
 
 

ʅɸʎɯʆʅɸʃʔʅʀʁ ʊɽʍʅɯʏʅʀʁ ʋʅɯɺɽʈʉʀʊɽʊ ʋʂʈɸɰʅʀ 

ñʂʀɰɺʉʔʂʀʁ ʇʆʃɯʊɽʍʅɯʏʅʀʁ ɯʅʉʊʀʊʋʊñ 

 

ɯʅʉʊʀʊʋʊ ʊɽʃɽʂʆʄʋʅɯʂɸʎɯʁʅʀʍ ʉʀʉʊɽʄ 

ʅɼɯ ʊɽʃɽʂʆʄʋʅɯʂɸʎɯʁ 

 

 

 

 

ɼʝʚôʷʪʘ ʤʽʞʥʘʨʦʜʥʘ 

ʥʘʫʢʦʚʦ-ʪʝʭʥʽʯʥʘ ʢʦʥʬʝʨʝʥʮʽʷ  

"ʇʈʆɹʃɽʄʀ ʊɽʃɽʂʆʄʋʅɯʂɸʎɯʁ" 

 ̔

ʉʴʦʤʘ ʄʽʞʥʘʨʦʜʥʘ ʥʘʫʢʦʚʦ-ʪʝʭʥʽʯʥʘ ʢʦʥʬʝʨʝʥʮʽʷ  

ʩʪʫʜʝʥʪʽʚ ʪʘ ʘʩʧʽʨʘʥʪʽʚ çʇɽʈʉʇɽʂʊʀɺʀ ʈʆɿɺʀʊʂʋ 

ɯʅʌʆʈʄɸʎɯʁʅʆ-ʊɽʃɽʂʆʄʋʅɯʂɸʎɯʁʅʀʍ  

ʊɽʍʅʆʃʆɻɯʁ ʊɸ ʉʀʉʊɽʄè 

 

 

ʇʨʠʩʚʷʯʝʥʦ ʜʥʶ ʥʘʫʢʠ ʪʘ 150-ʨʽʯʥʠʮʽ ʩʪʚʦʨʝʥʥʷ   

ʄʽʞʥʘʨʦʜʥʦʛʦ ʉʦʶʟʫ ɽʣʝʢʪʨʦʟʚôʷʟʢʫ 

 

 

 

21ï24 ʢʚʽʪʥʷ 2015 ʨʦʢʫ 

 

 

 

 

ʄʘʪʝʨʽʘʣʠ ʢʦʥʬʝʨʝʥʮʽʾ 
 

 

 

 

 

 

 

 

 

 

ʤ. ʂʠʾʚ 
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NATIONAL TECHNICAL UNIVERSITY OF UKRAINE  

ñKYIV POLYTECHNIC INSTITUTEò 

 

INSTITUTE OF TELECOMMUNICATION SYSTEMS  

RESEARCH INSTITUTE OF TELECOMMUNICATIONS  

 

 

 

 

 

 

 

Ninth International Scientific Conference 

"PROBLEMS OF TELECOMMUNICATIONS"  

 

and 

 

Seventh International Scientific Conference conference of  

undergraduate and graduate students "PROSPECTS FOR DEVELOPMENT 

OF INFORMATION -TELECOMMUNICATION TECHNOLOGIES AND 

SYSTEMS" 

 

 

Dedicated to the Science Day and the 150th anniversary  

of the International Telecommunication Union 

 

 

April  21-24, 2015 

 

 

 

Conference materials 
 

 

 

 

 

 

 

 

Kyiv  
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IX ʄʽʞʥʘʨʦʜʥʘ ʥʘʫʢʦʚʦ-ʪʝʭʥʽʯʥʘ ʢʦʥʬʝʨʝʥʮʽʷ "ʇʨʦʙʣʝʤʠ ʪʝʣʝʢʦʤʫʥʽʢʘʮʽʡ" 

ʇʊ-2015: ɿʙʽʨʥʠʢ ʤʘʪʝʨʽʘʣʽʚ ʢʦʥʬʝʨʝʥʮʽʾ. ʂ.: ʅʊʋʋ "ʂʇɯ", 2015. ï 475 ʩ. 

 

 

VII  ʄʽʞʥʘʨʦʜʥʘ ʥʘʫʢʦʚʦ-ʪʝʭʥʽʯʥʘ ʢʦʥʬʝʨʝʥʮʽ ̫ ʩʪʫʜʝʥʪʽʚ ʪʘ ʘʩʧʽʨʘʥʪʽʚ 

çʇʝʨʩʧʝʢʪʠʚʠ ʨʦʟʚʠʪʢʫ ʽʥʬʦʨʤʘʮʽʡʥʦ-ʪʝʣʝʢʦʤʫʥʽʢʘʮʽʡʥʠʭ ʪʝʭʥʦʣʦʛʽʡ ʪʘ 

ʩʠʩʪʝʤè ʇʈɯʊʉ 2015: ɿʙʽʨʥʠʢ ʪʝʟ ʢʦʥʬʝʨʝʥʮʽʾ. ʂ.: ʅʊʋʋ "ʂʇɯ", 2015. 

 

 

ɿʙʽʨʥʠʢ ʤʽʩʪʠʪʴ ʤʘʪʝʨʽʘʣʠ ʧʣʝʥʘʨʥʠʭ ʽ ʩʝʢʮʽʡʥʠʭ ʜʦʧʦʚʽʜʝʡ, 

ʧʨʝʜʩʪʘʚʣʝʥʠʭ ʥʘ ɼʝʚôʷʪʽʡ ʤʽʞʥʘʨʦʜʥʽʡ ʥʘʫʢʦʚʦ-ʪʝʭʥʽʯʥʽʡ ʢʦʥʬʝʨʝʥʮʽʾ 

"ʇʨʦʙʣʝʤʠ ʪʝʣʝʢʦʤʫʥʽʢʘʮʽʡ" (ʇʊ 2015) ʪʘ ʉʴʦʤʽʡ ʄʽʞʥʘʨʦʜʥʽʡ ʥʘʫʢʦʚʦ-

ʪʝʭʥʽʯʥʽʡ ʢʦʥʬʝʨʝʥʮʽʾ ʩʪʫʜʝʥʪʽʚ ʪʘ ʘʩʧʽʨʘʥʪʽʚ çʇʝʨʩʧʝʢʪʠʚʠ ʨʦʟʚʠʪʢʫ 

ʽʥʬʦʨʤʘʮʽʡʥʦ-ʪʝʣʝʢʦʤʫʥʽʢʘʮʽʡʥʠʭ ʪʝʭʥʦʣʦʛʽʡ ʪʘ ʩʠʩʪʝʤè (ʇʈɯʊʉ 2015), ʷʢʽ 

ʧʨʦʚʦʜʷʪʴʩʷ 21ï24 ʢʚʽʪʥʷ 2015 ʨ. ʚ ʤ. ʂʠʻʚʽ. 

 

ʈʦʙʦʯʠʤʠ ʤʦʚʘʤʠ ʢʦʥʬʝʨʝʥʮʽʡ ʻ ʫʢʨʘʾʥʩʴʢʘ, ʨʦʩʽʡʩʴʢʘ ʪʘ ʘʥʛʣʽʡʩʴʢʘ. 

 

 

ʋ ʟʙʽʨʥʠʢ ʚʢʣʶʯʝʥʽ ʤʘʪʝʨʽʘʣʠ ʢʦʥʬʝʨʝʥʮʽʾ ʟʘ ʪʘʢʠʤʠ ʥʘʧʨʷʤʢʘʤʠ: 

 
1. ʊʝʦʨʝʪʠʯʥʽ ʘʩʧʝʢʪʠ ʧʝʨʝʜʘʚʘʥʥʷ ʽʥʬʦʨʤʘʮʽʾ ʚ ʪʝʣʝʢʦʤʫʥʽʢʘʮʽʡʥʠʭ ʩʠʩʪʝʤʘʭ 

2. ʇʝʨʝʜʘʚʘʥʥʷ ʽʥʬʦʨʤʘʮʽʾ ʚ ʪʝʣʝʢʦʤʫʥʽʢʘʮʽʡʥʠʭ ʩʠʩʪʝʤʘʭ ʥʦʚʦʛʦ ʧʦʢʦʣʽʥʥʷ 

3. ʊʝʭʥʦʣʦʛʽʾ ʪʨʘʥʩʧʦʨʪʥʠʭ ʪʝʣʝʢʦʤʫʥʽʢʘʮʽʡʥʠʭ ʩʠʩʪʝʤ ʪʘ ʤʝʨʝʞʥʽ ʪʝʭʥʦʣʦʛʽʾ 

4. ɹʝʟʧʨʦʚʦʜʦʚʽ ʪʝʣʝʢʦʤʫʥʽʢʘʮʽʡʥʽ ʪʝʭʥʦʣʦʛʽʾ 

5. ʊʝʭʥʦʣʦʛʽʾ ʤʦʙʽʣʴʥʠʭ ʪʝʣʝʢʦʤʫʥʽʢʘʮʽʡʥʠʭ ʨʘʜʽʦʤʝʨʝʞ 

6. ɯʥʬʦʨʤʘʮʽʡʥʽ ʪʝʭʥʦʣʦʛʽʾ ʚ ʪʝʣʝʢʦʤʫʥʽʢʘʮʽʷʭ 

7. ʄʘʪʝʤʘʪʠʯʥʽ ʤʦʜʝʣʽ ʪʘ ʤʝʪʦʜʠ ʧʽʜʚʠʱʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʙʝʟʧʨʦʚʦʜʦʚʠʭ 

ʩʝʥʩʦʨʥʠʭ ʤʝʨʝʞ 

8. ʊʝʭʥʦʣʦʛʽʾ ʪʘ ʤʝʪʦʜʠʢʠ ʧʨʠʢʣʘʜʥʦʛʦ ʟʘʩʪʦʩʫʚʘʥʥʷ ʙʝʟʧʨʦʚʦʜʦʚʠʭ  ʩʝʥʩʦʨʥʠʭ 

ʤʝʨʝʞ 

9. ɿʘʩʦʙʠ ʪʘ ʧʨʠʩʪʨʦʾ ʪʝʣʝʢʦʤʫʥʽʢʘʮʽʡ 

10. ʉʝʤʽʥʘʨ: Modern information and telecommunication trends (ʩʧʽʣʢʫʚʘʥʥʷ 

ʚʠʢʣʶʯʥʦ ʥʘ ʘʥʛʣʽʡʩʴʢʽʡ ʤʦʚʽ) 

 

ɺʯʝʥʠʡ ʩʝʢʨʝʪʘʨ ʢʦʥʬʝʨʝʥʮʽʾ 

ɹʋʅɯʅ ʉ.ɻ., ʜ.ʪ.ʥ., ʧʨʦʬ. ɯʊʉ ʅʊʋʋ "ʂʇɯ". 

E-mail: sgbunin@ukr.net 

 

 

 

 

ʉʝʢʨʝʪʘʨ ʦʨʛʢʦʤʽʪʝʪʫ ʢʦʥʬʝʨʝʥʮʽʾ 

ɯʚʘʥʦʚʘ ʊ.ʃ.  

ʨ. ʪʝʣ/ʬʘʢʩ. (044)454-98-21. 

E-mail: ivanova@its.kpi.ua 
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ʉʧʽʚʛʦʣʦʚʠ ʢʦʥʬʝʨʝʥʮʽʾ "ʇʨʦʙʣʝʤʠ ʪʝʣʝʢʦʤʫʥʽʢʘʮʽʡ": 

 

ɹɸʈɸʅʆɺ ʆ.ɸ. ï ʏʣʝʥ ʂʦʥʩʫʣʴʪʘʪʠʚʥʦʾ ʨʘʜʠ ʟ ʧʠʪʘʥʴ ʽʥʬʦʨʤʘʪʠʟʘʮʽʾ ʧʨʠ 

ɺʝʨʭʦʚʥʽʡ ʈʘʜʽ ʋʢʨʘʾʥʠ, ʢ.ʪ.ʥ., ʧʨʦʬʝʩʦʨ. 

ɯʃʔʏɽʅʂʆ ʄ.ʖ. ï ʧʨʦʨʝʢʪʦʨ ʟ ʥʘʫʢʦʚʦʾ ʨʦʙʦʪʠ ʅʘʮʽʦʥʘʣʴʥʦʛʦ ʪʝʭʥʽʯʥʦʛʦ 

ʫʥʽʚʝʨʩʠʪʝʪʫ ʋʢʨʘʾʥʠ "ʂʠʾʚʩʴʢʠʡ ʧʦʣʽʪʝʭʥʽʯʥʠʡ ʽʥʩʪʠʪʫʪ", ʘʢʘʜʝʤʽʢ 

ʅɸʅʋ, ʜ.ʪ.ʥ., ʧʨʦʬʝʩʦʨ. 

 

 

ʆʨʛʘʥʽʟʘʪʦʨʠ ʢʦʥʬʝʨʝʥʮʽʾ: 

 

ʅʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʋʢʨʘʾʥʠ çʂʇɯè, ɯʊʉ, ʅɼɯʊ; 

ʄʽʞʥʘʨʦʜʥʠʡ ʥʘʫʢʦʚʦ-ʪʝʭʥʽʯʥʠʡ ʞʫʨʥʘʣ çTELECOMMUNICATION 

SCIENCESè ISSN: 2312-4121. 
 

 

 

ʉʧʦʥʩʦʨʠ ʢʦʥʬʝʨʝʥʮʽʾ: 

ʆʨʛʘʥʽʟʘʮʽʾ ʪʘ ʧʽʜʧʨʠʻʤʩʪʚʘ, ʷʢʽ ʧʨʠʡʤʘʶʪʴ ʫʯʘʩʪʴ ʫ ʥʘʫʢʦʚʽʡ ʧʨʘʮʽ ʡ 

ʧʨʘʮʝʚʣʘʰʪʫʚʘʥʥʽ ʚʠʧʫʩʢʥʠʢʽʚ ɯʊʉ, ʘ ʪʘʢʦʞ ʚʩʽ ʙʘʞʘʶʯʽ. 

 

 

ʂʦʦʨʜʠʥʘʪʦʨ ʇʨʦʛʨʘʤʥʦʛʦ ʢʦʤʽʪʝʪʫ:  

ʂʈɸɺʏʋʂ ʉ.ʆ.  - ʜ.ʪ.ʥ., ʧʨʦʬ.,  ʅʊʋʋ çʂʇɯè, ʂʠʾʚ,   

e-mail: sakravchuk@ukr.net 

 

 

ʏʣʝʥʠ ʇʨʦʛʨʘʤʥʦʛʦ ʢʦʤʽʪʝʪʫ "ʇʨʦʙʣʝʤʠ ʪʝʣʝʢʦʤʫʥʽʢʘʮʽʡ": 

 

ɹʦʛʫʰ ɺ. ʄ. - ʢ.ʪ.ʥ., ʜʦʮ., ʅɸʋ, ʤ. ʂʠʾʚ 

ɹʫʥʽʥ ʉ.ɻ. ï           ʜ.ʪ.ʥ., ʧʨʦʬ. ɯʊʉ ʅʊʋʋ çʂʇɯè, ʤ. ʂʠʾʚ  

ɻʣʦʙʘ ʃ.ʉ. ï        ʜ.ʪ.ʥ., ʧʨʦʬ., ʟʘʚ. ʢʘʬ. ɯʊʉ ʅʊʋʋ çʂʇɯè,ʤ. ʂʠʾʚ 

ɾʫʢ ʉ.ʗ. ï        ʜ.ʪ.ʥ., ʧʨʦʬ., ʈʊʌ ʅʊʋʋ çʂʇɯè, ʤ. ʂʠʾʚ 

ɿʘʚʠʩʣʷʢ ɯ.ɺ. ï ʜ.ʬ.ʤ.ʥ., ʧʨʦʬ., ʂʅʋ ʽʤ. ʊ. ʐʝʚʯʝʥʢʦ, ʤ. ʂʠʾʚ 

ʂʘʧʰʪʠʢ ʉ.ɺ. ï ʢ.ʪ.ʥ., ʜʦʮ.,  ʅʊʋʋ çʂʇɯè, ʤ. ʂʠʾʚ 

ʂʘʪʦʢ ɺ.ɹ. ï    ʢ.ʪ.ʥ., ʧʨʦʬ., ʋʢʨʪʝʣʝʢʦʤ, ʤ. ʂʠʾʚ 

ʂʦʟʝʣʢʦʚ ʉ.ɺ. ï ʜ.ʪ.ʥ., ʧʨʦʬ.  ɼʋʊ, ʤ. ʂʠʾʚ 

ʂʦʣʦʤʠʮʝʚ ʄ.ʆ. -   ʢ.ʪ.ʥ., ʜʦʮ., ɯʊʉ ʅʊʋʋ çʂʇɯè, ʤ. ʂʠʾʚ 

ʃʝʤʝʰʢʦ ʆ.ɺ. ï ʜ.ʪ.ʥ., ʧʨʦʬ., ʍʅʋʈ, ʤ. ʍʘʨʢʽʚ 
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ʃʠʩʝʥʢʦ ʆ.ɯ. ï   ʜ.ʪ.ʥ., ʧʨʦʬ., ɯʊʉ ʅʊʋʋ çʂʇɯè, ʤ. ʂʠʾʚ 

ʃʽʧʘʪʦʚ ɸ.ʆ. ï         ʢ.ʪ.ʥ., ʧʨʦʬ., ɯʊʉ ʅʊʋʋ çʂʇɯè, ʤ. ʂʠʾʚ 

ʄʘʢʩʠʤʦʚ ɺ.ɺ. ï   ʢ.ʪ.ʥ., ʜʦʮ., ɯʊʉ ʅʊʋʋ çʂʇɯè ʤ. ʂʠʾʚ 

ʄʦʰʠʥʩʴʢʘ ɸ.ɺ. ï   ʢ.ʪ.ʥ., ʜʦʮ., ɯʊʉ ʅʊʋʋ çʂʇɯè ʤ. ʂʠʾʚ 

ʅʘʨʠʪʥʠʢ ʊ.ʄ. ï      ʢ.ʪ.ʥ., ʧʨʦʬ., ɯʊʉ ʅʊʋʋ çʂʇɯè, ʤ. ʂʠʾʚ 

ʅʘʟʘʨʝʥʢʦ ʆ.ɯ. ï  ʬʘʢʫʣʴʪʝʪ ʣʽʥʛʚʽʩʪʠʢʠ ʅʊʋʋ Ăʂʇɯò, ʤ. ʂʠʾʚ; 

ʇʦʧʣʘʚʢʦ ʖ. ʄ. ï ʜ.ʬ.ʤ.ʥ., ʧʨʦʬ., ʅʊʋʋ çʂʇɯè, ʤ. ʂʠʾʚ 

ʇʦʧʦʚʩʴʢʠʡ ɺ.ɺ. ï  ʜ.ʪ.ʥ., ʧʨʦʬ. ʍʅʋʈɽ, ʤ. ʍʘʨʢʽʚ 

ʇʨʦʢʦʧʝʥʢʦ ɭ.ɸ. ï   ʢ.ʪ.ʥ., ʩʪ. ʚʠʢʣʘʜʘʯ, ɯʊʉ ʅʊʋʋ çʂʇɯè ʤ. ʂʠʾʚ 

ʈʦʤʘʥʦʚ ʆ.ɯ. ï   ʜ.ʪ.ʥ., ʧʨʦʬ. ɯʊʉ ʅʊʋʋ çʂʇɯè, ʤ. ʂʠʾʚ 

ʈʦʤʘʥʶʢ ɺ.ɸ. ï ʜ.ʪ.ʥ., ʧʨʦʬ. ɼʋʊ, ʤ. ʂʠʾʚ 

ʉʢʫʣʠʰ ʄ.ɸ.  ï   ʢ.ʪ.ʥ., ʜʦʮ., ɯʊʉ ʅʊʋʋ çʂʇɯè, ʤ. ʂʠʾʚ 

ʉʪʨʠʞʘʢ ʆ.ɭ. ï   ʢ.ʪ.ʥ., ʅʎ çʄʘʣʘ ɸʅʋè,  ʤ. ʂʠʾʚ 

ʊʝʨʥʦʚʦʡ ʄ.ʖ.  ï   ʢ.ʪ.ʥ., ʜʦʮ., ɯʊʉ ʅʊʋʋ çʂʇɯè, ʤ. ʂʠʾʚ 

ʊʦʣʶʧʘ ʉ.ɺ. ï ʜ.ʪ.ʥ., ʧʨʦʬ., ɼʋʊ, ʤ. ʂʠʾʚ 

ʊʨʫʙʽʥ ʆ.ʆ.  ï          ʜ.ʪ.ʥ.,ʧʨʦʬ., ɯʊʉ ʅʊʋʋ çʂʇɯè, ʤ. ʂʠʾʚ 

ʋʨʠʚʩʴʢʠʡ ʃ.ʆ. ï  ʜ.ʪ.ʥ., ʧʨʦʬ., ɯʊʉ ʅʊʋʋ çʂʇɯè, ʤ. ʂʠʾʚ 

ʏʝʯʝʣʴʥʠʮʴʢʠʡ ɺ.ʗ. ï ʜ.ʪ.ʥ., ʧʨʦʬ., ʆʅʇʋ,  ʤ. ʆʜʝʩʘ 

ʏʫʤʘʯʝʥʢʦ ʉ.ʄ. ï ʜ.ʪ.ʥ., ʩ.ʥ.ʩ., ʋʅɼɯʎɿ, ʤ. ʂʠʾʚ 

ʐʝʣʢʦʚʥʽʢʦʚ ɹ.ʄ. ï ʢ.ʪ.ʥ., ʜʦʮ., ɯʊʉ ʅʊʋʋ çʂʇɯè  ʤ. ʂʠʾʚ 

ʗʚʽʩʷ ɺ.ʉ. ï ʢ.ʪ.ʥ., ʜʦʮ.,  ʅʊʋʋ çʂʇɯè, ʤ. ʂʠʾʚ 

ʗʢʦʨʥʦʚ ɭ.ɸ. ï  ʢ.ʪ.ʥ., ʧʨʦʬ., ʟʘʩʪ. ʜʠʨʝʢʪʦʨʘ ɯʊʉ ʅʊʋʋ çʂʇɯè, ʤ. ʂʠʾʚ 
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DIRECTIONS ADAPTATION OF UKRAINIAN LEGISLATION  

 IN THE FIELD OF TELECOMMUNICATIONS TO THE DIRECTIVES OF THE 

EUROPEAN UNION 

 

Showing the nature and content of work on adaptation of Ukrainian legislation to EU 

legislation in the field of electronic communications. Are the main directions of adaptation of the 

legislation. A brief description of the legal problems of adaptation. 

 

ɺʝʨʭʦʚʥʦʶ ʈʘʜʦʶ ʋʢʨʘʾʥʠ ʨʘʪʠʬʽʢʦʚʘʥʦ çʋʛʦʜʘ ʧʨʦ ʘʩʦʮʽʘʮʽʶ ʤʽʞ 

ʋʢʨʘʾʥʦʶ, ʟ ʦʜʥʽʻʾ ʩʪʦʨʦʥʠ, ʪʘ ɭʚʨʦʧʝʡʩʴʢʽʤ ʉʦʶʟʦʤ, ɭʚʨʦʧʝʡʩʴʢʽʤ 

ʩʧʽʚʪʦʚʘʨʠʩʪʚʦʤ ʟ ʘʪʦʤʥʦʾ ʝʥʝʨʛʽʾ ʠ ʾʭʥʽʤʠ ʜʝʨʞʘʚʘʤʠ-ʯʣʝʥʘʤʠ, ʟ ʽʥʰʦʾ 

ʩʪʦʨʦʥʠè (ʜʘʣʽ - ʋʛʦʜʘ) [1]. ʉʪʦʨʦʥʠ ʋʛʦʜʠ ʟʦʙʦʚ'ʷʟʫʶʪʴʩʷ ʟʘʙʝʟʧʝʯʫʚʘʪʠ 

ʧʦʩʪʫʧʦʚʫ ʘʜʘʧʪʘʮʽʶ ʟʘʢʦʥʦʜʘʚʩʪʚʘ ʋʢʨʘʾʥʠ ʜʦ acquis ɭʉ ʚʽʜʧʦʚʽʜʥʦ ʜʦ 

ʥʘʧʨʷʤʽʚ, ʚʠʟʥʘʯʝʥʠʭ ʫ ʮʽʡ ʋʛʦʜʽ, ʽ ʟʘʙʝʟʧʝʯʫʚʘʪʠ ʝʬʝʢʪʠʚʥʝ ʾʾ ʚʠʢʦʥʘʥʥʷ. 

ʆʜʥʠʤ ʟ ʧʨʽʦʨʠʪʝʪʥʠʭ ʥʘʧʨʷʤʽʚ ʘʜʘʧʪʘʮʽʾ ʻ ʟʘʢʦʥʦʜʘʚʩʪʚʦ ʧʨʦ 

ʪʝʣʝʢʦʤʫʥʽʢʘʮʽʾ, ʘʙʦ ʚ ʪʝʨʤʽʥʘʭ ʧʨʘʚʘ ɭʚʨʦʩʦʶʟʫ ï ʟʘʢʦʥʦʜʘʚʩʪʚʘ ʧʨʦ 

ʝʣʝʢʪʨʦʥʥʽ ʢʦʤʫʥʽʢʘʮʽʾ. ɿʘʢʦʥʦʜʘʚʩʪʚʦ ɭʚʨʦʩʦʶʟʫ ʫ ʩʬʝʨʽ ʝʣʝʢʪʨʦʥʥʠʭ 

ʢʦʤʫʥʽʢʘʮʽʡ ʩʢʣʘʜʘʻʪʴʩʷ ʽʟ ʥʘʩʪʫʧʥʠʭ ʜʠʨʝʢʪʠʚ [2-5]: 

ʇʨʦ ʟʘʛʘʣʴʥʽ ʧʨʘʚʦʚʽ  ʨʘʤʢʠ ʜʣʷ ʝʣʝʢʪʨʦʥʥʠʭ ʢʦʤʫʥʽʢʘʮʽʡʥʠʭ ʤʝʨʝʞ ʪʘ 

ʧʦʩʣʫʛ; 

ʇʨʦ ʜʦʟʚʽʣ ʝʣʝʢʪʨʦʥʥʠʭ ʢʦʤʫʥʽʢʘʮʽʡʥʠʭ ʤʝʨʝʞ ʪʘ ʧʦʩʣʫʛ; 

ʇʨʦ ʜʦʩʪʫʧ ʜʦ ʟ'ʻʜʥʘʥʥʷ ʝʣʝʢʪʨʦʥʥʠʭ ʢʦʤʫʥʽʢʘʮʽʡʥʠʭ ʤʝʨʝʞ ʪʘ 

ʧʦʚ'ʷʟʘʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ; 

ʇʨʦ ʫʥʽʚʝʨʩʘʣʴʥʽ ʧʦʩʣʫʛʠ ʪʘ ʧʨʘʚʘ ʢʦʨʠʩʪʫʚʘʯʽʚ, ʷʢʽ ʩʪʦʩʫʶʪʴʩʷ 

ʝʣʝʢʪʨʦʥʥʠʭ ʢʦʤʫʥʽʢʘʮʽʡʥʠʭ ʤʝʨʝʞ ʪʘ ʧʦʩʣʫʛ; 

ɺ 2009 ʨʦʮʽ ʚ ʮʽ ʜʠʨʝʢʪʠʚʠ ʙʫʣʠ ʚʥʝʩʝʥʽ ʧʦʧʨʘʚʢʠ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʟʤʽʥ, ʱʦ 

ʚʽʜʙʫʣʠʩʷ ʥʘ ʨʠʥʢʫ ʝʣʝʢʪʨʦʥʥʠʭ ʢʦʤʫʥʽʢʘʮʽʡ, ʪʘ ʚʠʤʦʛ ʩʫʩʧʽʣʴʥʦʛʦ ʞʠʪʪʷ ʚ 

ʢʨʘʾʥʘʭ ɭʚʨʦʩʦʶʟʫ. ɺ ʮʽʣʦʤʫ, ʟʘʟʥʘʯʝʥʽ ʟʤʽʥʠ ʙʫʣʠ ʩʧʨʷʤʦʚʘʥʽ ʥʘ ʧʦʩʠʣʝʥʥʷ 

ʣʽʙʝʨʘʣʽʟʘʮʽʾ ʪʘ ʢʦʥʢʫʨʝʥʮʽʾ ʨʠʥʢʫ ʝʣʝʢʪʨʦʥʥʠʭ ʢʦʤʫʥʽʢʘʮʽʡ, ʟʤʽʮʥʝʥʥʷ 

ʧʨʘʚʦʚʠʭ ʤʝʭʘʥʽʟʤʽʚ ʟʘʭʠʩʪʫ ʧʨʘʚ ʩʧʦʞʠʚʘʯʽʚ ʧʦʩʣʫʛ ʝʣʝʢʪʨʦʥʥʠʭ 

ʢʦʤʫʥʽʢʘʮʽʡ, ʨʦʟʰʠʨʝʥʥʷ ʥʦʤʝʥʢʣʘʪʫʨʠ ʪʘ ʷʢʦʩʪʽ ʧʦʩʣʫʛ ʝʣʝʢʪʨʦʥʥʠʭ 

ʢʦʤʫʥʽʢʘʮʽʡ. 
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ɭʚʨʦʩʦʶʟ ʚʙʘʯʘʻ ʚ ʨʠʥʢʫ ʝʣʝʢʪʨʦʥʥʠʭ ʢʦʤʫʥʽʢʘʮʽʡ ʤʦʛʫʪʥʽʡ ʧʦʪʝʥʮʽʘʣ 

ʜʣʷ ʨʦʟʚʠʪʢʫ ʮʠʬʨʦʚʦʾ ʝʢʦʥʦʤʽʢʠ, ʱʦ ʟʥʘʡʰʣʦ ʚʽʜʦʙʨʘʞʝʥʥʷ ʚ ʩʪʨʘʪʝʛʽʾ 

ʨʦʟʚʠʪʢʫ ʮʴʦʛʦ ʨʝʛʽʦʥʫ çɭʚʨʦʧʘ -2020è. ɿʥʘʯʝʥʥʷ ʨʠʥʢʫ ʝʣʝʢʪʨʦʥʥʠʭ 

ʢʦʤʫʥʽʢʘʮʽʡ ʪʘ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʢʦʤʧôʶʪʝʨʥʠʭ ʪʝʭʥʦʣʦʛʽʡ ʧʽʜʢʨʝʩʣʶʻʪʴʩʷ ʪʠʤ, 

ʱʦ ʚ ʟʘʟʥʘʯʝʥʽʡ ʩʪʨʘʪʝʛʽʾ ʽʟ ʩʝʤʠ ʦʩʥʦʚʥʠʭ ʥʘʧʨʷʤʽʚ ʦʜʠʥ ʤʘʻ ʥʘʟʚʫ 

çʎʠʬʨʦʚʠʡ ʧʦʨʷʜʦʢ ʜʝʥʥʠʡè.  

ɸʜʘʧʪʘʮʽʷ ʫʢʨʘʾʥʩʴʢʦʛʦ ʟʘʢʦʥʦʜʘʚʩʪʚʘ ʧʦʚʠʥʥʘ ʚʽʜʙʫʚʘʪʠʩʴ ʟʘ 

ʥʘʩʪʫʧʥʠʤʠ ʦʩʥʦʚʥʠʤʠ ʪʝʤʘʪʠʯʥʠʤʠ ʥʘʧʨʷʤʘʤʠ. 

ɿʤʽʮʥʝʥʥʷ ʽʥʩʪʠʪʫʮʽʦʥʘʣʴʥʦʾ ʩʧʨʦʤʦʞʥʦʩʪʽ ʨʝʛʫʣʷʪʦʨʥʦʛʦ ʦʨʛʘʥʫ. ʄʦʚʘ 

ʡʜʝ ʧʨʦ ʚʩʪʘʥʦʚʣʝʥʥʷ ʟʘʢʦʥʦʜʘʚʯʠʭ ʪʘ ʬʽʥʘʥʩʦʚʠʭ ʛʘʨʘʥʪʽʡ ʧʦʚʥʦʾ 

ʥʝʟʘʣʝʞʥʦʩʪʽ ʨʝʛʫʣʷʪʦʨʘ ʥʝ ʪʽʣʴʢʠ ʚʽʜ ʨʠʥʢʫ, ʘʣʝ ʽ ʚʽʜ ʚʠʢʦʥʘʚʯʦʾ ʚʣʘʜʠ. 

ʇʦʩʠʣʝʥʥʷ ʡʦʛʦ ʤʦʞʣʠʚʦʩʪʝʡ ʜʦ ʨʝʛʫʣʷʪʦʨʥʦʛʦ ʚʧʣʠʚʫ ʥʘ ʩʫʙôʻʢʪʽʚ ʨʠʥʢʫ 

ʝʣʝʢʪʨʦʥʥʠʭ ʢʦʤʫʥʽʢʘʮʽʡ.  

ʃʽʙʝʨʘʣʽʟʘʮʽʷ ʜʦʩʪʫʧʫ ʥʘ ʨʠʥʦʢ ʝʣʝʢʪʨʦʥʥʠʭ ʢʦʤʫʥʽʢʘʮʽʡ. ʋʢʨʘʾʥʩʴʢʽʡ 

ʝʢʦʥʦʤʽʮʽ ʪʘ ʩʫʩʧʽʣʴʩʪʚʫ ʢʦʥʯʝ ʥʝʦʙʭʽʜʥʦ ʩʫʪʪʻʚʦ ʟʤʝʥʰʠʪʠ ʙʘʨôʻʨʠ 

ʚʭʦʜʞʝʥʥʷ ʥʘ ʨʠʥʦʢ ʪʝʣʝʢʦʤʫʥʽʢʘʮʽʡ, ʱʦ ʙʫʪʠ ʤʘʪʠ ʥʘʩʣʽʜʢʦʤ ʟʥʘʯʥʝ 

ʟʙʽʣʴʰʝʥʥʷ ʩʫʙôʻʢʪʽʚ ʥʘʜʘʥʥʷ ʧʦʩʣʫʛ ʝʣʝʢʪʨʦʥʥʠʭ ʢʦʤʫʥʽʢʘʮʽʡ, ʱʦ 

ʙʣʘʛʦʪʚʦʨʥʦ ʚʧʣʠʥʝ ʥʘ ʨʽʚʝʥʴ ʢʦʥʢʫʨʝʥʮʽʾ. 

ʋʥʽʚʝʨʩʘʣʴʥʦʾ ʧʦʩʣʫʛʠ. ʆʜʥʠʤ ʟ ʛʦʣʦʚʥʠʭ ʟʘʚʜʘʥʴ ʨʠʥʢʫ 

ʪʝʣʝʢʦʤʫʥʽʢʘʮʽʡ ʻ ʟʘʙʝʟʧʝʯʝʥʥʷ ʤʦʞʣʠʚʦʩʪʽ ʜʣʷ ʢʦʞʥʦʾ ʦʩʦʙʠ ʧʦ ʚʩʽʡ 

ʪʝʨʠʪʦʨʽʾ ʜʝʨʞʘʚʠ ʟʘ ʜʦʩʪʫʧʥʠʤʠ ʮʽʥʘʤʠ ʦʪʨʠʤʘʪʠ ʛʘʨʘʥʪʦʚʘʥʠʡ ʥʘʙʽʨ ʧʦʩʣʫʛ 

ʝʣʝʢʪʨʦʥʥʠʭ ʢʦʤʫʥʽʢʘʮʽʡ ʟʘ ʚʩʪʘʥʦʚʣʝʥʠʤ ʨʽʚʥʝʤ ʷʢʦʩʪʽ. ʊʘʢʽ ʧʦʩʣʫʛʠ 

ʦʪʨʠʤʘʣʠ ʥʘʟʚʫ ʫʥʽʚʝʨʩʘʣʴʥʠʭ. ɿʘʢʦʥʦʜʘʚʩʪʚʦ ʧʦʚʠʥʥʦ ʩʪʚʦʨʠʪʠ ʫʤʦʚʠ ʜʣʷ 

ʟʘʙʝʟʧʝʯʝʥʥʷ ʛʘʨʘʥʪʽʡ ʦʪʨʠʤʘʥʥʷ ʫʥʽʚʝʨʩʘʣʴʥʦʾ ʧʦʩʣʫʛʠ. 

ɼʦʩʪʫʧ ʪʘ ʚʟʘʻʤʦʟ'ʻʜʥʘʥʥʷ. ʊʝʣʝʢʦʤʫʥʽʢʘʮʽʾ ʟʘ ʚʠʟʥʘʯʝʥʥʷʤ 

ʬʫʥʢʮʽʦʥʫʶʪʴ ʚ ʫʤʦʚʘʭ ʟôʻʜʥʘʥʥʷ ʦʜʥʠʭ ʤʝʨʝʞ ʟ ʽʥʰʠʤʠ. ʊʦʤʫ ʧʨʘʚʦʚʽ 

ʫʤʦʚʠ ʧʦʚʠʥʥʽ ʟʘʙʝʟʧʝʯʠʪʠ ʨʽʟʢʝ ʟʥʠʞʝʥʥʷ ʙʘʨôʻʨʽʚ ʱʦʜʦ ʚʟʘʻʤʦʟôʻʜʥʘʥʥʷ 

ʤʝʨʝʞ ʝʣʝʢʪʨʦʥʥʠʭ ʢʦʤʫʥʽʢʘʮʽʡ, ʘ ʪʘʢʦʞ ʩʧʽʣʴʥʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʾʭ ʨʝʩʫʨʩʽʚ. 

ʈʦʟʚʠʪʦʢ ʢʦʥʢʫʨʝʥʮʽʾ. ɺ ɭʚʨʦʩʦʶʟʽ, ʷʢ ʽ ʫ ʚʩʴʦʤʫ ʩʚʽʪʽ, ʢʦʥʢʫʨʝʥʮʽʶ 

ʚʚʘʞʘʶʪʴ ʤʦʛʫʪʥʽʤ ʩʪʠʤʫʣʷʪʦʨʦʤ ʨʦʟʚʠʪʢʫ ʙʫʜʴ-ʷʢʠʭ ʨʠʥʢʽʚ. ɼʣʷ ʨʦʟʚʠʪʢʫ 

ʢʦʥʢʫʨʝʥʮʽʾ ʥʘ ʨʠʥʢʫ ʝʣʝʢʪʨʦʥʥʠʭ ʢʦʤʫʥʽʢʘʮʽʡ ʧʦʚʠʥʥʽ ʙʫʪʠ ʚʥʝʩʝʥʽ ʟʤʽʥʠ ʜʦ 

ʥʘʮʽʦʥʘʣʴʥʦʛʦ ʟʘʢʦʥʦʜʘʚʩʪʚʘ ʱʦʜʦ ʚʩʪʘʥʦʚʣʝʥʥʷ ʧʨʦʮʝʜʫʨ ʚʠʟʥʘʯʝʥʥʷ 

ʦʧʪʦʚʠʭ ʪʘ ʨʦʟʜʨʽʙʥʠʭ ʧʦʩʣʫʛ ʝʣʝʢʪʨʦʥʥʠʭ ʢʦʤʫʥʽʢʘʮʽʡ, ʚʠʟʥʘʯʝʥʥʷ ʩʫʙôʻʢʪʽʚ 

ʨʠʥʢʫ ʽʟ ʩʫʪʪʻʚʦʶ ʨʠʥʢʦʚʦʶ ʧʝʨʝʚʘʛʦʶ. ɺʩʪʘʥʦʚʣʝʥʽ ʚʽʜʧʦʚʽʜʥʽ 

ʧʦʚʥʦʚʘʞʝʥʥʷ ʨʝʛʫʣʷʪʦʨʘ ʱʦʜʦ ʥʘʢʣʘʜʘʥʥʷ ʧʝʚʥʠʭ ʦʙʪʷʞʝʥʴ ʥʘ ʜʽʷʣʴʥʽʩʪʴ 

ʪʘʢʠʭ ʩʫʙôʻʢʪʽʚ.  

ɺʠʢʦʨʠʩʪʘʥʥʷ ʦʙʤʝʞʝʥʦʛʦ ʨʘʜʽʦʯʘʩʪʦʪʥʦʛʦ ʨʝʩʫʨʩʫ. ɼʫʞʝ ʛʦʩʪʨʦ ʜʣʷ 

ʥʘʮʽʦʥʘʣʴʥʦʛʦ ʨʠʥʢʫ ʝʣʝʢʪʨʦʥʥʠʭ ʢʦʤʫʥʽʢʘʮʽʡ ʩʪʦʾʪʴ ʧʠʪʘʥʥʷ ʚʩʪʘʥʦʚʣʝʥʥʷ  

ʧʨʘʚʦʚʠʭ ʤʝʭʘʥʽʟʤʽʚ ʱʦʜʦ ʧʽʜʚʠʱʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʨʘʜʽʦʯʘʩʪʦʪʥʦʛʦ ʨʝʩʫʨʩʫ. ʄʦʚʘ ʥʘʩʘʤʧʝʨʝʜ ʡʜʝ ʧʨʦ ʟʘʧʨʦʚʘʜʞʝʥʥʷ 

ʤʝʭʘʥʽʟʤʽʚ ʨʝʬʘʨʤʽʥʛʫ, ʪʦʙʪʦ ʚʚʝʜʝʥʥʷ ʚʪʦʨʠʥʥʦʛʦ ʨʠʥʢʫ ʨʘʜʽʦʯʘʩʪʦʪ. ʂʨʽʤ 
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ʪʦʛʦ, ʥʝʦʙʭʽʜʥʦ ʟʘʙʝʟʧʝʯʠʪʠ ʟʘʢʦʥʦʜʘʚʯʽ ʫʤʦʚʠ ʚʧʨʦʚʘʜʞʝʥʥʷ ʪʝʭʥʦʣʦʛʽʯʥʦʾ 

ʥʝʡʪʨʘʣʴʥʦʩʪʽ ʜʣʷ ʨʘʜʽʦ ʪʝʭʥʦʣʦʛʽʡ. 

ɺʠʩʥʦʚʢʠ. ʈʦʙʦʪʠ ʟ ʘʜʘʧʪʘʮʽʾ ʥʘʮʽʦʥʘʣʴʥʦʛʦ ʟʘʢʦʥʦʜʘʚʩʪʚʘ ʜʦ 

ʻʚʨʦʧʝʡʩʴʢʦʛʦ ʟʘʢʦʥʦʜʘʚʩʪʚʘ ʫ ʩʬʝʨʽ ʝʣʝʢʪʨʦʥʥʠʭ ʢʦʤʫʥʽʢʘʮʽʡ ʤʘʶʪʴ 

ʩʪʨʘʪʝʛʽʯʥʝ ʟʥʘʯʝʥʥʷ ʜʣʷ ʚʩʽʭ ʩʝʢʪʦʨʽʚ ʝʢʦʥʦʤʽʢʠ ʜʝʨʞʘʚʠ ʜʣʷ ʷʢʠʭ 

ʪʝʣʝʢʦʤʫʥʽʢʘʮʽʾ ʤʘʶʪʴ ʜʫʞʝ ʚʘʞʣʠʚʝ ʽʥʬʨʘʩʪʨʫʢʪʫʨʥʝ ʟʥʘʯʝʥʥʷ ʽ ʪʦʤʫ ʤʠ 

ʧʦʚʠʥʥʽ ʧʨʦʚʝʩʪʠ ʾʭ ʥʘ ʚʠʩʦʢʦʤʫ ʬʘʭʦʚʦʤʫ ʪʘ ʦʨʛʘʥʽʟʘʮʽʡʥʦʤʫ ʨʽʚʥʽ. 
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Evolutionary development of concepts and  

approaches to telecommunication systems 
 

The results of the evolutionary analysis of concepts and approaches for transport 

telecommunication systems (TS) in the light of the new provisions and views on the 

establishment of the infrastructure of the modern information society. Stated that the basis of 

current and future TC constitute concepts and approaches oriented packet switching technology 

and distributed smart ubiquitous self-organizing multidimensional architectures. The main 

driving force behind the evolution of the vehicle is the desire to increase the capacity of systems 

and their ubiquitous. 

 

ʋ ʩʚʦʻʤʫ ʨʦʟʚʠʪʢʫ ʪʨʘʥʩʧʦʨʪʥʽ ʪʝʣʝʢʦʤʫʥʽʢʘʮʽʡʥʽ ʩʠʩʪʝʤʠ (ʊʉ) ʧʨʦʡʰʣʠ 

ʰʣʷʭ ʝʚʦʣʶʮʽʾ ʚʽʜ ʦʢʨʝʤʠʭ ʘʥʘʣʦʛʦʚʠʭ ʩʠʩʪʝʤ ʧʝʨʝʜʘʯʽ ʪʘ ʢʦʤʫʪʘʮʽʾ ʢʘʥʘʣʽʚ 

ʜʦ ʽʥʪʝʛʨʦʚʘʥʠʭ ʮʠʬʨʦʚʠʭ ʤʫʣʴʪʠʩʝʨʚʽʩʥʠʭ ʤʝʨʝʞ ʽʟ ʩʘʤʦʦʨʛʘʥʽʟʘʮʽʻʶ ʥʘ 

ʙʘʟʽ ʢʦʤʫʪʘʮʽʾ ʧʘʢʝʪʽʚ. 

ʆʩʥʦʚʥʠʤʠ ʟʦʚʥʽʰʥʽʤʠ ʨʫʰʽʡʥʠʤʠ ʩʠʣʘʤʠ ʧʨʠʩʢʦʨʝʥʥʷ ʝʚʦʣʶʮʽʡʥʦʛʦ 

ʧʨʦʮʝʩʫ ʚ ʪʝʣʝʢʦʤʫʥʽʢʘʮʽʷʭ ʻ ʣʽʙʝʨʘʣʽʟʘʮʽʷ ʟʚôʷʟʢʫ ʪʘ ʛʣʦʙʘʣʽʟʘʮʽʷ 

ʩʫʩʧʽʣʴʩʪʚʘ. ɿʥʘʯʥʠʡ ʚʧʣʠʚ ʥʘ ʨʦʟʚʠʪʦʢ ʪʝʣʝʢʦʤʫʥʽʢʘʮʽʡ ʥʘʜʘʻ ʢʦʥʮʝʧʮʽʷ 

ʧʦʙʫʜʦʚʠ ɻʣʦʙʘʣʴʥʦʾ ʽʥʬʦʨʤʘʮʽʡʥʦʾ ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ GII (Global Information 

Infrastructure), ʷʢʘ ʻ ʢʦʤʧʣʝʢʩʥʠʤ ʨʽʰʝʥʥʷʤ ʟ ʨʦʟʚʠʪʢʫ ʽʥʜʫʩʪʨʽʾ 

ʪʝʣʝʢʦʤʫʥʽʢʘʮʽʡʥʠʭ ʽ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʧʦʩʣʫʛ ʥʦʚʦʛʦ ʧʦʢʦʣʽʥʥʷ ʫ ʩʚʽʪʦʚʦʤʫ  

ʤʘʩʰʪʘʙʽ [1, 2].  GII ʤʦʞʥʘ  ʨʦʟʛʣʷʜʘʪʠ  ʫ  ʚʠʛʣʷʜʽ  ʢʦʤʧʦʟʠʮʽʾ  (ʧʝʨʝʭʨʝʩʪʷ) 

ʨʷʜʫ ʙʘʟʦʚʠʭ ʪʝʭʥʦʣʦʛʽʡ, ʽʥʪʝʛʨʘʮʽʷ ʷʢʠʭ ʚ ʨʘʤʢʘʭ ʢʦʥʮʝʧʮʽʾ GII ʦʙʽʮʷʻ ʷʢʽʩʥʽ 

ʟʤʽʥʠ ʫʤʦʚ ʜʽʷʣʴʥʦʩʪʽ ʽ ʞʠʪʪʷ ʣʶʜʠʥʠ. 

ɿʘʛʘʣʴʥʘ ʩʪʨʘʪʝʛʽʷ ʧʨʘʢʪʠʯʥʦʛʦ ʚʪʽʣʝʥʥʷ GII ʚ ʞʠʪʪʷ ʧʨʠʧʫʩʢʘʻ 

ʝʚʦʣʶʮʽʡʥʠʡ ʰʣʷʭ ʨʦʟʚʠʪʢʫ, ʪʦʙʪʦ ʧʦʙʫʜʦʚʫ GII ʥʘ ʦʩʥʦʚʽ ʚʞʝ ʽʩʥʫʶʯʠʭ 

ʩʠʩʪʝʤ ʽ ʪʝʭʥʦʣʦʛʽʡ ʟʘ ʜʦʧʦʤʦʛʦʶ ʾʭ ʧʦʩʣʽʜʦʚʥʦʾ ʤʦʜʝʨʥʽʟʘʮʽʾ ʽ ʽʥʪʝʛʨʘʮʽʾ ʥʘ 

ʙʘʟʽ ʥʦʚʠʭ ʧʨʠʥʮʠʧʽʚ ʽ ʩʪʘʥʜʘʨʪʽʚ. ɿʦʢʨʝʤʘ, ʧʦʪʝʥʮʽʡʥʠʤʠ ʩʝʨʚʽʩʘʤʠ GII 

ʤʦʞʫʪʴ ʩʣʫʞʠʪʠ ʧʦʩʣʫʛʠ ʩʫʯʘʩʥʦʾ ʪʝʣʝʬʦʥʽʾ, ʧʦʩʣʫʛʠ ʧʝʨʝʜʘʯʽ ʜʘʥʠʭ ʽ 

ʩʝʨʚʽʩʠ ʟʘʩʪʦʩʫʚʘʥʴ ʤʝʨʝʞʽ ɯʥʪʝʨʥʝʪ.  

ʄʝʪʦʶ ʜʘʥʦʾ ʨʦʙʦʪʠ ʻ ʧʨʝʜʩʪʘʚʣʝʥʥʷ ʘʥʘʣʽʟʫ ʝʚʦʣʶʮʽʡʥʦʛʦ ʨʦʟʚʠʪʢʫ 

ʢʦʥʮʝʧʮʽʡ ʪʘ ʧʽʜʭʦʜʽʚ ʪʨʘʥʩʧʦʨʪʥʠʭ ʪʝʣʝʢʦʤʫʥʽʢʘʮʽʡʥʠʭ ʩʠʩʪʝʤ ʚ ʩʚʽʪʣʽ 

ʥʦʚʠʭ ʧʦʣʦʞʝʥʴ ʪʘ ʧʦʛʣʷʜʽʚ ʱʦʜʦ ʩʪʘʥʦʚʣʝʥʥʷ ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ ʩʫʯʘʩʥʦʛʦ 

ʽʥʬʦʨʤʘʮʽʡʥʦʛʦ ʩʫʩʧʽʣʴʩʪʚʘ.   

ʏʘʩʦʚʘ ʣʽʥʽʡʢʘ, ʧʦʯʠʥʘʶʯʠ ʟ 1970 ʨ., ʟʘʧʨʦʚʘʜʞʝʥʴ ʢʦʥʮʝʧʮʽʡ ʪʘ 

ʪʝʭʥʦʣʦʛʽʡ ʪʨʘʥʩʧʦʨʪʥʠʭ ʊʉ ʧʦʢʘʟʘʥʘ ʥʘ ʨʠʩ. 1. ʅʘ ʜʘʥʦʤʫ ʨʠʩʫʥʢʫ 

ʚʽʜʦʙʨʘʞʝʥʽ ʥʘʩʪʫʧʥʽ ʪʝʭʥʦʣʦʛʽʾ ʊʉ: ʩʠʥʭʨʦʥʥʘ ʮʠʬʨʦʚʘ ʽʻʨʘʨʭʽʷ SDH ï 

Synchronous Digital Hierarchy; ʧʣʝʟʽʦʭʨʦʥʥʘ ʮʠʬʨʦʚʘ ʽʻʨʘʨʭʽʷ PDH ï 

Plesiochronous Digital Hierarchy; ɯʥʪʝʨʥʝʪ-ʧʨʦʪʦʢʦʣ IP ï Internet Protocol; 
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ʨʝʪʨʘʥʩʣʷʮʽʷ ʢʘʜʨʽʚ FR ï  

Frame Relay; ʮʠʬʨʦʚʘ ʤʝʨʝʞʘ ʽʥʪʝʛʨʦʚʘʥʠʭ ʧʦʩʣʫʛ ISDN ï Integrated Services 

Digital Network; ʽʥʪʝʣʝʢʪʫʘʣʴʥʘ ʤʝʨʝʞʘ IN ï Intelligent Network; ʘʩʠʥʭʨʦʥʥʘ 

ʧʝʨʝʜʘʯʘ ʜʘʥʠʭ ATM ï Asynchronous Transfer Mode; ʙʘʛʘʪʦʧʨʦʪʦʢʦʣʴʥʘ 

ʢʦʤʫʪʘʮʽʷ ʧʦ ʤʽʪʢʘʭ  MPLS ï Multiprotocol Label Switching; ʤʝʨʝʞʽ 

ʥʘʩʪʫʧʥʦʛʦ ʧʦʢʦʣʽʥʥʷ NGN ï Next Generation Networks; ʛʦʣʦʩ ʧʦʚʝʨʭ ɯʈ VoIP 

ï Voice over IP; ɯʈ ʤʫʣʴʪʠʤʝʜʽʡʥʘ ʧʽʜʩʠʩʪʝʤʘ IMS ï IP Multimedia Subsystem; 

ʨʦʟʫʤʥʽ ʚʩʝʧʨʦʥʠʢʥʽ ʤʝʨʝʞʽ SUN ï Smart Ubiquitous Networks (post-NGN); 

ʤʝʨʝʞʘ ʤʘʡʙʫʪʥʴʦʛʦ FN ï  Future Network.  
 

 
ʈʠʩ. 1. ʏʘʩʦʚʘ ʣʽʥʽʡʢʘ ʟʘʧʨʦʚʘʜʞʝʥʴ ʢʦʥʮʝʧʮʽʡ ʪʘ ʪʝʭʥʦʣʦʛʽʡ ʪʨʘʥʩʧʦʨʪʥʠʭ ʊʉ  

(SDH ï Synchronous Digital Hierarchy; PDH ï Plesiochronous Digital Hierarchy;  

IP ï Internet Protocol; FR ï Frame Relay; ISDN ï Integrated Services Digital Network;  

IN ï Intelligent Network; ATM ï Asynchronous Transfer Mode; MPLS ï Multiprotocol Label 

Switching; NGN ï Next Generation Networks; VoIP ï Voice over IP; IMS ï IP Multimedia 

Subsystem; SUN ï Smart Ubiquitous Networks (post-NGN); FN ï  Future Network;  

ʊʄɿʂ ï ʪʝʣʝʬʦʥʥʘ ʤʝʨʝʞʘ ʟʘʛʘʣʴʥʦʛʦ ʢʦʨʠʩʪʫʚʘʥʥʷ) 
 

ʅʘ ʨʠʩ. 2 ʟʦʙʨʘʞʝʥʦ ʜʝʨʝʚʦ ʝʚʦʣʶʮʽʡʥʦʛʦ ʨʦʟʚʠʪʢʫ ʟʽ ʟʣʠʪʪʷʤ ʢʦʥʮʝʧʮʽʡ 

ʪʘ ʪʝʭʥʦʣʦʛʽʡ ʪʨʘʥʩʧʦʨʪʥʠʭ ʊʉ. ɹʘʟʦʚʠʤʠ ʧʨʠʥʮʠʧʘʤʠ, ʟ ʷʢʠʭ ʧʨʦʨʦʩʣʠ 

ʩʫʯʘʩʥʽ ʊʉ, ʻ ʢʦʤʫʪʘʮʽʷ ʢʘʥʘʣʽʚ ʽ ʢʦʤʫʪʘʮʽʷ ʧʘʢʝʪʽʚ. ʂʦʤʫʪʘʮʽʷ ʢʘʥʘʣʽʚ ʣʷʛʣʘ 

ʚ ʦʩʥʦʚʫ ʨʦʟʚʠʪʢʫ ʪʝʣʝʬʦʥʥʦʾ ʤʝʨʝʞʽ ʟʘʛʘʣʴʥʦʛʦ ʢʦʨʠʩʪʫʚʘʥʥʷ (ʊʄɿʂ), ʷʢʘ ʚ 

ʩʚʦʻʤʫ ʨʦʟʚʠʪʢʫ ʧʨʦʡʰʣʘ ʰʣʷʭ ʚʽʜ ʘʥʘʣʦʛʦʚʦʾ ʩʠʩʪʝʤʠ ʧʝʨʝʜʘʯʽ ʜʦ ʮʠʬʨʦʚʦʾ 

(PDH, SDH) [3, 4]. ʇʦʜʘʣʴʰʠʤ ʨʦʟʚʠʪʢʦʤ ʊʄɿʂ ʩʪʘʣʘ ʧʦʷʚʘ ʪʝʭʥʦʣʦʛʽʾ 

ISDN, ʘ ʥʘʜʘʣʽ ï IN, ʷʢʘ ʚʧʝʨʰʝ ʚ ʩʬʝʨʽ ʪʝʣʝʬʦʥʽʾ ʜʦʟʚʦʣʠʣʘ ʚʽʜʦʢʨʝʤʠʪʠ 

ʧʦʩʣʫʛʠ ʚʽʜ ʪʨʘʥʩʧʦʨʪʫ. ʂʦʤʫʪʘʮʽʷ ʧʘʢʝʪʽʚ ʧʦʨʦʜʠʣʘ ʽʥʰʠʡ ʰʣʷʭ ʨʦʟʚʠʪʢʫ 

ʊʉ. ʇʝʨʰ ʟʘ ʚʩʝ ʮʝ ʩʠʩʪʝʤʠ ʧʝʨʝʜʘʯʽ ʜʘʥʠʭ, ʷʢʽ ʧʽʟʥʽʰʝ ʩʬʦʨʤʫʚʘʣʠ ʧʝʨʚʠʥʥʽ 

ʢʦʤʧôʶʪʝʨʥʽ ʤʝʨʝʞʽ (ʂʄ) ʣʦʢʘʣʴʥʦʛʦ ʨʽʚʥʷ. ʇʝʨʰʠʤʠ ʧʘʢʝʪʥʠʤʠ 

ʪʨʘʥʩʧʦʨʪʥʠʤʠ ʊʉ ʩʪʘʣʠ ʍ.25 ʽ FR, ʷʢʽ ʧʨʦʜʝʤʦʥʩʪʨʫʚʘʣʠ ʚʝʣʠʢʽ ʤʦʞʣʠʚʦʩʪʽ 

ʱʦʜʦ ʛʥʫʯʢʦʾ ʧʘʢʝʪʥʦʾ ʧʝʨʝʜʘʯʽ ʽʥʬʦʨʤʘʮʽʾ ʥʘ ʟʥʘʯʥʽ ʚʽʜʩʪʘʥʽ. ʇʦʷʚʘ ʤʝʨʝʞ 

ɯʈ ʪʘ ɸʊʄ ʧʨʠʟʚʝʣʦ ʜʦ ʨʦʟʰʠʨʝʥʥʷ ʬʫʥʢʮʽʦʥʘʣʴʥʦʩʪʽ (ʤʫʣʴʪʠʤʝʜʽʡʥʦʩʪʽ) 

ʧʘʢʝʪʥʠʭ ʤʝʨʝʞ, ʩʪʚʦʨʝʥʥʷ ʛʣʦʙʘʣʴʥʠʭ ʧʘʢʝʪʥʠʭ ʤʝʨʝʞ ʪʘ ʧʽʜʚʠʱʝʥʥʷ 

ʢʦʥʢʫʨʝʥʮʽʾ ʟ ʊʄɿʂ. ʆʜʥʘʢ ʧʦʜʘʣʴʰʠʡ ʨʦʟʚʠʪʦʢ ʪʘ ʧʨʘʢʪʠʯʥʘ ʨʝʘʣʽʟʘʮʽʷ 

ʧʘʢʝʪʥʠʭ ʤʝʨʝʞ ʥʘʜʘʣʠ ʧʨʝʨʦʛʘʪʠʚʫ ɯʈ-ʪʝʭʥʦʣʦʛʽʷʤ ʥʘʜ ɸʊʄ [5, 6]. ʇʨʠ 

ʮʴʦʤʫ ʧʦ ʤʽʨʽ ʩʚʦʛʦ ʨʦʟʚʠʪʢʫ ʚʽʜ ʪʝʭʥʦʣʦʛʽʡ ʣʦʢʘʣʴʥʠʭ ʢʦʤʧôʶʪʝʨʥʠʭ ʤʝʨʝʞ 
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ʜʦ ʛʣʦʙʘʣʴʥʠʭ ʚʩʝ ʙʽʣʴʰʝ ʧʦʰʠʨʝʥʥʷ ʥʘʙʫʚʘʻ Ethernet, ʦʩʦʙʣʠʚʦ ʡʦʛʦ ʦʩʪʘʥʥʽ 

ɻʽʛʘʙʽʪʥʽ ʤʦʜʠʬʽʢʘʮʽʾ. 

ʇʝʨʝʣʦʤʥʦʶ ʪʦʯʢʦʶ ʝʚʦʣʶʮʽʾ ʊʉ ʩʪʘʣʘ ʯʘʩʦʚʘ ʪʦʯʢʘ (ʧʨʠʙʣʠʟʥʦ 

2000é2002 ʨʨ.), ʢʦʣʠ ʩʚʽʪʦʚʠʡ ʧʘʢʝʪʥʠʡ ʪʨʘʬʽʢ ʧʝʨʝʚʠʱʠʚ ʛʦʣʦʩʦʚʠʡ. ʉʪʘʣʦ 

ʦʯʝʚʠʜʥʦ, ʱʦ ʧʦʜʘʣʴʰʠʡ ʨʦʟʚʠʪʦʢ ʪʨʘʜʠʮʽʡʥʠʭ ʊʉ ʟ ʢʦʤʫʪʘʮʽʻʶ ʢʘʥʘʣʽʚ 

ʧʦʪʨʝʙʫʻ ʧʨʠʥʮʠʧʦʚʦʛʦ ʦʥʦʚʣʝʥʥʷ, ʱʦʙ ʧʨʦʪʠʩʪʦʷʪʠ ʪʝʭʥʦʣʦʛʽʷʤ ʂʄ. ʊʘʢʦʶ 

ʩʧʨʦʙʦʶ ʡ ʩʪʘʣʘ ʢʦʥʮʝʧʮʽʷ ʫʥʽʚʝʨʩʘʣʴʥʦʾ ʤʝʨʝʞʽ NGN, ʷʢʘ ʧʦʚʠʥʥʘ ʙʫʣʘ 

ʩʪʚʦʨʠʪʠ ʫʧʨʘʚʣʽʥʥʷ ʨʽʟʥʠʤʠ ʤʫʣʴʪʠʩʝʨʚʽʩʥʠʤʠ ʧʦʩʣʫʛʘʤʠ ʥʝ ʟʘʣʝʞʥʦ ʚʽʜ 

ʪʝʭʥʦʣʦʛʽʡ ʧʝʨʝʜʘʯʽ [7]. ɰʾ ʧʦʷʚʘ ʩʪʘʣʘ ʟʥʘʯʥʠʤ ʜʦʩʷʛʥʝʥʥʷʤ ʱʦʜʦ ʧʝʨʝʭʦʜʫ 

ʧʨʠʥʮʠʧʽʚ ʢʣʘʩʠʯʥʦʾ ʪʝʣʝʬʦʥʽʾ ʜʦ ʧʘʢʝʪʥʦʾ ʦʩʥʦʚʠ, ʘʣʝ NGN ʟʙʝʨʝʛʣʘ 

ʧʨʠʥʮʠʧʠ ʤʘʩʰʪʘʙʦʚʘʥʦʩʪʽ ʊʄɿʂ ʽ ʥʝ ʟʤʦʛʣʘ ʩʪʘʪʠ ʻʜʠʥʦʶ ʢʦʥʮʝʧʮʽʻʶ ʜʣʷ 

ʨʦʟʚʠʪʢʫ ʚʩʽʭ ʪʝʣʝʢʦʤʫʥʽʢʘʮʽʡ. ʊʉ ʥʘ ʦʩʥʦʚʽ ʪʝʭʥʦʣʦʛʽʡ ʂʄ ʧʨʦʜʦʚʞʠʣʠ ʩʚʽʡ 

ʥʝʟʘʣʝʞʥʠʡ ʨʦʟʚʠʪʦʢ, ʙʘʟʫʶʯʠʩʴ ʥʘ ʧʦʪʫʞʥʽʡ ʟʚ'ʷʟʮʽ IP/Ethernet/MPLS, ʘ 

ʤʦʙʽʣʴʥʽ ʩʠʩʪʝʤʠ ʩʪʽʣʴʥʠʢʦʚʦʛʦ ʟʚôʷʟʢʫ ʫ ʩʚʦʾʡ ʽʥʪʝʛʨʘʮʽʾ ʜʦ ɯʈ-ʤʝʨʝʞ 

ʩʪʚʦʨʠʣʠ ʨʷʜ ʩʘʤʦʩʪʽʡʥʠʭ ʨʽʰʝʥʴ, ʟʦʢʨʝʤʘ, IMS, UMA, Mobile IP. 
 

 
 

ʈʠʩ. 2. ɽʚʦʣʶʮʽʡʥʝ ʜʝʨʝʚʦ ʟʣʠʪʪʷ ʢʦʥʮʝʧʮʽʡ ʪʘ ʪʝʭʥʦʣʦʛʽʡ ʪʨʘʥʩʧʦʨʪʥʠʭ ʊʉ  

(ʧʦʟʥʘʯʝʥʥʷ ʚʽʜʧʦʚʽʜʘʶʪʴ ʨʠʩ. 2.1; ʂʄ ï ʢʦʤʧôʶʪʝʨʥʽ ʤʝʨʝʞʽ ʧʝʨʝʜʘʯʽ ʜʘʥʠʭ;  

UMA ï Unlicensed Mobile Access) 
 

ɯʥʬʦʨʤʘʮʽʡʥʝ ʧʦʣʝ ʥʘʚʢʦʣʦ ʣʶʜʠʥʠ ʨʽʟʥʦʨʽʜʥʦ ʽ ʚʠʤʘʛʘʻ ʢʘʥʘʣʽʚ ʦʙʤʽʥʫ ʟ 

ʨʽʟʥʦʶ ʰʚʠʜʢʽʩʪʶ ʽ ʨʽʟʥʦʶ ʧʨʦʜʫʢʪʠʚʥʽʩʪʶ, ʟ ʯʦʛʦ ʩʣʽʜʫʻ, ʱʦ ʾʭ ʦʙ'ʻʜʥʘʥʥʷ 

ʥʝʨʘʮʽʦʥʘʣʴʥʦ. ʄʉɽ, ETSI ʧʨʦʛʥʦʟʫʶʪʴ ʥʘʩʪʫʧʥʠʡ ʨʦʟʚʠʪʦʢ ʩʠʩʪʝʤ 

ʪʝʣʝʢʦʤʫʥʽʢʘʮʽʡ ʽ ʤʝʨʝʞ ʟʚ'ʷʟʢʫ (ʥʝʨʦʟʨʠʚʥʦ ʧʦʚ'ʷʟʘʥʝ ʟ ʧʦʷʚʦʶ ʥʦʚʠʭ 
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ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʧʦʩʣʫʛ). ʄʝʨʝʞʽ NGN ʟʘʣʠʰʘʪʴʩʷ ʣʠʰʝ ʥʝʚʝʣʠʢʠʤ 

ʢʦʤʧʦʥʝʥʪʦʤ ʚʩʝʧʨʦʥʠʢʘʶʯʠʭ ʩʝʥʩʦʨʥʠʭ ʤʝʨʝʞ USN (Ubiquitous Sensor 

Networks). ʊʘʢʘ ʤʝʨʝʞʘ ʚʢʣʶʯʘʻ ʚ ʩʝʙʝ: ʨʽʟʥʽ ʘʚʪʦʤʘʪʠʯʥʽ ʩʠʩʪʝʤʠ 

ʫʧʨʘʚʣʽʥʥʷ, ʣʦʛʽʩʪʠʢʫ, ʪʨʘʥʩʧʦʨʪʥʽ ʘʚʪʦ-, ʘʚʽʘ-, ʤʦʨʩʴʢʽ ʪʘ ʟʘʣʽʟʥʠʯʥʽ ʤʝʨʝʞʽ, 

ʢʦʥʪʨʦʣʴ ʜʘʥʠʭ ʜʦʚʢʽʣʣʷ, ʜʘʥʠʭ ʧʨʦ ʩʪʘʥ ʽ ʤʽʩʮʝʟʥʘʭʦʜʞʝʥʥʷ ʢʦʞʥʦʾ ʣʶʜʠʥʠ, 

ʢʦʥʪʨʦʣʴ ʟʘ ʧʦʧʫʣʷʮʽʷʤʠ ʪʚʘʨʠʥ, ʢʦʥʪʨʦʣʴ ʟʘ ʨʦʩʣʠʥʘʤʠ ʚ ʧʨʠʨʦʜʽ ʽ ʚ 

ʩʽʣʴʩʴʢʦʤʫ ʛʦʩʧʦʜʘʨʩʪʚʽ, ʢʦʥʪʨʦʣʴ ʽ ʫʧʨʘʚʣʽʥʥʷ ʨʽʟʥʠʤʠ ʤʝʭʘʥʽʟʤʘʤʠ, ʦʢʨʝʤʦ 

ʚʽʡʩʴʢʦʚʠʤʠ. ʇʦʚʥʠʡ ʧʝʨʝʣʽʢ ʱʝ ʥʝ ʩʢʣʘʚʩʷ, ʥʽʢʦʣʠ ʥʝ ʟʘʢʽʥʯʠʪʴʩʷ ʡʦʛʦ 

ʬʦʨʤʫʚʘʥʥʷ [8, 9]. 

ʇʦʯʠʥʘʶʯʠ ʟ 2011 ʨ. ʄʉɽ ʧʦʯʘʚ ʨʦʟʛʣʷʜʘʪʠ ʤʦʞʣʠʚʽʩʪʴ ʟʘʤʽʥʠ 

ʧʘʨʘʜʠʛʤʠ NGN ʟʦʚʩʽʤ ʽʥʰʦʶ ʢʦʥʮʝʧʮʽʻʶ, ʷʢʘ ʧʝʨʝʜʙʘʯʘʻ ʨʦʟʚʠʪʦʢ 

ʽʥʪʝʣʝʢʪʫʘʣʴʥʠʭ ʚʩʝʧʨʦʥʠʢʘʶʯʠʭ ʤʝʨʝʞ SUN (Smart Ubiquitous Networks). 

ɺʩʽ ʨʽʰʝʥʥʷ ʟ ʫʧʨʘʚʣʽʥʥʷ ʪʘʢʠʤʠ ʤʝʨʝʞʘʤʠ ʨʝʘʣʽʟʫʶʪʴʩʷ ʥʘ ʧʨʦʛʨʘʤʥʦʤʫ 

ʨʽʚʥʽ ʟʘ ʜʦʧʦʤʦʛʦʶ ʩʧʝʮʽʘʣʴʥʠʭ ʟʘʩʪʦʩʫʚʘʥʴ, ʷʢʽ ʤʦʞʥʘ ʟʥʘʡʪʠ ʥʘ 

ʩʧʝʮʽʘʣʽʟʦʚʘʥʠʭ ʩʘʡʪʘʭ ʽ ʾʭ ʯʠʩʣʦ, ʷʢ ʦʯʽʢʫʻʪʴʩʷ, ʙʫʜʝ ʪʽʣʴʢʠ ʟʙʽʣʴʰʫʚʘʪʠʩʷ. 

ʎʷ ʢʦʥʮʝʧʮʽʷ ʚʢʣʶʯʘʻ ʚ ʩʝʙʝ ʽ ʽʜʝʶ NGN, ʷʢ ʦʜʥʫ ʟʽ ʩʢʣʘʜʦʚʠʭ ʯʘʩʪʠʥ ʻʜʠʥʦʾ 

ʩʠʩʪʝʤʠ, ʤʦʜʝʨʥʽʟʦʚʘʥʦʾ ʜʦ ʨʽʚʥʷ ʧʽʜʪʨʠʤʢʠ ʤʽʞʤʘʰʠʥʥʠʭ ʢʦʤʫʥʽʢʘʮʽʡ MOC 

(Machine Oriented Communications). ʅʘʩʫʚʘʻʪʴʩʷ ʥʦʚʠʡ ʧʝʨʽʦʜ ʨʦʟʚʠʪʢʫ 

ʪʝʣʝʢʦʤʫʥʽʢʘʮʽʡ - ʟʚ'ʷʟʦʢ ʤʽʞ ʤʘʰʠʥʘʤʠ, ʜʣʷ ʤʘʰʠʥ. ɻʦʣʦʚʥʘ ʚʽʜʤʽʥʥʽʩʪʴ 

ʮʴʦʛʦ ʧʝʨʽʦʜʫ ʚ ʪʠʩʷʯʦʢʨʘʪʥʦʤʫ ʟʙʽʣʴʰʝʥʥʽ ʯʠʩʣʘ ʧʨʠʢʽʥʮʝʚʠʭ ʧʨʠʩʪʨʦʾʚ. 

ɿʙʽʣʴʰʝʥʥʷ ʦʙʩʷʛʫ ʽʥʬʦʨʤʘʮʽʾ, ʱʦ ʧʝʨʝʜʘʻʪʴʩʷ, ʪʦʯʥʦ ʥʝʚʽʜʦʤʦ, ʘʣʝ ʤʦʞʥʘ 

ʧʨʠʧʫʩʪʠʪʠ, ʱʦ ʚʦʥʦ ʣʠʰʝ ʫʜʝʩʷʪʝʨʠʪʴʩʷ. 

ʄʝʨʝʞʽ SUN ʥʝ ʻ ʢʽʥʮʝʚʦʶ ʤʝʪʦʶ ʩʫʯʘʩʥʦʛʦ ʨʦʟʚʠʪʢʫ ʊʉ. ɺʦʥʠ ʻ ʣʠʰʝ 

ʧʨʦʤʽʞʥʦʶ ʣʘʥʢʦʶ ʤʽʞ ʢʦʥʮʝʧʮʽʷʤʠ NGN ʽ FN. ʄʝʨʝʞʽ FN ʧʦʚʠʥʥʽ 

ʟʘʙʝʟʧʝʯʠʪʠ ʫʧʨʘʚʣʽʥʥʷ ʩʝʨʝʜʦʚʠʱʝʤ ʧʨʦʞʠʚʘʥʥʷ ʣʶʜʝʡ, ʩʪʚʦʨʝʥʥʷ ʻʜʠʥʦʛʦ 

ʽʥʬʦʨʤʘʮʽʡʥʦ-ʪʝʣʝʢʦʤʫʥʽʢʘʮʽʡʥʦʛʦ ʧʨʦʩʪʦʨʫ, ʚʟʘʻʤʦʧʨʦʥʠʢʥʝʥʥʷ ʽʜʝʡ ʽ 

ʪʝʭʥʦʣʦʛʽʡ ʘʚʪʦʤʘʪʠʟʘʮʽʾ ʪʘ ʪʝʣʝʢʦʤʫʥʽʢʘʮʽʡ. 
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ʇʈɽɼʆʉʊɸɺʃɽʅʀɽ ʋʉʃʋɻ WIFI  ʂɸʂ  

ʆʇɽʈɸʊʆʈʉʂʀʁ ɺʀɼ ɹʀɿʅɽʉɸ 

 

ɸʣʝʢʩʝʡ ɽʬʨʝʤʝʥʢʦ  
ɼʇ çɸʣʢʘʪʝʣʴ-ʃʫʩʝʥʪ ʋʢʨʘʠʥʘè 
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ʇʨʝʜʦʩʪʘʚʣʝʥʠʝ ʜʦʩʪʫʧʘ ʚ ʀʥʪʝʨʥʝʪ ʯʝʨʝʟ ʙʝʩʧʨʦʚʦʜʥʫʶ 

ʠʥʬʨʘʩʪʨʫʢʪʫʨʫ WiFi ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ ʚʘʞʥʳʭ ʚʠʜʦʚ ʫʩʣʫʛ ʢʘʢ ʜʣʷ ʩʝʨʚʠʩ-

ʧʨʦʚʘʡʜʝʨʦʚ ʧʨʦʚʦʜʥʦʛʦ ʜʦʩʪʫʧʘ ʚ ʠʥʪʝʨʥʝʪ, ʪʘʢ ʠ ʤʦʙʠʣʴʥʳʭ ʦʧʝʨʘʪʦʨʦʚ. 

ʆʧʝʨʘʪʦʨʘʤ ʧʨʦʚʦʜʥʦʛʦ ʜʦʩʪʫʧʘ WiFi ʧʦʟʚʦʣʷʝʪ ʢʦʥʢʫʨʠʨʦʚʘʪʴ ʩ 

ʤʦʙʠʣʴʥʳʤʠ ʦʧʝʨʘʪʦʨʘʤʠ, ʜʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʧʨʝʜʦʩʪʘʚʣʷʪʴ ʫʩʣʫʛʠ ʥʝ ʪʦʣʴʢʦ 

ʚ ʧʨʝʜʝʣʘʭ ʜʦʤʘʰʥʝʡ ʩʝʪʠ, ʥʦ ʪʘʢʞʝ ʠ ʚ ʧʫʙʣʠʯʥʳʭ ʤʝʩʪʘʭ. ʆʧʝʨʘʪʦʨʳ 

ʤʦʙʠʣʴʥʦʡ ʩʚʷʟʠ ʠʩʧʦʣʴʟʫʶʪ ʪʝʭʥʦʣʦʛʠʶ WiFi ʜʣʷ ʨʘʟʛʨʫʟʢʠ ʩʚʦʝʡ 

ʤʦʙʠʣʴʥʦʡ ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ, ʧʝʨʝʥʦʩʷ ʯʘʩʪʴ ʪʨʘʬʠʢʘ ʚ ʙʝʩʧʨʦʚʦʜʥʳʝ ʩʝʪʠ 

WiFi. ʉ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ, ʩʝʛʤʝʥʪʳ ʩʝʪʠ WiFi ʩ ʥʘʧʨʘʚʣʝʥʥʳʤʠ ʘʥʪʝʥʥʘʤʠ, 

ʧʦʟʚʦʣʷʶʪ ʵʢʦʥʦʤʠʯʥʦ ʧʨʝʜʦʩʪʘʚʠʪʴ ʫʩʣʫʛʠ ʚʳʩʦʢʦʩʢʦʨʦʩʪʥʦʛʦ ʜʦʤʘʰʥʝʛʦ 

ʀʥʪʝʨʥʝʪʘ, ʢʦʥʢʫʨʠʨʫʷ, ʪʝʤ ʩʘʤʳʤ, ʩ ʦʧʝʨʘʪʦʨʘʤʠ ʧʨʦʚʦʜʥʦʡ ʩʚʷʟʠ.  

 

ʇʨʝʜʩʪʘʚʠʪʝʣʠ ʤʘʨʢʝʪʠʥʛʦʚʳʭ ʜʝʧʘʨʪʘʤʝʥʪʦʚ ʤʦʙʠʣʴʥʳʭ ʦʧʝʨʘʪʦʨʦʚ 

ʯʘʩʪʦ ʟʘʷʚʣʷʶʪ, ʯʪʦ ʠʭ ʘʙʦʥʝʥʪʳ ʢʦʥʩʝʨʚʘʪʠʚʥʳ ʚ ʚʳʙʦʨʝ ʫʩʣʫʛ, ʯʪʦ ʙʦʣʝʝ 

90% ʚʣʘʜʝʣʴʮʝʚ iPhone ʥʝ ʧʦʣʴʟʫʶʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴʶ ʚʳʭʦʜʘ ʚ ʀʥʪʝʨʥʝʪ ʩ 

ʤʦʙʠʣʴʥʦʛʦ ʫʩʪʨʦʡʩʪʚʘ. ʊʘʢ ʣʠ ʵʪʦ ʥʘ ʩʘʤʦʤ ʜʝʣʝ? ʅʝʫʞʝʣʠ ʚʩʝ ʪʝ, ʢʪʦ 

ʩʝʛʦʜʥʷ ʯʠʪʘʝʪ ʢʥʠʛʠ ʩ ʪʝʣʝʬʦʥʘ, ʩʣʫʰʘʝʪ ʤʫʟʳʢʫ, ʩʤʦʪʨʷʪ ʚʠʜʝʦ ʠ ʠʛʨʘʶʪ ʚ 

ʠʛʨʳ ʥʠʢʦʛʜʘ ʥʝ ʚʳʭʦʜʷʪ ʩ ʪʝʣʝʬʦʥʘ ʚʦ ʚʩʝʤʠʨʥʫʶ ʧʘʫʪʠʥʫ? ʆʙʨʘʪʠʪʝ 

ʚʥʠʤʘʥʠʝ, ʥʘʧʨʠʤʝʨ, ʥʘ ʩʪʘʪʫʩ ʩʚʦʠʭ ʜʨʫʟʝʡ ʚ Facebook. ʂʘʢ ʧʨʘʚʠʣʦ ʜʚʝ 

ʪʨʝʪʠ ʠʟ ʥʠʭ ʧʦʜʢʣʶʯʝʥʳ ʩʦ ʩʚʦʝʛʦ ʤʦʙʠʣʴʥʦʛʦ. ʊʦʪ ʬʘʢʪ, ʯʪʦ ʚʣʘʜʝʣʴʮʳ 

ʤʦʙʠʣʴʥʳʭ ʪʝʣʝʬʦʥʦʚ, ʧʦʜʢʣʶʯʘʷʩʴ ʢ ʩʝʪʠ WiFi, ʧʨʘʢʪʠʯʝʩʢʠ ʧʝʨʝʩʪʘʶʪ 

ʙʳʪʴ ʘʙʦʥʝʥʪʘʤʠ ʤʦʙʠʣʴʥʦʛʦ ʦʧʝʨʘʪʦʨʘ ʠ ʩʪʘʥʦʚʷʪʩʷ ʘʙʦʥʝʥʪʘʤʠ Google, 

Facebook, Twitter ʠ ʧʨ, ʷʨʢʦ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʪʘʢʦʡ ʚʠʜ ʜʦʩʪʫʧʘ ʚ ʩʝʪʴ 

ʦʙʣʘʜʘʝʪ ʙʦʣʴʰʠʤ ʧʦʪʝʥʮʠʘʣʦʤ ʜʣʷ ʨʘʟʚʠʪʠʷ ʥʦʚʳʭ ʚʠʜʦʚ ʫʩʣʫʛ. 

 

ʉʝʛʦʜʥʷ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʧʦʨʪʘʪʠʚʥʳʭ ʫʩʪʨʦʡʩʪʚ ʩʪʠʨʘʝʪ ʛʨʘʥʠ ʤʝʞʜʫ 

ʜʦʤʘʰʥʠʤʠ - ʩʪʘʮʠʦʥʘʨʥʳʤʠ ʠ ʤʦʙʠʣʴʥʳʤʠ - ʥʦʩʠʤʳʤʠ ʫʩʪʨʦʡʩʪʚʘʤʠ. 

ʊʘʢʠʝ ʫʩʪʨʦʡʩʪʚʘ ʢʘʢ ʧʣʘʥʰʝʪʳ ʠ ʫʣʴʪʨʘʙʫʢʠ ʠʩʧʦʣʴʟʫʶʪ WiFi ʢʘʢ 

ʝʜʠʥʩʪʚʝʥʥʳʡ ʰʪʘʪʥʳʡ ʠʥʪʝʨʬʝʡʩ ʜʣʷ ʜʦʩʪʫʧʘ ʚ ʩʝʪʴ. ʉ ʦʜʥʦʡ ʩʪʦʨʦʥʳ, 

ʪʝʣʝʚʠʟʦʨʳ ʩʝʛʦʜʥʷ ʪʘʢʞʝ ʫʪʨʘʪʠʣʠ ʨʦʣʴ ʝʜʠʥʩʪʚʝʥʥʦʛʦ ʫʩʪʨʦʡʩʪʚʘ ʜʣʷ 

ʧʨʦʩʤʦʪʨʘ ʚʠʜʝʦʤʘʪʝʨʠʘʣʦʚ, ʘ ʩ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ, ʦʥʠ ʩʪʘʣʠ ʯʘʩʪʴʶ ʜʦʤʘʰʥʝʡ 

ʩʝʪʠ ʠ ʠʩʧʦʣʴʟʫʶʪʩʷ ʚ ʯʘʩʪʥʦʩʪʠ ʜʣʷ ʧʨʦʩʤʦʪʨʘ ʚʠʜʝʦ ʠʟ ʀʥʪʝʨʥʝʪ. 

ʇʦʷʚʣʝʥʠʝ ʪʝʭʥʦʣʦʛʠʠ Voice over WiFi ʚ ʩʦʩʪʘʚʝ ʩʦʚʨʝʤʝʥʥʳʭ ʩʤʘʨʪʬʦʥʦʚ, 

ʧʦʟʚʦʣʷʝʪ ʤʦʙʠʣʴʥʳʤ ʦʧʝʨʘʪʦʨʘʤ ʧʨʝʜʦʩʪʘʚʣʷʪʴ ʪʨʘʜʠʮʠʦʥʥʳʝ ʛʦʣʦʩʦʚʳʝ 

ʫʩʣʫʛʠ ʯʝʨʝʟ ʩʝʪʠ WiFi  ʜʘʞʝ ʚ ʪʝʭ ʩʣʫʯʘʷʭ, ʢʦʛʜʘ ʘʙʦʥʝʥʪ ʥʘʭʦʜʠʪʩʷ ʚ 

ʨʦʫʤʠʛʝ ʚ ʜʨʫʛʦʡ ʩʪʨʘʥʝ ʠʣʠ ʧʨʦʩʪʦ ʠʩʧʦʣʴʟʫʝʪ WiFi ʧʦʜʢʣʶʯʝʥʠʝ ʦʪ 

ʜʨʫʛʦʛʦ ʦʧʝʨʘʪʦʨʘ.  
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ʆʜʥʘʢʦ ʩʝʛʦʜʥʷ ʩʝʪʠ WiFi ʧʦ-ʧʨʝʞʥʝʤʫ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʦʧʝʨʘʪʦʨʘʤʠ ʚ 

ʋʢʨʘʠʥʝ ʣʠʰʴ ʢʘʢ ʜʦʧʦʣʥʠʪʝʣʴʥʘʷ ʫʩʣʫʛʘ, ʢʦʪʦʨʘʷ ʧʨʦʩʪʦ ʧʦʚʳʰʘʝʪ 

ʣʦʷʣʴʥʦʩʪʴ ʩʚʦʠʭ ʘʙʦʥʝʥʪʦʚ, ʧʨʝʜʦʩʪʘʚʣʷʝʪ ʥʝʢʦʪʦʨʫʶ ʩʪʝʧʝʥʴ ʩʚʦʙʦʜʳ.  ʏʪʦ 

ʞʝ ʤʝʰʘʝʪ ʦʧʝʨʘʪʦʨʘʤ ñʧʨʠʨʫʯʠʪʴò WiFi ʠ ʧʦʣʫʯʠʪʴ ʤʘʢʩʠʤʘʣʴʥʫʶ ʚʳʛʦʜʫ?  

ʂʘʢʠʝ ʚʠʜʳ ʫʩʣʫʛ ʤʦʞʥʦ ʩʝʛʦʜʥʷ ʧʨʝʜʦʩʪʘʚʣʷʪʴ ʘʙʦʥʝʥʪʘʤ, ʧʦʜʢʣʶʯʝʥʥʳʤ 

ʯʝʨʝʟ ʩʝʪʠ WiFi ʠ ʯʪʦ ʜʣʷ ʵʪʦʛʦ ʚʘʞʥʦ ʫʯʝʩʪʴ?   

 

ʈʘʩʩʤʦʪʨʠʤ ʧʨʘʢʪʠʯʝʩʢʠʝ ʘʩʧʝʢʪʳ ʨʝʘʣʠʟʘʮʠʠ WiFi ʢʘʢ ʫʩʣʫʛʠ.  

ʇʨʝʞʜʝ ʚʩʝʛʦ, ʦʧʝʨʘʪʦʨʫ ʥʘʜʦ ʦʙʝʩʧʝʯʠʪʴ ʧʦʢʨʳʪʠʝ ʪʝʨʨʠʪʦʨʠʠ. 

ʅʘʯʠʥʘʪʴ ʥʘʜʦ ʩ ʜʦʤʘʰʥʝʡ ʩʝʪʠ, ʟʘʪʝʤ ʦʙʝʩʧʝʯʠʪʴ ʜʦʩʪʫʧ ʚ ʧʫʙʣʠʯʥʳʭ 

ʤʝʩʪʘʭ, ʮʝʥʪʨʘʣʴʥʳʭ ʫʣʠʮʘʭ ʠ ʧʘʨʢʘʭ. ʊʘʢʦʝ ʨʝʰʝʥʠʝ ʜʦʣʞʥʦ ʧʦʟʚʦʣʠʪʴ 

ʠʩʧʦʣʴʟʦʚʘʪʴ ʦʙʦʨʫʜʦʚʘʥʠʝ ʨʘʟʥʳʭ ʧʨʦʠʟʚʦʜʠʪʝʣʝʡ, ʯʪʦʙʳ ʩʝʛʤʝʥʪʠʨʦʚʘʪʴ 

ʨʳʥʦʢ ʠ ʧʨʝʜʦʩʪʘʚʠʪʴ ʦʧʪʠʤʘʣʴʥʦʝ ʧʦ ʮʝʥʝ ʨʝʰʝʥʠʝ ʢʘʢ ʜʦʤʘʰʥʠʭ 

ʘʙʦʥʝʥʪʦʚ, ʢʦʨʧʦʨʘʪʠʚʥʳʭ ʟʘʢʘʟʯʠʢʦʚ; ʚ ʨʘʡʦʥʥʳʭ ʮʝʥʪʨʘʭ ʠ ʩʝʣʴʩʢʦʡ 

ʤʝʩʪʥʦʩʪʠ. ʇʨʠ ʵʪʦʤ ʥʝʦʙʭʦʜʠʤʦ ʦʙʝʩʧʝʯʠʪʴ ʤʦʙʠʣʴʥʦʩʪʴ ʧʨʠ ʧʝʨʝʭʦʜʝ 

ʤʝʞʜʫ ʪʦʯʢʘʤʠ ʜʦʩʪʫʧʘ ʠ ʙʝʩʰʦʚʥʦʝ ʧʝʨʝʢʣʶʯʝʥʠʝ ʩʝʩʩʠʠ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ 

ʤʝʞʜʫ ʩʝʪʴʶ WiFi ʠ ʤʦʙʠʣʴʥʦʡ ʩʝʪʴʶ.  

 

ɺʪʦʨʦʡ ʚʘʞʥʳʡ ʘʩʧʝʢʪ - ʵʪʦ ʙʝʟʦʧʘʩʥʦʩʪʴ, ʢʦʪʦʨʘʷ ʜʦʣʞʥʘ ʙʳʪʴ ʥʝ ʭʫʞʝ, 

ʯʝʤ ʚ ʩʦʚʨʝʤʝʥʥʳʭ ʩʝʪʷʭ LTE/3G. ɼʣʷ ʵʪʦʛʦ ʧʝʨʝʜʘʯʘ ʜʘʥʥʳʭ ʚ ʨʘʜʠʦʢʘʥʘʣʝ 

ʜʦʣʞʥʘ ʙʳʪʴ ʟʘʰʠʬʨʦʚʘʥʘ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʥʘʜʝʞʥʳʭ ʤʝʪʦʜʦʚ ʘʚʪʦʨʠʟʘʮʠʠ. 

ɾʝʣʘʪʝʣʴʥʦ ʥʝ ʠʩʧʦʣʴʟʦʚʘʪʴ ʧʘʨʦʣʠ ʜʣʷ ʘʚʪʦʨʠʟʘʮʠʠ ʚ ʩʝʪʠ, ʘ ʧʨʠʤʝʥʷʪʴ 

ʘʫʪʝʥʪʠʬʠʢʘʮʠʶ ʧʦ SIM ʢʘʨʪʝ ʠʣʠ ʮʠʬʨʦʚʦʤʫ ʩʝʨʪʠʬʠʢʘʪʫ. ɺʘʞʥʦ 

ʧʦʜʜʝʨʞʠʚʘʪʴ ʦʩʥʦʚʥʦʡ ʠ ʦʜʠʥ ʠʣʠ ʜʚʘ ʨʝʟʝʨʚʥʳʭ ʤʝʪʦʜʘ ʘʫʪʝʥʪʠʬʠʢʘʮʠʠ 

ʧʦʣʴʟʦʚʘʪʝʣʝʡ. ʅʘʧʨʠʤʝʨ, ʝʩʣʠ ʘʚʪʦʨʠʟʘʮʠʷ ʧʦ ʮʠʬʨʦʚʦʤʫ ʩʝʨʪʠʬʠʢʘʪʫ ʙʳʣʘ 

ʥʝʫʩʧʝʰʥʦʡ, ʪʦ ʘʚʪʦʤʘʪʠʯʝʩʢʠ ʜʦʣʞʥʘ ʧʨʠʤʝʥʷʪʴʩʷ ʩʭʝʤʘ ʘʚʪʦʨʠʟʘʮʠʠ ʯʝʨʝʟ 

web ʧʦʨʪʘʣ.  

 

ɼʣʷ ʵʢʦʥʦʤʠʠ ʦʧʝʨʘʮʠʦʥʥʳʭ ʠ ʢʘʧʠʪʘʣʴʥʳʭ ʟʘʪʨʘʪ, ʦʯʝʥʴ ʚʘʞʥʦ, ʯʪʦʙʳ 

ʧʨʝʜʦʩʪʘʚʣʝʥʠʝ ʫʩʣʫʛ ʚ ʩʝʪʠ WiFi ʢʦʥʪʨʦʣʠʨʦʚʘʣʦʩʴ ʩʫʱʝʩʪʚʫʶʱʠʤʠ ʫ 

ʦʧʝʨʘʪʦʨʦʚ ʧʦʜʩʠʩʪʝʤʘʤʠ OSS/BSS (ʢʘʢ ʧʨʘʚʠʣʦ ʯʝʨʝʟ ʩʫʱʝʩʪʚʫʶʱʠʡ 

RADIUS/DIAMETR ʩʝʨʚʝʨ). ɼʣʷ ʫʧʨʘʚʣʝʥʠʷ ʫʩʣʫʛʘʤʠ ʥʝʦʙʭʦʜʠʤʦ ʯʪʦʙʳ 

ʩʠʩʪʝʤʘ ʧʦʟʚʦʣʷʣʘ ʢʦʥʪʨʦʣʠʨʦʚʘʪʴ ʧʦʜʢʣʶʯʝʥʠʝ ʢʘʞʜʦʛʦ ʠʟ ʫʩʪʨʦʡʩʪʚ 

ʧʦʣʴʟʦʚʘʪʝʣʷ, ʦʛʨʘʥʠʯʠʚʘʪʴ ʢʦʣʠʯʝʩʪʚʦ ʧʦʜʢʣʶʯʝʥʥʳʭ ʫʩʪʨʦʡʩʪʚ, 

ʦʙʝʩʧʝʯʠʣʘ ʚʦʟʤʦʞʥʦʩʪʴ ʜʠʬʬʝʨʝʥʮʠʨʦʚʘʪʴ ʩʝʨʚʠʩ ʜʣʷ ʪʝʣʝʬʦʥʘ, ʧʣʘʥʰʝʪʘ 

ʠʣʠ ʥʦʫʪʙʫʢʘ.  

 

ʆʙʝʩʧʝʯʝʥʠʝ ʢʘʯʝʩʪʚʘ ʠ ʧʨʦʩʪʦʪʳ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ï ʦʜʠʥ ʠʟ ʚʘʞʥʝʡʰʠʭ 

ʢʨʠʪʝʨʠʝʚ ʫʩʧʝʰʥʦʩʪʠ ʚʥʝʜʨʝʥʠʷ ʥʦʚʦʡ ʫʩʣʫʛʠ, ʠ ʠʤʝʥʥʦ ʵʪʠ ʬʘʢʪʦʨʳ 

ʧʨʝʧʷʪʩʪʚʫʶʪ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʶ WiFi ʢʘʢ ʦʧʝʨʘʪʦʨʩʢʦʡ ʫʩʣʫʛʠ. ʅʝʦʙʭʦʜʠʤʦ 

ʠʤʝʪʴ ʚʦʟʤʦʞʥʦʩʪʴ ʦʙʝʩʧʝʯʠʪʴ ʧʨʠʦʨʠʪʝʪ ʚ ʦʙʩʣʫʞʠʚʘʥʠʠ ʧʨʝʤʠʫʤ 

ʘʙʦʥʝʥʪʘʤ, ʘ ʪʘʢʞʝ ʧʨʝʜʦʩʪʘʚʠʪʴ ʧʨʠʝʤʣʝʤʳʡ ʩʝʨʚʠʩ ʜʣʷ ʘʙʦʥʝʥʪʦʚ, 

ʧʦʣʴʟʫʶʱʠʭʩʷ ʩʝʪʴʶ ʫʩʣʦʚʥʦ ʙʝʩʧʣʘʪʥʦ. ʅʝʣʴʟʷ ʧʦʟʚʦʣʷʪʴ ʣʶʙʦʤʫ ʠʟ 

ʫʩʪʨʦʡʩʪʚ ʤʦʥʦʧʦʣʠʟʠʨʦʚʘʪʴ ʨʘʟʜʝʣʷʝʤʳʡ ʨʝʩʫʨʩ WiFi ʪʦʯʢʠ ʜʦʩʪʫʧʘ. 

ʇʦʧʫʣʷʨʥʳʤ ʨʝʰʝʥʠʝʤ ʵʪʦʡ ʟʘʜʘʯʠ ʷʚʣʷʝʪʩʷ ʢʦʤʙʠʥʘʮʠʷ ʧʨʦʬʠʣʝʡ ʢʘʯʝʩʪʚʘ 
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ʜʣʷ ʘʙʦʥʝʥʪʦʚ ʠ ʬʫʥʢʮʠʦʥʘʣʘ Deep Packet Inspection, ʯʪʦ ʧʦʟʚʦʣʷʝʪ 

ʢʦʥʪʨʦʣʠʨʦʚʘʪʴ ʨʝʩʫʨʩʳ ʩʝʪʠ, ʟʘʥʷʪʳʝ ʢʦʥʢʨʝʪʥʳʤ ʫʩʪʨʦʡʩʪʚʦʤ ʠʣʠ 

ʧʨʠʣʦʞʝʥʠʝʤ.    

 

ʆʧʝʨʘʪʦʨ ʜʦʣʞʝʥ ʚʳʧʦʣʥʷʪʴ ʪʨʝʙʦʚʘʥʠʷ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʭ ʦʨʛʘʥʦʚ ʧʦ 

ʦʙʝʩʧʝʯʝʥʠʶ ʟʘʢʦʥʥʦʛʦ ʧʝʨʝʭʚʘʪʘ, ʧʦʵʪʦʤʫ ʢʦʣʠʯʝʩʪʚʦ ʪʦʯʝʢ, ʚ ʢʦʪʦʨʳʭ 

ʧʨʦʠʩʭʦʜʠʪ ʘʚʪʦʨʠʟʘʮʠʷ ʘʙʦʥʝʥʪʦʚ ʠ ʧʦʜʢʣʶʯʝʥʠʝ ʚ ʩʝʪʴ ʀʥʪʝʨʥʝʪ, ʜʦʣʞʥʦ 

ʙʳʪʴ ʦʛʨʘʥʠʯʝʥʦ.  ʇʨʠ ʵʪʦʤ ʫʟʝʣ ʘʫʪʝʥʪʠʬʠʢʘʮʠʠ ʠ ʢʦʥʪʨʦʣʷ ʫʩʣʫʛ 

ʘʙʦʥʝʥʪʦʚ ʜʦʣʞʝʥ ʙʳʪʴ ʜʦʩʪʘʪʦʯʥʦ ʤʘʩʰʪʘʙʠʨʫʝʤʳʤ. 

 

ɺʩʝ ʧʝʨʝʯʠʩʣʝʥʥʳʝ ʚʳʰʝ ʟʘʜʘʯʠ ʨʝʰʘʶʪʩʷ ʥʦʚʳʤ ʢʣʘʩʩʦʤ ʫʩʪʨʦʡʩʪʚ ʚ 

ʠʥʬʨʘʩʪʨʫʢʪʫʨʝ ʦʧʝʨʘʪʦʨʦʚ ï ʰʣʶʟ ʚ ʩʝʪʠ WiFi  (ʠʣʠ WLAN  Gateway), 

ʢʦʪʦʨʳʝ, ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʤʦʜʝʣʠ ʧʨʝʜʦʩʪʘʚʣʝʥʠʷ ʫʩʣʫʛ, ʙʳʚʘʶʪ ʜʚʫʭ ʪʠʧʦʚ: 

1. ɽʩʣʠ ʦʧʝʨʘʪʦʨ ʨʘʟʚʦʨʘʯʠʚʘʝʪ ʫʩʣʫʛʠ ʥʘ ʙʘʟʝ ʩʦʙʩʪʚʝʥʥʦʡ 

ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ ʪʦʯʝʢ ʜʦʩʪʫʧʘ WiFi, ʪʦ ʚ ʵʪʦʤ ʩʣʫʯʘʝ ʠʩʧʦʣʴʟʫʝʪʩʷ ʪʘʢ 

ʥʘʟʳʚʘʝʤʳʡ Trusted WLAN  Gateway. ɺ ʪʘʢʦʡ ʩʭʝʤʝ ʦʪ ʢʘʞʜʦʡ ʪʦʯʢʠ 

ʜʦʩʪʫʧʘ WiFi ʦʨʛʘʥʠʟʦʚʳʚʝʪʩʷ ʧʨʦʟʨʘʯʥʳʡ Ethernet ʢʘʥʘʣ (L2) ʠʣʠ 

GRE ʪʫʥʥʝʣʴ ʢ WLAN Gateway. ʆʧʝʨʘʪʦʨ ʤʦʞʝʪ ʢʦʥʪʨʦʣʠʨʦʚʘʪʴ 

ʫʩʣʫʛʠ ʜʣʷ ʢʘʞʜʦʛʦ ʫʩʪʨʦʡʩʪʚʘ (ʢʘʢ ʜʣʷ ʤʦʙʠʣʴʥʦʛʦ ʪʝʣʝʬʦʥʘ, ʪʘʢ, 

ʥʘʧʨʠʤʝʨ, ʠ ʜʣʷ ʢʦʤʧʴʶʪʝʨʘ) ʘʙʦʥʝʥʪʘ ʚ ʦʪʜʝʣʴʥʦʩʪʠ ʠ ʫʧʨʘʚʣʷʪʴ 

ʢʘʯʝʩʪʚʦʤ ʫʩʣʫʛʠ. ʕʪʘ ʤʦʜʝʣʴ ʧʨʝʜʦʩʪʘʚʣʝʥʠʷ ʫʩʣʫʛ ʤʦʞʝʪ ʙʳʪʴ 

ʠʩʧʦʣʴʟʦʚʘʥʘ ʢʘʢ ʧʨʦʚʦʜʥʳʤʠ ʪʘʢ ʠ ʤʦʙʠʣʴʥʳʤʠ ʦʧʝʨʘʪʦʨʘʤʠ. 

2. ɺʪʦʨʘʷ ʩʭʝʤʘ, ʚ ʢʦʪʦʨʦʡ ʦʧʝʨʘʪʦʨ ʧʨʝʜʦʩʪʘʚʣʷʝʪ ʫʩʣʫʛʠ ʯʝʨʝʟ 

ʥʝʧʦʜʢʦʥʪʨʦʣʴʥʫʶ WiFi ʠʥʬʨʘʩʪʨʫʢʪʫʨʫ, ʚ ʙʦʣʴʰʝʡ ʩʪʝʧʝʥʠ 

ʦʨʠʝʥʪʠʨʦʚʘʥʘ ʥʘ ʤʦʙʠʣʴʥʳʭ ʦʧʝʨʘʪʦʨʦʚ. ɺ ʜʘʥʥʦʤ ʨʝʰʝʥʠʠ 

ʤʦʙʠʣʴʥʳʡ ʪʝʨʤʠʥʘʣ ʜʦʣʞʝʥ ʩʥʘʯʘʣʘ ʫʩʪʘʥʦʚʠʪʴ ʰʠʬʨʦʚʘʥʥʳʡ 

ʪʫʥʥʝʣʴ ʯʝʨʝʟ ʧʫʙʣʠʯʥʫʶ ʩʝʪʴ ʢ ʰʣʶʟʫ ʤʦʙʠʣʴʥʦʛʦ ʦʧʝʨʘʪʦʨʘ ï 

Untrusted WLAN  Gateway. ʄʦʙʠʣʴʥʳʡ ʦʧʝʨʘʪʦʨ ʩʤʦʞʝʪ 

ʧʨʝʜʦʩʪʘʚʣʷʪʴ ʫʩʣʫʛʠ ʜʦʩʪʫʧʘ ʢ ʩʦʙʩʪʚʝʥʥʳʤ ʠʥʬʦʨʤʘʮʠʦʥʥʳʤ 

ʨʝʩʫʨʩʘʤ ʠ ʪʨʘʜʠʮʠʦʥʥʫʶ ʛʦʣʦʩʦʚʫʶ ʩʚʷʟʴ ʜʣʷ ʫʩʪʨʦʡʩʪʚ ʚʥʝ ʟʦʥʳ 

ʧʦʢʨʳʪʠʷ ʩʦʪʦʚʦʡ ʩʝʪʠ ʜʘʥʥʦʛʦ ʦʧʝʨʘʪʦʨʘ. 

 

ʂʦʤʧʘʥʠʷ Alcatel-Lucent ʚ ʨʘʤʢʘʭ ʩʚʦʝʛʦ ʧʦʨʪʬʦʣʠʦ ʧʨʝʜʣʘʛʘʝʪ ʦʙʘ 

ʚʘʨʠʘʥʪʘ ʨʝʰʝʥʠʷ. ɼʣʷ ʨʝʘʣʠʟʘʮʠʠ ʣʶʙʦʛʦ ʠʟ ʚʘʨʠʘʥʪʦʚ ʥʝʦʙʭʦʜʠʤ ʦʜʠʥ 

ʩʝʨʚʠʩʥʳʡ ʤʘʨʰʨʫʪʠʟʘʪʦʨ Alcatel-Lucent 7750SR. ɼʦʧʦʣʥʠʪʝʣʴʥʳʝ 

ʨʘʩʰʠʨʝʥʥʳʝ ʚʦʟʤʦʞʥʦʩʪʠ ʜʘʥʥʦʤʫ ʨʝʰʝʥʠʶ ʧʨʝʜʩʪʘʚʣʷʶʪ ʧʣʘʪʳ 

Application Assurance, ʢʦʪʦʨʳʝ ʧʦʟʚʦʣʷʶʪ ʪʘʢʞʝ ʨʝʘʣʠʟʦʚʘʪʴ ʬʫʥʢʮʠʠ 

çʈʦʜʠʪʝʣʴʩʢʠʡ ʢʦʥʪʨʦʣʴè: ʨʝʢʣʘʤʥʳʝ ʠ ʠʥʬʦʨʤʘʮʠʦʥʥʳʝ ʩʦʦʙʱʝʥʠʷ ʚ 

ʙʨʘʫʟʝʨʝ, ʧʝʨʝʚʦʜ ʥʘ ʧʦʨʪʘʣ ʧʨʠ ʥʘʩʪʫʧʣʝʥʠʠ ʟʘʧʨʦʛʨʘʤʤʠʨʦʚʘʥʥʦʛʦ 

ʩʦʙʳʪʠʷ (ʥʫʣʝʚʦʡ ʙʘʣʘʥʩ, ʧʨʝʚʳʰʝʥʠʝ ʣʠʤʠʪʘ ʧʦ ʪʨʘʬʠʢʫ ʠʣʠ ʚʨʝʤʝʥʠ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ), ʧʨʝʜʦʩʪʘʚʣʝʥʠʝ ʛʘʨʘʥʪʠʨʦʚʘʥʥʦʡ ʧʦʣʦʩʳ ʧʨʦʧʫʩʢʘʥʠʷ ʜʣʷ 

ʚʠʜʝʦ-ʘʫʜʠʦ ʠ ʢʦʥʬʝʨʝʥʮ-ʟʚʦʥʢʦʚ, ʩʝʪʝʚʦʡ ʵʢʨʘʥ, ʪʨʘʥʩʣʷʮʠʶ ʘʜʨʝʩʦʚ 

(NAT), ʧʦʜʢʣʶʯʝʥʠʝ ʚ ʢʦʨʧʦʨʘʪʠʚʥʫʶ ʚʠʨʠʘʣʴʥʫʶ ʩʝʪʴ ʠ ʧʨ.  
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Development of the transmitting and receiving channels relay systems terahertz range 

The results of investigations of receiving and transmitting channels of the digital 

telecommunications system with Gigabit bandwidth in the frequency range 130-GH created on 

the basis of the developed sites (lo, built on the basis of a circuit composed of a highly stable 

oscillator with panagoulia and amplification cascades, frequency converters, intermediate 

frequency amplifier, Smuga-pass filter, conical ruporno antenna). 

 

ʆʜʥʽʻʶ ʽʟ ʧʝʨʩʧʝʢʪʠʚʥʠʭ ʩʬʝʨ ʟʘʩʪʦʩʫʚʘʥʥʷ ʪʝʨʘʛʝʨʮʦʚʠʭ ʪʝʭʥʦʣʦʛʽʡ ʻ 

ʩʠʩʪʝʤʠ ʟʚôʷʟʢʫ ʽ ʪʝʣʝʢʦʤʫʥʽʢʘʮʽʡ [4, 9]. ɿʦʢʨʝʤʘ ʧʝʨʝʜʙʘʯʘʻʪʴʩʷ ʩʪʚʦʨʝʥʥʷ 

ʧʨʠʥʮʠʧʦʚʦ ʥʦʚʠʭ ʟʘ ʛʘʙʘʨʠʪʘʤʠ, ʟʘʚʘʜʦʟʘʭʠʱʝʥʦʩʪʽ ʪʘ ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʦʩʪʽ 

ʧʨʠʩʪʨʦʾʚ ʩʫʙ- ʪʘ ʪʝʨʘʛʝʨʮʦʚʦʛʦ ʜʽʘʧʘʟʦʥʫ ʜʣʷ ʚʠʩʦʢʦʰʚʠʜʢʽʩʥʦʾ ʧʝʨʝʜʘʯʽ 

ʚʽʜʝʦʩʠʛʥʘʣʽʚ, ʜʣʷ ʨʘʜʽʦʨʝʣʝʡʥʠʭ ʩʠʩʪʝʤ ʧʨʷʤʦʾ ʚʠʜʠʤʦʩʪʽ, ʜʣʷ ʪʨʘʥʩʧʦʨʪʥʠʭ 

ʤʝʨʝʞ ʤʦʙʽʣʴʥʦʛʦ ʟʚ'ʷʟʢʫ ʧ'ʷʪʦʛʦ ʧʦʢʦʣʽʥʥʷ (5G), ʜʣʷ ʩʝʥʩʦʨʥʠʭ ʤʝʨʝʞ ʪʘ 

ʚʠʩʦʢʦʪʦʯʥʠʭ ʨʘʜʘʨʘʭ. ʊʘʢʽ ʨʦʟʨʦʙʢʠ ʚʝʜʫʪʴʩʷ ʚ ʉʐɸ ʧʽʜ ʝʛʽʜʦʶ DARPA, ʚ 

ɸʥʛʣʽʾ, ʅʽʤʝʯʯʠʥʽ,ʈʦʩʽʾ, ʂʠʪʘʾ ʜʣʷ ʟʘʩʪʦʩʫʚʘʥʥʷ ʫ ʚʽʡʩʴʢʦʚʠʭ ʽ ʮʠʚʽʣʴʥʠʭ 

ʮʽʣʷʭ. ʊʦʤʫ ʪʝʤʘ ʨʦʟʨʦʙʢʠ ʧʝʨʝʜʘʚʘʣʴʥʦʛʦ ʪʘ ʧʨʠʡʤʘʣʴʥʦʛʦ ʪʨʘʢʪʽʚ 

ʨʘʜʽʦʨʝʣʝʡʥʦʾ ʩʠʩʪʝʤʠ ʪʝʨʘʛʝʨʮʦʚʦʛʦ ʜʽʘʧʘʟʦʥʫ ʻ ʥʘʜʟʚʠʯʘʡʥʦ ʚʘʞʣʠʚʦʶ.  

ʇʝʨʝʜʘʚʘʣʴʥʠʡ ʪʘ ʧʨʠʡʤʘʣʴʥʠʡ ʪʨʘʢʪʠ ʩʢʣʘʜʘʶʪʴ ʘʥʘʣʦʛʦʚʫ (ʣʽʥʽʡʥʫ) 

ʯʘʩʪʠʥʫ ʨʘʜʽʦʨʝʣʝʡʥʦʾ ʩʠʩʪʝʤʠ. ʎʽ ʪʨʘʢʪʠ ʧʦʙʫʜʦʚʘʥʽ ʟʘ ʛʝʪʝʨʦʜʠʥʥʦʶ 

ʩʭʝʤʦʶ ʚ ʪʝʨʘʛʝʨʮʦʚʦʤʫ ʜʽʘʧʘʟʦʥʽ ʯʘʩʪʦʪ ʚ ʤʝʞʘʭ 130é134 ɻɻʮ, ʜʽʘʧʘʟʦʥ 

ʧʨʦʤʽʞʥʠʭ ʯʘʩʪʦʪ ʩʢʣʘʜʘʻ 2é4 ɻɻʮ. ɺ ʨʦʙʦʪʽ ʥʘ ʦʩʥʦʚʽ ʧʨʦʚʝʜʝʥʦʛʦ 

ʢʦʤʧôʶʪʝʨʥʦʛʦ ʪʘ ʬʽʟʠʯʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ʧʨʦʚʝʜʝʥʘ ʨʦʟʨʦʙʢʘ ʪʘ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʝ ʜʦʩʣʽʜʞʝʥʥʷ ʦʩʥʦʚʥʠʭ ʬʫʥʢʮʽʦʥʘʣʴʥʠʭ ʚʫʟʣʽʚ 

ʧʨʠʡʤʘʣʴʥʦʛʦ ʪʘ ʧʝʨʝʜʘʚʘʣʴʥʦʛʦ ʪʨʘʢʪʽʚ: ʯʘʩʪʦʪʥʽ ʧʝʨʝʪʚʦʨʶʚʘʯʽ ʩʠʛʥʘʣʫ, 

ʚʠʩʦʢʦʯʘʩʪʦʪʥʽ ʧʽʜʩʠʣʶʚʘʯʽ, ʛʝʪʝʨʦʜʠʥ ʥʘ ʦʩʥʦʚʽ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʚʠʩʦʢʦʩʪʘʙʽʣʴʥʦʛʦ ʟʘʜʘʶʯʦʛʦ ʢʚʘʨʮʦʚʦʛʦ ʛʝʥʝʨʘʪʦʨʘ ʟ ʧʦʜʘʣʴʰʠʤ ʣʘʥʮʶʛʦʤ 

ʧʦʤʥʦʞʫʚʘʣʴʥʠʭ ʽ ʧʽʜʩʠʣʶʚʘʣʴʥʠʭ ʢʘʩʢʘʜʽʚ, ʧʽʜʩʠʣʶʚʘʯ ʧʨʦʤʽʞʥʦʾ ʯʘʩʪʦʪʠ, 

ʚʠʩʦʢʦʯʘʩʪʦʪʥʠʡ ʩʤʫʛʦʧʨʦʧʫʩʢʘʶʯʠʡ ʬʽʣʴʪʨ ʢʦʥʽʯʥʘ ʨʫʧʦʨʥʘ ʘʥʪʝʥʘ. 

 ʆʜʝʨʞʘʥʦ ʥʘʩʪʫʧʥʽ ʨʝʟʫʣʴʪʘʪʠ: ɺʠʤʽʨʷʥʝ ʟʥʘʯʝʥʥʷ ʚʪʨʘʪ ʧʝʨʝʪʚʦʨʝʥʥʷ 

ʯʘʩʪʦʪʥʠʭ ʧʝʨʝʪʚʦʨʶʚʘʯʽʚ ʩʠʛʥʘʣʫ ʩʢʣʘʜʘʻ - 11 ʜɹ, ʱʦ ʚʽʜʧʦʚʽʜʘʻ ʢʨʘʱʠʤ 

ʜʦʩʷʛʥʝʥʥʷʤ ʟʘʨʫʙʽʞʥʠʭ ʘʥʘʣʦʛʽʚ; ʧʽʜʩʠʣʶʚʘʯ ʥʘ ʤʦʥʦʣʽʪʥʽʡ ʨʽn ʤʽʢʨʦʩʭʝʤʽ 

ʟʘʙʝʟʧʝʯʫʚʘʚ ʚ ʯʘʩʪʦʪʥʦʤʫ ʜʽʘʧʘʟʦʥʽ 87é100 ɻɻʮ ʧʽʜʩʠʣʝʥʥʷ ʩʠʛʥʘʣʫ ʥʘ 

27ʜɹ ʟ ʢʦʝʬʽʮʽʻʥʪʦʤ ʰʫʤʫ 5,5 ʜɹ; ʚʠʤʽʨʷʥʽ ʟʥʘʯʝʥʥʷ ʚʠʭʽʜʥʠʭ ʧʦʪʫʞʥʦʩʪʝʡ 

ʛʝʪʝʨʦʜʠʥʘ (ʨʠʩʫʥʦʢ 1) ʜʣʷ ʪʨʘʢʪʽʚ ʧʨʠʡʦʤʫ ʽ ʧʝʨʝʜʘʯʽ ʧʝʨʝʚʠʱʫʚʘʣʠ 15 ʤɺʪ, 

ʱʦ ʮʽʣʢʦʤ ʜʦʩʪʘʪʥʴʦ ʜʣʷ ʥʦʨʤʘʣʴʥʦʾ ʨʦʙʦʪʠ ʯʘʩʪʦʪʥʠʭ 

ʧʝʨʝʪʚʦʨʶʚʘʯʽʚ ʧʨʠʡʤʘʣʴʥʦʛʦ ʪʘ ʧʝʨʝʜʘʚʘʣʴʥʦʛʦ ʪʨʘʢʪʽʚ; ʬʽʣʴʪʨ ʟʘʜʦʚʦʣʴʥʷʻ 
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ʚʠʤʦʛʘʤ ʚʠʙʽʨʢʦʚʦʩʪʽ, ʟ ʤʝʪʦʶ ʟʘʙʝʟʧʝʯʝʥʥʷ ʜʦʩʪʘʪʥʴʦʛʦ ʧʨʠʜʫʰʝʥʥʷ 

ʜʟʝʨʢʘʣʴʥʦʛʦ ʢʘʥʘʣʫ ʪʘ ʜʨʫʛʦʾ ʛʘʨʤʦʥʽʢʠ ʛʝʪʝʨʦʜʠʥʘ, ʘ ʡʦʛʦ ʚʪʨʘʪʠ ʚ 

ʪʝʨʘʛʝʨʮʦʚʦʤʫ ʯʘʩʪʦʪʥʦʤʫ ʜʽʘʧʘʟʦʥʽ ʧʝʨʝʜʘʚʘʯʘ ʥʝ ʧʝʨʝʚʠʱʫʶʪʴ 4 ʜɹ; 

ʢʦʝʬʽʮʽʻʥʪ ʧʽʜʩʠʣʝʥʥʷ ʘʥʪʝʥʠ ʚ ʜʽʘʧʘʟʦʥʽ ʨʦʙʦʯʠʭ ʯʘʩʪʦʪ 130 ï 134 ɻɻʮ  

ʥʝ ʤʝʥʰʝ 47 ʜɹ.  

 
  

ʈʠʩ.1 ʂʦʥʩʪʨʫʢʮʽʷ ʚʠʩʦʢʦ ʩʪʘʙʽʣʴʥʦʛʦ ʛʝʪʝʨʦʜʠʥʘ 
 

ʅʘ ʙʘʟʽ ʨʦʟʨʦʙʣʝʥʠʭ ʬʫʥʢʮʽʦʥʘʣʴʥʠʭ ʚʫʟʣʽʚ ʙʫʣʠ ʧʦʙʫʜʦʚʘʥʽ 

ʧʨʠʡʤʘʣʴʥʠʡ ʪʘ ʧʝʨʝʜʘʚʘʣʴʥʠʡ ʪʨʘʢʪʠ ʨʘʜʽʦʨʝʣʝʡʥʦʾ ʩʠʩʪʝʤʠ. ʇʨʠʡʤʘʯ ʪʘ 

ʧʝʨʝʜʘʚʘʯ ʩʠʩʪʝʤʠ ʤʘʶʪʴ ʦʜʥʘʢʦʚʫ ʢʦʥʩʪʨʫʢʪʠʚʥʫ ʧʦʙʫʜʦʚʫ. ʄʦʜʫʣʴʥʝ 

ʚʠʢʦʥʘʥʥʷ ʦʢʨʝʤʠʭ ʚʫʟʣʽʚ ʟ ʤʘʢʩʠʤʘʣʴʥʠʤ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʤʦʥʦʣʽʪʥʠʭ 

ʤʽʢʨʦʩʭʝʤ ʟʘʙʝʟʧʝʯʫʻ ʢʦʤʧʘʢʪʥʽʩʪʴ ʢʦʥʩʪʨʫʢʮʽʾ, ʘ ʪʘʢʦʞ ʟʨʫʯʥʽʩʪʴ ʾʾ ʟʙʦʨʢʠ ʽ 

ʤʦʥʪʘʞʫ. ʊʨʘʢʪʠ ʤʘʶʪʴ ʢʦʘʢʩʽʘʣʴʥʽ ʚʭʽʜ (ʚʠʭʽʜ) ʟ ʨʦʟ'ʻʤʘʤʠ SMA ʥʘ 

ʧʨʦʤʽʞʥʠʭ ʯʘʩʪʦʪʘʭ, ʽ ʭʚʠʣʝʚʦʜʥʠʡ ʚʭʽʜ (ʚʠʭʽʜ) ʚ ʢʘʥʘʣʽ 1,6 ʭ 0,8 ʤʤ ʥʘ 

ʪʝʨʘʛʝʨʮʦʚʠʭ ʯʘʩʪʦʪʘʭ. ɼʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʷʢʽʩʥʦʾ ʨʦʙʦʪʠ ʧʨʠʡʤʘʯʘ ʪʘ 

ʧʝʨʝʜʘʚʘʯʘ ʙʫʣʦ ʨʦʟʨʦʙʣʝʥʦ ʚʪʦʨʠʥʥʽ ʜʞʝʨʝʣʘ ʞʠʚʣʝʥʥʷ, ʷʢʽ ʬʦʨʤʫʶʪʴ 

ʥʝʦʙʭʽʜʥʽ ʚʠʩʦʢʦʩʪʘʙʽʣʴʥʽ ʥʘʧʨʫʛʠ ʜʣʷ ʚʩʽʭ ʚʫʟʣʽʚ ʪʨʘʢʪʽʚ. 

ʇʨʦʚʝʜʝʥʦ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʢʦʝʬʽʮʽʻʥʪʫ ʧʝʨʝʜʘʯʽ 

ʧʨʠʡʤʘʣʴʥʦ-ʧʝʨʝʜʘʚʘʣʴʥʦʛʦ ʪʨʘʢʪʫ ʨʘʜʽʦʨʝʣʝʡʥʦʾ ʩʠʩʪʝʤʠ ʚ ʮʽʣʦʤʫ. 

ɽʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʪʨʘʢʪʽʚ ʨʘʜʽʦʨʝʣʝʡʥʦʾ ʩʠʩʪʝʤʠ ʮʽʣʦʤʫ 

(ʨʠʩʫʥʦʢ 2) ʧʦʢʘʟʘʣʠ ʥʘʩʪʫʧʥʽ ʟʥʘʯʝʥʥʷ ʛʦʣʦʚʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʚ ʨʦʙʦʯʦʤʫ 

ʜʽʘʧʘʟʦʥʽ ʯʘʩʪʦʪ: 

- ʰʫʤʦʚʘ ʪʝʤʧʝʨʘʪʫʨʘ ʧʨʠʡʤʘʣʴʥʦʛʦ ʪʨʘʢʪʫ ʊh  = 5000 ʂ; 

- ʚʠʭʽʜʥʘ ʧʦʪʫʞʥʽʩʪʴ ʧʝʨʝʜʘʚʘʣʴʥʦʛʦ ʪʨʘʢʪʫ ʈʚʠʭ = 40 ʤʢɺʪ. 

- ʩʫʤʘʨʥʠʡ ʢʦʝʬʽʮʽʻʥʪ ʧʝʨʝʜʘʯʽ ʥʝ ʤʝʥʰʝ 18 ʜɹ. 

- ʥʝʨʽʚʥʦʤʽʨʥʽʩʪʴ ʢʦʝʬʽʮʽʻʥʪʘ ʧʝʨʝʜʘʯʽ ʥʝ ʧʝʨʝʚʠʱʫʻ 3 ʜɹ. 
 

 
ʈʠʩ. 2  ɿʦʚʥʽʰʥʽʡ ʚʠʛʣʷʜ ʧʨʠʡʤʘʣʴʥʦʛʦ (ʧʝʨʝʜʘʚʘʣʴʥʦʛʦ) ʪʨʘʢʪʫ 
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ʅʘ ʦʩʥʦʚʽ ʫʟʘʛʘʣʴʥʝʥʥʷ ʨʝʟʫʣʴʪʘʪʽʚ, ʘʥʘʣʽʟʫ ʥʘʷʚʥʦʾ ʨʘʜʽʦʨʝʣʝʡʥʦʾ 

ʝʣʝʤʝʥʪʥʦʾ ʙʘʟʠ ʪʘ ʪʝʦʨʝʪʠʯʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʽ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʨʦʙʽʪ 

ʧʨʦʚʝʜʝʥʦ ʧʨʦʝʢʪʫʚʘʥʥʷ ʦʩʥʦʚʥʠʭ ʚʫʟʣʽʚ ʽ ʚʩʴʦʛʦ ʧʨʠʡʤʘʣʴʥʦ-

ʧʝʨʝʜʘʚʘʣʴʥʦʛʦ ʪʨʘʢʪʫ ʪʝʣʝʢʦʤʫʥʽʢʘʮʽʡʥʦʾ ʩʠʩʪʝʤʠ ʽʟ ʛʽʛʘʙʽʪʥʦʶ ʧʨʦʧʫʩʢʥʦʶ 

ʟʜʘʪʥʽʩʪʶ ʚ ʜʽʘʧʘʟʦʥʽ ʯʘʩʪʦʪ 130-134 ɻɻʮ, ʨʦʟʨʦʙʣʝʥʘ ʩʪʨʫʢʪʫʨʥʘ ʩʭʝʤʘ 

ʧʨʠʡʤʘʣʴʥʦ-ʧʝʨʝʜʘʚʘʣʴʥʦʛʦ ʪʨʘʢʪʫ ʩʠʩʪʝʤʠ: ʯʘʩʪʦʪʥʽ ʧʝʨʝʪʚʦʨʶʚʘʯʽ ʟ 

ʩʫʙʛʘʨʤʦʥʽʡʥʦʶ ʥʘʢʘʯʢʦʶ, ʛʝʪʝʨʦʜʠʥ, ʱʦ ʚʠʢʦʨʠʩʪʦʚʫʻ ʚʠʩʦʢʦʩʪʘʙʽʣʴʥʠʡ 

ʟʘʜʘʶʯʠʡ ʢʚʘʨʮʦʚʠʡ ʛʝʥʝʨʘʪʦʨ ʟ ʧʦʜʘʣʴʰʠʤ ʣʘʥʮʶʛʦʤ ʧʦʤʥʦʞʫʚʘʣʴʥʠʭ ʽ 

ʧʽʜʩʠʣʶʚʘʣʴʥʠʭ ʢʘʩʢʘʜʽʚ, ʩʤʫʛʦʧʨʦʧʫʩʢʘʶʯʠʡ ʬʽʣʴʪʨ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ 

ʪʦʥʢʦʾ ʤʝʪʘʣʝʚʦʾ ʧʣʘʩʪʠʥʠ ʚ ɽ-ʧʣʦʱʠʥʽ ʭʚʠʣʝʚʦʜʥʦʛʦ ʢʘʥʘʣʫ.  

ɺʧʝʨʰʝ ʚ ʧʨʘʢʪʠʯʥʦʤʫ ʧʣʘʥʽ ʚʠʛʦʪʦʚʣʝʥʦ ʪʘ ʧʨʦʚʝʜʝʥʦ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʣʘʙʦʨʘʪʦʨʥʦʛʦ ʟʨʘʟʢʘ ʮʠʬʨʦʚʦʾ ʩʠʤʧʣʝʢʩʥʦʾ 

ʨʘʜʽʦʨʝʣʝʡʥʦʾ ʩʠʩʪʝʤʠ ʪʝʨʘʛʝʨʮʦʚʦʛʦ ʜʽʘʧʘʟʦʥʫ ʫ ʩʢʣʘʜʽ: ʧʨʠʡʤʘʣʴʥʠʡ ʪʘ 

ʧʝʨʝʜʘʚʘʣʴʥʠʡ ʨʘʜʽʦʪʨʘʢʪʠ ʚ ʜʽʘʧʘʟʦʥʽ ʯʘʩʪʦʪ 130-134 ɻɻʮ, ʮʠʬʨʦʚʠʡ ʤʦʜʝʤ 

ʟ ʧʨʦʧʫʩʢʥʦʶ ʢʘʥʘʣʴʥʦʶ ʟʜʘʪʥʽʩʪʶ ʜʦ 1200 ʄʙʽʪ/ʩ.  
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We consider the application of cognitive radio technology in future LTE-A systems. The 

carrier aggregation (CA) features of LTE-A can be exploited for enabling a cognitive operation 

in a subset of component carriers. Spectrum sharing between different network operators, 

device-to-device communications and the use of unlicensed bands for LTE-A are potential 

applications for such an operation. Sensing is expected to play an important role in such systems. 

To this end we explore the possibilities of spectrum sensing, especially the sensing while 

receiving a desired signal, in LTE-A systems. The results are expected to play an important role 

in the development of protocols for cognitive operation in LTE-A systems.  

 

ʂʆɻʅʀʊʀɺʅʓɽ LTE -A ʉʀʉʊɽʄʓ 
 

ɺ ʩʪʘʪʴʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʧʨʠʤʝʥʝʥʠʝ ʢʦʛʥʠʪʠʚʥʦʡ ʨʘʜʠʦ ʪʝʭʥʦʣʦʛʠʠ ʚ ʙʫʜʫʱʠʭ 

LTE-A ʩʠʩʪʝʤʘʭ. ʉʚʦʡʩʪʚʘ ʦʙʲʝʜʠʥʝʥʠʷ ʥʝʩʫʱʠʭ ʚ LTE-A ʤʦʛʫʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ ʜʣʷ 

ʦʙʝʩʧʝʯʝʥʠʷ ʢʦʛʥʠʪʠʚʥʦʛʦ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʥʘ ʧʦʜʤʥʦʞʝʩʪʚʝ ʧʦʜʥʝʩʫʱʠʭ. 

ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʩʧʝʢʪʨʘ ʤʝʞʜʫ ʨʘʟʣʠʯʥʳʤʠ ʦʧʝʨʘʪʦʨʘʤʠ ʩʝʪʠ, ʩʚʷʟʴ ʪʠʧʘ ʫʩʪʨʦʡʩʪʚʦ-

ʫʩʪʨʦʡʩʪʚʦ, ʘ ʪʘʢʞʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʥʝʣʠʮʝʥʟʠʨʦʚʘʥʥʳʭ ʧʦʣʦʩ ʧʨʦʧʫʩʢʘʥʠʷ ʜʣʷ LTE-A 

ʷʚʣʷʶʪʩʷ ʚʦʟʤʦʞʥʳʤʠ ʩʬʝʨʘʤʠ ʧʨʠʤʝʥʝʥʠʷ ʪʘʢʠʭ ʩʠʩʪʝʤ. ʆʞʠʜʘʝʪʩʷ, ʯʪʦ ʨʘʩʧʦʟʥʘʚʘʥʠʝ 

ʩʳʛʨʘʝʪ ʚʘʞʥʫʶ ʨʦʣʴ ʚ ʪʘʢʠʭ ʩʠʩʪʝʤʘʭ. ɼʣʷ ʵʪʦʛʦ ʤʳ ʠʩʩʣʝʜʫʝʤ ʚʦʟʤʦʞʥʦʩʪʠ 

ʩʧʝʢʪʨʘʣʴʥʦʛʦ ʨʘʩʧʦʟʥʘʚʘʥʠʷ, ʚ ʦʩʦʙʝʥʥʦʩʪʠ ʨʘʩʧʦʟʥʘʚʘʥʠʷ ʚʦ ʚʨʝʤʷ ʧʨʠʝʤʘ ʧʦʣʝʟʥʦʛʦ 

ʩʠʛʥʘʣʘ ʚ LTE-A ʩʠʩʪʝʤʘʭ. ʆʞʠʜʘʝʪʩʷ, ʯʪʦ ʧʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʩʳʛʨʘʶʪ ʢʣʶʯʝʚʫʶ 

ʨʦʣʴ ʚ ʨʘʟʚʠʪʠʠ ʧʨʦʪʦʢʦʣʦʚ ʜʣʷ ʢʦʛʥʠʪʠʚʥʦʛʦ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʚ LTE-A ʩʠʩʪʝʤʘʭ. 

 

The scarcity of spectrum and the rapidly increasing data rate demand on 

cellular communication systems have driven the development of the latest cellular 

system standards with enhanced spectral efficiency air interfaces as well as a shift 

towards heterogeneous networks [1][2]. At the same time, cellular operators are 

interested in finding ways to reduce the spectrum and infrastructure costs. In this 

regard, network sharing between operators [3][4], offloading of cellular traffic 

using WiFi in unlicensed bands etc. [5] have attracted interest. New approaches 

and business models are being investigated to meet these important challenges 

faced by future cellular systems. One of the approaches being considered is the use 

of cognitive radio (CR) techniques for cellular systems. 

The idea of cognitive radio was proposed to opportunistically exploit the 

unused spectral resources in a traditional system with fixed spectrum allocation 

[6][7]. In such systems, the secondary users must decide on whether to transmit on 

a spectral resource or not. The most important requirement is to keep the 

interference to the primary users below a certain acceptable level. A cognitive 
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radio system accomplishes this task by sensing the primary usersô activity using 

the signal received at the secondary user or by querying the spectral occupancy 

information from a database containing information about the primary usersô 

activity. A combination of both methods can also be considered. Due to the 

paramount importance of sensing for a CR system, it has been the focus of a vast 

amount of work in the literature. The majority of prior studies addresses the 

problem of sensing before transmission where the objective is to determine 

whether a primary signal is present or not [11], which we refer to as Type 1 

sensing in this work. Recent studies have been considering a new type of sensing 

where the sensing is performed while the transmission of the secondary user takes 

place [8], which we refer to as Type 2 sensing. Traditional cognitive radio 

protocols consist of a sensing phase with Type 1 sensing followed by the data 

transmission phase. Type 2 sensing can reduce the time required for the sensing 

phase and increase the data transmission time, thereby further improving the 

spectrum utilization and the quality of service (QoS) of the CR user [12]. Hence, it 

is important to study the possibilities for such sensing in cognitive LTE-A systems. 

We explore different scenarios of cognitive operation in LTE-A systems. It is 

argued that the cross-carrier scheduling feature of LTE-A systems with carrier 

aggregation (CA) can be highly beneficial for cognitive spectrum sharing. 

Subsequently, we focus on energy detection algorithms for Type 2 sensing in LTE-

A. 

Energy detection is one of the most important methods covered in the sensing 

literature [13] and appealing due to its low computational complexity. The main 

drawback is its sensitivity to noise variance uncertainties. Nevertheless, energy 

detection is still attractive for practical implementations due to its simplicity. We 

have developed beamforming based energy detection (ED-BF) algorithms for Type 

2 sensing in cognitive LTE-A systems, and the performance of the proposed 

schemes has been compared to that of  the optimum but much more complex 

likelihood ratio test (LRT) algorithm under practical channel conditions and with 

realistic channel estimation.  

 

Main part.  In the following, we study scenarios for cognitive operation in 

LTE-A in more detail. Cognitive spectrum sharing becomes particularly interesting 

in the context of carrier aggregation (CA) in LTE-A systems. Using CA an 

operator can aggregate up to 5 component carriers of 20 MHz each. This creates 

opportunities to dynamically share a few of the component carriers. Those services 

with strict QoS requirements could be delivered through the unshared component 

carriers while services with lower QoS requirements are suitable candidates for 

cognitive operation. In the following, we identify scenarios for LTE-A which can 
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benefit from a cognitive approach and discuss the various implications. 

Physical downlink shared channel (PDSCH) sharing between operators 

Spectrum acquisition being highly capital intensive to an operator, the 

increased capacity provided by CA is beneficial only if there is a sufficient demand 

of the users. Depending on the load, an operator could possibly use one or more 

component carriers in a spectrum shared manner together with another operator. 

The operators involved are expected to make suitable agreements on spectrum 

pricing, interference limits etc. In [9], we discussed the possibility of long-term 

spectrum sharing and short-term spectrum sharing, respectively. Long-term sharing 

refers to the case where sharing is applied only in the time domain and the 

transmission phase is of the order of several thousands of radio frames. Here, it 

will be possible to completely turn off the base stations as the time scales are large. 

In the more challenging short-term sharing, spectrum is shared in units of physical 

resource blocks (PRBs) in LTE. Switching the base stations on and off in such 

small time intervals may not be feasible. When the base station is on, it must also 

transmit signals such as common reference signals (CRSs), synchronization signals 

etc. even though the PDSCH resource elements of the PRBs are free. Thus, for 

short-term spectrum sharing, sensing and sharing must be performed exclusively 

on the PDSCH resource element positions in the PRBs of the other base station 

which necessitates time-frequency synchronization of the participating base 

stations. 

Another important problem that arises from the shared operation is the 

collision of the control channels. In LTE, the control channels are transmitted 

across the resource elements of the first three OFDM symbols of a subframe. 

Transmitting control channels by both operators on the shared carrier would 

inevitably result in control channel collisions which adversely affect the control 

channel coverage. However, this problem can be avoided by using the cross-carrier 

scheduling feature in CA where data channels in one component carrier can be 

scheduled via control channels of another component carrier. If one of the 

operators has another exclusive component carrier, transmitting its control 

channels via this carrier avoids the control channel collisions. PDSCHs which are 

frequency domain scheduled and enjoy the benefits of the hybrid automatic repeat 

request (HARQ) technique are well suited for a spectrum shared operation. Thus, 

in principle, such a shared operation can be supported in LTE-A. 

 

Inband cognitive device-to-device (D2D) communication 

Inband D2D communication is an area which has attracted significant 

research interest recently. There are several use cases where D2D communication 

is beneficial and can result in higher spectral efficiency, energy efficiency, cellular 
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traffic offloading etc. [10]. Here, the main challenge is the management of 

interference caused to a cellular communication. The D2D communication 

scenario is closely related to cognitive radio systems except that it can benefit from 

additional cellular supervision. It can be easily recognized that sensing capability 

would be beneficial in the D2D context. 

 

LTE-A in unlicensed spectrum 

LTE-A in unlicensed bands is being considered for providing higher network 

capacity by allowing LTE-A small cells to exploit the white spaces in the 

unlicensed spectrum, particularly in the 5 GHz band. Harmonious coexistence with 

existing WiFi networks is considered to be extremely important. Sensing issues 

related to LTE-A unlicensed operation are targeted for LTE-A Rel. 13. Unlike 

D2D communication and PDSCH sharing, this is a scenario with asynchronous 

interference between two different systems and hence interference will not be 

limited to PDSCH resource elements alone. This means that Type 2 sensing can 

also exploit OFDM symbols reserved for control channels. Since the control 

channel can be provided over the licensed carrier, in the unlicensed carrier, it will 

be possible to turn off the control channel transmission in the first three OFDM 

symbols of a subframe. In that case, control channel symbols present itself as 

useful sensing positions and can be directly used for Type 1 sensing over the whole 

band (additional CRS cancellation might be needed if CRS is transmitted in those 

symbols). 

In the following, some considerations on Type 2 sensing based on 

beamforming are presented. Our energy detector with beamforming exploits the 

multiple antennas at the receiver to enhance the sensing performance..In [8], we 

studied beamformers for maximizing the probability of detection for a constant 

target probability of false alarm in a frequency-nonselective fading channel. It was 

shown that the best of the considered suboptimal beamformers is the solution to a 

maximum Rayleigh quotient problem. However, this approach requires knowledge 

of the channel of the interfering cell. This channel knowledge can be obtained with 

sufficient accuracy only in cases where the interfering base station is relatively 

close by and its reference signals are known at the sensing device. For LTE-A 

unlicensed operation, this is out of the scope as the interference is generated by a 

completely different system. With serving cell channel knowledge alone, the best 

approach is to choose the beamformer that minimizes the serving cell signal 

energy. In LTE-A, the number of spatial multiplexing streams transmitted is 

known as the number of transmission layers or the transmission rank. If the 

number of receive antennas is greater than the number of transmission layers, ED-

BF transforms the sensing to a Type 1 sensing problem by spatial suppression. 
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Detailed performance results will be discussed in the presentation. 

 

Conclusions.  In this work, we have explored various possibilities for 

cognitive spectrum sharing for future LTE-A systems. The carrier aggregation 

feature available in LTE-A can be made use of in a cognitive operation to ensure 

that the control channel coverage and QoS critical applications are not affected. It 

is shown that different possibilities exist for LTE-A that can provide reasonable 

sensing performance for a wide range of conditions. Specifically, we studied 

energy detectors based on beamforming.  It is to be noted that the proposed 

algorithms can also be applied for an asynchronous spectrum sharing scenario with 

another non-LTE-A system. The study presented here is expected to be useful for 

the further standardization of LTE-A aimed at cognitive scenarios. 
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Scenarios of achievement a maximal performance in the service area  
Scenarios of maximal system productivity are described and analyzed based on comparison the 

cases with static and dynamic multiposition keying types selection. 

 

ɼʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʣʶʙʦʡ ʩʠʩʪʝʤʳ ʧʝʨʝʜʘʯʠ ʚʳʜʝʣʷʶʪʩʷ 

ʦʛʨʘʥʠʯʝʥʥʳʝ ʬʠʟʠʯʝʩʢʠʝ ʨʝʩʫʨʩʳ ʢʘʥʘʣʘ ʩʚʷʟʠ: ʯʘʩʪʦʪʥʳʝ, ʵʥʝʨʛʝʪʠʯʝʩʢʠʝ. ɺ ʨʘʤʢʘʭ 

ʵʪʠʭ ʨʝʩʫʨʩʦʚ ʪʨʝʙʫʝʪʩʷ ʦʙʝʩʧʝʯʠʪʴ ʜʦʣʞʥʫʶ ʜʦʩʪʦʚʝʨʥʦʩʪʴ ʧʨʠʝʤʘ ʠʥʬʦʨʤʘʮʠʠ 

(ʥʘʧʨʠʤʝʨ, pb=10
-6
), ʘ ʪʘʢʞʝ ʥʘʠʣʫʯʰʫʶ ʩʢʦʨʦʩʪʴ ʧʝʨʝʜʘʯʠ ʠʥʬʦʨʤʘʮʠʠ, ʠ, ʢʘʢ ʩʣʝʜʩʪʚʠʝ, 

ʥʘʠʣʫʯʰʫʶ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ. ʋʜʦʚʣʝʪʚʦʨʝʥʠʝ ʫʢʘʟʘʥʥʳʭ ʪʨʝʙʦʚʘʥʠʡ ʚʦʟʤʦʞʥʦ ʧʨʠ 

ʨʘʟʥʳʭ ʩʮʝʥʘʨʠʷʭ ʧʝʨʝʨʘʩʧʨʝʜʝʣʝʥʠʷ ʨʝʩʫʨʩʦʚ ʢʘʥʘʣʘ ʩʚʷʟʠ, ʯʪʦ ʠʩʩʣʝʜʫʝʪʩʷ ʚ ʜʘʥʥʦʡ 

ʨʘʙʦʪʝ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʝʨʝʨʘʩʧʨʝʜʝʣʝʥʠʷ ʨʝʩʫʨʩʦʚ ʢʘʥʘʣʘ ʩʚʷʟʠ ʥʘ ʦʩʥʦʚʝ ʠʥʩʪʨʫʤʝʥʪʦʚ 

ʩʤʝʥʳ ʚʠʜʦʚ ʤʦʜʫʣʷʮʠʠ ʠ ʧʘʨʘʤʝʪʨʦʚ ʢʦʜʠʨʦʚʘʥʠʷ, ʫʜʘʝʪʩʷ ʜʦʩʪʠʛʘʪʴ ʨʘʟʥʦʡ ʩʫʤʤʘʨʥʦʡ 

ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʩʠʩʪʝʤʳ ʧʝʨʝʜʘʯʠ. 

ʇʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ Y ʩʠʩʪʝʤʳ ʧʝʨʝʜʘʯʠ ʠʥʬʦʨʤʘʮʠʠ ʦʧʨʝʜʝʣʷʝʪʩʷ ʩʣʝʜʫʶʱʠʤ 

ʦʙʨʘʟʦʤ [1]: 
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ʛʜʝ CV  ï ʢʘʥʘʣʴʥʘʷ (ʩʠʤʚʦʣʴʥʘʷ) ʩʢʦʨʦʩʪʴ, ʨʘʚʥʘʷ ʚʳʜʝʣʝʥʥʦʡ ʧʦʣʦʩʝ ʯʘʩʪʦʪ FD ; kr  ï 

ʩʢʦʨʦʩʪʴ ʧʦʤʝʭʦʫʩʪʦʡʯʠʚʦʛʦ ʢʦʜʠʨʦʚʘʥʠʷ;  M  ï ʯʠʩʣʦ ʧʦʟʠʮʠʡ ʤʦʜʫʣʷʮʠʠ; SV  ï 

ʩʢʦʨʦʩʪʴ ʠʩʪʦʯʥʠʢʘ ʜʘʥʥʳʭ; q  ï ʧʣʦʪʥʦʩʪʴ ʘʙʦʥʝʥʪʦʚ; S  ï ʧʣʦʱʘʜʴ ʟʦʥʳ ʧʦʢʨʳʪʠʷ ʩ 

ʦʙʝʩʧʝʯʝʥʠʝʤ ʪʨʝʙʫʝʤʦʡ ʜʦʩʪʦʚʝʨʥʦʩʪʠ; a  ï ʢʦʵʬʬʠʮʠʝʥʪ ʟʘʥʷʪʦʩʪʠ ʘʙʦʥʝʥʪʘ ʚ ʯʘʩ; A  ï 

ʥʘʛʨʫʟʢʘ ʚ ʟʦʥʝ ʦʙʩʣʫʞʠʚʘʥʠʷ. 

ʉʮʝʥʘʨʠʡ 1. ʇʫʩʪʴ ʠʤʝʶʪʩʷ ʚʳʜʝʣʝʥʥʳʝ ʯʘʩʪʦʪʥʳʝ ȹF ʠ ʵʥʝʨʛʝʪʠʯʝʩʢʠʝ ʨʝʩʫʨʩʳ 

Pʠʟʣ ʜʣʷ ʙʘʟʦʚʦʡ ʩʪʘʥʮʠʠ (ɹʉ); ʠʩʧʦʣʴʟʫʝʪʩʷ ʨʝʞʠʤ OFDMA (orthogonal frequency division 

multiplexing access), ʧʦʟʚʦʣʷʶʱʠʡ ʨʘʩʧʨʝʜʝʣʷʪʴ ʧʦʜʥʝʩʫʱʠʝ ʩʫʤʤʘʨʥʦʛʦ ʩʠʛʥʘʣʘ ʤʝʞʜʫ 

ʧʦʣʴʟʦʚʘʪʝʣʷʤʠ ʚ ʟʦʥʝ ʦʙʩʣʫʞʠʚʘʥʠʷ; ʦʧʨʝʜʝʣʝʥʥʳʡ ʚʠʜ ʤʥʦʛʦʧʦʟʠʮʠʦʥʥʦʡ ʤʦʜʫʣʷʮʠʠ 

(ʄʇʄ) c ʧʘʨʘʤʝʪʨʦʤ k ʠ ʩʢʦʨʦʩʪʴ ʧʦʤʝʭʦʫʩʪʦʡʯʠʚʦʛʦ ʢʦʜʠʨʦʚʘʥʠʷ rk ʜʣʷ ʧʦʜʥʝʩʫʱʠʭ 

OFDM. ʊʦʛʜʘ ʚ ɻʪʠʭ ʫʩʣʦʚʠʷʭ ʩʫʱʝʩʪʚʫʝʪ ʛʨʘʥʠʮʘ ʟʦʥʳ ʦʙʩʣʫʞʠʚʘʥʠʷ L1 (ʨʠʩ. 1), ʛʜʝ 

ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ ʤʘʢʩʠʤʘʣʴʥʘʷ ʩʫʤʤʘʨʥʘʷ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʩʠʩʪʝʤʳ ʧʝʨʝʜʘʯʠ. ʇʨʠ 

ʵʪʦʤ ʢʘʞʜʦʤʫ ʘʙʦʥʝʥʪʫ ʚ ʟʦʥʝ ʦʙʩʣʫʞʠʚʘʥʠʷ ʚʳʜʝʣʷʝʪʩʷ ʦʜʠʥʘʢʦʚʦʝ ʢʦʣʠʯʝʩʪʚʦ ʨʝʩʫʨʩʦʚ 

ʩʠʩʪʝʤʳ, ʯʪʦ ʦʟʥʘʯʘʝʪ ʦʜʠʥʘʢʦʚʫʶ ʩʢʦʨʦʩʪʴ ʧʝʨʝʜʘʯʠ ʜʣʷ ʢʘʞʜʦʛʦ ʘʙʦʥʝʥʪʘ ʥʝʟʘʚʠʩʠʤʦ 

ʦʪ ʝʛʦ ʫʜʘʣʝʥʠʷ ʦʪ ʙʘʟʦʚʦʡ ʩʪʘʥʮʠʠ ʚ ʨʘʤʢʘʭ ʟʦʥʳ ʦʙʩʣʫʞʠʚʘʥʠʷ, ʩ ʛʘʨʘʥʪʠʨʦʚʘʥʥʦʡ 

ʜʦʩʪʦʚʝʨʥʦʩʪʴʶ ʧʨʠʝʤʘ ʠʥʬʦʨʤʘʮʠʠ ʥʝ ʭʫʞʝ ʪʨʝʙʫʝʤʦʡ.  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚʩʝʤ ʘʙʦʥʝʥʪʘʤ ʧʨʝʜʦʩʪʘʚʣʷʝʪʩʷ ʦʜʠʥʘʢʦʚʦ ʥʠʟʢʘʷ ʩʢʦʨʦʩʪʴ 

ʦʙʩʣʫʞʠʚʘʥʠʷ ʥʝʟʘʚʠʩʠʤʦ ʦʪ ʠʭ ʫʜʘʣʝʥʠʷ ʦʪ ɹʉ ʚ ʩʚʷʟʠ ʩ ʄʇʄ ʥʠʟʢʦʛʦ ʧʦʨʷʜʢʘ ʜʣʷ 

ʧʦʢʨʳʪʠʷ ʙʦʣʴʰʦʡ ʟʦʥʳ ʦʙʩʣʫʞʠʚʘʥʠʷ, ʩ ʛʘʨʘʥʪʠʨʦʚʘʥʥʦʡ ʜʦʩʪʦʚʝʨʥʦʩʪʴʶ pb=10
-6

. 

ʋʢʘʟʘʥʥʘʷ ʜʦʩʪʦʚʝʨʥʦʩʪʴ ʜʦʩʪʠʛʘʝʪʩʷ ʥʘ ʦʩʥʦʚʝ ʧʨʠʤʝʥʝʥʠʷ ʟʘʜʘʥʥʦʛʦ 

ʧʦʤʝʭʦʫʩʪʦʡʯʠʚʦʛʦ ʢʦʜʠʨʦʚʘʥʠʷ ʩ ʥʝʠʟʤʝʥʥʳʤʠ ʧʘʨʘʤʝʪʨʘʤʠ, ʘ ʠʤʝʥʥʦ: ʜʣʠʥʘ ʢʦʜʘ n ʠ 

ʩʢʦʨʦʩʪʴ ʢʦʜʠʨʦʚʘʥʠʷ rk. ɼʘʥʥʳʡ ʩʮʝʥʘʨʠʡ ʤʦʞʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʩ ʮʝʣʴʶ ʨʝʰʝʥʠʷ 

ʟʘʜʘʯʠ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʨʘʩʰʠʨʝʥʠʷ ʟʦʥʳ ʦʙʩʣʫʞʠʚʘʥʠʷ, ʢʦʛʜʘ ʥʝ ʩʪʘʚʠʪʩʷ ʟʘʜʘʯʘ 

ʤʘʢʩʠʤʠʟʘʮʠʠ ʩʢʦʨʦʩʪʠ ʧʝʨʝʜʘʯʠ ʥʘ ʦʜʥʦʛʦ ʘʙʦʥʝʥʪʘ ʚ ʵʪʦʡ ʟʦʥʝ.  
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ʈʠʩ. 1. ʇʦʢʨʳʪʠʝ ʤʘʢʩʠʤʘʣʴʥʦʡ ʟʦʥʳ ʦʙʩʣʫʞʠʚʘʥʠʷ 

 

ɼʘʥʥʳʡ ʩʮʝʥʘʨʠʡ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʥʝʵʬʬʝʢʪʠʚʥʳʤ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʵʥʝʨʛʝʪʠʯʝʩʢʦʛʦ 

ʨʝʩʫʨʩʘ ʩʠʩʪʝʤʳ ʧʝʨʝʜʘʯʠ, ʧʦʩʢʦʣʴʢʫ ʜʣʷ ʧʦʣʴʟʦʚʘʪʝʣʝʡ, ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʙʣʠʞʝ ʢ ɹʉ, 

ʵʥʝʨʛʝʪʠʢʘ ʩʠʛʥʘʣʘ ʣʫʯʰʝ, ʠ ʜʣʷ ʠʭ ʦʙʩʣʫʞʠʚʘʥʠʷ ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ 

ʤʥʦʛʦʧʦʟʠʮʠʦʥʥʫʶ ʤʦʜʫʣʷʮʠʶ ʙʦʣʝʝ ʚʳʩʦʢʦʛʦ ʫʨʦʚʥʷ ʩ ʫʜʦʚʣʝʪʚʦʨʝʥʠʝʤ ʪʨʝʙʫʝʤʳʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʜʦʩʪʦʚʝʨʥʦʩʪʠ ʧʨʠʝʤʘ ʠʥʬʦʨʤʘʮʠʠ ʠ ʫʚʝʣʠʯʝʥʠʝʤ ʩʢʦʨʦʩʪʠ ʧʝʨʝʜʘʯʠ, ʘ ʚ 

ʠʪʦʛʝ ï ʠ ʦʙʱʝʡ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʩʠʩʪʝʤʳ ʧʝʨʝʜʘʯʠ. 

ʉʮʝʥʘʨʠʡ 2. ɼʨʫʛʦʡ ʚʦʟʤʦʞʥʳʡ ʩʮʝʥʘʨʠʡ ʜʦʩʪʠʞʝʥʠʷ ʥʘʠʣʫʯʰʝʡ 

ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ  ʧʦʜʨʘʟʫʤʝʚʘʝʪ ʤʘʢʩʠʤʠʟʘʮʠʶ ʩʢʦʨʦʩʪʠ ʧʝʨʝʜʘʯʠ ʠʥʬʦʨʤʘʮʠʠ ʜʣʷ 

ʢʘʞʜʦʛʦ ʘʙʦʥʝʥʪʘ ʟʦʥʳ ʩ ʫʜʦʚʣʝʪʚʦʨʝʥʠʝʤ ʪʨʝʙʦʚʘʥʠʡ ʜʦʩʪʦʚʝʨʥʦʩʪʠ ʧʦ ʧʨʠʝʤʫ 

ʠʥʬʦʨʤʘʮʠʠ ʧʫʪʝʤ ʠʟʤʝʥʝʥʠʷ ʚʠʜʘ ʤʥʦʛʦʧʦʟʠʮʠʦʥʥʦʡ ʤʦʜʫʣʷʮʠʠ [2] ʥʘ ʦʩʥʦʚʝ 

ʠʟʤʝʨʝʥʠʷ ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʩʠʛʥʘʣʘ ʚ ʪʦʯʢʝ ʧʨʠʝʤʘ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ 

ʦʜʥʦʛʦ ʚʠʜʘ ʧʦʤʝʭʦʫʩʪʦʡʯʠʚʦʛʦ ʢʦʜʠʨʦʚʘʥʠʷ ʩ ʟʘʜʘʥʥʳʤʠ ʧʘʨʘʤʝʪʨʘʤʠ (ʨʠʩ. 2).  

 

 
ʈʠʩ. 2. ʇʦʢʨʳʪʠʝ ʤʘʢʩʠʤʘʣʴʥʦʡ ʟʦʥʳ ʦʙʩʣʫʞʠʚʘʥʠʷ 

 

ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʜʣʷ ʢʘʞʜʦʡ ʧʦʜʥʝʩʫʱʝʡ OFDM, ʠʣʠ ʜʣʷ ʥʘʙʦʨʘ ʧʦʜʥʝʩʫʱʠʭ, ʢʦʪʦʨʳʝ 

ʚʳʜʝʣʝʥʳ ʜʣʷ ʢʘʞʜʦʛʦ ʘʙʦʥʝʥʪʘ,  ʙʫʜʝʪ ʠʟʤʝʥʷʪʴʩʷ ʚʠʜ ʄʇʄ ʠ ʩʢʦʨʦʩʪʴ ʧʝʨʝʜʘʯʠ; ʚ ʪʦ 

ʞʝ ʚʨʝʤʷ ʩʫʤʤʘʨʥʘʷ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʩʠʩʪʝʤʳ ʧʝʨʝʜʘʯʠ ʙʫʜʝʪ ʚʘʨʴʠʨʦʚʘʪʴʩʷ ʚ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʨʘʟʤʝʱʝʥʠʷ ʠ ʫʜʘʣʝʥʥʦʩʪʠ ʘʙʦʥʝʥʪʦʚ ʦʪ ɹʉ. ʅʘʧʨʠʤʝʨ, ʥʘʠʙʦʣʝʝ ʙʣʠʟʢʦ 

ʥʘʭʦʜʷʱʝʤʫʩʷ ʘʙʦʥʝʥʪʫ ʢ ɹʉ, ʢʦʪʦʨʳʡ ʥʘʭʦʜʠʪʩʷ ʚ ʦʙʣʘʩʪʠ ʩʠʛʥʘʣʘ ʩ ʭʦʨʦʰʠʤʠ 

ʇ
ʨ
ʦ
ʠ
ʟ
ʚ
ʦ
ʜ
ʠ
ʪ
ʝ
ʣ
ʴ
ʥ
ʦ
ʩ
ʪ
ʴ
,
 

Y
 

ʥʘ 

ʘʙʦʥʝʥʪʘ 

L

, ʢʤ 

ʩʫʤʤʘʨʥ

ʘ  ̫

Q

AM- 

64 QAM

-16 QPS

K 

pb

=10
-6

 

L

2 

Y

2 

ʇ
ʨ
ʦ
ʠ
ʟ
ʚ
ʦ
ʜ
ʠ
ʪ
ʝ
ʣ
ʴ
ʥ
ʦ
ʩ
ʪ
ʴ
,
 

Y
 

ʥʘ ʘʙʦʥʝʥʪʘ 

L, 

ʢʤ 

ʩʫʤʤʘʨʥʘʷ 

QPSK 

pb=10
-

6
 

L1 

Y

1 



 40 

ʵʥʝʨʛʝʪʠʯʝʩʢʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ, ʜʣʷ ʧʦʜʥʝʩʫʱʠʭ OFDM ʙʫʜʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʄʇʄ 

ʚʳʩʦʢʦʛʦ ʧʦʨʷʜʢʘ (QAM-64), ʦʙʝʩʧʝʯʠʚʘʷ ʥʘʠʣʫʯʰʫʶ ʩʢʦʨʦʩʪʴ. 

ʉʨʘʚʥʠʚʘʷ ʩʮʝʥʘʨʠʠ 1 (ʨʠʩ. 1) ʠ ʩʮʝʥʘʨʠʡ 2 (ʨʠʩ. 2): 

ï ʨʘʟʤʝʨʳ ʟʦʥ ʦʙʩʣʫʞʠʚʘʥʠʷ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʩʮʝʥʘʨʠʝʚ 1 ʠ 2 ʠʤʝʝʶʪ ʦʜʠʥʘʢʦʚʳʝ 

ʨʘʟʤʝʨʳ:  

 L2 = L1. (1) 

ʕʪʦ ʦʙʲʷʩʥʷʝʪʩʷ ʪʝʤ, ʯʪʦ ʦʙʝʩʧʝʯʠʪʴ ʪʨʝʙʫʝʤʫʶ ʜʦʩʪʦʚʝʨʥʦʩʪʴ ʧʨʠʝʤʘ ʠʥʬʦʨʤʘʮʠʠ 

ʥʘ ʦʜʥʦʤ ʠ ʪʦʤ ʞʝ ʨʘʩʩʪʦʷʥʠʠ ʫʜʘʝʪʩʷ ʧʨʠ ʦʜʠʥʘʢʦʚʳʭ ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʘʭ 

ʠʟʣʫʯʘʝʤʦʛʦ ʩʠʛʥʘʣʘ, ʤʦʜʫʣʷʮʠʠ ʠ ʧʦʤʝʭʦʫʩʪʦʡʯʠʚʦʛʦ ʢʦʜʠʨʦʚʘʥʠʷ; 

ï ʩʫʤʤʘʨʥʘʷ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʩʠʩʪʝʤʳ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʩʮʝʥʘʨʠʷ 2 ʙʫʜʝʪ 

ʚʳʰʝ, ʯʝʤ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʩʮʝʥʘʨʠʷ 1, ʟʘ ʩʯʝʪ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʤʦʜʫʣʷʮʠʡ ʚʳʩʦʢʦʛʦ 

ʧʦʨʷʜʢʘ ʜʣʷ ʘʙʦʥʝʥʪʦʚ, ʥʘʭʦʜʷʱʠʭʩʷ ʙʣʠʞʝ ʢ ɹʉ: 

 Y1 < Y2. (2) 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʠʟʤʝʥʝʥʠʝ ʚʠʜʘ ʤʦʜʫʣʷʮʠʠ ʥʘ ʦʩʥʦʚʝ ʦʮʝʥʢʠ ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ 

ʧʘʨʘʤʝʪʨʦʚ ʩʠʛʥʘʣʘ, ʧʦʟʚʦʣʷʝʪ ʦʙʝʩʧʝʯʠʚʘʪʴ ʣʫʯʰʫʶ ʩʫʤʤʘʨʥʫʶ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ 

ʩʠʩʪʝʤʳ, ʯʝʤ ʚ ʩʣʫʯʘʝ ʙʝʟ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʵʪʦʛʦ ʧʨʠʝʤʘ. 

ʂʘʢ ʧʦʢʘʟʳʚʘʶʪ ʨʘʩʯʝʪʳ, ʜʣʷ ʩʮʝʥʘʨʠʷ 1 ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʤʦʜʫʣʷʮʠʠ ʚʠʜʘ QPSK, 

ʛʨʘʥʠʯʥʦʝ ʟʥʘʯʝʥʠʝ ʨʘʜʠʫʩʘ ʦʙʩʣʫʞʠʚʘʥʠʝ ʩʦʩʪʘʚʣʷʝʪ L1 = 5 ʢʤ ʧʨʠ ʤʦʱʥʦʩʪʠ ʠʟʣʫʯʝʥʠʷ 

Pʀɿʃ = 1 ɺʪ, ʜʦʩʪʠʛʘʝʤʘʷ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ï 100 ʕʨʣ/ʯʘʩ. ʇʨʠ ʦʙʨʘʱʝʥʠʠ ʢ ʩʮʝʥʘʨʠʶ 

2, ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʘʜʘʧʪʠʚʥʦʡ ʤʦʜʫʣʷʮʠʠ ʠʟ ʥʘʙʦʨʘ QPSK, QAM-16, QAM-64, 

ʛʨʘʥʠʯʥʦʝ ʟʥʘʯʝʥʠʝ ʨʘʜʠʫʩʘ ʦʙʩʣʫʞʠʚʘʥʠʝ ʩʦʩʪʘʚʣʷʝʪ ʪʘʢʞʝ L2 = 5 ʢʤ ʧʨʠ ʤʦʱʥʦʩʪʠ 

ʠʟʣʫʯʝʥʠʷ  

Pʀɿʃ = 1 ɺʪ, ʥʦ ʜʦʩʪʠʛʘʝʤʘʷ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʧʨʠ ʵʪʦʤ ʫʣʫʯʰʘʝʪʩʷ ʜʦ 100é260 

ʕʨʣ/ʯʘʩ, ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʯʠʩʣʘ ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʧʦʣʴʟʦʚʘʪʝʣʝʡ ʚ ʟʦʥʘʭ, ʛʜʝ ʵʥʝʨʛʝʪʠʢʘ 

ʧʝʨʝʜʘʚʘʝʤʦʛʦ ʩʠʛʥʘʣʘ ʧʦʟʚʦʣʷʝʪ ʧʨʠʤʝʥʷʪʴ ʤʦʜʫʣʷʮʠʠ ʚʠʜʘ QAM-16, QAM-64 ʩ ʮʝʣʴʶ 

ʫʚʝʣʠʯʝʥʠʷ ʩʢʦʨʦʩʪʠ ʧʝʨʝʜʘʯʠ. 

ɺʳʚʦʜʳ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚ ʨʘʙʦʪʝ ʨʘʩʩʤʦʪʨʝʥ ʧʦʢʘʟʘʪʝʣʴ ʦʮʝʥʢʠ 

ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʩʠʩʪʝʤʳ ʧʝʨʝʜʘʯʠ, ʘ ʪʘʢʞʝ ʢʨʠʪʝʨʠʡ ʦʮʝʥʢʠ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ 

ʩʠʩʪʝʤʳ ʧʝʨʝʜʘʯʠ, ʘ ʠʤʝʥʥʦ ï ʤʘʢʩʠʤʠʟʘʮʠʷ ʧʦʢʘʟʘʪʝʣʷ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ.  

ʈʘʩʩʤʦʪʨʝʥʳ ʜʚʘ ʩʮʝʥʘʨʠʷ ʧʝʨʝʨʘʩʧʨʝʜʝʣʝʥʠʷ ʨʝʩʫʨʩʦʚ ʢʘʥʘʣʘ ʩʚʷʟʠ, ʛʜʝ ʦʩʥʦʚʥʳʤ 

ʦʪʣʠʯʠʝʤ ʦʜʥʦʛʦ ʦʪ ʜʨʫʛʦʛʦ ʷʚʣʷʝʪʩʷ ʪʦ, ʯʪʦ ʚ ʧʝʨʚʦʤ ʩʮʝʥʘʨʠʠ ʧʨʠʤʝʥʷʝʪʩʷ 

ʬʠʢʩʠʨʦʚʘʥʥʳʡ ʚʠʜ ʤʦʜʫʣʷʮʠʠ, ʘ ʚʦ ʚʪʦʨʦʤ ï ʧʨʝʜʣʘʛʘʝʪʩʷ ʜʠʥʘʤʠʯʝʩʢʠʡ ʚʳʙʦʨ 

ʤʥʦʛʦʧʦʟʠʮʠʦʥʥʦʡ ʤʦʜʫʣʷʮʠʠ ʠʟ ʥʘʙʦʨʘ QPSK, QAM-16, QAM-64 ʥʘ ʦʩʥʦʚʝ ʦʮʝʥʢʠ 

ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʩʠʛʥʘʣʘ. ʆʙʘ ʩʮʝʥʘʨʠʷ ʧʨʝʜʫʩʤʘʪʨʠʚʘʶʪ ʦʜʠʥʘʢʦʚʳʝ 

ʧʘʨʘʤʝʪʨʳ ʠʟʣʫʯʘʝʤʦʛʦ ʩʠʛʥʘʣʘ ʠ ʧʘʨʘʤʝʪʨʳ ʧʦʤʝʭʦʫʩʪʦʡʯʠʚʦʛʦ ʢʦʜʠʨʦʚʘʥʠʷ. 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʩʨʘʚʥʝʥʠʷ ʩʮʝʥʘʨʠʝʚ 1 ʠ 2, ʧʦʢʘʟʘʥʦ, ʯʪʦ ʜʠʥʘʤʠʯʝʩʢʦʝ ʠʟʤʝʥʝʥʠʝ ʚʠʜʘ 

ʤʥʦʛʦʧʦʟʠʮʠʦʥʥʦʡ ʤʦʜʫʣʷʮʠʠ ʥʘ ʦʩʥʦʚʘʥʠʠ ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʩʠʛʥʘʣʘ ʧʦʟʚʦʣʷʝʪ 

ʫʚʝʣʠʯʠʚʘʪʴ ʩʢʦʨʦʩʪʴ ʧʝʨʝʜʘʯʠ ʠʥʬʦʨʤʘʮʠʠ ʜʣʷ ʘʙʦʥʝʥʪʦʚ, ʥʘʭʦʜʷʱʠʭʩʷ ʙʣʠʞʝ ʢ ʙʘʟʦʚʦʡ 

ʩʪʘʥʮʠʠ, ʯʪʦ ʚ ʨʝʟʫʣʴʪʘʪʝ ʫʚʝʣʠʯʠʚʘʝʪ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʥʘ ʘʙʦʥʝʥʪʘ, ʠ ʩʫʤʤʘʨʥʫʶ 

ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʩʠʩʪʝʤʳ ʚ ʮʝʣʦʤ.  

ʇʦʵʪʦʤʫ ʨʝʢʦʤʝʥʜʫʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʪʴ ʜʠʥʘʤʠʯʝʩʢʠʡ ʚʳʙʦʨ ʚʠʜʘ ʤʥʦʛʦʧʦʟʠʮʠʦʥʥʦʡ 

ʤʦʜʫʣʷʮʠʠ ʠʟ ʥʘʙʦʨʘ ʩ ʮʝʣʴʶ ʫʚʝʣʠʯʝʥʠʷ ʩʢʦʨʦʩʪʠ ʧʝʨʝʜʘʯʠ ʠ ʦʙʱʝʡ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ 

ʩʠʩʪʝʤʳ ʧʝʨʝʜʘʯʠ. 
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Adaptive radio resource management model  

for heterogeneous wireless networks  

Next generation of wireless networks will be a combination of multiple radio 

access technologies which form a heterogeneous wireless network. In this paper we 

have proposed the model of adaptive radio resource management in a mobile 

network in order to decrease the coefficient of sector utilization. 

 

ɯʩʥʫʶʯʽ ʩʠʩʪʝʤʠ ʙʝʟʧʨʦʚʽʜʥʦʛʦ ʜʦʩʪʫʧʫ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴʩʷ ʥʠʟʴʢʠʤ 

ʨʽʚʥʝʤ ʷʢʦʩʪʽ ʥʘʜʘʥʥʷ ʧʦʩʣʫʛ, ʘ ʪʘʢʦʞ ʟʥʘʯʥʠʤʠ ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʤʠ 

ʚʠʪʨʘʪʘʤʠ. ʂʨʽʤ ʪʦʛʦ, ʥʠʟʴʢʘ ʝʥʝʨʛʝʪʠʯʥʘ ʪʘ ʩʧʝʢʪʨʘʣʴʥʘ ʝʬʝʢʪʠʚʥʽʩʪʴ 

ʥʝʛʘʪʠʚʥʦ ʚʧʣʠʚʘʶʪʴ ʥʘ ʚʘʨʪʽʩʪʴ ʧʦʩʣʫʛ ʜʣʷ ʢʽʥʮʝʚʠʭ ʢʦʨʠʩʪʫʚʘʯʽʚ, ʘ ʪʘʢʦʞ 

ʦʙʤʝʞʫʶʪʴ ʤʦʞʣʠʚʦʩʪʽ ʱʦʜʦ ʚʧʨʦʚʘʜʞʝʥʥʷ ʥʦʚʠʭ ʚʠʜʽʚ ʩʝʨʚʽʩʽʚ. 

ʊʦʤʫ ʚʠʥʠʢʘʻ ʥʝʦʙʭʽʜʥʽʩʪʴ ʚ ʦʙôʻʜʥʘʥʥʽ ʤʝʨʝʞʥʠʭ ʽʥʬʨʘʩʪʨʫʢʪʫʨ ʨʽʟʥʠʭ 

ʦʧʝʨʘʪʦʨʽʚ, ʧʦʙʫʜʦʚʘʥʠʭ ʟʘ ʨʽʟʥʠʤʠ ʪʝʭʥʦʣʦʛʽʷʤʠ, ʪʦʙʪʦ ʬʦʨʤʫʚʘʥʥʷ 

ʛʝʪʝʨʦʛʝʥʥʦʾ ʤʝʨʝʞʽ. ʉʝʨʝʜ ʽʥʦʟʝʤʥʠʭ ʫʯʝʥʠʭ ʧʠʪʘʥʥʷʤʠ ʛʝʪʝʨʦʛʝʥʥʦʾ 

ʧʨʠʨʦʜʠ ʩʫʯʘʩʥʠʭ ʤʝʨʝʞ ʟʘʡʤʘʶʪʴʩʷ  Masiel, Faisal [1]. ɺ ʨʘʤʢʘʭ ʜʘʥʠʭ ʨʦʙʽʪ 

ʧʨʦʧʦʥʫʶʪʴʩʷ ʤʝʭʘʥʽʟʤʠ, ʱʦ ʨʝʘʣʽʟʫʶʪʴ ʧʨʦʮʝʜʫʨʠ ʭʝʥʜʦʚʝʨʫ ʤʦʙʽʣʴʥʠʭ 

ʧʨʠʩʪʨʦʾʚ, ʦʜʥʘʢ ʘʣʛʦʨʠʪʤʠ ʩʧʽʣʴʥʦʛʦ ʘʜʘʧʪʠʚʥʦʛʦ ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʥʷ ʧʨʦ 

ʤʽʞʩʠʩʪʝʤʥʝ ʧʝʨʝʢʣʶʯʝʥʥʷ, ʷʢʽ ʻ ʽʥʜʠʚʽʜʫʘʣʴʥʠʤʠ ʜʣʷ ʢʦʞʥʦʾ ʢʦʥʢʨʝʪʥʦʾ 

ʪʝʭʥʦʣʦʛʽʾ, ʚ ʮʠʭ ʨʦʙʦʪʘʭ ʥʝ ʨʦʟʛʣʷʜʘʶʪʴʩʷ. ʊʘʢʠʤ ʯʠʥʦʤ, ʟʘʜʘʯʘ ʦʧʪʠʤʽʟʘʮʽʾ 

ʧʨʦʮʝʩʫ ʚʝʨʪʠʢʘʣʴʥʦʛʦ ʭʝʥʜʦʚʝʨʫ ʥʘ ʩʴʦʛʦʜʥʽ ʥʝ ʚʠʨʽʰʝʥʘ. ʅʘʡʙʽʣʴʰʠʤʠ 

ʚʠʢʣʠʢʘʤʠ ʧʨʠ ʨʝʘʣʽʟʘʮʽʾ ʪʘʢʦʾ ʤʝʨʝʞʽ ʻ ʝʬʝʢʪʠʚʥʝ ʫʧʨʘʚʣʽʥʥʷ ʩʧʽʣʴʥʠʤʠ 

ʨʘʜʽʦʨʝʩʫʨʩʘʤʠ ʽ ʧʨʦʟʦʨʝ ñʙʝʟʰʦʚʥʝò ʧʝʨʝʤʽʱʝʥʥʷ ʘʙʦʥʝʥʪʘ, ʱʦ ʚʢʣʶʯʘʻ ʫ 

ʩʝʙʝ ʧʽʜʪʨʠʤʢʫ ʤʦʙʽʣʴʥʦʩʪʽ, ʭʝʥʜʦʚʝʨ, ʟʘʙʝʟʧʝʯʝʥʥʷ QoS, ʩʠʩʪʝʤʫ ʙʝʟʧʝʢʠ ʪʘ 

ʪʘʨʠʬʽʢʘʮʽʾ [2].  

ʄʦʜʝʣʴ ʝʤʫʣʷʮʽʾ ʨʦʙʦʪʠ ʛʝʪʝʨʦʛʝʥʥʦʾ ʩʠʩʪʝʤʠ ʤʦʙʽʣʴʥʦʛʦ ʟʚôʷʟʢʫ 

ʋ ʭʦʜʽ ʙʫʜʽʚʥʠʮʪʚʘ ʪʘ ʝʢʩʧʣʫʘʪʘʮʽʾ ʛʝʪʝʨʦʛʝʥʥʦʾ ʤʝʨʝʞʽ ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ 

ʨʽʟʥʽ ʤʝʪʦʜʠ ʧʦ ʦʧʪʠʤʽʟʘʮʽʾ ʦʩʥʦʚʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʨʘʜʽʦʽʥʪʝʨʬʝʡʩʫ. 

ʅʝʦʙʭʽʜʥʽʩʪʴ ʦʧʪʠʤʽʟʘʮʽʾ ʧʝʨʝʜʙʘʯʘʻ ʧʦʣʽʧʰʝʥʥʷ ʷʢʦʩʪʽ ʚʩʽʻʾ ʤʝʨʝʞʽ ʽ ʜʘʻ 

ʛʘʨʘʥʪʽʾ ʪʦʛʦ, ʱʦ ʚʩʽ ʨʝʩʫʨʩʠ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʝʬʝʢʪʠʚʥʦ. ʍʘʨʘʢʪʝʨʠʩʪʠʢʫ 

ʘʣʛʦʨʠʪʤʽʚ ʢʝʨʫʚʘʥʥʷ ʨʘʜʽʦ ʨʝʩʫʨʩʘʤʠ ʽ ʾʭ ʧʘʨʘʤʝʪʨʠ ʤʦʞʥʘ ʘʥʘʣʽʟʫʚʘʪʠ, 

ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ ʦʩʥʦʚʥʽ ʨʦʙʦʯʽ ʧʦʢʘʟʥʠʢʠ. ʋ ʘʣʛʦʨʠʪʤʠ ʫʧʨʘʚʣʽʥʥʷ ʨʘʜʽʦ 

ʨʝʩʫʨʩʘʤʠ ʚʭʦʜʷʪʴ ʭʝʥʜʦʚʝʨ, ʫʧʨʘʚʣʽʥʥʷ ʧʦʪʫʞʥʽʩʪʶ, ʧʣʘʥʫʚʘʥʥʷ ʧʝʨʝʜʘʯʽ 

ʧʘʢʝʪʽʚ, ʫʧʨʘʚʣʽʥʥʷ ʜʦʩʪʫʧʦʤ ʽ ʥʘʚʘʥʪʘʞʝʥʥʷʤ . 

ɺ ʨʦʙʦʪʽ ʨʦʟʨʦʙʣʝʥʦ ʤʦʜʝʣʴ ʛʝʪʝʨʦʛʝʥʥʦʾ ʤʝʨʝʞʽ ʽʟ ʨʝʘʣʽʟʘʮʽʻʶ 

ʤʝʭʘʥʽʟʤʽʚ ʨʦʟʚʘʥʪʘʞʝʥʥʷ ʩʠʩʪʝʤ LTE/GSM/UMTS, ʟʘʙʝʟʧʝʯʫʶʯʠ ʥʝʦʙʭʽʜʥʽ 
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ʧʦʢʘʟʥʠʢʠ ʷʢʦʩʪʽ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʥʘ ʦʩʥʦʚʽ ʟʘʧʨʦʧʦʥʦʚʘʥʦʛʦ ʘʜʘʧʪʠʚʥʦʛʦ 

ʘʣʛʦʨʠʪʤʫ ʫʧʨʘʚʣʽʥʥʷ ʨʘʜʽʦ ʨʝʩʫʨʩʘʤʠ (ʨʠʩ.1).  

ɻʝʥʝʨʘʪʦʨ 

ʘʙʦʥʝʥʪ̔ʚ

ʄʝʥʝʜʞʝʨ 

ʘʙʦʥʝʥʪ̔ʚ

ʄʝʥʝʜʞʝʨ 

ʙʘʟʦʚʠʭ 

ʩʪʘʥʮ̔ʡ ʈʝʘʣ̔ʟʘʮ̫̔  

ʤʦʙ̔ʣɹʥʦʩʪ̔ 

ʘʙʦʥʝʥʪ̔ʚ

ʈʝʘʣ̔ʟʘʮ̫̔  ʤʦʜʝʣ̔ 

ʧʦh ʠʨʝʥʥ̫ 

ʨʘʜ̔ʦʭʚʠʣɹ

ʋʧʨʘʚʣ̔ʥʥ̫ ʤʦʜʝʣʣʁ 

ʪʘ ʤʦʥ̔ʪʦʨʠʥʛ ʾʾ 

ʩʪʘʥʫ

 

ʈʠʩ. 1. ʉʪʨʫʢʪʫʨʥʘ ʩʭʝʤʘ ʽʤʽʪʘʮʽʡʥʦʾ ʤʦʜʝʣʽ 

ɿʘʧʨʦʧʦʥʦʚʘʥʦ ʨʦʟʚôʷʟʘʥʥʷ ʟʘʜʘʯʽ ʧʽʜʚʠʱʝʥʥʷ ʜʦʩʪʫʧʥʦʩʪʽ ʤʝʨʝʞʝʚʠʭ 

ʨʘʜʽʦʨʝʩʫʨʩʽʚ ʤʝʪʦʜʦʤ ʙʘʣʘʥʩʫʚʘʥʥʷ ʘʙʦʥʝʥʪʩʴʢʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ ʥʘ ʦʩʥʦʚʽ 

ʚʠʤʫʰʝʥʦʛʦ ʧʝʨʝʨʦʟʧʦʜʽʣʫ.ʉʫʪʴ ʚʠʤʫʰʝʥʦʛʦ ʧʝʨʝʨʦʟʧʦʜʽʣʫ ʨʘʜʽʦʨʝʩʫʨʩʫ 

ʧʦʣʷʛʘʻ ʫ ʧʝʨʝʥʝʩʝʥʥʽ ʯʘʩʪʠʥʠ ʘʙʦʥʝʥʪʩʴʢʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ ʟ ʩʝʢʪʦʨʫ ʟ 

ʧʽʜʚʠʱʝʥʠʤ ʟʘʚʘʥʪʘʞʝʥʥʷʤ ʯʠ ʧʝʨʝʚʘʥʪʘʞʝʥʥʷʤ ʜʦ ʩʝʢʪʦʨʫ ʟ ʤʝʥʰʠʤ 

ʨʽʚʥʝʤ ʟʘʚʘʥʪʘʞʝʥʥʷ ʜʣʷ ʦʜʥʦʨʽʜʥʠʭ ʪʘ ʥʝʦʜʥʦʨʽʜʥʠʭ ʤʝʨʝʞ . ʎʝ 

ʟʜʽʡʩʥʶʻʪʴʩʷ ʰʣʷʭʦʤ ʧʝʨʝʥʝʩʝʥʥʷ ʘʙʦʥʝʥʪʩʴʢʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ (ʚʠʤʫʰʝʥʦʛʦ 

ʭʝʥʜʦʚʝʨʫ) ʤʽʞ ʩʫʤʽʞʥʠʤʠ ʩʝʢʪʦʨʘʤʠ ʚ ʤʝʞʘʭ ʩʧʽʣʴʥʦʾ ʪʝʨʠʪʦʨʽʾ ʧʦʢʨʠʪʪʷ. 

ɼʣʷ ʟʜʽʡʩʥʝʥʥʷ ʚʠʤʫʰʝʥʦʛʦ ʭʝʥʜʦʚʝʨʫ ʥʝʦʙʭʽʜʥʦ ʟʘʜʦʚʦʣʴʥʠʪʠ ʜʚʽ ʫʤʦʚʠ: 

- ʧʦʪʫʞʥʽʩʪʴ ʩʠʛʥʘʣʫ, ʷʢʠʡ ʘʙʦʥʝʥʪ ʦʪʨʠʤʫʻ ʚʽʜ ʩʫʩʽʜʥʴʦʾ ʙʘʟʦʚʦʾ 

ʩʪʘʥʮʽʾ, ʜʦʨʽʚʥʶʻ ʘʙʦ ʧʝʨʝʚʠʱʫʻ ʤʽʥʽʤʘʣʴʥʝ ʨʦʙʦʯʝ ʟʥʘʯʝʥʥʷ; 

- ʧʝʨʝʤʽʱʝʥʥʷ ʘʙʦʥʝʥʪʘ ʟʘ ʩʝʨʝʜʥʶ ʪʨʠʚʘʣʽʩʪʴ ʩʝʘʥʩʫ ʟʚôʷʟʢʫ ʥʝʟʥʘʯʥʝ 

ʧʦʨʽʚʥʷʥʦ ʟ ʨʘʜʽʫʩʦʤ ʢʦʤʽʨʢʠ. 

 

 
ʈʠʩ.2. ɻʨʘʬʽʯʥʠʡ ʽʥʪʝʨʬʝʡʩ ʧʨʦʛʨʘʤʠ, ʱʦ ʨʝʘʣʽʟʫʻ ʽʤʽʪʘʮʽʡʥʫ ʤʦʜʝʣʴ ʤʦʙʽʣʴʥʦʾ 

ʛʝʪʝʨʦʛʝʥʥʦʾ ʩʠʩʪʝʤʠ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ  

 

ɼʣʷ ʪʦʛʦ, ʱʦʙ ʦʙʤʝʞʠʪʠ ʨʦʟʤʽʨʥʽʩʪʴ ʟʘʜʘʯʽ ʚʠʤʫʰʝʥʦʛʦ ʧʝʨʝʨʦʟʧʦʜʽʣʫ 

ʨʘʜʽʦʨʝʩʫʨʩʫ, ʧʦʪʨʽʙʥʦ ʧʨʦʚʝʩʪʠ ʢʣʘʩʠʬʽʢʘʮʽʶ ʘʢʪʠʚʥʠʭ ʘʙʦʥʝʥʪʽʚ ʟʘ 

ʰʚʠʜʢʽʩʪʶ ʧʝʨʝʤʽʱʝʥʥʷ (ʯʠʤ ʥʠʞʯʘ ʰʚʠʜʢʽʩʪʴ, ʪʠʤ ʚʠʱʠʡ ʧʨʽʦʨʠʪʝʪ ʜʣʷ 

ʚʠʤʫʰʝʥʦʛʦ ʭʝʥʜʦʚʝʨʫ) ʪʘ ʢʣʘʩʦʤ ʧʦʩʣʫʛ (ʯʠʤ ʥʠʞʯʠʡ ʢʣʘʩ, ʪʠʤ ʚʠʱʠʡ 

ʧʨʽʦʨʠʪʝʪ ʜʣʷ ʚʠʤʫʰʝʥʦʛʦ ʭʝʥʜʦʚʝʨʫ). 

ʆʜʥʽʻʶ ʟ ʯʘʩʪʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʥʠʭ ʤʦʜʝʣʝʡ ʧʨʠ ʤʦʜʝʣʶʚʘʥʥʽ ʤʦʙʽʣʴʥʠʭ 

ʤʝʨʝʞ ʻ ʤʦʜʝʣʴ ʚʠʧʘʜʢʦʚʦʾ ʪʦʯʢʠ ʤʘʨʰʨʫʪʫ, ʚ ʷʢʽʡ ʚʫʟʣʠ ʨʫʭʘʶʪʴʩʷ 

ʥʝʟʘʣʝʞʥʦ ʜʦ ʚʠʧʘʜʢʦʚʦ ʦʙʨʘʥʦʾ ʮʽʣʽ ʟ ʚʠʧʘʜʢʦʚʦ ʦʙʨʘʥʦʶ ʰʚʠʜʢʽʩʪʶ. 

ʇʨʦʩʪʦʪʘ ʜʘʥʦʾ ʤʦʜʝʣʽ ʩʪʘʣʘ ʦʜʥʽʻʶ ʟ ʧʨʠʯʠʥ ʾʾ ʰʠʨʦʢʦʛʦ ʟʘʩʪʦʩʫʚʘʥʥʷ ʚ 

ʤʦʜʝʣʶʚʘʥʥʽ. ʄʦʜʝʣʽ ʤʦʙʽʣʴʥʦʩʪʽ ʤʦʞʫʪʴ ʤʘʪʠ ʨʽʟʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʽ 



 43 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ. ʊʦʤʫ, ʱʦʙ ʨʝʪʝʣʴʥʦ ʦʮʽʥʠʪʠ ʤʦʞʣʠʚʽʩʪʴ ʚʠʥʠʢʥʝʥʥʷ 

ʧʝʨʝʚʘʥʪʘʞʝʥʥʷ, ʥʝʦʙʭʽʜʥʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʙʘʛʘʪʠʡ ʥʘʙʽʨ ʤʦʜʝʣʝʡ 

ʤʦʙʽʣʴʥʦʩʪʽ ʪʘ ʧʘʨʘʤʝʪʨʽʚ ʤʝʨʝʞʽ ʟʘʤʽʩʪʴ ʤʦʜʝʣʽ ʚʠʧʘʜʢʦʚʦʾ ʪʦʯʢʠ ʤʘʨʰʨʫʪʫ. 

 

 
 

ʈʠʩ. 3 ɺʽʟʫʘʣʽʟʘʮʽʷ ʚʧʣʠʚʫ ʤʽʩʮʷ ʨʦʟʪʫʰʫʚʘʥʥʷ ʤʦʙʽʣʴʥʦʛʦ  

ʪʝʨʤʽʥʘʣʫ ʥʘ ʧʦʪʫʞʥʽʩʪʴ ʦʪʨʠʤʘʥʦʛʦ ʩʠʛʥʘʣʫ 

 

ɼʣʷ ʜʦʩʣʽʜʞʝʥʥʷ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʨʝʘʣʴʥʦʾ ʩʠʩʪʝʤʠ ʤʦʙʽʣʴʥʦʛʦ ʟʚôʷʟʢʫ ʚ 

ʫʤʦʚʘʭ ʚʠʩʦʢʦʾ ʤʦʙʽʣʴʥʦʩʪʽ ʘʙʦʥʝʥʪʽʚ ʜʦʮʽʣʴʥʦ ʟʜʽʡʩʥʠʪʠ ʤʦʜʝʣʶʚʘʥʥʷ ʪʘʢʦʾ 

ʩʠʩʪʝʤʠ, ʧʨʠʜʽʣʠʚʰʠ ʥʘʡʙʽʣʴʰʫ ʫʚʘʛʫ ʩʘʤʝ ʧʝʨʝʤʽʱʝʥʥʶ ʘʙʦʥʝʥʪʘ (ʨʠʩ.3). 

ɯʤʽʪʘʮʽʡʥʘ ʤʦʜʝʣʴ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʙʣʦʢʫ ʛʝʥʝʨʘʮʽʾ ʘʙʦʥʝʥʪʽʚ, ʷʢʠʡ ʚʽʜʧʦʚʽʜʥʦ 

ʜʦ ʦʙʨʘʥʦʛʦ ʟʘʢʦʥʫ ʨʦʟʧʦʜʽʣʫ ʩʪʚʦʨʶʻ ʟʘʧʠʩʫʻ ʚ çʤʝʥʝʜʞʝʨ ʘʙʦʥʝʥʪʽʚè ʚʩʽʭ 

ʥʦʚʦʩʪʚʦʨʝʥʠʭ ʘʢʪʠʚʥʠʭ ʘʙʦʥʝʥʪʽʚ (ʨʠʩ.2). ɸʙʦʥʝʥʪ ʚ ʽʤʽʪʘʮʽʡʥʽʡ ʤʦʜʝʣʽ 

ʧʨʝʜʩʪʘʚʣʝʥʠʡ ʷʢ ʦʙôʻʢʪ ʟ ʥʘʙʦʨʦʤ ʪʘʢʠʭ ʧʘʨʘʤʝʪʨʽʚ, ʷʢ: ʪʨʠʚʘʣʽʩʪʴ 

ʘʢʪʠʚʥʦʩʪʽ, ʚʝʢʪʦʨ ʨʫʭʫ, ʰʚʠʜʢʽʩʪʴ ʨʫʭʫ, ʧʦʪʦʯʥʝ ʤʽʩʮʝ ʨʦʟʪʘʰʫʚʘʥʥʷ, 

ʚʽʜʜʘʣʴ ʜʦ ʚʩʽʭ ʙʘʟʦʚʠʭ ʩʪʘʥʮʽʡ, ʨʽʚʝʥʴ ʩʠʛʥʘʣʫ ʚʽʜ ʫʩʽʭ ʙʘʟʦʚʠʭ ʩʪʘʥʮʽʡ ʪʘ 

ʽʥʰʽ ʜʦʜʘʪʢʦʚʽ ʧʘʨʘʤʝʪʨʠ ʥʝʦʙʭʽʜʥʽ ʜʣʷ ʨʦʙʦʪʠ ʤʦʜʝʣʽ. 

ɺʠʩʥʦʚʢʠ. ʈʦʟʨʦʙʣʝʥʦ ʤʦʜʝʣʴ ʛʝʪʝʨʦʛʝʥʥʦʾ ʤʝʨʝʞʽ, ʱʦ ʜʘʻ ʟʤʦʛʫ 

ʜʦʩʣʽʜʠʪʠ ʧʨʦʮʝʩ ʦʧʪʠʤʽʟʘʮʽʾ ʤʝʨʝʞʝʚʦʾ ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ ʤʦʙʽʣʴʥʦʛʦ 

ʦʧʝʨʘʪʦʨʘ, ʰʣʷʭʦʤ ʧʝʨʝʨʦʟʧʦʜʽʣʫ ʤʝʨʝʞʝʚʠʭ ʨʝʩʫʨʩʽʚ ʪʘ ʙʘʣʘʥʩʫʚʘʥʥʽ 

ʥʘʚʘʥʪʘʞʝʥʥʷ ʧʨʠ ʚʧʨʦʚʘʜʞʝʥʥʽ ʽ ʨʦʟʚʠʪʢʫ ʚ ʥʽʡ ʝʣʝʤʝʥʪʽʚ NGN-ʪʝʭʥʦʣʦʛʽʡ 

ʜʣʷ ʩʧʽʣʴʥʦʛʦ ʨʦʟʛʦʨʪʘʥʥʷ ʽʥʬʦʢʦʤʫʥʽʢʘʮʽʡʥʦʾ ʤʝʨʝʞʽ. ʎʝ ʦʩʦʙʣʠʚʦ 

ʘʢʪʫʘʣʴʥʦ ʧʨʠ ʝʢʩʧʣʫʘʪʘʮʽʾ ʚ ʫʤʦʚʘʭ ʥʘʷʚʥʦʩʪʽ ʜʝʢʽʣʴʢʦʭ ʙʝʟʧʨʦʚʽʜʥʠʭ ʤʝʨʝʞ 

ʜʦʩʪʫʧʫ, ʱʦ ʬʫʥʢʮʽʦʥʫʶʪʴ ʥʘ ʦʜʥʽʡ ʪʝʨʠʪʦʨʽʾ, ʪʘ ʤʦʙʽʣʴʥʠʭ ʧʨʠʩʪʨʦʾʚ, ʱʦ 

ʧʽʜʪʨʠʤʫʶʪʴ ʬʫʥʢʮʽʾ ʧʘʨʘʣʝʣʴʥʦʾ ʚʟʘʻʤʦʜʽʾ ʟ ʪʘʢʠʤʠ ʤʝʨʝʞʘʤʠ. 
ʃʽʪʝʨʘʪʫʨʘ 
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Functional model of control system wireless sensors network 
The article describes the functional model of the control system wireless sensor network. 

The author offers solutions for building functional subsystems and describes their purpose 

operation. 
 

ɹʝʟʧʨʦʚʽʜʥʽ ʩʝʥʩʦʨʥʽ ʤʝʨʝʞʽ (ɹʉʄ) ʩʢʣʘʜʘʶʪʴʩʷ ʟ ʤʘʣʝʥʴʢʠʭ ʩʝʥʩʦʨʥʠʭ 

ʚʫʟʣʽʚ ʟ ʽʥʪʝʛʨʦʚʘʥʠʤʠ ʬʫʥʢʮʽʷʤʠ ʤʦʥʽʪʦʨʠʥʛʫ ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ, 

ʦʙʨʦʙʢʠ ʽ ʧʝʨʝʜʘʯʽ ʜʘʥʠʭ [1, 2]. ɿʘʟʚʠʯʘʡ ʩʝʥʩʦʨʥʠʡ ʚʫʟʦʣ ʩʢʣʘʜʘʻʪʴʩʷ ʟ 

ʜʘʪʯʠʢʽʚ  (ʘʢʫʩʪʠʯʥʠʭ, ʪʝʤʧʝʨʘʪʫʨʥʠʭ, ʦʧʪʠʯʥʠʭ, ʩʝʡʩʤʽʯʥʠʭ, ʭʽʤʽʯʥʠʭ ʪʦʱʦ)  

ʧʘʨʘʤʝʪʨʽʚ ʟʦʚʥʽʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ, ʤʽʢʨʦʧʨʦʮʝʩʦʨʘ, ʙʘʪʘʨʝʾ ʪʘ 

ʧʨʠʡʦʤʦʧʝʨʝʜʘʚʘʯʘ ʟ ʬʫʥʢʮʽʷʤʠ ʤʘʨʰʨʫʪʠʟʘʪʦʨʘ  (ʤʦʞʣʠʚʘ ʥʘʷʚʥʽʩʪʴ 

ʩʠʩʪʝʤʠ ʧʦʟʠʮʽʦʥʫʚʘʥʥʷ). ɹʉʄ ʚʽʜʥʦʩʷʪʴʩʷ ʜʦ ʢʣʘʩʫ ʨʘʜʽʦʤʝʨʝʞ, ʱʦ 

ʩʘʤʦʦʨʛʘʥʽʟʫʶʪʴʩʷ [2]. ʆʜʥʘʢ ʚʦʥʠ ʤʘʶʪʴ ʩʚʦʾ ʦʩʦʙʣʠʚʦʩʪʽ: ʦʙʤʝʞʝʥʽʩʪʴ 

ʨʝʩʫʨʩʽʚ ʚʫʟʣʽʚ ʤʝʨʝʞʽ (ʟʘ ʧʘʤôʷʪʪʶ, ʧʨʦʜʫʢʪʠʚʥʽʩʪʶ ʧʨʦʮʝʩʦʨʫ, ʧʦʪʫʞʥʽʩʪʶ 

ʨʘʜʽʦʧʝʨʝʜʘʚʘʯʘ), ʤʘʣʘ ʜʘʣʴʥʽʩʪʴ ʪʘ ʧʨʦʧʫʩʢʥʘ ʟʜʘʪʥʽʩʪʴ ʢʘʥʘʣʽʚ ʨʘʜʽʦʟʚôʷʟʢʫ 

ʤʽʞ ʚʫʟʣʘʤʠ, ʢʦʥʮʝʥʪʨʘʮʽʷ ʪʨʘʬʽʢʫ ʥʘʚʢʦʣʦ ʰʣʶʟʫ. ʊʠʧ ʚʫʟʣʽʚ 

(ʩʪʘʮʽʦʥʘʨʥʠʡ, ʨʫʭʦʤʠʡ), ʢʽʣʴʢʽʩʪʴ ʧʘʨʘʤʝʪʨʽʚ ʤʦʥʽʪʦʨʠʥʛʫ, ʨʦʟʤʽʨʥʽʩʪʴ 

ʤʝʨʝʞʽ, ʪʠʧ  ʪʨʘʬʽʢʘ, ʦʨʛʘʥʽʟʘʮʽʷ ʫʧʨʘʚʣʽʥʥʷ (ʜʝʮʝʥʪʨʘʣʽʟʦʚʘʥʘ, ʽʻʨʘʨʭʽʯʥʘ 

ʘʙʦ ʛʽʙʨʠʜʥʘ) ʟʘʣʝʞʠʪʴ ʚʽʜ  ʧʨʠʟʥʘʯʝʥʥʷ ɹʉʄ ʪʘ ʾʭ ʬʫʥʢʮʽʡ.  

ʉʝʥʩʦʨʥʽ ʚʫʟʣʠ ʧʦʚʠʥʥʽ ʘʜʘʧʪʫʚʘʪʠʩʷ ʜʦ ʯʘʩʪʠʭ ʟʤʽʥ ʪʦʧʦʣʦʛʽʾ ʤʝʨʝʞʽ, 

ʪʨʘʬʽʢʘ ʪʘ ʝʬʝʢʪʠʚʥʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʦʙʤʝʞʝʥʽ ʤʝʨʝʞʝʚʽ ʨʝʩʫʨʩʠ. ɺ ʪʘʢʠʭ 

ʫʤʦʚʘʭ ʟʘʙʝʟʧʝʯʠʪʠ ʧʦʢʨʠʪʪʷ ʩʝʥʩʦʨʘʤʠ ʟʦʥʠ ʤʦʥʽʪʦʨʠʥʛʫ ʪʘ ʽʥʬʦʨʤʘʮʽʡʥʠʡ 

ʦʙʤʽʥ ʽʟ ʟʘʜʘʥʦʶ ʷʢʽʩʪʶ ʥʝʤʦʞʣʠʚʦ ʙʝʟ ʝʬʝʢʪʠʚʥʦʾ ʩʠʩʪʝʤʠ ʫʧʨʘʚʣʽʥʥʷ (ʉʋ).  

ɼʦ ʉʋ ɹʉʄ ʧʨʝʜôʷʚʣʷʶʪʴʩʷ ʥʘʩʪʫʧʥʽ ʚʠʤʦʛʠ: ʟʘʙʝʟʧʝʯʝʥʥʷ ʘʜʘʧʪʠʚʥʦʛʦ 

ʪʘ ʨʦʟʧʦʜʽʣʝʥʦʛʦ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʤʝʨʝʞʽ ʟ ʤʦʞʣʠʚʽʩʪʶ ʾʾ ʩʘʤʦʦʨʛʘʥʽʟʘʮʽʾ; 

ʦʧʪʠʤʽʟʘʮʽʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʤʝʨʝʞʽ; ʟʘʙʝʟʧʝʯʝʥʥʷ ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʴ ʫ 

ʨʝʘʣʴʥʦʤʫ (ʙʣʠʟʴʢʦʤʫ ʜʦ ʨʝʘʣʴʥʦʛʦ) ʤʘʩʰʪʘʙʫ ʯʘʩʫ; ʤʘʢʩʠʤʘʣʴʥʘ 

ʘʚʪʦʤʘʪʠʟʘʮʽʷ ʧʨʦʮʝʩʽʚ ʫʧʨʘʚʣʽʥʥʷ; ʙʝʟʧʝʢʘ ʧʝʨʝʜʘʯʽ ʪʘ ʤʽʥʽʤʘʣʴʥʝ 

ʟʘʚʘʥʪʘʞʝʥʥʷ ʩʣʫʞʙʦʚʦʶ ʽʥʬʦʨʤʘʮʽʻʶ. 

ʎʠʢʣ ʫʧʨʘʚʣʽʥʥʷ ɹʉʄ ʚʢʣʶʯʘʻ:  

ï ʟʙʽʨ ʽʥʬʦʨʤʘʮʽʾ ʧʨʦ ʩʪʘʥ ʤʝʨʝʞʽ (ʥʝʦʙʭʽʜʥʦ ʧʨʠʡʤʘʪʠ ʨʽʰʝʥʥʷ ʟʘ 

ʦʙôʻʤʦʤ, ʪʠʧʦʤ, ʩʧʦʩʦʙʦʤ, ʨʽʚʥʷʤʠ, ʬʫʥʢʮʽʷʤʠ ʟʙʦʨʫ ʩʣʫʞʙʦʚʦʾ ʽʥʬʦʨʤʘʮʽʾ);  

ï ʘʥʘʣʽʟ ʜʘʥʦʾ  ʽʥʬʦʨʤʘʮʽʾ, ʥʘ ʦʩʥʦʚʽ ʷʢʦʛʦ  ʚʠʟʥʘʯʘʶʪʴʩʷ: ʨʽʚʝʥʴ 

ʚʠʢʦʥʘʥʥʷ ʤʝʨʝʞʝʶ ʩʚʦʾʭ ʬʫʥʢʮʽʡ, ʥʝʦʙʭʽʜʥʽʩʪʴ ʫʧʨʘʚʣʷʶʯʦʛʦ ʚʧʣʠʚʫ, ʮʽʣʽ 

ʫʧʨʘʚʣʽʥʥʷ ʟ ʧʦʜʘʣʴʰʦʶ ʜʝʪʘʣʽʟʘʮʽʻʶ ʾʭ ʥʘ ʧʽʜʮʽʣʽ;  

ï ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʥʷ ʟʘ ʬʫʥʢʮʽʷʤʠ ʪʘ ʨʽʚʥʷʤʠ ʤʦʜʝʣʽ OSI (ʦʙʯʠʩʣʝʥʥʷ 

ʤʘʨʰʨʫʪʫ, ʚʠʙʽʨ ʧʨʦʪʦʢʦʣʫ ʢʘʥʘʣʴʥʦʛʦ ʜʦʩʪʫʧʫ, ʚʠʙʽʨ ʤʝʪʦʜʫ ʟʙʝʨʝʞʝʥʥʷ 



 45 

ʝʥʝʨʛʽʾ ʙʘʪʘʨʝʾ, ʩʧʦʩʦʙʫ ʨʦʟʩʠʣʘʥʥʷ ʩʣʫʞʙʦʚʦʾ ʽʥʬʦʨʤʘʮʽʾ ʪʦʱʦ); 

ï ʨʝʘʣʽʟʘʮʽʷ ʨʽʰʝʥʥʷ (ʨʦʟʩʠʣʘʥʥʷ ʩʣʫʞʙʦʚʦʾ ʽʥʬʦʨʤʘʮʽʾ, ʨʝʟʝʨʚʫʚʘʥʥʷ 

ʨʝʩʫʨʩʫ, ʚʩʪʘʥʦʚʣʝʥʥʷ ʧʦʪʫʞʥʦʩʪʽ ʧʝʨʝʜʘʯʽ, ʨʝʞʠʤʫ ʨʦʙʦʪʠ ʚʫʟʣʘ, 

ʩʧʨʷʤʦʚʘʥʦʩʪʽ ʘʥʪʝʥ ʪʦʱʦ).  

ɺʠʟʥʘʯʝʥʽ ʦʩʥʦʚʥʽ ʧʨʠʥʮʠʧʠ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʉʋ: ʘʜʘʧʪʠʚʥʽʩʪʴ; 

ʬʫʥʢʮʽʦʥʘʣʴʥʽʩʪʴ; ʽʻʨʘʨʭʽʯʥʽʩʪʴ;  ʨʦʟʧʦʜʽʣʝʥʽʩʪʴ ʪʘ ʢʦʦʨʜʠʥʘʮʽʷ ʚʟʘʻʤʦʜʽʾ;  

ʦʧʪʠʤʘʣʴʥʽʩʪʴ. 

ʆʙôʻʜʥʘʥʥʷ ʬʫʥʢʮʽʡ ʩʠʩʪʝʤʠ ʫʧʨʘʚʣʽʥʥʷ ʫ ʚʽʜʥʦʩʥʦ ʥʝʟʘʣʝʞʥʽ ʛʨʫʧʠ 

ʜʦʟʚʦʣʷʻ ʟʜʽʡʩʥʠʪʠ ʜʝʢʦʤʧʦʟʠʮʽʶ ʫʧʨʘʚʣʽʥʥʷ ʤʝʨʝʞʝʶ ʥʘ ʧʽʜʩʠʩʪʝʤʠ (ʱʦ 

ʟʥʘʯʥʦ ʩʧʨʦʱʫʻ ʟʘʜʘʯʫ ʨʦʟʨʦʙʢʠ ʤʘʪʝʤʘʪʠʯʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ ʫʧʨʘʚʣʽʥʥʷ): 

ʟʙʦʨʫ ʪʘ ʟʙʝʨʽʛʘʥʥʷ ʩʣʫʞʙʦʚʦʾ ʽʥʬʦʨʤʘʮʽʾ ʧʨʦ ʩʪʘʥ ʤʝʨʝʞʽ; ʧʨʠʡʥʷʪʪʷ 

ʨʽʰʝʥʥʴ ʪʘ ʾʭ ʨʝʘʣʽʟʘʮʽʾ (ʨʠʩ. 1).  
 

 
ʈʠʩ. 1. ʌʫʥʢʮʽʦʥʘʣʴʥʘ ʤʦʜʝʣʴ ʩʠʩʪʝʤʠ ʦʧʝʨʘʪʠʚʥʦʛʦ ʫʧʨʘʚʣʽʥʥʷ 

 

ʈʦʟʛʣʷʥʝʤʦ ʦʩʥʦʚʥʽ ʬʫʥʢʮʽʦʥʘʣʴʥʽ ʧʽʜʩʠʩʪʝʤʠ ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʴ, 

ʨʝʘʣʽʟʘʮʽʷ ʷʢʠʭ ʟʥʘʯʥʦ ʚʽʜʨʽʟʥʷʻʪʴʩʷ ʚʽʜ ʩʠʩʪʝʤ ʫʧʨʘʚʣʽʥʥʷ ʤʝʨʝʞ ʪʠʧʫ 

MANET [2]. 

ʇʽʜʩʠʩʪʝʤʘ ʤʘʨʰʨʫʪʠʟʘʮʽʾ ʧʦʚʽʜʦʤʣʝʥʴ ʟʘʙʝʟʧʝʯʫʻ ʧʦʙʫʜʦʚʫ ʪʘ 

ʧʽʜʪʨʠʤʢʫ ʤʘʨʰʨʫʪʽʚ ʧʝʨʝʜʘʯʽ ʟʘʜʘʥʦʾ ʷʢʦʩʪʽ ʧʨʠ ʚʠʢʦʥʘʥʥʽ ʚʠʤʦʛ ʜʦ ʾʭ 

ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ. ʉʠʥʪʝʟ ʥʝʦʙʭʽʜʥʦʛʦ ʤʝʪʦʜʫ ʤʘʨʰʨʫʪʠʟʘʮʽʾ ʙʫʜʝ ʚʠʟʥʘʯʘʪʠʩʷ 

ʧʘʨʘʤʝʪʨʘʤʠ ʤʝʨʝʞʽ (ʨʦʟʤʽʨʥʽʩʪʶ, ʧʣʦʱʝʶ ʧʦʢʨʠʪʪʷ, ʤʦʙʽʣʴʥʽʩʪʶ ʚʫʟʣʽʚ 

ʪʦʱʦ) ʪʘ ʩʝʥʩʦʨʽʚ (ʢʽʣʴʢʽʩʪʴ ʧʘʨʘʤʝʪʨʽʚ ʤʦʥʽʪʦʨʠʥʛʫ, ʻʤʥʽʩʪʴ ʙʘʪʘʨʝʾ, 

ʧʦʪʫʞʥʽʩʪʴ ʧʝʨʝʜʘʚʘʯʘ, ʦʙôʻʤ ʽʥʬʦʨʤʘʮʽʾ ʤʦʥʽʪʦʨʠʥʛʫ, ʪʠʧ ʪʨʘʬʽʢʫ ʪʦʱʦ).  

ʇʽʜʩʠʩʪʝʤʘ ʫʧʨʘʚʣʽʥʥʷ ʨʘʜʽʦʨʝʩʫʨʩʦʤ  ʧʨʠʟʥʘʯʝʥʘ ʜʣʷ ʨʦʟʧʦʜʽʣʫ 

ʯʘʩʦʚʦʛʦ, ʧʨʦʩʪʦʨʦʚʦʛʦ, ʯʘʩʪʦʪʥʦʛʦ, ʢʦʜʦʚʦʛʦ ʨʝʩʫʨʩʽʚ ʪʘ ʟʘʙʝʟʧʝʯʝʥʥʷ 

ʽʥʬʦʨʤʘʮʽʡʥʦʛʦ ʦʙʤʽʥʫ ʤʽʞ ʩʫʩʽʜʥʽʤʠ ʚʫʟʣʘʤʠ. ʄʦʞʝ ʙʫʪʠ ʚʠʢʦʨʠʩʪʘʥʠʡ 

ʚʽʜʦʤʠʡ ʧʨʦʪʦʢʦʣ 802.15.4/ZigBee ʘʙʦ ʟʘʧʨʦʧʦʥʦʚʘʥʠʡ ʥʦʚʠʡ, ʷʢʠʡ ʚʨʘʭʦʚʫʻ 

ʩʧʝʮʠʬʽʢʫ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʤʝʨʝʞʽ ʪʘ ʢʦʥʮʝʥʪʨʘʮʽʶ ʪʨʘʬʽʢʘ ʥʘʚʢʦʣʦ ʰʣʶʟʫ. 

 ʇʽʜʩʠʩʪʝʤʘ ʫʧʨʘʚʣʽʥʥʷ ʪʦʧʦʣʦʛʽʻʶ ʚʠʟʥʘʯʘʻ ʪʦʧʦʣʦʛʽʶ, ʷʢʘ ʟʜʘʪʥʘ 

ʟʘʙʝʟʧʝʯʠʪʠ ʥʝʦʙʭʽʜʥʝ ʧʦʢʨʠʪʪʷ ʨʘʡʦʥʫ ʤʦʥʽʪʦʨʠʥʛʫ ʪʘ ʟʘʙʝʟʧʝʯʠʪʠ ʟʚ'ʷʟʥʫ 

ʪʦʧʦʣʦʛʽʶ ʧʨʠ ʟʘʜʘʥʠʭ ʚʠʤʦʛʘʭ ʟʘ ʷʢʽʩʪʶ ʽʥʬʦʨʤʘʮʽʡʥʦʛʦ ʦʙʤʽʥʫ ʪʘ 

ʽʩʥʫʶʯʠʭ ʨʝʩʫʨʩʥʠʭ ʦʙʤʝʞʝʥʥʷʭ. 

 
   

ʇʜ̔ʩʠʩʪʝʤʘ ʧʨʠʡʥʷʪʪʷ ʨʽʝhʥɹ  

ʇʜ̔ʩʠʩʪʝʤʘ  
ʫʧʨʘʚʣʽʥʥʷ 

ʤʘʨʰʨʫʪʠʟʘʮʽʻʶ 

ʉʝʥʩʦʨʥʘ  
ʤʝʨʝʞʘ 

ʇʽʜʩʠʩʪʝʤʘ ʟʙʦʨʫ ʪʘ 

ʟʙʝʨʽʛʘʥʥʷ ʽʥʬʦʨʤʘʮʽʾ 

ʇʜ̔ʩʠʩʪʝʤʘ  
ʫʧʨʘʚʣʽʥʥʷ  

ʝʥʝʨʛʦʨʝʩʫʨʩʦʤ 

ʇʜ̔ʩʠʩʪʝʤʘ  
ʫʧʨʘʚʣʽʥʥʷ 
ʪʦʧʦʣʦʛʽʻʶ 

ʇ̔ʜʩʠʩʪʝʤʘ  
ʫʧʨʘʚʣʽʥʥʷ 
ʨʘʜʽʦʨʝʩʫʨʩʦʤ 

ʇʜ̔ʩʠʩʪʝʤʘ 
 ʫʧʨʘʚʣʽʥʥʷ  
ʤʦʥʽʪʦʨʠʥʛʦʤ 

ʇʜ̔ʩʠʩʪʝʤʘ  ʨʝʘʣʽʟʘʮʽʾ 

ʨ̔ʰʝʥʴ 

ʇʜ̔ʩʠʩʪʝʤʘ  
ʟʘʙʝʟʧʝʯʝʥʥ  ̫
ʙʝʟʧʝʢʠ 

ʇʜ̔ʩʠʩʪʝʤʘ 
ʫʧʨʘʚʣʽʥʥʷ  

ʷʢʽʩʪʶ ʧʝʨʝʜʘʯʽ 

ʉʠʩʪʝʤʘ ʫʧʨʘʚʣʽʥʥʷ ɹʉʄ 

ʇʜ̔ʩʠʩʪʝʤʘ  
ʫʧʨʘʚʣʽʥʥʷ  

ʥʘʚʘʥʪʘʞʝʥʥʷʤ  

ʇʽʜʩʠʩʪʝʤʘ  
ʘʛʨʝʛʫʚʘʥʥʷ 
ʜʘʥʠʭ 

ʇʽʜʩʠʩʪʝʤʘ ʫʧʨʘʚʣʽʥʥʷ 

ʨʫʭʦʤ ʩʝʥʩʦʨʘ-ʨʦʙʦʪʘ  

https://ru.wikipedia.org/wiki/ZigBee
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 ʇʽʜʩʠʩʪʝʤʘ ʫʧʨʘʚʣʽʥʥʷ ʝʥʝʨʛʦʩʧʦʞʠʚʘʥʥʷʤ ʩʧʨʷʤʦʚʘʥʘ ʥʘ ʤʽʥʽʤʽʟʘʮʽʶ 

ʩʧʦʞʠʚʘʥʥʷ ʝʥʝʨʛʽʾ ʚʫʟʣʘʤʠ ʤʝʨʝʞʽ ʪʘ ʤʘʢʩʠʤʽʟʘʮʽʶ ñʯʘʩʫ ʞʠʪʪʷò ʤʝʨʝʞʽ ʧʨʠ 

ʚʠʢʦʥʘʥʥʽ ʚʠʤʦʛ ʱʦʜʦ ʧʦʩʪʽʡʥʦʛʦ ʧʦʢʨʠʪʪʷ ʨʘʡʦʥʫ ʤʦʥʽʪʦʨʠʥʛʫ ʪʘ ʚʠʤʦʛ 

ʽʥʬʦʨʤʘʮʽʡʥʦʛʦ ʦʙʤʽʥʫ. 

ʇʽʜʩʠʩʪʝʤʘ ʫʧʨʘʚʣʽʥʥʷ ʥʘʚʘʥʪʘʞʝʥʥʷʤ ʢʝʨʫʻ ʧʦʪʦʢʘʤʠ ʧʝʨʝʜʘʯʽ ʜʘʥʠʭ 

ʪʘ ʙʦʨʝʪʴʩʷ ʟ ʧʝʨʝʚʘʥʪʘʞʝʥʥʷʤʠ. 

ʇʽʜʩʠʩʪʝʤʘ ʘʛʨʝʛʫʚʘʥʥʷ ʥʘʤʘʛʘʻʪʴʩʷ ʟʥʠʟʠʪʠ ʦʙʩʷʛ ʪʨʘʬʽʢʘ ʟʘ ʨʘʭʫʥʦʢ 

ʦʙôʻʜʥʘʥʥʷ (ʘʛʨʝʛʫʚʘʥʥʷ) ʚ ʚʫʟʣʘʭ ʦʜʥʦʪʠʧʥʠʭ ʜʘʥʠʭ ʤʦʥʽʪʦʨʠʥʛʫ. 

ʇʽʜʩʠʩʪʝʤʘ ʫʧʨʘʚʣʽʥʥʷ ʷʢʽʩʪʶ ʧʝʨʝʜʘʯʽ  ʟʘʙʝʟʧʝʯʫʻ ʧʝʨʝʜʘʯʫ ʧʝʚʥʠʭ 

ʢʣʘʩʽʚ ʪʨʘʬʽʢʘ ʟ ʟʘʜʘʥʦʶ ʷʢʽʩʪʶ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ.  

ʇʽʜʩʠʩʪʝʤʘ ʟʘʙʝʟʧʝʯʝʥʥʷ ʙʝʟʧʝʢʠ ʧʝʨʝʜʘʯʽ ʜʘʥʠʭ  ʟʘʙʝʟʧʝʯʫʻ ʚʽʜʧʦʚʽʜʥʽ 

ʩʝʨʚʽʩʠ ʙʝʟʧʝʢʠ: ʪʘʻʤʥʽʩʪʴ, ʘʚʪʝʥʪʠʬʽʢʘʮʽʷ, ʮʽʣʽʩʥʽʩʪʴ, ʢʦʥʪʨʦʣʴ ʜʦʩʪʫʧʫ, 

ʥʝʩʧʨʦʩʪʦʚʥʽʩʪʴ ʪʘ ʜʦʩʪʫʧʥʽʩʪʴ. 

ʇʽʜʩʠʩʪʝʤʘ ʫʧʨʘʚʣʽʥʥʷ ʨʫʭʦʤ ʨʦʙʦʪʘ-ʩʝʥʩʦʨʘ (ʧʨʠ ʡʦʛʦ ʥʘʷʚʥʦʩʪʽ) 

ʢʝʨʫʻ ʡʦʛʦ ʧʝʨʝʤʽʱʝʥʥʷʤ ʪʘ ʨʝʞʠʤʘʤʠ ʨʦʙʦʪʠ.  

ʇʨʠ ʨʝʘʣʽʟʘʮʽʾ ʧʽʜʩʠʩʪʝʤʠ ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʴ ʟ ʦʧʝʨʘʪʠʚʥʦʛʦ ʫʧʨʘʚʣʽʥʥʷ 

ɹʉʄ ʧʨʦʧʦʥʫʻʪʴʩʷ ʚʠʨʦʙʣʝʥʥʷ ʨʽʰʝʥʴ ʩʠʩʪʝʤʦʶ ʫʧʨʘʚʣʽʥʥʷ ʟʜʽʡʩʥʶʚʘʪʠ ʟʘ 

ʬʫʥʢʮʽʷʤʠ ʫʧʨʘʚʣʽʥʥʷ ʥʘ ʨʽʟʥʠʭ ʨʽʚʥʷʭ ʤʦʜʝʣʽ OSI. ʏʝʨʝʟ ʜʠʥʘʤʽʯʥʠʡ 

ʭʘʨʘʢʪʝʨ ʟʘʜʘʯ ʫʧʨʘʚʣʽʥʥʷ, ʾʭ ʚʠʩʦʢʫ ʨʦʟʤʽʨʥʽʩʪʴ, ʥʝʧʦʚʥʦʪʫ ʪʘ ʥʝʯʽʪʢʽʩʪʴ 

ʢʦʥʪʨʦʣʴʥʦʾ ʽʥʬʦʨʤʘʮʽʾ ʧʨʦʧʦʥʫʻʪʴʩʷ ʚʠʢʦʨʠʩʪʘʪʠ ʥʝʯʽʪʢʫ ʩʠʩʪʝʤʫ 

ʫʧʨʘʚʣʽʥʥʷ (ʅʉʋ). ʈʦʟʛʣʷʥʫʪʦ ʩʪʨʫʢʪʫʨʫ ʅʉʋ, ʱʦ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʥʘʩʪʫʧʥʠʭ 

ʢʦʤʧʦʥʝʥʪʽʚ: ʟʥʘʥʥʷ ʧʨʦ ʦʙ'ʻʢʪ ʫʧʨʘʚʣʽʥʥʷ; ʟʥʘʥʥʷ ʧʨʦ ʮʽʣʽ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ 

ʡ ʫʧʨʘʚʣʽʥʥʷ; ʟʥʘʥʥʷ ʧʨʦ ʩʧʦʩʦʙʠ ʜʦʩʷʛʥʝʥʥʷ ʮʽʣʝʡ. ɿʘʧʨʦʧʦʥʦʚʘʥʦ ʩʭʝʤʫ 

ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʴ ʅʉʋ, ʷʢʘ ʚʨʘʭʦʚʫʻ ʧʦʩʣʽʜʦʚʥʽʩʪʴ ʝʪʘʧʽʚ ʮʠʢʣʫ ʫʧʨʘʚʣʽʥʥʷ: 

ʦʮʽʥʢʘ ʩʠʪʫʘʮʽʾ, ʚʠʟʥʘʯʝʥʥʷ ʤʝʪʠ ʫʧʨʘʚʣʽʥʥʷ, ʚʠʷʚʣʝʥʥʷ ʥʝʦʙʭʽʜʥʦʩʪʽ 

ʫʧʨʘʚʣʽʥʥʷ, ʧʦʰʫʢ ʧʨʠʧʫʩʪʠʤʠʭ ʨʽʰʝʥʴ ʽ ʤʝʪʦʜʫ ʜʦʩʷʛʥʝʥʥʷ ʧʦʩʪʘʚʣʝʥʦʾ ʮʽʣʽ 

ʪʘ ʨʝʘʣʽʟʘʮʽʷ ʦʙʨʘʥʦʛʦ ʤʝʪʦʜʫ. 

ɺ ʫʤʦʚʘʭ ʜʝʮʝʥʪʨʘʣʽʟʦʚʘʥʦʛʦ ʫʧʨʘʚʣʽʥʥʷ ʢʦʞʝʥ ʚʫʟʦʣ ʙʫʜʝ 

ʨʝʘʣʽʟʦʚʫʚʘʪʠ ʜʚʽ ʚʟʘʻʤʦʟʘʣʝʞʥʽ ʛʨʫʧʠ ʮʽʣʝʡ, ʱʦ ʚʠʟʥʘʯʘʶʪʴ 

ʙʘʛʘʪʦʢʨʠʪʝʨʽʘʣʴʥʽʩʪʴ ʫʧʨʘʚʣʽʥʥʷ: ʢʦʨʠʩʪʫʚʘʣʴʥʠʮʴʢʽ ʮʽʣʽ (ʜʦʩʷʛʥʝʥʥʷ 

ʝʢʩʪʨʝʤʫʤʫ ʘʙʦ ʚʠʢʦʥʘʥʥʷ ʦʙʤʝʞʝʥʴ ʥʘ ʧʦʢʘʟʥʠʢʠ ʝʬʝʢʪʠʚʥʦʩʪʽ ʧʨʠ 

ʧʝʨʝʜʘʯʽ ʧʦʚʽʜʦʤʣʝʥʴ) ʽ ʤʝʨʝʞʝʚʽ (ʟʦʥʦʚʽ) ʮʽʣʽ (ʜʦʩʷʛʥʝʥʥʷ ʦʧʪʠʤʘʣʴʥʠʭ 

ʤʝʨʝʞʝʚʠʭ ʘʙʦ ʟʦʥʦʚʠʭ ʧʦʢʘʟʥʠʢʽʚ ʝʬʝʢʪʠʚʥʦʩʪʽ). ɿʘʜʘʯʘ ʫʭʚʘʣʝʥʥʷ ʨʽʰʝʥʥʷ 

ʚ ʫʧʨʘʚʣʽʥʥʽ ɹʉʄ ʟʚʝʜʝʥʘ ʜʦ ʟʘʜʘʯʽ ʙʘʛʘʪʦʢʨʠʪʝʨʽʘʣʴʥʦʾ ʦʧʪʠʤʽʟʘʮʽʾ ʜʣʷ 

ʥʝʯʽʪʢʦ ʟʘʜʘʥʠʭ ʮʽʣʝʡ ʡ ʘʣʴʪʝʨʥʘʪʠʚ, ʧʨʝʜʩʪʘʚʣʝʥʠʭ ʫ ʚʠʛʣʷʜʽ ʜʝʨʝʚʘ ñʮʽʣʽ ï 

ʤʝʪʦʜʠò. ɿʘʧʨʦʧʦʥʦʚʘʥʘ ʘʨʭʽʪʝʢʪʫʨʘ ʽʥʪʝʣʝʢʪʫʘʣʴʥʦʛʦ ʚʫʟʣʘ. 

ʊʘʢʠʤ ʯʠʥʦʤ, ʟʘʧʨʦʧʦʥʦʚʘʥʘ ʬʫʥʢʮʽʦʥʘʣʴʥʘ ʤʦʜʝʣʴ ʩʠʩʪʝʤʠ ʫʧʨʘʚʣʽʥʥʷ 

ɹʉʄ. ʅʘʚʝʜʝʥʽ ʤʦʞʣʠʚʽ ʨʽʰʝʥʥʷ ʧʦ ʧʦʙʫʜʦʚʽ ʬʫʥʢʮʽʦʥʘʣʴʥʠʭ ʧʽʜʩʠʩʪʝʤ ʉʋ 

ɹʉʄ. ɿʘʧʨʦʧʦʥʦʚʘʥʽ ʨʽʰʝʥʥʷ ʩʢʣʘʜʘʶʪʴ ʦʩʥʦʚʫ ʧʦʙʫʜʦʚʠ ʽʥʪʝʣʝʢʪʫʘʣʴʥʦʾ 

ʩʠʩʪʝʤʠ ʫʧʨʘʚʣʽʥʥʷ ʙʝʟʜʨʦʪʦʚʦʾ ʩʝʥʩʦʨʥʦʾ ʤʝʨʝʞʽ. 
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The principle of constructing a system of cloud services 
Cloud architecture is a system architecture of the software systems involved in the delivery 

of cloud computing, typically involves multiple cloud components communicating. 
 

ʀʜʝʷ ʦʙʣʘʯʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʙʳʣʘ ʦʟʚʫʯʝʥʘ ʚ 70 - ʭ ʛʦʜʘʭ ʧʨʦʰʣʦʛʦ 

ʩʪʦʣʝʪʠʷ ʈʦʙʥʝʪʪʦʤ ʃʠʢʣʘʡʜʝʨʦʤ ʠ ʟʘʢʣʶʯʘʣʘʩʴ ʚ ʪʦʤ, ʯʪʦ ʢʘʞʜʳʡ ʯʝʣʦʚʝʢ 

ʙʫʜʝʪ ʧʦʜʢʣʶʯʝʥ ʢ ʩʝʪʠ, ʠʟ ʢʦʪʦʨʦʡ ʙʫʜʝʪ ʧʦʣʫʯʘʪʴ ʥʝ ʪʦʣʴʢʦ ʜʘʥʥʳʝ, ʥʦ ʠ 

ʧʨʦʛʨʘʤʤʳ. 

ʈʦʩʪ ʧʨʦʧʫʩʢʥʦʡ ʩʧʦʩʦʙʥʦʩʪʠ, ʨʘʟʚʠʪʠʝ ʤʥʦʛʦʷʜʝʨʥʳʭ ʧʨʦʮʝʩʩʦʨʦʚ, 

ʫʚʝʣʠʯʝʥʠʝ ʝʤʢʦʩʪʠ ʥʦʩʠʪʝʣʝʡ ʠʥʬʦʨʤʘʮʠʠ, ʨʘʟʚʠʪʠʝ ʪʝʭʥʦʣʦʛʠʠ 

ʤʥʦʛʦʧʦʪʦʯʥʦʛʦ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ ʠ ʪʝʭʥʦʣʦʛʠʠ ʚʠʨʪʫʘʣʠʟʘʮʠʠ ʧʨʠʚʝʣʦ ʢ 

ʚʦʟʤʦʞʥʦʩʪʠ ʩʦʟʜʘʥʠʷ ʵʬʬʝʢʪʠʚʥʦʡ ʚʳʯʠʩʣʠʪʝʣʴʥʦʡ ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ, ʩ 

ʚʳʩʦʢʠʤʠ ʚʦʟʤʦʞʥʦʩʪʷʤʠ ʧʦ ʤʘʩʰʪʘʙʠʨʦʚʘʥʠʶ ʠ ʥʘʨʘʱʠʚʘʥʠʶ, ʩʥʠʞʝʥʠʶ 

ʨʘʩʭʦʜʦʚ ʥʘ ʦʨʛʘʥʠʟʘʮʠʶ ʠ ʩʦʧʨʦʚʦʞʜʝʥʠʝ, ʜʦʩʪʫʧʥʦʩʪʠ ʚʠʨʪʫʘʣʴʥʦʡ 

ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ ʯʝʨʝʟ ʩʝʪʴ ʀʥʪʝʨʥʝʪ [1]. 

ɼʦʩʪʘʪʦʯʥʦ ʧʦʣʥʘʷ ʩʪʘʥʜʘʨʪʠʟʘʮʠʷ ʘʨʭʠʪʝʢʪʫʨʳ ʩʠʩʪʝʤʳ ʦʙʣʘʯʥʳʭ 

ʩʝʨʚʠʩʦʚ (ʉʆʉ) ʙʳʣʘ ʧʨʦʠʟʚʝʜʝʥʘ ʅʘʮʠʦʥʘʣʴʥʳʤ ʠʥʩʪʠʪʫʪʦʤ ʩʪʘʥʜʘʨʪʦʚ ʠ 

ʪʝʭʥʦʣʦʛʠʡ ʉʐɸ (National Institute of Standards and Technology ð NIST). 

ʉʦʛʣʘʩʥʦ ʩʪʘʥʜʘʨʪʘʤ NIST, ʦʙʣʘʯʥʳʤ ʤʦʞʝʪ ʥʘʟʳʚʘʪʴʩʷ ʨʝʰʝʥʠʝ, 

ʦʙʣʘʜʘʶʱʝʝ ʩʣʝʜʫʶʱʠʤ ʥʘʙʦʨʦʤ ʭʘʨʘʢʪʝʨʠʩʪʠʢ: ʩʘʤʦʦʙʩʣʫʞʠʚʘʥʠʝ ʧʦ 

ʪʨʝʙʦʚʘʥʠʶ, ʰʠʨʦʢʠʡ ʩʝʪʝʚʦʡ ʢʘʥʘʣ, ʧʦʜʜʝʨʞʢʘ ʧʫʣʦʚ ʨʝʩʫʨʩʦʚ, ʙʳʩʪʨʘʷ 

ʤʘʩʰʪʘʙʠʨʫʝʤʦʩʪʴ ʠ ʵʣʘʩʪʠʯʥʦʩʪʴ, ʚʦʟʤʦʞʥʦʩʪʴ ʠʟʤʝʨʝʥʠʷ ʧʦʪʨʝʙʣʷʝʤʳʭ 

ʩʝʨʚʠʩʦʚ.  

NIST ʦʧʨʝʜʝʣʠʣ ʪʨʠ ʫʨʦʚʥʷ ʘʨʭʠʪʝʢʪʫʨʳ ð IaaS (ʠʥʬʨʘʩʪʨʫʢʪʫʨʘ ʢʘʢ 

ʩʝʨʚʠʩ), SaaS (ʧʨʦʛʨʘʤʤʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ ʢʘʢ ʩʝʨʚʠʩ) ʠ PaaS (ʧʣʘʪʬʦʨʤʘ ʢʘʢ 

ʩʝʨʚʠʩ). ʉ ʪʦʯʢʠ ʟʨʝʥʠʷ ʤʦʜʝʣʝʡ ʨʘʟʚʸʨʪʳʚʘʥʠʷ ʠʤ ʙʳʣʦ ʧʨʝʜʣʦʞʝʥʦ 

ʨʘʟʜʝʣʷʪʴ ʦʙʣʘʢʘ ʥʘ ʯʘʩʪʥʦʝ, ʦʙʱʝʝ, ʧʫʙʣʠʯʥʦʝ ʠ ʛʠʙʨʠʜʥʦʝ. 

ɹʘʟʠʨʫʷʩʴ ʥʘ ʨʝʰʝʥʠʷʭ ʚ ʦʙʣʘʩʪʠ ʉʆʉ, ʦʪ ʩʧʝʮʠʘʣʠʩʪʦʚ Microsoft [2], 

ʤʦʞʥʦ ʧʨʝʜʩʪʘʚʠʪʴ ʤʦʜʝʣʴ ʧʦʩʪʨʦʝʥʠʷ ʙʘʟʦʚʦʡ ʘʨʭʠʪʝʢʪʫʨʳ ʚ ʚʠʜʝ, 

ʧʨʝʜʩʪʘʚʣʝʥʥʦʤ ʥʘ ʨʠʩ.1. 

ʋʨʦʚʝʥʴ ʦʙʦʨʫʜʦʚʘʥʠʷ ʚʢʣʶʯʘʝʪ ʦʙʦʨʫʜʦʚʘʥʠʝ ʎʆɼ, ʧʦʜʩʠʩʪʝʤʫ 

ʭʨʘʥʝʥʠʷ, ʪʝʣʝʢʦʤʤʫʥʠʢʘʮʠʦʥʥʫʶ ʩʝʪʴ, ʚʳʯʠʩʣʠʪʝʣʴʥʫʶ ʠʥʬʨʘʩʪʨʫʢʪʫʨʫ, 

ʩʠʩʪʝʤʫ ʵʣʝʢʪʨʦʧʠʪʘʥʠʷ ʠ ʢʦʥʜʠʮʠʦʥʠʨʦʚʘʥʠʷ. ɼʣʷ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩ 

ʨʘʩʧʦʣʦʞʝʥʥʳʤʠ ʚʳʰʝ ʩʣʦʷʤʠ ʘʨʭʠʪʝʢʪʫʨʳ ʢʘʞʜʳʡ ʠʟ ʵʪʠʭ ʵʣʝʤʝʥʪʦʚ 

ʜʦʣʞʝʥ ʠʤʝʪʴ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʠʥʪʝʨʬʝʡʩʳ. 

ʋʨʦʚʝʥʴ ʚʠʨʪʫʘʣʠʟʘʮʠʠ ʤʦʞʝʪ ʙʳʪʴ ʩʦʟʜʘʥ ʥʘ ʦʩʥʦʚʝ Windows Server 

2008 R2 (ʪʝʧʝʨʴ ʩ Service Pack 1) ʠ Hyper-V. ʕʪʦ ʜʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ 

ʠʩʧʦʣʴʟʦʚʘʪʴ ʚʠʨʪʫʘʣʴʥʳʝ ʤʘʰʠʥʳ ʠ ʪʝʣʝʢʦʤʤʫʥʠʢʘʮʠʦʥʥʳʝ ʨʝʩʫʨʩʳ 
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VLAN, ʧʨʝʜʦʩʪʘʚʣʷʪʴ ʨʝʩʫʨʩʳ ʭʨʘʥʝʥʠʷ, ʩʦʩʪʘʚʣʝʥʥʳʝ ʠʟ ʦʙʱʠʭ ʜʠʩʢʦʚʳʭ 

ʢʣʘʩʪʝʨʦʚ ʠ ʚʠʨʪʫʘʣʴʥʳʭ ʜʠʩʢʦʚ. ʋʨʦʚʝʥʴ ʚʠʨʪʫʘʣʠʟʘʮʠʠ ʧʦʤʦʛʘʝʪ 

ʦʙʝʩʧʝʯʠʪʴ ʯʘʩʪʴ ʦʙʷʟʘʪʝʣʴʥʳʭ ʧʨʠʟʥʘʢʦʚ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʢʣʘʩʩʠʬʠʢʘʮʠʝʡ 

NSIT, ʪʘʢʠʭ ʢʘʢ ʧʦʜʜʝʨʞʢʘ ʧʫʣʦʚ ʨʝʩʫʨʩʦʚ ʠ ʵʣʘʩʪʠʯʥʦʩʪʴ. ɺʠʨʪʫʘʣʠʟʘʮʠʷ 

ʧʦʟʚʦʣʷʝʪ ʛʦʨʘʟʜʦ ʙʳʩʪʨʝʝ ʩʦʚʤʝʩʪʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʠ ʧʦʜʛʦʪʘʚʣʠʚʘʪʴ 

ʨʝʩʫʨʩʳ ʢ ʨʘʙʦʪʝ. 

 

 
 

ʈʠʩ.1 

 

ʋʨʦʚʝʥʴ ʘʚʪʦʤʘʪʠʟʘʮʠʠ, ʫʧʨʘʚʣʝʥʠʷ ʠ ʦʨʢʝʩʪʨʘʮʠʠ ʩʪʨʦʷʪʩʷ ʦʪ ʙʦʣʝʝ 

ʤʝʣʢʠʭ ʵʣʝʤʝʥʪʦʚ ʢ ʚʩʝ ʙʦʣʝʝ ʢʨʫʧʥʳʤ, ʩʦʛʣʘʩʥʦ ʧʨʦʮʝʩʩʫ ʘʚʪʦʤʘʪʠʟʘʮʠʠ 

ʀʊ. ʉʘʤʳʡ ʥʠʞʥʠʡ ʠʟ ʥʠʭ ï ʫʨʦʚʝʥʴ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ï ʚʢʣʶʯʘʝʪ ʪʝʭʥʦʣʦʛʠʠ, 

ʢʦʪʦʨʳʝ ʦʙʝʩʧʝʯʠʚʘʶʪ ʠʥʪʝʨʬʝʡʩ ʤʝʞʜʫ ʙʦʣʝʝ ʚʳʩʦʢʠʤʠ ʫʨʦʚʥʷʤʠ ʩʠʩʪʝʤ 

ʫʧʨʘʚʣʝʥʠʷ ʠ ʬʠʟʠʯʝʩʢʠʤʠ ʠ ʚʠʨʪʫʘʣʴʥʳʤʠ ʨʝʩʫʨʩʘʤʠ. 

ʋʨʦʚʝʥʴ ʫʧʨʘʚʣʝʥʠʷ ʤʦʞʝʪ ʩʦʩʪʦʷʪʴ ʠʟ ʥʝʩʢʦʣʴʢʠʭ ʧʨʦʜʫʢʪʦʚ Microsoft 

System Center, ʠʩʧʦʣʴʟʫʶʱʠʭ ʪʝʭʥʦʣʦʛʠʠ ʫʨʦʚʥʷ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʜʣʷ 

ʚʳʧʦʣʥʝʥʠʷ ʪʘʢʠʭ ʟʘʜʘʯ ʫʧʨʘʚʣʝʥʠʷ, ʢʘʢ ʦʧʨʝʜʝʣʝʥʠʝ ʩʦʚʤʝʩʪʠʤʦʩʪʠ 

ʠʩʧʨʘʚʣʝʥʠʡ, ʠʭ ʫʩʪʘʥʦʚʢʘ ʠ ʧʨʦʚʝʨʢʘ ʨʝʟʫʣʴʪʘʪʦʚ ʫʩʪʘʥʦʚʢʠ. ʋʨʦʚʝʥʴ 

ʫʧʨʘʚʣʝʥʠʷ ʦʙʝʩʧʝʯʠʚʘʝʪ ʙʘʟʦʚʫʶ ʘʚʪʦʤʘʪʠʟʘʮʠʶ ʧʨʦʮʝʩʩʦʚ, ʥʦ ʦʙʳʯʥʦ 

ʦʛʨʘʥʠʯʠʚʘʝʪʩʷ ʦʜʥʠʤ ʠʟ ʘʩʧʝʢʪʦʚ ʞʠʟʥʝʥʥʦʛʦ ʮʠʢʣʘ ʫʧʨʘʚʣʝʥʠʷ ʩʝʨʚʝʨʦʤ 

(ʪʘʢʠʤ ʢʘʢ ʨʘʟʚʝʨʪʳʚʘʥʠʝ, ʚʥʝʩʝʥʠʝ ʠʩʧʨʘʚʣʝʥʠʡ, ʩʣʝʞʝʥʠʝ, ʨʝʟʝʨʚʥʦʝ 

ʢʦʧʠʨʦʚʘʥʠʝ ʠ ʪ .ʧ.). 

ʋʨʦʚʝʥʴ ʦʨʢʝʩʪʨʘʮʠʠ ʚ ʷʚʥʦʤ ʚʠʜʝ ʚ ʪʨʘʜʠʮʠʦʥʥʳʭ ʀʊ-ʩʪʨʫʢʪʫʨʘʭ ʥʝ 

ʚʩʪʨʝʯʘʝʪʩʷ, ʥʦ ʦʥ ʯʨʝʟʚʳʯʘʡʥʦ ʚʘʞʝʥ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʧʨʠʟʥʘʢʦʚ ʦʙʣʘʢʘ. ʆʥ 

ʩʚʷʟʳʚʘʝʪ ʤʥʦʞʝʩʪʚʦ ʧʨʦʜʫʢʪʦʚ, ʪʝʭʥʦʣʦʛʠʡ ʠ ʧʨʦʮʝʩʩʦʚ, ʧʦʟʚʦʣʷʶʱʠʭ 

ʧʦʣʥʦʩʪʴʶ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʪʴ ʀʊ-ʧʨʦʮʝʩʩʳ, ʦʙʝʩʧʝʯʠʚʘʝʪ ʧʨʦʮʝʩʩ 

ʢʦʦʨʜʠʥʘʮʠʠ (ʦʨʢʝʩʪʨʘʮʠʠ) ʩʢʚʦʟʥʳʭ ʧʨʦʮʝʩʩʦʚ, ʚ ʢʦʪʦʨʳʭ ʟʘʜʝʡʩʪʚʦʚʘʥʦ 

ʤʥʦʞʝʩʪʚʦ ʧʨʦʜʫʢʪʦʚ. 

ʋʨʦʚʝʥʴ ʦʨʢʝʩʪʨʘʮʠʠ ʧʦʤʦʛʘʝʪ ʩʦʟʜʘʚʘʪʴ ʨʘʙʦʯʠʝ ʧʨʦʮʝʩʩʳ ʠʣʠ ʟʘʜʘʥʠʷ 

ʧʦ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʪʘʢʠʭ ʩʣʦʞʥʳʭ ʟʘʜʘʯ, ʢʘʢ ʨʘʟʚʝʨʪʳʚʘʥʠʝ ʢʣʘʩʪʝʨʦʚ, 

ʚʥʝʩʝʥʠʝ ʠʩʧʨʘʚʣʝʥʠʡ ʥʘ ʭʦʩʪʘʭ ʠ ʧʦʜʛʦʪʦʚʢʘ ʚʠʨʪʫʘʣʴʥʳʭ ʤʘʰʠʥ ʢ ʨʘʙʦʪʝ. 
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ʀʥʪʝʨʬʝʡʩʳ ʩʘʤʦʦʙʩʣʫʞʠʚʘʥʠʷ ʧʦʣʴʟʦʚʘʪʝʣʝʡ ʠ ʘʜʤʠʥʠʩʪʨʘʪʦʨʘ ʜʘʶʪ 

ʚʦʟʤʦʞʥʦʩʪʴ ʟʘʧʨʘʰʠʚʘʪʴ ʪʨʝʙʫʝʤʳʝ ʨʝʩʫʨʩʳ. ʏʘʱʝ ʚʩʝʛʦ ʵʪʦ ʨʝʘʣʠʟʫʝʪʩʷ 

ʢʘʢ ʀʊ-ʧʦʨʪʘʣ ʩʘʤʦʦʙʩʣʫʞʠʚʘʥʠʷ, ʛʜʝ ʧʦʣʴʟʦʚʘʪʝʣʷʤ ʜʦʩʪʫʧʝʥ ʢʘʪʘʣʦʛ 

ʩʝʨʚʠʩʦʚ. 

ʀʩʧʦʣʴʟʫʷ ʨʝʢʦʤʝʥʜʘʮʠʠ ʙʘʟʦʚʦʡ ʘʨʭʠʪʝʢʪʫʨʳ, ʤʦʞʥʦ ʨʝʘʣʠʟʦʚʘʪʴ 

ʨʘʟʣʠʯʥʳʝ ʚʘʨʠʘʥʪʳ ʯʘʩʪʥʦʛʦ ʦʙʣʘʢʘ Private Cloud/IaaS. ʅʘ ʨʠʩ 2 

ʧʨʝʜʩʪʘʚʣʝʥ ʚʘʨʠʘʥʪ ʨʝʘʣʠʟʘʮʠʠ ʣʦʛʠʯʝʩʢʦʡ ʘʨʭʠʪʝʢʪʫʨʳ ʧʫʣʘ ʨʝʩʫʨʩʦʚ, 

ʧʨʝʜʦʩʪʘʚʣʷʝʤʦʛʦ ʥʘ ʙʘʟʝ ʎʆɼ.  

 
ʈʠʩ.2 

 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʤʥʦʛʦʯʠʩʣʝʥʥʳʝ ʧʫʙʣʠʢʘʮʠʠ ʚ ʦʙʣʘʩʪʠ ʉʆʉ 

ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʟʘ ʜʘʥʥʳʤ ʪʠʧʦʤ ʩʠʩʪʝʤ ʙʫʜʫʱʝʝ. ʂʘʢ ʙʳʩʪʨʦ ʵʪʦ ʙʫʜʫʱʝʝ 

ʧʨʠʙʣʠʟʠʪʩʷ ʢ ʥʘʤ, ʟʘʚʠʩʠʪ ʦʪ ʪʦʛʦ, ʥʘʩʢʦʣʴʢʦ ʙʳʩʪʨʦ ʙʫʜʝʪ ʨʘʟʨʘʙʦʪʘʥ 

ʤʘʪʝʤʘʪʠʯʝʩʢʠʡ ʘʧʧʘʨʘʪ, ʜʦʢʘʟʳʚʘʶʱʠʡ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʩʠʩʪʝʤ ʪʘʢʦʛʦ ʪʠʧʘ, 

ʠ ʦʧʨʝʜʝʣʝʥʳ ʧʫʪʠ ʧʨʘʢʪʠʯʝʩʢʦʛʦ ʧʝʨʝʭʦʜʘ ʥʘ ʥʦʚʳʝ ʪʝʭʥʦʣʦʛʠʠ. 

 
ʃʠʪʝʨʘʪʫʨʘ 

 

1. http://www.moluch.ru/ ð ʩʪʘʪʴʷ çʆʙʣʘʯʥʳʝ ʪʝʭʥʦʣʦʛʠʠè. 

2. https://technet.microsoft.com ð ʩʪʘʪʴʷ çʆʙʣʘʯʥʳʝ ʚʳʯʠʩʣʝʥʠʷ: ʇʦʩʪʨʦʝʥʠʝ ʘʨʭʠʪʝʢʪʫʨʳ 

ʯʘʩʪʥʦʛʦ ʦʙʣʘʢʘ ʦʪ Microsoftè. 
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Technology for water ecosystems monitoring using wireless sensor networks 

The article discusses new technology for water ecosystemsmonitoring using the 

underwater and surfacewireless sensor networks. The article aims to develop principles of design 

and architecture of underwater and surface wireless sensor networks, which can be used for a 

wide range of tasks related to the monitoring and control of various environmental parameters of 

water ecosystems over large geographical areas. 

 

ʈʦʙʦʪʘ ʩʧʨʷʤʦʚʘʥʘ ʥʘ ʨʦʟʨʦʙʢʫ ʧʨʠʥʮʠʧʽʚ ʧʦʙʫʜʦʚʠ ʪʘ ʘʨʭʽʪʝʢʪʫʨʠ 

ʙʝʟʧʨʦʚʦʜʦʚʠʭ ʩʝʥʩʦʨʥʠʭ ʤʝʨʝʞ (ɹʉʄ) ʽʟ ʩʘʤʦʦʨʛʘʥʽʟʘʮʽʻʶ, ʷʢʽ ʤʦʞʫʪʴ ʙʫʪʠ 

ʚʠʢʦʨʠʩʪʘʥʽ ʜʣʷ ʚʠʨʽʰʝʥʥʷ ʰʠʨʦʢʦʛʦ ʩʧʝʢʪʨʫ ʟʘʚʜʘʥʴ, ʧʦʚôʷʟʘʥʠʭ ʟ 

ʤʦʥʽʪʦʨʠʥʛʦʤ ʪʘ ʢʦʥʪʨʦʣʝʤ ʨʽʟʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʩʝʨʝʜʦʚʠʱʘ ʚʦʜʥʠʭ ʝʢʦʩʠʩʪʝʤ 

ʥʘ ʟʥʘʯʥʠʭ ʛʝʦʛʨʘʬʽʯʥʠʭ ʪʝʨʠʪʦʨʽʷʭ.  

ʊʝʭʥʦʣʦʛʽʷ ʤʦʥʽʪʦʨʠʥʛʫ ʚʦʜʥʠʭ ʝʢʦʩʠʩʪʝʤ ʽʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ 

ʽʥʪʝʣʝʢʪʫʘʣʴʥʦʾ ʩʝʥʩʦʨʥʦʾ ʪʝʭʥʽʢʠ ʪʘ ʙʝʟʧʨʦʚʦʜʦʚʠʭ ʤʝʨʝʞ ʧʨʝʜʩʪʘʚʣʷʻ 

ʩʦʙʦʶ ʩʫʢʫʧʥʽʩʪʴ ʪʝʭʥʽʯʥʠʭ ʨʽʰʝʥʴ ʟ ʧʦʙʫʜʦʚʠ ʙʝʟʧʨʦʚʦʜʦʚʠʭ ʩʝʥʩʦʨʥʠʭ 

ʤʝʨʝʞ ʽʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʤʦʥʽʪʦʨʠʥʛʦʚʦ-ʩʠʛʥʘʣʴʥʠʭ ʜʘʪʯʠʢʽʚ, ʙʝʟʧʽʣʦʪʥʠʭ 

ʣʽʪʘʣʴʥʠʭ ʘʧʘʨʘʪʽʚ ʪʘ ʛʝʦʽʥʬʦʨʤʘʮʽʡʥʠʭ ʪʝʭʥʦʣʦʛʽʡ. ʊʝʭʥʦʣʦʛʽʯʥʠʡ ʧʨʦʜʫʢʪ 

ʜʦʟʚʦʣʷʻ ʚʠʨʽʰʫʚʘʪʠ ʪʘʢʽ ʚʘʞʣʠʚʽ ʧʨʦʙʣʝʤʠ, ʷʢ ʜʠʩʪʘʥʮʽʡʥʠʡ 3D ʤʦʥʽʪʦʨʠʥʛ 

ʟʦʥʠ ʩʧʦʩʪʝʨʝʞʝʥʥʷ ʚʦʜʥʦʾ ʝʢʦʩʠʩʪʝʤʠ, ʦʮʽʥʢʘ ʨʠʟʠʢʽʚ ʜʣʷ ʨʦʟʚʝʜʝʥʥʷ 

ʮʽʥʥʠʭ ʧʦʨʽʜ ʚʦʜʥʠʭ ʞʠʚʠʭ ʨʝʩʫʨʩʽʚ, ʦʭʦʨʦʥʘ ʚʦʜʥʦʛʦ ʧʨʦʩʪʦʨʫ ʪʘ ʙʝʨʝʛʦʚʠʭ 

ʣʽʥʽʡ[1,2]. 

ɼʣ̫ ʤʦʥʽʪʦʨʠʥʛʫ ʞʠʪʪʻʜʽʷʣʴʥʦʩʪʽ ʨʠʙ (ʨʠʙʥʦʛʦ ʛʦʩʧʦʜʘʨʩʪʚʘ) ʤʦʞʣʠʚʝ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʥʘʩʪʫʧʥʠʭ ʩʝʥʩʦʨʽʚ: 

1. ɹʫʡʦʚʽ (ʥʘʜʚʦʜʥʽ) ʩʝʥʩʦʨʠ (ʜʣʷ ʤʦʥʽʪʦʨʠʥʛʫ ʤʦʨʩʴʢʦʛʦ ʧʦʢʨʠʚʫ: 

ʭʚʠʣʶʚʘʥʥʷ, ʜʝʥʥʝ ʩʚʽʪʣʦ). 

2. ʇʽʜʚʦʜʥʽ ʩʝʥʩʦʨʠ ʜʣʷ ʤʦʥʽʪʦʨʠʥʛʫ: 

- ɿʘʙʨʫʜʥʝʥʥʷ. 

- ʇʽʜʚʦʜʥʦʾ ʪʝʯʽʾ. 

- ʉʦʣʦʥʦʩʪʽ. 

- ʐʚʠʜʢʦʩʪʽ ʽ ʥʘʧʨʷʤʢʫ ʧʝʨʝʤʽʱʝʥʥʷ. 

- ʂʠʩʝʥʴ, ʪʝʤʧʝʨʘʪʫʨʘ, ʨʅ. 

- ʈʦʟʪʘʰʫʚʘʥʥʷ ʢʦʨʟʠʥʠ. 

3. ɼʦʥʥʽ ʩʝʥʩʦʨʠ: 

- ʆʩʘʜʞʝʥʥʷ ʬʝʢʘʣʴʥʠʭ ʚʽʜʭʦʜʽʚ. 

ɼʣʷ ʪʦʛʦ, ʱʦʙ ʟʽʙʨʘʪʠ ʜʘʥʥʽ ʟ ʚʠʱʝ ʚʢʘʟʘʥʠʭ ʩʝʥʩʦʨʽʚ ʥʝʦʙʭʽʜʥʦ 

ʙʫʜʫʚʘʪʠ ʙʝʟʧʨʦʚʦʜʦʚʽ ʤʝʨʝʞʽ ʟʚ'ʷʟʢʫ ʧʽʜʚʦʜʥʦʛʦ ʪʘ/ʘʙʦ ʥʘʜʚʦʜʥʦʛʦ 
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ʪʠʧʫ.ʇʽʜʚʦʜʥʽ ʤʝʨʝʞʽ ʟʘʩʥʦʚʘʥʽ ʥʘ ʧʝʨʝʜʘʯʽ ʛʽʜʨʦʘʢʫʩʪʠʯʥʠʭ ʩʠʛʥʘʣʽʚ ʟ 

ʩʝʥʩʦʨʽʚ ʥʘ ʥʘʜʚʦʜʥʫ ʩʪʘʥʮʽʶ ʯʠ ʢʦʨʘʙʝʣʴ, ʟ ʧʦʜʘʣʴʰʦʶ ʨʝʪʨʘʥʩʣʷʮʽʻʶ ʨʘʜʽʦ 

ʩʠʛʥʘʣʽʚ ʯʝʨʝʟ ʩʫʧʫʪʥʠʢ ʘʙʦ ʥʘʧʨʷʤʫ ʥʘ ʥʘʟʝʤʥʠʡ ʰʣʶʟ. 

ʄʦʞʣʠʚʽ ʥʘʩʪʫʧʥʽ ʚʘʨʽʘʥʪʠ ʘʨʭʽʪʝʢʪʫʨʠ ʧʽʜʚʦʜʥʠʭ ʩʝʥʩʦʨʥʠʭ ʤʝʨʝʞ 

(ʨʠʩ. 1): 

1. ɯʟ ʜʦʥʥʠʤ ʙʘʟʫʚʘʥʥʷʤ ʩʝʥʩʦʨʽʚ (ʟʘ ʢʣʘʩʪʝʨʥʠʤ ʪʠʧʦʤ). 

2. ɯʟ ʷʢʽʨʥʠʤ ʙʘʟʫʚʘʥʥʷʤ (ʟʘ ʪʠʧʦʤ ad hoc). 

3. ɯʟ ʷʢʽʨʥʠʤ ʙʘʟʫʚʘʥʥʷʤ ʽʟ ʟʘʩʪʦʩʫʚʘʥʥʷʤ ʤʦʙʽʣʴʥʠʭ ʘʢʚʘʜʨʦʥʽʚ. 

 

 
 

ʈʠʩ.1 ʇʨʠʢʣʘʜ ʘʨʭʽʪʝʢʪʫʨʠ ʧʽʜʚʦʜʥʠʭ ʩʝʥʩʦʨʥʠʭ ʤʝʨʝʞUW-ASN 

 

ʈʦʟʛʣʷʥʝʤʦ ʘʨʭʽʪʝʢʪʫʨʫ ʥʘʜʚʦʜʥʦʾ ʩʝʥʩʦʨʥʦʾ ʤʝʨʝʞʽ. ʅʘʜʚʦʜʥʽ (ʙʫʡʦʚʽ) 

ʩʝʥʩʦʨʥʽ ʤʝʨʝʞʽ ʟʘʩʥʦʚʘʥʽ ʥʘ ʧʝʨʝʜʘʯʽ ʨʘʜʽʦʩʠʛʥʘʣʽʚ. ʉʧʦʯʘʪʢʫ ʟ ʩʝʥʩʦʨʽʚ ʥʘ 

ʧʨʦʤʽʞʥʽ ʚʫʟʣʠ (ʨʦʫʪʝʨʠ) ʟʘ ʜʦʧʦʤʦʛʦʶ ZigBee ʽʥʪʝʨʬʝʡʩʫ.  

ʇʦʪʽʤ ʟ ʨʦʫʪʝʨʽʚ ʥʘ ɹʉ ʩʪʽʣʴʥʠʢʦʚʦʛʦ ʟʚôʷʟʢʫ ʟʘ GPRS ʽʥʪʝʨʬʝʡʩʦʤ, ʘ 

ʥʘ ZigBee ʢʦʦʨʜʠʥʘʪʦʨ. ɼʘʣʽ ʥʘ ʩʝʨʚʝʨ ʟʙʝʨʝʞʝʥʥʷ ʪʘ ʦʙʨʦʙʢʠ ʜʘʥʠʭ, ʘ ʟʚʽʜʪʠ 

ʥʘ ʪʝʨʤʽʥʘʣʠ ʢʦʨʠʩʪʫʚʘʯʽʚ. 

ʈʦʟʛʣʷʥʝʤʦ ʘʨʭʽʪʝʢʪʫʨʫ ʥʘʜʚʦʜʥʦʛʦ (ʙʫʡʦʚʦʛʦ) ʩʝʥʩʦʨʥʦʛʦ ʚʫʟʣʘ. ɺʽʥ 

ʤʦʞʝ ʤʽʩʪʠʪʠ ʥʘʩʪʫʧʥʽ ʪʠʧʦʚʽ ʝʣʝʤʝʥʪʠ (ʟʣʽʚʘ ʥʘ ʧʨʘʚʦ ʽ ʟʥʠʟʫ ʚʚʝʨʭ): 

1. ʍʽʤʽʯʥʽ, ʙʽʦʣʦʛʽʯʥʽ, ʬʽʟʠʯʥʽ ʩʝʥʩʦʨʠ 

2. ʄʦʜʫʣʴ ʦʙʨʦʙʢʠ ʩʝʥʩʦʨʥʦʾ ʽʥʬʦʨʤʘʮʽʾ 

3. ʎʝʥʪʨʘʣʴʥʠʡ ʦʙʯʠʩʣʶʚʘʣʴʥʠʡ ʤʦʜʫʣʴ. 

4. ʈʘʜʽʦʤʦʜʫʣʴ + ʘʥʪʝʥʘ. 

5. ʄʦʜʫʣʴ ʞʠʚʣʝʥʥʷ. 

ɸʣʛʦʨʠʪʤ ʧʦʙʫʜʦʚʠ ʽ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ZigBee ʤʝʨʝʞʽ (ʧʦʢʣʘʜʝʥʠʡ ʚ 

ʦʩʥʦʚʫ ʧʨʦʛʨʘʤʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ) ʤʘʻ ʥʘʩʪʫʧʥʽ ʝʪʘʧʠ: 

1. ɯʥʽʮʽʘʣʽʟʘʮʽʷ ʪʠʧʫ ʚʫʟʣʘ (ʢʦʦʨʜʠʥʘʪʦʨ, ʨʦʫʪʝʨ, ʢʽʥʮʝʚʠʡ ʧʨʠʩʪʨʽʡ 

(ʂʇ)).  

2. ʇʽʜôʻʜʥʘʥʥʷ ʜʦ ʤʝʨʝʞʽ. 

3. ɿʙʽʨ ʽ ʧʝʨʝʜʘʯʽ ʜʘʥʠʭ. 

ɺʽʜʧʦʚʽʜʥʦ ʢʦʦʨʜʠʥʘʪʦʨ ʙʫʜʫʻ ʤʝʨʝʞʫ ʪʘ ʦʪʨʠʤʫʻ ʜʘʥʽ ʟ ʨʦʫʪʝʨʘ ʽ 

ʥʘʜʩʠʣʘʻ ʾʭ ʜʦ ʩʝʨʚʝʨʘ. ʈʦʫʪʝʨ ʧʨʦʢʣʘʜʘʻ ʤʘʨʰʨʫʪʠ, ʦʪʨʠʤʫʻ ʜʘʥʽ ʟ ʂʇ ʽ 

ʥʘʜʩʠʣʘʻ ʾʭ ʢʦʦʨʜʠʥʘʪʦʨʫ.ʂʇ ʟʜʽʡʩʥʶʻ ʤʦʥʽʪʦʨʠʥʛ ʪʘ ʧʝʨʝʜʘʯʫ ʜʘʥʠʭ ʜʦ 
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ʚʽʜʧʦʚʽʜʥʦʛʦ ʨʦʫʪʝʨʘ. 

ʆʪʨʠʤʘʥʘ ʽʥʬʦʨʤʘʮʽʷ ʚʽʟʫʘʣʽʟʫʻʪʴʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʚʝʙ-ʽʥʪʝʨʬʝʡʩʫ. 

ʇʨʦʛʨʘʤʥʝ ʟʘʙʝʟʧʝʯʝʥʥʷ ʤʽʩʪʠʪʴ ʥʘʩʪʫʧʥʽ ʚʢʣʘʜʢʠ: 

- ʄʦʥʽʪʦʨʠʥʛ ʧʘʨʘʤʝʪʨʽʚ ʚ ʨʝʘʣʴʥʦʤʫ ʯʘʩʽ (ʨʽʚʝʥʴ O2, ʨʅ, ʨʽʚʝʥʴ ʚʦʜʠ, 

ʩʦʣʦʥʽʩʪʴ, ʤʫʪʥʽʩʪʴ, ʥʽʪʨʠʪ). 

- ʋʧʨʘʚʣʽʥʥʷ ʦʙʣʘʜʥʘʥʥʷʤ. 

- ɿʘʧʠʪ ʜʘʥʠʭ. 

- ɸʥʘʣʽʟ ʢʨʠʚʠʭ. 

- ɺʠʜ ʢʘʨʪʠ. 

- ʈʝʟʝʨʚʫʚʘʥʥʷ ʜʘʥʠʭ. 

ɺʽʟʫʘʣʽʟʘʮʽʷ ʜʘʥʠʭ ʪʘʢʦʞ ʤʦʞʣʠʚʘ ʽʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʤʦʙʽʣʴʥʠʭ 

ʜʦʜʘʪʢʽʚ Android. 

ʅʘ ʩʴʦʛʦʜʥʽ ʚ ʽʥʩʪʠʪʫʪʽ ʚʞʝ ʨʦʟʨʦʙʣʝʥʦ ʤʘʢʝʪ ɹʉʄ ʥʘ ʦʩʥʦʚʽ ʨʘʜʽʦ 

ʤʦʜʫʣʽʚ Xɺee (ʥʘ ʦʩʥʦʚʽ ZigBee ʧʨʦʪʦʢʦʣʫ) (ʨʠʩ.2).  

ʆʙʯʠʩʣʝʥʥʷ ʧʘʨʘʤʝʪʨʽʚ ʩʝʥʩʦʨʫ ʚʽʜʙʫʚʘʻʪʴʩʷ ʧʨʷʤʦ ʚ ʤʦʜʫʣʽ ʙʝʟ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʮʝʥʪʨʘʣʴʥʦʛʦ ʧʨʦʮʝʩʦʨʫ, ʱʦ ʜʦʟʚʦʣʷʻ ʩʫʪʪʻʚʦ ʩʢʦʨʦʪʠʪʠ ʚʘʛʫ, 

ʝʥʝʨʛʦʩʧʦʞʠʚʘʥʥʷ ʽ ʚʘʨʪʽʩʪʴ ʪʘʢʠʭ ʧʨʠʩʪʨʦʾʚ (ʧʦʨʷʜʢʫ 30-35 ʫ.ʦ.). ʊʨʠʚʘʣʽʩʪʴ 

ʝʢʩʧʣʫʘʪʘʮʽʾ ʙʘʪʘʨʝʾ (ʟ ʪʘʢʠʤʠ ʤʘʣʠʤʠ ʪʦʢʘʤʠ) ʤʦʞʝ ʩʢʣʘʜʘʪʠ ʜʝʢʽʣʴʢʘ ʨʦʢʽʚ. 

 

 
 

ʈʠʩ. 2 ʄʘʢʝʪ ɹʉʄ ʥʘ ʦʩʥʦʚʽ ʨʘʜʽʦ ʤʦʜʫʣʽʚ Xɺee 

 

ʊʘʢʦʞ ʚ ʩʠʩʪʝʤʽ ʤʦʞʫʪʴ ʙʫʪʠ ʟʘʩʪʦʩʦʚʘʥʽ ɹʇʃɸ ʤʽʥʽ ʪʘ ʤʽʢʨʦ- ʢʣʘʩʫ 

ʜʣʷ ʚʽʜʝʦ ʤʦʥʽʪʦʨʠʥʛʫ ʚʦʜʥʠʭ ʣʘʥʜʰʘʬʪʽʚ. ʅʘ ʨʠʥʢʫ ʩʴʦʛʦʜʥʽ ʧʨʝʜʩʪʘʚʣʝʥʠʡ 

ʰʠʨʦʢʠʡ ʩʧʝʢʪʨ ʽʥʦʟʝʤʥʠʭ ʨʦʟʨʦʙʦʢ, ʘ ʪʘʢʦʞ ʚʝʜʫʪʴʩʷ ʚʣʘʩʥʽ ʨʦʟʨʦʙʢʠ. 

ʅʘʧʨʠʢʣʘʜ, ʮʽʢʘʚʠʤ ʧʨʦʜʫʢʪʦʤ ʻ ʢʚʘʜʨʦʢʦʧʪʝʨ DJI Phantom 2 Vision+. 

ʆʩʥʘʱʝʥʠʡ ʚʠʩʦʢʦʷʢʽʩʥʦʶ ʢʘʤʝʨʦʶ ʚʽʥ ʤʦʞʝ ʧʝʨʝʜʘʚʘʪʠ ʚʽʜʝʦ ʚ ʦʥ-

ʣʘʡʥʨʝʞʠʤʽ ʯʝʨʝʟ WiFi ʥʘ ʩʤʘʨʪʬʦʥ ʦʧʝʨʘʪʦʨʘ ʥʘ ʚʽʜʩʪʘʥʽ ʜʦ 2,5 ʢʤ, ʪʘ 

ʤʦʤʝʥʪʘʣʴʥʦ ʧʫʙʣʽʢʫʚʘʪʠ ʨʝʟʫʣʴʪʘʪʠ ʟʡʦʤʢʠ ʚ ʩʦʮʽʘʣʴʥʠʭ ʤʝʨʝʞʘʭ ʘʙʦ 

ʢʨʘʫʜʩʦʨʩʠʥʛʦʚʨʠʭ ʩʠʩʪʝʤʘʭ. ʊʘʢʠʡ ʢʚʘʜʨʦʢʦʧʪʝʨ ʜʦʮʽʣʴʥʦ ʟʘʩʪʦʩʦʚʫʚʘʪʠ 

ʜʣʷ ʤʦʥʽʪʦʨʠʥʛʫ ʣʦʢʘʣʴʥʠʭ ʦʙ'ʻʢʪʽʚ, ʷʢʠʡ ʤʦʞʝ ʦʙʣʽʪʘʪʠ ʧʝʚʥʠʡ ʟʘʜʘʥʠʡ 
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ʤʘʨʰʨʫʪ ʜʦʚʞʠʥʦʶ ʜʦ 15 ʢʤ ʽ ʘʚʪʦʤʘʪʠʯʥʦ ʧʦʚʝʨʪʘʪʠʩʷ ʥʘ ʙʘʟʫ. 

ɼʣʷ ʧʦʣʴʦʪʽʚ ʥʘ ʙʽʣʴʰ ʜʘʣʴʥʽ ʚʽʜʩʪʘʥʽ ʧʦʟʘ ʤʽʩʪʦʤ ʜʦʮʽʣʴʥʦ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ɹʇʃɸ ʣʽʪʘʢʦʚʦʛʦ ʪʠʧʫ, ʪʘʢ ʟʚʘʥʽ çʣʽʪʘʶʯʽ ʢʨʠʣʘè, 

ʥʘʧʨʠʢʣʘʜ ɹʇʃɸ ʇʘʪʨʽʦʪ, ʷʢʠʡ ʟʙʠʨʘʻʪʴʩʷ ʥʘ ʋʢʨʘʾʥʽ ʟʘ ʫʯʘʩʪʶ ʥʘʰʠʭ 

ʬʘʭʽʚʮʽʚ. ʊʘʢʽ ʘʧʘʨʘʪʠ ʤʦʞʫʪʴ ʟʘʧʫʩʢʘʪʠʩʷ ʧʨʷʤʦ ʟ ʨʫʢʠ, ʘ 

ʚʽʜʝʦʩʧʦʩʪʝʨʝʞʝʥʥʷ ʤʦʞʝ ʚʝʩʪʠʩʷ ʘʙʦ ʟ ʧʝʨʝʩʫʚʥʦʛʦ ʧʫʣʴʪʘ ʟ LCD-ʜʠʩʧʣʝʻʤ 

(ʥʘ ʟʘʜʥʴʦʤʫ ʩʠʜʽʥʥʽ ʘʚʪʦ) ʘʙʦ ʟʘ ʜʦʧʦʤʦʛʦʶ ʩʧʝʮʽʘʣʴʥʦʛʦ FPV (first person 

view) ʢʦʤʧʣʝʢʪʫ, ʱʦ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʢʘʤʝʨʠ, ʧʨʠʡʦʤʦ-ʧʝʨʝʜʘʚʘʥʦʛʦ 

ʦʙʣʘʜʥʘʥʥʷ ʪʘ ʦʢʫʣʷʨʽʚ ʽʟ ʭʝʜʪʨʝʢʝʨʦʤ. ʇʨʠ ʧʦʚʦʨʦʪʽ ʛʦʣʦʚʠ ʦʧʝʨʘʪʦʨʘ 

ʢʘʤʝʨʘ ʚʽʜʧʨʘʮʴʦʚʫʻ ʚʽʜʧʦʚʽʜʥʽ ʧʦʚʦʨʦʪʠ ʦʙôʻʢʪʠʚʫ, ʩʪʚʦʨʶʶʯʠ ʚʽʜʯʫʪʪʷ 

ʧʦʣʴʦʪʫ ʚʽʜ ʧʝʨʰʦʾ ʦʩʦʙʠ. 

ʊʘʢʦʞ ʚ ʨʦʙʦʪʽ ʚʝʜʝʪʴʩʷ ʥʘʫʢʦʚʝ ʩʫʧʨʦʚʦʜʞʝʥʥʷ ʚʠʨʽʰʫʚʘʥʦʾ 

ʧʨʦʙʣʝʤʠ. ɿʦʢʨʝʤʘ ʨʦʟʨʦʙʣʝʥʦ ʥʠʟʢʫ ʤʘʪʝʤʘʪʠʯʥʠʭ ʧʦʩʪʘʥʦʚʦʢ ʟʘʜʘʯ. ɼʣʷ 

ʩʠʥʪʝʟʫ ʨʘʮʽʦʥʘʣʴʥʦʾ ʪʦʧʦʣʦʛʽʾ ɹʉʄ ʥʝʦʙʭʽʜʥʦ ʩʧʦʯʘʪʢʫ ʩʬʦʨʤʫʣʴʦʚʘʥʦ 

ʟʘʜʘʯʫ ʦʧʪʠʤʘʣʴʥʦʛʦ ʨʦʟʤʽʱʝʥʥʷ ʩʝʥʩʦʨʽʚ ʚ ʦʙʣʘʩʪʽ ʤʦʥʽʪʦʨʠʥʛʫ.ʈʦʟʛʣʷʥʫʪʦ 

ʦʩʥʦʚʥʽ ʝʚʨʠʩʪʠʯʥʽ ʤʝʪʦʜʠ ʚʠʨʽʰʝʥʥʷ ʜʘʥʦʾ ʟʘʜʘʯʽ, ʮʝ: ʙʣʦʢʦʚʘ ʝʚʨʠʩʪʠʢʘ, 

ʛʝʢʩʘʛʦʥʘʣʴʥʘ ʝʚʨʠʩʪʠʢʘ, ʢʚʘʜʨʘʪʥʘ ʝʚʨʠʩʪʠʢʘ.ʋʩʽ ʤʝʪʦʜʠ ʜʘʶʪʴ ʧʨʠʡʥʷʪʥʽ 

ʨʝʟʫʣʴʪʘʪʠ, ʚʠʙʽʨ ʢʦʥʢʨʝʪʥʦʛʦ ʘʣʛʦʨʠʪʤʫ ʜʠʢʪʫʻʪʴʩʷ ʢʦʥʢʨʝʪʥʠʤʠ ʚʠʤʦʛʘʤʠ 

ʜʦ ʟʘʜʘʯʽ. ʂʚʘʜʨʘʪʥʘ ʝʚʨʠʩʪʠʢʘ ʥʝʟʘʣʝʞʥʦ ʚʽʜ ʢʣʘʩʫ ʩʢʣʘʜʥʦʩʪʽ ʟʘʜʘʯʽ ʜʘʻ 

ʟʘʚʞʜʠ ʥʘʡʛʽʨʰʠʡ ʨʝʟʫʣʴʪʘʪ. 

ʇʦ-ʜʨʫʛʝ, ʟʜʽʡʩʥʝʥʦ ʤʘʪʝʤʘʪʠʯʥʫ ʧʦʩʪʘʥʦʚʢʫ ʟʘʜʘʯʽ ʨʦʟʤʽʱʝʥʥʷ ʤʝʨʝʞʽ 

ʨʝʪʨʘʥʩʣʷʪʦʨʽʚ ɹʉʄ. ɹʉʄ ʤʦʞʥʘ ʧʨʝʜʩʪʘʚʠʪʠ ʫ ʚʠʛʣʷʜʽ ʩʧʨʷʤʦʚʘʥʦʛʦ 

ʟʚʘʞʝʥʦʛʦ ʛʨʘʬʘ, ʱʦ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʤʥʦʞʠʥʠ ʚʝʨʰʠʥ (ʚʫʟʣʽʚ) ʽ ʨʝʙʝʨ (ʢʘʥʘʣʽʚ 

ʟʚ'ʷʟʢʫ). ʇʦʙʫʜʦʚʘ ʤʘʨʰʨʫʪʽʚ ʚʽʜ ʂʇ ʜʦ ʰʣʶʟʫ ʟʜʽʡʩʥʶʻʪʴʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʘʣʛʦʨʠʪʤʫ ʜʠʥʘʤʽʯʥʦʛʦ ʧʨʦʛʨʘʤʫʚʘʥʥʷ ï ʤʝʪʦʜʫ ɹʝʣʣʤʘʥʘ-ʌʦʨʜʘ. 

ʂʨʠʪʝʨʽʘʣʴʥʘ ʬʫʥʢʮʽʷ ʮʴʦʛʦ ʘʣʛʦʨʠʪʤʫ (ʬʫʥʢʮʽʷ ɹʝʣʣʤʘʥʘ) ʚʠʟʥʘʯʘʻ ʫʤʦʚʥʫ 

ʚʘʨʪʽʩʪʴ ʪʨʘʥʩʧʦʨʪʫʚʘʥʥʷ ʧʦʪʦʢʫ ʜʘʥʠʭ ʤʽʞ ʩʫʩʽʜʥʽʤʠ ʚʫʟʣʘʤʠ ʤʘʨʰʨʫʪʫ. 

ʊʘʢʠʤ ʯʠʥʦʤ, ʤʦʞʝʤʦ ʩʬʦʨʤʫʣʶʚʘʪʠ ʥʘʩʪʫʧʥʫ ʤʘʪʝʤʘʪʠʯʥʫ ʧʦʩʪʘʥʦʚʢʫ 

ʟʘʜʘʯʽ ï ʟʥʘʡʪʠ ʪʘʢʫ ʪʦʧʦʣʦʛʽʶ ʤʝʨʝʞʽ (ʤʽʩʮʝ ʨʦʟʪʘʰʫʚʘʥʥʷ ʨʝʪʨʘʥʩʣʷʪʦʨʽʚ), 

ʷʢʘ ʤʽʥʽʤʽʟʫʻ ʚʘʨʪʽʩʪʴ ʪʨʘʥʩʧʦʨʪʫʚʘʥʥʷ ʧʦʪʦʢʽʚ ʜʘʥʠʭ ʚʽʜ ʩʝʥʩʦʨʽʚ ʜʦ ʰʣʶʟʫ, 

ʧʨʠ ʚʠʢʦʥʘʥʥʽ ʦʙʤʝʞʝʥʴ ʥʘ ʨʝʩʫʨʩʠ ʤʝʨʝʞʽ, ʟʘʙʝʟʧʝʯʝʥʥʽ ʩʪʨʫʢʪʫʨʥʦʾ 

ʟʚ'ʷʟʥʦʩʪʽ ʽ ʧʦʢʘʟʥʠʢʽʚ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʤʝʨʝʞʽ. 

ʃʽʪʝʨʘʪʫʨʘ 

1. LysenkoO.I., ValuiskyiS.V. Capacity increasing of sensor telecommunication 

networks / O.I. Lysenko, S.V. Valuiskyi // TelecommunicationSciences. ï 2012. 

ï vol. 3. ï ˉ 1. ï P. 5ï11. 

2. ʃʠʩʝʥʢʦ ʆ.ɯ. ʉʝʥʩʦʨʥʘ ʪʝʣʝʢʦʤʫʥʽʢʘʮʽʡʥʘ ʩʠʩʪʝʤʘ ʦʧʝʨʘʪʠʚʥʦʛʦ 

ʤʦʥʽʪʦʨʠʥʛʫ ʚ ʟʦʥʽ ʥʘʜʟʚʠʯʘʡʥʠʭ ʩʠʪʫʘʮʽʡ ʪʝʭʥʦʛʝʥʥʦʛʦ ʭʘʨʘʢʪʝʨʫ / 

ʆ.ɯ.ʃʠʩʝʥʢʦ, ʉ.ʄ. ʏʫʤʘʯʝʥʢʦ, ʇ.ɯ. ʂʽʨʯʫ, ʉ.ɺ. ɺʘʣʫʡʩʴʢʠʡ // ʇʨʦʙʣʝʤʠ 

ʪʝʣʝʢʦʤʫʥʽʢʘʮʽʡ : 7-ʘ ʄʽʞʥʘʨ. ʥʘʫʢ.-ʪʝʭʥ. ʢʦʥʬ., 16-19 ʢʚʽʪ. 2013ʨ. : 

ʤʘʪʝʨʽʘʣʠ ʢʦʥʬ. ï ʂ., 2013. ï ʉ. 37ï39. 
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E-mail:  atrubin@ukrpost.net 

 

Parameters of the Optical Filters on Dielectric  

Micro -resonators with Whispering Gallery Modes   

 

Electrodynamics analysis of the wide class band pass and band stop filters, constructed on 

spherical and disk dielectric microresonators with whispering gallery modes (WGM) is 

considered. S-matrix frequency responses of the multiple-unit  filters are calculated and 

discussed. WGM resonators material features are taken into account. 

 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʨʘʩʯʝʪ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʨʘʩʩʝʷʥʠʷ ʬʠʣʴʪʨʦʚ, ʧʦʩʪʨʦʝʥʥʳʭ ʥʘ ʦʩʥʦʚʝ 

ʤʠʢʨʦʨʝʟʦʥʘʪʦʨʦʚ ʩ ʢʦʣʝʙʘʥʠʷʤʠ ʰʝʧʯʫʱʝʡ ʛʘʣʝʨʝʠ, ʧʨʦʚʦʜʠʪʩʷ ʣʠʙʦ ʥʘ ʦʩʥʦʚʝ 

ʧʨʠʙʣʠʞʝʥʥʦʛʦ ʦʧʠʩʘʥʠʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʪʝʦʨʠʠ ʩʚʷʟʘʥʥʳʭ ʦʧʪʠʯʝʩʢʠʭ ʣʠʥʠʡ  [1], 

ʣʠʙʦ ʯʠʩʣʝʥʥʳʤʠ ʤʝʪʦʜʘʤʠ [2]. ʕʣʝʢʪʨʦʜʠʥʘʤʠʯʝʩʢʠʡ ʘʥʘʣʠʟ ʬʠʣʴʪʨʦʚ ʦʧʪʠʯʝʩʢʦʛʦ 

ʜʠʘʧʘʟʦʥʘ ʥʝ ʧʨʦʚʦʜʠʣʩʷ. ʎʝʣʴʶ ʥʘʩʪʦʷʱʝʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʷʚʣʷʝʪʩʷ  ʘʥʘʣʠʟ ʜʦʩʪʠʞʠʤʳʭ  

ʧʘʨʘʤʝʪʨʦʚ ʧʦʣʦʩʦʚʳʭ ʠ ʨʝʞʝʢʪʦʨʥʳʭ ʬʠʣʴʪʨʦʚ, ʚʳʧʦʣʥʝʥʥʳʭ ʥʘ ʦʩʥʦʚʝ ʧʨʠʤʝʥʝʥʠʷ 

ʤʠʢʨʦʨʝʟʦʥʘʪʦʨʦʚ ʨʘʟʣʠʯʥʳʭ ʬʦʨʤ ʠʥʬʨʘʢʨʘʩʥʦʛʦ ʜʠʘʧʘʟʦʥʘ, ʧʨʦʚʝʜʝʥʥʳʡ ʥʘ ʦʩʥʦʚʝ 

ʵʣʝʢʪʨʦʜʠʥʘʤʠʯʝʩʢʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ.  

 

 
 

ʈʠʩ.1. ɸ, ʙ - ʧʦʣʦʩʦʚʳʝ ʬʠʣʴʪʨʳ ʥʘ 10 ʩʬʝʨʠʯʝʩʢʠʭ ʜʠʵʣʝʢʪʨʠʯʝʩʢʠʭ ʤʠʢʨʦʨʝʟʦʥʘʪʦʨʘʭ 

ʩ ʤʘʛʥʠʪʥʳʤʠ ʢʦʣʝʙʘʥʠʷʤʠ ʰʝʧʯʫʱʝʡ ʛʘʣʝʨʝʠ 1mmH  31m=  ʠ 30m= , ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ɺ, 

ʜ - ʯʘʩʪʦʪʥʳʝ ʟʘʚʠʩʠʤʦʩʪʠ ʤʦʜʫʣʷ S-ʤʘʪʨʠʮʳ. ɻ, ʝ - ʛʨʫʧʧʦʚʦʝ ʚʨʝʤʷ ʟʘʜʝʨʞʢʠ ʚ ʧʦʣʦʩʝ 

ʧʨʦʧʫʩʢʘʥʠʷ ʬʠʣʴʪʨʦʚ. 

 

ʈʘʩʯʝʪ ʧʘʨʘʤʝʪʨʦʚ ʬʠʣʴʪʨʦʚ ʧʨʦʚʝʜʝʥ ʥʘ ʦʩʥʦʚʝ ʪʝʦʨʠʠ ʨʘʩʩʝʷʥʠʷ [3] ʜʣʷ ʥʝʩʢʦʣʴʢʠʭ 

ʪʠʧʠʯʥʳʭ ʤʘʪʝʨʠʘʣʦʚ, ʠʩʧʦʣʴʟʫʝʤʳʭ ʧʨʠ ʠʟʛʦʪʦʚʣʝʥʠʠ ʤʠʢʨʦʨʝʟʦʥʘʪʦʨʦʚ: ʧʣʘʚʣʝʥʦʛʦ 

ʢʚʘʨʮʘ ʠ ʧʦʣʠʢʦʨʘ. ʈʘʩʩʤʦʪʨʠʚʘʶʪʩʷ ʘʤʧʣʠʪʫʜʥʳʝ ʠ ʬʘʟʦʚʳʝ ʯʘʩʪʦʪʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ʤʘʪʨʠʮ  ʨʘʩʩʝʷʥʠʷ ʧʦʣʦʩʦʚʳʭ  (ʨʠʩ. 1 - 3) ʬʠʣʴʪʨʦʚ, ʚʳʧʦʣʥʝʥʥʳʭ ʩ ʧʨʠʤʝʥʝʥʠʝʤ 10 - 25 

ʩʬʝʨʠʯʝʩʢʠʭ ʠ ʜʠʩʢʦʚʳʭ ʤʠʢʨʦʨʝʟʦʥʘʪʦʨʦʚ.  
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ʈʠʩ. 2  ɸ - ʧʦʣʦʩʦʚʦʡ ʬʠʣʴʪʨ ʥʘ 15 ʜʠʩʢʦʚʳʭ ʤʠʢʨʦʨʝʟʦʥʘʪʦʨʘʭ ʩ ʢʦʣʝʙʘʥʠʷʤʠ 

1,20,1EH+ . 

ɹ - ʜ - ʯʘʩʪʦʪʥʳʝ ʟʘʚʠʩʠʤʦʩʪʠ ʤʘʪʨʠʮʳ ʧʝʨʝʜʘʯʠ ʬʠʣʴʪʨʘ. 

 

ʀʩʩʣʝʜʫʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴ ʥʘʩʪʨʦʡʢʠ ʬʠʣʴʪʨʦʚ ʨʘʟʥʳʭ ʢʦʥʩʪʨʫʢʮʠʡ ʩ ʨʘʟʣʠʯʥʦʡ 

ʰʠʨʠʥʦʡ ʧʦʣʦʩ ʧʝʨʝʜʘʯʠ (ʨʠʩ. 1 - 3). ʅʘ ʦʩʥʦʚʝ ʨʘʩʯʝʪʘ ʛʨʫʧʧʦʚʦʛʦ ʚʨʝʤʝʥʠ ʟʘʜʝʨʞʢʠ 

ʧʨʦʚʦʜʠʪʩʷ ʦʮʝʥʢʘ ʚʝʣʠʯʠʥʳ ʟʘʧʘʟʜʳʚʘʥʠʷ ʠʤʧʫʣʴʩʦʚ ʚ ʧʦʣʦʩʦʚʳʭ ʬʠʣʴʪʨʘʭ (ʨʠʩ. 1, ʛ, ʝ) 

ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʠʭ ʧʘʨʘʤʝʪʨʦʚ. 

 

 
ʈʠʩ.3. ɸ - ʧʦʣʦʩʦʚʦʡ ʬʠʣʴʪʨ ʥʘ 10 ʚʝʨʪʠʢʘʣʴʥʦ ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʜʠʩʢʦʚʳʭ 

ʤʠʢʨʦʨʝʟʦʥʘʪʦʨʘʭ ʩ ʢʦʣʝʙʘʥʠʷʤʠ 
1,20,1EH+ ; ʙ, ʚ - ʯʘʩʪʦʪʥʳʝ ʟʘʚʠʩʠʤʦʩʪʠ ʤʦʜʫʣʷ 

ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʧʝʨʝʜʘʯʠ ʠ ʦʪʨʘʞʝʥʠʷ ʬʠʣʴʪʨʘ. 

 

ʈʘʩʩʯʠʪʳʚʘʶʪʩʷ ʠ ʘʥʘʣʠʟʠʨʫʶʪʩʷ ʢʦʵʬʬʠʮʠʝʥʪʳ ʩʚʷʟʠ ʤʝʞʜʫ ʤʠʢʨʦʨʝʟʦʥʘʪʦʨʘʤʠ 

ʩʬʝʨʠʯʝʩʢʦʡ ʠ ʮʠʣʠʥʜʨʠʯʝʩʢʦʡ ʬʦʨʤʳ ʧʨʠ ʚʦʟʙʫʞʜʝʥʠʠ ʚ ʥʠʭ ʤʘʛʥʠʪʥʳʭ ʠ 

ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʚʠʜʦʚ ʢʦʣʝʙʘʥʠʡ ʩ ʘʟʠʤʫʪʘʣʴʥʳʤʠ ʯʠʩʣʘʤʠ 20 30m= - . 
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ʈʠʩ.4. ɸ, ʛ - ʨʝʞʝʢʪʦʨʥʳʝ ʬʠʣʴʪʨʳ ʥʘ 25 ʩʬʝʨʠʯʝʩʢʠʭ ʠ 10 ʜʠʩʢʦʚʳʭ ʤʠʢʨʦʨʝʟʦʥʘʪʦʨʘʭ 

ʩ ʢʦʣʝʙʘʥʠʷʤʠ ʰʝʧʯʫʱʝʡ ʛʘʣʝʨʝʠ 1mmH  ( 30m= ) ʠ 
1,29,1EH+ , ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ɹ, ʚ, ʜ, ʝ - 

ʯʘʩʪʦʪʥʳʝ ʟʘʚʠʩʠʤʦʩʪʠ ʤʦʜʫʣʝʡ ʤʘʪʨʠʮʳ ʧʝʨʝʜʘʯʠ ʬʠʣʴʪʨʦʚ. 

 

ʈʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʠ ʘʥʘʣʠʟʠʨʫʶʪʩʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʤʥʦʛʦʨʝʟʦʥʘʪʦʨʥʳʭ 

ʨʝʞʝʢʪʦʨʥʳʭ ʬʠʣʴʪʨʦʚ (ʨʠʩ. 4). ʀʩʩʣʝʜʫʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴ ʥʘʩʪʨʦʡʢʠ ʫʟʢʦʧʦʣʦʩʥʳʭ 

ʨʝʞʝʢʪʦʨʥʳʭ ʬʠʣʴʪʨʦʚ ʩ ʚʳʩʦʢʠʤʠ ʟʥʘʯʝʥʠʷʤʠ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʦʪʨʘʞʝʥʠʷ. 

ʇʨʦʚʝʜʝʥʥʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʧʦʟʚʦʣʷʝʪ ʚʳʷʚʠʪʴ ʦʩʥʦʚʥʳʝ ʦʩʦʙʝʥʥʦʩʪʠ ʨʝʘʣʠʟʘʮʠʠ 

ʰʠʨʦʢʦʛʦ ʢʣʘʩʩʘ ʬʠʣʴʪʨʦʚ ʨʘʟʣʠʯʥʳʭ ʪʠʧʦʚ ʥʘ ʤʠʢʨʦʨʝʟʦʥʘʪʦʨʘʭ ʠʥʬʨʘʢʨʘʩʥʦʛʦ ʠ 

ʦʧʪʠʯʝʩʢʦʛʦ ʜʠʘʧʘʟʦʥʘ ʩ ʢʦʣʝʙʘʥʠʷʤʠ ʰʝʧʯʫʱʝʡ ʛʘʣʝʨʝʠ, ʢʦʪʦʨʳʝ ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʚ 

ʙʫʜʫʱʝʤ ʜʣʷ ʦʙʨʘʙʦʪʢʠ ʩʠʛʥʘʣʦʚ, ʧʨʠʤʝʥʷʝʤʳʭ ʚ ʦʧʪʠʯʝʩʢʠʭ ʩʠʩʪʝʤʘʭ ʩʚʷʟʠ. 

ʇʦʣʫʯʝʥʥʳʝ ʜʘʥʥʳʝ ʧʦʟʚʦʣʷʶʪ ʦʧʨʝʜʝʣʠʪʴ ʦʙʣʘʩʪʴ ʜʦʩʪʫʧʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʬʠʣʴʪʨʦʚ, 

ʧʦʩʪʨʦʝʥʥʳʭ ʥʘ ʨʝʘʣʴʥʳʭ ʜʠʵʣʝʢʪʨʠʢʘʭ, ʧʨʠʤʝʥʷʝʤʳʭ ʚ ʦʧʪʠʯʝʩʢʦʤ ʜʠʘʧʘʟʦʥʝ ʜʣʠʥ 

ʚʦʣʥ. ʆʧʪʠʤʠʟʘʮʠʷ ʧʨʝʜʣʘʛʘʝʤʳʭ ʬʠʣʴʪʨʦʚ ʚ ʜʘʣʴʥʝʡʰʝʤ ʧʨʠʚʝʜʝʪ ʢ ʫʣʫʯʰʝʥʠʶ ʠʭ 

ʧʘʨʘʤʝʪʨʦʚ, ʘ ʪʘʢʞʝ ʨʘʩʰʠʨʝʥʠʶ ʚʦʟʤʦʞʥʦʩʪʝʡ ʧʦ ʫʧʨʘʚʣʝʥʠʶ ʦʧʪʠʯʝʩʢʠʤʠ ʩʠʛʥʘʣʘʤʠ 

ʧʨʠ ʨʘʟʨʘʙʦʪʢʝ ʧʦʣʥʦʩʪʴʶ ʦʧʪʠʯʝʩʢʠʭ ʠʥʪʝʛʨʘʣʴʥʳʭ ʫʩʪʨʦʡʩʪʚ ʩʚʷʟʠ ʥʦʚʦʛʦ ʧʦʢʦʣʝʥʠʷ.  
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ʄʦʥʠʪʦʨʠʥʛ ʦʙʲʝʢʪʦʚ ʣʠʥʝʡʥʦʡ ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ  

ʧʨʠ ʧʦʤʦʱʠ ʨʘʩʧʨʝʜʝʣʸʥʥʦʡ ʜʠʩʪʘʥʮʠʦʥʥʦʡ ʩʲʸʤʢʠ 
 

ʇʨʝʜʣʦʞʝʥʦ ʘʚʪʦʤʘʪʠʯʝʩʢʦʝ ʜʝʪʝʢʪʠʨʦʚʘʥʠʝ ʦʙʲʝʢʪʦʚ ʣʠʥʝʡʥʦʡ ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ ʥʘ 

ʜʠʩʪʘʥʮʠʦʥʥʳʭ ʠʟʦʙʨʘʞʝʥʠʷʭ ʥʘ ʦʩʥʦʚʝ ʦʧʪʠʤʘʣʴʥʦʛʦ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʈʘʜʦʥʘ ʚ 

ʢʦʤʙʠʥʘʮʠʠ ʩ ʵʬʬʝʢʪʠʚʥʳʤʠ ʘʣʛʦʨʠʪʤʘʤʠ ʚʝʢʪʦʨʠʟʘʮʠʠ. ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʤʦʛʫʪ 

ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʜʣʷ ʜʠʩʪʘʥʮʠʦʥʥʦʛʦ ʤʦʥʠʪʦʨʠʥʛʘ ʜʦʨʦʛ, ʧʨʦʜʫʢʪʦʧʨʦʚʦʜʦʚ, 

ʤʘʛʠʩʪʨʘʣʴʥʳʭ ʃʕʇ ʠ ʪ.ʜ. 

 

Linear infrastructure facilities include railroads and highways, major bridges, 

oil, gas and petroleum products pipelines, trunk power lines, underground utility 

lines, etc. A continuous automated monitoring of linear infrastructure is very 

important and relevant topic now. 

The main interpretation feature of linear infrastructure is a small area with a 

long linear distance. Such facilities can be monitored conveniently and efficiently 

using a distributed remote imaging [1]. 

Automation of linear infrastructure monitoring implies at least automatic 

extraction of linear objects in the images. The basis for linear objects extraction is 

a brightness patterns and special geometric features of spatial pixel segments in 

image. 

A lot of methods for linear objects extraction from remote sensing imagery 

are known. A large variety of edge detection operators, support vector machines, 

triangulation, and topological vectorization are used for this purpose [2]. 

The main drawback of most existing approaches is relatively low energy of 

linear objects in image. Therefore, the presence of noise leads to significant 

degradation of vectorization quality [3]. Traditionally, to suppress high-frequency 

spatial noise of digital image the integrating operators are applied [4]. 

An effective tool for parameterized lines and shapes extraction in digital 

image is the Radon transform [5]. The Radon transform is a special case of the 

generalized ³ntegral-geometric transform that maps the function f(Ŀ) at a certain set 

into its representation F(Ŀ) specified by integrals of f(Ŀ) along any and all possible 

subsets of this set [6]. An integral Radon transform of two-dimensional image 

itself is an expansion of the f(Ŀ) function in integrals along all possible right lines 

[7]: 

ñ
Í

=
X

dxxfF
x

x )()(                                                    (1) 
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The inverse Radon transform exists, which restores the original function by 

the values of its Radon transform: 

ñ
Íµ

µ
=

Xx

dɝɝF
x

xf )(
ˊ

2
)(

2

2

                                            (2) 

In the real-life digital image processing the integration should be replaced by 

the summation, and the continuous set of all possible direct lines ï by ones discrete 

set with a given quantization step. 

Fig.1 illustrates the consistent application of direct and inverse Radon 

transform to fragment of digital remote image for linear objects extraction. 

 

    
a                               b                              c                              d 

Fig.1 ï Integral Radon transform: source remote image (a), direct Radon 

transform (b), inverse Radon transform (c), vectorized linear objects (d) 
 

Common Radon transform effectively identifies the straight lines of known 

direction only [8]. To extract the lines of arbitrary direction Radon transform must 

be optimized at each point of the image: the transformation is performed along the 

line with the maximum response among all possible directions. The optimization 

payback is a very large computational complexity of optimal Radon transform: a 

digital image fragment with linear dimensions of several hundred pixels processed 

for many hours. Therefore, for the practical implementation of linear objects 

extraction the special measures necessarily need to speed up the processing, such 

as fast Radon transform, or some hybrid technologies [9]. 

Fig.2 demonstrates the possibility of automated monitoring of the road section 

using Pl®iades 1A high resolution satellite imagery. In this case a combination of 

fast Radon transformation with skeletonizing based on advanced Canny edge 

detector is used [10]. 

An important requirement for just distributed monitoring is capability to 

identify mutual linear facilities at different remote images. This operation is much 

more convenient to formalize and perform over vector entities using their topology 

analysis [11]. It is another argument in favour of the need for vectorizing images of 

linear infrastructure facilities. 

 



 59 

   
a                                         b                                       c 

Fig.2 ï Road extraction demo: source high-resolution satellite image (a), 

inverse Radon transform (b), vectorized highway traffic lanes (c) 
 

Thus, the presented approach can be useful in information system 

development for remote monitoring of linear infrastructure facilities. 
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Perspectives on using Discrete Hartley  

Transform in communication technologies 

The Discrete Hartley Transform (DHT) is a real-valued transform closely 

related to the DFT of a real-valued sequence. This report contains a list of 

advantages of  DHT and presents some properties of this transform which have 

practical meaning. 

 

çʅʝʪ ʪʘʢʠʭ ʟʘʜʘʯ, ʜʣʷ ʢʦʪʦʨʳʭ ʩʧʨʘʚʝʜʣʠʚʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ 

ʢʦʤʧʣʝʢʩʥʦʛʦ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʌʫʨʴʝ ʠ ʦʜʥʦʚʨʝʤʝʥʥʦ ʥʝ ʤʦʞʝʪ ʙʳʪʴ 

ʧʨʠʤʝʥʝʥʦ ʚʝʱʝʩʪʚʝʥʥʦʝ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʍʘʨʪʣʠè [1]. ʇʨʝʦʙʨʘʟʦʚʘʥʠʝ 

ʍʘʨʪʣʠ ʷʚʣʷʝʪʩʷ ʘʥʘʣʦʛʦʤ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʌʫʨʴʝ. ʆʩʥʦʚʥʦʡ ʦʙʣʘʩʪʴʶ 

ʧʨʠʤʝʥʝʥʠʷ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʍʘʨʪʣʠ ʷʚʣʷʝʪʩʷ ʩʧʝʢʪʨʘʣʴʥʳʡ ʘʥʘʣʠʟ, 

ʬʠʣʴʪʨʘʮʠ ̫ ʠ ʦʙʨʘʙʦʪʢʘ ʩʠʛʥʘʣʦʚ. ɺʝʱʝʩʪʚʝʥʥʦʝ ʠʥʪʝʛʨʘʣʴʥʦʝ 

ʧʨʝʦʙʨʘʟʦʚʘʥʠʝ, ʩʬʦʨʤʫʣʠʨʦʚʘʥʥʦʝ ʍʘʨʪʣʠ ʚ 1942 ʛ., ʧʦʟʚʦʣʷʝʪ ʦʙʦʡʪʠʩʴ ʙʝʟ 

ʢʦʤʧʣʝʢʩʥʦʛʦ ʧʨʝʜʩʪʘʚʣʝʥʠʷ, ʘ ʟʥʘʯʠʪ, ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʦʪʩʫʪʩʪʚʠʝʤ 

ʠʟʙʳʪʦʯʥʦʩʪʠ. ʇʨʝʦʙʨʘʟʦʚʘʥʠʝ ʍʘʨʪʣʠ ʦʙʣʘʜʘʝʪ ʥʝʢʦʪʦʨʳʤ ʥʘʙʦʨʦʤ 

ʩʚʦʡʩʪʚ, ʦʪʣʠʯʥʳʭ ʦʪ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʌʫʨʴʝ, ʢʦʪʦʨʳʝ ʙʫʜʫʪ ʨʘʩʩʤʦʪʨʝʥʳ 

ʥʠʞʝ.  

ʆʧʨʝʜʝʣʝʥʠʝ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ. ʇʨʝʦʙʨʘʟʦʚʘʥʠʝ ʍʘʨʪʣʠ ʟʘʜʘʝʪʩʷ ʧʘʨʦʡ 

ʬʦʨʤʫʣ (1.1): 

ñ
¤

¤-

= dttcastV )()()2/1()( wpwy
                                            (1.1) 
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¤-

= wwwyp dtcastV )()()2/1()(

                                                  .
  

ɺ ʵʪʠʭ ʩʦʦʪʥʦʰʝʥʠʷʭ ʜʣʷ ʬʫʥʢʮʠʠ cas  ʙʫʜʝʤ ʠʩʧʦʣʴʟʦʚʘʪʴ ʬʫʥʢʮʠʶ, 

ʧʨʝʜʩʪʘʚʣʝʥʥʫʶ ʩʫʤʤʦʡ ʢʦʩʠʥʫʩʘ ʠ ʩʠʥʫʩʘ ʦʜʥʦʛʦ ʠ ʪʦʛʦ ʞʝ ʘʨʛʫʤʝʥʪʘ (1.2): 

)sin()cos()( tttcas +¹                                                 (1.2).   

ɿʘʯʘʩʪʫʶ ʥʘ ʧʨʘʢʪʠʢʝ ʥʝʦʙʭʦʜʠʤʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʜʠʩʢʨʝʪʥʳʝ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʜʣʷ ʦʧʠʩʘʥʠʷ ʚʨʝʤʝʥʥʳʭ ʨʷʜʦʚ, ʧʦʵʪʦʤʫ ʚʚʝʜʝʤ 




























































































































































































































































































































































































































































































































































































































































































































































































































































































