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ʅɸʎɯʆʅɸʃʔʅʀʁ ʊɽʍʅɯʏʅʀʁ ʋʅɯɺɽʈʉʀʊɽʊ ʋʂʈɸɰʅʀ  

"ʂʀɰɺʉʔʂʀʁ ʇʆʃɯʊɽʍʅɯʏʅʀʁ ɯʅʉʊʀʊʋʊ  

ɯʄɽʅɯ ɯɻʆʈʗ ʉɯʂʆʈʉʔʂʆɻʆ"  
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Xɯɯɯ ʄʽʞʥʘʨʦʜʥʘ ʥʘʫʢʦʚʦ-ʪʝʭʥʽʯʥʘ ʢʦʥʬʝʨʝʥʮʽʷ "ʇʝʨʩʧʝʢʪʠʚʠ ʪʝʣʝʢʦʤʫʥʽʢʘʮʽʡ" 

ʇʊ-2019: ɿʙʽʨʥʠʢ ʤʘʪʝʨʽʘʣʽʚ ʢʦʥʬʝʨʝʥʮʽʾ. ʂ.: ʂʇɯ ʽʤ. ɯʛʦʨʷ ʉʽʢʦʨʩʴʢʦʛʦ, 2019. ï      

ʩ.377. 

ISSN (print) 2663-502X 

 

Xɯɯɯ International Scientific Conference "Modern Challenges in Telecommunications" 

MCT-2019. Conference proceedings. Kyiv. Igor Sikorsky Kyiv Polytechnic Institute, 

2019 ï p. 377. 

ISSN (print) 2663-502X 

 

ʍɯ ʄʽʞʥʘʨʦʜʥʘ ʥʘʫʢʦʚʦ-ʪʝʭʥʽʯʥʘ ʢʦʥʬʝʨʝʥʮʽʷ ʩʪʫʜʝʥʪʽʚ ʪʘ ʘʩʧʽʨʘʥʪʽʚ 

çʇʝʨʩʧʝʢʪʠʚʠ ʨʦʟʚʠʪʢʫ ʽʥʬʦʨʤʘʮʽʡʥʦ-ʪʝʣʝʢʦʤʫʥʽʢʘʮʽʡʥʠʭ ʪʝʭʥʦʣʦʛʽʡ ʪʘ ʩʠʩʪʝʤè 

ʇʈɯʊʉ 2019: ɿʙʽʨʥʠʢ ʪʝʟ ʢʦʥʬʝʨʝʥʮʽʾ. ʂ.: ʂʇɯ ʽʤ. ɯʛʦʨʷ ʉʽʢʦʨʩʴʢʦʛʦ, 2019. 

 

 

ɿʙʽʨʥʠʢ ʤʽʩʪʠʪʴ ʤʘʪʝʨʽʘʣʠ ʧʣʝʥʘʨʥʠʭ ʽ ʩʝʢʮʽʡʥʠʭ ʜʦʧʦʚʽʜʝʡ, ʧʨʝʜʩʪʘʚʣʝʥʠʭ ʥʘ 

ɼʚʘʥʘʜʮʷʪʽʡ ʤʽʞʥʘʨʦʜʥʽʡ ʥʘʫʢʦʚʦ-ʪʝʭʥʽʯʥʽʡ ʢʦʥʬʝʨʝʥʮʽʾ "ʇʝʨʩʧʝʢʪʠʚʠ 

ʪʝʣʝʢʦʤʫʥʽʢʘʮʽʡ" (ʇʊ 2019) ʪʘ ʆʜʠʥʘʜʮʷʪʦʾ ʤʽʞʥʘʨʦʜʥʽʡ ʥʘʫʢʦʚʦ-ʪʝʭʥʽʯʥʽʡ 

ʢʦʥʬʝʨʝʥʮʽʾ ʩʪʫʜʝʥʪʽʚ ʪʘ ʘʩʧʽʨʘʥʪʽʚ çʇʝʨʩʧʝʢʪʠʚʠ ʨʦʟʚʠʪʢʫ ʽʥʬʦʨʤʘʮʽʡʥʦ-

ʪʝʣʝʢʦʤʫʥʽʢʘʮʽʡʥʠʭ ʪʝʭʥʦʣʦʛʽʡ ʪʘ ʩʠʩʪʝʤè (ʇʈɯʊʉ 2019), ʷʢʽ ʧʨʦʚʦʜʷʪʴʩʷ 15ï19 

ʢʚʽʪʥʷ 2019 ʨ. ʚ ʤ. ʂʠʻʚʽ  

ɽʣʝʢʪʨʦʥʘ ʚʝʨʩʽʷ ɿʙʽʨʥʠʢʘ ʤʘʪʝʨʽʘʣʽʚ ʄʽʞʥʘʨʦʜʥʦʾ ʥʘʫʢʦʚʦ-ʪʝʭʥʽʯʥʦʾ 

ʢʦʥʬʝʨʝʥʮʽʾ "ʇʝʨʩʧʝʢʪʠʚʠ ʪʝʣʝʢʦʤʫʥʽʢʘʮʽʡ" (ʢʦʞʥʘ ʩʪʘʪʪʷ ʤʘʻ ʩʚʦʶ URL-ʘʜʨʝʩʫ) 

ʥʘ http://journals.uran.ua/ ʟʘ ʧʦʩʠʣʘʥʥʷʤ:  

http://conferenc.its.kpi.ua/proc/issue/archive. 

 

 

ʈʦʙʦʯʠʤʠ ʤʦʚʘʤʠ ʢʦʥʬʝʨʝʥʮʽʡ ʻ ʫʢʨʘʾʥʩʴʢʘ, ʨʦʩʽʡʩʴʢʘ ʪʘ ʘʥʛʣʽʡʩʴʢʘ. 

 

 

ʋ ʟʙʽʨʥʠʢ ʚʢʣʶʯʝʥʽ ʤʘʪʝʨʽʘʣʠ ʢʦʥʬʝʨʝʥʮʽʾ ʟʘ ʪʘʢʠʤʠ ʩʝʢʮʽʷʤʠ: 

1. ɼʦʩʪʦʚʽʨʥʝ ʧʝʨʝʜʘʚʘʥʥʷ ʩʠʛʥʘʣʽʚ ʪʘ ʽʥʬʦʨʤʘʮʽʾ ʚ ʪʝʣʝʢʦʤʫʥʽʢʘʮʽʡʥʠʭ ʩʠʩʪʝʤʘʭ. 

2. ɿʘʩʦʙʠ ʪʝʣʝʢʦʤʫʥʽʢʘʮʽʡ ʪʘ ʢʘʙʝʣʴʥʽ ʩʠʩʪʝʤʠ ʽ ʪʝʭʥʦʣʦʛʽʾ. 

3. ʊʝʭʥʦʣʦʛʽʾ ʪʨʘʥʩʧʦʨʪʥʠʭ ʪʝʣʝʢʦʤʫʥʽʢʘʮʽʡʥʠʭ ʩʠʩʪʝʤ ʪʘ ʤʝʨʝʞʥʽ ʪʝʭʥʦʣʦʛʽʾ. 

4. ɹʝʟʧʨʦʚʦʜʦʚʽ ʪʝʣʝʢʦʤʫʥʽʢʘʮʽʡʥʽ ʩʠʩʪʝʤʠ ʪʘ ʪʝʭʥʦʣʦʛʽʾ, ʩʠʩʪʝʤʠ 5G, ɯʥʪʝʨʥʝʪ 

ʨʝʯʝʡ. 

5. ɯʥʬʦʨʤʘʮʽʡʥʽ ʪʝʭʥʦʣʦʛʽʾ ʚ ʪʝʣʝʢʦʤʫʥʽʢʘʮʽʷʭ. 

6. ʉʝʥʩʦʨʥʽ ʤʝʨʝʞʽ ʪʘ ʧʨʠʢʣʘʜʥʽ ʘʩʧʝʢʪʠ ʟʘʩʪʦʩʫʚʘʥʥʷ ʪʝʣʝʢʦʤʫʥʽʢʘʮʽʡʥʠʭ 

ʪʝʭʥʦʣʦʛʽʡ. 

7. ʉʠʩʪʝʤʥʘ ʡ ʧʨʦʛʨʘʤʥʘ ʽʥʞʝʥʝʨʽʷ ʽʥʬʦʢʦʤʫʥʽʢʘʮʽʡ. 

8. ʉʝʤʽʥʘʨ: Modern information and telecommunication trends (ʩʧʽʣʢʫʚʘʥʥʷ ʚʠʢʣʶʯʥʦ 

ʥʘ ʘʥʛʣʽʡʩʴʢʽʡ ʤʦʚʽ). 

 

 

ʉʝʢʨʝʪʘʨ ʦʨʛʢʦʤʽʪʝʪʫ ʢʦʥʬʝʨʝʥʮʽʾ ɯʚʘʥʦʚʘ ʊ.ʃ.  

ʨ. ʪʝʣ/ʬʘʢʩ. (044)204-98-21. E-mail: conf@its.kpi.ua 
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ʉʧʽʚʛʦʣʦʚʠ ʢʦʥʬʝʨʝʥʮʽʾ "ʇʝʨʩʧʝʢʪʠʚʠ ʪʝʣʝʢʦʤʫʥʽʢʘʮʽʡ": 

 

ɯʃʔʏɽʅʂʆ ʄ.ʖ. ï ʥʘʫʢʦʚʠʡ ʢʝʨʽʚʥʠʢ ɯʥʩʪʠʪʫʪʫ ʪʝʣʝʢʦʤʫʥʽʢʘʮʽʡʥʠʭ 

ʩʠʩʪʝʤ, ʧʨʦʨʝʢʪʦʨ ʟ ʥʘʫʢʦʚʦʾ ʨʦʙʦʪʠ ʅʘʮʽʦʥʘʣʴʥʦʛʦ ʪʝʭʥʽʯʥʦʛʦ 

ʫʥʽʚʝʨʩʠʪʝʪʫ ʋʢʨʘʾʥʠ çʂʠʾʚʩʴʢʠʡ ʧʦʣʽʪʝʭʥʽʯʥʠʡ ʽʥʩʪʠʪʫʪ ʽʤʝʥʽ ɯʛʦʨʷ 

ʉʽʢʦʨʩʴʢʦʛʦè, ʘʢʘʜʝʤʽʢ ʅɸʅʋ, ʜ.ʪ.ʥ., ʧʨʦʬʝʩʦʨ; 

ɹɸʈɸʅʆɺ ʆ.ɸ. ï ʢʝʨʽʚʥʠʢ ʎʝʥʪʨʫ ʪʝʦʨʝʪʠʢʦ-ʧʨʘʚʦʚʠʭ ʧʨʦʙʣʝʤ 

ʽʥʬʦʨʤʘʮʽʡʥʦʾ ʩʬʝʨʠ ʅʘʫʢʦʚʦ-ʜʦʩʣʽʜʥʦʛʦ ʽʥʩʪʠʪʫʪʫ ʽʥʬʦʨʤʘʪʠʢʠ ʽ ʧʨʘʚʘ 

ʅʘʮʽʦʥʘʣʴʥʦʾ ʘʢʘʜʝʤʽʾ ʧʨʘʚʦʚʠʭ ʥʘʫʢ ʋʢʨʘʾʥʠ, ʜ.ʶ.ʥ., ʧʨʦʬʝʩʦʨ. 

 

ʆʨʛʘʥʽʟʘʪʦʨʠ ʢʦʥʬʝʨʝʥʮʽʾ: 

 

ʅʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʋʢʨʘʾʥʠ çʂʠʾʚʩʴʢʠʡ ʧʦʣʽʪʝʭʥʽʯʥʠʡ 

ʽʥʩʪʠʪʫʪ ʽʤʝʥʽ ɯʛʦʨʷ ʉʽʢʦʨʩʴʢʦʛʦè, ɯʊʉ, ʅɼɯʊ; 

ʄʽʞʥʘʨʦʜʥʠʡ ʥʘʫʢʦʚʦ-ʪʝʭʥʽʯʥʠʡ ʞʫʨʥʘʣ çTELECOMMUNICATION 

SCIENCESè ISSN: 2312-4121. 
 

 

 

ʉʧʦʥʩʦʨʠ ʢʦʥʬʝʨʝʥʮʽʾ: 

ʆʨʛʘʥʽʟʘʮʽʾ ʪʘ ʧʽʜʧʨʠʻʤʩʪʚʘ, ʷʢʽ ʙʝʨʫʪʴ ʫʯʘʩʪʴ ʚ ʥʘʫʢʦʚʦ-ʽʥʥʦʚʘʮʽʡʥʽʡ 

ʜʽʷʣʴʥʦʩʪʽ ʪʘ ʚ  ʧʨʘʮʝʚʣʘʰʪʫʚʘʥʥʽ ʚʠʧʫʩʢʥʠʢʽʚ ɯʊʉ, ʘ ʪʘʢʦʞ ʚʩʽ ʙʘʞʘʶʯʽ. 

 

ʂʦʦʨʜʠʥʘʪʦʨ ʇʨʦʛʨʘʤʥʦʛʦ ʢʦʤʽʪʝʪʫ:  

ʂʈɸɺʏʋʂ ʉ.ʆ.  - ʜ.ʪ.ʥ., ʧʨʦʬ.,  ʂʇɯ ʽʤ. ɯʛʦʨʷ ʉʽʢʦʨʩʴʢʦʛʦ, ʂʠʾʚ. 

 

ʏʣʝʥʠ ʇʨʦʛʨʘʤʥʦʛʦ ʢʦʤʽʪʝʪʫ "ʇʝʨʩʧʝʢʪʠʚʠ ʪʝʣʝʢʦʤʫʥʽʢʘʮʽʡ": 

 

ɹʆɻʋʐ ɺ. ʄ. - ʢ.ʪ.ʥ., ʜʦʮ., ʅɸʋ,  ʂʠʾʚ; 

ɻʃʆɹɸ ʃ.ʉ. - ʜ.ʪ.ʥ., ʧʨʦʬ.,  ʂʇɯ ʽʤ. ɯʛʦʨʷ ʉʽʢʦʨʩʴʢʦʛʦ, ʂʠʾʚ; 

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

ɼʆʈʆɻɸʅ ɺʘʣʝʨʴʷʥ - Prof. Dr. Technical University of Moldova, ʂʠʰʠʥʽʚ, ʄʦʣʜʦʚʘ; 

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

ɿɸɺʀʉʃʗʂ ɯ.ɺ. - ʜ.ʬ.ʤ.ʥ., ʧʨʦʬ., ʂʅʋ ʽʤ. ʊ. ʐʝʚʯʝʥʢʦ, ʂʠʾʚ; 

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

ʂɸʊʆʂ ɺ.ɹ. - ʢ.ʪ.ʥ., ʧʨʦʬ., ʇɸʊ çʋʢʨʪʝʣʝʢʦʤè, ʂʠʾʚ; 

ʂʀʉɽʃʔʆɺ ʉʪʽʚ - PhD St. of Friedrich-Alexander-University, ʅʶʨʥʙʝʨʛ, ʅʽʤʝʯʯʠʥʘ; 

ʂʆɿɽʃʂʆɺ ʉ.ɺ. - ʜ.ʪ.ʥ., ʧʨʦʬ. ɼʋʊ, ʂʠʾʚ; 

ʂʆʊ ʊ.ʄ. - Dr.-Eng., Solutions Architect, NVision Czech Republic, ʇʨʘʛʘ, ʏʝʭʽʷ; 
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ʃɽʄɽʐʂʆ ʆ.ɺ. - ʜ.ʪ.ʥ., ʧʨʦʬ., ʍʅʋʈɽ, ʍʘʨʢʽʚ; 

ʃʀʉɽʅʂʆ ʆ.ɯ. - ʜ.ʪ.ʥ., ʧʨʦʬ.,  ʂʇɯ ʽʤ. ɯʛʦʨʷ ʉʽʢʦʨʩʴʢʦʛʦ, ʂʠʾʚ; 

ʃʋʅʊʆɺʉʔʂʀʁ ɸ.ʆ. - Prof. at BA Dresden University, ɼʨʝʟʜʝʥ, ʅʽʤʝʯʯʠʥʘ; 

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

ʄʆʐʀʅʉʔʂɸ ɸ.ɺ. - ʢ.ʪ.ʥ., ʜʦʮ., ʂʇɯ ʽʤ. ɯʛʦʨʷ ʉʽʢʦʨʩʴʢʦʛʦ, ʂʠʾʚ; 

ʅɸɿɸʈɽʅʂʆ ʆ.ɯ. ï ʬʘʢʫʣʴʪʝʪ ʣʽʥʛʚʽʩʪʠʢʠ ʂʇɯ ʽʤ. ɯʛʦʨʷ ʉʽʢʦʨʩʴʢʦʛʦ, ʤ. ʂʠʾʚ; 

ʅɸʈʀʊʅʀʂ ʊ.ʄ. - ʢ.ʪ.ʥ., ʧʨʦʬ.,  ʂʇɯ ʽʤ. ɯʛʦʨʷ ʉʽʢʦʨʩʴʢʦʛʦ, ʂʠʾʚ; 

ʇʆʇʆɺ ɺ.ɯ. - ʜ.ʤ.-ʬ.ʥ., ʧʨʦʬ., ʈʊʋ, ʤ. ʈʠʛʘ, ʃʘʪʚʽʷ; 

ʇʈɸɺʀʃʆ ɺ.ɺ. ï ʢ.ʪ.ʥ., ʜʦʮ., ʂʇɯ ʽʤ. ɯʛʦʨʷ ʉʽʢʦʨʩʴʢʦʛʦ, ʂʠʾʚ; 

ʈʆʄɸʅʆɺ ʆ.ɯ. - ʜ.ʪ.ʥ., ʧʨʦʬ.,  ʂʇɯ ʽʤ. ɯʛʦʨʷ ʉʽʢʦʨʩʴʢʦʛʦ, ʂʠʾʚ; 

ʈʆʄɸʅʖʂ ɺ.ɸ. - ʜ.ʪ.ʥ., ʧʨʦʬ. ɺɯʊɯ, ʂʠʾʚ;  
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The applied aspects of information transmission in the IoT technologies 
 

The implementation state and IoT necessity analysis in Ukraine is shown in this paper. The 

key levels and IoT tasks are indicated. The architecture and practical implementation of the IoT 

solution based on the ESP8266 board is proposed for wide range applications usage. Integrated 

wireless IoT network with the transport and distribution components is developed based on use 

of the IEEE 802.11 wireless standards for serving mobile terminals or IoT sensors.  

 

ɯʥʪʝʨʥʝʪ ʨʝʯʝʡ (ʘʥʛʣ. IoT ï Internet of Things, [1]) ï ʚʽʜʦʤʠʡ ʽ 

ʧʨʦʛʨʝʩʠʚʥʠʡ ʥʘʧʨʷʤ ʨʦʟʚʠʪʢʫ ʩʫʯʘʩʥʠʭ ʽʥʬʦʨʤʘʮʽʡʥʦ-ʢʦʤʫʥʽʢʘʮʽʡʥʠʭ 

ʪʝʭʥʦʣʦʛʽʡ. IoT ï ʮʝ ʤʝʨʝʞʘ ʬʽʟʠʯʥʠʭ ʧʨʠʩʪʨʦʾʚ, ʪʨʘʥʩʧʦʨʪʥʠʭ ʟʘʩʦʙʽʚ, 

ʧʦʙʫʪʦʚʦʾ ʪʝʭʥʽʢʠ ʪʘ ʽʥʰʠʭ ʧʨʝʜʤʝʪʽʚ, ʦʩʥʘʱʝʥʠʭ ʝʣʝʢʪʨʦʥʽʢʦʶ, ʧʨʦʛʨʘʤʥʠʤ 

ʟʘʙʝʟʧʝʯʝʥʥʷʤ, ʜʘʪʯʠʢʘʤʠ, ʪʝʭʥʦʣʦʛʽʷʤʠ ʟʚ'ʷʟʢʫ, ʷʢʽ ʜʦʟʚʦʣʷʶʪʴ ʮʠʤ ʨʝʯʘʤ 

ʧʽʜʢʣʶʯʘʪʠʩʷ ʜʦ ʤʝʨʝʞʽ ʧʝʨʝʜʘʯʽ ʜʘʥʠʭ ʽ ʦʙʤʽʥʶʚʘʪʠʩʷ ʜʘʥʠʤʠ, ʩʪʚʦʨʶʶʯʠ 

ʤʦʞʣʠʚʦʩʪʽ ʜʣʷ ʙʽʣʴʰ ʧʨʷʤʦʾ ʽʥʪʝʛʨʘʮʽʾ ʬʽʟʠʯʥʦʛʦ ʩʚʽʪʫ ʚ ʢʦʤʧ'ʶʪʝʨʥʽ 

ʩʠʩʪʝʤʠ, ʱʦ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʧʽʜʚʠʱʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ, ʝʢʦʥʦʤʽʯʥʠʤ ʚʠʛʦʜʘʤ ʽ 

ʩʢʦʨʦʯʝʥʥʷ ʣʶʜʩʴʢʠʭ ʥʘʚʘʥʪʘʞʝʥʴ. 

ʉʪʘʥ ʚʧʨʦʚʘʜʞʝʥʥʷ ʪʘ ʘʥʘʣʽʟ ʥʝʦʙʭʽʜʥʦʩʪʽ ʚʧʨʦʚʘʜʞʝʥʥʷ IoT ʚ 

ʋʢʨʘʾʥʽ. ɿʛʽʜʥʦ [2], ʥʘ ʟʘʢʦʥʦʜʘʚʯʦʤʫ ʨʽʚʥʽ ʚ ʋʢʨʘʾʥʽ ʥʝʦʙʭʽʜʥʽ ʤʝʨʝʞʽ 

ʟʚôʷʟʢʫ ʜʣʷ ʨʝʘʛʫʚʘʥʥʷ ʚ ʫʤʦʚʘʭ ʥʘʜʟʚʠʯʘʡʥʠʭ ʩʠʪʫʘʮʽʡ. ʊʘʢʽ ʤʝʨʝʞʽ ʤʦʞʫʪʴ 

ʦʙʩʣʫʛʦʚʫʚʘʪʠ ʪʘʢʠʭ ʙʝʟʧʨʦʚʦʜʦʠʭ ʘʙʦʥʝʥʪʽʚ ʤʝʨʝʞʽ ʷʢ ʢʦʨʠʩʪʫʚʘʯ ʟ 

ʪʝʨʤʽʥʘʣʦʤ ʟʚôʷʟʢʫ, ʪʘʢ ʽ IoT ʧʨʠʩʪʨʽʡ. ʇʦʪʨʝʙʘ IoT ʜʣʷ ʋʢʨʘʾʥʠ ʩʭʝʤʘʪʠʯʥʦ 

ʚʽʜʦʙʨʘʞʝʥʘ ʥʘ ʨʠʩ. 1. ʗʢ ʤʦʞʥʘ ʙʘʯʠʪʠ, ʩʬʝʨʠ ʟʘʩʪʦʩʫʚʘʥʥʷ IoT ʚ ʋʢʨʘʾʥʽ 

ʥʘʡʨʽʟʥʦʤʘʥʽʪʥʽʰʽ, ʪʘʢʽ ʷʢ ʪʨʘʥʩʧʦʨʪ, ʦʭʦʨʦʥʘ ʟʜʦʨʦʚ'ʷ, ʤʝʜʠʮʠʥʘ, 

ʚʠʨʦʙʥʠʮʪʚʦ, ʘʛʨʦʧʨʦʤʠʩʣʦʚʽʩʪʴ, ʨʦʟʫʤʥʽ ʙʫʜʠʥʢʠ ʽ ʤʽʩʪʘ, ʧʨʠʨʦʜʘ, ʩʽʣʴʩʴʢʝ 

ʛʦʩʧʦʜʘʨʩʪʚʦ ʽ ʙʘʛʘʪʦ ʽʥʰʠʭ. ʇʨʠ ʮʴʦʤʫ ʢʣʽʻʥʪʘʤʠ ʤʦʞʫʪʴ ʙʫʪʠ ʽ ʻ ʷʢ 

ʬʽʟʠʯʥʽ, ʪʘʢ ʽ ʶʨʠʜʠʯʥʽ ʦʩʦʙʠ ʚʽʜʧʦʚʽʜʥʦ, ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʩʬʝʨʠ ʨʝʘʣʽʟʘʮʽʾ 

IoT. ʉʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʪʘʢʦʞ ʪʝʥʜʝʥʮʽʷ ʘʢʪʠʚʥʦʛʦ ʟʨʦʩʪʘʥʥʷ ʢʽʣʴʢʦʩʪʽ IoT 

ʧʨʠʩʪʨʦʾʚ. ɼʘʥʘ ʨʦʙʦʪʘ ʻ ʘʢʪʫʘʣʴʥʦʶ, ʦʩʢʽʣʴʢʠ ʚʢʣʶʯʘʻ ʘʥʘʣʽʟ ʪʝʦʨʝʪʠʯʥʦ-

ʧʨʘʢʪʠʯʥʦʛʦ ʭʘʨʘʢʪʝʨʫ ʟʘʩʪʦʩʫʥʢʽʚ ʽ ʨʽʰʝʥʴ IoT. 

ɺʘʞʣʠʚʦ ʚʽʜʟʥʘʯʠʪʠ, ʱʦ ʥʘ ʩʴʦʛʦʜʥʽ ʚ ʋʢʨʘʾʥʽ, ʷʢ ʽ ʚ ʩʚʽʪʽ, ʥʝʤʘʻ 

ʞʦʜʥʦʛʦ ʢʦʤʧʣʝʢʩʥʦʛʦ ʧʨʦʚʘʡʜʝʨʘ ʧʦʩʣʫʛ IoT ʜʣʷ ʙʫʜʴ-ʷʢʦʛʦ ʩʧʦʞʠʚʘʯʘ, 

ʷʢʦʛʦ IoT ʧʨʦʚʘʡʜʝʨ ʟʤʽʛ ʙʠ ʟʘʜʦʚʦʣʴʥʠʪʠ ʧʦ ʚʩʽʤ ʟʘʧʠʪʘʤ ʽ ʥʘʜʘʪʠ 

ʢʦʤʧʣʝʢʩʥʝ ʨʽʰʝʥʥʷ ʧʦʩʣʫʛ ʥʘ ʪʝʨʠʪʦʨʽʾ ʋʢʨʘʾʥʠ (ʽ ʥʘʚʽʪʴ ʥʽ ʚ ʦʜʥʦʤʫ ʤʽʩʪʽ), 

ʥʝ ʢʘʞʫʯʠ ʚʞʝ ʧʨʦ ʛʘʨʘʥʪʦʚʘʥʠʡ ʩʫʧʨʦʚʽʜ ʪʘ ʥʘʜʘʥʥʷ ʩʝʨʚʽʩʽʚ ʧʨʦʚʘʡʜʝʨʦʤ 

IoT ʧʦʩʣʫʛ ʘʙʦ ʰʣʷʭʦʤ ʟʘʣʫʯʝʥʥʷ ʪʨʝʪʽʭ ʩʪʦʨʽʥ ʧʨʠ ʥʝʦʙʭʽʜʥʦʩʪʽ. ɼʘʥʽ ʬʘʢʪʠ 
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ʧʦʢʘʟʫʶʪʴ ʪʝ, ʱʦ ʨʦʟʚʠʪʦʢ IoT ʚ ʋʢʨʘʾʥʽ ʟʥʘʭʦʜʠʪʴʩʷ ʥʘ ʜʫʞʝ ʧʦʯʘʪʢʦʚʦʤʫ 

ʝʪʘʧʽ [3, 4] ʽ ʙʘʛʘʪʦ ʱʝ ʥʝ ʟʨʦʙʣʝʥʦ ʚ ʥʘʧʨʷʤʢʫ ʷʢʽʩʥʦʛʦ ʚʧʨʦʚʘʜʞʝʥʥʷ 

ʰʠʨʦʢʦʛʦ ʩʧʝʢʪʨʫ ʧʦʩʣʫʛ IoT ʚ ʋʢʨʘʾʥʽ. ʉʘʤʝ ʪʦʤʫ ʥʘʧʨʷʤ IoT ʚʘʞʣʠʚʠʡ ʽ 

ʢʦʨʠʩʥʠʡ ʜʣʷ ʋʢʨʘʾʥʠ.  

ʋ ʟʚôʷʟʢʫ ʟ ʮʠʤ, ʚ ʜʘʥʽʡ ʨʦʙʦʪʽ ʚʠʢʦʥʘʥʦ ʧʨʘʢʪʠʯʥʫ ʯʘʩʪʠʥʫ ʟ ʨʦʟʨʦʙʢʠ 

ʫʥʽʚʝʨʩʘʣʴʥʦʛʦ ʨʽʰʝʥʥʷ ʜʣʷ IoT, ʷʢʝ ʤʦʞʥʘ ʚʧʨʦʚʘʜʞʫʚʘʪʠ ʽ ʦʧʪʠʤʽʟʦʚʫʚʘʪʠ 

ʜʣʷ ʨʽʟʥʠʭ ʩʝʨʚʽʩʽʚ ʽ ʧʦʪʨʝʙ.  
 

 
 

ʈʠʩ. 1. ʉʭʝʤʘʪʠʯʥʝ ʧʨʝʜʩʪʘʚʣʝʥʥʷ ʧʦʪʨʝʙ ʚʧʨʦʚʘʜʞʝʥʥʷ ʧʦʩʣʫʛ IoT  

ʥʘ ʪʝʨʠʪʦʨʽʾ ʋʢʨʘʾʥʠ 
 

ʇʨʘʢʪʠʯʥʘ ʽʤʧʣʝʤʝʥʪʘʮʽʷ ɯʦʊ-ʨʽʰʝʥʥʷ ʰʠʨʦʢʦʛʦ ʟʘʩʪʦʩʫʚʘʥʥʷ ʥʘ 

ʙʘʟʽ ʧʣʘʪʠ ESP8266 ʪʘ ʪʦʯʢʠ ʜʦʩʪʫʧʫ Mikrotik RB951G ʩʪʘʥʜʘʨʪʫ IEEE 

802.11n -[5-7]. ʈʦʟʛʣʷʥʫʚʰʠ ʢʦʤʧʦʥʝʥʪʠ ʧʨʦʧʦʥʦʚʘʥʠʭ ʘʨʭʽʪʝʢʪʫʨ IoT, 

ʤʦʞʥʘ ʚʠʜʽʣʠʪʠ ʢʣʶʯʦʚʽ ʝʪʘʧʠ ʽ ʢʦʤʧʦʥʝʥʪʠ ʙʫʜʴ-ʷʢʦʛʦ IoT ʨʽʰʝʥʥʷ (ʪʘʙʣ. 

1). 
ʊʘʙʣʠʮʷ 1. ʂʣʶʯʦʚʽ ʨʽʚʥʽ ʽ ʟʘʚʜʘʥʥʷ IoT 

ˉ ʊʝʣʝʢʦʤʫʥʽʢʘʮʽʡʥʠʡ 

ʨʽʚʝʥʴ 
ɿʘʚʜʘʥʥʷ, ʷʢʽ ʚʠʨʽʰʫʶʪʴʩʷ ʥʘ ʨʽʚʥʽ 

1 ɿʙʽʨ ʽʥʬʦʨʤʘʮʽʾ ʚʽʜ 

ʦʙ'ʻʢʪʽʚ IoT 

- ʇʝʨʝʪʚʦʨʝʥʥʷ ʚʽʜʛʫʢʫ ʜʘʪʯʠʢʘ ʚ ʩʠʛʥʘʣ 

- ʇʝʨʝʜʘʯʘ ʩʠʛʥʘʣʫ ʜʦ ʥʘʡʙʣʠʞʯʦʛʦ ʚʫʟʣʘ ʪʨʘʥʩʧʦʨʪʫʚʘʥʥʷ 

(IoT hub, router, ʽ ʽʥ.) 

2 ʊʨʘʥʩʧʦʨʪʫʚʘʥʥʷ 

ʽʥʬʦʨʤʘʮʽʾ ʜʦ ʧʫʥʢʪʽʚ 

ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʥʷ 

- ʇʝʨʝʜʘʯʘ ʽʥʬʦʨʤʘʮʽʾ ʚʽʜ ʚʫʟʣʘ ʟʙʦʨʫ ʽʥʬʦʨʤʘʮʽʾ (ʥʘʧʨʠʢʣʘʜ, 

IoT ʭʘʙʘ) ʜʦ ʇʫʢʪʦ ʮʝʥʪʨʘʣʽʟʦʚʘʥʦʛʦ ʟʙʦʨʫ ʽʥʬʦʨʤʘʮʽʾ, ʾʾ 

ʘʥʘʣʽʟʫ, ʩʪʘʪʠʩʪʠʯʥʦʾ ʦʙʨʦʙʢʠ ʪʘ ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʥʷ 

3 ʊʨʘʥʩʧʦʨʪʫʚʘʥʥʷ 

ʽʥʬʦʨʤʘʮʽʾ ʧʽʩʣʷ 

ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʥʷ 

- ʇʝʨʝʜʘʯʘ ʽʥʬʦʨʤʘʮʽʾ ʟʘʮʽʢʘʚʣʝʥʠʤ ʘʙʦ ʽʥʰʠʤ ʨʝʣʝʚʘʥʪʥʠʤ 

ʦʩʦʙʘʤ ʘʙʦ ʩʣʫʞʙʘʤ ʟ ʤʝʪʦʶ ʽʥʬʦʨʤʫʚʘʥʥʷ ʘʙʦ ʢʝʨʽʚʥʠʮʪʚʘ 

ʜʦ ʜʽʾ - ʨʝʘʢʮʽʾ ʥʘ ʚʽʜʛʫʢ IoT ʧʨʠʩʪʨʦʾ 
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ʋ ʨʘʟʽ ʨʝʘʣʽʟʘʮʽʾ ʩʠʩʪʝʤʠ IoT, ʟʘʟʥʘʯʝʥʽ ʪʨʠ ʨʽʚʥʷ ʧʦʢʨʠʚʘʶʪʴ ʚʝʩʴ 

ʩʧʝʢʪʨ ʟʘʚʜʘʥʴ, ʚʽʜ ʦʪʨʠʤʘʥʥʷ ʚʽʜʛʫʢʫ ʥʘ ʧʦʜʽʶ ʜʦ ʨʝʘʢʮʽʾ ʥʘ ʥʴʦʛʦ 

ʟʘʣʫʯʝʥʠʤʠ ʩʪʦʨʦʥʘʤʠ.  

ɺ ʨʘʤʢʘʭ ʧʨʘʢʪʠʯʥʦʛʦ ʝʢʩʧʝʨʠʤʝʥʪʫ, ʧʦʩʪʘʣʝʥʘ ʽ ʚʠʨʽʰʝʥʘ ʟʘʜʘʯʘ 

ʽʤʧʣʝʤʝʥʪʘʮʽʾ ʨʽʰʝʥʥʷ IoT ʩʪʦʩʦʚʥʦ ʟʘʙʝʟʧʝʯʝʥʥʷ ʨʦʙʦʪʠ ʩʬʝʨ ʜʽʷʣʴʥʦʩʪʽ 

ʣʶʜʠʥʠ ʥʘ ʦʩʥʦʚʽ ʩʧʦʣʫʯʝʥʥʷ ʨʽʟʥʦʤʘʥʽʪʥʠʭ ʩʝʥʩʦʨʽʚZ ʽ ʥʦʚʽʪʥʽʭ 

ʪʝʣʝʢʦʤʫʥʽʢʘʮʽʡʥʠʭ ʨʽʰʝʥʴ. ʅʘ ʨʠʩ. 2 ʧʨʝʜʩʪʘʚʣʝʥʘ ʫʟʘʛʘʣʴʥʝʥʘ ʩʭʝʤʘ IoT 

ʨʽʰʝʥʥʷ, ʘ ʾʾ ʨʝʘʣʽʟʦʚʘʥʘ ʯʘʩʪʠʥʘ ʚʠʜʽʣʝʥʘ ʩʫʮʽʣʴʥʦʶ ʞʠʨʥʦʶ ʣʽʥʽʻʶ. 
 

 
 

ʈʠʩ. 2. ɸʨʭʽʪʝʢʪʫʨʘ ʟʘʧʨʦʧʦʥʦʚʘʥʦʛʦ ʽ ʨʝʘʣʽʟʦʚʘʥʦʛʦ IoT ʨʽʰʝʥʥʷ. 
 

ʉʬʝʨʠ ʟʘʩʪʦʩʫʚʘʥʥʷ IoT, ʚ ʷʢʠʭ ʤʦʞʝ ʟʘʩʪʦʩʦʚʫʚʘʪʠʩʷ ʟʘʧʨʦʧʦʥʦʚʘʥʝ 

ʨʽʰʝʥʥʷ: 

1) ʜʦʤʘʰʥʷ (ʦʭʦʨʦʥʘ, ʪʝʤʧʝʨʘʪʫʨʘ, ʚʦʣʦʛʽʩʪʴ, ʚʽʜʢʨʠʪʪʷ/ʟʘʢʨʠʪʪʷ, 

ʨʦʟʝʪʢʠ); 

2) ʢʦʤʫʥʘʣʴʥʘ (ʣʽʯʠʣʴʥʠʢʠ ʝʣʝʢʪʨʠʢʠ, ʪʝʧʣʘ); 

3) ʧʨʦʤʠʩʣʦʚʘ (ʢʦʥʪʨʦʣʴ ʟʘʨʷʜʫ ʙʘʪʘʨʝʾ, ʥʘʷʚʥʦʩʪʽ ʚʠʪʦʢʫ ʛʘʟʫ, ʦʭʦʨʦʥʘ, 

ʪʝʤʧʝʨʘʪʫʨʘ). 

ɼʘʥʝ ʨʽʰʝʥʥʷ ʩʢʣʘʜʘʻʪʴʩʷ ʟ 3-ʪʨʴʦʭ ʯʘʩʪʠʥ: 

1. ʉʝʨʚʝʨʥʦʾ ʯʘʩʪʠʥʠ, ʷʢʘ ʧʨʝʜʩʪʘʚʣʷʻ ʩʦʙʦʶ web-ʩʝʨʚʝʨ, ʷʢʠʡ 

ʚʩʪʘʥʦʚʣʝʥʠʡ ʥʘ ʇʂ, ʪʘ ʤʘʻ ʽʥʪʝʨʬʝʡʩ WiFi. ʅʘ ʩʪʦʨʦʥʽ ʩʝʨʚʝʨʘ ʟʙʝʨʽʛʘʻʪʴʩʷ 

ʽʥʬʦʨʤʘʮʽʷ, ʷʢʘ ʧʦʩʪʫʧʘʻ ʚʽʜ ʜʘʪʯʠʢʽʚ, ʘ ʪʘʢʦʞ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʜʣʷ ʜʦʩʪʫʧʫ 

ʢʽʥʮʝʚʠʭ ʢʦʨʠʩʪʫʚʘʯʽʚ ʜʦ ʜʘʥʠʭ ʚʽʜ ʩʝʥʩʦʨʽʚ. 

 2. ʄʝʨʝʞʝʚʦʾ ʯʘʩʪʠʥʠ, ʷʢʘ ʚ ʜʘʥʦʤʫ ʧʨʠʢʣʘʜʽ ʷʚʣʷʻ ʩʦʙʦʶ ʪʦʯʢʫ 

ʙʝʟʜʨʦʪʦʚʦʛʦ ʜʦʩʪʫʧʫ ʚʽʜ ʚʠʨʦʙʥʠʢʘ Mikrotik ʩʪʘʥʜʘʨʪʫ IEEE 802.11, ʤʦʜʝʣʴ 

RB951G. 

3. ʉʝʥʩʦʨʥʦʾ ʯʘʩʪʠʥʠ, ʧʨʝʜʩʪʘʚʣʝʥʦʾ ʢʦʥʪʨʦʣʝʨʦʤ ESP8266, ʟ 

ʧʽʜʪʨʠʤʢʦʶ ʩʪʘʥʜʘʨʪʫ ɯɽɽɽ 802.11, ʜʣʷ ʧʽʜʢʣʶʯʝʥʥʷ ʜʦ ʪʦʯʢʠ ʜʦʩʪʫʧʫ ʽ 

ʧʝʨʝʜʘʚʘʥʥʷ ʜʘʥʠʭ ʚʽʜ ʩʝʥʩʦʨʽʚ. 

ʆʪʞʝ, ʚ ʨʦʙʦʪʽ ʨʦʟʨʦʙʣʝʥʠʡ, ʥʘʣʘʰʪʦʚʘʥʠʡ ʽ ʨʝʘʣʽʟʦʚʘʥʠʡ ʤʦʞʣʠʚʠʡ 

ʚʘʨʽʘʥʪ ʚʠʨʽʰʝʥʥʷ IoT ʜʣʷ ʽʥʪʝʣʝʢʪʫʘʣʴʥʦʾ ʢʦʥʮʝʧʮʽʾ ʙʫʜʠʥʢʫ ʯʠ ʽʥʰʦʛʦ 
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ʦʙôʻʢʪʫ. ʈʦʟʨʦʙʣʝʥʝ ʨʽʰʝʥʥʷ ʤʦʞʝ ʙʫʪʠ ʤʦʜʠʬʽʢʦʚʘʥʦ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ 

ʽʥʰʠʭ ʪʝʭʥʦʣʦʛʽʡ ʟʚ'ʷʟʢʫ ʽ ʘʨʭʽʪʝʢʪʫʨʥʠʭ ʦʩʦʙʣʠʚʦʩʪʝʡ ʟʛʽʜʥʦ ʚʠʤʦʛ ʽ 

ʥʝʦʙʭʽʜʥʠʭ ʩʮʝʥʘʨʽʾʚ ʚʠʢʦʨʠʩʪʘʥʥʷ.  

ʋ ʨʘʟʽ ʞ ʥʝʦʙʭʽʜʥʦʩʪʽ ʨʽʰʝʥʥʷ ʜʣʷ ʨʝʘʣʽʟʘʮʽʾ ʩʝʥʩʦʨʥʦʾ ʤʝʨʝʞʽ IoT 

ʟʥʘʯʥʠʭ ʤʘʩʰʪʘʙʽʚ ʪʘ ʥʘ ʚʝʣʠʢʽʡ ʧʣʦʱʽ ʧʦʢʨʠʪʪʷ, ʥʘʧʨʠʢʣʘʜ, ʚ ʨʘʟʽ 

ʥʘʜʟʚʠʯʘʡʥʠʭ ʩʠʪʫʘʮʽʡ, ʪʦ ʥʝʦʙʭʽʜʥʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʛʥʫʯʢʫ ʘʨʭʽʪʝʢʪʫʨʫ 

ʙʝʟʧʨʦʚʦʜʦʚʦʾ ʤʝʨʝʞʽ, ʱʦ ʙʫʜʝ ʚʠʢʦʨʫʚʘʪʠ ʚʩʽ ʥʝʦʙʭʽʜʥʽ ʬʫʥʢʮʽʾ 

ʙʝʟʧʨʦʚʦʜʦʚʦʛʦ ʧʽʜʢʣʶʯʝʥʥʷ ʘʙʦʥʝʥʪʽʚ ʤʝʨʝʞʽ, ʘ ʪʘʢʦʞ ʧʝʨʝʜʘʚʘʥʥʷ 

ʽʥʬʦʨʤʘʮʽʾ ʽ ʮʝʥʪʨ ʦʙʨʦʙʢʠ ʜʘʥʠʭ ʪʘ ʥʝʦʙʭʽʜʥʠʤ ʢʦʨʠʩʪʫʚʘʯʘʤ. ʂʦʤʧʣʝʢʩʥʘ 

ʩʝʥʩʦʨʥʘ ʩʠʩʪʝʤʘ ʟʚôʷʟʢʫ ʧʦʚʠʥʥʘ ʩʢʣʘʜʘʪʠʩʷ ʟ ʪʨʘʥʩʧʦʨʪʥʦʾ  ̔ʨʦʟʧʦʜʽʣʴʯʦ ʾ

ʢʦʤʧʦʥʝʥʪ, ʟ ʤʝʪʦʶ ʚʠʩʦʢʦʰʚʠʜʢʽʩʥʦʛʦ ʨʦʟʧʦʜʽʣʫ ʽʥʬʦʨʤʘʮʽʾ ʟ 

ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʩʪʘʥʜʘʨʪʽʚ ʙʝʟʧʨʦʚʦʜʦʚʦʛʦ ʟʚôʷʟʢʫ IEEE 802.11ʭʭ, ʟʘʩʦʙʽʚ 

ʮʠʬʨʦʚʦʾ ʢʦʤʫʪʘʮʽʾ ʪʘ ʢʨʠʧʪʦʛʨʘʬʽʯʥʦʛʦ ʟʘʭʠʩʪʫ ʽʥʬʦʨʤʘʮʽʾ, ʜʣʷ 

ʟʘʙʝʟʧʝʯʝʥʥʷ ʩʚʦʻʯʘʩʥʦʛʦ ʧʝʨʝʜʘʚʘʥʥʷ ʚʝʣʠʢʠʭ ʦʙôʻʤʽʚ ʽʥʬʦʨʤʘʮʽʾ ʟ ʚʠʩʦʢʦʶ 

ʰʚʠʜʢʽʩʪʶ ʪʘ ʟʘʜʘʥʦʶ ʜʦʩʪʦʚʽʨʥʽʩʪʶ ʽʥʬʦʨʤʘʮʽʾ, ʫ ʟʘʜʘʥʽʡ ʟʦʥʽ ʚʠʥʠʢʥʝʥʥʷ 

ʅʉ ʪʘ ʟ ʤʦʞʣʠʚʽʩʪʶ ʦʨʛʘʥʽʟʘʮʽʾ ʟʚôʷʟʢʫ ʷʢ ʥʘ ʪʝʨʠʪʦʨʽʾ ʅʉ, ʪʘʢ ʽ ʟ 

ʤʦʞʣʠʚʽʩʪʶ ʟʜʽʡʩʥʝʥʥʷ ʟʚôʷʟʢʫ ʟ ʮʝʥʪʨʦʤ ʢʝʨʫʚʘʥʥʷ ʤʝʨʝʞʽ. 

ʅʘ ʨʠʩ. 3 ʥʘʚʝʜʝʥʦ ʙʘʟʦʚʫ ʩʭʝʤʫ ʟʘʟʥʘʯʝʥʦʾ ʽ ʨʝʘʣʽʟʦʚʘʥʦʾ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʾ ʤʝʨʝʞʽ, ʜʝ ʙʫʢʚʘʤʠ ɸ, ɹ, ɺ, ɻ ʧʦʟʥʘʯʝʥʦ ʦʩʥʦʚʥʽ ʚʫʟʣʠ 

ʤʝʨʝʞʽ. ʄʝʨʝʞʘ ʨʠʩ. 3 ʤʘʻ ʥʘʩʪʫʧʥʽ ʧʦʢʘʟʥʠʢʠ ʪʘ ʷʢʽʩʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ: 

ʘʚʪʦʥʦʤʥʽʩʪʴ; ʤʦʙʽʣʴʥʽʩʪʴ; ʢʦʤʧʣʝʢʩʥʽʩʪʴ; ʪʨʘʥʩʧʦʨʪʥʘ ʢʦʤʧʦʥʝʥʪʘ: 

ʨʘʜʽʦʨʝʣʝʡʥʽ ʣʽʥʽʾ ʚʠʜʫ ʪʦʯʢʘ-ʪʦʯʢʘ, ʪʘ ʨʦʟʧʦʜʽʣʴʯʘ ʢʦʤʧʦʥʝʥʪʘ ʚʠʜʫ ʪʦʯʢʘ-

ʙʘʛʘʪʦʪʦʯʢʘ; ʞʠʚʫʯʽʩʪʴ; ʛʥʫʯʢʽʩʪʴ; ʤʘʩʰʪʘʙʦʚʘʥʽʩʪʴ; ʟʘʭʠʱʝʥʽʩʪʴ. 

 
 

ʈʠʩ. 3. ʉʭʝʤʘ ʢʦʤʧʣʝʢʩʥʦʾ ʩʠʩʪʝʤʠ ʧʝʨʝʜʘʚʘʥʥʷ ʽʥʬʦʨʤʘʮʽʾ, ʟ ʥʘʷʚʥʽʩʪʶ  

ʪʨʘʥʩʧʦʨʪʥʦʾ ʪʘ ʨʦʟʧʦʜʽʣʴʯʦʾ ʢʦʤʧʦʥʝʥʪ ʥʘ ʦʩʥʦʚʽ ʙʝʟʧʨʦʚʦʜʦʚʠʭ ʟʘʩʦʙʽʚ ʩʪʘʥʜʘʨʪʫ 

802.11ʭʭ, ʪʘ ʧʽʜʢʣʶʯʝʥʥʷʤ ʩʝʥʩʦʨʽʚ ʪʘ ʘʙʦʥʝʥʪʽʚ IoT. 
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ɸʙʦʥʝʥʪʠ ʤʝʨʝʞʽ ʨʠʩ. 3 ʧʨʝʜʩʪʘʚʣʝʥʽ ʤʦʙʽʣʴʥʠʤʠ ʪʝʨʤʽʥʘʣʘʤʠ ʯʠ 

ʩʝʥʩʦʨʘʤʠ ʥʘ ʦʩʥʦʚʽ ʩʪʘʥʜʘʨʪʽʚ 802.11ʭʭ, ʪʘ ʟʥʘʭʦʜʷʪʴʩʷ ʚ ʤʝʞʘʭ ʟʦʥʠ 

ʧʦʢʨʠʪʪʷ ʤʦʙʽʣʴʥʦʾ ʤʝʨʝʞʽ, ʘʙʦ ʞ ʟʘ ʾʾ ʤʝʞʘʤʠ.  

ɺʠʩʥʦʚʢʠ. ʅʘʧʨʷʤʦʢ IoT ʙʫʨʭʣʠʚʦ ʨʦʟʚʠʚʘʻʪʴʩʷ ʩʴʦʛʦʜʥʽ ʚ ʩʚʽʪʽ ʪʘ 

ʋʢʨʘʾʥʽ. ʆʧʠʩʘʥʦ ʧʨʠʢʣʘʜ ʨʝʘʣʽʟʘʮʽʾ ʽʥʪʝʛʨʘʣʴʥʦʛʦ ʨʽʰʝʥʥʷ ʜʣʷ IoT ʥʘ ʦʩʥʦʚʽ 

ʤʽʢʨʦʢʦʥʪʨʦʣʝʨʘ ESP8266. ɺʠʨʽʰʝʥʘ ʟʘʜʘʯʘ ʟ ʧʦʙʫʜʦʚʠ ʧʨʠʢʣʘʜʥʦʛʦ 

ʫʥʽʚʝʨʩʘʣʴʥʦʛʦ ʟʘʩʪʦʩʫʚʘʥʥʷ ʜʣʷ IoT ʟ ʜʘʪʯʠʢʘʤʠ ʪʝʤʧʝʨʘʪʫʨʠ, ʚʦʣʦʛʦʩʪʽ, 

ʚʽʜʢʨʠʪʪʷ / ʟʘʢʨʠʪʪʷ, ʦʩʚʽʪʣʝʥʥʷ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʢʦʤʫʥʽʢʘʮʽʡʥʦʾ ʪʝʭʥʦʣʦʛʽʾ 

Wi-Fi ʜʣʷ ʧʝʨʝʜʘʯʽ ʜʘʥʠʭ ʚʽʜ ʩʝʥʩʦʨʽʚ ʚ ʘʚʪʦʥʦʤʥʠʡ ʥʝʟʘʣʝʞʥʠʡ ʚʽʜ ʤʝʨʝʞʽ 

ɯʥʪʝʨʥʝʪ ʮʝʥʪʨ ʦʙʨʦʙʢʠ ʜʘʥʠʭ.  

ʈʦʙʦʪʫ ʚʠʢʦʥʘʥʦ ʚ ʨʘʤʢʘʭ ʥʘʫʢʦʚʦʾ ʜʝʨʞʙʶʜʞʝʪʥʦʾ ʪʝʤʠ ˉ2020-ʧ 

çʄʝʪʦʜʠ ʪʘ ʩʠʩʪʝʤʠ ʫʧʨʘʚʣʽʥʥʷ ʙʝʟʧʨʦʚʦʜʦʚʠʤʠ ʩʝʥʩʦʨʥʠʤʠ ʤʝʨʝʞʘʤʠ ʽʟ 

ʤʦʙʽʣʴʥʠʤʠ ʩʝʥʩʦʨʘʤʠ, ʪʝʣʝʢʦʤʫʥʽʢʘʮʽʡʥʠʤʠ ʥʘʟʝʤʥʠʤʠ ʚʫʟʣʘʤʠ ʪʘ 

ʘʝʨʦʧʣʘʪʬʦʨʤʘʤʠ ʫ ʟʦʥʽ ʥʘʜʟʚʠʯʘʡʥʦʾ ʩʠʪʫʘʮʽʾè, ʥʦʤʝʨ ʜʝʨʞʘʚʥʦʾ ʨʝʻʩʪʨʘʮʽʾ 

ï ˉ 0117U004282. 

ɸʢʪʫʘʣʴʥʠʤ ʻ ʧʠʪʘʥʥʷ ʚʽʜʩʫʪʥʦʩʪʽ ʟʘʩʦʙʽʚ ʚ ʜʝʨʞʘʚʽ ʜʣʷ ʨʦʟʛʦʨʪʘʥʥʷ ʘʙʦ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʟʘʭʠʱʝʥʠʭ ʘʚʪʦʥʦʤʥʠʭ ʩʝʥʩʦʨʥʠʭ ʤʝʨʝʞ ʧʝʨʝʜʘʚʘʥʥʷ 

ʽʥʬʦʨʤʘʮʽʾ ʜʣʷ ʚʠʨʽʰʝʥʥʷ ʅʉ ʚ ʪʦʤʫ ʯʠʩʣʽ, ʪʦʤʫ ʻ ʥʝʦʙʭʽʜʥʽʩʪʴ ʚ ʪʘʢʠʭ 

ʟʘʩʦʙʘʭ ʽ ʤʝʨʝʞʘʭ ʟʛʽʜʥʦ ʟʘʢʦʥʦʜʘʚʩʪʚʘ ʋʢʨʘʾʥʠ, ʥʘ ʦʩʥʦʚʽ ʩʪʘʥʜʘʨʪʽʚ ɯɽɽɽ 

802.11ʭʭ ʽʟ ʤʦʙʽʣʴʥʠʤʠ ʘʙʦʥʝʥʪʘʤʠ ʽ ʩʝʥʩʦʨʘʤʠ, ʱʦ ʨʦʟʛʦʨʪʘʶʪʴʩʷ ʫ ʟʦʥʽ 

ʅʉ ʽ ʜʽʶʪʴ ʚ ʫʤʦʚʘʭ ʥʝʚʠʟʥʘʯʝʥʦʩʪʽ. 
ɺ ʨʦʙʦʪʽ ʦʙʛʨʫʥʪʫʚʘʥʦ ʥʝʦʙʭʽʜʥʽʩʪʴ ʧʦʙʫʜʦʚʠ ʢʦʤʧʣʝʢʩʥʦʾ ʩʠʩʪʝʤʠ 

ʤʦʙʽʣʴʥʦʛʦ ʟʚôʷʟʢʫ ʟ ʥʘʷʚʥʽʩʪʶ ʪʨʘʥʩʧʦʨʪʥʦʾ ʪʘ ʨʦʟʧʦʜʽʣʴʯʦʾ ʢʦʤʧʦʥʝʥʪ ʥʘ 

ʦʩʥʦʚʽ ʙʝʟʧʨʦʚʦʜʦʚʠʭ ʟʘʩʦʙʽʚ ʩʪʘʥʜʘʨʪʫ 802.11ʭʭ, ʪʘ ʧʨʦʚʦʜʦʚʠʭ ʟʘʩʦʙʽʚ ʜʣʷ 

ʨʦʟʧʦʜʽʣʫ ʽ ʤʘʨʰʨʫʪʠʟʘʮʽʾ ʧʦʪʦʢʽʚ ʽʥʬʦʨʤʘʮʽʾ. ʊʘʢʦʞ ʧʦʙʫʜʦʚʘʥʦ ʘʚʪʦʥʦʤʥʫ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʫ ʤʝʨʝʞʫ ʜʣʷ ʧʝʨʝʜʘʚʘʥʥʷ ʽʥʬʦʨʤʘʮʽʾ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ 

ʪʝʭʥʦʣʦʛʽʡ ʽʥʪʝʨʥʝʪʫ ʨʝʯʝʡ. 
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Approach of construction of the space segment of the  

satellite communication system CLEAR SPASE  
 

One of the possible uses of nanosatellites is their use to build a satellite communications 

system. To compare such a promising system with existing low-orbit and geostationary satellite 

systems, an efficiency indicator is proposed. It is shown that the value of this indicator for a 

nanosatellite system is several times better than for existing systems. 
 

ʆʩʪʘʥʥʽʤ ʯʘʩʦʤ ʩʪʨʽʤʢʠʤʠ ʪʝʤʧʘʤʠ ʚʽʜʙʫʚʘʻʪʴʩʷ ʟʨʦʩʪʘʥʥʷ ʢʽʣʴʢʦʩʪʽ 

ʧʨʦʝʢʪʽʚ, ʚ ʷʢʠʭ ʧʨʦʧʦʥʫʻʪʴʩʷ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʥʘʥʦʩʫʧʫʪʥʠʢʠ (ʅʉ). ɿʘ ʾʭ 

ʜʦʧʦʤʦʛʦʶ ʤʦʞʥʘ ʟʜʽʡʩʥʶʚʘʪʠ ʜʦʩʣʽʜʞʝʥʥʷ ʟʝʤʥʦʾ ʧʦʚʝʨʭʥʽ ʪʘ ʚʝʨʭʥʽʭ 

ʰʘʨʽʚ ʘʪʤʦʩʬʝʨʠ, ʧʨʦʛʥʦʟ ʟʝʤʣʝʪʨʫʩʽʚ, ʝʢʦʣʦʛʽʯʥʠʡ ʤʦʥʽʪʦʨʠʥʛ, ʘ ʪʘʢʦʞ 

ʙʫʜʫʚʘʪʠ ʩʠʩʪʝʤʠ ʩʫʧʫʪʥʠʢʦʚʦʛʦ ʟʚôʷʟʢʫ (ʉʉɿ). ʇʨʠʯʦʤʫ ʧʝʨʝʜʙʘʯʘʻʪʴʩʷ, ʱʦ 

ʅʉ ʙʫʜʫʪʴ ʟʥʘʭʦʜʠʪʠʩʴ ʥʘ ʥʠʟʴʢʠʭ ʦʨʙʽʪʘʭ, ʱʦ ʜʦʟʚʦʣʠʪʴ ʯʘʩʪʢʦʚʦ ʚʠʨʽʰʠʪʠ 

ʧʨʦʙʣʝʤʫ ʢʦʩʤʽʯʥʦʛʦ ʩʤʽʪʪʷ. 

ɺʠʭʦʜʷʯʠ ʟ ʮʴʦʛʦ, ʜʦʮʽʣʴʥʦ ʦʮʽʥʠʪʠ ʝʬʝʢʪʠʚʥʽʩʪʴ ʧʝʨʩʧʝʢʪʠʚʥʦʾ ʉʉɿ 

ʥʘ ʙʘʟʽ ʅʉ, ʪʘ ʧʦʨʽʚʥʷʪʠ ʾʾ ʟ ʽʩʥʫʶʯʠʤʠ ʥʠʟʴʢʦʦʨʙʽʪʘʣʴʥʠʤʠ ʪʘ 

ʛʝʦʩʪʘʮʽʦʥʘʨʥʠʤʠ ʉʉɿ. ʇʨʠ ʮʴʦʤʫ ʥʝʦʙʭʽʜʥʦ ʚʨʘʭʦʚʫʚʘʪʠ ʪʦʡ ʬʘʢʪ, ʱʦ 

ʦʩʥʦʚʥʠʤʠ ʧʝʨʝʚʘʛʘʤʠ ʥʠʟʴʢʦʦʨʙʽʪʘʣʴʥʠʭʉʉɿ ʫ ʧʦʨʽʚʥʷʥʥʽ ʽʟ ʩʠʩʪʝʤʘʤʠ, 

ʩʫʧʫʪʥʠʢʠ ʷʢʠʭ ʟʥʘʭʦʜʷʪʴʩʷ ʥʘ ʛʝʦʩʪʘʮʽʦʥʘʨʥʽʡ ʦʨʙʽʪʽ, ʻ ʥʝʚʝʣʠʢʘ ʟʘʪʨʠʤʢʘ ʫ 

ʧʨʦʭʦʜʞʝʥʥʽ ʩʠʛʥʘʣʫ ʪʘ ʤʦʞʣʠʚʽʩʪʴ ʧʦʢʨʠʪʪʷ ʫ ʛʣʦʙʘʣʴʥʦʤʫ ʤʘʩʰʪʘʙʽ.  

ʋ ʚʽʜʦʤʽʡ ʩʠʩʪʝʤʽ Iridium ʬʫʥʢʮʽʦʥʫʶʪʴ ʧʦʥʘʜ 70 ʩʫʧʫʪʥʠʢʽʚ, 66 ʟ ʷʢʠʭ 

ʻ ʘʢʪʠʚʥʠʤʠ, ʚʦʥʠ ʨʦʟʤʽʱʫʶʪʴʩʷ ʥʘ 6-ʪʠ ʧʨʠʧʦʣʷʨʥʠʭ ʦʨʙʽʪʘʭ. ʈʦʟʨʦʙʣʝʥʠʡ 

ʜʣʷ ʮʽʻʾ ʤʝʨʝʞʽ ʤʝʭʘʥʽʟʤ ʤʽʞ ʩʫʧʫʪʥʠʢʦʚʠʭ ʟʚôʷʟʢʽʚ ʜʦʟʚʦʣʷʻ ʧʝʨʝʜʘʚʘʪʠ 

ʩʠʛʥʘʣ ʟ ʦʜʥʦʛʦ ʩʫʧʫʪʥʠʢʘ ʥʘ ʽʥʰʠʡ ʙʝʟ ʨʝʪʨʘʥʩʣʷʮʽʾ ʮʴʦʛʦ ʩʠʛʥʘʣʫ ʥʘ 

ɿʝʤʣʶ. ʋ ʥʘʟʝʤʥʠʡ ʩʝʛʤʝʥʪ ʚʭʦʜʷʪʴ ʜʚʽ ʮʝʥʪʨʘʣʴʥʽ ʩʪʘʥʮʽʾ ʫʧʨʘʚʣʽʥʥʷ ʽ 

ʢʦʥʪʨʦʣʶ. ɺʦʥʠ ʟʜʽʡʩʥʶʶʪʴ ʫʧʨʘʚʣʽʥʥʷ ʦʨʙʽʪʘʣʴʥʠʤ ʫʛʨʫʧʦʚʘʥʥʷʤ 

ʢʦʩʤʽʯʥʠʭ ʘʧʘʨʘʪʽʚ, ʟʘʙʝʟʧʝʯʫʶʪʴ ʩʠʥʭʨʦʥʽʟʘʮʽʶ ʉʉɿ, ʦʨʛʘʥʽʟʦʚʫʶʪʴ ʛʨʫʧʦʚʽ 

ʪʨʘʢʪʠ ʧʝʨʝʜʘʯʽ. ɺʩʴʦʛʦ ʥʘʟʝʤʥʠʡ ʩʝʛʤʝʥʪ ʚʢʣʶʯʘʻ 20 ʙʘʟʦʚʠʭ ʩʪʘʥʮʽʡ 

ʩʧʦʣʫʯʝʥʥʷ ʽ ʫʧʨʘʚʣʽʥʥʷ ʟʚ'ʷʟʢʦʤ. ʉʫʧʫʪʥʠʢʠ Iridium ʧʝʨʝʙʫʚʘʶʪʴ ʥʘ ʚʠʩʦʪʽ 

780 ʢʤ ʥʘʜ ʧʦʚʝʨʭʥʝʶ ɿʝʤʣʽ. ɰʭ ʪʝʨʤʽʥ ʩʣʫʞʙʠ ʩʪʘʥʦʚʠʪʴ 7-10 ʨʦʢʽʚ [1, 2]. 

ʆʩʪʘʥʥʽʡ ʟʘʧʫʩʢ ʜʣʷ ʧʦʧʦʚʥʝʥʥʷ ʫʛʨʫʧʫʚʘʥʥʷ ʩʠʩʪʝʤʽ Iridium ʚʽʜʙʫʚʩʷ 

11.01.2019 ʨʦʢʫ ʟ ʢʦʩʤʦʜʨʦʤʫ ɹʘʟʘ ɺʘʥʜʝʥʙʝʨʛ. ɿʘ ʜʦʧʦʤʦʛʦʶ ʨʘʢʝʪʠ-ʥʦʩʽʷ 

Falcon 9 ʙʫʣʦ ʚʠʚʝʜʝʥʦ ʜʝʩʷʪʴ ʩʫʧʫʪʥʠʢʽʚ Iridium NEXT, ʚʘʛʦʶ 860 ʢʛ ʢʦʞʝʥ. 

ɺʩʴʦʛʦ ʧʨʦʪʷʛʦʤ 2017- 2019 ʨʦʢʽʚ ʚʽʜʙʫʣʦʩʴ ʚʽʩʽʤ ʟʘʧʫʩʢʽʚ Falcon 9, ʱʦ 

mailto:yavisya@bigmir.net
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ʜʦʟʚʦʣʠʣʦ ʟʜʽʡʩʥʠʪʠ ʚʠʚʝʜʝʥʥʷ 75 ʘʧʘʨʘʪʽʚ. ʊʘʢʠʤ ʯʠʥʦʤ, ʦʙʽʮʷʥʢʘ ʢʦʤʧʘʥʽʾ 

Iridium CommunicationsInc ʧʨʦ ʧʦʚʥʝ ʦʥʦʚʣʝʥʥʷ ʢʦʩʤʽʯʥʦʛʦ ʩʝʛʤʝʥʪʫ, ʧʨʦ 

ʷʢʫ ʙʫʣʦ ʟʘʷʚʣʝʥʦ ʱʝ 2010 ʨʦʢʫ, ʚʠʢʦʥʘʥʘ. ʆʩʪʘʪʦʯʥʘ ʚʘʨʪʽʩʪʴ ʩʫʧʫʪʥʠʢʘ 

Iridium NEXT ʥʝ ʨʦʟʛʦʣʦʰʫʻʪʴʩʷ, ʘʣʝ ʟʘ ʜʘʥʠʤʠ [3] ʚʦʥʘ ʩʢʣʘʜʘʻ ʙʣʠʟʴʢʦ  

31 ʤʣʥ. ʜʦʣʘʨʽʚ.  

ɸʥʪʝʥʥʽ ʩʠʩʪʝʤʠ ʢʦʩʤʽʯʥʠʭ ʘʧʘʨʘʪʽʚ Iridium NEXT ʬʦʨʤʫʶʪʴ 48 

ʧʘʨʮʽʘʣʴʥʠʭ ʧʨʦʤʝʥʽʚ, ʷʢʽ ʩʪʚʦʨʶʶʪʴ ʟʘʛʘʣʴʥʫ ʟʦʥʫ ʧʦʢʨʠʪʪʷ ʜʽʘʤʝʪʨʦʤ 

ʧʦʥʘʜ 4000 ʢʤ. ʆʜʥʘ ʟʦʥʘ ʤʘʻ ʜʽʘʤʝʪʨ ʙʣʠʟʴʢʦ 700 ʢʤ [4]. 

ɼʣʷ ʚʠʢʣʶʯʝʥʥʷ ʜʫʙʣʶʚʘʥʥʷ ʚʽʜ ʩʫʩʽʜʥʽʭ ʢʦʩʤʽʯʥʠʭ ʘʧʘʨʘʪʽʚ ʯʘʩʪʠʥʘ 

ʧʨʦʤʝʥʽʚ ʚʠʚʦʜʠʪʴʩʷ ʟ ʘʢʪʠʚʥʦʛʦ ʨʝʞʠʤʫ ʨʦʙʦʪʠ. ʊʘʢ, ʽʟ ʟʘʛʘʣʴʥʦʾ ʢʽʣʴʢʦʩʪʽ 

3168 ʧʨʦʤʝʥʽʚ ʚ ʧʦʪʦʯʥʠʡ ʤʦʤʝʥʪ ʯʘʩʫ ʘʢʪʠʚʥʽ ʣʠʰʝ 2150, ʪʦʙʪʦ ʚ 

ʩʝʨʝʜʥʴʦʤʫ ʢʦʞʝʥ ʘʧʘʨʘʪ ʩʪʚʦʨʶʻ ʙʣʠʟʴʢʦ 32 ʧʘʨʮʽʘʣʴʥʠʭ ʧʨʦʤʝʥʽʚ (ʩʦʪ). 

ʇʨʠ ʮʴʦʤʫ ʧʦʪʫʞʥʽʩʪʴ, ʱʦ ʩʧʦʞʠʚʘʻʪʴʩʷ ʦʜʥʠʤ ʘʧʘʨʘʪʦʤ ʩʪʘʥʦʚʠʪʴ ʙʣʠʟʴʢʦ 

2,2 ʢɺʪ [4, 5]. 

ʉʝʨʝʜʥʷ ʧʨʦʧʫʩʢʥʘ ʟʜʘʪʥʽʩʪʴ ʧʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ ʩʤʫʛʠ ʯʘʩʪʦʪ 10,5 ʄɻʮ 

ʜʣʷ ʟʚôʷʟʢʫ ʤʽʞ ʤʦʙʽʣʴʥʠʤ ʪʝʨʤʽʥʘʣʦʤ ʽ ʩʫʧʫʪʥʠʢʦʤ ʩʪʘʥʦʚʠʪʴ ʧʦʥʘʜ 110 

ʢʘʥʘʣʽʚ ʥʘ ʦʜʥʫ ʩʦʪʫ ʧʦʚʝʨʭʥʽ ɿʝʤʣʽ [5]. ɼʣʷ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʘʙʦʥʝʥʪʽʚ 

ʤʦʞʣʠʚʦʩʪʽ ʘʧʘʨʘʪʘ ʜʦʟʚʦʣʷʶʪʴ ʩʪʚʦʨʠʪʠ ʜʦ 5700 ʪʝʣʝʬʦʥʥʠʭ ʢʘʥʘʣʽʚ, ʘʣʝ ʾʭ 

ʨʝʘʣʴʥʘ ʢʽʣʴʢʽʩʪʴ ʩʪʘʥʦʚʠʪʴ ʙʣʠʟʴʢʦ 3840.ɺʨʘʭʦʚʫʶʯʠ ʪʘʢʝ ʦʙʤʝʞʝʥʥʷ, ʚ 

ʤʝʨʝʞʽ ʥʘ ʩʫʧʫʪʥʠʢʘʭ Iridium NEXT ʤʦʞʣʠʚʝ ʦʜʥʦʯʘʩʥʝ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ 

253440 ʘʙʦʥʝʥʪʽʚ.  

ɼʣʷ ʧʦʨʽʚʥʷʥʥʷ, ʩʠʩʪʝʤʘ Inmarsat ʤʘʻ ʧʘʨʢ ʟ ʦʜʠʥʘʜʮʷʪʠ ʩʫʧʫʪʥʠʢʽʚ 

(ʜʚʘ ʟ ʷʢʠʭ ʻ ʨʝʟʝʨʚʥʠʤʠ) ʥʘ ʛʝʦʩʪʘʮʽʦʥʘʨʥʽʡ ʦʨʙʽʪʽ ʥʘ ʚʽʜʩʪʘʥʽ ʙʣʠʟʴʢʦ 36000 

ʢʽʣʦʤʝʪʨʽʚ ʚʽʜ ɿʝʤʣʽ ʽ ʚʢʣʶʯʘʻ ʩʫʧʫʪʥʠʢʠ ʥʦʚʦʛʦ ʧʦʢʦʣʽʥʥʷ, ʷʢʽ ʷʚʣʷʶʪʴ 

ʩʦʙʦʶ ʧʝʚʥʠʡ ʝʪʘʣʦʥ ʜʣʷ ʩʠʩʪʝʤ ʤʦʙʽʣʴʥʦʛʦ ʩʫʧʫʪʥʠʢʦʚʦʛʦ ʟʚôʷʟʢʫ ʟ ʪʦʯʢʠ 

ʟʦʨʫ ʾʭ ʝʥʝʨʛʝʪʠʯʥʠʭ ʤʦʞʣʠʚʦʩʪʝʡ, ʧʨʦʧʫʩʢʥʦʾ ʩʧʨʦʤʦʞʥʦʩʪʽ ʽ 

ʫʥʽʚʝʨʩʘʣʴʥʦʩʪʽ. ɺʠʚʝʜʝʥʽ ʥʘ ʦʨʙʽʪʫ ʩʫʧʫʪʥʠʢʠ ʟʘʙʝʟʧʝʯʫʶʪʴ ʛʣʦʙʘʣʴʥʝ 

ʦʭʦʧʣʝʥʥʷ ʰʠʨʦʢʦʩʤʫʛʦʚʠʤ ʟʚôʷʟʢʦʤ 98% ʟʝʤʥʦʾ ʧʦʚʝʨʭʥʽ, ʟʘ ʚʠʥʷʪʢʦʤ 

ʩʘʤʠʭ ʢʨʘʡʥʽʭ ʧʦʣʷʨʥʠʭ ʨʝʛʽʦʥʽʚ [1, 2]. 

ʆʩʪʘʥʥʽʡ ʟʘʧʫʩʢ ʘʧʘʨʘʪʽʚ ʩʠʩʪʝʤʠ Inmarsat ʚʽʜʙʫʚʩʷ 15.05.2017 ʨʦʢʫ ʟ 

ʢʦʩʤʦʜʨʦʤʫ ʄʠʩ ʂʘʥʘʚʝʨʘʣ, ʪʘʢʦʞ ʟʘ ʜʦʧʦʤʦʛʦʶ ʨʘʢʝʪʠ-ʥʦʩʽʷ Falcon 9. ʇʨʠ 

ʮʴʦʤʫ ʙʫʚ ʚʠʚʝʜʝʥʠʡ ʣʠʰʝ ʦʜʠʥ ʩʫʧʫʪʥʠʢ Inmarsat 5-F4 ʚʘʛʦʶ 6070 ʢʛ. 

ɿʘʷʚʣʝʥʘ ʚʘʨʪʽʩʪʴ ʩʫʧʫʪʥʠʢʘ ʩʢʣʘʜʘʻ 235 ʤʣʥ. ʜʦʣʘʨʽʚ (ʜʣʷ ʩʫʧʫʪʥʠʢʽʚ 

ʧʦʧʝʨʝʜʥʴʦʛʦ ʧʦʢʦʣʽʥʥʷ Inmarsat 4A-F4 ʚʦʥʘ ʩʢʣʘʜʘʣʘ 350 ʤʣʥ. ʜʦʣʘʨʽʚ) [3]. 

ʂʦʞʝʥ ʽʟ ʩʫʧʫʪʥʠʢʽʚ Inmarsat 5-F4 ʛʝʥʝʨʫʻ 89 ʬʽʢʩʦʚʘʥʠʭ ʪʦʯʢʦʚʠʭ 

ʩʬʦʢʫʩʦʚʘʥʠʭ ʧʨʦʤʝʥʽʚ, ʷʢʽ ʤʦʞʫʪʴ ʙʫʪʠ ʦʧʝʨʘʪʠʚʥʦ ʩʢʦʥʬʽʛʫʨʦʚʘʥʽ ʜʣʷ 

ʟʘʙʝʟʧʝʯʝʥʥʷ ʥʝʦʙʭʽʜʥʦʾ ʧʨʦʧʫʩʢʥʦʾ ʟʜʘʪʥʦʩʪʽ ʤʝʨʝʞʽ ʚ ʨʘʡʦʥʘʭ ʧʽʜʚʠʱʝʥʦʛʦ 

ʧʦʧʠʪʫ ʥʘ ʧʦʩʣʫʛʠ.  

ɿôʻʜʥʘʥʥʷ ʚʩʝʨʝʜʠʥʽ ʤʝʨʝʞʽ ʚ ʤʝʞʘʭ ʟʦʥʠ ʧʦʢʨʠʪʪʷ ʟʜʽʡʩʥʶʻʪʴʩʷ ʙʝʟ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʥʘʟʝʤʥʠʭ ʩʪʘʥʮʽʾ. ɼʣʷ ʟôʻʜʥʘʥʥʷ ʘʙʦʥʝʥʪʩʴʢʠʭ ʪʝʨʤʽʥʘʣʽʚ ʽʟ 

ʽʥʰʠʤʠ ʤʝʨʝʞʘʤʠ ʧʝʨʝʜʙʘʯʝʥʦ ʪʨʠ ʥʘʟʝʤʥʠʭ ʩʪʘʥʮʽʾ.ʊʝʨʤʽʥ ʩʣʫʞʙʠ 

ʩʫʧʫʪʥʠʢʽʚ ʨʦʟʨʘʭʦʚʘʥʠʡ ʥʘ 12-15 ʨʦʢʽʚ [1]. 

ɺʠʜʽʣʝʥʠʡ ʜʣʷ ʩʠʩʪʝʤʠ Inmarsat ʯʘʩʪʦʪʥʠʡ ʜʽʘʧʘʟʦʥ ʽʟ ʩʤʫʛʦʶ 68 ʄɻʮ 

ʜʘʻ ʤʦʞʣʠʚʽʩʪʴ ʟʜʽʡʩʥʠʪʠ ʧʽʜʢʣʶʯʝʥʥʷ ʜʦ ʩʫʧʫʪʥʠʢʘ Inmarsat 5-F4 ʤʘʡʞʝ 

35000 ʪʝʣʝʬʦʥʥʠʭ ʢʘʥʘʣʽʚ, ʘʣʝ ʬʘʢʪʠʯʥʦ ʾʭ ʢʽʣʴʢʽʩʪʴ ʥʝ ʧʝʨʝʚʠʱʫʻ 32000. 
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ɾʠʚʣʝʥʥʷ ʩʫʧʫʪʥʠʢʘ ʟʜʽʡʩʥʶʻʪʴʩʷ ʚʽʜ ʩʦʥʷʯʥʠʭ ʙʘʪʘʨʝʡ, ʧʦʪʫʞʥʽʩʪʴ ʷʢʠʭ 

ʩʪʘʥʦʚʠʪʴ ʚ ʩʝʨʝʜʥʴʦʤʫ 14,5 ʢɺʪ[1]. 

ʄʝʨʝʞʘ, ʱʦ ʧʦʙʫʜʦʚʘʥʘ ʥʘ ʩʫʧʫʪʥʠʢʘʭ Inmarsat 5-F4, ʽʟ ʫʨʘʭʫʚʘʥʥʷʤ ʾʭ 

ʨʝʘʣʴʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ, ʤʦʞʝ ʟʘʙʝʟʧʝʯʠʪʠ ʦʜʥʦʯʘʩʥʝ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʜʦ 

288000 ʘʙʦʥʝʥʪʽʚ. 

ɽʬʝʢʪʠʚʥʽʩʪʴ ʩʫʧʫʪʥʠʢʦʚʦʛʦ ʩʝʛʤʝʥʪʫ ʩʠʩʪʝʤ Iridium ʪʘ Inmarsat ʤʦʞʝ 

ʙʫʪʠ ʦʮʽʥʝʥʘ ʟʘ ʜʦʧʦʤʦʛʦʶ ʧʦʢʘʟʥʠʢʘ, ʱʦ ʷʚʣʷʻ ʩʦʙʦʶ ʚʠʪʨʘʪʠ ʥʘ ʩʪʚʦʨʝʥʥʷ 

ʧʽʜʢʣʶʯʝʥʥʷ ʜʣʷ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʦʜʥʦʛʦ ʘʙʦʥʝʥʪʘ, ʷʢʽ ʚʨʘʭʦʚʫʶʪʴʷʢ ʚʘʨʪʽʩʪʴ 

ʢʦʩʤʽʯʥʦʛʦ ʘʧʘʨʘʪʫ, ʪʘʢ ʽ ʚʘʨʪʽʩʪʴ ʡʦʛʦ ʟʘʧʫʩʢʫ: 

                                                        (1) 

ʜʝ  ï ʚʘʨʪʽʩʪʴ ʩʫʧʫʪʥʠʢʘ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʚʠʪʨʘʪ ʥʘ ʡʦʛʦ ʟʘʧʫʩʢ; ï 

ʢʽʣʴʢʽʩʪʴ ʦʜʥʦʯʘʩʥʠʭ ʧʽʜʢʣʶʯʝʥʴ ʜʦ ʩʫʧʫʪʥʠʢʘ. 

ɿʘ ʦʩʪʘʥʥʽ ʨʦʢʠ ʧʫʩʢ ʨʘʢʝʪʠ-ʥʦʩʽʷ Falcon 9 ʚ ʩʝʨʝʜʥʴʦʤʫ ʦʙʭʦʜʠʚʩʷ 

ʟʘʤʦʚʥʠʢʫ ʤʘʡʞʝ ʚ 100 ʤʣʥ. ʜʦʣʘʨʽʚ [3]. 

ʆʩʢʽʣʴʢʠ ʨʘʢʝʪʦʶ ʥʦʩʽʻʤ ʦʜʨʘʟʫ ʙʫʣʦ ʚʠʚʝʜʝʥʦ ʜʝʩʷʪʴ ʩʫʧʫʪʥʠʢʽʚ, ʪʦ 

ʚʘʨʪʽʩʪʴ ʦʜʥʦʛʦ ʩʫʧʫʪʥʠʢʘ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʚʠʪʨʘʪ ʥʘ ʡʦʛʦ ʟʘʧʫʩʢ ʩʪʘʥʦʚʠʪʴ:  

 ʤʣʥ. ʜʦʣʘʨʽʚ. ʇʦʧʝʨʝʜʥʽʡ ʘʥʘʣʽʟ, ʥʘʚʝʜʝʥʠʡ ʚʠʱʝ, 

ʜʘʻ ʤʦʞʣʠʚʽʩʪʴ ʚʠʟʥʘʯʠʪʠ ʢʽʣʴʢʽʩʪʴ ʦʜʥʦʯʘʩʥʠʭ ʧʽʜʢʣʶʯʝʥʴ ʜʦ ʩʫʧʫʪʥʠʢʘ 

Iridium NEXT: .  

ɼʣʷ ʩʫʧʫʪʥʠʢʽʚ Inmarsat 5-F4 ʚʽʜʧʦʚʽʜʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ, ʟ 

ʫʨʘʭʫʚʘʥʥʷʤ ʪʦʛʦ, ʱʦ ʧʨʠ ʟʘʧʫʩʢʫ ʨʘʢʝʪʠ-ʥʦʩʽʷ Falcon 9 ʟʜʽʡʩʥʶʻʪʴʩʷ 

ʚʠʚʝʜʝʥʥʷ ʣʠʰʝ ʦʜʥʦʛʦ ʘʧʘʨʘʪʫ, ʧʨʠʡʤʫʪʴ 

ʟʥʘʯʝʥʥʷ:  ʤʣʥ. ʜʦʣʘʨʽʚ, . 

ɿʘʧʨʦʧʦʥʦʚʘʥʠʡ ʧʦʢʘʟʥʠʢ, ʨʦʟʨʘʭʦʚʘʥʠʡ ʟʘ ʬʦʨʤʫʣʦʶ (1), ʜʣʷ 

ʩʫʧʫʪʥʠʢʘ Iridium NEXT ʩʪʘʥʦʚʠʪʠʤʝ  ʜʦʣʘʨʽʚ ʟʘ 

ʧʽʜʢʣʶʯʝʥʥʷ, ʘ ʜʣʷ ʩʫʧʫʪʥʠʢʽʚ Inmarsat 5-F4:  ʜʦʣʘʨʽʚ ʟʘ 

ʧʽʜʢʣʶʯʝʥʥʷ. ɿʚʠʯʘʡʥʦ ʞ ʤʝʥʰʦʤʫ ʟʥʘʯʝʥʥʶ ʧʦʢʘʟʥʠʢʘ  ʚʽʜʧʦʚʽʜʘʻ ʙʽʣʴʰʘ 

ʝʬʝʢʪʠʚʥʽʩʪʴ. 

ʅʝʟʚʘʞʘʶʯʠ ʥʘ ʤʘʡʞʝ ʦʜʥʘʢʦʚʠʡ ʧʦʢʘʟʥʠʢ ʝʬʝʢʪʠʚʥʦʩʪʽ, ʟʘ ʨʘʭʫʥʦʢ 

ʪʘʢʠʭ ʦʩʥʦʚʥʠʭ ʥʝʜʦʣʽʢʽʚ ʩʠʩʪʝʤ ʛʝʦʩʪʘʮʽʦʥʘʨʥʦʛʦ ʙʘʟʫʚʘʥʥʷ, ʷʢ: ʟʥʘʯʥʘ 

ʟʘʪʨʠʤʢʘ ʚ ʧʨʦʭʦʜʞʝʥʥʽ ʩʠʛʥʘʣʫ, ʡʦʛʦ ʚʠʩʦʢʝ ʟʘʛʘʩʘʥʥʷ, ʧʝʨʝʥʘʩʠʯʝʥʽʩʪʴ 

ʛʝʦʩʪʘʮʽʦʥʘʨʥʦʾ ʦʨʙʽʪʠ ʥʘ ʙʘʛʘʪʴʦʭ ʜʽʣʷʥʢʘʭ ʪʘ ʥʝʤʦʞʣʠʚʽʩʪʴ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ 

ʧʨʠʧʦʣʷʨʥʠʭ ʦʙʣʘʩʪʝʡ [2], ʚ ʧʝʨʩʧʝʢʪʠʚʽ ʧʝʨʝʚʘʛʘ ʚʽʜʜʘʻʪʴʩʷ 

ʥʠʟʴʢʦʦʨʙʽʪʘʣʴʥʠʤ ʉʉɿ. 

ʉʪʚʦʨʝʥʥʷ ʙʫʜʴ ʷʢʦʾ ʉʉɿ ʚʠʤʘʛʘʻ ʟʥʘʯʥʠʭ ʽʥʚʝʩʪʠʮʽʡ. ʊʦʤʫ ʜʣʷ 

ʦʧʝʨʘʪʦʨʘ ʩʫʧʫʪʥʠʢʦʚʦʛʦ ʟʚôʷʟʢʫ ʟʚʠʯʘʡʥʠʤ ʻ ʧʨʘʛʥʝʥʥʷ ʜʦ ʟʤʝʥʰʝʥʥʷ 

ʚʘʨʪʦʩʪʽ ʷʢ ʥʘʟʝʤʥʦʛʦ, ʪʘʢ ʽ ʥʘ ʢʦʩʤʽʯʥʦʛʦ ʩʝʛʤʝʥʪʽʚ ʩʠʩʪʝʤʠ. ɿʘʟʥʘʯʠʤʦ, ʱʦ 

ʜʣʷ ʦʩʪʘʥʥʴʦʛʦ ʦʩʥʦʚʥʽ ʚʠʪʨʘʪʠ ʧʦʚôʷʟʘʥʽ ʽʟ ʚʠʚʝʜʝʥʥʷʤ ʢʦʩʤʽʯʥʦʛʦ ʘʧʘʨʘʪʫ 

ʥʘ ʟʘʜʘʥʫ ʦʨʙʽʪʫ ʪʘ ʡʦʛʦ ʩʪʚʦʨʝʥʥʷʤ. 

ɼʣʷ ʧʝʨʰʦʾ ʩʢʣʘʜʦʚʦʾ ʚʠʪʨʘʪ ʥʘ ʢʦʩʤʽʯʥʠʡ ʩʝʛʤʝʥʪ ʩʫʪʪʻʚʝ ʟʥʘʯʝʥʥʷ 

ʤʘʻ ʚʠʩʦʪʘ ʦʨʙʽʪʠ, ʥʘ ʷʢʫ ʚʠʚʦʜʠʪʴʩʷ ʩʫʧʫʪʥʠʢ ï ʽʟ ʟʙʽʣʴʰʝʥʥʷʤ ʚʠʩʦʪʠ 

ʚʘʨʪʽʩʪʴ ʧʫʩʢʫ ʧʨʠ ʧʝʨʝʨʘʭʫʥʢʫ ʥʘ ʢʦʨʠʩʥʝ ʥʘʚʘʥʪʘʞʝʥʥʷ (ʂʅ), ʱʦ 
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ʚʠʚʦʜʠʪʴʩʷ ʥʦʩʽʻʤ, ʟʨʦʩʪʘʻ. ʊʘʢ, ʤʘʩʘ ʂʅ ʜʣʷ Falcon 9 ʧʨʠ ʚʠʚʝʜʝʥʥʽ ʥʘ 

ʥʠʟʴʢʫ ʦʧʦʨʥʫ ʦʨʙʽʪʫ ʟ ʚʠʩʦʪʦʶ ʙʣʠʟʴʢʦ 200 ʢʤ ʩʪʘʥʦʚʠʪʴ 22800ʢʛ, ʘ ʤʘʩʘ 

ʂʅ ʧʨʠ ʚʠʚʝʜʝʥʥʽ ʥʘ ʛʝʦʧʝʨʝʭʽʜʥʫ ʦʨʙʽʪʫ ï 8300 ʢʛ [3]. 

ʂʨʽʤ ʪʦʛʦ, ʥʘ ʚʘʨʪʽʩʪʴ ʧʫʩʢʫ ʚʧʣʠʚʘʻ ʧʨʠʥʮʠʧ ʧʦʙʫʜʦʚʠ ʨʘʢʝʪʠ-ʥʦʩʽʷ. 

ʊʦʙʪʦ,ʷʢʱʦ ʢʦʥʩʪʨʫʢʮʽʷ ʧʝʨʝʜʙʘʯʘʻ ʾʾ ʙʘʛʘʪʦʨʘʟʦʚʝ ʚʠʢʦʨʠʩʪʘʥʥʷ ï ʚʦʥʘ 

ʤʦʞʝ ʙʫʪʠ ʟʤʝʥʰʝʥʘ. ʊʘʢ, ʚʘʨʪʽʩʪʴ ʧʫʩʢʫ ʜʣʷ Falcon 9 ʟʘ ʨʘʭʫʥʦʢ ʧʦʚʝʨʥʝʥʥʷ 

ʧʝʨʰʦʾ ʩʪʫʧʝʥʽ ʤʦʞʝ ʙʫʪʠ ʟʥʠʞʝʥʘ ʤʘʡʞʝ ʥʘ 24 ʤʣʥ. ʜʦʣʘʨʽʚ [6]. ʗʢʱʦ 

ʚʨʘʭʫʚʘʪʠ ʪʦʡ ʬʘʢʪ, ʱʦ ʚʘʨʪʽʩʪʴ ʧʝʨʰʦʾ ʩʪʫʧʝʥʽ ʩʢʣʘʜʘʻ ʤʘʡʞʝ 50% ʚʘʨʪʦʩʪʽ 

ʚʩʽʻʾ Falcon 9, ʪʦ ʙʘʛʘʪʦʨʘʟʦʚʘ ʧʝʨʰʘ ʩʪʫʧʝʥʴ ʜʦʟʚʦʣʠʪʴ ʧʨʦʚʦʜʠʪʠ ʟʘʧʫʩʢʠ 

ʟʘ 50 ʤʣʥ. ʜʦʣʘʨʽʚ. ʆʜʥʘʢ ʧʨʠ ʮʴʦʤʫ ʤʘʩʘ ʂʅ ʩ ʧʦʩʘʜʢʦʶ ʧʝʨʰʦʾ ʩʪʫʧʝʥʽ ʜʣʷ 

Falcon 9 ʧʨʠ ʚʠʚʝʜʝʥʥʽ, ʥʘʧʨʠʢʣʘʜ, ʥʘ ʛʝʦʧʝʨʝʭʽʜʥʫ ʦʨʙʽʪʫ ʟʥʠʟʠʪʴʩʷ ʜʦ 5500 

ʢʛ[3]. 

ɸʣʴʪʝʨʥʘʪʠʚʥʠʡ ʩʧʦʩʽʙ ʚʠʚʝʜʝʥʥʷ ʩʫʧʫʪʥʠʢʽʚ ʥʘ ʦʨʙʽʪʫ ï ʧʦʚʽʪʨʷʥʠʡ 

ʩʪʘʨʪ, ʷʢʠʡ ʧʝʨʝʜʙʘʯʘʻ ʟʘʧʫʩʢ ʢʦʩʤʽʯʥʠʭ ʘʧʘʨʘʪʽʚ ʟ ʧʦʚʽʪʨʷʥʠʭ ʩʫʜʝʥ 

ʛʦʨʠʟʦʥʪʘʣʴʥʦʛʦ ʟʣʴʦʪʫ. ʊʘʢ̔ ʧʝʨʝʚʘʛʠ, ʷʢ ʟʤʝʥʰʝʥʥʷ ʤʘʩʠ, ʩʠʣʠ ʧʨʦʪʠʜʽʾ ʪʘ 

ʚʘʨʪʦʩʪʽ ʨʘʢʝʪʠ-ʥʦʩʽʷ, ʜʦʟʚʦʣʷʶʪʴ ʫ ʢʽʣʴʢʘ ʨʘʟʽʚ ʟʥʠʟʠʪʠ ʚʠʪʨʘʪʠ ʥʘ 

ʟʘʧʫʩʢ.ʅʘ ʩʴʦʛʦʜʥʽ ʩʘʤʝ ʫʢʨʘʾʥʩʴʢʽ ʣʽʪʘʢʠ ɸʅ-124-100 çʈʫʩʣʘʥè ʪʘ ɸʥ-225 

çʄʨʽʷè ʤʦʞʫʪʴ ʙʫʪʠ ʟʘʜʽʷʥʽ ʜʣʷ ʚʠʢʦʥʘʥʥʷ ʮʽʻʾ ʤʽʩʽʾ) (ʜʠʚ. ʨʠʩ.1, 2, 3) [7]. 

 
ʈʠʩ. 1. ɸʝʨʦʢʦʩʤʽʯʥʘ ʩʠʩʪʝʤʘ çʆʨʽʣʴè ʥʘ ʙʘʟʽ ʣʽʪʘʢʘ ɸʅ-124-100 çʈʫʩʣʘʥè 

 
ʈʠʩ. 2. ɸʝʨʦʢʦʩʤʽʯʥʘ ʩʠʩʪʝʤʘ çʉʚʽʪʷʟʴè ʥʘ ʙʘʟʽ ʣʽʪʘʢʘ ɸʅ-225 çʄʨʽʷè 

 
 

ʈʠʩ. 3. ɸʝʨʦʢʦʩʤʽʯʥʘ ʩʠʩʪʝʤʘ çʄɸʂSè ʥʘ ʙʘʟʽ ʣʽʪʘʢʘ ɸʅ-225 çʄʨʽʷè. 
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ɿʤʝʥʰʝʥʥʷ ʜʨʫʛʦʾ ʩʢʣʘʜʦʚʦʾ ʚʠʪʨʘʪ ʥʘ ʢʦʩʤʽʯʥʠʡ ʩʝʛʤʝʥʪ, ʪʦʙʪʦ 

ʚʘʨʪʦʩʪʽ ʩʫʧʫʪʥʠʢʽʚ ʟʚôʷʟʢʫ, ʤʦʞʣʠʚʝ ʧʨʠ ʾʭ ʤʘʩʦʚʦʤʫ ʩʝʨʽʡʥʦʤʫ 

ʚʠʨʦʙʥʠʮʪʚʽ. ʉʘʤʝ ʟ ʧʦʛʣʷʜʫ ʥʘ ʮʝ ʜʦʩʠʪʴ ʧʨʠʚʘʙʣʠʚʦʶ ʻ ʽʜʝʷ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʅʉ ʬʦʨʤʘʪʫ CubeSat (ʜʠʚ. ʨʠʩ. 4). 
 

 

ʈʠʩ. 4. ʅʘʥʦʩʫʧʫʪʥʠʢʠ ʢʦʤʧʦʥʦʚʢʠ CubeSAT 3U ʠ 6U. 

ʊʘʢʠʤ ʯʠʥʦʤ, ʥʘ ʩʴʦʛʦʜʥʽ, ʝʬʝʢʪʠʚʥʽʩʪʴ ʩʫʧʫʪʥʠʢʦʚʦʛʦ ʩʝʛʤʝʥʪʫ 

ʩʠʩʪʝʤʠ ʟʚôʷʟʢʫ ʥʘ ʅʉ ʚʠʷʚʣʷʻʪʴʩʷ ʟʥʘʯʥʦ ʚʠʱʦʶ ʫ ʧʦʨʽʚʥʷʥʥʽ ʽʟ ʽʩʥʫʶʯʠʤʠ 

ʉʉɿ. ʆʢʨʽʤ ʪʦʛʦ, ʟʘʧʨʦʧʦʥʦʚʘʥʝ ʨʽʰʝʥʥʷ ʚ ʮʽʣʦʤʫ ʧʽʜʚʠʱʫʻ ʥʘʜʽʡʥʽʩʪʴ ʫʩʽʻʾ 

ʩʠʩʪʝʤʠ, ʦʩʢʽʣʴʢʠ ʚʪʨʘʪʘ ʘʙʦ ʚʠʭʽʜ ʟ ʣʘʜʫ ʦʢʨʝʤʠʭ ʅʉ ʥʝʟʥʘʯʥʠʤ ʯʠʥʦʤ 

ʚʧʣʠʥʝ ʥʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʫʛʨʫʧʫʚʘʥʥʷ, ʘ ʫ ʚʠʧʘʜʢʫ ʯʘʩʪʢʦʚʦʛʦ ʨʝʟʝʨʚʫʚʘʥʥʷ 

ʅʉ ʚ ʢʣʘʩʪʝʨʽ ʪʘʢʽ ʧʦʜʽʾ ʤʦʞʫʪʴ ʙʫʪʠ ʧʦʚʥʽʩʪʶ ʥʽʚʝʣʴʦʚʘʥʽ. ʅʝʤʘʣʦʚʘʞʥʠʤ ʻ 

ʽ ʪʦʡ ʬʘʢʪ, ʱʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʅʉ ʚʠʨʽʰʠʪʴ ʧʨʦʙʣʝʤʫ ʢʦʩʤʽʯʥʦʛʦ ʩʤʽʪʪʷ, 

ʦʩʢʽʣʴʢʠ ʅʉ ʙʫʜʫʪʴ ʟʥʘʭʦʜʠʪʠʩʴ ʥʘ ʥʠʟʴʢʽʡ ʦʨʙʽʪʽ ʪʘ ʧʦ ʟʘʢʽʥʯʝʥʥʽ ʩʚʦʻʾ ʤʽʩʽʾ 

ʙʫʜʫʪʴ ʧʦʚʥʽʩʪʶ ʟʛʦʨʘʪʠ ʚ ʟʝʤʥʽʡ ʘʪʤʦʩʬʝʨʽ. 
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ʉʇʋʊʅʀʂʆɺɸʗ ʅʀɿʂʆʆʈɹʀʊɸʃʔʅɸʗ  

ɺʓʏʀʉʃʀʊɽʃʔʅɸʗ ʉɽʊʔ ʀʅʊɽʈʅɽʊɸ ɺɽʑɽʁ 

 
1
ʀʣʴʯʝʥʢʦ ʄ.ɽ., 

1
ʅʘʨʳʪʥʠʢ ʊ.ʅ.,  

2
ʇʨʠʩʷʞʥʳʡ ɺ.ʀ., 

2
ʂʘʧʰʪʳʢ ʉ.ɺ., 

3
ʄʘʪʚʠʝʥʢʦ ʉ.ɸ. 

 

1
ʅʘʮʠʦʥʘʣʴʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ ʋʢʨʘʠʥʳ  

çʂʠʝʚʩʢʠʡ ʧʦʣʠʪʝʭʥʠʯʝʩʢʠʡ ʠʥʩʪʠʪʫʪ ʠʤ. ʀʛʦʨʷ ʉʠʢʦʨʩʢʦʛʦè 
2
 ʅʘʮʠʦʥʘʣʴʥʳʡ ʮʝʥʪʨ ʫʧʨʘʚʣʝʥʠʷ ʠ ʠʩʧʳʪʘʥʠʷ ʢʦʩʤʠʯʝʩʢʠʭ ʩʨʝʜʩʪʚ 

ɻʦʩʫʜʘʨʩʪʚʝʥʥʦʝ ʢʦʩʤʠʯʝʩʢʦʝ ʘʛʝʥʪʩʪʚʦ ʋʢʨʘʠʥʳ 
3
ʅʘʫʯʥʦ-ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʡ ʢʦʤʧʣʝʢʩ çʂʫʨʩè 

 
Satellite LEO computing network of the internet of things 

 

The issues of development of a LEO Telecommunications Satellite System for the Internet 

of Things Services are considered. To build a Satellite Telecommunications System, the 

Architecture of a ñDistributed Satelliteò was chosen, which allows the use of Nanosatellite / 

CubSat form factor spacecraft. The implementation of the ñFog Computingò and ñEdge 

Computingò concept for processing of Internet of Things unit information is a promising 

direction in the development of Telecommunications Systems designed for the Internet of 

Things. It was proposed to include into each ñDistributed Satelliteò a separate Satellite-

Computer, and to develop the Orbital Distributed Computer Network on the basis of Satellite-

Computers. 

 

ʈʘʩʩʤʦʪʨʝʥʳ ʚʦʧʨʦʩʳ ʧʦʩʪʨʦʝʥʠʷ ʥʠʟʢʦʦʨʙʠʪʘʣʴʥʦʡ ʪʝʣʝʢʦʤʤʫʥʠʢʘʮʠʦʥʥʦʡ 

ʩʧʫʪʥʠʢʦʚʦʡ ʩʠʩʪʝʤʳ ʜʣʷ ʧʨʝʜʦʩʪʘʚʣʝʥʠʷ ʫʩʣʫʛ ʀʥʪʝʨʥʝʪʘ ɺʝʱʝʡ. ɼʣʷ ʧʦʩʪʨʦʝʥʠʷ 

ʩʧʫʪʥʠʢʦʚʦʡ ʪʝʣʝʢʦʤʤʫʥʠʢʘʮʠʦʥʥʦʡ ʩʠʩʪʝʤʳ ʚʳʙʨʘʥʘ ʘʨʭʠʪʝʢʪʫʨʘ çʨʘʩʧʨʝʜʝʣʝʥʥʦʛʦ 

ʩʧʫʪʥʠʢʘè, ʢʦʪʦʨʘʷ ʧʦʟʚʦʣʷʝʪ ʧʨʠʤʝʥʷʪʴ ʢʦʩʤʠʯʝʩʢʠʝ ʘʧʧʘʨʘʪʳ ʬʦʨʤ-ʬʘʢʪʦʨʘ ʥʘʥʦ-

ʩʧʫʪʥʠʢ/ʢʫʙ-ʩʘʪ. ʇʝʨʩʧʝʢʪʠʚʥʳʤ ʥʘʧʨʘʚʣʝʥʠʝʤ ʨʘʟʚʠʪʠʷ ʪʝʣʝʢʦʤʤʫʥʠʢʘʮʠʦʥʥʳʭ ʩʠʩʪʝʤ, 

ʧʨʝʜʥʘʟʥʘʯʝʥʥʳʭ ʜʣʷ ʀʥʪʝʨʥʝʪʘ ɺʝʱʝʡ, ʷʚʣʷʝʪʩʷ ʨʝʘʣʠʟʘʮʠʷ ʢʦʥʮʝʧʮʠʠ çʪʫʤʘʥʥʳʭ 

ʚʳʯʠʩʣʝʥʠʡè ʠ çʛʨʘʥʠʯʥʳʭ ʚʳʯʠʩʣʝʥʠʡè ʜʣʷ ʦʙʨʘʙʦʪʢʠ ʠʥʬʦʨʤʘʮʠʠ ʫʩʪʨʦʡʩʪʚ 

ʀʥʪʝʨʥʝʪʘ ɺʝʱʝʡ. ʇʨʝʜʣʦʞʝʥʦ ʚʢʣʶʯʝʥʠʝ ʚ ʩʦʩʪʘʚ ʢʘʞʜʦʛʦ çʨʘʩʧʨʝʜʝʣʝʥʥʦʛʦ ʩʧʫʪʥʠʢʘè 

ʦʪʜʝʣʴʥʦ ʩʧʫʪʥʠʢʘ-ʚʳʯʠʩʣʠʪʝʣʷ, ʠ ʧʦʩʪʨʦʝʥʠʝ ʥʘ ʦʩʥʦʚʝ ʩʧʫʪʥʠʢʦʚ-ʚʳʯʠʩʣʠʪʝʣʝʡ 

ʦʨʙʠʪʘʣʴʥʦʡ ʨʘʩʧʨʝʜʝʣʝʥʥʦʡ ʚʳʯʠʩʣʠʪʝʣʴʥʦʡ ʩʝʪʠ. 

 

ɺʚʝʜʝʥʠʝ. ʇʦ ʧʨʦʛʥʦʟʘʤ ʵʢʩʧʝʨʪʦʚ, ʚ 2020 ʛʦʜʫ ʀʥʪʝʨʥʝʪ ʚʝʱʝʡ (IoT) 

ʩʪʘʥʝʪ ʦʩʥʦʚʦʡ ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ ʧʨʘʢʪʠʯʝʩʢʠ ʚʦ ʚʩʝʭ ʦʙʣʘʩʪʷʭ ʜʝʷʪʝʣʴʥʦʩʪʠ 

[1]. ʆʞʠʜʘʝʪʩʷ, ʯʪʦ ʚ 2022 ʛʦʜʫ ʦʙʲʝʤ ʤʠʨʦʚʦʛʦ ʨʳʥʢʘ IoT ʠ ʩʚʷʟʘʥʥʳʭ ʩ ʥʠʤ 

ʪʝʭʥʦʣʦʛʠʡ ʜʦʩʪʠʛʥʝʪ 1,2ʪʨʣʥ. ʜʦʣ. ʉʐɸ ʩ ʩʨʝʜʥʠʤ ʨʦʩʪʦʤ 13,6% [2]. ɺ 2023 

ʛʦʜʫ ʢʦʣʠʯʝʩʪʚʦ ʧʦʜʢʣʶʯʝʥʠʡ ʫʩʪʨʦʡʩʪʚ IoT ʢ ʩʦʪʦʚʳʤ ʩʝʪʷʤ ʩʦʩʪʘʚʠʪ 3,5 

ʤʣʨʜ. [2]. ʈʘʟʚʠʪʠʝ IoT ʥʝʨʘʟʨʳʚʥʦ ʩʚʷʟʘʥʦ ʩ ʨʦʩʪʦʤ ʩʧʨʦʩʘ ʥʘ ʧʨʦʧʫʩʢʥʫʶ 

ʩʧʦʩʦʙʥʦʩʪʴ ʪʝʣʝʢʦʤʤʫʥʠʢʘʮʠʦʥʥʳʭ ʩʠʩʪʝʤ. ʉʝʛʤʝʥʪ ʤʘʣʳʭ ʢʦʩʤʠʯʝʩʢʠʭ 

ʘʧʧʘʨʘʪʦʚ ʚʩʝ ʙʦʣʝʝ ʧʨʠʚʣʝʢʘʝʪ ʚʥʠʤʘʥʠʝ ʨʘʟʨʘʙʦʪʯʠʢʦʚ ʩʧʫʪʥʠʢʦʚʳʭ 

ʩʠʩʪʝʤ ʩʚʷʟʠ. ɺ ʙʣʠʞʘʡʰʠʝ ʜʝʩʷʪʴ ʣʝʪ ʦʞʠʜʘʝʪʩʷ ʟʘʧʫʩʢ 2800 ʥʘʥʦ/ʤʠʢʨʦ-

ʩʧʫʪʥʠʢʦʚ (ʤʘʩʩʦʡ 1-50 ʢʛ) [3]. ɺ 2019 ʛʦʜʫ ʧʨʦʛʥʦʟʠʨʫʝʪʩʷ, ʯʪʦ ʢʦʣʠʯʝʩʪʚʦ 
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ʟʘʧʫʱʝʥʥʳʭ ʢʦʩʤʠʯʝʩʢʠʭ ʘʧʧʘʨʘʪʦʚ ʚ ʵʪʦʤ ʩʝʛʤʝʥʪʝ ʨʳʥʢʘ ʩʦʩʪʘʚʠʪ 

294õ393. 
 

çʊʫʤʘʥʥʳʝè ʠ çʛʨʘʥʠʯʥʳʝ ʚʳʯʠʩʣʝʥʠʷè ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʢʘʢ ʤʝʪʦʜ 

ʧʦʚʳʰʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʩʠʩʪʝʤ IoT [4]. ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʦʙʨʘʙʦʪʢʘ 

ʠʥʬʦʨʤʘʮʠʠ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʥʘ ʥʠʞʥʠʭ ʠ ʧʨʦʤʝʞʫʪʦʯʥʳʭ ʠʝʨʘʨʭʠʯʝʩʢʠʭ 

ʫʨʦʚʥʷʭ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʩʠʩʪʝʤʳ. ʕʪʦ ʧʦʟʚʦʣʷʝʪ ʦʧʪʠʤʠʟʠʨʦʚʘʪʴ ʪʨʘʬʠʢʘ 

ʫʩʪʨʦʡʩʪʚ IoT ʚ ʩʠʩʪʝʤʝ ʩʚʷʟʠ. ʇʨʠ çʪʫʤʘʥʥʳʭè ʠ çʛʨʘʥʠʯʥʳʭ ʚʳʯʠʩʣʝʥʠʷʭè 

ʥʘ ʚʝʨʭʥʠʝ ʫʨʦʚʥʠ ʧʝʨʝʜʘʶʪʩʷ ʨʝʟʫʣʴʪʘʪʳ ʦʙʨʘʙʦʪʢʠ ʠʥʬʦʨʤʘʮʠʠ, ʯʪʦ 

ʩʦʢʨʘʱʘʝʪ ʦʙʲʝʤ ʠ ʧʦʚʳʰʘʝʪ çʮʝʥʥʦʩʪʴè ʵʪʦʡ ʠʥʬʦʨʤʘʮʠʠ. ʉʠʩʪʝʤʘ ʩʚʷʟʠ, 

ʧʦʜʜʝʨʞʠʚʘʶʱʘʷ ʢʦʥʮʝʧʮʠʶ çʪʫʤʘʥʥʳʭè ʠ çʛʨʘʥʠʯʥʳʭ ʚʳʯʠʩʣʝʥʠʡè, 

ʜʦʣʞʥʘ ʦʙʣʘʜʘʪʴ ʚʳʯʠʩʣʠʪʝʣʴʥʳʤʠ ʤʦʱʥʦʩʪʷʤʠ ʜʣʷ ʦʙʨʘʙʦʪʢʠ ʠʥʬʦʨʤʘʮʠʠ 

IoT, ʨʘʩʧʦʣʦʞʝʥʥʳʤʠ ʙʣʠʞʝ ʢ ʛʨʘʥʠʮʝ ʩʝʪʠ. 

ʅʠʟʢʦʦʨʙʠʪʘʣʴʥʘʷ (LEO) ʩʠʩʪʝʤʘ ʩʧʫʪʥʠʢʦʚʦʡ ʩʚʷʟʠ ʜʣʷ IoT ʜʦʣʞʥʘ 

ʫʯʠʪʳʚʘʪʴ ʵʪʠ ʦʩʦʙʝʥʥʦʩʪʠ, ʪ.ʝ. ʧʨʝʜʦʩʪʘʚʠʪʴ ʚʳʯʠʩʣʠʪʝʣʴʥʳʝ ʤʦʱʥʦʩʪʠ ʜʣʷ 

çʪʫʤʘʥʥʳʭè ʠ çʛʨʘʥʠʯʥʳʭ ʚʳʯʠʩʣʝʥʠʡ. ɺ LEO ʩʠʩʪʝʤʝ ʩʧʫʪʥʠʢʦʚʦʡ ʩʚʷʟʠ, 

ʥʘ ʦʩʥʦʚʝ ʘʨʭʠʪʝʢʪʫʨʳ çʨʘʩʧʨʝʜʝʣʝʥʥʦʛʦ ʩʧʫʪʥʠʢʘè (ʩʤ.ʨʠʩ.1) [5], 

ʨʘʟʤʝʱʝʥʠʝ ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ ʤʦʱʥʦʩʪʝʡ ʨʝʰʘʝʪʩʷ ʚʢʣʶʯʝʥʠʝʤ ʩʧʫʪʥʠʢʘ-

ʚʳʯʠʩʣʠʪʝʣʷ ʚ ʩʦʩʪʘʚ çʨʘʩʧʨʝʜʝʣʝʥʥʦʛʦ ʩʧʫʪʥʠʢʘè. 

 
 

 
 

ʈʠʩ.1 ɸʨʭʠʪʝʢʪʫʨʘ çʨʘʩʧʨʝʜʝʣʝʥʥʦʛʦ 

ʩʧʫʪʥʠʢʘè. ʎʝʥʪʨʘʣʠʟʦʚʘʥʥʘʷ 

ʢʦʥʬʠʛʫʨʘʮʠʷ. 

ʈʠʩ.2. ʈʘʩʧʨʝʜʝʣʝʥʥʘʷ ʙʘʟʘ ʜʘʥʥʳʭ ʦʜʥʦʡ 

ʦʨʙʠʪʘʣʴʥʦʡ ʧʣʦʩʢʦʩʪʠ ʥʠʟʢʦʦʨʙʠʪʘʣʴʥʦʡ 

ʩʠʩʪʝʤʳ IoT. 

 

ʉʧʫʪʥʠʢ-ʚʳʯʠʩʣʠʪʝʣʴ ʧʦʩʪʨʦʝʥ ʥʘ ʧʣʘʪʬʦʨʤʝ ʢʫʙ-ʩʘʪʘ. ɽʛʦ ʧʦʣʝʟʥʦʡ 

ʥʘʛʨʫʟʢʦʡ ʷʚʣʷʝʪʩʷ ʚʳʯʠʩʣʠʪʝʣʴʥʳʡ ʤʦʜʫʣʴ. ɸʨʭʠʪʝʢʪʫʨʘ çʨʘʩʧʨʝʜʝʣʝʥʥʦʛʦ 

ʩʧʫʪʥʠʢʘè ʧʦʟʚʦʣʷʝʪ ʧʝʨʝʥʘʧʨʘʚʠʪʴ ʤʦʱʥʦʩʪʴ ʙʦʨʪʦʚʦʡ ʩʠʩʪʝʤʳ 

ʵʥʝʨʛʦʩʥʘʙʞʝʥʠʷ ʥʘ ʧʦʣʝʟʥʫʶ ʥʘʛʨʫʟʢʫ ï ʚʳʯʠʩʣʠʪʝʣʴʥʳʡ ʤʦʜʫʣʴ.   
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ɺʳʯʠʩʣʠʪʝʣʴʥʳʡ ʤʦʜʫʣʴ ʢʫʙ-ʩʘʪʘ ʦʙʦʨʫʜʦʚʘʥ ʩʦʙʩʪʚʝʥʥʳʤ 

ʧʨʦʮʝʩʩʦʨʦʤ ʠ ʧʘʤʷʪʴʶ. ʇʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʚʳʯʠʩʣʠʪʝʣʴʥʦʛʦ ʷʜʨʘ ʤʦʜʫʣʷ 

(ʚʳʯʠʩʣʠʪʝʣʴʥʘʷ ʤʦʱʥʦʩʪʴ) ʦʧʨʝʜʝʣʷʝʪʩʷ ʥʘ ʦʩʥʦʚʝ ʢʦʤʧʨʦʤʠʩʩʘ ʤʝʞʜʫ 

ʩʣʝʜʫʶʱʠʤʠ ʧʦʢʘʟʘʪʝʣʷʤʠ: 

- ʤʘʩʩʦʚʦ-ʛʘʙʘʨʠʪʥʳʝ ʧʦʢʘʟʘʪʝʣʠ, ʧʦʪʨʝʙʣʷʝʤʘʷ ʤʦʱʥʦʩʪʴ, 

ʪʝʧʦʣʚʳʜʝʣʝʥʠʝ; 

- ʢʦʣʠʯʝʩʪʚʦ ʫʩʪʨʦʡʩʪʚ IoT ʚ ʟʦʥʝ ʦʙʩʣʫʞʠʚʘʥʠʷ çʨʘʩʧʨʝʜʝʣʝʥʥʦʛʦ 

ʩʧʫʪʥʠʢʘè, ʦʙʲʝʤ ʠ ʦʩʦʙʝʥʥʦʩʪʠ ʪʨʘʬʠʢʘ; 

- ʩʣʦʞʥʦʩʪʴ ʘʣʛʦʨʠʪʤʦʚ ʦʙʨʘʙʦʪʢʠ ʠʥʬʦʨʤʘʮʠʠ IoT, ʦʙʲʝʤ 

ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ, ʦʛʨʘʥʠʯʝʥʠʷ ʧʦ ʚʨʝʤʝʥʠ ʦʙʨʘʙʦʪʢʠ 

ʠʥʬʦʨʤʘʮʠʠ IoT. 

ʉʧʫʪʥʠʢʠ-ʚʳʯʠʩʣʠʪʝʣʠ ʬʦʨʤʠʨʫʶʪ ʥʘ ʦʨʙʠʪʝ ʨʘʩʧʨʝʜʝʣʝʥʥʫʶ 

ʚʳʯʠʩʣʠʪʝʣʴʥʫʶ ʩʝʪʴ IoT. ʋʩʪʨʦʡʩʪʚʘ IoT ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ɿʝʤʣʠ ʠʩʧʦʣʴʟʫʶʪ 

ʩʧʫʪʥʠʢ-ʚʳʯʠʩʣʠʪʝʣʴ çʨʘʩʧʨʝʜʝʣʝʥʥʦʛʦ ʩʧʫʪʥʠʢʘè, ʧʨʝʜʦʩʪʘʚʣʷʶʱʝʛʦ 

ʫʩʣʫʛʠ ʚ ʨʘʡʦʥʝ ʥʘʭʦʞʜʝʥʠʷ ʫʩʪʨʦʡʩʪʚʘ IoT ʚ ʜʘʥʥʳʡ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ. 

ɺ ʧʘʤʷʪʠ ʚʳʯʠʩʣʠʪʝʣʴʥʦʛʦ ʤʦʜʫʣʷ ʩʧʫʪʥʠʢʘ-ʚʳʯʠʩʣʠʪʝʣʷ ʭʨʘʥʠʪʩʷ ʙʘʟʘ 

ʜʘʥʥʳʭ, ʩʦʜʝʨʞʘʱʘʷ ʩʣʝʜʫʶʱʫʶ ʠʥʬʦʨʤʘʮʠʶ: 

- ʜʘʥʥʳʝ ʧʦ ʫʩʪʨʦʡʩʪʚʘʤ IoT (MAC ʠ IP ʘʜʨʝʩʘ, ʪʠʧ ʠ ʤʝʪʦʜ ʘʜʨʝʩʘʮʠʠ, 

ʢʦʥʩʪʨʫʢʪʠʚʥʳʝ ʢʦʥʩʪʘʥʪʳ ʠ ʢʦʵʬʬʠʮʠʝʥʪʳ), ʢʦʦʨʜʠʥʘʪʳ ʫʩʪʨʦʡʩʪʚ 

IoT (ʜʣʷ ʩʪʘʮʠʦʥʘʨʥʳʭ ʫʩʪʨʦʡʩʪʚ) ʠ ʨʘʡʦʥʳ ʜʣʷ ʤʦʙʠʣʴʥʳʭ ʫʩʪʨʦʡʩʪʚ 

IoT, ʧʨʦʯʠʝ ʜʘʥʥʳʝ; 

- ʧʨʦʛʨʘʤʤʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ IoT; 

- ʨʝʟʫʣʴʪʘʪʳ ʦʙʨʘʙʦʪʢʠ ʠʥʬʦʨʤʘʮʠʠ IoT ʚ ʨʝʘʣʴʥʦʤ ʤʘʩʰʪʘʙʝ ʚʨʝʤʝʥʠ; 

- ʧʨʦʯʘʷ ʠʥʬʦʨʤʘʮʠʷ. 

ɹʘʟʘ ʜʘʥʥʳʭ ʫʯʠʪʳʚʘʝʪ ʣʦʢʘʣʠʟʘʮʠʶ ʫʩʪʨʦʡʩʪʚ IoT ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ 

ɿʝʤʣʠ, ʩʦʩʪʦʠʪ ʠʟ ʩʦʚʦʢʫʧʥʦʩʪʠ ʣʦʢʘʣʠʟʦʚʘʥʥʳʭ ʙʘʟ ʜʘʥʥʳʭ ʠ ʜʝʣʠʪʩʷ ʥʘ ʜʚʝ 

ʯʘʩʪʠ: ʢʦʥʩʝʨʚʘʪʠʚʥʘʷ ʠ ʦʧʝʨʘʪʠʚʥʘʷ ʯʘʩʪʴ. ʂʦʥʩʝʨʚʘʪʠʚʥʘʷ ʯʘʩʪʴ ʩʦʜʝʨʞʠʪ 

ʠʥʬʦʨʤʘʮʠʶ ʩ ʜʣʠʪʝʣʴʥʳʤ ʩʨʦʢʦʤ ʭʨʘʥʝʥʠʷ, ʘʢʪʫʘʣʴʥʦʩʪʴ ʢʦʪʦʨʦʡ 

ʧʨʝʚʳʰʘʝʪ ʦʨʙʠʪʘʣʴʥʳʡ ʧʝʨʠʦʜ. ʆʧʝʨʘʪʠʚʥʘʷ ʯʘʩʪʴ ʩʦʜʝʨʞʠʪ ʨʝʟʫʣʴʪʘʪʳ 

ʦʙʨʘʙʦʪʢʠ ʠʥʬʦʨʤʘʮʠʠ IoT ʚ ʨʝʞʠʤʝ ʨʝʘʣʴʥʦʛʦ ʚʨʝʤʝʥʠ. 

ɺ LEO ʩʧʫʪʥʠʢʦʚʳʭ ʩʠʩʪʝʤʘʭ, ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʫʛʣʘ ʤʝʩʪʘ ʘʥʪʝʥʥʳ 

ʟʝʤʥʦʡ ʩʪʘʥʮʠʠ ʠ ʚʳʩʦʪʳ ʦʨʙʠʪʳ ʚʨʝʤʷ çʚʠʜʠʤʦʩʪʠè ʩʧʫʪʥʠʢʘ ʩʦʩʪʘʚʣʷʝʪ ʦʪ 

ʝʜʠʥʠʮ ʜʦ 15-20 ʤʠʥʫʪ. ʇʦʩʣʝ ʵʪʦʛʦ ʩʧʫʪʥʠʢ çʚʳʭʦʜʠʪè ʠʟ ʟʦʥʳ ʚʠʜʠʤʦʩʪʠ 

ʟʝʤʥʦʡ ʩʪʘʥʮʠʠ ʠ ʚ ʟʦʥʫ ʚʠʜʠʤʦʩʪʠ çʚʭʦʜʠʪè ʩʣʝʜʫʶʱʠʡ ʩʧʫʪʥʠʢ. ɼʣʷ 

ʦʙʝʩʧʝʯʝʥʠʷ ʥʝʧʨʝʨʳʚʥʦʩʪʠ ʦʙʩʣʫʞʠʚʘʥʠʷ ʫʩʪʨʦʡʩʪʚ IoT ʥʝʦʙʭʦʜʠʤʦ 

ʦʙʝʩʧʝʯʠʪʴ ʧʝʨʝʜʘʯʫ ʨʝʟʫʣʴʪʘʪʦʚ ʧʨʝʜʳʜʫʱʠʭ ʦʧʝʨʘʮʠʡ ʦʪ çʫʭʦʜʷʱʝʛʦè ʢ 

çʧʨʠʭʦʜʷʱʝʤʫè ʩʧʫʪʥʠʢʫ-ʚʳʯʠʩʣʠʪʝʣʶ, ʪ.ʝ. ʣʦʢʘʣʠʟʦʚʘʪʴ ʦʧʝʨʘʪʠʚʥʫʶ 

ʯʘʩʪʴ ʙʘʟʳ ʜʘʥʥʳʭ. ɼʣʷ ʣʦʢʘʣʠʟʘʮʠʠ ʙʘʟʳ ʜʘʥʥʳʭ çʨʘʩʧʨʝʜʝʣʝʥʥʳʝ 

ʩʧʫʪʥʠʢʠè ʧʦ ʣʠʥʠʷʤ ʩʚʷʟʠ ʤʝʞʜʫ ʩʧʫʪʥʠʢʘʤʠ ʧʨʦʠʟʚʦʜʷʪ ʧʝʨʝʜʘʯʫ/ʦʙʤʝʥ 

ʠʥʬʦʨʤʘʮʠʝʡ ʦ ʨʝʟʫʣʴʪʘʪʘʭ ʦʙʨʘʙʦʪʢʠ ʪʝʢʫʱʠʭ ʟʘʧʨʦʩʦʚ ʦʪ ʫʩʪʨʦʡʩʪʚ IoT ʚ 

ʧʨʠʚʷʟʢʝ ʢ ʤʝʩʪʫ ʠʭ ʨʘʟʤʝʱʝʥʠʷ. ʅʘ ʨʠʩ.2 ʧʦʢʘʟʘʥʘ ʩʭʝʤʘ ʧʝʨʝʜʘʯʠ 
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ʠʥʬʦʨʤʘʮʠʠ ʚ ʦʜʥʦʡ ʦʨʙʠʪʘʣʴʥʦʡ ʧʣʦʩʢʦʩʪʠ ʜʣʷ ʧʦʜʜʝʨʞʘʥʠʷ 

ʣʦʢʘʣʠʟʦʚʘʥʥʦʡ ʙʘʟʳ ʜʘʥʥʳʭ. ʂʘʢ ʚʠʜʥʦ ʠʟ ʨʠʩ.2, ʠʥʬʦʨʤʘʮʠʷ ʧʝʨʝʜʘʝʪʩʷ ʚ 

ʥʘʧʨʘʚʣʝʥʠʠ, ʧʨʦʪʠʚʦʧʦʣʦʞʥʦʤ ʥʘʧʨʘʚʣʝʥʠʶ ʜʚʠʞʝʥʠʷ ʩʧʫʪʥʠʢʦʚ ʚ 

ʦʨʙʠʪʘʣʴʥʦʡ ʧʣʦʩʢʦʩʪʠ. 

ɺʘʞʥʳʤ ʜʦʩʪʦʠʥʩʪʚʦʤ ʨʘʩʧʨʝʜʝʣʝʥʥʳʭ ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ ʩʝʪʝʡ ʷʚʣʷʝʪʩʷ 

ʩʧʦʩʦʙʥʦʩʪʴ ʦʧʝʨʘʪʠʚʥʦ ʥʘʨʘʱʠʚʘʪʴ ʚʳʯʠʩʣʠʪʝʣʴʥʳʝ ʤʦʱʥʦʩʪʠ ʧʨʠ 

ʚʦʟʥʠʢʥʦʚʝʥʠʠ ʧʠʢʦʚʳʭ ʥʘʛʨʫʟʦʢ ʟʘ ʩʯʝʪ ʧʝʨʝʨʘʩʧʨʝʜʝʣʝʥʠʷ ʚʳʯʠʩʣʠʪʝʣʴʥʦʡ 

ʥʘʛʨʫʟʢʠ ʥʘ ʥʝ ʟʘʛʨʫʞʝʥʥʳʝ ʚʳʯʠʩʣʠʪʝʣʴʥʳʝ ʤʦʜʫʣʠ. ʆʨʙʠʪʘʣʴʥʘʷ 

ʨʘʩʧʨʝʜʝʣʝʥʥʘʷ ʚʳʯʠʩʣʠʪʝʣʴʥʘʷ ʩʝʪʴ ʠʩʧʦʣʴʟʫʝʪ ʵʪʦ ʩʚʦʡʩʪʚʦ ʜʣʷ 

ʧʨʝʜʦʩʪʘʚʣʝʥʠʷ ʫʩʣʫʛ ʚ ʨʘʡʦʥʘʭ ʩ ʚʳʩʦʢʦʡ ʧʣʦʪʥʦʩʪʴʶ ʫʩʪʨʦʡʩʪʚ IoT. ʂʦʛʜʘ 

ʥʘʛʨʫʟʢʘ ʥʘ ʩʧʫʪʥʠʢ-ʚʳʯʠʩʣʠʪʝʣʴ ʧʨʠʙʣʠʞʘʝʪʩʷ ʢ ʧʨʝʜʝʣʴʥʦʡ, ʝʝ ʯʘʩʪʴ 

ʧʝʨʝʜʘʝʪʩʷ ʥʘ ʩʧʫʪʥʠʢʠ-ʚʳʯʠʩʣʠʪʝʣʠ ʜʨʫʛʠʭ çʨʘʩʧʨʝʜʝʣʝʥʥʳʭ ʩʧʫʪʥʠʢʦʚè. 

ʇʝʨʝʨʘʩʧʨʝʜʝʣʝʥʠʝ ʚʳʯʠʩʣʠʪʝʣʴʥʦʡ ʥʘʛʨʫʟʢʠ ʧʨʦʠʟʚʦʜʠʪʩʷ ʩ ʫʯʝʪʦʤ 

ʦʩʦʙʝʥʥʦʩʪʝʡ ʪʨʘʬʠʢʘ ʫʩʪʨʦʡʩʪʚ IoT. 

ɺʳʚʦʜʳ. 
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ʷʚʣʷʝʪʩʷ ʩʦʩʪʘʚʥʦʡ ʯʘʩʪʴʶ ʥʠʟʢʦʦʨʙʠʪʘʣʴʥʦʡ ʩʧʫʪʥʠʢʦʚʦʡ ʩʠʩʪʝʤʳ ʩʚʷʟʠ 

ʜʣʷ ʧʨʝʜʦʩʪʘʚʣʝʥʠʷ ʫʩʣʫʛ IoT, ʦʪʨʘʞʘʶʱʘʷ ʦʩʦʙʝʥʥʦʩʪʠ IoT ʠ ʨʝʘʣʠʟʫʶʱʘʷ 

ʢʦʥʮʝʧʮʠʠ çʪʫʤʘʥʥʳʭ ʚʳʯʠʩʣʝʥʠʡè ʠ çʛʨʘʥʠʯʥʳʭ ʚʳʯʠʩʣʝʥʠʡè. 

2. ɸʨʭʠʪʝʢʪʫʨʘ çʨʘʩʧʨʝʜʝʣʝʥʥʦʛʦ ʩʧʫʪʥʠʢʘè ʧʦʟʚʦʣʷʝʪ ʦʧʝʨʘʪʠʚʥʦ 

ʥʘʨʘʱʠʚʘʪʴ ʚʳʯʠʩʣʠʪʝʣʴʥʳʝ ʚʦʟʤʦʞʥʦʩʪʠ ʢʦʩʤʠʯʝʩʢʦʛʦ ʩʝʛʤʝʥʪʘ ʩʠʩʪʝʤʳ ʠ 

ʦʙʝʩʧʝʯʠʚʘʪʴ ʧʝʨʝʨʘʩʧʨʝʜʝʣʝʥʠʝ ʚʳʯʠʩʣʠʪʝʣʴʥʦʡ ʥʘʛʨʫʟʢʠ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ 

ʠʩʧʦʣʴʟʦʚʘʪʴ ʚʳʯʠʩʣʠʪʝʣʴʥʳʝ ʩʨʝʜʩʪʚʘ ʩ ʦʛʨʘʥʠʯʝʥʥʦʡ ʚʳʯʠʩʣʠʪʝʣʴʥʦʡ 

ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴʶ, ʠ ʪʝʤ ʩʘʤʳʤ ʩʥʠʟʠʪʴ ʩʪʦʠʤʦʩʪʴ ʪʘʢʠʭ ʫʩʪʨʦʡʩʪʚ. 
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Simulation model of a satellite cluster type network of packet switching  

 

A simplified simulation model of a switching packets network of spacecrafts interacting 

clusters has been developed. A communication network of a hierarchical structure is modeled: an 

elementary structural unit is a cluster communication network; integrated structure is a 

communications network based on networks of cluster groups connected by communication lines 

between some spacecraft. When modeling, the types of cluster internal loads, network-wide 

loads and the loads of different users are different. 
 

ɺʩʝ ʙʦʣʴʰʝ ʘʢʪʫʘʣʴʥʳʭ ʟʘʜʘʯ ʩʧʫʪʥʠʢʦʚʦʡ ʩʚʷʟʠ, ʜʠʩʪʘʥʮʠʦʥʥʦʛʦ 

ʟʦʥʜʠʨʦʚʘʥʠʷ ɿʝʤʣʠ ʠ ʥʘʙʣʶʜʝʥʠʷ ʦʢʦʣʦʟʝʤʥʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ ʪʨʝʙʫʶʪ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʢʣʘʩʪʝʨʥʳʭ ʛʨʫʧʧ ʢʦʩʤʠʯʝʩʢʠʭ ʘʧʧʘʨʘʪʦʚ [1-4]. ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ 

ʧʨʠʥʷʪʦ ʩʣʝʜʫʶʱʝʝ ʦʧʨʝʜʝʣʝʥʠʝ ʢʣʘʩʪʝʨʘ. ʂʦʩʤʠʯʝʩʢʠʝ ʘʧʧʘʨʘʪʳ ʢʣʘʩʪʝʨʥʦʡ 

ʛʨʫʧʧʳ ʩʚʷʟʘʥʥʳ ʨʝʰʝʥʠʝʤ ʦʙʱʠʭ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʟʘʜʘʯ, ʨʘʟʙʠʪʳʭ ʥʘ 

ʧʦʜʟʘʜʘʯʠ, ʨʝʘʣʠʟʫʝʤʳʝ ʢʘʞʜʳʤ ʠʟ ʥʠʭ. ʇʨʠ ʦʨʛʘʥʠʟʘʮʠʠ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ 

ʢʣʘʩʪʝʨʘ ʢʦʩʤʠʯʝʩʢʠʭ ʘʧʧʘʨʘʪʦʚ ʦʥ ʧʨʝʜʧʦʣʘʛʘʝʪʩʷ ʝʜʠʥʦʡ ʩʣʦʞʥʦʡ ʩʠʩʪʝʤʦʡ. 

ɼʣʷ ʢʦʩʤʠʯʝʩʢʠʭ ʘʧʧʘʨʘʪʦʚ ʢʣʘʩʪʝʨʘ ʧʦʜʜʝʨʞʠʚʘʝʪʩʷ ʠʭ ʤʝʩʪʦʧʦʣʦʞʝʥʠʝ ʚ 

ʦʪʥʦʩʠʪʝʣʴʥʦ çʢʦʤʧʘʢʪʥʦʡè ʛʨʫʧʧʝ. ʋʧʨʘʚʣʝʥʠʝ ʢʣʘʩʪʝʨʦʤ (ʮʝʥʪʨʘʣʠʟʦʚʘʥʥʦʝ 

ʠʣʠ ʨʘʩʧʨʝʜʝʣʝʥʥʦʝ, ʚ ʪʦʤ ʯʠʩʣʝ ī ʠ ʥʘ ʦʩʥʦʚʝ ʤʫʣʴʪʠʘʛʝʥʪʥʳʭ ʪʝʭʥʦʣʦʛʠʡ) 

ʤʦʞʝʪ ʙʳʪʴ ʘʚʪʦʥʦʤʥʳʤ ʠʣʠ ʧʦʣʫʘʚʪʦʥʦʤʥʳʤ. ʄʝʞʜʫ ʢʦʩʤʠʯʝʩʢʠʤʠ 

ʘʧʧʘʨʘʪʘʤʠ ʢʣʘʩʪʝʨʘ ʧʦʜʜʝʨʞʠʚʘʶʪʩʷ ʢʦʤʤʫʥʠʢʘʮʠʠ. ʏʘʩʪʥʳʡ ʩʣʫʯʘʡ 

ʢʣʘʩʪʝʨʥʦʡ ʛʨʫʧʧʠʨʦʚʢʠ ʢʦʩʤʠʯʝʩʢʠʭ ʘʧʧʘʨʘʪʦʚ ī çʨʘʩʧʨʝʜʝʣʝʥʥʳʝè 

ʢʦʩʤʠʯʝʩʢʠʝ ʘʧʧʘʨʘʪʳ [1,2]. ʇʦʷʚʣʷʶʪʩʷ ʧʨʦʝʢʪʳ ʩʧʫʪʥʠʢʦʚʳʭ ʩʠʩʪʝʤ ʥʘ 

ʦʩʥʦʚʝ ʚʟʘʠʤʦʜʝʡʩʪʚʫʶʱʠʭ ʢʣʘʩʪʝʨʥʳʭ ʛʨʫʧʧʠʨʦʚʦʢ (ʧʨʠ ʵʪʦʤ ʩʝʪʠ ʩʚʷʟʠ 

ʢʣʘʩʪʝʨʦʚ ʦʙʲʝʜʠʥʝʥʳ ʚ ʠʥʪʝʛʨʠʨʦʚʘʥʥʫʶ ʩʝʪʴ ʥʘ ʦʩʥʦʚʝ ʢʦʤʤʫʥʠʢʘʮʠʡ ʤʝʞʜʫ 

ʢʦʩʤʠʯʝʩʢʠʤʠ ʘʧʧʘʨʘʪʘʤʠ, ʚʭʦʜʷʱʠʤʠ ʚ ʨʘʟʣʠʯʥʳʝ ʢʣʘʩʪʝʨʳ). ʇʝʨʩʧʝʢʪʠʚʥʳʤ 

ʚʘʨʠʘʥʪʦʤ ʩʝʪʝʡ ʩʚʷʟʠ ʘʢʪʠʚʥʦ ʚʟʘʠʤʦʜʝʡʩʪʚʫʶʱʠʭ ʢʦʩʤʠʯʝʩʢʠʤʠ ʘʧʧʘʨʘʪʦʚ 

ʷʚʣʷʶʪʩʷ ʩʝʪʠ ʩ ʪʝʭʥʠʢʦʡ ʢʦʤʤʫʪʘʮʠʠ ʧʘʢʝʪʦʚ. ɼʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʥʘʯʘʣʴʥʳʭ 

ʵʪʘʧʦʚ ʘʥʘʣʠʟʘ ʧʨʦʝʢʪʥʳʭ ʨʝʰʝʥʠʡ ʧʦ ʩʦʟʜʘʥʠʶ ʩʠʩʪʝʤ ʚʟʘʠʤʦʜʝʡʩʪʚʫʶʱʠʭ 

ʢʣʘʩʪʝʨʦʚ ʢʦʩʤʠʯʝʩʢʠʭ ʘʧʧʘʨʘʪʦʚ ʨʘʟʨʘʙʦʪʘʥʘ ʫʧʨʦʱʝʥʥʘʷ ʠʤʠʪʘʮʠʦʥʥʘʷ 

ʤʦʜʝʣʴ ʩʧʫʪʥʠʢʦʚʦʡ ʩʝʪʠ ʢʦʤʤʫʪʘʮʠʠ ʧʘʢʝʪʦʚ ʢʣʘʩʪʝʨʥʦʛʦ ʪʠʧʘ. 

ʇʨʝʜʣʦʞʝʥʥʘʷ ʠʤʠʪʘʮʠʦʥʥʘʷ ʤʦʜʝʣʴ ʨʝʘʣʠʟʫʝʪ ʩʠʩʪʝʤʫ, ʜʣʷ ʢʦʪʦʨʦʡ 

ʩʦʭʨʘʥʷʶʪʩʷ ʩʣʝʜʫʶʱʠʝ ʧʦʣʦʞʝʥʠʷ. ʂʣʘʩʪʝʨ ʢʦʩʤʠʯʝʩʢʠʭ ʘʧʧʘʨʘʪʦʚ ī 

ʵʣʝʤʝʥʪʘʨʥʘʷ ʩʪʨʫʢʪʫʨʥʘʷ ʝʜʠʥʠʮʘ. ʉʝʪʴ ʩʚʷʟʠ ʢʣʘʩʪʝʨʘ ʤʦʞʝʪ ʙʳʪʴ ʩʦʟʜʘʥʘ ʥʘ 

ʦʩʥʦʚʝ ʪʝʭʥʦʣʦʛʠʡ çʥʝʥʘʧʨʘʚʣʝʥʥʦʡè ʠʣʠ çʥʘʧʨʘʚʣʝʥʥʦʡè ʩʚʷʟʠ. 

çʅʘʧʨʘʚʣʝʥʥʘʷè ʩʚʷʟʴ ï ʧʨʦʛʨʘʤʤʥʦ-ʫʧʨʘʚʣʷʝʤʳʝ ʣʠʥʠʠ ʦʧʪʠʯʝʩʢʦʡ ʩʚʷʟʠ ʠʣʠ 

ʣʫʯʠ ʬʘʟʠʨʦʚʘʥʥʦʡ ʘʥʪʝʥʥʦʡ ʨʝʰʝʪʢʠ. ɺ ʦʙʱʝʤ ʩʣʫʯʘʝ ʢʦʩʤʠʯʝʩʢʠʡ ʘʧʧʘʨʘʪ 

ʫʩʪʘʥʘʚʣʠʚʘʝʪ ʥʘʧʨʘʚʣʝʥʥʳʝ ʣʠʥʠʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʫʩʪʨʦʡʩʪʚ ʰʝʩʪʠ ʪʠʧʦʚ, 

ʢʘʞʜʦʝ ʠʟ ʢʦʪʦʨʳʭ ʧʨʠʤʝʥʠʤʦ ʚ ʦʜʥʦʤ ʠʟ ʩʝʢʪʦʨʦʚ ʩ ʦʩʴʶ ʩʠʤʤʝʪʨʠʠ, 
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ʩʦʚʧʘʜʘʶʱʝʡ ʩ ʦʩʴʶ ʙʘʨʠʮʝʥʪʨʠʯʝʩʢʦʡ ʦʨʙʠʪʘʣʴʥʦʡ ʩʠʩʪʝʤʳ ʢʦʦʨʜʠʥʘʪ 

ʢʦʩʤʠʯʝʩʢʦʛʦ ʘʧʧʘʨʘʪʘ ʠ ʨʘʟʚʝʨʥʫʪʳʤ ʚ ʧʦʣʦʞʠʪʝʣʴʥʦʤ ʠʣʠ ʦʪʨʠʮʘʪʝʣʴʥʦʤ 

ʥʘʧʨʘʚʣʝʥʠʠ ʵʪʦʡ ʦʩʠ. ʂʦʩʤʠʯʝʩʢʠʡ ʘʧʧʘʨʘʪ ʢʣʘʩʪʝʨʘ ʧʦʜʜʝʨʞʠʚʘʝʪ ʫ ʩʝʙʷ 

ʛʣʦʙʘʣʴʥʫʶ ʠʥʬʦʨʤʘʮʠʶ ʦ ʪʝʢʫʱʝʤ ʩʦʩʪʦʷʥʠʠ ʠʥʪʝʛʨʠʨʦʚʘʥʥʦʡ ʩʝʪʠ (ʦ 

ʪʦʧʦʣʦʛʠʠ ʩʝʪʠ ʠ ʦ ʟʘʛʨʫʞʝʥʥʦʩʪʠ ʝʝ ʫʟʣʦʚ). ʊʦʧʦʣʦʛʠʷ ʩʝʪʠ ʨʘʩʩʯʠʪʳʚʘʝʪʩʷ ʥʘ 

ʙʦʨʪʫ ʢʘʞʜʦʛʦ ʢʦʩʤʠʯʝʩʢʦʛʦ ʘʧʧʘʨʘʪʘ ʥʘ ʦʩʥʦʚʝ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʜʚʠʞʝʥʠʷ ʚʩʝʭ 

ʢʦʩʤʠʯʝʩʢʠʭ ʘʧʧʘʨʘʪʦʚ ʚʟʘʠʤʦʜʝʡʩʪʚʫʶʱʠʭ ʢʣʘʩʪʝʨʦʚ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʝʩʣʦʞʥʳʭ ʤʦʜʝʣʝʡ ʦʨʙʠʪʘʣʴʥʦʛʦ ʜʚʠʞʝʥʠʷ. ʆʙʥʦʚʣʷʝʤʘʷ 

ʠʥʬʦʨʤʘʮʠʷ ʦʙ ʵʬʝʤʝʨʠʜʘʭ ʧʝʨʝʜʘʝʪʩʷ ʚ ʩʝʪʴ ʠ ʨʘʩʧʨʦʩʪʨʘʥʷʝʪʩʷ 

ʫʧʨʘʚʣʷʶʱʠʤʠ ʧʘʢʝʪʘʤʠ ʥʘ ʦʩʥʦʚʝ ʚʦʣʥʦʚʦʛʦ ʘʣʛʦʨʠʪʤʘ. ɸʣʴʪʝʨʥʘʪʠʚʥʳʤ 

ʨʝʰʝʥʠʝʤ ʷʚʣʷʝʪʩʷ ʦʙʥʦʚʣʝʥʠʝ ʠʥʬʦʨʤʘʮʠʠ ʧʫʪʝʤ ʝʝ ʪʨʘʥʩʣʷʮʠʠ ʠʟ 

ʩʧʝʮʠʘʣʴʥʦʡ ʩʣʫʞʝʙʥʦʡ ʩʠʩʪʝʤʳ (ʠʣʠ ʩʝʛʤʝʥʪʘ ʝʜʠʥʦʡ ʩʠʩʪʝʤʳ) ʥʘ ʦʩʥʦʚʝ 

ʪʝʭʥʦʣʦʛʠʡ, ʘʥʘʣʦʛʠʯʥʳʭ ʪʝʭʥʦʣʦʛʠʷʤ ʪʨʘʥʩʣʷʮʠʠ ʠʥʬʦʨʤʘʮʠʠ ʥʘʚʠʛʘʮʠʦʥʥʳʭ 

ʩʠʩʪʝʤ [5]. ʅʘʢʦʧʠʪʝʣʴ ʫʟʣʘ ʨʘʟʙʠʪ ʥʘ ʫʨʦʚʥʠ ʟʘʧʦʣʥʝʥʠʷ (ʦʙʲʝʤ ʥʘʢʦʧʠʪʝʣʷ ʠ 

ʝʛʦ ʫʨʦʚʥʠ ʤʦʛʫʪ ʠʟʤʝʨʷʪʴʩʷ, ʥʘʧʨʠʤʝʨ, ʚ ʝʜʠʥʠʮʘʭ ʠʟʤʝʨʝʥʠʷ ʦʙʲʝʤʘ 

ʠʥʬʦʨʤʘʮʠʠ; ʦʙʲʝʤ ʦʜʥʦʛʦ ʫʨʦʚʥʷ ʨʘʟʙʠʝʥʠʷ ʥʘʢʦʧʠʪʝʣʷ ʦʜʠʥʘʢʦʚ ʜʣʷ ʚʩʝʭ 

ʫʟʣʦʚ ʩʝʪʠ). ʇʨʠ ʫʧʨʘʚʣʝʥʠʠ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʝʤ ʩʝʪʠ ʫʯʠʪʳʚʘʝʪʩʷ 

ʠʥʬʦʨʤʘʮʠʷ ʦ ʟʘʛʨʫʞʝʥʥʦʩʪʠ ʥʘʢʦʧʠʪʝʣʷ ʚʠʜʘʤʠ ʥʘʛʨʫʟʢʠ ʨʘʟʣʠʯʥʦʛʦ ʪʠʧʘ (ʵʪʠ 

ʪʠʧʳ ʙʫʜʫʪ ʧʝʨʝʯʠʩʣʝʥʳ ʜʘʣʝʝ) ʠ ʦʙ ʦʙʱʝʡ ʟʘʛʨʫʞʝʥʥʦʩʪʠ ʥʘʢʦʧʠʪʝʣʷ. ʇʦʪʦʢʠ 

ʠʥʬʦʨʤʘʮʠʠ ʦʪʥʦʩʠʪʝʣʴʥʦ ʟʘʛʨʫʞʝʥʥʦʩʪʠ ʫʟʣʦʚ ʨʘʩʧʨʦʩʪʨʘʥʷʶʪʩʷ ʧʦ ʩʝʪʠ 

ʚʦʣʥʦʚʳʤ ʘʣʛʦʨʠʪʤʦʤ ʥʘ ʦʩʥʦʚʝ ʚʳʩʰʝʛʦ ʫʨʦʚʥʷ ʧʨʠʦʨʠʪʝʪʥʦʩʪʠ. ʅʘʛʨʫʟʢʘ, 

ʩʦʟʜʘʚʘʝʤʘʷ ʧʦʪʦʢʦʤ ʜʘʥʥʳʭ ʚ ʥʘʢʦʧʠʪʝʣʷʭ ʫʟʣʦʚ (ʚ ʢʦʩʤʠʯʝʩʢʠʭ ʘʧʧʘʨʘʪʘʭ) 

ʢʣʘʩʪʝʨʘ, ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʝʛʦ ʚʢʣʶʯʝʥʠʷ ʚ ʩʠʩʪʝʤʫ ʢʣʘʩʪʝʨʦʚ ʨʘʟʙʠʪʘ ʥʘ ʪʨʠ 

ʚʠʜʘ. ɺʦ-ʧʝʨʚʳʭ, ʵʪʦ ʚʥʫʪʨʠʢʣʘʩʪʝʨʥʘʷ ʥʘʛʨʫʟʢʘ. ɺʦ-ʚʪʦʨʳʭ, ʵʪʦ ʧʨʦʭʦʜʷʱʘʷ 

ʯʝʨʝʟ ʢʣʘʩʪʝʨ ʦʙʱʝʩʝʪʝʚʘʷ ʥʘʛʨʫʟʢʘ (ʫʧʨʘʚʣʷʶʱʘʷ ʥʘʛʨʫʟʢʘ ʠʣʠ ʥʘʛʨʫʟʢʘ 

ʢʦʤʤʫʥʠʢʘʮʠʠ ʢʣʘʩʪʝʨʦʚ ʯʝʨʝʟ ʩʝʪʴ). ɺ-ʪʨʝʪʴʠʭ, ʵʪʦ ʧʦʪʦʢʠ çʯʫʞʦʡ ʥʘʛʨʫʟʢʠè ī 

çʠʟʙʳʪʦʯʥʦʡè ʚʥʫʪʨʠʢʣʘʩʪʝʨʥʦʡ ʥʘʛʨʫʟʢʠ ʙʣʠʟʢʠʭ ʢʣʘʩʪʝʨʦʚ (ʝʩʣʠ ʩʝʪʴ 

ʢʣʘʩʪʝʨʘ ʧʝʨʝʛʨʫʞʝʥʘ, ʘ ʟʘʛʨʫʟʢʘ ʙʣʠʟʢʠʭ ʢʣʘʩʪʝʨʦʚ ʥʝʚʳʩʦʢʘʷ, ʯʘʩʪʴ ʝʛʦ 

ʚʥʫʪʨʠʢʣʘʩʪʝʨʥʦʡ ʥʘʛʨʫʟʢʠ ʙʫʜʝʪ ʧʨʦʭʦʜʠʪʴ ʯʝʨʝʟ ʩʝʪʠ ʵʪʠʭ ʢʣʘʩʪʝʨʦʚ, ʩʪʘʥʝʪ 

ʜʣʷ ʥʠʭ çʯʫʞʦʡ ʥʘʛʨʫʟʢʦʡè). ʋʨʦʚʝʥʴ ʧʨʠʦʨʠʪʝʪʥʦʩʪʠ ʯʫʞʦʡ ʥʘʛʨʫʟʢʠ ʥʠʞʝ 

ʜʨʫʛʠʭ ʚʠʜʦʚ ʚʥʫʪʨʠʢʣʘʩʪʝʨʥʦʡ ʥʘʛʨʫʟʢʠ. ʇʘʢʝʪʳ ʜʘʥʥʳʭ ʚʥʫʪʨʠʢʣʘʩʪʝʨʥʦʡ 

ʥʘʛʨʫʟʢʠ ʠ ʧʘʢʝʪʳ ʦʙʱʝʩʝʪʝʚʦʡ ʥʘʛʨʫʟʢʠ ʨʘʟʜʝʣʝʥʳ ʧʦ ʫʨʦʚʥʷʤ ʧʨʠʦʨʠʪʝʪʥʦʩʪʠ 

(ʚ ʪʦʤ ʯʠʩʣʝ, ʚʳʜʝʣʷʝʪʩʷ ʥʘʛʨʫʟʢʘ ʫʧʨʘʚʣʝʥʠʷ ʩʝʪʝʚʳʤʠ ʧʨʦʮʝʩʩʘʤʠ, ʥʘʛʨʫʟʢʘ 

ʫʧʨʘʚʣʝʥʠʷ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝʤ ʢʦʩʤʠʯʝʩʢʠʭ ʘʧʧʘʨʘʪʦʚ ʦʜʥʦʛʦ ʠʣʠ ʨʘʟʣʠʯʥʳʭ 

ʢʣʘʩʪʝʨʦʚ, ʥʘʛʨʫʟʢʘ, ʩʦʟʜʘʚʘʝʤʘʷ ʙʦʣʴʰʠʤʠ ʦʙʲʝʤʘʤʠ ʠʥʬʦʨʤʘʮʠʠ ʥʝʚʳʩʦʢʦʡ 

ʪʝʢʫʱʝʡ ʘʢʪʫʘʣʴʥʦʩʪʠ). ɿʘʜʘʶʪʩʷ ʧʨʘʚʠʣʘ ʥʘʟʥʘʯʝʥʠʷ ʩʢʚʦʟʥʦʡ ʠʝʨʘʨʭʠʠ 

ʫʨʦʚʥʝʡ ʧʨʠʦʨʠʪʝʪʥʦʩʪʠ ʚʥʫʪʨʠʢʣʘʩʪʝʨʥʦʡ ʠ ʦʙʱʝʩʝʪʝʚʦʡ ʥʘʛʨʫʟʦʢ. 

ʀʝʨʘʨʭʠʯʝʩʢʘʷ ʩʠʩʪʝʤʘ ʨʘʟʙʠʝʥʠʷ ʥʘʛʨʫʟʢʠ ʧʦ ʫʨʦʚʥʷʤ ʧʨʠʦʨʠʪʝʪʥʦʩʪʠ ʤʦʞʝʪ 

ʚʢʣʶʯʘʪʴ ʚ ʩʝʙʷ  ʫʯʝʪ ʚʠʜʦʚ ʧʦʣʴʟʦʚʘʪʝʣʴʩʢʦʡ ʥʘʛʨʫʟʢʠ ʨʘʟʥʦʛʦ ʫʨʦʚʥʷ 

ʧʨʠʦʨʠʪʝʪʥʦʩʪʠ. 

ʄʦʜʝʣʠʨʫʶʪʩʷ ʢʣʘʩʪʝʨʥʳʝ ʩʠʩʪʝʤʳ, ʧʦʩʪʨʦʝʥʥʳʭ ʥʘ ʦʩʥʦʚʝ ʢʣʘʩʪʝʨʦʚ 

ʧʦʩʪʦʷʥʥʦʛʦ ʠʣʠ ʩʢʦʣʴʟʷʱʝʛʦ ʩʦʩʪʘʚʘ. ɺ ʪʦʤ ʯʠʩʣʝ ī ʩʝʪʴ ʩʚʷʟʠ ʢʦʣʴʮʝʦʙʨʘʟʥʦ 

ʦʙʲʝʜʠʥʝʥʥʳʭ ʛʨʫʧʧ ʢʣʘʩʪʝʨʦʚ ʚ ʦʭʚʘʪʳʚʘʶʱʝʡ ʠʭ ʪʨʫʙʦʚʠʜʥʦʡ ʟʦʥʝ. ʆʨʙʠʪʳ 

ʢʦʩʤʠʯʝʩʢʠʭ ʘʧʧʘʨʘʪʦʚ ʦʭʚʘʪʳʚʘʶʱʘʷ ʪʨʫʙʦʚʠʜʥʘʷ ʟʦʥʘ ʧʨʝʮʝʩʩʠʨʫʶʪ, 

ʢʦʨʨʝʢʮʠʷ ʦʨʙʠʪ ʧʦ ʟʥʘʯʝʥʠʶ ʜʦʣʛʦʪʳ ʚʦʩʭʦʜʷʱʝʛʦ ʫʟʣʘ ʦʙʝʩʧʝʯʠʚʘʝʪ 

ʧʦʜʜʝʨʞʘʥʠʝ ʦʨʙʠʪ ʚ ʪʨʫʙʦʚʠʜʥʦʡ ʟʦʥʝ. ʏʘʩʪʥʳʡ ʩʣʫʯʘʡ ī ʛʨʫʧʧʠʨʦʚʢʘ 
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ʢʣʘʩʪʝʨʦʚ ʩʢʦʣʴʟʷʱʝʛʦ ʩʦʩʪʘʚʘ ʚ ʪʨʫʙʦʚʠʜʥʦʡ ʟʦʥʝ (ʢʦʩʤʠʯʝʩʢʠʝ ʘʧʧʘʨʘʪʳ 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʩʠʤʤʝʪʨʠʯʥʦ ʨʘʟʥʝʩʝʥʳ ʥʘ ʥʝʩʢʦʣʴʢʠʭ ʦʨʙʠʪʘʭ ʨʘʟʥʳʭ ʚʳʩʦʪ, 

ʥʘʙʝʛʘʶʱʝʝ ʨʘʩʩʦʛʣʘʩʦʚʘʥʠʝ ʠʟ-ʟʘ ʨʘʟʥʦʩʪʠ ʚʳʩʦʪ ʥʝ ʢʦʨʨʝʢʪʠʨʫʝʪʩʷ, ʠ 

ʢʦʩʤʠʯʝʩʢʠʝ ʘʧʧʘʨʘʪʳ çʧʝʨʝʭʦʜʷʪè ʠʟ ʦʜʥʦʛʦ ʢʣʘʩʪʝʨʘ ʚ ʜʨʫʛʦʡ). ʊʘʢʞʝ 

ʤʦʜʝʣʠʨʫʶʪʩʷ ʩʠʩʪʝʤʳ ʢʣʘʩʪʝʨʦʚ ʩʢʦʣʴʟʷʱʝʛʦ ʩʦʩʪʘʚʘ ʥʘ ʦʩʥʦʚʝ ʩʧʫʪʥʠʢʦʚʳʭ 

ʛʨʫʧʧʠʨʦʚʦʢ ʛʣʦʙʘʣʴʥʦ ʦʭʚʘʪʘ ʟʝʤʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʚ ʟʘʜʘʥʥʦʡ ʦʙʣʘʩʪʠ ʰʠʨʦʪ. 

ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʥʘʙʝʛʘʶʱʠʝ ʨʘʩʩʦʛʣʘʩʦʚʘʥʠʷ ʧʦ ʜʦʣʛʦʪʝ ʚʦʩʭʦʜʷʱʝʛʦ ʫʟʣʘ ʠ 

ʚʜʦʣʴ ʦʨʙʠʪʳ ʥʝ ʢʦʨʨʝʢʪʠʨʫʶʪʩʷ. ʂʦʩʤʠʯʝʩʢʠʝ ʘʧʧʘʨʘʪʳ çʧʝʨʝʭʦʜʷʪè ʠʟ 

ʦʜʥʦʛʦ ʢʣʘʩʪʝʨʘ ʚ ʜʨʫʛʦʡ. ʇʨʝʜʩʪʘʚʣʷʝʤʘʷ ʠʤʠʪʘʮʠʦʥʥʘʷ ʤʦʜʝʣʴ ʩʧʫʪʥʠʢʦʚʦʡ 

ʩʝʪʠ ʙʘʟʠʨʫʝʪʩʷ ʥʘ ʧʨʠʥʮʠʧʘʭ ʠʤʠʪʘʮʠʦʥʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʥʘʛʨʫʟʢʠ 

ʩʧʫʪʥʠʢʦʚʦʡ ʩʝʪʠ ʢʦʤʤʫʪʘʮʠʠ ʧʘʢʝʪʦʚ, ʦʧʠʩʘʥʥʘʷ ʚ ʨʘʙʦʪʝ [6]. ʀʟʤʝʥʝʥʠʝ 

ʩʦʩʪʦʷʥʠʝ ʟʘʛʨʫʞʝʥʥʦʩʪʠ ʫʟʣʦʚ ʩʝʪʠ ʤʦʜʝʣʠʨʫʝʪʩʷ ʢʘʢ ʧʨʦʮʝʩʩ ʨʘʟʤʥʦʞʝʥʠʝ ʠ 

ʛʠʙʝʣʠ (ʧʦʜ ʩʦʩʪʦʷʥʠʝʤ ʟʘʛʨʫʞʝʥʥʦʩʪʠ ʫʟʣʘ ʧʦʥʠʤʘʝʪʩʷ ʯʠʩʣʦ ʟʘʧʦʣʥʝʥʥʳʭ 

ʫʨʦʚʥʝʡ ʝʛʦ ʥʘʢʦʧʠʪʝʣʷ). ʀʟʤʝʥʝʥʠʷ ʩʦʩʪʦʷʥʠʷ ʟʘʧʦʣʥʝʥʠʷ ʥʘʢʦʧʠʪʝʣʷ ʚ 

ʙʦʣʴʰʫʶ ʠʣʠ ʤʝʥʴʰʫʶ ʩʪʦʨʦʥʫ, ʚʳʟʚʘʥʥʳʝ ʢʘʞʜʳʤ ʚʠʜʦʤ ʥʘʛʨʫʟʢʠ, 

ʤʦʜʝʣʠʨʫʝʪʩʷ ʜʣʷ ʫʟʣʘ ʥʝʟʘʚʠʩʠʤʦ, ʥʦ ʫʯʠʪʳʚʘʝʪʩʷ, ʯʪʦ ʧʘʨʘʤʝʪʨʳ ʧʦʪʦʢʦʚ 

ʧʝʨʝʭʦʜʦʚ ʫʟʣʦʚ ʚ ʩʦʩʪʦʷʥʠʝ ʙʦʣʴʰʝʡ ʠʣʠ ʤʝʥʴʰʝʡ ʟʘʛʨʫʞʝʥʥʦʩʪʠ, ʚʳʟʚʘʥʥʳʝ 

ʢʘʞʜʳʤ ʚʠʜʦʤ ʥʘʛʨʫʟʢʠ, ʟʘʚʠʩʷʪ ʦʪ ʦʙʱʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʩʝʪʠ, ʠ ʵʪʦ çʩʰʠʚʘʝʪè 

ʤʦʜʝʣʴ ʧʨʦʮʝʩʩʘ ʧʝʨʝʭʦʜʦʚ ʤʝʞʜʫ ʩʦʩʪʦʷʥʠʷʤʠ. 
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ʈʆɿʈɸʍʋʅʆʂ ʇɸʈɸʄɽʊʈɯɺ ADD-DROP ʌɯʃʔʊʈɯɺ  

ʅɸ ʆʇʊʀʏʅʀʍ ʄɯʂʈʆʈɽɿʆʅɸʊʆʈɸʍ 
 

ʈʦʟʨʦʙʣʝʥʘ ʝʣʝʢʪʨʦʜʠʥʘʤʽʯʥʘ ʪʝʦʨʽʷ ʨʦʟʨʘʭʫʥʢʫ ʧʘʨʘʤʝʪʨʽʚ ʤʘʪʨʠʮʽ 

ʨʦʟʩʽʶʚʘʥʥʷ add-drop ʬʽʣʴʪʨʽʚ, ʧʦʙʫʜʦʚʘʥʠʭ ʥʘ ʜʽʝʣʝʢʪʨʠʯʥʠʭ 

ʤʽʢʨʦʨʝʟʦʥʘʪʦʨʘʭ ʟ ʭʚʠʣʷʤʠ ʰʝʧʦʯʫʯʝʡ ʛʘʣʝʨʝʾ.      

 

The use of microresonators in the filters will allow us create optical 

communication and computation devices with channel separation by wavelength in 

the integral design, therefore the development of add-drop filters is an actual 

technical task. Today, the development of such filters relies on modeling based on 

the use of equivalent circuits, and in the case of using whispering gallery modes 

(WGM), on the theory of connected lines [1-8]. 

 

 
 

Fig. 1. Different add-drop filters (a, c, d) on microresonators. Comparison of S-matrix of the  

3-microresonator filter from [4]; calculated by theory [9]:  - red;  - green curve 
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The purpose of this work is to apply the methods of electrodynamic modeling 

of scattering processes on systems of optical microresonators based on the results 

of work [9]. 

To build an electrodynamic models of the filters, the following assumptions 

were made. It was assumed that a pair of degenerate orthogonal WGM, 

characterized by a given parity relative to the plane of symmetry A ï A of the 

structure (Fig.1, a, c), is excited in each microresonator. Such even and odd modes 

are not coupled. 

 

 
 

Fig. 2. Example of calculated dependences of scattering matrices of the Add-Drop Filters, 

shown in fig. 1, a, on 2 (a - d); 3 (e - h); 4 (i - l); 5 (m - p) microresonators. 
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All microresonators are coupled only with neighboring ones as well as can 

also radiate to an open space.  

The results of the calculation of the dependence of  and  according to 

[9] as compared with the calculation data taken from [4] for 3 microresonator filter 

are shown in Fig. 1, b. Here the filter input port is 1; throughput port is 2; the drop 

port is 3 and the add port is 4. 

The results of the calculation of the dependence of the scattering matrix on 

the frequency by the method [9] for 2 - 5 resonator add-drop filters are shown in 

Fig. 2. Where  THz - is the natural oscillation frequency of isolated 

microresonators; open space microresonator coupling coefficient . The 

coupling coefficient of the 1-st and N-th microresonators with optical transmission 

lines for even oscillations ; for odd oscillations . The 

coupling coefficient between adjacent microresonators for even oscillations 

; for odd oscillations .   

Similar S-matrix dependencies were also calculated for filters that shown on 

fig. 1, c, d. 

As can be seen from the data obtained, filters of different orders give 

frequency dependences that are in good agreement with the observed scattering 

patterns without additional assumptions regarding the distribution of the field in 

the structure. 

The optical filter model, based on the results of the electrodynamic theory of 

coupled resonators, allows us obtain results that are close in values compared with 

the data of numerical calculations and traveling wave approximations. 
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Clustering method for processing of large data types 

 

 The article describes a description of the clustering algorithm for its application in the 

processing of large volumes of data and in the creation of fuzzy knowledge bases with sets of 

rules of fuzzy logic. 

 ʋ ʩʪʘʪʪʽ ʥʘʚʦʜʠʪʴʩʷ ʦʧʠʩ ʘʣʛʦʨʠʪʤʫ ʢʣʘʩʪʝʨʠʟʘʮʽʾ ʜʣʷ ʟʘʩʪʦʩʫʚʘʥʥʷ ʡʦʛʦ ʧʨʠ 

ʦʙʨʦʙʮʽ ʚʝʣʠʢʠʭ ʦʙʩʷʛʽʚ ʜʘʥʠʭ ʪʘ ʧʨʠ ʩʪʚʦʨʝʥʥʽ ʥʝʯʽʪʢʠʭ ʙʘʟ ʟʥʘʥʴ ʟ ʥʘʙʦʨʘʤʠ ʧʨʘʚʠʣ 

ʥʝʯʽʪʢʦʾ ʣʦʛʽʢʠ. 

 

ɼʣʷ ʚʝʣʠʢʠʭ ʪʝʣʝʢʦʤʫʥʽʢʘʮʽʡʥʠʭ ʢʦʤʧʘʥʽʡ ʩʴʦʛʦʜʥʽ ʧʦʩʪʘʻ ʟʘʚʜʘʥʥʷ 

ʦʙʨʦʙʢʠ ʚʝʣʠʢʠʭ ʦʙʩʷʛʽʚ ʜʘʥʠʭ. ʇʦʪʨʽʙʥʦ ʢʣʘʩʠʬʽʢʫʚʘʪʠ ʜʘʥʽ ʥʘ ʨʽʟʥʦʨʽʜʥʽ 

ʛʨʫʧʠ ʜʣʷ ʘʥʘʣʽʟʫ ʜʘʥʠʭ. ʈʽʟʥʽ ʚʠʜʠ ʘʥʘʣʽʟʫ, ʜʣʷ ʚʠʷʚʣʝʥʥʷ ʩʫʯʘʩʥʠʭ ʪʝʥʜʝʥʮʽʡ 

ʪʘ ʟʙʦʨʫ ʩʪʘʪʠʩʪʠʢʠ, ʧʦʪʨʝʙʫʶʪʴ ʤʘʪʝʤʘʪʠʯʥʠʭ ʦʙʯʠʩʣʝʥʴ. ʑʦʙ ʚʠʨʽʰʠʪʠ 

ʟʘʜʘʯʫ ʨʦʟʨʽʟʥʝʥʥʷ ʦʙôʻʢʪʽʚ, ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʢʣʘʩʪʝʨʠʟʘʮʽʶ. ʂʣʘʩʪʝʨʠʟʘʮʽʷ 

ʧʨʠʟʥʘʯʝʥʘ ʜʣʷ ʨʦʟʜʽʣʝʥʥʷ ʥʘʙʦʨʫ ʦʙ'ʻʢʪʽʚ ʥʘ ʦʜʥʦʨʽʜʥʽ ʛʨʫʧʠ, ʽ ʾʾ ʤʝʪʦʶ ʻ 

ʧʦʰʫʢ ʽʩʥʫʶʯʠʭ ʩʪʨʫʢʪʫʨ. ʎʝʡ ʧʨʦʮʝʩ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʜʣʷ ʢʣʘʩʠʬʽʢʘʮʽʾ 

ʪʨʘʬʽʢʫ, ʜʣʷ ʧʦʙʫʜʦʚʠ ʤʘʨʢʝʪʠʥʛʦʚʠʭ ʩʪʨʘʪʝʛʽʡ ʦʧʝʨʘʪʦʨʘ ʟʚôʷʟʢʫ, ʢʨʽʤ ʪʦʛʦ ʚ 

ʢʦʤʧ'ʶʪʝʨʥʽʡ ʛʨʘʬʽʮʽ - ʜʣʷ ʩʝʛʤʝʥʪʘʮʽʾ ʟʦʙʨʘʞʝʥʴ, ʜʣʷ ʢʣʘʩʠʬʽʢʘʮʽʾ ʨʝʟʫʣʴʪʘʪʽʚ 

ʧʦʰʫʢʫ, ʜʣʷ ʦʙʨʦʙʢʠ ʪʘʙʣʠʮʴ ʽ ʜʦʢʫʤʝʥʪʽʚ. ʋ ʪʦʡ ʞʝ ʯʘʩ ʢʦʞʥʘ ʦʙʣʘʩʪʴ ʜʘʥʠʭ 

ʤʘʻ ʩʚʦʾ ʚʣʘʩʥʽ ʥʘʙʦʨʠ ʜʘʥʠʭ, ʥʘʧʨʠʢʣʘʜ, ʚ ʩʠʩʪʝʤʘʭ ʟʙʦʨʫ ʪʝʭʥʽʯʥʠʭ ʜʘʥʠʭ 

ʥʝʦʙʭʽʜʥʦ ʧʨʘʮʶʚʘʪʠ ʟ ʯʠʩʣʦʚʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ, ʷʢʽ ʤʘʶʪʴ ʫʥʽʢʘʣʴʥʫ 

ʦʮʽʥʢʫ, ʽ, ʥʘʧʨʠʢʣʘʜ, ʧʨʠ ʨʦʙʦʪʽ ʟ ʜʘʥʠʤʠ ʢʦʨʠʩʪʫʚʘʯʘ / ʧʽʜʧʨʠʻʤʩʪʚʘ ʜʘʥʽ 

ʤʘʶʪʴ ʘʙʩʦʣʶʪʥʦ ʽʥʰʠʡ ʬʦʨʤʘʪ. ʅʘ ʦʩʥʦʚʽ ʮʴʦʛʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʨʽʟʥʽ 

ʘʣʛʦʨʠʪʤʠ ʢʣʘʩʪʝʨʠʟʘʮʽʾ ʪʘ ʦʙʨʦʙʢʠ ʜʘʥʠʭ. 

 ɸʣʛʦʨʠʪʤʠ ʢʣʘʩʪʝʨʠʟʘʮʽʾ ʦʧʝʨʫʶʪʴ ʟ ʦʙ'ʻʢʪʘʤʠ. ɿ ʢʦʞʥʠʤ ʦʙ'ʻʢʪʦʤ 

ʦʪʦʪʦʞʥʶʻʪʴʩʷ ʚʝʢʪʦʨ ʭʘʨʘʢʪʝʨʠʩʪʠʢ . ʂʦʤʧʦʥʝʥʪʠ , 

ʻ ʦʢʨʝʤʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʦʙ'ʻʢʪʘ. ʈʦʟʤʽʨʥʽʩʪʴ ʧʨʦʩʪʦʨʫ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʚʠʟʥʘʯʘʻ ʢʽʣʴʢʽʩʪʴ ʭʘʨʘʢʪʝʨʠʩʪʠʢ . ʑʦ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʫʩʽʭ 

ʚʝʢʪʦʨʽʚ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʦʙ'ʻʢʪʽʚ, ʙʝʟʣʽʯ ʧʦʟʥʘʯʘʻʪʴʩʷ . 

ʇʽʜʤʥʦʞʠʥʘ çʙʣʠʟʴʢʠʭ ʦʜʠʥ ʜʦ ʦʜʥʦʛʦè ʦʙ'ʻʢʪʽʚ ʟ ʄ ʷʚʣʷʻ ʩʦʙʦʶ ʢʣʘʩʪʝʨ. 

ɺʽʜʩʪʘʥʴ ʤʽʞ ʦʙ'ʻʢʪʘʤʠ  ʽ  ʚʠʟʥʘʯʘʻʪʴʩʷ ʚ ʧʨʦʩʪʦʨʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 

ʥʘ ʦʩʥʦʚʽ ʦʙʨʘʥʦʾ ʤʝʪʨʠʢʠ. 

 ʏʘʩʪʦ ʦʙôʻʢʪʠ ʢʣʘʩʪʝʨʠʟʘʮʽʾ ʤʘʶʪʴ ʚʠʤʦʛʠ ʜʦ:  

- ɺʠʩʦʢʦʾ ʨʦʟʤʽʨʥʦʩʪʽ ʧʨʦʩʪʦʨʫ ʜʘʥʠʭ - ʦʙ'ʻʢʪʠ ʦʧʠʩʫʶʪʴʩʷ ʚʝʣʠʢʦʶ 

ʢʽʣʴʢʽʩʪʶ ʘʪʨʠʙʫʪʽʚ, ʦʪʞʝ, ʧʦʚʠʥʥʘ ʙʫʪʠ ʧʨʠʩʪʦʩʦʚʘʥʽʩʪʴ ʘʣʛʦʨʠʪʤʫ ʜʦ 

ʨʦʙʦʪʠ ʚ ʧʨʦʩʪʦʨʘʭ ʜʘʥʠʭ ʚʠʩʦʢʦʾ ʨʦʟʤʽʨʥʦʩʪʽ. 

- ɺʝʣʠʢʠʡ ʦʙʩʷʛ ʜʘʥʠʭ. 
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- ʂʣʘʩʪʝʨʠʟʘʮʽʷ ʚʽʜʙʫʚʘʻʪʴʩʷ ʟ ʤʝʪʦʶ ʦʪʨʠʤʘʥʥʷ ʥʝʯʽʪʢʠʭ ʧʨʘʚʠʣ ʥʘ ʦʩʥʦʚʽ 

ʧʦʙʫʜʦʚʘʥʠʭ ʢʣʘʩʪʝʨʽʚ. 

ɼʣʷ ʟʘʜʦʚʦʣʝʥʥʷ ʮʠʭ ʚʠʤʦʛ ʚʠʙʠʨʘʶʪʴ ʤʝʪʦʜ, ʷʢʠʡ ʜʦʟʚʦʣʷʻ ʢʦʞʥʦʤʫ 

ʦʙôʻʢʪʫ ʽʟ ʚʠʙʽʨʢʠ ʜʘʥʠʭ ʟʥʘʭʦʜʠʪʠʩʷ ʚ ʢʦʞʥʦʤʫ ʢʣʘʩʪʝʨʽ ʽʟ ʨʽʟʥʠʤ ʩʪʫʧʝʥʝʤ 

ʧʨʠʥʘʣʝʞʥʦʩʪʽ ʪʘ ʤʘʻ ʤʝʥʰʫ ʯʫʪʣʠʚʽʩʪʴ ʜʦ ʚʠʢʠʜʽʚ. ʊʘʢʠʡ ʤʝʪʦʜ ʤʘʻ 

ʚʠʨʽʰʫʚʘʪʠ ʟʘʜʘʯʫ ʚʠʟʥʘʯʝʥʥʷ ʥʘʣʝʞʥʦʩʪʽ ʦʙôʻʢʪʘ ʜʦ ʢʣʘʩʪʝʨʫ, ʷʢʱʦ ʚʽʥ 

ʟʥʘʭʦʜʠʪʴʩʷ ʥʘ ʛʨʘʥʠʮʽ ʜʝʢʽʣʴʢʦʭ ʢʣʘʩʪʝʨʽʚ. ɼʦ ʥʝʯʽʪʢʠʭ ʤʝʪʦʜʽʚ/ʘʣʛʦʨʠʪʤʽʚ 

ʢʣʘʩʪʝʨʠʟʘʮʽʾ ʚʽʜʥʦʩʷʪʴ ʘʣʛʦʨʠʪʤ ʥʝʯʽʪʢʠʭ ʉ-ʩʝʨʝʜʥʽʭ Fuzzy C-means algorithm 

[3].  

ɸʣʛʦʨʠʪʤ. 
 ɸʣʛʦʨʠʪʤ ʥʝʯʽʪʢʠʭ C-ʩʝʨʝʜʥʽʭ (FCM) ʩʭʦʞʠʡ ʥʘ ʘʣʛʦʨʠʪʤ K-ʩʝʨʝʜʥʽʭ, ʪʘʢ 

ʷʢ ʚʽʥ ʧʦʨʽʚʥʶʻ ʟʥʘʯʝʥʥʷ ʦʙôʻʢʪʘ ʽʟ ʚʠʙʽʨʢʠ ʜʘʥʠʭ ʽʟ ʟʥʘʯʝʥʥʷʤ ʮʝʥʪʨʫ 

ʢʣʘʩʪʝʨʘ. ʆʩʥʦʚʥʘ ʚʽʜʤʽʥʥʽʩʪʴ ʧʦʣʷʛʘʻ ʚ ʪʦʤʫ, ʱʦ ʟʘʤʽʩʪʴ ʪʦʛʦ, ʱʦʙ 

ʧʨʠʡʤʘʪʠ ʩʢʣʘʜʥʝ ʨʽʰʝʥʥʷ ʧʨʦ ʪʝ, ʜʦ ʷʢʦʛʦ ʢʣʘʩʪʝʨʫ ʧʦʚʠʥʝʥ ʥʘʣʝʞʘʪʠ 

ʦʙôʻʢʪ, ʚʽʥ ʧʨʠʚʣʘʩʥʶʻ ʟʥʘʯʝʥʥʷ ʚʽʜ 0 ʜʦ 1, ʷʢʝ ʦʧʠʩʫʻ çʥʘʩʢʽʣʴʢʠ ʮʝʡ ʦʙôʻʢʪ 

ʥʘʣʝʞʠʪʴ ʮʴʦʤʫ ʢʣʘʩʪʝʨʫè ʜʣʷ ʢʦʞʥʦʛʦ ʢʣʘʩʪʝʨʘ.  

 ʂʨʠʪʝʨʽʾ ʟʙʽʞʥʦʩʪʽ FCM-ʘʣʛʦʨʠʪʤʘ: 

1. ɼʣʷ ʢʦʞʥʦʛʦ ʝʣʝʤʝʥʪʘ ʚʠʙʽʨʢʠ ʚʠʤʽʨʶʚʘʥʴ ʩʫʤʘ ʩʪʫʧʝʥʽʚ ʡʦʛʦ 

ʧʨʠʥʘʣʝʞʥʦʩʪʽ ʚʩʴʦʤʫ c ʢʣʘʩʪʝʨʘʤ ʧʦʚʠʥʥʘ ʜʦʨʽʚʥʶʚʘʪʠ 
 

 
 

2. ɿʥʘʯʝʥʥʷ ʩʪʫʧʝʥʷ ʧʨʠʥʘʣʝʞʥʦʩʪʽ ʧʦʚʠʥʥʦ ʙʫʪʠ ʦʙʤʝʞʝʥʦ ʽʥʪʝʨʚʘʣʦʤ [0,1]: 
 

 
 

ʅʝʯʽʪʢʝ ʧʨʘʚʠʣʦ ʛʦʚʦʨʠʪʴ, ʱʦ ʩʫʤʘ ʟʥʘʯʝʥʥʷ ʯʣʝʥʩʪʚʘ ʦʙôʻʢʪʘ ʜʣʷ ʚʩʽʭ 

ʢʣʘʩʪʝʨʽʚ ʧʦʚʠʥʥʘ ʜʦʨʽʚʥʶʚʘʪʠ 1. ʏʠʤ ʚʠʱʝ ʟʥʘʯʝʥʥʷ ʯʣʝʥʩʪʚʘ, ʪʠʤ ʙʽʣʴʰ 

ʽʤʦʚʽʨʥʦ, ʱʦ ʦʙôʻʢʪ ʥʘʣʝʞʠʪʴ ʮʴʦʤʫ ʢʣʘʩʪʝʨʫ. ʂʣʘʩʪʝʨʠʟʘʮʽʷ FCM ʟʜʽʡʩʥʶʻʪʴʩʷ 

ʰʣʷʭʦʤ ʤʽʥʽʤʽʟʘʮʽʾ ʮʽʣʴʦʚʦʾ ʬʫʥʢʮʽʾ, ʧʦʢʘʟʘʥʦʾ ʚ ʨʽʚʥʷʥʥʽ (1): 
 

 (1),  

ɼʝ: 

J ï ʮʽʣʴʦʚʘ ʬʫʥʢʮʽʷ; 

n ï ʢʽʣʴʢʽʩʪʴ ʦʙôʻʢʪʽʚ ʫ ʚʠʙʦʨʮʽ ʜʘʥʠʭ; 

ʩ ï ʢʽʣʴʢʽʩʪʴ ʢʣʘʩʪʝʨʽʚ; 

 ï ʥʝʯʽʪʢʝ ʟʥʘʯʝʥʥʷ ʯʣʝʥʩʪʚʘ ʟ ʪʘʙʣʠʮʽ; 

q ï ʢʦʝʬʽʮʽʻʥʪ ʥʝʯʽʪʢʦʩʪʽ (ʟʥʘʯʝʥʥʷ > 1); 

 ï ʟʥʘʯʝʥʥʷ i-ʦʛʦ ʦʙôʻʢʪʘ ʽʟ ʚʠʙʦʨʢʠ; 

 ï ʮʝʥʪʨ ʢʣʘʩʪʝʨʘ ; 

 ï ɽʚʢʣʽʜʦʚʘ ʚʽʜʩʪʘʥʴ, ʷʢʘ ʚʠʟʥʘʯʘʻʪʴʩʷ ʨʽʚʥʷʥʥʷʤ (2): 

 



 39 

 ʈʦʟʨʘʭʫʥʦʢ ʮʝʥʪʨʘ ʢʣʘʩʪʝʨʘ ʚʠʟʥʘʯʘʻʪʴʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʨʽʚʥʷʥʥʷ (3): 
 

 
 

 ʊʘʙʣʠʮʷ ʥʝʯʽʪʢʦʛʦ ʯʣʝʥʩʪʚʘ ʨʦʟʨʘʭʦʚʫʻʪʴʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʨʽʚʥʷʥʥʷ (4): 
 

 
ʂʨʦʢʠ ʨʝʘʣʽʟʘʮʽʾ: 

ʂʨʦʢ 1: ɺʩʪʘʥʦʚʠʪʠ ʢʽʣʴʢʽʩʪʴ ʢʣʘʩʪʝʨʽʚ ʪʘ  ʥʝʯʽʪʢʠʡ ʧʘʨʘʤʝʪʨ (ʢʦʥʩʪʘʥʪʥʝ 

ʟʥʘʯʝʥʥʷ > 1) ʽ ʧʘʨʘʤʝʪʨ ʟʫʧʠʥʢʠ 

ʂʨʦʢ 2: ɯʥʽʮʽʘʣʽʟʘʮʽʷ ʤʘʪʨʠʮʽ ʩʪʝʧʝʥʽʚ ʧʨʠʥʘʣʝʞʥʦʩʪʽ 

ʂʨʦʢ 3: ɺʩʪʘʥʦʚʠʪʠ ʣʽʯʠʣʴʥʠʢ ʮʠʢʣʽʚ k = 0 

ʂʨʦʢ 4: ʆʙʯʠʩʣʠʪʠ ʮʝʥʪʨʦʾʜʠ ʢʣʘʩʪʝʨʘ, ʦʙʯʠʩʣʠʪʠ ʟʥʘʯʝʥʥʷ ʮʽʣʴʦʚʦʾ ʬʫʥʢʮʽʾ 

J 

ʂʨʦʢ 5: ɼʣʷ ʢʦʞʥʦʛʦ ʦʙôʻʢʪʘ ʪʘ ʜʣʷ ʢʦʞʥʦʛʦ ʢʣʘʩʪʝʨʘ ʦʙʯʠʩʣʠʪʠ ʟʥʘʯʝʥʥʷ 

ʯʣʝʥʩʪʚʘ ʚ ʤʘʪʨʠʮʽ 

ʂʨʦʢ 6: ʗʢʱʦ ʟʥʘʯʝʥʥʷ J ʤʽʞ ʧʦʩʣʽʜʦʚʥʠʤʠ ʽʪʝʨʘʮʽʷʤʠ ʤʝʥʰʝ, ʥʽʞ ʫʤʦʚʘ 

ʟʫʧʠʥʢʠ, ʪʦ ʟʫʧʠʥʢʘ; ʽʥʘʢʰʝ ʚʩʪʘʥʦʚʽʪʴ k = k + 1 ʪʘ ʧʝʨʝʡʪʠ ʜʦ 

ʢʨʦʢʫ 4. 

ʂʨʦʢ 7: ʆʪʨʠʤʘʥʥʷ ʤʘʪʨʠʮʽ ʧʨʠʥʘʣʝʞʥʦʩʪʽ ʪʘ ʢʽʥʝʮʴ ʘʣʛʦʨʠʪʤʫ 
 

ɺʠʭʦʜʷʯʠ ʟ ʮʴʦʛʦ ʘʣʛʦʨʠʪʤʫ ʤʦʞʥʘ ʟʨʦʙʠʪʠ ʚʠʩʥʦʚʦʢ, ʱʦ ʪʘʢʠʡ ʧʽʜʭʽʜ 

ʜʦʟʚʦʣʷʻ ʚʠʟʥʘʯʠʪʠ ʥʘʣʝʞʥʽʩʪʴ ʦʙôʻʢʪʘ ʟ ʚʠʙʽʨʢʠ ʜʘʥʠʭ ʜʦ ʢʣʘʩʪʝʨʽʚ ʽʟ ʨʽʟʥʠʤ 

ʩʪʫʧʝʥʝʤ ʧʨʠʥʘʣʝʞʥʦʩʪʽ. ʎʝ ʜʦʟʚʦʣʷʻ ʥʝ ʚʪʨʘʯʘʪʠ ʥʘʷʚʥʽ ʣʦʛʽʯʥʽ ʟʚôʷʟʢʠ ʥʘ 

ʛʨʘʥʠʮʽ ʢʣʘʩʪʝʨʽʚ. 

ɺʠʩʥʦʚʢʠ. ɺ ʜʘʥʽʡ ʩʪʘʪʪʽ ʙʫʚ ʟʘʧʨʦʧʦʥʦʚʘʥʠʡ ʧʦʢʨʘʱʝʥʠʡ ʩʧʦʩʽʙ 

ʦʙʨʦʙʢʠ ʜʘʥʠʭ, ʷʢʠʡ ʙʘʟʫʻʪʴʩʷ ʥʘ  ʘʣʛʦʨʠʪʤʽ ʢʣʘʩʪʝʨʠʟʘʮʽʾ, ʷʢʠʡ ʤʘʻ ʥʘʟʚʫ 

ʘʣʛʦʨʠʪʤ ʥʝʯʽʪʢʠʭ ʉ-ʩʝʨʝʜʥʽʭ (Fuzzy C-means algorithm). ʎʝʡ ʘʣʛʦʨʠʪʤ ʜʦʟʚʦʣʷʻ 

ʥʘʣʝʞʘʪʠ ʢʦʞʥʦʤʫ ʦʙôʻʢʪʫ ʟ ʚʠʙʽʨʢʠ ʜʘʥʠʭ ʦʜʨʘʟʫ ʜʝʢʽʣʴʢʦʤ ʢʣʘʩʪʝʨʘʤ, ʱʦ 

ʜʦʟʚʦʣʷʻ ʱʝ ʙʽʣʴʰ ʪʦʯʥʦ(çʤôʷʢʦè) ʨʦʟʜʽʣʠʪʠ ʦʙôʻʢʪʠ, ʷʢʽ ʤʘʶʪʴ ʚʝʣʠʢʫ 

ʨʦʟʤʽʨʥʽʩʪʴ ʧʨʦʩʪʦʨʫ ʜʘʥʠʭ (ʙʘʛʘʪʦ ʘʪʨʠʙʫʪʽʚ) ʽ ʪʘʢʦʞ ʚʝʣʠʢʠʡ ʦʙʩʷʛ ʜʘʥʠʭ, ʤʽʞ 

ʨʽʟʥʠʤʠ ʛʨʫʧʘʤʠ, ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʧʨʝʜʤʝʪʥʦʾ ʦʙʣʘʩʪʽ ʢʣʘʩʪʝʨʠʟʘʮʽʾ. 
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Prospects of the quantumology development in the system of digital 

communications in current cyber space: philosophy-law aspect 

 
In modern conditions of a rapidly changing interpolar world, there is a modern 

interdisciplinary science, such as quantum science. This fundamental science includes modern 

achievements and developments in the field of not only nanotechnology, but also mental-

valuable attitudes of wisdom in relation to the individual, the state and society. 

 

ʋ ʩʫʯʘʩʥʠʭ ʫʤʦʚʘʭ ʽʥʪʝʨʧʦʣʷʨʥʦʛʦ ʩʚʽʪʫ, ʷʢʠʡ ʩʪʨʽʤʢʦ ʟʤʽʥʶʻʪʴʩʷ, 

ʘʢʪʫʘʣʴʥʦʛʦ ʟʥʘʯʝʥʥʷ ʥʘʙʫʚʘʻ ʪʘʢʘ ʤʦʣʦʜʘ ʤʽʞʛʘʣʫʟʝʚʘ ʥʘʫʢʘ ʷʢ ʢʚʘʥʪʦʣʦʛʽʷ. 

ʎ̫  ʬʫʥʜʘʤʝʥʪʘʣʴʥʘ ʥʘʫʢʘ ʤʽʩʪʠʪʴ ʫ ʩʦʙʽ ʩʫʯʘʩʥʽ ʜʦʩʷʛʥʝʥʥʷ ʪʘ ʨʦʟʨʦʙʢʠ ʚ 

ʩʬʝʨʽ ʥʝ ʣʠʰʝ ʥʘʥʦʪʝʭʥʦʣʦʛʽʡ, ʘ ʡ ʤʝʥʪʘʣʴʥʦ-ʮʽʥʥʽʩʥʠʭ ʥʘʩʪʘʥʦʚ ʤʫʜʨʦʩʪʽ 

ʱʦʜʦ ʦʩʦʙʠ, ʜʝʨʞʘʚʠ ʪʘ ʩʫʩʧʽʣʴʩʪʚʘ. 

ɿ ʦʛʣʷʜʫ ʥʘ ʮʝ, ʩʫʯʘʩʥʝ ʟʜʽʡʩʥʝʥʥʷ ʬʫʥʜʘʤʝʥʪʘʣʴʥʠʭ ʽ ʧʨʠʢʣʘʜʥʠʭ 

ʜʦʩʣʽʜʞʝʥʴ, ʟʦʢʨʝʤʘ ʫ ʩʬʝʨʽ ʢʚʘʥʪʦʚʠʭ ʥʘʫʢʦʚʠʭ ʨʦʟʨʦʙʦʢ, ʤʘʻ ʚʽʜʧʦʚʽʜʘʪʠ 

ʢʨʠʪʝʨʽʷʤ, ʚʠʟʥʘʯʝʥʠʤ ʫ ʩʪʘʪʪʽ 1 ɿʘʢʦʥʫ ʋʢʨʘʾʥʠ çʇʨʦ ʥʘʫʢʦʚʫ ʽ ʥʘʫʢʦʚʦ-

ʪʝʭʥʽʯʥʫ ʜʽʷʣʴʥʽʩʪʴè [2]. ɸʜʞʝ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʥʦʨʤ ʩʪʘʪʪʽ 1 ʦʟʥʘʯʝʥʦʛʦ ɿʘʢʦʥʫ 

ʩʘʤʝ ʽʥʪʝʣʝʢʪʫʘʣʴʥʘ ʪʚʦʨʯʘ ʜʽʷʣʴʥʽʩʪʴ ʮʽʣʝʩʧʨʷʤʦʚʘʥʘ ʥʘ ʦʜʝʨʞʘʥʥʷ 

ʽʥʥʦʚʘʮʽʡʥʠʭ ʟʥʘʥʴ ʫ ʩʫʯʘʩʥʫ ʢʚʘʥʪʦʚʫ ʝʧʦʭʫ ʷʢ ʜʦʢʦʨʽʥʥʠʭ ʧʝʨʝʪʚʦʨʝʥʴ ʫ 

ʥʘʫʢʦʚʦ-ʪʝʭʥʦʣʦʛʽʯʥʦʤʫ ʧʨʦʛʨʝʩʽ. 

ɿʘ ʪʘʢʠʭ ʦʙʩʪʘʚʠʥ ʤʘʶʪʴ ʙʫʪʠ ʥʝʦʜʤʽʥʥʽ ʧʨʠʢʣʘʜʥʽ ʜʦʩʣʽʜʞʝʥʥʷ, 

ʥʘʧʨʠʢʣʘʜ, ʝʬʝʢʪʠʚʥʝ ʚʪʽʣʝʥʥʷ ʚ ʪʝʣʝʤʝʜʠʮʠʥʽ ʤʦʞʣʠʚʦʩʪʝʡ ʢʚʘʥʪʦʚʦʾ 

ʢʦʤʧôʶʪʝʨʠʟʘʮʽʾ, ʷʢʽ ʦʧʝʨʘʪʠʚʥʦ ʦʧʪʠʤʽʟʫʶʪʴ ʥʝʡʨʦʝʥʝʨʛʝʪʠʯʥʽ ʨʦʟʨʘʭʫʥʢʠ ʫ 

ʤʽʞʥʘʨʦʜʥʦ-ʝʢʦʥʦʤʽʯʥʦʤʫ ʧʨʦʮʝʩʽ. ɺʘʞʣʠʚʠʤʠ ʬʦʨʤʘʤʠ ʪʘʢʦʾ 

ʽʥʪʝʣʝʢʪʫʘʣʴʥʦ-ʥʦʦʩʬʝʨʥʦʾ ʜʽʷʣʴʥʦʩʪʽ ʷʢ ʚʠʷʚ ʢʚʘʥʪʦʚʦʾ ʩʚʽʜʦʤʦʩʪʽ 

(ʰʣʷʭʝʪʥʦʾ, ʛʫʤʘʥʥʦʾ, ʜʦʙʨʦʯʝʩʥʦʾ), ʱʦ ʨʦʟʰʠʨʶʻ ʣʝʢʩʠʢʦ-ʩʝʤʘʥʪʠʯʥʝ 

ʥʘʚʘʥʪʘʞʝʥʥʷ ʥʝ ʣʠʰʝ ʣʽʥʛʚʽʩʪʠʯʥʦʛʦ ʧʦʣʷ, ʘ ʡ ʤʝʪʘʬʽʟʠʯʥʦʛʦ, 

ʘʥʪʨʦʧʦʣʦʛʽʯʥʦʛʦ, ʽʩʪʦʨʠʯʥʦʛʦ ʧʦʣʽʚ ʜʽʷʣʴʥʦʩʪʽ ʣʶʜʠʥʠ, ʻ ʧʨʦʝʢʪʥʦ-

ʢʦʥʩʪʨʫʢʪʦʨʩʴʢʽ, ʪʝʭʥʦʣʦʛʽʯʥʽ, ʧʦʰʫʢʦʚʦ-ʢʨʝʘʪʠʚʥʽ ʨʦʙʦʪʠ. ʉʘʤʝ 

ʬʝʥʦʤʝʥʦʣʦʛʽʷ ʤʫʜʨʦʩʪʽ ʥʘ ʨʽʚʥʽ ʦʩʦʙʠ, ʜʝʨʞʘʚʠ ʪʘ ʩʫʩʧʽʣʴʩʪʚʘ, ʷʢ 

ʬʫʥʜʘʤʝʥʪʘʣʴʥʘ ʷʢʽʩʪʴ ʧʝʨʝʦʩʤʠʩʣʝʥʥʷ ʞʠʪʪʻʚʠʭ ʧʨʦʮʝʩʽʚ, ʮʽʣʽʩʥʦ 

(ʙʘʛʘʪʦʚʝʢʪʦʨʥʦ) ʨʦʟʛʣʷʜʘʻ ʬʝʥʦʤʝʥʘʣʴʥʫ ʧʘʤôʷʪʴ (ʢʚʘʥʪʦʚʦ ʦʙʫʤʦʚʣʝʥʫ) ʫ 

ʚʠʛʣʷʜʽ ʢʫʙʦʙʽʪʽʚ, ʱʦ ʤʘʶʪʴ ʢʦʨʧʫʩʢʫʣʷʨʥʦ-ʭʚʠʣʴʦʚʫ ʩʪʨʫʢʪʫʨʫ. 

ʅʘ ʮʴʦʤʫ ʰʣʷʭʫ ʢʨʝʘʪʠʚʥʠʭ ʧʦʰʫʢʽʚ ʚʘʨʪʦ ʚʽʜʟʥʘʯʠʪʠ ɯʥʩʪʠʪʫʪ 

ʪʝʣʝʢʦʤʫʥʽʢʘʮʽʡʥʠʭ ʩʠʩʪʝʤ ʅʊʋʋ (çʂʇɯè) ʽʤʝʥʽ ɯʛʦʨʷ ʉʽʢʦʨʩʴʢʦʛʦ, ʱʦ ʻ 
































































































































































































































































































































































































































































































































































































































































































