
 

˹ˢ̇˱˻˹ˢ˶̎˹ˮ˯ ́˩̆˹˱̉˹ˮ˯ ̂˹˱ˤ˩˾˿ˮ́˩́ ̂˴˾ˢ˲˹ˮ 

ά˴͙͍ͫ͝Έ͙͚͟ ͔ͨͦͭ͜͡ͻͤ͜;͙͚ͤ ͙ͤͫͭͭͯͭ͜ά 

˱˹˿́ˮ́̂́ ́˩˶˩˴˻˸̂˹˱˴ˢ̇˱˯˹ˮ̆ ˿ˮ˿́˩˸ 

˹˨˱ ͔͔́ͦͣͯͤ͊͟͜͟͡ͼ͜ ͚

 

˿Έͦͣ͊ ͣ ͗ͤ͊ͪͦ͒ͤ͊͜ ͤ ͍͊ͯͦͦ͟-͔ͭͻͤ͜;ͤ͊ ͦͤ͟ͺ͔͔ͪͤͼ͜Ύ  

Ϧ˽˾˻ˣ˶˩˸ˮ ́˩˶˩˴˻˸̂˹˱˴ˢ̇˱˯Ϧ 

 

͙͍ͨͪͫΎ;͔ͤ͊ ммр-͚ ͪ͜;͙ͤͼ͜ ˹́̂̂ ζ˴˽˱ηΣ 

20-͚ ͪ͜;͙ͤͼ͜ ͊͟ͺ͔͙͒ͪ ͔͔ͭͦͣͯͤ͊͟͜͟͡ͼ͚͜Σ 

10-͚ ͪ͜;͙ͤͼ͜ ˱͙ͤͫͭͭͯͭ ͔͔ͭͦͣͯͤ͊͟͜͟͡ͼ͚͙ͤ͜ͻ ͙͔ͫͫͭͣ 

 

 

˸͔͙͊ͭͪ͊͜͡ ͦͤ͟ͺ͔͔ͪͤͼ͜͝ 

 

 

 

 

 

16ςмф ͍ͭͤ͟͜Ύ нлмо ͪ ͦͯ͟ 

 

ͣΦ ˴͙͍͝ 
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ʅʘʫʢʦʚʦ-ʪʝʭʥʽʯʥʘ ʢʦʥʬʝʨʝʥʮʽʷ "ʇʨʦʙʣʝʤʠ ʪʝʣʝʢʦʤʫʥʽʢʘʮʽʡ": ʄʘʪʝʨʽʘʣʠ ʢʦʥʬʝʨʝʥʮʽʾ. 

ʂ.:ʅʊʋʋ "ʂʇɯ", 2013.  

  

  

  

  

ɼʘʥʠʡ ʟʙʽʨʥʠʢ ʤʽʩʪʠʪʴ ʜʦʧʦʚʽʜʽ ʧʣʝʥʘʨʥʠʭ ʽ ʩʝʢʮʽʡʥʠʭ ʤʘʪʝʨʽʘʣʽʚ  

ʩʪʫʜʝʥʪʽʚ, ʘʩʧʽʨʘʥʪʽʚ, ʩʧʝʮʽʘʣʽʩʪʽʚ ʽ ʥʘʫʢʦʚʠʭ ʩʧʽʚʨʦʙʽʪʥʠʢʽʚ, ʧʨʝʜʩʪʘʚʣʝʥʠʭ ʥʘ  

ʉʴʦʤʽʡ ʤʽʞʥʘʨʦʜʥʽʡ ʥʘʫʢʦʚʦ-ʪʝʭʥʽʯʥʽʡ ʢʦʥʬʝʨʝʥʮʽʾ "ʇʨʦʙʣʝʤʠ  

ʪʝʣʝʢʦʤʫʥʽʢʘʮʽʡ" (ʇʊ-13), ʷʢʽ ʧʨʦʚʦʜʷʪʴʩʷ 16ï19 ʢʚ̔ʪʥʷ 2013 ʨ. ʚ ʤ. ʂʠʻʚʽ.  

  

  

ʈʦʙʦʯʠʤʠ ʤʦʚʘʤʠ ʢʦʥʬʝʨʝʥʮʽʾ ʻ ʫʢʨʘʾʥʩʴʢʘ, ʨʦʩʽʡʩʴʢʘ ʪʘ ʘʥʛʣʽʡʩʴʢʘ.  

  

  

  

  

ʋ ʟʙʽʨʥʠʢ ʚʢʣʶʯʝʥʽ ʜʦʧʦʚʽʜʽ ʟʘ ʪʘʢʠʤʠ ʥʘʧʨʷʤʢʘʤʠ:  

¶ ʩʠʩʪʝʤʠ ʙʝʟʜʨʦʪʦʚʠʭ ʪʝʣʝʢʦʤʫʥʽʢʘʮʽʡ;  

¶ ʧʨʦʚʦʜʦʚʠʡ ʟʚôʷʟʦʢ, ʦʧʪʦʚʦʣʦʢʦʥʥʽ ʩʠʩʪʝʤʠ ʪʘ ʤʝʨʝʞʽ;  

¶ ʽʥʬʦʨʤʘʮʽʡʥʽ ʨʝʩʫʨʩʠ ʪʘ ʤʝʨʝʞʽ;  

¶ ʟʘʩʦʙʠ ʪʝʣʝʢʦʤʫʥʽʢʘʮʽʡʥʠʭ ʩʠʩʪʝʤ;  

¶ ʩʝʥʩʦʨʥʽ ʪʝʣʝʢʦʤʫʥʽʢʘʮʽʡʥʽ ʤʝʨʝʞʽ;  

¶ ʩʫʧʫʪʥʠʢʦʚʽ ʪʘ ʨʘʜʽʦʨʝʣʝʡʥʽ ʣʽʥʽʾ;  

¶ ʨʝʘʣʽʟʘʮʽʷ ʢʦʥʮʝʧʮʽʾ NGN ʚ ʩʫʯʘʩʥʠʭ ʪʘ ʧʝʨʩʧʝʢʪʠʚʥʠʭ ʪʝʣʝʢʦʤʫʥʽʢʘʮʽʷʭ  

  

  

  

 

 

 

 

 

 

ɺʯʝʥʠʡ ʩʝʢʨʝʪʘʨ ʢʦʥʬʝʨʝʥʮʽʾ  

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

E-mail: sbunin@voliacable.com   

  

ʉʝʢʨʝʪʘʨ ʦʨʛʢʦʤʽʪʝʪʫ ʢʦʥʬʝʨʝʥʮʽʾ  

ɹʫʙʥʦʚ ʄ.ʉ. 

ʨ.ʪ. (044)454-98-04, ʪʝʣ/ʬʘʢʩ. (044)454-98-21 

E-mail: ivanova@its.kpi.ua 
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˿͍͎͍͙ͨͦͦ͜͡ ͦͤ͟ͺ͔͔ͪͤͼ͜͝Υ 

ˣˢ˾ˢ˹˻ˤ ˢΦˢΦ  ς ͙͔͒ͪͭͦͪ͟ ˨͔͔ͨ͊ͪͭ͊ͣͤͭ͊ ͔͎ͫͭͪ͊ͭ͜͝ ͍͙ͪ͊ͭͯ͘͟ ͍͘ϥΎͯ͘͟ ˨͔͍ͪ͗͊ͤͦ͝ 

͙ͫͯ͗͋͡ ͔ͫͨͼ͊͜͡Έ͎ͤͦͦ ͍͘ϥΎͯ͘͟ ͭ͊ ͊͘ͻ͙ͫͭͯ ͤ͜ͺͦͪͣ͊ͼ͜͝ ͙̂ͪ͊ͤ͟͝Φ 

˱˶̎̉˩˹˴˻ ˸Φ̑. ς ͔ͨͪͦͪͭͦͪ͟ ͘ ͍ͤ͊ͯͦͦ͟͝ ͙ͪͦ͋ͦͭ ˹͊ͼͦͤ͊͜͡Έ͎ͤͦͦ ͔ͭͻͤ͜;͎ͤͦͦ 

͍͔͙͔ͯͤͪͫͭͭͯ͜ ͙̂ͪ͊ͤ͟͝ Ϧ˴͙͍ͫ͝Έ͙͚͟ ͔ͨͦͭ͜͡ͻͤ͜;͙͚ͤ ͙ͤͫͭͭͯͭ͜ϦΣ ͙͔͒ͪͭͦͪ͟ 

˱͙ͤͫͭͭͯͭͯ ͔͔ͭͦͣͯͤ͊͟͜͟͡ͼ͚͙ͤ͜ͻ ͫ ͙͔ͫͭͣΣ ͔͊͊͒ͣ͟͜͟ ˹ˢ˹̂Σ ͒ΦͭΦͤΦΣ ͨͪͦͺ͔ͫͦͪΦ 

˻͎͙ͪ͊ͤ͊ͭͦͪ͘͜ ͦͤ͟ͺ͔͔ͪͤͼ͜͝Υ 

˨͔͍ͪ͗͊ͤ͊ ͫͯ͗͋͊͡ ͔ͫͨͼ͊͜͡Έ͎ͤͦͦ ͍͘ΩΎͯ͘͟ ͜ ͊͘ͻ͙ͫͭͯ ͤ͜ͺͦͪͣ͊ͼ͜͝ ͙̂ͪ͊ͤ͟͝ 

˹͊ͼͦͤ͊͜͡Έ͙͚ͤ ͔ͭͻͤ͜;͙͚ͤ ͍͔͙͔ͯͤͪͫͭͭ͜ ͙̂ͪ͊ͤ͟͝ ζ˴˽˱ηΣ ˱́˿Σ ˹˨˱́Τ 

˸͙͚͗ͤ͊ͪͦ͒ͤ͜ ͍ͤ͊ͯͦͦ͟-͔ͭͻͤ͜;͙͚ͤ ͗ͯͪͤ͊͡ ζ¢9[9/haa¦bL/!¢Lhb {/L9b/9{ηΦ 

 

˿͙ͨͦͤͫͦͪ ͦͤ͟ͺ͔͔ͪͤͼ͜͝Υ 

˻͎ͪ͊ͤ͊͘͜ͼ͜͝ ͭ͊ ͙ͨ͒ͨͪ͜Ί͍ͣͫͭ͊Σ Ύ͟͜ ͙͚ͨͪͣ͊ΌͭΈ ͯ;͊ͫͭΈ ͯ ͍͚ͤ͊ͯͦ͟͜ ͨͪ͊ͼ͜ ͚ 

ͨͪ͊ͼ͔͍͊͡΄͍ͭͯ͊ͤͤ͜ ͍͙͙͍ͨͯͫͤ͟͟͜ ˱́˿Σ ͊ ͭ͊ͦ͗͟ ͍ͫ͜ ͋͊͗͊Ό;͜Φ 

 

 

˽͎͙͚ͪͦͪ͊ͣͤ ͔ͦͣͭͭ͟͜Υ 

 

˿ͯͤ͒ͯ;͍ͦ͟ ˴Φ˿Φ ς ͎͍ͦͦ͊͡Σ ͒ΦͭΦͤΦΣ ͨͪͦͺΦΣ ͊ͫͭ͘Φ ͙͔͒ͪͭͦͪ͊͟ ˹˨˱ ́˴Σ ͣΦ˴͙͍͝Τ 

˶ͯ͟ΩΎͤ;ͯ͟ ˢΦ˥Φ ς ͫ ͍͎͍ͨͦͦ͊͜͡Σ ͟ΦͭΦͤΦΣ ͨͪͦͺΦΣ ͔ͨͪͦͪͭͦͪ͟ ˿͔͍˹́̂Σ ͣΦ˿͔͍͊ͫͭͦͨͦ͡ΈΤ 

˥͔͍͙ͣͨ͜͜͡; ̑ΦˣΦ ς ͊ͫͭ͘Φ ͎ ͍͙ͦͦ͡Σ ͒ΦͭΦͤΦΣ ͨͪͦͺΦΣ ˿͔͍˹́̂Σ ͣΦ˿͔͍͊ͫͭͦͨͦ͡ΈΤ 

˴͊ͭͦ͟ ˤΦˣΦ ς ͊ͫͭ͘Φ ͎͍͙ͦͦ͡Σ ͟ΦͭΦͤΦΣ ͨͪͦͺΦΣ ͔͔̂ͪͭͦͣ͟͟͡Σ ͣΦ˴͙͍͝Τ 

͔̊ͫͭ͊͟ ˱ΦˤΦ  ς ͊ͫͭ͘Φ ͎͍͙ͦͦ͡Σ ͤ͊;͊͡Έ͙ͤ͟ ͔ͨͪ΄͎ͦͦ ͍ͯͨͪ͊ͤͤ͜͡Ύ ͔͎ͫͭͪ͊ͭ͜͝ 

͍͙ͪͦͭͯ͘͟ ͔͔ͭͦͣͯͤ͊͟͜͟͡ͼ͚͜ ͍ ̂ͪ͊ͤ͟͜͝Σ ͣΦ˴͙͍͝Φ 
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͔͙̉ͤ͡ ͔ͦͣͭͭͯ͟͜Υ 

1. ˣͯͤͤ͜ ˿Φ˥Φ ς ͒ ΦͭΦͤΦΣ ͨ ͪͦͺΦ ˱́˿ ˹́̂̂ Ϧ˴˽˱ϦΣ ͣ. ˴ ͙͍͝Φ 
2. ˴͍ͪ͊;ͯ͟ ˿Φ˻Φ ς ͒ ΦͭΦͤΦΣ ͨͪͦͺΦ ˱́˿ ˹́̂̂ Ϧ˴˽˱ϦΣ ͣ. ˴ ͙͍͝Φ 
3. ˽͍ͦͨͦͫΈ͙͚͟ ˤΦˤΦ ς ͒ ΦͭΦͤΦΣ ͨͪͦͺΦ ̆˹̂˾˩Σ ͣ. ̆ ͍͊ͪ͟͜Φ 
4. ͍̒ͦͪͤͦ͟ ̐ΦˢΦ ς ͟ ΦͭΦͤΦΣ ͨͪͦͺΦΣ ͊ͫͭ͘Φ ͙͔͒ͪͭͦͪ͊͟ ˱́˿ ˹́̂̂ Ϧ˴˽˱ϦΣ ͣ. ˴ ͙͍͝Φ 
5. ˾͍ͦͣ͊ͤͦ ˻Φ˱. ς ͒ ΦͭΦͤΦΣ ͨͪͦͺΦ  ˱ ́˿ ˹́̂̂ Ϧ˴˽˱ϦΣ ͣ. ˴ ͙͍͝ΦΦ 
6. ˨͙ͪͦ͋͟ ˻ΦˤΦ ς ͟ ΦͭΦͤΦΣ ͒ͦͼΦΣ м͙͚  ͨ ͔ͪͦͪͭͦͪ͟Φ ˨̂˱˴́Σ ͣ. ˴ ͙͍͝Φ 
7. ˥ͦ͋͊͡ ˶Φ˿Φ ς ͒ ΦͭΦͤΦΣ ͨͪͦͺΦΣ ͍͊͘Φ ͊͟ͺΦ ˱́˿ ˹́̂̂ Ϧ˴˽˱ϦΣ ͣ. ˴ ͙͍͝Φ 
8. ˣ͔ͪͣ͊ͤ͟ ˶Φ˹Φ ς ͒ ΦͭΦͤΦΣ ͨͪͦͺΦΣ ͍͊͘Φ ͊͟ͺΦ ˨̂˱˴́Σ ͣ. ˴ ͙͍͝Φ 
9. ˢ͡Ίͫ͟ΊΊ͍ ˸Φ˻Φ ς ͟ ΦͭΦͤΦΣ ͒ͦͼΦ ˱́˿ ˹́̂̂ Ϧ˴˽˱ϦΣ ͣ. ˴ ͙͍͝Φ 
10. ́ ͪͯ͋ͤ͜ ˻Φ˻Φ ς ͒ ΦͭΦͤΦΣ ͨͪͦͺΦ ˱́˿ ˹́̂̂ Ϧ˴˽˱ϦΣ ͣ. ˴ ͙͍͝Φ 
11. ̊ ͔͍͍ͦͤͦ͟͜͟͡ ˣΦ˸. ς ͟ ΦͭΦͤΦΣ ͒ͦͼΦ ˱́˿ ˹́̂̂ Ϧ˴˽˱ϦΣ ͣ. ˴ ͙͍͝Φ 
12. ˸ ͙ͻ͚͍͊ͦ͡ ˿ΦˢΦ ς ͒ ΦͭΦͤΦΣ ͨͪͦͺΦΣ ͣ Φ ˻͔͒ͫ͊Φ 
13. ˶ ͙͔ͫͤͦ͟ ˻Φ˱. ς ͒ ΦͭΦͤΦΣ ͨͪͦͺ. ˱ ́˿ ˹́̂̂ Ϧ˴˽˱ϦΣ ͣ. ˴ ͙͍͝Φ 
14. ˬ ͯ͟ ˿Φ̒Φ ς ͒ ΦͭΦͤΦΣ ͨͪͦͺΦ ˾́̅ ˹́̂̂ Ϧ˴˽˱ϦΣ ͣ. ˴ ͙͍͝Φ 
15. ˽ ͍ͦͨͦ ˤΦ˱. ς ͒ Φͺ-ͣΦͤΦ ΣͨͪͦͺΦ ˾˨ ̂ͣ . ˾ ͙͎͊Φ 
16. ˶ ͍ͨ͊ͭͦ͜ ˢΦ˻. ς ͟ ΦͭΦͤΦΣ ͨͪͦͺΦ ˱́˿ ˹́̂̂ Ϧ˴˽˱ϦΣ ͣ. ˴ ͙͍͝Φ 
17. ˹ ͙͙͊ͪͭͤ͟ ́Φ˸Φ ς ͟ ΦͭΦͤΦΣ ͨͪͦͺΦ ˱́˿ ˹́̂̂ Ϧ˴˽˱ϦΣ ͣ. ˴ ͙͍͝Φ 
18. ˴ ͙ͦͦͣ͡ͼ͔͍ ˸Φ˻. ς ͟ ΦͭΦͤΦΣ ͒ͦͼ. ˱ ́˿ ˹́̂̂ Ϧ˴˽˱ϦΣ ͣ. ˴ ͙͍͝Φ 
19. ̂ ͙͍ͪͫΈ͙͚͟ ˶Φ˻. ς ͒ ΦͭΦͤΦΣ ͨͪͦͺΦ ˱́˿ ˹́̂̂ Ϧ˴˽˱ϦΣ ͣ. ˴ ͙͍͝Φ 
20. ˸͙͍͊ͫͣͦ͟ ˤΦˤΦ ς ͟ ΦͭΦͤΦΣ ͒ͦͼΦ ˱́˿ ˹́̂̂ Ϧ˴˽˱ϦΣ ͣ. ˴ ͙͍͝Φ 
21. ˥͍͊ͭͭͯͪͦ ˤΦ˴Φ ς ͟ ΦͭΦͤΦΣ ͒ͦͼΦ ˱́˿ ˹́̂̂ Ϧ˴˽˱ϦΣ ͣ. ˴ ͙͍͝Φ 

 

 

͔́ͻͤ͜;͙͚ͤ ͔ͦͣͭͭ͟͜ ˽́-13: 

мΦ ˿͡Όͫ͊ͪ ˤΦ˿Φ ς ͭ ͪ͊ͤͫͨͦͪͭΣ ͔͔ͨͦͫͤͤ͡ΎΣ ͪ ΦͭΦ прп-98-04. 

нΦ ˨ͯ͡Ύ ̑ΦˢΦ ς ͎ ͍͙͚ͦͦͤ͡ ͋ͯͻ͎͔͊ͭͪ͡ ˹˨˱ ́˴Σ ͪΦͭΦ плс-84-49. 

оΦ ˽͒͒ͯ͋ͤ͊͜ ˱Φ˸Φ ς ͪ ͔Ίͫͭͪ͊ͼ͜ΎΣ ͤ͜ͺͦͪͣ͊ͼ͚͔ͤ͜ ͔͔͊͋ͨ͘͘;͔ͤͤΎΦ 

4. ˴ ͚͊͊͒͊͡ ˥Φ˿Φ ς ͭ ͔ͻͤ͜;͔ͤ ͎͍͍ͦ͋ͫͯͦͯ͊ͤͤ͡Ύ ͔͔ͭͪͦͤͤͦ͟͡͝ ͔ͭͻ͙ͤ͜͟Σ ͪΦͭΦ прп-98-11. 

5. ̊ ͎ͭͦͪͤ͊͜ ˻Φ˿Φ ς ͦ ͺ͔ͦͪͣͤͤ͡Ύ ͦͤ͟ͺ͔͔ͪͤͼ͜͝ ͤ͊ ͫ ͚͊ͭ͜ ˱́˿Σ ͪΦͭΦ прп-98-91. 

сΦ ˽͎͙ͦͫͯ͡ ͔͔ͨͪ͊͒͊͟͡;͊Υ 

˴ͦͭ ͔́ͭΎͤ͊ ς (067)549-71-85; 

ˣ͔͍͊ͫͤͦ͊͟ ˴͔͙͊ͭͪͤ͊ ς (050)195-55-40. 

тΦ ˿͔͔ͪͭ͊ͪ͟ ͎͔ͦͪͦͣͭͭͯ͟͜Υ  

ˣ͍ͯ͋ͤͦ ˸͙ͦ͊͟͡, e-mail: ivanova@its.kpi.ua. 

mailto:ivanova@its.kpi.ua
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˭˸˱˿́ 

˽͔ͤ͊ͪͤ͜͡ ͍͒ͦͨͦ͒͜͜ 

˱͡Έ;͔ͤͦ͟ ˸Φ̑ΦΣ ͙͍̂ͪͫΈ͙͚͟ ˶Φ˻Φ ˾ ͦ͡Έ ͍͎ͤ͊ͯͦͦͦ͟ ͫͨ͊͒ͯ͟ ͔͊͊͒ͣ͊͟͜͟ ˤΦ˸Φ 

˥ͯ͡΄͍ͦ͊͟ ͯ ͔ͪ͊͊͘͜͡ͼ͜͝ ͫͯ;͙͊ͫͤͻ ͔͔ͭͦͣͯͤ͊͟͜͟͡ͼ͚͙ͤ͜ͻ ͔͎͚ͫͭͪ͊ͭ͜ΧΧΧΧΧΧΧΧ..14 

ˣͯͤͤ͜ ˿Φ˥Φ ˹͊͒΄͙͎͍ͪͦͦͫͣͯͦ͟͜ ͣͨͯ͜͡Έͫͤ͜ ͙͎͙ͫͤ͊͡ ͍ ͍ͪ͊͒ͦ͘͜ϥΎͯ͘͟ΧΧΧΧΧΧΧΧ19 

˱͡ Έ;͔ͤͦ͟ ˸Φ̑ΦΣ ˹͙͙͊ͪͭͤ͟ ́Φ˸ΦΣ ˤ͚͔ͦͭͤͦ͟ ˢΦ˥ΦΣ ˴͙͙͔͊ͣͪͤͦ͘͟ ˤΦ̒Φ  

ˣ͔͍͒ͪͦͭͦ͊͘ ͣͯ͡Έ͙͔͍ͭͫͪͫͤ͊͜ ͙͔ͫͫͭͣ͊ ͔͊͋ͦͤͤͭͫΈ͎ͦͦ͟ ͒ͦͫͭͯͨͯ ͒ͦ 

ͤ͜ͺͦͪͣ͊ͼ͚͙ͤ͜ͻ ͔͍ͪͫͯͪͫ͜ΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΦΦ22 

˴͙ͣ͊͡ ΄ ˸Φ˸ΦΣ ˣ͔΄͔͚͡ ˸Φ˱Φ ˸͔ͦ͒͡Ό͍͊ͤͤΎ ͭ͊ ͔͒ͦͫ͒͗ͤͤ͜͡Ύ ͙͔͙ͫͫͭͣ 

͍ͯͨͪ͊ͤͤ͜͡Ύ ͔͙ͪͫͯͪͫ͊ͣ ͺ͔͙ͣͭͦͫͦͭ ͍ ͔͔ͣͪ͗͊ͻ-IMSΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧ25 

͙͍̂ͪ Έͫ͟ ͙͚ ˶Φ.˻ ˽ ͦ͒ͦ͊ͤͤ͡Ύ ͔͍͙ͤͤ͊͘;͔ͤͦͫͭ͜ ͔͔ͭͦͪͣ ͔̊ͤͤͦͤ͊ ͨͪͦ ͍ͦ͒ͯ͊ͤͤ͟Ύ 

͒͡Ύ ͙͔͎͒ͫͪͭͤͦͦ͟ ͊ͤ͊ͯ͟͡ ͘ ͍͙͊͊͒͊ͣ͘ΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΦ29 

̆͊ͻ͡Ό͟ ˻ΦˢΦ ˾ ͍͙ͦͭͦ͘͟ ͔ͭͻ͎ͤͦͦ͜͡͝ WiFi ͍  ͔ͦͨͪ͊ͭͦͪͫΈ͙͟ͻ ͔͔ͣͪ͗͊ͻΧΧΧΧΧΧΧ33 

˴͍ͪ͊;ͯ͟ ˿Φ˻. ˨ ͔ͦͫ͒͗ͤͤ͜͡Ύ ͺ͙͘͜;͎ͤͦͦ ͍ͪͤ͜Ύ ͔͙ͨ͒ͣͤ͘͜ͻ ͔͍͙͋͒ͪͦͭͦ͘ͻ 

͔͙ͫͤͫͦͪͤͻ ͔͔ͣͪ͗ΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧ.34 

˶͙͔ͫͤͦ͟ ˻Φ˱ΦΣ ̉ͯͣ͊;͔ͤͦ͟ ˿Φ˸ΦΣ ˴ͪ͜;ͯ ˽Φ˱ΦΣ ˤ͚͊ͯͫ͡Έ͙͚͟ ˿ΦˤΦ ˿͔ͤͫͦͪͤ͊ 

͔͔ͭͦͣͯͤ͊͟͜͟͡ͼ͚ͤ͊͜ ͙͔ͫͫͭͣ͊ ͔͙͍͎ͦͨͪ͊ͭͤͦͦ ͙͎ͣͦͤͭͦͪͤͯ͜ ͍ ͦͤ͘͜ ͍͙ͤ͊͒͘;͚͙͊ͤͻ 

͙ͫͭͯ͊ͼ͚͜ ͔ͭͻ͎͔͎ͤͦͤͤͦͦ ͻ͔͊ͪ͊ͭͪͯ͟ΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΦΦΧΧΦ37 

˴͍ͪ͊;ͯ͟ ˿Φ.˻ ˹ ͔͔͊ͤͦͣͪ͗͜Υ ͔͔ͭͦͣͯͤ͊͟͜͟͡ͼ͚ͤ͜͜ ͙͔͙ͫͫͭͣ ͍ͤ͊ͤͦͪͤ͜Ύ ΧΧΧΧΧΧ40 

˱͡ Έ;͔ͤͦ͟ ˸Φ̑ΦΣ ͍̐ͪͣͦͦ͡ ˽Φ˽Φ ˽͙͚ͪͫͭ͊ͭͤ͊͜ ͋ ͎͋ͦͪ͊͜͜͡ͺ͜Ύ Ύ͟  ͍ ͙͍͙͚͊͗͡ 

͔͙ͤ͊ͯͦͣͭͪ͟;͙͚ͤ ͔͔͔ͣͤͭ͡ΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΦΦΧΧΦ.43 

ˣ͔͎ͤ͘͜ ˢΦˢΦΣ ˿͍͊ͦ;ͤ͟͜ ˢΦˢΦΣ ˿ͦ͋ͦ͒͡ΊͤΌ͟ ˢΦˢΦ ˨ͦͫͭͯͨ ͒ͦ ͔͔ͣͪ͗͜ ˱͔͔ͤͭͪͤͭ ͤ͊ 

͙͊ͤ͘͘͜͡;ͤͦͣͯ ͙ͨ͊ͫ͊͗ͪͫΈͦͣͯ͟ ͭͪ͊ͤͫͨͦͪͭ͜ ͘ ͍͙͙ͦͪͫͭ͊ͤͤ͟Ύͣ ͔͔ͣͪ͗ оDΧΧΧ..48 

ˣ͔͎ͤ͘͜ ˢΦˢΦΣ ˿͍͊ͦ;ͤ͟͜ ˢΦˢΦΣ ˾͊͜ͺ͍ͦ ˶Φ˩. ˨ ͦͫͭͯͨ ͒ͦ ͔͔ͣͪ͗͜ ˱͔͔ͤͭͪͤͭ ͯ 

͔͚ͭͪͦ͋ͯͫ͊͡ͻ ˿͔͍͊ͫͭͦͨͦ͡Ύ ͘ ͍͙͙ͦͪͫͭ͊ͤͤ͟Ύͣ ͣͦ͋͜͡Έ͙ͤͻ ͔͔ͣͪ͗ оDΧΧΧΧΧΧ.51 

˸͊ͤΈ͍ͦͫ͟Έ͟ ͙͚ ˤΦˣΦΣ ˾͍ͦͣ͊ͤͦ ˻Φ˱. s ͙ͤ͊ͭ͜͡;ͤ͊ ͔ͣͦ͒͡Έ ͔͔ͣͪ͗͜ MPLSΧΧΧΧΧ54 

́ͪͯ͋ͤ͜ ˻Φ˻Φ ˾ͦͫ͘͜Ό͍͊ͤͤΎ ͙ͦͨͭ;͙ͤͻ ͣͨͯ͜͡Έ͍ͫ͜ ͔͔͙͙ͪ͗ͭͦͪͤͣ͟ ͺ͜͡Έ͙ͭͪ͊ͣ ͤ͊ 

͍ͦͫͤͦ͜ ͔͔͙͒ͭͪ͜͟͡;͙ͤͻ ͔͍ͣͪͦͪͦͤ͊ͭͦͪ͘͜͟͜ΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧ57 
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˿͔͟ͼ͜Ύ мΦ ˿͙͔͙ͫͭͣ ͔͍͍͙͋ͨͪͦͦ͒ͦ͘ͻ ͔͔ͭͦͣͯͤ͊͟͜͟͡ͼ͚͜ 

˿͍͎͍͙ͨͦͦ͜͡Υ  

͒ΦͭΦͤΦΣ ͨͪͦͺΦ ˣͯͤͤ͜ ˿Φ˥ΦΣ ͒ΦͭΦͤΦΣ ͒ͦͼΦ ˴͍ͪ͊;ͯ͟ /Φ˻ΦΣ ͒ΦͭΦͤΦΣ ͨͪͦͺΦ ˽ ͍ͦͨͦͫΈ͙͚͟ ˤΦˤΦ 

˿Έͦͣͤ͜ ˿ΦˤΦΣ ˣ͔͎ͤ͘͜ ˢΦˢΦΣ ˹͍͔͍ͦͦͫͦ͡ ̐ΦˢΦΣ ˾͊͜ͺ͍ͦ ˶Φ˩ΦΣ ˿͔ͦ͋ͦ͒ͤ͡Ό͟ ˢΦˢΦΣ 
˿͍͊ͦ;ͤ͟͜ ˢΦˢΦ ˽ ͔͔ͪͪͦͨͦ͒͘͜͡ ;͎͊ͫͭͦͭͤͦͦ ͔ͪͫͯͪͫͯ ͘ ͔ͣͭͦΌ ͍͍͔ͨͪͦ͊͒͗ͤͤΎ 
͔͔ͣͪ͗ LTEΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΦΦΧсл 

˿͔ͦ͋ͦ͒ͤ͡Ό͟ ˢΦˢΦΣ ˣ͔͎ͤ͘͜ ˢΦˢΦΣ ˹͍ͦͦͫΈ͍ͦͦ͡ ̐ΦˢΦΣ ˾͊͜ͺ͍ͦ ˶Φ˩ΦΣ ˿Έͦͣͤ͜ ˿ΦˤΦΣ 
˿͍͊ͦ;ͤ͟͜ ˢΦˢΦ ˨ ͔ͦͫ͒͗ͤͤ͜͡Ύ ͻ͔͙͙͊ͪ͊ͭͪͫͭ͟͟ ͔͊͋ͦͤͤͭͫΈ͎ͦͦ͟ ͦ͋͊͒ͤ͊ͤͤ͡Ύ ͙ͨͪ 
͍͙͋ͦͪ͜ ;͎͊ͫͭͦͭͤͦͦ ͒͊ͨ͊ͦͤͯ͘͜ ͒͡Ύ ͍͍͔ͨͪͦ͊͒͗ͤͤΎ ͔͔ͣͪ͗ LTEΧΧΧΧΧΧΧΧΧΦΦΦсо 

́ͪͦ͜ͼΈ͙͚͟ ˢΦˤΦΣ ͔͍̊;͔ͤͦ͟ ˿ΦˢΦΣ ˽͊ͤ͊ͫΌ͟ ˱ΦˤΦ ˾ ͦͪͦ͋͊͘͟ ͦͤ͟ͼ͔ͨͼ͜͝ ͙͚ͨͪͣ͊;͊ 
͒͡Ύ ͙͔͙ͫͫͭͣ ͎ͪ͊͒ͦͤ͊͜͡Ύ͒ͯ ͫͭ͊ͤ͒͊ͪͭͯ ADS-BΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΦΧΦсс 

˨ͯ͋ͤͤ͜͜ ˥ΦˤΦ ˽ ͦͨ͜͡΄͔ͤͤΎ ͻ͔͙͙͊ͪ͊ͭͪͫͭ͟͟ ͙ͪͦ͋ͦͭ ͔͔ͣͪ͗ ͣͦ͋͜͡Έ͎ͤͦͦ ͒ͦͫͭͯͨͯ 
TD-[¢9 ͊͘ ͪ͊ͻͯͤͦ͟ ͍͊ͫͭͦͫͯ͊ͤͤ͘Ύ ͍͔͎ͨͦͤͦ͒ͯͨͫͤͦͦ͟͡ ͔͙ͪ͗ͣͯ ͔͔ͨͪ͒͊;͜ ͙͒͊ͤͻ.69 

˴͔ͦͤͦͤͤͦ͟ ˶ΦˢΦΣ ˴͍ͪ͊;ͯ͟ ˿Φ˻Φ ˾ ͦͨͦ͒͘͜͡ ͔ͪ͊͒ͦͪͫͯͪͫͯ͜ ͨͪΎ͎ͣͦͦ ͊ͤ͊ͯ͟͡ ͙͔͙ͫͫͭͣ 
͘ OFDMA ͒ ͡Ύ ͍͒ͦͻ ͫͭ͜͡Έ͙͍ͤ͟͜ ͙ͨͪ ͔͔͊͋ͨ͘͘;͔ͤͤ͜ ͔ͤͦ͋ͻ͎͒ͤͦͦ͜ QoSΧΧΧΧΧΧΧтн 

˸͔͊ͯͪͤͦ͘͟ ˻ΦˤΦΣ ͍̒ͦͪͤͦ͟ ̐ΦˢΦ ˸ ͔͙ͭͦ͒ ͙͍͙͎ͭͪͣͪͤͦͦ͜ ͍͎ͨͪͦͫͭͦͪͦͦͦ 
͔ͪͦ͒ͤͤ͘͜͡Ύ ͙͎͍ͫͤ͊͜͡ ͍ ͔͍͍͙͋ͨͪͦͦ͒ͦ͘ͻ ͔͔ͭͦͣͯͤ͊͟͜͟͡ͼ͜ΎͻΧΧΧΧΧΧΧΧΧΧΧΧтр 

˿ͯͤ͒ͯ;͍ͦ͟ ˴Φ˿ΦΣ ˤ͍ͦͦ͟͡ ˿Φ˩ΦΣ ̒΅ͯ͟ ˻Φ˿Φ ʕ ͙͋ͪ͜ ͎͙ͫͣͯ ͪͦ͋ͦ;͙ͻ ;͊ͫͭͦͭ ͙͚ͨͪͣ͊;͊-
͔͔͒ͦ͒ͪ͊͟ ͣͦ͋͜͡Έ͎ͤͦͦ ͔ͭͪͣͤ͊ͯ͜͡ ͔͙͍ͤͭͪ͊ͭͤͦ͜͟͝ ͎͔͔͎͔ͭͪͦͤͤͦ͝ 
͔͔ͭͦͣͯͤ͊͟͜͟͡ͼ͚ͤͦ͜͝ ͔͔ͣͪ͗͜ ͣͦ͋͜͡Έ͎ͤͦͦ ͍͘ϥΎͯ͘͟ΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΦΦту 

˭ͦͦͭͯ͡ͻͤ͜ ˾ΦˤΦΣ ˿͔͍ͭͪͦͫ͟͡Έ͊͟ ˱ΦˤΦΣ ˶͙ͫΌ͟ ̐ΦˤΦ ˨͔ͦͫ͒͗ͤͤ͜͡Ύ ͔͍ͣͭͦ͒͜ 
͍͍͔͒ͤͦͤͤ͜͡Ύ ͔͔͔͍͙͋ͨͪͪͤ͘ͻ ͙͎͍ͫͤ͊͜͡ΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΦун 

˴͚͔͊͒ͤͦ͟ ˸Φ˸Φ ˱ ͣͭ͊͜ͼ͚͔ͤ͜ ͔ͣͦ͒͡Ό͍͊ͤͤΎ ͺ͙͘͜;͎ͤͦͦ ͍ͪͤ͜Ύ ͙͔͙ͫͫͭͣ 
΄͙͎͍͎ͪͦͦͫͣͯͦͦͦ͟ ͒ͦͫͭͯͨͯ ͤ͊ ͍ͦͫͤͦ͜ L999 улнΦмс-2009ΧΧΧΧΧΧΧΧΧΧΧΧΧΦΦур 

˻ͻ͔ͪͣͤͦ͜͟ ̒Φ̑ΦΣ ˢ͍͒ΊΊͤͦ͟ ˥Φ˶Φ s ͤ͊͘͜͡ ͒ͦͼ͜͡Έͤͦͫͭ͜ ͍͙͙ͦͪͫͭ͊ͤͤ͟Ύ ͔͊ͤͭͤͤͦ͝ 
͙͔͙ͫͫͭͣ MISO ͯ  ͫͭ͊ͤ͒͊ͪͭ͜ ͔͔ͭ͋͊͡;͔ͤͤΎ DVB-T2ΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧуу 

˽ͦͤ͘Ύ͍ͦ͊͟ ˢΦ˻ΦΣ ˴͍ͪ͊;ͯ͟ ˿Φ˻. s ͎͙ͦͪͭͣ͡ ͔͔ͨͦͨͪ͒ͤΈͦ͝ ͺ͙͊͘ ͍ͫ͊ͤͯ͊ͤͤ͟Ύ 
ͨͪͦͼ͔͙͒ͯͪ ͔͔ͨͪ͒͊;͜ ͎͍͍ͦ͋ͫͯͦͯ͊ͤͤ͡Ύ ͒͡Ύ ͍͍͔͍͒ͦͪͤͦ͜͝ ͙͔͙ͫͫͭͣ 
΄͙͎͍͎ͪͦͦͫͣͯͦͦͦ͟ ͪ͊͒ͦ͒ͦͫͭͯͨͯ͜ΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧфм 

͙͍̊ͪͦͦ͟ ˱ΦˣΦΣ ˶Ύ͡Ό͟ ˨ΦˤΦ ˭ ͍͊ͫͭͦͫͯ͊ͤͤΎ ͎͊ͫ͊͒ͤͦͦ͟͟ ͍͎ͦ͒ͤͦͨͦͪͭͦͦͦ 
͔͎ͪͦͤ͊ͤͫͤͦͦ͘ ͙͎ͭͪ͊ͤͫͭͦͪͤͦͦ͘ ͙ͨ͒ͫ͜͡Ό͍͊;͊ ͙ͨͪ ͍ͨͦ͋ͯ͒ͦ͜ ͔͍ͭͪ͊ͤͫͨͦͤ͒ͪ͜ 
͙͔͙ͫͫͭͣ wCL5ΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΦфп 
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˿͔͟ͼ͜Ύ нΦ ˽͍͍͙͚ͪͦͦ͒ͦ ͍͘ΩΎͦ͘͟Σ ͍ͦͨͭͦͦͦͦͤͤ͟͜͡ ͙͔͙ͫͫͭͣ ͭ͊ ͔͔ͣͪ͗͜ 

˿͍͎͍͙ͨͦͦ͜͡Υ  

ͨͪͦͺΦ ͍̒ͦͪͤͦ͟ ̐ΦˢΦΣ ͒ΦͭΦͤΦΣ ͨͪͦͺΦ ˾͍ͦͣ͊ͤͦ ˻Φ˱ΦΣ ͟ΦͭΦͤΦΣ ͒ͦͼΦ ˨͙ͪͦ͋͟ ˢΦˤ. 

˴͊ͭͦ͟ ˤΦˣΦΣ ˾͔ͯ͒ͤͦ͟ ˱Φ˩Φ ˻ͫ ͍ͤͦͤ͜ ͤ͊ͨͪΎ͙ͣ ͙ͫͭ͊ͤ͒͊ͪͭ͊͘ͼ͜͝ ͙ͦͨͭ;͙ͤͻ ͍ͦͦͦͤ͟͡ ͭ͊ 
͔͍͊͋͟͜͡ΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΦфт 

˾͍ͦͣ͊ͤͦ ˢΦ˱ΦΣ ˴͙͔ͯͪͤͦ͟͡ ˨Φ˸ΦΣ ˸͊ͤΈ͍ͫ͟͜Έ͙͚͟ ˤΦˣΦΣ ̆͊ͪͦͤ͘ ˱Φ˻Φ ˱ͣͭ͊͜ͼ͚ͤ͊͜ 
͔ͣͦ͒͡Έ GNSо ͦͼ͙ͤ͜͟ ͔͍ͨ͊ͪ͊ͣͭͪ͜ Ύͦͫͭ͟͜ ͎͍͍ͦ͋ͫͯͦͯ͊ͤͤ͡Ύ ͍ ͔͔ͣͪ͗͜ IP/MPLS.100 

˽͊ͫΈͦ͟ ˿Φ˽ΦΣ ˽͊ͫΈͦ͟ ˤΦ˽ΦΣ ˶͊ͭͯͻ͊ ˢΦˤΦ ˤ͙ͤ͊͘;͔ͤͤΎ ͒ͦͼ͜͡Έͤͦͫͭ͜ ͙͊ͣͤ͘͜ 
ͣ͊ͪ΄͙͍ͪͯͭ͊ͭͦͪ͘͜ ͍ ˱˾-͔͔ͣͪ͗͜ ͤ͊ ͦ͋͊͒ͤ͊ͤͤ͡Ύ MPLS ͍  ͔͊͗ͤͦͫͭ͘͜͡ ͍͒͜ ͔͔ͣͪ͗ͤͦ͝ 
͙͙͊ͭͪͣ͘͟ΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΦΧΧΧΧΦмлн 

͔́͊ͪ͊ͫͤͦ͟ ˱ΦˤΦΣ ˴͊ͭͦ͟ ˤΦˣΦΣ ˽͍͙ͦͨͦ; ˭Φ˻ΦΣ ̐ͪ΄͍ͦ ̑ΦˤΦΣ ˽͊ͫΈͦ͟ ˿Φ˽ΦΣ ˨ͯ͒ͦ͟ ˻ΦˤΦ 
˾ͦͪͦ͋͊͘͟ ͨ͒͜ͻ͍ͦ͒͜ ͒ͦ ͍͙Ύ͍͔ͤͤ͡Ύ ͭ͊ ͦͼ͙ͤ͜͟ ͔͙ͨͪͦ͋ͣͤ͡ͻ ͦͤ͘ ͤ͜ͺ͙ͪ͊ͫͭͪͯͭͯͪ͟ 
͔͍ͦͨͪ͊ͭͦͪ͜ ͍͘ΩΎͯ͘͟ΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΦмлс 

˶Ύͻ͍͔ͦͼΈ͟ ͙͚ ˶Φ˸ΦΣ ˭͊͋ͦ͡ͼΈ͟ ͙͚ ˿ΦˢΦ ʕ ͙ͫͦͦ͟;͊ͫͭͦͭͤ͜ ͔͙ͨ͊ͪ͊ͣͭͪ ͔͔ͨͪ͒͊;͜ ͍͍ͨͪͦͦ͒͜ 
͒ͦͣ͊΄ͤΈͦ͝ ͔͔͍͙ͭͪͦͨͪͦͦ͒͟͟͡Σ Ύ͊͟ ͍͊ͫͭͦͫͦͯ͘ΊͭΈͫΎ ͍ ͔ͭͻ͎ͤͦͦ͜͡͝ BPLΧΧΧΧΧΦΦмлу 

˨ͪͯ͘Έ ˤΦˤΦΣ ˽͍͙ͪ͊ͦ͡ ˤΦˤΦ ˭͊ ͍ͫͭͦͫͯ͊ͤͤΎ ͔ͭͻ͎ͤͦͦ͜͡͝ MPLS/VPN ͒͡Ύ ͍͙ͨͦ͋ͯ͒ͦ 
͍ͪͭͯ͊͜͡Έ͙ͤͻ ͙͍͙ͨͪ͊ͭͤͻ ͔͔ͣͪ͗ ΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧммм 

˴ͪ͊ͫΈͦ͟ ˻ ΦˤΦΣ ˴͔ͦͪͼΈ͙͚͟ ˻ΦˤΦ ˨͔ͦͫ͒͗ͤͤ͜͡Ύ ;͍͙͊ͫͦͻ ͔͍ͨ͊ͪ͊ͣͭͪ͜ Ύͦͫͭ͟͜ ͯ 
ͺ͙ͦͭͦͤͤͻ ͙ͭͪ͊ͤͨͦͪͭͤͻ ͔͔ͣͪ͗͊ͻΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧммо 

˾Ύ͋ͼ͍ͦ ˢΦˤΦ ˿ ͔ͨͼ͊͜͡Έͤ͜ ͙͙ͭͨ ͨϥΊ͔͔͙ͦͭͪ͘͟͡;͙ͤͻ ͍͊ͭͯ͊ͭͦͪ͟͜ ͒͡Ύ ͙ͦͨͭ;͙ͤͻ 
ͦͣͯͭ͊͟ͼ͚͙ͤ͜ͻ ͙͍ͨͪͫͭͪͦ͝ΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΦммс 

˸͊ͤΈ͍ͫ͟͜Έ͙͚͟ ˤΦˣΦΣ ˾ͯ͒Έͦ͟ ˹Φ˨Φ ˻ͼ͔ͤ͊͟ ͚ͨͪͦͨͯͫͤͦ͟ ͙ͫͨͦͫͦ͋ͤͦͫͭ ͔͙ͫͭ 
9ǘƘŜǊƴŜǘ ͙ ͫͨͦͫͦ͋· ͍ͨͦ·΄͔͙ͤΎ ͔͔ 
Ήͺͺ͔͙͍͙ͭͤͦͫͭ͟ΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΦΧΦΧΦΧΦΧΦΧΦΧΦΧΦΧΦΧΦΧΦΧΦΧΦΧΦΧΦΦΦΦмму 

Grynkov Yuri Analysis of assembly algorithms in optical networkΧΧΧΧΧΧΧΧΦмнм 

 
˿͔͟ͼ͜Ύ оΦ ˱ͤͺͦͪͣ͊ͼ͚ͤ͜͜ ͔͙ͪͫͯͪͫ ͜ ͔͔ͣͪ͗͜ 

˿͍͎͍͙ͨͦͦ͜͡Υ 

͒ΦͭΦͤΦΣ ͨͪͦͺΦ ˥ͦ͋͊͡ ˶Φ˿ΦΣ ͒ΦͭΦͤΦΣ ͨͪͦͺΦ ˣ͔ͪͣ͊ͤ͟ ˶Φ˹ΦΣ ͟ΦͭΦͤΦΣ ͒ͦͼΦ ˢ͔ͫ͟͡ΊΊ͍ ˸ . .˻ 

Andriy Luntovskyy, Dietbert Guetter CANDY: academic research project in the 
ŦǊŀƳŜ ƻŦ ƪƴƻǿƭŜŘƎŜ ǘǊŀƴǎŦŜǊ ǘƻ {a9ΩǎΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΦΦмнп 

˿ͣͪͤ͜ ͍ͦ͊ ˢΦ˿Φ ˸ ͙͍͙͚ͦ͗͡ ͨ͒͜ͻ͒͜ ͒ͦ ͍͙ͨͦ͋ͯ͒ͦ ͔ͣͦ͒͜͡ ͙͍ͦͪͫͭͯ͊͟;͊ 
ͤ͜ͺͦͪͣ͊ͼ͚͙ͤ͜ͻ ͔͔ͣͪ͗ΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΦмнт 



 

8 

 

˨ͦͤ;͔ͤͦ͟ ˻Φ̑ΦΣ ˥ͦ͋͊͡ ˶Φ˿Φ ˸͔͙ͭͦ͒ ͍͙ͨ͒͜΅͔ͤͤΎ ͔ͺ͔͙͍ͭͤͦͫͭ͟͜ ͺͯͤ͟ͼ͍ͦͤͯ͊ͤͤ͜Ύ 
͔͙ͪͦͨͦ͒ͤ͘͜͡ͻ ̇˻˨ΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΦмол 

˽͙ͪͻͦ͒Έͦ͟ ˻Φ˻Φ ˾ ͔ͦ͡-ͦͪ͜Ί͍͙͚ͤͭͦ͊ͤ ͨ͒͜ͻ͒͜ ͍ ͪͦͪͦ͋͘ͼ͜ ͎͎ͨͪͦͪ͊ͣͤͦͦ     
͔͔͊͋ͨ͘͘;͔ͤͤΎΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧмоо 

͔͍͚́ͪͤͦͦ ˸Φ̑ΦΣ ͎̊ͭͦͪͤ͊͜ ˻Φ˿Φ ʕ ͙͙ͦͪͫͭ͊ͤͤ͟Ύ ͎͚ͦͤͭͦͦ͜͡ ͒͡Ύ ͍͙ͨͦ͋ͯ͒ͦ ͙͔͙ͫͫͭͣ 
͔͎ͤͭͪ͊͜ͼ͜͝ h{{ κ .{{ ͙͔ͫͫͭͣΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΦΧΧΧΧΧΦΦмор 

˿͙ͯ͟͡΄ ˸ΦˢΦ ˽ ͔͙ͪͦ͋ͣ͡ ͍͍͔ͨͪͦ͊͒͗ͤͤΎ ͙͔͙ͫͫͭͣ ͔͔ͫͭͪͤͦ͟͝ ͎͙͒ͦͨͦͣͦ 
͔͔ͤ͊ͫͤͤ͡Ό ͊͘ Ί͙͙͒ͤͣ ͔ͤͦͣͪͦͣ 112ΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΦ138 

Gaieviy V., Kyrylkov V. Mathematical representation of computing resources 
dynamic allocation in the CloudΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΦмпм 

ˣ͔ͦͤ͒͊ͪͤͦ͟ ˤΦ ̑ΦΣ ˢ͡Ίͫ͟ΊΊ͍ ˸Φ˻Φ s ͎͙ͦͪͭͣ͡ ͊͒͊ͨͭ͊ͼ͜͝ ˿̂ˣ˨ MYSQL ͘  ͔ͣͭͦΌ 
͎͊ͨͦ͋͊ͤͤ͘͜Ύ ͎͙ͪ͊ͤ;͎ͤͦͦ ͍͔͊͊ͤͭ͊͗ͤͤ͘ΎΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧмпп 

˱͍͡Ί͍ ̑ΦˤΦΣ ˴͔ͦͤͦͤͤͦ͟ ˤΦ˸Φ ˭ ͍͊ͫͭͦͫͯ͊ͤͤΎ ͙͎͎ͫͤ͊ͭͯͪͤͦͦ ͔ͣͭͦ͒ͯ ͒͡Ύ 
͔͙͒ͤͭ͜ͺ͊͜͟ͼ͜͝ ͔͔ͤͭͭͯ͊͜͟͡͡Έ͙ͤͻ ͎͔͍͊ͤͭ͜ ͍ ͔͔ͣͪ͗͜ ˱͔͔ͤͭͪͤͭΧΧΧΧΧΧΧΧΧΧΧΧΦмпс 

ˣ͙ͦͪͫ ́ΦˤΦΣ ˢ͡Ίͫ͟ΊΊ͍ ˸Φ˻Φ ˽ ͍ͦͪͤ͜Ύ͡Έ͙͚ͤ ͊ͤ͊͘͜͡ ͔ͭͻ͎ͤͦͦ͜͡͝ ͔ͨ͊ͪ͊͡͡Έ͎ͤͦͦ 
ͦ͋;͙͔ͫͤͤ͡Ύ ͍͔͙͙͟͡ͻ ͙͍͍ͣ͊ͫ͜ ͙͒͊ͤͻ MAPREDUCEΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧмпф 

ˢͤͼ͙͋ͦͪ ˨ΦˤΦΣ ͔͍͚́ͪͤͦͦ ˸Φ̑Φ ˻ ͎ͤͭͦͦ͜͡Ύ ͙͔͙ͫͫͭͣ ͎͋ͤͯ͜͜͡ΧΧΧΧΧΧΧΧΧΧΧΦмро 

ˬ͔͒͊ͤͤͦ͟ ˢΦˤΦ s ͎͙ͦͪͭͣ͡ a!tw95¦/9Σ ͜ ͚͎ͦͦ ͍͊ͫͭͦͫͯ͊ͤͤ͘Ύ ͍ ͎͍͙͋ͤͦ͜͜͡ͻ 
͙͔ͫͫͭͣ͊ͻ ͒͡Ύ ͔ͨ͊ͪ͊͊͘͜͡͡ͼ͜͜ ͦ͋;͙͔ͫͤ͡ΈΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧмрр 

˽͙͍ͪ͊ͪ ˻ΦˢΦΣ ˥ͦ͋͊͡ ˶Φ˿ΦΣ ˹͍͎ͦͦͪͯ͒ͫΈ͊͟ ˾Φ˶Φ ˿ ͍͔ͭͦͪͤͤΎ ͯͪ͊ͤͫ͟͝Έ͎ͦͦ͟ ͨͦͪͭ͊ͯ͡ 
͙͊ͤͭ͊ͪͭ͟;͙ͤͻ ͙͒͊ͤͤͻΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΦмрф 

ˣ͔͍͊ͫͤͦ͊͟ ˴Φ˿ΦΣ ˥ͦ͋͊͡ ˶Φ˿ΦΣ ˹͍͎ͦͦͪͯ͒ͫΈ͊͟ ˾ Φ˶Φ ˽ ͦ͒͊ͤͤΎ ͤ͊ͤ͘Έ ͤ͊ ͨͦͪͭ͊͜͡ 
ͤ͊ͼͦͤ͊͜͡Έ͎ͤͦͦ ͙͊ͤͭ͊ͪͭ͟;͎ͤͦͦ ͼ͔ͤͭͪͯ ͙͒͊ͤͻΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΦΦмсн 

˻͔͔ͫͤͦ͟͟͡ ˢΦ˻ΦΣ ˥ͦ͋͊͡ ˶Φ˿ΦΣ ˹͍͎ͦͦͪͯ͒ͫΈ͊͟ ˾Φ˶Φ ˾ ͦͪͦ͋͊͘͟ ͨͪͦͼ͔͙͒ͯͪ ͨͯ͋͊͜͟͡ͼ͜͝ 
͔͙ͣͭ͊͒͊ͤͻ ͍ ͯͪ͊ͤͫ͟͝Έͦͣͯ͟ ͙͊ͤͭ͊ͪͭ͟;ͤͦͣͯ ͼ͔ͤͭͪ͜ΧΧΧΧΧΧΧΧΧΧΧΦΧΧΧΧΧмср 

ˣ͍ͯ͋ͤͦ ˸Φ˿ΦΣ ˥ͦ͋͊͡ ˶Φ˿ΦΣ ˹͍͎ͦͦͪͯ͒ͫΈ͊͟ ˾ Φ˶Φ ́ ͔ͻ͎ͤͦͦ͜͡Ύ ͎ͦͪ͊ͤ͊͘͜ͼ͜͝ ͔ͺ͔͙͍͎ͭͤͦͦ͟ 
ͨͦ΄ͯͯ͟ ͤ͜ͺͦͪͣ͊ͼ͜͝ ͤ͊ ͨͦͪͭ͊͜͡ ͤ͊ͼͦͤ͊͜͡Έ͎ͤͦͦ ͙͊ͤͭ͊ͪͭ͟;͎ͤͦͦ ͼ͔ͤͭͪͯ ͙͒͊ͤͻΧΦмсу 

˹͔͊ͦͤ͟;͙͚ͤ ˤΦ˸ΦΣ ˥ͦ͋͊͡ ˶Φ˿ΦΣ ˹͍͎ͦͦͪͯ͒ͫΈ͊͟ ˾Φ˶Φ s ͤ͊͘͜͡ ͙ͨͪͤͼ͙͍ͨ͜ ͍͙ͨͦ͋ͯ͒ͦ 
Web ͨ ͍ͦͪͭ͊͜͡ ͤ͊ ͨ͊ͭ͡ͺͦͪͣ͜ SharepointΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧ171 

͙͍͙͚̋͊ͫ͡ ˿Φ˽ΦΣ ˥ͦ͋͊͡ ˶Φ˿ΦΣ ˹͍͎ͦͦͪͯ͒ͫΈ͊͟ ˾Φ˶Φ ˾ ͔͊͊͘͜͡ͼ͜Ύ ͔͎ͪͦͨͦ͒ͤͦͦ͘͜͡ 
Workflow ͤ ͊ ͙ͨͪ͊͒͟͜͡ ͪͦ͋ͦ;͎ͦͦ ͨͪͦͼ͔ͫͯ ζͦ͋ͪͦ͋͊͟ ͙͒͊ͤͻ ˹ˢ˹̇ηΧΧΧΧΧΧΧмто 

˿͍͊;͔ͤͦ͟ ˢΦ˿ΦΣ ̆ͦ͡Ύ͍ͤ͊͟͜ ́ΦˤΦ ˸ ͔ͭͦ͒ ͔͔͊͋ͨ͘͘;͔ͤͤΎ ͚ͫͭͦͫͭ͜͟͜ ͙͔͙ͫͫͭͣ 
͔͍ͪͯ͊ͤͤ͟Ύ ͙͍ͦͪͨͦͪ͊ͭͤͦ͟Ό ͔͔͔ͣͪ͗ΌΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧмтс 
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˿͔͟ͼ͜Ύ пΦ ˭͙͊ͫͦ͋ ͔͔ͭͦͣͯͤ͊͟͜͟͡ͼ͚͙ͤ͜ͻ ͙͔ͫͫͭͣ 

˿͍͎͍͙ͨͦͦ͜͡Υ  

͒ΦͭΦͤΦΣ ͨͪͦͺΦ ́ͪͯ͋ͤ͜ ˻Φ˻ΦΣ ͟ΦͭΦͤΦΣ ͒ͦͼΦ͔͍͍̊ͦͤͦ͟͜͟͡ ˣΦ˸ΦΣ ͒ΦͭΦͤΦΣ ͨͪͦͺΦ ˸͙ͻ͚͍͊ͦ͡ ˿ΦˢΦ 

˴ͦͪͨ͊; ˤΦ˹ΦΣ ˽ͤ͜;ͯ͟ ˶Φ˿ΦΣ ˭͊ͻ͍͊ͪͦ ˢΦˤΦ ˸ ͍ͪͦͨͦͦͫͦ͜͟͟͜͡ ͅ ͜͡Έ͙ͭͪ ͤ͊ ͨ͒͊͒͊͜͟͟͡ͻ ͘ 
͍͙ͫͦͦ͟Ό ͔͔͙͒ͭͪ͜͟͡;ͤͦΌ ͙ͨͪͦͤͤͫͭ͟͜Ό ͒͡Ύ ͙͔͙ͫͫͭͣ Dt{ΧΧΧΧΧΧΧΧΧΧΧΧΧΦΦмул 
˥ͯ͡΄͔;͔ͤͦ͟ ˩Φ˸. ˸͍ͪͦͨͦͦͫͦ͜͟͟͜͡ ͙ͨͪͫͭͪͦ͝ ͘ ͟͜͡Έͼ͔͍͙ͣ ͔ͪͦͤ͊ͭͦͪͦͣ͘ ͋͗ͯ͜;ͦ͝ 
ͻ͍͙͜͡ ς ͤ ͍͙͚ͦ ͊ͫ͟͡ ͯ ͔ͭͻ͙ͤͼ͜ ˹ ˤΧ̉ΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΦмуо 

ˢ͍͔͒Ίͤͦ͟ ˥Φ˶ΦΣ ˶ͨ͜;͔͍ͫ͊͟Ύ ˱Φ˶ΦΣ ͍̒ͦͪͤͦ͟ ̐Φˢ ̅ ͍͊ͦ͘͜ ͙͔͙ͪ͊͒ͦͫͫͭͣ͜ ͍͙ͤ͊͘;͔ͤͤΎ 
͙ͦͦͪ͒ͤ͊ͭ͟ ͔͔͒͗ͪ͊͡ ͍͙ͨͪͦͣͤ͜Ό͍͊ͤͤΎ ͎͊ͪͣͦͤ͜;͎ͤͦͦ ͙͎ͫͤ͊ͯ͡ ͒͡Ύ ͙ͪͦ͋ͦͭ ͍ 
͚ͨͪͦͣ͗ͤ͜͜ ͻ͍͙͡Έ͍͚ͦ͜ ͦͤ͘͜ΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΦΦмут 

́ͪͯ͋ͤ͜ ˻Φ˻. ˻ ͒ͤͦͫͨͪΎ͍͔ͣͦ͊ͤ ͪͦͫ͘͜Ό͍͊ͤͤΎ ͔͔͎͙ͭͪͦͣ͊ͤͭͤ͟͜͡ͻ ͻ͍͙͡Έ ͔ͪ΄͙ͭ͊ͣ͜͟ 
͔͔͙͒ͭͪ͜͟͡;͙ͤͻ ͔͍ͪͦͤ͊ͭͦͪ͘͜ΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧ..191 

ˢ͋ͪ͊ͣ͊΄͍͜͜͡ ˸Φ˱ΦΣ ˿͔ͪ͒Ό͟ ˱ΦˤΦΣ ͙͍̊ͪͦͦ͟ ˱ΦˣΦ ̅ ͍ͦͪͣͯ͊ͤͤΎ ͎ͦͨͦͪͤͦͦ ͙͎ͫͤ͊ͯ͡ ͘ 
͙ͣ͊ͣ͡ ;͙͊ͫͭͦͭͤͣ ͪͯ͘΄͔ͤͤΎͣ ͒͡Ύ ͔ͤͨͪΎ͎ͣͦͦ ͙͔ͫͤͭͯ͘ ;͙͊ͫͭͦͭΧΧΧΧΧΧΧΧΧΦΦмфп 

˥͔͍͙ͣͨ͜͜͡; ̑ΦˣΦΣ ˭͔͔͋͟ CΦ̐Φ ˿ ͙͔ͤͭ͘ ͼ͙ͺ͍͙ͪͦͻ ͔͍ͪͦͤ͊ͭͦͪ͘͜ ͒͡Ύ ͊͒͊͘;͜ 
͍͙ͣͪ͜Ό͍͊ͤͤΎ ͔͎ͦͣͨͫͤͦͦ͟͟͡ ͔ͦ͟ͺ͜ͼ͜Ίͤͭ͊ ͍͙͒͋ͭͭ͜Ύ ͜ ͔ͣͦ͒͡Ό͍͊ͤͤΎ ͔͔ͨͪͻ͎͒ͤͦͦ͜ 
ͨͪͦͼ͔ͫͯ ͍ ͙ͤͻΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧмфт 

˹ͯ͒Έ͎͊ ˢΦˢΦ ˽ͦ͡΅͙ͤͤ͊ ͍͒ͦͻ͒͊ͨ͊ͦͤͤ͊͘͜ ͔͊ͤͭͤ͊ΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΦΦнлл 

͔̋͊ͭͯͪͤ͟͜ ˢΦˢΦΣ ˽͔͍ͦͯ͒ͤͦ͡ ˨Φ˨ΦΣ ˥ͤ͊ͭͦ͟ ˨ΦˤΦ s ͔ͤͭͤ͊ ͘͜ ͙ͣͤͤͣ͘͜ ͔ͨͦͦ͗ͤͤ͡Ύͣ 
͎͙͒͊ͪ͊ͣ͜ ͫͨͪΎ͍ͣͦ͊ͤͦͫͭ͜ΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΦΦнлп 

˽͎͒ͯͪͫ͜Έ͊͟ ́Φ ˤΦΣ ́ͪͯ͋ͤ͜ ˻Φ˻ΦΣ ͔͍͍̊ͦͤͦ͟͜͟͡ ˣΦ˸Φ ˤ͙΅͜ ͭ ͙͙ͨ ͟ ͙͍ͦ͊ͤ͡Έ 
͔͔͙͒ͭͪ͜͟͡;͎ͤͦͦ ͔ͪͦͤ͊ͭͦͪͯ͘ ͍  ͘ ͊ͫͭͦͫͯͤ͊͟ͻ ͣ ͔͍͎ͣͭͪͦͦͦ͜͜͡ ͒͊ͨ͊ͦͤͯ͘͜ ΧΧΧΧΧΧнлт 

˹͊;͍͊ͪͦ ˨ΦˤΦΣ ˸͙ͻ͚͊͡Ό͟ ̑Φ˽Φ ˢ͙͍͒͊ͨͭͤ͊ ͎͎ͫͭͦͪ͊ͣͤ͊͜ ͔͍͊͊͘͟͜͡ͼ͜Ύ ͘͜ ͙ͣͤͤͣ͘͜ 
ͪͦͣͪͦͣ͘͜ ͦͦͯ͟͡ΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΦΦнмм 

˴ͦͦͣ͜͡ΊͼΈ ˢΦ˸ΦΣ ˴͍ͦͤͦ͊͡Έ;ͯ͟ ̑Φ˿Φ ˿ ͎ͯ͋͊ͪͣͦͤ͜;͙͚ͤ ͣ͘͜΄͍ͯ͊; ͔͍͎ͣͣͭͪͦͦͦ͜͜͡ 
͒͊ͨ͊ͦͤͯ͘͜ ͒͡Ύ ͣͯ͡Έ͙͎͎͙ͭ͊͋ͭͤ͜͜ͻ ͙͔ͫͫͭͣΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΦΦнмп 

˶͔͙ͫ͟ ˸ΦˤΦΣ ˴͔ͯͪ͒;͊ ˤΦˤΦ ˿ ͍͔ͭͦͪͤͤΎ ͊͋ͦͪ͊ͭͦͪͤͦ͡-͔͒ͣͦͤͫͭͪ͊ͼ͚͎ͤͦͦ͜ ͔ͣ͊ͭͯ͟ ͤ͊ 
͋͊͘͜ ͎͍ͨͪͦͪ͊ͣͦ͊ͤͦ͝ ͊ͨ͊ͪ͊ͭͤͦ͝ ͦ͋;͙ͫ͡Ό͍͊͡Έͤͦ͝ ͨ͊ͭ͡ͺ͙ͦͪͣ ͍ ͍ͤ͊;͊͡Έ͙ͤͻ 
ͼ͜͡ΎͻΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΦΧΧΧнмт 
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˿͔͟ͼ͜Ύ рΦ ˿͔ͤͫͦͪͤ͜ ͔͔ͭͦͣͯͤ͊͟͜͟͡ͼ͚ͤ͜͜ ͔͔ͣͪ͗͜ 

˿͍͎͍͙ͨͦͦ͜͡Υ  

͒ΦͭΦͤΦΣ ͨͪͦͺΦ ˶͙͔ͫͤͦ͟ ˻Φ˱ΦΣ ͒ΦͭΦͤΦΣ ͨͪͦͺΦ ˬͯ͟ ˿Φ̒ΦΣ ͒Φͺ-ͣΦͤΦΣ ͨͪͦͺΦ ˽͍ͦͨͦ ˤΦ˱Φ 

̊͊ͼΈ͙͚͟ ˱Φ˻., ˾ ͦͣ͊ͤΌ͟ ˢΦˤΦ ˽͍ͦ͋ͯ͒ͦ͊ ΄͙͔͙ͪͦͦͫͭͦͪͤ͟͟ͻ ͔͊ͤͭͤ ͤ͊ ͍ͦͫͤͦ͜ 
͙ͤ͘Έͦͨͪͦ͟ͺ͜͡Έ͙ͤͻ ͍͙ͨͪͦͣͤ͜Ό͍͊;͍͜ΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΦннм 

˶͙͔ͫͤͦ͟ ˻ Φ˱ΦΣ ˢͺ͊ͤ͊ͫΈΊ͍͊ ˶Φ˻Φ ˨ ͔ͦͫ͒͗ͤͤ͜͡Ύ ͎͙͍͊ͦͪͭͣ͜͡ ͙͍͊͒͊ͨͭͤͦ͝ ͺ͜͡Έͭͪ͊ͼ͜͝ 
͒͡Ύ ͍͙ͨ͒͜΅͔ͤͤΎ ͔ͺ͔͙͍ͭͤͦͫͭ͟͜ ͙ͦ͋ͪͦ͋͟ ͙͎͍ͫͤ͊͜͡ ͍ ͊ͤ͊͊͟͡ͻ ͍͘ΩΎͯ͘͟ΧΧΧΧΧΧΧннп 

˶͙͔ͫͤͦ͟ .˻ .˱, ˹ ͍͍ͦͦ͜͟ ˤΦ˱. s ͭͯ͊͟͡Έͤ͜ ͍ͤ͊ͯͦ͟͜ ͊͒͊͘;͜ ͍͙ͪͦͭͯ͘͟  ͔͍͍͙͋ͨͪͦͦ͒ͦ͘ͻ 
͔͙ͫͤͫͦͪͤͻ ͔͔ͣͪ͗ΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΦΦΧΧΦΦннт 

˶͙͔ͫͤͦ͟ ˻Φ˱ΦΣ ˽͙ͪ΅͔ͨ͊ ́Φ˻Φ ˸ ͔͙ͭͦ͒ ͔ͪ͒ͯ͟ͼ͜͝ ͭ͊ ͎ͦͪͭ͊ͤͤ͘Ύ ͔͔͙ͫͨͪͭͤ͟ͻ 
͙͍ͨͦ͊ͤ͘͟͟͜ Ύͦͫͭ͟͜ ͔͔ͭͦͣͯͤ͊͟͜͟͡ͼ͚͙ͤ͜ͻ ͙͔ͫͫͭͣΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΦΧΧнол 

S.A. Stankevich, V.A. Yatsenko, A.V. Vasko, M.I. Gerda, A.V. Romanjuk  Pushbroom 
sensor real-time adaptive anomaly detectionΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧноо 

˭͔ͣ͡Ύ;͔ͤͦ͟ ˢΦ˹ΦΣ ˶ͯͤ͟͜ ˤΦˤΦΣ ˽͍ͦͨͦ ˸ΦˢΦΣ ˿͔͍͙ͭ͊ͤ͟; ˿ΦˢΦΣ ˽͔͍ͭͪͦ͊ ˤΦ˹Φ 
˿͙͔ͭͫͤͤͤΎ ͔͎ͫͨͭͪͦͪ͊ͣ͟ ͘ ͍͙ͭͪ͊ͭ͊ͣ ͤ͊ ͍ͦͫͤͦ͜ ˨˴˽ΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΦΦнос 

˽͍ͦͨͦ ˸Φ˻ΦΣ ˿͔͍͙ͭ͊ͤ͟; ˿ΦˢΦΣ ˸͍͊ͪͦ͟ ˿Φ̑ΦΣ ˴͍ͦ͊͡Έ;ͯ͟ ˿Φ˽ΦΣ ́ͦͨͦ͡Έ͙ͤͼ͙͚͟ ˸ΦˤΦΣ 
˴ͯ͒͊΄͔͍ ˩ΦˣΦΣ ˽͔͍ͭͪͦ͊ ˤΦ˸Φ  ˱ ͔͎͍͙͚ͤͭͪͦ͊ͤ ͍ͪͭͯ͊͜͡Έ͙͚ͤ ͼ͔ͤͭͪ ͙͒͊ͤͻ ͒͡Ύ 
͍͙ͪ͜΄͔ͤͤΎ ͔͙ͭͣ͊ͭ;͙ͤͻ ͊͒͊͘; ͙͒ͫͭ͊ͤͼ͚͎ͤͦͦ͜ ͘ ͍ͦͤ͒ͯ͊ͤͤΎ ˭͔ͣ͜͡ΧΧΧΧΧΧΧΧΧноф 

˻͎͚ͦͪͦ͒ͤ͜;ͯ͟ ˸Φ˨ΦΣ ˿͔͍͙ͭ͊ͤ͟; ˿ΦˢΦΣ ˽͔ͦͤͦͣ͊ͪͤͦ͟ ˿Φ˻ΦΣ ͔̇͜͡΅͔͍ ˱Φ̑ΦΣ ˽͔͍ͭͪͦ͊ 
ˤΦ˸Φ ̉ ͊ͫͭͦͭͤͦ-͙͍͊͒͊ͨͭͤ͜ ͪ͊͒ͦͤ͜͜͜͡͝ ͭ͊ ͎͙͙͊ͦͪͭͣ͡ ͝ͻ ͺͯͤ͟ͼ͍ͦͤͯ͊ͤͤ͜ΎΧΧΧΧΧΧнпн 

˹͔͍͊ͣͤͦ͘ ˤΦˤΦΣ ˤ͚͊ͯͫ͡Έ͙͚͟ ˿ΦˤΦ ˻ͼͤ͊͜͟ ͔ͪ͊͡Έ͙ͤͻ ͤ͊͘;͔ͤΈ ͔͍ͨ͊ͪ͊ͣͭͪ͜ 
͔͍͍͙͋ͨͪͦͦ͒ͦ͘ͻ ͔͙ͫͤͫͦͪͤͻ ͔͔ͣͪ͗ ½LD.99ΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΦнпр 

͙̆͗ͤΎ͟ ˤΦˤΦΣ ˥͙ͯͪͤ͟ ˢΦˤΦΣ ̊͊͋͊͊͡ ˤΦ˱ΦΣ ˤ͚͊ͯͫ͡Έ͙͚͟ ˿ΦˤΦ ˽͔͙ͪͦ͋ͣ͡ ͍͊ͫͭͦͫͯ͊ͤͤ͘Ύ 
͔͙ͫͤͫͦͪͤͻ ͔͔ͭͦͣͯͤ͊͟͜͟͡ͼ͚͙ͤ͜ͻ ͔͔ͣͪ͗ ͯ ͍͙ͤ͊͒͘;͚͙͊ͤͻ ͙ͫͭͯ͊ͼ͜Ύͻ ͭ͊ ΄͡Ύͻ͙ ͝ͻ 
͍͙ͪ͜΄͔ͤͤΎΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧнпу 

ˣ͙͔ͦͪͫͤͦ͟ ˨ΦˤΦ ˻͙͍ͫͦ͋ͦͫͭ͜͡ ͍͊ͫͭͦͫͯ͊ͤͤ͘Ύ ͔ͣͭͦ͒ͯ ͙͒ͤ͊ͣ͜;ͤͦ͝ ͔ͪͭͪ͊ͤͫ͡Ύͼ͜͝ ͍ 
͔͙ͫͤͫͦͪͤͻ ͜ LTE-Advanced ͣ ͔͔ͪ͗͊ͻΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΦΦΦнрл 

ˤ͙͔͊ͫͤͦ͟͡ ̐Φ̑Φ ˿ ͔ͤͫͦͪͤ͜ ͔͚ͤͪͦͤͤ͜ ͔͔ͣͪ͗͜ ͣ͊ͪ΄͙ͪͯͭ͊͘ͼ͜͝ ͍ 
͔͔ͭͦͣͯͤ͊͟͜͟͡ͼ͜ΎͻΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΦΦнро 

˴͍ͦ΄͙͟ ˢΦ˥Φ ˴ ͦͤͼ͔ͨͼ͜Ύ ͎ͦͪ͊ͤ͊͘͜ͼ͜͝ ͔͍͙͋͒ͪͦͭͦ͘ͻ ͔͙ͫͤͫͦͪͤͻ ͔͔ͣͪ͗ ͭ͊ ͝ͻ 
͍͊ͫͭͦͫͯ͊ͤͤ͘ΎΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΦΦΧΧΧΦΦнрр 

˴͔ͦͤͦ͘͟͡ ˸Φ˸Φ s ͤ͊͘͜͡ ͙͍͔͚ͦͫͦ͋ͦͫͭ͡ ͎ͦͪ͊ͤ͊͘͜ͼ͜͝ ͍͊ͤ͊͟͜͡ ͘ ͔ͨ͊ͭͤͦ͟Ό ͔͔ͨͪ͒͊;͔Ό 
͙͒͊ͤͻ  ͍ ͔͔ͭͦͣͯͤ͊͟͜͟͡ͼ͚͙ͤ͜ͻ ͔͙ͫͤͫͦͪͤͻ ͙͔ͫͫͭͣ͊ͻΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧнру 

˶͔͔ͣ΄ ˿ΦˣΦ s ͤ͊͘͜͡ ͎͙͊ͦͪͭͣͯ͡ ͦͼ͙ͤ͜͟ ͫͭͪͯͭͯͪͤͦ͟͝ ͚ͤ͊͒ͤͦͫͭ͜͜ ͔͔ͭͦͣͯͤ͊͟͜͟͡ͼ͚ͤͦ͜͝ 
͔ͫͤͫͦͪͤͦ͝ ͔͔ͣͪ͗͜ΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΦнсл 
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˴͔͙͊ͭͪͤ;ͯ͟ ˱Φ˿ΦΣ ˣ͊ͫ͊ͪ͊͋ ˻Φ˴ΦΣ ˿͔͔ͣͤ;͔ͤͦ͟ ˢΦ˱ΦΣ ˢ͔͔͔͍ͫ͊͟͡ ˱ΦˤΦ ˭͔͊͗ͤͫͭ͜͡Έ 
͔͙ͦͪͣ͟ͻ ͙͍ͨͦ͊ͤ͘͟͟͜ ͔ͺ͔͙͍ͭͤͦͫͭ͟͜ ͙͎ͨͪͦͪ͒ͦͤͤͦͦ͟ ͦͤͭͪͦ͟͡Ό ͍͒͜ ͺͯͤ͟ͼ͍ͦͤͯ͊ͤͤ͜Ύ 
͔͔ͭͦͣͯͤ͊͟͜͟͡ͼ͚ͤͦ͜͝ ͔͔ͣͪ͗͜ ˨˽˿̂ΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧ..262 

˴͔͙͊ͭͪͤ;ͯ͟ ˱Φ˿ΦΣ ˸ͯ͡ ˨ΦˢΦΣ ̊ͨͦͪͭ ˸Φ˸ΦΣ ˢ͔͔͔͍ͫ͊͟͡ ˱ΦˤΦ ˤ͙͋ͪ͜ ͪ͊ͼͦͤ͊͜͡Έ͎ͤͦͦ 
ͣ͊ͪ΄ͪͯͭͯ ͪͯͻͯ ͯ ͎͔ͦͤ͜ͺͦͪͣ͊ͼ͚͚ͤ͜͜ ͙͔ͫͫͭͣ͜ Ύ͟ ͊͒͊͘;͊ ͙͚ͨͪͤΎͭͭΎ ͪ͜΄͔ͤͤΎΧΧΦΦнср 

˴͔͙͊ͭͪͤ;ͯ͟ ˱Φ˿ΦΣ ˾͊;ͦ͟ ˾ΦˤΦΣ ˣ͊ͫ͊ͪ͊͋ ˻Φ˴ΦΣ ˿͔͔ͣͤ;͔ͤͦ͟ ˢΦ˱ΦΣ ˢ͔͔͔͍ͫ͊͟͡ ˱ΦˤΦ 
˿͙͔ͫͭͣ͊ ͙͍ͨͦ͊ͤ͘͟͟͜ ͦͼ͙ͤ͜͟ ͔ͺ͔͙͍ͭͤͦͫͭ͟͜ ͺͯͤ͟ͼ͍ͦͤͯ͊ͤͤ͜Ύ ͔͔ͭͦͣͯͤ͊͟͜͟͡ͼ͚ͤͦ͜͝ 
͙͔͙ͫͫͭͣ ˨͔͙͙ͪ͗ͨͪͦͪ͒ͦͤͫͯ͗͋͟͡ ͙̂ͪ͊ͤ͟͝ΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧнсу 

˽͙ͫ͊ͪ;ͯ͟ ˢΦˢΦΣ ˢͺ͊ͤ͊ͫΈ͔͍͊ ˶ΦˢΦ ˿ͭͪͯͭͯͪͤͦ͟-͔͙ͨ͊ͪ͊ͣͭͪ;͔͙͚ͫ͟ ͙͔ͫͤͭ͘ 
͔͔͔͚ͪ͊ͫͨͪ͒ͤͤͦ͡ ͔͚ͫͤͫͦͪͤͦ ͙ͤͺͦͪͣ͊ͼ͙ͦͤͤͦ-͍ͯͨͪ͊͡ΎΌ΅͔͚ ͙͔ͫͫͭͣ· 
͔͎͙͍͙ͪ͊ͪͦ͊ͤΎ ͤ͊ ͦͤ͟ͺ͙ͭͤ͟͡·͔ ͙ͫͭͯ͊ͼ͙͙ΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΦнтм 

͙̆ͦͨͭͤͫΈ͙͚͟ ˾Φ˽ΦΣ ˹͍͍ͦͦ͜͟ ˤΦ˱Φ ˢͤ͊͘͜͡ ͨ͒͜ͻ͍ͦ͒͜ ΅ͦ͒ͦ ͙͔ͨͪͦͪͭ͊͘͜ͼ͜͝ ͭͪ͊ͺͯ͜͟ ͍ 
͔͙ͫͤͫͦͪͤͻ ͔͔ͭͦͣͯͤ͊͟͜͟͡ͼ͚͙ͤ͜ͻ ͔͔ͣͪ͗͊ͻΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΦнтр 

˿͔ͭͪ͡Έ͋͜ͼΈ͙͚͟ ˸ΦˢΦΣ ˽͙ͪ΅͔ͨ͊ ́Φ˻Φ ˨͔͙ͦͣͨͦ͘͟ͼ͜Ύ ͔ͭͻ͎ͤͦͦ͜͡͝ ͊͘ͻ͙ͫͭͯ ͔ͫͤͫͦͪͤͦ͝ 
ͤ͜ͺͦͪͣ͊ͼ͜͝ ͍ ͙͍͙ͦͪͨͦͪ͊ͭͤ͟ͻ ͙͔ͫͫͭͣ͊ͻΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧнту 

Jozef Kostolny Calculation of direct partial logic derivatives by multi-valued decision 
diagramΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΦΦнум 

Kvassay M. Vectors of multi-state systemsΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΦΦнур 

˽͊΄͙ͤͫΈ͙͚͟ ˨Φ˸. ˽ ͙ͪͦͭͦͦ͟͡ ͣ͊ͪ΄͙ͪͯͭ͊͘ͼ͜͝ ͔͍͙͋͒ͪͦͭͦ͘ͻ ͔͙ͫͤͫͦͪͤͻ 
͔͔ͣͪ͗ΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΦнуф 

˿ͦ͋͊͊ͪ͟ ̒Φ˿Φ ˾ ͍͙ͦͭͦ͘͟ ͎͙͊ͦͪͭͣͯ͡ ͙ͦͨͭͣ͊͡Έͤͦ͝ ͔͔ͨͪ͒͊;͜ ͎͍ͦͦͫͦͦ͡͝ ͤ͜ͺͦͪͣ͊ͼ͜͝ ͍ 
Lt ͔͔ͣͪ͗͊ͻΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΦнфм 

͔͙̉ͪͤ΄͔ͤͦ͟ ˹ΦˢΦ ˨͔ͦͫ͒͗ͤͤ͜͡Ύ ͨͪͦͨͯͫͤͦ͟͝ ͒͊ͭͤͦͫͭ͘͜ ͔͔ͭͦͣͯͤ͊͟͜͟͡ͼ͚͙ͤ͜ͻ 
͔͙ͫͤͫͦͪͤͻ ͙͔ͫͫͭͣΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΦнфо 

ˤ͔͙͙͚͟͡ ˻Φ˻. ˴ ͦͤͭͪͦ͡Έ ͍͙ͨͪͦͣͤ͜ΌΌ;͙ͻ ͭ ͔ͻͤ͜;͙ͤͻ ͍͊ͫͦ͋͘͜ ͔͔ͭͦͣͯͤ͊͟͜͟͡ͼ͚͙ͤ͜ͻ 
͙͔ͫͫͭͣ ͔͙͙ͫͤͫͦͪͤͣ ͔͔͙ͣͪ͗͊ͣΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΦнфс 

ˤ͍͙ͦͦ͟͡ ˤΦˢΦ ˸ ͔͙ͭͦ͒͊͟ ͔͍ͨͪͦͭͯ͊ͤͤ͟Ύ ͚ͤ͜͜͡ ͍͘ΩΎͯ͘͟ ͒͡Ύ ͔͙ͫͤͫͦͪͤͻ ͔͔ͣͪ͗ ͘ 
ͦ͋͊͒ͤ͊ͤͤ͡Ύͣ ͔ͫͨͭͪ͊͟͡Έ͎ͤͦͦ ͯ΅͜͡Έ͔ͤͤͤΎ 5²5aΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΦнфу 

˨͒ͯ͜ͻ ̒Φ˿Φ ʕ ͙Ύ͍͔ͤͤ͡Ύ ͔͔͒͗ͪ͡ ΄ͯͣͯ ͙ͨͪ ͙ͤ͘Έͦͣͯ͟ ͍ͪͤ͜͜ ͺ͍͙ͦͤͦͻ ΄͍ͯͣ͜ ͘ 
͍͙͙ͦͪͫͭ͊ͤͤ͟Ύͣ ͔͍͙͋͒ͪͦͭͦ͘ͻ ͎͋͊͊ͭͦ Ύ;͔͚͍͙ͦ͟ͻ ͫ ͙͔ͫͭͣ ͙͎ͣͦͤͭͦͪͤͯ͜ΧΧΧΧΧΧолм 

˴͊ͺ͍͒ͦ͊͜ ˻ΦˤΦΣ ̆͊ͤͤ͊͜ ́Φ˻Φ ˿ͨͦͫ͋͜ ͍͙ͨ͒͜΅͔ͤͤΎ ͔ͺ͔͙͍ͭͤͦͫͭ͟͜ ͔͍͍͙͋ͨͪͦͦ͒ͦ͘ͻ 
͔͙ͫͤͫͦͪͤͻ ͔͔ͣͪ͗ΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΦΧоло 

˶ΊͤΈ ˤΦ̐Φ ˢ͎͙͙ͦͪͭͣ͡ ͣ͊ͪ΄͙ͪͯͭ͊͘ͼ͜͝ ͍ ͔͙ͫͤͫͦͪͤͻ ͔͔ͣͪ͗͊ͻ ͤ͊ ͍ͦͫͤͦ͜ ͔ͭͻ͎ͤͦͦ͜͡͝ 
ZIGBEEΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΦолр 

˽͔ͦͤͦͣ͊ͪͤͦ͟ ˢΦˤΦ ˢ͒͊ͨͭ͊ͼ͜Ύ ͫͤͯ͜Ό;͙ͻ ͔ͣͻ͍͊ͤͣ͘͜͜ ͍ͯͨͪ͊ͤͤ͜͡Ύ ͔͔͙͙ͣͪ͗ͤͣ 
͔͙ͪͫͯͪͫ͊ͣ ͒ͦ ͊͒͊͘; ͍͙ͨ͒͜΅͔ͤͤΎ ͔ͺ͔͙͍ͭͤͦͫͭ͟͜ ͔͙ͫͤͫͦͪͤͻ ͙͔ͫͫͭͣΧΧΧΧΧΧΧΦΦолт 
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͙́ ;͍ͦͫ͟Έ͙͚͟ ˤΦ˻Φ ˽͍͙͒͜΅͔ͤͤΎ ΄͍͙͒ͦ͒͟͜͝ ͙͎͍͙ͣͦͤͭͦͪͤͦ͜ͻ ͔͙ͫͤͫͦͪͤͻ ͙͔ͫͫͭͣ ͘͜ 
ͫ͊͒ͤͦ͟͡Ό ͦ͋ͪͦ͋ͦ͟Ό ͙͒͊ͤͻΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΦΧΧΧΧΧΧΧΧΧΦолф 

 

˿͔͟ͼ͜Ύ сΦ ˿͙͍ͯͨͯͭͤͦ͟͜ ͭ͊ ͔͔͚ͪ͊͒ͦͪͤ͜͜͡ ͤ͜͜͡͝ 

˿͍͎͍͙ͨͦͦ͜͡Υ  

͟ΦͭΦͤΦΣ ͨͪͦͺΦ ˶͍ͨ͊ͭͦ͜ ˢΦ˻ΦΣ ͟ΦͭΦͤΦΣ ͒ͦͼΦ ˴͙ͦͦͣ͡ͼ͔͍ ˸Φ˻.,  

͟ΦͭΦͤΦΣ ͨͪͦͺΦ ˹͙͙͊ͪͭͤ͟ ́Φ˸. 

˶͍ͨ͊ͭͦ͜ ˢΦ˻ΦΣ ˸͎͙ͦ͡Έ;͔ͤͦ͟ ˸ΦˢΦ ˽͔͔͙͍ͪͫͨͭͤ͟͜ ͔͙ͣͭͦ͒ ͊͘ͻ͙ͫͭͯ ͙͔ͫͫͭͣ 
͙͍͎ͫͯͨͯͭͤͦͦͦ͟ ͍͘ϥΎͯ͘͟ ό˿˿˭ύ ͍͒͜ ͔͔ͨͪ΄ͦ͒͟ΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΦΦомм 

˴͊΄ͯ͋͊ ˿ΦˤΦ ˻ ͼͤ͊͜͟ ͙͍ͣͦ͗ͦͫͭ͜͡ ͍͙͙ͦͪͫͭ͊ͤͤ͟Ύ ͙ͪͤ͘͜ͻ ͔͍ͣͭͦ͒͜ ͦ͋ΩΊ͒ͤ͊ͤͤΎ 
͍͊ͤ͊͟͜͡ ͤ͊ ͒͜͡Ύͤ͊͟ͻ ͪ͊͒ͦͤ͜͜͜͡͝ ͙͍͎ͫͯͨͯͭͤͦͦͦ͟ ͍͘ΩΎͯ͘͟ΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΦомп 

ˢ͍͔͒Ίͤͦ͟ ˥Φ˶ΦΣ ˶͍͙͔͊ͪͤͤͦ͟ ˻Φ̑ΦΣ ͍̒ͦͪͤͦ͟ ̐ΦˢΦ ˨ ͔ͦͫ͒͗ͤͤ͜͡Ύ ͔ͪͭͪ͊ͤͫ͡Ύͼ͜͝ 
͙͎ͪ͊͒ͦͫͤ͊ͯ͜͡ ͙͍͎ͫͯͨͯͭͤͦͦͦ͟ ͼ͙ͺ͍͎ͪͦͦͦ ͔͔͍͚͎ͭͤͦͦ͘͜͜͡ ͍͔ͣͦͤͤ͡Ύ ͫͭ͊ͤ͒͊ͪͭͯ DVB-
S ͨ ͦ ͪ͊͒ͦͤ͜͜͜͡͝ ͍͙ͤ͊͒ͫͦͦ͟;͎͊ͫͭͦͭͤͦͦ ͒͊ͨ͊ͦͤͯ͘͜ ͍ ͙͊͋ͦͪ͊ͭͦͪͤ͡ͻ ͍ͯͣͦ͊ͻΧΧΧΧомт 

 s ͍͒ΊΊͤͦ͟ ˥Φ˶ΦΣ ˴͙ͦͦͣ͡ͼ͔͍ ˸Φ˻ΦΣ ˢ͍͙͒͊ͣͦ; ˻Φ˸ΦΣ ˤͦͦ͡΄͙ͤ ˢΦˤΦΣ ˴ͦͫͭΌ;ͦ͟ 
̑Φ˿Φ ˽ ͙ͪͤͼ͙ͨ ͎ͦͪ͊ͤ͊͘͜ͼ͜͝ ͦ͊͟͡͡Έͤͦ͝ ͦͣͨ͟ΩΌ͔ͭͪͤͦ͝ ͔͔ͣͪ͗͜ ͘͜ ͔͔͊͋ͨ͘͘;͔ͤͤΎͣ 
͒ͦͫͭͯͨͯ ͍ ͔͔ͣͪ͗ͯ ˱͔͔ͤͭͪͤͭ ͘ ͍͙͙ͦͪͫͭ͊ͤͤ͟Ύͣ ͔͔͚ͪ͊͒ͦͪͤͦ͜͡͝ ͤ͜͜͡͝ΧΧΧΧΧΧΧΧонм 

 ˹ ͙͙͊ͪͭͤ͟ ́Φ˸ΦΣ ˴͙͙͔͊ͣͪͤͦ͘͟ ˤΦ̒ΦΣ ˢ͍͙͒͊ͣͦ; ˻Φ˸ΦΣ ˤͦͦ͡΄͙ͤ ˢΦˤΦΣ ˴͙ͦͦͣ͡ͼ͔͍ 
˸Φ˻ΦΣ ˴ͦͫͭΌ;ͦ͟ ̑Φ˿Φ ˨͔ͦͫ͒͗ͤͤ͜͡Ύ ͔͔͙͍ͨͪͫͨͭ͟ ͍͙͙ͦͪͫͭ͊ͤͤ͟Ύ ͔͎͔ͭͪ͊ͪͼ͍͎ͦͦͦ 
͒͊ͨ͊ͦͤͯ͘͜ ͒͡Ύ ͍͔ͫͭͦͪͤͤΎ ͔͔ͭͦͣͯͤ͊͟͜͟͡ͼ͚ͤͦ͜͝ ͙͔͙ͫͫͭͣΧΧΧΧΧΧΧΧΧΧΧΧΧΧΦонп 

 ˱ ͡Έ;͔ͤͦ͟ ˸Φ̑ΦΣ ˴ͯ͘Έͣͤ͜ ˿Φ̐ΦΣ ˹͙͙͊ͪͭͤ͟ ́Φ˸ Σ  ˾͙͊͒͘ͻ͍ͦͫΈ͙͚͟ ˤΦ˸Φ   ˽͙͚ͪͦͣͦ-
͔͔͍ͨͪ͒͊͊;  ͒ ͡Ύ ͼ͙ͺ͍ͪͦͦ͝ ͔͔͚ͪ͊͒ͦͪͤͦ͜͡͝  ͙͔͙ͫͫͭͣ  ͔͎͔ͭͪ͊ͪͼ͍͎ͦͦͦ 
͒͊ͨ͊ͦͤͯ͘͜ΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΦонт 

 ʕ ͍ͦͦ͟͡ ˿Φ˩ΦΣ ˭͎ͯͪͫΈ͙͚͟ ˢΦ˿Φ ˿ ͙͔ͫͭͣ͊ ͙͎ͣͦͤͭͦͪͤͯ͜ ͙͎ͦͪͫͤͦͦ͟ ͍͔ͤ͊͊ͤͭ͊͗ͤͤΎ 
ͦͫͣ͟͜;͎ͤͦͦ ͊ͨ͊ͪ͊ͭͯ ζ˶͙͋͒͜ΈηΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΦоом 

 ˴ ͍ͦͦ͘͡ ˻Φ˿ΦΣ ˽͙͘Ό͟ ˨Φ˶Φ ˽͔͙ͪͦ͋ͣ͡ ͫͨ͜͡Έ͎ͤͦͦ ͍͙͙ͦͪͫͭ͊ͤͤ͟Ύ ͔͒͟͜͡Έͦͣ͊͟ 
͙͙ͫͯͨͯͭͤ͊ͣ͟ ͦ͒ͤ͜Ί͝ ͦͪ͋ͭ͊͜͡Έͤͦ͝ ͙ͨͦ͘ͼ͜͝ ͤ͊ ͎͔ͦͫͭ͊ͼ͚ͦͤ͊ͪͤ͜͜ 
ͦͪ͋ͭ͜͜ΧΧΧΧΧΧΧΦΦΧΦΧΦΧΦΧΦΧΦΧΦΧΦΧΦΧΦΧΦΧΦΧΦΧΦΧΦΧΦΧΦΧΦΧΦΧΦΧΦΧΦΧΦΧΦΧΦΧΦΧΦΦоон  

˱͡Έ;͔ͤͦ͟ ˸Φ̑ΦΣ ˹͙͙͊ͪͭͤ͟ ́Φ˹ΦΣ ˤ͚͔ͦͭͤͦ͟ ˢΦ˥ΦΣ ˴͙͙͔͊ͣͪͤͦ͘͟ ˤΦ̒ΦΣ ˤ͍ͦͦ͟͡ ˤΦˤ. 
˽͙͚ͪͣ͊͡Έͤͦ-͔͔͍ͨͪ͒͊͊͡Έ͙͚ͤ ͺ͍ͦͪͣͯ͊; ͤ͜ͺͦͪͣ͊ͼ͚͎ͤͦͦ͜ ͨͦͭͦͯ͟ ͒͡Ύ ͊ͤ͊ͯ͟͡ 
͍͘ϥΎͯ͘͟ ͘ ͍͙ͨ͒͜΅͔ͤͦΌ ͔ͫͨͭͪ͊͟͡ΈͤͦΌ ͔ͺ͔͙͍ͭͤͫͭ͟͜Ό ͜ ͨͪͦͨͯͫͤͦ͟Ό ͒͊ͭͤͫͭ͘͜ΌΧΦооо 
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˿͔͟ͼ͜Ύ тΦ ˾͔͊͊͘͜͡ͼ͜Ύ ͦͤ͟ͼ͔ͨͼ͜͝ bDb ͍ ͫͯ;͙͊ͫͤͻ ͭ͊ ͔͔͙͍͙ͨͪͫͨͭͤ͟ͻ 

͔͔ͭͦͣͯͤ͊͟͜͟͡ͼ͜Ύͻ 

˿͍͎͍͙ͨͦͦ͜͡Υ 

͒ΦͭΦͤΦΣ ͨͪͦͺΦ ͙͍̂ͪͫΈ͙͚͟ ˶Φ˻ΦΣ ͟ΦͭΦͤΦΣ ͒ͦͼΦ ˸͙͍͊ͫͣͦ͟ ˤΦˤΦΣ͟ΦͭΦͤΦΣ ͒ͦͼΦ ˥͍͊ͭͭͯͪͦ ˤΦ˴Φ 

ˤͦͪͦ͋;ͯ͟ ˱Φ˸ΦΣˣͯͪ͊ͤ͟ ˶Φ˻ΦΣ ˸͙͍͊ͫͣͦ͟ ˤΦˤΦ ˸ ͔ͦ͒͜͡ ͔͔͊͋ͨ͘͘;͔ͤͤΎ Ύͦͫͭ͟͜ 
͎͍͍ͦ͋ͫͯͦͯ͊ͤͤ͡Ύ ͍ ͔͔ͣͪ͗͊ͻ ͎ͤ͊ͫͭͯͨͤͦͦ ͨͦͦͤͤ͟͜͡ΎΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΦооу 

˴͍ͪ͊;͔ͤͦ͟ ˨Φ˻ΦΣ ͙̉ͣͻͯͤ ˿Φ˻ΦΣ ˽͊ͤ͊ͫΌ͟ ˸Φ˿ΦΣ ͙͍̊ͦ͡ ˤΦˢΦΣ ˸͙͍͊ͫͣͦ͟ ˤΦˤΦ 
˹͊͊͡΄͍ͭͯ͊ͤͤΎ ͎͍ͦͦͫͦͦ͡͝ ͨͦ΄͙ͭ ͜ ͙͊ͨͫͯ͘ ͍͙ͪͦͣͦ͘ ͤ͊ ͋͊͘͜ IP-ATC ASTERISK ͒ ͡Ύ 
͎ͦͪ͊ͤ͊͘͜ͼ͜͝ ͼ͙ͯ͟͡ ͙͊͋ͦͪ͊ͭͦͪͤ͡ͻ ͪͦ͋ͭ͜ ͤ͊ ͊͟ͺ͔͒ͪ͜ ͔͔ͭͦͣͯͤ͊͟͜͟͡ͼ͚͙ͤ͜ͻ 
͙͔ͫͫͭͣΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΦопм 

˥͍͊ͭͭͯͪͦ ˤΦ˴ΦΣ ͔͔̅͒ͦͪͤͦ͟ ˴Φ˱Φ ˽ ͍͙͒͜΅͔ͤͤΎ ͚ͤ͊͒ͤͦͫͭ͜͜ ͔͔ͣͪ͗͜ ͍͚͔ͨͪͦ͊͒ͪ͊ 
͔͔ͭͦͣͯͤ͊͟͜͟͡ͼ͚͙ͤ͜ͻ ͎ͨͦͫͯ͡ ΄͡Ύͻͦͣ ͍͙͙ͦͪͫͭ͊ͤͤ͟Ύ ͍ͨͪͦͭͦͦ͟͜͡ ͣ͊ͪ΄͙ͪͯͭ͊͘ͼ͜͝ 
BGP ͚  OSPF ͭ ͊ ͨͪͦͭͦͦͯ͟͡ VRRPΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧопп 

͙͍̂ͪͫΈ͙͚͟ ˶Φ˻., ˽ ͔ͪͦͦͨͤͦ͟͟ ˴ΦˢΦ ʕ ͔͒ͦ͋ͪ͊͗ͤͤ͜Ύ ;͊ͫͭͦͭͤͦ-͔͔͎͔͙ͤͪͭ;͙ͤͻ 
ͻ͔͙͙͊ͪ͊ͭͪͫͭ͟͟ ͙͎ͫͤ͊͡Έͤͦ-͍͙ͦ͒ͦ͟ͻ ͦͤͫͭͪͯ͟͟ͼ͚͜ ͍ ͙ͦͦͪ͒ͤ͊ͭ͊͟ͻ ͎ͯ͊͊͘͡Έ͔ͤͤͦ͝ 
ͤ͜ͺͦͪͣ͊ͼ͚ͤͦ͜͝ ͔ͺ͔͙͍ͭͤͦͫͭ͟͜ΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΦопт 

͙͍̂ͪͫΈ͙͚͟ ˶Φ˻ΦΣ ˽Ί΄ͤ͟͜ ˢΦ˸Φ ˻ ͼͤ͊͜͟ ͎͙ͪ͊ͤ;͙ͤͻ ͔͎ͦͪͯ͟Ό;͙ͻ ͙͍͔͚ͣͦ͗ͦͫͭ͡ 
͔͔͔͍͙ͤͨͪͪͤͻ ͍ͦ͒͟͜ ;͔͔ͪ͘ ͔͍͍͔͊ͤͭͤ͟͜͜͡ ͔͙ͨ͊ͪ͊ͣͭͪ ͍͙͋ͦͦ͟͡ͻ ͍ͦ͒͟͜ΧΧΧΧΧΧΦорл 

˹͔͊ͭ͊ͤͦ͟͡ ˻Φ˱ΦΣ ͙͍̂ͪͫΈ͙͚͟ ˶Φ˻Φ ˾ ͔͊͊͘͜͡ͼ͜Ύ ͍͔ͭͦͪͤͦ͟-ͺ͍͎͊ͦͦͦ͘ ͔ͣͭͦ͒ͯ 
ͦͼͤ͜Ό͍͊ͤͤΎ ͍͚͊͊͒ͦͫͭͦͫͭ͘͜͟͜ ͙͎͍ͫͤ͊͜͡ ͘͜ ͎͙͋͊͊ͭͦͨͦ͘ͼ͚ͤͦ͜Ό ͣ͊ͤͨͯ͜͡Ύͼ͜ΊΌ 
͍͙ͫͦͦ͟͝ ͪ͊ͭͤͦͫͭ͟͜ ͙͊ͫͦ͋͊ͣ͘ ͣͭ͊͜͜ͼ͚͎ͤͦͦ͜ ͔ͣͦ͒͡Ό͍͊ͤͤΎΧΧΧΧΧΧΧΧΧΧΧΧΦΦорп 

͙͍̂ͪͫΈ͙͚͟  ˶Φ˻ΦΣ ˻͙ͫͨ;ͯ͟ ˿ΦˢΦ ʕ ͙͍ͨ͡ ͔͍ͨ͊ͪ͊ͣͭͪ͜ ͔͔͍ͨͪͪͦ͜;ͤͦ͝ ͙ͣ͊ͭͪͼ͜ ͤ͊ 
ͦ͟ ͙͎͍ͪͯ͊͡Έͤ͜ ͻ͔͙͙͙͊ͪ͊ͭͪͫͭ͟͟ LDPC ͟ ͍ͦ͒͜ΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΦΦорт 

˸͙͍͊ͫͣͦ͟ ˤΦˤΦΣ ˽ͦͫͤ͜͜͡;͔ͤͦ͟ ˤΦˤΦ s ͎͙ͦͪͭͣ͡ ͍͙͋ͦͪͯ ͍͒ͦͫ͊͟;͍͙ͦ͟ͻ MPR ͍ ͍ͯ͘͜͡ ͯ 
ͨͪͦͭͦͦ͟͜͡ ͣ͊ͪ΄͙ͪͯͭ͊͘ͼ͜͝ OLSR ͒ ͡Ύ ͔͔ͣͪ͗ ͙ͭͨͯ AD-HOCΧΧΧΧΧΧΧΧΧΧΧΧΦΦосл 

˸͙͍͊ͫͣͦ͟ ˤΦˤΦΣ ˽ͦͭΈͦͣͤ͊͟͜ ˶Φ˱Φ ˾ ͦͪ͊͘ͻͯͤͦ͟ ͨͦ͡΅͜Σ ͔͙ͤͨͦͪͭͦ͟͝ atw ͍͙ͯ͊ͣ͘͡ 
ͤ͊ ͎͒ͪͯͦͣͯ ͭ͊ ͔ͭͪͭΈͦͣͯ ͫ͊͟;͊͟ͻ ͍ ͨͪͦͭͦͦ͟͜͡ h[{wΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΦосп 

˸͙͍͊ͫͣͦ͟ ˤΦˤΦ ˿͚͊ͣͦ͡Ό͟ ˢΦ˻Φ s ͙ͤ͊ͭ͜͡;ͤ͜ ͍͙͙ͪ͊͘ ͟͜͡Έͦͫͭ͟͜ ͍ͫͯ͗͋ͦͦ͡͝ 
ͤ͜ͺͦͪͣ͊ͼ͜͝ ͨͪͦͭͦͦͯ͟͡ OSPFΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧост 

˽͙͙͔ͨͤͦ͟͡ ˢΦ̑ΦΣ ͙͍̂ͪͫΈ͙͚͟ ˶Φ˻ΦΣ ́ͪ͊; ˣΦˤ. s ͙͙ͫͣͨͭͦͭ;ͤ͜ ͍͙͍͊ͫͭͦͫͭ͜͡ ͔͔͚ͣͦ͒͡ 
͙ͦͨͫͯ ͎ͫ͊ͣͦͨͦ͒͋ͤͦͦ͜ ͭͪ͊ͺͯ͜͟ ͤ͊ ͍ͦͫͤͦ͜ ͍͙͙ͦͪͫͭ͊ͤͤ͟Ύ ͙͎͍ͣ͊ͪͭͤ͊͜͡ ͘ 
͔͔͔͍͙ͤͨͪͪͤͣ ͭ͊ ͙͔͙͒ͫͪͭͤͣ͟ ;͊ͫͦͣΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧотм 
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ʈʆʃʔ ʅɸʋʏʅʆɻʆ ʅɸʉʃɽɼʀʗ ɸʂɸɼɽʄʀʂɸ ɺ.ʄ. ɻʃʋʐʂʆɺɸ ɺ ʈɽɸʃʀɿɸʎʀʀ 

ʉʆɺʈɽʄɽʅʅɯʍ ʊɽʃɽʂʆʄʄʋʅʀʂɸʎʀʆʅʅɯʍ ʉʊʈɸʊɽɻʀʁ 
 

ʀʣʴʯʝʥʢʦ ʄ.ɽ., ʋʨʳʚʩʢʠʡ ʃ.ɸ. 

 

ʅʝʚʦʟʤʦʞʥʦ ʧʝʨʝʦʮʝʥʠʪʴ ʪʦ ʥʘʩʣʝʜʠʝ, ʢʦʪʦʨʦʝ ʦʩʪʘʚʠʣ ʚ ʦʪʝʯʝʩʪʚʝʥʥʦʡ ʠ ʤʠʨʦʚʦʡ 

ʥʘʫʢʝ ʠ ʧʨʘʢʪʠʢʝ ʘʢʘʜʝʤʠʢ ɺ.ʄ. ɻʣʫʰʢʦʚ [1ï3]. ʇʦ ʩʧʨʘʚʝʜʣʠʚʦʤʫ ʟʘʤʝʯʘʥʠʶ ʘʢʘʜʝʤʠʢʘ 

ʀ.ɺ. ʉʝʨʛʠʝʥʢʦ [4-5], ʥʳʥʝ, ʨʝʘʣʠʟʫʷ ʚʳʧʦʣʥʝʥʠʝ ʧʨʦʛʨʘʤʤʳ ʠʥʬʦʨʤʘʪʠʟʘʮʠʠ ʋʢʨʘʠʥʳ, 

ʤ  rʷʩʥʦ ʚʠʜʠʤ, ʯʪʦ ɺ.ʄ. ɻʣʫʰʢʦʚ ʥʘʤʥʦʛʦ ʨʘʥʴʰʝ ʙʦʣʴʰʠʥʩʪʚʘ ʩʚʦʠʭ ʢʦʣʣʝʛ ʩʫʤʝʣ ʦʮʝʥʠʪʴ 

ʚʘʞʥʦʩʪʴ ʠ ʧʝʨʩʧʝʢʪʠʚʥʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʢʦʤʧʴʶʪʝʨʠʟʠʨʦʚʘʥʥʳʭ ʩʠʩʪʝʤ ʫʧʨʘʚʣʝʥʠʷ 

ʚ ʨʘʟʥʦʦʙʨʘʟʥʳʭ ʩʬʝʨʘʭ ʥʘʨʦʜʥʦʛʦ ʭʦʟʷʡʩʪʚʘ. ʀʤʝʥʥʦ ʚʳʜʘʶʱʠʡʩʷ ʚʢʣʘʜ ʚ ʪʝʦʨʠʶ ʠ 

ʧʨʘʢʪʠʢʫ ʩʦʟʜʘʥʠʷ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʳʭ ʩʠʩʪʝʤ ʫʧʨʘʚʣʝʥʠʷ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʤʘʩʰʪʘʙʘ 

ʜʝʣʘʝʪ ʘʢʪʫʘʣʴʥʳʤʠ ʠ ʚʘʞʥʳʤʠ ʜʦʩʪʠʞʝʥʠʷ ʫʯʝʥʦʛʦ ʠ ʦʨʛʘʥʠʟʘʪʦʨʘ ʥʘʫʢʠ.  

ɺ 1963 ʛ. ɺ.ʄ. ɻʣʫʰʢʦʚ ʫʪʚʝʨʞʜʝʥ ʧʨʝʜʩʝʜʘʪʝʣʝʤ ʄʝʞʚʝʜʦʤʩʪʚʝʥʥʦʛʦ ʥʘʫʯʥʦʛʦ 

ʩʦʚʝʪʘ ʧʦ ʚʥʝʜʨʝʥʠʶ ʚʳʯʠʩʣʠʪʝʣʴʥʦʡ ʪʝʭʥʠʢʠ ʠ ʵʢʦʥʦʤʠʢʦ-ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʤʝʪʦʜʦʚ ʚ 

ʥʘʨʦʜʥʦʝ ʭʦʟʷʡʩʪʚʦ ʉʉʉʈ ʧʨʠ ɻʦʩʫʜʘʨʩʪʚʝʥʥʦʤ ʢʦʤʠʪʝʪʝ ʉʦʚʝʪʘ ʄʠʥʠʩʪʨʦʚ ʉʉʉʈ ʧʦ ʥʘʫʢʝ 

ʠ ʪʝʭʥʠʢʝ. 

ʇʦʜ ʝʛʦ ʨʫʢʦʚʦʜʩʪʚʦʤ ʚ 1966 ʛ. ʙʳʣʘ ʨʘʟʨʘʙʦʪʘʥʘ ʧʝʨʚʘʷ ʧʝʨʩʦʥʘʣʴʥʘʷ ʕɺʄ çʄʀʈ-1è 

ʚ ʢʘʯʝʩʪʚʝ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʦʡ ʚʳʯʠʩʣʠʪʝʣʴʥʦʡ ʤʘʰʠʥʳ ʜʣʷ ʠʥʞʝʥʝʨʥʳʭ ʨʘʩʯʝʪʦʚ [3].  

ɺ 1973 ʛ. ɺ.ʄ. ɻʣʫʰʢʦʚ ʧʦʜʜʝʨʞʘʣ ʠʜʝʶ ʩʦʟʜʘʥʠʷ ʩʝʪʠ ʕɺʄ ʩ ʧʘʢʝʪʥʦʡ ʢʦʤʤʫʪʘʮʠʝʡ 

ʢʘʥʘʣʦʚ ʥʘ ʦʩʥʦʚʝ ʨʘʜʠʦʢʘʥʘʣʦʚ, ʧʦʟʚʦʣʷʶʱʝʡ ʦʙʲʝʜʠʥʷʪʴ ʥʘ ʨʘʚʥʦʧʨʘʚʥʦʡ ʦʩʥʦʚʝ ʙʦʣʴʰʠʝ 

ʕɺʄ ʠ ʫʜʘʣʝʥʥʳʝ ʪʝʨʤʠʥʘʣʳ ʥʘ ʧʣʦʱʘʜʠ ʚ ʜʝʩʷʪʢʠ ʢʚʘʜʨʘʪʥʳʭ ʢʠʣʦʤʝʪʨʦʚ.  

ʀʥʠʮʠʘʪʦʨʦʤ ʧʨʦʝʢʪʘ ʩʝʪʠ ʩʪʘʣ ʩʪʘʨʰʠʡ ʥʘʫʯʥʳʡ ʩʦʪʨʫʜʥʠʢ ʦʪʜʝʣʘ çʉʨʝʜʩʪʚ 

ʧʝʨʝʜʘʯʠ ʠʥʬʦʨʤʘʮʠʠè ʀʥʩʪʠʪʫʪʘ ʢʠʙʝʨʥʝʪʠʢʠ ɸʅ ʋʉʉʈ ʉ.ɻ. ɹʫʥʠʥ, ʥʳʥʝ ʧʨʦʬʝʩʩʦʨ 

ʀʥʩʪʠʪʫʪʘ ʪʝʣʝʢʦʤʤʫʥʠʢʘʮʠʦʥʥʳʭ ʩʠʩʪʝʤ ʅʊʋʋ çʂʇʀè. ʇʝʨʚʘʷ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʘʷ ʦʯʝʨʝʜʴ 

ʨʘʜʠʦʩʝʪʠ ʙʳʣʘ ʩʜʘʥʘ ʤʝʞʚʝʜʦʤʩʪʚʝʥʥʦʡ ʢʦʤʠʩʩʠʠ ʚ 1981 ʛ. ʕʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʦ ʙʦʣʴʰʦʛʦ 

ʚʥʠʤʘʥʠʷ ʘʢʘʜʝʤʠʢʘ ʢ ʚʦʧʨʦʩʘʤ ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʠ ʠʥʬʦʨʤʘʮʠʠ, ʘ ʪʘʢʞʝ ʨʝʟʫʣʴʪʘʪʠʚʥʦʩʪʠ 

ʥʘʯʠʥʘʥʠʡ, ʢʦʪʦʨʳʤʠ ʨʫʢʦʚʦʜʠʣ ɺ.ʄ. ɻʣʫʰʢʦʚ. 

ʇʨʷʤʳʤ ʧʨʦʜʦʣʞʝʥʠʝʤ ʩʬʦʨʤʫʣʠʨʦʚʘʥʥʳʭ ʥʘʤʝʨʝʥʠʡ ʩʪʘʣʠ ʠʜʝʠ ɺ.ʄ. ɻʣʫʰʢʦʚʘ ʧʦ 

ʩʦʟʜʘʥʠʶ ʩʠʩʪʝʤ çʙʝʟʙʫʤʘʞʥʦʡ ʠʥʬʦʨʤʘʪʠʢʠè [1], ʧʦʟʚʦʣʷʶʱʠʝ ʧʨʝʦʜʦʣʝʪʴ ʦʙʲʝʢʪʠʚʥʳʝ ʠ 

ʩʫʙʲʝʢʪʠʚʥʳʝ ʫʧʨʘʚʣʝʥʯʝʩʢʠʝ ʙʘʨʴʝʨʳ. 

çʇʝʨʚʳʤ ʠʥʬʦʨʤʘʮʠʦʥʥʳʤ ʙʘʨʴʝʨʦʤ ʥʘʟʳʚʘʝʪʩʷ ʧʦʨʦʛ ʩʣʦʞʥʦʩʪʠ ʫʧʨʘʚʣʝʥʠʷ 

ʵʢʦʥʦʤʠʯʝʩʢʦʡ ʩʠʩʪʝʤʦʡ, ʧʨʝʚʳʰʘʶʱʝʡ ʚʦʟʤʦʞʥʦʩʪʠ ʦʜʥʦʛʦ ʯʝʣʦʚʝʢʘè.  

ʇʦ ʫʪʚʝʨʞʜʝʥʠʶ ʘʢʘʜʝʤʠʢʘ, ʩʧʦʩʦʙʳ ʠʥʬʦʨʤʘʮʠʦʥʥʦʛʦ ʦʙʤʝʥʘ çʩʦʟʜʘʣʠ ʧʨʦʯʥʫʶ 

ʦʩʥʦʚʫ ʜʣʷ ʧʝʨʝʩʪʨʦʡʢʠ ʩʦʮʠʘʣʴʥʦ-ʵʢʦʥʦʤʠʯʝʩʢʠʤʠ ʧʨʦʮʝʩʩʘʤʠ ʥʘ ʦʩʥʦʚʝ ʙʝʟʙʫʤʘʞʥʦʡ 

ʪʝʭʥʦʣʦʛʠʠ ʚ ʤʘʩʰʪʘʙʘʭ ʮʝʣʦʡ ʦʪʨʘʩʣʠ, ʢʨʫʧʥʦʛʦ ʨʝʛʠʦʥʘ ʠ ʜʘʞʝ ʮʝʣʦʡ ʩʪʨʘʥʳ. 

ʅʝʦʙʭʦʜʠʤʦʩʪʴ ʪʘʢʦʡ ʧʝʨʝʩʪʨʦʡʢʠ ʦʙʫʩʣʦʚʣʠʚʘʝʪʩʷ ʪʝʤ, ʯʪʦ ʚ ʵʧʦʭʫ ʥʘʫʯʥʦ-

ʪʝʭʥʠʯʝʩʢʦʡ ʨʝʚʦʣʶʮʠʠ (ʅʊʈ) ʨʝʟʢʦ ʫʩʣʦʞʥʷʶʪʩʷ ʟʘʜʘʯʠ ʩʦʮʠʘʣʴʥʦ-ʵʢʦʥʦʤʠʯʝʩʢʦʛʦ 

ʫʧʨʘʚʣʝʥʠʷ. ʊʝʤʧʳ ʨʦʩʪʘ ʩʣʦʞʥʦʩʪʠ ʫʧʨʘʚʣʝʥʠʷ, ʦʩʦʙʝʥʥʦ ʚ ʵʧʦʭʫ ʅʊʈ, ʟʥʘʯʠʪʝʣʴʥʦ 

ʧʨʝʚʦʩʭʦʜʷʪ ʪʝʤʧʳ ʨʦʩʪʘ ʣʶʙʳʭ ʜʨʫʛʠʭ ʧʦʢʘʟʘʪʝʣʝʡ ʵʢʦʥʦʤʠʯʝʩʢʦʛʦ ʨʘʟʚʠʪʠʷ. ɺ ʨʝʟʫʣʴʪʘʪʝ 

ʚ ʨʘʟʚʠʪʠʠ ʢʘʞʜʦʡ ʩʪʨʘʥʳ ʥʝʠʟʙʝʞʥʦ ʥʘʩʪʫʧʘʝʪ ʤʦʤʝʥʪ, ʢʦʛʜʘ ʨʝʟʝʨʚʳ ʪʨʘʜʠʮʠʦʥʥʳʭ 

ʧʨʠʝʤʦʚ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʷ ʫʧʨʘʚʣʝʥʠʷ ʵʢʦʥʦʤʠʢʦʡ ï ʦʨʛʘʥʠʟʘʮʠʷ ʠ ʩʦʮʠʘʣʴʥʦ-

ʵʢʦʥʦʤʠʯʝʩʢʠʝ ʤʝʭʘʥʠʟʤʳ ï ʦʢʘʟʳʚʘʶʪʩʷ ʠʩʯʝʨʧʘʥʥʳʤʠ (ʚʪʦʨʦʡ ʠʥʬʦʨʤʘʮʠʦʥʥʳʡ ʙʘʨʴʝʨ). 

ʇʨʠʯʠʥʘ ʧʦʜʦʙʥʦʛʦ ʷʚʣʝʥʠʷ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʪʦʤ, ʯʪʦ ʚʩʝ ʪʨʘʜʠʮʠʦʥʥʳʝ 

ʦʨʛʘʥʠʟʘʮʠʦʥʥʳʝ ʠ ʩʦʮʠʘʣʴʥʦ-ʵʢʦʥʦʤʠʯʝʩʢʠʝ ʤʝʭʘʥʠʟʤʳ ʨʝʘʣʠʟʫʶʪʩʷ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ 

ʯʝʨʝʟ ʣʶʜʝʡ, ʪʦʯʥʝʝ ïʯʝʨʝʟ ʠʭ ʤʳʩʣʠʪʝʣʴʥʳʡ ʘʧʧʘʨʘʪ ï ʤʦʟʛ. ʇʨʦʧʫʩʢʥʘʷ ʞʝ ʩʧʦʩʦʙʥʦʩʪʴ 

ʤʦʟʛʘ ʢʘʢ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʷ ʠʥʬʦʨʤʘʮʠʠ ʭʦʪʷ ʠ ʚʝʣʠʢʘ, ʥʦ, ʪʝʤ ʥʝ ʤʝʥʝʝ, ʦʛʨʘʥʠʯʝʥʘ. ʊʦ ʞʝ 

http://ru.wikipedia.org/wiki/1963_%D0%B3%D0%BE%D0%B4
http://ru.wikipedia.org/wiki/%D0%A1%D0%A1%D0%A1%D0%A0
http://ru.wikipedia.org/wiki/1966_%D0%B3%D0%BE%D0%B4
http://ru.wikipedia.org/wiki/%D0%9F%D0%B5%D1%80%D1%81%D0%BE%D0%BD%D0%B0%D0%BB%D1%8C%D0%BD%D1%8B%D0%B9_%D0%BA%D0%BE%D0%BC%D0%BF%D1%8C%D1%8E%D1%82%D0%B5%D1%80
http://ru.wikipedia.org/wiki/%D0%9C%D0%98%D0%A0-1
http://www.icfcst.kiev.ua/MUSEUM/GL_HALL2/MAIN-337_5_r.html
http://www.icfcst.kiev.ua/MUSEUM/GL_HALL2/MAIN-337_5_r.html
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ʩʘʤʦʝ ʠʤʝʝʪ ʤʝʩʪʦ ʠ ʜʣʷ ʩʦʚʦʢʫʧʥʦʩʪʠ ʚʩʝʭ ʣʶʜʝʡ ʚ ʣʶʙʦʡ ʩʦʮʠʘʣʴʥʦ-ʵʢʦʥʦʤʠʯʝʩʢʦʡ 

ʩʠʩʪʝʤʝ. ʄʦʤʝʥʪ, ʢʦʛʜʘ ʩʣʦʞʥʦʩʪʴ ʟʘʜʘʯ ʫʧʨʘʚʣʝʥʠʷ ʩʠʩʪʝʤʦʡ ʧʨʝʚʦʩʭʦʜʠʪ ʵʪʦʪ ʧʦʨʦʛ, ʠ 

ʝʩʪʴ ʚʪʦʨʦʡ ʠʥʬʦʨʤʘʮʠʦʥʥʳʡ ʙʘʨʴʝʨ. 

ʉ ʵʪʦʛʦ ʤʦʤʝʥʪʘ ʜʘʣʴʥʝʡʰʝʝ ʫʚʝʣʠʯʝʥʠʝ ʤʦʱʥʦʩʪʠ ʫʧʨʘʚʣʝʥʯʝʩʢʦʛʦ ʘʧʧʘʨʘʪʘ 

ʚʦʟʤʦʞʥʦ ʪʦʣʴʢʦ ʣʠʰʴ ʥʘ ʦʩʥʦʚʝ ʥʝʧʨʝʨʳʚʥʦʛʦ ʧʦʚʳʰʝʥʠʷ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʪʨʫʜʘ ʚʩʝʭ 

ʟʘʥʷʪʳʭ ʚ ʫʧʨʘʚʣʝʥʠʠ ʣʶʜʝʡé ʅʝʦʙʭʦʜʠʤʘ ʢʦʤʧʣʝʢʩʥʘʷ ʘʚʪʦʤʘʪʠʟʘʮʠʷ ʫʧʨʘʚʣʝʥʯʝʩʢʦʛʦ 

ʪʨʫʜʘ, ʧʨʠ ʢʦʪʦʨʦʡ ʚʩʝ ʙʦʣʴʰʘʷ ʠ ʙʦʣʴʰʘʷ ʯʘʩʪʴ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʧʦʪʦʢʦʚ ʟʘʤʳʢʘʝʪʩʷ ʚʥʝ 

ʯʝʣʦʚʝʢʘ. 

ɺ ʵʪʦʤ ʠ ʩʦʩʪʦʠʪ ʩʫʱʥʦʩʪʴ ʙʝʟʙʫʤʘʞʥʦʡ ʪʝʭʥʦʣʦʛʠʠè [1, ʩ. 11, 12]. 

ɸʢʘʜʝʤʠʢʫ ɺ.ʄ. ɻʣʫʰʢʦʚʫ ʧʨʠʥʘʜʣʝʞʠʪ ʧʦʠʩʪʠʥʝ ʧʨʦʨʦʯʝʩʢʦʝ ʚʳʩʢʘʟʳʚʘʥʠʝ 

(1982 ʛ.): 

 çɹʝʟʙʫʤʘʞʥʘʷ ʠʥʬʦʨʤʘʪʠʢʘ ʨʘʟʚʠʚʘʝʪʩʷ ʠʩʢʣʶʯʠʪʝʣʴʥʦ ʙʳʩʪʨʳʤʠ ʪʝʤʧʘʤʠ <é>. 

ʉʨʘʱʠʚʘʥʠʝ ʩʨʝʜʩʪʚ ʪʝʣʝʢʦʤʤʫʥʠʢʘʮʠʡ ʩ ʤʘʰʠʥʥʦʡ ʠʥʬʦʨʤʘʪʠʢʦʡ (ʨʝʘʣʠʟʫʶʱʝʡʩʷ ʚ ʩʝʪʷʭ 

ʕɺʄ ʠ ɺʎ ʩ ʫʜʘʣʝʥʥʳʤʠ ʪʝʨʤʠʥʘʣʘʤʠ) ʫʞʝ ʧʨʠʚʝʣʦ ʢ ʧʦʷʚʣʝʥʠʶ ʥʦʚʦʛʦ ʪʝʨʤʠʥʘ 

ʪʝʣʝʤʘʪʠʢʘ. ʅʘʠʙʦʣʝʝ ʨʴʷʥʳʝ ʘʧʦʣʦʛʝʪʳ ʪʝʣʝʤʘʪʠʢʠ ʧʨʝʜʩʢʘʟʳʚʘʶʪ, ʯʪʦ ʫʞʝ ʥʝʜʘʣʸʢ ʪʦʪ 

ʜʝʥʴ, ʢʦʛʜʘ ʠʩʯʝʟʥʫʪ ʦʙʳʯʥʳʝ ʢʥʠʛʠ, ʛʘʟʝʪʳ ʠ ʞʫʨʥʘʣʳ. ɺʟʘʤʝʥ ʢʘʞʜʳʡ ʯʝʣʦʚʝʢ ʙʫʜʝʪ 

ʥʦʩʠʪʴ ʩ ʩʦʙʦʡ çʵʣʝʢʪʨʦʥʥʳʡè ʙʣʦʢʥʦʪ, ʧʨʝʜʩʪʘʚʣʷʶʱʠʡ ʩʦʙʦʡ ʢʦʤʙʠʥʘʮʠʶ ʧʣʦʩʢʦʛʦ 

ʜʠʩʧʣʝʷ ʩ ʤʠʥʠʘʪʶʨʥʳʤ ʨʘʜʠʦʧʝʨʝʜʘʪʯʠʢʦʤ. ʅʘʙʠʨʘʷ ʥʘ ʢʣʘʚʠʘʪʫʨʝ ʵʪʦʛʦ çʙʣʦʢʥʦʪʘè 

ʥʫʞʥʳʡ ʢʦʜ, ʤʦʞʥʦ (ʥʘʭʦʜʷʩʴ ʚ ʣʶʙʦʤ ʤʝʩʪʝ ʥʘ ʥʘʰʝʡ ʧʣʘʥʝʪʝ), ʚʳʟʚʘʪʴ ʠʟ ʛʠʛʘʥʪʩʢʠʭ 

ʢʦʤʧʴʶʪʝʨʥʳʭ ʙʘʟ ʜʘʥʥʳʭ, ʩʚʷʟʘʥʥʳʭ ʚ ʩʝʪʠ, ʣʶʙʳʝ ʪʝʢʩʪʳ, ʠʟʦʙʨʘʞʝʥʠʷ (ʚ ʪʦʤ ʯʠʩʣʝ ʠ 

ʜʠʥʘʤʠʯʝʩʢʠʝ), ʢʦʪʦʨʳʝ ʠ ʟʘʤʝʥʷʪ ʥʝ ʪʦʣʴʢʦ ʩʦʚʨʝʤʝʥʥʳʝ ʢʥʠʛʠ, ʞʫʨʥʘʣʳ ʠ ʛʘʟʝʪʳ, ʥʦ ʠ 

ʩʦʚʨʝʤʝʥʥʳʝ ʪʝʣʝʚʠʟʦʨʳ. ʇʨʦʛʨʝʩʩ ʵʣʝʢʪʨʦʥʥʦʡ ʪʝʭʥʦʣʦʛʠʠ, ʤʘʰʠʥʥʦʡ ʠʥʬʦʨʤʘʪʠʢʠ ʠ 

ʪʝʣʝʤʘʪʠʢʠ ʧʨʦʠʩʭʦʜʠʪ ʩʪʦʣʴ ʙʫʨʥʳʤʠ ʪʝʤʧʘʤʠ, ʯʪʦ ʬʘʥʪʘʩʪʠʢʘ ʚ ʵʪʦʡ ʦʙʣʘʩʪʠ ʩʪʘʥʦʚʠʪʩʷ 

ʨʝʘʣʴʥʦʩʪʴʶ ʙʫʢʚʘʣʴʥʦ ʥʘ ʥʘʰʠʭ ʛʣʘʟʘʭè [1, ʩ. 537]. 

ɺ ʩʦʚʨʝʤʝʥʥʦʡ ʧʨʘʢʪʠʢʝ ʪʝʨʤʠʥ çʪʝʣʝʤʘʪʠʢʘè (ʪʝʣʝʢʦʤʤʫʥʠʢʘʮʠʠ + ʠʥʬʦʨʤʘʪʠʢʘ) 

ʯʘʱʝ ʫʧʦʪʨʝʙʣʷʝʪʩʷ ʚ ʢʦʥʩʪʨʫʢʮʠʠ çʠʥʬʦʢʦʤʤʫʥʠʢʘʮʠʠè (ʠʥʬʦʨʤʘʪʠʢʘ + 

ʪʝʣʝʢʦʤʤʫʥʠʢʘʮʠʠ).  

ʇʨʷʤʳʤ ʧʨʦʜʦʣʞʝʥʠʝʤ ʜʝʣʘ, ʥʘʯʘʪʦʛʦ ʘʢʘʜʝʤʠʢʦʤ ɺ.ʄ. ɻʣʫʰʢʦʚʳʤ, ʷʚʣʷʝʪʩʷ 

ʨʝʘʣʠʟʘʮʠʷ ʩʦʚʨʝʤʝʥʥʳʭ ʠʥʬʦʢʦʤʤʫʥʠʢʘʮʠʦʥʥʳʭ ʩʪʨʘʪʝʛʠʡ, ʩʚʷʟʘʥʥʳʭ ʩ ʨʝʘʣʠʟʘʮʠʝʡ ʚ 

ʋʢʨʘʠʥʝ ʛʣʦʙʘʣʴʥʦʡ ʢʦʥʮʝʧʮʠʠ ʨʘʟʚʠʪʠʷ ʠʥʬʦʨʤʘʮʠʦʥʥʦʛʦ ʦʙʱʝʩʪʚʘ [5-6].  

ɺ ʩʪʨʘʪʝʛʠʠ ʨʘʟʚʠʪʠʷ ʮʠʚʠʣʠʟʦʚʘʥʥʳʭ ʩʪʨʘʥ ʜʦʤʠʥʠʨʫʶʱʝʡ ʩʪʘʥʦʚʠʪʩʷ ʢʦʥʮʝʧʮʠʷ 

ʠʥʬʦʨʤʘʮʠʦʥʥʦʛʦ ʦʙʱʝʩʪʚʘ, ʚ ʢʦʪʦʨʦʤ ʤʘʪʝʨʠʘʣʴʥʦʡ ʦʩʥʦʚʦʡ ʩʪʘʥʦʚʷʪʩʷ ʠʥʬʦʨʤʘʮʠʦʥʥʦ-

ʪʝʣʝʢʦʤʤʫʥʠʢʘʮʠʦʥʥʳʝ ʪʝʭʥʦʣʦʛʠʠ (ʀʊʊ). ɺ ʥʠʭ ʪʝʩʥʦ ʧʝʨʝʧʣʝʪʘʶʪʩʷ ʟʘʜʘʯʠ ʩʦʟʜʘʥʠʷ, 

ʭʨʘʥʝʥʠʷ, ʩʚʦʙʦʜʥʦʛʦ ʦʙʤʝʥʘ ʚ ʥʝʦʛʨʘʥʠʯʝʥʥʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʤ ʨʝʩʫʨʩʝ ʟʥʘʯʠʪʝʣʴʥʳʭ 

ʦʙʲʝʤʦʚ ʠʥʬʦʨʤʘʮʠʠ,ʢʦʪʦʨʳʝ ʜʚʠʞʫʪʩʷ ʦʪ ʠʩʪʦʯʥʠʢʦʚ ʢ ʤʥʦʛʦʯʠʩʣʝʥʥʳʤ ʧʦʪʨʝʙʠʪʝʣʷʤ[1-

3]. 

ɺ ʩʦʚʨʝʤʝʥʥʦʤ ʤʠʨʝ ʧʨʦʩʪʨʘʥʩʪʚʦ ʪʝʣʝʢʦʤʤʫʥʠʢʘʮʠʡ ʧʝʨʝʞʠʚʘʝʪ ʵʧʦʭʫ ʙʫʨʥʦʡ 

ʵʚʦʣʮʁʠʠ, ʧʦʪʝʥʮʠʘʣ ʢʦʪʦʨʦʡ ʥʘʢʘʧʣʠʚʘʣʩʷ ʥʘ ʧʨʦʪʷʞʝʥʠʠ ʧʦʩʣʝʜʥʠʭ ʜʚʫʭ ʜʝʩʷʪʠʣʝʪʠʡ. 

ʊʘʢʘʷ ʵʚʦʣʮʁʠʷ ʧʨʦʷʚʣʷʝʪʩʷ ʚ ʥʝʩʢʦʣʴʢʠʭ ʚʘʞʥʳʭ ʥʘʧʨʘʚʣʝʥʠʷʭ. 

ɻʣʘʚʥʳʤ ʠʟ ʵʪʠʭ ʥʘʧʨʘʚʣʝʥʠʡ ʩʣʝʜʫʝʪ ʩʯʠʪʘʪʴ ʪʝʥʜʝʥʮʠʶ ʢ ʩʣʠʷʥʠʶ ʨʘʥʝʝ 

ʥʝʟʘʚʠʩʠʤʳʭ ʜʨʫʛ ʦʪ ʜʨʫʛʘ ʪʝʭʥʦʣʦʛʠʡ: ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʠ ʪʝʣʝʢʦʤʤʫʥʠʢʘʮʠʦʥʥʳʭ.  

ʉʣʝʜʩʪʚʠʝʤ ʨʝʘʣʠʟʘʮʠʠ ʙʘʟʦʚʦʛʦ ʥʘʧʨʘʚʣʝʥʠʷ ʵʚʦʣʶʮʠʠ ʷʚʣʷʝʪʩʷ ʪʝʭʥʦʣʦʛʠʯʝʩʢʘʷ 

ʢʦʥʚʝʨʛʝʥʮʠʷ, ʪ.ʝ. ʬʦʨʤʠʨʦʚʘʥʠʝ ʝʜʠʥʦʡ ʠʥʪʝʛʨʠʨʦʚʘʥʥʦʡ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʧʣʘʪʬʦʨʤʳ ʥʘ 

ʦʩʥʦʚʝ ʩʣʠʷʥʠʷ ʪʝʣʝʢʦʤʤʫʥʠʢʘʮʠʦʥʥʦʡ, ʢʦʤʧʴʶʪʝʨʥʦʡ, ʘʫʜʠʦʚʠʟʫʘʣʴʥʦʡ ʪʝʭʥʠʢʠ. ʕʪʘ 

ʪʝʥʜʝʥʮʠʷ ʧʦʨʦʞʜʘʝʪ ʢʦʥʚʝʨʛʝʥʮʠʶ (ʪʦ ʝʩʪʴ ʩʣʠʷʥʠʝ) ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʫʩʣʫʛ.  

ɺ ʨʝʟʫʣʴʪʘʪʝ ʟʘ ʧʦʩʣʝʜʥʠʝ ʜʚʘʜʮʘʪʴ ʣʝʪ ʤʠʨʦʚʳʝ ʪʝʭʥʦʣʦʛʠʠ ʧʝʨʝʜʘʯʠ ʠʥʬʦʨʤʘʮʠʠ 

ʫʜʘʣʠʣʠʩʴ ʦʪ ʬʘʟʳ ʧʨʝʦʙʣʘʜʘʥʠʷ ʩʪʘʮʠʦʥʘʨʥʦʡ ʪʝʣʝʬʦʥʥʦʡ ʩʝʪʠ ʢʘʢ ʦʩʥʦʚʥʦʡ ʬʦʨʤʳ 

ʩʨʝʜʩʪʚ ʢʦʤʤʫʥʠʢʘʮʠʡ ʠ ʧʝʨʝʰʣʠ ʢ ʬʘʟʝ ʧʨʝʦʙʣʘʜʘʥʠʷ ʤʦʙʠʣʴʥʳʭ ʩʨʝʜʩʪʚ ʩʚʷʟʠ, ʨʦʩʪʫ 

ʦʙʲʝʤʘ ʀʥʪʝʨʥʝʪ-ʢʦʤʤʫʥʠʢʘʮʠʡ, ʫʩʧʝʭʘʤ ʚ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʠ ʰʠʨʦʢʦʧʦʣʦʩʥʳʭ 

ʙʝʩʧʨʦʚʦʜʥʳʭ ʩʠʩʪʝʤ [7]. 

http://www.icfcst.kiev.ua/MUSEUM/GL_HALL2/MAIN-337_5_r.html
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ʋʢʨʘʠʥʘ, ʩʣʝʜʫʷ ʛʣʦʙʘʣʴʥʳʤ ʪʝʥʜʝʥʮʠʷʤ, ʨʘʟʚʠʚʘʝʪ ʠʥʬʦʢʦʤʤʫʥʠʢʘʮʠʦʥʥʳʝ 

ʪʝʭʥʦʣʦʛʠʠ ʩ ʫʯʝʪʦʤ ʥʦʚʝʡʰʠʭ ʤʠʨʦʚʳʭ ʜʦʩʪʠʞʝʥʠʡ. ɺ ʋʢʨʘʠʥʝ ʜʝʷʪʝʣʴʥʦʩʪʴ ʚ ʩʬʝʨʝ 

ʠʥʬʦʨʤʘʪʠʟʘʮʠʠ ʧʨʠʦʙʨʝʪʘʝʪ ʚʩʝ ʙʦʣʴʰʝʝ ʟʥʘʯʝʥʠʝ ï ʝʝ ʜʦʣʷ ʚ ɺɺʇ ʩʪʨʘʥʳ ʥʘ ʧʨʦʪʷʞʝʥʠʠ 

2006ï2010 ʛʛ. ʚʦʟʨʦʩʣʘ ʚ 2 ʨʘʟʘ ʩ 0,4 ʜʦ 0,8 % ʦʪ ɺɺʇ. 

ʂʘʞʜʳʡ ʯʝʣʦʚʝʢ ʜʦʣʞʝʥ ʠʤʝʪʴ ʚʦʟʤʦʞʥʦʩʪʴ ʜʦʩʪʫʧʘ ʢ ʠʥʬʦʨʤʘʮʠʦʥʥʳʤ ʠ 

ʢʦʤʤʫʥʠʢʘʮʠʦʥʥʳʤ ʩʝʪʷʤ. 

ʂʣʶʯʝʚʦʡ ʩʦʩʪʘʚʣʷʶʱʝʡ ʜʘʥʥʦʡ ʩʪʨʘʪʝʛʠʠ ʜʦʣʞʥʦ ʩʪʘʪʴ ʥʝʧʨʝʨʳʚʥʦʝ ʜʚʠʞʝʥʠʝ ʚ 

ʥʘʧʨʘʚʣʝʥʠʠ ʚʩʝʦʙʱʝʛʦ ʜʦʩʪʫʧʘ ʜʣʷ ʚʩʝʭ. ʇʦʵʪʦʤʫ ʩʘʤʦʡ ʜʠʥʘʤʠʯʥʦ ʨʘʟʚʠʚʘʶʱʝʡʩʷ ʚʝʪʚʴʶ 

ʩʦʚʨʝʤʝʥʥʳʭ ʢʦʤʤʫʥʠʢʘʮʠʡ ʩʪʘʣ ʀʥʪʝʨʥʝʪ ʢʘʢ ʚʝʨʰʠʥʘ çʙʝʟʙʫʤʘʞʥʦʡ ʠʥʬʦʨʤʘʪʠʢʠè. 

ɺ 2011 ʛ. ʋʢʨʘʠʥʘ ʚʦʰʣʘ ʚ ʜʝʩʷʪʢʫ ʩʪʨʘʥ ʩ ʥʘʠʚʳʩʰʝʡ ʩʢʦʨʦʩʪʴʶ ʜʦʩʪʫʧʘ ʚ ʀʥʪʝʨʥʝʪ 

ʠ ʚʧʝʨʚʳʝ ʚʦʰʣʘ ʚ ʨʝʡʪʠʥʛ ʘʙʦʥʝʥʪʦʚ ʦʪʨʘʩʣʝʚʦʡ ʦʨʛʘʥʠʟʘʮʠʠ ɽʚʨʦʧʝʡʩʢʠʡ ʉʦʚʝʪ FTTH, 

ʟʘʥʠʤʘʷ ʧʨʠ ʵʪʦʤ 16 ʤʝʩʪʦ ʚ ʤʠʨʝ ʧʦ ʨʘʟʚʠʪʠʶ ʩʝʪʝʡ FTTH (Fiber-to-the-Home) ï 

ʰʠʨʦʢʦʧʦʣʦʩʥʦʛʦ ʜʦʩʪʫʧʘ ʜʦʤʘʰʥʠʭ ʧʦʣʴʟʦʚʘʪʝʣʝʡ ʧʦ ʦʧʪʠʯʝʩʢʦʤʫ ʚʦʣʦʢʥʫ. 

ɺʘʞʥʦʡ ʩʪʨʘʪʝʛʠʯʝʩʢʦʡ ʪʝʥʜʝʥʮʠʝʡ ʨʘʟʚʠʪʠʷ ʩʦʚʨʝʤʝʥʥʳʭ ʩʨʝʜʩʪʚ ʜʦʩʪʘʚʢʠ 

ʠʥʬʦʨʤʘʮʠʠ ʷʚʣʷʝʪʩʷ ʨʝʘʣʠʟʘʮʠʷ ʢʦʥʮʝʧʮʠʠ ʧʦʩʪʨʦʝʥʠʷ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʩʝʪʝʡ ʥʦʚʦʛʦ 

ʧʦʢʦʣʝʥʠʷ (Next Generation Networks ï NGN) [8]. 

ʉʝʛʦʜʥʷ ʩʪʘʥʜʘʨʪʠʟʘʮʠʷ NGN ʧʨʠʟʥʘʥʘ ʦʜʥʠʤ ʠʟ ʧʨʠʦʨʠʪʝʪʥʳʭ ʥʘʧʨʘʚʣʝʥʠʡ 

ʄʝʞʜʫʥʘʨʦʜʥʦʛʦ ʩʦʶʟʘ ʵʣʝʢʪʨʦʩʚʷʟʠ. 

ʆʜʥʠʤ ʠʟ ʘʢʪʠʚʥʳʭ ʫʯʘʩʪʥʠʢʦʚ ʧʨʦʮʝʩʩʘ ʨʘʟʚʠʪʠʷ ʩʦʚʨʝʤʝʥʥʳʭ 

ʪʝʣʝʢʦʤʤʫʥʠʢʘʮʠʦʥʥʳʭ ʩʪʨʘʪʝʛʠʡ ʷʚʣʷʝʪʩʷ ʅʘʮʠʦʥʘʣʴʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ 

ʋʢʨʘʠʥʳ çʂʠʝʚʩʢʠʡ ʧʦʣʠʪʝʭʥʠʯʝʩʢʠʡ ʠʥʩʪʠʪʫʪè. 

ʅʘʮʠʦʥʘʣʴʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ ʋʢʨʘʠʥʳ çʂʠʝʚʩʢʠʡ ʧʦʣʠʪʝʭʥʠʯʝʩʢʠʡ 

ʠʥʩʪʠʪʫʪè (ʅʊʋʋ çʂʇʀè) ʠʤʝʝʪ ʟʥʘʯʠʪʝʣʴʥʳʝ ʜʦʩʪʠʞʝʥʠʷ, ʧʝʨʩʧʝʢʪʠʚʥʳʝ ʨʘʟʨʘʙʦʪʢʠ, 

ʧʨʠʟʥʘʥʥʳʝ ʥʘʫʯʥʳʝ ʰʢʦʣʳ ʧʦ ʚʘʞʥʝʡʰʠʤ ʥʘʧʨʘʚʣʝʥʠʷʤ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʭ ʠ ʧʨʠʢʣʘʜʥʳʭ 

ʥʘʫʯʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʚ ʦʙʣʘʩʪʠ ʀʀʊ: 

1. ʉʦʚʨʝʤʝʥʥʳʝ ʤʝʪʦʜʳ ʦʙʨʘʙʦʪʢʠ ʠʥʬʦʨʤʘʮʠʠ, ʧʨʠʥʮʠʧʳ ʧʦʩʪʨʦʝʥʠʷ 

ʚʳʩʦʢʦʧʨʦʠʟʚʦʜʠʪʝʣʴʥʳʭ ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ ʩʠʩʪʝʤ ʠ ʩʝʪʝʡ, ʧʝʨʩʧʝʢʪʠʚʥʳʝ ʠʥʬʦʨʤʘʮʠʦʥʥʳʝ 

ʪʝʭʥʦʣʦʛʠʠ ʦʙʨʘʙʦʪʢʠ ʠʥʬʦʨʤʘʮʠʠ, ʜʠʘʛʥʦʩʪʠʢʠ ʠ ʫʧʨʘʚʣʝʥʠʷ ʚ ʩʣʦʞʥʳʭ ʦʨʛʘʥʠʟʘʮʠʦʥʥʦ-

ʪʝʭʥʠʯʝʩʢʠʭ ʩʠʩʪʝʤʘʭ [9-10]. 

2. ɸʧʧʘʨʘʪʥʦʝ, ʤʘʪʝʤʘʪʠʯʝʩʢʦʝ ʠ ʧʨʦʛʨʘʤʤʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ ʮʠʬʨʦʚʳʭ ʩʠʩʪʝʤ ʚ 
ʩʦʚʨʝʤʝʥʥʳʭ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʷʭ, ʤʝʪʦʜʦʣʦʛʠʷ ʠ ʤʝʪʦʜʳ ʧʦʩʪʨʦʝʥʠʷ 

ʠʥʪʝʣʣʝʢʪʫʘʣʠʟʦʚʘʥʥʳʭ ʠʥʬʦʨʤʘʮʠʡ ʠ ʩʝʪʝʚʳʭ ʪʝʭʥʦʣʦʛʠʡ, ʙʘʟ ʜʘʥʥʳʭ ʠ ʟʥʘʥʠʡ. 

3. ʄʠʢʨʦʚʦʣʥʦʚʳʝ ʫʩʪʨʦʡʩʪʚʘ ʠ ʩʠʩʪʝʤʳ ʩʧʝʮʠʘʣʴʥʦʛʦ ʠ ʰʠʨʦʢʦʛʦ ʥʘʟʥʘʯʝʥʠʷ. 

4. ʇʨʦʛʨʘʤʤʥʦ-ʘʧʧʘʨʘʪʥʳʝ ʢʦʤʧʣʝʢʩʳ ʨʘʩʧʦʟʥʘʚʘʥʠʷ ʠʟʦʙʨʘʞʝʥʠʡ ʘʫʜʠʦ- ʠ 

ʚʠʜʝʦʩʠʛʥʘʣʦʚ. 

5. ʇʝʨʩʧʝʢʪʠʚʥʳʝ ʪʝʣʝʢʦʤʤʫʥʠʢʘʮʠʦʥʥʳʝ ʩʠʩʪʝʤʳ ʠ ʪʝʭʥʦʣʦʛʠʠ ʥʘ ʦʩʥʦʚʝ 

ʩʦʚʨʝʤʝʥʥʦʡ ʤʠʢʨʦʚʦʣʥʦʚʦʡ ʠ ʮʠʬʨʦʚʦʡ ʵʣʝʢʪʨʦʥʥʦʡ ʪʝʭʥʠʢʠ ʠ ʜʨʫʛʠʝ. 

ʆʙʱʝʥʘʮʠʦʥʘʣʴʥʳʤ ʧʨʦʝʢʪʦʤ ʷʚʣʷʝʪʩʷ ʩʦʟʜʘʥʠʝ ʅʘʫʯʥʦʛʦ ʧʘʨʢʘ ʅʊʋʋ çʂʇʀè, 

ʫʥʠʢʘʣʴʥʦʩʪʴ ʢʦʪʦʨʦʛʦ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʪʦʤ, ʯʪʦ ʦʥ ʨʝʘʣʠʟʫʝʪʩʷ ʙʝʟ ʢʘʢʠʭ-ʣʠʙʦ ʣʴʛʦʪ ʠ ʧʨʠ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʡ ʧʦʣʠʪʠʯʝʩʢʦʡ ʧʦʜʜʝʨʞʢʝ ʜʦʣʞʝʥ ʦʩʫʱʝʩʪʚʠʪʴ ʧʨʦʨʳʚ ʚ 

ʠʥʥʦʚʘʮʠʦʥʥʦʡ ʩʨʝʜʝ ʥʘ ʫʨʦʚʥʝ ʣʫʯʰʠʭ ʟʘʨʫʙʝʞʥʳʭ ʘʥʘʣʦʛʦʚ. 

ʅʝʣʴʟʷ ʥʝ ʩʦʛʣʘʩʠʪʴʩʷ ʩ ʪʝʟʠʩʦʤ ʦ ʪʦʤ [4], ʯʪʦ ʧʨʠʥʷʪʳʡ ʋʢʨʘʠʥʦʡ ʧʫʪʴ 

ʛʘʨʤʦʥʠʟʘʮʠʠ ʤʝʞʜʫʥʘʨʦʜʥʳʭ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʩʪʘʥʜʘʨʪʦʚ ʫʜʝʰʝʚʣʷʝʪ ʠ ʫʩʢʦʨʷʝʪ 

ʨʘʟʨʘʙʦʪʢʫ ʢʘʯʝʩʪʚʝʥʥʳʭ ʦʪʝʯʝʩʪʚʝʥʥʳʭ ʩʪʘʥʜʘʨʪʦʚ. ʆʜʥʘʢʦ ʥʝʛʘʪʠʚʥʫʶ ʪʝʥʜʝʥʮʠʶ 

ʦʪʩʪʘʚʘʥʠʷ ʚ ʦʙʣʘʩʪʠ ʠʥʬʦʨʤʘʪʠʟʘʮʠʠ ʤʦʞʥʦ ʧʨʝʦʜʦʣʝʪʴ ʥʝ ʪʦʣʴʢʦ ʥʘ ʦʩʥʦʚʝ ʨʦʩʪʘ 

ʢʦʣʠʯʝʩʪʚʘ ʧʨʦʝʢʪʦʚ ʧʦ ʩʪʘʥʜʘʨʪʠʟʘʮʠʠ, ʥʦ ʠ ʧʫʪʝʤ ʧʦʚʳʰʝʥʠʷ ʢʚʘʣʠʬʠʢʘʮʠʠ ʩʧʝʮʠʘʣʠʩʪʦʚ 

ʦʪʨʘʩʣʠ ʠ ʧʦʜʛʦʪʦʚʢʠ ʠʭ ʧʨʝʞʜʝ ʚʩʝʛʦ ʚ ʚʳʰʝʡ ʰʢʦʣʝ. 

ʋʯʝʥʳʝ ʅɸʅ ʋʢʨʘʠʥʳ ʘʢʪʠʚʥʦ ʠ ʧʣʦʜʦʪʚʦʨʥʦ ʨʘʙʦʪʘʶʪ ʚ ʩʬʝʨʝ ʩʦʟʜʘʥʠʷ 

ʚʳʩʦʢʦʩʢʦʨʦʩʪʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʧʝʨʝʜʘʯʠ ʤʫʣʴʪʠʤʝʜʠʡʥʦʛʦ ʪʨʘʬʠʢʘ ʩʦʚʤʝʩʪʥʦ ʩ 

ʩʦʪʨʫʜʥʠʢʘʤʠ ʅʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʦʛʦ ʠʥʩʪʠʪʫʪʘ ʪʝʣʝʢʦʤʤʫʥʠʢʘʮʠʡ ʂʠʝʚʩʢʦʡ 

ʧʦʣʠʪʝʭʥʠʢʠ, ʢʦʪʦʨʳʡ ʩʦʛʣʘʩʥʦ ʧʦʩʪʘʥʦʚʣʝʥʠʶ ʇʨʝʟʠʜʠʫʤʘ ʅɸʅ ʋʢʨʘʠʥʳ ʩ 2001 ʛ. 
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ʧʨʦʚʦʜʠʪ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʜ ʥʘʫʯʥʦ-ʤʝʪʦʜʠʯʝʩʢʠʤ ʨʫʢʦʚʦʜʩʪʚʦʤ ʆʪʜʝʣʝʥʠʷ ʠʥʬʦʨʤʘʪʠʢʠ 

ʅɸʅ ʋʢʨʘʠʥʳ. 

ʉʨʝʜʠ ʨʘʟʨʘʙʦʪʦʢ ʵʪʦʛʦ ʢʦʣʣʝʢʪʠʚʘ ʩʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ ʩʣʝʜʫʶʱʠʝ: 

ï ʨʘʟʨʘʙʦʪʘʥ ʠ ʦʩʚʦʝʥ (ʥʘ ʅʇʇ çʉʘʪʫʨʥè) ʚʳʧʫʩʢ ʮʠʬʨʦʚʳʭ ʨʘʜʠʦʨʝʣʝʡʥʳʭ ʩʠʩʪʝʤ, 

ʯʪʦ ʧʦʟʚʦʣʠʣʦ ʧʦʩʪʨʦʠʪʴ ʥʘ ʠʭ ʙʘʟʝ ʪʝʣʝʢʦʤʤʫʥʠʢʘʮʠʦʥʥʳʝ ʩʠʩʪʝʤʳ ʨʘʟʣʠʯʥʦʛʦ ʥʘʟʥʘʯʝʥʠʷ 

ʥʘ ʪʝʨʨʠʪʦʨʠʷʭ ʋʢʨʘʠʥʳ, ʈʦʩʩʠʠ, ʂʠʪʘʷ, ʀʨʘʥʘ ʠ ʜʨʫʛʠʭ ʩʪʨʘʥ; 

ï ʨʘʟʨʘʙʦʪʘʥʳ ʠ ʚʥʝʜʨʝʥʳ (ʥʘ ɻʇ çʆʨʠʟʦʥ-ʥʘʚʠʛʘʮʠʷè) ʙʦʣʝʝ 30 ʤʦʜʝʣʝʡ ʧʨʠʙʦʨʦʚ 

ʛʣʦʙʘʣʴʥʦʡ ʥʘʚʠʛʘʮʠʦʥʥʦʡ ʩʧʫʪʥʠʢʦʚʦʡ ʩʠʩʪʝʤʳ, ʢʦʪʦʨʳʝ ʠʩʧʦʣʴʟʫʶʪʩʷ ʜʝʩʷʪʢʘʤʠ 

ʧʨʝʜʧʨʠʷʪʠʡ ʋʢʨʘʠʥʳ, ʈʦʩʩʠʠ, ɹʝʣʘʨʫʩʠ ʠ ʜʨʫʛʠʭ ʩʪʨʘʥ; 

ï ʨʘʟʨʘʙʦʪʘʥʳ ʧʨʠʥʮʠʧʳ ʧʦʩʪʨʦʝʥʠʷ ʪʝʣʝʢʦʤʤʫʥʠʢʘʮʠʦʥʥʳʭ ʩʠʩʪʝʤ ʥʘ ʦʩʥʦʚʝ 

ʚʳʩʦʪʥʳʭ ʘʝʨʦʧʣʘʪʬʦʨʤ, ʘ ʪʘʢʞʝ ʧʨʦʝʢʪ ʜʣʷ ʋʢʨʘʠʥʳ çʅʝʙʝʩʥʘʷ ʩʦʪʘè, ʢʦʪʦʨʳʡ ʷʚʣʷʝʪʩʷ 

ʦʪʝʯʝʩʪʚʝʥʥʳʤ ʘʥʘʣʦʛʦʤ ʠʤʝʶʱʠʭʩʷ ʧʨʦʝʢʪʦʚ ʜʣʷ ʗʧʦʥʠʠ, ɺʝʣʠʢʦʙʨʠʪʘʥʠʠ, ʉʐɸ ʠ ʜʨʫʛʠʭ 

ʩʪʨʘʥ ʠ ʠʤʝʝʪ ʨʷʜ ʧʨʝʠʤʫʱʝʩʪʚ ʧʝʨʝʜ ʩʧʫʪʥʠʢʦʚʳʤʠ ʠ ʥʘʟʝʤʥʳʤʠ ʩʠʩʪʝʤʘʤʠ; 

ï ʧʨʝʜʣʦʞʝʥʦ ʠ ʟʘʱʠʱʝʥʦ ʜʝʩʷʪʴʶ ʧʘʪʝʥʪʘʤʠ ʩʝʤʝʡʩʪʚʦ ʤʠʢʨʦʚʦʣʥʦʚʳʭ 

ʪʝʣʝʨʘʜʠʦʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʩʠʩʪʝʤ ʪʠʧʘ çʄʠʪʨʠʩè, ʢʦʪʦʨʳʝ ʚʥʝʜʨʝʥʳ ʜʣʷ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚʦ 

ʤʥʦʛʠʭ ʛʦʨʦʜʘʭ ʋʢʨʘʠʥʳ (ʂʠʝʚ, ʃʫʛʘʥʩʢ, ʆʜʝʩʩʘ, ɿʘʧʦʨʦʞʴʝ, ʏʝʨʥʦʚʮʳ, ʂʨʝʤʝʥʯʫʛ ʠ ʜʨ.) ʠ 

ʧʨʦʷʚʠʣʠ ʚʳʩʦʢʦʝ ʢʘʯʝʩʪʚʦ ʤʥʦʛʦʢʘʥʘʣʴʥʦʛʦ ʪʝʣʝʨʘʜʠʦʚʝʱʘʥʠʷ ʠ ʝʛʦ ʥʘʜʝʞʥʦʩʪʴ 

ʊʝʩʥʘʷ ʩʚʷʟʴ ʥʘʫʯʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ ʠ ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʛʦ ʧʨʦʮʝʩʩʘ ʧʦʤʦʛʘʶʪ 

ʩʦʪʨʫʜʥʠʢʘʤ ʀʥʩʪʠʪʫʪʘ ʪʝʣʝʢʦʤʤʫʥʠʢʘʮʠʡ ʅʊʋʋ çʂʇʀè ʫʩʧʝʰʥʦ ʨʝʰʘʪʴ ʟʘʜʘʯʠ 

ʧʦʜʛʦʪʦʚʢʠ ʢʚʘʣʠʬʠʮʠʨʦʚʘʥʥʳʭ ʩʧʝʮʠʘʣʠʩʪʦʚ ʠʥʬʦʪʝʣʝʢʦʤʤʫʥʠʢʘʮʠʦʥʥʦʡ ʦʪʨʘʩʣʠ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ,  ʷʜʨʦʤ ʥʘʫʯʥʦʛʦ ʥʘʩʣʝʜʠʷ ʘʢʘʜʝʤʠʢʘ ɺ.ʄ. ɻʣʫʰʢʦʚʘ ʷʚʣʷʶʪʩʷ 

ʚʘʞʥʳʝ ʥʘʨʦʜʥʦʭʦʟʷʡʩʪʚʝʥʥʳʝ ʦʙʲʝʢʪʳ: 

ï ʩʦʟʜʘʥʥʳʝ ʚʧʝʨʚʳʝ ʚʳʩʦʢʦʧʨʦʠʟʚʦʜʠʪʝʣʴʥʳʝ ʚʳʯʠʩʣʠʪʝʣʴʥʳʝ ʩʨʝʜʩʪʚʘ; 

ï  ʩʜʘʯʘ ʚ ʵʢʩʧʣʫʘʪʘʮʠʶ ʩʝʪʝʡ ʧʝʨʝʜʘʯʠ ʠʥʬʦʨʤʘʮʠʠ ʧʦ ʨʘʜʠʦ ʢʘʢ ʧʨʦʦʙʨʘʟʘ 

ʩʦʚʨʝʤʝʥʥʳʭ ʙʝʩʧʨʦʚʦʜʥʳʭ ʪʝʣʝʢʦʤʤʫʥʠʢʘʮʠʡ; 

ï ʨʝʘʣʠʟʦʚʘʥʥʳʝ ʚ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʤ ʤʘʩʰʪʘʙʝ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʳʝ ʩʠʩʪʝʤʳ 

ʫʧʨʘʚʣʝʥʠʷ ʵʢʦʥʦʤʠʢʦʡ; 

ï ʪʝʦʨʝʪʠʯʝʩʢʠʝ ʦʩʥʦʚʳ ʦʨʛʘʥʠʟʘʮʠʠ ʙʝʟʙʫʤʘʞʥʦʡ ʠʥʬʦʨʤʘʪʠʢʠ. 

ʇʨʷʤʳʤ ʧʨʦʜʦʣʞʝʥʠʝʤ ʜʝʣʘ, ʥʘʯʘʪʦʛʦ ʘʢʘʜʝʤʠʢʦʤ ɺ.ʄ. ɻʣʫʰʢʦʚʳʤ, ʷʚʣʷʝʪʩʷ 

ʨʝʘʣʠʟʘʮʠʷ ʩʦʚʨʝʤʝʥʥʳʭ ʠʥʬʦʪʝʣʝʢʦʤʤʫʥʠʢʘʮʠʦʥʥʳʭ ʩʪʨʘʪʝʛʠʡ, ʩʚʷʟʘʥʥʳʭ ʩ ʨʝʘʣʠʟʘʮʠʝʡ ʚ 

ʋʢʨʘʠʥʝ: 

ï ʛʣʦʙʘʣʴʥʦʡ ʢʦʥʮʝʧʮʠʠ ʨʘʟʚʠʪʠʷ ʠʥʬʦʨʤʘʮʠʦʥʥʦʛʦ ʦʙʱʝʩʪʚʘ;  

ï ʪʝʩʥʦʡ ʚʟʘʠʤʦʩʚʷʟʠ ʠʥʬʦʨʤʘʪʠʢʠ ʠ ʵʢʦʥʦʤʠʢʠ, ʧʦʜʨʘʟʫʤʝʚʘʶʱʝʡ, ʚ ʪʦʤ ʯʠʩʣʝ, 

ʩʠʥʭʨʦʥʥʦʝ ʨʘʟʚʠʪʠʝ ʵʢʦʥʦʤʠʢʠ ʠ ʪʝʣʝʢʦʤʤʫʥʠʢʘʮʠʡ; 

ï ʨʘʟʚʠʪʠʷ ʢʠʙʝʨʥʝʪʠʢʠ ʢʘʢ ʥʘʫʢʠ, ʚʢʣʶʯʘʷ ʘʩʧʝʢʪʳ ʧʨʠʢʣʘʜʥʦʡ ʪʝʦʨʠʠ ʠʥʬʦʨʤʘʮʠʠ;  

ï ʢʦʥʮʝʧʮʠʠ ʧʦʩʪʨʦʝʥʠʷ ʩʝʪʝʡ ʧʦʩʣʝʜʫʶʱʠʭ ʧʦʢʦʣʝʥʠʡ (Next Generation Networks ï

NGN) ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʤʝʞʜʫʥʘʨʦʜʥʳʤʠ ʩʪʘʥʜʘʨʪʘʤʠ. 

ʅʊʋʋ çʂʇʀè ʚʤʝʩʪʝ ʩ ʜʨʫʛʠʤʠ ʥʘʫʯʥʳʤʠ ʠ ʫʯʝʙʥʳʤʠ ʦʨʛʘʥʠʟʘʮʠʷʤʠ ʧʨʠʥʠʤʘʝʪ 

ʘʢʪʠʚʥʦʝ ʫʯʘʩʪʠʝ ʚ ʨʘʟʚʠʪʠʠ ʩʦʚʨʝʤʝʥʥʳʭ ʪʝʣʝʢʦʤʤʫʥʠʢʘʮʠʦʥʥʳʭ ʩʪʨʘʪʝʛʠʡ: 

ï ʯʝʨʝʟ ʫʯʘʩʪʠʝ ʚ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʭ ʧʨʦʛʨʘʤʤʘʭ ʠʥʬʦʨʤʘʮʠʠ; 

ï ʪʝʦʨʝʪʠʯʝʩʢʦʝ ʠ ʧʨʘʢʪʠʯʝʩʢʦʝ ʨʘʟʚʠʪʠʝ ʩʨʝʜʩʪʚ ʧʝʨʝʜʘʯʠ ʠʥʬʦʨʤʘʮʠʠ ʧʦʩʨʝʜʩʪʚʦʤ 

ʪʝʣʝʢʦʤʤʫʥʠʢʘʮʠʡ; 

ï ʨʝʘʣʠʟʘʮʠʷ ʢʦʥʮʝʧʮʠʠ NGN ʚ ʫʯʝʙʥʦʤ ʧʨʦʮʝʩʩʝ ʧʨʠ ʬʦʨʤʠʨʦʚʘʥʠʠ 

ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʦʛʦ ʦʙʣʠʢʘ ʩʦʚʨʝʤʝʥʥʦʛʦ ʚʳʧʫʩʢʥʠʢʘ ʚʫʟʘ. 

ɺ ʵʪʦʤ ʧʨʦʷʚʣʷʝʪʩʷ ʧʨʝʝʤʩʪʚʝʥʥʦʩʪʴ ʧʦʢʦʣʝʥʠʡ, ʟʘʣʦʛ ʨʝʘʣʠʟʘʮʠʠ ʟʘʤʝʯʘʪʝʣʴʥʳʭ 

ʠʜʝʡ, ʟʘʚʝʱʘʥʥʳʭ ʥʘʤ ʘʢʘʜʝʤʠʢʦʤ ɺ.ʄ. ɻʣʫʰʢʦʚʳʤ. 
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ʋɼʂ 621.39 

ʉɺɽʈʍʐʀʈʆʂʆʇʆʃʆʉʅʓɽ ʀʄʇʋʃʔʉʅʓɽ ʉʀɻʅɸʃʓ ɺ ʈɸɼʀʆʉɺʗɿʀ 

ʉ.ɻ.ɹʫʥʠʥ 

ʉʚʝʨʭʰʠʨʦʢʦʧʦʣʦʩʥʳʝ ʠʤʧʫʣʴʩʥʳʝ ʨʘʜʠʦʩʠʛʥʘʣʳ (IR-UWB) ʠʤʝʶʪ ʟʥʘʯʠʪʝʣʴʥʫʶ 

ʧʝʨʩʧʝʢʪʠʚʫ ʧʨʠʤʝʥʝʥʠʷ ʚ ʩʠʩʪʝʤʘʭ ʨʘʜʠʦʩʚʷʟʠ ʠ ʨʘʜʠʦʣʦʢʘʮʠʠ ʙʣʘʛʦʜʘʨʷ ʮʝʣʦʤʫ ʨʷʜʫ 

ʧʨʝʠʤʫʱʝʩʪʚ ʧʝʨʝʜ ʪʨʘʜʠʮʠʦʥʥʳʤʠ ʩʠʛʥʘʣʘʤʠ ʥʘ ʦʩʥʦʚʝ ʩʠʥʫʩʦʠʜʘʣʴʥʳʭ ʥʝʩʫʱʠʭ [1, 2]. 

ʉʨʝʜʠ ʥʠʭ ʩʣʝʜʫʝʪ ʚʳʜʝʣʠʪʴ ʪʝ ʠʟ ʧʨʝʠʤʫʱʝʩʪʚ, ʢʦʪʦʨʳʝ ʢʦʨʝʥʥʳʤ ʦʙʨʘʟʦʤ ʤʝʥʷʶʪ ʚ 

ʧʦʣʦʞʠʪʝʣʴʥʫʶ ʩʪʦʨʦʥʫ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʨʘʜʠʦʩʝʪʝʡ. ʅʝʩʤʦʪʨʷ ʥʘ ʩʫʱʝʩʪʚʝʥʥʦ ʙʦʣʝʝ 

ʚʳʩʦʢʫʶ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʫʣʴʪʨʘʢʦʨʦʪʢʠʭ ʠʤʧʫʣʴʩʦʚ ʪʦʢʘ ʚ ʠʟʣʫʯʘʝʤʳʝ 

ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʝ ʠʤʧʫʣʴʩʳ, ʩʥʠʞʘʶʱʫʶ ʧʦʪʨʝʙʣʝʥʠʝ ʵʥʝʨʛʠʠ ʦʪ ʠʩʪʦʯʥʠʢʦʚ ʧʠʪʘʥʠʷ 

ʧʝʨʝʜʘʪʯʠʢʦʚ, ʩʫʱʝʩʪʚʫʝʪ ʨʷʜ ʧʨʦʙʣʝʤ ʧʨʠʝʤʘ ʪʘʢʠʭ ʩʠʛʥʘʣʦʚ.  

ʋʣʴʪʨʘʢʦʨʦʪʢʠʡ ʠʤʧʫʣʴʩ ʩ ʦʛʨʘʥʠʯʝʥʥʦʡ ʧʠʢʦʚʦʡ ʤʦʱʥʦʩʪʴʶ ʈ ʥʝʩʝʪ ʤʘʣʫʶ 

ʵʥʝʨʛʠʶ, ʢʦʪʦʨʘʷ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʘ ʜʣʠʪʝʣʴʥʦʩʪʠ ʠʤʧʫʣʴʩʘ Ű, ʢʦʪʦʨʘʷ ʦʙʳʯʥʦ ʥʝ ʧʨʝʚʳʰʘʝʪ 

1 10
-9
ʩ :  E=PŰ. ʄʘʣʘʷ ʵʥʝʨʛʠʷ ʩʠʛʥʘʣʘ ʪʨʝʙʫʝʪ ʧʨʠʤʝʥʝʥʠʷ ʦʧʪʠʤʘʣʴʥʦʛʦ ʤʝʪʦʜʘ ʧʨʠʝʤʘ, 

ʥʘʧʨʠʤʝʨ, ʢʦʛʝʨʝʥʪʥʦʛʦ ʢʦʨʨʝʣʷʮʠʦʥʥʦʛʦ ʧʨʠʝʤʘ, ʪ.ʝ. ʩʨʘʚʥʝʥʠʝ ʬʦʨʤ ʧʨʠʥʷʪʦʛʦ ʠ ʦʧʦʨʥʦʛʦ 

ʩʠʛʥʘʣʘ. ʆʜʥʘʢʦ ʢʦʛʝʨʝʥʪʥʳʡ ʧʨʠʝʤ ʚʦʟʤʦʞʝʥ ʧʨʠ ʩʠʥʭʨʦʥʠʟʘʮʠʠ ʧʝʨʝʜʘʚʘʝʤʦʛʦ ʠ 

ʧʨʠʥʠʤʘʝʤʦʛʦ ʩʠʛʥʘʣʦʚ. ʇʨʠ ʩʪʦʣʴ ʢʦʨʦʪʢʦʡ ʜʣʠʪʝʣʴʥʦʩʪʠ ʠʤʧʫʣʴʩʦʚ ʪʨʝʙʦʚʘʥʠʷ ʢ 

ʩʠʥʭʨʦʥʠʟʘʮʠʠ ʩʪʘʥʦʚʷʪʩʷ ʯʨʝʟʚʳʯʘʡʥʦ ʚʳʩʦʢʠʤʠ. ʂʨʦʤʝ ʪʦʛʦ, ʪʨʝʙʫʝʪʩʷ ʫʯʝʪ ʠʟʤʝʥʝʥʠʷ 

ʬʦʨʤʳ ʠʤʧʫʣʴʩʦʚ ʧʨʠ ʠʭ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʠ ʯʝʨʝʟ ʩʨʝʜʫ ʩ ʥʝ ʧʣʦʩʢʦʡ ʯʘʩʪʦʪʥʦʡ ʠ ʬʘʟʦʚʦʡ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ. 

ʅʝʢʦʛʝʨʝʥʪʥʳʡ ʧʨʠʝʤ, ʧʦʜʨʘʟʫʤʝʚʘʝʪ ʧʨʠʝʤ ʩʠʤʚʦʣʘ ʧʦ ʚʝʣʠʯʠʥʝ ʥʘʢʦʧʣʝʥʥʦʡ 

ʵʥʝʨʛʠʠ, ʘ ʥʝ ʩʨʘʚʥʝʥʠʝ ʬʦʨʤ ʩʠʛʥʘʣʦʚ. ʆʜʥʘʢʦ ʧʨʠʥʷʪʠʝ ʨʝʰʝʥʠʷ ʦ ʧʨʠʝʤʝ ʩʠʤʚʦʣʘ ʪʘʢʞʝ 

ʟʘʪʨʫʜʥʝʥʦ ʠʟ-ʟʘ ʤʘʣʦʡ ʚʝʣʠʯʠʥʳ ʵʥʝʨʛʠʠ ʠʤʧʫʣʴʩʦʚ. ʇʦʵʪʦʤʫ ʧʨʠ ʢʣʘʩʩʠʯʝʩʢʠʭ ʤʝʪʦʜʘʭ 

ʧʨʠʝʤʘ ʧʨʠʭʦʜʠʪʩʷ ʠʩʧʦʣʴʟʦʚʘʪʴ ʤʥʦʞʝʩʪʚʦ ʠʤʧʫʣʴʩʦʚ ʜʣʷ ʧʝʨʝʜʘʯʠ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ 

ʩʠʤʚʦʣʦʚ. ʕʪʦ, ʩ ʦʜʥʦʡ ʩʪʦʨʦʥʳ, ʩʥʠʞʘʝʪ ʩʢʦʨʦʩʪʴ ʧʝʨʝʜʘʯʠ ʠʥʬʦʨʤʘʮʠʠ ʢʘʞʜʳʤ ʠʟ 

ʘʙʦʥʝʥʪʦʚ ʩʝʪʠ, ʥʦ, ʩ ʜʨʫʛʦʡ,  ʧʦʟʚʦʣʷʝʪ ʦʩʫʱʝʩʪʚʣʷʪʴ ʘʜʨʝʩʘʮʠʶ ʧʝʨʝʜʘʯ ʢʦʥʢʨʝʪʥʳʤ 

ʧʦʣʫʯʘʪʝʣʷʤ ʧʫʪʝʤ ʨʘʩʧʦʣʦʞʝʥʠʷ ʠʤʧʫʣʴʩʦʚ ʥʘ ʦʩʠ ʚʨʝʤʝʥʠ ʚ ʚʠʜʝ ʚʟʘʠʤʦʦʨʪʦʛʦʥʘʣʴʥʳʭ 

ʢʦʜʦʚʳʭ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ ʠ, ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʦʨʛʘʥʠʟʦʚʳʚʘʪʴ ʨʘʜʠʦʩʝʪʠ ʩ ʘʜʨʝʩʘʮʠʝʡ ʥʘ 

ʬʠʟʠʯʝʩʢʦʤ ʫʨʦʚʥʝ.  

ʆʨʪʦʛʦʥʘʣʴʥʦʩʪʴ ʠʣʠ ʢʚʘʟʠʦʨʪʦʛʦʥʘʣʴʥʦʩʪʴ ʢʦʜʦʚʳʭ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ ʧʦʟʚʦʣʷʝʪ 

ʨʝʰʠʪʴ ʚʘʞʥʫʶ ʧʨʦʙʣʝʤʫ ʫʧʨʘʚʣʝʥʠʷ ʜʦʩʪʫʧʦʤ ʢ ʨʘʜʠʦʢʘʥʘʣʫ ʚ ʫʩʣʦʚʠʷʭ ʚʟʘʠʤʥʦʡ 

ʨʘʜʠʦʚʠʜʠʤʦʩʪʠ ʤʥʦʞʝʩʪʚʘ ʘʙʦʥʝʥʪʦʚ ʠ ʧʨʠ ʥʘʣʠʯʠʠ çʩʢʨʳʪʳʭè ʘʙʦʥʝʥʪʦʚ ʩʝʪʠ. ɺ ʦʪʣʠʯʠʝ 

ʦʪ ʩʠʩʪʝʤ ʩ ʥʝʧʨʝʨʳʚʥʳʤʠ ʨʘʜʠʦʩʠʛʥʘʣʘʤʠ, ʛʜʝ ʧʝʨʝʢʨʳʪʠʝ ʩʠʛʥʘʣʦʚ ʚʦ ʚʨʝʤʝʥʠ ʤʦʞʝʪ 

ʧʨʠʚʦʜʠʪʴ ʢ ʦʰʠʙʢʘʤ ʧʝʨʝʜʘʯʠ, ʚ ʩʝʪʷʭ ʩ ʠʤʧʫʣʴʩʥʳʤʠ ʩʠʛʥʘʣʘʤʠ ʚʦʟʤʦʞʝʥ ʥʝʫʧʨʘʚʣʷʝʤʳʡ 

ʤʥʦʞʝʩʪʚʝʥʥʳʡ ʜʦʩʪʫʧ ʢ ʩʨʝʜʝ ʧʝʨʝʜʘʯʠ (ʧʨʦʪʦʢʦʣ ʤʥʦʞʝʩʪʚʝʥʥʦʛʦ ʜʦʩʪʫʧʘ  ʪʠʧʘ ALOHA). 

ʕʪʘ ʚʦʟʤʦʞʥʦʩʪʴ ʷʚʣʷʝʪʩʷ ʦʧʨʝʜʝʣʷʶʱʝʡ ʧʨʠ ʩʦʟʜʘʥʠʠ ʚʳʩʦʢʦʧʨʦʠʟʚʦʜʠʪʝʣʴʥʳʭ 

ʙʝʟʠʥʬʨʘʩʪʨʫʢʪʫʨʥʳʭ ʨʘʜʠʦʩʝʪʝʡ ʩ ʜʝʮʝʥʪʨʘʣʠʟʦʚʘʥʥʳʤ ʫʧʨʘʚʣʝʥʠʝʤ (ad hoc ʠ MANET). 

ʀʥʪʝʨʝʩʥʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʥʝ ʧʦʣʥʘʷ (ʢʚʘʟʠʦʨʪʦʛʦʥʘʣʴʥʦʩʪʴ) ʩʠʛʥʘʣʦʚ ʤʦʞʝʪ ʥʝ ʪʦʣʴʢʦ 

ʥʝ ʫʭʫʜʰʘʪʴ ʢʘʯʝʩʪʚʦ ʧʨʠʝʤʘ ʧʨʠ ʩʦʚʧʘʜʝʥʠʠ ʚʦ ʚʨʝʤʝʥʠ ʠʤʧʫʣʴʩʦʚ ʩʠʛʥʘʣʦʚ ʨʘʟʣʠʯʥʳʭ 

ʘʙʦʥʝʥʪʦʚ, ʘ ʠ ʫʣʫʯʰʘʪʴ ʜʦʩʪʦʚʝʨʥʦʩʪʴ ʧʨʠʝʤʘ ʙʣʘʛʦʜʘʨʷ ʚʟʘʠʤʥʦʡ çʧʦʜʧʠʪʢʠè ʵʥʝʨʛʠʡ 

ʩʦʚʧʘʜʘʶʱʠʭ ʠʤʧʫʣʴʩʦʚ. ɽʩʪʝʩʪʚʝʥʥʦ, ʯʪʦ ʪʘʢʠʝ ʩʦʚʧʘʜʝʥʠʷ ʥʝ ʜʦʣʞʥʳ ʩʥʠʞʘʪʴ 

ʚʦʟʤʦʞʥʦʩʪʠ ʨʘʟʜʝʣʝʥʠʷ ʩʠʛʥʘʣʦʚ ʧʦ ʤʘʞʦʨʠʪʘʨʥʦʤʫ ʧʨʠʥʮʠʧʫ ʧʨʠʝʤʘ ʠʤʧʫʣʴʩʦʚ, 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʢʦʜʫ ʢʦʥʢʨʝʪʥʦʛʦ ʧʨʠʥʠʤʘʝʤʦʛʦ ʩʠʛʥʘʣʘ. 

 ʇʨʦʙʣʝʤʳ ʧʨʠʝʤʘ ʩʠʛʥʘʣʦʚ ʥʘ ʦʩʥʦʚʝ ʫʣʴʪʨʘʢʦʨʦʪʢʠʭ ʠʤʧʫʣʴʩʦʚ ʟʘʩʪʘʚʠʣʠ ʥʘʩ 

ʠʩʢʘʪʴ çʥʝ ʵʥʝʨʛʝʪʠʯʝʩʢʠʡè ʤʝʪʦʜ ʧʨʠʝʤʘ, ʧʨʠ ʢʦʪʦʨʦʤ ʩʠʛʥʘʣ ʜʝʪʝʢʪʠʨʦʚʘʣʩʷ ʙʳ ʧʦ ʠʥʳʤ 

ʧʘʨʘʤʝʪʨʘʤ. 

ʊʘʢʦʡ ʤʝʪʦʜ ʧʨʠʝʤʘ ʙʳʣ ʥʘʡʜʝʥ [3]. ɺ ʢʘʯʝʩʪʚʝ ʦʩʥʦʚʳ ʙʳʣʦ ʧʨʝʜʣʦʞʝʥʦ ʦʮʝʥʠʚʘʪʴ 

ʥʝ ʵʥʝʨʛʠʶ ʠʤʧʫʣʴʩʦʚ, ʘ ʣʠʰʴ ʠʭ ʥʘ ʦʩʠ ʚʨʝʤʝʥʠ. ɺ ʧʨʠʝʤʥʠʢʝ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʦʙʥʘʨʫʞʝʥʠʝ 

ʠʤʧʫʣʴʩʦʚ, ʘʤʧʣʠʪʫʜʘ ʢʦʪʦʨʳʭ ʧʨʝʚʳʰʘʝʪ ʩʨʝʜʥʝʢʚʘʜʨʘʪʠʯʝʩʢʦʝ ʟʥʘʯʝʥʠʝ ʰʫʤʦʚ ʠ ʧʦʤʝʭ ʚ 
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ʤʝʩʪʝ ʧʨʠʝʤʘ. ʊʘʢʠʝ ʫʣʴʪʨʘʢʦʨʦʪʢʠʝ ʠʤʧʫʣʴʩʳ ʟʘʧʫʩʢʘʶʪ ʚʥʫʪʨʝʥʥʠʡ ʦʜʥʦʚʠʙʨʘʪʦʨ 

ʧʨʠʝʤʥʠʢʘ, ʛʝʥʝʨʠʨʫʶʱʠʡ ʪʘʢ ʥʘʟʳʚʘʝʤʳʝ çʩʪʘʥʜʘʨʪʥʳʝè ʠʤʧʫʣʴʩʳ. çʉʪʘʥʜʘʨʪʥʳʝè 

ʠʤʧʫʣʴʩʳ ï ʵʪʦ ʠʤʧʫʣʴʩʳ ʩʫʱʝʩʪʚʝʥʥʦ ʙʦʣʴʰʝʡ ʟʘʜʘʥʥʦʡ ʜʣʠʪʝʣʴʥʦʩʪʠ ʠ ʦʧʨʝʜʝʣʝʥʥʦʡ 

(ʥʘʧʨʠʤʝʨ, TTL) ʘʤʧʣʠʪʫʜʳ, ʦʙʨʘʙʦʪʢʘ ʢʦʪʦʨʳʭ ʥʘʤʥʦʛʦ ʧʨʦʱʝ, ʯʝʤ ʧʨʠʥʠʤʘʝʤʳʭ 

ʫʣʴʪʨʘʢʦʨʦʪʢʠʭ ʠʤʧʫʣʴʩʦʚ.  

ʆʙʨʘʙʦʪʢʘ çʩʪʘʥʜʘʨʪʥʳʭè ʠʤʧʫʣʴʩʦʚ ʦʙʳʯʥʦ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʩʦʛʣʘʩʦʚʘʥʥʳʤ ʩ ʢʦʜʦʤ 

ʩʠʛʥʘʣʘ ʬʠʣʴʪʨʦʤ, ʧʨʝʜʩʪʘʚʣʷʶʱʠʤ ʩʦʙʦʡ ʮʠʬʨʦʚʦʡ ʵʢʚʠʚʘʣʝʥʪ ʧʘʩʩʠʚʥʦʛʦ ʢʦʨʨʝʣʷʪʦʨʘ 

(ʣʠʥʠʠ ʟʘʜʝʨʞʢʠ ʩ ʦʪʚʦʜʘʤʠ). 

ɺ ʨʘʙʦʪʝ [4] ʧʨʠʚʝʜʝʥʘ ʦʮʝʥʢʘ ʧʦʤʝʭʦʫʩʪʦʡʯʠʚʦʩʪʠ ʪʘʢʦʡ ʩʭʝʤʳ ʧʨʠʝʤʘ. 

ʇʦʤʝʭʦʫʩʪʦʡʯʠʚʦʩʪʴ ʟʘʚʠʩʠʪ ʦʪ ʫʩʨʝʜʥʝʥʥʦʡ ʚʝʣʠʯʠʥʳ ʰʫʤʦʚ ʠ ʧʦʤʝʭ ʚ ʤʝʩʪʝ ʧʨʠʝʤʘ, 

ʢʦʪʦʨʘʷ ʦʧʨʝʜʝʣʷʝʪ ʤʠʥʠʤʘʣʴʥʫʶ ʚʝʣʠʯʠʥʫ ʘʤʧʣʠʪʫʜʳ ʧʨʠʥʠʤʘʝʤʳʭ ʠʤʧʫʣʴʩʦʚ, ʠ ʜʣʠʥʳ 

ʢʦʜʘ (ʙʘʟʳ) ʩʠʛʥʘʣʘ. ɺʘʞʥʦ ʟʘʤʝʪʠʪʴ, ʯʪʦ ʫʚʝʣʠʯʝʥʠʝ ʘʤʧʣʠʪʫʜʳ ʧʨʠʥʠʤʘʝʤʳʭ ʠʤʧʫʣʴʩʦʚ 

ʩʚʝʨʭ ʟʥʘʯʝʥʠʷ, ʦʙʝʩʧʝʯʠʚʘʶʱʝʛʦ ʥʘʜʝʞʥʦʝ ʩʨʘʙʘʪʳʚʘʥʠʝ ʦʜʥʦʚʠʙʨʘʪʦʨʘ, ʥʝ ʜʘʝʪ 

ʧʦʚʳʰʝʥʠʷ ʧʦʤʝʭʦʫʩʪʦʡʯʠʚʦʩʪʠ, ʪ.ʝ. ʧʨʠʝʤ ʠʤʝʝʪ ʚʳʨʘʞʝʥʥʳʡ ʧʦʨʦʛʦʚʳʡ ʭʘʨʘʢʪʝʨ. ʕʪʦ 

ʧʦʟʚʦʣʷʝʪ ʦʩʫʱʝʩʪʚʣʷʪʴ ʫʧʨʘʚʣʝʥʠʝ ʠʤʧʫʣʴʩʥʦʡ ʤʦʱʥʦʩʪʴʶ ʧʝʨʝʜʘʪʯʠʢʘ ʧʦ ʢʘʥʘʣʫ 

ʦʙʨʘʪʥʦʡ ʩʚʷʟʠ, ʧʦʜʜʝʨʞʠʚʘʷ ʤʠʥʠʤʘʣʴʥʫʶ ʘʤʧʣʠʪʫʜʫ ʠʤʧʫʣʴʩʘ ʚ ʤʝʩʪʝ ʧʨʠʝʤʘ, 

ʦʙʝʩʧʝʯʠʚʘʶʱʫʶ  ʩʨʘʙʘʪʳʚʘʥʠʝ ʢʦʤʧʘʨʘʪʦʨʘ. 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʧʨʠʤʝʥʝʥʠʝ ʠʤʧʫʣʴʩʥʳʭ ʩʚʝʨʭʰʠʨʦʢʦʧʦʣʦʩʥʳʭ ʩʠʛʥʘʣʦʚ 

ʦʛʨʘʥʠʯʝʥʦ ʧʦ ʯʘʩʪʦʪʝ ʠ ʘʤʧʣʠʪʫʜʝ ʜʦʢʫʤʝʥʪʘʤʠ ʌʝʜʝʨʘʪʠʚʥʦʡ ʂʦʤʠʩʩʠʠ ʉʚʷʟʠ ʉʐɸ ʠ 

ʧʦʜʜʝʨʞʘʥʦ ʝʚʨʦʧʝʡʩʢʠʤʠ ʨʝʛʫʣʠʨʫʶʱʠʤʠ ʦʨʛʘʥʘʤʠ ʩʚʷʟʠ. ʀʩʧʦʣʴʟʦʚʘʪʴ ʵʪʠ ʩʠʛʥʘʣʳ 

ʨʘʟʨʝʰʘʝʪʩʷ ʚ ʧʦʣʦʩʝ ʯʘʩʪʦʪ 3,1 ï 10,6 ɻɻʮ ʧʨʠ ʩʧʝʢʪʨʘʣʴʥʦʡ ʧʣʦʪʥʦʩʪʠ ʥʝ ʙʦʣʝʝ -41,3 

ʜɹʤ/ʄɻʮ. ʆʛʨʘʥʠʯʝʥʠʷ ʜʦʣʞʥʳ ʦʙʝʩʧʝʯʠʚʘʝʪ ʩʦʚʤʝʩʪʠʤʦʩʪʴ ʩ ʜʨʫʛʠʤʠ ʩʣʫʞʙʘʤʠ, 

ʠʩʧʦʣʴʟʫʶʱʠʤʠ ʪʦʪ ʞʝ ʜʠʘʧʘʟʦʥ ʯʘʩʪʦʪ. ʊʘʢʠʝ ʦʛʨʘʥʠʯʝʥʠʷ ʧʦʟʚʦʣʷʶʪ ʦʩʫʱʝʩʪʚʣʷʪʴ 

ʧʝʨʝʜʘʯʫ ʜʘʥʥʳʭ ʩʦ ʩʢʦʨʦʩʪʷʤʠ ʜʦ 100 ʢɹʠʪ/ʩ ʥʘ ʨʘʩʩʪʦʷʥʠʷʭ ʜʦ 10 ï 20 ʤʝʪʨʦʚ.   

ʆʜʥʘʢʦ, ʫʯʠʪʳʚʘʷ ʧʦʣʦʞʠʪʝʣʴʥʳʝ ʩʚʦʡʩʪʚʘ ʠʤʧʫʣʴʩʥʳʭ ʩʚʝʨʭʰʠʨʦʢʦʧʦʣʦʩʥʳʭ 

ʩʠʛʥʘʣʦʚ, ʩʣʝʜʫʝʪ ʧʨʝʜʫʩʤʘʪʨʠʚʘʪʴ ʚʦʟʤʦʞʥʦʩʪʴ ʠʭ ʧʨʠʤʝʥʝʥʠʷ ʥʝ ʪʦʣʴʢʦ ʚ ʧʝʨʩʦʥʘʣʴʥʳʭ 

ʙʝʩʧʨʦʚʦʜʥʳʭ ʩʝʪʷʭ, ʥʦ ʠ ʚ ʩʠʩʪʝʤʘʭ ʨʘʜʠʦʩʚʷʟʠ ʙʦʣʴʰʠʭ ʤʘʩʰʪʘʙʦʚ ʧʨʠ ʫʩʣʦʚʠʷʭ 

ʩʦʚʤʝʩʪʠʤʦʩʪʠ ʩ ʰʠʨʦʢʦ ʧʨʠʤʝʥʷʝʤʳʤʠ ʫʟʢʦʧʦʣʦʩʥʳʤʠ ʩʠʛʥʘʣʘʤʠ. ʆʯʝʚʠʜʥʦ ʨʝʯʴ ʠʜʝʪ ʦ 

ʚʳʙʦʨʝ ʜʠʘʧʘʟʦʥʘ ʨʘʜʠʦʯʘʩʪʦʪ, ʚ ʢʦʪʦʨʦʤ ʤʦʞʥʦ ʨʘʟʤʝʩʪʠʪʴ ʤʘʢʩʠʤʫʤ ʵʥʝʨʛʠʠ 

ʩʚʝʨʭʰʠʨʦʢʦʧʦʣʦʩʥʳʭ ʩʠʛʥʘʣʦʚ, ʤʠʥʠʤʠʟʠʨʫʷ ʚʟʘʠʤʥʦʝ ʚʣʠʷʥʠʝ ʠʭ ʥʘ ʫʟʢʦʧʦʣʦʩʥʳʝ ʠ 

ʥʘʦʙʦʨʦʪ. ɺ ʫʩʣʦʚʠʷʭ ʥʘʟʝʤʥʦʡ ʩʚʷʟʠ ʩʣʝʜʫʝʪ ʚʳʙʨʘʪʴ ʜʦʩʪʘʪʦʯʥʦ ʰʠʨʦʢʦʝ çʦʢʥʦ 

ʧʨʦʟʨʘʯʥʦʩʪʠè ʟʝʤʥʦʡ ʘʪʤʦʩʬʝʨʳ, ʪ.ʝ. ʜʠʘʧʘʟʦʥ ʯʘʩʪʦʪ, ʚ ʢʦʪʦʨʦʤ ʧʦʛʣʦʱʝʥʠʝ 

ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʭ ʢʦʣʝʙʘʥʠʡ ʛʘʟʘʤʠ ʠ ʛʠʜʨʦʤʝʪʝʦʨʘʤʠ ʤʠʥʠʤʘʣʴʥʦ. ʂʨʦʤʝ ʪʦʛʦ, 

ʞʝʣʘʪʝʣʴʥʦ, ʯʪʦʙʳ ʵʪʦʪ ʜʠʘʧʘʟʦʥ ʙʳʣ ʤʘʣʦ ʟʘʛʨʫʞʝʥ ʩʫʱʝʩʪʚʫʶʱʠʤʠ ʨʘʜʠʦʩʠʩʪʝʤʘʤʠ. 

ʊʘʢʠʤ ʜʠʘʧʘʟʦʥʦʤ ʤʦʞʝʪ ʙʳʪʴ ʜʠʘʧʘʟʦʥ 70 ï 170 ɻɻʮ, ʚ ʢʦʪʦʨʦʤ ʧʦʛʣʦʱʝʥʠʝ ʥʝ ʧʨʝʚʳʰʘʝʪ 

20 ï 25 ʜɹ/ʢʤ [5]. ɽʩʣʠ ʨʘʟʤʝʩʪʠʪʴ ʤʘʢʩʠʤʫʤ ʩʧʝʢʪʨʘʣʴʥʦʡ ʧʣʦʪʥʦʩʪʠ ʩʠʛʥʘʣʘ ʥʘ ʯʘʩʪʦʪʝ 80 

ɻɻʮ, ʜʣʠʪʝʣʴʥʦʩʪʴ ʠʤʧʫʣʴʩʘ ʜʦʣʞʥʘ ʙʳʪʴ 12,5Ŀ10
-9

 ʩ (12,5 ʧʠʢʦʩʝʢʫʥʜ). ɼʦʩʪʘʪʦʯʥʦ ʰʠʨʦʢʘʷ 

ʧʦʣʦʩʘ ʧʨʦʧʫʩʢʘʥʥʷ çʦʢʥʘè ʙʫʜʝʪ ʥʝʩʫʱʝʩʪʚʝʥʥʦ ʫʚʝʣʠʯʠʚʘʪʴ ʜʣʠʪʝʣʴʥʦʩʪʴ ʛʝʥʝʨʠʨʫʝʤʳʭ 

ʨʘʜʠʦʠʤʧʫʣʴʩʦʚ, ʯʪʦ ʵʢʚʠʚʘʣʝʥʪʥʦ ʩʦʭʨʘʥʝʥʠʶ ʚʳʩʦʢʠʭ ʩʢʦʨʦʩʪʝʡ ʧʝʨʝʜʘʯʠ ʠʥʬʦʨʤʘʮʠʠ 

ʢʘʢ ʚ ʦʪʜʝʣʴʥʳʭ ʢʘʥʘʣʘʭ, ʪʘʢ ʠ ʚ ʩʝʪʷʭ, ʠʩʧʦʣʴʟʫʶʱʠʭ ʜʘʥʥʫʶ ʧʦʣʦʩʫ ʯʘʩʪʦʪ.  

ʀʩʧʦʣʴʟʦʚʘʥʠʷ ʫʢʘʟʘʥʥʦʡ, ʦʪʥʦʩʠʪʝʣʴʥʦ ʤʘʣʦ ʟʘʛʨʫʞʝʥʥʦʡ ʧʦʣʦʩʳ ʯʘʩʪʦʪ ʜʣʷ ʩʠʩʪʝʤ 

ʩʚʷʟʠ ʩ ʠʤʧʫʣʴʩʥʳʤʠ ʩʠʛʥʘʣʘʤʠ ʧʦʟʚʦʣʷʝʪ ʨʝʰʠʪʴ ʟʘʜʘʯʫ ʤʠʥʠʤʠʟʘʮʠʠ ʚʟʘʠʤʥʳʭ ʧʦʤʝʭ 

ʤʝʞʜʫ ʫʟʢʦʧʦʣʦʩʥʳʤʠ ʠ ʩʚʝʨʭʰʠʨʦʢʦʧʦʣʦʩʥʳʤʠ ʩʠʛʥʘʣʘʤʠ. ʊʘʢ, ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʬʠʣʴʪʨʦʚ 

ʚʝʨʭʥʠʭ ʯʘʩʪʦʪ ʩ ʯʘʩʪʦʪʦʡ ʩʨʝʟʘ 60 ɻɻʮ ʥʘ ʚʳʭʦʜʝ ʧʝʨʝʜʘʪʯʠʢʘ ʠ ʚʭʦʜʝ ʧʨʠʝʤʥʠʢʘ 

ʩʚʝʨʭʰʠʨʦʢʦʧʦʣʦʩʥʦʡ ʨʘʜʠʦʩʪʘʥʮʠʠ ʧʦʟʚʦʣʠʪ çʨʘʟʚʷʟʘʪʴè ʙʦʣʝʝ ʥʠʟʢʦʯʘʩʪʦʪʥʳʝ ʜʠʘʧʘʟʦʥʳ 

ʤʘʩʩʦʚʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʫʟʢʦʧʦʣʦʩʥʳʭ ʩʠʛʥʘʣʦʚ ʠ ʙʫʜʫʱʠʭ ʩʚʝʨʭʰʠʨʦʢʦʧʦʣʦʩʥʳʭ. 
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CREATION OF OFF -WIRE MULTISERVICE SYSTEM OF SUBSCRIBER ACCESS 

TO INFORMATIVE  RESOURCES OF NETWORK ON BASE OF THIS SYSTEM  

The problem of the provision of multi-service radio access to information re-ʩʫʨʩʘʤ on the 

territory of Ukraine, including rural areas. A description of the designed on the basis of radio 

technologies MITRIS microwave ʪʝʣʝʨʘʜʠʦʠʥʬʦʨʤʘʮʠʦʥʥʦʡ system multiservice radio access 

with the use of the frequency range of 11.7-12.5 per GHz direct channels and with the use of 

reverse channel in the frequency range of 5,70-5,86 GHz. Offered methods and technologies of 

connection of subscriber terminals to the network, to ensure the minimization of the cost of 

subscriber equipment at an acceptable quality of service. 

ʀʩʩʣʝʜʫʝʪʩʷ ʧʨʦʙʣʝʤʘ ʧʨʝʜʦʩʪʘʚʣʝʥʠʷ ʤʫʣʴʪʠʩʝʨʚʠʩʥʦʛʦ ʨʘʜʠʦʜʦʩʪʫʧʘ ʢ 

ʠʥʬʦʨʤʘʮʠʦʥʥʳʤ ʨʝʩʫʨʩʘʤ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʋʢʨʘʠʥʳ, ʚʢʣʶʯʘʷ ʩʝʣʴʩʢʫʶ ʤʝʩʪʥʦʩʪʴ. 

ʇʨʠʚʝʜʝʥʦ ʦʧʠʩʘʥʠʝ ʩʧʨʦʝʢʪʠʨʦʚʘʥʥʦʡ ʥʘ ʙʘʟʝ ʨʘʜʠʦʪʝʭʥʦʣʦʛʠʠ ʄʀʊʈʀʉ ʤʠʢʨʦʚʦʣʥʦʚʦʡ 

ʪʝʣʝʨʘʜʠʦʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʩʠʩʪʝʤʳ ʤʫʣʴʪʠʩʝʨʚʠʩʥʦʛʦ ʨʘʜʠʦʜʦʩʪʫʧʘ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʚ 

ʜʠʘʧʘʟʦʥʝ ʯʘʩʪʦʪ 11,7-12,5 ɻɻʮ ʧʨʷʤʦʛʦ ʢʘʥʘʣʘ ʠ ʩ  ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʦʙʨʘʪʥʦʛʦ ʢʘʥʘʣʘ ʚ 

ʜʠʘʧʘʟʦʥʝ ʯʘʩʪʦʪ 5,70-5,86 ɻɻʮ. ʇʨʝʜʣʦʞʝʥʳ ʩʧʦʩʦʙʳ ʠ ʪʝʭʥʦʣʦʛʠʠ ʧʦʜʢʣʶʯʝʥʠʷ 

ʘʙʦʥʝʥʪʩʢʠʭ ʪʝʨʤʠʥʘʣʦʚ ʢ ʩʝʪʠ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʝ ʤʠʥʠʤʠʟʘʮʠʶ ʩʪʦʠʤʦʩʪʠ ʘʙʦʥʝʥʪʩʢʦʛʦ 

ʦʙʦʨʫʜʦʚʘʥʠʷ ʧʨʠ ʧʨʠʝʤʣʝʤʦʤ ʢʘʯʝʩʪʚʝ ʫʩʣʫʛ. 

ʕʚʦʣʶʮʠʷ ʩʦʚʨʝʤʝʥʥʳʭ ʪʝʣʝʢʦʤʤʫʥʠʢʘʮʠʦʥʥʳʭ ʩʝʪʝʡ ʧʨʦʠʩʭʦʜʠʪ ʧʦ ʧʫʪʠ ʨʘʟʚʠʪʠʷ 

ʰʠʨʦʢʦʧʦʣʦʩʥʦʛʦ (ʚʳʩʦʢʦʩʢʦʨʦʩʪʥʦʛʦ) ʙʝʩʧʨʦʚʦʜʥʦʛʦ ʜʦʩʪʫʧʘ ʚ ʤʠʢʨʦʚʦʣʥʦʚʦʣʥʦʚʦʤ 

ʜʠʘʧʘʟʦʥʝ [1-2]. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʰʠʨʦʢʦʧʦʣʦʩʥʳʡ ʨʘʜʠʦʜʦʩʪʫʧ ï ʵʪʦ ʤʠʨʦʚʘʷ ʪʝʥʜʝʥʮʠʷ 

ʪʝʣʝʢʦʤʤʫʥʠʢʘʮʠʡ ʠ ʦʥʘ ʘʢʪʫʘʣʴʥʘ ʜʣʷ ʋʢʨʘʠʥʳ. 

ɽʩʣʠ ʪʝʨʨʠʪʦʨʠʠ ʙʦʣʴʰʠʭ ʛʦʨʦʜʦʚ ʚ ʦʙʱʝʤ ʧʦʢʨʳʪʳ ʩʨʝʜʩʪʚʘʤʠ ʦʙʝʩʧʝʯʝʥʠʷ ʜʦʩʪʫʧʘ 

(ʢʘʥʘʣʳ ɺʆʃʉ ʠ ʪ. ʜ.), ʪʦ ʚ ʩʝʣʩɹʢʠʭ ʨʘʡʦʥʘʭ (ʚ ʦʪʜʘʣʝʥʥʳʭ ʨʘʡʦʥʘʭ ʠ ʯʘʩʪʦ ʚ ʙʣʠʟʣʝʞʘʱʠʭ) 

ʧʨʦʙʣʝʤʘ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʨʝʰʝʥʘ. 

ʄʠʢʨʦʚʦʣʥʦʚʳʡ ʜʠʘʧʘʟʦʥ ʚʳʙʨʘʥ ʧʦʪʦʤʫ, ʯʪʦ ʠʤʝʥʥʦ ʦʥ ʦʙʝʩʧʝʯʠʚʘʝʪ ʚ ʫʩʣʦʚʠʷʭ 

ʦʩʪʨʦʛʦ ʜʝʬʠʮʠʪʘ ʨʘʜʠʦʯʘʩʪʦʪʥʦʛʦ ʨʝʩʫʨʩʘ ʢʘʢ ʪʨʝʙʫʝʤʫʶ ʧʨʦʧʫʩʢʥʫʶ ʩʧʦʩʦʙʥʦʩʪʴ, 

ʵʢʦʣʦʛʠʯʝʩʢʫʶ ʙʝʟʦʧʘʩʥʦʩʪʴ, ʪʘʢ ʠ ʤʝʥʴʰʠʝ ʵʥʝʨʛʦʟʘʪʨʘʪʳ. 

ɺ ʜʦʢʣʘʜʝ, ʥʘ ʦʩʥʦʚʝ ʘʥʘʣʠʟʘ ʧʨʝʜʣʦʞʝʥʥʦʡ ʩʪʨʫʢʪʫʨʥʦ-ʘʣʛʦʨʠʪʤʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʟʦʥʳ 

ʦʙʩʣʫʞʠʚʘʥʠʷ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥ ʨʷʜ ʪʝʭʥʦʣʦʛʠʡ ʧʦʜʢʣʶʯʝʥʠʷ ʪʝʨʤʠʥʘʣʦʚ ʧʦʣʴʟʦʚʘʪʝʣʝʡ ʢ 

ʩʝʪʠ ʜʦʩʪʫʧʘ, ʘ ʪʘʢʞʝ ʦʧʠʩʘʥʘ ʪʝʣʝʢʦʤʤʫʥʠʢʘʮʠʦʥʥʘʷ ʩʠʩʪʝʤʘ ʙʝʩʧʨʦʚʦʜʥʦʛʦ ʜʦʩʪʫʧʘ, 

ʢʦʪʦʨʘʷ ʧʦʟʚʦʣʷʝʪ ʦʭʚʘʪʠʪʴ ʨʘʟʥʳʤʠ ʫʩʣʫʛʘʤʠ ʟʥʘʯʠʪʝʣʴʥʫʶ ʪʝʨʨʠʪʦʨʠʶ ʧʦ ʢʘʥʘʣʘʤ ʨʘʟʥʳʭ 

ʤʦʜʝʣʝʡ (ɻʘʫʩʩʦʚ, ʈʘʡʩʘ , ʈʝʣʝʷ) 

ʋʩʣʫʛʠ ʧʨʝʜʦʩʪʘʚʣʝʥʠʷ ʜʦʩʪʫʧʘ ʢ ʠʥʬʦʨʤʘʮʠʦʥʥʳʤ ʨʝʩʫʨʩʘʤ ʜʦʣʞʥʳ ʧʨʝʜʦʩʪʘʚʣʷʪʴʩʷ 

ʘʙʦʥʝʥʪʘʤ, ʚʢʣʶʯʘʷ ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʚ ʩʝʣʴʩʢʦʡ ʤʝʩʪʥʦʩʪʠ, ʠ ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ ʢ ʫʯʝʙʥʳʤ 

ʟʘʚʝʜʝʥʠʷʤ, ʜʠʩʣʦʮʠʨʦʚʘʥʥʳʤ ʚ ʩʝʣʴʩʢʦʡ ʤʝʩʪʥʦʩʪʠ,  ʠ ʚ ʮʝʣʦʤ ʜʦʣʞʥʳ ʚʢʣʶʯʘʪʴ ʫ ʩʝʙʷ: 

ʜʦʩʪʫʧ ʢ ʫʩʣʫʛʘʤ ʩʝʪʠ ʀʥʪʝʨʥʝʪ, ʜʦʩʪʫʧ ʢ ʫʯʝʙʥʦʡ ʠʥʬʦʨʤʘʮʠʠ (ʜʦʩʪʫʧ ʢ ʠʥʬʦʨʤʘʮʠʦʥʥʦʤʫ 

ʩʝʨʚʝʨʫ), ʜʦʩʪʫʧ ʢ ʠʥʬʦʨʤʘʮʠʠ ʚ ʪʝʣʝʚʠʟʠʦʥʥʦʤ ʬʦʨʤʘʪʝ. 

ʇʨʝʜʣʦʞʝʥʥʘʷ ʩʪʨʫʢʪʫʨʥʦ-ʘʣʛʦʨʠʪʤʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʟʦʥʳ ʦʙʩʣʫʞʠʚʘʥʠʷ (ɿʆ) [3] ʚʢʣʶʯʘʝʪ 

ʚ ʩʝʙʷ   ʮʝʥʪʨʘʣʥɹʫʶ ʪʝʨʨʠʪʦʨʠʶ, ʦʙʳʯʥʦ ʵʪʦ ʨʘʡʦʥʥʳʡ ʮʝʥʪʨ ʩ ʛʦʨʦʜʩʢʦʡ ʠ ʧʨʠʛʦʨʦʜʥʦʡ 

ʟʘʩʪʨʦʡʢʦʡ ï ɿʆ1, ʠ ʥʘʩʝʣʝʥʥʳʝ ʧʫʥʢʪʳ ʩ ʩʝʣʴʩʢʦʡ ʟʘʩʪʨʦʡʢʦʡ -ɿʆ2. 

ɺ ʟʦʥʝ ɿʆ1 ʜʘʥʥʳʝ ʧʝʨʝʜʘʶʪʩʷ ʧʦ ʢʘʥʘʣʘʤ ʤʦʜʝʣʝʡ ɻʘʫʩʩʘ, ʈʘʡʩʘ ʠ ʚʦʟʤʦʞʥʳʝ ʢʘʥʘʣʳ 

ʈʝʣʝʷ. ʈʘʟʤʝʨ (ʨʘʜʠʫʩ) ʵʪʦʡ ʟʦʥʳ ʜʦʩʪʠʛʘʝʪ ʜʦ 15ʢʤ. ɺ ʵʪʦʡ ʟʦʥʝ, ʢʘʢ ʧʨʘʚʠʣʦ, ʜʠʩʣʦʮʠʨʦʚʘʥ 
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ʧʨʦʚʘʡʜʝʨʩʴʢʠʡ ʫʟʝʣ  ʀʥʪʝʨʥʝʪ. ɿʜʝʩʴ ʞʝ ʞʝʣʘʪʝʣʴʥʦ ʨʘʟʤʝʱʘʪʴ ʮʝʥʪʨʘʣʴʥʫʶ ʩʪʘʥʮʠʶ 

ʩʠʩʪʝʤʳ  ʘʙʦʥʝʥʪʩʢʦʛʦ ʜʦʩʪʫʧʘ. 

ɺ ʟʦʥʝ ɿʆ2 ʜʘʥʥʳʝ ʧʝʨʝʜʘʶʪʩʷ ʧʦ ʢʘʥʘʣʫ ɻʘʫʩʩʘ ʠ ʚ ʥʝʡ ʨʘʟʤʝʱʝʥʦ ʧʦʜʘʚʣʷʶʱʝʝ 

ʙʦʣhɹʠʥʩʪʚʦ ʘʙʦʥʝʥʪʦʚ. 

ɼʣʷ ʫʩʧʝʰʥʦʛʦ ʧʨʝʜʦʩʪʘʚʣʝʥʠʷ ʫʩʣʫʛ ʚ ʟʦʥʝ ʦʙʩʣʫʞʠʚʘʥʠʷ ʩʠʩʪʝʤʘ ʙʝʩʧʨʦʚʦʜʥʦʛʦ 

ʘʙʦʥʝʥʪʩʢʦʛʦ ʜʦʩʪʫʧʘ ʜʦʣʞʥʘ ʠʩʧʦʣʴʟʦʚʘʪʴ ʚ ɿʆ1 ʤʥʦʛʦʯʘʩʪʦʪʥʫʶ ʤʦʜʫʣʷʮʠʶ. ɺ ɿʆ2 ʤʦʞʝʪ 

ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʦʜʥʦʯʘʩʪʦʪʥʘʷ ʤʦʜʫʣʷʮʠʷ.  ʋʯʠʪʳʚʘʷ ʧʦʪʨʝʙʥʦʩʪʴ ʚ ʟʥʘʯʠʪʝʣʴʥʦʤ ʨʘʟʤʝʨʝ 

ʟʦʥʳ ʦʙʩʣʫʞʠʚʘʥʠʷ, ʚ ʨʘʩʰʠʨʝʥʠʠ ʵʪʦʡ ʟʦʥʳ ʧʨʠ ʵʢʦʥʦʤʠʠ ʯʘʩʪʦʪʥʦʛʦ ʨʝʩʫʨʩʘ ʚ ʢʘʯʝʩʪʚʝ 

ʦʜʥʦʯʘʩʪʦʪʥʦʡ ʤʦʜʫʣʷʮʠʠ ʩʣʝʜʫʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴ  QPSK ʠ ʢʘʩʢʘʜʥʦʝ ʧʦʤʝʭʦʫʩʪʦʡʯʠʚʦʝ  

ʢʦʜʠʨʦʚʘʥʠʝ.  

ɼʦʩʪʫʧ ʚ ʀʥʪʝʨʥʝʪ, ʦʙʤʝʥ ʜʘʥʥʳʤʠ ʠ ʥʝʢʦʪʦʨʳʝ ʩʣʫʞʙʳ ʊɺ ʧʨʝʜʫʩʤʘʪʨʠʚʘʶʪ ʥʘʣʠʯʠʝ ʚ 

ʩʠʩʪʝʤʝ ʦʙʨʘʪʥʦʛʦ ʢʘʥʘʣʘ [4-10].  

ʉʦʛʣʘʩʥʦ ʧʘʪʝʥʪʫ [11] ʪʘʢʘʷ ʛʝʪʝʨʦʛʝʥʥʘʷ ʩʠʩʪʝʤʘ  ʩʦʩʪʦʠʪ ʠʟ ʧʦʜʩʠʩʪʝʤʳ 802.16 ʠ 

ʧʦʜʩʠʩʪʝʤʳ DVB - S, ʢʦʪʦʨʳʝ ʧʦʜʢʣʶʯʝʥʳ ʢ ʦʙʱʝʤʫ ʩʝʨʚʝʨʫ.  

ɼʣʷ ʫʤʝʥʴʰʝʥʠʷ ʩʪʦʠʤʦʩʪʠ ʫʩʣʫʛ ʩʠʩʪʝʤʦʡ ʤʦʞʝʪ ʦʢʘʟʳʚʘʪʴʩʷ ʢʘʢ ʫʩʣʫʛʠ ʜʦʩʪʫʧʘ ʢ 

ʫʩʣʫʛʘʤ ʀʥʪʝʨʥʝʪ, ʪʘʢ ʠ ʪʝʣʝʚʠʜʝʥʠʝ ʠ ʜʨʫʛʦʝ. 

ɼʦʧʦʣʥʠʪʝʣʴʥʦ ʢ ʫʢʘʟʘʥʥʦʤʫ ʪʝʭʥʠʯʝʩʢʦʤʫ ʨʝh ʝʥʠʶ ʨʘʟʨʘʙʦʪʘʥʦ ʪʝʭʥʠʯʝʩʢʦʝ ʨʝʰʝʥʠʝ, 

ʧʦʟʚʦʣʷʶʱʝʝ: ʩʥʠʟʠʪʴ ʩʪʦʠʤʦʩʪʴ ʘʙʦʥʝʥʪʩʢʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ, ʧʦʚʳʩʠʪʴ ʢʘʯʝʩʪʚʦ 

ʦʙʩʣʫʞʠʚʘʥʠʷ, ʦʙʝʩʧʝʯʠʪʴ ʤʠʥʠʤʠʟʘʮʠʶ çʤʝʨʪʚʳʭè ʟʦʥ. 

ʕʪʠ ʤʝʨʦʧʨʠʷʪʠʷ ʦʩʥʦʚʳʚʘʶʪʩʷ ʥʘ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʪʝʭʥʦʣʦʛʠʠ ʩʝʤʝʡʩʪʚʘ Wi-F [̔12]. 

ʊʘʢ,  ʩʥʠʞʝʥʠʝ ʩʪʦʠʤʦʩʪʠ ʘʙʦʥʝʥʪʩʢʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʧʦʜʢʣʶʯʝʥʠʠ ʢ 

ʘʙʦʥʝʥʪʩʢʦʡ ʩʪʘʥʮʠʠ (ɸʉ) ʤʥʦʞʝʩʪʚʘ ʘʙʦʥʝʥʪʦʚ, ʤʝʞʜʫ ʢʦʪʦʨʳʤʠ ʜʝʣʠʪʩʷ ʩʪʦʠʤʦʩʪʴ ɸʉ. 

ɽʩʣʠ ʚ ʧʨʝʜʣʦʞʝʥʥʦʤ ʨʘʥʝʝ ʨʝʰʝʥʠʠ ʧʦʣʴʟʦʚʘʪʝʣʠ ʧʦʜʢʣʶʯʘʶʪʩʷ ʧʦʩʨʝʜʩʪʚʦʤ ʧʨʦʚʦʜʥʦʡ 

ʣʦʢʘʣʴʥʦʡ ʩʝʪʠ, ʪʦ ʩʝʡʯʘʩ ʧʨʝʜʣʘʛʘʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʪʴ ʩʦʟʜʘʥʠʝ ʙʝʩʧʨʦʚʦʜʥʦʡ  ʣʦʢʘʣʴʥʦʡ 

ʩʝʪʠ ʧʦʩʨʝʜʩʪʚʦʤ ʪʝʭʥʦʣʦʛʠʠ 802.11.  

ʊʘʢʦʝ ʪʝʭʥʠʯʝʩʢʦʝ ʨʝʰʝʥʠʝ ʩʫʱʝʩʪʚʝʥʥʦ ʫʧʨʦʱʘʝʪ ʩʦʟʜʘʥʠʝ ʣʦʢʘʣʴʥʦʡ ʩʝʪʠ, ʥʘʧʨʠʤʝʨ, ʚ 

ʩʝʣʴʩʢʦʡ ʤʝʩʪʥʦʩʪʠ, ʛʜʝ  ʩʦʟʜʘʥʠʝ ʧʨʦʚʦʜʥʦʡ ʩʝʪʠ ʯʘʩʪʦ ʦʢʘʟʳʚʘʝʪʩʷ ʥʝʚʦʟʤʦʞʥʳʤ. 

ɼʣʷ ʨʝʰʝʥʠʷ ʵʪʦʡ ʟʘʜʘʯʠ ʧʨʝʜʣʘʛʘʝʪʩʷ ʚʘʨʠʘʥʪ ʨʝʰʝʥʠʷ ʧʫʪʝʤ ʚʚʝʜʝʥʠʷ ʫʟʣʘ ʜʦʩʪʫʧʘ Wi-

Fi ʚ ʩʦʩʪʘʚ ɸʉ, ʢʦʪʦʨʘʷ ʚʭʦʜʠʪ ʚ ʩʦʩʪʘʚ ʩʝʪʠ ʦʧʝʨʘʪʦʨʘ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʙʝʩʧʨʦʚʦʜʥʘʷ 

ʤʫʣʴʪʠʩʝʨʚʠʩʥʘʷ ʩʝʪʴ ʚʳʧʦʣʥʝ̫ʪ ʬʫʥʢʮʠʠ ʦʧʦʨʥʦʡ ʩʝʪʠ. 

ʂʘʯʝʩʪʚʦ ʦʙʩʣʫʞʠʚʘʥʠʷ ʧʨʝʜʧʦʣʘʛʘʝʪ ʧʦʚʳʰʝʥʠʝ ʧʣʦʪʥʦʩʪʠ ʜʠʩʣʦʢʘʮʠʠ ʦʙʩʣʫʞʠʚʘʝʤʳʭ  

ʧʦʣʴʟʦʚʘʪʝʣʝʡ ʠ ʫʚʝʣʠʯʝʥʠʠ ʧʨʝʜʦʩʪʘʚʣʷʝʤʦʡ ʘʙʦʥʝʥʪʘʤ ʩʢʦʨʦʩʪʠ. ʕʪʦ ʜʦʩʪʠʛʘʝʪʩʷ 

ʫʚʝʣʠʯʝʥʠʝʤ  ʯʠʩʣʘ ʧʨʝʜʦʩʪʘʚʣʷʝʤʳʭ ʢʘʥʘʣʦʚ ʧʝʨʝʜʘʯʠ ʠ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʩʢʦʨʦʩʪʠ  

ʧʝʨʝʜʘʯʠ ʧʦ ʢʘʞʜʦʤʫ ʢʘʥʘʣʫ. 

ʄʠʥʠʤʠʟʘʮʠʷ çʤʝʨʪʚʳʭè ʟʦʥ ʨʝʘʣʠʟʫʝʪʩʷ ʪʘʢʞʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʠʩʪʝʤʳ ʜʦʩʪʫʧʘ 

ʧʦʩʨʝʜʩʪʚʦʤ  ʧʨʠʤʝʥʝʥʠʷ  ʪʝʭʥʦʣʦʛʠʠ 802.11, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʧʨʝʜʦʩʪʘʚʠʪʴ ʜʦʩʪʫʧ ʘʙʦʥʝʥʪʘʤ 

ʚ ʫʩʣʦʚʠʷʭ ʩʣʦʞʥʦʛʦ ʨʝʣʴʝʬʘ, ʩʣʦʞʥʦʡ ʟʘʩʪʨʦʡʢʠ ʠ ʪʘʢ ʜʘʣʝʝ. 

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʪʝʭʥʦʣʦʛʠʠ, ʙʘʟʠʨʫʶʱʝʡʩʷ ʥʘ ʩʪʘʥʜʘʨʪʝ 802.11n, ʧʦʟʚʦʣʠʣʦ ʩʦʟʜʘʪʴ 

ʢʘʥʘʣʳ ʜʦʩʪʫʧʘ  ʢ ʮʝʥʪʨʘʣʴʥʦʡ ʩʪʘʥʮʠʠ, ʠʩʧʦʣʴʟʫʷ ʢʘʥʘʣʳ ʵʪʦʛʦ ʬʦʨʤʘʪʘ.  

ʇʨʠ ʵʪʦʤ ʜʦʩʪʫʧ ʧʦʣʴʟʦʚʘʪʝʣʴʩʢʠʭ ʪʝʨʤʠʥʘʣʦʚ ʚ ʩʝʪʴ ʤʦʞʝʪ ʦʙʝʩʧʝʯʠʚʘʪʴʩʷ ʢʘʢ 

ʤʝʪʦʜʘʤʠ, ʠʩʧʦʣʴʟʫʶʱʠʤʠ ʧʨʦʚʦʜʥʳʝ ʪʝʭʥʦʣʦʛʠʠ (Ethernet, PLC), ʪʘʢ ʠ ʙʝʩʧʨʦʚʦʜʥʳʝ 

(801.11a/g, 802.1n) [13]. 

    ʅʘ ʙʘʟʝ ʨʘʜʠʦʪʝʭʥʦʣʦʛʠʠ ʄʀʊʈʀʉ ʩʧʨʦʝʢʪʠʨʦʚʘʥʘ ʛʝʪʝʨʦʛʝʥʥʘʷ ʤʠʢʨʦʚʦʣʥʦʚʘʷ 

ʪʝʣʝʨʘʜʠʦʠʥʬʦʨʤʘʮʠʦʥʥʘʷ ʩʠʩʪʝʤʘ ʤʫʣʴʪʠʩʝʨʚʠʩʥʦʛʦ ʨʘʜʠʦʜʦʩʪʫʧʘ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʚ 

ʜʠʘʧʘʟʦʥʝ ʯʘʩʪʦʪ 11,7-12,5 ɻɻʮ ʧʨʷʤʦʛʦ ʢʘʥʘʣʘ ʢʘʢ ʚ ʬʦʨʤʘʪʝ  DVB-S ʜʣʷ ʧʨʝʜʦʩʪʘʚʣʝʥʠʷ 

ʫʩʣʫʛ ʪʝʣʝʚʠʟʠʦʥʥʦʛʦ ʚʝʱʘʥʠʷ, ʪʘʢ ʠ ʚ ʬʦʨʤʘʪʝ Wi-Fi ï ʜʣʷ ʧʝʨʝʜʘʯʠ ʠʥʬʦʨʤʘʮʠʠ ʠʟ ʩʝʪʠ 

ʀʥʪʝʨʥʝʪ, ʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʚ ʜʠʘʧʘʟʦʥʝ ʯʘʩʪʦʪ 5,70-5,86  ʦʙʨʘʪʥʦʛʦ ʢʘʥʘʣʘɻɻʮ ʜʣʷ 

ʟʘʧʨʦʩʘ ʘʙʦʥʝʥʪʘʤʠ ʫʩʣʫʛ ʜʦʩʪʫʧʘ ʢ ʩʝʪʠ ʀʥʪʝʨʥʝʪ.. ʉʠʩʪʝʤʘ ʦʙʝʩʧʝʯʠʚʘʝʪ ʧʦʢʨʳʪʠʝʤ 

ʪʝʨʨʠʪʦʨʠʠ ʪʝʣʝʚʠʟʠʦʥʥʳʤ ʚʝʱʘʥʠʝʤ ʚ ʨʘʜʠʫʩʝ ʜʦ 50 ʢʤ ʠ ʠʥʬʦʨʤʘʮʠʦʥʥʳʤʠ ʫʩʣʫʛʘʤʠ 

ʪʝʨʨʠʪʦʨʠʶ ʚ ʨʘʜʠʫʩʝ ʜʦ 25 ʢʤ ʧʨʠ ʧʨʦʧʫʩʢʥʦʡ ʩʧʦʩʦʙʥʦʩʪʠ 150 ʄʙʠʪ/ʩ ʦʜʥʦʛʦ ʩʝʢʪʦʨʘ. 
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ʄʘʢʩʠʤʘʣʴʥʘʷ ʧʨʦʧʫʩʢʥʘʷ ʩʧʦʩʦʙʥʦʩʪʴ ʧʨʷʤʳʭ ʢʘʥʘʣʦʚ ʩʠʩʪʝʤʳ ʩʦʩʪʘʚʣʷʝʪ ʜʦ 1920 ʄʙʠʪ/ʩ 

ʧʨʠ ʦʙʝʩʧʝʯʝʥʠʠ ʙʠʦʣʦʛʠʯʝʩʢʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ ʠ ʤʠʥʠʤʘʣʴʥʦʛʦ ʵʥʝʨʛʦʧʦʪʨʝʙʣʝʥʠʷ. 

ʊʘʢʦʝ ʪʝʭʥʠʯʝʩʢʦʝ ʨʝʰʝʥʠʝ ʧʦʟʚʦʣʷʝʪ ʚ ʢʘʞʜʦʤ ʦʙʩʫʞʠʚʘʝʤʦʤ ʩʝʢʪʦʨʝ ʧʦʜʢʣʯʁʠʪʴ  ʜʦ 64 

ɸʉ ʩ ʧʨʝʜʦʩʪʘʚʣʝʥʠʝʤ ʢʘʞʜʦʡ ʩʪʘʥʮʠʠ ʩʢʦʨʦʩʪʠ 150 ʄʙʠʪ/ʩ. ʉʠʩʪʝʤʘ ʤʦʞʝʪ ʩʪʨʦʠʪʴʩʷ  ʚ 

ʨʘʟʣʠʯʥʳʭ ʢʦʥʬʠʛʫʨʘʮʠʷʭ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʦʙʝʩʧʝʯʠʪʴ ʜʦʩʪʘʪʦʯʥʦ ʧʣʦʪʥʦʝ ʧʦʢʨʳʪʠʝ 

ʪʝʨʨʠʪʦʨʠʠ. 

ʇʨʝʜʣʦʞʝʥʥʳʝ ʪʝʭʥʠʯʝʩʢʠʝ ʨʝʰʝʥʠʷ ʧʦʟʚʦʣʷʶʪ ʧʦʢʨʳʪʴ ʪʝʨʨʠʪʦʨʠʶ ʋʢʨʘʠʥʳ 

ʦʩʥʦʚʥʤrʠ ʫʩʣʫʛʘʤʠ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ ʠ ʮʠʬʨʦʚʦʛʦ ʪʝʣʝʚʠʜʝʥʠʷ. ʉʠʩʪʝʤʘ ʤʦʞʝʪ 

ʚʳʧʦʣʥʷʪʴʩʷ ʚ ʨʘʟʥʳʭ ʢʦʥʬʠʛʫʨʘʮʠʷʭ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʚʦʩʪʨʝʙʦʚʘʥʥʳʭ ʫʩʣʫʛ ʚ ʢʦʥʢʨʝʪʥʦʤ 

ʨʝʛʠʦʥʝ. 

ɺ ʜʘʣʴʥʝʡʰʝʤ, ʜʦʩʪʠʛʥʫʪʳʝ  ʠ ʧʨʝʜʩʪʘʚʣʝʥʥʳʝ ʚ ʨʘʙʦʪʝ ʨʝʟʫʣʴʪʘʪʳ, ʤʦʛʫʪ ʙʳʪʴ 

ʠʩʧʦʣʟɹʦʚʘʥʳ ʧʨʠ ʩʦʟʜʘʥʠʠ ʚʳʩʦʢʦʨʘʟʚʠʪʦʡ ʠʥʬʦʨʤʘʮʠʦʥʥʦ-ʪʝʣʝʢʦʤʤʫʥʠʢʘʮʠʦʥʥʦʡ 

ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ ʢʘʢ ʦʜʥʦʛʦ ʠʟ ʵʣʝʤʝʥʪʦʚ ʩʠʩʪʝʤʳ ɻʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ. 
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 Modeling and researching of femtocell resource management system in IMS networks 

The method of modeling of femtocell resource management system has been designed. It 

provides quality of service of multiservice traffic for mobile network users.  

ʅʘ ʩʴʦʛʦʜʥʽʰʥʽʡ ʜʝʥʴ ʨʠʥʦʢ ʪʝʣʝʢʦʤʫʥʽʢʘʮʽʡ ʧʨʦʧʦʥʫʻ ʙʝʟʣʽʯ ʧʦʩʣʫʛ, ʪʘʢʠʭ ʷʢ 

ʚʽʜʝʦʪʝʣʝʬʦʥʽʷ, IPTV, ʽʥʪʝʨʥʝʪ ʜʘʥʽ ʪʘ ʽʥʰʽ. ɸʣʝ ʥʘʡʯʘʩʪʽʰʝ ʜʣʷ ʨʽʟʥʠʭ ʩʝʛʤʝʥʪʽʚ ʮʽ ʧʦʩʣʫʛʠ 

ʥʘʜʘʶʪʴʩʷ ʨʽʟʥʠʤʠ ʦʧʝʨʘʪʦʨʘʤʠ ʟʚ'ʷʟʢʫ, ʽ ʢʣʽʻʥʪʦʚʽ ʥʝ ʟʘʚʞʜʠ ʢʦʤʬʦʨʪʥʦ ʦʮʽʥʶʚʘʪʠ ʡ 

ʢʦʥʪʨʦʣʶʚʘʪʠ ʚʩʶ ʨʦʟʤʘʾʪʽʩʪʴ ʧʦʩʣʫʛ, ʘ ʪʘʢʦʞ ʦʧʣʘʯʫʚʘʪʠ ʨʘʭʫʥʢʠ ʚʽʜ ʨʽʟʥʠʭ ʦʧʝʨʘʪʦʨʽʚ. 

ʊʘʢʘ ʪʝʥʜʝʥʮʽʷ ʩʪʘʣʘ ʧʦʯʘʪʢʦʤ ʜʣʷ ʧʨʦʩʫʚʘʥʥʷ ʥʘ ʘʨʝʥʫ ʪʝʣʝʢʦʤʫʥʽʢʘʮʽʡʥʠʭ ʧʦʩʣʫʛ ʧʨʦʝʢʪʠ 

ʧʦ ʩʪʚʦʨʝʥʥʶ ʻʜʠʥʦʾ ʪʝʭʥʦʣʦʛʽʯʥʦʾ ʧʣʘʪʬʦʨʤʠ ʽ ʤʝʨʝʞʽ ʽʟ ʩʧʽʣʴʥʦʶ ʙʘʟʦʶ, ʱʦ ʟʤʦʛʣʘ ʙ 

ʟʘʙʝʟʧʝʯʠʪʠ ʨʷʜ ʤʫʣʴʪʠʤʝʜʽʡʥʠʭ ʩʝʨʚʽʩʽʚ. ʉʘʤʝ ʢʦʥʮʝʧʮʽʷ IMS ʜʦʟʚʦʣʷʻ ʦʙ'ʻʜʥʘʪʠ ʩʝʨʚʽʩʠ ʥʘ 

ʻʜʠʥʽʡ ʧʣʘʪʬʦʨʤʽ ʽ ʥʘʜʘʪʠ ʾʭ ʯʝʨʝʟ ʻʜʠʥʫ ʪʦʯʢʫ ʜʦʩʪʫʧʫ.  

ʋ ʨʦʙʦʪʽ [1] ʚ ʨʦʣʽ ʪʘʢʦʾ ʪʦʯʢʠ ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʚʠʢʦʨʠʩʪʘʪʠ ʤʦʜʠʬʽʢʦʚʘʥʫ ʩʪʨʫʢʪʫʨʫ 

ʬʝʤʪʦʩʦʪʠ ʷʢ ʦʩʥʦʚʥʦʛʦ ʢʦʥʚʝʨʛʝʥʪʥʦʛʦ ʧʨʠʩʪʨʦʶ ʥʘ ʨʽʚʥʽ ʜʦʩʪʫʧʫ ʜʣʷ ʤʝʨʝʞ 2-3,5G , 

ʦʙôʻʜʥʘʚʰʠ ʚ ʦʜʥʦʤʫ ʪʝʨʤʽʥʘʣʽ ʨʘʜʽʦʤʦʜʫʣʽ 2G/3G/3.5G ʪʘ ʨʘʜʽʦʢʦʥʪʨʦʣʝʨ ï ʱʦ ʟʘʙʝʟʧʝʯʫʻ 

ʚʠʙʽʨ ʘʢʪʠʚʥʦʛʦ ʨʘʜʽʦʤʦʜʫʣʷ ʜʣʷ ʧʽʜʢʣʶʯʝʥʥʷ ʢʽʥʮʝʚʦʛʦ ʧʨʠʩʪʨʦʶ (ʤʦʙʽʣʴʥʦʛʦ ʪʝʣʝʬʦʥʫ, 

ʩʤʘʨʪʬʦʥʘ) ʜʦ ʬʝʤʪʦʩʦʪʠ. ʇʨʦʪʝ ʚ ʧʨʦʮʝʩʽ ʢʦʥʚʝʨʛʝʥʮʽʾ ʬʝʤʪʦʩʦʪʘ ʤʘʻ ʧʽʜʪʨʠʤʫʚʘʪʠ 

ʬʫʥʢʮʽʶ ʨʦʟʧʽʟʥʘʚʘʥʥʷ ʤʦʤʝʥʪʫ ʥʝʦʙʭʽʜʥʦʩʪʽ ʧʝʨʝʤʠʢʘʥʥʷ ʚ ʨʽʟʥʽ ʨʝʞʠʤʠ. ʎʽʻʶ ʞ ʬʫʥʢʮʽʻʶ 

ʧʦʚʠʥʝʥ ʙʫʪʠ ʦʩʥʘʱʝʥʠʡ ʽ ʘʙʦʥʝʥʪʩʴʢʠʡ ʧʨʠʩʪʨʽʡ.  

ɼʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʷʢʽʩʥʦʛʦ ʥʘʜʘʥʥʷ ʧʦʩʣʫʛ ʘʙʦʥʝʥʪʘʤ ʨʽʟʥʠʭ ʪʝʭʥʦʣʦʛʽʡ ʤʦʙʽʣʴʥʦʛʦ 

ʟʚôʷʟʢʫ ʚʘʞʣʠʚʦʶ ʫʤʦʚʦʶ ʻ ʪʝ, ʱʦʙ ʜʣʷ ʢʦʞʥʦʛʦ ʽʟ ʢʦʨʠʩʪʫʚʘʯʘ ʚʠʜʽʣʷʣʠʩʴ ʥʝʦʙʭʽʜʥʽ ʡʦʤʫ 

ʨʝʩʫʨʩʠ ʧʨʦʧʫʩʢʥʦʾ ʟʜʘʪʥʦʩʪʽ ʪʘ ʙʫʬʝʨʥʦʾ ʧʘʤôʷʪʽ ʬʝʤʪʦʩʦʪʠ, ʷʢʽ ʻ ʦʙʤʝʞʝʥʠʤʠ. ɺʽʜʧʦʚʽʜʥʦ 

ʜʣʷ ʚʠʨʽʰʝʥʥʷ ʜʘʥʦʛʦ ʟʘʚʜʘʥʥʷ ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʤʝʪʦʜʠʢʫ ʤʦʜʝʣʶʚʘʥʥʷ ʩʠʩʪʝʤʠ ʫʧʨʘʚʣʽʥʥʷ 

ʨʝʩʫʨʩʘʤʠ ʬʝʤʪʦʩʦʪʠ ʜʣʷ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʢʽʣʴʢʦʩʪʽ ʚʠʜʽʣʝʥʠʭ ʨʝʩʫʨʩʽʚ, ʥʝʦʙʭʽʜʥʠʭ ʜʣʷ 

ʷʢʽʩʥʦʛʦ ʥʘʜʘʥʥʷ ʤʫʣʴʪʠʩʝʨʚʽʩʥʠʭ ʧʦʩʣʫʛ ʢʽʥʮʝʚʠʤ ʢʦʨʠʩʪʫʚʘʯʘʤ ʨʽʟʥʠʭ ʪʝʭʥʦʣʦʛʽʡ 

ʤʦʙʽʣʴʥʦʛʦ ʟʚôʷʟʢʫ. 

ʄʦʜʝʣʶʚʘʥʥʷ ʪʘ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʟʘʚʘʥʪʘʞʝʥʦʩʪʽ ʙʫʬʝʨʘ ʪʘ ʤʘʢʩʠʤʘʣʴʥʦʾ ʢʽʣʴʢʦʩʪʽ  

ʢʦʨʠʩʪʫʚʘʯʽʚ ʬʝʤʪʦʩʦʪʠ 

ɺ ʨʦʙʦʪʽ ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʚʠʢʦʨʠʩʪʘʪʠ ʤʝʪʦʜ ʽʤʽʪʘʮʽʡʥʦʛʦ ʩʪʘʪʠʩʪʠʯʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ 

ʜʣʷ ʛʝʥʝʨʘʮʽʾ ʪʨʘʬʽʢʫ, ʭʘʨʘʢʪʝʨʥʦʛʦ ʜʣʷ ʤʫʣʴʪʠʩʝʨʚʽʩʥʠʭ ʤʝʨʝʞ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʤʝʪʦʜʫ 

ʘʚʪʦʟʫʧʠʥʢʠ [1]. 

ɺʭʽʜʥʽ ʫʤʦʚʠ: ʢʽʣʴʢʽʩʪʴ ʛʝʥʝʨʦʚʘʥʠʭ ʧʘʢʝʪʽʚ ʪʨʘʬʽʢʫ, ʩʪʚʦʨʶʚʘʥʦʛʦ 1 ʘʙʦʥʝʥʪʦʤ 50000, 

ʛʝʥʝʨʘʮʽʷ ʪʨʠʚʘʣʦʩʪʽ ʧʘʢʝʪʽʚ ʚʠʟʥʘʯʘʣʘʩʷ ʟ ʨʝʢʦʤʝʥʜʦʚʘʥʠʭ ʾʭ ʬʽʢʩʦʚʘʥʠʭ ʨʦʟʤʽʨʽʚ ʜʣʷ 

ʧʝʚʥʦʾ ʧʦʩʣʫʛʠ (ʚʽʜ 64 ʜʦ 1500 ʙʘʡʪʽʚ) ʽʟ ʚʨʘʭʫʚʘʥʥʷʤ ʡʤʦʚʽʨʥʦʩʪʽ ʚʠʢʦʨʠʩʪʘʥʥʷ ʮʽʻʾ ʧʦʩʣʫʛʠ, 

ʷʢʘ ʚʠʟʥʘʯʝʥʘ ʚ ʤʝʪʦʜʠʮʽ ʧʨʽʦʨʠʪʝʟʘʮʽʾ ʪʨʘʬʽʢʫ. ɯʥʪʝʨʚʘʣʠ ʤʽʞ ʧʘʢʝʪʘʤʠ ʟʛʝʥʝʨʦʚʘʥʦ 

ʚʠʧʘʜʢʦʚʠʤ ʯʠʥʦʤ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʬʨʘʢʪʘʣʴʥʦʛʦ ʙʨʦʫʥʽʚʩʴʢʦʛʦ ʨʫʭʫ ʟ ʧʘʨʘʤʝʪʨʦʤ ʍʝʨʩʪʘ 

H=0,7. ʇʨʦʧʫʩʢʥʘ ʟʜʘʪʥʽʩʪʴ ʢʘʥʘʣʫ ʚʠʟʥʘʯʝʥʘ, ʷʢ ʩʫʤʘ ʚʩʽʭ ʧʨʦʧʫʩʢʥʠʭ ʟʜʘʪʥʦʩʪʝʡ, 

ʥʝʦʙʭʽʜʥʠʭ ʜʣʷ ʢʦʞʥʦʾ ʟ ʧʦʩʣʫʛ ʽ ʩʪʘʥʦʚʠʪʴ C=25 ʄʙʽʪ/ʩ. ʋʧʨʘʚʣʽʥʥʷ ʤʦʜʝʣʴʥʠʤ ʯʘʩʦʤ 

mailto:beshlebmi@gmail.com
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ʚʽʜʙʫʚʘʻʪʴʩʷ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʤʝʪʦʜʫ ʧʦʩʪʽʡʥʦʛʦ ʢʨʦʢʫ ʟ ʧʝʨʽʦʜʦʤ 1ʤʩ. ɿʘ ʢʦʞʥʠʡ ʧʝʨʽʦʜ 

ʚʠʟʥʘʯʘʻʪʴʩʷ ʽʥʪʝʥʩʠʚʥʽʩʪʴ ʥʘʜʭʦʜʞʝʥʥʷ ʧʘʢʝʪʽʚ ɚ=Kʧʘʢ/1Ā10
-3

.  

ʆʩʢʽʣʴʢʠ, ʨʦʟʤʽʨ ʦʧʝʨʘʪʠʚʥʦʾ ʧʘʤôʷʪʽ ʬʝʤʪʦʩʦʪʠ ʻ ʬʽʢʩʦʚʘʥʠʡ ʽ ʩʪʘʥʦʚʠʪʴ 6,4 ʄɹ, ʪʦ ʟʘ 

ʨʘʭʫʥʦʢ ʟʘʧʦʚʥʝʥʥʷ ʾʾ ʩʣʫʞʙʦʚʦʶ ʽʥʬʦʨʤʘʮʽʻʶ ʪʘ ʧʨʦʛʨʘʤʘʤʠ ʢʝʨʫʚʘʥʥʷ, ʥʘ ʙʫʬʝʨ 

ʚʠʜʽʣʷʻʪʴʩʷ ʙʣʠʟʴʢʦ 50% ʨʦʟʤʽʨʫ ʦʧʝʨʘʪʠʚʥʦʾ ʧʘʤôʷʪʽ, ʪʦʙʪʦ ʟʘʛʘʣʴʥʠʡ ʦʙôʻʤ ʙʫʬʝʨʘ B=3,2 

ʄɹ. 

ʊʘʙʣʠʮʷ 1 

ʈʝʟʫʣʴʪʘʪʠ ʤʦʜʝʣʶʚʘʥʥʷ 

ɻʨʫʧʘ 
Lʩʨ ɚ Õ N K

I
V H B b 

ɹʘʡʪ ʧʘʢ/ʩ ʧʘʢ/ʩ ʧʘʢʝʪʠ % - ʄɹ ʂɹ 

ɼ 230 11900 13000 92 36,5 0.62 3.2 21,16 

ʜʝ: Lʩʨ ï ʩʝʨʝʜʥʷ ʜʦʚʞʠʥʘ ʧʘʢʝʪʫ, ɚ ï ʩʝʨʝʜʥʷ ʽʥʪʝʥʩʠʚʥʽʩʪʴ ʥʘʜʭʦʜʞʝʥʥʷ ʧʘʢʝʪʽʚ, Õ ï 

ʽʥʪʝʥʩʠʚʥʽʩʪʴ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʧʘʢʝʪʽʚ, N ï ʢʽʣʴʢʽʩʪʴ ʧʘʢʝʪʽʚ ʚ ʙʫʬʝʨʽ, K
I
V ï ʧʦʭʠʙʢʘ ʙʫʬʝʨʘ, 

H ï ʧʘʨʘʤʝʪʨ ʍʝʨʩʪʘ, B ï ʨʦʟʤʽʨ ʙʫʬʝʨʘ, b ï ʦʙ`ʻʤ ʙʫʬʝʨʘ, ʱʦ ʚʠʜʽʣʷʻʪʴʩʷ ʥʘ 1 ʘʙʦʥʝʥʪʘ. 

ʂʽʣʴʢʽʩʪʴ ʧʘʢʝʪʽʚ ʚ ʙʫʬʝʨʽ ʚʠʟʥʘʯʘʻʪʴʩʷ ʟʘ ʬʦʨʤʫʣʦʶ: 
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l      (1) 

ʆʙôʻʤ ʧʘʤôʷʪʽ ʙʫʬʝʨʘ, ʱʦ ʚʠʜʽʣʷʻʪʴʩʷ ʜʣʷ ʦʜʥʦʛʦ ʘʙʦʥʝʥʪʘ ʚʠʟʥʘʯʘʻʪʴʩʷ ʟʘ ʬʦʨʤʫʣʦʶ: 

NLcpb Ö=       
(2) 

ʂʽʣʴʢʽʩʪʴ ʘʙʦʥʝʥʪʽʚ, ʱʦ ʦʙʩʣʫʛʦʚʫʚʘʪʠʤʫʪʴʩʷ ʬʝʤʪʦʩʦʪʦʶ: 

b

B
Kʘʙ=       (3) 

 

ʈʠʩ. 1. ɿʘʣʝʞʥʽʩʪʴ ʢʽʣʴʢʦʩʪʽ ʧʝʨʝʜʘʥʠʭ ʧʘʢʝʪʽʚ ʚʽʜ ʯʘʩʫ ʤʦʜʝʣʶʚʘʥʥʷ (ʘ),ʢʦʝʬʽʮʽʻʥʪ ʚʘʨʽʘʮʽʾ 

ɯ-ʦʛʦ ʧʦʨʷʜʢʫ (ʙ), ʢʦʝʬʽʮʽʻʥʪ ʚʘʨʽʘʮʽʾ ɯɯ-ʦʛʦ ʧʦʨʷʜʢʫ (ʚ) ʪʘ ʛʽʩʪʦʛʨʘʤʘ ʨʦʟʧʦʜʽʣʫ ʜʦʚʞʠʥ 

ʧʘʢʝʪʽʚ (ʛ) 

ɺʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʤʘʢʩʠʤʘʣʴʥʘ ʢʽʣʴʢʽʩʪʴ ʘʙʦʥʝʥʪʽʚ, ʷʢʽ ʤʦʞʫʪʴ ʦʙʩʣʫʞʠʪʠʩʴ 

ʬʝʤʪʦʩʦʪʦʶ ʟʘ ʨʝʩʫʨʩʘʤʠ ʙʫʬʝʨʥʦʾ ʧʘʤôʷʪʽ ʽʟ ʛʘʨʘʥʪʦʚʘʥʦʶ ʷʢʽʩʪʶ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ  

ʩʪʘʥʦʚʠʪʴ 152 ʘʙʦʥʝʥʪʠ. 
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ʄʦʜʝʣʴ ʩʠʩʪʝʤʠ ʫʧʨʘʚʣʽʥʥʷ ʨʝʩʫʨʩʘʤʠ ʧʨʦʧʫʩʢʥʦʾ ʟʜʘʪʥʦʩʪʽ ʬʝʤʪʦʩʦʪʠ 

ʆʩʢʽʣʴʢʠ ʢʦʞʥʘ ʟ ʪʝʭʥʦʣʦʛʽʡ ʤʘʻ ʩʚʦʾ ʦʩʦʙʣʠʚʦʩʪʽ ʪʘ ʧʘʨʘʤʝʪʨʠ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ , ʚ 

ʨʦʙʦʪʽ ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʘʣʛʦʨʠʪʤ ʤʦʜʝʣʽ ʫʧʨʘʚʣʽʥʥʷ ʨʝʩʫʨʩʘʤʠ ʧʨʦʧʫʩʢʥʦʾ ʟʜʘʪʥʦʩʪʽ [2].  

ɺʭʽʜʥʽ ʜʘʥʽ ʽʤʽʪʘʮʽʡʥʦʾ ʤʦʜʝʣʽ: ʧʨʦʧʫʩʢʥʘ ʟʜʘʪʥʽʩʪʴ ʬʝʤʪʦʩʦʪʠ ʉ=100ʄʙʽʪ/c [3]; 

ʢʽʣʴʢʽʩʪʴ ʪʝʭʥʦʣʦʛʽʡ, ʷʢʽ ʧʽʜʪʨʠʤʫʶʪʴʩʷ ʬʝʤʪʦʩʦʪʦʶ i=6 (GSM -1800, GPRS, EDGE, CDMA 

2000, WCDMA, HSDPA); ʥʝʦʙʭʽʜʥʘ ʰʚʠʜʢʽʩʪʴ ʧʝʨʝʜʘʚʘʥʥʷ ʜʣʷ ʧʝʚʥʦʾ ʪʝʭʥʦʣʦʛʽʾ cGSM=9.6 

ʂʙʽʪ/c, cGPRS.=30 ʂʙʽʪ/ʩ, cEDGE.=120 ʂʙʽʪ/ʩ, cʉDMA.=384 ʂʙʽʪ/c, cWCDMA=2 ʄʙʽʪ/c, cHSDPA=7.2 

ʄʙʽʪ/c; ʡʤʦʚʽʨʥʽʩʪʴ ʜʦʩʪʫʧʫ ʘʙʦʥʝʥʪʽʚ i-ʾ ʢʘʪʝʛʦʨʽʾ ʜʦ ʨʝʩʫʨʩʽʚ ʬʝʤʦʪʦʩʦʪʠ pi; ʪʨʠʚʘʣʽʩʪʴ 

ʚʠʢʣʠʢʫ Tʪʨʠʚ. ʚʽʜ i-ʛʦ ʘʙʦʥʝʥʪʘ, ʟʛʝʥʝʨʦʚʘʥʠʭ ʟʘ ʧʫʘʩʦʥʽʚʩʴʢʠʤ ʟʘʢʦʥʦʤ ʨʦʟʧʦʜʽʣʫ ʽʟ ʩʝʨʝʜʥʽʤ 

ʟʥʘʯʝʥʥʷʤ ɚ=300 c; ʤʦʤʝʥʪʠ ʧʦʯʘʪʢʽʚ ʚʠʢʣʠʢʽʚ Tʧʦʯ., ʟʛʝʥʝʨʦʚʘʥʠʭ ʚʠʧʘʜʢʦʚʠʤ ʯʠʥʦʤ ʟ 

ʨʽʚʥʦʤʽʨʥʠʤ ʟʘʢʦʥʦʤ ʨʦʟʧʦʜʽʣʫ; ʤʦʤʝʥʪʠ ʢʽʥʮʽʚ ʚʠʢʣʠʢʽʚ, ʚʠʟʥʘʯʝʥʠʭ ʷʢ Tʢʽʥ= Tʧʦʯ+Tʪʨʠʚ.; 

ʪʨʠʚʘʣʽʩʪʴ ʤʦʜʝʣʶʚʘʥʥʷ Tʪʨʠʚ. =1 ʛʦʜ; 

ʄʦʜʝʣʶʚʘʥʥʷ ʧʨʦʚʦʜʠʣʦʩʷ ʜʣʷ ʜʚʦʭ ʚʠʧʘʜʢʽʚ: ʥʘʡʛʽʨʰʦʛʦ, ʢʦʣʠ ʘʙʦʥʝʥʪ, ʱʦ ʦʪʨʠʤʘʚ 

ʜʦʩʪʫʧ ʜʦ ʨʝʩʫʨʩʽʚ ʚʠʢʦʨʠʩʪʦʚʫʻ ʾʭ ʧʨʦʪʷʛʦʤ ʫʩʴʦʛʦ ʯʘʩʫ ʤʦʜʝʣʶʚʘʥʥʷ (ʨʠʩ.2).  

 
ʈʠʩ.2. ɻʽʩʪʦʛʨʘʤʘ ʢʽʣʴʢʦʩʪʽ ʦʜʥʦʯʘʩʥʦ ʧʽʜʢʣʶʯʝʥʠʭ ʘʙʦʥʝʥʪʽʚ ʜʦ ʬʝʤʪʦʩʦʪʠ 

ɸ ʪʘʢʦʞ ʟ ʧʨʠʚôʷʟʢʦʶ ʘʙʦʥʝʥʪʽʚ ʜʦ ʯʘʩʫ ʤʦʜʝʣʶʚʘʥʥʷ, ʪʦʙʪʦ ʢʦʞʝʥ ʢʦʨʠʩʪʫʚʘʯ 

ʦʪʨʠʤʫʚʘʚ ʥʝʦʙʭʽʜʥʽ ʨʝʩʫʨʩʠ ʧʨʦʪʷʛʦʤ ʧʝʚʥʦʾ ʪʨʠʚʘʣʦʩʪʽ ʟʘʡʥʷʪʪʷ ʢʘʥʘʣʫ ʟʚôʷʟʢʫ ʨʠʩʫʥʦʢ 3. 

ʘ) ʙ) 

ʈʠʩ.3. ɻʨʘʬʽʢ ʨʦʟʧʦʜʽʣʫ ʦʜʥʦʯʘʩʥʦʾ ʢʽʣʴʢʦʩʪʽ ʘʙʦʥʝʥʪʽʚ ʧʨʦʪʷʛʦʤ ʯʘʩʫ ʤʦʜʝʣʶʚʘʥʥʷ (ʘ), 

ʨʦʟʧʦʜʽʣ ʧʨʦʧʫʩʢʥʠʭ ʟʜʘʪʥʦʩʪʝʡ, ʷʢʫ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʘʙʦʥʝʥʪʠ ʧʨʠ ʩʧʽʣʴʥʦʤʫ ʜʦʩʪʫʧʽ ʜʦ 

ʧʨʠʩʪʨʦʶ ʧʨʦʪʷʛʦʤ ʤʦʜʝʣʶʚʘʥʥʷ (ʙ) 

ʋ ʧʝʨʰʦʤʫ ʚʠʧʘʜʢʫ ʬʝʤʪʦʩʦʪʘ ʟʤʦʛʣʘ ʦʙʩʣʫʞʠʪʠ ʚ ʩʝʨʝʜʥʴʦʤʫ 70 ʘʙʦʥʝʥʪʽʚ ʨʽʟʥʠʭ 

ʢʘʪʝʛʦʨʽʡ (ʨʠʩ.2). ʋ ʜʨʫʛʦʤʫ ʚʠʧʘʜʢʫ ʤʘʢʩʠʤʘʣʴʥʘ ʢʽʣʴʢʽʩʪʴ ʘʙʦʥʝʥʪʽʚ, ʱʦ ʦʜʥʦʯʘʩʥʦ 

ʦʙʩʣʫʛʦʚʫʶʪʴʩʷ ʬʝʤʪʦʩʦʪʦʶ ʩʪʘʥʦʚʠʪʴ 300, ʘ ʚʝʣʠʯʠʥʘ ʧʨʦʧʫʩʢʥʦʾ ʟʜʘʪʥʦʩʪʽ, ʷʢʫ ʚʦʥʠ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʩʪʘʥʦʚʠʪʠʤʝ 92 ʄʙʽʪ/ʩ ʫ ɻʅʅ ʧʨʦʪʷʛʦʤ ʯʘʩʫ ʤʦʜʝʣʶʚʘʥʥʷ.  

ɺʠʩʥʦʚʦʢ 

ʈʦʟʨʦʙʣʝʥʦ ʤʝʪʦʜʠʢʫ ʤʦʜʝʣʶʚʘʥʥʷ ʩʠʩʪʝʤʠ ʫʧʨʘʚʣʽʥʥʷ ʨʝʩʫʨʩʘʤʠ ʬʝʤʪʦʩʦʪʠ ʜʣʷ 

ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʢʽʣʴʢʦʩʪʽ ʚʠʜʽʣʝʥʠʭ ʨʝʩʫʨʩʽʚ, ʥʝʦʙʭʽʜʥʠʭ ʜʣʷ ʷʢʽʩʥʦʛʦ ʥʘʜʘʥʥʷ 

ʤʫʣʴʪʠʩʝʨʚʽʩʥʠʭ ʧʦʩʣʫʛ ʢʽʥʮʝʚʠʤ ʢʦʨʠʩʪʫʚʘʯʘʤ ʨʽʟʥʠʭ ʪʝʭʥʦʣʦʛʽʡ ʤʦʙʽʣʴʥʦʛʦ ʟʚôʷʟʢʫ. ɿ 

ʦʪʨʠʤʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ ʙʘʯʠʤʦ, ʱʦ ʧʦ ʧʨʦʧʫʩʢʥʽʡ ʟʜʘʪʥʦʩʪʽ ʬʝʤʪʦʩʦʪʘ ʦʙʩʣʫʛʦʚʫʻ ʫ 2 ʨʘʟʠ 

ʙʽʣʴʰʝ ʘʙʦʥʝʥʪʽʚ, ʚ ʧʦʨʽʚʥʷʥʥʽ ʽʟ ʤʘʢʩʠʤʘʣʴʥʦʶ ʢʽʣʴʢʽʩʪʶ ʦʙʩʣʫʞʝʥʠʭ ʘʙʦʥʝʥʪʽʚ ʧʦ 

ʨʝʩʫʨʩʘʭ ʙʫʬʝʨʥʦʾ ʧʘʤôʷʪʽ. ʆʪʞʝ, ʤʦʞʝʤʦ ʟʨʦʙʠʪʠ ʚʠʩʥʦʚʦʢ, ʱʦ ʧʨʠ ʦʙʩʣʫʛʦʚʫʚʘʥʥʽ 

ʬʝʤʪʦʩʦʪʦʶ ʙʽʣʴʰʝ 152 ʢʦʨʠʩʪʫʚʘʯʽʚ, ʚʽʜʙʫʚʘʪʠʤʫʪʴʩʷ ʚʪʨʘʪʠ ʧʘʢʝʪʽʚ ʟʘ ʨʘʭʫʥʦʢ 

ʧʝʨʝʚʘʥʪʘʞʝʥʦʩʪʽ ʙʫʬʝʨʘ, ʪʠʤ ʩʘʤʠʤ ʧʦʛʽʨʰʫʶʯʠ ʷʢʽʩʪʴ ʥʘʜʘʥʥʷ ʧʦʩʣʫʛ ʯʫʪʣʠʚʠʭ ʜʦ ʚʪʨʘʪ 

ʧʘʢʝʪʽʚ. ɸ ʟʘ ʨʘʭʫʥʦʢ ʥʝʜʦʩʪʘʪʥʴʦʾ ʧʨʦʧʫʩʢʥʦʾ ʟʜʘʪʥʦʩʪʽ ʬʝʤʪʦʩʦʪʠ ʧʨʠ ʧʽʜʢʣʶʯʝʥʥʽ ʙʽʣʴʰʝ 

300 ʘʙʦʥʝʥʪʽʚ, ʚʽʜʙʫʚʘʪʠʤʫʪʴʩʷ ʟʥʘʯʥʽ ʟʘʪʨʠʤʢʠ ʧʦʩʣʫʛ ʨʝʘʣʴʥʦʛʦ ʯʘʩʫ, ʪʠʤ ʩʘʤʠʤ 

ʩʪʚʦʨʶʶʯʠ ʜʣʷ ʢʽʥʮʝʚʠʭ ʢʦʨʠʩʪʫʚʘʯʽʚ ʥʝʟʘʜʦʚʽʣʴʥʫ ʷʢʽʩʪʴ ʩʧʨʠʡʥʷʪʪʷ. ɺʠʢʦʨʠʩʪʘʥʥʷ 

ʬʝʤʪʦʩʦʪʠ ʜʘʩʪʴ ʟʤʦʛʫ ʟʤʝʥʰʠʪʠ ʥʘʚʘʥʪʘʞʝʥʥʷ ʥʘ ʦʩʥʦʚʥʽ ʙʘʟʦʚʦʾ ʩʪʘʥʮʽʾ ʦʧʝʨʘʪʦʨʘ 

ʤʦʙʽʣʴʥʦʛʦ ʟʚôʷʟʢʫ, ʱʦ ʚʠʨʽʰʠʪʴ ʦʜʥʫ ʽʟ ʧʨʦʙʣʝʤ ï ʧʝʨʝʚʘʥʪʘʞʝʥʥʷ BTS ʫ ʛʦʜʠʥʫ 

ʥʘʡʙʽʣʴʰʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ ʥʘ ʤʝʨʝʞʫ, ʪʠʤ ʩʘʤʠʤ ʟʤʝʥʰʠʚʰʠ ʢʽʣʴʢʽʩʪʴ ʚʪʨʘʯʝʥʠʭ ʚʠʢʣʠʢʽʚ 

ʚʽʜ ʘʙʦʥʝʥʪʽʚ. 
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ʇʈɽʆɼʆʃɽʅʀɽ ʅɽʆʇʈɽɼɽʃɽʅʅʆʉʊʀ ʊɽʆʈɽʄ ʐɽʅʅʆʅɸ ʆ ʂʆɼʀʈʆɺɸʅʀʀ 

ɼʃʗ ɼʀʉʂʈɽʊʅʆɻʆ ʂɸʅɸʃɸ ʉ ʇʆʄɽʍɸʄʀ 

ʋʨʳʚʩʢʠʡ ʃ.ɸ. 

ʉʦʚʨʝʤʝʥʥʳʡ ʵʪʘʧ ʨʘʟʚʠʪʠʷ ʤʠʨʦʚʦʛʦ ʩʦʦʙʱʝʩʪʚʘ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʚʩʝʦʙʲʝʤʣʶʱʠʤ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʠʥʬʦʨʤʘʮʠʠ ʠ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʨʝʩʫʨʩʦʚ ʚʦ ʚʩʝʭ ʩʬʝʨʘʭ ʯʝʣʦʚʝʯʝʩʢʦʡ 

ʜʝʷʪʝʣʴʥʦʩʪʠ.  

ɺʳʜʘʶʱʠʤʩʷ ʚʢʣʘʜʦʤ ʚ ʤʠʨʦʚʫʶ ʥʘʫʢʫ ʬʨʘʥʮʫʟʩʢʦʛʦ ʤʘʪʝʤʘʪʠʢʘ ʂ.ʐʝʥʥʦʥʘ 

ʷʚʠʣʘʩʴ ʧʨʝʜʣʦʞʝʥʥʘʷ ʠʤ ʢʦʣʠʯʝʩʪʚʝʥʥʘʷ ʤʝʨʘ ʠʥʬʦʨʤʘʮʠʠ ʜʣʷ ʥʝʧʨʝʨʳʚʥʳʭ ʠ ʜʠʩʢʨʝʪʥʳʭ 

ʠʩʪʦʯʥʠʢʦʚ ʠʥʬʦʨʤʘʮʠʠ [1]. 

ʈʘʟʚʠʪʠʝ ʥʦʚʝʡʰʠʭ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʥʝʨʘʟʨʳʚʥʦ ʩʚʷʟʘʥʦ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʨʝʜʣʦʞʝʥʥʦʡ ʤʝʨʳ ʚ ʠʥʞʝʥʝʨʥʳʭ ʧʨʠʣʦʞʝʥʠʷʭ, ʨʝʘʣʠʟʦʚʘʪʴ ʢʦʪʦʨʳʝ ʙʝʟ 

ʢʦʣʠʯʝʩʪʚʝʥʥʦʛʦ ʦʙʦʩʥʦʚʘʥʠʷ ʥʝʚʦʟʤʦʞʥʦ. 

ʆʜʥʦʡ ʠʟ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʭ ʢʘʪʝʛʦʨʠʡ, ʧʨʝʜʣʦʞʝʥʥʳʭ ʠ ʦʙʦʩʥʦʚʘʥʥʳʭ ʂ.ʐʝʥʥʦʥʦʤ, 

ʷʚʣʷʝʪʩʷ ʢʘʪʝʛʦʨʠʷ çʧʨʦʧʫʩʢʥʘʷ ʩʧʦʩʦʙʥʦʩʪʴè ʢʘʢ ʤʝʨʘ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʢʦʣʠʯʝʩʪʚʘ 

ʠʥʬʦʨʤʘʮʠʠ, ʢʦʪʦʨʦʝ ʤʦʞʝʪ ʙʳʪʴ ʧʝʨʝʜʘʥʘ ʧʦ ʢʘʥʘʣʫ ʢʦʤʤʫʥʠʢʘʮʠʡ ʩ ʟʘʜʘʥʥʳʤ 

ʠʩʪʦʯʥʠʢʦʤ ʠʥʬʦʨʤʘʮʠʠ ʠ ʠʟʚʝʩʪʥʳʤʠ ʵʥʝʨʛʝʪʠʯʝʩʢʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʢʘʥʘʣʘ.  

ɼʣʷ ʜʠʩʢʨʝʪʥʦʛʦ ʙʠʥʘʨʥʦʛʦ ʢʘʥʘʣʘ ʩ ʧʦʤʝʭʘʤʠ ʧʨʦʧʫʩʢʥʘʷ ʩʧʦʩʦʙʥʦʩʪʴ ʉʜ 

ʦʧʨʝʜʝʣʝʥʘ ʚʳʨʘʞʝʥʠʝʤ [1,2]: 

,)}1()1(1{ 1EVPlogPPlogPVC ʦʰʦʰʦhʦʰɼ Ö=-Ö-+Ö+Ö=         (1) 

ʛʜʝ  ʉʜ ï ʤʘʢʩʠʤʘʣʴʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʠʥʬʦʨʤʘʮʠʠ (ʙʠʪ/ʩ), ʢʦʪʦʨʦʝ ʤʦʞʝʪ ʙʳʪʴ ʧʝʨʝʜʘʥʦ ʚ 

ʝʜʠʥʠʮʫ ʚʨʝʤʝʥʠ (ʩʝʢʫʥʜʫ) ʧʦ ʜʠʩʢʨʝʪʥʦʤʫ ʢʘʥʘʣʫ ʪʝʣʝʢʦʤʤʫʥʠʢʘʮʠʡ ʩ 

ʜʠʩʢʨʝʪʥʳʤ ʜʚʦʠʯʥʳʤ ʠʩʪʦʯʥʠʢʦʤ ʠʥʬʦʨʤʘʮʠʠ, ʚ ʢʦʪʦʨʦʤ ʵʥʝʨʛʠʷ ʩʠʛʥʘʣʘ ʠ 

ʜʝʡʩʪʚʠʝ ʧʦʤʝʭʠ ʦʙʫʩʣʦʚʣʠʚʘʶʪ ʚʝʨʦʷʪʥʦʩʪʴ ʦʰʠʙʦʯʥʦʛʦ ʧʨʠʝʤʘ ʦʜʠʥʦʯʥʦʛʦ 

ʩʠʤʚʦʣʘ ʨʦh   ʚ ʢʘʥʘʣʝ ʙʝʟ ʢʦʜʠʨʦʚʘʥʠʷ; 

V  ï  ʩʢʦʨʦʩʪʴ ʧʝʨʝʜʘʯʠ ʩʠʤʚʦʣʦʚ ʚ ʢʘʥʘʣʝ (ʙʠʪ/ʩ); 

ɽ1 ï ʧʦʢʘʟʘʪʝʣʴ, ʯʠʩʣʝʥʥʦ ʨʘʚʥʳʡ ʢʦʣʠʯʝʩʪʚʫ ʠʥʬʦʨʤʘʮʠʠ ʚ ʦʜʥʦʤ ʧʨʠʥʷʪʦʤ ʩʠʤʚʦʣʝ 

ʠʩʪʦʯʥʠʢʘ, ʥʘʟʳʚʘʝʤʳʡ ʪʘʢʞʝ ʚʟʘʠʤʥʦʡ ʵʥʪʨʦʧʠʝʡ ʢʘʥʘʣʘ ʠʣʠ ʫʜʝʣʴʥʦʡ 

ʧʨʦʧʫʩʢʥʦʡ ʩʧʦʩʦʙʥʦʩʪʴʶ. 

ɺ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʚʟʘʠʤʥʘʷ ʵʥʪʨʦʧʠʷ E1 ʟʘʚʠʩʠʪ ʦʪ ʟʥʘʯʝʥʠʷ ʈʦʰ ʠ, ʟʥʘʯʠʪ, ʥʘʧʨʷʤʫʶ 

ʟʘʚʠʩʠʪ ʦʪ ʵʥʝʨʛʝʪʠʯʝʩʢʦʛʦ ʧʘʨʘʤʝʪʨʘ ʜʠʩʢʨʝʪʥʦʛʦ ʢʘʥʘʣʘ, ʚ ʢʦʪʦʨʦʤ ʜʝʡʩʪʚʫʝʪ ʧʦʤʝʭʘ ʩʦ 

ʩʧʝʢʪʨʘʣʴʥʦʡ ʧʣʦʪʥʦʩʪʴʶ N0, ʘ ʤʦʱʥʦʩʪʴ ʩʠʛʥʘʣʘ ʚ ʪʦʯʢʝ ʧʨʠʝʤʘ ʨʘʚʥʘ ʇS:  

VN
h S

Ö

P
=

0

2  .         (2) 

ʎʝʥʪʨʘʣʴʥʳʤ ʟʚʝʥʦʤ ʪʝʦʨʠʠ ʠʥʬʦʨʤʘʮʠʠ, ʧʨʝʜʣʦʞʝʥʥʦʡ ʂ.ʐʝʥʥʦʥʦʤ, ʷʚʣʷʝʪʩʷ 

ʫʪʚʝʨʞʜʝʥʠʝ ʦ ʚʦʟʤʦʞʥʦʩʪʠ ʧʝʨʝʜʘʯʠ ʩʠʤʚʦʣʦʚ ʧʦ ʢʘʥʘʣʫ ʢʦʤʤʫʥʠʢʘʮʠʡ ʩ ʧʦʤʝʭʘʤʠ ʩʦ 

ʩʢʦʣʴ ʫʛʦʜʥʦ ʚʳʩʦʢʦʡ ʜʦʩʪʦʚʝʨʥʦʩʪʴʶ ʥʘ ʦʩʥʦʚʘʥʠʠ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʠʩʭʦʜʥʳʭ ʩʠʤʚʦʣʦʚ 

ʠʩʪʦʯʥʠʢʘ ï ʢʦʜʠʨʦʚʘʥʠʷ. 

ɼʣʷ ʜʠʩʢʨʝʪʥʦʛʦ ʢʘʥʘʣʘ ʩ ʧʦʤʝʭʘʤʠ ʙʳʣʘ ʜʦʢʘʟʘʥʘ ʩʣʝʜʫʶʱʘʷ ʪʝʦʨʝʤʘ [1-3]:  

ï ɼʣʷ ʜʠʩʢʨʝʪʥʦʛʦ ʢʘʥʘʣʘ ʩʚʷʟʠ ʩ ʧʦʤʝʭʘʤʠ ʩʫʱʝʩʪʚʫʝʪ ʪʘʢʦʡ ʩʧʦʩʦʙ ʢʦʜʠʨʦʚʘʥʠʷ ʠ 

ʜʝʢʦʜʠʨʦʚʘʥʠʷ, ʧʨʠ ʢʦʪʦʨʦʤ ʚʩʝ ʩʠʤʚʦʣʳ ʜʠʩʢʨʝʪʥʦʛʦ ʠʩʪʦʯʥʠʢʘ ʤʦʛʫʪ ʙʳʪʴ ʧʝʨʝʜʘʥʳ ʩʦ 

ʩʢʦʣʴ ʫʛʦʜʥʦ ʚʳʩʦʢʦʡ ʜʦʩʪʦʚʝʨʥʦʩʪʴʶ ʧʨʠ  ʫʩʣʦʚʠʠ, ʯʪʦ ʩʢʦʨʦʩʪʴ ʧʝʨʝʜʘʯʠ ʩʠʤʚʦʣʦʚ 

ʠʩʪʦʯʥʠʢʘ ʥʝ ʧʨʝʚʳʩʠʪ ʧʨʦʧʫʩʢʥʦʡ ʩʧʦʩʦʙʥʦʩʪʠ ʢʘʥʘʣʘ; ʝʩʣʠ ʩʢʦʨʦʩʪʴ ʧʝʨʝʜʘʯʠ ʩʠʤʚʦʣʦʚ 

ʠʩʪʦʯʥʠʢʘ ʧʨʝʚʳʩʠʪ ʧʨʦʧʫʩʢʥʫʶ ʩʧʦʩʦʙʥʦʩʪʴ ʢʘʥʘʣʘ, ʪʦ ʪʘʢʦʛʦ ʩʧʦʩʦʙʘ ʢʦʜʠʨʦʚʘʥʠʷ ʥʝ 

ʩʫʝɦʩʪʚʫʝʪ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʠ  ʧʝʨʝʜʘʯʝ ʠʥʬʦʨʤʘʮʠʠ ʩʫʱʝʩʪʚʫʝʪ ʪʦʯʥʘʷ ʛʨʘʥʠʮʘ ʩʢʦʨʦʩʪʠ, ʜʦ 

ʢʦʪʦʨʦʡ ʝʱʝ ʚʦʟʤʦʞʥʦ ʧʨʠʥʷʪʠʝ ʤʝʨ ʧʦʚʳʰʝʥʠʷ ʜʦʩʪʦʚʝʨʥʦʩʪʠ. ʆʜʥʘʢʦ ʬʦʨʤʫʣʠʨʦʚʢʘ 

çʩʫʱʝʩʪʚʫʝʪ é ʩʧʦʩʦʙ ʢʦʜʠʨʦʚʘʥʠʷè ʟʘʚʝʜʦʤʦ ʥʝ ʷʚʣʷʝʪʩʷ ʢʦʥʩʪʨʫʢʪʠʚʥʦʡ, ʧʦʩʢʦʣʴʢʫ 

ʥʠʢʦʠʤ ʦʙʨʘʟʦʤ ʥʝ ʫʢʘʟʳʚʘʝʪ ʥʘ ʭʘʨʘʢʪʝʨ ʵʪʦʛʦ çʩʧʦʩʦʙʘ ʢʦʜʠʨʦʚʘʥʠʷè. 
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ʂʨʦʤʝ ʪʦʛʦ, ʩʦʦʪʥʦʰʝʥʠʷ (1) ʠ (2) ʜʘʶʪ ʷʩʥʦʝ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʦ ʪʦʤ, ʯʪʦ ʚʩʷʢʦʝ 

ʠʟʤʝʥʝʥʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʩʠʩʪʝʤʳ ʧʝʨʝʜʘʯʠ (ʩʢʦʨʦʩʪʠ ʧʝʨʝʜʘʯʠ ʩʠʤʚʦʣʦʚ, ʩʧʦʩʦʙʘ 

ʤʦʜʫʣʷʮʠʠ, ʩʧʦʩʦʙʘ ʦʙʨʘʙʦʪʢʠ ʩʠʤʚʦʣʦʚ, ʭʘʨʘʢʪʝʨ ʧʦʤʝʭ ʠ ʪ.ʜ.) ʧʨʠʚʦʜʠʪ ʢ ʠʟʤʝʥʝʥʠʶ 

ʟʥʘʯʝʥʠʷ ʧʨʦʧʫʩʢʥʦʡ ʩʧʦʩʦʙʥʦʩʪʠ ʉʜ. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʜʘʥʥʘʷ ʢʘʪʝʛʦʨʠʷ ʥʝ ʷʚʣʷʝʪʩʷ 

ʥʝʧʦʜʚʠʞʥʦʡ ʛʨʘʥʠʮʝʡ ʩʢʦʨʦʩʪʠ ʠʩʪʦʯʥʠʢʘ, ʘ ʜʠʥʘʤʠʯʥʦ ʠʟʤʝʥʷʝʪʩʷ ʚ ʤʝʥʷʶʱʠʭʩʷ 

ʫʩʣʦʚʠʷʭ ʧʝʨʝʜʘʯʠ ʠʥʬʦʨʤʘʮʠʠ.   

ʆʜʥʘʢʦ ʩʘʤ ʬʘʢʪ ʧʨʠʥʮʠʧʠʘʣʴʥʦʛʦ ʩʫʱʝʩʪʚʦʚʘʥʠʷ ʩʧʦʩʦʙʘ ʢʦʜʠʨʦʚʘʥʠʷ, ʘ ʠʤʝʥʥʦ: 

ʠʟʙʳʪʦʯʥʦʛʦ, ʢʦʨʨʝʢʪʠʨʫʶʱʝʛʦ ʢʦʜʠʨʦʚʘʥʠʷ ï ʧʦʨʦʜʠʣ ʚ ʩʨʝʜʝ ʩʧʝʮʠʘʣʠʩʪʦʚ 

ʩʘʤʦʩʪʦʷʪʝʣʴʥʦʝ ʥʘʫʯʥʦʝ ʥʘʧʨʘʚʣʝʥʠʝ, ʩʚʷʟʘʥʥʦʝ ʩ ʩʠʥʪʝʟʦʤ ʧʦʤʝʭʦʫʩʪʦʡʯʠʚʳʭ ʢʦʜʦʚ [4]. 

ʇʘʨʘʣʣʝʣʴʥʦ, ʧʦʩʣʝ ʦʙʥʘʨʦʜʦʚʘʥʠʷ ʧʨʝʜʣʦʞʝʥʥʦʡ ɺ.ɸ. ʂʦʪʝʣʴʥʠʢʦʚʳʤ ʪʝʦʨʠʠ 

ʧʦʪʝʥʮʠʘʣʴʥʦʡ ʧʦʤʝʭʦʫʩʪʦʡʯʠʚʦʩʪʠ [5], ʩʘʤʦʩʪʦʷʪʝʣʴʥʦ ʨʘʟʚʠʚʘʝʪʩʷ ʥʘʧʨʘʚʣʝʥʠʝ ʩʠʥʪʝʟʘ 

ʩʠʩʪʝʤ ʦʧʪʠʤʘʣʴʥʦʡ ʦʙʨʘʙʦʪʢʠ ʩʠʛʥʘʣʦʚ.  

ɼʦʩʪʠʞʝʥʠʷ ʚ ʦʙʣʘʩʪʷʭ ʧʦʤʝʭʦʫʩʪʦʡʯʠʚʦʛʦ ʢʦʜʠʨʦʚʘʥʠʷ ʠ ʦʧʪʠʤʘʣʴʥʦʡ ʦʙʨʘʙʦʪʢʠ 

ʩʠʛʥʘʣʦʚ ʩʦʩʪʘʚʣʷʶʪ ʦʩʥʦʚʫ ʩʦʚʨʝʤʝʥʥʳʭ ʠ ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʩʠʩʪʝʤ ʪʝʣʝʢʦʤʤʫʥʠʢʘʮʠʡ. ʉʘʤʘ 

ʞʝ ʪʝʦʨʠʷ ʠʥʬʦʨʤʘʮʠʠ ʧʦʪʝʨʷʣʘ ʩʚʦʶ ʢʦʥʩʪʨʫʢʪʠʚʥʫʶ ʨʦʣʴ ʚ ʧʨʦʮʝʩʩʝ ʩʦʟʜʘʥʠʷ ʩʨʝʜʩʪʚ 

ʧʝʨʝʜʘʯʠ ʠʥʬʦʨʤʘʮʠʠ. 

ʇʨʠʢʣʘʜʥʘʷ ʪʝʦʨʠʷ ʠʥʬʦʨʤʘʮʠʠ ʜʣʷ ʪʝʣʝʢʦʤʤʫʥʠʢʘʮʠʡ [6], ʢʘʢ ʩʠʥʪʝʪʠʯʝʩʢʘʷ ʥʘʫʢʘ, 

ʩʦʝʜʠʥʠʚʰʘʷ ʚ ʩʝʙʝ ʟʥʘʥʠʷ ʠʟ ʚʩʝʭ ʧʨʠʚʝʜʝʥʥʳʭ ʚʳʰʝ ʠ ʨʘʟʨʦʟʥʝʥʥʳʭ ʥʘʧʨʘʚʣʝʥʠʡ, 

ʧʦʟʚʦʣʠʣʘ ʧʨʝʦʜʦʣʝʪʴ ʥʝʦʧʨʝʜʝʣʝʥʥʦʩʪʴ ʪʝʦʨʝʤ ʂ.ʐʝʥʥʦʥʘ ʠ ʧʨʠʜʘʪʴ ʢʦʥʩʪʨʫʢʪʠʚʥʦʩʪʴ 

ʩʦʚʦʢʫʧʥʦʩʪʠ ʩʚʝʜʝʥʠʡ ʦ ʚʦʟʤʦʞʥʦʩʪʷʭ ʜʦʩʪʦʚʝʨʥʦʡ ʧʝʨʝʜʘʯʠ ʩʠʤʚʦʣʦʚ ʚ ʢʘʥʘʣʘʭ ʩ 

ʧʦʤʝʭʘʤʠ. 

ʇʨʠʤʝʥʠʪʝʣʴʥʦ ʢ ʜʠʩʢʨʝʪʥʦʤʫ ʙʠʥʘʨʥʦʤʫ ʢʘʥʘʣʫ ʩ ʧʦʤʝʭʘʤʠ ʩʦ ʩʪʨʦʛʦ ʦʧʨʝʜʝʣʝʥʥʦʡ 

ʧʦʣʦʩʦʡ ʯʘʩʪʦʪ (ʠ, ʟʥʘʯʠʪ, ʬʠʢʩʠʨʦʚʘʥʥʦʡ ʩʢʦʨʦʩʪʴʶ V) ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʜʝʡʩʪʚʠʡ ʧʦ 

ʦʧʨʝʜʝʣʝʥʠʶ ʢʦʥʩʪʨʫʢʪʠʚʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʠʟʙʳʪʦʯʥʦʛʦ ʢʦʜʘ, ʦʙʝʩʧʝʯʠʚʘʶʱʝʛʦ ʧʝʨʝʜʘʯʫ 

ʩʠʤʚʦʣʦʚ ʠʩʪʦʯʥʠʢʘ ʩ ʟʘʜʘʥʥʦʡ ʚʝʨʦʷʪʥʦʩʪʴʶ ʦʰʠʙʢʠ  ʨʆʐʢʦʜ ʧʨʠ ʫʩʣʦʚʠʠ, ʯʪʦ ʚ ʪʦʤ ʞʝ 

ʢʘʥʘʣʝ ʙʝʟ ʤʝʨ ʢʦʜʠʨʦʚʘʥʠʷ ʚʝʨʦʷʪʥʦʩʪʴ ʦʰʠʙʢʠ ʩʦʩʪʘʚʣʷʝʪ Pʦ  h  > ʨʆʐʢʦʜ = Pb, ʩʚʦʜʠʪʩʷ ʢ 

ʩʣʝʜʫʶʱʝʤʫ ʘʣʛʦʨʠʪʤʫ [7]. 

ɿʘʜʘʥʥʳʤʠ ʩʯʠʪʘʶʪʩʷ ʧʘʨʘʤʝʪʨʳ ʩʠʩʪʝʤʳ ʧʝʨʝʜʘʯʠ ʠʥʬʦʨʤʘʮʠʠ:  

 ï ʜʣʠʥʘ ʙʣʦʢʘ ʢʦʜʘ n; 

ï ʪʨʝʙʫʝʤʘʷ ʜʦʩʪʦʚʝʨʥʦʩʪʴ ʧʨʠʝʤʘ ʩʠʤʚʦʣʦʚ ʠʩʪʦʯʥʠʢʘ Pb; 

ï ʵʥʝʨʛʝʪʠʯʝʩʢʠʝ ʫʩʣʦʚʠʷ ʚ ʢʘʥʘʣʝ ʩʚʷʟʠ h
2
; 

ï ʩʧʦʩʦʙ ʬʦʨʤʠʨʦʚʘʥʠʷ ʠ ʦʙʨʘʙʦʪʢʠ ʩʠʤʚʦʣʦʚ ʚ ʢʘʥʘʣʝ. 

ʅʝʦʙʭʦʜʠʤʦ ʚʳʙʨʘʪʴ ʠʟ ʠʟʚʝʩʪʥʳʭ ʧʦʤʝʭʦʫʩʪʦʡʯʠʚʳʭ ʢʦʜʦʚ ʩ ʟʘʜʘʥʥʦʡ ʜʣʠʥʦʡ ʙʣʦʢʘ n 

ʢʦʜ, ʢʦʪʦʨʳʡ ʙʳ ʧʦʟʚʦʣʠʣ ʧʝʨʝʜʘʚʘʪʴ ʩʦʦʙʱʝʥʠʷ ʠʩʪʦʯʥʠʢʘ ʧʦ ʢʘʥʘʣʫ ʩ ʠʟʚʝʩʪʥʳʤʠ 

ʵʥʝʨʛʝʪʠʯʝʩʢʠʤʠ ʠ ʧʦʤʝʭʦʚʳʤʠ ʫʩʣʦʚʠʷʤʠ (ʯʝʨʝʟ h
2
) ʩʦ ʩʢʦʨʦʩʪʴʶ ʢʦʜʠʨʦʚʘʥʠʷ rʢ, 

ʤʘʢʩʠʤʘʣʴʥʦ ʧʨʠʙʣʠʞʘʶʱʝʡʩʷ ʢ ʛʨʘʥʠʮʝ ʐʝʥʥʦʥʘ, ʠ ʩ ʟʘʜʘʥʥʦʡ ʜʦʩʪʦʚʝʨʥʦʩʪʴʶ 

ʜʝʢʦʜʠʨʦʚʘʥʥʳʭ ʩʠʤʚʦʣʦʚ ʠʩʪʦʯʥʠʢʘ Pb. 

ʉʣʝʜʫʝʪ ʟʘʤʝʪʠʪʴ, ʯʪʦ ʧʦʢʘʟʘʪʝʣʴ E1 ʠʟ ʩʦʦʪʥʦʰʝʥʠʷ (1) ʯʠʩʣʝʥʥʦ ʩʦʚʧʘʜʘʝʪ ʩ 

ʜʦʧʫʩʪʠʤʦʡ ʜʦʣʝʡ ʩʠʤʚʦʣʦʚ ʠʩʪʦʯʥʠʢʘ ʚ ʦʙʱʝʤ ʧʦʪʦʢʝ ʩʠʤʚʦʣʦʚ ʚ ʢʘʥʘʣʝ. ʈʝʘʣʴʥʫʶ ʜʦʣʶ 

ʩʠʤʚʦʣʦʚ ʠʩʪʦʯʥʠʢʘ ʚ ʦʙʱʝʤ ʧʦʪʦʢʝ ʩʠʤʚʦʣʦʚ ʚ ʢʘʥʘʣʝ ʫʢʘʟʳʚʘʝʪ ʧʦʢʘʟʘʪʝʣʴ rʢ. ʆʪʩʶʜʘ 

ʩʣʝʜʫʝʪ ʦʯʝʚʠʜʥʦʝ ʫʪʚʝʨʞʜʝʥʠʝ ʦ ʪʦʤ, ʯʪʦ 

k/n =
1Erk ¢ er er er e1 log (1 ) log(1 )r

C
P P P P

V
= = + Ö + - Ö -,     (3) 

ʛʜʝ Per  ï ʚʝʨʦʷʪʥʦʩʪʴ ʦʰʠʙʦʯʥʦʛʦ ʧʨʠʝʤʘ ʩʠʤʚʦʣʘ ʥʘ ʚʭʦʜʝ ʜʝʢʦʜʝʨʘ (Per =Pʦ  h). 

ʊʦʛʜʘ ʚʝʨʦʷʪʥʦʩʪʴ Pb ʧʨʘʚʠʣʴʥʦʛʦ ʧʨʠʝʤʘ ʦʜʠʥʦʯʥʦʛʦ ʩʠʤʚʦʣʘ ʥʘ ʚʳʭʦʜʝ ʜʝʢʦʜʝʨʘ, 

ʢʦʪʦʨʳʡ ʥʘʜʝʞʥʦ ʠʩʧʨʘʚʣʷʝʪ t ʦʰʠʙʦʢ ʚ ʙʣʦʢʝ ʠʟ n ʩʠʤʚʦʣʦʚ, ʨʘʚʥʘ: 
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ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʠʩʢʦʤʳʡ ʢʦʜ ʜʦʣʞʝʥ ʦʜʥʦʚʨʝʤʝʥʥʦ ʦʙʣʘʜʘʪʴ ʜʚʫʤʷ ʩʚʦʡʩʪʚʘʤʠ: 
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- ʠʩʧʨʘʚʣʷʪʴ t ʦʰʠʙʦʢ; 

- ʠʤʝʪʴ ʩʢʦʨʦʩʪʴ ʢʦʜʠʨʦʚʘʥʠʷ rʢ , ʤʘʢʩʠʤʘʣʴʥʦ  ʧʨʠʙʣʠʞʝʥʥʫʶ ʢ ʟʥʘʯʝʥʠʶ E1. 

ʅʝʦʙʭʦʜʠʤʳʤ ʫʩʣʦʚʠʝʤ ʜʣʷ ʩʫʱʝʩʪʚʦʚʘʥʠʷ ʢʦʜʦʚ ʩ ʟʘʜʘʥʥʳʤʠ ʢʦʨʨʝʢʪʠʨʫʶʱʠʤʠ 

ʩʚʦʡʩʪʚʘʤʠ  ʚʳʩʪʫʧʘʝʪ ʛʨʘʥʠʮʘ ʇʣʦʪʢʠʥʘ, ʢʦʪʦʨʘʷ ʦʧʨʝʜʝʣʷʝʪ ʧʨʝʜʝʣ ʤʦʱʥʦʩʪʠ ʜʚʦʠʯʥʦʛʦ 

ʢʦʜa ʜʣʠʥʳ n ʠ ʤʠʥʠʤʘʣʴʥʦʛʦ ʢʦʜʦʚʦʛʦ ʨʘʩʩʪʦʷʥʠʷ d. ɼʦʩʪʘʪʦʯʥʳʤ ʫʩʣʦʚʠʝʤ ʩʫʱʝʩʪʚʦʚʘʥʠʷ 

ʢʦʜʘ ʷʚʣʷʝʪʩʷ ʫʜʦʚʣʝʪʚʦʨʝʥʠʝ ʫʩʣʦʚʠʷʤ ʛʨʘʥʠʮʳ ɺʘʨʰʘʤʦʚʘ-ɻʠʣʴʙʝʨʪʘ [1, 3]. 

ɺ ʩʣʫʯʘʝ ʨʘʚʝʥʩʪʚʘ ʧʦʢʘʟʘʪʝʣʝʡ E1 = rʢ ʚ (3) ï ʧʨʦʧʫʩʢʥʘʷ ʩʧʦʩʦʙʥʦʩʪʴ ʉɼ ʚʦ ʩʪʦʣʴʢʦ 

ʨʘʟ ʤʝʥʴʰʝ ʩʢʦʨʦʩʪʠ ʧʝʨʝʜʘʯʠ ʩʠʤʚʦʣʦʚ ʚ ʢʘʥʘʣʝ V, ʚʦ ʩʢʦʣʴʢʦ ʨʘʟ ʯʠʩʣʦ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ 

ʩʠʤʚʦʣʦʚ k ʦʪʣʠʯʘʝʪʩʷ ʦʪ ʜʣʠʥʳ ʙʣʦʢʘ n ʠʟʙʳʪʦʯʥʦʛʦ ʢʦʜʘ.  

 

ʌʫʥʢʮʠʦʥʘʣ ʦʧʪʠʤʠʟʘʮʠʠ ʚ ʵʪʦʤ ʩʣʫʯʘʝ ʠʤʝʝʪ ʚʠʜ: 

bk
nknd

PhnrE ,,}{min 2

1
}/,2/{
-        (5) 

ʀʟ (3) - (5) ʩʣʝʜʫʝʪ, ʯʪʦ, ʟʘʜʘʯʘ ʧʦʠʩʢʘ ʦʧʪʠʤʘʣʴʥʦʛʦ ʧʦʤʝʭʦʫʩʪʦʡʯʠʚʦʛʦ ʢʦʜʘ ʨʝʰʘʝʪʩʷ 

ʥʘ ʩʪʳʢʝ ʪʝʦʨʠʠ ʧʦʪʝʥʮʠʘʣʴʥʦʡ ʧʦʤʝʭʦʫʩʪʦʡʯʠʚʦʩʪʠ (ʊʇʇʋ) ʠ ʪʝʦʨʠʠ ʧʦʤʝʭʦʫʩʪʦʡʯʠʚʦʛʦ 

ʢʦʜʠʨʦʚʘʥʠʷ (ʊʇʂ) ʧʦ ʢʨʠʪʝʨʠʷʤ ʪʝʦʨʠʠ ʠʥʬʦʨʤʘʮʠʠ (ʊʀ). 

ʉ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʠʟʚʝʩʪʥʳʭ ʩʦʦʪʥʦʰʝʥʠʡ ʊʇʇʋ ʠ ʊʇʂ ʩʪʨʦʷʪʩʷ ʟʘʚʠʩʠʤʦʩʪʠ: 

ï ʚʝʨʦʷʪʥʦʩʪʠ ʦʰʠʙʢʠ ʚ ʢʘʥʘʣʝ ʈer ʦʪ ʧʘʨʘʤʝʪʨʘ h
2
; 

ï ʢʦʣʠʯʝʩʪʚʘ ʦʰʠʙʦʢ t ʚ ʙʣʦʢʝ ʜʣʠʥʦʡ n ʦʪ ʧʘʨʘʤʝʪʨʘ h
2
; 

ï ʟʥʘʯʝʥʠʡ ʧʘʨʘʤʝʪʨʘ d/2n ʦʪ ʧʘʨʘʤʝʪʨʘ h
2
; 

ï ʟʥʘʯʝʥʠʡ ʚʟʘʠʤʥʦʡ ʵʥʪʨʦʧʠʠ ɽ1 ʦʪ ʧʘʨʘʤʝʪʨʘ h
2
; 

ï ʛʨʘʥʠʮ ʇʣʦʪʢʠʥʘ  ʠ ɺʘʨʰʘʤʦʚʘ-ɻʠʣʴʙʝʨʪʘ ʥʘ ʧʣʦʩʢʦʩʪʠ {rʢ; d/2n};  

ï ʧʨʦʝʢʮʠʡ ʛʨʘʥʠʮ  ʇʣʦʪʢʠʥʘ ʠ ɺʘʨʰʘʤʦʚʘ-ɻʠʣʴʙʝʨʪʘ ʥʘ ʧʣʦʩʢʦʩʪʠ {rʢ; h
2
};  

ï ʧʘʨʘʤʝʪʨʦʚ ʠʟʚʝʩʪʥʳʭ ʢʦʜʦʚ ʩ ʜʣʠʥʦʡ ʙʣʦʢʘ n ʚ ʢʦʦʨʜʠʥʘʪʘʭ {rʢ; d/2n}.  

 ʈʘʩʩʤʘʪʨʠʚʘʷ ʫʩʣʦʚʠʝ (3) ʚ ʢʘʯʝʩʪʚʝ ʦʧʨʝʜʝʣʷʶʱʝʛʦ, ʤʦʞʥʦ ʚʠʜʝʪʴ, ʯʪʦ ʦʙʘ ʝʛʦ 

ʘʨʛʫʤʝʥʪʘ ï rʢ ʠ E1 ï ʚʟʘʠʤʦʜʝʡʩʪʚʫʶʪ ʯʝʨʝʟ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʚʳʩʪʨʦʝʥʥʳʭ ʟʘʚʠʩʠʤʦʩʪʝʡ: 

{ E1(h
2
)}, { d/2n (h

2
)} ʠ {rʢ (d/2n)}.  

ʉʣʝʜʫʶʱʠʤ ʰʘʛʦʤ ʷʚʣʷʝʪʩʷ ʦʧʨʝʜʝʣʝʥʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʪʦʛʦ ʢʦʜʘ, ʢʦʪʦʨʳʡ ʩʧʦʩʦʙʝʥ 

ʦʙʝʩʧʝʯʠʪʴ ʟʘʜʘʥʥʫʶ ʜʦʩʪʦʚʝʨʥʦʩʪʴ ʧʨʠ ʩʢʦʨʦʩʪʠ ʢʦʜʘ rʢ , ʧʨʠʙʣʠʞʘʶʱʝʡʩʷ ʢ ʛʨʘʥʠʮʝ 

ʐʝʥʥʦʥʘ E1.  ɼʣʷ ʵʪʦʛʦ ʦʙʨʘʪʠʤʩʷ ʢ ʩʪʨʫʢʪʫʨʝ ʢʦʜʦʚ, ʠʩʧʨʘʚʣʷʶʱʠʭ ʦʰʠʙʢʠ, ʥʘ ʛʨʘʥʠʮʝ ʠʭ 

ʢʦʨʨʝʢʪʠʨʫʶʱʠʭ ʚʦʟʤʦʞʥʦʩʪʝʡ. ʊʦʛʜʘ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʚʳʙʦʨʘ ʦʧʪʠʤʘʣʴʥʦʛʦ ʢʦʜʘ ʩ 

ʜʣʠʥʦʡ ʙʣʦʢʘ n: 

1. ʆʧʨʝʜʝʣʝʥʠʝ ʧʦ ʟʘʜʘʥʥʦʤʫ ʟʥʘʯʝʥʠʶ h
2
 ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ ʟʥʘʯʝʥʠʷ d/2n. 

2. ʆʧʨʝʜʝʣʝʥʠʝ ʧʦ ʧʨʦʝʢʮʠʠ ʥʘʡʜʝʥʥʦʛʦ ʟʥʘʯʝʥʠʷ d/2n ʛʨʘʥʠʯʥʳʭ ʟʥʘʯʝʥʠʡ rʢ ʜʣʷ 

ʢʦʨʨʝʢʪʠʨʫʶʱʝʛʦ ʢʦʜʘ ʥʘ ʧʣʦʩʢʦʩʪʠ {rʢ; d/2n} . 

3. ʇʦʩʪʨʦʝʥʠʝ ʧʨʦʝʢʮʠʠ ʛʨʘʥʠʮ ʇʣʦʪʢʠʥʘ ʠ ɺʘʨʰʘʤʦʚʘ-ɻʠʣʴʙʝʨʪʘ ʥʘ ʧʣʦʩʢʦʩʪʠ {rʢ; 

h
2
}.  

4. ʌʦʨʤʠʨʦʚʘʥʠʝ ʪʨʝʫʛʦʣʴʥʠʢʘ ʧʘʨʘʤʝʪʨʦʚ ʥʘ ʧʣʦʩʢʦʩʪʠ {rʢ; d/2n} ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʧʨʦʝʢʮʠʠ ʥʘʡʜʝʥʥʦʛʦ ʟʥʘʯʝʥʠʷ d/2n. 

5. ɺʳʙʦʨ ʚʥʫʪʨʠ ʪʨʝʫʛʦʣʴʥʠʢʘ ʢʦʜʘ ʠʟ ʩʫʱʝʩʪʚʫʶʱʠʭ, ʫʜʦʚʣʝʪʚʦʨʷʶʱʝʛʦ 

ʧʦʩʪʘʚʣʝʥʥʳʤ ʪʨʝʙʦʚʘʥʠʷʤ ʜʦʩʪʦʚʝʨʥʦʩʪʠ ʧʝʨʝʜʘʯʠ ʠ ʠʤʝʶʱʠʡ ʢʦʜʦʚʫʶ ʩʢʦʨʦʩʪʴ rʢ, 

ʤʘʢʩʠʤʘʣʴʥʦ ʧʨʠʙʣʠʞʝʥʥʫʶ ʢ ʛʨʘʥʠʮʝ ɽ1. ʆʧʨʝʜʝʣʝʥʠʝ ʧʘʨʘʤʝʪʨʘ k ʜʣʷ ʙʣʦʢʘ ʜʣʠʥʦʡ n: k = 

nĀ rʢ. 

ʕʪʦ ʟʥʘʯʠʪ, ʯʪʦ ʟʘʜʘʥʥʦʤʫ ʟʥʘʯʝʥʠʶ h
2
 ʧʨʠ ʬʠʢʩʠʨʦʚʘʥʥʦʤ ʈb ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʦʜʥʦ 

ʟʥʘʯʝʥʠʝ  

d/2n Ò 0,25 ʠ ʜʚʝ ʧʨʦʝʢʮʠʠ ʥʘ ʦʩʴ rʢ: ʦʜʥʘ ʚ ʧʝʨʝʩʝʯʝʥʠʠ ʩ ʛʨʘʥʠʮʝʡ ʇʣʦʪʢʠʥʘ, ʜʨʫʛʘʷ ï  ʩ 

ʛʨʘʥʠʮʝʡ ɺʘʨʰʘʤʦʚʘ-ɻʠʣʴʙʝʨʪʘ. ʕʪʠ ʫʩʣʦʚʠʷ ʚʢʣʶʯʘʶʪ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʜʝʡʩʪʚʠʡ, 

ʥʝʦʙʭʦʜʠʤʳʭ ʜʣʷ ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ ʦʪʳʩʢʘʥʠʷ ʢʦʜʘ, ʢʦʪʦʨʳʡ ʙʳ ʥʝ ʜʦʧʫʩʢʘʣ ʧʨʝʚʳʰʝʥʠʝ 

ʧʨʦʧʫʩʢʥʦʡ ʩʧʦʩʦʙʥʦʩʪʠ ʢʘʥʘʣʘ ʠ ʦʙʝʩʧʝʯʠʚʘʣ ʟʘʜʘʥʥʫʶ ʜʦʩʪʦʚʝʨʥʦʩʪʴ ʧʨʠʝʤʘ 

ʜʝʢʦʜʠʨʦʚʘʥʥʳʭ ʩʠʤʚʦʣʦʚ. 

http://ru.wikipedia.org/wiki/%D0%9A%D0%BE%D0%B4
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ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʠʟʣʦʞʝʥʳ ʚʩʝ ʫʩʣʦʚʠʷ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʧʦʤʝʭʦʫʩʪʦʡʯʠʚʦʛʦ ʢʦʜʘ ʩ 

ʟʘʜʘʥʥʳʤʠ ʢʦʨʨʝʢʪʠʨʫʶʱʠʤʠ ʩʚʦʡʩʪʚʘʤʠ, ʤʘʢʩʠʤʘʣʴʥʦ ʧʨʠʙʣʠʞʝʥʥʦʛʦ ʢ ʛʨʘʥʠʮʝ ʐʝʥʥʦʥʘ 

ʧʨʠ ʠʟʚʝʩʪʥʳʭ ʧʘʨʘʤʝʪʨʘʭ ʢʘʥʘʣʘ. 
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ʈɸɿɺʀʊʀɽ ʊɽʍʅʆʃʆɻʀʀ WIFI  ɺ ʆʇɽʈɸʊʆʈʉʂʀʍ ʉɽʊʗʍ 

ɸʣʝʢʩʝʡ ʍʘʭʣʶʢ 

ɼʇ çɸʣʢʘʪʝʣʴ-ʃʫʩʝʥʪ ʋʢʨʘʠʥʘè 

ʅʘ ʩʦʚʨʝʤʝʥʥʦʤ ʵʪʘʧʝ ʨʘʟʚʠʪʠʷ ʧʦʪʨʝʙʠʪʝʣʴʩʢʦʡ ʵʣʝʢʪʨʦʥʠʢʠ ʩʪʠʨʘʝʪʩʷ ʛʨʘʥʴ ʤʝʞʜʫ 

ʫʩʪʨʦʡʩʪʚʘʤʠ, ʧʦʜʢʣʶʯʘʝʤʳʤʠ ʢ ʤʦʙʠʣʴʥʳʤ ʠ ʧʨʦʚʦʜʥʳʤ ʩʝʪʷʤ ʩʚʷʟʠ. ʇʦʷʚʣʝʥʠʝ 

ʧʦʨʪʘʪʠʚʥʳʭ ʤʦʜʝʤʦʚ 3G/4G, ʦʙʝʩʧʝʯʠʣʦ ʚʦʟʤʦʞʥʦʩʪʴ ʣʝʛʢʦʛʦ ʧʦʜʢʣʶʯʝʥʠʷ ʢ ʤʦʙʠʣʴʥʦʡ 

ʩʝʪʠ ʜʣʷ ʥʦʫʪʙʫʢʦʚ, ʜʦʤʘʰʥʠʭ WiFi ʨʦʫʪʝʨʦʚ, TV, ʤʝʜʠʘʧʣʝʝʨʦʚ ʠ ʜʨʫʛʠʭ ʫʩʪʨʦʡʩʪʚ. 

ɹʳʩʪʨʦʝ ʨʘʟʚʠʪʠʝ ʩʨʝʜʩʪʚ ʙʝʩʧʨʦʚʦʜʥʦʡ ʰʠʨʦʢʦʧʦʣʦʩʥʦʡ ʤʦʙʠʣʴʥʦʡ ʩʚʷʟʠ ʩ ʦʜʥʦʡ ʩʪʦʨʦʥʳ, 

ʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʚʳʩʦʢʦʧʨʦʠʟʚʦʜʠʪʝʣʴʥʳʭ ʧʦʨʪʘʪʠʚʥʳʭ ʘʙʦʥʝʥʪʩʢʠʭ ʫʩʪʨʦʡʩʪʚ, ʩ ʜʨʫʛʦʡ 

ʩʪʦʨʦʥʳ, ʧʨʠʚʝʣʦ ʢ ʣʘʚʠʥʦʦʙʨʘʟʥʦʤʫ ʨʦʩʪʫ ʪʨʘʬʠʢʘ ʚ ʤʦʙʠʣʴʥʳʭ ʩʝʪʷʭ. ʅʘʨʘʱʠʚʘʥʠʝ 

ʝʤʢʦʩʪʠ ʤʦʙʠʣʴʥʦʡ ʩʝʪʠ ʟʘ ʩʯʝʪ ʫʩʪʘʥʦʚʢʠ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʙʘʟʦʚʳʭ ʩʪʘʥʮʠʡ ʠʣʠ 

ʨʘʩʰʠʨʝʥʠʷ ʠʩʧʦʣʴʟʫʝʤʦʛʦ ʯʘʩʪʦʪʥʦʛʦ ʩʧʝʢʪʨʘ ʥʝ ʚʩʝʛʜʘ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʚʦʟʤʦʞʥʳʤ. 

ʇʝʨʝʥʦʩ ʯʘʩʪʠ ʪʨʘʬʠʢʘ ʠʟ ʤʘʢʨʦʩʝʪʠ ʚ WiFi ʧʦʟʚʦʣʠʪ ʯʘʩʪʠʯʥʦ ʨʘʟʛʨʫʟʠʪʴ ʧʝʨʝʛʨʫʞʝʥʥʫʶ 

ʠʥʬʨʘʩʪʨʫʢʪʫʨʫ ʤʦʙʠʣʴʥʦʛʦ ʦʧʝʨʘʪʦʨʘ, ʦʙʝʩʧʝʯʠʪ ʙʦʣʝʝ ʩʢʦʨʦʩʪʥʦʝ ʧʦʜʢʣʶʯʝʥʠʝ ʢ 

ʠʥʪʝʨʥʝʪ ʜʣʷ ʘʙʦʥʝʥʪʦʚ. ʂ ʪʦʤʫ ʞʝ, ʧʦʜʜʝʨʞʢʘ WiFi ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ ʦʙʭʦʜʠʪʩʷ ʟʥʘʯʠʪʝʣʴʥʦ 

ʜʝʰʝʚʣʝ. ʂʘʢ ʧʦʢʘʟʳʚʘʝʪ ʧʨʘʢʪʠʢʘ, WiFi HotSpot ʤʦʞʝʪ ʦʙʝʩʧʝʯʠʪʴ ʙʦʣʴʰʫʶ ʩʢʦʨʦʩʪʴ 

ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ ʠ ʦʙʩʣʫʞʠʪʴ ʙʦʣʴʰʝʝ ʢʦʣʠʯʝʩʪʚʦ ʧʦʜʢʣʶʯʝʥʠʡ ʯʝʤ ʩʦʚʨʝʤʝʥʥʳʝ Femto 

ʩʦʪʳ.   

ʇʦʩʣʝʜʥʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʧʣʘʥʰʝʪʥʳʝ ʢʦʤʧʴʶʪʝʨʳ ʩ ʤʦʜʫʣʷʤʠ 3G ʙʦʣʴʰʫʶ 

ʯʘʩʪʴ ʚʨʝʤʝʥʠ ʦʩʪʘʶʪʩʷ ʧʦʜʢʣʶʯʝʥʥʳʤʠ ʢ WiFi ʩʝʪʷʤ. ʋʯʠʪʳʚʘʷ ʪʦʪ ʬʘʢʪ, ʯʪʦ ʧʝʨʝʢʣʶʯʘʷʩʴ 

ʥʘ WiFi HotSpot, ʧʦʣʴʟʦʚʘʪʝʣʴ ʧʦʨʪʘʪʠʚʥʦʛʦ ʢʦʤʧʴʶʪʝʨʘ ʧʝʨʝʩʪʘʝʪ ʙʳʪʴ ʘʙʦʥʝʥʪʦʤ 

ʤʦʙʠʣʴʥʦʛʦ ʦʧʝʨʘʪʦʨʘ, ʪʦ ʨʘʟʚʠʪʠʝ ʩʦʙʩʪʚʝʥʥʳʭ ʩʝʪʝʡ WiFi ʧʦʟʚʦʣʠʪ ʧʨʝʜʣʦʞʠʪʴ ʥʦʚʳʝ 

ʧʘʢʝʪʳ ʫʩʣʫʛ ʩʚʦʠʤ ʘʙʦʥʝʥʪʘʤ, ʦʙʝʩʧʝʯʠʪʴ ʙʦʣʝʝ ʜʝʰʝʚʳʝ ʨʦʫʤʠʥʛʦʚʳʝ ʪʘʨʠʬʳ ʥʘ ʫʩʣʫʛʠ 

ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ.   

ʋʯʠʪʳʚʘʷ ʤʘʩʩʦʚʦʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʧʦʨʪʘʪʠʚʥʳʭ ʫʩʪʨʦʡʩʪʚ, ʦʧʝʨʘʪʦʨʳ ʬʠʢʩʠʨʦʚʘʥʥʦʡ 

ʩʚʷʟʠ ʪʘʢʞʝ ʟʘʠʥʪʝʨʝʩʦʚʘʥʳ ʚ ʨʘʟʚʠʪʠʠ WiFi ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ ʜʣʷ ʧʦʚʳʰʝʥʠʷ ʣʦʷʣʴʥʦʩʪʠ 

ʩʚʦʠʭ ʘʙʦʥʝʥʪʦʚ ʠ ʨʘʩʰʠʨʝʥʠʷ ʩʧʝʢʪʨʘ ʧʨʝʜʦʩʪʘʚʣʷʝʤʳʭ ʫʩʣʫʛ. ʉʝʛʦʜʥʷ ʠʤʝʥʥʦ ʦʧʝʨʘʪʦʨʳ 

ʬʠʢʩʠʨʦʚʘʥʥʦʡ ʩʚʷʟʠ ʢʦʥʪʨʦʣʠʨʫʶʪ ʙʦʣʴʰʠʥʩʪʚʦ WiFi HotSpot ʠ ʟʘʠʥʪʝʨʝʩʦʚʘʥʳ ʦʧʪʦʚʳʭ 

ʧʨʦʜʘʞʘʭ ʪʨʘʬʠʢʘ ʤʦʙʠʣʴʥʳʤ ʦʧʝʨʘʪʦʨʘʤ. 

ʄʘʩʩʦʚʦʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʪʝʭʥʦʣʦʛʠʡ WiFi ʚ ʩʝʪʷʭ ʦʧʝʨʘʪʦʨʦʚ ʩʜʝʨʞʠʚʘʣʦʩʴ ʪʘʢʠʤʠ 

ʬʘʢʪʦʨʘʤʠ, ʢʘʢ ʦʪʩʫʪʩʪʚʠʝ ʛʘʨʘʥʪʠʡ ʢʘʯʝʩʪʚʘ ʫʩʣʫʛ, ʤʘʣʘʷ ʟʘʱʠʱʝʥʥʦʩʪʴ ʧʦʜʢʣʶʯʝʥʠʡ, 

ʧʨʦʙʣʝʤʳ ʩ ʦʨʛʘʥʠʟʘʮʠʝʡ ʫʥʠʬʠʮʠʨʦʚʘʥʥʦʛʦ ʙʠʣʠʥʛʘ ʜʣʷ ʫʩʣʫʛʠ WiFI ʚ ʧʘʢʝʪʝ ʩ 

ʪʨʘʜʠʮʠʦʥʥʳʤʠ ʫʩʣʫʛʘʤʠ ʤʦʙʠʣʴʥʦʡ ʩʚʷʟʠ, ʦʪʩʫʪʩʪʚʠʝʤ ʤʦʙʠʣʴʥʦʩʪʠ ʤʝʞʜʫ WiFi ʠ 

ʤʘʢʨʦʩʝʪʴʶ ʦʧʝʨʘʪʦʨʘ, ʦʪʩʫʪʩʪʚʠʝ ʚʦʟʤʦʞʥʦʩʪʠ ʧʨʝʜʦʩʪʘʚʣʷʪʴ ʫʩʣʫʛʠ ʢʦʨʧʦʨʘʪʠʚʥʳʤ 

ʟʘʢʘʟʯʠʢʘʤ. 

ɼʣʷ ʘʙʦʥʝʥʪʦʚ ʫʩʣʫʛʠ WiFi HotSpot ʩʚʷʟʘʥʳ ʩ ʧʨʦʙʣʝʤʦʡ ʚʳʙʦʨʘ ʥʫʞʥʦʛʦ SSID, ʩʣʦʞʥʦʩʪʴʶ 

ʧʨʦʮʝʜʫʨ ʘʫʪʝʥʪʠʬʠʢʘʮʠʠ, ʦʪʩʫʪʩʪʚʠʝʤ ʜʦʚʝʨʠʷ ʢ ʦʧʝʨʘʪʦʨʫ WiFi HotSpot, ʯʘʩʪʦ ʥʝ 

ʚʦʟʤʦʞʥʦʩʪʴʶ ʧʦʣʫʯʠʪʴ ʜʦʩʪʫʧ ʢ ʪʨʝʙʫʝʤʦʤʫ ʢʦʥʪʝʥʪʫ.  

ʂʦʤʧʘʥʠʷ Alcatel-Lucent ʷʚʠʣʘʩʴ ʠʥʠʮʠʘʪʦʨʦʤ ʩʦʟʜʘʥʠʷ ʥʦʚʦʛʦ ʩʪʘʥʜʘʨʪʘ 3GPP, 

ʥʘʮʝʣʝʥʥʦʛʦ ʥʘ ʫʩʪʨʘʥʝʥʠʝ ʫʢʘʟʘʥʥʳʭ ʚʳʰʝ ʧʨʦʙʣʝʤ ʠ ʧʨʝʜʣʘʛʘʝʪ ʨʝʰʝʥʠʝ LightRadio-WiFi, 

ʧʦʟʚʦʣʷʶʱʝʝ: 

1.     ʀʥʪʝʛʨʠʨʦʚʘʪʴ ʩʝʪʠ WiFi  ʚ ʩʫʱʝʩʪʚʫʶʱʫʶ ʠʥʬʨʘʩʪʨʫʢʪʫʨʫ ʤʦʙʠʣʴʥʦʛʦ ʦʧʝʨʘʪʦʨʘ; 

2.     ʆʨʛʘʥʠʟʦʚʘʪʴ ʘʚʪʦʨʠʟʘʮʠʶ ʧʦʜʢʣʶʯʝʥʠʡ ʢ ʩʝʪʠ WiFi ʧʦ SIM-ʢʘʨʪʝ, ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʮʠʬʨʦʚʳʭ ʩʝʨʪʠʬʠʢʘʪʦʚ ʠʣʠ ʯʝʨʝʟ web-ʧʦʨʪʘʣ;   

3.     ʆʙʝʩʧʝʯʠʪʴ ʤʦʙʠʣʴʥʦʩʪʴ ʤʝʞʜʫ ʤʘʢʨʦʩʝʪʴʶ ʠ ʩʝʪʴʶ WiFi; 

4.     ʇʨʝʜʦʩʪʘʚʠʪʴ ʜʝʰʝʚʳʡ ʨʦʫʤʠʥʛ ʜʣʷ ʜʦʩʪʫʧʘ ʚ ʀʥʪʝʨʥʝʪ; 

5.     ɻʠʙʢʦ ʫʧʨʘʚʣʷʪʴ ʧʨʝʜʦʩʪʘʚʣʝʥʠʝʤ ʫʩʣʫʛ ʩ ʚʦʟʤʦʞʥʦʩʪʴʶ ʢʦʥʪʨʦʣʷ ʧʦ ʦʙʲʝʤʫ ʪʨʘʬʠʢʘ, 

ʚʨʝʤʝʥʠ ʧʦʜʢʣʶʯʝʥʠʷ, ʩ ʫʯʝʪʦʤ ʪʨʝʙʦʚʘʥʠʡ ʢ ʧʦʣʦʩʝ ʧʨʦʧʫʩʢʘʥʠʷ, ʩʧʝʮʠʬʠʢʠ ʨʘʙʦʪʳ 

ʢʦʥʢʨʝʪʥʳʭ ʧʨʠʣʦʞʝʥʠʡ ʠ ʫʩʣʫʛ; 

6.     ʋʥʠʬʠʮʠʨʦʚʘʥʥʳʡ ʙʠʣʠʥʛ ʜʣʷ wifi  ʧʦʜʢʣʶʯʝʥʠʡ; 

7.     ʆʨʛʘʥʠʟʘʮʠʷ ʜʦʩʪʫʧʘ ʢ ʢʦʨʧʦʨʘʪʠʚʥʳʤ ʯʘʩʪʥʳʤ ʩʝʪʷʤ.  
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Researching of physical layer of underground wireless sensor networks 

For WUSN (Wireless Underground Sensor Network) the great value has the physical level 

which features, mainly, and define functioning WUSN. Therefore a main objective of the given 

report is representation of the improved models of an underground communication channel, and the 

analysis of possibility of creation of an effective touch network through thickness of soil. 

 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʩʝʥʩʦʨʥʳʝ ʩʝʪʠ ʷʚʣʷʶʪʩʷ ʦʜʥʠʤ ʠʟ ʥʘʠʙʦʣʝʝ ʚʦʩʪʨʝʙʦʚʘʥʥʳʭ ʥʘʫʯʥʦ-

ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʭ ʥʘʧʨʘʚʣʝʥʠʡ ʚ ʪʝʣʝʢʦʤʤʫʥʠʢʘʮʠʷʭ [1]. ʆʙʣʘʩʪʴ ʠʭ ʧʨʠʤʝʥʝʥʠʷ 

ʧʦʩʪʦʷʥʥʦ ʨʘʩʰʠʨʷʝʪʩʷ, ʧʦʨʦʞʜʘʷ ʥʦʚʳʝ ʥʘʧʨʘʚʣʝʥʠʷ ʧʨʠʣʦʞʝʥʠʡ ʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʠʤ 

ʘʨʭʠʪʝʢʪʫʨʳ ʩʝʥʩʦʨʥʳʭ ʩʝʪʝʡ. ʆʜʥʠʤ ʠʟ ʪʘʢʠʭ ʥʘʧʨʘʚʣʝʥʠʡ ʷʚʣʷʶʪʩʷ ʙʝʩʧʨʦʚʦʜʥʳʝ 

ʧʦʜʟʝʤʥʳʝ ʩʝʥʩʦʨʥʳʝ ʩʝʪʠ WUSN (Wireless Underground Sensor Network). 

WUSN ʤʦʛʫʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʜʣʷ ʤʦʥʠʪʦʨʠʥʛʘ ʩʘʤʳʭ ʨʘʟʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ, ʪʘʢʠʭ ʢʘʢ 

ʩʚʦʡʩʪʚ ʧʦʯʚʳ ʜʣʷ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʧʨʠʤʝʥʝʥʠʡ ʠ ʪʦʢʩʠʯʝʩʢʠʭ ʩʫʙʩʪʘʥʮʠʡ ʜʣʷ 

ʤʦʥʠʪʦʨʠʥʛʘ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ. ɺ ʦʪʣʠʯʠʝ ʦʪ ʠʟʚʝʩʪʥʳʭ ʤʝʪʦʜʦʚ ʤʦʥʠʪʦʨʠʥʛʘ ʩʦʩʪʦʷʥʠʷ 

ʧʦʜʟʝʤʥʦʡ ʦʙʣʘʩʪʠ, ʢʦʪʦʨʳʝ ʦʩʥʦʚʳʚʘʶʪʩʷ ʥʘ ʟʘʢʦʧʘʥʥʳʭ ʚ ʟʝʤʣʶ ʩʝʥʩʦʨʘʭ, ʩʦʝʜʠʥʝʥʥʳʭ 

ʧʦʩʨʝʜʩʪʚʦʤ ʧʨʦʚʦʜʘ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ, WUSN-ʫʩʪʨʦʡʩʪʚʘ ʨʘʩʧʦʣʘʛʘʶʪʩʷ ʧʦʣʥʦʩʪʴʶ ʧʦʜ 

ʟʝʤʣʝʡ ʠ ʥʝ ʪʨʝʙʫʶʪ ʥʠʢʘʢʠʭ ʧʨʦʚʦʜʦʚʳʭ ʩʦʝʜʠʥʝʥʠʡ. ʂʘʞʜʦʝ ʫʩʪʨʦʡʩʪʚʦ ʩʦʜʝʨʞʠʪ ʚʩʝ 

ʥʝʦʙʭʦʜʠʤʳʝ ʩʝʥʩʦʨʳ, ʧʘʤʷʪʴ, ʧʨʦʮʝʩʩʦʨ, ʨʘʜʠʦʯʘʩʪʴ, ʘʥʪʝʥʥʫ ʠ ʠʩʪʦʯʥʠʢ ʵʥʝʨʛʠʠ. ʕʪʦ 

ʜʝʣʘʝʪ ʠʭ ʧʨʠʤʝʥʝʥʠʝ ʙʦʣʝʝ ʧʨʦʩʪʳʤ, ʯʝʤ ʫ ʠʤʝʶʱʠʭʩʷ ʧʦʜʟʝʤʥʳʭ ʩʝʥʩʦʨʥʳʭ ʨʝʰʝʥʠʡ. 

ʆʜʥʘʢʦ ʙʝʩʧʨʦʚʦʜʥʳʝ ʢʦʤʤʫʥʠʢʘʮʠʠ ʨʘʙʦʪʘʶʪ ʚʥʫʪʨʠ ʧʣʦʪʥʦʡ ʩʫʙʩʪʘʥʮʠʠ, ʪʘʢʦʡ ʢʘʢ ʛʨʫʥʪ 

ʠʣʠ ʛʦʨʥʘʷ ʧʦʨʦʜʘ, ʯʪʦ ʪʨʝʙʫʝʪ ʙʦʣʴʰʠʭ ʫʩʠʣʠʡ, ʯʝʤ ʧʝʨʝʜʘʯʘ ʩʠʛʥʘʣʘ ʯʝʨʝʟ ʚʦʟʜʫʭ. ʕʪʦʪ 

ʬʘʢʪʦʨ ʚ ʢʦʤʙʠʥʘʮʠʠ ʩ ʥʝʦʙʭʦʜʠʤʦʩʪʴʶ ʩʦʭʨʘʥʝʥʠʷ ʵʥʝʨʛʠʠ ʚʩʣʝʜʩʪʚʠʝ ʪʨʫʜʥʦʩʪʝʡ 

ʨʘʩʢʘʧʳʚʘʥʠʷ ʠ ʧʝʨʝʟʘʨʷʜʢʠ WUSN-ʫʩʪʨʦʡʩʪʚ, ʪʨʝʙʫʝʪ, ʯʪʦʙʳ ʩʚʷʟʥʳʝ ʧʨʦʪʦʢʦʣʳ ʙʳʣʠ 

ʥʘʠʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʳʤʠ. 

ɻʣʘʚʥʦʝ ʦʪʣʠʯʠʝ ʤʝʞʜʫ WUSN ʠ ʥʘʟʝʤʥʳʤʠ ʙʝʩʧʨʦʚʦʜʥʳʤʠ ʩʝʥʩʦʨʥʳʤʠ ʩʝʪʷʤʠ 

ʩʦʩʪʦʠʪ ʚ ʩʨʝʜʝ ʧʝʨʝʜʘʯʠ. ʍʘʨʘʢʪʝʨʠʩʪʠʢʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʭ (ʕʄ) ʚʦʣʥ ʚ 

ʧʦʯʚʝ ʟʥʘʯʠʪʝʣʴʥʦ ʦʪʣʠʯʘʶʪʩʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʕʄ-ʚʦʣʥ ʚ ʚʦʟʜʫʭʝ.  

ʆʯʝʚʠʜʥʦ, ʯʪʦ ʜʣʷ WUSN ʙʦʣʴʰʦʝ ʟʥʘʯʝʥʠʝ ʠʤʝʝʪ ʬʠʟʠʯʝʩʢʠʡ ʫʨʦʚʝʥʴ, ʦʩʦʙʝʥʥʦʩʪʠ 

ʢʦʪʦʨʦʛʦ, ʛʣʘʚʥʳʤ ʦʙʨʘʟʦʤ, ʠ ʦʧʨʝʜʝʣʷʶʪ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʝ WUSN. ʇʦʵʪʦʤʫ ʦʩʥʦʚʥʦʡ 

ʮʝʣɹʁ  ʜʘʥʥʦʛʦ ʜʦʢʣʘʜʘ ʷʚʣʷʝʪʩʷ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʫʣʫʯʰʝʥʥʳʭ ʤʦʜʝʣʝʡ ʧʦʜʟʝʤʥʦʛʦ ʢʘʥʘʣʘ 

ʩʚʷʟʠ, ʠ ʘʥʘʣʠʟ ʚʦʟʤʦʞʥʦʩʪʠ ʩʦʟʜʘʥʠʷ ʵʬʬʝʢʪʠʚʥʦʡ ʩʝʥʩʦʨʥʦʡ ʩʝʪʠ ʯʝʨʝʟ ʪʦʣʱʫ ʧʦʯʚʳ, ʘ 

ʪʘʢʞʝ ʚ ʧʦʜʟʝʤʥʳʭ ʪʫʥʝʣʷʭ ʠ ʰʘʭʪʘʭ.  

ɺ ʯʘʩʪʥʦʩʪʠ, ʧʦʜʟʝʤʥʳʡ ʢʘʥʘʣ ʩʚʷʟʠ ʤʦʜʝʣʠʨʫʝʪʩʷ ʩ ʫʯʝʪʦʤ ʥʝ ʪʦʣʴʢʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ 

ʕʄ-ʚʦʣʥ ʚ ʧʦʯʚʝ, ʥʦ ʠ ʜʨʫʛʠʭ ʵʬʬʝʢʪʦʚ, ʪʘʢʠʭ ʢʘʢ ʤʥʦʛʦʣʫʯʝʚʦʩʪʴ, ʩʦʩʪʘʚ ʠ ʩʳʨʦʩʪʴ ʧʦʯʚʳ, 

ʛʣʫʙʠʥʘ ʧʦʛʨʫʞʝʥʠʷ. ʍʘʨʘʢʪʝʨʠʩʪʠʢʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʠʩʩʣʝʜʫʶʪʩʷ ʯʝʨʝʟ ʨʝʟʫʣʴʪʘʪʳ 

ʩʠʤʫʣʷʮʠʠ ʧʦʪʝʨʴ ʥʘ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʤʝʞʜʫ ʜʚʫʤʷ ʧʦʜʟʝʤʥʳʤʠ ʩʝʥʩʦʨʘʤʠ. ʆʩʥʦʚʳʚʘʷʩʴ ʥʘ 

ʧʨʝʜʣʦʞʝʥʥʦʡ ʤʦʜʝʣʠ ʢʘʥʘʣʘ, ʘʥʘʣʠʟʠʨʫʝʪʩʷ ʢʦʵʬʬʠʮʠʝʥʪ ʙʠʪʦʚʦʡ ʦʰʠʙʢʠ ʜʣʷ ʨʘʟʥʳʭ 

ʩʝʪʝʚʳʭ ʠ ʧʦʯʚʝʥʥʳʭ ʧʘʨʘʤʝʪʨʦʚ. ɹʦʣʝʝ ʪʦʛʦ, ʚʣʠʷʥʠʝ ʚʘʨʠʘʮʠʡ ʚ ʧʦʯʚʝʥʥʦʡ ʩʳʨʦʩʪʠ 

ʠʩʩʣʝʜʫʝʪʩʷ ʧʦʩʨʝʜʩʪʚʦʤ ʨʝʟʫʣʴʪʘʪʦʚ ʧʦʣʝʚʳʭ ʠʟʤʝʨʝʥʠʡ. ʊʝʦʨʝʪʠʯʝʩʢʠʡ ʘʥʘʣʠʟ ʠ 

ʨʝʟʫʣʴʪʘʪʳ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʧʦʜʪʚʝʨʞʜʘʶʪ ʦʩʫʱʝʩʪʚʠʤʦʩʪʴ ʙʝʩʧʨʦʚʦʜʥʦʡ ʩʚʷʟʠ ʚ ʧʦʜʟʝʤʥʦʡ 

ʩʨʝʜʝ ʠ  ʚʳʜʚʠʛʘʶʪ ʥʘ ʧʝʨʚʳʡ ʧʣʘʥ ʥʝʩʢʦʣʴʢʦ ʚʘʞʥʳʭ ʘʩʧʝʢʪʦʚ ʚ ʵʪʦʤ ʧʦʣʝ. ɼʘʥʥʘʷ ʨʘʙʦʪʘ 

ʚʝʜʝʪ ʢ ʧʨʝʜʦʩʪʘʚʣʝʥʠʶ ʦʙʦʙʱʝʥʥʦʡ ʙʘʟʳ ʜʣʷ ʧʦʜʟʝʤʥʦʡ ʙʝʩʧʨʦʚʦʜʥʦʡ ʩʚʷʟʠ ʠ ʨʝʘʣʠʟʘʮʠʠ 

WUSN. 



 

35 

 

ɺ ʨʘʙʦʪʝ ʧʨʝʜʩʪʘʚʣʝʥʦ ʩʚʦʡʩʪʚʘ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʛʦ ʧʦʜʟʝʤʥʦʛʦ ʢʘʥʘʣʘ, ʚʣʠʷʥʠʝ ʩʚʦʡʩʪʚ 

ʧʦʯʚʳ ʥʘ ʢʘʥʘʣ ʠ ʤʝʪʦʜʳ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʧʦʪʝʨʴ ʥʘ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʚ ʧʦʜʟʝʤʥʳʭ 

ʢʦʤʤʫʥʠʢʘʮʠʷʭ. ʂʨʦʤʝ ʵʪʦʛʦ, ʦʧʠʩʳʚʘʶʪʩʷ ʘʣʴʪʝʨʥʘʪʠʚʥʳʝ ʪʝʭʥʦʣʦʛʠʠ ʬʠʟʠʯʝʩʢʦʛʦ ʫʨʦʚʥʷ, 

ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʙʳʪʴ ʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʳʤʠ ʜʣʷ WUSN, ʯʝʤ ʦʙʳʯʥʳʝ ʙʝʩʧʨʦʚʦʜʥʳʝ 

ʪʝʭʥʦʣʦʛʠʠ. 

ʊʨʘʜʠʮʠʦʥʥʳʝ ʪʝʭʥʦʣʦʛʠʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʩʠʛʥʘʣʘ, ʠʩʧʦʣʴʟʫʶʱʠʝ ʕʄ-ʚʦʣʥʳ, 

ʩʪʘʣʢʠʚʘʶʪʩʷ ʩ ʪʨʝʤʷ ʛʣʘʚʥʳʤʠ ʧʨʦʙʣʝʤʘʤʠ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ ʧʦʯʚʳ: ʟʥʘʯʠʪʝʣʴʥʳʝ ʧʦʪʝʨʠ ʥʘ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ, ʜʠʥʘʤʠʯʝʩʢʦʝ ʠʟʤʝʥʝʥʠʝ ʧʘʨʘʤʝʪʨʦʚ ʢʘʥʘʣʘ ʠ ʙʦʣʴʰʠʝ ʪʨʝʙʫʝʤʳʝ 

ʨʘʟʤʝʨʳ ʘʥʪʝʥʥʳ. ʕʄ-ʚʦʣʥʳ ʜʝʤʦʥʩʪʨʠʨʫʶʪ ʚʳʩʦʢʠʡ ʫʨʦʚʝʥʴ ʟʘʪʫʭʘʥʠʷ ʚʩʣʝʜʩʪʚʠʝ 

ʧʦʛʣʦʱʝʥʠʷ ʧʦʯʚʦʡ, ʩʢʘʣʴʥʦʡ ʧʦʨʦʜʦʡ ʠ ʚʦʜʦʡ ʧʦʜ ʟʝʤʣʝʡ.  ʇʦʪʝʨʠ ʥʘ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ 

ʪʘʢʠʝ ʚʳʩʦʢʠʝ ʠʟ-ʟʘ ʤʥʦʛʦʯʠʩʣʝʥʥʳʭ ʦʩʦʙʝʥʥʦʩʪʝʡ ʧʦʯʚʳ: ʚʦʜʦʩʦʜʝʨʞʘʥʠʷ, ʩʦʩʪʘʚʘ ʧʦʯʚʳ   

(ʧʝʩʦʢ, ʠʣ ʠʣʠ ʛʣʠʥʘ) ʠ ʧʣʦʪʥʦʩʪʠ. ʇʨʠʯʝʤ ʵʪʠ ʩʚʦʡʩʪʚʘ ʤʦʛʫʪ ʩʠʣʴʥʦ ʠʟʤʝʥʷʪʴʩʷ ʩʦ 

ʚʨʝʤʝʥʝʤ (ʥʘʧʨʠʤʝʨ, ʫʚʝʣʠʯʠʪʴʩʷ ʩʦʜʝʨʞʘʥʠʝ ʚʦʜʳ ʚ ʧʦʯʚʝ ʧʦʩʣʝ ʜʦʞʜʷ). ʇʦʵʪʦʤʫ 

ʢʦʵʬʬʠʮʠʝʥʪ ʙʠʪʦʚʳʭ ʦʰʠʙʦʢ BER ʩʠʩʪʝʤʳ ʩʚʷʟʠ ʪʘʢʞʝ ʤʦʞʝʪ ʩʠʣʴʥʦ ʠʟʤʝʥʷʪʴʩʷ ʚ ʨʘʟʥʦʝ 

ʚʨʝʤʷ ʠ ʚ ʨʘʟʥʳʭ ʤʝʩʪʘʭ. ʊʘʢʦʡ ʥʝʥʘʜʝʞʥʳʡ ʢʘʥʘʣ ʩʧʦʩʦʙʩʪʚʫʝʪ ʨʘʟʨʘʙʦʪʢʝ ʜʣʷ ʧʦʜʟʝʤʥʳʭ 

ʫʩʪʨʦʡʩʪʚ ʠ ʩʝʪʝʡ ʥʦʚʳʭ ʪʝʭʥʦʣʦʛʠʡ ʩ ʫʜʦʚʣʝʪʚʦʨʠʪʝʣʴʥʦʡ ʩʚʷʟʥʦʩʪʴʶ ʠ ʵʥʝʨʛʝʪʠʯʝʩʢʦʡ 

ʵʬʬʝʢʪʠʚʥʦʩʪʴʶ. 

ʂʨʦʤʝ ʵʪʦʛʦ, ʥʘ ʧʨʘʢʪʠʢʝ ʧʝʨʝʜʘʯʘ ʩʠʛʥʘʣʦʚ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʥʘ ʜʝʡʩʪʚʫʶʱʠʭ ʯʘʩʪʦʪʘʭ ʚ 

ʜʠʘʧʘʟʦʥʝ ʄɻʮ ʠ ʥʠʞʝ [2]. ʏʪʦʙʳ ʵʬʬʝʢʪʠʚʥʦ ʧʝʨʝʜʘʚʘʪʴ ʠ ʧʨʠʥʠʤʘʪʴ ʩʠʛʥʘʣʳ ʥʘ ʵʪʠʭ 

ʯʘʩʪʦʪʘʭ ʨʘʟʤʝʨ ʘʥʪʝʥʥʳ ʜʦʣʞʝʥ ʙʳʪʴ ʜʦʩʪʘʪʦʯʥʦ ʙʦʣʴʰʠʤ.  

ɸʣʴʪʝʨʥʘʪʠʚʥʦʡ ʪʝʭʥʦʣʦʛʠʝʡ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʩʠʛʥʘʣʘ ʧʦʜ ʟʝʤʣʝʡ ʷʚʣʷʝʪʩʷ ʤʘʛʥʠʪʥʘʷ 

ʠʥʜʫʢʮʠʷ (Mʀ). ʇʣʦʪʥʘʷ ʩʨʝʜʘ, ʪʘʢʘʷ ʢʘʢ ʧʦʯʚʘ ʠ ʚʦʜʘ, ʚʳʟʳʚʘʝʪ ʥʝʙʦʣʴʰʠʝ ʚʘʨʠʘʮʠʠ ʚ 

ʩʢʦʨʦʩʪʠ ʟʘʪʫʭʘʥʠʷ ʤʘʛʥʠʪʥʳʭ ʧʦʣʝʡ ʧʦ ʩʨʘʚʥʝʥʠʷ ʩ ʚʦʟʜʫʭʦʤ, ʧʦʪʦʤʫ ʯʪʦ ʤʘʛʥʠʪʥʳʝ 

ʧʨʦʥʠʮʘʝʤʦʩʪʠ ʢʘʞʜʦʛʦ ʠʟ ʵʪʠʭ ʤʘʪʝʨʠʘʣʦʚ ʩʭʦʞʠ [2-4]. ʇʦʵʪʦʤʫ ʩʚʦʡʩʪʚʘ Mʀ-ʢʘʥʘʣʘ 

ʦʩʪʘʶʪʩʷ ʧʦʩʪʦʷʥʥʳʤʠ ʚ ʧʦʯʚʝʥʥʦʡ ʩʨʝʜʝ. ɹʦʣʝʝ ʪʦʛʦ, ʚ ʄʀ-ʩʚʷʟʠ ʧʝʨʝʜʘʯʘ ʠ ʧʨʠʝʤ 

ʦʩʫʱʝʩʪʚʣʷʶʪʩʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʘʣʦʨʘʟʤʝʨʥʦʛʦ ʚʠʪʢʘ ʧʨʦʚʦʜʘ. ʆʪʩʶʜʘ, ʧʨʦʙʣʝʤ ʩ 

ʨʘʟʤʝʨʥʦʩʪʴʶ ʘʥʪʝʥʥʦʡ ʩʠʩʪʝʤʳ ʥʝʪ. ʆʜʥʘʢʦ ʥʘʧʨʷʞʝʥʥʦʩʪʴ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʦʩʣʘʙʝʚʘʝʪ 

ʟʥʘʯʠʪʝʣʴʥʦ ʙʳʩʪʨʝʝ, ʯʝʤ ʫ ʕʄ-ʚʦʣʥ [5]. 

ɺ ʨʘʙʦʪʝ ʧʨʝʜʩʪʘʚʣʝʥʦ ʘʥʘʣʠʪʠʯʝʩʢʦʝ ʚʳʨʘʞʝʥʠʝ ʧʦʪʝʨʴ ʥʘ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʧʦʜʟʝʤʥʦʛʦ 

ʄʀ-ʢʘʥʘʣʘ ʩʚʷʟʠ. ʄʥʦʞʝʩʪʚʦ ʬʘʢʪʦʨʦʚ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʚ ʘʥʘʣʠʟʝ, ʚʢʣʶʯʘʷ ʩʚʦʡʩʪʚʘ 

ʛʨʫʥʪʘ, ʨʘʟʤʝʨ ʚʠʪʢʘ ʢʘʪʫʰʢʠ ʠ ʝʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ, ʜʝʡʩʪʚʫʶʱʘʷ ʯʘʩʪʦʪʘ. ʏʪʦʙʳ ʩʥʠʟʠʪʴ 

ʚʳʩʦʢʠʝ ʧʦʪʝʨʠ ʥʘ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ, ʧʨʝʜʣʦʞʝʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʄʀ-ʚʦʣʥʦʚʦʜ ʜʣʷ ʧʦʜʟʝʤʥʦʡ 

ʩʚʷʟʠ [6, 7]. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʄʀ-ʚʦʣʥʦʚʦʜʘ ʠʤʝʝʪ ʪʨʠ ʜʦʩʪʦʠʥʩʪʚʘ: ʧʦʩʨʝʜʩʪʚʦʤ ʪʱʘʪʝʣʴʥʦʛʦ 

ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʧʘʨʘʤʝʪʨʦʚ ʚʦʣʥʦʚʦʜʘ ʤʦʞʥʦ ʟʥʘʯʠʪʝʣʴʥʦ ʩʥʠʟʠʪʴ ʧʦʪʝʨʠ ʥʘ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ; ʨʝʪʨʘʥʩʣʠʨʫʶʱʠʝ ʢʦʣʴʮʘ, ʩʦʩʪʘʚʣʷʶʱʠʝ ʪʘʢʦʡ ʚʦʣʥʦʚʦʜ, ʥʝ ʧʦʪʨʝʙʣʷʶʪ 

ʵʥʝʨʛʠʠ ʠ ʠʭ ʩʪʦʠʤʦʩʪʴ ʦʯʝʥʴ ʥʠʟʢʘʷ; ʄʀ-ʚʦʣʥʦʚʦʜ ʥʝ ʷʚʣʷʝʪʩʷ ʥʝʧʨʝʨʳʚʥʦʡ ʩʪʨʫʢʪʫʨʦʡ ʠ 

ʧʦʵʪʦʤʫ ʝʛʦ ʣʝʛʢʦ ʫʩʪʘʥʘʚʣʠʚʘʪʴ ʚ ʧʦʯʚʫ. 

ʇʨʦʚʝʜʝʥʦ ʩʨʘʚʥʝʥʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʪʨʘʜʠʮʠʦʥʥʳʭ ʕʄ-ʩʠʩʪʝʤ ʠ ʩʠʩʪʝʤ ʥʘ ʦʩʥʦʚʝ ʄʀ. 

ʇʦʢʘʟʘʥʦ, ʯʪʦ ʄʀ-ʚʦʣʥʦʚʦʜʥʘʷ ʩʠʩʪʝʤʘ ʜʝʤʦʥʩʪʨʠʨʫʝʪ ʙʦʣʝʝ ʥʠʟʢʠʝ ʧʦʪʝʨʠ ʥʘ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʯʝʤ ʪʨʘʜʠʮʠʦʥʥʳʝ. 

ʇʨʝʜʩʪʘʚʣʷʝʪʩʷ ʪʘʢʞʝ ʜʣʷ ʧʦʜʟʝʤʥʳʭ ʰʘʭʪ ʠ ʜʦʨʦʞʥʳʭ/ʞʝʣʝʟʥʦʜʦʨʦʞʥʳʭ ʪʫʥʥʝʣʝʡ 

ʘʥʘʣʠʪʠʯʝʩʢʘʷ ʤʥʦʛʦʤʦʜʦʚʘʷ ʤʦʜʝʣʴ ʢʘʥʘʣʘ ʜʣʷ ʕʄ-ʚʦʣʥ. ɼʣʷ ʪʫʥʥʝʣʴʥʦʛʦ ʦʢʨʫʞʝʥʠʷ 

ʤʥʦʛʦʤʦʜʦʚʘʷ ʤʦʜʝʣʴ ʤʦʞʝʪ ʧʦʣʥʦʩʪʴʶ ʦʭʘʨʘʢʪʝʨʠʟʦʚʘʪʴ ʝʩʪʝʩʪʚʝʥʥʦʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ 

ʚʦʣʥ ʢʘʢ ʚ ʙʣʠʞʥʝʡ, ʪʘʢ ʠ ʚ ʜʘʣʴʥʝʡ ʦʙʣʘʩʪʷʭ ʦʪ ʠʩʪʦʯʥʠʢʘ. 
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Sensor telecommunication system of operational monitoring in t he area technogenic 

emergencies 

The aspects of building sensor telecommunications system of operational monitoring in the 

area of man-made emergency situations are considered. 

ʆʩʪʘʥʥʽʤ ʯʘʩʦʤ ʰʠʨʦʢʦʛʦ ʟʘʩʪʦʩʫʚʘʥʥʷ ʥʘʙʫʚʘʶʪʴ ʜʠʩʪʘʥʮʽʡʥʽ ʤʝʪʦʜʠ ʢʦʥʪʨʦʣʶ [1] 

ʜʣʷ ʦʧʝʨʘʪʠʚʥʦʛʦ ʚʠʷʚʣʝʥʥʷ ʨʘʜʽʘʮʽʡʥʦʾ, ʭʽʤʽʯʥʦʾ ʡ ʙʽʦʣʦʛʽʯʥʦʾ ʦʙʩʪʘʥʦʚʢʠ ʫ ʚʠʧʘʜʢʘʭ 

ʝʢʩʪʨʝʤʘʣʴʥʦ ʚʠʩʦʢʦʛʦ ʟʘʙʨʫʜʥʝʥʥʷ ʘʪʤʦʩʬʝʨʥʦʛʦ ʧʦʚʽʪʨʷ ʥʘ ʪʝʨʠʪʦʨʽʾ ʥʝʙʝʟʧʝʯʥʦʛʦ 

ʪʝʭʥʦʛʝʥʥʦʛʦ ʦʙ'ʻʢʪʫ. 

ʊʘʢʽ ʤʝʪʦʜʠ ʤʦʞʫʪʴ  ʟʥʘʡʪʠ ʩʚʦʻ ʟʘʩʪʦʩʫʚʘʥʥʷ ʚ ʙʝʟʧʨʦʚʦʜʦʚʠʭ ʩʝʥʩʦʨʥʠʭ ʤʝʨʝʞʘʭ 

(ɹʉʄ), ʱʦ ʩʢʣʘʜʘʶʪʴʩʷ ʟ ʢʦʤʧʘʢʪʥʠʭ ʩʝʥʩʦʨʽʚ (ʢʽʥʮʝʚʠʭ ʧʨʠʩʪʨʦʾʚ), ʦʩʥʘʱʝʥʠʭ 

ʙʝʟʧʨʦʚʦʜʦʚʠʤ ʽʥʪʝʨʬʝʡʩʦʤ (ʥʘʧʨʠʢʣʘʜ, ʩʪʘʥʜʘʨʪʫ IEEE 802.15.4), ʱʦ ʟôʻʜʥʫʶʪʴʩʷ ʟ 

ʮʝʥʪʨʦʤ ʦʙʨʦʙʢʠ ʜʘʥʠʭ (ʎʆɼ) ʯʝʨʝʟ ʰʣʶʟ (ʢʦʦʨʜʠʥʘʪʦʨ) ʙʝʟʧʦʩʝʨʝʜʥʴʦ (ʫ ʟʦʥʽ ʧʨʷʤʦʾ ʨʘʜʽʦ 

ʚʠʜʠʤʦʩʪʽ) ʘʙʦ ʽʟ ʨʝʪʨʘʥʩʣʷʮʽʻʶ ʧʘʢʝʪʽʚ ʯʝʨʝʟ ʧʨʦʤʽʞʥʽ ʚʫʟʣʠ (ʤʘʨʰʨʫʪʠʟʘʪʦʨʠ). 

ʊʘʢʽ ʩʝʥʩʦʨʥʽ ʢʦʤʧʣʝʢʩʠ ʤʦʞʫʪʴ ʦʩʥʘʱʫʚʘʪʠʩʷ ʥʘʙʦʨʦʤ ʚʠʧʨʦʤʽʥʶʚʘʯʽʚ (ʣʽʜʘʨʽʚ, 

ʨʘʜʽʦʤʝʪʨʽʚ ʪʦʱʦ), ʱʦ ʜʦʟʚʦʣʷʶʪʴ ʟʜʽʡʩʥʶʚʘʪʠ ʟʦʥʜʫʚʘʥʥʷ ʚ ʰʠʨʦʢʦʤʫ ʩʧʝʢʪʨʘʣʴʥʦʤʫ 

ʜʽʘʧʘʟʦʥʽ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ, ʧʦʯʠʥʘʶʯʠ ʚʽʜ ʫʣʴʪʨʘʬʽʦʣʝʪʦʚʦʛʦ ʡ ʟʘʢʽʥʯʫʶʯʠ ʜʘʣʝʢʠʤ 

ʽʥʬʨʘʯʝʨʚʦʥʠʤ. ɿʘʚʜʷʢʠ ʮʴʦʤʫ, ʪʘʢʽ ʢʦʤʧʣʝʢʩʠ ʥʘ ʦʩʥʦʚʽ ɹʉʄ ʤʦʞʫʪʴ ʝʬʝʢʪʠʚʥʦ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠʩʷ ʜʣʷ ʨʦʟʚ'ʷʟʘʥʥʷ ʨʽʟʥʦʤʘʥʽʪʥʠʭ ʟʘʚʜʘʥʴ ʫ ʟʦʥʽ ʜʦ 50 ʢʤ. 

ʆʜʥʦʶ ʟ ʢʣʶʯʦʚʠʭ ʧʨʦʙʣʝʤ ʟʘʩʪʦʩʫʚʘʥʥʷ ʪʘʢʠʭ ʤʝʨʝʞ ʻ ʧʨʦʙʣʝʤʘ ʨʦʟʛʦʨʪʘʥʥʷ 

ʤʝʨʝʞʽ, ʘ ʩʘʤʝ ʨʦʟʤʽʱʝʥʥʷ ʚʫʟʣʽʚ ʥʘ ʟʘʙʨʫʜʥʝʥʽʡ ʪʝʨʠʪʦʨʽʾ, ʦʩʢʽʣʴʢʠ ʙʝʟʧʦʩʝʨʝʜʥʻ 

ʟʘʩʪʦʩʫʚʘʥʥʷ ʣʶʜʩʴʢʦʛʦ ʨʝʩʫʨʩʫ ʥʝ ʧʨʠʧʫʩʪʠʤʝ ʯʝʨʝʟ ʥʝʙʝʟʧʝʢʫ ʜʣʷ ʟʜʦʨʦʚôʷ. ʊʦʤʫ ʦʜʥʠʤ ʟ 

ʤʦʞʣʠʚʠʭ ʩʧʦʩʦʙʽʚ ʨʦʟʛʦʨʪʘʥʥʷ ʤʝʨʝʞʽ ʤʦʞʝ ʙʫʪʠ ʟʘʩʪʦʩʫʚʘʥʥʷ ʨʦʙʦʪʦʪʝʭʥʽʢʠ, ʥʘʧʨʠʢʣʘʜ, 

ʙʝʟʧʽʣʦʪʥʠʭ ʣʽʪʘʣʴʥʠʭ ʘʧʘʨʘʪʽʚ (ɹʇʃɸ) ʤʽʥʽ- ʪʘ ʤʽʢʨʦ- ʢʣʘʩʫ, ʷʢ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩ.1.  

ʊʘʢʠʡ ʢʦʤʧʘʢʪʥʠʡ ʤʦʙʽʣʴʥʠʡ ʩʝʥʩʦʨʥʠʡ ʢʦʤʧʣʝʢʩ, ʨʦʟʤʽʱʝʥʠʡ ʟʘ ʜʦʧʦʤʦʛʦʶ ɹʇʃɸ, 

ʜʦʟʚʦʣʠʪʴ ʚʠʟʥʘʯʘʪʠ ʡ ʧʨʦʛʥʦʟʫʚʘʪʠ ʧʦʜʘʣʴʰʫ ʪʨʘʥʩʬʦʨʤʘʮʽʶ ʡ ʧʝʨʝʤʽʱʝʥʥʷ  ʙʫʜʴ-ʷʢʠʭ 

ʨʝʯʦʚʠʥ, ʫ ʪʦʤʫ ʯʠʩʣʽ ʙʽʦʣʦʛʽʯʥʦʾ ʧʨʠʨʦʜʠ. ʊʦʯʥʝ ʛʝʦʛʨʘʬʽʯʥʝ ʧʦʟʠʮʽʦʥʫʚʘʥʥʷ ʟʘʙʝʟʧʝʯʫʻ 

ʧʨʠʡʤʘʯ ɻʃʆʅɸʉ/GPS, ʱʦ ʚʭʦʜʠʪʴ ʜʦ ʩʢʣʘʜʫ ʥʘʟʝʤʥʦʾ ʩʠʩʪʝʤʠ ʢʝʨʫʚʘʥʥʷ ɹʇʃɸ. 

ʇʨʦʛʨʘʤʥʠʡ ʢʦʤʧʣʝʢʩ ʥʘʜʘʻ ʤʦʞʣʠʚʽʩʪʴ ʫ ʰʚʠʜʢʽʡ ʽ ʟʨʫʯʥʽʡ ʜʣʷ ʦʧʝʨʘʪʦʨʽʚ ʬʦʨʤʽ 

ʚʠʢʦʥʫʚʘʪʠ ʚʩʽ ʦʧʝʨʘʮʽʾ ʧʦ  ʥʘʩʪʨʦʶʚʘʥʥʶ  ʣʘʟʝʨʥʦʛʦ,  ʦʧʪʠʯʥʦʛʦ,  ʝʣʝʢʪʨʦʥʥʦʛʦ ʡ 

ʝʣʝʢʪʨʦʤʝʭʘʥʽʯʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ ʡ ʦʜʝʨʞʫʚʘʪʠ ʨʝʟʫʣʴʪʘʪʠ ʣʽʜʘʨʥʦʛʦ ʟʦʥʜʫʚʘʥʥʷ ʥʝ ʪʽʣʴʢʠ ʫ 

ʚʠʛʣʷʜʽ ʜʽʘʛʨʘʤ ʽ ʛʨʘʬʽʢʽʚ, ʘʣʝ ʡ ʟʘ ʜʦʧʦʤʦʛʦʶ ʨʦʟʨʦʙʣʝʥʦʾ ʩʠʩʪʝʤʠ ʢʘʨʪʦʛʨʘʬʫʚʘʥʥʷ, ʘ 

ʪʘʢʦʞ ʥʘʢʣʘʜʘʪʠ ʨʝʟʫʣʴʪʘʪʠ ʚʠʤʽʨʽʚ ʥʘ ʢʘʨʪʫ ʤʽʩʮʝʚʦʩʪʽ. ʋʩʝ ʮʝ ʜʦʟʚʦʣʠʪʴ ʚʯʘʩʥʦ ʧʨʦʚʝʩʪʠ 

ʟʘʭʦʜʠ ʱʦʜʦ ʟʘʭʠʩʪʫ ʥʘʩʝʣʝʥʥʷ ʡ ʪʝʨʠʪʦʨʽʡ ʫ ʨʘʡʦʥʘʭ ʨʦʟʤʽʱʝʥʥʷ ʥʝʙʝʟʧʝʯʥʠʭ ʦʙ'ʻʢʪʽʚ ʫ 

ʚʠʧʘʜʢʘʭ ʟʘʛʨʦʟʠ ʡ ʚʠʥʠʢʥʝʥʥʷ ʥʘʜʟʚʠʯʘʡʥʠʭ ʩʠʪʫʘʮʽʡ ʧʨʠʨʦʜʥʦʛʦ, ʪʝʭʥʦʛʝʥʥʦʛʦ ʡ 

ʪʝʨʦʨʠʩʪʠʯʥʦʛʦ ʭʘʨʘʢʪʝʨʫ. 
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ʈʠʩ. 1. ʇʨʠʢʣʘʜ ʨʦʟʤʽʱʝʥʥʷ ʩʝʥʩʦʨʽʚ ʟʘ ʜʦʧʦʤʦʛʦʶ ɹʇʃɸ  

ʆʜʥʦʶ ʟ ʢʣʶʯʦʚʠʭ ʟʘʜʘʯ ʪʝʣʝʢʦʤʫʥʽʢʘʮʽʡʥʦʛʦ ʧʨʦʬʽʣʶ ʧʨʠ ʨʦʟʛʦʨʪʘʥʥʽ ʪʘʢʠʭ ʤʝʨʝʞ ʻ  

ʟʘʜʘʯʘ ʧʦʰʫʢʫ ʨʘʮʽʦʥʘʣʴʥʦʾ ʪʦʧʦʣʦʛʽʾ ʤʝʨʝʞʽ ʚʫʟʣʽʚ-ʨʝʪʨʘʥʩʣʷʪʦʨʽʚ (ʤʘʰʨʫʪʠʟʘʪʦʨʽʚ), ʘ ʩʘʤʝ 

ʚʠʟʥʘʯʝʥʥʷ ʾʭ ʧʦʣʦʞʝʥʥʷ ʥʘ ʤʽʩʮʝʚʦʩʪʽ ʪʘ ʚʟʘʻʤʦʟʚôʷʟʢʽʚ ʤʽʞ ʥʠʤʠ. 

ɸʢʪʫʘʣʴʥʽʩʪʴ ʽ ʧʨʘʢʪʠʯʥʘ ʟʥʘʯʠʤʽʩʪʴ ʧʨʦʙʣʝʤʠ ʧʨʦʝʢʪʫʚʘʥʥʷ ʨʘʮʽʦʥʘʣʴʥʦʾ ʪʦʧʦʣʦʛʽʾ ɹʉʄ 

ʦʙʫʤʦʚʣʝʥʘ ʥʘʩʪʫʧʥʠʤ. ʇʦʣʦʞʝʥʥʷ ʢʽʥʮʝʚʠʭ ʧʨʠʩʪʨʦʾʚ (ʂʇ) ʤʝʨʝʞʽ ʥʝ ʤʦʞʝ ʚʠʙʠʨʘʪʠʩʷ 

ʜʦʚʽʣʴʥʦ ʽ ʚʠʟʥʘʯʘʻʪʴʩʷ ʢʦʥʢʨʝʪʥʠʤʠ ʫʤʦʚʘʤʠ ʟʘʜʘʯʽ ʤʦʥʽʪʦʨʠʥʛʫ. ʆʙʤʝʞʝʥʠʡ ʨʘʜʽʫʩ ʜʽʾ 

ʨʘʜʽʦʧʝʨʝʜʘʚʘʯʽʚ ʮʠʭ ʚʫʟʣʽʚ ʦʙʫʤʦʚʣʶʻ ʥʝʦʙʭʽʜʥʽʩʪʴ ʚʢʣʶʯʝʥʥʷ ʚ ʩʢʣʘʜ ʤʝʨʝʞʽ 

ʨʝʪʨʘʥʩʣʷʪʦʨʽʚ, ʱʦ ʟʜʽʡʩʥʶʶʪʴ ʧʝʨʝʜʘʯʫ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʧʦʚʽʜʦʤʣʝʥʴ ʚʽʜ ʂʇ ʜʦ ʰʣʶʟʫ 

(ʎʆɼ). ʄʘʶʯʠ ʦʙʤʝʞʝʥʫ ʤʦʞʣʠʚʽʩʪʴ ʚʠʙʦʨʫ ʢʽʣʴʢʦʩʪʽ, ʨʦʟʤʽʱʝʥʥʷ ʽ ʪʝʭʥʽʯʥʠʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʪʘʢʠʭ ʚʫʟʣʽʚ ʽ ʙʘʞʘʶʯʠ ʤʽʥʽʤʽʟʫʚʘʪʠ ʟʘʪʨʘʪʠ ʥʘ ʩʪʚʦʨʝʥʥʷ ʪʘ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ 

ɹʉʄ, ʟʙʝʨʽʛʘʶʯʠ ʧʨʠ ʮʴʦʤʫ ʾʾ ʧʨʘʮʝʟʜʘʪʥʽʩʪʴ ʽ ʥʘʜʽʡʥʽʩʪʴ ʥʘ ʟʘʜʘʥʦʤʫ ʨʽʚʥʽ, ʤʠ ʩʪʠʢʘʻʤʦʩʴ ʟ 

ʧʨʦʙʣʝʤʦʶ ʦʧʪʠʤʽʟʘʮʽʾ ʪʝʭʥʽʯʥʦʛʦ ʨʽʰʝʥʥʷ ï ʪʦʧʦʣʦʛʽʾ ʤʝʨʝʞʽ. ʈʘʮʽʦʥʘʣʴʥʘ ʪʦʧʦʣʦʛʽʷ ɹʉʄ 

ʜʦʟʚʦʣʠʪʴ ʩʢʦʨʦʪʠʪʠ ʪʨʘʬʽʢ ʽ ʟʥʠʟʠʪʠ ʝʥʝʨʛʦʩʧʦʞʠʚʘʥʥʷ ʥʘ ʚʫʟʣʘʭ, ʱʦ ʫ ʩʚʦʶ ʯʝʨʛʫ 

ʜʦʟʚʦʣʠʪʴ ʟʙʽʣʴʰʠʪʠ ʯʘʩ ʙʝʟʚʽʜʤʦʚʥʦʾ ʨʦʙʦʪʠ ʤʝʨʝʞʽ ʽ ʟʥʠʟʠʪʠ ʟʘʛʘʣʴʥʽ ʚʠʪʨʘʪʠ ʥʘ ʾʾ 

ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ. 

ɺ ʟʘʛʘʣʴʥʦʤʫ ʚʠʛʣʷʜʽ, ʟʘʜʘʯʘ ʦʧʪʠʤʽʟʘʮʽʾ ʪʦʧʦʣʦʛʽʾ ʧʨʝʜʩʪʘʚʣʷʻ ʩʦʙʦʶ ʪʨʘʥʩʧʦʨʪʥʫ ʟʘʜʘʯʫ, 

ʧʦʚôʷʟʘʥʫ ʟ ʦʧʪʠʤʘʣʴʥʠʤ ʨʦʟʧʦʜʽʣʦʤ ʧʦʪʦʢʽʚ ʜʘʥʠʭ ʧʦ ʤʝʨʝʞʽ ʧʦ ʢʨʠʪʝʨʽʶ ʤʽʥʽʤʫʤʫ ʚʘʨʪʦʩʪʽ 

ʩʪʚʦʨʝʥʥʷ ʽ ʪʝʭʥʽʯʥʦʛʦ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʧʨʠ ʦʙʤʝʞʝʥʥʽ ʥʘ ʥʘʜʽʡʥʽʩʪʴ ʧʝʨʝʜʘʯʽ ʽʥʬʦʨʤʘʮʽʾ [2]: 

,    (1) 

ʜʝ  ï ʪʦʧʦʣʦʛʽʷ ɹʉʄ, ʱʦ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʤʥʦʞʠʥʠ ʚʫʟʣʽʚ  ʫ ʢʽʣʴʢʦʩʪʽ N ʪʘ 

ʤʥʦʞʠʥʠ ʡʤʦʚʽʨʥʦʩʪʝʡ  ʚʠʢʦʨʠʩʪʘʥʥʷ ʢʦʤʫʥʽʢʘʮʽʡ ʤʽʞ ʥʠʤʠ ʜʣʷ ʜʦʩʪʘʚʢʠ 

ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʧʦʪʦʢʽʚ; 

 - ʥʘʜʽʡʥʽʩʪʴ ʽ ʦʙʤʝʞʝʥʥʷ ʥʘʜʽʡʥʦʩʪʽ ʤʝʨʝʞʽ. 

ɿʘʜʘʯʘ ʧʨʦʝʢʪʫʚʘʥʥʷ ʨʘʮʽʦʥʘʣʴʥʦʾ ʪʦʧʦʣʦʛʽʾ ɹʉʄ ʟ ʬʦʨʤʘʣʴʥʦʾ ʪʦʯʢʠ ʟʦʨʫ ʘʥʘʣʦʛʽʯʥʘ 

ʟʘʜʘʯʽ ʬʦʨʤʫʚʘʥʥʷ ʪʦʧʦʣʦʛʽʯʥʦʾ ʩʪʨʫʢʪʫʨʠ ʙʫʜʴ-ʷʢʦʾ ʙʝʟʧʦʚʦʜʦʚʦʾ ʤʝʨʝʞʽ, ʷʢʘ ʻ ʦʜʥʽʻʶ ʟ 

ʦʩʥʦʚʥʠʭ ʧʨʠ ʾʾ ʧʨʦʝʢʪʫʚʘʥʥʽ ʪʘ ʧʦʣʷʛʘʻ ʫ ʚʠʙʦʨʽ ʦʧʪʠʤʘʣʴʥʦʾ ʩʭʝʤʠ ʟôʻʜʥʘʥʥʷ ʚʫʟʣʽʚ 

ʢʦʤʫʪʘʮʽʾ ʪʘ ʢʦʥʮʝʥʪʨʘʮʽʾ, ʚʠʙʦʨʽ ʧʨʦʧʫʩʢʥʦʾ ʟʜʘʪʥʦʩʪʽ ʣʽʥʽʡ ʪʘ ʦʧʪʠʤʘʣʴʥʠʭ ʤʘʨʰʨʫʪʽʚ 

ʧʝʨʝʜʘʯʽ ʽʥʬʦʨʤʘʮʽʾ. 

ɺʽʜʦʤʽ ʥʘ ʩʴʦʛʦʜʥʽ ʧʽʜʭʦʜʠ ʜʦ ʨʽʰʝʥʥʷ ʧʦʜʽʙʥʠʭ ʟʘʜʘʯ ʟʘʩʥʦʚʘʥʽ ʥʘ ʟʘʩʪʦʩʫʚʘʥʥʽ 

ʘʧʘʨʘʪʫ ʢʦʤʙʽʥʘʪʦʨʥʦʛʦ ʘʥʘʣʽʟʫ [2]. ʇʦʜʽʙʥʽ ʘʣʛʦʨʠʪʤʠ ʦʧʠʨʘʶʪʴʩʷ ʥʘ ʧʨʝʜʩʪʘʚʣʝʥʥʷ ʤʝʨʝʞʽ 

ʧʝʨʝʜʘʯʽ ʜʘʥʠʭ ʫ ʚʠʛʣʷʜʽ ʢʽʥʮʝʚʦʛʦ ʛʨʘʬʫ ʙʝʟ ʧʝʪʝʣʴ ʽ ʢʨʘʪʥʠʭ ʨʝʙʝʨ, ʚʝʨʰʠʥʠ ʷʢʦʛʦ 

ʚʽʜʧʦʚʽʜʘʶʪʴ ʚʫʟʣʘʤ ʤʝʨʝʞʽ, ʘ ʨʝʙʨʘ ï ʣʥ̔ʽʷʤ ʟʚôʷʟʢʫ. ɿʘʩʪʦʩʫʚʘʥʥʷ ʪʝʦʨʽʾ ʧʝʨʝʨʘʭʫʚʘʥʥʷ 

ʛʨʘʬʽʚ ʜʣʷ ʨʽʰʝʥʥʷ ʟʘʜʘʯʽ ʪʦʧʦʣʦʛʽʯʥʦʾ ʦʧʪʠʤʽʟʘʮʽʾ ʦʩʪʘʥʥʽʤ ʯʘʩʦʤ ʥʘʭʦʜʠʪʴ ʚʩʝ ʙʽʣʴʰ 

ʰʠʨʦʢʝ ʟʘʩʪʦʩʫʚʘʥʥʷ, ʱʦ ʟʚôʷʟʘʥʦ ʟ ʧʽʜʚʠʱʝʥʥʷʤ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ ɽʆʄ, ʨʦʟʨʦʙʢʦʶ ʥʦʚʠʭ 

ʚʠʩʦʢʦʝʬʝʢʪʠʚʥʠʭ ʘʣʛʦʨʠʪʤʽʚ ʛʝʥʝʨʘʮʽʾ ʛʨʘʬʽʚ ʽʟ ʟʘʜʘʥʠʤʠ ʚʣʘʩʪʠʚʦʩʪʷʤʠ. ʆʩʥʦʚʥʦʶ 
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ʧʝʨʝʚʘʛʦʶ ʜʘʥʦʛʦ ʧʽʜʭʦʜʫ ʻ ʤʦʞʣʠʚʽʩʪʴ ʦʪʨʠʤʘʥʥʷ ʪʦʯʥʦʛʦ ʨʽʰʝʥʥʷ, ʪʦʤʫ ʜʣʷ ʥʝʚʝʣʠʢʠʭ 

ʤʝʨʝʞ ʮʝʡ ʧʽʜʭʽʜ ʻ ʝʬʝʢʪʠʚʥʠʤ. ʂʨʽʤ ʪʦʛʦ, ʥʘʷʚʥʽʩʪʴ ʪʦʯʥʦʛʦ ʨʽʰʝʥʥʷ ʜʦʟʚʦʣʷʻ ʦʮʽʥʠʪʠ 

ʷʢʽʩʪʴ ʽʩʥʫʶʯʠʭ ʪʘ ʨʦʟʨʦʙʣʶʚʘʥʠʭ ʧʽʜʭʦʜʽʚ ʢ ʦʧʪʠʤʽʟʘʮʽʾ ʪʦʧʦʣʦʛʽʾ. 

ʆʩʥʦʚʥʠʡ ʥʝʜʦʣʽʢ ʘʣʛʦʨʠʪʤʽʚ ʢʦʥʩʪʨʫʢʪʠʚʥʦʛʦ ʧʝʨʝʨʘʭʫʚʘʥʥʷ ʛʨʘʬʽʚ ʧʦʣʷʛʘʻ ʚ 

ʥʝʤʦʞʣʠʚʦʩʪʽ ʾʭ ʟʘʩʪʦʩʫʚʘʥʥʷ ʜʣʷ ʧʦʙʫʜʦʚʠ ʪʦʧʦʣʦʛʽʡ ʤʝʨʝʞ ʚʝʣʠʢʦʾ ʨʦʟʤʽʨʥʦʩʪʽ, ʦʩʢʽʣʴʢʠ 

ʯʠʩʣʦ ʛʝʥʝʨʫʻʤʠʭ ʛʨʘʬʽʚ ʟʨʦʩʪʘʻ ʝʢʩʧʦʥʝʥʮʽʡʥʦ ʧʦ ʤʽʨʽ ʨʦʩʪʫ ʢʽʣʴʢʦʩʪʽ ʚʫʟʣʽʚ ʤʝʨʝʞʽ. ʎʝ 

ʦʙʫʤʦʚʣʶʻ ʜʦʮʽʣʴʥʽʩʪʴ ʨʦʟʨʦʙʢʠ ʘʣʴʪʝʨʥʘʪʠʚʥʠʭ ʧʽʜʭʦʜʽʚ ʜʦ ʧʨʦʝʢʪʫʚʘʥʥʷ ʨʘʮʽʦʥʘʣʴʥʦʾ 

ʪʦʧʦʣʦʛʽʾ ɹʉʄ. ɺ ʨʦʙʦʪʽ [3] ʙʫʣʘ ʟʘʧʦʯʘʪʢʦʚʘʥʘ ʤʝʪʦʜʦʣʦʛʽʷ ʩʠʥʪʝʟʫ ʨʘʮʽʦʥʘʣʴʥʦʾ ʪʦʧʦʣʦʛʽʾ 

ʤʝʨʝʞʽ ʪʝʣʝʢʦʤʫʥʽʢʘʮʽʡʥʠʭ ʘʝʨʦʧʣʘʪʬʦʨʤ, ʟʘʩʥʦʚʘʥʘ ʥʘ ʟʘʩʪʦʩʫʚʘʥʥʽ ʙʘʟʠ ʟʥʘʥʴ ʧʨʘʚʠʣ, ʱʦ 

ʜʦʟʚʦʣʷʻ ʩʢʦʨʦʪʠʪʠ ʧʝʨʝʙʽʨ ʤʦʞʣʠʚʠʭ ʛʨʘʬʽʚ. ʇʨʦʧʦʥʫʻʪʴʩʷ ʧʨʦʜʦʚʞʝʥʥʷ ʜʦʩʣʽʜʞʝʥʴ ʫ 

ʜʘʥʦʤʫ ʥʘʧʨʷʤʢʫ ʪʘ ʟʚʝʜʝʥʥʷ ʟʘʜʘʯʽ ʦʧʪʠʤʽʟʘʮʽʾ ʪʦʧʦʣʦʛʽʾ ʜʦ ʽʛʨʦʚʦʾ. ʎʝ ʜʦʟʚʦʣʠʪʴ ʚʨʘʭʫʚʘʪʠ 

ʚʟʘʻʤʥʠʡ ʚʧʣʠʚ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʧʦʪʦʢʽʚ, ʘ ʪʘʢʦʞ ʧʦʢʘʟʥʠʢʠ ʥʘʜʽʡʥʦʩʪʽ ʚʫʟʣʽʚ ʽ ʢʦʤʫʥʽʢʘʮʽʡ 

ʤʽʞ ʥʠʤʠ ʰʣʷʭʦʤ ʬʦʨʤʘʣʽʟʘʮʽʾ ʮʠʭ ʦʙʤʝʞʝʥʴ, ʷʢ ʧʨʦʷʚ ʜʽʾ ʽʛʨʦʢʘ-ʇʨʠʨʦʜʠ.  
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Nanonetworks: nanoscale telecommunication systems 

Two main alternatives for nanocommunication are presented: electromagnetic in terahertz band 

and molecular. A work main objective is representation and the analysis of a modern condition of 

researches in this formed interdisciplinary area, and definition of ways of the further researches in 

nanonetworks. 

ʊʝʣʝʢʦʤʤʫʥʠʢʘʮʠʠ ʦʭʚʘʪʳʚʘʶʪ ʦʛʨʦʤʥʫʶ ʦʙʣʘʩʪʴ ï ʦʪ ʛʣʦʙʘʣʴʥʳʭ ʩʠʩʪʝʤ ʩʧʫʪʥʠʢʦʚʦʡ 

ʩʚʷʟʠ ʜʦ ʩʠʩʪʝʤ ʧʝʨʩʦʥʘʣʴʥʦʛʦ ʫʨʦʚʥʷ, ʘ ʚ ʧʦʩʣʝʜʥʝʝ ʚʨʝʤʷ ʚ ʩʚʷʟʠ ʩ ʙʫʨʥʳʤ ʨʘʟʚʠʪʠʝʤ 

ʥʘʥʦʪʝʭʥʦʣʦʛʠʡ ʦʥʠ ʜʦʩʪʠʛʣʠ ʠ ʥʘʥʦʫʨʦʚʥʷ. ʉʪʘʥʦʚʣʝʥʠʝ ʪʝʣʝʢʦʤʫʥʠʢʘʮʠʡ ʥʘ ʵʪʦʤ ʫʨʦʚʥʝ 

ʦʧʨʝʜʝʣʠʣʦ ʩʦʟʜʘʥʠʝ ʪʘʢ ʥʘʟʳʚʘʝʤʳʭ  ʥʘʥʦʩʝʪʝʡ (nanonetwork), ʦʙʝʩʧʝʯʠʚʘʶʱʠʭ ʚʟʘʠʤʥʫʶ 

ʩʚʷʟʴ ʤʝʞʜʫ ʥʘʥʦʤʘʰʠʥʘʤʠ, ʢʦʪʦʨʳʝ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʠʥʪʝʛʨʠʨʦʚʘʥʥʳʝ 

ʬʫʥʢʮʠʦʥʘʣʴʥʳʝ ʫʩʪʨʦʡʩʪʚʘ, ʩʦʩʪʦʷʱʠʝ ʠʟ ʥʘʥʦʨʘʟʤʝʨʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ ʧʨʠʛʦʜʥʳʭ ʜʣʷ 

ʨʝʰʝʥʠʷ ʧʨʦʩʪʳʭ ʟʘʜʘʯ ʥʘ ʥʘʥʦʫʨʦʚʥʝ [1, 2]. 

ʇʦʪʝʥʮʠʘʣʴʥʳʝ ʚʦʟʤʦʞʥʦʩʪʠ ʧʨʠʤʝʥʝʥʠʷ ʪʘʢʠʭ ʥʘʥʦʩʝʪʝʡ ʷʚʣʷʶʪʩʷ ʧʦʯʪʠ ʙʝʟʛʨʘʥʠʯʥʳ 

ʠ ʤʦʛʫʪ ʙʳʪʴ ʢʣʘʩʩʠʬʠʮʠʨʦʚʘʥʳ ʧʦ ʯʝʪʳʨʝʤ ʛʣʘʚʥʳʤ ʥʘʧʨʘʚʣʝʥʠʷʤ: ʙʠʦʤʝʜʠʮʠʥʩʢʠʝ 

ʧʨʠʣʦʞʝʥʠʷ; ʧʨʦʤʳʰʣʝʥʥʳʝ ʠ ʧʦʪʨʝʙʠʪʝʣʴʩʢʠʝ ʧʨʠʣʦʞʝʥʠʷ; ʵʢʦʣʦʛʠʯʝʩʢʠʝ ʧʨʠʣʦʞʝʥʠʷ; 

ʚʦʝʥʥʳʝ ʧʨʠʣʦʞʝʥʠʷ. 

ɺ ʥʘʥʦʩʝʪʷʭ ʤʦʞʝʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥ ʮʝʣʳʡ ʨʷʜ ʪʝʣʝʢʦʤʤʫʥʠʢʘʮʠʦʥʥʳʭ ʧʘʨʘʜʠʛʤ ʚ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʪʝʭʥʦʣʦʛʠʠ, ʠʩʧʦʣʴʟʫʝʤʦʡ ʧʨʠ ʩʦʟʜʘʥʠʠ ʥʘʥʦʤʘʰʠʥ ʠ ʮʝʣʝʚʳʭ ʧʨʠʣʦʞʝʥʠʡ.  

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʙʫʜʫʪ ʨʘʩʩʤʦʪʨʝʥʳ ʜʚʝ ʛʣʘʚʥʳʝ ʘʣʴʪʝʨʥʘʪʠʚʳ ʜʣʷ ʥʘʥʦʩʚʷʟʠ: 

ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʘʷ ʚ ʪʝʨʘʛʝʨʮʦʚʦʤ ʜʠʘʧʘʟʦʥʝ ʠ ʤʦʣʝʢʫʣʷʨʥʘʷ. ʆʩʥʦʚʥʦʡ ʮʝʣʴʶ ʜʦʢʣʘʜʘ 

ʷʚʣʷʝʪʩʷ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʠ ʘʥʘʣʠʟ ʩʦʚʨʝʤʝʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʠʩʩʣʝʜʦʚʘʥʠʡ ʚ ʵʪʦʡ 

ʬʦʨʤʠʨʫʶʱʝʡʩʷ ʤʝʞʜʠʩʮʠʧʣʠʥʘʨʥʦʡ ʦʙʣʘʩʪʠ, ʠ ʥʘʤʝʪʠʪʴ ʧʫʪʠ ʜʘʣʴʥʝʡʰʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʚ 

ʥʘʥʦʩʝʪʷʭ. 

ʅʘʥʦ-ʩʚʷʟʴ (Nanocommunication) ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʦʙʤʝʥ ʠʥʬʦʨʤʘʮʠʝʡ ʥʘ ʥʘʥʦʫʨʦʚʥʝ 

ʠ ʦʩʥʦʚʳʚʘʝʪʩʷ ʥʘ ʣʶʙʦʤ ʧʨʦʚʦʜʦʚʦʤ/ʙʝʟʧʨʦʚʦʜʥʦʤ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʥʘʥʦʤʘʰʠʥ ʚ ʥʘʥʦʩʝʪʠ. 

ʇʫʪʴ, ʧʦ ʢʦʪʦʨʦʤʫ ʥʘʥʦʤʘʰʠʥʳ ʤʦʛʫʪ ʫʩʪʘʥʘʚʣʠʚʘʪʴ ʩʚʷʟʴ ʩʠʣʴʥʦ ʟʘʚʠʩʠʪ ʦʪ ʪʦʛʦ ʩʧʦʩʦʙʘ, 

ʢʘʢʠʤ ʦʥʠ ʙʳʣʠ ʨʝʘʣʠʟʦʚʘʥʳ. ʂʨʦʤʝ ʪʦʛʦ, ʦʪʜʝʣʴʥʦʝ ʧʨʠʣʦʞʝʥʠʝ, ʜʣʷ ʢʦʪʦʨʦʛʦ ʥʘʥʦʩʝʪʠ 

ʙʫʜʫʪ ʧʨʠʤʝʥʝʥʳ, ʦʧʨʝʜʝʣʷʶʪ ʜʣʷ ʩʝʙʷ ʚʳʙʦʨ ʢʦʥʢʨʝʪʥʦʛʦ ʪʠʧʘ ʥʘʥʦ-ʩʚʷʟʠ. ʅʘ ʜʘʥʥʳʡ 

ʤʦʤʝʥʪ ʠʟʚʝʩʪʥʦ ʥʝʩʢʦʣʴʢʦ ʘʣʴʪʝʨʥʘʪʠʚ: ʤʘʩʰʪʘʙʠʨʫʶʱʠʝ ʚʥʠʟ ʫʩʪʘʥʦʚʠʚʰʠʝʩʷ ʩʨʝʜʩʪʚʘ 

ʩʚʷʟʠ, ʦʩʥʦʚʘʥʥʳʝ ʥʘ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʡ, ʦʧʪʠʯʝʩʢʦʡ, ʘʢʫʩʪʠʯʝʩʢʦʡ ʠʣʠ ʤʝʭʘʥʠʯʝʩʢʦʡ ʩʚʷʟʠ; 

ʧʦʣʥʦʩʪʴʶ ʥʦʚʳʝ ʧʘʨʘʜʠʛʤʳ, ʩʪʠʤʫʣʠʨʫʝʤʳʝ ʨʘʟʚʠʪʠʝʤ ʙʠʦʣʦʛʠʠ ʠ ʙʠʦʭʠʤʠʠ. 

ʀʥʩʪʨʫʤʝʥʪʘʨʠʡ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʡ ʥʘʥʦʪʝʭʥʦʣʦʛʠʠ, ʧʨʠʤʝʥʠʤ ʠ ʜʣʷ ʨʘʩʰʠʨʝʥʠʷ 

ʦʙʣʘʩʪʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʠʟʚʝʩʪʥʳʭ ʪʝʣʝʢʦʤʤʫʥʠʢʘʮʠʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʢ ʥʘʥʦʨʘʟʤʝʨʥʦʩʪʠ. 

ʇʨʝʞʜʝ ʚʩʝʛʦ, ʫʛʣʝʨʦʜʥʳʝ ʥʘʥʦʪʨʫʙʢʠ ʠ ʛʨʘʬʝʥʦʚʳʝ ʥʘʥʦʣʝʥʪʳ ʧʨʝʜʣʦʞʝʥʳ ʜʣʷ ʩʦʟʜʘʥʠʷ 

ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʭ ʥʘʥʦʘʥʪʝʥʥ [3]. ɻʨʘʬʝʥʦʚʳʝ ʥʘʥʦʘʥʪʝʥʥʳ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʥʝ ʪʦʣʴʢʦ 

ʤʠʢʨʦʤʠʥʠʘʪʶʨʠʟʠʨʦʚʘʥʥʳʝ ʢʣʘʩʩʠʯʝʩʢʠʝ ʘʥʪʝʥʥʳ, ʥʦ ʠ ʠʤʝʶʪ ʨʷʜ ʢʚʘʥʪʦʚʳʭ ʵʬʬʝʢʪʦʚ, 

ʢʦʪʦʨʳʝ ʚʣʠʷʶʪ ʥʘ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʭ ʚʦʣʥ ʚ ʛʨʘʬʝʥʝ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʵʪʦʛʦ, 

ʨʝʟʦʥʘʥʩʥʘʷ ʯʘʩʪʦʪʘ ʪʘʢʠʭ ʥʘʥʦʩʪʨʫʢʪʫʨ ʤʦʞʝʪ ʙʳʪʴ ʚʳʰʝ ʥʘ ʜʚʘ ʧʦʨʷʜʢʘ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʠʭ  

ʥʝ ʫʛʣʝʨʦʜʥʳʤʠ ʜʫʧʣʠʢʘʪʘʤʠ. ʆʜʥʘʢʦ ʠʟ-ʟʘ ʵʪʦʛʦ ʷʚʣʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʠʟʣʫʯʝʥʠʷ 

ʥʘʥʦʘʥʪʝʥʥ ʤʦʞʝʪ ʙʳʪʴ ʫʭʫʜʰʝʥʘ. ʊʘʢʞʝ, ʫʛʣʝʨʦʜʥʳʝ ʥʘʥʦʪʨʫʙʢʠ ʧʨʝʜʣʦʞʝʥʳ ʢʘʢ ʦʩʥʦʚʘ 

ʣɻʝʢʪʨʦʤʝʭʘʥʠʯʝʩʢʠʭ ʥʘʥʦ-ʧʨʠʝʤʦʧʝʨʝʜʘʪʯʠʢʦʚ ʠʣʠ ʥʘʥʦ-ʨʘʜʠʦ [4], ʩʧʦʩʦʙʥʳʭ 

ʤʦʜʫʣʠʨʦʚʘʪʴ ʠ ʜʝʤʦʜʫʣʠʨʦʚʘʪʴ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʫʶ ʚʦʣʥʫ ʧʦʩʨʝʜʩʪʚʦʤ ʤʝʭʘʥʠʯʝʩʢʠʭ 

ʨʝʟʦʥʘʥʩʦʚ. ɼʘʥʥʘʷ ʪʝʭʥʠʢʘ ʜʦʰʣʘ ʫʞʝ ʜʦ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʩʪʘʜʠʠ, ʥʦ ʜʣʷ ʚʝʜʝʥʠʷ 

ʥʝʧʨʝʨʳʚʥʦʡ ʧʝʨʝʜʘʯʠ ʪʨʝʙʫʝʪ ʦʯʝʥʴ ʚʳʩʦʢʦʤʦʱʥʳʭ ʠʩʪʦʯʥʠʢʦʚ ʚ ʥʘʥʦʫʨʦʚʥʝ. 
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ɺʦʟʤʦʞʥʦʩʪʴ ʧʨʠʤʝʥʝʥʠʷ ʥʘʥʦ-ʘʥʪʝʥʥ, ʦʩʥʦʚʘʥʥʳʭ ʥʘ ʛʨʘʬʝʥʝ, ʢ  ʥʘʥʦʤʘʰʠʥʘʤ 

ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʨʘʟʤʝʨʘ, ʧʦʟʚʦʣʷʝʪ ʟʘʜʝʡʩʪʚʦʚʘʪʴ ʪʝʨʘʛʝʨʮʦʚʳʡ ʜʠʘʧʘʟʦʥ (0,1é10 Tɻʮ). ʊʘʢ, 

ʥʘʧʨʠʤʝʨ, ʚ [3] ʧʦʢʘʟʘʥʦ, ʯʪʦ ʥʘʥʦ-ʘʥʪʝʥʥʘ ʥʘ ʦʩʥʦʚʝ ʛʨʘʬʝʥʘ ʜʣʠʥʥʦʡ 1 ʤʠʢʨʦʤʝʪʨ 

ʨʝʟʦʥʠʨʫʝʪ ʚ ʚʳʰʝʫʧʦʤʷʥʫʪʦʤ ʜʠʘʧʘʟʦʥʝ. ʕʪʦʪ ʦʯʝʥʴ ʚʳʩʦʢʦʯʘʩʪʦʪʥʳʡ ʜʠʘʧʘʟʦʥ, ʤʝʞʜʫ 

ʤʠʢʨʦʚʦʣʥʘʤʠ ʠ ʜʘʣʝʢʠʤ ʠʥʬʨʘʢʨʘʩʥʳʤ ʠʟʣʫʯʝʥʠʝʤ, ʚ ʧʦʩʣʝʜʥʝʝ ʚʨʝʤʷ ʧʨʠʢʦʚʳʚʘʝʪ 

ʧʨʠʩʪʘʣʴʥʦʝ ʚʥʠʤʘʥʠʝ ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ ʠʟ-ʟʘ ʝʛʦ ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʧʨʠʤʝʥʝʥʠʡ ʚ ʩʠʩʪʝʤʘʭ 

ʙʝʟʦʧʘʩʥʦʩʪʠ ʠ ʬʦʨʤʠʨʦʚʘʥʠʷ ʠʣʠ ʦʙʨʘʙʦʪʢʠ ʠʟʦʙʨʘʞʝʥʠʡ ʥʘ ʥʘʥʦʫʨʦʚʥʝ. ɺ ʥʘʰʝʤ ʩʣʫʯʘʝ, 

ʪʝʨʘʛʝʨʮʦʚʳʡ ʜʠʘʧʘʟʦʥ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʢʘʢ ʦʯʝʥʴ ʙʦʣʴʰʦʝ ʯʘʩʪʦʪʥʦʝ ʦʢʥʦ ʧʝʨʝʜʘʯʠ, 

ʢʦʪʦʨʦʝ ʤʦʞʝʪ ʧʦʜʜʝʨʞʠʚʘʪʴ ʚʳʩʦʢʠʝ ʩʢʦʨʦʩʪʠ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ. ʕʪʦ ʧʦʟʚʦʣʷʝʪ ʜʦʩʪʠʛʥʫʪʴ 

ʩʢʦʨʦʩʪʠ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ ʜʦ ʥʝʩʢʦʣʴʢʠʭ ʪʝʨʘʙʠʪ ʟʘ ʩʝʢʫʥʜʫ ʥʘ ʨʘʩʩʪʦʷʥʠʷ ʤʝʥʝʝ ʦʜʥʦʛʦ 

ʤʝʪʨʘ, ʠʣʠ ʩʬʦʨʤʠʨʦʚʘʪʴ ʥʝʩʢʦʣʴʢʦ ʦʢʦʥ ʧʝʨʝʜʘʯʠ ʰʠʨʠʥʦʶ ʙʦʣʝʝ ʯʝʤ 10 ɻɻʮ ʢʘʞʜʦʝ [5]. 

ʅʘ ʜʘʥʥʦʝ ʚʨʝʤʷ, ʩʯʠʪʘʝʪʩʷ ʥʝ ʜʦ ʢʦʥʮʘ ʠʟʫʯʝʥʥʳʤ ʚʦʧʨʦʩ ʢʘʢ ʥʘʥʦʤʘʰʠʥʳ ʩ 

ʦʛʨʘʥʠʯʝʥʥʳʤʠ ʚʦʟʤʦʞʥʦʩʪʷʤʠ ʩʤʦʛʫʪ ʠʩʧʦʣʴʟʦʚʘʪʴ ʩʚʦʡʩʪʚʘ ʵʪʦʛʦ ʙʦʣʴʰʦʛʦ ʜʠʘʧʘʟʦʥʘ, ʥʦ 

ʨʝʟʫʣʴʪʘʪʳ ʥʝʢʦʪʦʨʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʫʞʝ ʧʨʝʜʩʪʘʚʣʷʶʪ ʙʦʣʴʰʦʡ ʠʥʪʝʨʝʩ. ʅʘʧʨʠʤʝʨ, ʚ [6] 

ʧʨʝʜʣʦʞʝʥʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʤʘʣʦʤʦʱʥʳʭ ʠʤʧʫʣʴʩʦʚ ʬʝʤʪʦ-ʩʝʢʫʥʜʥʦʡ ʜʣʠʪʝʣʴʥʦʩʪʠ ʚ 

ʢʘʯʝʩʪʚʝ ʧʨʦʩʪʦʡ, ʥʦ ʥʘʜʝʞʥʦʡ ʩʚʷʟʠ ʜʣʷ ʥʘʥʦʤʘʰʠʥ ʥʘ ʦʩʥʦʚʝ ʥʘʥʦʤʘʪʝʨʠʘʣʦʚ. ʆʜʥʘʢʦ 

ʥʘʣʠʯʠʝ ʦʯʝʥʴ ʙʦʣʴʰʦʡ ʨʘʙʦʯʝʡ ʧʦʣʦʩʳ ʯʘʩʪʦʪ ʪʨʝʙʫʝʪ ʟʥʘʯʠʪʝʣʴʥʳʝ ʜʦʨʘʙʦʪʢʠ ʚ 

ʧʨʦʮʝʜʫʨʘʭ ʢʣʘʩʩʠʯʝʩʢʠʭ ʩʝʪʝʚʳʭ ʧʨʦʪʦʢʦʣʦʚ. 

ɺ ʪʦ ʞʝ ʚʨʝʤʷ ʢʣʝʪʢʠ ʠ ʤʥʦʞʝʩʪʚʦ ʞʠʚʳʭ ʦʨʛʘʥʠʟʤʦʚ ʦʙʤʝʥʠʚʘʶʪʩʷ ʠʥʬʦʨʤʘʮʠʝʡ 

ʧʦʩʨʝʜʩʪʚʦʤ ʤʦʣʝʢʫʣʷʨʥʦʡ ʩʚʷʟʠ (molecular communication), ʪʦ ʝʩʪʴ, ʧʨʦʮʝʩʩʘ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 

ʤʦʣʝʢʫʣ ʜʣʷ ʢʦʜʠʨʦʚʘʥʠʷ, ʧʝʨʝʜʘʯʠ ʠ ʧʨʠʝʤʘ ʠʥʬʦʨʤʘʮʠʠ. ʉʨʝʜʠ ʤʥʦʛʠʭ, ʦʜʠʥ ʠʟ ʥʘʠʙʦʣʝʝ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʭ ʤʝʭʘʥʠʟʤʦʚ ʤʦʣʝʢʫʣʷʨʥʦʡ ʩʚʷʟʠ ʦʩʥʦʚʳʚʘʝʪʩʷ ʥʘ ʩʚʦʙʦʜʥʦʡ ʜʠʬʬʫʟʠʠ 

ʤʦʣʝʢʫʣ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ. ʅʘʧʨʠʤʝʨ, ʩʚʷʟʴ ʤʝʞʜʫ ʩʦʩʝʜʥʠʤʠ ʢʣʝʪʢʘʤʠ ʚ ʯʝʣʦʚʝʯʝʩʢʦʤ ʪʝʣʝ 

ʧʨʦʚʦʜʠʪʩʷ ʧʦʩʨʝʜʩʪʚʦʤ ʜʠʬʬʫʟʠʠ ʨʘʟʣʠʯʥʳʭ ʪʠʧʦʚ ʤʦʣʝʢʫʣ, ʢʦʪʦʨʳʝ ʢʦʜʠʨʫʶʪ ʨʘʟʥʳʝ 

ʚʠʜʳ ʩʦʦʙʱʝʥʠʡ. ɼʦ ʥʘʩʪʦʷʱʝʛʦ ʚʨʝʤʝʥʠ, ʧʨʦʚʦʜʠʣʠʩʴ ʠʩʩʣʝʜʦʚʘʥʠʷ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ 

ʤʦʣʝʢʫʣʷʨʥʳʭ ʩʦʦʙʱʝʥʠʡ ʧʦʩʨʝʜʩʪʚʦʤ ʩʚʦʙʦʜʥʦʡ ʜʠʬʬʫʟʠʠ. ʉʨʝʜʠ ʤʥʦʛʠʭ, ʚ ʨʘʙʦʪʝ [5] 

ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥʦ ʧʦʚʝʜʝʥʠʝ ʢʘʥʘʣʘ ʩ ʤʦʣʝʢʫʣʷʨʥʦʡ ʜʠʬʬʫʟʠʝʡ ʚ ʪʝʨʤʠʥʘʭ ʟʘʪʫʭʘʥʠʷ ʠ 

ʟʘʜʝʨʞʢʠ. ɺ ʪʦʡ ʞʝ ʨʘʙʦʪʝ ʙʳʣʠ ʧʨʝʜʣʦʞʝʥʳ ʤʘʪʝʤʘʪʠʯʝʩʢʠʝ ʤʦʜʝʣʠ ʬʠʟʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ, 

ʠʤʝʶʱʠʭ ʤʝʩʪʦ ʧʨʠ ʤʦʣʝʢʫʣʷʨʥʦʤ ʠʟʣʫʯʝʥʠʠ, ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʠ ʠ ʧʨʠʝʤʝ. ʈʝʟʫʣʴʪʘʪʳ ʵʪʦʡ 

ʨʘʙʦʪʳ ʥʘʤʝʪʠʣʠ ʜʚʘ ʥʘʧʨʘʚʣʝʥʠʷ ʠʩʩʣʝʜʦʚʘʥʠʡ. ʇʝʨʚʦʝ, ʧʨʝʜʫʩʤʘʪʨʠʚʘʝʪ ʯʠʩʣʝʥʥʫʶ 

ʦʮʝʥʢʫ ʩʚʦʡʩʪʚ ʦʙʳʯʥʦʛʦ ʬʠʟʠʯʝʩʢʦʛʦ ʢʘʥʘʣʘ ʩʚʷʟʠ. ʇʨʠ ʵʪʦʤ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʚʝʣʠʯʠʥʳ 

ʟʘʪʫʭʘʥʠʡ ʚ ʜʝʩʷʪʢʠ ʜɹ ʩ ʟʘʜʝʨʞʢʦʡ ʙʦʣʝʝ ʯʝʤ 100 ʤʩ ʜʣʷ ʜʠʘʧʘʟʦʥʘ ʧʝʨʝʜʘʯʠ ʜʦ 50 

ʤʠʢʨʦʤʝʪʨʦʚ ʠ ʯʘʩʪʦʪʘʭ ʜʦ 400 ɻʮ (ʥʦ ʩʦʪʥʠ ʜɹ, ʢʦʛʜʘ ʯʘʩʪʦʪʘ ʜʦʩʪʠʛʘʝʪ 1 ʢɻʮ). ʇʨʠ ʚʪʦʨʦʤ 

ʥʘʧʨʘʚʣʝʥʠʠ, ʨʝʟʫʣʴʪʘʪʳ ʦʧʨʝʜʝʣʷʶʪ ʜʦʩʪʦʚʝʨʥʳʝ ʠ ʧʨʦʩʪʳʝ ʤʦʜʝʣʠ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ 

ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʧʨʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ ʩʠʩʪʝʤ ʤʦʣʝʢʫʣʷʨʥʦʡ ʩʚʷʟʠ, ʦʩʥʦʚʘʥʥʳʝ ʥʘ ʩʚʦʙʦʜʥʦʡ 

ʜʠʬʬʫʟʠʠ ʤʦʣʝʢʫʣ. ɹʳʣʦ ʨʘʩʰʠʨʝʥʦ ʧʦʥʷʪʠʝ ʢʘʥʘʣʘ ʤʦʣʝʢʫʣʷʨʥʦʡ ʜʠʬʬʫʟʠʠ (molecular 

diffusion channel) ʧʦʩʨʝʜʩʪʚʦʤ ʘʥʘʣʠʟʘ ʥʘʠʙʦʣʝʝ ʟʥʘʯʠʤʳʭ ʠʩʪʦʯʥʠʢʦʚ ʰʫʤʘ, ʦʩʥʦʚʘʥʥʳʭ ʥʘ 

ʜʠʬʬʫʟʠʠ, ʯʴʝ ʧʨʦʠʩʭʦʞʜʝʥʠʝ ʧʦ ʩʫʱʝʩʪʚʫ ʦʪʣʠʯʥʦ ʦʪ ʰʫʤʦʚʳʭ ʠʩʪʦʯʥʠʢʦʚ ʚ ʢʣʘʩʩʠʯʝʩʢʦʡ 

ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʡ ʩʚʷʟʠ [7]. ʊʝʦʨʝʪʠʯʝʩʢʠʝ ʦʛʨʘʥʠʯʝʥʠʷ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʧʨʦʧʫʩʢʥʦʡ 

ʩʧʦʩʦʙʥʦʩʪʠ ʩʠʩʪʝʤ ʤʦʣʝʢʫʣʷʨʥʦʡ ʩʚʷʟʠ, ʦʩʥʦʚʘʥʥʦʡ ʥʘ ʜʠʬʬʫʟʠʠ, ʠʟʫʯʘʣʘʩʴ ʚ ʨʘʙʦʪʝ [8]. 

ɹʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʧʦʨʷʜʦʢ ʟʥʘʯʝʥʠʡ ʧʨʦʧʫʩʢʥʦʡ ʩʧʦʩʦʙʥʦʩʪʠ ʜʣʷ ʩʠʩʪʝʤ ʤʦʣʝʢʫʣʷʨʥʦʡ 

ʩʚʷʟʠ ʥʘʤʥʦʛʦ ʚʳʰʝ, ʯʝʤ ʧʨʦʧʫʩʢʥʘʷ ʩʧʦʩʦʙʥʦʩʪʴ ʢʣʘʩʩʠʯʝʩʢʠʭ ʩʠʩʪʝʤ ʩʚʷʟʠ. ɼʘʥʥʳʝ 

ʨʝʟʫʣʴʪʘʪʳ ʧʦʜʢʨʝʧʣʷʶʪ ʚʦʟʨʘʩʪʘʥʠʝ ʚ ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ ʠʥʪʝʨʝʩʘ ʢ ʤʦʣʝʢʫʣʷʨʥʦʡ ʩʚʷʟʠ ʜʣʷ 

ʥʘʥʦʩʝʪʝʡ. 

ɺ ʢʘʯʝʩʪʚʝ ʘʣʴʪʝʨʥʘʪʠʚʳ ʨʘʙʦʪʝ [8] ʚ [9] ʧʨʝʜʣʦʞʝʥʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʬʝʨʦʤʦʥʦʚ ʜʣʷ 

ʤʦʣʝʢʫʣʷʨʥʦʡ ʩʚʷʟʠ ʚ ʥʘʥʦʩʝʪʷʭ ʜʘʣʴʥʝʛʦ ʜʝʡʩʪʚʠʷ, ʜʣʷ ʪʘʢʠʭ ʫ ʢʦʪʦʨʳʭ ʨʘʩʩʪʦʷʥʠʷ 

ʩʦʩʪʘʚʣʷʶʪ ʧʨʠʤʝʨʥʦ 1 ʤ. ʌʝʨʦʤʦʥʳ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʤʦʣʝʢʫʣʳ ʭʠʤʠʯʝʩʢʠʭ 

ʩʦʝʜʠʥʝʥʠʡ, ʚʳʜʝʣʝʥʥʳʝ ʠʟ ʨʘʩʪʝʥʠʡ, ʥʘʩʝʢʦʤʳʭ ʠ ʞʠʚʦʪʥʳʭ, ʢʦʪʦʨʳʝ ʟʘʧʫʩʢʘʶʪ 

ʩʧʝʮʠʬʠʯʝʩʢʦʝ ʧʦʚʝʜʝʥʠʝ ʩʨʝʜʠ ʨʝʮʝʧʪʦʨʥʳʭ ʵʣʝʤʝʥʪʦʚ ʦʜʠʥʘʢʦʚʳʭ ʚʠʜʦʚ ʠ ʯʴʝ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʪʘʢʞʝ ʦʩʥʦʚʘʥʦ ʥʘ ʧʨʦʮʝʩʩʝ ʤʦʣʝʢʫʣʷʨʥʦʡ ʜʠʬʬʫʟʠʠ. ɺ ʪʦʡ ʞʝ ʨʘʙʦʪʝ 

ʧʨʝʜʩʪʘʚʣʝʥʳ ʜʨʫʛʠʝ ʩʧʦʩʦʙʳ ʤʦʣʝʢʫʣʷʨʥʦʡ ʩʚʷʟʠ, ʪʘʢʠʝ ʢʘʢ ʩʚʷʟʴ ʥʘ ʦʩʥʦʚʝ ʥʝʡʨʦʥʦʚ ʠ 

ʮʝʧʠ ʢʘʧʠʣʣʷʨʥʳʭ ʧʦʪʦʢʦʚ. ɼʦʩʪʘʪʦʯʥʦ ʠʥʪʝʨʝʩʥʘ ʚʦʟʤʦʞʥʦʩʪʴ ʧʦʩʪʨʦʝʥʠʷ ʩʠʩʪʝʤ ʩʚʷʟʠ 
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ʯʝʨʝʟ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʫʶ ʩʪʠʤʫʣʷʮʠʶ ʥʝʨʚʥʳʭ ʚʦʣʦʢʦʥ, ʢʦʪʦʨʘʷ ʧʝʨʝʜʘʝʪ ʫʧʨʘʚʣʝʥʠʝ 

ʜʚʠʞʝʥʠʝʤ ʤʳʰʮ, ʚʥʝʰʥʠʝ ʩʝʥʩʦʨʥʳʝ ʩʪʠʤʫʣʳ ʠ ʥʝʡʨʦʥʥʳʝ ʩʠʛʥʘʣʳ ʩʚʷʟʠ ʢ ʠ ʦʪ ʤʦʟʛʘ. 

ɺʦʟʤʦʞʥʘ ʪʘʢʞʝ ʩʚʷʟʴ ʧʦʩʨʝʜʩʪʚʦʤ ʢʘʧʠʣʣʷʨʦʚ, ʢʦʪʦʨʳʝ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʥʘʠʤʝʥʴʰʠʝ 

ʢʨʦʚʝʥʦʩʥʳʝ ʩʦʩʫʜʳ ʚʥʫʪʨʠ ʯʝʣʦʚʝʯʝʩʢʦʛʦ ʪʝʣʘ. ʂʘʧʠʣʣʷʨʳ ʩʦʝʜʠʥʷʶʪ ʘʨʪʝʨʠʦʣʳ ʠ  

ʚʝʥʫʣʳ, ʘ ʠʭ ʛʣʘʚʥʘʷ ʬʫʥʢʮʠʷ ʩʦʩʪʦʠʪ ʚ ʧʦʜʜʝʨʞʘʥʠʠ ʦʙʤʝʥʘ ʭʠʤʠʯʝʩʢʠʤʠ ʧʨʝʧʘʨʘʪʘʤʠ ʠ 

ʧʠʪʘʪʝʣʴʥʳʤʠ ʚʝʱʝʩʪʚʘʤʠ ʤʝʞʜʫ ʢʨʦʚʴʶ ʠ ʦʢʨʫʞʘʶʱʠʭ ʪʢʘʥʝʡ. ʇʨʘʢʪʠʯʝʩʢʘʷ 

ʦʩʫʱʝʩʪʚʠʤʦʩʪʴ ʵʪʠʭ ʩʠʩʪʝʤ ʪʨʝʙʫʝʪ ʝʱʝ ʜʘʣʴʥʝʡʰʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʥʦ ʦʥʠ ʤʦʛʫʪ ʩʣʫʞʠʪʴ ʚ 

ʢʘʯʝʩʪʚʝ ʩʪʘʨʪʦʚʦʡ ʪʦʯʢʠ ʜʣʷ ʙʫʜʫʱʠʭ ʙʠʦ-ʩʪʠʤʫʣʠʨʦʚʘʥʥʳʭ ʩʠʩʪʝʤ ʥʘʥʦʩʚʷʟʠ. 

ɺ ʨʘʙʦʪʝ [10] ʠʟʫʯʘʣʘʩʴ ʪʝʭʥʠʢʘ ʤʦʣʝʢʫʣʷʨʥʦʛʦ ʪʨʘʥʩʧʦʨʪʘ, ʠʩʧʦʣʴʟʫʶʱʘʷ ʜʚʘ ʨʘʟʥʳʭ 

ʪʠʧʘ ʦʙʲʝʢʪʦʚ ʧʝʨʝʥʦʩʯʠʢʦʚ: ʞʛʫʪʠʢʦʚʳʝ ʙʘʢʪʝʨʠʠ (flagellated bacteria) ʠ ʢʘʪʘʣʠʪʠʯʝʩʢʠʝ 

ʥʘʥʦʤʦʪʦʨʳ (Nanomotors). ʉ ʦʜʥʦʡ ʩʪʦʨʦʥʳ, ʞʛʫʪʠʢʦʚʘʷ ʙʘʢʪʝʨʠʷ ʧʨʠʛʦʜʥʘ ʜʣʷ ʧʝʨʝʥʦʩʘ 

ʩʦʦʙʱʝʥʠʡ ɼʅʂ, ʚʚʦʜʠʤʳʭ ʚʥʫʪʨʴ ʝʝ ʮʠʪʦʧʣʘʟʤʳ. ʂʦʛʜʘ ʦʢʨʫʞʘʶʱʘʷ ʩʨʝʜʘ ʩʚʦʙʦʜʥʘ, 

ʙʘʢʪʝʨʠʷ-ʧʝʨʝʥʦʩʯʠʢ ʥʘʧʨʘʚʣʷʝʪʩʷ ʢ ʧʨʠʝʤʥʠʢʫ, ʧʨʠ ʢʦʥʪʘʢʪʝ ʩ ʢʦʪʦʨʳʤ ʙʘʢʪʝʨʠʷ 

ʦʩʚʦʙʦʞʜʘʝʪ ʩʦʦʙʱʝʥʠʝ ɼʅʂ ʧʦ ʥʘʟʥʘʯʝʥʠʶ. ʉ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ, ʢʘʪʘʣʠʪʠʯʝʩʢʠʝ 

ʥʘʥʦʤʦʪʦʨʳ ʦʧʨʝʜʝʣʷʶʪʩʷ ʢʘʢ ʯʘʩʪʠʮʳ, ʢʦʪʦʨʳʝ ʩʧʦʩʦʙʥʳ ʧʨʦʜʚʠʛʘʪʴ ʩʘʤʠʭ ʩʝʙʷ ʠ ʤʘʣʳʝ 

ʦʙʲʝʢʪʳ. ʅʘʥʦʤʦʪʦʨʳ ʤʦʛʫʪ ʙʳʪʴ ʟʘʛʨʫʞʝʥʳ ʩ ʤʦʣʝʢʫʣʘʤʠ ɼʅʂ, ʘ ʠʭ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʦʪ 

ʠʩʪʦʯʥʠʢʘ ʢ ʧʨʠʝʤʥʠʢʫ ʤʦʞʝʪ ʙʳʪʴ ʫʧʨʘʚʣʷʝʤʦ ʧʫʪʝʤ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʫʩʪʘʥʦʚʣʝʥʥʳʭ 

ʟʘʨʘʥʝʝ ʤʘʛʥʠʪʥʳʭ ʯʘʩʪʝʡ. ʅʘʥʦʤʦʪʦʨʳ ʤʦʛʫʪ ʪʘʢʞʝ ʬʦʨʤʠʨʦʚʘʪʴ ʩʚʦʝʦʙʨʘʟʥʫʶ ʢʘʧʩʫʣʫ ʠ 

ʧʝʨʝʤʝʱʘʪʴ ʩʦʦʙʱʝʥʠʝ ɼʅʂ ʯʝʨʝʟ ʧʨʦʮʝʩʩ, ʚʳʟʳʚʘʶʱʠʡ ʭʝʤʦʪʘʢʩʠʩ. ʈʘʩʧʨʦʩʪʨʘʥʝʥʠʝ 

ʠʥʬʦʨʤʘʮʠʠ ʧʦʩʨʝʜʩʪʚʦʤ ʫʧʨʘʚʣʷʝʤʦʡ ʙʘʢʪʝʨʠʠ ʠʣʠ ʢʘʪʘʣʠʪʠʯʝʩʢʠʭ ʥʘʥʦʤʦʪʦʨʦʚ  

ʦʪʥʦʩʠʪʝʣʴʥʦ ʦʯʝʥʴ ʤʝʜʣʝʥʥʦʝ (ʧʦʨʷʜʢʘ ʥʝʩʢʦʣʴʢʠʭ ʤʤ ʟʘ ʯʘʩ), ʥʦ ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ 

ʠʥʬʦʨʤʘʮʠʠ, ʢʦʪʦʨʦʝ ʤʦʞʝʪ ʙʳʪʴ ʧʝʨʝʜʘʥʦ ʚ ʝʜʠʥʠʯʥʦʡ ʮʝʧʠ ɼʅʂ, ʧʦʟʚʦʣʷʝʪ ʜʦʩʪʠʛʘʪʴ 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʚʳʩʦʢʦʡ ʩʢʦʨʦʩʪʠ ʧʝʨʝʜʘʯʠ (ʜʦ ʥʝʩʢʦʣʴʢʠʭ ʢʙʠʪ/ʩ). ɺʩʝ ʵʪʠ ʨʝʟʫʣʴʪʘʪʳ 

ʪʨʝʙʫʶʪ ʦʪ ʥʘʩ ʧʝʨʝʩʤʦʪʨ ʫʞʝ ʫʩʪʘʥʦʚʠʚʰʠʭʩʷ ʢʦʥʮʝʧʮʠʡ ʚ ʪʝʣʝʢʦʤʤʫʥʠʢʘʮʠʷʭ ʠ ʩʝʪʝʚʦʡ 

ʪʝʦʨʠʠ. 
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References as an Important Scientometric Element 

One of the reasons for understatement of the real contribution of Ukrainian science into world 

science is that the bibliographic lists of domestic researchers included into scientometric databases 

contain Cyrillic-written bibliographic references to publications, i.e. the references written in 

original language. Such kind of references is not indexed in scientometric databases, and it leads to 

understatement of the contribution of domestic scientists in world science. The present paper 

concerns an approach to solve this problem. The approach is suggested by O. V. Kirillova 

(VINITI). On the basis of these suggestionsô analysis the concrete recommendations are provided 

for preparation of bibliographic references. 

ɺ ʧʦʩʣʝʜʥʝʝ ʚʨʝʤʷ ʠʥʪʝʨʝʩ ʢ ʦʙʲʝʢʪʠʚʥʳʤ ʦʮʝʥʢʘʤ ʩʦʩʪʦʷʥʠʷ ʦʪʝʯʝʩʪʚʝʥʥʦʡ ʥʘʫʢʠ ʠ 

ʝʝ ʨʝʘʣʴʥʦʛʦ ʚʢʣʘʜʘ ʚ ʤʠʨʦʚʫʶ ʥʘʫʢʫ ʧʨʠʦʙʨʝʪʘʝʪ ʦʩʦʙʦʝ ʟʥʘʯʝʥʠʝ ʠʟ-ʟʘ ʥʝʦʙʭʦʜʠʤʦʩʪʠ 

ʫʯʝʥʳʭ ʠ ʥʘʫʯʥʳʭ ʘʜʤʠʥʠʩʪʨʘʪʦʨʦʚ ʜʦʢʘʟʳʚʘʪʴ ʘʢʪʫʘʣʴʥʦʩʪʴ ʦʧʨʝʜʝʣʝʥʥʦʛʦ ʥʘʫʯʥʦʛʦ 

ʥʘʧʨʘʚʣʝʥʠʷ ʧʨʠ ʦʙʨʘʱʝʥʠʠ ʢ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʡ ʠʣʠ ʩʧʦʥʩʦʨʩʢʦʡ ʧʦʜʜʝʨʞʢʝ. ɺʘʞʥʫʶ ʨʦʣʴ 

ʧʨʠ ʦʮʝʥʢʘʭ ʨʘʟʚʠʪʠʷ ʥʘʫʯʥʳʭ ʥʘʧʨʘʚʣʝʥʠʡ ʠʛʨʘʶʪ ʜʘʥʥʳʝ, ʩʦʜʝʨʞʘʱʠʝʩʷ ʚ ʦʥʣʘʡʥʦʚʳʭ 

ʥʘʫʢʦʤʝʪʨʠʯʝʩʢʠʭ ʙʘʟʘʭ (Web of Science, Scopus ʠ ʜʨ.). ʇʨʠ ʚʩʝʭ ʠʟʜʝʨʞʢʘʭ ʪʘʢʦʛʦ ʨʦʜʘ 

ʦʮʝʥʦʢ [1] ʩʫʱʝʩʪʚʫʶʱʠʝ ʥʘʫʢʦʤʝʪʨʠʯʝʩʢʠʝ ʙʘʟʳ ʷʚʣʷʶʪʩʷ ʥʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ 

ʝʜʠʥʩʪʚʝʥʥʳʤ ʦʙʲʝʢʪʠʚʥʳʤ ʠʥʩʪʨʫʤʝʥʪʦʤ ʦʮʝʥʢʠ çʚʝʩʘè ʪʦʛʦ ʠʣʠ ʠʥʦʛʦ ʦʙʲʝʢʪʘ 

ʥʘʫʢʦʤʝʪʨʠʯʝʩʢʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ (ʩʪʨʘʥʳ, ʨʝʛʠʦʥʘ, ʫʥʠʚʝʨʩʠʪʝʪʘ, ʦʪʜʝʣʴʥʦʛʦ ʠʩʩʣʝʜʦʚʘʪʝʣʷ, 

ʞʫʨʥʘʣʘ, ʢʦʥʬʝʨʝʥʮʠʠ ʠ ʧʨʦʯ.). ʆʙʱʝʧʨʠʟʥʘʥʥʳʤ ʞʝ ʷʚʣʷʝʪʩʷ ʪʦʪ ʬʘʢʪ, ʯʪʦ ʦʮʝʥʢʠ ʚʢʣʘʜʘ 

ʫʢʨʘʠʥʩʢʦʡ ʥʘʫʢʠ ʚ ʤʠʨʦʚʫʶ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʨʘʢʪʠʯʝʩʢʠ ʚʩʝʭ ʥʘʫʢʦʤʝʪʨʠʯʝʩʢʠʭ 

ʠʥʩʪʨʫʤʝʥʪʦʚ ʚʩʝʛʜʘ ʦʢʘʟʳʚʘʶʪʩʷ ʟʘʥʠʞʝʥʥʳʤʠ. ʋʥʠʚʝʨʩʠʪʝʪʳ ʋʢʨʘʠʥʳ, ʚ ʪʦʤ ʯʠʩʣʝ 

ʅʊʋʋ çʂʇʀè, ʘʢʪʠʚʥʦ ʨʘʙʦʪʘʶʪ ʜʣʷ ʠʩʧʨʘʚʣʝʥʠʷ ʪʘʢʦʛʦ ʧʦʣʦʞʝʥʠʷ [2]. 

ʆʜʥʦʡ ʠʟ ʧʨʠʯʠʥ ʵʪʦʛʦ ʷʚʣʝʥʠʷ ʷʚʣʷʝʪʩʷ ʪʦ, ʯʪʦ ʚ ʙʠʙʣʠʦʛʨʘʬʠʯʝʩʢʠʭ ʩʧʠʩʢʘʭ 
1
 

ʧʫʙʣʠʢʘʮʠʡ ʦʪʝʯʝʩʪʚʝʥʥʳʭ ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ, ʚʢʣʶʯʝʥʥʳʭ ʚ ʥʘʫʢʦʤʝʪʨʠʯʝʩʢʠʝ ʙʘʟʳ, 

ʙʠʙʣʠʦʛʨʘʬʠʯʝʩʢʠʝ ʩʩʳʣʢʠ ʥʘ ʧʫʙʣʠʢʘʮʠʠ ʩʦʦʪʝʯʝʩʪʚʝʥʥʠʢʦʚ ʧʨʠʚʦʜʷʪʩʷ ʥʘ ʷʟʳʢʝ 

ʦʨʠʛʠʥʘʣʘ, ʪ. ʝ. ʥʘ ʢʠʨʠʣʣʠʮʝ. ʊʘʢʠʝ ʩʩʳʣʢʠ ʚ ʥʘʫʢʦʤʝʪʨʠʯʝʩʢʠʭ ʙʘʟʘʭ ʥʝ ʠʥʜʝʢʩʠʨʫʶʪʩʷ, 

ʯʪʦ ʠ ʧʨʠʚʦʜʠʪ ʢ ʟʘʥʠʞʝʥʠʶ ʚʢʣʘʜʘ ʦʪʝʯʝʩʪʚʝʥʥʳʭ ʫʯʝʥʳʭ ʚ ʤʠʨʦʚʫʶ ʥʘʫʢʫ. 

ʅʝʣʴʟʷ ʩʢʘʟʘʪʴ, ʯʪʦ ʨʝʰʝʥʠʝʤ ʵʪʦʡ ʧʨʦʙʣʝʤʳ ʥʠʢʪʦ ʥʝ ʟʘʥʠʤʘʝʪʩʷ. ʊʘʢ, ʟʘʚʝʜʫʶʱʘʷ 

ʦʪʜʝʣʝʥʠʝʤ ɺʀʅʀʊʀ ʈɸʅ ʆ. ɺ. ʂʠʨʠʣʣʦʚʘ, ʯʣʝʥ ʕʢʩʧʝʨʪʥʦʛʦ ʩʦʚʝʪʘ (CSAB) ɹɼ Scopus ʚ 

ʩʚʦʝʡ ʩʪʘʪʴʝ [3], ʦʧʫʙʣʠʢʦʚʘʥʥʦʡ, ʚʝʨʦʷʪʥʝʝ ʚʩʝʛʦ, ʚ 2011 ʛ., ʢʘʩʘʝʪʩʷ, ʚ ʪʦʤ ʯʠʩʣʝ ʠ ʧʨʦʙʣʝʤʳ 

ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʙʠʙʣʠʦʛʨʘʬʠʯʝʩʢʠʭ ʩʩʳʣʦʢ ʥʘ ʢʠʨʠʣʣʠʮʝ. ʈʝʢʦʤʝʥʜʘʮʠʠ ʆ. ɺ. ʂʠʨʠʣʣʦʚʦʡ ʧʦ 

                                                           
1
 ɼʚʫʤʷ ʢʣʘʩʩʠʯʝʩʢʠʤʠ ʬʫʥʢʮʠʷʤʠ ʧʨʠʩʪʘʪʝʡʥʦʡ ʠ ʧʨʠʢʥʠʞʥʦʡ ʙʠʙʣʠʦʛʨʘʬʠʯʝʩʢʦʡ ʩʩʳʣʢʠ ʷʚʣʷʶʪʩʷ: 

ð ʙʠʙʣʠʦʛʨʘʬʠʯʝʩʢʘʷ ʩʩʳʣʢʘ ð ʵʪʦ ʩʦʩʪʘʚʥʘʷ ʯʘʩʪʴ ʩʧʨʘʚʦʯʥʦʛʦ ʘʧʧʘʨʘʪʘ ʠʟʜʘʥʠʷ, ʩʚʷʟʘʥʥʘʷ ʩ 

ʦʧʨʝʜʝʣʝʥʥʳʤʠ ʬʨʘʛʤʝʥʪʘʤʠ ʪʝʢʩʪʘ ʠ ʠʩʧʦʣʴʟʫʝʤʘʷ ʘʚʪʦʨʘʤʠ ʜʣʷ ʜʦʢʫʤʝʥʪʠʨʦʚʘʥʠʷ ʟʘʠʤʩʪʚʦʚʘʥʥʳʭ ʠʤ 

ʩʚʝʜʝʥʠʡ ʠʣʠ ʮʠʪʘʪ, ʘ ʯʠʪʘʪʝʣʷʤʠ ð ʜʣʷ ʥʘʚʝʜʝʥʠʷ ʩʧʨʘʚʦʢ ʠ ʙʠʙʣʠʦʛʨʘʬʠʯʝʩʢʦʛʦ ʧʦʠʩʢʘ ʠʩʧʦʣʴʟʦʚʘʥʥʳʭ 

ʘʚʪʦʨʦʤ ʨʘʙʦʪ; 

ð ʙʠʙʣʠʦʛʨʘʬʠʯʝʩʢʘʷ ʩʩʳʣʢʘ ð ʵʪʦ ʠʩʪʦʯʥʠʢ ʙʠʙʣʠʦʛʨʘʬʠʯʝʩʢʦʡ ʠʥʬʦʨʤʘʮʠʠ ʧʦ ʪʝʤʝ ʧʫʙʣʠʢʘʮʠʠ, 

ʢʦʪʦʨʳʡ ʤʦʞʝʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥ ʚ ʢʘʯʝʩʪʚʝ ʩʘʤʦʩʪʦʷʪʝʣʴʥʦʛʦ ʙʠʙʣʠʦʛʨʘʬʠʯʝʩʢʦʛʦ ʧʦʩʦʙʠʷ. 

ɺ ʩʦʚʨʝʤʝʥʥʫʶ ʵʧʦʭʫ, ʢʦʪʦʨʘʷ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʙʫʨʥʳʤ ʨʦʩʪʦʤ ʦʙʲʝʤʘ ʥʘʫʯʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ, 

ʨʘʟʚʠʪʠʝʤ ʥʘʫʢʦʤʝʪʨʠʯʝʩʢʠʭ ʤʝʪʦʜʦʚ ʠ ʠʥʬʦʨʤʘʮʠʦʥʥʦ-ʪʝʣʝʢʦʤʤʫʥʠʢʘʮʠʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ,  

ð ʙʠʙʣʠʦʛʨʘʬʠʯʝʩʢʘʷ ʩʩʳʣʢʘ ð ʵʪʦ ʚʘʞʥʳʡ ʥʘʫʢʦʤʝʪʨʠʯʝʩʢʠʡ ʵʣʝʤʝʥʪ, ʧʦʟʚʦʣʷʶʱʠʡ, ʚ ʯʘʩʪʥʦʩʪʠ, 

ʦʧʨʝʜʝʣʠʪʴ ʪʘʢʠʝ ʧʦʢʘʟʘʪʝʣʠ, ʢʘʢ ʠʥʜʝʢʩ ʮʠʪʠʨʦʚʘʥʠʷ, ʠʥʜʝʢʩ ʍʠʨʰʘ ʠ ʜʨ. 
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ʩʦʩʪʘʚʣʝʥʠʶ ʩʩʳʣʦʢ ʚ ʨʦʤʘʥʩʢʦʤ ʘʣʬʘʚʠʪʝ ʚ ʘʥʛʣʦʷʟʳʯʥʦʡ ʯʘʩʪʠ ʩʪʘʪʴʠ ʠ ʧʨʠʩʪʘʪʝʡʥʦʡ 

ʙʠʙʣʠʦʛʨʘʬʠʠ, ʧʨʝʜʥʘʟʥʘʯʝʥʥʦʡ ʜʣʷ ʟʘʨʫʙʝʞʥʳʭ ɹɼ, ʩʚʦʜʷʪʩʷ ʢ ʩʣʝʜʫʶʱʝʤʫ. 

1. ʆʪʢʘʟʘʪʴʩʷ (! ð ɸʚʪ.) ʦʪ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ɻʆʉʊ 5.0.7. ɹʠʙʣʠʦʛʨʘʬʠʯʝʩʢʘʷ ʩʩʳʣʢʘ 

(ʆ. ɺ. ʂʠʨʠʣʣʦʚʘ ʦʰʠʙʣʘʩʴ, ʧʨʘʚʠʣʴʥʳʡ ʥʦʤʝʨ ɻʆʉʊʘ: ʈ 7.0.5ð2008). 

2. ʉʣʝʜʦʚʘʪʴ ʧʨʘʚʠʣʘʤ, ʧʦʟʚʦʣʷʶʱʠʤ ʣʝʛʢʦ ʠʜʝʥʪʠʬʠʮʠʨʦʚʘʪʴ ʜʚʘ ʦʩʥʦʚʥʳʭ 

ʵʣʝʤʝʥʪʘ ʦʧʠʩʘʥʠʡ ð ʘʚʪʦʨʦʚ ʠ ʠʩʪʦʯʥʠʢ. 

3. ʅʝ ʧʝʨʝʛʨʫʞʘʪʴ ʩʩʳʣʢʠ ʪʨʘʥʩʣʠʪʝʨʘʮʠʝʡ ʟʘʛʣʘʚʠʡ ʩʪʘʪʝʡ, ʣʠʙʦ ʜʘʚʘʪʴ ʠʭ ʩʦʚʤʝʩʪʥʦ 
ʩ ʧʝʨʝʚʦʜʦʤ. 

4. ʇʨʠʜʝʨʞʠʚʘʪʴʩʷ ʦʜʥʦʡ ʠʟ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʭ ʩʠʩʪʝʤ ʪʨʘʥʩʣʠʪʝʨʘʮʠʠ ʬʘʤʠʣʠʡ 
ʘʚʪʦʨʦʚ, ʟʘʛʣʘʚʠʡ ʩʪʘʪʝʡ (ʝʩʣʠ ʠʭ ʚʢʣʶʯʘʪʴ) ʠ ʥʘʟʚʘʥʠʡ ʠʩʪʦʯʥʠʢʦʚ. 

5. ʇʨʠ ʩʩʳʣʢʝ ʥʘ ʩʪʘʪʴʠ ʠʟ ʨʦʩʩʠʡʩʢʠʭ ʞʫʨʥʘʣʦʚ, ʠʤʝʶʱʠʭ ʧʝʨʝʚʦʜʥʫʶ ʚʝʨʩʠʶ, 
ʣʫʯʰʝ ʜʘʚʘʪʴ ʩʩʳʣʢʫ ʥʘ ʧʝʨʝʚʦʜʥʫʶ ʚʝʨʩʠʶ ʩʪʘʪʴʠ. 

ʅʘ ɻʆʉʊʝ ʈ 7.0.5ð2008 ʩʣʝʜʫʝʪ ʦʩʪʘʥʦʚʠʪʴʩʷ ʙʦʣʝʝ ʧʦʜʨʦʙʥʦ. ʇʦʷʚʣʝʥʠʝ ʵʪʦʛʦ 

ɻʆʉʊʘ ʙʳʣʦ, ʤʦʞʥʦ ʩʢʘʟʘʪʴ, ʜʦʣʛʦʞʜʘʥʥʳʤ, ʪ. ʢ. ʦʥ ʩʪʘʣ ʧʝʨʚʳʤ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʉʅɻ 

ɻʆʉʊʦʤ, ʨʝʛʣʘʤʝʥʪʠʨʫʶʱʠʤ ʧʨʘʚʠʣʘ ʩʦʩʪʘʚʣʝʥʠʷ ʙʠʙʣʠʦʛʨʘʬʠʯʝʩʢʠʭ ʩʩʳʣʦʢ. 

ʉʫʱʝʩʪʚʫʶʱʘʷ ʜʦ ʵʪʦʛʦ ʧʨʘʢʪʠʢʘ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʜʣʷ ʵʪʦʡ ʮʝʣʠ ʩʥʘʯʘʣʘ ɻʆʉʊʦʚ 7.1ð76, 

7.1ð84, ʟʘʪʝʤ ɼʉʊʋ ɻʆʉʊ 7.1:2006 ʧʨʠʚʦʜʠʣʘ ʢ ʪʦʤʫ, ʯʪʦ, ʧʦʩʢʦʣʴʢʫ ʵʪʠ ɻʆʉʊʳ ʙʳʣʠ 

ʧʨʝʜʥʘʟʥʘʯʝʥʳ ʜʣʷ ʜʨʫʛʦʡ ʮʝʣʠ ð ʩʦʟʜʘʥʠʷ ʙʠʙʣʠʦʛʨʘʬʠʯʝʩʢʠʭ ʦʧʠʩʘʥʠʡ ʩʦʪʨʫʜʥʠʢʘʤʠ 

ʙʠʙʣʠʦʪʝʢ, ʪʦ ʠʟʜʘʪʝʣʴʩʪʚʘ, ʨʝʜʘʢʮʠʠ ʞʫʨʥʘʣʦʚ ʠ ʦʨʛʢʦʤʠʪʝʪʳ ʢʦʥʬʝʨʝʥʮʠʡ ʠʩʧʦʣʴʟʦʚʘʣʠ 

ʵʪʠ ʜʦʢʫʤʝʥʪʳ ʧʦ ʩʚʦʝʤʫ ʫʩʤʦʪʨʝʥʠʶ, ʜʝʣʘʷ ʧʨʘʚʠʣʘ ʩʦʩʪʘʚʣʝʥʠʷ ʩʩʳʣʦʢ ʟʘʯʘʩʪʫʶ ʪʨʫʜʥʦ 

ʚʦʩʧʨʠʥʠʤʘʝʤʳʤʠ ʠ ʠʟʙʳʪʦʯʥʳʤʠ. 

ɺ 1983 ʛ. ʧʦ ʨʝʰʝʥʠʶ ʨʝʜʘʢʮʠʦʥʥʦʡ ʢʦʣʣʝʛʠʠ ʩʧʨʘʚʦʯʥʦʡ ʣʠʪʝʨʘʪʫʨʳ ɸʅ ʋʉʉʈ ʙʳʣ 

ʠʟʜʘʥ ʩʧʨʘʚʦʯʥʠʢ [4]. ɸʚʪʦʨ ʵʪʦʛʦ ʩʧʨʘʚʦʯʥʠʢʘ ð ʖ. ɺ. ɸʣʴʙʝʨʪ, ʨʫʢʦʚʦʜʠʪʝʣʴ ʛʨʫʧʧʳ 

ʩʪʘʥʜʘʨʪʠʟʘʮʠʠ ʦʜʥʦʛʦ ʠʟ ʢʨʫʧʥʝʡʰʠʭ ʥʘʫʯʥʳʭ ʠʟʜʘʪʝʣʴʩʪʚ ʉʉʉʈ ð ʠʟʜʘʪʝʣʴʩʪʚʘ çʅʘʫʢʦʚʘ 

ʜʫʤʢʘè, ʚʝʩʴʤʘ ʫʩʧʝʰʥʦ ʦʙʦʙʱʠʣ ʧʦʣʦʞʠʪʝʣʴʥʳʡ ʦʧʳʪ, ʦʪʨʘʞʝʥʥʳʡ ʨʘʥʝʝ ʥʦʨʤʘʪʠʚʥʳʭ 

ʜʦʢʫʤʝʥʪʘʭ ʫʢʨʘʠʥʩʢʠʭ ʠʟʜʘʪʝʣʴʩʪʚ çʂʥʠʛʘè ʠ çʅʘʫʢʦʚʘ ʜʫʤʢʘè. 

ʅʦ ʚʝʨʥʝʤʩʷ ʢ ɻʆʉʊʫ ʈ 7.0.5ð2008. ʕʪʦʪ ʥʦʨʤʘʪʠʚʥʳʡ ʜʦʢʫʤʝʥʪ, ʢ ʩʦʞʘʣʝʥʠʶ, ʥʝ 

ʦʧʨʘʚʜʘʣ ʥʘʫʯʥʦʝ ʩʦʦʙʱʝʩʪʚʦ, ʪʘʢ ʢʘʢ ʧʨʝʜʩʪʘʚʠʣ ʩʦʙʦʡ ʫʩʝʯʝʥʥʫʶ ʠ ʥʘʩʢʦʨʦ ʩʜʝʣʘʥʥʫʶ 

ʢʦʤʧʠʣʷʮʠʶé ʩʧʨʘʚʦʯʥʠʢʘ ʖ. ɺ. ɸʣʴʙʝʨʪʘ, ʠʟʜʘʥʥʦʛʦ ʯʝʪʚʝʨʪʴ ʚʝʢʘ ʥʘʟʘʜ. ɺ ʥʦʚʳʭ 

ʫʩʣʦʚʠʷʭ ʵʢʩʧʝʨʪʳ ʨʝʢʦʤʝʥʜʫʶʪ ʦʪʢʘʟʘʪʴʩʷ ʦʪ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʵʪʦʛʦ ɻʆʉʊʘ (ʩʤ. ʚʳʰʝ ʧ. 1), 

ʯʪʦ ʤʦʞʥʦ ʙʳʣʦ ʙ  rʩʜʝʣʘʪʴ, ʝʩʣʠ ʙ  rʨʝʢʦʤʝʥʜʘʮʠʠ [3] ʦʭʚʘʪʠʣʠ ʙ  rʚʩʝ ʚʘʨʠʘʥʪʳ ʩʩʳʣʦʢ, 

ʨʘʩʩʤʦʪʨʝʥʥʳʝ ʚ ʩʧʨʘʚʦʯʥʠʢʝ ʖ. ɺ. ɸʣʴʙʝʨʪʘ ʠʣʠ, ʧʦ ʢʨʘʡʥʝʡ ʤʝʨʝ, ʛʦʩʪʘ 7.0.5. ʈʝʘʣʴʥʦ ʞʝ ʚ 

[3] ʦʭʚʘʯʝʥʳ ʪʦʣʴʢʦ ʦʩʥʦʚʥʳʝ ʚʠʜʳ ʧʫʙʣʠʢʘʮʠʡ (ʤʦʥʦʛʨʘʬʠʠ, ʩʪʘʪʴʠ, ʤʘʪʝʨʠʘʣʳ 

ʢʦʥʬʝʨʝʥʮʠʡ, ʥʝʦʧʫʙʣʠʢʦʚʘʥʥʳʝ ʜʦʢʫʤʝʥʪʳ ʠ ʀʥʪʝʨʥʝʪ-ʨʝʩʫʨʩʳ). ʅʝ ʨʘʩʩʤʦʪʨʝʥʥʳʤʠ 

ʦʢʘʟʘʣʠʩʴ ʩʣʝʜʫʶʱʠʝ ʚʠʜʳ ʧʫʙʣʠʢʘʮʠʡ: ʩʪʘʥʜʘʨʪʳ ʠ ʜʨʫʛʠʝ ʥʦʨʤʘʪʠʚʥʳʝ ʜʦʢʫʤʝʥʪʳ, 

ʧʘʪʝʥʪʥʳʝ ʜʦʢʫʤʝʥʪʳ, ʦʪʯʝʪʳ ʦ ʅʀʈ ʠ ʆʂʈ, ʘʨʭʠʚʥʳʝ ʤʘʪʝʨʠʘʣʳ, ʛʘʟʝʪʥʳʝ ʧʫʙʣʠʢʘʮʠʠ ʠ ʜʨ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʫʩʪʘʥʦʚʠʣʦʩʴ çʜʚʦʝʚʣʘʩʪʠʝè: ʩʩʳʣʢʠ ʧʦ ɻʆʉʊʫ ʠ 

ʩʩʳʣʢʠ çʧʦ ʂʠʨʠʣʣʦʚʦʡè (ʘ ʝʱʝ ʪʦʯʥʝʝ çʪʨʦʝʚʣʘʩʪʠʝè, ʥʦ ʦʙ ʵʪʦʤ ʥʝʩʢʦʣʴʢʦ ʧʦʟʞʝ). 

ʆʪʜʝʣʴʥʦ ʩʣʝʜʫʝʪ ʦʩʪʘʥʦʚʠʪʴʩʷ ʥʘ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʪʨʘʥʩʣʠʪʝʨʘʮʠʠ (ʩʤ. ʧ. 4), ʢʦʪʦʨʘʷ ʥʘ 

ʧʝʨʚʳʡ ʚʟʛʣʷʜ ʤʦʞʝʪ ʧʦʢʘʟʘʪʴʩʷ ʟʘʥʷʪʠʝʤ, ʪʨʝʙʫʶʱʠʤ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʚʨʝʤʝʥʥʳʭ ʟʘʪʨʘʪ 

ʥʘ ʧʦʜʛʦʪʦʚʢʫ ʪʨʘʥʩʣʠʪʝʨʠʨʦʚʘʥʥʦʡ ʟʘʧʠʩʠ ʠ ʦʩʚʦʝʥʠʝ ʧʨʘʚʠʣ ʪʨʘʥʩʣʠʪʝʨʘʮʠʠ. ʅʘ ʩʘʤʦʤ 

ʜʝʣʝ ʚʩʝ ʵʪʦ ʥʝ ʪʘʢ, ʧʦʩʢʦʣʴʢʫ ʩʫʱʝʩʪʚʫʶʪ ʧʨʝʜʥʘʟʥʘʯʝʥʥʳʝ ʜʣʷ ʵʪʦʛʦ ʦʥʣʘʡʥ ʨʝʩʫʨʩʳ, ʧʨʠ 

ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʢʦʪʦʨʳʭ ʧʨʦʮʝʩʩ ʪʨʘʥʩʣʠʪʝʨʘʮʠʠ ʧʨʦʠʩʭʦʜʠʪ ʟʘ ʩʝʢʫʥʜʳ. ʈʘʟʫʤʝʝʪʩʷ, 

ʪʨʘʥʩʣʠʪʝʨʠʨʦʚʘʥʥʳʡ ʪʝʢʩʪ ʪʨʝʙʫʝʪ ʥʝʢʦʪʦʨʦʡ ʢʦʨʨʝʢʪʠʨʦʚʢʠ (ʚ ʦʩʦʙʝʥʥʦʩʪʠ ʵʪʦ ʢʘʩʘʝʪʩʷ 

ʪʨʘʥʩʣʠʪʝʨʘʮʠʠ ʬʘʤʠʣʠʡ ʠ ʠʥʠʮʠʘʣʦʚ, ʧʦʩʢʦʣʴʢʫ ʥʝʦʜʥʦʟʥʘʯʥʦʩʪʴ ʧʨʠ ʵʪʦʤ ʫʩʣʦʞʥʷʝʪ 

ʧʨʦʮʝʩʩ ʠʥʜʝʢʩʘʮʠʠ). ʈʝʢʦʤʝʥʜʫʝʤʳʡ ʂʠʨʠʣʣʦʚʦʡ ʨʝʩʫʨʩ http://www.translit.ru ʠʤʝʝʪ ʦʧʮʠʠ 

ʪʨʘʥʩʣʠʪʝʨʘʮʠʠ ʩ ʨʫʩʩʢʦʛʦ, ʫʢʨʘʠʥʩʢʦʛʦ, ʙʝʣʦʨʫʩʩʢʦʛʦ, ʠʚʨʠʪʘ, ʘʨʤʷʥʩʢʦʛʦ, ʛʨʫʟʠʥʩʢʦʛʦ, 

ʛʨʝʯʝʩʢʦʛʦ, ʢʘʟʘʭʩʢʦʛʦ ʠ ʣʠʪʦʚʩʢʦʛʦ ʷʟʳʢʦʚ, ʘ ʪʘʢʞʝ ʦʧʮʠʠ, ʫʩʪʘʥʘʚʣʠʚʘʶʱʠʝ ʚʘʨʠʘʥʪʳ 

ʪʨʘʥʩʣʠʪʝʨʘʮʠʠ (ɻʆʉʊ 16876ð71, ʉʕɺ 1362ð78, ɻʆʉʊ 7.79ð2000 ʠ ʜʨ.). 

ʇʨʦʮʝʩʩʫ ʧʝʨʝʭʦʜʘ ʥʘ ʩʩʳʣʦʯʥʳʡ ʘʧʧʘʨʘʪ, ʧʦʟʚʦʣʷʶʱʠʡ ʧʦʚʳʩʠʪʴ ʥʘʫʯʥʳʡ ʨʝʡʪʠʥʛ 

ʩʪʨʘʥʳ, ʨʝʛʠʦʥʘ, ʫʥʠʚʝʨʩʠʪʝʪʘ, ʦʪʜʝʣʴʥʦʛʦ ʠʩʩʣʝʜʦʚʘʪʝʣʷ, ʞʫʨʥʘʣʘ, ʢʦʥʬʝʨʝʥʮʠʠ 

ʘʣʴʪʝʨʥʘʪʠʚʳ ʥʝʪ. 



 

45 

 

ʆʜʠʥ ʠʟ ʧʝʨʚʳʭ ʰʘʛʦʚ ʢ ʪʘʢʦʤʫ ʧʝʨʝʭʦʜʫ ʧʨʝʜʧʨʠʥʷʪ ʆʨʛʢʦʤʠʪʝʪʦʤ ʤʝʞʜʫʥʘʨʦʜʥʦʡ 

ʢʦʥʬʝʨʝʥʮʠʠ ʂʨʳʄʠʂʦ. ɺ ʪʘʙʣʠʮʘʭ ʧʨʝʜʩʪʘʚʣʝʥʳ ʜʚʘ ʚʘʨʠʘʥʪʘ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʩʩʳʣʦʢ çʧʦ 

ʂʠʨʠʣʣʦʚʦʡè, ʧʦ ʢʦʪʦʨʳʤ, ʥʘʯʠʥʘʷ ʩ ʪʝʢʫʱʝʛʦ ʛʦʜʘ, ʧʨʠʥʠʤʘʶʪʩʷ ʟʘʷʚʢʠ ʥʘ ʫʯʘʩʪʠʝ ʚ 

ʢʦʥʬʝʨʝʥʮʠʠ. ʕʪʦ, ʢʘʢ ʦʪʤʝʯʘʣʦʩʴ ʚʳʰʝ, ʩʩʳʣʢʠ ʥʘ ʤʦʥʦʛʨʘʬʠʠ, ʩʪʘʪʴʠ, ʤʘʪʝʨʠʘʣʳ 

ʢʦʥʬʝʨʝʥʮʠʡ, ʥʝʦʧʫʙʣʠʢʦʚʘʥʥʳʝ ʜʦʢʫʤʝʥʪʳ ʠ ʀʥʪʝʨʥʝʪ-ʨʝʩʫʨʩʳ. ʆʩʪʘʣʴʥʳʝ ʩʩʳʣʢʠ ʥʘ 

ʂʨʳʄʠʂʦ ʦʬʦʨʤʣʷʶʪʩʷ ʧʦʢʘ ʧʦ ɻʆʉʊʫ ʈ 7.0.5ð2008. 

ʊʘʙʣʠʮʳ ʪʨʝʙʫʝʪ ʥʝʢʦʪʦʨʳʭ ʧʦʷʩʥʝʥʠʡ.  

ɺ ʧʝʨʚʦʡ ʠʟ ʥʠʭ ʧʨʝʜʩʪʘʚʣʝʥʳ ʦʙʨʘʟʮʳ ʩʩʳʣʦʢ ʥʘ ʤʘʪʝʨʠʘʣʳ, ʢʦʪʦʨʳʝ ʥʝ ʩʥʘʙʞʝʥʳ 

ʧʝʨʝʚʦʜʦʤ ʥʘʟʚʘʥʠʷ ʠ ʨʝʬʝʨʘʪʘ ʥʘ ʘʥʛʣʠʡʩʢʠʡ. ɺ ʵʪʠʭ ʩʩʳʣʢʘʭ ʚʳʧʦʣʥʷʝʪʩʷ ʪʨʘʥʩʣʠʪʝʨʘʮʠʷ 

ʬʘʤʠʣʠʡ ʠ ʠʥʠʮʠʘʣʦʚ ʘʚʪʦʨʦʚ, ʥʘʟʚʘʥʠʷ ʧʫʙʣʠʢʘʮʠʠ ʩ ʷʟʳʢʘ ʦʨʠʛʠʥʘʣʘ ʠ ʧʝʨʝʚʦʜ ʥʘʟʚʘʥʠʷ 

ʧʫʙʣʠʢʘʮʠʠ ʥʘ ʘʥʛʣʠʡʩʢʠʡ. 

ɺʦ ʚʪʦʨʦʡ ʪʘʙʣʠʮʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʦʙʨʘʟʮʳ ʘʥʛʣʦʷʟʳʯʥʳʭ ʩʩʳʣʦʢ, ʚ ʪʦʤ ʯʠʩʣʝ ʥʘ 

ʤʘʪʝʨʠʘʣʳ, ʦʧʫʙʣʠʢʦʚʘʥʥʳʝ ʥʝ ʥʘ ʘʥʛʣʠʡʩʢʦʤ ʷʟʳʢʝ, ʥʦ ʢʦʪʦʨʳʝ ʩʥʘʙʞʝʥʳ ʧʝʨʝʚʦʜʦʤ 

ʥʘʟʚʘʥʠʷ ʠ ʨʝʬʝʨʘʪʘ ʥʘ ʘʥʛʣʠʡʩʢʠʡ ʷʟʳʢ. ɺʧʦʣʥʝ ʦʯʝʚʠʜʥʦ, ʯʪʦ ʟʜʝʩʴ ʚ ʪʨʘʥʩʣʠʪʝʨʘʮʠʠ ʥʝʪ 

ʥʝʦʙʭʦʜʠʤʦʩʪʠ. 

ɼʨʫʛʠʝ ʦʩʦʙʝʥʥʦʩʪʠ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʩʩʳʣʦʢ çʧʦ ʂʠʨʠʣʣʦʚʦʡè. 

ʅʠ ʚ ʦʜʥʦʤ ʠʟ ʟʘʨʫʙʝʞʥʳʭ ʩʪʘʥʜʘʨʪʦʚ ʥʘ ʙʠʙʣʠʦʛʨʘʬʠʯʝʩʢʠʝ ʟʘʧʠʩʠ ʥʝ ʠʩʧʦʣʴʟʫʶʪʩʷ 

ʨʘʟʜʝʣʠʪʝʣʴʥʳʝ ʟʥʘʢʠ, ʧʨʠʤʝʥʷʝʤʳʝ ʚ ʨʦʩʩʠʡʩʢʦʤ ɻʆʉʊʝ (ç//è ʠ çðè). ʅʘʟʚʘʥʠʝ ʠʩʪʦʯʥʠʢʘ 

ʠ ʚʳʭʦʜʥʳʝ ʜʘʥʥʳʝ ʦʪʜʝʣʷʶʪʩʷ ʦʪ ʘʚʪʦʨʦʚ ʠ ʟʘʛʣʘʚʠʷ ʩʪʘʪʴʠ ʪʠʧʦʤ ʰʨʠʬʪʘ, ʯʘʱʝ ʚʩʝʛʦ 

ʢʫʨʩʠʚʦʤ (italic), ʪʦʯʢʦʡ ʠʣʠ ʟʘʧʷʪʦʡ. 

éʥʘʟʚʘʥʠʝ ʠʩʪʦʯʥʠʢʘ, ʥʝʟʘʚʠʩʠʤʦ ʦʪ ʪʦʛʦ, ʞʫʨʥʘʣ ʵʪʦ, ʤʦʥʦʛʨʘʬʠʷ, ʩʙʦʨʥʠʢ ʩʪʘʪʝʡ 

ʠʣʠ ʥʘʟʚʘʥʠʝ ʢʦʥʬʝʨʝʥʮʠʠ, ʚʳʜʝʣʷʝʪʩʷ ʢʫʨʩʠʚʦʤ. ɼʦʧʦʣʥʠʪʝʣʴʥʘʷ ʠʥʬʦʨʤʘʮʠʷ ð ʧʝʨʝʚʦʜ 

ʥʘ ʘʥʛʣʠʡʩʢʠʡ ʷʟʳʢ ʥʘʟʚʘʥʠʷ ʠʩʪʦʯʥʠʢʘ ʧʨʠʚʦʜʠʪʩʷ ʚ ʢʚʘʜʨʘʪʥʳʭ ʠʣʠ ʢʨʫʛʣʳʭ ʩʢʦʙʢʘʭ 

ʰʨʠʬʪʦʤ, ʠʩʧʦʣʴʟʫʝʤʳʤ ʜʣʷ ʚʩʝʭ ʦʩʪʘʣʴʥʳʭ ʩʦʩʪʘʚʣʷʶʱʠʭ ʦʧʠʩʘʥʠʷ. 

 

ʀʪʘʢ: 

ð ɸʣʴʪʝʨʥʘʪʠʚʳ ʧʨʦʮʝʩʩʫ ʧʝʨʝʭʦʜʘ ʥʘ ʩʩʳʣʦʯʥʳʡ ʘʧʧʘʨʘʪ, ʧʦʟʚʦʣʷʶʱʠʡ ʧʦʚʳʩʠʪʴ 

ʥʘʫʯʥʳʡ ʨʝʡʪʠʥʛ ʩʪʨʘʥʳ, ʨʝʛʠʦʥʘ, ʫʥʠʚʝʨʩʠʪʝʪʘ, ʦʪʜʝʣʴʥʦʛʦ ʠʩʩʣʝʜʦʚʘʪʝʣʷ, ʞʫʨʥʘʣʘ, 

ʢʦʥʬʝʨʝʥʮʠʠ ð ʥʝʪ. 

ð ʅʘ ʧʝʨʝʭʦʜʥʦʤ ʵʪʘʧʝ ʪʨʝʙʦʚʘʥʠʷ ʢ ʦʬʦʨʤʣʝʥʠʶ ʚʩʝʛʦ ʩʧʝʢʪʨʘ ʩʩʳʣʦʢ ʥʝ 

ʩʬʦʨʤʠʨʦʚʘʥʳ, ʧʦʵʪʦʤʫ ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʪʨʝʭ ʚʘʨʠʘʥʪʦʚ ʧʨʝʜʩʪʘʚʣʝʥʠʷ 

ʧʨʠʩʪʘʪʝʡʥʳʭ ʙʠʙʣʠʦʛʨʘʬʠʯʝʩʢʠʭ ʩʧʠʩʢʦʚ: 

1. ʅʘ ʤʘʪʝʨʠʘʣʳ, ʢʦʪʦʨʳʝ ʦʧʫʙʣʠʢʦʚʘʥʳ ʥʝ ʥʘ ʘʥʛʣʠʡʩʢʦʤ ʠ ʅɽ ʉʅɸɹɾɽʅʓ 

ʧʝʨʝʚʦʜʦʤ ʥʘʟʚʘʥʠʷ ʠ ʨʝʬʝʨʘʪʘ ʥʘ ʘʥʛʣʠʡʩʢʠʡ (ʩʤ. ʪʘʙʣ. 1); 

2. ʅʘ ʤʘʪʝʨʠʘʣʳ, ʦʧʫʙʣʠʢʦʚʘʥʥʳʝ ʥʘ ʣʶʙʦʤ ʷʟʳʢʝ, ʢʦʪʦʨʳʝ ʉʅɸɹɾɽʅʓ  ʧʝʨʝʚʦʜʦʤ 
ʥʘʟʚʘʥʠʷ ʠ ʨʝʬʝʨʘʪʘ ʥʘ ʘʥʛʣʠʡʩʢʠʡ ʷʟʳʢ (ʩʤ. ʪʘʙʣ. 2); 

3. ʅʘ ʤʘʪʝʨʠʘʣʳ ʥʘ ʷʟʳʢʝ ʦʨʠʛʠʥʘʣʘ (ʩʪʘʥʜʘʨʪʳ ʠ ʜʨʫʛʠʝ ʥʦʨʤʘʪʠʚʥʳʝ ʜʦʢʫʤʝʥʪʳ, 

ʧʘʪʝʥʪʥʳʝ ʜʦʢʫʤʝʥʪʳ, ʦʪʯʝʪʳ ʦ ʅʀʈ ʠ ʆʂʈ, ʘʨʭʠʚʥʳʝ ʤʘʪʝʨʠʘʣʳ, ʛʘʟʝʪʥʳʝ 
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ʊʘʙʣʠʮʘ 1. 

ʆʙʨʘʟʮʳ ʩʩʳʣʦʢ ʥʘ ʤʘʪʝʨʠʘʣʳ, ʢʦʪʦʨʳʝ ʦʧʫʙʣʠʢʦʚʘʥʳ ʥʝ ʥʘ ʘʥʛʣʠʡʩʢʦʤ ʠ ʅɽ ʉʅɸɹɾɽʅʓ 

ʧʝʨʝʚʦʜʦʤ ʥʘʟʚʘʥʠʷ ʠ ʨʝʬʝʨʘʪʘ ʥʘ ʘʥʛʣʠʡʩʢʠʡ 

ʉʩʳʣʢʘ ʇʨʠʤʝʯʘʥʠʝ 

[1] Batura M.P., Kurayev A.A., Sinitsyn A.R. 

Neregulyarnye elektrodinamicheskie struktury. 

Teoriya i metody rascheta [Nonregular 

electrodynamic structures. The theory and 

calculation methods]. Minsk, Bestprint, 2011. 250 p. 

ʂʥʠʛʘ 

[2] Lyubchenko V.Ye., Makeyeva G.S., Nefyodov 

Ye.I. Aktivnye ustroistva SVCh-diapazona s 

raspredelennymi parametrami (obzor) [Active 

microwave devices with distributed parameters 

(review)]. Radiotekhnika i elektronika, 1982, vol. 27. 

No 9, pp. 1665-1682. 

ʉʪʘʪʴʷ 

[3] Bratchikov A.N., Yermolov P.P. Kratkaya istoriya 

Krymskoi mikrovolnovoi konferentsii [Brief history 

of Crimean microwave conference]. 66-ya nauchno-

tekhnicheskaya konferentsiya, posvyashchennaya 

Dnyu radio, Saint-Petersburg, 2011, pp. 415-416. 

ɼʦʢʣʘʜ ʥʘ 

ʢʦʥʬʝʨʝʥʮʠʠ 

[4] Leontyev V.V. Metody teoreticheskoi i 

eksperimental'noi otsenki kharakteristik 

radiolokatsionnogo rasseyaniya morskikh obyektov: 

diss. ... d-ra tekhn. nauk [Methods of theoretical and 

experimental evaluation of the characteristics of the 

radar scattering of marine facilities: doctoral 

dissertation]. Saint-Petersburg, 2000. 326 p. 

ɼʦʢʪʦʨʩʢʘʷ 

ʜʠʩʩʝʨʪʘʮʠʷ 

[5] Bukuyeva R.Ya. Razvitie radioelektronnykh 

metodov issledovaniya elementov priborov 

magnetronnogo tipa korotkovolnovoi chasti SVCh-

diapazona i realizatsiya ikh v spetsial'nom 

oborudovanii: dis. ... kand. tekhn. nauk 

[Development of electronic research methods 

elements of devices magnetron short-wave part of the 

microwave band and their realization in the special 

equipment: candidate's dissertation]. Moscow, 1981. 

175 p. 

ʂʘʥʜʠʜʘʪʩʢʘʷ 

ʜʠʩʩʝʨʪʘʮʠʷ 

[6] Vasilevsky K.V. Karbidkremnievyi lavinno-

proletnyi diod: avtoreferat diss. ... kand. fiz.-mat. 

nauk [Silicon carbide IMPATT diode: candidate's 

dissertation abstract]. Saint-Petersburg, 2002. 20 p. 

ɸʚʪʦʨʝʬʝʨʘʪ 

ʜʠʩʩʝʨʪʘʮʠʠ 

[7] Zagorul'ko Yu.A., Andreyeva O.A., Tsirkin B.G., 

Borovikova O.I., Zagorul'ko G.B., Sidorova Ye.A., 

Bulgakov S.V. Programmnaya obolochka dlya 

postroeniya portalov znanii, osnovannykh na 

ontologiyakh. Sv-vo Rospatenta No 2011618756 

ʅʝʦʧʫʙʣʠʢʦʚʘʥʥʳʡ 

ʜʦʢʫʤʝʥʪ 
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(9.11.2011) [Program shell to construct of 

knowledge portal based on ontologies. Rospatent 

Certificate No 2011618756 (09.11.2011)]. 

[8] Istoriya universiteta [History of BSUIR]. Available 

at: http://www.bsuir.by/ online/ show-

page.jsp?PageID= 

76027&resID=100229&lang=ru&menuItemID=1014

80     (accessed 31 December 2012). 

ʉʩʳʣʢʘ ʥʘ 

ʀʥʪʝʨʥʝʪ-ʨʝʩʫʨʩ 

ʊʘʙʣʠʮʘ 2. 

ʆʙʨʘʟʮʳ ʩʩʳʣʦʢ ʥʘ ʤʘʪʝʨʠʘʣʳ, ʦʧʫʙʣʠʢʦʚʘʥʥʳʝ ʥʘ ʣʶʙʦʤ ʷʟʳʢʝ, ʢʦʪʦʨʳʝ ʉʅɸɹɾɽʅʓ  

ʧʝʨʝʚʦʜʦʤ ʥʘʟʚʘʥʠʷ ʠ ʨʝʬʝʨʘʪʘ ʥʘ ʘʥʛʣʠʡʩʢʠʡ ʷʟʳʢ 

 

ʉʩʳʣʢʘ ʇʨʠʤʝʯʘʥʠʝ 

[1] Bhartia P., Bahl I., Garg R., Ittipiboon A. 

Microstrip antenna design handbook. 

Norwood, Artech House, 2001. 878 p. 

ʂʥʠʛʘ 

[2] Kyoung-Joon Cho, Wan-Jong Kim, Jong-

Heon Kim, Shawn P. Stapleton. Linearity 

optimization of a high power Doherty 

amplifier based on post-distortion 

compensation. Microwave and wireless 

components letters, 2005, No 11, pp. 748-

750. 

ʉʪʘʪʴ ̫

[3] Yanenko O.P. High-sensitivity modulation 

structures of radiometric EHF-frequency 

range equipment. Manuscript. Vinnytsya, 

2003. 35 p. 

ɸʚʪʦʨʝʬʝʨʘʪ 

ʜʠʩʩʝʨʪʘʮʠʠ 

[4] Pestrikov V.M. Cathode switch - the first 

amplifier tube. 2012 22nd Int. Crimean 

Conf. ñMicrowave & Telecommunication 

Technologyò (CriMiCoô2012). Sevastopol, 

2012, pp. 32-34. 

ɼʦʢʣʘʜ, 

ʩʥʘʙʞʝʥʥʳʡ 

ʧʝʨʝʚʦʜʦʤ 

ʥʘʟʚʘʥʠʷ ʠ 

ʘʥʥʦʪʘʮʠʠ ʥʘ 

ʘʥʛʣʠʡʩʢʠʡ 

[5] Dzyuba V.P., Dorichenko ɸ.D., Yeryomka 

V.D., Zykov A.F., Milinyevskiy L.P., 

Mytsenko I.M., Prokopenko O.I., 

Roenko A.N., Roskoshnyi D. V. On the 

potentilities of detecting small-size sea 

surface objects using a marine radar 

ñBUREVISNYK-3ò. 2012 22nd Int. 

Crimean Conf. ñMicrowave & 

Telecommunication Technologyò 

(CriMiCoô2012). Sevastopol, 2012, pp. 

1063-1066. 

ɼʦʢʣʘʜ ʥʘ 

ʘʥʛʣʠʡʩʢʦʤ 
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ʋɼʂ 621.391 

ɼʆʉʊʋʇ ʂ ʉɽʊʀ ʀʅʊɽʈʅɽʊ ʅɸ ɾɽʃɽɿʅʆɼʆʈʆɾʅʆʄ ʇɸʉʉɸɾʀʈʉʂʆʄ 

ʊʈɸʅʉʇʆʈʊɽ ʉ ʀʉʇʆʃʔɿʆɺɸʅʀɽʄ ʉɽʊɽʁ 3G 

ɹʝʟʛʠʥ ɸ.ɸ., ʉʘʚʦʯʢʠʥ ɸ.ɸ., ʉʣʦʙʦʜʝʥʶʢ ɸ.ɸ. 

ʉʝʚʘʩʪʦʧʦʣʴʩʢʠʡ ʥʘʮʠʦʥʘʣʴʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ, bezya3232@mail.ru 

Access to the Internet for railway passenger transport with 

using a 3G network 

The possibility of access to the Internet in railway coaches with use of networks of 3G is 

considered. The structural scheme of the solution is designed. 

ɺ ʦʪʣʠʯʠʝ ʦʪ ʙʦʣʴʰʠʥʩʪʚʘ ʨʘʟʚʠʪʳʭ ʩʪʨʘʥ ʚ ʋʢʨʘʠʥʝ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʥʝ ʨʝʘʣʠʟʦʚʘʥ 

ʜʦʩʪʫʧ ʚ ʀʥʪʝʨʥʝʪ ʠʟ ʧʨʠʛʦʨʦʜʥʳʭ ʵʣʝʢʪʨʦʧʦʝʟʜʦʚ ʠ ʧʦʝʟʜʦʚ ʜʘʣʴʥʝʛʦ ʩʣʝʜʦʚʘʥʠʷ. ʇʦʧʳʪʢʠ 

ʨʝʘʣʠʟʘʮʠʠ ʪʘʢʠʭ ʩʠʩʪʝʤ ʫʞʝ ʙʳʣʠ, ʦʜʥʘʢʦ ʦʥʠ ʪʘʢ ʠ ʥʝ ʙʳʣʠ ʚʳʧʦʣʥʝʥʳ ʚ ʧʦʣʥʦʡ ʤʝʨʝ [1]. 

ɺ ʨʘʙʦʪʝ ʧʨʝʜʣʘʛʘʝʪʩʷ ʦʙʝʩʧʝʯʠʪʴ ʜʦʩʪʫʧ ʢ ʨʝʩʫʨʩʘʤ ʀʥʪʝʨʥʝʪ ʩ ʧʦʤʦʱʴʶ 

ʩʫʱʝʩʪʚʫʶʱʠʭ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʋʢʨʘʠʥʳ ʤʦʙʠʣʴʥʳʭ ʩʝʪʝʡ 3G, ʯʪʦ ʧʦʟʚʦʣʠʪ ʦʪʢʘʟʘʪʴʩʷ ʦʪ 

ʜʦʨʦʛʦʩʪʦʷʱʝʡ ʠʜʝʠ ʩʦʟʜʘʥʠʷ ʥʦʚʳʭ ʩʝʪʝʡ ʠʣʠ ʦʙʝʩʧʝʯʝʥʠʷ ʜʦʩʪʫʧʘ ʢ ʀʥʪʝʨʥʝʪ ʩ ʧʦʤʦʱʴʶ 

ʩʧʫʪʥʠʢʦʚʳʭ ʩʠʩʪʝʤ. 

ɻʣʘʚʥʘʷ ʩʣʦʞʥʦʩʪʴ ʨʝʘʣʠʟʘʮʠʠ ʧʨʦʝʢʪʦʚ ʧʦʜʦʙʥʦʛʦ ʥʘʧʨʘʚʣʝʥʠʷ ð ʚ ʦʙʝʩʧʝʯʝʥʠʠ 

ʙʝʩʧʝʨʝʙʦʡʥʦʛʦ ʧʝʨʝʭʦʜʘ ʩ ʩʝʪʝʡ 2G ʥʘ 3G ʚʦ ʚʨʝʤʷ ʜʚʠʞʝʥʠʷ.  

ɼʦʩʪʫʧ ʢ ʩʝʪʠ ʀʥʪʝʨʥʝʪ ʩ ʧʦʤʦʱʴʶ ʤʦʙʠʣʴʥʳʭ ʩʝʪʝʡ 3G, ʚ ʩʨʘʚʥʝʥʠʠ ʩ VSAT 

ʩʠʩʪʝʤʘʤʠ, ʠʤʝʝʪ ʟʥʘʯʠʪʝʣʴʥʦ ʙʦʣʝʝ ʥʠʟʢʫʶ ʩʪʦʠʤʦʩʪʴ ʨʝʘʣʠʟʘʮʠʠ, ʘ ʪʘʢʞʝ ʣʫʯʰʠʝ 

ʧʦʢʘʟʘʪʝʣʠ ʩʢʦʨʦʩʪʠ (ʜʦ 14,7 ʄʙʠʪ/ʩ) [2], ʯʪʦ ʜʝʣʘʝʪ ʝʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʙʦʣʝʝ 

ʮʝʣʝʩʦʦʙʨʘʟʥʳʤ. 

ɼʣʷ ʫʚʝʣʠʯʝʥʠʷ ʩʢʦʨʦʩʪʠ ʜʦʩʪʫʧʘ ʢ ʩʝʪʠ ʀʥʪʝʨʥʝʪ ʙʳʣʦ ʧʨʠʥʷʪʦ ʨʝʰʝʥʠʝ ʨʘʟʚʝʨʥʫʪʴ 

ʩʠʩʪʝʤʫ 3G ʤʦʜʝʤʦʚ ʜʣʷ ʢʘʞʜʦʛʦ ʚʘʛʦʥʘ ʚ ʦʪʜʝʣʴʥʦʩʪʠ, ʯʪʦ ʪʘʢʞʝ ʧʦʟʚʦʣʠʪ ʥʝ ʫʯʠʪʳʚʘʪʴ 

ʩʚʷʟʴ ʚʘʛʦʥʦʚ ʤʝʞʜʫ ʩʦʙʦʡ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʤʘʢʩʠʤʘʣʴʥʦ ʚʦʟʤʦʞʥʘʷ ʩʢʦʨʦʩʪʴ ʜʦʩʪʫʧʘ ʜʣʷ 

ʦʜʥʦʛʦ ʘʙʦʥʝʥʪʘ (ʠʩʭʦʜʷ ʠʟ ʫʩʣʦʚʠʷ ʨʘʟʤʝʱʝʥʠʷ ʚ ʦʜʥʦʤ ʚʘʛʦʥʝ 9 ʘʙʦʥʝʥʪʦʚ), ʩʦʩʪʘʚʠʪ 1,63 

ʄʙʠʪ/ʩ, ʯʪʦ ʷʚʣʷʝʪʩʷ ʥʝʧʣʦʭʠʤ ʧʦʢʘʟʘʪʝʣʝʤ ʜʣʷ ʩʦʚʨʝʤʝʥʥʳʭ ʤʦʙʠʣʴʥʳʭ ʩʠʩʪʝʤ. 

ʏʪʦʙʳ ʦʙʝʩʧʝʯʠʪʴ ʢʦʥʝʯʥʦʛʦ ʧʦʣʴʟʦʚʘʪʝʣʷ (ʘʙʦʥʝʥʪʘ) ʫʜʦʙʥʳʤ ʜʦʩʪʫʧʦʤ ʢ ʩʝʪʠ 

ʠʥʪʝʨʥʝʪ, ʚ ʚʘʛʦʥʝ ʨʘʟʚʦʨʘʯʠʚʘʝʪʩʷ Wi-Fi ʩʝʪʴ. ɹʦʣʴʰʠʥʩʪʚʦ ʩʦʚʨʝʤʝʥʥʳʭ ʧʦʣʴʟʦʚʘʪʝʣʴʩʢʠʭ 

ʫʩʪʨʦʡʩʪʚ (ʥʦʫʪʙʫʢʠ, ʥeʪʙʫʢʠ, ʧʣʘʥʰʝʪʳ, ʢʦʤʤʫʥʠʢʘʪʦʨʳ, ʠ ʪ.ʜ.) ʠʤʝʶʪ ʚʩʪʨʦʝʥʥʳʡ Wi-Fi 

ʤʦʜʫʣʴ, ʧʦʵʪʦʤʫ ʜʦʧʦʣʥʠʪʝʣʴʥʦʝ ʦʙʦʨʫʜʦʚʘʥʠʝ ʘʙʦʥʝʥʪʫ ʥʝ ʧʦʥʘʜʦʙʠʪʩʷ. ʉʫʱʝʩʪʚʫʶʪ 

ʤʦʜʝʣʠ Wi-Fi ʤʘʨʰʨʫʪʠʟʘʪʦʨʦʚ, ʢʦʪʦʨʳʝ ʠʤʝʶʪ ʥʝʩʢʦʣʴʢʦ USB ʧʦʨʪʦʚ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ 

ʧʦʜʢʣʶʯʘʪʴ ʢ ʥʠʤ ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ 3G ʤʦʜʝʤʳ ʥʘʧʨʷʤʫʶ. ɹʳʣʦ ʨʝʰʝʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʜʚʘ 

ʤʦʜʝʤʘ, ʥʘʩʪʨʦʝʥʥʳʭ ʥʘ ʧʦʜʢʣʶʯʝʥʠʝ ʢ ʨʘʟʣʠʯʥʳʤ 3G ʦʧʝʨʘʪʦʨʘʤ. ɼʘʥʥʦʝ ʨʝʰʝʥʠʝ 

ʧʦʟʚʦʣʠʪ ʟʥʘʯʠʪʝʣʴʥʦ ʫʣʫʯʰʠʪʴ ʢʘʯʝʩʪʚʦ ʠ ʥʘʜʸʞʥʦʩʪʴ ʩʚʷʟʠ. ʊʘʢʞʝ ʚ ʥʝʢʦʪʦʨʳʭ 3G 

ʤʦʜʝʤʘʭ ʧʨʠʩʫʪʩʪʚʫʶʪ ʨʘʟʲʸʤʳ ʜʣʷ ʧʦʜʢʣʶʯʝʥʠʷ ʚʥʝʥhʠʭ ʘʥʪʝʥʥ, ʧʦʵʪʦʤʫ ʧʦʜʢʣʶʯʘʷ ʢ 

ʢʘʞʜʦʤʫ ʠʟ ʜʚʫʭ ʤʦʜʝʤʦʚ ʧʦ ʘʥʪʝʥʥʝ, ʚʳʥʝʩʝʥʥʦʡ ʥʘ ʢʨʳʰʫ ʚʘʛʦʥʘ, ʤʦʞʥʦ ʟʥʘʯʠʪʝʣʴʥʦ 

ʫʚʝʣʠʯʠʪʴ ʫʨʦʚʝʥʴ ʧʨʠʥʠʤʘʝʤʦʛʦ ʩʠʛʥʘʣʘ. ʅʘ ʨʠʩ. 1 ʠʟʦʙʨʘʞʝʥʦ ʩʭʝʤʘʪʠʯʝʩʢʦʝ 

ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʩʚʷʟʠ ʙʘʟʦʚʳʭ ʩʪʘʥʮʠʡ ʠ 3G ʤʦʜʝʤʦʚ ʜʦʩʪʫʧʘ ʢ ʩʝʪʠ  ʀʥʪʝʨʥʝʪ ʩ ʧʦʤʦʱʴʶ 

ʩʫʱʝʩʪʚʫʶʱʠʭ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʋʢʨʘʠʥʳ ʩʝʪʝʡ 3G.   
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Wi-FiWi-Fi

ɹʘʟʦʚʘ̫ ʩʪʘʥʮʠ̫

ʦʧʝʨʘʪʦʨʘ ̄ 2

ɹʘʟʦʚʘ̫ ʩʪʘʥʮʠ̫

ʦʧʝʨʘʪʦʨʘ ̄ 1

 

ʈʠʩ. 1 ð ʉʭʝʤʘʪʠʯʝʩʢʦʝ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʩʚʷʟʠ ʙʘʟʦʚʳʭ ʩʪʘʥʮʠʡ ʠ 3G ʤʦʜʝʤʦʚ 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʜʣʷ ʨʝʘʣʠʟʘʮʠʠ ʨʝʰʝʥʠʷ ʚ ʢʘʞʜʦʤ ʚʘʛʦʥʝ ʜʦʣʞʥʦ ʙʳʪʴ ʫʩʪʘʥʦʚʣʝʥʦ 

ʩʣʝʜʫʶʱʠʝ ʦʙʦʨʫʜʦʚʘʥʠʝ:  

ð Wi-Fi ʤʘʨʰʨʫʪʠʟʘʪʦʨ; 

ð 3G ʤʦʜʝʤʳ; 

ð ʚʥʝʰʥʠʝ ʘʥʪʝʥʥʳ ʜʣʷ 3G ʤʦʜʝʤʦʚ. 

ʅʘ ʨʠʩ. 2 ʠʟʦʙʨʘʞʝʥʘ ʩʪʨʫʢʪʫʨʥʘʷ ʩʭʝʤʘ ʩʠʩʪʝʤʳ ʦʙʝʩʧʝʯʝʥʠʷ ʜʦʩʪʫʧʘ ʢ ʀʥʪʝʨʥʝʪ ʩ 

ʧʦʤʦʱʴʶ ʩʫʱʝʩʪʚʫʶʱʠʭ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʋʢʨʘʠʥʳ ʩʝʪʝʡ 3G.  

 

ʈʠʩ. 2 ð ʉʪʨʫʢʪʫʨʥʘʷ ʩʭʝʤʘ ʩʠʩʪʝʤʳ ʦʙʝʩʧʝʯʝʥʠʷ ʜʦʩʪʫʧʘ ʢ ʀʥʪʝʨʥʝʪ 

ʉʨʝʜʥʷʷ ʩʢʦʨʦʩʪʴ ʧʝʨʝʜʘʯʠ ʠʥʬʦʨʤʘʮʠʠ ʧʦ ʩʝʪʷʤ 3G ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʩʪʘʥʜʘʨʪʘ 

CDMA2000 1x EV-DO Rev. A ʩʦʩʪʘʚʣʷʝʪ ʦʢʦʣʦ 3 ʄʙʠʪ/ʩ.  ʇʨʝʜʧʦʣʦʞʠʤ, ʯʪʦ ʀʥʪʝʨʥʝʪ ʜʦʩʪʫʧ 

ʚ ʚʘʛʦʥʝ ʙʫʜʫʪ ʠʩʧʦʣʴʟʦʚʘʪʴ ʦʜʠʥ ʧʘʩʩʘʞʠʨ ʚ ʢʘʞʜʦʤ ʢʫʧʝ. ɺ ʚʘʛʦʥʝ ʪʠʧʘ 61-4440 [3] ʜʝʚʷʪʴ 

ʢʫʧʝ. ʊʦʛʜʘ ʧʨʠ ʦʜʥʦʚʨʝʤʝʥʥʦʤ ʜʦʩʪʫʧʝ ʢ ʫʩʣʫʛʘʤ ʀʥʪʝʨʥʝʪ ʥʘ ʦʜʥʦʛʦ ʯʝʣʦʚʝʢʘ ʙʫʜʝʪ 

ʧʨʠʭʦʜʠʪʴʩʷ ʩʢʦʨʦʩʪʴ ʧʦʣʫʯʝʥʠʷ ʠʥʬʦʨʤʘʮʠʠ ʦʢʦʣʦ 333 ʢɹʠʪ/ʩ, ʯʪʦ ʜʦʩʪʘʪʦʯʥʦ ʜʣʷ 

ʧʨʦʩʤʦʪʨʘ ʀʥʪʝʨʥʝʪ ʨʝʩʫʨʩʦʚ ʠ ʨʘʙʦʪʳ ʩ ʧʦʯʪʦʡ. 

ɼʣʷ 100% ʧʦʢʨʳʪʠʷ ʢʘʞʜʦʛʦ ʚʘʛʦʥʘ ʞʝʣʝʟʥʦʜʦʨʦʞʥʦʛʦ ʩʦʩʪʘʚʘ Wi-Fi, ʧʨʠʥʷʪʦ 

ʨʝʰʝʥʠʷ ʩʥʘʙʜʠʪʴ ʢʘʞʜʳʡ ʚʘʛʦʥ ʤʘʨʰʨʫʪʠʟʘʪʦʨʦʤ. ʉʘʤ ʤʘʨʰʨʫʪʠʟʘʪʦʨ ʤʦʞʝʪ ʥʘʭʦʜʠʪʴʩʷ 

ʧʦʩʝʨʝʜʠʥʝ ʚʘʛʦʥʘ ʟʘ ʚʥʫʪʨʝʥʥʝʡ ʦʙʰʠʚʢʦʡ, (ʵʪʦ ʦʧʪʠʤʘʣʴʥʦ ʜʣʷ ʤʠʥʠʤʠʟʘʮʠʠ ʜʣʠʥʥʳ ɺʏ 

ʧʨʦʚʦʜʦʚ ʚ ʚʘʛʦʥʝ), ʪʨʠ ʝʛʦ ʘʥʪʝʥʥʳ ʜʦʣʞʥʳ ʙʳʪʴ ʨʘʚʥʦʤʝʨʥʦ ʨʘʟʥʝʩʝʥʳ ʧʦ ʚʘʛʦʥʫ: ʜʚʝ ʧʦ 

ʢʨʘʷʤ ʠ ʦʜʥʘ ʚ ʮʝʥʪʨʝ. ʊʘʢʦʝ ʨʘʟʤʝʱʝʥʠʝ ʧʦʟʚʦʣʷʝʪ ʧʦʜʢʣʶʯʘʪʴʩʷ ʧʦʣʴʟʦʚʘʪʝʣʷʤ ʢ 

ʤʘʨʰʨʫʪʠʟʘʪʦʨʫ ʠʟ ʣʶʙʦʡ ʪʦʯʢʠ ʚʘʛʦʥʘ. ʂʨʦʤʝ ʪʦʛʦ, ʨʝʢʦʤʝʥʜʫʝʤʘʷ ʩʭʝʤʘ ʨʘʟʤʝʱʝʥʠʷ 
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ʧʦʟʚʦʣʠʪ ʫʤʝʥʴʰʠʪʴ ʟʘʪʫʭʘʥʠʝ ʚ ɺʏ ʢʘʙʝʣʝ ʠ ʫʚʝʣʠʯʠʪʴ ʫʨʦʚʝʥʴ ʩʠʛʥʘʣʘ. ʉʭʝʤʘ 

ʨʘʩʧʦʣʦʞʝʥʠʷ ʤʘʨʰʨʫʪʠʟʘʪʦʨʘ ʠ ʘʥʪʝʥʥ Wi-Fi ʚ ʚʘʛʦʥʝ ʧʦʝʟʜʘ ʧʦʢʘʟʘʥʘ ʥʘ ʨʠʩ. 3. 

 

ʈʠʩ. 3 ð ʉʭʝʤʘ ʨʘʩʧʦʣʦʞʝʥʠʷ ʤʘʨʰʨʫʪʠʟʘʪʦʨʘ ʠ ʘʥʪʝʥʥ ʚ ʚʘʛʦʥʝ 

ɼʘʥʥʘʷ ʨʝʘʣʠʟʘʮʠʷ ʧʦʟʚʦʣʷʝʪ ʩʜʝʣʘʪʴ ʚʘʛʦʥʳ ʥʝʟʘʚʠʩʠʤʳʤʠ ʠ ʥʝ ʩʚʷʟʘʥʥʳʤʠ ʜʨʫʛ ʩ 

ʜʨʫʛʦʤ, ʯʪʦ ʦʯʝʥʴ ʫʜʦʙʥʦ ʧʨʠ ʬʦʨʤʠʨʦʚʘʥʠʠ ʞʝʣʝʟʥʦʜʦʨʦʞʥʳʭ ʩʦʩʪʘʚʦʚ, ʧʦʩʢʦʣʴʢʫ ʥʝ 

ʪʨʝʙʫʝʪʩʷ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʤʝʞʚʘʛʦʥʥʳʭ ʩʝʪʝʚʳʭ ʢʦʤʤʫʥʠʢʘʮʠʡ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʨʘʟʨʘʙʦʪʘʥʘ ʩʪʨʫʢʪʫʨʥʘʷ ʩʭʝʤʘ ʩʠʩʪʝʤʳ ʧʨʝʜʦʩʪʘʚʣʝʥʠʷ ʜʦʩʪʫʧʘ ʢ ʩʝʪʠ  

ʀʥʪʝʨʥʝʪ ʩ ʧʦʤʦʱʴʶ ʩʫʱʝʩʪʚʫʶʱʠʭ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʋʢʨʘʠʥʳ ʩʝʪʝʡ 3G. ʉ ʮʝʣʴʶ ʧʦʚʳʰʝʥʠʷ 

ʥʘʜʝʞʥʦʩʪʠ ʢʘʥʘʣʘ ʩʚʷʟʠ ʚ ʩʦʩʪʘʚʝ ʩʪʨʫʢʪʫʨʳ ʧʨʝʜʫʩʤʦʪʨʝʥʦ ʨʝʟʝʨʚʠʨʦʚʘʥʠʝ ʢʘʥʘʣʘ ʩʚʷʟʠ 

ʧʦ ʩʝʪʠ 3G. 
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ʋɼʂ 621.391 

ɼʆʉʊʋʇ ʂ ʉɽʊʀ ʀʅʊɽʈʅɽʊ ɺ ʊʈʆʃʃɽʁɹʋʉɸʍ ʉɽɺɸʉʊʆʇʆʃʗ 

ʉ ʀʉʇʆʃʔɿʆɺɸʅʀɽʄ ʄʆɹʀʃʔʅʓʍ ʉɽʊɽʁ 3G 

ɹʝʟʛʠʥ ɸ.ɸ., ʉʘʚʦʯʢʠʥ ɸ.ɸ., ʈʘʠʬʦʚ ʃ.ʕ. 

ʉʝʚʘʩʪʦʧʦʣʴʩʢʠʡ ʥʘʮʠʦʥʘʣʴʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ, bezya3232@mail.ru 

Internet  access in the trolleybuses for the city of Sevastopol by using mobile 3G networks 

The work presents development of the structural scheme and the choice of equipment to 

provide access to the Internet in the trolleybuses for the city of Sevastopol. Designed internal block 

diagram of a payment terminal for city transport. 

ɺ ʙʦʣʴʰʠʥʩʪʚʝ ʢʨʫʧʥʳʭ ʛʦʨʦʜʦʚ ʧʘʩʩʘʞʠʨʘʤ ʦʙʱʝʩʪʚʝʥʥʦʛʦ ʪʨʘʥʩʧʦʨʪʘ ʧʨʝʜʣʘʛʘʝʪʩʷ 

ʫʩʣʫʛʘ ʜʦʩʪʫʧʘ ʢ ʩʝʪʠ ʀʥʪʝʨʥʝʪ ʧʦʩʨʝʜʩʪʚʦʤ ʦʙʦʨʫʜʦʚʘʥʠʷ, ʢʦʪʦʨʦʝ ʫʩʪʘʥʦʚʣʝʥʦ ʚ ʩʘʤʦʤ 

ʪʨʘʥʩʧʦʨʪʝ.  ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʧʨʝʜʣʘʛʘʝʪʩʷ ʨʝʰʝʥʠʝ ʜʦʩʪʫʧʘ ʢ ʩʝʪʠ ʀʥʪʝʨʥʝʪ ʚ ʪʨʦʣʣʝʡʙʫʩʘʭ 

ʛʦʨʦʜʘ ʉʝʚʘʩʪʦʧʦʣʷ. 

ɼʦʩʪʫʧ ʢ ʩʝʪʠ ʀʥʪʝʨʥʝʪ ʦʨʛʘʥʠʟʦʚʳʚʘʝʪʩʷ ʩ ʧʦʤʦʱʴʶ ʤʦʙʠʣʴʥʳʭ ʦʧʝʨʘʪʦʨʦʚ 

ʋʢʨʘʠʥʳ. ʏʪʦʙʳ ʦʙʝʩʧʝʯʠʪʴ ʢʦʥʝʯʥʦʛʦ ʧʦʣʴʟʦʚʘʪʝʣʷ ʫʜʦʙʥʳʤ ʜʦʩʪʫʧʦʤ ʫ ʩʝʪʠ ʀʥʪʝʨʥʝʪ, ʚ 

ʪʨʦʣʣʝʡʙʫʩʝ ʨʘʟʚʦʨʘʯʠʚʘʝʪʩʷ Wi-Fi ʩʝʪʴ. 

ʀʟʚʝʩʪʥʦ, ʯʪʦ ʤʦʙʠʣʴʥʳʡ ʦʧʝʨʘʪʦʨ ʀʥʪʝʨʪʝʣʝʢʦʤ ʠʩʧʦʣʴʟʫʝʪ ʩʪʘʥʜʘʨʪ ʩʚʷʟʠ 

CDMA2000 1x EV-DO Rev. A ʩ ʤʘʢʩʠʤʘʣʴʥʦʡ ʩʢʦʨʦʩʪʴʶ ʜʦʩʪʫʧʘ 3,1 ʄʙʠʪ/ʩ ʠ CDMA2000 1x 

EV-DO Rev. B [1] ʩ ʤʘʢʩʠʤʘʣʴʥʦʡ ʩʢʦʨʦʩʪʴʶ ʜʦʩʪʫʧʘ 14,7 ʄʙʠʪ/ʩ. ʅʘ ʨʠʩ. 1 ʠʟʦʙʨʘʞʝʥʘ 

ʢʘʨʪʘ ʧʦʢʨʳʪʠʷ ʩʝʪʠ ʜʘʥʥʦʛʦ ʦʧʝʨʘʪʦʨʘ, ʥʘ ʢʦʪʦʨʦʡ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʚ ʛʦʨʦʜʝ ʉʝʚʘʩʪʦʧʦʣʝ 

ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ ʨʘʙʦʪʘ ʜʚʫʭ ʚʠʜʦʚ ʩʪʘʥʜʘʨʪʘ 3G. 

 

 ʧʦʢʨʳʪʠʝ EVDO Rev. A;  ʧʦʢʨʳʪʠʝ EVDO Rev. B  

ʈʠʩ.1 ð ʂʘʨʪʘ ʧʦʢʨʳʪʠʷ ʤʦʙʠʣʴʥʦʛʦ ʦʧʝʨʘʪʦʨʘ çʀʥʪʝʨʪʝʣʝʢʦʤè 

ɺ ʢʘʯʝʩʪʚʝ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʩʝʨʚʠʩʥʳʭ ʫʩʣʫʛ ʚʦʟʤʦʞʥʘ ʫʩʪʘʥʦʚʢʘ ʪʝʨʤʠʥʘʣʘ ʜʣʷ 

ʦʧʣʘʪʳ ʫʩʣʫʛ ʤʦʙʠʣʴʥʳʭ ʦʧʝʨʘʪʦʨʦʚ. ʋʩʪʘʥʦʚʢʘ ʪʝʨʤʠʥʘʣʘ ʧʦʚʳʩʠʪ ʚʨʝʤʷ ʦʢʫʧʘʝʤʦʩʪʠ 

ʧʨʦʝʢʪʘ. 

ɼʣʷ ʨʝʘʣʠʟʘʮʠʠ ʨʝʰʝʥʠʷ ʜʦʩʪʫʧʘ ʢ ʩʝʪʠ ʀʥʪʝʨʥʝʪ ʚ ʪʨʦʣʣʝʡʙʫʩʝ ʜʦʣʞʥʦ ʙʳʪʴ 

ʫʩʪʘʥʦʚʣʝʥʦ ʙʳʪʴ ʫʩʪʘʥʦʚʣʝʥʦ ʩʣʝʜʫʶʱʝʝ ʦʙʦʨʫʜʦʚʘʥʠʝ:  

ð Wi-Fi ʤʘʨʰʨʫʪʠʟʘʪʦʨ; 

ð 3G ʤʦʜʝʤ; 

ð ʪʝʨʤʠʥʘʣ ʦʧʣʘʪʳ. 
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ʅʘ ʨʠʩ. 2 ʠʟʦʙʨʘʞʝʥʘ ʩʪʨʫʢʪʫʨʥʘʷ ʩʭʝʤʘ ʨʝʰʝʥʠʷ ʧʨʝʜʦʩʪʘʚʣʝʥʠʷ ʜʦʩʪʫʧʘ ʫ ʩʝʪʠ 

ʀʥʪʝʨʥʝʪ ʩ ʧʦʤʦʱʴʶ ʦʧʝʨʘʪʦʨʘ 3G ʩʝʪʠ. 

 

Wi-Fi 

ʤʘʨh ʨʫʪʠʟʘʪʦʨ
ʊʝʨʤʠʥʘʣ

ʋʩʪʨʦʡʩʪʚʘ 

ʧʦʣɹʟʦʚʘʪʝʣʝʡ

3G ʤʦʜʝʤ

 

 

 ʈʠʩ. 2 ð ʉʪʨʫʢʪʫʨʥʘʷ ʩʭʝʤʘ 

ʇʨʦʚʝʜʝʤ ʧʦʜʙʦʨ ʦʙʦʨʫʜʦʚʘʥʠʷ. ɺ ʢʘʯʝʩʪʚʝ Wi-Fi ʤʘʨʰʨʫʪʠʟʘʪʦʨʘ  ʤʦʞʝʪ ʙʳʪʴ 

ʠʩʧʦʣʴʟʦʚʘʥ  ASUS RT-N56U [2]. ɺ ʢʘʯʝʩʪʚʝ 3G ʤʦʜʝʤʘ ʚʳʙʨʘʥʦ ʫʩʪʨʦʡʩʪʚʦ Huawei EC306 

[3].  

ɺ ʚʠʜʫ ʙʦʣʴʰʦʡ ʩʪʦʠʤʦʩʪʠ ʪʝʨʤʠʥʘʣʦʚ ʦʧʣʘʪʳ, ʠʤʝʝʪ ʤʝʩʪʦ ʩʦʟʜʘʥʠʝ ʚʩʪʨʦʝʥʥʦʛʦ ʚ 

ʢʦʨʧʫʩ ʪʝʨʤʠʥʘʣʘ. 

ʊʝʨʤʠʥʘʣ ʦʧʣʘʪʳ ʩʦʩʪʦʠʪ ʠʟ: 

ð ʦʜʥʦʧʣʘʪʥʳʡ ʢʦʤʧʴʶʪʝʨ; 

ð ʫʩʪʨʦʡʩʪʚʦ ʦʪʦʙʨʘʞʝʥʠʷ ʠ ʚʚʦʜʘ ʠʥʬʦʨʤʘʮʠʠ; 

ð ʫʩʪʨʦʡʩʪʚʦ ʧʨʠʝʤʘ ʜʝʥʝʛ; 

ð ʤʦʜʫʣʴ Wi-Fi; 

ð ʧʨʠʥʪʝʨ ʜʣʷ ʧʝʯʘʪʠ ʯʝʢʦʚ. 

ʅʘ ʨʠʩ. 3 ʠʟʦʙʨʘʞʝʥʘ ʩʪʨʫʢʪʫʨʥʘʷ ʩʭʝʤʘ ʪʝʨʤʠʥʘʣʘ. 

ɺ ʢʘʯʝʩʪʚʝ ʢʦʤʧʴʶʪʝʨʘ ʧʨʝʜʣʦʞʝʥ Raspberry Pi [4] ð ʵʪʦ ʤʠʥʠʘʪʶʨʥʳʡ ʢʦʤʧʴʶʪʝʨ 

ʤʘʣʦʡ ʩʪʦʠʤʦʩʪʠ. ʆʥ ʦʩʥʦʚʘʥ ʥʘ ʧʨʦʮʝʩʩʦʨʝ ʩ ʘʨʭʠʪʝʢʪʫʨʦʡ ARM 11, ʯʘʩʪʦʪʦʡ ʚ 700 ʄɻʮ. 

ʕʪʦ ʧʦʟʚʦʣʷʝʪ ʜʦʩʪʠʯʴ ʧʨʠʝʤʣʝʤʦʡ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʧʨʠ ʥʠʟʢʦʤ ʵʥʝʨʛʦʧʦʪʨʝʙʣʝʥʠʠ. 

ʋʩʪʨʦʡʩʪʚʦ ʦʪʦʙʨʘʞʝʥʠʷ ʠ ʚʚʦʜʘ ʠʥʬʦʨʤʘʮʠʠ ʚʩʪʨʘʠʚʘʝʪʩʷ ʚ ʩʪʝʥʢʫ ʪʨʦʣʣʝʡʙʫʩʘ, ʥʠʞʝ 

ʟʘʢʨʝʧʣʷʝʪʩʷ ʫʩʪʨʦʡʩʪʚʦ ʧʨʠʝʤʘ ʜʝʥʝʛ ʠ ʧʨʠʥʪʝʨ. ʄʦʜʫʣʴ Wi-Fi ʢʨʝʧʠʪʩʷ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ 

ʥʘ ʦʜʥʦʧʣʘʪʥʳʡ ʢʦʤʧʴʶʪʝʨ.  ʅʘ ʨʠʩ. 4 ʠʟʦʙʨʘʞʝʥ ʚʥʝʰʥʠʡ ʚʠʜ Raspberry Pi  ʚ ʚʘʨʠʘʥʪʝ ʙʝʟ 

ʧʦʜʢʣʶʯʝʥʥʳʭ ʢ ʥʝʤʫ ʤʦʜʫʣʝʡ. 

ʆʜʥʦʧʣʘʪʥr ʡ 

ʢʦʤʧɹ ʪʁʝʨ

ʋʩʪʨʦʡʩʪʚʦ 

ʦʪʦʙʨʘʞʝʥʠ̫ ʠ 

ʚʚʦʜʘ 

ʠʥʬʦʨʤʘʮʠʠ

ʄʦʜʫʣɹ Wi-Fi

ʋʩʪʨʦʡʩʪʚʦ 

ʧʨʠʝʤʘ ʜʝʥʝʛ

ʇʨʠʥʪʝʨ ʜʣ̫ 

ʧʝʯʘʪʠ ʯʝʢʦʚ

 
ʈʠʩ. 3 ð ʉʪʨʫʢʪʫʨʥʘʷ ʩʭʝʤʘ ʪʝʨʤʠʥʘʣʘ ʦʧʣʘʪʳ 
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ʈʠʩ. 4 ð ɺʥʝʰʥʠʡ ʚʠʜ Raspberry Pi  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʨʘʟʨʘʙʦʪʘʥʘ ʩʪʨʫʢʪʫʨʥʘʷ ʩʭʝʤʘ ʩʠʩʪʝʤʳ ʧʨʝʜʦʩʪʘʚʣʝʥʠʷ ʜʦʩʪʫʧʘ ʢ ʩʝʪʠ 

ʀʥʪʝʨʥʝʪ ʩ ʧʦʤʦʱʴʶ ʦʧʝʨʘʪʦʨʘ ʩʝʪʠ 3G ʠ ʩʪʨʫʢʪʫʨʥʘʷ ʩʭʝʤʘ ʚʩʪʨʦʝʥʥʦʛʦ ʧʣʘʪʝʞʥʦʛʦ 

ʪʝʨʤʠʥʘʣʘ ʜʣʷ  ʦʙʱʝʩʪʚʝʥʥʦʛʦ ʪʨʘʥʩʧʦʨʪʘ ʛʦʨʦʜʘ ʉʝʚʘʩʪʦʧʦʣʷ. ɺʳʙʨʘʥʦ ʩʝʪʝʚʦʝ 

ʦʙʦʨʫʜʦʚʘʥʠʝ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʜʦʩʪʫʧʘ ʢ ʩʝʪʠ 3G ʠ ʧʨʝʜʦʩʪʘʚʣʝʥʠʷ ʫʩʣʫʛ ʀʥʪʝʨʥʝʪ 

ʧʘʩʩʘʞʠʨʘʤ ʪʨʦʣʣʝʡʙʫʩʘ ʧʦ Wi-Fi ʢʘʥʘʣʫ ʩʚʷʟʠ. ʇʨʝʜʣʦʞʝʥʥʦʝ ʨʝʰʝʥʠʝ ʤʦʞʝʪ ʥʘʡʪʠ 

ʧʨʠʤʝʥʝʥʠʝ ʠ ʜʨʫʛʠʭ ʛʦʨʦʜʘʭ ʋʢʨʘʠʥʳ. 
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ʋɼʂ 621.39 

ɸʅɸʃʀʊʀʏɽʉʂɸʗ ʄʆɼɽʃʔ ʉɽʊʀ MPLS 

ɺ. ɹ. ʄʘʥʴʢʦʚʩʢʠʡ, ɸ. ʀ. ʈʦʤʘʥʦʚ 

ʅʘʮʠʦʥʘʣʴʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ ʋʢʨʘʠʥʳ ñʂʇʀò 

Model MPLS network 

A service model of traffic in multiprotocol label switching networks has been proposed and 

investigated. The study the service model, networks MPLS, requires a formal description of 

processes occurring in them, development of mathematical models, reflecting the main properties of 

the investigated object and allow calculate the values in the required operating mode. In the 

developed model of functioning MPLS network in the form of a multi-phase, multi-channel, the 

open-loop system. Proposed analytical expressions describe the process of mutual influence when 

servicing requests various directions of communication. For determine parameters of quality of 

service and bandwidth channels MPLS network, necessary compare them with the values of 

normed and assess the compliance of the specified standards. 

ʎʝʣʴʶ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʩʝʪʠ MPLS ʚ ʚʠʜʝ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ, 

ʦʪʨʘʞʘʶʱʝʡ ʦʩʥʦʚʥʳʝ ʦʩʦʙʝʥʥʦʩʪʠ ʝʝ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʚ ʧʨʦʮʝʩʩʝ ʦʙʩʣʫʞʠʚʘʥʠʷ 

ʥʘʛʨʫʟʢʠ. ʇʨʠ ʵʪʦʤ, ʦʩʥʦʚʥʳʤʠ ʟʘʜʘʯʘʤʠ ʬʦʨʤʘʣʠʟʦʚʘʥʥʦʛʦ ʦʧʠʩʘʥʠʷ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ 

ʩʝʪʠ, ʷʚʣʷʝʪʩʷ ʧʦʣʫʯʝʥʠʝ ʠʥʩʪʨʫʤʝʥʪʘ, ʧʦʟʚʦʣʷʶʱʝʛʦ ʧʨʘʢʪʠʯʝʩʢʠ ʨʝʰʘʪʴ ʟʘʜʘʯʠ 

ʦʧʨʝʜʝʣʝʥʠʷ ʧʦʢʘʟʘʪʝʣʝʡ ʧʨʦʧʫʩʢʥʦʡ ʩʧʦʩʦʙʥʦʩʪʠ ʠ ʢʘʯʝʩʪʚʘ ʦʙʩʣʫʞʠʚʘʥʠʷ ʚ ʩʝʪʠ. 

Cʝʪʴ MPLS ʥʘ ʧʝʨʚʦʤ ʵʪʘʧʝ ʬʦʨʤʘʣʠʟʘʮʠʠ ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʧʨʝʜʩʪʘʚʣʷʪʴ ʚ ʚʠʜʝ ʛʨʘʬʘ 

G(N,M), ʛʜʝ N ï ʫʟʣʳ ʠʣʠ ʢʦʤʤʫʪʘʮʠʦʥʥʳʝ ʮʝʥʪʨʳ, ʘ M ï ʚʝʪʚʠ ʩʝʪʠ ʠʣʠ ʧʫʯʢʠ ʢʘʥʘʣʦʚ, 

ʢʦʪʦʨʳʝ ʠʭ ʩʦʝʜʠʥʷʶʪ.  

ʇʨʠ ʤʘʪʝʤʘʪʠʯʝʩʢʦʤ ʦʧʠʩʘʥʠʠ ʪʝʣʝʢʦʤʤʫʥʠʢʘʮʠʦʥʥʦʡ ʩʝʪʠ ʥʝʦʙʭʦʜʠʤʦ ʠʤʝʪʴ 

ʚʦʟʤʦʞʥʦʩʪʴ ʘʥʘʣʠʟʘ ʩʦʚʦʢʫʧʥʦʩʪʠ ʚʝʪʚʝʡ ʚ ʢʘʞʜʦʤ ʧʫʪʠ ʧʝʨʝʜʘʯʠ 

ʠʥʬʦʨʤʘʮʠʠ ),1,( Nji
ijg Ínm  ʠ ʩʦʚʦʢʫʧʥʦʩʪʠ ʧʫʪʝʡ ʚ ʢʘʞʜʦʤ ʥʘʧʨʘʚʣʝʥʠʠ ʩʚʷʟʠ 

),1,( Njigij Í .  

ʄʝʪʦʜʳ ʨʝʰʝʥʠʷ ʟʘʜʘʯ ʦʮʝʥʢʠ ʧʨʦʧʫʩʢʥʦʡ ʩʧʦʩʦʙʥʦʩʪʠ ʜʦʣʞʥʳ ʫʯʠʪʳʚʘʪʴ ʩʣʝʜʫʶʱʠʝ 

ʬʘʢʪʦʨʳ:  

1. ʈʝʘʣʴʥʳʝ ʫʩʣʦʚʠʷ ʵʢʩʧʣʫʘʪʘʮʠʠ ʩʝʪʝʡ, ʢʦʛʜʘ ʥʘ ʝʝ ʵʣʝʤʝʥʪʳ ʚʦʟʜʝʡʩʪʚʫʶʪ ʠ 

ʜʦʣʞʥʳ ʫʯʠʪʳʚʘʪʴʩʷ ʧʨʠ ʘʥʘʣʠʟʝ )1( -N  ʧʦʪʦʢʦʚ ʨʘʟʣʠʯʥʳʭ ʥʘʧʨʘʚʣʝʥʠʡ ʩʚʷʟʠ, ʪ.ʝ. ʚʩʝ 

ʧʦʪʦʢʠ, ʢʦʪʦʨʳʝ ʬʫʥʢʮʠʦʥʠʨʫʶʪ ʚ ʩʝʪʠ. 

2. ʇʦʪʦʢʠ ʟʘʷʚʦʢ, ʢʦʪʦʨʳʝ ʧʦʩʪʫʧʘʶʪ ʥʘ ʦʙʩʣʫʞʠʚʘʥʠʝ ʚ ʪʝʣʝʢʦʤʤʫʥʠʢʘʮʠʦʥʥʫʶ ʩʝʪʴ, 

ʠʤʝʶʪ ʩʣʫʯʘʡ ʭʘʨʘʢʪʝʨ. ʕʪʘ ʥʝʨʝʛʫʣʷʨʥʦʩʪʴ ʧʦʪʦʢʦʚ ʟʘʷʚʦʢ ʪʨʝʙʫʝʪ ʦʧʠʩʘʥʠʷ ʧʨʦʮʝʩʩʘ 

ʦʙʩʣʫʞʠʚʘʥʠʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʘʧʧʘʨʘʪʘ ʪʝʦʨʠʠ ʚʝʨʦʷʪʥʦʩʪʠ. 

3. ʅʝʟʘʚʠʩʠʤʦ ʦʪ ʪʠʧʘ ʨʝʟʫʣʴʪʠʨʫʶʱʝʛʦ ʧʦʪʦʢʘ, ʨʝʰʝʥʠʝ ʜʦʣʞʥʦ ʙʳʪʴ ʧʨʠʚʝʜʝʥʦ ʢ 

ʚʠʜʫ, ʧʦʟʚʦʣʷʶʱʝʤʫ ʧʦʣʫʯʠʪʴ ʯʠʩʣʝʥʥʳʝ ʟʥʘʯʝʥʠʷ ʪʨʝʙʫʝʤʳʭ ʧʦʢʘʟʘʪʝʣʝʡ.  

4. ʄʘʪʝʤʘʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʦʮʝʥʢʠ ʧʨʦʧʫʩʢʥʦʡ ʩʧʦʩʦʙʥʦʩʪʠ ʜʦʣʞʥʘ ʫʯʠʪʳʚʘʪʴ 

ʧʦʢʘʟʘʪʝʣʴ ʢʘʯʝʩʪʚʘ ʦʙʩʣʫʞʠʚʘʥʠʷ ʥʘʛʨʫʟʢʠ.  

ʇʦʩʪʨʦʝʥʠʝ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʚ ʩʝʪʠ MPLS ʧʨʦʚʝʜʝʤ ʥʘ ʦʩʥʦʚʝ ʘʥʘʣʠʟʘ ʧʨʦʮʝʩʩʘ 

ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʜʚʝʥʘʜʮʘʪʠ ʫʟʣʦʚʦʡ ʩʝʪʠ, ʩʪʨʫʢʪʫʨʘ ʢʦʪʦʨʦʡ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩ. 1. 
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 ʈʠʩ. 1 ʉʪʨʫʢʪʫʨʘ ʩʝʪʠ MPLS 

ʀʩʩʣʝʜʦʚʘʥʠʷ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʦʧʨʝʜʝʣʝʥʠʝ ʪʨʝʙʫʝʤʳʭ ʧʦʢʘʟʘʪʝʣʝʡ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ 

ʪʝʣʝʢʦʤʤʫʥʠʢʘʮʠʦʥʥʳʭ ʩʝʪʝʡ ʩʣʝʜʫʝʪ ʥʘʯʠʥʘʪʴ ʩ ʥʘʧʨʘʚʣʝʥʠʡ ʩʚʷʟʠ, ʠʤʝʶʱʠʭ ʥʘʠʙʦʣʝʝ 

ʞʝʩʪʢʠʝ ʪʨʝʙʦʚʘʥʠʷ. ʂʘʢ ʧʨʘʚʠʣʦ, ʵʪʦ ʥʘʧʨʘʚʣʝʥʠʷ ʩʚʷʟʠ, ʫ ʢʦʪʦʨʳʭ ʤʘʢʩʠʤʘʣʴʥʦʝ ʯʠʩʣʦ 

ʪʨʘʥʟʠʪʦʚ ʚ ʢʨʘʪʯʘʡʰʝʤ ʧʫʪʠ ʧʝʨʝʜʘʯʠ ʠʥʬʦʨʤʘʮʠʠ, ʤʠʥʠʤʘʣʴʥʦʝ ʯʠʩʣʦ ʦʙʭʦʜʥʳʭ ʧʫʪʝʡ ʠ 

ʚʳʩʦʢʠʝ ʪʨʝʙʦʚʘʥʠʷ ʧʦ ʢʘʯʝʩʪʚʫ ʦʙʩʣʫʞʠʚʘʥʠʷ ʧʦʩʪʫʧʘʶʱʠʭ ʟʘʷʚʦʢ.  

ʇʫʩʪʴ ʵʪʦ ʙʫʜʝʪ ʥʘʧʨʘʚʣʝʥʠʝ ʩʚʷʟʠ ʤʝʞʜʫ ʂʎ 1 ʠ ʂʎ 12. ɺʝʪʚʠ ʜʘʥʥʦʛʦ ʥʘʧʨʘʚʣʝʥʠʷ 

ʩʚʷʟʠ ʧʨʝʜʩʪʘʚʠʤ ʝʝ ʚ ʚʠʜʝ ʩʦʚʦʢʫʧʥʦʩʪʠ ʩʠʩʪʝʤ ʤʘʩʩʦʚʦʛʦ ʦʙʩʣʫʞʠʚʘʥʠʷ. ʊʦʛʜʘ, ʧʨʠ 

ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʉʄʆ ʚʠʜʘ ʄ/ʄ/V/0, ʤʦʜʝʣʴ ʩʝʪʠ ʙʫʜʝʪ ʠʤʝʪʴ ʚʠʜ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʡ ʥʘ ʨʠʩ. 2. 
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p9,5=f(V,Z)

p5,9=f(V,Z)

p9,10=f(V,Z)

p5,6=f(V,Z)

p6,5=f(V,Z)

p5,1=f(V,Z)

p1,5=f(V,Z)

p1,2=f(V,Z)

p2,1=f(V,Z)

p6,10=f(V,Z)

p10,9=f(V,Z)

p2,6=f(V,Z)

p6,2=f(V,Z)

p2,3=f(V,Z)

p3,2=f(V,Z)

p6,7=f(V,Z)

p7,6=f(V,Z)

p6,10=f(V,Z)

p10,11=f(V,Z)

p11,10=f(V,Z)

p3,7=f(V,Z)

p7,3=f(V,Z)

p7,11=f(V,Z)

p11,7=f(V,Z)

p3,4=f(V,Z)

p4,3=f(V,Z)

p7,8=f(V,Z)

p8,7=f(V,Z)

p11,12=f(V,Z)

p12,11=f(V,Z)

p4,8=f(V,Z)

p8,4=f(V,Z)

p8,12=f(V,Z)

p12,8=f(V,Z)

  

ʈʠʩ. 2 ʄʦʜʝʣʴ ʩʝʪʠ MPLS 

ʈʘʩʩʤʦʪʨʠʤ ʧʦʚʝʜʝʥʠʝ ʜʘʥʥʦʡ ʤʦʜʝʣʠ ʚ ʫʩʣʦʚʠʷʭ, ʦʪʨʘʞʘʶʱʠʭ ʨʝʘʣʴʥʳʝ ʫʩʣʦʚʠʷ 

ʵʢʩʧʣʫʘʪʘʮʠʠ ʪʝʣʝʢʦʤʤʫʥʠʢʘʮʠʦʥʥʳʭ ʩʝʪʝʡ. 

ɽʩʣʠ ʥʘʛʨʫʟʢʘ ʩʦʟʜʘʝʪʩʷ ʙʝʩʢʦʥʝʯʥʳʤ ʯʠʩʣʦʤ ʠʩʪʦʯʥʠʢʦʚ ʟʘʷʚʦʢ, ʪʦ ʝʩʪʴ ʧʦʪʦʢʠ ʚ ʩʝʪʠ 

ʧʨʦʩʪʝʡʰʠʝ ʠ ʩʝʪʴ ʨʘʩʩʯʠʪʳʚʘʝʪʩʷ ʥʘ ʥʘʠʭʫʜʰʠʡ ʩʣʫʯʘʡ, ʪʦ ʟʘʚʠʩʠʤʦʩʪʴ ),( ZVfp=  ʙʫʜʝʪ 

ʠʤʝʪʴ ʩʣʝʜʫʶʱʠʡ ʚʠʜ: 
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ɼʣʷ ʢʘʞʜʦʛʦ ʥʘʧʨʘʚʣʝʥʠʷ ʩʚʷʟʠ ʤʦʞʝʪ ʙʳʪʴ ʩʦʩʪʘʚʣʝʥʦ ʨʘʩʯʝʪʥʦʝ ʚʳʨʘʞʝʥʠʝ 

ʦʧʨʝʜʝʣʝʥʠʷ ʧʦʢʘʟʘʪʝʣʷ ʢʘʯʝʩʪʚʘ ʦʙʩʣʫʞʠʚʘʥʠʷ. ɽʩʣʠ ʚ ʥʘʧʨʘʚʣʝʥʠʠ ʪʦʣʴʢʦ ʦʜʠʥ ʧʫʪʴ 

ʧʝʨʝʜʘʯʠ ʠʥʬʦʨʤʘʮʠʠ, ʪʦ ʚʝʨʦʷʪʥʦʩʪʴ ʧʦʪʝʨʴ ʈij ʚ ʪʘʢʦʤ ʥʘʧʨʘʚʣʝʥʠʠ ʩʚʷʟʠ ʤʦʞʝʪ ʙʳʪʴ 

ʦʧʨʝʜʝʣʝʥʘ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: 
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ʛʜʝ  k ï ʯʠʩʣʦ ʚʝʪʚʝʡ ʚ ʧʫʪʠ ʧʝʨʝʜʘʯʠ ʠʥʬʦʨʤʘʮʠʠ; 

Zn ï ʥʘʛʨʫʟʢʘ, ʧʦʩʪʫʧʘʶʱʘʷ ʥʘ ʦʙʩʣʫʞʠʚʘʥʠʝ ʥʘ n-ʶ ʚʝʪʚʴ ʚ ʧʫʪʠ ʧʝʨʝʜʘʯʠ 

ʠʥʬʦʨʤʘʮʠʠ; 

Vn ï ʯʠʩʣʦ ʢʘʥʘʣʦʚ ʚ  n-ʦʡ ʚʝʪʚʠ ʧʫʪʠ ʧʝʨʝʜʘʯʠ ʠʥʬʦʨʤʘʮʠʠ. 

ɽʩʣʠ ʚ ʥʘʧʨʘʚʣʝʥʠʠ ʩʚʷʟʠ ʠʤʝʝʪʩʷ ɢ  ʥʝʟʘʚʠʩʠʤʳʭ ʧʫʪʝʡ, ʪʦ ʧʦʢʘʟʘʪʝʣʴ ʢʘʯʝʩʪʚʘ 

ʦʙʩʣʫʞʠʚʘʥʠʷ Pij ʨʘʚʝʥ: 
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ʅʘʧʨʘʚʣʝʥʠʷ ʩʚʷʟʠ ʩʦʩʪʦʷʪ ʠʟ ʩʦʚʦʢʫʧʥʦʩʪʠ ʧʫʪʝʡ ʧʝʨʝʜʘʯʠ ʠʥʬʦʨʤʘʮʠʠ, ʢʘʞʜʳʡ ʠʟ 

ʢʦʪʦʨʳʭ ʚʢʣʶʯʘʝʪ ʚ ʩʚʦʡ ʩʦʩʪʘʚ ʦʪ ʦʜʥʦʡ ʜʦ ʢ ʚʝʪʚʝʡ. ʂʘʯʝʩʪʚʦ ʦʙʩʣʫʞʠʚʘʥʠʝ ʚ 

ʥʘʧʨʘʚʣʝʥʠʷʭ ʩʚʷʟʠ ʥʦʨʤʠʨʫʝʪʩʷ, ʢʘʢ ʧʨʘʚʠʣʦ, ʦʪ ʘʙʦʥʝʥʪʘ ʜʦ ʘʙʦʥʝʥʪʘ. ʇʦʵʪʦʤʫ ʧʨʠ 

ʘʥʘʣʠʟʝ ʠ ʩʠʥʪʝʟʝ ʪʝʣʝʢʦʤʤʫʥʠʢʘʮʠʦʥʥʳʭ ʩʝʪʝʡ ʥʝʦʙʭʦʜʠʤʦ ʨʝʰʘʪʴ ʟʘʜʘʯʫ ʧʝʨʝʩʯʝʪʘ 

ʟʥʘʯʝʥʠʡ ʥʦʨʤʳ ʧʦʪʝʨʴ ʚ ʥʘʧʨʘʚʣʝʥʠʷʭ ʩʚʷʟʠ ʥʘ ʚʝʣʠʯʠʥʫ ʜʦʧʫʩʪʠʤʳʭ ʧʦʪʝʨʴ ʥʘ ʢʘʞʜʫʶ 

ʚʝʪʚʴ. ʇʦʩʢʦʣʴʢʫ ʢʘʞʜʘʷ ʚʝʪʚʴ ʪʝʣʝʢʦʤʤʫʥʠʢʘʮʠʦʥʥʦʡ ʩʝʪʠ ʤʦʞʝʪ ʫʯʘʩʪʚʦʚʘʪʴ ʚ 

ʦʙʩʣʫʞʠʚʘʥʠʠ ʟʘʷʚʦʢ ʚ ʨʷʜʝ ʥʘʧʨʘʚʣʝʥʠʡ ʩʚʷʟʠ, ʪʦ ʪʨʝʙʦʚʘʥʠʷ ʢ ʢʘʯʝʩʪʚʫ ʦʙʩʣʫʞʠʚʘʥʠʷ ʚ 

ʩʝʪʠ ʤʦʞʥʦ ʦʧʠʩʘʪʴ ʩʣʝʜʫʶʱʝʡ ʩʠʩʪʝʤʦʡ ʫʨʘʚʥʝʥʠʡ: 
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ʛʜʝ Pij , Pgʥ éPhy ï ʪʨʝʙʦʚʘʥʠʷ ʢ ʜʦʧʫʩʪʠʤʳʤ ʟʥʘʯʝʥʠʷʤ ʥʦʨʤʠʨʦʚʘʥʥʳʭ ʟʥʘʯʝʥʠʡ ʧʦʪʝʨʴ ʚ 

ʥʘʧʨʘʚʣʝʥʠʷʭ ʩʚʷʟʠ; 

psl , prf , é pwz ï ʜʦʧʫʩʪʠʤʳʝ ʟʥʘʯʝʥʠʷ ʚʝʨʦʷʪʥʦʩʪʠ ʧʦʪʝʨʴ ʥʘ ʚʝʪʚʷʭ 

ʪʝʣʝʢʦʤʤʫʥʠʢʘʮʠʦʥʥʦʡ ʩʝʪʠ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʝ ʟʘʜʘʥʥʳʝ ʪʨʝʙʦʚʘʥʠʷ ʢ ʢʘʯʝʩʪʚʫ 

ʦʙʩʣʫʞʠʚʘʥʠʷ ʚ ʥʘʧʨʘʚʣʝʥʠʷʭ ʩʚʷʟʠ.  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʨʝʰʠʚ (4) ʤʳ ʦʧʨʝʜʝʣʠʤ ʪʨʝʙʦʚʘʥʠʷ ʢ ʢʘʯʝʩʪʚʫ ʦʙʩʣʫʞʠʚʘʥʠʷ ʥʘ 

ʢʘʞʜʦʡ ʚʝʪʚʠ, ʘ ʩʣʝʜʦʚʘʪʝʣʴʥʦ ʤʦʞʝʤ ʨʘʩʩʯʠʪʘʪʴ ʧʦʢʘʟʘʪʝʣʠ ʢʘʯʝʩʪʚʘ ʦʙʩʣʫʞʠʚʘʥʠʷ ʠ 

ʧʨʦʧʫʩʢʥʦʡ ʩʧʦʩʦʙʥʦʩʪʠ ʚ ʢʘʞʜʦʤ ʥʘʧʨʘʚʣʝʥʠʠ ʩʚʷʟʠ. 
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ʈɸʉʉɽʗʅʀɽ ʆʇʊʀʏɽʉʂʀʍ ʀʄʇʋʃʔʉʆɺ ʈɽɾɽʂʊʆʈʅʓʄʀ 

ʌʀʃʔʊʈɸʄʀ ʅɸ ʆʉʅʆɺɽ ɼʀʕʃɽʂʊʈʀʏɽʉʂʀʍ ʄʀʂʈʆʈɽɿʆʅɸʊʆʈʆɺ 

ʊʨʫʙʠʥ ɸ.ɸ. 

ʅʀʀ ʪʝʣʝʢʦʤʤʫʥʠʢʘʮʠʡ ʅʊʋʋ çʂʇʀè , atrubin@ukrpost.net 

Scattering of Optical Pulses on the Band-stop Filters on Dielectric Micro-resonators  

Most widespread optical pulse envelopes depending on duration, frequency and modulation at 

their scattering on the Dielectric Micro-resonator band-stop filters were studied. The requirements 

have been formulated for both the pulse parameters, filters and sources of fiberïoptic 

communication systems. 

ʀʟʚʝʩʪʥʦ, ʯʪʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʠʤʧʫʣʴʩʦʚ ʚ ʩʠʩʪʝʤʘʭ ʚʦʣʦʢʦʥʥʦ-ʦʧʪʠʯʝʩʢʦʡ ʩʚʷʟʠ 

ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʟʘʤʝʪʥʳʤ ʠʟʤʝʥʝʥʠʝʤ ʠʭ ʬʦʨʤʳ [1].  ʈʝʞʝʢʪʦʨʥʳʝ ʬʠʣʴʪʨʳ, ʚʳʧʦʣʥʝʥʥʳʝ ʩ 

ʧʨʠʤʝʥʝʥʠʝʤ ʦʧʪʠʯʝʩʢʠʭ ʤʠʢʨʦʨʝʟʦʥʘʪʦʨʦʚ, ʭʦʨʦʰʦ ʩʦʧʨʷʛʘʶʪʩʷ ʩ ʦʧʪʠʯʝʩʢʠʤʠ ʣʠʥʠʷʤʠ 

ʧʝʨʝʜʘʯʠ; ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʥʝʙʦʣʴʰʠʤʠ ʨʘʟʤʝʨʘʤʠ, ʘ ʪʘʢʞʝ ʥʝʟʥʘʯʠʪʝʣʴʥʳʤʠ 

ʜʠʩʩʠʧʘʪʠʚʥʳʤʠ ʧʦʪʝʨʷʤʠ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʡ ʵʥʝʨʛʠʠ [2], ʦʜʥʘʢʦ, ʥʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ, ʠʭ 

ʚʣʠʷʥʠʝ ʥʘ ʬʦʨʤʫ ʠʤʧʫʣʴʩʦʚ ʥʝ ʠʩʩʣʝʜʦʚʘʣʦʩʴ. ʇʨʠʯʠʥʦʡ ʵʪʦʛʦ ʷʚʣʷʝʪʩʷ ʚʝʩʴʤʘ 

ʟʥʘʯʠʪʝʣʴʥʳʝ ʪʨʫʜʥʦʩʪʠ ʨʝʰʝʥʠʷ ʫʨʘʚʥʝʥʠʡ ʄʘʢʩʚʝʣʣʘ ʚʦ ʚʨʝʤʝʥʥʦʡ ʦʙʣʘʩʪʠ, 

ʚʦʟʥʠʢʘʶʱʠʝ ʧʨʠ ʨʘʩʩʤʦʪʨʝʥʠʠ ʟʘʜʘʯ ʨʘʩʩʝʷʥʠʷ ʥʘ ʩʪʨʫʢʪʫʨʘʭ ʩʣʦʞʥʦʡ  

 

 

 

ʈʠʩ. 1 ʏʘʩʪʦʪʥʳʝ ʟʘʚʠʩʠʤʦʩʪʠ ʤʦʜʫʣʝʡ ʢʦʵʬʬʠʮʠʝʥʪʘ ʧʝʨʝʜʘʯʠ (ʙ) ʠ ʢʦʵʬʬʠʮʠʝʥʪʘ 

ʦʪʨʘʞʝʥʠʷ (ʚ) ʨʝʞʝʢʪʦʨʥʦʛʦ ʬʠʣʴʪʨʘ, ʚʳʧʦʣʥʝʥʥʦʛʦ ʥʘ 15 ʢʦʣʴʮʝʚʳʭ ʤʠʢʨʦʨʝʟʦʥʘʪʦʨʘʭ ʩ 

ʚʦʣʥʘʤʠ ʰʝʧʯʫʱʝʡ ʛʘʣʝʨʝʠ (ʘ). 

ʬʦʨʤʳ, ʭʘʨʘʢʪʝʨʠʟʫʝʤʳʭ ʙʦʣʴʰʠʤ ʢʦʣʠʯʝʩʪʚʦʤ ʛʨʘʥʠʯʥʳʭ ʫʩʣʦʚʠʡ. ʇʨʠʙʣʠʞʝʥʥʦʝ 

ʨʝʰʝʥʠʝ ʪʘʢʠʭ ʟʘʜʘʯ ʤʦʞʝʪ ʙʳʪʴ ʧʦʣʫʯʝʥʦ ʧʫʪʝʤ ʬʠʟʠʯʝʩʢʠ ʦʙʦʩʥʦʚʘʥʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ 

[3 ï 4].   

mailto:atrubin@ukrpost.net
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ʎʝʣʴʶ ʥʘʩʪʦʷʱʝʛʦ ʩʦʦʙʱʝʥʠʷ ʷʚʣʷʝʪʩʷ ʠʩʩʣʝʜʦʚʘʥʠʝ ʚʣʠʷʥʠʷ ʨʝʞʝʢʪʦʨʥʦʛʦ ʬʠʣʴʪʨʘ, ʥʘ 

ʬʦʨʤʫ ʦʛʠʙʘʶʱʠʭ ʨʘʩʩʝʷʥʥʳʭ ʥʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʭ ʚʠʜʦʚ ʦʧʪʠʯʝʩʢʠʭ ʠʤʧʫʣʴʩʦʚ, 

ʧʨʠʤʝʥʷʝʤʳʭ ʚ ʩʦʚʨʝʤʝʥʥʳʭ ʩʠʩʪʝʤʘʭ ʚʦʣʦʢʦʥʥʦ-ʦʧʪʠʯʝʩʢʦʡ ʩʚʷʟʠ.  

 

 
ʈʠʩ. 2  ʆʛʠʙʘʶʱʠʝ ʥʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʭ ʦʧʪʠʯʝʩʢʠʭ ʠʤʧʫʣʴʩʦʚ, ʨʘʩʩʝʠʚʘʝʤʳʭ 

ʨʝʞʝʢʪʦʨʥʳʤ ʬʠʣʴʪʨʦʤ, ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʢʦʪʦʨʦʛʦ ʧʨʠʚʝʜʝʥʳ ʥʘ ʨʠʩ. 1: ʘ, ʙ ï ʜʣʷ ʧʘʜʘʶʱʝʛʦ 

ʧʨʷʤʦʫʛʦʣʴʥʦʛʦ ʠʤʧʫʣʴʩʘ ʜʣʠʪʝʣʴʥʦʩʪʴʶ 0,5 ʧʩ; ʚ, ʛ - ʛʘʫʩʩʦʚʩʢʦʛʦ ʠʤʧʫʣʴʩʘ 

( 0,2s= ; 0,5C= ); ʜ, ʝ - ʩʫʧʝʨʛʘʫʩʩʦʚʩʢʦʛʦ ʠʤʧʫʣʴʩʘ (0,2s= ; 4m= ); ʞ, ʟ - ʩʦʣʠʪʦʥʦʧʦʜʦʙʥʦʛʦ 

ʠʤʧʫʣʴʩʘ (0,2s= ); ʠ, ʢ - ʫʣʴʪʨʘʢʦʨʦʪʢʦʛʦ sinc - ʠʤʧʫʣʴʩʘ (2s=;  50iN = ); ʣ, ʤ - 

ʵʢʩʧʦʥʝʥʮʠʘʣʴʥʦʛʦ (1 0,05s = ; 2 0,2s = ); ʥ, ʦ - ʣʦʨʝʥʮʝʚʩʢʦʛʦ ʠʤʧʫʣʴʩʘ (0,1s= ).  

ʇʨʝʜʧʦʣʦʞʠʤ, ʯʪʦ ʥʘ ʚʭʦʜ ʨʝʞʝʢʪʦʨʥʦʛʦ ʬʠʣʴʪʨʘ, ʚʳʧʦʣʥʝʥʥʦʛʦ ʚ ʦʙʱʝʤ ʩʣʫʯʘʝ ʥʘ 

ʦʩʥʦʚʝ N ʢʦʣʴʮʝʚʳʭ ʤʠʢʨʦʨʝʟʦʥʘʪʦʨʦʚ ʩ ʢʦʣʝʙʘʥʠʷʤʠ ʰʝʧʯʫʱʝʡ ʛʘʣʝʨʝʠ (ʨʠʩ. 1, ʘ), ʧʦ 

ʚʦʣʦʢʦʥʥʦ-ʦʧʪʠʯʝʩʢʦʡ ʣʠʥʠʠ ʧʘʜʘʝʪ ʠʤʧʫʣʴʩ ʩ ʦʛʠʙʘʶʱʝʡ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ in ( )E t . ʇʨʠ 

ʵʪʦʤ ʚ ʚʳʭʦʜʥʦʡ ʣʠʥʠʠ ʨʝʛʠʩʪʨʠʨʫʝʪʩʷ  ʧʨʦʰʝʜʰʠʡ ʠʤʧʫʣʴʩ ʩ ʦʛʠʙʘʶʱʝʡ ( )outE t+ ,  ʘ ʚʦ 

ʚʭʦʜʥʦʡ ʣʠʥʠʠ, ʦʪʨʘʞʝʥʥʳʡ ʠʤʧʫʣʴʩ ʩ ʦʛʠʙʘʶʱʝʡ ( )outE t- . ʅʝʦʙʭʦʜʠʤʦ ʠʟʫʯʠʪʴ ʬʦʨʤʫ 

ʦʛʠʙʘʶʱʝʡ ʧʨʦʰʝʜʰʝʛʦ ʠ ʦʪʨʘʞʝʥʥʦʛʦ ʠʤʧʫʣʴʩʦʚ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʬʦʨʤʳ ʚʭʦʜʥʦʛʦ 

ʠʤʧʫʣʴʩʘ ʧʨʠ ʠʟʚʝʩʪʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʭ ʨʝʞʝʢʪʦʨʥʦʛʦ ʬʠʣʴʪʨʘ. 

ɼʣʷ ʨʝʰʝʥʠʷ ʧʦʩʪʘʚʣʝʥʥʦʡ ʟʘʜʘʯʠ ʥʘ ʧʝʨʚʦʤ ʵʪʘʧʝ ʚʳʯʠʩʣʷʣʠʩʴ ʯʘʩʪʦʪʥʳʝ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ  S - ʤʘʪʨʠʮʳ ʨʝʞʝʢʪʦʨʥʦʛʦ ʬʠʣʴʪʨʘ ʠʥʬʨʘʢʨʘʩʥʦʛʦ ʜʠʘʧʘʟʦʥʘ ʜʣʠʥ ʚʦʣʥ; 

ʧʦʩʣʝ ʯʝʛʦ ʨʘʩʩʯʠʪʳʚʘʣʠʩʴ ʚʨʝʤʝʥʥʳʝ ʬʫʥʢʮʠʠ ɻʨʠʥʘ, ʩ ʧʦʤʦʱʴʶ ʢʦʪʦʨʳʭ  ʥʘʭʦʜʠʣʠʩʴ 

ʘʥʘʣʠʪʠʯʝʩʢʠʝ ʚʳʨʘʞʝʥʠʷ ʜʣʷ ʦʛʠʙʘʶʱʠʭ ʨʘʩʩʝʷʥʥʳʭ ʠʤʧʫʣʴʩʦʚ. ʇʦʣʫʯʝʥʥʳʝ ʩʦʦʪʥʦʰʝʥʠʷ 

ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚʣʠʷʥʠʷ ʦʩʥʦʚʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʩʪʨʫʢʪʫʨʳ ʥʘ ʨʘʩʩʝʠʚʘʝʤʳʝ 

ʠʤʧʫʣʴʩʳ ʨʘʟʥʳʭ ʚʠʜʦʚ (ʨʠʩ. 2). ʅʘ  ʧʦʩʣʝʜʥʝʤ ʵʪʘʧʝ ʦʙʦʩʥʦʚʘʣʠʩʴ ʠ ʬʦʨʤʫʣʠʨʦʚʘʣʠʩʴ 

ʪʨʝʙʦʚʘʥʠʷ, ʧʨʝʜʲʷʚʣʷʝʤʳʝ ʢ ʦʧʪʠʯʝʩʢʠʤ ʠʤʧʫʣʴʩʘʤ ʠ ʬʠʣʴʪʨʘʤ.  

ʈʘʩʩʤʦʪʨʝʥʦ ʚʟʘʠʤʥʦʝ ʚʣʠʷʥʠʝ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʠʤʧʫʣʴʩʦʚ ʧʨʠ ʠʭ ʨʘʩʩʝʷʥʠʠ, ʘ 

ʪʘʢʞʝ ʚʦʟʤʦʞʥʦʩʪʴ ʩʞʘʪʠʷ ʠʤʧʫʣʴʩʦʚ.  
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ʇʨʦʚʝʜʝʥʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʟʚʦʣʠʣʠ ʩʬʦʨʤʫʣʠʨʦʚʘʪʴ ʨʷʜ ʪʨʝʙʦʚʘʥʠʡ, 

ʧʨʝʜʲʷʚʣʷʝʤʳʭ ʢ ʦʧʪʠʯʝʩʢʠʤ ʠʤʧʫʣʴʩʘʤ, ʬʠʣʴʪʨʘʤ ʠ ʠʩʪʦʯʥʠʢʘʤ ʩʠʛʥʘʣʦʚ, ʧʨʠʤʝʥʷʝʤʳʤ ʚ 

ʩʠʩʪʝʤʘʭ ʩʚʷʟʠ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʜʣʷ ʚʥʝʩʝʥʠʷ ʤʠʥʠʤʘʣʴʥʳʭ ʠʩʢʘʞʝʥʠʡ ʧʨʠ ʨʘʩʩʝʷʥʠʠ 

ʦʧʪʠʯʝʩʢʠʭ ʠʤʧʫʣʴʩʦʚ ʥʘ ʨʝʞʝʢʪʦʨʥʳʭ ʬʠʣʴʪʨʘʭ ʥʝʦʙʭʦʜʠʤʦ ʚʳʧʦʣʥʝʥʠʝ ʩʣʝʜʫʶʱʠʭ 

ʫʩʣʦʚʠʡ: 

1. ʐʠʨʠʥʘ ʧʦʣʦʩʳ ʦʪʨʘʞʝʥʠʷ ʬʠʣʴʪʨʘ  ʜʦʣʞʥʘ ʢʘʢ ʤʠʥʠʤʫʤ ʚ 5 ï 10 ʨʘʟ ʧʨʝʚʳʰʘʪʴ 

ʦʙʨʘʪʥʫʶ ʚʝʣʠʯʠʥʫ ʤʠʥʠʤʘʣʴʥʦʡ ʜʣʠʪʝʣʴʥʦʩʪʠ ʦʙʨʘʙʘʪʳʚʘʝʤʳʭ ʦʧʪʠʯʝʩʢʠʭ ʠʤʧʫʣʴʩʦʚ 

mintd . 

2. ɺʨʝʤʝʥʥʦʡ ʠʥʪʝʨʚʘʣ ʤʝʞʜʫ ʩʦʩʝʜʥʠʤʠ ʠʤʧʫʣʴʩʘʤʠ ʥʝ ʤʦʞʝʪ ʙʳʪʴ ʤʝʥʴʰʠʤ ʜʚʫʭ 

ʟʥʘʯʝʥʠʡ ʤʠʥʠʤʘʣʴʥʦ ʜʦʧʫʩʪʠʤʦʡ ʜʣʠʪʝʣʴʥʦʩʪʠ ʠʤʧʫʣʴʩʦʚ mintd . ʂʦʥʢʨʝʪʥʦʝ ʦʧʪʠʤʘʣʴʥʦʝ 

ʟʥʘʯʝʥʠʝ ʵʪʦʛʦ ʧʘʨʘʤʝʪʨʘ ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʘʨʘʤʝʪʨʘʤʠ ʧʨʠʤʝʥʷʝʤʦʛʦ ʨʝʞʝʢʪʦʨʥʦʛʦ ʬʠʣʴʪʨʘ. 
 3. ʏʘʩʪʦʪʥʘʷ ʤʦʜʫʣʷʮʠʷ ʠʤʧʫʣʴʩʦʚ ʚʳʟʳʚʘʝʪ ʫʤʝʥʴʰʝʥʠʝ ʘʤʧʣʠʪʫʜʳ ʦʙʨʘʙʘʪʳʚʘʝʤʳʭ 

ʩʠʛʥʘʣʦʚ. ʕʪʦ ʷʚʣʝʥʠʝ ʩʣʝʜʫʝʪ ʫʯʠʪʳʚʘʪʴ ʧʨʠ ʨʘʩʯʝʪʝ ʵʥʝʨʛʝʪʠʯʝʩʢʦʛʦ ʙʘʣʘʥʩʘ ʩʠʩʪʝʤʳ. 

4. ɺʝʣʠʯʠʥʘ ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʥʝʩʪʘʙʠʣʴʥʦʩʪʠ ʥʝʩʫʱʝʡ ʯʘʩʪʦʪʳ ʦʧʪʠʯʝʩʢʦʛʦ ʠʩʪʦʯʥʠʢʘ 

ʩʠʛʥʘʣʦʚ ʥʝ ʜʦʣʞʥʘ ʧʨʝʚʳʰʘʪʴ ʧʦ - ʢʨʘʡʥʝʡ ʤʝʨʝ ʟʥʘʯʝʥʠʡ 0,01 %. ɺʝʣʠʯʠʥʘ ʵʪʦʛʦ 

ʧʘʨʘʤʝʪʨʘ ʦʧʨʝʜʝʣʷʝʪʩʷ ʰʠʨʠʥʦʡ ʧʦʣʦʩʳ ʨʝʞʝʢʮʠʠ. 

5. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʜʣʠʪʝʣʴʥʦʩʪʴ ʠʤʧʫʣʴʩʦʚ ʩ ʧʨʷʤʦʫʛʦʣʴʥʦʡ ʠ ʩʫʧʝʨʛʘʫʩʩʦʚʩʢʦʡ 

ʦʛʠʙʘʶʱʠʤʠ ʤʦʞʥʦ ʫʤʝʥʴʰʠʪʴ ʣʠʙʦ ʧʫʪʝʤ ʚʳʙʦʨʘ "ʦʧʪʠʤʘʣʴʥʳʭ" ʧʘʨʘʤʝʪʨʦʚ 

ʨʝʞʝʢʪʦʨʥʦʛʦ ʬʠʣʴʪʨʘ, ʣʠʙʦ ʧʨʠ ʧʦʤʦʱʠ ʩʤʝʱʝʥʠʷ ʯʘʩʪʦʪʳ ʥʝʩʫʱʝʡ.  

 ʉʦʙʣʶʜʝʥʠʝ ʧʝʨʝʯʠʩʣʝʥʥʳʭ ʚʳʰʝ ʫʩʣʦʚʠʡ ʧʦʟʚʦʣʠʪ ʦʙʝʩʧʝʯʠʪʴ ʜʦʧʫʩʪʠʤʳʡ ʫʨʦʚʝʥʴ 

ʚʥʦʩʠʤʳʭ ʠʩʢʘʞʝʥʠʡ ʠ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʥʝʦʙʭʦʜʠʤʦʝ ʢʘʯʝʩʪʚʦ ʧʝʨʝʜʘʯʠ ʠ ʧʨʠʝʤʘ 

ʦʧʪʠʯʝʩʢʠʭ ʩʠʛʥʘʣʦʚ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʨʝʞʝʢʪʦʨʥʳʭ ʬʠʣʴʪʨʦʚ. ɺ ʜʘʣʴʥʝʡʰʝʤ, ʥʘʡʜʝʥʥʳʝ 

ʩʦʦʪʥʦʰʝʥʠʷ ʜʣʷ ʬʦʨʤʳ ʦʛʠʙʘʶʱʠʭ ʠʤʧʫʣʴʩʦʚ ʤʦʛʫʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ ʜʣʷ ʦʧʪʠʤʠʟʘʮʠʠ 

ʦʧʪʠʯʝʩʢʠʭ ʢʘʥʘʣʴʥʳʭ ʪʨʘʢʪʦʚ ʩ ʢʦʥʢʨʝʪʥʳʤʠ ʧʘʨʘʤʝʪʨʘʤʠ ʧʝʨʝʜʘʯʠ. 
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Redistribution Frequency Resources for Implementation of LTE Networks  

The main parameters and characteristics of LTE networks are considered. Certain variants of 

LTE network constructions are defined.    

ʊʝʭʥʦʣʦʛʠʷ Long-Term Evolution (LTE) ʦʙʝʩʧʝʯʠʚʘʝʪ ʚʳʩʦʢʦʧʨʦʠʟʚʦʜʠʪʝʣʴʥʳʡ 

ʙʝʩʧʨʦʚʦʜʥʳʡ ʠʥʪʝʨʬʝʡʩ ʜʣʷ ʤʦʙʠʣʴʥʳʭ ʩʠʩʪʝʤ ʢʦʤʤʫʥʠʢʘʮʠʠ. ʈʘʟʨʘʙʦʪʘʥʥʳʡ Third 

Generation Partnership Project (3GPP), ʠʥʪʝʨʬʝʡʩ LTE ʷʚʣ̫ʝʪʩʷ ʨʘʟʚʠʪʠʝʤ Universal Mobile 

Telecommunication System (UMTS). ʊʝʭʥʦʣʦʛʠʷ LTE ʧʨʝʜʦʩʪʘʚʣʷʝʪ ʚʦʟʤʦʞʥʦʩʪʠ ʜʣʷ 

ʫʚʝʣʠʯʝʥʠʷ ʩʢʦʨʦʩʪʠ ʧʝʨʝʜʘʯʠ, ʦʙʱʝʡ ʝʤʢʦʩʪʠ ʩʠʩʪʝʤʳ, ʫʤʝʥʴʰʝʥʠʷ ʟʘʜʝʨʞʝʢ, ʫʣʫʯʰʝʥʠʷ 

ʩʧʝʢʪʨʘʣʴʥʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʠ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʩʝʪʠ [1]. 

ʊʝʭʥʦʣʦʛʠʷ LTE ʦʩʥʦʚʘʥʘ ʥʘ ʠʩʧʦʣʴʟʦʚʘʥʠʠ orthogonal frequency-division multiple access 

(OFDMA), ʯʪʦ ʦʙʝʩʧʝʯʠʚʘʝʪ ʫʚʝʣʠʯʝʥʠʝ ʩʢʦʨʦʩʪʠ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ ʠ ʚʳʩʦʢʫʶ ʩʧʝʢʪʨʘʣʴʥʦʡ 

ʵʬʬʝʢʪʠʚʥʦʩʪʴ. 

ʉʝʡʯʘʩ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʩʠʩʪʝʤ LTE ʨʝʘʣʠʟʫʝʪʩʷ ʩʢʦʨʦʩʪʴ ʟʘʛʨʫʟʢʠ ʜʦ 100 ʄʙʠʪ/c ʠ 

ʩʢʦʨʦʩʪʴ ʦʪʜʘʯʠ 50 ʄʙʠʪ/c ʥʘ ʢʘʞʜʳʝ 20 ʄɻʮ ʧʦʣʦʩʳ ʯʘʩʪʦʪ. ɼʣʷ ʩʠʩʪʝʤ ʩ ʥʝʩʢʦʣʴʢʠʤʠ 

ʘʥʪʝʥʥʘʤʠ (ʤʥʦʞʝʩʪʚʝʥʥʳʤ ʜʦʩʪʫʧʦʤ) ʟʘʷʚʣʝʥʘ ʧʦʜʜʝʨʞʢʘ ʩʢʦʨʦʩʪʠ ʟʘʛʨʫʟʢʠ ʜʦ 326,4 

ʄʙʠʪ/c. ɺ LTE ʠʩʧʦʣʴʟʫʶʪʩʷ ʤʝʪʦʜʳ ʜʦʩʪʫʧʘ ʩ ʯʘʩʪʦʪʥʳʤ (FDD) ʠ ʚʨʝʤʝʥʥʳʤ (TDD) 

ʨʘʟʜʝʣʝʥʠʝʤ ʢʘʥʘʣʦʚ. 

LTE ʨʘʟʨʘʙʦʪʘʥʘ ʜʣʷ ʧʦʜʜʝʨʞʢʠ ʧʝʨʝʜʘʯʠ ʛʦʣʦʩʘ ʪʘʢ ʞʝ, ʢʘʢ ʠ ʜʘʥʥʳʭ. ʇʦʩʢʦʣʴʢʫ LTE 

ʵʚʦʣʶʮʠʦʥʠʨʫʝʪ ʢ ALL-IP ʩʝʪʠ, ʦʥʘ ʤʦʞʝʪ ʩʦʩʫʱʝʩʪʚʦʚʘʪʴ ʩ ʪʨʘʜʠʮʠʦʥʥʳʤʠ ʤʦʙʠʣʴʥʳʤʠ 

ʩʠʩʪʝʤʘʤʠ, ʚʢʣʶʯʘʷ 3GPP HSPA, W-CDMA UMTS ʠ GSM / GPRS / EDGE [2]. ʇʨʠ ʵʪʦʤ ʜʣʷ 

LTE ʥʝ ʥʫʞʥʳ ʦʩʦʙʝʥʥʳʝ ʘʥʪʝʥʥʳ ʙʘʟʦʚʳʭ ʩʪʘʥʮʠʡ ð ʚʦʟʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʧʘʥʝʣʴʥʳʭ 

ʘʥʪʝʥʥ ʩ ʢʨʦʩʩ-ʧʦʣʷʨʠʟʘʮʠʝʡ, ʠʩʧʦʣʴʟʫʝʤʳʝ ʚ ʩʝʪʷʭ ʚʪʦʨʦʛʦ ʠ ʪʨʝʪʴʝʛʦ ʧʦʢʦʣʝʥʠʡ. ɺ 

ʙʫʜʫʱʝʤ ʧʨʦʧʫʩʢʥʫʶ ʩʧʦʩʦʙʥʦʩʪʴ ʩʝʢʪʦʨʘ ʙʘʟʦʚʦʡ ʩʪʘʥʮʠʠ ʤʦʞʥʦ ʫʚʝʣʠʯʠʪʴ, ʜʦʙʘʚʠʚ ʝʱʝ 

ʧʦ ʦʜʥʦʡ ʘʥʪʝʥʥʝ. 

ʉ ʪʝʭʥʠʯʝʩʢʦʡ ʪʦʯʢʠ ʟʨʝʥʠʷ, ʛʣʘʚʥʦʝ ʧʨʝʠʤʫʱʝʩʪʚʦ ʪʝʭʥʦʣʦʛʠʠ ð ʚʦʟʤʦʞʥʦʩʪʴ 

ʦʙʲʝʜʠʥʝʥʠʷ ʥʝʩʫʱʠʭ, ʢʘʢ ʠʟ ʦʜʥʦʛʦ, ʪʘʢ ʠ ʠʟ ʨʘʟʥʳʭ ʯʘʩʪʦʪʥʳʭ ʜʠʘʧʘʟʦʥʦʚ ʚ ʝʜʠʥʫʶ 

ʧʦʣʦʩʫ. ʀʤʝʷ ʜʚʝ ʥʝʩʫʱʠʝ ʧʦ 15 ʄɻʮ ʢʘʞʜʘʷ, ʤʦʞʥʦ ʧʦʣʫʯʠʪʴ ʝʜʠʥʫʶ ʧʦʣʦʩʫ ʚ 30 ʄɻʮ, ʯʪʦ 

ʧʦʟʚʦʣʠʪ, ʢʘʢ ʤʠʥʠʤʫʤ ʫʜʚʦʠʪʴ ʤʘʢʩʠʤʘʣʥɹʳʝ ʩʢʦʨʦʩʪʠ ʥʘ ʘʙʦʥʝʥʪʩʢʠʭ ʫʩʪʨʦʡʩʪʚʘʭ ʠ 

ʧʦʚʳʩʠʪʴ ʢʘʯʝʩʪʚʦ ʩʠʛʥʘʣʘ ʟʘ ʩʯʝʪ ʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʳʭ ʤʝʭʘʥʠʟʤʦʚ ʫʧʨʘʚʣʝʥʠʷ 

ʨʘʜʠʦʨʝʩʫʨʩʦʤ ʚʥʫʪʨʠ ʦʜʥʦʡ ʰʠʨʦʢʦʡ ʧʦʣʦʩʳ. 

ʇʨʠ ʵʪʦʤ ʪʝʭʥʦʣʦʛʠʷ LTE ʨʘʟʨʘʙʦʪʘʥʘ ʜʣʷ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʥʘ ʙʦʣʝʝ ʯʝʤ ʜʣʷ 30 

ʨʘʟʣʠʯʥʳʭ ʜʠʘʧʘʟʦʥʦʚ ʚ ʧʨʦʤʝʞʫʪʢʝ ʦʪ 600 ʄɻʮ ʜʦ 3,5 ɻɻʮ. ʕʪʦ ʧʦʟʚʦʣʷʝʪ ʙʝʟ ʪʨʫʜʘ 

ʩʧʨʘʚʠʪʴʩʷ ʩ ʜʝʬʠʮʠʪʦʤ ʯʘʩʪʦʪ ʚ ʨʘʟʣʠʯʥʳʭ ʩʪʨʘʥʘʭ. 

ʇʨʘʢʪʠʯʝʩʢʘʷ ʚʦʟʤʦʞʥʦʩʪʴ ʨʘʟʚʠʪʠʷ LTE ʦʪʢʨʳʚʘʝʪ ʜʣʷ ʋʢʨʘʠʥʳ ʚʦʟʤʦʞʥʦʩʪʴ ʨʘʙʦʪʳ 

ʥʘ ʯʘʩʪʦʪʘʭ ʣʶʙʦʛʦ ʠʟ ʦʪʝʯʝʩʪʚʝʥʥʳʭ ʤʦʙʠʣʴʥʳʭ ʦʧʝʨʘʪʦʨʦʚ. 

ʇʨʘʚʠʣʴʥʳʡ ʚʳʙʦʨ ʜʠʘʧʘʟʦʥʘ ʯʘʩʪʦʪ ʜʣʷ ʚʥʝʜʨʝʥʠʷ LTE ð ʚʘʞʥʘʷ ʠ ʩʣʦʞʥʘʷ ʟʘʜʘʯʘ. ɺ 

çʥʠʞʥʠʭè ʜʠʘʧʘʟʦʥʘʭ ʩʣʦʞʥʦ ʥʘʡʪʠ ʧʦʣʦʩʫ ʯʘʩʪʦʪ ʜʦʩʪʘʪʦʯʥʦʡ ʰʠʨʠʥʳ. ɺ çʚʝʨʭʥʠʭè ʞʝ 

ʜʠʘʧʘʟʦʥʘʭ ʪʨʝʙʫʝʪʩʷ ʙʦʣʴʰʝʝ ʢʦʣʠʯʝʩʪʚʦ ɹʉ. ɺʦʟʤʦʞʥʦ, ʯʪʦ ʙʦʣʴʰʠʥʩʪʚʦ ʩʝʪʝʡ LTE, 

ʘʥʘʣʦʛʠʯʥʦ GSM, ʙʫʜʫʪ ʜʚʫʭʜʠʘʧʘʟʦʥʥʳʝ.  
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ʍʦʨʦʰʠʤ ʚʘʨʠʘʥʪʦʤ ʚʥʝʜʨʝʥʠʷ LTE ʷʚʣʷʝʪʩʷ ʦʙʲʝʜʠʥʝʥʠʝ ʠ ʩʦʚʤʝʩʪʥʘʷ ʵʢʩʧʣʫʘʪʘʮʠʷ 

ʩʝʪʝʡ ʥʦʚʦʛʦ ʧʦʢʦʣʝʥʠʷ ʥʝʩʢʦʣʴʢʠʤʠ ʦʧʝʨʘʪʦʨʘʤʠ. ɺʦʟʤʦʞʥʦ ʪʨʠ ʘʨʭʠʪʝʢʪʫʨʥʳʭ ʚʘʨʠʘʥʪʘ 

ʧʦʩʪʨʦʝʥʠʷ ʩʦʚʤʝʩʪʥʦʡ ʩʝʪʠ: 

ð ʨʘʜʠʦʧʦʜʩʠʩʪʝʤʘ ʢʘʞʜʦʛʦ ʦʧʝʨʘʪʦʨʘ ʧʦʜʢʣʶʯʝʥʘ ʢ ʦʧʦʨʥʦʡ ʩʝʪʠ ʪʦʛʦ ʞʝ ʦʧʝʨʘʪʦʨʘ; 

ð ʧʝʨʝʢʨʝʩʪʥʦʝ ʧʦʜʢʣʶʯʝʥʠʝ ʨʘʜʠʦʧʦʜʩʠʩʪʝʤ ʢ ʦʧʦʨʥʳʤ ʩʝʪʷʤ ʧʦ ʩʭʝʤʝ çʢʘʞʜʳʡ ʩ 

ʢʘʞʜʳʤè; 

ð ʦʧʝʨʘʪʦʨʳ ʚʳʜʝʣʷʶʪ ʩʝʛʤʝʥʪ ʦʧʦʨʥʦʡ ʩʝʪʠ ʚ ʩʦʚʤʝʩʪʥʦʝ ʚʣʘʜʝʥʠʝ ʠ ʧʦʜʢʣʶʯʘʶʪ ʢ 

ʦʙʱʝʡ ʯʘʩʪʠ ʩʚʦʠ ʠʥʜʠʚʠʜʫʘʣʴʥʳʝ ʦʧʦʨʥʳʝ ʩʝʪʠ. 

ʂʨʦʤʝ ʪʦʛʦ, ʩʫʱʝʩʪʚʫʝʪ ʥʝʩʢʦʣʴʢʦ ʩʮʝʥʘʨʠʝʚ ʧʦʩʪʨʦʝʥʠʷ ʩʦʚʤʝʩʪʥʳʭ ʩʝʪʝʡ, 

ʧʨʝʜʫʩʤʘʪʨʠʚʘʶʱʠʭ ʨʘʟʣʠʯʥʫʶ ʩʪʝʧʝʥʴ çʢʦʣʣʝʢʪʠʚʠʟʘʮʠʠè. ɺʳʜʝʣʠʤ ʥʘʠʙʦʣʝʝ 

ʧʨʠʝʤʣʝʤʳʝ ʩʮʝʥʘʨʠʠ ʩʦʚʤʝʩʪʥʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʩʝʪʝʡ: 

ð ʩʦʚʤʝʩʪʥʦʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʩʠʩʪʝʤʳ ʨʘʜʠʦʜʦʩʪʫʧʘ eRAN (Multiple core networks 

sharing common radio access ); 

ð ʩʝʪʴ ʩʦʚʤʝʩʪʥʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʩ ʨʘʟʜʝʣʝʥʠʝʤ ʧʦ ʛʝʦʛʨʘʬʠʯʝʩʢʦʤʫ ʧʨʠʥʮʠʧʫ 

(Geographically split networks sharing); 

ð  ʝʜʠʥʘʷ ʩʝʪʴ ʩʦʚʤʝʩʪʥʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ (Common networks sharing); 

ð ʩʝʪʴ ʩʦʚʤʝʩʪʥʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʩ ʦʙʱʠʤ ʨʘʜʠʦʯʘʩʪʦʪʥʳʤ ʨʝʩʫʨʩʦʤ (Common 

spectrum networks sharing); 

ð ʥʝʩʢʦʣʴʢʦ ʩʝʪʝʡ ʨʘʜʠʦʜʦʩʪʫʧʘ ʧʨʠʩʦʝʜʠʥʝʥʳ ʢ ʦʙʱʝʡ ʦʧʦʨʥʦʡ ʩʝʪʠ (Multiple radio 

access networks shearing common core network); 

ð  ʚʠʨʪʫʘʣʴʥʳʝ ʦʧʝʨʘʪʦʨʳ ʩʚʷʟʠ MVNO (Mobile Virtual Network Operators). 

ʇʨʠʤʝʥʠʤʦ ʢ ʋʢʨʘʠʥʝ, ʤʦʞʥʦ ʦʧʨʝʜʝʣʠʪʴ ʯʝʪʳʨʝ ʦʙʱʠʭ ʚʘʨʠʘʥʪʘ ʧʦʩʪʨʦʝʥʠʷ ʩʝʪʝʡ 

LTE ʦʧʝʨʘʪʦʨʘʤʠ: 

ð  ʨʝʬʘʨʤʠʥʛ ʜʠʘʧʘʟʦʥʘ ʯʘʩʪʦʪ ʦʧʝʨʘʪʦʨʘ; 

ð ʨʝʬʘʨʤʠʥʛ ʠ ʩʦʚʤʝʩʪʥʦʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʯʘʩʪʦʪʥʦʛʦ ʨʝʩʫʨʩʘ ʜʚʫʭ ʢʨʫʧʥʝʡʰʠʭ 

ʦʧʝʨʘʪʦʨʦʚ; 

ð  ʨʝʬʘʨʤʠʥʛ ʠ ʩʦʚʤʝʩʪʥʦʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʯʘʩʪʦʪʥʦʛʦ ʨʝʩʫʨʩʘ ʪʨʝʭ ʠ ʙʦʣʝʝ 

ʦʧʝʨʘʪʦʨʦʚ; 

ð  ʨʝʬʘʨʤʠʥʛ ʠ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʯʘʩʪʦʪʥʦʛʦ ʨʝʩʫʨʩʘ CDMA ʦʧʝʨʘʪʦʨʦʚ. 

ʇʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʩʚʦʝʛʦ ʯʘʩʪʦʪʥʦʛʦ ʜʠʘʧʘʟʦʥʘ ʦʧʝʨʘʪʦʨ ʤʦʞʝʪ ʧʦʣʫʯʠʪʴ ʥʘʤʥʦʛʦ 

ʤʝʥʴʰʫʶ ʧʦʣʦʩʫ ʯʘʩʪʦʪ ʜʣʷ LTE, ʯʝʤ ʚ ʩʣʫʯʘʝ ʩʦʚʤʝʩʪʥʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ.  

ɺʦʟʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʯʘʩʪʦʪʥʦʛʦ ʨʝʩʫʨʩʘ ʥʘ ʚʩʝʭ ʧʨʠʥʘʜʣʝʞʘʱʠʭ ʦʧʝʨʘʪʦʨʫ 

ʜʠʘʧʘʟʦʥʘʭ ð ʯʘʩʪʦʪʘʭ 900/1800 ʄɻʮ. ʅʦ ʧʨʠ ʵʪʦʤ ʚʘʞʥʦ ʦʩʪʘʚʠʪʴ ʙʝʟ ʠʟʤʝʥʝʥʠʡ ʨʘʙʦʪʫ 

GSM-ʩʝʪʠ. ʇʦʣʫʯʝʥʥʳʝ ʬʨʘʛʤʝʥʪʠʨʦʚʘʥʥʳʝ ʯʘʩʪʠ ʩʧʝʢʪʨʘ ʩ ʰʠʨʠʥʦʡ 5é10 ʄɻʮ ʥʝ 

ʧʦʟʚʦʣʷʪ ʦʙʝʩʧʝʯʠʪʴ ʥʝʦʙʭʦʜʠʤʫʶ ʝʤʢʦʩʪʴ ʩʝʪʝʡ ʠ ʨʘʩʢʨʳʪʴ ʚʩʝ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ 

ʧʨʝʠʤʫʱʝʩʪʚʘ LTE. 

ɺ  ʩʣʫʯʘʝ ʩʦʚʤʝʩʪʥʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʨʝʬʘʨʤʠʥʛ ʟʘʚʠʩʠʪ ʫʞʝ ʥʝ ʦʪ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ 

ʚʦʟʤʦʞʥʦʩʪʝʡ, ʘ ʦʪ ʦʨʛʘʥʠʟʘʮʠʦʥʥʦ-ʧʦʣʠʪʠʯʝʩʢʠʭ ð ʦʪ ʧʦʟʠʮʠʠ ʨʝʛʫʣʷʪʦʨʘ ʚ ʦʪʥʦʰʝʥʠʠ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʠ ʥʝʡʪʨʘʣʴʥʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʩʧʝʢʪʨʘ.  

ʉʫʱʝʩʪʚʝʥʥʳʤ ʥʝʜʦʩʪʘʪʢʦʤ ʩʮʝʥʘʨʠʷ ʷʚʣʷʝʪʩʷ ʥʝʨʘʮʠʦʥʘʣʴʥʦʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ 

ʨʘʜʠʦʨʝʩʫʨʩʘ: ʙʘʟʦʚʳʝ ʩʪʘʥʮʠʠ ʢʘʞʜʦʛʦ ʦʧʝʨʘʪʦʨʘ ʨʘʙʦʪʘʶʪ ʠʩʢʣʶʯʠʪʝʣʴʥʦ ʥʘ ʚʳʜʝʣʝʥʥʳʭ 

ʵʪʦʤʫ ʦʧʝʨʘʪʦʨʫ ʯʘʩʪʦʪʘʭ. ʕʪʦʛʦ ʨʝʩʫʨʩʘ ʤʦʞʝʪ ʦʢʘʟʘʪʩɹʷ ʥʝʜʦʩʪʘʪʦʯʥʦ ʜʣʷ ʦʙʩʣʫʞʠʚʘʥʠʷ 

ʚʩʝʭ ʘʙʦʥʝʥʪʦʚ ʧʘʨʪʥʝʨʦʚ ʩ ʪʨʝʙʫʝʤʳʤ ʢʘʯʝʩʪʚʦʤ. 

ʇʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʯʘʩʪʦʪʥʦʛʦ ʨʝʩʫʨʩʘ ʦʧʝʨʘʪʦʨʦʚ ʚʘʞʥʦ ʩʬʦʨʤʠʨʦʚʘʪʴ ʥʝʧʨʝʨʳʚʥʳʡ 

ʯʘʩʪʦʪʥʳʡ ʫʯʘʩʪʦʢ ʜʣʷ LTE. ʉʣʦʞʥʦʩʪʴ ʟʘʢʣʶʯʝʥʠʷ ʜʦʛʦʚʦʨʘ ʠ ʦʧʨʝʜʝʣʝʥʠʷ ʫʩʣʦʚʠʡ ʨʘʩʪʝʪ 

ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʢʦʣʠʯʝʩʪʚʘ ʫʯʘʩʪʚʫʶʱʠʭ ʦʧʝʨʘʪʦʨʦʚ. 

ʆʜʥʘʢʦ ʦʩʥʦʚʥʘʷ ʧʨʦʙʣʝʤʘ ʩʦʚʤʝʩʪʥʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʯʘʩʪʦʪ ʜʣʷ ʧʦʩʪʨʦʝʥʠʷ ʩʝʪʠ LTE 

ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʥʝʩʠʤʤʝʪʨʠʯʥʦʩʪʠ ʥʘʛʨʫʟʢʠ ʩʝʪʠ ʨʘʟʥʳʤʠ ʦʧʝʨʘʪʦʨʘʤʠ. ɺ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ 

ʜʝʪʘʣʝʡ ʪʘʨʠʬʥʳʭ ʧʣʘʥʦʚ ʠ ʢʦʣʠʯʝʩʪʚʘ ʘʙʦʥʝʥʪʦʚ ʥʘʛʨʫʟʢʘ ʥʘ ʩʝʪʴ ʫ ʦʧʝʨʘʪʦʨʦʚ ʙʫʜʝʪ 

ʨʘʟʣʠʯʥʦʡ. ɼʣʷ ʧʦʣʫʯʝʥʠʷ ʛʘʨʘʥʪʠʨʦʚʘʥʥʦʡ ʩʢʦʨʦʩʪʠ ʥʝʦʙʭʦʜʠʤʦ ʨʘʟʨʘʙʦʪʘʪʴ ʝʜʠʥʫʶ 

ʩʠʩʪʝʤʫ ʦʨʛʘʥʠʟʘʮʠʦʥʥʳʭ ʤʝʨ ʠ ʪʘʨʠʬʦʚ. 
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CDMA-ʯʘʩʪʦʪʳ ʧʦ ʤʝʨʝ ʚʳʩʚʦʙʦʞʜʝʥʠʷ ʚʳʜʘʚʘʣʠʩʴ ʦʧʝʨʘʪʦʨʘʤ ʚ ʭʘʦʪʠʯʝʩʢʦʤ ʧʦʨʷʜʢʝ, 

ʠ ʩʝʪʢʘ ʯʘʩʪʦʪ ʠʤʝʣʘ ʚʠʜ ʦʪʜʝʣʴʥʳʭ ʜʠʘʧʘʟʦʥʦʚ ʯʘʩʪʦʪ, ʯʪʦ ʷʚʣʝ̫ʪʩʷ ʧʨʝʧʷʪʩʪʚʠʝʤ ʜʣʷ 

ʵʬʬʝʢʪʠʚʥʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʨʘʜʠʦʨʝʩʫʨʩʘ. ʅʦ ʨʝʛʫʣʪ̫ʦʨ ʧʦʰʝʣ ʥʘʚʩʪʨʝʯʫ ʠ ʥʘ ʦʩʥʦʚʘʥʠʠ 

ʟʘʷʚʣʝʥʠʡ ʦʧʝʨʘʪʦʨʦʚ ʙʳʣʘ ʧʨʦʚʝʜʝʥʘ ʧʨʦʮʝʜʫʨʘ ʛʘʨʤʦʥʠʟʘʮʠʠ [3]. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʠ 

ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʦʧʝʨʘʪʦʨʳ ʤʦʙʠʣʴʥʦʡ ʩʚʷʟʠ ʧʨʠ ʟʘʢʣʶʯʝʥʠʠ ʜʦʛʦʚʦʨʦʚ ʤʦʛʫʪ ʧʦʣʫʯʠʪʴ ʚ 

ʜʦʧʦʣʥʝʥʠʝ ʢ ʩʫʱʝʩʪʚʫʶʱʠʤ ʜʠʘʧʘʟʦʥʘʤ ʯʘʩʪʦʪ GSM ʨʝʩʫʨʩ ʚ ʚʠʜʝ ʩʧʣʦʰʥʳʭ ʧʦʣʦʩ 

ʩʧʝʢʪʨʘ ʥʘ CDMA-ʯʘʩʪʦʪʘʭ, ʪʘʢ ʥʝʦʙʭʦʜʠʤʳʡ ʜʣʷ ʚʥʝʜʨʝʥʠʷ ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ð ʚ 

ʯʘʩʪʥʦʩʪʠ, LTE. 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʥʝʦʙʭʦʜʠʤʦ ʦʧʨʝʜʝʣʠʪʴ ʦʩʥʦʚʥʳʝ ʧʨʠʥʮʠʧʳ ʚʥʝʜʨʝʥʠʷ ʪʝʭʥʦʣʦʛʠʠ 

LTE ʚ ʋʢʨʘʠʥʝ. ʆʯʝʚʠʜʥʦ, ʯʪʦ ʚʥʝʜʨʝʥʠʝ ʤʦʞʝʪ ʙʳʪʴ ʧʨʦʠʟʚʝʜʝʥʦ ʨʘʟʣʠʯʥʳʤʠ ʤʝʪʦʜʘʤʠ, 

ʢʘʞʜʳʡ ʠʟ ʢʦʪʦʨʳʭ ʠʤʝʝʪ ʩʚʦʠ ʜʦʩʪʦʠʥʩʪʚʘ ʠ ʥʝʜʦʩʪʘʪʢʠ. 

ʃʠʪʝʨʘʪʫʨʘ 

1. LTE Technology Overview [ʕʣʝʢʪʨʦʥʥʳʡ ʨʝʩʫʨʩ]/ Agilent Technologies. ð 

http://www.home.agilent.com/agilent/editorial.jspx?cc=UA&lc=eng&ckey=1803101&id=180310

1.  

2. Long Term Evolution: LTE [ʕʣʝʢʪʨʦʥʥʳʡ ʨʝʩʫʨʩ] / ʃʄ ʕʨʠʢʩʩʦʥ ʀʥʪʝʨʥʝʡʰʥʣ ɸɹ. ð 

www.ericsson.com/ru/thecompany/press/mediakits/lte. 

3. ʇʦʜʛʦʪʦʚʢʘ ʢ ʚʥʝʜʨʝʥʠʶ LTE ʚ ʋʢʨʘʠʥʝ ʥʘʙʠʨʘʝʪ ʦʙʦʨʦʪʳ/ Forbes ʋʢʨʘʠʥʘ ð 

http://forbes.ua/opinions/1343438-podgotovka-k-vnedreniyu-lte-v-ukraine-nabiraet-oboroty 

15.12.2012 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

63 

 

ʋɼʂ 621.391 

ʀʉʉʃɽɼʆɺɸʅʀɽ ʍɸʈɸʂʊɽʈʀʉʊʀʂ ɸɹʆʅɽʅʊʉʂʆɻʆ ʆɹʆʈʋɼʆɺɸʅʀʗ ʇʈʀ 

ɺʓɹʆʈɽ ʏɸʉʊʆʊʅʆɻʆ ɼʀɸʇɸɿʆʅɸ ɼʃʗ ɺʅɽɼʈɽʅʀʗ ʉɽʊɽʁ LTE 

ʉʣʦʙʦʜʝʥʶʢ ɸ.ɸ., ɹʝʟʛʠʥ ɸ.ɸ., ʅʦʚʦʩʸʣʦʚ ɽ.ɸ., ʈʘʠʬʦʚ ʃ.ʕ., ʉʸʤʠʥ ʉ.ɺ., ʉʘʚʦʯʢʠʥ ɸ.ɸ. 

ʉʝʚʘʩʪʦʧʦʣʴʩʢʠʡ ʥʘʮʠʦʥʘʣʴʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ, alexandrslobodeniuk@gmail.com 

Analysis characteristics user devices and select frequency band for the implementation 

LTE networks 

The method of selection of the frequency range for LTE network deployment in Ukraine. 

Presented takes into account features of handsets and its compatibility problems. 

ʊʝʭʥʦʣʦʛʠʷ LTE ʧʦʣʫʯʠʣʘ ʰʠʨʦʢʦʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʚ ʩʪʨʘʥʘʭ ɽʚʨʦʧʳ, ʉʐɸ ʠ 

ʗʧʦʥʠʠ. ʇʦʵʪʦʤʫ ʜʣʷ ʚʳʙʦʨʘ ʯʘʩʪʦʪʥʦʛʦ ʜʠʘʧʘʟʦʥʘ ʧʨʠ ʚʥʝʜʨʝʥʠʠ LTE ʚ ʋʢʨʘʠʥʝ, ʥʫʞʥʦ 

ʫʯʠʪʳʚʘʪʴ ʚʦʟʤʦʞʥʦʩʪʴ ʨʘʙʦʪʳ ʚ ʵʪʦʤ ʜʠʘʧʘʟʦʥʝ ʩʫʱʝʩʪʚʫʶʱʝʛʦ ʧʦʣʴʟʦʚʘʪʝʣʴʩʢʦʛʦ 

ʦʙʦʨʫʜʦʚʘʥʠʷ: ʧʣʘʥh ʝʪʦʚ, ʩʤʘʨʪʬʦʥʦʚ, ʥʦʫʪʙʫʢʦʚ ʠ ʪ.ʜ. 

ʉʦʛʣʘʩʥʦ ʜʘʥʥʳʤ ʘʥʘʣʠʪʠʯʝʩʢʦʛʦ ʘʛʝʥʪʩʪʚʘ Forward Concepts, ʚ 2012 ʛʦʜʫ 

ʧʨʦʠʟʚʦʜʠʪʝʣʷʤʠ ʙʳʣʦ ʨʝʘʣʠʟʦʚʘʥʦ ʦʢʦʣʦ 47 ʤʠʣʣʠʦʥʦʚ LTE-ʤʦʜʝʤʦʚ. ʀʟ ʥʠʭ 86% 

ʚʳʧʦʣʥʝʥʳ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʯʠʧʦʚ ʢʦʤʧʘʥʠʠ Qualcomm. Forward Concepts ʫʪʚʝʨʞʜʘʝʪ, ʯʪʦ 

Qualcomm ʦʩʪʘʥʝʪʩʷ ʣʠʜʝʨʦʤ ʠ ʚ 2013 ʛʦʜʫ[1]. 

ʅʘ ʨʠʩʫʥʢʝ 1 ʧʨʝʜʩʪʘʚʣʝʥʘ ʜʠʘʛʨʘʤʤʘ ʜʦʣʝʡ ʨʳʥʢʘ ʦʩʥʦʚʥʳʭ ʧʨʦʠʟʚʦʜʠʪʝʣʝʡ ʯʠʧʦʚ 

ʧʦʜʜʝʨʞʠʚʘʶʱʠʭ LTE ʪʝʭʥʦʣʦʛʠʶ. 

 

ʈʠʩ. 1 ð ʆʩʥʦʚʥʳʝ ʧʨʦʠʟʚʦʜʠʪʝʣʠ LTE ʯʠʧʦʚ 

ʉʘʤʳʤʠ ʨʘʩʧʨʦʩʪʨʘʥʸʥʥʳʤʠ ʘʙʦʥʝʥʪʩʢʠʤʠ ʫʩʪʨʦʡʩʪʚʘʤʠ ʩ ʧʦʜʜʝʨʞʢʦʡ ʪʝʭʥʦʣʦʛʠʠ 

LTE ʷʚʣʷʶʪʩʷ ʩʤʘʨʪʬʦʥʳ, ʦʥʠ ʟʘʥʠʤʘʶʪ ʦʢʦʣʦ 45 % ʨʳʥʢʘ [1], ʧʣʘʥʰʝʪʳ ð ʦʢʦʣʦ 33%. ʇʦ 

ʜʘʥʥʳʤ Forward Concepts ʢʦʣʠʯʝʩʪʚʦ ʩʤʘʨʪʬʦʥʦʚ ʠ ʧʣʘʥʰʝʪʦʚ ʫʚʝʣʠʯʠʚʘʝʪʩʷ 

ʵʢʩʧʦʥʝʥʮʠʘʣʴʥʦ, ʚʳʪʝʩʥʷʷ ʢʣʘʩʩʠʯʝʩʢʠʝ ʥʦʫʪʙʫʢʠ, ʥʝʪʙʫʢʠ ʠ ʩʤʘʨʪʙʫʢʠ. 

 

ʅʘ ʨʠʩʫʥʢʝ 2 ʧʨʝʜʩʪʘʚʣʝʥʥʘ ʜʠʦʛʨʘʤʤʘ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʨʘʟʣʠʯʥʳʭ ʘʙʦʥʝʥʪʩʢʠʭ 

ʫʩʪʨʦʡʩʪʚ ʥʘ ʨʳʥʢʝ. 
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ʈʠʩ. 2 ð ɼʠʘʛʨʘʤʤʘ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʘʙʦʥʝʥʪʩʢʠʭ ʫʩʪʨʦʡʩʪʚ ʥʘ ʨʳʥʢʝ 

LTE E-UTRA Band ð ʯʘʩʪʦʪʥʳʡ ʧʦʜʜʠʘʧʘʟʦʥ, ʦʧʨʝʜʝʣʷʶʱʠʡ ʧʦʣʦʩʳ ʯʘʩʪʦʪ ʥʘ ʧʨʠʸʤ, 

ʦʪʜʘʯʫ, ʘ ʪʘʢʞʝ ʪʠʧ ʠʩʧʦʣʴʟʫʝʤʦʛʦ ʜʫʧʣʝʢʩʥʦʛʦ ʨʝʞʠʤʘ (FDD ʠʣʠ TDD) [2]. ɺʳʙʦʨ 

ʜʠʘʧʘʟʦʥʘ ʯʘʩʪʦʪ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʚʳʙʦʨʦʤ ʩʘʤʦʛʦ ʨʘʩʧʨʦʩʪʨʘʥʸʥʥʦʛʦ ʥʦʤʝʨʘ ʯʘʩʪʦʪʥʦʛʦ 

ʧʦʜʜʠʘʧʘʟʦʥʘ, ʧʦʜʜʝʨʞʠʚʘʝʤʦʛʦ ʢʦʥʝʯʥʳʤʠ ʘʙʦʥʝʥʪʩʢʠʤʠ ʫʩʪʨʦʡʩʪʚʘʤʠ. 

ɺ ʪʘʙʣʠʮʝ 1 ʧʨʝʜʩʪʘʚʣʝʥ ʩʧʠʩʦʢ ʧʦʜʜʝʨʞʠʚʘʝʤʳʭ ʯʘʩʪʦʪʥʳʭ ʜʠʘʧʘʟʦʥʦʚ 

ʨʘʩʧʨʦʩʪʨʘʥʸʥʥʳʤʠ ʧʦʣʴʟʦʚʘʪʝʣʩɹʢʠʤʠ ʫʩʪʨʦʡʩʪʚʘʤʠ. 

ʊʘʙʣʠʮʘ 1 

ʇʨʦʠʟʚʦʜʠ-

ʪʝʣʴ 
ʋʩʪʨʦʡʩʪʚʘ 

ʇʦʜʜʝʨʞʠʚʘʝʤʳʝ ʯʘʩʪʦʪʥʳʝ 

ʜʠʘʧʘʟʦʥʳ (E-UTRA Band) 

Apple 

Ipad 4 (A1459) 

Ipad 4 (A1460) 

Iphone 5 (A1428) 

Iphone 5 (A1429 CDMA) 

Iphone 5 (A1429 GSM) 

Bands 4, 17 

Bands 1, 3, 5, 13, 25 

Bands 4, 17 

Bands 1, 3, 5, 13, 25 

Bands 1, 3, 5  

Samsung 

Galaxy S II LTE,  

Galaxy S III LTE, 

Galaxy Note LTE,  

Galaxy Note II LTE, 

Galaxy Tab 8.9 LTE 

 

 

Bands 4, 20, 7 

 

 

Motorola 
Photon Q 4G LTE, RARZ HD, ATRIX 

HD, DROID 4, RARZ, RARZ M 

 

Bands 4,17 
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ʇʨʦʠʟʚʦʜʠ-

ʪʝʣʴ 
ʋʩʪʨʦʡʩʪʚʘ 

ʇʦʜʜʝʨʞʠʚʘʝʤʳʝ ʯʘʩʪʦʪʥʳʝ 

ʜʠʘʧʘʟʦʥʳ (E-UTRA Band) 

LG 
LG Optimus LTE,  

LG Optimus G, 

Bands 4,20,7 

HTC 
EVO 4G LTE, Droid Incredible 4G 

LTE 

Bands 4,13,1 

Huawei Asced p1 LTE Bands 4, 17 

ʂʘʢ ʚʠʜʥʦ ʠʟ ʜʘʥʥʳʭ ʪʘʙʣ. 1 ʩʘʤʳʤʠ ʨʘʩʧʨʦʩʪʨʘʥʸʥʥʳʤʠ ʯʘʩʪʦʪʥʳʤʠ ʜʠʘʧʘʟʦʥʘʤʠ 

ʷʚʣʷʶʪʩʷ Bands 4, 17, ʠ 20. ɺ ʪʘʙʣ. 2 ʧʨʠʚʝʜʝʥʳ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʦʩʥʦʚʥʳʭ ʯʘʩʪʦʪʥʳʭ 

ʜʠʘʧʘʟʦʥʦʚ [3]. 

ʊʘʙʣʠʮʘ 2 

ʏʘʩʪʦʪʥʳʝ 

ʜʠʘʧʘʟʦʥʳ 

(E-UTRA Band) 

ʇʦʣʦʩʘ ʦʪʜʘʯʠ 

(Uplink), 

ʄɻʮ 

ʇʦʣʦʩʘ ʧʨʠʸʤʘ 

(Downlink), 

ʄɻʮ 

ɼʫʧʣʝʢʩʥʳʡ ʨʝʞʠʤ 

(Duplex Mode) 

Band 4 1710-1755 2110-2155 FDD 

Band 17 704-716 734-746 FDD 

Band 20 832-862 791-821 FDD 

ʇʨʠʚʝʜʸʥʥʳʝ ʩʚʦʜʥʳʝ ʪʘʙʣʠʮʳ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʦʧʪʠʤʘʣʴʥʳʤ ʚʳʙʦʨʦʤ ʷʚʣʷʝʪʩʷ 

ʯʘʩʪʦʪʥʳʡ ʜʠʘʧʘʟʦʥ Band 4, ʪʘʢʞʝ ʠʟʚʝʩʪʥʳʡ ʢʘʢ LTE AWS [4], ʢʦʪʦʨʳʡ ʧʦʜʜʝʨʞʠʚʘʝʪʩʷ 

ʧʨʘʢʪʠʯʝʩʢʠ ʚʩʝʤʠ ʫʩʪʨʦʡʩʪʚʘʤʠ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʤʠ ʥʘ ʨʳʥʢʝ. 

ɺ ʜʨʫʛʠʭ ʩʪʨʘʥʘʭ ʩ ʯʘʩʪʦʪʥʳʤ ʜʠʘʧʘʟʦʥʦʤ LTE AWS (Advanced Wireless Services) 

ʨʘʙʦʪʘʶʪ ʪʘʢʠʝ ʢʨʫʧʥʳʝ ʤʦʙʠʣʴʥʳʝ ʦʧʝʨʘʪʦʨʳ, ʢʘʢ:  AT&T Mobility, MetroPCS, T-Mobile. 

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʫʢʘʟʘʥʥʦʛʦ ʯʘʩʪʦʪʥʦʛʦ ʜʠʘʧʘʟʦʥʘ ʚʦʟʤʦʞʥʦ ʧʨʠ ʨʝʬʘʨʤʠʥʛʝ 
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Design of the concept for the radio surveillance system receiver of ADS-B standard 

The paper deals with the radio surveillance system, providing aircraft tracking with high 

precision in real time. The mathematical model of the receiver with the correlation signal 

processing and its performance are described and found in accordance with the international 

standard 

ʆʙʝʩʧʝʯʝʥʠʝ ʙʝʟʦʧʘʩʥʦʡ, ʨʝʛʫʣʷʨʥʦʡ ʠ ʵʬʬʝʢʪʠʚʥʦʡ ʵʢʩʧʣʫʘʪʘʮʠʠ ʘʚʠʘʪʨʘʥʩʧʦʨʪʘ 

ʷʚʣʷʝʪʩʷ ʧʝʨʚʦʩʪʝʧʝʥʥʦʡ ʟʘʜʘʯʝʡ ʄʝʞʜʫʥʘʨʦʜʥʦʡ ʦʨʛʘʥʠʟʘʮʠʠ ʛʨʘʞʜʘʥʩʢʦʡ ʘʚʠʘʮʠʠ 

(ʀʂɸʆ). ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʀʂɸʆ ʨʘʟʨʘʙʘʪʳʚʘʝʪ ʩʧʫʪʥʠʢʦʚʫʶ ʩʠʩʪʝʤʫ ʜʣʷ ʫʜʦʚʣʝʪʚʦʨʝʥʠʷ 

ʙʫʜʫʱʠʭ ʧʦʪʨʝʙʥʦʩʪʝʡ ʛʨʘʞʜʘʥʩʢʦʡ ʘʚʠʘʮʠʠ ʚ ʦʨʛʘʥʠʟʘʮʠʠ ʩʚʷʟʠ, ʥʘʚʠʛʘʮʠʠ, 

ʨʘʜʠʦʣʦʢʘʮʠʦʥʥʦʛʦ ʥʘʙʣʶʜʝʥʠʷ ʠ ʫʧʨʘʚʣʝʥʠʷ ʚʦʟʜʫʰʥʳʤ ʜʚʠʞʝʥʠʝʤ. ʉʝʛʦʜʥʷ ʫʚʝʣʠʯʝʥʠʝ 

ʟʘʛʨʫʟʢʠ ʘʵʨʦʧʦʨʪʘ ʩʚʝʨʭ ʩʫʱʝʩʪʚʫʶʱʝʡ ʩʜʝʨʞʠʚʘʝʪʩʷ ʪʝʤ, ʯʪʦ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʢʦʦʨʜʠʥʘʪ 

ʦʙʲʝʢʪʘ ʠ ʦʪʦʙʨʘʞʝʥʠʷ ʠʥʬʦʨʤʘʮʠʠ ʥʘ ʵʢʨʘʥʝ ʨʘʜʠʦʣʦʢʘʮʠʦʥʥʦʡ ʩʪʘʥʮʠʠ ʪʨʝʙʫʝʪʩʷ ʦʪ 6 ʜʦ 

12 ʩ, ʚ ʪʝʯʝʥʠʝ ʢʦʪʦʨʳʭ ʙʳʩʪʨʦ ʣʝʪʷʱʠʡ ʩʘʤʦʣʝʪ ʫʩʧʝʚʘʝʪ ʠʟʤʝʥʠʪʴ ʩʚʦʶ ʧʦʟʠʮʠʶ. ʇʦʵʪʦʤʫ 

ʘʚʠʘʜʠʩʧʝʪʯʝʨʘʤ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʙʝʟʦʧʘʩʥʦʩʪʠ ʧʦʣʝʪʦʚ ʧʨʠʭʦʜʠʪʩʷ ʟʘʜʘʚʘʪʴ ʫʚʝʣʠʯʝʥʥʳʝ 

ʚʨʝʤʝʥʥʳʝ ʠʥʪʝʨʚʘʣʳ ʤʝʞʜʫ ʚʦʟʜʫʰʥʳʤʠ ʩʫʜʘʤʠ ʧʨʠ ʧʦʩʘʜʢʝ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʥʝʧʦʣʥʦʤʫ 

ʠʩʧʦʣʴʟʦʚʘʥʠʶ ʚʦʟʤʦʞʥʦʩʪʝʡ ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ ʘʵʨʦʜʨʦʤʘ. 

ɼʣʷ ʨʝʰʝʥʠʷ ʚʦʟʨʘʩʪʘʶʱʠʭ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʭ ʧʦʪʨʝʙʥʦʩʪʝʡ ʚ ʨʘʟʨʘʙʘʪʳʚʘʝʤʦʡ 

ʩʠʩʪʝʤʝ ʠʩʧʦʣʴʟʫʶʪʩʷ ʥʦʚʝʡʰʠʝ ʜʦʩʪʠʞʝʥʠʷ ʚ ʦʙʣʘʩʪʠ ʩʧʫʪʥʠʢʦʚʳʭ ʠ ʢʦʤʧʴʶʪʝʨʥʳʭ 

ʪʝʭʥʦʣʦʛʠʡ, ʢʘʥʘʣʦʚ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ ʠ ʙʦʨʪʦʚʦʡ ʘʚʠʘʮʠʦʥʥʦʡ ʵʣʝʢʪʨʦʥʠʢʠ. ɺ ʦʙʝʩʧʝʯʝʥʠʝ 

ʫʢʘʟʘʥʥʦʡ ʧʨʦʛʨʘʤʤʳ 7 ʬʝʚʨʘʣʷ 2012 ʛ. ʂʦʥʛʨʝʩʩ ʉʐɸ ʧʨʠʥʷʣ ʟʘʢʦʥ ʦʙ ʦʩʥʘʱʝʥʠʠ 

ʩʘʤʦʣʝʪʦʚ ʛʨʘʞʜʘʥʩʢʦʡ ʘʚʠʘʮʠʠ ʠ ʥʘʟʝʤʥʳʭ ʩʪʘʥʮʠʡ ʩʦʪʦʚʦʡ ʩʚʷʟʠ ʦʙʦʨʫʜʦʚʘʥʠʝʤ ʩʠʩʪʝʤ 

ʛʣʦʙʘʣʴʥʦʛʦ ʧʦʟʠʮʠʦʥʠʨʦʚʘʥʠʷ (GPS) ʠ ʚʩʝʥʘʧʨʘʚʣʝʥʥʦʡ ʧʝʨʝʜʘʯʠ ʜʣʷ ʮʝʣʝʡ 

ʘʚʪʦʤʘʪʠʯʝʩʢʦʛʦ ʟʘʚʠʩʠʤʦʛʦ ʥʘʙʣʶʜʝʥʠʷ (ADS-B), ʢʦʪʦʨʳʝ ʚʤʝʩʪʝ ʜʦʣʞʥʳ ʟʘʤʝʥʠʪʴ ʨʘʜʘʨʳ 

ʚ ʩʫʱʝʩʪʚʫʶʱʠʭ ʩʠʩʪʝʤʘʭ ʫʧʨʘʚʣʝʥʠʷ ʚʦʟʜʫʰʥʳʤ ʜʚʠʞʝʥʠʝʤ. 

ʆʩʥʦʚʥʘʷ ʟʘʜʘʯʘ ʩʠʩʪʝʤʳ ADS-B ʩʦʩʪʦʠʪ ʚ ʦʙʨʘʙʦʪʢʝ ʠʥʬʦʨʤʘʮʠʠ, ʧʦʩʪʫʧʘʶʱʝʡ ʦʪ 

ʩʠʩʪʝʤʳ GPS, ʚʳʜʝʣʝʥʠʠ ʠʟ ʥʝʝ ʪʦʯʥʳʭ ʜʘʥʥʳʭ ʦ ʩʢʦʨʦʩʪʠ, ʚʳʩʦʪʝ, ʢʫʨʩʝ ʚʦʟʜʫʰʥʦʛʦ ʩʫʜʥʘ 

(ɺʉ). ʇʦʣʫʯʝʥʥʳʝ ʜʘʥʥʳʝ ʜʦʧʦʣʥʷʶʪʩʷ ʠʥʬʦʨʤʘʮʠʝʡ ʦʪ ʩʣʫʞʙ ʘʵʨʦʧʦʨʪʘ ʦ ʤʝʪʝʦʫʩʣʦʚʠʷʭ ʠ 

ʧʦ ʟʘʧʨʦʩʫ ʮʝʥʪʨʘ ʫʧʨʘʚʣʝʥʠʷ ʧʝʨʝʜʘʶʪʩʷ ʚ ʵʬʠʨ ʥʘ ʯʘʩʪʦʪʝ 1090 ʄɻʮ ʚ ʨʝʘʣʴʥʦʤ ʤʘʩʰʪʘʙʝ 

ʚʨʝʤʝʥʠ. ʕʪʦ ʧʦʟʚʦʣʷʝʪ ʧʠʣʦʪʘʤ ʚ ʢʘʙʠʥʝ ʠ ʜʠʩʧʝʪʯʝʨʘʤ ʚ ʮʝʥʪʨʝ ʫʧʨʘʚʣʝʥʠʷ ʦʪʩʣʝʞʠʚʘʪʴ 

ʜʚʠʞʝʥʠʝ ʚʩʝʭ ɺʉ ʚ ʨʘʡʦʥʝ ʘʵʨʦʜʨʦʤʘ. 

ʎʝʣʴʶ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʨʘʟʨʘʙʦʪʢʘ ʢʦʥʮʝʧʮʠʠ ʩʪʘʮʠʦʥʘʨʥʦʛʦ ʧʨʠʝʤʥʠʢʘ ʜʣʷ 

ʩʠʩʪʝʤʳ ADS-B. ɼʘʥʥʳʡ ʧʨʠʝʤʥʠʢ ʤʦʞʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʤʠ ʩʣʫʞʙʘʤʠ, 

ʩʣʫʞʙʘʤʠ ʘʵʨʦʧʦʨʪʦʚ, ʘ ʪʘʢʞʝ ʜʨʫʛʠʤʠ ʦʨʛʘʥʠʟʘʮʠʷʤʠ ʠ ʯʘʩʪʥʳʤʠ ʣʠʮʘʤʠ, 

ʟʘʠʥʪʝʨʝʩʦʚʘʥʥʳʤʠ ʚ ʧʦʣʫʯʝʥʠʠ ʠʩʯʝʨʧʳʚʘʶʱʝʡ ʠʥʬʦʨʤʘʮʠʠ ʦ ʜʚʠʞʝʥʠʠ ɺʉ ʚ ʨʘʡʦʥʝ 

ʘʵʨʦʧʦʨʪʘ. 

ʀʂɸʆ ʨʘʟʨʘʙʦʪʘʥʳ ʠ ʦʧʫʙʣʠʢʦʚʘʥʳ ʩʪʘʥʜʘʨʪʳ ʥʘ ʦʙʦʨʫʜʦʚʘʥʠʝ ʜʣʷ ʩʠʩʪʝʤ 

ʚʪʦʨʠʯʥʦʛʦ ʨʘʜʠʦʣʦʢʘʮʠʦʥʥʦʛʦ ʦʙʟʦʨʘ, ʢ ʢʦʪʦʨʳʤ ʦʪʥʦʩʠʪʩʷ ADS-B, ʯʪʦ ʦʙʣʝʛʯʘʝʪ 

ʧʨʦʝʢʪʠʨʦʚʘʥʠʝ ʘʧʧʘʨʘʪʫʨʳ ʜʣʷ ʵʪʠʭ ʩʠʩʪʝʤ. ɺ ʪʦ ʞʝ ʚʨʝʤʷ ʧʨʠ ʩʦʟʜʘʥʠʠ ʧʨʠʝʤʥʠʢʘ ADS-B 

ʧʨʦʝʢʪʠʨʦʚʱʠʢʘʤ ʧʨʠʭʦʜʠʪʩʷ ʨʝʰʘʪʴ ʨʷʜ ʪʝʭʥʠʯʝʩʢʠʭ ʚʦʧʨʦʩʦʚ, ʦʧʨʝʜʝʣʷʶʱʠʭ ʩʘʤʫ 

ʪʝʭʥʠʯʝʩʢʫʶ ʚʦʟʤʦʞʥʦʩʪʴ ʨʝʘʣʠʟʘʮʠʠ ʜʘʥʥʦʛʦ ʫʩʪʨʦʡʩʪʚʘ. ʅʘʧʨʠʤʝʨ, ʩʦʛʣʘʩʥʦ ʪʨʝʙʦʚʘʥʠʷʤ 

[1] ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ ʧʨʠʝʤʥʠʢʘ ʩʠʩʪʝʤʳ ADS-B ʧʨʠ ʥʝʥʘʧʨʘʚʣʝʥʥʦʡ ʘʥʪʝʥʥʝ ʜʦʣʞʥʘ 

ʦʙʝʩʧʝʯʠʚʘʪʴ ʫʚʝʨʝʥʥʳʡ ʧʨʠʝʤ ʚ ʟʦʥʝ ʨʘʜʠʫʩʦʤ ʥʝ ʤʝʥʝʝ 180 ʢʤ, ʦʜʥʘʢʦ ʚʳʙʦʨ ʢʦʥʢʨʝʪʥʦʛʦ 

ʟʥʘʯʝʥʠʷ ʦʩʪʘʝʪʩʷ ʟʘ ʨʘʟʨʘʙʦʪʯʠʢʦʤ. ʇʦʥʷʪʥʦ, ʯʪʦ ʪʘʢʦʡ ʧʦʜʭʦʜ ʢ ʬʦʨʤʫʣʠʨʦʚʘʥʠʶ 
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ʪʨʝʙʦʚʘʥʠʡ ʦʧʨʘʚʜʘʥ ʥʝʦʙʭʦʜʠʤʦʩʪʴʶ ʨʝʛʣʘʤʝʥʪʠʨʦʚʘʥʠʷ ʫʨʦʚʥʷ ʪʝʭʥʠʢʠ ʩʠʩʪʝʤʳ ADS-B ʚ 

ʮʝʣʦʤ, ʦʜʥʘʢʦ ʪʨʝʙʫʝʪ ʦʪ ʨʘʟʨʘʙʦʪʯʠʢʦʚ ʜʝʪʘʣʴʥʦʡ ʧʨʦʨʘʙʦʪʢʠ ʢʦʥʮʝʧʮʠʠ ʧʨʠʝʤʥʠʢʘ ʠ 

ʤʥʦʛʦʢʨʘʪʥʦʡ ʝʝ ʜʦʨʘʙʦʪʢʠ ʚ ʧʨʦʮʝʩʩʝ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʨʘʙʦʪʳ ʧʨʠʝʤʥʠʢʘ ʚ ʩʦʩʪʘʚʝ ʩʠʩʪʝʤʳ. 

ʇʨʠ ʨʘʟʨʘʙʦʪʢʝ ʢʦʥʮʝʧʮʠʠ ʧʨʠʝʤʥʠʢʘ ʩʣʝʜʫʝʪ ʫʯʠʪʳʚʘʪʴ, ʯʪʦ ʩʪʨʫʢʪʫʨʘ ʠ ʧʘʨʘʤʝʪʨʳ 

ʧʨʠʝʤʥʠʢʘ ʙʫʜʫʪ ʩʫʱʝʩʪʚʝʥʥʦ ʟʘʚʠʩʝʪʴ ʦʪ ʚʝʣʠʯʠʥʳ ʦʪʥʦʰʝʥʠʷ ʩʠʛʥʘʣ/ʰʫʤ ʥʘ ʚʭʦʜʝ 

ʧʨʠʝʤʥʠʢʘ. ʅʘ ʚʭʦʜ ʧʨʠʝʤʥʠʢʘ ʩʠʩʪʝʤʳ ADS-B, ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʨʝʢʦʤʝʥʜʘʮʠʝʡ [2] 

ʄʝʞʜʫʥʘʨʦʜʥʦʛʦ ʩʦʶʟʘ ʵʣʝʢʪʨʦʩʚʷʟʠ (ʄʉʕ), ʚ ʦʩʥʦʚʥʦʤ ʙʫʜʫʪ ʚʦʟʜʝʡʩʪʚʦʚʘʪʴ ʩʣʝʜʫʶʱʠʝ 

ʚʠʜʳ ʰʫʤʘ: ʛʘʣʘʢʪʠʯʝʩʢʠʡ, ʧʨʦʤʳʰʣʝʥʥʳʡ ʠ ʘʪʤʦʩʬʝʨʥʳʡ. 

ʉʦʛʣʘʩʥʦ [2] ʜʣʷ ʛʘʣʘʢʪʠʯʝʩʢʦʛʦ ʰʫʤʘ, ʫʩʨʝʜʥʝʥʥʦʛʦ ʧʦ ʚʩʝʤʫ ʥʝʙʦʩʚʦʜʫ, ʩʣʝʜʫʝʪ 

ʧʨʠʥʷʪʴ ʟʥʘʯʝʥʠʝ ʢʦʵʬʬʠʮʠʝʥʪʘ  ʧʨʠ ʩʨʝʜʥʝʢʚʘʜʨʘʪʠʯʝʩʢʦʤ ʦʪʢʣʦʥʝʥʠʠ 

(ʉʂʆ) ůʛʘʣ =1,56 ʜɹ; ʟʥʘʯʝʥʠʝ ʢʦʵʬʬʠʮʠʝʥʪʘ ʧʨʦʤʳʰʣʝʥʥʦʛʦ ʰʫʤʘ ʚ ʜʝʣʦʚʦʡ ʟʦʥʝ ʨʘʚʥʦ 

 ʧʨʠ ʉʂʆ ůʧʨ = 0,78 ʜɹ; ʢʦʵʬʬʠʮʠʝʥʪ ʘʪʤʦʩʬʝʨʥʳʭ ʰʫʤʦʚ ʨʘʚʝʥ  ʜɹ 

ʧʨʠ ʉʂʆ ůʘʪʤ = 3 ʜɹ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ, ʩʦʛʣʘʩʥʦ ʤʝʪʦʜʠʢʝ [2], ʤʝʜʠʘʥʥʦʝ ʟʥʘʯʝʥʠʝ 

ʢʦʵʬʬʠʮʠʝʥʪʘ ʰʫʤʘ ʩʦʩʪʘʚʠʪ , ʘ ʤʦʱʥʦʩʪʴ ʰʫʤʘ ʥʘ ʨʘʙʦʯʝʡ ʯʘʩʪʦʪʝ ʧʨʠ 

ʥʝʥʘʧʨʘʚʣʝʥʥʦʡ ʘʥʪʝʥʥʝ ʠ ʧʦʣʦʩʝ ʧʨʦʧʫʩʢʘʥʠʷ ʣʠʥʝʡʥʦʛʦ ʪʨʘʢʪʘ 8ʄɻʮ [1] ʩʦʩʪʘʚʠʪ 

 

ʇʨʠ ʦʩʥʘʱʝʥʠʠ ɺʉ ʰʪʘʪʥʳʤ ʙʦʨʪʦʚʳʤ ʧʝʨʝʜʘʪʯʠʢʦʤ ʩ ʚʳʭʦʜʥʦʡ ʤʦʱʥʦʩʪʴʶ 

18,5ʜɹɺʪ ʫʨʦʚʝʥʴ ʧʦʣʝʟʥʦʛʦ ʩʠʛʥʘʣʘ ʥʘ ʚʭʦʜʝ ʧʨʠʝʤʥʠʢʘ ʩʦʛʣʘʩʥʦ ʧʨʠʚʝʜʝʥʥʳʤ ʚ [1] 

ʟʘʚʠʩʠʤʦʩʪʷʤ ʧʨʠ ʜʘʣʴʥʦʩʪʠ 180 ʢʤ ʩʦʩʪʘʚʠʪ ʤʝʥʝʝ ï100 ʜɹʤ. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʧʨʠʝʤʥʠʢ ʙʝʟ 

ʩʧʝʮʠʘʣʴʥʦʡ ʦʙʨʘʙʦʪʢʠ ʩʠʛʥʘʣʦʚ ʪʝʭʥʠʯʝʩʢʠ ʥʝʨʝʘʣʠʟʫʝʤ. ɼʣʷ ʧʦʚʳʰʝʥʠʷ 

ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ ʧʨʠʝʤʥʠʢʘ ʥʝʦʙʭʦʜʠʤʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʤʝʪʦʜʳ ʢʦʨʨʝʣʷʮʠʦʥʥʦʡ ʦʙʨʘʙʦʪʢʠ 

ʩʠʛʥʘʣʦʚ (ʄʂʆ), ʯʪʦ ʧʦʟʚʦʣʠʪ ʟʥʘʯʠʪʝʣʴʥʦ ʫʚʝʣʠʯʠʪʴ ʜʘʣʴʥʦʩʪʴ ʧʨʠʝʤʘ. 

 
ʈʠʩ.1 ð ʌʦʨʤʘʪ ʩʦʦʙʱʝʥʠʷ ʚ ʩʠʩʪʝʤʝ ADS-B 

ʆʩʥʦʚʥʦʝ ʫʩʣʦʚʠʝ ʧʨʠʤʝʥʠʤʦʩʪʠ ʄʂʆ ð ʜʣʠʪʝʣʴʥʦʩʪʴ ʠʤʧʫʣʴʩʦʚ ʜʦʣʞʥʘ ʙʳʪʴ 

ʩʫʱʝʩʪʚʝʥʥʦ ʙʦʣʴʰʝ ʧʝʨʠʦʜʘ ʥʝʩʫʱʝʡ. ʂʘʢ ʚʠʜʥʦ ʠʟ ʨʠʩ. 1, ʧʝʨʝʜʘʚʘʝʤʦʝ ʩʦʦʙʱʝʥʠʝ ʚ 

ʬʦʨʤʘʪʝ ʩʠʩʪʝʤʳ ADS-B ʩʦʩʪʦʠʪ ʠʟ ʧʨʝʘʤʙʫʣʳ ʠ ʙʣʦʢʘ ʜʘʥʥʳʭ. ʇʨʝʘʤʙʫʣʘ ʧʨʝʜʩʪʘʚʣʷʝʪ 

ʩʦʙʦʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʠʟ 4-ʭ ʠʤʧʫʣʴʩʦʚ, ʜʣʠʪʝʣʴʥʦʩʪʴ ʢʘʞʜʦʛʦ ʧʦ 0,5 ʤʢʩ. ɼʘʥʥʳʝ 

ʧʝʨʝʜʘʶʪʩʷ ʩ 8-ʡ ʤʢʩ ʙʝʟ ʧʨʦʧʫʩʢʦʚ ʜʦ ʢʦʥʮʘ ʙʣʦʢʘ ʩ ʧʦʣʝʟʥʦʡ ʠʥʬʦʨʤʘʮʠʝʡ. 

ʇʫʪʝʤ ʢʦʤʧʴʶʪʝʨʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʙʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʄʂʆ 

ʠ ʪʝʭʥʠʯʝʩʢʠ ʨʝʘʣʠʟʫʝʤʳʭ ʧʘʨʘʤʝʪʨʘʭ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʫʟʣʦʚ ʧʨʠʝʤʥʠʢʘ ʪʨʝʙʫʝʤʦʝ [1] 

ʦʪʥʦʰʝʥʠʝ ʩʠʛʥʘʣ/ʰʫʤ ʥʘ ʚʳʭʦʜʝ ʣʠʥʝʡʥʦʛʦ ʪʨʘʢʪʘ, ʨʘʚʥʦʝ 10 ʜɹ, ʜʦʩʪʠʛʘʝʪʩʷ ʧʨʠ ʚʭʦʜʥʦʡ 

ʤʦʱʥʦʩʪʠ ʩʠʛʥʘʣʘ ʦʢʦʣʦ ï120 ʜɹʤ. ʉ ʫʯʝʪʦʤ ʚʥʫʪʨʝʥʥʝʛʦ ʢʦʵʬʬʠʮʠʝʥʪʘ ʰʫʤʘ ʣʠʥʝʡʥʦʛʦ 

ʪʨʘʢʪʘ ʧʨʠʝʤʥʠʢʘ ʤʠʥʠʤʘʣʴʥʘʷ ʚʭʦʜʥʘʷ ʤʦʱʥʦʩʪʴ, ʧʨʠ ʢʦʪʦʨʦʡ ʙʫʜʝʪ ʦʩʫʱʝʩʪʚʣʷʪʴʩʷ 

ʫʩʪʦʡʯʠʚʳʡ ʧʨʠʝʤ, ʩʦʩʪʘʚʠʪ ï114ʜɹʤ. ʇʦʣʫʯʝʥʥʦʝ ʟʥʘʯʝʥʠʝ ʩʦʛʣʘʩʥʦ [1] ʦʙʝʩʧʝʯʠʚʘʝʪ 
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ʜʘʣʴʥʦʩʪʴ ʧʨʠʝʤʘ ʙʦʣʝʝ 180 ʢʤ. ʇʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʥʘʧʨʘʚʣʝʥʥʦʡ ʘʥʪʝʥʥʳ ʤʦʞʝʪ ʙʳʪʴ 

ʦʙʝʩʧʝʯʝʥ ʜʦʧʦʣʥʠʪʝʣʴʥʳʡ ʟʘʧʘʩ ʧʦ ʜʘʣʴʥʦʩʪʠ ʫʩʪʦʡʯʠʚʦʛʦ ʧʨʠʝʤʘ.  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʜʣʷ ʜʦʩʪʠʞʝʥʠʷ ʪʨʝʙʫʝʤʳʭ ʪʝʭʥʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʨʠʝʤʥʠʢʘ ʠ 

ʦʙʝʩʧʝʯʝʥʠʷ ʪʨʝʙʫʝʤʦʡ ʜʘʣʴʥʦʩʪʠ ʫʩʪʦʡʯʠʚʦʛʦ ʧʨʠʝʤʘ, ʚ ʧʨʠʝʤʥʠʢʝ ʩʠʩʪʝʤʳ ADS-B 

ʥʝʦʙʭʦʜʠʤʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʤʝʪʦʜʳ ʢʦʨʨʝʣʷʮʠʦʥʥʦʡ ʦʙʨʘʙʦʪʢʠ ʩʠʛʥʘʣʘ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ 

ʚʦʟʤʦʞʥʦ ʦʙʝʩʧʝʯʠʪʴ ʜʘʣʴʥʦʩʪʴ ʧʨʠʝʤʘ ʩ ʥʝʥʘʧʨʘʚʣʝʥʥʦʡ ʘʥʪʝʥʥʦʡ ʦʢʦʣʦ 180 ʢʤ ʧʨʠ ʣʶʙʳʭ 

ʧʦʛʦʜʥʳʭ ʫʩʣʦʚʠʷʭ, ʯʪʦ ʫʜʦʚʣʝʪʚʦʨʷʝʪ ʪʨʝʙʦʚʘʥʠʷʤ [1]. 

ʃʠʪʝʨʘʪʫʨʘ 

1. Aeronautical Telecommunications ð V.10.ðInternational Standards and Recommended 

Practices /International Civil Aviation Organization ð ICAO ð 2007 ð 213 pp. 

2. ITU-R P.372-9/ International Telecommunication Union ð 2008 ð 75 pp. 
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ʋʃʋʏʐɽʅʀɽ ʍɸʈɸʂʊɽʈʀʉʊʀʂ ʈɸɹʆʊʓ ʉɽʊɽʁ ʄʆɹʀʃʔʅʆɻʆ ɼʆʉʊʋʇɸ TD-

LTE  ɿɸ ʉʏɪʊ ʇʈʀʄɽʅɽʅʀʗ ʇʆʃʅʆɼʋʇʃɽʂʉʅʆɻʆ ʈɽɾʀʄɸ ʇɽʈɽɼɸʏʀ 

ɼɸʅʅʓʍ 

ɼʫʙʠʥʠʥ ɻ.ɺ. 

ʉʝʚʘʩʪʦʧʦʣʴʩʢʠʡ ʥʘʮʠʦʥʘʣʴʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ,  Gleb.Dubinin@gmail.com 

Performance of TD-LTE Network due to use full-duplex transfer mode 

The TD-LTE network with full-duplex transfer mode characteristics was considered. In this 

mode TD-LTE network can provide the greater wireless capacity than time-division TD-LTE 

network with no new towers. Active and passive suppression mechanisms also described in this 

article. 

ʈʝʟʫʣʴʪʘʪʳ ʧʨʦʚʦʜʠʤʦʛʦ ʚʦ ʤʥʦʛʠʭ ʩʪʨʘʥʘʭ ʤʠʨʘ ʧʨʦʮʝʩʩʘ ʧʦ ʧʝʨʝʨʘʩʧʨʝʜʝʣʝʥʠʶ ʫʞʝ 

ʠʤʝʶʱʠʭʩʷ ʫ ʦʧʝʨʘʪʦʨʦʚ ʯʘʩʪʦʪ (ʨʝʬʘʨʤʠʥʛʘ), ʘ ʪʘʢʞʝ ʨʝʟʫʣʴʪʘʪʳ ʯʘʩʪʦʪʥʳʭ ʘʫʢʮʠʦʥʦʚ 

ʟʘʩʪʘʚʠʣʠ ʟʥʘʯʠʪʝʣʴʥʫʶ ʯʘʩʪʴ ʤʦʙʠʣʴʥʳʭ ʦʧʝʨʘʪʦʨʦʚ ʚʪʦʨʦʛʦ ʵʰʝʣʦʥʘ, ʞʝʣʘʶʱʠʭ ʟʘʧʫʩʢʘʪʴ 

ʥʘ ʩʚʦʠʭ ʩʝʪʷʭ ʥʦʚʫʶ ʪʝʭʥʦʣʦʛʠʶ ʤʦʙʠʣʴʥʦʛʦ ʜʦʩʪʫʧʘ LTE, ʦʢʘʟʘʪʴʩʷ ʚ ʩʣʦʞʥʦʤ 

ʧʦʣʦʞʝʥʠʠ. ɺ ʙʦʣʴʰʠʥʩʪʚʝ ʩʣʫʯʘʝʚ ʦʥʠ ʩʤʦʛʣʠ ʧʦʣʫʯʠʪʴ ʚ ʩʚʦʸ ʨʘʩʧʦʨʷʞʝʥʠʝ ʪʦʣʴʢʦ ʦʜʥʫ 

(ʥʝʧʘʨʥʫʶ) ʧʦʣʦʩʫ ʯʘʩʪʦʪ, ʢʦʪʦʨʫʶ ʤʦʞʥʦ ʟʘʜʝʡʩʪʚʦʚʘʪʴ ʪʦʣʴʢʦ ʧʦʜ ʩʠʩʪʝʤʫ ʤʦʙʠʣʴʥʦʛʦ 

ʜʦʩʪʫʧʘ LTE ʩ ʪʝʭʥʦʣʦʛʠʝʡ ʚʨʝʤʝʥʥʦʛʦ ʜʫʧʣʝʢʩʘ ð TD-LTE.  

ʆʜʥʘʢʦ, ʢʘʢ ʠʟʚʝʩʪʥʦ ʠʟ ʦʧʳʪʘ ʵʢʩʧʣʫʘʪʘʮʠʠ ʩʭʦʜʥʦʡ ʧʦ ʪʝʭʥʠʯʝʩʢʠʤ ʧʨʠʥʮʠʧʘʤ 

ʩʠʩʪʝʤʳ Wimax, ʧʨʠ ʧʣʘʥʠʨʦʚʘʥʠʠ  ʩʝʪʝʡ  ʩ ʚʨʝʤʝʥʥʳʤ   ʜʫʧʣʝʢʩʦʤ   ʧʨʠʭʦʜʠʪʩʷ   ʠʩʢʘʪʴ   

ʢʦʤʧʨʦʤʠʩʩ  ʤʝʞʜʫ  ʨʘʜʠʦʧʦʢʨʳʪʠʝʤ  ʠ  ʸʤʢʦʩʪʴʶ  ʩʝʪʠ. ɺʩʷ ʠʤʝʶʱʘʷʩʷ ʫ ʦʧʝʨʘʪʦʨʘ ʧʦʣʦʩʘ 

ʯʘʩʪʦʪ ʙʫʜʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ,  ʢʘʢ ʠ ʜʣʷ ʢʘʥʘʣʘ ʚʚʝʨʭ (UL), ʪʘʢ ʠ ʜʣʷ ʢʘʥʘʣʘ ʚʥʠʟ (DL). 

ʇʣʦʱʘʜʴ ʨʘʜʠʦʧʦʢʨʳʪʠʷ ʦʧʨʝʜʝʣʷʝʪʩʷ ʨʘʜʠʫʩʦʤ ʩʦʪʳ, ʢʦʪʦʨʳʡ ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ ʟʘʚʠʩʠʪ ʦʪ 

ʵʥʝʨʛʝʪʠʯʝʩʢʦʛʦ ʙʶʜʞʝʪʘ ʠʣʠ ʫʨʦʚʥʷ ʤʘʢʩʠʤʘʣʴʥʦ ʜʦʧʫʩʪʠʤʳʭ ʧʦʪʝʨʴ (ʄɼʇ) ʥʘ ʣʠʥʠʠ. 

ʄɼʇ ʨʘʩʩʯʠʪʳʚʘʝʪʩʷ ʜʣʷ ʘʙʦʥʝʥʪʩʢʦʛʦ ʪʝʨʤʠʥʘʣʘ ʥʘ ʢʨʘʶ ʩʦʪʳ, ʢʦʛʜʘ ʩʢʦʨʦʩʪʴ ʥʘ ʣʠʥʠʠ 

ʚʚʝʨʭ ʟʘʬʠʢʩʠʨʦʚʘʥʘ, ʘ ʥʘ ʣʠʥʠʠ ʚʥʠʟ ʧʦʜʙʠʨʘʝʪʩʷ ʪʘʢ, ʯʪʦʙʳ ʩʙʘʣʘʥʩʠʨʦʚʘʪʴ ʄɼʇ ʜʣʷ 

ʦʙʝʠʭ ʣʠʥʠʡ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚ  ʩʠʩʪʝʤʘʭ ʩ   ʘʜʘʧʪʠʚʥʳʤʠ ʩʭʝʤʘʤʠ ʤʦʜʫʣʷʮʠʠ ʠ 

ʢʦʜʠʨʦʚʘʥʠʷ ð MCS, ʢ ʢʦʪʦʨʳʤ ʦʪʥʦʩʷʪʩʷ ʚ ʨʘʚʥʦʡ ʩʪʝʧʝʥʠ ʠ Wimax, ʠ LTE,  ʜʘʣʴʥʦʩʪʴ  

ʩʚʷʟʠ  ʟʘʚʠʩʠʪ  ʦʪ  ʛʘʨʘʥʪʠʨʫʝʤʦʡ   ʩʢʦʨʦʩʪʠ   ʧʝʨʝʜʘʯʠ  ʜʘʥʥʳʭ  ʜʣʷ  ʧʦʣʴʟʦʚʘʪʝʣʷ ʥʘ ʢʨʘʶ 

ʩʦʪʳ.   

ʊʘʢʞʝ, ʚ ʥʝʤʘʣʦʡ ʩʪʝʧʝʥʠ, ʵʥʝʨʛʝʪʠʯʝʩʢʠʡ ʙʶʜʞʝʪ ʟʘʚʠʩʠʪ ʦʪ   ʩʦʦʪʥʦʰʝʥʠʷ 

ʜʣʠʪʝʣʴʥʦʩʪʠ ʢʘʜʨʦʚ ʥʘ UL ʠ DL. ɽʩʣʠ ʚ ʩʠʩʪʝʤʝ ʩ ʯʘʩʪʦʪʥʳʤ ʨʘʟʜʝʣʝʥʠʝʤ FDD-LTE 

ʢʦʥʬʠʛʫʨʘʮʠʷ  ʢʘʜʨʦʚ ʦʜʠʥʘʢʦʚʘ ʜʣʷ ʣʠʥʠʡ ʚʚʝʨʭ ʠ ʚʥʠʟ: ʢʘʜʨ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ 10 ʩʫʙʢʘʜʨʦʚ 

ʧʦ 1 ʤʩ, ʪʦ ʚ ʩʠʩʪʝʤʝ TD-LTE ʠʩʧʦʣʴʟʫʝʪʩʷ ʘʩʩʠʤʝʪʨʠʯʥʘʷ ʩʪʨʫʢʪʫʨʘ ʢʘʜʨʘ. ʉʫʱʝʩʪʚʫʝʪ 7 

ʚʦʟʤʦʞʥʳʭ ʢʦʥʬʠʛʫʨʘʮʠʡ ʢʘʜʨʦʚ TD-LTE, ʢʦʪʦʨʳʝ ʨʘʟʣʠʯʘʶʪʩʷ ʤʝʞʜʫ ʩʦʙʦʡ 

ʩʦʦʪʥʦʰʝʥʠʝʤ ʠʩʧʦʣʴʟʫʝʤʳʭ ʩʫʙʢʘʜʨʦʚ ʥʘ UL/DL (ʈʠʩ.1). ɼʣʷ  ʪʦʛʦ,  ʯʪʦʙʳ   ʧʝʨʝʜʘʪʴ   ʦʜʠʥ  

ʠ  ʪʦʪ  ʞʝ  ʧʦʪʦʢ  ʜʘʥʥʳʭ  ʚ ʨʘʟʥʳʭ ʢʦʥʬʠʛʫʨʘʮʠʷʭ,  ʥʘ   ʣʠʥʠʠ   ʚʚʝʨʭ  ʧʨʠʭʦʜʠʪʩʷ  ʚʳʜʝʣʷʪʴ   

ʨʘʟʥʦʝ   ʢʦʣʠʯʝʩʪʚʦ   ʯʘʩʪʦʪʥʳʭ  ʨʝʩʫʨʩʦʚ  (ʚ  ʦʙʨʘʪʥʦʡ   ʟʘʚʠʩʠʤʦʩʪʠ  ʦʪ  ʜʣʠʪʝʣʴʥʦʩʪʠ   

ʢʘʜʨʘ: ʢ ʧʨʠʤʝʨʫ, 6  ʤʩ ð ʚ  ʩʣʫʯʘʝ ʢʦʥʬʠʛʫʨʘʮʠʠ 0; 2 ʤʩ ð ʚ  ʩʣʫʯʘʝ ʢʦʥʬʠʛʫʨʘʮʠʠ 2). 

 
ʈʠʩ.1 ð ɹʣʦʢ-ʩʭʝʤʘ ʢʘʜʨʦʚ ʧʦʣʥʦʜʫʧʣʝʢʩʥʦʛʦ ʫʟʣʘ 

 

  ʅʦ  ʯʝʤ   ʙʦʣʴʰʝ ʯʘʩʪʦʪʥʳʭ  ʨʝʩʫʨʩʦʚ   ʚʳʜʝʣʷʝʪʩʷ   ʧʦʣʴʟʦʚʘʪʝʣʶ,  ʪʝʤ  ʚʳʰʝ  

ʤʦʱʥʦʩʪʴ  ʪʝʧʣʦʚʳʭ  ʰʫʤʦʚ   ʚʦ  ʚʭʦʜʥʳʭ  ʮʝʧʷʭ ʧʨʠʝʤʥʠʢʘ  ʠ ʭʫʞʝ ʝʛʦ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ. 


