ ʟ 

ʥʠʟʴʢʦʶ ʜʦʩʪʦʚʽʨʥʽʩʪʶ. ɿ 

ʽʥʰʦʛʦ ʙʦʢʫ, ʙʫʜʴ-ʷʢʠʡ 

ʤʝʪʦʜ, ʧʦʚ'ʷʟʘʥʠʡ ʟʽ 

ʩʢʦʨʦʯʝʥʥʷʤ ʢʽʣʴʢʦʩʪʽ 

ʚʠʢʦʥʫʚʘʥʠʭ ʽʪʝʨʘʮʽʡ, ʙʫʜʝ 

ʚʠʢʣʠʢʘʪʠ ʟʥʠʞʝʥʥʷ 

ʜʦʩʪʦʚʽʨʥʦʩʪʽ ʧʘʢʝʪʘ, ʱʦ 

ʜʝʢʦʜʫʻʪʴʩʷ ʚ ʧʦʨʽʚʥʷʥʥʽ ʟ 

ʬʽʢʩʦʚʘʥʦʶ ʢʽʣʴʢʽʩʪʶ 

ʽʪʝʨʘʮʽʡ. ɿʘʩʪʦʩʫʚʘʥʥʷ 

ʧʨʘʚʠʣ ʟʫʧʠʥʢʠ ʫʧʨʘʚʣʽʥʥʷ 

ʨʦʙʦʪʦʶ ʊʂ ʧʦʢʘʟʫʻ ʢʨʘʱʫ 

ʜʦʩʪʦʚʽʨʥʽʩʪʴ, ʥʽʞ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʚʢʣʘʜʝʥʦʛʦ  

ʢʦʜʫ, ʧʨʦʪʝ ʩʧʽʣʴʥʝ ʚʠʢʦʨʠʩʪʘʥʥʷ ʮʠʭ ʤʝʪʦʜʽʚ ʦʧʪʠʤʘʣʴʥʦ. 

ɿʥʘʯʥʘ ʚʽʜʤʽʥʥʽʩʪʴ ʨʝʘʣʴʥʦʾ ʢʽʣʴʢʦʩʪʽ ʽʪʝʨʘʮʽʡ ʚʽʜ ʽʜʝʘʣʴʥʦʾ ʚ ʥʠʞʥʽʡ ʯʘʩʪʠʥʽ 

ʨʦʙʦʯʦʾ ʦʙʣʘʩʪʽ ʧʦʚ'ʷʟʘʥʘ ʟ ʪʠʤ, ʱʦ ʚʩʽ ʤʝʪʦʜʠ ʫʧʨʘʚʣʽʥʥʷ, ʱʦ ʨʦʟʛʣʷʜʘʶʪʴʩʷ, 

ʤʦʞʫʪʴ ʜʦʩʪʨʦʢʦʚʦ ʟʫʧʠʥʠʪʠ ʧʨʦʮʝʩ ʜʝʢʦʜʫʚʘʥʥʷ ʪʽʣʴʢʠ ʚ ʪʦʤʫ ʚʠʧʘʜʢʫ, ʷʢʱʦ ʮʝʡ 

ʧʘʢʝʪ ʤʦʞʝ ʙʫʪʠ ʜʝʢʦʜʦʚʘʥʠʡ ʢʦʨʝʢʪʥʦ, ʘ ʚ ʥʠʞʥʽʡ ʜʽʣʷʥʮʽ ʨʦʙʦʯʦʾ ʦʙʣʘʩʪʽ 

ʧʝʨʝʚʘʞʘʶʪʴ ʥʝʜʝʢʦʜʦʚʘʥʽ ʧʘʢʝʪʠ. 

ʇʨʦʧʦʥʫʻʪʴʩʷ ʥʦʚʠʡ ʤʝʪʦʜ ʬʦʨʤʫʚʘʥʥʷ ʢʦʜʫ, ʱʦ ʨʝʻʩʪʨʫʻ ʧʦʤʠʣʢʠ, ʷʢʠʡ 

ʟʘʩʥʦʚʘʥʠʡ ʥʘ ʨʦʟʢʣʘʜʘʥʥʽ ʽʥʬʦʨʤʘʮʽʡʥʦʾ ʧʦʩʣʽʜʦʚʥʦʩʪʽ ʊʂ ʚ -ʤʽʨʥʠʡ ʤʘʩʠʚ. ʊʦʜʽ 

ʢʦʞʝʥ ʽʥʬʦʨʤʘʮʽʡʥʠʡ ʙʽʪ n ʨʘʟ ʙʨʘʪʠʤʝ ʫʯʘʩʪʴ ʫ ʬʦʨʤʫʚʘʥʥʽ ʙʽʪ ʢʦʥʪʨʦʣʴʥʦʾ ʩʫʤʠ. 

ʅʘ ʨʠʩ. 2 ʧʦʢʘʟʘʥʠʡ ʧʨʠʢʣʘʜ ʨʦʟʢʣʘʜʘʥʥʷ 25 ʙʽʪʥʦʾ ʧʦʩʣʽʜʦʚʥʦʩʪʽ ʧʨʠ  ʽ 64 

ʙʽʪʥʦʾ ʧʨʠ . 

ʋ ʧʝʨʰʦʤʫ ʚʠʧʘʜʢʫ ʽʥʬʦʨʤʘʮʽʡʥʠʡ ʙʽʪ  ʙʝʨʝ ʫʯʘʩʪʴ ʫ ʬʦʨʤʫʚʘʥʥʽ ʙʽʪ  ʽ 

 ʢʦʥʪʨʦʣʴʥʦʾ ʩʫʤʠ, ʘ ʫ ʜʨʫʛʦʤʫ ï ʙʽʪ  ʙʫʜʝ ʚʧʣʠʚʘʪʠ ʥʘ ,  ʽ . 

ʈʦʟʛʣʷʥʝʤʦ ʦʙʝʨʥʝʥʫ ʟʘʜʘʯʫ: ʨʦʟʢʣʘʜʘʥʥʷ n-ʤʽʨʥʦʛʦ ʤʘʩʠʚʫ ʚ ʦʜʥʦʤʽʨʥʠʡ. 

ʅʝʭʘʡ ʽʥʜʝʢʩʘʮʽʷ ʝʣʝʤʝʥʪʽʚ n-ʤʽʨʥʦʛʦ ʤʘʩʠʚʫ ʚʠʢʦʥʫʻʪʴʩʷ ʪʘʢʠʤ ʯʠʥʦʤ: 

. ʅʝʭʘʡ -ʡ ʽʥʜʝʢʩ ʟʤʽʥʶʻʪʴʩʷ ʚ ʜʽʘʧʘʟʦʥʽ ʚʽʜ 0 ʜʦ   
( ). 

ɼʣʷ ʟʨʫʯʥʦʩʪʽ ʧʨʠʧʫʩʪʠʤʦ, ʱʦ ʤʘʢʩʠʤʘʣʴʥʝ ʟʥʘʯʝʥʥʷ ʽʥʜʝʢʩʫ ʟ ʢʦʞʥʦʾ 

ʨʦʟʤʽʨʥʦʩʪʽ ʜʦʨʽʚʥʶʻ . ʊʘʢʠʤ ʯʠʥʦʤ ʤʘʩʠʚ ʻ -ʤʽʨʥʠʡ ʛʽʧʝʨʢʫʙ. 
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ʈʠʩ. 2.  ʇʦʜʘʥʥʷ ʙʽʪʦʚʦʾ ʧʦʩʣʽʜʦʚʥʦʩʪʽ ʜʚʦ- ʪʘ ʪʨʠʚʠʤʽʨʥʠʤ ʤʘʩʠʚʦʤ. 

 

ʅʝʭʘʡ ʦʩʪʘʥʥʽʡ, n-ʡ ʽʥʜʝʢʩ ʙʘʛʘʪʦʚʠʤʽʨʥʦʛʦ ʤʘʩʠʚʫ ʻ ʥʘʡʤʦʣʦʜʰʠʤ, ʪʦʜʽ 

ʝʣʝʤʝʥʪ  -ʤʽʨʥʦʛʦ ʛʽʧʝʨʢʫʙʘ ʧʨʠ ʨʦʟʢʣʘʜʘʥʥʽ ʚ 

ʦʜʥʦʚʠʤʽʨʥʠʡ ʤʘʩʠʚ ʤʘʪʠʤʝ ʽʥʜʝʢʩ: 

. (5) 

ʆʪʨʠʤʘʥʥʷ ʙʽʪ ʢʦʥʪʨʦʣʴʥʦʾ ʩʫʤʠ ʚ ʟʘʛʘʣʴʥʦʤʫ ʚʠʧʘʜʢʫ ʜʣʷ  ʨʦʟʤʽʨʥʦʩʪʝʡ 

ʟʜʽʡʩʥʶʚʘʪʠʤʝʪʴʩʷ ʪʘʢʠʤ ʯʠʥʦʤ: 

1. ɼʣʷ ʦʙʨʘʥʦʾ -ʾ ʨʦʟʤʽʨʥʦʩʪʽ ʦʪʨʠʤʫʻʤʦ ʤʥʦʞʠʥʫ ʽʥʜʝʢʩʥʠʭ ʥʘʙʦʨʽʚ 

 ʪʘʢʠʭ, ʱʦ ʚʩʽ ʽʥʰʽ ʽʥʜʝʢʩʠ, ʢʨʽʤ -ʛʦ ʧʨʠʡʤʘʶʪʴ 

ʫʩʽ ʤʦʞʣʠʚʽ ʢʦʤʙʽʥʘʮʽʾ ʟʥʘʯʝʥʴ. ʋʩʴʦʛʦ ʪʘʢʘ ʤʥʦʞʠʥʘ ʤʽʩʪʠʪʠʤʝ  
ʝʣʝʤʝʥʪʽʚ. 

2. ʂʦʞʥʦʤʫ ʝʣʝʤʝʥʪʫ ʮʽʻʾ ʤʥʦʞʠʥʠ ʙʫʜʝ ʚʽʜʧʦʚʽʜʘʪʠ ʦʜʠʥ ʧʝʨʝʚʽʨʦʯʥʠʡ ʙʽʪ. 

ɼʣʷ ʡʦʛʦ ʦʪʨʠʤʘʥʥʷ ʩʣʽʜ ʧʽʜʩʫʤʫʚʘʪʠ (ʟʘ ʤʦʜʫʣʝʤ 2) ʽʥʬʦʨʤʘʮʽʡʥʽ ʙʽʪʠ, ʱʦ 

ʦʪʨʠʤʘʥʽ ʟʤʽʥʦʶ -ʛʦ ʽʥʜʝʢʩʫ 

 

(

6) 

3. ɼʽʶ 2 ʥʝʦʙʭʽʜʥʦ ʧʦʚʪʦʨʠʪʠ ʜʣʷ ʢʦʞʥʦʛʦ ʽʥʜʝʢʩʥʦʛʦ ʥʘʙʦʨʫ. 

4. ɼʽʶ 1 ʥʝʦʙʭʽʜʥʦ ʧʦʚʪʦʨʠʪʠ ʜʣʷ ʢʦʞʥʦʾ ʨʦʟʤʽʨʥʦʩʪʽ. 

ʇʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ ʪʘʢʦʛʦ ʤʝʪʦʜʫ ʦʪʨʠʤʘʥʥʷ ʙʽʪ ʢʦʥʪʨʦʣʴʥʦʾ ʩʫʤʠ 

ʨʝʟʫʣʴʪʫʶʯʘ ʧʦʩʣʽʜʦʚʥʽʩʪʴ ʤʽʩʪʠʪʠʤʝ  ʙʽʪ, ʜʝ ʧʝʨʰʠʡ ʜʦʜʘʥʦʢ 

ʚʽʜʧʦʚʽʜʘʻ ʟʘ ʢʽʣʴʢʽʩʪʴ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʙʽʪ, ʜʨʫʛʠʡ ï ʟʘ ʢʽʣʴʢʽʩʪʴ ʧʝʨʝʚʽʨʦʯʥʠʭ ʙʽʪ. 

ʗʢ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩ. 3 ʚʠʢʦʨʠʩʪʘʥʥʷ ʟʘʧʨʦʧʦʥʦʚʘʥʦʛʦ ʤʦʜʠʬʽʢʦʚʘʥʦʛʦ ʢʦʜʫ 

ʧʝʨʝʚʽʨʢʠ ʧʘʨʥʦʩʪʽ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʟʙʽʣʴʰʝʥʥʷ ʜʦʩʪʦʚʽʨʥʦʩʪʽ ʜʝʢʦʜʦʚʘʥʦʛʦ ʧʘʢʝʪʘ 

ʧʦʨʽʚʥʷʥʦ ʟ ʢʣʘʩʠʯʥʠʤ ʚʠʧʘʜʢʦʤ. 

ɿ ʨʠʩ.3 ʚʠʜʥʦ, ʱʦ ʫ ʥʘʡʙʽʣʴʰ ʧʨʦʙʣʝʤʥʽʡ ʜʽʣʷʥʮʽ ʨʦʙʦʯʦʾ ʦʙʣʘʩʪʽ ʟʥʘʯʝʥʥʷ 

ʜʦʩʪʦʚʽʨʥʦʩʪʽ ʜʣʷ ʟʚʠʯʘʡʥʦʛʦ ʢʦʜʫ ʧʝʨʝʚʽʨʢʠ ʧʘʨʥʦʩʪʽ ʩʪʘʥʦʚʠʪʴ 98,43%, ʘ 

ʤʦʜʠʬʽʢʦʚʘʥʦʛʦ ʢʦʜʫ ï 99,87% ʧʨʠ ʪʦʤʫ, ʱʦ ʟʚʠʯʘʡʥʠʡ ʢʦʜ ʤʘʻ ʙʽʣʴʰʫ 

ʥʘʜʤʽʨʥʽʩʪʴ. 

ʅʝʜʦʣʽʢʦʤ ʟʘʧʨʦʧʦʥʦʚʘʥʦʛʦ ʤʝʪʦʜʫ ʦʪʨʠʤʘʥʥʷ ʢʦʜʫ ʧʝʨʝʚʽʨʢʠ ʧʘʨʥʦʩʪʽ ʻ ʪʝ, 

ʱʦ ʟʽ ʟʙʽʣʴʰʝʥʥʷʤ ʧʘʨʘʤʝʪʨʘ  ʯʘʩʪʢʘ ʧʝʨʝʚʽʨʦʯʥʠʭ ʩʠʤʚʦʣʽʚ ʟʙʽʣʴʰʫʚʘʪʠʤʝʪʴʩʷ. 

ʄʦʞʥʘ ʚʽʜʟʥʘʯʠʪʠ, ʱʦ ʟ ʨʽʟʥʠʭ ʟʥʘʯʝʥʥʷʭ ɺʉʐ ʟʽ ʟʙʽʣʴʰʝʥʥʷʤ ʨʽʚʥʷ ʟʘʚʘʜ 

ʽʥʬʦʨʤʘʮʽʡʥʘ ʧʦʩʣʽʜʦʚʥʽʩʪʴ ʊʂ ʜʣʷ ʦʧʪʠʤʘʣʴʥʦʛʦ ʚʠʧʘʜʢʫ ʚʠʤʘʛʘʪʠʤʝ ʙʽʣʴʰʦʾ 

ʢʽʣʴʢʦʩʪʽ ʧʝʨʝʚʽʨʦʯʥʠʭ ʙʽʪ, ʽ ʟ ʟʤʝʥʰʝʥʥʷʤ ï ʤʝʥʰʦʾ. ɺʞʝ ʧʨʠ ɺʉʐ ʚ 2 ʜɹ ʧʦʪʨʝʙʘ 

ʫ ʚʢʣʘʜʝʥʦʤʫ ʢʦʜʽ ʬʘʢʪʠʯʥʦ ʚʽʜʧʘʜʘʻ ʽ ʜʣʷ ʚʩʽʻʾ ʽʥʬʦʨʤʘʮʽʡʥʦʾ ʧʦʩʣʽʜʦʚʥʦʩʪʽ 

ʜʦʩʪʘʪʥʴʦ ʦʜʥʦʛʦ ʧʝʨʝʚʽʨʦʯʥʦʛʦ ʙʽʪʘ. 
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ʈʠʩ. 3. ʇʦʨʽʚʥʷʥʥʷ ʜʦʩʪʦʚʽʨʥʦʩʪʝʡ ʜʝʢʦʜʦʚʘʥʠʭ 

ʧʘʢʝʪʽʚ ʧʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ ʟʚʠʯʘʡʥʦʛʦ ʪʘ 

ʤʦʜʠʬʽʢʦʚʘʥʦʛʦ ʢʦʜʽʚ ʧʝʨʝʚʽʨʢʠ ʧʘʨʥʦʩʪʽ. 

 

ɸʥʘʣʦʛʽʯʥʫ ʟʘʜʘʯʫ 

ʟʥʘʭʦʜʞʝʥʥʷ ʦʧʪʠʤʘʣʴʥʦʾ 

ʢʽʣʴʢʦʩʪʽ ʧʝʨʝʚʽʨʦʯʥʠʭ ʙʽʪ 

ʤʦʞʥʘ ʚʠʨʽʰʫʚʘʪʠ ʽ ʜʣʷ 

ʟʘʧʨʦʧʦʥʦʚʘʥʦʛʦ ʢʦʜʫ 

ʧʝʨʝʚʽʨʢʠ ʧʘʨʥʦʩʪʽ, ʱʦ 

ʚʠʢʦʨʠʩʪʦʚʫʻ ʨʦʟʢʣʘʜʘʥʥʷ 

ʽʥʬʦʨʤʘʮʽʡʥʦʾ ʧʦʩʣʽʜʦʚʥʦʩʪʽ ʚ 

n-ʤʽʨʥʠʡ ʤʘʩʠʚ. ʋ ʮʴʦʤʫ 

ʚʠʧʘʜʢʫ ʥʝʦʙʭʽʜʥʦ ʙʫʜʝ 

ʚʠʟʥʘʯʠʪʠ ʦʧʪʠʤʘʣʴʥʠʡ ʩʧʦʩʽʙ 

ʧʝʨʬʦʨʘʮʽʾ ʧʝʨʝʚʽʨʦʯʥʠʭ ʙʽʪ 

(ʬʘʢʪʠʯʥʦ ʦʧʪʠʤʘʣʴʥʫ 

ʰʚʠʜʢʽʩʪʴ ʢʦʜʫ ʧʝʨʝʚʽʨʢʠ 

ʧʘʨʥʦʩʪʽ), ʧʨʠ ʷʢʦʤʫ ʩʠʩʪʝʤʘ 

ʜʝʤʦʥʩʪʨʫʚʘʪʠʤʝ 

ʤʘʢʩʠʤʘʣʴʥʫ ʝʬʝʢʪʠʚʥʽʩʪʴ. 

. 
ʊʘʙʣʠʮʷ 1.  ʆʧʪʠʤʘʣʴʥʽ ʜʦʚʞʠʥʠ ʢʦʜʫ ʧʝʨʝʚʽʨʢʠ ʧʘʨʥʦʩʪʽ ʧʨʠ ʟʤʽʥʥʦʤʫ ɺʉʐ. 

 0,5 ʜɹ 1 ʜɹ 1,5 ʜɹ 2 ʜɹ 

ʆʧʪʠʤʘʣʴʥʠʡ ʢʦʜ 

ʧʝʨʝʚʽʨʢʠ ʧʘʨʥʦʩʪʽ 
(49,50) (79,80) (199,200) (399,400) 

 

ʅʘʷʚʥʽʩʪʴ ʧʦʜʽʙʥʦʾ ʟʘʣʝʞʥʦʩʪʽ ʜʦʟʚʦʣʠʪʴ ʧʨʦʝʢʪʫʚʘʪʠ ʩʠʩʪʝʤʫ ʧʝʨʝʜʘʯʽ 

ʽʥʬʦʨʤʘʮʽʾ ʟ ʊʂ, ʱʦ ʚʠʢʦʨʠʩʪʦʚʫʻ ʚʢʣʘʜʝʥʠʡ ʘʜʘʧʪʠʚʥʠʡ ʢʦʜ, ʱʦ ʨʝʻʩʪʨʫʻ 

ʧʦʤʠʣʢʠ ʪʘ ʧʽʜʚʠʱʫʻ ʜʦʩʪʦʚʽʨʥʽʩʪʴ ʧʝʨʝʜʘʥʦʛʦ ʧʘʢʝʪʘ  

ʈʦʟʨʦʙʣʝʥʦ ʤʝʪʦʜ ʦʪʨʠʤʘʥʥʷ ʢʦʜʫ ʧʝʨʝʚʽʨʢʠ ʧʘʨʥʦʩʪʽ, ʟʘʩʥʦʚʘʥʠʡ ʥʘ 

ʨʦʟʢʣʘʜʘʥʥʽ ʽʥʬʦʨʤʘʮʽʡʥʦʾ ʧʦʩʣʽʜʦʚʥʦʩʪʽ ʚ -ʤʽʨʥʠʡ ʤʘʩʠʚ, ʱʦ ʧʦʻʜʥʫʻ ʧʨʦʩʪʦʪʫ 

ʨʝʘʣʽʟʘʮʽʾ ʪʘ ʚʠʩʦʢʫ ʜʦʩʪʦʚʽʨʥʽʩʪʴ; ʟʘʧʨʦʧʦʥʦʚʘʥʘ ʧʝʨʬʦʨʦʚʘʥʘ ʤʦʜʠʬʽʢʘʮʽʷ ʜʘʥʦʛʦ 

ʢʦʜʫ, ʱʦ ʚʨʘʭʦʚʫʻ ʩʧʝʮʠʬʽʢʫ ʧʦʤʠʣʦʢ, ʱʦ ʚʠʥʠʢʘʶʪʴ ʧʨʠ ʜʝʢʦʜʫʚʘʥʥʽ ʊʂ ʽ 

ʟʘʙʝʟʧʝʯʫʻ ʙʽʣʴʰʫ ʜʦʩʪʦʚʽʨʥʽʩʪʴ ʽ ʤʝʥʰʫ ʥʘʜʤʽʨʥʽʩʪʴ ʚ ʦʙʣʘʩʪʽ ɺʉʐ ʟ 

ʧʝʨʝʚʘʞʘʥʥʷʤ ʧʘʢʝʪʽʚ, ʱʦ ʜʝʢʦʜʫʶʪʴʩʷ. ʈʦʟʛʣʷʥʫʪʦ ʟʘʚʜʘʥʥʷ ʧʦʰʫʢʫ ʢʦʜʫ 

ʧʝʨʝʚʽʨʢʠ ʧʘʨʥʦʩʪʽ ʟ ʦʧʪʠʤʘʣʴʥʦʶ ʥʘʜʤʽʨʥʽʩʪʶ ʜʣʷ ʨʝʻʩʪʨʘʮʽʾ ʧʦʤʠʣʦʢ 

ʽʥʬʦʨʤʘʮʽʡʥʦʾ ʧʦʩʣʽʜʦʚʥʦʩʪʽ ʊʂ. 
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ESTIMATION OF SPEED CHARACTERISTICS FOR VDSL2 -VECTORING 

TECHNOLOGY UNDER CROSS TALKING INTERFIERENCE CONDITION  

 

VDSL2-vectoring technology is an improvement of the widely known VDSL2 technology, 

which is used as the "last inch" for fiber optic broadband access networks in FTTC (Fiber To 

The Curb/Cab) and FTTB (Fiber To The Building) architectures to provide a variety of 

multimedia services, including IPTV , OTT and others. VDSL2-vectoring technology allows you 

to compensate a cross talking interference at the far end of the cable (FEXT) and, thus, 

significantly increase the transmission speed in the section from the access point to the customer 

premises. Since FEXT depends on the cable length, it is interesting to determine the range of 

distances at which it is appropriate to use VDSL2-vectoring technology. 

 

ʊʝʭʥʦʣʦʛʽʷ VDSL2-vectoring ̒  ʚʜʦʩʢʦʥʘʣʝʥʥʷʤ ʧʦʰʠʨʝʥʦʾ ʪʝʭʥʦʣʦʛʽʾ VDSL2, ʷʢʘ 

ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʫ ʷʢʦʩʪʽ çʦʩʪʘʥʥʴʦʛʦ ʜʶʡʤʫè ʚ ʦʧʪʦʚʦʣʦʢʦʥʥʠʭ ʰʠʨʦʢʦʩʤʫʛʦʚʠʭ 

ʤʝʨʝʞʘʭ ʜʦʩʪʫʧʫ ʚ ʘʨʭʽʪʝʢʪʫʨʽ FTTC (Fiber To The Curb/Cab) ʪʘ FTTB (Fiber To The 

Building) ʜʣʷ ʥʘʜʘʥʥʷ ʨʽʟʥʦʤʘʥʽʪʥʠʭ ʤʫʣʴʪʠʤʝʜʽʡʥʠʭ ʧʦʩʣʫʛ, ʚʢʣʶʯʘʶʯʠ IPTV, OTT ʪʘ 

ʽʥʰʠʭ. ʊʝʭʥʦʣʦʛʽʷ VDSL2-vectoring ʜʦʟʚʦʣʷʻ ʢʦʤʧʝʥʩʫʚʘʪʠ ʚʧʣʠʚ ʧʝʨʝʭʽʜʥʠʭ ʟʘʚʘʜ ʥʘ 

ʜʘʣʴʥʴʦʤʫ ʢʽʥʮʽ ʢʘʙʝʣʶ (FEXT) ʽ, ʪʘʢʠʤ ʯʠʥʦʤ, ʟʥʘʯʥʦ ʟʙʽʣʴʰʠʪʠ ʰʚʠʜʢʽʩʪʴ ʧʝʨʝʜʘʯʽ ʥʘ 

ʜʽʣʷʥʮʽ ʚʽʜ ʪʦʯʢʠ ʜʦʩʪʫʧʫ ʜʦ ʧʨʠʤʽʱʝʥʴ ʢʦʨʠʩʪʫʚʘʯʽʚ. ʊʘʢ ʷʢ FEXT ʟʘʣʝʞʠʪʴ ʚʽʜ ʜʦʚʞʠʥʠ 

ʢʘʙʝʣʶ, ʪʦ  ʮʽʢʘʚʠʤ ʻ ʚʠʟʥʘʯʝʥʥʷ ʜʽʘʧʘʟʦʥʫ ʚʽʜʩʪʘʥʝʡ, ʥʘ ʷʢʠʭ ʜʦʮʽʣʴʥʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ 

ʪʝʭʥʦʣʦʛʽʶ VDSL2-vectoring.  

 

ʊʝʭʥʦʣʦʛʽʷ VDSL2 (ITU-T G.993.2) ʻ ʚʠʩʦʢʦʰʚʠʜʢʽʩʥʦʶ ʪʝʭʥʦʣʦʛʽʻʶ, ʱʦ 

ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʥʘ ʦʩʪʘʥʥʽʡ ʜʽʣʷʥʮʽ ʦʧʪʦʚʦʣʦʢʦʥʥʦʾ ʤʝʨʝʞʽ ʜʦʩʪʫʧʫ, 

ʜʦʚʞʠʥʘ ʷʢʦʾ ʥʝ ʧʝʨʝʚʠʱʫʻ 1 ʢʤ.  

ʊʝʭʥʦʣʦʛʽʷ VDSL2 ʧʨʘʮʶʻ ʧʦ ʤʽʜʥʦʤʫ ʢʘʙʝʣʶ, ʚʠʢʦʨʠʩʪʦʚʫʻ ʣʽʥʽʡʥʠʡ 

ʩʠʛʥʘʣ DMT (Discrete Multi  Tone) ʟ ʢʽʣʴʢʽʩʪʶ ʥʝʩʫʯʠʭ ʜʦ 8192 (ʧʨʦʬʽʣʽ 35a ʪʘ 

35b) ʽ ʢʨʦʢʦʤ ʥʝʩʫʯʠʭ ʫ 4,3125 ʢɻʮ. ʏʘʩʪʦʪʥʽ ʢʘʥʘʣʠ, ʫʪʚʦʨʝʥʽ ʟʘ ʨʘʭʫʥʦʢ 

QAM-ʤʦʜʫʣʷʮʽʾ ʥʝʩʫʯʠʭ, ʧʦʜʽʣʷʶʪʴʩʷ ʥʘ ʜʚʽ ʛʨʫʧʠ, ʷʢʽ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʫ 

ʥʘʧʨʷʤʢʘʭ Downstream (ʚʽʜ DSLAM ʜʦ ʢʦʨʠʩʪʫʚʘʯʽʚ) ʪʘ Upstream (ʫ 

ʟʚʦʨʦʪʥʦʤʫ ʥʘʧʨʷʤʢʫ). ʊʘʢʠʤ ʯʠʥʦʤ, ʩʤʫʛʠ ʯʘʩʪʦʪ ʧʝʨʝʜʘʯʽ ʽ ʧʨʠʡʦʤʫ ʥʝ 

ʧʝʨʝʩʽʢʘʶʪʴʩʷ ʽ ʧʨʠ ʦʨʛʘʥʽʟʘʮʽʾ ʙʘʛʘʪʴʦʭ ʣʽʥʽʡ VDSL2 ʫ ʩʧʽʣʴʥʦʤʫ ʢʘʙʝʣʽ ʤʽʞ 

ʥʠʤʠ ʤʘʶʪʴ ʤʽʩʮʝ ʪʽʣʴʢʠ ʧʝʨʝʭʽʜʥʽ ʟʘʚʘʜʠ ʥʘ ʜʘʣʴʥʴʦʤʫ ʢʽʥʮʽ ʢʘʙʝʣʶ, ʷʢʽ 

ʚʠʟʥʘʯʘʶʪʴʩʷ ʢʦʝʬʽʮʽʻʥʪʦʤ ʧʝʨʝʭʽʜʥʠʭ ʟʘʚʘʜ FEXT (Far End Cross Talking).   

ʇʝʨʝʭʽʜʥʽ ʟʘʚʘʜʠ ʥʘ ʜʘʣʴʥʴʦʤʫ ʢʽʥʮʽ ʢʘʙʝʣʶ ʟʘʣʝʞʘʪʴ ʚʽʜ ʡʦʛʦ ʜʦʚʞʠʥʠ ʪʘ 

ʯʘʩʪʦʪʠ ʩʠʛʥʘʣʫ. ɼʣʷ ʦʮʽʥʢʠ ʚʧʣʠʚʫ ʧʝʨʝʭʽʜʥʠʭ ʟʘʚʘʜ ʥʘ ʜʘʣʴʥʴʦʤʫ ʢʽʥʮʽ 

ʢʘʙʝʣʶ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʪʘʢʝ ʧʦʥʷʪʪʷ ʷʢ ʟʘʭʠʱʝʥʽʩʪʴ ʥʘ ʜʘʣʴʥʴʦʤʫ ʢʽʥʮʽ 

ʢʘʙʝʣʶ, ʷʢʝ ʻ ʚʽʜʥʦʰʝʥʥʷʤ ʧʦʪʫʞʥʦʩʪʽ ʩʠʛʥʘʣʫ ʜʦ ʧʦʪʫʞʥʦʩʪʽ ʧʝʨʝʭʽʜʥʦʾ 
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ʟʘʚʘʜʠ ʥʘ ʜʘʣʴʥʴʦʤʫ ʢʽʥʮʽ ʢʘʙʝʣʶ ʽ ʧʦʟʥʘʯʘʻʪʴʩʷ ʷʢ ELFEXT (Equal Level 

FEXT). ɼʣʷ ʦʮʽʥʢʠ ELFEXT ʚ ʧʦʰʠʨʝʥʦʤʫ ʥʘ ʤʝʨʝʞʘʭ ʢʘʙʝʣʶ ʪʠʧʫ ʊʇʇ 

ʧʫʯʢʦʚʦʾ ʩʢʨʫʪʢʠ ʽʩʥʫʻ ʥʘʩʪʫʧʥʘ ʝʤʧʽʨʠʯʥʘ ʬʦʨʤʫʣʘ [3]: 

 

          (1) 

 

ʜʝ: f ï ʯʘʩʪʦʪʘ, ʢɻʮ;  l ï ʜʦʚʞʠʥʘ ʢʘʙʝʣʶ, ʤ; m ï ʢʽʣʴʢʽʩʪʴ ʧʘʨ, ʱʦ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʚ  ʢʘʙʝʣʽ ʜʣʷ ʦʨʛʘʥʽʟʘʮʽʾ VDSL2-ʣʽʥʽʡ; 56  ʜɹ  ï  ʚʽʜʧʦʚʽʜʘʻ  

ʤʽʥʽʤʘʣʴʥʦ  ʜʦʧʫʩʪʠʤʦʤʫ  ʟʥʘʯʝʥʥʶ ʟʘʭʠʱʝʥʦʩʪʽ  ʥʘ  ʜʘʣʴʥʴʦʤʫ  ʢʽʥʮʽ ʣʠʰʝ 

ʜʣʷ ʜʚʦʭ ʚʟʘʻʤʦ-ʚʧʣʠʚʘʶʯʠʭ ʧʘʨ ʚ ʝʣʝʤʝʥʪʘʨʥʦʤʫ ʧʫʯʢʫ ʢʘʙʝʣʶ ʟʘʚʜʦʚʞʢʠ 1 

ʢʤ ʥʘ ʯʘʩʪʦʪʽ 300 ʢɻʮ; 280 ï ʜʦʚʞʠʥʘ ʢʘʙʝʣʶ ʚ ʤʝʪʨʘʭ, ʜʣʷ ʷʢʦʾ ʙʫʣʠ 

ʚʠʟʥʘʯʝʥʽ ʢʦʤʧʦʥʝʥʪʠ ʬʦʨʤʫʣʠ. 

ʇʝʨʝʭʽʜʥʘ ʟʘʚʘʜʘ ʥʘ ʜʘʣʴʥʴʦʤʫ ʢʽʥʮʽ ʢʘʙʝʣʶ ʻ ʘʜʠʪʠʚʥʦʶ ʜʦ ʩʠʛʥʘʣʫ 

DMT. ɺ ʨʝʟʫʣʴʪʘʪʽ DMT-ʩʠʤʚʦʣʠ ʚ ʪʦʯʮʽ ʧʨʠʡʦʤʫ ʟʤʽʥʶʶʪʴ ʘʤʧʣʽʪʫʜʫ ʽ 

ʬʘʟʫ. ʎʝ ʧʨʦʷʚʣʷʻʪʴʩʷ ʫ ʚʽʜʭʠʣʝʥʥʽ ʢʦʦʨʜʠʥʘʪ ʩʠʛʥʘʣʴʥʦʾ ʪʦʯʢʠ ʧʨʠʡʥʷʪʦʛʦ 

ʩʠʤʚʦʣʫ ʚʽʜ ʪʦʛʦ, ʱʦ ʦʯʽʢʫʻʪʴʩʷ (ʨʠʩ. 1). 

ʆʯʽʢʫʻʤʠʡ ʩʠʤʚʦʣ

ʇʨʠʡʥʷʪʠʡ ʩʠʤʚʦʣ

Y

ȹy

ȹx

ʇʝʨʝʭʽʜʥʘ ʟʘʚʘʜʘ

 
ʈʠʩ. 1. ʈʝʟʫʣʴʪʘʪ ʚʧʣʠʚʫ ʧʝʨʝʭʽʜʥʦʾ ʟʘʚʘʜʠ ʥʘ ʧʨʠʡʦʤ ʩʠʤʚʦʣʽʚ. 

 

 ɺʽʜʭʠʣʝʥʥʷ ʚʝʢʪʦʨʫ ʩʠʤʚʦʣʫ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʧʦʤʠʣʢʠ ʚ ʧʨʠʡʥʷʪʪʽ ʨʽʰʝʥʥʷ 

ʧʨʦ ʧʦʪʦʯʥʠʡ ʩʠʤʚʦʣ. ɼʣʷ ʢʦʤʧʝʥʩʘʮʽʾ ʚʧʣʠʚʫ ʧʝʨʝʭʽʜʥʠʭ ʟʘʚʘʜ ʥʘ 

ʜʘʣʴʥʴʦʤʫ ʢʽʥʮʽ ʢʘʙʝʣʶ ʙʫʣʘ ʟʘʧʨʦʧʦʥʦʚʘʥʘ ʪʝʭʥʦʣʦʛʽʷ çʚʝʢʪʦʨʠʥʛʫè (ITU-T 

G.993.5) ʷʢ ʚʜʦʩʢʦʥʘʣʝʥʥʷ ʩʪʘʥʜʘʨʪʫ VDSL2. ʊʝʭʥʦʣʦʛʽʷ çʚʝʢʪʦʨʠʥʛʫè 

ʚʠʢʦʨʠʩʪʦʚʫʻ ʢʦʨʝʢʮʽʶ ʘʤʧʣʽʪʫʜʠ ʪʘ ʬʘʟʠ ʩʠʤʚʦʣʽʚ DMT ʪʘʢ, ʱʦʙ ʥʘ 

ʧʨʠʡʤʘʣʴʥʽʡ ʩʪʦʨʦʥʽ ʧʽʩʣʷ ʚʧʣʠʚʫ ʧʝʨʝʭʽʜʥʠʭ ʟʘʚʘʜ ʾʭ ʘʤʧʣʽʪʫʜʘ ʪʘ ʬʘʟʘ 

ʚʽʜʧʦʚʽʜʘʣʠ ʧʨʘʚʠʣʴʥʠʤ ʟʥʘʯʝʥʥʷʤ (ʨʠʩ. 2). 

ʂʦʜʝʨ 

ʩʠʤʚʦʣʽʚ
ʇʨʝʢʦʜʝʨ IDFT

ȹx, ȹy

Z = x +jy

Zʢʦʨ = (x - ȹx) +j(y - ȹy) 

DMT (ʚʽʜʣʽʢʠ)ʌʨʝʡʤʠ ʜʘʥʠʭ

 
ʈʠʩ 2ʫʥʦʢ. ʂʦʨʠʛʫʚʘʥʥʷ ʢʦʦʨʜʠʥʘʪ ʩʠʛʥʘʣʴʥʠʭ ʪʦʯʦʢ ʧʨʠ çʚʝʢʪʦʨʠʥʛʫè. 

 

ʌʫʥʢʮʽʦʥʘʣʴʥʠʡ ʚʫʟʦʣ ʢʝʨʫʚʘʥʥʷ çʚʝʢʪʦʨʠʥʛʦʤè ʚ ʤʦʜʝʤʽ ʢʦʨʠʩʪʫʚʘʯʘ 

ʚʠʨʘʭʦʚʫʻ ʚʽʜʭʠʣʝʥʥʷ ʧʦ ʜʚʦʤ ʢʦʦʨʜʠʥʘʪʘʤ ʩʠʛʥʘʣʴʥʦʾ ʪʦʯʢʠ (æx ʪʘ æy) ʜʣʷ 

ʩʠʤʚʦʣʽʚ ʧʽʣʦʪʥʠʭ ʧʦʩʣʽʜʦʚʥʦʩʪʝʡ ʽ ʥʘʜʩʠʣʘʻ ʧʦʚʽʜʦʤʣʝʥʥʷ ʚ DSLAM. 
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ʇʨʠʡʥʷʚʰʠ ʮʝ ʧʦʚʽʜʦʤʣʝʥʥʷ, DSLAM ʚ ʩʧʝʮʽʘʣʴʥʦʤʫ ʧʨʝʢʦʜʝʨʽ ʚʽʜʥʽʤʘʻ ʚʽʜ 

ʢʦʦʨʜʠʥʘʪ ʩʬʦʨʤʦʚʘʥʠʭ ʩʠʛʥʘʣʴʥʠʭ ʪʦʯʦʢ ʟʥʘʯʝʥʥʷ ʚʽʜʭʠʣʝʥʴ, ʪʦʙʪʦ ʢʦʨʝʛʫʻ 

ʾʭ ʧʦʣʦʞʝʥʥʷ. ʊʨʝʙʘ ʟʘʫʚʘʞʠʪʠ, ʱʦ ʩʠʛʥʘʣʠ ʧʝʨʝʜʘʯʽ ʧʦʚʽʜʦʤʣʝʥʴ ʧʨʦ 

ʚʽʜʭʠʣʝʥʥʷ ʢʦʦʨʜʠʥʘʪ ʩʠʛʥʘʣʴʥʠʭ ʪʦʯʦʢ  ʩʘʤʽ ʧʦ ʩʦʙʽ ʩʪʚʦʨʶʶʪʴ ʧʝʨʝʭʽʜʥʽ 

ʟʘʚʘʜʠ. ʊʘʢʠʤ ʯʠʥʦʤ, ʧʦʚʥʽʩʪʶ ʢʦʤʧʝʥʩʫʚʘʪʠ ʧʝʨʝʭʽʜʥʽ ʟʘʚʘʜʠ ʥʝʤʦʞʣʠʚʦ. 

ɼʣʷ ʦʮʽʥʢʠ ʩʪʫʧʝʥʶ ʢʦʤʧʝʥʩʘʮʽʾ FEXT ʚʚʦʜʠʪʴʩʷ ʢʦʝʬʽʮʽʻʥʪ ʢʦʤʧʝʥʩʘʮʽʾ 

( , ʷʢʠʡ ʚʠʟʥʘʯʘʻʪʴʩʷ ʚʽʜʥʦʰʝʥʥʷʤ ʧʦʪʫʞʥʦʩʪʽ ʧʝʨʝʭʽʜʥʠʭ ʟʘʚʘʜ ʚ 

ʙʫʜʴ-ʷʢʽʡ ʧʘʨʽ ʙʝʟ ʟʘʩʪʦʩʫʚʘʥʥʷ çʚʝʢʪʦʨʠʥʛʫè ʜʦ ʧʦʪʫʞʥʦʩʪʽ ʧʝʨʝʭʽʜʥʠʭ 

ʟʘʚʘʜ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ çʚʝʢʪʦʨʠʥʛʫè. ʗʢ ʟʘʟʥʘʯʝʥʦ ʚ [3], ʮʝʡ ʢʦʝʬʽʮʽʻʥʪ ʧʨʠ 

ʫʤʦʚʽ ʦʜʥʘʢʦʚʦʾ ʧʦʪʫʞʥʦʩʪʽ ʧʝʨʝʜʘʚʘʯʽʚ (ʧʨʘʢʪʠʯʥʦ ʟʘʚʞʜʠ ʚʠʢʦʥʫʻʪʴʩʷ), m 

Ó 2 ʪʘ ʦʜʥʘʢʦʚʦʤʫ ʟʥʘʯʝʥʥʽ FEXT ʤʽʞ ʙʫʜʴ-ʷʢʠʤʠ ʧʘʨʘʤʠ ʤʦʞʥʘ ʟʘʧʠʩʘʪʠ 

ʥʘʩʪʫʧʥʠʤ ʯʠʥʦʤ: 

                           (2) 

ɿʘ ʜʦʧʦʤʦʛʦʶ ʧʨʦʛʨʘʤʠ xDSLcalc ʨʦʟʨʘʭʦʚʘʥʽ ʟʘʣʝʞʥʦʩʪʽ ʰʚʠʜʢʦʩʪʽ 

ʧʝʨʝʜʘʯʽ ʚ ʢʘʙʝʣʽ ʊʇʇ 20ʭ2ʭ0,4 ʧʫʯʢʦʚʦʾ ʩʢʨʫʪʢʠ ʚʽʜ ʜʦʚʞʠʥʠ ʢʘʙʝʣʶ ʷʢ ʙʝʟ 

çʚʝʢʪʦʨʠʥʛʫè, ʪʘʢ ʽ ʟ çʚʝʢʪʦʨʠʥʛʦʤè, ʚʨʘʭʦʚʫʶʯʠ, ʱʦ ELFEXT ʜʣʷ  ʪʘʢʦʛʦ 

ʢʘʙʝʣʶ ʥʘ ʯʘʩʪʦʪʽ 1000 ʢɻʮ ʪʘ ʜʦʚʞʠʥʽ 1 ʢʤ  ʩʪʘʥʦʚʠʪʴ ʦʨʽʻʥʪʦʚʥʦ 41 ʜɹ [3]. 

ʈʝʟʫʣʴʪʘʪʠ ʨʦʟʨʘʭʫʥʢʽʚ ʟʘʣʝʞʥʦʩʪʽ ʰʚʠʜʢʦʩʪʽ ʧʝʨʝʜʘʯʽ ʚʽʜ ʚʽʜʩʪʘʥʽ ʟ 

ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʚʝʢʪʦʨʠʥʛʫ ʪʘ ʙʝʟ ʥʴʦʛʦ ʥʘʚʝʜʝʥʽ ʥʘ ʨʠʩ. 3.  

 
ʈʠʩ. 3. ɿʘʣʝʞʥʦʩʪʽ ʰʚʠʜʢʦʩʪʽ ʧʝʨʝʜʘʯʽ ʚʽʜ ʚʽʜʩʪʘʥʽ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ çʚʝʢʪʦʨʠʥʛʫè ʪʘ ʙʝʟ. 

 

ɿ ʦʪʨʠʤʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ (ʨʠʩ. 3) ʩʣʽʜʫʻ, ʱʦ ʪʝʭʥʦʣʦʛʽʷ VDSL2 vectoring 

ʩʫʪʪʻʚʦ ʟʙʽʣʴʰʫʻ ʰʚʠʜʢʽʩʪʴ ʧʝʨʝʜʘʯʽ ʥʘʚʽʪʴ ʧʨʠ 100% ʟʘʚʘʥʪʘʞʝʥʥʽ ʢʘʙʝʣʶ 

ʥʘ ʚʽʜʩʪʘʥʷʭ ʜʦ 1 ʢʤ. ʅʘ ʙʽʣʴʰʠʭ ʚʽʜʩʪʘʥʷʭ, ʚʥʘʩʣʽʜʦʢ ʟʥʠʞʝʥʥʷ ʨʽʚʥʷ 

ʧʝʨʝʭʽʜʥʠʭ ʟʘʚʘʜ ʥʘ ʜʘʣʴʥʴʦʤʫ ʢʽʥʮʽ ʢʘʙʝʣʶ, ʚʠʢʦʨʠʩʪʘʥʥʷ VDSL2 vectoring  

ʧʨʘʢʪʠʯʥʦ ʥʝ ʜʘʻ ʥʽʷʢʦʛʦ ʝʬʝʢʪʫ ʚ ʧʣʘʥʽ ʟʙʽʣʴʰʝʥʥʷ ʧʝʨʝʧʫʩʢʥʦʾ ʟʜʘʪʥʦʩʪʽ 

ʣʽʥʽʾ VDSL2. 
ʃʽʪʝʨʘʪʫʨʘ 

1. ITU-T  Recommendation  G.993.2, 2019 

2. ITU-T Recommendation G.993.5, 2019 

3. Balashov V.O., Lyakhovetskiy L.M., Oreshkov V.I.  ñBroadband access features by VDSL2 

technology using crosstalk compensation system çvectoringè.ò SWorld Scientific Issue ˉ3 

(2015). Volume 3: 186-193.  
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APPLICATION  OF DWDM  OVER CWDM   

TECHNOLOGY  IN OPTICAL  ACCESS NETWORKS 
 

Implementation of the combined DWDM over CWDM technology on optical access 

networks provides an opportunity to increase the bandwidth of such networks by increasing the 

number of optical paths formed. When ñAWGò technology is used for optical multiplexing, their 

number increases up to 10 times, and the implementation of ñAWGò technology for optical 

multiplexing together with the ñInterleavingò procedure provides an increase of up to 20 times. 
 

ɺʧʨʦʚʘʜʞʝʥʥʷ ɺʆʉʇ ʟʘ ʪʝʭʥʦʣʦʛʽʻʶ ʩʧʝʢʪʨʘʣʴʥʦʛʦ ʫʱʽʣʴʥʝʥʥʷ (ʉʋ) 

CWDM (Coarse Wavelength Division Multiplexing) ʚ ʦʧʪʠʯʥʽ ʤʝʨʝʞʽ ʜʦʩʪʫʧʫ 

(ʆʄɼ) ʟʜʽʡʩʥʶʶʪʴʩʷ ʥʘʨʦʩʪʘʶʯʠʤʠ ʪʝʤʧʘʤʠ. ʎʝ ʚʠʢʣʠʢʘʥʦ ʚʠʭʦʜʦʤ 

ʢʦʨʧʦʨʘʪʠʚʥʠʭ ʘʙʦʥʝʥʪʽʚ ʟʘ ʤʝʞʽ ʤʽʩʴʢʦʾ ʨʦʟʧʦʜʽʣʴʥʦʾ ʤʝʨʝʞʽ ʽ ʟʥʘʯʥʠʤ 

ʟʨʦʩʪʘʥʥʷʤ ʧʨʦʧʫʩʢʥʦʾ ʟʜʘʪʥʦʩʪʽ ʢʦʨʧʦʨʘʪʠʚʥʠʭ ʆʄɼ, ʱʦ ʧʨʦʜʦʚʞʫʶʪʴ 

ʪʨʘʥʩʬʦʨʤʫʚʘʪʠ ʰʣʷʭʠ ʩʧʽʣʴʥʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʚ ʆʄɼ ʪʝʭʥʦʣʦʛʽʾ CWDM ʪʘ 

ʽʥʰʠʭ ʪʝʭʥʦʣʦʛʽʡ ʉʋ : WDM, DWDM, HDWDM ʪʦʱʦ. ʇʨʘʢʪʠʯʥʦ ʩʴʦʛʦʜʥʽ ʚ 

ʆʄɼ ʚʽʜʙʫʚʘʻʪʴʩʷ ʽʥʪʝʛʨʫʚʘʥʥʷ ʪʝʭʥʦʣʦʛʽʡ CWDM ʪʘ DWDM ʚ ʻʜʠʥʫ DWDM 

over CWDM ʟ ʧʦʜʘʣʴʰʠʤ ʾʭ ʨʦʟʚʠʪʢʦʤ ʜʣʷ ʩʪʚʦʨʝʥʥʷ ʛʽʙʨʠʜʥʠʭ ʤʝʨʝʞ, ʷʢʽ 

ʦʙôʻʜʥʫʶʪʴ ʤʘʛʽʩʪʨʘʣʴʥʽ, ʨʦʟʧʦʜʽʣʴʥʽ ʽ ʤʽʩʮʝʚʽ ʦʧʪʠʯʥʽ ʤʝʨʝʞʽ ʚ ʻʜʠʥʫ ʦʧʪʠʯʥʫ 

ʪʨʘʥʩʧʦʨʪʥʫ ʤʝʨʝʞʫ. 

ʆʜʠʥ ʟ ʚʘʨʽʘʥʪʽʚ ʟʘʩʪʦʩʫʚʘʥʥʷ ɺʆʉʇ CWDM ʚ ʆʄɼ (ʥʘʧʨʘʚʣʝʥʥʷ 

ʧʨʠʡʤʘʥʥʷ) ʧʦʷʩʥʶʻ ʨʠʩ. 1, ʷʢʠʡ ʥʘʜʘʻ ʚʘʨʽʘʥʪ ʧʝʨʝʪʚʦʨʝʥʥʷ 10 ʦʧʪʠʯʥʠʭ 

ʧʦʪʦʢʽʚ ʪʝʭʥʦʣʦʛʽʾ SDH ʨʽʚʥʷ STM-16 (2,5 ɻʙʽʪ/ʩ) ʚ 10240 ʧʦʪʦʢʽʚ ɽ1 ʽ ʷʢ ʮʽ 

ʧʦʪʦʢʠ ʚʽʜʝʦʽʤʧʫʣʴʩʽʚ ʧʦʩʪʫʧʘʶʪʴ ʫ ʜʚʘʜʮʷʪʴ 512-ʢʚʘʨʪʠʨʥʠʭ ʙʫʜʽʚʝʣʴ ʜʣʷ 

ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ 10240 ʘʙʦʥʝʥʪʽʚ (ʘʙ). ɿ ʮʝʥʪʨʘʣʴʥʦʛʦ ʦʧʪʠʯʥʦʛʦ ʚʫʟʣʘ 

ʟʚôʷʟʢʫ (ʎʆɺ) 10 ʧʦʪʦʢʽʚ ʨʽʚʥʷ STM-16, ʱʦ ʧʨʠʡʥʷʪʽ ʟ ʚʠʭʦʜʫ ʦʧʪʠʯʥʦʛʦ 

ʜʝʤʫʣʴʪʠʧʣʝʢʩʦʨʘ ODMX (Optical Demultiplexer) ʬʦʪʦʥʥʦʛʦ ʣʽʥʽʡʥʦʛʦ 

ʪʝʨʤʽʥʘʣʫ PLT (Photon Transport Terminal) ʤʘʛʽʩʪʨʘʣʴʥʦʾ ɺʆʉʇ CWDM, 

ʧʦʪʨʽʙʥʦ ʧʝʨʝʜʘʪʠ ʥʘ ʦʧʪʠʯʥʝ ʤʝʨʝʞʥʝ ʟʘʢʽʥʯʝʥʥʷ ʆʄɼ. ɼʣʷ ʮʴʦʛʦ, ʧʨʠ 

ʜʚʦʩʪʦʨʦʥʥʴʦʤʫ ʦʙʤʽʥʽ, ʥʝʦʙʭʽʜʥʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ 10 ʧʘʨ ʆɺ. ɸʣʝ ʷʢʱʦ ʥʘ 

ʎʆɺ ʚʩʪʘʥʦʚʣʶʻʪʴʩʷ ɺʆʉʇ CWDM ʟ ʦʧʪʠʯʥʠʤ ʤʫʣʴʪʠʧʣʝʢʩʦʨʦʤ ʆʄʍ 

(Optical Multiplexer) ʪʝʭʥʦʣʦʛʽʾ AWG-10 (Arrayed Waveguide Gratings ï

 ʜʠʬʨʘʢʮʽʡʥʘ ʬʘʟʦʚʘ ʨʝʰʽʪʢʘ ʥʘ ʤʘʩʠʚʽ ʭʚʠʣʝʚʦʜʽʚ), ʥʘ ʜʝʩʷʪʴ ʚʭʦʜʽʚ ʷʢʦʛʦ 

ʧʦʜʘʶʪʴʩʷ ʟʘʟʥʘʯʝʥʽ 10 ʧʦʪʦʢʽʚ, ʪʦʜʽ ʜʣʷ ʧʝʨʝʜʘʯʽ ʪʘʢʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ 

ʜʦʩʪʘʪʥʴʦ ʦʜʥʽʻʾ ʧʘʨʠ ʚʦʣʦʢʦʥ. ʅʘ ʚʠʭʦʜʽ OMX ʫʪʚʦʨʶʻʪʴʩʷ ʦʧʪʠʯʥʠʡ ʧʦʪʽʢ 

ʟʽ ʰʚʠʜʢʽʩʪʶ ʧʝʨʝʜʘʯʽ 25 ɻʙʽʪ/ʩ. ʎʝʡ ʧʦʪʽʢ ʚʚʦʜʠʪʴʩʷ ʚ ʚʦʣʦʢʥʦ ʽ ʧʝʨʝʜʘʻʪʴʩʷ 

ʜʦ ʤʽʩʮʷ ʨʦʟʪʘʰʫʚʘʥʥʷ ʦʧʪʠʯʥʦʛʦ ʤʝʨʝʞʥʦʛʦ ʪʝʨʤʽʥʘʣʘ ONT (Optical 

Networks Terminal), ʥʘʧʨʠʢʣʘʜ, ʚ ʪʝʭʥʽʯʥʝ ʧʨʠʤʽʱʝʥʥʷ ʦʜʥʦʛʦ ʟ 



 44 

ʦʙʩʣʫʛʦʚʫʚʘʥʠʭ ʙʫʜʠʥʢʽʚ ʨʠʩ. 1. ʊʫʪ ʧʨʠʡʥʷʪʠʡ ʧʦʪʽʢ ʜʝʤʫʣʴʪʠʧʣʝʩʫʶʪʴʩʷ 

ʥʘ 10 ʦʧʪʠʯʥʠʭ ʧʦʪʦʢʽʚ ʨʽʚʥʷ STM-16, ʢʦʞʝʥ ʟ ʷʢʠʭ ʜʘʣʽ ʨʦʟô̒ ʜʥʫʻʪʴʩʷ ʥʘ 

16 ʧʦʪʦʢʽʚ ʨʽʚʥʷ STM-1. ɺ ʨʝʟʫʣʴʪʘʪʽ ʚ ʧʫʥʢʪʽ ʫʩʪʘʥʦʚʢʠ ʦʙʣʘʜʥʘʥʥʷ ONT 

ʧʨʠʡʤʘʻʪʴʩʷ 10 Ĭ 16 = 160 ʧʦʪʦʢʽʚ ʨʽʚʥʷ STM-1. ʎʽ ʧʦʪʦʢʠ ʧʦʩʪʫʧʘʶʪʴ ʥʘ 

160 ʦʧʪʠʯʥʠʭ ʧʨʠʡʤʘʯʽʚ ʜʝ ʡ ʟʘʢʽʥʯʫʻʪʴʩʷ ONT. ʆʪʨʠʤʘʥʽ ʥʘ ʚʠʭʦʜʽ 

ʧʨʠʡʤʘʯʽʚ 160 ʧʦʪʦʢʽʚ ʚʽʜʝʦʽʤʧʫʣʴʩʽʚ ʚ ʝʣʝʢʪʨʦʥʥʦʤʫ ʜʝʤʫʣʴʪʠʧʣʝʢʩʦʨʽï

DMUX ʧʝʨʝʪʚʦʨʶʶʪʴʩʷ ʚ 160 Ĭ 64 = 10240 ʧʦʪʦʢʽʚ ɽ1, ʷʢʽ ʨʦʟʚʦʜʷʪʴʩʷ ʧʦ 

ʢʚʘʨʪʠʨʘʭ (ʘʙ). 

 
 

ʈʠʩ. 1. ɺʘʨʽʘʥʪ ʟʘʩʪʦʩʫʚʘʥʥʷ ɺʆʉʇ CWDM ʚ ʆʄɼ (ʥʘʧʨʘʚʣʝʥʥʷ ʧʨʠʡʤʘʥʥʷ). 
 

ʇʨʘʢʪʠʯʥʦ ʮʝ ʬʦʨʤʫʻʪʴʩʷ ʜʣʷ ʤʽʢʨʦʨʘʡʦʥʫ ʤʽʩʪʘ ʜʝ ʟʥʘʭʦʜʠʪʴʩʷ 

ʰʽʩʪʥʘʜʮʷʪʴ 16-ʧʦʚʝʨʭʦʚʠʭ 512-ʢʚʘʨʪʠʨʥʠʭ ʙʫʜʠʥʢʽʚ ʥʘ 8 ʧʽʜ'ʾʟʜʽʚ. ʋ ʧʽʜ'ʾʟʜʽ 

ʥʘ ʤʘʡʜʘʥʯʠʢʫ ʢʦʞʥʦʛʦ ʧʦʚʝʨʭʫ 4 ʢʚʘʨʪʠʨʠ. ɺ ʨʝʟʫʣʴʪʘʪʽ ʚ ʧʽʜ'ʾʟʜʽ 4 Ĭ 16 = 

64 ʢʚʘʨʪʠʨʠ, ʘ ʚ ʙʫʜʠʥʢʫ ï 64 Ĭ 8 = 512 ʢʚʘʨʪʠʨ. ʆʪʞʝ, ʚ ʤʽʢʨʦʨʘʡʦʥʽ 512 Ĭ 

20 = 10240 ʢʚʘʨʪʠʨʠ. ɼʣʷ ʾʭ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʜʦ ʢʦʞʥʦʛʦ ʙʫʜʠʥʢʫ ʧʽʜʚʦʜʠʪʴʩʷ 

ʜʝʩʷʪʴ ʟʽ 160-ʪʠ ʦʧʪʠʯʥʠʭ ʧʦʪʦʢʽʚ ʨʽʚʥʷ STM-1, ʢʦʞʝʥ ʟ ʷʢʠʭ ʟʚʦʜʠʪʴʩʷ ʜʦ 

ʚʽʜʧʦʚʽʜʥʦʛʦ ʧʽʜ'ʾʟʜʫ. ʋ ʧʽʜ'ʾʟʜʘʭ ʢʦʞʝʥ ʧʦʪʽʢ ʨʽʚʥʷ STM-1 ʧʦʜʘʻʪʴʩʷ ʥʘ ʚʭʽʜ 

ʦʧʪʠʯʥʦʛʦ ʧʨʠʡʤʘʯʘ ʜʣʷ ʦʧʪʠʢʦ-ʝʣʝʢʪʨʦʥʥʦʛʦ ʧʝʨʝʪʚʦʨʝʥʥʷ. ʎʠʤʠ 

ʧʨʠʡʤʘʯʘʤʠ ʚ ʙʫʜʠʥʢʘʭ ʟʘʢʽʥʯʫʻʪʴʩʷ ʦʧʪʠʯʥʝ ʤʝʨʝʞʝʚʝ ʦʙʣʘʜʥʘʥʥʷ. ʅʘ 

ʚʠʭʦʜʽ ʢʦʞʥʦʛʦ ʧʨʠʡʤʘʯʘ ʚʠʭʦʜʠʪʴ ʧʦʪʽʢ ʚʽʜʝʦʽʤʧʫʣʴʩʽʚ ʟʽ ʰʚʠʜʢʽʩʪʶ 

ʧʝʨʝʜʘʯʽ 155,52 ʄʙʽʪ/ʩ, ʷʢʠʡ ʜʘʣʽ ʜʝʤʫʣʴʪʠʧʣʝʢʩʫʶʪʴʩʷ ʚ 64 ʧʦʪʦʢʽʚ ɽ1. ʎʽ 

ʧʦʪʦʢʠ ʨʦʟʣʫʯʘʶʪʴʩʷ ʧʦ ʧʦʚʝʨʭʘʭ, ʘ ʥʘ ʧʦʚʝʨʭʘʭ ï ʧʦ ʢʚʘʨʪʠʨʘʭ ʘʙʦʥʝʥʪʽʚ. 

ʊʘʢʠʡ ʩʧʦʩʽʙ ʚʠʢʦʨʠʩʪʘʥʥʷ ʦʙʣʘʜʥʘʥʥʷ ʪʝʭʥʦʣʦʛʽʾ CWDM ʥʘ ʆʄɼ ʻ 

ʥʝʜʦʩʪʘʪʥʴʦ ʝʬʝʢʪʠʚʥʠʤ. ʅʘʡʚʘʞʣʠʚʽʰʦʶ ʭʘʨʘʢʪʝʨʠʩʪʠʢʦʶ ʛʽʙʨʠʜʥʦʾ 

ʤʝʨʝʞʽ ʻ ʾʾ ʟʜʘʪʥʽʩʪʴ ʜʦ ʤʘʩʰʪʘʙʫʚʘʥʥʷ, ʪʦʙʪʦ ʜʦ ʥʘʨʦʱʫʚʘʥʥʷ ʧʨʦʧʫʩʢʥʦʾ 

ʟʜʘʪʥʦʩʪʽ ʤʝʨʝʞʽ ʟʘ ʧʦʪʨʝʙʠ ʚʞʝ ʚ ʧʨʦʮʝʩʽ ʾʾ ʝʢʩʧʣʫʘʪʘʮʽʾ ʧʨʘʢʪʠʯʥʦ ʙʝʟ 

ʟʘʤʽʥʠ ʪʘ ʟʙʽʣʴʰʝʥʥʷ ʩʢʣʘʜʫ ʚʠʢʦʨʠʩʪʦʚʫʚʘʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ. ʉʪʚʦʨʝʥʥʷ 

ʛʽʙʨʠʜʥʦʾ ʤʝʨʝʞʽ ï ʮʝ ʥʘʡʢʨʘʱʠʡ ʩʧʦʩʽʙ ʟʙʽʣʴʰʝʥʥʷ ʯʠʩʣʘ ʦʧʪʠʯʥʠʭ ʪʨʘʢʪʽʚ 

(ʆʊʨ) ʤʽʞ ʧʫʥʢʪʘʤʠ ʜʦʩʪʫʧʫ (ʇɼ), ʪʦʙʪʦ ʟʙʽʣʴʰʝʥʥʷ ʧʨʦʧʫʩʢʥʦʾ ʟʜʘʪʥʦʩʪʽ 

ʤʽʞ ʮʠʤʠ ʇɼ ʙʝʟ ʟʘʤʽʥʠ ʪʘ ʨʦʟʰʠʨʝʥʥʷ ʩʢʣʘʜʫ ʦʙʣʘʜʥʘʥʥʷ. ɿʘʨʘʟ, ʢʦʣʠ 

ʚʽʜʙʫʚʘʻʪʴʩʷ ʩʪʚʦʨʝʥʥʷ ʛʽʙʨʠʜʥʠʭ ʤʝʨʝʞ, ʜʦʮʽʣʴʥʦ ʟʘʩʪʦʩʦʚʫʚʘʪʠ ʚʘʨʽʘʥʪ 
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DWDM over CWDM ʟ ʚʠʢʦʨʠʩʪʘʥʥʷ ɺʆʉʇ CWDM ʚ ʪʝʨʠʪʦʨʽʘʣʴʥʦ 

ʨʦʟʥʝʩʝʥʠʭ ʤʝʨʝʞʘʭ ʜʦʩʪʫʧʫ. 

ɯʜʝʷ ʧʦʙʫʜʦʚʠ ʪʘʢʦʾ ʤʝʨʝʞʽ ʧʦʣʷʛʘʻ ʚ ʪʦʤʫ [ʨʠʩ. 2], ʱʦ ʧʦ ʦʜʥʦʤʫ ʆʊʨ 

ɺʆʉʇ CWDM ʧʝʨʝʜʘʶʪʴʩʷ ʩʠʛʥʘʣʠ ʜʝʢʽʣʴʢʦʭ ʆʊʨ, ʱʦ ʦʪʨʠʤʘʥʽ ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʜʝʷʢʦʾ ɺʆʉʇ DWDM ʟ ʨʦʟʥʦʩʦʤ ʤʽʞ ʩʫʩʽʜʥʽʤʠ ʆʊʨ 100 ɻɻʮ 

(0,8 ʥʤ). ʅʘ ʤʝʨʝʞʘʭ ʆʄɼ ʧʨʦʪʷʞʥʽʩʪʶ ʧʦʥʘʜ 100 ʢʤ ʤʦʞʣʠʚʝ ʟʘʩʪʦʩʫʚʘʥʥʷ 

ʚʦʣʦʢʦʥʥʝ ʦʧʪʠʯʥʠʭ ʧʽʜʩʠʣʶʚʘʯʽʚ (ɺʆʇ) ʜʣʷ ʟʙʽʣʴʰʝʥʥʷ ʜʽʣʷʥʦʢ ʧʦʩʠʣʝʥʥʷ 

(ʇɼ). ʇʨʠ ʮʴʦʤʫ ʢʦʞʝʥ ʆʊʨ ɺʆʉʇ CWDM ʟʘʧʦʚʥʶʻʪʴʩʷ ʩʠʛʥʘʣʘʤʠ 10 ʆʊʨ 

ʪʝʭʥʦʣʦʛʽʻʶ ɺʆʉʇ DWDM. 

 
 

ʈʠʩ. 2. ɯʥʪʝʛʨʘʮʽʷ ʤʝʨʝʞ ʨʽʟʥʠʭ ʨʽʚʥʽʚ ʧʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ ʪʝʭʥʦʣʦʛʽʾ DWDM over CWDM. 
 

ɺ ʨʝʟʫʣʴʪʘʪʽ ʧʨʦʧʫʩʢʥʘ ʟʜʘʪʥʽʩʪʴ ʆɺ ʟʨʦʩʪʘʻ ʚ 10 ʨʘʟʽʚ. ʅʘʧʨʠʢʣʘʜ, ʧʦ 

10 ʆʊʨ ʪʝʭʥʦʣʦʛʽʾ CWDM ʧʝʨʝʜʘʚʘʣʠʩʷ ʜʝʩʷʪʴ ʩʠʛʥʘʣʽʚ ʪʝʭʥʦʣʦʛʽʾ SDH ʨʽʚʥʷ 

STM-64 (10 ɻʙʽʪ/ʩ), ʱʦ ʟʘʙʝʟʧʝʯʫʚʘʣʦ ʧʨʦʧʫʩʢʥʫ ʟʜʘʪʥʽʩʪʴ ʆɺ 100 ɻʙʽʪ/ʩ. 

ʇʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ ʢʦʤʙʽʥʦʚʘʥʦʾ ʪʝʭʥʦʣʦʛʽʾ DWDM over CWDM ʫʪʚʦʨʶʻʪʴʩʷ 

ʚʩʴʦʛʦ 100 ʆʊʨ ʟ ʨʦʟʥʦʩʦʤ 100 ɻɻʮ (0,8 ʥʤ). ʗʢʱʦ ʧʦ ʢʦʞʥʦʤʫ ʟ ʥʠʭ 

ʪʨʘʥʩʧʦʨʪʫʚʘʪʠ ʥʘʚʘʥʪʘʞʝʥʥʷ ʨʽʟʥʠʭ ʪʝʭʥʦʣʦʛʽʡ (10GbE, IP, SDH) ʟʽ 

ʰʚʠʜʢʽʩʪʶ ʧʝʨʝʜʘʯʽ 10 ɻʙʽʪ/ʩ, ʪʦ ʧʨʦʧʫʩʢʥʘ ʟʜʘʪʥʽʩʪʴ ʚʦʣʦʢʥʘ ʩʢʣʘʜʝ 

1 ʊʙʽʪ/ʩ. 

ʋ ɺʆʉʇ ʉʋ ʢʦʞʝʥ ʆʊʨ ʬʘʢʪʠʯʥʦ ʷʚʣʷʻ ʩʦʙʦʶ ʚʽʨʪʫʘʣʴʥʝ ʚʦʣʦʢʥʦ, ʱʦ 

ʫʪʚʦʨʠʪʴ ʨʝʘʣʴʥʝ ʩʝʨʝʜʦʚʠʱʝ ʧʝʨʝʜʘʯʽ ʦʧʪʠʯʥʦʛʦ ʩʠʛʥʘʣʫ ʥʘ ʟʘʜʘʥʽʡ ʜʦʚʞʠʥʽ 

ʭʚʠʣʽ. ʋ ʆʄɼ, ʚ ʷʢʠʭ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʪʝʭʥʦʣʦʛʽʷ DWDM over CWDM, ʱʦ 

ʫʪʚʦʨʶʶʪʴ ʆʊʨ ʥʘ ʜʦʚʞʠʥʘʭ ʭʚʠʣʴ ɚ1, ɚ2, ..., ɚʄ, ʧʨʘʢʪʠʯʥʦ ʩʪʚʦʨʶʶʪʴʩʷ ʄ 

ʨʝʘʣʴʥʠʭ ʦʧʪʠʯʥʠʭ ʤʝʨʝʞ. 
ʃʽʪʝʨʘʪʫʨʘ 
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ANALYSIS OF ATTACKS IN SOFTWARE -DEFINED NETWORKS  
 

The study is devoted to the analysis of typical attacks that can occur in the environment of 

software-controlled networks. In the context of the rapid development of SDN technologies, 

where network management is separated from the physical infrastructure and performed 

programmatically, new challenges arise in ensuring security and protecting network resources.  

 

ʇʦʩʪʘʥʦʚʢʘ ʟʘʜʘʯʽ. ʇʨʦʛʨʘʤʥʦ-ʢʝʨʦʚʘʥʽ ʤʝʨʝʞʽ (SDN) ʩʧʨʷʤʦʚʘʥʽ ʥʘ 

ʫʩʫʥʝʥʥʷ ʧʨʦʙʣʝʤ ʪʨʘʜʠʮʽʡʥʠʭ ʤʝʨʝʞ (ʥʝʝʬʝʢʪʠʚʥʝ  ʫʧʨʘʚʣʽʥʥʷ, ʟʘʛʨʦʟʠ 

ʙʝʟʧʝʮʽ, ʩʪʘʛʥʘʮʽʷ ʽʥʥʦʚʘʮʽʡ ʯʝʨʝʟ ʟʙʽʣʴʰʝʥʥʷ ʢʽʣʴʢʦʩʪʽ ʢʦʨʠʩʪʫʚʘʯʽʚ, ʧʦʷʚʘ 

ʜʠʥʘʤʽʯʥʠʭ ʜʦʜʘʪʢʽʚ ʪʘ ʪʝʭʥʦʣʦʛʽʡ ʛʝʪʝʨʦʛʝʥʥʦʛʦ ʜʦʩʪʫʧʫ). 

ʆʩʥʦʚʥʘ ʽʜʝʷ SDN [1, 2] ʧʦʣʷʛʘʻ ʫ ʚʽʜʦʢʨʝʤʣʝʥʥʽ ʧʣʦʱʠʥ ʢʝʨʫʚʘʥʥʷ ʪʘ 

ʧʝʨʝʜʘʯʽ ʜʘʥʠʭ ʚʽʜ ʤʝʨʝʞʝʚʠʭ ʧʨʠʩʪʨʦʾʚ. 

ʇʣʦʱʠʥʘ ʫʧʨʘʚʣʽʥʥʷ ʚʠʚʦʜʠʪʴʩʷ ʟ ʢʦʤʫʪʘʪʦʨʽʚ ʽ ʢʦʥʩʦʣʽʜʫʻʪʴʩʷ ʚ 

ʣʦʛʽʯʥʦ ʮʝʥʪʨʘʣʽʟʦʚʘʥʦʤʫ ʢʦʥʪʨʦʣʝʨʽ. ʂʦʥʪʨʦʣʝʨ ʤʘʻ ʽʥʬʦʨʤʘʮʽʶ ʧʨʦ ʚʩʶ 

ʢʝʨʦʚʘʥʫ ʤʝʨʝʞʫ. ʂʦʤʫʪʘʪʦʨʠ ʧʨʘʮʶʶʪʴ ʷʢ ʝʣʝʤʝʥʪʠ ʧʝʨʝʘʜʨʝʩʘʮʽʾ ʽ ʻ 

ʧʨʦʛʨʘʤʦʚʘʥʠʤʠ.  ɺʦʥʠ ʤʦʞʫʪʴ ʙʫʪʠ ʟʘʧʨʦʛʨʘʤʦʚʘʥʽ ʜʣʷ ʨʽʟʥʠʭ ʮʽʣʝʡ ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʤʝʨʝʞʝʚʠʭ ʜʦʜʘʪʢʽʚ, ʱʦ ʨʝʘʣʽʟʦʚʘʥʽ ʥʘ ʢʦʥʪʨʦʣʝʨʽ. ʂʦʤʫʪʘʪʦʨʠ, 

ʢʽʥʮʝʚʽ ʭʦʩʪʠ ʪʘ ʟʚ'ʷʟʢʠ ʤʽʞ ʥʠʤʠ  ʨʘʟʦʤ ʫʪʚʦʨʶʶʪʴ ʧʣʦʱʠʥʫ ʜʘʥʠʭ. 

ʂʦʥʪʨʦʣʝʨ ʟ ʦʙ'ʻʜʥʘʥʦʶ ʧʣʦʱʠʥʦʶ ʫʧʨʘʚʣʽʥʥʷ - ʮʝ ʘʙʦ ʦʢʨʝʤʠʡ ʩʝʨʚʝʨ, ʘʙʦ 

ʛʨʫʧʘ ʣʦʛʽʯʥʦ ʮʝʥʪʨʘʣʽʟʦʚʘʥʠʭ, ʘʣʝ ʨʦʟʧʦʜʽʣʝʥʠʭ ʩʝʨʚʝʨʽʚ. ʂʦʥʪʨʦʣʝʨ 

ʚʟʘʻʤʦʜʽʻ ʟ ʢʦʤʫʪʘʪʦʨʘʤʠ ʟʘ ʜʦʧʦʤʦʛʦʶ ʽʥʪʝʨʬʝʡʩʽʚ API. ʋ ʚʠʧʘʜʢʫ 

ʜʝʢʽʣʴʢʦʭ ʩʝʨʚʝʨʽʚ, ʢʦʥʪʨʦʣʝʨʠ ʚʟʘʻʤʦʜʽʶʪʴ ʦʜʠʥ ʟ ʦʜʥʠʤ ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʩʭʽʜʥʠʭ ʪʘ ʟʘʭʽʜʥʠʭ ʽʥʪʝʨʬʝʡʩʽʚ. ʄʝʨʝʞʝʚʽ ʜʦʜʘʪʢʠ, ʱʦ ʧʨʘʮʶʶʪʴ ʧʦʚʝʨʭ 

ʢʦʥʪʨʦʣʝʨʘ, ʟʚ'ʷʟʫʶʪʴʩʷ ʟ ʥʠʤ ʟʘ ʜʦʧʦʤʦʛʦʶ ʽʥʪʝʨʬʝʡʩʽʚ. 

ʋʧʨʘʚʣʽʥʥʷ SDN ʩʧʨʷʤʦʚʘʥʝ ʥʘ ʚʠʨʽʰʝʥʥʷ ʨʽʟʥʦʤʘʥʽʪʥʠʭ ʟʘʚʜʘʥʴ, ʱʦ 

ʩʪʦʩʫʶʪʴʩʷ ʝʬʝʢʪʠʚʥʦʛʦ ʪʘ ʛʥʫʯʢʦʛʦ ʢʝʨʫʚʘʥʥʷ ʤʝʨʝʞʝʚʠʤʠ ʨʝʩʫʨʩʘʤʠ.  

ʆʜʥʽʻʶ ʟ ʦʩʥʦʚʥʠʭ ʧʝʨʝʚʘʛ SDN ʻ ʮʝʥʪʨʘʣʽʟʦʚʘʥʝ ʫʧʨʘʚʣʽʥʥʷ 

ʤʝʨʝʞʝʚʠʤʠ ʨʝʩʫʨʩʘʤʠ. ɿʘʤʽʩʪʴ ʨʦʟʧʦʜʽʣʝʥʦʛʦ ʫʧʨʘʚʣʽʥʥʷ ʥʘ ʦʢʨʝʤʠʭ 

ʤʝʨʝʞʝʚʠʭ ʧʨʠʩʪʨʦʷʭ, SDN ʜʦʟʚʦʣʷʻ ʮʝʥʪʨʘʣʽʟʦʚʘʥʦ ʢʝʨʫʚʘʪʠ ʚʩʽʻʶ 

ʤʝʨʝʞʝʶ ʯʝʨʝʟ ʮʝʥʪʨʘʣʴʥʠʡ ʢʦʥʪʨʦʣʝʨ. 

SDN ʟʘʙʝʟʧʝʯʫʻ ʧʣʘʪʬʦʨʤʫ ʜʣʷ ʨʦʟʨʦʙʢʠ ʜʦʜʘʪʢʽʚ ʙʝʟʧʝʢʠ ʪʘ 

ʫʧʨʘʚʣʽʥʥʷ. ɼʦʩʣʽʜʥʠʢʠ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʮʝʡ ʘʩʧʝʢʪ SDN ʜʣʷ ʨʦʟʨʦʙʢʠ 

ʨʽʟʥʠʭ ʬʨʝʡʤʚʦʨʢʽʚ ʙʝʟʧʝʢʠ. ɸʥʘʣʽʟ ʥʘʫʢʦʚʦ-ʪʝʭʥʽʯʥʦʾ ʣʽʪʝʨʘʪʫʨʠ ʧʦʢʘʟʘʚ, 
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ʱʦ ʙʝʟʧʝʮʽ ʩʘʤʦʾ SDN  ʥʝ ʧʨʠʜʽʣʷʻʪʴʩʷ ʜʦʩʪʘʪʥʷ ʫʚʘʛʘ ʚ ʧʦʨʽʚʥʷʥʥʽ ʟ ʽʥʰʠʤʠ 

ʜʦʩʣʽʜʥʠʮʴʢʠʤʠ ʨʦʙʦʪʘʤʠ ʚ ʮʽʡ ʦʙʣʘʩʪʽ. ɺʠʢʣʠʢʠ ʙʝʟʧʝʢʠ ʚ SDN ʻ ʙʽʣʴʰ 

ʟʘʛʨʦʟʣʠʚʠʤʠ ʧʦʨʽʚʥʷʥʦ ʟ ʪʨʘʜʠʮʽʡʥʠʤʠ ʤʝʨʝʞʘʤʠ. ʋ ʪʨʘʜʠʮʽʡʥʽʡ ʤʝʨʝʞʽ 

ʢʽʣʴʢʘ ʩʝʨʚʝʨʽʚ, ʱʦ ʻ ʯʘʩʪʠʥʦʶ ʤʝʨʝʞʽ ʩʪʘʶʪʴ ʦʙ'ʻʢʪʘʤʠ ʘʪʘʢ. ʅʘ ʚʽʜʤʽʥʫ ʚʽʜ 

ʮʴʦʛʦ, ʷʢʱʦ ʟʣʦʚʤʠʩʥʠʢʠ ʢʦʤʧʨʦʤʝʪʫʶʪʴ ʧʣʦʱʠʥʫ ʫʧʨʘʚʣʽʥʥʷ SDN, ʧʽʜ 

ʟʘʛʨʦʟʦʶ ʦʧʠʥʠʪʴʩʷ ʚʩʷ ʢʝʨʦʚʘʥʘ ʤʝʨʝʞʘ [3, 4].  

ʆʪʞʝ, ʤʝʪʦʶ ʜʦʩʣʽʜʞʝʥʥʷ ʻ ʘʥʘʣʽʟ ʪʘ ʢʣʘʩʠʬʽʢʘʮʽʷ ʘʪʘʢ ʥʘ ʧʨʦʛʨʘʤʥʦ-

ʢʝʨʦʚʘʥʫ ʤʝʨʝʞʫ. 

ʈʝʟʫʣʴʪʘʪʠ ʘʥʘʣʽʟʫ ʘʪʘʢ ʚ ʤʝʨʝʞʽ SDN. 

ʄʦʞʥʘ ʚʠʜʽʣʠʪʠ ʪʘʢʽ ʟʘʛʨʦʟʠ ʧʣʦʱʠʥʠ ʫʧʨʘʚʣʽʥʥʷ ʚ SDN: 

1. ʅʝʩʘʥʢʮʽʦʥʦʚʘʥʠʡ ʜʦʩʪʫʧ ʜʦ ʢʦʥʪʨʦʣʝʨʘ. ɿʣʦʚʤʠʩʥʠʢʠ ʤʦʞʫʪʴ 

ʥʘʤʘʛʘʪʠʩʷ ʦʪʨʠʤʘʪʠ ʥʝʩʘʥʢʮʽʦʥʦʚʘʥʠʡ ʜʦʩʪʫʧ ʜʦ ʢʦʥʪʨʦʣʝʨʘ SDN, ʱʦʙ 

ʦʪʨʠʤʘʪʠ ʢʦʥʪʨʦʣʴ ʥʘʜ ʤʝʨʝʞʝʶ ʽ ʚʧʣʠʚʘʪʠ ʥʘ ʨʽʰʝʥʥʷ, ʧʨʠʡʥʷʪʽ 

ʢʦʥʪʨʦʣʝʨʦʤ. 

2. ɸʪʘʢʠ ʥʘ ʧʨʦʪʦʢʦʣʠ ʢʦʤʫʥʽʢʘʮʽʾ. ɿʣʦʚʤʠʩʥʠʢʠ ʤʦʞʫʪʴ ʘʪʘʢʫʚʘʪʠ 

ʧʨʦʪʦʢʦʣʠ ʢʦʤʫʥʽʢʘʮʽʾ, ʚʠʢʦʨʠʩʪʘʥʽ ʚ SDN, ʥʘʧʨʠʢʣʘʜ, OpenFlow, ʜʣʷ ʚʧʣʠʚʫ 

ʥʘ ʪʨʘʬʽʢ ʘʙʦ ʚʠʢʦʥʘʥʥʷ ʥʝʙʘʞʘʥʠʭ ʜʽʡ. 

3. ɺʠʢʦʨʠʩʪʘʥʥʷ ʚʨʘʟʣʠʚʦʩʪʝʡ ʧʨʦʛʨʘʤʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ ʢʦʥʪʨʦʣʝʨʘ. 

ʅʘʷʚʥʽʩʪʴ ʚʨʘʟʣʠʚʦʩʪʝʡ ʫ ʧʨʦʛʨʘʤʥʦʤʫ ʟʘʙʝʟʧʝʯʝʥʥʽ ʢʦʥʪʨʦʣʝʨʘ ʤʦʞʝ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠʩʷ ʟʣʦʚʤʠʩʥʠʢʘʤʠ ʜʣʷ ʚʠʢʦʥʘʥʥʷ ʘʪʘʢ, ʪʘʢʠʭ ʷʢ 

ʚʧʨʦʚʘʜʞʝʥʥʷ ʰʢʽʜʣʠʚʦʛʦ ʢʦʜʫ ʘʙʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʚʨʘʟʣʠʚʦʩʪʝʡ ʜʣʷ 

ʥʝʟʘʢʦʥʥʦʛʦ ʜʦʩʪʫʧʫ. 

4. ɸʪʘʢʠ ʥʘ ʧʨʦʪʦʢʦʣʠ ʘʚʪʝʥʪʠʬʽʢʘʮʽʾ. ɿʣʦʚʤʠʩʥʠʢʠ ʤʦʞʫʪʴ ʥʘʤʘʛʘʪʠʩʷ 

ʘʪʘʢʫʚʘʪʠ ʧʨʦʪʦʢʦʣʠ ʘʚʪʝʥʪʠʬʽʢʘʮʽʾ, ʚʠʢʦʨʠʩʪʘʥʽ ʚ SDN, ʜʣʷ ʦʪʨʠʤʘʥʥʷ 

ʥʝʩʘʥʢʮʽʦʥʦʚʘʥʦʛʦ ʜʦʩʪʫʧʫ ʜʦ ʩʠʩʪʝʤʠ ʽʥʪʝʣʝʢʪʫʘʣʴʥʦʛʦ ʫʧʨʘʚʣʽʥʥʷ 

ʤʝʨʝʞʝʶ. 

5. ɸʪʘʢʠ ʥʘ ʘʧʘʨʘʪʥʝ ʟʘʙʝʟʧʝʯʝʥʥʷ. ɿʣʦʚʤʠʩʥʠʢʠ ʤʦʞʫʪʴ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʘʪʘʢʠ ʥʘ ʘʧʘʨʘʪʥʝ ʟʘʙʝʟʧʝʯʝʥʥʷ, ʪʘʢʽ ʷʢ ʬʽʟʠʯʥʽ ʘʪʘʢʠ ʘʙʦ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʚʨʘʟʣʠʚʦʩʪʝʡ ʘʧʘʨʘʪʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ, ʜʣʷ ʦʪʨʠʤʘʥʥʷ 

ʥʝʩʘʥʢʮʽʦʥʦʚʘʥʦʛʦ ʜʦʩʪʫʧʫ ʜʦ ʢʦʥʪʨʦʣʝʨʘ ʘʙʦ ʧʽʜʤʽʥʠ ʢʦʤʧʦʥʝʥʪʽʚ ʤʝʨʝʞʽ. 

6. ʉʦʮʽʘʣʴʥʦ-ʽʥʞʝʥʝʨʥʽ ʘʪʘʢʠ. ɿʣʦʚʤʠʩʥʠʢʠ ʤʦʞʫʪʴ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ 

ʩʦʮʽʘʣʴʥʦ-ʽʥʞʝʥʝʨʥʽ ʤʝʪʦʜʠ, ʱʦʙ ʦʪʨʠʤʘʪʠ ʜʦʩʪʫʧ ʜʦ ʢʦʥʬʽʜʝʥʮʽʡʥʦʾ 

ʽʥʬʦʨʤʘʮʽʾ ʘʙʦ ʚʧʣʠʚʘʪʠ ʥʘ ʢʦʨʠʩʪʫʚʘʯʽʚ SDN, ʥʘʧʨʠʢʣʘʜ, ʰʣʷʭʦʤ ʬʽʰʠʥʛʫ 

ʘʙʦ ʽʤʽʪʘʮʽʾ ʧʨʠʚʽʣʝʡʦʚʘʥʠʭ ʦʩʽʙ. 

ɸʪʘʢʠ ʥʘ ʧʣʦʱʠʥʫ ʜʘʥʠʭ ʚ SDN  ʤʦʞʫʪʴ ʚʢʣʶʯʘʪʠ ʥʘʩʪʫʧʥʽ ʚʠʜʠ ʟʘʛʨʦʟ: 

1. ɸʪʘʢʠ ʥʘ ʧʨʦʪʦʢʦʣʠ ʢʦʤʫʪʘʮʽʾ: ʘʪʘʢʠ, ʩʧʨʷʤʦʚʘʥʽ ʥʘ ʧʨʦʪʦʢʦʣʠ 

ʢʦʤʫʪʘʮʽʾ, ʪʘʢʽ ʷʢ OpenFlow, ʤʦʞʫʪʴ ʧʨʠʟʚʝʩʪʠ ʜʦ ʚʧʣʠʚʫ ʥʘ ʰʣʷʭʠ 

ʤʘʨʰʨʫʪʠʟʘʮʽʾ ʪʘ ʧʝʨʝʩʠʣʘʥʥʷ ʜʘʥʠʭ ʫ ʤʝʨʝʞʽ SDN.  ʆʩʥʦʚʥʝ ʧʨʠʟʥʘʯʝʥʥʷ 

OpenFlow ʧʦʣʷʛʘʻ ʫ ʨʦʟʤʝʞʫʚʘʥʥʽ ʣʦʛʽʢʠ ʢʝʨʫʚʘʥʥʷ ʪʘ ʦʙʨʦʙʢʠ ʧʘʢʝʪʽʚ, ʱʦ 

ʜʦʟʚʦʣʷʻ ʨʦʟʜʽʣʠʪʠ ʤʝʨʝʞʝʚʠʡ ʢʦʥʪʨʦʣʴ ʥʘ ʮʝʥʪʨʘʣʽʟʦʚʘʥʠʡ ʢʦʥʪʨʦʣʝʨ ʪʘ 

ʨʦʟʧʦʜʽʣʝʥʽ ʢʦʤʫʪʘʪʦʨʠ. 
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ɿʘʚʜʷʢʠ ʧʨʦʪʦʢʦʣʫ OpenFlow, ʢʦʥʪʨʦʣʝʨ SDN ʤʦʞʝ ʜʠʥʘʤʽʯʥʦ ʢʝʨʫʚʘʪʠ 

ʤʘʨʰʨʫʪʠʟʘʮʽʻʶ ʪʨʘʬʽʢʫ ʚ ʤʝʨʝʞʽ, ʚʩʪʘʥʦʚʣʶʶʯʠ ʧʨʘʚʠʣʘ ʧʦʪʦʢʽʚ (flow 

rules) ʥʘ ʢʦʤʫʪʘʪʦʨʘʭ. ʎʽ ʧʨʘʚʠʣʘ ʚʢʘʟʫʶʪʴ ʢʦʤʫʪʘʪʦʨʘʤ, ʷʢʽ ʜʽʾ ʚʦʥʠ ʤʘʶʪʴ 

ʚʠʢʦʥʫʚʘʪʠ ʟ ʧʘʢʝʪʘʤʠ ʜʘʥʠʭ, ʱʦ ʥʘʜʭʦʜʷʪʴ ʜʦ ʥʠʭ. ʅʘʧʨʠʢʣʘʜ, ʢʦʥʪʨʦʣʝʨ 

ʤʦʞʝ ʚʩʪʘʥʦʚʣʶʚʘʪʠ ʧʨʘʚʠʣʘ, ʷʢʽ ʚʢʘʟʫʶʪʴ ʢʦʤʫʪʘʪʦʨʘʤ, ʷʢʠʤ ʰʣʷʭʦʤ 

ʤʘʨʰʨʫʪʠʟʫʚʘʪʠ ʧʝʚʥʠʡ ʪʠʧ ʪʨʘʬʽʢʫ ʘʙʦ ʷʢ ʦʙʨʦʙʣʷʪʠ ʧʘʢʝʪʠ ʚ ʟʘʣʝʞʥʦʩʪʽ 

ʚʽʜ ʾʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʘʙʦ ʚʤʽʩʪʫ. 

ʎʝʡ ʧʽʜʭʽʜ ʜʦʟʚʦʣʷʻ ʤʝʨʝʞʽ ʙʫʪʠ ʙʽʣʴʰ ʛʥʫʯʢʦʶ ʪʘ ʜʠʥʘʤʽʯʥʦʶ, 

ʦʩʢʽʣʴʢʠ ʧʨʘʚʠʣʘ ʧʦʪʦʢʽʚ ʤʦʞʫʪʴ ʙʫʪʠ ʟʤʽʥʝʥʽ ʘʙʦ ʦʥʦʚʣʝʥʽ ʮʝʥʪʨʘʣʽʟʦʚʘʥʦ ʟ 

ʢʦʥʪʨʦʣʝʨʘ ʙʝʟ ʥʝʦʙʭʽʜʥʦʩʪʽ ʥʘʣʘʰʪʦʚʫʚʘʪʠ ʢʦʞʝʥ ʢʦʤʫʪʘʪʦʨ ʦʢʨʝʤʦ. ʂʨʽʤ 

ʪʦʛʦ, ʚʠʢʦʨʠʩʪʘʥʥʷ ʧʨʦʪʦʢʦʣʫ OpenFlow ʜʦʟʚʦʣʷʻ ʨʝʘʣʽʟʫʚʘʪʠ ʙʽʣʴʰ ʩʢʣʘʜʥʽ 

ʩʪʨʘʪʝʛʽʾ ʪʘ ʟʘʙʝʟʧʝʯʫʻ ʙʽʣʴʰʠʡ ʨʽʚʝʥʴ ʘʚʪʦʤʘʪʠʟʘʮʽʾ ʫʧʨʘʚʣʽʥʥʷ ʤʝʨʝʞʝʶ. 

2. ɸʪʘʢʠ ʥʘ ʚʫʟʣʠ ʢʦʤʫʪʘʮʽʾ. ʎʽ ʘʪʘʢʠ ʩʧʨʷʤʦʚʘʥʽ ʥʘ ʚʫʟʣʠ ʢʦʤʫʪʘʮʽʾ, ʷʢʽ 

ʢʝʨʫʶʪʴ ʦʙʨʦʙʢʦʶ ʧʘʢʝʪʽʚ ʜʘʥʠʭ ʫ ʤʝʨʝʞʽ SDN. ɼʦ ʪʘʢʠʭ ʘʪʘʢ ʤʦʞʥʘ 

ʚʽʜʥʝʩʪʠ ʘʪʘʢʠ ʥʘ ʩʘʤʽ ʚʫʟʣʠ ʢʦʤʫʪʘʮʽʾ (ʟʣʦʚʤʠʩʥʠʢʠ ʤʦʞʫʪʴ ʥʘʤʘʛʘʪʠʩʷ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʚʨʘʟʣʠʚʦʩʪʽ ʚ ʧʨʦʛʨʘʤʥʦʤʫ ʘʙʦ ʘʧʘʨʘʪʥʦʤʫ ʟʘʙʝʟʧʝʯʝʥʥʽ) 

ʘʙʦ ʥʘ ʾʭʥʝ ʬʽʟʠʯʥʝ ʩʝʨʝʜʦʚʠʱʝ. ɼʦ ʪʠʧʦʚʠʭ ʘʪʘʢ ʥʘ ʬʽʟʠʯʥʠʡ ʨʽʚʝʥʴ ʚʫʟʣʽʚ 

ʢʦʤʫʪʘʮʽʾ SDN ʤʦʞʥʘ ʚʽʜʥʝʩʪʠ: 

ɺʧʣʠʚ ʥʘ ʬʽʟʠʯʥʽ ʟ'ʻʜʥʘʥʥʷ ʪʘ ʬʽʟʠʯʥʝ ʨʫʡʥʫʚʘʥʥʷ ʚʫʟʣʽʚ ʢʦʤʫʪʘʮʽʾ: 

ʟʣʦʚʤʠʩʥʠʢʠ ʤʦʞʫʪʴ ʩʧʨʦʙʫʚʘʪʠ ʬʽʟʠʯʥʦ ʧʦʰʢʦʜʠʪʠ ʘʙʦ ʟʥʠʱʠʪʠ 

ʢʦʤʫʪʘʪʦʨʠ ʪʘ ʢʘʙʝʣʽ ʟʚ'ʷʟʢʫ, ʱʦ ʤʦʞʝ ʧʨʠʟʚʝʩʪʠ ʜʦ ʚʪʨʘʪʠ ʟʚ'ʷʟʢʫ ʪʘ 

ʟʥʠʞʝʥʥʷ ʜʦʩʪʫʧʥʦʩʪʽ ʤʝʨʝʞʽ.  

ʉʧʨʦʙʠ ʬʽʟʠʯʥʦʛʦ ʜʦʩʪʫʧʫ: ʘʪʘʢʠ ʤʦʞʫʪʴ ʚʢʣʶʯʘʪʠ ʩʧʨʦʙʠ ʬʽʟʠʯʥʦʛʦ 

ʜʦʩʪʫʧʫ ʜʦ ʢʦʤʫʪʘʪʦʨʽʚ ʟ ʤʝʪʦʶ ʥʝʟʘʢʦʥʥʦʛʦ ʚʥʝʩʝʥʥʷ ʟʤʽʥ ʫ ʾʭʥʶ 

ʢʦʥʬʽʛʫʨʘʮʽʶ, ʧʽʜʢʣʶʯʝʥʥʷ ʰʢʽʜʣʠʚʠʭ ʧʨʠʩʪʨʦʾʚ ʘʙʦ ʧʝʨʝʭʦʧʣʝʥʥʷ 

ʤʝʨʝʞʝʚʦʛʦ ʪʨʘʬʽʢʫ. 

ɸʪʘʢʠ ʥʘ ʬʽʟʠʯʥʠʡ ʢʘʥʘʣ ʟʚ'ʷʟʢʫ: ʟʣʦʚʤʠʩʥʠʢʠ ʤʦʞʫʪʴ ʩʧʨʦʙʫʚʘʪʠ 

ʧʝʨʝʭʦʧʠʪʠ ʘʙʦ ʤʦʜʠʬʽʢʫʚʘʪʠ ʬʽʟʠʯʥʠʡ ʢʘʥʘʣ ʟʚ'ʷʟʢʫ ʤʽʞ ʢʦʤʫʪʘʪʦʨʘʤʠ ʘʙʦ 

ʤʽʞ ʢʦʤʫʪʘʪʦʨʘʤʠ ʪʘ ʢʦʥʪʨʦʣʝʨʦʤ SDN, ʥʘʧʨʠʢʣʘʜ, ʰʣʷʭʦʤ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʘʪʘʢ ʥʘ ʢʘʙʝʣʽ ʟʚ'ʷʟʢʫ. 

ɿʣʦʚʞʠʚʘʥʥʷ ʬʽʟʠʯʥʠʤʠ ʧʦʨʪʘʤʠ: ʟʣʦʚʤʠʩʥʠʢʠ ʤʦʞʫʪʴ ʥʘʤʘʛʘʪʠʩʷ 

ʟʣʦʚʞʠʚʘʪʠ ʬʽʟʠʯʥʠʤʠ ʧʦʨʪʘʤʠ ʢʦʤʫʪʘʪʦʨʽʚ, ʥʘʧʨʠʢʣʘʜ, ʧʽʜʢʣʶʯʝʥʥʷʤ ʜʦ 

ʥʠʭ ʰʢʽʜʣʠʚʠʭ ʧʨʠʩʪʨʦʾʚ ʘʙʦ ʩʧʨʦʙʘʤʠ ʦʪʨʠʤʘʪʠ ʥʝʩʘʥʢʮʽʦʥʦʚʘʥʠʡ ʜʦʩʪʫʧ 

ʜʦ ʤʝʨʝʞʽ. 

ɸʪʘʢʠ ʥʘ ʢʘʥʘʣ ʟʚ'ʷʟʢʫ (ʧʝʨʝʭʦʧʣʝʥʥʷ): ʟʣʦʚʤʠʩʥʠʢ ʤʦʞʝ ʧʝʨʝʭʦʧʠʪʠ 

(ʱʦʙ ʦʪʨʠʤʘʪʠ ʜʦʩʪʫʧ ʜʦ ʢʦʥʬʽʜʝʥʮʽʡʥʦʾ ʽʥʬʦʨʤʘʮʽʾ) ʘʙʦ ʤʦʜʠʬʽʢʫʚʘʪʠ (ʱʦʙ 

ʟʤʽʥʠʪʠ ʤʘʨʰʨʫʪʠʟʘʮʽʶ ʪʨʘʬʽʢʫ) ʪʨʘʬʽʢ ʤʽʞ ʢʦʥʪʨʦʣʝʨʦʤ SDN ʪʘ ʚʫʟʣʦʤ 

ʢʦʤʫʪʘʮʽʾ. 

ɺʽʜʤʦʚʘ ʚ ʦʙʩʣʫʛʦʚʫʚʘʥʥʽ (DoS): ʟʣʦʚʤʠʩʥʠʢ ʤʦʞʝ ʧʝʨʝʚʘʥʪʘʞʠʪʠ ʚʫʟʦʣ 

ʢʦʤʫʪʘʮʽʾ ʬʘʣʴʰʠʚʠʤ ʪʨʘʬʽʢʦʤ, ʱʦʙ ʟʨʦʙʠʪʠ ʡʦʛʦ ʥʝʜʦʩʪʫʧʥʠʤ ʜʣʷ ʟʘʢʦʥʥʠʭ 

ʢʦʨʠʩʪʫʚʘʯʽʚ. 
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ɸʪʘʢʠ ʥʘ ʪʫʥʝʣʶʚʘʥʥʷ ʜʘʥʠʭ: ʫ ʤʝʨʝʞʘʭ SDN ʤʦʞʫʪʴ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠʩʷ ʪʫʥʝʣʶʚʘʥʥʷ ʜʣʷ ʧʝʨʝʜʘʯʽ ʜʘʥʠʭ ʤʽʞ ʚʫʟʣʘʤʠ. 

ɿʣʦʚʤʠʩʥʠʢʠ ʤʦʞʫʪʴ ʥʘʤʘʛʘʪʠʩʷ ʧʝʨʝʭʦʧʣʶʚʘʪʠ ʘʙʦ ʤʦʜʠʬʽʢʫʚʘʪʠ ʜʘʥʽ, ʱʦ 

ʧʝʨʝʜʘʶʪʴʩʷ ʯʝʨʝʟ ʮʽ ʪʫʥʝʣʽ, ʘʙʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʾʭ ʜʣʷ ʟʜʽʡʩʥʝʥʥʷ ʘʪʘʢʠ ʥʘ 

ʚʥʫʪʨʽʰʥʶ ʤʝʨʝʞʫ. 

3. ɸʪʘʢʠ ʥʘ ʢʦʥʪʨʦʣʝʨ: ʟʣʦʚʤʠʩʥʠʢ ʤʦʞʝ ʥʘʤʘʛʘʪʠʩʷ ʘʪʘʢʫʚʘʪʠ 

ʢʦʥʪʨʦʣʝʨ SDN, ʷʢʠʡ ʢʝʨʫʻ ʚʩʽʻʶ ʤʝʨʝʞʝʶ, ʰʣʷʭʦʤ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʚʨʘʟʣʠʚʦʩʪʝʡ ʚ ʧʨʦʛʨʘʤʥʦʤʫ ʟʘʙʝʟʧʝʯʝʥʥʽ ʘʙʦ ʧʝʨʝʧʦʚʥʝʥʥʷ ʙʫʬʝʨʽʚ. ʎʝ 

ʤʦʞʝ ʧʨʠʟʚʝʩʪʠ ʜʦ ʟʙʦʾʚ ʫ ʨʦʙʦʪʽ ʤʝʨʝʞʽ ʪʘ ʚʪʨʘʪʠ ʢʦʥʪʨʦʣʶ ʥʘʜ ʤʝʨʝʞʝʶ. 

4. ɸʪʘʢʠ ʥʘ ʤʝʨʝʞʝʚʽ ʧʨʠʩʪʨʦʾ: ʟʣʦʚʤʠʩʥʠʢ ʤʦʞʝ ʥʘʤʘʛʘʪʠʩʷ ʘʪʘʢʫʚʘʪʠ 

ʤʝʨʝʞʝʚʽ ʧʨʠʩʪʨʦʾ, ʪʘʢʽ ʷʢ ʬʘʡʝʨʚʦʣʠ, ʧʝʨʝʭʦʧʣʶʚʘʯʽ ʧʘʢʝʪʽʚ ʘʙʦ ʤʝʨʝʞʝʚʽ 

ʤʦʥʽʪʦʨʠ, ʱʦʙ ʦʪʨʠʤʘʪʠ ʜʦʩʪʫʧ ʜʦ ʢʦʥʬʽʜʝʥʮʽʡʥʦʾ ʽʥʬʦʨʤʘʮʽʾ ʘʙʦ ʚʧʣʠʥʫʪʠ 

ʥʘ ʨʦʙʦʪʫ ʤʝʨʝʞʽ. 

5. ɸʪʘʢʠ ʥʘ ʰʠʬʨʫʚʘʥʥʷ ʜʘʥʠʭ: ʟʣʦʚʤʠʩʥʠʢ ʤʦʞʝ ʥʘʤʘʛʘʪʠʩʷ ʘʪʘʢʫʚʘʪʠ 

ʰʠʬʨʫʚʘʥʥʷ ʜʘʥʠʭ, ʱʦ ʧʝʨʝʜʘʶʪʴʩʷ ʯʝʨʝʟ ʤʝʨʝʞʫ SDN, ʜʣʷ ʦʪʨʠʤʘʥʥʷ 

ʥʝʩʘʥʢʮʽʦʥʦʚʘʥʦʛʦ ʜʦʩʪʫʧʫ ʜʦ ʢʦʥʬʽʜʝʥʮʽʡʥʦʾ ʽʥʬʦʨʤʘʮʽʾ ʘʙʦ ʚʧʣʠʚʫ ʥʘ 

ʨʦʙʦʪʫ ʤʝʨʝʞʽ. 

ɺʠʩʥʦʚʢʠ. ʇʨʦʛʨʘʤʥʦ-ʢʝʨʦʚʘʥʽ ʤʝʨʝʞʽ, ʷʢ ʽ ʙʫʜʴ-ʷʢʽ ʽʥʰʽ ʤʝʨʝʞʝʚʽ 

ʩʝʨʝʜʦʚʠʱʘ, ʧʽʜʜʘʶʪʴʩʷ ʨʽʟʥʦʤʘʥʽʪʥʠʤ ʘʪʘʢʘʤ ʟ ʙʦʢʫ ʟʣʦʚʤʠʩʥʠʢʽʚ.  

ʆʩʥʦʚʥʽ ʪʠʧʠ ʘʪʘʢ ʚ ʧʨʦʛʨʘʤʥʦ-ʢʝʨʦʚʘʥʠʭ ʤʝʨʝʞʘʭ ʚʢʣʶʯʘʶʪʴ ʘʪʘʢʠ ʥʘ 

ʢʦʥʪʨʦʣʝʨʠ ʤʝʨʝʞʽ, ʧʝʨʝʭʦʧʣʝʥʥʷ ʧʘʢʝʪʽʚ, ʚʚʝʜʝʥʥʷ ʥʝʢʦʨʝʢʪʥʦʾ ʽʥʬʦʨʤʘʮʽʾ ʫ 

ʧʦʪʦʢʦʚʽ ʪʘʙʣʠʮʽ, ʚʠʢʦʨʠʩʪʘʥʥʷ ʚʨʘʟʣʠʚʦʩʪʝʡ ʚ ʧʨʦʛʨʘʤʥʦʤʫ ʟʘʙʝʟʧʝʯʝʥʥʽ ʪʘ 

ʙʘʛʘʪʦ ʽʥʰʠʭ.  

ɺʘʞʣʠʚʦʶ ʯʘʩʪʠʥʦʶ ʫʧʨʘʚʣʽʥʥʷ ʧʨʦʛʨʘʤʥʦ-ʢʝʨʦʚʘʥʠʤʠ ʤʝʨʝʞʘʤʠ ʻ 

ʨʦʟʫʤʽʥʥʷ ʧʦʪʝʥʮʽʡʥʠʭ ʨʠʟʠʢʽʚ ʪʘ ʚʯʘʩʥʘ ʨʝʘʢʮʽʷ ʥʘ ʘʪʘʢʠ ʰʣʷʭʦʤ 

ʚʜʦʩʢʦʥʘʣʝʥʥʷ ʟʘʭʠʩʥʠʭ ʤʝʭʘʥʽʟʤʽʚ ʪʘ ʚʠʢʦʨʠʩʪʘʥʥʷ ʩʫʯʘʩʥʠʭ ʪʝʭʥʦʣʦʛʽʡ 

ʢʽʙʝʨʙʝʟʧʝʢʠ. 

ɯʜʝʥʪʠʬʽʢʘʮʽʷ ʪʘ ʜʦʩʣʽʜʞʝʥʥʷ ʘʪʘʢ ʚ ʧʨʦʛʨʘʤʥʦ-ʢʝʨʦʚʘʥʠʭ ʤʝʨʝʞʘʭ ʻ 

ʘʢʪʫʘʣʴʥʠʤ ʪʘ ʚʘʞʣʠʚʠʤ ʥʘʧʨʷʤʢʦʤ ʫ ʛʘʣʫʟʽ ʢʽʙʝʨʙʝʟʧʝʢʠ ʽ ʚʠʤʘʛʘʻ 

ʧʦʜʘʣʴʰʠʭ ʜʦʩʣʽʜʞʝʥʴ ʜʣʷ ʨʦʟʨʦʙʢʠ ʥʦʚʠʭ ʤʝʪʦʜʽʚ ʟʘʭʠʩʪʫ ʪʘ ʟʘʙʝʟʧʝʯʝʥʥʷ 

ʩʪʘʙʽʣʴʥʦʩʪʽ ʮʠʭ ʤʝʨʝʞ. 
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ɼʆʉʊʆɺɯʈʅɽ ʇɽʈɽɼɸɺɸʅʅʗ ɯʅʌʆʈʄɸʎɯɰ  

ʋ ʉʊɸʅɼɸʈʊɸʍ 3GPP ɼʃʗ ʈɯʐɽʅʔ ɯʆʊ 

 

ʋ ʨʦʙʦʪʽ ʨʦʟʛʣʷʜʘʶʪʴʩʷ ʤʝʪʦʜʠ ʟʘʙʝʟʧʝʯʝʥʥʷ ʥʘʜʽʡʥʦʩʪʽ ʧʝʨʝʜʘʯʽ ʽʥʬʦʨʤʘʮʽʾ ʚ 

ʩʪʘʥʜʘʨʪʘʭ 3GPP, ʘ ʩʘʤʝ LTE-M ʪʘ NB-IoT ʜʣʷ ʨʽʰʝʥʴ IoT. ɿʘʧʨʦʧʦʥʦʚʘʥʦ ʬʫʥʢʮʽʦʥʘʣ ʜʣʷ 

ʜʦʩʷʛʥʝʥʥʷ ʤʘʢʩʠʤʘʣʴʥʦʾ ʥʘʜʽʡʥʦʩʪʽ ʧʝʨʝʜʘʯʽ ʽʥʬʦʨʤʘʮʽʾ, ʚʽʜʩʪʘʥʽ ʪʘ ʰʚʠʜʢʦʩʪʽ ʧʝʨʝʜʘʯʽ 

ʜʘʥʠʭ ʜʣʷ ʜʦʜʘʪʢʽʚ IoT. 

The thesis examines techniques for ensuring information transmission reliability in 3GPP 

standards, namely, LTE-M and NB-IoT for IoT solutions. The functionality for achieving 

maximum reliability of information transmission, distance, and data transmission speed for IoT 

applications is proposed. 

 

The 3rd Generation Partnership Project (3GPP) collaborates with 

telecommunications standards organisations to develop mobile communication 

technology specifications. Its best-known work is the development and 

maintenance of [1]:  

- GSM and 2G and 2.5G standards, including GPRS and EDGE, 

- UMTS and 3G standards, including HSPA and HSPA+, 

- LTE and 4G standards, including LTE Advanced and LTE Advanced Pro, 

- 5G NR and related 5G standards, including 5G-Advanced. 

The next edition of the 3GPP 5G Advanced standard (Release 19) is expected 

to bring ambient IoT within 6G to increase connectivity from billions of devices to 

trillions [2]. ñWhile 5G tracked cars, appliances and shipping containers, 6G will 

track everything in those cars, appliances and shipping containers,ò Steve Statler, 

CMO of Wiliot [3]. 

3GPP specifications enable interoperability  between devices and networks, 

allowing seamless communication and roaming across various cellular operators 

and geographical regions. This interoperability ensures that devices can 

communicate effectively regardless of the network they are connected to, 

facilitating global deployments and scalability. 

The role of 3GPP on the Internet of Things (IoT ) is significant. It develops 

standards and specifications that enable connectivity, interoperability, and 

scalability for IoT devices and applications. 3GPP also plays a crucial role in 

developing standards for cellular technologies, including LTE -M  (LTE for 

Machines) and NB-IoT  (Narrowband IoT, LPWAN), which are optimised for IoT 

applications. These standards provide a reliable and efficient connectivity solution 
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for many IoT devices, from sensors and actuators to smart meters and wearables. 

LTE -M  [4] (also LTE-MTC and LTE Cat M) is a Low-Power Wide-Area 

Network (LPWAN) technology that allows the reuse of an LTE installed base with 

extended coverage. LTE-M, which stands for LTE-Machine Type Communication 

(MTC), was also developed by 3GPP to enable devices and services specifically 

for IoT applications. LTE-M offers a data rate of 1Mbps for 3GPP Release 13, 

rising to 4Mbps for Release 14, with greater mobility and voice capability over the 

network. 

Table 1. Techniques for achieving reliable information transmission in wireless 

communication systems built based on 3GPP standards for IoT systems. 

Radio Channel 

Characteristic 

Description LTE -M NB-IoT 

Channel Coding 

Type, C 

Error correction coding is 

used to improve the 

reliability of data 

transmission by taking 

some channel resources. 

Turbo codes, LDPC 

(Low-Density Parity-

Check) 

Turbo codes, LDPC 

(Low-Density Parity-

Check) 

Multiposition 

Keying, M 

The modulation 

technique is used to 

encode digital data into 

the carrier signal. 

QPSK, 16/64-QAM QPSK 

Power Control 

Algorithms, P 

Algorithms are used to 

adjust transmit power 

levels dynamically to 

optimise signal quality 

and coverage. 

Power control 

algorithms to 

optimise coverage 

and minimise 

interference in 

varying network 

conditions. 

Utilises power control 

algorithms to conserve 

battery power and 

extend device battery 

life in IoT deployments. 

Frequency 

Channel Width, 

F 

Width of the frequency 

channel allocated for 

communication. 

1.4 MHz, 3 MHz, 5 

MHz, 10 MHz, or 20 

MHz 

From 180 kHz to 3 

MHz, optimised for low-

power, wide-area 

coverage. 

Frequency Band Frequency range within 

the electromagnetic 

spectrum used for 

wireless communication. 

700 MHz, 800 MHz, 

or 1.8 GHz bands 

800 MHz, 900 MHz, or 

1.9 GHz 

Maximum Data 

Rate, V 

Maximum achievable 

data transmission rate 

supported by the radio 

channel. 

Up to 1 Mbps, 

depending on channel 

bandwidth and 

network conditions. 

Up to 250 kbps, 

optimised for low-

power, low-complexity 

IoT applications. 

Operational 

Distance, L 

Maximum distance over 

which reliable 

communication can be 

maintained. 

Several kilometres, 

making it suitable for 

applications requiring 

wide-area 

connectivity. 

A few kilometres, 

optimised for long-range 

communication in low-

power IoT deployments. 
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NB-IoT  [4] (Narrowband IoT) is a radio technology deployed over mobile 

networks which is especially suited for indoor coverage, low cost, long battery life, 

and many devices. NB-IoT limits bandwidth to a single narrow band of 200kHz, 

offering peak downlink speeds of 26kbs in Release 13 of the 3GPP standard. 

Release 14 will see this increase to 127kbps. 

Table 1 outlines the wireless radio channel characteristics and techniques for 

LTE-M and NB-IoT radio channel specifications for achieving low BER and high 

information transmission reliability. 

Reliable information transmission refers to the ability of a communication 

system to deliver data accurately and consistently from a sender to a receiver, even 

in the presence of various impairments and challenges that can degrade the quality 

of the transmission. It has such characteristics as accuracy, consistency, 

robustness, and timeliness. In a reliable transmission, the information arrives at the 

receiver with minimal errors (low bit error rate, BER) or distortions, ensuring the 

intended message is accurately conveyed and interpreted on the recipient side. 

Reliable information transmission is usually a pain point of wireless 

communication channels rather than wired ones.  

Mathematical functional for minimising BER and maximising distance L and 

data rate V depend on and proportional to parameters combination set such us 

coding type C and its rate, multiposition keying M, frequency band F, and 

transmitter power P: 

 
Calculation of the NB-IoT and LTE -M link budget is defined in the Study 

on the channel model for frequencies from 0.5 to 100 GHz (3GPP TR 38.901 

version 17.1.0 Release 17), ETSI TR 138 901 V17.1.0 [5].  

Thus, this work shows that modern 3GPP communication standards and 

technologies such as LTE-M and NB-IoT have sufficient technical capabilities for 

building reliable networks to serve IoT traffic and applications. Further research in 

the scope of this work is supposed to calculate the coverage zones for both 

technologies based on the link budget and variety of channel parameters following 

the proposed mathematical functional, as well as other link budget parameters. 
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ʇʈʆɹʃɽʄʀ ʇɽʈɽɼɸɺɸʅʅʗ ɯʅʌʆʈʄɸʎɯɰ  

ɺ ʈɯʐɽʅʅʗʍ ɯʆʊ ʇʆɼɺɯʁʅʆɻʆ ʇʈʀɿʅɸʏɽʅʅʗ 
 

Our research delves into the crucial realm of IoT dual-purpose systems (DPS). We 

meticulously analyse the information transmission problems (ITP) in IoT DPS and provide a 

comprehensive list of techniques to mitigate them. We also present a high-level design of 

wearable health monitoring devices and a network diagram, showcasing one of the many 

applications of IoT DPS. 

 

Internet of Things (IoT) refers to the network of physical objects or "things" 

embedded with sensors, software, and other technologies that enable them to 

connect and exchange data with other devices and systems over the Internet 

without human intervention. 

The dual-purpose system (DPS) is designed to serve two distinct functions or 

purposes simultaneously.  

IoT DPS, which can serve personal, industrial, or enterprise applications, is 

crucial in various fields, including engineering, healthcare, or military applications. 

By combining multiple capabilities of IoT applications into a single solution, IoT 

DPSs enhance efficiency and flexibility, thereby optimising resources and 

functionality. This is particularly significant in the face of increasing risks of 

conflicts and threats, underscoring the importance of IoT DPS research and 

development. Table 1 showcases examples of IoT DPS designed explicitly for civil 

and military applications, emphasising their relevance. 

Information transmission problem (ITP) refers to any issue or challenge that 

hinders the effective and reliable transfer of information from one point to another 

within a system or network. ITP can arise due to various factors, such as technical 

limitations, environmental conditions, security concerns, or protocol inefficiencies.  

The relevance of IoT DPS research and development is the increased risks of 

conflicts and threats nowadays. Thus, proper attention must be paid to addressing 

the ITPs in IoT DPSs. Table 2 shows critical ITPs in IoT DPSs. 

Addressing ITP often requires developing and implementing appropriate 

technologies, protocols, and strategies tailored to the specific requirements and 

constraints of the communication system or network. 

Task statement. The objective is to address the urgent need to reduce risks in 

military and civilian cases that could lead to lethal results: review the wearable 

health monitoring devices (WHMD) scenario [1-3]. This will be achieved by 

applying techniques for addressing ITPs in the IoT DPS listed in Table 2.  
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Table 1. Examples of the IoT DPS. 
ˉ Dual-purpose system 

(DPS) 

Civil Application Military Application 

1 Wearable health 

monitoring devices 

Monitoring of vital signs, 

activity levels, sleep, patterns 

for patients with chronic 

conditions, fitness, tracking for 

wellness purposes 

Remote health monitoring of 

soldiers in the field, tracking 

physiological indicators during 

missions, assessing fatigue and 

stress levels 

2 Unmanned aerial 

vehicles (UAVs) or 

Drones 

Aerial photography, mapping, 

surveillance, monitoring of 

infrastructure, agriculture, 

environmental conditions 

Intelligence, surveillance, 

reconnaissance, target 

acquisition, battlefield 

situational awareness 

3 
 

Smart city 

infrastructure 

Urban management, traffic 

control, public safety, 

environmental monitoring, 

energy efficiency 

Critical infrastructure 

protection, emergency 

response coordination, support 

for military installations 

4 Border surveillance 

systems 

Border security, customs 

enforcement, monitoring of 

immigration, cross-border 

movements 

Border control, intelligence 

gathering, detection of illicit 

activities, prevention of 

unauthorised incursions 

5 Emergency response 

and disaster 

management 

Early warning systems, disaster 

preparedness, search and 

rescue operations, 

humanitarian assistance 

Rapid deployment of forces for 

disaster relief, coordination of 

emergency response efforts 

 

Table 2. Information transmission problems (ITP) in the IoT DPS. 
ˉ  ITP Challenges Techniques for addressing ITP 

1 Communication 

channel noise and 

signal 

interference, 

reliability, and 

error correction 

External factors 

that distort or 

corrupt the 

transmitted 

signals, leading to 

errors in data 

reception, reliable 

data transmission 

Channel coding, error detection and correction, 

modulation techniques and multiposition keying 

(MPK), antenna diversity, frequency hopping 

spread spectrum (FHSS), adaptive filtering, 

cyclic redundancy check (CRC), OFDM, 

dynamic spectrum access, 

automatic/selective/hybrid repeat request (ARQ), 

LDPC codes, interleaving, concatenated coding, 

soft decision decoding, iterative decoding, and 

combinations of these techniques 

2 Security threats Unauthorised 

access to the data, 

confidentiality 

breach of the 

transmitted data, 

data integrity or 

availability 

Data encryption (AES, RSA, ECC), 

authentication and authorisation, keys 

management, secure protocols (TLS, IPSec, 

SSH, HTTPS), firewalls, intrusion detection 

systems (IDS), packet filtering, traffic analysis, 

virtual private networks (VPN), secure network 

design (segmentation, least privilege access) 

3 Reliable design Lack of 

shockproof, 

waterproof, 

autonomous 

power for long-

lasting work 

Shock-absorbing materials, vibration-dampening 

mounts, solder joints and connectors, sealed 

enclosures, energy harvesting, energy-efficient 

components, economic power-management 

system, battery backup to allow communication 

to continue 
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The WHMD solution involves attaching IoT sensors to human individuals to 

collect telemetry data, encrypting and transmitting that information to storage 

facilities and to authorised personnel. Advances in Microelectromechanical 

Systems (MEMS) technology have resulted in the development of small and robust 

sensors that can monitor various parameters such as human movement, 

temperature, and others. The modern concept of Wireless Body Area Sensor 

Networks (WBASN) allows the integration of different networks and devices for 

remote monitoring. The WBASN structure consists of three key stages (Figure 1):  
1. Data gathering about and around the human body. 

2. Communication between humans and the command centre via ZigBee, 

Bluetooth, UWB, IEEE 802.11 a/b/g/n/ah WLAN, and 3G/4G cellular technologies 

at different steps of network design. 

3. The overall WHMD communication scenario is managed by appropriately 

reacting to the gathered data. 

All the ITP problems in Table 2 are applicable to this IoT DPS WHMD use 

case, and proper techniques for addressing ITP can be used. 

 
Figure 1. WBASN communication scheme. 

 

In conclusion, our research has shown that IoT dual-purpose systems must be 

appropriately designed considering existing threats worldwide. By doing so, we 

can create reliable solutions with cost savings, eliminating the need to develop 

different systems. Our research provides techniques for addressing common 

information transmission problems. 
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APPLICATION LAYER PR OTOCOLS IN IoT NETWORKS  
 

The main application protocols in the Internet of Things networks are analyzed and their 

features are defined, which should meet the functional requirements and basic characteristics of 

IoT devices that exchange information. 

 ʇʨʦʘʥʘʣʽʟʦʚʘʥʽ ʦʩʥʦʚʥʽ ʧʨʦʪʦʢʦʣʠ ʨʽʚʥʷ ʟʘʩʪʦʩʫʥʢʽʚ ʚ ʤʝʨʝʞʘʭ ɯʥʪʝʨʥʝʪʫ ʨʝʯʝʡ ʪʘ 

ʟʘʟʥʘʯʝʥʽ ʾʭ ʦʩʦʙʣʠʚʦʩʪʽ, ʱʦ ʧʦʚʠʥʥʽ ʚʽʜʧʦʚʽʜʘʪʠ ʚʠʤʦʛʘʤ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʽ ʦʩʥʦʚʥʠʤ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤ ʧʨʠʩʪʨʦʾʚ ɯʦʊ, ʷʢʽ ʦʙʤʽʥʶʶʪʴʩʷ ʽʥʬʦʨʤʘʮʽʻʶ. 

 

ʆʩʪʘʥʥʽʤ ʯʘʩʦʤ ʢʽʣʴʢʽʩʪʴ ʧʨʠʩʪʨʦʾʚ ɯʥʪʝʨʥʝʪʫ ʈʝʯʝʡ (ɯʦʊ) ʟʙʽʣʴʰʫʻʪʴʩʷ 

ʟ ʚʨʘʞʘʶʯʦʶ ʰʚʠʜʢʽʩʪʶ, ʱʦ ʚʽʜʢʨʠʚʘʻ ʙʝʟʣʽʯ ʧʝʨʩʧʝʢʪʠʚ ʜʣʷ ʧʦʜʘʣʴʰʦʛʦ 

ʨʦʟʚʠʪʢʫ ʣʶʜʩʪʚʘ. ʎʝ ʧʦʪʨʝʙʫʻ ʝʬʝʢʪʠʚʥʠʭ ʧʨʦʪʦʢʦʣʽʚ ʥʘ ʨʽʚʥʽ ʟʘʩʪʦʩʫʥʢʽʚ, 

ʩʝʨʚʽʩʽʚ, ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ, ʱʦ ʚʽʜʧʦʚʽʜʘʶʪʴ ʧʦʪʨʝʙʘʤ ʧʨʠʩʪʨʦʾʚ ɯʦʊ, ʷʢʽ 

ʭʘʨʘʢʪʝʨʠʟʫʶʪʴʩʷ ʦʙʤʝʞʝʥʠʤʠ ʨʝʩʫʨʩʘʤʠ: ʤʘʣʝ ʩʧʦʞʠʚʘʥʥʷ ʝʥʝʨʛʽʾ, ʤʘʣʠʡ 

ʦʙʩʷʛ ʧʘʤ'ʷʪʽ ʪʘ ʪʨʘʬʽʢʫ, ʱʦ ʛʝʥʝʨʫʻʪʴʩʷ, ʧʨʦʩʪʦʪʘ ʪʘ ʽʥʰʽ. ɼʘʥʫ ʤʝʨʝʞʫ 

ʤʦʞʥʘ ʧʦʨʽʚʥʷʪʠ ʟ ʣʘʙʽʨʠʥʪʦʤ, ʘʜʞʝ ɯʥʪʝʨʥʝʪ ʨʝʯʝʡ  ï ʮʝ ʚʝʣʠʢʘ ʢʽʣʴʢʽʩʪʴ 

ʧʨʦʪʦʢʦʣʽʚ, ʷʢʽ ʚʠʟʥʘʯʘʶʪʴ, ʷʢ ʧʨʠʩʪʨʦʾ ʩʧʽʣʢʫʶʪʴʩʷ, ʦʙʤʽʥʶʶʪʴʩʷ ʜʘʥʠʤʠ ʽ 

ʚʟʘʻʤʦʜʽʶʪʴ ʫ ʤʝʨʝʞʽ. ʇʨʦʪʦʢʦʣʠ ʨʽʚʥʷ ʟʘʩʪʦʩʫʥʢʽʚ ʚ ʤʝʨʝʞʘʭ ɯʦʊ 

ʚʠʟʥʘʯʘʶʪʴ ʩʧʦʩʦʙʠ, ʟʘ ʷʢʠʤʠ ʧʨʠʩʪʨʦʾ ʟʙʠʨʘʶʪʴ, ʦʙʨʦʙʣʷʶʪʴ ʪʘ ʧʝʨʝʜʘʶʪʴ 

ʜʘʥʽ, ʚʽʜʢʨʠʚʘʶʯʠ ʙʝʟʤʝʞʥʽ ʤʦʞʣʠʚʦʩʪʽ ʜʣʷ ʧʦʢʨʘʱʝʥʥʷ ʥʘʰʦʛʦ 

ʧʦʚʩʷʢʜʝʥʥʦʛʦ ʞʠʪʪʷ ʪʘ ʨʦʟʚʠʪʢʫ ʧʨʦʤʠʩʣʦʚʦʩʪʽ. ʅʠʞʯʝ ʧʨʦʘʥʘʣʽʟʦʚʘʥʽ 

ʦʩʦʙʣʠʚʦʩʪʽ ʪʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʨʦʪʦʢʦʣʽʚ ʨʽʚʥʷ ʟʘʩʪʦʩʫʥʢʽʚ, ʱʦ ʥʘʡʯʘʩʪʽʰʝ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʫ ɯʥʪʝʨʥʝʪʽ ʨʝʯʝʡ, ʟʘʟʥʘʯʝʥʽ ʾʭ ʧʝʨʝʚʘʛʠ ʪʘ ʥʝʜʦʣʽʢʠ, 

ʧʨʦʚʝʜʝʥʦ ʧʦʨʽʚʥʷʥʥʷ. 

MQTT (Message Queuing Telemetry Transport) ð ʮʝ ʚʽʜʢʨʠʪʠʡ 

ʩʪʘʥʜʘʨʪʥʠʡ ʧʨʦʪʦʢʦʣ ʦʙʤʽʥʫ ʧʦʚʽʜʦʤʣʝʥʥʷʤʠ, ʨʝʘʣʽʟʦʚʘʥʠʡ OASIS ʽ 

ʨʝʢʦʤʝʥʜʦʚʘʥʠʡ ʄʽʞʥʘʨʦʜʥʦʶ ʦʨʛʘʥʽʟʘʮʽʻʶ ʟʽ ʩʪʘʥʜʘʨʪʠʟʘʮʽʾ (ISO/IEC 

20922). ɺʽʥ ʨʦʟʨʦʙʣʝʥʠʡ ʷʢ ʥʘʜʟʚʠʯʘʡʥʦ ʣʝʛʢʠʡ ʟʘʩʽʙ ʜʣʷ ʦʙʤʽʥʫ 

ʧʦʚʽʜʦʤʣʝʥʥʷʤʠ ʟʘ ʜʦʧʦʤʦʛʦʶ ʧʫʙʣʽʢʘʮʽʾ/ʧʽʜʧʠʩʢʠ ʥʘ ʩʝʨʚʝʨʽ-ʙʨʦʢʝʨʽ ʚ 

ʤʝʨʝʞʘʭ ʄ2ʄ (machine-to-machine), ʽʜʝʘʣʴʥʦ ʧʽʜʭʦʜʠʪʴ ʜʣʷ ʧʽʜʢʣʶʯʝʥʥʷ 

ʚʽʜʜʘʣʝʥʠʭ ʧʨʠʩʪʨʦʾʚ ʟ ʥʝʚʝʣʠʢʠʤ ʢʦʜʦʚʠʤ ʧʨʦʩʪʦʨʦʤ ʽ ʤʽʥʽʤʘʣʴʥʦʶ 

ʧʨʦʧʫʩʢʥʦʶ ʟʜʘʪʥʽʩʪʶ ʤʝʨʝʞʽ, ʱʦ ʚʽʜʧʦʚʽʜʘʻ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤ ʧʨʠʩʪʨʦʾʚ IoT. 

ʉʴʦʛʦʜʥʽ MQTT ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʚ ʥʘʡʨʽʟʥʦʤʘʥʽʪʥʽʰʠʭ ʛʘʣʫʟʷʭ, ʪʘʢʠʭ ʷʢ 

ʘʚʪʦʤʦʙʽʣʝʙʫʜʫʚʘʥʥʷ, ʚʠʨʦʙʥʠʮʪʚʦ, ʪʝʣʝʢʦʤʫʥʽʢʘʮʽʾ, ʥʘʬʪʦʛʘʟʦʚʘ 

ʧʨʦʤʠʩʣʦʚʽʩʪʴ ʪʦʱʦ. ʇʝʨʝʚʘʛʠ ʜʘʥʦʛʦ ʧʨʦʪʦʢʦʣʫ ʚʢʣʶʯʘʶʪʴ ʚ ʩʝʙʝ [1]:  

1. MQTT ʜʦʟʚʦʣʷʻ ʦʙʤʽʥʶʚʘʪʠʩʷ ʧʦʚʽʜʦʤʣʝʥʥʷʤʠ ʤʽʞ ʧʨʠʩʪʨʦʻʤ ʫ 

ʭʤʘʨʫ ʪʘ ʟ ʭʤʘʨʠ ʥʘ ʧʨʠʩʪʨʽʡ. ʎʝ ʩʧʨʦʱʫʻ ʪʨʘʥʩʣʷʮʽʶ ʧʦʚʽʜʦʤʣʝʥʴ ʛʨʫʧʘʤ 

ʨʝʯʝʡ. 



 57 

2. ʄʘʩʰʪʘʙʫʚʘʥʥʷ MQTT ʜʣʷ ʧʽʜʢʣʶʯʝʥʥʷ ʜʦ ʤʽʣʴʡʦʥʽʚ ʧʨʠʩʪʨʦʾʚ 

IoT. 

3. ʅʘʜʽʡʥʘ ʜʦʩʪʘʚʢʘ ʧʦʚʽʜʦʤʣʝʥʴ. 

4. ʇʽʜʪʨʠʤʢʘ ʪʨʴʦʭ ʢʣʘʩʽʚ ʷʢʦʩʪʽ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ QoS. 

5. ʇʽʜʪʨʠʤʢʘ ʥʝʥʘʜʽʡʥʠʭ ʤʝʨʝʞ: ɹʘʛʘʪʦ ʧʨʠʩʪʨʦʾʚ IoT ʧʽʜʢʣʶʯʘʶʪʴʩʷ 

ʯʝʨʝʟ ʥʝʥʘʜʽʡʥʽ ʩʪʽʣʴʥʠʢʦʚʽ ʤʝʨʝʞʽ. ʇʽʜʪʨʠʤʢʘ MQTT ʜʣʷ ʧʦʩʪʽʡʥʠʭ ʩʝʩʽʡ 

ʩʢʦʨʦʯʫʻ ʯʘʩ ʥʘ ʧʦʚʪʦʨʥʝ ʟ'ʻʜʥʘʥʥʷ ʢʣʽʻʥʪʘ ʟ ʙʨʦʢʝʨʦʤ.  

6. ɹʝʟʧʝʢʘ ʧʨʦʪʦʢʦʣʫ: MQTT ʜʦʟʚʦʣʷʻ ʣʝʛʢʦ ʰʠʬʨʫʚʘʪʠ ʧʦʚʽʜʦʤʣʝʥʥʷ 

ʟʘ ʜʦʧʦʤʦʛʦʶ TLS ʽ ʘʚʪʝʥʪʠʬʽʢʫʚʘʪʠ ʢʣʽʻʥʪʽʚ ʟʘ ʜʦʧʦʤʦʛʦʶ ʩʫʯʘʩʥʠʭ 

ʧʨʦʪʦʢʦʣʽʚ ʘʚʪʝʥʪʠʬʽʢʘʮʽʾ, ʪʘʢʠʭ ʷʢ OAuth. ɭ ʤʦʞʣʠʚʽʩʪʴ ʥʘʣʘʰʪʫʚʘʥʥʷ 

ʧʨʦʮʝʩʫ ʚʽʜʩʪʝʞʝʥʥʷ ʚʩʽʭ ʩʪʘʥʽʚ ʧʽʜʢʣʶʯʝʥʥʷ ʢʣʽʻʥʪʘ, ʚʢʣʶʯʘʶʯʠ ʦʙʣʽʢʦʚʽ 

ʜʘʥʽ ʙʝʟʧʝʢʠ ʪʘ ʩʝʨʪʠʬʽʢʘʪʠ. 

ɺ ʷʢʦʩʪʽ ʥʝʜʦʣʽʢʽʚ ʤʦʞʥʘ ʚʽʜʤʽʪʠʪʠ, ʱʦ ʙʝʟʧʝʢʘ ʧʨʦʪʦʢʦʣʫ ʙʫʣʘ 

ʩʢʦʤʧʨʦʤʝʥʪʦʚʘʥʘ ʫ 2020 ʨ. [6] (CVE-2020-13849). ʊʘʢʦʞ ʥʘʷʚʥʽʩʪʴ ʙʨʦʢʝʨʘ, 

ʯʝʨʝʟ ʷʢʠʡ ʚʽʜʙʫʚʘʻʪʴʩʷ ʦʙʤʽʥ ʧʦʚʽʜʦʤʣʝʥʥʷʤʠ, ʻ ñʩʣʘʙʢʠʤò ʤʽʩʮʝʤ ʤʝʨʝʞʽ 

ʧʨʠ ʧʝʨʝʨʠʚʘʥʥʽ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ. ʇʨʦʪʝ ʚʙʫʜʦʚʘʥʘ ʯʝʨʛʘ ʙʨʦʢʝʨʽʚ MQTT 

ʤʦʞʝ ʚ ʪʘʢʽʡ ʩʠʪʫʘʮʽʾ ʟʘʙʝʟʧʝʯʠʪʠ ʙʫʬʝʨʠʟʘʮʽʶ ʜʣʷ ʦʙʤʝʞʝʥʠʭ ʧʨʠʩʪʨʦʾʚ 

IoT, ʷʢʽ ʥʝ ʤʘʶʪʴ ʤʦʞʣʠʚʦʩʪʽ ʟʨʦʙʠʪʠ ʮʝ ʩʘʤʦʩʪʽʡʥʦ. 

HTTP (Hypertext Transfer Protocol) - ʧʨʦʪʦʢʦʣ ʧʝʨʝʜʘʯʽ ʛʽʧʝʨʪʝʢʩʪʫ ʻ 

ʦʩʥʦʚʦʶ ɯʥʪʝʨʥʝʪʫ ʽ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʜʣʷ ʟʘʚʘʥʪʘʞʝʥʥʷ ʚʝʙ-ʩʪʦʨʽʥʦʢ ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʛʽʧʝʨʪʝʢʩʪʦʚʠʭ ʧʦʩʠʣʘʥʴ [2]. ʇʨʠʟʥʘʯʝʥʠʡ ʜʣʷ ʧʝʨʝʜʘʯʽ 

ʽʥʬʦʨʤʘʮʽʾ ʤʽʞ ʤʝʨʝʞʝʚʠʤʠ ʧʨʠʩʪʨʦʷʤʠ ʥʘ ʧʨʠʢʣʘʜʥʦʤʫ ʨʽʚʥʽ ʤʦʜʝʣʽ OSI ʪʘ 

ʧʨʘʮʶʻ ʧʦʚʝʨʭ ʽʥʰʠʭ ʨʽʚʥʽʚ ʩʪʝʢʘ ʊʉʈ/ɯʈ. ʊʠʧʦʚʠʡ ʧʦʪʽʢ ʯʝʨʝʟ HTTP 

ʧʝʨʝʜʙʘʯʘʻ, ʱʦ ʢʣʽʻʥʪʩʴʢʘ ʤʘʰʠʥʘ ʨʦʙʠʪʴ ʟʘʧʠʪ ʜʦ ʩʝʨʚʝʨʘ, ʷʢʠʡ ʧʦʪʽʤ 

ʥʘʜʩʠʣʘʻ ʧʦʚʽʜʦʤʣʝʥʥʷ ʫ ʚʽʜʧʦʚʽʜʴ. HTTP, ʷʢ ʧʨʘʚʠʣʦ, ʨʦʟʨʦʙʣʝʥʠʡ ʪʘʢʠʤ 

ʯʠʥʦʤ, ʱʦʙ ʙʫʪʠ ʧʨʦʩʪʠʤ ʽ ʟʨʫʯʥʠʤ ʜʣʷ ʯʠʪʘʥʥʷ ʣʶʜʠʥʦʶ, ʥʘʚʽʪʴ ʟ 

ʫʨʘʭʫʚʘʥʥʷʤ ʜʦʜʘʪʢʦʚʦʾ ʩʢʣʘʜʥʦʩʪʽ, ʷʢʘ ʧʨʠʪʘʤʘʥʥʘ HTTP/2, ʰʣʷʭʦʤ 

ʽʥʢʘʧʩʫʣʷʮʽʾ ʧʦʚʽʜʦʤʣʝʥʴ ʫ ʬʨʝʡʤʠ. ɿʨʦʟʫʤʽʣʽʩʪʴ HTTP-ʧʦʚʽʜʦʤʣʝʥʴ 

ʧʦʣʝʛʰʫʻ ʪʝʩʪʫʚʘʥʥʷ ʜʣʷ ʨʦʟʨʦʙʥʠʢʽʚ ʽ ʟʥʠʞʫʻ ʩʢʣʘʜʥʽʩʪʴ ʜʣʷ ʥʦʚʘʯʢʽʚ. 

ɿ'ʻʜʥʘʥʥʷ ʢʦʥʪʨʦʣʶʻʪʴʩʷ ʥʘ ʪʨʘʥʩʧʦʨʪʥʦʤʫ ʨʽʚʥʽ, ʽ ʪʦʤʫ ʧʨʠʥʮʠʧʦʚʦ 

ʚʠʭʦʜʠʪʴ ʟʘ ʨʘʤʢʠ HTTP. ɺʽʥ ʥʝ ʚʠʤʘʛʘʻ, ʱʦʙ ʙʘʟʦʚʠʡ ʪʨʘʥʩʧʦʨʪʥʠʡ 

ʧʨʦʪʦʢʦʣ ʙʫʚ ʟʘʩʥʦʚʘʥʠʡ ʥʘ ʟ'ʻʜʥʘʥʥʽ, ʣʠʰʝ ʱʦʙ ʙʫʚ ʥʘʜʽʡʥʠʤ, ʘʙʦ ʥʝ 

ʚʪʨʘʯʘʚ ʧʦʚʽʜʦʤʣʝʥʥʷ (ʷʢ ʤʽʥʽʤʫʤ, ʧʨʝʜʩʪʘʚʣʷʶʯʠ ʧʦʤʠʣʢʫ ʚ ʪʘʢʠʭ 

ʚʠʧʘʜʢʘʭ). ʊʦʤʫ HTTP ʧʨʘʮʶʻ ʧʦʚʝʨʭ  TCP. [3] 

CoAP (The Constrained Application Protocol) ð ʮʝ ʣʝʛʢʠʡ ʧʨʦʪʦʢʦʣ, 

ʧʨʠʟʥʘʯʝʥʠʡ ʜʣʷ ʚʠʢʦʨʠʩʪʘʥʥʷ ʟ ʧʨʠʩʪʨʦʷʤʠ ʟ ʥʠʟʴʢʠʤ ʝʥʝʨʛʦʩʧʦʞʠʚʘʥʥʷʤ, 

ʦʙʯʠʩʣʶʚʘʣʴʥʦʶ ʧʦʪʫʞʥʽʩʪʶ, ʧʘʤ'ʷʪʪʶ ʪʘ ʯʘʩʦʤ ʘʚʪʦʥʦʤʥʦʾ ʨʦʙʦʪʠ,ʪʘʢʠʤʠ 

ʷʢ ʧʨʠʩʪʨʦʾ IoT, ʽ ʦʙʤʝʞʝʥʠʤʠ ʧʨʦʧʫʩʢʥʦʶ ʟʜʘʪʥʽʩʪʶ ʤʝʨʝʞʘʤʠ. ɺʠʟʥʘʯʘʻ 

ʧʨʦʪʦʢʦʣ ʚʝʙ-ʧʝʨʝʜʘʯʽ ʥʘ ʦʩʥʦʚʽ ʨʝʧʨʝʟʝʥʪʘʪʠʚʥʦʛʦ ʩʪʘʥʫ (REST) ʥʘ ʜʦʜʘʪʦʢ 

ʜʦ ʬʫʥʢʮʽʡ HTTP, ʮʝ ʥʘʜʘʻ ʧʨʦʩʪʽʰʠʡ ʩʧʦʩʽʙ ʦʙʤʽʥʫ ʜʘʥʠʤʠ ʤʽʞ ʢʣʽʻʥʪʘʤʠ 

ʪʘ ʩʝʨʚʝʨʘʤʠ ʯʝʨʝʟ HTTP. CoAP ʩʧʠʨʘʻʪʴʩʷ ʥʘ ʘʨʭʽʪʝʢʪʫʨʫ ʢʣʽʻʥʪ-ʩʝʨʚʝʨ ʙʝʟ 

ʟʙʝʨʝʞʝʥʥʷ ʩʪʘʥʫ. ɺʽʥ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʚ ʤʦʙʽʣʴʥʠʭ ʜʦʜʘʪʢʘʭ ʽ ʧʨʦʛʨʘʤʘʭ 

ʩʦʮʽʘʣʴʥʠʭ ʤʝʨʝʞ ʽ ʫʩʫʚʘʻ ʥʝʦʜʥʦʟʥʘʯʥʽʩʪʴ ʟʘ ʜʦʧʦʤʦʛʦʶ ʤʝʪʦʜʽʚ HTTP get, 

post, put ʽ delete. CoAP ʥʘʜʘʻ ʥʘʙʽʨ ʤʝʪʦʜʽʚ ʜʣʷ ʚʠʷʚʣʝʥʥʷ, ʤʘʥʽʧʫʣʶʚʘʥʥʷ ʪʘ 

ʤʦʥʽʪʦʨʠʥʛʫ ʨʝʩʫʨʩʽʚ, ʘ ʪʘʢʦʞ ʧʽʜʪʨʠʤʢʫ ʘʩʠʥʭʨʦʥʥʦʛʦ ʟʚ'ʷʟʢʫ ʪʘ ʢʝʰʫʚʘʥʥʷ. 
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CoAP ʧʨʘʮʶʻ ʧʦʚʝʨʭ ʧʨʦʪʦʢʦʣʫ UDP ʽ ʟʘʟʚʠʯʘʡ ʚʠʢʦʨʠʩʪʦʚʫʻ ʧʦʨʪ 5683 ʜʣʷ 

ʥʝʟʘʭʠʱʝʥʦʛʦ ʟʚ'ʷʟʢʫ ʪʘ ʧʦʨʪ 5684 ʜʣʷ ʙʝʟʧʝʯʥʦʛʦ ʟʚ'ʷʟʢʫ ʟʘ ʜʦʧʦʤʦʛʦʶ 

DTLS (Datagram Transport Layer Security). [4] 

ʆʩʥʦʚʥʠʤʠ ʧʝʨʝʚʘʛʘʤʠ ʧʨʦʪʦʢʦʣʫ ʻ: 

- ʟʤʝʥʰʝʥʥʷ ʥʘʢʣʘʜʥʠʭ ʚʠʪʨʘʪ ʥʘ ʟʚôʷʟʦʢ ʟʘ ʨʘʭʫʥʦʢ ʧʦʙʣʦʯʥʦʛʦ 

ʪʨʘʥʩʧʦʨʪʫʚʘʥʥʷ ʨʝʩʫʨʩʽʚ, ʢʦʣʠ ʧʨʠ ʦʙʤʽʥʽ ʜʘʥʠʤʠ ʤʽʞ ʢʣʽʻʥʪʦʤ ʽ ʩʝʨʚʝʨʦʤ 

ʥʝʧʦʪʨʽʙʥʦ ʦʥʦʚʣʝʥʥʷ ʚʩʽʭ ʜʘʥʠʭ, 

- ʛʥʫʯʢʽʩʪʴ ʚʟʘʻʤʦʜʽʾ ʟ HTTP ʯʝʨʝʟ ʧʨʦʢʩʽ, 

- ʙʝʟʧʝʢʘ ʥʘ ʦʩʥʦʚʽ DTLS. 

ʉʣʫʞʙʘ ʨʦʟʧʦʜʽʣʫ ʜʘʥʠʭ (DDS-Data Distribution Service) - ʮʝ ʧʨʦʪʦʢʦʣ 

ʧʨʦʤʽʞʥʦʛʦ ʧʨʦʛʨʘʤʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ (middleware) ʪʘ ʩʪʘʥʜʘʨʪ API ʜʣʷ 

ʟʚ'ʷʟʢʫ. ɺʠʢʦʨʠʩʪʦʚʫʻ ʤʝʭʘʥʽʟʤ ʧʫʙʣʽʢʘʮʽʾ/ʧʽʜʧʠʩʢʠ ʜʣʷ ʢʦʤʫʥʽʢʘʮʽʡ M2M ʫ 

ʨʝʘʣʴʥʦʤʫ ʯʘʩʽ. ɺʽʥ ʦʙ'ʻʜʥʫʻ ʢʦʤʧʦʥʝʥʪʠ ʩʠʩʪʝʤʠ ʨʘʟʦʤ, ʟʘʙʝʟʧʝʯʫʶʯʠ 

ʥʠʟʴʢʫ ʟʘʪʨʠʤʢʫ ʧʝʨʝʜʘʯʽ ʜʘʥʠʭ, ʥʘʜʟʚʠʯʘʡʥʫ ʥʘʜʽʡʥʽʩʪʴ, ʨʦʟʰʠʨʝʥʫ ʙʝʟʧʝʢʫ 

ʪʘ ʤʘʩʰʪʘʙʦʚʘʥʫ ʘʨʭʽʪʝʢʪʫʨʫ, ʥʝʦʙʭʽʜʥʫ ʜʣʷ ʙʽʟʥʝʩ-ʜʦʜʘʪʢʽʚ ʪʘ ʢʨʠʪʠʯʥʦ 

ʚʘʞʣʠʚʠʭ ʜʦʜʘʪʢʽʚ ɯʥʪʝʨʥʝʪʫ ʨʝʯʝʡ [5]. ʅʘ ʚʽʜʤʽʥʫ ʚʽʜ ʽʥʰʠʭ ʧʨʦʪʦʢʦʣʽʚ 

ʧʫʙʣʽʢʘʮʽʾ/ʧʽʜʧʠʩʢʠ, ʪʘʢʠʭ ʷʢ MQTT, DDS ʧʦʢʣʘʜʘʻʪʴʩʷ ʥʘ ʘʨʭʽʪʝʢʪʫʨʫ ʙʝʟ 

ʧʦʩʝʨʝʜʥʠʢʽʚ ʽ ʚʠʢʦʨʠʩʪʦʚʫʻ ʙʘʛʘʪʦʘʜʨʝʩʥʫ ʨʦʟʩʠʣʢʫ, ʱʦʙ ʟʘʙʝʟʧʝʯʠʪʠ 

ʚʽʜʤʽʥʥʫ ʷʢʽʩʪʴ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ (QoS) ʽ ʚʠʩʦʢʫ ʥʘʜʽʡʥʽʩʪʴ ʩʚʦʾʭ ʧʨʦʛʨʘʤ. 

ʁʦʛʦ ʘʨʭʽʪʝʢʪʫʨʘ ʧʫʙʣʽʢʘʮʽʾ/ʧʽʜʧʠʩʢʠ ʙʝʟ ʙʨʦʢʝʨʽʚ ʜʦʙʨʝ ʚʽʜʧʦʚʽʜʘʻ 

ʦʙʤʝʞʝʥʥʷʤ ʨʝʘʣʴʥʦʛʦ ʯʘʩʫ ʜʣʷ ʢʦʤʫʥʽʢʘʮʽʡ IoT ʪʘ M2M. DDS ʧʽʜʪʨʠʤʫʻ 23 

ʧʦʣʽʪʠʢʠ QoS, ʟʘ ʜʦʧʦʤʦʛʦʶ ʷʢʠʭ ʨʦʟʨʦʙʥʠʢ ʤʦʞʝ ʚʨʘʭʫʚʘʪʠ ʨʽʟʥʦʤʘʥʽʪʥʽ 

ʢʨʠʪʝʨʽʾ ʟʚôʷʟʢʫ, ʪʘʢʽ ʷʢ ʙʝʟʧʝʢʘ, ʪʝʨʤʽʥʦʚʽʩʪʴ, ʧʨʽʦʨʠʪʝʪ, ʜʦʚʛʦʚʽʯʥʽʩʪʴ, 

ʥʘʜʽʡʥʽʩʪʴ ʪʦʱʦ [7]. 
ʊʘʙʣʠʮʷ 1. ʇʦʨʽʚʥʷʥʥʷ ʧʨʦʪʦʢʦʣʽʚ. 

 MQTT CoAP DDS HTTP 

ʂʣʽʻʥʪ-ʩʝʨʚʝʨʥʘ ʘʨʭʽʪʝʢʪʫʨʘ 

ʄʝʭʘʥʽʟʤ ʧʫʙʣʽʢʘʮʽʾ/ʧʽʜʧʠʩʢʠ 

ɿʘʧʠʪ/ʚʽʜʧʦʚʽʜʴ 

ʊʨʘʥʩʧʦʨʪʥʠʡ ʧʨʦʪʦʢʦʣ 

ɹʝʟʧʝʢʘ 

QoS 

ʈʦʟʤʽʨ ʟʘʛʦʣʦʚʢʫ (ʙʘʡʪ) 

ʪʘʢ 

ʪʘʢ 

ʥ ̔

TCP 

SSL 

ʪʘʢ 

2 

ʪʘʢ 

ʪʘʢ 

ʪʘʢ 

UDP 

DTLS 

ʪʘʢ 

4 

ʪʘʢ 

ʪʘʢ 

ʥ ̔

TCP/ UDP 

SSL/DTLS 

ʪʘʢ 

- 

ʪʘʢ 

ʥ ̔

ʪʘʢ 

TCP 

SSL 

ʥ ̔

- 

 

ʇʽʜʩʫʤʦʚʫʶʯʠ ʤʦʞʥʘ ʩʢʘʟʘʪʠ, ʱʦ ʧʨʦʘʥʘʣʽʟʦʚʘʥʽ ʧʨʦʪʦʢʦʣʠ 

ʚʽʜʧʦʚʽʜʘʶʪʴ ʚʠʤʦʛʘʤ ʦʙʤʝʞʝʥʥʷ ʨʝʩʫʨʩʽʚ ʚ ʧʨʠʩʪʨʦʷʭ ʽ ʤʝʨʝʞʘʭ ɯʦʊ ʽ 

ʟʥʘʭʦʜʷʪʴ ʟʘʩʪʦʩʫʚʘʥʥʷ ʚ ʨʽʟʥʦʤʘʥʽʪʥʠʭ ʩʮʝʥʘʨʽʷʭ ʽ ʩʝʨʝʜʦʚʠʱʘʭ. 
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USE OF IoT TECHNOL OGY IN INDUSTRY  
 

The indicated use areas of the Internet of Things and the analyzed features of the 

industrial Internet of Things on the example of Smart grid and the advantages of using. 

ɿʘʟʥʘʯʝʥʽ ʛʘʣʫʟʽ ʚʠʢʦʨʠʩʪʘʥʥʷ ɯʥʪʝʨʥʝʪʫ ʨʝʯʝʡ ʪʘ ʧʨʦʘʥʘʣʽʟʦʚʘʥʽ ʦʩʦʙʣʠʚʦʩʪʽ 

ʧʨʦʤʠʩʣʦʚʦʛʦ ɯʥʪʝʨʥʝʪʫ ʨʝʯʝʡ ʥʘ ʧʨʠʢʣʘʜʽ ñʨʦʟʫʤʥʠʭò ʝʥʝʨʛʦʤʝʨʝʞ (Smart grid) ʪʘ 

ʧʝʨʝʚʘʛʠ ʚʠʢʦʨʠʩʪʘʥʥʷ. 

 

ɺʠʢʦʨʠʩʪʘʥʥʷ ʪʝʭʥʦʣʦʛʽʾ ɯʥʪʝʨʥʝʪʫ ʨʝʯʝʡ ʩʪʘʣʦ ʧʦʚʩʷʢʜʝʥʥʠʤ 

ʘʪʨʠʙʫʪʦʤ ʥʘʰʦʛʦ ʞʠʪʪʷ. ñʈʦʟʫʤʥʽò ʨʝʯʽ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʚ ʙʘʛʘʪʴʦʭ 

ʛʘʣʫʟʷʭ ʧʨʦʤʠʩʣʦʚʦʩʪʽ, ʚ ʤʝʜʠʮʠʥʽ, ʩʽʣʴʩʴʢʦʤʫ ʛʦʩʧʦʜʘʨʩʪʚʽ, ʝʥʝʨʛʝʪʠʮʽ, 

ʪʨʘʥʩʧʦʨʪʽ, ʪʦʨʛʽʚʣʽ, ʪʝʣʝʢʦʤʫʥʽʢʘʮʽʷʭ ʽ ɯʊ-ʩʝʢʪʦʨʽ, ʫʨʷʜʽ, ʫ ʩʬʝʨʽ  ʙʘʥʢʽʚʩʴʢʦʾ 

ʩʧʨʘʚʠ, ʬʽʥʘʥʩʦʚʠʭ ʧʦʩʣʫʛ ʪʘ ʩʪʨʘʭʫʚʘʥʥʷ (BFSI), ʦʩʚʽʪʽ ʪʦʱʦ.  ɿʘ ʦʮʽʥʢʘʤʠ 

ʝʢʩʧʝʨʪʽʚ ʨʠʥʦʢ ɯʥʪʝʨʥʝʪʫ ʈʝʯʝʡ (ɯʦʊ) ʽ ʥʘʜʘʣʽ ʙʫʜʝ ʥʝʚʧʠʥʥʦ ʟʨʦʩʪʘʪʠ. ɿʘ 

ʧʨʦʛʥʦʟʘʤʠ [1] ʦʯʽʢʫʻʪʴʩʷ, ʱʦ ʢʽʣʴʢʽʩʪʴ ʚʩʪʘʥʦʚʣʝʥʠʭ ʧʽʜʢʣʶʯʝʥʴ IoT 

ʰʚʠʜʢʦ ʟʨʦʩʪʘʪʠʤʝ ʧʨʦʪʷʛʦʤ ʜʝʩʷʪʠʣʽʪʪʷ ʽ ʫ 2033 ʨʦʮʽ ʩʢʣʘʜʝ 39,5 ʙʽʣʣʽʦʥ 

ʧʨʠʩʪʨʦʾʚ. ʎʷ ʢʽʣʴʢʽʩʪʴ, ʢʨʽʤ ʩʝʥʩʦʨʽʚ ʽ ʧʨʠʩʪʨʦʾʚ ɯʦʊ, ʚʢʣʶʯʘʻ ʪʘʢʦʞ 

ʧʦʚôʷʟʘʥʽ ʧʨʠʩʪʨʦʾ ʘʛʨʝʛʘʮʽʾ (ʨʠʩ.1).  

 
 

ʈʠʩ.1. ʂʽʣʴʢʽʩʪʴ ʧʽʜʢʣʶʯʝʥʴ ʩʝʥʩʦʨʽʚ ʽ ʧʨʠʩʪʨʦʾʚ ɯʦʊ,  

ʚʨʘʭʦʚʫʶʯʠ ʧʨʠʩʪʨʦʾ ʘʛʨʝʛʘʮʽʾ, ʟʘ ʨʦʢʘʤʠ [1]. 

 

ʊʘʢʦʞ ʤʦʞʥʘ ʟʘʟʥʘʯʠʪʠ, ʱʦ ʟʘ ʜʘʥʠʤʠ ʘʥʘʣʽʟʫ ʩʚʽʪʦʚʦʛʦ ʨʠʥʢʫ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ɯʦʊ [2], ʥʘʡʙʽʣʴʰʘ ʯʘʩʪʢʘ ʧʨʠʩʪʨʦʾʚ ɯʦʊ ʧʨʠʧʘʣʘ ʥʘ ʛʘʣʫʟʴ 

ʦʭʦʨʦʥʠ ʟʜʦʨʦʚ'ʷ (19,7%), ʪʨʘʥʩʧʦʨʪ, ʩʝʢʪʦʨ ɯʊ ʪʘ ʪʝʣʝʢʦʤʫʥʽʢʘʮʽʡ  ʽ ʪ.ʜ. 

(ʨʠʩ.2). 

ʆʜʥʽʻʶ ʽʟ ʩʢʣʘʜʦʚʠʭ ɯʥʪʝʨʥʝʪʫ ʨʝʯʝʡ ʻ ʧʨʦʤʠʩʣʦʚʠʡ, ʘʙʦ 

ʽʥʜʫʩʪʨʽʘʣʴʥʠʡ,  ɯʥʪʝʨʥʝʪ ʨʝʯʝʡ, ʷʢʠʡ ʧʨʝʜʩʪʘʚʣʷʻ ʩʦʙʦʶ ʩʠʩʪʝʤʫ ʦʙ'ʻʜʥʘʥʠʭ 

ʢʦʤʧ'ʶʪʝʨʥʠʭ ʤʝʨʝʞ ʽ ʧʽʜʢʣʶʯʝʥʠʭ ʜʦ ʥʠʭ ʧʨʦʤʠʩʣʦʚʠʭ (ʚʠʨʦʙʥʠʯʠʭ) 

ʦʙ'ʻʢʪʽʚ ʟ ʚʙʫʜʦʚʘʥʠʤʠ ʜʘʪʯʠʢʘʤʠ ʽ ʧʨʦʛʨʘʤʥʠʤ ʟʘʙʝʟʧʝʯʝʥʥʷʤ ʜʣʷ ʟʙʦʨʫ ʪʘ 
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ʦʙʤʽʥʫ ʜʘʥʠʤʠ, ʟ ʤʦʞʣʠʚʽʩʪʶ ʚʽʜʜʘʣʝʥʦʛʦ ʢʦʥʪʨʦʣʶ ʽ ʫʧʨʘʚʣʽʥʥʷ ʚ 

ʘʚʪʦʤʘʪʠʟʦʚʘʥʦʤʫ ʨʝʞʠʤʽ, ʙʝʟ ʫʯʘʩʪʽ ʣʶʜʠʥʠ [3]. ʅʠʞʯʝ ʧʨʦʘʥʘʣʽʟʦʚʘʥʽ 

ʦʩʦʙʣʠʚʦʩʪʽ ʧʨʦʤʠʩʣʦʚʦʛʦ ɯʥʪʝʨʥʝʪʫ ʨʝʯʝʡ ʥʘ ʧʨʠʢʣʘʜʽ ñʨʦʟʫʤʥʠʭò 

ʝʣʝʢʪʨʦʤʝʨʝʞ (Smart grid) ʪʘ ʧʝʨʝʚʘʛʠ ʚʠʢʦʨʠʩʪʘʥʥʷ. 

 
ʈʠʩ. 2. ʏʘʩʪʢʘ ʩʚʽʪʦʚʦʛʦ ʨʠʥʢʫ ʟʘ ʛʘʣʫʟʷʤʠ ʢʽʥʮʝʚʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ, 2023 [2]. 

 

 ʇʨʠ ʚʧʨʦʚʘʜʞʝʥʥʽ ʧʨʦʤʠʩʣʦʚʦʛʦ IoT ʫʩʪʘʪʢʫʚʘʥʥʷ ʦʙʣʘʜʥʫʻʪʴʩʷ 

ʜʘʪʯʠʢʘʤʠ, ʚʠʢʦʥʘʚʯʠʤʠ ʤʝʭʘʥʽʟʤʘʤʠ, ʢʦʥʪʨʦʣʝʨʘʤʠ ʪʘ ʚʽʜʧʦʚʽʜʥʠʤʠ 

ʽʥʪʝʨʬʝʡʩʘʤʠ, ʯʝʨʝʟ ʷʢʽ ʟʙʠʨʘʻʪʴʩʷ ʽʥʬʦʨʤʘʮʽʷ. ʆʪʨʠʤʘʥʽ ʨʝʟʫʣʴʪʘʪʠ 

ʦʙʨʦʙʣʷʶʪʴʩʷ ʽ ʧʨʠʡʤʘʶʪʴʩʷ ʦʙˇʨʫʥʪʦʚʘʥʽ ʚʠʨʦʙʥʠʯʽ ʨʽʰʝʥʥʷ, ʱʦ 

ʜʦʧʦʤʘʛʘʶʪʴ ʫʥʠʢʥʫʪʠ ʧʦʟʘʧʣʘʥʦʚʠʭ ʧʨʦʩʪʦʾʚ, ʥʝʩʧʨʘʚʥʦʩʪʝʡ ʦʙʣʘʜʥʘʥʥʷ, 

ʟʙʦʾʚ ʚ ʫʧʨʘʚʣʽʥʥʽ ʣʘʥʮʶʞʢʘʤʠ ʧʦʩʪʘʯʘʥʥʷ, ʪʦʙʪʦ ʧʽʜʧʨʠʻʤʩʪʚʦ ʧʨʘʮʶʻ 

ʙʽʣʴʰ ʝʬʝʢʪʠʚʥʦ. 

ʇʨʠ ʦʙʨʦʙʮʽ ʚʝʣʠʯʝʟʥʦʛʦ ʤʘʩʠʚʫ ʥʝʩʪʨʫʢʪʫʨʦʚʘʥʠʭ ʜʘʥʠʭ, ʱʦ 

ʥʘʜʭʦʜʷʪʴ ʟ ʜʘʪʯʠʢʽʚ, ʾʭ ʬʽʣʴʪʨʘʮʽʷ ʽ ʘʜʝʢʚʘʪʥʘ ʽʥʪʝʨʧʨʝʪʘʮʽʷ ʩʪʘʻ 

ʧʨʽʦʨʠʪʝʪʥʠʤ ʟʘʚʜʘʥʥʷʤ. ɸʥʘʣʽʪʠʯʥʽ ʧʣʘʪʬʦʨʤʠ, ʱʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʜʣʷ 

ʟʙʦʨʫ, ʟʙʝʨʽʛʘʥʥʷ ʽ ʘʥʘʣʽʟʫ ʜʘʥʠʭ ʧʦʚʠʥʥʽ ʧʨʘʮʶʚʘʪʠ ʚ ʨʝʞʠʤʽ ʨʝʘʣʴʥʦʛʦ 

ʯʘʩʫ. ɺʠʢʦʨʠʩʪʘʥʥʷ ɯʦʊ ʨʦʙʠʪʴ ʧʽʜʧʨʠʻʤʩʪʚʘ ʙʽʣʴʰ ʦʱʘʜʣʠʚʠʤʠ, ʛʥʫʯʢʠʤʠ ʽ 

ʝʬʝʢʪʠʚʥʠʤʠ. ɺ ʤʽʨʫ ʩʪʘʥʦʚʣʝʥʥʷ ʮʠʬʨʦʚʠʭ ʝʢʦʩʠʩʪʝʤ ʚʠʨʦʙʥʠʯʽ 

ʧʽʜʧʨʠʻʤʩʪʚʘ ʟ ʽʟʦʣʴʦʚʘʥʠʭ ʩʠʩʪʝʤ, ʷʢʽ ʩʘʤʦʩʪʽʡʥʦ ʚʠʢʦʥʫʶʪʴ ʚʩʽ ʥʝʦʙʭʽʜʥʽ 

ʜʣʷ ʚʠʨʦʙʥʠʮʪʚʘ ʧʨʦʜʫʢʮʽʾ ʚʠʨʦʙʥʠʯʽ ʪʘ ʙʽʟʥʝʩ-ʧʨʦʮʝʩʠ, ʧʝʨʝʪʚʦʨʶʶʪʴʩʷ ʫ 

ʚʽʜʢʨʠʪʽ ʩʠʩʪʝʤʠ, ʱʦ ʧʦʻʜʥʫʶʪʴ ʨʽʟʥʠʭ ʫʯʘʩʥʠʢʽʚ ʨʠʥʢʫ; ʘ ʟʘʩʦʙʘʤʠ 

ʚʠʨʦʙʥʠʮʪʚʘ ʚ ʮʠʭ ʩʠʩʪʝʤʘʭ ʫʧʨʘʚʣʷʶʪʴ ʭʤʘʨʥʽ ʩʝʨʚʽʩʠ, ʽ ʢʽʥʮʝʚʦʶ ʤʝʪʦʶ 

ʚʩʽʭ ʮʠʭ ʪʨʘʥʩʬʦʨʤʘʮʽʡ ʻ ʥʘʜʘʥʥʷ ʧʦʩʣʫʛ ʩʧʦʞʠʚʘʯʝʚʽ.[3] 

ñʈʦʟʫʤʥʘò ʝʣʝʢʪʨʦʤʝʨʝʞʘ (Smart grid) ð ʮʝ ʥʦʚʘ ʩʫʯʘʩʥʘ 

ʝʣʝʢʪʨʦʤʝʨʝʞʘ, ʷʢʘ ʜʦʙʨʝ ʽʥʪʝʛʨʦʚʘʥʘ ʟ ʧʝʨʝʜʦʚʦʶ ʪʝʭʥʦʣʦʛʽʻʶ ʚʠʤʽʨʶʚʘʥʥʷ 

ʜʘʪʯʠʢʽʚ, ʽʥʬʦʨʤʘʮʽʡʥʦ-ʢʦʤʫʥʽʢʘʮʽʡʥʠʤʠ ʪʝʭʥʦʣʦʛʽʷʤʠ, ʪʝʭʥʦʣʦʛʽʻʶ ʘʥʘʣʽʟʫ 

ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʴ, ʪʝʭʥʦʣʦʛʽʻʶ ʘʚʪʦʤʘʪʠʯʥʦʛʦ ʢʝʨʫʚʘʥʥʷ, ʪʝʭʥʦʣʦʛʽʻʶ 

ʝʥʝʨʛʝʪʠʢʠ ʪʘ ʤʝʨʝʞʝʚʦʶ ʽʥʬʨʘʩʪʨʫʢʪʫʨʦʶ. ʇʦʨʽʚʥʷʥʦ ʟ ʪʨʘʜʠʮʽʡʥʦʶ 

ʝʣʝʢʪʨʦʤʝʨʝʞʝʶ, ʽʥʪʝʣʝʢʪʫʘʣʴʥʘ ʤʝʨʝʞʘ ʟʥʘʯʥʦ ʚʜʦʩʢʦʥʘʣʝʥʘ ʚ ʦʧʪʠʤʽʟʘʮʽʾ 

ʢʦʥʪʨʦʣʶ ʧʦʪʫʞʥʦʩʪʽ, ʛʥʫʯʢʦʩʪʽ ʩʪʨʫʢʪʫʨʠ ʤʝʨʝʞʽ, ʦʧʪʠʤʽʟʘʮʽʾ ʨʦʟʧʦʜʽʣʫ 

ʨʝʩʫʨʩʽʚ ʽ ʧʦʢʨʘʱʝʥʥʽ ʷʢʦʩʪʽ ʧʦʩʣʫʛ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ. ʊʘʢʠʤ ʯʠʥʦʤ, ʨʦʟʫʤʥʘ 

ʤʝʨʝʞʘ ʤʘʻ ʙʘʛʘʪʦ ʭʘʨʘʢʪʝʨʠʩʪʠʢ, ʚʢʣʶʯʘʶʯʠ ʤʽʮʥʽʩʪʴ, ʩʘʤʦʚʽʜʥʦʚʣʝʥʥʷ, 

ʩʫʤʽʩʥʽʩʪʴ, ʝʢʦʥʦʤʽʯʥʽʩʪʴ, ʽʥʪʝʛʨʘʮʽʶ ʪʘ ʦʧʪʠʤʽʟʘʮʽʶ ʪʦʱʦ [3,4]. 

ɺ ɯʥʪʝʨʥʝʪʽ ʨʝʯʝʡ, ʜʝ ʨʝʯʽ ʢʦʤʫʥʽʢʫʶʪʴ ʦʜʠʥ ʟ ʦʜʥʠʤ, ʟʘ ʜʦʧʦʤʦʛʦʶ 
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ʧʝʚʥʠʭ ʧʨʦʪʦʢʦʣʽʚ ʽ ʪʘʢʠʭ ʪʝʭʥʦʣʦʛʽʡ IoT, ʷʢ ʪʝʭʥʦʣʦʛʽʾ ʨʘʜʽʦʯʘʩʪʦʪʥʦʾ 

ʽʜʝʥʪʠʬʽʢʘʮʽʾ, ʩʝʥʩʦʨʥʽ ʪʝʭʥʦʣʦʛʽʾ, ʽʥʪʝʣʝʢʪʫʘʣʴʥʽ ʪʝʭʥʦʣʦʛʽʾ, ʥʘʥʦʪʝʭʥʦʣʦʛʽʾ, 

ʤʦʞʥʘ ʦʙʤʽʥʶʚʘʪʠʩʷ ʽʥʬʦʨʤʘʮʽʻʶ ʧʨʦ ʚʟʘʻʤʦʟʚôʷʟʦʢ, ʘ ʪʘʢʦʞ ʤʦʞʥʘ ʜʦʩʷʛʪʠ 

ʽʥʪʝʣʝʢʪʫʘʣʴʥʦʛʦ ʨʦʟʧʽʟʥʘʚʘʥʥʷ, ʧʦʟʠʮʽʦʥʫʚʘʥʥʷ, ʚʽʜʩʪʝʞʝʥʥʷ, ʤʦʥʽʪʦʨʠʥʛʫ 

ʪʘ ʫʧʨʘʚʣʽʥʥʷ. 

ɯʦʊ ʝʬʝʢʪʠʚʥʦ ʽʥʪʝʛʨʫʻ ʨʝʩʫʨʩʠ ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ ʚ ʩʠʩʪʝʤʫ ʟʚôʷʟʢʫ ʪʘ 

ʝʣʝʢʪʨʦʝʥʝʨʛʝʪʠʢʠ, ʟʘʙʝʟʧʝʯʫʻ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʽʥʬʦʨʤʘʮʽʡʥʦ-

ʢʦʤʫʥʽʢʘʮʽʡʥʠʭ ʧʦʩʣʫʛ ʜʣʷ ʝʣʝʢʪʨʦʝʥʝʨʛʝʪʠʯʥʦʾ ʩʠʩʪʝʤʠ, ʧʽʜʚʠʱʫʻ ʨʽʚʝʥʴ 

ʽʥʬʦʨʤʦʚʘʥʦʩʪʽ ʝʥʝʨʛʦʩʠʩʪʝʤʠ ʪʘ ʝʬʝʢʪʠʚʥʽʩʪʴ ʚʠʢʦʨʠʩʪʘʥʥʷ ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ 

ʚ ʽʩʥʫʶʯʽʡ ʝʥʝʨʛʦʩʠʩʪʝʤʽ. ʆʩʢʽʣʴʢʠ ʪʝʭʥʦʣʦʛʽʷ IoT ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʚ 

ʨʦʟʫʤʥʠʭ ʤʝʨʝʞʘʭ, ʚʘʞʣʠʚʘ ʪʝʭʥʽʯʥʘ ʧʽʜʪʨʠʤʢʘ ʜʣʷ ʛʝʥʝʨʘʮʽʾ, ʧʝʨʝʜʘʯʽ, 

ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʧʽʜʩʪʘʥʮʽʡ, ʨʦʟʧʦʜʽʣʫ, ʧʦʩʣʫʛ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ ʪʘ ʽʥʰʠʭ 

ʘʩʧʝʢʪʽʚ [5]. 

ʗʢ ʧʨʠʢʣʘʜ ɯʦʊ ʚ Smart grid ʥʘ ʨʠʩʫʥʢʫ 3 ʧʦʢʘʟʘʥʠʡ ʩʮʝʥʘʨʽʡ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʪʝʭʥʦʣʦʛʽʾ ɯʥʪʝʨʥʝʪʫ ʨʝʯʝʡ ʜʣʷ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʝʥʝʨʛʽʾ ʚʽʪʨʫ.ʎʝ 

ʚʠʢʦʥʫʻʪʴʩʷ ʛʦʣʦʚʥʠʤ ʯʠʥʦʤ ʯʝʨʝʟ ʤʝʨʝʞʫ ʙʝʟʜʨʦʪʦʚʠʭ ʜʘʪʯʠʢʽʚ (WSN), ʜʘʥʽ 

ʧʨʦ ʚʽʪʝʨ ʟʙʠʨʘʶʪʴʩʷ ʚ ʨʝʞʠʤʽ ʨʝʘʣʴʥʦʛʦ ʯʘʩʫ, ʘ ʟʤʽʥʫ ʧʦʪʫʞʥʦʩʪʽ ʤʦʞʥʘ 

ʧʝʨʝʜʙʘʯʠʪʠ.  
 

 
 

ʈʠʩ.3 ʇʨʦʛʥʦʟ ʝʥʝʨʛʽʾ ʚʽʪʨʫ ʥʘ ʦʩʥʦʚʽ ɯʦʊ [5]. 

 

ʇʽʜʩʫʤʦʚʫʶʯʠ ʤʦʞʥʘ ʩʢʘʟʘʪʠ, ʱʦ ʟʘʩʪʦʩʫʚʘʥʥʷ ɯʦʊ ʚ ʨʽʟʥʦʤʘʥʽʪʥʠʭ 

ʩʮʝʥʘʨʽʷʭ ʽ ʩʝʨʝʜʦʚʠʱʘʭ ʥʘʜʘʻ ʪʘʢʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʷʢ ʝʬʝʢʪʠʚʥʽʩʪʴ, ʤʽʮʥʽʩʪʴ, 

ʩʘʤʦʚʽʜʥʦʚʣʝʥʥʷ, ʩʫʤʽʩʥʽʩʪʴ, ʝʢʦʥʦʤʽʯʥʽʩʪʴ, ʽʥʪʝʛʨʘʮʽʶ ʪʘ ʦʧʪʠʤʽʟʘʮʽʶ ʪʦʱʦ. 
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DEVELOPMENT OF A REMOTE VEHICLE DIAGNOSTICS  

SYSTEM BASED ON IOT TECHNOLOGIES  

 

The variants of car diagnostics solutions are considered, the variant of 

remote diagnostics is proposed and its method of application is given. All modules 

used in the system are considered and the scheme is demonstrated. An example of 

why this development is needed is given.  

 

ʇʨʠʩʪʨʦʾ ʜʽʘʛʥʦʩʪʠʢʠ ʘʚʪʦʤʦʙʽʣʷ ʥʘʙʫʚʘʶʪʴ ʚʩʝ ʙʽʣʴʰʦʾ ʧʦʧʫʣʷʨʥʦʩʪʽ 

ʪʘ ʘʢʪʠʚʥʦʛʦ ʟʘʩʪʦʩʫʥʢʫ ʚ ʩʬʝʨʽ ʨʝʤʦʥʪʫ ʪʘ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʘʚʪʦʤʦʙʽʣʽʚ. 

ʑʦʜʥʷ ʪʝʭʥʦʣʦʛʽʾ ʧʦʙʫʜʦʚʠ ʘʚʪʦʤʦʙʽʣʽʚ ʧʦʢʨʘʱʫʶʪʴʩʷ ʪʘ ʫʩʢʣʘʜʥʷʶʪʴʩʷ. 

ɸʣʝ ʙʽʣʴʰʽʩʪʴ ʟ ʥʠʭ ʘʙʦ ʩʪʘʮʽʦʥʘʨʥʽ ʽ ʧʦʪʨʝʙʫʶʪʴ ʧʝʨʝʙʫʚʘʥʥʷ ʤʘʡʩʪʨʘ ʚ 

ʘʚʪʦʤʦʙʽʣʽ ʘʙʦ ʧʨʘʮʶʶʪʴ ʥʘ ʚʽʜʩʪʘʥʽ ʥʝ ʙʽʣʴʰ 10 ʤʝʪʨʽʚ ʚʽʜ ʪʨʘʥʩʧʦʨʪʥʦʛʦ 

ʟʘʩʦʙʫ.  

ʏʘʩʪʽʰʝ ʟʘ ʚʩʝ ʧʨʠ ʪʝʭʦʛʣʷʜʽ ʘʙʦ ʨʝʤʦʥʪʽ ʘʚʪʦʤʦʙʽʣʷ 

ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʨʦʟôʻʤ OBD II. ʉʘʤʝ ʟʘʚʜʷʢʠ ʪʦʤʫ, ʱʦ ʫ ʚʩʽʭ ʘʚʪʦʤʦʙʽʣʷʭ 

ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʮʷ ʪʝʭʥʦʣʦʛʽʷ ʜʣʷ ʧʦʻʜʥʘʥʥʷ ʜʘʪʯʠʢʽʚ ʨʦʟʤʽʱʝʥʠʭ ʧʦ 

ʫʩʴʦʤʫ ʪʨʘʥʩʧʦʨʪʥʦʤʫ ʟʘʩʦʙʫ, ʧʨʦʚʦʜʠʪʴʩʷ ʟʘʛʘʣʴʥʠʡ ʪʘ ʰʚʠʜʢʠʡ ʦʛʣʷʜ 

ʘʚʪʦʤʦʙʽʣʷ.  

ʅʘ ʜʘʥʠʡ ʤʦʤʝʥʪ ʟʘʛʘʣʴʥʘ ʩʧʝʮʽʘʣʴʥʽʩʪʴ ʘʚʪʦʤʘʡʩʪʨʽʚ ʧʦʜʽʣʷʻʪʴʩʷ ʥʘ 

ʥʘʧʨʷʤʢʠ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʪʠʧʫ ʨʦʙʽʪ. ɺ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʨʦʟʤʽʨʽʚ ʪʘ ʥʘʧʨʷʤʢʽʚ 

ʨʦʙʦʪʠ ʘʚʪʦʤʘʡʩʪʨʠ ʤʦʞʫʪʴ ʟʘʡʤʘʪʠʩʴ: ʝʣʝʢʪʨʦʥʽʢʦʶ, ʨʝʤʦʥʪʦʤ ʢʦʨʦʙʦʢ 

ʧʝʨʝʜʘʯ, ʦʙʩʣʫʛʦʚʫʚʘʥʥʷʤ ʪʘ ʨʝʤʦʥʪʦʤ ʜʚʠʛʫʥʽʚ ʪʘ ʽʥ. ɸʣʝ ʚʩʝ ʧʦʯʠʥʘʻʪʴʩʷ ʟ 

ʪʝʭʥʽʯʥʦʛʦ ʦʛʣʷʜʫ (ʊʆ),  ʧʽʜ ʯʘʩ ʷʢʦʛʦ ʦʙʦʚôʷʟʢʦʚʦ ʙʫʜʝ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠʩʴ 

ʩʢʘʥʫʚʘʥʥʷ ʫʩʽʭ ʯʘʩʪʠʥ ʘʚʪʦʤʦʙʽʣʷ [1].  

ɼʣʷ ʩʧʨʦʱʝʥʥʷ ʨʦʙʦʪʠ ʤʘʡʩʪʨʽʚ ʪʘ ʧʦʢʨʘʱʝʥʥʷ ʫʤʦʚ ʜʣʷ 

ʘʚʪʦʤʦʙʽʣʽʩʪʽʚ ʩʪʚʦʨʶʻʪʴʩʷ ʧʨʦʪʦʪʠʧ, ʷʢʠʡ ʜʦʧʦʤʦʞʝ ʧʨʦʚʦʜʠʪʠ ʜʽʘʛʥʦʩʪʠʢʫ 

ʨʦʙʦʪʠ ʚ ʨʝʘʣʴʥʦʤʫ ʯʘʩʽ, ʢʦʣʠ ʘʚʪʦʤʦʙʽʣʴ ʙʫʜʝ ʧʝʨʝʙʫʚʘʪʠ ʚ ʜʦʨʦʟʽ, ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʤʦʜʫʣʷ ʧʽʜôʻʜʥʘʥʥʷ ʜʦ ʜʘʪʯʠʢʽʚ, ʤʽʢʨʦʢʦʤʧôʶʪʝʨʘ ʪʘ ʤʦʜʫʣʷ 
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(GSM|GPS). ʂʦʥʩʪʨʫʢʮʽʷ ʤʘʻ ʤʘʣʦʛʘʙʘʨʠʪʥʽ ʨʦʟʤʽʨʠ, ʣʝʛʢʝ ʚʩʪʘʥʦʚʣʝʥʥʷ, 

ʧʦʪʨʝʙʫʻ ʪʽʣʴʢʠ ʧʦʯʘʪʢʦʚʦʛʦ ʥʘʣʘʰʪʫʚʘʥʥʷ ʪʘ ʤʘʻ ʰʠʨʦʢʠʡ ʩʧʝʢʪʨ 

ʚʜʦʩʢʦʥʘʣʝʥʥʷ.  

ɹʽʣʴʰʽʩʪʴ ʘʚʪʦʤʦʙʽʣʽʚ ʙʶʜʞʝʪʥʦʛʦ ʩʝʛʤʝʥʪʫ ʥʝ ʤʘʶʪʴ ʙʦʨʪʦʚʦʛʦ 

ʢʦʤʧôʶʪʝʨʘ, ʟʘ ʜʦʧʦʤʦʛʦʶ ʷʢʦʛʦ ʤʦʞʥʘ ʙʫʣʦ ʙ ʜʽʟʥʘʪʠʩʴ ʙʽʣʴʰʝ ʽʥʬʦʨʤʘʮʽʾ 

ʜʣʷ ʰʚʠʜʰʦʛʦ ʨʝʘʛʫʚʘʥʥʷ ʪʘ ʚʠʨʽʰʝʥʥʷ ʧʨʦʙʣʝʤʠ ʟʘʚʯʘʩʥʦ ʥʝ ʜʦʚʦʜʷʯʠ 

ʤʘʰʠʥʫ ʜʦ ʢʨʠʪʠʯʥʦʛʦ ʩʪʘʥʫ. ɼʘʥʘ ʪʝʭʥʦʣʦʛʽʷ ʤʦʞʝ ʟʤʝʥʰʠʪʠ ʚʠʪʨʘʪʠ 

ʢʦʰʪʽʚ ʪʘ ʯʘʩʫ ʚʦʜʽʾʚ. ɺʠʢʦʨʠʩʪʦʚʫʶʯʠ ʤʦʜʫʣʴ OBDII, ʷʢʠʡ ʚʠʢʦʨʠʩʪʦʚʫʻ 

ʜʘʥʽ ʚ ʬʦʨʤʘʪʽ ʯʠʩʣʦʚʦʛʦ ʢʦʜʫ ʪʘ ʥʘʜʩʠʣʘʻ ʾʭ ʜʦ ʤʽʢʨʦʢʦʤʧôʶʪʝʨʘ Raspberry 

Pi, ʷʢʠʡ ʧʝʨʝʬʦʨʤʦʚʫʻ ʮʶ ʽʥʬʦʨʤʘʮʽʶ ʚ ʜʦʩʪʫʧʥʠʡ ʤʘʪʝʨʽʘʣ ʪʘ ʚʽʜʪʚʦʨʶʻ ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʟʘʩʪʦʩʫʥʢʫ. ʊʘʢʠʤ ʯʠʥʦʤ ʤʦʞʥʘ ʚ ʢʦʨʦʪʢʠʡ ʪʝʨʤʽʥ ʚʠʟʥʘʯʠʪʠ 

ʧʨʦʙʣʝʤʫ, ʥʝ ʟʘʪʨʘʯʘʶʯʠ ʚʝʣʠʢʠʭ ʟʫʩʠʣʴ.  

ɼʣʷ ʜʘʥʦʛʦ ʧʨʦʪʦʪʠʧʫ ʤʦʞʫʪʴ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠʩʴ ʩʪʘʥʜʘʨʪʥʽ 

ʧʨʦʪʦʢʦʣʠ GSM ʪʘ Wi-Fi. ɼʘʥʽ ʪʝʭʥʦʣʦʛʽʾ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʧʦʚʩʷʢʜʝʥʥʦ 

ʢʦʞʥʠʤ ʟ ʥʘʩ, ʘ ʜʣʷ ʟʘʩʪʦʩʫʚʘʥʥʷ ʧʦʪʨʽʙʥʦ ʧʨʦʩʪʝ ʧʽʜʢʣʶʯʝʥʥʷ ʦʧʝʨʘʪʦʨʘ ʘʙʦ 

ʪʦʯʢʠ ʜʦʩʪʫʧʫ, ʷʢʘ ʤʘʻ ʜʦʩʪʫʧ ʜʦ ʤʝʨʝʞʽ ɯʥʪʝʨʥʝʪ.  

ʂʦʞʝʥ ʟ ʤʦʜʫʣʽʚ ʽ ʝʣʝʤʝʥʪʽʚ ʻ ʚ ʜʦʩʪʫʧʥʦʩʪʽ ʙʫʜʴ ʜʣʷ ʢʦʛʦ, ʽ ʟʘ 

ʥʝʚʝʣʠʢʦʶ ʮʽʥʦʶ. ɰʭ ʤʦʞʥʘ ʧʨʠʜʙʘʪʠ ʘʙʦ ʟʘʤʽʥʠʪʠ ʽʥʰʠʤʠ ʜʦʩʪʫʧʥʠʤʠ ʘʙʦ 

ʙʽʣʴʰ ʥʦʚʠʤʠ ʝʣʝʤʝʥʪʘʤʠ, ʷʢʽ ʤʦʞʫʪʴ ʙʫʪʠ ʦʨʠʛʽʥʘʣʴʥʠʤʠ [3] ʘʙʦ ʾʭ 

ʜʝʰʝʚʠʤʠ ʚʘʨʽʘʥʪʘʤʠ [2]. ʇʽʜʙʽʨ ʢʦʞʥʦʛʦ ʟ ʤʦʜʫʣʽʚ ʧʨʦʭʦʜʠʪʴ ʟʘ ʧʝʚʥʠʤʠ 

ʢʨʠʪʝʨʽʷʤʠ ʷʢʽ ʥʘʤ ʧʦʪʨʽʙʥʽ ʜʣʷ ʨʦʙʦʪʠ. ʄʦʜʫʣʴ OBD II ʤʘʻ ʜʚʘ ʚʘʨʽʘʥʪʠ: 

ʧʨʦʚʦʜʦʚʠʡ ʘʙʦ ʙʝʟʧʨʦʚʦʜʦʚʠʡ (Bluetooth/Wi-Fi). ɿʘ ʜʦʧʦʤʦʛʦʶ ʦʜʥʦʛʦ ʟ 

ʚʘʨʽʘʥʪʽʚ ʙʫʜʝ ʧʨʦʭʦʜʠʪʠ ʧʽʜʢʣʶʯʝʥʥʷ ʜʦ ʤʽʢʨʦʢʦʤʧôʶʪʝʨʘ. ɺʠʙʽʨ ʤʦʜʫʣʷ 

ʢʝʨʫʚʘʥʥʷ ʚʽʜʰʪʦʚʭʫʚʘʚʩʷ ʚʽʜ ʤʦʞʣʠʚʦʩʪʝʡ ʮʴʦʛʦ ʤʦʜʫʣʷ. Raspberry PI ʤʘʻ 

ʚʘʨʽʘʥʪʠ ʟ ʨʽʟʥʠʤʠ ʤʽʢʨʦʢʦʥʪʨʦʣʝʨʘʤʠ, ʢʽʣʴʢʽʩʪʶ ʧʦʨʪʽʚ, ʦʙôʻʤ ʧʘʤôʷʪʽ, 

ʢʽʣʴʢʽʩʪʶ RAM ʧʘʤôʷʪʪʶ, ʤʦʞʣʠʚʦʩʪʷʤʠ ʪʘ ʛʘʙʘʨʠʪʘʤʠ ʤʦʜʫʣʷ GSM.  

ɼʘʥʠʡ ʧʨʦʪʦʪʠʧ ʚʠʢʦʨʠʩʪʦʚʫʻ ʜʽʘʛʥʦʩʪʠʯʥʠʡ OBD-II ʘʚʪʦʩʢʘʥʝʨ 

ELM327 ʟ ʧʽʜʪʨʠʤʢʦʶ ʟôʻʜʥʘʥʥʷ ʧʦ Bluetooth [4], ʤʽʢʨʦʢʦʤʧôʶʪʝʨ 

ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ Raspberry PI 4 model B ʥʘ 8 ɻʙ ʦʧʝʨʘʪʠʚʥʦʾ ʧʘʤôʷʪʽ, 4 

ʨʦʟôʻʤʠ USB (2 ʧʦʨʪʠ type USB3 ʪʘ 2 ʧʦʨʪʠ type USB2), ʧʦʨʪ Gigabit Ethernet, 

ʧʦʨʪ ʞʠʚʣʝʥʥʷ USB-C power supply, ʪʘ ʜʚʘ ʨʦʟôʻʤʠ ʜʣʷ ʚʠʚʦʜʫ ʟʦʙʨʘʞʝʥʥʷ 

micro HDMI 4K displeys [5]. ʊʘʢʦʞ ʚʽʥ ʤʘʻ ʬʫʥʢʮʽʦʥʘʣ ʪʠʧʫ Bluetooth, Wi-Fi 

ʪʘ ʽʥʰʽ ʜʨʽʙʥʽ ʤʦʞʣʠʚʦʩʪʽ. ɿʚʝʨʭʫ ʤʦʜʫʣʷ ʻ 48 ʧʽʥʽʚ (ʢʦʥʪʘʢʪʠ) ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʷʢʠʭ ʤʦʞʥʘ ʧʽʜôʻʜʥʘʪʠ ʤʦʜʫʣʽ ʨʽʟʥʦʛʦ ʪʠʧʫ ʪʘ ʩʧʨʷʤʫʚʘʥʥʷ. ɼʦ ʮʠʭ ʧʽʥʽʚ 

ʧʽʜʢʣʶʯʘʻʪʴʩʷ ʤʦʜʫʣʴ ʟʚôʷʟʢʫ SIM7600G-H [6]. ʆʩʪʘʥʥʻ, ʱʦ ʧʦʪʨʽʙʥʦ ï ʮʝ 
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SIM-ʢʘʨʪʘ ʦʜʥʦʛʦ ʟ ʧʨʦʚʘʡʜʝʨʽʚ ʪʝʣʝʬʦʥʥʦʛʦ ʟʚôʷʟʢʫ ʪʘ microSD-ʢʘʨʪʘ ʷʢʘ 

ʙʫʜʝ ʥʘʢʦʧʠʯʫʚʘʯʝʤ ʜʣʷ ʤʽʢʨʦʢʦʤʧôʶʪʝʨʘ  

ʇʨʠ ʟʘʛʘʣʴʥʦʤʫ ʟʙʦʨʽ ʜʘʥʦʾ ʤʦʜʝʣʽ ʚʦʥʘ ʤʘʪʠʤʝ ʢʦʤʧʘʢʪʥʠʡ ʨʦʟʤʽʨ ʪʘ 

ʧʨʦʩʪʫ ʩʭʝʤʫ ʈʠʩ. 1.  

 
 

ʈʠʩ. 1. ʉʭʝʤʘ ʨʦʙʦʪʠ ʧʨʠʩʪʨʦʶ ʚʽʜʜʘʣʝʥʦʾ ʜʽʘʛʥʦʩʪʠʢʠ ʘʚʪʦʤʦʙʽʣʷ. 

 

ɼʣʷ ʨʦʙʦʪʠ ʧʨʠʩʪʨʦʶ ʚʩʪʘʥʦʚʣʶʻʪʴʩʷ ʦʧʝʨʘʮʽʡʥʘ ʩʠʩʪʝʤʘ, 

ʥʘʣʘʰʪʦʚʫʻʪʴʩʷ ʚʟʘʻʤʦʜʽʷ ʤʦʜʫʣʽʚ ʪʘ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʥʘʧʠʩʘʥʠʡ ʢʦʜ ʜʣʷ 

ʟʯʠʪʫʚʘʥʥʷ ʽʥʬʦʨʤʘʮʽʾ ʪʘ ʧʝʨʝʜʘʚʘʥʥʷ ʥʘ ʢʽʥʮʝʚʠʡ ʧʨʠʩʪʨʽʡ.  

ɼʘʥʠʡ ʧʨʦʪʦʪʠʧ ʤʦʜʝʣʽ ʚʽʜʜʘʣʝʥʦʾ ʜʽʘʛʥʦʩʪʠʢʠ ʘʚʪʦʤʦʙʽʣʷ 

ʚʠʢʦʨʠʩʪʦʚʫʻ ʪʝʭʥʦʣʦʛʽʾ ɯʦʊ ʜʣʷ ʟʙʦʨʫ, ʦʙʨʦʙʢʠ ʪʘ ʧʝʨʝʜʘʚʘʥʥʷ ʽʥʬʦʨʤʘʮʽʾ ʥʘ 

ʚʝʣʠʢʠʭ ʚʽʜʩʪʘʥʷʭ, ʱʦ ʜʦʧʦʤʦʞʝ ʘʚʪʦʚʣʘʩʥʠʢʘʤ ʩʚʦʻʯʘʩʥʦ ʨʝʘʛʫʚʘʪʠ ʥʘ 

ʧʨʦʙʣʝʤʠ ʘʚʪʦʤʦʙʽʣʷ ʪʘ ʚʠʨʽʰʫʚʘʪʠ ʾʭ. ɼʦʜʘʪʢʦʚʦ ʜʘʥʫ ʪʝʭʥʦʣʦʛʽʶ ʤʦʞʥʘ 

ʚʜʦʩʢʦʥʘʣʠʪʠ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʧʦʪʨʝʙ.  

 

ʃʽʪʝʨʘʪʫʨʘ 
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DEVELOPMENT OF A SYSTEM FOR REMOTE CONTROL OF THE 

RESIDENTIAL POWER GRID BASED ON IOT TECHNOLOGIES  

 

The development of a remote control system for a building's power grid based 

on DTMF signals via a GSM module includes wireless network analysis, software 

and hardware design, economic analysis and modernization prospects, a detailed 

review of market analogues, a comprehensive model development and testing 

process, including pulse and tone dialing, with further conclusions on the 

efficiency, reliability and prospects for system development. 

 

ʈʦʟʨʦʙʢʘ ʤʦʜʝʣʽ ʩʠʩʪʝʤʠ ʚʽʜʜʘʣʝʥʦʛʦ ʢʝʨʫʚʘʥʥʷ ʟʦʩʝʨʝʜʞʫʻ ʩʚʦʾ ʟʫʩʠʣʣʷ 

ʥʘ ʩʪʚʦʨʝʥʥʽ ʩʠʩʪʝʤʠ, ʷʢʘ ʜʦʟʚʦʣʠʪʴ ʚʣʘʩʥʠʢʘʤ ʞʠʪʣʦʚʦʛʦ ʧʨʠʤʽʱʝʥʥʷ 

ʢʝʨʫʚʘʪʠ ʝʣʝʢʪʨʦʤʝʨʝʞʝʶ ʥʘ ʚʽʜʩʪʘʥʽ. ʆʩʥʦʚʦʶ ʜʣʷ ʮʴʦʛʦ ʩʣʫʞʠʪʴ 

ʚʠʢʦʨʠʩʪʘʥʥʷ DTMF ʩʠʛʥʘʣʽʚ, ʷʢʽ ʧʝʨʝʜʘʶʪʴʩʷ ʯʝʨʝʟ GSM ʤʦʜʫʣʴ. ʉʠʩʪʝʤʘ 

ʤʘʻ ʥʘ ʤʝʪʽ ʟʘʙʝʟʧʝʯʠʪʠ ʟʨʫʯʥʝ ʪʘ ʝʬʝʢʪʠʚʥʝ ʫʧʨʘʚʣʽʥʥʷ ʝʣʝʢʪʨʦʧʨʠʣʘʜʘʤʠ, 

ʪʘʢʠʤʠ ʷʢ ʦʩʚʽʪʣʝʥʥʷ, ʦʧʘʣʝʥʥʷ ʪʘ ʽʥʰʽ ʝʣʝʢʪʨʠʯʥʽ ʩʠʩʪʝʤʠ ʚ 

ʜʦʤʦʛʦʩʧʦʜʘʨʩʪʚʽ, ʟ ʙʫʜʴ-ʷʢʦʾ ʪʦʯʢʠ ʩʚʽʪʫ, ʜʝ ʻ ʜʦʩʪʫʧ ʜʦ ʤʦʙʽʣʴʥʦʛʦ ʟʚ'ʷʟʢʫ. 

ɺʘʞʣʠʚʦʶ ʯʘʩʪʠʥʦʶ ʧʨʦʝʢʪʫ ʻ ʚʠʙʽʨ GSM ʷʢ ʦʩʥʦʚʥʦʾ ʪʝʭʥʦʣʦʛʽʾ ʟʚ'ʷʟʢʫ 

ʯʝʨʝʟ ʾʾ ʰʠʨʦʢʝ ʧʦʢʨʠʪʪʷ ʪʘ ʚʠʩʦʢʫ ʥʘʜʽʡʥʽʩʪʴ, ʱʦ ʟʘʙʝʟʧʝʯʫʻ ʩʪʘʙʽʣʴʥʝ 

ʫʧʨʘʚʣʽʥʥʷ ʩʠʩʪʝʤʦʶ ʥʝʟʘʣʝʞʥʦ ʚʽʜ ʤʽʩʮʝʧʦʣʦʞʝʥʥʷ ʢʦʨʠʩʪʫʚʘʯʘ. 

ɻʦʣʦʚʥʦʶ ʤʝʪʦʶ ʨʦʙʦʪʠ ʻ ʨʦʟʨʦʙʢʘ ʤʦʜʝʣʽ ʩʠʩʪʝʤʠ ʚʽʜʜʘʣʝʥʦʛʦ 

ʢʝʨʫʚʘʥʥʷ, ʷʢʘ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠʤʝ DTMF ʩʠʛʥʘʣʠ ʜʣʷ ʫʧʨʘʚʣʽʥʥʷ 

ʝʣʝʢʪʨʦʤʝʨʝʞʝʶ ʯʝʨʝʟ ʤʦʙʽʣʴʥʠʡ ʟʚ'ʷʟʦʢ. ɼʣʷ ʨʝʘʣʽʟʘʮʽʾ ʮʽʻʾ ʩʠʩʪʝʤʠ ʦʙʨʘʥʦ 

ʧʣʘʪʬʦʨʤʫ Arduino Nano [1] ʪʘ GSM ʤʦʜʫʣʴ SIM800L[2]. ɺʘʞʣʠʚʽʩʪʴ ʮʴʦʛʦ 

ʧʨʦʝʢʪʫ ʧʦʣʷʛʘʻ ʫ ʩʪʚʦʨʝʥʥʽ ʜʦʩʪʫʧʥʦʛʦ, ʥʘʜʽʡʥʦʛʦ ʪʘ ʣʝʛʢʦʛʦ ʚ ʫʧʨʘʚʣʽʥʥʽ 

ʨʽʰʝʥʥʷ ʜʣʷ ʘʚʪʦʤʘʪʠʟʘʮʽʾ ʜʦʤʘʰʥʴʦʾ ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ, ʱʦ ʜʦʟʚʦʣʠʪʴ 

ʢʦʨʠʩʪʫʚʘʯʘʤ ʝʬʝʢʪʠʚʥʦ ʢʝʨʫʚʘʪʠ ʝʥʝʨʛʦʩʧʦʞʠʚʘʥʥʷʤ, ʧʽʜʚʠʱʠʪʠ ʢʦʤʬʦʨʪ 

ʪʘ ʙʝʟʧʝʢʫ ʧʨʦʞʠʚʘʥʥʷ, ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ ʣʠʰʝ ʩʚʽʡ ʤʦʙʽʣʴʥʠʡ ʪʝʣʝʬʦʥ ʜʣʷ 

ʚʽʜʜʘʣʝʥʦʛʦ ʜʦʩʪʫʧʫ ʪʘ ʢʝʨʫʚʘʥʥʷ. 

ʋ ʨʦʙʦʪʽ ʧʨʦʚʦʜʠʪʴʩʷ ʜʝʪʘʣʴʥʠʡ ʘʥʘʣʽʟ ʤʦʞʣʠʚʦʩʪʝʡ ʨʽʟʥʠʭ ʙʝʟʜʨʦʪʦʚʠʭ 

ʤʝʨʝʞ, ʚʢʣʶʯʘʶʯʠ Wi-Fi, Bluetooth, NFC, ZigBee ʪʘ ʽʥʰʽ, ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ 

ʥʘʡʙʽʣʴʰ ʧʽʜʭʦʜʷʱʦʾ ʪʝʭʥʦʣʦʛʽʾ ʜʣʷ ʚʽʜʜʘʣʝʥʦʛʦ ʢʝʨʫʚʘʥʥʷ ʝʣʝʢʪʨʦʤʝʨʝʞʝʶ. 

ɺʠʙʽʨ ʧʘʜʘʻ ʥʘ GSM ʯʝʨʝʟ ʡʦʛʦ ʫʥʽʚʝʨʩʘʣʴʥʽʩʪʴ, ʰʠʨʦʢʝ ʛʝʦʛʨʘʬʽʯʥʝ 

ʧʦʢʨʠʪʪʷ ʪʘ ʚʠʩʦʢʠʡ ʨʽʚʝʥʴ ʥʘʜʽʡʥʦʩʪʽ[3]. ʊʘʢʝ ʨʽʰʝʥʥʷ ʟʘʙʝʟʧʝʯʫʻ 
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ʩʪʘʙʽʣʴʥʠʡ ʟʚ'ʷʟʦʢ ʤʽʞ ʩʠʩʪʝʤʦʶ ʫʧʨʘʚʣʽʥʥʷ ʪʘ ʢʽʥʮʝʚʠʤ ʢʦʨʠʩʪʫʚʘʯʝʤ, 

ʜʦʟʚʦʣʷʶʯʠ ʚʽʜʧʨʘʚʣʷʪʠ ʢʦʤʘʥʜʠ ʢʝʨʫʚʘʥʥʷ ʟ ʙʫʜʴ-ʷʢʦʾ ʪʦʯʢʠ ʩʚʽʪʫ. ɸʥʘʣʽʟ 

ʧʦʢʘʟʫʻ, ʱʦ ʚʠʢʦʨʠʩʪʘʥʥʷ 

 ʩʪʽʣʴʥʠʢʦʚʦʛʦ ʟʚ'ʷʟʢʫ ʜʦʟʚʦʣʷʻ ʽʛʥʦʨʫʚʘʪʠ ʧʦʪʝʥʮʽʡʥʽ ʦʙʤʝʞʝʥʥʷ, ʧʦʚ'ʷʟʘʥʽ ʟ 

ʜʽʘʧʘʟʦʥʦʤ ʜʽʾ ʘʙʦ ʧʝʨʝʰʢʦʜʘʤʠ ʜʣʷ ʩʠʛʥʘʣʫ, ʭʘʨʘʢʪʝʨʥʠʤʠ ʜʣʷ ʽʥʰʠʭ 

ʙʝʟʜʨʦʪʦʚʠʭ ʪʝʭʥʦʣʦʛʽʡ. 

ɺʘʞʣʠʚʦʶ ʯʘʩʪʠʥʦʶ ʧʨʦʝʢʪʫ ʻ ʨʦʟʨʦʙʢʘ ʧʨʦʛʨʘʤʥʦʾ ʪʘ ʘʧʘʨʘʪʥʦʾ 

ʩʢʣʘʜʦʚʠʭ ʩʠʩʪʝʤʠ ʚʽʜʜʘʣʝʥʦʛʦ ʢʝʨʫʚʘʥʥʷ. ʆʩʥʦʚʦʶ ʘʧʘʨʘʪʥʦʾ ʯʘʩʪʠʥʠ 

ʚʠʩʪʫʧʘʻ ʧʣʘʪʬʦʨʤʘ Arduino Nano, ʦʙʨʘʥʘ ʟʘ ʾʾ ʢʦʤʧʘʢʪʥʽʩʪʴ, ʜʦʩʪʫʧʥʽʩʪʴ ʪʘ 

ʛʥʫʯʢʽʩʪʴ ʫ ʧʨʦʛʨʘʤʫʚʘʥʥʽ, ʱʦ ʜʦʟʚʦʣʷʻ ʣʝʛʢʦ ʽʥʪʝʛʨʫʚʘʪʠ ʨʽʟʥʽ ʤʦʜʫʣʽ ʪʘ 

ʩʝʥʩʦʨʠ. GSM ʤʦʜʫʣʴ SIM800L ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ 

ʤʦʙʽʣʴʥʦʛʦ ʟʚ'ʷʟʢʫ ʤʽʞ ʩʠʩʪʝʤʦʶ ʪʘ ʢʦʨʠʩʪʫʚʘʯʝʤ, ʜʦʟʚʦʣʷʶʯʠ ʚʽʜʧʨʘʚʣʷʪʠ 

DTMF ʢʦʤʘʥʜʠ ʯʝʨʝʟ ʤʝʨʝʞʫ. ʇʨʦʛʨʘʤʥʘ ʯʘʩʪʠʥʘ ʚʢʣʶʯʘʻ ʨʦʟʨʦʙʢʫ 

ʚʽʜʧʦʚʽʜʥʦʛʦ ʧʨʦʛʨʘʤʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ [4] (ʩʢʝʪʯʽʚ ʜʣʷ Arduino IDE), ʱʦ 

ʜʦʟʚʦʣʷʻ ʦʙʨʦʙʣʷʪʠ ʩʠʛʥʘʣʠ ʫʧʨʘʚʣʽʥʥʷ ʪʘ ʚʠʢʦʥʫʚʘʪʠ ʟʘʜʘʥʽ ʜʽʾ, ʪʘʢʽ ʷʢ 

ʚʤʠʢʘʥʥʷ ʘʙʦ ʚʠʤʠʢʘʥʥʷ ʧʨʠʣʘʜʽʚ. ʎʝ ʟʘʙʝʟʧʝʯʫʻ ʛʥʫʯʢʽʩʪʴ ʫʧʨʘʚʣʽʥʥʷ 

ʩʠʩʪʝʤʦʶ ʪʘ ʾʾ ʘʜʘʧʪʘʮʽʶ ʧʽʜ ʢʦʥʢʨʝʪʥʽ ʧʦʪʨʝʙʠ ʢʦʨʠʩʪʫʚʘʯʘ. 

ʇʨʦʝʢʪ ʪʘʢʦʞ ʦʭʦʧʣʶʻ ʘʥʘʣʽʟ ʝʢʦʥʦʤʽʯʥʠʭ ʘʩʧʝʢʪʽʚ ʨʦʟʨʦʙʢʠ ʪʘ 

ʚʧʨʦʚʘʜʞʝʥʥʷ ʩʠʩʪʝʤʠ ʚʽʜʜʘʣʝʥʦʛʦ ʢʝʨʫʚʘʥʥʷ. ɺʘʞʣʠʚʦʶ ʩʢʣʘʜʦʚʦʶ ʻ ʦʮʽʥʢʘ 

ʚʘʨʪʦʩʪʽ ʢʦʤʧʦʥʝʥʪʽʚ, ʧʦʪʝʥʮʽʡʥʘ ʚʘʨʪʽʩʪʴ ʚʠʨʦʙʥʠʮʪʚʘ ʥʘ ʤʘʩʰʪʘʙʘʭ 

ʧʨʦʤʠʩʣʦʚʦʛʦ ʚʠʧʫʩʢʫ ʪʘ ʤʦʞʣʠʚʽ ʝʢʦʥʦʤʽʯʥʽ ʚʠʛʦʜʠ ʜʣʷ ʢʽʥʮʝʚʠʭ 

ʢʦʨʠʩʪʫʚʘʯʽʚ, ʟʦʢʨʝʤʘ, ʟʥʠʞʝʥʥʷ ʚʠʪʨʘʪ ʥʘ ʝʣʝʢʪʨʦʝʥʝʨʛʽʶ ʪʘ ʧʽʜʚʠʱʝʥʥʷ 

ʢʦʤʬʦʨʪʫ ʚʠʢʦʨʠʩʪʘʥʥʷ. ʆʢʨʝʤʦ ʨʦʟʛʣʷʜʘʶʪʴʩʷ ʧʝʨʩʧʝʢʪʠʚʠ ʧʦʜʘʣʴʰʦʾ 

ʤʦʜʝʨʥʽʟʘʮʽʾ ʩʠʩʪʝʤʠ, ʚʢʣʶʯʘʶʯʠ ʽʥʪʝʛʨʘʮʽʶ ʟ ʽʥʰʠʤʠ ʨʦʟʫʤʥʠʤʠ 

ʜʦʤʘʰʥʽʤʠ ʩʠʩʪʝʤʘʤʠ ʪʘ ʤʦʞʣʠʚʽʩʪʴ ʚʠʢʦʨʠʩʪʘʥʥʷ ʥʦʚʽʪʥʽʭ ʪʝʭʥʦʣʦʛʽʡ ʜʣʷ 

ʨʦʟʰʠʨʝʥʥʷ ʬʫʥʢʮʽʦʥʘʣʫ. 

ʇʨʦʚʝʜʝʥʦ ʜʝʪʘʣʴʥʠʡ ʘʥʘʣʽʟ ʨʠʥʢʫ ʽʩʥʫʶʯʠʭ ʨʽʰʝʥʴ ʫ ʩʬʝʨʽ ʚʽʜʜʘʣʝʥʦʛʦ 

ʢʝʨʫʚʘʥʥʷ ʝʣʝʢʪʨʦʤʝʨʝʞʘʤʠ ʪʘ ʜʦʤʘʰʥʽʤʠ ʩʠʩʪʝʤʘʤʠ. ʎʝʡ ʘʥʘʣʽʟ ʚʢʣʶʯʘʻ 

ʦʛʣʷʜ ʜʦʩʪʫʧʥʠʭ ʥʘ ʨʠʥʢʫ ʧʨʠʩʪʨʦʾʚ ʪʘ ʩʠʩʪʝʤ, ʾʭ ʬʫʥʢʮʽʦʥʘʣʴʥʠʭ 

ʤʦʞʣʠʚʦʩʪʝʡ, ʧʝʨʝʚʘʛ ʪʘ ʦʙʤʝʞʝʥʴ. ʅʘ ʦʩʥʦʚʽ ʧʦʨʽʚʥʷʣʴʥʦʛʦ ʘʥʘʣʽʟʫ 

ʚʠʟʥʘʯʝʥʦ ʢʣʶʯʦʚʽ ʚʽʜʤʽʥʥʦʩʪʽ ʨʦʟʨʦʙʣʶʚʘʥʦʾ ʩʠʩʪʝʤʠ ʚʽʜ ʢʦʥʢʫʨʝʥʪʽʚ, 

ʟʦʢʨʝʤʘ, ʚ ʧʣʘʥʽ ʚʘʨʪʦʩʪʽ, ʛʥʫʯʢʦʩʪʽ ʪʘ ʝʬʝʢʪʠʚʥʦʩʪʽ ʫʧʨʘʚʣʽʥʥʷ. ʎʝ ʜʦʟʚʦʣʷʻ 

ʚʠʟʥʘʯʠʪʠ ʧʦʪʝʥʮʽʡʥʽ ʧʝʨʝʚʘʛʠ ʪʘ ʥʽʰʽ ʥʘ ʨʠʥʢʫ, ʜʝ ʥʦʚʘ ʩʠʩʪʝʤʘ ʤʦʞʝ 

ʟʥʘʡʪʠ ʩʚʦʻ ʟʘʩʪʦʩʫʚʘʥʥʷ ʪʘ ʢʦʨʠʩʪʫʚʘʯʽʚ. 

ʇʨʦʝʢʪʫʚʘʥʥʷ ʤʦʜʝʣʽ ʩʠʩʪʝʤʠ ʚʽʜʜʘʣʝʥʦʛʦ ʢʝʨʫʚʘʥʥʷ ʝʣʝʢʪʨʦʤʝʨʝʞʝʶ 

ʦʭʦʧʣʶʻ ʢʽʣʴʢʘ ʢʨʠʪʠʯʥʠʭ ʝʪʘʧʽʚ, ʧʦʯʠʥʘʶʯʠ ʟ ʚʠʙʦʨʫ ʝʣʝʤʝʥʪʥʦʾ ʙʘʟʠ ʪʘ 

ʟʘʢʽʥʯʫʶʯʠ ʨʦʟʨʦʙʢʦʶ ʜʝʪʘʣʴʥʦʾ ʩʭʝʤʠ (ʈʠʩ. 1) ʟ'ʻʜʥʘʥʴ ʪʘ ʧʨʦʛʨʘʤʥʦʛʦ 

ʢʦʜʫ. ʇʝʨʰʦʯʝʨʛʦʚʦ, ʚʨʘʭʦʚʫʶʪʴʩʷ ʧʦʪʨʝʙʠ ʢʦʨʠʩʪʫʚʘʯʽʚ ʪʘ ʩʧʝʮʠʬʽʢʘ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʩʠʩʪʝʤʠ, ʱʦ ʚʠʟʥʘʯʘʻ ʚʠʙʽʨ ʘʧʘʨʘʪʥʠʭ ʢʦʤʧʦʥʝʥʪʽʚ, ʟʦʢʨʝʤʘ 

ʤʽʢʨʦʢʦʥʪʨʦʣʝʨʘ Arduino Nano ʜʣʷ ʢʝʨʫʚʘʥʥʷ ʣʦʛʽʢʦʶ ʩʠʩʪʝʤʠ ʪʘ GSM 

ʤʦʜʫʣʷ ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʟʚ'ʷʟʢʫ ʟ ʢʦʨʠʩʪʫʚʘʯʝʤ ʯʝʨʝʟ ʤʦʙʽʣʴʥʫ ʤʝʨʝʞʫ. 

ʈʦʟʨʦʙʢʘ ʧʨʦʛʨʘʤʥʦʾ ʩʢʣʘʜʦʚʦʾ ʚʢʣʶʯʘʻ ʩʪʚʦʨʝʥʥʷ ʩʢʝʪʯʽʚ ʜʣʷ Arduino, ʷʢʽ 

ʚʠʢʦʥʫʶʪʴ ʦʙʨʦʙʢʫ ʚʭʽʜʥʠʭ ʢʦʤʘʥʜ ʪʘ ʫʧʨʘʚʣʽʥʥʷ ʧʽʜʢʣʶʯʝʥʠʤʠ ʜʦ ʩʠʩʪʝʤʠ 
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ʈʠʩ. 1. ʉʭʝʤʘ ʧʽʜʢʣʶʯʝʥʥʷ ʢʦʤʧʦʥʝʥʪʽʚ. 

 

ɼʣʷ ʧʝʨʝʜʘʯʽ ʢʦʤʘʥʜ ʚʽʜ ʢʦʨʠʩʪʫʚʘʯʘ ʜʦ ʩʠʩʪʝʤʠ ʚʽʜʜʘʣʝʥʦʛʦ ʢʝʨʫʚʘʥʥʷ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ DTMF (Dual Tone Multi-Frequency) ʩʠʛʥʘʣʠ [5], ʷʢʽ ʻ 

ʩʪʘʥʜʘʨʪʦʤ ʜʣʷ ʪʦʥʘʣʴʥʦʛʦ ʥʘʙʦʨʫ ʚ ʪʝʣʝʬʦʥʥʠʭ ʤʝʨʝʞʘʭ. DTMF ʜʦʟʚʦʣʷʻ 

ʧʝʨʝʜʘʚʘʪʠ ʽʥʬʦʨʤʘʮʽʶ ʧʨʦ ʥʘʪʠʩʥʫʪʽ ʢʣʘʚʽʰʽ ʟʘ ʜʦʧʦʤʦʛʦʶ ʢʦʤʙʽʥʘʮʽʡ 

ʟʚʫʢʦʚʠʭ ʯʘʩʪʦʪ, ʱʦ ʟʥʘʯʥʦ ʧʽʜʚʠʱʫʻ ʰʚʠʜʢʽʩʪʴ ʪʘ ʥʘʜʽʡʥʽʩʪʴ ʧʝʨʝʜʘʯʽ 

ʢʦʤʘʥʜ ʧʦʨʽʚʥʷʥʦ ʟ ʽʤʧʫʣʴʩʥʠʤ ʥʘʙʦʨʦʤ. ʉʠʩʪʝʤʘ ʨʦʟʨʦʙʣʝʥʘ ʪʘʢʠʤ ʯʠʥʦʤ, 

ʱʦʙ ʨʦʟʧʽʟʥʘʚʘʪʠ ʚʭʽʜʥʽ DTMF ʩʠʛʥʘʣʠ, ʦʪʨʠʤʘʥʽ ʯʝʨʝʟ GSM ʤʦʜʫʣʴ, ʪʘ 

ʚʠʢʦʥʫʚʘʪʠ ʚʽʜʧʦʚʽʜʥʽ ʜʽʾ, ʥʘʧʨʠʢʣʘʜ, ʚʤʠʢʘʥʥʷ ʘʙʦ ʚʠʤʠʢʘʥʥʷ ʧʽʜʢʣʶʯʝʥʠʭ 

ʝʣʝʢʪʨʦʧʨʠʣʘʜʽʚ. ʊʘʢʠʡ ʧʽʜʭʽʜ ʟʘʙʝʟʧʝʯʫʻ ʟʨʫʯʥʽʩʪʴ ʫʧʨʘʚʣʽʥʥʷ ʩʠʩʪʝʤʦʶ, 

ʦʩʢʽʣʴʢʠ ʢʦʨʠʩʪʫʚʘʯ ʤʦʞʝ ʚʽʜʧʨʘʚʣʷʪʠ ʢʦʤʘʥʜʠ ʟ ʙʫʜʴ-ʷʢʦʛʦ ʤʽʩʮʷ, ʜʝ ʻ 

ʩʠʛʥʘʣ ʤʦʙʽʣʴʥʦʛʦ ʪʝʣʝʬʦʥʫ, ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ ʩʪʘʥʜʘʨʪʥʫ ʢʣʘʚʽʘʪʫʨʫ 

ʪʝʣʝʬʦʥʫ ʘʙʦ ʤʦʙʽʣʴʥʦʛʦ ʜʦʜʘʪʢʫ. 

 
ʃʽʪʝʨʘʪʫʨʘ 

 

1. ʇʝʪʣʠ ɺ. ɸ. ʇʨʦʝʢʪʳ c ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʢʦʥʪʨʦʣʣʝʨʘ Arduino. ï 2-ʝ ʠʟʜ. ʧʝʨʝʨʘʙ. ʠ ʜʦʧ. 

ï ʉʇʙ.: ɹʍɺ-ʇʝʪʝʨʙʫʨʛ. 2015. 

2. SIM800L Design Datasheet PDF. (GSM/GPRS Module) Hardware Design. URL: 

https://datasheetspdf.com/datasheet/SIM800L.html (ʜʘʪʘ ʟʚʝʨʥʝʥʥʷ 05.05.2023). 

3. ʇʦʨʽʚʥʷʥʥʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʤʦʜʫʣʽʚ SIMCom 800. URL: https://greenhouse.cv.ua/wp-

content/uploads/2021/11/SIM800_compartion-1-scaled.jpg. 

4. SIM800 Series_AT Command Manual_V1.10. URL: http://codius.ru/file/download/4f7cb937-

b8a7-4e28-bd24-c23d9a03c9da (ʜʘʪʘ ʟʚʝʨʥʝʥʥʷ 05.05.2023). 

5. ɹʫʨʦʚ ɭ.ɺ. ʄʠʪʥʠʢ ʄ.ʄ. ʂʦʤʧôʶʪʝʨʥʽ ʤʝʨʝʞʽ. ʇʽʜʨʫʯʥʠʢ. ʊʦʤ 2. ï ʃʴʚʽʚ, çʄʘʛʥʦʣʽʷ 

2006è, 2020. ï 204 ʩ. 



 68 

ʉʝʢʮʽʷ 2. ʄʝʨʝʞʥʽ, ʦʧʪʦʚʦʣʦʢʦʥʥʽ ʪʝʭʥʦʣʦʛʽʾ ʪʘ ʙʝʟʧʝʢʘ 

 

ʋɼʂ 621.382 

ʇʈʆɹʃɽʄʀ ɸʅɸʃɯɿʋ ʊʈɸʌɯʂʋ ɺ  

ʄɽʈɽɾɯ ɯOʊ ɿ ʊɽʍʅʆʃʆɻɯɭʖ LI -FI   

 
1
ɹʫʰʠʥʩʴʢʠʡ ɼ.ɸ., 

2
ʈʦʤʘʥʦʚ ɸ.ʆ. 

1
ʅʘʚʯʘʣʴʥʦ-ʥʘʫʢʦʚʠʡ ʽʥʩʪʠʪʫʪ ʪʝʣʝʢʦʤʫʥʽʢʘʮʽʡʥʠʭ ʩʠʩʪʝʤ  

ʂʇɯ ʽʤ. ɯʛʦʨʷ ʉʽʢʦʨʩʴʢʦʛʦ, ʋʢʨʘʾʥʘ 
2
ʅʘʮʽʦʥʘʣʴʥʠʡ ɸʚʽʘʮʽʡʥʠʡ ʋʥʽʚʝʨʩʠʪʝʪ 

E-mail: dbushynskyi2002@gmail.com, anton3329@gmail.com 

 

CHALLENGES OF TRAFFIC ANALYSIS  

IN IOT NETWORK WITH LI -FI TECHNOLOGY  
 

Suggestions for improving the security of the interaction of Internet of Things and Li-Fi 

technologies by classifying and analyzing network traffic. 
 

ʉʫʯʘʩʥʽ ʢʦʤʫʥʽʢʘʮʽʡʥʽ ʩʠʩʪʝʤʠ ʪʘ ʤʝʨʝʞʽ ʽʥʪʝʨʥʝʪʫ ʨʝʯʝʡ ʧʨʦʜʦʚʞʫʶʪʴ 

ʟʨʦʩʪʘʪʠ, ʟʥʘʭʦʜʷʯʠ ʟʘʩʪʦʩʫʚʘʥʥʷ ʫ ʚʩʽʭ ʩʬʝʨʘʭ ʣʶʜʩʴʢʦʾ ʜʽʷʣʴʥʦʩʪʽ. ɯʜʝʷ IoT 

ʟʥʘʯʥʦ ʧʦʢʨʘʱʠʣʘ ʷʢʽʩʪʴ ʩʫʯʘʩʥʦʛʦ ʞʠʪʪʷ ʮʽ ʨʽʰʝʥʥʷ ʩʫʪʪʻʚʦ ʟʤʽʥʠʣʠ 

ʧʝʨʩʧʝʢʪʠʚʠ ʪʝʭʥʦʣʦʛʽʡ. ɿʘʜʽʷʥʦ ʨʽʟʥʽ ʛʘʣʫʟʽ, ʚʢʣʶʯʘʶʯʠ ʧʨʦʤʠʩʣʦʚʽʩʪʴ, 

ʦʭʦʨʦʥʫ ʟʜʦʨʦʚôʷ, ʙʫʜʠʥʢʠ, ʘʚʪʦʤʦʙʽʣʴʥʫ ʧʨʦʤʠʩʣʦʚʽʩʪʴ, ʩʧʦʨʪ, ʨʦʟʚʘʛʠ ʪʘ 

ʙʘʛʘʪʦ ʽʥʰʠʭ. ʎʝ ʜʦʩʷʛʘʻʪʴʩʷ ʟʘʚʜʷʢʠ ʰʠʨʦʢʦʤʘʩʰʪʘʙʥʦʤʫ ʨʦʟʛʦʨʪʘʥʥʶ 

ʩʝʥʩʦʨʥʠʭ ʚʫʟʣʽʚ ʘʙʦ Sensor Nodes (SN) ʘʙʦ ʽʥʪʝʣʝʢʪʫʘʣʴʥʠʭ ʧʨʠʩʪʨʦʾʚ ʽʟ 

ʤʦʞʣʠʚʽʩʪʶ ʚʠʤʽʨʶʚʘʥʥʷ ʪʘ ʟʚʽʪʫʚʘʥʥʷ [4]. ʆʜʥʘʢ ʮʝ ʟʘʣʫʯʝʥʥʷ ʚʠʢʣʠʢʘʻ 

ʩʝʨʡʦʟʥʽ ʧʨʦʙʣʝʤʠ, ʦʩʢʽʣʴʢʠ ʯʝʨʝʟ ʤʝʨʝʞʫ ʧʦʪʨʽʙʥʦ ʧʨʦʡʪʠ ʙʘʛʘʪʦ ʪʨʘʬʽʢʫ. 

ʊʘʢʠʤ ʯʠʥʦʤ, ʨʽʟʥʽ ʢʣʘʩʠ ʤʝʨʝʞʝʚʦʛʦ ʪʨʘʬʽʢʫ; ʥʘʧʨʠʢʣʘʜ, ʪʽ, ʱʦ ʛʝʥʝʨʫʶʪʴʩʷ 

ʟʘ ʜʦʧʦʤʦʛʦʶ ʛʦʣʦʩʫ, ʬʽʥʘʥʩʦʚʠʭ ʪʨʘʥʟʘʢʮʽʡ, ʙʝʟʧʽʣʦʪʥʠʭ ʘʚʪʦʤʦʙʽʣʽʚ, SN ʪʘ 

ʽʥhʠʭ, ʻ ʢʨʠʪʠʯʥʠʤʠ ʜʣʷ ʚʽʜʧʦʚʽʜʥʠʭ ʩʝʢʪʦʨʽʚ ʽ ʧʦʪʨʝʙʫʶʪʴ ʰʚʠʜʢʦʛʦ 

ʧʨʦʭʦʜʞʝʥʥʷ ʘʙʦ ʬʽʣʴʪʨʘʮʽʾ ʯʝʨʝʟ ʧʨʦʙʣʝʤʠ ʙʝʟʧʝʢʠ. ʈʦʟʚʠʪʦʢ IoT 

ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʝʢʩʧʦʥʝʥʮʽʘʣʴʥʦʛʦ ʟʙʽʣʴʰʝʥʥʷ ʨʦʟʫʤʥʠʭ ʧʨʠʩʪʨʦʾʚ ʽ ʜʘʪʯʠʢʽʚ 

ʷʢʽ ʛʝʥʝʨʫʶʪʴ ʚʝʣʠʯʝʟʥʫ ʪʘ ʨʽʟʥʦʨʽʜʥʫ ʢʽʣʴʢʽʩʪʴ ʤʝʨʝʞʝʚʠʭ ʜʘʥʠʭ. ʊʘʢʠʤ 

ʯʠʥʦʤ, ʚʠʤʦʛʠ ʜʦ ʨʽʟʥʠʭ ʜʦʜʘʪʢʽʚ ʚ ʽʥʪʝʨʥʝʪʽ ʨʝʯʝʡ ʰʚʠʜʢʦ ʟʨʦʩʪʘʶʪʴ, ʱʦ 

ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʧʦʧʠʪʫ ʥʘ ʙʽʣʴʰ ʪʦʯʥʫ ʢʣʘʩʠʬʽʢʘʮʽʶ ʤʝʨʝʞʝʚʦʛʦ ʪʨʘʬʽʢʫ. 

ʇʨʠʩʪʨʦʾ ʧʦʪʨʝʙʫʶʪʴ ʰʚʠʜʰʦʾ, ʙʝʟʧʝʯʥʦʾ ʪʘ ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʦʾ ʧʝʨʝʜʘʯʽ 

ʜʘʥʠʭ. ɿʦʢʨʝʤʘ, ʤʠ ʙʘʯʠʤʦ ʟʨʦʩʪʘʶʯʫ ʧʦʪʨʝʙʫ ʚ ʛʘʨʘʥʪʦʚʘʥʽʡ ʧʨʦʧʫʩʢʥʽʡ 

ʟʜʘʪʥʦʩʪʽ ʟ ʥʠʟʴʢʦʶ ʟʘʪʨʠʤʢʦʶ ʚ ʧʦʻʜʥʘʥʥʽ ʟ ʧʦʟʠʮʽʦʥʫʚʘʥʥʷʤ ʥʝ ʣʠʰʝ ʚ 

ʧʦʚʩʷʢʜʝʥʥʦʤʫ ʞʠʪʪʽ, ʜʦʧʦʚʥʝʥʽʡ ʨʝʘʣʴʥʦʩʪʽ, ʘʣʝ ʡ ʫ ʢʦʥʪʨʦʣʽ ʧʨʦʤʠʩʣʦʚʠʭ 

ʧʨʦʮʝʩʽʚ ʫ ʨʝʘʣʴʥʦʤʫ ʯʘʩʽ. ʂʦʤʫʥʽʢʘʮʽʡʥʽ ʪʘ ʤʝʨʝʞʝʚʽ ʪʝʭʥʦʣʦʛʽʾ Li-Fi 

ʤʦʞʫʪʴ ʥʘʜʘʪʠ ʝʬʝʢʪʠʚʥʠʡ ʽ ʥʝʜʦʨʦʛʠʡ ʢʘʥʘʣ ʜʣʷ ʧʦʚʩʶʜʥʦʛʦ ʟʚôʷʟʢʫ ʚ 

ʤʝʨʝʞʘʭ IoT [2]. ɺʽʥ ʤʦʞʝ ʟʘʙʝʟʧʝʯʠʪʠ ʧʦʢʨʘʱʝʥʫ ʰʚʠʜʢʽʩʪʴ ʧʝʨʝʜʘʯʽ ʜʘʥʠʭ 

ʽʟ ʥʠʟʴʢʠʤ ʝʥʝʨʛʦʩʧʦʞʠʚʘʥʥʷʤ [7]. ʅʘ ʚʽʜʤʽʥʫ ʚʽʜ ʨʘʜʽʦʯʘʩʪʦʪʥʠʭ ʭʚʠʣʴ, ʷʢʽ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ Wi-Fi, ʩʚʽʪʣʦ ʥʝ ʤʦʞʝ ʧʨʦʥʠʢʘʪʠ ʢʨʽʟʴ ʩʪʽʥʠ ʪʘ ʜʚʝʨʽ. ʎʝ 

ʨʦʙʠʪʴ ʡʦʛʦ ʙʽʣʴʰ ʙʝʟʧʝʯʥʠʤ ʽ ʧʦʣʝʛʰʫʻ ʢʦʥʪʨʦʣʴ, ʭʪʦ ʤʦʞʝ ʧʽʜʢʣʶʯʘʪʠʩʷ 
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ʜʦ ʤʝʨʝʞʽ [1]. ʆʯʝʚʠʜʥʦ, ʱʦ ʤʘʡʙʫʪʥʻ ɯʥʪʝʨʥʝʪʫ ʨʝʯʝʡ ʟʥʘʯʥʦʶ ʤʽʨʦʶ 

ʟʘʣʝʞʠʪʴ ʚʽʜ ʡʦʛʦ ʚʟʘʻʤʦʜʽʾ ʟ ʪʝʭʥʦʣʦʛʽʻʶ Light Fidelity. 

ʆʜʥʘʢ ʫ ʪʘʢʠʭ ʩʠʩʪʝʤʘʭ ʪʨʘʜʠʮʽʡʥʽ ʤʝʪʦʜʠ ʢʝʨʫʚʘʥʥʷ ʤʝʨʝʞʝʶ ʜʣʷ 

ʤʦʥʽʪʦʨʠʥʛʫ ʪʘ ʘʥʘʣʽʟʫ ʜʘʥʠʭ ʩʪʠʢʘʶʪʴʩʷ ʟ ʜʝʷʢʠʤʠ ʧʨʦʙʣʝʤʘʤʠ, ʥʘʧʨʠʢʣʘʜ, 

ʟ ʪʦʯʥʽʩʪʶ ʪʘ ʝʬʝʢʪʠʚʥʦʶ ʦʙʨʦʙʢʦʶ ʚʝʣʠʢʠʭ ʜʘʥʠʭ ʫ ʨʝʞʠʤʽ ʨʝʘʣʴʥʦʛʦ ʯʘʩʫ. 

ʄʘʰʠʥʥʝ ʥʘʚʯʘʥʥʷ ʘʙʦ Machine Learning (ʜʘʣʽ - ML) ʝʬʝʢʪʠʚʥʦ 

ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʜʣʷ ʧʦʣʝʛʰʝʥʥʷ ʘʥʘʣʽʪʠʢʠ ʪʘ ʚʠʷʚʣʝʥʥʷ ʘʥʦʤʘʣʽʾ ʫ 

ʩʠʩʪʝʤʘʭ ʚʝʣʠʢʠʭ ʜʘʥʠʭ ʜʣʷ ʨʦʟʧʽʟʥʘʚʘʥʥʷ ʧʨʠʭʦʚʘʥʠʭ ʽ ʩʢʣʘʜʥʠʭ 

ʟʘʢʦʥʦʤʽʨʥʦʩʪʝʡ. ɼʦʩʣʽʜʥʠʢʠ ʚ ʦʙʣʘʩʪʽ ʤʝʨʝʞ ʟʘʩʪʦʩʦʚʫʶʪʴ ʤʦʜʝʣʽ ML ʜʣʷ 

ʧʨʦʛʨʘʤ ʤʦʥʽʪʦʨʠʥʛʫ ʪʘ ʘʥʘʣʽʟʫ ʤʝʨʝʞʝʚʦʛʦ ʪʨʘʬʽʢʫ ʘʙʦ Network Traffic 

Monitoring and Analysis (NTMA), ʥʘʧʨʠʢʣʘʜ, ʢʣʘʩʠʬʽʢʘʮʽʾ ʪʘ ʧʨʦʛʥʦʟʫʚʘʥʥʷ 

ʪʨʘʬʽʢʫ. 

ɿʘʩʪʦʩʫʚʘʥʥʷ ML ʚ NTMA ʟʘʙʝʟʧʝʯʫʻ ʧʽʜʚʠʱʝʥʥʷ ʷʢʦʩʪʽ 

ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʪʘ ʙʝʟʧʝʢʠ ʤʝʨʝʞ IoT. ʈʝʛʫʣʷʨʥʠʡ ʤʦʥʽʪʦʨʠʥʛ ʪʨʘʬʽʢʫ, 

ʩʪʚʦʨʝʥʦʛʦ ʟ ʩʠʩʪʝʤ IoT, ʚʘʞʣʠʚʠʡ ʜʣʷ ʾʭ ʥʘʣʝʞʥʦʛʦ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʪʘ 

ʚʠʷʚʣʝʥʥʷ ʰʢʽʜʣʠʚʠʭ ʜʽʡ [5]. ʆʜʥʠʤ ʽʟ ʪʘʢʠʭ ʚʠʜʽʚ ʜʽʷʣʴʥʦʩʪʽ ʻ ʢʣʘʩʠʬʽʢʘʮʽʷ 

ʧʨʠʩʪʨʦʾʚ IoT ʫ ʤʝʨʝʞʝʚʦʤʫ ʪʨʘʬʽʢʫ [3]. ʎʝ ʜʦʟʚʦʣʷʻ ʘʜʤʽʥʽʩʪʨʘʪʦʨʫ 

ʚʽʜʩʪʝʞʫʚʘʪʠ ʜʽʷʣʴʥʽʩʪʴ ʜʝʚʘʡʩʽʚ, ʱʦ ʤʦʞʝ ʙʫʪʠ ʢʦʨʠʩʥʠʤ ʜʣʷ ʥʘʣʝʞʥʦʾ 

ʨʝʘʣʽʟʘʮʽʾ ʷʢʦʩʪʽ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ, ʚʠʷʚʣʝʥʥʷ ʰʢʽʜʣʠʚʠʭ ʧʨʠʩʪʨʦʾʚ ʪʦʱʦ. 

ɼʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʥʘʣʝʞʥʦʛʦ ʢʦʥʪʨʦʣʶ ʤʝʨʝʞʝʚʦʛʦ ʪʨʘʬʽʢʫ, ʜʦʩʣʽʜʠʤʦ 

ʯʦʪʠʨʠ ʢʣʶʯʦʚʽ ʟʘʚʜʘʥʥʷ ʚ NTMA, ʟʦʙʨʘʞʝʥʽ ʥʘ ʨʠʩ. 1: 

 

ʈʠʩ. 1. ʂʣʶʯʦʚʽ ʟʘʚʜʘʥʥʷ NTMA. 

ʄʝʪʦʜʠ ʤʘʰʠʥʥʦʛʦ ʥʘʚʯʘʥʥʷ, ʦʩʦʙʣʠʚʦ ʘʣʛʦʨʠʪʤʠ ʛʣʠʙʦʢʦʛʦ ʥʘʚʯʘʥʥʷ 

ʘʙʦ Deep Learning (DL), ʻ ʦʜʥʠʤʠ ʟ ʥʘʡʧʦʧʫʣʷʨʥʽʰʠʭ ʤʝʪʦʜʽʚ ʦʙʨʦʙʢʠ ʜʘʥʠʭ 

ʤʝʨʝʞʝʚʦʛʦ ʪʨʘʬʽʢʫ. ʎʝ ʧʦʷʩʥʶʻʪʴʩʷ ʪʠʤ ʬʘʢʪʦʤ, ʱʦ ʩʫʯʘʩʥʽ ʢʦʤʫʥʽʢʘʮʽʡʥʽ 

ʩʠʩʪʝʤʠ ʪʘ ʤʝʨʝʞʽ IoT, ʤʘʶʪʴ ʚʽʜʤʽʥʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ, ʷʢʽ ʚʽʜʧʦʚʽʜʘʶʪʴ 

ʘʣʛʦʨʠʪʤʘʤ DL. ʎʽ ʦʩʦʙʣʠʚʦʩʪʽ ʚʢʣʶʯʘʶʪʴ ʛʝʥʝʨʘʮʽʶ ʚʝʣʠʢʠʭ ʜʘʥʠʭ, 

ʩʢʣʘʜʥʽʩʪʴ, ʤʘʩʰʪʘʙʥʽʩʪʴ, ʟʨʦʩʪʘʶʯʫ ʢʽʣʴʢʽʩʪʴ ʧʨʦʪʦʢʦʣʽʚ ʫ ʪʘʢʠʭ ʤʝʨʝʞʘʭ 

ʪʦʱʦ. ɸʥʘʣʽʪʠʯʥʠʡ ʧʽʜʭʽʜ ʜʦ ʚʝʣʠʢʠʭ ʜʘʥʠʭ ʤʦʞʥʘ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʜʣʷ 

ʢʝʨʫʚʘʥʥʷ ʜʘʥʠʤʠ NTMA ʥʘ ʦʩʥʦʚʽ ʤʘʰʠʥʥʦʛʦ ʥʘʚʯʘʥʥʷ. ʇʽʜʭʽʜ ʚʝʣʠʢʠʭ 

ʜʘʥʠʭ ʤʦʞʥʘ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʜʣʷ ʢʣʘʩʠʬʽʢʘʮʽʾ ʪʨʘʬʽʢʫ ʘʪʘʢ ʫ ʧʨʦʛʨʘʤʥʦ-

ʢʦʥʬʽʛʫʨʦʚʘʥʦʾ ʤʝʨʝʞʘʭ ʘʙʦ Software-defined Networking (SDN). ʂʦʥʪʨʦʣʣʝʨ 
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SDN ʟʘʙʝʟʧʝʯʠʪʴ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʪʨʘʬʽʢʫ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʧʦʣʽʪʠʢʠ, ʷʢʘ 

ʚʩʪʘʥʦʚʣʝʥʘ ʦʧʝʨʘʪʦʨʦʤ ʤʝʨʝʞʽ. ʇʨʠʙʨʘʚʰʠ ʧʣʦʱʠʥʫ ʫʧʨʘʚʣʽʥʥʷ ʟ 

ʤʝʨʝʞʝʚʦʛʦ ʦʙʣʘʜʥʘʥʥʷ, ʢʦʥʪʨʦʣʝʨ ʨʝʘʣʽʟʫʻ ʮʝʥʪʨʘʣʽʟʦʚʘʥʫ ʩʠʩʪʝʤʫ 

ʢʝʨʫʚʘʥʥʷ, ʩʧʨʦʱʫʻ ʘʚʪʦʤʘʪʠʯʥʝ ʢʝʨʫʚʘʥʥʷ ʤʝʨʝʞʝʶ [8]. 

ʊʨʘʜʠʮʽʡʥʽ ʤʝʪʦʜʠ ʜʣʷ NTMA ʤʘʶʪʴ ʩʚʦʾ ʧʨʦʙʣʝʤʠ, ʥʘʧʨʠʢʣʘʜ, ʚʦʥʠ ʻ 

ʥʝʪʦʯʥʠʤʠ ʘʙʦ ʩʠʣʴʥʦ ʟʘʣʝʞʠʪʴ ʚʽʜ ʣʶʜʩʴʢʦʛʦ ʬʘʢʪʦʨʫ. ʅʘ ʚʽʜʤʽʥʫ ʚʽʜ 

ʪʨʘʜʠʮʽʡʥʠʭ ʤʝʪʦʜʽʚ, ʤʝʪʦʜʠ ʥʘ ʦʩʥʦʚʽ DL ʤʘʶʪʴ ʥʘʩʪʫʧʥʽ ʧʝʨʝʚʘʛʠ [3]: 

- ʄʦʜʝʣʽ DL ʥʝ ʧʦʪʨʝʙʫʶʪʴ ʟʥʘʯʥʠʭ ʣʶʜʩʴʢʠʭ ʟʫʩʠʣʴ, ʤʦʞʫʪʴ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʨʽʟʥʽ ʨʝʧʨʝʟʝʥʪʘʪʠʚʥʽ ʰʘʨʠ ʪʘ ʝʬʝʢʪʠʚʥʽ ʘʣʛʦʨʠʪʤʠ ʜʣʷ 

ʚʠʣʫʯʝʥʥʷ ʘʥʦʤʘʣʽʡ ʽʟ ʚʝʣʠʯʝʟʥʠʭ ʦʙʩʷʛʽʚ ʜʘʥʠʭ ʪʨʘʬʽʢʫ ʙʝʟ ʨʦʟʨʦʙʢʠ 

ʬʫʥʢʮʽʡ. ʎʷ ʧʝʨʝʚʘʛʘ ʤʦʜʝʣʝʡ ʜʫʞʝ ʝʬʝʢʪʠʚʥʘ ʜʣʷ ʤʝʪʦʜʽʚ NTMA, 

ʦʩʢʽʣʴʢʠ ʙʽʣʴʰʽʩʪʴ ʜʘʥʠʭ ʢʝʨʫʚʘʥʥʷ ʤʝʨʝʞʝʶ ʻ ʥʝʤʘʨʢʦʚʘʥʠʤʠ ʘʙʦ 

ʥʘʧʽʚʤʘʨʢʦʚʘʥʠʤʠ. 

- ɸʣʛʦʨʠʪʤʠ ʟʜʘʪʥʽ ʧʨʘʮʶʚʘʪʠ ʟ ʯʘʩʦʚʦ-ʧʨʦʩʪʦʨʦʚʠʤʠ ʜʘʥʠʤʠ, 

ʬʽʢʩʫʶʯʠ ʧʦʚôʷʟʘʥʽ ʟʘʣʝʞʥʦʩʪʽ. ɹʽʣʴʰʽʩʪʴ ʜʘʥʠʭ ʧʨʦ ʢʝʨʫʚʘʥʥʷ ʤʝʨʝʞʝʶ, 

ʟʽʙʨʘʥʠʭ ʷʢ ʥʘʙʦʨʠ ʜʘʥʠʭ ʯʘʩʦʚʠʭ ʨʷʜʽʚ, ʤʦʞʥʘ ʘʥʘʣʽʟʫʚʘʪʠ ʤʦʜʝʣʷʤʠ DL ʟ 

ʚʠʩʦʢʦʶ ʪʦʯʥʽʩʪʶ. 

- ʂʨʽʤ ʪʦʛʦ, ʥʦʚʽ ʧʘʨʘʜʠʛʤʠ ʤʘʰʠʥʥʦʛʦ ʥʘʚʯʘʥʥʷ, ʥʘʧʨ. ʬʝʜʝʨʘʪʠʚʥʝ 

ʥʘʚʯʘʥʥʷ ʚ ʦʩʥʦʚʥʦʤʫ ʨʦʟʨʦʙʣʝʥʦ ʜʣʷ ʨʦʟʧʦʜʽʣʝʥʦʛʦ ʚʧʨʦʚʘʜʞʝʥʥʷ 

ʤʝʪʦʜʽʚ ʛʣʠʙʦʢʦʛʦ ʥʘʚʯʘʥʥʷ. ɺʧʨʦʚʘʜʞʝʥʥʷ ʤʦʜʝʣʝʡ DL ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʥʦʚʠʭ ʧʘʨʘʜʠʛʤ ML ʜʦʟʚʦʣʷʻ ʥʘʚʯʘʪʠ ʩʚʦʶ ʤʦʜʝʣʴ ʦʢʨʝʤʦ ʥʘ ʢʦʞʥʽʡ 

ʤʘʰʠʥʽ.  

ʇʨʦʚʝʜʝʥʠʡ ʘʥʘʣʽʟ ʧʨʦʙʣʝʤ ʤʝʨʝʞʽ IoT ʚʠʢʣʠʢʘʥʽ ʚʝʣʠʢʦʶ ʢʽʣʴʢʽʩʪʶ 

ʛʝʥʝʨʦʚʘʥʦʛʦ ʪʨʘʬʽʢʫ. ʆʢʨʝʩʣʝʥʦ ʩʧʦʩʦʙʠ ʢʦʥʪʨʦʣʶ ʤʝʨʝʞʝʚʠʭ ʜʘʥʠʭ ʟʘ 

ʜʦʧʦʤʦʛʦʶ NTMA. ɼʦʩʣʽʜʞʝʥʦ ʚʧʨʦʚʘʜʞʝʥʥʷ ʤʘʰʠʥʥʦʛʦ ʥʘʚʯʘʥʥʷ ʜʣʷ 

ʧʽʜʚʠʱʝʥʥʷ ʙʝʟʧʝʢʠ ʚʠʢʦʨʠʩʪʘʥʥʷ ʪʝʭʥʦʣʦʛʽʾ Li-Fi ʚ ʤʝʨʝʞʘʭ ʽʥʪʝʨʥʝʪ ʨʝʯʝʡ.  
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DETECTION OF FOG FIBER COIL WINDING DEFECTS  
 

The algorithm for detection of fiber-optic gyro (FOG) fiber coil winding defects is 

presented and effectiveness of wavelet filtering for on-the-fly video processing during defect 

detection is estimated. 
 

ʊʦʯʥʽʩʪʴ ʚʦʣʦʢʦʥʥʦ-ʦʧʪʠʯʥʦʛʦ ʛʽʨʦʩʢʦʧʘ (ɺʆɻ) ʩʫʪʪʻʚʦ ʟʘʣʝʞʠʪʴ ʚʽʜ 

ʷʢʦʩʪʽ ʥʘʤʦʪʢʠ ʡʦʛʦ ʯʫʪʣʠʚʦʛʦ ʝʣʝʤʝʥʪʘ ï ʢʦʪʫʰʢʠ. ɺ ʽʜʝʘʣʽ ʥʘʤʦʪʘʥʘ 

ʢʦʪʫʰʢʘ ʥʝ ʧʦʚʠʥʥʘ ʤʘʪʠ ʜʝʬʝʢʪʽʚ ʥʘʤʦʪʢʠ, ʽ ʚʦʣʦʢʥʦ ʧʦʚʠʥʥʦ ʫʪʚʦʨʶʚʘʪʠ 

ʧʝʨʽʦʜʠʯʥʫ ʦʜʥʦʨʽʜʥʫ ʩʪʨʫʢʪʫʨʫ. ʊʠʧʦʚʽ ʜʝʬʝʢʪʠ ʥʘʤʦʪʢʠ ï ʧʨʦʧʫʩʢ ʚʠʪʢʘ ʪʘ 

ʥʘʙʽʛ ʚʠʪʢʘ ʥʘ ʨʘʥʽʰʝ ʥʘʤʦʪʘʥʽ ʚʠʪʢʠ ʮʴʦʛʦ ʞ ʰʘʨʫ ï ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩ. 1.  
 

  
a) ʙ) 

 

ʈʠʩ.1. ʊʠʧʦʚʽ ʜʝʬʝʢʪʠ ʥʘʤʦʪʢʠ: ʘ ï ʧʨʦʧʫʩʢ ʚʠʪʢʘ, ʙ ï ʥʘʙʽʛ ʥʘ ʚʠʪʢʠ 
 

ɸʥʘʣʦʛʽʯʥʫ ʜʦ ʨʠʩ. 1ʙ ʢʘʨʪʠʥʫ (ʚʠʪʦʢ ʧʦʚʝʨʭ ʽʥʰʠʭ, ʱʦ ʫʪʚʦʨʶʻ 
ʧʦʨʫʰʝʥʥʷ ʩʪʨʫʢʪʫʨʠ) ʜʘʶʪʴ ʧʨʠʩʪʽʥʦʯʥʽ ʜʝʬʝʢʪʠ ʥʘʤʦʪʢʠ, ʚʠʢʣʠʢʘʥʽ ʪʠʤ, 
ʱʦ ʚʦʣʦʢʥʦ ʥʝ ʚʤʽʱʫʻʪʴʩʷ ʤʽʞ ʩʪʽʥʢʦʶ ʢʘʨʢʘʩʫ ʢʦʪʫʰʢʠ ʽ ʧʝʨʝʜʦʩʪʘʥʥʽʤ 
ʚʠʪʢʦʤ ʚ ʰʘʨʽ. ʇʨʠ ʥʘʤʦʪʮʽ ʢʦʪʫʰʦʢ ɺʆɻ ʟʘ ʜʦʧʦʤʦʛʦʶ ʚʝʨʩʪʘʪʘ [1] 
ʜʦʮʽʣʴʥʦ ʟʘʩʪʦʩʫʚʘʪʠ ʘʚʪʦʤʘʪʠʟʦʚʘʥʠʡ ʢʦʥʪʨʦʣʴ ʷʢʦʩʪʽ ʥʘ ʦʩʥʦʚʽ 
ʚʠʢʦʨʠʩʪʘʥʥʷ ʤʘʰʠʥʥʦʛʦ ʟʦʨʫ. 

ɼʣʷ ʚʠʢʦʨʠʩʪʘʥʥʷ ʤʘʰʠʥʥʦʛʦ ʟʦʨʫ ʧʝʨʰ ʟʘ ʚʩʝ ʪʨʝʙʘ ʟʘʙʝʟʧʝʯʠʪʠ 
ʚʠʩʦʢʫ ʷʢʽʩʪʴ ʟʦʙʨʘʞʝʥʥʷ ʟ ʢʘʤʝʨʠ. ɼʣʷ ʮʴʦʛʦ ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʚʠʢʦʨʠʩʪʘʪʠ, 
ʢʨʽʤ ʢʣʘʩʠʯʥʦʛʦ ʛʘʫʩʽʚʩʴʢʦʛʦ ʟʛʣʘʜʞʫʚʘʥʥʷ, ʚʝʡʚʣʝʪ-ʬʽʣʴʪʨʘʮʽʶ [2, 3], ʦʜʥʘʢ 
ʪʨʝʙʘ ʚʠʟʥʘʯʠʪʠ ʝʬʝʢʪʠʚʥʽʩʪʴ ʟʘʩʪʦʩʫʚʘʥʥʷ ʪʘʢʦʾ ʬʽʣʴʪʨʘʮʽʾ ʚ ʨʝʘʣʴʥʦʤʫ ʯʘʩʽ. 

ɹʝʟʧʦʩʝʨʝʜʥʴʦ ʜʣʷ ʨʦʟʧʽʟʥʘʚʘʥʥʷ ʜʝʬʝʢʪʽʚ ʥʘʤʦʪʢʠ ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ ʪʨʠ 
ʦʧʠʩʘʥʠʭ ʥʠʞʯʝ ʩʧʦʩʦʙʠ: ʘʥʘʣʽʟ ʢʦʥʪʫʨʫ ʧʨʦʬʽʣʶ ʥʘʤʦʪʢʠ, ʘʥʘʣʽʟ 
ʚʽʜʝʦʧʦʪʦʢʫ ʟ ʢʘʤʝʨʠ ʤʘʰʠʥʥʦʛʦ ʟʦʨʫ ʟʘ ʨʽʟʥʠʮʝʶ ʤʽʞ ʢʘʜʨʘʤʠ ʪʘ ʘʥʘʣʽʟ 
ʰʪʫʯʥʦ ʩʪʚʦʨʝʥʠʭ ʚʽʜʙʣʠʩʢʽʚ ʚʦʣʦʢʥʘ. 

ɸʚʪʦʨʠ [4] ʟʘʩʪʦʩʫʚʘʣʠ ʘʥʘʣʽʟʫ ʧʨʦʬʽʣʶ ʥʘʤʦʪʢʠ ʚ ʢʦʞʥʦʤʫ ʢʘʜʨʽ 
ʰʣʷʭʦʤ ʟʘʧʠʩʫ ʪʘ ʘʥʘʣʽʟʫ ʢʦʦʨʜʠʥʘʪ ʧʽʢʽʚ ʧʨʦʬʽʣʶ ʥʘʤʦʪʢʠ. ʅʝʜʦʣʽʢʦʤ 
ʘʣʛʦʨʠʪʤʫ ʻ ʪʝ, ʱʦ ʚʽʥ ʥʽʷʢ ʥʝ ʚʨʘʭʦʚʫʻ ʥʘʷʚʥʽʩʪʴ ʬʣʘʥʮʽʚ ʢʦʪʫʰʢʠ, ʘ ʪʘʢʦʞ 
ʥʘʷʚʥʽʩʪʴ ʟʘʟʦʨʽʚ ʤʽʞ ʚʠʪʢʘʤʠ, ʱʦ ʤʦʞʝ ʧʨʠʟʚʦʜʠʪʠ ʜʦ ʭʠʙʥʠʭ ʩʧʨʘʮʶʚʘʥʴ. 

ɸʚʪʦʨʘʤʠ [5] ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʘʣʛʦʨʠʪʤ, ʱʦ ʚʠʷʚʣʷʻ ʜʝʬʝʢʪʠ ʰʣʷʭʦʤ 
ʚʠʷʚʣʝʥʥʷ ʨʽʟʥʠʮʽ ʤʽʞ ʢʘʜʨʘʤʠ ʚʽʜʝʦ ʧʦʪʦʢʫ, ʦʪʨʠʤʘʥʦʛʦ ʟ ʢʘʤʝʨʠ, ʱʦ ʟʥʽʤʘʻ 
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ʧʨʦʬʽʣʴ ʢʦʪʫʰʢʠ. ɼʘʣʽ ʟʥʦʚ-ʪʘʢʠ ʚʠʜʽʣʷʶʪʴʩʷ ʢʦʦʨʜʠʥʘʪʠ ʧʽʢʽʚ ʧʨʦʬʽʣʶ 
ʚʦʣʦʢʥʘ ʽ ʧʦ ʾʭ ʨʽʟʥʠʮʽ ʚʠʟʥʘʯʘʻʪʴʩʷ ʥʘʷʚʥʽʩʪʴ ʜʝʬʝʢʪʽʚ. ʅʝʜʦʣʽʢʦʤ ʪʘʢʦʛʦ 
ʘʣʛʦʨʠʪʤʫ ʻ ʥʝʦʙʭʽʜʥʽʩʪʴ ʪʦʯʥʦʾ ʩʠʥʭʨʦʥʽʟʘʮʽʾ ʦʙʝʨʪʘʥʥʷ ʥʘʤʦʪʫʚʘʥʦʾ 
ʢʦʪʫʰʢʠ ɺʆɻ ʪʘ ʤʦʤʝʥʪʽʚ ʟʡʦʤʢʠ ʢʘʜʨʽʚ ʢʘʤʝʨʦʶ ʤʘʰʠʥʥʦʛʦ ʟʦʨʫ ʜʣʷ 
ʚʠʷʚʣʝʥʥʷ ʨʽʟʥʠʮʽ ʤʽʞ ʧʨʦʬʽʣʝʤ ʥʘʤʦʪʢʠ ʚ ʦʜʥʘʢʦʚʠʭ ʢʫʪʦʚʠʭ ʧʦʣʦʞʝʥʥʷʭ 
ʢʦʪʫʰʢʠ. 

ɺ [6] ʟʘʩʪʦʩʦʚʘʥʦ ʦʩʚʽʪʣʝʥʥʷ, ʷʢʝ ʩʪʚʦʨʶʻ ʚʽʜʙʣʠʩʢʠ ʥʘ ʚʦʣʦʢʥʽ ʥʘ 
ʪʝʤʥʦʤʫ ʬʦʥʽ, ʽ ʥʘʷʚʥʽʩʪʴ ʜʝʬʝʢʪʽʚ ʤʦʞʥʘ ʚʠʟʥʘʯʘʪʠ ʟʘ ʮʝʥʪʨʘʤʠ ʮʠʭ 
ʚʽʜʙʣʠʩʢʽʚ. ʅʝʜʦʣʽʢʦʤ ʻ ʧʨʠʩʢʦʨʝʥʝ ʟʥʦʰʝʥʥʷ ʢʘʤʝʨʠ ʽ ʩʢʣʘʜʥʽʩʪʴ 
ʟʘʙʝʟʧʝʯʝʥʥʷ ʦʩʚʽʪʣʝʥʥʷ, ʷʢʝ ʜʘʻ ʚʽʜʙʣʠʩʢʠ ʚʽʜ ʚʦʣʦʢʥʘ ʚ ʦʙʣʘʩʪʽ, ʙʣʠʟʴʢʽʡ ʜʦ 
ʧʨʦʬʽʣʶ ʥʘʤʦʪʢʠ, ʽ ʬʦʨʤʫ ʚʽʜʙʣʠʩʢʽʚ, ʙʣʠʟʴʢʫ ʜʦ ʢʨʫʛʘ. ʂʨʽʤ ʪʦʛʦ, ʜʣʷ 
ʨʦʙʦʪʠ ʪʘʢʦʛʦ ʩʧʦʩʦʙʫ ʚʠʷʚʣʝʥʥʷ ʜʝʬʝʢʪʽʚ, ʥʝʦʙʭʽʜʥʘ ʟʤʽʥʘ ʩʠʩʪʝʤʠ 
ʦʩʚʽʪʣʝʥʥʷ ʟʘʣʝʞʥʦ ʚʽʜ ʚʽʜʙʠʚʘʶʯʦʾ ʟʜʘʪʥʦʩʪʽ ʚʦʣʦʢʥʘ ʜʣʷ ʩʪʚʦʨʝʥʥʷ 
ʙʣʠʟʴʢʠʭ ʫʤʦʚ ʨʦʙʦʪʠ ʘʣʛʦʨʠʪʤʫ. 

ʄʝʪʦʶ ʜʦʩʣʽʜʞʝʥʥʷ ʻ ʨʦʟʨʦʙʢʘ ʘʣʛʦʨʠʪʤʫ ʨʦʟʧʽʟʥʘʚʘʥʥʷ ʜʝʬʝʢʪʽʚ 
ʥʘʤʦʪʢʠ ʢʦʪʫʰʦʢ ɺʆɻ ʪʘ ʦʮʽʥʢʘ ʝʬʝʢʪʠʚʥʦʩʪʽ ʚʠʢʦʨʠʩʪʘʥʥʷ ʚʝʡʚʣʝʪ-
ʬʽʣʴʪʨʘʮʽʾ ʚ ʨʝʘʣʴʥʦʤʫ ʯʘʩʽ ʧʨʠ ʦʙʨʦʙʮʽ ʟʦʙʨʘʞʝʥʥʷ ʟ ʢʘʤʝʨʠ ʤʘʰʠʥʥʦʛʦ 
ʟʦʨʫ. 

ɼʣʷ ʦʮʽʥʢʠ ʷʢʦʩʪʽ ʚʝʡʚʣʝʪ-ʬʽʣʴʪʨʘʮʽʾ ʙʫʣʦ ʧʨʦʚʝʜʝʥʦ ʬʽʣʴʪʨʘʮʽʶ 
ʟʦʙʨʘʞʝʥʥʷ ʟ ʢʘʤʝʨʠ ʪʘʢʠʤʠ ʚʝʡʚʣʝʪʘʤʠ: ʍʘʘʨʘ; ɼʦʙʝʰʽ 2 ʽ ɼʦʙʝʰʽ 4; 
ʉʠʤʤʣʝʪʦʤ 2 ʽ 4; ʂʦʡʬʣʝʪʦʤ 1 ʽ 4; ɹʽʦʨʪʦʛʦʥʘʣʴʥʠʤʠ ʬʽʣʴʪʨʘʤʠ 1.3 ʪʘ 3.5. 

ʗʢ ʤʽʨʫ ʷʢʦʩʪʽ ʬʽʣʴʪʨʘʮʽʾ ʚʠʢʦʨʠʩʪʘʥʦ ʩʝʨʝʜʥʴʦʢʚʘʜʨʘʪʠʯʥʫ ʧʦʭʠʙʢʫ 
RMSE (ʩʝʨʝʜʥʴʦʢʚʘʜʨʘʪʠʯʥʝ ʟʥʘʯʝʥʥʷ ʨʽʟʥʠʮʽ ʤʽʞ ʚʽʜʬʽʣʴʪʨʦʚʘʥʠʤ 
ʟʦʙʨʘʞʝʥʥʷʤ ʽ ʚʠʭʽʜʥʠʤ ʟʦʙʨʘʞʝʥʥʷʤ, ʜʦ ʷʢʦʛʦ ʙʫʣʦ ʜʦʜʘʥʦ ʰʫʤʠ): 

 (1) 

ʜʝ M, N ï ʰʠʨʠʥʘ ʽ ʚʠʩʦʪʘ ʟʦʙʨʘʞʝʥʥʷ, I ï ʟʥʘʯʝʥʥʷ ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʧʽʢʩʝʣʷ 

ʚʠʭʽʜʥʦʛʦ ʟʦʙʨʘʞʝʥʥʷ, A ï ʟʥʘʯʝʥʥʷ ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʧʽʢʩʝʣʷ ʬʽʣʴʪʨʦʚʘʥʦʛʦ 

ʟʦʙʨʘʞʝʥʥʷ; i, j ï ʽʥʜʝʢʩʠ ʧʽʜʩʫʤʦʚʫʚʘʥʥʷ. ʏʠʤ ʤʝʥʰʝ ʟʥʘʯʝʥʥʷ ʪʘʢʦʾ ʨʽʟʥʠʮʽ, 

ʪʠʤ ʤʝʥʰʝ ʰʫʤʽʚ ʫ ʟʦʙʨʘʞʝʥʥʽ. 

ɺ ʪʘʙʣʠʮʽ 1 ʥʘʚʝʜʝʥʦ ʦʮʽʥʢʫ ʷʢʦʩʪʽ ʬʽʣʴʪʨʘʮʽʾ ʟʦʙʨʘʞʝʥʥʷ ʟ ʢʘʤʝʨʠ 

(ʨʠʩ.2) ʟ ʧʝʨʝʣʽʯʝʥʠʤʠ ʚʠʱʝ ʚʝʡʚʣʝʪʘʤʠ; ʚ ʪʨʝʪʽʡ ʢʦʣʦʥʮʽ ʜʣʷ ʥʘʦʯʥʦʩʪʽ 

ʥʘʚʝʜʝʥʦ ʨʽʟʥʠʮʶ RMSE ʟʦʙʨʘʞʝʥʥʷ ʨʠʩ. 2 ʽ ʬʽʣʴʪʨʦʚʘʥʦʛʦ ʟʦʙʨʘʞʝʥʥʷ.  

ʅʘʡʙʽʣʴʰ ʝʬʝʢʪʠʚʥʠʤʠ ʚʠʷʚʠʣʠʩʷ ʚʝʡʚʣʝʪʠ ʍʘʘʨʘ ʽ ʉʠʤʤʣʝʪ 2. 
 

ʊʘʙʣʠʮʷ 1. ʆʮʽʥʢʘ ʷʢʦʩʪʽ ʬʽʣʴʪʨʘʮʽʾ ʟʦʙʨʘʞʝʥʥʷ. 

ɿʦʙʨʘʞʝʥʥʷ RMSE ʟʦʙʨʘʞʝʥʥʷ ʈʽʟʥʠʮʷ RMSE 

ɿʘʰʫʤʣʝʥʝ ʛʘʫʩʦʚʠʤ ʰʫʤʦʤ (ʨʠʩ.2.) 0,005582 - 

ʌʽʣʴʪʨʘʮʽʷ ʚʝʡʚʣʝʪʦʤ ʍʘʘʨʘ (haar) 0.003019 0.002563 

ʌʽʣʴʪʨʘʮʽʷ ʚʝʡʚʣʝʪʦʤ ɼʦʙʝʰʽ 2 (db2) 0.003173 0.002409 

ʌʽʣʴʪʨʘʮʽʷ ʚʝʡʚʣʝʪʦʤ ɼʦʙʝʰʽ 4 (db4) 0.003305 0.002276 

ʌʽʣʴʪʨʘʮʽʷ ʉʠʤʤʣʝʪʦʤ 2 (sym2) 0.003021 0.002561 

ʌʽʣʴʪʨʘʮʽʷ ʉʠʤʤʣʝʪʦʤ 4 (sym4) 0.003295 0.002286 

ʌʽʣʴʪʨʘʮʽʷ ʂʦʡʬʣʝʪʦʤ 1 (coif1) 0.003176 0.002406 

ʌʽʣʴʪʨʘʮʽʷ ʂʦʡʬʣʝʪʦʤ 2 (coif2) 0.003404 0.002178 

ɹʽʦʨʪʦʛʦʥʘʣʴʥʠʤ ʬʽʣʴʪʨʦʤ 1.3 (bior1.3) 0.003198 0.002384 

ɹʽʦʨʪʦʛʦʥʘʣʴʥʠʤ ʬʽʣʴʪʨʦʤ 3.5 (bior 3.5) 0.003313 0.002269 
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ʈʠʩ.2. ɿʦʙʨʘʞʝʥʥʷ ʟ ʢʘʤʝʨʠ ʟ ʛʘʫʩʦʚʠʤ ʰʫʤʦʤ. 

 

ɺ ʦʩʥʦʚʫ ʨʦʟʨʦʙʣʝʥʦʛʦ ʘʚʪʦʨʘʤʠ ʘʣʛʦʨʠʪʤʫ ʧʦʢʣʘʜʝʥʦ ʪʫ ʞ ʽʜʝʶ, ʱʦ ʽ ʚ 

ʧʫʙʣʽʢʘʮʽʾ [4] ï ʚʠʜʽʣʝʥʥʷ ʧʨʦʬʽʣʶ ʥʘʤʦʪʢʠ, ʽ ʧʦʜʘʣʴʰʠʡ ʡʦʛʦ ʘʥʘʣʽʟ. 

ʆʩʥʦʚʥʽ ʢʨʦʢʠ ʨʦʙʦʪʠ ʟʘʧʨʦʧʦʥʦʚʘʥʦʛʦ ʘʚʪʦʨʘʤʠ ʘʣʛʦʨʠʪʤʫ ʪʘʢʽ: 

- ʟʦʙʨʘʞʝʥʥʷ ʧʝʨʝʪʚʦʨʶʻʪʴʩʷ ʚ ʛʨʘʜʘʮʽʾ ʩʽʨʦʛʦ ï ʪʦʙʪʦ ʟ ʧʽʢʩʝʣʽʚ ʙʫʜʝ 

ʚʠʣʫʯʝʥʦ ʽʥʬʦʨʤʘʮʽʶ ʱʦʜʦ ʪʦʥʫ ʪʘ ʥʘʩʠʯʝʥʦʩʪʽ, ʘ ʟʘʣʠʰʘʪʴʩʷ ʣʠʰʝ ʟʥʘʯʝʥʥʷ 

ʷʩʢʨʘʚʦʩʪʽ, ʧʽʩʣʷ ʯʦʛʦ ʟʛʣʘʜʞʫʻʪʴʩʷ ʛʘʫʩʦʚʠʤ ʬʽʣʴʪʨʦʤ 5ʭ5 ʘʙʦ, ʦʧʮʽʦʥʘʣʴʥʦ 

ï ʚʝʡʚʣʝʪʘʤʠ; 

- ʧʨʦʚʦʜʠʪʴʩʷ ʙʽʥʘʨʽʟʘʮʽʷ ʟʘ ʘʣʛʦʨʠʪʤʦʤ ʆʮʫ, ʱʦ ʜʦʟʚʦʣʷʻ ʨʦʟʜʽʣʠʪʠ 

ʧʽʢʩʝʣʽ ʟʦʙʨʘʞʝʥʥʷ ʥʘ ʜʚʘ ʢʣʘʩʠ ("ʢʦʨʠʩʥʽ" ʪʘ "ʬʦʥʦʚʽ"), ʟʘ ʨʘʭʫʥʦʢ 

ʥʝʩʢʣʘʜʥʦʛʦ ʩʪʘʪʠʩʪʠʯʥʦʛʦ ʘʥʘʣʽʟʫ ʟʦʙʨʘʞʝʥʥʷ, ʷʢʠʡ ʧʨʠ ʨʦʟʜʽʣʝʥʥʽ ʧʽʢʩʝʣʽʚ 

ʥʘ ʢʣʘʩʠ ʨʦʙʠʪʴ ʪʘʢ, ʱʦʙ ʜʠʩʧʝʨʩʽʷ ʚʩʝʨʝʜʠʥʽ ʦʜʥʦʛʦ ʢʣʘʩʫ ʙʫʣʘ ʤʽʥʽʤʘʣʴʥʦʶ 

[7]; 

- ʜʣʷ ʪʦʧʦʣʦʛʽʯʥʦʛʦ ʘʥʘʣʽʟʫ ʦʮʠʬʨʦʚʘʥʠʭ ʙʽʥʘʨʥʠʭ ʟʦʙʨʘʞʝʥʴ 

ʚʠʢʦʨʠʩʪʘʥʦ ʘʣʛʦʨʠʪʤ ʚʽʜʩʪʝʞʝʥʥʷ ʤʝʞ, ʷʢʠʡ ʜʦʟʚʦʣʠʚ ʚʠʜʽʣʠʪʠ ʢʦʥʪʫʨʠ [8]; 

- ʩʝʨʝʜ ʚʠʜʽʣʝʥʠʭ ʢʦʥʪʫʨʽʚ ʚʠʙʠʨʘʶʪʴʩʷ ʢʦʥʪʫʨʠ ʟ ʜʦʚʞʠʥʦʶ ʥʝ ʤʝʥʰʝ 

100 ʧʽʢʩʝʣʽʚ (ʚʽʜʩʽʚʘʥʥʷ ʰʫʤʽʚ). 

ʂʦʞʝʥ ʚʠʙʨʘʥʠʡ ʢʦʥʪʫʨ ʛʦʨʠʟʦʥʪʫʻʪʴʩʷ ʜʣʷ ʩʧʨʦʱʝʥʥʷ ʘʥʘʣʽʟʫ ʜʘʥʠʭ. 

ʇʽʩʣʷ ʮʴʦʛʦ ʧʨʦʚʦʜʠʪʴʩʷ ʚʠʜʽʣʝʥʥʷ ʣʦʢʘʣʴʥʠʭ ʤʘʢʩʠʤʫʤʽʚ ʽ ʤʽʥʽʤʫʤʽʚ 

ʢʦʥʪʫʨʫ, ʨʦʟʧʽʟʥʘʶʪʴʩʷ ʟʘ ʟʤʽʥʦʶ ʢʦʦʨʜʠʥʘʪ ʽ ʚʽʜʢʠʜʘʶʪʴʩʷ ʯʘʩʪʠʥʠ 

ʟʦʙʨʘʞʝʥʥʷ, ʱʦ ʚʽʜʧʦʚʽʜʘʶʪʴ ʬʣʘʥʮʷʤ ʢʦʪʫʰʢʠ, ʽ ʜʨʽʙʥʽ ʟʤʽʥʠ ʚʠʩʦʪʠ 

ʧʨʦʬʽʣʶ ʥʘʤʦʪʢʠ. ʅʘʷʚʥʽʩʪʴ ʜʝʬʝʢʪʫ çʧʨʦʧʫʩʢ ʚʠʪʢʘè ʚʠʟʥʘʯʘʻʪʴʩʷ ʟʘ 

ʚʽʜʩʪʘʥʥʶ ʧʦ ʦʩʽ ʘʙʩʮʠʩ ʤʽʞ ʩʫʩʽʜʥʽʤʠ ʤʘʢʩʠʤʫʤʘʤʠ (ʙʽʣʴʰʝ ʜʽʘʤʝʪʨʘ 

ʚʦʣʦʢʥʘ + ʟʘʟʦʨ ʤʽʞ ʚʠʪʢʘʤʠ), ʘ çʥʘʙʽʛ ʚʦʣʦʢʥʘ ʧʦʚʝʨʭ ʰʘʨʫè - ʟʘ ʟʤʽʥʦʶ 

ʚʝʨʪʠʢʘʣʴʥʦʾ ʚʽʜʩʪʘʥʽ ʤʽʞ ʩʫʩʽʜʥʽʤʠ ʝʢʩʪʨʝʤʫʤʘʤʠ (ʙʽʣʴʰʝ ʟʘ 2/3 ʜʽʘʤʝʪʨʘ 

ʚʦʣʦʢʥʘ). 

ɿʘ ʥʘʷʚʥʦʩʪʽ ʜʝʬʝʢʪʽʚ ʥʘʤʦʪʢʠ ʚʦʥʠ ʚʠʜʽʣʷʶʪʴʩʷ ʥʘ ʢʘʜʨʽ ʽ ʧʨʦ ʮʝ 

ʧʦʚʽʜʦʤʣʷʻʪʴʩʷ ʢʝʨʫʶʯʘ ʧʨʦʛʨʘʤʘ ʘʚʪʦʤʘʪʠʯʥʦʾ ʩʪʘʥʮʽʾ ʥʘʤʦʪʢʠ. ʇʨʠʢʣʘʜ 

ʟʦʙʨʘʞʝʥʥʷ ʟ ʚʠʜʽʣʝʥʠʤ ʜʝʬʝʢʪʘʤʠ ʥʘʚʝʜʝʥʦ ʥʘ ʨʠʩ. 3.  
 

 
 

ʈʠʩ.3. ɿʦʙʨʘʞʝʥʥʷ ʟ ʢʘʤʝʨʠ ʟ ʚʠʜʽʣʝʥʠʤʠ ʜʝʬʝʢʪʘʤʠ. 
 

ʅʘ ʨʠʩʫʥʢʫ ʚʠʜʽʣʝʥʦ ʚʠʟʥʘʯʝʥʽ ʤʘʢʩʠʤʫʤʠ ʽ ʤʽʥʽʤʫʤʠ ʧʨʦʬʽʣʶ ʥʘʤʦʪʢʠ 

(ʯʝʨʚʦʥʠʤʠ ʽ ʩʠʥʽʤʠ ʢʦʣʘʤʠ ʤʘʣʝʥʴʢʦʛʦ ʜʽʘʤʝʪʨʫ) ʪʘ ʜʝʬʝʢʪʠ (ʬʽʦʣʝʪʦʚʠʤʠ 
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ʢʦʣʘʤʠ ʚʝʣʠʢʦʛʦ ʜʽʘʤʝʪʨʫ). ʆʩʢʽʣʴʢʠ ʢʦʪʫʰʢʘ ʥʘʤʦʪʘʥʘ çʚʥʘʚʘʣè, ʚʦʥʘ 

ʤʽʩʪʠʪʴ ʙʘʛʘʪʦ ʜʝʬʝʢʪʽʚ, ʚʢʣʶʯʘʶʯʠ ʧʨʦʧʫʩʢʠ ʪʘ ʧʝʨʝʩʢʦʢʠ ʚʠʪʢʽʚ. 

ʗʢ ʧʦʢʘʟʘʚ ʝʢʩʧʝʨʠʤʝʥʪ, ʧʨʠ ʥʦʤʽʥʘʣʴʥʽʡ ʯʘʩʪʦʪʽ ʢʘʜʨʽʚ ʢʘʤʝʨʠ 30 

ʢʘʜʨʽʚ/ʩ, ʨʝʘʣʴʥʘ ʯʘʩʪʦʪʘ ʦʙʨʦʙʢʠ ʢʘʜʨʽʚ ʧʨʠ ʚʠʷʚʣʝʥʥʽ ʜʝʬʝʢʪʽʚ ʩʢʣʘʜʘʻ 

29,6..29,9 ʢʘʜʨʽʚ/ʩ ʙʝʟ ʟʘʩʪʦʩʫʚʘʥʥʷ ʚʝʡʚʣʝʪ-ʬʽʣʴʪʨʘʮʽʾ ʽ 12,.6..14.5 ʢʘʜʨʽʚ/ʩ 

ʧʨʠ ʾʾ ʟʘʩʪʦʩʫʚʘʥʥʽ. ʊʘʢʠʤ ʯʠʥʦʤ, ʟʘʩʪʦʩʫʚʘʥʥʷ ʚʝʡʚʣʝʪ-ʬʽʣʴʪʨʘʮʽʾ 

ʥʝʜʦʮʽʣʴʥʝ ʧʨʠ ʚʠʢʦʥʘʥʥʽ ʥʘʤʦʪʢʠ ʟʽ ʰʚʠʜʢʽʩʪʶ 2 ʚʠʪʢʠ/ʩ ʽ ʙʽʣʴʰʝ, ʦʩʢʽʣʴʢʠ 

ʥʘ ʦʜʠʥ ʚʠʪʦʢ ʙʫʜʝ ʨʝʻʩʪʨʫʚʘʪʠʩʷ ʤʝʥʰʝ 5 ʢʘʜʨʽʚ. 

ɺʠʩʥʦʚʢʠ. ɿʘʧʨʦʧʦʥʦʚʘʥʠʡ ʘʣʛʦʨʠʪʤ ʤʦʞʝ ʙʫʪʠ ʟʘʩʪʦʩʦʚʘʥʠʡ ʜʣʷ 

ʚʠʜʽʣʝʥʥʷ ʨʦʟʧʽʟʥʘʚʘʥʥʷ ʜʝʬʝʢʪʽʚ ʥʘʤʦʪʢʠ ʢʦʪʫʰʦʢ ɺʆɻ, ʧʨʠʯʦʤʫ 

ʟʘʩʪʦʩʫʚʘʥʥʷ ʚʝʡʚʣʝʪ-ʬʽʣʴʪʨʘʮʽʾ ʧʨʠ ʚʠʢʦʥʘʥʥʽ ʥʘʤʦʪʢʠ ʟʽ ʰʚʠʜʢʽʩʪʶ 2 

ʚʠʪʢʠ/ʩ ʽ ʙʽʣʴʰʝ ʥʝʜʦʮʽʣʴʥʝ. 
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ʄɯʂʈʆʉʄʋɾʂʆɺɯ 4-ʈɽɿʆʅɸʊʆʈʅɯ  

ʌɯʃʔʊʈʀ ɿ ʇʆʃʖʉɸʄʀ ɿɸɻɸʉɸʅʅʗ 
 

ʋ ʩʪʘʪʪʽ ʥʘʚʦʜʷʪʴʩʷ ʨʝʟʫʣʴʪʘʪʠ ʤʦʜʝʣʶʚʘʥʥʷ ʯʦʪʠʨʴʦʭʨʝʟʦʥʘʪʦʨʥʠʭ ʬʽʣʴʪʨʽʚ 

ʤʝʪʦʜʘʤʠ ʝʣʝʢʪʨʦʜʠʥʘʤʽʢʠ ʪʘ ʪʝʦʨʽʾ ʢʽʣ. 

The article presents the results of modeling four-resonator filters using the electrodynamics 

method and bridge circuits. 

 

Resonators can be implemented using a variety of technologies, including 

microstrip lines, which are popular due to their planar structure and ease of 

integration with printed circuit boards [1]. These filters can also be reproduced on 

focused elements. 

The filter pictured below was modeled by CST Studio Suite. Dielectric 

permeability Ů=2.8, substrate thickness ï 2 mm, strip thickness ï 5.3 mm,  

tanŭï 0.001. 

     

 
(ʘ)                                                                              (b) 

 

Fig. 1. (a) Topology of the CST Studio Suite  

four-resonator filter. (b) AWR equivalent circuit. 

 

In fig. 2 (a) the gain of S21 where Fano resonance has formed, exhibiting 

anomalously high attenuation of about -45dB and -30dB at the peaks and a narrow 
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resonant characteristic around f = 0.82 GHz. 

Metamaterials are usually diagrams of equivalent chain models. Figure 1 (b) 

shows the equivalent circuit modeled in the AWR Microwave Office software. In 

this case, a series RLC circuit is connected to the two arms of the transformer [2]. 

The simulation helped to build a microstrip filter not only with microstrips, but 

also with a bridge filter circuit. Figure 2 shows the result of the scheme. Bandwidth 

from 780 to 860 MHz. Attenuation is up to -40dB at peaks. The poles are formed 

because there are two paths of energy propagation that "intervene" in the region of 

zero transmission and create a "quasi-trapped" mode or "trapped" mode [3]. 

 

 
 

Fig. 2. Characteristic of the four-resonator filter in CST Studio Suite and AWR. 

 

After studying the obtained results, we can come to the conclusion that the 

reflection coefficient does not change sharply in the regions of the poles. 

Therefore, a sharp decrease in the transmission coefficient can be explained only 

by the fact that trapped modes appear inside the structure in the region of such 

frequencies. The energy of these modes is not radiated outward, but "circulates" 

along the closed path 1-2-3-4-1, as shown in Fig. 3. Such poles can be reached 

with the help of additional connections between resonators, which makes it 

possible to create conditions for the formation and maintenance of these trapped 

modes. 

The introduction of additional connections between resonators not only 

contributes to the formation of trapped modes, but also allows to control their 

properties. 
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Fig. 3. Trajectory of propagation of trapped modes in a four-resonator filter. 

 

By changing the characteristics of these connections, it is possible to change 

the frequency characteristics of the trapped modes, which opens up wide 

opportunities for adjusting the properties of the structure. Thus, the study of the 

interaction between resonators and their influence on the formation of trapped 

modes is key to the development of new devices with improved characteristics [4]. 

Conclusion. Therefore, trapped modes appear in the form of extinction poles 

(interference of even and odd oscillations). A sign of this is the presence of two 

independent energy paths along which interfering oscillations propagate. With 

correctly selected parameters (resonator coupling coefficients, resonance 

frequencies) at a certain frequency, a complete exchange of resonator energies 

occurs in the direction perpendicular to the direction of energy propagation from 

the input to the output. 

All 3 modeling methods gave a similar, even almost identical result, which 

testifies to the variety of variations in the performance of the investigated filters. 
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ADVANTAGES AND DISADVANTAGES OF USING  

THE MICROSERVICE DESIGN PATTERN  
 

The paper discusses the rationale and benefits of microservice architecture, including 

modularity, flexibility, scalability, and error isolation. Advantages such as rapid development, 

easy technology replacement, and speed of innovation are described. The disadvantages, such as 

system complexity, distributedness and testing issues, are highlighted. 

ʋ ʨʦʙʦʪʽ ʨʦʟʛʣʷʥʫʪʦ ʦʙˇʨʫʥʪʫʚʘʥʥʷ ʪʘ ʧʝʨʝʚʘʛʠ ʤʽʢʨʦʩʝʨʚʽʩʥʦʾ ʘʨʭʽʪʝʢʪʫʨʠ, 

ʚʢʣʶʯʘʶʯʠ ʤʦʜʫʣʴʥʽʩʪʴ, ʛʥʫʯʢʽʩʪʴ, ʤʘʩʰʪʘʙʦʚʘʥʽʩʪʴ ʪʘ ʽʟʦʣʷʮʽʶ ʧʦʤʠʣʦʢ. ʆʧʠʩʘʥʦ 

ʧʝʨʝʚʘʛʠ, ʪʘʢʽ ʷʢ ʰʚʠʜʢʘ ʨʦʟʨʦʙʢʘ, ʣʝʛʢʘ ʟʘʤʽʥʘ ʪʝʭʥʦʣʦʛʽʡ ʪʘ ʰʚʠʜʢʽʩʪʴ ʽʥʥʦʚʘʮʽʡ. 

ɺʠʩʚʽʪʣʝʥʽ ʥʝʜʦʣʽʢʠ, ʷʢ ʩʢʣʘʜʥʽʩʪʴ ʩʠʩʪʝʤʠ, ʧʨʦʙʣʝʤʠ ʨʦʟʧʦʜʽʣʝʥʦʩʪʽ ʪʘ ʪʝʩʪʫʚʘʥʥʷ. 

 

ʆʙʛʨʫʥʪʫʚʘʥʥʷ ʚʠʙʦʨʫ ʤʽʢʨʦʩʝʨʚʽʩʥʦʾ ʘʨʭʽʪʝʢʪʫʨʠ. ʄʦʜʫʣʴʥʽʩʪʴ ʽ 

ʨʦʟʜʽʣʝʥʥʷ ʬʫʥʢʮʽʦʥʘʣʴʥʦʩʪʽ: ʄʽʢʨʦʩʝʨʚʽʩʥʘ ʘʨʭʽʪʝʢʪʫʨʘ ʜʦʟʚʦʣʷʻ ʨʦʟʜʽʣʠʪʠ 

ʚʝʣʠʢʽ ʧʨʦʛʨʘʤʠ ʥʘ ʥʝʚʝʣʠʢʽ, ʥʝʟʘʣʝʞʥʽ ʩʝʨʚʽʩʠ. ʎʝ ʧʦʣʝʛʰʫʻ ʨʦʟʨʦʙʢʫ, 

ʪʝʩʪʫʚʘʥʥʷ ʽ ʧʽʜʪʨʠʤʢʫ ʩʠʩʪʝʤʠ, ʦʩʢʽʣʴʢʠ ʢʦʞʝʥ ʩʝʨʚʽʩ ʤʦʞʝ ʙʫʪʠ 

ʨʦʟʨʦʙʣʝʥʠʡ, ʪʝʩʪʦʚʘʥʠʡ ʽ ʦʥʦʚʣʶʚʘʥʠʡ ʦʢʨʝʤʦ. 

ɻʥʫʯʢʽʩʪʴ ʽ ʤʘʩʰʪʘʙʦʚʘʥʽʩʪʴ: ʄʽʢʨʦʩʝʨʚʽʩʥʘ ʘʨʭʽʪʝʢʪʫʨʘ ʜʦʟʚʦʣʷʻ 

ʛʥʫʯʢʦ ʤʘʩʰʪʘʙʫʚʘʪʠ ʦʢʨʝʤʽ ʩʝʨʚʽʩʠ ʟʘʣʝʞʥʦ ʚʽʜ ʾʭʥʴʦʾ ʥʘʚʘʥʪʘʞʝʥʦʩʪʽ ʪʘ 

ʚʠʤʦʛ. ʎʝ ʜʦʟʚʦʣʷʻ ʦʧʪʠʤʽʟʫʚʘʪʠ ʚʠʢʦʨʠʩʪʘʥʥʷ ʦʙʯʠʩʣʶʚʘʣʴʥʠʭ ʨʝʩʫʨʩʽʚ ʪʘ 

ʟʘʙʝʟʧʝʯʫʻ ʙʽʣʴʰʫ ʝʬʝʢʪʠʚʥʽʩʪʴ ʩʠʩʪʝʤʠ. 

ɯʟʦʣʷʮʽʷ ʧʦʤʠʣʦʢ: ʋ ʤʽʢʨʦʩʝʨʚʽʩʥʽʡ ʘʨʭʽʪʝʢʪʫʨʽ ʧʦʤʠʣʢʠ ʫ ʦʜʥʦʤʫ 

ʩʝʨʚʽʩʽ ʥʝ ʚʧʣʠʚʘʶʪʴ ʥʘ ʨʝʰʪʫ ʩʠʩʪʝʤʠ, ʦʩʢʽʣʴʢʠ ʢʦʞʝʥ ʩʝʨʚʽʩ ʧʨʘʮʶʻ 

ʥʝʟʘʣʝʞʥʦ. ʎʝ ʧʽʜʚʠʱʫʻ ʥʘʜʽʡʥʽʩʪʴ ʪʘ ʩʪʽʡʢʽʩʪʴ ʩʠʩʪʝʤʠ ʜʦ ʟʙʦʾʚ. 

ʇʨʠʩʢʦʨʝʥʘ ʨʦʟʨʦʙʢʘ ʪʘ ʨʦʟʛʦʨʪʘʥʥʷ: ʈʦʟʨʦʙʢʘ ʦʢʨʝʤʠʭ ʤʽʢʨʦʩʝʨʚʽʩʽʚ 

ʤʦʞʝ ʧʨʦʚʦʜʠʪʠʩʷ ʧʘʨʘʣʝʣʴʥʦ ʨʽʟʥʠʤʠ ʢʦʤʘʥʜʘʤʠ, ʱʦ ʩʧʨʠʷʻ ʰʚʠʜʢʽʡ 

ʨʦʟʨʦʙʮʽ ʪʘ ʚʧʨʦʚʘʜʞʝʥʥʶ ʥʦʚʦʛʦ ʬʫʥʢʮʽʦʥʘʣʫ. 

ʃʝʛʢʘ ʟʘʤʽʥʘ ʪʝʭʥʦʣʦʛʽʡ: ɺʠʙʽʨ ʤʽʢʨʦʩʝʨʚʽʩʥʦʾ ʘʨʭʽʪʝʢʪʫʨʠ ʨʦʙʠʪʴ 

ʩʠʩʪʝʤʫ ʤʝʥʰ ʟʘʣʝʞʥʦʶ ʚʽʜ ʢʦʥʢʨʝʪʥʠʭ ʪʝʭʥʦʣʦʛʽʡ. ʂʦʞʝʥ ʩʝʨʚʽʩ ʤʦʞʝ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʪʝʭʥʦʣʦʛʽʾ, ʱʦ ʥʘʡʢʨʘʱʝ ʧʽʜʭʦʜʷʪʴ ʜʣʷ ʡʦʛʦ ʟʘʚʜʘʥʴ. 

ʇʽʜʪʨʠʤʢʘ ʨʦʟʧʦʜʽʣʝʥʦʛʦ ʨʦʟʛʦʨʪʘʥʥʷ: ʄʽʢʨʦʩʝʨʚʽʩʠ ʜʦʙʨʝ ʧʽʜʭʦʜʷʪʴ 

ʜʣʷ ʨʦʟʧʦʜʽʣʝʥʦʛʦ ʨʦʟʛʦʨʪʘʥʥʷ ʥʘ ʨʽʟʥʠʭ ʩʝʨʚʝʨʘʭ ʘʙʦ ʭʤʘʨʥʠʭ. 
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ʈʠ

ʩʫʥʦʢ 1. Microservice architecture. 

ʅʘ ʈʠʩ.1 ʧʦʢʘʟʘʥʠʘ 

ʪʠʧʦʚʘ ʤʽʢʨʦʩʝʨʚʽʩʥʘ 

ʘʨʭʽʪʝʢʪʫʨʘ ʟ ʦʢʨʤʝʥʠʤ 

ʚʠʜʽʣʝʥʥʷʤ ɹɼ ʜʣʷ ʢʦʞʥʦʛʦ 

ʩʝʨʚʽʩʫ [1]. ɺ ʜʘʥʽʡ 

ʘʨʭʽʪʝʢʪʫʨʽ ʚʠʢʦʨʠʩʪʘʥʠʡ 

ʧʘʪʪʝʨʥ API-gateway, ʷʢʠʡ 

ʨʦʟʧʦʜʽʣʷʻ ʚʩʽ ʟʘʧʠʪʠ ʜʦ 

ʚʽʜʧʦʚʽʜʥʦʛʦ ʩʝʨʚʽʩʫ.  

ʇʨʠ ʮʴʦʤʫ, ʷʚʥʦ ʚʠʜʽʣʷʻʪʴʩʷ ʥʝʜʦʣʽʢ ʪʘʢʦʛʦ ʧʽʜʭʦʜʫ ʚ ʪʦʤʫ, ʱʦ ʻ ʦʜʥʘ ʪʦʯʢʠ 

ʚʠʦʜʫ ʽʟ ʩʪʨʦʶ, ʘ ʪʘʢʦʞ ʮʝʥʪʨʘʣʽʟʦʚʘʥʠʡ ʧʽʜʭʽʜ ʜʦ ʢʝʨʫʚʘʥʥʷ.  

ʆʢʨʤʽ ʪʦʛʦ, API-gateway ʚʠʦʥʫʻ ʜʦʜʘʪʢʦʚʽ ʬʫʥʢʮʽʾ: ʣʦʛʫʚʘʥʥʷ, 

ʪʨʘʩʫʚʘʥʥʷ, ʘʫʪʝʥʪʠʬʽʢʘʮʽʶ. ɼʘʥʽ ʜʦʜʘʪʢʦʚʽ ʬʫʥʢʮʽʾ ʧʽʜʚʠʱʫʶʪʴ ʛʥʫʯʢʽʩʪʴ 

ʪʘʢʦʾ ʩʠʩʪʝʤʠ. 
ʇʝʨʝʚʘʛʠ ʪʘ ʥʝʜʦʣʽʢʠ ʤʽʢʨʦʩʝʨʚʽʩʥʦʾ ʘʨʭʽʪʝʢʪʫʨʠ. ʄʽʢʨʦʩʝʨʚʽʩʥʘ 

ʘʨʭʽʪʝʢʪʫʨʘ ʚʠʟʥʘʯʘʻʪʴʩʷ ʩʫʢʫʧʥʽʩʪʶ ʚʣʘʩʪʠʚʦʩʪʝʡ, ʷʢʽ ʩʧʨʠʷʶʪʴ 
ʝʬʝʢʪʠʚʥʦʤʫ ʤʘʩʰʪʘʙʫʚʘʥʥʶ ʟʘʩʪʦʩʫʥʢʽʚ ʷʢ ʫ ʛʦʨʠʟʦʥʪʘʣʴʥʦʤʫ, ʪʘʢ ʽ ʫ 
ʚʝʨʪʠʢʘʣʴʥʦʤʫ ʥʘʧʨʷʤʢʘʭ. ʂʨʽʤ ʪʦʛʦ, ʮʽ ʚʣʘʩʪʠʚʦʩʪʽ ʩʧʨʠʷʶʪʴ ʩʪʚʦʨʝʥʥʶ 
ʥʘʜʽʡʥʠʭ ʪʘ ʚʽʜʤʦʚʦʩʪʽʡʢʠʭ ʟʘʩʪʦʩʫʥʢʽʚ [2]. 

ʄʘʩʰʪʘʙʦʚʘʥʽʩʪʴ: ʆʜʥʽʻʶ ʟ ʢʣʶʯʦʚʠʭ ʧʝʨʝʚʘʛ ʤʽʢʨʦʩʝʨʚʽʩʥʦʾ 
ʘʨʭʽʪʝʢʪʫʨʠ ʻ ʾʾ ʟʜʘʪʥʽʩʪʴ ʝʬʝʢʪʠʚʥʦ ʤʘʩʰʪʘʙʫʚʘʪʠʩʷ ʷʢ ʛʦʨʠʟʦʥʪʘʣʴʥʦ, ʪʘʢ ʽ 
ʚʝʨʪʠʢʘʣʴʥʦ. ʎʝ ʨʦʙʠʪʴ ʧʨʦʮʝʩ ʨʦʟʨʦʙʢʠ ʪʘ ʨʦʟʛʦʨʪʘʥʥʷ ʝʢʦʥʦʤʽʯʥʦ ʙʽʣʴʰ 
ʚʠʛʽʜʥʠʤ ʽ ʤʝʥʰ ʯʘʩʦʟʘʪʨʘʪʥʠʤ, ʦʩʦʙʣʠʚʦ ʫ ʧʦʨʽʚʥʷʥʥʽ ʟ ʤʦʥʦʣʽʪʥʠʤʠ 
ʘʨʭʽʪʝʢʪʫʨʘʤʠ. ʋ ʤʦʥʦʣʽʪʥʠʭ ʩʠʩʪʝʤʘʭ ʟʘʟʚʠʯʘʡ ʻʜʠʥʠʤ ʤʝʪʦʜʦʤ 
ʤʘʩʰʪʘʙʫʚʘʥʥʷ ʻ ʢʦʧʽʶʚʘʥʥʷ ʚʩʽʻʾ ʧʨʦʛʨʘʤʠ, ʥʘʚʽʪʴ ʷʢʱʦ ʧʦʪʨʽʙʥʦ ʟʙʽʣʴʰʠʪʠ 
ʦʙʩʷʛ ʣʠʰʝ ʧʝʚʥʠʭ ʤʦʜʫʣʽʚ [3]. ʎʝ ʩʪʘʻ ʦʩʦʙʣʠʚʦ ʘʢʪʫʘʣʴʥʠʤ, ʢʦʣʠ 
ʟʙʽʣʴʰʫʻʪʴʩʷ ʢʽʣʴʢʽʩʪʴ ʢʦʨʠʩʪʫʚʘʯʽʚ ʟʘʩʪʦʩʫʥʢʫ. 

ɺʽʜʤʦʚʦʩʪʽʡʢʽʩʪʴ: ʋ ʤʽʢʨʦʩʝʨʚʽʩʥʠʭ ʟʘʩʪʦʩʫʥʢʘʭ, ʟʘʚʜʷʢʠ ʾʭʥʽʡ ʥʠʟʴʢʽʡ 
ʟʚ'ʷʟʥʦʩʪʽ, ʚʠʷʚʣʷʻʪʴʩʷ ʧʨʠʨʦʜʥʘ ʚʣʘʩʪʠʚʽʩʪʴ ʚʽʜʤʦʚʦʩʪʽʡʢʦʩʪʽ. ʎʝ ʦʟʥʘʯʘʻ, 
ʱʦ ʫ ʚʠʧʘʜʢʫ, ʷʢʱʦ ʧʝʚʥʠʡ ʤʦʜʫʣʴ ʩʠʩʪʝʤʠ ʧʨʠʧʠʥʷʻ ʩʚʦʶ ʨʦʙʦʪʫ, ʡʦʛʦ 
ʤʦʞʥʘ ʣʝʛʢʦ ʚʠʤʢʥʫʪʠ, ʟʘʤʽʥʠʪʠ ʘʙʦ ʚʽʜʣʘʛʦʜʠʪʠ, ʥʝ ʧʨʠʟʚʦʜʷʯʠ ʜʦ ʟʫʧʠʥʢʠ 
ʨʦʙʦʪʠ ʚʩʽʻʾ ʩʠʩʪʝʤʠ ʚ ʮʽʣʦʤʫ. 

ʊʝʭʥʦʣʦʛʽʯʥʽʩʪʴ: ʂʦʞʝʥ ʽʥʜʠʚʽʜʫʘʣʴʥʠʡ ʤʽʢʨʦʩʝʨʚʽʩ ʫ ʩʠʩʪʝʤʽ ʤʦʞʝ 
ʤʘʪʠ ʩʚʽʡ ʚʣʘʩʥʠʡ ʪʝʭʥʦʣʦʛʽʯʥʠʡ ʩʪʝʢ. ʂʨʽʤ ʪʦʛʦ, ʮʝʡ ʩʪʝʢ ʤʦʞʥʘ ʣʝʛʢʦ 
ʦʥʦʚʣʶʚʘʪʠ. ʅʝʤʦʞʣʠʚʦ ʚʨʘʭʦʚʫʚʘʪʠ ʚʩʽ ʘʩʧʝʢʪʠ ʚʽʜ ʢʦʞʥʦʛʦ ʤʽʢʨʦʩʝʨʚʽʩʫ, 
ʤʦʞʣʠʚʦʩʪʽ ʚʩʝ ʱʝ ʟʥʘʯʥʦ ʰʠʨʰʽ ʧʦʨʽʚʥʷʥʦ ʟ ʤʦʥʦʣʽʪʥʠʤ ʟʘʩʪʦʩʫʥʢʦʤ. 

ʇʨʦʩʪʦʪʘ ʫ ʨʦʟʫʤʽʥʥʽ ʦʢʨʝʤʦʛʦ ʤʽʢʨʦʩʝʨʚʽʩʫ: ʂʦʞʝʥ ʦʢʨʝʤʠʡ 
ʤʽʢʨʦʩʝʨʚʽʩ ʻ ʤʝʥʰʠʤ ʟʘ ʨʦʟʤʽʨʦʤ, ʥʽʞ ʧʦʚʥʦʮʽʥʥʠʡ ʤʦʥʦʣʽʪʥʠʡ ʟʘʩʪʦʩʫʥʦʢ. 
ʆʜʥʦʯʘʩʥʦ ʢʦʜ ʚ ʤʝʞʘʭ ʤʽʢʨʦʩʝʨʚʽʩʫ ʤʘʻ ʚʠʩʦʢʠʡ ʨʽʚʝʥʴ ʧʦʚôʷʟʘʥʦʩʪʽ, ʽ ʪʘʢ, 
ʦʩʢʽʣʴʢʠ ʩʠʩʪʝʤʘ ʤʘʻ ʥʠʟʴʢʫ ʟʚ'ʷʟʥʽʩʪʴ, ʢʦʜʦʚʘ ʙʘʟʘ ʻ ʥʘʙʘʛʘʪʦ ʧʨʦʩʪʽʰʦʶ. 

ʅʝʟʚʘʞʘʶʯʠ ʥʘ ʚʝʣʠʢʫ ʢʽʣʴʢʽʩʪʴ ʩʠʣʴʥʠʭ ʩʪʦʨʽʥ, ʤʽʢʨʦʩʝʨʚʽʩʥʽ 
ʟʘʩʪʦʩʫʥʢʠ ʪʘʢʦʞ ʤʘʶʪʴ ʩʚʦʾ ʩʣʘʙʢʽ ʩʪʦʨʦʥʠ [4]. ɼʝʷʢʽ ʟ ʮʠʭ ʥʝʜʦʣʽʢʽʚ ʥʝ ʻ 
ʧʨʦʙʣʝʤʦʶ ʚ ʤʦʥʦʣʽʪʥʠʭ ʟʘʩʪʦʩʫʥʢʘʭ, ʱʦ ʧʽʜʢʨʝʩʣʶʻ ʚʘʞʣʠʚʽʩʪʴ 
ʧʨʘʚʠʣʴʥʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʪʘ ʨʝʘʣʽʟʘʮʽʾ ʜʣʷ ʢʦʞʥʦʾ: 

- ʉʢʣʘʜʥʽʩʪʴ ʩʠʩʪʝʤʠ ʚ ʮʽʣʦʤʫ: ʂʦʞʝʥ ʦʢʨʝʤʠʡ ʤʽʢʨʦʩʝʨʚʽʩ ʤʦʞʝ ʙʫʪʠ 
ʜʦʩʠʪʴ ʟʨʦʟʫʤʽʣʠʤ, ʧʨʦʪʝ ʧʨʠ ʨʦʟʛʣʷʜʘʥʥʽ ʩʠʩʪʝʤʠ ʚ ʮʽʣʦʤʫ ʚʩʷ 
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ʤʽʢʨʦʩʝʨʚʽʩʥʘ ʘʨʭʽʪʝʢʪʫʨʘ ʩʪʘʻ ʜʦʩʠʪʴ ʩʢʣʘʜʥʦʶ ʪʘ ʟʥʘʯʥʦʶ ʚʘʞʯʦʶ ʜʣʷ 
ʨʦʟʫʤʽʥʥʷ, ʥʽʞ ʤʦʥʦʣʽʪʥʘ. 

- ʈʦʟʧʦʜʽʣʝʥʽʩʪʴ: ʄʽʢʨʦʩʝʨʚʽʩʥʘ ʘʨʭʽʪʝʢʪʫʨʘ ʧʦʙʫʜʦʚʘʥʘ ʥʘ ʽʜʝʾ 
ʥʝʟʘʣʝʞʥʦʩʪʽ ʤʽʢʨʦʩʝʨʚʽʩʽʚ. ʆʩʥʦʚʥʦʶ ʩʢʣʘʜʥʽʩʪʶ ʻ ʩʘʤʝ ʚʟʘʻʤʦʜʽʷ ʮʠʭ 
ʤʽʢʨʦʩʝʨʚʽʩʽʚ ʪʘ ʚʠʢʦʨʠʩʪʘʥʥʷ ʜʦʩʠʪʴ ʩʢʣʘʜʥʠʭ ʧʨʦʪʦʢʦʣʽʚ ʩʧʽʣʢʫʚʘʥʥʷ. 

- ɺʽʜʣʘʛʦʜʞʝʥʥʷ: ɿ ʫʨʘʭʫʚʘʥʥʷʤ ʚʠʱʝʟʛʘʜʘʥʠʭ ʧʨʦʙʣʝʤ ʤʦʞʥʘ ʜʦʜʘʪʠ, 
ʱʦ ʚʽʜʣʘʛʦʜʞʝʥʥʷ ʩʠʩʪʝʤʠ ʚ ʮʽʣʦʤʫ ʻ ʩʢʣʘʜʥʽʰʦʶ ʟʘʜʘʯʝʶ. 

ɺʠʩʥʦʚʦʢ. ʄʽʢʨʦʩʝʨʚʽʩʥʘ ʘʨʭʽʪʝʢʪʫʨʘ ʻ ʧʦʪʫʞʥʠʤ ʽʥʩʪʨʫʤʝʥʪʦʤ ʜʣʷ 
ʨʦʟʨʦʙʢʠ ʩʫʯʘʩʥʠʭ ʧʨʦʛʨʘʤʥʠʭ ʩʠʩʪʝʤ. ʆʙʛʨʫʥʪʦʚʘʥʦ ʚʠʙʽʨ ʮʽʻʾ ʘʨʭʽʪʝʢʪʫʨʠ 
ʟ ʪʦʯʢʠ ʟʦʨʫ ʤʦʜʫʣʴʥʦʩʪʽ, ʛʥʫʯʢʦʩʪʽ, ʤʘʩʰʪʘʙʦʚʘʥʦʩʪʽ, ʽʟʦʣʷʮʽʾ ʧʦʤʠʣʦʢ, 
ʰʚʠʜʢʦʩʪʽ ʨʦʟʨʦʙʢʠ ʪʘ ʨʦʟʛʦʨʪʘʥʥʷ, ʣʝʛʢʦʾ ʟʘʤʽʥʠ ʪʝʭʥʦʣʦʛʽʡ, ʰʚʠʜʢʦʩʪʽ 
ʽʥʥʦʚʘʮʽʡ ʪʘ ʧʽʜʪʨʠʤʢʠ ʨʦʟʧʦʜʽʣʝʥʦʛʦ ʨʦʟʛʦʨʪʘʥʥʷ [5]. ɺʦʥʘ ʩʧʨʠʷʻ 
ʧʽʜʚʠʱʝʥʥʶ ʝʬʝʢʪʠʚʥʦʩʪʽ, ʥʘʜʽʡʥʦʩʪʽ ʽ ʩʪʽʡʢʦʩʪʽ ʧʨʦʛʨʘʤʥʠʭ ʩʠʩʪʝʤ, ʘ ʪʘʢʦʞ 
ʧʦʣʝʛʰʫʻ ʾʭʥʻ ʨʦʟʚʠʪʦʢ ʽ ʩʫʧʨʦʚʽʜ. ʇʨʦʪʝ, ʨʘʟʦʤ ʟ ʯʠʩʣʝʥʥʠʤʠ ʧʝʨʝʚʘʛʘʤʠ, 
ʤʽʢʨʦʩʝʨʚʽʩʥʘ ʘʨʭʽʪʝʢʪʫʨʘ ʤʘʻ ʽ ʩʚʦʾ ʥʝʜʦʣʽʢʠ. ʉʢʣʘʜʥʽʩʪʴ ʩʠʩʪʝʤʠ, ʧʨʦʙʣʝʤʠ 
ʨʦʟʧʦʜʽʣʝʥʦʩʪʽ, ʩʢʣʘʜʥʦʱʽ ʫ ʪʝʩʪʫʚʘʥʥʽ ʪʘ ʚʽʜʣʘʛʦʜʞʝʥʥʽ ʤʦʞʫʪʴ ʩʪʘʪʠ 
ʩʝʨʡʦʟʥʠʤʠ ʚʠʢʣʠʢʘʤʠ ʜʣʷ ʨʦʟʨʦʙʥʠʢʽʚ. ʆʜʥʘʢ ʧʨʘʚʠʣʴʥʝ ʧʣʘʥʫʚʘʥʥʷ, 
ʧʨʦʝʢʪʫʚʘʥʥʷ ʽ ʚʧʨʦʚʘʜʞʝʥʥʷ ʤʦʞʫʪʴ ʜʦʧʦʤʦʛʪʠ ʧʦʜʦʣʘʪʠ ʮʽ ʧʨʦʙʣʝʤʠ ʽ 
ʤʘʢʩʠʤʽʟʫʚʘʪʠ ʧʝʨʝʚʘʛʠ . 
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DIRECTIONS FOR IMPROVING THE QUALITY OF SERVICE  

IN THE MEDICAL FIELD USING DOCKER AND KUBERNETES  

 

Today, the world is experiencing a great leap in the amount of data on the Internet. This 

did not escape the medical field either. The main reason for this was the digitization of medical 

data. Because of this, the healthcare industry faces several challenges, such as management and 

storing large amounts of data, including electronic health records and laboratory test results, 

handling large and variable workloads, and processing and storing sensitive data. Docker and 

Kubernetes can help solve these problems. 

 

ʉʴʦʛʦʜʥʽ ʩʚʽʪ ʧʝʨʝʞʠʚʘʻ ʚʝʣʠʢʠʡ ʩʪʨʠʙʦʢ ʫ ʟʙʽʣʴʰʝʥʽ ʦʙʩʷʛʫ ʜʘʥʠʭ ʚ 

ʽʥʪʝʨʥʝʪʽ. ʎʝ ʥʝ ʦʙʽʡʰʣʦ  ̔ ʤʝʜʠʯʥʫ ʛʘʣʫʟʴ. ɿ ʤʝʪʦʶ ʧʽʜʚʠʱʝʥʥʷ ʷʢʦʩʪʽ 

ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʧʘʮʽʻʥʪʽʚ ʚ ʤʝʜʠʯʥʽʡ ʩʬʝʨʽ, ʧʨʦʚʦʜʠʪʴʩʷ ʘʚʪʦʤʘʪʠʟʘʮʽʷ  ̔

ʮʠʬʨʦʚʽʟʘʮʽʷ ʦʙʨʦʙʢʠ ʤʝʜʠʯʥʠʭ ʜʘʥʠʭ (ʨʠʩ.1). ʏʝʨʝʟ ʮʝ ʛʘʣʫʟʴ ʦʭʦʨʦʥʠ 

ʟʜʦʨʦʚô̫ ʩʪʠʢʘʻʪʴʩʷ ʟ ʢʽʣʴʢʦʤʘ ʧʨʦʙʣʝʤʘʤʠ, ʪʘʢʠʭ ʷʢ ʢʝʨʫʚʘʥʥʷ ʪʘ ʟʙʝʨʽʛʘʥʥʷ 

ʚʝʣʠʢʠʭ ʦʙʩʷʛʽʚ ʜʘʥʠʭ ʧʘʮʽʻʥʪʽʚ, ʚʢʣʶʯʘʶʯʠ ʝʣʝʢʪʨʦʥʥʽ ʤʝʜʠʯʥʽ ʟʘʧʠʩʠ ʪʘ 

ʨʝʟʫʣʴʪʘʪʠ ʣʘʙʦʨʘʪʦʨʥʠʭ ʜʦʩʣʽʜʞʝʥʴ, ʨʦʙʦʪʘ ʟ ʚʝʣʠʢʠʤʠ ʪʘ ʟʤʽʥʥʠʤʠ 

ʥʘʚʘʥʪʘʞʝʥʥʷʤʠ, ʦʙʨʦʙʢʠ ʪʘ ʟʙʝʨʽʛʘʥʥʷ ʢʦʥʬʽʜʝʥʮʽʡʥʠʭ ʜʘʥʠʭ ʧʘʮʽʻʥʪʽʚ. 

ɺʠʨʽʰʠʪʠ ʮʽ ʧʨʦʙʣʝʤʠ ʤʦʞʝ ʜʦʧʦʤʦʛʪʠ Docker ʪʘ Kubernetes [1, 2]. 
 

 
 

ʈʠʩ.1. ʇʨʠʢʣʘʜ ʚʧʨʦʚʘʜʞʝʥʥʷ  

ʮʠʬʨʦʚʽʟʘʮʽʾ ʚ ʛʘʣʫʟʽ ʦʭʦʨʦʥʠ ʟʜʦʨʦʚôʷ. 

ʇʨʠʧʫʩʪʠʤʦ, ʱʦ ʚʠ ʨʦʟʨʦʙʠʣʠ 

ʚʝʣʠʢʫ ʧʨʦʛʨʘʤʫ, ʜʣʷ ʨʦʙʦʪʠ ʷʢʦʾ 

ʥʝʦʙʭʽʜʥʽ ʜʝʢʽʣʴʢʘ ʟʘʣʝʞʥʦʩʪʝʡ, ʽ 

ʟʘʧʫʩʪʠʣʠ ʾʾ ʥʘ Linux. ʊʝʧʝʨ ʥʘʤ 

ʥʝʦʙʭʽʜʥʦ ʷʢʦʩʴ ʩʢʦʧʽʶʚʘʪʠ ʚʩʝ ʪʝ, 

ʱʦ ʧʦʪʨʽʙʥʦ ʜʣʷ ʦʜʥʘʢʦʚʦʾ ʨʦʙʦʪʠ 

ʧʨʦʛʨʘʤʠ ʙʫʜʴ ʜʝ. ʇʝʨʰʝ ʱʦ ʤʦʞʝ 

ʧʨʠʡʪʠ ʚ ʛʦʣʦʚʫ ʮʝ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʚʽʨʪʫʘʣʴʥʠʭ ʤʘʰʠʥ. ɼʣʷ ʥʝʾ ʤʠ 

ʤʦʞʝʤʦ ʫʩʪʘʥʦʚʠʪʠ ʧʦʪʨʽʙʥʫ 

ʦʧʝʨʘʮʽʡʥʫ ʩʠʩʪʝʤʫ, ʟʘʣʝʞʥʦʩʪʽ, 

ʟʘʧʫʩʪʠʪʠ ʥʘʰʫ ʧʨʦʛʨʘʤʫ ʽ ʚʩʝ ʙʫʜʝ ʧʨʘʮʶʚʘʪʠ.ɸʣʝ ʚ ʩʫʯʘʩʥʠʭ ʨʝʘʣʽʷʭ, 

ʜʝ ʚʩʽ ʣʶʙʣʷʪʴ ʨʦʟʧʠʣʶʚʘʪʠ ʦʜʥʫ ʚʝʣʠʢʫ ʧʨʦʛʨʘʤʫ ʥʘ ʜʝʢʽʣʴʢʘ ʤʘʣʝʥʴʢʠʭ ʽ 
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ʥʘʟʠʚʘʪʠ ʮʝ ʤʽʢʨʦ ʩʝʨʚʽʩʥʦʶ ʘʨʭʽʪʝʢʪʫʨʦʶ, ʪʘʢʠʡ ʧʽʜʭʽʜ ʙʫʜʝ ʥʝ ʜʫʞʝ 

ʦʧʪʠʤʘʣʴʥʠʡ [3, 4]. ʆʩʢʽʣʴʢʠ ʢʦʞʥʘ ʚʽʨʪʫʘʣʴʥʘ ʤʘʰʠʥʘ ʟʘʧʫʩʢʘʻ ʨʽʟʥʽ ʆʉ, ʮʝ 

ʚʩʝ ʙʫʜʝ ʧʨʘʮʶʚʘʪʠ ʥʝ ʜʫʞʝ ʰʚʠʜʢʦ. ɼʦ ʮʴʦʛʦ ʚʩʴʦʛʦ ʽʥʦʜʽ ʥʘʤ ʪʨʝʙʘ 

ʟʘʧʫʩʢʘʪʠ ʜʝʢʽʣʴʢʘ ʢʦʧʽʡ ʦʜʥʦʛʦ ʽ ʪʦʛʦ ʞ ʩʝʨʚʽʩʫ, ʪʦʤʫ ʥʘʚʘʥʪʘʞʝʥʥʷ ʙʫʜʝ 

ʪʽʣʴʢʠ ʨʦʩʪʠ. ɺʩʽ ʮʽ ʧʨʦʙʣʝʤʠ ʤʦʞʥʘ ʚʠʨʽʰʠʪʠ, ʚʠʢʦʨʠʩʪʘʚʰʠ ʪʝʭʥʦʣʦʛʽʶ 

ʢʦʥʪʝʡʥʝʨʠʟʘʮʽʾ [5, 6]. 

ʂʦʥʪʝʡʥʝʨʠʟʘʮʽʷ ʜʦʟʚʦʣʷʻ ʦʙôʻʜʥʘʪʠ ʧʨʦʛʨʘʤʥʝ ʟʘʙʝʟʧʝʯʝʥʥʷ ʨʘʟʦʤ ʽʟ 

ʫʩʽʤʘ ʡʦʛʦ ʟʘʣʝʞʥʦʩʪʷʤʠ ʚ ʦʢʨʝʤʠʡ ʢʦʥʪʝʡʥʝʨ, ʱʦʙ ʡʦʛʦ ʤʦʞʥʘ ʙʫʣʦ 

ʟʘʧʫʩʢʘʪʠ ʙʝʟ ʧʨʦʙʣʝʤʥʦʛʦ ʧʨʦʮʝʩʫ ʥʘʣʘʰʪʫʚʘʥʥʷ ʥʘ ʙʫʜʴ ʷʢʦʤʫ ʢʦʤʧôʶʪʝʨʽ 

ʜʝ ʻ ʚʩʪʘʥʦʚʣʝʥʠʡ Docker. 

ʈʦʙʦʪʘ Docker ʩʭʦʞʘ ʥʘ ʨʦʙʦʪʫ ʚʽʨʪʫʘʣʴʥʦʾ ʤʘʰʠʥʠ ʘʣʝ ʻ ʦʜʥʘ ʢʣʶʯʦʚʘ 

ʨʽʟʥʠʮʷ. ɿ Docker ʤʠ ʧʦʟʙʫʚʘʻʤʦʩʷ ʛʽʧʝʨʚʽʟʦʨʘ, ʘ ʟʘʤʽʩʪʴ ʪʦʛʦ ʱʦʙ 

ʚʽʨʪʫʘʣʽʟʫʚʘʪʠ ñʞʝʣʽʟʦò ʢʦʤʧôʶʪʝʨʘ, ʤʠ ʚʽʨʪʫʘʣʽʟʫʻʤʦ ʣʠʰʝ ʦʧʝʨʘʮʽʡʥʫ 

ʩʠʩʪʝʤʫ, ʟʥʘʯʠʪʴ ʥʘʤ ʥʝʤʘʻ ʥʝʦʙʭʽʜʥʦʩʪʽ ʚ ʦʢʨʝʤʠʭ ʛʦʩʪʴʦʚʠʭ ʆʉ, ʪʦʤʫ ʱʦ 

ʢʦʥʪʝʡʥʝʨʠ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʷʜʨʦ ʪʦʛʦ ʆʉ ʩʝʨʚʝʨʘ, ʜʝ ʤʠ ʧʨʘʮʶʻʤʦ ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʜʦʜʘʪʢʫ Docker Engine.  ʊʦʤʫ ʤʠ ʚʠʪʨʘʯʘʻʤʦ ʤʝʥʰʝ ʨʝʩʫʨʩʽʚ ʧʨʠ 

ʨʦʙʦʪʽ ʟ ʣʝʛʢʦʚʘʞʥʠʤʠ ʢʦʥʪʝʡʥʝʨʘʤʠ. ʇʨʠ ʮʴʦʤʫ ʜʦʜʘʪʢʠ ʟʘʣʠʰʘʶʪʴʩʷ ʚʩʝ 

ʪʘʢ ʞʝ ʽʟʦʣʴʦʚʘʥʽ  ʚʽʜ ʩʠʩʪʝʤʠ ʽ ʽʥʰʠʭ ʜʦʜʘʪʢʽʚ. 

ʊʝʧʝʨ ʤʦʞʝ ʚʠʥʠʢʥʫʪʠ ʧʠʪʘʥʥʷ ʧʨʦ ʪʝ, ʷʢ ʟʘʧʫʩʢʘʪʠ ʜʝʢʽʣʴʢʘ 

ʢʦʥʪʝʡʥʝʨʽʚ ʦʜʥʦʯʘʩʥʦ. ɺ ʨʝʘʣʴʥʦʤʫ ʜʦʜʘʪʢʫ ʤʽʢʨʦ ʩʝʨʚʽʩʽʚ ʤʦʞʝ ʙʫʜʠ ʢʽʣʴʢʘ 

ʜʝʩʷʪʢʽʚ ʽ ʚʩʽʤʘ ʥʠʤʠ ʥʝʦʙʭʽʜʥʦ ʷʢʦʩʴ ʢʝʨʫʚʘʪʠ, ʦʙʥʦʚʣʷʪʠ, ʚʠʜʽʣʷʪʠ ʨʝʩʫʨʩʠ, 

ʙʘʣʘʥʩʫʚʘʪʠ ʥʘʚʘʥʪʘʞʝʥʥʷ. ʊʫʪ ʥʘʤ ʥʘ ʜʦʧʦʤʦʛʫ ʧʨʠʭʦʜʠʪʴ Kubernetes. 

Kubernetes - ʮʝ ʧʣʘʪʬʦʨʤʘ ʟ ʚʽʜʢʨʠʪʠʤ ʢʦʜʦʤ ʜʣʷ ʘʚʪʦʤʘʪʠʟʘʮʽʾ 

ʨʦʟʛʦʨʪʘʥʥʷ, ʤʘʩʰʪʘʙʫʚʘʥʥʷ ʪʘ ʢʝʨʫʚʘʥʥʷ ʢʦʥʪʝʡʥʝʨʥʠʤʠ ʧʨʦʛʨʘʤʘʤʠ. ɺʽʥ 

ʟʘʙʝʟʧʝʯʫʻ ʽʥʬʨʘʩʪʨʫʢʪʫʨʫ, ʦʨʽʻʥʪʦʚʘʥʫ ʥʘ ʢʦʥʪʝʡʥʝʨʠ, ʱʦ ʜʦʟʚʦʣʷʻ 

ʨʦʟʨʦʙʥʠʢʘʤ ʣʝʛʢʦ ʡ ʝʬʝʢʪʠʚʥʦ ʨʦʟʛʦʨʪʘʪʠ, ʤʘʩʰʪʘʙʫʚʘʪʠ ʪʘ ʢʝʨʫʚʘʪʠ 

ʩʚʦʾʤʠ ʧʨʦʛʨʘʤʘʤʠ ʚ ʨʽʟʥʠʭ ʩʝʨʝʜʦʚʠʱʘʭ. Kubernetes ʤʘʻ ʢʽʣʴʢʘ ʢʣʶʯʦʚʠʭ 

ʬʫʥʢʮʽʡ, ʷʢʽ ʨʦʙʣʷʪʴ ʡʦʛʦ ʧʦʪʫʞʥʦʶ ʧʣʘʪʬʦʨʤʦʶ ʜʣʷ ʢʝʨʫʚʘʥʥʷ 

ʢʦʥʪʝʡʥʝʨʥʠʤʠ ʧʨʦʛʨʘʤʘʤʠ, ʟʦʢʨʝʤʘ:  
 

 
ʈʠʩ.2. ʇʦʨʽʚʥʷʥʥʷ ʚʠʢʦʨʠʩʪʘʥʥʷ ʚʽʨʪʫʘʣʽʟʦʚʘʥʦʛʦ ʪʘ 

ʢʦʥʪʝʡʥʝʨʥʦʛʦ ʨʦʟʛʦʨʪʘʥʥʷ ʧʨʦʛʨʘʤ. 

ʄʘʩʰʪʘʙʫʚʘʥʥ

ʷ ʢʽʣʴʢʦʩʪʽ ʨʝʧʣʽʢ 

ʧʝʚʥʦʾ ʧʨʦʛʨʘʤʠ ʥʘ 

ʦʩʥʦʚʽ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʎʇ 

ʘʙʦ ʧʘʤôʷʪʽ (ʨʠʩ.2). 

ʇʝʨʝʟʘʧʫʩʢ 

ʥʝʩʧʨʘʚʥʠʭ 

ʢʦʥʪʝʡʥʝʨʽʚ. 

ʈʦʟʧʦʜʽʣʝʥʥʷ 

ʚʭʽʜʥʦʛʦ  
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ʤʝʨʝʞʝʚʦʛʦ ʪʨʘʬʽʢʫ ʤʽʞ ʢʽʣʴʢʦʤʘ ʨʝʧʣʽʢʘʤʠ. Kubernetes ʪʘ Docker ʤʦʞʫʪʴ 

ʜʦʧʦʤʦʛʪʠ ʦʨʛʘʥʽʟʘʮʽʷʤ ʦʭʦʨʦʥʠ ʟʜʦʨʦʚôʷ ʢʽʣʴʢʦʤʘ ʩʧʦʩʦʙʘʤʠ. ʆʜʥʠʤ ʽʟ 

ʢʣʶʯʦʚʠʭ ʩʧʦʩʦʙʽʚ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʢʦʥʪʝʡʥʝʨʽʚ Docker ʚ ʦʭʦʨʦʥʽ ʟʜʦʨʦʚôʷ ʻ 

ʨʦʟʛʦʨʪʘʥʥʷ ʩʠʩʪʝʤ ʝʣʝʢʪʨʦʥʥʠʭ ʤʝʜʠʯʥʠʭ ʟʘʧʠʩʽʚ (EHR). EHR ʥʝʦʙʭʽʜʥʽ ʜʣʷ 

ʩʫʯʘʩʥʦʾ ʩʠʩʪʝʤʠ ʦʭʦʨʦʥʠ ʟʜʦʨʦʚôʷ, ʘʣʝ ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ ʣʠʰʝ ʪʨʘʜʠʮʽʡʥʽ 

ʚʽʨʪʫʘʣʴʥʽ ʤʘʰʠʥʠ, ʾʭ ʤʦʞʝ ʙʫʪʠ ʚʘʞʢʦ ʨʦʟʛʦʨʥʫʪʠ ʪʘ ʧʽʜʪʨʠʤʫʚʘʪʠ, 

ʦʩʢʽʣʴʢʠ ʫʧʨʘʚʣʽʥʥʷ ʨʝʩʫʨʩʘʤʠ, ʪʘʢʠʤʠ ʷʢ CPU, ʧʘʤ'ʷʪʴ ʪʘ ʤʝʨʝʞʘ, 

ʚʠʢʦʥʫʻʪʴʩʷ ʚʨʫʯʥʫ ʘʜʤʽʥʽʩʪʨʘʪʦʨʘʤʠ, ʱʦ ʤʦʞʝ ʧʨʠʟʚʝʩʪʠ ʜʦ 

ʥʝʦʧʪʠʤʘʣʴʥʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʨʝʩʫʨʩʽʚ ʪʘ ʩʢʣʘʜʥʦʱʽʚ ʫ ʤʘʩʰʪʘʙʫʚʘʥʥʽ.  

ʗʢʱʦ ʨʘʧʪʦʚʦ ʟʙʽʣʴʰʠʪʴʩʷ ʦʙʩʷʛ ʜʘʥʠʭ, Kubernetes ʤʦʞʝ ʘʚʪʦʤʘʪʠʯʥʦ 

ʨʦʟʛʦʨʥʫʪʠ ʜʦʜʘʪʢʦʚʽ ʝʢʟʝʤʧʣʷʨʠ ʧʨʦʛʨʘʤʠ ʜʣʷ ʦʙʨʦʙʢʠ ʥʘʚʘʥʪʘʞʝʥʥʷ. 

ʅʘʧʨʠʢʣʘʜ, ʢʦʣʠ ʚ ʣʽʢʘʨʥʷʭ ʯʘʩ ʧʽʢ, Kubernetes ʤʦʞʝ ʧʽʜʥʷʪʠ ʜʝʢʽʣʴʢʘ 

ʝʢʟʝʤʧʣʷʨʽʚ ʩʝʨʚʽʩʫ ñʙʘʟʦʚʠʭ ʬʫʥʢʮʽʡò, ʥʝ ʯʽʧʘʶʯʠ ʽʥʰʽ ʩʝʨʚʽʩʠ. ɸ ʧʽʩʣʷ 

ʧʽʢʦʚʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ, ʚʽʥ ʚʽʜʢʣʶʯʠʪʴ ʾʭ ʜʣʷ ʝʢʦʥʦʤʽʾ ʨʝʩʫʨʩʽʚ. ʗʢʱʦ ʦʜʠʥ 

ʽʟ ʩʝʨʚʽʩʽʚ ʧʝʨʝʩʪʘʥʝ ʧʨʘʮʶʚʘʪʠ, Kubernetes ʟʤʦʞʝ ʰʚʠʜʢʦ ʧʝʨʝʟʘʧʫʩʪʠʪʠ 

ʡʦʛʦ. 

Kubernetes ʥʘʜʘʻ ʤʦʞʣʠʚʽʩʪʴ ʥʘʣʘʰʪʫʚʘʪʠ ʧʦʣʽʪʠʢʠ ʙʝʟʧʝʢʠ ʜʣʷ 

ʢʦʥʪʝʡʥʝʨʽʚ, ʪʘʢʽ ʷʢ ʦʙʤʝʞʝʥʥʷ ʜʦʩʪʫʧʫ ʜʦ ʨʝʩʫʨʩʽʚ, ʤʝʨʝʞʝʚʘ ʽʟʦʣʷʮʽʷ ʪʘ 

ʢʦʥʪʨʦʣʴ ʥʘ ʨʽʚʥʽ ʜʦʩʪʫʧʫ. ʊʘʢʦʞ Kubernetes ʤʦʞʝ ʽʥʪʝʛʨʫʚʘʪʠʩʷ ʟ ʨʽʟʥʠʤʠ 

ʽʥʩʪʨʫʤʝʥʪʘʤʠ ʰʠʬʨʫʚʘʥʥʷ, ʷʢʽ ʟʘʙʝʟʧʝʯʫʶʪʴ ʟʘʭʠʩʪ ʢʦʥʬʽʜʝʥʮʽʡʥʦʩʪʽ 

ʜʘʥʠʭ. ʅʘʧʨʠʢʣʘʜ, ʤʦʞʥʘ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ Kubernetes Secrets ʜʣʷ ʟʙʝʨʽʛʘʥʥʷ 

ʪʘ ʢʝʨʫʚʘʥʥʷ ʢʦʥʬʽʜʝʥʮʽʡʥʠʤʠ ʜʘʥʠʤʠ, ʷʢʽ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʚ ʢʦʥʪʝʡʥʝʨʘʭ. 

Secrets ʜʦʟʚʦʣʷʶʪʴ ʦʙʨʦʙʣʷʪʠ ʯʫʪʣʠʚʽ ʜʘʥʽ ʚ ʤʝʞʘʭ ʬʘʡʣʫ docker ʘʙʦ ʢʦʜʫ 

ʜʦʜʘʪʢʘ [2].  

Kubernetes ʤʦʞʥʘ ʽʥʪʝʛʨʫʚʘʪʠ ʟ ʽʥʰʠʤʠ ʪʝʭʥʦʣʦʛʽʷʤʠ, ʪʘʢʠʤʠ ʷʢ ʤʘʰʠʥʥʝ 

ʥʘʚʯʘʥʥʷ ʪʘ ɯʥʪʝʨʥʝʪ ʨʝʯʝʡ, ʱʦ ʜʦʟʚʦʣʠʪʴ ʦʨʛʘʥʽʟʘʮʽʷʤ ʦʭʦʨʦʥʠ ʟʜʦʨʦʚôʷ 

ʨʦʟʨʦʙʣʷʪʠ ʥʦʚʽ ʪʘ ʽʥʥʦʚʘʮʽʡʥʽ ʨʽʰʝʥʥʷ ʜʣʷ ʜʦʛʣʷʜʫ ʟʘ ʧʘʮʽʻʥʪʘʤʠ. ʋʷʚʽʤʦ, 

ʱʦ ʚ ʣʽʢʘʨʥʽ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʩʠʩʪʝʤʘ ʤʦʥʽʪʦʨʠʥʛʫ ʟʜʦʨʦʚôʷ ʧʘʮʽʻʥʪʘ ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʩʤʘʨʪ-ʙʨʘʩʣʝʪʽʚ, ʷʢʽ ʚʠʤʽʨʶʶʪʴ ʧʫʣʴʩ, ʢʽʣʴʢʽʩʪʴ ʧʨʦʡʜʝʥʠʭ 

ʢʨʦʢʽʚ ʽ ʾʭ ʨʽʚʝʥʴ ʘʢʪʠʚʥʦʩʪʽ. ʇʽʩʣʷ ʪʦʛʦ, ʷʢ ʙʫʣʠ ʟʽʙʨʘʥʽ ʽ ʚʽʜʧʨʘʚʣʝʥʽ 

ʥʝʦʙʭʽʜʥʽ ʜʘʥʽ, Kubernetes ʧʦʯʠʥʘʻ ʾʭ ʦʙʨʦʙʣʶʚʘʪʠ. ɺʽʥ ʚʽʜʧʦʚʽʜʘʻ ʟʘ ʾʭ 

ʘʥʘʣʽʟ ʪʘ ʽʥʪʝʨʧʨʝʪʘʮʽʶ. ɺʠʢʦʨʠʩʪʘʥʥʷ Kubernetes ʜʦʟʚʦʣʷʻ ʣʝʛʢʦ 

ʤʘʩʰʪʘʙʫʚʘʪʠ ʦʙʨʦʙʢʫ ʜʘʥʠʭ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʾʭ ʦʙʩʷʛʫ ʪʘ ʦʙʨʦʙʣʷʪʠ ʚʝʣʠʢʫ 

ʢʽʣʴʢʽʩʪʴ ʜʘʥʠʭ ʚ ʨʝʘʣʴʥʦʤʫ ʯʘʩʽ. ɼʘʣʽ ʥʘ ʦʩʥʦʚʽ ʘʥʘʣʽʟʫ ʜʘʥʠʭ, ʩʠʩʪʝʤʘ 

ʛʝʥʝʨʫʻ ʟʚʽʪʠ ʧʨʦ ʩʪʘʥ ʟʜʦʨʦʚôʷ ʧʘʮʽʻʥʪʘ ʽ ʥʘʜʩʠʣʘʻ ʜʘʥʽ ʤʝʜʠʯʥʦʤʫ 

ʧʝʨʩʦʥʘʣʫ. 

Docker ʜʦʟʚʦʣʷʻ ʣʝʛʢʦ ʨʦʟʛʦʨʪʘʪʠ ʥʦʚʽ ʚʝʨʩʽʾ ʧʨʦʛʨʘʤʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ, ʘ 

Kubernetes ʟʘʙʝʟʧʝʯʫʻ ʘʚʪʦʤʘʪʠʟʦʚʘʥʝ ʢʝʨʫʚʘʥʥʷ ʦʥʦʚʣʝʥʥʷʤʠ. ʎʝ ʜʦʟʚʦʣʷʻ 

ʰʚʠʜʢʦ ʚʥʝʩʪʠ ʟʤʽʥʠ ʪʘ ʚʠʧʨʘʚʠʪʠ ʧʦʤʠʣʢʠ ʫ ʤʝʜʠʯʥʠʭ ʩʠʩʪʝʤʘʭ. 
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ɼʦʢʝʨ-ʢʦʥʪʝʡʥʝʨʠ ʪʘʢʦʞ ʤʦʞʫʪʴ ʙʫʪʠ ʢʦʨʠʩʥʠʤʠ ʚ ʜʦʩʣʽʜʥʠʮʴʢʽʡ ʯʘʩʪʠʥʽ 

ʦʭʦʨʦʥʠ ʟʜʦʨʦʚôʷ. ɺʦʥʠ ʟʘʙʝʟʧʝʯʫʶʪʴ ʩʧʦʩʽʙ ʩʪʚʦʨʝʥʥʷ ʧʝʨʝʥʦʩʥʠʭ ʽ 

ʚʽʜʪʚʦʨʶʚʘʥʠʭ ʜʦʩʣʽʜʥʠʮʴʢʠʭ ʩʝʨʝʜʦʚʠʱ ʜʣʷ ʘʥʘʣʽʟʫ ʜʘʥʠʭ ʽ ʤʘʰʠʥʥʦʛʦ 

ʥʘʚʯʘʥʥʷ. ʎʝ ʜʦʟʚʦʣʷʻ ʜʦʩʣʽʜʥʠʢʘʤ ʣʝʛʢʦ ʜʽʣʠʪʠʩʷ ʩʚʦʾʤʠ ʜʘʥʠʤʠ ʪʘ 

ʤʝʪʦʜʘʤʠ ʟ ʽʥʰʠʤʠ ʪʘ ʚʽʜʪʚʦʨʶʚʘʪʠ ʦʪʨʠʤʘʥʽ ʨʝʟʫʣʴʪʘʪʠ, ʱʦ ʚʘʞʣʠʚʦ ʜʣʷ 

ʧʝʨʝʚʽʨʢʠ ʪʘ ʨʦʟʚʠʪʢʫ ʧʦʧʝʨʝʜʥʽʭ ʜʦʩʣʽʜʞʝʥʴ. ʇʨʠʧʫʩʪʠʤʦ, ʱʦ ʜʦʩʣʽʜʥʠʢ 

ʟʘʡʤʘʻʪʴʩʷ ʘʥʘʣʽʟʦʤ ʛʝʥʦʤʥʠʭ ʜʘʥʠʭ ʜʣʷ ʚʠʷʚʣʝʥʥʷ ʛʝʥʝʪʠʯʥʠʭ ʤʫʪʘʮʽʡ, ʷʢʽ 

ʤʦʞʫʪʴ ʙʫʪʠ ʧʦʚôʷʟʘʥʽ ʟ ʧʝʚʥʠʤʠ ʟʘʭʚʦʨʶʚʘʥʥʷʤʠ. ʗʢʱʦ ʚʽʥ ʚʠʢʦʨʠʩʪʦʚʫʻ 

Docker, ʪʦ ʚʽʥ ʤʦʞʝ ʩʪʚʦʨʠʪʠ Docker ʦʙʨʘʟ, ʚ ʷʢʦʤʫ ʟʘʧʘʢʦʚʘʥʽ ʥʝʦʙʭʽʜʥʽ 

ʙʽʙʣʽʦʪʝʢʠ ʪʘ ʽʥʩʪʨʫʤʝʥʪʠ ʜʣʷ ʦʙʨʦʙʢʠ ʜʘʥʠʭ. ʎʠʤ ʦʙʨʘʟʦʤ, ʚʽʥ ʤʦʞʝ 

ʜʽʣʠʪʠʩʷ ʟ ʽʥʰʠʤʠ ʥʘʫʢʦʚʮʷʤʠ ʪʘ ʚʽʜʪʚʦʨʶʚʘʪʠ ʘʥʘʣʽʪʠʯʥʝ ʩʝʨʝʜʦʚʠʱʝ ʥʘ 

ʽʥʰʠʭ ʩʠʩʪʝʤʘʭ. ʗʢʱʦ ʦʙʩʷʛʠ ʜʘʥʠʭ ʙʫʜʫʪʴ ʟʨʦʩʪʘʪʠ, ʜʦʩʣʽʜʥʠʢ ʤʦʞʝ 

ʚʠʢʦʨʠʩʪʘʪʠ Kubernetes ʜʣʷ ʘʚʪʦʤʘʪʠʯʥʦʛʦ ʤʘʩʰʪʘʙʫʚʘʥʥʷ ʦʙʯʠʩʣʶʚʘʣʴʥʠʭ 

ʨʝʩʫʨʩʽʚ ʪʘ ʟʘʧʫʩʢʫ ʧʘʨʘʣʝʣʴʥʠʭ ʦʙʯʠʩʣʝʥʴ ʜʣʷ ʰʚʠʜʢʦʾ ʦʙʨʦʙʢʠ ʚʝʣʠʢʠʭ 

ʜʘʥʠʭ. 

ʇʽʜʩʫʤʦʚʫʶʯʠ, ʢʦʥʪʝʡʥʝʨʠ Docker ʪʘ Kubernetesð ʮʝ ʧʦʪʫʞʥʽ 

ʪʝʭʥʦʣʦʛʽʾ, ʷʢʽ ʤʦʞʥʘ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʨʽʟʥʠʤʠ ʩʧʦʩʦʙʘʤʠ ʚ ʛʘʣʫʟʽ ʦʭʦʨʦʥʠ 

ʟʜʦʨʦʚôʷ. ɺʽʜ ʧʨʦʛʨʘʤʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ ʚ ʢʦʥʪʝʡʥʝʨʘʭ ʜʦ ʨʦʟʛʦʨʪʘʥʥʷ 

ʩʠʩʪʝʤ EHR, ʚʽʜ ʚʽʜʪʚʦʨʶʚʘʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʜʦ ʽʟʦʣʷʮʽʾ ʢʦʥʬʽʜʝʥʮʽʡʥʠʭ ʜʘʥʠʭ 

ʧʘʮʽʻʥʪʽʚ, Docker-ʢʦʥʪʝʡʥʝʨʠ ʪʘ Kubernetes ʥʘʜʘʶʪʴ ʥʠʟʢʫ ʧʝʨʝʚʘʛ ʷʢ 

ʧʦʩʪʘʯʘʣʴʥʠʢʘʤ ʤʝʜʠʯʥʠʭ ʧʦʩʣʫʛ, ʜʦʩʣʽʜʥʠʢʘʤ, ʪʘʢ ʽ ʧʘʮʽʻʥʪʘʤ.  
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INDOOR POSITIONING BY SEARCHING FOR  

 THE NEAREST RSSI USING LI -FI TECHNOLOGY  

 

The work analyzes the problems of positioning objects indoors. It is shown that the use of 

radio technologies to solve this type of problem results in a large error. Therefore, it is proposed 

to use technologies based on light waves. A method for solving the problem of positioning 

objects indoors is proposed. An algorithm is considered that allows solving the problem with 

fairly high accuracy. 

 

ɿʘʨʘʟ ʚʽʜʙʫʚʘʻʪʴʩʷ ʯʝʪʚʝʨʪʘ ʽʥʜʫʩʪʨʽʘʣʴʥʘ ʨʝʚʦʣʶʮʽʷ ʽ ʟʙʽʣʴʰʝʥʥʷ ʢʽʣʴʢʦʩʪʽ 

ʽʥʪʝʨʥʝʪ ʨʝʯʝʡ (IoT). ɭ ʧʦʪʨʝʙʘ ʚ ʚʠʟʥʘʯʝʥʥʽ ʾʭ ʤʽʩʮʝʟʥʘʭʦʜʞʝʥʥʷ ʜʣʷ ʚʟʘʻʤʦʜʽʾ ʤʽʞ 

ʧʨʠʩʪʨʦʷʤʠ . ɿʟʦʚʥʽ ʪʘ ʥʘ ʚʝʣʠʢʠʭ ʤʽʩʮʝʚʦʩʪʷʭ ʜʦʙʨʝ ʧʨʘʮʶʻ GPS, ʘʣʝ ʚʩʝʨʝʜʠʥʽ 

ʧʨʠʤʽʱʝʥʴ ʡʦʛʦ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʥʝ ʻ ʜʦʩʪʘʪʥʴʦ ʥʝʦʙʭʽʜʥʠʤ. ʗʢ ʚʘʨʽʘʥʪ ʨʽʰʝʥʥʷ 

ʧʨʦʧʦʥʫʻʪʴʩʷ ʚ ʮʽʡ ʩʪʘʪʪʽ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʧʦʟʠʮʽʦʥʫʚʘʥʥʷ Li-Fi [1, 2]. ɺʽʥ ʤʦʞʝ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠʩʷ ʜʣʷ ʧʨʠʤʽʱʝʥʴ ʨʽʟʥʠʭ ʪʠʧʽʚ ʪʘ ʜʣʷ ʚʠʨʽʰʝʥʥʷ ʨʽʟʥʠʭ ʧʽʜʟʘʜʘʯ ʫ 

ʧʦʟʠʮʽʦʥʫʚʘʥʥʽ ʫ ʣʦʛʽʩʪʠʮʽ ʪʘ ʫʧʨʘʚʣʽʥʥʽ ʟʘʧʘʩʘʤʠ ʥʘ ʩʢʣʘʜʘʭ (ʦʧʪʠʤʽʟʘʮʽʷ 

ʤʘʨʰʨʫʪʽʚ, ʧʦʰʫʢ ʪʦʚʘʨʽʚ), ʥʘʚʽʛʘʮʽʾ ʚʩʝʨʝʜʠʥʽ ʙʫʜʽʚʝʣʴ, ʣʽʢʘʨʥʽ (ʧʦʰʫʢ 

ʤʝʜʠʯʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ, ʢʝʨʫʚʘʥʥʷ ʨʫʭʫ ʣʽʢʘʨʥʷʥʠʭ ʣʽʞʦʢ), ʪʦʱʦ. 

ɼʣʷ ʧʦʟʠʮʽʦʥʫʚʘʥʥʷ ʚ ʧʨʠʤʽʱʝʥʥʷʭ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʨʽʟʥʽ ʪʝʭʥʦʣʦʛʽʾ. ʊʘʢʽ 

ʪʝʭʥʦʣʦʛʽʾ ʷʢ Wi-Fi ʪʘ Bluetooth, ZigBee, RFID ʻ ʧʦʰʠʨʝʥʠʤʠ, ʽ ʥʝ ʧʦʪʨʝʙʫʶʪʴ 

ʜʦʜʘʪʢʦʚʦʛʦ ʦʙʣʘʜʥʘʥʥʷ, ʧʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ ʚʞʝ ʷʢ ʜʣʷ ʧʝʨʝʜʘʚʘʥʥʷ ʜʘʥʠʭ, ʘʣʝ ʻ 

ʜʦʩʠʪʴ ʥʝʪʦʯʥʽ, ʪʘʢʦʞ ʻ ʦʙʤʝʞʝʥʥʷ ʥʘ ʚʠʢʦʨʠʩʪʘʥʥʷ ʚ ʯʫʪʣʠʚʠʭ ʤʽʩʮʷʭ ʜʦ 

ʨʘʜʽʦʧʨʦʤʝʥʽʚ, ʷʢ ʣʽʢʘʨʥʽ, ʪʦʱʦ. ʊʘʢʽ ʪʝʭʥʦʣʦʛʽʾ ʷʢ Ultra Wideband (UWB), ʯʠ ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʫʣʴʪʨʘʟʚʫʢʫ ʤʘʶʪʴ ʙʽʣʴʰʫ ʪʦʯʥʽʩʪʴ, ʘʣʝ ʧʦʪʨʝʙʫʶʪʴ ʜʦʜʘʪʢʦʚʦʛʦ 

ʦʙʣʘʜʥʘʥʥʷ, ʱʦ ʟʙʽʣʴʰʫʻ ʾʭ ʚʘʨʪʽʩʪʴ. ʊʘʢʦʞ UWB ʧʦʪʨʝʙʫʻ ʰʠʨʦʢʦʾ ʨʘʜʽʦʩʤʫʛʠ, ʱʦ 

ʯʘʩʪʦ ʻ ʥʝʜʦʩʷʞʥʠʤ. ɺʥʫʪʨʽʰʥʻ ʧʦʟʠʮʽʦʥʫʚʘʥʥʷ ʥʘ ʙʘʟʽ ʪʝʭʥʦʣʦʛʽʾ Li-Fi ʥʝ 

ʚʠʢʦʨʠʩʪʦʚʫʻ ʨʘʜʽʦʭʚʠʣʽ, ʱʦ ʻ ʧʝʨʝʚʘʛʦʶ ʚ ʯʫʪʣʠʚʠʭ ʜʦ ʨʘʜʽʦʚʠʧʨʦʤʽʥʝʥʥʷ ʤʽʩʮʷʭ. 

ʇʨʠ ʥʘʷʚʥʦʩʪʽ Li-Fi ʥʝ ʧʦʪʨʝʙʫʻ ʜʦʜʘʪʢʦʚʦʛʦ ʦʙʣʘʜʥʘʥʥʷ, ʪʘ ʻ ʪʦʯʥʽʰʠʤʠ ʟʘ 

ʧʦʰʠʨʝʥʥʽ ʪʝʭʥʦʣʦʛʽʾ ʫ ʤʽʢʨʦʭʚʠʣʴʦʚʦʤʫ ʜʽʘʧʘʟʦʥʽ [3]. 

ɺ ʩʚʦʶ ʯʝʨʛʫ, ʫ Li-Fi ʻ ʜʝʷʢʽ ʦʙʤʝʞʝʥʥʷ, ʷʢ ʩʠʣʴʥʠʡ ʚʧʣʠʚ ʟʘʚʘʜ ʚʽʜ ʉʦʥʮʷ ʥʘ 

ʧʨʠʡʥʷʪʫ ʧʦʪʫʞʥʽʩʪʴ, ʟʘʚʘʜʘ ʚʽʜ ʚʽʜʙʠʪʠʭ ʧʨʦʤʝʥʽʚ, ʪʦʱʦ. 

ɭ ʨʽʟʥʽ ʤʝʪʦʜʠ ʚʠʟʥʘʯʝʥʥʷ ʤʽʩʮʝʟʥʘʭʦʜʞʝʥʥʷ. ʗʢ ʪʨʠʣʘʪʝʨʘʮʽʷ, ʪʨʠʘʥʛʫʣʷʮʽʷ, 

ʪʨʠʘʥʛʫʣʘʪʝʨʘʮʽʷ, ʥʘ ʦʩʥʦʚʽ ʧʦʪʫʞʥʦʩʪʽ ʚʽʜ ʢʦʨʠʩʪʫʚʘʯʘ (RSSI, Received signal 

strength indicator). ɼʣʷ ʪʨʠʘʥʛʫʣʷʮʽʾ ʧʦʪʨʽʙʥʦ ʟʥʘʪʠ ʢʫʪʠ, ʘ ʜʣʷ ʪʨʠʣʘʪʝʨʘʮʽʾ ï 

ʚʽʜʩʪʘʥʽ. ʊʨʠʘʥʛʫʣʘʪʝʨʘʮʽʾ ʻ ʢʦʤʙʽʥʘʮʽʻʶ ʪʨʠʣʘʪʝʨʘʮʽʷ ʪʘ ʪʨʠʘʥʛʫʣʷʮʽʷ, ʪʦʤʫ 

ʧʦʪʨʽʙʥʦ ʚʠʟʥʘʯʘʪʠ ʽ ʢʫʪʠ, ʽ ʚʽʜʩʪʘʥʽ. ʆʩʢʽʣʴʢʠ ʥʘʡʧʨʦʩʪʽʰʝ ʚʠʨʘʭʫʚʘʪʠ ʪʘ ʚʠʤʽʨʷʪʠ 

ʧʦʪʫʞʥʽʩʪʴ, ʪʦʤʫ ʚʠʢʦʨʠʩʪʘʥʦ ʤʝʪʦʜ ʥʘ ʙʘʟʽ RSSI. ʄʦʜʝʣʴ ʪʘʢʦʾ ʩʠʩʪʝʤʠ, ʷʢʘ 

ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʜʣʷ ʨʦʟʨʘʭʫʥʢʫ, ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩ.1. 

mailto:a_i_romanov@ukr.net
mailto:glibmiklaiv@gmail.com


 86 

ɭ ʨʽʟʥʽ ʩʧʦʩʦʙʠ ʧʽʜʨʘʭʫʥʢʫ ʤʽʩʮʝʟʥʘʭʦʜʞʝʥʥʷ ʢʦʨʠʩʪʫʚʘʯʘ ʟʘʣʝʞʥʦ ʚʽʜ 

ʽʥʬʦʨʤʘʮʽʾ ʧʨʦ ʩʪʘʥ ʢʘʥʘʣʫ [4, 5]. ʇʝʨʝʚʘʛʦʶ ʜʘʥʦʛʦ ʤʝʪʦʜʫ ʻ ʥʝ ʧʦʪʨʝʙʘ ʚ 

ʟʙʝʨʝʞʝʥʽ ʽʥʬʦʨʤʘʮʽʾ ʽ ʪʦʯʥʽʩʪʴ ʧʦʧʝʨʝʜʥʴʦ ʥʝ ʟʘʜʘʻʪʴʩʷ. ʅʝʜʦʣʽʢʦʤ ʻ ʩʢʣʘʜʥʽʩʪʴ 

ʦʙʨʘʭʫʥʢʫ. ɽʤʧʽʨʠʯʥʠʡ ʦʙʨʘʭʫʥʦʢ ʧʦʪʨʝʙʫʻ ʧʦʧʝʨʝʜʥʴʦʛʦ ʚʠʤʽʨʶʚʘʥʥʷ ʧʦʪʫʞʥʦʩʪʽ 

ʚ ʢʽʤʥʘʪʽ, ʘʣʝ ʥʝ ʧʦʪʨʽʙʝʥ ʤʘʪʝʤʘʪʠʯʥʠʡ ʘʧʘʨʘʪ. ʎʝʡ ʤʝʪʦʜ ʦʩʥʦʚʘʥʠʡ ʥʘ ʧʦʰʫʢʫ 

ʥʘʡʙʣʠʞʯʠʭ ʧʦʧʝʨʝʜʥʴʦ ʦʙʨʘʭʦʚʘʥʠʭ ʟʥʘʯʝʥʴ (1). ɼʣʷ ʦʙʨʘʭʫʥʢʫ ʧʦʪʨʽʙʥʘ ʪʘʢʽ ʜʘʥʽ, 

ʷʢ ʧʦʢʘʟʥʠʢ ʣʘʤʙʝʨʪʘ (m), ʢʦʝʬʽʮʽʻʥʪʠ ʧʽʜʩʠʣʝʥʥʷ (T ʜʣʷ ʬʽʣʴʪʨʘ ʪʘ g(ɗ) ʜʣʷ 

ʦʧʪʠʯʥʦʛʦ ʢʦʥʮʝʥʪʨʘʪʦʨʘ), A ï ʧʣʦʱʘ ʧʨʠʡʤʘʯʘ, ű ï ʢʫʪ ʧʝʨʝʜʘʚʘʯʘ, ɗ ʢʫʪ 

ʧʨʠʡʤʘʯʘ.   

  (1) 

ɸʣʛʦʨʠʪʤ ʚʠʟʥʘʯʝʥʥʷ ʤʽʩʮʷ ʟʥʘʭʦʜʞʝʥʥʷ ʢʦʨʠʩʪʫʚʘʯʘ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʜʚʦʭ 

ʯʘʩʪʠʥ: ʧʝʨʝʜʨʦʟʨʘʭʫʥʦʢ ʜʣʷ ʟʘʜʘʥʦʾ ʤʦʜʝʣʽ ʧʨʠʤʽʱʝʥʥʷ ʙʝʟ ʢʦʨʠʩʪʫʚʘʯʽʚ ʪʘ 

ʢʽʥʮʝʚʠʡ ʨʦʟʨʘʭʫʥʦʢ ʟʘʜʣʷ ʢʦʥʢʨʝʪʥʦʾ ʧʦʪʫʞʥʦʩʪʽ ʩʠʛʥʘʣʽʚ ʢʦʨʠʩʪʫʚʘʯʘ. 

 
 

ʈʠʩ.1 

ɿʘʛʘʣʴʥʠʡ ʘʣʛʦʨʠʪʤ ʚʠʢʦʥʘʥʥʷ ʧʝʨʝʜʨʦʟʨʘʭʫʥʦʢʫ ʥʘʩʪʫʧʥʠʡ: 

1. ɺʚʽʜ ʧʦʯʘʪʢʦʚʠʭ ʧʘʨʘʤʝʪʨʽʚ ʩʠʩʪʝʤʠ, ʪʘʢʠʭ ʷʢ ʤʽʩʮʝʨʦʟʪʘʰʫʚʘʥʥʷ ʣʘʤʧ, ʾʭ 

ʧʦʪʫʞʥʽʩʪʴ, ʪʦʱʦ. 

2. ʂʽʤʥʘʪʘ ʬʨʘʛʤʝʥʪʫʻʪʴʩʷ ʥʘ ʢʚʘʜʨʘʪʠ ʟʘʜʘʥʦʾ ʨʦʟʤʽʨʥʦʩʪʽ. ɺʚʘʞʘʻʤʦ, ʱʦ ʥʘ 

ʢʨʘʶ ʢʚʘʜʨʘʪʽʚ ʧʦʪʫʞʥʽʩʪʴ ʨʽʚʥʘ ʧʦʪʫʞʥʦʩʪʽ ʾʾ ʮʝʥʪʨʫ.   

3. ʈʦʟʨʘʭʫʥʦʢ ʧʦʪʫʞʥʦʩʪʽ ʚ ʮʝʥʪʨʽ ʢʦʞʥʦʛʦ ʢʚʘʜʨʘʪʫ ʜʣʷ ʢʦʞʥʦʾ ʣʘʤʧʠ 

ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ (1). 

4. ɿʙʝʨʝʞʝʥʥʷ ʨʝʟʫʣʴʪʘʪʽʚ ʦʙʨʘʭʫʥʢʫ. ʅʘʧʨʠʢʣʘʜ ʚ ʤʘʪʨʠʮʽ ʽʟ ʦʯʽʢʫʚʘʥʠʤʠ 

ʟʥʘʯʝʥʥʷʤʠ ʧʦʪʫʞʥʦʩʪʽ ʥʘ ʧʽʜʣʦʟʽ ʚʽʜ ʢʦʨʠʩʪʫʚʘʯʘ (Mpow). ʄʘʪʨʠʮʷ ʧʦʚʠʥʥʘ ʙʫʪʠ  

ʪʨʴʦʭ ʤʽʨʥʦʾ: XĬYĬL, ʜʝ X ʪʘ Y ʨʦʟʪʘʰʫʚʘʥʥʷ ʦʙʨʘʭʦʚʫʚʘʥʦʾ ʪʦʯʢʠ ʟʘ 

ʢʦʦʨʜʠʥʘʪʘʤʠ x ʪʘ y ʚʽʜʧʦʚʽʜʥʦ, ʘ L ʥʦʤʝʨ ʣʘʤʧʠ. ɿʥʘʯʝʥʥʷ ʮʽʻʾ ʤʘʪʨʠʮʽ ʨʽʚʥʽ 

ʧʦʪʫʞʥʦʩʪʽ ʫ ʚʽʜʧʦʚʽʜʥʽʡ ʪʦʯʮʽ ʧʽʜʣʦʛʠ ʚʽʜ ʚʽʜʧʦʚʽʜʥʦʾ ʣʘʤʧʠ. 

ɼʘʣʽ ʧʝʨʝʭʦʜʠʤʦ ʜʦ ʨʦʟʨʘʭʫʥʢʫ ʤʽʩʮʝʟʥʘʭʦʜʞʝʥʥʷ ʢʦʨʠʩʪʫʚʘʯʘ ʫ ʜʠʥʘʤʽʮʽ 

ʡʦʛʦ ʧʝʨʝʤʽʱʝʥʥʷ. ɸʣʛʦʨʠʪʤ ʨʽʰʝʥʥʷ ʦʩʥʦʚʥʦʾ ʯʘʩʪʠʥʠ ʟʘʜʘʯʽ ʥʘʩʪʫʧʥʠʡ: 
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1. ʂʦʨʠʩʪʫʚʘʯ ʥʘʜʩʠʣʘʻ ʟʘʧʠʪ ʥʘ ʚʠʟʥʘʯʝʥʥʷ ʩʚʦʛʦ ʤʽʩʮʝʟʥʘʭʦʜʞʝʥʥʷ ʚ ʢʽʤʥʘʪʽ 

ʪʘ ʧʦʪʫʞʥʽʩʪʴ ʧʨʠʡʥʷʪʦʛʦ ʩʠʛʥʘʣʫ ʚʽʜ ʢʦʞʥʦʾ ʣʘʤʧʠ Prec, ʤʘʩʠʚ 1Ĭn, ʜʝ n ʢʽʣʴʢʽʩʪʴ 

ʣʘʤʧ. 

2. ʂʦʥʪʨʦʣʝʨ ʦʙʨʦʙʣʷʻ ʽʥʬʦʨʤʘʮʽʶ ʥʘʜʽʩʣʘʥʫ ʢʦʨʠʩʪʫʚʘʯʝʤ (Prec) ʟ 

ʫʨʘʭʫʚʘʥʥʷʤ ʧʝʨʝʜʦʙʨʘʭʦʚʘʥʠʭ ʜʘʥʠʭ (Mpow). ʈʝʟʫʣʴʪʘʪʦʤ ʻ ʢʦʦʨʜʠʥʘʪʠ 

ʤʽʩʮʝʧʦʣʦʞʝʥʥʷ ʢʦʨʠʩʪʫʚʘʯʘ. ɼʣʷ ʮʴʦʛʦ: 

. ʉʧʦʯʘʪʢʫ ʟʥʘʭʦʜʠʪʴ ʘʙʩʦʣʶʪʥʫ ʨʽʟʥʠʮʶ ʤʽʞ ʤʘʪʨʠʮʝʶ ʨʦʟʧʦʜʽʣʫ 

ʧʦʪʫʞʥʦʩʪʝʡ ʧʦ ʧʽʜʣʦʟʽ ʪʘ ʧʦʪʫʞʥʽʩʪʶ ʚʽʜ ʢʦʨʠʩʪʫʚʘʯʘ (Mpow-Prec, ʚʽʜʥʽʤʘʥʥʷ 

ʟʜʽʡʩʥʶʻʪʴʩʷ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʢʦʞʥʦʾ ʣʘʤʧʠ, ʘʣʝ ʟʘ ʢʦʞʥʦʶ ʢʦʦʨʜʠʥʘʪʦʶ). ɺ 

ʨʝʟʫʣʴʪʘʪʽ ʦʪʨʠʤʫʻʤʦ ʪʨʴʦʭʤʽʨʥʫ ʤʘʪʨʠʮʶ ʨʽʟʥʠʮʴ Mdiff3d, ʷʢʘ ʤʘʻ ʪʫ ʩʘʤʫ 

ʨʦʟʤʽʨʥʽʩʪʴ ʷʢ ʽ Mpow. ɸʣʝ ʾʾ ʟʥʘʯʝʥʥʷ ʨʽʚʥʽ ʘʙʩʦʣʶʪʥʽʡ ʨʽʟʥʠʮʽ ʤʽʞ 

ʧʝʨʝʜʦʙʨʘʭʦʚʘʥʠʤ ʟʥʘʯʝʥʥʷʤ ʽ ʟʥʘʯʝʥʥʷʤ ʦʪʨʠʤʘʥʠʤ ʢʦʨʠʩʪʫʚʘʯʝʤ. 

. ɼʣʷ ʟʥʘʭʦʜʞʝʥʥʷ ʢʦʦʨʜʠʥʘʪ ʟʥʘʭʦʜʠʤʦ ʩʝʨʝʜʥʴʦʢʚʘʜʨʘʪʠʯʥʝ ʚʽʜʭʠʣʝʥʥʷ ʚ 

ʮʝʥʪʨʽ ʢʦʞʥʦʛʦ ʢʚʘʜʨʘʪʫ ʧʽʜʣʦʛʠ ʢʽʤʥʘʪʠ ʟʘʛʘʣʦʤ ʧʦ ʚʩʽʤ ʣʘʤʧʘʭ. ɼʣʷ ʮʴʦʛʦ ʟ 

ʤʘʪʨʠʮʽ Mdiff3d, ʨʘʭʫʻʤʦ ʩʝʨʝʜʥʴʦʢʚʘʜʨʘʪʠʯʥʝ ʟʥʘʯʝʥʥʷ ʟʘ ʢʦʦʨʜʠʥʘʪʦʶ L, ʜʣʷ 

ʢʦʞʥʦʾ ʢʦʦʨʜʠʥʘʪʠ X ʪʘ Y. ɺ ʨʝʟʫʣʴʪʘʪʽ ʦʪʨʠʤʫʻʤʦ ʤʘʪʨʠʮʶ Mdiff2d ʟ ʨʦʟʤʽʨʥʽʩʪʶ 

XĬY. ɿʥʘʯʝʥʥʷ ʚ ʢʦʞʥʽʡ ʢʣʽʪʠʥʮʽ ʤʘʪʨʠʮʽ ʻ ʚʽʜʭʠʣʝʥʥʷ ʧʦʪʫʞʥʦʩʪʽ ʢʦʨʠʩʪʫʚʘʯʘ ʚʽʜ 

ʧʨʠʡʤʘʯʘ. 

 . ʏʠʤ ʤʝʥʰʝ ʟʥʘʯʝʥʥʷ ʚʽʜʭʠʣʝʥʥʷ, ʪʠʤ ʙʣʠʞʯʝ ʧʦʢʘʟʥʠʢʠ ʚʠʤʽʨʽʚ 

ʧʦʪʫʞʥʦʩʪʽ ʢʦʨʠʩʪʫʚʘʯʘ ʜʦ ʧʝʨʝʜʦʙʨʘʭʦʚʘʥʦʛʦ ʟʥʘʯʝʥʥʷ ʟʘ ʜʘʥʦʶ ʢʦʦʨʜʠʥʘʪʦʶ. 

ʂʚʘʜʨʘʪ ʥʘ ʧʽʜʣʦʟʽ, ʱʦ ʚʽʜʧʦʚʽʜʘʻ ʢʣʽʪʠʥʮʽ ʤʘʪʨʠʮʽ Mdiff2d ʟ ʥʘʡʤʝʥʰʠʤ ʟʥʘʯʝʥʥʷʤ 

ʻ ʥʘʡʙʽʣʴʰ ʚʽʨʦʛʽʜʥʠʤ ʨʦʟʪʘʰʫʚʘʥʥʷʤ ʢʦʨʠʩʪʫʚʘʯʘ. ɿʥʘʭʦʜʠʤʦ ʮʶ ʢʦʦʨʜʠʥʘʪʫ. 

3. ʈʝʟʫʣʴʪʘʪ ʥʘʜʩʠʣʘʻ ʥʘʟʘʜ ʢʦʨʠʩʪʫʚʘʯʫ ʘʙʦ ʦʙʨʦʙʣʷʻʪʴʩʷ ʩʠʩʪʝʤʦʶ. 

ʊʘʢʠʤ ʯʠʥʦʤ, ʟʘʧʨʦʧʦʥʦʚʘʥʘ ʪʝʭʥʦʣʦʛʽʷ ʧʦʟʠʮʽʦʥʫʚʘʥʥʷ ʦʙôʻʢʪʽʚ ʚ ʩʝʨʝʜʠʥʽ 

ʧʨʠʤʽʱʝʥʴ. ʈʦʟʛʣʷʥʫʪʦ ʘʣʛʦʨʠʪʤʠ, ʷʢʽ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʫ ʚʥʫʪʨʽʰʥʴʦʤʫ 

ʧʦʟʠʮʽʦʥʫʚʘʥʥʽ, ʾʭ ʧʝʨʝʚʘʛʠ ʪʘ ʦʙʤʝʞʝʥʥʷ. ʈʦʟʛʣʷʥʫʪʽ ʤʝʪʦʜʠ ʪʘ ʩʧʦʩʦʙʠ ʦʙʨʘʭʫʥʢʫ 

ʜʣʷ ʪʝʭʥʦʣʦʛʽʾ Li-Fi, ʧʝʨʝʚʘʛʠ ʪʘ ʦʙʤʝʞʝʥʥʷ. ʇʨʦʚʝʜʝʥʦ ʜʝʪʘʣʴʥʠʡ ʦʧʠʩ ʘʣʛʦʨʠʪʤʫ 

ʥʘ ʙʘʟʽ RSSI, ʷʢʠʡ ʩʢʣʘʜʘʻʪʴʩʷ ʥʘ ʦʩʥʦʚʽ ʧʦʰʫʢʫ ʥʘʡʙʣʠʞʯʦʛʦ ʟʥʘʯʝʥʥʷ ʟʘ 

ʧʝʨʝʜʦʙʨʘʭʫʥʢʦʤ. ʇʨʦʚʝʜʝʥʦ ʟʘʛʘʣʴʥʠʡ ʦʧʠʩ ʨʝʘʣʽʟʘʮʽʾ ʘʣʛʦʨʠʪʤʫ. 
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ʋ ʩʫʯʘʩʥʠʭ ʪʝʣʝʢʦʤʫʥʽʢʘʮʽʡʥʠʭ ʤʝʨʝʞʘʭ ʪʝʭʥʦʣʦʛʽʷ ʪʨʘʥʢʠʥʛʫ ʧʨʦʪʦʢʦʣʫ ʽʥʽʮʽʘʮʽʾ 

ʩʝʘʥʩʫ ʯʝʨʝʟ ʭʤʘʨʥʽ ʢʦʥʪʨʦʣʝʨʠ ʩʪʘʣʘ ʥʝʦʙʭʽʜʥʦʶ ʜʣʷ ʧʦʩʣʫʛ ʛʦʣʦʩʦʚʦʛʦ ʪʘ ʚʽʜʝʦʟʚ'ʷʟʢʫ 

ʯʝʨʝʟ ʤʝʨʝʞʽ ɯʥʪʝʨʥʝʪ-ʧʨʦʪʦʢʦʣʫ. ʅʝʟʚʘʞʘʶʯʠ ʥʘ ʮʝ, ʽʩʥʫʶʪʴ ʧʨʦʙʣʝʤʠ ʟ ʧʨʦʜʫʢʪʠʚʥʽʩʪʶ 

ʪʘ ʦʧʪʠʤʽʟʘʮʽʻʶ ʮʠʭ ʢʦʥʪʨʦʣʝʨʽʚ, ʦʩʦʙʣʠʚʦ ʚ ʫʤʦʚʘʭ ʟʨʦʩʪʘʶʯʠʭ ʦʙʩʷʛʽʚ ʜʘʥʠʭ ʪʘ 

ʢʦʨʠʩʪʫʚʘʯʽʚ. ɸʥʘʣʽʟ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ ʭʤʘʨʥʠʭ ʢʦʥʪʨʦʣʝʨʽʚ ʜʦʟʚʦʣʠʚ ʟʨʦʙʠʪʠ ʚʘʞʣʠʚʽ 

ʘʥʘʣʽʪʠʯʥʽ ʚʠʩʥʦʚʢʠ, ʘ ʨʦʟʨʦʙʣʝʥʽ ʩʪʨʘʪʝʛʽʾ ʦʧʪʠʤʽʟʘʮʽʾ ʥʘʜʘʣʠ ʧʨʘʢʪʠʯʥʽ ʨʝʢʦʤʝʥʜʘʮʽʾ 

ʱʦʜʦ ʧʦʢʨʘʱʝʥʥʷ ʥʘʜʘʥʥʷ ʧʦʩʣʫʛ ʭʤʘʨʥʦʛʦ ʪʨʘʥʢʽʥʛʫ.  

 

ENHANCING SIP TRUNKING SERVICE  

DELIVERY THROUGH CLOUD SBCS  

 

In today's telecommunications networks, session initiation protocol trunking technology 

through cloud controllers has become necessary for voice and video communication services 

over Internet Protocol networks. Despite this, there are performance and optimization challenges 

for these controllers, especially in the face of growing data and user volumes. The performance 

analysis of cloud controllers revealed important analytical conclusions, and the developed 

optimization strategies provided practical recommendations for improving the provision of cloud 

trunking services. 

 

ʍʤʘʨʥʽ Session Border Controller (SBC) ʻ ʢʣʶʯʦʚʠʤʠ ʝʣʝʤʝʥʪʘʤʠ 

ʩʫʯʘʩʥʠʭ ʪʝʣʝʢʦʤʫʥʽʢʘʮʽʡʥʠʭ ʤʝʨʝʞ [1], ʦʩʦʙʣʠʚʦ ʚ ʢʦʥʪʝʢʩʪʽ ʥʘʜʘʥʥʷ 

ʧʦʩʣʫʛ Session Initiation Protocol (SIP)-ʪʨʘʥʢʽʥʛʫ ʯʝʨʝʟ IP-ʤʝʨʝʞʽ.  

ʍʤʘʨʥʠʡ SBC ʤʦʞʝ ʚʠʢʦʥʫʚʘʪʠ ʥʘʩʪʫʧʥʽ ʬʫʥʢʮʽʾ:  

¶ ʢʦʥʪʨʦʣʴ ʩʝʩʽʡ; 

¶ ʤʘʨʰʨʫʪʠʟʘʮʽʷ;  

¶ ʟʘʙʝʟʧʝʯʝʥʥʷ ʙʝʟʧʝʢʠ; 

¶ ʪʨʘʥʩʢʦʜʫʚʘʥʥʷ;  

ʆʜʥʘʢ ʟ ʧʦʩʪʽʡʥʠʤ ʟʨʦʩʪʘʥʥʷʤ ʦʙʩʷʛʽʚ ʜʘʥʠʭ ʪʘ ʢʽʣʴʢʦʩʪʽ ʢʦʨʠʩʪʫʚʘʯʽʚ ʫ 

ʤʝʨʝʞʘʭ, ʭʤʘʨʥʽ SBC ʚʩʪʘʶʪʴ ʧʝʨʝʜ ʥʦʚʠʤʠ ʚʠʢʣʠʢʘʤʠ ʪʘ ʟʘʚʜʘʥʥʷʤʠ. 

ʉʫʯʘʩʥʽ ʭʤʘʨʥʽ SBC ʻ ʩʢʣʘʜʥʠʤʠ ʩʠʩʪʝʤʘʤʠ ʟ ʚʝʣʠʢʦʶ ʢʽʣʴʢʽʩʪʶ 

ʥʘʣʘʰʪʫʚʘʥʴ ʪʘ ʤʦʞʣʠʚʦʩʪʝʡ [2].  

ʄʦʞʥʘ ʧʦʨʽʚʥʷʪʠ ʧʝʚʥʽ ʭʤʘʨʥʽ SBC ʟʘ ʘʥʘʣʽʟʦʤ ʯʘʩʫ ʥʘʣʘʰʪʫʚʘʥʥʷ 

ʜʟʚʽʥʢʘ, ʦʮʽʥʢʦʶ ʷʢʦʩʪʽ ʜʟʚʽʥʢʘ (MOS) ʪʘ ʦʮʽʥʢʦʶ ʚʠʢʦʨʠʩʪʘʥʥʷ ʨʝʩʫʨʩʽʚ ʪʘ 

ʤʘʩʰʪʘʙʦʚʘʥʦʩʪʽ [3]. ɺ ʷʢʦʩʪʽ ʧʨʠʢʣʘʜʽʚ ʩʣʽʜ ʚʠʢʦʨʠʩʪʘʪʠ ʪʘʢʽ ʭʤʘʨʥʽ SBC ʷʢ 

Amazon Chime Voice Connector, Twilio Elastic SIP Trunking, Azure 

Communication Services, Dialogflow Telephony Gateway ʪʘ Oracle Cloud 

Infrastructure. (ʊʘʙ. 1). 
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ʊʘʙʣʠʮʷ 1. ʇʦʨʽʚʥʷʥʥʷ ʭʤʘʨʥʠʭ SBC 

 
ʏʘʩ ʥʘʣʘʰʪʫʚʘʥʥʷ 

ʜʟʚʽʥʢʘ 

ʆʮʽʥʢʘ ʷʢʦʩʪʽ  

ʜʟʚʽʥʢʘ (MOS Score) 

Amazon Chime Voice 

Connector 
ʐʚʠʜʢʠʡ ɺʠʩʦʢʘ (ʄʝʥʰʝ 4.34) 

Twilio Elastic SIP Trunking ʐʚʠʜʢʠʡ ʍʦʨʦʰʘ (ɺʽʜ 4.03- 4.34) 

Azure Communication Services ʐʚʠʜʢʠʡ ɺʠʩʦʢʘ (ʄʝʥʰʝ 4.34) 

Dialogflow Telephony Gateway ʐʚʠʜʢʠʡ ʍʦʨʦʰʘ(ɺʽʜ 4.03- 4.34) 

Oracle Cloud Infrastructure ʐʚʠʜʢʠʡ ɺʠʩʦʢʘ (ʄʝʥʰʝ 4.34) 
 

ɼʘʥʘ ʨʦʙʦʪʘ ʨʦʟʛʣʷʜʘʻʪʴʩʷ ʥʘ ʦʩʥʦʚʽ ʪʘʢʠʭ ʝʣʝʤʝʥʪʽʚ ʤʝʨʝʞʽ: 

ʢʦʨʠʩʪʫʚʘʯʽ, ʢʦʨʧʦʨʘʪʠʚʥʘ IP-ʤʝʨʝʞʘ, ʭʤʘʨʥʠʡ SBC ʪʘ ɯʥʪʝʨʥʝʪ (ʈʠʩʫʥʦʢ 1).  
 

 
 

ʈʠʩ. 1. ʉʪʨʫʢʪʫʨʥʘ ʩʭʝʤʘ ʝʣʝʤʝʥʪʽʚ ʤʝʨʝʞʽ. 
 

ʆʮʽʥʢʘ ʷʢʦʩʪʽ ʜʟʚʽʥʢʘ (MOS) ʻ ʰʠʨʦʢʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʥʦʶ ʤʝʪʨʠʢʦʶ, ʷʢʘ 

ʤʦʞʝ ʨʦʟʨʘʭʦʚʫʚʘʪʠʩʷ ʥʘ ʦʩʥʦʚʽ ʨʽʟʥʠʭ ʬʘʢʪʦʨʽʚ, ʪʘʢʠʭ ʷʢ ʜʞʠʪʪʝʨ, ʟʘʪʨʠʤʢʘ 

ʪʘ ʽʥʰʽ ʧʘʨʘʤʝʪʨʠ. ʈʦʟʨʘʭʫʥʦʢ ʚʠʢʦʨʠʩʪʘʥʥʷ ʨʝʩʫʨʩʽʚ ʤʦʞʝ ʙʫʪʠ ʚʠʤʽʨʷʥʦ ʷʢ 

ʚʽʜʩʦʪʦʢ ʨʝʩʫʨʩʽʚ, ʚʠʢʦʨʠʩʪʘʥʠʭ ʧʽʜ ʯʘʩ ʦʙʨʦʙʢʠ ʜʟʚʽʥʢʽʚ [4,6]. ɼʣʷ ʦʮʽʥʢʠ 

ʷʢʦʩʪʽ ʜʟʚʽʥʢʘ ʚʠʢʦʨʠʩʪʘʥʘ ʥʘʩʪʫʧʥʘ ʬʦʨʤʫʣʘ (1): 
 

,            (1) 
 

ʜʝ  ï ʨʝʡʪʠʥʛ ʛʦʣʦʩʦʚʦʾ ʷʢʦʩʪʽ (ʟʘʟʚʠʯʘʡ ʚʽʜ 1 ʜʦ 5);  ï ʜʞʠʪʪʝʨ (ʟʤʽʥʘ 

ʟʘʪʨʠʤʢʠ ʤʽʞ ʧʘʢʝʪʘʤʠ);  ï ʚʪʨʘʪʠ ʧʘʢʝʪʽʚ (ʚʽʜʩʦʪʦʢ ʚʪʨʘʪʠ);  ï ʟʘʪʨʠʤʢʘ 

(ʩʫʤʘ ʟʘʪʨʠʤʦʢ ʚ ʤʽʣʽʩʝʢʫʥʜʘʭ). 

ɺʘʣʽʜʘʮʽʷ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ ʪʘ ʪʝʩʪʫʚʘʥʥʷ. ɼʣʷ ʤʦʜʝʣʶʚʘʥʥʷ ʪʝʩʪʦʚʠʭ 

SIP-ʩʝʩʽʡ ʪʘ ʛʝʥʝʨʘʮʽʾ ʪʨʘʬʽʢʫ, ʨʝʘʣʽʟʦʚʘʥʦ ʧʨʦʩʪʫ ʧʨʦʛʨʘʤʫ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ 

ʤʦʚʠ Java ʽ ʙʽʙʣʽʦʪʝʢʠ JAIN-SIP. ʂʦʜ ʩʪʚʦʨʶʻ ʦʜʥʫ SIP-ʩʝʩʽʶ ʪʘ ʚʽʜʧʨʘʚʣʷʻ 

INVITE ʟʘʧʠʪ ʜʦ ʩʝʨʚʝʨʘ. ʋ ʢʦʜʽ ʩʪʚʦʨʶʻʪʴʩʷ ʦʜʥʘ SIP-ʩʝʩʽʷ ʪʘ 

ʚʽʜʧʨʘʚʣʷʻʪʴʩʷ INVITE ʟʘʧʠʪ ʜʦ ʩʝʨʚʝʨʘ. ʂʦʨʠʩʪʫʚʘʯ ʤʦʞʝ ʟʤʽʥʠʪʠ ʘʜʨʝʩʠ ʪʘ 
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ʽʥʰʽ ʧʘʨʘʤʝʪʨʠ ʜʣʷ ʚʽʜʧʦʚʽʜʥʦʩʪʽ ʩʚʦʾʤ ʧʦʪʨʝʙʘʤ. ʈʝʟʫʣʴʪʘʪ ʢʦʜʫ ʤʦʞʝ 

ʚʠʛʣʷʜʘʪʠ ʥʘʩʪʫʧʥʠʤ ʯʠʥʦʤ (ʨʠʩ. 2). 
 

 
 

ʈʠʩ. 2. ʈʝʟʫʣʴʪʘʪ ʧʨʦʛʨʘʤʠ. 
 

ʆʪʨʠʤʘʥʽ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʨʝʟʫʣʴʪʘʪʠ ʧʽʜʪʚʝʨʜʞʫʶʪʴ ʚʠʩʦʢʠʡ ʨʽʚʝʥʴ 

ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ ʭʤʘʨʥʠʭ SBC, ʽ ʧʦʢʘʟʫʶʪʴ, ʱʦ ʦʧʪʠʤʽʟʘʮʽʡʥʽ ʩʪʨʘʪʝʛʽʾ [5], 

ʨʦʟʛʣʷʥʫʪʽ ʫ ʜʘʥʦʤʫ ʜʦʩʣʽʜʞʝʥʥʽ, ʜʦʟʚʦʣʷʶʪʴ ʧʦʢʨʘʱʠʪʠ ʷʢʽʩʪʴ ʜʟʚʽʥʢʽʚ ʽ 

ʟʘʙʝʟʧʝʯʠʪʠ ʝʬʝʢʪʠʚʥʝ ʚʠʢʦʨʠʩʪʘʥʥʷ ʨʝʩʫʨʩʽʚ. 

ɺʠʩʥʦʚʢʠ. ɼʘʥʝ ʜʦʩʣʽʜʞʝʥʥʷ ʙʫʣʦ ʩʧʨʷʤʦʚʘʥʝ ʥʘ ʧʨʦʚʝʜʝʥʥʷ ʘʥʘʣʽʟʫ 

ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ ʭʤʘʨʥʠʭ SBC, ʚʠʷʚʣʝʥʥʷ ʤʦʞʣʠʚʠʭ ʦʙʤʝʞʝʥʴ ʪʘ ʧʨʦʧʦʟʠʮʽʶ 

ʩʪʨʘʪʝʛʽʡ ʦʧʪʠʤʽʟʘʮʽʾ ʟ ʤʝʪʦʶ ʧʦʢʨʘʱʝʥʥʷ ʟʘʛʘʣʴʥʦʾ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ, 

ʥʘʜʽʡʥʦʩʪʽ ʪʘ ʢʦʨʠʩʪʫʚʘʮʴʢʦʛʦ ʜʦʩʚʽʜʫ ʧʦʩʣʫʛ SIP-ʪʨʘʥʢʽʥʛʫ. ɹʫʣʦ 

ʧʨʦʜʝʤʦʥʩʪʨʦʚʘʥʦ, ʱʦ ʚʠʢʦʨʠʩʪʘʥʥʷ SIP-ʪʨʘʥʢʽʥʛʫ ʪʘ ʭʤʘʨʥʠʭ SBC ʤʦʞʝ 

ʟʥʘʯʥʦ ʧʦʢʨʘʱʠʪʠ ʷʢʽʩʪʴ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʚ ʪʝʣʝʢʦʤʫʥʽʢʘʮʽʡʥʠʭ ʩʠʩʪʝʤʘʭ, ʱʦ 

ʜʘʻ ʤʦʞʣʠʚʽʩʪʴ ʦʧʪʠʤʽʟʫʚʘʪʠ ʤʘʨʰʨʫʪʠʟʘʮʽʶ ʜʟʚʽʥʢʽʚ ʪʘ ʟʘʙʝʟʧʝʯʠʪʠ ʙʝʟʧʝʢʫ 

ʢʦʤʫʥʽʢʘʮʽʡ. ʆʮʽʥʢʘ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ ʭʤʘʨʥʠʭ SBC ʥʘʜʘʣʘ ʮʽʥʥʝ ʫʷʚʣʝʥʥʷ ʧʨʦ 

ʾʭʥʽ ʤʦʞʣʠʚʦʩʪʽ, ʘ ʧʨʦʧʦʥʦʚʘʥʽ ʩʪʨʘʪʝʛʽʾ ʦʧʪʠʤʽʟʘʮʽʾ ʤʦʞʫʪʴ ʩʪʘʪʠ 

ʢʦʥʢʨʝʪʥʠʤʠ ʨʝʢʦʤʝʥʜʘʮʽʷʤʠ ʜʣʷ ʧʦʣʽʧʰʝʥʥʷ ʥʘʜʘʥʥʷ ʧʦʩʣʫʛ SIP-ʪʨʘʥʢʽʥʛʫ 

ʚ ʭʤʘʨʥʠʭ ʩʝʨʝʜʦʚʠʱʘʭ.  
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ʆʎɯʅʖɺɸʅʅʗ ɼɾʀʊɽʈʋ ʋɿɻʆɼɾɽʅʅʗ ɺ ʎʀʌʈʆɺʀʍ  

ʉʀʉʊɽʄɸʍ ʇɽʈɽɼɸʏɯ ɿ ɺʀʂʆʈʀʉʊɸʅʅʗʄ ʄʆɼɽʃɯ ʏɽʈɻ 

 

ɺ ʨʦʙʦʪʽ ʨʦʟʛʣʷʜʘʻʪʴʩʷ ʤʦʞʣʠʚʽʩʪʴ ʟʘʩʪʦʩʫʚʘʥʥʷ ʤʘʪʝʤʘʪʠʯʥʦʛʦ ʘʧʘʨʘʪʫ ʪʝʦʨʽʾ 

ʤʘʩʦʚʦʛʦ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ (ʤʦʜʝʣʴ ʯʝʨʛ ʥʘ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ) ʟ ʤʝʪʦʶ ʦʮʽʥʶʚʘʥʥʷ 

ʧʘʨʘʤʝʪʨʽʚ ʫʟʛʦʜʞʝʥʥʷ ʰʚʠʜʢʦʩʪʝʡ ʩʠʛʥʘʣʽʚ ʚ ʮʠʬʨʦʚʠʭ ʩʠʩʪʝʤʘʭ ʧʝʨʝʜʘʚʘʥʥʷ, ʟʦʢʨʝʤʘ, 

ʜʞʠʪʝʨʫ ʯʘʩʫ ʦʯʽʢʫʚʘʥʥʷ. 

 

The idea of applying queuing model known from the teletraffic theory to evaluate the 

signals alignment parameters (in particular, waiting time jitter) in the digital transmission 

systems has been considered. 

 

Any interaction of digital signals (DS) is based on the data exchange (writing 

and reading) e.g. multiplexing/demultiplexing in PDH/SDH systems, switching 

centers (SC) connections, ATM cells and IP packets processing etc. It leads to the 

inevitable data losses (slips
1
 of bits, bytes, frames, packets etc.) and requires some 

form of digital signals alignment [1, 2]. The alignment methods include bit/byte 

justification (stuffing), pointers (in SDH), controlled slips between SC, limitation 

of packet length. But only digital signals justification during multiplexing excludes 

slips as opposed to controlled frame slips between SC or packet loss. 

There are well-known traditional approaches to evaluate the digital alignment 

effectiveness such as slip estimation in digital switching/transmission systems or 

PDV (packet delay variation) concept in packet networks [1, 2]. On the other hand, 

it may be useful to analyze the same processes from the other point of view ï for 

example, by applying queuing model known from the classical teletraffic theory. In 

particular, we can consider alignment-related parameters such as 

- PDV for packets and ATM cells, 

- TIE accumulation in ISC
2
 chain interconnection, 

- the mean Time Error (TE) caused by a latency jitter in PDH/SDH systems  

as event flows in a queue for service. 

To illustrate the approach, let us consider TE event flow under the assumption 

of Poisson (simplest) flow [3, 4]. Such a flow should meet the following general 

conditions: 

- The flow is uniform, homogeneous; all events are equal. 

 
[1] 

Slip is the loss of data or the appearance of extra positions in a digital stream. 
[2]

 ISC ï International Switching Center 
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Only the event arrivals (kick-off moments) are considered. 

- No aftereffect (no or limited correlation between events on the different non-

overlapping time intervals). 

- Stationary time series/flow. 

In general case, the stationarity condition is not met strictly for TE event flow 

because TE depends on time in the presence of constant frequency offset. But on 

the relatively short time intervals (corresponding to queue length) this dependence 

can be neglected and therefore TE flow can be considered locally stationary. 

Let us consider as an example the conventional PDH multiplexing system 

4 ³ E12 = 1 E22 (4 ³ 2048 kbit/s = 8448 kbit/s)
[1]

. The main parameters of 

writing/reading processes in the multiplexer elastic memory (EM) are: 

- nominal E22 frame duration ʊframe; 

- nominal E22 frame frequency ¥FRnom; 

- nominal writing frequency of E12 tributary signal ¥Wnom; 

- nominal reading frequency of E12 tributary ¥Rnom. 

One staffing bit is allocated for matching every E12 tributary signal in each 

E22 frame, i.e. maximal staffing frequency is equal to the nominal E22 frame 

frequency: ¥st max = ¥FRnom. 

The nominal justification rate is defined as: 

ɟnom = (¥Rnom ï ¥Wnom) / ¥st max  = 0.4242 

The real justification rate ɟ can change over the interval 0 < r < 1,  so the bit 

staffing  will  occur  irregularly.  The  real  justification  rate  ɟ  can  be  considered  

as fractional frequency offset y of the writing/reading frequency difference 

D¥WR = (¥R ï ¥W) relative the staffing rate ¥st max. 

The reciprocal of the justification rate 1/ɟ shows how many frames are passed 

for one staffing on average, e.g. 1/ɟ = 2.37 signifies one staffing operation during 

two-three frames. The staffing irregularity causes additional waiting time jitter (or 

latency jitter) in the multiplexed signal [5]. 

It is interesting to evaluate the digital alignment processes and, in particular, 

waiting time jitter, using queuing theory. Any queuing system is defined by the 

following main parameters [4]: 

- l ï arrival rate (request rate); 

- m ï service rate; 

- r = l/m ï utilization factor of the server (e.g. elastic memory (EM), 

controller, etc.); 

- ts ï service time; 

- mean service time: E(ts) = 1/m; 

Stability condition of a queuing system is defined as ɚ < ɛ or l/m < 1. 

Therefore, the system state can be described by the probability P: 

r =ɚ/ɛ  ¹ P [system is busy], and 

1 ï ɟ ¹ P [system is idle]. 

 

[1]
The multiplexing principle and frame structure are defined in ITU-T Recommendation G.742.
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In the case of waiting time jitter in the above-mentioned PDH multiplexing 

system 4 ³ E12 = E22, the queuing system parameters to be analyzed are:the mean 

waiting time of staffing; 

- the mean time on the general justification time (mean waiting time + mean 

service time ) and 

- the waiting time deviation. 

Request rate can be defined as 

l ¹ D¥WR = (¥Rnom ï ¥Wnom), 

where ¥Rnom and ¥Wnom ï nominal writing and reading frequencies in the EM. 

Service rate is m ¹ ¥st max = ¥FRnom. 

Utilization factor of the PDH equipment EM: 

ɟ ¹ l/m ¹ y (fractional frequency offset) 

We analyze TE event flow using M/D/1 queuing system model
[1]

 that means [4]: 

- Poisson (simplest) arrival process; 

- Deterministic service time; 

- One server. 

The calculations using this queuing model for the above-mentioned conditions 

gave the following waiting time jitter mathematical expectation (average value) 

E(tw) and deviation s(tw): 

E(tw) = 36.9 ms º37 % Tframe  ;  s(tw) =61.9 ms  º 62 % Tframe 

To compare the obtained results with traditional ñcommon senseò approach, 

the modelling of TIE during bit staffing process in PDH multiplexer was 

performed for the different values of the phase offset threshold (staffing request). 

The indirect estimation of the average waiting time jitter for rnom ¹ ʫ is 36 ms that 

is close to queueing model M/D/1 results. The modelling has shown that the 

average latency (waiting time jitter) essentially depends on the used threshold level 

and is between [26.7 ms, 42.6 ms]. 

The idea of using queuing models for digital transmission system parameters 

evaluation may be useful in both conventional and state-of-the art telecom 

equipment. The presented approach can be further developed and applied for the 

analysis and optimization of the various digital signals alignment processes. 
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ʅɸɼʐʀʈʆʂʆʉʄʋɻʆɺɸ ʄɯʂʈʆʍɺʀʃʔʆɺɸ  

ɼʈʋʂʆɺɸʅɸ ʄɯʂʈʆʉʄʋɾʂʆɺɸ ɼʀʉʂʆɺɸ ɸʅʊɽʅɸ 

 

ɿʜʽʡʩʥʝʥʦ ʧʨʦʻʢʪʫʚʘʥʥʷ ʪʘ ʦʧʪʠʤʽʟʘʮʽʶ ʥʝʩʠʤʝʪʨʠʯʥʦʾ ʚʽʙʨʘʪʦʨʥʦʾ ʘʥʪʝʥʠ ʽʟ 

ʚʠʧʨʦʤʽʥʶʚʘʯʝʤ ʜʠʩʢʦʚʦʛʦ ʪʠʧʫ, ʚʠʢʦʥʘʥʦʾ ʟʘ ʜʨʫʢʦʚʘʥʦʶ ʪʝʭʥʦʣʦʛʽʻʶ. ɾʠʚʣʝʥʥʷ 

ʘʥʪʝʥʠ ʟʜʽʡʩʥʶʻʪʴʩʷ ʤʽʢʨʦʩʤʫʞʢʦʚʦʶ ʣʽʥʽʻʶ. ʇʨʦʚʝʜʝʥʦ ʤʦʜʝʣʶʚʘʥʥʷ ʨʦʙʦʪʠ ʘʥʪʝʥʠ 

ʤʝʪʦʜʦʤ ʩʢʽʥʯʝʥʥʠʭ ʝʣʝʤʝʥʪʽʚ. ʐʣʷʭʦʤ ʦʧʪʠʤʽʟʘʮʽʾ ʢʦʥʩʪʨʫʢʪʠʚʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʘʥʪʝʥʠ 

ʜʦʩʷʛʥʫʪʦ ʟʤʝʥʰʝʥʥʷ ʟʚʦʨʦʪʥʠʭ ʚʪʨʘʪ ʫ ʨʦʙʦʯʽʡ ʩʤʫʟʽ ʘʥʪʝʥʠ. ɼʽʘʧʘʟʦʥ ʯʘʩʪʦʪ ʘʥʪʝʥʠ, ʚ 

ʤʝʞʘʭ ʷʢʦʛʦ ʂʉʍ ʥʝ ʧʝʨʝʚʠʱʫʻ 1.5, ʩʢʣʘʜʘʻ 2.1é4.7 ɻɻʮ. ɿʙʽʣʴʰʝʥʥʷ ʨʦʙʦʯʦʾ ʩʤʫʛʠ 

ʘʥʪʝʥʠ ʜʦʩʷʛʘʻʪʴʩʷ ʩʧʝʮʽʘʣʴʥʦʶ ʬʦʨʤʦʶ ʚʠʧʨʦʤʽʥʶʚʘʯʘ. 

 

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 printed 

antenna types as well as design techniques used for their analysis and fabrication 

[1] ï [3]. The basic radiating structure for this type of antennas is a patch 

microstrip antenna. However, these antennas are not omnidirectional and typically 

have gain of 6é9 dB [4 ï 5]. To obtain omnidirectional directivity pattern, dipole 

[6] or monopole antenna [7] printed structures should be used. 

In this paper, a microstrip monopole antenna is designed and simulated. The 

antenna is designed to operate in 2070é4700 MHz frequency band. As a radiating 

element, a disc topology was used. Such antennas can be considered as a variation 

of a monopole microstrip antenna, whose radiating element has not a linear, but a 

specific shape. This approach provides the ability of the antenna to operate in wide 

frequency band. The antenna, designed in the present work, can be used in mobile 

ISM band communication systems, such as Wi-Fi, Bluetooth or Zigbee 

applications. For the simulation and optimization of the antenna, finite-element 

method (FEM) 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 manifests pertinent performance 

in the 1.1é4.7 GHz frequency range. 
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Fig.1. Dimensions of a microstrip monopole 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: Lm, Rout. 

As a result of the optimization process, the following values were obtained for 

the antenna geometry Lground = 30 mm; Lm = 0.2 mm; w = 2.9 mm; Rout = 30 mm. 

The model of the antenna is shown in Fig. 2 (a), and Fig. 2 (b) shows the VSWR of 

the antenna. It can be seen that VSWR is lower than 1.5 in the 2.1é4.7 GHz 

continuous frequency band. 
 

 

 

(a) (b) 

Fig.2. (a) Model of the antenna. (b) Return loss of the antenna. 
 

The antenna with a disc 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 maximum gain is 4.6 dBi and observed within the cone of the 

highest directivity at ɡ = 46Á. The distortion of the radiation pattern is caused by 
the dielectric layer of PCB and the disc shape of the radiating element. 
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ʒ = 90Ј 

ʒ = 0Ј

 

ɡ = 90Ј 

ɡ = 46Ј

 

(a) (b) 

Fig.3. Directivity pattern of the antenna. (a) E-plane. (b) H-plane. 

 

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

fabricated. VSWR value is less than 1.5 within the operating bandwidth 

2.1é4.7 GHz. The antenna gain in the maximum of the main lobe is 4.6 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 areas. 
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ʂʆɽʌʀʎɯɽʅʊʀ ɺɿɸɽʄʅʆɻʆ ɿɺôʗɿʂʋ ʆʉʅʆɺʅʀʍ ʊɸ ɺʀʑʀʍ  

ʂʆʃʀɺɸʅʔ ʉʌɽʈʀʏʅʀʍ ɼɯɽʃɽʂʊʈʀʏʅʀʍ ʈɽɿʆʅɸʊʆʈɯɺ  

 

ɺʧʝʨʰʝ ʜʦʩʣʽʜʞʫʶʪʴʩʷ ʢʦʝʬʽʮʽʻʥʪʠ ʚʟʘʻʤʥʦʛʦ ʟʚôʷʟʢʫ ʤʽʞ ʢʦʣʠʚʘʥʥʷʤʠ ʦʩʥʦʚʥʠʭ ʪʘ 

ʚʠʱʠʭ ʪʠʧʽʚ. ɿʥʘʡʜʝʥʦ ʥʦʚʽ ʟʘʛʘʣʴʥʽ ʘʥʘʣʽʪʠʯʥʽ ʚʠʨʘʟʠ ʜʣʷ ʢʦʝʬʽʮʽʻʥʪʽʚ ʚʟʘʻʤʥʦʛʦ ʟʚôʷʟʢʫ 

ʜʽʝʣʝʢʪʨʠʯʥʠʭ ʨʝʟʦʥʘʪʦʨʽʚ ʩʬʝʨʠʯʥʦʾ ʬʦʨʤʠ. ɼʦʩʣʽʜʞʫʶʪʴʩʷ ʚʣʘʩʪʠʚʦʩʪʽ ʟʚôʷʟʘʥʠʭ 

ʢʦʣʠʚʘʥʴ ʥʠʞʯʠʭ ʪʠʧʽʚ ʟ ʢʦʣʠʚʘʥʥʷʤʠ ʰʝʧʦʯʫʱʝʡ ʛʘʣʝʨʝʾ. ʈʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʴ ʻ 

ʦʩʥʦʚʦʶ ʜʣʷ ʧʦʙʫʜʦʚʠ ʨʽʟʥʦʤʘʥʽʪʥʠʭ ʦʧʪʠʯʥʠʭ ʧʨʠʩʪʨʦʾʚ ʜʣʷ ʩʠʩʪʝʤ ʦʧʪʠʯʥʦʛʦ ʟʚ'ʷʟʢʫ.    

 

Today, high-quality spherical dielectric resonators are important elements 

suitable for further use in a variety of communication devices [1 ï 8]. Currently, 

DRs with whispering gallery oscillations are mainly used in the optical and 

infrared ranges [3 ï 5]. These oscillations have a very high quality factor, but their 

frequency spectrum is quite dense. One of the effective ways to rarefy the 

frequency spectrum is to use coupled resonators with different types of natural 

oscillations. In addition, in some devices, such as power dividers, it is assumed that 

DRs with different types of oscillations will be used. To model the electromagnetic 

parameters of such devices, it is necessary to know the coefficients of mutual 

coupling between resonators of different types. In this case, it is desirable to have 

analytical expressions for coupling coefficients, since the speed of calculating the 

parameters of more complex structures based on them increases many times.  

In works [9, 10], the coefficients of mutual coupling of spherical DR in open 

space already have been studied. We found general analytical expressions for the 

coupling coefficients of DRs of different types, obtained in the form of complex 

integral expansions. It was shown that the above general formulas can be 

calculated in quadratures, in the form of a series, using a generalization of the 

Somerfeld integral [11], however they require the calculation of rather 

cumbersome coefficients expressed through 3-j Wigner symbols.  This study 

examines simpler special cases of accurately calculating coupling coefficients 

between spherical DRs of different sizes, one of which is excited by the main 

magnetic or electrical mode of oscillations. The natural oscillations of the second 

DR can be anything. As a result, we obtained new exact analytical formulas for 

complex coupling coefficients: 12 12 0( , , )k rk =k DqDa D without additional 

expansions. Where in the spherical coordinate system of the first DR, the vector 

( , , )rD Dq Da determines the coordinates of the center of the second resonator.  
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Fig. 1. Different spherical DR with main and higher oscillations (a).  

The coupling coefficients of two different DR with 
1, ,1mH  and 

5,30,1H  as functions of the distance 

between resonator centers (b) ( 1,3Dq= ; 2Da=); as a function of changing angles (c, d) 

( 0Da= (c); 1,4Dq=  (d); 0 17k rD = )  for 
1 25re = ; 

2 2,25re = . 

 

On Fig. 1 shows an example of calculating the dependences of the DR coupling 

coefficients, the dimensions of one of which correspond to the possibility of the 

existence of the main magnetic oscillation 
1 1mH , and the second the existence of a 

magnetic oscillation of the whispering gallery 5,30,1H . The dependence of the real 

(left ordinate axis) and imaginary part (right ordinate axis) on the distance between 

the centers of the resonators is shown in Fig. 1, b, and with variations in angular 

variables, in Fig. 1, c, d. Solid lines show the dependences of the real part, and 

dotted lines show the dependences of the imaginary part of the coupling 

coefficients. As one would expect, the maximum values of the real part of the 

coupling coefficients, corresponding to the splitting of the frequencies of coupled 

oscillations, in most cases are established in the region adjacent to the surface of 

the resonator with whispering gallery oscillations (Fig. 1, b). As the resonators 

move away from each other, the coupling coefficients quickly decrease. 

The general picture of the distribution of the real part of the mutual coupling 

coefficients of resonators in the plane 0 0,1k zD =  for different types of oscillations 

is shown in Fig. 2, aïc.  

Thus, the obtained analytical expressions for the mutual coupling coefficients 

of the basic and higher types of spherical DR oscillations make it possible to 

construct electromagnetic models of a wide class of devices in the optical and 

infrared range. 
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Fig. 2. Distribution of the real part of the coupling coefficients from the coordinates of the 

resonators in the plane ( , )x y  for 
1,1,1H  and 

5,30,1H  oscillations (a); 
1,0,1H  and 

5,30,1H  oscillations 

(b); 
1,0,1H  and 

5,30,1E  oscillations (c). 

 

The considered systems of coupled resonators can be used in various elements 

of optical communication systems: antennas, sensors, channel switches, etc. 
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ʊɽʆʈɯʗ ɿɹʋʈɽʅʔ ɿɺʗɿɸʅʀʍ ʂʆʃʀɺɸʅʔ ʈɽɿʆʅɸʊʆʈɯɺ  

ɿ ɸʂʊʀɺʅʀʄ ʊɸ ʇʆɻʃʀʅɸʖʏʀʄ ɼɯɽʃɽʂʊʈɯʂʆʄ 

 

ʈʦʟʚʠʚʘʻʪʴʩʷ ʪʝʦʨʽʷ ʟʙʫʨʝʥʴ, ʧʨʠʜʘʪʥʘ ʜʣʷ ʦʧʠʩʫ ʟʚ'ʷʟʘʥʠʭ ʢʦʣʠʚʘʥʴ ʜʽʝʣʝʢʪʨʠʯʥʠʭ 

ʨʝʟʦʥʘʪʦʨʽʚ, ʚʠʢʦʥʘʥʠʭ ʟ ʘʢʪʠʚʥʠʭ ʜʽʝʣʝʢʪʨʠʢʽʚ ʪʘ ʜʽʝʣʝʢʪʨʠʢʽʚ ʽʟ ʚʪʨʘʪʘʤʠ. ɿʥʘʡʜʝʥʘ 

ʩʠʩʪʝʤʘ ʨʽʚʥʷʥʴ ʷʢʘ ʚʠʟʥʘʯʘʻ ʘʤʧʣʽʪʫʜʠ ʪʘ ʯʘʩʪʦʪʠ ʨʝʟʦʥʘʪʦʨʽʚ ʪʘ ʚ ʦʢʨʝʤʠʭ ʚʠʧʘʜʢʘʭ 

ʟʙʽʛʘʻʪʴʩʷ ʟʽ ʟʥʘʡʜʝʥʦʶ ʨʘʥʽʰʝ.  

ɼʦʩʣʽʜʞʫʶʪʴʩʷ ʟʚôʷʟʘʥʽ ʢʦʣʠʚʘʥʥʷ ʜʽʝʣʝʢʪʨʠʯʥʠʭ ʨʝʟʦʥʘʪʦʨʽʚ ʨʽʟʥʠʭ ʚʠʜʽʚ. ʆʪʨʠʤʘʥʽ 

ʟʘʢʦʥʦʤʽʨʥʦʩʪʽ ʜʦʙʨʝ ʩʦʛʣʘʩʫʶʪʴʩʷ ʟ ʨʝʟʫʣʴʪʘʪʘʤʠ, ʟʥʘʡʜʝʥʠʤʠ ʚ ʽʥʰʠʭ ʧʫʙʣʽʢʘʮʽʷʭ ʥʘ 

ʦʩʥʦʚʽ ʟʘʩʪʦʩʫʚʘʥʥʷ ʯʠʩʝʣʴʥʠʭ ʤʝʪʦʜʽʚ ʪʘ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʦʩʣʽʜʞʝʥʴ.  ʇʨʝʜʩʪʘʚʣʝʥʽ 

ʨʝʟʫʣʴʪʘʪʠ ʻ ʦʩʥʦʚʦʶ ʜʣʷ ʨʦʟʨʘʭʫʥʢʫ ʪʘ ʧʦʙʫʜʦʚʠ ʰʠʨʦʢʦʛʦ ʢʣʘʩʫ ʨʽʟʥʦʤʘʥʽʪʥʠʭ 

ʦʧʪʠʯʥʠʭ ʤʦʜʫʣʷʪʦʨʽʚ, ʧʝʨʝʤʠʢʘʯʽʚ ʧʦʪʫʞʥʦʩʪʽ, ʪʘ ʩʝʥʩʦʨʽʚ ʜʣʷ ʩʠʩʪʝʤ ʦʧʪʠʯʥʦʛʦ ʟʚ'ʷʟʢʫ 

ʽ ʽʥʪʝʨʥʝʪʫ ʨʝʯʝʡ.    

 

It is known that the physical conditions in the DR can be implemented in such 

a way that energy from an external source is transferred to the field excited in its 

material. It is convenient to describe such resonators by introducing into 

consideration the concept of active dielectrics, materials in which the imaginary 

part of the dielectric constant can take positive values. In works [1 - 4], coupled 

systems of similar waveguides and resonators have already been considered, 

carried out using numerical methods, simulation and experimentally.  

Previously [5], we considered dielectric resonators made of an ideal lossless 

dielectric whose dielectric constant is a purely real quantity. In this report, using 

perturbation theory for Maxwell's equations, coupled oscillations of resonators, the 

material of which is a complex function n n ni¡ ¡¡e =e + e, are studied, the imaginary 

part of which can take both positive and negative values. The resulting system of 

equations is used to study coupled oscillations of DRs made of an active dielectric 

and a dielectric with power losses. The found system of equations coincides with 

that obtained earlier [5] for 0n
¡¡e =. 

The simplest systems are considered, consisting of two coupled resonators, 

the material of one of the resonators is absorbing 0n
¡¡e <, and the second is active  

0n
¡¡e >. Resonators with fundamental magnetic oscillations, as well as resonators 

with whispering gallery oscillations are investigated. (Fig. 1, 2).  
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On Fig. 1 shows the solutions of the equation systems for coupled oscillations 

of the absorbing and active DR with variation of the imaginary part of the 

dielectric constant of the second resonator. 

 

Fig. 1. Different cylindrical DR with main oscillations 101H  (a) (
1 1/ 0,01¡¡ ¡e e =-; 

1 2 36r r
¡ ¡e =e =; 

1 2 0,4D =D =;  0 10f = GHz; 0x zD =D =; 10yD = mm). Different spherical DR with a 

whispering gallery mode 26,26,1H  (e) ( 1 2 2,4r r
¡ ¡e =e =. 0x zD =D =; 0 40k yD = ). The coupling 

frequencies (b, f); amplitude ratio (c, g) quality factor of coupled oscillations (d) as functions of 

the complex dielectric constant tangent function  of the second DR  (a) (
1 1/ 0,01¡¡ ¡e e =-). 

 

As follows from the data obtained, an increase in the imaginary part of the 

dielectric constant for resonator 2 leads to a decrease in the detuning between 

frequencies (Fig. 1, b, f). The amplitudes of coupled oscillations are distributed in 

such a way that only one of the resonators of the system is excited (c, g). In this 

case, the quality factor of one of the coupled oscillations increases exponentially, 

and the quality factor of the other coupled oscillation remains approximately 

constant (d). 

When using resonators with whispering gallery mods, the noted qualitative 

patterns of changes in the parameters of coupled oscillations are preserved (Fig. 1, 

e - g), however, the dependences of the frequencies become more complex 

functions of the dielectric parameters (Fig. 1, f).  

On Fig. 2 shows the results of calculating the frequencies, amplitudes and 

quality factors of coupled oscillations of 3 cylindrical DRs with a whispering 

galery oscillations 1,20,1EH . 
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Fig. 2. 3 different cylindrical DR with a whispering gallery mode 1,20,1EH  (a) 

( 1 2 3 9r r r
¡ ¡ ¡e =e =e =; 0 22k rD =  

1 2 3 0,2D =D =D =). The coupling frequencies (b); amplitude 

ratio (c) quality factor of coupled oscillations as functions of the complex dielectric constant 

tangent function  of the second DR  (a) (
1 1 3 3/ / 0,01¡¡ ¡ ¡¡ ¡e e =e e =-). 

 

The obtained patterns of amplitude distribution confirm the previously 

discovered effect [6, 7], the essence of which is that coupled oscillations in 

complex lattices consisting of various types of DR are broken down into 

oscillations of individual sublattices. All resonators in each individual sublattice 

are characterized by the same shape and the same parameter values. 

Thus, using perturbation theory, we have obtained a new system of equations 

that describes the general patterns of behavior of multi-element lattices with DR 

performed by their various dielectrics. Considered DR lattices can find practical 

application in multiplexers, amplifiers, channel switches and other devices of 

infrared and optical communication systems. 
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METHOD OF COMBINED SPACE -TIME AND MODEM  

COMPENSATION OF  STRUCTURAL INTERFERENCE OF A DIGITAL RADIO  

LINE WITH BROADBAND PHASE -MANIPULATED SIGNALS  
 

In order to compensate for the structural interference in the input mixture of the broadband 

phase-manipulated signal and the structural interference, the paper proposes the combined  

use of space-time and modem compensation. 

 

 

ɿ ʤʝʪʦʶ ʧʽʜʚʠʱʝʥʥʷ ʷʢʦʩʪʽ ʧʨʠʡʦʤʫ ʩʠʛʥʘʣʽʚ ʚ ʫʤʦʚʘʭ ʜʽʾ ʘʢʪʠʚʥʠʭ ʟʘʚʘʜ 

ʰʠʨʦʢʦʩʤʫʛʦʚʽ ʩʠʩʪʝʤʠ ʨʘʜʽʦʟʚôʷʟʢʫ ʟ ʜʚʽʡʢʦʚʦʶ ʬʘʟʦʚʦʶ ʤʘʥʽʧʫʣʷʮʽʻʶ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʘʜʘʧʪʠʚʥʽ ʘʥʪʝʥʥʽ ʨʝʰʽʪʢʠ (ɸɸʈ). ʇʨʠ ʮʴʦʤʫ ʚʠʥʠʢʘʻ 

ʥʝʦʙʭʽʜʥʽʩʪʴ ʫ ʤʽʥʽʤʽʟʘʮʽʾ ʩʝʨʝʜʥʴʦʢʚʘʜʨʘʪʠʯʥʦʾ ʧʦʤʠʣʢʠ ʧʨʠʡʥʷʪʦʛʦ ʩʠʛʥʘʣʫ, 

ʱʦ ʤʦʞʝ ʙʫʪʠ ʜʦʩʷʛʥʫʪʦ ʟʘ ʨʘʭʫʥʦʢ ʜʠʥʘʤʽʯʥʦʛʦ ʫʧʨʘʚʣʽʥʥʷ ʧʘʨʘʤʝʪʨʘʤʠ ɸɸʈ. 

ɼʣʷ ʚʠʨʽʰʝʥʥʷ ʮʴʦʛʦ ʟʘʚʜʘʥʥʷ ʫ ʨʦʙʦʪʘʭ [1ï5] ʧʨʦʧʦʥʫʻʪʴʩʷ ʜʣʷ 

ʫʧʨʘʚʣʽʥʥʷ ɸɸʈ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʰʠʨʦʢʦʩʤʫʛʦʚʽ ʩʠʛʥʘʣʠ ʥʘ ʦʩʥʦʚʽ 

ʢʚʘʟʽʦʨʪʦʛʦʥʘʣʴʥʠʭ ʧʦʩʣʽʜʦʚʥʦʩʪʝʡ ʟ ʭʦʨʦʰʠʤʠ ʘʚʪʦʢʦʨʝʣʷʮʽʡʥʠʤʠ 

ʚʣʘʩʪʠʚʦʩʪʷʤʠ. ʇʨʠ ʮʴʦʤʫ ʟʛʦʨʪʢʘ ʩʠʛʥʘʣʫ ʚʠʢʦʥʫʻʪʴʩʷ ʫ ʜʝʤʦʜʫʣʷʪʦʨʽ 

ʧʨʠʡʤʘʯʘ ʰʠʨʦʢʦʩʤʫʛʦʚʦʛʦ ʩʠʛʥʘʣʫ ʪʘ ʥʝ ʧʝʨʝʜʙʘʯʘʻ ʞʦʜʥʠʭ ʧʨʦʮʝʜʫʨ 

ʢʦʤʧʝʥʩʘʮʽʾ ʟʘʚʘʜ. 

ɺ ʨʦʙʦʪʽ [6] ʧʨʦʧʦʥʫʻʪʴʩʷ ʫ ʜʝʤʦʜʫʣʷʪʦʨʽ ʜʦʜʘʪʢʦʚʦ ʟʜʽʡʩʥʶʚʘʪʠ ʩʫʤʽʩʥʫ 

ʧʨʦʩʪʦʨʦʚʦ-ʯʘʩʦʚʫ ʪʘ ʤʦʜʝʤʥʫ ʢʦʤʧʝʥʩʘʮʽʶ ʩʪʨʫʢʪʫʨʥʦʾ ʟʘʚʘʜʠ. ʇʨʠ ʮʴʦʤʫ 

ʦʜʥʦʯʘʩʥʘ ʚʽʜʙʫʚʘʻʪʴʩʷ ʟʛʦʨʪʢʘ ʢʦʨʠʩʥʦʛʦ ʩʠʛʥʘʣʫ ʫ ʚʭʽʜʥʽʡ ʩʫʤʽʰʽ 

ʰʠʨʦʢʦʩʤʫʛʦʚʦʛʦ ʬʘʟʦʤʘʥʽʧʫʣʴʦʚʘʥʦʛʦ ʩʠʛʥʘʣʫ ʪʘ ʢʦʤʧʝʥʩʘʮʽʷ ʩʪʨʫʢʪʫʨʥʦʾ 

ʟʘʚʘʜʠ ʟ ʧʦʜʘʣʴʰʦʶ ʜʝʤʦʜʫʣʷʮʽʻʶ ʪʘ ʬʦʨʤʫʚʘʥʥʷʤ ʦʮʽʥʢʠ ʟʘʚʘʜʠ. 

ʈʽʰʝʥʥʷ ʧʦʩʪʘʚʣʝʥʦʾ ʟʘʜʘʯʽ ʜʦʩʷʛʘʻʪʴʩʷ ʪʠʤ, ʱʦ ʟ ʚʭʽʜʥʦʾ ʩʫʤʽʰʽ 

ʰʠʨʦʢʦʩʤʫʛʦʚʦʛʦ ʩʠʛʥʘʣʫ ʪʘ ʩʪʨʫʢʪʫʨʥʦʾ ʟʘʚʘʜʠ, ʷʢʘ ʥʘʜʭʦʜʠʪʴ ʥʘ ʚʭʽʜ ɸɸʈ, 

ʰʣʷʭʦʤ ʟʛʦʨʪʢʠ, ʦʮʽʥʢʠ ʧʦʯʘʪʢʦʚʦʾ ʬʘʟʠ ʪʘ ʘʤʧʣʽʪʫʜʠ, ʟʜʽʡʩʥʶʻʪʴʩʷ 

ʬʦʨʤʫʚʘʥʥʷ ʦʮʽʥʢʠ ʩʪʨʫʢʪʫʨʥʦʾ ʟʘʚʘʜʠ, ʷʢʘ ʚ ʧʦʜʘʣʴʰʦʤʫ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ 
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ʜʣʷ ʬʦʨʤʫʚʘʥʥʷ ʪʘʢ ʟʚʘʥʦʾ ñʥʝʚôʷʟʢʠò ʟʘ ʜʦʧʦʤʦʛʦʶ ʷʢʦʾ ʽ ʚʽʜʙʫʚʘʻʪʴʩʷ 

ʫʧʨʘʚʣʽʥʥʷ ʜʽʘʛʨʘʤʦʶ ʩʧʨʷʤʦʚʘʥʦʩʪʽ ɸɸʈ.  

ɿʘʧʨʦʧʦʥʦʚʘʥʠʡ ʩʧʦʩʽʙ ʤʦʞʝ ʙʫʪʠ ʨʝʘʣʽʟʦʚʘʥʠʡ ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʧʨʠʩʪʨʦʶ, ʩʪʨʫʢʪʫʨʥʘ ʩʭʝʤʘ ʷʢʦʛʦ ʧʨʝʜʩʪʘʚʣʝʥʦʛʦ ʥʘ ʨʠʩ. 1. 
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ʈʠʩ. 1. ʉʧʦʩʽʙ ʩʫʤʽʩʥʦʾ ʧʨʦʩʪʦʨʦʚʦ-ʯʘʩʦʚʦʾ ʪʘ ʤʦʜʝʤʥʦʾ ʢʦʤʧʝʥʩʘʮʽʾ ʩʪʨʫʢʪʫʨʥʦʾ ʟʘʚʘʜʠ 

ʮʠʬʨʦʚʦʾ ʨʘʜʽʦʣʽʥʽʾ ʟ ʰʠʨʦʢʦʩʤʫʛʦʚʠʤ ʬʘʟʦʤʘʥʽʧʫʣʴʦʚʘʥʠʤ ʩʠʛʥʘʣʦʤ. 
 

ʅʝʭʘʡ ʥʘ ʚʠʭʦʜʽ ʙʣʦʢʫ ɸɸʈ ʧʨʠʩʫʪʥʻ ʩʧʦʩʪʝʨʝʞʝʥʥʷ, ʱʦ ʤʽʩʪʠʪʴ 

ʢʦʨʠʩʥʠʡ ʰʠʨʦʢʦʩʤʫʛʦʚʠʡ ʩʠʛʥʘʣ ʟ ʜʚʽʡʢʦʚʦʶ ʬʘʟʦʚʦʶ ʤʘʥʽʧʫʣʷʮʽʻʶ, 

ʩʪʨʫʢʪʫʨʥʫ ʟʘʚʘʜʫ ʪʘ ʘʜʠʪʠʚʥʠʡ ʙʽʣʠʡ ʛʘʫʩʽʚʩʴʢʠʡ ʰʫʤ: 
 

()( ) () () ()1 ,kr

c ʟk t t n tp l l- + +
 

 

ʉʧʦʩʪʝʨʝʞʝʥʥʷ ʟ ʚʠʭʦʜʫ ʙʣʦʢʫ ɸɸʈ ʥʘʜʭʦʜʠʪʴ ʥʘ ʙʣʦʢ ʚʽʜʥʽʤʘʥʥʷ 1, ʜʝ ʚʽʜ 

ʥʴʦʛʦ ʚʽʜʥʽʤʘʻʪʴʩʷ ʦʮʽʥʢʘ ʥʝʧʝʨʝʨʚʥʠʭ ʥʝʽʥʬʦʨʤʘʮʽʡʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʩʠʛʥʘʣʫ 

()*
c tl , ʷʢʘ ʥʘʜʭʦʜʠʪʴ ʟ ʙʣʦʢʫ 2. ʆʪʨʠʤʘʥʝ ʩʧʦʩʪʝʨʝʞʝʥʥʷ ʫ ʙʣʦʮʽ 4 

ʧʝʨʝʤʥʦʞʫʻʪʴʩʷ ʥʘ ʧʩʝʚʜʦʚʠʧʘʜʢʦʚʫ ʧʦʩʣʽʜʦʚʥʽʩʪʴ (ʇɺʇ), ʷʢʘ ʜʘʣʽ ʫ ʙʣʦʮʽ 5 

ʧʝʨʝʤʥʦʞʫʻʪʴʩʷ ʥʘ ʦʧʦʨʥʝ ʢʦʣʠʚʘʥʥʷ ʟ ʦʮʽʥʢʦʶ ʘʤʧʣʽʪʫʜʠ ʽ ʧʦʯʘʪʢʦʚʦʾ ʬʘʟʠ 

ʩʠʛʥʘʣʫ ()*
c tl . ʇʽʩʣʷ ʦʙʥʫʣʝʥʥʷ ʧʦʩʣʽʜʦʚʥʦʩʪʽ ʫ ʢʽʥʮʽ ʢʦʞʥʦʛʦ ʪʘʢʪʦʚʦʛʦ 

ʽʥʪʝʨʚʘʣʫ ʽʥʪʝʛʨʘʪʦʨʦʤ ʥʘ ʚʠʭʦʜʽ ʦʙʤʝʞʫʚʘʯʘ ʙʫʜʝ ʧʨʠʩʫʪʥʷ ʚʝʣʠʯʠʥʘ 

ʜʝ: ()kp  

ï ʧʩʝʚʜʦʚʠʧʘʜʢʦʚʘ ʧʦʩʣʽʜʦʚʥʽʩʪʴ ʥʘ k -ʤʫ ʽʥʬʦʨʤʘʮʽʡʥʦʤʫ 

ʪʘʢʪʦʚʦʤʫ ʽʥʪʝʨʚʘʣʽ, ʱʦ ʧʨʠʡʤʘʻ ʟʥʘʯʝʥʥʷ Ñ 1; 

 0,1r =  

ï ʽʥʬʦʨʤʘʮʽʡʥʠʡ ʜʠʩʢʨʝʪʥʠʡ ʧʘʨʘʤʝʪʨ ʩʠʛʥʘʣʫ; 

   ,c ʟl l ï ʜʠʬʫʟʽʡʥʽ ʤʘʨʢʽʚʩʴʢʽ ʧʨʦʮʝʩʠ, ʱʦ ʦʧʠʩʫʶʪʴ ʩʠʛʥʘʣ ʪʘ 

ʟʘʚʘʜʫ; 

 ( )n t  ï ʘʜʠʪʠʚʥʠʡ ʙʽʣʠʡ ʛʘʫʩʽʚʩʴʢʠʡ ʰʫʤ.  
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() *Ĕth rx= , ʷʢʘ ʩʧʦʯʘʪʢʫ ʧʝʨʝʤʥʦʞʫʻʪʴʩʷ ʟ ()*
c tl  ʫ ʙʣʦʮʽ 6, ʘ ʧʦʪʽʤ ï ʟ ʇɺʇ ʫ 

ʙʣʦʮʽ 7 ʪʘ ʤʘʪʠʤʝ ʚʠʛʣʷʜ: 

() () ()* .ck th tp x lè ø
ê ú 

ɼʣʷ ʦʪʨʠʤʘʥʥʷ ʩʠʛʥʘʣʽʚ ʢʝʨʫʚʘʥʥʷ ɸɸʈ ʦʮʽʥʢʘ ʟʘʚʘʜʠ ʫ ʙʣʦʢʘʭ 8 ʪʘ 9 

ʧʝʨʝʤʥʦʞʫʻʪʴʩʷ ʟ ()*
c tl  ʪʘ ʇɺʇ ʚʽʜʧʦʚʽʜʥʦ ʪʘ ʫ ʙʣʦʮʽ 3 ʚʽʜʥʽʤʘʻʪʴʩʷ ʟʘʪʨʠʤʘʥʘ 

ʚʭʽʜʥʘ ʩʫʤʽʰ. ʇʨʠ ʮʴʦʤʫ ʥʘ ʚʠʭʦʜʽ ʙʣʦʢʫ 3 ʦʪʨʠʤʫʻʤʦ:  

( )( ) ( )( ) ( ) ( ) ()
*

1 1 *1 1 1 .k kr r

c c ʟk t T t T t T n tp l l l- -è ø- - - - - - + - +
é ùê ú  

ɿʚʘʞʘʶʯʠ ʥʘ ʪʝ, ʱʦ ʩʠʛʥʘʣ ʧʨʝʜʩʪʘʚʣʷʻ ʩʦʙʦʶ ʢʦʣʠʚʘʥʥʷ ʟ ʜʚʦʩʪʘʥʦʚʦʶ 

ʬʘʟʦʚʦʶ ʤʘʥʽʧʫʣʷʮʽʻʶ, ʨʽʰʝʥʥʷ ʧʨʦ ʟʥʘʯʝʥʥʷ ʜʠʩʢʨʝʪʥʦʛʦ ʧʘʨʘʤʝʪʨʘ 
*

1kr -ʢʦʨʠʩʥʦʛʦ ʩʠʛʥʘʣʫ ʫ ʙʣʦʮʽ ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʴ ɸɸʈ ʙʫʜʝ ʧʨʠʡʤʘʪʠʩʷ ʟʘ 

ʧʨʘʚʠʣʦʤ: 

( ) ()( ) () () ()( ) () ()
1

* *

*
1

Ĕ0,  1 1 0;

1,  0.

k
k k

k

t
r r

c c c c

tk

t t th t t n t dt
r

g l l x l l

g

--

ë
è ø= - - - + + <î é ùê ú=ì

î
²í

ñ
 

ʆʪʞʝ, ʚʠʢʦʨʠʩʪʘʥʥʷ ʩʧʦʩʦʙʫ ʩʫʤʽʩʥʦʾ ʧʨʦʩʪʦʨʦʚʦ-ʯʘʩʦʚʦʾ ʪʘ ʤʦʜʝʤʥʦʾ 

ʢʦʤʧʝʥʩʘʮʽʾ ʩʪʨʫʢʪʫʨʥʦʾ ʟʘʚʘʜʠ, ʟʘ ʨʘʭʫʥʦʢ ʨʝʘʣʽʟʘʮʽʾ ʧʨʦʮʝʜʫʨʠ ʟʛʦʨʪʢʠ 

ʢʦʨʠʩʥʦʛʦ ʩʠʛʥʘʣʫ ʪʘ ʢʦʤʧʝʥʩʘʮʽʾ ʩʪʨʫʢʪʫʨʥʦʾ ʟʘʚʘʜʠ, ʘ ʪʘʢʦʞ ʬʦʨʤʫʚʘʥʥʷ 

ʚʝʢʪʦʨʘ ñʥʝʚôʷʟʢʠò ʜʣʷ ʫʧʨʘʚʣʽʥʥʷ ʜʽʘʛʨʘʤʦʶ ʩʧʨʷʤʦʚʘʥʦʩʪʽ ɸɸʈ, ʜʦʟʚʦʣʠʪʴ 

ʧʦʢʨʘʱʠʪʠ ʧʨʦʮʝʜʫʨʫ ʢʦʤʧʝʥʩʘʮʽʾ ʩʪʨʫʢʪʫʨʥʦʾ ʟʘʚʘʜʠ ʫ ʚʭʽʜʥʽʡ ʩʫʤʽʰʽ 

ʰʠʨʦʢʦʩʤʫʛʦʚʦʛʦ ʬʘʟʦʤʘʥʽʧʫʣʴʦʚʘʥʦʛʦ ʩʠʛʥʘʣʫ ʪʘ ʩʪʨʫʢʪʫʨʥʦʾ ʟʘʚʘʜʠ 

ʮʠʬʨʦʚʦʾ ʨʘʜʽʦʣʽʥʽʾ ʟ ʰʠʨʦʢʦʩʤʫʛʦʚʠʤ ʬʘʟʦʤʘʥʽʧʫʣʴʦʚʘʥʠʤ ʩʠʛʥʘʣʦʤ. 
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SIMULATION OF THE 4 GHZ BAND DIELECTRIC RESONATOR ANTENNA  
 

The results of modeling a dielectric resonator antenna which consists of a section of a 

microarray line and a disk dielectric resonator using the CST Studio Suite software in the 4 GHz 

range are presented. This thesis will be useful for manufacturers of antennas and antenna devices 

in the microwave range. 
 

ɼʽʝʣʝʢʪʨʠʯʥʘ ʨʝʟʦʥʘʪʦʨʥʘ ʘʥʪʝʥʘ (ɼʈɸ) ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʤʽʢʨʦʩʤʫʞʢʦʚʦʾ 

ʣʽʥʽʾ ʪʘ ʜʽʝʣʝʢʪʨʠʯʥʦʛʦ ʨʝʟʦʥʘʪʦʨʘ, ʷʢʠʡ ʚʠʛʦʪʦʚʣʷʻʪʴʩʷ ʟ ʤʘʪʝʨʽʘʣʫ ʟ 

ʥʠʟʴʢʠʤʠ ʚʪʨʘʪʘʤʠ ʪʘ ʚʠʩʦʢʦʶ ʚʽʜʥʦʩʥʦʶ ʜʽʝʣʝʢʪʨʠʯʥʦʶ ʧʨʦʥʠʢʥʽʩʪʶ (ŮDRA) 

ʨʽʟʥʦʾ ʛʝʦʤʝʪʨʠʯʥʦʾ ʬʦʨʤʠ ï ʮʠʣʽʥʜʨʠʯʥʦʾ, ʧʨʷʤʦʢʫʪʥʦʾ, ʩʬʝʨʠʯʥʦʾ, 

ʥʘʧʽʚʩʬʝʨʠʯʥʦʾ ʥʘʧʽʚʨʦʟʨʽʟʥʦʾ ʮʠʣʽʥʜʨʠʯʥʦʾ ʪʦʱʦ (ʨʠʩ.1). ʈʝʟʦʥʘʥʩʥʽ ʯʘʩʪʦʪʠ 

ʪʘʢʦʾ ɼʈɸ ʟʘʣʝʞʘʪʴ ʚʽʜ ʨʦʟʤʽʨʫ, ʬʦʨʤʠ ʪʘ ʜʽʝʣʝʢʪʨʠʯʥʦʾ ʧʨʦʥʠʢʥʦʩʪʽ 

ʤʘʪʝʨʽʘʣʫ ɼʈ. ɿʘ ʦʩʪʘʥʥʽ 40-50 ʨʦʢʽʚ ʜʽʝʣʝʢʪʨʠʯʥʽ ʨʝʟʦʥʘʪʦʨʠ ʟʥʘʡʰʣʠ 

ʰʠʨʦʢʝ ʟʘʩʪʦʩʫʚʘʥʥʷ ʧʨʠ ʩʪʚʦʨʝʥʥʽ ʰʠʨʦʢʦʛʦ ʢʣʘʩʫ ʧʨʠʩʪʨʦʾʚ 

ʤʽʢʨʦʭʚʠʣʴʦʚʦʛʦ ʜʽʘʧʘʟʦʥʫ, ʪʘʢʠʭ ʷʢ: ʩʤʫʛʦʧʨʦʧʨʦʧʫʩʢʥʽ ʪʘ ʨʝʞʝʢʪʦʨʥʽ 

ʬʽʣʴʪʨʠ, ʜʫʧʣʝʢʩʝʨʠ, ʛʝʪʝʨʦʜʠʥʠ ʪʦʱʦ [1].  

 

ʈʠʩ.1. ʂʦʥʩʪʨʫʢʮʽʷ ʜʽʝʣʝʢʪʨʠʯʥʦʾ  

ʨʝʟʦʥʘʪʦʨʥʦʾ ʘʥʪʝʥʠ: h ï ʚʠʩʦʪʘ ʨʝʟʦʥʘʪʦʨʘ,  

r ï ʨʘʜʽʫʩ ʨʝʟʦʥʘʪʦʨʘ. 

ɼʈɸ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴʩʷ 

ʤʘʣʠʤʠ ʛʘʙʘʨʠʪʥʠʤʠ ʨʦʟʤʽʨʘʤʠ, 

ʧʨʦʩʪʦʨʦʶ ʢʦʥʩʪʨʫʢʮʽʾ, ʚʠʩʦʢʦʶ 

ʝʬʝʢʪʠʚʥʽʩʪʶ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ 

ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʥʠʭ ʭʚʠʣʴ (ɽʄʍ) ʽ 

ʥʠʟʴʢʦʶ ʚʘʨʪʽʩʪʶ ʚʠʨʦʙʥʠʮʪʚʘ, 

ʱʦ ʨʦʙʠʪʴ ʾʭ ʜʫʞʝ 

ʧʝʨʩʧʝʢʪʠʚʥʠʤʠ ʜʣʷ ʟʘʩʪʦʩʫʚʘʥʥʷ 

ʚ ʩʠʩʪʝʤʘʭ ʙʝʟʜʨʦʪʦʚʦʛʦ ʟʚ'ʷʟʢʫ. 

ɼʈɸ ʤʦʞʫʪʴ ʙʫʪʠ ʨʦʟʨʦʙʣʝʥʽ ʜʣʷ 

ʧʨʠʡʦʤʫ/ʧʝʨʝʜʘʚʘʥʥʷ ɽʄʍ ʷʢ ʟ 

ʣʽʥʽʡʥʦʶ, ʪʘʢ ʡ ʟ ʢʦʣʦʚʦʶ 

ʧʦʣʷʨʠʟʘʮʽʻʶ [2]. 

ʊʠʧʦʚʽ ʧʘʨʘʤʝʪʨʠ ɼʈɸ ʤʘʶʪʴ 

ʥʘʩʪʫʧʥʽ ʟʥʘʯʝʥʥʷ [3]: 

- ɺʠʩʦʢʘ ʜʽʝʣʝʢʪʨʠʯʥʘ ʧʨʦʥʠʢʥʽʩʪʴ ʤʘʪʝʨʽʘʣʫ ɼʈ: ŮDRA = 

(20é100)Ñ(1..5)%; 

- ɺʠʩʦʢʘ ʝʬʝʢʪʠʚʥʽʩʪʴ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ɼʈ (å95%) ʟʘ ʨʘʭʫʥʦʢ 

ʚʽʜʩʫʪʥʦʩʪʽ ʚʪʨʘʪ ʫ ʧʨʦʚʽʜʥʠʢʘʭ ʘʙʦ ʧʦʚʝʨʭʥʝʚʽʡ ʭʚʠʣʽ ; 

- ɺʠʩʦʢʘ ʜʦʙʨʦʪʥʽʩʪʴ Q ɼʈ: ʜʦ 10000 (f = 10 ɻɻʮ); 
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- ʐʠʨʦʢʠʡ ʜʽʘʧʘʟʦʥ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʢʦʝʬʽʮʽʻʥʪʘ ʨʝʟʦʥʘʥʩʫ ʯʘʩʪʦʪʘ:  

Űf = (-12é+30) ppm/
o
C ʪʘ ʡʦʛʦ ʜʦʧʫʩʢ Űf = Ñ 0,5; Ñ1,0; Ñ2,0 ppm/

o
C. 

ʄʝʪʦʜʠʢʘ ʤʦʜʝʣʶʚʘʥʥʷ ɼʈɸ ʟʘ ʜʦʧʦʤʦʛʦʶ ʧʨʦʛʨʘʤʥʦʛʦ ʧʘʢʝʪʫ CST 

Studio Suite ʧʝʨʝʜʙʘʯʘʻ ʚʠʢʦʥʘʥʥʷ ʥʘʩʪʫʧʥʠʭ ʢʨʦʢʽʚ: 

1. ɺʠʙʽʨ ʬʦʨʤʠ ɼʈ, ʡʦʛʦ ʨʦʟʤʽʨʽʚ ʪʘ ʨʦʟʨʘʭʫʥʦʢ ʡʦʛʦ ʨʝʟʦʥʘʥʩʥʦʾ 

ʯʘʩʪʦʪʠ. 

2. ɺʠʙʽʨ ʤʘʪʝʨʽʘʣʫ ʧʽʜʢʣʘʜʠʥʢʠ ʪʘ ʾʾ ʛʘʙʘʨʠʪʥʠʭ ʨʦʟʤʽʨʽʚ. 

3. ʈʦʟʨʘʭʫʥʦʢ ʧʘʨʘʤʝʪʨʽʚ ʤʽʢʨʦʩʤʫʞʢʦʚʦʾ ʣʽʥʽʾ (ʜʦʚʞʠʥʘ, ʰʠʨʠʥʘ, 

ʪʦʚʱʠʥʘ). 

4. ʉʪʚʦʨʝʥʥʷ ʪʦʧʦʣʦʛʽʾ ɼʈɸ, ʧʽʜʢʣʶʯʝʥʥʷ ʚʠʤʽʨʶʚʘʣʴʥʦʛʦ ʧʦʨʪʫ. 

5. ʅʘʣʘʰʪʫʚʘʥʥʷ ʧʘʨʘʤʝʪʨʘ ʩʠʤʫʣʷʪʦʨʘ ʪʘ ʟʜʽʡʩʥʝʥʥʷ ʤʦʜʝʣʶʚʘʥʥʷ ʪʘ 

ʨʦʟʨʘʭʫʥʢʽʚ ʧʘʨʘʤʝʪʨʽʚ ɼʈɸ: ʯʘʩʪʦʪʥʦʾ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʢʦʝʬʽʮʽʻʥʪʫ ʚʽʜʙʠʪʪʷ 

S11, ʜʽʘʛʨʘʤ ʩʧʨʷʤʦʚʘʥʦʩʪʽ (ɼʉ) ʚ ʜʘʣʝʢʽʡ ʭʚʠʣʴʦʚʽʡ ʟʦʥʽ, ʰʠʨʠʥʠ. 

ʈʝʟʦʥʘʥʩʥʘ ʯʘʩʪʦʪʘ ɼʈɸ ʤʦʞʝ ʙʫʪʠ ʧʨʠʙʣʠʟʥʦ  (ʟ ʪʦʯʥʽʩʪʶ 5-10%)  

ʤʦʞʝ ʙʫʪʠ ʦʮʽʥʝʥʘ ʟʘ ʥʘʩʪʫʧʥʦʶ ʬʦʨʤʫʣʦʶ (ʚ ʨʝʞʠʤʽ ʟʙʫʜʞʝʥʥʷ 

ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʦʾ ʭʚʠʣʽ TEM11ŭ): 
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ʜʝ fr  ʚʠʟʥʘʯʘʻʪʴʩʷ ʚ ɻɻʮ,  r ʪʘ h ʚ ʤʤ, ŮDRA ï ʜʽʝʣʝʢʪʨʠʯʥʘ ʧʨʦʥʠʢʥʽʩʪʴ 

ʤʘʪʝʨʽʘʣʘ ʜʽʝʣʝʢʪʨʠʯʥʦʛʦ ʨʝʟʦʥʘʪʦʨʘ, ʩ ï ʰʚʠʜʢʽʩʪʴ ʧʦʰʠʨʝʥʥʷ ɽʄʍ ʫ 

ʚʽʣʴʥʦʤʫ ʧʨʦʩʪʦʨʽ. 

ʇʨʠʡʤʝʤʦ ʧʘʨʘʤʝʪʨʠ r ʪʘ h ʨʽʚʥʠʤʠ : r = 10 ʤʤ,  h = 10 ʤʤ. ʊʦʜʽ, ʧʨʠ 

ʚʠʢʦʨʠʩʪʘʥʥʽ ʜʽʝʣʝʢʪʨʠʢʘ ʪʠʧʫ Alumina Ceramic, ʱʦ ʤʘʻ ŮDRA = 9,9,  

tgŭDRA =0,0001, ʟʛʽʜʥʦ (1) ʦʪʨʠʤʘʘʤʦ ʨʦʟʨʘʭʫʥʢʦʚʫ ʯʘʩʪʦʪʫ: 

                    [ ]
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ʋ ʷʢʦʩʪʽ ʤʘʪʝʨʽʘʣʫ ʧʽʜʢʣʘʜʠʥʢʠ ʦʙʨʘʥʦ Rogers RT Duroid 5800, ʷʢʠʡ ʤʘʻ 

ʚʽʜʥʦʩʥʫ ʜʽʝʣʝʢʪʨʠʯʥʫ ʧʨʦʥʠʢʥʽʩʪʴ Ů =  2,2, tgŭ = 0,001, ʪʦʚʱʠʥʫ ʜʽʝʣʝʢʪʨʠʢʘ    

H = 1,52 ʤʤ ʪʘ ʪʦʚʱʠʥʫ ʤʝʪʘʣʽʟʘʮʽʾ ʦʜʥʽʻʾ (ʥʠʞʥʴʦʾ) ʩʪʦʨʦʥʠ t = 0,035 ʤʤ.  

ʐʠʨʠʥʘ ʪʘ ʜʦʚʞʠʥʘ ʧʽʜʢʣʘʜʠʥʢʠ ʦʙʨʘʥʽ ʨʽʚʥʠʤʠ ʚʽʜʧʦʚʽʜʥʦ SL = SW = 60 ʤʤ  

ʪʘ ʪʦʚʱʠʥʫ ʤʝʪʘʣʽʟʘʮʽʾ. 

ʂʦʨʠʩʪʫʶʯʠʩʴ ʦʥʣʘʡʥ ʢʘʣʴʢʫʣʷʪʦʨʦʤ ʧʘʨʘʤʝʪʨʽʚ ʤʽʢʨʦʩʤʫʞʢʦʚʦʾ ʣʽʥʽʾ ʟ 

ʫʨʘʭʫʚʘʥʥʷʤ ʧʘʨʘʤʝʪʨʽʚ ʧʽʜʢʣʘʜʠʥʢʠ, ʜʣʷ ʨʦʟʨʘʭʫʥʢʦʚʦʾ ʯʘʩʪʦʪʠ 4,3 ɻɻʮ ʪʘ 

ʭʚʠʣʴʦʚʦʛʦ ʦʧʦʨʫ ʣʽʥʽʾ Z = 50 ʆʤ ʦʪʨʠʤʘʥʦ ʰʠʨʠʥʫ ʮʽʻʾ ʣʽʥʽʾ, ʱʦ ʟʙʫʜʞʫʻ 

ɼʈ, ʷʢʘ ʜʦʨʽʚʥʶʻ W = 4,65 ʤʤ. ɼʦʚʞʠʥʫ ʮʽʻʾ ʣʽʥʽʾ ʦʙʨʘʥʦ ʨʽʚʥʦʶ L = 40 ʤʤ, 

ʱʦ ʟʘʙʝʟʧʝʯʫʻ ʧʝʨʝʢʨʠʪʪʷ ʥʠʞʥʴʦʾ ʧʦʚʝʨʭʥʽ ɼʈ. 

ʇʽʩʣʷ ʩʪʚʦʨʝʥʥʷ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʨʠʩ.1 ʪʦʧʦʣʦʛʽʾ ɼʈɸ, ʥʘʣʘʰʪʫʚʘʥʥʷ 

ʚʠʤʽʨʶʚʘʣʴʥʦʛʦ ʧʦʨʪʫ ʪʘ ʩʠʤʫʣʷʪʦʨʘ, ʙʫʣʦ ʦʪʨʠʤʘʥʦ ʜʣʷ ʜʽʘʧʘʟʦʥʫ ʨʦʙʦʯʠʭ 

ʯʘʩʪʦʪ 3,8é4,6 ɻɻʮ ʯʘʩʪʦʪʥʫ ʭʘʨʘʢʪʝʨʠʩʪʠʢʫ ʤʦʜʫʣʷ ʢʦʝʬʽʮʽʻʥʪʫ ʚʽʜʙʠʪʪʷ, 

ʱʦ ʟʦʙʨʘʞʝʥʘ ʥʘ ʨʠʩ.2, ʘ ʥʘ ʨʠʩ.3 ï ɼʉ ɼʈɸ. ʄʽʥʽʤʫʤ ʢʦʝʬʽʮʽʻʥʪʘ S11 = -42 

ʜɹ ʧʨʠʧʘʜʘʻ ʥʘ ʯʘʩʪʦʪʫ  4,156 ɻɻʮ, ʱʦ ʥʘ 3,7% ʤʝʥʰʝ ʟʘ ʨʦʟʨʘʭʫʥʢʦʚʝ 

ʟʥʘʯʝʥʥʷ, ʦʪʨʠʤʘʥʝ ʟʘ ʬʦʨʤʫʣʦʶ (2). ʐʠʨʠʛʘ ʩʤʫʛʠ ʧʨʦʧʫʩʢʘʥʥʷ ɼʈɸ ʟʘ 

ʨʽʚʥʝʤ ï 3 ʜɹ ʩʢʣʘʜʘʻ ʧʨʠʙʣʠʟʥʦ  ȹf = 12,1  ʄɻʮ. 
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ɸʥʘʣ̔ʟ ɼʉ ɼʈɸ ʥʘ ʨʠʩ.3 ʧʦʢʘʟʫʻ, ʱʦ ʘʥʪʝʥʘ ʤʘʻ ʩʧʨʷʤʦʚʘʥʝ 

ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʫ ʥʘʧʨʷʤʢʫ, ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦʤʫ ʧʣʦʱʠʥʽ ʘʥʪʝʥʠ. 

 
ʈʠʩ.2. ʏʘʩʪʦʪʥʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʢʦʻʬʽʮʽʻʥʪʘ ʚʽʜʙʠʪʪʷ S11. 

 

   

ʘ) ʙ) ʚ) 

ʈʠʩ.3. ɼʽʘʛʨʘʤʠ ʩʧʨʷʤʦʚʘʥʦʩʪʽ ʘʥʪʝʥʠ ʜʣʷ ʯʘʩʪʦʪʠ f = 4,15 ɻɻʮ. 
 

ʈʦʟʨʘʭʫʥʢʦʚʝ ʟʥʘʯʝʥʥʷ ʢʦʝʬʽʮʽʻʥʪʫ ʧʽʜʩʠʣʝʥʥʷ ʘʥʪʝʥʠ ʩʢʣʘʜʘʻ G = 6,9 

ʜɹʽ, ʰʠʨʠʥʘ ɼʉ ʫ ʚʟʘʻʤʥʦ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʠʭ ʧʣʦʱʠʥʘʭ 2ű0,5 = 82Á, 2ɗ0,5 = 

80Á, ʥʘʡʙʽʣʴʰʠʡ ʨʽʚʝʥʴ ʙʽʯʥʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ -15 ʜɹ. 

ʊʘʢʠʤ ʯʠʥʦʤ, ʫ ʜʘʥʽʡ ʨʦʙʦʪʽ ʨʦʟʢʨʠʪʦ ʤʝʪʦʜʠʢʫ ʤʦʜʝʣʶʚʘʥʥʷ ɼʈɸ ʫ 

ʧʨʦʛʨʘʤʥʦʤʫ ʧʘʢʝʪʽ CST Studio Suite. ɼʘʥʘ ʨʦʙʦʪʘ ʙʫʣʘ ʧʽʜʪʨʠʤʘʥʘ 

ʅʘʮʽʦʥʘʣʴʥʠʤ ʬʦʥʜʦʤ ʜʦʩʣʽʜʞʝʥʴ ʋʢʨʘʾʥʠ ʚ ʨʘʤʢʘʭ ʚʠʢʦʥʘʥʥʷ ʛʨʘʥʪʦʚʦʛʦ 

ʧʨʦʻʢʪʫ çʄʽʢʨʦʭʚʠʣʴʦʚʽ ʧʨʠʩʪʨʦʾ ʥʘ ʦʩʥʦʚʽ ʨʝʟʦʥʘʥʩʥʠʭ ʩʪʨʫʢʪʫʨ ʟ 

ʤʝʪʘʤʘʪʝʨʽʘʣʴʥʠʤ ʚʣʘʩʪʠʚʦʩʪʷʤʠ ʜʣʷ ʟʘʭʠʩʪʫ ʞʠʪʪʻʜʽʷʣʴʥʦʩʪʽ ʪʘ 

ʽʥʬʦʨʤʘʮʽʡʥʦʾ ʙʝʟʧʝʢʠ ʋʢʨʘʾʥʠè (ʈʝʻʩʪʨʘʮʽʡʥʠʡ ʥʦʤʝʨ ʧʨʦʻʢʪʫ 

2021.01/0030) ʪʘ ʅɸʊʆ ʚ ʨʘʤʢʘʭ ʚʠʢʦʥʘʥʥʷ ʛʨʘʥʪʦʚʦʛʦ ʧʨʦʻʢʪʫ NATO SPS 

G6002 ñ3D Metamaterials for Energy Harvesting and Electromagnetic Sensingò. 
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IMPROVING THE EFFICIENCY OF SYMBOL - BASED SCHEDULING  

IN 5G NETWORKS BY USING COMPATIBLE SLOT FORMATS  
 

Compatible formats and combinations of slot formats that are efficient with respect to 

criteria of minimum capacity and coverage loss are obtained. They can be recommended for 

dedicated and dynamic scheduling in synchronized 5G NR networks to reduce the effect of co-

channel interference in border areas and interference between adjacent channels of operators at 

the national level. 
 

ɿ ʧʦʪʦʯʥʠʭ ʦʧʫʙʣʽʢʦʚʘʥʠʭ ʩʪʘʥʜʘʨʪʽʚ ʽ ʜʦʩʣʽʜʞʝʥʴ ʙʫʣʠ ʚʠʷʚʣʝʥʽ ʜʝʷʢʽ 

ʧʦʤʽʪʥʽ ʚʨʘʟʣʠʚʦʩʪʽ [1]. ʎʽ ʚʨʘʟʣʠʚʦʩʪʽ 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, 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.  

ʋ ʜʘʥʽʡ ʜʦʧʦʚʽʜʽ ʨʦʟʛʣʷʥʫʪʦ ʧʽʜʭʦʜʠ ʜʦ ʧʣʘʥʫʚʘʥʥʷ ʯʘʩʪʦʪʥʦʛʦ ʽ 

ʝʥʝʨʛʝʪʠʯʥʦʛʦ ʨʝʩʫʨʩʽʚ ʚ ʩʠʥʭʨʦʥʽʟʦʚʘʥʠʭ ʤʝʨʝʞʘʭ 5G NR ʥʘ ʦʩʥʦʚʽ 

ʘʜʘʧʪʘʮʽʾ ʩʫʤʽʩʥʠʭ ʩʣʦʪʦʚʠʭ ʬʦʨʤʘʪʽʚ ʩʠʛʥʘʣʫ  ʜʦ ʫʤʦʚ ʟʘʩʪʦʩʫʚʘʥʥʷ.    

ɺʠʙʽʨ ʩʣʦʪʦʚʠʭ ʬʦʨʤʘʪʽʚ ʜʣʷ ʜʦʩʣʽʜʞʝʥʥʷ 

ɿ ʤʝʪʦʶ ʧʨʠʩʢʦʨʝʥʥʷ ʚʠʟʥʘʯʝʥʥʷ ʥʘʡʙʽʣʴʰ ʩʫʤʽʩʥʠʭ ʚ ʤʝʨʝʞʘʭ 

ʩʣʦʪʦʚʠʭ ʬʦʨʤʘʪʽʚ ʜʣʷ ʜʦʩʣʽʜʞʝʥʥʷ ʽʟ ʯʠʩʣʘ 62-ʭ ʜʦʩʪʫʧʥʠʭ ʬʦʨʤʘʪʽʚ [2, 

p.135, Table 11.1.1-1], ʦʙʠʨʘʶʪʴʩʷ ʪʽ, ʷʢʽ ʥʘʡʙʽʣʴʰʝ ʚʽʜʧʦʚʽʜʘʶʪʴ 

ʜʠʥʘʤʽʯʥʦʤʫ ʭʘʨʘʢʪʝʨʫ ʟʤʽʥʠ ʟʘʚʘʜʦʚʦʛʦ ʩʪʘʥʫ ʽ ʪʨʘʬʽʢʫ ʚ ʤʝʨʝʞʽ ʟʘ 

ʥʘʩʪʫʧʥʠʤʠ ʢʨʠʪʝʨʽʷʤʠ:   

- ʬʦʨʤʘʪʠ ʚʽʜʧʦʚʽʜʘʶʪʴ ʚʠʤʦʛʘʤ ʱʦʜʦ ʜʠʥʘʤʽʯʥʦʛʦ ʚʠʙʦʨʫ ʩʠʩʪʝʤʦʶ 

ʫʧʨʘʚʣʽʥʥʷ ʨʘʜʽʦʨʝʩʫʨʩʦʤ (RRC), ʪʦʙʪʦ ʬʦʨʤʘʪʠ ʤʦʞʥʘ ʚʽʜʥʝʩʪʠ ʜʦ ʛʨʫʧʠ 

çʧʝʨʝʭʽʜʥʠʭè ʽʟ ʯʠʩʣʘ ʜʽʶʯʠʭ. ʈʝʰʪʘ ʬʦʨʤʘʪʽʚ  ʤʘʶʪʴ ʯʽʪʢʽ ʦʟʥʘʢʠ ʤʘʡʞʝ 

ʧʦʚʥʦʾ ʟʤʽʥʠ ʧʦʧʝʨʝʜʥʽʭ ʬʦʨʤʘʪʽʚ ʽ ʻ ʥʘʧʝʨʝʜ ʥʝʩʫʤʽʩʥʠʤʠ ʟʘ ʢʨʠʪʝʨʽʷʤʠ 

ʚʪʨʘʪ ʻʤʥʦʩʪʽ ʽ ʧʦʢʨʠʪʪʷ ʚ ʨʘʟʽ ʦʙʨʘʥʥʷ ʜʠʥʘʤʽʯʥʦʛʦ ʨʝʞʠʤʫ ʟʤʽʥʠ ʬʦʨʤʘʪʽʚ;  

- ɿʙʝʨʝʞʝʥʥʷ ʬʫʥʢʮʽʦʥʘʣʴʥʦʩʪʽ ʟʘ ʧʨʠʟʥʘʯʝʥʥʷʤ (ʟʘʙʝʟʧʝʯʝʥʥʷ 

ʩʫʤʽʩʥʦʩʪʽ ʙʘʟʦʚʠʭ ʩʪʘʥʮʽʡ  ʽ ʧʣʘʥʫʚʘʥʥʷ ʤʝʨʝʞʽ/ʤʝʨʝʞ); 

- ʤʘʢʩʠʤʘʣʴʥʘ ʝʬʝʢʪʠʚʥʽʩʪʴ (ʰʚʠʜʢʽʩʪʴ ʨʝʘʢʮʽʾ,  ʤʽʥʽʤʘʣʴʥʽ ʨʝʩʫʨʩʥʽ 

ʚʠʪʨʘʪʠ ʥʘ ʙʣʘʥʢʫʚʘʥʥʷ ʽ ʥʘ ʟʘʭʠʩʥʠʡ ʽʥʪʝʨʚʘʣ ʥʘ ʧʝʨʝʭʦʜʘʭ DL-UL);  

ɿʘ ʮʠʤʠ ʢʨʠʪʝʨʽʷʤʠ ʜʣʷ ʜʦʩʣʽʜʞʝʥʥʷ ʚʠʟʥʘʯʝʥʦ 10 ʬʦʨʤʘʪʽʚ (ˉˉ 44 ï 53). 
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ʆʮʽʥʢʘ ʚʪʨʘʪ ʻʤʥʦʩʪʽ.  

ʄʝʪʦʜʠʢʘ ʦʮʽʥʢʠ ʚʪʨʘʪ ʻʤʥʦʩʪʽ ʽʣʶʩʪʨʫʻʪʴʩʷ ʨʠʩ.1, ʜʝ ʧʨʝʜʩʪʘʚʣʝʥʽ 

ʬʦʨʤʘʪʠ ʩʣʦʪʽʚ 45 ʽ 47. ʌʦʨʤʘʪ 45  ʤʽʩʪʠʪʴ 6 ʩʠʤʚʦʣʽʚ ʥʘ ʧʝʨʝʜʘʯʫ (DL), 6 

ʛʥʫʯʢʠʭ ʩʠʤʚʦʣʽʚ (F) ʽ 2 ʩʠʤʚʦʣʠ ʥʘ ʧʨʠʡʦʤ (UL). ʌʦʨʤʘʪ 47 ʤʽʩʪʠʪʴ 2 

ʩʠʤʚʦʣʠ ʥʘ ʧʝʨʝʜʘʯʫ, 2 ʛʥʫʯʢʠʭ ʩʠʤʚʦʣʠ ʽ 10 ʩʠʤʚʦʣʽʚ ʥʘ ʧʨʠʡʦʤ.  ɺʪʨʘʪʠ 

ʻʤʥʦʩʪʽ ʤʦʞʫʪʴ ʙʫʪʠ ʚʠʟʥʘʯʝʥʽ ʰʣʷʭʦʤ ʦʙʯʠʩʣʝʥʥʷ ʫʨʘʞʝʥʠʭ ʩʠʤʚʦʣʽʚ UL ʫ 

ʩʣʦʪʦʚʦʤʫ ʬʦʨʤʘʪʽ ʦʜʥʦʛʦ ʦʧʝʨʘʪʦʨʘ ʯʝʨʝʟ ʯʘʩʦʚʝ ʩʧʽʚʧʘʜʽʥʥʷ ʽʟ ʩʠʤʚʦʣʘʤʠ 

DL ʫ ʩʣʦʪʦʚʦʤʫ ʬʦʨʤʘʪʽ ʽʥʰʦʛʦ ʦʧʝʨʘʪʦʨʘ [3]. ɼʣʷ ʧʨʠʢʣʘʜʫ ʧʨʝʜʩʪʘʚʣʝʥʘ 

ʤʦʜʠʬʽʢʘʮʽʷ 45ɸ ʩʣʦʪʦʚʦʛʦ ʬʦʨʤʘʪʫ 45, ʷʢʠʡ ʟʘʩʪʦʩʦʚʫʻ ʦʜʠʥ ʦʧʝʨʘʪʦʨ,  

ʰʣʷʭʦʤ ʟʘʤʽʥʠ ʫ ʬʦʨʤʘʪʽ ʩʣʦʪʽʚ ʫ ʛʥʫʯʢʠʭ ʩʠʤʚʦʣʘʭ ʥʘ ʧʦʟʠʮʽʷʭ 8 ʽ 22 ʥʘ 

ʩʠʤʚʦʣʠ UL ʟ ʫʨʘʭʫʚʘʥʥʷ ʟʘʭʠʩʥʦʛʦ ʽʥʪʝʨʚʘʣʫ (ʧʦʟʠʮʽʾ 7 ʽ 21) ʤʽʞ ʩʠʤʚʦʣʘʤʠ 

DL (ʧʦʟʠʮʽʾ 6 ʽ 20) ʽ UL.  ʅʠʞʯʝ ʧʨʝʜʩʪʘʚʣʝʥʘ ʤʦʜʠʬʽʢʘʮʽʷ 47ɸ ʬʦʨʤʘʪʫ 47, 

ʷʢʠʡ ʟʘʩʪʦʩʦʚʫʻ ʜʨʫʛʠʡ ʦʧʝʨʘʪʦʨ,  ʰʣʷʭʦʤ ʟʘʤʽʥʠ ʚ ʬʦʨʤʘʪʽ ʩʣʦʪʽʚ ʛʥʫʯʢʠʭ 

ʩʠʤʚʦʣʽʚ ʥʘ ʧʦʟʠʮʽʷʭ 3 ʽ 10 ʥʘ ʟʘʭʠʩʥʠʡ ʽʥʪʝʨʚʘʣ.   

 
 

ʈʠʩ.1. ʄʦʜʠʬʽʢʘʮʽʷ ʩʣʦʪʦʚʠʭ ʬʦʨʤʘʪʽʚ  
ʰʣʷʭʦʤ ʟʘʤʽʥʠ ʛʥʫʯʢʠʭ ʩʠʤʚʦʣʽʚ. 

ɺʪʨʘʪʠ ʻʤʥʦʩʪʽ ʫ ʥʘʚʝʜʝʥʽʡ 

ʧʘʨʽ (45ɸ ʽ 47ɸ) ʬʦʨʤʘʪʽʚ 

ʩʪʘʥʦʚʣʷʪʴ 55 %. ʅʘʜʘʣʽ 

ʰʣʷʭʦʤ ʟʘʤʽʥʠ ʥʘʩʪʫʧʥʦʾ 

ʧʦʟʠʮʽʾ ʛʥʫʯʢʦʛʦ ʩʠʤʚʦʣʫ 

ʥʘ ʧʦʟʠʮʽʾ 8 ʘʙʦ 22 ʬʦʨʤʘʪʫ 

45 ʥʘ ʧʨʠʡʦʤ (UL) 

ʦʪʨʠʤʘʻʤʦ ʥʦʚʫ ʢʦʤʙʽʥʘʮʽʶ 

ʚʟʘʻʤʦʜʽʾ ʟ ʬʦʨʤʘʪʦʤ 47. 

ʐʣʷʭʦʤ ʧʝʨʝʙʦʨʫ ʚʩʽʭ 

ʧʦʟʠʮʽʡ ʛʥʫʯʢʠʭ ʩʠʤʚʦʣʽʚ 

ʜʣʷ ʟʘʩʪʦʩʫʚʘʥʥʷ DL, UL ʽ 

GP (Guard Period) ʤʦʞʥʘ 

ʩʬʦʨʤʫʚʘʪʠ ʤʘʪʨʠʮʶ 

ʚʟʘʻʤʦʜʽʾ ʜʣʷ ʚʩʽʭ 

ʤʦʞʣʠʚʠʭ ʧʦʟʠʮʽʡ ʛʥʫʯʢʠʭ 

ʩʠʤʚʦʣʽʚ ʫ 10-ʪʠ ʩʣʦʪʦʚʠʭ 

ʬʦʨʤʘʪʘʭ, ʷʢʘ ʤʽʩʪʠʪʴ 135  

ʢʦʤʙʽʥʘʮʽʡ ʧʦʧʘʨʥʦʾ ʚʟʘʻʤʦʜʽʾ. ʈʝʟʫʣʴʪʘʪʠ ʨʦʟʨʘʭʫʥʢʽʚ ʚʪʨʘʪ ʻʤʥʦʩʪʽ ʜʣʷ 

ʨʽʟʥʠʭ ʚʘʨʽʘʮʽʡ ʢʦʤʙʽʥʘʮʽʡ ʬʦʨʤʘʪʽʚ ʩʣʦʪʽʚ 44-53 ʥʘʚʝʜʝʥʽ ʥʘ ʨʠʩ.2.  

 
ʈʠʩ.2.  ɺʪʨʘʪʠ ʻʤʥʦʩʪʽ (ʫ %) ʚ ʢʘʥʘʣʽ UL ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʢʦʤʙʽʥʘʮʽʡ ʬʦʨʤʘʪʽʚ ʩʣʦʪʽʚ 44 ï 53. 
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ʇʨʠ  ʜʦʧʫʩʪʠʤʠʭ ʚʪʨʘʪʘʭ ʻʤʥʦʩʪʽ ʫ 10% ʥʘʡʢʨʘʱʽ ʨʝʟʫʣʴʪʘʪʠ ʤʦʞʥʘ 

ʦʯʽʢʫʚʘʪʠ ʧʨʠ ʟʘʩʪʦʩʫʚʘʥʥʽ ʥʘʩʪʫʧʥʠʭ 6-ʪʠ ʧʘʨ ʩʣʦʪʦʚʠʭ ʬʦʨʤʘʪʽʚ: 46-49; 46-

52; 49-44; 49-52; 49-53; 52-53.  ʇʨʠ ʜʦʧʫʩʪʠʤʠʭ ʚʪʨʘʪʘʭ ʻʤʥʦʩʪʽ ʫ 5% 

ʥʘʡʢʨʘʱʠʤʠ ʻ 4 ʧʘʨʠ ʩʣʦʪʦʚʠʭ ʬʦʨʤʘʪʽʚ: 46-49; 46-52;  49-52; 52-53.  

ʆʮʽʥʢʘ ʚʪʨʘʪ ʧʦʢʨʠʪʪʷ.  

ʆʮʽʥʢʘ ʚʪʨʘʪ ʧʦʢʨʠʪʪʷ ʚ ʩʣʦʪʦʚʠʭ ʬʦʨʤʘʪʘʭ ʟʜʽʡʩʥʶʻʪʴʩʷ ʰʣʷʭʦʤ 

ʚʨʘʭʫʚʘʥʥʷ ʝʥʝʨʛʝʪʠʯʥʠʭ ʚʪʨʘʪ ʥʘ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʚ ʧʦʟʠʮʽʷʭ ʪʠʭ ʩʠʤʚʦʣʽʚ 

UL, ʷʢʽ ʧʨʠʧʘʜʘʶʪʴ ʥʘ ʧʦʟʠʮʽʾ ʩʠʤʚʦʣʽʚ ʙʣʦʢʫ ʩʠʛʥʘʣʫ ʩʠʥʭʨʦʥʽʟʘʮʽʾ (SSB - 

Synchronisation Signal Block). ʇʝʨʝʚʘʛʫ ʙʫʜʫʪʴ ʤʘʪʠ ʪʽ ʬʦʨʤʘʪʠ, ʚ ʷʢʠʭ 

ʩʠʤʚʦʣʴʥʽ  ʧʦʟʠʮʽʾ DL ʩʧʽʚʧʘʜʘʶʪʴ ʟ ʩʠʤʚʦʣʴʥʠʤʠ ʧʦʟʠʮʽʷʤʠ SSB (4 

ʩʠʤʚʦʣʠ). ʉʠʛʥʘʣʠ SSB ʚ ʩʣʦʪʦʚʦʤʫ ʬʦʨʤʘʪʽ ʤʘʶʪʴ ʬʽʢʩʦʚʘʥʽ ʧʦʟʠʮʽʾ, ʷʢʽ 

ʚʠʟʥʘʯʘʶʪʴʩʷ ʩʪʘʥʜʘʨʪʦʤ [2, 4.1 Cell Search] ʽ ʟʘʣʝʞʘʪʴ ʚʽʜ ʯʘʩʪʦʪʥʦʛʦ 

ʜʽʘʧʘʟʦʥʫ ʽ ʯʘʩʪʦʪʥʦʛʦ ʨʦʟʥʝʩʝʥʥʷ ʧʽʜʥʝʩʫʯʠʭ  (SCS - Sub Carrier Spacing). 

ʊʘʢ, ʥʘʧʨʠʢʣʘʜ, ʜʣʷ ʯʘʩʪʦʪʥʦʛʦ ʜʽʘʧʘʟʦʥʫ 3ɻɻʮ (3,4-3,8 ɻɻʮ) ʽ  SCS ʫ 30 

ʢɻʮ ʚ ʨʘʜʽʦʢʘʜʨʽ ʨʦʟʤʽʱʫʻʪʴʩʷ 8 ʩʠʛʥʘʣʽʚ SSB ʫ ʧʝʨʰʠʭ 4-ʭ ʩʣʦʪʘʭ, ʧʦʯʘʪʢʦʚʽ 

ʧʦʟʠʮʽʾ ʷʢʠʭ ʧʨʠʭʦʜʷʪʴʩʷ ʥʘ ʩʠʤʚʦʣʴʥʽ ʧʦʟʠʮʽʾ  4, 8, 16, 20, 32, 36, 44, 48. ʅʘ 

ʨʠʩ.3 ʧʨʝʜʩʪʘʚʣʝʥʽ ʤʦʜʠʬʽʢʦʚʘʥʽ ʬʦʨʤʘʪʠ ʩʣʦʪʽʚ 45ɸ ʽ 47ɸ ʟ ʧʦʟʥʘʯʝʥʠʤʠ 

ʤʽʩʮʷʤʠ ʨʦʟʤʽʱʝʥʥʷ ʩʠʛʥʘʣʽʚ SSB. ʈʦʟʨʘʭʫʥʦʢ ʚʪʨʘʪ ʧʦʢʨʠʪʪʷ ʫ ʨʘʜʽʦʢʘʜʨʽ 

ʜʣʷ ʨʦʟʤʽʱʝʥʥʷ ʛʥʫʯʢʠʭ ʩʠʤʚʦʣʽʚ ʬʦʨʤʘʪʫ 47ɸ ʩʪʘʥʦʚʠʪʴ 8,5  ʚʽʜʩʦʪʢʽʚ.    

 
ʈʠʩ. 3. ʈʦʟʪʘʰʫʚʘʥʥʷ ʩʠʛʥʘʣʫ SSB ʚ ʬʦʨʤʘʪʽ ʨʘʜʽʦʢʘʜʨʫ. 

 

ʈʝʟʫʣʴʪʘʪʠ ʨʦʟʨʘʭʫʥʢʽʚ ʜʣʷ ʨʽʟʥʠʭ ʚʘʨʽʘʮʽʡ ʩʣʦʪʦʚʠʭ ʬʦʨʤʘʪʽʚ 

ʧʦʢʘʟʫʶʪʴ, ʱʦ ʧʨʠ ʜʦʧʫʩʪʠʤʠʭ ʚʪʨʘʪʘʭ ʧʦʢʨʠʪʪʷ ʫ 5% ʢʨʘʱʽ ʧʦʢʘʟʥʠʢʠ 

ʤʘʶʪʴ ʬʦʨʤʘʪʠ ʩʣʦʪʽʚ 44, 46, 49, 52, ʱʦ ʧʽʜʪʚʝʨʜʞʫʻ ʢʨʘʱʫ ʩʫʤʽʩʥʽʩʪʴ 

ʢʦʤʙʽʥʘʮʽʡ ʮʠʭ ʬʦʨʤʘʪʽʚ (ʧʣʶʩ ʬʦʨʤʘʪ 53), ʦʪʨʠʤʘʥʠʭ ʟʘ ʢʨʠʪʝʨʽʻʤ ʚʪʨʘʪ 

ʻʤʥʦʩʪʽ. 
ʃʽʪʝʨʘʪʫʨʘ 
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ɼʆʉʃɯɼɾɽʅʅʗ ʍɸʈɸʂʊɽʈʀʉʊʀʂ ʇʈʆʊʆʂʆʃɯɺ  

ʄɸʈʐʈʋʊʀɿɸʎɯɰ ɺ AD-HOC ʄɽʈɽɾɯ  

 

ɸdhoc ʤʝʨʝʞʽ ʥʘʙʫʚʘʶʪʴ ʟʥʘʯʥʦʛʦ ʧʦʰʠʨʝʥʥʷ ʦʩʪʘʥʥʽʤ ʯʘʩʦʤ. ɺʧʨʦʚʘʜʞʝʥʥʷ 5G ʻ 

ʦʜʥʠʤ ʽʟ ʯʠʥʥʠʢʽʚ ʷʢʽ ʧʨʠʩʢʦʨʶʶʪʴ ʮʝʡ ʧʨʦʮʝʩ. ɸʣʝ ʩʪʨʽʤʢʠʡ ʟʨʽʩʪ ʦʢʨʽʤ ʧʝʨʝʚʘʛ ʤʘʻ ʽ 

ʨʷʜ ʦʙʤʝʞʫʶʯʠʭ ʯʠʥʥʠʢʽʚ. ʆʜʥʠʤ ʽʟ ʪʘʢʠʭ ʯʠʥʥʠʢʽʚ ʻ ʚʝʣʠʢʘ ʢʽʣʴʢʽʩʪʴ ʽʩʥʫʶʯʠʭ 

ʧʨʦʪʦʢʦʣʽʚ ʤʘʨʰʨʫʪʠʟʘʮʽʾ ʽ ʚʽʜʩʫʪʥʽʩʪʴ ʩʪʘʥʜʘʨʪʠʟʘʮʽʾ ʚʞʝ ʮʴʦʤʫ ʧʠʪʘʥʥʽ. ʊʦʤʫ ʮʷ ʨʦʙʦʪʘ 

ʧʨʠʩʚʷʯʝʥʘ ʜʦʩʣʽʜʞʝʥʥʶ ʝʬʝʢʪʠʚʥʦʩʪʽ ʧʨʦʪʦʢʦʣʽʚ ʤʘʨʰʨʫʪʠʟʘʮʽʾ ʚ adhoc ʤʝʨʝʞʘʭ ʧʨʠ 

ʨʽʟʥʠʭ ʟʦʚʥʽʰʥʽʭ ʧʘʨʘʤʝʪʨʘʭ, ʪʘʢʠʭ ʷʢ ʨʽʚʝʥʴ ʥʘʚʘʥʪʘʞʝʥʥʷ ʯʠ ʤʦʙʽʣʴʥʽʩʪʴ ʢʦʨʠʩʪʫʚʘʯʽʚ. 

ʈʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʥʷ ʜʦʟʚʦʣʷʶʪʴ ʦʙʨʘʪʠ ʥʘʡʢʨʘʱʠʡ ʘʣʛʦʨʠʪʤ ʤʘʨʰʨʫʪʠʟʘʮʽʾ ʚ 

ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʟʘʜʘʥʠʭ ʫʤʦʚ. 

 

Researching the characteristics of routing protocols in ad-hoc networks is a highly 

relevant task in telecommunications, as wireless ad-hoc networks are becoming 

increasingly prevalent in remote regions, even in extreme conditions, military operations, 

and scenarios where establishing infrastructure networks is not feasible. Routing 

protocols are essential for ad-hoc networks to ensure efficient and reliable data exchange 

between network nodes. However, due to such networks' dynamic and unpredictable 

nature, selecting the optimal routing protocol becomes challenging. Current research in 

this area is necessary to optimize the operation of ad-hoc networks and ensure their best 

functioning. 

Analyzing the characteristics of different protocols enables telecommunications 

engineers to understand their advantages and limitations, thereby facilitating the 

development of optimal solutions to enhance the functionality and efficiency of ad-hoc 

networks in various application scenarios. Current challenges include high variability in 

packet loss, network instability when users' movement speed changes, and insufficient 

efficiency of routing protocols in ad-hoc networks. 

This work aims to analyze the dependency of packet loss on network uptime, 

study the impact of users' movement speed on network efficiency, and investigate the 

effectiveness of different routing protocols in network operation. To achieve this goal, 

simulations were conducted to collect and analyze relevant information regarding 

network dynamics, users' movement speeds, and the selected routing protocol. We 

commenced the research by choosing the optimal moment for simulation to ensure the 

stability of the metrics. We considered various user movement patterns to identify robust 

metrics. The research results are presented in a graph, enabling the selection of the best 

time for further analysis. To thoroughly study packet behavior over different periods, we 

plan to conduct eight simulations ranging from 70 to 50,000 seconds. These data will be 

the basis for developing optimization strategies and network management to improve 

productivity and efficiency (Figure 1). 
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Fig. 1. Dependence of indicators on time. 

During the initial stages of 
network operation, there is a 
notable exponential growth 
in traffic, leading to system 
instability. Conducting 
research on network 
parameters during such 
periods becomes impractical 
due to the need for more 
stability to ensure reliable 
results.  
Therefore, waiting for the 
network to enter a stable 
operational mode for the 
load to stabilize and reach its 
maximum  

values before embarking on scientific research and network analysis is advisable. 

Accordingly, the optimal time interval for conducting research is 20,000 seconds 

or more. Only under such conditions can sufficient stability and reliability of the obtained 

data be ensured for further analysis and practical application. 

In the subsequent stage of the study, the impact of user mobility on the efficiency 

of ad-hoc networks using the AODV protocol was analyzed (see Table 1). Notably, for 

this study, two fixed communication nodes were established, interacting with mobile 

nodes of varying velocities. 
 

Table 1. Analyzing the impact of user speed on network efficiency. 

Speed loss rate (%): round-trip avg (ms): stddev (ms): 

Lack of mobility 0,00297965 1.91593 0,101542 

Low mobility 16.0342 177,603 857,769 

Moderate mobility 30,7564 460,749 1255,67 

Fast mobility 43,6678 787,03 1521,98 
 

From the perspective of a telecommunications engineer, the research findings 

indicate that as the user speed in an ad-hoc network using the AODV protocol increases, 

data loss increases, as does the average connection setup time and its standard deviation. 

In cases where user movement speed is low or mobility is absent, the network 

efficiency is relatively high, as evidenced by minimal data loss and low average 

connection setup time. Such conditions may be typical for stationary or low-mobility 

objects, such as sensors in monitoring systems. 

However, in cases where user movement speed is high (moderate to high 

mobility), network efficiency significantly deteriorates, leading to significant data loss 

and increased connection setup time. Such conditions may arise, for example, in mobile 

applications or scenarios where users move quickly. 

Thus, an ad-hoc network using the AODV protocol may be effective when a fast 

and reliable connection between nodes is required in cases of low or zero mobility. 

However, issues with network stability and efficiency may arise in cases of high 

mobility, necessitating additional optimization measures or the selection of a different 

network type. 
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In the final stage of the study, an evaluation of network performance using 

different routing protocols, including AODV, DSDV, and GPSR, was conducted (see 

Table 2). The results provided important information regarding the performance of each 

protocol under different network conditions. Specifically, the AODV and GPSR 

protocols demonstrated low levels of data loss and small average delay times, 

highlighting their high efficiency in route establishment and data exchange in the 

network. On the other hand, the DSDV protocol showed significant data loss and ample 

average delay time, indicating its lesser efficiency than other protocols. 
 

Table 2.Investigation of network performance under different routing protocols. 

˽ͪͦͭͦͦ͟͡ loss rate (%): round-trip avg (ms): sent 

AODV-1 0.00595752 3.15598 33571 

AODV-M 0.00596303 4.81104 33540 

DSDV 7,99487 13,9246 33559 

GPSR-M 0,152103 14,2624 33530 

GPSR-M 0,149134 14,2303 33527 
 

Conclusion. The conducted research confirms the relevance of analyzing routing 

protocol characteristics in ad-hoc networks, especially considering their prevalence in 

remote regions and conditions where establishing infrastructure networks is not feasible. 

The research results underscore the importance of selecting the optimal routing 

protocol depending on specific application conditions, such as user mobility and network 

stability. High user mobility rates may lead to significant data losses and network 

efficiency degradation, necessitating careful protocol selection and potential optimization 

strategies. 
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OPTIMIZATION APPR OACH FOR SELECTION OF  

MICROWAVE LINE -OF-SIGHT LINK PARAMETERS  

 
The ITU recommends using a specific algorithm to determine antenna heights, 

emphasizing the importance of optimizing the clearances above the height of the antenna itself.  

In our methodology, we have improved this approach to include the calculation of optimal 

antenna heights and diameters. We introduce a procedure that allows us to find such antenna 

heights and diameters that are minimal in terms of equipment cost, antenna diameter, and mast 

length, but still provide high signal quality. 
 

ʄʽʢʨʦʭʚʠʣʴʦʚʽ ʣʽʥʽʾ ʧʨʷʤʦʾ ʚʠʜʠʤʦʩʪʽ ʩʢʣʘʜʘʶʪʴʩʷ ʟ ʩʠʩʪʝʤ "ʪʦʯʢʘ-ʪʦʯʢʘ" 

ʤʽʞ ʜʚʦʤʘ ʥʘʟʝʤʥʠʤʠ ʩʪʘʥʮʽʷʤʠ, ʷʢʽ ʧʝʨʝʜʘʶʪʴ ʽ ʧʨʠʡʤʘʶʪʴ ʩʠʛʥʘʣʠ, 

ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ ʧʝʨʝʚʘʛʠ ʧʦʰʠʨʝʥʥʷ ʭʚʠʣʴ ʯʝʨʝʟ ʥʠʞʥʶ ʯʘʩʪʠʥʫ ʘʪʤʦʩʬʝʨʠ 

(ʪʨʦʧʦʩʬʝʨʫ). ʄʽʢʨʦʭʚʠʣʴʦʚʽ ʣʽʥʽʾ ʧʨʘʮʶʶʪʴ ʚ ʨʝʞʠʤʽ ʧʨʷʤʦʾ ʚʠʜʠʤʦʩʪʽ ʚ 

ʜʽʘʧʘʟʦʥʘʭ ʯʘʩʪʦʪ ʚʽʜ 400 ʄɻʮ ʜʦ 95 ɻɻʮ ʟʘ ʧʝʚʥʠʭ ʫʤʦʚ ʜʦʩʪʫʧʥʦʩʪʽ ʪʘ 

ʷʢʦʩʪʽ. ʅʘ ʧʨʘʢʪʠʮʽ ʮʽ ʩʠʩʪʝʤʠ ʥʘʟʠʚʘʶʪʴ ʤʽʢʨʦʭʚʠʣʴʦʚʠʤʠ ʣʽʥʽʷʤʠ ʟʚ'ʷʟʢʫ, 

ʤʽʢʨʦʭʚʠʣʴʦʚʠʤʠ ʣʽʥʽʷʤʠ ʧʨʷʤʦʾ ʚʠʜʠʤʦʩʪʽ, ʨʘʜʽʦʣʽʥʽʷʤʠ ʬʽʢʩʦʚʘʥʦʾ ʩʣʫʞʙʠ 

ʘʙʦ ʧʨʦʩʪʦ ʨʘʜʽʦʣʽʥʽʷʤʠ. 

ʐʣʷʭ ʧʦʰʠʨʝʥʥʷ ʭʚʠʣʴʦʚʦʛʦ ʬʨʦʥʪʫ ʤʽʞ ʧʝʨʝʜʘʚʘʯʝʤ ʽ ʧʨʠʡʤʘʯʝʤ 

ʤʽʢʨʦʭʚʠʣʴʦʚʦʾ ʣʽʥʽʾ ʧʨʷʤʦʾ ʚʠʜʠʤʦʩʪʽ ʻ ʚʠʛʥʫʪʦʶ ʪʨʘʻʢʪʦʨʽʻʶ. ʗʢʱʦ 

ʧʨʦʘʥʘʣʽʟʫʚʘʪʠ ʨʘʜʽʦʛʦʨʠʟʦʥʪ (ʚʽʜʩʪʘʥʴ, ʥʘ ʷʢʽʡ ʭʚʠʣʴʦʚʠʡ ʬʨʦʥʪ 

ʧʝʨʝʭʦʧʣʶʻ ʢʨʠʚʠʟʥʫ ɿʝʤʣʽ), ʪʦ ʚʠʷʚʠʪʴʩʷ, ʱʦ ʮʷ ʚʽʜʩʪʘʥʴ ʤʦʞʝ ʙʫʪʠ ʷʢ 

ʙʽʣʴʰʦʶ, ʪʘʢ ʽ ʤʝʥʰʦʶ ʟʘ ʛʝʦʤʝʪʨʠʯʥʫ ʚʽʜʩʪʘʥʴ ʜʦ ʦʧʪʠʯʥʦʛʦ ʛʦʨʠʟʦʥʪʫ 

(ʜʦʪʠʯʥʘ ʜʦ ɿʝʤʣʽ, ʱʦ ʧʨʦʭʦʜʠʪʴ ʧʦʚʟ ʧʝʨʝʜʘʚʘʯ), ʟʘʣʝʞʥʦ ʚʽʜ ʫʤʦʚ 

ʪʨʦʧʦʩʬʝʨʠ, ʱʦ ʤʦʞʥʘ ʧʦʙʘʯʠʪʠ ʥʘ ʨʠʩ.1.  

ɿʘʛʘʣʴʥʘ ʤʝʪʦʜʠʢʘ ʚʠʟʥʘʯʝʥʥʷ ʚʠʩʦʪ ʧʽʜʚʽʩʫ ʘʥʪʝʥ ʧʦʣʷʛʘʻ ʚ ʪʦʤʫ, ʱʦ ITU 

ʨʝʢʦʤʝʥʜʫʻ [2] ʚʠʟʥʘʯʘʪʠ ʘʥʪʝʥʠ ʚʠʭʦʜʷʯʠ ʟ ʢʨʠʪʝʨʽʶ ʟʘʙʝʟʧʝʯʝʥʥʷ 

ʥʝʦʙʭʽʜʥʦʛʦ ʧʨʦʩʚʽʪʫ, ʘʣʝ ʚʦʥʘ ʥʝ ʚʠʟʥʘʯʘʻ ʢʦʥʢʨʝʪʥʠʭ ʦʧʪʠʤʘʣʴʥʠʭ ʟʥʘʯʝʥʴ 

ʚʠʩʦʪ ʤʘʰʪ ʧʨʦʣʴʦʪʫ. ʇʨʦʧʦʥʫʻʪʴʩʷ ʚʢʣʶʯʠʪʠ ʪʨʠ ʧʘʨʘʤʝʪʨʠ: ʜʽʘʤʝʪʨ 

ʘʥʪʝʥʠ (ʧʝʨʝʜʙʘʯʘʻʪʴʩʷ, ʱʦ ʘʥʪʝʥʠ ʥʘ ʦʙʦʭ ʢʽʥʮʷʭ ʧʨʦʣʴʦʪʫ ʦʜʥʘʢʦʚʽ), ʚʠʩʦʪʘ 

ʧʽʜʚʽʩʫ, ʘʥʪʝʥʠ ʧʝʨʝʜʘʚʘʯʘ ʪʘ ʚʠʩʦʪʘ ʧʽʜʚʽʩʫ ʘʥʪʝʥʠ ʧʨʠʡʤʘʯʘ, ʚ ʩʪʨʫʢʪʫʨʫ 

ʦʧʪʠʤʽʟʘʮʽʾ. ʊʘʢʦʞ ʧʦʪʨʽʙʥʦ ʚʠʟʥʘʯʠʪʠ ʪʘʢʽ ʧʘʨʘʤʝʪʨʠ ʟʘ ʷʢʠʭ ʚʠʢʦʥʫʶʪʴʩʷ 

ʧʘʨʘʤʝʪʨʠ ʷʢʦʩʪʽ: ʂʣʘʩ 4 ʟʘ ʨʝʢʦʤʝʥʜʘʮʽʻʶ ITU-R F.696-2[3] ʧʨʠ ʷʢʦʤʫ ESR 

= 0.4% ʪʘ ʚʽʜʩʦʪʦʢ ʯʘʩʫ ʟʘʛʘʣʴʥʦʾ ʥʝʛʦʪʦʚʥʦʩʪʽ ʧʨʦʣʴʦʪʫ (Pu) ʻ 0.1%. ʇʨʠ 

ʮʴʦʤʫ ʥʘʰʦʶ ʤʝʪʦʶ ʻ ʜʦʩʷʛʥʝʥʥʷ ʤʽʥʽʤʘʣʴʥʦʾ ʟʘʛʘʣʴʥʦʾ ʚʘʨʪʦʩʪʽ ʦʙʣʘʜʥʘʥʥʷ. 

ɼʣʷ ʮʴʦʛʦ ʥʝʦʙʭʽʜʥʦ ʚʚʝʩʪʠ ʤʦʜʝʣʽ ʚʘʨʪʦʩʪʽ ʷʢʽ ʤʦʞʫʪʴ ʙʫʪʠ ʙʫʜʴ- ʢ̫ʠʤʠ ʪʘ ʫ 
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ʷʢʦʩʪʽ ʤʝʪʦʜʫ ʦʧʪʠʤʽʟʘʮʽʾ ʦʙʠʨʘʻʪʴʩʷ ʤʝʪʦʜ ʧʦʚʥʦʛʦ ʧʝʨʝʙʦʨʫ ʚʘʨʽʘʥʪʽʚ. 

 
ʈʠʩ. 1. ʆʧʪʠʯʥʠʡ ʛʦʨʠʟʦʥʪ ʪʘ ʨʘʜʽʦʛʦʨʠʟʦʥʪ [1]. 

 

ʄʝʪʦʜ ʧʝʨʝʙʦʨʫ ʚʘʨʽʘʥʪʽʚ ʚʚʘʞʘʻʪʴʩʷ ʥʘʡʙʽʣʴʰ ʪʦʯʥʠʤ ʩʝʨʝʜ ʫʩʽʭ 

ʤʝʪʦʜʽʚ ʦʧʪʠʤʽʟʘʮʽʾ, ʦʩʢʽʣʴʢʠ ʚʽʥ ʛʘʨʘʥʪʫʻ ʟʥʘʭʦʜʞʝʥʥʷ ʽʩʪʠʥʥʦʛʦ ʦʧʪʠʤʫʤʫ. 

ʆʜʥʘʢ ʡʦʛʦ ʥʝʜʦʣʽʢ ʧʦʣʷʛʘʻ ʫ ʚʝʣʠʢʽʡ ʦʙʯʠʩʣʶʚʘʣʴʥʽʡ ʩʢʣʘʜʥʦʩʪʽ: ʧʨʠ 

ʚʝʣʠʢʽʡ ʢʽʣʴʢʦʩʪʽ ʧʘʨʘʤʝʪʨʽʚ ʦʙʯʠʩʣʝʥʥʷ ʤʦʞʝ ʟʘʡʤʘʪʠ ʟʥʘʯʥʠʡ ʯʘʩ, ʘʙʦ 

ʥʘʚʽʪʴ ʩʪʘʪʠ ʥʝʤʦʞʣʠʚʠʤ ʫ ʟʚ'ʷʟʢʫ ʟ ʥʝʦʙʭʽʜʥʽʩʪʶ ʧʨʦʚʝʩʪʠ ʧʦʚʥʠʡ ʧʝʨʝʙʽʨ, 

ʱʦ ʤʦʞʝ ʟʘʡʥʷʪʠ ʥʘʜʟʚʠʯʘʡʥʦ ʙʘʛʘʪʦ ʯʘʩʫ ʘʙʦ ʥʘʚʽʪʴ ʚʠʤʘʛʘʪʠ ʥʝʩʢʽʥʯʝʥʥʦʛʦ 

ʯʘʩʫ ʜʣʷ ʟʘʚʝʨʰʝʥʥʷ. 

ʆʜʥʘʢ ʫ ʚʠʧʘʜʢʫ ʦʧʠʩʘʥʦʾ ʟʘʜʘʯʽ, ʜʝ ʢʽʣʴʢʽʩʪʴ ʥʦʤʽʥʘʣʽʚ ʜʽʘʤʝʪʨʽʚ ʘʥʪʝʥ 

ʪʘ ʢʽʣʴʢʽʩʪʴ ʩʝʢʮʽʡ ʤʘʰʪ ʚʽʜʥʦʩʥʦ ʥʝʚʝʣʠʢʘ - 10 ʥʦʤʽʥʘʣʽʚ ʘʥʪʝʥ ʪʘ 15 ʩʝʢʮʽʡ 

ʤʘʰʪ, ʟʘʛʘʣʴʥʘ ʢʽʣʴʢʽʩʪʴ ʚʘʨʽʘʥʪʽʚ ʧʝʨʝʙʦʨʫ ʩʪʘʥʦʚʠʪʴ 2250. ʊʘʢʘ ʢʽʣʴʢʽʩʪʴ 

ʚʘʨʽʘʥʪʽʚ ʻ ʧʨʠʡʥʷʪʥʦʶ ʜʣʷ ʚʠʢʦʨʠʩʪʘʥʥʷ ʤʝʪʦʜʫ ʧʝʨʝʙʦʨʫ ʚʘʨʽʘʥʪʽʚ ʙʝʟ 

ʟʥʘʯʥʦʛʦ ʟʙʽʣʴʰʝʥʥʷ ʯʘʩʫ ʦʙʯʠʩʣʝʥʴ. ʆʪʞʝ, ʚ ʨʘʤʢʘʭ ʧʝʨʝʚʽʨʢʠ ʧʽʜʭʦʜʫ, ʱʦ 

ʧʨʦʧʦʥʫʻʪʴʩʷ, ʙʫʣʦ ʟʜʽʡʩʥʝʥʦ ʤʦʜʝʣʶʚʘʥʥʷ ʪʘ ʦʧʪʠʤʽʟʘʮʽʶ ʨʘʜʽʦʨʝʣʝʡʥʦʾ 

ʣʽʥʽʾ ʟʚ'ʷʟʢʫ ʟ ʧʘʨʘʤʝʪʨʘʤʠ, ʥʘʚʝʜʝʥʠʤʠ ʚ ʪʘʙʣ. 1. ʉʘʤʘ ʛʨʘʬʽʯʥʘ ʜʽʘʛʨʘʤʘ 

ʨʘʜʽʦʨʝʣʝʡʥʦʛʦ ʧʨʦʣʴʦʪʫ ʟʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʦʧʪʠʤʽʟʘʮʽʾ ʥʘ ʨʠʩ. 2. 

 
ʈʠʩ.2. ɻʨʘʬʽʯʥʘ ʜʽʘʛʨʘʤʘ ʨʘʜʽʦʨʝʣʝʡʥʦʛʦ ʧʨʦʣʴʦʪʫ 
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ʊʘʙʣ. 1. ʇʘʨʘʤʝʪʨʘʤʠ ʣʽʥʽʡ. 

ɺʽʜʩʦʪʦʢ ʥʝʜʦʩʪʫʧʥʦʩʪʽ ʯʝʨʝʟ ʙʘʛʘʪʦʧʨʦʤʝʥʝʚʝ ʧʦʰʠʨʝʥʥʷ ʭʚʠʣʴ, %  0.0002 

ʏʘʩʪʦʪʘ, ʄɻʮ 8000 

ʇʦʪʫʞʥʽʩʪʴ ʧʝʨʝʜʘʚʘʯʘ, ʜɹʤ 20.0 

ʏʫʪʣʠʚʽʩʪʴ ʧʨʠʡʤʘʯʘ, ʜɹʤ -66 

ʂʦʝʬʽʮʽʻʥʪ ʧʽʜʩʠʣʝʥʥʷ ʘʥʪʝʥʠ, ʜɹ 25.404 

ɺʽʜʩʪʘʥʴ ʟʚ'ʷʟʢʫ, ʤ 2481.468 

ʆʧʪʠʤʘʣʴʥʠʡ ʜʽʘʤʝʪʨ ʘʥʪʝʥʠ 0.3 m 

ʆʧʪʠʤʘʣʴʥʘ ʚʠʩʦʪʘ ʘʥʪʝʥʠ ʟ ʙʦʢʫ ʧʝʨʝʜʘʚʘʯʘ 21.0 m 

ʆʧʪʠʤʘʣʴʥʘ ʚʠʩʦʪʘ ʘʥʪʝʥʠ ʟ ʙʦʢʫ ʧʨʠʡʤʘʯʘ 18.0 m 

ʆʧʪʠʤʘʣʴʥʝ ʟʥʘʯʝʥʥʷ ʟʘʛʘʣʴʥʦʾ ʚʘʨʪʦʩʪʽ ʦʙʣʘʜʥʘʥʥʷ ʨʘʜʽʦʨʝʣʝʡʥʦʾ ʣʽʥʽʾ, 

ʚʽʜʥʦʩʥʽ ʦʜʠʥʠʮʽ 
235485.568 

ʆʧʪʠʤʘʣʴʥʝ ʟʥʘʯʝʥʥʷ ʧʨʦʩʚʽʪʫ 1.021 m 

 

ɺ ʨʦʙʦʪʽ ʨʝʘʣʽʟʦʚʘʥʦ ʪʘʢʫ ʟʘʜʘʯʫ ʦʧʪʠʤʽʟʘʮʽʾ ʽ ʟʥʘʡʜʝʥʦ ʪʘʢʽ ʚʠʩʦʪʠ 

ʧʽʜʚʽʩʫ ʘʥʪʝʥ ʽ ʜʽʘʤʝʪʨʠ ʘʥʪʝʥ, ʱʦʙ ʟʘʛʘʣʴʥʘ ʚʘʨʪʽʩʪʴ ʮʴʦʛʦ ʦʙʣʘʜʥʘʥʥʷ ʙʫʣʘ 

ʥʘʡʤʝʥʰʦʶ, ʜʽʘʤʝʪʨʠ ʘʥʪʝʥ ʙʫʣʠ ʥʘʡʤʝʥʰʠʤʠ, ʩʫʤʘʨʥʘ ʜʦʚʞʠʥʘ ʤʘʰʪ 

ʧʽʜʚʽʩʫ ʪʘʢʦʞ ʙʫʣʘ ʥʘʡʤʝʥʰʦʶ, ʘʣʝ ʧʨʠ ʮʴʦʤʫ ʫʩʽ ʧʦʢʘʟʥʠʢʠ ʷʢʦʩʪʽ 

ʚʠʢʦʥʫʚʘʣʠʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʤʝʪʦʜʫ ʧʝʨʝʙʦʨʫ ʚʘʨʽʘʥʪʽʚ. 

 ɼʘʥʠʡ ʤʝʪʦʜ ʚʠʧʨʘʚʜʘʥʠʡ ʦʩʢʽʣʴʢʠ ʜʫʞʝ ʰʚʠʜʢʦ ʜʦʟʚʦʣʷʻ ʦʙʨʘʪʠ 

ʦʧʪʠʤʘʣʴʥʽ ʧʘʨʘʤʝʪʨʠ ʽ ʧʨʠ ʮʴʦʤʫ ʚʽʥ ʥʝ ʟʘʣʝʞʠʪʴ ʚʽʜ ʢʦʥʢʨʝʪʥʠʭ ʤʦʜʝʣʝʡ 

ʚʘʨʪʦʩʪʽ ʦʙʣʘʜʥʘʥʥʷ. ʊʦʙʪʦ ʚʦʥʦ ʤʦʞʝ ʟʘʜʘʚʘʪʠʩʴ ʨʽʟʥʠʤʠ ʩʧʦʩʦʙʘʤʠ. 

 

ʃʽʪʝʨʘʪʫʨʘ 

 

1. Pablo Angueira, Juan Antonio Romo / Microwave line of sight link engineering. 

2. ITU-R P.530 Propagation data and prediction methods required for the design of 

terrestrial line-of-sight systems (09/2021). 

3. ITU-R F.696-2 Error performance and availability objectives for hypothetical 

reference digital sections forming part or all of the medium-grade portion of an 

integrated services digital network connection at a bit rate below the primary 

rate utilizing digital radio-relay systems (02/1997). 
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ʋɼʂ 621.382 

 

ɿɸɹɽɿʇɽʏɽʅʅʗ ɿɸɼɸʅʀʍ ʇʆʂɸɿʅʀʂɯɺ ɹɽɿʇɽʂʀ ʇɽʈɽɼɸʏɯ 

ɼɸʅʀʍ ɺ 4G ʄɽʈɽɾɸʍ ʉʇɽʎɯɸʃʔʅʆɻʆ ʇʈʀɿʅɸʏɽʅʅʗ 
 

ʇʨʘʚʠʣʦ ɺ.ɺ. 

ʅʘʚʯʘʣʴʥʦ-ʥʘʫʢʦʚʠʡ ʽʥʩʪʠʪʫʪ ʪʝʣʝʢʦʤʫʥʽʢʘʮʽʡʥʠʭ  

ʩʠʩʪʝʤ ʂʇɯ ʽʤ. ɯʛʦʨʷ ʉʽʢʦʨʩʴʢʦʛʦ, ʋʢʨʘʾʥʘ  

E-mail: v.v.pravylo@ukr.net, 
 

ENSURING THE SPECIFIED SECURITY INDICATORS OF  

DATA TRANSMISSION IN 4G NETWORKS OF SPECIAL PURPOSE  
 

A set of measures is being considered to ensure a given level of data transmission security 

in 4G networks. Possible ways of unauthorized access by attackers to the network were 

analyzed. Directions for ensuring the security of special purpose 4G networks are proposed. 

 

ʉʫʯʘʩʥʽ ʚʽʡʩʴʢʦʚʽ ʦʧʝʨʘʮʽʾ ʚʠʤʘʛʘʶʪʴ ʚʠʩʦʢʦʾ ʤʦʙʽʣʴʥʦʩʪʽ, ʝʬʝʢʪʠʚʥʦʩʪʽ 

ʪʘ ʙʝʟʧʝʢʠ. ɼʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʮʠʭ ʚʠʤʦʛ ɿʙʨʦʡʥʽ ʉʠʣʠ ʋʢʨʘʾʥʠ ʘʢʪʠʚʥʦ 

ʚʧʨʦʚʘʜʞʫʶʪʴ ʥʦʚʽ ʪʝʭʥʦʣʦʛʽʾ, ʚ ʪʦʤʫ ʯʠʩʣʽ 4G ʤʝʨʝʞʽ. 

4G ʤʝʨʝʞʽ ʜʦʟʚʦʣʷʶʪʴ ʚʽʡʩʴʢʦʚʠʤ ʟʘʣʠʰʘʪʠʩʷ ʥʘ ʟʚ'ʷʟʢʫ ʦʜʠʥ ʟ ʦʜʥʠʤ, 

ʥʘʚʽʪʴ ʷʢʱʦ ʚʦʥʠ ʟʥʘʭʦʜʷʪʴʩʷ ʚ ʨʫʩʽ. ɺʦʥʠ ʪʘʢʦʞ ʟʘʙʝʟʧʝʯʫʶʪʴ ʙʽʣʴʰ ʚʠʩʦʢʫ 

ʰʚʠʜʢʽʩʪʴ ʧʝʨʝʜʘʯʽ ʜʘʥʠʭ, ʱʦ ʚʘʞʣʠʚʦ ʜʣʷ ʢʦʦʨʜʠʥʘʮʽʾ ʜʽʡ ʪʘ ʫʧʨʘʚʣʽʥʥʷ 

ʪʝʭʥʽʢʦʶ. 

ɼʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʟʘʜʘʥʦʛʦ ʨʽʚʥʷ ʙʝʟʧʝʢʠ ʧʝʨʝʜʘʯʽ ʜʘʥʠʭ ʚ 4G ʤʝʨʝʞʘʭ 

ʥʝʦʙʭʽʜʥʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʢʦʤʧʣʝʢʩ ʟʘʭʦʜʽʚ, ʚʢʣʶʯʘʶʯʠ ʰʠʬʨʫʚʘʥʥʷ, 

ʘʫʪʝʥʪʠʬʽʢʘʮʽʶ ʪʘ ʘʚʪʦʨʠʟʘʮʽʶ. 

ɿʘʙʝʟʧʝʯʝʥʥʷ ʟʘʜʘʥʦʛʦ ʨʽʚʥʷ ʙʝʟʧʝʢʠ ʧʝʨʝʜʘʯʽ ʜʘʥʠʭ ʚ 4G ʤʝʨʝʞʘʭ 

ʧʝʨʝʜʙʘʯʘʻ ʚʠʢʦʨʠʩʪʘʥʥʷ ʥʘʩʪʫʧʥʠʭ ʟʘʭʦʜʽʚ: 

- ɿʘʩʪʦʩʫʚʘʥʥʷ ʰʠʬʨʫʚʘʥʥʷ ʟ ʚʽʜʢʨʠʪʠʤ ʢʣʶʯʝʤ ʜʣʷ ʘʫʪʝʥʪʠʬʽʢʘʮʽʾ ʪʘ 

ʘʚʪʦʨʠʟʘʮʽʾ ʧʨʠʩʪʨʦʾʚ. ʎʝ ʜʦʟʚʦʣʷʻ ʟʘʙʝʟʧʝʯʠʪʠ ʙʽʣʴʰ ʥʘʜʽʡʥʫ ʽʜʝʥʪʠʬʽʢʘʮʽʶ 

ʧʨʠʩʪʨʦʾʚ ʽ ʢʦʨʠʩʪʫʚʘʯʽʚ. 

- ɺʠʢʦʨʠʩʪʘʥʥʷ ʢʨʠʧʪʦʛʨʘʬʽʾ ʟ ʩʠʤʝʪʨʠʯʥʠʤ ʢʣʶʯʝʤ ʜʣʷ ʟʘʭʠʩʪʫ ʜʘʥʠʭ 

ʚʽʜ ʥʝʩʘʥʢʮʽʦʥʦʚʘʥʦʛʦ ʜʦʩʪʫʧʫ. ʎʝ ʜʦʟʚʦʣʷʻ ʟʘʙʝʟʧʝʯʠʪʠ ʙʽʣʴʰ ʥʘʜʽʡʥʝ 

ʰʠʬʨʫʚʘʥʥʷ ʜʘʥʠʭ. 

- ɺʠʢʦʨʠʩʪʘʥʥʷ ʪʝʭʥʦʣʦʛʽʾ SDN ʜʣʷ ʫʧʨʘʚʣʽʥʥʷ ʤʝʨʝʞʝʶ ʪʘ ʚʠʷʚʣʝʥʥʷ 

ʘʪʘʢ. ʎʝ ʜʦʟʚʦʣʷʻ ʰʚʠʜʢʦ ʽ ʝʬʝʢʪʠʚʥʦ ʚʠʷʚʣʷʪʠ ʪʘ ʨʝʘʛʫʚʘʪʠ ʥʘ ʘʪʘʢʠ. 

4G ʤʝʨʝʞʽ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʧʨʦʪʦʢʦʣʠ ʘʫʪʝʥʪʠʬʽʢʘʮʽʾ ʪʘ ʘʚʪʦʨʠʟʘʮʽʾ, 

ʷʢʽ ʤʦʞʫʪʴ ʙʫʪʠ ʚʨʘʟʣʠʚʠʤʠ ʜʦ ʘʪʘʢ. ʎʝ ʦʟʥʘʯʘʻ, ʱʦ ʟʣʦʚʤʠʩʥʠʢʠ ʤʦʞʫʪʴ 

ʦʪʨʠʤʘʪʠ ʜʦʩʪʫʧ ʜʦ ʤʝʨʝʞʽ, ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ ʧʽʜʨʦʙʣʝʥʽ ʽʜʝʥʪʠʬʽʢʘʪʦʨʠ. 

ˤ͙ͦͤ ͔ͤ ͔͔͊͋ͨ͘͘;ͯΌͭΈ ͒ͦͫͭ͊ͭͤΈ͎ͦͦ ͊͘ͻ͙ͫͭͯ ͍͒͜ ͊ͭ͊͟ ͤ͊ ͍ͪͤ͜͜ ͙͒͊ͤͻΦ ͔̇ 
ͦͤ͊͘;͊ΊΣ ΅ͦ ͍͙͙͙ͦͣͫͤ͘͟͡ ͣͦ͗ͯͭΈ ͙͙ͦͭͪͣ͊ͭ ͒ͦͫͭͯͨ ͒ͦ ͙͒͊ͤͻΣ ͍ͤ͊ͭ͜Έ Ύ͟΅ͦ 
͍͙ͦͤ ͔ͤ ͣͦ͗ͯͭ͘Έ ͙͙ͦͭͪͣ͊ͭ ͒ͦͫͭͯͨ ͒ͦ ͔͔ͣͪ͗͜Φ ɼʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʟʘʜʘʥʦʛʦ 

ʨʽʚʥʷ ʙʝʟʧʝʢʠ ʧʝʨʝʜʘʯʽ ʜʘʥʠʭ 4G ʤʝʨʝʞʘʭ ʥʝʦʙʭʽʜʥʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ 

ʢʦʤʧʣʝʢʩ ʟʘʭʦʜʽʚ, ʚʢʣʶʯʘʶʯʠ ʢʨʠʧʪʦʛʨʘʬʽʶ, ʘʫʪʝʥʪʠʬʽʢʘʮʽʶ ʪʘ ʘʚʪʦʨʠʟʘʮʽʶ. 
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ʂʨʠʧʪʦʛʨʘʬʽʷ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʜʣʷ ʟʘʭʠʩʪʫ ʜʘʥʠʭ ʚʽʜ 

ʥʝʩʘʥʢʮʽʦʥʦʚʘʥʦʛʦ ʜʦʩʪʫʧʫ. ʂʨʠʧʪʦʛʨʘʬʽʷ ʚʠʢʦʨʠʩʪʦʚʫʻ ʤʘʪʝʤʘʪʠʯʥʽ 

ʘʣʛʦʨʠʪʤʠ ʜʣʷ ʧʝʨʝʪʚʦʨʝʥʥʷ ʜʘʥʠʭ ʚ ʥʝʯʠʪʘʙʝʣʴʥʠʡ ʬʦʨʤʘʪ, ʷʢʠʡ ʤʦʞʥʘ 

ʨʦʟʰʠʬʨʫʚʘʪʠ ʣʠʰʝ ʟʘ ʜʦʧʦʤʦʛʦʶ ʧʨʘʚʠʣʴʥʦʛʦ ʢʣʶʯʘ. 

ɼʣʷ ʰʠʬʨʫʚʘʥʥʷ ʜʘʥʠʭ, ʱʦ ʧʝʨʝʜʘʶʪʴʩʷ ʚ 4G ʤʝʨʝʞʘʭ, ʜʦʮʽʣʴʥʦ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʘʣʛʦʨʠʪʤʠ ʰʠʬʨʫʚʘʥʥʷ ERCA ʪʘ EPS (EEA). 

ERCA  ʮʝ ʘʣʛʦʨʠʪʤ ʩʠʤʝʪʨʠʯʥʦʛʦ ʰʠʬʨʫʚʘʥʥʷ, ʷʢʠʡ ʚʠʢʦʨʠʩʪʦʚʫʻ 

ʢʣʶʯʽ ʜʦʚʞʠʥʦʶ 256 ʙʽʪ. ɺʽʥ ʟʘʩʥʦʚʘʥʠʡ ʥʘ ʘʣʛʦʨʠʪʤʽ Rijndael, ʷʢʠʡ ʻ ʦʜʥʠʤ 

ʽʟ ʥʘʡʙʝʟʧʝʯʥʽʰʠʭ ʘʣʛʦʨʠʪʤʽʚ ʩʠʤʝʪʨʠʯʥʦʛʦ ʰʠʬʨʫʚʘʥʥʷ, ʜʦʩʪʫʧʥʠʭ ʥʘ 

ʩʴʦʛʦʜʥʽ. 

EPS (EEA)  ʮʝ ʘʣʛʦʨʠʪʤ ʘʩʠʤʝʪʨʠʯʥʦʛʦ ʰʠʬʨʫʚʘʥʥʷ, ʷʢʠʡ 

ʚʠʢʦʨʠʩʪʦʚʫʻ ʢʣʶʯʽ ʜʦʚʞʠʥʦʶ 128 ʙʽʪ. ɺʽʥ ʻ ʘʣʛʦʨʠʪʤʦʤ ʚʽʜʢʨʠʪʦʛʦ ʢʣʶʯʘ, 

ʱʦ ʦʟʥʘʯʘʻ, ʱʦ ʽʩʥʫʶʪʴ ʜʚʘ ʢʣʶʯʽ: ʧʨʠʚʘʪʥʠʡ ʢʣʶʯ ʽ ʚʽʜʢʨʠʪʠʡ ʢʣʶʯ. 

ʇʨʠʚʘʪʥʠʡ ʢʣʶʯ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʜʣʷ ʰʠʬʨʫʚʘʥʥʷ ʜʘʥʠʭ, ʘ ʚʽʜʢʨʠʪʠʡ ʢʣʶʯ 

ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʜʣʷ ʜʝʰʠʬʨʫʚʘʥʥʷ ʜʘʥʠʭ. 

ɺ ʪʘʙʣʠʮʽ 1 ʧʨʝʜʩʪʘʚʣʝʥʽ ʦʩʥʦʚʥʽ ʚʽʜʤʽʥʥʦʩʪʽ ʤʽʞ ʘʣʛʦʨʠʪʤʘʤʠ ERCA ʽ 

EPS. 

 
ʊʘʙʣʠʮʷ 1. ʆʩʥʦʚʥʽ ʚʽʜʤʽʥʥʦʩʪʽ ʤʽʞ ʘʣʛʦʨʠʪʤʘʤʠ ERCA ʽ EPS. 

ʍʘʨʘʢʪʝʨʠʩʪʠʢʘ ERCA EPS 

ʊʠʧ 

ʰʠʬʨʫʚʘʥʥʷ 
ɹʣʦʯʥʠʡ ʇʘʢʝʪʥʠʡ 

ɼʦʚʞʠʥʘ ʢʣʶʯʘ 256 ʙʽʪ 128 ʙʽʪ 
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ɸʫʪʝʥʪʠʬʽʢʘʮʽʷ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʜʣʷ ʧʝʨʝʚʽʨʢʠ ʽʜʝʥʪʠʬʽʢʘʪʦʨʽʚ 

ʧʨʠʩʪʨʦʾʚ ʪʘ ʢʦʨʠʩʪʫʚʘʯʽʚ. ɸʫʪʝʥʪʠʬʽʢʘʮʽʷ ʜʦʧʦʤʘʛʘʻ ʛʘʨʘʥʪʫʚʘʪʠ, ʱʦ ʣʠʰʝ 

ʘʚʪʦʨʠʟʦʚʘʥʽ ʧʨʠʩʪʨʦʾ ʪʘ ʢʦʨʠʩʪʫʚʘʯʽ ʤʦʞʫʪʴ ʦʪʨʠʤʘʪʠ ʜʦʩʪʫʧ ʜʦ ʤʝʨʝʞʽ. 

ɸʚʪʦʨʠʟʘʮʽʷ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʪʦʛʦ, ʱʦ ʧʨʠʩʪʨʦʾ ʪʘ 

ʢʦʨʠʩʪʫʚʘʯʽ ʤʦʞʫʪʴ ʨʦʙʠʪʠ ʚ ʤʝʨʝʞʽ. ɸʚʪʦʨʠʟʘʮʽʷ ʜʦʧʦʤʘʛʘʻ ʛʘʨʘʥʪʫʚʘʪʠ, ʱʦ 

ʣʠʰʝ ʘʚʪʦʨʠʟʦʚʘʥʽ ʧʨʠʩʪʨʦʾ ʪʘ ʢʦʨʠʩʪʫʚʘʯʽ ʤʦʞʫʪʴ ʦʪʨʠʤʫʚʘʪʠ ʜʦʩʪʫʧ ʜʦ 

ʧʝʚʥʠʭ ʨʝʩʫʨʩʽʚ ʘʙʦ ʚʠʢʦʥʫʚʘʪʠ ʧʝʚʥʽ ʜʽʾ. 

ʇʦʪʦʯʥʘ ʩʠʩʪʝʤʘ ʙʝʟʧʝʢʠ 4G/LTE ʥʝ ʚʠʟʥʘʯʘʻ ʥʘʩʢʨʽʟʥʫ ʘʨʭʽʪʝʢʪʫʨʫ 

ʙʝʟʧʝʢʠ, ʷʢʘ ʤʦʞʝ ʟʘʙʝʟʧʝʯʠʪʠ ʙʝʟʧʝʯʥʽ ʩʝʘʥʩʠ ʜʣʷ ʜʚʦʭ UE, ʧʽʜʢʣʶʯʝʥʠʭ ʜʦ 

ʜʚʦʭ ʨʽʟʥʠʭ ʤʝʨʝʞ LTE. 

ɼʣʷ ʚʠʨʽʰʝʥʥʷ ʮʽʻʾ ʧʨʦʙʣʝʤʠ ʧʨʦʧʦʥʫʻʪʴʩʷ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ 

ʧʘʢʝʪʥʠʡ ʢʣʶʯ, ʯʘʩ ʞʠʪʪʷ ʷʢʦʛʦ ʟʚʦʜʠʪʴʩʷ ʜʦ ʧʘʢʝʪʥʦʛʦ ʧʝʨʽʦʜʫ. 

ʎʝ ʜʦʩʣʽʜʞʝʥʥʷ ʩʧʨʷʤʦʚʘʥʝ ʥʘ ʚʜʦʩʢʦʥʘʣʝʥʥʷ ʣʦʢʘʣʴʥʦʾ ʩʠʩʪʝʤʠ 

ʙʝʟʧʝʢʠ 4G/LTE, ʧʦʜʘʣʴʰʝ ʨʦʟʰʠʨʝʥʥʷ ʥʘʩʢʨʽʟʥʦʾ ʩʠʩʪʝʤʠ ʙʝʟʧʝʢʠ ʜʣʷ 

ʟʘʭʠʩʪʫ ʜʘʥʠʭ ʢʦʨʠʩʪʫʚʘʯʽʚ ʤʽʞ ʨʽʟʥʦʨʽʜʥʠʤʠ ʤʝʨʝʞʘʤʠ ʜʦʩʪʫʧʫ LTE. ʎʝʡ 
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ʧʨʦʮʝʩ, ʟʘ ʜʦʧʦʤʦʛʦʶ ʷʢʦʛʦ ʢʦʞʥʘ ʧʘʨʘ UE ʚʩʶʜʠ ʦʪʨʠʤʫʻ ʩʚʽʡ KASME, 

ʧʦʜʽʙʥʠʡ ʜʦ ʧʨʦʮʝʩʫ 4G/LTE (ʨʠʩ.1) . 

 

 
 

ʈʠʩ. 1. ɺʠʢʦʨʠʩʪʘʥʥʷ ʢʣʶʯʽʚ ʧʘʢʝʪʽʚ ʜʣʷ ʟʘʭʠʩʪʫ ʧʦʪʦʢʫ ʧʘʢʝʪʽʚ. 

 

ɸʫʪʝʥʪʠʬʽʢʘʮʽʷ ʚ ʨʘʤʢʘʭ ʟʘʙʝʟʧʝʯʝʥʥʷ ʟʘʜʘʥʦʛʦ ʨʽʚʥʷ ʙʝʟʧʝʢʠ ʧʝʨʝʜʘʯʽ 

ʜʘʥʠʭ ʚ 4G ʤʝʨʝʞʘʭ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʜʣʷ ʧʝʨʝʚʽʨʢʠ ʽʜʝʥʪʠʬʽʢʘʪʦʨʽʚ 

ʧʨʠʩʪʨʦʾʚ ʪʘ ʢʦʨʠʩʪʫʚʘʯʽʚ. ʎʝ ʜʦʧʦʤʘʛʘʻ ʛʘʨʘʥʪʫʚʘʪʠ, ʱʦ ʣʠʰʝ ʘʚʪʦʨʠʟʦʚʘʥʽ 

ʧʨʠʩʪʨʦʾ ʪʘ ʢʦʨʠʩʪʫʚʘʯʽ ʤʦʞʫʪʴ ʦʪʨʠʤʘʪʠ ʜʦʩʪʫʧ ʜʦ ʤʝʨʝʞʽ. 

ɸʚʪʦʨʠʟʘʮʽʷ ʚ ʨʘʤʢʘʭ ʟʘʙʝʟʧʝʯʝʥʥʷ ʟʘʜʘʥʦʛʦ ʨʽʚʥʷ ʙʝʟʧʝʢʠ ʧʝʨʝʜʘʯʽ 

ʜʘʥʠʭ ʚ 4G ʤʝʨʝʞʘʭ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʪʦʛʦ, ʱʦ ʧʨʠʩʪʨʦʾ ʪʘ 

ʢʦʨʠʩʪʫʚʘʯʽ ʤʦʞʫʪʴ ʨʦʙʠʪʠ ʚ ʤʝʨʝʞʽ. ʎʝ ʜʦʧʦʤʘʛʘʻ ʛʘʨʘʥʪʫʚʘʪʠ, ʱʦ ʣʠʰʝ 

ʘʚʪʦʨʠʟʦʚʘʥʽ ʧʨʠʩʪʨʦʾ ʪʘ ʢʦʨʠʩʪʫʚʘʯʽ ʤʦʞʫʪʴ ʦʪʨʠʤʫʚʘʪʠ ʜʦʩʪʫʧ ʜʦ ʧʝʚʥʠʭ 

ʨʝʩʫʨʩʽʚ ʘʙʦ ʚʠʢʦʥʫʚʘʪʠ ʧʝʚʥʽ ʜʽʾ. 

ʊʘʢʠʤ ʯʠʥʦʤ ʧʨʦʧʦʥʫʻʪʴʩʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʟʘʜʘʥʦʛʦ ʨʽʚʥʷ ʙʝʟʧʝʢʠ 

ʧʝʨʝʜʘʯʽ ʜʘʥʠʭ ʚ 4G ʤʝʨʝʞʘʭ ʟʘ ʜʦʧʦʤʦʛʦʶ ʩʭʝʤʠ ʚʧʨʦʚʘʜʞʝʥʥʷ ʢʣʶʯʘ 

ʧʘʢʝʪʽʚ. ɼʘʥʝ ʨʽʰʝʥʥʷ ʟʙʽʣʴʰʫʻ ʨʽʚʝʥʴ ʙʝʟʧʝʢʠ ʧʨʠ ʧʝʨʝʜʘʯʽ, ʘ ʪʘʢʦʞ ʧʽʩʣʷ 

ʧʝʨʝʭʦʧʣʝʥʥʷ  ʟʣʦʚʤʠʩʥʠʢʦʤ ʧʦʪʦʢʫ ʧʘʢʝʪʽʚ. 
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SELECTION OF OPTIMAL CHIRP SIGNAL PARAMETERS  

FOR UAV COMMUNICATION CHANNELS IMPLEMENTED  

ON THE BASIS OF SDR TRANSCEIVERS 
 

This article discusses the possibility of using CSS modulation for UAV communication 

channels. Methods for forming chirps on FPGAs, as well as their parameters when used in SDR 

transceivers, have been studied. The results of experimental studies using the AD9364 SDR 

transceiver of the spectral characteristics of CSS sequences are presented. 
 

ɿʘʭʠʩʪ ʢʘʥʘʣʽʚ ʟʚôʷʟʢʫ ʙʝʟʧʽʣʦʪʥʠʭ ʣʽʪʘʣʴʥʠʭ ʘʧʘʨʘʪʽʚ (ɹʇʃɸ) ʚʽʜ ʚʧʣʠʚʫ 

ʥʘ ʥʠʭ ʥʘʚʤʠʩʥʠʭ ʟʘʚʘʜ ʩʪʘʻ ʚʩʝ ʙʽʣʴʰ ʘʢʪʫʘʣʴʥʦʶ ʟʘʜʘʯʝʶ. ɺ ʨʦʙʦʪʽ  [1] 

ʚʠʟʥʘʯʝʥʽ ʫʩʽ ʪʠʧʠ ʟʘʚʘʜ, ʷʢʽ ʤʦʞʫʪʴ ʚʧʣʠʚʘʪʠ ʥʘ ʢʘʥʘʣʠ ʟʚôʷʟʢʫ ɹʇʃɸ. 

ʅʘʡʙʽʣʴʰ ʚʨʘʟʣʠʚʠʤʠ ʢʘʥʘʣʠ ʟʚôʷʟʢʫ ʻ ʜʦ ʝʥʝʨʛʝʪʠʯʥʠʭ ʟʘʚʘʜ, ʦʩʦʙʣʠʚʦ ʮʝ 

ʩʪʦʩʫʻʪʴʩʷ ʤʘʣʦʛʘʙʘʨʠʪʥʠʭ ɹʇʃɸ ʚʥʘʩʣʽʜʦʢ ʪʦʛʦ, ʱʦ ʜʣʷ ʥʠʭ ʥʝ ʟʘʚʞʜʠ ʤʦʞʥʘ 

ʚʠʢʦʨʠʩʪʘʪʠ ʝʬʝʢʪʠʚʥʽ ʤʝʪʦʜʠ ʧʨʦʪʠʜʽʾ ʨʽʟʥʠʤ ʚʠʜʘʤ ʟʘʚʘʜ, ʟʘʧʨʦʧʦʥʦʚʘʥʠʤ ʚ 

ʨʦʙʦʪʽ [2]. ʇʨʦʩʪʘ ʰʠʨʦʢʦʩʤʫʛʦʚʘ ʟʘʚʘʜʘ ʣʝʛʢʦ ʩʪʚʦʨʶʻʪʴʩʷ ʽ ʝʬʝʢʪʠʚʥʦ ʜʽʻ ʚ 

ʟʦʥʽ ʚʠʢʦʥʘʥʥʷ ʤʽʩʽʾ ɹʇʃɸ, ʚ ʮʴʦʤʫ ʧʦʣʷʛʘʻ ʾʾ ʰʢʽʜʣʠʚʽʩʪʴ ʪʘ ʥʝʦʙʭʽʜʥʽʩʪʴ 

ʝʬʝʢʪʠʚʥʦ ʾʡ ʧʨʦʪʠʜʽʷʪʠ. ʅʘʨʷʜʫ ʟ ʟʘʩʪʦʩʫʚʘʥʥʷʤ ʟʘʧʨʦʧʦʥʦʚʘʥʠʭ ʤʝʪʦʜʽʚ 

ʧʨʦʪʠʜʽʾ ʥʘʚʤʠʩʥʠʤ ʟʘʚʘʜʘʤ ʥʝʦʙʭʽʜʥʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʪʘʢʽ ʤʝʪʦʜʠ ʧʨʦʪʠʜʽʾ, 

ʷʢ ʚʠʢʦʨʠʩʪʘʥʥʷ  ʩʠʛʥʘʣʽʚ ʟ ʨʦʟʰʠʨʝʥʥʷʤ ʩʧʝʢʪʨʫ, ʱʦ ʟʤʝʥʰʠʪʴ ʚʧʣʠʚ 

ʝʥʝʨʛʝʪʠʯʥʠʭ ʟʘʚʘʜ ʥʘ ʢʘʥʘʣʠ ʫʧʨʘʚʣʽʥʥʷ ʪʘ ʪʝʣʝʤʝʪʨʽʾ, ʧʽʜʚʠʱʫʶʯʠ ʞʠʚʫʯʽʩʪʴ 

ɹʇʃɸ.  

ɯʩʥʫʶʪʴ ʥʘʩʪʫʧʥʽ ʤʝʪʦʜʠ ʨʦʟʰʠʨʝʥʥʷ ʩʧʝʢʪʨʫ: ʩʪʨʠʙʢʽʚ ʨʦʙʦʯʦʾ ʯʘʩʪʦʪʠ - 

FHSS (Frequency Hopping Spread Spectrum); ʧʨʷʤʦʾ ʧʦʩʣʽʜʦʚʥʦʩʪʽ - DSSS (Direct 

Sequence Spread Spectrum); ʣʽʥʽʡʥʦʾ ʯʘʩʪʦʪʥʦʾ ʤʦʜʫʣʷʮʽʾ - CSS (Chirp Spread 

Spectrum); ʯʘʩʦʚʠʭ ʩʪʨʠʙʢʽʚ - THSS (Time Hopping Spread Spectrum); ʛʽʙʨʠʜʥʽ 

ʧʦʻʜʥʘʥʥʷ ʧʦʧʝʨʝʜʥʽʭ ʤʝʪʦʜʽʚ (Hybrid Spread Spectrum). 

ʆʩʪʘʥʥʽʤ ʯʘʩʦʤ ʚʩʝ ʙʽʣʴʰʝ ʫʚʘʛʠ ʧʨʠʜʽʣʷʻʪʴʩʷ ʟʘʩʪʦʩʫʚʘʥʥʶ CSS 

ʤʦʜʫʣʷʮʽʾ, ʷʢʝ ʩʪʘʣʦ ʤʦʞʣʠʚʠʤ ʟ ʨʦʟʚʠʪʢʦʤ ʝʣʝʤʝʥʪʥʦʾ ʙʘʟʠ ʮʠʬʨʦʚʦʾ ʦʙʨʦʙʢʠ 

ʩʠʛʥʘʣʽʚ. ʗʢ ʽ ʚ ʽʥʰʠʭ ʤʝʪʦʜʘʭ ʨʦʟʰʠʨʝʥʥʷ ʩʧʝʢʪʨʫ, CSS ʚʠʢʦʨʠʩʪʦʚʫʻ ʚʩʶ 

ʚʠʜʽʣʝʥʫ ʩʤʫʛʫ ʧʨʦʧʫʩʢʘʥʥʷ ʜʣʷ ʧʝʨʝʜʘʯʽ ʩʠʛʥʘʣʫ, ʱʦ ʨʦʙʠʪʴ ʡʦʛʦ ʩʪʽʡʢʠʤ ʜʦ 

ʢʘʥʘʣʴʥʠʭ ʰʫʤʽʚ. ʂʨʽʤ ʪʦʛʦ, ʦʩʢʽʣʴʢʠ ʃʏʄ-ʩʠʛʥʘʣʠ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʰʠʨʦʢʫ 

ʩʤʫʛʫ ʩʧʝʢʪʨʫ, CSS ʪʘʢʦʞ ʩʪʽʡʢʠʡ ʜʦ ʙʘʛʘʪʦʧʨʦʤʝʥʝʚʦʛʦ ʟʘʚʤʠʨʘʥʥʷ ʥʘʚʽʪʴ ʧʨʠ 

ʨʦʙʦʪʽ ʥʘ ʜʫʞʝ ʥʠʟʴʢʽʡ ʧʦʪʫʞʥʦʩʪʽ. ʆʜʥʘʢ ʚʽʥ ʚʽʜʨʽʟʥʷʻʪʴʩʷ ʚʽʜ ʨʦʟʰʠʨʝʥʦʛʦ  

FHSS ʪʘ DSSS ʪʠʤ, ʱʦ ʚʽʥ ʥʝ ʜʦʜʘʻ ʞʦʜʥʠʭ ʧʩʝʚʜʦʚʠʧʘʜʢʦʚʠʭ ʝʣʝʤʝʥʪʽʚ ʜʦ 

ʩʠʛʥʘʣʫ, ʱʦʙ ʜʦʧʦʤʦʛʪʠ ʚʽʜʨʽʟʥʠʪʠ ʡʦʛʦ ʚʽʜ ʰʫʤʫ ʚ ʢʘʥʘʣʽ, ʟʘʤʽʩʪʴ ʮʴʦʛʦ 

ʧʦʢʣʘʜʘʶʯʠʩʴ ʥʘ ʣʽʥʽʡʥʠʡ ʭʘʨʘʢʪʝʨ  ʃʏʄ-ʽʤʧʫʣʴʩʫ. ʆʢʨʽʤ ʪʦʛʦ, ʱʦ ʪʘʢʦʞ 

ʚʘʞʣʠʚʦ, CSS ʩʪʽʡʢʠʡ ʜʦ ʚʧʣʠʚʫ ʝʬʝʢʪʫ ɼʦʧʣʝʨʘ, ʱʦ ʻ ʪʠʧʦʚʠʤ ʜʣʷ ʤʦʙʽʣʴʥʠʭ 
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ʩʠʩʪʝʤ ʟʚôʷʟʢʫ. ʅʝʜʦʣʽʢʦʤ  CSS ʻ ʩʢʣʘʜʥʽʩʪʴ ʨʝʘʣʽʟʘʮʽʾ. 

ɼʘʥʘ ʨʦʙʦʪʘ ʧʨʠʩʚʷʯʝʥʘ ʦʧʠʩʫ ʨʝʟʫʣʴʪʘʪʽʚ ʜʦʩʣʽʜʞʝʥʥʷ ʤʦʞʣʠʚʦʩʪʝʡ 

ʨʝʘʣʽʟʘʮʽʾ CSS ʥʘ ʙʘʟʽ SDR ʪʨʘʥʩʠʚʝʨʘ.  

ʄʦʞʣʠʚʽ ʜʚʘ ʤʝʪʦʜʠ ʬʦʨʤʫʚʘʥʥʷ  ʃʏʄ ʩʠʛʥʘʣʫ ʥʘ SoC (FPGA): ʛʝʥʝʨʘʪʦʨ, 

ʙʘʟʦʚʘʥʠʡ ʥʘ ʚʠʢʦʨʠʩʪʘʥʥʽ ʟʘʧʠʩʘʥʠʭ ʚ ʧʘʤôʷʪʽ ʚʽʜʣʽʢʽʚ ʩʠʛʥʘʣʫ (Memory-based 

Chirp Cenerator) ʪʘ ʛʝʥʝʨʘʪʦʨ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʧʨʷʤʦʛʦ ʩʠʥʪʝʟʫ ʯʘʩʪʦʪʠ (Direct 

Digital Synthesizer (DDS) Chirp Cenerator ) [3]. ʆʙʠʜʚʘ ʤʝʪʦʜʠ ʤʘʶʪʴ ʩʚʦʾ 

ʥʝʜʦʣʽʢʠ ʪʘ ʧʝʨʝʚʘʛʠ. ʅʝ ʟʚʘʞʘʶʯʠ ʥʘ ʛʽʨʰʠʡ ʨʽʚʝʥʴ ʚʠʢʨʠʚʣʝʥʴ ʩʠʛʥʘʣʫ ʜʣʷ 

ʪʝʣʝʢʦʤʫʥʽʢʘʮʽʡʥʠʭ ʟʘʩʪʦʩʫʚʘʥʴ ʨʝʘʣʽʟʘʮʽʷ ʥʘ ʙʘʟʽ  SDR ʪʨʘʥʩʠʚʝʨʫ ʚʘʨʽʘʥʪʫ 

Memory-based Chirp Cenerator ʻ ʙʽʣʴʰ ʧʨʠʡʥʷʪʥʦʶ ʚʥʘʩʣʽʜʦʢ ʪʦʛʦ, ʱʦ ʪʘʢʠʤ 

ʯʠʥʦʤ ʽʩʪʦʪʥʦ ʩʧʨʦʱʫʻʪʴʩʷ ʤʘʥʽʧʫʣʷʮʽʷ ʧʨʠ ʧʝʨʝʭʦʜʽ ʚʽʜ ʦʜʥʦʛʦ ʩʪʘʥʫ (UP-

Chirp) ʜʦ ʽʥʰʦʛʦ  (Down-Chirp) ʪʘ ʤʦʞʣʠʚʽʩʪʴ ʟʘʩʪʦʩʫʚʘʥʥʷ ʙʘʛʘʪʦʧʦʟʠʮʽʡʥʠʭ 

ʚʠʜʽʚ ʤʘʥʽʧʫʣʷʮʽʾ, ʷʢ ʧʨʠʢʣʘʜ ʨʝʢʦʤʝʥʜʦʚʘʥʠʭ ʚ [4] ʪʘ ʚʠʢʦʨʠʩʪʘʥʠʭ ʚ 

ʪʝʭʥʦʣʦʛʽʾ LoRa [5]. 

ʌʦʨʤʫʚʘʥʥʷ ʃʏʄ ʩʠʛʥʘʣʫ ʥʘ SDR ʪʨʘʥʩʠʚʝʨʽ ʟʜʽʡʩʥʶʻʪʴʩʷ ʚ ʦʩʥʦʚʥʽʡ 

ʩʤʫʟʽ ʯʘʩʪʦʪ, ʪʘʢʦʞ ʤʦʞʣʠʚʝ ʟʘʩʪʦʩʫʚʘʥʥʷ ʢʚʘʜʨʘʪʫʨʥʦʾ ʤʦʜʫʣʷʮʽʾ, ʱʦ ʜʦʟʚʦʣʷʻ 

ʽʩʪʦʪʥʦ ʩʧʨʦʩʪʠʪʠ ʧʦʜʘʣʴʰʫ ʦʙʨʦʙʢʫ ʩʠʛʥʘʣʫ ʚ ʧʨʠʡʤʘʯʽ.   

ɺ ʟʘʛʘʣʴʥʦʤʫ ʚʠʛʣʷʜʽ  ʃʏʄ -ʽʤʧʫʣʴʩ ʦʧʠʩʫʻʪʴʩʷ ʷʢ: 

,     (1) 

ʜʝ: Ŭ=B/T=(f1- f0)/T, T-ʪʨʠʚʘʣʽʩʪʴ ʃʏʄ-ʽʤʧʫʣʴʩʫ.  

ʇʨʠ ʩʪʚʦʨʝʥʥʽ ʃʏʄ ʽʤʧʫʣʴʩʫ ʚ ʦʩʥʦʚʥʽʡ ʩʤʫʟʽ ʯʘʩʪʦʪ Ŭ=B/T=(fmax- fmin)/T, 

ʧʨʠ ʮʴʦʤʫ fmax  ʪʘ  fmin  ʚʽʜʧʦʚʽʜʥʦ ʤʘʢʩʠʤʘʣʴʥʘ ʪʘ ʤʽʥʽʤʘʣʴʥʘ ʯʘʩʪʦʪʠ ʽʤʧʫʣʴʩʫ 

ʥʝ ʟʘʣʝʞʥʦ ʚʽʜ ʪʦʛʦ, ʷʢʠʤ ʯʠʥʦʤ ʚʽʥ ʬʦʨʤʫʻʪʴʩʷ: ʟʽ ʟʙʽʣʴʰʝʥʥʷʤ ʯʘʩʪʦʪʠ UP-

Chirp ʯʠ ʟʽ ʟʤʝʥʰʝʥʥʷʤ  Down-Chirp. 

ʇʨʠ ʜʠʩʢʨʝʪʥʦʤʫ ʧʨʝʜʩʪʘʚʣʝʥʥʽ ʃʏʄ-ʽʤʧʫʣʴʩʫ, ʚʽʥ ʦʧʠʩʫʻʪʴʩʷ ʷʢ: 

.     (2) 

ɺʠʢʦʨʠʩʪʘʥʥʷ ʢʚʘʜʨʘʪʫʨʥʦʾ ʤʦʜʫʣʷʮʽʾ ʜʦʟʚʦʣʷʻ ʧʨʝʜʩʪʘʚʠʪʠ ʪʘ ʩʪʚʦʨʠʪʠ 

ʢʚʘʜʨʘʪʫʨʥʠʡ ʃʏʄ-ʽʤʧʫʣʴʩ: 

.  (3) 

ɺʝʨʭʥʷ ʯʘʩʪʦʪʘ ʩʠʛʥʘʣʫ ʚʠʟʥʘʯʘʻʪʴʩʷ ʤʘʢʩʠʤʘʣʴʥʦʶ ʯʘʩʪʦʪʦʶ 

ʜʠʩʢʨʝʪʠʟʘʮʽʾ ʎɸʇ SDR ʪʨʘʥʩʠʚʝʨʫ ʪʘ ʥʝʦʙʭʽʜʥʦʶ ʢʽʣʴʢʽʩʪʶ ʚʽʜʣʽʢʽʚ ʥʘ ʧʝʨʽʦʜ 

ʤʘʢʩʠʤʘʣʴʥʦʾ ʯʘʩʪʦʪʠ  ʃʏʄ ʽʤʧʫʣʴʩʫ. ɼʣʷ AD9361 (AD9364) - fsample = 61,44 

ʄɻʮ (ʧʨʠ ʮʴʦʤʫ ʯʘʩʪʦʪʘ ʜʠʩʢʨʝʪʠʟʘʮʽʾ ʤʦʞʝ ʙʫʪʠ ʟʙʽʣʴʰʝʥʘ ʜʦ 122,88ʄɻʮ 

ʰʣʷʭʦʤ ʚʠʢʣʶʯʝʥʥʷ ʥʘʧʽʚʩʤʫʛʦʚʠʭ ʬʽʣʴʪʨʽʚ ʚ ʪʨʘʢʪʘʭ ʧʝʨʝʜʘʯʽ ʯʠ ʧʨʠʡʦʤʫ). ɿ 

ʜʨʫʛʦʾ ʩʪʦʨʦʥʠ ʚʝʨʭʥʷ ʯʘʩʪʦʪʘ ʦʙʤʝʞʫʻʪʴʩʷ ʩʤʫʛʦʶ ʧʨʦʧʫʩʢʘʥʥʷ SDR 

ʪʨʘʥʩʠʚʝʨʘ, ʜʣʷ  AD9361 ʩʤʫʛʘ ʧʨʦʧʫʩʢʘʥʥʷ 56 ʄɻʮ (Ñ 28 ʄɻʮ ʚʽʜʥʦʩʥʦ 

ʮʝʥʪʨʘʣʴʥʦʾ ʯʘʩʪʦʪʠ ʥʘʣʘʰʪʫʚʘʥʥʷ ʧʝʨʝʜʘʚʘʯʘ). ʂʽʣʴʢʽʩʪʴ ʚʽʜʣʽʢʽʚ ʥʘ ʥʘ ʧʝʨʽʦʜ 

ʤʘʢʩʠʤʘʣʴʥʦʾ ʯʘʩʪʦʪʠ ʤʦʞʝ ʙʫʪʠ ʚʠʙʨʘʥʘ ʤʽʥʽʤʘʣʴʥʦ ʤʦʞʣʠʚʦʶ (n=2 ʚʽʜʣʽʢʠ), 

ʧʨʠ ʮʴʦʤʫ ʬʦʨʤʫʚʘʥʥʷ ʩʠʛʥʘʣʫ ʥʘ ʚʭʦʜʽ ʮʠʬʨʦ-ʘʥʘʣʦʛʦʚʦʛʦ ʧʝʨʝʪʚʦʨʶʚʘʯʘ ʪʘ 

ʟʥʠʞʝʥʥʷ ʤʽʞʩʠʤʚʦʣʴʥʦʾ ʽʥʪʝʨʬʝʨʝʥʮʽʾ ʟʘʙʝʟʧʝʯʫʻʪʴʩʷ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʢʘʩʢʘʜʫ 

ʬʽʣʴʪʨʽʚ ʽʥʪʝʨʧʦʣʷʪʦʨʽʚ ʪʘ ʙʘʛʘʪʦʬʘʟʥʦʛʦ ʂɯʍ-ʬʽʣʴʪʨʫ ʟ ʩʫʤʘʨʥʠʤ ʢʦʝʬʽʮʽʻʥʪʦʤ 
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ʽʥʪʝʨʧʦʣʷʮʽʾ ʜʦ 11 SDR ʪʨʘʥʩʠʚʝʨʘ. ʅʠʞʥʷ ʯʘʩʪʦʪʘ ʚʠʟʥʘʯʘʻʪʴʩʷ ʥʝʦʙʭʽʜʥʦʶ 

ʩʤʫʛʦʶ ʯʘʩʪʦʪ ʃʏʄ ʩʠʛʥʘʣʫ, ʧʨʠ ʮʴʦʤʫ ʩʣʽʜ ʚʨʘʭʦʚʫʚʘʪʠ ʦʧʪʠʤʘʣʴʥʫ ʨʽʟʥʠʮʶ ʚ 

ʢʽʣʴʢʽʩʪʴ ʚʽʜʣʽʢʽʚ ʥʘ ʧʝʨʽʦʜ ʤʽʞ ʚʝʨʭʥʴʦʶ ʯʘʩʪʦʪʦʶ ʪʘ ʥʠʞʥʴʦʶ. 

ɺʘʞʣʠʚʠʤ ʧʘʨʘʤʝʪʨʦʤ ʻ ʪʨʠʚʘʣʽʩʪʴ ʃʏʄ ʽʤʧʫʣʴʩʫ, ʦʩʢʽʣʴʢʠ ʚʦʥʘ ʚʠʟʥʘʯʘʻ 

ʙʘʟʫ ʩʠʛʥʘʣʫ ʪʘ ʢʘʥʘʣʴʥʫ ʰʚʠʜʢʽʩʪʴ ʧʝʨʝʜʘʯʽ ʽʥʬʦʨʤʘʮʽʾ. ʆʢʨʽʤ ʪʦʛʦ ʧʨʠ 

ʜʠʩʢʨʝʪʥʦʤʫ ʧʨʝʜʩʪʘʚʣʝʥʥʽ ʩʠʛʥʘʣʫ ʜʦʚʞʠʥʘ ʧʦʚʠʥʥʘ ʙʫʪʠ ʢʨʘʪʥʘ ʧʝʨʽʦʜʫ 

ʜʠʩʢʨʝʪʠʟʘʮʽʾ ʪʘ ʩʧʽʚʚʽʜʥʦʩʠʪʠʩʴ ʷʢ N/fsample.  ʇʨʠ ʮʴʦʤʫ N ʧʦʚʠʥʥʦ ʙʫʪʠ ʢʨʘʪʥʝ 

ʩʪʫʧʝʥʶ 2 ʜʣʷ ʪʦʛʦ, ʱʦʙ ʧʨʠ ʦʙʨʦʙʮʽ ʩʠʛʥʘʣʫ ʥʘ ʚʠʥʠʢʘʣʦ ʥʝʦʙʭʽʜʥʦʩʪʽ 

ʜʦʧʦʚʥʶʚʘʪʠ ʧʦʩʣʽʜʦʚʥʽʩʪʴ ʥʫʣʷʤʠ.  

ʅʘ ʨʠʩ. 1 ʧʨʝʜʩʪʘʚʣʝʥʦ ʨʝʟʫʣʴʪʘʪʠ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʩʧʝʢʪʨʽʚ 

ʩʬʦʨʤʦʚʘʥʠʭ ʧʩʝʚʜʦʚʠʧʘʜʢʦʚʠʭ ʧʦʩʣʽʜʦʚʥʦʩʪʝʡ ʃʏʄ-ʽʤʧʫʣʴʩʽʚ, ʷʢʽ ʙʫʣʠ 

ʧʝʨʝʜʘʥʽ, ʘ ʧʦʪʽʤ ʧʨʠʡʥʷʪʽ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ  SDR ʪʨʘʥʩʠʚʝʨʫ AD9364 (Pluto 

SDR) ʚ ʨʝʞʠʤʽ DAC Buffer Output ʜʣʷ ʥʘʩʪʫʧʥʠʭ ʫʤʦʚ: ʏʘʩʪʦʪʘ ʜʠʩʢʨʝʪʠʟʘʮʽʾ 

fsample = 61,44 ʄɻʮ, ʢʽʣʴʢʽʩʪʴ ʚʽʜʣʽʢʽʚ N=1024, ʪʨʠʚʘʣʽʩʪʴ ʃʏʄ-ʽʤʧʫʣʴʩʫ 

Tchirp = 167 ʤʢʩʝʢ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷ ʙʘʛʘʪʦʬʘʟʥʦʛʦ ʂɯʍ-ʬʽʣʴʪʨʫ.  ʅʘ ʨʠʩ.1 ʘ) ð 

ʤʘʢʩʠʤʘʣʴʥʦ ʤʦʞʣʠʚʘ ʟ ʪʦʯʢʠ ʟʦʨʫ ʯʘʩʪʦʪʠ ʜʠʩʢʨʝʪʠʟʘʮʽʾ ʩʤʫʛʘ ʨʦʙʦʯʠʭ ʯʘʩʪʦʪ 

(fmax= fsample/2), ʥʘ ʨʠʩ.1 ʙ ð ʦʧʪʠʤʘʣʴʥʘ ʩʤʫʛʘ ʨʦʙʦʯʠʭ ʯʘʩʪʦʪ 20 ʄɻʮ. 
 

  

ʘ) ʙ) 

ʈʠʩ.1. ʉʧʝʢʪʨ ʧʩʝʚʜʦʚʠʧʘʜʢʦʚʦʾ ʧʦʩʣʽʜʦʚʥʦʩʪʽ ʃʏʄ-ʽʤʧʫʣʴʩʽʚ ʜʣʷ  

ʨʽʟʥʠʭ ʩʤʫʛ ʯʘʩʪʦʪ ʧʝʨʝʜʘʥʠʭ ʨʘ ʧʨʠʡʥʷʪʠʭ SDR ʪʨʘʥʩʠʚʝʨʦʤ  AD9364. 
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IMPLEMENTATION  OF A MATCHED FILTER FOR  

LFM SIGNALS USING A SYSTEM -ON-CHIP BASED SDR TRANSCEIVER 

 
ʊhe use of LFM signals in UAV communication channels is gaining more and more 

popularity. The main problem of using LFM for data transmission is the implementation of 

matched filters. The article deals with the implementation in FPGA of a matched filter for LFM 

signal based on Fourier transform 

 

ʇʨʦʛʨʘʤʥʦ ʚʠʟʥʘʯʝʥʽ ʨʘʜʽʦʩʠʩʪʝʤʠ (SDR) - ʮʝ ʩʠʩʪʝʤʠ ʨʘʜʽʦʟʚ'ʷʟʢʫ, ʜʝ 

ʢʦʤʧʦʥʝʥʪʠ, ʷʢʽ ʪʨʘʜʠʮʽʡʥʦ ʚʧʨʦʚʘʜʞʫʶʪʴʩʷ ʚ ʘʧʘʨʘʪʥʝ ʟʘʙʝʟʧʝʯʝʥʥʷ ʟʘʤʽʩʪʴ 

ʮʴʦʛʦ ʨʝʘʣʽʟʫʶʪʴʩʷ ʟʘ ʜʦʧʦʤʦʛʦʁ  ʚʙʫʜʦʚʘʥʠʭ ʩʠʩʪʝʤ, ʚ ʷʢʠʭ ʦʙʯʠʩʣʶʚʘʣʴʥʽ 

ʝʣʝʤʝʥʪʠ ʧʦʙʫʜʦʚʘʥʽ ʥʘ ʩʫʯʘʩʥʠʭ ʧʨʠʩʪʨʦʷʭ ʦʙʨʦʙʢʠ ʩʠʛʥʘʣʽʚ, ʪʘʢʠʭ ʷʢ 

ʮʠʬʨʦʚʽ ʩʠʛʥʘʣʴʥʽ ʧʨʦʮʝʩʦʨʠ (DSP), ʧʨʦʛʨʘʤʦʚʘʥʽ ʣʦʛʽʯʥʽ ʽʥʪʝʛʨʘʣʴʥʽ ʩʭʝʤʠ 

(FPGA), ʩʠʩʪʝʤʠ-ʥʘ-ʢʨʠʩʪʘʣʽ (System-on-Chip ʘʙʦ SoC) ʪʘ ʽʥ. 

ʆʩʥʦʚʥʘ ʽʜʝʷ ʚʠʢʦʨʠʩʪʘʥʥʷ ʧʨʠʩʪʨʦʾʚ SDR ʧʦʣʷʛʘʻ ʚ ʪʦʤʫ, ʱʦ ʦʜʥʠʤ 

ʘʙʦ ʜʝʢʽʣʴʢʦʤʘ ʘʩʧʝʢʪʘʤʠ ʬʫʥʢʮʽʦʥʘʣʴʥʦʩʪʽ ʨʘʜʽʦʧʨʠʩʪʨʦʶ ʤʦʞʥʘ ʢʝʨʫʚʘʪʠ 

ʟʘ ʜʦʧʦʤʦʛʦʶ ʧʨʦʛʨʘʤʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ.[1-3] 

ʆʩʦʙʣʠʚʠʡ ʽʥʪʝʨʝʩ ʚʠʢʣʠʢʘʻ ʚʠʚʯʝʥʥʷ ʤʦʞʣʠʚʦʩʪʝʡ ʟʘʩʪʦʩʫʚʘʥʥʷ 

ʪʝʭʥʦʣʦʛʽʾ SDR ʧʨʠ ʧʦʙʫʜʦʚʽ ʢʘʥʘʣʽʚ ʟʚôʷʟʢʫ ʟ ʙʝʟʧʽʣʦʪʥʠʤʠ ʣʽʪʘʣʴʥʠʤʠ 

ʘʧʘʨʘʪʘʤʠ (ɹʇʃɸ), ʦʩʢʽʣʴʢʠ ʚʦʥʘ ʜʦʟʚʦʣʷʻ ʣʠʰʝ ʧʨʦʛʨʘʤʥʠʤ ʩʧʦʩʦʙʦʤ 

ʟʘʙʝʟʧʝʯʠʪʠ ʙʘʣʘʥʩ ʚʠʤʦʛ ʜʦ ʰʚʠʜʢʦʩʪʽ ʪʘ ʥʘʜʽʡʥʦʩʪʽ ʧʝʨʝʜʘʯʽ ʜʘʥʠʭ ʥʘ 

ʥʝʦʙʭʽʜʥʫ ʚʽʜʩʪʘʥʴ. 

ʋʟʘʛʘʣʴʥʝʥʘ ʩʭʝʤʘ ʧʦʙʫʜʦʚʠ SDR ʪʨʘʥʩʠʚʝʨʘ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ 

ʪʝʭʥʦʣʦʛʽʡ System-on-Chip ʪʘ SDR ʥʘʚʝʜʝʥʘ ʥʘ ʨʠʩʫʥʢʫ 1.  
 

 
 

ʈʠʩ. 1. ʋʟʘʛʘʣʴʥʝʥʘ ʩʭʝʤʘ ʧʦʙʫʜʦʚʠ SDR ʪʨʘʥʩʠʚʝʨʘ. 
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ʇʨʠ ʪʘʢʦʤʫ ʚʘʨʽʘʥʪʽ ʧʦʙʫʜʦʚʠ ʪʨʘʥʩʠʚʝʨʘ ʬʨʦʥʪʝʥʜ ʚʠʢʦʥʫʻ ʬʫʥʢʮʽʾ 

ʬʦʨʤʫʚʘʥʥʷ ʩʠʛʥʘʣʫ (ʚʢʣʶʯʘʶʯʠ ʧʽʜʩʠʣʶʚʘʯʽ ʪʘ ʬʽʣʴʪʨʠ), ʘʥʘʣʦʛʦʚʦʛʦ 

ʟʤʽʰʫʚʘʥʥʷ ʪʘ ʧʝʨʝʪʚʦʨʝʥʥʷ ʜʘʥʠʭ ʟʘ ʜʦʧʦʤʦʛʦʶ ɸʎʇ ʪʘ ʎɸʇ, ʘ 

ʙʝʟʧʦʩʝʨʝʜʥʷ ʦʙʨʦʙʢʘ ʩʠʛʥʘʣʽʚ ʚʠʢʦʥʫʻʪʴʩʷ ʚ ʩʠʩʪʝʤʽ ʥʘ ʢʨʠʩʪʘʣʽ, ʜʦ ʩʢʣʘʜʫ 

ʷʢʦʾ ʚʭʦʜʷʪʴ ʧʨʦʮʝʩʦʨʥʠʡ ʤʦʜʫʣʴ ʪʘ ʧʨʦʛʨʘʤʦʚʘʥʘ ʣʦʛʽʢʘ. ɿʘʩʪʦʩʫʚʘʥʥʷ 

ʪʘʢʦʛʦ ʧʽʜʭʦʜʫ ʜʦ ʧʦʙʫʜʦʚʠ ʩʫʯʘʩʥʠʭ ʟʘʩʦʙʽʚ ʟʚôʷʟʢʫ ʜʦʟʚʦʣʷʻ ʩʫʪʪʻʚʦ 

ʨʦʟʰʠʨʠʪʠ ʾʭ ʬʫʥʢʮʽʦʥʘʣ ʟʘ ʨʘʭʫʥʦʢ ʤʦʞʣʠʚʦʩʪʝʡ ʮʠʬʨʦʚʦʾ ʦʙʨʦʙʢʠ 

ʩʠʛʥʘʣʽʚ.  

ʆʩʪʘʥʥʽʤ ʯʘʩʦʤ ʚʩʝ ʙʽʣʴʰʦʾ ʧʦʧʫʣʷʨʥʦʩʪʽ ʥʘʙʫʚʘʻ ʟʘʩʪʦʩʫʚʘʥʥʷ ʃʏʄ 

ʩʠʛʥʘʣʽʚ ʜʣʷ ʧʝʨʝʜʘʯʽ ʽʥʬʦʨʤʘʮʽʾ, ʟʦʢʨʝʤʘ ʚ ʢʘʥʘʣʘʭ ʟʚôʷʟʢʫ ɹʇʃɸ. 

ʆʩʥʦʚʥʦʶ ʧʨʦʙʣʝʤʦʶ ʟʘʩʪʦʩʫʚʘʥʥʷ ʃʏʄ ʜʣʷ ʧʝʨʝʜʘʯʽ ʜʘʥʠʭ ʻ ʨʝʘʣʽʟʘʮʽʷ 

ʫʟʛʦʜʞʝʥʠʭ ʬʽʣʴʪʨʽʚ. ʎʝ ʧʦʚôʷʟʘʥʦ ʟ ʪʠʤ, ʱʦ ʥʘ ʩʫʯʘʩʥʦʤʫ ʝʪʘʧʽ ʟʘʩʦʙʠ 

ʟʚôʷʟʢʫ ʚʩʝ ʙʽʣʴʰʝ ñʮʠʬʨʦʚʽʟʫʶʪʴʩʷò ʽ ʫʟʛʦʜʞʝʥʘ ʬʽʣʴʪʨʘʮʽʷ ʃʏʄ ʩʠʛʥʘʣʽʚ 

ʟʜʽʡʩʥʶʻʪʴʩʷ ʚ ʮʠʬʨʦʚʦʤʫ ʚʠʛʣʷʜʽ ʥʘ ʙʘʟʽ ʧʨʠʩʪʨʦʾʚ ʎʆʉ.   

ʋʟʛʦʜʞʝʥʘ ʬʽʣʴʪʨʘʮʽʷ ʻ ʧʨʦʮʝʩʦʤ ʚʠʷʚʣʝʥʥʷ ʚʽʜʦʤʦʛʦ ʩʠʛʥʘʣʫ, 

ʩʧʦʪʚʦʨʝʥʦʛʦ ʚʧʣʠʚʦʤ ʰʫʤʫ, ʪʦʙʪʦ ʚʠʢʦʥʫʻʪʴʩʷ ʦʧʝʨʘʮʽʷ ʢʦʨʝʣʷʮʽʾ ʤʽʞ 

ʧʨʠʡʥʷʪʠʤ ʩʠʛʥʘʣʦʤ ʪʘ ʡʦʛʦ ʚʽʜʦʤʠʤ ʦʙʨʘʟʦʤ. ʅʘ ʚʠʭʦʜʽ ʫʟʛʦʜʞʝʥʦʛʦ 

ʬʽʣʴʪʨʘ ʤʠ ʦʪʨʠʤʫʻʤʦ ʩʪʠʩʥʝʥʠʡ ʩʠʛʥʘʣ, ʪʦʙʪʦ ʫʟʛʦʜʞʝʥʠʡ ʬʽʣʴʪʨ 

ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʚ ʷʢʦʩʪʽ ʬʽʣʴʪʨʘ ʩʪʠʩʢʘʥʥʷ ʽʤʧʫʣʴʩʽʚ, ʱʦ ʟʘʙʝʟʧʝʯʫʻ ʚʠʩʦʢʝ 

ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʩʠʛʥʘʣ/ʰʫʤ ʥʘ ʡʦʛʦ ʚʠʭʦʜʽ. ɯʤʧʫʣʴʩʥʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ 

ʫʟʛʦʜʞʝʥʦʛʦ ʬʽʣʴʪʨʘ ʻ ʦʙʝʨʥʝʥʦʶ ʚ ʯʘʩʽ ʪʘ ʩʧʨʷʞʝʥʦʶ ʢʦʧʽʻʶ ʦʙʨʘʟʫ 

ʧʝʨʝʜʘʥʦʛʦ ʩʠʛʥʘʣʫ. 

ʆʜʥʠʤ ʟ ʚʘʨʽʘʥʪʽʚ ʧʦʙʫʜʦʚʠ ʫʟʛʦʜʞʝʥʠʭ ʬʽʣʴʪʨʽʚ ʻ ʟʘʩʪʦʩʫʚʘʥʥʷ 

ʧʨʷʤʦʛʦ (ʐʇʌ) ʪʘ ʟʚʦʨʦʪʥʦʛʦ ʧʝʨʝʪʚʦʨʝʥʥʷ ʌʫʨôʻ (ɿʐʇʌ). [5,6] ɺ ʮʴʦʤʫ 

ʚʠʧʘʜʢʫ ʚʠʢʦʥʫʻʪʴʩʷ ʧʝʨʝʪʚʦʨʝʥʥʷ ʌʫʨôʻ ʥʘʜ ʩʠʛʥʘʣʦʤ ʪʘ ʡʦʛʦ ʦʙʨʘʟʦʤ 

(ʧʝʨʝʭʽʜ ʟ ʯʘʩʦʚʦʾ ʜʦ ʯʘʩʪʦʪʥʦʾ ʬʦʨʤʠ), ʧʽʩʣʷ ʮʴʦʛʦ ʚʠʢʦʥʫʻʪʴʩʷ 

ʧʝʨʝʤʥʦʞʝʥʥʷ ʌʫʨôʻ-ʦʙʨʘʟʽʚ  ʪʘ ʟʚʦʨʦʪʥʝ ʧʝʨʝʪʚʦʨʝʥʥʷ ʌʫʨôʻ (ʧʝʨʝʭʽʜ ʟ 

ʯʘʩʪʦʪʥʦʾ ʜʦ ʯʘʩʦʚʦʾ ʬʦʨʤʠ) ʮʴʦʛʦ ʜʦʙʫʪʢʫ. ʇʽʩʣʷ ʮʽʻʾ ʧʨʦʮʝʜʫʨʠ ʧʨʠ 

ʥʘʷʚʥʦʩʪʽ ʚ ʧʨʠʡʥʷʪʽʡ ʩʫʤʽʰʽ ʩʠʛʥʘʣʫ ʪʘ ʰʫʤʫ ʤʠ ʦʪʨʠʤʫʻʤʦ ʢʦʨʦʪʢʠʡ 

ʩʪʠʩʥʝʥʠʡ ʽʤʧʫʣʴʩ. ʉʧʨʦʱʝʥʘ ʩʭʝʤʘ ʪʘʢʦʛʦ ʫʟʛʦʜʞʝʥʦʛʦ ʬʽʣʴʪʨʘ ʥʘʚʝʜʝʥʘ ʥʘ 

ʨʠʩ 2. 

ɼʦʩʣʽʜʞʝʥʥʷ ʫʟʛʦʜʞʝʥʦʛʦ ʬʽʣʴʪʨʘ ʙʫʣʠ ʧʨʦʚʝʜʝʥʽ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ 

ʩʪʝʥʜʫ, ʧʦʙʫʜʦʚʘʥʦʛʦ ʟʘ ʩʭʝʤʦʶ, ʱʦ ʥʘʚʝʜʝʥʘ ʥʘ ʨʠʩ 1. ɺ ʷʢʦʩʪʽ ʬʨʦʥʪʝʥʜʘ 

ʚʠʢʦʨʠʩʪʘʥʘ ʤʽʢʨʦʩʭʝʤʘ AD9361, ʩʠʩʪʝʤʘ ʥʘ ʢʨʠʩʪʘʣʽ ï ʥʘ ʙʘʟʽ Cyclone V SX 

SoCð5CSXFC6D6F31C6N. [7] 

ʇʨʠ ʧʨʦʚʝʜʝʥʥʽ ʜʦʩʣʽʜʞʝʥʴ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠʩʴ ɯʈ ï ʷʜʨʘ ʟʽ ʩʢʣʘʜʫ 

ʧʘʢʝʪʫ Quartus Prime. 

ɯʈ ï ʷʜʨʘ ʙʫʣʠ ʩʢʦʥʬʽʛʫʨʦʚʘʥʽ ʜʣʷ ʦʙʯʠʩʣʝʥʥʷ ʐʇʌ ʚ ʪʨʴʦʭ ʨʝʞʠʤʘʭ -

512, 1024 ʪʘ 2048 ʪʦʯʦʢ, ʚʭʽʜʥʽ ʜʘʥʽ ʦʪʨʠʤʫʚʘʣʠʩʴ ʟ 12-ʨʦʟʨʷʜʥʠʭ ɸʎʇ.  

ʇʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ ɯʈ ï ʷʜʝʨ ʽʩʥʫʻ ʤʦʞʣʠʚʽʩʪʴ ʢʦʥʬʽʛʫʨʫʚʘʥʥʷ ʥʝ ʪʽʣʴʢʠ 

ʨʦʟʨʷʜʥʦʩʪʽ ʪʘ ʜʦʚʞʠʥʠ ʧʝʨʝʪʚʦʨʝʥʥʷ, ʘ ʽ ʩʧʦʩʦʙʫ ʦʙʨʦʙʢʠ ʚʭʽʜʥʠʭ ʜʘʥʠʭ ï 

ʨʽʟʥʦʚʠʜʠ ʧʦʪʦʢʦʚʦʾ (streaming) ʪʘ ʧʘʢʝʪʥʦʾ (burst). ɺʠʢʦʨʠʩʪʘʥʥʷ ʧʦʪʦʢʦʚʦʾ 
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ʦʙʨʦʙʢʠ ʚ ʧʦʨʽʚʥʷʥʥʽ ʟ ʧʘʢʝʪʥʦʶ ʜʦʟʚʦʣʷʻ ʜʦʩʷʛʥʫʪʠ ʙʽʣʴʰʦʾ ʰʚʠʜʢʦʩʪʽ 

ʦʙʨʦʙʢʠ ʜʘʥʠʭ. 

 

 
ʈʠʩ. 2. ʉʧʨʦʱʝʥʘ ʩʭʝʤʘ ʧʦʙʫʜʦʚʠ ʫʟʛʦʜʞʝʥʦʛʦ ʬʽʣʴʪʨʘ. 

 

ʆʧʦʨʥʠʡ ʃʏʄ ʩʠʛʥʘʣ ʜʣʷ ʧʨʦʚʝʜʝʥʥʷ ʜʦʩʣʽʜʞʝʥʴ ʙʫʚ ʩʬʦʨʤʦʚʘʥʠʡ 

ʥʘʩʪʫʧʥʠʤ ʯʠʥʦʤ. ɺ ʧʘʤôʷʪʽ FPGA ʙʫʣʘ ʩʬʦʨʤʦʚʘʥʘ ROM, ʚ ʷʢʫ ʧʨʠ 

ʽʥʽʮʽʘʣʽʟʘʮʽʾ ʟʘʧʠʩʫʻʪʴʩʷ 512 ʚʽʜʣʽʢʽʚ, ʷʢʽ ʚʽʜʧʦʚʽʜʘʶʪʴ ʯʚʝʨʪʽ ʧʝʨʽʦʜʘ 

ʩʠʥʫʩʦʾʜʠ.  

ɯʥʰʽ ʚʽʜʣʽʢʠ ʬʦʨʤʫʶʪʴʩʷ ʰʣʷʭʦʤ ʟʤʽʥʠ ʟʥʘʢʫ ʪʘ/ʘʙʦ ʥʘʧʨʷʤʫ 

ʟʯʠʪʫʚʘʥʥʷ ʜʘʥʠʭ. 

ʈʝʟʫʣʴʪʘʪʠ ʽʤʧʣʝʤʝʥʪʘʮʽʾ ʫʟʛʦʜʞʝʥʦʛʦ ʬʽʣʴʪʨʘ ʥʘʚʝʜʝʥʦ ʚ ʪʘʙʣʠʮʽ 1 

 
ʊʘʙʣʠʮʷ .1  ʈʝʟʫʣʴʪʘʪʠ ʽʤʧʣʝʤʝʥʪʘʮʽʾ ʫʟʛʦʜʞʝʥʦʛʦ ʬʽʣʴʪʨʘ. 

ʂʽʣʴʢʽʩʪʴ 

ʪʦʯʦʢ 

ɿʘʪʨʠʤʢʘ, 

ʪʘʢʪʽʚ 

ɺʠʢʦʨʠʩʪʘʥʦ 

ʣʦʛʽʯʥʠʭ  

ʝʣʝʤʝʥʪʽʚ 

ɺʠʢʦʨʠʩʪʘʥʦ 

ʧʝʨʝʤʥʦʞʫʚʘʯʽʚ 

512 1040 12645 18 

1024 2064 14980 18 

2048 4112 18690 36 
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METHODS FOR IMPLEMENTING VONR VOICE TECHNOLOGY IN  5G 

NETWORKS. OPTIONS FOR EXISTING OPERATORS  

In the course of the study, we considered methods of implementing VoNR voice 

transmission technology in 5G networks for existing operators. The choice of method depends 

on the priority and capabilities of the operator. Each of these methods should be carefully 

considered, taking into account both their advantages and disadvantages, to achieve a successful 

implementation of VoNR in 5G networks  
 

ʋ ʥʠʥʽʰʥʽʭ ʫʤʦʚʘʭ ʚʧʨʦʚʘʜʞʝʥʥʷ ʩʪʘʥʜʘʨʪʫ 5G ʚ ʤʦʙʽʣʴʥʠʭ ʤʝʨʝʞʘʭ 

ʩʪʚʦʨʶʻ ʥʦʚʽ ʤʦʞʣʠʚʦʩʪʽ ʜʣʷ ʰʚʠʜʢʦʛʦ ʪʘ ʙʝʟʧʝʨʝʨʚʥʦʛʦ ʦʙʤʽʥʫ ʜʘʥʠʤʠ, ʘʣʝ ʚʩʝ 

ʱʝ ʽʩʥʫʶʪʴ ʧʝʚʥʽ ʧʨʦʙʣʝʤʠ ʟ ʷʢʽʩʪʶ ʛʦʣʦʩʦʚʠʭ ʧʦʩʣʫʛ ʫ ʪʘʢʠʭ ʤʝʨʝʞʘʭ. ʆʩʦʙʣʠʚʠʡ 

ʽʥʪʝʨʝʩ ʚʠʢʣʠʢʘʻ ʨʝʘʣʽʟʘʮʽʷ ʧʦʩʣʫʛ ʧʝʨʝʜʘʯʽ ʛʦʣʦʩʫ ʧʦ ʥʦʚʦʤʫ ʨʘʜʽʦ (VoNR). 

ʇʝʨʝʭʽʜ ʥʘ ʥʦʚʠʡ ʩʪʘʥʜʘʨʪ ʚʠʤʘʛʘʻ ʛʣʠʙʦʢʦʛʦ ʨʦʟʫʤʽʥʥʷ ʽ ʚʠʨʽʰʝʥʥʷ ʥʠʟʢʠ 

ʪʝʭʥʽʯʥʠʭ ʧʠʪʘʥʴ. ɸʨʭʽʪʝʢʪʫʨʥʽ ʦʩʦʙʣʠʚʦʩʪʽ ʤʝʨʝʞ 5G, ʪʘʢʽ ʷʢ ʚʠʩʦʢʘ ʧʨʦʧʫʩʢʥʘ 

ʟʜʘʪʥʽʩʪʴ ʽ ʥʠʟʴʢʘ ʟʘʪʨʠʤʢʘ, ʩʪʚʦʨʶʶʪʴ ʫʥʽʢʘʣʴʥʽ ʚʠʢʣʠʢʠ ʜʣʷ ʝʬʝʢʪʠʚʥʦʾ 

ʽʥʪʝʛʨʘʮʽʾ ʛʦʣʦʩʦʚʠʭ ʧʦʩʣʫʛ.  

ɯʩʥʫʶʪʴ ʨʽʟʥʽ ʚʘʨʽʘʥʪʠ ʨʝʘʣʽʟʘʮʽʾ VoNR ʫ ʤʝʨʝʞʽ. ɿ ʮʠʭ ʚʘʨʽʘʥʪʽʚ ʜʝʷʢʽ ʟ ʥʠʭ 

ʧʽʜʽʡʜʫʪʴ ʜʣʷ ʽʩʥʫʶʯʦʛʦ ʦʧʝʨʘʪʦʨʘ, ʘ ʜʝʷʢʽ - ʙʫʜʫʪʴ ʥʘʡʢʨʘʱʠʤʠ ʜʣʷ ʥʦʚʦʛʦ 

ʦʧʝʨʘʪʦʨʘ. ʋ ʜʽʶʯʦʛʦ ʦʧʝʨʘʪʦʨʘ (ʘʙʦ ʥʦʚʦʛʦ ʦʧʝʨʘʪʦʨʘ) ʤʦʞʝ ʥʝ ʙʫʪʠ ʨʦʟʛʦʨʥʫʪʦʾ 

ʤʝʨʝʞʽ 5G Core, 5G NR ʪʘ IMS. ʊʦʜʽ ʥʘʡʢʨʘʱʠʤ ʽ ʜʦʩʪʫʧʥʠʤ ʚʠʙʦʨʦʤ ʙʫʜʝ ð 

ʨʦʟʛʦʨʪʘʥʥʷ ʤʝʨʝʞʽ IMS, ʷʢʘ ʧʽʜʪʨʠʤʫʻ ʽʥʪʝʨʬʝʡʩʠ HTTP, ʨʘʟʦʤ ʽʟ ʥʦʚʠʤ 

ʨʦʟʛʦʨʪʘʥʥʷʤ 5G Core ʪʘ 5G NR [1]. 

ɯʩʥʫʶʯʠʡ ʦʧʝʨʘʪʦʨ, ʷʢʠʡ ʧʨʘʛʥʝ ʥʘʜʘʚʘʪʠ ʛʦʣʦʩʦʚʽ ʧʦʩʣʫʛʠ, ʟʨʝʰʪʦʶ 

ʧʦʚʠʥʝʥ ʟʘʧʨʦʚʘʜʠʪʠ VoNR. ɼʣʷ ʮʴʦʛʦ ʦʧʝʨʘʪʦʨ ʧʦʚʠʥʝʥ ʤʘʪʠ ʥʘʩʪʫʧʥʽ 

ʧʝʨʝʜʫʤʦʚʠ: 

- ʚ ʤʝʨʝʞʽ ʚʫʟʣʠ LTE eNB ʦʥʦʚʣʝʥʦ ʜʦ gNB ʽ ʧʽʜʢʣʶʯʝʥʦ ʜʦ ʥʦʚʦʛʦ 5GC; 

- ʨʦʟʛʦʨʥʫʪʽ ʪʘ ʧʨʘʮʶʶʪʴ ʙʘʟʦʚʘ ʤʝʨʝʞʘ IMS ʪʘ ʛʦʣʦʩʦʚʠʡ ʩʝʨʚʽʩ VoLTE; 

- ʧʦ ʚʩʽʡ ʤʝʨʝʞʽ ʦʧʝʨʘʪʦʨʘ ʜʦʩʪʫʧʥʝ ʥʦʚʝ ʧʦʢʨʠʪʪʷ 5GC ʽ 5G NR. 

ʊʦʜʽ, ʦʧʝʨʘʪʦʨ ʤʦʞʝ ʨʦʟʛʣʷʥʫʪʠ ʥʘʩʪʫʧʥʽ ʪʨʠ ʤʝʪʦʜʠ ʨʝʘʣʽʟʘʮʽʾ VoNR: 

1) ʨʦʟʛʦʨʪʘʥʥʷ ʤʦʜʫʣʷ ʫʧʨʘʚʣʽʥʥʷ ʜʘʥʠʤʠ ʢʦʨʠʩʪʫʚʘʯʽʚ UDM (Unified Data 

Management) ʚ ʷʜʨʽ 5G, ʷʢʝ ʪʘʢʦʞ ʧʽʜʪʨʠʤʫʻ ʬʫʥʢʮʽʾ HSS (Home Subscriber Server)  

ʜʣʷ IMS; 

2) ʨʦʟʛʦʨʪʘʥʥʷ ʬʫʥʢʮʽʾ IWF (InterWorking Function), ʷʢʘ ʧʝʨʝʪʚʦʨʶʻ 

ʧʦʚʽʜʦʤʣʝʥʥʷ ʧʨʦʪʦʢʦʣʫ ʩʠʛʥʘʣʽʟʘʮʽʾ Diameter ʥʘ HTTP ʪʘ ʽʥʪʝʛʨʫʻ ʽʩʥʫʶʯʫ 

ʤʝʨʝʞʫ IMS ʽʟ ʥʦʚʠʤ 5GC; 

3) ʦʥʦʚʣʝʥʥʷ ʽʩʥʫʶʯʦʛʦ ʚʫʟʣʘ IMS ʜʣʷ ʧʽʜʪʨʠʤʢʠ ʥʦʚʠʭ ʽʥʪʝʨʬʝʡʩʽʚ ʥʘ 

ʦʩʥʦʚʽ HTTP ʪʘ ʧʽʜʢʣʶʯʝʥʥʷ ʚʫʟʣʘ ʜʦ ʥʦʚʠʭ ʦʩʥʦʚʥʠʭ ʤʝʨʝʞʥʠʭ ʬʫʥʢʮʽʡ 5G. 
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ʂʦʞʝʥ ʽʟ ʮʠʭ ʤʝʪʦʜʽʚ ʤʘʻ ʩʚʦʾ ʧʝʨʝʚʘʛʠ ʪʘ ʥʝʜʦʣʽʢʠ. ɰʭ ʚʠʙʽʨ ʟʘʣʝʞʠʪʴ ʚʽʜ 

ʧʨʠʡʥʷʪʦʾ ʜʣʷ ʥʠʭ ʧʨʽʦʨʠʪʝʪʥʦʩʪʽ [2]. 

ʊʘʢ, ʧʝʨʰʠʡ ʤʝʪʦʜ ʚʢʣʶʯʘʻ ʚʫʟʣʠ ʟ ʧʦʜʚʽʡʥʦʶ ʬʫʥʢʮʽʦʥʘʣʴʥʽʩʪʶ ʜʣʷ 

ʧʣʘʚʥʦʛʦ ʪʘ ʰʚʠʜʰʦʛʦ ʨʦʟʛʦʨʪʘʥʥʷ ʧʦʩʣʫʛ 5G ʙʫʜʴ-ʷʢʠʤ ʦʧʝʨʘʪʦʨʦʤ (ʨʠʩ. 1). 

ɹʽʣʴʰʽʩʪʴ ʧʦʩʪʘʯʘʣʴʥʠʢʽʚ ʨʦʟʨʦʙʠʣʠ ʢʦʥʚʝʨʛʝʥʪʥʽ ʧʨʦʛʨʘʤʠ, ʪʘʢʽ ʷʢ UDM ʟ HSS ʽ 

PCF (Policy Control Function) ʟ PCRF (Policy and Charging Rules Function). ʎʝ 

ʜʦʧʦʤʘʛʘʻ ʦʧʝʨʘʪʦʨʫ ʧʽʜʢʣʶʯʠʪʠ ʤʝʨʝʞʫ IMS ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʜʦ ʥʦʚʦʛʦ 5GC ʙʝʟ 

ʙʫʜʴ-ʷʢʠʭ ʟʤʽʥ ʫ ʽʩʥʫʶʯʽʡ ʤʝʨʝʞʽ IMS ʽ ʟ ʤʝʥʰʠʤʠ ʜʦʜʘʪʢʦʚʠʤʠ ʚʠʪʨʘʪʘʤʠ [3]. 

ɸʣʝ ʧʨʠ ʮʴʦʤʫ ʟʘ ʜʦʧʦʤʦʛʦʶ DRA (Diameter Routing Agent) ʥʝʦʙʭʽʜʥʦ 

ʚʽʜʧʨʘʮʶʚʘʪʠ ʧʨʦʮʝʜʫʨʫ ʢʦʥʪʨʦʣʶ, ʱʦ ʧʦʚʽʜʦʤʣʝʥʥʷ ʯʝʨʝʟ Diameter, ʧʦʚôʷʟʘʥʝ ʟ 

ʢʦʨʠʩʪʫʚʘʯʘʤʠ 5G, ʧʨʘʚʠʣʴʥʦ (ʧʦ ʚʽʜʥʦʰʝʥʥʶ ʜʦ ʫʟʛʦʜʞʝʥʥʷ ʨʽʟʥʠʭ ʧʨʦʪʦʢʦʣʽʚ 

ʩʠʛʥʘʣʽʟʘʮʽʾ) ʥʘʧʨʘʚʣʷʻʪʴʩʷ ʜʦ 5G UDM ʽ PCF. 

 
ʈʠʩ. 1. ʄʝʪʦʜ ʨʦʟʛʦʨʪʘʥʥʷ ʤʦʜʫʣʷ ʫʧʨʘʚʣʽʥʥʷ ʜʘʥʠʤʠ ʢʦʨʠʩʪʫʚʘʯʽʚ UDM: 

(R)AN ((Radio) Access Network) ï ʬʫʥʢʮʽʷ ʤʝʨʝʞʥʦʛʦ ʜʦʩʪʫʧʫ (ʨʘʜʽʦʜʦʩʪʫʧ, ʷʢ 

ʦʜʥʘ ʟ ʦʧʮʽʡ); AMF (Access and Mobility Management Function) - ʬʫʥʢʮʽʷ 

ʫʧʨʘʚʣʽʥʥʷ ʜʦʩʪʫʧʦʤ ʽ ʤʦʙʽʣʴʥʽʩʪʶ; SMF (Session Management Function) - 

ʬʫʥʢʮʽʷ ʫʧʨʘʚʣʽʥʥʷ ʩʝʘʥʩʦʤ; UE (User Equipment) - ʢʦʨʠʩʪʫʚʘʮʴʢʝ ʦʙʣʘʜʥʘʥʥʷ; 

UPF (User Plane Function) - ʬʫʥʢʮʽʷ ʧʝʨʝʜʘʯʽ ʜʘʥʠʭ ʢʦʨʠʩʪʫʚʘʯʽʚ, ʘʙʦ ʬʫʥʢʮʽʷ 

ʢʦʨʠʩʪʫʚʘʮʴʢʦʾ ʧʣʦʱʠʥʠ;  NSSF (Network Slice Selection Function) - ʬʫʥʢʮʽʷ 

ʚʠʙʦʨʫ ʤʝʨʝʞʥʦʛʦ ʩʝʛʤʝʥʪʫ/ʩʣʘʡʩʫ; NEF (Network Exposure Function) - ʬʫʥʢʮʽʷ 

ʟʘʙʝʟʧʝʯʝʥʥʷ ʚʟʘʻʤʦʜʽʾ ʟ ʟʦʚʥʽʰʥʽʤʠ ʟʘʩʪʦʩʫʚʘʥʥʷʤʠ; NRF (NF Repository 

Function) - ʩʭʦʚʠʱʝ ʤʝʨʝʞʥʠʭ ʬʫʥʢʮʽʡ [3]. 

 

 
ʈʠʩ. 2. ʄʝʪʦʜ ʟʘʜʽʷʥʥʷ ʚʫʟʣʫ IWF. 
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ɼʣʷ ʨʝʘʣʽʟʘʮʽʾ ʜʨʫʛʦʛʦ ʤʝʪʦʜʫ ʤʽʞ ʤʝʨʝʞʝʚʠʤʠ ʬʫʥʢʮʽʷʤʠ 5G ʽ ʷʜʨʦʤ IMS 

ʧʦʪʨʽʙʥʦ ʚʩʪʘʥʦʚʠʪʠ ʚʫʟʦʣ IWF, ʷʢʠʡ ʤʦʞʝ ʧʝʨʝʪʚʦʨʶʚʘʪʠ HTTP-ʧʦʚʽʜʦʤʣʝʥʥʷ ʚ 

ʧʨʦʪʦʢʦʣ Diameter ʽ ʥʘʚʧʘʢʠ (ʨʠʩ. 2). ʎʝ ʧʦʪʨʽʙʥʦ, ʣʠʰʝ ʫ ʚʠʧʘʜʢʫ, ʷʢʱʦ ʥʦʚʽ 

ʬʫʥʢʮʽʾ ʤʝʨʝʞʽ UDM ʚ ʷʜʨʽ 5G ʥʝ ʧʽʜʪʨʠʤʫʶʪʴ ʧʨʦʪʦʢʦʣ Diameter. ɼʘʥʠʡ ʤʝʪʦʜ 

ʜʦʟʚʦʣʷʻ ʦʧʝʨʘʪʦʨʫ ʰʚʠʜʢʦ ʚʧʨʦʚʘʜʠʪʠ ʨʽʰʝʥʥʷ VoNR, ʥʝ ʧʦʨʫʰʫʶʯʠ ʽʩʥʫʶʯʽ 

ʚʫʟʣʠ ʤʝʨʝʞʽ IMS. ʆʜʥʘʢ ʜʣʷ ʚʧʨʦʚʘʜʞʝʥʥʷ ʪʘ ʤʦʥʽʪʦʨʠʥʛʫ ʥʦʚʦʛʦ ʚʫʟʣʘ IWF 

ʟʥʘʜʦʙʣʷʪʴʩʷ ʜʦʜʘʪʢʦʚʽ ʟʫʩʠʣʣʷ ʱʦʜʦ ʨʦʟʛʦʨʪʘʥʥʷ ʪʘ ʝʢʩʧʣʫʘʪʘʮʽʾ. 

ʊʨʝʪʽʡ ʤʝʪʦʜ ʧʝʨʝʜʙʘʯʘʻ ʥʝʦʙʭʽʜʥʽʩʪʴ ʦʥʦʚʣʝʥʥʷ ʽʩʥʫʶʯʠʭ ʤʝʨʝʞʥʠʭ ʚʫʟʣʽʚ 

IMS ʜʣʷ ʧʽʜʪʨʠʤʢʠ ʩʣʫʞʙ HTTP, ʷʢʽ ʧʽʜʪʨʠʤʫʶʪʴʩʷ ʬʫʥʢʮʽʷʤʠ ʤʝʨʝʞʽ 5G (ʨʠʩ. 3). 

ʋʩʽ ʚʫʟʣʠ IMS ʫ ʤʝʨʝʞʽ ʧʦʚʠʥʥʽ ʧʽʜʪʨʠʤʫʚʘʪʠ ʩʣʫʞʙʫ/ʽʥʪʝʨʬʝʡʩ Nhss_ims 

(ʢʝʨʫʚʘʥʥʷ ʢʦʥʪʝʢʩʪʦʤ UE, ʢʝʨʫʚʘʥʥʷ ʜʘʥʠʤʠ ʢʦʨʠʩʪʫʚʘʯʽʚ ʽ ʘʚʪʝʥʪʠʬʽʢʘʮʽʾ UE ʜʣʷ 

IMS), ʜʦʩʪʫʧʥʫ ʬʫʥʢʮʽʷʤ ʙʘʟʦʚʦʾ ʤʝʨʝʞʽ 5G [4]. ʎʝʡ ʤʝʪʦʜ ʜʦʟʚʦʣʷʻ ʦʧʝʨʘʪʦʨʫ 

ʫʥʠʢʥʫʪʠ ʚʧʣʠʚʫ ʩʪʘʨʠʭ ʪʝʭʥʦʣʦʛʽʡ ʥʘ ʷʜʨʦ 5G. ʊʦʤʫ, ʮʝ ʤʦʞʝ ʙʫʪʠ ʥʘʡʢʨʘʱʠʤ 

ʤʝʪʦʜʦʤ ʜʣʷ ʦʧʝʨʘʪʦʨʘ, ʷʢʠʡ ʨʦʟʛʣʷʜʘʻ ʨʦʟʛʦʨʪʘʥʥʷ ʥʦʚʦʛʦ ʷʜʨʘ IMS ʷʢ ʯʘʩʪʠʥʫ 

ʤʝʨʝʞʽ 5G. 

 
ʈʠʩ. 3. ʄʝʪʦʜ ʦʥʦʚʣʝʥʥʷ ʫʩʽʭ ʚʫʟʣʽʚ ʜʦ ʧʽʜʪʨʠʤʢʠ ʩʣʫʞʙ HTTP. 

 
ɼʦʩʣʽʜʞʝʥʦ ʤʝʪʦʜʠ ʨʝʘʣʽʟʘʮʽʾ ʪʝʭʥʦʣʦʛʽʾ ʧʝʨʝʜʘʯʽ ʛʦʣʦʩʫ VoNR ʚ ʤʝʨʝʞʘʭ 

5G ʜʣʷ ʽʩʥʫʶʯʠʭ ʦʧʝʨʘʪʦʨʽʚ. ɿʘʧʨʦʧʦʥʦʚʘʥʦ ʪʨʠ ʤʝʪʦʜʠ, ʢʦʞʝʥ ʟ ʷʢʠʭ ʤʘʻ ʩʚʦʾ 

ʧʝʨʝʚʘʛʠ ʪʘ ʥʝʜʦʣʽʢʠ. ɺʠʙʽʨ ʢʦʥʢʨʝʪʥʦʛʦ ʤʝʪʦʜʫ ʟʘʣʝʞʠʪʴ ʚʽʜ ʧʦʪʨʝʙ ʪʘ 

ʤʦʞʣʠʚʦʩʪʝʡ ʦʧʝʨʘʪʦʨʘ. ʈʝʪʝʣʴʥʝ ʦʙʛʦʚʦʨʝʥʥʷ ʪʘ ʘʥʘʣʽʟ ʮʠʭ ʤʝʪʦʜʽʚ ʜʦʧʦʤʘʛʘʻ 

ʟʘʙʝʟʧʝʯʠʪʠ ʫʩʧʽʰʥʫ ʨʝʘʣʽʟʘʮʽʶ VoNR ʚ ʤʝʨʝʞʘʭ 5G. 
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PROCEDURES FOR AUTHENTICATION OF TERMINALS  

 AND INTERMEDIATE MODULES BASED ON A SWARM  

OF UAVS AS PART OF A 5G RADIO ACCESS NETWORK 
 

Authentication is a fundamental property that allows a UAV network to establish secure 

communication between its core components. This allows for the authentication and 

identification of UAVs. The purpose of this work is to carry out an analytical review of the 

possibilities of creating authentication procedures for a swarm of UAVs/drones, taking into 

account the peculiarities of swarm formation and the requirements for 5G NR. 
 

ʐʠʨʦʢʝ ʚʠʢʦʨʠʩʪʘʥʥʷ ʙʝʟʧʽʣʦʪʥʠʭ ʣʽʪʘʶʯʠʭ ʘʧʘʨʘʪʽʚ (ɹʇʃɸ) ʜʣʷ 

ʨʽʟʥʦʤʘʥʽʪʥʠʭ ʮʠʚʽʣʴʥʠʭ ʽ ʢʦʤʝʨʮʽʡʥʠʭ ʟʘʩʪʦʩʫʚʘʥʴ, ʘ ʪʘʢʦʞ ʧʦʚʩʶʜʥʝ 

ʙʝʟʧʨʦʚʦʜʦʚʝ ʧʽʜʢʣʶʯʝʥʥʷ ʤʝʨʝʞ 5G ʽ 6G ʤʦʞʫʪʴ ʚʠʤʘʛʘʪʠ ʧʝʨʝʜʦʚʠʭ 

ʟʘʭʦʜʽʚ ʙʝʟʧʝʢʠ ʜʣʷ ʟʘʧʦʙʽʛʘʥʥʷ ʥʝʩʘʥʢʮʽʦʥʦʚʘʥʦʤʫ ʜʦʩʪʫʧʫ ʜʦ 

ʢʦʥʬʽʜʝʥʮʽʡʥʠʭ ʜʘʥʠʭ [1-4]. ʊʘʢ ʩʘʤʦ, ʚʩʪʘʥʦʚʣʶʶʯʠ ʟʘʭʦʜʠ ʙʝʟʧʝʢʠ ʜʣʷ 

ʤʝʨʝʞ ɹʇʃɸ, ʩʣʽʜ ʚʨʘʭʦʚʫʚʘʪʠ ʪʘʢʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ, ʷʢ ʚʠʩʦʢʘ 

ʤʘʩʰʪʘʙʦʚʘʥʽʩʪʴ, ʨʽʟʥʦʤʘʥʽʪʥʽʩʪʴ ʧʨʠʩʪʨʦʾʚ ʽ ʚʠʩʦʢʘ ʤʦʙʽʣʴʥʽʩʪʴ. 

ɸʚʪʝʥʪʠʬʽʢʘʮʽʷ (Authentication): ʘʚʪʝʥʪʠʬʽʢʘʮʽʷ ʻ ʬʫʥʜʘʤʝʥʪʘʣʴʥʦʶ 

ʚʣʘʩʪʠʚʽʩʪʶ, ʷʢʘ ʜʦʟʚʦʣʷʻ ʤʝʨʝʞʽ ɹʇʃɸ ʚʩʪʘʥʦʚʣʶʚʘʪʠ ʙʝʟʧʝʯʥʠʡ ʟʚôʷʟʦʢ 

ʤʽʞ ʾʾ ʦʩʥʦʚʥʠʤʠ ʢʦʤʧʦʥʝʥʪʘʤʠ. ʎʝ ʜʦʟʚʦʣʷʻ ʘʚʪʝʥʪʠʬʽʢʫʚʘʪʠ ʪʘ 

ʽʜʝʥʪʠʬʽʢʫʚʘʪʠ ɹʇʃɸ, ʷʢʽ ʙʝʨʫʪʴ ʫʯʘʩʪʴ ʫ ʧʦʣʴʦʪʽ. ʅʘʜʽʡʥʽʩʪʴ ʢʦʞʥʦʛʦ 

ɹʇʃɸ ʧʝʨʝʚʽʨʷʻʪʴʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʮʠʬʨʦʚʦʛʦ ʧʽʜʧʠʩʫ ʽ ʣʠʰʝ 

ʘʚʪʝʥʪʠʬʽʢʦʚʘʥʽ ɹʇʃɸ ʤʦʞʫʪʴ ʙʨʘʪʠ ʫʯʘʩʪʴ ʫ ʧʦʣʴʦʪʽ. ɸʚʪʝʥʪʠʬʽʢʘʮʽʷ ʪʘʢʦʞ 

ʟʘʭʠʱʘʻ ʤʝʨʝʞʫ ɹʇʃɸ ʚʽʜ ʟʣʦʚʤʠʩʥʠʢʽʚ, ʷʢʽ ʚʠʜʘʶʪʴ ʩʝʙʝ ʟʘ ʟʘʢʦʥʥʽ ɹʇʃɸ. 

ɸʫʪʝʥʪʠʬʽʢʘʮʽʷ ɹʇʃɸ ʤʦʞʝ ʜʦʜʘʪʢʦʚʦ ʟʘʭʠʩʪʠʪʠ ʢʘʥʘʣ ʟʚôʷʟʢʫ, 

ʟʘʧʦʙʽʛʘʶʯʠ ʫʦʩʦʙʣʝʥʥʶ ʪʘ ʧʦʚʪʦʨʥʠʤ ʘʪʘʢʘʤ. ʈʦʟʨʦʙʢʘ ʩʭʝʤ ʢʦʥʪʨʦʣʶ 

ʜʦʩʪʫʧʫ ɹʇʃɸ, ʪʘʢʠʭ ʷʢ ʤʝʭʘʥʽʟʤʠ ʘʚʪʦʨʠʟʘʮʽʾ ʪʘ ʘʚʪʝʥʪʠʬʽʢʘʮʽʾ, 

ʟʘʣʠʰʘʻʪʴʩʷ ʩʢʣʘʜʥʦʶ ʧʨʦʙʣʝʤʦʶ ʜʣʷ ʜʦʩʣʽʜʞʝʥʥʷ ʚ ʤʝʨʝʞʘʭ ɹʇʃɸ. 

ɼʽʡʩʥʦ, ʙʫʜʴ-ʷʢʽ ʥʝʘʚʪʝʥʪʠʬʽʢʦʚʘʥʽ ɹʇʃɸ ʥʝ ʧʦʚʠʥʥʽ ʙʨʘʪʠ ʫʯʘʩʪʴ ʫ 

ʧʦʣʴʦʪʥʠʭ ʤʽʩʽʷʭ ʜʣʷ ʟʙʦʨʫ ʜʘʥʠʭ ʟ ʽʥʰʠʭ ɹʇʃɸ ʚ ʤʝʨʝʞʽ. 

ʇʨʦʪʦʢʦʣ ʘʚʪʝʥʪʠʬʽʢʘʮʽʾ ʦʙôʻʢʪʘ ð ʮʝ ʧʨʦʮʝʩ ʫ ʨʝʞʠʤʽ ʨʝʘʣʴʥʦʛʦ ʯʘʩʫ, 

ʷʢʠʡ ʟʘʙʝʟʧʝʯʫʻ ʚʧʝʚʥʝʥʽʩʪʴ ʫ ʪʦʤʫ, ʱʦ ʦʙôʻʢʪ, ʷʢʠʡ ʘʫʪʝʥʪʠʬʽʢʫʻʪʴʩʷ, 

ʧʨʘʮʶʻ ʚ ʪʦʡ ʤʦʤʝʥʪ, ʢʦʣʠ ʮʝʡ ʦʙôʻʢʪ ʚʠʢʦʥʘʚ ʧʝʚʥʫ ʜʽʶ ʟ ʧʦʯʘʪʢʫ 

ʚʠʢʦʥʘʥʥʷ ʧʨʦʪʦʢʦʣʫ. 

ɺʽʜʦʤʝ ʨʽʰʝʥʥʷ ʜʣʷ ʘʫʪʝʥʪʠʬʽʢʘʮʽʾ ʦʜʥʦʛʦ ɹʇʃɸ/ʜʨʦʥʘ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ 

ʥʦʚʦʾ 5G ʨʘʜʽʦʤʝʨʝʞʽ (NR) ʚʠʤʘʛʘʻ ʚʠʢʦʥʘʥʥʷ ʜʚʦʭ ʢʨʦʢʽʚ. ʇʝʨʰʠʡ ʝʪʘʧ 
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ʦʭʦʧʣʶʻ ʘʫʪʝʥʪʠʬʽʢʘʮʽʶ ʤʽʞ ʜʨʦʥʦʤ ʽ ʙʘʟʦʚʦʶ ʤʝʨʝʞʝʶ 5G, ʘ ʜʨʫʛʠʡ ʝʪʘʧ - 

ʘʫʪʝʥʪʠʬʽʢʘʮʽʶ ʤʽʞ ʜʨʦʥʦʤ ʽ ʩʪʘʥʮʽʻʶ ʫʧʨʘʚʣʽʥʥʷ ʜʨʦʥʦʤ. ʅʝʤʦʞʣʠʚʦ 

ʘʫʪʝʥʪʠʬʽʢʫʚʘʪʠ ʢʦʞʝʥ ʜʨʦʥ ʫ ʨʦʾ ʟʘ ʜʦʧʦʤʦʛʦʶ ʧʦʪʦʯʥʦʛʦ ʨʽʰʝʥʥʷ ʙʝʟ 

ʟʘʪʨʠʤʢʠ. ʂʣʶʯʽ ʘʫʪʝʥʪʠʬʽʢʘʮʽʾ ʤʽʞ ʙʘʟʦʚʦʶ ʩʪʘʥʮʽʻʶ (BS) ʪʘ 

ʢʦʨʠʩʪʫʚʘʣʴʥʠʮʴʢʠʤ ʦʙʣʘʜʥʘʥʥʷʤ (UE) ʤʘʶʪʴ ʙʫʪʠ ʧʝʨʝʜʘʥʽ ʥʦʚʦʾ BS ʧʽʜ 

ʯʘʩ ʚʠʢʦʥʘʥʥʷ ʧʝʨʝʜʘʯʽ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ. ɿʛʨʘʾ ʜʨʦʥʽʚ ʜʫʞʝ ʤʦʙʽʣʴʥʽ ʽ 

ʚʠʤʘʛʘʶʪʴ ʢʽʣʴʢʦʭ ʧʝʨʝʤʠʢʘʥʴ ʽʟ BS ʥʘ ʥʦʚʫ BS. 

ɺʘʞʣʠʚʦ ʪʘʢʦʞ ʪʦʨʢʥʫʪʠʩʷ ʪʫʪ ʜʝʷʢʠʭ ʢʦʥʢʨʝʪʥʠʭ ʘʩʧʝʢʪʽʚ, ʷʢʽ ʪʽʩʥʦ 

ʧʦʚôʷʟʘʥʽ ʟ ʤʦʜʝʣʣʶ ʩʧʽʚʧʨʘʮʽ ʨʦʾʚ ʽ ʚʧʣʠʚʘʶʪʴ ʥʘ ʘʣʛʦʨʠʪʤʠ, ʱʦ ʣʝʞʘʪʴ ʚ 

ʦʩʥʦʚʽ ʤʽʩʽʡ. ʅʘ ʜʦʜʘʪʦʢ ʜʦ ʟʚʠʯʘʡʥʠʭ ʧʨʦʙʣʝʤ ʽʟ ʰʠʬʨʫʚʘʥʥʷʤ ʪʘ 

ʘʚʪʝʥʪʠʬʽʢʘʮʽʻʶ (ʚʩʝʨʝʜʠʥʽ ʨʦʶ ʪʘ ʜʣʷ ʟʚôʷʟʢʫ ʤʽʞ ʨʦʶ ʪʘ GCS), ʤʠ 

ʩʪʠʢʘʻʤʦʩʷ ʟ ʜʚʦʤʘ ʦʩʥʦʚʥʠʤʠ ʜʦʜʘʪʢʦʚʠʤʠ ʧʨʦʙʣʝʤʘʤʠ. 

ʈʽʡ ʟʘ ʩʚʦʻʶ ʧʨʠʨʦʜʦʶ ʤʘʻ ʜʠʥʘʤʽʯʥʫ ʩʪʨʫʢʪʫʨʫ, ʽ ʮʝ ʧʽʜʥʽʤʘʻ ʧʨʦʙʣʝʤʫ 

ʥʝʥʘʜʽʡʥʠʭ ʢʦʨʜʦʥʽʚ. ʈʽʡ - ʮʝ ʩʠʩʪʝʤʘ, ʱʦ ʨʦʟʚʠʚʘʻʪʴʩʷ: ɹʇʃɸ ʤʦʞʫʪʴ 

ʧʨʠʻʜʥʘʪʠʩʷ ʪʘ ʟʘʣʠʰʠʪʠ ʙʫʜʴ-ʢʦʣʠ, ʘʙʦ ʟ ʟʘʧʣʘʥʦʚʘʥʠʭ ʧʨʠʯʠʥ, ʘʙʦ ʯʝʨʝʟ 

ʥʘʩʪʘʥʥʷ ʥʝʩʧʦʜʽʚʘʥʦʾ ʧʦʜʽʾ. ɹʇʃɸ ʤʦʞʝ ʧʨʠʻʜʥʘʪʠʩʷ ʜʦ ʟʛʨʘʾ ʟʘʤʽʩʪʴ ʪʦʛʦ, 

ʭʪʦ ʧʦʢʠʜʘʻ, ʘʙʦ ʜʦʜʘʪʠ ʜʝʷʢʫ ʜʦʜʘʪʢʦʚʫ ʧʦʪʫʞʥʽʩʪʴ ʜʦ ʟʘʛʘʣʴʥʦʾ ʩʠʩʪʝʤʠ. 

ʊʘʢʠʤ ʯʠʥʦʤ, ʤʘʻ ʙʫʪʠ ʤʝʭʘʥʽʟʤ ʜʣʷ ʟʘʧʦʙʽʛʘʥʥʷ ʚʪʦʨʛʥʝʥʥʶ ʰʢʽʜʣʠʚʦʛʦ 

ɹʇʃɸ. ʅʘ ʞʘʣʴ, ʦʩʢʽʣʴʢʠ ʟʛʨʘʾ ʧʦʚʠʥʥʽ ʧʽʜʪʨʠʤʫʚʘʪʠ ʩʪʽʡʢʽʩʪʴ ʽ ʦʩʢʽʣʴʢʠ 

ʚʦʥʠ ʜʠʥʘʤʽʯʥʽ, ʫ ʟʛʨʘʾ ʥʝʤʘʻ ʩʪʘʙʽʣʴʥʦʛʦ ɹʇʃɸ. 

ʊʦʤʫ ʤʝʪʦʶ ʜʘʥʦʾ ʨʦʙʦʪʠ ʻ ʧʨʦʚʝʜʝʥʥʷ ʘʥʘʣʽʪʠʯʥʦʛʦ ʦʛʣʷʜʫ ʤʦʞʣʠʚʦʩʪʝʡ 

ʩʪʚʦʨʝʥʥʷ ʧʨʦʮʝʜʫʨ ʘʚʪʝʥʪʠʬʽʢʘʮʽʾ ʜʣʷ ʨʦʶ ɹʇʃɸ/ʜʨʦʥʽʚ ʟ ʫʨʘʭʫʚʘʥʥʷʤ 

ʦʩʦʙʣʠʚʦʩʪʝʡ ʬʦʨʤʫʚʘʥʥʷ ʨʦʶ ʪʘ ʚʠʤʦʛ ʜʦ 5G NR. 

ʉʧʽʣʴʥʝ ʚʠʢʦʨʠʩʪʘʥʥʷ ʢʣʶʯʽʚ ʘʚʪʝʥʪʠʬʽʢʘʮʽʾ ʜʣʷ ʢʦʞʥʦʛʦ ɹʇʃɸ, ʷʢ 

ʦʧʠʩʘʥʦ ʚ 5G NR, ʥʝ ʤʘʩʰʪʘʙʫʻʪʴʩʷ ʜʣʷ ʛʨʫʧ ɹʇʃɸ. ʋ [5] ʙʫʣʘ ʟʤʦʜʝʣʴʦʚʘʥʘ 

ʩʭʝʤʘ ʛʨʫʧʦʚʦʾ ʘʫʪʝʥʪʠʬʽʢʘʮʽʾ ʜʣʷ ʥʦʚʦʛʦ ɹʇʃɸ ʪʘ ʘʫʪʝʥʪʠʬʽʢʘʮʽʷ ɹʇʃɸ 5G 

NR. ɹʇʃɸ ʫ ʟʛʨʘʾ ʫʪʚʦʨʶʶʪʴ ʪʨʠ ʧʽʜʛʨʫʧʠ, ʷʢʽ ʤʘʶʪʴ ʨʽʟʥʽ ʦʙʦʚ'ʷʟʢʠ. 

ʆʭʦʨʦʥʥʽ ɹʇʃɸ/ʜʨʦʥʠ (guard drones) - ʮʝ ʜʨʦʥʠ, ʚ ʦʙʦʚ'ʷʟʢʠ ʷʢʠʭ ʚʭʦʜʠʪʴ 

ʚʽʜʩʪʝʞʝʥʥʷ ʜʦʛʣʷʜʫ ʪʘ ʧʨʠʻʜʥʘʥʥʷ ʜʨʦʥʽʚ, ʘ ʪʘʢʦʞ ʘʫʪʝʥʪʠʬʽʢʘʮʽʷ ʥʦʚʠʭ 

ʫʯʘʩʥʠʢʽʚ ʫ ʟʛʨʘʷʭ. ʄʝʨʝʞʝʚʽ ʦʧʝʨʘʮʽʾ ʚʠʢʦʥʫʶʪʴʩʷ ʩʽʪʢʦʚʠʤʠ ʜʨʦʥʘʤʠ 

(network drones). ʆʩʥʦʚʥʠʡ ʩʝʨʚʽʩ ʥʘʜʘʶʪʴ ʩʝʨʚʽʩʥʽ ʜʨʦʥʠ (service drones). 

ʆʩʥʦʚʥʽ ʧʝʨʝʚʘʛʠ ʟʘʧʨʦʧʦʥʦʚʘʥʦʛʦ ʤʝʪʦʜʫ ʤʦʞʥʘ ʨʝʟʶʤʫʚʘʪʠ ʪʘʢ: 1) 

ʛʨʫʧʦʚʠʡ ʢʣʶʯ ʨʦʟʧʦʜʽʣʷʻʪʴʩʷ ʤʽʞ ʜʨʦʥʘʤʠ ʚ ʨʦʾ, ʱʦʙ ʟʘʙʝʟʧʝʯʠʪʠ 

ʙʝʟʧʝʯʥʠʡ ʢʘʥʘʣ ʟʚ'ʷʟʢʫ, ʽ ʧʨʦʧʦʥʫʻʪʴʩʷ ʨʽʰʝʥʥʷ ʧʦʜʽʣʠʪʠʩʷ ʛʨʫʧʦʚʠʤ 

ʢʣʶʯʝʤ ʽʟ ʥʦʚʠʤʠ ʫʯʘʩʥʠʢʘʤʠ; 2) ʘʫʪʝʥʪʠʬʽʢʘʮʽʷ ʥʦʚʦʛʦ ʜʨʦʥʘ, ʱʦ ʙʝʨʝ 

ʫʯʘʩʪʴ ʫ ʨʦʾ, ʚʠʤʘʛʘʻ ʜʚʦʭ ʢʨʦʢʽʚ, ʷʢʱʦ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʨʽʰʝʥʥʷ 5G NR. 

ʇʝʨʰʠʤ ʢʨʦʢʦʤ ʻ ʧʽʜʪʚʝʨʜʞʝʥʥʷ ʥʦʚʦʛʦ ʜʨʦʥʘ ʙʘʟʦʚʦʶ ʤʝʨʝʞʝʶ, ʘ 

ʥʘʩʪʫʧʥʠʤ ʢʨʦʢʦʤ ʻ ʘʫʪʝʥʪʠʬʽʢʘʮʽʷ ʯʝʨʝʟ ʩʪʘʥʮʽʶ ʢʝʨʫʚʘʥʥʷ ʜʨʦʥʘʤʠ. 

ʇʨʦʧʦʥʦʚʘʥʠʡ ʤʝʪʦʜ ʧʨʦʧʦʥʫʻ ʨʽʰʝʥʥʷ ʜʣʷ ʛʨʫʧʦʚʦʾ ʘʫʪʝʥʪʠʬʽʢʘʮʽʾ, ʷʢʝ ʤʘʻ 

ʢʨʘʱʽ ʪʠʤʯʘʩʦʚʽ ʪʘ ʢʦʤʫʥʽʢʘʮʽʡʥʽ ʩʢʣʘʜʥʦʩʪʽ, ʥʽʞ 5G NR. 

ʋ [6] ʧʨʝʜʩʪʘʚʣʝʥʘ ʙʝʟʧʝʯʥʘ ʪʘ ʩʧʨʦʱʝʥʘ ʩʭʝʤʘ ʘʫʪʝʥʪʠʬʽʢʘʮʽʾ ʜʣʷ 

ʧʦʚʽʪʨʷʥʦʾ ʤʝʨʝʞʽ ʟ ʢʽʣʴʢʦʭ ɹʇʃɸ. ɿʘʧʨʦʧʦʥʦʚʘʥʠʡ ʧʽʜʭʽʜ ʟʘʩʥʦʚʘʥʠʡ ʥʘ 

ʬʽʟʠʯʥʽʡ, ʥʝʢʣʦʥʫʻʤʦʾ ʬʫʥʢʮʽʾ, ʷʢʘ ʥʘʜʽʡʥʦ ʚʙʫʜʦʚʘʥʘ ʥʘ ʟʛʘʜʢʫ ʧʨʦ ʚʫʟʣʠ 

ɹʇʃɸ. ɿʘʧʨʦʧʦʥʦʚʘʥʠʡ ʧʽʜʭʽʜ ʟʘʙʝʟʧʝʯʫʻ ʙʝʟʧʝʯʥʫ ʨʦʙʦʪʫ ʤʝʨʝʞʽ ɹʇʃɸ, 
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ʩʧʦʞʠʚʘʶʯʠ ʧʨʠ ʮʴʦʤʫ ʤʝʥʰʝ ʙʦʨʪʦʚʠʭ ʨʝʩʫʨʩʽʚ, ʪʘʢʠʭ ʷʢ ʟʘʨʷʜ ʙʘʪʘʨʝʾ, 

ʦʙʯʠʩʣʶʚʘʣʴʥʘ ʧʦʪʫʞʥʽʩʪʴ ʪʘ ʧʘʤ'ʷʪʴ. 

ɺ [7] ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʥʦʚʠʡ ʧʽʜʭʽʜ ʜʣʷ ʚʽʜʜʘʣʝʥʦʾ ʽʜʝʥʪʠʬʽʢʘʮʽʾ ʨʦʾʚ 

ʜʨʦʥʽʚ. ɼʣʷ ʝʬʝʢʪʠʚʥʦʛʦ ʧʨʦʮʝʩʫ ʽʜʝʥʪʠʬʽʢʘʮʽʾ ʤʽʞ ʟʛʨʘʻʶ ʜʨʦʥʽʚ ʪʘ GCS 

ʢʦʞʝʥ ʜʨʦʥ Reader ʫ ʨʝʛʽʦʥʽ ʟʙʠʨʘʻ ʽʜʝʥʪʠʬʽʢʘʮʽʡʥʫ ʽʥʬʦʨʤʘʮʽʶ ʨʦʶ ʜʨʦʥʽʚ 

ʪʘ ʧʝʨʝʜʘʻ ʾʾ ʜʦ ʥʘʟʝʤʥʦʾ ʩʪʘʥʮʽʾ ʜʣʷ ʧʝʨʝʚʽʨʢʠ. ʇʨʦʧʦʥʦʚʘʥʠʡ ʧʨʦʪʦʢʦʣ 

ʽʜʝʥʪʠʬʽʢʘʮʽʾ ʩʢʦʨʦʯʫʻ ʯʘʩ ʧʝʨʝʚʽʨʢʠ ʨʦʶ ʜʨʦʥʽʚ ʟʘ ʨʘʭʫʥʦʢ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʧʘʢʝʪʥʦʾ ʧʝʨʝʚʽʨʢʠ ʜʣʷ ʦʜʥʦʯʘʩʥʦʾ ʧʝʨʝʚʽʨʢʠ ʤʥʦʞʠʥʠ ʜʨʦʥʽʚ ʫ ʨʦʾ ʜʨʦʥʽʚ. 

ʄʦʞʥʘ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʧʨʦʪʦʢʦʣ ʘʫʪʝʥʪʠʬʽʢʘʮʽʾ ʪʘ ʫʟʛʦʜʞʝʥʥʷ ʢʣʶʯʽʚ 

ʜʣʷ ʚʩʪʘʥʦʚʣʝʥʥʷ ʙʝʟʧʝʯʥʦʛʦ ʟʚ'ʷʟʢʫ ʤʽʞ ʜʨʦʥʘʤʠ ʪʘ ZSP (Zone Service 

Provider: IoT ʪʘ IoD) ʫ ʥʝʟʘʭʠʱʝʥʦʤʫ ʩʝʨʝʜʦʚʠʱʽ. ʇʨʦʪʝ ʦʜʥʦʯʘʩʥʘ 

ʘʫʪʝʥʪʠʬʽʢʘʮʽʷ ʚʝʣʠʢʦʾ ʛʨʫʧʠ ʜʨʦʥʽʚ ʟʘ ʜʦʧʦʤʦʛʦʶ ZSP ʧʨʠʟʚʝʜʝ ʜʦ 

ʩʝʨʡʦʟʥʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ ʩʠʛʥʘʣʽʚ ʘʫʪʝʥʪʠʬʽʢʘʮʽʾ, ʱʦ ʥʝʤʠʥʫʯʝ ʧʦʛʽʨʰʫʻ 

ʷʢʽʩʪʴ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ (QoS) ʩʠʩʪʝʤ IoD. ɼʣʷ ʧʨʘʚʠʣʴʥʦʛʦ ʚʠʨʽʰʝʥʥʷ 

ʚʠʱʝʟʛʘʜʘʥʠʭ ʧʨʦʙʣʝʤ ʫ [8] ʧʨʦʧʦʥʫʻʪʴʩʷ ʧʦʣʝʛʰʝʥʠʡ ʧʨʦʪʦʢʦʣ ʛʨʫʧʦʚʦʾ 

ʘʚʪʝʥʪʠʬʽʢʘʮʽʾ, ʷʢʠʡ ʥʘʟʠʚʘʻʪʴʩʷ liteGAP (Lightweight Group Authentication 

Protocol). 
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METHODS OF VIRTUAL IZATION OF 4G AND 5G MOBILE  

NETWORKS AIMED AT IMPROVING SERVICE QUALITY  

 

The rapid growth of wireless mobile traffic demands effective solutions for 4G/5G 

networks. Utilizing virtualization technologies and innovative approaches such as NFV, SDR, 

and SDN can improve service quality and reduce costs. It is crucial to consider QoS when 

deploying virtualized environments in the 4/5G network. 

 

ʄʝʪʘ ʨʦʙʦʪʠ ʧʦʣʷʛʘʻ ʫ ʚʠʚʯʝʥʥʽ ʪʘ ʘʥʘʣʽʟʽ ʨʽʟʥʠʭ ʤʝʪʦʜʽʚ ʚʽʨʪʫʘʣʽʟʘʮʽʾ 

ʤʦʙʽʣʴʥʠʭ ʤʝʨʝʞ 4G/5G ʟ ʦʛʣʷʜʫ ʥʘ ʾʭʥʽʡ ʧʦʪʝʥʮʽʘʣ ʫ ʧʦʢʨʘʱʝʥʥʽ ʷʢʦʩʪʽ 

ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ. ɺʠʟʥʘʯʝʥʥʷ ʢʣʶʯʦʚʠʭ ʧʨʦʙʣʝʤ ʪʘ ʚʠʢʣʠʢʽʚ, ʧʦʚ'ʷʟʘʥʠʭ ʟ 

ʚʽʨʪʫʘʣʽʟʘʮʽʻʶ ʤʝʨʝʞʝʚʠʭ ʝʣʝʤʝʥʪʽʚ ʫ ʢʦʥʪʝʢʩʪʽ 4G/5G ʤʦʙʽʣʴʥʠʭ ʤʝʨʝʞ. 

ʈʦʙʦʪʘ ʩʧʨʷʤʦʚʘʥʘ ʥʘ ʦʧʠʩ ʨʝʢʦʤʝʥʜʘʮʽʡ ʪʘ ʨʦʟʫʤʽʥʥʷ ʩʪʨʘʪʝʛʽʡ, ʷʢʽ 

ʜʦʟʚʦʣʷʪʴ ʝʬʝʢʪʠʚʥʦ ʚʧʨʦʚʘʜʠʪʠ ʚʽʨʪʫʘʣʽʟʦʚʘʥʽ ʩʝʨʝʜʦʚʠʱʘ ʚ ʤʝʨʝʞʽ 4/5G ʟ 

ʤʝʪʦʶ ʟʘʙʝʟʧʝʯʝʥʥʷ ʦʧʪʠʤʘʣʴʥʦʾ ʷʢʦʩʪʽ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʜʣʷ ʢʽʥʮʝʚʠʭ 

ʢʦʨʠʩʪʫʚʘʯʽʚ. 

ʄʦʙʽʣʴʥʠʡ ʙʝʟʜʨʦʪʦʚʠʡ ʪʨʘʬʽʢ ʩʪʨʽʤʢʦ ʟʨʽʩ ʟʘʚʜʷʢʠ ʰʠʨʦʢʦʤʫ 

ʧʦʰʠʨʝʥʥʶ ʤʦʙʽʣʴʥʠʭ ʧʨʠʩʪʨʦʾʚ. ɺʽʜ ʪʨʘʜʠʮʽʡʥʦʛʦ ʛʦʣʦʩʦʚʦʛʦ ʟʚ'ʷʟʢʫ ʜʦ 

ʩʦʮʽʘʣʴʥʠʭ ʤʝʨʝʞ ʪʘ ʝʣʝʢʪʨʦʥʥʦʾ ʢʦʤʝʨʮʽʾ, ʟʘʩʪʦʩʫʥʢʠ ʨʦʟʚʠʚʘʶʪʴʩʷ ʰʚʠʜʢʦ, 

ʱʦ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʝʢʩʧʦʥʝʥʮʽʡʥʦʛʦ ʟʙʽʣʴʰʝʥʥʷ ʢʽʣʴʢʦʩʪʽ ʧʨʠʩʪʨʦʾʚ ʪʘ 

ʰʚʠʜʢʦʩʪʽ ʧʝʨʝʜʘʯʽ ʜʘʥʠʭ. ʇʨʦʪʝ ʤʦʙʽʣʴʥʽ ʤʝʨʝʞʽ 4G ʥʝ ʚʽʜʧʦʚʽʜʘʶʪʴ 

ʦʯʽʢʫʚʘʥʥʷʤ, ʷʢʽ ʙʫʣʠ ʧʝʨʝʜʙʘʯʝʥʽ ʜʦ 2020 ʨʦʢʫ. ɼʣʷ ʜʦʩʷʛʥʝʥʥʷ ʧʦʢʨʘʱʝʥʴ ʫ 

ʧʨʦʧʫʩʢʥʽʡ ʟʜʘʪʥʦʩʪʽ ʙʝʟʜʨʦʪʦʚʠʭ ʤʝʨʝʞ, ʚʘʞʣʠʚʦ ʰʫʢʘʪʠ ʽʥʥʦʚʘʮʽʡʥʽ ʪʘ 

ʦʧʪʠʤʽʟʦʚʘʥʽ ʧʽʜʭʦʜʠ ʜʦ ʤʝʨʝʞʝʚʠʭ ʩʭʝʤ ʪʘ ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ. 

ɹʝʟʜʨʦʪʦʚʽ ʤʝʨʝʞʽ 4G/5G ʤʘʶʪʴ ʥʝʦʜʥʦʨʽʜʥʽʩʪʴ ʯʝʨʝʟ ʨʽʟʥʦʤʘʥʽʪʥʽ 

ʪʝʭʥʦʣʦʛʽʾ ʜʦʩʪʫʧʫ. ʆʧʝʨʘʪʦʨʠ ʤʝʨʝʞ ʚʠʤʘʛʘʶʪʴ ʚʽʜ ʧʦʩʪʘʯʘʣʴʥʠʢʽʚ 

ʦʙʣʘʜʥʘʥʥʷ ʨʝʥʪʘʙʝʣʴʥʠʭ ʪʘ ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʠʭ ʨʽʰʝʥʴ. ɯʩʥʫʶʪʴ ʥʦʚʽ ʧʽʜʭʦʜʠ, 

ʪʘʢʽ ʷʢ ʚʽʨʪʫʘʣʽʟʘʮʽʷ ʤʝʨʝʞʝʚʠʭ ʬʫʥʢʮʽʡ (NFV), ʧʨʦʛʨʘʤʥʦ ʚʠʟʥʘʯʝʥʝ ʨʘʜʽʦ 

(SDR) ʽ ʧʨʦʛʨʘʤʥʦ ʚʠʟʥʘʯʝʥʘ ʤʝʨʝʞʘ (SDN). 

NFV ʚʠʢʦʨʠʩʪʦʚʫʻ ʚʽʨʪʫʘʣʽʟʘʮʽʶ ʜʣʷ ʢʦʥʩʦʣʽʜʘʮʽʾ ʤʝʨʝʞʝʚʦʛʦ 

ʦʙʣʘʜʥʘʥʥʷ ʥʘ ʩʪʘʥʜʘʨʪʥʠʭ ʩʝʨʚʝʨʘʭ ʽ ʟʥʠʞʫʻ ʚʠʪʨʘʪʠ ʥʘ ʦʙʣʘʜʥʘʥʥʷ ʪʘ 

ʝʢʩʧʣʫʘʪʘʮʽʶ ʤʝʨʝʞʽ. SDR ʜʦʟʚʦʣʷʻ ʧʝʨʝʥʘʣʘʰʪʫʚʘʥʥʷ ʨʘʜʽʦ ʯʝʨʝʟ 

ʧʨʦʛʨʘʤʥʝ ʟʘʙʝʟʧʝʯʝʥʥʷ ʽ ʤʦʞʝ ʙʫʪʠ ʚʠʢʦʨʠʩʪʘʥʠʡ ʜʣʷ ʰʚʠʜʢʦʛʦ ʨʦʟʚʠʪʢʫ 

ʙʝʟʜʨʦʪʦʚʠʭ ʩʪʘʥʜʘʨʪʽʚ. SDN ʜʦʟʚʦʣʷʻ ʧʨʦʩʪʝ ʧʨʦʛʨʘʤʥʝ ʢʝʨʫʚʘʥʥʷ 

ʤʝʨʝʞʝʚʠʤʠ ʨʝʩʫʨʩʘʤʠ. 

ɼʦʩʣʽʜʞʫʻʪʴʩʷ ʤʦʞʣʠʚʽʩʪʴ ʽʥʪʝʛʨʘʮʽʾ NFV ʟ SDR/SDN ʜʣʷ ʤʦʙʽʣʴʥʠʭ 
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ʤʝʨʝʞ 4G/5G ʟ ʤʝʪʦʶ ʟʥʠʞʝʥʥʷ ʚʠʪʨʘʪ ʪʘ ʧʽʜʚʠʱʝʥʥʷ ʚʽʜʢʨʠʪʦʩʪʽ ʪʘ 

ʤʫʣʴʪʠʦʨʝʥʜʫʚʘʥʥʷ. ʈʦʙʦʪʘ ʩʧʨʷʤʦʚʘʥʘ ʥʘ ʽʥʪʝʣʝʢʪʫʘʣʽʟʘʮʽʶ, ʝʢʦʥʦʤʽʶ ʪʘ 

ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ ʤʝʨʝʞʽ. 

ʈʠʩʫʥʦʢ 1 ʽʣʶʩʪʨʫʻ ʛʽʙʨʠʜʥʫ ʘʨʭʽʪʝʢʪʫʨʫ NFV, SDR ʽ SDN. ɿʘʚʜʷʢʠ 

ʪʝʭʥʦʣʦʛʽʾ NFV ʦʧʝʨʘʪʦʨʠ ʤʦʞʫʪʴ ʩʪʚʦʨʶʚʘʪʠ ʥʘʩʢʨʽʟʥʫ ʤʝʨʝʞʝʚʫ 

ʽʥʬʨʘʩʪʨʫʢʪʫʨʫ ʟʘ ʜʦʧʦʤʦʛʦʶ ʩʪʘʥʜʘʨʪʥʦʾ ʪʝʭʥʦʣʦʛʽʾ ɯʊ-ʚʽʨʪʫʘʣʽʟʘʮʽʾ. ʎʴʦʛʦ 

ʤʦʞʥʘ ʜʦʩʷʛʪʠ, ʨʝʘʣʽʟʫʚʘʚʰʠ ʤʝʨʝʞʝʚʽ ʬʫʥʢʮʽʾ ʟʘ ʜʦʧʦʤʦʛʦʶ ʧʨʦʛʨʘʤʥʦʛʦ 

ʟʘʙʝʟʧʝʯʝʥʥʷ. ʇʨʦʩʪʽʰʝ ʧʨʝʜʩʪʘʚʠʪʠ ʘʙʦ ʧʨʦʪʝʩʪʫʚʘʪʠ ʥʦʚʫ ʤʝʨʝʞʝʚʫ 

ʬʫʥʢʮʽʶ, ʚʩʪʘʥʦʚʠʚʰʠ ʘʙʦ ʦʥʦʚʠʚʰʠ ʧʘʢʝʪ ʧʨʦʛʨʘʤʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ, ʱʦ 

ʚʠʢʦʥʫʻʪʴʩʷ ʩʝʨʚʝʨʘʤʠ. ʇʨʦʛʨʘʤʥʦ ʚʠʟʥʘʯʝʥʝ ʨʘʜʽʦ, ʷʢʝ ʪʘʢʦʞ ʥʘʟʠʚʘʻʪʴʩʷ 

ʧʨʦʛʨʘʤʥʠʤ ʨʘʜʽʦ (SR), ʩʪʦʩʫʻʪʴʩʷ ʙʝʟʜʨʦʪʦʚʦʛʦ ʟʚôʷʟʢʫ, ʜʝ ʤʦʜʫʣʷʮʽʷ 

ʧʝʨʝʜʘʚʘʯʘ ʛʝʥʝʨʫʻʪʴʩʷ ʘʙʦ ʚʠʟʥʘʯʘʻʪʴʩʷ ʢʦʤʧôʶʪʝʨʦʤ. ʇʨʠʡʤʘʯ ʤʦʞʝ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʢʦʤʧôʶʪʝʨ ʜʣʷ ʽʥʪʝʣʝʢʪʫʘʣʴʥʦʛʦ ʚʽʜʥʦʚʣʝʥʥʷ ʩʠʛʥʘʣʫ. SDR 

ʫʩʫʚʘʻ ʥʝʜʦʣʽʢʠ ʘʧʘʨʘʪʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ ʪʘ ʜʦʧʦʤʘʛʘʻ ʨʦʟʜʽʣʠʪʠ ʬʫʥʢʮʽʾ 

ʢʝʨʫʚʘʥʥʷ ʪʘ ʬʫʥʢʮʽʾ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ. ʇʨʠʩʪʨʦʾ SDR ʟʘʙʝʟʧʝʯʫʶʪʴ ʧʽʜʪʨʠʤʢʫ 

ʧʨʠʩʪʨʦʾʚ ʽ ʬʫʥʢʮʽʡ ʜʣʷ ʘʨʭʽʪʝʢʪʫʨʠ NFV, ʪʦʜʽ ʷʢ NFV ʟʘʙʝʟʧʝʯʫʻ ʧʽʜʪʨʠʤʢʫ 

ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ ʜʣʷ SDN. 

 

 

ʈʠʩ.1. ɸʨʭʽʪʝʢʪʫʨʘ NFV, SDR ʪʘ SDN. 

NFV ʚʠʢʦʨʠʩʪʦʚʫʻ ʩʪʘʥʜʘʨʪʥʫ ɯʊ-

ʪʝʭʥʦʣʦʛʽʶ ʚʽʨʪʫʘʣʽʟʘʮʽʾ ʜʣʷ 

ʦʙ'ʻʜʥʘʥʥʷ ʨʽʟʥʠʭ ʪʠʧʽʚ ʤʝʨʝʞʝʚʦʛʦ 

ʦʙʣʘʜʥʘʥʥʷ ʥʘ ʩʪʘʥʜʘʨʪʥʠʭ 

ʩʝʨʚʝʨʘʭ, ʢʦʤʫʪʘʪʦʨʘʭ ʽ ʧʨʠʩʪʨʦʷʭ 

ʟʙʝʨʽʛʘʥʥʷ ʜʘʥʠʭ, ʱʦ ʨʦʟʪʘʰʦʚʘʥʽ ʫ 

ʮʝʥʪʨʘʭ ʦʙʨʦʙʢʠ ʜʘʥʠʭ, ʤʝʨʝʞʝʚʠʭ 

ʚʫʟʣʘʭ ʪʘ ʚ ʧʨʠʤʽʱʝʥʥʷʭ ʢʽʥʮʝʚʠʭ 

ʢʦʨʠʩʪʫʚʘʯʽʚ. ɺʽʥ ʜʦʟʚʦʣʷʻ 

ʨʦʟʛʦʨʪʘʪʠ ʪʘ ʫʧʨʘʚʣʷʪʠ 

ʤʝʨʝʞʝʚʠʤʠ ʪʘ ʽʥʬʨʘʩʪʨʫʢʪʫʨʥʠʤʠ 

ʧʦʩʣʫʛʘʤʠ ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʧʨʦʛʨʘʤʥʦʛʦ ʧʘʢʝʪʫ, ʷʢʠʡ ʧʨʘʮʶʻ ʫ 

ʚʽʨʪʫʘʣʴʥʠʭ ʤʘʰʠʥʘʭ. NFV ʤʦʞʝ 

ʙʫʪʠ ʰʚʠʜʢʦ ʥʘʣʘʰʪʦʚʘʥʠʤ ʪʘ 

ʚʠʚʝʜʝʥʠʤ ʟ ʝʢʩʧʣʫʘʪʘʮʽʾ ʟ 

ʤʽʥʽʤʘʣʴʥʠʤʠ ʟʫʩʠʣʣʷʤʠ. 

ɸʨʭʽʪʝʢʪʫʨʥʘ ʩʪʨʫʢʪʫʨʘ NFV ʟʦʩʝʨʝʜʞʝʥʘ ʥʘ ʬʫʥʢʮʽʦʥʘʣʴʥʠʭ 

ʤʦʞʣʠʚʦʩʪʷʭ, ʥʝʦʙʭʽʜʥʠʭ ʜʣʷ ʚʽʨʪʫʘʣʽʟʘʮʽʾ ʪʘ ʧʦʜʘʣʴʰʦʾ ʨʦʙʦʪʠ ʤʝʨʝʞʽ 

ʦʧʝʨʘʪʦʨʘ. 

SDR ð ʮʝ ʩʠʩʪʝʤʘ ʨʘʜʽʦʟʚôʷʟʢʫ, ʫ ʷʢʽʡ ʢʦʤʧʦʥʝʥʪʠ, ʟʘʟʚʠʯʘʡ 

ʨʝʘʣʽʟʦʚʘʥʽ ʚ ʘʧʘʨʘʪʥʦʤʫ ʟʘʙʝʟʧʝʯʝʥʥʽ, ʟʘʤʽʩʪʴ ʮʴʦʛʦ ʨʝʘʣʽʟʫʶʪʴʩʷ 

ʧʨʦʛʨʘʤʥʠʤ ʟʘʙʝʟʧʝʯʝʥʥʷʤ ʥʘ ʧʝʨʩʦʥʘʣʴʥʦʤʫ ʢʦʤʧôʶʪʝʨʽ ʘʙʦ ʚʙʫʜʦʚʘʥʽʡ 

ʩʠʩʪʝʤʽ. ʊʝʭʥʦʣʦʛʽʷ SDR ʟʘʙʝʟʧʝʯʫʻ ʛʥʫʯʢʽʩʪʴ ʽ ʝʢʦʥʦʤʽʯʥʫ ʝʬʝʢʪʠʚʥʽʩʪʴ, 

ʥʝʦʙʭʽʜʥʽ ʜʣʷ ʧʨʦʩʫʚʘʥʥʷ ʢʦʤʫʥʽʢʘʮʽʡ. ʌʫʥʢʮʽʾ ʙʝʟʜʨʦʪʦʚʦʛʦ ʟʚôʷʟʢʫ 

ʜʦʩʷʛʘʶʪʴʩʷ ʰʣʷʭʦʤ ʟʘʚʘʥʪʘʞʝʥʥʷ ʧʨʦʛʨʘʤʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ, ʱʦ ʧʨʦʧʦʥʫʻ 

ʨʽʟʥʦʤʘʥʽʪʥʽ ʧʦʩʣʫʛʠ ʨʘʜʽʦʟʚôʷʟʢʫ.  

SDN: ʤʝʨʝʞʝʚʠʡ ʢʦʥʪʨʦʣʴ ʫ SDN ʚʽʜʦʢʨʝʤʣʝʥʠʡ ʚʽʜ ʧʝʨʝʩʠʣʘʥʥʷ ʪʘ 
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ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʧʨʦʛʨʘʤʦʚʘʥʠʡ, ʱʦ ʜʘʻ ʟʤʦʛʫ ʘʙʩʪʨʘʛʫʚʘʪʠ ʙʘʟʦʚʫ 

ʽʥʬʨʘʩʪʨʫʢʪʫʨʫ ʜʣʷ ʜʦʜʘʪʢʽʚ ʽ ʤʝʨʝʞʝʚʠʭ ʩʣʫʞʙ ʽ ʨʦʟʛʣʷʜʘʪʠ ʤʝʨʝʞʫ ʷʢ 

ʣʦʛʽʯʥʫ ʘʙʦ ʚʽʨʪʫʘʣʴʥʫ ʩʫʪʥʽʩʪʴ. ɸʨʭʽʪʝʢʪʫʨʘ SDN ʧʦʢʘʟʘʥʘ ʚ ʣʽʚʽʡ ʯʘʩʪʠʥʽ 

ʨʠʩ. 1. ʄʝʨʝʞʝʚʠʡ ʽʥʪʝʣʝʢʪ ʮʝʥʪʨʘʣʽʟʦʚʘʥʦ ʚ ʧʨʦʛʨʘʤʥʠʭ ʢʦʥʪʨʦʣʝʨʘʭ SDN. 

ɿʘʚʜʷʢʠ SDN ʧʽʜʧʨʠʻʤʩʪʚʘ ʪʘ ʦʧʝʨʘʪʦʨʠ ʦʪʨʠʤʫʶʪʴ ʥʝʟʘʣʝʞʥʠʡ ʚʽʜ 

ʧʦʩʪʘʯʘʣʴʥʠʢʘ ʢʦʥʪʨʦʣʴ ʥʘʜ ʫʩʽʻʶ ʤʝʨʝʞʝʶ ʟ ʻʜʠʥʦʾ ʣʦʛʽʯʥʦʾ ʪʦʯʢʠ, ʦʩʢʽʣʴʢʠ 

ʾʤ ʙʽʣʴʰʝ ʥʝ ʧʦʪʨʽʙʥʦ ʨʦʟʫʤʽʪʠ ʡ ʦʙʨʦʙʣʷʪʠ ʪʠʩʷʯʽ ʩʪʘʥʜʘʨʪʽʚ ʧʨʦʪʦʢʦʣʽʚ, ʘ 

ʣʠʰʝ ʧʨʠʡʤʘʪʠ ʽʥʩʪʨʫʢʮʽʾ ʚʽʜ ʢʦʥʪʨʦʣʝʨʽʚ SDN.  

ɿʘʙʝʟʧʝʯʝʥʥʷ ʚʠʩʦʢʦʾ ʷʢʦʩʪʽ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʚ ʤʦʙʽʣʴʥʠʭ ʤʝʨʝʞʘʭ 4G 

ʪʘ 5G ʚʠʤʘʛʘʻ ʢʦʤʧʣʝʢʩʥʦʛʦ ʧʽʜʭʦʜʫ ʜʦ ʢʝʨʫʚʘʥʥʷ ʨʽʟʥʦʤʘʥʽʪʥʠʤʠ 

ʧʘʨʘʤʝʪʨʘʤʠ, ʱʦ ʚʧʣʠʚʘʶʪʴ ʥʘ ʝʬʝʢʪʠʚʥʽʩʪʴ ʤʝʨʝʞʽ. ʆʜʥʠʤ ʟ ʢʣʶʯʦʚʠʭ 

ʧʘʨʘʤʝʪʨʽʚ ʟʘʙʝʟʧʝʯʝʥʥʷ QoS ʻ: 

ʘ) ʐʚʠʜʢʽʩʪʴ ʧʝʨʝʜʘʯʽ ʜʘʥʠʭ (Bitrate): ɺʠʟʥʘʯʘʻ ʛʨʘʥʠʯʥʫ ʤʽʥʽʤʘʣʴʥʫ 

ʰʠʨʠʥʫ ʢʘʥʘʣʫ ʜʣʷ ʧʝʨʝʜʘʯʽ ʜʘʥʠʭ ʽ ʟʘʣʝʞʠʪʴ ʚʽʜ ʧʨʦʧʫʩʢʥʦʾ ʟʜʘʪʥʦʩʪʽ 

ʤʝʨʝʞʽ. ʇʨʦʧʫʩʢʥʘ ʟʜʘʪʥʽʩʪʴ, ʚ ʩʚʦʶ ʯʝʨʛʫ, ʚʠʟʥʘʯʘʻʪʴʩʷ ʷʢ ʢʽʣʴʢʽʩʪʴ 

ʽʥʬʦʨʤʘʮʽʾ, ʷʢʫ ʩʠʩʪʝʤʘ ʤʦʞʝ ʧʝʨʝʜʘʚʘʪʠ ʘʙʦ ʦʙʨʦʙʣʷʪʠ ʧʨʦʪʷʛʦʤ ʧʝʚʥʦʛʦ 

ʯʘʩʫ. 

ʙ) ɿʘʪʨʠʤʢʘ (Delay): ɿʘʪʨʠʤʢʘ ʚ ʧʨʦʮʝʩʽ ʚʽʜʧʨʘʚʣʝʥʥʷ ʪʘ ʧʨʠʡʦʤʫ 

ʧʘʢʝʪʽʚ ʜʘʥʠʭ ʻ ʢʨʠʪʠʯʥʠʤ ʬʘʢʪʦʨʦʤ ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʚʠʩʦʢʦʾ ʷʢʦʩʪʽ ʧʦʩʣʫʛ, 

ʦʩʦʙʣʠʚʦ ʚ ʨʝʘʣʴʥʦʤʫ ʯʘʩʽ. ɿʘʪʨʠʤʢʘ ʚʢʘʟʫʻʪʴʩʷ ʚ ʤʽʣʽʩʝʢʫʥʜʘʭ ʽ ʧʦʚʠʥʥʘ 

ʙʫʪʠ ʤʽʥʽʤʘʣʴʥʦʶ ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʝʬʝʢʪʠʚʥʦʾ ʢʦʤʫʥʽʢʘʮʽʾ. 

ʚ) ɺʪʨʘʪʠ ʧʘʢʝʪʽʚ (Packet loss): ʏʠʩʣʦ ʚʪʨʘʯʝʥʠʭ ʧʘʢʝʪʽʚ ʚʢʘʟʫʻ ʥʘ 

ʝʬʝʢʪʠʚʥʽʩʪʴ ʧʝʨʝʜʘʯʽ ʜʘʥʠʭ ʫ ʤʝʨʝʞʽ. ʄʽʥʽʤʽʟʘʮʽʷ ʚʪʨʘʪ ʧʘʢʝʪʽʚ ʻ ʚʘʞʣʠʚʠʤ 

ʘʩʧʝʢʪʦʤ ʟʘʙʝʟʧʝʯʝʥʥʷ ʥʘʜʽʡʥʦʩʪʽ ʪʘ ʩʪʘʙʽʣʴʥʦʩʪʽ ʤʝʨʝʞʽ. 

ʛ) ʈʽʚʝʥʴ ʙʽʪʦʚʠʭ ʧʦʤʠʣʦʢ: ʇʦʤʠʣʢʠ ʚ ʧʝʨʝʜʘʯʽ ʜʘʥʠʭ, ʚʠʤʽʨʶʚʘʥʽ ʫ 

ʚʽʜʥʦʰʝʥʥʽ ʜʦ ʢʽʣʴʢʦʩʪʽ ʧʝʨʝʜʘʥʠʭ ʙʽʪʽʚ (BER), ʚʧʣʠʚʘʶʪʴ ʥʘ ʷʢʽʩʪʴ 

ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʽ ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ ʤʝʨʝʞʽ.  

ʜ) ɼʞʠʪʪʝʨ: ɿʤʽʥʘ ʟʘʪʨʠʤʢʠ ʘʙʦ ʟʘʪʨʠʤʢʘ ʦʪʨʠʤʘʥʥʷ ʧʘʢʝʪʽʚ, ʚʽʜʦʤʘ ʷʢ 

ʜʞʠʪʪʝʨ, ʤʦʞʝ ʚʧʣʠʚʘʪʠ ʥʘ ʷʢʽʩʪʴ ʧʦʩʣʫʛ, ʦʩʦʙʣʠʚʦ ʜʣʷ ʪʨʘʬʽʢʫ ʨʝʘʣʴʥʦʛʦ 

ʯʘʩʫ. ʄʽʥʽʤʽʟʘʮʽʷ ʜʞʠʪʪʝʨʫ ʚʘʞʣʠʚʘ ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʩʪʘʙʽʣʴʥʦʾ ʪʘ ʥʘʜʽʡʥʦʾ 

ʧʝʨʝʜʘʯʽ ʜʘʥʠʭ ʫ ʤʝʨʝʞʽ. 
ʃʽʪʝʨʘʪʫʨʘ 
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SPECTRUM SENSING WITH INFORMATION TECHNOLOGY  
 

Information model for signals selection in panoramic radio monitoring systems by their 

external parameters was developed. The essence of proposed model is to detect occupied bands 

of radio frequency spectrum, estimate center frequency and bandwidth of each channel, noise 

level and signal-to-noise ratio. Frequency channels creation allows for signal filtering and 

estimation of pulse durations, as well as occupancy of each channel. 
 

ʅʘ ʩʴʦʛʦʜʥʽʰʥʽʡ ʜʝʥʴ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʫʩʢʣʘʜʥʝʥʥʷ ʨʘʜʽʦʝʣʝʢʪʨʦʥʥʦʾ 

ʦʙʩʪʘʥʦʚʢʠ ʫ ʟʚôʷʟʢʫ ʟʽ ʩʪʨʽʤʢʠʤ ʟʨʦʩʪʘʥʥʷʤ ʢʽʣʴʢʦʩʪʽ ʨʘʜʽʦʝʣʝʢʪʨʦʥʥʠʭ 

ʟʘʩʦʙʽʚ [1]. ʅʘʡʚʘʞʣʠʚʽʰʫ ʯʘʩʪʠʥʫ ʩʫʯʘʩʥʦʛʦ ʨʘʜʽʦʤʦʥʽʪʦʨʠʥʛʫ ʩʢʣʘʜʘʻ 

ʧʘʥʦʨʘʤʥʠʡ ʦʛʣʷʜ ʰʠʨʦʢʦʾ ʩʤʫʛʠ ʯʘʩʪʦʪ ʽ ʩʝʣʝʢʮʽʷ ʩʠʛʥʘʣʽʚ [2]. ʈʦʟʰʠʨʝʥʥʷ 

ʰʠʨʠʥʠ ʤʠʪʪʻʚʦʾ ʩʤʫʛʠ ʯʘʩʪʦʪ ʘʥʘʣʽʟʫ ʫ ʩʫʯʘʩʥʠʭ ʨʘʜʽʦʧʨʠʡʤʘʣʴʥʠʭ 

ʧʨʠʩʪʨʦʷʭ ʜʦʟʚʦʣʷʻ ʘʥʘʣʽʟʫʚʘʪʠ ʜʽʣʷʥʢʠ ʨʘʜʽʦʯʘʩʪʦʪʥʦʛʦ ʩʧʝʢʪʨʘ (ʈʏʉ), ʚ 

ʷʢʠʭ ʦʜʥʦʯʘʩʥʦ ʤʦʞʝ ʟʥʘʭʦʜʠʪʠʩʷ ʟʥʘʯʥʘ ʢʽʣʴʢʽʩʪʴ ʘʥʘʣʦʛʦʚʠʭ ʪʘ ʮʠʬʨʦʚʠʭ 

ʩʠʛʥʘʣʽʚ. ʋʪʚʦʨʝʥʥʷ ʧʨʠʡʤʘʣʴʥʠʭ ʢʘʥʘʣʽʚ ʜʦʟʚʦʣʠʪʴ ʧʨʘʮʶʚʘʪʠ ʚ ʤʝʥʰʽʡ 

ʩʤʫʟʽ ʯʘʩʪʦʪ, ʱʦ ʧʨʠʚʝʜʝ ʜʦ ʧʽʜʚʠʱʝʥʥʷ ʚʽʜʥʦʰʝʥʥʷ ʩʠʛʥʘʣ-ʰʫʤ (ɺʉʐ) ʽ 

ʧʦʢʨʘʱʝʥʥʷ ʧʦʢʘʟʥʠʢʽʚ ʷʢʦʩʪʽ ʦʙʨʦʙʣʝʥʥʷ. ɹʘʛʘʪʦʢʘʥʘʣʴʥʝ ʦʙʨʦʙʣʝʥʥʷ 

ʩʠʛʥʘʣʽʚ ʫ ʧʘʥʦʨʘʤʥʠʭ ʩʠʩʪʝʤʘʭ ʨʘʜʽʦʤʦʥʽʪʦʨʠʥʛʫ ʧʦʪʨʝʙʫʻ ʟʥʘʯʥʠʭ 

ʦʙʯʠʩʣʶʚʘʣʴʥʠʭ ʧʦʪʫʞʥʦʩʪʝʡ. ʊʦʤʫ ʧʦʧʝʨʝʜʥʷ ʩʝʣʝʢʮʽʷ ʩʠʛʥʘʣʽʚ ʟʘ 

ʟʦʚʥʽʰʥʽʤʠ ʧʘʨʘʤʝʪʨʘʤʠ ʜʦʟʚʦʣʠʪʴ ʩʠʩʪʝʤʽ ʨʘʜʽʦʤʦʥʽʪʦʨʠʥʛʫ ʘʚʪʦʤʘʪʠʯʥʦ 

ʘʜʘʧʪʫʚʘʪʠʩʷ ʜʦ ʧʦʜʘʣʴʰʦʛʦ ʦʙʨʦʙʣʝʥʥʷ, ʟʦʢʨʝʤʘ ʱʦʜʦ ʚʠʙʦʨʫ ʘʣʛʦʨʠʪʤʫ 

ʨʦʟʧʽʟʥʘʚʘʥʥʷ ʚʠʜʫ ʤʦʜʫʣʷʮʽʾ. 

ʆʩʥʦʚʥʝ ʟʘʚʜʘʥʥʷ ʧʦʧʝʨʝʜʥʴʦʛʦ (ʰʚʠʜʢʦʛʦ) ʘʥʘʣʽʟʫ ʚʠʜʽʣʝʥʦʾ ʩʤʫʛʠ 

ʈʏʉ ʧʦʣʷʛʘʻ ʫ ʚʠʷʚʣʝʥʥʽ ʪʘ ʩʝʣʝʢʮʽʾ ʩʠʛʥʘʣʽʚ ʨʘʜʽʦʝʣʝʢʪʨʦʥʥʠʭ ʟʘʩʦʙʽʚ (ʈɽɿ), 

ʷʢʽ ʚ ʥʽʡ ʧʨʘʮʶʶʪʴ. ɼʣʷ ʮʴʦʛʦ ʥʝʦʙʭʽʜʥʦ ʚʠʨʽʰʠʪʠ ʪʘʢʽ ʟʘʚʜʘʥʥʷ: 

- ʚʠʷʚʠʪʠ ʯʘʩʪʦʪʥʽ ʢʘʥʘʣʠ; 

- ʦʮʽʥʠʪʠ ɺʉʐ ʚ ʢʘʥʘʣʘʭ; 

- ʚʠʟʥʘʯʠʪʠ ʯʘʩʪʦʪʥʦ-ʯʘʩʦʚʫ ʩʪʨʫʢʪʫʨʫ ʩʠʛʥʘʣʽʚ ʫ ʢʘʥʘʣʘʭ; 

- ʧʨʦʚʝʩʪʠ ʩʝʣʝʢʮʽʶ ʩʠʛʥʘʣʽʚ ʫ ʢʘʥʘʣʘʭ ʟʘ ʾʭ ʟʦʚʥʽʰʥʽʤʠ ʧʘʨʘʤʝʪʨʘʤʠ. 

ɺʠʨʽʰʝʥʥʷ ʜʘʥʠʭ ʟʘʚʜʘʥʴ ʜʘʩʪʴ ʟʤʦʛʫ ʚʠʜʽʣʠʪʠ ʟ ʫʩʴʦʛʦ ʧʦʪʦʢʫ ʩʠʛʥʘʣʽʚ 

ʪʽ, ʱʦ ʧʨʝʜʩʪʘʚʣʷʶʪʴ ʽʥʪʝʨʝʩ, ʽ ʧʨʦʚʝʩʪʠ ʾʭ ʜʝʪʘʣʴʥʠʡ ʘʥʘʣʽʟ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ 

ʚʥʫʪʨʽʰʥʽʭ ʧʘʨʘʤʝʪʨʽʚ ʽʟ ʧʦʜʘʣʴʰʦʶ ʽʜʝʥʪʠʬʽʢʘʮʽʻʶ ʈɽɿ. 

ʉʫʪʥʽʩʪʴ ʟʘʧʨʦʧʦʥʦʚʘʥʦʛʦ ʧʽʜʭʦʜʫ ʜʦ ʩʝʣʝʢʮʽʾ ʩʠʛʥʘʣʽʚ ʧʦʣʷʛʘʻ ʫ 

ʚʠʷʚʣʝʥʥʽ ʟʘʡʥʷʪʠʭ ʜʽʣʷʥʦʢ ʈʏʉ (ʯʘʩʪʦʪʥʠʭ ʢʘʥʘʣʽʚ), ʚʠʟʥʘʯʝʥʥʽ ʮʝʥʪʨʘʣʴʥʦʾ 

ʯʘʩʪʦʪʠ ʪʘ ʰʠʨʠʥʠ ʩʤʫʛʠ ʢʦʞʥʦʛʦ ʢʘʥʘʣʫ, ʦʮʽʥʶʚʘʥʥʽ ʨʽʚʥʷ ʰʫʤʫ ʪʘ ɺʉʐ. 
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ʋʪʚʦʨʝʥʥʷ ʯʘʩʪʦʪʥʠʭ ʢʘʥʘʣʽʚ ʜʦʟʚʦʣʷʻ ʧʨʦʚʦʜʠʪʠ ʬʽʣʴʪʨʘʮʽʶ ʩʠʛʥʘʣʽʚ ʪʘ 

ʦʮʽʥʶʚʘʪʠ ʪʨʠʚʘʣʦʩʪʽ ʽʤʧʫʣʴʩʽʚ, ʘ ʪʘʢʦʞ ʟʘʚʘʥʪʘʞʝʥʽʩʪʴ ʢʦʞʥʦʛʦ ʢʘʥʘʣʫ. 

ʆʙʨʦʙʣʝʥʥʷ ʩʠʛʥʘʣʫ ʟʜʽʡʩʥʶʻʪʴʩʷ ʫ ʯʘʩʦʚʠʭ ʚʽʢʥʘʭ, ʧʨʠʯʦʤʫ ʯʝʨʝʟ ʚʧʣʠʚ 

ʚʠʧʘʜʢʦʚʠʭ ʬʘʢʪʦʨʽʚ ʚʠʤʽʨʷʥʽ ʟʥʘʯʝʥʥʷ ʧʘʨʘʤʝʪʨʽʚ ʜʣʷ ʢʦʞʥʦʛʦ ʯʘʩʦʚʦʛʦ 

ʬʨʘʛʤʝʥʪʫ ʙʫʜʫʪʴ ʚʽʜʨʽʟʥʷʪʠʩʷ ʦʜʠʥ ʚʽʜ ʦʜʥʦʛʦ. ʊʦʤʫ ʚʠʤʽʨʷʥʽ ʟʥʘʯʝʥʥʷ 

ʧʘʨʘʤʝʪʨʽʚ ʜʣʷ ʢʦʞʥʦʛʦ ʬʨʘʛʤʝʥʪʫ ʩʠʛʥʘʣʫ ʟʘʧʠʩʫʶʪʴʩʷ ʚ ʘʩʦʮʽʘʪʠʚʥʽ 

ʤʘʩʠʚʠ, ʱʦ ʚ ʧʦʜʘʣʴʰʦʤʫ ʧʦʣʝʛʰʫʻ ʩʝʣʝʢʮʽʶ ʩʠʛʥʘʣʽʚ. ɼʦʩʪʫʧ ʜʦ ʜʘʥʠʭ 

ʤʦʞʥʘ ʟʜʽʡʩʥʶʚʘʪʠ ʷʢ ʟʘ ʥʦʤʝʨʦʤ ʯʘʩʪʦʪʥʦʛʦ ʢʘʥʘʣʫ (ʨʷʜʢʠ ʪʘʙʣʠʮʽ), ʪʘʢ ʽ ʟʘ 

ʧʘʨʘʤʝʪʨʘʤʠ ʩʠʛʥʘʣʽʚ (ʢʣʶʯʘʤʠ), ʷʢʽ ʻ ʟʘʛʦʣʦʚʢʘʤʠ ʩʪʦʚʧʮʽʚ ʪʘʙʣʠʮʽ. 

ɸʩʦʮʽʘʪʠʚʥʽ ʟʚôʷʟʢʠ ʤʽʞ ʜʘʥʠʤʠ ʟʘʙʝʟʧʝʯʘʪʴ ʛʥʫʯʢʫ ʬʽʣʴʪʨʘʮʽʶ ʩʠʛʥʘʣʽʚ ʟʘ 

ʙʫʜʴ-ʷʢʠʤʠ ʢʦʤʙʽʥʘʮʽʷʤʠ ʧʘʨʘʤʝʪʨʽʚ. 

ʈʦʟʨʦʙʣʝʥʠʡ ʘʣʛʦʨʠʪʤ ʘʥʘʣʽʟʫ ʈʏʉ ʧʦʪʨʝʙʫʻ ʚʝʣʠʢʦʾ ʢʽʣʴʢʦʩʪʽ ʚʭʽʜʥʠʭ 

ʧʘʨʘʤʝʪʨʽʚ ʜʣʷ ʩʚʦʻʾ ʨʦʙʦʪʠ. ʋ ʟʚôʷʟʢʫ ʟ ʮʠʤ ʚʠʥʠʢʘʻ ʤʦʞʣʠʚʽʩʪʴ ʛʥʫʯʢʦʛʦ 

ʥʘʣʘʰʪʫʚʘʥʥʷ ʘʣʛʦʨʠʪʤʫ ʥʘ ʨʦʙʦʪʫ ʟ ʨʽʟʥʠʤʠ ʚʠʜʘʤʠ ʩʠʛʥʘʣʽʚ ʙʝʟ ʟʤʽʥʠ ʡʦʛʦ 

ʩʪʨʫʢʪʫʨʠ, ʘ ʣʠʰʝ ʰʣʷʭʦʤ ʥʘʣʘʰʪʫʚʘʥʥʷ ʟʥʘʯʝʥʴ ʜʝʷʢʠʭ ʧʘʨʘʤʝʪʨʽʚ. 

ʇʝʨʝʚʘʞʥʫ ʙʽʣʴʰʽʩʪʴ ʧʘʨʘʤʝʪʨʽʚ ʤʦʞʥʘ ʚʩʪʘʥʦʚʠʪʠ ʟʘʟʜʘʣʝʛʽʜʴ ʽ ʥʝ 

ʢʦʨʠʛʫʚʘʪʠ ʾʭ ʧʽʜ ʯʘʩ ʚʠʢʦʥʘʥʥʷ ʘʣʛʦʨʠʪʤʫ. ɼʘʥʽ ʧʘʨʘʤʝʪʨʠ ʻ ʩʫʪʦ 

ʪʝʭʥʽʯʥʠʤʠ ʽ ʧʨʠ ʾʭ ʧʨʘʚʠʣʴʥʦʤʫ ʧʽʜʙʦʨʽ ʚʦʥʠ ʥʝʩʫʪʪʻʚʦ ʚʧʣʠʚʘʶʪʴ ʥʘ 

ʨʦʙʦʪʫ ʘʣʛʦʨʠʪʤʫ. ʏʘʩʦʚʽ, ʯʘʩʪʦʪʥʽ ʪʘ ʘʤʧʣʽʪʫʜʥʽ ʧʘʨʘʤʝʪʨʠ ʤʦʞʥʘ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʜʣʷ ʧʦʰʫʢʫ ʩʠʛʥʘʣʽʚ ʢʦʥʢʨʝʪʥʠʭ ʈɽɿ. 

ʅʘ ʨʠʩ. 1ʘ ʥʘʚʝʜʝʥʦ ʩʧʝʢʪʨʦʛʨʘʤʫ ʟʘʧʠʩʫ ʩʠʛʥʘʣʫ ʫ ʩʤʫʟʽ ʯʘʩʪʦʪ 

ʰʠʨʠʥʦʶ 20 ʄɻʮ ʽ ʪʨʠʚʘʣʽʩʪʶ ʙʣʠʟʴʢʦ 3,5 ʩ. ɯʟ ʜʘʥʦʛʦ ʨʠʩʫʥʢʫ ʚʠʜʥʦ, ʱʦ 

ʜʝʷʢʽ ʩʠʛʥʘʣʠ ʻ ʽʤʧʫʣʴʩʥʠʤʠ, ʘ ʽʥʰʽ ʚʠʛʣʷʜʘʶʪʴ ʙʝʟʧʝʨʝʨʚʥʠʤʠ. ʅʘ ʨʠʩ. 1ʙ 

ʧʦʢʘʟʘʥʦ ʟʛʣʘʜʞʝʥʠʡ ʩʧʝʢʪʨ ʧʦʪʫʞʥʦʩʪʽ ʫ ʩʤʫʟʽ ʯʘʩʪʦʪ ʘʥʘʣʽʟʫ, ʨʽʚʝʥʴ, ʰʫʤʫ 

ʪʘ ʧʦʨʽʛ, ʘ ʪʘʢʦʞ ʚʠʜʽʣʝʥʽ ʯʘʩʪʦʪʥʽ ʢʘʥʘʣʠ. 
 

 

ʇʦʜʘʣʴʰʝ ʢʘʥʘʣʦʫʪʚʦʨʝʥʥʷ ʪʘ ʘʥʘʣʽʟ ʩʠʛʥʘʣʽʚ ʫ ʯʘʩʦʚʽʡ ʦʙʣʘʩʪʽ ʫ 

ʢʦʞʥʦʤʫ ʯʘʩʪʦʪʥʦʤʫ ʢʘʥʘʣʽ ʜʦʟʚʦʣʷʻ ʦʮʽʥʠʪʠ ʯʘʩʦʚʫ ʩʪʨʫʢʪʫʨʫ ʩʠʛʥʘʣʽʚ ʪʘ 

ʜʦʮʽʣʴʥʽʩʪʴ ʾʭ ʧʦʜʘʣʴʰʦʛʦ ʦʙʨʦʙʣʝʥʥʷ ʽʟ ʫʨʘʭʫʚʘʥʥʷʤ ʦʮʽʥʦʢ ɺʉʐ. 

ɼʣʷ ʢʘʥʘʣʽʚ ʽʟ ʙʽʣʴʰʠʤ ʩʝʨʝʜʥʴʦʢʚʘʜʨʘʪʠʯʥʠʤ ʚʽʜʭʠʣʝʥʥʷʤ (ʉʂɺ) 

ʟʥʘʯʝʥʥʷ ɺʉʐ ʩʧʦʩʪʝʨʽʛʘʶʪʴʩʷ ʙʽʣʴʰʽ ʉʂɺ ʦʮʽʥʦʢ ʯʘʩʪʦʪʥʠʭ ʧʘʨʘʤʝʪʨʽʚ. 

ɺʉʐ ʫ ʢʘʥʘʣʽ ʥʘ ʢʦʨʦʪʢʠʭ ʽʥʪʝʨʚʘʣʘʭ ʯʘʩʫ ʟʤʽʥʶʻʪʴʩʷ, ʚ ʦʩʥʦʚʥʦʤʫ, ʯʝʨʝʟ 

ʟʤʽʥʫ ʧʦʪʫʞʥʦʩʪʽ ʩʠʛʥʘʣʫ, ʱʦ ʤʦʞʝ ʩʚʽʜʯʠʪʠ ʧʨʦ ʘʤʧʣʽʪʫʜʥʫ ʤʦʜʫʣʷʮʽʶ ʘʙʦ 

ʥʘʷʚʥʽʩʪʴ ʛʣʠʙʦʢʠʭ ʟʘʚʤʠʨʘʥʴ ʫ ʢʘʥʘʣʽ ʧʦʰʠʨʝʥʥʷ. 

ɼʣʷ ʘʧʨʦʙʘʮʽʾ ʨʦʟʨʦʙʣʝʥʦʛʦ ʧʽʜʭʦʜʫ ʙʫʣʦ ʚʠʢʦʨʠʩʪʘʥʦ ʢʦʥʪʝʡʥʝʨ ʜʣʷ 

 
 

ʘ) ʙ) 

ʈʠʩ. 1.  ʉʧʝʢʪʨʦʛʨʘʤʘ (ʘ) ʪʘ ʩʧʝʢʪʨ ʽʟ ʚʠʜʽʣʝʥʠʤʠ ʯʘʩʪʦʪʥʠʤʠ ʢʘʥʘʣʘʤʠ (ʙ). 
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ʜʘʥʠʭ DataFrame Multi Index ʧʘʢʝʪʫ Pandas ʤʦʚʠ ʧʨʦʛʨʘʤʫʚʘʥʥʷ Python. ɼʘʥʘ 

ʩʪʨʫʢʪʫʨʘ ʟʘʙʝʟʧʝʯʫʻ ʙʘʛʘʪʦʨʽʚʥʝʚʫ ʽʥʜʝʢʩʘʮʽʶ, ʛʥʫʯʢʠʡ ʜʦʩʪʫʧ ʜʦ ʜʘʥʠʭ ʪʘ 

ʰʠʨʦʢʠʡ ʥʘʙʽʨ ʽʥʩʪʨʫʤʝʥʪʽʚ ʜʣʷ ʾʭ ʦʙʨʦʙʣʝʥʥʷ ʪʘ ʤʦʜʠʬʽʢʘʮʽʾ, ʚʢʣʶʯʘʶʯʠ 

ʜʦʜʘʚʘʥʥʷ ʟʘʧʠʩʽʚ (ʩʪʦʚʧʮʽʚ) ʟ ʥʦʚʠʤʠ ʢʣʶʯʘʤʠ, ʱʦ ʫʪʚʦʨʝʥʽ ʚ ʨʝʟʫʣʴʪʘʪʽ 

ʦʙʨʦʙʣʝʥʥʷ ʥʘʷʚʥʠʭ ʜʘʥʠʭ [3]. 

ʅʘ ʨʠʩ. 2ʘ ʥʘʚʝʜʝʥʦ ʪʘʙʣʠʮʶ Pandas DataFrame ʽʟ ʦʮʽʥʢʘʤʠ ʟʥʘʯʝʥʴ 

ʧʘʨʘʤʝʪʨʽʚ ʩʠʛʥʘʣʽʚ, ʘ ʥʘ ʨʠʩ. 2ʙ ʜʘʥʫ ʪʘʙʣʠʮʶ ʧʽʩʣʷ ʬʽʣʴʪʨʘʮʽʾ ʟʘ ʰʠʨʠʥʦʶ 

ʩʤʫʛʠ ʢʘʥʘʣʫ ȹf ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʪʘʢʦʾ ʫʤʦʚʠ: 250 ʢɻʮ < ȹf < 500 ʢɻʮ. ʗʢ 

ʙʘʯʠʤʦ ʟ ʜʘʥʦʾ ʪʘʙʣʠʮʽ, ʘʩʦʮʽʘʪʠʚʥʽ ʟʚôʷʟʢʠ ʤʽʞ ʥʦʤʝʨʦʤ ʢʘʥʘʣʫ ʪʘ ʨʝʰʪʦʶ 

ʧʘʨʘʤʝʪʨʽʚ ʟʙʝʨʽʛʘʶʪʴʩʷ. ɸʥʘʣʦʛʽʯʥʦ ʤʦʞʥʘ ʨʝʘʣʽʟʫʚʘʪʠ ʬʽʣʴʪʨʘʮʽʶ ʨʷʜʢʽʚ 

ʪʘʙʣʠʮʽ ʟʘ ʙʫʜʴ-ʷʢʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ, ʱʦ ʤʽʩʪʷʪʴʩʷ ʚ ʟʘʛʦʣʦʚʢʘʭ ʩʪʦʚʧʮʽʚ. 
 

 

ɺ ʪʘʙʣʠʮʶ (ʨʠʩ. 2ʘ) ʤʦʞʥʘ ʪʘʢʦʞ ʜʦʜʘʚʘʪʠ ʩʪʦʚʧʮʽ ʟʽ ʟʥʘʯʝʥʥʷʤʠ ʽʥʰʠʭ 

ʧʘʨʘʤʝʪʨʽʚ ʪʘ ʟʤʽʥʶʚʘʪʠ ʽʩʥʫʶʯʽ. ʅʘʧʨʠʢʣʘʜ, ʤʦʞʥʘ ʜʦʜʘʪʠ ʩʪʦʚʧʝʮʴ, ʚ 

ʷʢʦʤʫ ʜʣʷ ʟʘʜʘʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʩʠʛʥʘʣʫ (ʢʦʞʥʦʛʦ ʨʷʜʢʘ) ʟʘʧʠʩʫʚʘʪʠ 

ʽʜʝʥʪʠʬʽʢʘʪʦʨ ʢʦʥʢʨʝʪʥʦʛʦ ʈɽɿ (ʩʪʘʥʜʘʨʪʫ ʨʘʜʽʦʧʝʨʝʜʘʯʽ). ɺ ʧʦʜʘʣʴʰʦʤʫ ʮʶ 

ʽʥʬʦʨʤʘʮʽʶ ʤʦʞʥʘ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʜʣʷ ʽʜʝʥʪʠʬʽʢʘʮʽʾ ʈɽɿ. 

ɺʠʢʦʨʠʩʪʘʥʥʷ ʩʫʯʘʩʥʠʭ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʪʝʭʥʦʣʦʛʽʡ ʜʣʷ ʩʝʣʝʢʮʽʾ ʩʠʛʥʘʣʽʚ 

ʚʽʜʢʨʠʚʘʻ ʥʦʚʽ ʤʦʞʣʠʚʦʩʪʽ ʜʣʷ ʚʩʝʙʽʯʥʦʛʦ ʪʘ ʚʠʯʝʨʧʥʦʛʦ ʘʥʘʣʽʟʫ ʜʘʥʠʭ, 

ʦʪʨʠʤʘʥʠʭ ʚ ʨʝʟʫʣʴʪʘʪʽ ʘʥʘʣʽʟʫ ʈʏʉ. ʅʘʫʢʦʚʘ ʥʦʚʠʟʥʘ ʟʘʧʨʦʧʦʥʦʚʘʥʦʛʦ 

ʧʽʜʭʦʜʫ ʧʦʣʷʛʘʻ ʫ ʬʦʨʤʫʚʘʥʥʽ ʪʘ ʦʙʨʦʙʣʝʥʥʽ ʘʩʦʮʽʘʪʠʚʥʠʭ ʤʘʩʠʚʽʚ ʽʟ ʦʮʽʥʦʢ 

ʟʥʘʯʝʥʴ ʟʦʚʥʽʰʥʽʭ ʧʘʨʘʤʝʪʨʽʚ ʩʠʛʥʘʣʽʚ. ʊʘʢʠʡ ʧʽʜʭʽʜ ʟʘʙʝʟʧʝʯʠʪʴ ʛʥʫʯʢʫ 

ʩʝʣʝʢʮʽʶ ʩʠʛʥʘʣʽʚ ʫ ʧʘʥʦʨʘʤʥʠʭ ʩʠʩʪʝʤʘʭ ʨʘʜʽʦʤʦʥʽʪʦʨʠʥʛʫ. ʈʦʟʨʦʙʣʝʥʠʡ 

ʘʣʛʦʨʠʪʤ ʤʦʞʝ ʙʫʪʠ ʚʠʢʦʨʠʩʪʘʥʠʡ ʚ ʽʩʥʫʶʯʠʭ ʪʘ ʧʝʨʩʧʝʢʪʠʚʥʠʭ ʩʠʩʪʝʤʘʭ 

ʨʘʜʽʦʤʦʥʽʪʦʨʠʥʛʫ ʜʣʷ ʽʜʝʥʪʠʬʽʢʘʮʽʾ ʈɽɿ ʪʘ ʬʦʨʤʫʚʘʥʥʷ ʙʘʟ ʜʘʥʠʭ. 
ʃʽʪʝʨʘʪʫʨʘ 

1. Elmasry F. G. Dynamic Spectrum Access Decisions. Local, Distributed, Centralized, and 

Hybrid Designs. JohnWiley & Sons Ltd., 2021. 728 p. 

2. Handbook spectrum monitoring. ITU Radiocommunication Bureau 2011. 678 ʨ. 

3. VanderPlas J. Python Data Science Handbook. Essential Tools for Working with Data. 

OôReilly Media, 2017. 647 p. 

 

 

ʘ) ʙ) 
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MODIFIED GOERTZEL -BLAHUT METHOD OF DETERMINING  

TONE SIGNALS DURING MONITORING OF WIRELESS MOBILE RADIO 

COMMUNICATIO N SYSTEMS 
 

The determination of the spectral components of signals is carried out using the Goertzel-

Blahut method without using complex values, and to determine the tone frequency, only one real 

coefficient is calculated for one spectral component of the signal, as well as before performing a 

discrete Fourier transform with a fixed sample of input signal values. 
 

ʅʘ ʩʴʦʛʦʜʥʽ ʪʝʭʥʽʯʥʽ ʟʘʩʦʙʠ ʨʘʜʽʦʧʝʨʝʭʦʧʣʝʥʥʷ, ʤʦʥʽʪʦʨʠʥʛʫ ʡ 
ʨʘʜʽʦʧʝʣʝʥʛʘʮʽʾ ʚ ʤʝʨʝʞʘʭ ʙʝʟʧʨʦʚʦʜʦʚʠʭ ʩʠʩʪʝʤ ʤʦʙʽʣʴʥʦʛʦ ʨʘʜʽʦʟʚôʷʟʢʫ 

(ʄʈɿ) ʨʝʘʣʽʟʫʶʪʴʩʷ ʫ ʚʠʛʣʷʜʽ ʧʨʦʛʨʘʤʥʦ-ʘʧʘʨʘʪʥʠʭ ʢʦʤʧʣʝʢʩʽʚ (ʇɸʂ) ʨʽʟʥʠʭ 

ʤʦʜʠʬʽʢʘʮʽʡ, ʷʢʽ ʧʨʘʮʶʶʪʴ ʚ ʫʤʦʚʘʭ ʯʘʩʪʢʦʚʦʾ ʘʙʦ ʧʦʚʥʦʾ ʥʝʚʠʟʥʘʯʝʥʦʩʪʽ 
ʧʘʨʘʤʝʪʨʽʚ ʚʭʽʜʥʠʭ ʩʠʛʥʘʣʽʚ ʚ ʨʝʘʣʴʥʦʤʫ ʤʘʩʰʪʘʙʽ ʯʘʩʫ ʥʘ ʪʣʽ ʚʝʣʠʯʝʟʥʦʾ 

ʢʽʣʴʢʦʩʪʽ ʪʘ ʨʽʟʥʦʤʘʥʽʪʥʦʩʪʽ ʜʞʝʨʝʣ ʨʘʜʽʦʚʠʧʨʦʤʽʥʶʚʘʥʥʷ (ɼʈɺʧ) ʟ 

ʥʘʡʩʫʯʘʩʥʽʰʠʤʠ ʧʨʦʪʦʢʦʣʘʤʠ ʧʝʨʝʜʘʯʽ ʜʘʥʠʭ. ʊʦʤʫ ʥʘʡʚʘʞʣʠʚʽʰʠʤʠ 
ʧʦʢʘʟʥʠʢʘʤʠ ʝʬʝʢʪʠʚʥʦʩʪʽ ʇɸʂ ʧʨʠ ʤʦʥʽʪʦʨʠʥʛʫ ʙʝʟʧʨʦʚʦʜʦʚʠʭ ʩʠʩʪʝʤ ʄɿʈ 

ʩʣʽʜ ʚʚʘʞʘʪʠ ʰʚʠʜʢʦʜʽʶ, ʪʦʯʥʽʩʪʴ ʚʠʟʥʘʯʝʥʥʷ ʪʘ ʽʤʦʚʽʨʥʽʩʪʴ ʨʦʟʧʽʟʥʘʚʘʥʥʷ 

ɼʈɺʧ ʨʫʭʦʤʦʛʦ ʨʘʜʽʦʟʚôʷʟʢʫ ʟ ʾʭ ʽʥʬʦʨʤʘʮʽʡʥʠʤ ʥʘʧʦʚʥʝʥʥʷʤ. ʆʜʥʘʢ ʮʽ 
ʧʠʪʘʥʥʷ ʽ ʜʦʪʝʧʝʨ ʟʘʣʠʰʘʶʪʴʩʷ ʧʨʦʙʣʝʤʘʪʠʯʥʠʤʠ, ʱʦ ʧʦʪʨʝʙʫʻ ʧʦʜʘʣʴʰʦʛʦ 

ʨʦʟʚʠʪʢʫ ʝʬʝʢʪʠʚʥʠʭ ʤʝʪʦʜʽʚ ʪʘ ʩʧʦʩʦʙʽʚ ʧʦʰʫʢʫ ʽ ʚʠʷʚʣʝʥʥʷ ʪʦʥʘʣʴʥʠʭ, 

ʤʦʚʥʠʭ ʽ ʩʧʝʮʽʘʣʴʥʠʭ ʩʠʛʥʘʣʽʚ ʄʈɿ ʫ ʯʘʩʪʦʪʥʦ-ʯʘʩʦʚʠʭ ʪʝʣʝʢʦʤʫʥʽʢʘʮʽʡʥʠʭ 
ʢʘʥʘʣʘʭ ʪʘ ʾʭ ʽʥʬʦʨʤʘʮʽʡʥʫ ʦʙʨʦʙʢʫ [1, 2]. 

ɸʚʪʦʨʘʤʠ ʜʦʧʦʚʽʜʽ ʧʨʦʚʝʜʝʥʦ ʧʘʪʝʥʪʥʠʡ ʧʦʰʫʢ ʤʝʪʦʜʽʚ ʽ ʩʧʦʩʦʙʽʚ 

(ʘʣʛʦʨʠʪʤʽʚ) ʚʠʜʽʣʝʥʥʷ ʦʢʨʝʤʠʭ ʩʧʝʢʪʨʘʣʴʥʠʭ ʩʢʣʘʜʦʚʠʭ ʩʠʛʥʘʣʽʚ ɼʈɺʧ 
ʟʘʩʦʙʽʚ ʄʈɿ ʪʘ ʦʙʨʘʥʦ ʘʥʘʣʦʛʠ: ʥʝʧʘʨʘʤʝʪʨʠʯʥʠʡ ʤʝʪʦʜ ʦʮʽʥʶʚʘʥʥʷ ʚʣʘʩʥʠʭ 

ʟʥʘʯʝʥʴ MUSIC (Multiple Signal Classification); ʧʘʨʘʤʝʪʨʠʯʥʠʡ ʤʝʪʦʜ NDFET 

(Normalized Direct adaptive Frequency Technique) [3, 4]; ʤʝʪʦʜ (ʘʣʛʦʨʠʪʤ) 
ɻʝʨʮʝʣʷ-ɹʣʝʡʭʫʪʘ [5, 6] - ʧʘʨʘʤʝʪʨʠʯʥʠʡ ʤʝʪʦʜ ʩʧʝʢʪʨʘʣʴʥʦʛʦ ʦʮʽʥʶʚʘʥʥʷ, 

ʷʢʠʡ ʚʠʟʥʘʯʝʥʦ ʟʘ ʧʨʦʪʦʪʠʧ ʜʣʷ ʧʦʜʘʣʴʰʠʭ ʜʦʩʣʽʜʞʝʥʴ. ɺʽʥ ʟʘʩʥʦʚʘʥʠʡ ʥʘ 

ʚʠʢʦʨʠʩʪʘʥʥʽ ʨʝʢʫʨʩʠʚʥʦʛʦ ʬʽʣʴʪʨʘ 2-ʛʦ ʧʦʨʷʜʢʫ ʟ ʥʝʩʢʽʥʯʝʥʥʦʶ ʽʤʧʫʣʴʩʥʦʶ 
ʭʘʨʘʢʪʝʨʠʩʪʠʢʦʶ (ʅɯʍ) ʪʘ ʝʣʝʤʝʥʪʽʚ ʜʠʩʢʨʝʪʥʦʛʦ ʧʝʨʝʪʚʦʨʝʥʥʷ ʌʫʨôʻ 

(ɼʇʌ). ʊʫʪ (ʨʠʩ. 1) ʤʘʩʠʚ ʟ N ʚʠʭʽʜʥʠʭ ʚʽʜʣʽʢʽʚ ʬʦʨʤʫʻʪʴʩʷ ʟ ʤʘʩʠʚʫ ʟ N 

ʚʭʽʜʥʠʭ ʚʽʜʣʽʢʽʚ ʟ ʧʦʯʘʪʢʦʤ ʦʙʯʠʩʣʝʥʥʷ ʪʽʣʴʢʠ ʧʽʩʣʷ ʧʦʚʥʦʛʦ ʟʘʧʦʚʥʝʥʥʷ 

ʚʭʽʜʥʦʛʦ ʤʘʩʠʚʫ ʜʘʥʠʤʠ. ɺʠʭʽʜʥʽ ʟʥʘʯʝʥʥʷ Ek(n) ʦʙʯʠʩʣʶʶʪʴʩʷ ʟ ʢʦʞʥʠʤ 
ʥʘʜʭʦʜʞʝʥʥʷʤ ʚʭʽʜʥʠʭ x(n). ɸʣʝ ʪʽʣʴʢʠ ʧʨʠ n = N ʨʝʟʫʣʴʪʘʪ ʙʫʜʝ 

ʝʢʚʽʚʘʣʝʥʪʥʠʡ ʨʝʟʫʣʴʪʘʪʫ ɼʇʌ. ʊʦʙʪʦ ʧʨʠ n  ̧ N ʧʦʪʨʝʙʠ ʦʙʯʠʩʣʶʚʘʪʠ 
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ʟʥʘʯʝʥʥʷ ʚʠʭʽʜʥʠʭ ʚʽʜʣʽʢʽʚ ʥʝʤʘʻ. ʆʪʞʝ, ʮʝʡ ʤʝʪʦʜ ʬʫʥʢʮʽʦʥʘʣʴʥʦ 

ʝʢʚʽʚʘʣʝʥʪʥʠʡ ʮʠʬʨʦʚʦʤʫ ʅɯʍ-ʬʽʣʴʪʨʫ 2-ʦʛʦ ʧʦʨʷʜʢʫ, ʟʘ ʚʠʥʷʪʢʦʤ ʪʦʛʦ, ʱʦ 

ʢʽʥʮʝʚʠʡ ʨʝʟʫʣʴʪʘʪ ʜʦʩʷʛʘʻʪʴʩʷ ʪʽʣʴʢʠ ʧʽʩʣʷ ʥʘʜʭʦʜʞʝʥʥʷ ʚʩʽʭ N ʚʽʜʣʽʢʽʚ. 
ʊʦʙʪʦ ʦʙʯʠʩʣʝʥʥʷ ʚ ʢʦʣʽ ʧʨʷʤʦʛʦ ʟʚôʷʟʢʫ ʧʨʦʚʦʜʷʪʴʩʷ ʧʨʠ ʥʘʜʭʦʜʞʝʥʥʽ N-ʛʦ 

ʚʭʽʜʥʦʛʦ ʚʽʜʣʽʢʫ. 

 
ʈʠʩ. 1. ʇʦʷʩʥʝʥʥʷ ʧʨʦʮʝʩʫ ʨʦʟʧʽʟʥʘʚʘʥʥʷ ʪʦʥʘʣʴʥʠʭ  

ʩʠʛʥʘʣʽʚ ʟʘ ʤʝʪʦʜʦʤ ɻʝʨʮʝʣʷ-ɹʣʝʡʭʫʪʘ. 
 

ʇʨʠ ʮʴʦʤʫ ʬʦʨʤʫʻʪʴʩʷ ʩʫʤʘʨʥʠʡ ʚʽʜʣʽʢ, ʟʥʘʯʝʥʥʷ ʷʢʦʛʦ ʚʠʟʥʘʯʘʻʪʴʩʷ ʟʘ 
ʚʠʨʘʟʦʤ: 

() () ( )1--= NsWNsNE k

k

Nkk ,                 (1) 

ʜʝ W
k
N = exp(-j2 ḱ/N) - ʢʦʤʧʣʝʢʩʥʠʡ ʢʦʝʬʽʮʽʻʥʪ ʧʝʨʝʜʘʯʽ ʬʽʣʴʪʨʘ.                (2) 

ʆʙʯʠʩʣʝʥʥʷ ʚ ʢʦʣʽ ʟʚʦʨʦʪʥʦʛʦ ʟʚôʷʟʢʫ (ʨʠʩ. 1) ʟʜʽʡʩʥʶʻʪʴʩʷ ʧʨʠ 

ʥʘʜʭʦʜʞʝʥʥʽ ʢʦʞʥʦʛʦ ʟ n ʚʭʽʜʥʠʭ ʚʽʜʣʽʢʽʚ (n = 1,é, N), ʪʘ ʧʽʜ ʯʘʩ ʮʽʻʾ ʬʘʟʠ ʫ 
ʧʘʤôʷʪʽ ʟʙʝʨʽʛʘʶʪʴʩʷ ʜʚʽ ʧʨʦʤʽʞʥʽ ʚʝʣʠʯʠʥʠ s(n-1) ʽ s(n-2), ʷʢʽ ʦʙʯʠʩʣʶʶʪʴʩʷ 

ʧʨʠ sk(0) = sk(-1) = 0 ʟʘ ʪʘʢʠʤʠ ʬʦʨʤʫʣʘʤʠ: 

() ( ) ( ) ()nxnsnsMns kkkk +---= 21 ,                 (3) 

ʜʝ Mk = 2cos(2 ḱ/N) - ʜʽʡʩʥʠʡ ʢʦʝʬʽʮʽʻʥʪ ʧʝʨʝʜʘʯʽ ʬʽʣʴʪʨʘ.                           (4) 
ʋ ʪʘʢʠʡ ʩʧʦʩʽʙ ʥʘ ʮʴʦʤʫ ʝʪʘʧʽ ʽʟ ʢʦʞʥʠʤ ʥʘʜʭʦʜʞʝʥʥʷʤ ʚʭʽʜʥʦʛʦ ʚʽʜʣʽʢʫ x(n) 

ʟ ʧʘʤôʷʪʽ ʟʯʠʪʫʶʪʴʩʷ ʟʥʘʯʝʥʥʷ s(n-1) ʽ s(n-2), ʥʘ ʧʽʜʩʪʘʚʽ ʷʢʠʭ ʦʙʯʠʩʣʶʻʪʴʩʷ 

ʥʦʚʝ ʟʥʘʯʝʥʥʷ s(n). ʇʽʩʣʷ ʮʴʦʛʦ ʟʽ ʟʙʽʣʴʰʝʥʥʷʤ n ʚʽʜʙʫʚʘʻʪʴʩʷ ʚʽʜʥʦʚʣʝʥʥʷ 
ʟʥʘʯʝʥʴ ʧʨʦʤʽʞʥʠʭ ʚʝʣʠʯʠʥ s(n-1) ʽ s(n-2). 

ʋ ʽʩʥʫʶʯʦʤʫ ʤʝʪʦʜʽ (ʘʣʛʦʨʠʪʤʽ) ɻʝʨʮʝʣʷ-ɹʣʝʡʭʫʪʘ, ʷʢ ʽ ʚ ɼʇʌ, ʚʩʽ 

ʤʘʪʝʤʘʪʠʯʥʽ ʜʽʾ ʧʨʦʚʦʜʷʪʴʩʷ ʟ ʢʦʤʧʣʝʢʩʥʠʤʠ ʚʝʣʠʯʠʥʘʤʠ, ʱʦ ʚ ʧʦʣʽ 
ʧʝʨʝʪʚʦʨʝʥʥʷ ʌʫʨôʻ ʫʩʢʣʘʜʥʶʻ ʧʨʦʮʝʩ ʦʙʯʠʩʣʝʥʥʷ ʽ ʩʫʪʪʻʚʦ ʧʦʛʽʨʰʫʻ ʡʦʛʦ 

ʰʚʠʜʢʦʜʽʶ. ɼʣʷ ʫʩʫʥʝʥʥʷ ʮʽʻʾ ʥʝʟʨʫʯʥʦʩʪʽ ʦʙʯʠʩʣʝʥʥʷ ʜʦʮʽʣʴʥʦ ʧʨʦʚʦʜʠʪʠ ʟ 

ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʜʽʡʩʥʠʭ ʟʥʘʯʝʥʴ ʮʠʭ ʚʝʣʠʯʠʥ, ʪʦʙʪʦ ʪʨʝʙʘ ʦʙʯʠʩʣʶʚʘʪʠ 
ʪʽʣʴʢʠ ʚʝʣʠʯʠʥʫ ʢʚʘʜʨʘʪʘ ʘʤʧʣʽʪʫʜʠ ʩʧʝʢʪʨʘʣʴʥʦʾ ʩʢʣʘʜʦʚʦʾ ʚʭʽʜʥʠʭ 

ʩʠʛʥʘʣʽʚ. ʇʨʠ ʮʴʦʤʫ, ʚ ʧʨʦʮʝʜʫʨʽ ʦʙʯʠʩʣʝʥʥʷ ʙʫʜʝ ʚʽʜʩʫʪʥʻ ʚʠʟʥʘʯʝʥʥʷ ʬʘʟʠ 
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ʪʦʥʘʣʴʥʦʛʦ ʩʠʛʥʘʣʫ, ʱʦ ʻ ʥʝʦʙʦʚôʷʟʢʦʚʦʶ ʫʤʦʚʦʶ ʧʨʠ ʚʠʟʥʘʯʝʥʥʽ ʟʥʘʯʝʥʥʷ 

ʡʦʛʦ ʯʘʩʪʦʪʠ. ʊʦʙʪʦ, ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʪʦʥʘʣʴʥʦʾ ʯʘʩʪʦʪʠ ʥʝʦʙʭʽʜʥʦ 

ʦʙʯʠʩʣʶʚʘʪʠ ʪʽʣʴʢʠ ʦʜʠʥ ʜʽʡʩʥʠʡ ʢʦʝʬʽʮʽʻʥʪ ʜʣʷ ʦʜʥʽʻʾ ʩʧʝʢʪʨʘʣʴʥʦʾ 
ʩʢʣʘʜʦʚʦʾ ʩʠʛʥʘʣʫ, ʘ ʪʘʢʦʞ ʧʝʨʝʜ ʚʠʢʦʥʘʥʥʷʤ N-ʪʦʯʢʦʚʦʛʦ ɼʇʌ ʥʝʦʙʭʽʜʥʦ 

ʤʘʪʠ ʙʫʬʝʨ ʟ N ʚʽʜʣʽʢʘʤʠ ʟʥʘʯʝʥʴ ʚʭʽʜʥʦʛʦ ʩʠʛʥʘʣʫ.  

ʆʧʠʩʘʥʘ ʚʠʱʝ ʤʦʜʠʬʽʢʘʮʽʷ ʚʥʦʩʠʪʴ ʟʤʽʥʠ ʪʽʣʴʢʠ ʚ ʢʦʣʦ ʧʨʷʤʦʛʦ ʟʚôʷʟʢʫ 
(ʜʠʚ. ʨʠʩ. 1), ʡ ʧʽʩʣʷ ʧʨʦʩʪʠʭ ʤʘʪʝʤʘʪʠʯʥʠʭ ʧʝʨʝʪʚʦʨʝʥʴ ʬʦʨʤʫʣʠ (1) 

ʦʪʨʠʤʫʻʤʦ, ʱʦ ʢʚʘʜʨʘʪ ʘʤʧʣʽʪʫʜʠ k-ʦʾ ʩʧʝʢʪʨʘʣʴʥʦʾ ʩʢʣʘʜʦʚʦʾ ʩʠʛʥʘʣʫ 

ͦ͋;͙ͫ͡ΌΊͭΈͫΎ ͊͘ ʪʘʢʠʤ ʧʨʦʩʪʠʤ ʘʣʛʝʙʨʘʾʯʥʠʤ ʚʠʨʘʟʦʤ: 

[ ] [ ] [ ] [ ]2121)1( 222 -*-*--+-=- NsNsMNsNsNE kkkkkk ,           (4)  

ʜʝ N ï ʟʥʘʯʝʥʥʷ ʜʦʚʞʠʥʠ ʚʠʙʽʨʢʠ ʚʽʜʣʽʢʽʚ ʚʭʽʜʥʦʛʦ ʩʠʛʥʘʣʫ; 

() ( ) ( ) ()nxnsnsMns kkkk +---= 21 - ʧʨʦʤʽʞʥʘ ʚʝʣʠʯʠʥʘ ʚ ʢʦʣʽ 

ʟʚʦʨʦʪʥʦʛʦ ʟʚôʷʟʢʫ, ʱʦ ʚʠʟʥʘʯʘʻʪʴʩʷ ʜʣʷ ʢʦʞʥʦʛʦ ʟ n=0,1,é, N-1 ʚʭʽʜʥʠʭ 

ʚʽʜʣʽʢʽʚ. 

ʆʪʞʝ, ʜʣʷ ʦʙʯʠʩʣʝʥʥʷ ʩʫʤʘʨʥʦʛʦ ʚʽʜʣʽʢʫ ʩʧʝʢʪʨʘʣʴʥʦʾ ʩʢʣʘʜʦʚʦʾ 
ʦʜʥʦʪʦʥʘʣʴʥʦʛʦ ʩʠʛʥʘʣʫ ʥʝʦʙʭʽʜʥʦ ʤʘʪʠ ʪʽʣʴʢʠ ʦʜʠʥ ʜʽʡʩʥʠʡ ʢʦʝʬʽʮʽʻʥʪ Mk = 

2cos(2 ḱ/N), ʘ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʬʘʢʪʫ ʥʘʷʚʥʦʩʪʽ ʪʽʻʾ ʘʙʦ ʽʥʰʦʾ ʩʧʝʢʪʨʘʣʴʥʦʾ 

ʩʢʣʘʜʦʚʦʾ ʪʨʝʙʘ ʦʧʝʨʫʚʘʪʠ ʢʚʘʜʨʘʪʦʤ ʾʾ ʘʤʧʣʽʪʫʜʠ. ʊʦʙʪʦ ʚʠʢʦʨʠʩʪʘʥʥʷ 
ʤʦʜʠʬʽʢʦʚʘʥʦʛʦ ʤʝʪʦʜʫ ɻʝʨʮʝʣʷ-ɹʣʝʡʭʫʪʘ ʚʠʤʘʛʘʻ ʥʘʷʚʥʦʩʪʽ ʤʘʩʠʚʫ ʥʘ ʜʚʘ 

ʟʥʘʯʝʥʥʷ, ʜʝ N ʨʘʟʽʚ ʥʘʢʦʧʠʯʫʶʪʴʩʷ ʧʨʦʤʽʞʥʽ ʚʝʣʠʯʠʥʠ ʧʨʠ ʥʘʜʭʦʜʞʝʥʥʽ N 

ʚʭʽʜʥʠʭ ʚʽʜʣʽʢʽʚ. ʇʽʩʣʷ ʥʘʢʦʧʠʯʝʥʥʷ ʦʙʯʠʩʣʶʻʪʴʩʷ ʢʚʘʜʨʘʪ ʘʤʧʣʽʪʫʜʠ 
ʩʧʝʢʪʨʘʣʴʥʦʾ ʩʢʣʘʜʦʚʦʾ ʩʠʛʥʘʣʫ, ʧʨʦʤʽʞʥʠʡ ʤʘʩʠʚ ʦʙʥʫʣʴʦʚʫʻʪʴʩʷ ʡ ʧʨʦʮʝʩ 

ʧʦʚʪʦʨʶʻʪʴʩʷ. ʇʨʠ ʮʴʦʤʫ ʯʘʩʪʦʪʘ ʧʦʷʚʠ ʚʠʭʽʜʥʠʭ ʚʽʜʣʽʢʽʚ ï ʦʜʠʥ ʥʘ N 

ʚʭʽʜʥʠʭ. 

ɺ ʧʨʝʟʝʥʪʘʮʽʾ ʜʦʧʦʚʽʜʽ ʥʘʚʝʜʝʥʽ ʨʝʟʫʣʴʪʘʪʠ ʽʤʽʪʘʮʽʡʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ, 

ʱʦ ʩʚʽʜʯʘʪʴ ʧʨʦ ʧʨʘʮʝʟʜʘʪʥʽʩʪʴ ʪʘ ʝʬʝʢʪʠʚʥʽʩʪʴ ʤʦʜʠʬʽʢʘʮʽʡʥʦʛʦ ʤʝʪʦʜʫ 

ʚʠʟʥʘʯʝʥʥʷ ʪʦʥʘʣʴʥʠʭ ʩʠʛʥʘʣʽʚ ʧʨʠ ʤʦʥʽʪʦʨʠʥʛʫ ʙʝʟʧʨʦʚʦʜʦʚʠʭ ʩʠʩʪʝʤ ʄʈɿ. 
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APPLICATION OF ARTIFICIAL INTELLIGENCE IN TELECOMMUNICATIONS  

The task of using generative artificial intelligence systems in telecommunications is 

considered. It is shown that the use of such systems in telecommunications will significantly 

increase their efficiency. Such systems make it possible to create new content by processing 

large volumes of deep learning neural network data. That allows you to create new applications 

faster and more cost-effectively. 

ʈʦʟʛʣʷʥʫʪʘ ʟʘʜʘʯʘ ʚʠʢʦʨʠʩʪʘʥʥʷ ʩʠʩʪʝʤ ʛʝʥʝʨʘʪʠʚʥʦʛʦ ʰʪʫʯʥʦʛʦ ʽʥʪʝʣʝʢʪʫ ʚ 

ʪʝʣʝʢʦʤʫʥʽʢʘʮʽʷʭ. ʇʦʢʘʟʘʥʦ, ʱʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʪʘʢʠʭ ʩʠʩʪʝʤ ʚ ʪʝʣʝʢʦʤʫʥʽʢʘʮʽʷʭ ʜʦʟʚʦʣʠʪʴ 

ʟʥʘʯʥʦ ʧʽʜʚʠʱʠʪʠ ʾʭ ʝʬʝʢʪʠʚʥʽʩʪʴ.  ʊʘʢʽ ʩʠʩʪʝʤʠ ʜʦʟʚʦʣʷʶʪʴ ʩʪʚʦʨʶʚʘʪʠ ʥʦʚʠʡ ʢʦʥʪʝʥʪ 

ʥʘ ʰʣʷʭʦʤ ʦʙʨʦʙʢʠ ʚʝʣʠʢʠʭ ʦʙʩʷʛʽʚ ʜʘʥʠʭ ʥʝʡʨʦʥʥʠʭ ʤʝʨʝʞ ʛʣʠʙʦʢʦʛʦ ʥʘʚʯʘʥʥʷ. ʑʦ 

ʜʦʟʚʦʣʷʻ ʩʪʚʦʨʶʚʘʪʠ ʥʦʚʽ ʜʦʜʘʪʢʠ ʰʚʠʜʰʝ ʟʘ ʯʘʩʦʤ ʪʘ ʟ ʙʽʣʴʰʦʾ ʝʢʦʥʦʤʽʯʥʦʶ 

ʝʬʝʢʪʠʚʥʽʩʪʶ.  
 

ʋ TM Forum [1] ʘʢʪʠʚʥʦ ʦʙʛʦʚʦʨʶʶʪʴʩʷ ʧʠʪʘʥʥʷ, ʧʦʚ'ʷʟʘʥʽ ʟ 

ʽʥʪʝʣʝʢʪʫʘʣʽʟʘʮʽʻʶ ʷʢ ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ ʥʘʜʘʥʥʷ ʪʝʣʝʢʦʤʫʥʽʢʘʮʽʡʥʠʭ ʧʦʩʣʫʛ, 

ʪʘʢ ʽ ʘʣʛʦʨʠʪʤʽʚ ʨʝʘʣʽʟʘʮʽʾ ʩʘʤʠʭ ʧʦʩʣʫʛ, ʘ ʪʘʢʦʞ ʦʩʦʙʣʠʚʦʩʪʝʡ 

ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʙʽʟʥʝʩʫ. 

ʅʘ ʩʴʦʛʦʜʥʽ, ʪʝʭʥʦʣʦʛʽʷ ʛʝʥʝʨʘʪʠʚʥʦʛʦ ʰʪʫʯʥʦʛʦ ʽʥʪʝʣʝʢʪʫ GenAI ʚ 

ʪʝʣʝʢʦʤʫʥʽʢʘʮʽʷʭ ʧʨʦʡʰʣʘ ʰʣʷʭ ʚʽʜ ʽʥʩʪʨʫʤʝʥʪʫ ʜʣʷ ʩʪʚʦʨʝʥʥʷ ʢʦʥʪʝʥʪʫ ʥʘ 

ʾʾ ʦʩʥʦʚʽ ʜʦ ʩʪʨʘʪʝʛʽʯʥʦʾ ʧʣʘʪʬʦʨʤʠ, ʱʦ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʧʨʘʢʪʠʯʥʦ ʚʩʽʤʘ 

ʧʦʩʪʘʯʘʣʴʥʠʢʠ ʢʦʤʫʥʽʢʘʮʽʡʥʠʭ ʧʦʩʣʫʛ (CSP) ʧʦ ʚʩʴʦʤʫ ʩʚʽʪʫ. 

ɻʝʥʝʨʘʪʠʚʥʘ ʩʠʩʪʝʤʘ ʰʪʫʯʥʦʛʦ ʽʥʪʝʣʝʢʪʫ (GenAI) - ʮʝ ʙʫʜʴ-ʷʢʘ ʤʦʜʝʣʴ 

ʤʘʰʠʥʥʦʛʦ ʥʘʚʯʘʥʥʷ, ʟʜʘʪʥʘ ʜʠʥʘʤʽʯʥʦ ʩʪʚʦʨʶʚʘʪʠ ʥʦʚʽ ʨʝʟʫʣʴʪʘʪʠ ʥʘ ʦʩʥʦʚʽ 

ʥʦʚʠʭ ʥʘʙʦʨʽʚ ʚʭʽʜʥʠʭ ʜʘʥʠʭ ʧʽʩʣʷ ʥʘʚʯʘʥʥʷ. ɸʣʛʦʨʠʪʤʠ ʪʘʢʦʾ ʤʦʜʝʣʽ 

ʩʪʚʦʨʶʶʪʴ ʥʦʚʠʡ ʢʦʥʪʝʥʪ ʥʘ ʦʩʥʦʚʽ ʰʘʙʣʦʥʽʚ, ʦʪʨʠʤʘʥʠʭ ʟ ʥʘʷʚʥʠʭ ʜʘʥʠʭ, 

ʷʢʠʡ ʜʘʻ ʟʤʦʛʫ ʟʥʘʡʪʠ ʟʘʢʦʥʦʤʽʨʥʦʩʪʽ ʪʘ ʚʠʟʥʘʯʠʪʠ ʥʘʡʢʨʘʱʫ ʤʦʞʣʠʚʫ 

ʚʽʜʧʦʚʽʜʴ ʥʘ ʟʘʧʠʪʘʥʥʷ ʘʙʦ ʩʠʪʫʘʮʽʶ, ʷʢʽ ʧʦʪʽʤ ʛʝʥʝʨʫʻ ʷʢ ʚʠʭʽʜʥʠʡ 

ʨʝʟʫʣʴʪʘʪ. GenAI, ʦʪʨʠʤʫʶʯʠ ʚʝʣʠʯʝʟʥʽ ʦʙʩʷʛʠ ʜʘʥʠʭ, ʟʜʘʪʥʠʡ ʚʠʨʦʙʠʪʠ 

ʨʦʟʫʤʽʥʥʷ ʢʦʨʝʣʷʮʽʡ ʽ ʟʘʢʦʥʦʤʽʨʥʦʩʪʝʡ ʚʩʝʨʝʜʠʥʽ ʜʘʥʠʭ.  

ʅʘ ʚʽʜʤʽʥʫ ʚʽʜ ʪʨʘʜʠʮʽʡʥʠʭ ʧʽʜʭʦʜʽʚ ʜʦ ʤʘʰʠʥʥʦʛʦ ʥʘʚʯʘʥʥʷ GenAI 

ʧʝʨʝʜʙʘʯʘʻ ʚʠʢʦʨʠʩʪʘʥʥʷ ʬʫʥʜʘʤʝʥʪʘʣʴʥʠʭ ʤʦʜʝʣʝʡ - ʥʝʡʨʦʥʥʠʭ ʤʝʨʝʞ 

ʛʣʠʙʦʢʦʛʦ ʥʘʚʯʘʥʥʷ, ʤʝʨʝʞ, ʷʢʽ ʷʢ ʚʽʜʧʨʘʚʥʫ ʪʦʯʢʫ ʜʣʷ ʨʦʟʨʦʙʣʝʥʥʷ ʤʦʜʝʣʝʡ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʚʝʣʠʢʽ ʥʘʙʦʨʠ ʜʘʥʠʭ, ʱʦ ʜʘʶʪʴ ʟʤʦʛʫ ʩʪʚʦʨʶʚʘʪʠ ʥʦʚʽ 

ʟʘʩʪʦʩʫʥʢʠ ʰʚʠʜʰʝ ʡ ʦʜʥʦʯʘʩʥʦ ʨʦʙʠʪʠ ʾʭ ʝʢʦʥʦʤʽʯʥʦ ʝʬʝʢʪʠʚʥʠʤʠ. 

ɺʠʢʦʨʠʩʪʘʥʥʷ ʰʪʫʯʥʦʛʦ ʽʥʪʝʣʝʢʪʫ ʚ ʛʘʣʫʟʽ ʪʝʣʝʢʦʤʫʥʽʢʘʮʽʡ ʬʦʨʤʫʻ 

ʩʫʯʘʩʥʽ ʪʝʥʜʝʥʮʽʾ ʨʦʟʚʠʪʢʫ ʪʝʭʥʦʣʦʛʽʡ 5G [2]. ʊʘʢ, ʥʘʧʨʠʢʣʘʜ, Chad (Channel 

Access Delay) - ʮʝ ʧʘʨʘʤʝʪʨ, ʷʢʠʡ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʚ ʩʪʽʣʴʥʠʢʦʚʠʭ 

ʪʝʣʝʢʦʤʫʥʽʢʘʮʽʷʭ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʟʘʪʨʠʤʢʠ ʜʦʩʪʫʧʫ ʜʦ ʨʘʜʽʦʢʘʥʘʣʫ. ɿʘ 
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ʜʦʧʦʤʦʛʦʶ ʪʝʭʥʦʣʦʛʽʡ GenAI ʤʦʞʥʘ ʟʤʽʥʶʚʘʪʠ ʧʘʨʘʤʝʪʨ Chad ʫ 

ʪʝʣʝʢʦʤʫʥʽʢʘʮʽʷʭ, ʪʠʤ ʩʘʤʠʤ ʢʝʨʫʚʘʪʠ ʜʦʩʪʫʧʦʤ ʤʽʞ ʢʽʣʴʢʦʤʘ ʘʙʦʥʝʥʪʘʤʠ ʜʦ 

ʟʘʛʘʣʴʥʦʛʦ ʨʘʜʽʦʨʝʩʫʨʩʫ ʽ ʢʘʥʘʣʽʚ ʧʝʨʝʜʘʯʽ ʜʘʥʠʭ, ʪʠʤ ʩʘʤʠʤ ʟʘʙʝʟʧʝʯʫʚʘʪʠ 

ʙʽʣʴʰ ʝʬʝʢʪʠʚʥʝ ʡʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ. 

ʋ ʩʪʽʣʴʥʠʢʦʚʠʭ ʤʝʨʝʞʘʭ, ʪʘʢʠʭ ʷʢ GSM (Global System for Mobile 

Communications) ʪʘ ʽʥʰʠʭ, Chad ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʯʘʩʦʚʦʛʦ 

ʚʽʢʥʘ ʜʣʷ ʧʝʨʝʜʘʯʽ ʜʘʥʠʭ ʚʽʜ ʘʙʦʥʝʥʪʘ ʥʘ ʙʘʟʦʚʫ ʩʪʘʥʮʽʶ. ʎʝ ʜʘʻ ʟʤʦʛʫ 

ʢʝʨʫʚʘʪʠ ʢʦʣʽʟʽʷʤʠ ʪʘ ʢʦʥʢʫʨʝʥʮʽʻʶ ʤʽʞ ʨʽʟʥʠʤʠ ʘʙʦʥʝʥʪʘʤʠ ʧʽʜ ʯʘʩ ʜʦʩʪʫʧʫ 

ʜʦ ʢʘʥʘʣʫ. 

ʋ ʟʘʛʘʣʴʥʦʤʫ ʚʠʧʘʜʢʫ, ʯʠʤ ʤʝʥʰʝ ʟʥʘʯʝʥʥʷ Chad, ʪʠʤ ʰʚʠʜʰʝ ʘʙʦʥʝʥʪ 

ʤʦʞʝ ʦʪʨʠʤʘʪʠ ʜʦʩʪʫʧ ʜʦ ʨʘʜʽʦʢʘʥʘʣʫ. ʆʜʥʘʢ ʟʘʥʘʜʪʦ ʤʘʣʝʥʴʢʝ ʟʥʘʯʝʥʥʷ 

Chad ʤʦʞʝ ʧʨʠʟʚʝʩʪʠ ʜʦ ʧʝʨʝʚʘʥʪʘʞʝʥʥʷ ʢʘʥʘʣʫ ʽ ʚʠʥʠʢʥʝʥʥʷ ʧʘʢʝʪʥʠʭ ʚʪʨʘʪ 

ʜʘʥʠʭ. 

ʋ ʤʝʨʝʞʘʭ GSM, CDMA ʪʘ ʽʥʰʠʭ ʤʦʙʽʣʴʥʠʭ ʩʪʘʥʜʘʨʪʘʭ ʚʽʥ 

ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʜʣʷ ʢʦʦʨʜʠʥʘʮʽʾ ʜʦʩʪʫʧʫ ʘʙʦʥʝʥʪʽʚ ʜʦ ʨʘʜʽʦʢʘʥʘʣʫ. Chad 

ʜʦʧʦʤʘʛʘʻ ʟʥʠʟʠʪʠ ʡʤʦʚʽʨʥʽʩʪʴ ʢʦʣʽʟʽʡ ʽ ʦʧʪʠʤʽʟʫʚʘʪʠ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʜʦʩʪʫʧʥʦʛʦ ʨʘʜʽʦ ʨʝʩʫʨʩʫ.  

ɿʘʚʜʷʢʠ ʮʴʦʤʫ ʘʙʦʥʝʥʪʠ ʤʦʞʫʪʴ ʧʝʨʝʜʘʚʘʪʠ ʩʚʦʾ ʜʘʥʽ ʙʽʣʴʰ ʝʬʝʢʪʠʚʥʦ ʽ 

ʙʝʟ ʟʘʡʚʠʭ ʟʘʪʨʠʤʦʢ. ʑʝ ʦʜʥʽʻʶ ʩʬʝʨʦʶ ʟʘʩʪʦʩʫʚʘʥʥʷ Chad ʻ ʙʝʟʜʨʦʪʦʚʘ 

ʣʦʢʘʣʴʥʘ ʤʝʨʝʞʘ (Wi-Fi). ʋ Wi-Fi ʤʝʨʝʞʘʭ Chad ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʜʣʷ 

ʫʧʨʘʚʣʽʥʥʷ ʜʦʩʪʫʧʦʤ ʤʽʞ ʨʽʟʥʠʤʠ ʧʨʠʩʪʨʦʷʤʠ, ʧʽʜʢʣʶʯʝʥʠʤʠ ʜʦ ʦʜʥʽʻʾ ʪʦʯʢʠ 

ʜʦʩʪʫʧʫ. ɺʽʥ ʜʦʧʦʤʘʛʘʻ ʨʝʛʫʣʶʚʘʪʠ ʯʘʩ, ʧʨʦʪʷʛʦʤ ʷʢʦʛʦ ʢʦʞʝʥ ʧʨʠʩʪʨʽʡ 

ʤʦʞʝ ʧʝʨʝʜʘʚʘʪʠ ʜʘʥʽ, ʱʦʙ ʫʥʠʢʥʫʪʠ ʢʦʥʬʣʽʢʪʽʚ ʽ ʟʘʙʝʟʧʝʯʠʪʠ ʩʧʨʘʚʝʜʣʠʚʠʡ 

ʜʦʩʪʫʧ ʜʦ ʤʝʨʝʞʽ. 

ʂʨʽʤ ʪʦʛʦ, Chad ʤʦʞʝ ʙʫʪʠ ʚʠʢʦʨʠʩʪʘʥʠʡ ʚ ʽʥʰʠʭ ʪʠʧʘʭ 

ʪʝʣʝʢʦʤʫʥʽʢʘʮʽʡʥʠʭ ʤʝʨʝʞ, ʷʢ-ʦʪ ʮʠʬʨʦʚʝ ʪʝʣʝʙʘʯʝʥʥʷ, ʛʦʣʦʩʦʚʠʡ ʟʚ'ʷʟʦʢ 

ʯʝʨʝʟ ɯʥʪʝʨʥʝʪ (VoIP) ʪʘ ʽʥʰʽ. ʋ ʢʦʞʥʦʤʫ ʨʘʟʽ ʡʦʛʦ ʟʘʩʪʦʩʫʚʘʥʥʷ ʧʦʚ'ʷʟʘʥʝ ʟ 

ʥʝʦʙʭʽʜʥʽʩʪʶ ʫʧʨʘʚʣʽʥʥʷ ʜʦʩʪʫʧʦʤ ʜʦ ʢʘʥʘʣʫ ʧʝʨʝʜʘʯʽ ʜʘʥʠʭ ʽ ʦʧʪʠʤʽʟʘʮʽʾ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʨʝʩʫʨʩʽʚ. 

ɺʠʢʦʨʠʩʪʘʥʥʷ GenAI ʜʘʻ ʟʤʦʛʫ ʚ ʨʽʟʥʠʭ ʤʝʨʝʞʘʭ ʽ ʧʨʦʪʦʢʦʣʘʭ 

ʥʘʣʘʰʪʫʚʘʪʠ ʧʘʨʘʤʝʪʨʠ Chad ʤʝʭʘʥʽʟʤʫ ʧʨʘʚʠʣʴʥʦ. ʅʝʧʨʘʚʠʣʴʥʝ 

ʥʘʣʘʰʪʫʚʘʥʥʷ ʤʦʞʝ ʧʨʠʟʚʝʩʪʠ ʜʦ ʥʝʝʬʝʢʪʠʚʥʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʨʘʜʽʦʨʝʩʫʨʩʫ, 

ʟʘʪʨʠʤʦʢ ʫ ʧʝʨʝʜʘʯʽ ʜʘʥʠʭ ʽ ʥʝʟʘʜʦʚʽʣʴʥʦʾ ʷʢʦʩʪʽ ʟʚ'ʷʟʢʫ. 

ʁʦʛʦ ʧʨʘʚʠʣʴʥʝ ʥʘʣʘʰʪʫʚʘʥʥʷ ʽ ʚʠʢʦʨʠʩʪʘʥʥʷ ʟʜʘʪʥʽ ʧʽʜʚʠʱʠʪʠ 

ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ ʤʝʨʝʞʽ ʽ ʟʘʜʦʚʦʣʴʥʠʪʠ ʚʠʤʦʛʠ ʢʦʨʠʩʪʫʚʘʯʽʚ ʚ ʧʝʨʝʜʘʯʽ ʜʘʥʠʭ 

ʽ ʦʙʤʽʥʽ ʽʥʬʦʨʤʘʮʽʻʶ. 

ɽʢʦʥʦʤʽʷ ʢʦʰʪʽʚ ʧʽʜ ʯʘʩ ʚʠʢʦʨʠʩʪʘʥʥʷ GenAI ʫ ʚʠʧʘʜʢʘʭ, ʢʦʣʠ ʡʜʝʪʴʩʷ 

ʧʨʦ ʟʘʤʽʥʫ ʥʘʷʚʥʠʭ ʬʫʥʢʮʽʡ, ʤʦʞʝ ʙʫʪʠ ʟʥʘʯʥʦʶ, ʘʣʝ ʚʦʥʘ ʪʘʢʦʞ ʤʦʞʝ 

ʛʝʥʝʨʫʚʘʪʠ ʽʥʰʽ ʧʝʨʝʚʘʛʠ - ʥʘʧʨʠʢʣʘʜ, ʥʘʜʘʥʥʷ ʦʧʝʨʘʪʦʨʘʤ ʤʦʞʣʠʚʦʩʪʽ 

ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʢʣʽʻʥʪʽʚ, ʷʢʽ ʥʘʨʘʟʽ ʥʝ ʟʘʩʪʦʩʦʚʫʶʪʴ CSP, Content Security 

Policy (CSP, ʧʦʣʽʪʠʢʘ ʟʘʭʠʩʪʫ ʢʦʥʪʝʥʪʫ) ʟ ʤʽʨʢʫʚʘʥʴ ʚʘʨʪʦʩʪʽ.  

ɿʘʭʠʩʪ ʢʦʥʪʝʥʪʫ ʢʦʨʠʩʪʫʚʘʯʘ ʧʦʚ'ʷʟʘʥʠʡ ʽʟ ʥʝʦʙʭʽʜʥʽʩʪʶ ʦʧʨʘʮʶʚʘʥʥʷ 

ʚʝʣʠʢʠʭ ʣʘʥʮʶʞʢʽʚ ʜʘʥʠʭ, ʱʦ ʚʠʤʘʛʘʻ ʪʦʯʥʦʩʪʽ ʪʘ ʜʦʩʪʦʚʽʨʥʦʩʪʽ ʚʝʣʠʢʠʭ 

ʤʦʚʥʠʭ ʤʦʜʝʣʝʡ ʜʘʥʠʭ (LLM - large language model). 

ɼʣʷ ʪʦʛʦ ʱʦʙ GenAI ʤʽʛ ʧʨʠʥʦʩʠʪʠ ʢʦʨʠʩʪʴ, ʡʦʤʫ ʥʝʦʙʭʽʜʥʠʡ ʥʘʙʽʨ ʟʥʘʥʴ 



 144 

ʜʣʷ ʥʘʚʯʘʥʥʷ ʽ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ.  ʋ ʪʝʣʝʢʦʤʫʥʽʢʘʮʽʡʥʠʭ ʢʦʤʧʘʥʽʷʭ ʥʘʢʦʧʠʯʝʥʽ 

ʚʝʣʠʢʽ ʥʘʙʦʨʠ ʨʽʟʥʦʤʘʥʽʪʥʠʭ ʟʥʘʥʴ, ʷʢʽ ʽʩʥʫʶʪʴ ʷʢ ʫʩʝʨʝʜʠʥʽ ʦʨʛʘʥʽʟʘʮʽʾ 

ʦʧʝʨʘʪʦʨʘ, ʪʘʢ ʽ ʟʘ ʾʾ ʤʝʞʘʤʠ. ʂʨʽʤ ʪʦʛʦ, ʭʤʘʨʥʽ ʪʝʭʥʦʣʦʛʽʾ ʟʨʦʙʠʣʠ 

ʨʝʚʦʣʶʮʽʶ ʚ ʪʝʣʝʢʦʤʫʥʽʢʘʮʽʷʭ.  

ʇʦ-ʧʝʨʰʝ, ʧʝʨʝʭʽʜ ʚʽʜ ʘʧʘʨʘʪʥʠʭ ʤʝʨʝʞʝʚʠʭ ʧʨʠʩʪʨʦʾʚ ʜʦ ʧʨʦʛʨʘʤʥʠʭ 

ʜʦʜʘʪʢʽʚ ʫ ʭʤʘʨʥʽʡ ʽʥʬʨʘʩʪʨʫʢʪʫʨʽ ʟʘʙʝʟʧʝʯʫʻ ʧʨʦʩʪʦʪʫ ʝʢʩʧʣʫʘʪʘʮʽʾ ʪʘ 

ʟʥʠʞʝʥʥʷ ʚʘʨʪʦʩʪʽ ʝʢʩʧʣʫʘʪʘʮʽʾ.  

ɼʨʫʛʝ, ʦʧʝʨʘʪʦʨʠ ʤʦʞʫʪʴ ʤʦʥʝʪʠʟʫʚʘʪʠ ʘʢʪʠʚʠ ʽ ʟʘʧʫʩʪʠʪʠ ʥʦʚʽ ʙʽʟʥʝʩ-

ʤʦʞʣʠʚʦʩʪʽ ʟʘʚʜʷʢʠ ʽʥʪʝʛʨʘʮʽʾ ʭʤʘʨʠ ʥʘ ʢʦʨʜʦʥʽ ʤʝʨʝʞʽ ʜʣʷ ʢʦʨʧʦʨʘʪʠʚʥʠʭ 

ʜʦʜʘʪʢʽʚ ʽ ʩʪʚʦʨʝʥʥʷ ʧʨʠʚʘʪʥʠʭ ʤʝʨʝʞ ʜʣʷ ʧʨʦʤʠʩʣʦʚʠʭ ʧʽʜʧʨʠʻʤʩʪʚ.  

ʇʦ-ʪʨʝʪʻ, ʭʤʘʨʘ ʥʘʜʘʻ ʦʙʯʠʩʣʝʥʥʷ, ʟʙʝʨʽʛʘʥʥʷ ʜʘʥʠʭ ʽ ʧʦʩʣʫʛʠ ʜʣʷ 

ʧʝʨʝʪʚʦʨʝʥʥʷ ʪʝʣʝʢʦʤʫʥʽʢʘʮʽʡʥʠʭ ʜʘʥʠʭ, ʱʦ ʬʦʨʤʫʶʪʴʩʷ ʥʘ ʬʽʟʠʯʥʦʤʫ ʨʽʚʥʽ, 

ʫ ʟʨʫʯʥʫ ʜʣʷ ʣʶʜʠʥʠ ʬʦʨʤʫ. 

ʊʝʭʥʦʣʦʛʽʾ GenAI, ʥʘʢʣʘʜʝʥʽ ʥʘ ʜʦʙʨʝ ʢʝʨʦʚʘʥʫ ʽ ʩʫʯʘʩʥʫ ʧʣʘʪʬʦʨʤʫ 

ʜʘʥʠʭ, ʤʦʞʫʪʴ ʜʦʧʦʤʦʛʪʠ ʦʧʝʨʘʪʦʨʘʤ ʫ ʨʦʟʨʦʙʮʽ ʥʦʚʠʭ ʧʦʩʣʫʛ, 

ʚʜʦʩʢʦʥʘʣʝʥʥʽ ʦʧʝʨʘʮʽʡ ʽ ʧʽʜʚʠʱʠʪʠ ʷʢʽʩʪʴ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʢʣʽʻʥʪʽʚ. 

ʆʧʝʨʘʪʦʨʠ ʩʧʦʞʠʚʘʪʠʤʫʪʴ GenAI ʯʝʨʝʟ ʜʦʜʘʪʢʠ ʜʣʷ ʧʽʜʚʠʱʝʥʥʷ 

ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ ʪʘ ʷʢʦʩʪʽ ʢʦʨʧʦʨʘʪʠʚʥʦʛʦ ʧʨʦʛʨʘʤʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ, ʘʣʝ 

ʦʪʨʠʤʘʥʥʷ ʥʘʡʙʽʣʴʰʦʾ ʧʦʪʝʥʮʽʡʥʦʾ ʮʽʥʥʦʩʪʽ ʦʯʽʢʫʻʪʴʩʷ ʚʽʜ ʦʙʨʦʙʢʠ 

ʧʨʠʚʘʪʥʠʭ ʪʝʣʝʢʦʤʫʥʽʢʘʮʽʡʥʠʭ ʜʘʥʠʭ ʟʘʩʦʙʘʤʠ GenAI. 

ɻʝʥʝʨʘʪʠʚʥʠʡ GenAI ʚʠʨʽʰʫʻ ʧʨʦʙʣʝʤʠ, ʧʦʚ'ʷʟʘʥʽ ʟ ʙʝʟʧʝʢʦʶ, 

ʢʦʥʬʽʜʝʥʮʽʡʥʽʩʪʶ ʪʘ ʝʪʠʢʦʶ. ʊʝʣʝʢʦʤʫʥʽʢʘʮʽʡʥʽ ʦʧʝʨʘʪʦʨʠ ʦʙ'ʻʜʥʫʶʪʴʩʷ, 

ʬʦʨʤʫʶʪʴ ʟʘʛʘʣʴʥʫ ʽʥʬʨʘʩʪʨʫʢʪʫʨʫ ʥʘʜʘʥʥʷ ʧʦʩʣʫʛ, ʽ ʚʠʙʽʨ ʥʘʜʽʡʥʦʛʦ 

ʭʤʘʨʥʦʛʦ ʧʘʨʪʥʝʨʘ, ʷʢʠʡ ʟʘʙʝʟʧʝʯʫʚʘʪʠʤʝ ʢʦʤʧʣʝʢʩʥʫ ʙʝʟʧʝʢʫ ʬʽʟʠʯʥʦʾ 

ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ, ʦʙʣʘʜʥʘʥʥʷ, ʧʨʦʛʨʘʤʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ, ʽ ʧʨʦʮʝʩʽʚ ʥʘʙʫʚʘʻ 

ʚʘʞʣʠʚʦʛʦ ʟʥʘʯʝʥʥʷ. ʋʭʚʘʣʝʥʥʷ ʨʽʰʝʥʥʷ ʚ ʪʘʢʦʤʫ ʚʠʧʘʜʢʫ ʥʝ ʻ ʪʨʠʚʽʘʣʴʥʠʤ 

ʟʘʚʜʘʥʥʷʤ ʽ ʥʝ ʤʦʞʝ ʙʫʪʠ ʚʠʢʦʥʘʥʦ ʙʝʟ ʩʠʩʪʝʤ GenAI.  

ʆʧʝʨʘʪʦʨʠ ʧʦʚʠʥʥʽ ʚʩʪʘʥʦʚʣʶʚʘʪʠ ʩʠʩʪʝʤʥʽ ʛʘʨʘʥʪʽʾ, ʰʠʬʨʫʚʘʪʠ ʜʘʥʽ, 

ʦʙʤʝʞʫʚʘʪʠ ʜʦʩʪʫʧ ʜʦ ʤʦʜʝʣʝʡ. ʑʦʙ ʟʘʧʦʙʽʛʪʠ ʧʦʨʫʰʝʥʥʶ 

ʢʦʥʬʽʜʝʥʮʽʡʥʦʩʪʽ, ʦʧʝʨʘʪʦʨʠ ʚʧʨʦʚʘʜʞʫʶʪʴ ʩʫʚʦʨʠʡ ʢʦʥʪʨʦʣʴ ʜʘʥʠʭ ʽ 

ʢʣʽʻʥʪʽʚ, ʜʣʷ ʥʘʚʯʘʥʥʷ ʘʙʦ ʪʦʥʢʦʛʦ ʥʘʣʘʰʪʫʚʘʥʥʷ ʚʩʝ ʘʢʪʠʚʥʽʰʝ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ GenAI. 

ɺʦʥʠ ʪʘʢʦʞ ʢʦʥʪʨʦʣʶʶʪʴ ʚʠʭʽʜʥʽ ʜʘʥʽ, ʫ ʪʘʢʠʡ ʩʧʦʩʽʙ ʟʘʧʦʙʽʛʘʶʯʠ ʚʠʪʦʢʫ 

ʢʦʥʬʽʜʝʥʮʽʡʥʦʾ ʽʥʬʦʨʤʘʮʽʾ ʪʘ ʚʧʨʦʚʘʜʞʫʶʯʠ ʽʥʩʪʨʫʤʝʥʪʠ ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ 

ʪʦʯʥʦʩʪʽ, ʩʧʨʘʚʝʜʣʠʚʦʩʪʽ, ʟʤʝʥʰʝʥʥʷ ʫʧʝʨʝʜʞʝʥʦʩʪʽ, ʧʽʜʪʨʠʤʫʶʪʴ ʧʨʦʟʦʨʽʩʪʴ 

ʰʣʷʭʦʤ ʜʦʢʫʤʝʥʪʫʚʘʥʥʷ ʩʚʦʻʾ ʤʝʪʦʜʦʣʦʛʽʾ, ʟʙʠʨʘʶʪʴ ʜʘʥʽ ʜʣʷ ʥʘʚʯʘʥʥʷ ʪʘ 

ʟʘʙʝʟʧʝʯʝʥʥʷ ʧʦʷʩʥʶʚʘʥʦʩʪʽ.  

ʆʧʝʨʘʪʦʨʠ ʤʦʞʫʪʴ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʘʥʘʣʽʪʠʢʫ ʜʣʷ ʪʦʛʦ, ʱʦʙ ʟʨʦʙʠʪʠ ʜʘʥʽ 

ʩʚʦʾʤ ʞʠʪʪʻʚʦ ʚʘʞʣʠʚʠʤ ʜʞʝʨʝʣʦʤ ʽʥʬʦʨʤʘʮʽʾ, ʘʣʝ ʜʣʷ ʧʦʚʥʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʮʴʦʛʦ ʧʦʪʝʥʮʽʘʣʫ ʾʤ ʧʦʪʨʽʙʥʦ ʟʘʧʨʦʚʘʜʠʪʠ ʧʨʘʚʠʣʴʥʽ ʩʠʩʪʝʤʠ, ʧʨʦʮʝʩʠ ʪʘ 

ʢʫʣʴʪʫʨʫ. 
ʃʽʪʝʨʘʪʫʨʘ 

1. Mark Newman, Chief Analyst  Gnerative AI,  TM forum December 2023. 

2. https://inform.tmforum.org/features-and-opinion/a-week-in-telecoms-att-seeks-startups-south-

korea-gets-new-5g-entrant/ 
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ʆʅʊʆʃʆɻɯʗ ʎʀʌʈʆɺʆɻʆ ʅɸɺʏɸʃʔʅʆɻʆ ʇʈʆʉʊʆʈʋ  

ʆʅʃɸʁʅ ʂʆʄʇ'ʖʊɽʈʅʆɻʆ ʇʈɸʂʊʀʂʋʄʋ 

 

ɺ ʨʦʙʦʪʽ ʨʦʟʛʣʷʥʫʪʦ ʩʪʨʫʢʪʫʨʫ ʩʫʯʘʩʥʦʾ ʩʠʩʪʝʤʠ ʦʥʣʘʡʥ-ʥʘʚʯʘʥʥʷ, ʷʢʘ ʧʦʙʫʜʦʚʘʥʘ 

ʥʘ ʦʩʥʦʚʽ ʜʦʙʨʝ ʧʨʦʜʫʤʘʥʦʾ ʦʥʪʦʣʦʛʽʾ ʥʘʚʯʘʣʴʥʠʭ ʨʝʩʫʨʩʽʚ ʪʘ ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ 

ʽʥʪʝʣʝʢʪʫʘʣʴʥʦʶ ʘʨʭʽʪʝʢʪʫʨʦʶ. ɿʘʧʨʦʧʦʥʦʚʘʥʘ ʦʥʪʦʣʦʛʽʷ ʤʘʻ ʝʣʝʤʝʥʪʠ ʚʩʽʭ ʢʦʤʧʦʥʝʥʪʽʚ 

ʟʘʛʘʣʴʥʦʾ ʦʥʪʦʣʦʛʽʾ, ʚʢʣʶʯʘʶʯʠ ʢʣʘʩʠ, ʘʪʨʠʙʫʪʠ, ʚʽʜʥʦʰʝʥʥʷ ʪʘ ʽʥʰʽ ʢʦʤʧʦʥʝʥʪʠ, ʷʢʽ 

ʥʝʦʙʭʽʜʥʽ ʜʣʷ ʩʪʚʦʨʝʥʥʷ ʧʦʚʥʦʮʽʥʥʦʾ ʤʦʜʝʣʽ. ʆʥʪʦʣʦʛʽʯʥʘ ʤʦʜʝʣʴ ʨʦʟʨʦʙʣʝʥʘ ʽʟ 

ʟʘʩʪʦʩʫʚʘʥʥʷʤ ʩʫʯʘʩʥʦʾ ʪʝʦʨʽʾ ʤʫʣʴʪʠ-ʢʣʘʫʜ ʩʠʩʪʝʤ ʙʘʟ ʜʘʥʠʭ, ʧʣʘʪʬʦʨʤʘ ʤʘʻ 

ʫʜʦʩʢʦʥʘʣʝʥʠʡ ʽʥʪʝʨʬʝʡʩ ʢʦʨʠʩʪʫʚʘʯʘ, ʷʢʠʡ ʚʨʘʭʦʚʫʻ ʜʦʩʚʽʜ ʚʠʢʦʥʘʥʥʷ ʪʘ ʧʝʨʝʚʽʨʢʠ 

ʟʘʚʜʘʥʴ ʢʽʥʮʝʚʠʤʠ ʢʦʨʠʩʪʫʚʘʯʘʤʠ(ʩʪʫʜʝʥʪʘʤʠ). ɹʘʟʦʚʘ ʨʝʘʣʽʟʘʮʽʷ ʩʠʩʪʝʤʠ ʟʜʽʡʩʥʶʚʘʣʘʩʷ 

ʟʘ ʜʦʧʦʤʦʛʦʶ ʽʥʪʝʨʘʢʪʠʚʥʦʾ ʥʘʚʯʘʣʴʥʦʾ ʧʣʘʪʬʦʨʤʠ ʟ ʚʽʜʢʨʠʪʠʤ ʢʦʜʦʤ çɸʨʪʝʤʽʩè. ɺ ʩʪʘʪʪʽ 

ʧʨʝʜʩʪʘʚʣʝʥʦ ʘʨʭʽʪʝʢʪʫʨʫ ʩʠʩʪʝʤʠ ñɸʨʪʝʤʽʩò ʪʘ ʨʦʟʛʣʷʥʫʪʦ ʾʾ ʢʦʤʧʦʥʝʥʪʠ. ʆʥʪʦʣʦʛʽʯʥʘ 

ʤʦʜʝʣʴ ʚʢʣʶʯʘʻ ʥʘʙʽʨ ʢʦʤʧʦʥʝʥʪʽʚ ʪʘ ʟʚ'ʷʟʢʽʚ ʤʽʞ ʥʠʤʠ. ɺʘʞʣʠʚʠʤ ʢʦʤʧʦʥʝʥʪʦʤ ʻ 

ʘʚʪʦʤʘʪʠʟʦʚʘʥʘ ʬʫʥʢʮʽʷ ʦʮʽʥʢʠ ʚʠʢʦʥʘʥʥʷ ʟʘʚʜʘʥʴ, ʷʢʘ ʜʦʜʘʻ ʝʬʝʢʪʠʚʥʦʩʪʽ ʧʨʦʮʝʩʫ 

ʦʮʽʥʶʚʘʥʥʷ ʚʠʢʦʥʘʥʠʭ ʟʘʚʜʘʥʴ, ʟʘʚʜʷʢʠ ʯʦʤʫ ʢʦʨʠʩʪʫʚʘʯ ʤʦʞʝ ʧʦʙʘʯʠʪʠ ʩʚʦʾ ʧʦʤʠʣʢʠ ʪʘ 

ʨʝʟʫʣʴʪʘʪʠ ʚʠʢʦʥʘʥʥʷ ʟʘʚʜʘʥʴ, ʘ ʪʘʢʦʞ ʪʝʦʨʝʪʠʯʥʠʡ ʤʘʪʝʨʽʘʣ ʱʦʜʦ ʢʦʥʢʨʝʪʥʦʛʦ ʟʘʚʜʘʥʥʷ.  

Introduction.  In the dynamic landscape of modern technology, the strategic integration of 

ontology and architecture takes on heightened significance, particularly in the context of our 

innovative database online training platform. Ontology serves as the intellectual framework, 

providing a cohesive understanding and representation of intricate database concepts. The article 

describes the ontological model and several architecture services of the online learning platform. 

The ontological model is developed using the modern theory of multi-cloud database systems, 

the platform has an improved user interface that takes into account the experience of performing 

and checking tasks by end users (students). The basic implementation of the system was carried 

out using the Artemis open source interactive training platform. The article presents the 

architecture of the Artemis system and considers its components. An ontological model includes 

a set of components and connections between them. An important component is the automated 

task evaluation function, which adds efficiency to the process of evaluating completed tasks, so 

that the user can see his mistakes and the results of the tasks, as well as theoretical material on a 

particular task. 

 

Ontology of digital computer online learning platfor. Ontology is a system 

for organizing and representing knowledge within a specific domain. Ontologies 

are used to organize, structure, and understand information in a variety of fields, 

from artificial intelligence and natural language processing to biology and business 

intelligence. An ontology includes a set of concepts, classes, and relationships that 

define a subject area. It allows you to formalize knowledge and create structured 

models that facilitate the processing and exchange of information. Ontologies are 
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often used to develop intelligent systems that can understand and process 

information at a level that is understandable to humans. The main algorithm for 

creating an ontological model is based on the collection and structuring of 

meaningful information. 

Information ontology - stores information about the objects (categories of 

objects) of the subject area that are intended to be displayed to the CIT user. 

Controlling ontology - stores information about the peculiarities of functioning of 

specialized program modules. Ontological presentation template - an ontology 

containing descriptions of software components that provide specialized thematic 

functions when used within an interactive document. 

The actual ontology of the online learning platform includes such main 

components as: study course, person, feedback, estimation, exercise, events. (Fig. 1) 

 
Fig.1.  

 

Proposed ontology was built using Prot®g®-2000 open-source ontology 

builder developed by Stanford University. An ontology contains a variety of 

relationships between classes, including associative, part-whole, inheritance, and 

class-data. Inheritance transfers attributes from a parent class to a child class, and 

all classes are related to instances through "class-data". Thus, the ontology which 

we build perfectly achieves our online-platform requirements. 

Architecture . Main focus is on the 3 components, they are: Feedback 

Service, Exercise Management Service and Exercise Participation Service (Fig. 2). 

Those components make a major part of work on the platform. Feedback service is 

responsible for analyzing, estimating and making reports about each request the 

user sends to check their task in the exercise of the course. Moreover, it is 

connected with Exercise Participation Service that is mainly responsible for 

tracking user progress on the platform and analyzing all the information given 



 147 

from Feedback Service. The next component is Exercise Management Service. It is 

called every time a student starts a new exercise because the intelligent system is 

optimized to save memory, so it creates the actual repository for the exercise only 

when it is requested from the end-user. Furthermore, Exercise Management 

Service is responsible for creating the actual courses and exercises inside them, so 

each time the administrator creates the course it automatically updates it to each of 

the users on the platform that was assigned to it. 

 

 
Fig. 2. Architecture of the ñArtemisò open-source interactive training platform. 

 

Conclusions. This article considers the practical experience of constructing 

the ontology that was built using Prot®g®-2000 open-source ontology builder 

developed by Stanford University and architecture of the digital educational space 

of the online computer workshop from the database course, which allows 

automatic verification of tasks. Using the proposed ontological model allows users 

to get a detailed description of errors and task results. The proposed technical 

solution was developed and tested together with the Technical University of 

Dresden for the course "Databases." 
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IMPROVING SECURITY OF IOT DEVICES PAIRING  

BY WIRELESS SIGNALS ANALYSIS  
 

The work is devoted to the topical issue of increasing the security of connecting simple 

IoT devices and protecting this process from man-in-the-middle attacks. Simple devices are the 

basis of the rapid development of the IoT sphere. A rapid increase in the number of simple 

devices is accompanied by an increase in the number of attacks in the field of security of their 

connection and communication. Simple devices do not have the technical resources to implement 

complex cryptographic protocols, which reduces their level of security, for example, the inability 

to protect against man-in-the-middle attacks. The paper proposes a method of increasing the 

security of connection of IoT devices by determining the proximity of their location based on the 

results of the analysis of the characteristics of the wireless signal. Calculations are presented that 

prove that the proposed method ensures the security of connecting IoT devices at a close distance 

and protection against man-in-the-middle attacks. 

 

ɯʥʪʝʨʥʝʪ ʨʝʯʝʡ (Internet of Things, IoT) ï ʮʝ ʥʦʚʘ ʧʘʨʘʜʠʛʤʘ, ʚ ʷʢʽʡ ʚʝʣʠʢʘ 

ʢʽʣʴʢʽʩʪʴ ʧʨʠʩʪʨʦʾʚ ʪʘ ʜʘʪʯʠʢʽʚ ʩʧʽʚʧʨʘʮʶʻ ʰʣʷʭʦʤ ʢʦʤʫʥʽʢʘʮʽʾ ʯʝʨʝʟ ɯʥʪʝʨʥʝʪ, 

ʥʘʜʘʶʯʠ ʽʥʥʦʚʘʮʽʡʥʽ ʩʝʨʚʽʩʠ ʜʣʷ ʨʽʟʥʠʭ ʚʠʢʣʠʢʽʚ ʽ ʧʨʦʙʣʝʤ ʩʫʯʘʩʥʦʛʦ ʞʠʪʪʷ [1]. 

ɿʘʩʪʦʩʫʚʘʥʥʷ ʪʝʭʥʦʣʦʛʽʡ IoT ʟʘʙʝʟʧʝʯʫʻ ʩʦʮʽʘʣʴʥʠʡ, ʪʝʭʥʦʣʦʛʽʯʥʠʡ ʪʘ ʬʽʥʘʥʩʦʚʠʡ 

ʨʦʟʚʠʪʦʢ ʩʫʩʧʽʣʴʩʪʚʘ, ʟʘʙʝʟʧʝʯʫʶʯʠ ʨʦʟʫʤʥʝ ʫʧʨʘʚʣʽʥʥʷ ʨʫʭʦʤ ʪʨʘʥʩʧʦʨʪʥʠʭ 

ʟʘʩʦʙʽʚ, ʙʝʟʧʝʢʦʶ ʽ ʩʧʦʩʪʝʨʝʞʝʥʥʷʤ, ʘʚʪʦʤʘʪʠʟʘʮʽʻʶ ʩʽʣʴʩʴʢʦʛʦ ʛʦʩʧʦʜʘʨʩʪʚʘ, 

ʦʭʦʨʦʥʦʶ ʟʜʦʨʦʚôʷ ʪʘ ʤʝʜʠʮʠʥʦʶ, ʨʦʟʫʤʥʠʤʠ ʤʽʩʪʘʤʠ ʪʘ ʙʫʜʠʥʢʘʤʠ, 

ʝʥʝʨʛʦʩʧʦʞʠʚʘʥʥʷʤ [2]. 

ʆʩʪʘʥʥʽʡ ʟʚʽʪ çʉʪʘʥ IoT ï ɺʝʩʥʘ 2023è ʚʽʜ IoT Analytics [3] ʧʦʢʘʟʫʻ, ʱʦ 

ʢʽʣʴʢʽʩʪʴ ʛʣʦʙʘʣʴʥʠʭ ʧʽʜʢʣʶʯʝʥʴ IoT ʟʨʦʩʣʘ ʥʘ 18% ʫ 2022 ʨʦʮʽ ʜʦ 14,3 ʤʽʣʴʷʨʜʽʚ 

ʘʢʪʠʚʥʠʭ ʧʨʠʩʪʨʦʾʚ IoT. ʍʦʯʘ ʧʨʦʛʥʦʟʫʚʘʣʦʩʷ, ʱʦ ʟʨʦʩʪʘʥʥʷ ʫ 2023 ʨʦʮʽ ʙʫʜʝ ʜʝʱʦ 

ʥʠʞʯʠʤ (ʥʘ 16% ʘʙʦ ʜʦ 16 ʤʽʣʴʷʨʜʽʚ ʘʢʪʠʚʥʠʭ ʧʨʠʩʪʨʦʾʚ), ʥʽʞ ʫ 2022 ʨʦʮʽ, 

ʦʯʽʢʫʻʪʴʩʷ, ʱʦ ʢʽʣʴʢʽʩʪʴ ʧʽʜʢʣʶʯʝʥʴ ʧʨʠʩʪʨʦʾʚ IoT ʧʨʦʜʦʚʞʫʚʘʪʠʤʝ ʟʨʦʩʪʘʪʠ 

ʧʨʦʪʷʛʦʤ ʙʘʛʘʪʴʦʭ ʥʘʩʪʫʧʥʠʭ ʨʦʢʽʚ. ʉʝʨʝʜ ʪʝʭʥʦʣʦʛʽʡ ʢʦʤʫʥʽʢʘʮʽʾ IoT ʧʨʠʩʪʨʦʾʚ 

ʜʦʤʽʥʫʶʪʴ Wi-Fi, Bluetooth ʪʘ ʩʪʽʣʴʥʠʢʦʚʠʡ ʟʚ'ʷʟʦʢ. Bluetooth ʧʽʜʢʣʶʯʝʥʥʷ 

ʟʘʡʤʘʶʪʴ 27% ʚʽʜ ʟʘʛʘʣʴʥʦʾ ʢʽʣʴʢʦʩʪʽ. Bluetooth Low Energy (BLE) ʟʘʙʝʟʧʝʯʫʻ 

ʥʘʜʽʡʥʝ ʧʽʜʢʣʶʯʝʥʥʷ ʧʨʠ ʦʙʤʝʞʝʥʦʤʫ ʩʧʦʞʠʚʘʥʥʽ ʝʥʝʨʛʽʾ, ʱʦ ʻ ʢʨʘʱʠʤ ʚʘʨʽʘʥʪʦʤ 

IoT ʧʨʠʩʪʨʦʾʚ ʟ ʞʠʚʣʝʥʥʷʤ ʚʽʜ ʙʘʪʘʨʝʾ. ʇʨʠʢʣʘʜʘʤʠ ʪʘʢʠʭ ʧʨʠʩʪʨʦʾʚ ʤʦʞʫʪʴ ʙʫʪʠ 

ʜʘʪʯʠʢʠ ʨʦʟʫʤʥʦʛʦ ʜʦʤʫ ʘʙʦ ʪʨʝʢʝʨʠ ʧʝʨʩʦʥʘʣʴʥʠʭ ʨʝʯʝʡ. 

ʍʦʯʘ ʩʢʣʘʜʥʽ ʩʠʩʪʝʤʠ ʚʽʜʽʛʨʘʶʪʴ ʚʘʞʣʠʚʫ ʨʦʣʴ ʚ IoT, ʩʘʤʝ ʨʦʟʨʦʙʢʘ, 

ʽʥʪʝʛʨʘʮʽʷ ʪʘ ʚʠʢʦʨʠʩʪʘʥʥʷ ʧʨʦʩʪʠʭ ʧʨʠʩʪʨʦʾʚ ʥʘʩʧʨʘʚʜʽ ʩʧʨʠʷʻ ʰʠʨʦʢʦʤʫ 

ʚʧʨʦʚʘʜʞʝʥʥʶ ʪʘ ʚʧʣʠʚʫ ʮʽʻʾ ʪʝʭʥʦʣʦʛʽʾ [4]. ʇʨʦʩʪʽ ʧʨʠʩʪʨʦʾ, ʪʘʢʽ ʷʢ ʜʘʪʯʠʢʠ ʽ 

ʧʨʠʚʦʜʠ, ʻ ʦʩʥʦʚʦʶ ɯʥʪʝʨʥʝʪʫ ʨʝʯʝʡ. ɺʦʥʠ ʟʘʙʝʟʧʝʯʫʶʪʴ ʙʝʟʧʝʨʝʙʽʡʥʝ ʟôʻʜʥʘʥʥʷ ʪʘ 

ʟʚôʷʟʦʢ ʤʽʞ ʨʽʟʥʠʤʠ ʦʙôʻʢʪʘʤʠ ʚ ʧʦʚʩʷʢʜʝʥʥʦʤʫ ʞʠʪʪʽ: ʨʦʟʫʤʥʽ ʩʠʩʪʝʤʠ ʙʝʟʧʝʢʠ 
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ʙʫʜʠʥʢʫ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʧʨʦʩʪʽ ʧʨʠʩʪʨʦʾ, ʪʘʢʽ ʷʢ ʜʘʪʯʠʢʠ ʨʫʭʫ ʪʘ ʜʘʪʯʠʢʠ ʜʚʝʨʝʡ, 

ʱʦʙ ʚʠʷʚʣʷʪʠ ʙʫʜʴ-ʷʢʫ ʥʘʜʟʚʠʯʘʡʥʫ ʘʢʪʠʚʥʽʩʪʴ ʪʘ ʥʘʜʩʠʣʘʪʠ ʩʧʦʚʽʱʝʥʥʷ 

ʚʣʘʩʥʠʢʘʤ ʙʫʜʠʥʢʫ. ɺ ʦʩʥʦʚʽ ʧʨʠʩʪʨʦʾʚ IoT, ʚʢʣʶʯʘʶʯʠ ʧʝʨʝʣʽʯʝʥʽ ʧʨʦʩʪʽ ʧʨʠʩʪʨʦʾ, 

ʣʝʞʠʪʴ ʾʭ ʟʜʘʪʥʽʩʪʴ ʩʧʽʣʢʫʚʘʪʠʩʷ ʪʘ ʜʽʣʠʪʠʩʷ ʜʘʥʠʤʠ. 

ɺ ʪʦʡ ʞʝ ʯʘʩ, ʧʨʦʩʪʽ ʧʨʠʩʪʨʦʾ IoT ʩʪʘʚʣʷʪʴ ʧʝʨʝʜ ʨʦʟʨʦʙʥʠʢʘʤʠ ʩʝʨʡʦʟʥʽ 

ʟʘʜʘʯʽ ʧʦ ʟʘʙʝʟʧʝʯʝʥʥʶ ʾʭ ʙʝʟʧʝʢʠ. ɹʽʣʴʰʽʩʪʴ ʧʨʦʩʪʠʭ ʧʨʠʩʪʨʦʾʚ IoT ʟʘ ʩʚʦʻʶ ʩʫʪʪʶ 

ʥʝʟʘʭʠʱʝʥʽ ʯʝʨʝʟ ʾʭʥʽ ʤʘʣʽ ʘʙʦ ʦʙʤʝʞʝʥʽ ʨʦʟʤʽʨʠ, ʷʢʽ ʟʜʘʪʥʽ ʚʤʽʩʪʠʪʠ ʣʠʰʝ 

ʤʘʣʦʧʦʪʫʞʥʽ ʚʙʫʜʦʚʘʥʽ ʤʽʢʨʦʢʦʥʪʨʦʣʝʨʠ, ʧʨʦʩʪʽ ʜʘʪʯʠʢʠ, ʚʠʢʦʥʘʚʯʽ ʤʝʭʘʥʽʟʤʠ, 

ʙʣʦʢʠ ʞʠʚʣʝʥʥʷ ʪʘ ʽʥʰʽ ʢʨʠʭʽʪʥʽ ʝʣʝʢʪʨʦʥʥʽ ʢʦʤʧʦʥʝʥʪʠ. ʎʝ ʦʙʤʝʞʝʥʥʷ ʨʦʟʤʽʨʫ ʚ 

ʧʦʻʜʥʘʥʥʽ ʟ ʚʠʤʦʛʘʤʠ ʜʦ ʥʠʟʴʢʦʛʦ ʝʥʝʨʛʦʩʧʦʞʠʚʘʥʥʷ, ʧʨʦʩʪʠʤʠ ʘʙʦ ʙʘʟʦʚʠʤʠ 

ʦʧʝʨʘʮʽʡʥʠʤʠ ʩʠʩʪʝʤʘʤʠ ʪʘ ʦʙʤʝʞʝʥʦʶ ʦʙʯʠʩʣʶʚʘʣʴʥʦʶ ʧʦʪʫʞʥʽʩʪʶ ʯʘʩʪʦ 

ʧʝʨʝʰʢʦʜʞʘʻ ʟʘʩʪʦʩʫʚʘʥʥʶ ʧʝʨʝʜʦʚʠʭ ʘʙʦ ʥʘʚʽʪʴ ʩʫʯʘʩʥʠʭ ʢʨʠʧʪʦʛʨʘʬʽʯʥʠʭ 

ʤʝʪʦʜʽʚ, ʥʝ ʢʘʞʫʯʠ ʚʞʝ ʧʨʦ ʮʽʣʽ ʨʽʰʝʥʥʷ ʙʝʟʧʝʢʠ [5]. ɸʢʪʠʚʥʝ ʨʦʟʧʦʚʩʶʜʞʝʥʥʷ 

ʧʨʦʩʪʠʭ IoT ʧʨʠʩʪʨʦʾʚ ʫ ʧʦʚʩʷʢʜʝʥʥʦʤʫ ʞʠʪʪʽ ʫ ʧʦʻʜʥʘʥʥʽ ʟ ʥʠʟʴʢʦʶ ʟʘʭʠʱʝʥʽʩʪʶ 

ʨʦʙʠʪʴ ʾʭ ʧʨʠʙʫʪʢʦʚʦʶ ʤʽʰʝʥʥʶ ʜʣʷ ʢʽʙʝʨʟʣʦʯʠʥʮʽʚ. 

ɼʣʷ ʩʧʦʣʫʯʝʥʥʷ ʟ ʧʨʦʩʪʠʤʠ IoT ʧʨʠʩʪʨʦʷʤʠ, ʷʢʽ ʥʝ ʤʘʶʪʴ ʽʥʪʝʨʬʝʡʩʫ 

ʢʦʨʠʩʪʫʚʘʯʘ (ʜʠʩʧʣʝʶ, ʤʽʢʨʦʬʦʥʫ, ʜʠʥʘʤʽʢʫ, ʟʘʩʦʙʽʚ ʚʚʝʜʝʥʥʷ ʽʥʬʦʨʤʘʮʽʾ, ʪʘʢʠʭ ʷʢ 

ʢʣʘʚʽʘʪʫʨʘ) ʽ, ʷʢ ʥʘʩʣʽʜʦʢ, ʤʦʞʣʠʚʦʩʪʽ ʚʚʝʩʪʠ ʘʙʦ ʧʽʜʪʚʝʨʜʠʪʠ ʢʣʶʯ ʜʦʩʪʫʧʫ, 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʤʝʪʦʜ JustWorks[6]. ɼʣʷ BLE ʧʨʠʩʪʨʦʾʚ ʚʽʥ ʟʘʙʝʟʧʝʯʫʻ ʥʘʡʙʽʣʴʰ 

ʧʨʠʡʥʷʪʠʡ ʨʝʞʠʤ ʩʧʦʣʫʯʝʥʥʷ, ʦʩʢʽʣʴʢʠ ʤʘʡʞʝ ʚʩʽ BLE IoT ʧʨʠʩʪʨʦʾ ʥʝ ʤʘʶʪʴ 

ʞʦʜʥʠʭ ʤʦʞʣʠʚʦʩʪʝʡ ʚʚʝʜʝʥʥʷ ʪʘ ʚʠʚʝʜʝʥʥʷ ʽʥʬʦʨʤʘʮʽʾ, ʥʘʧʨʠʢʣʘʜ ʣʘʤʧʦʯʢʠ, 

ʨʦʟʫʤʥʽ ʟʘʤʢʠ, ʭʦʣʦʜʠʣʴʥʠʢʠ, ʙʨʝʣʦʢʠ, ʤʦʥʽʪʦʨʠ ʩʝʨʮʝʚʦʛʦ ʨʠʪʤʫ. ʆʩʥʦʚʥʦʶ 

ʦʩʦʙʣʠʚʽʩʪʶ ʮʴʦʛʦ ʨʝʞʠʤʫ ʩʧʦʣʫʯʝʥʥʷ ʻ ʪʝ, ʱʦ ʜʣʷ ʟʘʚʝʨʰʝʥʥʷ ʧʨʦʮʝʜʫʨʠ 

ʟôʻʜʥʘʥʥʷ ʥʝ ʧʦʪʨʽʙʥʘ ʘʚʪʝʥʪʠʬʽʢʘʮʽʷ[7]. ɹʫʜʴ-ʭʪʦ ʤʦʞʝ ʧʽʜʢʣʶʯʠʪʠʩʷ ʜʦ ʙʫʜʴ-

ʷʢʦʛʦ ʧʨʠʩʪʨʦʶ BLE, ʷʢʠʡ ʚʠʢʦʨʠʩʪʦʚʫʻ Just Works. ɺ ʨʝʟʫʣʴʪʘʪʽ, ʩʪʚʦʨʝʥʝ 

ʟ'ʻʜʥʘʥʥʷ ʟʘʭʠʱʝʥʝ ʚʽʜ ʧʘʩʠʚʥʦʛʦ ʧʨʦʩʣʫʭʦʚʫʚʘʥʥʷ ʟʘʚʜʷʢʠ ʰʠʬʨʫʚʘʥʥʶ, ʘʣʝ 

ʙʝʟʩʠʣʝ ʧʝʨʝʜ ʘʪʘʢʦʶ ʧʦʩʝʨʝʜʥʠʢʘ (Man in the middle, MITM). ʉʮʝʥʘʨʽʡ 

ʟʘʚʦʣʦʜʽʥʥʷ IoT ʧʨʠʩʪʨʦʻʤ ʟʣʦʚʤʠʩʥʠʢʦʤ ʚ ʨʝʟʫʣʴʪʘʪʽ ʘʪʘʢʠ ʧʦʩʝʨʝʜʥʠʢʘ 

ʧʨʝʜʩʪʘʚʣʝʥʠʡ ʥʘ ʨʠʩ. 1. 

 

 
 

ʈʠʩ. 1. ɸʢʪʫʘʣʴʥʠʡ ʩʮʝʥʘʨʽʡ ʟʘʚʦʣʦʜʽʥʥʷ 

IoT ʧʨʠʩʪʨʦʻʤ ʟʣʦʚʤʠʩʥʠʢʦʤ ʚ ʨʝʟʫʣʴʪʘʪʽ 

ʘʪʘʢʠ ʧʦʩʝʨʝʜʥʠʢʘ  

ɿʘʜʘʯʝʶ ʨʦʙʦʪʠ ʻ ʧʽʜʚʠʱʝʥʥʷ 

ʙʝʟʧʝʢʠ ʤʝʪʦʜʫ ʩʧʦʣʫʯʝʥʥʷ ʧʨʦʩʪʠʭ 

BLE IoT ʧʨʠʩʪʨʦʾʚ ʜʣʷ ʟʘʭʠʩʪʫ ʚʽʜ ʘʪʘʢ 

ʧʦʩʝʨʝʜʥʠʢʘ. ɼʦʩʣʽʜʥʠʢʠ ʟ Microsoft 

Research ʟʘʧʨʦʧʦʥʫʚʘʣʠ ʤʝʪʦʜ 

Move2Auth[8], ʱʦ ʟʘʙʝʟʧʝʯʫʻ 

ʘʚʪʝʥʪʠʬʽʢʘʮʽʶ ʧʨʦʩʪʠʭ IoT ʧʨʠʩʪʨʦʾʚ 

ʥʘ ʦʩʥʦʚʽ ʚʠʟʥʘʯʝʥʥʷ ʾʭ ʙʣʠʟʴʢʦʩʪʽ. 

ʄʝʪʦʜ ʚʠʤʘʛʘʻ ʚʽʜ ʢʦʨʠʩʪʫʚʘʯʘ ʪʨʠʤʘʪʠ 

ʩʤʘʨʪʬʦʥ ʽ ʚʠʢʦʥʫʚʘʪʠ ʦʜʠʥ ʽʟ ʜʚʦʭ 

ʞʝʩʪʽʚ ʨʫʢʦʶ (ʚʠʧʘʜʢʦʚʦ ʚʠʙʨʘʥʠʭ 

ʩʤʘʨʪʬʦʥʦʤ) ʧʝʨʝʜ ʧʨʠʩʪʨʦʻʤ IoT, ʫ 

ʪʦʡ ʯʘʩ ʷʢ ʧʨʠʩʪʨʽʡ IoT ʧʨʦʜʦʚʞʫʻ ʥʘʜʩʠʣʘʪʠ ʧʘʢʝʪʠ. ɼʚʘ ʞʝʩʪʠ, ʪʦʙʪʦ 

ʧʝʨʝʤʽʱʝʥʥʷ ʩʤʘʨʪʬʦʥʘ ʜʦ ʧʨʠʩʪʨʦʶ IoT ʽ ʚʽʜ ʥʴʦʛʦ, ʘ ʪʘʢʦʞ ʦʙʝʨʪʘʥʥʷ ʩʤʘʨʪʬʦʥʘ, 

ʧʨʠʟʚʦʜʷʪʴ ʜʦ ʟʥʘʯʥʦʾ (ʙʣʠʟʴʢʦ 15 ʜɹ) ʟʤʽʥʠ ʧʦʪʫʞʥʦʩʪʽ ʦʪʨʠʤʘʥʦʛʦ ʩʠʛʥʘʣʫ (RSS) 

ʯʝʨʝʟ ʰʚʠʜʢʫ ʟʤʽʥʫ ʟʘʪʫʭʘʥʥʷ ʪʘ ʧʦʣʷʨʠʟʘʮʽʾ ʘʥʪʝʥʠ ʚʽʜʧʦʚʽʜʥʦ. ʇʦ ʨʽʚʥʶ 

ʢʦʨʝʣʷʮʽʾ RSS-ʚʘʨʽʘʮʽʡ ʟ ʧʦʢʘʟʘʤʠ ʜʘʪʯʠʢʽʚ ʨʫʭʫ ʩʤʘʨʪʬʦʥʘ (ʘʢʩʝʣʝʨʦʤʝʪʝʨ ʪʘ 

ʛʽʨʦʩʢʦʧ) ʤʦʞʣʠʚʦ ʚʠʢʦʥʘʪʠ ʥʘʜʽʡʥʝ ʚʠʷʚʣʝʥʥʷ ʙʣʠʟʴʢʦʩʪʽ ʧʨʠʩʪʨʦʾʚ. ʎʝ ʜʦʟʚʦʣʷʻ 
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ʝʬʝʢʪʠʚʥʦ ʨʦʟʨʽʟʥʷʪʠ ʙʣʠʟʴʢʽ ʪʘ ʜʘʣʝʢʽ ʧʨʠʩʪʨʦʾ ʽ ʪʘʢʠʤ ʯʠʥʦʤ ʟʘʭʠʩʪʠʪʠ 

ʧʨʦʮʝʜʫʨʫ ʩʧʦʣʫʯʝʥʥʷ ʜʚʦʭ ʙʣʠʟʴʢʠʭ ʧʨʠʩʪʨʦʾʚ ʚʽʜ ʜʘʣʝʢʦ ʨʦʟʪʘʰʦʚʘʥʦʛʦ 

ʟʣʦʚʤʠʩʥʠʢʘ, ʷʢʠʡ ʤʦʞʝ ʜʦʚʽʣʴʥʦ ʧʽʜʩʠʣʠʪʠ ʧʦʪʫʞʥʽʩʪʴ ʧʝʨʝʜʘʯʽ ʩʚʦʛʦ ʩʠʛʥʘʣʫ. 

ɺ ʜʘʥʽʡ ʨʦʙʦʪʽ ʧʨʦʧʦʥʫʻʪʴʩʷ ʟʘʤʽʩʪʴ ʚʠʢʦʨʠʩʪʘʥʥʷ ʩʧʝʮʠʬʽʯʥʠʭ ʨʫʭʽʚ 

ʩʤʘʨʪʬʦʥʦʤ ʧʽʜʥʝʩʪʠ ʡʦʛʦ ʥʘ ʤʘʢʩʠʤʘʣʴʥʦ ʙʣʠʟʴʢʫ ʚʽʜʩʪʘʥʴ ʜʦ IoT ʧʨʠʩʪʨʦʶ ʽ 

ʧʨʦʚʝʩʪʠ ʚʟʘʻʤʥʫ ʘʚʪʝʥʪʠʬʽʢʘʮʽʶ ʧʦ ʧʦʪʫʞʥʦʩʪʽ ʙʝʟʧʨʦʚʽʜʥʦʛʦ ʩʠʛʥʘʣʫ.  

ʇʦʪʫʞʥʽʩʪʴ ʩʠʛʥʘʣʫ, ʷʢʫ ʚʠʤʽʨʶʻ ʧʝʨʰʠʡ ʧʨʠʩʪʨʽʡ, ʟʤʝʥʰʫʻʪʴʩʷ ʟʽ 

ʟʙʽʣʴʰʝʥʥʷʤ ʚʽʜʩʪʘʥʽ ʜʦ ʜʨʫʛʦʛʦ ʧʨʠʩʪʨʦʶ. ʊʘʢʫ ʟʘʣʝʞʥʽʩʪʴ ʤʦʞʥʘ ʦʧʠʩʘʪʠ 

ʥʘʩʪʫʧʥʦʶ ʬʦʨʤʫʣʦʶ: 

                                         (1) 

ʜʝ d0 ï ʧʦʯʘʪʢʦʚʘ ʚʽʜʩʪʘʥʴ ʤʽʞ ʧʨʠʩʪʨʦʷʤʠ, d1 ï ʢʽʥʮʝʚʘ (ʟʙʽʣʴʰʝʥʘ) ʚʽʜʩʪʘʥʴ ʤʽʞ 

ʧʨʠʩʪʨʦʷʤʠ,  ï ʧʦʪʫʞʥʽʩʪʴ ʩʠʛʥʘʣʫ ʥʘ ʚʽʜʩʪʘʥʽ d0,  ï ʧʦʪʫʞʥʽʩʪʴ 

ʩʠʛʥʘʣʫ ʥʘ ʚʽʜʩʪʘʥʽ d1. 

ɺʽʜʧʦʚʽʜʥʦ ʜʦ ʦʪʨʠʤʘʥʠʭ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʘʥʠʭ, RSSI ʜʣʷ ʚʽʜʩʪʘʥʽ ʜʦ 10 

ʩʘʥʪʠʤʝʪʨʽʚ ʤʘʻ ʩʝʨʝʜʥʻ ʟʥʘʯʝʥʥʷ -10dBm. ɼʣʷ ʪʦʛʦ, ʱʦʙ ʧʝʨʝʚʝʩʪʠ dBm ʫ ʚʘʪʠ, 

ʙʫʜʝʤʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʥʘʩʪʫʧʥʫ ʬʦʨʤʫʣʫ: 

 ,                                                (2) 

ʜʝ P(W) ï ʧʦʪʫʞʥʽʩʪʴ ʩʠʛʥʘʣʫ ʫ ʚʘʪʘʭ, P(dBm) ï ʧʦʪʫʞʥʽʩʪʴ ʩʠʛʥʘʣʫ ʫ dBm. ʊʘʢʠʤ 

ʯʠʥʦʤ, ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʬʦʨʤʫʣʠ [1], ʷʢʱʦ ʟʣʦʚʤʠʩʥʠʢ ʟʥʘʭʦʜʠʪʴʩʷ ʥʘ ʚʽʜʩʪʘʥʽ 10 

ʤʝʪʨʽʚ ʚʽʜ IoT ʧʨʠʩʪʨʦʷ, ʨʽʚʝʥʴ ʡʦʛʦ ʩʠʛʥʘʣʫ ʙʫʜʝ ʥʘ 

 ʤʝʥʴʰʝ, ʥʽʞ ʘʫʪʝʥʪʠʯʥʦʛʦ ʧʨʠʩʪʨʦʶ ʥʘ 

ʚʽʜʩʪʘʥʽ 10 ʩʘʥʪʠʤʝʪʨʽʚ ʧʨʠ ʦʜʥʘʢʦʚʽʡ ʚʠʭʽʜʥʽʡ ʧʦʪʫʞʥʦʩʪʽ ʘʥʪʝʥʠ BLE. ɼʣʷ ʪʦʛʦ, 

ʱʦʙ ʩʪʚʦʨʠʪʠ ʥʘ IoT ʧʨʠʩʪʨʦʾ ʽʣʶʟʽʶ ʟʥʘʭʦʜʞʝʥʥʷ ʧʨʠʩʪʨʦʶ ʥʘ ʙʣʠʟʴʢʽʡ ʚʽʜʩʪʘʥʽ, 

ʟʣʦʤʠʩʥʠʢʫ ʥʝʦʙʭʽʜʥʦ ʟʙʽʣʴʰʠʪʠ ʧʦʪʫʞʥʽʩʪʴ ʩʠʛʥʘʣʫ ʥʘ 40 dBm, ʘʙʦ 10 ɺʘʪ ʟʘ 

ʬʦʨʤʫʣʦʶ [2]. ɺʨʘʭʦʚʫʶʯʠ ʧʨʘʚʠʣʘ FCC ʪʘ ETSI, ʤʘʢʩʠʤʘʣʴʥʘ ʚʠʭʽʜʥʘ ʧʦʪʫʞʥʽʩʪʴ 

ʘʥʪʝʥʠ, ʷʢʘ ʜʦʟʚʦʣʝʥʘ ʧʨʦʪʦʢʦʣʦʤ BLE, ʩʪʘʥʦʚʠʪʴ 20 dBm.  

 

 
 

ʈʠʩ. 2. ʉʮʝʥʘʨʽʡ ʟʘʭʠʩʪʫ ʚʽʜ ʟʘʚʦʣʦʜʽʥʥʷ IoT ʧʨʠʩʪʨʦʻʤ  

ʟʣʦʚʤʠʩʥʠʢʦʤ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʟʘʧʨʦʧʦʥʦʚʘʥʦʛʦ ʤʝʪʦʜʫ. 
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ʊʘʢʠʤ ʯʠʥʦʤ, ʟʘʧʨʦʧʦʥʦʚʘʥʠʡ ʤʝʪʦʜ ʟʘʙʝʟʧʝʯʫʻ ʟʘʭʠʩʪ ʧʨʦʮʝʩʫ 

ʩʧʦʣʫʯʝʥʥʷ ʟ IoT ʧʨʠʩʪʨʦʻʤ ʥʘ ʙʣʠʟʴʢʽʡ ʚʽʜʩʪʘʥʽ.  

ɺʠʩʥʦʚʢʠ. 

1. ɸʢʪʠʚʥʠʡ ʨʦʟʚʠʪʦʢ ʪʝʭʥʦʣʦʛʽʡ IoT ʪʘ ʟʙʽʣʴʰʝʥʥʷ ʢʽʣʴʢʦʩʪʽ ʧʨʠʩʪʨʦʾʚ 

ʧʽʜʚʠʱʫʻ ʚʠʤʦʛʠ ʜʦ ʙʝʟʧʝʢʠ ʩʧʦʣʫʯʝʥʥʷ ʪʘ ʢʦʤʫʥʽʢʘʮʽʾ ʪʘʢʠʭ ʧʨʠʩʪʨʦʾʚ. 

2. ʇʨʦʩʪʽ ʧʨʠʩʪʨʦʾ, ʱʦ ʻ ʦʩʥʦʚʦʶ ʽʥʜʫʩʪʨʽʾ IoT, ʥʝ ʤʘʶʪʴ ʪʝʭʥʽʯʥʠʭ 

ʨʝʩʫʨʩʽʚ ʜʣʷ ʨʝʘʣʽʟʘʮʽʾ ʩʢʣʘʜʥʠʭ ʢʨʠʧʪʦʛʨʘʬʽʯʥʠʭ ʧʨʦʪʦʢʦʣʽʚ, ʱʦ ʟʥʠʞʫʻ 

ʨʽʚʝʥʴ ʾʭ ʙʝʟʧʝʢʠ, ʥʘʧʨʠʢʣʘʜ, ʥʝʩʧʨʦʤʦʞʥʽʩʪʴ ʟʘʭʠʩʪʠʪʠʩʷ ʚʽʜ ʘʪʘʢ 

ʧʦʩʝʨʝʜʥʠʢʘ. 

3. ɹʝʟʧʝʢʘ ʩʧʦʣʫʯʝʥʥʷ ʧʨʦʩʪʠʭ IoT ʧʨʠʩʪʨʦʾʚ ʤʦʞʝ ʙʫʪʠ ʧʽʜʚʠʱʝʥʘ ʟʘ 

ʨʘʭʫʥʦʢ ʾʭ ʘʚʪʝʥʪʠʬʽʢʘʮʽʾ ʧʦ ʙʣʠʟʴʢʦʩʪʽ ʨʦʟʪʘʰʫʚʘʥʥʷ ʰʣʷʭʦʤ ʘʥʘʣʽʟʫ 

ʧʦʪʫʞʥʦʩʪʽ ʙʝʟʧʨʦʚʽʜʥʦʛʦ ʩʠʛʥʘʣʫ (ʪʘʢʦʛʦ, ʷʢ BLE). 

4. ʇʨʠʚʝʜʝʥʽ ʨʦʟʨʘʭʫʥʢʠ, ʷʢʽ ʜʦʢʘʟʫʶʪʴ, ʱʦ ʟʘʧʨʦʧʦʥʦʚʘʥʠʡ ʤʝʪʦʜ 

ʟʘʙʝʟʧʝʯʫʻ ʙʝʟʧʝʢʫ ʩʧʦʣʫʯʝʥʥʷ IoT ʧʨʠʩʪʨʦʾʚ ʥʘ ʙʣʠʟʴʢʽʡ ʚʽʜʩʪʘʥʽ ʪʘ ʟʘʭʠʩʪ 

ʚʽʜ ʘʪʘʢ ʧʦʩʝʨʝʜʥʠʢʘ. 
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QUALITY ASSURANCE OF MEDIA DATA  

TRANSMISSION USING NOISELESS CODING 
 

ʈʦʙʦʪʘ ʧʨʠʩʚʷʯʝʥʘ ʘʢʪʫʘʣʴʥʦʤʫ ʧʠʪʘʥʥʶ ʟʘʙʝʟʧʝʯʝʥʥʷ ʷʢʦʩʪʽ ʧʝʨʝʜʘʯʽ ʤʝʜʽʘ ʜʘʥʠʭ 

ʚ ʛʝʪʝʨʦʛʝʥʥʽʡ ʤʝʨʝʞʽ ʟʘ ʜʦʧʦʤʦʛʦʶ ʚʠʢʦʨʠʩʪʘʥʥʷ ʟʘʚʘʜʦʩʪʽʡʢʦʛʦ ʢʦʜʫʚʘʥʥʷ. ʇʦ 

ʨʝʟʫʣʴʪʘʪʘʤ ʧʨʦʚʝʜʝʥʦʛʦ ʘʥʘʣʽʟʫ ʧʨʦʪʦʢʦʣʽʚ ʪʘ ʘʣʛʦʨʠʪʤʽʚ ʟʘʚʘʜʦʩʪʽʡʢʦʛʦ ʢʦʜʫʚʘʥʥʷ 

ʧʨʠʢʣʘʜʥʦʛʦ ʨʽʚʥʷ ʜʣʷ ʧʝʨʝʜʘʯʽ ʚʽʜʝʦ ʜʘʥʠʭ ʚʠʩʦʢʦʾ ʷʢʦʩʪʽ ʙʫʣʠ ʚʽʜʽʙʨʘʥʽ ʘʣʛʦʨʠʪʤʠ ʈʽʜʘ-

ʉʦʣʦʤʦʥʘ ʪʘ Raptor, ʩʪʘʥʜʘʨʪʠʟʦʚʘʥʽ ʜʣʷ ʧʨʦʪʦʢʦʣʫ Mpeg Media Transport ʜʣʷ ʧʝʨʝʜʘʯʽ 

4K/8K HEVC ʚʽʜʝʦ, ʜʣʷ ʤʦʜʝʣʶʚʘʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʾʭ ʨʦʙʦʪʠ. ʈʝʟʫʣʴʪʘʪʠ ʤʦʜʝʣʶʚʘʥʥʷ 

ʧʦʢʘʟʘʣʠ, ʱʦ ʟʘʩʪʦʩʫʚʘʥʥʷ ʘʣʛʦʨʠʪʤʫ ʈʽʜʘ-ʉʦʣʦʤʦʥʘ ʤʦʞʣʠʚʦ ʜʣʷ ʥʝʚʝʣʠʢʦʾ ʰʚʠʜʢʦʩʪʽ 

ʚʽʜʝʦ ʧʦʪʦʢʫ (2K ʪʘ ʥʠʞʯʝ), ʪʘ ʦʜʠʥʠʯʥʠʭ ʧʦʤʠʣʢʘʭ ʚ ʢʘʥʘʣʽ ʧʝʨʝʜʘʯʽ. Raptor ʘʣʛʦʨʠʪʤ 

ʟʘʙʝʟʧʝʯʫʻ ʚʠʩʦʢʫ ʷʢʽʩʪʴ ʧʝʨʝʜʘʯʽ ʚʽʜʝʦ 4K ʪʘ 8K ʚ ʫʤʦʚʘʭ ʷʢ ʦʜʠʥʠʯʥʠʭ, ʪʘʢ ʽ ʩʝʨʽʡʥʠʭ 

ʧʦʤʠʣʦʢ ʚ ʢʘʥʘʣʽ ʧʝʨʝʜʘʯʽ, ʘʣʝ ʧʦʪʨʝʙʫʻ ʟʥʘʯʥʦ ʙʽʣʴʰʠʭ ʦʙʯʠʩʣʶʚʘʣʴʥʠʭ ʨʝʩʫʨʩʽʚ. 

The work is devoted to the urgent issue of ensuring the quality of media data transmission 

in a heterogeneous network using interference-resistant coding. Based on the results of the 

analysis of application-level interference-resistant coding protocols and algorithms for the 

transmission of high-quality video data, the Reed-Solomon and Raptor algorithms, standardized 

for the Mpeg Media Transport protocol for the transmission of 4K/8K HEVC video, were 

selected to simulate their performance. The simulation results showed that the application of the 

Reed-Solomon algorithm is possible for a small speed of the video stream (2K and below) and 

single errors in the transmission channel. The Raptor algorithm provides high-quality 4K and 8K 

video transmission in the conditions of both single and serial errors in the transmission channel, 

but requires significantly more computing resources. 

 

ɿʨʦʩʪʘʶʯʽ ʚʠʤʦʛʠ ʜʦ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ ʧʨʦʛʨʘʤʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ 

ʧʨʠʟʚʦʜʷʪʴ ʜʦ ʥʝʦʙʭʽʜʥʦʩʪʽ ʟʘʙʝʟʧʝʯʝʥʥʷ ʚʠʩʦʢʠʭ ʦʙʯʠʩʣʶʚʘʣʴʥʠʭ 

ʤʦʞʣʠʚʦʩʪʝʡ ʧʨʠʩʪʨʦʾʚ ʪʘ ʚʠʩʦʢʦʾ ʰʚʠʜʢʦʩʪʽ ʾʭ ʢʦʤʫʥʽʢʘʮʽʾ. ʈʠʥʦʢ 

ʤʦʙʽʣʴʥʠʭ ʧʨʠʩʪʨʦʾʚ, ʷʢʠʡ ʻ ʦʜʥʠʤ ʟ ʛʦʣʦʚʥʠʭ ʜʨʘʡʚʝʨʽʚ ʨʦʟʚʠʪʢʫ ʩʫʯʘʩʥʠʭ 

ʚʠʩʦʢʠʭ ʪʝʭʥʦʣʦʛʽʡ, ʪʘʢʦʞ ʨʫʭʘʻʪʴʩʷ ʰʣʷʭʦʤ, ʱʦ ʚʽʜʧʦʚʽʜʘʻ ʚʠʤʦʛʘʤ 

ʢʣʽʝʥʪʽʚ, ʟʙʽʣʴʰʫʶʯʠ ʬʫʥʢʮʽʦʥʘʣʴʥʽ ʤʦʞʣʠʚʦʩʪʽ ʧʨʠʩʪʨʦʾʚ ʪʘ ʰʚʠʜʢʽʩʪʴ 

ʧʝʨʝʜʘʯʽ ʜʘʥʠʭ. 

 ʆʩʥʦʚʥʦʶ ʧʨʦʙʣʝʤʦʶ, ʟ ʷʢʦʶ ʩʪʠʢʘʻʪʴʩʷ ʽʥʜʫʩʪʨʽʷ ʤʦʙʽʣʴʥʠʭ 

ʧʨʠʩʪʨʦʾʚ, ʻ ʨʦʟʨʠʚ ʤʽʞ ʘʣʛʦʨʠʪʤʽʯʥʦʶ ʩʢʣʘʜʥʽʩʪʶ, ʧʨʦʜʫʢʪʠʚʥʽʩʪʶ 

ʧʨʦʮʝʩʦʨʘ ʪʘ ʜʦʩʪʫʧʥʦʶ ʻʤʥʽʩʪʶ ʝʥʝʨʛʽʾ (ʟʘʨʷʜ ʘʢʫʤʫʣʷʪʦʨʘ). ɿʘʢʦʥ 

ʐʝʥʥʦʥʘ ʧʝʨʝʜʙʘʯʘʻ, ʱʦ ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ ʧʝʨʝʜʘʯʽ ʜʘʥʠʭ ʧʦʢʨʘʱʠʪʴʩʷ ʚʜʚʽʯʽ 

ʟʘ 8,5 ʤʽʩʷʮʽʚ, ʪʦʜʽ ʷʢ ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ ʧʨʦʮʝʩʦʨʘ ʧʦʢʨʘʱʠʪʴʩʷ ʚʜʚʽʯʽ ʟʘ 18 

ʤʽʩʷʮʽʚ. ʂʨʽʤ ʪʦʛʦ, ʚʠʨʦʙʥʠʢʘʤ ʘʢʫʤʫʣʷʪʦʨʽʚ ʧʦʪʨʽʙʥʦ ʚʽʜ 5 ʜʦ 10 ʨʦʢʽʚ, ʱʦʙ 



 153 

ʜʦʩʷʛʪʠ ʧʦʨʽʚʥʷʥʥʦʛʦ ʟʙʽʣʴʰʝʥʥʷ ʱʽʣʴʥʦʩʪʽ ʝʥʝʨʛʝʪʠʯʥʦʾ ʻʤʥʦʩʪʽ[1]. 
ɿʘ ʦʩʪʘʥʥʽ ʢʽʣʴʢʘ ʜʝʩʷʪʠʣʽʪʴ ʤʦʙʽʣʴʥʠʡ ʟʚôʷʟʦʢ ʩʪʘʚ ʩʚʽʜʢʦʤ ʥʘʜʟʚʠʯʘʡʥʦʛʦ 

ʧʨʦʛʨʝʩʫ, ʟʤʽʥʠʚʰʠ ʩʧʦʩʽʙ ʧʽʜʢʣʶʯʝʥʥʷ, ʩʧʽʣʢʫʚʘʥʥʷ ʪʘ ʜʦʩʪʫʧʫ ʜʦ ʽʥʬʦʨʤʘʮʽʾ. 

ʈʦʟʛʦʷʥʝʤʦ ʦʩʥʦʚʥʽ ʪʝʭʥʦʣʦʛʽʾ, ʷʢʽ ʟʘʙʝʟʧʝʯʫʶʪʴ ʮʝʡ ʧʨʦʛʨʝʩ. 

5G ʟʘʙʝʟʧʝʯʫʻ ʚʠʱʫ ʰʚʠʜʢʽʩʪʴ ʧʝʨʝʜʘʯʽ ʜʘʥʠʭ, ʤʝʥʰʫ ʟʘʪʨʠʤʢʫ ʪʘ 

ʧʦʢʨʘʱʝʥʫ ʥʘʜʽʡʥʽʩʪʴ ʧʦʨʽʚʥʷʥʦ ʟ ʧʦʧʝʨʝʜʥʽʤʠ ʧʦʢʦʣʽʥʥʷʤʠ, ʘ ʪʘʢʦʞ ʤʦʞʝ 

ʧʽʜʪʨʠʤʫʚʘʪʠ ʥʘʙʘʛʘʪʦ ʙʽʣʴʰʫ ʢʽʣʴʢʽʩʪʴ ʧʨʠʩʪʨʦʾʚ. ɺʩʝ ʮʝ ʜʦʟʚʦʣʷʻ ʚʠʢʦʥʫʚʘʪʠ 

ʰʚʠʜʰʝ ʽ ʝʬʝʢʪʠʚʥʽʰʝ ʙʽʣʴʰ ʩʢʣʘʜʥʽ ʟʘʜʘʯʽ ʚ ʪʘʢʠʭ ʩʬʝʨʘʭ, ʷʢ ʚʽʨʪʫʘʣʴʥʘ ʪʘ 

ʜʦʧʦʚʥʝʥʘ ʨʝʘʣʴʥʽʩʪʴ, ʘʚʪʦʥʦʤʥʽ ʪʨʘʥʩʧʦʨʪʥʽ ʟʘʩʦʙʠ, ɯʥʪʝʨʥʝʪ ʨʝʯʝʡ (IoT) [2].  

ʅʝʱʦʜʘʚʥʦ ʙʫʚ ʧʨʠʡʥʷʪʠʡ ʩʪʘʥʜʘʨʪ Wi-Fi 7 (802.11be), ʷʢʠʡ ʟʘʙʝʟʧʝʯʫʻ ʥʦʚʽ 

ʚʘʨʽʘʥʪʠ ʚʠʢʦʨʠʩʪʘʥʥʷ ʥʘʧʨʷʤʢʘʭ ʙʘʛʘʪʦʢʦʨʠʩʪʫʚʘʮʴʢʦʾ AR/VR/XR, 3D ʥʘʚʯʘʥʥʷ, 

ʝʣʝʢʪʨʦʥʥʠʭ ʽʛʨ, ʛʽʙʨʠʜʥʦʾ ʨʦʙʦʪʠ, ʧʨʦʤʠʩʣʦʚʦʛʦ IoT ʪʘ ʘʚʪʦʤʦʙʽʣʴʥʦʾ ʽʥʜʫʩʪʨʽʾ. 

ʇʨʦʛʥʦʟʫʻʪʴʩʷ, ʱʦ Wi-Fi 7 ʫ 2024 ʨʦʮʽ ʙʫʜʝ ʚʧʨʦʚʘʜʞʝʥʠʡ ʥʘ ʙʽʣʴʰ ʥʽʞ 233 

ʤʽʣʴʡʦʥʘʭ ʧʨʠʩʪʨʦʾʚ, ʪʘ 2,1 ʤʽʣʴʷʨʜʽʚ ʧʨʠʩʪʨʦʾʚ ʜʦ 2028 ʨʦʢʫ [3].  

ɺʽʜʙʫʚʘʻʪʴʩʷ ʨʦʟʚʠʪʦʢ ʤʝʨʝʞʽ IoT ʧʨʠʩʪʨʦʾʚ, ʱʦ ʚʠʤʘʛʘʶʪʴ ʤʫʣʴʪʠʤʝʜʽʡʥʠʭ 

ʢʦʤʫʥʽʢʘʮʽʡ ʚʠʩʦʢʦʾ ʧʨʦʧʫʩʢʥʦʾ ʟʜʘʪʥʦʩʪʽ ʪʘ ʥʠʟʴʢʦʾ ʟʘʪʨʠʤʢʠ. ʇʨʠʢʣʘʜʦʤ ʤʦʞʫʪʴ 

ʙʫʪʠ ʩʣʫʞʙʠ ʤʦʥʽʪʦʨʠʥʛʫ ʨʦʟʫʤʥʦʛʦ ʤʽʩʪʘ ʚ ʨʝʘʣʴʥʦʤʫ ʯʘʩʽ, ʪʘʢʽ ʷʢ ʩʠʩʪʝʤʠ ʢʘʤʝʨ 

ʩʧʦʩʪʝʨʝʞʝʥʥʷ, ʚʽʜʩʪʝʞʝʥʥʷ ʪʨʘʥʩʧʦʨʪʥʠʭ ʟʘʩʦʙʽʚ, ʢʦʥʪʨʦʣʴ ʨʫʭʫ, ʤʦʥʽʪʦʨʠʥʛ 

ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ, ʚʠʷʚʣʝʥʥʷ ʨʫʭʫ ʦʙ'ʻʢʪʽʚ ʪʦʱʦ. 

ʆʢʨʽʤ IoT, ʚʽʜʙʫʚʘʻʪʴʩʷ ʩʪʨʽʤʢʠʡ ʨʦʟʚʠʪʦʢ ɯʥʪʝʨʥʝʪʫ ʪʨʘʥʩʧʦʨʪʥʠʭ ʟʘʩʦʙʽʚ 

(IoV). ʄʦʙʽʣʴʥʽʩʪʴ ʪʝʨʤʽʥʘʣʫ, ʰʚʠʜʢʽʩʪʴ ʪʘ ʚʽʜʧʦʚʽʜʥʽ ʤʦʙʽʣʴʥʽ ʘʩʧʝʢʪʠ ʻ 

ʬʘʢʪʦʨʘʤʠ, ʱʦ ʚʧʣʠʚʘʶʪʴ ʥʘ ʷʢʽʩʪʴ ʜʦʩʪʘʚʢʠ ʙʝʟʜʨʦʪʦʚʦʛʦ ʚʽʜʝʦ ʚ ʨʘʤʢʘʭ 

ʽʥʪʝʣʝʢʪʫʘʣʴʥʠʭ ʪʨʘʥʩʧʦʨʪʥʠʭ ʩʠʩʪʝʤ (ITS) ʽ ʢʦʤʫʥʽʢʘʮʽʡ Vehicle-to-everything 

(V2X) [4]. 

ʆʯʽʢʫʻʪʴʩʷ, ʱʦ ʚ ʥʘʡʙʣʠʞʯʠʡ ʯʘʩ ʟʘʛʘʣʴʥʠʡ ʛʣʦʙʘʣʴʥʠʡ ʪʨʘʬʽʢ ʤʦʙʽʣʴʥʠʭ 

ʜʘʥʠʭ  ʜʦʩʷʛʥʝ 130 ʝʢʩʘʙʘʡʪʽʚ ʥʘ ʤʽʩʷʮʴ, ʘ ʚ 2029 ʨʦʮʽ ʮʝʡ ʧʦʢʘʟʥʠʢ ʟʨʦʩʪʝ 

ʧʨʠʙʣʠʟʥʦ ʚ 3 ʨʘʟʠ ʪʘ ʜʦʩʷʛʥʝ 403 ʝʢʩʘʙʘʡʪʠ ʥʘ ʤʽʩʷʮʴ. ʇʨʦʛʥʦʟʦʚʘʥʠʡ ʨʦʩʪ 

ʪʨʘʬʽʢʫ ʜʦ 2029 ʨ. ʧʝʨʝʜʙʘʯʘʻ ʧʨʠʧʫʱʝʥʥʷ, ʱʦ ʧʦʯʘʪʢʦʚʝ ʚʧʨʦʚʘʜʞʝʥʥʷ ʧʦʩʣʫʛ 

ʪʠʧʫ XR, ʚʢʣʶʯʘʶʯʠ AR, VR ʽ ʟʤʽʰʘʥʫ ʨʝʘʣʴʥʽʩʪʴ (MR), ʚʽʜʙʫʜʝʪʴʩʷ ʫ ʜʨʫʛʽʡ 

ʯʘʩʪʠʥʽ ʧʨʦʛʥʦʟʦʚʘʥʦʛʦ ʧʝʨʽʦʜʫ. ɿʘ ʦʮʽʥʢʘʤʠ, ʥʘ ʢʽʥʝʮʴ 2023 ʨʦʢʫ ʚʽʜʝʦʪʨʘʬʽʢ 

ʩʪʘʥʦʚʠʚ 73 ʚʽʜʩʦʪʢʠ ʚʩʴʦʛʦ ʪʨʘʬʽʢʫ ʤʦʙʽʣʴʥʠʭ ʜʘʥʠʭ. 

ɺʽʜʧʦʚʽʜʥʦ ʜʦ ʦʩʪʘʥʥʴʦʛʦ ʟʚʽʪʫ ʢʦʤʧʘʥʽʾ Ericsson ʧʨʦ ʤʦʙʽʣʴʥʽʩʪʴ ʦʯʽʢʫʻʪʴʩʷ, 

ʱʦ ʜʦ 2027 ʨʦʢʫ ʦʙ'ʻʤ ʧʝʨʝʜʘʚʘʻʤʦʛʦ ʚʽʜʝʦʢʦʥʪʝʥʪʫ ʟʨʦʩʪʝ ʚʪʨʠʯʽ ʪʘ ʩʢʣʘʜʘʪʠʤʝ 

ʤʘʡʞʝ 80 ʚʽʜʩʦʪʢʽʚ ʤʦʙʽʣʴʥʦʛʦ ʪʨʘʬʽʢʫ[5]. 

ʇʨʦʜʫʢʪʠ ʪʘ ʪʝʭʥʦʣʦʛʽʾ, ʱʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʚʽʜʝʦ, ʧʦʤʽʪʥʦ ʧʨʦʩʫʥʫʣʠʩʷ ʟʘ 

ʨʦʟʜʽʣʴʥʦʶ ʟʜʘʪʥʽʩʪʶ ʟʘ ʦʩʪʘʥʥʽ ʨʦʢʠ, ʧʝʨʝʡʰʦʚʰʠ ʜʦ ʥʘʜʚʠʩʦʢʦʾ ʨʦʟʜʽʣʴʥʦʾ 

ʟʜʘʪʥʦʩʪʽ 4K ʪʘ 8K. ʎʝ ʩʪʘʣʦ ʤʦʞʣʠʚʠʤ ʟʘʚʜʷʢʠ ʨʦʟʚʠʪʢʫ ʢʦʤʧʣʝʢʩʫ ʪʝʭʥʦʣʦʛʽʡ ʷʢ 

ʪʦ ʟʙʽʣʴʰʝʥʥʷ ʧʦʪʫʞʥʦʩʪʽ DSP ʽ GPU, ʘ ʪʘʢʦʞ ʨʦʟʚʠʪʢʫ ʤʝʨʝʞʝʚʠʭ ʪʝʭʥʦʣʦʛʽʡ, 

ʦʧʠʩʘʥʠʭ ʚʠʱʝ. ʈʦʟʚʠʪʢʫ 8ʂ ʚʽʜʝʦ ʩʧʠʷʻ ʨʦʟʨʦʙʢʘ ʝʢʦʩʠʩʪʝʤʠ ʜʣʷ ʩʪʚʦʨʝʥʥʷ ʪʘʢʦʛʦ 

ʢʦʥʪʝʥʪʫ (ʧʨʦʬʝʩʽʡʥʽ ʢʘʤʝʨʠ ʪʘ ʢʘʤʝʨʠ ʤʦʙʽʣʴʥʠʭ ʪʝʣʝʬʦʥʽʚ) ʪʘ ʚʜʦʩʢʦʥʘʣʝʥʥʷ 

ʝʬʝʢʪʠʚʥʦʩʪʽ ʢʦʜʫʚʘʥʥʷ 8K ʚʽʜʝʦ (HEVC ʢʦʜʝʢ). 

ɿʙʽʣʴʰʝʥʥʷ ʨʦʟʜʽʣʴʥʦʾ ʟʜʘʪʥʦʩʪʽ ʚʽʜʝʦ ʢʦʥʪʝʥʪʫ ʪʘ ʥʦʚʽ ʤʦʞʣʠʚʦʩʪʽ 

ʤʝʨʝʞʝʚʠʭ ʪʝʭʥʦʣʦʛʽʡ ʧʦʪʨʝʙʫʚʘʣʠ ʩʪʚʦʨʝʥʥʷ ʥʦʚʠʭ ʩʪʨʘʥʜʘʨʪʽʚ ʝʬʝʢʪʠʚʥʦʛʦ 

ʢʦʜʫʚʘʥʥʷ ʚʽʜʝʦ ʪʘ ʪʨʘʥʩʧʦʨʪʥʠʭ ʧʨʦʪʦʢʦʣʽʚ. ʊʦʤʫ ʫ 2013 ʨʦʮʽ ʙʫʚ ʧʨʠʡʥʷʪʠʡ 

MPEG-H ʩʪʘʥʜʘʨʪ, ʯʘʩʪʠʥʦʶ ʷʢʦʛʦ ʩʪʘʚ ʩʪʘʥʜʘʨʪ ʩʪʠʩʥʝʥʥʷ ʚʽʜʝʦ H.265 (HEVC), ʘ 

ʪʘʢʦʞ ʧʨʦʪʦʢʦʣ ʧʝʨʝʜʘʯʽ ʤʝʜʽʘ ʢʦʥʪʝʥʪʫ ʥʘ ʧʨʠʢʣʘʜʥʦʤʫ ʨʽʚʥʽ MPEG Media 

Transport (MMT). 

ɻʽʙʨʠʜʥʘ ʜʦʩʪʘʚʢʘ ʤʝʜʽʘ ʚʽʜʥʦʩʠʪʴʩʷ ʜʦ ʧʦʻʜʥʘʥʥʷ ʜʦʩʪʘʚʢʠ ʤʝʜʽʘ 
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ʢʦʤʧʦʥʝʥʪʽʚ ʯʝʨʝʟ ʨʽʟʥʽ ʪʠʧʠ ʤʝʨʝʞʽ, ʱʦ ʻ ʦʜʥʽʻʶ ʟ ʥʘʡʚʘʞʣʠʚʽʰʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ 

MMT. ʆʜʥʘʢ ʧʨʠ ʧʝʨʝʜʘʯʽ ʤʝʜʽʘ ʜʘʥʠʭ ʚʠʥʠʢʘʻ ʨʷʜ ʧʨʦʙʣʝʤ: 

1. ʅʝʦʜʥʦʨʽʜʥʽʩʪʴ ʤʝʨʝʞ. ɻʝʪʝʨʦʛʝʥʥʽ ʙʝʟʜʨʦʪʦʚʽ ʤʝʨʝʞʽ ʚʽʜʨʽʟʥʷʶʪʴʩʷ 

ʟʘʣʝʞʥʦ ʚʽʜ ʦʙʤʝʞʝʥʴ ʧʨʦʧʫʩʢʥʦʾ ʟʜʘʪʥʦʩʪʽ, ʟʘʪʨʠʤʦʢ ʪʘ ʯʘʩʪʦʪʠ ʚʪʨʘʪ ʧʘʢʝʪʽʚ. ʎʽ 

ʨʽʟʥʽ ʬʽʟʠʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʩʧʨʠʯʠʥʷʶʪʴ ʘʩʠʤʝʪʨʠʯʥʠʡ ʟʚôʷʟʦʢ ʜʣʷ ʧʝʨʝʜʘʯʽ ʚʽʜʝʦ, ʽ, 

ʦʪʞʝ, ʤʦʞʫʪʴ ʟʥʠʟʠʪʠ ʟʘʛʘʣʴʥʫ ʷʢʽʩʪʴ ʧʦʪʦʢʦʚʦʛʦ ʧʝʨʝʜʘʚʘʥʥʷ. 

2. ʇʦʨʫʰʝʥʠʡ ʧʦʨʷʜʦʢ ʧʘʢʝʪʽʚ. ʇʦʰʠʨʝʥʥʷ ʜʘʥʠʭ ʛʝʪʝʨʦʛʝʥʥʠʤʠ ʰʣʷʭʘʤʠ ʟ 

ʨʽʟʥʠʤʠ ʰʚʠʜʢʦʩʪʷʤʠ ʪʘ ʢʦʣʠʚʘʥʥʷʤʠ ʧʨʦʧʫʩʢʥʦʾ ʟʜʘʪʥʦʩʪʽ ʩʪʚʦʨʶʻ ʧʨʦʙʣʝʤʫ 

ʥʝʧʦʨʷʜʢʦʚʠʭ ʧʘʢʝʪʽʚ. 

3. ʂʦʣʠ ʚ ʙʫʬʝʨʽ ʧʨʠʟʥʘʯʝʥʥʷ ʟʙʝʨʽʛʘʻʪʴʩʷ ʙʘʛʘʪʦ ʧʘʢʝʪʽʚ, ʷʢʽ ʦʯʽʢʫʶʪʴ 

ʚʽʜʢʣʘʜʝʥʠʭ ʧʘʢʝʪʽʚ, ʙʫʬʝʨ ʤʦʞʝ ʧʝʨʝʧʦʚʥʠʪʠʩʷ ʪʘ ʟʘʙʣʦʢʫʚʘʪʠʩʷ. 

4. ʇʨʦʩʪʨʦʯʝʥʽ ʧʘʢʝʪʠ. ʇʘʢʝʪʠ ʚʽʜʝʦʜʘʥʠʭ, ʷʢʽ ʥʘʜʭʦʜʷʪʴ ʜʦ ʧʫʥʢʪʫ 

ʧʨʠʟʥʘʯʝʥʥʷ ʧʽʩʣʷ ʢʽʥʮʝʚʦʛʦ ʪʝʨʤʽʥʫ ʜʝʢʦʜʫʚʘʥʥʷ ʚʽʜʦʤʽ ʷʢ ʧʨʦʩʪʨʦʯʝʥʽ ʧʘʢʝʪʠ. 

ʇʨʷʤʘ ʢʦʨʝʢʮʽʷ ʧʦʤʠʣʦʢ (FEC) ʜʦʧʦʤʦʛʘʻ ʟʥʠʟʠʪʠ ʚʧʣʠʚ ʧʝʨʝʣʽʯʝʥʠʭ ʚʠʱʝ 

ʬʘʢʪʦʨʽʚ ʪʘ ʧʦʢʨʘʱʠʪʠ ʷʢʽʩʪʴ ʧʝʨʝʜʘʯʽ ʤʝʜʽʘ ʜʘʥʠʭ. ʉʪʘʥʜʘʨʪ MPEG-H ʚʠʟʥʘʯʘʻ 

ʜʝʢʽʣʴʢʘ ʘʣʛʦʨʠʪʤʽʚ FEC ʧʨʠʢʣʘʜʥʦʛʦ ʨʽʚʥʷ, ʷʢʽ ʤʦʞʫʪʴ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠʩʷ ʟ 

ʧʨʦʪʦʢʦʣʦʤ MMT. ʇʨʠʢʣʘʜʘʤʠ ʪʘʢʠʭ ʘʣʛʦʨʠʪʤʽʚ ʻ ʢʦʜ ʈʽʜʘ-ʉʦʣʦʤʦʥʘ (RS), Raptor, 

LDGM. 

 ʅʝʦʙʭʽʜʥʠʡ ʢʦʤʧʨʦʤʽʩ ʤʽʞ ʧʨʦʧʫʩʢʥʦʶ ʟʜʘʪʥʽʩʪʶ/ʟʘʪʨʠʤʢʦʶ ʪʘ 

ʥʘʜʣʠʰʢʦʚʽʩʪʶ FEC. ʍʦʯʘ ʙʽʣʴʰʘ ʥʘʜʣʠʰʢʦʚʽʩʪʴ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʢʨʘʱʦʾ 

ʚʽʜʥʦʚʣʶʚʘʥʦʩʪʽ, ʚʦʥʘ ʪʘʢʦʞ ʟʙʽʣʴʰʫʻ ʦʙôʻʤ ʜʘʥʠʭ ʜʣʷ ʧʝʨʝʜʘʯʽ ʽ ʨʽʚʝʥʴ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʦʙôʻʤʫ ʢʘʥʘʣʫ ʧʝʨʝʜʘʯʽ. ʆʪʞʝ, ʡʤʦʚʽʨʥʽʩʪʴ ʧʝʨʝʚʘʥʪʘʞʝʥʥʷ, ʟʤʽʥʠ 

ʧʦʨʷʜʢʫ ʧʘʢʝʪʽʚ, ʟʘʪʨʠʤʢʠ ʜʝʢʦʜʫʚʘʥʥʷ FEC ʽ ʟʘʛʘʣʴʥʦʾ ʟʘʪʨʠʤʢʠ ʧʝʨʝʜʘʯʽ ʜʘʥʠʭ 

ʧʽʜʚʠʱʫʻʪʴʩʷ, ʦʩʦʙʣʠʚʦ ʟʘ ʥʘʷʚʥʦʩʪʽ ʧʘʢʝʪʥʠʭ ʚʪʨʘʪ. ʊʦʤʫ ʜʣʷ ʤʽʥʽʤʽʟʘʮʽʾ ʮʠʭ 

ʧʨʦʙʣʝʤ ʽ ʤʘʢʩʠʤʽʟʘʮʽʾ ʚʽʜʥʦʚʣʶʚʘʥʦʩʪʽ ʧʦʪʨʽʙʝʥ ʘʜʘʧʪʠʚʥʠʡ FEC, ʜʣʷ ʷʢʦʛʦ 

ʤʦʞʥʘ ʟʤʽʥʶʚʘʪʠ ʧʘʨʘʤʝʪʨʠ (ʥʘʧʨʠʢʣʘʜ, ʨʦʟʤʽʨ ʧʘʢʝʪʘ ʽ ʥʘʜʣʠʰʢʦʚʽʩʪʴ) ʚʽʜʧʦʚʽʜʥʦ 

ʜʦ ʩʪʘʥʫ ʢʘʥʘʣʫ ʤʝʨʝʞʽ ʘʙʦ ʥʘ ʦʩʥʦʚʽ ʚʘʞʣʠʚʦʩʪʽ ʚʤʽʩʪʫ ʜʘʥʠʭ. ʅʘʧʨʠʢʣʘʜ, 

ʩʠʣʴʥʽʰʠʡ FEC ʤʦʞʝ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠʩʷ ʚ ʢʘʥʘʣʽ ʟ ʙʽʣʴʰʠʤʠ ʚʪʨʘʪʘʤʠ, ʘʣʝ ʪʘʢʠʡ 

ʨʽʚʝʥʴ ʥʝ ʧʦʪʨʽʙʝʥ ʫ ʙʽʣʴʰ ʩʪʘʙʽʣʴʥʦʤʫ ʢʘʥʘʣʽ ʟ ʤʝʥʰʠʤ ʚʽʜʩʦʪʢʦʤ ʚʪʨʘʪ, ʘʙʦ 

ʙʽʣʴʰ ʥʘʜʽʡʥʠʡ FEC ʪʘʢʦʞ ʤʦʞʝ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠʩʷ ʣʠʰʝ ʜʣʷ I-ʢʘʜʨʽʚ, ʘ ʥʝ ʜʣʷ B- 

ʘʙʦ P-ʢʘʜʨʽʚ ʚʽʜʝʦ. 

ɺ ʜʘʥʽʡ ʨʦʙʦʪʽ ʧʨʦʚʝʜʝʥʦ ʤʦʜʝʣʶʚʘʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʚʠʢʦʨʠʩʪʘʥʥʷ FEC 

ʘʣʛʦʨʠʪʤʽʚ ʟ ʥʝʚʝʣʠʢʦʶ ʤʘʢʩʠʤʘʣʴʥʦʶ ʢʽʣʴʢʽʩʪʶ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʪʘ ʥʘʜʣʠʰʢʦʚʠʭ 

ʩʠʤʚʦʣʽʚ ʙʣʦʢʫ ʜʘʥʠʭ (RS) ʫ 256 ʩʠʤʚʦʣʽʚ ʪʘ ʬʦʥʪʘʥʥʦʛʦ ʢʦʜʫ Raptor, ʷʢʠʡ ʤʘʻ 

ʤʽʥʽʤʘʣʴʥʝ ʦʙʤʝʞʝʥʥʷ ʫ 8192 ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʩʠʤʚʦʣʽʚ, ʘʣʝ ʥʘʙʘʛʘʪʦ ʙʽʣʴʰʫ 

ʢʽʣʴʢʽʩʪʴ ʥʘʜʣʠʰʢʦʚʠʭ ʩʠʤʚʦʣʽʚ. 

ʊʝʩʪʦʚʘ ʩʭʝʤʘ ʦʮʽʥʢʠ ʝʬʝʢʪʠʚʥʦʩʪʽ ʟʘʚʘʜʦʩʪʽʡʢʠʭ ʘʣʛʦʨʠʪʤʽʚ ʧʨʝʜʩʪʘʚʣʝʥʘ 

ʥʘ ʨʠʩ. 1. 

 
ʈʠʩ. 1. ʉʭʝʤʘ ʦʮʽʥʢʠ ʝʬʝʢʪʠʚʥʦʩʪʽ ʘʣʛʦʨʠʪʤʽʚ ʟʘʚʘʜʦʩʪʽʡʢʦʛʦ ʢʦʜʫʚʘʥʥʷ.  
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ʇʝʨʰʠʤ ʢʨʦʢʦʤ ʻ ʬʦʨʤʫʚʘʥʥʷ ʧʦʪʦʢʫ ʟʦʙʨʘʞʝʥʴ, ʷʢʠʡ ʽʤʽʪʫʻ ʧʦʪʦʢ 

ʢʣʶʯʦʚʠʭ ʢʘʜʨʽʚ ʚʽʜʝʦ ʟʘʜʘʥʦʛʦ ʦʙôʻʤʫ (ʜʣʷ 2K ʚʽʜʝʦ ï 20 Mbps, 4K ï 60 

Mbps, 8K ï 100 Mbps). ɼʘʥʽ ʧʝʨʝʜʘʶʪʴʩʷ ʥʘ FEC ʢʦʜʫʚʘʥʥʷ, ʜʣʷ ʷʢʦʛʦ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠʩʴ ʨʽʟʥʽ ʟʥʘʯʝʥʥʷ ʧʨʦʤʽʞʢʫ ʬʦʨʤʫʚʘʥʥʷ ʙʣʦʢʫ (ʱʦ 

ʚʠʟʥʘʯʘʣʦ ʨʦʟʤʽʨ ʙʣʦʢʫ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʰʚʠʜʢʦʩʪʽ ʧʦʪʦʢʫ ʜʘʥʠʭ), ʘ ʪʘʢʦʞ 

ʨʘʟʥʠʡ ʨʽʚʝʥʴ ʥʘʜʣʠʰʢʦʚʦʩʪʽ ʢʦʜʫʚʘʥʥʷ. ʇʦʪʦʢ ʦʨʠʛʽʥʘʣʴʥʠʭ ʪʘ 

ʥʘʜʣʠʰʢʦʚʠʭ ʜʘʥʠʭ ʧʝʨʝʜʘʚʘʚʩʷ ʥʘ ʤʦʜʝʣʴ ʢʘʥʘʣʫ, ʷʢʘ ʽʤʽʪʫʚʘʣʘ ʦʜʠʥʽʯʥʽ ʪʘ 

ʩʝʨʽʡʥʽ ʚʪʨʘʪʠ ʚ ʢʘʥʘʣʽ ʟʘʜʘʥʦʾ ʷʢʦʩʪʽ. ʆʩʪʘʪʦʯʥʠʤ ʢʨʦʢʦʤ ʙʫʣʦ FEC 

ʜʝʢʦʜʫʚʘʥʥʷ. 

ɺ ʨʝʟʫʣʴʪʘʪʽ ʧʨʦʚʝʜʝʥʠʭ ʝʢʩʧʝʨʠʤʝʥʪʽʚ ʙʫʣʠ ʦʪʨʠʤʘʥʽ ʟʥʘʯʝʥʥʷ 

ʟʘʪʨʠʤʢʠ ʢʦʜʫʚʘʥʥʷ ʪʘ ʜʝʢʦʜʫʚʘʥʥʷ, ʘ ʪʘʢʦʞ ʩʪʘʪʠʩʪʠʢʘ ʢʽʣʴʢʦʩʪʽ ʧʦʤʠʣʦʢ 

ʜʝʢʦʜʫʚʘʥʥʷ. ɸʥʘʣʽʟ ʨʝʟʫʣʴʪʘʪʽʚ ʧʦʢʘʟʘʚ, ʱʦ RS ʢʦʜ ʟʘʙʝʟʧʝʯʫʻ ʤʽʥʽʤʘʣʴʥʫ 

ʟʘʪʨʠʤʢʫ ʢʦʜʫʚʘʥʥʷ ʪʘ ʜʝʢʦʜʫʚʘʥʥʷ, ʪʘ ʤʘʻ ʥʠʟʢʽ ʧʦʢʘʟʥʠʢʠ ʢʽʣʴʢʦʩʪʽ 

ʧʦʤʠʣʦʢ ʜʝʢʦʜʫʚʘʥʥʷ ʧʨʠ ʦʜʠʥʠʯʥʠʭ ʚʪʨʘʪʘʭ ʚ ʢʘʥʘʣʽ. ɸʣʝ ʧʨʠ ʩʝʨʽʡʥʠʭ 

ʚʪʨʘʪʘʭ RS ʢʦʜ ʤʘʻ ʚʠʩʦʢʽʡ ʨʽʚʝʥʴ ʧʦʤʠʣʦʢ ʜʝʢʦʜʫʚʘʥʥʷ ʧʦ ʧʨʠʯʠʥʽ ʤʘʣʦʛʦ 

ʨʦʟʤʽʨʫ ʙʣʦʢʫ ʜʣʷ ʟʘʜʘʥʠʭ ʰʚʠʜʢʦʩʪʝʡ ʚʽʜʝʦ ʜʘʥʠʭ. Raptor ʢʦʜ ʧʦ ʧʨʠʯʠʥʽ 

ʙʽʣʴʰʦʾ ʢʽʣʴʢʦʩʪʽ ʦʧʝʨʘʮʽʡ ʘʣʛʦʨʠʪʤʫ ʤʘʻ ʙʽʣʴʰʫ ʟʘʪʨʠʤʢʫ ʜʝʢʦʜʫʚʘʥʥʷ, ʘʣʝ 

ʧʨʦʜʝʤʦʥʩʪʨʫʚʘʚ ʤʽʥʽʤʘʣʴʥʫ ʢʽʣʴʢʽʩʪʴ ʧʦʤʠʣʦʢ ʜʝʢʦʜʫʚʘʥʥʷ ʷʢ ʜʣʷ 

ʦʜʠʥʠʯʥʠʭ, ʪʘʢ ʽ ʩʝʨʽʡʥʠʭ ʚʪʨʘʪ ʚ ʢʘʥʘʣʽ ʟʘʚʜʷʢʠ ʟʥʘʯʥʦ ʙʽʣʴʰʽʡ 

ʤʘʢʩʠʤʘʣʴʥʽʡ ʻʤʥʦʩʪʽ ʙʣʦʢʫ ʫ ʧʦʨʽʚʥʷʥʥʽ ʟ RS.  

ɺʠʩʥʦʚʢʠ. ɹʫʚ ʧʨʦʚʝʜʝʥʠʡ ʘʥʘʣʽʟ ʧʨʦʪʦʢʦʣʽʚ ʪʘ ʘʣʛʦʨʠʪʤʽʚ 

ʟʘʚʘʜʦʩʪʽʡʢʦʛʦ ʢʦʜʫʚʘʥʥʷ ʧʨʠʢʣʘʜʥʦʛʦ ʨʽʚʥʷ ʜʣʷ ʧʝʨʝʜʘʯʽ ʚʽʜʝʦ ʜʘʥʠʭ 

ʚʠʩʦʢʦʾ ʷʢʦʩʪʽ. 

1. ʇʨʦʚʝʜʝʥʦ ʤʦʜʫʣʶʚʘʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʚʠʢʦʨʠʩʪʘʥʥʷ ʘʣʛʦʨʠʪʤʽʚ RS 

ʪʘ Raptor ʜʣʷ ʨʽʟʥʠʭ ʰʚʠʜʢʦʩʪʝʡ ʧʦʪʦʢʫ ʚʽʜʝʦ ʜʘʥʠʭ, ʘ ʪʘʢʦʞ ʧʘʨʘʤʝʪʨʽʚ 

ʤʦʜʝʣʽ ʢʘʥʘʣʫ ʧʝʨʝʜʘʯʽ. 

2. ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʤʦʜʝʣʶʚʘʥʥʷ ʟʨʦʙʣʝʥʠʡ ʚʠʩʥʦʚʦʢ, ʱʦ ʟʘʩʪʦʩʫʚʘʥʥʷ 

RS ʘʣʛʦʨʠʪʤʫ ʤʦʞʣʠʚʦ ʜʣʷ ʥʝʚʝʣʠʢʦʾ ʰʚʠʜʢʦʩʪʽ ʚʽʜʝʦ ʧʦʪʦʢʫ (2K ʪʘ ʥʠʞʯʝ), 

ʪʘ ʦʜʠʥʠʯʥʠʭ ʚʩʪʨʘʪʘʭ ʚ ʢʘʥʘʣʽ ʧʝʨʝʜʘʯʽ. Raptor ʘʣʛʦʨʠʪʤ ʟʘʙʝʟʧʝʯʫʻ ʚʠʩʦʢʫ 

ʷʢʽʩʪʴ ʧʝʨʝʜʘʯʽ ʚʽʜʝʦ 4K ʪʘ 8K ʚ ʫʤʦʚʘʭ ʷʢ ʦʜʠʥʠʯʥʠʭ, ʪʘʢ ʽ ʩʝʨʽʡʥʠʭ ʚʪʨʘʪʘʭ 

ʚ ʢʘʥʘʣʽ ʧʝʨʝʜʘʯʽ, ʘʣʝ ʧʦʪʨʝʙʫʻ ʟʥʘʯʥʦ ʙʽʣʴʰʠʭ ʦʙʯʠʩʣʶʚʘʣʴʥʠʭ ʨʝʩʫʨʩʽʚ.  
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AN OVERVIEW ANALYSIS OF CONTAINERIZATION TECHNOLOGIES FOR USE 

IN A HET EROGENEOUS ENVIRONMENT WITH A DYNAMIC ARCHITECTURE  

 

The work is devoted to the actual problem of effective use of computing resources of 

computer clusters for the execution of containerized programs. There are many containerization 

technologies and the execution of containerized programs in a cluster environment, but all of 

them are oriented to execution in computing environments with groups of the same type of 

working computing nodes, the number and configuration of which are mostly unchanged 

throughout the entire period of cluster operation. To date, there is no comprehensive analysis of 

the possibility of using such technologies in a heterogeneous environment with a dynamic 

architecture involving personal or public computing devices. In order to solve this problem, this 

paper proposes comparison criteria and conducts an overview analysis of existing 

containerization technologies using expert evaluation methods. 

 

ʋ ʪʦʡ ʯʘʩ, ʢʦʣʠ ʧʦʧʠʪ ʥʘ ʽʥʬʦʨʤʘʮʽʡʥʽ ʦʙʯʠʩʣʶʚʘʣʴʥʽ ʨʝʩʫʨʩʠ 

ʟʙʽʣʴʰʫʻʪʴʩʷ ʚ ʟʚôʷʟʢʫ ʟʽ ʟʨʦʩʪʘʶʯʠʤʠ ʦʙʩʷʛʘʤʠ ʜʘʥʠʭ, ʧʦʪʨʝʙʫʶʯʠʭ 

ʦʙʨʦʙʢʠ, ʘʢʪʫʘʣʴʥʠʤʠ ʩʪʘʶʪʴ ʧʨʦʙʣʝʤʠ ʝʬʝʢʪʠʚʥʦʛʦ ʢʝʨʫʚʘʥʥʷ ʪʘʢʠʤʠ 

ʨʝʩʫʨʩʘʤʠ ʟ ʤʦʞʣʠʚʽʩʪʶ ʟʤʽʥʶʚʘʪʠ ʾʭ ʢʽʣʴʢʽʩʪʴ ʪʘ ʧʦʪʫʞʥʽʩʪʴ ʚʽʜʧʦʚʽʜʥʦ ʜʦ 

ʧʦʪʦʯʥʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ, ʷʢʝ ʤʦʞʝ ʜʠʥʘʤʽʯʥʦ ʟʤʽʥʶʚʘʪʠʩʴ ʟ ʯʘʩʦʤ ʷʢ 

ʚʧʨʦʜʦʚʞ ʜʦʙʠ ʪʘʢ ʽ ʚ ʙʽʣʴʰ ʜʦʚʛʦʪʨʠʚʘʣʦʤʫ ʧʝʨʽʦʜʽ. ʆʩʥʦʚʥʠʤ ʨʽʰʝʥʥʷʤ 

ʮʠʭ ʧʨʦʙʣʝʤ ʻ ʦʙʯʠʩʣʶʚʘʣʴʥʽ ʭʤʘʨʥʽ ʩʝʨʚʽʩʠ, ʷʢʽ ʜʦʟʚʦʣʷʶʪʴ ʚʘʨʽʶʚʘʪʠ 

ʢʽʣʴʢʽʩʪʶ ʦʙʯʠʩʣʶʚʘʣʴʥʠʭ ʚʫʟʣʽʚ ʨʦʟʧʦʜʽʣʝʥʠʭ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʩʝʨʝʜʦʚʠʱ. ɰʭ 

ʧʦʩʣʫʛʠ ʟʚʦʜʷʪʴʩʷ ʜʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʛʨʫʧ ʦʜʥʦʪʠʧʥʠʭ ʨʦʙʦʯʠʭ 

ʦʙʯʠʩʣʶʚʘʣʴʥʠʭ ʚʫʟʣʽʚ, ʢʦʥʬʽʛʫʨʘʮʽʷ ʽ ʦʧʝʨʘʮʽʡʥʽ ʩʝʨʝʜʦʚʠʱʘ ʷʢʠʭ ʻ 

ʦʜʥʘʢʦʚʦʶ ʚ ʨʘʤʢʘʭ ʛʨʫʧʠ, ʘ ʢʽʣʴʢʽʩʪʴ ʟʤʽʥʶʻʪʴʩʷ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ 

ʥʘʚʘʥʪʘʞʝʥʥʷ. ɺ ʪʦʡ ʞʝ ʯʘʩ, ʚ ʢʦʨʧʦʨʘʪʠʚʥʠʭ ʤʝʨʝʞʘʭ ʽʩʥʫʻ ʚʝʣʠʢʘ ʢʽʣʴʢʽʩʪʴ 

ʦʜʠʥʠʮʴ ʢʦʤʧôʶʪʝʨʥʦʾ ʪʝʭʥʽʢʠ, ʷʢʽ ʻ ʚʚʽʤʢʥʝʥʠʤʠ ʚʧʨʦʜʦʚʞ ʚʩʴʦʛʦ ʨʦʙʦʯʦʛʦ 

ʯʘʩʫ ʽ ʤʦʞʫʪʴ ʨʦʟʛʣʷʜʘʪʠʩʴ ʷʢ ʦʙʯʠʩʣʶʚʘʣʴʥʽ ʚʫʟʣʠ ʜʣʷ ʧʦʙʫʜʦʚʠ ʚʣʘʩʥʦʾ 

ʢʦʨʧʦʨʘʪʠʚʥʦʾ ʭʤʘʨʠ. ʋ ʪʘʢʦʾ ʭʤʘʨʠ ʻ ʙʘʛʘʪʦ ʥʝʜʦʣʽʢʽʚ ʧʦʨʽʚʥʷʥʦ ʟ 

ʢʦʤʝʨʮʽʡʥʠʤʠ ʭʤʘʨʥʠʤʠ ʨʽʰʝʥʥʷʤʠ, ʘʣʝ ʻ ʜʚʽ ʧʝʨʝʚʘʛʠ, ʷʢʽ ʜʦʟʚʦʣʷʶʪʴ 

ʧʦʟʠʪʠʚʥʦ ʦʮʽʥʶʚʘʪʠ ʜʦʮʽʣʴʥʽʩʪʴ ʾʾ ʩʪʚʦʨʝʥʥʷ, ʘ ʩʘʤʝ ʚʽʜʥʦʩʥʘ ʥʠʟʴʢʘ 

ʚʘʨʪʽʩʪʴ ʚʦʣʦʜʽʥʥʷ ʽ ʤʦʞʣʠʚʽʩʪʴ ʧʦʚʥʦʾ ʽʟʦʣʷʮʽʾ, ʱʦ ʜʦʟʚʦʣʷʻ ʦʙʨʦʙʣʷʪʠ ʜʘʥʽ 

ʟ ʦʙʤʝʞʝʥʠʤ ʜʦʩʪʫʧʦʤ. ʆʙʯʠʩʣʶʚʘʣʴʥʽ ʚʫʟʣʠ ʪʘʢʦʾ ʭʤʘʨʠ ʤʘʶʪʴ ʚʽʜʥʦʩʥʦ 

ʢʦʨʦʪʢʦʩʪʨʦʢʦʚʠʡ ʽ ʥʝʜʝʪʝʨʤʽʥʦʚʘʥʠʡ ʯʘʩ ʞʠʪʪʷ ʩʚʦʾʭ ʦʙʯʠʩʣʶʚʘʣʴʥʠʭ 

ʘʛʝʥʪʽʚ, ʘ ʢʦʥʬʽʛʫʨʘʮʽʷ ʽ ʦʧʝʨʘʮʽʡʥʝ ʩʝʨʝʜʦʚʠʱʝ ʻ ʛʝʪʝʨʦʛʝʥʥʠʤ. ɼʣʷ 

ʧʦʙʫʜʦʚʠ ʽʥʬʦʨʤʘʮʽʡʥʦʾ ʦʙʯʠʩʣʶʚʘʣʴʥʦʾ ʩʠʩʪʝʤʠ ʚ ʧʦʧʝʨʝʜʥʽʭ ʨʦʙʦʪʘʭ [1], 

[2] ʙʫʣʦ ʧʨʠʡʥʷʪʝ ʨʽʰʝʥʥʷ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʘʨʭʽʪʝʢʪʫʨʥʠʡ ʧʽʜʭʽʜ 
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ʤʽʢʨʦʩʝʨʚʽʩʽʚ ʽ ʪʝʭʥʦʣʦʛʽʾ ʢʦʥʪʝʡʥʝʨʠʟʘʮʽʾ ʯʝʨʝʟ ʾʭ ʢʨʦʩʧʣʘʪʬʦʨʤʝʥʽʩʪʴ. ɺ 

ʜʘʥʦʤʫ ʚʠʧʘʜʢʫ ʪʝʨʤʽʥ çʪʝʭʥʦʣʦʛʽʷ ʢʦʥʪʝʡʥʝʨʠʟʘʮʽʾè ʚʢʣʶʯʘʻ ʚ ʩʝʙʝ 

ʧʨʦʛʨʘʤʥʽ ʢʦʤʧʦʥʝʥʪʠ, ʷʢʽ ʧʨʘʮʶʶʪʴ ʥʘ ʨʽʟʥʠʭ ʨʽʚʥʷʭ ʘʙʩʪʨʘʢʮʽʾ, ʘ ʩʘʤʝ:  

- ʩʝʨʝʜʦʚʠʱʝ ʚʠʢʦʥʘʥʥʷ ʢʦʥʪʝʡʥʝʨʽʚ, ʪʦʙʪʦ ʢʦʤʧʦʥʝʥʪʠ, ʷʢʽ ʩʪʚʦʨʶʶʪʴ, 

ʟʘʧʫʩʢʘʶʪʴ, ʪʘ ʢʝʨʫʶʪʴ ʚʣʘʩʥʝ ʢʦʥʪʝʮʥʝʨʘʤʠ; 

- ʧʣʘʪʬʦʨʤʘ ʢʦʥʪʝʡʥʝʨʠʟʘʮʽʾ, ʷʢʘ, ʚ ʧʦʻʜʥʘʥʥʽ ʽʟ ʩʝʨʝʜʦʚʠʱʝʤ ʚʠʢʦʥʘʥʥʷ ʪʘ 

ʽʥʰʠʤʠ ʢʦʤʧʦʥʝʥʪʘʤʠ, ʜʦʟʚʦʣʷʻ ʟʘʧʫʩʢʘʪʠ ʥʝʦʙʭʽʜʥʽ ʢʦʥʪʝʡʥʝʨʠʟʦʚʘʥʽ 

ʤʽʢʨʦʩʝʨʚʽʩʠ ʚ ʢʦʥʪʝʡʥʝʨʽ ʪʘ ʜʦʟʚʦʣʷʪʠ ʢʦʥʪʝʡʥʝʨʘʤ ʢʦʤʫʥʽʢʫʚʘʪʠ ʤʽʞ 

ʩʦʙʦʶ; 

- ʦʨʢʝʩʪʨʘʪʦʨ ʢʦʥʪʝʡʥʝʨʽʚ, ʷʢʠʡ ʻ ʥʘʜʙʫʜʦʚʦʶ ʥʘʜ ʧʣʘʪʬʦʨʤʦʶ 

ʢʦʥʪʝʡʥʝʨʠʟʘʮʽʾ, ʷʢʘ ʜʦʟʚʦʣʷʻ ʤʘʩʰʪʘʙʫʚʘʪʠ ʢʽʣʴʢʽʩʪʴ ʢʦʧʽʡ ʦʜʥʦʛʦ ʽ ʪʦʛʦ 

ʩʘʤʦʛʦ ʢʦʥʪʝʡʥʝʨʘ, ʙʘʣʘʥʩʫʚʘʪʠ ʥʘʚʘʥʪʘʞʝʥʥʷ ʤʽʞ ʥʠʤʠ ʢʝʨʫʚʘʪʠ ʞʠʪʪʻʚʠʤ 

ʮʠʢʣʦʤ ʽ ʪʘʢ ʜʘʣʽ. 

ɼʣʷ ʧʨʦʚʝʜʝʥʥʷ ʢʦʤʧʣʝʢʩʥʦʛʦ ʘʥʘʣʽʟʫ ʪʝʭʥʦʣʦʛʽʡ ʢʦʥʪʝʡʥʝʨʠʟʘʮʽʾ ʱʦʜʦ 

ʤʦʞʣʠʚʦʩʪʽ ʚʠʢʦʨʠʩʪʘʥʥʷ ʫ ʛʝʪʝʨʦʛʝʥʥʦʤʫ ʩʝʨʝʜʦʚʠʱʽ ʟ ʜʠʥʘʤʽʯʥʦʶ 

ʘʨʭʽʪʝʢʪʫʨʦʶ ʽʟ ʟʘʣʫʯʝʥʥʷʤ ʦʙʯʠʩʣʶʚʘʣʴʥʠʭ ʧʨʠʩʪʨʦʾʚ ʧʝʨʩʦʥʘʣʴʥʠʭ ʘʙʦ 

ʟʘʛʘʣʴʥʦʛʦ ʢʦʨʠʩʪʫʚʘʥʥʷ ʧʨʦʧʦʥʫʻʪʴʩʷ ʚʠʜʽʣʠʪʠ ʢʨʠʪʝʨʽʾ ʜʣʷ ʾʭ ʦʮʽʥʢʠ, ʧʽʩʣʷ 

ʯʦʛʦ ʟʘ ʜʦʧʦʤʦʛʦʶ ʝʢʩʧʝʨʪʥʠʭ ʤʝʪʦʜʽʚ ʚʠʙʨʘʪʠ ʪʽ ʪʝʭʥʦʣʦʛʽʾ, ʷʢʽ ʥʘʡʙʽʣʴʰ ʾʤ 

ʚʽʜʧʦʚʽʜʘʶʪʴ. 

ʉʝʨʝʜʦʚʠʱʘ ʚʠʢʦʥʘʥʥʷ ʢʦʥʪʝʡʥʝʨʽʚ. ɼʣʷ ʦʮʽʥʢʠ ʩʝʨʝʜʦʚʠʱʘ 

ʚʠʢʦʥʘʥʥʷ ʢʦʥʪʝʡʥʝʨʽʚ ʧʨʦʧʦʥʫʻʪʴʩʷ ʚʠʜʽʣʠʪʠ ʥʘʩʪʫʧʥʽ ʢʨʠʪʝʨʽʾ, ʘ ʜʣʷ 

ʚʨʘʭʫʚʘʥʥʷ ʩʪʫʧʝʥʶ ʾʭ ʚʧʣʠʚʫ ʥʘ ʟʘʛʘʣʴʥʫ ʦʮʽʥʢʫ ʟʘ ʜʦʧʦʤʦʛʦʶ ʝʢʩʧʝʨʪʥʦʛʦ 

ʤʝʪʦʜʫ ʧʦʧʘʨʥʦʛʦ ʧʦʨʽʚʥʷʥʥʷ ʽʟ ʟʘʣʫʯʝʥʥʷʤ 5 ʝʢʩʧʝʨʪʽʚ, ʧʽʩʣʷ ʘʥʘʣʽʟʫ 

ʫʟʛʦʜʞʝʥʦʩʪʽ ʦʮʽʥʦʢ ʙʫʣʦ ʦʪʨʠʤʘʥʦ ʥʘʩʪʫʧʥʽ ʚʘʛʦʚʽ ʢʦʝʬʽʮʽʻʥʪʠ.  
 

ʊʘʙʣ. 1. ʂʨʠʪʝʨʽʾ ʜʣʷ ʦʮʽʥʢʠ ʩʝʨʝʜʦʚʠʱ ʚʠʢʦʥʘʥʥʷ  

ʢʦʥʪʝʡʥʝʨʽʚ ʽʟ ʚʘʛʦʚʠʤʠ ʢʦʝʬʽʮʽʻʥʪʘʤʠ. 
ˉ ʅʘʟʚʘ ʢʨʠʪʝʨʽʶ ɺ.ʢʦʝʬ. 

1 ʃʽʮʝʥʟʽʷ ʚʠʢʦʨʠʩʪʘʥʥʷ ʩʝʨʝʜʦʚʠʱʘ ʚʠʢʦʥʘʥʥʷ ʢʦʥʪʝʡʥʝʨʽʚ. 0.125 

2 ʆʧʝʨʘʮʽʡʥʽ ʩʠʩʪʝʤʠ, ʥʘ ʷʢʠʭ ʻ ʤʦʞʣʠʚʽʩʪʴ ʟʘʧʫʩʪʠʪʠ ʜʦʜʘʪʦʢ.  0.75 

3 ʉʢʣʘʜʥʽʩʪʴ ʚʠʢʦʨʠʩʪʘʥʥʷ ʽʥʪʝʨʬʝʡʩʫ ʜʦʜʘʪʢʫ.   0.125 

4 ʈʽʚʝʥʴ ʙʝʟʧʝʢʠ ʟ ʪʦʯʢʠ ʟʦʨʫ ʽʟʦʣʴʦʚʘʥʦʩʪʽ ʢʦʥʪʝʡʥʝʨʽʚ ʜʣʷ ʚʣʘʩʥʠʢʘ 

ʦʙʯʠʩʣʶʚʘʣʴʥʦʛʦ ʚʫʟʣʘ.  
0.875 

5 ʉʫʤʽʩʥʽʩʪʴ ʽʟ Kubernetes. Kubernetes ʻ ʦʜʥʠʤ ʽʟ ʥʘʡʧʦʧʫʣʷʨʥʽʰʠʭ 

ʢʦʥʪʝʡʥʝʨʥʠʭ ʦʨʢʝʩʪʨʘʪʦʨʽʚ ʽ ʩʫʤʽʩʥʽʩʪʴ ʢʦʥʪʝʡʥʝʨʥʦʛʦ ʚʠʢʦʥʘʚʮʷ ʽʟ ʥʠʤ ʻ 

ʚʘʞʣʠʚʠʤ ʢʨʠʪʝʨʽʻʤ.  

0.5 

6 ʉʫʤʽʩʥʽʩʪʴ ʟʽ Swarm. ɺʠʢʦʨʠʩʪʘʥʥʷ ʪʘʢʦʛʦ ʟʘʩʦʙʫ ʦʨʢʝʩʪʨʘʮʽʾ ʷʢ Docker 

Swarm ʻ ʦʜʥʠʤ ʟ ʥʘʡʟʨʫʯʥʽʰʠʭ ʪʘ ʥʘʡʣʝʛʰʠʭ ʚʘʨʽʘʥʪʽʚ ʜʣʷ ʧʦʙʫʜʦʚʠ 

ʤʽʢʨʦʩʝʨʚʽʩʥʦʾ ʘʨʭʽʪʝʢʪʫʨʠ.  

0.93 

7 ʏʘʩʪʦʪʘ ʦʥʦʚʣʝʥʴ ʜʦʜʘʪʢʫ, ʷʢʘ ʩʚʽʜʯʠʪʴ ʷʢ ʯʘʩʪʦ ʚʠʢʦʥʫʶʪʴʩʷ ʦʥʦʚʣʝʥʥʷ ʪʘ 

ʚʠʧʨʘʚʣʝʥʥʷ ʧʦʤʠʣʦʢ. 
0.125 

8 ʃʝʛʢʦʚʘʞʥʽʩʪʴ ʜʦʜʘʪʢʫ, ʪʦʙʪʦ ʩʢʽʣʴʢʠ ʥʝʦʙʭʽʜʥʦ ʨʝʩʫʨʩʽʚ ʜʣʷ ʡʦʛʦ ʨʦʙʦʪʠ. 0.5 

9 ɿʜʘʪʥʽʩʪʴ ʜʦ ʨʦʙʦʪʠ ʚ ʜʠʥʘʤʽʯʥʽʡ ʘʨʭʽʪʝʢʪʫʨʽ ï ʚʠʨʘʞʘʻ ʦʧʝʨʘʮʽʡʥʫ 

ʩʢʣʘʜʥʽʩʪʴ ʩʪʚʦʨʝʥʥʷ ʪʘ ʚʠʜʘʣʝʥʥʷ ʩʝʨʝʜʦʚʠʱʘ ʜʣʷ ʚʠʢʦʥʘʥʥʷ ʢʦʥʪʝʡʥʝʨʘ.  
0.93 

 

ʈʝʟʫʣʴʪʘʪʠ ʝʢʩʧʝʨʪʥʦʛʦ ʦʮʽʥʶʚʘʥʥʷ ʥʘʡʙʽʣʴʰ ʧʦʧʫʣʷʨʥʠʭ ʩʝʨʝʜʦʚʠʱ 

ʚʠʢʦʥʘʥʥʷ ʢʦʥʪʝʡʥʝʨʽʚ ʟʘ ʧʨʦʧʦʥʦʚʘʥʠʤʠ ʢʨʠʪʝʨʽʷʤʠ ʽ ʚʘʛʦʚʠʤʠ 

ʢʦʝʬʽʮʽʻʥʪʘʤʠ ʥʘʚʝʜʝʥʽ ʫ ʪʘʙʣʠʮʽ 2.  
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ʊʘʙʣ. 2. ʇʦʨʽʚʥʷʣʴʥʘ ʪʘʙʣʠʮʷ ʩʝʨʝʜʦʚʠʱ ʚʠʢʦʥʘʥʥʷ ʢʦʥʪʝʡʥʝʨʽʚ. 

ʂʨʠʪʝʨʽʡ ʃʽʮʝʥʟʽʷ 
ʆʧʝʨ. 

ʩʠʩʪʝʤʠ 

ʉʢʣʘʜʥ. 

ʽʥʪʝʨʬ. 

ʈʽʚʝʥʴ 

ʙʝʟʧ. 

ʉʫʤ. ʽʟ 

Kuber. 

ʉʫʤ. ʽʟ 

Swarm 

ʏʘʩʪ. 

ʦʥʦʚʣ. 

ʃʝʛʢʦʚ

ʘʞʥʽʩʪʴ 

ɼʠʥ. 

ʘʨʭ. 

ɺʘʛ.ʢʦʝʬ. 0.1 0.8 0.1 0.8 0.6 1 0.1 0.5 0.93 

ʊʝʭʥʦʣʦʛʽʷ 

containerd 3 4 4 2.5 3 7 3.5 4 3 

CRI-O 3 2 3 3 3 1 3.5 3 3 

Linux 

containers 
1 2 2 1.5 1 1 2 1.5 1 

rkt 3 2 1 3 3 1 1 1.5 3 

 

ʇʽʩʣʷ ʧʨʦʚʝʜʝʥʥʷ ʥʝʦʙʭʽʜʥʠʭ ʨʦʟʨʘʭʫʥʢʽʚ ʙʫʣʦ ʧʨʦʚʝʜʝʥʦ ʨʘʥʞʫʚʘʥʥʷ 

ʨʦʟʛʣʷʥʫʪʠʭ ʢʦʥʪʝʡʥʝʨʥʠʭ ʩʝʨʝʜʦʚʠʱ:  

1. containerd (19.83) 

2. CRI-O (19.3) 

3. Rkt (10.84) 

4. Linux containers (6.58) 

ɿʘ ʦʪʨʠʤʘʥʠʤʠ ʨʝʟʫʣʴʪʘʪʘʤʠ ʤʦʞʥʘ ʟʨʦʙʠʪʠ ʚʠʩʥʦʚʦʢ, ʱʦ containerd 

ʧʽʜʭʦʜʠʪʴ ʜʦ ʚʠʢʦʥʘʥʥʷ ʧʦʩʪʘʚʣʝʥʦʾ ʟʘʜʘʯʽ ʥʘʡʙʽʣʴʰʝ. 

ʇʣʘʪʬʦʨʤʠ ʢʦʥʪʝʡʥʝʨʠʟʘʮʽʾ. ɼʣʷ ʝʢʩʧʝʨʪʥʦʾ ʦʮʽʥʢʠ ʧʣʘʪʬʦʨʤ 

ʢʦʥʪʝʡʥʝʨʠʟʘʮʽʾ, ʧʨʦʧʦʥʫʻʪʴʩʷ ʚʠʜʽʣʠʪʠ ʥʘʩʪʫʧʥʽ ʢʨʠʪʝʨʽʾ ʽ ʙʫʣʠ ʦʪʨʠʤʘʥʽ 

ʥʘʩʪʫʧʥʽ ʚʘʛʦʚʽ ʢʦʝʬʽʮʽʻʥʪʠ. 
 

ʊʘʙʣ. 3. ʂʨʠʪʝʨʽʾ ʜʣʷ ʦʮʽʥʢʠ ʧʣʘʪʬʦʨʤ ʢʦʥʪʝʡʥʝʨʠʟʘʮʽʾ. 

ˉ ʅʘʟʚʘ ʢʨʠʪʝʨʽʶ ɺ.ʢʦʝʬ. 

1 ʇʨʦʜʫʢʪʠʚʥʽʩʪʴ 0.4 

2 ʈʝʩʫʨʩʠ, ʷʢʠʤʠ ʤʦʞʝ ʦʧʝʨʫʚʘʪʠ ʧʣʘʪʬʦʨʤʘ ʢʦʥʪʝʡʥʝʨʠʟʘʮʽʾ. 0.2 

3 ʈʽʚʝʥʴ ʙʝʟʧʝʢʠ.  0.8 

4 ʆʧʝʨʘʮʽʡʥʽ ʩʠʩʪʝʤʠ.  0.6 

5 ʇʽʜʪʨʠʤʢʘ ʦʨʢʝʩʪʨʘʪʦʨʽʚ.  0.2 

6 ʃʝʛʢʦʚʘʞʥʽʩʪʴ ʜʦʜʘʪʢʫ. 0.4 

7 ɿʜʘʪʥʽʩʪʴ ʜʦ ʨʦʙʦʪʠ ʚ ʜʠʥʘʤʽʯʥʽʡ ʘʨʭʽʪʝʢʪʫʨʽ. 0.8 

 

ʈʝʟʫʣʴʪʘʪʠ ʝʢʩʧʝʨʪʥʦʛʦ ʦʮʽʥʶʚʘʥʥʷ ʥʘʡʙʽʣʴʰ ʨʦʟʚʠʥʝʥʠʭ ʧʣʘʪʬʦʨʤ 

ʢʦʥʪʝʡʥʝʨʠʟʘʮʽʾ ʟʘ ʧʨʦʧʦʥʦʚʘʥʠʤʠ ʢʨʠʪʝʨʽʷʤʠ ʽ ʚʘʛʦʚʠʤʠ ʢʦʝʬʽʮʽʻʥʪʘʤʠ 

ʥʘʚʝʜʝʥʽ ʫ ʪʘʙʣʠʮʽ 4. 
ʊʘʙʣ. 4. ʇʦʨʽʚʥʷʣʴʥʘ ʪʘʙʣʠʮʷ ʧʣʘʪʬʦʨʤ ʢʦʥʪʝʡʥʝʨʠʟʘʮʽʾ. 

ʂʨʠʪʝʨʽʡ ʇʨʦʜ-ʪ ɹ ʈʝʩʫʨʩʠ 
ʈʽʚʝʥʴ 

ʙʝʟʧʝʢʠ 

ʆʧʝʨʘʮʽʡʥʽ 

ʩʠʩʪʝʤʠ 

ʇʽʜʪʨʠʤʢʘ 

ʦʨʢʝʩʪʨʘʪʦʨʽʚ 
ʃʝʛʢʦʚʘʞʥʽʩʪʴ 

ɼʠʥʘʤʽʯʥʘ 

ʘʨʭʽʪʝʢʪʫʨʘ 

ɺʘʛ. ʢʦʝʬ. 0.4 0.4 0.6 0.6 0.2 0.4 0.8 

ʇʣʘʪʬʦʨʤʠ 

Docker 3 4 3,33 6 4 3,5 4 

LXC/LXD  4 4 3,33 2 2 4,5 4 

Singularity 3 2 3,33 2 4 2 2 
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ʈʘʥʞʫʚʘʥʥʷ ʧʣʘʪʬʦʨʤ ʟʘ ʢʽʥʮʝʚʠʤʠ ʦʮʽʥʢʘʤʠ ʥʘʩʪʫʧʥʝ: 

1. Docker (13.79) 

2. LXC/LXD (11.79) 

3. Singularity (8.99) 

ɿʘ ʦʪʨʠʤʘʥʠʤʠ ʨʝʟʫʣʴʪʘʪʘʤʠ ʤʦʞʥʘ ʟʨʦʙʠʪʠ ʚʠʩʥʦʚʦʢ, ʱʦ Docker ʻ 

ʥʘʡʙʽʣʴʰ ʧʽʜʭʦʜʷʱʦʶ ʧʣʘʪʬʦʨʤʦʶ ʢʦʥʪʝʡʥʝʨʠʟʘʮʽʾ ʜʣʷ ʚʠʢʦʥʘʥʥʷ 

ʧʦʩʪʘʚʣʝʥʦʾ ʟʘʜʘʯʽ ʟ ʧʦʙʫʜʦʚʠ ʤʽʢʨʦʩʝʨʚʽʩʥʦʾ ʘʨʭʽʪʝʢʪʫʨʠ ʟ ʜʠʥʘʤʽʯʥʦʶ 

ʘʨʭʽʪʝʢʪʫʨʦʶ. 

ʆʨʢʝʩʪʨʘʪʦʨʠ ʢʦʥʪʝʡʥʝʨʽʚ. ɼʣʷ ʝʢʩʧʝʨʪʥʦʾ ʦʮʽʥʢʠ ʩʠʩʪʝʤ ʦʨʢʝʩʪʨʘʮʽʾ 

ʟʘʧʨʦʧʦʥʦʚʘʥʽ ʥʘʩʪʫʧʥʽ ʢʨʠʪʝʨʽʾ ʽ ʦʪʨʠʤʘʥʽ ʥʘʩʪʫʧʥʽ ʚʘʛʦʚʽ ʢʦʝʬʽʮʽʻʥʪʠ. 
 

ʊʘʙʣ. 4. ʂʨʠʪʝʨʽʾ ʜʣʷ ʦʮʽʥʢʠ ʩʠʩʪʝʤ ʦʨʢʝʩʪʨʘʮʽʾ ʢʦʥʪʝʡʥʝʨʽʚ. 

ˉ ʅʘʟʚʘ ʢʨʠʪʝʨʽʶ ɺ.ʢʦʝʬ. 

1 ʊʠʧ ʢʦʥʪʝʡʥʝʨʽʚ, ʽʟ ʷʢʠʤʠ ʦʨʢʝʩʪʨʘʪʦʨ ʟʜʘʪʥʠʡ ʧʨʘʮʶʚʘʪʠ 0.4 

2 ʄʘʩʰʪʘʙʦʚʘʥʽʩʪʴ. ʊʦʙʪʦ, ʢʽʣʴʢʽʩʪʴ ʢʦʥʪʝʡʥʝʨʽʚ, ʷʢʽ 

ʦʨʢʝʩʪʨʘʪʦʨ ʤʦʞʝ ʦʜʥʦʯʘʩʥʦ ʟʘʧʫʩʪʠʪʠ ʪʘ ʢʝʨʫʚʘʪʠ 
0.07 

3 ʅʘʷʚʥʽʩʪʴ ʘʚʪʦʤʘʪʠʯʥʦʛʦ ʤʘʩʰʪʘʙʫʚʘʥʥʷ 0.2 

4 ʅʘʷʚʥʽʩʪʴ ʙʘʣʘʥʩʫʚʘʥʥʷ ʥʘʚʘʥʪʘʞʝʥʥʷ 0.4 

5 ɺʠʷʚʣʝʥʥʷ ʩʝʨʚʽʩʽʚ. ʂʨʠʪʝʨʽʡ ʚʨʘʭʦʚʫʻ ʷʢʽ ʤʝʪʦʜʠ 

ʚʠʢʦʨʠʩʪʦʚʫʻ ʦʨʢʝʩʪʨʘʪʦʨ ʜʣʷ ʟʥʘʭʦʜʞʝʥʥʷ ʢʦʥʪʝʡʥʝʨʽʚ ʽ 

ʢʦʤʤʫʥʽʢʘʮʽʾ ʤʽʞ ʥʠʤʠ. 

0.5 

6 ʄʦʥʽʪʦʨʠʥʛ. ʇʦʚʥʦʪʘ ʽʥʩʪʨʫʤʝʥʪʽʚ ʜʣʷ ʤʦʥʽʪʦʨʠʥʛʫ ʩʪʘʥʫ 

ʢʦʥʪʝʡʥʝʨʽʚ ʪʘ ʩʘʤʦʛʦ ʦʨʢʝʩʪʨʘʪʦʨʘ. 
0.07 

7 ɹʝʟʧʝʢʘ 1 

8 ɿʜʘʪʥʽʩʪʴ ʜʦ ʨʦʙʦʪʠ ʚ ʜʠʥʘʤʽʯʥʽʡ ʘʨʭʽʪʝʢʪʫʨʽ 0.8 

 

ʈʝʟʫʣʴʪʘʪʠ ʝʢʩʧʝʨʪʥʦʛʦ ʦʮʽʥʶʚʘʥʥʷ ʦʨʢʝʩʪʨʘʪʦʨʽʚ ʟʘ ʧʨʦʧʦʥʦʚʘʥʠʤʠ 

ʢʨʠʪʝʨʽʷʤʠ ʽ ʚʘʛʦʚʠʤʠ ʢʦʝʬʽʮʽʻʥʪʘʤʠ ʥʘʚʝʜʝʥʽ ʫ ʪʘʙʣʠʮʽ 5. 

 
ʊʘʙʣ. 5. ʇʦʨʽʚʥʷʣʴʥʘ ʪʘʙʣʠʮʷ ʢʦʥʪʝʡʥʝʨʥʠʭ ʦʨʢʝʩʪʨʘʪʦʨʽʚ. 

ʂʨʠʪʝʨʽʡ 
ʇʽʜʪʨ. 

ʢʦʥʪ. 
ʄʘʩʰʪ. 

ɸʚʪ. 

ʤʘʩʰʪ. 

ɹʘʣʘʥʩ. 

ʥʘʚʘʥʪ. 

ɺʠʷʚʣ. 

ʩʝʨʚʽʩʽʚ 

ʄʦʥʽʪʦʨ

ʠʥʛ 
ɹʝʟʧʝʢʘ ɼʠʥ. ʘʨʭ. 

ɺʘʛʦʚʠʡ 

ʢʦʝʬʽʮʽʻʥʪ 
0.4 0.07 0.2 0.4 0.5 0.07 1 0.8 

ɿʘʩʽʙ ʦʨʢʝʩʪʨʘʮʽʾ 

CoreOS 1 1 1 1 1 1 1 2.75 

Docker 

Compose 
1 1 1 1 1 1 1 2.75 

Docker 

Swarm 
1 2 2 2 2 2 2 2 

Kubernetes 2 2 2 2 2 2 2 0.5 

Rancher 1 2 2 2 2 2 2 1.5 

Nomad 4 2 2 2 2 2 2 0.5 
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ʇʽʩʣʷ ʧʨʦʚʝʜʝʥʥʷ ʨʦʟʨʘʭʫʥʢʽʚ, ʙʫʣʦ ʧʨʦʚʝʜʝʥʦ ʨʘʥʞʫʚʘʥʥʷ 

ʦʨʢʝʩʪʨʘʪʦʨʽʚ: 

1. Docker Swarm/ Nomad (6.48) 

2. Rancher (6.08) 

3. Kubernetes (5.68) 

4. Docker Compose / CoreOS (5.04) 

ɿʘ ʦʪʨʠʤʘʥʠʤʠ ʨʝʟʫʣʴʪʘʪʘʤʠ, ʤʦʞʥʘ ʟʨʦʙʠʪʠ ʚʠʩʥʦʚʦʢ, ʱʦ Docker 

Swarm ʪʘ Nomad ʻ ʥʘʡʙʽʣʴʰ ʧʽʜʭʦʜʷʱʠʤʠ ʦʨʢʝʩʪʨʘʪʦʨʘʤʠ ʜʣʷ ʚʠʢʦʥʘʥʥʷ 

ʧʦʩʪʘʚʣʝʥʦʾ ʟʘʜʘʯʽ.  
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1. ɺʨʘʭʦʚʫʶʯʠ ʧʨʝʜʩʪʘʚʣʝʥʽ ʚʠʱʝ ʦʙʤʝʞʝʥʥʷ, ʘ ʩʘʤʝ ʜʠʥʘʤʽʯʥʽʩʪʴ ʪʘ 

ʛʝʪʝʨʦʛʝʥʥʽʩʪʴ ʩʝʨʝʜʦʚʠʱʘ, ʥʘʡʙʽʣʴʰ ʧʽʜʭʦʜʷʱʠʤʠ ʪʝʭʥʦʣʦʛʽʷʤʠ ʜʣʷ 

ʧʦʙʫʜʦʚʠ ʤʽʢʨʦʩʝʨʚʽʩʥʦʾ ʘʨʭʽʪʝʢʪʫʨʠ ʻ containerd, Docker ʪʘ Docker Swarm.  

2. ʋ ʧʦʜʘʣʴʰʽʡ ʨʦʙʦʪʽ ʧʣʘʥʫʻʪʴʩʷ ʧʦʙʫʜʦʚʘ ʛʝʪʝʨʦʛʝʥʥʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʟ 

ʜʠʥʘʤʽʯʥʦʶ ʘʨʭʽʪʝʢʪʫʨʦʶ ʽʟ ʟʘʣʫʯʝʥʥʷʤ ʦʙʯʠʩʣʶʚʘʣʴʥʠʭ ʧʨʠʩʪʨʦʾʚ 

ʧʝʨʩʦʥʘʣʴʥʠʭ ʘʙʦ ʟʘʛʘʣʴʥʦʛʦ ʢʦʨʠʩʪʫʚʘʥʥʷ ʥʘ ʦʩʥʦʚʽ ʚʢʘʟʘʥʠʭ ʪʝʭʥʦʣʦʛʽʡ. 
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NETWORK AUDIT OF INFORMATION COMMUNICATION NETWORKS  
 

The need for information communication networks has grown significantly in recent years. 

This also means that the need for network auditing should also develop at a high speed. 
 

ɯʥʬʦʨʤʘʮʽʡʥʦ-ʢʦʤʫʥʽʢʘʮʽʡʥʠʡ ʘʫʜʠʪ  ̒ ʚʘʞʣʠʚʠʤ ʽʥʩʪʨʫʤʝʥʪʦʤ ʜʣʷ 

ʦʨʛʘʥʽʟʘʮʽʡ ʜʣʷ ʦʮʽʥʢʠ ʪʘ ʤʦʥʽʪʦʨʠʥʛʫ ʩʪʘʥʫ ʾʭʥʽʭ ʽʥʬʦʨʤʘʮʽʡʥʦ-

ʢʦʤʫʥʽʢʘʮʽʡʥʠʭ ʩʠʩʪʝʤ. ʋ ʧʨʦʮʝʩʽ ʘʫʜʠʪʫ ʦʮʽʥʶʻʪʴʩʷ ʧʦʪʦʯʥʠʡ ʩʪʘʥ ʩʠʩʪʝʤʠ, 

ʚʠʟʥʘʯʘʶʪʴʩʷ ʧʦʪʝʥʮʽʡʥʽ ʨʠʟʠʢʠ, ʚʠʷʚʣʷʶʪʴʩʷ ʥʝʜʦʣʽʢʠ ʪʘ ʥʘʜʘʶʪʴʩʷ 

ʨʝʢʦʤʝʥʜʘʮʽʾ ʱʦʜʦ ʧʽʜʚʠʱʝʥʥʷ ʙʝʟʧʝʢʠ ʪʘ ʝʬʝʢʪʠʚʥʦʩʪʽ. 

ʆʜʥʽʻʶ ʟ ʛʦʣʦʚʥʠʭ ʧʨʦʙʣʝʤ ʘʫʜʠʪʫ ʚʝʣʠʢʠʭ ʤʝʨʝʞ  ̒ ʥʝʦʙʭʽʜʥʽʩʪʴ 

ʚʩʝʙʽʯʥʦʛʦ ʘʥʘʣʽʟʫ ʚʩʽʻʾ ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ ʜʣʷ ʚʠʷʚʣʝʥʥʷ ʧʦʪʝʥʮʽʡʥʠʭ ʧʨʦʙʣʝʤ, 

ʨʠʟʠʢʽʚ  ̔ʩʣʘʙʢʠʭ ʤʽʩʮʴ. ʎʝ ʚʢʣʶʯʘʻ ʧʝʨʝʚʽʨʢʫ ʢʦʥʬʽʛʫʨʘʮʽʡ ʧʨʠʩʪʨʦʾʚ, ʘʥʘʣʽʟ 

ʪʨʘʬʽʢʫ, ʦʮʽʥʢʫ ʙʝʟʧʝʢʠ, ʚʠʷʚʣʝʥʥʷ ʚʨʘʟʣʠʚʦʩʪʝʡ  ̔ʧʝʨʝʚʽʨʢʫ ʚʽʜʧʦʚʽʜʥʦʩʪʽ 

ʩʪʘʥʜʘʨʪʘʤ  ̔ʥʦʨʤʘʪʠʚʥʠʤ ʚʠʤʦʛʘʤ. 

ʂʨʽʤ ʪʦʛʦ, ʚʝʣʠʢʽ ʤʝʨʝʞʽ ʤʦʞʫʪʴ ʤʘʪʠ ʨʦʟʧʦʜʽʣʝʥʽ ʽʻʨʘʨʭʽʾ ʟ ʨʽʟʥʠʤʠ 

ʨʽʚʥʷʤʠ ʜʦʩʪʫʧʫ ʪʘ ʤʝʨʝʞʝʚʠʤʠ ʩʝʛʤʝʥʪʘʤʠ, ʱʦ ʱʝ ʙʽʣʴʰʝ ʫʩʢʣʘʜʥʶʻ 

ʧʨʦʮʝʩ ʘʫʜʠʪʫ. [1] ʂʦʦʨʜʠʥʘʮʽʷ ʪʘ ʟʙʽʨ ʥʝʦʙʭʽʜʥʦʾ ʽʥʬʦʨʤʘʮʽʾ ʟ ʨʽʟʥʠʭ ʯʘʩʪʠʥ 

ʤʝʨʝʞʽ ʚʠʤʘʛʘʻ ʟʥʘʯʥʠʭ ʟʫʩʠʣʴ  ̔ ʤʝʪʦʜʽʚ ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʮʽʣʽʩʥʦʩʪʽ ʪʘ 

ʥʘʜʽʡʥʦʩʪʽ ʦʪʨʠʤʘʥʠʭ ʜʘʥʠʭ. 

ʇʨʦʙʣʝʤʘʪʠʢʘ ʩʫʯʘʩʥʦʛʦ ʽʥʬʦʢʦʤʫʥʽʢʘʮʽʡʥʦʛʦ ʘʫʜʠʪʫ ʦʭʦʧʣʶʻ ʢʽʣʴʢʘ 

ʘʩʧʝʢʪʽʚ, ʩʝʨʝʜ ʷʢʠʭ ʤʦʞʥʘ ʚʠʜʽʣʠʪʠ ʥʝʜʦʩʪʘʪʥʻ ʚʠʢʦʨʠʩʪʘʥʥʷ ʧʨʦʛʨʘʤʥʦʛʦ 

ʟʘʙʝʟʧʝʯʝʥʥʷ, ʥʝʜʦʩʪʘʪʥʶ ʘʚʪʦʤʘʪʠʟʘʮʽʶ ʧʨʦʮʝʩʽʚ ʽ ʟʘʥʘʜʪʦ ʜʦʚʛʠʡ ʯʘʩ, 

ʥʝʦʙʭʽʜʥʠʡ ʜʣʷ ʡʦʛʦ ʧʨʦʚʝʜʝʥʥʷ. [2] 

ʇʠʪʘʥʥʷ ʧʝʨʝʚʽʨʢʠ ʜʦʩʪʦʚʽʨʥʦʩʪʽ ʨʝʟʫʣʴʪʘʪʽʚ ʘʫʜʠʪʫ ʻ ʦʜʥʽʻʶ ʟ 

ʥʘʡʘʢʪʫʘʣʴʥʽʰʠʭ ʧʨʦʙʣʝʤ, ʟ ʷʢʠʤʠ ʩʪʠʢʘʶʪʴʩʷ ʦʨʛʘʥʽʟʘʮʽʾ ʧʨʠ ʧʨʦʚʝʜʝʥʥʽ 

ʪʝʣʝʢʦʤʫʥʽʢʘʮʽʡʥʦʛʦ ʘʫʜʠʪʫ. ʅʘʷʚʥʽʩʪʴ ʜʦʩʪʦʚʽʨʥʦʾ ʪʘ ʦʙ'ʻʢʪʠʚʥʦʾ ʽʥʬʦʨʤʘʮʽʾ 

ʻ ʢʣʶʯʦʚʠʤ ʝʣʝʤʝʥʪʦʤ ʫʩʧʽʰʥʦʛʦ ʘʫʜʠʪʫ, ʦʩʢʽʣʴʢʠ ʚʦʥʘ ʜʦʟʚʦʣʷʻ ʚʠʷʚʠʪʠ 

ʧʨʦʙʣʝʤʠ ʪʘ ʥʘʜʘʪʠ ʨʝʢʦʤʝʥʜʘʮʽʾ ʱʦʜʦ ʧʦʜʘʣʴʰʦʛʦ ʚʜʦʩʢʦʥʘʣʝʥʥʷ. 

ʆʜʥʽʻʶ ʟ ʦʩʥʦʚʥʠʭ ʧʨʠʯʠʥ ʧʨʦʙʣʝʤ ʽʟ ʪʦʯʥʽʩʪʶ ʘʫʜʠʪʫ ʻ ʣʶʜʩʴʢʠʡ 

ʬʘʢʪʦʨ. ʅʘʚʽʪʴ ʥʘʡʜʦʩʚʽʜʯʝʥʽʰʠʡ ʘʫʜʠʪʦʨ ʤʦʞʝ ʧʨʠʧʫʩʪʠʪʠʩʷ ʧʦʤʠʣʦʢ ʽ 

ʧʽʜʜʘʪʠʩʷ ʩʫʙôʻʢʪʠʚʥʠʤ ʫʧʝʨʝʜʞʝʥʥʷʤ. ɯʥʪʝʨʧʨʝʪʘʮʽʷ ʟʽʙʨʘʥʠʭ ʜʘʥʠʭ ʽ ʾʭ 

ʘʥʘʣʽʟ ʤʦʞʫʪʴ ʚʽʜʨʽʟʥʷʪʠʩʷ ʟʘʣʝʞʥʦ ʚʽʜ ʜʦʩʚʽʜʫ, ʟʥʘʥʴ ʽ ʦʩʦʙʠʩʪʠʭ 

ʧʝʨʝʢʦʥʘʥʴ ʘʫʜʠʪʦʨʘ. ʎʝ ʤʦʞʝ ʧʨʠʟʚʝʩʪʠ ʜʦ ʥʝʪʦʯʥʠʭ ʘʙʦ ʥʝʥʘʜʽʡʥʠʭ 

ʨʝʟʫʣʴʪʘʪʽʚ ʪʝʩʪʫ. 
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ʋʜʦʩʢʦʥʘʣʝʥʥʷ ʤʝʪʦʜʽʚ ʘʫʜʠʪʫ ʟʘ ʜʦʧʦʤʦʛʦʶ ʧʨʦʛʨʘʤʥʦʛʦ 

ʟʘʙʝʟʧʝʯʝʥʥʷ ɯʂʊ ʻ ʚʘʞʣʠʚʠʤ, ʦʩʢʽʣʴʢʠ ʚʦʥʦ ʤʦʞʝ ʧʦʢʨʘʱʠʪʠ ʧʨʦʮʝʩ ʘʫʜʠʪʫ 

ʪʘ ʧʽʜʚʠʱʠʪʠ ʡʦʛʦ ʝʬʝʢʪʠʚʥʽʩʪʴ. ʇʨʦʛʨʘʤʥʝ ʟʘʙʝʟʧʝʯʝʥʥʷ ʜʣʷ ʘʫʜʠʪʫ ʤʘʻ ʨʷʜ 

ʧʝʨʝʚʘʛ. 

ʆʜʥʽʻʶ ʟ ʛʦʣʦʚʥʠʭ ʧʝʨʝʚʘʛ ʻ ʘʚʪʦʤʘʪʠʟʘʮʽʷ ʧʨʦʮʝʩʫ. ʎʝ ʧʨʦʛʨʘʤʥʝ 

ʟʘʙʝʟʧʝʯʝʥʥʷ ʤʦʞʝ ʚʠʢʦʥʫʚʘʪʠ ʙʘʛʘʪʦ ʨʫʪʠʥʥʠʭ ʟʘʚʜʘʥʴ, ʧʦʚôʷʟʘʥʠʭ ʟ 

ʽʩʧʠʪʘʤʠ, ʥʘʧʨʠʢʣʘʜ: ɿʙʽʨ ʜʘʥʠʭ, ʘʥʘʣʽʟ, ʚʽʜʩʪʝʞʝʥʥʷ ʟʘʚʜʘʥʴ ʽ ʟʚʽʪʫʚʘʥʥʷ.[3] 

ʎʝ ʝʢʦʥʦʤʠʪʴ ʯʘʩ ʽ ʟʫʩʠʣʣʷ ʝʢʟʘʤʝʥʘʪʦʨʽʚ ʽ ʟʘʙʝʟʧʝʯʫʻ ʰʚʠʜʢʫ ʦʙʨʦʙʢʫ 

ʽʥʬʦʨʤʘʮʽʾ. ʂʨʽʤ ʪʦʛʦ, ʧʨʦʛʨʘʤʥʝ ʟʘʙʝʟʧʝʯʝʥʥʷ ʜʦʟʚʦʣʷʻ ʮʝʥʪʨʘʣʽʟʦʚʘʥʦ 

ʟʙʝʨʽʛʘʪʠ ʜʘʥʽ, ʱʦ ʨʦʙʠʪʴ ʾʭ ʣʝʛʢʦ ʜʦʩʪʫʧʥʠʤʠ ʜʣʷ ʘʫʜʠʪʦʨʽʚ ʽ ʟʘʮʽʢʘʚʣʝʥʠʭ 

ʩʪʦʨʽʥ. ʎʝ ʜʦʟʚʦʣʷʻ ʟʨʫʯʥʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʽʥʬʦʨʤʘʮʽʶ, ʢʦʥʪʨʦʣʶʚʘʪʠ ʭʽʜ 

ʘʫʜʠʪʫ ʪʘ ʰʚʠʜʢʦ ʨʝʘʛʫʚʘʪʠ ʥʘ ʚʠʷʚʣʝʥʽ ʧʨʦʙʣʝʤʠ. ʅʘ ʨʠʩ.1 ʧʨʝʜʩʪʘʚʣʝʥʘ 

ʤʦʜʝʨʥʽʟʦʚʘʥʘ ʤʦʜʝʣʴ ʤʝʨʝʞʝʚʦʛʦ ʘʫʜʠʪʫ ʽʥʬʦʢʦʤʫʥʽʢʘʮʽʡʥʠʭ ʤʝʨʝʞ. 

 

 
 

ʈʠʩ.1. ʄʦʜʝʨʥʽʟʦʚʘʥʘ ʤʦʜʝʣʴ ʤʝʨʝʞʝʚʦʛʦ ʘʫʜʠʪʫ ʽʥʬʦʢʦʤʫʥʽʢʘʮʽʡʥʠʭ ʤʝʨʝʞ. 

 

ʋ ʨʘʤʢʘʭ ʜʦʩʣʽʜʞʝʥʥʷ ʙʫʣʦ ʧʨʦʚʝʜʝʥʦ ʜʚʘ ʥʘʪʫʨʥʠʭ ʚʠʧʨʦʙʫʚʘʥʥʷ ʜʣʷ 

ʧʦʨʽʚʥʷʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʜʚʦʭ ʤʝʪʦʜʽʚ ʘʫʜʠʪʫ. ɿʘʛʘʣʴʥʠʡ ʽ ʨʦʟʰʠʨʝʥʠʡ. 

ʇʦʯʘʪʢʦʚʽ ʝʢʩʧʝʨʠʤʝʥʪʠ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠ ʟʚʠʯʘʡʥʽ ʤʝʪʦʜʠ, ʚʢʣʶʯʘʶʯʠ 

ʨʫʯʥʫ ʦʙʨʦʙʢʫ ʪʘ ʘʥʘʣʽʟ ʜʘʥʠʭ, ʨʫʯʥʽ ʧʨʦʮʝʜʫʨʠ ʪʝʩʪʫʚʘʥʥʷ ʪʘ ʽʥʪʝʨʧʨʝʪʘʮʽʶ 

ʨʝʟʫʣʴʪʘʪʽʚ. ʅʘ ʨʠʩʫʥʢʫ 2 ʧʨʝʜʩʪʘʚʣʝʥʦ ʨʝʟʫʣʴʪʘʪʠ ʧʨʦʚʝʜʝʥʥʷ ʟʚʠʯʘʡʥʦʛʦ 

ʽʥʬʦʢʦʤʫʥʽʢʘʮʽʡʥʦʛʦ ʘʫʜʠʪʫ ʙʝʟ ʚʠʢʦʨʠʩʪʘʥʥʷ ʧʨʦʛʨʘʤʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ. 

 

 
 

ʈʠʩ.2. ʈʝʟʫʣʴʪʘʪʠ ʨʦʟʧʦʜʽʣʝʥʥʷ ʯʘʩʫ ʧʨʠ ʟʚʠʯʘʡʥʦʤʫ ʘʫʜʠʪʽ. 
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ɸʚʪʦʤʘʪʠʟʦʚʘʥʠʡ ʟʙʽʨ ʽ ʦʙʨʦʙʢʘ ʜʘʥʠʭ ʜʦʟʚʦʣʷʻ ʚʠʢʦʥʫʚʘʪʠ ʧʨʦʮʝʜʫʨʠ 

ʪʝʩʪʫʚʘʥʥʷ ʰʚʠʜʰʝ ʪʘ ʝʬʝʢʪʠʚʥʽʰʝ, ʫʥʠʢʘʶʯʠ ʧʦʤʠʣʦʢ ʣʶʜʠʥʠ ʪʘ 

ʟʘʙʝʟʧʝʯʫʶʯʠ ʧʦʩʣʽʜʦʚʥʽʩʪʴ ʨʝʟʫʣʴʪʘʪʽʚ. ʈʝʟʫʣʴʘʪʪ ʨʦʟʧʦʜʽʣʝʥʥʷ ʯʘʩʫ ʧʨʠ 

ʚʜʦʩʢʦʥʘʣʝʥʦʤʫ ʘʫʜʠʪʽ ʧʨʝʜʩʪʘʚʣʝʥʦ ʥʘ ʨʠʩʫʥʢʫ 3. 

 

 
ʈʠʩ.2. ʈʝʟʫʣʴʪʘʪʠ ʨʦʟʧʦʜʽʣʝʥʥʷ ʯʘʩʫ ʧʨʠ ʚʜʦʩʢʦʥʘʣʝʥʦʤʫ ʘʫʜʠʪʽ. 

 

ɿʘʧʨʦʚʘʜʞʝʥʥʷ ʚʜʦʩʢʦʥʘʣʝʥʠʭ ʤʝʪʦʜʦʣʦʛʽʡ ʘʫʜʠʪʫ ʚ ʢʦʤʝʨʮʽʡʥʝ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʚʽʜʢʨʠʚʘʻ ʥʦʚʽ ʤʦʞʣʠʚʦʩʪʽ ʜʣʷ ʢʦʤʧʘʥʽʡ ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ 

ʚʠʩʦʢʦʾ ʷʢʦʩʪʽ ʘʫʜʠʪʫ, ʟʥʠʞʝʥʥʷ ʨʠʟʠʢʫ ʧʦʤʠʣʦʢ ʽ ʧʽʜʚʠʱʝʥʥʷ ʜʦʚʽʨʠ 

ʢʣʽʻʥʪʽʚ ʽ ʟʘʮʽʢʘʚʣʝʥʠʭ ʩʪʦʨʽʥ. ɺʦʜʥʦʯʘʩ ʚʘʞʣʠʚʦ ʧʘʤôʷʪʘʪʠ ʧʨʦ ʥʝʦʙʭʽʜʥʽʩʪʴ 

ʧʦʩʪʽʡʥʦʛʦ ʦʥʦʚʣʝʥʥʷ ʪʘ ʧʽʜʪʨʠʤʢʠ ʧʨʦʛʨʘʤʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ, ʘ ʪʘʢʦʞ 

ʧʨʦʬʝʩʽʡʥʦʛʦ ʥʘʚʯʘʥʥʷ ʘʫʜʠʪʦʨʽʚ, ʱʦʙ ʤʘʢʩʠʤʽʟʫʚʘʪʠ ʧʦʪʝʥʮʽʘʣ ʧʨʦʛʨʘʤʥʦʛʦ 

ʟʘʙʝʟʧʝʯʝʥʥʷ.  

ʄʦʜʠʬʽʢʘʮʽʷ ʩʪʘʥʜʘʨʪʥʠʭ ʤʝʪʦʜʽʚ ʘʫʜʠʪʫ ʰʣʷʭʦʤ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʧʨʦʛʨʘʤʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ ʻ ʧʝʨʩʧʝʢʪʠʚʥʠʤ ʪʘ ʝʬʝʢʪʠʚʥʠʤ ʧʽʜʭʦʜʦʤ. 

ɺʧʨʦʚʘʜʞʝʥʥʷ ʪʘʢʠʭ ʽʥʩʪʨʫʤʝʥʪʽʚ ʜʦʟʚʦʣʷʻ ʧʦʢʨʘʱʠʪʠ ʷʢʽʩʪʴ, ʪʦʯʥʽʩʪʴ ʪʘ 

ʰʚʠʜʢʽʩʪʴ ʘʫʜʠʪʫ, ʘ ʪʘʢʦʞ ʟʘʙʝʟʧʝʯʫʻ ʙʽʣʴʰ ʧʦʚʥʝ ʚʠʷʚʣʝʥʥʷ ʧʨʦʙʣʝʤ, ʟʘʛʨʦʟ 

ʪʘ ʨʠʟʠʢʽʚ ʚ ʽʥʬʦʢʦʤʫʥʽʢʘʮʽʡʥʠʭ ʩʠʩʪʝʤʘʭ. 
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UPDATE PROCESS OF IOT DEVICES 

 

This publication examines the main methods of updating software in IoT devices. The 

peculiarities of updating the software of the distributed system of the Internet of Things, which 

are distinguished by the steps of the update and allow to increase the efficiency of the network 

configuration, are considered. 

 

ʆʥʦʚʣʝʥʥʷ ʙʝʟʧʝʢʠ, ʬʫʥʢʮʽʦʥʘʣʴʥʦʩʪʽ ʪʘ ʟʘʛʘʣʴʥʦʾ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ 

ʧʨʠʩʪʨʦʶ ʤʦʞʥʘ ʚʠʢʦʥʘʪʠ ʢʽʣʴʢʦʤʘ ʩʧʦʩʦʙʘʤʠ. ʆʩʥʦʚʥʽ ʟ ʥʠʭ: 

ʆʥʦʚʣʝʥʥʷ ʧʨʦʰʠʚʢʠ 

ʆʥʦʚʣʝʥʥʷ ʤʽʢʨʦʧʨʦʛʨʘʤʠ ʜʣʷ ʧʨʠʩʪʨʦʾʚ IoT ʧʦʢʨʘʱʫʶʪʴ ʚʙʫʜʦʚʘʥʝ 

ʧʨʦʛʨʘʤʥʝ ʟʘʙʝʟʧʝʯʝʥʥʷ, ʱʦ ʧʨʘʮʶʻ ʥʘ ʘʧʘʨʘʪʥʦʤʫ ʨʽʚʥʽ. ɺʦʥʠ ʚʠʨʽʰʫʶʪʴ 

ʧʨʦʙʣʝʤʠ ʙʝʟʧʝʢʠ, ʦʧʪʠʤʽʟʫʶʪʴ ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ ʪʘ ʟʘʙʝʟʧʝʯʫʶʪʴ ʩʫʤʽʩʥʽʩʪʴ ʟ 

ʥʦʚʠʤʠ ʪʝʭʥʦʣʦʛʽʷʤʠ. 

ʆʥʦʚʣʝʥʥʷ ʧʨʦʛʨʘʤʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ 

ʇʨʦʰʠʚʢʘ ʧʨʘʮʶʻ ʥʘ ʥʠʟʴʢʦʨʽʚʥʝʚʦʤʫ ʨʽʚʥʽ ʧʨʦʛʨʘʤʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ ʽ 

ʟʘʙʝʟʧʝʯʫʻ ʙʘʟʦʚʽ ʬʫʥʢʮʽʾ ʪʘ ʚʟʘʻʤʦʜʽʶ ʟ ʘʧʘʨʘʪʥʠʤ ʟʘʙʝʟʧʝʯʝʥʥʷʤ. 

ʆʥʦʚʣʝʥʥʷ ʧʨʦʛʨʘʤʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ ʟʘʟʚʠʯʘʡ ʟʦʩʝʨʝʜʞʝʥʽ ʥʘ ʚʠʱʠʭ ʨʽʚʥʷʭ 

ʧʨʦʛʨʘʤʥʦʛʦ ʩʪʝʢʫ ʽ ʚʢʣʶʯʘʶʪʴ: 

1. ɺʠʧʨʘʚʣʝʥʥʷ ʧʦʤʠʣʦʢ ʪʘ ʟʙʦʾʚ ʫ ʧʟ. 

2. ɺʚʝʜʝʥʥʷ ʥʦʚʠʭ ʬʫʥʢʮʽʡ ʜʣʷ ʨʦʟʰʠʨʝʥʥʷ ʤʦʞʣʠʚʦʩʪʝʡ ʧʨʠʩʪʨʦʶ. 

3. ʋʜʦʩʢʦʥʘʣʝʥʥʷ ʽʥʪʝʨʬʝʡʩʫ ʢʦʨʠʩʪʫʚʘʯʘ. 

ʎʽ ʦʥʦʚʣʝʥʥʷ ʟʘʙʝʟʧʝʯʫʶʪʴ ʩʪʘʙʽʣʴʥʫ ʨʦʙʦʪʫ ʧʨʠʩʪʨʦʶ ʪʘ ʥʘʜʘʶʪʴ 

ʢʦʨʠʩʪʫʚʘʯʘʤ ʥʦʚʽ ʬʫʥʢʮʽʾ ʪʘ ʧʦʣʽʧʰʝʥʥʷ ʚ ʾʭʥʴʦʤʫ ʚʠʢʦʨʠʩʪʘʥʥʽ. 

ɸʚʪʦʤʘʪʠʯʥʝ OTA - ʘʚʪʦʤʘʪʠʯʥʦ ʚʽʜʧʨʘʚʣʷʻ ʪʘ ʨʦʟʛʦʨʪʘʻ ʦʥʦʚʣʝʥʥʷ ʥʘ 

ʧʽʜʢʣʶʯʝʥʠʭ ʧʨʠʩʪʨʦʷʭ. 

ʈʫʯʥʝ OTA ï ʧʨʦʮʝʩ ʦʥʦʚʣʝʥʥʷ ʢʝʨʦʚʘʥʠʡ ʣʶʜʠʥʦʶ. 

ɹʣʦʢ-ʩʭʝʤʘ (ʨʠʩ. 1) ʽʣʶʩʪʨʫʻ ʧʨʦʮʝʩ ʦʥʦʚʣʝʥʥʷ ʧʨʦʛʨʘʤʥʦʛʦ 

ʟʘʙʝʟʧʝʯʝʥʥʷ: 

1. ɯʥʽʮʽʘʮʽʷ: ʢʦʨʠʩʪʫʚʘʯ ʘʙʦ ʩʠʩʪʝʤʘ ʟʘʧʫʩʢʘʻ ʧʝʨʝʚʽʨʢʫ ʦʥʦʚʣʝʥʴ. 

2. ɿʘʚʘʥʪʘʞʝʥʥʷ: ʩʠʩʪʝʤʘ ʟʘʚʘʥʪʘʞʫʻ ʪʘ ʧʝʨʝʚʽʨʷʻ ʜʦʩʪʫʧʥʝ ʦʥʦʚʣʝʥʥʷ. 

3. ɺʩʪʘʥʦʚʣʝʥʥʷ: ʟʘʚʘʥʪʘʞʝʥʝ ʦʥʦʚʣʝʥʥʷ ʽʥʩʪʘʣʶʻʪʴʩʷ. 

4. ɿʘʚʝʨʰʝʥʥʷ: ʩʠʩʪʝʤʘ ʧʝʨʝʚʽʨʷʻ ʧʨʘʮʝʟʜʘʪʥʽʩʪʴ ʦʥʦʚʣʝʥʥʷ ʪʘ ʧʦʚʽʜʦʤʣʷʻ 

ʢʦʨʠʩʪʫʚʘʯʘ. 
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ʅʘ ʨʠʩʫʥʢʫ 2, ʤʦʞʥʘ ʧʦʙʘʯʠʪʠ ʤʦʞʣʠʚʽ ʧʨʦʙʣʝʤʠ, ʱʦ ʤʦʞʫʪʴ 

ʚʠʥʠʢʥʫʪʠ ʧʨʠ ʦʥʦʚʣʝʥʥʷ ʧʨʦʛʨʘʤʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ. 

ʇʨʦʙʣʝʤʠ ʟ ʧʽʜʢʣʶʯʝʥʥʷʤ: ʜʣʷ ʦʥʦʚʣʝʥʥʷ ʧʨʠʩʪʨʦʾʚ IoT ʤʦʞʝ 

ʟʥʘʜʦʙʠʪʠʩʷ ʩʪʘʙʽʣʴʥʝ ʧʽʜʢʣʶʯʝʥʥʷ ʜʦ ɯʥʪʝʨʥʝʪʫ. ɿʘʚʝʨʰʝʥʥʷ ʦʥʦʚʣʝʥʴ ʤʦʞʝ 

ʙʫʪʠ ʩʢʣʘʜʥʠʤ ʫ ʨʝʛʽʦʥʘʭ ʽʟ ʧʦʛʘʥʠʤ ʟôʻʜʥʘʥʥʷʤ. ʈʽʰʝʥʥʷʤ ʻ ʦʯʽʢʫʚʘʥʥʷ 

ʩʪʘʙʽʣʴʥʦʛʦ ʟôʻʜʥʘʥʥʷ ʘʙʦ ʟʘʩʪʦʩʫʚʘʥʥʷ ʨʫʯʥʦʛʦ ʦʥʦʚʣʝʥʥʷ. 

 

 
 

ʈʠʩ. 1. ɼʽʘʛʨʘʤʘ ʧʨʦʮʝʩʫ ʦʥʦʚʣʝʥʥʷ ʧʟ ʯʝʨʝʟ Boot Loader ʥʘ ʧʨʠʩʪʨʦʾ IoT. 

 

ʇʨʠʩʪʨʽʡ ʟʘʡʥʷʪʠʡ ʽʥʰʠʤ ʟʘʚʜʘʥʥʷʤ: ʟʘʛʘʣʦʤ ʜʣʷ ʮʽʻʾ ʩʠʪʫʘʮʽʾ 

ʦʥʦʚʣʝʥʥʷ ʚʽʜʙʫʚʘʻʪʴʩʷ ʟ ʧʨʽʦʨʠʪʠʟʘʮʽʻʶ. ʈʽʰʝʥʥʷ ï ʦʯʽʢʫʚʘʥʥʷ ʚʽʜʩʫʪʥʦʩʪʽ 

ʘʢʪʠʚʥʦʩʪʽ ʘʙʦ ʟʘʢʽʥʯʝʥʥʷ ʧʨʽʦʨʠʪʝʪʥʦʛʦ ʟʘʚʜʘʥʥʷ.  

ɿʙʽʡ ʧʽʜ ʯʘʩ ʦʥʦʚʣʝʥʥʷ: ʎʝʡ ʧʫʥʢʪ ʦʫʩʦʙʣʶʻ ʚ ʩʦʙʽ ʚʝʣʠʢʫ ʢʽʣʴʢʽʩʪʴ 

ʧʨʦʙʣʝʤ, ʯʝʨʝʟ ʷʢʽ ʤʦʛʣʘ ʚʠʥʠʢʥʫʪʠ ʧʦʤʠʣʢʘ ʦʥʦʚʣʝʥʥʷ:  

1. ʇʨʦʙʣʝʤʠ ʱʦʜʦ ʩʫʤʽʩʥʦʩʪʽ: ʜʝʷʢʽ ʦʥʦʚʣʝʥʥʷ IoT ʤʦʞʫʪʴ ʙʫʪʠ 

ʥʝʩʫʤʽʩʥʠʤʠ ʟʽ ʩʪʘʨʠʤʠ ʧʨʠʩʪʨʦʷʤʠ ʯʠ ʧʝʚʥʠʤʠ ʢʦʥʬʽʛʫʨʘʮʽʷʤʠ, ʱʦ 

ʩʧʨʠʯʠʥʷʻ ʧʨʦʙʣʝʤʠ ʩʫʤʽʩʥʦʩʪʽ ʪʘ ʬʫʥʢʮʽʦʥʘʣʴʥʦʩʪʽ. 

2. ɺʪʨʘʪʘ ʜʘʥʠʭ: ʧʽʜ ʯʘʩ ʧʨʦʮʝʩʫ ʦʥʦʚʣʝʥʥʷ ʽʩʥʫʻ ʥʝʟʥʘʯʥʘ ʚʪʨʘʪʘ ʜʘʥʠʭ ʘʙʦ 

ʨʠʟʠʢ ʾʭ ʧʦʰʢʦʜʞʝʥʥʷ. ɺʘʞʣʠʚʦ ʩʪʚʦʨʶʚʘʪʠ ʨʝʟʝʨʚʥʽ ʢʦʧʽʾ ʢʨʠʪʠʯʥʦ 

ʚʘʞʣʠʚʠʭ ʜʘʥʠʭ, ʱʦʙ ʫʥʠʢʥʫʪʠ ʤʦʞʣʠʚʠʭ ʚʠʧʘʜʢʽʚ ʚʪʨʘʪʠ ʜʘʥʠʭ. 

3. ʅʝʧʝʨʝʜʙʘʯʝʥʽ ʧʦʤʠʣʢʠ: ʭʦʯʘ ʦʥʦʚʣʝʥʥʷ ʩʧʨʷʤʦʚʘʥʽ ʥʘ ʧʦʢʨʘʱʝʥʥʷ 

ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ, ʯʘʩ ʚʽʜ ʯʘʩʫ ʚʦʥʠ ʤʦʞʫʪʴ ʚʠʢʣʠʢʘʪʠ ʥʦʚʽ ʧʦʤʠʣʢʠ ʘʙʦ ʟʙʦʾ, 

ʷʢʽ ʤʦʞʫʪʴ ʚʧʣʠʥʫʪʠ ʥʘ ʬʫʥʢʮʽʦʥʘʣʴʥʽʩʪʴ ʧʨʠʩʪʨʦʶ. 
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ʈʠʩ. 2. ɹʣʦʢ-ʩʭʝʤʘ ʤʦʞʣʠʚʠʭ ʧʦʤʠʣʦʢ ʪʘ ʾʭ ʫʩʫʥʝʥʥʷ ʧʨʠ ʦʥʦʚʣʝʥʥʽ ʧʨʦʰʠʚʢʠ. 

 

ʉʚʦʻʯʘʩʥʝ ʧʨʦʝʢʪʫʚʘʥʥʷ ʪʘ ʨʦʟʨʦʙʢʘ ʧʘʢʝʪʫ ʦʥʦʚʣʝʥʴ, ʟʘʙʝʟʧʝʯʝʥʥʷ 

ʩʫʤʽʩʥʦʩʪʽ, ʧʨʦʚʝʜʝʥʥʷ ʨʝʪʝʣʴʥʦʛʦ ʪʝʩʪʫʚʘʥʥʷ, ʧʝʨʝʚʽʨʢʠ ʪʘ ʫʩʫʥʝʥʥʷ 

ʧʦʪʝʥʮʽʡʥʠʭ ʧʨʦʙʣʝʤ ʽ ʚʨʘʟʣʠʚʦʩʪʝʡ, ʜʦʧʦʤʦʞʫʪʴ ʥʝ ʜʦʧʫʩʪʠʪʠ ʪʘʢʠʭ 

ʧʦʤʠʣʦʢ, ʽ ʚ ʚʠʧʘʜʢʫ ʷʢʱʦ ʚʩʝ ʪʘʢʠ ʱʦʩʴ ʧʽʰʣʦ ʥʝ ʪʘʢ, ʪʦ ʷʢʱʦ ʧʨʠʩʪʨʽʡ ʥʝ 

ʟʘʟʥʘʚ ʢʨʠʪʠʯʥʠʭ ʧʦʤʠʣʦʢ, ʥʝʦʙʭʽʜʥʦ ʩʧʨʦʙʫʚʘʪʠ ʚʩʪʘʥʦʚʠʪʠ ʦʥʦʚʣʝʥʥʷ 

ʟʘʥʦʚʦ, ʷʢʱʦ ʚʽʜʙʫʣʘʩʷ ʧʦʤʠʣʢʘ ʘʙʦ ʷʢʱʦ ʧʨʠʩʪʨʽʡ ʥʝ ʤʦʞʝ ʧʨʘʮʶʚʘʪʠ 

ʩʧʨʘʚʥʦ, ʩʧʨʦʙʫʚʘʪʠ ʟʨʦʙʠʪʠ ʚʽʜʢʘʪ ʟʘ ʤʦʞʣʠʚʦʩʪʽ. ɺ ʚʠʧʘʜʢʫ ʦʪʨʠʤʘʥʥʷ 

ʧʨʠʩʪʨʦʻʤ ʢʨʠʪʠʯʥʦʾ ʧʦʤʠʣʢʠ, ʧʦʪʨʽʙʥʦ ʟʚʝʨʥʫʪʠʩʷ ʜʦ ʪʝʭʥʽʯʥʦʾ ʧʽʜʪʨʠʤʢʠ. 

ʃʽʪʝʨʘʪʫʨʘ 
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RESEARCH OF MODERN METHODS OF  

COLLECTING INFORMATION FROM IOT NODES  

 
The main methods, models and technologies for collecting information in the Internet of 

Things (IoT) network are investigated. The generalized stages, requirements, and problems of 

collecting and processing information from IoT nodes using cellular networks are highlighted. 

 

ɸʢʪʫʘʣʴʥʽʩʪʴ ʧʦʣʷʛʘʻ ʚ ʪʦʤʫ, ʱʦ ʫ ʩʫʯʘʩʥʦʤʫ ʩʚʽʪʽ ɯʥʪʝʨʥʝʪ ʨʝʯʝʡ (IoT) 

ʩʪʘʻ ʚʩʝ ʙʽʣʴʰ ʧʦʰʠʨʝʥʠʤ, ʪʦʞ ʟʨʦʩʪʘʻ ʢʽʣʴʢʽʩʪʴ ʧʽʜʢʣʶʯʝʥʠʭ ʜʦ ɯʥʪʝʨʥʝʪʫ 

ʧʨʠʩʪʨʦʾʚ, ʘ ʟʙʽʨ ʪʘ ʧʝʨʝʜʘʯʘ ʽʥʬʦʨʤʘʮʽʾ ʩʧʨʠʷʶʪʴ ʨʦʟʚʠʪʢʫ ʪʝʭʥʦʣʦʛʽʡ ʽ 

ʥʘʧʨʷʤʫ ʚʧʣʠʚʘʶʪʴ ʥʘ ʧʦʚʩʷʢʜʝʥʥʝ ʞʠʪʪʷ ʣʶʜʝʡ [1]. ʇʦʧʝʨʝʜʞʝʥʥʷ ʧʨʦ 

ʧʦʛʦʜʫ, ʥʘʛʘʜʫʚʘʥʥʷ ʧʨʦ ʚʘʞʣʠʚʽ ʧʦʜʽʾ ʪʘ ʢʦʥʪʨʦʣʴ ʟʘ ʩʪʘʥʦʤ ʧʦʙʫʪʦʚʠʭ 

ʨʝʯʝʡ ï ʫʩʝ ʮʝ ʤʦʞʥʘ ʟʨʦʙʠʪʠ ʟʘ ʜʦʧʦʤʦʛʦʶ ʽʥʬʦʨʤʘʮʽʾ, ʦʪʨʠʤʘʥʦʾ ʚʽʜ 

ʩʝʥʩʦʨʽʚ ʪʘ ʽʥʰʠʭ ʧʨʠʩʪʨʦʾʚ ʚ ʤʝʨʝʞʽ ɯʥʪʝʨʥʝʪʫ ʨʝʯʝʡ. ʉʘʤʝ ʪʦʤʫ ʟʙʽʨ ʪʘ 

ʦʙʨʦʙʢʘ ʽʥʬʦʨʤʘʮʽʾ ʥʘʢʣʘʜʘʶʪʴ ʚʝʣʠʢʫ ʚʽʜʧʦʚʽʜʘʣʴʥʽʩʪʴ ʥʘ ʨʦʟʨʦʙʥʠʢʽʚ, ʘʜʞʝ 

ʥʝʧʨʘʚʠʣʴʥʝ ʚʠʢʦʨʠʩʪʘʥʥʷ ʟʽʙʨʘʥʦʾ ʽʥʬʦʨʤʘʮʽʾ ʤʦʞʝ ʧʨʠʟʚʝʩʪʠ ʜʦ ʧʨʦʙʣʝʤ ʽʟ 

ʧʨʠʚʘʪʥʽʩʪʶ ʪʘ ʙʝʟʧʝʢʦʶ. ʆʜʥʠʤ ʽʟ ʤʦʞʣʠʚʠʭ ʚʘʨʽʘʥʪʽʚ ʟʘʙʝʟʧʝʯʝʥʥʷ ʟʚôʷʟʢʫ 

ʬʽʟʠʯʥʠʭ ʚʫʟʣʽʚ ʟ ʤʝʨʝʞʝʶ ɯʥʪʝʨʥʝʪ ʻ ʩʪʽʣʴʥʠʢʦʚʠʡ ɯʥʪʝʨʥʝʪ ʨʝʯʝʡ [2]. 

ʆʩʥʦʚʥʽ ʝʪʘʧʠ ʟʙʦʨʫ ʪʘ ʦʙʨʦʙʢʠ ʽʥʬʦʨʤʘʮʽʾ ʚʫʟʣʽʚ ɯʦʊ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ 

ʩʪʽʣʴʥʠʢʦʚʠʭ ʤʝʨʝʞ ʧʨʝʜʩʪʘʚʣʝʥʽ ʥʘ ʨʠʩ.1: 

 

ʈʠʩ. 1. ɽʪʘʧʠ ʟʙʦʨʫ ʪʘ ʦʙʨʦʙʢʠ ʽʥʬʦʨʤʘʮʽʾ ʚʫʟʣʽʚ ɯʥʪʝʨʥʝʪʫ ʨʝʯʝʡ. 

 

ʆʩʥʦʚʥʽ ʚʠʤʦʛʠ ʜʦ ʟʙʦʨʫ ʜʘʥʠʭ ʚ ʤʝʨʝʞʽ ɯʦʊ ʧʨʝʜʩʪʘʚʣʝʥʽ ʥʘ ʨʠʩ. 2 [3]: 

 
ʈʠʩ. 2. ɺʠʤʦʛʠ ʜʦ ʟʙʦʨʫ ʜʘʥʠʭ ʚ ʤʝʨʝʞʽ ɯʥʪʝʨʥʝʪʫ ʨʝʯʝʡ. 
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ʇʝʨʝʨʘʭʦʚʘʥʽ ʚʠʤʦʛʠ ʜʦʩʠʪʴ ʪʽʩʥʦ ʚʟʘʻʤʦʧʦʚ'ʷʟʘʥʽ. ʉʣʽʜ ʚʨʘʭʦʚʫʚʘʪʠ, ʱʦ 

ʤʝʨʝʞʽ, ʷʢʽ ʧʝʨʝʜʘʶʪʴ ʽ ʟʙʠʨʘʶʪʴ ʜʘʥʽ ʟ ʚʠʩʦʢʦʶ ʰʚʠʜʢʽʩʪʶ, ʘ ʪʘʢʦʞ 

ʨʝʘʣʽʟʫʶʪʴ ʦʧʪʠʤʘʣʴʥʽ ʤʦʜʝʣʽ ʝʥʝʨʛʦʩʧʦʞʠʚʘʥʥʷ, ʷʢ ʧʨʘʚʠʣʦ, ʤʘʶʪʴ ʥʠʟʴʢʠʡ 

ʨʽʚʝʥʴ ʙʝʟʧʝʢʠ ʜʘʥʠʭ. 
ʊʘʙʣʠʮʷ 1. ʆʩʥʦʚʥʽ ʤʝʪʦʜʠ ʟʙʦʨʫ ʽʥʬʦʨʤʘʮʽʾ ʚ ʤʝʨʝʞʽ ɯʥʪʝʨʥʝʪʫ ʨʝʯʝʡ. 

ʄʝʪʦʜ, 

ʤʦʜʝʣʴ ʘʙʦ 

ʪʝʭʥʦʣʦʛʽʷ 

ʆʧʠʩ 

ʉʝʥʩʦʨʥʽ 

ʪʝʭʥʦʣʦʛʽʾ 

ɿʙʠʨʘʶʪʴ ʨʽʟʥʦʤʘʥʽʪʥʫ ʽʥʬʦʨʤʘʮʽʶ ʧʨʦ ʥʘʚʢʦʣʠʰʥʻ 

ʩʝʨʝʜʦʚʠʱʝ. ɼʦʟʚʦʣʷʶʪʴ ʩʧʦʩʪʝʨʽʛʘʪʠ ʪʘ ʚʠʤʽʨʶʚʘʪʠ 

ʧʘʨʘʤʝʪʨʠ ʫ ʨʝʞʠʤʽ ʨʝʘʣʴʥʦʛʦ ʯʘʩʫ. ʍʘʨʘʢʪʝʨʠʟʫʶʪʴʩʷ 

ʥʠʟʴʢʦʶ ʚʘʨʪʽʩʪʶ, ʚʠʩʦʢʦʶ ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʽʩʪʶ ʪʘ 

ʤʦʞʣʠʚʽʩʪʶ ʙʝʟʜʨʦʪʦʚʦʛʦ ʟʚôʷʟʢʫ. ʇʨʠʢʣʘʜʠ: ʪʝʤʧʝʨʘʪʫʨʥʽ 

ʩʝʥʩʦʨʠ, ʩʝʥʩʦʨʠ ʚʦʣʦʛʦʩʪʽ, ʨʫʭʫ ʪʘ ʦʩʚʽʪʣʝʥʥʷ. 

ʄʦʜʝʣʽ 

ʤʘʨʰʨʫʪʠʟʘʮʽʾ 

ʜʘʥʠʭ 

ɭ ʦʩʥʦʚʥʠʤ ʽʥʩʪʨʫʤʝʥʪʦʤ ʜʣʷ ʟʙʦʨʫ ʽʥʬʦʨʤʘʮʽʾ ʚʫʟʣʽʚ 

ɯʥʪʝʨʥʝʪʫ ʨʝʯʝʡ. ʆʮʽʥʶʶʪʴ ʦʧʪʠʤʘʣʴʥʽ ʰʣʷʭʠ ʧʝʨʝʜʘʯʽ ʜʘʥʠʭ 

ʤʽʞ ʚʫʟʣʘʤʠ ɯʥʪʝʨʥʝʪʫ ʨʝʯʝʡ. ɺʨʘʭʦʚʫʶʪʴ ʪʘʢʽ ʬʘʢʪʦʨʠ, ʷʢ 

ʰʚʠʜʢʽʩʪʴ, ʚʠʪʨʘʪʠ, ʝʥʝʨʛʦʩʧʦʞʠʚʘʥʥʷ ʪʘ ʙʝʟʧʝʢʘ. ʇʨʠʢʣʘʜʠ: 

AODV, RPL, LEACH. 

ʍʤʘʨʥʽ 

ʦʙʯʠʩʣʶʚʘʣʴʥʽ 

ʩʠʩʪʝʤʠ 

ʅʘʜʘʶʪʴ ʜʦʩʪʫʧ ʜʦ ʨʦʟʧʦʜʽʣʝʥʠʭ ʦʙʯʠʩʣʶʚʘʣʴʥʠʭ ʨʝʩʫʨʩʽʚ 

ʯʝʨʝʟ ɯʥʪʝʨʥʝʪ. ɼʦʟʚʦʣʷʶʪʴ ʦʙʨʦʙʣʷʪʠ ʪʘ ʘʥʘʣʽʟʫʚʘʪʠ ʜʘʥʽ, 

ʟʽʙʨʘʥʽ ʚʫʟʣʘʤʠ ɯʥʪʝʨʥʝʪʫ ʨʝʯʝʡ. ʇʨʠʢʣʘʜʠ: Amazon Web 

Services, Microsoft Azure, Google Cloud Platform. 

ʉʠʩʪʝʤʠ Fog-

ʦʙʯʠʩʣʝʥʴ 

ɺʠʢʦʨʠʩʪʦʚʫʶʪʴ ʦʙʯʠʩʣʶʚʘʣʴʥʽ ʨʝʩʫʨʩʠ ʪʫʤʘʥʥʠʭ ʩʝʨʚʽʩʽʚ 

ʥʝʧʦʜʘʣʽʢ ʚʽʜ ʢʦʨʠʩʪʫʚʘʯʽʚ. ɿʘʙʝʟʧʝʯʫʶʪʴ ʟʙʝʨʽʛʘʥʥʷ ʪʘ 

ʦʙʨʦʙʣʝʥʥʷ ʜʘʥʠʭ ʚ ʨʝʞʠʤʽ ʨʝʘʣʴʥʦʛʦ ʯʘʩʫ. ʇʨʠʢʣʘʜʠ 

ʟʘʩʪʦʩʫʚʘʥʥʷ: ʩʠʩʪʝʤʠ ʤʽʩʪʦʙʫʜʫʚʘʥʥʷ ʪʘ ʫʧʨʘʚʣʽʥʥʷ ʤʽʩʪʘʤʠ. 

ʄʝʪʦʜʠ 

ʰʠʬʨʫʚʘʥʥʷ 

ʜʘʥʠʭ 

ɿʘʙʝʟʧʝʯʫʶʪʴ ʙʝʟʧʝʢʫ ʪʘ ʥʘʜʽʡʥʽʩʪʴ ʧʝʨʝʜʘʯʽ ʽʥʬʦʨʤʘʮʽʾ ʚ 

ʙʝʟʜʨʦʪʦʚʠʭ ʤʝʨʝʞʘʭ ɯʥʪʝʨʥʝʪʫ ʨʝʯʝʡ. ɺʠʢʦʨʠʩʪʦʚʫʶʪʴ ʣʝʛʢʽ 

ʘʣʛʦʨʠʪʤʠ ʰʠʬʨʫʚʘʥʥʷ ʜʣʷ ʧʨʠʩʪʨʦʾʚ ʟ ʦʙʤʝʞʝʥʠʤʠ 

ʨʝʩʫʨʩʘʤʠ. ʇʨʠʢʣʘʜʠ: AES, ECC. 

ʇʨʦʤʽʞʥʽ 

ʧʣʘʪʬʦʨʤʠ 

ʉʪʚʦʨʶʶʪʴ ʽʥʪʝʨʬʝʡʩ ʤʽʞ ʬʽʟʠʯʥʠʤʠ ʧʨʠʩʪʨʦʷʤʠ ʪʘ 

ʧʨʦʛʨʘʤʘʤʠ ʦʙʨʦʙʢʠ ʜʘʥʠʭ. ɼʦʟʚʦʣʷʶʪʴ ʚʟʘʻʤʦʜʽʷʪʠ ʟ 

ʧʨʠʩʪʨʦʷʤʠ ʪʘ ʨʝʘʣʽʟʦʚʫʚʘʪʠ ʫʧʨʘʚʣʽʥʥʷ ʽʥʬʦʨʤʘʮʽʻʶ. 

ʉʧʨʦʱʫʻ ʨʦʟʛʦʨʪʘʥʥʷ ʪʘ ʫʧʨʘʚʣʽʥʥʷ ʚʝʣʠʢʠʤʠ ʤʝʨʝʞʘʤʠ 

ɯʥʪʝʨʥʝʪʫ ʨʝʯʝʡ. ʇʨʠʢʣʘʜʠ: ʧʣʘʪʬʦʨʤʠ ʫʧʨʘʚʣʽʥʥʷ ʤʽʩʪʦʤ. 

ʄʦʜʝʣʽ 

ʩʦʮʽʘʣʴʥʠʭ 

ʤʝʨʝʞ 

ɿʘʙʝʟʧʝʯʫʶʪʴ ʙʝʟʧʝʢʫ ʪʘ ʩʪʨʫʢʪʫʨʫ ʚʟʘʻʤʦʜʽʾ ʤʽʞ ʧʨʠʩʪʨʦʷʤʠ 

ɯʥʪʝʨʥʝʪʫ  ʨʝʯʝʡ. ɿʤʝʥʰʫʶʪʴ ʝʥʝʨʛʦʩʧʦʞʠʚʘʥʥʷ ʪʘ 

ʧʦʣʝʛʰʫʶʪʴ ʧʨʦʮʝʩʠ ʟʙʦʨʫ ʪʘ ʦʙʨʦʙʢʠ ʜʘʥʠʭ. ʇʨʠʢʣʘʜʠ 

ʬʫʥʢʮʽʡ: ʤʦʥʽʪʦʨʠʥʛ ʟʜʦʨʦʚôʷ. 
 

ʋ ʩʠʩʪʝʤʘʭ ʩʪʽʣʴʥʠʢʦʚʦʛʦ ɯʦʊ, ʽʥʬʦʨʤʘʮʽʷ ʥʘʜʭʦʜʠʪʴ ʥʝ ʪʽʣʴʢʠ ʚʽʜ 

ʩʪʘʪʠʯʥʠʭ, ʘʣʝ ʪʘʢʦʞ ʽ ʚʽʜ ʤʦʙʽʣʴʥʠʭ ʧʨʠʩʪʨʦʾʚ, ʦʩʢʽʣʴʢʠ ʩʪʽʣʴʥʠʢʦʚʽ ʤʝʨʝʞʽ 

ɯʦʊ ʤʘʶʪʴ ʜʠʥʘʤʽʯʥʫ ʩʪʨʫʢʪʫʨʫ. 

ʆʩʥʦʚʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʤʝʨʝʞ ʩʪʽʣʴʥʠʢʦʚʦʛʦ ɯʦʊ (ʨʠʩ. 3) [4]: 
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- ʟʤʽʥʘ ʩʪʨʫʢʪʫʨʠ ʤʝʨʝʞʽ ʚ ʯʘʩʽ; 

- ʟʙʽʣʴʰʝʥʥʷ ʡʤʦʚʽʨʥʦʩʪʽ ʧʦʤʠʣʦʢ ʫ ʤʝʨʝʞʘʭ; 

- ʤʦʞʣʠʚʽʩʪʴ ʜʠʥʘʤʽʯʥʦʛʦ ʧʽʜʢʣʶʯʝʥʥʷ ʪʘ ʚʽʜʢʣʶʯʝʥʥʷ ʧʨʠʩʪʨʦʾʚ; 

- ʩʢʣʘʜʥʽʩʪʴ ʟʘʙʝʟʧʝʯʝʥʥʷ ʙʝʟʧʝʯʥʦʛʦ ʟʙʦʨʫ ʪʘ ʧʝʨʝʜʘʚʘʥʥʷ ʽʥʬʦʨʤʘʮʽʾ. 

 
ʈʠʩ. 3. ʍʘʨʘʢʪʝʨʠʩʪʠʢʠ ʤʝʨʝʞ ʩʪʽʣʴʥʠʢʦʚʦʛʦ ɯʥʪʝʨʥʝʪʫ ʨʝʯʝʡ. 

 

ɿʙʽʨ ʜʘʥʠʭ ʫ ʩʪʽʣʴʥʠʢʦʚʠʭ ʤʝʨʝʞʘʭ ɯʦʊ ʧʦʚʠʥʝʥ ʙʫʪʠ ʘʜʘʧʪʠʚʥʠʤ ʜʦ 

ʜʠʥʘʤʽʯʥʠʭ ʩʪʨʫʢʪʫʨ ʤʝʨʝʞ ʽ ʚʽʜʧʦʚʽʜʘʪʠ ʚʠʤʦʛʘʤ ʙʝʟʧʝʢʠ, ʦʙʩʷʛʫ 

ʩʧʦʞʠʚʘʥʦʾ ʝʥʝʨʛʽʾ, ʰʚʠʜʢʦʩʪʽ ʚʽʜʛʫʢʫ ʪʘ ʽʥʰʠʭ ʬʘʢʪʦʨʽʚ. 
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USE OF LI-FI TECHNOLO GY IN THE INTERNET OF THINGS  

 

This work analyzed the possibilities of using Li-Fi technology in the Internet of Things 

network to reduce traffic in the Wi-Fi network between "smart" devices. The presented scheme 

of communication between devices explains the peculiarities of the interconnection of Internet of 

Things devices using Li-Fi technology. 

 

ɿʘ ʦʩʪʘʥʥʽ ʯʦʪʠʨʠ ʨʦʢʠ ʢʽʣʴʢʽʩʪʴ ʧʨʠʩʪʨʦʾʚ Internet of Things (IoT) ʟʨʦʩʣʘ 

ʟ 8,6 ʤʽʣʴʷʨʜʽʚ ʜʦ 15,14 ʤʽʣʴʷʨʜʽʚ[1,2]. ʊʦʤʫ, ʧʦʚʠʥʥʽ ʚʧʨʦʚʘʜʞʫʚʘʪʠʩʴ ʥʦʚʽ 

ʨʽʰʝʥʥʷ, ʷʢʽ ʟʤʦʞʫʪʴ ʦʙʩʣʫʛʦʚʫʚʘʪʠ ʚʝʣʠʢʫ ʢʽʣʴʢʽʩʪʴ IoT ʜʝʚʘʡʩʽʚ[3,4]. ɺ 

ʩʝʨʝʜʦʚʠʱʽ, ʜʝ ʻ ʙʘʛʘʪʦ ʧʨʠʩʪʨʦʾʚ IoT ʦʙʩʷʛ ʪʨʘʬʽʢʫ ʤʦʞʝ ʙʫʪʠ ʜʫʞʝ 

ʚʝʣʠʢʠʤ, ʚʢʣʶʯʘʶʯʠ ʥʝ ʪʽʣʴʢʠ ʧʘʢʝʪʠ, ʱʦ ʩʪʦʩʫʶʪʴʩʷ ʢʝʨʫʚʘʥʥʷ 

ʧʨʠʩʪʨʦʷʤʠ, ʘʣʝ ʽ ʩʣʫʞʙʦʚʽ ʧʘʢʝʪʠ, ʥʘʧʨʠʢʣʘʜ ʧʨʦʪʦʢʦʣʠ ʤʘʨʰʨʫʪʠʟʘʮʽʾ. ʎʝ 

ʤʦʞʝ ʟʥʘʯʥʦ ʩʧʦʚʽʣʴʥʶʚʘʪʠ ʧʝʨʝʜʘʯʫ ʜʘʥʠʭ, ʦʩʦʙʣʠʚʦ ʷʢʱʦ ʮʽʻʶ ʤʝʨʝʞʝʶ 

ʢʦʨʠʩʪʫʶʪʴʩʷ ʤʝʰʢʘʥʮʽ ʙʫʜʠʥʢʫ ʘʙʦ ʧʨʘʮʽʚʥʠʢʠ ʢʦʤʧʘʥʽʾ. ʊʘʢʦʞ, ʧʘʢʝʪʠ 

ʟʚʠʯʥʠʭ ʥʘʤ ʧʨʦʪʦʢʦʣʽʚ ʢʦʤʧôʶʪʝʨʥʦʾ ʤʝʨʝʞʽ ʨʦʟʨʘʭʦʚʘʥʽ ʥʘ ʧʨʠʩʪʨʦʾ, ʚ 

ʷʢʠʭ ʟʥʘʯʥʦ ʚʠʱʝ ʩʧʦʞʠʚʘʥʥʷ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ ʪʘ ʦʙʯʠʩʣʶʚʘʣʴʥʘ ʟʜʘʪʥʽʩʪʴ. ɭ 

ʜʝʢʽʣʴʢʘ ʥʘʡʙʽʣʴʰ ʚʽʜʦʤʠʭ ʪʝʭʥʦʣʦʛʽʡ, ʱʦ ʤʦʞʫʪʴ ʚʠʨʽʰʫʶʪʴ ʮʶ ʧʨʦʙʣʝʤʫ ï 

ʪʘʙʣ.1.  

ɸʣʝ ʦʩʥʦʚʥʘ ʧʨʦʙʣʝʤʘ, ʱʦ ʚʩʽ ʮʽ ʧʨʦʪʦʢʦʣʠ ʧʨʘʮʶʶʪʴ ʚ ʦʩʥʦʚʥʦʤʫ ʚ 

ʦʜʥʠʭ ʜʽʘʧʘʟʦʥʘʭ ʨʘʜʽʦʯʘʩʪʦʪ, ʱʦ ʤʦʞʝ ʚʧʣʠʥʫʪʠ ʥʘ ʨʦʙʦʪʫ ʷʢ ʧʨʠʩʪʨʦʾʚ IoT, 

ʪʘʢ ʽ ʽʥʰʠʭ ʧʨʠʩʪʨʦʾʚ, ʱʦ ʥʝ ʧʦʚôʷʟʘʥʽ ʟ ʮʽʻʶ ʤʝʨʝʞʝʶ ʘʣʝ ʧʨʘʮʶʶʪʴ ʟʘʚʜʷʢʠ 

ʪʘʢʠʤ ʧʨʦʪʦʢʦʣʘʤ, ʥʘʧʨʠʢʣʘʜ, Bluetooth, ʥʘʧʨʠʢʣʘʜ ʥʘʚʫʰʥʠʢʠ ʘʙʦ 

ʘʫʜʽʦʩʠʩʪʝʤʠ. ʊʘʢʦʞ, ʚ ʚʝʣʠʢʠʭ ʙʘʛʘʪʦʢʚʘʨʪʠʨʥʠʭ ʙʫʜʠʥʢʘʭ ʤʦʞʝ ʚʠʥʠʢʥʫʪʠ 

ʩʠʪʫʘʮʽʷ ʧʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ ʧʨʦʪʦʢʦʣʽʚ ʟ ʜʫʞʝ ʚʝʣʠʢʦʶ ʜʘʣʴʥʽʩʪʶ, ʱʦ 

ʜʽʘʧʘʟʦʥʫ ʯʘʩʪʦʪ ʥʘ ʚʩʽʭ ʢʦʨʠʩʪʫʚʘʯʽʚ ʤʦʞʝ ʥʝ ʚʠʩʪʘʯʠʪʠ. ʊʦʤʫ ʷʢ ʦʜʠʥ ʟ 

ʚʘʨʽʘʥʪʽʚ ʤʦʞʥʘ ʟʘʧʨʦʧʦʥʫʚʘʪʠ ʚʠʢʦʨʠʩʪʘʥʥʷ ʪʝʭʥʦʣʦʛʽʾ Li-Fi (Light Fidelity). 

ɺʠʭʦʜʷʯʠ ʟ ʧʦʧʝʨʝʜʥʴʦʾ ʤʦʻʾ ʩʪʘʪʪʽ[5], ʤʦʞʥʘ ʩʢʘʟʘʪʠ, ʱʦ Li-Fi ïʪʝʭʥʦʣʦʛʽʷ, 

ʷʢʘ ʤʦʞʝ ʪʘʢʦʞ ʟʘʙʝʟʧʝʯʠʪʠ ʧʝʨʝʜʘʯʫ ʜʘʥʠʭ ʚ ʤʝʨʝʞʽ IoT, ʘʣʝ ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʚʠʜʠʤʦʛʦ ʩʧʝʢʪʨʫ ʩʚʽʪʣʘ. Li-Fi ʽʜʝʘʣʴʥʦ ʧʽʜʭʦʜʠʪʴ ʜʣʷ ʧʨʠʩʪʨʦʾʚ IoT, ʷʢʽ ʥʝ 

ʧʝʨʝʤʽʱʘʶʪʴʩʷ ʪʘ ʜʘʪʯʠʢʠ ʷʢʠʭ ʥʝ ʟʤʦʞʫʪʴ ʙʫʪʠ ʚʠʧʘʜʢʦʚʠʤ ʯʠʥʦʤ 

ʧʝʨʝʢʨʠʪʽ, ʷʢ ʥʘʧʨʠʢʣʘʜ ʪʝʣʝʬʦʥ.  

ʆʩʥʦʚʥʘ ʧʨʦʙʣʝʤʘ Li-Fi ï ʩʢʣʘʜʥʽʩʪʴ ʚʽʜʧʨʘʚʢʠ ʧʘʢʝʪʽʚ ʚʽʜ ʧʨʠʩʪʨʦʶ ʜʦ 

ʤʘʨʰʨʫʪʠʟʘʪʦʨʘ. ɼʣʷ ʚʠʨʽʰʝʥʥʷ ʮʽʻʾ ʧʨʦʙʣʝʤʠ ʤʦʞʥʘ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ Wi-

Fi. ʊʘʢʠʤ ʯʠʥʦʤ, ʤʠ ʧʝʨʝʥʦʩʠʤʦ ʯʘʩʪʠʥʫ ʪʨʘʬʽʢʫ ʟ Wi-Fi ʤʝʨʝʞʽ ʥʘ Li-Fi. 
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ʊʘʙʣʠʮʷ 1. ʇʦʨʽʚʥʷʥʥʷ ʙʝʟʧʨʦʚʦʜʦʚʠʭ ʪʝʭʥʦʣʦʛʽʡ ɯʥʪʝʨʥʝʪʫ ʨʝʯʝʡ. 

ZigBee 
Bluetooth Low 

Energy 
Z Wave Wi-Fi 

ɿʜʘʪʥʽʩʪʴ 

ʩʪʚʦʨʶʚʘʪʠ ʚʝʣʠʢʽ 

ʤʝʨʝʞʽ ʟ ʚʝʣʠʢʦʶ 

ʢʽʣʴʢʽʩʪʶ ʧʨʠʩʪʨʦʾʚ 

ʤʘʻ ʚʠʩʦʢʫ 

ʩʫʤʽʩʥʽʩʪʴ 

ʇʨʦʩʪʠʡ ʫ 

ʚʠʢʦʨʠʩʪʘʥʥʽ 

ɺʠʩʦʢʫ 

ʩʫʤʽʩʥʽʩʪʴ 

ʩʪʚʦʨʝʥʠʡ ʜʣʷ 

ʧʨʠʩʪʨʦʾʚ ʟ ʥʠʟʴʢʠʤ 

ʨʽʚʥʝʤ 

ʝʣʝʢʪʨʦʩʧʦʞʠʚʘʥʥʷ 

ʟʘʙʝʟʧʝʯʫʶʪʴ 

ʚʠʩʦʢʫ 

ʰʚʠʜʢʽʩʪʴ 

ʧʝʨʝʜʘʯʽ ʜʘʥʠʭ 

ʄʝʨʝʞʝʚʘ ʪʦʧʦʣʦʛʽʷ 

mesh, ʱʦ ʧʨʠʩʪʨʽʡ 

ʤʦʞʝ ʜʽʩʪʘʪʠʩʷ ʜʦ 

ʽʥʰʠʭ ʧʨʠʩʪʨʦʾʚ ʫ 

ʤʝʨʝʞʽ ʯʝʨʝʟ 

ʧʦʩʝʨʝʜʥʠʮʪʚʦ ʽʥʰʠʭ. 

ʐʠʨʦʢʦ 

ʧʨʝʜʩʪʘʚʣʝʥ

ʠʡ ʥʘ ʨʠʥʢʫ 

ʅʠʟʴʢʘ ʚʘʨʪʽʩʪʴ 

ʄʦʞʝ 

ʧʨʘʮʶʚʘʪʠ ʥʘ 

ʚʽʜʩʪʘʥʽ ʜʦ 100 

ʤʝʪʨʽʚ 

ʐʠʨʦʢʠʡ ʩʧʝʢʪʨ 

ʧʨʠʩʪʨʦʾʚ 

ʄʘʻ ʚʠʩʦʢʫ 

ʰʚʠʜʢʽʩʪʴ 

  

ɼʣʷ ʮʴʦʛʦ ʦʨʛʘʥʽʟʫʻʤʦ ʦʢʨʝʤʫ ʧʽʜʤʝʨʝʞʫ ʷʢʘ ʙʫʜʝ ʩʢʣʘʜʘʪʠʩʷ ʟ Wi-Fi 

ʤʘʨʰʨʫʪʠʟʘʪʦʨʘ ʪʘ ʦʢʨʝʤʦʛʦ Li-Fi ʤʘʨʰʨʫʪʠʟʘʪʦʨʘ, ʷʢʠʡ ʟʘʤʽʩʪʴ 

ʨʘʜʽʦʯʘʩʪʦʪʥʦʛʦ ʩʠʛʥʘʣʫ ʛʝʥʝʨʫʚʘʪʠ ʩʠʛʥʘʣ ʚ ʯʘʩʪʦʪʽ ʚʠʜʠʤʦʛʦ ʩʧʝʢʪʨʫ, ʙʫʜʝ 

ʚʽʜʧʦʚʽʜʘʪʠ ʟʘ ʢʦʤʫʥʽʢʘʮʽʶ ʤʽʞ ʧʨʠʩʪʨʦʷʤʠ IoT. ɺʽʜʧʨʘʚʢʘ ʽʥʬʦʨʤʘʮʽʾ ʟ 

ʧʨʠʩʪʨʦʾʚ ʙʫʜʝ ʟʚʠʯʥʠʤ ʥʘʤ Wi-Fi. 

 

 

ʈʠʩ. 1. ʉʭʝʤʘ ʢʦʤʫʥʽʢʘʮʽʾ ʤʽʞ ʧʨʠʩʪʨʦʷʤʠ, ʜʝ 1- Wi-Fi ʤʘʨʰʨʫʪʠʟʘʪʦʨ, 2 ï Li-Fi 

ʤʘʨʰʨʫʪʠʟʘʪʦʨ, 3 - ʢʦʥʜʠʮʽʦʥʝʨ ʪʘ ʜʘʪʯʠʢ ʪʝʤʧʝʨʘʪʫʨʠ. 

ʂʦʤʫʥʽʢʘʮʽʷ ʙʫʜʝ ʧʨʦʚʦʜʠʪʠʩʷ ʥʘʩʪʫʧʥʠʤ ʯʠʥʦʤ: ʜʘʪʯʠʢ ʪʝʤʧʝʨʘʪʫʨʠ 

ʯʝʨʝʟ Wi-Fi ʧʦʩʠʣʘʻ ʩʠʛʥʘʣ ʜʦ ʢʦʥʪʨʦʣʝʨʘ ʟʽ ʟʥʘʯʝʥʥʷʤ ʪʝʤʧʝʨʘʪʫʨʠ, ʷʢ 

ʪʽʣʴʢʠ ʪʝʤʧʝʨʘʪʫʨʘ ʩʪʘʣʘ ʚʠʱʝ, ʥʽʞ ʚʢʘʟʘʥʘ ʨʘʥʽʰʝ, ʢʦʥʪʨʦʣʝʨ ʧʦʩʠʣʘʻ 

ʢʦʤʘʥʜʫ ʫʚʽʤʢʥʫʪʠ ʢʦʥʜʠʮʽʦʥʝʨ. ʎʝʡ ʧʘʢʝʪ ʜʦʩʷʛʘʻ Wi-Fi ʨʦʫʪʝʨʘ, ʪʘ ʧʦʪʽʤ 

ʧʦʪʨʘʧʣʷʻ ʜʦ Li-Fi ʨʦʫʪʝʨʘ ʪʘ ʚ ʧʽʜʤʝʨʝʞʫ IoT ʧʨʠʩʪʨʦʾʚ, ʜʝ ʟʘ ʜʦʧʦʤʦʛʦʶ 
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ʩʚʽʪʣʦʚʦʛʦ ʩʠʛʥʘʣʫ ʢʦʥʜʠʮʽʦʥʝʨ ʦʪʨʠʤʫʻ ʧʦʪʨʽʙʥʫ ʢʦʤʘʥʜʫ ʪʘ ʧʦʯʠʥʘʻ 

ʨʦʙʦʪʫ. 

ʑʦ ʩʪʦʩʫʻʪʴʩʷ ʢʦʤʫʥʽʢʘʮʽʾ ʚʥʦʯʽ, ʢʦʣʠ ʣʘʤʧʠ ʥʝ ʧʨʘʮʶʚʘʪʠʤʫʪʴ, ʮʝ 

ʤʦʞʣʠʚʦ ʟʘ ʜʦʧʦʤʦʛʦʶ ʽʥʬʨʘʯʝʨʚʦʥʦʛʦ ʩʧʝʢʪʨʫ ʩʚʽʪʣʘ. ʇʝʨʝʜʘʯʘ ʜʘʥʠʭ ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʽʥʬʨʘʯʝʨʚʦʥʦʛʦ ʩʧʝʢʪʨʫ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʠʭ ʭʚʠʣʴ ʫʞʝ ʜʘʚʥʦ 

ʚʽʜʦʤʘ ʟʘʚʜʷʢʠ Infrared Data Association (IrDA). ʅʘ ʞʘʣʴ, ʚʜʝʥʴ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʽʥʬʨʘʯʝʨʚʦʥʦʛʦ ʩʧʝʢʪʨʫ ʜʣʷ ʧʝʨʝʜʘʯʽ ʽʥʬʦʨʤʘʮʽʾ ʤʘʡʞʝ ʥʝʤʦʞʣʠʚʘ ʯʝʨʝʟ 

ʟʘʚʘʜʠ, ʱʦ ʩʪʚʦʨʶʻ ʩʦʥʮʝ ʪʘ ʰʪʫʯʥʽ ʜʞʝʨʝʣʘ ʦʩʚʽʪʣʝʥʥʷ. 

ɺʨʘʭʦʚʫʶʯʠ ʚʩʝ ʚʠʱʝʩʢʘʟʘʥʝ, ʤʦʞʥʘ ʢʦʥʩʪʘʪʫʚʘʪʠ, ʱʦ Li-Fi ʤʦʞʝ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠʩʷ ʫ ʧʦʻʜʥʘʥʥʽ ʟ IoT, ʘʣʝ ʮʷ ʩʬʝʨʘ ʚʠʤʘʛʘʻ ʙʽʣʴʰʦʾ ʢʽʣʴʢʦʩʪʽ 

ʜʦʩʣʽʜʞʝʥʴ ʱʦʜʦ ʩʪʚʦʨʝʥʥʷ ʤʘʨʰʨʫʪʠʟʘʪʦʨʘ, ʷʢʠʡ ʟʤʦʞʝ ʛʝʥʝʨʫʚʘʪʠ ʩʠʛʥʘʣʠ 

ʫ ʚʠʜʠʤʦʤʫ ʩʧʝʢʪʨʽ ʪʘ ʝʢʦʥʦʤʽʯʥʦʾ ʩʢʣʘʜʦʚʦʾ, ʪʦʤʫ ʱʦ ʧʦʢʠ ʧʨʠʩʪʨʦʾ, ʱʦ 

ʤʦʞʫʪʴ ʧʽʜʪʨʠʤʫʚʘʪʠ Li-Fi ʧʨʝʜʩʪʘʚʣʝʥʽ ʫ ʜʫʞʝ ʤʘʣʽʡ ʢʽʣʴʢʦʩʪʽ ʪʘ ʚʦʥʠ ʻ 

ʜʫʞʝ ʜʦʨʦʛʠʤʠ. ɸʣʝ ʮʷ ʪʝʭʥʦʣʦʛʽʷ ʚ ʤʘʡʙʫʪʥʴʦʤʫ, ʟ ʤʘʩʦʚʠʤ ʧʦʰʠʨʝʥʥʷʤ 

IoT ʧʨʠʩʪʨʦʾʚ ʪʘ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʾʭ ʫ ʟʚʠʯʘʡʥʠʭ ʙʫʜʠʥʢʘʭ ʟʤʦʞʝ ʚʠʨʽʰʠʪʠ 

ʧʨʦʙʣʝʤʫ ʥʘʜʤʽʨʥʦʾ ʢʽʣʴʢʦʩʪʽ ʪʨʘʬʽʢʫ ʤʽʞ ʧʨʠʩʪʨʦʷʤʠ IoT ʫ ʪʘʢʠʭ ʤʝʨʝʞʘʭ. 
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COMPREHENSIVE ANALYSIS OF METHODS OF USING  

ELECTRICITY STORAGE SYSTEMS FOR  MICROGRID  

 

The main data storage systems used in microgrids are considered. An analysis of 

different types of battery energy storage systems and their interaction with each other is carried 

out. The results of the analysis showed that the requirement for interoperability of such systems 

is not fully met and requires the formation of an ontology that will enable easy integration and 

autonomous operation of devices from different suppliers with different information models. 

 

ʉʫʯʘʩʥʠʡ ʩʚʽʪ ʰʚʠʜʢʠʤʠ ʢʨʦʢʘʤʠ ʨʫʭʘʻʪʴʩʷ ʜʦ ʟʥʠʢʥʝʥʥʷ 

ʥʝʚʽʜʥʦʚʣʶʚʘʥʠʭ ʜʞʝʨʝʣ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ, ʪʦʤʫ ʚʠʥʠʢʘʻ ʥʘʛʘʣʴʥʘ ʧʦʪʨʝʙʘ ʫ 

ʚʠʢʦʨʠʩʪʘʥʥʽ ʪʘʢʠʭ ʨʝʩʫʨʩʽʚ, ʷʢʽ ʤʦʞʣʠʚʦ ʧʦʥʦʚʠʪʠ. ʉʫʯʘʩʥʽ ʤʝʨʝʞʽ 

Microgrid ʧʨʦʧʦʥʫʶʪʴ ʥʝʜʦʨʦʛʝ ʡ ʝʢʦʣʦʛʽʯʥʝ ʨʽʰʝʥʥʷ ʫ ʚʠʨʽʰʝʥʥʽ ʧʨʦʙʣʝʤʠ 

ʝʣʝʢʪʨʦʧʦʩʪʘʯʘʥʥʷ, ʪʘ ʟʘʙʝʟʧʝʯʫʶʪʴ ʥʘʜʽʡʥʠʤ ʜʞʝʨʝʣʦʤ ʨʝʛʽʦʥʠ ʟ 

ʥʝʩʪʘʙʽʣʴʥʦʶ ʝʣʝʢʪʨʦʝʥʝʨʛʽʻʶ.  

ɿ ʚʧʨʦʚʘʜʞʝʥʥʷʤ ʪʘʢʠʭ ʤʝʨʝʞ ʚʠʥʠʢʘʻ ʧʦʪʨʝʙʘ ʫ ʚʠʢʦʨʠʩʪʘʥʥʽ ʩʠʩʪʝʤ 

ʟʙʝʨʽʛʘʥʥʷ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ, ʘ ʦʪʞʝ ʥʝʦʙʭʽʜʥʘ ʽ ʾʭʥʷ ʽʥʪʝʛʨʘʮʽʷ ʚ ʩʠʩʪʝʤʠ 

ʢʝʨʫʚʘʥʥʷ, ʷʢʽ ʨʦʟʨʦʙʣʝʥʽ ʜʣʷ ʦʙʤʝʞʝʥʦʾ ʦʙʣʘʩʪʽ ʚʠʢʦʨʠʩʪʘʥʥʷ.  

ʉʠʩʪʝʤʘ ʜʣʷ ʟʙʝʨʽʛʘʥʥʷ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ ʟʘʙʝʟʧʝʯʫʻ ʩʚʦʾʭ ʩʧʦʞʠʚʘʯʽʚ 

ʙʝʟʧʝʨʝʙʽʡʥʠʤ ʜʦʩʪʫʧʦʤ ʜʦ ʞʠʚʣʝʥʥʷ ʪʘ ʤʘʻ ʥʘ ʤʝʪʽ ʟʥʠʟʠʪʠ ʡʤʦʚʽʨʥʽʩʪʴ 

ʚʪʨʘʪ ʝʥʝʨʛʝʪʠʯʥʦʛʦ ʨʝʩʫʨʩʫ. ɼʘʥʽ ʩʠʩʪʝʤʠ ʟʙʝʨʽʛʘʥʥʷ ʰʠʨʦʢʦ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʚ ʤʽʢʨʦʤʝʨʝʞʘʭ ʽ ʤʦʞʫʪʴ ʟʘʙʝʟʧʝʯʠʪʠ ʧʣʘʚʥʠʡ ʧʝʨʝʭʽʜ 

ʤʽʞ ʤʝʨʝʞʝʚʦʶ ʪʘ ʽʟʦʣʴʦʚʘʥʦʶ ʨʦʙʦʪʦʶ ʤʽʢʨʦʤʝʨʝʞʽ. 

ɺʝʣʠʢʘ ʯʘʩʪʠʥʘ ʨʦʟʧʦʜʽʣʝʥʦʾ ʛʝʥʝʨʘʮʽʾ (distributed generation - DG) 

ʽʥʪʝʛʨʦʚʘʥʘ ʟ ʘʢʫʤʫʣʷʪʦʨʥʠʤʠ ʩʠʩʪʝʤʘʤʠ ʟʙʝʨʽʛʘʥʥʷ ʝʥʝʨʛʽʾ (battery energy 

storage system - BESS) ʫ ʩʢʣʘʜʽ ʤʽʢʨʦʤʝʨʝʞ, ʷʢʽ ʤʦʞʫʪʴ ʧʨʘʮʶʚʘʪʠ ʷʢ ʚ 

ʤʝʨʝʞʝʚʦʤʫ, ʪʘʢ ʽ ʚ ʽʟʦʣʴʦʚʘʥʦʤʫ ʪʘ ʢʦʤʙʽʥʦʚʘʥʦʤʫ ʨʝʞʠʤʘʭ. ʈʽʟʥʦʚʠʜʽʚ 

BESS ʥʘʜʟʚʠʯʘʡʥʦ ʙʘʛʘʪʦ, ʘʣʝ ʥʘʡʧʦʧʫʣʷʨʥʽʰʘ ʢʦʤʙʽʥʘʮʽʷ ʚʢʣʶʯʘʻ ʚ ʩʝʙʝ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʙʘʪʘʨʝʡ ʪʘ ʩʫʧʝʨʢʦʥʜʝʥʩʘʪʦʨʽʚ (ʧʦʻʜʥʘʥʥʷ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʥʘʢʦʧʠʯʝʥʥʷ ʪʘ ʚʠʚʽʣʴʥʝʥʥʷ ʝʥʝʨʛʽʾ ʝʣʝʢʪʨʠʯʥʦʛʦ ʧʦʣʷ ʪʘ ʭʽʤʽʯʥʦʾ ʨʝʘʢʮʽʾ). 
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ɹʽʣʴʰʽʩʪʴ ʤʽʢʨʦʤʝʨʝʞ ʚʢʣʶʯʘʶʪʴ BESS, ʷʢʽ ʤʦʞʫʪʴ ʚʧʣʠʚʘʪʠ ʷʢ ʥʘ 

ʩʪʘʙʽʣʴʥʽʩʪʴ, ʪʘʢ ʽ ʥʘ ʥʘʜʽʡʥʽʩʪʴ ʩʠʩʪʝʤʠ, ʽ ʚʦʥʠ ʤʦʞʫʪʴ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠʩʷ ʚ 

ʤʽʢʨʦʤʝʨʝʞʘʭ ʟʤʽʥʥʦʛʦ ʪʘ ʧʦʩʪʽʡʥʦʛʦ ʩʪʨʫʤʫ [1].  

ʉʠʩʪʝʤʘ ʟʙʝʨʽʛʘʥʥʷ, ʷʢʘ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʘʢʫʤʫʣʷʪʦʨʥʠʭ ʙʘʪʘʨʝʡ, ʥʝ ʤʘʻ 

ʥʘʣʝʞʥʦʾ ʬʫʥʢʮʽʦʥʘʣʴʥʦʩʪʽ ʚ ʤʽʢʨʦʤʝʨʝʞʘʭ ʫ ʚʠʧʘʜʢʫ ʚʠʩʦʢʦ ʤʽʥʣʠʚʠʭ 

ʨʦʟʧʦʜʽʣʝʥʠʭ ʝʣʝʢʪʨʦʝʥʝʨʛʝʪʠʯʥʠʭ ʩʠʩʪʝʤ, ʪʘʢʠʭ ʷʢ ʚʽʜʥʦʚʣʶʚʘʥʽ ʜʞʝʨʝʣʘ 

ʝʥʝʨʛʽʾ. ʋ ʮʴʦʤʫ ʚʠʧʘʜʢʫ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʫʣʴʪʨʘʢʦʥʜʝʥʩʘʪʦʨʠ, ʷʢʽ ʟ ʪʦʯʢʠ 

ʟʦʨʫ ʱʽʣʴʥʦʩʪʽ ʝʥʝʨʛʽʾ ʪʘ ʱʽʣʴʥʦʩʪʽ ʧʦʪʫʞʥʦʩʪʽ ʟʥʘʭʦʜʷʪʴʩʷ ʤʽʞ ʟʚʠʯʘʡʥʠʤʠ 

ʙʘʪʘʨʝʷʤʠ ʪʘ ʢʦʥʜʝʥʩʘʪʦʨʘʤʠ [2]. ɰʭ ʚʩʪʘʥʦʚʣʶʶʪʴ ʪʘʤ ʜʝ ʻ ʜʝʬʽʮʠʪ ʟʘʨʷʜʫ 

ʚʽʜ ʙʘʪʘʨʝʡ. 

ɻʽʙʨʠʜʥʘ ʩʠʩʪʝʤʘ ʟʙʝʨʽʛʘʥʥʷ ʝʥʝʨʛʽʾ (hybrid energy storage system - 

HESS), ʱʦ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʘʢʫʤʫʣʷʪʦʨʥʦʾ ʙʘʪʘʨʝʾ ʪʘ ʫʣʴʪʨʘʢʦʥʜʝʥʩʘʪʦʨʘ, 

ʟʤʝʥʰʫʻ ʥʝʜʦʣʽʢʠ ʫ ʚʠʧʘʜʢʫ ʚʠʢʦʨʠʩʪʘʥʥʷ ʣʠʰʝ ʘʢʫʤʫʣʷʪʦʨʥʦʾ ʙʘʪʘʨʝʾ ʘʙʦ 

ʣʠʰʝ ʫʣʴʪʨʘʢʦʥʜʝʥʩʘʪʦʨʘ. ʏʘʩ ʟʘʨʷʜʞʘʥʥʷ/ʨʦʟʨʷʜʞʘʥʥʷ ʪʘ 

ʫʣʴʪʨʘʢʦʥʜʝʥʩʘʪʦʨ ʢʦʤʧʝʥʩʫʶʪʴ ʧʝʨʝʭʽʜʥʠʡ ʧʦʧʠʪ ʧʨʦʪʷʛʦʤ ʢʦʨʦʪʢʦʛʦ 

ʧʝʨʽʦʜʫ ʯʘʩʫ. 

ʂʦʤʙʽʥʘʮʽʷ ʘʢʫʤʫʣʷʪʦʨʥʦʾ ʙʘʪʘʨʝʾ ʪʘ ʫʣʴʪʨʘʢʦʥʜʝʥʩʘʪʦʨʘ ʦʙʨʘʥʘ ʷʢ 

ʛʽʙʨʠʜʥʘ ʩʠʩʪʝʤʘ ʟʙʝʨʽʛʘʥʥʷ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ ʜʣʷ ʤʽʢʨʦʤʝʨʝʞ (ʨʠʩʫʥʦʢ 1) ʟ 

ʛʥʫʯʢʠʤ ʪʘ ʽʥʪʝʣʝʢʪʫʘʣʴʥʠʤ ʘʣʛʦʨʠʪʤʦʤ ʫʧʨʘʚʣʽʥʥʷ ʝʣʝʢʪʨʦʝʥʝʨʛʝʪʠʯʥʠʤ 

ʩʧʦʞʠʚʘʥʥʷʤ.  

 

ʈʠʩ. 1. ɻʽʙʨʠʜʥʘ ʩʠʩʪʝʤʘ ʟʙʝʨʽʛʘʥʥʷ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ ʜʣʷ ʤʽʢʨʦʤʝʨʝʞʽ. 

ɹʘʪʘʨʝʷ ʽʥʽʮʽʶʻ ʢʦʤʧʝʥʩʘʮʽʶ ʟʛʽʜʥʦ ʟ ʘʣʛʦʨʠʪʤʦʤ, ʢʦʣʠ ʥʘʧʨʫʛʘ ʥʘ 

ʢʣʝʤʘʭ ʟʘʣʠʰʘʻʪʴʩʷ ʚ ʤʝʞʘʭ 0,99 ʽ 1,01 pu (ʚʽʜʥʦʩʥʘ ʦʜʠʥʠʮʷ). ʗʢʱʦ ʥʘʧʨʫʛʘ 

ʤʘʻ ʪʝʥʜʝʥʮʽʶ ʜʦ ʢʦʣʠʚʘʥʥʷ ʟ ʮʽʻʾ ʟʦʥʠ (ʚʝʨʭʥʴʦʾ ʘʙʦ ʥʠʞʥʴʦʾ), 

ʫʣʴʪʨʘʢʦʥʜʝʥʩʘʪʦʨ ʽʥʽʮʽʶʻ ʢʦʤʧʝʥʩʘʮʽʶ.  
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ʇʽʢ ʧʝʨʝʭʽʜʥʦʛʦ ʧʨʦʮʝʩʫ, ʷʢʠʡ ʚʠʥʠʢ ʫ ʤʽʢʨʦʤʝʨʝʞʝʚʽʡ ʩʠʩʪʝʤʽ ʙʫʚ 

ʢʦʤʧʝʥʩʦʚʘʥʠʡ ʜʦ 1,023 pu, ʫ ʚʠʧʘʜʢʫ ʢʦʤʧʝʥʩʘʪʦʨʘ ʪʽʣʴʢʠ ʟ ʘʢʫʤʫʣʷʪʦʨʦʤ, 

ʢʦʤʧʝʥʩʦʚʘʥʠʡ ʜʦ 1,02 pu, ʫ ʚʠʧʘʜʢʫ ʣʠʰʝ ʫʣʴʪʨʘʢʦʥʜʝʥʩʘʪʦʨʥʦʛʦ 

ʢʦʤʧʝʥʩʘʪʦʨʘ, ʽ ʢʦʤʧʝʥʩʦʚʘʥʠʡ ʜʦ 1,017 pu ʫ ʚʠʧʘʜʢʫ ʛʽʙʨʠʜʥʦʾ ʩʠʩʪʝʤʠ 

ʥʘʢʦʧʠʯʝʥʥʷ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ ʷʢ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩʫʥʢʫ 2. ʆʪʞʝ HESS ʤʦʞʝ 

ʚʧʦʨʘʪʠʩʷ ʟ ʧʝʨʝʭʽʜʥʠʤʠ ʩʪʨʠʙʢʘʤʠ ʥʘʡʙʽʣʴʰ ʝʬʝʢʪʠʚʥʦ ʩʝʨʝʜ ʮʠʭ ʪʨʴʦʭ 

ʩʠʩʪʝʤ [2]. 

 

 

ʈʠʩ. 2. ʇʦʨʽʚʥʷʥʥʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʥʘʧʨʫʛʠ ʥʘ ʰʠʥʽ ʤʽʢʨʦʤʝʨʝʞʽ  

ʤʽʞ ʢʦʤʧʝʥʩʘʪʦʨʦʤ, ʱʦ ʧʨʘʮʶʻ ʣʠʰʝ ʥʘ ʙʘʪʘʨʝʷʭ, ʢʦʤʧʝʥʩʘʪʦʨʦʤ,  

ʱʦ ʧʨʘʮʶʻ ʣʠʰʝ ʥʘ ʫʣʴʪʨʘʢʦʥʜʝʥʩʘʪʦʨʘʭ, ʪʘ ʢʦʤʧʝʥʩʘʪʦʨʦʤ HESS. 
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Cʠʩʪʝʤʘ ʢʝʨʫʚʘʥʥʷ ʤʽʢʨʦʤʝʨʝʞʝʶ ʤʦʜʝʣʽ "+" (microgrid plus control 

system - MPCS), ʻ ʥʝʚʽʜ'ʻʤʥʦʶ ʯʘʩʪʠʥʦʶ ʽʥʪʝʣʝʢʪʫʘʣʴʥʦʾ ʤʝʨʝʞʽ. ɯʥʪʝʛʨʘʮʽʷ 

MPCS ʻ ʥʝʦʙʭʽʜʥʦʶ ʜʣʷ ʦʙʤʽʥʫ ʽʥʬʦʨʤʘʮʽʻʶ ʤʽʞ ʚʫʟʣʘʤʠ ʦʜʥʦʛʦ ʜʦʤʝʥʫ. 

ʆʩʥʦʚʥʘ ʯʘʩʪʠʥʘ ʧʦʪʨʽʙʥʠʭ ʩʪʘʥʜʘʨʪʽʚ ʚʞʝ ʽʩʥʫʻ ʪʘ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ, ʘʣʝ 

ʚʝʣʠʢʘ ʢʽʣʴʢʽʩʪʴ ʟ ʥʠʭ ʙʫʣʠ ʨʦʟʨʦʙʣʝʥʽ ʜʣʷ ʽʥʪʝʛʨʘʮʽʾ ʩʠʩʪʝʤʠ ʚ ʦʙʤʝʞʝʥʽʡ 

ʦʙʣʘʩʪʽ ʟʘʩʪʦʩʫʚʘʥʥʷ ʽ ʚʦʥʠ ʥʝ ʤʘʶʪʴ ʩʧʽʣʴʥʦʾ ʤʦʜʝʣʽ ʜʘʥʠʭ ʘʙʦ ʩʧʽʣʴʥʦʛʦ 

ʧʽʜʭʦʜʫ ʤʦʜʝʣʶʚʘʥʥʷ (ʨʦʟʛʣʷʜʘʶʯʠ ʽʥʪʝʣʝʢʪʫʘʣʴʥʫ ʤʝʨʝʞʫ) [3]. ʊʘʢʠʤ 

ʯʠʥʦʤ ʫʩʽ ʽʥʪʝʨʬʝʡʩʠ ʤʽʞ ʩʠʩʪʝʤʘʤʠ ʷʢʽ ʥʝ ʧʽʜʣʷʛʘʶʪʴ ʧʽʜ ʦʜʠʥ ʩʪʘʥʜʘʨʪ 

ʧʦʪʨʝʙʫʶʪʴ ʧʝʨʝʪʚʦʨʝʥʥʷ ʦʜʥʦʛʦ ʬʦʨʤʘʪʫ ʩʪʘʥʜʘʨʪʫ ʚ ʽʥʰʠʡ. ʊʘʢ ʩʘʤʦ ʤʦʞʝ 

ʚʠʥʠʢʥʫʪʠ ʧʨʦʙʣʝʤʘ ʟ ʚʽʜʦʙʨʘʞʝʥʥʷʤ ʤʦʜʝʣʝʡ ʜʘʥʠʭ ʷʢʱʦ ʽʥʪʝʨʬʝʡʩ ʥʝ ʙʫʜʝ 

ʧʽʜʪʨʠʤʫʚʘʪʠ ʞʦʜʝʥ ʟ ʩʪʘʥʜʘʨʪʽʚ. ɼʣʷ ʨʽʰʝʥʥʷ ʮʽʻʾ ʧʨʦʙʣʝʤʠ ʧʦʪʨʽʙʥʦ 

ʩʬʦʨʤʫʣʶʚʘʪʠ ʦʥʪʦʣʦʛʽʶ, ʟʘ ʜʦʧʦʤʦʛʦʶ ʷʢʦʾ ʚʩʽ ʚʠʜʠ ʩʪʘʥʜʘʨʪʽʚ ʪʘ 

ʩʝʤʘʥʪʠʯʥʽ ʤʦʜʝʣʽ ʙʫʜʫʪʴ ʚʽʜʦʙʨʘʞʝʥʽ ʥʘ ʩʪʘʥʜʘʨʪʥʽʡ ʽʥʬʦʨʤʘʮʽʡʥʽʡ ʤʦʜʝʣʽ 

ɼʘʥʘ ʨʦʙʦʪʘ ʜʝʤʦʥʩʪʨʫʻ ʜʝʪʘʣʴʥʠʡ ʦʛʣʷʜ ʩʠʩʪʝʤ ʟʙʝʨʽʛʘʥʥʷ 

ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ ʷʢʽ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠʤʫʪʴʩʷ ʜʣʷ ʤʝʨʝʞ Microgrid ʪʘ ʧʨʦʧʦʥʫʻ 

ʧʦʜʘʣʴʰʠʡ ʥʘʧʨʷʤʦʢ ʨʦʟʨʦʙʢʠ ʦʥʪʦʣʦʛʽʾ ʜʣʷ ʬʦʨʤʫʚʘʥʥʷ ʩʠʩʪʝʤʠ 

ʫʧʨʘʚʣʽʥʥʷ ʪʘ ʜʦʩʷʛʥʝʥʥʷ ʙʘʞʘʥʦʾ ʽʥʪʝʨʦʧʝʨʘʙʝʣʴʥʦʩʪʽ. 
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AN APPROACH TO WEB SERVICES LOAD BALANCING IN  

A HETEROGENEOUS CLUSTER BASED ON DOCKER SWARM 

  

The work is devoted to the actual problem of effective load distribution of web services 

in a cluster environment. Currently, there are web services orchestration solutions in a cluster 

that solve this problem, but they are primarily intended for clusters with stationary architecture 

or for use in a cloud environment, while using as computing nodes the resources of user devices 

connected to the enterprise network, has advantages in terms of cost of ownership or data 

privacy. One of the most promising technologies that could ensure efficient functioning of the 

cluster in conditions of heterogeneity of working nodes and non-deterministic dynamics of 

architecture change is Docker Swarm, but it does not provide means of load balancing except for 

the cloud environment. The paper proposes an approach based on the use of Nginx load balancer 

to circumvent this limitation. 

 

ʈʦʙʦʪʘ ʧʨʠʩʚʷʯʝʥʘ ʘʢʪʫʘʣʴʥʽʡ ʧʨʦʙʣʝʤʽ ʝʬʝʢʪʠʚʥʦʛʦ ʨʦʟʧʦʜʽʣʫ 

ʥʘʚʘʥʪʘʞʝʥʥʷ ʚʝʙ-ʩʝʨʚʽʩʽʚ ʫ ʢʣʘʩʪʝʨʥʦʤʫ ʩʝʨʝʜʦʚʠʱʽ. ʅʘ ʜʘʥʠʡ ʤʦʤʝʥʪ 

ʽʩʥʫʶʪʴ ʨʽʰʝʥʥʷ ʟ ʦʨʢʝʩʪʨʘʮʽʾ ʚʝʙ-ʩʝʨʚʽʩʽʚ ʫ ʢʣʘʩʪʝʨʽ, ʷʢʽ ʚʠʨʽʰʫʶʪʴ ʮʶ 

ʧʨʦʙʣʝʤʫ, ʘʣʝ ʚʦʥʠ ʧʨʠʟʥʘʯʝʥʽ ʥʘʩʘʤʧʝʨʝʜ ʜʣʷ ʢʣʘʩʪʝʨʽʚ ʟʽ ʩʪʘʮʽʦʥʘʨʥʦʶ 

ʘʨʭʽʪʝʢʪʫʨʦʶ ʘʙʦ ʜʣʷ ʚʠʢʦʨʠʩʪʘʥʥʷ ʫ ʭʤʘʨʥʦʤʫ ʩʝʨʝʜʦʚʠʱʽ, ʫ ʪʦʡ ʯʘʩ ʷʢ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʫ ʷʢʦʩʪʽ ʦʙʯʠʩʣʶʚʘʣʴʥʠʭ ʚʫʟʣʽʚ ʨʝʩʫʨʩʽʚ ʢʦʨʠʩʪʫʚʘʣʴʥʠʮʴʢʠʭ 

ʧʨʠʩʪʨʦʾʚ, ʧʽʜʢʣʶʯʝʥʠʭ ʜʦ ʢʦʨʧʦʨʘʪʠʚʥʦʾ ʤʝʨʝʞʽ, ʤʘʻ ʧʝʨʝʚʘʛʠ ʧʦ ʚʘʨʪʦʩʪʽ 

ʚʦʣʦʜʽʥʥʷ ʘʙʦ ʢʦʥʬʽʜʝʥʮʽʡʥʦʩʪʽ ʜʘʥʠʭ. ʆʜʥʽʻʶ ʩ ʥʘʡʧʝʨʩʧʝʢʪʠʚʥʠʭ 

ʪʝʭʥʦʣʦʛʽʡ, ʷʢʘ ʤʦʛʣʘ ʙ ʟʘʙʝʟʧʝʯʠʪʠ ʝʬʝʢʪʠʚʥʝ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʢʣʘʩʪʝʨʫ ʚ 

ʫʤʦʚʘʭ ʛʝʪʝʨʦʛʝʥʥʦʩʪʽ ʨʦʙʦʯʠʭ ʚʫʟʣʽʚ ʪʘ ʥʝʜʝʪʝʨʤʽʥʦʚʘʥʦʾ ʜʠʥʘʤʽʯʥʦʩʪʽ 

ʟʤʽʥʠ ʘʨʭʽʪʝʢʪʫʨʠ ʮʝ Docker Swarm, ʘʣʝ ʚʦʥʘ ʥʝ ʥʘʜʘʻ ʟʘʩʦʙʽʚ ʙʘʣʘʥʩʫʚʘʥʥʷ 

ʥʘʚʘʥʪʘʞʝʥʥʷ ʦʢʨʽʤ ʷʢ ʜʣʷ ʭʤʘʨʥʦʛʦ ʩʝʨʝʜʦʚʠʱʘ. ʋ ʨʦʙʦʪʽ ʜʣʷ ʦʙʭʦʜʫ ʮʴʦʛʦ 

ʦʙʤʝʞʝʥʥʷ ʧʨʦʧʦʥʫʻʪʴʩʷ ʧʽʜʭʽʜ ʥʘ ʦʩʥʦʚʽ ʚʠʢʦʨʠʩʪʘʥʥʷ ʙʘʣʘʥʩʫʚʘʣʴʥʠʢʘ 

ʥʘʚʘʥʪʘʞʝʥʥʷ Nginx. 

ʂʽʣʴʢʽʩʪʴ ʩʝʨʚʽʩʽʚ ʚ ɯʥʪʝʨʥʝʪʽ ʟʨʦʩʪʘʻ, ʪʦʤʫ ʧʨʦʙʣʝʤʘ ʟʙʽʣʴʰʝʥʥʷ 

ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ ʩʝʨʚʝʨʽʚ, ʷʢʽ ʾʭ ʦʙʩʣʫʛʦʚʫʶʪʴ, ʻ ʘʢʪʫʘʣʴʥʦʶ. ʎʶ ʧʨʦʙʣʝʤʫ 

ʟʘʟʚʠʯʘʡ ʚʠʨʽʰʫʶʪʴ ʥʘ ʦʩʥʦʚʽ ʭʤʘʨʥʠʭ ʨʽʰʝʥʴ, ʷʢʽ ʜʦʟʚʦʣʷʶʪʴ ʧʦʙʫʜʫʚʘʪʠ 

ʢʣʘʩʪʝʨ ʩʝʨʚʝʨʽʚ ʤʘʡʞʝ ʙʫʜʴ ʷʢʦʾ ʧʦʪʫʞʥʦʩʪʽ, ʷʢʠʡ ʙʫʜʝ ʘʚʪʦʤʘʪʠʯʥʦ 

ʤʘʩʰʪʘʙʫʚʘʪʠʩʴ, ʚʠʭʦʜʷʯʠ ʟ ʧʦʪʦʯʥʠʭ ʧʦʪʨʝʙ. ɸʣʝ ʚ ʫʤʦʚʘʭ, ʢʦʣʠ ʫ ʥʘʷʚʥʦʩʪʽ 

ʢʦʤʧʘʥʽʡ ʻ ʦʙʯʠʩʣʶʚʘʣʴʥʽ ʧʨʠʩʪʨʦʾ, ʧʽʜʢʣʶʯʝʥʽ ʜʦ ʢʦʨʧʦʨʘʪʠʚʥʦʾ ʤʝʨʝʞʽ, 

ʜʦʮʽʣʴʥʠʤ ʤʦʞʝ ʙʫʪʠ ʟʘʣʫʯʝʥʥʷ ʧʨʦʩʪʦʶʶʯʠʭ ʨʝʩʫʨʩʽʚ ʪʘʢʠʭ ʧʨʠʩʪʨʦʾʚ: ʮʝ 

ʥʝ ʧʦʪʨʝʙʫʻ ʜʦʜʘʪʢʦʚʠʭ ʽʥʚʝʩʪʠʮʽʡ ʽ ʚ ʦʨʛʘʥʽʟʘʮʽʷʭ ʻ ʚ ʥʘʷʚʥʦʩʪʽ ʙʘʛʘʪʦ 

ʦʙʣʘʜʥʘʥʥʷ - ʧʝʨʩʦʥʘʣʴʥʽ ʢʦʤʧôʶʪʝʨʠ, ʧʨʠʩʪʨʦʾ ñʨʦʟʫʤʥʦʛʦ ʜʦʤʫò ʪʘ 
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ʽʥʪʝʨʥʝʪʫ ʨʝʯʝʡ ʷʢʽ ʥʝ ʧʦʪʨʝʙʫʶʪʴ ʘʚʪʦʥʦʤʥʦʩʪʽ ʨʦʙʦʪʠ ʪʘ ʧʨʦʩʪʦʶʶʪʴ. ʋ 

ʧʦʧʝʨʝʜʥʽʡ ʨʦʙʦʪʽ [1] ʙʫʣʦ ʧʦʢʘʟʘʥʦ, ʱʦ ʦʜʥʽʻʶ ʟ ʧʝʨʩʧʝʢʪʠʚʥʠʭ ʪʝʭʥʦʣʦʛʽʡ, 

ʷʢʘ ʤʦʛʣʘ ʙ ʟʘʙʝʟʧʝʯʠʪʠ ʝʬʝʢʪʠʚʥʝ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʢʣʘʩʪʝʨʫ ʚ ʫʤʦʚʘʭ 

ʛʝʪʝʨʦʛʝʥʥʦʩʪʽ ʟʘʟʥʘʯʝʥʠʭ ʨʦʙʦʯʠʭ ʚʫʟʣʽʚ ʪʘ ʦʯʝʚʠʜʥʦʾ ʥʝʜʝʪʝʨʤʽʥʦʚʘʥʦʾ 

ʜʠʥʘʤʽʯʥʦʩʪʽ ʟʤʽʥʠ ʘʨʭʽʪʝʢʪʫʨʠ ʢʣʘʩʪʝʨʘ, ʧʦʙʫʜʦʚʘʥʦʛʦ ʽʟ ʟʘʣʫʯʝʥʥʷʤ ʪʘʢʠʭ 

ʨʝʩʫʨʩʽʚ ʻ Docker Swarm, ʘʣʝ ʚʦʥʘ ʤʘʻ ʟʘʩʦʙʠ ʙʘʣʘʥʩʫʚʘʥʥʷ ʥʘʚʘʥʪʘʞʝʥʥʷ 

ʪʽʣʴʢʠ ʜʣʷ ʭʤʘʨʥʦʛʦ ʩʝʨʝʜʦʚʠʱʘ [2] 

ʆʪʞʝ, ʫ ʨʦʙʦʪʽ ʧʦʩʪʘʚʣʝʥʘ ʟʘʜʘʯʘ ʝʬʝʢʪʠʚʥʦʛʦ ʙʘʣʘʥʩʫʚʘʥʥʷ 

ʥʘʚʘʥʪʘʞʝʥʥʷ ʚʝʙ-ʩʝʨʚʽʩʽʚ ʫ ʢʣʘʩʪʝʨʽ ʧʽʜ ʢʝʨʫʚʘʥʥʷʤ Docker Swarm, 

ʧʦʙʫʜʦʚʘʥʦʤʫ ʥʘ ʦʩʥʦʚʽ ʥʝʟʘʜʽʷʥʠʭ ʨʝʩʫʨʩʽʚ ʧʨʠʩʪʨʦʾʚ, ʧʽʜʢʣʶʯʝʥʠʭ ʜʦ 

ʢʦʨʧʦʨʘʪʠʚʥʦʾ ʤʝʨʝʞʽ.  

ʊʠʧʦʚʦʶ ʘʨʭʽʪʝʢʪʫʨʦʶ ʩʫʯʘʩʥʦʛʦ ʩʝʨʚʝʨʫ ʤʦʞʝ ʨʦʟʛʣʷʜʘʪʠʩʴ ʥʘʩʪʫʧʥʘ 

[2]: ʚ ʥʘʩ ʽʩʥʫʻ ʢʣʘʩʪʝʨ (ʩʝʨʚʝʨ), ʷʢʠʡ ʨʝʘʣʽʟʫʻ ʙʽʟʥʝʩ ʣʦʛʽʢʫ ʽ ʦʙʩʣʫʛʦʚʫʻ 

ʟʘʩʪʦʩʫʥʦʢ. ɼʣʷ ʪʦʛʦ, ʱʦʙ ʟʘʧʠʪʠ ʤʦʛʣʠ ʧʦʪʨʘʧʠʪʠ ʚʩʝʨʝʜʠʥʫ ʩʝʨʚʝʨʘ 

ʥʝʦʙʭʽʜʥʠʡ ʙʘʣʘʥʩʫʚʘʣʴʥʠʢ ʥʘʚʘʥʪʘʞʝʥʥʷ, ʥʘʧʨʠʢʣʘʜ Nginx ʘʙʦ Apache 

HTTP Server [3]. ɺʩʝ, ʱʦ ʨʦʙʠʪʴ ʙʘʣʘʥʩʫʚʘʣʴʥʠʢ ʫ ʙʽʣʴʰʦʩʪʽ ʚʠʧʘʜʢʽʚ, ʮʝ 

ʧʝʨʝʥʘʧʨʘʚʣʷʻ ʟʘʧʠʪ ʫ ʚʢʘʟʘʥʝ ʤʽʩʮʝ, ʪʦʙʪʦ ʚ ʥʘʰʦʤʫ ʚʠʧʘʜʢʫ, ʥʘ ʩʝʨʚʝʨ ʟ 

ʙʽʟʥʝʩ ʣʦʛʽʢʦʶ. ʇʨʦʪʝ, ʩʝʨʚʝʨ ʤʦʞʝ ʙʫʪʠ ʥʝ ʦʜʠʥ ʽ ʙʘʣʘʥʩʫʚʘʣʴʥʠʢ ʤʦʞʝ 

ʨʦʟʧʦʜʽʣʠʪʠ ʟʘʧʠʪʠ ʤʽʞ ʥʠʤʠ ʟʘ ʟʘʜʘʥʠʤ ʘʣʛʦʨʠʪʤʦʤ. 

ɺ ʜʘʥʽʡ ʨʦʙʦʪʽ ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʘʣʛʦʨʠʪʤ ñRound Robinò. 

ʇʨʠ ʮʴʦʤʫ ʢʦʞʝʥ ʩʝʨʚʝʨ ʤʘʻ ʩʚʦʶ ñʚʘʛʫò ʽ ʟʘʧʠʪʠ ʨʦʟʧʦʜʽʣʷʶʪʴʩʷ ʚʽʜʧʦʚʽʜʥʦ 

ʜʦ ʥʝʾ [3]. 

 
 

ʈʠʩ.1. ʉʪʨʫʢʪʫʨʥʘ ʩʭʝʤʘ ʧʨʦʝʢʪʫ. 

ɼʣʷ ʚʠʨʽʰʝʥʥʷ ʧʦʩʪʘʚʣʝʥʦʾ 

ʟʘʜʘʯʽ ʫ ʨʦʙʦʪʽ ʧʨʦʧʦʥʫʻʪʴʩʷ 

ʘʨʭʽʪʝʢʪʫʨʘ, ʧʦʢʘʟʘʥʘ ʥʘ 

ʨʠʩ.1. - ʮʝ ʤʝʨʝʞʘ, ʚ ʷʢʽʡ 

ʟʥʘʭʦʜʠʪʴʩʷ ʛʦʣʦʚʥʠʡ ʩʝʨʚʝʨ, 

ʚ ʷʢʦʤʫ ʚ ʩʚʦʶ ʯʝʨʛʫ 

ʟʥʘʭʦʜʠʪʴʩʷ ʙʘʣʘʥʩʫʚʘʣʴʥʠʢ 

ʪʘ ʙʽʟʥʝʩ ʣʦʛʽʢʘ, ʫʧʘʢʦʚʘʥʘ ʚ 

Docker ʢʦʥʪʝʡʥʝʨ. ɺʩʽ 

ʢʦʤʧôʶʪʝʨʠ ʷʢʽ ʧʣʘʥʫʻʪʴʩʷ 

ʟʘʩʪʦʩʫʚʘʪʠ, ʪʘʢʦʞ ʤʘʶʪʴ 

ʚʩʪʘʥʦʚʣʝʥʠʡ Docker ʽ 

ʟʥʘʭʦʜʷʪʴʩʷ ʚ ʦʜʥʽʡ ʤʝʨʝʞʽ ʟ 

ʛʦʣʦʚʥʠʤ ʩʝʨʚʝʨʦʤ, ʭʦʯʘ 

ʦʩʪʘʥʥʻ ʽ ʥʝ ʻ ʦʙʦʚôʷʟʢʦʚʠʤ. 

Docker ʟʨʫʯʥʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʜʣʷ ʢʦʥʪʝʡʥʝʨʠʟʘʮʽʾ ʟʘʩʪʦʩʫʥʢʫ, ʙʦ ʚʽʥ 

ʜʦʟʚʦʣʷʻ ʘʙʩʪʨʘʛʫʚʘʪʠʩʷ ʚʽʜ ʦʧʝʨʘʮʽʡʥʦʾ ʩʠʩʪʝʤʠ, ʥʘ ʷʢʽʡ ʙʫʜʝ ʟʘʧʫʱʝʥʦ 

ʜʦʜʘʪʦʢ, ʘ ʪʘʢʦʞ ʜʦʟʚʦʣʷʻ ʟʘʧʘʢʫʚʘʪʠ ʚʩʝ ʚ ʦʙʨʘʟ, ʷʢʠʡ ʧʦʪʽʤ ʤʦʞʝ ʙʫʪʠ 

ʩʢʘʯʘʥʠʡ ʟ ʨʝʧʦʟʠʪʦʨʽʷ ʜʣʷ ʾʭ ʟʙʝʨʽʛʘʥʥʷ, ʪʘʢʦʛʦ ʷʢ Docker Hub ʘʙʦ AWS 

ECR. ʇʨʠ ʟʘʧʫʩʢʫ ʛʦʣʦʚʥʠʡ ʩʝʨʚʝʨ ʧʫʙʣʽʢʫʻ ʧʦʩʠʣʘʥʥʷ ʥʘ ʧʝʚʥʽʡ ʘʜʨʝʩʽ, 

ʧʝʨʝʡʰʦʚʰʠ ʟʘ ʷʢʠʤ ʧʦʯʠʥʘʻʪʴʩʷ ʟʘʚʘʥʪʘʞʝʥʥʷ ʩʢʨʠʧʪʘ, ʷʢʠʡ ʧʽʩʣʷ 

ʚʠʢʦʥʘʥʥʷ ʩʢʘʯʫʻ ʦʙʨʘʟ ʟʽ ʩʭʦʞʦʶ ʙʽʟʥʝʩ ʣʦʛʽʢʦʶ, ʚʩʪʘʥʦʚʠʪʴ ʡʦʛʦ ʪʘ 

ʟʘʧʫʩʪʠʪʴ. ɹʽʟʥʝʩ ʣʦʛʽʢʘ ʚ ʩʚʦʶ ʯʝʨʛʫ ʟʚʝʨʪʘʻʪʴʩʷ ʚ ʙʘʣʘʥʩʫʚʘʣʴʥʠʢ ʟ ʧʝʚʥʠʤ 
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ʟʘʧʠʪʦʤ. ɼʣʷ ʪʦʛʦ ʱʦʙ ʦʙʨʦʙʠʪʠ ʮʝʡ ʟʘʧʠʪ ʫ ʜʘʥʽʡ ʨʦʙʦʪʽ ʚʠʢʦʨʠʩʪʘʥʦ CGI. 

CGI ʤʘʻ ʧʝʚʥʽ ʧʝʨʝʚʘʛʠ ʥʘʜ ʽʥʰʠʤʠ ʤʝʪʦʜʘʤʠ ʜʣʷ ʟʤʽʥʠ ʢʦʥʬʽʛʫʨʘʮʽʾ ʧʽʜ ʯʘʩ 

ʨʦʙʦʪʠ - ʮʝ ʧʨʦʛʨʘʤʥʝ ʨʽʰʝʥʥʷ, ʷʢʝ ʥʝ ʚʠʢʦʨʠʩʪʦʚʫʻ ʙʘʛʘʪʦ ʩʠʩʪʝʤʥʠʭ 

ʨʝʩʫʨʩʽʚ, ʥʝ ʧʦʪʨʝʙʫʻ ʩʪʦʨʦʥʥʽʭ ʪʝʭʥʦʣʦʛʽʡ, ʬʫʥʢʮʽʦʥʘʣʫ ʷʢʠʭ ʙʫʜʝ ʟʘʙʘʛʘʪʦ 

ʜʣʷ ʮʠʭ ʮʽʣʝʡ, ʤʘʻ ʙʘʛʘʪʦ ʚʘʨʽʘʥʪʽʚ ʨʝʘʣʽʟʘʮʽʾ ʥʘ ʨʽʟʥʠʭ ʤʦʚʘʭ ʧʨʦʛʨʘʤʫʚʘʥʥʷ 

ʪʘ ʥʝ ʧʦʪʨʝʙʫʻ ʙʘʛʘʪʦ ʟʫʩʠʣʴ ʚ ʨʦʟʨʦʙʮʽ []. ʆʪʨʠʤʫʶʯʠ ʟʘʧʠʪ, ʤʠ ʤʘʻʤʦ ip 

ʘʜʨʝʩʫ ʢʦʤʧôʶʪʝʨʘ ʟ ʷʢʦʛʦ ʮʝʡ ʟʘʧʠʪ ʙʫʣʦ ʦʪʨʠʤʘʥʦ ʽ ʜʦʜʘʻʤʦ ʡʦʛʦ ʜʦ ʩʧʠʩʢʫ 

ʩʝʨʚʝʨʽʚ, ʥʘ ʷʢʽ ʟʘʧʠʪʠ ʙʫʜʫʪʴ ʪʨʘʥʩʣʶʚʘʪʠʩʷ ʚ ʧʦʜʘʣʴʰʦʤʫ. 
 

 
 

ʈʠʩ. 2. ɼʽʘʛʨʘʤʘ ʩʪʘʥʽʚ ʧʨʦʝʢʪʫ. 

 

ʇʽʩʣʷ ʮʴʦʛʦ ʥʝʦʙʭʽʜʥʦ ʣʠʰʝ ʧʝʨʝʟʘʚʘʥʪʘʞʠʪʠ ʢʦʥʬʽʛʫʨʘʮʽʶ ʽ ʧʦʜʘʣʴʰʽ 

ʟʘʧʠʪʠ ʙʫʜʫʪʴ ʨʦʟʧʦʜʽʣʷʪʠʩʴ ʤʽʞ ʩʝʨʚʝʨʘʤʠ. 

ɺʠʩʥʦʚʦʢ. ɿʘʧʨʦʧʦʥʦʚʘʥʝ ʨʽʰʝʥʥʷ ʣʝʛʢʝ ʫ ʨʦʟʨʦʙʮʽ, ʰʚʠʜʢʦʜʽʶʯʝ, 

ʛʥʫʯʢʝ ʫ ʥʘʣʘʰʪʫʚʘʥʥʽ ʪʘ ʟʜʘʪʥʝ ʚʠʨʽʰʠʪʠ ʧʦʩʪʘʚʣʝʥʫ ʟʘʜʘʯʫ ï ʟʙʘʣʘʥʩʫʚʘʪʠ 

ʥʘʚʘʥʪʘʞʝʥʥʷ ʤʽʞ ʢʦʥʪʝʡʥʝʨʠʟʦʚʘʥʠʤʠ ʩʝʨʚʽʩʘʤʠ ʫ ʢʣʘʩʪʝʨʽ ʧʽʜ ʢʝʨʫʚʘʥʥʷʤ 

Docker Swarm, ʧʦʙʫʜʦʚʘʥʦʤʫ ʥʘ ʦʩʥʦʚʽ ʥʝʟʘʜʽʷʥʠʭ ʨʝʩʫʨʩʽʚ ʧʨʠʩʪʨʦʾʚ, 

ʧʽʜʢʣʶʯʝʥʠʭ ʜʦ ʢʦʨʧʦʨʘʪʠʚʥʦʾ ʤʝʨʝʞʽ. 
 

ʃʽʪʝʨʘʪʫʨʘ 

 

1. Swarm mode key concepts. URL: https://docs.docker.com/engine/swarm/key-concepts/#load-

balancing (ʜʘʪʘ ʟʚʝʨʥʝʥʥʷ: 20.03.2024). 

2. ʐʝʣʝʩʪ ɭ.ɺ., ɸʣʻʢʩʻʻʚ ʄ.ʆ., ʇʝʜʘʥ ʉ.ɯ. ʆʛʣʷʜʦʚʠʡ ʘʥʘʣʽʟ ʪʝʭʥʦʣʦʛʽʡ ʢʦʥʪʝʡʥʝʨʠʟʘʮʽʾ 

ʜʣʷ ʚʠʢʦʨʠʩʪʘʥʥʷ ʫ ʛʝʪʝʨʦʛʝʥʥʦʤʫ ʩʝʨʝʜʦʚʠʱʽ ʽʟ ʜʠʥʘʤʽʯʥʦʶ ʘʨʭʽʪʝʢʪʫʨʦʶ / ʇʊ-2024: 

ɿʙʽʨʥʠʢ ʤʘʪʝʨʽʘʣʽʚ ʢʦʥʬʝʨʝʥʮʽʾ. ʂ.: ʂʇɯ ʽʤ. ɯʛʦʨʷ ʉʽʢʦʨʩʴʢʦʛʦ, 2024. 

3. Tony Mauro of F5, ñChoosing an NGINX Plus Load-Balancing Techniqueò, October 29, 

2015, URL: https://www.nginx.com/blog/choosing-nginx-plus-load-balancing-techniques 

(ʜʘʪʘ ʟʚʝʨʥʝʥʥʷ: 20.03.2024). 

 



 180 

ʋɼʂ 004.4 

 

ʈʆɿʈʆɹʂɸ ɯʅʊɽʃɽʂʊʋɸʃʔʅʆɰ ʉʀʉʊɽʄʀ ɼʃʗ ɸɺʊʆʄɸʊʀɿɸʎɯɰ 

ʄʆʅɯʊʆʈʀʅɻʋ ʊɸ ʋʇʈɸɺʃɯʅʅʗ ʊʈɸʅʉʇʆʈʊʅʆʖ ʉʀʉʊɽʄʆʖ 
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ʇʨʦʻʢʪ ʟ ʜʦʩʣʽʜʞʝʥʥʷ ʩʬʝʨʠ ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ ʫ ʤʽʩʪʽ ʂʠʻʚʽ ʪʘ ʚʧʨʦʚʘʜʞʝʥʥʷ 

ʩʫʯʘʩʥʠʭ ʪʝʭʥʦʣʦʛʽʡ ʜʣʷ ʦʧʪʠʤʽʟʘʮʽʾ ʪʨʘʥʩʧʦʨʪʥʦʾ ʩʠʩʪʝʤʠ. ɿʘʧʨʦʧʦʥʦʚʘʥʘ ʤʦʜʝʣʴ ʟ 

ʫʨʘʭʫʚʘʥʥʷʤ ʝʬʝʢʪʠʚʥʦʩʪʽ ʪʘ ʚʘʨʪʦʩʪʽ, ʨʦʟʛʣʷʥʫʪʦ ʧʝʨʝʚʘʛʠ ʪʘ ʩʧʦʩʽʙ 

ʟʘʩʪʦʩʫʚʘʥʥʷ. ʇʨʦʻʢʪ ʚʽʜʧʦʚʽʜʘʻ ʟʘʧʠʪʘʤ ʩʫʯʘʩʥʦʛʦ ʨʦʟʚʠʪʢʫ ʤʽʩʪʘ ʪʘ ʤʦʞʝ ʩʧʨʠʷʪʠ 

ʙʽʣʴʰʽʡ ʤʦʙʽʣʴʥʦʩʪʽ ʥʘʩʝʣʝʥʥʷ, ʧʽʜʚʠʱʝʥʥʶ ʙʝʟʧʝʢʠ ʜʦʨʦʞʥʴʦʛʦ ʨʫʭʫ, ʟʤʝʥʰʝʥʥʶ 

ʝʢʦʥʦʤʽʯʥʠʭ ʚʪʨʘʪ ʽ ʚʠʨʽʰʝʥʥʶ ʝʢʦʣʦʛʽʯʥʦʾ ʧʨʦʙʣʝʤʠ, ʧʦʚôʷʟʘʥʦʾ ʟ ʷʢʽʩʪʶ ʧʦʚʽʪʨʷ. 

ɽʢʩʧʝʨʠʤʝʥʪ ʙʫʚ ʧʨʦʚʝʜʝʥʠʡ ʟʘ ʜʦʧʦʤʦʛʦʶ ʥʝʟʥʘʯʥʠʭ ʨʝʩʫʨʩʽʚ, ʱʦʙ ʟʘʧʨʦʧʦʥʫʚʘʪʠ 

ʨʦʟʚ'ʷʟʘʥʥʷ ʤʘʩʰʪʘʙʥʠʭ ʧʨʦʙʣʝʤ ʟ ʢʦʨʢʘʤʠ ʫ ʤʽʩʪʽ ʂʠʻʚʽ. 

 

DEVELOPMENT OF AN INTELLIGENT SYSTEM FOR AUTOMATING THE 

MONITORING AND MANAGEMENT OF THE TRANSPORT SYSTEM OF THE CITY 

OF KYIV USING ARTIFICIAL INTELLIGENCE  

 

A project to study the infrastructure sector in Kyiv and introduce modern technologies to 

optimize the transport system. A model is proposed, taking into account efficiency and cost, and 

the advantages and method of application are considered. The project meets the needs of modern 

city development and can contribute to greater mobility of the population, improve road safety, 

reduce economic losses and solve the environmental problem related to air quality. The 

experiment was conducted with few resources to propose a solution to the large-scale traffic jam 

problems in Kyiv. 

ʉʫʯʘʩʥʠʡ ʂʠʾʚ, ʷʢʠʡ ʩʪʨʽʤʢʦ ʨʦʟʚʠʚʘʻʪʴʩʷ ʪʘ ʩʪʠʢʘʻʪʴʩʷ ʟʽ 

ʟʙʽʣʴʰʝʥʥʷʤ ʢʽʣʴʢʦʩʪʽ ʘʚʪʦʪʨʘʥʩʧʦʨʪʫ, ʧʦʪʨʝʙʫʻ ʽʥʥʦʚʘʮʽʡʥʠʭ ʨʽʰʝʥʴ ʜʣʷ 

ʪʨʘʥʩʧʦʨʪʥʦʾ ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ. ɿʙʽʣʴʰʝʥʥʷ ʢʽʣʴʢʦʩʪʽ ʘʚʪʦʤʦʙʽʣʽʚ, 

ʥʝʢʦʥʪʨʦʣʴʦʚʘʥʠʡ ʤʘʩʰʪʘʙ ʪʨʘʬʽʢʫ ʪʘ ʘʚʘʨʽʡʥʘ ʽʥʬʨʘʩʪʨʫʢʪʫʨʘ ʧʨʠʟʚʦʜʷʪʴ 

ʜʦ  ʟʘʪʦʨʽʚ, ʦʩʦʙʣʠʚʦ ʥʘ ʤʦʩʪʘʭ ʤʽʞ ʣʽʚʠʤ ʪʘ ʧʨʘʚʠʤ ʙʝʨʝʛʘʤʠ ɼʥʽʧʨʘ ʪʘ ʥʘ 

ʚʠʾʟʜʽ ʟ ʤʽʩʪʘ. ʋ ʢʨʝʘʪʠʚʥʦʤʫ ʚʠʨʽʰʝʥʥʽ ʮʠʭ ʚʠʢʣʠʢʽʚ ʥʝʦʙʭʽʜʥʦ ʚʨʘʭʦʚʫʚʘʪʠ, 

ʱʦ ʧʨʦʩʪʝ ʟʙʽʣʴʰʝʥʥʷ ʢʽʣʴʢʦʩʪʽ ʤʘʨʰʨʫʪʽʚ ʤʦʞʝ ʧʨʠʟʚʝʩʪʠ ʜʦ ʧʝʨʝʚʘʛʠ 

ʘʚʪʦʤʦʙʽʣʴʥʦʛʦ ʪʨʘʥʩʧʦʨʪʫ ʪʘ ʚʪʨʘʪʠ ʛʫʤʘʥʽʩʪʠʯʥʦʛʦ ʘʩʧʝʢʪʫ ʤʽʩʴʢʦʛʦ 

ʧʣʘʥʫʚʘʥʥʷ. ɿʘʤʽʩʪʴ ʪʦʛʦ, ʱʦʙ ʟʦʩʝʨʝʜʞʫʚʘʪʠʩʷ ʚʠʢʣʶʯʥʦ ʥʘ ʨʦʟʰʠʨʝʥʥʽ 

ʤʝʨʝʞʽ ʪʨʘʥʩʧʦʨʪʥʠʭ ʢʦʤʫʥʽʢʘʮʽʡ, ʤʦʞʥʘ ʨʦʟʛʣʷʥʫʪʠ ʙʽʣʴʰ ʨʘʮʽʦʥʘʣʴʥʠʡ ʪʘ 

ʙʶʜʞʝʪʥʠʡ ʤʝʪʦʜ. ʅʘʧʨʠʢʣʘʜ, ʚʧʨʦʚʘʜʞʝʥʥʷ ʽʥʪʝʣʝʢʪʫʘʣʴʥʠʭ ʩʠʩʪʝʤ 

ʫʧʨʘʚʣʽʥʥʷ ʪʘ ʤʦʥʽʪʦʨʠʥʛʫ. ɺʠʢʦʨʠʩʪʘʥʥʷ ʧʝʨʝʜʦʚʠʭ ʪʝʭʥʦʣʦʛʽʡ ʰʪʫʯʥʦʛʦ 

ʽʥʪʝʣʝʢʪʫ ʜʦʟʚʦʣʠʪʴ ʥʝ ʣʠʰʝ ʝʬʝʢʪʠʚʥʦ ʧʨʦʛʥʦʟʫʚʘʪʠ ʪʘ ʦʧʪʠʤʽʟʫʚʘʪʠ 

ʪʨʘʬʽʢ, ʘ ʡ ʩʪʚʦʨʠʪʠ ʙʽʣʴʰ ʢʦʤʬʦʨʪʥʽ ʪʘ ʙʝʟʧʝʯʥʽ ʫʤʦʚʠ ʜʣʷ ʢʠʷʥ. ʋ 
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ʤʘʡʙʫʪʥʴʦʤʫ ʨʦʟʫʤʥʝ ʫʧʨʘʚʣʽʥʥʷ ʪʨʘʥʩʧʦʨʪʥʠʤʠ ʩʠʩʪʝʤʘʤʠ ʤʘʢʩʠʤʽʟʫʻ 

ʧʦʪʝʥʮʽʘʣ ʯʠʥʥʦʾ ʤʝʨʝʞʽ ʧʝʨʝʩʫʚʘʥʥʷ ʪʘ ʟʤʝʥʰʠʪʴ ʧʦʪʨʝʙʫ ʚ ʧʦʩʪʽʡʥʦʤʫ 

ʨʦʟʰʠʨʝʥʥʽ ʘʚʪʦʤʘʛʽʩʪʨʘʣʝʡ. ʊʘʢʠʡ ʧʽʜʭʽʜ ʥʝ ʣʠʰʝ ʜʦʧʦʤʦʞʝ ʨʦʟʚ'ʷʟʘʪʠ 

ʘʢʪʫʘʣʴʥʽ ʪʨʘʥʩʧʦʨʪʥʽ ʧʨʦʙʣʝʤʠ, ʘʣʝ ʡ ʩʧʨʠʷʪʠʤʝ ʩʪʚʦʨʝʥʥʶ ʝʢʦʣʦʛʽʯʥʦ 

ʯʠʩʪʦʛʦ ʤʽʩʴʢʦʛʦ ʩʝʨʝʜʦʚʠʱʘ. 

ʋ ʨʘʤʢʘʭ ʨʝʘʣʽʟʘʮʽʾ ʜʘʥʦʛʦ ʧʨʦʻʢʪʫ, ʷʢʠʡ ʩʧʨʷʤʦʚʘʥʠʡ ʥʘ ʩʪʚʦʨʝʥʥʷ 

ʽʥʪʝʣʝʢʪʫʘʣʴʥʦʾ ʩʠʩʪʝʤʠ ʫʧʨʘʚʣʽʥʥʷ ʪʨʘʥʩʧʦʨʪʥʦʶ ʩʠʩʪʝʤʦʶ ʤʽʩʪʘ ʂʠʻʚʘ, 

ʧʝʨʝʜʙʘʯʘʻʪʴʩʷ ʥʝ ʣʠʰʝ ʧʦʣʽʧʰʝʥʥʷ ʤʦʙʽʣʴʥʦʩʪʽ ʪʘ ʟʘʛʘʣʴʥʦʾ ʷʢʦʩʪʽ ʞʠʪʪʷ 

ʤʝʰʢʘʥʮʽʚ, ʘʣʝ ʡ ʟʥʘʯʥʝ ʟʤʝʥʰʝʥʥʷ ʝʢʦʥʦʤʽʯʥʠʭ ʚʪʨʘʪ, ʧʦʚ'ʷʟʘʥʠʭ ʟ 

ʪʨʘʥʩʧʦʨʪʥʠʤʠ ʟʘʪʦʨʘʤʠ ʪʘ ʥʝʝʬʝʢʪʠʚʥʠʤ ʫʧʨʘʚʣʽʥʥʷʤ ʨʫʭʦʤ. 

ʄʝʪʘ ʨʦʙʦʪʠ ï ʟʘ ʜʦʧʦʤʦʛʦʶ ʰʪʫʯʥʦʛʦ ʽʥʪʝʣʝʢʪʫ ʟʤʝʥʰʠʪʠ ʟʘʪʦʨʠ ʥʘ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʤʫ ʧʨʦʪʦʪʠʧʽ ʧʝʨʝʭʨʝʩʪʷ, ʱʦʙ ʫ ʤʘʡʙʫʪʥʴʦʤʫ ʚʧʨʦʚʘʜʠʪʠ ʫ 

ʪʨʘʥʩʧʦʨʪʥʫ ʩʠʩʪʝʤʫ ʂʠʻʚʘ. ɸʢʪʫʘʣʴʥʽʩʪʴ ʮʴʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ ʦʙʫʤʦʚʣʝʥʘ 

ʥʝʦʙʭʽʜʥʽʩʪʶ ʚʧʨʦʚʘʜʞʝʥʥʷ ʽʥʥʦʚʘʮʽʡʥʠʭ ʪʘ ʨʘʮʽʦʥʘʣʴʥʠʭ ʧʽʜʭʦʜʽʚ ʚ 

ʫʧʨʘʚʣʽʥʥʷ ʪʨʘʥʩʧʦʨʪʥʦʶ ʤʝʨʝʞʝʶ ʂʠʻʚʘ ʟ ʤʝʪʦʶ ʾʾ ʝʬʝʢʪʠʚʥʦʛʦ 

ʧʦʢʨʘʱʝʥʥʷ ʪʘ ʚʽʜʧʦʚʽʜʽ ʥʘ ʩʫʯʘʩʥʽ ʚʠʢʣʠʢʠ ʤʽʩʴʢʦʾ ʤʦʙʽʣʴʥʦʩʪʽ. 

ʊʨʘʜʠʮʽʡʥʽ ʩʠʩʪʝʤʠ ʥʝ ʚʨʘʭʦʚʫʶʪʴ ʬʘʢʪʦʨ ʢʽʣʴʢʦʩʪʽ ʪʨʘʥʩʧʦʨʪʥʠʭ 

ʟʘʩʦʙʽʚ ʥʘ ʜʦʨʦʟʽ ʚ ʧʝʚʥʠʡ ʤʦʤʝʥʪ ʯʘʩʫ. ʅʝʜʦʣʽʢʦʤ ʪʘʢʠʭ ʩʠʩʪʝʤ ʻ ʪʝ, ʱʦ 

ʚʦʥʠ ʥʝ ʤʦʞʫʪʴ ʥʘʣʘʰʪʦʚʫʚʘʪʠ ʪʨʠʚʘʣʽʩʪʴ ʟʝʣʝʥʦʛʦ ʩʠʛʥʘʣʫ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ 

ʧʦʪʦʯʥʠʭ ʫʤʦʚ ʜʦʨʦʞʥʴʦʛʦ ʨʫʭʫ. ʎʝ ʤʦʞʝ ʧʨʠʟʚʝʩʪʠ ʜʦ ʟʘʪʦʨʽʚ ʥʘ 

ʧʝʨʝʭʨʝʩʪʷʭ, ʜʝ ʪʨʠʚʘʣʽʩʪʴ ʟʝʣʝʥʦʛʦ ʩʠʛʥʘʣʫ ʥʝʜʦʩʪʘʪʥʷ ʜʣʷ ʪʦʛʦ, ʱʦʙ 

ʟʚʽʣʴʥʠʪʠ ʩʤʫʛʠ ʟ ʽʥʪʝʥʩʠʚʥʠʤ ʨʫʭʦʤ. ʇʦʪʨʽʙʥʦ ʟʤʽʥʠʪʠ ʮʶ ʩʠʪʫʘʮʽʶ ʪʘ 

ʤʽʥʽʤʽʟʫʚʘʪʠ ʧʨʦʚʝʜʝʥʠʡ ʘʚʪʦʤʦʙʽʣʷʤʠ ʯʘʩ ʚ ʦʯʽʢʫʚʘʥʥʽ ʩʚʦʻʾ ʯʝʨʛʠ ʧʨʦʾʭʘʪʠ. 

ʉʪʚʦʨʝʥʥʷ ʥʦʚʦʾ ʤʦʜʝʣʽ ʜʦʧʦʤʦʞʝ ʚʠʨʽʰʠʪʠ ʷʢʘ ʩʤʫʛʘ ʧʦʪʨʝʙʫʻ ʙʽʣʴʰʦʾ 

ʪʨʠʚʘʣʦʩʪʽ ʟʝʣʝʥʦʛʦ ʩʠʛʥʘʣʫ ʥʘ ʦʩʥʦʚʽ ʢʽʣʴʢʦʩʪʽ ʘʚʪʦʤʦʙʽʣʽʚ ʫ ʩʤʫʟʽ, ʘ ʥʝ 

ʬʽʢʩʦʚʘʥʦʾ ʪʨʠʚʘʣʦʩʪʽ. ʎʷ ʤʦʜʝʣʴ ʪʘʢʦʞ ʜʦʧʦʤʦʞʝ ʟʤʝʥʰʠʪʠ ʚʪʨʘʪʠ ʯʘʩʫ ʥʘ 

ʜʦʨʦʛʘʭ, ʜʝ ʤʝʥʰʝ ʘʚʪʦʤʦʙʽʣʽʚ, ʽ ʚʠʢʦʨʠʩʪʘʪʠ ʮʝʡ ʯʘʩ ʜʣʷ ʽʥʰʠʭ 

ʟʘʚʘʥʪʘʞʝʥʠʭ ʜʦʨʽʛ. ɼʣʷ ʩʪʚʦʨʝʥʥʷ ʮʽʻʾ ʤʦʜʝʣʽ ʚʠʢʦʨʠʩʪʦʚʫʚʘʚʩʷ ʤʦʜʫʣʴ 

NumPy ʽ ʥʘʚʯʘʥʥʷ ʥʝʡʨʦʥʥʦʾ ʤʝʨʝʞʽ ʥʘ ʨʝʘʣʴʥʠʭ ʜʘʥʠʭ ʟʽ ʟʚʽʪʫ ʧʨʦ ʪʨʘʬʽʢ ʥʘ 

ʢʠʾʚʩʴʢʦʤʫ ʧʨʦʩʧʝʢʪʽ ʃʝʩʷ ʂʫʨʙʘʩʘ. ɼʣʷ ʪʦʛʦ, ʱʦʙ ʥʝʡʨʦʥʥʘ ʤʝʨʝʞʘ 

ʝʬʝʢʪʠʚʥʦ ʚʠʢʦʥʫʚʘʣʘ ʧʦʩʪʘʚʣʝʥʫ ʧʝʨʝʜ ʥʝʶ ʟʘʜʘʯʫ, ʧʦʪʨʽʙʥʦ ʧʝʨʝʚʽʨʷʪʠ 

ʧʨʘʚʠʣʴʥʽʩʪʴ ʾʾ ʨʦʙʦʪʠ. ʎʝ ʟʨʦʙʣʝʥʦ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʥʘʚʠʯʦʢ 

ʧʨʦʛʨʘʤʫʚʘʥʥʷ, ʘ ʩʘʤʝ ʩʪʚʦʨʝʥʥʷ ʢʦʜʫ ʜʣʷ ʧʦʙʫʜʦʚʠ ʣʽʥʽʡʥʦʾ ʨʝʛʨʝʩʽʾ ʪʘ 

ʚʽʟʫʘʣʽʟʘʮʽʾ ʨʝʟʫʣʴʪʘʪʽʚ ʟʘ ʜʦʧʦʤʦʛʦʶ ʙʽʙʣʽʦʪʝʢ NumPy, Pandas, Matplotlib ʽ 

scikit-learn. ʉʢʨʠʧʪ ʙʫʜʫʻ ʣʽʥʽʡʥʫ ʨʝʛʨʝʩʽʡʥʫ ʤʦʜʝʣʴ ʜʣʷ ʧʝʨʝʜʙʘʯʝʥʥʷ ʯʘʩʫ 

ʟʝʣʝʥʦʛʦ ʩʚʽʪʣʘ ʥʘ ʦʩʥʦʚʽ ʚʽʜʩʦʪʢʦʚʦʾ ʢʽʣʴʢʦʩʪʽ ʘʚʪʦʤʦʙʽʣʽʚ. ʂʦʜ ʦʭʦʧʣʶʻ 

ʨʦʟʧʦʜʽʣ ʜʘʥʠʭ ʥʘ ʥʘʚʯʘʣʴʥʽ ʪʘ ʪʝʩʪʦʚʽ ʥʘʙʦʨʠ, ʧʦʙʫʜʦʚʫ ʪʘ ʥʘʚʯʘʥʥʷ ʤʦʜʝʣʽ 

ʣʽʥʽʡʥʦʾ ʨʝʛʨʝʩʽʾ, ʦʮʽʥʢʫ ʪʦʯʥʦʩʪʽ ʤʦʜʝʣʽ ʪʘ ʚʽʟʫʘʣʽʟʘʮʽʶ ʨʝʟʫʣʴʪʘʪʽʚ. 

ʅʘ ʨʠʩʫʥʢʘʭ 1 ʪʘ 2 ʚʠʜʥʦ ʧʦʤʽʪʥʫ ʨʽʟʥʠʮʶ ʝʬʝʢʪʠʚʥʦʩʪʽ ʨʦʙʦʪʠ 

ʢʣʘʩʠʯʥʦʾ ʪʘ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʾ ʩʠʩʪʝʤ. ʈʠʩ. 1 ʜʝʤʦʥʩʪʨʫʻ, ʱʦ ʯʘʩ 

ʥʝʨʘʮʽʦʥʘʣʴʥʦ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ: ʪʨʠ ʟʘʚʘʥʪʘʞʝʥʽ ʩʤʫʛʠ ʯʝʢʘʶʪʴ, ʧʦʢʠ 

ʟʝʣʝʥʝ ʩʚʽʪʣʦ ʛʦʨʠʪʴ ʥʘ ʩʤʫʟʽ, ʜʝ ʥʝ ʾʜʝ ʞʦʜʥʘ ʤʘʰʠʥʘ. ʎʝ ʤʦʞʝ ʧʨʠʟʚʦʜʠʪʠ 

ʜʦ ʟʘʡʚʦʛʦ ʦʯʽʢʫʚʘʥʥʷ ʪʘ ʟʘʪʦʨʽʚ. ʅʘ ʨʠʩʫʥʢʫ 2 ʟʦʙʨʘʞʝʥʦ ʜʠʥʘʤʽʯʥʝ 

ʫʧʨʘʚʣʽʥʥʷ ʩʚʽʪʣʦʬʦʨʘʤʠ, ʜʝ ʟʝʣʝʥʝ ʩʚʽʪʣʦ ʥʝ ʚʤʠʢʘʻʪʴʩʷ, ʷʢʱʦ ʥʘ ʩʤʫʟʽ 

ʥʝʤʘʻ ʘʚʪʦʤʦʙʽʣʽʚ. ʎʝ ʜʦʟʚʦʣʷʻ ʝʬʝʢʪʠʚʥʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʯʘʩ ʩʚʽʪʣʦʬʦʨʽʚ 



 182 

ʪʘ ʧʽʜʪʨʠʤʫʚʘʪʠ ʧʣʘʚʥʠʡ ʨʫʭ ʪʨʘʥʩʧʦʨʪʫ. ɺʨʘʭʦʚʫʶʯʠ ʽʥʬʦʨʤʘʮʽʶ ʧʨʦ 

ʢʽʣʴʢʽʩʪʴ ʤʘʰʠʥ ʪʘ ʥʘʚʘʥʪʘʞʝʥʽʩʪʴ, ʥʘʷʚʥʘ ʪʨʘʥʩʧʦʨʪʥʘ ʩʠʩʪʝʤʘ ʟʤʦʞʝ ʣʝʛʢʦ 

ʟʤʽʥʶʚʘʪʠ ʨʫʭ ʘʚʪʦʤʦʙʽʣʽʚ ʜʣʷ ʦʧʪʠʤʽʟʘʮʽʾ ʧʦʪʦʢʫ ʪʨʘʥʩʧʦʨʪʫ ʪʘ ʫʥʠʢʥʝʥʥʷ 

ʟʘʪʦʨʽʚ. 
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ʅʘ ʦʩʥʦʚʽ ʘʥʘʣʽʟʫ ʙʫʣʦ ʨʦʟʨʦʙʣʝʥʦ ʧʨʦʻʢʪ ʽʥʪʝʣʝʢʪʫʘʣʴʥʦʾ ʩʠʩʪʝʤʠ ʜʣʷ 

ʘʚʪʦʤʘʪʠʟʘʮʽʾ ʤʦʥʽʪʦʨʠʥʛʫ ʪʘ ʫʧʨʘʚʣʽʥʥʷ ʪʨʘʥʩʧʦʨʪʥʦʶ ʩʠʩʪʝʤʦʶ ʂʠʻʚʘ. ɺ 

ʨʝʟʫʣʴʪʘʪʽ ʪʝʩʪʫʚʘʥʥʷ ʙʫʣʦ ʚʠʷʚʣʝʥʦ, ʱʦ ʩʠʩʪʝʤʘ ʜʦʟʚʦʣʠʣʘ ʫʩʫʥʫʪʠ ʟʘʪʦʨʠ 

ʪʘ ʟʙʽʣʴʰʠʪʠ ʰʚʠʜʢʽʩʪʴ ʨʫʭʫ ʘʚʪʦʤʦʙʽʣʽʚ ʥʘ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽʡ ʤʦʜʝʣʽ. 

ɼʦʩʣʽʜʞʝʥʥʷ ʜʦʚʝʣʦ, ʱʦ ʟʘ ʜʦʧʦʤʦʛʦʶ ʥʝʟʥʘʯʥʠʭ ʨʝʩʫʨʩʽʚ ʤʦʞʥʘ ʩʪʚʦʨʠʪʠ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʡ ʧʨʦʪʦʪʠʧ, ʱʦ ʟʤʽʛ ʙʠ ʩʢʦʨʦʪʠʪʠ ʝʢʦʥʦʤʽʯʥʽ ʚʪʨʘʪʠ, 

ʟʤʝʥʰʠʪʠ ʚʠʢʠʜʠ ʧʘʨʥʠʢʦʚʠʭ ʛʘʟʽʚ ʪʘ ʫʙʝʟʧʝʯʠʪʠ ʧʝʨʝʩʫʚʘʥʥʷ ʚʦʜʽʾʚ. 

ʆʩʥʦʚʥʠʤʠ ʨʠʟʠʢʘʤʠ ʪʘ ʩʣʘʙʢʦʶ ʩʪʦʨʦʥʦʶ ʜʘʥʦʾ ʤʦʜʝʣʽ ʻ ʐɯ, ʷʢʠʡ ʤʘʻ 

ʥʝʜʦʩʢʦʥʘʣʫ ʪʦʯʥʽʩʪʴ ʪʘ ʟʘʣʝʞʥʠʡ ʚʽʜ ʜʘʥʠʭ ʥʘ ʷʢʠʭ ʥʘʚʯʘʚʩʷ. ɸʣʝ ʷʢʱʦ 

ʚʟʷʪʠ ʜʦ ʫʚʘʛʠ ʚʩʽ ʮʽ ʘʩʧʝʢʪʠ ʡʦʛʦ ʨʦʙʦʪʠ ʪʘ ʚʩʪʘʥʦʚʠʪʠ ʥʦʨʤʘʪʠʚʥʽ ʨʘʤʢʠ, 

ʤʦʞʥʘ ʫʥʠʢʥʫʪʠ ʮʠʭ ʨʠʟʠʢʽʚ. 
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ʂʦʤʫʥʘʣʴʥʠʡ ʟʘʢʣʘʜ ʧʦʟʘʰʢʽʣʴʥʦʾ ʦʩʚʽʪʠ  

çʂʠʾʚʩʴʢʘ ʄʘʣʘ ʘʢʘʜʝʤʽʷ ʥʘʫʢ ʫʯʥʽʚʩʴʢʦʾ ʤʦʣʦʜʽè, ʋʢʨʘʾʥʘ 
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ʇʨʦʻʢʪ ʩʪʘʚʠʪʴ ʟʘ ʤʝʪʫ ʨʦʟʨʦʙʢʫ ʪʘ ʚʧʨʦʚʘʜʞʝʥʥʷ ʪʝʣʝʛʨʘʤ-ʙʦʪʘ, ʩʧʨʷʤʦʚʘʥʦʛʦ ʥʘ 

ʘʚʪʦʤʘʪʠʟʘʮʽʶ ʧʨʦʮʝʩʫ ʨʦʟʨʘʭʫʥʢʫ ʧʦʜʘʪʢʽʚ. ɿ ʚʨʘʭʫʚʘʥʥʷʤ ʘʢʪʫʘʣʴʥʦʩʪʽ ʮʽʻʾ ʪʝʤʠ ʫ 

ʩʫʯʘʩʥʦʤʫ ʩʚʽʪʽ ʪʘ ʟ ʚʨʘʭʫʚʘʥʥʷʤ ʰʠʨʦʢʦʛʦ ʟʘʩʪʦʩʫʚʘʥʥʷ ʤʝʩʝʥʜʞʝʨʘ Telegram, ʦʙʨʘʥʠʡ 

ʧʽʜʭʽʜ ʦʙʽʮʷʻ ʩʪʚʦʨʝʥʥʷ ʽʥʥʦʚʘʮʽʡʥʦʛʦ ʽʥʩʪʨʫʤʝʥʪʫ ʜʣʷ ʩʧʨʦʱʝʥʥʷ ʩʢʣʘʜʥʠʭ ʬʽʥʘʥʩʦʚʠʭ 

ʦʙʯʠʩʣʝʥʴ ʜʣʷ ʢʦʨʠʩʪʫʚʘʯʽʚ ʨʽʟʥʦʛʦ ʨʦʜʫ. ʆʜʥʠʤ ʟ ʢʣʶʯʦʚʠʭ ʘʩʧʝʢʪʽʚ ʜʦʩʣʽʜʞʝʥʥʷ ʻ 

ʧʨʦʛʨʘʤʫʚʘʥʥʷ, ʪʝʩʪʫʚʘʥʥʷ ʪʘ ʚʘʣʽʜʘʮʽʷ ʨʦʟʨʦʙʣʝʥʦʛʦ ʙʦʪʘ.  

 

 

TELEGRAM - TAX CALCULATION BOT  

 

The project aims to develop and implement a Telegram bot aimed at automating the tax 

calculation process. Taking into account the relevance of this topic in the modern world and 

taking into account the widespread use of the Telegram messenger, the chosen approach 

promises to create an innovative tool for simplifying complex financial calculations for users of 

all kinds. One of the key aspects of the research is the programming, testing and validation of the 

developed bot. 

 

ʇʦʜʘʪʢʠ ʻ ʥʝʚʽʜʜʽʣʴʥʦʶ ʯʘʩʪʠʥʦʶ ʩʫʯʘʩʥʦʾ ʝʢʦʥʦʤʽʢʠ. ɺʦʥʠ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʜʣʷ ʬʽʥʘʥʩʫʚʘʥʥʷ ʜʝʨʞʘʚʥʠʭ ʚʠʪʨʘʪ, ʟʘʙʝʟʧʝʯʝʥʥʷ 

ʩʦʮʽʘʣʴʥʠʭ ʧʨʦʛʨʘʤ ʽ ʧʽʜʪʨʠʤʢʠ ʝʢʦʥʦʤʽʯʥʦʛʦ ʟʨʦʩʪʘʥʥʷ. ʈʦʟʨʘʭʫʥʦʢ 

ʧʦʜʘʪʢʽʚ ʻ ʩʢʣʘʜʥʠʤ ʧʨʦʮʝʩʦʤ, ʷʢʠʡ ʚʠʤʘʛʘʻ ʟʥʘʥʴ ʽ ʜʦʩʚʽʜʫ. ʋ ʩʫʯʘʩʥʠʭ 

ʫʤʦʚʘʭ ʚʩʝ ʙʽʣʴʰ ʧʦʧʫʣʷʨʥʠʤʠ ʩʪʘʶʪʴ ʘʚʪʦʤʘʪʠʟʦʚʘʥʽ ʩʠʩʪʝʤʠ ʨʦʟʨʘʭʫʥʢʫ 

ʧʦʜʘʪʢʽʚ. ɺʦʥʠ ʜʦʟʚʦʣʷʶʪʴ ʧʽʜʚʠʱʠʪʠ ʝʬʝʢʪʠʚʥʽʩʪʴ ʽ ʪʦʯʥʽʩʪʴ ʨʦʟʨʘʭʫʥʢʽʚ, ʘ 

ʪʘʢʦʞ ʩʧʨʦʩʪʠʪʠ ʧʨʦʮʝʩ ʜʣʷ ʢʦʨʠʩʪʫʚʘʯʽʚ. ʆʜʥʠʤ ʽʟ ʚʘʨʽʘʥʪʽʚ 

ʘʚʪʦʤʘʪʠʟʦʚʘʥʦʾ ʩʠʩʪʝʤʠ ʨʦʟʨʘʭʫʥʢʫ ʧʦʜʘʪʢʽʚ ʻ Telegram-ʙʦʪ. Telegram-ʙʦʪʠ 

ʻ ʧʦʧʫʣʷʨʥʠʤ ʽʥʩʪʨʫʤʝʥʪʦʤ, ʷʢʠʡ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʜʣʷ ʨʽʟʥʠʭ ʮʽʣʝʡ, 

ʚʢʣʶʯʘʶʯʠ ʥʘʜʘʥʥʷ ʽʥʬʦʨʤʘʮʽʾ, ʨʦʟʚʘʛʠ ʡ ʘʚʪʦʤʘʪʠʟʘʮʽʶ ʟʘʚʜʘʥʴ. 

ɺ ʨʦʙʦʪʽ ʧʨʦʘʥʘʣʽʟʦʚʘʥʦ ʧʦʪʨʝʙʠ ʢʦʨʠʩʪʫʚʘʯʽʚ ʫ ʩʬʝʨʽ ʨʦʟʨʘʭʫʥʢʽʚ 

ʧʦʜʘʪʢʽʚ ʪʘ ʚʠʟʥʘʯʝʥʦ ʢʣʶʯʦʚʽ ʬʫʥʢʮʽʦʥʘʣʴʥʽ ʚʠʤʦʛʠ ʜʦ ʙʦʪʘ. ʆʩʦʙʣʠʚʘ 

ʫʚʘʛʘ ʧʨʠʜʽʣʷʻʪʴʩʷ ʚʠʚʯʝʥʥʶ ʪʝʭʥʽʯʥʦʾ ʘʨʭʽʪʝʢʪʫʨʠ ʧʨʦʻʢʪʫ, ʚʢʣʶʯʘʶʯʠ 

ʚʠʙʽʨ ʤʦʚʠ ʧʨʦʛʨʘʤʫʚʘʥʥʷ, ʦʨʛʘʥʽʟʘʮʽʶ ʚʟʘʻʤʦʜʽʾ ʟ Telegram API, ʪʘ ʚʠʙʽʨ 
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ʩʠʩʪʝʤʠ ʫʧʨʘʚʣʽʥʥʷ ʙʘʟʦʶ ʜʘʥʠʭ. ɿʘ ʜʦʧʦʤʦʛʦʶ ʤʦʚʠ ʧʨʦʛʨʘʤʫʚʘʥʥʷ Python 

ʪʘ ʙʽʙʣʽʦʪʝʢʠ python-telegram-bot ʨʝʘʣʽʟʦʚʘʥʦ ʤʦʜʫʣʴʥʫ ʩʪʨʫʢʪʫʨʫ, 

ʟʘʙʝʟʧʝʯʫʶʯʠ ʯʠʪʘʙʝʣʴʥʽʩʪʴ ʪʘ ʝʬʝʢʪʠʚʥʽʩʪʴ ʢʦʜʫ. ɸʚʪʦʤʘʪʠʟʦʚʘʥʝ 

ʪʝʩʪʫʚʘʥʥʷ ʚʢʣʶʯʘʻ ʨʽʟʥʽ ʩʮʝʥʘʨʽʾ ʚʚʝʜʝʥʥʷ ʢʦʨʠʩʪʫʚʘʯʘ, ʘ ʪʘʢʦʞ ʪʝʩʪʫʚʘʥʥʷ 

ʩʪʽʡʢʦʩʪʽ ʜʦ ʧʦʤʠʣʦʢ. 

ʆʜʥʽʻʶ ʟ ʽʥʥʦʚʘʮʽʡʥʠʭ ʯʘʩʪʠʥ ʧʨʦʻʢʪʫ ʻ ʛʥʫʯʢʽʩʪʴ ʪʘ ʤʘʩʰʪʘʙʦʚʘʥʽʩʪʴ 

ʙʘʟʠ ʜʘʥʠʭ. ɺʠʢʦʨʠʩʪʘʥʥʷ SQL-ʟʘʧʠʪʽʚ ʜʦʟʚʦʣʷʻ ʨʦʟʰʠʨʶʚʘʪʠ ʬʫʥʢʮʽʦʥʘʣ 

ʙʘʟʠ ʜʘʥʠʭ ʙʝʟ ʚʥʝʩʝʥʥʷ ʩʫʪʪʻʚʠʭ ʟʤʽʥ ʫ ʚʠʭʽʜʥʠʡ ʢʦʜ, ʱʦ ʚʘʞʣʠʚʦ ʜʣʷ ʣʝʛʢʦʾ 

ʘʜʘʧʪʘʮʽʾ ʜʦ ʥʦʚʠʭ ʚʠʤʦʛ. ʉʪʚʦʨʝʥʠʡ ʪʝʣʝʛʨʘʤ ʙʦʪ ʩʪʘʚ ʝʬʝʢʪʠʚʥʠʤ 

ʽʥʩʪʨʫʤʝʥʪʦʤ ʜʣʷ ʘʚʪʦʤʘʪʠʟʘʮʽʾ ʨʦʟʨʘʭʫʥʢʽʚ ʧʦʜʘʪʢʽʚ, ʱʦ ʟʥʘʯʥʦ ʩʧʨʦʱʫʻ 

ʮʝʡ ʧʨʦʮʝʩ ʪʘ ʨʦʙʠʪʴ ʡʦʛʦ ʙʽʣʴʰ ʟʨʫʯʥʠʤ ʜʣʷ ʢʦʨʠʩʪʫʚʘʯʘ. ʈʦʟʨʦʙʢʘ ʙʦʪʘ 

ʜʦʧʦʤʦʛʣʘ ʨʦʟʢʨʠʪʠ ʚʘʞʣʠʚʽ ʘʩʧʝʢʪʠ ʧʨʦʛʨʘʤʫʚʘʥʥʷ, ʪʘʢʽ ʷʢ ʦʙʨʦʙʢʘ ʜʘʥʠʭ, 

ʨʦʙʦʪʘ ʟ API ʪʘ ʽʥʪʝʛʨʘʮʽʷ ʟ ʤʝʩʝʥʜʞʝʨʦʤ. 
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DETECTION OF UAV SIGNALS USING NEURAL NETWORKS  

(USING THE DATA SETS OF COMMERCIAL DRONES)  

 

The article describes the features of communication protocols in different UAVs and 

proposes to use neural networks to detect and classify UAV signals. During the research, it was 

found that CNN models score the best at the detection/classification of UAVs. RNN and 

Transformer models showed abnormal results.  

 

ɿ ʨʦʟʚʠʪʢʦʤ ʟʘʩʪʦʩʫʚʘʥʥʷ ɹʇʃɸ ʫ ʚʽʡʩʴʢʦʚʽʡ ʪʘ ʮʠʚʽʣʴʥʽʡ ʩʬʝʨʘʭ ʟʨʦʩʪʘʻ 

ʧʦʪʨʝʙʘ ʫ ʟʘʩʦʙʘʭ ʚʠʷʚʣʝʥʥʷ ʙʝʟʧʽʣʦʪʥʠʢʽʚ. ɽʬʝʢʪʠʚʥʽ ʟʘʩʦʙʠ ʚʠʷʚʣʝʥʥʷ ɹʇʃɸ 

ʜʦʧʦʤʘʛʘʶʪʴ ʚʽʡʩʴʢʦʚʦʩʣʫʞʙʦʚʮʷʤ ʤʘʪʠ ʢʨʘʱʝ ʫʷʚʣʝʥʥʷ ʧʨʦ ʩʪʘʥ ʩʧʨʘʚ ʫ 

ʧʦʚʽʪʨʷʥʦʤʫ ʧʨʦʩʪʦʨʽ, ʪʦʤʫ ʜʦʩʣʽʜʞʝʥʥʷ ʟ ʮʽʻʾ ʪʝʤʠ ʤʦʞʫʪʴ ʩʧʘʩʪʠ ʞʠʪʪʷ ʥʘʰʠʭ 

ʚʦʾʥʽʚ ʪʘ ʟʘʛʘʣʦʤ ʧʦʢʨʘʱʠʪʠ ʙʝʟʧʝʢʫ ʣʶʜʝʡ. 

ʋ ʨʽʟʥʠʭ ɹʇʃɸ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʨʽʟʥʽ ʚʠʜʠ ʧʨʦʪʦʢʦʣʽʚ ʟʚôʷʟʢʫ. ɺ ʥʠʭ, 

ʟʦʢʨʝʤʘ, ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʨʽʟʥʽ ʚʠʜʠ ʤʦʜʫʣʷʮʽʾ. ɺ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʪʠʧʫ 

ʽʥʬʦʨʤʘʮʽʾ, ʷʢʘ ʧʝʨʝʜʘʻʪʴʩʷ, ʤʦʜʫʣʷʮʽʾ ʧʦʜʽʣʷʶʪʴʩʷ ʥʘ ʮʠʬʨʦʚʽ ʪʘ ʘʥʘʣʦʛʦʚʽ.  

ʋ ʮʠʬʨʦʚʠʭ ʤʦʜʫʣʷʮʽʷʭ ʚ ɹʇʃɸ ʧʝʨʝʚʘʞʥʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʪʝʭʥʦʣʦʛʽʾ 

ʧʩʝʚʜʦʚʠʧʘʜʢʦʚʦʛʦ ʧʝʨʝʣʘʰʪʫʚʘʥʥʷ ʨʦʙʦʯʦʾ ʯʘʩʪʦʪʠ ʪʘ ʦʨʪʦʛʦʥʘʣʴʥʦʛʦ 

ʯʘʩʪʦʪʥʦʛʦ ʧʦʜʽʣʫ ʢʘʥʘʣʽʚ. ʆʨʪʦʛʦʥʘʣʴʥʠʡ ʯʘʩʪʦʪʥʠʡ ʧʦʜʽʣ ʢʘʥʘʣʽʚ (ʆʏʇʂ; 

ʘʥʛʣ. Orthogonal Frequency-Division Multiplexing ð OFDM) ï ʮʝ ʨʽʟʥʦʚʠʜ 

ʯʘʩʪʦʪʥʦʛʦ ʧʦʜʽʣʫ ʢʘʥʘʣʽʚ, ʷʢʠʡ ʤʦʜʫʣʶʻ ʮʠʬʨʦʚʽ ʜʘʥʽ ʨʽʟʥʠʤʠ ʙʣʠʟʴʢʠʤʠ 

ʥʝʩʫʯʠʤʠ ʭʚʠʣʷʤʠ. ɼʦ ʧʨʦʪʦʢʦʣʽʚ ʆʏʇʂ, ʷʢʽ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʚ ɹʇʃɸ, 

ʥʘʣʝʞʠʪʴ WI-FI ʩʪʘʥʜʘʨʪʽʚ 802.11n ʘʙʦ 802.11ac, Enhanced WI-FI, ʨʦʟʨʦʙʣʝʥʠʡ 

ʢʦʤʧʘʥʽʻʶ DJI. ʆʏʇʂ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʫ ʜʨʦʥʘʭ Yuneec Mantis Q, Parrot 

ANAFI, DJI Mavic Air. ɯʥʰʦʶ ʪʝʭʥʦʣʦʛʽʻʶ, ʷʢʘ ʧʦʰʠʨʝʥʘ ʚ ɹʇʃɸ, ʻ 

ʧʩʝʚʜʦʚʠʧʘʜʢʦʚʝ ʧʝʨʝʣʘʰʪʫʚʘʥʥʷ ʨʦʙʦʯʦʾ ʯʘʩʪʦʪʠ (ʇʇʈʏ; ʘʥʛʣ. Frequency-

Hopping Spread Spectrum) ï ʤʝʪʦʜ ʧʝʨʝʜʘʯʽ ʨʘʜʽʦʩʠʛʥʘʣʽʚ ʰʣʷʭʦʤ ʰʚʠʜʢʦʾ ʟʤʽʥʠ 

ʥʝʩʫʯʦʾ ʩʠʛʥʘʣʘ. DJI ʤʘʻ ʩʚʦʾ ʧʨʦʪʦʢʦʣʠ, ʟʘʩʥʦʚʘʥʽ ʥʘ ʇʇʈʏ, ʟʦʢʨʝʤʘ 

Lightbridge, Ocusync. ʋ ʧʦʧʫʣʷʨʥʦʤʫ ʧʨʠʡʤʘʯʽ FrSky ʪʝʞ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ 

FHSS [5, ʩ. 12]. ʆʢʨʽʤ ʪʦʛʦ, ʜʦ ʮʠʬʨʦʚʠʭ ʧʨʦʪʦʢʦʣʽʚ ʥʘʣʝʞʘʪʴ ʩʽʤʝʡʩʪʚʦ DSM 

(ʟʦʢʨʝʤʘ, DSMX, DSM2, DSSS), ACCESS/FRSKY, A-FHSS, AFHDS ʪʘ AFHDS2, 

HiSky, DEVO [3, ʩ. 177ï178]. ɺ ɹʇʃɸ ʤʦʞʝ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠʩʷ ʩʪʽʣʴʥʠʢʦʚʠʡ 

ʟʚôʷʟʦʢ 3/4G. ɼʣʷ ʥʘʚʽʛʘʮʽʾ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʟʚôʷʟʦʢ GPS (GNSS), ʟʦʢʨʝʤʘ ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʧʨʦʪʦʢʦʣʫ NMEA [8, ʩ. 35-37]. ʆʢʨʽʤ ʮʠʬʨʦʚʦʾ, ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ 

ʘʥʘʣʦʛʦʚʘ ʤʦʜʫʣʷʮʽʷ. ɿʦʢʨʝʤʘ, ʚ ʩʪʘʥʜʘʨʪʘʭ PAL, NTSC. ɼʣʷ ʢʦʥʪʨʦʣʶ ɹʇʃɸ 

ʤʦʞʝ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠʩʷ FM ʤʦʜʫʣʷʮʽʷ [3, ʩ. 176]. ɹʇʃɸ/ʜʨʦʥʠ ʤʦʞʫʪʴ 
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ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʯʘʩʪʦʪʠ 27, 28, 35, 40, 220ï400, 433, 725ï770, 790ï830, 850-

916, 935ï960, 950ï1200 ʄɻʮ, 1.4ï1.85, 2.1ï2.7, 4.4ï5.85, 14.4ï14.83, 15.15ï15.35, 

17.1ï18.8, 21.1ï21.7 ɻɻʮ, [2, ʩ. 32ï33][1, ʩ. 18ï19][3, ʩ. 179ï180]. ʉʶʜʠ ʚʭʦʜʷʪʴ 

ʯʘʩʪʦʪʠ, ʥʘ ʷʢʠʭ ʟʜʽʡʩʥʶʻʪʴʩʷ ʢʦʥʪʨʦʣʴ ɹʇʃɸ, ʥʘʚʽʛʘʮʽʷ, ʧʝʨʝʜʘʯʘ ʪʝʣʝʤʝʪʨʽʾ, 

ʧʝʨʝʜʘʯʘ ʚʽʜʝʦ ʪʦʱʦ. ʆʪʞʝ, ʚ ʪʝʭʥʦʣʦʛʽʷʭ ʢʦʤʫʥʽʢʘʮʽʾ ʫ ɹʇʃɸ ʤʘʻʤʦ ʜʦʩʠʪʴ 

ʚʝʣʠʢʝ ʨʽʟʥʦʤʘʥʽʪʪʷ. 

ʄʘʰʠʥʥʝ ʥʘʚʯʘʥʥʷ ʚ ʦʩʪʘʥʥʽ ʨʦʢʠ ʩʪʘʣʦ ʧʦʧʫʣʷʨʥʠʤ ʪʘ ʝʬʝʢʪʠʚʥʠʤ 

ʽʥʩʪʨʫʤʝʥʪʦʤ ʜʣʷ ʘʚʪʦʤʘʪʠʟʘʮʽʾ ʩʢʣʘʜʥʠʭ ʟʘʜʘʯ. ʅʘ ʚʽʜʤʽʥʫ ʚʽʜ ʢʣʘʩʠʯʥʠʭ 

ʘʣʛʦʨʠʪʤʽʚ, ʥʝʡʨʦʥʥʽ ʤʝʨʝʞʽ ʟʜʘʪʥʽ ʟʘ ʜʦʧʦʤʦʛʦʶ ʧʨʦʙ ʽ ʧʦʤʠʣʦʢ ʚʠʷʚʣʷʪʠ 

ʢʦʤʧʣʝʢʩʥʽ ʩʪʨʫʢʪʫʨʠ, ʢʦʤʙʽʥʘʮʽʾ ʨʽʟʥʠʭ ʧʘʨʘʤʝʪʨʽʚ.  ɿʦʢʨʝʤʘ, ʚʦʥʠ ʟʜʘʪʥʽ 

ʚʠʨʽʰʫʚʘʪʠ ʟʘʜʘʯʽ, ʧʦʚôʷʟʘʥʽ ʟ ʢʣʘʩʠʬʽʢʘʮʽʻʶ ʩʠʛʥʘʣʽʚ [6, ʩ. 451ï460]. ʆʪʞʝ ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʥʝʡʨʦʤʝʨʝʞ ʤʦʞʥʘ ʡ ʚʠʷʚʣʷʪʠ ʨʽʟʥʽ ʚʠʜʠ ɹʇʃɸ ʟʘ ʾʭ 

ʨʘʜʽʦʩʠʛʥʘʣʘʤʠ. ʗʢ ʚʞʝ ʙʫʣʦ ʟʘʟʥʘʯʝʥʦ, ʨʽʟʥʽ ʚʠʜʠ ʪʘ ʤʦʜʝʣʽ ɹʇʃɸ ʤʘʶʪʴ ʨʽʟʥʽ 

ʪʝʭʥʦʣʦʛʽʾ ʪʘ ʧʨʦʪʦʢʦʣʠ ʢʦʤʫʥʽʢʘʮʽʾ, ʯʝʨʝʟ ʱʦ ʚʨʫʯʥʫ ʦʧʠʩʫʚʘʪʠ ʘʣʛʦʨʠʪʤ 

ʚʠʷʚʣʝʥʥʷ ʢʦʞʥʦʛʦ ʦʢʨʝʤʦʛʦ ʧʨʠʩʪʨʦʶ ʻ ʥʝʝʬʝʢʪʠʚʥʠʤ ʩʧʦʩʦʙʦʤ. ʅʘʪʦʤʽʩʪʴ 

ʥʝʡʨʦʤʝʨʝʞʽ ʤʦʞʫʪʴ ʩʘʤʽ ʚʠʦʢʨʝʤʣʶʚʘʪʠ ʧʘʨʘʤʝʪʨʠ, ʟʘ ʷʢʠʤʠ ʪʨʝʙʘ ʚʠʟʥʘʯʘʪʠ 

ʧʨʠʩʫʪʥʽʩʪʴ ʩʠʛʥʘʣʽʚ ɹʇʃɸ. ʅʘʧʨʠʢʣʘʜ, ʧʨʠʩʫʪʥʽʩʪʴ ɹʇʃɸ ʤʦʞʝ ʙʫʪʠ ʚʠʷʚʣʝʥʘ 

ʥʝʡʨʦʤʝʨʝʞʘʤʠ ʚʥʘʩʣʽʜʦʢ ʚʽʜʩʪʝʞʝʥʥʷ ʪʦʛʦ, ʥʘʩʢʽʣʴʢʠ ʯʘʩʪʦ ʧʝʨʝʜʘʶʪʴʩʷ 

ʧʘʢʝʪʠ ʜʘʥʠʭ ʥʘ ʧʝʚʥʠʭ ʯʘʩʪʦʪʘʭ. ʊʦʤʫ ʤʠ ʚʠʨʽʰʠʣʠ ʜʦʩʣʽʜʠʪʠ ʷʢʽ ʤʦʜʝʣʽ 

ʥʝʡʨʦʤʝʨʝʞ ʥʘʡʙʽʣʴʰ ʝʬʝʢʪʠʚʥʽ ʫ ʚʠʷʚʣʝʥʥʽ/ʢʣʘʩʠʬʽʢʘʮʽʾ ɹʇʃɸ. 

ɼʣʷ ʮʴʦʛʦ ʤʠ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠ ʥʘʙʦʨʠ ʜʘʥʠʭ ʟ ʟʘʧʠʩʘʤʠ ʨʘʜʽʦʩʠʛʥʘʣʽʚ 

ʜʨʦʥʽʚ, ʜʦʩʪʫʧʥʽ ʫ ʚʽʣʴʥʦʤʫ ʜʦʩʪʫʧʽ. ʉʧʦʯʘʪʢʫ ʥʘʤʠ ʙʫʣʦ ʦʙʨʘʥʦ ʥʘʙʦʨ ʜʘʥʠʭ 

çDroneRFè. ɺʪʽʤ ʯʝʨʝʟ ʚʝʣʠʢʫ ʢʽʣʴʢʽʩʪʴ ʚʽʜʣʽʢʽʚ (2 ʤʣʥ ʥʘ ʢʦʞʥʦʤʫ ʩʝʛʤʝʥʪʽ) 

ʪʨʝʥʫʚʘʥʥʷ ʤʦʜʝʣʝʡ ʥʝʡʨʦʤʝʨʝʞ ʥʘ ʮʴʦʤʫ ʥʘʙʦʨʽ ʜʘʥʠʭ ʟʘʡʤʘʣʦ ʟʘʙʘʛʘʪʦ ʯʘʩʫ. 

ʊʦʤʫ ʤʠ ʚʠʨʽʰʠʣʠ ʟʚʝʨʥʫʪʠʩʷ ʥʘʙʦʨʫ ʜʘʥʠʭ çNoisy Drone RF signals 

classificationè.  

ɼʣʷ ʢʣʘʩʠʬʽʢʘʮʽʾ ʩʠʛʥʘʣʽʚ ʥʘʤʠ ʙʫʣʦ ʦʙʨʘʥʦ ʧʨʦʪʝʩʪʫʚʘʪʠ ʟʛʦʨʪʢʦʚʽ 

ʥʝʡʨʦʥʥʽ ʤʝʨʝʞʽ, ʨʝʢʫʨʝʥʪʥʽ ʥʝʡʨʦʥʥʽ ʤʝʨʝʞʽ ʽ ʤʦʜʝʣʽ-ʪʨʘʥʩʬʦʨʤʝʨʠ, ʦʩʢʽʣʴʢʠ 

ʮʽ ʤʦʜʝʣʽ ʥʝʧʦʛʘʥʦ ʩʝʙʝ ʧʦʢʘʟʘʣʠ ʫ ʩʭʦʞʠʭ ʛʘʣʫʟʷʭ. ɿʛʦʨʪʢʦʚʽ ʥʝʡʨʦʥʥʽ ʤʝʨʝʞʽ 

(ɿʅʅ; ʘʥʛʣ. Convolutional neural network ï CNN) ʨʽʟʥʷʪʴʩʷ ʚʽʜ ʽʥʰʠʭ ʥʝʡʨʦʥʥʠʭ 

ʤʝʨʝʞ ʥʘʷʚʥʽʩʪʶ ʟʛʦʨʪʢʦʚʠʭ ʰʘʨʽʚ, ʷʢʽ ʤʘʶʪʴ ʷʜʨʦ-ʬʽʣʴʪʨ, ʱʦ ʧʨʦʭʦʜʠʪʴʩʷ ʧʦ 

ʤʘʩʠʚʫ ʚʭʽʜʥʠʭ ʜʘʥʠʭ.  ʄʠ ʚʠʢʦʨʠʩʪʘʣʠ ʤʦʜʝʣʴ ʥʝʡʨʦʤʝʨʝʞʽ, ʟʘʧʨʦʧʦʥʦʚʘʥʫ ʚ 

[10], ʜʦʜʘʚʰʠ ʜʦ ʥʝʾ ʰʘʨ ʚʠʢʣʶʯʝʥʥʷ. ɺ ʨʝʟʫʣʴʪʘʪʽ ʙʫʣʦ ʦʪʨʠʤʘʥʦ ʪʦʯʥʽʩʪʴ 

ʢʣʘʩʠ ʥʘ ʧʝʨʝʚʽʨʦʯʥʠʭ ʜʘʥʠʭ 86% (ʜʠʚ. ʨʠʩ. 1). 

             
ʈʠʩ. 1. ʊʦʯʥʽʩʪʴ ʤʦʜʝʣʽ ɿʅʅ.                             ʈʠʩ. 2. ʊʦʯʥʽʩʪʴ ʤʦʜʝʣʽ ʈʅʅ. 

 

ʂʣʘʩʠʬʽʢʘʮʽʷ ʩʧʝʢʪʨʦʛʨʘʤ ʥʝ ʜʘʣʘ ʧʦʤʽʪʥʠʭ ʢʨʘʱʠʭ ʨʝʟʫʣʴʪʘʪʽʚ: ʙʫʣʦ 

ʦʪʨʠʤʘʥʦ ʪʦʯʥʽʩʪʴ ʣʠʰʝ 62%. ʅʘʩʪʫʧʥʠʤ ʚʠʜʦʤ ʥʝʡʨʦʥʥʠʭ ʤʝʨʝʞ, ʷʢʠʡ ʤʠ 

ʩʧʨʦʙʫʚʘʣʠ ʟʘʩʪʦʩʫʚʘʪʠ, ʙʫʣʠ ʨʝʢʫʨʝʥʪʥʽ ʥʝʡʨʦʥʥʽ ʤʝʨʝʞʽ (ʈʅʅ; ʘʥʛʣ. recurrent 
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neural network ð RNN). ɰʭ ʦʩʦʙʣʠʚʽʩʪʴ ʧʦʣʷʛʘʻ ʚ ʪʦʤʫ, ʱʦ ʚʦʥʠ ʦʙʨʦʙʣʶʶʪʴ 

ʧʦʩʣʽʜʦʚʥʦʩʪʽ ʜʘʥʠʭ ʟ ʟʙʝʨʽʛʘʥʥʷʤ ʚʥʫʪʨʽʰʥʴʦʾ ʧʘʤôʷʪʽ. ʋ ʙʽʣʴʰʦʩʪʽ ʚʠʧʘʜʢʽʚ 

ʈʅʅ ʚʞʝ ʚ ʧʝʨʰʽʡ ʝʧʦʩʽ ʜʦʩʷʛʘʣʘ ʪʦʯʥʦʩʪʽ ʥʘ ʧʝʨʝʚʽʨʦʯʥʠʭ ʜʘʥʠʭ ʙʣʠʟʴʢʦ 95%, 

ʘʣʝ ʟʛʦʜʦʤ ʪʦʯʥʽʩʪʴ ʜʫʞʝ ʨʽʟʢʦ ʧʘʜʘʣʘ. ʅʘʡʙʽʣʴʰ ʨʝʘʣʽʩʪʠʯʥʽ ʨʝʟʫʣʴʪʘʪʠ ʙʫʣʠ 

ʦʪʨʠʤʘʥʽ, ʢʦʣʠ ʢʦʝʬʽʮʽʻʥʪ ʥʘʚʯʘʥʥʷ (ʧʘʨʘʤʝʪʨ learning_rate) ʙʫʚ ʧʦʥʠʞʝʥʠʡ ʜʦ 

ʟʥʘʯʝʥʥʷ  (ʜʠʚ. ʨʠʩ. 2). ɹʫʣʠ ʪʘʢʦʞ ʨʦʟʛʣʷʥʫʪʽ ʪʨʘʥʩʬʦʨʤʝʨʠ ï ʥʦʚʽ ʤʦʜʝʣʽ 

ʥʝʡʨʦʤʝʨʝʞ, ʦʧʠʩʘʥʽ ʚ 2017 ʨ. ʫ ʩʪʘʪʪʽ ĂAttention is All You Needò. ɼʣʷ ʥʘʰʦʾ 

ʟʘʜʘʯʽ ʤʠ ʚʠʢʦʨʠʩʪʘʣʠ ʽʤʧʣʝʤʝʥʪʘʮʽʶ, ʟʘʧʨʦʧʦʥʦʚʘʥʫ ʚ [7] ʜʣʷ ʢʣʘʩʠʬʽʢʘʮʽʾ 

ʯʘʩʦʚʠʭ ʨʷʜʽʚ, ʘʣʝ ʟʤʽʥʶʚʘʣʠ ʪʘʤ ʢʦʝʬʽʮʽʻʥʪ ʥʘʚʯʘʥʥʷ ʪʘ ʟʥʘʯʝʥʥʷ ʧʘʨʘʤʝʪʨʫ 

dropout. ʊʨʘʥʩʬʦʨʤʝʨ ʚʽʚ ʩʝʙʝ ʧʦʜʽʙʥʦ ʜʦ ʨʝʢʫʨʝʥʪʥʠʭ ʥʝʡʨʦʥʥʠʭ ʤʝʨʝʞ. 

ʆʪʞʝ, ʥʘʡʢʨʘʱʝ ʫ ʚʠʷʚʣʝʥʥʽ/ʢʣʘʩʠʬʽʢʘʮʽʾ ʜʨʦʥʽʚ ʩʝʙʝ ʧʦʢʘʟʘʣʠ ʟʛʦʨʪʢʦʚʽ 

ʥʝʡʨʦʥʥʽ ʤʝʨʝʞʽ ʟ ʪʦʯʥʽʩʪʶ 86%. ʅʘʚʯʘʥʥʷ ʨʝʢʫʨʝʥʪʥʠʭ ʥʝʡʨʦʥʥʠʭ ʤʝʨʝʞ ʪʘ 

ʪʨʘʥʩʬʦʨʤʝʨʽʚ ʜʘʣʦ ʘʥʦʤʘʣʴʥʽ ʨʝʟʫʣʴʪʘʪʠ. ʄʦʞʣʠʚʦ ʧʨʦʙʣʝʤʘ ʧʦʣʷʛʘʻ ʫ 

ʧʦʛʘʥʽʡ ʩʫʤʽʩʥʦʩʪʽ ʮʠʭ ʤʦʜʝʣʝʡ ʥʝʡʨʦʤʝʨʝʞ ʟ ʦʙʨʘʥʠʤʠ ʥʘʙʦʨʘʤʠ ʜʘʥʠʭ.  

ʅʘʧʨʷʤʢʘʤʠ ʥʘʰʦʾ ʧʦʜʘʣʴʰʦʾ ʨʦʙʦʪʠ ʙʫʜʝ: ʥʘʧʠʩʘʥʥʷ ʢʨʘʱʦʾ 

ʧʦʧʝʨʝʜʥʴʦʾ ʦʙʨʦʙʢʠ ʪʘ ʚʠʜʽʣʝʥʥʷ ʦʟʥʘʢ ʫ ʥʘʙʦʨʘʭ ʜʘʥʠʭ; ʽʤʧʣʝʤʝʥʪʘʮʽʷ 

ʥʝʡʨʦʥʥʦʾ ʤʝʨʝʞʽ ʟ ʧʽʜʢʨʽʧʣʝʥʥʷʤ (ʜʣʷ ʜʠʥʘʤʽʯʥʦʛʦ ʢʦʨʝʛʫʚʘʥʥʷ ʚʘʛ ʥʝʡʨʦʥʥʦʾ 

ʤʝʨʝʞʽ ʥʘ ʦʩʥʦʚʽ ʥʦʚʠʭ ʟʘʧʠʩʽʚ); ʨʦʟʨʦʙʢʘ ʧʨʠʩʪʨʦʶ, ʷʢʠʡ ʘʥʘʣʽʟʫʚʘʪʠʤʝ ʩʧʝʢʪʨ 

ʥʘ ʥʘʷʚʥʽʩʪʴ ɹʇʃɸ ʫ ʨʝʞʠʤʽ ʨʝʘʣʴʥʦʛʦ ʯʘʩʫ. ʆʩʪʘʥʥʻ ʤʦʞʝ ʟʜʽʡʩʥʶʚʘʪʠʩʷ ʟʘ 

ʜʦʧʦʤʦʛʦʶ SDR ʧʨʠʡʤʘʯʘ. ɼʣʷ ʚʠʚʘʥʪʘʞʝʥʥʷ ʥʝʡʨʦʤʝʨʝʞʽ ʥʘ ʧʨʠʩʪʨʦʾ ʟ 

ʦʙʤʝʞʝʥʠʤʠ ʦʙʯʠʩʣʶʚʘʣʴʥʠʤʠ ʤʦʞʣʠʚʦʩʪʷʤʠ ʽʩʥʫʻ ʙʽʙʣʽʦʪʝʢʘ Tensorflow Lite 

Micro (TFLM). ʇʨʠʢʣʘʜʦʤ ʽʤʧʣʝʤʝʥʪʘʮʽʾ ʟʚôʷʟʢʠ SDR (HackRF), TFLM ʽ Keras ʻ 

ʩʠʩʪʝʤʘ ʜʣʷ ʘʥʘʣʽʟʫ ʨʘʜʽʦʩʠʛʥʘʣʫ ʢʨʠʧʪʦʛʘʤʘʥʮʷ Ledger Blue, ʷʢʫ ʨʦʟʨʦʙʠʣʠ ʊ. 

ʈʦʪ ʪʘ ʽʥ. [9]. 
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ʈʆʃʔ ʐʊʋʏʅʆɻʆ ɯʅʊɽʃɽʂʊʋ ʋ  

ʌʆʈʄʋɺɸʅʅɯ ɹɽɿɼʈʆʊʆɺʀʍ ʄɽʈɽɾ 

ʋ ʩʪʘʪʪʽ ʥʘʚʦʜʠʪʴʩʷ ʘʥʘʣʽʟ ʨʦʟʚʠʪʢʫ ʪʝʭʥʦʣʦʛʽʡ ɯʥʪʝʨʥʝʪʫ ʨʝʯʝʡ (IoT) ʪʘ ʾʭ ʽʥʪʝʛʨʘʮʽʾ 

ʟ ʰʪʫʯʥʠʤ ʽʥʪʝʣʝʢʪʦʤ (ʐɯ), ʘ ʪʘʢʦʞ ʨʦʟʛʣʷʜʘʶʪʴʩʷ ʤʘʡʙʫʪʥʽ ʥʘʧʨʷʤʢʠ ʚʠʢʦʨʠʩʪʘʥʥʷ ʮʠʭ 

ʪʝʭʥʦʣʦʛʽʡ, ʟʦʢʨʝʤʘ ʚ ʢʦʥʪʝʢʩʪʽ ʙʝʟʜʨʦʪʦʚʠʭ ʤʝʨʝʞ 5G ʪʘ 6G. ɺʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʤʘʡʙʫʪʥʽ 

ʤʝʨʝʞʽ ʝʚʦʣʶʮʽʦʥʫʚʘʪʠʤʫʪʴ ʜʦ ʽʥʪʝʛʨʘʮʽʾ ʨʽʟʥʠʭ ʩʝʨʝʜʦʚʠʱ (ʢʦʩʤʦʩ, ʧʦʚʽʪʨʷ, ʟʝʤʣʷ, ʤʦʨʝ) 

ʪʘ ʚʧʨʦʚʘʜʞʝʥʥʷ ʥʦʚʠʭ ʧʦʩʣʫʛ, ʪʘʢʠʭ ʷʢ ʤʘʩʦʚʽ ʢʦʤʫʥʽʢʘʮʽʾ ʤʘʰʠʥʥʦʛʦ ʪʠʧʫ (mMTC), 

ʟʚ'ʷʟʦʢ ʟ ʥʘʜʥʘʜʽʡʥʽʩʪʶ ʪʘ ʥʠʟʴʢʦʶ ʟʘʪʨʠʤʢʦʶ (uRLLC) ʽ ʨʦʟʰʠʨʝʥʠʡ ʤʦʙʽʣʴʥʠʡ 

ʰʠʨʦʢʦʩʤʫʛʦʚʠʡ ʟʚ'ʷʟʦʢ (eMBB). 

 

The article provides an analysis of the development of Internet of Things (IoT) 

technologies and their integration with artificial intelligence (AI), as well as considers future 

directions for the use of these technologies, particularly in the context of 5G and 6G wireless 

networks. It is established that future networks will evolve to integrate different environments 

(space, air, land, sea) and introduce new services such as mass machine-type communications 

(mMTC), ultra-reliability and low-latency communications (uRLLC) and advanced mobile 

broadband. communication (eMBB). 

 

The Internet of Things (IoT) has created the need for massive connectivity 

for billions of devices that require system power far beyond the needs of current 

networks and the introduction of an efficient communication paradigm. Artificial 

intelligence (AI) technologies, which are equivalent to human intelligence based 

on machine learning systems, are now being integrated into all spheres of human 

activity. These have already found their implementation in self-driving car 

navigation, face recognition, language processing, logical reasoning, etc. Future 

research includes: augmented reality; autonomous IoT industry; digital doubles; the 

formation of the Metaverse, etc. [1]. There is a consensus in the research 

community that future networks will evolve towards the integration of space, air, 

land and sea, providing communication services with wide coverage [2]. Wireless 

networks of the future, particularly artificial intelligence-based 5G and 6G, are 

seen as the standard technology for cellular wireless networks. Massive machine-

type communications (mMTC) are becoming the main driver to realize the vision 

of a scalable IoT with heterogeneous applications with mass access of 

telecommunications consumers. Thus, mMTC with ultra-reliability and low-latency 

communication (uRLLC) and enhanced mobile broadband (eMBB) form new types 
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of diversified services in future networks. 

Despite the development of 5G in recent years, the fifth generation of 

cellular technology still poses some challenges due to both wavelength limitations 

and cost debates. Data centers are already facing changes caused by wireless 

networks, such as: virtualization, programmable networks, edge computing, and 

the challenges of simultaneously supporting public and private networks. 5G and 

6G technologies are expected to make greater use of the distributed radio access 

network (RAN) and terahertz spectrum to increase bandwidth, reduce latency and 

improve spectrum sharing. 

RAN networks were once proposed to effectively reduce capital and 

operational costs and optimize resource allocation through information access [3]. 

The cloud RAN network makes it possible to allocate a subset of computing and 

caching resources, combine the necessary information and perform management 

functions (main signal processing, planning and allocation of radio resources, etc.). 

Accordingly, new cloud-based RANs will have greater capacity to support 

connectivity requirements initiated by various devices and users in globally 

integrated Metaverse scenarios. The need for new semiconductor components for 

the telecommunications market with higher bandwidth is a new serious challenge 

for the semiconductor industry that needs to be addressed in the medium term. 

Such components, such as power amplifiers, etc., significantly affect the operation 

of the entire system, including the output power, efficiency, throughput, etc. 

Another challenge when it comes to AI is the availability of data using 

frequencies up to 330 GHz for the neural network. In the scientific literature of the 

field of telecommunications, special attention is paid to the research of terahertz 

range (THz) technologies, the purpose of which is to develop a suitable wireless 

system with built-in antennas in THz, where the range from 110 GHz to 170 GHz 

is considered one of the main prospective frequency ranges for the technologies of 

the future generation. 

The combination of future wireless networks based on AI and terahertz 

technologies is a new research area that requires deep skills with big data, service-

aware security, deeper virtualization and networks for cloud RAN based on 

international standards. The European Consortium of Academic and Industry 

Leaders (Hexa-
X[1]

), which is headed by the Finnish communications company 

Nokia, is currently forming a policy on systematization and preliminary 

standardization, as well as harmonization of global standardization of innovative 

technologies [4]. The standardization outlines potential system designs, use cases 

and performance targets for new technologies that aim to enable widespread user 

access, high bandwidth efficiency for future heterogeneous services and 

applications, including virtual/augmented reality (VR/AR), holographic 

telepresence, Industry 4.0 and robotics. According to research by Ecorys, in 

Europe the VR/AR market size was estimated at ú9.6 billion in 2021, up 26% from 

2020, and its market value is expected to grow from 35 to 65 by 2025 billion euros 

[5]. 

                      
[1] 

For reference. Hexa-X also includes the Swedish operator Ericsson and other operators. 
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The ISO/IEC JTC 1/SC 42 ñArtificial Intelligenceò Joint Technical 

Standardization Committee has now developed and published standards in the field 

of testing AI-based systems, functional safety and AI systems, big data, etc. [6]. 

The use of a large array of electronic data and digital technologies in the 

field of telecommunications and their interconnection leads to rapid changes and 

requires the outline of a holistic, standardized approach to the functioning of 

systems. In Ukraine, the creation of a new platform for the development of the 

technological innovation system has been launched. The Ministry of Economy 

initiated the pilot project ñDigitization of standardization processesò regarding the 

involvement of AI, and the corresponding technical standardization committee was 

formed, the purpose of which is to ensure the standardization system in the field of 

AI technologies. The development of standards with the help of AI will allow 

speeding up the process of creating standards, reduce labor costs for development, 

and digitize the processes of forming standards texts. Bringing domestic standards 

into line with international norms and regulations with the help of AI will 

accelerate the selection of the optimal model of the Metaverse. The Metaverse is a 

future, sustainable and interconnected virtual environment of augmented reality 

using RAN and terahertz spectrum. 

The most famous studies on the telecommunications market and related 

applications and services are: spectrum testing for frequencies from 95 GHz to 3 

THz (US Federal Communications Commission (FCC); terahertz frequency range, 

which provides a data transfer rate of 100 times faster than 4G (LTE) networks 

(South Korea Research Institute of Electronics and Telecommunications); 

development of microchips for data separation and more efficient management of 

terahertz waves (Universities of Osaka (Japan), Oulu (Finland) and Australian 

University of Adelaide); testing of integrated joint communication and sensing 

(Rohde & Schwarz company) and others. 
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ANALYSIS OF ALGORITHMS FOR DYNAMIC  

RESOURCE MANAGEMENT OF NETWORK SLICES  

 

In this study, we propose a reinforcement learning (RL)-based framework for dynamic 

resource allocation in end-to-end network slicing with heterogeneous requirements within multi-

layer MEC environments. We first outline a hierarchical multi-access edge computing (MEC) 

architecture and formulate a resource allocation problem for end-to-end network slicing as an 

optimization task using the Markov decision process (MDP). Subsequently, leveraging proximal 

policy optimization (PPO), we develop both independently-collaborative and jointly-

collaborative dynamic resource allocation algorithms to maximize resource efficiency while 

ensuring QoS for slices.  

 

ʐʚʠʜʢʝ ʧʦʰʠʨʝʥʥʷ ʤʦʙʽʣʴʥʠʭ ʧʦʩʣʫʛ ʽ ʟʨʦʩʪʘʥʥʷ ɯʥʪʝʨʥʝʪʫ ʨʝʯʝʡ ʪʘ 

ʽʥʪʝʣʝʢʪʫʘʣʴʥʠʭ ʧʨʠʩʪʨʦʾʚ ʫ ʦʩʪʘʥʥʽ ʨʦʢʠ ʧʦʩʪʘʚʠʣʠ ʧʝʨʝʜ ʤʝʨʝʞʘʤʠ 5G ʟʥʘʯʥʽ 

ʚʠʢʣʠʢʠ. ʎʝʡ ʟʙʽʣʴʰʝʥʠʡ ʦʙʩʷʛ ʪʨʘʬʽʢʫ, ʩʧʨʠʯʠʥʝʥʠʡ ʨʦʟʚʠʪʢʦʤ ʤʦʙʽʣʴʥʠʭ 

ʜʦʜʘʪʢʽʚ, ʪʘʢʠʭ ʷʢ ʜʦʧʦʚʥʝʥʘ ʨʝʘʣʴʥʽʩʪʴ ʽ ʧʦʪʦʢʦʚʝ ʧʝʨʝʜʘʚʘʥʥʷ 3D-ʚʽʜʝʦ, ʧʦʪʨʝʙʫʻ 

ʚʽʜ ʤʝʨʝʞ 5G ʧʽʜʪʨʠʤʢʠ ʨʽʟʥʠʭ ʚʠʧʘʜʢʽʚ ʚʠʢʦʨʠʩʪʘʥʥʷ, ʚʢʣʶʯʘʶʯʠ ʯʫʪʣʠʚʽ ʜʦ 

ʟʘʪʨʠʤʢʠ ʢʨʠʪʠʯʥʦ ʚʘʞʣʠʚʽ ʧʦʩʣʫʛʠ, ʪʘʢʽ ʷʢ ʢʽʙʝʨʬʽʟʠʯʥʽ ʩʠʩʪʝʤʠ ʪʘ ʧʨʦʛʨʘʤʠ ʜʣʷ 

ʘʚʪʦʥʦʤʥʦʛʦ ʚʦʜʽʥʥʷ. ɻʥʫʯʢʘ ʤʝʨʝʞʝʚʘ ʘʨʭʽʪʝʢʪʫʨʘ ʩʪʘʻ ʥʝʚʽʜôʻʤʥʦʶ ʜʣʷ 

ʚʠʨʽʰʝʥʥʷ ʨʽʟʥʦʤʘʥʽʪʥʠʭ ʚʠʤʦʛ ʜʦ ʨʝʩʫʨʩʽʚ ʪʘ ʨʦʟʛʦʨʪʘʥʥʷ ʨʽʟʥʠʭ ʧʦʩʣʫʛ, ʪʦʤʫ 

ʤʝʨʝʞʝʚʠʡ ʩʣʘʡʩʽʥʛ ʩʪʘʻ ʢʣʶʯʦʚʦʶ ʪʝʭʥʦʣʦʛʽʻʶ ʜʣʷ ʟʘʜʦʚʦʣʝʥʥʷ ʮʠʭ ʧʦʪʨʝʙ. 

ɯʥʜʠʚʽʜʫʘʣʴʥʝ ʢʝʨʫʚʘʥʥʷ ʨʝʩʫʨʩʘʤʠ ʫ ʤʝʨʝʞʘʭ ʜʦʩʪʫʧʫ ʪʘ ʙʘʟʦʚʠʭ ʤʝʨʝʞʘʭ ʤʦʞʝ 

ʧʨʠʟʚʝʩʪʠ ʜʦ ʥʝʦʧʪʠʤʘʣʴʥʦʾ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ, ʱʦ ʧʽʜʢʨʝʩʣʶʻ ʚʘʞʣʠʚʽʩʪʴ ʩʪʨʫʢʪʫʨʠ 

ʥʘʩʢʨʽʟʥʦʛʦ ʤʝʨʝʞʝʚʦʛʦ ʩʣʘʡʩʽʥʛʫ, ʷʢʘ ʦʙ'ʻʜʥʫʻ ʨʝʩʫʨʩʠ ʥʘ ʚʩʽʭ ʨʽʚʥʷʭ. 

ɺʢʣʶʯʝʥʥʷ ʧʝʨʠʬʝʨʽʡʥʠʭ ʦʙʯʠʩʣʝʥʴ ʽʟ ʤʥʦʞʠʥʥʠʤ ʜʦʩʪʫʧʦʤ (MEC) ʫ ʤʝʨʝʞʽ 

5G ʥʘʙʣʠʞʘʻ ʦʙʯʠʩʣʶʚʘʣʴʥʽ ʤʦʞʣʠʚʦʩʪʽ ʜʦ ʤʦʙʽʣʴʥʠʭ ʧʨʠʩʪʨʦʾʚ, ʧʦʢʨʘʱʫʶʯʠ 

ʧʦʢʘʟʥʠʢʠ ʱʦʜʦ ʟʘʪʨʠʤʢʠ, ʨʦʟʚʘʥʪʘʞʫʶʯʠ ʨʦʙʦʯʝ ʥʘʚʘʥʪʘʞʝʥʥʷ ʥʘ ʥʘʡʙʣʠʞʯʽ 

ʩʝʨʚʝʨʠ. ʆʯʽʢʫʻʪʴʩʷ, ʱʦ ʧʦʻʜʥʘʥʥʷ MEC ʽʟ ʤʝʨʝʞʝʚʠʤ ʩʣʘʡʩʽʥʛʦʤ ʦʧʪʠʤʽʟʫʻ 

ʤʝʨʝʞʝʚʽ ʦʧʝʨʘʮʽʾ ʪʘ ʥʘʜʘʥʥʷ ʧʦʩʣʫʛ, ʟʘʜʦʚʦʣʴʥʷʶʯʠ ʨʽʟʥʦʤʘʥʽʪʥʽ ʚʠʤʦʛʠ ʜʦ 

ʧʦʩʣʫʛ. ʅʝʟʚʘʞʘʶʯʠ ʥʘ ʮʽ ʧʦʪʝʥʮʽʡʥʽ ʧʝʨʝʚʘʛʠ, ʜʦʩʣʽʜʞʝʥʥʷ ʜʠʥʘʤʽʯʥʦʛʦ 

ʫʧʨʘʚʣʽʥʥʷ ʨʝʩʫʨʩʘʤʠ ʜʣʷ ʥʘʩʢʨʽʟʥʦʛʦ ʤʝʨʝʞʝʚʦʛʦ ʩʣʘʡʩʽʥʛʫ ʥʘ ʦʩʥʦʚʽ MEC ʫ 

ʩʝʨʝʜʦʚʠʱʘʭ 5G ʚʩʝ ʱʝ ʪʽʣʴʢʠ ʧʦʯʠʥʘʶʪʴʩʷ. 

ʅʘʚʯʘʥʥʷ ʟ ʧʽʜʢʨʽʧʣʝʥʥʷʤ (RL) ʩʪʘʣʦ ʮʽʥʥʠʤ ʧʽʜʭʦʜʦʤ ʜʣʷ ʚʠʨʽʰʝʥʥʷ 

ʧʨʦʙʣʝʤ ʫʧʨʘʚʣʽʥʥʷ ʤʝʨʝʞʝʚʠʤ ʩʣʘʡʩʽʥʛʦʤ ʚ ʤʝʨʝʞʘʭ 5G. RL ʜʦʟʚʦʣʷʻ ʘʛʝʥʪʫ 

ʧʦʙʫʜʫʚʘʪʠ ʦʧʪʠʤʘʣʴʥʫ ʧʦʣʽʪʠʢʫ ʚʟʘʻʤʦʜʽʾ ʟ ʡʦʛʦ ʩʝʨʝʜʦʚʠʱʝʤ, ʤʦʞʣʠʚʽʩʪʴ, 

ʦʩʦʙʣʠʚʦ ʧʦʢʨʘʱʝʥʘ ʟʘ ʜʦʧʦʤʦʛʦʶ ʤʝʪʦʜʽʚ ʛʣʠʙʦʢʦʛʦ ʥʘʚʯʘʥʥʷ, ʪʘʢʠʭ ʷʢ ʛʣʠʙʦʢʽ 

Q-ʤʝʨʝʞʽ. ʂʦʥʢʫʨʝʥʮʽʷ ʟʘ ʨʝʩʫʨʩʠ ʤʽʞ ʩʣʘʡʩʘʤʠ ʟ ʨʽʟʥʦʤʘʥʽʪʥʠʤʠ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʪʨʘʬʽʢʫ ʪʘ ʚʠʤʦʛʘʤʠ ʜʦ ʷʢʦʩʪʽ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ (QoS) ʧʽʜʢʨʝʩʣʶʻ 
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ʥʝʦʙʭʽʜʥʽʩʪʴ ʫʟʛʦʜʞʝʥʠʭ ʩʪʨʘʪʝʛʽʡ ʨʦʟʧʦʜʽʣʫ ʨʝʩʫʨʩʽʚ ʜʣʷ ʧʽʜʚʠʱʝʥʥʷ 

ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ ʚʩʽʻʾ ʤʝʨʝʞʽ. 

ɿʘʧʨʦʧʦʥʦʚʘʥʠʡ ʧʽʜʭʽʜ ʧʦʣʷʛʘʻ ʫ ʧʨʦʝʢʪʫʚʘʥʥʽ ʽʻʨʘʨʭʽʯʥʦʾ ʘʨʭʽʪʝʢʪʫʨʠ ʜʣʷ 

ʦʮʽʥʢʠ ʥʘʩʢʨʽʟʥʦʾ ʟʘʪʨʠʤʢʠ ʪʘ ʝʬʝʢʪʠʚʥʦʩʪʽ ʚʠʢʦʨʠʩʪʘʥʥʷ ʨʝʩʫʨʩʽʚ ʥʘ ʦʩʥʦʚʽ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʩʣʘʡʩʫ. ɿʘʪʨʠʤʢʘ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ, ʱʦ ʚʢʣʶʯʘʻ ʟʘʪʨʠʤʢʫ ʦʙʨʦʙʢʠ ʪʘ 

ʟʘʪʨʠʤʢʫ ʧʝʨʝʜʘʯʽ, ʨʦʟʛʣʷʜʘʻʪʴʩʷ ʷʢ ʢʦʤʧʣʝʢʩʥʠʡ ʧʦʢʘʟʥʠʢ ʜʣʷ ʦʮʽʥʢʠ ʥʘʩʢʨʽʟʥʦʾ 

ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ. ɼʣʷ ʚʧʨʦʚʘʜʞʝʥʥʷ ʜʠʥʘʤʽʯʥʦʛʦ ʨʦʟʧʦʜʽʣʫ ʨʝʩʫʨʩʽʚ ʨʦʟʨʦʙʣʝʥʦ 

ʢʽʣʴʢʘ ʘʣʛʦʨʠʪʤʽʚ ʥʘ ʦʩʥʦʚʽ Proximal Policy Optimization (PPO) ʟ ʤʝʪʦʶ 

ʤʘʢʩʠʤʽʟʘʮʽʾ ʝʬʝʢʪʠʚʥʦʩʪʽ ʚʠʢʦʨʠʩʪʘʥʥʷ ʨʝʩʫʨʩʽʚ, ʦʜʥʦʯʘʩʥʦ ʚʨʘʭʦʚʫʶʯʠ 

ʨʽʟʥʦʤʘʥʽʪʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʤʝʨʝʞʝʚʠʭ ʩʣʘʡʩʽʚ. ʎʽ ʘʣʛʦʨʠʪʤʠ ʧʨʘʮʶʶʪʴ ʫ ʨʘʤʢʘʭ 

ʜʝʮʝʥʪʨʘʣʽʟʦʚʘʥʦʛʦ ʚʠʢʦʥʘʥʥʷ, ʢʦʣʠ ʢʦʞʝʥ ʘʣʛʦʨʠʪʤ ʚʠʢʦʨʠʩʪʦʚʫʻ ʧʽʜʭʦʜʠ 

ʨʦʟʧʦʜʽʣʝʥʦʛʦ ʪʘ ʮʝʥʪʨʘʣʽʟʦʚʘʥʦʛʦ ʥʘʚʯʘʥʥʷ ʚʽʜʧʦʚʽʜʥʦ. ʆʮʽʥʢʠ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ, 

ʧʨʦʚʝʜʝʥʽ ʚ ʪʠʧʦʚʦʤʫ ʩʝʨʝʜʦʚʠʱʽ MEC, ʧʨʦʣʠʚʘʶʪʴ ʩʚʽʪʣʦ ʥʘ ʥʝʷʚʥʠʡ ʟʚôʷʟʦʢ ʤʽʞ 

ʩʪʘʥʦʤ ʽ ʜʽʻʶ, ʜʝʤʦʥʩʪʨʫʶʯʠ ʝʬʝʢʪʠʚʥʽʩʪʴ ʟʘʧʨʦʧʦʥʦʚʘʥʠʭ ʘʣʛʦʨʠʪʤʽʚ ʫ 

ʧʦʢʨʘʱʝʥʥʽ ʨʝʩʫʨʩʦʝʬʝʢʪʠʚʥʦʩʪʽ ʪʘ ʷʢʦʩʪʽ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ. 

ɸʨʭʽʪʝʢʪʫʨʘ ʥʘʩʢʨʽʟʥʦʾ ʩʠʩʪʝʤʠ ʤʝʨʝʞʝʚʦʛʦ ʩʣʘʡʩʽʥʛʫ ʙʫʜʫʻʪʴʩʷ ʷʢ ʽʻʨʘʨʭʽʯʥʘ 

ʩʪʨʫʢʪʫʨʘ, ʱʦ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʢʽʣʴʢʦʭ ʚʫʟʣʽʚ MEC, ʢʦʞʝʥ ʽʟ ʷʢʠʭ ʤʘʻ ʚʣʘʩʥʽ 

ʦʙʯʠʩʣʶʚʘʣʴʥʽ ʪʘ ʢʦʤʫʪʘʮʽʡʥʽ ʤʦʞʣʠʚʦʩʪʽ. ɺʫʟʣʠ ʦʨʛʘʥʽʟʦʚʘʥʽ ʚ ʪʦʧʦʣʦʛʽʾ ʜʝʨʝʚʘ, ʟ 

ʰʘʨʘʤʠ, ʧʦʟʥʘʯʝʥʠʤʠ ʷʢ L, ʽ ʚʫʟʣʘʤʠ MEC, ʧʦʟʥʘʯʝʥʠʤʠ ʷʢ m. ʐʘʨʠ 

ʧʨʦʩʪʷʛʘʶʪʴʩʷ ʚʽʜ ʦʩʥʦʚʥʠʭ ʚʫʟʣʽʚ ʜʦ ʣʠʩʪʦʚʠʭ ʚʫʟʣʽʚ, ʟ ʦʜʥʘʢʦʚʠʤ ʨʦʟʤʽʨʦʤ ʥʘ 

ʚʩʽʭ ʰʘʨʘʭ. ʄʝʨʝʞʘ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʨʽʟʥʠʭ ʩʣʘʡʩʽʚ, ʧʦʟʥʘʯʝʥʠʭ ʷʢ n, ʧʨʠʩʪʦʩʦʚʘʥʠʭ 

ʜʦ ʨʽʟʥʠʭ ʪʠʧʽʚ ʪʨʘʬʽʢʫ ʢʦʨʠʩʪʫʚʘʯʽʚ ʽ ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʢʦʥʢʨʝʪʥʠʤʠ ʚʠʤʦʛʘʤʠ ʜʦ 

ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ, ʪʘʢʠʤʠ ʷʢ ʜʦʧʫʩʪʠʤʘ ʟʘʪʨʠʤʢʘ, ʰʚʠʜʢʽʩʪʴ ʧʝʨʝʜʘʯʽ ʜʘʥʠʭ ʽ ʨʦʙʦʯʝ 

ʥʘʚʘʥʪʘʞʝʥʥʷ. ʇʘʨʘʤʝʪʨʠ, ʚʢʣʶʯʘʶʯʠ ʚʠʤʦʛʠ ʜʦ ʟʘʪʨʠʤʢʠ (dĔn), ʰʚʠʜʢʦʩʪʽ 

ʥʘʜʭʦʜʞʝʥʥʷ (ɚn) ʽ ʜʦʚʞʠʥʠ ʧʦʪʦʢʫ (Õn), ʚʠʟʥʘʯʘʶʪʴʩʷ ʜʣʷ ʢʦʞʥʦʛʦ ʩʣʘʡʩʫ, ʱʦʙ 

ʢʽʣʴʢʽʩʥʦ ʚʠʟʥʘʯʠʪʠ ʡʦʛʦ ʧʦʢʘʟʥʠʢʠ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ. 

ɯʥʬʨʘʩʪʨʫʢʪʫʨʘ ʤʝʨʝʞʝʚʦʛʦ ʩʣʘʡʩʽʥʛʫ ʦʧʠʩʘʥʘ ʟ ʥʘʛʦʣʦʩʦʤ ʥʘ ʩʪʚʦʨʝʥʥʽ 

ʩʣʘʡʩʽʚ ʜʣʷ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʨʽʟʥʦʤʘʥʽʪʥʠʭ ʪʠʧʽʚ ʧʦʩʣʫʛ ʥʘ ʦʩʥʦʚʽ ʚʠʤʦʛ 

ʢʦʨʠʩʪʫʚʘʯʽʚ. ʂʦʞʝʥ ʩʣʘʡʩ ʧʦʚôʷʟʘʥʠʡ ʽʟ ʧʝʚʥʠʤʠ ʧʦʢʘʟʥʠʢʘʤʠ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ, 

ʚʢʣʶʯʘʶʯʠ ʜʦʧʫʩʪʠʤʫ ʟʘʪʨʠʤʢʫ ʪʘ ʰʚʠʜʢʽʩʪʴ ʧʝʨʝʜʘʯʽ ʜʘʥʠʭ, ʱʦ ʚʠʟʥʘʯʘʻʪʴʩʷ 

ʪʘʢʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ, ʷʢ ʰʚʠʜʢʽʩʪʴ ʥʘʜʭʦʜʞʝʥʥʷ ʧʦʪʦʢʫ ʪʘ ʜʦʚʞʠʥʘ. ʂʨʽʤ ʪʦʛʦ, 

ʟʨʽʟʠ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴʩʷ ʱʽʣʴʥʽʩʪʶ ʦʙʨʦʙʢʠ (ɤn) ʽ ʚʠʤʦʛʘʤʠ ʜʦ ʎʇ (wn(t)), ʧʨʠʯʦʤʫ 

ʦʩʪʘʥʥʷ ʨʦʟʨʘʭʦʚʫʻʪʴʩʷ ʥʘ ʦʩʥʦʚʽ ʰʚʠʜʢʦʩʪʽ ʧʝʨʝʜʘʯʽ ʜʘʥʠʭ ʽ ʚʠʤʦʛ ʜʦ ʨʝʩʫʨʩʽʚ 

ʦʙʨʦʙʢʠ. ʄʦʜʝʣʴ ʟʘʙʝʟʧʝʯʫʻ ʚʩʝʙʽʯʥʫ ʩʪʨʫʢʪʫʨʫ ʜʣʷ ʘʥʘʣʽʟʫ ʨʦʙʦʯʦʛʦ 

ʥʘʚʘʥʪʘʞʝʥʥʷ ʪʘ ʧʦʪʨʝʙ ʫ ʨʝʩʫʨʩʘʭ ʨʽʟʥʠʭ ʩʣʘʡʩʽʚ ʟ ʯʘʩʦʤ, ʩʧʨʠʷʶʯʠ ʜʠʥʘʤʽʯʥʦʤʫ 

ʨʦʟʧʦʜʽʣʫ ʨʝʩʫʨʩʽʚ ʥʘ ʦʩʥʦʚʽ ʤʽʥʣʠʚʠʭ ʫʤʦʚ ʤʝʨʝʞʽ ʪʘ ʚʠʤʦʛ ʢʦʨʠʩʪʫʚʘʯʽʚ. 

ʄʦʜʝʣʴ ʩʠʩʪʝʤʠ ʩʣʫʞʠʪʴ ʦʩʥʦʚʦʶ ʜʣʷ ʧʦʜʘʣʴʰʦʾ ʨʦʟʨʦʙʢʠ ʪʘ ʦʮʽʥʢʠ 

ʘʣʛʦʨʠʪʤʽʚ ʨʦʟʧʦʜʽʣʫ ʨʝʩʫʨʩʽʚ. ɺʠʟʥʘʯʘʶʯʠ ʤʝʨʝʞʝʚʫ ʘʨʭʽʪʝʢʪʫʨʫ, ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ʩʣʘʡʩʫ ʪʘ ʧʦʢʘʟʥʠʢʠ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ, ʤʦʜʝʣʴ ʜʦʟʚʦʣʷʻ ʦʮʽʥʠʪʠ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʨʝʩʫʨʩʽʚ ʽ QoS ʫ ʥʘʩʢʨʽʟʥʽʡ ʽʥʬʨʘʩʪʨʫʢʪʫʨʽ ʤʝʨʝʞʝʚʦʛʦ ʩʣʘʡʩʽʥʛʫ. ʎʷ ʜʝʪʘʣʴʥʘ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʤʝʨʝʞʝʚʠʭ ʢʦʤʧʦʥʝʥʪʽʚ ʽ ʧʘʨʘʤʝʪʨʽʚ ʩʣʘʡʩʽʚ ʽʥʬʦʨʤʫʻ ʧʨʦ 

ʧʨʦʝʢʪʫʚʘʥʥʷ ʪʘ ʚʧʨʦʚʘʜʞʝʥʥʷ ʩʪʨʘʪʝʛʽʡ ʜʠʥʘʤʽʯʥʦʛʦ ʨʦʟʧʦʜʽʣʫ ʨʝʩʫʨʩʽʚ, 

ʩʧʨʷʤʦʚʘʥʠʭ ʥʘ ʤʘʢʩʠʤʽʟʘʮʽʶ ʝʬʝʢʪʠʚʥʦʩʪʽ ʚʠʢʦʨʠʩʪʘʥʥʷ ʨʝʩʫʨʩʽʚ ʽ ʟʘʜʦʚʦʣʝʥʥʷ 

ʚʠʤʦʛ QoS ʜʣʷ ʨʽʟʥʦʤʘʥʽʪʥʠʭ ʪʠʧʽʚ ʧʦʩʣʫʛ ʫ ʙʘʛʘʪʦʨʽʚʥʝʚʠʭ ʩʝʨʝʜʦʚʠʱʘʭ MEC. 

ʈʦʟʧʦʜʽʣ ʨʝʩʫʨʩʽʚ ʧʝʨʝʜʙʘʯʘʻ ʚʠʟʥʘʯʝʥʥʷ ʧʨʦʧʦʨʮʽʾ ʨʦʙʦʯʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ ʪʘ 
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ʪʨʘʬʽʢʫ, ʱʦ ʧʨʦʭʦʜʠʪʴ ʯʝʨʝʟ ʚʫʟʣʠ MEC, ʥʘ ʦʩʥʦʚʽ ʚʠʜʽʣʝʥʠʭ ʨʝʩʫʨʩʽʚ ʽ ʦʮʽʥʢʠ 

ʨʦʙʦʯʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ. ʉʠʩʪʝʤʘ ʧʨʘʛʥʝ ʟʘʜʦʚʦʣʴʥʠʪʠ ʚʠʤʦʛʠ ʜʦ ʟʘʪʨʠʤʢʠ ʜʣʷ 

ʢʦʞʥʦʛʦ ʩʣʘʡʩʫ, ʚʨʘʭʦʚʫʶʯʠ ʟʘʪʨʠʤʢʠ ʦʙʨʦʙʢʠ ʪʘ ʧʝʨʝʜʘʯʽ. ʇʦʨʫʰʝʥʥʷ QoS 

ʚʠʥʠʢʘʶʪʴ, ʢʦʣʠ ʟʘʪʨʠʤʢʠ ʧʝʨʝʚʠʱʫʶʪʴ ʧʦʧʝʨʝʜʥʴʦ ʚʠʟʥʘʯʝʥʽ ʧʦʨʦʛʦʚʽ ʟʥʘʯʝʥʥʷ, 

ʧʽʜʢʨʝʩʣʶʶʯʠ ʚʘʞʣʠʚʽʩʪʴ ʝʬʝʢʪʠʚʥʦʛʦ ʨʦʟʧʦʜʽʣʫ ʨʝʩʫʨʩʽʚ ʜʣʷ ʟʘʜʦʚʦʣʝʥʥʷ 

ʨʽʟʥʦʤʘʥʽʪʥʠʭ ʚʠʤʦʛ ʜʦ ʩʣʘʡʩʽʚ ʽ ʟʘʙʝʟʧʝʯʝʥʥʷ ʩʚʦʻʯʘʩʥʦʛʦ ʥʘʜʘʥʥʷ ʧʦʩʣʫʛ. 

ʆʩʥʦʚʥʘ ʤʝʪʘ ʧʦʣʷʛʘʻ ʚ ʦʧʪʠʤʽʟʘʮʽʾ ʨʦʟʧʦʜʽʣʫ ʨʝʩʫʨʩʽʚ ʜʣʷ ʤʽʥʽʤʽʟʘʮʽʾ 

ʟʘʪʨʠʤʦʢ ʽ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʟʘʜʦʚʦʣʝʥʥʷ QoS ʤʽʞ ʩʣʘʡʩʘʤʠ ʤʝʨʝʞʽ. ɿʘʤʽʩʪʴ ʪʦʛʦ, 

ʱʦʙ ʤʽʥʽʤʽʟʫʚʘʪʠ ʟʘʪʨʠʤʢʫ, ʫʚʘʛʘ ʟʦʩʝʨʝʜʞʝʥʘ ʥʘ ʘʜʘʧʪʠʚʥʦʤʫ ʨʦʟʧʦʜʽʣʽ ʨʝʩʫʨʩʽʚ 

ʤʽʞ ʨʽʚʥʷʤʠ MEC, ʱʦʙ ʟʙʘʣʘʥʩʫʚʘʪʠ ʝʬʝʢʪʠʚʥʽʩʪʴ ʚʠʢʦʨʠʩʪʘʥʥʷ ʨʝʩʫʨʩʽʚ ʽ ʷʢʽʩʪʴ 

ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ. ʎʝʡ ʧʽʜʭʽʜ ʤʘʻ ʥʘ ʤʝʪʽ ʟʘʙʝʟʧʝʯʠʪʠ ʝʬʝʢʪʠʚʥʠʡ ʨʦʟʧʦʜʽʣ ʨʦʙʦʯʦʛʦ 

ʥʘʚʘʥʪʘʞʝʥʥʷ ʪʘ ʩʚʦʻʯʘʩʥʝ ʥʘʜʘʥʥʷ ʧʦʩʣʫʛ ʫ ʙʘʛʘʪʦʨʽʚʥʝʚʠʭ ʩʝʨʝʜʦʚʠʱʘʭ MEC. 

ʋ ʩʬʝʨʽ ʨʦʟʧʦʜʽʣʫ ʨʝʩʫʨʩʽʚ ʜʣʷ ʢʽʣʴʢʦʭ ʩʣʘʡʩʽʚ ʤʝʨʝʞʽ ʮʝʥʪʨʘʣʽʟʦʚʘʥʠʡ ʧʽʜʭʽʜ 

ʽʟ ʩʫʧʝʨʘʛʝʥʪʦʤ, ʟʜʘʪʥʠʤ ʧʦʚʥʽʩʪʶ ʩʧʦʩʪʝʨʽʛʘʪʠ ʟʘ ʩʪʘʥʦʤ ʩʠʩʪʝʤʠ ʪʘ ʧʨʠʡʤʘʪʠ 

ʨʽʰʝʥʥʷ ʜʣʷ ʚʩʽʭ ʩʣʘʡʩʽʚ, ʤʦʞʝ ʙʫʪʠ ʽʜʝʘʣʴʥʠʤ ʟ ʪʦʯʢʠ ʟʦʨʫ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ. ʆʜʥʘʢ 

ʪʘʢʘ ʩʪʨʘʪʝʛʽʷ ʯʘʩʪʦ ʻ ʥʝʧʨʘʢʪʠʯʥʦʶ ʯʝʨʝʟ ʚʝʣʠʢʽ ʚʠʪʨʘʪʠ ʥʘ ʦʧʦʚʽʱʝʥʥʷ, ʷʢʽ ʚʦʥʘ 

ʥʝʩʝ, ʦʩʦʙʣʠʚʦ ʟʽ ʟʙʽʣʴʰʝʥʥʷʤ ʢʽʣʴʢʦʩʪʽ ʩʣʘʡʩʽʚ. ʆʪʞʝ, ʜʝʮʝʥʪʨʘʣʽʟʦʚʘʥʽ ʧʽʜʭʦʜʠ 

ʩʪʘʶʪʴ ʙʽʣʴʰ ʩʧʨʠʷʪʣʠʚʠʤʠ. ʋ ʨʦʙʦʪʽ ʧʨʠʡʥʷʪʦ ʜʚʘ ʜʝʮʝʥʪʨʘʣʽʟʦʚʘʥʽ ʤʝʪʦʜʠ, 

ʟʘʩʥʦʚʘʥʽ ʥʘ ʘʣʛʦʨʠʪʤʽ Proximal Policy Optimization (PPO), ʱʦ ʧʨʦʧʦʥʫʻ ʙʽʣʴʰ 

ʧʨʘʢʪʠʯʥʝ ʪʘ ʤʘʩʰʪʘʙʦʚʘʥʝ ʨʽʰʝʥʥʷ. PPO ʦʧʪʠʤʽʟʫʻ ʦʙʨʽʟʘʥʫ ʩʫʨʦʛʘʪʥʫ ʮʽʣʴʦʚʫ 

ʬʫʥʢʮʽʶ, ʰʪʨʘʬʫʶʯʠ ʚʝʣʠʢʽ ʟʤʽʥʠ ʧʦʣʽʪʠʢʠ ʪʘ ʟʘʙʝʟʧʝʯʫʶʯʠ ʩʪʘʙʽʣʴʥʽ ʦʥʦʚʣʝʥʥʷ 

ʧʦʣʽʪʠʢʠ. 

Proximal Policy Optimization - ʮʝ ʘʣʛʦʨʠʪʤ ʥʘʚʯʘʥʥʷ ʟ ʧʽʜʢʨʽʧʣʝʥʥʷʤ, ʷʢʠʡ 

ʧʨʘʛʥʝ ʤʘʢʩʠʤʽʟʫʚʘʪʠ ʥʘʢʦʧʠʯʝʥʽ ʚʠʥʘʛʦʨʦʜʠ ʰʣʷʭʦʤ ʽʪʝʨʘʪʠʚʥʦʛʦ ʦʥʦʚʣʝʥʥʷ 

ʧʘʨʘʤʝʪʨʽʚ ʧʦʣʽʪʠʢʠ ʥʘ ʦʩʥʦʚʽ ʩʧʦʩʪʝʨʝʞʫʚʘʥʠʭ ʩʪʘʥʽʚ ʽ ʜʽʡ. ʉʫʨʦʛʘʪʥʘ ʮʽʣʴʦʚʘ 

ʬʫʥʢʮʽʷ ʚ PPO ʧʨʠʟʥʘʯʝʥʘ ʜʣʷ ʟʘʧʦʙʽʛʘʥʥʷ ʥʘʜʤʽʨʥʦ ʚʝʣʠʢʠʭ ʦʥʦʚʣʝʥʴ ʧʦʣʽʪʠʢʠ 

ʰʣʷʭʦʤ ʦʙʨʽʟʘʥʥʷ ʢʦʝʬʽʮʽʻʥʪʘ ʡʤʦʚʽʨʥʦʩʪʽ ʧʦʣʽʪʠʢʠ, ʪʘʢʠʤ ʯʠʥʦʤ ʟʘʙʝʟʧʝʯʫʶʯʠ 

ʩʪʘʙʽʣʴʥʽ ʪʘ ʥʘʜʽʡʥʽ ʦʥʦʚʣʝʥʥʷ ʧʦʣʽʪʠʢʠ. 

ʉʪʨʫʢʪʫʨʘ ʨʦʟʧʦʜʽʣʫ ʨʝʩʫʨʩʽʚ ʥʘ ʦʩʥʦʚʽ PPO ʧʝʨʝʜʙʘʯʘʻ ʽʪʝʨʘʮʽʡʥʝ ʦʥʦʚʣʝʥʥʷ 

ʧʘʨʘʤʝʪʨʽʚ ʧʦʣʽʪʠʢʠ ʪʘ ʢʨʠʪʠʯʥʠʭ ʦʮʽʥʦʢ, ʱʦʙ ʤʘʢʩʠʤʽʟʫʚʘʪʠ ʟʘʛʘʣʴʥʫ ʬʫʥʢʮʽʶ 

ʚʠʥʘʛʦʨʦʜʠ ʚ ʫʩʽʭ ʩʣʘʡʩʘʭ ʤʝʨʝʞʽ. ʎʝʡ ʧʽʜʭʽʜ ʤʽʩʪʠʪʴ ʧʘʨʘʤʝʪʨ ʚʽʜʩʽʢʘʥʥʷ ʜʣʷ 

ʢʦʥʪʨʦʣʶ ʚʝʣʠʯʠʥʠ ʦʥʦʚʣʝʥʴ ʧʦʣʽʪʠʢʠ, ʧʽʜʚʠʱʫʶʯʠ ʩʪʘʙʽʣʴʥʽʩʪʴ ʽ ʥʘʜʽʡʥʽʩʪʴ 

ʦʧʪʠʤʽʟʘʮʽʾ ʧʦʣʽʪʠʢʠ. ɿʙʘʣʘʥʩʦʚʫʶʯʠ ʝʬʝʢʪʠʚʥʽʩʪʴ ʚʠʢʦʨʠʩʪʘʥʥʷ ʨʝʩʫʨʩʽʚ ʽ 

ʤʽʨʢʫʚʘʥʥʷ ʱʦʜʦ QoS, PPO ʧʨʦʧʦʥʫʻ ʥʘʜʽʡʥʠʡ ʧʽʜʭʽʜ ʜʦ ʜʝʮʝʥʪʨʘʣʽʟʦʚʘʥʦʛʦ 

ʫʧʨʘʚʣʽʥʥʷ ʨʝʩʫʨʩʘʤʠ ʚ ʩʝʨʝʜʦʚʠʱʘʭ ʥʘʩʢʨʽʟʥʦʛʦ ʤʝʨʝʞʝʚʦʛʦ ʩʣʘʡʩʽʥʛʫ. 

ʉʪʘʙʽʣʴʥʽʩʪʴ ʽ ʥʘʜʽʡʥʽʩʪʴ ʘʣʛʦʨʠʪʤʫ ʨʦʙʣʷʪʴ ʡʦʛʦ ʧʨʠʜʘʪʥʠʤ ʚʠʙʦʨʦʤ ʜʣʷ 

ʦʧʪʠʤʽʟʘʮʽʾ ʨʦʟʧʦʜʽʣʫ ʨʝʩʫʨʩʽʚ, ʦʜʥʦʯʘʩʥʦ ʟʘʜʦʚʦʣʴʥʷʶʯʠ ʚʠʤʦʛʘʤ QoS ʫ ʨʽʟʥʠʭ 

ʩʣʘʡʩʘʭ ʤʝʨʝʞʽ. 

ɿʘʧʨʦʧʦʥʦʚʘʥʠʡ ʫ ʨʦʙʦʪʽ ʧʽʜʭʽʜ ʜʦ ʥʝʟʘʣʝʞʥʦʛʦ ʨʦʟʧʦʜʽʣʫ ʨʝʩʫʨʩʽʚ ʥʘ ʦʩʥʦʚʽ 

PPO ʜʦʟʚʦʣʷʻ ʢʦʞʥʦʤʫ ʩʣʘʡʩʫ ʤʝʨʝʞʽ ʘʚʪʦʥʦʤʥʦ ʦʥʦʚʣʶʚʘʪʠ ʩʚʦʾ ʤʝʨʝʞʝʚʽ 

ʧʘʨʘʤʝʪʨʠ ʥʘ ʦʩʥʦʚʽ ʽʥʜʠʚʽʜʫʘʣʴʥʠʭ ʪʨʘʻʢʪʦʨʽʡ. ʎʝʡ ʤʝʪʦʜ ʤʘʻ ʥʘ ʤʝʪʽ 

ʤʘʢʩʠʤʽʟʫʚʘʪʠ ʛʣʦʙʘʣʴʥʫ ʚʠʥʘʛʦʨʦʜʫ ʰʣʷʭʦʤ ʥʘʚʯʘʥʥʷ ʧʦʣʽʪʠʢ ʤʝʨʝʞʝʚʦʛʦ ʘʛʝʥʪʘ 

ʧʨʠʡʤʘʪʠ ʨʽʰʝʥʥʷ ʱʦʜʦ ʨʦʟʧʦʜʽʣʫ ʨʝʩʫʨʩʽʚ ʥʝʟʘʣʝʞʥʦ ʜʣʷ ʢʦʞʥʦʛʦ ʩʣʘʡʩʫ, ʪʦʜʽ ʷʢ 

ʢʨʠʪʠʯʥʽ ʤʝʨʝʞʽ ʦʮʽʥʶʶʪʴ ʬʫʥʢʮʽʶ ʮʽʥʥʦʩʪʽ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʮʠʭ 

ʨʽʰʝʥʴ. ʉʧʦʩʪʝʨʝʞʝʥʥʷ ʪʘ ʜʽʾ ʢʦʞʥʦʛʦ ʩʣʘʡʩʫ, ʚʢʣʶʯʘʶʯʠ ʪʘʢʫ ʽʥʬʦʨʤʘʮʽʶ, ʷʢ ʪʠʧ 
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ʩʣʫʞʙʠ, ʚʭʽʜʥʠʡ ʚʫʟʦʣ, ʚʠʢʦʨʠʩʪʘʥʥʷ ʨʝʩʫʨʩʽʚ ʽ ʝʬʝʢʪʠʚʥʽʩʪʴ ʨʦʟʧʦʜʽʣʫ ʨʝʩʫʨʩʽʚ, 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʫ ʧʨʦʮʝʩʽ ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʴ. ʄʝʪʘ ʧʦʣʷʛʘʻ ʚ ʪʦʤʫ, ʱʦʙ ʦʪʨʠʤʘʪʠ 

ʦʧʪʠʤʽʟʦʚʘʥʫ ʧʦʣʽʪʠʢʫ, ʷʢʘ ʨʘʟʦʤ ʤʘʢʩʠʤʽʟʫʻ ʟʘʛʘʣʴʥʫ ʚʠʥʘʛʦʨʦʜʫ ʚ ʫʩʽʭ ʩʣʘʡʩʘʭ. 

ɸʣʛʦʨʠʪʤʠ ʧʝʨʝʜʙʘʯʘʶʪʴ ʧʦʩʣʽʜʦʚʥʠʡ ʟʙʽʨ ʜʘʥʠʭ ʧʨʦʪʷʛʦʤ ʚʠʟʥʘʯʝʥʦʛʦ 

ʧʝʨʽʦʜʫ, ʘ ʧʦʪʽʤ ʥʘʚʯʘʥʥʷ ʤʝʨʝʞʝʚʠʭ ʘʛʝʥʪʽʚ ʜʣʷ ʢʽʣʴʢʦʭ ʝʧʦʭ. ʇʨʦʪʷʛʦʤ ʧʝʨʽʦʜʫ 

ʟʙʦʨʫ ʜʘʥʠʭ ʩʧʦʩʪʝʨʝʞʝʥʥʷ ʪʘ ʜʽʾ ʟʘʧʠʩʫʶʪʴʩʷ, ʘ ʪʨʘʻʢʪʦʨʽʾ ʟʙʝʨʽʛʘʶʪʴʩʷ ʚ 

ʙʫʬʝʨʥʽʡ ʧʘʤôʷʪʽ. ɿʛʦʜʦʤ, ʫ ʧʝʨʽʦʜ ʥʘʚʯʘʥʥʷ, ʬʫʥʢʮʽʷ ʧʝʨʝʚʘʛʠ ʦʮʽʥʶʻʪʴʩʷ ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʫʟʘʛʘʣʴʥʝʥʦʛʦ ʤʝʪʦʜʫ ʦʮʽʥʢʠ ʧʝʨʝʚʘʛʠ, ʘ ʦʙʨʽʟʘʥʘ ʩʫʨʦʛʘʪʥʘ ʮʽʣʴʦʚʘ 

ʬʫʥʢʮʽʷ ʦʙʯʠʩʣʶʻʪʴʩʷ ʜʣʷ ʦʥʦʚʣʝʥʥʷ ʤʝʨʝʞʝʚʠʭ ʘʛʝʥʪʽʚ. ʂʨʠʪʠʯʥʽ ʟʥʘʯʝʥʥʷ 

ʤʝʨʝʞʽ ʪʘʢʦʞ ʦʥʦʚʣʶʶʪʴʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʬʫʥʢʮʽʾ ʚʪʨʘʪ, ʱʦʙ ʤʽʥʽʤʽʟʫʚʘʪʠ 

ʨʦʟʙʽʞʥʽʩʪʴ ʤʽʞ ʧʨʦʛʥʦʟʦʚʘʥʠʤʠ ʪʘ ʬʘʢʪʠʯʥʠʤʠ ʟʥʘʯʝʥʥʷʤʠ. 

ʅʝʟʚʘʞʘʶʯʠ ʥʘ ʪʝ, ʱʦ ʚ ʘʣʛʦʨʠʪʤʘʭ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʜʝʮʝʥʪʨʘʣʽʟʦʚʘʥʠʡ 

ʧʽʜʭʽʜ ʜʦ ʨʦʟʧʦʜʽʣʫ ʨʝʩʫʨʩʽʚ ʫ ʤʝʨʝʞʝʚʦʤʫ ʩʣʘʡʩʽʥʛʫ, ʚʠʥʠʢʘʻ ʧʨʦʙʣʝʤʘ ʟ 

ʦʙʤʝʞʝʥʥʷʤʠ ʚ ʪʦʯʥʦʤʫ ʦʮʽʥʶʚʘʥʥʽ ʟʘʛʘʣʴʥʦʛʦ ʚʧʣʠʚʫ ʦʢʨʝʤʠʭ ʜʽʡ ʩʣʘʡʩʽʚ ʥʘ 

ʟʘʛʘʣʴʥʫ ʚʠʥʘʛʦʨʦʜʫ. ɼʣʷ ʾʾ ʚʠʨʽʰʝʥʥʷ ʟʘʧʨʦʚʘʜʞʫʻʪʴʩʷ ʧʽʜʭʽʜ ʩʧʽʣʴʥʦʛʦ ʨʦʟʧʦʜʽʣʫ 

ʨʝʩʫʨʩʽʚ ʥʘ ʦʩʥʦʚʽ PPO , ʩʧʨʷʤʦʚʘʥʠʡ ʥʘ ʧʦʢʨʘʱʝʥʥʷ ʢʦʦʨʜʠʥʘʮʽʾ ʤʽʞ ʩʣʘʡʩʘʤʠ 

ʰʣʷʭʦʤ ʩʧʽʣʴʥʦʛʦ ʦʥʦʚʣʝʥʥʷ ʢʨʠʪʠʯʥʠʭ ʤʝʨʝʞ ʫʩʽʭ ʩʣʘʡʩʽʚ. ʎʝʡ ʤʝʪʦʜ 

ʩʧʨʷʤʦʚʘʥʠʡ ʥʘ ʜʦʩʷʛʥʝʥʥʷ ʢʨʘʱʦʾ ʦʮʽʥʢʠ ʛʣʦʙʘʣʴʥʦʾ ʬʫʥʢʮʽʾ ʟʥʘʯʝʥʥʷ ʩʪʘʥʫ, ʪʠʤ 

ʩʘʤʠʤ ʧʽʜʚʠʱʫʶʯʠ ʦʧʪʠʤʽʟʘʮʽʶ ʨʦʟʧʦʜʽʣʫ ʨʝʩʫʨʩʽʚ ʤʽʞ ʢʽʣʴʢʦʤʘ ʩʣʘʡʩʘʤʠ ʜʣʷ 

ʤʘʢʩʠʤʽʟʘʮʽʾ ʟʘʛʘʣʴʥʦʾ ʚʠʥʘʛʦʨʦʜʠ. 

ʊʘʢʦʞ ʚʠʚʯʘʻʪʴʩʷ ʷʢʽʩʪʴ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ (QoS) ʟʘ ʨʽʟʥʠʭ ʨʽʚʥʽʚ ʥʘʚʘʥʪʘʞʝʥʥʷ 

ʥʘ ʤʝʨʝʞʫ, ʦʮʽʥʶʶʯʠ ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ ʨʽʟʥʠʭ ʘʣʛʦʨʠʪʤʽʚ ʨʦʟʧʦʜʽʣʫ ʨʝʩʫʨʩʽʚ. 

ʈʝʟʫʣʴʪʘʪʠ ʧʦʢʘʟʫʶʪʴ, ʱʦ ʟʽ ʟʙʽʣʴʰʝʥʥʷʤ ʥʘʚʘʥʪʘʞʝʥʥʷ ʥʘ ʤʝʨʝʞʫ ʟʘʧʨʦʧʦʥʦʚʘʥʽ 

ʘʣʛʦʨʠʪʤʠ ʩʧʽʣʴʥʦʛʦ ʨʦʟʧʦʜʽʣʫ ʨʝʩʫʨʩʽʚ ʥʘ ʦʩʥʦʚʽ PPO ʽ ʥʝʟʘʣʝʞʥʦʛʦ ʩʧʽʣʴʥʦʛʦ 

ʨʦʟʧʦʜʽʣʫ ʨʝʩʫʨʩʽʚ ʥʘ ʦʩʥʦʚʽ PPO ʝʬʝʢʪʠʚʥʦ ʙʘʣʘʥʩʫʶʪʴ ʨʝʩʫʨʩʠ ʤʽʞ ʩʣʘʡʩʘʤʠ ʜʣʷ 

ʟʘʜʦʚʦʣʝʥʥʷ ʤʘʡʙʫʪʥʽʭ ʧʦʪʨʝʙ. ɼʣʷ ʧʦʨʽʚʥʷʥʥʷ, ʽʥʰʽ ʤʝʪʦʜʠ, ʪʘʢʽ ʷʢ ʧʨʦʧʦʨʮʽʡʥʠʡ 

ʨʦʟʧʦʜʽʣ (PD), ʜʝʤʦʥʩʪʨʫʶʪʴ ʥʠʞʯʫ ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ ʯʝʨʝʟ ʾʭ ʩʪʨʘʪʝʛʽʾ ʨʝʘʢʪʠʚʥʦʛʦ 

ʨʦʟʧʦʜʽʣʫ ʨʝʩʫʨʩʽʚ. ʍʦʯʘ Fixed Ratio (FR) ʜʦʙʨʝ ʧʨʘʮʶʻ ʟʘ ʥʠʟʴʢʠʭ ʥʘʚʘʥʪʘʞʝʥʴ ʥʘ 

ʤʝʨʝʞʫ, ʡʦʛʦ ʝʬʝʢʪʠʚʥʽʩʪʴ ʟʤʝʥʰʫʻʪʴʩʷ ʟʽ ʟʙʽʣʴʰʝʥʥʷʤ ʥʘʚʘʥʪʘʞʝʥʥʷ. ɼʦʩʣʽʜʞʝʥʦ 

ʝʬʝʢʪʠʚʥʽʩʪʴ ʚʠʢʦʨʠʩʪʘʥʥʷ ʨʝʩʫʨʩʽʚ ʟʘ ʟʤʽʥʥʠʭ ʥʘʚʘʥʪʘʞʝʥʴ ʤʝʨʝʞʽ, ʚʠʷʚʠʚʰʠ, ʱʦ 

ʟʘʧʨʦʧʦʥʦʚʘʥʽ ʘʣʛʦʨʠʪʤʠ ʜʦʩʷʛʘʶʪʴ ʚʠʩʦʢʦʛʦ ʨʽʚʥʷ ʚʠʢʦʨʠʩʪʘʥʥʷ ʤʝʨʝʞʝʚʠʭ 

ʧʦʪʫʞʥʦʩʪʝʡ, ʟʘʙʝʟʧʝʯʫʶʯʠ QoS ʧʦʨʽʚʥʷʥʦ ʟ ʪʨʘʜʠʮʽʡʥʠʤʠ ʤʝʪʦʜʘʤʠ. ʇʦʛʘʥʘ 

ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ PD ʧʦʷʩʥʶʻʪʴʩʷ ʾʾ ʥʝʟʜʘʪʥʽʩʪʶ ʘʜʘʧʪʫʚʘʪʠʩʷ ʜʦ ʨʘʧʪʦʚʠʭ ʟʤʽʥ 

ʧʦʧʠʪʫ, ʥʝʟʚʘʞʘʶʯʠ ʥʘ ʚʠʜʽʣʝʥʥʷ ʥʘʜʣʠʰʢʦʚʠʭ ʨʝʩʫʨʩʽʚ. ʇʦʜʽʙʥʠʤ ʯʠʥʦʤ ʧʽʜʭʽʜ 

ʩʪʘʪʠʯʥʦʛʦ ʨʦʟʧʦʜʽʣʫ FR ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʥʠʟʴʢʦʛʦ ʨʽʚʥʷ ʚʠʢʦʨʠʩʪʘʥʥʷ, ʦʩʦʙʣʠʚʦ ʟʘ 

ʩʮʝʥʘʨʽʾʚ ʥʠʟʴʢʦʛʦ ʧʦʧʠʪʫ. ʎʽ ʨʝʟʫʣʴʪʘʪʠ ʧʽʜʢʨʝʩʣʶʶʪʴ ʚʘʞʣʠʚʽʩʪʴ ʘʜʘʧʪʠʚʥʠʭ 

ʩʪʨʘʪʝʛʽʡ ʨʦʟʧʦʜʽʣʫ ʨʝʩʫʨʩʽʚ, ʦʩʦʙʣʠʚʦ ʚ ʜʠʥʘʤʽʯʥʠʭ ʤʝʨʝʞʝʚʠʭ ʩʝʨʝʜʦʚʠʱʘʭ. 

ʂʨʽʤ ʪʦʛʦ, ʨʦʙʦʪʘ ʜʦʩʣʽʜʞʫʻ ʢʦʤʧʨʦʤʽʩ ʤʽʞ QoS ʽ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʨʝʩʫʨʩʽʚ 

ʰʣʷʭʦʤ ʟʤʽʥʠ ʚʘʛʠ ʚʠʥʘʛʦʨʦʜʠ. ʈʝʟʫʣʴʪʘʪʠ ʧʦʢʘʟʫʶʪʴ, ʱʦ ʟʙʽʣʴʰʝʥʥʷ ʚʘʛʦʚʦʛʦ 

ʢʦʝʬʽʮʽʻʥʪʘ ʜʣʷ QoS ʟʥʘʯʥʦ ʧʦʢʨʘʱʫʻ ʟʘʜʦʚʦʣʝʥʽʩʪʴ QoS, ʦʜʥʦʯʘʩʥʦ ʟʤʝʥʰʫʶʯʠ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʨʝʩʫʨʩʽʚ. ʎʝʡ ʢʦʤʧʨʦʤʽʩ ʧʽʜʢʨʝʩʣʶʻ ʥʝʦʙʭʽʜʥʽʩʪʴ ʦʧʪʠʤʽʟʘʮʽʾ ʚʘʛʠ 

ʚʠʥʘʛʦʨʦʜʠ ʜʣʷ ʜʦʩʷʛʥʝʥʥʷ ʙʘʣʘʥʩʫ ʤʽʞ ʷʢʽʩʪʶ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʪʘ ʝʬʝʢʪʠʚʥʽʩʪʶ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʨʝʩʫʨʩʽʚ. ʂʨʽʤ ʪʦʛʦ, ʜʦʩʣʽʜʞʫʻʪʴʩʷ ʨʦʟʧʦʜʽʣ ʨʝʩʫʨʩʽʚ ʚʽʜʧʦʚʽʜʥʦ ʜʦ 

ʪʠʧʽʚ ʧʦʩʣʫʛ, ʜʝʤʦʥʩʪʨʫʶʯʠ, ʷʢ ʨʽʟʥʽ ʩʣʫʞʙʠ ʨʦʟʧʦʜʽʣʷʶʪʴ ʨʝʩʫʨʩʠ ʤʽʞ 

ʤʝʨʝʞʝʚʠʤʠ ʨʽʚʥʷʤʠ. ʈʝʟʫʣʴʪʘʪʠ ʧʽʜʢʨʝʩʣʶʶʪʴ ʝʬʝʢʪʠʚʥʽʩʪʴ ʨʦʟʨʦʙʣʝʥʠʭ 
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ʘʣʛʦʨʠʪʤʽʚ ʫ ʨʦʟʧʦʜʽʣʽ ʨʝʩʫʨʩʽʚ ʥʘ ʦʩʥʦʚʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʩʝʨʚʽʩʫ, ʟʘʙʝʟʧʝʯʫʶʯʠ 

ʦʧʪʠʤʘʣʴʥʝ ʚʠʢʦʨʠʩʪʘʥʥʷ ʨʝʩʫʨʩʽʚ ʫ ʩʮʝʥʘʨʽʷʭ ʥʘʩʢʨʽʟʥʦʛʦ ʤʝʨʝʞʝʚʦʛʦ ʩʣʘʡʩʽʥʛʫ. 

ʅʝʟʚʘʞʘʶʯʠ ʥʘ ʧʨʦʙʣʝʤʠ ʤʘʩʰʪʘʙʦʚʘʥʦʩʪʽ, ʧʦʚôʷʟʘʥʽ ʟ ʤʝʪʦʜʘʤʠ RL, 

ʟʘʧʨʦʧʦʥʦʚʘʥʽ ʘʣʛʦʨʠʪʤʠ ʜʝʤʦʥʩʪʨʫʶʪʴ ʙʘʛʘʪʦʦʙʽʮʷʶʯʫ ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ ʥʘʚʽʪʴ ʫ 

ʩʢʣʘʜʥʠʭ ʤʝʨʝʞʝʚʠʭ ʪʦʧʦʣʦʛʽʷʭ, ʭʦʯʘ ʡ ʽʟ ʨʽʟʥʦʶ ʰʚʠʜʢʽʩʪʶ ʢʦʥʚʝʨʛʝʥʮʽʾ. 

ɼʦʩʣʽʜʞʝʥʥʷ ʟʘʛʣʠʙʣʶʻʪʴʩʷ ʚ ʜʠʥʘʤʽʯʥʠʡ ʨʦʟʧʦʜʽʣ ʨʝʩʫʨʩʽʚ ʫ ʤʝʨʝʞʝʚʦʤʫ 

ʩʣʘʡʩʽʥʛʫ ʚ ʨʘʤʢʘʭ ʨʽʟʥʦʨʽʜʥʠʭ ʚʠʤʦʛ ʫ ʩʝʨʝʜʦʚʠʱʘʭ MEC ʜʣʷ ʧʽʜʚʠʱʝʥʥʷ 

ʝʬʝʢʪʠʚʥʦʩʪʽ ʚʠʢʦʨʠʩʪʘʥʥʷ ʨʝʩʫʨʩʽʚ ʽ ʟʘʙʝʟʧʝʯʝʥʥʷ ʷʢʦʩʪʽ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ. 

ʌʦʨʤʫʣʶʶʯʠ ʧʨʦʙʣʝʤʫ ʷʢ ʩʧʽʣʴʥʫ ʙʘʛʘʪʦʘʛʝʥʪʥʫ ʟʘʜʘʯʫ, ʜʦʩʣʽʜʞʝʥʥʷ ʨʦʟʨʦʙʣʷʻ 

ʘʣʛʦʨʠʪʤʠ ʥʝʟʘʣʝʞʥʦʾ ʪʘ ʩʧʽʣʴʥʦʾ ʢʦʦʧʝʨʘʪʠʚʥʦʾ ʦʧʪʠʤʽʟʘʮʽʾ ʧʨʦʢʩʠʤʘʣʴʥʦʾ 

ʧʦʣʽʪʠʢʠ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʧʽʜʭʦʜʫ PPO. ʈʝʟʫʣʴʪʘʪʠ ʤʦʜʝʣʶʚʘʥʥʷ ʜʝʤʦʥʩʪʨʫʶʪʴ 

ʢʨʘʱʫ ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ ʟʘʧʨʦʧʦʥʦʚʘʥʠʭ ʘʣʛʦʨʠʪʤʽʚ ʧʦʨʽʚʥʷʥʦ ʟ ʽʩʥʫʶʯʠʤʠ 

ʤʝʪʦʜʘʤʠ, ʦʩʦʙʣʠʚʦ ʧʽʜʢʨʝʩʣʶʶʯʠ ʟʜʘʪʥʽʩʪʴ ʘʣʛʦʨʠʪʤʽʚ ʜʦʩʷʛʘʪʠ ʟʙʘʣʘʥʩʦʚʘʥʦʛʦ 

ʨʦʟʧʦʜʽʣʫ ʨʝʩʫʨʩʽʚ ʤʽʞ ʨʽʟʥʠʤʠ ʪʠʧʘʤʠ ʧʦʩʣʫʛ ʚ ʽʻʨʘʨʭʽʯʥʦʤʫ ʩʝʨʝʜʦʚʠʱʽ MEC. 

ɿʘʧʨʦʧʦʥʦʚʘʥʘ ʨʦʙʦʪʘ ʤʘʻ ʟʥʘʯʥʠʡ ʧʦʪʝʥʮʽʘʣ ʜʣʷ ʚʜʦʩʢʦʥʘʣʝʥʥʷ ʫʧʨʘʚʣʽʥʥʷ 

ʤʝʨʝʞʝʚʠʤ ʩʣʘʡʩʽʥʛʦʤ ʫ ʨʽʟʥʠʭ ʤʝʨʝʞʘʭ, ʚʢʣʶʯʘʶʯʠ 5G ʽ ʥʝ ʪʽʣʴʢʠ, ʘ ʪʘʢʦʞ ʫ 

ʧʨʦʤʠʩʣʦʚʠʭ ʤʝʨʝʞʘʭ, ʚʠʨʽʰʝʥʥʷ ʧʨʦʙʣʝʤ, ʧʦʚôʷʟʘʥʠʭ ʟʽ ʟʙʽʣʴʰʝʥʥʷʤ ʩʢʣʘʜʥʦʩʪʽ 

ʤʝʨʝʞʽ ʪʘ ʥʝʦʙʭʽʜʥʽʩʪʶ ʧʽʜʪʨʠʤʢʠ ʛʝʪʝʨʦʛʝʥʥʠʭ ʧʦʩʣʫʛ. ɿʘʙʝʟʧʝʯʫʶʯʠ 

ʘʚʪʦʤʘʪʠʟʦʚʘʥʝ ʡ ʝʬʝʢʪʠʚʥʝ ʫʧʨʘʚʣʽʥʥʷ ʨʝʩʫʨʩʘʤʠ, ʨʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʥʷ 

ʧʨʦʧʦʥʫʶʪʴ ʧʨʘʢʪʠʯʥʽ ʨʽʰʝʥʥʷ ʜʣʷ ʤʘʡʙʫʪʥʽʭ ʨʝʘʣʽʟʘʮʽʡ ʤʝʨʝʞʝʚʦʛʦ ʩʣʘʡʩʽʥʛʫ, ʱʦ 

ʻ ʥʝʦʙʭʽʜʥʠʤ ʜʣʷ ʦʧʪʠʤʽʟʘʮʽʾ ʨʦʟʧʦʜʽʣʫ ʨʝʩʫʨʩʽʚ ʽ ʟʥʠʞʝʥʥʷ ʚʠʪʨʘʪ ʥʘ ʫʧʨʘʚʣʽʥʥʷ ʚ 

ʜʠʥʘʤʽʯʥʠʭ ʤʝʨʝʞʝʚʠʭ ʩʝʨʝʜʦʚʠʱʘʭ. 
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OPTIMIZATION IN CLOUD COMPUTING: SEARCHING  

FOR A COMPREHENSIVE SET OF CRITERIA   

 

Finding a comprehensive set of criteria for optimizing distributed storage and data access 

in a multi-cloud environment. 

 

ʅʝ ʟʚʘʞʘʶʯʠ ʥʘ ʪʝ, ʱʦ ʭʤʘʨʥʽ ʦʙʯʠʩʣʝʥʥʷ ʚʩʝ ʱʝ ʟʥʘʭʦʜʷʪʴʩʷ ʚ ʩʪʘʜʽʾ 

ʧʦʩʪʽʡʥʦʛʦ ʨʦʟʚʠʪʢʫ, ʾʭ ʰʠʨʦʢʝ ʧʦʰʠʨʝʥʥʷ ʜʘʣʦ ʟʤʦʛʫ ʙʘʛʘʪʴʦʤ ʜʦʩʣʽʜʥʠʢʘʤ ʪʘ 

ʢʦʤʧʘʥʽʷʤ ʧʦʯʘʪʠ ʦʮʽʥʶʚʘʪʠ ʨʝʘʣʴʥʽ ʪʘ ʧʦʜʘʣʴʰʽ ʧʦʪʝʥʮʽʡʥʽ ʚʠʢʣʠʢʠ, ʟ ʷʢʠʤʠ 

ʩʪʠʢʘʻʪʴʩʷ ʮʷ ʪʝʭʥʦʣʦʛʽʷ [1]. 

ɼʘʥʽ ʙʽʣʴʰʝ ʥʝ ʩʪʚʦʨʶʶʪʴʩʷ ʣʠʰʝ ʚ ʣʦʢʘʣʴʥʠʭ ʮʝʥʪʨʘʭ ʦʙʨʦʙʢʠ ʜʘʥʠʭ. 

ʆʙʩʷʛ ʜʘʥʠʭ, ʷʢʽ ʩʪʚʦʨʶʶʪʴʩʷ ʫ ʭʤʘʨʽ ʪʘ ʟʘ ʜʦʧʦʤʦʛʦʶ ʥʦʚʠʭ ʪʝʭʥʦʣʦʛʽʡ - ʪʘʢʠʭ ʷʢ 

ɯʥʪʝʨʥʝʪ ʨʝʯʝʡ (IoT) ʪʘ ʨʦʟʧʦʜʽʣʝʥʽ ʦʙʯʠʩʣʝʥʥʷ (edge computing) - ʧʨʦʜʦʚʞʫʻ 

ʟʨʦʩʪʘʪʠ. ʋʩʧʽʰʥʝ ʫʧʨʘʚʣʽʥʥʷ ʜʘʥʠʤʠ ʧʦʪʨʝʙʫʻ ʚʩʝʙʽʯʥʦʛʦ ʧʦʛʣʷʜʫ ʥʘ ʟʙʝʨʽʛʘʥʥʷ 

ʜʘʥʠʭ, ʷʢ ʚ ʣʦʢʘʣʴʥʠʭ, ʪʘʢ ʽ ʚ ʭʤʘʨʥʠʭ ʘʨʭʽʪʝʢʪʫʨʘʭ.  

ʆʜʥʠʤ ʟ ʢʣʶʯʦʚʠʭ ʚʠʢʣʠʢʽʚ, ʟ ʷʢʠʤ ʩʪʠʢʘʶʪʴʩʷ ʢʦʨʠʩʪʫʚʘʯʽ ʭʤʘʨʥʠʭ 

ʦʙʯʠʩʣʝʥʴ, ʻ ʚʠʙʽʨ ʥʘʡʝʬʝʢʪʠʚʥʽʰʠʭ ʪʘ ʥʘʡʙʽʣʴʰ ʝʢʦʥʦʤʽʯʥʠʭ ʤʝʪʦʜʽʚ ʟʙʝʨʽʛʘʥʥʷ 

ʪʘ ʜʦʩʪʫʧʫ ʜʦ ʜʘʥʠʭ, ʫʥʠʢʥʝʥʥʷ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʧʦʩʪʘʯʘʣʴʥʠʢʘ. ɯʩʥʫʶʯʽ ʢʨʠʪʝʨʽʾ ʜʣʷ 

ʦʧʪʠʤʽʟʘʮʽʾ ʨʦʟʧʦʜʽʣʫ ʜʘʥʠʭ ʚ ʙʘʛʘʪʦʭ ʭʤʘʨʥʠʭ ʩʝʨʝʜʦʚʠʱʘʭ ʦʭʦʧʣʶʶʪʴ ʣʠʰʝ 

ʧʽʜʤʥʦʞʠʥʫ ʚʠʤʦʛ ʢʦʨʠʩʪʫʚʘʯʽʚ. ʅʝʟʚʘʞʘʶʯʠ ʥʘ ʧʦʧʝʨʝʜʥʽ ʩʧʨʦʙʠ ʜʦʩʣʽʜʠʪʠ ʮʽ 

ʢʨʠʪʝʨʽʾ, ʧʦʩʪʽʡʥʠʡ ʧʦʜʘʣʴʰʠʡ ʨʦʟʚʠʪʦʢ ʪʝʭʥʦʣʦʛʽʾ ʭʤʘʨʥʠʭ ʦʙʯʠʩʣʝʥʴ ʚʠʤʘʛʘʻ 

ʚʩʝʙʽʯʥʦʛʦ ʧʝʨʝʦʮʽʥʶʚʘʥʥʷ ʪʘʢʠʭ ʧʽʜʭʦʜʽʚ. [2] 

ʅʘ ʦʩʥʦʚʽ ʧʨʦʚʝʜʝʥʦʛʦ ʦʛʣʷʜʫ ʣʽʪʝʨʘʪʫʨʠ ʪʘ ʩʫʯʘʩʥʠʭ ʩʪʘʥʜʘʨʪʽʚ ʭʤʘʨʥʠʭ 

ʦʙʯʠʩʣʝʥʴ ʜʣʷ ʟʙʝʨʽʛʘʥʥʷ ʪʘ ʜʦʩʪʫʧʫ ʤʠ ʚʠʟʥʘʯʘʻʤʦ ʩʢʣʘʜʥʠʡ ʥʘʙʽʨ ʢʨʠʪʝʨʽʾʚ ʜʣʷ 

ʟʙʝʨʽʛʘʥʥʷ ʜʘʥʠʭ ʫ ʙʘʛʘʪʦʭ ʭʤʘʨʘʭ, ʷʢʠʡ ʚʢʣʶʯʘʻ ʚ ʩʝʙʝ ʨʦʟʛʣʷʜ ʰʠʨʦʢʦʛʦ ʩʧʝʢʪʨʫ 

ʬʘʢʪʦʨʽʚ, ʷʢʽ ʤʦʞʫʪʴ ʚʧʣʠʚʘʪʠ ʥʘ ʨʦʟʪʘʰʫʚʘʥʥʷ, ʫʧʨʘʚʣʽʥʥʷ ʪʘ ʦʪʨʠʤʘʥʥʷ ʜʘʥʠʭ ʫ 

ʨʽʟʥʠʭ ʧʦʩʪʘʯʘʣʴʥʠʢʽʚ ʭʤʘʨʥʠʭ ʧʦʩʣʫʛ. [3] ʊʘʙʣʠʮʷ 1 ʧʦʢʘʟʫʻ ʢʦʤʧʣʝʢʩʥʠʡ ʥʘʙʽʨ 

ʢʨʠʪʝʨʽʾʚ, ʷʢʽ ʧʦʪʨʽʙʥʦ ʚʨʘʭʦʚʫʚʘʪʠ ʫ ʤʘʡʙʫʪʥʽʭ ʜʦʩʣʽʜʞʝʥʥʷʭ. 

ʈʦʟʛʣʷʥʝʤʦ ʜʣʷ ʧʨʠʢʣʘʜʫ ʚʠʟʥʘʯʝʥʥʷ ʪʘ ʤʝʪʦʜ ʨʦʟʨʘʭʫʥʢʫ ɯʥʜʝʢʩʘ ʇʝʨʝʥʦʩʫ 

ɼʘʥʠʭ (Data Portability Index). 

ɺʠʟʥʘʯʝʥʥʷ: ɯʥʜʝʢʩ ʇʝʨʝʥʦʩʫ ɼʘʥʠʭ (Data Portability Index) ʚʠʤʽʨʶʻ ʩʪʫʧʽʥʴ 

ʩʢʣʘʜʥʦʩʪʽ, ʟ ʷʢʦʶ ʜʘʥʽ ʤʦʞʫʪʴ ʙʫʪʠ ʙʝʟʧʝʨʝʰʢʦʜʥʦ ʧʝʨʝʤʽʱʝʥʽ ʘʙʦ ʧʝʨʝʜʘʥʽ ʤʽʞ 

ʨʽʟʥʠʤʠ ʭʤʘʨʥʠʤʠ ʩʝʨʝʜʦʚʠʱʘʤʠ ʘʙʦ ʩʠʩʪʝʤʘʤʠ. ʎʝ ʦʭʦʧʣʶʻ ʤʦʞʣʠʚʽʩʪʴ ʤʽʛʨʘʮʽʾ, 

ʧʝʨʝʜʘʯʽ ʪʘ ʜʦʩʪʫʧʫ ʜʦ ʜʘʥʠʭ ʥʘ ʨʽʟʥʠʭ ʧʣʘʪʬʦʨʤʘʭ ʪʘ ʧʨʦʚʘʡʜʝʨʘʭ ʭʤʘʨʥʠʭ 

ʧʦʩʣʫʛ. 

ʆʜʠʥʠʮʽ ʚʠʤʽʨʶʚʘʥʥʷ: ɿʘʟʚʠʯʘʡ ʽʥʜʝʢʩ ʧʨʝʜʩʪʘʚʣʷʻʪʴʩʷ ʫ ʯʠʩʣʦʚʽʡ ʰʢʘʣʽ, ʜʝ 

ʚʠʱʽ ʟʥʘʯʝʥʥʷ ʚʢʘʟʫʶʪʴ ʥʘ ʙʽʣʴʰʫ ʧʝʨʝʥʦʩʠʤʽʩʪʴ ʜʘʥʠʭ. ʅʘʧʨʠʢʣʘʜ, ʤʘʩʰʪʘʙ ʤʦʞʝ 

ʩʪʘʥʦʚʠʪʠ ʚʽʜ 0 ʜʦ 100. 
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ʊʘʙʣʠʮʷ 1. ʅʘʙʽʨ ʢʨʠʪʝʨʽʾʚ ʜʣʷ ʨʦʟʧʦʜʽʣʫ ʟʙʝʨʽʛʘʥʥʷ ʜʘʥʠʭ ʫ ʙʘʛʘʪʦʭ ʭʤʘʨʘʭ.  

ˉ Criteria Category Specific Criteria Possible Measurement Metric 

1 Data Accessibility 

Criteria 

Latency Requirements Milliseconds (ms) 

2 Redundancy and 

Availability 

Availability Percentage (%) 

3 Data Consistency Data Consistency Index 

4 Data Encryption Encryption Strength (e.g., AES-

256) 

5 Cost and Resource 

Utilization Criteria 

Cost Efficiency Cost per GB/month ($) 

6 Resource Allocation Resource Utilization (%) 

7 Data Lifecycle 

Management 

Percentage of Archived Data 

(%) 

8 Data Type and Format 

Criteria 

Data Classification Data Classification Score 

9 Data Format Data Format Compatibility 

10 Compliance and Security 

Criteria 

Regulatory Compliance Compliance Audit Score 

11 Data Ownership Data Ownership Policy 

Adherence 

12 Security Protocols Security Protocol Strength 

13 Scalability and 

Performance 

Scalability Scalability Factor 

14 Performance Metrics Throughput (requests/second) 

15 Data Migration and 

Interoperability 

Criteria  

Data Portability  Data Portability Index 

16 Interoperability Interoperability Score 

17 Vendor Lock-In and 

Vendor Criteria 

Vendor Lock-In 

Mitigation 

Lock-In Reduction Score 

18 Vendor Reputation Vendor Reputation Rating 

19 Disaster Recovery and 

Backup 

Recovery Time Objective 

(RTO) 

Recovery Time Objective (RTO, 

hours) 

20 Recovery Point Objective 

(RPO)  

Recovery Point Objective (RPO, 

hours) 

21 Data Backup Frequency Frequency (e.g., per day, per 

week) 

22 Backup Storage 

Redundancy 

Redundancy Level (e.g., dual-

site) 

23 Monitoring and 

Reporting 

Monitoring Tools Tool Effectiveness (e.g., Score) 

24 Reporting Reporting Accuracy (e.g., 

Percentage) 

25 Sustainability Environmental Impact Carbon Emission Reduction (%) 

26 Energy Efficiency Energy Usage (kWh) 

27 Resource Sustainability Resource Conservation Index 

 
ɺʠʤʽʨʶʚʘʥʥʷ ɯʥʜʝʢʩʫ ʇʝʨʝʥʦʩʫ ɼʘʥʠʭ ʚʢʣʶʯʘʻ ʦʮʽʥʢʫ ʨʽʟʥʠʭ ʬʘʢʪʦʨʽʚ, ʷʢʽ 

ʩʧʨʠʷʶʪʴ ʩʢʣʘʜʥʦʩʪʽ ʧʝʨʝʤʽʱʝʥʥʷ ʪʘ ʜʦʩʪʫʧʫ ʜʦ ʜʘʥʠʭ ʥʘ ʨʽʟʥʠʭ ʩʝʨʝʜʦʚʠʱʘʭ. 

ɿʘʧʨʦʧʦʥʦʚʘʥʽ ʤʦʞʣʠʚʽ ʩʧʦʩʦʙʠ ʚʠʤʽʨʶʚʘʥʥʷ ɯʥʜʝʢʩʫ ʇʝʨʝʥʦʩʫ ɼʘʥʠʭ: 

1. ʐʚʠʜʢʽʩʪʴ ʇʝʨʝʜʘʯʽ ɼʘʥʠʭ: 

a. ɺʠʤʽʨʶʚʘʥʥʷ: ʐʚʠʜʢʽʩʪʴ, ʟ ʷʢʦʶ ʜʘʥʽ ʤʦʞʫʪʴ ʙʫʪʠ ʧʝʨʝʜʘʥʽ ʤʽʞ ʨʽʟʥʠʤʠ 

ʧʣʘʪʬʦʨʤʘʤʠ ʘʙʦ ʧʨʦʚʘʡʜʝʨʘʤʠ ʭʤʘʨ. 

b. ʄʝʪʨʠʢʠ: Mbps ʘʙʦ GBps (ʄʝʛʘʙʽʪʠ ʘʙʦ ɻʽʛʘʙʽʪʠ ʚ ʩʝʢʫʥʜʫ). 

2. ʉʫʤʽʩʥʽʩʪʴ ʌʦʨʤʘʪʽʚ ɼʘʥʠʭ: 
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a. ɺʠʤʽʨʶʚʘʥʥʷ: ʉʪʫʧʽʥʴ ʩʫʤʽʩʥʦʩʪʽ ʬʦʨʤʘʪʽʚ ʜʘʥʠʭ ʤʽʞ ʚʠʭʽʜʥʦʶ ʪʘ 

ʮʽʣʴʦʚʦʶ ʩʠʩʪʝʤʘʤʠ. 

b. ʄʝʪʨʠʢʠ: ʆʮʽʥʢʘ ʩʫʤʽʩʥʦʩʪʽ ʥʘ ʦʩʥʦʚʽ ʩʪʘʥʜʘʨʪʽʟʦʚʘʥʠʭ ʬʦʨʤʘʪʽʚ ʜʘʥʠʭ. 

3. ʇʽʜʪʨʠʤʢʘ API: 

a. ɺʠʤʽʨʶʚʘʥʥʷ: ʅʘʷʚʥʽʩʪʴ ʪʘ ʩʫʤʽʩʥʽʩʪʴ ʽʥʪʝʨʬʝʡʩʽʚ ʧʨʦʛʨʘʤʫʚʘʥʥʷ ʜʦʜʘʪʢʽʚ 

(API) ʜʣʷ ʧʝʨʝʜʘʯʽ ʜʘʥʠʭ. 

b.ʄʝʪʨʠʢʠ: ʆʮʽʥʢʘ ʩʫʤʽʩʥʦʩʪʽ API. 

4. ɯʥʩʪʨʫʤʝʥʪʠ ʄʽʛʨʘʮʽʾ ɼʘʥʠʭ: 

a. ɺʠʤʽʨʶʚʘʥʥʷ: ʅʘʷʚʥʽʩʪʴ ʪʘ ʝʬʝʢʪʠʚʥʽʩʪʴ ʽʥʩʪʨʫʤʝʥʪʽʚ, ʧʨʠʟʥʘʯʝʥʠʭ ʜʣʷ 

ʤʽʛʨʘʮʽʾ ʜʘʥʠʭ. 

b.ʄʝʪʨʠʢʠ: ʆʮʽʥʢʘ ʝʬʝʢʪʠʚʥʦʩʪʽ ʽʥʩʪʨʫʤʝʥʪʽʚ ʥʘ ʦʩʥʦʚʽ ʬʫʥʢʮʽʦʥʘʣʴʥʠʭ 

ʤʦʞʣʠʚʦʩʪʝʡ, ʟʨʫʯʥʦʩʪʽ ʚʠʢʦʨʠʩʪʘʥʥʷ ʪʘ ʯʘʩʪʢʠ ʫʩʧʽʰʥʠʭ ʦʧʝʨʘʮʽʡ. 

5. ʆʙʨʦʙʢʘ ʄʝʪʘʜʘʥʠʭ: 

a. ɺʠʤʽʨʶʚʘʥʥʷ: ɿʜʘʪʥʽʩʪʴ ʦʙʨʦʙʣʷʪʠ ʪʘ ʟʙʝʨʽʛʘʪʠ ʤʝʪʘʜʘʥʽ ʧʽʜ ʯʘʩ ʧʝʨʝʜʘʯʽ 

ʜʘʥʠʭ. 

b.ʄʝʪʨʠʢʠ: ʆʮʽʥʢʘ ʟʙʝʨʝʞʝʥʥʷ ʤʝʪʘʜʘʥʠʭ. 

6. ɺʧʣʠʚ ɺʽʜʤʦʚʠ ʩʝʨʚʽʩʫ: 

a. ɺʠʤʽʨʶʚʘʥʥʷ: ɺʧʣʠʚ ʧʝʨʝʨʚ ʫ ʨʦʙʦʪʽ ʩʠʩʪʝʤʠ ʧʽʜ ʯʘʩ ʧʝʨʝʜʘʯʽ ʜʘʥʠʭ. 

b. ʄʝʪʨʠʢʠ: ʊʨʠʚʘʣʽʩʪʴ ʪʘ ʯʘʩʪʦʪʘ ʚʽʜʤʦʚ. 

7. ɺʘʨʪʽʩʪʴ ʇʝʨʝʜʘʯʽ ɼʘʥʠʭ: 

a. ɺʠʤʽʨʶʚʘʥʥʷ: ʌʽʥʘʥʩʦʚʽ ʥʘʩʣʽʜʢʠ ʧʝʨʝʤʽʱʝʥʥʷ ʜʘʥʠʭ ʤʽʞ ʨʽʟʥʠʤʠ 

ʩʝʨʝʜʦʚʠʱʘʤʠ. 

b. ʄʝʪʨʠʢʠ: ɺʘʨʪʽʩʪʴ ʟʘ ɻɹ/ʤʽʩʷʮʴ ʟʘ ʧʝʨʝʜʘʯʫ ʜʘʥʠʭ. 

ʈʝʟʫʣʴʪʘʪʦʤ ɯʥʜʝʢʩʫ ʇʝʨʝʥʦʩʫ ɼʘʥʠʭ ʻ ʟʘʛʘʣʴʥʠʡ ʧʦʛʣʷʜ ʥʘ ʪʝ, ʥʘʩʢʽʣʴʢʠ 

ʣʝʛʢʦ ʪʘ ʝʬʝʢʪʠʚʥʦ ʜʘʥʽ ʤʦʞʫʪʴ ʙʫʪʠ ʧʝʨʝʤʽʱʝʥʽ ʪʘ ʜʦʩʪʫʧʥʽ ʥʘ ʨʽʟʥʠʭ ʧʣʘʪʬʦʨʤʘʭ 

ʘʙʦ ʧʨʦʚʘʡʜʝʨʘʭ ʭʤʘʨʥʠʭ ʧʦʩʣʫʛ. 

ʉʪʚʦʨʝʥʥʷ ʢʦʤʧʣʝʢʩʥʦʾ ʬʦʨʤʫʣʠ ʜʣʷ ɯʥʜʝʢʩʫ ʇʝʨʝʥʦʩʫ ɼʘʥʠʭ ʧʝʨʝʜʙʘʯʘʻ 

ʧʦʻʜʥʘʥʥʷ ʢʽʣʴʢʦʭ ʬʘʢʪʦʨʽʚ ʽ ʥʘʜʘʥʥʷ ʚʽʜʧʦʚʽʜʥʠʭ ʚʘʛ ʜʣʷ ʚʽʜʦʙʨʘʞʝʥʥʷ ʾʭ 

ʚʽʜʥʦʩʥʦʾ ʚʘʞʣʠʚʦʩʪʽ. ʅʘʚʝʜʝʤʦ ʫʟʘʛʘʣʴʥʝʥʫ ʬʦʨʤʫʣʫ, ʷʢʘ ʚʢʣʶʯʘʻ ʢʣʶʯʦʚʽ 

ʤʝʪʨʠʢʠ: 

Data Portability Index (DPI)= , 

ʜʝ: n - ʢ̔ ʣʴʢʽʩʪʴ ʨʦʟʛʣʷʥʫʪʠʭ ʤʝʪʨʠʢ; Wi - ʚʘʛʘ, ʥʘʜʘʥʘ i-ʡ ʤʝʪʨʠʮʽ; Mi - ʚʠʤʽʨʷʥʝ 

ʟʥʘʯʝʥʥʷ i-ʾ ʤʝʪʨʠʢʠ; Maxi - ʤʘʢʩʠʤʘʣʴʥʦ ʜʦʩʷʞʥʝ ʟʥʘʯʝʥʥʷ ʜʣʷ i-ʾ ʤʝʪʨʠʢʠ; ʊʘʢʠʤ 

ʯʠʥʦʤ, ʚ ʜʦʩʣʽʜʞʝʥʥʽ ʙʫʜʫʪʴ ʧʨʦʘʥʘʣʽʟʦʚʘʥʽ ʽ ʽʥʰʽ ʢʨʠʪʝʨʽʾ ʦʧʪʠʤʽʟʘʮʽʾ ʪʘ ʜʘʥʦ ʾʭ 

ʚʠʟʥʘʯʝʥʥʷ ʽ ʤʝʪʦʜʠ ʨʦʟʨʘʭʫʥʢʫ.  
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APPLICATION OF DIRECTIONAL ACTION SENSORS IN  

MOBILE WIRELESS SENSOR NETWORKS  

 

The article describes antennas used for mobile sensor network nodes using 

telecommunication aerial platforms. The advantages of using directional antennas to increase the 

length of the communication line between the telecommunications aerial platform and the node 

are shown. 

 

ʉʝʥʩʦʨʥʽ ʚʫʟʣʠ ʻ ʥʝʚʽʜôʻʤʥʠʤʠ ʢʦʤʧʦʥʝʥʪʘʤʠ ʙʝʟʧʨʦʚʦʜʦʚʠʭ 

ʩʝʥʩʦʨʥʠʭ ʤʝʨʝʞ, ʷʢʽ ʦʩʥʘʱʫʶʪʴʩʷ ʟʤʽʥʥʠʤʠ ʘʙʦ ʧʦʩʪʽʡʥʠʤʠ ʘʥʪʝʥʘʤʠ. 

ʆʩʪʘʥʥʽ ʚʽʜʽʛʨʘʶʪʴ ʚʠʨʽʰʘʣʴʥʫ ʨʦʣʴ ʫ ʾʭ ʬʫʥʢʮʽʦʥʘʣʴʥʦʩʪʽ ʽ ʙʫʚʘʶʪʴ ʨʽʟʥʠʭ 

ʪʠʧʽʚ, ʨʦʟʨʦʙʣʝʥʽ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʢʦʥʢʨʝʪʥʠʭ ʚʠʤʦʛ, ʱʦ ʙʘʟʫʶʪʴʩʷ ʥʘ ʪʘʢʠʭ 

ʬʘʢʪʦʨʘʭ, ʷʢ ʜʘʣʴʥʽʩʪʴ ʟʚôʷʟʢʫ, ʝʥʝʨʛʦʩʧʦʞʠʚʘʥʥʷ ʪʘ ʫʤʦʚʠ ʥʘʚʢʦʣʠʰʥʴʦʛʦ 

ʩʝʨʝʜʦʚʠʱʘ. ʊʦʤʫ ʤʦʞʣʠʚʽʩʪʴ ʚʩʪʘʥʦʚʣʶʚʘʪʠ ʘʥʪʝʥʠ ʨʽʟʥʦʛʦ ʪʠʧʫ 

ʧʦʧʝʨʝʜʥʴʦ ʘʙʦ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʚ ʧʦʣʴʦʚʠʭ ʫʤʦʚʘʭ ʤʦʞʝ ʟʤʽʥʶʚʘʪʠ ʢʽʣʴʢʽʩʪʴ 

ʥʝʦʙʭʽʜʥʠʭ ʨʝʩʫʨʩʽʚ ʥʘʟʝʤʥʦ-ʧʦʚʽʪʨʷʥʦʾ ʤʝʨʝʞʽ, ʅʇʄ, (ɹʇʃɸ 1-ʛʦ, 2-ʛʦ 

ʨʽʚʥʽʚ, ʝʥʝʨʛʝʪʠʯʥʠʭ ʨʝʩʫʨʩʽʚ ʪʦʱʦ), ʱʦ ʜʘʻ ʚʠʛʨʘʰ ʫ ʯʘʩʽ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ 

ʤʝʨʝʞʽ, ʦʙʤʽʥʽ/ʟʙʦʨʽ ʽʥʬʦʨʤʘʮʽʾ ʪʦʱʦ. ʇʝʨʰ ʟʘ ʚʩʝ ʾʭ ʧʦʜʽʣʷʶʪʴ ʥʘ ʜʚʽ ʛʨʫʧʠ: 

ʩʧʨʷʤʦʚʘʥʦʾ ʪʘ ʚʩʝʩʧʨʷʤʦʚʘʥʦʾ ʜʽʾ. 

ʉʝʥʩʦʨʠ (ʚʫʟʣʠ) ʚʩʝʩʧʨʷʤʦʚʘʥʦʾ ʜʽʾ ʫ ɹʉʄ (ʙʝʟʧʨʦʚʽʜʥʠʭ ʩʝʥʩʦʨʥʠʭ 

ʤʝʨʝʞʘʭ) ʻ ʢʣʘʩʠʯʥʠʤ ʚʘʨʽʘʥʪʦʤ ʧʨʠʩʪʨʦʾʚ, ʷʢʽ ʤʦʞʫʪʴ ʧʨʠʡʤʘʪʠ ʘʙʦ 

ʧʝʨʝʜʘʚʘʪʠ ʩʠʛʥʘʣ ʚ ʫʩʽʭ ʥʘʧʨʷʤʢʘʭ ʥʘʚʢʦʣʦ ʥʠʭ. ɺʦʥʠ ʦʭʦʧʣʶʶʪʴ 

(ʧʦʢʨʠʚʘʶʪʴ) ʧʦʚʥʝ ʢʦʣʦ ʥʘʚʢʦʣʦ ʩʚʦʻʾ ʪʦʯʢʠ ʢʨʽʧʣʝʥʥʷ (ʟʛʽʜʥʦ ʜʽʘʛʨʘʤʠ 

ʩʧʨʷʤʦʚʘʥʦʩʪʽ ʘʥʪʝʥʠ, ʱʦ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ), ʱʦ ʨʦʙʠʪʴ ʾʭ ʧʨʠʜʘʪʥʠʤʠ ʜʣʷ 

ʟʘʩʪʦʩʫʚʘʥʴ, ʢʦʣʠ ʧʦʜʽʾ ʘʙʦ ʟʤʽʥʠ ʚ ʩʝʨʝʜʦʚʠʱʽ ʤʦʞʫʪʴ ʚʽʜʙʫʚʘʪʠʩʷ ʟ ʙʫʜʴ-

ʷʢʦʛʦ ʥʘʧʨʷʤʢʫ, ʪʦʙʪʦ ʦʙʣʘʩʪʴ ʧʦʢʨʠʪʪʷ ʤʘʻ ʜʦʟʚʦʣʷʻ ʾʤ ʧʝʨʝʜʘʚʘʪʠ ʜʘʥʽ ʥʘ 

ʮʝʥʪʨʘʣʴʥʠʡ ʚʫʟʦʣ ʘʙʦ ʽʥʰʽ ʜʘʪʯʠʢʠ ʧʦʙʣʠʟʫ. ʉʧʦʞʠʚʘʥʥʷ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ ʻ 

ʢʨʠʪʠʯʥʠʤ ʬʘʢʪʦʨʦʤ ʜʣʷ ʩʝʥʩʦʨʥʠʭ ʚʫʟʣʽʚ, ʦʩʦʙʣʠʚʦ ʫ ɹʉʄ, ʱʦ ʧʨʘʮʶʶʪʴ 

ʚʽʜ ʦʜʥʦʨʘʟʦʚʠʭ ʘʙʦ ʙʘʛʘʪʦʨʘʟʦʚʠʭ ʜʞʝʨʝʣ ʞʠʚʣʝʥʥʷ.  

ɼʣʷ ʚʫʟʣʽʚ ʚʩʝʩʧʨʷʤʦʚʘʥʦʾ ʜʽʾ ʟʘʟʚʠʯʘʡ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʥʘʩʪʫʧʥʽ 

ʨʦʟʧʦʚʩʶʜʞʝʥʽ ʪʠʧʠ ʘʥʪʝʥʠ: 

1. ʄʦʥʦʧʦʣʴʥʘ ʘʥʪʝʥʘ (ʨʠʩ. 1) [1]. ɰʭ ʟʘʟʚʠʯʘʡ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʫ ʚʫʟʣʘʭ 

ʯʝʨʝʟ ʾʭ ʧʨʦʩʪʦʪʫ ʪʘ ʢʦʤʧʘʢʪʥʠʡ ʨʦʟʤʽʨ. 
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ʈʠʩʫʥʦʢ 1. ʄʦʥʦʧʦʣʴʥʘ ʘʥʪʝʥʘ ʪʘ ʾʾ ʜʽʘʛʨʘʤʘ ʩʧʨʷʤʦʚʘʥʦʩʪʽ. 

 

2. ɼʠʧʦʣʴʥʘ ʘʥʪʝʥʘ . ʎʝ ʜʨʫʛʠʡ ʪʠʧ ʧʨʦʩʪʠʭ, ʘʣʝ ʝʬʝʢʪʠʚʥʠʭ ʘʥʪʝʥ, ʷʢʽ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʚ ʨʽʟʥʦʤʘʥʽʪʥʠʭ ʩʮʝʥʘʨʽʷʭ, ʚʢʣʶʯʘʶʯʠ ʩʝʥʩʦʨʥʽ ʚʫʟʣʠ ʪʘ 

ʙʝʟʜʨʦʪʦʚʽ ʩʝʥʩʦʨʥʽ ʤʝʨʝʞʽ.  

3. ɼʠʩʢʦ-ʢʦʥʽʯʥʘ ʘʥʪʝʥʘ. ʎʝ ʫʥʽʚʝʨʩʘʣʴʥʽ ʰʠʨʦʢʦʩʤʫʛʦʚʽ ʘʥʪʝʥʠ, 

ʨʦʟʨʘʭʦʚʘʥʽ ʥʘ ʚʝʨʪʠʢʘʣʴʥʫ ʧʦʣʷʨʠʟʘʮʽʶ. 

ɺʦʥʠ ʚʽʜʥʦʩʥʦ ʢʦʤʧʘʢʪʥʽ ʧʦʨʽʚʥʷʥʦ ʟ ʜʝʷʢʠʤʠ ʽʥʰʠʤʠ ʰʠʨʦʢʦʩʤʫʛʦʚʠʤʠ 

ʘʥʪʝʥʘʤʠ [2]. ɿʘʟʚʠʯʘʡ ʤʘʶʪʴ ʧʦʤʽʨʥʝ ʧʦʩʠʣʝʥʥʷ, ʯʘʩʪʦ ʚ ʜʽʘʧʘʟʦʥʽ 2-5 ʜɹʽ. 

ʆʩʥʦʚʥʦʶ ʧʝʨʝʚʘʛʦʶ ʻ ʾʭ ʰʠʨʦʢʝ ʦʭʦʧʣʝʥʥʷ ʯʘʩʪʦʪ, ʘ ʥʝ ʚʠʩʦʢʝ ʧʦʩʠʣʝʥʥʷ. 

4. ʇʝʨʝʚʝʨʥʫʪʽ F ʘʥʪʝʥʠ ʤʘʶʪʴ ʧʣʦʩʢʫ ʩʪʨʫʢʪʫʨʫ, ʷʢʫ ʤʦʞʥʘ ʣʝʛʢʦ 

ʽʥʪʝʛʨʫʚʘʪʠ ʚ ʜʠʟʘʡʥ ʥʝʚʝʣʠʢʠʭ ʧʨʠʩʪʨʦʾʚ. ɺʭʽʜʥʠʡ ʦʧʽʨ ʜʘʥʦʾ ʘʥʪʝʥʠ 

ʟʘʣʝʞʠʪʴ ʚʽʜ ʚʽʜʩʪʘʥʽ ʪʦʯʢʠ ʞʠʚʣʝʥʥʷ ʚʽʜ ʟʘʟʝʤʣʝʥʦʛʦ ʢʽʥʮʷ. ʏʘʩʪʠʥʘ ʘʥʪʝʥʠ 

ʤʽʞ ʪʦʯʢʦʶ ʞʠʚʣʝʥʥʷ ʪʘ ʧʣʦʱʠʥʦʶ ʟʘʟʝʤʣʝʥʥʷ ʧʦ ʩʫʪʽ ʧʦʚʦʜʠʪʴʩʷ ʷʢ ʰʣʝʡʬ 

ʢʦʨʦʪʢʦʛʦ ʟʘʤʠʢʘʥʥʷ. ʊʘʢʠʤ ʯʠʥʦʤ, ʨʦʟʨʦʙʥʠʢ ʤʦʞʝ ʫʟʛʦʜʠʪʠ ʘʥʪʝʥʫ ʟ 

ʦʧʦʨʦʤ ʣʽʥʽʾ ʞʠʚʣʝʥʥʷ, ʚʩʪʘʥʦʚʠʚʰʠ ʧʦʣʦʞʝʥʥʷ ʪʦʯʢʠ ʞʠʚʣʝʥʥʷ ʚʟʜʦʚʞ 

ʝʣʝʤʝʥʪʘ ʘʥʪʝʥʠ [3]. 

5. ʊʘʢʦʞ ʰʠʨʦʢʦ ʨʦʟʧʦʚʩʶʜʞʝʥʠʤʠ ʻ ʧʣʘʥʘʨʥʽ ʘʥʪʝʥʠ, ʚʽʜʦʤʽ ʩʚʦʾʤ 

ʥʠʟʴʢʠʤ ʧʨʦʬʽʣʝʤ ʽ ʧʨʠʜʘʪʥʽʩʪʶ ʜʣʷ ʽʥʪʝʛʨʘʮʽʾ ʚ ʥʝʚʝʣʠʢʽ ʧʨʠʩʪʨʦʾ: 

5.1. ʇʣʘʥʘʨʥʘ ʧʝʨʝʚʝʨʥʫʪʘ F ʘʥʪʝʥʘ (PIFA). ɺʦʥʘ ʩʢʣʘʜʘʻʪʴʩʷ ʟ 

ʧʣʦʩʢʦʛʦ ʝʣʝʤʝʥʪʘ ʟôʻʜʥʘʥʦʛʦ ʽʟ ʢʦʨʦʪʢʦʟʘʤʢʥʫʪʦʶ ʘʙʦ ʟʘʟʝʤʣʝʥʦʶ 

ʧʣʦʱʠʥʦʶ. 

5.2. ɼʨʫʢʦʚʘʥʘ ʤʦʥʦʧʦʣʴʥʘ ʘʥʪʝʥʘ ð ʮʝ ʧʣʦʩʢʘ ʢʦʥʩʪʨʫʢʮʽʷ, ʷʢʘ ʯʘʩʪʦ 

ʨʦʟʨʦʙʣʝʥʘ ʥʘ ʜʨʫʢʦʚʘʥʽʡ ʧʣʘʪʽ (PCB). ʉʢʣʘʜʘʻʪʴʩʷ ʟ ʧʨʷʤʦʛʦ ʘʙʦ ʩʢʣʘʜʝʥʦʛʦ 

ʧʨʦʚʽʜʥʠʢʘ ʟ ʦʜʥʦʛʦ ʙʦʢʫ ʜʨʫʢʦʚʘʥʦʾ ʧʣʘʪʠ ʪʘ ʟʘʟʝʤʣʝʥʦʾ ʧʣʦʱʠʥʠ ʟ ʽʥʰʦʛʦ 

ʙʦʢʫ. 

5.3. ʇʦʜʽʙʥʦ ʜʦ ʜʨʫʢʦʚʘʥʠʭ ʤʦʥʦʧʦʣʴʥʠʭ ʘʥʪʝʥ, ʜʨʫʢʦʚʘʥʽ ʜʠʧʦʣʴʥʽ 

ʘʥʪʝʥʠ ʻ ʧʣʘʥʘʨʥʠʤʠ ʩʪʨʫʢʪʫʨʘʤʠ, ʘʣʝ ʤʘʶʪʴ ʜʚʘ ʧʣʝʯʘ, ʱʦ ʧʨʦʩʪʷʛʘʶʪʴʩʷ ʚ 

ʧʨʦʪʠʣʝʞʥʠʭ ʥʘʧʨʷʤʢʘʭ. 

5.4. ʇʣʘʥʘʨʥʘ ʜʠʩʢʦʚʘ ʘʥʪʝʥʘ ð ʮʝ ʧʣʦʩʢʘ ʩʪʨʫʢʪʫʨʘ ʢʨʫʛʣʦʾ ʬʦʨʤʠ, 

ʷʢʘ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʢʨʫʛʣʦʛʦ ʜʠʩʢʦʚʦʛʦ ʝʣʝʤʝʥʪʘ ʟ ʟʘʟʝʤʣʝʥʦʶ ʧʣʦʱʠʥʦʶ ʧʽʜ 

ʥʠʤ. 
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5.5. ʇʣʘʥʘʨʥʽ ʱʽʣʠʥʥʽ ʘʥʪʝʥʠ ʩʪʚʦʨʶʶʪʴʩʷ ʰʣʷʭʦʤ ʚʠʪʨʘʚʣʶʚʘʥʥʷ 

ʧʨʦʨʽʟʽʚ ʘʙʦ ʦʪʚʦʨʽʚ ʥʘ ʧʣʦʩʢʽʡ ʧʦʚʝʨʭʥʽ [4]. 

5.6. ʄʽʢʨʦʩʤʫʛʦʚʽ ʧʘʪʯ-ʘʥʪʝʥʠ ð ʮʝ ʧʣʦʩʢʽ ʘʥʪʝʥʠ, ʷʢʽ ʩʢʣʘʜʘʶʪʴʩʷ ʟ 

ʧʘʪʯʘ, ʥʘʜʨʫʢʦʚʘʥʦʛʦ ʥʘ ʜʽʝʣʝʢʪʨʠʯʥʽʡ ʧʽʜʢʣʘʜʮʽ ʟ ʟʘʟʝʤʣʝʥʦʶ ʧʣʦʱʠʥʦʶ ʟ 

ʽʥʰʦʛʦ ʙʦʢʫ. 

ʄʘʶʯʠ ʩʚʦʾ ʧʝʨʝʚʘʛʠ, ʚʩʝʩʧʨʷʤʦʚʘʥʽ ʜʘʪʯʠʢʠ ʤʦʞʫʪʴ ʟʽʪʢʥʫʪʠʩʷ ʟ 

ʧʨʦʙʣʝʤʘʤʠ, ʪʘʢʠʤʠ ʷʢ ʧʝʨʝʰʢʦʜʠ ʚʽʜ ʽʥʰʠʭ ʧʨʠʩʪʨʦʾʚ, ʦʙʤʝʞʝʥʫ ʜʽʶ ʥʘ 

ʚʝʣʠʢʠʭ ʚʽʜʩʪʘʥʷʭ ʽ ʧʦʪʨʝʙʘ ʚ ʝʬʝʢʪʠʚʥʠʭ ʘʣʛʦʨʠʪʤʘʭ ʦʙʨʦʙʢʠ ʜʘʥʠʭ ʜʣʷ 

ʦʪʨʠʤʘʥʥʷ ʜʘʥʠʭ, ʷʢʽ ʧʝʨʝʜʘʻ ʚʫʟʦʣ. 

ʉʧʨʷʤʦʚʘʥʽ ʘʥʪʝʥʠ ʚʽʜʽʛʨʘʶʪʴ ʚʠʨʽʰʘʣʴʥʫ ʨʦʣʴ ʫ ɹʉʄ, ʬʦʢʫʩʫʶʯʠ ʩʚʦʻ 

ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʚ ʧʝʚʥʦʤʫ ʥʘʧʨʷʤʢʫ, ʱʦ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʟʙʽʣʴʰʝʥʥʷ ʦʙʣʘʩʪʽ 

ʧʦʢʨʠʪʪʷ ʚ ʮʽʣʴʦʚʦʤʫ ʥʘʧʨʷʤʢʫ. ʎʝ ʦʩʦʙʣʠʚʦ ʢʦʨʠʩʥʦ ʜʣʷ ʟʚôʷʟʢʫ ʥʘ ʚʝʣʠʢʽ 

ʚʽʜʩʪʘʥʽ, ʪʘʢ ʷʢ ʟʘʙʝʟʧʝʯʫʻʪʴʩʷ ʙʽʣʴʰʠʡ ʢʦʝʬʽʮʽʻʥʪ ʧʦʩʠʣʝʥʥʷ ʧʦʨʽʚʥʷʥʦ ʟ 

ʚʩʝʩʧʨʷʤʦʚʘʥʠʤʠ ʘʥʪʝʥʘʤʠ, ʱʦ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʧʦʢʨʘʱʝʥʥʷ ʧʦʪʫʞʥʦʩʪʽ 

ʩʠʛʥʘʣʫ. 

ɼʣʷ ʚʫʟʣʽʚ ʩʧʨʷʤʦʚʘʥʦʾ ʜʽʾ ʤʦʞʥʘ ʚʠʢʦʨʠʩʪʘʪʠ ʥʘʩʪʫʧʥʽ ʨʦʟʧʦʚʩʶʜʞʝʥʽ ʪʠʧʠ 

ʘʥʪʝʥʠ: 

1. ɸʥʪʝʥʘ ʋʜʘ-ʗˇʽ (ʨʠʩ. 2). ʉʢʣʘʜʘʻʪʴʩʷ ʟ ʚʽʙʨʘʪʦʨʘ (ʜʠʧʦʣʷ), 

ʨʝʬʣʝʢʪʦʨʘ ʪʘ ʦʜʥʦʛʦ ʘʙʦ ʢʽʣʴʢʦʭ ʜʠʨʝʢʪʦʨʽʚ. 

 
ʈʠʩʫʥʦʢ 2. ɸʥʪʝʥʘ ʋʜʘ-ʗˇʽ ʪʘ ʾʾ ʜʽʘʛʨʘʤʘ ʈʠʩʫʥʦʢ ʩʧʨʷʤʦʚʘʥʦʩʪʽ. 
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2. ʇʘʨʘʙʦʣʽʯʥʽ ʘʥʪʝʥʠ. ʄʦʞʫʪʴ ʧʽʜʪʨʠʤʫʚʘʪʠ ʨʽʟʥʽ ʧʦʣʷʨʠʟʘʮʽʾ, 

ʚʢʣʶʯʘʶʯʠ ʣʽʥʽʡʥʫ ʪʘ ʢʨʫʛʦʚʫ ʧʦʣʷʨʠʟʘʮʽʾ, ʟʘʣʝʞʥʦ ʚʽʜ ʢʦʥʩʪʨʫʢʮʽʾ ʝʣʝʤʝʥʪʘ 

ʞʠʚʣʝʥʥʷ. 

3. ʇʘʪʯ-ʘʥʪʝʥʠ. ʄʦʞʫʪʴ ʪʘʢʦʞ ʙʫʪʠ ʧʦʙʫʜʦʚʘʥʽ ʜʣʷ ʜʦʩʷʛʥʝʥʥʷ ʚʫʟʴʢʦʾ 

ʜʽʘʛʨʘʤʠ ʩʧʨʷʤʦʚʘʥʦʩʪʽ. ʅʘ ʰʠʨʠʥʫ ʧʨʦʤʝʥʷ ʧʘʪʯ-ʘʥʪʝʥʠ ʚʧʣʠʚʘʶʪʴ ʾʾ 

ʨʦʟʤʽʨʠ. 

4. ʃʦʛʦʧʝʨʽʦʜʠʯʥʽ ʘʥʪʝʥʠ, ʧʨʠʟʥʘʯʝʥʽ ʜʣʷ ʧʦʢʨʠʪʪʷ ʰʠʨʦʢʦʛʦ ʜʽʘʧʘʟʦʥʫ 

ʯʘʩʪʦʪ. 

5. ɸʥʪʝʥʠ ʟ ʬʘʟʦʚʘʥʦʶ ʨʝʰʽʪʢʦʶ ð ʮʝ ʪʠʧ ʘʥʪʝʥʥʦʾ ʩʠʩʪʝʤʠ, ʷʢʘ 

ʚʠʢʦʨʠʩʪʦʚʫʻ ʧʝʚʥʫ ʢʽʣʴʢʽʩʪʴ ʘʥʪʝʥʥʠʭ ʝʣʝʤʝʥʪʽʚ ʽ ʬʘʟʦʦʙʝʨʪʘʯʽʚ ʜʣʷ 

ʩʪʚʦʨʝʥʥʷ ʧʝʚʥʠʭ ʜʽʘʛʨʘʤ ʩʧʨʷʤʦʚʘʥʦʩʪʽ. 

6. ʉʧʽʨʘʣʴʥʽ ʘʥʪʝʥʠ. ɰʭ ʤʦʞʥʘ ʽʥʪʝʛʨʫʚʘʪʠ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʚ ʜʨʫʢʦʚʘʥʫ 

ʧʣʘʪʫ, ʟʘʙʝʟʧʝʯʫʶʯʠ ʢʦʤʧʘʢʪʥʝ ʪʘ ʽʥʪʝʛʨʦʚʘʥʝ ʨʽʰʝʥʥʷ. 

ʆʩʥʦʚʥʠʤ ʥʝʜʦʣʽʢʦʤ ʙʽʣʴʰʦʩʪʽ ʩʧʨʷʤʦʚʘʥʠʭ ʘʥʪʝʥ ʻ ʾʭ ʦʙʤʝʞʝʥʘ ʟʦʥʘ 

ʧʦʢʨʠʪʪʷ, ʧʨʦʪʝ ʪʝʭʥʦʣʦʛʽʷ ʬʘʟʦʚʘʥʠʭ ʘʥʪʝʥʥʠʭ ʨʝʰʽʪʦʢ ʜʦʟʚʦʣʷʻ ʟʤʽʥʶʚʘʪʠ 

ʥʘʧʨʷʤʦʢ ʧʨʦʤʝʥʷ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʧʦʪʨʝʙ ʪʘ ʩʮʝʥʘʨʽʾʚ. ʈʦʟʛʦʨʪʘʥʥʷ ʪʘ 

ʚʠʨʽʚʥʶʚʘʥʥʷ ʩʧʨʷʤʦʚʘʥʠʭ ʘʥʪʝʥ ʪʘʢʦʞ ʚʠʤʘʛʘʻ ʪʦʯʥʦʩʪʽ. 

ʊʘʢʠʤ ʯʠʥʦʤ, ʩʧʨʷʤʦʚʘʥʽ ʘʥʪʝʥʠ ʻ ʧʦʪʫʞʥʠʤʠ ʽʥʩʪʨʫʤʝʥʪʦʤ, ʷʢʱʦ 

ʥʝʦʙʭʽʜʥʦ ʚʩʪʘʥʦʚʠʪʠ ʢʘʥʘʣʫ ʟʚôʷʟʢʫ ʥʘ ʚʝʣʠʢʠʭ ʚʽʜʩʪʘʥʷʭ ʟ ʤʝʥʰʠʤʠ 

ʚʪʨʘʪʘʤʠ ʪʘ ʟʘʪʨʘʪʘʤʠ ʚʽʜʥʦʩʥʦ ʚʩʝʥʘʧʨʘʚʣʝʥʠʭ ʘʥʪʝʥ. ʊʦʤʫ ʧʨʦʚʝʜʝʥʠʡ 

ʘʥʘʣʽʟ ʧʦʢʘʟʫʻ ʜʦʮʽʣʴʥʽʩʪʴ ʚʠʢʦʨʠʩʪʘʥʥʷ ʜʘʥʦʛʦ ʪʠʧʫ ʘʥʪʝʥ ʜʣʷ ʧʦʙʫʜʦʚʠ 

ʩʫʯʘʩʥʠʭ ʤʦʙʽʣʴʥʠʭ ʙʝʟʧʨʦʚʦʜʦʚʠʭ ʤʝʨʝʞ ʩʝʥʩʦʨʽʚ ʩʧʨʷʤʦʚʘʥʦʾ ʜʽʾ ʟ 

ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʪʝʣʝʢʦʤʫʥʽʢʘʮʽʡʥʠʭ ʘʝʨʦʧʣʘʪʬʦʨʤ. 
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APPLYING OF COOPERATIVE MIMO TECHNOLOGY  

TO MINIM ISE POWER CONSUMPTION DURING DATA  

TRANSMISSION IN WIRELESS SENSOR NETWORKS 
 

This paper explores the potential of using cooperative MIMO technology to reduce power 

consumption during data transmission in wireless sensor networks. The paper discusses the 

benefits of using cooperative MIMO technology in wireless sensor networks and how it can be 

used to improve energy efficiency. The authors also present a case study demonstrating 

cooperative MIMO technology's effectiveness in reducing power consumption during data 

transmission. Overall, this paper provides valuable insights into using MIMO technology in 

wireless sensor networks and its potential to improve energy efficiency. 

 

ʆʜʥʽʻʶ ʟ ʦʩʥʦʚʥʠʭ ʧʨʦʙʣʝʤ ʧʨʦʻʢʪʫʚʘʥʥʷ ʙʝʟʜʨʦʪʦʚʠʭ ʩʝʥʩʦʨʥʠʭ ʤʝʨʝʞ 

(ɹʉʄ) ʻ ʧʦʜʦʣʘʥʥʷ ʨʝʩʫʨʩʥʠʭ ʦʙʤʝʞʝʥʴ, ʱʦ ʥʘʢʣʘʜʘʶʪʴʩʷ ʥʘ ʦʢʨʝʤʽ ʩʝʥʩʦʨʥʽ 

ʧʨʠʩʪʨʦʾ. ʆʜʥʠʤ ʟ ʪʘʢʠʭ ʦʙʤʝʞʝʥʴ ʻ ʝʥʝʨʛʦʩʧʦʞʠʚʘʥʥʷ. ɿʽ ʟʤʝʥʰʝʥʥʷʤ 

ʬʽʟʠʯʥʦʛʦ ʨʦʟʤʽʨʫ ʩʝʥʩʦʨʥʦʛʦ ʚʫʟʣʘ ʟʤʝʥʰʫʻʪʴʩʷ ʽ ʡʦʛʦ ʝʥʝʨʛʝʪʠʯʥʘ ʧʦʪʫʞʥʽʩʪʴ 

[1]. ɽʥʝʨʛʝʪʠʯʥʽ ʦʙʤʝʞʝʥʥʷ ʚ ʢʽʥʮʝʚʦʤʫ ʧʽʜʩʫʤʢʫ ʩʪʚʦʨʶʶʪʴ ʦʙʤʝʞʝʥʥʷ, ʪʘʢʽ 

ʷʢ ʦʙʯʠʩʣʶʚʘʣʴʥʘ ʧʦʪʫʞʥʽʩʪʴ ʪʘ ʦʙʤʝʞʝʥʝ ʧʦʢʨʠʪʪʷ, ʷʢʽ ʧʨʠʟʚʦʜʷʪʴ ʜʦ 

ʘʨʭʽʪʝʢʪʫʨʥʠʭ ʧʨʦʙʣʝʤ. 

ɹʝʟʜʨʦʪʦʚʽ ʩʝʥʩʦʨʥʽ ʤʝʨʝʞʽ ʩʪʚʦʨʶʶʪʴ ʩʫʚʦʨʽ ʦʙʤʝʞʝʥʥʷ ʱʦʜʦ 

ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʦʩʪʽ, ʪʝʨʤʽʥʫ ʩʣʫʞʙʠ ʤʝʨʝʞʽ ʪʘ ʥʘʜʽʡʥʦʩʪʽ ʜʘʥʠʭ. ɹʽʣʴʰʽʩʪʴ ʽʟ ʮʠʭ 

ʚʥʝʩʢʽʚ ʟʥʘʭʦʜʷʪʴʩʷ ʥʘ ʪʝʦʨʝʪʠʯʥʦʤʫ ʨʽʚʥʽ, ʘ ʪʘʢʦʞ ʫ ʜʦʤʝʥʽ ʙʝʟʜʨʦʪʦʚʠʭ 

ʩʝʥʩʦʨʥʠʭ ʤʝʨʝʞ ʥʝ ʽʩʥʫʻ ʞʦʜʥʦʾ ʨʦʙʦʪʠ ʱʦʜʦ ʽʻʨʘʨʭʽʯʥʦʾ ʚʟʘʻʤʦʜʽʾ ʟ ʚʽʨʪʫʘʣʴʥʠʤ 

MIMO ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʦʩʪʽ ʚ ʨʝʘʣʴʥʠʭ ʫʤʦʚʘʭ WSN. 

ʏʝʨʝʟ ʚʠʤʦʛʫ ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʦʩʪʽ ʫ ʚʝʣʠʢʠʭ ʤʝʨʝʞʘʭ, ʢʦʥʮʝʧʮʽʷ, ʚʽʜʦʤʘ ʷʢ 

ʚʽʨʪʫʘʣʴʥʘ MIMO, ʧʨʠʚʝʨʪʘʻ ʚʩʝ ʙʽʣʴʰʠʡ ʽʥʪʝʨʝʩ. ʋ ʚʽʨʪʫʘʣʴʥʽʡ ʤʝʨʝʞʽ MIMO 

ʛʨʫʧʘ ʩʝʥʩʦʨʥʠʭ ʚʫʟʣʽʚ ʩʧʽʚʧʨʘʮʶʻ ʜʣʷ ʧʝʨʝʜʘʯʽ ʪʘ ʧʨʠʡʦʤʫ ʜʘʥʠʭ. ʎʷ 

ʪʝʭʥʦʣʦʛʽʷ ʪʘʢʦʞ ʚʽʜʦʤʘ ʷʢ ʢʦʦʧʝʨʘʪʠʚʥʝ MIMO (CMIMO). ʋʯʘʩʪʴ ʜʝʢʽʣʴʢʦʭ 

ʧʝʨʝʜʘʚʘʯʽʚ ʽ ʧʨʠʡʤʘʯʽʚ ʫ ʧʝʨʝʜʘʯʽ ʜʦʟʚʦʣʷʻ ʟʥʘʯʥʦ ʝʢʦʥʦʤʠʪʠ ʝʥʝʨʛʽʶ ʧʨʠ 

ʧʝʨʝʜʘʯʽ ʜʘʥʠʭ ʥʘ ʚʝʣʠʢʽ ʚʽʜʩʪʘʥʽ [3]. ɽʥʝʨʛʽʶ ʤʦʞʥʘ ʟʝʢʦʥʦʤʠʪʠ, ʷʢʱʦ 

ʜʦʟʚʦʣʠʪʠ ʚʫʟʣʘʤ ʩʧʽʣʴʥʦ ʧʝʨʝʜʘʚʘʪʠ ʜʘʥʽ ʪʘʢ ʩʘʤʦ, ʷʢ ʽ ʚ ʨʝʞʠʤʽ MIMO. ʏʝʨʝʟ 

ʩʢʣʘʜʥʽʩʪʴ ʩʭʝʤʦʪʝʭʥʽʢʠ ʪʘ ʩʢʣʘʜʥʽʩʪʴ ʽʥʪʝʛʨʘʮʽʾ ʦʢʨʝʤʠʭ ʘʥʪʝʥ ʥʘ ʩʝʥʩʦʨʥʠʭ 

ʚʫʟʣʘʭ, ʢʦʦʧʝʨʘʪʠʚʥʽ ʩʝʥʩʦʨʥʽ ʚʫʟʣʠ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʚʽʨʪʫʘʣʴʥʝ MIMO ʚ 

ʙʝʟʜʨʦʪʦʚʠʭ ʩʝʥʩʦʨʥʠʭ ʤʝʨʝʞʘʭ ʜʣʷ ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʦʛʦ ʟʚ'ʷʟʢʫ ʪʘ ʧʽʜʚʠʱʝʥʥʷ 

ʥʘʜʽʡʥʦʩʪʽ ʜʘʥʠʭ [2]. 

ʆʩʥʦʚʥʠʤʠ ʜʞʝʨʝʣʘʤʠ ʩʧʦʞʠʚʘʥʥʷ ʝʥʝʨʛʽʾ ʚ ʩʝʥʩʦʨʥʠʭ ʚʫʟʣʘʭ ʻ ʜʘʥʽ 

ʟʯʠʪʫʚʘʥʥʷ, ʦʙʨʦʙʢʘ ʜʘʥʠʭ ʪʘ ʟʚ'ʷʟʦʢ. ʗʢ ʧʨʘʚʠʣʦ, ʩʝʥʩʦʨʥʽ ʚʫʟʣʠ ʤʦʞʫʪʴ 

ʧʨʘʮʶʚʘʪʠ ʚ ʯʦʪʠʨʴʦʭ ʨʝʞʠʤʘʭ: ʧʝʨʝʜʘʯʘ, ʧʨʠʡʦʤ, ʦʯʽʢʫʚʘʥʥʷ ʪʘ ʩʧʣʷʯʠʡ 
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ʨʝʞʠʤ. ʅʘʡʙʽʣʴʰʝ ʝʥʝʨʛʦʩʧʦʞʠʚʘʥʥʷ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʚ ʨʝʞʠʤʽ ʧʝʨʝʜʘʯʽ, 

ʥʘʡʤʝʥʰʝ ī ʚ ʨʝʞʠʤʽ ʛʽʙʝʨʥʘʮʽʾ, ʪʦʜʽ ʷʢ ʚ ʨʝʞʠʤʽ ʦʯʽʢʫʚʘʥʥʷ ʚʫʟʣʠ ʩʧʦʞʠʚʘʶʪʴ 

ʝʥʝʨʛʽʶ, ʷʢʘ ʤʘʡʞʝ ʜʦʨʽʚʥʶʻ ʝʥʝʨʛʦʩʧʦʞʠʚʘʥʥʶ ʚ ʨʝʞʠʤʽ ʧʨʠʡʦʤʫ.  

ʉʬʦʨʤʫʣʶʻʤʦ ʟʘʜʘʯʫ ʽʻʨʘʨʭʽʯʥʦʾ ʢʦʦʧʝʨʘʪʠʚʥʦʾ ʢʣʘʩʪʝʨʠʟʘʮʽʾ MIMO ʷʢ 

ʦʮʽʥʢʫ ʢʽʣʴʢʦʩʪʽ ʢʣʘʩʪʝʨʽʚ, ʷʢʘ ʟʘʙʝʟʧʝʯʫʻ ʤʽʥʽʤʘʣʴʥʝ ʩʧʦʞʠʚʘʥʥʷ ʝʥʝʨʛʽʾ ʚ 

ʤʝʨʝʞʽ. ʅʝʭʘʡ Eʟʘʛ ʧʦʟʥʘʯʘʻ ʟʘʛʘʣʴʥʝ ʩʧʦʞʠʚʘʥʥʷ ʝʥʝʨʛʽʾ ʚ ʥʘʰʽʡ ʩʝʥʩʦʨʥʽʡ 

ʤʝʨʝʞʽ. ɿʘʛʘʣʴʥʘ ʝʥʝʨʛʽʷ ʙʝʨʝʪʴʩʷ ʷʢ ʩʫʤʘ ʝʥʝʨʛʽʾ, ʱʦ ʚʠʪʨʘʯʘʻʪʴʩʷ ʥʘ 

ʚʥʫʪʨʽʰʥʴʦʢʣʘʩʪʝʨʥʠʡ (Eʚʥʫʪʨ) ʪʘ ʤʽʞʢʣʘʩʪʝʨʥʠʡ ʟʚ'ʷʟʦʢ (ECH):  

           (1) 

ɺʚʘʞʘʪʠʤʝʤʦ, ʱʦ ʩʝʥʩʦʨʥʽ ʚʫʟʣʠ ʨʽʚʥʦʤʽʨʥʦ ʨʦʟʧʦʜʽʣʝʥʽ ʫ ʢʚʘʜʨʘʪʥʽʡ 

ʦʙʣʘʩʪʽ ʨʦʟʤʽʨʦʤ a Ĭ a. ʅʝʭʘʡ N - ʟʘʛʘʣʴʥʘ ʢʽʣʴʢʽʩʪʴ ʩʝʥʩʦʨʥʠʭ ʚʫʟʣʽʚ ʫ ʤʝʨʝʞʽ, 

ʘ k - ʢʽʣʴʢʽʩʪʴ ʢʣʘʩʪʝʨʽʚ ʫ ʢʣʘʩʪʝʨʥʽʡ ʤʥʦʞʠʥʽ K. ɯʩʥʫʻ H ʽʻʨʘʨʭʽʯʥʠʭ ʨʽʚʥʽʚ.  

ʄʝʪʦʶ ʻ ʟʥʘʡʪʠ ʪʘʢʫ ʢʽʣʴʢʽʩʪʴ ʢʣʘʩʪʝʨʽʚ ʫ ʤʝʨʝʞʽ, ʷʢʘ ʤʽʥʽʤʽʟʫʻ ʚʠʪʨʘʪʠ 

ʝʥʝʨʛʽʾ ʜʣʷ ʚʩʽʻʾ ʤʥʦʞʠʥʠ ʚʫʟʣʽʚ ʫ ʤʝʨʝʞʽ. ʎʽʣʴʦʚʘ ʬʫʥʢʮʽʷ ʧʦʣʷʛʘʻ ʚ ʤʽʥʽʤʽʟʘʮʽʾ 

ʟʘʛʘʣʴʥʦʛʦ ʩʧʦʞʠʚʘʥʥʷ ʝʥʝʨʛʽʾ ʟʘ ʫʤʦʚʠ, ʱʦ ʚ ʤʝʨʝʞʽ ʻ k ʢʣʘʩʪʝʨʽʚ, ʢʦʞʝʥ ʚʫʟʦʣ 

ʥʘʣʝʞʠʪʴ ʜʦ ʢʣʘʩʪʝʨʘ, ʘ ʚʽʜʩʪʘʥʴ ʤʽʞ ʛʦʣʦʚʦʶ ʢʣʘʩʪʝʨʘ ʽ ʩʝʥʩʦʨʥʠʤ ʚʫʟʣʦʤ, ʱʦ 

ʚʭʦʜʠʪʴ ʜʦ ʥʴʦʛʦ, ʤʝʥʰʘ ʟʘ ʤʘʢʩʠʤʘʣʴʥʫ ʚʽʜʩʪʘʥʴ ʧʝʨʝʜʘʯʽ ʚʫʟʣʘ.  

ʇʝʨʰʝ ʦʙʤʝʞʝʥʥʷ ʟʘʙʝʟʧʝʯʫʻ ʤʘʢʩʠʤʘʣʴʥʠʡ ʟʚ'ʷʟʦʢ ʫ ʤʝʨʝʞʽ. ɼʨʫʛʝ 

ʦʙʤʝʞʝʥʥʷ ʥʘʢʣʘʜʘʻ ʦʙʤʝʞʝʥʥʷ, ʱʦ ʚʩʽ ʚʫʟʣʠ ʙʝʟʜʨʦʪʦʚʦʾ ʩʝʥʩʦʨʥʦʾ ʤʝʨʝʞʽ 

ʧʦʚʠʥʥʽ ʥʘʣʝʞʘʪʠ ʧʨʠʥʘʡʤʥʽ ʜʦ ʦʜʥʦʛʦ ʢʣʘʩʪʝʨʘ. ʊʨʝʪʻ ʦʙʤʝʞʝʥʥʷ ʦʙʤʝʞʫʻ 

ʚʽʜʩʪʘʥʴ (d) ʤʽʞ CH ʽ ʩʝʥʩʦʨʥʠʤ ʚʫʟʣʦʤ (SN), ʱʦʙ ʚʦʥʘ ʙʫʣʘ ʤʝʥʰʦʶ ʟʘ 

ʤʘʢʩʠʤʘʣʴʥʫ ʚʽʜʩʪʘʥʴ ʧʝʨʝʜʘʯʽ dtx ʤʽʞ ʚʫʟʣʘʤʠ. ʇʽʩʣʷ ʪʦʛʦ, ʷʢ ʢʽʣʴʢʽʩʪʴ ʢʣʘʩʪʝʨʽʚ 

k* ʟʥʘʡʜʝʥʦ, ʤʠ ʚʠʟʥʘʯʘʻʤʦ ʢʽʣʴʢʽʩʪʴ ʤʘʛʽʩʪʨʘʣʴʥʠʭ ʢʣʘʩʪʝʨʽʚ (RCH), ʷʢʽ 

ʟʘʜʦʚʦʣʴʥʷʶʪʴ ʤʽʥʽʤʘʣʴʥʦʤʫ ʟʘʛʘʣʴʥʦʤʫ ʝʥʝʨʛʝʪʠʯʥʦʤʫ ʦʙʤʝʞʝʥʥʶ ʚ ʤʝʨʝʞʽ, 

ʟʘʙʝʟʧʝʯʫʶʯʠ ʧʨʠ ʮʴʦʤʫ RCH Ò k. ɼʣʷ ʧʦʚʥʽʩʪʶ ʟʚ'ʷʟʥʦʛʦ ʛʨʘʬʘ ʤʠ ʧʨʘʛʥʝʤʦ 

ʤʽʥʽʤʽʟʫʚʘʪʠ ʝʥʝʨʛʦʚʠʪʨʘʪʠ. ʇʨʠ ʮʴʦʤʫ ʤʠ ʧʝʨʝʩʣʽʜʫʻʤʦ ʥʘʩʪʫʧʥʽ ʮʽʣʽ: 

- ʟʙʽʣʴʰʝʥʥʷ ʪʝʨʤʽʥʫ ʩʣʫʞʙʠ ʤʝʨʝʞʽ; 

- ʤʽʥʽʤʘʣʴʥʽ ʚʠʪʨʘʪʠ ʝʥʝʨʛʽʾ ʥʘ ʢʦʞʥʦʤʫ ʚʫʟʣʽ. 

ɺʠʢʦʨʠʩʪʦʚʫʶʯʠ ʙʘʟʦʚʫ ʝʥʝʨʛʝʪʠʯʥʫ ʤʦʜʝʣʴ ʟʚ'ʷʟʢʫ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ 

ʢʽʣʴʢʦʩʪʽ ʢʣʘʩʪʝʨʽʚ, ʤʠ ʟʥʘʭʦʜʠʤʦ ʢʽʣʴʢʽʩʪʴ ʢʣʘʩʪʝʨʽʚ, ʥʝʦʙʭʽʜʥʫ ʜʣʷ 

ʤʽʥʽʤʘʣʴʥʠʭ ʚʠʪʨʘʪ ʝʥʝʨʛʽʾ ʚ ʤʝʨʝʞʽ.  

ʅʝʭʘʡ du,v - ʩʝʨʝʜʥʷ ʚʽʜʩʪʘʥʴ ʤʽʞ ʢʣʘʩʪʝʨʘʤʠ. ʆʯʽʢʫʚʘʥʘ ʚʽʜʩʪʘʥʴ ʤʽʞ 

ʢʣʘʩʪʝʨʦʤ/ʚʫʟʣʦʤ u ʪʘ ʢʣʘʩʪʝʨʦʤ/ʚʫʟʣʦʤ v ʟ ʢʦʦʨʜʠʥʘʪʘʤʠ (xi, yi) ʪʘ (xj, yj) 

ʟʘʜʘʻʪʴʩʷ [4]: 

             (2) 

ʜʝ x = xi - xj, y = yi - yj, ʘ ʜʦʚʞʠʥʘ ʦʜʥʽʻʾ ʩʪʦʨʦʥʠ ʩʽʪʢʠ ʜʦʨʽʚʥʶʻ a. 

ʇʨʠʧʫʩʠʪʠʤʦ ʜʠʩʪʘʥʮʽʡʥʦ-ʟʘʣʝʞʥʫ ʤʦʜʝʣʴ ʚʽʣʴʥʦʛʦ ʧʨʦʩʪʦʨʫ ʌʨʽʩʩʘ ʜʣʷ 

ʩʧʦʞʠʚʘʥʥʷ ʝʥʝʨʛʽʾ ʥʘ ʦʜʠʥ ʚʫʟʦʣ. ʊʘʢʠʤ ʯʠʥʦʤ, ʚʠʪʨʘʪʠ ʝʥʝʨʛʽʾ ʫ ʩʝʥʩʦʨʥʦʤʫ 

ʚʫʟʣʽ ʥʘ ʧʝʨʝʜʘʯʫ ʦʜʥʦʛʦ ʙʽʪʘ ʽʥʬʦʨʤʘʮʽʾ ʥʘ ʚʽʜʩʪʘʥʴ d ʩʪʘʥʦʚʣʷʪʴ: 

                (3) 

ɽʥʝʨʛʽʷ, ʥʝʦʙʭʽʜʥʘ ʜʣʷ ʧʝʨʝʜʘʯʽ ʦʜʥʦʛʦ ʙʽʪʘ ʚʽʜ ʢʣʘʩʪʝʨʥʦʾ ʚʝʨʰʠʥʠ ʜʦ ʚʫʟʣʘ, 

ʱʦ ʩʧʽʚʧʨʘʮʶʻ, ʪʘʢʦʞ ʜʦʨʽʚʥʶʻ ʨʽʚʥʷʥʥʶ (3). ʆʩʢʽʣʴʢʠ CCS ʟʥʘʭʦʜʠʪʴʩʷ ʜʘʣʝʢʦ 

ʚʽʜ ʜʘʪʯʠʢʽʚ, ʡʤʦʚʽʨʥʦ, ʩʧʦʞʠʚʘʥʥʷ ʝʥʝʨʛʽʾ ʚʽʜʙʫʚʘʻʪʴʩʷ ʟʘ ʙʘʛʘʪʦʰʣʷʭʦʚʦʶ 

ʤʦʜʝʣʣʶ. ʊʦʤʫ, ʧʨʠʧʫʩʢʘʶʯʠ k ʢʣʘʩʪʝʨʽʚ ʽ N/k ʚʫʟʣʽʚ ʫ ʢʣʘʩʪʝʨʽ, ʝʥʝʨʛʽʷ ʥʘ ʙʽʪ, ʱʦ 

ʩʧʦʞʠʚʘʻʪʴʩʷ ʚ ʢʣʘʩʪʝʨʽ, ʚʠʟʥʘʯʘʻʪʴʩʷ ʟʘ ʬʦʨʤʫʣʦʶ [5]: 
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     (4) 

ʉʧʦʯʘʪʢʫ ʤʠ ʟʥʘʭʦʜʠʤʦ ʢʽʣʴʢʽʩʪʴ ʭʦʧʽʚ ʫ ʜʘʥʽʡ ʢʦʥʬʽʛʫʨʘʮʽʾ ʤʝʨʝʞʽ. 

ʇʨʠʧʫʩʪʠʤʦ, ʱʦ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʨʽʚʥʦʤʽʨʥʠʡ ʨʦʟʧʦʜʽʣ ʢʣʘʩʪʝʨʽʚ ʫ ʜʘʥʽʡ 

ʤʝʨʝʞʽ. ʂʦʞʥʘ ʩʪʦʨʦʥʘ ʢʚʘʜʨʘʪʥʦʛʦ ʧʦʣʷ ʤʘʻ 2a/ãk ʢʣʘʩʪʝʨʽʚ, ʢʽʣʴʢʽʩʪʴ 

ʧʝʨʝʭʦʜʽʚ (h) ʫ ʤʝʨʝʞʽ ʧʨʠʙʣʠʟʥʦ ʚʠʟʥʘʯʘʻʪʴʩʷ ʷʢ: 

           (5) 

ʈʽʚʥʷʥʥʷ (6) ʜʘʻ ʢʽʣʴʢʽʩʪʴ ʢʣʘʩʪʝʨʽʚ ʫ ʤʝʨʝʞʽ ʜʣʷ ʙʘʛʘʪʦʰʘʛʦʚʦʛʦ 

ʪʨʘʜʠʮʽʡʥʦʛʦ ʟʚôʷʟʢʫ SISO [5] (ʜʣʷ ʤʽʥʽʤʘʣʴʥʠʭ ʚʠʪʨʘʪ ʝʥʝʨʛʽʾ): 

           (6) 

ɽʥʝʨʛʽʷ, ʩʧʦʞʠʚʘʥʘ ʧʽʜ ʯʘʩ ʟʚôʷʟʢʫ MIMO (EMIMO) ð ʮʝ ʩʫʤʘ ʣʦʢʘʣʴʥʦʛʦ 

ʩʧʦʞʠʚʘʥʥʷ ʝʥʝʨʛʽʾ, ʱʦ ʚʠʥʠʢʘʻ ʧʽʜ ʯʘʩ ʣʦʢʘʣʴʥʦʛʦ ʟʚôʷʟʢʫ ʤʽʞ ʛʦʣʦʚʦʶ 

ʢʣʘʩʪʝʨʘ ʪʘ ʚʟʘʻʤʦʜʽʶʯʠʤ ʚʫʟʣʦʤ, ʽ ʝʥʝʨʛʽʾ, ʩʧʦʞʠʪʦʾ ʧʽʜ ʯʘʩ ʟʚôʷʟʢʫ ʥʘ ʜʘʣʝʢʽ 

ʚʽʜʩʪʘʥʽ. 

           (7) 

Elonghaul ð ʮʝ ʬʫʥʢʮʽʷ ʚʽʜʩʪʘʥʽ D, ʷʢʘ ʚʢʣʶʯʘʻ ʝʥʝʨʛʽʶ, ʥʝʦʙʭʽʜʥʫ ʜʣʷ 

ʧʝʨʝʜʘʯʽ ʜʘʥʠʭ ʚʽʜ ʛʦʣʦʚʥʦʛʦ ʢʣʘʩʪʝʨʘ ʜʦ ʢʦʦʧʝʨʘʪʠʚʥʦʛʦ ʚʫʟʣʘ ʪʘ ʧʝʨʝʜʘʯʽ 

ʜʘʥʠʭ ʚʽʜ ʢʦʦʧʝʨʘʪʠʚʥʦʛʦ ʚʫʟʣʘ ʜʦ ʥʘʩʪʫʧʥʦʛʦ ʢʣʘʩʪʝʨʘ. ʇʝʨʰʠʡ ʯʣʝʥ ʫ 

ʨʽʚʥʷʥʥʽ (9) ʚʢʘʟʫʻ ʥʘ ʩʧʦʞʠʚʘʥʥʷ ʝʥʝʨʛʽʾ cʭʝʤʠ ʥʘ ʩʧʽʣʴʥʦʤʫ ʚʫʟʣʽ, ʜʨʫʛʠʡ ʯʣʝʥ 

ʚʢʘʟʫʻ ʥʘ ʩʧʦʞʠʚʘʥʥʷ ʝʥʝʨʛʽʾ ʧʝʨʝʜʘʯʽ ʜʣʷ ʣʦʢʘʣʴʥʦʛʦ ʟʚôʷʟʢʫ, ʘ ʦʩʪʘʥʥʽʡ ʯʣʝʥ 

ʚʢʘʟʫʻ ʥʘ ʩʧʦʞʠʚʘʥʥʷ ʝʥʝʨʛʽʾ ʧʽʜ ʯʘʩ ʟʚôʷʟʢʫ ʥʘ ʚʝʣʠʢʽ ʚʽʜʩʪʘʥʽ. 

       (8) 

ɿʘ ʜʦʧʦʤʦʛʦʶ ʤʝʪʦʜʫ ʧʝʨʰʦʾ ʧʦʭʽʜʥʦʾ, ʱʦʙ ʟʥʘʡʪʠ ʤʽʥʽʤʫʤʠ, ʤʠ 

ʜʠʬʝʨʝʥʮʽʶʻʤʦ ʨʽʚʥʷʥʥʷ (8) ʚʽʜʥʦʩʥʦ k ʽ ʦʪʨʠʤʫʻʤʦ ʚʠʨʘʟ ʜʣʷ ʢʽʣʴʢʦʩʪʽ ʛʦʣʦʚʦʢ 

ʢʣʘʩʪʝʨʘ ʤʘʨʰʨʫʪʠʟʘʮʽʾ (k*) ʜʣʷ ʢʦʦʧʝʨʘʪʠʚʥʦʛʦ ʟʚôʷʟʢʫ, ʱʦ ʤʽʥʽʤʽʟʫʻ ʟʘʛʘʣʴʥʫ 

ʝʥʝʨʛʽʶ: 

       (9) 
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IMPROVING THE ACCURACY OF ASSESSING  

 THE MOTION PARAMETERS OF SMALL UNMANNED  

AIRCRAFT AT THE ACCOUNT OF WIND ACCOUNTING  

BASED ON THE USE OF FRACTIONAL TAYLOR SERIES  

 
The possibility of using fractional Taylor series to estimate the movement parameters of 

small unmanned aerial vehicles, which are subject to strong wind effects, is considered. Some 

simulation results are presented, showing an increase in estimation accuracy of up to 20% 

compared to known methods. 

ʈʦʟʛʣʷʥʫʪʦ ʤʦʞʣʠʚʽʩʪʴ ʟʘʩʪʦʩʫʚʘʥʥʷ ʜʨʦʙʦʚʠʭ ʨʷʜʽʚ ʊʝʡʣʦʨʫ ʜʣʷ ʦʮʽʥʢʠ ʧʘʨʘʤʝʪʨʽʚ 

ʨʫʭʫ ʥʝʚʝʣʠʢʠʭ ʙʝʟʧʽʣʦʪʥʠʭ ʣʽʪʘʣʴʥʠʭ ʘʧʘʨʘʪʽʚ, ʷʢʽ ʩʭʠʣʴʥʽ ʜʦ ʩʠʣʴʥʦʛʦ ʚʧʣʠʚʫ ʚʽʪʨʫ. 

ʅʘʚʝʜʝʥʦ ʜʝʷʢʽ ʨʝʟʫʣʴʪʘʪʠ ʤʦʜʝʣʶʚʘʥʥʷ, ʱʦ ʧʦʢʘʟʫʶʪʴ ʟʙʽʣʴʰʝʥʥʷ ʪʦʯʥʦʩʪʽ ʦʮʽʥʶʚʘʥʥʷ 

ʜʦ 20% ʧʦʨʽʚʥʷʥʦ ʟ ʚʽʜʦʤʠʤʠ ʤʝʪʦʜʘʤʠ. 
 

ɺ ʨʦʙʦʪʠ [1] ʧʨʦʚʝʜʝʥʦ ʘʥʘʣʽʟ ʜʦʩʚʽʪʫ ʟʘʩʪʦʩʫʚʘʥʥʷ ʙʝʟʧʽʣʦʪʥʠʭ ʣʽʪʘʣʴʥʠʭ 

ʘʧʘʨʘʪʽʚ (ɹʇʃɸ) ʢʨʘʾʥ ʯʣʝʥʽʚ ʅɸʊʆ ʪʘ ʉʐɸ, ʥʘ ʦʩʥʦʚʽ ʷʢʦʛʦ ʚʠʟʥʘʯʝʥʠʡ 

ʦʩʥʦʚʥʠʡ ʥʘʧʨʷʤʦʢ ʾʭ ʧʦʜʘʣʴʰʦʛʦ ʨʦʟʚʠʪʢʫ ʟʘʩʪʦʩʫʚʘʥʥʷ ʧʨʠ ʚʝʜʝʥʥʽ 

ʤʝʨʝʞʝʮʝʥʪʨʠʯʥʠʭ ʦʧʝʨʘʮʽʡ, ʷʢ ʦʜʥʠʭ ʟ ʝʣʝʤʝʥʪʽʚ ʧʦʚʽʪʨʷʥʦʾ ʢʦʤʧʦʥʝʥʪʠ ʩʠʩʪʝʤ 

ʨʦʟʚʽʜʢʠ, ʟʚôʷʟʢʫ, ʥʘʚʽʛʘʮʽʾ ʪʘ ʫʜʘʨʥʠʭ ʩʠʩʪʝʤ. ʆʜʥʠʤ ʽʟ ʟʘʚʜʘʥʴ ʧʨʠ ʩʪʚʦʨʝʥʥʽ 
ʧʦʚʽʪʨʷʥʦʾ ʢʦʤʧʦʥʝʥʪʠ ʩʠʩʪʝʤ ʨʦʟʚʽʜʢʠ ʻ ʚʠʟʥʘʯʝʥʥʷ ʧʘʨʘʤʝʪʨʽʚ ʨʫʭʫ (ʇʈ) 

ʥʝʚʝʣʠʢʠʭ ɹʇʃɸ ʟ ʚʠʩʦʢʦʶ ʪʦʯʥʽʩʪʶ ʟʘ ʥʘʷʚʥʦʩʪʽ ʜʝʩʪʘʙʽʣʽʟʫʶʯʠʭ ʧʦʣʴʦʪʥʠʭ 

ʬʘʢʪʦʨʽʚ, ʪʘʢʠʭ ʷʢ ʚʽʪʝʨ (ʫʜʘʨʥʘ ʭʚʠʣʷ ʧʨʠ ʚʝʜʝʥʥʽ ʙʦʡʦʚʠʭ ʜʽʡ), ʟʤʽʥʘ 

ʘʪʤʦʩʬʝʨʥʦʛʦ ʪʠʩʢʫ ʟʘʣʝʞʥʦ ʚʽʜ ʚʠʩʦʪʠ ʧʦʣʴʦʪʫ ʪʘ ʽʥʰʠʭ. ʊʦʤʫ ʜʣʷ ʪʘʢʠʭ ɹʇʃɸ 

ʪʨʘʻʢʪʦʨʽʶ ʾʭʥʴʦʛʦ ʧʦʣʴʦʪʫ ʩʣʽʜ ʨʦʟʛʣʷʜʘʪʠ ʷʢ ʪʨʘʻʢʪʦʨʽʶ ʦʙ'ʻʢʪʘ ʟʽ ʩʢʣʘʜʥʠʤ 

ʚʠʜʦʤ ʤʘʥʝʚʨʫ ʽ ʱʦ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʙʝʟʣʽʯʽ ʜʽʣʷʥʦʢ, ʢʦʞʥʘ ʟ ʷʢʠʭ ʥʝʦʙʭʽʜʥʦ 

ʦʧʠʩʫʚʘʪʠ ʩʚʦʻʶ ʩʠʩʪʝʤʦʶ ʜʠʬʝʨʝʥʮʽʘʣʴʥʠʭ ʨʽʚʥʷʥʴ, ʪʦʙʪʦ ʭʘʨʘʢʪʝʨ ʡʦʛʦ 

ʧʝʨʝʤʽʱʝʥʥʷ ʚ ʧʨʦʩʪʦʨʽ ʻ ʪʨʘʻʢʪʦʨʽʻʶ, ʥʘ ʷʢʽʡ ʤʦʞʥʘ ʚʠʜʽʣʠʪʠ ʜʽʣʷʥʢʠ ʟ 

ʨʽʚʥʦʤʽʨʥʠʤ ʨʫʭʦʤ, ʨʽʟʢʠʤ ʤʘʥʝʚʨʦʤ ʪʘ ʜʽʣʷʥʢʠ ʟ ʙʝʟʧʝʨʝʨʚʥʠʤ ʤʘʥʝʚʨʫʚʘʥʥʷʤ 

ʦʙ'ʻʢʪʘ. ʊʦʤʫ, ʜʣʷ ʦʮʽʥʢʠ ʇʈ ɹʇʃɸ, ʷʢʠʡ ʧʦʩʪʽʡʥʦ ʤʘʥʝʚʨʫʻ, ʜʦʮʽʣʴʥʦ 

ʟʘʩʪʦʩʦʚʫʚʘʪʠ ʘʜʘʧʪʠʚʥʠʡ ʧʽʜʭʽʜ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʨʝʢʫʨʝʥʪʥʦʛʦ ʬʽʣʴʪʨʘ ʂʘʣʤʘʥʘ. 

ʆʩʥʦʚʥʠʤ ʥʝʜʦʣʽʢʦʤ ʦʩʪʘʥʥʴʦʛʦ ʻ ʪʦʡ ʬʘʢʪ, ʱʦ ʫ ʨʘʟʽ ʧʦʩʪʽʡʥʦʛʦ ʢʦʨʦʪʢʦʯʘʩʥʦʛʦ 

ʤʘʥʝʚʨʫ ʬʽʣʴʪʨ ʂʘʣʤʘʥʘ ʟʘʚʞʜʠ ʧʨʘʮʶʚʘʪʠʤʝ ʥʘ ʧʝʨʝʭʽʜʥʽʡ ʜʽʣʷʥʮʽ, ʘ ʚʽʜʦʤʦ, ʱʦ 

ʤʘʢʩʠʤʘʣʴʥʘ ʪʦʯʥʽʩʪʴ ʦʮʽʥʶʚʘʥʥʷ ʜʦʩʷʛʘʻʪʴʩʷ ʩʘʤʝ ʥʘ ʩʪʘʮʽʦʥʘʨʥʽʡ ʜʽʣʷʥʮʽ. ʎʝ 

ʦʟʥʘʯʘʻ, ʱʦ ʘʣʛʦʨʠʪʤʠ ʟ ʧʝʨʝʭʽʜʥʦʶ ʜʽʣʷʥʢʦʶ, ʷʢ ʧʨʘʚʠʣʦ, ʨʝʢʫʨʝʥʪʥʽ, ʥʝ 

ʟʘʩʪʦʩʦʚʥʽ ʜʣʷ ʦʮʽʥʶʚʘʥʥʷ ʇʈ ʧʦʩʪʽʡʥʦ ʤʘʥʝʚʨʫʶʯʦʛʦ ɹʇʃɸ. 

ʈʦʟʛʣʷʥʝʤʦ ʥʘʩʪʫʧʥʝ ʟʘʚʜʘʥʥʷ: ʥʝ ʟʙʽʣʴʰʫʶʯʠ ʩʪʫʧʝʥʷ ʘʧʨʦʢʩʠʤʫʶʯʦʛʦ 

ʧʦʣʽʥʦʤʘ ʟʘʙʝʟʧʝʯʠʪʠ ʧʽʜʚʠʱʝʥʥʷ ʪʦʯʥʦʩʪʽ ʦʮʽʥʶʚʘʥʥʷ ʇʈ ɹʇʃɸ, ʱʦ ʧʦʩʪʽʡʥʦ 
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ʤʘʥʝʚʨʫʻ. ɼʣʷ ʮʴʦʛʦ ʨʦʟʛʣʷʥʝʤʦ ʧʦʪʝʥʮʽʘʣʴʥʽ ʤʦʞʣʠʚʦʩʪʽ ʨʷʜʫ ʇ'ʶʾʟʝ [2] ʟ ʦʜʥʽʻʶ 

ʟʤʽʥʥʦʶ. ʎʝ ʬʦʨʤʘʣʴʥʠʡ ʚʠʨʘʟ ʚʠʜʫ 

F(x) =                                                       (1) 

ʚ ʷʢʦʤʫ ʯʠʩʣʦ  - ʮʽʣʝ, ʯʠʩʣʦ - ʥʘʪʫʨʘʣʴʥʝ ʯʠʩʣʦ, ʢʦʝʬʽʮʽʻʥʪʠ  ʙʝʨʫʪʴʩʷ ʟ 

ʜʝʷʢʦʛʦ ʢʽʣʴʮʷ, ʧʨʠʯʦʤʫ ʢʦʣʠ n<m, ʢʦʝʬʽʮʽʻʥʪʠ  ʧʦʚʠʥʥʽ ʙʫʪʠ ʢʦʤʧʣʝʢʩʥʠʤʠ. 

ʈʷʜ (1) ʫ ʨʘʟʽ ʢʦʣʠ ʟʤʽʥʥʘ x ʥʘʙʫʚʘʻ ʨʝʯʦʚʦʛʦ ʟʥʘʯʝʥʥʷ, ʘ ʟʥʘʯʝʥʥʷ 

 = 0 ʤʦʞʝ ʙʫʪʠ ʧʨʝʜʩʪʘʚʣʝʥʠʡ ʫ ʚʠʛʣʷʜʽ ʩʫʤʠ ʜʚʦʭ ʨʷʜʽʚ 

F(x) = T(x) + R(x),                                                       (2) 

ʜʝ T(x) ï ʨʷʜ ʊʝʡʣʦʨʘ, ʘ R(x) ï ʨʷʜ, ʱʦ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʜʨʦʙʦʚʠʭ ʯʣʝʥʽʚ. ʅʘʟʚʝʤʦ ʨʷʜ 

(2) ʜʨʦʙʦʚʠʤ ʨʷʜʦʤ ʊʝʡʣʦʨʘ. ɺʽʜʦʤʠʡ ʨʷʜ ʊʝʡʣʦʨʘ [3] ʫ ʮʽʣʠʭ ʧʦʭʽʜʥʠʭ ʤʘʻ ʚʠʛʣʷʜ 

f(x) = f( ) +  (x- ) +   + ..             (3) 

ʘʙʦ ʫ ʟʘʛʘʣʴʥʦʤʫ ʚʠʛʣʷʜʽ  f(x) =  ,    k = 0,1,2,3,é . 

ʋʷʚʠʤ ʨʷʜ ʊʝʡʣʦʨʘ (3) ʜʣʷ ʜʨʦʙʦʚʠʭ ʧʦʭʽʜʥʠʭ [2]. ɼʣʷ ʮʴʦʛʦ ʟʘʛʘʣʴʥʦʚʽʜʦʤʠʡ 

ʟʘʧʠʩ ʧʝʨʰʦʛʦ ʧʦʭʽʜʥʦʛʦ ʜʣʷ ʬʫʥʢʮʽʡ f(x) = , ʧʨʝʜʩʪʘʚʠʤʦ ʷʢ 

 = f(x) = k  , ʘʙʦ ʫʟʘʛʘʣʴʥʝʥʦ         =  , ʘ ʧʽʩʣʷ ʟʘʤʽʥʠ 

ʬʘʢʪʦʨʽʘʣʽʚ ʛʘʤʤʘ-ʬʫʥʢʮʽʷʤʠ ʤʦʞʥʘ ʦʩʪʘʥʥʽʡ ʚʠʨʘʟ ʧʦʜʘʪʠ ʫ ʚʠʛʣʷʜʽ 

  =  .                                               (4) 

ɼʘʣʽ ʙʝʟ ʩʫʚʦʨʦʛʦ ʤʘʪʝʤʘʪʠʯʥʦʛʦ ʦʙˇʨʫʥʪʫʚʘʥʥʷ ʚʚʝʜʝʤʦ ʧʨʠʧʫʱʝʥʥʷ: ʷʢʱʦ 

ʽʩʥʫʻ ʨʷʜ ʊʝʡʣʦʨʘ ʜʣʷ ʧʦʭʽʜʥʠʭ, ʪʦ ʪʘʢʠʡ ʨʷʜ ʤʦʞʝ ʽʩʥʫʚʘʪʠ ʽ ʟ ʜʨʦʙʦʚʠʤʠ 

ʧʦʭʽʜʥʠʤʠ ʜʣʷ  = 0, ʽ ʨʝʯʦʚʠʤʠ ʢʦʝʬʽʮʽʻʥʪʘʤʠ. 

ʊʦʜʽ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʽʩʥʫʚʘʥʥʷ [2] ʜʨʦʙʦʚʠʭ ʧʦʭʽʜʥʠʭ ʪʘʢʠʡ ʨʷʜ ʤʘʻ ʚʠʛʣʷʜ 

 =                      (5) 

ʜʝ k=0, 0.5, 1, 1.5, 2, 2.5é 

ʅʘʟʚʝʤʦ ʜʦʜʘʪʢʦʚʽ ʯʣʝʥʠ ʚʚʝʜʝʥʦʛʦ ʨʷʜʫ ʜʨʦʙʦʚʠʤʠ. ɿʘʫʚʘʞʠʤʦ, ʱʦ ʧʨʠ 

ʚʠʢʦʨʠʩʪʘʥʥʽ ʨʷʜʫ ʊʝʡʣʦʨʘ (5) ʥʝ ʤʦʞʥʘ ʩʪʚʝʨʜʞʫʚʘʪʠ, ʱʦ ʚʽʥ ʻ ʩʭʦʞʠʤ ʷʢ ʨʷʜ (1). 

ʇʨʠʯʠʥʦʶ ʮʴʦʛʦ ʻ ʚʽʜʩʫʪʥʽʩʪʴ ʦʨʪʦʛʦʥʘʣʴʥʦʩʪʽ ʯʣʝʥʽʚ ʦʜʝʨʞʘʥʦʛʦ ʨʷʜʫ. ʊʘʢʦʞ 

ʟʘʫʚʘʞʠʤʦ, ʱʦ ʘʚʪʦʨʠ ʥʝ ʧʨʝʪʝʥʜʫʶʪʴ ʥʘ ʤʘʪʝʤʘʪʠʯʥʫ ʩʪʨʦʛʽʩʪʴ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʨʷʜʫ (4). ʅʘʰʝ ʟʘʚʜʘʥʥʷ: ʟ'ʷʩʫʚʘʪʠ ʰʣʷʭʦʤ ʤʦʜʝʣʶʚʘʥʥʷ, ʱʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʨʷʜʫ 

ʊʝʡʣʦʨʘ (4) ʧʨʠ ʦʮʽʥʶʚʘʥʥʽ ʇʈ ɹʇʃɸ, ʷʢʝ ʤʘʥʝʚʨʫʻ, ʤʝʪʦʜʦʤ ʥʘʡʤʝʥʰʠʭ 

ʢʚʘʜʨʘʪʽʚ (ʄʅʂ) ʧʨʠʟʚʝʜʝ ʣʽ ʜʦ ʧʽʜʚʠʱʝʥʥʷ ʪʦʯʥʦʩʪʽ ʦʮʽʥʶʚʘʥʥʷ ʧʦʨʽʚʥʷʥʦ ʟ 

ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʨʷʜʫ (1). ʅʘʜʽʷ ʥʘ ʮʝʡ ʚʠʛʨʘʰ ʦʙʫʤʦʚʣʝʥʘ ʪʠʤ, ʱʦ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʨʜ̫ʫ (4) ʜʦʟʚʦʣʷʻ ʟʙʽʣʴʰʠʪʠ ʜʠʩʢʨʝʪʥʽʩʪʴ ʦʮʽʥʢʠ ʧʦʭʽʜʥʠʭ ʩʢʣʘʜʦʚʠʭ ʪʨʘʻʢʪʦʨʽʾ 

ʨʫʭʫ ɹʇʃɸ. 

ɼʣʷ ʧʦʯʘʪʢʫ ʧʦʨʽʚʥʷʻʤʦ ʜʨʦʙʦʚʠʡ ʨʷʜ ʊʝʡʣʦʨʘ ʟʽ ʟʚʠʯʘʡʥʠʤ ʡʦʛʦ ʧʦʨʷʜ. 

ʆʙʤʝʞʠʤʦʩʷ ʪʘʢʦʞ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʨʷʜʫ (5) ʜʣʷ ʧʦʭʽʜʥʠʭ ʥʝ ʚʠʱʝ 3/2 ʽ ʟʘʣʠʰʠʤʦ 

ʧʦʢʠ ʱʦ ʦʩʪʦʨʦʥʴ ʬʽʟʠʯʥʠʡ ʟʤʽʩʪ ʢʦʝʬʽʮʽʻʥʪʽʚ ʧʨʠ ʜʨʦʙʦʚʠʭ ʧʦʭʽʜʥʠʭ ʜʘ 

ʩʧʨʦʙʫʻʤʦ ʧʦʷʩʥʠʪʠ ʟ ʤʘʪʝʤʘʪʠʯʥʦʾ ʪʦʯʢʠ ʟʦʨʫ ʩʫʪʥʽʩʪʴ ʜʨʦʙʦʚʦʾ ʧʦʭʽʜʥʦʾ. 

ɺʠʭʦʜʷʯʠ ʟ ʚʠʱʝʚʠʢʣʘʜʝʥʦʛʦ, ʧʨʦʘʥʘʣʽʟʫʻʤʦ ʟʘʩʪʦʩʫʚʘʥʥʷ ʚʚʝʜʝʥʦʛʦ ʨʷʜʫ 

ʊʝʡʣʦʨʘ (4) ʟ ʜʨʦʙʦʚʠʤʠ ʧʦʭʽʜʥʠʤʠ ʩʪʦʩʦʚʥʦ ʟʘʜʘʯʽ ʦʮʽʥʶʚʘʥʥʷ ʇʈ ɹʇʃɸ. ʅʘ ʨʠʩ. 

1 ʧʦʢʘʟʘʥʽ ʨʝʟʫʣʴʪʘʪʠ ʘʧʨʦʢʩʠʤʘʮʽʾ ʧʦʣʽʥʦʤʘ ʪʨʝʪʴʦʛʦ ʩʪʫʧʝʥʷ ʟ ʨʦʟʧʦʜʽʣʝʥʠʤ 

ʰʫʤʦʤ ʟʘ ʥʦʨʤʘʣʴʥʠʤ ʟʘʢʦʥʦʤ ʟ ʜʠʩʧʝʨʩʽʻʶ ʧʦʤʠʣʢʠ ʨʽʚʥʦʶ 5  - ʰʪʨʠʭ 

ʧʫʥʢʪʠʨʥʘ ʣʽʥʽʷ,  ʥʘ ʚʩʴʦʤʫ ʽʥʪʝʨʚʘʣʽ ʟʘ ʄʅʂ ʧʦʣʽʥʦʤʘʤʠ ʩʪʫʧʝʥʷ İ  ʪʘ 2 ʩʪʫʧʝʥʷ - 
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ʩʫʮʽʣʴʥʘ ʣʽʥʽʷ, ʽ ʟʘ ʄʅʂ ʧʦʣʽʥʦʤʦʤ ʩʪʫʧʝʥʷ 3/2 ʯʝʨʝʟ ʜʨʦʙʦʚʽ ʩʪʫʧʝʥʷ İ - 

ʧʫʥʢʪʠʨʥʘ ʣʽʥʽʷ. ɿ ʛʨʘʬʽʢʽʚ ʚʠʜʥʦ, ʱʦ ʧʦʤʠʣʢʘ ʦʮʽʥʶʚʘʥʥʷ ʧʨʠ ʦʮʽʥʶʚʘʥʥʽ ʄʅʂ 

ʧʦʣʽʥʦʤʦʤ (5) ʟʤʝʥʰʫʻʪʴʩʷ ʥʘ 10-15%. 

ɸʥʘʣʦʛʽʯʥʦ ʥʘ ʨʠʩ 2. ʧʦʢʘʟʘʥʠʡ ʨʝʟʫʣʴʪʘʪʠ ʘʧʨʦʢʩʠʤʘʮʽʾ ʧʦʣʽʥʦʤʘ ʪʨʝʪʴʦʛʦ 

ʩʪʫʧʝʥʷ ʟ ʰʫʤʦʤ ʨʦʟʧʦʜʽʣʝʥʠʤ ʟʘ ʥʦʨʤʘʣʴʥʠʤ ʟʘʢʦʥʦʤ ʟ ʜʠʩʧʝʨʩʽʻʶ ʧʦʤʠʣʢʠ, ʱʦ 

ʜʦʨʽʚʥʶʻ 5 , - ʰʪʨʠʭ ʧʫʥʢʪʠʨʥʘ ʣʽʥʽʷ, ʟʘ ʤʝʪʦʜʦʤ ʄʅʂ ʧʦʣʽʥʦʤʦʤ (4) - ʩʫʮʽʣʴʥʘ 

ʣʽʥʽʷ, ʽ ʜʨʦʙʦʚʠʤ ʧʦʣʽʥʦʤʦʤ Y =   +   +   - ʧʫʥʢʪʠʨʥʘ ʣʽʥʽʷ. ɹʘʯʠʤʦ, ʱʦ 

ʽ ʚ ʜʘʥʦʤʫ ʚʠʧʘʜʢʫ ʟʘʩʪʦʩʫʚʘʥʥʷ ʧʦʣʽʥʦʤʘ ʟ ʜʨʽʙʥʠʤ ʩʪʫʧʝʥʝʤ ʜʦʟʚʦʣʷʻ ʧʽʜʚʠʱʠʪʠ 

ʪʦʯʥʽʩʪʴ ʦʮʽʥʶʚʘʥʥʷ ʜʦ 20%. 

 

 

 

ʈʠʩ. 1.  ʈʠʩ. 2. 

 

ɿ ʨʝʟʫʣʴʪʘʪʽʚ ʤʦʜʝʣʶʚʘʥʥʷ ʩʣʽʜ, ʱʦ ʜʣʷ ɹʇʃɸ, ʷʢʝ ʧʦʩʪʽʡʥʦ ʤʘʥʝʚʨʫʻ, 

ʥʘʡʙʽʣʴʰ ʧʨʠʡʥʷʪʥʠʤ ʧʦʣʽʥʦʤʦʤ ʦʮʽʥʶʚʘʥʥʷ ʻ ʄʅʂ ʟ ʜʨʽʙʥʠʤʠ ʩʪʫʧʝʥʷʤʠ 1/2 ʽ, 

ʥʘ ʥʘʰ ʧʦʛʣʷʜ, ʥʝʦʙʭʽʜʥʝ ʧʦʜʘʣʴʰʝ ʜʦʩʣʽʜʞʝʥʥʷ ʧʦʣʽʥʦʤʽʚ ʟ ʜʨʽʙʥʠʤʠ ʩʪʫʧʝʥʷʤʠ 

ʚʠʱʝ ʩʪʫʧʝʥʷ 3/2. 
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SYNTHESIS OF DIGITA L REGULATORS OF PRECISION ELECTRIC DRIVES FOR 

THE SYSTEM OF ORIENTATION AND STABILIZATION OF TRACKING OBJECTS 

OF SENSORS OF DIRECTIONAL ACTION OF MOBILE ROBOTS  

 

The methodology recommends distinguishing two modes of operation of the electric 

drive: orientation (reorientation) of the sensor's sensitivity axis and its stabilization. The structure 

of the control law remains unchanged for both regimes. The regulation algorithm consists of 

digital proportional-integral-differential regulation algorithms, an algorithm for correcting the 

dynamic properties of the electric drive, and an algorithm for restoring (estimating) the state 

vector (Luenberger observer or Kalman filter). Information to the observer or filter comes from a 

digital ammeter. The use of the technique will allow: to improve the dynamic characteristics of 

the electric drive with a slight increase in energy consumption; increase reliability and reduce the 

load-size indicators of the electric drive. 

 

ʉʠʥʪʝʟ  ʮʠʬʨʦʚʠʭ ʨʝʛʫʣʷʪʦʨʽʚ, ʷʢʽ ʜʦʟʚʦʣʷʶʪʴ ʟʨʦʙʠʪʠ  ʧʨʝʮʠʟʽʡʥʠʤʠ 

ʝʣʝʢʪʨʦʧʨʠʚʦʜʠ ʜʣʷ ʩʠʩʪʝʤʠ ʦʨʽʻʥʪʘʮʽʾ ʽ ʩʪʘʙʽʣʽʟʘʮʽʾ ʩʪʝʞʝʥʥʷ ʟʘ ʦʙôʻʢʪʦʤ 

ʩʝʥʩʦʨʽʚ ʩʧʨʷʤʦʚʘʥʦʾ ʜʽʾ ʤʦʙʽʣʴʥʠʭ ʨʦʙʦʪʽʚ ʜʦʟʚʦʣʷʪʴ ʧʦʣʽʧʰʠʪʠ ʪʝʭʥʽʯʥʽ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʷʢ ʦʢʨʝʤʠʭ ʤʦʙʽʣʴʥʠʭ ʨʦʙʦʪʽʚ, ʪʘʢ ʽ ʾʭ ʛʨʫʧ. 

ʆʩʦʙʣʠʚʦʛʦ ʟʥʘʯʝʥʥʷ ʮʝʡ ʬʘʢʪ ʥʘʙʫʚʘʻ ʜʣʷ ʛʨʫʧʦʚʦʛʦ ʟʘʩʪʦʩʫʚʘʥʥʷ 

ʤʦʙʽʣʴʥʠʭ ʨʦʙʦʪʽʚ ʫ ʚʽʡʩʴʢʦʚʠʭ ʮʽʣʷʭ. ʄʝʪʦʜʠʢʘ ʩʠʥʪʝʟʫ  ʮʠʬʨʦʚʠʭ 

ʨʝʛʫʣʷʪʦʨʽʚ ʧʨʝʮʠʟʽʡʥʠʭ ʝʣʝʢʪʨʦʧʨʠʚʦʜʽʚ ʜʣʷ ʩʠʩʪʝʤʠ ʦʨʽʻʥʪʘʮʽʾ ʽ 

ʩʪʘʙʽʣʽʟʘʮʽʾ ʩʪʝʞʝʥʥʷ ʟʘ ʤʝʪʦʶ ʩʝʥʩʦʨʽʚ ʩʧʨʷʤʦʚʘʥʦʾ ʜʽʾ ʤʦʙʽʣʴʥʠʭ ʨʦʙʦʪʽʚ 

ʨʦʟʚʠʚʘʻ ʽʥʞʝʥʝʨʥʠʡ ʤʝʪʦʜʠʯʥʠʡ ʘʧʘʨʘʪ ʩʠʥʪʝʟʫ ʮʠʬʨʦʚʠʭ ʨʝʛʫʣʷʪʦʨʽʚ.  

ʉʫʪʴ ʧʦʣʷʛʘʻ ʚ ʪʦʤʫ, ʱʦʙ ʟʘʚʜʷʢʠ ʘʣʛʦʨʠʪʤʽʯʥʽʡ 

ʤʦʜʝʨʥʽʟʘʮʽʾ(ʫʜʦʩʢʦʥʘʣʝʥʥʶ ʘʣʛʦʨʠʪʤʫ ʫʧʨʘʚʣʽʥʥʷ) ʮʠʬʨʦʚʦʛʦ 

ʝʣʝʢʪʨʦʧʨʠʚʦʜʫ ʟʘʜʦʚʦʣʴʥʠʪʠ ʜʚʽ ʩʫʧʝʨʝʯʣʠʚʽ ʚʠʤʦʛʠ(ʢʨʠʪʝʨʽʾ) : ʰʚʠʜʢʘ 

ʧʝʨʝʦʨʽʻʥʪʘʮʽʷ ʩʝʥʩʦʨʘ ʩʧʨʷʤʦʚʘʥʦʾ ʜʽʾ ʽ ʪʦʯʥʽʩʪʴ ʡʦʛʦ ʩʪʘʙʽʣʽʟʘʮʽʾ ʚ ʟʘʜʘʥʦʤʫ 

ʧʦʣʦʞʝʥʥʽ. 

ʋ  ʤʝʪʦʜʠʮʽ, ʱʦ ʚʠʢʣʘʜʘʻʪʴʩʷ, ʥʘʫʢʦʚʝ ʟʘʚʜʘʥʥʷ ʜʝʢʦʤʧʦʟʫʻʪʴʩʷ ʥʘ ʜʚʽ 

ʧʽʜʟʘʜʘʯʽ: ʧʝʨʰʘ ʧʽʜʟʘʜʘʯʘ ʧʦʣʷʛʘʻ ʚ ʤʦʜʝʨʥʽʟʘʮʽʾ ʘʣʛʦʨʠʪʤʫ ʧʝʨʝʦʨʽʻʥʪʘʮʽʾ; 

ʜʨʫʛʘ ʧʽʜʟʘʜʘʯʘ ʧʦʣʷʛʘʻ ʚ ʤʦʜʝʨʥʽʟʘʮʽʾ ʘʣʛʦʨʠʪʤʫ ʩʪʘʙʽʣʽʟʘʮʽʾ. ʈʽʰʝʥʥʷ 

ʧʝʨʰʦʾ ʧʽʜʟʘʜʘʯʽ ʧʨʦʧʦʥʫʻʪʴʩʷ ʚʠʢʦʥʫʚʘʪʠ ʚ ʜʝʪʝʨʤʽʥʦʚʘʥʽʡ ʧʦʩʪʘʥʦʚʮʽ, ʘ 

ʨʽʰʝʥʥʷ ʜʨʫʛʦʾ ʧʽʜʟʘʜʘʯʽ - ʚ ʩʪʦʭʘʩʪʠʯʥʽʡ. ʇʨʠ ʮʴʦʤʫ ʤʽʥʷʶʪʴʩʷ ʪʽʣʴʢʠ 
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ʧʘʨʘʤʝʪʨʠ ʘʣʛʦʨʠʪʤʽʚ ʫʧʨʘʚʣʽʥʥʷ, ʘ ʾʭ ʩʪʨʫʢʪʫʨʘ ʟʘʣʠʰʘʻʪʴʩʷ ʥʝʟʤʽʥʥʦʶ ʚ 

ʨʝʟʫʣʴʪʘʪʽ ʨʽʰʝʥʥʷ ʦʙʦʭ ʧʽʜʟʘʜʘʯ. ʊʘʢʠʤ ʯʠʥʦʤ, ʤʝʪʦʜʠʢʘ ʜʦʟʚʦʣʷʻ 

ʩʠʥʪʝʟʫʚʘʪʠ ʘʜʘʧʪʠʚʥʠʡ ʜʦ ʢʦʥʢʨʝʪʥʦʛʦ ʨʝʞʠʤʫ ʨʦʙʦʪʠ ʘʣʛʦʨʠʪʤ ʮʠʬʨʦʚʦʛʦ 

ʘʚʪʦʤʘʪʠʯʥʦʛʦ ʫʧʨʘʚʣʽʥʥʷ  ʝʣʝʢʪʨʦʧʨʠʚʦʜʦʤ ʩʠʩʪʝʤʠ ʦʨʽʻʥʪʘʮʽʾ ʽ ʩʪʘʙʽʣʽʟʘʮʽʾ 

ʩʝʥʩʦʨʘ ʩʧʨʷʤʦʚʘʥʦʾ ʜʽʾ. 

ɿʘʚʜʘʥʥʷ ʩʪʘʙʽʣʽʟʘʮʽʾ ʚʽʩʽ ʯʫʪʣʠʚʦʩʪʽ ʩʝʥʩʦʨʘ ʚ ʨʝʞʠʤʽ ʩʪʝʞʝʥʥʷ 

ʨʦʟʛʣʷʜʘʻʪʴʩʷ ʚ ʩʪʦʭʘʩʪʠʯʥʽʡ ʧʦʩʪʘʥʦʚʮʽ. ʋ ʮʽʡ ʟʘʜʘʯʽ ʧʘʨʘʤʝʪʨʠ ʦʙʠʨʘʶʪʴʩʷ 

ʟʘ ʫʤʦʚʠ ʤʽʥʽʤʽʟʘʮʽʾ ʜʠʩʧʝʨʩʽʾ ʧʦʤʠʣʢʠ ʫʪʨʠʤʘʥʥʷ ʚʽʩʽ ʯʫʪʣʠʚʦʩʪʽ ʩʝʥʩʦʨʘ ʚ 

ʟʘʜʘʥʦʤʫ ʧʦʣʦʞʝʥʥʽ ʪʘ ʤʽʥʽʤʽʟʘʮʽʾ ʜʦʜʘʪʢʦʚʠʭ ʚʠʪʨʘʪ ʝʥʝʨʛʽʾ ʘʚʪʦʥʦʤʥʠʤ 

ʜʞʝʨʝʣʦʤ ʞʠʚʣʝʥʥʷʤ ʩʝʥʩʦʨʘ. 

ɿʚʝʨʪʘʻʤʦ ʫʚʘʛʫ ʥʘ ʤʝʪʦʜʠʯʥʽ ʧʨʠʡʦʤʠ ʥʘʣʘʰʪʫʚʘʥʥʷ ʎʉɸʂ, ʷʢʽ ʻ 

ʦʜʥʘʢʦʚʠʤʠ ʜʣʷ ʦʙʦʭ ʨʝʞʠʤʽʚ ʾʾ ʨʦʙʦʪʠ. ʗʢʱʦ ʚʽʜʦʤʽ ʧʘʨʘʤʝʪʨʠ 

ʤʘʪʝʤʘʪʠʯʥʠʭ ʤʦʜʝʣʝʡ ɼʇʉ ʪʘ ʟʙʫʨʝʥʥʷ, ʪʦ ʥʘʣʘʰʪʫʚʘʥʥʷ ʧʘʨʘʤʝʪʨʽʚ 

ʨʝʛʫʣʷʪʦʨʘ ʪʘ ʩʧʦʩʪʝʨʽʛʘʯʘ ʩʪʘʥʫ ʤʦʞʥʘ ʚʠʢʦʥʘʪʠ ʟʘʟʜʘʣʝʛʽʜʴ ʽʟ 

ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʮʠʭ ʤʦʜʝʣʝʡ, ʪʦʙʪʦ ʧʝʨʝʜ ʧʦʯʘʪʢʦʤ ʟʘʩʪʦʩʫʚʘʥʥʷ ʩʝʥʩʦʨʘ. 

ʗʢʱʦ ʪʘʢʠʭ ʚʽʜʦʤʦʩʪʝʡ ʥʝʤʘʻ, ʪʦ ʟʨʦʟʫʤʽʣʦ, ʧʦʪʨʽʙʥʦ ʚʠʢʦʥʫʚʘʪʠ ʦʧʝʨʘʪʠʚʥʫ 

ʽʜʝʥʪʠʬʽʢʘʮʽʶ ʧʘʨʘʤʝʪʨʽʚ ʤʘʪʝʤʘʪʠʯʥʠʭ ʤʦʜʝʣʝʡ ʪʘ ʦʧʝʨʘʪʠʚʥʝ 

ʥʘʣʘʰʪʫʚʘʥʥʷ ʎʉɸʂ ʧʽʜ ʢʦʥʢʨʝʪʥʫ ʩʠʪʫʘʮʽʶ, ʪʦʙʪʦ ʨʦʙʠʪʠ ʎʉɸʂ 

ʘʜʘʧʪʠʚʥʦʶ (ʢʚʘʟʽʘʜʘʧʪʠʚʥʦʶ).  

ʋ ʜʝʪʝʨʤʽʥʦʚʘʥʽʡ ʧʦʩʪʘʥʦʚʮʽ ʩʧʦʩʪʝʨʽʛʘʯ ʩʪʘʥʫ ʚʠʢʦʨʠʩʪʦʚʫʻ ʘʣʛʦʨʠʪʤ, 

ʷʢʠʡ ʥʦʩʠʪʴ ʥʘʟʚʫ ʩʧʦʩʪʝʨʽʛʘʯ ʃʶʝʥʙʝʨʛʝʨʘ, ʘ ʚ ʩʪʦʭʘʩʪʠʯʥʽʡ - ʬʽʣʴʪʨ 

ʂʘʣʴʤʘʥʘ. 

 ɿʘ ʨʝʟʫʣʴʪʘʪʦʤ ʚʠʢʦʥʘʥʥʷ ʤʝʪʦʜʠʢʠ ʦʪʨʠʤʫʻʤʦ ʩʪʨʫʢʪʫʨʫ 

ʤʘʪʝʤʘʪʠʯʥʦʾ ʤʦʜʝʣʽ ʎʉɸʂ ʫ ʚʠʛʣʷʜʽ, ʱʦ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩʫʥʢʫ 1. 

 

 
 

ʈʠʩ.1. ʉʪʨʫʢʪʫʨʘ ʢʦʤʧ'ʶʪʝʨʥʦʾ ʤʘʪʝʤʘʪʠʯʥʦʾ ʤʦʜʝʣʽ ʎʉɸʂ  

ʧʨʝʮʠʟʽʡʥʠʤ ʝʣʝʢʪʨʦʧʨʠʚʦʜʦʤ ʜʣʷ ʩʠʩʪʝʤʠ ʦʨʽʻʥʪʘʮʽʾ ʽ ʩʪʘʙʽʣʽʟʘʮʽʾ  

ʩʪʝʞʝʥʥʷ ʟʘ ʤʝʪʦʶ ʩʝʥʩʦʨʽʚ ʩʧʨʷʤʦʚʘʥʦʾ ʜʽʾ ʤʦʙʽʣʴʥʠʭ ʨʦʙʦʪʽʚ. 

 




















































































































































































































































