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ɸ.ɻ.ʂʆʉʊʖʂʆɺʉʂʀʁ
1
, ɺ.ʅ.ʄɸʉʃɽʅʅʀʂʆɺ

1 

 

ɺɺʍ-ʄɽʊʈ ʉʀʉʊɽʄʓ ʄɸʉʉʆɺʆɻʆ ʆɹʉʃʋɾʀɺɸʅʀʗ ʊʀʇɸ M/M/s(0)  
 

1
ʋʯʨʝʞʜʝʥʠʝ ʦʙʨʘʟʦʚʘʥʠʷ çɹʝʣʦʨʫʩʩʢʘʷ ʛʦʩʫʜʘʨʩʪʚʝʥʥʘ ̫ʘʢʘʜʝʤʠʷ ʩʚʷʟʠè, ʛ. ʄʠʥʩʢ, ʈʝʩʧʫʙʣʠʢʘ 

ɹʝʣʘʨʫʩʴ 

 

ɺʚʝʜʝʥʠʝ 

ɼʠʥʘʤʠʢʘ ʠʥʬʨʘʩʪʨʫʢʪʫʨʥʦʛʦ ʦʙʥʦʚʣʝʥʠʷ ʩʦʮʠʘʣʴʥʦ-ʵʢʦʥʦʤʠʯʝʩʢʦʡ ʩʨʝʜʳ ʠ ʧʝʨʝʭʦʜ  ʦʪ 

ʧʦʩʪʠʥʜʫʩʪʨʠʘʣʴʥʦʛʦ ʢ ɻʣʦʙʘʣʴʥʦʤʫ ʀʥʬʦʨʤʘʮʠʦʥʥʦʤʫ ʆʙʱʝʩʪʚʫ (ɻʀʆ) ʢʘʢ ʥʦʚʦʡ ʬʘʟʝ ʨʘʟʚʠʪʠʷ 

ʮʠʚʠʣʠʟʘʮʠʠ ʧʦʪʨʝʙʦʚʘʣʘ ʩʦʟʜʘʥʠʷ ʩʣʫʞʙʳ ʪʝʭʥʠʯʝʩʢʦʡ ʵʢʩʧʣʫʘʪʘʮʠʠ ʠʥʬʦʢʦʤʤʫʥʠʢʘʮʠʦʥʥʳʭ ʩʠʩʪʝʤ 

ʩʝʪʝʡ ʩʣʝʜʫʶʱʝʛʦ ʧʦʢʦʣʝʥʠʷ NGN ʠ ʧʨʦʜʘʞ ʦʧʪʦʤ ʠ ʚ ʨʦʟʥʠʮʫ ʠʥʬʦʢʦʤʤʫʥʠʢʘʮʠʦʥʥʳʭ ʫʩʣʫʛ ʩʢʚʦʟʥʦʛʦ 

ʢʘʯʝʩʪʚʘ, ʚʦʩʧʨʠʥʠʤʘʝʤʳʭ ʘʙʦʥʝʥʪʦʤ ʩ ʚʦʩʭʠʱʝʥʠʝʤ. 

ʇʦʩʪʘʥʦʚʢʘ ʟʘʜʘʯʠ 

ɺ ʦʩʥʦʚʫ ʩʦʟʜʘʥʠʷ ʩʣʫʞʙʳ ʪʝʭʥʠʯʝʩʢʦʡ ʵʢʩʧʣʫʘʪʘʮʠʠ ʠʥʬʦʢʦʤʤʫʥʠʢʘʮʠʦʥʥʳʭ ʩʠʩʪʝʤ ʩʝʪʝʡ ʩʣʝʜʫʶʱʝʛʦ 

ʧʦʢʦʣʝʥʠʷ NGN ʥʘʤʠ ʙʳʣʘ ʧʦʣʦʞʝʥʘ ʠʜʝʷ ʢʦʤʬʦʨʪʥʦʛʦ ʦʙʩʣʫʞʠʚʘʥʠʷ ʘʙʦʥʝʥʪʦʚ ʪʝʣʝʬʦʥʥʦʡ ʩʝʪʠ ʦʙʱʝʛʦ 

ʧʦʣʴʟʦʚʘʥʠʷ (ʊʬʉʆʇ). ɹʳʣʦ ʧʦʢʘʟʘʥʦ [1, 2, 3], ʯʪʦ ʭʦʪʷ ʚ ʩʝʪʷʭ ʩʣʝʜʫʶʱʝʛʦ ʧʦʢʦʣʝʥʠʷ NGN ʠ ʩʪʘʥʫʪ 

ʜʦʤʠʥʠʨʦʚʘʪʴ ʩʝʪʠ ʧʘʢʝʪʥʦʡ ʢʦʤʤʫʪʘʮʠʠ, ʦʜʥʘʢʦ ʚ ʥʠʭ ʙʘʟʦʡ ʜʣʷ ʘʥʘʣʠʟʘ ʢʘʯʝʩʪʚʘ ʦʙʩʣʫʞʠʚʘʥʠʷ ʧʦ-ʧʨʝʞʥʝʤʫ 

ʙʫʜʫʪ ʦʩʪʘʚʘʪʴʩʷ ʧʦʪʝʨʠ, ʦʧʨʝʜʝʣʷʝʤʳʝ ʧʦ ʬʦʨʤʫʣʝ ʕʨʣʘʥʛʘ ʢʘʢ: 
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ʢʦʪʦʨʘʷ ʥʘʟʳʚʘʝʪʩʷ ʝʱʝ ʢʘʢ ʬʦʨʤʫʣʘ ʕʨʣʘʥʛʘ B ʠ ʦʙʦʟʥʘʯʘʝʪʩʷ ʩʠʤʚʦʣʦʤ Es(a). ɿʜʝʩʴ a ʧʨʝʜʩʪʘʚʣʷʶʪ 

ʩʦʙʦʡ ʧʦʩʪʫʧʘʶʱʫʶ ʥʘ ʩʠʩʪʝʤʫ ʤʘʩʩʦʚʦʛʦ ʦʙʩʣʫʞʠʚʘʥʠʷ (ʉʄʆ) ʥʘʛʨʫʟʢʫ, ʠʟʤʝʨʷʝʤʫʶ ʚ ʕʨʣʘʥʛʘʭ 

(erl), s ï ʝʤʢʦʩʪʴ ʢʦʤʤʫʪʘʪʦʨʘ (ʠʣʠ ʧʫʯʦʢ ʩʦʝʜʠʥʠʪʝʣʴʥʳʭ ʣʠʥʠʡ, ʚʢʣʶʯʝʥʥʳʭ ʚ ʚʳʭʦʜʳ 

ʢʦʤʤʫʪʘʪʦʨʘ), B ï ʧʦʪʝʨʠ ʧʦ ʚʳʟʦʚʘʤ, BT ï ʧʦʪʝʨʠ ʧʦ ʚʨʝʤʝʥʠ. 

ʇʦʩʢʦʣʴʢʫ ʬʦʨʤʫʣʘ ʕʨʣʘʥʛʘ B ʠʤʝʝʪ ʫʧʨʦʱʝʥʠʝ ʚ ʩʠʣʫ ʥʝʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʧʝʨʝʤʝʥʥʦʡ B, ʦʥʘ ʜʘʝʪ 

ʧʝʩʩʠʤʠʩʪʠʯʝʩʢʫʶ ʦʮʝʥʢʫ (ʜʝʡʩʪʚʠʪʝʣʴʥʘʷ GOS ʣʫʯʰʝ, ʯʝʤ ʦʮʝʥʦʯʥʘʷ) ʠ ʧʦʵʪʦʤʫ ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʫʝʪʩʷ 

ʚ ʪʝʣʝʢʦʤʤʫʥʠʢʘʮʠʦʥʥʳʭ ʧʨʠʣʦʞʝʥʠʷʭ. ʂʘʢ ʧʨʘʚʠʣʦ, ʥʘʠʙʦʣʝʝ ʫʜʦʙʥʘ ʨʝʢʫʨʨʝʥʪʥʘʷ ʬʦʨʤʫʣʘ ʕʨʣʘʥʛʘ B, 

ʢʦʪʦʨʘʷ ʩʪʘʣʘ ʥʝʟʘʤʝʥʠʤʦʡ ʧʦʤʦʱʥʠʮʝʡ ʧʨʠ ʯʠʩʣʝʥʥʳʭ ʚʳʯʠʩʣʝʥʠʷʭ ʫʨʦʚʥʝʡ ʦʙʩʣʫʞʠʚʘʥʠʷ GOS ʚ 

ʠʥʞʝʥʝʨʥʳʭ ʨʘʩʯʝʪʘʭ ʧʨʠ ʢʦʤʤʫʪʘʮʠʠ ʠ ʧʝʨʝʜʘʯʝ ʠʥʬʦʨʤʘʮʠʠ: 
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ɺʦʟʥʠʢʘʝʪ ʟʘʜʘʯʘ ʚ ʠʟʤʝʨʝʥʠʷʭ ʢʘʯʝʩʪʚʘ ʦʙʩʣʫʞʠʚʘʥʠʷ ʘʙʦʥʝʥʪʦʚ ʚ ʩʝʪʷʭ ʩʣʝʜʫʶʱʝʛʦ ʧʦʢʦʣʝʥʠʷ 

NGN ʠ ʩʦʟʜʘʥʠʷ ʥʦʚʦʡ ʩʝʨʠʠ ʥʝʤʘʪʝʨʠʘʣʴʥʳʭ ʠʟʤʝʨʠʪʝʣʴʥʳʭ ʧʨʠʙʦʨʦʚ ʢʘʢ ʥʦʚʳʭ ʪʦʚʘʨʦʚ ʠ ʫʩʣʫʛ 

ʥʘ ʙʘʟʝ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʧʨʦʜʫʢʪʦʚ ʥʦʚʦʡ ʵʧʦʭʠ. ʆʨʛʘʥʠʟʘʮʠʝʡ ʧʨʦʠʟʚʦʜʠʪʝʣʝʤ ʪʘʢʠʭ ʨʘʙʦʪ ʩʪʘʣʘ 

ʥʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʘʷ ʣʘʙʦʨʘʪʦʨʠʷ ʧʨʠʢʣʘʜʥʦʛʦ ʘʥʘʣʠʟʘ ʠʥʬʦʢʦʤʤʫʥʠʢʘʮʠʦʥʥʳʭ ʩʠʩʪʝʤ (ʅʀʃ 

ʇɸʀʉ) ʋʆ çɹʝʣʦʨʫʩʩʢʘʷ ʛʦʩʫʜʘʨʩʪʚʝʥʥʘʷ ʘʢʘʜʝʤʠʷ ʩʚʷʟʠè. 

ʀʟʤʝʨʝʥʠʝ ʚʝʨʦʷʪʥʦʩʪʥʦ-ʚʨʝʤʝʥʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʉʄʆ 

ʂ ʦʩʥʦʚʥʦʡ ʪʝʤʘʪʠʢʝ ʅʀʃ ʇɸʀʉ ʦʪʥʦʩʷʪʩʷ ʚʦʧʨʦʩʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʢʘʟʘʪʝʣʝʡ ʢʘʯʝʩʪʚʘ 

ʦʙʩʣʫʞʠʚʘʥʠʷ ʠʥʬʦʢʦʤʤʫʥʠʢʘʮʠʦʥʥʳʭ ʩʝʪʝʡ ʠ ʨʘʟʨʘʙʦʪʢʘ ʤʝʪʦʜʠʢ ʧʦ ʨʘʩʯʝʪʫ ʧʦʢʘʟʘʪʝʣʝʡ ʢʘʯʝʩʪʚʘ 

ʦʙʩʣʫʞʠʚʘʥʠʷ ʚ ʩʝʪʷʭ ʩʣʝʜʫʶʱʝʛʦ ʧʦʢʦʣʝʥʠʷ NGN. ɺ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ ʣʘʙʦʨʘʪʦʨʠʷ ʨʝʰʘʝʪ ʟʘʜʘʯʠ 

ʘʥʘʣʠʟʘ, ʩʠʥʪʝʟʘ ʠ ʦʧʪʠʤʠʟʘʮʠʠ ʩʠʩʪʝʤ ʤʘʩʩʦʚʦʛʦ ʦʙʩʣʫʞʠʚʘʥʠʷ, ʦʨʠʝʥʪʠʨʦʚʘʥʥʳʭ ʥʘ 

ʠʥʜʠʚʠʜʫʘʣʴʥʳʡ ʫʨʦʚʝʥʴ ʦʙʩʣʫʞʠʚʘʥʠʷ ʙʳʪʦʚʳʭ ʠ ʧʨʦʤʳʰʣʝʥʥʳʭ ʧʦʪʨʝʙʠʪʝʣʝʡ, ʢʦʪʦʨʳʡ 

ʦʙʝʩʧʝʯʠʚʘʝʪ ʥʝ ʪʦʣʴʢʦ ʥʝʧʨʝʨʳʚʥʫʶ ʫʜʦʚʣʝʪʚʦʨʝʥʥʦʩʪʴ ʧʦʪʨʝʙʠʪʝʣʷ ʠ ʝʛʦ ʦʞʠʜʘʥʠʡ, ʥʦ ʠ ʧʨʠʚʦʜʠʪ 

ʢʣʠʝʥʪʘ ʚ ʚʦʩʪʦʨʛ. ʇʦʵʪʦʤʫ ʚ ʦʩʥʦʚʫ ʘʣʛʦʨʠʪʤʦʚ ʨʘʙʦʪʳ ʨʘʟʨʘʙʦʪʘʥʥʳʭ ʥʘʤʠ ʥʝʤʘʪʝʨʠʘʣʴʥʳʭ 

ʧʨʠʙʦʨʦʚ ʥʦʚʦʛʦ ʪʠʧʘ ï ɺɺʍ-ʤʝʪʨʦʚ (ɺɺʍ ï ʚʝʨʦʷʪʥʦʩʪʥʦ-ʚʨʝʤʝʥʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ) ï ʧʦʣʦʞʝʥʘ 

ʨʝʢʫʨʨʝʥʪʥʘʷ ʬʦʨʤʫʣʘ ʕʨʣʘʥʛʘ B (2). 

ʅʘ ʨʠʩʫʥʢʝ 1 ʧʨʝʜʩʪʘʚʣʝʥ ʥʝʤʘʪʝʨʠʘʣʴʥʳʡ ʧʨʠʙʦʨ ɺɺʍ-ʤʝʪʨ ʚ ʨʝʞʠʤʝ ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ ʘʥʘʣʠʟʘ 

ʉʄʆ ʪʠʧʘ M/M/s(0) [4]. ɿʜʝʩʴ ʧʨʝʜʩʪʦʠʪ ʧʨʦʠʟʚʝʩʪʠ ʢʣʘʩʩʠʬʠʢʘʮʠʶ ʪʨʘʥʩʧʦʨʪʥʦʡ ʤʦʜʝʣʠ ʧʦ 



ʊʝʦʨʠʷ ʩʚʷʟʠ, ʩʝʪʠ ʠ ʩʠʩʪʝʤʳ ʵʣʝʢʪʨʦʩʚʷʟʠ 
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ʂʝʥʜʘʣʣʫ ʠ ʚʳʷʩʥʠʪʴ ʫʨʦʚʥʠ ʦʙʩʣʫʞʠʚʘʥʠʷ ʦʪ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʠ ʩʪʨʫʢʪʫʨʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʚʭʦʜʷʱʝʛʦ 

ʧʦʪʦʢʘ ʚʳʟʦʚʦʚ, ʩʝʨʚʠʩʥʦʛʦ ʤʝʭʘʥʠʟʤʘ ʉʄʆ ʠ ʜʠʩʮʠʧʣʠʥʳ ʦʙʩʣʫʞʠʚʘʥʠʷ ʚʳʟʦʚʦʚ. ʊʘʢ ʧʨʠ ʟʘʜʘʥʥʦʡ 

ʥʘʛʨʫʟʢʝ 24,5 erl ʚ ʟʘʜʘʥʥʦʤ ʧʫʯʢʝ ʣʠʥʠʡ, ʩʦʩʪʦʷʱʝʤ ʠʟ 30 ʩʦʝʜʠʥʠʪʝʣʴʥʳʭ ʣʠʥʠʡ (ʉʃ), ʧʦʷʚʣʷʶʪʩʷ 

ʧʦʪʝʨʠ. 

ʇʦʪʝʨʠ ʠʟʤʝʨʷʶʪʩʷ ʧʨʠʙʦʨʦʤ ʚ ʨʘʟʘʭ (ʥʘ ʨʠʩʫʥʢʝ 1 ʨʘʩʩʤʘʪʨʠʚʘʝʤ ʦʧʮʠʶ, ʯʪʦ ʟʘʰʪʨʠʭʦʚʘʥʘ, 

ʨʝʟʫʣʴʪʘʪ ʠʟʤʝʨʝʥʠʷ ʙʝʨʝʤ ʩ ʪʦʯʥʦʩʪʴʶ ʜʦ ʯʝʪʳʨʝʭ ʟʥʘʯʘʱʠʭ ʮʠʬʨ ï 0,04615). ʈʝʟʫʣʴʪʘʪʳ ʠʟʤʝʨʝʥʠʷ 

ʤʦʛʫʪ ʙʳʪʴ ʝʱʝ ʧʝʨʝʚʝʜʝʥʳ ʚ ʜʨʫʛʠʝ ʧʨʠʤʝʥʷʝʤʳʝ ʝʜʠʥʠʮʳ ʢʘʯʝʩʪʚʘ ʦʙʩʣʫʞʠʚʘʥʠʷ ï ʧʨʦʮʝʥʪʳ ʠʣʠ 

ʧʨʦʤʠʣʣʝ (ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, 4.615% ʠʣʠ 46,15ă). 

 
ʈʠʩʫʥʦʢ 1 ï ɺɺʍ-ʤʝʪʨ ʚ ʨʝʞʠʤʝ ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ ʘʥʘʣʠʟʘ ʉʄʆ ʪʠʧʘ M/M/s(0) 

 

ʅʘ ʨʠʩʫʥʢʝ 2 ʧʨʝʜʩʪʘʚʣʝʥ ʥʝʤʘʪʝʨʠʘʣʴʥʳʡ ʧʨʠʙʦʨ ɺɺʍ-ʤʝʪʨ ʚ ʨʝʞʠʤʝ ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ ʩʠʥʪʝʟʘ 

ʉʄʆ ʪʠʧʘ M/M/s(0). ɿʜʝʩʴ ʪʨʝʙʫʝʪʩʷ ʦʧʨʝʜʝʣʠʪʴ ʩʪʨʫʢʪʫʨʥʳʝ ʧʘʨʘʤʝʪʨʳ ʢʦʤʤʫʪʘʮʠʦʥʥʳʭ ʩʠʩʪʝʤ ʩ 

ʧʦʪʝʨʷʤʠ ʧʨʠ ʟʘʜʘʥʥʳʭ ʧʦʪʦʢʘʭ, ʜʠʩʮʠʧʣʠʥʝ ʠ ʫʨʦʚʥʝ ʦʙʩʣʫʞʠʚʘʥʠʷ. ʊʘʢ ʧʨʠ ʟʘʜʘʥʥʦʡ ʥʘʛʨʫʟʢʝ 

15,29 erl ʠ ʟʘʜʘʥʥʳʭ ʧʦʪʝʨʷʭ 0,01 ʪʨʝʙʫʝʪʩʷ ʧʫʯʦʢ ʣʠʥʠʡ, ʩʦʩʪʦʷʱʠʡ ʠʟ 24 ʉʃ (ʠʟʤʝʨʝʥʦ ʧʨʠʙʦʨʦʤ).  

 
ʈʠʩʫʥʦʢ 2 ï ɺɺʍ-ʤʝʪʨ ʚ ʨʝʞʠʤʝ ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ ʩʠʥʪʝʟʘ ʉʄʆ ʪʠʧʘ M/M/s(0) 

 

ʅʘ ʨʠʩʫʥʢʝ 3 ʧʨʝʜʩʪʘʚʣʝʥ ʥʝʤʘʪʝʨʠʘʣʴʥʳʡ ʧʨʠʙʦʨ ɺɺʍ-ʤʝʪʨ ʚ ʨʝʞʠʤʝ ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ 

ʦʧʪʠʤʠʟʘʮʠʠ ʉʄʆ ʪʠʧʘ M/M/s(0). ɿʜʝʩʴ ʪʨʝʙʫʝʪʩʷ ʦʧʨʝʜʝʣʠʪʴ ʪʘʢʠʝ ʟʥʘʯʝʥʠʷ ʩʪʨʫʢʪʫʨʥʳʭ 

ʧʘʨʘʤʝʪʨʦʚ ʢʦʤʤʫʪʘʮʠʦʥʥʳʭ ʩʠʩʪʝʤ (ʘʣʛʦʨʠʪʤʳ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ) ʜʣʷ ʢʦʪʦʨʳʭ ʧʨʠ ʟʘʜʘʥʥʳʭ 

ʧʦʪʦʢʘʭ, ʜʠʩʮʠʧʣʠʥʝ ʠ ʫʨʦʚʥʝ ʦʙʩʣʫʞʠʚʘʥʠʷ ʩʪʦʠʤʦʩʪʴ ʠʣʠ ʦʙʲʝʤ ʦʙʦʨʫʜʦʚʘʥʠʷ ʙʳʣ ʙʳ ʤʠʥʠʤʘʣʝʥ; 

ʠʣʠ ʧʨʠ ʟʘʜʘʥʥʳʭ ʧʦʪʦʢʘʭ, ʜʠʩʮʠʧʣʠʥʝ ʦʙʩʣʫʞʠʚʘʥʠʷ ʠ ʩʪʦʠʤʦʩʪʠ ʧʦʢʘʟʘʪʝʣʠ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ 

ʩʠʩʪʝʤʳ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʠʥʬʦʨʤʘʮʠʠ ʙʳʣʠ ʙʳ ʦʧʪʠʤʘʣʴʥʳ. ʊʘʢ ʧʨʠ ʟʘʜʘʥʥʳʭ ʧʦʪʝʨʷʭ 0,05 ʟʘʜʘʥʥʳʡ 

ʧʫʯʦʢ ʣʠʥʠʡ, ʩʦʩʪʦʷʱʠʡ ʠʟ 30 ʉʃ, ʤʦʞʝʪ ʚʟʷʪʴ ʥʘʛʨʫʟʢʫ ʥʝ ʙʦʣʝʝ 24,78 erl ʩ ʪʦʯʥʦʩʪʴʶ ʜʦ ʯʝʪʳʨʝʭ 

ʟʥʘʯʘʱʠʭ ʮʠʬʨ (ʥʘ ʨʠʩʫʥʢʝ 3 ʧʦ ʠʟʤʝʨʝʥʠʶ ʧʨʠʙʦʨʘ). 

 
ʈʠʩʫʥʦʢ 3 ï ɺɺʍ-ʤʝʪʨ ʚ ʨʝʞʠʤʝ ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ ʦʧʪʠʤʠʟʘʮʠʠ ʉʄʆ ʪʠʧʘ M/M/s(0) 

ɿʘʢʣʶʯʝʥʠʝ 

ɺ ʦʩʥʦʚʫ ʘʣʛʦʨʠʪʤʦʚ ʨʘʙʦʪʳ ʧʨʠʙʦʨʘ ʧʨʠ ʦʮʝʥʢʝ ʢʘʯʝʩʪʚʘ ʦʙʩʣʫʞʠʚʘʥʠʷ ʟʘʣʦʞʝʥʳ ʘʚʪʦʨʩʢʠʝ 

ʥʘʨʘʙʦʪʢʠ ʠ ʘʥʘʣʠʪʠʯʝʩʢʠʝ ʚʳʨʘʞʝʥʠʷ ʪʝʦʨʠʠ ʪʝʣʝʪʨʘʬʠʢʘ ʠ ʪʝʦʨʠʠ ʦʯʝʨʝʜʝʡ, ʘʧʨʦʙʠʨʦʚʘʥʥʳʝ 

ʩʪʘʪʠʩʪʠʯʝʩʢʠʤʠ ʠʩʩʣʝʜʦʚʘʥʠʷʤʠ ʚ ʭʦʜʝ ʚʳʧʦʣʥʝʥʠʷ ʣʘʙʦʨʘʪʦʨʥʳʭ ʨʘʙʦʪ ʤʥʦʛʠʤʠ ʧʦʢʦʣʝʥʠʷʤʠ 

ʩʪʫʜʝʥʪʦʚ ʋʆ ɺɻʂʉ ʠ ʋʆ çɹʝʣʦʨʫʩʩʢʘʷ ʛʦʩʫʜʘʨʩʪʚʝʥʥʘʷ ʘʢʘʜʝʤʠʷ ʩʚʷʟʠè. ʉʣʝʜʫʝʪ ʨʘʟʣʠʯʘʪʴ 

ʧʦʪʨʝʙʠʪʝʣʴʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʙʳʪʦʚʳʭ ʠ ʧʨʦʤʳʰʣʝʥʥʳʭ ʧʦʪʨʝʙʠʪʝʣʝʡ (ʧʨʝʜʣʘʛʘʝʪʩʷ ʠʟʤʝʨʷʪʴ 



ʊʝʦʨʠʷ ʩʚʷʟʠ, ʩʝʪʠ ʠ ʩʠʩʪʝʤʳ ʵʣʝʢʪʨʦʩʚʷʟʠ 
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ʩʣʫʞʙʝ ʊʕ) ʦʪ ʪʝʭʥʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʩʠʩʪʝʤ ʠ ʩʝʪʝʡ ʵʣʝʢʪʨʦʩʚʷʟʠ (ʠʟʤʝʨʷʝʪ ʩʣʫʞʙʘ ʊʆ) ʠ ʪʝʤ 

ʙʦʣʝʝ ʦʪ ʧʘʨʘʤʝʪʨʦʚ ʩʝʪʝʚʳʭ ʵʣʝʤʝʥʪʦʚ (ʚʚʦʜʠʪ ʥʘʫʢʘ ʠ ʨʘʟʨʘʙʦʪʢʘ). 

ɺɺʍ-ʤʝʪʨ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʘʚʪʦʨʩʢʠʡ ʧʨʦʛʨʘʤʤʥʳʡ ʧʨʦʜʫʢʪ ʜʣʷ ʠʟʤʝʨʝʥʠʷ ʧʦʪʨʝʙʠʪʝʣʴʩʢʠʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʙʳʪʦʚʳʭ ʠ ʧʨʦʤʳʰʣʝʥʥʳʭ ʧʦʪʨʝʙʠʪʝʣʝʡ, ʢʦʪʦʨʳʡ ʠʥʩʪʘʣʣʠʨʫʝʪʩʷ ʥʘ ʧʝʨʩʦʥʘʣʴʥʳʡ 

ʢʦʤʧʴʶʪʝʨ, ʦʩʥʘʱʝʥʥʳʡ ʰʠʥʦʡ PCI-32 ʠʣʠ PCI-64. ʇʨʠ ʵʪʦʤ ʥʘ ʵʢʨʘʥʝ ʜʠʩʧʣʝʷ ʚʠʟʫʘʣʠʟʠʨʫʝʪʩʷ 

ʦʨʠʛʠʥʘʣʴʥʘʷ ʧʝʨʝʜʥʷʷ ʧʘʥʝʣʴ ʧʨʠʙʦʨʘ. ʉʶʜʘ ʚʳʚʦʜʷʪʩʷ ʦʧʮʠʠ ʠʩʭʦʜʥʳʭ ʜʘʥʥʳʭ (ʥʝ ʟʘʰʪʨʠʭʦʚʘʥʦ) ʠ 

ʦʧʮʠʠ ʠʟʤʝʨʝʥʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʉʄʆ (ʟʘʰʪʨʠʭʦʚʘʥʦ). ʇʨʝʜʫʩʤʦʪʨʝʥʦ ʤʝʥʶ ʧʨʠʙʦʨʘ ʜʣʷ 

ʧʝʨʝʢʣʶʯʝʥʠʷ ʨʝʞʠʤʦʚ ʝʛʦ ʨʘʙʦʪʳ (ʘʥʘʣʠʟ ʉʄʆ, ʩʠʥʪʝʟ ʉʄʆ, ʦʧʪʠʤʠʟʘʮʠʷ ʉʄʆ), ʘ ʪʘʢʞʝ ʩʪʝʢ 

ʨʘʟʥʦʦʙʨʘʟʥʳʭ ʤʦʜʝʣʝʡ ʉʄʆ ʧʦ ʂʝʥʜʘʣʣʫ. 

ʅʀʃ ʇɸʀʉ ʧʨʦʠʟʚʦʜʠʪ ɺɺʍ-ʤʝʪʨʳ, ʪʨʝʥʠʥʛʠ ʠ ʠʟʤʝʨʝʥʠʷ ʧʦ ʪʨʝʙʦʚʘʥʠʷʤ ʟʘʢʘʟʯʠʢʘ. 

ʂʦʥʪʘʢʪʳ: 220103, ʛ. ʄʠʥʩʢ, ʫʣ. ʇ.ɹʨʦʚʢʠ 14, ʢʘʬʝʜʨʘ ʪʝʣʝʢʦʤʤʫʥʠʢʘʮʠʦʥʥʳʭ ʩʠʩʪʝʤ.  
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ʀʉʇʆʃʔɿʆɺɸʅʀɽ ʂʈɽʄʅʀɽɺʓʍ ʌʆʊʆʕʃɽʂʊʈʆʅʅʓʍ ʋʄʅʆɾʀʊɽʃɽʁ ɼʃʗ Li -Fi 
 

1
ʋʯʨʝʞʜʝʥʠʝ ʦʙʨʘʟʦʚʘʥʠʷ çɹʝʣʦʨʫʩʩʢʘʷ ʛʦʩʫʜʘʨʩʪʚʝʥʥʘʷ ʘʢʘʜʝʤʠʷ ʩʚʷʟʠè, ʛ. ʄʠʥʩʢ, ʈʝʩʧʫʙʣʠʢʘ 

ɹʝʣʘʨʫʩʴ 

 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʜʣʷ ʙʝʩʧʨʦʚʦʜʥʦʡ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ ʧʨʠʤʝʥʷʝʪʩʷ ʥʦʚʘʷ ʪʝʭʥʦʣʦʛʠʷ Li-Fi 

(Light Fidelity), ʚ ʦʩʥʦʚʝ ʢʦʪʦʨʦʡ ʣʝʞʠʪ ʧʝʨʝʜʘʯʘ ʠʥʬʦʨʤʘʮʠʠ ʩ ʧʦʤʦʱʴʶ ʚʠʜʠʤʦʛʦ ʠʣʠ 

ʠʥʬʨʘʢʨʘʩʥʦʛʦ ʦʧʪʠʯʝʩʢʦʛʦ ʠʟʣʫʯʝʥʠʷ ʦʪ ʩʚʝʪʦʜʠʦʜʥʳʭ ʣʘʤʧ. ʆʜʥʘʢʦ ʜʣʷ ʵʪʠʭ ʪʝʭʥʦʣʦʛʠʡ 

ʥʝʦʙʭʦʜʠʤʘ ʨʘʟʨʘʙʦʪʢʘ ʥʦʚʳʭ ʬʦʪʦʧʨʠʝʤʥʠʢʦʚ, ʠʤʝʶʱʠʭ ʚʳʩʦʢʫʶ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ ʚ ʚʠʜʠʤʦʤ ʠ 

ʙʣʠʞʥʝʤ ʠʥʬʨʘʢʨʘʩʥʦʤ ʜʠʘʧʘʟʦʥʝ. 

ʅʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʚʩʝ ʙʦʣʝʝ ʯʘʩʪʦ ʜʣʷ ʨʝʛʠʩʪʨʘʮʠʠ ʦʧʪʠʯʝʩʢʦʛʦ ʠʟʣʫʯʝʥʠʷ ʚʠʜʠʤʦʛʦ ʠ 

ʙʣʠʞʥʝʛʦ ʠʥʬʨʘʢʨʘʩʥʦʛʦ ʜʠʘʧʘʟʦʥʘ ʠʩʧʦʣʴʟʫʶʪʩʷ ʢʨʝʤʥʠʝʚʳʝ ʬʦʪʦʵʣʝʢʪʨʦʥʥʳʝ ʫʤʥʦʞʠʪʝʣʠ (Si-

ʌʕʋ). ʇʦʩʢʦʣʴʢʫ ʦʥʠ ʠʤʝʶʪ ʤʘʣʳʝ ʥʘʧʨʷʞʝʥʠʷ ʧʠʪʘʥʠʷ, ʙʦʣʴʰʫʶ ʤʝʭʘʥʠʯʝʩʢʫʶ ʧʨʦʯʥʦʩʪʴ ʠ 

ʚʳʩʦʢʫʶ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ ʚ ʙʣʠʞʥʝʡ ʠʥʬʨʘʢʨʘʩʥʦʡ ʦʙʣʘʩʪʠ ʩʧʝʢʪʨʘ [1].   

ʆʜʥʘʢʦ ʥʘ ʜʘʥʥʳʡ ʤʦʤʝʥʪ ʥʝ ʦʧʨʝʜʝʣʝʥʦ, ʢʘʢʠʝ ʩʢʦʨʦʩʪʠ ʧʝʨʝʜʘʯʠ ʠʥʬʦʨʤʘʮʠʠ ʤʦʞʥʦ ʧʦʣʫʯʠʪʴ 

ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ Si-ʌʕʋ ʚ ʢʘʯʝʩʪʚʝ ʧʨʠʝʤʥʠʢʘ ʦʧʪʠʯʝʩʢʦʛʦ ʠʟʣʫʯʝʥʠʷ. ʇʦʵʪʦʤʫ ʮʝʣʴʶ ʜʘʥʥʳʭ 

ʠʩʩʣʝʜʦʚʘʥʠʡ ʷʚʣʷʣʦʩʴ ʦʧʨʝʜʝʣʝʥʠʝ ʙʳʩʪʨʦʜʝʡʩʪʚʠʷ Si-ʌʕʋ ʠ ʦʮʝʥʢʘ ʤʘʢʩʠʤʘʣʴʥʳʭ ʩʢʦʨʦʩʪʝʡ 

ʧʝʨʝʜʘʯʠ ʠʥʬʦʨʤʘʮʠʠ, ʢʦʪʦʨʳʤʠ ʤʦʛʫʪ ʦʙʝʩʧʝʯʠʪʴ ʵʪʠ ʬʦʪʦʧʨʠʝʤʥʠʢʠ ʚ ʪʝʭʥʦʣʦʛʠʠ Li-Fi. 

ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʦʙʲʝʢʪʦʤ ʠʩʩʣʝʜʦʚʘʥʠʷ ʷʚʣʷʣʠʩʴ ʢʨʝʤʥʠʝʚʳʝ ʬʦʪʦʵʣʝʢʪʨʦʥʥʳʝ ʫʤʥʦʞʠʪʝʣʠ, 

ʧʨʦʠʟʚʝʜʝʥʥrʝ ʥʘ ʆɸʆ çʀʥʪʝʛʨʘʣè (ɹʝʣʘʨʫʩʴ), ʩ ʨʘʟʣʠʯʥʳʤʠ ʩʪʨʫʢʪʫʨʘʤʠ  n+-n-p+  ʠ p+-p-n+ . 

ɺ ʧʨʦʮʝʩʩʝ ʠʩʩʣʝʜʦʚʘʥʠʡ ʙʳʣʠ ʚʳʧʦʣʥʝʥʳ ʠʟʤʝʨʝʥʠʷ ʜʣʠʪʝʣʴʥʦʩʪʠ ʬʨʦʥʪʘ ʥʘʨʘʩʪʘʥʠʷ ʠ 

ʩʨʝʜʥʝʡ ʜʣʠʪʝʣʴʥʦʩʪʠ ʠʤʧʫʣʴʩʦʚ ʬʦʪʦʦʪʢʣʠʢʘ, ʘ ʪʘʢʞʝ ʧʨʦʠʟʚʝʜʝʥʘ ʦʮʝʥʢʘ ʤʘʢʩʠʤʘʣʴʥʦʡ ʩʢʦʨʦʩʪʠ 

ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ. ɺ ʢʘʯʝʩʪʚʝ ʠʩʪʦʯʥʠʢʘ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʩʚʝʪʦʜʠʦʜʳ, ʠʟʣʫʯʘʶʱʠʝ ʦʧʪʠʯʝʩʢʦʝ 

ʠʟʣʫʯʝʥʠʝ ʩʦ ʩʣʝʜʫʶʱʠʤʠ ʜʣʠʥʘʤʠ ʚʦʣʥ: 565 ʥʤ, 589 ʥʤ, 630 ʥʤ, ʠ 860 ʥʤ. 

ʇʦʣʫʯʝʥʦ, ʯʪʦ ʤʘʢʩʠʤʘʣʴʥʘʷ ʩʢʦʨʦʩʪʴ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ 1,53 ʄʙʠʪ/ʩ ʜʣʷ Si-ʌʕʋ ʩʦ ʩʪʨʫʢʪʫʨʦʡ 

n+-n-p+  ʠ ʜʣʠʥʝ ʚʦʣʥʳ 630 ʥʤ. ʇʨʠ ʵʪʦʤ ʙʳʩʪʨʦʜʝʡʩʪʚʠʝ ʩʦʩʪʘʚʠʣʦ 604 ʥʩ. 
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ʇʈʀʄɽʅɽʅʀɽ ʊɽʍʅʆʃʆɻʀʀ FEC ɺ ʉʆɺʈɽʄɽʅʅʓʍ ʉɽʊʗʍ ʇɽʈɽɼɸʏʀ 

ʀʅʌʆʈʄɸʎʀʀ 

 
ʊʘʰʢʝʥʪʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʠʤʝʥʠ ʄʫʭʘʤʤʘʜʘ ʘʣ-ʍʦʨʘʟʤʠʡ, 

ʛ. ʊʘʰʢʝʥʪ, ʋʟʙʝʢʠʩʪʘʥ 

 

ʂʘʢ ʠʟʚʝʩʪʥʦ ʚ ʩʠʩʪʝʤʘʭ ʧʝʨʝʜʘʯʠ ʠʥʬʦʨʤʘʮʠʠ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʦʙʲʝʤʘ ʧʝʨʝʜʘʚʘʝʤʦʡ ʠʥʬʦʨʤʘʮʠʠ 

ʫʚʝʣʠʯʠʚʘʶʪʩʷ ʥʝʛʘʪʠʚʥʳʝ ʬʘʢʪʦʨʳ, ʢʦʪʦʨʳʝ ʚʦʟʜʝʡʩʪʚʫʶʪ ʥʘ ʧʦʣʝʟʥʳʡ ʩʠʛʥʘʣ. ʉʫʱʝʩʪʚʫʶʪ 

ʬʘʢʪʦʨʳ, ʚʣʠʷʶʱʠʝ ʥʘ ʫʭʫʜʰʝʥʠʝ ʢʘʯʝʩʪʚʦ ʩʚʷʟʠ, ʪʘʢʠʝ ʢʘʢ ʫʤʝʥʴʰʝʥʠʝ ʜʘʣʴʥʦʩʪʠ ʩʚʷʟʠ ʠ 

ʧʦʚʳʰʝʥʠʝ ʢʦʣʠʯʝʩʪʚʘ, ʥʘ ʧʨʠʥʠʤʘʶʱʝʡ ʩʪʦʨʦʥʝ ʠ ʙʠʪʦʚʳʝ ʦʰʠʙʢʠ BER (Bit error rate). ɺ 

ʩʦʚʨʝʤʝʥʥʳʭ ʩʝʪʷʭ ʧʨʠʤʝʥʷʶʪ ʨʘʟʣʠʯʥʳʝ ʩʧʦʩʦʙʳ ʙʦʨʴʙʳ ʧʨʦʪʠʚ ʪʘʢʠʭ ʬʘʢʪʦʨʦʚ ʫʭʫʜʰʘʶʱʠʭ 

ʢʘʯʝʩʪʚʦ ʦʧʪʠʯʝʩʢʦʛʦ ʩʠʛʥʘʣʘ ʠ ʧʦʟʚʦʣʷʶʱʠʭ ʫʚʝʣʠʯʠʪʴ ʦʪʥʦʰʝʥʠʝ ʧʦʣʝʟʥʦʛʦ ʩʠʛʥʘʣʘ ʢ ʰʫʤʫ ï 

OSNR (Optical Signal Noise Ratio) [1]. 

ʉʫʱʝʩʪʚʫʶʪ ʜʚʘ ʦʩʥʦʚʥʳʭ ʥʘʧʨʘʚʣʝʥʠʷ ʥʘʮʝʣʝʥʥʳʝ ʥʘ ʫʣʫʯʰʝʥʠʝ ʢʘʯʝʩʪʚʘ ʧʝʨʝʜʘʯʠ 

ʠʥʬʦʨʤʘʮʠʠ. ʇʝʨʚʦʝ ʵʪʦ, ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʝ ʫʣʫʯʰʝʥʠʝ ʩʨʝʜʳ ʧʝʨʝʜʘʚʘʝʤʦʡ ʠʥʬʦʨʤʘʮʠʠ ʠ ʢʘʯʝʩʪʚʘ 

ʦʧʪʠʯʝʩʢʦʛʦ ʩʠʛʥʘʣʘ ʠ ʚʪʦʨʦʝ - ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʧʝʨʝʜʦʚʳʭ ʤʝʪʦʜʦʚ ʦʙʨʘʙʦʪʢʠ ʠ ʧʝʨʝʜʘʯʠ ʦʧʪʠʯʝʩʢʦʡ 

ʠʥʬʦʨʤʘʮʠʠ.  

ʂ ʧʝʨʚʦʤʫ ʤʝʪʦʜʫ ʦʪʥʦʩʷʪʩʷ ʪʝʭʥʦʣʦʛʠʠ ʥʘʧʨʘʚʣʝʥʥʳʝ ʥʘ ʫʣʫʯʰʝʥʠʷ ʦʧʪʠʯʝʩʢʦʡ ʩʨʝʜʳ ʠ 

ʢʚʘʥʪʦʚʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʩʠʩʪʝʤ ɺʆʃʉ, ʢʘʢ ʤʦʜʠʬʠʮʠʨʦʚʘʥʠʝ ʦʧʪʠʯʝʩʢʦʛʦ ʚʦʣʦʢʥʘ, ʩʦʟʜʘʥʠʝ 

ʩʧʝʮʠʘʣʴʥʳʭ ʚʦʣʦʢʦʥ ʜʣʷ ʢʦʤʧʝʥʩʘʮʠʠ ʭʨʦʤʘʪʠʯʝʩʢʦʡ ʜʠʩʧʝʨʩʠʠ, ʨʘʟʨʘʙʦʪʢʘ ʢʚʘʥʪʦʚʳʭ ʫʩʠʣʠʪʝʣʝʡ 

ʥʦʚʦʛʦ ʧʦʢʦʣʝʥʠʷ ʩ ʚʳʩʦʢʦʡ ʫʩʠʣʠʪʝʣʴʥʦʡ ʩʧʦʩʦʙʥʦʩʪʴʶ.  

ɺʪʦʨʦʡ ʤʝʪʦʜ ʦʨʠʝʥʪʠʨʦʚʘʥ ʥʘ ʪʝʭʥʦʣʦʛʠʷʭ ʧʨʠʤʝʥʷʝʤʳʭ ʜʣʷ ʦʙʨʘʙʦʪʢʠ ʧʝʨʝʜʘʚʘʝʤʦʡ 

ʠʥʬʦʨʤʘʮʠʠ. ʅʘʧʨʠʤʝʨ, ʫʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʝ ʤʝʪʦʜʦʚ ʤʦʜʫʣʷʮʠʠ ʦʧʪʠʯʝʩʢʦʛʦ ʧʦʪʦʢʘ, ʠʩʧʦʣʴʟʦʚʘʥʠʝ 

ʨʝʩʠʚʝʨʦʚ ʩ ʢʦʛʝʨʝʥʪʥʳʤ ʧʨʠʝʤʦʚ ʩʠʛʥʘʣʦʚ ʠ ʧʨʠʤʝʥʝʥʠʝ ʢʦʨʨʝʢʪʠʨʫʶʱʠʭ ʢʦʜʦʚ ʧʨʠ ʧʝʨʝʜʘʯʝ 

ʠʥʬʦʨʤʘʮʠʠ ï FEC (Forward Error Correction).  

Forword error corection (FEC) ʷʚʣʷʝʪʩʷ ʪʝʭʥʠʢʦʡ ʢʦʜʠʨʦʚʘʥʠʷ/ʜʝʢʦʜʠʨʦʚʘʥʠʷ ʩʠʛʥʘʣʘ ʩ 

ʚʦʟʤʦʞʥʦʩʪʴʶ ʦʙʥʘʨʫʞʝʥʠʷ ʦʰʠʙʦʢ ʠ ʢʦʨʨʝʢʮʠʝʡ ʠʥʬʦʨʤʘʮʠʠ ʤʝʪʦʜʦʤ ʫʧʨʝʞʜʝʥʠʷ. ʊʘʢʠʤ 

ʦʙʨʘʟʦʤ, ʧʨʠʝʤʥʦʝ ʦʙʦʨʫʜʦʚʘʥʠʝ ʤʦʞʝʪ ʚʳʷʚʣʷʪʴ ʠ ʠʩʧʨʘʚʣʷʪʴ ʦʰʠʙʢʠ, ʚʦʟʥʠʢʘʶʱʠʝ ʚ ʢʘʥʘʣʝ 

ʧʝʨʝʜʘʯʠ. FEC ʨʝʟʢʦ ʩʥʠʞʘʝʪ ʢʦʣʠʯʝʩʪʚʦ ʙʠʪʦʚʳʭ ʦʰʠʙʦʢ (BER), ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʫʚʝʣʠʯʠʪʴ 

ʨʘʩʩʪʦʷʥʠʝ ʧʝʨʝʜʘʯʠ ʩʠʛʥʘʣʘ ʙʝʟ ʨʝʛʝʥʝʨʘʮʠʠ. 

ʉʫʱʝʩʪʚʫʝʪ ʥʝʩʢʦʣʴʢʦ FEC-ʘʣʛʦʨʠʪʤʦʚ ʢʦʜʠʨʦʚʘʥʠʷ, ʢʦʪʦʨʳʝ ʨʘʟʣʠʯʘʶʪʩʷ ʧʦ ʩʣʦʞʥʦʩʪʠ ʠ 

ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ. ʆʜʥʠʤ ʠʟ ʥʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʭ ʢʦʜʦʚ ʧʝʨʚʦʛʦ ʧʦʢʦʣʝʥʠʷ  FEC ʷʚʣʷʝʪʩʷ 

ʢʦʜ çʈʠʜʘ-ʉʦʣʦʤʦʥʘè (255, 239). ɼʘʥʥʳʡ ʢʦʜ ʜʦʙʘʚʣʷʝʪ ʥʝʤʥʦʛʦ 7% ʧʨʦʚʝʨʦʯʥʳʭ ʙʘʡʪʦʚ ʠ ʦʢʦʣʦ 6 

ʜɹ ʜʦʧʦʣʥʠʪʝʣʴʥʦʛʦ ʟʘʧʘʩʘ OSNR, ʥʦ ʜʣʷ ʚʳʩʦʢʦʩʢʦʨʦʩʪʥʳʭ ʦʧʪʠʯʝʩʢʠʭ ʩʝʪʝʡ ʫʚʝʣʠʯʝʥʠʝ ʥʘ 6 ʜɹ 

ʷʚʣʷʝʪʩʷ ʫʣʫʯʰʝʥʥʳʤ ʧʦʢʘʟʘʪʝʣʝʤ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ, ʫʚʝʣʠʯʠʚʘʷ ʨʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ 

ʨʝʛʝʥʝʨʘʪʦʨʘʤʠ ʧʨʠʤʝʨʥʦ ʚ ʯʝʪʳʨʝ ʨʘʟʘ [2].  

ʇʝʨʝʯʠʩʣʝʥʥʳʝ ʪʝʭʥʦʣʦʛʠʠ çʩʥʠʞʘʝʪè ʦʩʪʨʦʪʫ ʪʨʝʙʦʚʘʥʠʷ ʫʚʝʣʠʯʝʥʠʷ ʥʘ 6 ʜɹ ʦʪʥʦʰʝʥʠʷ 

ʦʧʪʠʯʝʩʢʦʛʦ ʩʠʛʥʘʣʘ ʢ ʰʫʤʫ (OSNR) , ʥʝʦʙʭʦʜʠʤʦʛʦ ʜʣʷ ʫʚʝʣʠʯʝʥʠʷ ʚ ʯʝʪʳʨʝ ʨʘʟʘ ʩʢʦʨʦʩʪʠ 

ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ ʚ ʢʘʥʘʣʝ. ʊʝʭʥʦʣʦʛʠʷ ʜʠʥʘʤʠʯʝʩʢʦʛʦ ʚʳʨʘʚʥʠʚʘʥʠʷ ʫʩʠʣʝʥʠʷ ʤʠʥʠʤʠʟʠʨʫʝʪ 

ʨʘʟʥʠʮʫ ʚ ʢʘʯʝʩʪʚʝ ʩʠʛʥʘʣʘ ʚ ʨʘʟʥʳʭ ʢʘʥʘʣʘʭ ʚ ʤʥʦʛʦʢʘʥʘʣʴʥʳʭ ʩʠʩʪʝʤʘʭ ʜʘʣʴʥʝʡ ʩʚʷʟʠ. ɸʣʛʦʨʠʪʤ 

ʪʝʭʥʦʣʦʛʠʠ ʙʳʣʠ ʠʩʧʦʣʴʟʦʚʘʥʳ ʥʘ 10G ʠ 40G ʜʣʷ ʩʥʠʞʝʥʠʷ BER ʠ ʦʙʝʩʧʝʯʠʚʘʷ ʧʝʨʝʜʘʯʫ ʜʘʥʥʳʭ ʜʣʷ 

ʦʧʪʠʯʝʩʢʠʭ ʩʝʪʝʡ 100G ʥʘ ʙʦʣʴʰʠʝ ʨʘʩʩʪʦʷʥʠʷ ʠ ʩ ʙʦʣʴʰʠʤ ʨʝʪʨʘʥʩʣʷʮʠʦʥʥʳʤ ʫʯʘʩʪʢʦʤ. 

ʊʝʭʥʦʣʦʛʠʷ FEC ʩʧʦʩʦʙʩʪʚʫʝʪ ʫʚʝʣʠʯʝʥʠʝ ʨʘʩʩʪʦʷʥʠʝ ʤʥʦʛʦʢʘʥʘʣʴʥʳʭ ʩʠʩʪʝʤ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ. 

ʂʨʦʤʝ ʵʪʦʛʦ, ʚʦ ʤʥʦʛʠʭ ʙʝʩʧʨʦʚʦʜʥʳʭ ʩʠʩʪʝʤʘʭ ʜʦʧʫʩʪʠʤʘʷ ʤʦʱʥʦʩʪʴ ʧʝʨʝʜʘʪʯʠʢʘ ʦʛʨʘʥʠʯʝʥʘ. ʕʪʠ 

ʦʛʨʘʥʠʯʝʥʠʷ ʤʦʛʫʪ ʙʳʪʴ ʫʩʪʘʥʦʚʣʝʥʳ ʜʣʷ ʩʦʙʣʶʜʝʥʠʷ ʪʨʝʙʦʚʘʥʠʡ ʩʪʘʥʜʘʨʪʘ ʠʣʠ ʠʟ ʧʨʘʢʪʠʯʝʩʢʠʭ 

ʩʦʦʙʨʘʞʝʥʠʡ. ʂʦʨʨʝʢʮʠʷ ʦʰʠʙʦʢ ʜʝʣʘʝʪ ʜʦʩʪʫʧʥʦʡ ʜʦʧʦʣʥʠʪʝʣʴʥʫʶ ʧʨʦʧʫʩʢʥʫʶ ʩʧʦʩʦʙʥʦʩʪʴ 

ʢʘʥʘʣʘ, ʯʪʦ ʜʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʧʝʨʝʜʘʚʘʪʴ ʠʥʬʦʨʤʘʮʠʶ ʥʘ ʙʦʣʝʝ ʚʳʩʦʢʠʭ ʩʢʦʨʦʩʪʷʭ. 
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ʄ.ɸ.ɹɸʈʂʋʅ
1
, ʆ.ʈ.ʍʆɼɸʉɽɺʀʏ

1
 

 

ʇɽʈʉʇɽʂʊʀɺʅʓɽ ʅɸʇʈɸɺʃɽʅʀʗ ʈɸɿɺʀʊʀʗ ʉʀʉʊɽʄ ʇɽʈɽɼɸʏʀ ɼɸʅʅʓʍ ʅɸ 

ʆʉʅʆɺɽ ɼʀʕʃɽʂʊʈʀʏɽʉʂʀʍ ʎʀʃʀʅɼʈʀʏɽʉʂʀʍ ɺʆʃʅʆɺʆɼʆɺ 

 
1
ʋʯʨʝʞʜʝʥʠʝ ʦʙʨʘʟʦʚʘʥʠʷ çɹʝʣʦʨʫʩʩʢʘʷ ʛʦʩʫʜʘʨʩʪʚʝʥʥʘʷ ʘʢʘʜʝʤʠʷ ʩʚʷʟʠè, ʛ. ʄʠʥʩʢ, ʈʝʩʧʫʙʣʠʢʘ 

ɹʝʣʘʨʫʩʴ 

 

ʉʣʦʞʥʦʩʪʴ ʨʝʰʝʥʠʷ ʫʨʘʚʥʝʥʠʡ ʄʘʢʩʚʝʣʣʘ ʜʣʷ ʨʝʘʣʴʥʳʭ ʦʧʪʠʯʝʩʢʠʭ ʚʦʣʥʦʚʦʜʦʚ ʦʙʫʩʣʦʚʠʣʘ 

ʨʘʟʨʘʙʦʪʢʫ ʤʝʪʦʜʦʚ ʧʨʠʙʣʠʞʝʥʥʦʛʦ ʨʘʩʯʝʪʘ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʭ ʧʦʣʝʡ ʪʘʢʠʭ ʩʪʨʫʢʪʫʨ. ʂ ʥʘʠʙʦʣʝʝ 

ʨʘʟʨʘʙʦʪʘʥʥʳʤ ʠ ʫʩʧʝʰʥʦ ʧʨʠʤʝʥʷʝʤʳʤ ʥʘ ʧʨʘʢʪʠʢʝ  ʦʪʥʦʩʷʪʩʷ ʤʝʪʦʜ ʣʫʯʝʚʦʡ ʦʧʪʠʢʠ ʠ ʤʝʪʦʜ 

ʤʦʜʦʚʦʛʦ ʘʥʘʣʠʟʘ.   

ʅʘ ʧʨʘʢʪʠʢʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʤʦʜʘʣʴʥʦʛʦ ʘʥʘʣʠʟʘ ʧʦʟʚʦʣʷʝʪ ʜʦʩʪʘʪʦʯʥʦ ʧʨʦʩʪʦ ʨʘʩʩʯʠʪʳʚʘʪʴ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʚʦʣʥʦʚʦʜʦʚ ʙʝʟ ʩʣʦʞʥʦʡ ʚʳʯʠʩʣʠʪʝʣʴʥʦʡ ʪʝʭʥʠʢʠ ʠ ʜʘʝʪ ʧʨʠʝʤʣʝʤʳʝ ʧʦ ʪʦʯʥʦʩʪʠ 

ʨʝʟʫʣʴʪʘʪʳ. 

ɺ ʪʝʦʨʠʠ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʭ ʚʦʣʥ ʤʦʜʦʡ ʥʘʟʳʚʘʝʪʩʷ ʚʦʣʥʘ ʩ ʟʘʨʘʥʝʝ ʟʘʜʘʥʥʦʡ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ 

ʠ ʚʨʝʤʝʥʥʦʡ (ʢʘʢ ʧʨʘʚʠʣʦ, ʩʠʥʫʩʦʠʜʘʣʴʥʦʡ) ʩʪʨʫʢʪʫʨʘʤʠ. ʉ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʪʦʯʢʠ ʟʨʝʥʠʷ ʤʦʜʳ 

ʷʚʣʷʶʪʩʷ ʩʦʙʩʪʚʝʥʥʳʤʠ ʟʥʘʯʝʥʠʷʤʠ ʜʣʷ ʚʦʣʥʦʚʦʛʦ ʫʨʘʚʥʝʥʠʷ ʦʧʪʠʯʝʩʢʦʛʦ ʚʦʣʥʦʚʦʜʘ [1] (ʜʘʣʝʢʦ ʥʝ 

ʚʩʝʛʜʘ ʵʪʠ ʨʝʰʝʥʠʷ ʠʟʚʝʩʪʥʳ).   

ʄʦʜʳ ʦʧʪʠʯʝʩʢʦʛʦ ʚʦʣʥʦʚʦʜʘ ʦʙʣʘʜʘʶʪ ʨʷʜʦʤ ʩʚʦʡʩʪʚ [2], ʠʩʧʦʣʴʟʫʝʤʳʭ ʥʘ ʧʨʘʢʪʠʢʝ:  

1) ʤʦʜʳ ʦʜʥʦʛʦ ʪʠʧʘ ʩʦʩʪʘʚʣʷʶʪ ʙʝʩʢʦʥʝʯʥʫʶ ʦʨʪʦʛʦʥʘʣʴʥʫʶ ʩʠʩʪʝʤʫ. ʅʘ ʧʨʘʢʪʠʢʝ ʛʝʦʤʝʪʨʠʷ ʠ 

ʤʘʪʝʨʠʘʣ ʦʧʪʠʯʝʩʢʦʛʦ ʚʦʣʥʦʚʦʜʘ ʦʛʨʘʥʠʯʠʚʘʶʪ ʯʠʩʣʦ ʧʝʨʝʜʘʚʘʝʤʳʭ ʧʦ ʥʝʤʫ ʤʦʜ;  

2) ʪʝʦʨʝʪʠʯʝʩʢʠ ʦʥʠ ʥʝ ʠʥʪʝʨʬʝʨʠʨʫʶʪ ʜʨʫʛ ʩ ʜʨʫʛʦʤ. ʅʘ ʧʨʘʢʪʠʢʝ ʚ ʨʷʜʝ ʩʣʫʯʘʝʚ 

ʠʥʪʝʨʬʝʨʝʥʮʠʷ ʤʦʜ ʥʘʩʪʦʣʴʢʦ ʚʝʣʠʢʘ, ʯʪʦ ʥʝ ʧʦʟʚʦʣʷʝʪ ʧʝʨʝʜʘʚʘʪʴ ʚʦʣʥʳ ʥʝʩʢʦʣʴʢʠʭ ʤʦʜ 

ʦʜʥʦʚʨʝʤʝʥʥʦ;  

3) ʨʘʟʣʠʯʥʳʝ ʤʦʜʳ ʠʤʝʶʪ ʨʘʟʣʠʯʥʫʶ ʬʘʟʫ ʠ ʛʨʫʧʧʦʚʫʶ ʩʢʦʨʦʩʪʴ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʨʘʟʜʝʣʷʪʴ ʤʦʜʳ 

ʥʘ ʚʳʭʦʜʝ ʚʦʣʥʦʚʦʜʘ;  

4) ʨʝʟʢʦʝ ʫʚʝʣʠʯʝʥʠʝ ʩʢʦʨʦʩʪʠ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ ʧʦ ʦʜʥʦʤʫ ʚʦʣʥʦʚʦʜʫ ʤʦʞʝʪ ʙʳʪʴ ʜʦʩʪʠʛʥʫʪʦ 

ʤʫʣʴʪʠʧʣʝʢʩʠʨʦʚʘʥʠʝʤ ʤʦʜ ʚʦʣʥʦʚʦʜʘ. 

ʂʦʥʢʨʝʪʥʳʡ ʚʠʜ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʩʦʩʪʘʚʣʷʶʱʝʡ ʤʦʜʳ ʚʳʙʠʨʘʝʪʩʷ ʠʟ ʫʜʦʙʩʪʚʘ ʚʳʯʠʩʣʝʥʠʡ, ʠʟ 

ʧʨʘʢʪʠʯʝʩʢʠʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʠ ʨʘʩʯʝʪʦʚ. ʆʜʥʘʢʦ ʤʝʪʦʜ ʤʦʜʦʚʦʛʦ ʘʥʘʣʠʟʘ - ʧʨʠʙʣʠʞʝʥʥʳʡ ʤʝʪʦʜ, 

ʧʦʵʪʦʤʫ ʩʫʱʝʩʪʚʫʝʪ ʚʝʨʦʷʪʥʦʩʪʴ ʥʘʭʦʞʜʝʥʠʷ ʥʦʚʦʛʦ ʢʣʘʩʩʘ ʤʦʜ ʜʘʞʝ ʜʣʷ ʠʟʚʝʩʪʥʳʭ  ʢʦʥʩʪʨʫʢʮʠʡ 

ʚʦʣʥʦʚʦʜʦʚ. 

ʅʠʞʝ ʧʝʨʝʯʠʩʣʷʶʪʩʷ ʠʟʚʝʩʪʥʳʝ ʪʠʧʳ ʤʦʜ ʦʧʪʠʯʝʩʢʠʭ ʮʠʣʠʥʜʨʠʯʝʩʢʠʭ ʚʦʣʥʦʚʦʜʦʚ ʠ 

ʧʝʨʩʧʝʢʪʠʚʥʳʝ ʥʘʧʨʘʚʣʝʥʠʷ ʨʘʟʚʠʪʠʷ ʩʚʷʟʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʵʪʠʭ ʚʦʣʥʦʚʦʜʦʚ. ɺ ʜʘʥʥʦʤ 

ʨʘʩʩʤʦʪʨʝʥʠʠ ʧʦʜ ʦʧʪʠʯʝʩʢʠʤ ʮʠʣʠʥʜʨʠʯʝʩʢʠʤ ʚʦʣʥʦʚʦʜʦʤ ʧʦʥʠʤʘʝʪʩʷ ʚʦʣʥʦʚʦʜ, ʩʦʩʪʦʷʱʠʡ ʠʟ 

ʩʝʨʜʮʝʚʠʥʳ ʠ ʦʙʦʣʦʯʢʠ.  

ɺʩʝ ʤʦʜʳ ʚʦʣʥ, ʚʦʟʙʫʞʜʘʝʤʳʭ ʚ ʪʘʢʠʭ ʚʦʣʥʦʚʦʜʘʭ, ʜʝʣʷʪʩʷ ʥʘ ʩʣʝʜʫʶʱʠʝ ʛʨʫʧʧʳ:  

1) ʤʦʜʳ ʚʦʣʥ ʩʝʨʜʮʝʚʠʥʳ;  

2) ʤʦʜʳ ʚʦʣʥ ʦʙʦʣʦʯʢʠ;  

3) ʤʦʜʳ ʚʦʣʥ, ʫʭʦʜʷʱʠʝ ʟʘ ʧʨʝʜʝʣʳ ʚʦʣʥʦʚʦʜʘ. 

ʇʨʠ ʨʘʩʩʤʦʪʨʝʥʠʠ ʤʦʜ ʩʝʨʜʮʝʚʠʥʳ ʚʳʜʝʣʷʶʪ ʟʘʪʫʭʘʶʱʠʝ ʠ ʨʘʩʧʨʦʩʪʨʘʥʷʶʱʠʝʩʷ ʚʜʦʣʴ ʦʩʠ 

ʚʦʣʥʦʚʦʜʘ ʪʠʧʳ ʤʦʜ, ʵʪʠ ʧʦʩʣʝʜʥʠʝ ʤʦʜʳ ʠʤʝʶʪ ʚʘʞʥʝʡʰʝʝ ʟʥʘʯʝʥʠʝ ʥʘ ʧʨʘʢʪʠʢʝ.  

ʄʥʦʛʠʝ ʜʝʩʷʪʠʣʝʪʠʷ ʜʣʷ ʦʧʪʠʯʝʩʢʦʛʦ ʮʠʣʠʥʜʨʠʯʝʩʢʦʛʦ ʚʦʣʥʦʚʦʜʘ ʚʳʜʝʣʷʣʠ  ʩʝʤʝʡʩʪʚʘ 

ʨʘʩʧʨʦʩʪʨʘʥʷʶʱʠʭʩʷ ʤʦʜ:  

- ʤʦʜʳ ʧʦʧʝʨʝʯʥʦʛʦ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ ʙʝʟ ʧʨʦʜʦʣʴʥʦʡ ʩʦʩʪʘʚʣʷʶʱʝʡ TEm; 

- ʤʦʜʳ ʧʦʧʝʨʝʯʥʦʛʦ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ  ʙʝʟ ʧʨʦʜʦʣʴʥʦʡ ʩʦʩʪʘʚʣʷʶʱʝʡ ʊHm; 

- ʤʦʜʳ ʧʦʧʝʨʝʯʥʦʛʦ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ  ʩ ʥʝʙʦʣʴʰʦʡ ʧʨʦʜʦʣʴʥʦʡ ʩʦʩʪʘʚʣʷʶʱʝʡ HEm; 

- ʤʦʜʳ ʧʦʧʝʨʝʯʥʦʛʦ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ  c ʥʝʙʦʣʴʰʦʡ ʧʨʦʜʦʣʴʥʦʡ ʩʦʩʪʘʚʣʷʶʱʝʡ HMm 

ɼʚʘ ʧʦʩʣʝʜʥʠʭ ʩʝʤʝʡʩʪʚʘ ʦʙʳʯʥʦ ʥʘʟʳʚʘʶʪ ʛʠʙʨʠʜʥʳʤʠ. 

ʅʘʠʣʫʯʰʠʝ ʨʝʟʫʣʴʪʘʪʳ ʘʧʧʨʦʢʩʠʤʘʮʠʠ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʚʥʫʪʨʠ ʚʦʣʥʦʚʦʜʘ ʜʦʩʪʠʛʘʶʪʩʷ 

ʧʨʠ ʦʜʥʦʚʨʝʤʝʥʥʦʤ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʟʘʜʘʥʥʳʭ ʩʫʤʤ (ʩ ʫʯʝʪʦʤ ʧʦʣʷʨʠʟʘʮʠʠ) ʩʫʤʤ 

ʚʳʰʝʧʝʨʝʯʠʩʣʝʥʥʳʭ ʤʦʜ. ʕʪʠ ʩʫʤʤʳ ʧʦʣʫʯʠʣʠ ʥʘʟʚʘʥʠʝ ʣʠʥʝʡʥʦ ʧʦʣʷʨʠʟʦʚʘʥʥʳʭ ʤʦʜ. 

ʆʩʥʦʚʥʳʤ ʥʘʧʨʘʚʣʝʥʠʝʤ ʨʘʟʚʠʪʠʷ ʪʝʭʥʠʢʠ ʧʝʨʝʜʘʯʠ ʚ ʦʧʪʠʯʝʩʢʠʭ ʮʠʣʠʥʜʨʠʯʝʩʢʠʭ ʚʦʣʥʦʚʦʜʘʭ 

ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʚʳʰʝʧʝʨʝʯʠʩʣʝʥʥʳʭ ʤʦʜ ʷʚʣʷʝʪʩʷ  ʤʫʣʴʪʠʧʣʝʢʩʠʨʦʚʘʥʠʝ ʨʘʟʣʠʯʥʳʭ ʤʦʜ. ɼʘʥʥʳʡ 

ʤʝʪʦʜ ʧʦʟʚʦʣʷʝʪ ʨʝʟʢʦ ʫʚʝʣʠʯʠʪʴ ʩʢʦʨʦʩʪʴ ʧʝʨʝʜʘʯʠ ʩʚʝʪʦʚʦʛʦ ʧʦʪʦʢʘ ʚ ʚʦʣʥʦʚʦʜʝ. ɺ ʩʪʘʪʴʝ [3] 
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ʧʨʠʚʝʜʝʥʳ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ ʩ ʤʫʣʴʪʠʧʣʝʢʩʠʨʦʚʘʥʠʝʤ ʪʨʝʭ ʣʠʥʝʡʥʦ 

ʧʦʣʷʨʠʟʦʚʘʥʥʳʭ ʤʦʜ, ʧʦʣʫʯʝʥʘ ʩʢʦʨʦʩʪʴ 159 ʊʙʠʪ/ʩ ʥʘ ʨʘʩʩʪʦʷʥʠʝ 1045 ʢʤ. 

ɺʪʦʨʳʤ ʥʘʧʨʘʚʣʝʥʠʝʤ ʨʘʟʚʠʪʠʷ ʪʝʭʥʠʢʠ ʧʝʨʝʜʘʯʠ ʩ ʧʦʤʦʱʴʶ ʦʧʪʠʯʝʩʢʠʭ ʚʦʣʥʦʚʦʜʦʚ ʷʚʣʷʝʪʩʷ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʤʦʜ ʦʨʙʠʪʘʣʴʥʦʛʦ ʫʛʣʦʚʦʛʦ ʤʦʤʝʥʪʘ ʩʚʝʪʘ (Orbital Angular Moment (OAM). OAM 

ʤʦʜʘ ʷʚʣʷʝʪʩʷ ʩʧʠʨʘʣʴʥʦʡ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʡ ʚʦʣʥʦʡ ʠ ʵʪʠ ʤʦʜʳ ʦʙʨʘʟʫʶʪ ʦʨʪʦʛʦʥʘʣʴʥʫʶ ʩʠʩʪʝʤʫ 

ʬʫʥʢʮʠʡ.  ʇʝʨʚʳʤʠ ʙʳʣʠ ʨʝʘʣʠʟʦʚʘʥʳ ʩʠʩʪʝʤʳ ʧʝʨʝʜʘʯʠ ʩ OAM ʚ ʩʚʦʙʦʜʥʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ (ʩʤ. 

ʩʪʘʪʴʶ [4]).  

ɺ 1998 ʛʦʜʫ ɸʣʝʢʩʝʝʚ ʠ ʜʨ. [5] ʪʝʦʨʝʪʠʯʝʩʢʠ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʚ ʦʧʪʠʯʝʩʢʦʤ ʮʠʣʠʥʜʨʠʯʝʩʢʦʤ 

ʚʦʣʥʦʚʦʜʝ ʩʫʱʝʩʪʚʫʶʪ 4 ʪʠʧʘ ʦʧʪʠʯʝʩʢʠʭ ʚʠʭʨʝʡ, ʦʜʠʥ ʠʟ ʢʦʪʦʨʳʭ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ OAM ʚʦʣʥʫ. 

ʆʜʥʘʢʦ ʪʦʣʴʢʦ ʯʝʨʝʟ 10 ʣʝʪ ʧʦʷʚʠʣʠʩʴ ʧʝʨʚʳʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʦʧʪʠʯʝʩʢʠʭ ʚʦʣʥʦʚʦʜʦʚ ʩ OAM. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʚʦʟʙʫʞʜʝʥʠʝ OAM ʚ ʦʧʪʠʯʝʩʢʦʤ 

ʮʠʣʠʥʜʨʠʯʝʩʢʦʤ ʚʦʣʥʦʚʦʜʝ ʤʦʞʥʦ ʦʩʫʱʝʩʪʚʠʪʴ ʜʚʫʤʷ ʩʧʦʩʦʙʘʤʠ: 1) ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʫʤʤ ʯʝʪʥʳʭ ʠ 

ʥʝʯʝʪʥʳʭ TE, TH, HE ʠ HM ʤʦʜ [6], 2) ʧʦʜʘʯʝʡ ʥʘ ʧʦʧʝʨʝʯʥʦʝ ʩʝʯʝʥʠʝ ʚʦʣʥʦʚʦʜʘ ʩʧʠʨʘʣʴʥʦʡ OAM 

ʚʦʣʥʳ ʠʟ ʩʚʦʙʦʜʥʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʥʘʙʣʶʜʘʝʪʩʷ ʧʦʚʳʰʝʥʥʳʡ ʠʥʪʝʨʝʩ ʢ 

ʩʦʟʜʘʥʠʶ ʩʠʩʪʝʤ ʧʝʨʝʜʘʯʠ ʩ OAM ʠʟ-ʟʘ ʧʦʪʝʥʮʠʘʣʴʥʦ ʜʦʩʪʠʞʠʤʳʭ ʩʢʦʨʦʩʪʝʡ ʧʝʨʝʜʘʯʠ ʚ ʩʦʪʥʠ ʠ 

ʪʳʩʷʯʠ ʊʙʠʪ/ʩ. 

ɺ 2018 ʛʦʜʫ ʚ ʨʘʙʦʪʝ [7]  ʙʳʣʦ ʦʙʲʷʚʣʝʥʦ ʦʙ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʜʦʩʪʠʛʥʫʪʦʡ ʩʢʦʨʦʩʪʠ ʧʝʨʝʜʘʯʠ ʚ 

8,4 ʊʙʠʪ/ʩ ʥʘ 4-ʭ OAM ʤʦʜʘʭ ʧʨʠ ʦʨʛʘʥʠʟʘʮʠʠ 224 ʤʫʣʴʪʠʧʣʝʢʩʠʨʦʚʘʥʥʳʭ ʧʦ ʜʣʠʥʝ ʚʦʣʥʳ ʢʘʥʘʣʘʭ. 

ʊʨʝʪʴʝ ʥʘʧʨʘʚʣʝʥʠʝ ʩʦʩʪʦʠʪ ʚ ʩʣʝʜʫʶʱʝʤ. ʊʨʘʜʠʮʠʦʥʥʦ ʧʨʦʝʢʪʠʨʦʚʘʥʠʝ ʦʧʪʠʯʝʩʢʠʭ ʢʘʙʝʣʝʡ 

ʧʨʦʠʟʚʦʜʠʪʩʷ ʪʘʢ, ʯʪʦʙʳ ʤʠʥʠʤʠʟʠʨʦʚʘʪʴ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʝ ʧʦʣʷ ʚ ʦʙʦʣʦʯʢʝ ʠ ʠʩʢʣʶʯʠʪʴ 

ʚʦʟʙʫʞʜʝʥʠʝ ʚʦʣʥ ʚʥʝ ʚʦʣʥʦʚʦʜʘ.  ʆʜʥʘʢʦ ʚ ʨʘʙʦʪʝ [8] ʙʳʣʘ ʧʦʢʘʟʘʥʘ ʧʨʠʥʮʠʧʠʘʣʴʥʘʷ ʚʦʟʤʦʞʥʦʩʪʴ  

ʚʦʟʙʫʞʜʝʥʠʷ TE, TH, HE ʠ HM ʨʘʩʧʨʦʩʪʨʘʥʷʶʱʠʭʩʷ ʤʦʜ ʚ ʦʙʦʣʦʯʢʘʭ ʦʧʪʠʯʝʩʢʠʭ ʢʘʙʝʣʝʡ, ʯʪʦ 

ʧʨʠʚʦʜʠʪ ʢ ʦʯʝʥʴ ʠʥʪʝʨʝʩʥʳʤ ʧʨʠʤʝʥʝʥʠʷʤ. ʕʪʦʪ ʧʦʜʭʦʜ ʟʘʩʣʫʞʠʚʘʝʪ ʦʪʜʝʣʴʥʦʛʦ ʨʘʩʩʤʦʪʨʝʥʠʷ. 
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ʄʆɼɽʃʀʈʆɺɸʅʀɽ ʉɽʊɽʁ ʀ ʉʀʉʊɽʄ ʕʃɽʂʊʈʆʉɺʗɿʀ ʇʈʀ ʅɽʏɽʊʂʆʉʊʀ ʀʉʍʆɼʅʆʁ 

ʀʅʌʆʈʄɸʎʀʀ 

 
1
ʊʘʰʢʝʥʪʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʠʤʝʥʠ ʄʫʭʘʤʤʘʜʘ ʘʣ-ʍʦʨʘʟʤʠʡ, 

ʛ. ʊʘʰʢʝʥʪ, ʋʟʙʝʢʠʩʪʘʥ 

 

ʉʦʚʨʝʤʝʥʥʳʝ ʩʝʪʠ ʠ ʩʠʩʪʝʤʳ ʵʣʝʢʪʨʦʩʚʷʟʠ ʷʚʣʷʶʪʩʷ ʩʣʦʞʥʳʤʠ ʪʝʭʥʠʯʝʩʢʠʤʠ ʩʠʩʪʝʤʘʤʠ. ʀʭ 

ʩʣʦʞʥʦʩʪʴ ʦʙʫʩʣʦʚʣʝʥʘ ʠʝʨʘʨʭʠʯʥʦʩʪʴʶ ʩʪʨʫʢʪʫʨʳ ʠ ʥʘʣʠʯʠʝʤ ʙʦʣʴʰʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʨʘʟʣʠʯʥʳʭ 

ʵʣʝʤʝʥʪʦʚ ʠ ʦʙʦʨʫʜʦʚʘʥʠʷ, ʘ ʪʘʢʞʝ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʝʤ ʧʨʠ ʥʝʯʝʪʢʦʩʪʠ ʠʩʭʦʜʥʦʡ ʠʥʬʦʨʤʘʮʠʠ.  



ʊʝʦʨʠʷ ʩʚʷʟʠ, ʩʝʪʠ ʠ ʩʠʩʪʝʤʳ ʵʣʝʢʪʨʦʩʚʷʟʠ 
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ɺ ʩʚʷʟʠ ʩ ʩʪʨʝʤʠʪʝʣʴʥʳʤ ʨʘʟʚʠʪʠʝʤ ʩʝʪʝʡ ʠ ʩʠʩʪʝʤ ʵʣʝʢʪʨʦʩʚʷʟʠ ʠ ʨʝʟʢʠʤ ʫʚʝʣʠʯʝʥʠʝʤ ʢʦʣʠʯʝʩʪʚʘ 

ʧʦʪʨʝʙʠʪʝʣʝʡ ʥʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʦʩʪʨʦ ʩʪʦʠʪ ʚʦʧʨʦʩ ʵʬʬʝʢʪʠʚʥʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʘʥʠʝ ʩʫʱʝʩʪʚʫʶʱʝʡ 

ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ. ʕʪʦ ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ ʪʘʢʞʝ ʪʨʝʙʫʝʪ ʩʦʟʜʘʥʠ ̫ ʥʦʚʳʭ ʠ ʤʦʜʝʨʥʠʟʘʮʠʠ 

ʵʢʩʧʣʫʘʪʠʨʫʝʤʳʭ  ʩʝʪʝʡ ʠ ʩʠʩʪʝʤ ʵʣʝʢʪʨʦʩʚʷʟʠ (ʉʉʕʉ). ɺ ʧʨʦʮʝʩʩʝ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʪʨʝʙʫʝʪʩʷ ʨʝʰʝʥʠʝ 

ʙʦʣʴʰʦʛʦ ʦʙʲʝʤʘ ʣʦʛʠʢʦ-ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ ʟʘʜʘʯ, ʩʚʷʟʘʥʥʳʭ ʩ ʤʦʜʝʣʠʨʦʚʘʥʠʝʤ ʩʝʪʠ, ʚʳʙʦʨʦʤ 

ʘʧʧʘʨʘʪʥʦ-ʧʨʦʛʨʘʤʤʥʳʭ ʩʨʝʜʩʪʚ, ʦʮʝʥʢʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʝʸ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ, ʦʙʝʩʧʝʯʝʥʠʝʤ 

ʥʘʜʝʞʥʦʩʪʠ ʠ ʟʘʱʠʱʝʥʥʦʩʪʠ ʧʨʦʧʫʩʢʥʦʡ ʩʧʦʩʦʙʥʦʩʪʠ ʠ ʜʨʫʛʠʭ. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʚʘʞʥʦʝ ʟʥʘʯʝʥʠʝ 

ʧʨʠʜʘʝʪʩʷ ʥʦʚʦʡ ʧʦʩʪʘʥʦʚʢʠ ʟʘʜʘʯ ʧʦ ʤʦʜʝʣʠʨʦʚʘʥʠʶ ʩʝʪʝʡ ʠ ʩʠʩʪʝʤ ʵʣʝʢʪʨʦʩʚʷʟʠ ʥʘ ʦʩʥʦʚʝ 

ʧʨʠʤʝʥʝʥʠʷ ʩʦʚʨʝʤʝʥʥʳʭ ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʤʝʪʦʜʦʚ. ʕʪʦ ʦʙʫʩʣʦʚʣʝʥʦ ʪʝʤ, ʯʪʦ ʰʠʨʦʢʦ ʧʨʠʤʝʥʷʝʤʳʝ 

ʤʝʪʦʜʳ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʩ ʫʯʝʪʦʤ ʭʦʨʦʰʦ ʬʦʨʤʘʣʠʟʫʝʤʳʭ ʢʦʣʠʯʝʩʪʚʝʥʥʳʭ ʠ ʢʘʯʝʩʪʚʝʥʥʳʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʩʝʪʝʡ ʥʝ ʦʭʚʘʪʳʚʘʶʪ ʚʩʶ ʩʦʚʦʢʫʧʥʦʩʪʴ ʪʨʝʙʦʚʘʥʠʡ ʠ ʤʥʦʞʝʩʪʚ ʬʘʢʪʦʨʦʚ, ʥʝ 

ʧʦʜʜʘʶʱʠʭʩʷ ʩʪʨʦʛʦʡ ʢʦʣʠʯʝʩʪʚʝʥʥʦʡ ʦʮʝʥʢʝ ʠ ʠʥʞʝʥʝʨʥʦʡ ʠʥʪʫʠʮʠʠ ʣʠʮʘ, ʧʨʠʥʠʤʘʶʱʝʛʦ ʨʝʰʝʥʠʷ 

[1]. 

ʇʨʠ ʩʦʟʜʘʥʠʠ ʉʉʕʉ ʚʦʟʥʠʢʘʝʪ ʨʷʜ ʧʨʦʙʣʝʤ, ʩʚʷʟʘʥʥʳʭ ʩʦ ʩʣʦʞʥʦʩʪʴʶ ʠʭ ʩʪʨʫʢʪʫʨʳ, 

ʨʘʟʥʦʦʙʨʘʟʠʝʤ ʪʝʭʥʠʯʝʩʢʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ, ʥʝʦʧʨʝʜʝʣʝʥʥʦʩʪʴʶ  ʪʨʝʙʦʚʘʥʠʡ, ʥʝʯʝʪʢʦʩʪʴʶ ʠʥʬʦʨʤʘʮʠʠ 

ʠ ʪ.ʜ., ʯʪʦ ʪʨʝʙʫʝʪ ʧʨʠʤʝʥʝʥʠʷ ʩʦʚʨʝʤʝʥʥʳʭ ʤʝʪʦʜʦʚ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʩʠʩʪʝʤ, ʚ ʯʘʩʪʥʦʩʪʠ ʤʝʪʦʜʦʚ 

ʪʝʦʨʠʠ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʠʥʪʝʣʣʝʢʪʘ  ʠ ʥʝʯʝʪʢʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ.  

ɸʥʘʣʠʟ ʧʨʠʥʮʠʧʦʚ ʧʦʩʪʨʦʝʥʠʷ ʨʘʟʣʠʯʥʳʭ ʉʉʕʉ ʠ ʦʩʦʙʝʥʥʦʩʪʝʡ ʠʭ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ 

ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʦʥʠ ʤʦʛʫʪ ʙʳʪʴ ʦʪʥʝʩʝʥʳ ʢ ʢʣʘʩʩʫ ʩʣʦʞʥʳʭ ʩʠʩʪʝʤ ʚ ʩʚʷʟʠ ʩ ʥʘʣʠʯʠʝʤ ʨʷʜʘ 

ʦʩʦʙʝʥʥʦʩʪʝʡ: ʨʘʩʧʨʝʜʝʣʝʥʥʦʩʪʴ ʩʪʨʫʢʪʫʨʳ; ʩʦʩʪʘʚʥʦʡ ʭʘʨʘʢʪʝʨ ʩʠʩʪʝʤʳ; ʨʘʟʥʦʨʦʜʥʦʩʪʴ ʧʦʜʩʠʩʪʝʤ ʠ 

ʵʣʝʤʝʥʪʦʚ, ʩʦʩʪʘʚʣʷʶʱʠʭ ʩʠʩʪʝʤʫ; ʩʣʫʯʘʡʥʦʩʪʴ ʠ ʥʝʦʧʨʝʜʝʣʝʥʥʦʩʪʴ ʬʘʢʪʦʨʦʚ, ʜʝʡʩʪʚʫʶʱʠʭ ʥʘ 

ʩʠʩʪʝʤʫ; ʤʥʦʛʦʢʨʠʪʝʨʠʘʣʴʥʦʩʪʴ ʦʮʝʥʦʢ ʧʨʦʮʝʩʩʦʚ, ʧʨʦʪʝʢʘʶʱʠʭ ʚ ʩʠʩʪʝʤʝ; ʙʦʣʴʰʘʷ ʨʘʟʤʝʨʥʦʩʪʴ 

ʩʠʩʪʝʤʳ.   

ɺ ʦʙʱʝʤ ʩʣʫʯʘʝ ʩʣʦʞʥʳʝ ʫʩʣʦʚʠʷ ʵʢʩʧʣʫʘʪʘʮʠʠ ʉʉʕʉ ʧʨʠʚʦʜʷʪ ʢ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʫʯʝʪʘ ʚ ʧʨʦʮʝʩʩʝ 

ʠʭ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʨʘʟʣʠʯʥʳʭ ʚʠʜʦʚ ʥʝʦʧʨʝʜʝʣʝʥʥʦʩʪʝʡ: ʥʝʜʦʩʪʘʪʦʯʥʦʩʪʴ ʠ ʥʝʯʝʪʢʦʩʪʴ ʠʩʭʦʜʥʳʭ 

ʜʘʥʥʳʭ, ʧʦʣʫʯʘʝʤʳʭ ʥʘ ʵʪʘʧʝ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʛʦ ʦʙʩʣʝʜʦʚʘʥʠʷ ʦʙʲʝʢʪʘ ʚʥʝʜʨʝʥʠʷ ʊʉ, ʚʳʟʚʘʥʥʳʭ 

ʦʪʩʫʪʩʪʚʠʝʤ ʚʦʟʤʦʞʥʦʩʪʠ ʧʨʦʚʝʜʝʥʠʷ ʥʘʪʫʨʥʦʛʦ ʵʢʩʧʝʨʠʤʝʥʪʘ; ʥʝʪʦʯʥʦʩʪʴ ʤʦʜʝʣʝʡ, ʚʦʟʥʠʢʘʶʱʘʷ ʠʟ-

ʟʘ ʩʣʦʞʥʦʩʪʠ ʜʝʢʦʤʧʦʟʠʮʠʠ ʩʠʩʪʝʤʳ;  ʥʝʦʧʨʝʜʝʣʝʥʥʦʩʪʴ ʠ ʥʝʯʝʪʢʦʩʪʴ ʚ ʟʘʜʘʥʠʠ ʧʝʨʝʤʝʥʥʳʭ ʚʝʣʠʯʠʥ ʚ 

ʤʦʜʝʣʷʭ; ʪʨʫʜʥʦʩʪʠ ʬʦʨʤʘʣʠʟʘʮʠʠ; ʥʘʣʠʯʠʝ ʨʘʟʣʠʯʥʳʭ ʩʫʙʲʝʢʪʠʚʥʳʭ ʢʨʠʪʝʨʠʝʚ ʠ ʦʛʨʘʥʠʯʝʥʠʡ; 

ʥʝʦʧʨʝʜʝʣʝʥʥʦʩʪʴ ʠ ʥʝʯʝʪʢʦʩʪʴ, ʚʳʟʚʘʥʥʳʝ ʥʝʵʢʚʠʚʘʣʝʥʪʥʦʩʪʴʶ ʨʝʰʝʥʠʡ ʩʠʩʪʝʤʥʳʭ ʤʥʦʛʦʫʨʦʚʥʝʚʳʭ 

ʠʝʨʘʨʭʠʯʝʩʢʠʭ ʤʦʜʝʣʝʡ; ʥʝʯʝʪʢʦʩʪʴ ʠʩʭʦʜʥʦʡ ʠʥʬʦʨʤʘʮʠʠ, ʧʦʣʫʯʘʝʤʦʡ ʦʪ ʵʢʩʧʝʨʪʦʚ ʠ ʩʠʩʪʝʤʥʳʭ 

ʠʥʞʝʥʝʨʦʚ; ʥʝʯʝʪʢʦʩʪʴ ʚ ʧʨʦʮʝʩʩʝ ʧʦʩʪʨʦʝʥʠʷ ʤʦʜʝʣʝʡ ʦʪʜʝʣʴʥʳʭ ʫʩʪʨʦʡʩʪʚ, ʦʙʫʩʣʦʚʣʝʥʥʘʷ 

ʪʨʫʜʥʦʩʪʷʤʠ ʬʦʨʤʘʣʠʟʘʮʠʠ ʠ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʟʥʘʥʠʡ; ʥʝʦʧʨʝʜʝʣʝʥʥʦʩʪʴ, ʚʦʟʥʠʢʘʶʱʘʷ ʧʨʠ ʧʨʠʥʷʪʠʷ 

ʨʝʰʝʥʠʡ. 

ʆʩʦʙʝʥʥʦʩʪʠ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʩʣʦʞʥʳʭ ʉʉʕʉ ʚ ʫʩʣʦʚʠʷʭ ʥʝʯʝʪʢʦʡ ʠʥʬʦʨʤʘʮʠʠ ʤʦʛʫʪ ʙʳʪʴ 

ʫʯʪʝʥʳ ʦʙʦʙʱʝʥʥʦʡ ʤʦʜʝʣʴʶ, ʧʨʝʜʩʪʘʚʣʷʶʱʫʶ ʩʦʙʦʡ  ʫʧʦʨʷʜʦʯʝʥʥʳʡ ʥʘʙʦʨ ʢʦʤʧʦʥʝʥʪ [2]: 

,,,,, >QW=< KCFMnet  

ʛʜʝ W - ʮʝʣʴ ʩʠʩʪʝʤʳ; F - ʬʫʥʢʮʠʠ ʩʠʩʪʝʤʳ; ʉ- ʩʪʨʫʢʪʫʨʘ ʨʝʘʣʠʟʘʮʠʠ ʬʫʥʢʮʠʡ; ʂ- ʢʦʤʧʦʥʦʚʢʘ 

ʵʣʝʤʝʥʪʦʚ CF ,,W  ʚ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʤ ʧʨʦʩʪʨʘʥʩʪʚʝ; Q - ʦʨʛʘʥʠʟʘʮʠʷ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʩʠʩʪʝʤʳ.  

ʆʙʦʙʱʝʥʥʘʷ  ʤʦʜʝʣʴ ʉʉʕʉ ʧʦʟʚʦʣʷʝʪ ʦʧʨʝʜʝʣʠʪʴ ʦʙʱʠʝ ʧʦʜʭʦʜʳ ʢ ʨʝʰʝʥʠʶ ʟʘʜʘʯ ʩʠʩʪʝʤʥʦʛʦ 

ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʩʝʪʝʡ ʠ ʷʚʣʷʝʪʩʷ ʦʩʥʦʚʦʡ ʨʘʟʨʘʙʦʪʢʠ ʢʦʥʢʨʝʪʥʳʭ ʤʝʪʦʜʦʚ ʠ ʘʣʛʦʨʠʪʤʦʚ ʨʝʰʝʥʠʷ ʟʘʜʘʯ 

ʚʳʙʦʨʘ ʩʪʘʥʜʘʨʪʘ ʩʝʪʠ ʵʣʝʢʪʨʦʩʚʷʟʠ, ʩʪʨʫʢʪʫʨʥʦʛʦ ʩʠʥʪʝʟʘ ʩʠʩʪʝʤʳ ʠ ʚʳʙʦʨʘ ʦʙʦʨʫʜʦʚʘʥʠʷ ʚ ʫʩʣʦʚʠʷʭ 

ʥʝʦʧʨʝʜʝʣʝʥʥʦʩʪʠ ʠ ʥʝʯʝʪʢʦʩʪʠ ʠʩʭʦʜʥʦʡ ʠʥʬʦʨʤʘʮʠʠ. 

ɿʘʜʘʯʘ ʚʳʙʦʨʘ ʧʨʦʝʢʪʥʳʭ ʨʝʰʝʥʠʡ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʥʝʩʪʨʫʢʪʫʨʠʨʦʚʘʥʥʫʶ ʟʘʜʘʯʫ, ʠ ʤʦʞʝʪ 

ʙʳʪʴ ʨʝʰʝʥʘ ʥʘ ʦʩʥʦʚʝ ʤʦʜʝʣʠ, ʧʦʟʚʦʣʷʶʱʝʡ ʤʦʜʝʣʠʨʦʚʘʪʴ ʥʝʯʝʪʢʠʝ ʩʠʪʫʘʮʠʠ ʠ ʧʨʦʠʟʚʝʩʪʠ 

ʠʥʪʝʛʨʠʨʦʚʘʥʥʫʶ ʦʮʝʥʢʫ ʧʨʠʝʤʣʝʤʦʩʪʠ ʧʨʦʝʢʪʥʳʭ ʨʝʰʝʥʠʡ. 

ɺ ʦʙʱʝʤ ʚʠʜʝ ʟʘʜʘʯʘ ʬʦʨʤʫʣʠʨʫʝʪʩʷ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: ʠʩʭʦʜʷ ʠʟ ʫʩʣʦʚʠʡ ʪʝʭʥʠʯʝʩʢʦʛʦ 

ʟʘʜʘʥʠʷ ʠ ʛʨʫʧʧʳ ʥʝʯʝʪʢʠʭ ʢʨʠʪʝʨʠʝʚ, ʧʨʝʜʲʷʚʣʷʝʤʳʭ ʢ ʧʨʦʝʢʪʠʨʫʝʤʦʡ ʩʝʪʠ, ʚʳʜʝʣʠʪʴ ʥʘʠʙʦʣʝʝ 

ʧʨʠʝʤʣʝʤʳʡ ʩʪʘʥʜʘʨʪ ʩʝʪʠ. ɺ ʢʘʯʝʩʪʚʝ ʦʩʥʦʚʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʩʝʪʠ ʤʦʛʫʪ ʙʳʪʴ ʧʨʠʤʝʥʝʥʳ 

ʥʠʞʝʧʨʠʚʝʜʝʥʥʳʝ ʩʣʘʙʦʬʦʨʤʘʣʠʟʫʝʤʳʝ  ʢʨʠʪʝʨʠʠ: ʩʪʦʠʤʦʩʪʴ (ʩʦʚʦʢʫʧʥʦʩʪʴ ʤʘʪʝʨʠʘʣʴʥʳʭ ʟʘʪʨʘʪ ʥʘ 

ʦʙʦʨʫʜʦʚʘʥʠʝ, ʤʦʥʪʘʞ ʠ ʥʘʩʪʨʦʡʢʘ ʩʝʪʠ); ʩʢʦʨʦʩʪʴ (ʩʢʦʨʦʩʪʴ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ ʩ ʫʯʝʪʦʤ ʪʝʭʥʦʣʦʛʠʠ ʧʝ-

ʨʝʜʘʯʠ ʜʘʥʥʳʭ); ʧʦʤʝʭʦʫʩʪʦʡʯʠʚʦʩʪʴ (ʫʩʪʦʡʯʠʚʦʩʪʴ ʢ ʧʦʤʝʭʘʤ ʨʘʟʥʦʡ ʧʨʠʨʦʜʳ ʢʘʢ ʚʥʫʪʨʠ ʩʝʪʠ, ʪʘʢ ʠ 

ʠʟʚʥʝ); ʫʩʪʦʡʯʠʚʦʩʪʴ ʢ ʠʟʤʝʥʝʥʠʷʤ ʥʘʛʨʫʟʢʠ ʩʝʪʠ (ʚʦʟʤʦʞʥʦʩʪʴ ʙʝʩʧʝʨʝʙʦʡʥʦʡ ʨʘʙʦʪʳ ʩʝʪʠ ʧʨʠ 

ʢʨʠʪʠʯʝʩʢʦʤ ʫʚʝʣʠʯʝʥʠʠ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʧʦʪʦʢʘ ʜʘʥʥʳʭ, ʢʦʣʠʯʝʩʪʚʘ ʘʙʦʥʝʥʪʦʚ ʠ ʦʙʦʨʫʜʦʚʘʥʠʷ); 



ʊʝʦʨʠʷ ʩʚʷʟʠ, ʩʝʪʠ ʠ ʩʠʩʪʝʤʳ ʵʣʝʢʪʨʦʩʚʷʟʠ 
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ʧʨʦʩʪʦʪʘ ʤʦʥʪʘʞʘ ʠ ʵʢʩʧʣʫʘʪʘʮʠʠ (ʩʦʚʦʢʫʧʥʦʩʪʴ ʪʨʫʜʦʟʘʪʨʘʪ ʧʦ ʤʦʥʪʘʞʫ ʘʧʧʘʨʘʪʥʳʭ ʩʨʝʜʩʪʚ, ʪʝʭʥʠʯʝ-

ʩʢʦʡ ʧʦʜʜʝʨʞʢʝ ʠ ʜʨ.). 

ʇʨʠʥʷʪʠʝ ʨʘʮʠʦʥʘʣʴʥʦʛʦ ʨʝʰʝʥʠʷ, ʧʦ ʩʫʱʝʩʪʚʫ, ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʚʳʙʦʨʝ ʜʦʧʫʩʪʠʤʦʛʦ ʨʝʰʝʥʠʷ 

(ʘʣʴʪʝʨʥʘʪʠʚ ʠʟ ʤʥʦʞʝʩʪʚʘ ʚʩʝʭ ʜʦʧʫʩʪʠʤʳʭ ʨʝʰʝʥʠʡ), ʢʦʪʦʨʦʝ ʣʫʯʰʝ ʠʣʠ ʥʝ ʭʫʞʝ ʜʨʫʛʠʭ, ʚ 

ʥʝʢʦʪʦʨʦʤ ʢʦʥʢʨʝʪʥʦʤ ʩʤʳʩʣʝ, ʦʪʨʘʞʘʝʪ ʠʥʪʝʨʝʩʳ ʣʠʮʘ, ʧʨʠʥʠʤʘʶʱʝʛʦ ʨʝʰʝʥʠʷ. ɺʳʙʦʨ ʦʜʥʦʛʦ 

ʩʪʘʥʜʘʨʪʘ (ʘʣʴʪʝʨʥʘʪʠʚʳ) ʚ ʫʩʣʦʚʠʷʭ ʥʝʯʝʪʢʦ ʦʧʠʩʘʥʥʦʡ ʩʠʪʫʘʮʠʠ ʤʦʞʝʪ ʙʳʪʴ ʫʩʧʝʰʥʦ ʨʝʰʝʥ ʥʘ ʦʩʥʦʚʝ 

ʥʝʯʝʪʢʦʛʦ ʩʠʩʪʝʤʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ. 

ʆʩʥʦʚʥʳʤ ʵʪʘʧʦʤ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʷʚʣʷʝʪʩʷ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʧʨʦʮʝʩʩʘ ʦʮʝʥʢʠ ʧʨʠʝʤʣʝʤʦʩʪʠ 

ʥʝʯʝʪʢʦʡ ʩʠʪʫʘʮʠʠ ʥʘ ʦʩʥʦʚʝ ʵʢʩʧʝʨʪʥʳʭ ʟʥʘʥʠʡ ʚ ʬʦʨʤʝ ʣʠʥʛʚʠʩʪʠʯʝʩʢʠʭ ʩʫʞʜʝʥʠʡ, ʯʪʦ 

ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ ʧʦʩʪʨʦʝʥʠʝʤ ʥʝʯʝʪʢʦʡ ʤʦʜʝʣʠ ʥʘ ʙʘʟʝ ʧʨʘʚʠʣ ʥʝʯʝʪʢʦʛʦ ʣʦʛʠʯʝʩʢʦʛʦ ʚʳʚʦʜʘ. ɼʣʷ 

ʦʩʫʱʝʩʪʚʣʝʥʠʷ ʵʪʦʛʦ ʥʝʦʙʭʦʜʠʤʦ ʬʦʨʤʠʨʦʚʘʥʠʝ ʣʠʥʛʚʠʩʪʠʯʝʩʢʠʭ ʧʝʨʝʤʝʥʥʳʭ ʩ ʦʧʨʝʜʝʣʝʥʠʝʤ ʠʭ ʥʝ-

ʯʝʪʢʠʭ ʟʥʘʯʝʥʠʡ ʚ ʚʠʜʝ ʥʝʯʝʪʢʠʭ ʧʝʨʝʤʝʥʥʳʭ, ʢʦʪʦʨʳʝ ʧʦʣʥʦʩʪʴʶ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʩʚʦʠʤʠ ʬʫʥʢʮʠʷʤʠ 

ʧʨʠʥʘʜʣʝʞʥʦʩʪʠ. ʀʩʭʦʜʥʦʡ ʠʥʬʦʨʤʘʮʠʝʡ ʜʣʷ ʧʦʩʪʨʦʝʥʠʷ ʬʫʥʢʮʠʡ ʧʨʠʥʘʜʣʝʞʥʦʩʪʠ ʷʚʣʷʶʪʩʷ 

ʵʢʩʧʝʨʪʥʳʝ ʦʮʝʥʢʠ (ʚ ʨʘʟʥʦʡ ʩʪʝʧʝʥʠ) ʠʣʠ ʩʪʘʪʠʩʪʠʯʝʩʢʠʝ ʜʘʥʥʳʝ, ʯʪʦ ʭʘʨʘʢʪʝʨʠʟʫʝʪ ʩʪʝʧʝʥʴ ʚʣʠʷʥʠʷ 

ʩʫʙʲʝʢʪʠʚʠʟʤʘ, ʢʦʪʦʨʫʶ ʦʙʳʯʥʦ ʩʪʨʝʤʷʪʩʷ ʤʠʥʠʤʠʟʠʨʦʚʘʪʴ.  

ɺ ʧʨʘʢʪʠʢʝ ʦʙʨʘʙʦʪʢʠ ʣʠʥʛʚʠʩʪʠʯʝʩʢʠʭ ʵʢʩʧʝʨʪʥʳʭ ʩʫʞʜʝʥʠʡ ʥʘ ʦʩʥʦʚʝ ʪʝʦʨʠʠ ʥʝʯʝʪʢʠʭ 

ʤʥʦʞʝʩʪʚ ʠʩʧʦʣʴʟʫʶʪʩʷ ʨʘʟʣʠʯʥʳʝ ʤʝʪʦʜʳ. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʥʘʠʙʦʣʝʝ ʯʘʩʪʦ ʠʩʧʦʣʴʟʫʶʪʩʷ ʥʝʯʝʪʢʠʝ 

ʩʠʩʪʝʤʳ ʜʚʫʭ ʪʠʧʦʚ - ʄʘʤʜʘʥʠ ʠ ʉʫʛʵʥʦ. ʇʨʝʠʤʫʱʝʩʪʚʦ ʤʦʜʝʣʝʡ ʪʠʧʘ ʄʘʤʜʘʥʠ, ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʪʦʤ, 

ʯʪʦ ʧʨʘʚʠʣʘ ʙʘʟʳ ʟʥʘʥʠʡ ʷʚʣʷʶʪʩʷ ʧʨʦʟʨʘʯʥʳʤʠ ʠ ʠʥʪʫʠʪʠʚʥʦ ʧʦʥʷʪʥʳʤʠ ʠ ʙʦʣʝʝ ʧʨʠʝʤʣʝʤʳ ʜʣʷ 

ʨʝʰʝʥʠʷ ʟʘʜʘʯ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʩʣʦʞʥʳʭ ʪʝʭʥʠʯʝʩʢʠʭ ʩʠʩʪʝʤ ʚ ʫʩʣʦʚʠʷʭ ʥʝʯʝʪʢʦʡ ʠʥʬʦʨʤʘʮʠʠ.  

ɼʣʷ ʨʝʘʣʠʟʘʮʠʠ ʦʧʠʩʘʥʥʦʛʦ ʧʦʜʭʦʜʘ ʢ ʤʦʜʝʣʠʨʦʚʘʥʠʶ ʩʝʪʝʡ ʠ ʩʠʩʪʝʤ ʵʣʝʢʪʨʦʩʚʷʟʠ ʥʘ ʦʩʥʦʚʝ FIS-

ʬʘʡʣʘ ʩʨʝʜʳ Matlab ʧʦʩʪʨʦʝʥʘ ʥʝʯʝʪʢʘʷ ʣʦʛʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʪʠʧʘ ʄʘʤʜʘʥʠ [3]. ɺʦʟʤʦʞʥʦʩʪʠ ʧʘʢʝʪʘ 

Fuzzy Logic Toolbox ʧʦʟʚʦʣʠʣʠ ʩʤʦʜʝʣʠʨʦʚʘʪʴ ʥʝʯʝʪʢʠʝ ʩʠʪʫʘʮʠʠ. ɺ ʯʘʩʪʥʦʩʪʠ ʧʦʩʪʨʦʝʥʳ ʧʦʚʝʨʭʥʦʩʪʴ 

ʟʘʚʠʩʠʤʦʩʪʠ ʧʨʠʝʤʣʝʤʦʩʪʠ ʧʨʦʝʢʪʥʦʛʦ ʨʝʰʝʥʠʷ ʦʪ ʤʘʩʰʪʘʙʠʨʫʝʤʦʩʪʠ ʠ ʧʦʤʝʭʦʫʩʪʦʡʯʠʚʦʩʪʠ ʧʨʠ 

ʬʠʢʩʠʨʦʚʘʥʥʳʭ ʟʥʘʯʝʥʠʷʭ ʜʨʫʛʠʭ ʢʨʠʪʝʨʠʝʚ, ʘ ʪʘʢʞʝ ʧʦʚʝʨʭʥʦʩʪʠ ʧʨʠʝʤʣʝʤʦʩʪʠ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ 

ʩʢʦʨʦʩʪʠ, ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ ʠ  ʧʦʤʝʭʦʫʩʪʦʡʯʠʚʦʩʪʠ. ɸʥʘʣʦʛʠʯʥʳʤ ʦʙʨʘʟʦʤ ʙʳʣʠ ʧʦʩʪʨʦʝʥʳ 

ʧʦʚʝʨʭʥʦʩʪʠ ʟʘʚʠʩʠʤʦʩʪʠ ʧʨʠʝʤʣʝʤʦʩʪʠ ʧʨʦʝʢʪʠʨʫʝʤʦʡ ʩʝʪʠ ʵʣʝʢʪʨʦʩʚʷʟʠ ʦʪ ʜʨʫʛʠʭ 

ʩʣʘʙʦʬʦʨʤʘʣʠʟʠʨʫʝʤʳʭ ʢʨʠʪʝʨʠʝʚ. 

ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʩʝʪʝʡ ʠ ʩʠʩʪʝʤ ʵʣʝʢʪʨʦʩʚʷʟʠ ʚ ʫʩʣʦʚʠʷʭ ʥʝʯʝʪʢʦʡ 

ʠʩʭʦʜʥʦʡ ʠʥʬʦʨʤʘʮʠʠ ʧʨʠʤʝʥʝʥʳ ʜʣʷ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʡ ʢʦʣʠʯʝʩʪʚʝʥʥʦʡ ʦʮʝʥʢʠ ʧʨʦʝʢʪʥʳʭ ʨʝʰʝʥʠʡ 

ʧʨʠ ʠʭ ʩʦʟʜʘʥʠʠ  ʠ ʧʦʟʚʦʣʷʶʪ ʩʜʝʣʘʪʴ ʚʳʚʦʜ ʦʙ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʧʨʠʤʝʥʝʥʠʷ  ʥʝʯʝʪʢʠʭ ʤʦʜʝʣʝʡ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʘʧʧʘʨʘʪʘ ʪʝʦʨʠʠ ʥʝʯʝʪʢʠʭ ʤʥʦʞʝʩʪʚ ʠ ʥʝʯʝʪʢʦʡ ʣʦʛʠʢʠ. 
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ʆʎɽʅʂɸ ʕʂʉʇʃʋɸʊɸʎʀʆʅʅʆʁ ʅɸɼɪɾʅʆʉʊʀ ʊʈɸʅʉʌʆʈʄɸʊʆʈʆɺ 

ʕʃɽʂʊʈʆʇʀʊɸʅʀʗ ʕʃɽʂʊʈʆʅʅʆʁ ɸʇʇɸʈɸʊʋʈʓ ʉʀʉʊɽʄ ʊɽʃɽʂʆʄʄʋʅʀʂɸʎʀʁ 
 

1
ʋʯʨʝʞʜʝʥʠʝ ʦʙʨʘʟʦʚʘʥʠʷ çɹʝʣʦʨʫʩʩʢʘʷ ʛʦʩʫʜʘʨʩʪʚʝʥʥʘʷ ʘʢʘʜʝʤʠʷ ʩʚʷʟʠè, ʛ. ʄʠʥʩʢ, ʈʝʩʧʫʙʣʠʢʘ 

ɹʝʣʘʨʫʩʴ 
2
ʋʯʨʝʞʜʝʥʠʝ ʦʙʨʘʟʦʚʘʥʠʷ çɹʝʣʦʨʫʩʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʥʬʦʨʤʘʪʠʢʠ ʠ 

ʨʘʜʠʦʵʣʝʢʪʨʦʥʠʢʠè, ʛ. ʄʠʥʩʢ, ʈʝʩʧʫʙʣʠʢʘ ɹʝʣʘʨʫʩʴ 

 

ʆʮʝʥʢʘ ʥʘʜʸʞʥʦʩʪʠ ʪʨʘʥʩʬʦʨʤʘʪʦʨʦʚ ʵʣʝʢʪʨʦʧʠʪʘʥʠʷ ʵʣʝʢʪʨʦʥʥʦʡ ʘʧʧʘʨʘʪʫʨʳ ʷʚʣʷʝʪʩʷ 

ʘʢʪʫʘʣʴʥʦʡ ʟʘʜʘʯʝʡ ʜʣʷ ʩʠʩʪʝʤ ʪʝʣʝʢʦʤʤʫʥʠʢʘʮʠʡ ʠ ʤʦʞʝʪ ʚʳʧʦʣʥʷʪʴʩʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʦʪʝʯʝʩʪʚʝʥʥʳʭ (ʩʪʨʘʥʳ ʉʅɻ) ʠ ʟʘʨʫʙʝʞʥʳʭ ʪʝʭʥʠʯʝʩʢʠʭ ʩʧʨʘʚʦʯʥʠʢʦʚ ʠ ʩʪʘʥʜʘʨʪʦʚ ʧʦ ʨʘʩʯʸʪʫ 

ʥʘʜʸʞʥʦʩʪʠ ʵʣʝʢʪʨʦʥʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ [1ï4]. ʇʦʣʴʟʫʷʩʴ ʫʢʘʟʘʥʥʳʤʠ ʪʝʭʥʠʯʝʩʢʠʤʠ ʠʩʪʦʯʥʠʢʘʤʠ, 

ʤʦʞʥʦ ʩʧʨʦʛʥʦʟʠʨʦʚʘʪʴ ʦʞʠʜʘʝʤʳʡ ʫʨʦʚʝʥʴ ʥʘʜʸʞʥʦʩʪʠ ʪʨʘʥʩʬʦʨʤʘʪʦʨʦʚ ʵʣʝʢʪʨʦʧʠʪʘʥʠʷ 

ʵʣʝʢʪʨʦʥʥʦʡ ʘʧʧʘʨʘʪʫʨʳ. ʇʨʠ ʵʪʦʤ, ʜʣʷ ʦʜʥʦʛʦ ʠ ʪʦʛʦ ʞʝ ʪʨʘʥʩʬʦʨʤʘʪʦʨʘ ʟʥʘʯʝʥʠʝ 



ʊʝʦʨʠʷ ʩʚʷʟʠ, ʩʝʪʠ ʠ ʩʠʩʪʝʤʳ ʵʣʝʢʪʨʦʩʚʷʟʠ 

ʉʆɺʈɽʄɽʅʅʓɽ ʉʈɽɼʉʊɺɸ ʉɺʗɿʀ ï 2018 

~ 19 ~ 

ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʦʡ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʦʪʢʘʟʦʚ ⱦɻ ʦʢʘʟʳʚʘʝʪʩʷ ʨʘʟʥʳʤ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʠʩʧʦʣʴʟʫʝʤʦʛʦ 

ʩʧʨʘʚʦʯʥʠʢʘ ʠʣʠ ʩʪʘʥʜʘʨʪʘ. ɺʦʟʥʠʢʘʝʪ ʚʦʧʨʦʩ, ʢʘʢʦʡ ʪʝʭʥʠʯʝʩʢʠʡ ʠʩʪʦʯʥʠʢ ʦʙʝʩʧʝʯʠʚʘʝʪ ʧʦʣʫʯʝʥʠʝ 

ʙʦʣʝʝ ʜʦʩʪʦʚʝʨʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ. 

ɼʣʷ ʦʪʚʝʪʘ ʥʘ ʧʦʩʪʘʚʣʝʥʥʳʡ ʚʦʧʨʦʩ ʙʳʣ ʩʜʝʣʘʥ ʘʥʘʣʠʟ ʫʢʘʟʘʥʥʳʭ ʠʩʪʦʯʥʠʢʦʚ. ɺ ʢʘʯʝʩʪʚʝ 

ʢʨʠʪʝʨʠʝʚ, ʧʨʠʥʷʪʳʭ ʚʦ ʚʥʠʤʘʥʠʝ ʜʣʷ ʧʨʠʥʷʪʠʷ ʨʝʰʝʥʠʷ ʦ ʙʦʣʝʝ ʚʳʩʦʢʦʡ ʜʦʩʪʦʚʝʨʥʦʩʪʠ ʦʮʝʥʢʠ 

ʥʘʜʸʞʥʦʩʪʠ, ʠʩʧʦʣʴʟʦʚʘʣʘʩʴ ʧʦʣʥʦʪʘ ʠ ʪʦʯʥʦʩʪʴ ʫʯʸʪʘ ʢʦʥʩʪʨʫʢʪʦʨʩʢʦ-ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ 

ʦʩʦʙʝʥʥʦʩʪʝʡ ʠ ʫʩʣʦʚʠʡ ʨʘʙʦʪʳ ʪʨʘʥʩʬʦʨʤʘʪʦʨʦʚ ʵʣʝʢʪʨʦʧʠʪʘʥʠʷ ʚ ʩʦʩʪʘʚʝ ʵʣʝʢʪʨʦʥʥʳʭ 

ʫʩʪʨʦʡʩʪʚ. 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʘʥʘʣʠʟʘ ʠʤʝʶʱʠʭʩʷ ʤʝʪʦʜʠʢ ʨʘʩʯʸʪʘ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʦʡ ʥʘʜʸʞʥʦʩʪʠ 

ʪʨʘʥʩʬʦʨʤʘʪʦʨʦʚ ʵʣʝʢʪʨʦʧʠʪʘʥʠʷ ʵʣʝʢʪʨʦʥʥʦʡ ʘʧʧʘʨʘʪʫʨʳ ʙʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʚ ʙʦʣʴʰʝʡ ʩʪʝʧʝʥʠ 

ʫʯʸʪ ʫʩʣʦʚʠʡ ʵʢʩʧʣʫʘʪʘʮʠʠ, ʢʦʥʩʪʨʫʢʪʦʨʩʢʦ-ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʠ ʜʨʫʛʠʭ ʦʩʦʙʝʥʥʦʩʪʝʡ 

ʪʨʘʥʩʬʦʨʤʘʪʦʨʦʚ ʵʣʝʢʪʨʦʧʠʪʘʥʠʷ ʦʙʝʩʧʝʯʠʚʘʝʪ ʤʦʜʝʣʴ ʨʘʩʯʸʪʘ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʦʡ ʥʘʜʸʞʥʦʩʪʠ, 

ʚʢʣʶʯʸʥʥʘʷ ʚ ʩʧʨʘʚʦʯʥʠʢ çRDF 2000 : Reliability Data Handbook. A universal model for reliability 

prediction of Electronics components, PCBs and equipmentè [4].  

ʄʘʪʝʤʘʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʢʦʣʠʯʝʩʪʚʝʥʥʦʡ ʦʮʝʥʢʠ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʦʡ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʦʪʢʘʟʦʚ 

ʪʨʘʥʩʬʦʨʤʘʪʦʨʦʚ ⱦɻ ʠʤʝʝʪ ʩʣʝʜʫʶʱʠʡ ʤʘʪʝʤʘʪʠʯʝʩʢʠʡ ʚʠʜ [4]: 
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ʛʜʝ † ï ʚʨʝʤʷ ʨʘʙʦʪʳ ʪʨʘʥʩʬʦʨʤʘʪʦʨʘ ʧʨʠ i-ʤ ʟʥʘʯʝʥʠʠ ʪʝʤʧʝʨʘʪʫʨʳ; 

†  ɀ̏ ̂̆̆̚ ̠̃̑̆̍ ̜̑́̂̏̓ ̓̑́̎̒̏̑̍́̓̏̑́̕Ƞ †  ï ʚʨʝʤʷ ʧʨʦʩʪʦʷ ʪʨʘʥʩʬʦʨʤʘʪʦʨʘ; ȹTi ï ʩʨʝʜʥʝʝ 

ʢʦʣʝʙʘʥʠʝ ʪʝʧʣʦʚʦʛʦ ʠʟʤʝʥʝʥʠʷ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʝ i-ʡ ʬʘʟʝ (ʮʠʢʣʫ) ʠʩʧʦʣʴʟʦʚʘʥʠʷ; “  ï 
ʢʦʵʬʬʠʮʠʝʥʪ, ʫʯʠʪʳʚʘʶʱʠʡ ʛʦʜʦʚʦʝ ʯʠʩʣʦ ʮʠʢʣʦʚ ʪʝʧʣʦʚʦʛʦ ʠʟʤʝʥʝʥʠʷ ʩʦ ʟʥʘʯʝʥʠʝʤ ȹTi; j ï 

ʛʦʜʦʚʦʝ ʯʠʩʣʦ ʮʠʢʣʦʚ ʩ ʪʝʧʣʦʚʳʤ ʠʟʤʝʥʝʥʠʝʤ ȹTi;  “  ï ʢʦʵʬʬʠʮʠʝʥʪ, ʫʯʠʪʳʚʘʶʱʠʡ ʪʝʤʧʝʨʘʪʫʨʫ 

ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʫ  ʁ i-ʡ ʬʘʟʝ (ʮʠʢʣʫ) ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʪʨʘʥʩʬʦʨʤʘʪʦʨʘ, 

ʦʧʨʝʜʝʣʷʝʤʳʡ ʢʘʢ (ʨʠʩʫʥʦʢ 1). 
 

1 1
1740

303 273
,Rt

t ep

å õ
-æ ö

+ç ÷=      (2) 

 

ʛʜʝ tR ï ʪʝʤʧʝʨʘʪʫʨʘ ʪʨʘʥʩʬʦʨʤʘʪʦʨʘ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʘʷ i-ʡ ʬʘʟʝ (ʮʠʢʣʫ) ʝʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ. 

ʈʝʟʫʣʴʪʘʪ ʟʥʘʯʝʥʠʷ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʦʪʢʘʟʦʚ ⱦɻ ʧʦ ʧʨʠʚʝʜʸʥʥʦʡ ʤʦʜʝʣʠ (1) ʙʫʜʝʪ ʧʦʣʫʯʝʥ ʚ 

ʨʘʟʤʝʨʥʦʩʪʠ 1/ʯ. 

 
ʈʠʩʫʥʦʢ 1 ï ɻʨʘʬʠʢ ʟʘʚʠʩʠʤʦʩʪʠ ʢʦʵʬʬʠʮʠʝʥʪʘtpͦͭ ʪʝʤʧʝʨʘʪʫʨʳ ʪʨʘʥʩʬʦʨʤʘʪʦʨʘ 

 

ʉʦʛʣʘʩʥʦ [4], ʟʥʘʯʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ tR ʤʦʜʝʣʠ (2) ʜʦʣʞʥʦ ʦʧʨʝʜʝʣʷʪʴʩʷ ʩ ʫʯʸʪʦʤ ʢʘʢ 

ʪʝʤʧʝʨʘʪʫʨʳ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ, ʪʘʢ ʠ ʪʝʨʷʝʤʦʡ ʚ ʪʨʘʥʩʬʦʨʤʘʪʦʨʝ ʤʦʱʥʦʩʪʠ ʠ ʧʦʚʝʨʭʥʦʩʪʠ 

ʠʟʣʫʯʝʥʠʷ ʠʤ ʪʝʧʣʘ.  

t́ 
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ɺ ʪʝʭʥʠʯʝʩʢʦʤ ʜʦʢʫʤʝʥʪʝ [4] ʠʤʝʶʪʩʷ ʘʥʘʣʠʪʠʯʝʩʢʠʝ ʟʘʚʠʩʠʤʦʩʪʠ, ʧʦʣʫʯʝʥʥʳʝ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ, ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʠ ʜʨʫʛʠʭ ʧʦʧʨʘʚʦʯʥʳʭ ʢʦʵʬʬʠʮʠʝʥʪʦʚ, ʚʭʦʜʷʱʠʭ ʚ 

ʤʘʪʝʤʘʪʠʯʝʩʢʫʶ ʤʦʜʝʣʴ (1). 

ʇʨʠʤʝʥʝʥʠʝ ʤʦʜʝʣʠ (1) ʜʣʷ ʪʨʘʥʩʬʦʨʤʘʪʦʨʦʚ ʵʣʝʢʪʨʦʧʠʪʘʥʠʷ ʵʣʝʢʪʨʦʥʥʦʡ ʘʧʧʘʨʘʪʫʨʳ 

ʦʙʝʩʧʝʯʠʚʘʝʪ ʧʦʣʫʯʝʥʠʝ ʨʝʟʫʣʴʪʘʪʦʚ ʨʘʩʯʸʪʘ, ʣʫʯʰʝ ʧʦʜʪʚʝʨʞʜʘʝʤʳʭ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʤʠ ʜʘʥʥʳʤʠ 

ʦ ʥʘʜʸʞʥʦʩʪʠ, ʧʦʣʫʯʝʥʥʳʤʠ ʠʟ ʦʧʳʪʘ ʵʢʩʧʣʫʘʪʘʮʠʠ ʵʣʝʢʪʨʦʥʥʦʡ ʘʧʧʘʨʘʪʫʨʳ.  
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Mathematical models of the communication services management system will allow to conduct a 

comprehensive study of the quality of communication services in the new generation telecommunication 

networks (NGN), at the same time to apply efficient technological procedures aimed at managing the quality 

of the provided communication services. 

The basic functions supported by the quality management system of communication services are fully 

defined in the "Scheme of telecommunication activities" (Telecom Operations Map) developed by the 

TeleManagement Forum. 

The main random variables characterizing the given system are [1, 2]:  

Á period of busyness  ὸ;  

Á number of requirements in the system –ὸ;  

Á waiting time and residence time ὡ ȟὠ. 

 ὸ ὖ  ὸ  ï  the function of distribution (FD) of a random variable  ὸ, “ή its Laplace-

Stieltjes transform (LSP). Let it be `ὸ  ‚ ὸ  ï FD time of service ‚. 
Let it be –ὸ ï number of requirements in the system ῼȿὋȿρȿÐ  at the time ὸ. 
It is obvious that the process –ὸ ï is piecewise-constant and 

ὖ ὸ ὖ–ὸ ὲ ȟὲ π ȟρ ȟȣ ; 

ὖ ὼȟὸὨὼ ὖ–ὸ ὲ ȟ‚ὸᶰὼȠὼ Ὠὼ . 

Using the theory of half-marking processes, it is easy to prove that, in the case ”  ‌‍ ρ ʧʨʠ 
ὸO Ðȟ ὖ ὼȟὸᴼὖ ὼ  and the generating function of the number of requirements 

ὖᾀ  ὖὤ  

We define the period of the system's busyness and the moments of the stationary waiting time and stay 

of the requirements in the system, taking into account that each requirement is characterized by a random 

volume, and its maintenance time depends only on its volume. 

It is easy to show that the full period of busyness consists of the time of servicing the first requirement 

that opens this period, and the total duration of the periods of busyness of requirements received in the 

system at the time of servicing the first call. Using the method of introducing an additional event, it is easy to 

derive a relation for calculating the function  ́(q) [2]: 

“ή  ‍ή ‌  ‌“ή ,                                                                (1) 

where ‌ ï input parameter. 

In the case ɟ <1, using the differentiation of both sides of equation (1), we can find the moments of the 

random variable Ʉ (t). In particular, for the first two moments we find: 
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“ Ὁ   “ ‛  Ƞ  

                                                         “  ῴ  “ͼ‛                                                        (2) 

where  ‍ ῴ”  -  second time of service. 

The distribution of the waiting time and the time of stay of the requirements in the system obviously 

depends on the discipline of the service. 

We introduce the corresponding distribution functions: 

ὡ ὸ  ὡ ὸ ȟὠ ὸ  ὠ ὸ Ȣ 
          In the case ɟ <1, there are limits: 

ὡ ὸ ÌÉÍO ὡ ὸȟὠὸ ÌÉÍO ὠ ὸ, which are the FD of the random variables W and V.   

Obviously, for the queuing system being analyzed (QSA), we have ὠ ὡ ‚ , where  ‚ - service 

time of   ὲ - requirement. 

We enter the PLS of the random variables ὡὲ and ὠὲ: 

ὡ ή Ὡ Ὠὡ ὸȟὠ ή Ὡ Ὠὠ ὸ 

 

Taking into account the properties of the LSP, we obtain: 

ὠ ή ὡ ή‍ή, where ‍ή - LSP of the service time of a random variable is  ‚. 
Then, using [2], we can obtain expressions for the first two moments of the stationary waiting time: 

 

                                                     ὡ ῴὡ  ;                                                               (3) 

ὡ Ὁὡ  ,                                                       (4) 

where ‍ and ‍ ï is second and third times of service. 

Moments of a stationary stay is: 

ὠ ɞὠ ὡ ‍ ; 

ὠ ɞὠ ὡ ‍ ςὡ‍ . 

Messages or requirements have different information capacity, or, otherwise, different volume and 

length. The volume of requirements, which is a random variable, is denoted by ɔ. The FD of a random 

variable ɔ is denoted by ὒὼ ὖ‎ ὼ. 

We believe that ů (t) is the total sum of the volumes of requirements that are in the system at time t, and 

that the volumes of different requirements are independent. 

We expect that the requirement is characterized by some random number of signs, that is, its volume ɔ 

takes positive integer values. Then the probability of 

ή ὖ‎ Ὧ ȟὯ ρȟςȟȣȟ ή ρ 

The generating function (GF) of the number of signs of the requirement: 

ὗᾀ ήὤȟȿᾀȿ ρ 

In this case Q ^ (z) is the average number of signs in the demand or its average volume, and each sign is 

served during the functional time t. We also assume that the distribution of the servicing time ɗ of the sign is 

given by an arbitrary GF ɽ (t), Ů (q) is the PLS of the distribution function E (t), Ů_1 = -Ů ^ '(ɞ) - the first 

moment of the sign maintenance time. 

In this case ὗ ᾀ ï is the average number of signs in the demand, or its average volume, and each sign 

is served during the functional time ὸ. We also believe that the distribution of the servicing time — of the sign 

is given by an arbitrary ˒ὸ, ‐ ή ï is the LSP of the distribution function of ˒ὸ, ‐ ‐‛ ï the first 

moment of the sign maintenance time. 

We will use the QMS model of ῼȿὋȿρȿЊ with group receipt of requirements, identifying in this case the 

total volume of requirements, in a stationary mode of  , with the number of characters in the system. The 

stationary mode for this SMO exists when condition is  ” ‌‐ὗ ρ ρ . 
Then the GF of the random variable ů has the form [2]: 

Ὑᾀ Ὁᾀ  .                                                     (5) 
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Using formula (5), we can determine any characteristics of a random variable: 

1. The characteristics of the service management system (SMS) are obtained under the condition of an 

occasional volume of requirements entering the system in cases when the maintenance time does not depend 

on the volume of the requirement and when the maintenance time depends only on the volume of the 

requirement. 

2. The number of requirements in SMS is a special case of the total volume, if the total volume is not 

limited. For QMS without losses with dependent volume and service time requirements, an almost important 

task is to determine at least the first two moments of the total volume. 
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ʄʆɼɽʃʀʈʆɺɸʅʀɽ ɺʆʃʅʆɺʆɻʆ ʇʈʆʎɽʉʉɸ ɺ ʆɼʅʆʈʆɼʅʆʁ ʃʀʅʀʀ ʉ 

ʉʆʉʈɽɼʆʊʆʏɽʅʅʓʍ ʕʃɽʄɽʅʊʆɺ 

 
1
ɸʟʝʨʙʘʡʜʞʘʥʩʢʠʡ ʊʝʭʥʠʯʝʩʢʠʡ ʋʥʠʚʝʨʩʠʪʝʪ, ʛ. ɹʘʢʫ, ɸʟʝʨʙʘʡʜʞʘʥ 

 

ɺ ʨʘʙʦʪʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʧʝʨʝʭʦʜʥʳʝ ʧʨʦʮʝʩʩʳ ʚ ʦʜʥʦʨʦʜʥʦʡ ʣʠʥʠʠ, ʩʦʜʝʨʞʘʱʝʡ ʥʘ ʛʨʘʥʠʮʘʭ 

ʵʣʝʤʝʥʪʳ, ʚ ʚʠʜʝ ʩʭʝʤ ʧʨʦʠʟʚʦʣʴʥʦʡ ʩʣʦʞʥʦʩʪʠ ʠ ʧʦʢʘʟʘʥ ʩʧʦʩʦʙ ʧʦʣʫʯʝʥʠʷ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ 

ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʤʦʜʝʣʝʡ ʚ ʚʠʜʝ ʠʥʪʝʛʨʘʣʴʥʳʭ ʫʨʘʚʥʝʥʠʡ. 

ʇʨʝʜʣʦʞʝʥʥʘʷ ʤʘʪʝʤʘʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʧʨʠʤʝʥʠʤʘ ʠ ʢ ʠʩʩʣʝʜʦʚʘʥʠʶ ʚʦʣʥʦʚʳʭ ʧʨʦʮʝʩʩʦʚ ʚ 

ʜʣʠʥʥʦʡ ʣʠʥʠʠ ʧʨʠ ʛʨʘʥʠʯʥʳʭ ʫʩʣʦʚʠʷʭ, ʢʦʪʦʨʳʝ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʨʘʩʧʦʣʦʞʝʥʠʶ ʥʘ ʢʦʥʮʘʭ ʣʠʥʠʠ 

ʮʝʧʝʡ n -ʛʦ ʧʦʨʷʜʢʘ ʩ ʩʦʩʨʝʜʦʪʦʯʝʥʥʳʤʠ ʵʣʝʤʝʥʪʘʤʠ ʠ ʩ ʫʯʝʪʦʤ ʧʦʪʝʨʴ. 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʫʩʪʦʡʯʠʚʦʩʪʠ ʧʨʠ ʵʪʦʤ ʩʚʦʜʠʪʩʷ ʢ ʠʟʫʯʝʥʠʶ ʨʘʩʧʦʣʦʞʝʥʠʷ ʧʦʣʶʩʦʚ 

ʨʝʟʦʣʴʚʝʪʥʦʛʦ ʷʜʨʘ ʧʦʣʫʯʝʥʥʦʛʦ ʠʥʪʝʛʨʘʣʴʥʦʛʦ ʫʨʘʚʥʝʥʠʷ. 

ʀʩʩʣʝʜʦʚʘʥ ʧʝʨʝʭʦʜʥʦʡ ʧʨʦʮʝʩʩ ʚ ʣʠʥʠʠ, ʧʨʠ ʛʨʘʥʠʯʥʳʭ ʫʩʣʦʚʠʷʭ ʨʘʟʣʠʯʥʦʡ ʩʣʦʞʥʦʩʪʠ. 

ʅʘʧʨʷʞʝʥʠʷ ʠ ʪʦʢʠ ʚ ʧʨʦʠʟʚʦʣʴʥʦʡ ʪʦʯʢʝ ʣʠʥʠʡ, ʩʦʛʣʘʩʥʦ ʧʦʜʭʦʜʫ ɼʘʣʘʤʙʝʨʘ ʤʦʞʥʦ ʧʨʝʜʩʪʘʚʠʪʴ ʚ 

ʚʠʜʝ ʘʣʛʝʙʨʘʠʯʝʩʢʦʡ ʩʫʤʤʳ ʧʘʜʘʶʱʠʭ ʠ ʦʪʨʘʞʝʥʥʳʭ ʚʦʣʥ. ɼʣʷ ʢʘʞʜʦʛʦ ʠʟ ʫʢʘʟʘʥʥʳʭ ʪʠʧʦʚ ʚʦʣʥ 

ʧʦʣʫʯʝʥʳ ʨʝʢʫʨʨʝʥʪʥʳʝ ʩʦʦʪʥʦʰʝʥʠʷ, ʢ ʢʦʪʦʨʳʤ ʧʨʠʤʝʥʷʝʪʩʷ ʜʠʩʢʨʝʪʥʦʝ ʧʨʝʦʙʨʘʟʦʚʘʥʠʝ ʃʘʧʣʘʩʘ 

[1,2,3,5].  

ɺ ʨʝʟʫʣʴʪʘʪʝ, ʚ ʦʙʣʘʩʪʠ ʠʟʦʙʨʘʞʝʥʠʡ ʬʦʨʤʠʨʫʝʪʩʷ ʠʥʪʝʛʨʘʣʴʥʦʝ ʫʨʘʚʥʝʥʠʝ. ʗʜʨʦ ʧʦʣʫʯʝʥʥʦʛʦ 

ʠʥʪʝʛʨʘʣʴʥʦʛʦ ʫʨʘʚʥʝʥʠʷ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʩʫʤʤʫ ʷʜʝʨ ɺʦʣʴʪʝʨʦʚʩʢʦʛʦ ʠ ʌʨʝʜʛʦʣʴʤʦʚʩʢʦʛʦ ʪʠʧʘ 

[6,7]. ʗʜʨʦ ʞʝ ʌʨʝʜʛʦʣʴʤʦʚʩʢʦʛʦ ʪʠʧʘ ʧʨʠʙʣʠʞʝʥʥʦ ʤʦʞʥʦ ʧʨʝʜʩʪʘʚʠʪʴ ʚ ʚʠʜʝ ʢʦʥʝʯʥʦʡ ʩʫʤʤʳ 

ʚʳʨʦʞʜʝʥʥʳʭ ʷʜʝʨ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʯʝʛʦ, ʠʥʪʝʛʨʘʣʴʥʦʝ ʫʨʘʚʥʝʥʠʝ ʩʚʦʜʠʪʩʷ ʢ ʩʠʩʪʝʤʝ ʘʣʛʝʙʨʘʠʯʝʩʢʠʭ 

ʫʨʘʚʥʝʥʠʡ. 

ʂ ʧʨʝʠʤʫʱʝʩʪʚʘʤ ʧʦʣʫʯʝʥʥʳʭ ʤʦʜʝʣʝʡ ʦʪʥʦʩʠʪʴʩʷ ʪʦ, ʯʪʦ ʦʥʠ ʚ ʢʦʤʧʘʢʪʥʦʤ ʚʠʜʝ ʧʦʟʚʦʣʷʶʪ 

ʧʨʦʚʝʩʪʠ ʠʩʩʣʝʜʦʚʘʥʠʷ ʪʘʢʠʭ ʩʚʦʡʩʪʚ ʩʚʦʠʭ ʧʨʦʪʦʪʠʧʦʚ ʢʘʢ, ʥʘʧʨʠʤʝʨ, ʫʩʪʦʡʯʠʚʦʩʪʴ, ʘ ʪʘʢʞʝ 

ʯʠʩʣʝʥʥʳʡ ʨʘʩʯʝʪ ʠʤʝʶʱʠʭ ʚ ʥʠʭ ʤʝʩʪʦʚʦʣʥʦʚʳʭ ʧʨʦʮʝʩʩʦʚ. ʏʪʦʙʳ ʥʝ ʟʘʛʨʦʤʦʞʜʘʪʴ 

ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʚʳʢʣʘʜʦʢ ʚ ʜʘʣʴʥʝʡʰʝʤ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʣʠʥʠʠ ʙʝʟ ʧʦʪʝʨʴ, ʭʦʪʷ ʘʥʘʣʦʛʠʯʥʳʝ 

ʨʝʟʫʣʴʪʘʪʳ ʤʦʞʥʦ ʧʦʣʫʯʠʪʴ ʠ ʜʣʷ ʣʠʥʠʠ ʩ ʫʯʝʪʦʤ ʧʦʪʝʨʴ [4]. 

ʇʨʝʜʣʦʞʝʥʥʘʷ ʤʘʪʝʤʘʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʧʨʠʤʝʥʠʤʘ ʠ ʢ ʠʩʩʣʝʜʦʚʘʥʠʶ ʚʦʣʥʦʚʳʭ ʧʨʦʮʝʩʩʦʚ ʚ 

ʜʣʠʥʥʦʡ ʣʠʥʠʠ ʧʨʠ ʛʨʘʥʠʯʥʳʭ ʫʩʣʦʚʠʷʭ, ʢʦʪʦʨʳʝ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʨʘʩʧʦʣʦʞʝʥʠʶ ʥʘ ʢʦʥʮʘʭ ʣʠʥʠʠ 

ʮʝʧʝʡ n -ʛʦ ʧʦʨʷʜʢʘ ʩ ʩʦʩʨʝʜʦʪʦʯʝʥʥʳʤʠ ʵʣʝʤʝʥʪʘʤʠ ʠ ʩ ʫʯʝʪʦʤ ʧʦʪʝʨʴ. 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʫʩʪʦʡʯʠʚʦʩʪʠ ʧʨʠ ʵʪʦʤ ʩʚʦʜʠʪʩʷ ʢ ʠʟʫʯʝʥʠʶ ʨʘʩʧʦʣʦʞʝʥʠʷ ʧʦʣʶʩʦʚ 

ʨʝʟʦʣʴʚʝʪʥʦʛʦ ʷʜʨʘ ʧʦʣʫʯʝʥʥʦʛʦ ʠʥʪʝʛʨʘʣʴʥʦʛʦ ʫʨʘʚʥʝʥʠʷ. 
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ʀʉʉʃɽɼʆɺɸʅʀɽ ʇʈʀʏʀʅ ɺʆɿʅʀʂʅʆɺɽʅʀʗ ɸɺɸʈʀʁʅʓʍ ʉʀʊʋɸʎʀʁ ʆʇɽʈɸʊʆʈʆɺ 

ʉʆʊʆɺʆʁ ʉɺʗɿʀ ɺ ʋʂʈɸʀʅɽ 

 
1
ʅʘʮʠʦʥʘʣʴʥʳʡ ʘʚʠʘʮʠʦʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ, ʛ. ʂʠʝʚ, ʋʢʨʘʠʥʘ 

 

ʅʘ ʩʦʚʨʝʤʝʥʥʦʤ ʵʪʘʧʝ ʨʘʟʚʠʪʠʷ ʦʙʱʝʩʪʚʘ ʠʥʬʦʨʤʘʮʠʦʥʥʳʝ ʠ ʪʝʣʝʢʦʤʤʫʥʠʢʘʮʠʦʥʥʳʝ 

ʪʝʭʥʦʣʦʛʠʠ ʩʪʘʥʦʚʷʪʩʷ ʦʩʥʦʚʥʳʤʠ ʬʘʢʪʦʨʘʤʠ ʨʘʟʚʠʪʠʷ ʤʠʨʦʚʦʡ ʵʢʦʥʦʤʠʢʠ. ʉʝʡʯʘʩ ʠʜʝʪ ʧʨʦʮʝʩʩ 

ʩʪʨʝʤʠʪʝʣʴʥʦʛʦ ʨʦʩʪʘ ʧʦʪʨʝʙʥʦʩʪʝʡ ʧʦʣʴʟʦʚʘʪʝʣʝʡ ʚ ʧʨʝʜʦʩʪʘʚʣʝʥʠʠ ʠʥʬʦʢʦʤʤʫʥʠʢʘʮʠʦʥʥʳʭ ʫʩʣʫʛ, 

ʧʨʠʯʝʤ ʥʝʟʘʚʠʩʠʤʦ ʦʪ ʩʧʦʩʦʙʦʚ ʘʙʦʥʝʥʪʩʢʦʛʦ ʜʦʩʪʫʧʘ. ɿʘ ʧʦʩʣʝʜʥʝʝ ʚʨʝʤʷ ʵʪʦ ʚʳʟʚʘʣʦ ʧʨʦʮʝʩʩ 

ʢʦʥʚʝʨʛʝʥʮʠʠ ʪʝʣʝʢʦʤʤʫʥʠʢʘʮʠʦʥʥʳʭ ʠ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʩʝʪʝʡ, ʧʦʩʪʨʦʝʥʥʳʭ ʧʦ ʨʘʟʥʳʤ 

ʧʨʠʥʮʠʧʘʤ. ʇʦʷʚʣʝʥʠʝ ʥʦʚʳʭ ʪʝʭʥʦʣʦʛʠʡ - ʵʪʦ ʰʘʛ ʢ ʩʦʟʜʘʥʠʶ ʝʜʠʥʦʛʦ ʠʥʬʦʨʤʘʮʠʦʥʥʦʛʦ ʦʙʱʝʩʪʚʘ, 

ʛʜʝ ʛʝʦʛʨʘʬʠʯʝʩʢʠʝ ʛʨʘʥʠʮʳ ʪʝʨʷʶʪ ʩʚʦʡ ʵʢʦʥʦʤʠʯʝʩʢʠʡ ʩʤʳʩʣ. 

ɺ ʥʘʰʝ ʚʨʝʤʷ ʚ ʢʘʯʝʩʪʚʝ ʩʣʦʞʥʳʭ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʩʝʪʝʡ ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ 

ʩʦʚʨʝʤʝʥʥʳʝ ʠ ʧʝʨʩʧʝʢʪʠʚʥʳʝ ʩʝʪʠ 4 ʧʦʢʦʣʝʥʠʷ (4G), ʢʦʪʦʨʳʝ ʷʚʣʷʶʪʩʷ ʙʝʩʧʨʦʚʦʜʥʳʤʠ, 

ʜʠʥʘʤʠʯʥʳʤʠ ʠ ʩʘʤʦʦʨʛʘʥʠʟʫʶʱʠʤʠʩʷ. ʈʘʙʦʪʘ ʩʣʦʞʥʳʭ ʩʠʩʪʝʤ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʩʚʷʟʘʥʘ ʩ 

ʦʧʝʨʠʨʦʚʘʥʠʝʤ ʙʦʣʴʰʠʤ ʢʦʣʠʯʝʩʪʚʦʤ ʜʘʥʥʳʭ [1]. ʋʩʣʦʚʠʝʤ ʫʩʧʝʰʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ ʩʣʦʞʥʦʡ 

ʩʠʩʪʝʤʦʡ ʷʚʣʷʝʪʩʷ ʧʨʠʥʷʪʠʝ ʚʝʨʥʳʭ ʨʝʰʝʥʠʡ ʧʦ ʝʝ ʜʘʣʴʥʝʡʰʝʤʫ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʶ ʠ ʨʘʟʚʠʪʠʶ. 

ʆʧʝʨʘʪʦʨʳ ʜʦʣʞʥʳ ʧʦʤʥʠʪʴ ʦ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʦʙʝʩʧʝʯʝʥʠʷ ʟʘʜʘʥʥʳʭ ʧʦʢʘʟʘʪʝʣʝʡ ʢʘʯʝʩʪʚʘ 

ʦʙʩʣʫʞʠʚʘʥʠʷ. ʉʦʙʨʘʥʥʳʝ ʩʚʝʜʝʥʠʷ ʥʝʦʙʭʦʜʠʤʦ ʦʧʨʝʜʝʣʝʥʥʳʤ ʦʙʨʘʟʦʤ ʭʨʘʥʠʪʴ, ʧʦʣʫʯʘʪʴ ʥʘ ʠʭ 

ʦʩʥʦʚʝ ʥʘʛʣʷʜʥʳʝ ʨʝʟʫʣʴʪʘʪʳ, ʘ ʪʘʢʞʝ ʦʙʨʘʙʘʪʳʚʘʪʴ ʨʘʟʣʠʯʥʫʶ ʠʥʬʦʨʤʘʮʠʶ ʦ ʩʦʩʪʦʷʥʠʠ ʩʠʩʪʝʤ. 

ʊʘʢʠʤʠ ʩʠʩʪʝʤʘʤʠ ʷʚʣʷʶʪʩʷ ʩʦʪʦʚʳʝ ʩʝʪʠ ʦʧʝʨʘʪʦʨʘ ʩʚʷʟʠ, ʚ ʨʘʙʦʪʝ ʢʦʪʦʨʳʭ ʩʣʦʞʥʦʩʪʴ ʧʨʝʜʩʪʘʚʣʷʝʪ 

ʩʙʦʨ ʠʥʬʦʨʤʘʮʠʠ ʦ ʩʦʩʪʦʷʥʠʠ ʵʢʩʧʣʫʘʪʠʨʫʝʤʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ, ʚ ʪʦʤ ʯʠʩʣʝ ʠ ʙʘʟʦʚʳʭ ʩʪʘʥʮʠʡ. 

ʆʜʥʘʢʦ ʤʦʙʠʣʴʥʳʝ ʩʝʪʠ ʩʚʷʟʠ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʟʘʥʠʤʘʶʪ ʜʦʤʠʥʠʨʫʶʱʝʝ ʧʦʣʦʞʝʥʠʝ ʥʘ ʨʳʥʢʝ 

ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ. ʊʨʫʜʥʦʩʪʠ ʧʨʠ ʩʙʦʨʝ ʠʥʬʦʨʤʘʮʠʠ ʦ ʩʦʩʪʦʷʥʠʠ ʙʘʟʦʚʳʭ ʩʪʘʥʮʠʡ ʦʧʨʝʜʝʣʷʶʪʩʷ 

ʤʥʦʞʝʩʪʚʦʤ ʬʘʢʪʦʨʦʚ, ʚʣʠʷʶʱʠʭ ʥʘ ʠʭ ʩʦʩʪʦʷʥʠʝ, ʥʝʩʦʚʝʨʰʝʥʩʪʚʦ ʧʨʦʮʝʩʩʦʚ ʧʦʣʫʯʝʥʠʷ ʠ 

ʦʙʨʘʙʦʪʢʠ ʧʦʣʫʯʝʥʥʳʭ ʩʚʝʜʝʥʠʡ. ɺʩʝ ʵʪʦ ʧʨʠʚʦʜʠʪ ʢ ʩʥʠʞʝʥʠʶ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʫʧʨʘʚʣʝʥʠʷ 

ʦʙʦʨʫʜʦʚʘʥʠʝʤ ʠ ʢ ʧʨʠʥʷʪʠʶ ʥʝʧʨʘʚʠʣʴʥʳʭ ʨʝʰʝʥʠʡ ʧʦ ʨʘʟʚʠʪʠʶ ʚʩʝʡ ʩʝʪʠ ʚ ʮʝʣʦʤ. 

ʄʘʢʩʠʤʘʣʴʥʦʝ ʫʜʦʚʣʝʪʚʦʨʝʥʠʝ ʩʧʨʦʩʘ ʧʦʪʨʝʙʠʪʝʣʝʡ ʥʘ ʪʝʣʝʢʦʤʤʫʥʠʢʘʮʠʦʥʥʳʝ ʫʩʣʫʛʠ, 

ʫʚʝʣʠʯʝʥʠʝ ʦʙʲʝʤʦʚ ʫʩʣʫʛ ʠ ʧʦʚʳʰʝʥʠʝ ʠʭ ʢʘʯʝʩʪʚʘ ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ ʥʘʧʨʘʚʣʝʥʠʡ 

ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʚ ʩʬʝʨʝ ʪʝʣʝʢʦʤʤʫʥʠʢʘʮʠʡ. ʆʜʥʦʚʨʝʤʝʥʥʦ ʟʘʢʦʥʦʜʘʪʝʣʴʩʪʚʦʤ 

ʦʧʨʝʜʝʣʝʥʦ, ʯʪʦ ʦʧʝʨʘʪʦʨʳ ʪʝʣʝʢʦʤʤʫʥʠʢʘʮʠʡ ʦʙʷʟʘʥʳ ʧʨʝʜʦʩʪʘʚʣʷʪʴ ʪʝʣʝʢʦʤʤʫʥʠʢʘʮʠʦʥʥʳʝ 

ʫʩʣʫʛʠ ʧʦ ʫʩʪʘʥʦʚʣʝʥʥʳʤ ʧʦʢʘʟʘʪʝʣʷʤ ʢʘʯʝʩʪʚʘ. 

ʆʜʥʘʢʦ ʚ ʨʝʘʣʴʥʦʡ ʞʠʟʥʠ ʥʝ ʚʩʝʛʜʘ ʧʨʦʠʩʭʦʜʠʪ ʢʘʯʝʩʪʚʝʥʥʦʝ ʠ ʙʝʩʧʝʨʝʙʦʡʥʦʝ ʧʨʝʜʦʩʪʘʚʣʝʥʠʝ 

ʪʝʣʝʢʦʤʤʫʥʠʢʘʮʠʦʥʥʳʭ ʫʩʣʫʛ ʧʦʣʴʟʦʚʘʪʝʣʷʤ. ʅʝʨʝʜʢʦ ʘʙʦʥʝʥʪʳ ʩʪʘʣʢʠʚʘʶʪʩʷ ʩ ʩʠʪʫʘʮʠʝʡ, ʢʦʛʜʘ 

ʙʘʟʦʚʳʡ ʬʫʥʢʮʠʦʥʘʣ ʜʘʝʪ ʩʙʦʠ. ɺ ʯʘʩʪʥʦʩʪʠ, ʪʝʣʝʬʦʥ ʧʝʨʝʩʪʘʝʪ ʧʨʠʥʠʤʘʪʴ ʟʚʦʥʢʠ. ʇʨʦʙʣʝʤʘ ʤʦʞʝʪ 

ʢʦʩʥʫʪʴʩʷ ʢʣʠʝʥʪʘ ʘʙʩʦʣʶʪʥʦ ʣʶʙʦʛʦ ʧʨʦʚʘʡʜʝʨʘ -Vodafone, Lifecell, Kyivstar ʠ ʜʨ. ʉʫʪʴ ʧʨʦʙʣʝʤʳ 

ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʪʦʤ, ʯʪʦ ʧʦʪʝʥʮʠʘʣʴʥʳʡ ʩʦʙʝʩʝʜʥʠʢ, ʦʩʫʱʝʩʪʚʣʷʷ ʚʳʟʦʚ, ʧʦʣʫʯʘʝʪ ʩʠʛʥʘʣ ʟʘʥʷʪʦʡ 

ʣʠʥʠʠ (ʢʦʨʦʪʢʠʝ ʛʫʜʢʠ) ʠʣʠ ʩʦʦʙʱʝʥʠʝ ʦʪ ʦʧʝʨʘʪʦʨʘ, ʯʪʦ çʘʙʦʥʝʥʪ ʥʝʜʦʩʪʫʧʝʥè. 

ʇʨʠʯʠʥʦʡ ʵʪʦʛʦ ʤʦʛʫʪ ʙʳʪʴ ʨʘʟʣʠʯʥʳʝ ʩʙʦʠ ʠ ʥʘʨʫʰʝʥʠʷ ʚ ʩʝʪʷʭ ʩʚʷʟʠ ʩʦʪʦʚʳʭ ʦʧʝʨʘʪʦʨʦʚ. 

ʄʦʞʥʦ ʧʨʠʚʝʩʪʠ ʥʝʢʦʪʦʨʳʝ ʧʨʠʤʝʨʳ: 

ʅʘʧʨʠʤʝʨ, ʩʣʫʯʘʡ, ʢʦʪʦʨʳʡ ʧʨʦʠʟʦʰʝʣ 25 ʷʥʚʘʨʷ 2013 ʚ ʨʝʟʫʣʴʪʘʪʝ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʦʰʠʙʢʠ 

ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ ʦʜʥʦʛʦ ʠʟ ʤʘʨʰʨʫʪʠʟʘʪʦʨʦʚ, ʧʨʦʠʟʦʰʝʣ ʪʝʭʥʠʯʝʩʢʠʡ ʩʙʦʡ ʚ ʨʘʙʦʪʝ 

ʦʙʦʨʫʜʦʚʘʥʠʷ ʩʝʪʠ ʂʠʝʚʩʪʘʨ, ʢʦʪʦʨʳʡ ʦʪʨʘʟʠʣʩʷ ʥʘ ʩʪʘʙʠʣʴʥʦʩʪʠ ʧʨʝʜʦʩʪʘʚʣʝʥʠʷ ʫʩʣʫʛ ʛʦʣʦʩʦʚʦʡ 

ʪʝʣʝʬʦʥʠʠ, SMS ʠ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ ʜʣʷ ʯʘʩʪʠ ʧʦʣʴʟʦʚʘʪʝʣʝʡ. ʉʚʷʟʠ ʥʝ ʙʳʣʦ 40 ʤʠʥʫʪ. [2] 

ʊʘʢʞʝ ʫ ʵʪʦʛʦ ʦʧʝʨʘʪʦʨʘ ʝʱʝ ʙʳʣʠ ʩʣʫʯʘʠ ʥʘʨʫʰʝʥʠʡ ʚ ʩʝʪʠ. ʊʘʢ, 18 ʠʶʣʷ 2013 ʚʦʟʥʠʢʣʠ 

ʧʨʦʙʣʝʤʳ ʩʦ ʩʚʷʟʴʶ ʠʟ-ʟʘ ʩʙʦʷ ʚ ʧʨʦʛʨʘʤʤʥʦʤ ʦʙʝʩʧʝʯʝʥʠʠ IP ʩʝʪʠ, ʩʠʣʴʥʦ ʩʢʘʟʘʣʩʷ ʥʘ ʨʘʙʦʪʝ 

ʩʠʩʪʝʤ, ʦʙʩʣʫʞʠʚʘʶʱʠʭ ʤʦʙʠʣʴʥʳʡ ʩʝʛʤʝʥʪ. [3] 

3 ʤʘʨʪʘ 2016 ʧʨʦʠʟʦʰʝʣ ʦʙʨʳʚ ʦʧʪʦʚʦʣʦʢʦʥʥʦʡ ʣʠʥʠʠ ʩʦʪʦʚʦʛʦ ʦʧʝʨʘʪʦʨʘ çʄʊʉ ʋʢʨʘʠʥʘè [4] 

.ʏʝʨʝʟ ʵʪʦ, ʚ ʙʦʣʴʰʠʥʩʪʚʝ ʢʣʠʝʥʪʦʚ ʚʦʟʥʠʢʘʣʠ ʪʨʫʜʥʦʩʪʠ ʩ ʫʩʣʫʛʘʤ ʤʦʙʠʣʴʥʦʡ ʩʚʷʟʠ ʚ ʪʝʯʝʥʠʝ ʜʥʷ. 



ʊʝʦʨʠʷ ʩʚʷʟʠ, ʩʝʪʠ ʠ ʩʠʩʪʝʤʳ ʵʣʝʢʪʨʦʩʚʷʟʠ 
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ʅʘ ʚʨʝʤʝʥʥʦ ʥʝʧʦʜʢʦʥʪʨʦʣʴʥʦʡ ʯʘʩʪʠ ɼʦʥʝʮʢʦʡ ʦʙʣʘʩʪʠ 22 ʬʝʚʨʘʣʷ 2017 ʦʪʩʫʪʩʪʚʦʚʘʣʘ ʩʚʷʟʴ 

ʤʦʙʠʣʴʥʦʛʦ ʦʧʝʨʘʪʦʨʘ çLifecellè. ʇʨʝʜʩʪʘʚʠʪʝʣʠ ʢʦʤʧʘʥʠʠ ʤʦʙʠʣʴʥʦʛʦ ʦʧʝʨʘʪʦʨʘ çLifecellè ʟʘʷʚʠʣʠ, 

ʯʪʦ ʧʝʨʝʙʦʠ ʚ ʨʘʙʦʪʝ ʤʦʙʠʣʴʥʦʡ ʩʚʷʟʠ ʧʦʷʚʠʣʠʩʴ ʠʟ-ʟʘ ʧʦʚʨʝʞʜʝʥʠʷ ʦʙʦʨʫʜʦʚʘʥʠʷ ʨʘʜʠʦʩʝʪʠ. [5]. 

ʇʦʵʪʦʤʫ, ʩʦʛʣʘʩʥʦ ʧʨʦʚʝʜʝʥʥʦʤʫ ʘʥʘʣʠʟʫ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʠ ʩʦʪʦʚʳʭ ʦʧʝʨʘʪʦʨʦʚ, ʤʦʞʥʦ 

ʩʢʘʟʘʪʴ, ʯʪʦ ʥʝ ʚʩʝʛʜʘ ʩʦʪʦʚʳʝ ʦʧʝʨʘʪʦʨʳ ʧʨʝʜʦʩʪʘʚʣʷʶʪ ʚʳʩʦʢʦʝ ʢʘʯʝʩʪʚʦ ʩʚʷʟʠ. ʆʜʥʠʤ ʠʟ 

ʢʣʶʯʝʚʳʭ ʥʘʧʨʘʚʣʝʥʠʡ ʨʘʟʚʠʪʠʷ ʪʝʣʝʢʦʤʤʫʥʠʢʘʮʠʡ ʷʚʣʷʝʪʩʷ ʫʣʫʯʰʝʥʠʝ ʢʘʯʝʩʪʚʘ ʫʩʣʫʛ ʩʦʪʦʚʦʡ 

ʩʚʷʟʠ. ɼʝʷʪʝʣʴʥʦʩʪʴ ʩʦʪʦʚʳʭ ʦʧʝʨʘʪʦʨʦʚ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʚ ʢʦʥʢʫʨʝʥʪʥʦʡ ʨʳʥʦʯʥʦʡ ʩʨʝʜʝ, ʘ 

ʢʦʥʢʫʨʝʥʪʥʳʝ ʧʨʝʠʤʫʱʝʩʪʚʘ ʦʧʝʨʘʪʦʨʦʚ ʩʚʷʟʠ ʜʦʩʪʠʛʘʶʪʩʷ ʥʝ ʪʦʣʴʢʦ ʙʣʘʛʦʜʘʨʷ ʚʥʝʜʨʝʥʠʶ ʩʘʤʳʭ 

ʧʝʨʝʜʦʚʳʭ ʪʝʭʥʠʯʝʩʢʠʭ ʩʨʝʜʩʪʚ ʧʝʨʝʜʘʯʠ ʠ ʢʦʤʤʫʪʘʮʠʠ, ʥʦ ʠ ʧʫʪʝʤ ʧʦʚʳʰʝʥʠʷ ʦʙʩʣʫʞʠʚʘʥʠʷ 

ʢʣʠʝʥʪʦʚ. 

ʄʦʥʠʪʦʨʠʥʛ ʢʘʯʝʩʪʚʘ ʫʩʣʫʛ ʩʚʷʟʠ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʧʫʪʝʤ ʠʟʤʝʨʝʥʠʷ ʥʘ ʩʝʪʠ ʩʚʷʟʠ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ 

ʦʧʠʨʘʪʴʩʷ ʥʘ ʩʪʘʪʠʩʪʠʯʝʩʢʠʝ ʜʘʥʥʳʝ ʠʣʠ ʢʦʥʪʨʦʣʴʥʳʝ ʠʟʤʝʨʝʥʠʷ, ʪʘʢ ʠ ʥʘ ʦʩʥʦʚʘʥʠʠ ʦʧʨʦʩʦʚ 

ʧʦʣʴʟʦʚʘʪʝʣʝʡ ʫʩʣʫʛʘʤʠ ʩʚʷʟʠ ʠ ʘʥʘʣʠʟʘ ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʠʤʠ ʧʨʝʪʝʥʟʠʡ. 

ʈʝʟʫʣʴʪʘʪʘʤ ʤʦʥʠʪʦʨʠʥʛʘ ʢʘʯʝʩʪʚʘ ʫʩʣʫʛ ʩʚʷʟʠ ʷʚʣʷʶʪʩʷ: 

Å ʩʦʦʙʱʝʥʠʝ ʨʝʛʫʣʠʨʫʶʱʝʛʦ ʦʨʛʘʥʘ ʥʘ Web-ʩʘʡʪʝ, ʚ ʧʨʝʩʩ-ʨʝʣʠʟʘʭ; 

Å ʧʫʙʣʠʢʘʮʠʠ ʚ ʩʨʝʜʩʪʚʘʭ ʤʘʩʩʦʚʦʡ ʠʥʬʦʨʤʘʮʠʠ; 

Å ʥʘʣʦʞʝʥʠʝ ʘʜʤʠʥʠʩʪʨʘʪʠʚʥʦʛʦ ʰʪʨʘʬʘ; 

Å ʩʫʜʝʙʥʳʝ ʨʘʟʙʠʨʘʪʝʣʴʩʪʚʘ. 

ɺʳʚʦʜʳ 

ʆʜʥʠʤ ʠʟ ʢʣʶʯʝʚʳʭ ʥʘʧʨʘʚʣʝʥʠʡ ʨʘʟʚʠʪʠʷ ʪʝʣʝʢʦʤʤʫʥʠʢʘʮʠʡ ʷʚʣʷʝʪʩʷ ʫʣʫʯʰʝʥʠʝ ʢʘʯʝʩʪʚʘ 

ʫʩʣʫʛ ʩʦʪʦʚʦʡ ʩʚʷʟʠ. ʇʦʢʘʟʘʪʝʣʠ ʢʘʯʝʩʪʚʘ ʨʘʙʦʪʳ ʩʝʪʠ ʷʚʣʷʶʪʩʷ ʧʦʢʘʟʘʪʝʣʷʤʠ ʚʥʫʪʨʝʥʥʝʛʦ 

ʧʨʠʤʝʥʝʥʠʷ ʠ ʤʦʛʫʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʦʧʝʨʘʪʦʨʦʤ ʪʝʣʝʢʦʤʤʫʥʠʢʘʮʠʡ ʜʣʷ ʘʥʘʣʠʟʘ ʢʘʯʝʩʪʚʘ ʨʘʙʦʪʳ ʩʝʪʠ 

ʠ ʦʧʨʝʜʝʣʝʥʠʷ ʧʨʠʯʠʥ ʫʭʫʜʰʝʥʠʷ ʢʘʯʝʩʪʚʘ ʧʨʝʜʦʩʪʘʚʣʷʝʤʳʭ ʪʝʣʝʢʦʤʤʫʥʠʢʘʮʠʦʥʥʳʭ ʫʩʣʫʛ. ʊʘʢ ʙʳʣ 

ʧʨʦʚʝʜʝʥ ʘʥʘʣʠʟ ʘʚʘʨʠʡʥʳʭ ʩʠʪʫʘʮʠʡ ʦʧʝʨʘʪʦʨʦʚ ʩʦʪʦʚʦʡ ʩʚʷʟʠ, ʩʦʛʣʘʩʥʦ ʢʦʪʦʨʦʤʫ ʤʦʞʥʦ ʩʜʝʣʘʪʴ 

ʚʳʚʦʜ, ʯʪʦ ʥʝ ʚʩʝʛʜʘ ʩʦʪʦʚʳʝ ʦʧʝʨʘʪʦʨʳ ʧʨʝʜʦʩʪʘʚʣʷʶʪ ʚʳʩʦʢʦʝ ʢʘʯʝʩʪʚʦ ʩʚʷʟʠ. ʇʨʠʯʠʥʦʡ ʵʪʦʛʦ 

ʤʦʛʫʪ ʙʳʪʴ ʨʘʟʣʠʯʥʳʝ ʩʙʦʠ ʠ ʥʘʨʫʰʝʥʠʷ ʚ ʩʝʪʷʭ ʩʚʷʟʠ ʩʦʪʦʚʳʭ ʦʧʝʨʘʪʦʨʦʚ.  
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ʀʉʇʆʃʔɿʆɺɸʅʀɽ ʊɽʍʅʆʃʆɻʀʀ LI -FI  ɺ ʉʌɽʈɽ ɿɼʈɸɺʆʆʍʈɸʅɽʅʀʗ 

 
1
ʊʘʰʢʝʥʪʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʠʤʝʥʠ ʄʫʭʘʤʤʘʜʘ ʘʣ-ʍʦʨʘʟʤʠʡ, 

 ʛ. ʊʘʰʢʝʥʪ, ʋʟʙʝʢʠʩʪʘʥ 

 

ʀʥʬʦʨʤʘʪʠʟʘʮʠʷ ʦʙʱʝʩʪʚʘ ï ʵʪʦ ʛʣʦʙʘʣʴʥʳʡ ʩʦʮʠʘʣʴʥʳʡ ʧʨʦʮʝʩʩ, ʦʩʦʙʝʥʥʦʩʪʴ ʢʦʪʦʨʦʛʦ ʩʦʩʪʦʠʪ 

ʚ ʪʦʤ, ʯʪʦ ʜʦʤʠʥʠʨʫʶʱʠʤ ʚʠʜʦʤ ʜʝʷʪʝʣʴʥʦʩʪʠ ʚ ʩʬʝʨʝ ʦʙʱʝʩʪʚʝʥʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ ʷʚʣʷʝʪʩʷ ʩʙʦʨ, 

ʥʘʢʦʧʣʝʥʠʝ, ʦʙʨʘʙʦʪʢʘ, ʭʨʘʥʝʥʠʝ, ʧʝʨʝʜʘʯʘ ʠ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʠʥʬʦʨʤʘʮʠʠ, ʦʩʫʱʝʩʪʚʣʷʝʤʳʝ ʥʘ ʦʩʥʦʚʝ 

ʩʦʚʨʝʤʝʥʥʳʭ ʩʨʝʜʩʪʚ ʤʠʢʨʦʧʨʦʮʝʩʩʦʨʥʦʡ ʠ ʚʳʯʠʩʣʠʪʝʣʴʥʦʡ ʪʝʭʥʠʢʠ, ʘ ʪʘʢʞʝ ʥʘ ʙʘʟʝ ʨʘʟʥʦʦʙʨʘʟʥʳʭ 

ʩʨʝʜʩʪʚ ʠʥʬʦʨʤʘʮʠʦʥʥʦʛʦ ʦʙʤʝʥʘ. 

ʇʨʠʤʝʥʝʥʠʝ ʦʪʢʨʳʪʳʭ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʩʠʩʪʝʤ, ʨʘʩʩʯʠʪʘʥʥʳʭ ʥʘ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʚʩʝʛʦ ʤʘʩʩʠʚʘ 

ʠʥʬʦʨʤʘʮʠʠ, ʜʦʩʪʫʧʥʦʡ ʚ ʜʘʥʥʳʡ ʤʦʤʝʥʪ ʦʙʱʝʩʪʚʫ ʚ ʦʧʨʝʜʝʣʝʥʥʦʡ ʝʛʦ ʩʬʝʨʝ, ʧʦʟʚʦʣʷʝʪ 



ʊʝʦʨʠʷ ʩʚʷʟʠ, ʩʝʪʠ ʠ ʩʠʩʪʝʤʳ ʵʣʝʢʪʨʦʩʚʷʟʠ 
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ʫʩʦʚʝʨʰʝʥʩʪʚʦʚʘʪʴ ʤʝʭʘʥʠʟʤʳ ʫʧʨʘʚʣʝʥʠʷ ʦʙʱʝʩʪʚʝʥʥʳʤ ʫʩʪʨʦʡʩʪʚʦʤ, ʩʧʦʩʦʙʩʪʚʫʝʪ ʨʘʟʚʠʪʠʶ 

ʦʙʱʝʩʪʚʘ, ʧʦʚʳʰʘʝʪ ʫʨʦʚʝʥʴ ʙʣʘʛʦʩʦʩʪʦʷʥʠʷ ʝʛʦ ʯʣʝʥʦʚ. ʇʨʦʮʝʩʩʳ, ʧʨʦʠʩʭʦʜʷʱʠʝ ʚ ʩʚʷʟʠ ʩ 

ʠʥʬʦʨʤʘʪʠʟʘʮʠʝʡ ʦʙʱʝʩʪʚʘ, ʩʧʦʩʦʙʩʪʚʫʶʪ ʥʝ ʪʦʣʴʢʦ ʫʩʢʦʨʝʥʠʶ ʥʘʫʯʥʦ-ʪʝʭʥʠʯʝʩʢʦʛʦ ʧʨʦʛʨʝʩʩʘ, 

ʠʥʪʝʣʣʝʢʪʫʘʣʠʟʘʮʠʠ ʚʩʝʭ ʚʠʜʦʚ ʯʝʣʦʚʝʯʝʩʢʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ, ʥʦ ʠ ʩʦʟʜʘʥʠʶ ʢʘʯʝʩʪʚʝʥʥʦ ʥʦʚʦʡ 

ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʩʨʝʜʳ, ʦʙʝʩʧʝʯʠʚʘʶʱʝʡ ʨʘʟʚʠʪʠʝ ʪʚʦʨʯʝʩʢʦʛʦ ʧʦʪʝʥʮʠʘʣʘ. 

ʆʜʥʦ ʠʟ ʥʘʧʨʘʚʣʝʥʠʡ ʧʨʦʮʝʩʩʘ ʠʥʬʦʨʤʘʪʠʟʘʮʠʠ ʩʦʚʨʝʤʝʥʥʦʛʦ ʦʙʱʝʩʪʚʘ ʷʚʣʷʝʪʩʷ ʤʝʜʠʮʠʥʩʢʘʷ 

ʠʥʬʦʨʤʘʮʠʦʥʥʘʷ ʩʠʩʪʝʤʘ, ʢʦʪʦʨʘʷ ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ ʙʘʟʠʨʫʝʪʩʷ ʥʘ ʩʦʚʨʝʤʝʥʥʳʭ ʩʨʝʜʩʪʚʘʭ ʩʚʷʟʠ, 

ʦʙʝʩʧʝʯʠʚʘʶʱʘʷ ʧʦʚʳʰʝʥʠʝ ʢʘʯʝʩʪʚʘ ʦʭʨʘʥʳ ʟʜʦʨʦʚʴʷ ʥʘʩʝʣʝʥʠʷ. 

ɿʘʜʘʯʘ ʦʧʝʨʘʪʠʚʥʦʡ ʦʮʝʥʢʠ ʩʦʩʪʦʷʥʠʷ ʧʘʮʠʝʥʪʘ ʷʚʣʷʝʪʩʷ ʚʝʩʴʤʘ ʚʘʞʥʳʤ ʥʘʧʨʘʚʣʝʥʠʝʤ ʚ 

ʤʝʜʠʮʠʥʝ ʠ ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ ʧʨʠ ʥʝʧʨʝʨʳʚʥʦʤ ʥʘʙʣʶʜʝʥʠʠ ʟʘ ʙʦʣʴʥʳʤ ʚ ʧʘʣʘʪʘʭ ʠʥʪʝʥʩʠʚʥʦʡ 

ʪʝʨʘʧʠʠ, ʦʧʝʨʘʮʠʦʥʥʳʭ ʠ ʧʦʩʣʝʦʧʝʨʘʮʠʦʥʥʳʭ ʦʪʜʝʣʝʥʠʷʭ. 

ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʪʨʝʙʫʝʪʩʷ ʥʘ ʦʩʥʦʚʘʥʠʠ ʜʣʠʪʝʣʴʥʦʛʦ ʠ ʥʝʧʨʝʨʳʚʥʦʛʦ ʘʥʘʣʠʟʘ ʙʦʣʴʰʦʛʦ ʦʙʲʝʤʘ 

ʜʘʥʥʳʭ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʭ ʩʦʩʪʦʷʥʠʝ ʬʠʟʠʦʣʦʛʠʯʝʩʢʠʭ ʩʠʩʪʝʤ ʦʨʛʘʥʠʟʤʘ ʦʙʝʩʧʝʯʠʪʴ ʥʝ ʪʦʣʴʢʦ 

ʦʧʝʨʘʪʠʚʥʫʶ ʜʠʘʛʥʦʩʪʠʢʫ ʦʩʣʦʞʥʝʥʠʡ ʧʨʠ ʣʝʯʝʥʠʠ, ʥʦ ʠ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʝ ʩʦʩʪʦʷʥʠʝ ʧʘʮʠʝʥʪʘ, ʘ 

ʪʘʢʞʝ ʦʧʨʝʜʝʣʠʪʴ ʦʧʪʠʤʘʣʴʥʫʶ ʢʦʨʨʝʢʮʠʶ ʚʦʟʥʠʢʘʶʱʠʭ ʥʘʨʫʰʝʥʠʡ. ɼʣʷ ʨʝʰʝʥʠʷ ʵʪʦʡ ʟʘʜʘʯʠ 

ʧʨʝʜʥʘʟʥʘʯʝʥʳ ʩʠʩʪʝʤʳ ʤʦʥʠʪʦʨʠʥʛʘ. ʂ ʯʠʩʣʫ ʥʘʠʙʦʣʝʝ ʯʘʩʪʦ ʠʩʧʦʣʴʟʫʝʤʳʭ ʧʨʠ ʤʦʥʠʪʦʨʠʥʛʝ 

ʧʘʨʘʤʝʪʨʦʚ ʦʪʥʦʩʷʪʩʷ: ʵʣʝʢʪʨʦʢʘʨʜʠʦʛʨʘʤʤʘ, ʜʘʚʣʝʥʠʝ ʢʨʦʚʠ ʚ ʨʘʟʣʠʯʥʳʭ ʪʦʯʢʘʭ, ʯʘʩʪʦʪʘ ʜʳʭʘʥʠʷ, 

ʪʝʤʧʝʨʘʪʫʨʥʘʷ ʢʨʠʚʘʷ, ʩʦʜʝʨʞʘʥʠʝ ʛʘʟʦʚ ʢʨʦʚʠ, ʤʠʥʫʪʥʳʡ ʦʙʲʝʤ ʢʨʦʚʦʦʙʨʘʱʝʥʠʷ, ʩʦʜʝʨʞʘʥʠʝ ʛʘʟʦʚ 

ʚ ʚʳʜʳʭʘʝʤʦʤ ʚʦʟʜʫʭʝ. ɸʧʧʘʨʘʪʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ ʤʦʥʠʪʦʨʥʳʭ ʩʠʩʪʝʤ ʠ ʘʥʘʣʦʛʠʯʥʳʭ ʩʠʩʪʝʤ ʜʣʷ 

ʬʫʥʢʮʠʦʥʘʣʴʥʦʡ ʜʠʘʛʥʦʩʪʠʢʠ ʧʨʠʥʮʠʧʠʘʣʴʥʦ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʦʪʣʠʯʘʝʪʩʷ. ɺʘʞʥʦʡ ʦʩʦʙʝʥʥʦʩʪʴʶ 

ʤʦʥʠʪʦʨʥʳʭ ʩʠʩʪʝʤ ʷʚʣʷʝʪʩʷ ʥʘʣʠʯʠʝ ʩʨʝʜʩʪʚ ʵʢʩʧʨʝʩʩ-ʘʥʘʣʠʟʘ ʠ ʚʠʟʫʘʣʠʟʘʮʠʠ ʠʭ ʨʝʟʫʣʴʪʘʪʦʚ ʚ 

ʨʝʞʠʤʝ ʨʝʘʣʴʥʦʛʦ ʚʨʝʤʝʥʠ. ʕʪʦ ʧʦʟʚʦʣʷʝʪ ʦʪʦʙʨʘʞʘʪʴ ʥʘ ʵʢʨʘʥʝ ʤʦʥʠʪʦʨʘ ʜʠʥʘʤʠʢʫ ʠʟʤʝʥʝʥʠʷ 

ʢʦʥʪʨʦʣʠʨʫʝʤʳʭ ʚʝʣʠʯʠʥ. ɺʩʝ ʵʪʦ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʚ ʨʘʟʣʠʯʥʳʭ ʚʨʝʤʝʥʥʳʭ ʤʘʩʰʪʘʙʘʭ. ʇʨʠʯʝʤ ʯʝʤ 

ʚʳʰʝ ʢʘʯʝʩʪʚʦ ʩʠʩʪʝʤʳ, ʪʝʤ ʙʦʣʴʰʝ ʚʦʟʤʦʞʥʦʩʪʝʡ ʥʘʙʣʶʜʝʥʠʷ ʜʠʥʘʤʠʢʠ ʢʦʥʪʨʦʣʠʨʫʝʤʳʭ ʠ 

ʩʚʷʟʘʥʥʳʭ ʩ ʥʠʤʠ ʧʦʢʘʟʘʪʝʣʝʡ ʦʥʘ ʧʨʝʜʦʩʪʘʚʣʷʝʪ.  

ɺ ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ ʚ ʤʝʜʠʮʠʥʝ ʠʩʧʦʣʴʟʫʝʪʩʷ ʩʨʝʜʩʪʚʘ ʧʦʜʢʣʶʯʝʥʠʷ ʮʠʬʨʦʚʳʭ ʦʙʲʝʢʪʦʚ ʢ ʩʝʪʠ 

ʀʥʪʝʨʥʝʪ ʯʝʨʝʟ ʩʝʪʠ Wi-Fi. ʇʦʩʢʦʣʴʢʫ ʦʙʲʝʢʪʦʤ ʚ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʤʦʞʝʪ ʙʳʪʴ ʯʝʣʦʚʝʢ, ʪʦ ʩʝʥʩʦʨʳ, 

ʧʦʜʢʣʶʯʘʝʤʳʝ ʢ ʪʝʣʝʢʦʤʤʫʥʠʢʘʮʠʦʥʥʦʡ ʩʝʪʠ ʥʝ ʜʦʣʞʥʳ ʦʢʘʟʳʚʘʪʴ ʦʪʨʠʮʘʪʝʣʴʥʦʝ ʚʣʠʷʥʠʝ ʥʘ 

ʟʜʦʨʦʚʴʝ ʯʝʣʦʚʝʢʘ ʠ ʥʘ ʯʫʚʩʪʚʠʪʝʣʴʥʳʝ ʢ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʤ ʠʟʣʫʯʝʥʠʷʤ ʤʝʜʠʮʠʥʩʢʠʝ 

ʜʠʘʛʥʦʩʪʠʯʝʩʢʠʝ ʠ ʠʟʤʝʨʠʪʝʣʴʥʳʝ ʧʨʠʙʦʨʳ. 

ɺ ʵʪʦʡ ʩʚʷʟʠ ʚʦ ʚʩʝʤ ʤʠʨʝ ʠʜʝʪ ʠʩʩʣʝʜʦʚʘʥʠʝ ʠ ʨʘʟʨʘʙʦʪʢʘ ʩʨʝʜʩʪʚ ʩʚʷʟʠ ʜʣʷ ʧʦʜʢʣʶʯʝʥʠʷ 

ʨʘʟʣʠʯʥʳʭ ʩʝʥʩʦʨʦʚ ʠ ʜʘʪʯʠʢʦʚ ʤʝʜʠʮʠʥʩʢʦʛʦ ʥʘʟʥʘʯʝʥʠʷ. 

ʆʜʥʠʤ ʠʟ ʘʣʴʪʝʨʥʘʪʠʚʥʳʭ ʨʝʰʝʥʠʡ ʤʦʞʝʪ ʙʳʪʴ ʧʨʠʤʝʥʝʥʠʝ ʦʪʢʨʳʪʦʡ ʦʧʪʠʯʝʩʢʦʡ ʩʚʷʟʠ, ʯʪʦ 

ʷʚʣʷʝʪʩʷ ʚʝʩʴʤʘ ʘʢʪʫʘʣʴʥʦʡ. 

ʆʩʥʦʚʥʦʡ ʮʝʣʴʶ ʠ ʟʘʜʘʯʝʡ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʠʩʩʣʝʜʦʚʘʥʠʝ ʠ ʨʘʟʨʘʙʦʪʢʘ ʩʨʝʜʩʪʚ ʦʪʢʨʳʪʦʡ 

ʦʧʪʠʯʝʩʢʦʡ ʩʚʷʟʠ ʜʣʷ ʤʝʜʠʮʠʥʳ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʦʚʨʝʤʝʥʥʦʡ ʪʝʭʥʦʣʦʛʠʠ ʙʝʩʧʨʦʚʦʜʥʦʡ 

ʪʝʭʥʦʣʦʛʠʠ Li-Fi. 

ɼʘʥʥʘʷ ʪʝʭʥʦʣʦʛʠʷ ʦʯʝʥʴ ʧʦʭʦʞʘ ʥʘ ʪʝʭʥʦʣʦʛʠʶ Wi-Fi, ʥʦ ʧʝʨʝʜʘʯʘ ʜʘʥʥʳʭ ʧʨʦʠʩʭʦʜʠʪ ʥʝ 

ʧʦʩʨʝʜʩʪʚʦʤ ʨʘʜʠʦʚʦʣʥ (ʤʠʢʨʦʚʦʣʥ ʥʘ ʯʘʩʪʦʪʝ 2.4 ɻɻʮ ʠʣʠ 5 ɻɻʮ), ʘ ʧʨʠ ʧʦʤʦʱʠ ʚʠʜʠʤʦʛʦ ʩʚʝʪʘ 

(ʯʘʩʪʴ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʛʦ ʩʧʝʢʪʨʘ, ʢʦʪʦʨʳʡ ʤʦʞʥʦ ʚʠʜʝʪʴ - ʦʪ 385 ʜʦ 790 ʊɻʮ). 

ʊʝʭʥʦʣʦʛʠʷ Li-Fi ʚ ʦʪʣʠʯʠʝ ʦʪ Wi-Fi, ʠʤʝʝʪ ʙʦʣʝʝ ʟʥʘʯʠʪʝʣʴʥʫʶ ʰʠʨʠʥʫ ʧʦʣʦʩʳ ʧʨʦʧʫʩʢʘʥʠʷ 

ʯʘʩʪʦʪ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʵʪʦʛʦ ʧʦʪʝʥʮʠʘʣʴʥʘʷ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ ʧʦʩʨʝʜʩʪʚʦʤ Li - Fi 

ʟʥʘʯʠʪʝʣʴʥʦ ʚʳʰʝ, ʥʝʞʝʣʠ ʫ Wi - Fi. 

ʕʪʘ ʪʝʭʥʦʣʦʛʠʷ ʠʤʝʝʪ ʜʦʣʛʠʡ ʩʨʦʢ ʩʣʫʞʙʳ ʠ ʥʠʟʢʦʝ ʵʥʝʨʛʦʧʦʪʨʝʙʣʝʥʠʝ (ʩʚʝʪʦʜʠʦʜʥʳʝ ʣʘʤʧʳ), 

ʷʨʢʦʩʪʴ ʤʦʜʫʣʠʨʫʝʪʩʷ ʧʦʜʢʣʶʯʝʥʥʳʤ ʢ ʠʥʪʝʨʥʝʪʫ ʨʦʫʪʝʨʦʤ. ʕʪʦʪ ʧʨʦʮʝʩʩ ʧʨʦʠʩʭʦʜʠʪ ʥʝʟʘʤʝʪʥʦ ʜʣʷ 

ʯʝʣʦʚʝʯʝʩʢʠʭ ʛʣʘʟ, ʥʦ ʥʝ ʜʣʷ ʪʝʭ ʫʩʪʨʦʡʩʪʚ, ʢʦʪʦʨʳʝ ʚʢʣʶʯʝʥʳ ʚ ʩʠʩʪʝʤʫ ʬʦʪʦʜʠʦʜʥʦʛʦ ʧʨʠʝʤʥʠʢʘ. 

ʊʝʭʥʦʣʦʛʠʷ çʩʚʷʟʴ ʧʦ ʚʠʜʠʤʦʤʫ ʩʚʝʪʫè ʧʦʜʨʘʟʫʤʝʚʘʝʪ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʣʶʙʦʡ ʯʘʩʪʠ 

ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʛʦ ʩʚʝʪʦʚʦʛʦ ʩʧʝʢʪʨʘ ʜʣʷ ʧʝʨʝʜʘʯʠ ʠʥʬʦʨʤʘʮʠʠ. 

ʆʩʥʦʚʥʦʡ ʦʩʦʙʝʥʥʦʩʪʴʶ ʪʝʭʥʦʣʦʛʠʠ Li-Fi ʷʚʣʷʝʪʩʷ ʪʦ, ʯʪʦ ʦʥ ʥʝ ʩʦʟʜʘʝʪ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʡ 

ʧʦʤʝʭʠ ʜʣʷ ʤʝʜʠʮʠʥʩʢʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ. ʂ ʪʦʤʫ ʞʝ ʪʝʭʥʦʣʦʛʠʷ ʥʝ ʧʦʜʚʝʨʞʝʥʘ ʜʝʡʩʪʚʠʶ ʄʈʊ - 

ʩʢʘʥʝʨʦʚ ʠ ʜʨʫʛʠʭ ʵʣʝʢʪʨʦʥʥʳʭ ʤʝʜʠʮʠʥʩʢʠʭ ʧʨʠʙʦʨʦʚ.  

ʆʙʦʙʱʝʥʥʘʷ ʩʪʨʫʢʪʫʨʥʘʷ ʩʭʝʤʘ ʩʝʪʠ ʩʚʷʟʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʪʝʭʥʦʣʦʛʠʠ ʦʪʢʨʳʪʦʡ ʦʧʪʠʯʝʩʢʦʡ 

ʩʚʷʟʠ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩʫʥʢʝ 1. 
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ʈʠʩʫʥʦʢ 1 ï ʉʪʨʫʢʪʫʨʥʘʷ ʩʭʝʤʘ ʩʝʪʠ ʩʚʷʟʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʪʝʭʥʦʣʦʛʠʠ Li-Fi 

 

ʆʩʥʦʚʥʳʤʠ ʵʣʝʤʝʥʪʘʤʠ ʩʙʦʨʘ ʠʥʬʦʨʤʘʮʠʠ ʦ ʩʦʩʪʦʷʥʠʠ ʧʘʮʠʝʥʪʘ ʚ ʤʝʜʠʮʠʥʩʢʠʭ ʧʘʣʘʪʘʭ 

ʷʚʣʷʶʪʩʷ ʜʘʪʯʠʢʠ ʪʝʤʧʝʨʘʪʫʨʳ ʠ ʚʣʘʞʥʦʩʪʠ ʯʝʣʦʚʝʯʝʩʢʦʛʦ ʪʝʣʘ, ʜʘʪʯʠʢʠ ʜʘʚʣʝʥʠʷ ʠ ʩʝʨʜʮʝʙʠʝʥʠʷ. 

ʉʦʙʨʘʥʥʳʝ ʜʘʥʥʳʝ ʦʪ ʜʘʪʯʠʢʦʚ ʧʝʨʝʜʘʶʪʩʷ ʚ ʦʧʪʠʯʝʩʢʠʡ ʧʝʨʝʜʘʪʯʠʢ, ʢʦʪʦʨʳʡ ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ 

ʧʝʨʝʜʘʝʪ ʜʘʥʥʳʝ ʥʘ ʧʨʠʝʤʥʳʡ ʤʦʜʫʣʴ Li-Fi, ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʦʪʢʨʳʪʦʡ ʦʧʪʠʯʝʩʢʦʡ ʩʨʝʜʳ. ɼʘʣʝʝ 

ʠʥʬʦʨʤʘʮʠʦʥʥʳʝ ʜʘʥʥʳʝ ʦ ʩʦʩʪʦʷʥʠʠ ʧʘʮʠʝʥʪʦʚ ʧʦʜʘʝʪʩʷ ʚ ʤʦʜʫʣʴ ʩʚʷʟʠ, ʢʦʪʦʨʳʡ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ 

ʩʦʝʜʠʥʝʥ ʩ ʮʝʥʪʨʘʣʴʥʳʤ ʢʦʤʧʴʶʪʝʨʦʤ ʦʙʨʘʙʦʪʢʠ ʜʘʥʥʳʭ. 

ʇʨʝʜʣʘʛʘʝʤʘʷ ʩʪʨʫʢʪʫʨʘ ʩʝʪʠ ʦʯʝʥʴ ʧʦʣʝʟʥʘ, ʥʦ ʪʨʝʙʫʝʪ ʚʳʙʦʨʫ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ 

ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ, ʪ.ʝ. ʩʫʱʝʩʪʚʫʶʱʠʝ ʣʘʤʧʳ ʦʩʚʝʱʝʥʠʷ ʜʦʣʞʥʳ ʙʳʪʴ ʟʘʤʝʥʝʥʳ ʣʘʤʧʘʤʠ, 

ʩʦʚʤʝʩʪʠʤʳʤʠ ʩ ʪʝʭʥʦʣʦʛʠʝʡ Li-Fi ʩ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤʠ ʧʨʦʚʦʜʘ ʩʚʷʟʠ.  

ʉʝʪʠ Li-Fi ʤʦʛʫʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʢʘʢ ʧʦʣʥʦʩʪʴʶ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʘʷ ʩʠʩʪʝʤʘ. ʆʙʳʯʥʦ ʚʨʘʯʠ ʠ 

ʤʝʜʩʝʩʪʨʳ ʜʦʣʞʥʳ ʧʝʨʠʦʜʠʯʝʩʢʠ ʩʣʝʜʠʪʴ ʟʘ ʩʦʩʪʦʷʥʠʝʤ ʟʜʦʨʦʚʴʷ ʧʘʮʠʝʥʪʘ. 

ɺ ʵʪʦʤ ʧʨʝʜʣʘʛʘʝʤʦʤ ʤʝʪʦʜʝ ʠʟʤʝʨʝʥʠʷ ʧʨʦʚʦʜʷʪʩʷ ʙʝʟ ʢʘʢʦʛʦ-ʣʠʙʦ ʚʤʝʰʘʪʝʣʴʩʪʚʘ ʯʝʣʦʚʝʢʘ, ʘ 

ʪʘʢʞʝ ʨʝʛʠʩʪʨʠʨʫʶʪʩʷ ʨʘʟʣʠʯʥʳʝ ʩʪʘʪʠʩʪʠʯʝʩʢʠʝ ʜʘʥʥʳʝ ʧʘʮʠʝʥʪʦʚ (ʩʠʩʪʝʤʘ ʤʦʥʠʪʦʨʠʥʛʘ 

ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʠ ʚ ʨʝʘʣʴʥʦʤ ʚʨʝʤʝʥʠ).  

ɺ ʟʘʢʣʶʯʝʥʠʠ ʭʦʪʝʣʦʩʴ ʙʳ ʜʦʙʘʚʠʪʴ, ʯʪʦ ʪʝʭʥʦʣʦʛʠʷ Li-Fi ʩʪʘʥʦʚʠʪʩʷ ʙʦʣʝʝ ʧʦʜʭʦʜʷʱʝʡ ʜʣʷ 

ʩʦʟʜʘʥʠʷ ʪʝʣʝʢʦʤʤʫʥʠʢʘʮʠʦʥʥʳʭ ʩʝʪʝʡ ʚ ʤʝʜʠʮʠʥʩʢʠʭ ʩʣʫʞʙʘʭ ʩʣʝʜʫʶʱʝʛʦ ʧʦʢʦʣʝʥʠʷ, ʥʘʧʨʠʤʝʨ ʚ 

ʙʦʣʴʥʠʮʝ.  

ʉʝʪʴ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʪʝʭʥʦʣʦʛʠʠ Li-Fi ʤʦʞʝʪ ʫʩʧʝʰʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʢʘʢ ʚʳʩʦʢʦʩʢʦʨʦʩʪʥʘʷ, 

ʙʝʟʦʧʘʩʥʘʷ ʠ ʙʝʟʦʧʘʩʥʘʷ ʧʝʨʝʜʘʯʘ ʜʘʥʥʳʭ ʦ ʧʘʮʠʝʥʪʘʭ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʤʦʥʠʪʦʨʠʥʛʘ ʩʝʨʜʝʯʥʳʭ 

ʩʦʢʨʘʱʝʥʠʡ, ʘʨʪʝʨʠʘʣʴʥʦʛʦ ʜʘʚʣʝʥʠʷ, ʪʝʤʧʝʨʘʪʫʨʳ ʠ ʜʨʫʛʠʭ ʧʘʨʘʤʝʪʨʦʚ ʚ ʨʝʞʠʤʝ ʨʝʘʣʴʥʦʛʦ 

ʚʨʝʤʝʥʠ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʵʪʦʡ ʪʝʭʥʦʣʦʛʠʠ ʚ ʤʝʜʠʮʠʥʩʢʦʡ ʦʙʣʘʩʪʠ ʫʩʢʦʨʷʝʪ ʜʠʘʛʥʦʩʪʠʢʫ ʠ ʧʦʟʚʦʣʷʝʪ 

ʧʦʣʫʯʠʪʴ ʜʦʩʪʫʧ ʢ ʀʥʪʝʨʥʝʪʫ.  

ʇʨʝʜʣʘʛʘʝʤʘʷ ʩʠʩʪʝʤʘ ʤʦʞʝʪ ʙʳʪʴ ʧʦʣʥʦʩʪʴʶ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʘ ʠ ʩʪʘʪʴ ʚʘʞʥʦʡ ʚʝʭʦʡ ʚ 

ʤʝʜʠʮʠʥʩʢʦʡ ʦʙʣʘʩʪʠ. 

 

ʃ.ɺ.ʄɸʁʆʈʆɺ
1
, ʉ.ʄ.ɹʆʈʆɺʀʂʆɺ

1
, ɸ.ɺ.ɹʋɼʅʀʂ

2 

 

ʇʆɼʍʆɼ ʂ ʆʎɽʅʂɽ ʕʌʌɽʂʊʀɺʅʆʉʊʀ ʌʋʅʂʎʀʆʅʀʈʆɺɸʅʀʗ 

ʄʀʂʈʆʇʈʆʎɽʉʉʆʈʅʓʍ ʋʉʊʈʆʁʉʊɺ ʊɽʍʅʀʏɽʉʂʀʍ ʉʀʉʊɽʄ 

 
1
ʋʯʨʝʞʜʝʥʠʝ ʦʙʨʘʟʦʚʘʥʠʷ çɹʝʣʦʨʫʩʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʥʬʦʨʤʘʪʠʢʠ ʠ 

ʨʘʜʠʦʵʣʝʢʪʨʦʥʠʢʠè, ʛ. ʄʠʥʩʢ, ʈʝʩʧʫʙʣʠʢʘ ɹʝʣʘʨʫʩʴ 
2
ʋʯʨʝʞʜʝʥʠʝ ʦʙʨʘʟʦʚʘʥʠʷ çɹʝʣʦʨʫʩʩʢʘʷ ʛʦʩʫʜʘʨʩʪʚʝʥʥʘʷ ʘʢʘʜʝʤʠʷ ʩʚʷʟʠè, ʛ. ʄʠʥʩʢ, ʈʝʩʧʫʙʣʠʢʘ 

ɹʝʣʘʨʫʩʴ 

 

ʄʠʢʨʦʧʨʦʮʝʩʩʦʨʥʳʝ ʫʩʪʨʦʡʩʪʚʘ ʥʘʭʦʜʷʪ ʰʠʨʦʢʦʝ ʧʨʠʤʝʥʝʥʠʝ ʚ ʘʧʧʘʨʘʪʫʨʝ ʩʠʩʪʝʤ 

ʪʝʣʝʢʦʤʤʫʥʠʢʘʮʠʡ ʠ ʮʠʬʨʦʚʦʡ ʩʚʷʟʠ, ʙʣʘʛʦʜʘʨʷ ʠʭ ʚʦʟʤʦʞʥʦʩʪʠ ʚʳʧʦʣʥʷʪʴ ʙʦʣʴʰʦʝ ʯʠʩʣʦ ʩʣʦʞʥʳʭ 

ʬʫʥʢʮʠʡ. ɺ ʤʠʢʨʦʧʨʦʮʝʩʩʦʨʥʦʤ ʫʩʪʨʦʡʩʪʚʝ ʤʦʞʝʪ ʚʦʟʥʠʢʥʫʪʴ ʥʝʠʩʧʨʘʚʥʦʩʪʴ, ʧʨʦʷʚʣʷʶʱʘʷʩʷ ʚ 

ʫʩʪʦʡʯʠʚʦʤ ʦʪʢʘʟʝ. ʊʘʢʦʡ ʦʪʢʘʟ ʦʙʳʯʥʦ ʧʨʠʚʦʜʠʪ ʢ ʧʦʣʥʦʡ ʧʦʪʝʨʝ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʠ ʫʩʪʨʦʡʩʪʚʘ, ʝʩʣʠ 

ʥʝ ʧʨʝʜʫʩʤʦʪʨʝʥʦ ʩʪʨʫʢʪʫʨʥʦʝ ʨʝʟʝʨʚʠʨʦʚʘʥʠʝ [1, 2]. ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʜʣʷ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ 

ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʤʠʢʨʦʧʨʦʮʝʩʩʦʨʥʦʛʦ ʫʩʪʨʦʡʩʪʚʘ ʪʨʝʙʫʝʪʩʷ ʝʛʦ ʨʝʤʦʥʪ. ɺ ʪʦ ʞʝ ʚʨʝʤʷ, 

 ʄʝʜʠʮʠʥʩʢʘʷ ʧʘʣʘʪʘ 

ʄʦʜʫʣʴ Li -Fi 

ʆʧʪʠʯʝʩʢʠʡ 

ʧʝʨʝʜʘʪʯʠʢ 

ʇʘʮʠʝʥʪ ʩ ʜʘʪʯʠʢʘʤʠ 

ʄʦʜʫʣʴ 

ʩʚʷʟʠ 

ʎʝʥʪʨʘʣʴʥʳʡ 

ʢʦʤʧʴʶʪʝʨ 

ʦʙʨʘʙʦʪʢʠ 

ʜʘʥʥʳʭ 
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ʜʘʞʝ ʪʝʭʥʠʯʝʩʢʠ ʠʩʧʨʘʚʥʦʝ ʤʠʢʨʦʧʨʦʮʝʩʩʦʨʥʦʝ ʫʩʪʨʦʡʩʪʚʦ ʠʥʦʛʜʘ ʤʦʞʝʪ ʥʝʧʨʘʚʠʣʴʥʦ ʦʙʨʘʙʦʪʘʪʴ 

ʧʦʩʪʫʧʘʶʱʫʶ ʠʥʬʦʨʤʘʮʠʶ, ʭʦʪʷ ʚʝʨʦʷʪʥʦʩʪʴ ʧʨʘʚʠʣʴʥʦʡ ʦʙʨʘʙʦʪʢʠ ʠʥʬʦʨʤʘʮʠʠ ʤʠʢʨʦʧʨʦʮʝʩʩʦʨʥʳʤ 

ʫʩʪʨʦʡʩʪʚʦʤ ʧʨʠ ʝʛʦ ʨʘʙʦʪʝ ʚ ʩʠʩʪʝʤʘʭ ʪʝʣʝʢʦʤʤʫʥʠʢʘʮʠʡ ʜʦʩʪʘʪʦʯʥʘ ʚʳʩʦʢʘ ʠ ʜʦʩʪʠʛʘʝʪ ʟʥʘʯʝʥʠʡ 

0,999 ʠ ʚʳʰʝ.  

ʅʝʟʥʘʯʠʪʝʣʴʥʘʷ ʚʝʨʦʷʪʥʦʩʪʴ, ʧʨʠʭʦʜʷʱʘʷʩʷ ʥʘ ʥʝʧʨʘʚʠʣʴʥʫʶ ʦʙʨʘʙʦʪʢʫ ʠʥʬʦʨʤʘʮʠʠ 

ʤʠʢʨʦʧʨʦʮʝʩʩʦʨʥʳʤ ʫʩʪʨʦʡʩʪʚʦʤ, ʦʙʲʷʩʥʷʝʪʩʷ ʚʦʟʥʠʢʥʦʚʝʥʠʝʤ ʚʨʝʤʝʥʥʳʭ ʦʪʢʘʟʦʚ ʫʩʪʨʦʡʩʪʚʘ, 

ʥʘʟʳʚʘʝʤʳʭ ʩʙʦʷʤʠ. ɼʣʷ ʫʩʪʨʘʥʝʥʠʷ ʩʙʦʷ ʪʨʝʙʫʝʪʩʷ ʥʝʟʥʘʯʠʪʝʣʴʥʦʝ ʚʤʝʰʘʪʝʣʴʩʪʚʦ ʦʧʝʨʘʪʦʨʘ, 

ʦʙʳʯʥʦ ï ʧʝʨʝʟʘʛʨʫʟʢʘ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ. ʉʙʦʠ ʤʦʛʫʪ ʙʳʪʴ ʚʳʟʚʘʥʳ ʝʩʪʝʩʪʚʝʥʥʳʤʠ ʠ 

ʠʩʢʫʩʩʪʚʝʥʥʳʤʠ ʧʨʠʯʠʥʘʤʠ (ʝʩʪʝʩʪʚʝʥʥʳʝ ï ʛʨʦʟʦʚʳʝ ʨʘʟʨʷʜʳ, ʩʦʧʨʦʚʦʞʜʘʶʱʠʝ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʤ 

ʠʟʣʫʯʝʥʠʝʤ; ʝʩʪʝʩʪʚʝʥʥʳʝ ï ʚʢʣʶʯʝʥʠʝ ʤʦʱʥʦʛʦ ʛʝʥʝʨʘʪʦʨʘ ʥʘ ʙʣʠʟʢʦʨʘʩʧʦʣʦʞʝʥʥʦʤ 

ʧʨʦʤʳʰʣʝʥʥʦʤ ʧʨʝʜʧʨʠʷʪʠʠ ʠʣʠ ʞʝ ʵʣʝʢʪʨʠʯʝʩʢʘʷ ʧʦʤʝʭʘ ʧʦ ʮʝʧʠ ʵʣʝʢʪʨʦʧʠʪʘʥʠʷ 

ʤʠʢʨʦʧʨʦʮʝʩʩʦʨʥʦʛʦ ʫʩʪʨʦʡʩʪʚʘ ʠ ʪ.ʧ.) [3]. ɺʦʟʥʠʢʘʝʪ ʚʦʧʨʦʩ, ʢʘʢ ʦʮʝʥʠʪʴ ʚʝʨʦʷʪʥʦʩʪʴ ʚʳʧʦʣʥʝʥʠʷ 

ʤʠʢʨʦʧʨʦʮʝʩʩʦʨʥʳʤ ʫʩʪʨʦʡʩʪʚʦʤ, ʚʦʟʣʘʛʘʝʤʳʭ ʥʘ ʥʝʛʦ ʬʫʥʢʮʠʡ (ʬʘʢʪʠʯʝʩʢʠ ʦʧʨʝʜʝʣʠʪʴ 

ʥʘʜʸʞʥʦʩʪʴ) ʩ ʫʯʸʪʦʤ ʢʘʢ ʚʦʟʤʦʞʥʳʭ ʫʩʪʦʡʯʠʚʳʭ ʦʪʢʘʟʦʚ ʠʟ-ʟʘ ʚʦʟʥʠʢʘʶʱʠʭ ʪʝʭʥʠʯʝʩʢʠʭ 

ʥʝʠʩʧʨʘʚʥʦʩʪʝʡ, ʪʘʢ ʠ ʚʨʝʤʝʥʥʳʭ ʦʪʢʘʟʦʚ.  

ɺʝʨʦʷʪʥʦʩʪʴ ʧʨʘʚʠʣʴʥʦʡ ʦʙʨʘʙʦʪʢʠ ʤʠʢʨʦʧʨʦʮʝʩʩʦʨʥʳʤ ʫʩʪʨʦʡʩʪʚʦʤ ʧʦʩʪʫʧʘʶʱʝʡ 

ʠʥʬʦʨʤʘʮʠʠ, ʪ.ʝ. ʚʝʨʦʷʪʥʦʩʪʴ ʧʨʘʚʠʣʴʥʦʛʦ ʚʳʧʦʣʥʝʥʠʷ ʫʩʪʨʦʡʩʪʚʦʤ ʩʚʦʠʭ ʬʫʥʢʮʠʡ ʦʙʳʯʥʦ 

ʨʘʩʩʤʘʪʨʠʚʘʶʪ ʚ ʢʘʯʝʩʪʚʝ ʧʦʢʘʟʘʪʝʣʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʝʛʦ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ. 

ɼʣʷ ʦʮʝʥʢʠ ʧʦʢʘʟʘʪʝʣʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ (E) ʤʠʢʨʦʧʨʦʮʝʩʩʦʨʥʦʛʦ ʫʩʪʨʦʡʩʪʚ 

ʤʦʞʝʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʦ ʦʙʱʝʝ ʚʳʨʘʞʝʥʠʝ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʪʘʢʦʛʦ ʧʦʢʘʟʘʪʝʣʷ ʣʶʙʳʭ ʪʝʭʥʠʯʝʩʢʠʭ 

ʩʠʩʪʝʤ [2, 4]: 
 

 

Ὁ Ὤὸɮ ȟ (1) 

 

ʛʜʝ hi(t) ï ʚʝʨʦʷʪʥʦʩʪʴ ʪʦʛʦ, ʯʪʦ ʤʠʢʨʦʧʨʦʮʝʩʩʦʨʥʦʝ ʫʩʪʨʦʡʩʪʚʦ ʚ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ t 

ʥʘʭʦʜʠʪʩʷ ʚ i-ʤ ʪʝʭʥʠʯʝʩʢʦʤ ʩʦʩʪʦʷʥʠʠ; ūi ï ʢʦʵʬʬʠʮʠʝʥʪ ʵʬʬʝʢʪʠʚʥʦʩʪʠ i-ʛʦ ʪʝʭʥʠʯʝʩʢʦʛʦ 

ʩʦʩʪʦʷʥʠʷ ʫʩʪʨʦʡʩʪʚʘ; N ï ʯʠʩʣʦ ʚʦʟʤʦʞʥʳʭ ʪʝʭʥʠʯʝʩʢʠʭ ʩʦʩʪʦʷʥʠʡ (ʚ ʥʘʰʝʤ ʩʣʫʯʘʝ ʧʨʠ 

ʦʪʩʫʪʩʪʚʠʠ ʨʝʟʝʨʚʠʨʦʚʘʥʠʷ ï ʜʚʘ ʩʦʩʪʦʷʥʠʷ). 

ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʚʝʨʦʷʪʥʦʩʪʝʡ hi(t) ʧʨʠʛʦʜʥʦ ʚʳʨʘʞʝʥʠʝ 
 

 Ὤὸ  ίȟ (2) 
 

ʛʜʝ s ï ʚʝʨʦʷʪʥʦʩʪʴ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʘʷ ʪʝʭʥʠʯʝʩʢʦʝ ʩʦʩʪʦʷʥʠʝ ʤʠʢʨʦʧʨʦʮʝʩʩʦʨʥʦʛʦ ʫʩʪʨʦʡʩʪʚʘ.  

ɺ ʢʘʯʝʩʪʚʝ s ʥʝʦʙʭʦʜʠʤʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʚʝʨʦʷʪʥʦʩʪʴ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʛʦ ʩʦʩʪʦʷʥʠʷ r, ʝʩʣʠ 

ʤʠʢʨʦʧʨʦʮʝʩʩʦʨʥʦʝ ʫʩʪʨʦʡʩʪʚʦ ʪʝʭʥʠʯʝʩʢʠ ʠʩʧʨʘʚʥʦ ʠʣʠ (1 ï r) ï ʚʝʨʦʷʪʥʦʩʪʴ ʥʝʨʘʙʦʪʦʩʧʦʩʦʙʥʦʛʦ 

ʩʦʩʪʦʷʥʠʷ, ʝʩʣʠ ʤʠʢʨʦʧʨʦʮʝʩʩʦʨʥʦʝ ʫʩʪʨʦʡʩʪʚʦ ʥʘʭʦʜʠʪʩʷ ʚ ʥʝʨʘʙʦʪʦʩʧʦʩʦʙʥʦʤ ʩʦʩʪʦʷʥʠʠ ʧʦ 

ʧʨʠʯʠʥʝ ʚʦʟʥʠʢʰʝʡ ʪʝʭʥʠʯʝʩʢʦʡ ʥʝʠʩʧʨʘʚʥʦʩʪʠ. 

ʋʯʸʪ ʚʦʟʤʦʞʥʳʭ ʚʨʝʤʝʥʥʳʭ ʦʪʢʘʟʦʚ ʤʠʢʨʦʧʨʦʮʝʩʩʦʨʥʦʛʦ ʫʩʪʨʦʡʩʪʚʘ ʧʨʝʜʣʘʛʘʝʪʩʷ ʚʳʧʦʣʥʷʪʴ ʩ 

ʧʦʤʦʱʴʶ ʢʦʵʬʬʠʮʠʝʥʪʘ ʌi ʬʦʨʤʫʣʳ (1). ʂʦʵʬʬʠʮʠʝʥʪ ʌi ʭʘʨʘʢʪʝʨʠʟʫʝʪ ʚʝʨʦʷʪʥʦʩʪʴ ʧʨʘʚʠʣʴʥʦʡ 

ʦʙʨʘʙʦʪʢʠ ʠʥʬʦʨʤʘʮʠʠ ʤʠʢʨʦʧʨʦʮʝʩʩʦʨʥʳʤ ʫʩʪʨʦʡʩʪʚʦʤ ʚ ʩʣʫʯʘʝ ʥʘʭʦʞʜʝʥʠʷ ʝʛʦ ʚ i-ʤ ʪʝʭʥʠʯʝʩʢʦʤ 

ʩʦʩʪʦʷʥʠʠ. ʆʙʦʟʥʘʯʠʤ ʚʝʨʦʷʪʥʦʩʪʴ ʧʨʘʚʠʣʴʥʦʡ ʦʙʨʘʙʦʪʢʠ ʠʥʬʦʨʤʘʮʠʠ ʤʠʢʨʦʧʨʦʮʝʩʩʦʨʥʳʤ 

ʫʩʪʨʦʡʩʪʚʦʤ ʚ ʩʣʫʯʘʝ ʥʘʭʦʞʜʝʥʠʷ ʝʛʦ ʚ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʤ ʩʦʩʪʦʷʥʠʠ ʙʫʢʚʦʡ p. ʕʪʘ ʚʝʨʦʷʪʥʦʩʪʴ 

ʜʦʣʞʥʘ ʙʳʪʴ ʦʧʨʝʜʝʣʝʥʘ ʩ ʫʯʸʪʦʤ ʩʧʝʢʪʨʘ ʚʦʟʤʦʞʥʳʭ ʚʨʝʤʝʥʥʳʭ ʦʪʢʘʟʦʚ ʠ ʠʩʧʦʣʴʟʫʝʪʩʷ ʚ ʩʣʫʯʘʝ, 

ʝʩʣʠ ʤʠʢʨʦʧʨʦʮʝʩʩʦʨʥʦʝ ʫʩʪʨʦʡʩʪʚʦ ʷʚʣʷʝʪʩʷ ʪʝʭʥʠʯʝʩʢʠ ʠʩʧʨʘʚʥʳʤ. ɿʥʘʯʝʥʠʷ ʚʝʨʦʷʪʥʦʩʪʝʡ 

ʚʨʝʤʝʥʥʳʭ ʦʪʢʘʟʦʚ (ʩʙʦʝʚ) q1, q2, é ʜʦʣʞʥʳ ʦʮʝʥʠʚʘʪʴʩʷ ʧʫʪʸʤ ʘʥʘʣʠʟʘ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ ʠ 

ʫʩʣʦʚʠʡ, ʚ ʢʦʪʦʨʳʭ ʙʫʜʝʪ ʨʘʙʦʪʘʪʴ ʤʠʢʨʦʧʨʦʮʝʩʩʦʨʥʦʝ ʫʩʪʨʦʡʩʪʚʦ. 

ɺʝʨʦʷʪʥʦʩʪʴ ʧʨʘʚʠʣʴʥʦʡ ʦʙʨʘʙʦʪʢʠ ʠʥʬʦʨʤʘʮʠʠ ʤʠʢʨʦʧʨʦʮʝʩʩʦʨʥʳʤ ʫʩʪʨʦʡʩʪʚʦʤ p ʚ ʩʣʫʯʘʝ 

ʥʝʟʘʚʠʩʠʤʦʩʪʠ ʩʙʦʝʚ, ʚʦʟʥʠʢʘʶʱʠʭ ʧʦ ʨʘʟʥʳʤ ʬʠʟʠʯʝʩʢʠʤ ʧʨʠʯʠʥʘʤ, ʤʦʞʝʪ ʙʳʪʴ ʦʮʝʥʝʥʘ ʢʘʢ 

 
ὴ ρ ήȟ (3) 

ʛʜʝ n ï ʯʠʩʣʦ ʨʘʟʥʦʚʠʜʥʦʩʪʝʡ ʩʙʦʝʚ ʤʠʢʨʦʧʨʦʮʝʩʩʦʨʥʦʛʦ ʫʩʪʨʦʡʩʪʚʘ, ʧʨʠʥʷʪʳʭ ʚʦ ʚʥʠʤʘʥʠʝ 

(ʯʠʩʣʦ ʬʠʟʠʯʝʩʢʠʭ ʷʚʣʝʥʠʡ, ʦʙʲʷʩʥʷʶʱʠʭ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʩʙʦʝʚ). 

ʉ ʫʯʸʪʦʤ ʚʳʨʘʞʝʥʠʷ (2) ʠ (3) ʢʦʵʬʬʠʮʠʝʥʪ ʌi (i = 1, 2) ʬʦʨʤʫʣʳ (1) ʦʧʨʝʜʝʣʠʪʩʷ ʩʠʩʪʝʤʦʡ 

ʩʣʝʜʫʶʱʠʭ ʨʘʚʝʥʩʪʚ: 



ʊʝʦʨʠʷ ʩʚʷʟʠ, ʩʝʪʠ ʠ ʩʠʩʪʝʤʳ ʵʣʝʢʪʨʦʩʚʷʟʠ 

ʉʆɺʈɽʄɽʅʅʓɽ ʉʈɽɼʉʊɺɸ ʉɺʗɿʀ ï 2018 

~ 28 ~ 

 ˡ  ὴ  ʧʨʠ h1 = r (ʤʠʢʨʦʧʨʦʮʝʩʩʦʨʥʦʝ ʫʩʪʨʦʡʩʪʚʦ ʥʘʭʦʜʠʪʩʷ  

ʚ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʤ ʩʦʩʪʦʷʥʠʠ) 

ˡ  π   ʧʨʠ h2 = 1 ï r (ʤʠʢʨʦʧʨʦʮʝʩʩʦʨʥʦʝ ʫʩʪʨʦʡʩʪʚʦ ʥʘʭʦʜʠʪʩʷ  

ʚ ʥʝʨʘʙʦʪʦʩʧʦʩʦʙʥʦʤ ʩʦʩʪʦʷʥʠʠ ʠʟ-ʟʘ ʚʦʟʥʠʢʰʝʡ ʪʝʭʥʠʯʝʩʢʦʡ ʥʝʠʩʧʨʘʚʥʦʩʪʠ 

 

(4) 

ɺʪʦʨʦʝ ʨʘʚʝʥʩʪʚʦ ʩʠʩʪʝʤʳ (4) ʦʟʥʘʯʘʝʪ ʪʦ, ʯʪʦ ʚ ʩʣʫʯʘʝ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʚ ʤʠʢʨʦʧʨʦʮʝʩʩʦʨʥʦʤ 

ʫʩʪʨʦʡʩʪʚʝ ʪʝʭʥʠʯʝʩʢʦʡ ʥʝʠʩʧʨʘʚʥʦʩʪʠ (ʫʩʪʦʡʯʠʚʦʛʦ ʦʪʢʘʟʘ) ʦʙʨʘʙʦʪʢʘ ʠʥʬʦʨʤʘʮʠʠ ʫʩʪʨʦʡʩʪʚʦʤ ʥʝ 

ʤʦʞʝʪ ʙʳʪʴ ʚʳʧʦʣʥʝʥʘ. 

ɺʳʚʦʜ: ʧʨʝʜʣʦʞʝʥʥʳʡ ʧʦʜʭʦʜ ʧʦʟʚʦʣʷʝʪ ʦʮʝʥʠʪʴ ʥʘʜʸʞʥʦʩʪʴ ʤʠʢʨʦʧʨʦʮʝʩʩʦʨʥʦʛʦ ʫʩʪʨʦʡʩʪʚʘ ʩ 

ʫʯʸʪʦʤ ʥʝ ʪʦʣʴʢʦ ʫʩʪʦʡʯʠʚʳʭ ʦʪʢʘʟʦʚ, ʥʦ ʠ ʩʙʦʝʚ (ʚʨʝʤʝʥʥʳʭ ʦʪʢʘʟʦʚ), ʯʪʦ ʦʩʦʙʝʥʥʦ ʘʢʪʫʘʣʴʥʦ ʜʣʷ 

ʦʪʚʝʪʩʪʚʝʥʥʳʭ ʤʠʢʨʦʧʨʦʮʝʩʩʦʨʥʳʭ ʪʝʭʥʠʯʝʩʢʠʭ ʩʠʩʪʝʤ, ʥʘʧʨʠʤʝʨ ʩʠʩʪʝʤ ʪʝʣʝʢʦʤʤʫʥʠʢʘʮʠʡ, 

ʦʙʝʩʧʝʯʠʚʘʶʱʠʭ ʚʦʝʥʥʫʶ ʠʣʠ ʢʦʩʤʠʯʝʩʢʫʶ ʩʚʷʟʴ. 
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ʄʅʆɻʆʂʈʀʊɽʈʀɸʃʔʅɸʗ ʄʆɼɽʃʔ ʂʆʄʄʋʊʀʈʋɽʄʆʁ ʉɽʊʀ ɼʃʗ ʆʇʊʀʄʀɿɸʎʀʀ 

ɺʈɽʄɽʅʅʓʍ ʍɸʈɸʂʊɽʈʀʉʊʀʂ ʇʈʆʊʆʂʆʃɸ STP 

 
1
ʋʯʨʝʞʜʝʥʠʝ ʦʙʨʘʟʦʚʘʥʠʷ çɹʝʣʦʨʫʩʩʢʘʷ ʛʦʩʫʜʘʨʩʪʚʝʥʥʘʷ ʘʢʘʜʝʤʠʷ ʩʚʷʟʠè, ʛ. ʄʠʥʩʢ, ʈʝʩʧʫʙʣʠʢʘ 

ɹʝʣʘʨʫʩʴ 

 

ʇʨʦʪʦʢʦʣ STP (Spanning Tree Protocol) ʚ ʢʦʤʤʫʪʠʨʫʝʤʦʡ ʩʝʪʠ ʦʙʝʩʧʝʯʠʚʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ 

ʩʦʟʜʘʥʠʷ ʨʝʟʝʨʚʠʨʫʶʱʠʭ ʩʦʝʜʠʥʝʥʠʡ ʠ ʠʩʢʣʶʯʘʝʪ ʚʝʨʦʷʪʥʦʩʪʴ ʰʠʨʦʢʦʚʝʱʘʪʝʣʴʥʦʛʦ ʰʪʦʨʤʘ, 

ʜʫʙʣʠʨʦʚʘʥʠʶ ʢʘʜʨʦʚ, ʘ ʪʘʢʞʝ ʧʦʟʚʦʣʷʝʪ ʚʦʩʩʪʘʥʦʚʠʪʴ ʧʦʣʥʫʶ ʩʚʷʟʥʦʩʪʴ ʩʝʪʠ ʧʨʠ ʦʪʢʘʟʝ ʩʦʝʜʠʥʝʥʠʡ 

ʠʤʝʶʱʠʭ ʨʝʟʝʨʚʥʦʝ ʩʦʝʜʠʥʝʥʠʝ. ɼʣʷ ʚʳʧʦʣʥʝʥʠʷ ʵʪʠʭ ʦʧʝʨʘʮʠʡ, ʘ ʪʘʢʞʝ ʜʣʷ ʤʦʥʠʪʦʨʠʥʛʘ ʩʦʩʪʦʷʥʠʷ 

ʢʘʥʘʣʦʚ ʤʝʞʜʫ ʢʦʤʤʫʪʘʪʦʨʘʤʠ, ʠʩʧʦʣʴʟʫʶʪʩʷ ʩʣʫʞʝʙʥʳʝ ʢʘʜʨʳ ʧʨʦʪʦʢʦʣʘ STP ï BPDU (bridge 

protocol data unit). ʅʘʠʚʘʞʥʝʡʰʠʤʠ ʵʣʝʤʝʥʪʘʤʠ ʚ ʨʘʙʦʪʝ ʧʨʦʪʦʢʦʣʘ STP (Spanning Tree Protocol) 

ʷʚʣʷʶʪʩʷ ʪʘʡʤʝʨʳ, ʧʦ ʢʦʪʦʨʳʤ ʬʠʢʩʠʨʫʶʪʩʷ ʩʦʙʳʪʠʷ ʦʪʢʘʟʘ ʠ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʠ 

ʩʦʝʜʠʥʝʥʠʷ ʤʝʞʜʫ ʢʦʤʤʫʪʘʪʦʨʘʤʠ, ʚ ʪʦʤ ʯʠʩʣʝ ʠ ʠʥʪʝʨʚʘʣ ὬὩὰὰέ, ʢʦʪʦʨʳʡ ʦʧʨʝʜʝʣʷʝʪ ʯʘʩʪʦʪʫ 
ʦʪʧʨʘʚʢʠ BPDU ʢʦʤʤʫʪʘʪʦʨʘʤʠ.[1] ɿʥʘʯʝʥʠʷ ʵʪʠʭ ʪʘʡʤʝʨʦʚ ʨʝʢʦʤʝʥʜʦʚʘʥʳ IEEE, ʠʩʭʦʜʷ ʠʟ 

ʤʘʢʩʠʤʘʣʴʥʦ ʜʦʧʫʩʪʠʤʦʛʦ ʨʘʟʤʝʨʘ ʩʝʪʠ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʜʦʧʦʣʥʠʪʝʣʴʥʳʤ ʟʘʜʝʨʞʢʘʤ ʚ ʧʨʦʮʝʩʩʝ 

ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ.[2] ɸʚʪʦʨʘʤʠ ʧʨʝʜʣʘʛʘʝʪʩʷ ʤʥʦʛʦʧʘʨʘʤʝʪʨʠʯʝʩʢʘʷ ʤʥʦʛʦʢʨʠʪʝʨʠʘʣʴʥʘʷ ʤʦʜʝʣʴ 

ʢʦʤʤʫʪʠʨʫʝʤʦʡ ʩʝʪʠ, ʢʦʪʦʨʘʷ ʧʦʟʚʦʣʷʝʪ ʦʧʨʝʜʝʣʠʪʴ ʟʥʘʯʝʥʠʝ ʪʘʡʤʝʨʦʚ ʧʨʦʪʦʢʦʣʘ STP ʠʩʭʦʜʷ ʠʟ ʝʝ 

ʪʝʢʫʱʝʛʦ ʨʘʟʤʝʨʘ, ʩʪʨʫʢʪʫʨʳ ʩʚʷʟʠ, ʘ ʪʘʢʞʝ ʩʢʦʥʬʠʛʫʨʠʨʦʚʘʥʥʳʭ ʚʠʨʪʫʘʣʴʥʳʭ ʣʦʢʘʣʴʥʳʭ ʩʝʪʝʡ 

(VLAN)  ʥʘ ʢʦʤʤʫʪʘʪʦʨʘʭ. 

ɿʘʜʘʯʫ ʧʦ ʦʧʪʠʤʠʟʘʮʠʠ ʚʨʝʤʝʥʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʨʦʪʦʢʦʣʘ STP ʩʬʦʨʤʫʣʠʨʦʚʘʣʠ ʩʣʝʜʫʶʱʠʤ 

ʦʙʨʘʟʦʤ: ʦʧʨʝʜʝʣʠʪʴ ʬʠʟʠʯʝʩʢʫʶ ʪʦʧʦʣʦʛʠʶ ʩʝʪʠ ʧʨʠ ʟʘʜʘʥʥʦʤ ʨʘʩʧʨʝʜʝʣʝʥʠʠ ʦʢʦʥʝʯʥʳʭ ʫʩʪʨʦʡʩʪʚ 

ʤʝʞʜʫ VLAN, ʧʨʠ ʢʦʪʦʨʦʡ ʟʥʘʯʝʥʠʷ ʪʘʡʤʝʨʦʚ ʧʨʦʪʦʢʦʣʘ STP ʠ  ʤʘʢʩʠʤʘʣʴʥʦʝ ʢʦʣʠʯʝʩʪʚʦ BPDU 

ʦʙʨʘʙʘʪʳʚʘʝʤʦʝ ʦʜʥʠʤ ʢʦʤʤʫʪʘʪʦʨʦʤ ʟʘ ʚʨʝʤʷ ʨʘʚʥʦʝ  hello-ʠʥʪʝʨʚʘʣʫ ʙʫʜʫʪ ʤʠʥʠʤʘʣʴʥʳ, ʘ 

ʫʩʪʦʡʯʠʚʦʩʪʴ ʪʦʧʦʣʦʛʠʠ ʢ ʦʜʠʥʦʯʥʳʤ ʦʪʢʘʟʘʤ ʤʘʢʩʠʤʘʣʴʥʘ.  

ɺ ʧʨʝʜʣʘʛʘʝʤʦʡ ʤʦʜʝʣʠ ʚʭʦʜʥʳʤʠ ʜʘʥʥʳʤʠ ʷʚʣʷʶʪʩʷ: ʢʦʣʠʯʝʩʪʚʦ ʢʦʤʤʫʪʘʪʦʨʦʚ ʚ ʪʦʧʦʣʦʛʠʠ; 

ʨʘʩʧʨʝʜʝʣʝʥʠʝ VLAN ʤʝʞʜʫ ʢʦʤʤʫʪʘʪʦʨʘʤʠ; ʤʥʦʞʝʩʪʚʦ ʥʝʜʦʧʫʩʪʠʤʳʭ ʩʦʝʜʠʥʠʪʝʣʴʥʳʭ ʩʝʛʤʝʥʪʦʚ 

ʤʝʞʜʫ ʢʦʤʤʫʪʘʪʦʨʘʤʠ, ʝʩʣʠ ʪʘʢʦʚʳʝ ʠʤʝʶʪʩʷ. 

ɺ ʢʘʯʝʩʪʚʝ ʢʨʠʪʝʨʠʝʚ ʚʳʙʨʘʥʳ:  ʜʠʘʤʝʪʨ ʜʦʤʝʥʘ STP;  ʤʘʢʩʠʤʘʣʴʥʦʝ ʢʦʣʠʯʝʩʪʚʦ BPDU, 

ʦʙʨʘʙʘʪʳʚʘʝʤʦʝ ʦʜʥʠʤ ʢʦʤʤʫʪʘʪʦʨʦʤ ʟʘ ʚʨʝʤʷ ʨʘʚʥʦʝ ʟʥʘʯʝʥʠʶ ʠʥʪʝʨʚʘʣʘ ὬŨὰὰέ; ʯʠʩʣʦ 



ʊʝʦʨʠʷ ʩʚʷʟʠ, ʩʝʪʠ ʠ ʩʠʩʪʝʤʳ ʵʣʝʢʪʨʦʩʚʷʟʠ 
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ʩʦʝʜʠʥʠʪʝʣʴʥʳʭ ʩʝʛʤʝʥʪʦʚ ʤʝʞʜʫ ʢʦʤʤʫʪʘʪʦʨʘʤʠ; ʢʦʣʠʯʝʩʪʚʦ ʧʦʨʪʦʚ, ʠʩʧʦʣʴʟʫʝʤʦʝ ʦʜʥʠʤ 

ʢʦʤʤʫʪʘʪʦʨʦʤ ʚ ʩʝʪʠ ʜʣʷ ʦʨʛʘʥʠʟʘʮʠʠ ʩʝʪʝʚʳʭ ʩʝʛʤʝʥʪʦʚ; ʯʠʩʣʦ ʢʦʤʤʫʪʘʪʦʨʦʚ, ʧʝʨʝʜʘʶʱʠʭ ʜʘʥʥʳʝ 

ʢʘʞʜʦʡ VLAN. ɼʣʷ ʢʘʞʜʦʛʦ ʠʟ ʢʨʠʪʝʨʠʝʚ ʦʧʨʝʜʝʣʝʥʦ ʦʧʪʠʤʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ. 

ʇʘʨʘʤʝʪʨʘʤʠ ʚ ʜʘʥʥʦʡ ʟʘʜʘʯʝ ʷʚʣʷʶʪʩʷ: ʤʥʦʞʝʩʪʚʦ ʩʦʝʜʠʥʠʪʝʣʴʥʳʭ ʩʝʛʤʝʥʪʦʚ, ʦʧʨʝʜʝʣʷʶʱʝʝ 

ʬʠʟʠʯʝʩʢʫʶ ʪʦʧʦʣʦʛʠʶ ʩʝʪʠ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ ʧʨʠ ʟʘʜʘʥʥʦʤ ʯʠʩʣʝ ʢʦʤʤʫʪʘʪʦʨʦʚ (ʧʘʨʘʤʝʪʨ 

ʦʛʨʘʥʠʯʝʥ ʤʥʦʞʝʩʪʚʦʤ ʥʝʜʦʧʫʩʪʠʤʳʭ ʩʦʝʜʠʥʠʪʝʣʴʥʳʭ ʩʝʛʤʝʥʪʦʚ ʤʝʞʜʫ ʢʦʤʤʫʪʘʪʦʨʘʤʠ);  ʟʥʘʯʝʥʠʝ 

ʪʘʡʤʝʨʘ ὬὩὰὰέ (ʠʟʤʝʥʷʝʪʩʷ ʚ ʧʨʝʜʝʣʘʭ  ʦʪ 1 ʜʦ 10 ʩʝʢʫʥʜ ʩʦʛʣʘʩʥʦ ʨʝʢʦʤʝʥʜʘʮʠʠ IEEE). [1] 

ɼʣʷ ʚʦʟʤʦʞʥʦʩʪʠ  ʧʨʠʥʷʪʠʷ ʦʢʦʥʯʘʪʝʣʴʥʦʛʦ ʨʝʰʝʥʠʷ ʧʨʝʜʣʘʛʘʝʪʩʷ, ʥʦʨʤʘʣʠʟʦʚʘʪʴ ʢʘʞʜʳʡ 

ʢʨʠʪʝʨʠʡ ʧʦ ʝʛʦ ʦʧʪʠʤʘʣʴʥʦʤʫ ʟʥʘʯʝʥʠʶ, ʘ ʟʘʪʝʤ ʠʩʧʦʣʴʟʦʚʘʪʴ ʘʜʜʠʪʠʚʥʳʡ ʢʨʠʪʝʨʠʡ. 

ʇʨʠʚʝʜʝʥʥʘʷ  ʧʦʩʪʘʥʦʚʢʘ ʟʘʜʘʯʠ ʠ ʩʦʟʜʘʥʥʘʷ ʤʦʜʝʣʴ ʢʦʤʤʫʪʠʨʫʝʤʦʡ ʩʝʪʠ ʧʦʟʚʦʣʷʶʪ ʚʳʙʨʘʪʴ 

ʪʦʧʦʣʦʛʠʶ, ʚ ʢʦʪʦʨʦʡ ʚʦʟʤʦʞʝʥ ʙʳʩʪʨʳʡ ʧʝʨʝʭʦʜ ʚ ʨʝʞʠʤ ʧʝʨʝʜʘʯʠ ʧʦʣʴʟʦʚʘʪʝʣʴʩʢʠʭ ʜʘʥʥʳʭ, ʧʨʠ 

ʵʪʦʤ ʙʫʜʝʪ ʫʯʪʝʥʦ ʢʦʣʠʯʝʩʪʚʦ BPDU, ʦʙʨʘʙʘʪʳʚʘʝʤʳʭ ʢʘʞʜʳʤ ʢʦʤʤʫʪʘʪʦʨʦʤ, ʠ ʜʘʥʘ ʦʮʝʥʢʘ 

ʫʩʪʦʡʯʠʚʦʩʪʴ ʵʪʦʡ ʪʦʧʦʣʦʛʠʠ ʢ ʦʜʠʥʦʯʥʳʤ ʦʪʢʘʟʘʤ ʩʦʝʜʠʥʠʪʝʣʴʥʳʭ ʩʝʛʤʝʥʪʦʚ.  
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ʀɿʄɽʈɽʅʀɽ ʇʆʂɸɿɸʊɽʃɽʁ ʂɸʏɽʉʊɺɸ ʌʋʅʂʎʀʆʅʀʈʆɺɸʅʀʗ ʊʈɸʅʉʇʆʈʊʅʓʍ 

ʀʅʌʆʂʆʄʄʋʅʀʂɸʎʀʆʅʅʓʍ ʉɽʊɽʁ 

 

ʋʯʨʝʞʜʝʥʠʝ ʦʙʨʘʟʦʚʘʥʠʷ çɹʝʣʦʨʫʩʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʥʬʦʨʤʘʪʠʢʠ ʠ 

ʨʘʜʠʦʵʣʝʢʪʨʦʥʠʢʠè, ʛ. ʄʠʥʩʢ, ʈʝʩʧʫʙʣʠʢʘ ɹʝʣʘʨʫʩʴ 

 

ʂʘʯʝʩʪʚʦ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʪʝʣʝʢʦʤʤʫʥʠʢʘʮʠʦʥʥʦʡ ʩʝʪʠ (Network Performance, NP) ï ʵʪʦ 

ʩʧʦʩʦʙʥʦʩʪʴ ʦʙʝʩʧʝʯʠʚʘʪʴ ʠʥʬʦʨʤʘʮʠʦʥʥʳʡ ʦʙʤʝʥ ʤʝʞʜʫ ʧʦʣʴʟʦʚʘʪʝʣʷʤʠ. ʆʩʥʦʚʥʘʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ 

ʪʝʣʝʢʦʤʤʫʥʠʢʘʮʠʦʥʥʦʡ ʩʝʪʠ ï ʵʪʦ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʦʙʩʣʫʞʠʚʘʥʠʷ ʪʨʘʬʠʢʘ. ʕʬʬʝʢʪʠʚʥʦʩʪʴ 

ʦʙʩʣʫʞʠʚʘʥʠʷ ʪʨʘʬʠʢʘ (ʧʨʦʧʫʩʢʥʘʷ ʩʧʦʩʦʙʥʦʩʪʴ) ï ʩʚʦʡʩʪʚʦ ʫʟʣʘ ʢʦʤʤʫʪʘʮʠʠ ʢʘʢ ʦʙʲʝʢʪʘ ʩʝʪʠ 

ʦʙʩʣʫʞʠʚʘʪʴ ʧʦʩʪʫʧʘʶʱʠʡ ʪʨʘʬʠʢ ʩ ʟʘʜʘʥʥʦʡ ʠʥʪʝʥʩʠʚʥʦʩʪʴʶ ʧʨʠ ʟʘʜʘʥʥʦʤ ʢʘʯʝʩʪʚʝ ʦʙʩʣʫʞʠʚʘʥʠʷ 

ʠ ʦʧʨʝʜʝʣʝʥʥʦʤ ʪʝʭʥʠʯʝʩʢʦʤ ʩʦʩʪʦʷʥʠʠ (ʩʦʦʪʥʦʰʝʥʠʠ ʢʦʣʠʯʝʩʪʚʘ ʨʘʙʦʪʦʩʧʦʩʦʙʥʳʭ ʠ 

ʥʝʨʘʙʦʪʦʩʧʦʩʦʙʥʳʭ ʢʘʥʘʣʦʚ/ʣʠʥʠʡ). ʉʧʦʩʦʙʥʦʩʪʴ ʫʟʣʘ ʢʦʤʤʫʪʘʮʠʠ ʦʙʩʣʫʞʠʚʘʪʴ ʪʨʘʬʠʢ ʟʘʚʠʩʠʪ ʦʪ 

ʝʛʦ ʥʘʜʝʞʥʦʩʪʠ, ʢʘʯʝʩʪʚʘ ʧʝʨʝʜʘʯʠ ʠ ʠʤʝʶʱʠʭʩʷ ʨʝʩʫʨʩʦʚ ʠ ʚʦʟʤʦʞʥʦʩʪʝʡ. ʂʘʯʝʩʪʚʦ ʧʝʨʝʜʘʯʠ ï 

ʫʨʦʚʝʥʴ ʚʦʩʧʨʦʠʟʚʝʜʝʥʠʷ ʩʠʛʥʘʣʘ ʚ ʧʫʥʢʪʝ ʧʨʠʝʤʘ ʦʙʲʝʢʪʦʤ ʩʝʪʠ, ʥʘʭʦʜʷʱʠʤʩʷ ʚ ʩʦʩʪʦʷʥʠʠ 

ʛʦʪʦʚʥʦʩʪʠ.  

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʨʘʟʨʘʙʦʪʘʥʳ ʪʨʝʙʦʚʘʥʠʷ ʢ ʜʚʫʤ ʚʠʜʘʤ ʧʦʢʘʟʘʪʝʣʝʡ ʢʘʯʝʩʪʚʘ ʧʝʨʝʜʘʯʠ ʜʣʷ 

ʪʨʘʥʩʧʦʨʪʥʳʭ ʩʝʪʝʡ ʩ ʢʦʤʤʫʪʘʮʠʝʡ ʢʘʥʘʣʦʚ ï ʧʦʢʘʟʘʪʝʣʷʤ ʦʰʠʙʦʢ ʠ ʧʦʢʘʟʘʪʝʣʷʤ ʜʨʦʞʘʥʠʷ ʠ ʜʨʝʡʬʘ 

ʬʘʟʳ. ʇʦʢʘʟʘʪʝʣʠ ʢʘʯʝʩʪʚʘ, ʠʩʧʦʣʴʟʫʝʤʳʝ ʥʘ ʩʝʪʠ ʩ ʢʦʤʤʫʪʘʮʠʝʡ ʢʘʥʘʣʦʚ, ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʨʠʩʫʥʢʝ 

1. 

ʇʨʠ ʚʚʦʜʝ ʚ ʵʢʩʧʣʫʘʪʘʮʠʶ ʩʝʪʝʚʳʭ ʪʨʘʢʪʦʚ ʠ ʢʘʥʘʣʦʚ ʥʝʦʙʭʦʜʠʤʳ ʠʟʤʝʨʝʥʠʷ ʧʦʢʘʟʘʪʝʣʝʡ 

ʦʰʠʙʦʢ ʠ ʠʟʤʝʨʝʥʠʷ ʬʘʟʦʚʦʛʦ ʜʨʦʞʘʥʠʷ. ɽʩʣʠ ʠʟʤʝʨʷʝʤʳʡ ʪʨʘʢʪ ʦʙʨʘʟʦʚʘʥ ʩ ʧʦʤʦʱʴʶ ʩʦʚʨʝʤʝʥʥʦʡ 

ʘʧʧʘʨʘʪʫʨʳ, ʠʤʝʶʱʝʡ ʚʩʪʨʦʝʥʥʳʝ ʩʨʝʜʩʪʚʘ ʢʦʥʪʨʦʣʷ, ʢʦʪʦʨʳʝ ʧʦʟʚʦʣʷʶʪ ʦʮʝʥʠʪʴ ʧʦʢʘʟʘʪʝʣʠ 

ʦʰʠʙʦʢ ʧʦ ʙʣʦʢʘʤ ʨʝʘʣʴʥʦʛʦ ʩʠʛʥʘʣʘ, ʪʦ ʦʮʝʥʢʘ ʪʨʘʢʪʘ ʥʘ ʩʦʦʪʚʝʪʩʪʚʠʝ ʥʦʨʤʘʤ ʤʦʞʝʪ ʧʨʦʚʦʜʠʪʴʩʷ 

ʙʝʟ ʟʘʢʨʳʪʠʷ ʩʚʷʟʠ. ʆʜʥʘʢʦ ʩʣʝʜʫʝʪ ʠʤʝʪʴ ʚʚʠʜʫ ʯʪʦ ʩʧʦʩʦʙ ʦʮʝʥʢʠ ʧʦʢʘʟʘʪʝʣʝʡ ʦʰʠʙʦʢ ʙʝʟ 

ʧʨʝʢʨʘʱʝʥʠʷ ʩʚʷʟʠ ʩʯʠʪʘʝʪʩʷ ʤʝʥʝʝ ʪʦʯʥʳʤ ʠ ʧʨʝʜʧʦʯʪʠʪʝʣʴʥʳʤ ʷʚʣʷʝʪʩʷ ʠʟʤʝʨʝʥʠʝ ʩ 

ʧʨʝʢʨʘʱʝʥʠʝʤ ʩʚʷʟʠ (ʚʦʟʤʦʞʥʳ ʧʨʦʧʫʩʢʠ ʦʙʥʘʨʫʞʠʚʘʝʤʳʭ ʩʦʙʳʪʠʡ). ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʜʦʣʞʥʳ 

ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʠʟʤʝʨʠʪʝʣʠ ʧʦʢʘʟʘʪʝʣʝʡ ʦʰʠʙʦʢ, ʚ ʢʦʪʦʨʳʭ ʧʨʝʜʫʩʤʦʪʨʝʥʦ ʧʦʣʫʯʝʥʠʝ 

ʩʪʘʥʜʘʨʪʠʟʦʚʘʥʥʦʛʦ ʜʣʷ ʜʘʥʥʦʛʦ ʪʠʧʘ ʢʘʥʘʣʘ ʠʣʠ ʪʨʘʢʪʘ ʠʟʤʝʨʠʪʝʣʴʥʦʛʦ ʩʠʛʥʘʣʘ ʚ ʚʠʜʝ 

ʧʩʝʚʜʦʩʣʫʯʘʡʥʦʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ (ʄʉʕ-ʊ O.150 ʠ ʄ.2100), ʢʦʪʦʨʘʷ ʥʘʠʙʦʣʝʝ ʧʦʣʥʦ ʠʤʠʪʠʨʫʝʪ 

ʨʝʘʣʴʥʳʝ ʩʠʛʥʘʣʳ ʠ ʚ ʪʦ ʞʝ ʚʨʝʤʷ ʟʘʨʘʥʝʝ ʠʟʚʝʩʪʥʘ (ʵʪʦ ʥʝʦʙʭʦʜʠʤʦ ʜʣʷ ʪʦʯʥʦʛʦ ʠʟʤʝʨʝʥʠʷ 

ʧʦʢʘʟʘʪʝʣʝʡ ʦʰʠʙʦʢ). ʈʝʢʦʤʝʥʜʫʝʪʩʷ ʧʨʠʤʝʥʷʪʴ ʩʣʝʜʫʶʱʠʝ ʩʭʝʤʳ ʠʟʤʝʨʝʥʠʡ, ʧʨʠʚʝʜʝʥʥʳʝ ʥʘ 

ʨʠʩʫʥʢʝ 2. ʇʨʝʜʧʦʯʪʠʪʝʣʴʥʳ ʩʭʝʤʳ 1 ʠ 3. 
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~ 30 ~ 

ʇʦʢʘʟʘʪʝʣʠ ʢʘʯʝʩʪʚʘ ʥʘ 

ʩʝʪʠ ʩ ʢʦʤʤʫʪʘʮʠʝʡ 

ʢʘʥʘʣʦʚ 

ɼʨʦʞʘʥʠʝ/ʜʨʝʡʬ

ʬʘʟʳ

ʇʦʢʘʟʘʪʝʣʠ

ʦʰʠʙʦʢ

ʉʝʢʫʥʜʳ, 

ʧʦʨʘʞʝʥʥʳʝ 

ʦʰʠʙʢʘʤʠ (SES)

ʉʝʢʫʥʜʘ ʩ 

ʦʰʠʙʢʘʤʠ (ES)

ʏʘʩʪʦʪʘ

ʜʨʦʞʘʥʠʷ/ʜʨʝʡʬʘ

ʬʘʟʳ

ʇʘʨʘʤʝʪʨʳ 

ʦʰʠʙʦʢ (ESR, 

SESR, BBER)

ɹʣʦʢ ʩ ʬʦʥʦʚʳʤʠ 

ʦʰʠʙʢʘʤʠ (ɺɺɽ)

ɸʤʧʣʠʪʫʜʳ

ʜʨʦʞʘʥʠʷ/ʜʨʝʡʬʘ

ʬʘʟʳ

 

 

ɸʥʘʣʠʟʘʪʦʨ ʆɸ ʆɸ ɸʥʘʣʠʟʘʪʦʨ

ʆɸ ï ʦʢʦʥʝʯʥʘʷ ʘʧʧʘʨʘʪʫʨʘ

1. ʀʟʤʝʨʝʥʠʷ ʧʦ ʥʘʧʨʘʚʣʝʥʠʶ

2. ʀʟʤʝʨʝʥʠʷ ʧʦ ʰʣʝʡʬʫ

ɸʥʘʣʠʟʘʪʦʨ ʆɸ ʆɸ

ʎʂʉ ʆɸ ʆɸ ʎʂʉ

3. ʀʟʤʝʨʝʥʠʷ ʩ ʧʦʤʦʱʴʶ ʢʨʦʩʩʦʚʦʛʦ ʩʦʝʜʠʥʝʥʠʷ

ɸʥʘʣʠʟʘʪʦʨ ɸʥʘʣʠʟʘʪʦʨ

ʎʂʉ - ʮʠʬʨʦʚʦʡ ʢʨʦʩʩʦʚʳʡ ʩʦʝʜʠʥʠʪʝʣʴ 

ʈʠʩʫʥʦʢ 1 ï ʇʦʢʘʟʘʪʝʣʠ ʢʘʯʝʩʪʚʘ, 

ʠʩʧʦʣʴʟʫʝʤʳʝ ʥʘ ʩʝʪʠ ʩ ʢʦʤʤʫʪʘʮʠʝʡ 

ʢʘʥʘʣʦʚ 

 ʈʠʩʫʥʦʢ 2 ï ʉʭʝʤr ʠʟʤʝʨʝʥʠʡ ʢʦʵʬʬʠʮʠʝʥʪʘ 

ʦʰʠʙʦʢ 

 

ɼʣʷ ʦʨʛʘʥʠʟʘʮʠʠ ʠʟʤʝʨʝʥʠʡ ʩ ʦʪʢʣʶʯʝʥʠʝʤ ʢʘʥʘʣʘ ʠʩʧʦʣʴʟʫʝʪʩʷ ʛʝʥʝʨʘʪʦʨ ʠ ʘʥʘʣʠʟʘʪʦʨ 

ʪʝʩʪʦʚʦʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ, ʧʦʜʢʣʶʯʝʥʥʳʝ ʢ ʨʘʟʥʳʤ ʢʦʥʮʘʤ ʮʠʬʨʦʚʦʛʦ ʢʘʥʘʣʘ. ʄʝʞʜʫ 

ʛʝʥʝʨʘʪʦʨʦʤ ʠ ʘʥʘʣʠʟʘʪʦʨʦʤ ʪʝʩʪʦʚʦʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʩʫʱʝʩʪʚʫʝʪ ʩʠʥʭʨʦʥʠʟʘʮʠʷ ʧʦ ʪʝʩʪʦʚʦʡ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ, ʪ. ʝ. ʧʨʦʮʝʜʫʨʘ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʢʦʪʦʨʦʡ ʘʥʘʣʠʟʘʪʦʨ ʠʤʝʝʪ ʚʦʟʤʦʞʥʦʩʪʴ 

ʧʨʝʜʩʢʘʟʘʥʠʷ ʩʣʝʜʫʶʱʝʛʦ ʟʥʘʯʝʥʠʷ ʢʘʞʜʦʛʦ ʧʨʠʥʠʤʘʝʤʦʛʦ ʙʠʪʘ. 

ʈʝʢʦʤʝʥʜʘʮʠʷ ʄʉʕ-ʊ Y.1540 ʦʧʨʝʜʝʣʷʝʪ ʩʣʝʜʫʶʱʠʝ ʧʦʢʘʟʘʪʝʣʠ ʢʘʯʝʩʪʚʘ ʧʝʨʝʜʘʯʠ, 

ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʝ ʪʨʘʥʩʧʦʨʪʥʳʝ ʩʝʪʠ ʩ ʢʦʤʤʫʪʘʮʠʝʡ ʧʘʢʝʪʦʚ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʝ ʥʘ ʨʠʩʫʥʢʝ 3. 

ʇʦʢʘʟʘʪʝʣʠ ʢʘʯʝʩʪʚʘ ʥʘ 

ʩʝʪʠ ʩ ʢʦʤʤʫʪʘʮʠʝʡ 

ʧʘʢʝʪʦʚ

ʂʦʵʬʬʠʮʠʝʥʪ 

ʦʰʠʙʦʢ ʧʘʢʝʪʦʚ 

IP (IPER)

ɿʘʜʝʨʞʢʘ 

ʜʦʩʪʘʚʢʠ ʧʘʢʝʪʘ 

IP (IPLR)

ɺʘʨʠʘʮʠʷ 

ʟʘʜʝʨʞʢʠ 

ʜʦʩʪʘʚʢʠ ʧʘʢʝʪʘ 

IP (IPDV)

ʂʦʵʬʬʠʮʠʝʥʪ 

ʧʦʪʝʨʠ ʧʘʢʝʪʦʚ IP 

(IPLR)
 

ʈʠʩʫʥʦʢ 3 ï ʇʦʢʘʟʘʪʝʣʠ ʢʘʯʝʩʪʚʘ ʥʘ ʩʝʪʠ ʩ ʢʦʤʤʫʪʘʮʠʝʡ ʧʘʢʝʪʦʚ 

 

ʀʟʤʝʨʝʥʠʷ ʚ ʩʝʪʷʭ ʩ ʢʦʤʤʫʪʘʮʠʝʡ ʧʘʢʝʪʦʚ ʚʢʣʶʯʘʶʪ ʦʮʝʥʢʫ ʬʫʥʢʮʠʡ ʠ ʜʦʩʪʫʧʥʦʩʪʠ ʫʩʪʨʦʡʩʪʚ ʠ 

ʩʝʨʚʠʩʦʚ ʩʝʪʠ. ʂ ʪʝʭʥʠʢʝ ʪʘʢʠʭ ʠʟʤʝʨʝʥʠʡ ʩʫʱʝʩʪʚʫʝʪ ʜʚʘ ʧʦʜʭʦʜʘ. ʇʝʨʚʳʡ ï ʩʧʦʩʦʙ ʘʢʪʠʚʥʳʭ ʧʨʦʙ, 

ʟʘʢʣʶʯʘʶʱʠʡʩʷ ʚ ʚʚʦʜʝ ʚ ʪʨʘʬʠʢ ʩʧʝʮʠʘʣʴʥʳʭ ʧʘʢʝʪʦʚ, ʠʭ ʧʨʠʸʤ ʠ ʘʥʘʣʠʟ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ 

ʟʘʜʝʨʞʢʠ, ʧʦʪʝʨʴ ʠ ʪ.ʧ. ɺʪʦʨʦʡ ï ʩʧʦʩʦʙ ʧʘʩʩʠʚʥʳʭ ʠʟʤʝʨʝʥʠʡ, ʢʦʪʦʨʳʡ ʧʨʝʜʧʦʣʘʛʘʝʪ ʠʟʤʝʨʝʥʠʝ 

ʧʘʨʘʤʝʪʨʦʚ ʧʝʨʝʜʘʯʠ ʙʝʟ ʦʢʘʟʘʥʠʷ ʢʘʢʦʛʦ-ʣʠʙʦ ʚʣʠʷʥʠʷ ʥʘ ʧʦʪʦʢ ʧʝʨʝʜʘʚʘʝʤʳʭ ʜʘʥʥʳʭ. ʕʪʠ ʩʭʝʤ r
ʠʣʣʶʩʪʨʠʨʫʝʪ ʨʠʩʫʥʦʢ 4. 

ʂʦʤʤʫʪʘʪʦʨ

ʉʝʨʚʝʨ-

ʛʝʥʝʨʘʪʦʨ

ʂʣʠʝʥʪ

ʧʨʠʣʦʞʝʥʠʷ

ʉʝʪʴ ʂʦʤʤʫʪʘʪʦʨ

ʉʝʨʚʝʨ-

ʠʟʤʝʨʠʪʝʣʴ

ʉʝʨʚʝʨ

ʧʨʠʣʦʞʝʥʠʷ

 

ʂʦʤʤʫʪʘʪʦʨ
ʂʣʠʝʥʪ

ʧʨʠʣʦʞʝʥʠʷ
ʉʝʪʴ ʂʦʤʤʫʪʘʪʦʨ

ʉʝʨʚʝʨ-

ʠʟʤʝʨʠʪʝʣʴ

ʉʝʨʚʝʨ

ʧʨʠʣʦʞʝʥʠʷ

 
ʈʠʩʫʥʦʢ 4 ï ʉʭʝʤʳ ʘʢʪʠʚʥʳʭ ʠ ʧʘʩʩʠʚʥʳʭ ʠʟʤʝʨʝʥʠʠ 
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ɸʢʪʠʚʥʳʝ ʠʟʤʝʨʝʥʠʷ ʦʩʥʦʚʘʥʳ ʥʘ ʛʝʥʝʨʘʮʠʠ ʚ ʫʟʣʝ-ʠʩʪʦʯʥʠʢʝ ʩʧʝʮʠʘʣʴʥʳʭ çʠʟʤʝʨʠʪʝʣʴʥʳʭè 

ʧʘʢʝʪʦʚ. ʕʪʠ ʧʘʢʝʪʳ ʜʦʣʞʥʳ ʧʨʦʡʪʠ ʯʝʨʝʟ ʩʝʪʴ ʪʦʪ ʞʝ ʧʫʪʴ, ʯʪʦ ʠ ʧʘʢʝʪʳ, ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʢʦʪʦʨʳʭ 

ʤʳ ʩʦʙʠʨʘʝʤʩʷ ʦʮʝʥʠʚʘʪʴ. ʀʟʤʝʨʝʥʠʷ ʚ ʫʟʣʝ ʥʘʟʥʘʯʝʥʠʷ ʧʨʦʚʦʜʷʪʩʷ ʥʘ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ 

çʠʟʤʝʨʠʪʝʣʴʥʳʭè ʧʘʢʝʪʦʚ. ɺʤʝʩʪʦ ʪʦʛʦ ʯʪʦʙʳ ʧʳʪʘʪʴʩʷ ʠʟʤʝʨʠʪʴ ʟʘʜʝʨʞʢʠ ʧʘʢʝʪʦʚ, ʛʝʥʝʨʠʨʫʝʤʳʭ 

ʢʣʠʝʥʪʩʢʠʤ ʢʦʤʧʴʶʪʝʨʦʤ, ʤʳ ʫʩʪʘʥʘʚʣʠʚʘʝʤ ʚ ʩʝʪʠ ʜʚʘ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʢʦʤʧʴʶʪʝʨʘ: ʩʝʨʚʝʨ-

ʛʝʥʝʨʘʪʦʨ ʠ ʩʝʨʚʝʨ-ʠʟʤʝʨʠʪʝʣʴ. ʉʝʨʚʝʨ-ʛʝʥʝʨʘʪʦʨ ʛʝʥʝʨʠʨʫʝʪ ʠʟʤʝʨʠʪʝʣʴʥʳʝ ʧʘʢʝʪʳ (ʧʦʢʘʟʘʥʥʳʝ ʥʘ 

ʨʠʩʫʥʢʝ ʩʝʨʳʤ ʮʚʝʪʦʤ), ʘ ʩʝʨʚʝʨ-ʠʟʤʝʨʠʪʝʣʴ ʠʟʤʝʨʷʝʪ ʟʘʜʝʨʞʢʠ ʵʪʠʭ ʧʘʢʝʪʦʚ. 

ʉʫʱʝʩʪʚʫʶʪ ʧʨʦʙʣʝʤʳ, ʢʦʪʦʨʳʝ ʧʨʠʭʦʜʠʪʩʷ ʨʝʰʘʪʴ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʩʭʝʤʳ ʧʘʩʩʠʚʥʳʭ 

ʠʟʤʝʨʝʥʠʡ: ʩʣʦʞʥʦʩʪʠ ʩʠʥʭʨʦʥʠʟʘʮʠʠ ʢʣʠʝʥʪʘ ʠ ʩʝʨʚʝʨʘ, ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʠ ʥʝʦʧʨʝʜʝʣʝʥʥʳʝ 

ʟʘʜʝʨʞʢʠ, ʚʥʦʩʠʤʳʝ ʫʥʠʚʝʨʩʘʣʴʥʳʤʠ ʤʫʣʴʪʠʧʨʦʛʨʘʤʤʥʳʤʠ ʦʧʝʨʘʮʠʦʥʥʳʤʠ ʩʠʩʪʝʤʘʤʠ ʵʪʠʭ 

ʢʦʤʧʴʶʪʝʨʦʚ, ʦʪʩʫʪʩʪʚʠʝ ʚ ʟʘʛʦʣʦʚʢʝ ʠʩʧʦʣʴʟʫʝʤʳʭ ʧʨʠʣʦʞʝʥʠʝʤ ʧʘʢʝʪʦʚ ʧʦʣʷ ʜʣʷ ʧʝʨʝʥʦʩʘ ʧʦ ʩʝʪʠ 

ʚʨʝʤʝʥʥʦʡ ʦʪʤʝʪʢʠ. 

ʏʘʩʪʠʯʥʦ ʵʪʠ ʧʨʦʙʣʝʤʳ ʨʝʰʘʶʪʩʷ ʟʘ ʩʯʝʪ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʦʪʜʝʣʴʥʦʛʦ ʩʝʨʚʝʨʘ-ʠʟʤʝʨʠʪʝʣʷ. ʕʪʦʪ 

ʩʝʨʚʝʨ ʧʨʠʥʠʤʘʝʪ ʪʦʪ ʞʝ ʚʭʦʜʥʦʡ ʧʦʪʦʢ ʧʘʢʝʪʦʚ, ʯʪʦ ʠ ʦʜʠʥ ʠʟ ʫʟʣʦʚ, ʫʯʘʩʪʚʫʶʱʠʡ ʚ ʦʙʤʝʥʝ 

ʧʘʢʝʪʘʤʠ, ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʢʦʪʦʨʳʭ ʥʫʞʥʦ ʠʟʤʝʨʠʪʴ (ʥʘ ʨʠʩʫʥʢʝ ʧʦʢʘʟʘʥ ʩʣʫʯʘʡ, ʢʦʛʜʘ ʩʝʨʚʝʨ-

ʠʟʤʝʨʠʪʝʣʴ ʩʪʘʚʠʪʩʷ ʚ ʧʘʨʘʣʣʝʣʴ ʩ ʩʝʨʚʝʨʦʤ ʧʨʠʣʦʞʝʥʠʷ ɸ). ɼʣʷ ʪʦʛʦ ʯʪʦ ʙʳ ʩʝʨʚʝʨ-ʠʟʤʝʨʠʪʝʣʴ 

ʧʦʣʫʯʘʣ ʪʦʪ ʞʝ ʚʭʦʜʥʦʡ ʧʦʪʦʢ ʧʘʢʝʪʦʚ, ʯʪʦ ʠ ʦʨʠʛʠʥʘʣʴʥʳʡ ʫʟʝʣ, ʦʙʳʯʥʦ ʧʨʠʙʝʛʘʶʪ ʢ ʜʫʙʣʠʨʦʚʘʥʠʶ 

ʠʟʤʝʨʷʝʤʦʛʦ ʪʨʘʬʠʢʘ ʥʘ ʧʦʨʪ, ʢ ʢʦʪʦʨʦʤʫ ʧʦʜʢʣʶʯʝʥ ʩʝʨʚʝʨ-ʠʟʤʝʨʠʪʝʣʴ. ʊʘʢʫʶ ʬʫʥʢʮʠʶ, 

ʥʘʟʳʚʘʝʤʫʶ ʟʝʨʢʘʣʠʟʘʮʠʝʡ ʧʦʨʪʦʚ, ʧʦʜʜʝʨʞʠʚʘʶʪ ʤʥʦʛʠʝ ʢʦʤʤʫʪʘʪʦʨʳ ʣʦʢʘʣʴʥʳʭ ʩʝʪʝʡ. ʉʝʨʚʝʨ-

ʠʟʤʝʨʠʪʝʣʴ ʤʦʞʝʪ ʨʘʙʦʪʘʪʴ ʧʦʜ ʫʧʨʘʚʣʝʥʠʝʤ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʦʡ ʦʧʝʨʘʮʠʦʥʥʦʡ ʩʠʩʪʝʤʳ, 

ʦʧʪʠʤʠʟʠʨʦʚʘʥʥʦʡ ʜʣʷ ʚʳʧʦʣʥʝʥʠʷ ʪʦʯʥʳʭ ʠʟʤʝʨʝʥʠʡ ʚʨʝʤʝʥʥʳʭ ʠʥʪʝʨʚʘʣʦʚ. 

 

ʅ.ɺ.ʊɸʈʏɽʅʂʆ
1
, ʖ.ʉ.ʄʆʁʉʀɽɺʀʏ

1 

 

ʉʈɸɺʅʀʊɽʃʔʅʓʁ ɸʅɸʃʀɿ ʄɽʊʆɼʆɺ ɼɽʊɽʂʊʀʈʆɺɸʅʀʗ ʆʇʊʀʏɽʉʂʀʍ ʉʀɻʅɸʃʆɺ 

 
1
ʋʯʨʝʞʜʝʥʠʝ ʦʙʨʘʟʦʚʘʥʠʷ çɹʝʣʦʨʫʩʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʥʬʦʨʤʘʪʠʢʠ ʠ 

ʨʘʜʠʦʵʣʝʢʪʨʦʥʠʢʠè, ʛ. ʄʠʥʩʢ, ʈʝʩʧʫʙʣʠʢʘ ɹʝʣʘʨʫʩʴ 

 

ʇʨʠ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʚʦʣʦʢʦʥʥʦ-ʦʧʪʠʯʝʩʢʠʭ ʩʠʩʪʝʤ ʧʝʨʝʜʘʯʠ (ɺʆʉʇ) ʧʦ ʩʧʦʩʦʙʫ ʜʝʪʝʢʪʠʨʦʚʘʥʠʷ 

ʦʧʪʠʯʝʩʢʦʛʦ ʩʠʛʥʘʣʘ ʚʳʜʝʣʷʶʪ ʩʠʩʪʝʤʳ ʩ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʳʤ ʠ ʢʦʛʝʨʝʥʪʥʳʤ (ʛʦʤʦʜʠʥʥʳʤ ʠʣʠ 

ʛʝʪʝʨʦʜʠʥʥʳʤ) ʧʨʠʝʤʦʤ. ʂʘʯʝʩʪʚʦ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʧʨʠʝʤʥʳʭ ʦʧʪʠʯʝʩʢʠʭ ʤʦʜʫʣʝʡ ʦʧʨʝʜʝʣʷʝʪʩʷ 

ʵʣʝʢʪʨʠʯʝʩʢʠʤ ʦʪʥʦʰʝʥʠʝʤ ʩʠʛʥʘʣ/ʰʫʤ (ʕʆʉʐ).  

ʎʝʣʴʶ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʦʡ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʨʘʟʨʘʙʦʪʢʘ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʤʝʪʦʜʦʚ 

ʜʝʪʝʢʪʠʨʦʚʘʥʠʷ ʦʧʪʠʯʝʩʢʠʭ ʩʠʛʥʘʣʦʚ ʠ ʜʘʣʴʥʝʡʰʝʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʚ ʩʨʝʜʝ MathCad ʩ ʮʝʣʴʶ 

ʚʳʷʚʣʝʥʠʷ ʦʧʪʠʤʘʣʴʥʳʭ ʚ ʜʘʥʥʳʭ ʫʩʣʦʚʠʷ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ. ɼʣʷ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʚ ʪʝʟʠʩʘʭ 

ʨʘʩʩʤʦʪʨʝʥ ʩʣʫʯʘʡ ʧʝʨʝʜʘʯʠ ʚ ʦʧʪʠʯʝʩʢʦʡ ʣʠʥʠʠ ʚʠʜʝʦʠʤʧʫʣʴʩʦʚ. 

ʇʨʠ ʘʥʘʣʠʟʝ ʕʆʉʐ ʦʧʨʝʜʝʣʝʥʳ ʠʩʪʦʯʥʠʢʠ ʰʫʤʘ ʧʨʠʝʤʥʳʭ ʦʧʪʦʵʣʝʢʪʨʦʥʥʳʭ ʤʦʜʫʣʝʡ. 

ʆʩʥʦʚʥʳʤʠ ʠʩʪʦʯʥʠʢʘʤʠ ʰʫʤʘ ʦʧʪʠʯʝʩʢʦʛʦ ʧʨʠʝʤʥʠʢʘ ʷʚʣʷʶʪʩʷ ʜʨʦʙʦʚʳʡ ʰʫʤ, ʦʙʫʩʣʦʚʣʝʥʥʳʡ 

ʧʦʣʝʟʥʳʤ ʩʠʛʥʘʣʦʤ, ʬʦʥʦʚʳʤ ʠʟʣʫʯʝʥʠʝʤ ʠ ʪʝʤʥʦʚʳʤ ʪʦʢʦʤ, ʠ ʪʝʧʣʦʚʦʡ ʰʫʤ ʚʭʦʜʥʳʭ ʮʝʧʝʡ 

ʧʨʠʝʤʥʠʢʘ.  

ɺ ʩʠʣʫ ʪʦʛʦ, ʯʪʦ ʩʝʛʦʜʥʷ ʠʩʧʦʣʴʟʫʶʪʩʷ, ʢʘʢ ʧʨʘʚʠʣʦ, ʦʧʪʠʯʝʩʢʠʝ ʩʠʩʪʝʤʳ ʩʦ ʩʧʝʢʪʨʘʣʴʥʳʤ 

ʨʘʟʜʝʣʝʥʠʝʤ ʢʘʥʘʣʦʚ, ʨʘʙʦʪʘʶʱʠʝ ʥʘ ʙʦʣʴʰʠʝ ʨʘʩʩʪʦʷʥʠʷ, ʥʝʦʙʭʦʜʠʤʦ ʫʯʠʪʳʚʘʪʴ ʠ ʦʧʪʠʯʝʩʢʠʡ ʰʫʤ, 

ʥʘʢʘʧʣʠʚʘʝʤʳʡ ʚ ʣʠʥʠʠ, ʠʩʪʦʯʥʠʢʘʤʠ ʢʦʪʦʨʦʛʦ ʷʚʣʷʶʪʩʷ ʦʧʪʠʯʝʩʢʠʝ ʧʝʨʝʜʘʪʯʠʢʠ ʠ ʣʠʥʝʡʥʳʝ 

ʫʩʠʣʠʪʝʣʠ. ʕʪʠ ʰʫʤʳ ʫʯʠʪʳʚʘʶʪʩʷ ʬʦʥʦʚʳʤ ʠʟʣʫʯʝʥʠʝʤ. 

ʇʦʣʥʳʡ ʰʫʤ ʜʣʷ ʚʩʝʭ ʚʠʜʦʚ ʧʨʠʝʤʘ ʨʘʩʩʯʠʪʳʚʘʝʪʩʷ ʧʦ ʬʦʨʤʫʣʝ: 

,
4

)(2
ʅ

ʐ

ʅʌʊʉ

2

ʐ

R

kTBF
RIIIBMqMP x +++=  

ʛʜʝ q ï ʟʘʨʷʜ ʵʣʝʢʪʨʦʥʘ, ʂʣ; M ï ʢʦʵʬʬʠʮʠʝʥʪ ʣʘʚʠʥʥʦʛʦ ʫʤʥʦʞʝʥʠʷ ʠʣʠ ʚʥʫʪʨʝʥʥʝʛʦ ʫʩʠʣʝʥʠʷ 

ʬʦʪʦʪʦʢʘ; M
x
 ï ʢʦʵʬʬʠʮʠʝʥʪ ʠʟʙʳʪʦʯʥʦʛʦ ʰʫʤʘ ʣʘʚʠʥʥʦʛʦ ʫʤʥʦʞʝʥʠʷ, B ï ʧʦʣʦʩʘ ʧʨʦʧʫʩʢʘʥʠʷ, 

ʙʠʪ/ʩ; Iʉ ï ʩʨʝʜʥʠʡ ʪʦʢ ʧʦʣʝʟʥʦʛʦ ʩʠʛʥʘʣʘ, ɸ; Iʊ ï ʩʨʝʜʥʠʡ ʪʝʤʥʦʚʦʡ ʪʦʢ; Iʌ ï ʩʨʝʜʥʠʡ ʪʦʢ ʬʦʥʦʚʦʛʦ 

ʠʟʣʫʯʝʥʠʷ, ɸ; Rʅ ï ʥʘʛʨʫʟʦʯʥʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʦʧʪʠʯʝʩʢʦʛʦ ʧʨʠʝʤʥʠʢʘ, ʆʤ; k ï ʧʦʩʪʦʷʥʥʘʷ 

ɹʦʣʴʮʤʘʥʘ, ɼʞ Ā ʩ; ʊ ï ʘʙʩʦʣʶʪʥʘʷ ʪʝʤʧʝʨʘʪʫʨʘ, ʂ; Fʐ ï ʢʦʵʬʬʠʮʠʝʥʪ ʰʫʤʘ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʛʦ 

ʫʩʠʣʠʪʝʣʷ. 

ɺ ʪʘʙʣʠʮʝ 1 ʧʨʠʚʝʜʝʥʳ ʚʳʨʘʞʝʥʠʷ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʤʦʱʥʦʩʪʠ ʧʦʣʝʟʥʦʛʦ ʩʠʛʥʘʣʘ ʥʘ ʚʳʭʦʜʝ 

ʦʧʪʠʯʝʩʢʦʛʦ ʧʨʠʝʤʥʠʢʘ Pʉ ɺʓʍ ʧʨʠ ʨʘʟʥʳʭ ʩʧʦʩʦʙʘʭ ʜʝʪʝʢʪʠʨʦʚʘʥʠʷ. ʕʣʝʢʪʨʠʯʝʩʢʦʝ ʆʉʐ 



ʊʝʦʨʠʷ ʩʚʷʟʠ, ʩʝʪʠ ʠ ʩʠʩʪʝʤʳ ʵʣʝʢʪʨʦʩʚʷʟʠ 
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ʦʧʨʝʜʝʣʷʝʪʩʷ ʢʘʢ Pʉ ɺʓʍ/Pʐ, ʘ ʦʧʪʠʯʝʩʢʦʝ ʆʉʐ (ʆʆʉʐ) ï Pʉ ɺʍ/Pʌ, ʛʜʝ Pʌ ï ʤʦʱʥʦʩʪʴ ʬʦʥʦʚʦʛʦ 

ʠʟʣʫʯʝʥʠʷ ʥʘ ʚʭʦʜʝ ʦʧʪʠʯʝʩʢʦʛʦ ʧʨʠʝʤʥʠʢʘ. 

ʌʦʨʤʫʣʳ ʜʣʷ ʨʘʩʯʝʪʘ ʕʆʉʐ ʧʨʠʚʝʜʝʥʳ ʚ ʪʘʙʣʠʮʝ 1. ɿʜʝʩʴ Pʉ ɺʍ  ï ʤʦʱʥʦʩʪʴ ʦʧʪʠʯʝʩʢʦʛʦ 

ʩʠʛʥʘʣʘ, ʧʦʩʪʫʧʘʶʱʝʛʦ ʥʘ ʚʭʦʜ ʧʨʠʝʤʥʠʢʘ; P0  ï ʤʦʱʥʦʩʪʴ ʩʠʛʥʘʣʘ ʛʝʪʝʨʦʜʠʥʘ, Si ï ʪʦʢʦʚʘʷ 

ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ ʬʦʪʦʜʠʦʜʘ, ɸ/ɺʪ; ɖ ï ʢʚʘʥʪʦʚʘʷ ʵʬʬʝʢʪʠʚʥʦʩʪʴ; ɜʉ ï ʯʘʩʪʦʪʘ ʦʧʪʠʯʝʩʢʦʡ ʥʝʩʫʱʝʡ, 

ɻʮ.  

ʕʆʉʐ ʜʦʩʪʠʛʘʝʪ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʟʥʘʯʝʥʠʷ ʕʆʉʐMAX ʚ ʩʣʫʯʘʝ, ʢʦʛʜʘ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʦʧʪʠʯʝʩʢʦʛʦ 

ʧʨʠʝʤʥʠʢʘ ʦʛʨʘʥʠʯʝʥʘ ʪʦʣʴʢʦ ʜʨʦʙʦʚʳʤʠ ʰʫʤʘʤʠ ʩʠʛʥʘʣʘ. ʕʪʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʫʧʨʦʱʝʥʥʦʡ ʤʦʜʝʣʠ 

ʨʘʩʯʝʪʘ ʆʉʐ. 

 

ʊʘʙʣʠʮʘ 1 ï ʄʦʱʥʦʩʪʴ ʧʦʣʝʟʥʦʛʦ ʩʠʛʥʘʣʘ ʠ ʕʆʉʐ ʥʘ ʚʳʭʦʜʝ ʬʦʪʦʜʝʪʝʢʪʦʨʘ  

ʇʘʨʘʤʝʪʨ ʅʝʧʦʩʨʝʜʩʪʚʝʥʥʳʡ ʧʨʠʝʤ 
ʂʦʛʝʨʝʥʪʥʳʡ ʧʨʠʝʤ 

ɻʝʪʝʨʦʜʠʥʥʳʡ ɻʦʤʦʜʠʥʥʳʡ 
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ʂʘʢ ʚʠʜʥʦ ʠʟ ʪʘʙʣʠʮʳ, ʛʝʪʝʨʦʜʠʥʥʳʡ ʧʨʠʝʤ ʦʙʝʩʧʝʯʠʚʘʝʪ ʚʳʠʛʨʳʰ ʚ 2 ʨʘʟʘ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ 

ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʳʤ ʧʨʠʝʤʦʤ, ʘ ʛʦʤʦʜʠʥʥʳʡ ï ʚ 4 ʨʘʟʘ.  

ɺ ʧʨʦʮʝʩʩʝ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʩʣʝʜʫʶʱʠʝ ʠʩʭʦʜʥʳʝ ʟʥʘʯʝʥʠʷ: ɜʉ = 200 ʊɻʮ, ɖ = 0,6, 

Fʐ = 5, Iʊ = 1 Ā 10
-9
 ɸ. ɺ ʢʘʯʝʩʪʚʝ ʜʝʪʝʢʪʦʨʘ ʧʨʠʤʝʥʷʝʪʩʷ p-i-n ʬʦʪʦʜʠʦʜ. ʉʦʧʨʦʪʠʚʣʝʥʠʝ ʥʘʛʨʫʟʢʠ Rʅ 

ʦʧʨʝʜʝʣʷʝʪʩʷ ʩ ʫʯʝʪʦʤ ʠʟʤʝʥʝʥʠʷ ʧʦʣʦʩʳ ʧʨʦʧʫʩʢʘʥʠʷ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʩʢʦʨʦʩʪʠ ʧʝʨʝʜʘʯʠ 

(ʠʩʭʦʜʥʦʝ ʟʥʘʯʝʥʠʝ B = 10 ɻʙʠʪ/ʩ).  

ɺ ʨʝʟʫʣʴʪʘʪʝ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʧʦʣʫʯʝʥʳ ʟʘʚʠʩʠʤʦʩʪʠ ʕʆʉʐ ʦʪ ʩʢʦʨʦʩʪʠ ʧʝʨʝʜʘʯʠ ʠ ʤʦʱʥʦʩʪʠ 

ʧʦʩʪʫʧʘʶʱʝʛʦ ʥʘ ʚʭʦʜ ʦʧʪʠʯʝʩʢʦʛʦ ʜʝʪʝʢʪʦʨʘ ʩʠʛʥʘʣʘ. ɻʨʘʬʠʢʠ ʧʨʠʚʝʜʝʥʳ ʥʘ ʨʠʩʫʥʢʘʭ 1-2, ʛʜʝ 

ʦʙʦʟʥʘʯʝʥʳ: 1 ï ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʳʡ ʧʨʠʝʤ, 1* ï ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʳʡ ʧʨʠʝʤ (ʫʧʨʦʱʝʥʥʘʷ ʤʦʜʝʣʴ), 2 ï 

ʛʝʪʝʨʦʜʠʥʥʳʡ ʧʨʠʝʤ, 3 ï ʛʦʤʦʜʠʥʥʳʡ ʧʨʠʝʤ).    

 
ʈʠʩʫʥʦʢ 1 ï ɿʘʚʠʩʠʤʦʩʪʴ ʕʆʉʐ ʦʪ ʤʦʱʥʦʩʪʠ ʩʠʛʥʘʣʘ ʥʘ ʚʭʦʜʝ ʦʧʪʠʯʝʩʢʦʛʦ ʧʨʠʝʤʥʠʢʘ Pʉ ɺʍ 

 

ʄʦʜʝʣʠʨʦʚʘʥʠʝ ʧʦʢʘʟʘʣʦ, ʯʪʦ ʜʣʷ ʢʦʛʝʨʝʥʪʥʳʭ ʤʝʪʦʜʦʚ ʜʝʪʝʢʪʠʨʦʚʘʥʠʷ ʚ ʠʥʞʝʥʝʨʥʳʭ ʨʘʩʯʝʪʘʭ 

ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʫʧʨʦʱʝʥʥʫʶ ʤʦʜʝʣʴ ʨʘʩʯʝʪʘ ʕʆʉʐMAX, ʪʘʢ ʢʘʢ ʚ ʨʘʙʦʯʝʤ ʜʠʘʧʘʟʦʥʝ ʚʭʦʜʥʳʭ 

ʩʠʛʥʘʣʦʚ ʫʯʝʪ ʚʣʠʷʥʠʷ ʚʩʝʭ ʠʩʪʦʯʥʠʢʦʚ ʰʫʤʘ ʫʭʫʜʰʘʝʪ ʆʉʐ ʥʝ ʙʦʣʝʝ ʯʝʤ ʥʘ 0,5 ʜɹ. ɼʣʷ 

ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʛʦ ʜʝʪʝʢʪʠʨʦʚʘʥʠʷ ʥʝʦʙʭʦʜʠʤʦ ʫʯʠʪʳʚʘʪʴ ʧʦʣʥʳʡ ʰʫʤ ʦʧʪʠʯʝʩʢʦʛʦ ʧʨʠʝʤʥʠʢʘ 

(ʦʪʢʣʦʥʝʥʠʝ ʟʥʘʯʝʥʠʡ ʦʪ ʨʝʘʣʴʥʦʛʦ ʕʆʉʐ ʩʦʩʪʘʚʣʷʝʪ 3-15 ʜɹ). 
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ʈʠʩʫʥʦʢ 2 ï ɿʘʚʠʩʠʤʦʩʪʴ ʕʆʉʐ ʦʪ ʩʢʦʨʦʩʪʠ ʧʝʨʝʜʘʯʠ ʦʧʪʠʯʝʩʢʦʛʦ ʩʠʛʥʘʣʘ B 

 

ʉʦʛʣʘʩʥʦ ʨʠʩʫʥʢʫ 2 ʚʠʜʥʦ, ʯʪʦ ʚʳʠʛʨʳʰ ʦʪ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʢʦʛʝʨʝʥʪʥʳʭ ʤʝʪʦʜʦʚ ʧʨʠʝʤʘ 

ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʩ ʨʦʩʪʦʤ ʩʢʦʨʦʩʪʠ ʧʝʨʝʜʘʯʠ. 
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ʂ.ɸ.ʊʈʋʉʆɺɸ 

 

ʇɽʈʉʇɽʂʊʀɺʓ ʇʈʀʄɽʅɽʅʀʗ ʀʅʊɽʃʃɽʂʊʋɸʃʔʅʓʍ ʉʀʉʊɽʄ ɼʃʗ ʆʇʊʀʄʀɿɸʎʀʀ 

ʈɸɿʄɽʑɽʅʀʗ ʊʈɸʅʉʇʆʈʊʅʓʍ ʉʈɽɼʉʊɺ ʅɸ ʆʊʂʈʓʊʆʄ ʇʈʆʉʊʈɸʅʉʊɺɽ 

 

ʋʯʨʝʞʜʝʥʠʝ ʦʙʨʘʟʦʚʘʥʠʷ çɹʝʣʦʨʫʩʩʢʘʷ ʛʦʩʫʜʘʨʩʪʚʝʥʥʘʷ ʘʢʘʜʝʤʠʷ ʩʚʷʟʠè, ʛ. ʄʠʥʩʢ, 

ʈʝʩʧʫʙʣʠʢʘ ɹʝʣʘʨʫʩʴ 

 

ɺ ʩʦʚʨʝʤʝʥʥʦʤ ʤʠʨʝ ʥʘʣʠʯʠʝ ʘʚʪʦʤʦʙʠʣʷ, ʢʘʢ ʩʨʝʜʩʪʚʦ ʧʝʨʝʜʚʠʞʝʥʠʷ, ʩʪʘʣʦ ʛʣʘʚʥʳʤ ʘʪʨʠʙʫʪʦʤ 

ʞʠʪʝʣʷ ʣʶʙʦʛʦ ʛʦʨʦʜʘ. ʊʘʢ ʫʚʝʣʠʯʝʥʠʝ ʯʠʩʣʘ ʪʨʘʥʩʧʦʨʪʥʳʭ ʩʨʝʜʩʪʚ ʧʨʠʚʦʜʠʪ ʢ ʧʨʦʙʣʝʤʘʤ ʧʨʦʙʦʢ ʠ 

ʦʪʩʫʪʩʪʚʠʶ ʩʚʦʙʦʜʥʳʭ ʧʘʨʢʦʚʦʯʥʳʭ ʤʝʩʪ ʥʘ ʧʘʨʢʠʥʛʘʭ. 

ɹʣʘʛʦʜʘʨʷ ʩʪʨʝʤʠʪʝʣʴʥʦʤʫ ʨʘʟʚʠʪʠʶ ʪʝʭʥʦʣʦʛʠʡ ʚ ʨʘʟʣʠʯʥʳʭ ʦʙʣʘʩʪʷʭ ʥʘʫʢʠ, ʧʝʨʩʧʝʢʪʠʚʥʳʤ 

ʥʘʧʨʘʚʣʝʥʠʝʤ ʷʚʣʷʝʪʩʷ ʧʨʠʤʝʥʝʥʠʝ ʠʭ ʚ ʨʘʟʚʠʪʠʠ ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ ʛʦʨʦʜʘ ʠ ʝʛʦ ʦʙʫʩʪʨʦʡʩʪʚʝ. ɼʣʷ 

ʩʦʟʜʘʥʠʷ çʫʤʥʦʡè ʩʠʩʪʝʤʳ ʢʦʥʪʨʦʣʷ ʠ ʤʦʥʠʪʦʨʠʥʛʘ ʧʘʨʢʦʚʦʯʥʳʭ ʤʝʩʪ ʜʣʷ ʘʚʪʦʤʦʙʠʣʝʡ ʚʘʞʥʳʤ 

ʷʚʣʷʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʠʥʬʦʨʤʘʮʠʦʥʥʦ-ʢʦʤʤʫʥʠʢʘʮʠʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ, ʘ ʪʘʢʞʝ ʘʧʧʘʨʘʪʥʦ-

ʧʨʦʛʨʘʤʤʥʳʭ ʢʦʤʧʣʝʢʩʦʚ. 

ʈʝʰʝʥʠʝ ʧʨʦʙʣʝʤʳ ʫʧʨʘʚʣʝʥʠʷ ʧʘʨʢʦʚʦʯʥʳʤʠ ʤʝʩʪʘʤʠ ʧʨʝʜʩʪʘʚʣʝʥʦ ʢʦʤʧʘʥʠʝʡ StreetLine, 

ʢʦʪʦʨʦʝ ʦʨʠʝʥʪʠʨʦʚʘʥʦ ʥʘ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʚʠʜʝʦʘʥʘʣʠʟʘ, ʙʝʩʧʨʦʚʦʜʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʠ ʩʠʩʪʝʤ 

ʛʝʦʧʦʟʠʮʠʦʥʠʨʦʚʘʥʠʷ. ɼʘʥʥʦʝ ʨʝʰʝʥʠʝ ʨʘʩʩʯʠʪʘʥʦ ʥʘ ʦʪʢʨʳʪʳʝ ʧʘʨʢʦʚʢʠ ʛʦʨʦʜʩʢʠʭ ʫʣʠʮ. ɺ ʪʦ ʞʝ 

ʚʨʝʤʷ ʩʠʩʪʝʤʘ ʫʧʨʘʚʣʝʥʠʷ ʧʘʨʢʦʚʢʦʡ, ʨʝʘʣʠʟʦʚʘʥʥʘʷ ʢʦʤʧʘʥʠʝʡ ParkAssist, ʥʝ ʠʩʧʦʣʴʟʫʝʪ 

ʚʦʟʤʦʞʥʦʩʪʠ ʩʝʪʝʚʳʭ ʪʝʭʥʦʣʦʛʠʡ ʜʣʷ ʤʦʙʠʣʴʥʳʭ ʫʩʪʨʦʡʩʪʚ. ʉʠʩʪʝʤʘ ʢʦʤʧʘʥʠʠ  ParkAssist ʷʚʣʷʝʪʩʷ 

ʟʘʢʨʳʪʦʡ ʜʣʷ ʤʘʩʰʪʘʙʠʨʦʚʘʥʠʷ ʚʦʟʤʦʞʥʦʩʪʝʡ ʠ ʷʚʣʷʝʪʩʷ ʜʦʨʦʛʦʩʪʦʷʱʝʡ. 

ʉʫʱʝʩʪʚʫʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʚ ʩʦʟʜʘʥʠʠ ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ ʧʘʨʢʦʚʦʡ, ʢʦʪʦʨʘʷ ʤʦʞʝʪ 

ʠʩʧʦʣʴʟʦʚʘʥʘ ʢʘʢ ʥʘ ʦʪʢʨʳʪʳʭ, ʪʘʢ ʠ ʥʘ ʟʘʢʨʳʪʳʭ ʧʘʨʢʦʚʢʘʭ ʧʨʠ ʤʠʥʠʤʘʣʴʥʳʭ ʤʘʪʝʨʠʘʣʴʥʳʭ ʠ 

ʪʝʭʥʠʯʝʩʢʠʭ ʟʘʪʨʘʪʘʭ. ʉʚʝʪʦʜʠʦʜʥʳʝ ʪʘʙʣʦ, ʢʘʢ ʩʨʝʜʩʪʚʘ ʦʪʦʙʨʘʞʝʥʠʷ ʠʥʬʦʨʤʘʮʠʠ, ʥʝʦʙʭʦʜʠʤʳ ʜʣʷ 

ʚʦʜʠʪʝʣʝʡ, ʥʝ ʠʤʝʶʱʠʭ ʤʦʙʠʣʴʥʦʛʦ ʫʩʪʨʦʡʩʪʚʘ, ʧʦʜʢʣʶʯʝʥʥʦʛʦ ʢ ʩʠʩʪʝʤʝ çʫʤʥʦʡè ʧʘʨʢʦʚʢʠ. 

ʇʦʜʦʙʥʳʝ ʪʝʭʥʠʯʝʩʢʠʝ ʩʨʝʜʩʪʚʘ ʷʚʣʷʶʪʩʷ ʥʘʛʣʷʜʥʳʤʠ ʠ ʜʦʩʪʫʧʥʳʤʠ ʧʦ ʮʝʥʝ. ʇʘʨʢʦʚʢʠ ʜʦʣʞʥʳ 

ʦʙʝʩʧʝʯʠʚʘʪʴʩʷ ʵʣʝʢʪʨʦʥʥʳʤʠ ʪʘʙʣʦ ʠ ʫʢʘʟʘʪʝʣʷʤʠ ʚ ʢʦʣʠʯʝʩʪʚʝ, ʥʝʦʙʭʦʜʠʤʦʤ ʜʣʷ ʦʨʠʝʥʪʘʮʠʠ ʚ 

ʧʨʦʩʪʨʘʥʩʪʚʝ ʧʘʨʢʠʥʛʘ ʠ ʦʜʥʦʟʥʘʯʥʦʛʦ ʧʦʥʠʤʘʥʠʷ ʨʘʩʧʦʣʦʞʝʥʠʷ ʩʚʦʙʦʜʥʳʭ ʤʝʩʪ. 
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ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʩʫʱʝʩʪʚʫʶʪ ʪʨʠ ʥʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʭ ʪʝʭʥʦʣʦʛʠʠ ʧʘʨʢʦʚʦʯʥʳʭ 

ʩʠʩʪʝʤ ʧʦ ʥʦʩʠʪʝʣʶ ʠʥʬʦʨʤʘʮʠʠ ʦ ʪʨʘʥʩʧʦʨʪʥʦʤ ʩʨʝʜʩʪʚʝ. ʀʜʝʥʪʠʬʠʮʠʨʦʚʘʪʴ ʘʚʪʦʤʦʙʠʣʴ ʤʦʞʥʦ ʧʦ 

ʨʘʟʣʠʯʥʳʤ ʧʘʨʘʤʝʪʨʘʤ:  

- ʧʦ ʥʦʤʝʨʫ ʘʚʪʦʤʦʙʠʣʷ; 

- ʧʦ ʥʦʤʝʨʫ ʪʝʣʝʬʦʥʘ ʚʦʜʠʪʝʣʷ; 

- ʧʦ ʧʘʨʢʦʚʦʯʥʦʤʫ ʪʘʣʦʥʫ (ʰʪʨʠʭ-ʢʦʜ, ʤʘʛʥʠʪʥʘʷ ʧʦʣʦʩʘ, RFID ʢʘʨʪʘ). 

ɻʣʘʚʥʦʡ ʟʘʜʘʯʝʡ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʳʭ ʧʘʨʢʦʚʦʯʥʳʭ ʩʠʩʪʝʤ ʷʚʣʷʝʪʩʷ ʠʭ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʝ ʩ 

ʤʘʢʩʠʤʘʣʴʥʦʡ ʧʨʦʧʫʩʢʥʦʡ ʩʧʦʩʦʙʥʦʩʪʴʶ. ɸʣʛʦʨʠʪʤ ʨʘʙʦʪʳ ʜʘʥʥʦʡ ʩʠʩʪʝʤʳ, ʧʨʠʥʮʠʧ ʝʝ ʧʦʩʪʨʦʝʥʠʷ 

ʠ ʚrʙʦʨ ʦʙʦʨʫʜʦʚʘʥʠʷ ʜʣʷ ʧʘʨʢʦʚʦʢ ʜʦʣʞʥʳ ʭʘʨʘʢʪʝʨʠʟʦʚʘʪʴʩʷ ʚʳʩʦʢʠʤ ʙʳʩʪʨʦʜʝʡʩʪʚʠʝʤ ʠ 

ʦʧʪʠʤʘʣʴʥʦʩʪʴʶ ʨʘʙʦʪʳ ʜʣʷ ʧʨʝʜʦʩʪʘʚʣʝʥʠʷ ʢʘʯʝʩʪʚʝʥʥʦʡ ʫʩʣʫʛʠ ʢʣʠʝʥʪʫ. ʄʦʥʪʘʞ ʠ ʚʚʦʜ ʚ 

ʵʢʩʧʣʫʘʪʘʮʠʶ ʧʦʜʦʙʥʳʭ ʩʝʥʩʦʨʥʳʭ ʩʝʪʝʡ ʜʦʣʞʥʘ ʟʘʥʠʤʘʪʴ ʤʠʥʠʤʘʣʴʥʦʝ ʚʨʝʤʷ ʜʣʷ ʠʩʢʣʶʯʝʥʠʷ 

ʥʘʨʫʰʝʥʠʡ ʧʦʪʦʢʘ ʜʚʠʞʝʥʠʷ ʥʘ ʜʦʨʦʛʘʭ ʛʦʨʦʜʘ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʣʶʙʘʷ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʘʷ 

ʧʘʨʢʦʚʦʯʥʘʷ ʩʠʩʪʝʤʘ ʜʦʣʞʥʘ ʙʳʪʴ ʧʨʦʩʪʦʡ ʚ ʫʩʪʘʥʦʚʢʝ ʠ ʥʘʩʪʨʦʡʢʝ, ʤʘʩʰʪʘʙʠʨʫʝʤʦʡ ʠ ʥʘʜʝʞʥʦʡ. 

ʉʠʩʪʝʤʘ çSENSITè, ʧʨʦʜʫʢʪ ʢʦʤʧʘʥʠʠ çNEDAP AVIè, ʚʝʜʫʱʝʛʦ ʤʠʨʦʚʦʛʦ ʧʨʦʠʟʚʦʜʠʪʝʣʷ ʩʠʩʪʝʤ 

ʫʜʘʣʝʥʥʦʡ ʠʜʝʥʪʠʬʠʢʘʮʠʠ, ʚ ʦʪʣʠʯʠʝ ʦʪ ʜʨʫʛʠʭ ʧʘʨʢʦʚʦʯʥʳʭ ʩʠʩʪʝʤ ʷʚʣʷʝʪʩʷ ʙʝʩʧʨʦʚʦʜʥʳʤ 

ʨʝʰʝʥʠʝʤ. ɹʘʟʘ ʩʠʩʪʝʤʳ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʩʝʪʴ ʜʘʪʯʠʢʦʚ, ʢʦʪʦʨʳʝ ʤʦʥʪʠʨʫʶʪʩʷ ʚ ʜʦʨʦʞʥʦʝ 

ʧʦʣʦʪʥʦ ʠ ʩʠʛʥʘʣʠʟʠʨʫʶʪ ʦ ʥʘʣʠʯʠʠ ʘʚʪʦʤʦʙʠʣʷ ʚ ʛʨʘʥʠʮʘʭ ʦʧʨʝʜʝʣʝʥʥʦʛʦ ʧʘʨʢʦʚʦʯʥʦʛʦ ʤʝʩʪʘ. 

ʇʨʠ ʦʩʫʱʝʩʪʚʣʝʥʠʠ ʧʘʨʢʦʚʢʠ ʪʨʘʥʩʧʦʨʪʥʳʤ ʩʨʝʜʩʪʚʦʤ ʜʘʪʯʠʢ ʛʝʥʝʨʠʨʫʝʪ ʩʦʙʳʪʠʝ ʩ ʤʝʪʢʘʤʠ 

ʚʨʝʤʝʥʠ, ʘ ʪʘʢʞʝ, ʠʩʧʦʣʴʟʫʷ ʙʝʩʧʨʦʚʦʜʥʳʝ ʩʝʥʩʦʨʳ, ʦʧʨʝʜʝʣʷʝʪ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ ʩʪʦʷʥʢʠ. ɺʩʝ 

ʠʟʤʝʥʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ ʜʘʪʯʠʢʘ ʬʠʢʩʠʨʫʶʪʩʷ. ɼʘʪʯʠʢ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʙʝʩʧʨʦʚʦʜʥʦʝ ʫʩʪʨʦʡʩʪʚʦ, 

ʧʠʪʘʝʤʦʝ ʚʩʪʨʦʝʥʥʦʡ ʙʘʪʘʨʝʝʡ ʠ ʠʤʝʶʱʝʝ ʜʚʘ ʪʠʧʘ ʩʝʥʩʦʨʥʳʭ ʪʝʭʥʦʣʦʛʠʡ: ʤʘʛʥʠʪʥʘʷ ʠ 

ʠʥʬʨʘʢʨʘʩʥʘʷ. ɺʟʘʠʤʦʜʝʡʩʪʚʠʝ ʤʝʞʜʫ ʜʘʪʯʠʢʘʤʠ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʩʘʤʦʩʪʦʷʪʝʣʴʥʦ ʠ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʨʝʪʨʘʥʩʣʷʮʠʦʥʥʳʭ ʫʟʣʦʚ (Relay Node). ʂʦʤʙʠʥʘʮʠʷ ʜʘʪʯʠʢʦʚ ʠ ʨʝʪʨʘʥʩʣʷʪʦʨʦʚ 

ʦʙʨʘʟʫʝʪ ʜʚʫʥʘʧʨʘʚʣʝʥʥʫʶ Mesh-ʩʝʪʴ. ʄʝʭʘʥʠʟʤ ʦʪʣʦʞʝʥʥʦʡ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ ʦʙʝʩʧʝʯʠʚʘʝʪ 

ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʝ ʩʝʪʠ ʚ ʩʣʫʯʘʝ ʩʙʦʷ ʧʠʪʘʥʠʷ ʙʘʟʦʚʳʭ ʩʪʘʥʮʠʡ (Data Collector).  

ɼʘʥʥʳʝ, ʧʨʠʥʷʪʳʝ ʦʪ ʜʘʪʯʠʢʦʚ, ʥʘʢʘʧʣʠʚʘʶʪʩʷ ʠ ʧʝʨʝʩʳʣʘʶʪʩʷ ʥʘ Web-ʠʥʪʝʨʬʝʡʩ ʩʠʩʪʝʤʳ. 

ʈʘʙʦʪʫ ʙʝʩʧʨʦʚʦʜʥʦʡ ʩʝʥʩʦʨʥʦʡ ʩʝʪʠ ʢʦʥʪʨʦʣʠʨʫʝʪ ʘʜʤʠʥʠʩʪʨʘʪʦʨ, ʢʦʪʦʨʳʡ ʧʦ ʜʘʥʥʳʤ ʰʝʩʪʠ 

ʚʠʜʞʝʪʦʚ (ʜʘʪʯʠʢʠ, ʨʝʪʨʘʥʩʣʷʮʠʦʥʥʳʝ ʫʟʣʳ, ʢʦʣʣʝʢʪʦʨʳ ʜʘʥʥʳʭ, ʩʝʪʠ, ʩʝʨʚʝʨʳ ʩʠʩʪʝʤʥʳʭ 

ʫʚʝʜʦʤʣʝʥʠʡ) ʦʩʫʱʝʩʪʚʣʷʝʪ ʘʜʤʠʥʠʩʪʨʠʨʦʚʘʥʠʝ ʠ ʫʧʨʘʚʣʝʥʠʝ ʩʠʩʪʝʤʦʡ. ʉʠʩʪʝʤʘ SENSIT 

ʧʦʩʨʝʜʩʪʚʦʤ ʪʝʭʥʦʣʦʛʠʡ SOAP ʠ REST ʧʨʝʜʫʩʤʘʪʨʠʚʘʝʪ ʠʥʪʝʛʨʘʮʠʶ ʩ ʩʠʩʪʝʤʘʤʠ ʩʪʦʨʦʥʥʠʭ 

ʧʦʣʴʟʦʚʘʪʝʣʝʡ. 

ʇʘʨʢʦʚʦʯʥʘʷ ʩʠʩʪʝʤʘ çFastprkè, ʨʘʟʨʘʙʦʪʘʥʥʘʷ ʢʦʤʧʘʥʠʝʡ çWorldsensingè, ʩʦʩʪʦʠʪ ʠʟ ʜʘʪʯʠʢʦʚ 

ʟʘʥʷʪʦʩʪʠ ʧʘʨʢʦʚʦʯʥʦʛʦ ʤʝʩʪʘ, ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʦʛʦ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ, ʧʨʦʛʨʘʤʤʥʦʛʦ 

ʠʥʪʝʨʬʝʡʩʥʦʛʦ API ʜʣʷ ʠʥʪʝʛʨʘʮʠʠ ʠ ʧʨʠʣʦʞʝʥʠʡ ʜʣʷ ʤʦʙʠʣʴʥʳʭ ʫʩʪʨʦʡʩʪʚ. 

ɼʘʪʯʠʢʠ ʩʠʩʪʝʤʳ çFastprkè ʤʦʥʪʠʨʫʶʪʩʷ ʚ ʜʦʨʦʞʥʦʝ ʧʦʣʦʪʥʦ ʠ ʩʦʜʝʨʞʘʪ ʤʘʛʥʠʪʥʳʡ ʩʝʥʩʦʨ, 

ʢʦʨʧʫʩ ʜʘʪʯʠʢʘ ʢʣʘʩʩʘ ʟʘʱʠʪʳ IP67, ʜʘʪʯʠʢ ʦʩʫʱʝʩʪʚʣʷʝʪ ʧʝʨʝʜʘʯʫ ʜʘʥʥʳʭ ʥʘ ʩʝʪʝʚʦʡ ʰʣʶʟ, 

ʤʘʢʩʠʤʘʣʴʥʦʝ ʨʘʩʩʪʦʷʥʠʝ ʜʦ ʰʣʶʟʘ ʙʝʟ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʨʝʧʠʪʝʨʦʚ ï 500ʤ. 

ɼʣʷ ʦʩʫʱʝʩʪʚʣʝʥʠʷ ʤʦʥʠʪʦʨʠʥʛʘ ʩʦʩʪʦʷʥʠʷ ʧʘʨʢʦʚʢʠ ʚ ʨʝʞʠʤʝ ʨʝʘʣʴʥʦʛʦ ʚʨʝʤʝʥʠ ʩ ʧʦʤʦʱʴʶ 

ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʦʛʦ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ Management Tool ʧʦʣʴʟʦʚʘʪʝʣʷʤ ʥʘʩʪʨʘʠʚʘʝʪʩʷ KPI 

(Key Performance Indicators). 

ʆʩʥʦʚʦʡ ʙʦʣʴʰʠʥʩʪʚʘ ʩʠʩʪʝʤ ʫʧʨʘʚʣʝʥʠʷ ʧʘʨʢʦʚʢʦʡ ʷʚʣʷʶʪʩʷ ʜʘʪʯʠʢʠ ʧʨʠʩʫʪʩʪʚʠʷ 

ʘʚʪʦʤʦʙʠʣʝʡ, ʢʦʪʦʨʳʝ ʫʩʪʘʥʘʚʣʠʚʘʶʪʩʷ ʥʘʜ ʢʘʞʜʳʤ ʧʘʨʢʦʚʦʯʥʳʤ ʤʝʩʪʦʤ. ɼʘʪʯʠʢʠ ʠʩʧʦʣʴʟʫʶʪ 

ʩʣʝʜʫʶʱʠʝ ʪʝʭʥʦʣʦʛʠʠ ʩʚʷʟʠ: LoRa, NB-IoT, SigFox, RFID. ɼʠʘʧʘʟʦʥ ʨʘʙʦʯʠʭ ʪʝʤʧʝʨʘʪʫʨ ʜʘʪʯʠʢʦʚ 

ʨʘʩʧʦʣʘʛʘʝʪʩʷ ʚ ʧʨʝʜʝʣʘʭ ʦʪ -40 ʜʦ +50Áʉ. ʅʘʧʨʷʞʝʥʠʝ ʧʠʪʘʥʠʷ ʧʝʨʠʬʝʨʠʡʥʳʭ ʫʩʪʨʦʡʩʪʚ ʥʝ 

ʧʨʝʚʳʰʘʝʪ 24ɺ. ʈʘʟʨʘʙʦʪʢʘ ʧʨʦʝʢʪʘ ʫʩʪʘʥʦʚʢʠ ʩʝʥʩʦʨʦʚ, ʠʭ ʤʦʥʪʘʞ ʠ ʚʚʦʜ ʚ ʵʢʩʧʣʫʘʪʘʮʠʶ ʩʠʩʪʝʤʳ 

ʫʧʨʦʱʘʝʪʩʷ ʙʣʘʛʦʜʘʨʷ ʧʠʪʘʥʠʶ ʜʘʪʯʠʢʦʚ ʦʪ ʘʢʢʫʤʫʣʷʪʦʨʥʳʭ ʙʘʪʘʨʝʡ. ʀʥʬʦʨʤʘʮʠʷ, ʩʦʙʨʘʥʥʘʷ 

ʜʘʪʯʠʢʘʤʠ, ʧʝʨʝʜʘʝʪʩʷ ʥʘ ʙʘʟʦʚʫʶ ʩʪʘʥʮʠʶ ʠ ʜʘʣʝʝ ʟʘʧʠʩʳʚʘʝʪʩʷ ʚ ʛʦʨʦʜʩʢʫʶ ʙʘʟʫ ʜʘʥʥʳʭ, ʛʜʝ 

ʦʙʨʘʙʘʪʳʚʘʶʪʩʷ ʜʘʥʥʳʝ ʠ ʬʦʨʤʠʨʫʶʪʩʷ ʘʥʘʣʠʪʠʯʝʩʢʠʝ ʦʪʯʝʪʳ. ɼʣʷ ʠʥʬʦʨʤʠʨʦʚʘʥʠʷ ʚʦʜʠʪʝʣʝʡ 

ʜʘʥʥʳʝ ʦ ʪʝʢʫʱʝʤ ʩʦʩʪʦʷʥʠʠ ʧʘʨʢʦʚʦʯʥʳʭ ʤʝʩʪ ʚʳʚʦʜʷʪʩʷ ʥʘ ʚʠʟʫʘʣʴʥʳʝ ʠʥʜʠʢʘʪʦʨʳ 

(ʩʚʦʙʦʜʥʦ/ʟʘʥʷʪʦ); ʠʥʬʦʨʤʘʮʠʦʥʥʦʝ ʪʘʙʣʦ ʩ ʫʢʘʟʘʥʠʝʤ ʢʦʣʠʯʝʩʪʚʘ ʩʚʦʙʦʜʥʳʭ ʤʝʩʪ; ʩʝʨʚʝʨ ʩʠʩʪʝʤʳ 

ʜʣʷ ʧʨʦʛʨʘʤʤʥʦʡ ʦʙʨʘʙʦʪʢʠ ʠʥʬʦʨʤʘʮʠʠ ʠ ʦʪʦʙʨʘʞʝʥʠʷ ʝʝ ʥʘ ʤʦʥʠʪʦʨʝ ʦʧʝʨʘʪʦʨʘ. 

ʅʘ ʚʲʝʟʜʝ ʚ ʟʦʥʫ ʧʘʨʢʦʚʢʠ ʫʩʪʘʥʘʚʣʠʚʘʝʪʩʷ ʠʥʬʦʨʤʘʮʠʦʥʥʦʝ ʪʘʙʣʦ, ʦʪʦʙʨʘʞʘʶʱʝʝ ʢʦʣʠʯʝʩʪʚʦ 

ʩʚʦʙʦʜʥʳʭ ʧʘʨʢʦʚʦʯʥʳʭ ʤʝʩʪ. ʌʦʨʤʘʪ ʪʘʙʣʦ ʤʦʞʝʪ ʙʳʪʴ ʨʘʟʣʠʯʥʳʤ: ʜʚʫʭ- ʠʣʠ ʪʨʝʭʨʘʟʨʷʜʥʳʤ, ʩʦ 

ʩʪʨʝʣʢʘʤʠ ʠʣʠ ʙʝʟ ʩʪʨʝʣʦʢ. ɼʘʣʝʝ, ʧʦ ʪʝʨʨʠʪʦʨʠʠ ʚʩʝʡ ʧʘʨʢʦʚʢʠ ʚʦʜʠʪʝʣʷ ʩʦʧʨʦʚʦʞʜʘʶʪ 

ʫʢʘʟʘʪʝʣʴʥʳʝ ʩʪʨʝʣʢʠ, ʧʦʢʘʟʳʚʘʶʱʠʝ ʥʘʧʨʘʚʣʝʥʠʝ ʜʚʠʞʝʥʠʷ,  ʠʥʬʦʨʤʘʮʠʦʥʥʳʝ ʪʘʙʣʦ ʫʨʦʚʥʷ, 

ʦʪʦʙʨʘʞʘʶʱʠʝ ʩʝʢʪʦʨ ʧʘʨʢʦʚʦʯʥʦʡ ʟʦʥʳ ʠ ʢʦʣʠʯʝʩʪʚʦ ʩʚʦʙʦʜʥʳʭ ʤʝʩʪ. ʇʨʠʙʣʠʞʘʷʩʴ ʢ ʤʝʩʪʫ 



ʊʝʦʨʠʷ ʩʚʷʟʠ, ʩʝʪʠ ʠ ʩʠʩʪʝʤʳ ʵʣʝʢʪʨʦʩʚʷʟʠ 
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ʧʘʨʢʦʚʢʠ, ʩʚʝʪʦʚʦʡ ʠʥʜʠʢʘʪʦʨ ʦʪʦʙʨʘʞʘʝʪ ʩʪʘʪʫʩ ʧʘʨʢʦʚʦʯʥʦʛʦ ʤʝʩʪʘ: ʟʝʣʝʥʳʡ - çʩʚʦʙʦʜʥʦè ʠ 

ʢʨʘʩʥʳʡ - çʟʘʥʷʪʦè.  

ʆʧʠʩʘʥʥʳʝ ʚʳʰʝ ʩʠʩʪʝʤʳ çʫʤʥʳʭè ʧʘʨʢʦʚʦʢ ʦʧʪʠʤʘʣʴʥʳ ʚ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʙʣʘʛʦʜʘʨʷ 

ʚʦʟʤʦʞʥʦʩʪʠ ʨʘʟʤʝʱʝʥʠʷ ʜʘʪʯʠʢʦʚ ʠ ʫʢʘʟʘʪʝʣʝʡ ʥʘ ʵʣʝʤʝʥʪʘʭ ʢʦʥʩʪʨʫʢʮʠʠ ʢʨʳʪʳʭ ʠ ʧʦʜʟʝʤʥʳʭ 

ʧʘʨʢʠʥʛʦʚ. ʆʪʢʨʳʪʳʝ ʧʘʨʢʦʚʢʠ ʣʠʰʝʥʳ ʪʘʢʦʡ ʚʦʟʤʦʞʥʦʩʪʠ, ʦʜʥʘʢʦ, ʧʨʠ ʚʳʧʦʣʥʝʥʠʠ ʩʣʝʜʫʶʱʠʭ 

ʫʩʣʦʚʠʡ ʚʦʟʤʦʞʥʦ ʩʦʟʜʘʥʠʝ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʭ ʧʘʨʢʠʥʛʦʚ ʥʘ ʦʪʢʨʳʪʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ: 

- ʨʘʟʤʝʱʝʥʠʝ ʫʢʘʟʘʪʝʣʝʡ ʥʘʧʨʘʚʣʝʥʠʷ ʜʚʠʞʝʥʠʷ ʚ ʜʦʨʦʞʥʦʤ ʧʦʢʨʳʪʠʠ ʧʘʨʢʦʚʢʠ; 

- ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʜʘʪʯʠʢʦʚ ʢʦʥʪʨʦʣʷ ʥʘʣʠʯʠʷ ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʩʨʝʜʩʪʚʘ; 

- ʢʦʥʪʨʦʣʴ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʛʦ ʧʝʨʝʤʝʱʝʥʠʷ ʘʚʪʦʤʦʙʠʣʝʡ; 

- ʨʝʘʣʠʟʘʮʠʷ ʤʫʣʴʪʠʦʙʲʝʢʪʥʦʛʦ ʦʙʩʣʫʞʠʚʘʥʠʷ; 

- ʥʘʙʣʶʜʝʥʠʝ ʟʘ ʢʦʨʨʝʢʪʥʦʩʪʴʶ ʨʘʟʤʝʱʝʥʠʷ ʘʚʪʦʤʦʙʠʣʷ ʥʘ ʧʘʨʢʦʚʦʯʥʦʤ ʤʝʩʪʝ. 

ɺʥʝʜʨʝʥʠʝ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʭ ʧʘʨʢʦʚʦʯʥʳʭ ʩʠʩʪʝʤ ʧʦʟʚʦʣʷʝʪ ʩʥʠʟʠʪʴ ʢʦʣʠʯʝʩʪʚʦ ʠ ʚʝʨʦʷʪʥʦʩʪʴ 

ʟʘʪʦʨʦʚ ʜʚʠʞʝʥʠʷ, ʵʬʬʝʢʪʠʚʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʧʨʦʧʫʩʢʥʫʶ ʩʧʦʩʦʙʥʦʩʪʴ ʧʘʨʢʦʚʦʢ, ʵʢʦʥʦʤʠʪʴ ʚʨʝʤʷ ʠ 

ʪʦʧʣʠʚʦ, ʫʤʝʥʴʰʠʪ ʚʳʙʨʦʩ ʫʛʣʝʢʠʩʣʦʛʦ ʛʘʟʘ, ʘ ʪʘʢʞʝ ʠʩʧʦʣʴʟʦʚʘʪʴ ʧʘʨʢʦʚʢʠ ʢʘʢ ʩʝʨʚʠʩ. 

ʉʦʟʜʘʥʠʝ çʫʤʥʳʭè ʧʘʨʢʠʥʛʦʚ ʥʝʦʙʭʦʜʠʤʦ ʩ ʮʝʣʴʶ ʦʙʝʩʧʝʯʝʥʠʷ ʢʦʤʬʦʨʪʥʳʭ ʫʩʣʦʚʠʡ ʜʣʷ 

ʛʨʘʞʜʘʥ, ʵʬʬʝʢʪʠʚʥʦʡ ʨʘʙʦʪʳ ʵʢʩʪʨʝʥʥʳʭ ʠ ʜʦʨʦʞʥʦ-ʧʘʪʨʫʣʴʥʳʭ ʠ ʢʦʤʤʫʥʘʣʴʥʳʭ ʩʣʫʞʙ, ʪʘʢ ʠ ʜʣʷ 

ʦʙʝʩʧʝʯʝʥʠʷ ʦʙʱʝʩʪʚʝʥʥʦʛʦ ʧʦʨʷʜʢʘ ʠ ʙʝʟʦʧʘʩʥʦʩʪʠ ʥʘ ʫʣʠʮʘʭ ʠ ʧʘʨʢʦʚʦʯʥʳʭ ʟʦʥʘʭ.  
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ʄʆɼɽʃʔ ɿɸɼɽʈɾʂʀ ɼʆʉʊʋʇɸ ʂ ʉɽʈɺɽʈʋ ʇʈʀ ʇʈʀʆʈʀʊɽʊʅʆʄ ʆɹʉʃʋɾʀɺɸʅʀʀ 

ʉɸʄʆʇʆɼʆɹʅʆɻʆ ʊʈɸʌʀʂɸ ɹɽɿ ʇʈɽʈʓɺɸʅʀʁ 

 
1ʋʯʨʝʞʜʝʥʠʝ ʦʙʨʘʟʦʚʘʥʠʷ çɹʝʣʦʨʫʩʩʢʘʷ ʛʦʩʫʜʘʨʩʪʚʝʥʥʘʷ ʘʢʘʜʝʤʠʷ ʩʚʷʟʠè, ʛ. ʄʠʥʩʢ,  

ʈʝʩʧʫʙʣʠʢʘ ɹʝʣʘʨʫʩʴ 
2ʌʝʜʝʨʘʣʴʥʦʝ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʝ ʫʯʨʝʞʜʝʥʠʝ ʚʳʩʰʝʛʦ  ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʦʛʦ ʦʙʨʘʟʦʚʘʥʠʷ çʉʘʥʢʪ-

ʇʝʪʝʨʙʫʨʛʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʪʝʣʝʢʦʤʤʫʥʠʢʘʮʠʡ ʠʤ. ʧʨʦʬ. ʄ.ɸ. ɹʦʥʯ-ɹʨʫʝʚʠʯʘè, 

ʛ. ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛ, ʈʦʩʩʠʡʩʢʘʷ ʌʝʜʝʨʘʮʠʷ 
3ʋʯʨʝʞʜʝʥʠʝ ʦʙʨʘʟʦʚʘʥʠʷ çɹʝʣʦʨʫʩʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ  ʫʥʠʚʝʨʩʠʪʝʪ ʠʥʬʦʨʤʘʪʠʢʠ ʠ 

ʨʘʜʠʦʵʣʝʢʪʨʦʥʠʢʠè, ʛ. ʄʠʥʩʢ, ʈʝʩʧʫʙʣʠʢʘ ɹʝʣʘʨʫʩʴ 

 

ʌʨʘʢʪʘʣʴʥʘʷ ʪʝʦʨʠʷ ʤʘʩʩʦʚʦʛʦ ʦʙʩʣʫʞʠʚʘʥʠʷ ʚʩʝ ʝʱʝ ʥʘʭʦʜʠʪʩʷ ʥʘ  ʥʘʯʘʣʴʥʦʤ ʫʨʦʚʥʝ ʨʘʟʚʠʪʠʷ, 

ʧʦʵʪʦʤʫ ʧʨʝʜʣʘʛʘʝʪʩʷ ʤʘʢʩʠʤʘʣʴʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʥʘʨʘʙʦʪʘʥʥʦʝ ʟʘ ʤʥʦʛʠʝ ʛʦʜʳ çʧʫʘʩʩʦʥʦʚʩʢʦʝè 

ʤʘʪʝʤʘʪʠʯʝʩʢʦʝ ʠ ʧʨʦʛʨʘʤʤʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ ʜʣʷ ʧʨʠʙʣʠʞʝʥʥʦʛʦ ʨʘʩʯʝʪʘ QoS ʧʦʢʘʟʘʪʝʣʝʡ ʩʝʨʚʝʨʘ ʩ 

ʩʘʤʦʧʦʜʦʙʥʳʤ ʚʭʦʜʷʱʠʤ ʪʨʘʬʠʢʦʤ. 

ʀʟʚʝʩʪʥʦ, ʯʪʦ ʬʦʨʤʫʣʘ ʩʨʝʜʥʝʡ ʟʘʜʝʨʞʢʠ ʜʦʩʪʫʧʘ ʢ ʩʝʨʚʝʨʫ ʜʣʷ ʉʄʆ 1// GfB  [1-3]  
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ʩ ʧʨʦʠʟʚʦʣʴʥʳʤ (G) ʦʙʩʣʫʞʠʚʘʥʠʝʤ ʷʚʣʷʝʪʩʷ ʦʙʦʙʱʝʥʠʝʤ ʧʫʘʩʩʦʥʦʚʩʢʦʡ ʤʦʜʝʣʠ ʉʄʆ 1// GM   

ʥʘ ʩʣʫʯʘʡ ʩʘʤʦʧʦʜʦʙʥʦʛʦ (5.0>H ) ʚʭʦʜʷʱʝʛʦ ʧʦʪʦʢʘ ʪʠʧʘ fractal brownian motion (ʌɹɼ), 

ʭʘʨʘʢʪʝʨʠʟʫʝʤʦʛʦ ʧʘʨʘʤʝʪʨʦʤ H  ʍʝʨʩʪʘ. ʆʙʦʟʥʘʯʝʥʠʝ ɟ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʢʦʵʬʬʠʮʠʝʥʪʫ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʩʝʨʚʝʨʘ, ʢʘʢ ʬʫʥʢʮʠʠ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ɚ ʚʭʦʜʷʱʝʛʦ ʧʦʪʦʢʘ ʠ ʩʨʝʜʥʝʛʦ ʚʨʝʤʝʥʠ h  



ʊʝʦʨʠʷ ʩʚʷʟʠ, ʩʝʪʠ ʠ ʩʠʩʪʝʤʳ ʵʣʝʢʪʨʦʩʚʷʟʠ 

ʉʆɺʈɽʄɽʅʅʓɽ ʉʈɽɼʉʊɺɸ ʉɺʗɿʀ ï 2018 
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ʦʙʨʘʙʦʪʢʠ (ʧʝʨʝʜʘʯʠ) ʧʘʢʝʪʘ, hɚɟ= ; d- ʢʦʥʢʨʝʪʠʟʠʨʫʝʪʩʷ ʯʝʨʝʟ ʢʦʵʬʬʠʮʠʝʥʪ ʚʘʨʠʘʮʠʠ 
b

C  ʟʘʢʦʥʘ 

ʦʙʩʣʫʞʠʚʘʥʠʷ, ö
÷
õæ

ç
å+= 21/2

b
Cd . 

ʊʨʝʙʫʝʪʩʷ ʦʙʦʙʱʠʪʴ (1) ʥʘ ʩʣʫʯʘʡ ʧʨʠʦʨʠʪʝʪʥʦʛʦ ʦʙʩʣʫʞʠʚʘʥʠʷ ʈ ʢʣʘʩʩʦʚ ʚʭʦʜʷʱʝʛʦ 

ʩʘʤʦʧʦʜʦʙʥʦʛʦ ʪʨʘʬʠʢʘ ʪʠʧʘ ʌɹɼ ʧʦ ʧʨʘʚʠʣʫ ʦʪʥʦʩʠʪʝʣʴʥʦʛʦ ʧʨʠʦʨʠʪʝʪʘ. 

ɼʣʷ ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ ʚʦʩʧʦʣʴʟʫʝʤʩʷ ʤʝʪʦʜʠʢʦʡ ʧʝʨʝʤʘʩʰʪʘʙʠʨʦʚʘʥʠʷ ʧʫʘʩʩʦʥʦʚʩʢʠʭ ʨʝʰʝʥʠʡ ʚ 

ʬʨʘʢʪʘʣʴʥʳʝ [2], ʩʦʛʣʘʩʥʦ ʢʦʪʦʨʦʡ ʜʣʷ ʥʘʭʦʞʜʝʥʠʷ ʬʨʘʢʪʘʣʴʥʦʡ ʟʘʜʝʨʞʢʠ 
)(s

W ʥʝʦʙʭʦʜʠʤʦ  

ʧʫʘʩʩʦʥʦʚʩʢʫʶ ʟʘʜʝʨʞʢʫ *W ʜʦʤʥʦʞʠʪʴ ʥʘ ʢʦʵʬʬʠʮʠʝʥʪ ʧʦʜʦʙʠʷ m, ʧʨʝʜʩʪʘʚʣʷʶʱʠʡ ʩʦʙʦʡ 

ʜʠʩʧʝʨʩʠʶ D  ʯʠʩʣʘ ʧʘʢʝʪʦʚ ʚ ʩʝʨʚʝʨʝ, ʚʦʟʚʝʜʝʥʥʫʶ ʚ ʩʪʝʧʝʥʴ, ʦʧʨʝʜʝʣʷʝʤʫʶ ʧʘʨʘʤʝʪʨʦʤ ʍʝʨʩʪʘ, 
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ɺ ʩʣʫʯʘʝ ʧʨʠʦʨʠʪʝʪʥʦʛʦ ʦʙʣʫʞʠʚʘʥʠʷ ʥʘ ʚʥʦʚʴ ʧʦʩʪʫʧʠʚʰʝʝ ʪʨʝʙʦʚʘʥʠʝ ʚʣʠʷʶʪ ʧʘʢʝʪʳ ʪʦʣʴʢʦ 

ʨʘʚʥʦʛʦ ʠ ʙʦʣʝʝ ʚʳʩʦʢʦʛʦ ʧʨʠʦʨʠʪʝʪʘ. ʇʦʵʪʦʤʫ ʟʘʛʨʫʟʢʘ ɟ ʪʨʘʥʩʬʦʨʤʠʨʫʝʪʩʷ ʚ ʯʘʩʪʠʯʥʫʶ ʟʘʛʨʫʟʢʫ 

p
s , ʘ ʢʦʵʬʬʠʮʠʝʥʪ ʧʦʜʦʙʠʷ m -  ʚ ʚʝʢʪʦʨ 

p
m , Pp ,1=   (ʧʦ ʯʠʩʣʫ ʧʨʠʦʨʠʪʝʪʦʚ)  
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ʇʦ ʘʥʘʣʦʛʠʠ ʩ [2], ʩʨʝʜʥʝʝ ʚʨʝʤʷ ʦʞʠʜʘʥʠʷ ʧʘʢʝʪʘ p -ʛʦ ʧʨʠʦʨʠʪʝʪʘ ʚ ʦʯʝʨʝʜʠ ʜʣʷ 

ʩʘʤʦʧʦʜʦʙʥʦʛʦ ʪʨʘʬʠʢʘ ʙʫʜʝʪ ʨʘʚʥʦ   
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ʛʜʝ: *
p

W - ʩʨʝʜʥʝʝ ʚʨʝʤʷ ʦʞʠʜʘʥʠʷ ʧʘʢʝʪʘ ʚ ʦʯʝʨʝʜʠ ʢʣʘʩʩʠʯʝʩʢʦʡ ʉʄʆ 1//
p

G
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ʧʫʘʩʩʦʥʦʚʩʢʠʤʠ ʚʭʦʜʷʱʠʤʠ ʧʦʪʦʢʘʤʠ ʠ ʦʪʥʦʩʠʪʝʣʴʥʳʤ ʧʨʠʦʨʠʪʝʪʦʤ  [4] 
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W  - ʦʩʪʘʪʦʯʥʦʝ ʚʨʝʤʷ [4] ʦʙʩʣʫʞʠʚʘʥʠʷ, 2
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ɺʝʨʠʬʠʢʘʮʠʷ ʤʦʜʝʣʠ (4) ʚ ʥʝʜʝʢʦʤʧʦʟʠʨʦʚʘʥʥʦʤ ʚʠʜʝ ʧʨʦʚʝʜʝʥʘ ʚ [5] ʚ ʪʝʨʤʠʥʘʭ çʩʫʤʤʘʨʥʦʡ ʠ 

ʩʨʝʜʥʝʡ ʜʣʠʥ ʦʯʝʨʝʜʝʡè. 

ʉʨʝʜʥʷʷ (ʧʦ ʧʨʠʦʨʠʪʝʪʘʤ) ʟʘʜʝʨʞʢʘ Wʜʦʩʪʫʧʘ ʦʧʠʩʳʚʘʝʪʩʷ ʦʜʠʥʘʢʦʚʦ, ʠ ʜʣʷ ʧʫʘʩʩʦʥʦʚʩʢʦʛʦ 

ʩʣʫʯʘʷ, ʠ ʜʣʷ ʩʘʤʦʧʦʜʦʙʥʦʛʦ ʪʨʘʬʠʢʘ 

ä
=

++Ö=
P

p
Ppp

W
p

W

1

)......
1

(/ llll ,                                                            (6) 

ʪʦʣʴʢʦ ʚ ʧʝʨʚʦʤ ʩʣʫʯʘʝ ʚ ʢʘʯʝʩʪʚʝ 
p

W , ʚʳʩʪʫʧʘʶʪ ʟʘʜʝʨʞʢʠ *
p

W , ʘ ʚʦ ʚʪʦʨʦʤ 
)(s

p
W , Pp ,1= . 

ʈʘʩʰʠʨʷʷ (ʧʫʪʝʤ ʜʦʙʘʚʣʝʥʠʷ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʧʦʜʦʙʠʷ) ʟʘʢʦʥ ʠʥʚʘʨʠʘʥʪʥʦʩʪʠ ʜʣʠʥʳ ʦʯʝʨʝʜʠ 

ʉʄʆ 1// GM  [4], ʧʦʣʫʯʘʝʤ ʪʦʞʜʝʩʪʚʦ 
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ʠʟ ʢʦʪʦʨʦʛʦ ʦʧʨʝʜʝʣʷʝʪʩʷ ʫʩʨʝʜʥʝʥʥʳʡ ʢʦʵʬʬʠʮʠʝʥʪ m ʧʦʜʦʙʠʷ 
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ʧʨʠ ʢʦʪʦʨʦʤ ʣʝʚʘʷ ʠ ʧʨʘʚʘʷ ʯʘʩʪʠ (7) ʩʦʚʧʘʜʘʶʪ. 

ʄʦʜʠʬʠʮʠʨʦʚʘʥʥʳʡ, ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ (7), ʟʘʢʦʥ ʠʥʚʘʨʠʘʥʪʥʦʩʪʠ [4], ʛʦʚʦʨʠʪ ʦ ʪʦʤ, ʯʪʦ 

ʫʤʥʦʞʝʥʥʘʷ ʥʘ ʢʦʵʬʬʠʮʠʝʥʪ 
p

m , Pp ,1= , ʧʦʜʦʙʠʷ ʨʘʙʦʪʘ, ʥʘʢʦʧʣʝʥʥʘʷ ʚ ʧʨʠʦʨʠʪʝʪʥʦʡ ʦʯʝʨʝʜʠ,  
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ʨʘʚʥʘ ʫʤʥʦʞʝʥʥʦʡ ʥʘ ʢʦʵʬʬʠʮʠʝʥʪ m ʧʦʜʦʙʠʷ ʨʘʙʦʪʝ, ʥʘʢʦʧʣʝʥʥʦʡ ʚ ʥʝʧʨʠʦʨʠʪʝʪʥʦʡ ʉʄʆ ʩ 

ʩʫʤʤʘʨʥʦʡ ʥʘʛʨʫʟʢʦʡ 
PP
rrrs +++= ...

21
. 

ɼʣʷ ʦʮʝʥʢʠ ʥʝʛʘʪʠʚʥʦʛʦ ʚʣʠʷʥʠʷ ʩʘʤʦʧʦʜʦʙʥʳʭ ʩʚʦʡʩʪʚ ʪʨʘʬʠʢʘ ʥʘ ʟʘʜʝʨʞʢʫ ʧʘʢʝʪʘ ʧʨʠʚʦʜʠʪʩʷ  

ʯʠʩʣʝʥʥʳʡ ʧʨʠʤʝʨ ʪʨʝʭʧʨʠʦʨʠʪʝʪʥʦʡ ʩʠʩʪʝʤʳ ʦʙʩʣʫʞʠʚʘʥʠʷ. 

ʇʫʩʪʴ ʟʘʜʘʥʳ ʟʥʘʯʝʥʠʷ: ʧʘʨʘʤʝʪʨʦʚ 
p

H  ʍʝʨʩʪʘ, ʩʨʝʜʥʝʛʦ ʚʨʝʤʝʥʠ 
p

h  ʦʙʨʘʙʦʪʢʠ ʧʘʢʝʪʦʚ ʠ 

ʨʘʩʧʨʝʜʝʣʝʥʠʝ}{
p
r ʟʘʛʨʫʟʦʢ ʧʦ ʧʨʠʦʨʠʪʝʪʘʤ. ʆʙʩʣʫʞʠʚʘʥʠʝ ʧʘʢʝʪʦʚ - ʵʢʩʧʦʥʝʥʮʠʘʣʴʥʦʝ  (1=

p
d ,  

222
p

h
p

X = ).   ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʩʚʝʜʝʥʳ ʚ ʪʘʙʣʠʮʫ 1.  

ʊʘʙʣʠʮʘ 1 ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʚʚʝʜʝʥʠʝ ʧʨʠʦʨʠʪʝʪʥʦʛʦ ʦʙʩʣʫʞʠʚʘʥʠʷ ʩʘʤʦʧʦʜʦʙʥʦʛʦ ʪʨʘʬʠʢʘ 

ʜʠʚʝʨʩʠʬʠʮʠʨʫʝʪ ʩʨʝʜʥʶʶ ʟʘʜʝʨʞʢʫ 
)(s

W  º 0,4 ʩ ʜʦ ʪʨʝʭ ʟʥʘʯʝʥʠʡ 
)(s

p
W : ʧʝʨʚʳʡ ʧʨʠʦʨʠʪʝʪ ~3 ʤʩ, 

ʚʪʦʨʦʡ ~ 7 ʤʩ ʠ ʪʨʝʪʠʡ ~ 1 ʩ. ʇʦ ʩʨʘʚʥʝʥʠʶ ʩ ʧʫʘʩʩʦʥʦʚʩʢʠʤ ʪʨʘʬʠʢʦʤ   ʥʝʛʘʪʠʚʥʳʡ ʵʬʬʝʢʪ 

ʩʘʤʦʧʦʜʦʙʠʷ ʥʘʠʙʦʣʝʝ ʩʠʣʴʥʦ ʧʨʦʷʚʠʣʩʷ ʥʘ ʪʨʘʬʠʢʝ ʤʣʘʜʰʝʛʦ ʧʨʠʦʨʠʪʝʪʘ. 

ʇʨʘʢʪʠʢʘ ʧʝʨʝʤʘʩʰʪʘʙʠʨʦʚʘʥʠʷ ʧʫʘʩʩʦʥʦʚʩʢʠʭ ʨʝʰʝʥʠʡ ʚ ʬʨʘʢʪʘʣʴʥʳʝ ʚʳʷʚʠʣʘ ʩʣʝʜʫʶʱʠʝ 

ʥʝʫʜʦʙʩʪʚʘ ʨʘʙʦʪʳ ʩ ʤʦʜʝʣʴʶ (4): 

- ʪʨʫʜʥʦʩʪʠ ʥʦʨʤʠʨʦʚʘʥʠʷ ʟʥʘʯʝʥʠʡ ʧʘʨʘʤʝʪʨʘ ʍʝʨʩʪʘ 
p

H ʥʘ ʩʣʫʯʘʡ ʦʙʲʝʜʠʥʝʥʥʦʛʦ ʪʨʘʬʠʢʘ, 

ʢʦʛʜʘ p -ʡ ʠʥʜʝʢʩ ʜʦʣʞʝʥ ʫʯʠʪʳʚʘʪʴ ʪʘʢʞʝ ʠʥʜʝʢʩʳ ʚʩʝʭ ʧʨʝʜʰʝʩʪʚʫʶʱʠʭ ʧʨʠʦʨʠʪʝʪʦʚ [5]; 

- ʥʝʪʠʧʠʯʥʦʝ ʧʦʚʝʜʝʥʠʝ ʤʦʜʝʣʠ (1), ʘ ʪʘʢʞʝ ʝʝ ʧʨʠʦʨʠʪʝʪʥʦʛʦ ʘʥʘʣʦʛʘ (4),  ʧʨʠ ʥʠʟʢʦʡ 

ʘʢʪʠʚʥʦʩʪʠ ʧʦʣʴʟʦʚʘʪʝʣʷ. ʃʠʪʝʨʘʪʫʨʥʳʝ ʠʩʪʦʯʥʠʢʠ [2, 6 ʠ ʜʨ.] ʧʦʜʪʚʝʨʞʜʘʶʪ ʪʦʪ ʬʘʢʪ, ʯʪʦ ʧʨʠ 

ʟʘʛʨʫʟʢʝ 38.0<r  ʠ 5.0>H  çʥʦʨʨʦʩʦʚʩʢʘʷè ʟʘʜʝʨʞʢʘ ʩʘʤʦʧʦʜʦʙʥʦʛʦ ʪʨʘʬʠʢʘ, ʧʨʠ ʧʨʦʯʠʭ ʨʘʚʥʳʭ 

ʫʩʣʦʚʠʷʭ,  ʦʢʘʟʳʚʘʝʪʩʷ  ʥʠʞʝ çʧʫʘʩʩʦʥʦʚʩʢʦʡè (38.0<r , 5.0=H ) ʟʘʜʝʨʞʢʠ, 
1//1// GM

W
GfB

W < . 

ʊʘʙʣʠʮʘ 1 ï ʈʝʟʫʣʴʪʘʪʳ ʩʨʘʚʥʝʥʠʷ ʟʘʜʝʨʞʢʠ ʜʦʩʪʫʧʘ ʢ ʩʝʨʚʝʨʫ ʜʣʷ ʧʫʘʩʩʦʥʦʚʩʢʦʛʦ *
p

W  ʠ 

ʩʘʤʦʧʦʜʦʙʥʦʛʦ 
)(s

p
W ʧʨʠʦʨʠʪʝʪʥʳʭ ʧʦʪʦʢʦʚ 

ʇʦʢʘʟʘʪʝʣʴ ʆʙʦʟʥʘʯʝʥʠʝ 
1-ʡ 

ʧʨʠʦʨʠʪʝʪ 

2-ʡ 

ʧʨʠʦʨʠʪʝʪ 

3-ʡ 

ʧʨʠʦʨʠʪʝʪ 

ʉʨʝʜʥʝʝ 

ʟʥʘʯʝʥʠʝ 

ʇʘʨʘʤʝʪʨ ʍʝʨʩʪʘ p
H ,  Pp ,1=  0.5 0.6 0.7 

- 
ʉʨʝʜʥʝʝ ʚʨʝʤʷ ʦʙʨʘʙʦʪʢʠ 

ʧʘʢʝʪʘ, ʤʩ p
h  2 2,5 3,33é 

ɿʘʛʨʫʟʢʘ p
r  0.1 0.4 0.4 

ʇʫʘʩʩʦʥʦʚʩʢʘʷ ʟʘʜʝʨʞʢʘ, ʤʩ 
*
p

W  2,8 5,6 50,7 21,6 

ʂʦʵʬʬʠʮʠʝʥʪ ʧʦʜʦʙʠʷ p
m  1 1,19 20,1 18,0 

ɿʘʜʝʨʞʢʘ ʧʨʠʦʨʠʪʝʪʥʦʛʦ 

ʩʘʤʦʧʦʜʦʙʥʦʛʦ ʪʨʘʬʠʢʘ, ʤʩ 

)(s

p
W  2,8 6,7 1017 388,0 

 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʠ ʟʘʛʨʫʟʢʝ 38.0<
p
s  ʠ 5.0>

p
H  ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʩʘʤʦʧʦʜʦʙʥʦʛʦ ʪʨʘʬʠʢʘ  

ʤʦʞʥʦ ʟʘʤʝʥʠʪʴ ʤʦʜʝʣʠʨʦʚʘʥʠʝʤ ʧʫʘʩʩʦʥʦʚʩʢʦʛʦ ʧʨʦʮʝʩʩʘ (5.0=H ).  

ɼʦʩʪʦʠʥʩʪʚʘʤʠ ʧʨʝʜʣʦʞʝʥʥʦʡ ʤʦʜʝʣʠ (4) ʩʣʝʜʫʝʪ ʩʯʠʪʘʪʴ: 1) ʜʝʢʦʤʧʦʟʠʨʫʝʤʦʩʪʴ, ʧʦʟʚʦʣʷʶʱʘʷ 

ʚʳʜʝʣʠʪʴ ʧʫʘʩʩʦʥʦʚʩʢʫʶ ʩʦʩʪʘʚʣʷʶʱʫʶ ʠ ʜʘʶʱʫʶ ʚʦʟʤʦʞʥʦʩʪʴ ʧʝʨʝʩʯʝʪʘ çʧʫʘʩʩʦʥʦʚʩʢʠʭè 

ʨʝʰʝʥʠʡ (5) ʚ ʬʨʘʢʪʘʣʴʥʳʝ; 2) ʙʦʣʴʰʦʝ ʜʠʜʘʢʪʠʯʝʩʢʦʝ ʟʥʘʯʝʥʠʝ ʤʥʦʛʦʬʘʢʪʦʨʥʦʡ ʤʦʜʝʣʠ (4), 

ʧʦʟʚʦʣʷʶʱʝʡ ʧʨʦʚʦʜʠʪʴ ʨʘʩʯʝʪʳ ʠ ʩʨʘʚʥʝʥʠʝ ʩʠʩʪʝʤ ʦʙʩʣʫʞʠʚʘʥʠʷ: ʜʣʷ ʨʘʟʣʠʯʥʦʛʦ ʚʭʦʜʷʱʝʛʦ 

ʧʦʪʦʢʘ (ʧʫʘʩʩʦʥʦʚʩʢʠʡ, ʩʘʤʦʧʦʜʦʙʥʳʡ), ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʟʘʢʦʥʘʭ ʦʙʨʘʙʦʪʢʠ ʧʘʢʝʪʦʚ 

(ʜʝʪʝʨʤʠʥʠʨʦʚʘʥʥʳʡ, ʵʢʩʧʦʥʝʥʮʠʘʣʴʥʳʡ, ʧʨʦʠʟʚʦʣʴʥʳʡ) ʠ ʜʠʩʮʠʧʣʠʥʘʭ ʦʙʩʣʫʞʠʚʘʥʠʷ 

(ʥʝʧʨʠʦʨʠʪʝʪʥʦʝ, ʧʨʠʦʨʠʪʝʪʥʦʝ ʦʙʩʣʫʞʠʚʘʥʠʝ ʧʦ ʧʨʘʚʠʣʫ ʦʪʥʦʩʠʪʝʣʴʥʦʛʦ ʧʨʠʦʨʠʪʝʪʘ). 

ʃʀʊɽʈɸʊʋʈɸ 
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ɺ.ɻ.ʐɽɺʏʋʂ

1
, ɺ.ʖ.ɸʉʂɽʈʂʆ

1
 

 

ʀʉʉʃɽɼʆɺɸʅʀɽ ʀʉʍʆɼʗʑɽʁ ʊɽʃɽʌʆʅʅʆʁ ʅɸɻʈʋɿʂʀ ɸɹʆʅɽʅʊʆɺ 

ɾɽʃɽɿʅʆɼʆʈʆɾʅʆʁ ɸʊʉ ʅɸ GSM-ʆʇɽʈɸʊʆʈʆɺ 

 
1
ʋʯʨʝʞʜʝʥʠʝ ʦʙʨʘʟʦʚʘʥʠʷ çɹʝʣʦʨʫʩʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʪʨʘʥʩʧʦʨʪʘè, ʛ. ɻʦʤʝʣʴ, 

ʈʝʩʧʫʙʣʠʢʘ ɹʝʣʘʨʫʩʴ 

 

ɹʳʣʦ ʧʨʦʚʝʜʝʥʦ ʠʩʩʣʝʜʦʚʘʥʠʝ ʠʩʭʦʜʷʱʝʡ ʪʝʣʝʬʦʥʥʦʡ ʥʘʛʨʫʟʢʠ ʘʙʦʥʝʥʪʦʚ ʞʝʣʝʟʥʦʜʦʨʦʞʥʦʡ 

ɸʊʉ ʥʘ GSM-ʦʧʝʨʘʪʦʨʦʚ ʚ ʪʝʯʝʥʠʝ ʤʘʷ ʤʝʩʷʮʘ 2018 ʛ. ʅʘ ʨʠʩʫʥʢʘʭ 1é6 ʧʨʠʚʝʜʝʥʳ ʛʨʘʬʠʢʠ 

ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʥʘʛʨʫʟʢʠ ʥʘ ʦʧʝʨʘʪʦʨʦʚ Velcom, ʄʊʉ ʠ life:) ʧʦ ʜʥʷʤ ʤʝʩʷʮʘ ʠ ʧʦ ʯʘʩʘʤ ʩʘʤʳʭ 

ʥʘʛʨʫʞʝʥʥʳʭ ʜʥʝʡ ʤʝʩʷʮʘ ʜʣʷ ʢʘʞʜʦʛʦ ʠʟ GSM-ʦʧʝʨʘʪʦʨʦʚ.  

 
ʈʠʩʫʥʦʢ 1 ï ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʥʘʛʨʫʟʢʠ ʥʘ ʦʧʝʨʘʪʦʨʘ Velcom ʚ ʪʝʯʝʥʠʝ ʤʝʩʷʮʘ 

 

 
ʈʠʩʫʥʦʢ 2 ï ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʥʘʛʨʫʟʢʠ ʥʘ ʦʧʝʨʘʪʦʨʘ Velcom ʚ ʪʝʯʝʥʠʝ ʩʫʪʦʢ (24.05.2018) ʏʅʅ 14:30 ï 

15:30 



ʊʝʦʨʠʷ ʩʚʷʟʠ, ʩʝʪʠ ʠ ʩʠʩʪʝʤʳ ʵʣʝʢʪʨʦʩʚʷʟʠ 

ʉʆɺʈɽʄɽʅʅʓɽ ʉʈɽɼʉʊɺɸ ʉɺʗɿʀ ï 2018 

~ 39 ~ 

 
ʈʠʩʫʥʦʢ 3 ï ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʥʘʛʨʫʟʢʠ ʥʘ ʦʧʝʨʘʪʦʨʘ ʄʊʉ ʚ ʪʝʯʝʥʠʝ ʤʝʩʷʮʘ 

 
ʈʠʩʫʥʦʢ 4 ï ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʥʘʛʨʫʟʢʠ ʥʘ ʦʧʝʨʘʪʦʨʘ ʄʊʉ ʚ ʪʝʯʝʥʠʝ ʩʫʪʦʢ (30.05.18) 

ʏʅʅ 10:15 ï 11:15 

 

 
ʈʠʩʫʥʦʢ 5 ï ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʥʘʛʨʫʟʢʠ ʥʘ ʦʧʝʨʘʪʦʨʘ life:) ʚ ʪʝʯʝʥʠʝ ʤʝʩʷʮʘ 

 

 
 

ʈʠʩʫʥʦʢ 6 ï ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʥʘʛʨʫʟʢʠ ʥʘ ʦʧʝʨʘʪʦʨʘ life:) ʚ ʪʝʯʝʥʠʝ ʩʫʪʦʢ (02.05.18) 

ʏʅʅ 15:45 ï 16:45 



ʊʝʦʨʠʷ ʩʚʷʟʠ, ʩʝʪʠ ʠ ʩʠʩʪʝʤʳ ʵʣʝʢʪʨʦʩʚʷʟʠ 

ʉʆɺʈɽʄɽʅʅʓɽ ʉʈɽɼʉʊɺɸ ʉɺʗɿʀ ï 2018 

~ 40 ~ 

ɺʳʧʦʣʥʠʚ ʘʥʘʣʠʟ ʜʘʥʥʳʭ ʧʨʠʚʝʜʝʥʥʳʭ ʛʨʘʬʠʢʦʚ ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜ, ʯʪʦ ʥʘʠʙʦʣʴʰʘʷ 

ʠʩʭʦʜʷʱʘʷ ʪʝʣʝʬʦʥʥʘʷ ʥʘʛʨʫʟʢʘ ʘʙʦʥʝʥʪʦʚ ʞʝʣʝʟʥʦʜʦʨʦʞʥʦʡ ɸʊʉ ʥʘ GSM-ʦʧʝʨʘʪʦʨʦʚ ʥʘʙʣʶʜʘʝʪʩʷ 

ʚ ʙʫʜʥʠʝ ʜʥʠ. ɺ ʥʦʯʥʦʝ ʚʨʝʤʷ ʥʘʛʨʫʟʢʘ ʤʠʥʠʤʘʣʴʥʘ, ʥʦ ʥʝ ʨʘʚʥʘ ʥʫʣʶ, ʪ. ʢ. ʞʝʣʝʟʥʘʷ ʜʦʨʦʛʘ ʨʘʙʦʪʘʝʪ 

ʢʨʫʛʣʦʩʫʪʦʯʥʦ. ʅʘʠʙʦʣʴʰʘʷ ʥʘʛʨʫʟʢʘ ʥʘʙʣʶʜʘʝʪʩʷ ʚ ʧʝʨʚʦʡ ʧʦʣʦʚʠʥʝ ʜʥʷ ʜʦ 12:00. ʅʘʛʨʫʟʢʘ ʥʘ 

ʦʧʝʨʘʪʦʨʘ Velcom ʷʚʣʷʝʪʩʷ ʥʘʠʙʦʣʴʰʝʡ, ʦʥʘ ʥʘ ʧʦʨʷʜʦʢ ʙʦʣʴʰʝ, ʯʝʤ ʥʘ ʦʧʝʨʘʪʦʨʘ ʄʊʉ. ʅʘʛʨʫʟʢʘ ʞʝ 

ʥʘ ʦʧʝʨʘʪʦʨʘ life:) ʷʚʣʷʝʪʩʷ ʥʘʠʤʝʥʴʰʝʡ, ʦʥʘ ʥʘ ʜʚʘ ʧʦʨʷʜʢʘ ʤʝʥʴʰʝ, ʯʝʤ ʥʘʛʨʫʟʢʘ ʥʘ ʦʧʝʨʘʪʦʨʘ 

Velcom. 

 

ʉ.ʀ.ʇʆʃʆɺɽʅʗ
1
, ʖ.ɸ.ɼʋʁʅʆɺɸ

1 

 

ʆʎɽʅʂɸ ʇʆʉʃɽɼʉʊɺʀʁ ʆʊ ʈɽɸʃʀɿɸʎʀʀ ɸʊɸʂ, ʅɸʇʈɸɺʃɽʅʅʓʍ ʅɸ ʅɸʈʋʐɽʅʀɽ 

ʐʊɸʊʅʆɻʆ ʌʋʅʂʎʀʆʅʀʈʆɺɸʅʀʗ ʉʀʉʊɽʄ çʋʄʅʓʁ ɼʆʄè 

 
1
ʋʯʨʝʞʜʝʥʠʝ ʦʙʨʘʟʦʚʘʥʠʷ çɹʝʣʦʨʫʩʩʢʘʷ ʛʦʩʫʜʘʨʩʪʚʝʥʥʘʷ ʘʢʘʜʝʤʠʷ ʩʚʷʟʠè, ʛ. ʄʠʥʩʢ, ʈʝʩʧʫʙʣʠʢʘ 

ɹʝʣʘʨʫʩʴ 

 

ʉʫʱʝʩʪʚʫʶʱʠʝ ʩʠʩʪʝʤʳ ʦʙʥʘʨʫʞʝʥʠʷ ʘʪʘʢ ʦʩʥʦʚʘʥʳ ʥʘ ʩʠʛʥʘʪʫʨʥʳʭ ʤʝʪʦʜʘʭ ʠʣʠ 

ʩʪʘʪʠʩʪʠʯʝʩʢʠʭ ʤʝʪʦʜʘʭ ʨʘʩʧʦʟʥʘʚʘʥʠʷ ʚʨʝʜʦʥʦʩʥʳʭ ʜʘʥʥʳʭ. ʇʝʨʩʧʝʢʪʠʚʥʳʝ ʨʘʟʨʘʙʦʪʢʠ 

ʧʨʝʜʧʦʣʘʛʘʶʪ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʭ ʤʝʭʘʥʠʟʤʦʚ ʜʣʷ ʦʙʥʘʨʫʞʝʥʠʷ ʘʪʘʢ, ʥʘʧʨʠʤʝʨ, 

ʥʝʡʨʦʥʥʳʭ ʩʝʪʝʡ, ʩʢʨʳʪʳʭ ʤʘʨʢʦʚʩʢʠʭ ʤʦʜʝʣʝʡ ʠ ʥʝʯʝʪʢʠʭ ʣʦʛʠʯʝʩʢʠʭ ʧʨʘʚʠʣ. ʆʜʥʘʢʦ ʧʨʠ 

ʨʘʟʨʘʙʦʪʢʝ ʧʦʜʦʙʥʳʭ ʤʝʪʦʜʦʚ ʤʘʣʦ ʚʥʠʤʘʥʠʷ ʫʜʝʣʷʝʪʩʷ ʠʩʩʣʝʜʦʚʘʥʠʶ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʩʘʤʠʭ 

ʘʪʘʢʫʶʱʠʭ ʚʦʟʜʝʡʩʪʚʠʡ, ʚ ʪʦʤ ʯʠʩʣʝ ʠʭ ʘʥʘʣʠʟʫ ʠ ʤʦʜʝʣʠʨʦʚʘʥʠʶ [1]. 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʩʫʱʝʩʪʚʫʝʪ ʨʷʜ ʤʦʜʝʣʝʡ, ʧʦʟʚʦʣʷʶʱʠʭ ʩ ʨʘʟʥʦʡ ʩʪʝʧʝʥʴʶ ʜʝʪʘʣʠʟʘʮʠʠ 

ʦʧʠʩʘʪʴ ʧʨʦʮʝʩʩ ʩʝʪʝʚʦʡ ʘʪʘʢʠ. ʄʦʜʝʣʠ ʠʩʧʦʣʴʟʫʶʪ ʨʘʟʥʫʶ ʤʘʪʝʤʘʪʠʯʝʩʢʫʶ ʙʘʟʫ, ʥʦ ʙʦʣʴʰʠʥʩʪʚʦ ʠʟ 

ʥʠʭ ʦʩʥʦʚʘʥʳ ʥʘ ʢʦʥʝʯʥʳʭ ʘʚʪʦʤʘʪʘʭ ʠ ʧʨʝʜʩʪʘʚʣʷʶʪ ʘʪʘʢʫ ʢʘʢ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʩʦʩʪʦʷʥʠʡ 

ʘʚʪʦʤʘʪʘ.  

ʕʪʘʧʥʘʷ ʤʦʜʝʣʴ. ʕʪʘʧʥʘʷ ʤʦʜʝʣʴ ʧʨʝʜʧʦʣʘʛʘʝʪ, ʯʪʦ ʘʪʘʢʘ ʩʦʩʪʦʠʪ ʠʟ ʥʝʩʢʦʣʴʢʠʭ ʠʟʦʣʠʨʦʚʘʥʥʳʭ 

ʵʪʘʧʦʚ: ʵʪʘʧʘ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʵʪʘʧʘ ʧʦʣʫʯʝʥʠʷ ʫʧʨʘʚʣʝʥʠʷ, ʵʪʘʧʘ ʨʘʩʰʠʨʝʥʠʷ ʧʨʠʚʠʣʝʛʠʡ, ʵʪʘʧʘ 

ʦʩʫʱʝʩʪʚʣʝʥʠʷ ʚʨʝʜʦʥʦʩʥʳʭ ʜʝʡʩʪʚʠʡ, ʵʪʘʧ ʩʦʟʜʘʥʠʷ ʧʦʪʘʡʥʦʛʦ ʭʦʜʘ, ʵʪʘʧʘ ʟʘʤʝʪʘʥʠʷ ʩʣʝʜʦʚ. 

ɼʝʨʝʚʴʷ ʘʪʘʢ. ɼʝʨʝʚʴʷ ʘʪʘʢʠ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʢʦʥʮʝʧʪʫʘʣʴʥʳʝ ʜʠʘʛʨʘʤʤʳ, ʢʦʪʦʨʳʝ 

ʦʧʠʩʳʚʘʶʪ ʫʛʨʦʟʳ ʩʠʩʪʝʤʝ ʠ ʚʦʟʤʦʞʥʳʝ ʘʪʘʢʠ, ʥʘʧʨʘʚʣʝʥʥʳʝ ʥʘ ʠʭ ʨʝʘʣʠʟʘʮʠʶ. ʄʦʜʝʣʴ ʧʨʠʛʦʜʥʘ 

ʜʣʷ ʦʧʠʩʘʥʠʷ ʘʪʘʢ ʥʘ ʣʶʙʳʝ ʩʠʩʪʝʤʳ ʠʥʬʦʨʤʘʮʠʦʥʥʦʛʦ ʠʣʠ ʬʠʟʠʯʝʩʢʦʛʦ ʭʘʨʘʢʪʝʨʘ. ʄʦʜʝʣʴ 

ʧʨʝʜʦʩʪʘʚʣʷʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʜʣʷ ʚʚʝʜʝʥʠʷ ʦʮʝʥʦʢ ʢʘʞʜʦʛʦ ʰʘʛʘ ʧʦ ʥʝʢʦʪʦʨʳʤ ʢʨʠʪʝʨʠʷʤ, ʥʘʧʨʠʤʝʨ, 

ʧʦ ʚʨʝʤʝʥʠ ʚʳʧʦʣʥʝʥʠʷ, ʯʠʩʣʫ ʦʧʝʨʘʮʠʡ, ʦʮʝʥʦʯʥʦʡ ʩʪʦʠʤʦʩʪʠ ʠ ʪ.ʜ. ʇʨʠ ʵʪʦʤ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ 

ʰʘʛʦʚ ʤʦʞʝʪ ʙʳʪʴ ʦʮʝʥʝʥʘ ʥʘ ʦʩʥʦʚʘʥʠʠ ʢʨʠʪʝʨʠʝʚ ʜʣʷ ʢʘʞʜʦʛʦ ʰʘʛʘ. 

ʋʣʫʯʰʝʥʥʳʝ ʜʝʨʝʚʴʷ ʘʪʘʢ. ʄʦʜʝʣʴ ʦʧʠʨʘʝʪʩʷ ʥʘ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʜʝʨʝʚʴʝʚ ʠ ʤʝʭʘʥʠʟʤʘ 

ʢʦʥʝʯʥʳʭ ʘʚʪʦʤʘʪʦʚ ʜʣʷ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʫʷʟʚʠʤʦʩʪʝʡ ʧʨʦʪʦʢʦʣʦʚ ʠ ʩʠʩʪʝʤ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʤʦʜʝʣʴ 

ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʨʘʩʰʠʨʝʥʠʝ ʠ ʫʪʦʯʥʝʥʠʝ ʤʦʜʝʣʠ ʜʝʨʝʚʴʝʚ ʘʪʘʢ. ɸʚʪʦʨʘʤʠ ʧʨʠʚʦʜʠʪʩʷ ʧʨʠʤʝʨ 

ʘʥʘʣʠʟʘ ʙʝʟʦʧʘʩʥʦʩʪʠ ʧʨʦʪʦʢʦʣʘ IEEE 802.11. 

ɻʨʘʬʳ ʘʪʘʢ. ʄʦʜʝʣʴ ʧʨʝʜʣʦʞʝʥʘ ʢʦʣʣʝʢʪʠʚʦʤ ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ ʚ 2002 ʛʦʜʫ. ʄʦʜʝʣʴ ʛʨʘʬʦʚ ʘʪʘʢ 

ʦʩʥʦʚʘʥʘ ʥʘ ʨʘʩʰʠʨʝʥʠʠ ʤʦʜʝʣʠ ʜʝʨʝʚʴʝʚ ʘʪʘʢ. ʆʜʥʘʢʦ ʛʨʘʬʳ ʘʪʘʢ: 1. ʗʚʣʷʶʪʩʷ 

ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʤ ʩʨʝʜʩʪʚʦʤ ʜʣʷ ʦʧʠʩʘʥʠʷ ʩʝʪʝʚʳʭ ʘʪʘʢ. 2. ɼʣʷ ʦʧʠʩʘʥʠʷ ʠʩʧʦʣʴʟʫʝʪʩʷ ʛʨʘʬ, ʘ ʥʝ 

ʜʝʨʝʚʦ. 3. ʋʟʣʳ ʛʨʘʬʘ ʧʨʝʜʩʪʘʚʣʷʶʪ ʥʝ ʢʦʥʮʝʧʪʫʘʣʴʥʳʝ ʜʝʡʩʪʚʠʷ, ʘ ʫʟʣʳ ʩʝʪʠ, ʧʨʦʮʝʩʩʳ ʧʨʦʛʨʘʤʤʳ, 

ʢʦʥʬʠʛʫʨʘʮʠʦʥʥʳʝ ʬʘʡʣʳ, ʫʯʘʩʪʢʠ ʢʦʜʘ, ʧʝʨʝʤʝʥʥʳʝ ʠ ʪ.ʜ. 

Interacting State Machines. ʄʦʜʝʣʴ ʦʩʥʦʚʘʥʘ ʥʘ ʧʨʠʤʝʥʝʥʠʠ ʩʧʝʮʠʘʣʴʥʦʛʦ ʪʠʧʘ 

ʚʳʩʦʢʦʫʨʦʚʥʝʚʳʭ ʢʦʥʝʯʥʳʭ ʘʚʪʦʤʘʪʦʚ Interacting State Machines (ISM) ʜʣʷ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʩʣʦʞʥʳʭ 

ʩʠʩʪʝʤ. 

ʅʘ ʦʩʥʦʚʝ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʫʷʟʚʠʤʦʩʪʝʡ ʠ ʫʛʨʦʟ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ, ʧʨʝʜʣʘʛʘʝʪʩʷ 

ʩʣʝʜʫʶʱʘʷ ʩʪʨʫʢʪʫʨʘ ʧʦʢʘʟʘʪʝʣʝʡ ʢʠʙʝʨʙʝʟʦʧʘʩʥʦʩʪʠ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʩʠʩʪʝʤʳ (ʀʉ) çʋʤʥʳʡ ʜʦʤè: 

1. ɸʧʧʘʨʘʪ ʦʮʝʥʢʠ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ (ʀɹ) ʥʘ ʦʩʥʦʚʝ ʢʦʥʬʠʜʝʥʮʠʘʣʴʥʦʡ 

ʜʦʩʪʫʧʥʦʩʪʠ, ʮʝʣʦʩʪʥʦʩʪʴ ʜʣʷ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʩʦʩʪʘʚʣʷʶʱʝʡ ʚʢʣʶʯʘʷ: 

ï ʟʘʱʠʱʝʥʥʦʩʪʴ ʦʪ ʘʪʘʢ ʠʟ ʩʝʪʠ Internet; 

ï ʟʘʱʠʪʫ ʚʥʫʪʨʝʥʥʠʭ ʧʨʦʪʦʢʦʣʦʚ; 

ï ʦʙʥʘʨʫʞʝʥʠʝ ʫʷʟʚʠʤʦʩʪʝʡ ʧʦ ʠʥʬʦʨʤʘʮʠʦʥʥʳʤ ʠ ʬʠʟʠʯʝʩʢʠʤ ʢʦʤʧʦʥʝʥʪʘʤ. 
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2. ʆʮʝʥʢʘ ʩʦʛʣʘʩʦʚʘʥʥʦʩʪʠ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʠ ʬʠʟʠʯʝʩʢʦʡ ʩʦʩʪʘʚʣʷʶʱʝʡ ʩ ʫʯʝʪʦʤ ʠʭ 

ʚʟʘʠʤʦʚʣʠʷʥʠʷ, ʩʚʦʡʩʪʚ ʤʘʩʰʪʘʙʠʨʫʝʤʦʩʪʠ, ʠʥʪʝʨʦʧʝʨʘʙʝʣʴʥʦʩʪʠ, ʤʦʜʫʣʴʥʦʩʪʠ ʥʘ ʦʩʥʦʚʝ 

ʢʨʦʩʩʢʦʨʨʝʣʷʮʠʦʥʥʳʭ ʩʚʷʟʝʡ ʠ ʦʮʝʥʢʠ ʩʘʤʦʧʦʜʦʙʠʷ, ʜʠʥʘʤʠʯʝʩʢʦʡ ʫʩʪʦʡʯʠʚʦʩʪʠ. 

3. ʆʮʝʥʢʘ ʚʣʠʷʥʠʷ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʘʪʘʢ ʥʘ ʩʠʩʪʝʤʫ ʫʧʨʘʚʣʝʥʠʷ (ʩ ʫʯʝʪʦʤ ʘʜʘʧʪʠʚʥʦʩʪʠ) ʠ 

ʩʧʦʩʦʙʥʦʩʪʴ ʢ ʩʘʤʦʨʝʛʫʣʷʮʠʠ ʥʘ ʦʩʥʦʚʝ ʬʨʘʢʪʘʣʴʥʳʭ ʧʦʢʘʟʘʪʝʣʝʡ ʫʩʪʦʡʯʠʚʦʩʪʠ ʠ ʩʧʦʩʦʙʥʦʩʪʠ ʢ 

ʛʦʤʝʦʩʪʘʟʫ. 

4. ʆʮʝʥʢʘ ʫʩʪʦʡʯʠʚʦʩʪʠ ʩʪʨʫʢʪʫʨʳ ʚʟʘʠʤʦʩʚʷʟʠ ʵʣʝʤʝʥʪʦʚ ʀʉ ʥʘ ʦʩʥʦʚʝ ʛʨʘʬʦʚʳʭ ʤʝʪʦʜʦʚ 

ʦʮʝʥʢʠ ʫʧʨʘʚʣʷʝʤʦʩʪʠ, ʤʘʩʰʪʘʙʠʨʫʝʤʦʩʪʠ, ʦʪʢʘʟʦʫʩʪʦʡʯʠʚʦʩʪʠ ʠ ʢʦʥʩʪʘʥʪʥʦʩʪʠ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ 

ʚ ʫʩʣʦʚʠʷʭ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʘʪʘʢ. 

5. ʈʘʟʨʘʙʦʪʢʘ ʩʧʝʮʠʬʠʯʝʩʢʠʭ ʢʨʠʪʝʨʠʝʚ  ʦʙʥʘʨʫʞʝʥʠʷ ʘʪʘʢ ʥʘ ʦʩʥʦʚʝ ʥʘʨʫʰʝʥʠʷ ʩʘʤʦʧʦʜʦʙʠʷ ʠ 

ʩʪʨʫʢʪʫʨʥʦʡ ʫʩʪʦʡʯʠʚʦʩʪʠ. 

ʇʨʝʜʣʘʛʘʝʤʘʷ ʤʝʪʦʜʠʢʘ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʘʪʘʢ ʚʢʣʶʯʘʝʪ ʩʣʝʜʫʶʱʠʝ ʰʘʛʠ 

1. ʆʧʨʝʜʝʣʝʥʠʝ ʟʣʦʫʤʳʰʣʝʥʥʠʢʘ  

ɿʘʜʘʝʪʩʷ ʤʦʜʝʣʴ ʟʣʦʫʤʳʰʣʝʥʥʠʢʘ, ʚʢʣʶʯʘʶʱʘʷ:  

ï ʜʦʩʪʫʧʥʳʝ ʝʤʫ ʚʝʨʰʠʥʳ; 

ï ʩʫʙʲʝʢʪʳ; 

ï ʩʨʝʜʩʪʚʘ ʧʨʦʚʝʜʝʥʠʷ ʘʪʘʢ; 

2. ʆʧʨʝʜʝʣʝʥʠʝ ʧʝʨʝʯʥʷ ʚʝʨʰʠʥ, ʩ ʢʦʪʦʨʳʭ ʤʦʞʝʪ ʥʘʯʘʪʴʩʷ ʘʪʘʢʘ: 

,as a a s i a k k a s a s ai
V V V ys S s v v V V V- - -= Í Í Ø Í Ø Ì

 

(

(1) 

3. ʆʧʨʝʜʝʣʝʥʠʝ ʤʥʦʞʝʩʪʚʘ ʜʦʩʪʫʧʥʳʭ ʧʦʣʴʟʦʚʘʪʝʣʶ ʚʝʨʰʠʥ ʧʦ ʤʘʨʰʨʫʪʘʤ ʪʨʘʥʩʧʦʨʪʥʦʛʦ 

ʫʨʦʚʥʷ 

attack
as atsV V V= Ç

 

(

(2) 

4. ʆʧʨʝʜʝʣʝʥʠʝ ʚʝʨʰʠʥ, ʩʪʘʚʰʠʭ ʜʦʩʪʫʧʥʳʤʠ ʟʣʦʫʤʳʰʣʝʥʥʠʢʫ: 

{ attack
a j j k k

a a a

S s S s v v V

S S S

+

+

= Í Í Ø Í

= Ç  

(

(3) 

5. ʇʨʘʚʠʣʘ ʠ ʵʣʝʤʝʥʪʳ ʧʦʣʠʪʠʢʠ ʙʝʟʦʧʘʩʥʦʩʪʠ, ʩʪʘʚʰʠʝ ʜʦʩʪʫʧʥʳʤʠ ʟʣʦʫʤʳʰʣʝʥʥʠʢʫ 

{ attack
a a q q q k k j k kP P p p P p v v s v v V= Ç Í Ø Í Ø Í Í Ø Í

 

(

(4) 

6. ʆʪʤʝʥʘ ʧʨʘʚʠʣʘ ʈʘ  

ʆʧʨʝʜʝʣʝʥʠʝ ʚʝʨʰʠʥ, ʩʪʘʚʰʠʭ ʜʦʩʪʫʧʥʳʤʠ ʟʣʦʫʤʳʰʣʝʥʥʠʢʫ ʧʦʩʣʝ ʦʪʤʝʥʳ ʧʨʘʚʠʣ. 

7. ɽʩʣʠ ʮʝʣʝʚʘʷ ʚʝʨʰʠʥʘ ʜʦʩʪʠʛʥʫʪʘ ï ʢʦʥʝʮ ʵʪʘʧʘ, ʠʥʘʯʝ:  

ɽʩʣʠ ʤʥʦʞʝʩʪʚʦ ʥʝ ʧʫʩʪʦ ï ʧʝʨʝʭʦʜ ʢ ʰʘʛʫ 3. 

ɽʩʣʠ ʤʥʦʞʝʩʪʚʦ ʧʫʩʪʦ ï ʢʦʥʝʮ ʵʪʘʧʘ, ʟʣʦʫʤʳʰʣʝʥʥʠʢ ʥʝ ʜʦʩʪʠʛ ʮʝʣʠ. 

ʄʘʪʝʤʘʪʠʯʝʩʢʠʡ ʘʧʧʘʨʘʪ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʫʩʪʦʡʯʠʚʦʩʪʠ ʠʥʪʝʨʥʝʪʘ ʚʝʱʝʡ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ: 

ʛʨʘʬʳ ʤʘʣʳʭ ʤʠʨʦʚ, ʙʝʟʤʘʩʰʪʘʙʥʳʝ ʛʨʘʬʳ, ʢʣʘʩʩʠʯʝʩʢʠʝ ʩʣʫʯʘʡʥʳʝ ʛʨʘʬʳ, ʠʩʧʦʣʴʟʦʚʘʥʠʝ 

ʪʦʧʦʣʦʛʠʠ ʩ ʤʘʣʦʡ ʬʠʢʩʠʨʦʚʘʥʥʦʡ ʩʪʝʧʝʥʴʶ ʚʝʨʰʠʥ, ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʤʝʪʦʜʦʚ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ 

ʥʘʨʫʰʝʥʥʳʭ ʩʚʷʟʝʡ [2]. 

ʂ ʠʥʜʠʢʘʪʦʨʘʤ ʫʩʪʦʡʯʠʚʦʩʪʠ ʀʉ çʋʤʥʳʡ ʜʦʤè ʤʦʞʥʦ ʦʪʥʝʩʪʠ: 

ï ʫʧʨʘʚʣʷʝʤʦʩʪʴ. ɺʝʨʦʷʪʥʦʩʪʴ ʩʫʱʝʩʪʚʦʚʘʥʠʷ ʧʫʪʠ ʦʪ ʫʩʪʨʦʡʩʪʚʘ ʜʦ ʢʦʦʨʜʠʥʠʨʫʶʱʝʛʦ ʮʝʥʪʨʘ, 

ʚʨʝʤʷ ʧʝʨʝʜʘʯʠ ʩʦʦʙʱʝʥʠʷ ʧʦ ʵʪʦʤʫ ʧʫʪʠ ʥʝ ʧʨʝʚʳʰʘʝʪ t; 

ï ʤʘʩʰʪʘʙʠʨʫʝʤʦʩʪʴ. ɼʠʩʧʝʨʩʠʷ ʟʥʘʯʝʥʠʡ ʦʩʪʘʣʴʥʳʭ ʠʥʜʠʢʘʪʦʨʦʚ ʜʣʷ ʩʠʩʪʝʤʳ ʦʪ k ʜʦ n ʫʟʣʦʚ; 

ï ʦʪʢʘʟʦʫʩʪʦʡʯʠʚʦʩʪʴ. ʋʨʦʚʝʥʴ ʥʝʩʪʘʙʠʣʴʥʦʩʪʠ ʩʠʩʪʝʤʳ, ʧʨʠ ʢʦʪʦʨʦʤ ʫʧʨʘʚʣʷʝʤʦʩʪʴ ʩʪʨʝʤʠʪʩʷ 

ʢ ʥʫʣʶ; 

ï ʢʦʥʩʪʘʥʪʥʦʩʪʴ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ. ʉʢʦʨʦʩʪʴ ʧʦʪʨʝʙʣʝʥʠʷ ʨʝʩʫʨʩʦʚ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʫʨʦʚʥʷ 

ʥʝʩʪʘʙʠʣʴʥʦʩʪʠ ʩʠʩʪʝʤʳ. 

ɺʦʟʤʦʞʥʳʝ ʧʦʢʘʟʘʪʝʣʠ ʩʦʭʨʘʥʝʥʠʷ ʫʩʪʦʡʯʠʚʦʩʪʠ ʀʉ: 

ï ʘʥʘʣʠʟ ʜʠʥʘʤʠʯʝʩʢʦʡ ʫʩʪʦʡʯʠʚʦʩʪʠ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʩʪʘʪʠʩʪʠʯʝʩʢʠʭ ʧʦʢʘʟʘʪʝʣʝʡ 

(ʘʚʪʦʢʦʨʨʝʣʷʮʠʦʥʥʘʷ ʬʫʥʢʮʠʷ, ʩʦʭʨʘʥʝʥʠʝ ʟʘʢʦʥʘ ʨʘʩʧʨʝʜʝʣʝʥʠʷ, ʧʦʩʪʨʦʝʥʠʝ ʤʝʪʨʠʢ, ʦʪʣʠʯʠʝ 

ʩʦʩʪʦʷʥʠʷ); 

ï ʦʙʦʙʱʝʥʥʘʷ ʤʝʨʘ ʫʩʪʦʡʯʠʚʦʩʪʠ ʚ ʚʠʜʝ ʛʦʤʝʦʩʪʘʟʘ ï ʧʦ ʘʥʘʣʦʛʠʠ ʩʦ ʩʚʦʡʩʪʚʘʤʠ ʞʠʚʦʛʦ 

ʦʨʛʘʥʠʟʤʘ. 

ï ʧʦʢʘʟʘʪʝʣʴ ʍʸʨʩʪʘ; 

ï ʬʘʢʪʦʨ ʌʘʥʦ. 
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ʇʦʢʘʟʘʪʝʣʴ ʍʸʨʩʪʘ ʅïʭʘʨʘʢʪʝʨʠʟʫʝʪ çʩʪʝʧʝʥʴè ʩʣʫʯʘʡʥʦʛʦ ʧʨʦʮʝʩʩʘ: 

2

n

n

R n
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å õ
=æ ö
ç ÷ 

(

(5) 

 

ʛʜʝ Rn ï ʨʘʟʤʘʭ ʧʝʨʚʳʭ n ʟʥʘʯʝʥʠʡ ʨʷʜʘ, 

Sn ï ʚʳʙʦʨʦʯʥʘʷ ʜʠʩʧʝʨʩʠʷ. 

ɽʩʣʠ ʧʨʦʮʝʩʩ ʩʘʤʦʧʦʜʦʙʝʥ, ʪʦ ʚʳʧʦʣʥʷʝʪʩʷ:0.5<ʅ<1 

ʀʥʜʝʢʩ ʨʘʟʙʨʦʩʘ ʜʠʩʧʝʨʩʠʠ ï ʌʘʢʪʦʨ ʌʘʥʦ: 

()
()

()

2 n
ʌ n

m n
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(

(6) 

ʛʜʝ s2
(n) ï ʜʠʩʧʝʨʩʠʷ, 

m(n) ï ʤʘʪʝʤʘʪʠʯʝʩʢʦʝ ʦʞʠʜʘʥʠʝ. 

ɽʩʣʠ ʧʨʦʮʝʩʩ ʩʘʤʦʧʦʜʦʙʝʥ, ʪʦ ʚʳʧʦʣʥʷʝʪʩʷ: 

() 2 1Hʌ n n-º  
(

(7) 

ɺ ʦʪʩʫʪʩʪʚʠʠ ʚʦʟʤʫʱʝʥʠʡ ʩʪʘʮʠʦʥʘʨʥʦʝ ʩʦʩʪʦʷʥʠʝ ʀʉ ʤʦʞʝʪ ʙʳʪʴ ʬʦʨʤʘʣʠʟʦʚʘʥʦ ʩʣʝʜʫʶʱʠʤ 

ʦʙʨʘʟʦʤ. 

ʇʫʩʪʴ ɟ - ʩʪʘʮʠʦʥʘʨʥʦʝ ʩʦʩʪʦʷʥʠʝ, ʘ Ů-ʤʘʣʳʡ ʟʘʤʢʥʫʪʳʡ ʢʦʥʪʫʨ ʚʦʢʨʫʛ ɟ. 

ʉʦʩʪʦʷʥʠʝ S ʥʘʟʳʚʘʝʪʩʷ ʫʩʪʦʡʯʠʚʳʤ, ʝʩʣʠ ʜʣʷ ʣʶʙʦʛʦ ʟʘʜʘʥʥʦʛʦ Ů ʚʩʝʛʜʘ ʤʦʞʥʦ ʥʘʡʪʠ ŭ(Ů), 

ʪʘʢʦʝ, ʯʪʦ ʣʶʙʘʷ ʪʨʘʝʢʪʦʨʠʷ ʜʚʠʞʝʥʠʷ, ʥʘʭʦʜʷʱʘʷʩʷ ʚʥʫʪʨʠ, ʥʝ ʜʦʩʪʠʛʥʝʪ ʛʨʘʥʠʮʳ Ů. 

ɺ ʦʙʱʝʤ ʚʠʜʝ ʜʣʷ N-ʤʝʨʥʦʡ ʩʠʩʪʝʤʳ ʜʠʥʘʤʠʯʝʩʢʠʝ ʫʨʘʚʥʝʥʠʷ ʩʠʩʪʝʤʳ ʠʤʝʶʪ ʚʠʜ [16]: 
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i N

dx
f x x Q

dt
=

 

(

(8) 

ʛʜʝ 1, ,i N QÍ  ī ʚʝʢʪʦʨ ʧʘʨʘʤʝʪʨʦʚ ʩʠʩʪʝʤ. 

ɻʦʤʝʦʩʪʘʟ (ʧʦ-ʛʨʝʯʝʩʢʠ ʦʜʠʥʘʢʦʚʳʡ, ʧʦʜʦʙʥʳʡ) ï ʩʧʦʩʦʙʥʦʩʪʴ ʦʪʢʨʳʪʦʡ ʩʠʩʪʝʤʳ ʩʦʭʨʘʥʷʪʴ 

ʧʦʩʪʦʷʥʩʪʚʦ ʩʚʦʝʛʦ ʚʥʫʪʨʝʥʥʝʛʦ ʩʦʩʪʦʷʥʠʷ ʧʦʩʨʝʜʩʪʚʦʤ ʩʢʦʦʨʜʠʥʠʨʦʚʘʥʥʳʭ ʯʘʩʪʝʡ ʩʠʩʪʝʤʳ, 

ʥʘʧʨʘʚʣʝʥʥʳʭ ʥʘ ʧʦʜʜʝʨʞʘʥʠʝ ʜʠʥʘʤʠʯʝʩʢʦʛʦ ʨʘʚʥʦʚʝʩʠʷ, ʩʪʨʝʤʣʝʥʠʝ ʩʠʩʪʝʤʳ ʚʦʩʩʪʘʥʦʚʠʪʴ 

ʫʪʨʘʯʝʥʥʦʝ ʨʘʚʥʦʚʝʩʠʝ, ʧʨʝʦʜʦʣʝʚʘʪʴ ʚʦʟʜʝʡʩʪʚʠʷ ʚʥʝʰʥʝʡ ʩʨʝʜʳ. 

ʇʦʢʘʟʘʪʝʣʠ ʫʩʪʦʡʯʠʚʦʩʪʠ ʜʣʷ ʨʘʟʥʳʭ ʪʠʧʦʚ ʀʉ: 

ɼʣʷ ʩʣʘʙʦʩʚʷʟʘʥʥʳʭ ʩʠʩʪʝʤ (ʫʤʥʳʡ ʜʦʤ, ʠʥʪʝʨʥʝʪ ʚʝʱʝʡ) ï ʘʥʘʣʠʟ ʩʪʘʪʠʩʪʠʯʝʩʢʠʭ ʧʦʢʘʟʘʪʝʣʝʡ: 

ï ʦʮʝʥʢʘ ʩʘʤʦʧʦʜʦʙʠʷ; 

ï ʦʮʝʥʢʘ ʩʦʛʣʘʩʦʚʘʥʥʦʩʪʠ ʜʠʥʘʤʠʢʠ ʠʟʤʝʥʝʥʠʷ ʜʘʥʥʳʭ ʦʪ ʫʩʪʨʦʡʩʪʚʘ; 

ï ʘʥʘʣʠʟ ʚʨʝʤʝʥʥʳʭ ʨʷʜʦʚ. 

ɼʣʷ ʩʠʩʪʝʤ ʩ ʘʜʘʧʪʠʚʥʳʤ ʫʧʨʘʚʣʝʥʠʝʤ ï ʘʥʘʣʠʟ ʧʦʪʦʢʦʚ ʫʧʨʘʚʣʝʥʠʷ: 

ï ʧʦʢʘʟʘʪʝʣʠ ʫʧʨʘʚʣʷʝʤʦʩʪʠ, ʦʪʢʘʟʦʫʩʪʦʡʯʠʚʦʩʪʠ,  

ï ʤʘʩʰʪʘʙʠʨʫʝʤʦʩʪʠ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʧʦ ʩʪʨʫʢʪʫʨʝ ʛʨʘʬʘ; 

ï ʤʝʪʦʜ ʘʪʪʨʘʢʪʦʨʦʚ; 

ï ʘʜʘʧʪʠʚʥʳʝ ʛʨʘʬʳ. 

ɼʣʷ ʩʠʣʴʥʦʩʚʷʟʘʥʥʳʭ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʭ ʩʠʩʪʝʤ ï ʘʥʘʣʠʟ ʩʦʭʨʘʥʝʥʠʷ ʩʚʦʡʩʪʚʘ ʛʦʤʝʦʩʪʘʟʘ:  

ï ʩʧʦʩʦʙʥʦʩʪʴ ʢ ʛʦʤʝʦʩʪʘʟʫ ʠ ʵʚʦʣʶʮʠʠ. 
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ʉʀɻʅɸʃʀɿɸʎʀʀ  
1
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ʈʝʩʧʫʙʣʠʢʘ ɹʝʣʘʨʫʩʴ 
2
ɼʠʩʪʘʥʮʠʷ ʩʠʛʥʘʣʠʟʘʮʠʠ ʠ ʩʚʷʟʠ ɻʦʤʝʣʴʩʢʦʛʦ ʦʪʜʝʣʝʥʠʷ ɹʝʣʦʨʫʩʩʢʦʡ ʞʝʣʝʟʥʦʡ ʜʦʨʦʛʠ, 

ʛ. ɻʦʤʝʣʴ, ʈʝʩʧʫʙʣʠʢʘ ɹʝʣʘʨʫʩʴ 
3
ɼʠʩʪʘʥʮʠʷ ʩʠʛʥʘʣʠʟʘʮʠʠ ʠ ʩʚʷʟʠ ʄʠʥʩʢʦʛʦ ʦʪʜʝʣʝʥʠʷ ɹʝʣʦʨʫʩʩʢʦʡ ʞʝʣʝʟʥʦʡ ʜʦʨʦʛʠ, ʛ. ʄʠʥʩʢ, 

ʈʝʩʧʫʙʣʠʢʘ ɹʝʣʘʨʫʩʴ 

 

ɹʝʟʦʧʘʩʥʦʩʪʴ ʜʚʠʞʝʥʠʷ ʧʨʠ ʜʚʠʞʝʥʠʠ ʧʦʝʟʜʥʦʛʦ ʩʦʩʪʘʚʘ ʧʦʣʥʦʩʪʴʶ ʦʧʨʝʜʝʣʷʝʪʩʷ ʩʧʦʩʦʙʥʦʩʪʴʶ 

ʤʘʰʠʥʠʩʪʘ ʚʦʩʧʨʠʥʠʤʘʪʴ ʩʠʛʥʘʣʳ ʠ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʥʠʤʠ ʫʧʨʘʚʣʷʪʴ ʩʢʦʨʦʩʪʴʶ ʧʦʝʟʜʘ. ʇʨʠ ʪʫʤʘʥʝ, 

ʤʝʪʝʣʠ ʠ ʪ.ʧ. ʜʘʣʴʥʦʩʪʴ ʚʠʜʠʤʦʩʪʠ ʤʦʞʝʪ ʩʦʢʨʘʪʠʪʴʩʷ ʜʦ ʜʝʩʷʪʢʘ ʤʝʪʨʦʚ, ʘ ʜʣʠʪʝʣʴʥʦʩʪʴ ʚʠʜʠʤʦʩʪʠ ï 

ʜʦ ʥʝʩʢʦʣʴʢʠʭ ʩʝʢʫʥʜ, ʯʪʦ ʟʥʘʯʠʪʝʣʴʥʦ ʫʩʣʦʞʥʷʝʪ ʨʘʙʦʪʫ ʤʘʰʠʥʠʩʪʦʚ. ʅʘʠʣʫʯʰʠʝ ʫʩʣʦʚʠʷ ʜʣʷ 

ʚʦʩʧʨʠʷʪʠʷ ʩʠʛʥʘʣʴʥʳʭ ʧʦʢʘʟʘʥʠʡ ʩʦʟʜʘʶʪʩʷ ʧʨʠ ʦʪʦʙʨʘʞʝʥʠʠ ʠʭ ʥʘ ʩʚʝʪʦʬʦʨʝ, ʨʘʩʧʦʣʦʞʝʥʥʦʤ ʚ 

ʢʘʙʠʥʝ ʣʦʢʦʤʦʪʠʚʘ. ʕʪʦ ʜʦʩʪʠʛʘʝʪʩʷ ʩ ʧʦʤʦʱʴʶ ʫʩʪʨʦʡʩʪʚ ʘʚʪʦʤʘʪʠʯʝʩʢʦʡ ʣʦʢʦʤʦʪʠʚʥʦʡ 

ʩʠʛʥʘʣʠʟʘʮʠʠ ɸʃʉ.  

ʉʙʦʠ ʧʦʢʘʟʘʥʠʡ ɸʃʉʅ ʧʨʠʚʦʜʷʪ ʢ ʥʘʨʫʰʝʥʠʶ ʙʝʟʦʧʘʩʥʦʩʪʠ ʜʚʠʞʝʥʠʷ ʧʦʝʟʜʦʚ, ʧʨʠʚʦʜʷʪ ʢ 

ʩʨʳʚʫ ʩ ʛʨʘʬʠʢʘ ʜʚʠʞʝʥʠʷ ʠ ʟʘʜʝʨʞʢʘʤ ʧʦʝʟʜʦʚ.  

ʋʩʪʨʦʡʩʪʚʘ ɸʃʉʅ ʥʘ ʵʣʝʢʪʨʠʬʠʮʠʨʦʚʘʥʥʳʭ ʫʯʘʩʪʢʘʭ ɹʝʣʦʨʫʩʩʢʦʡ ʞʝʣʝʟʥʦʡ ʜʦʨʦʛʠ ʠʩʧʦʣʴʟʫʶʪ 

ʘʤʧʣʠʪʫʜʥʫʶ ʤʦʜʫʣʷʮʠʶ ʩʠʛʥʘʣʘ ʯʘʩʪʦʪʦʡ 25 ɻʮ ʜʣʷ ʧʝʨʝʜʘʯʠ ʯʠʩʣʦʚʦʛʦ ʢʦʜʘ, ʥʘ ʥʝ 

ʵʣʝʢʪʨʠʬʠʮʠʨʦʚʘʥʥʳʭ ï 50 ɻʮ [4]. ɸʤʧʣʠʪʫʜʥʘʷ ʤʦʜʫʣʷʮʠʷ, ʠʩʧʦʣʴʟʫʝʤʘʷ ʚ ɸʃʉʅ ʜʣʷ ʧʝʨʝʜʘʯʠ 

ʯʠʩʣʦʚʦʛʦ ʢʦʜʘ, ʠʤʝʝʪ ʩʘʤʫʶ ʥʠʟʢʫʶ ʧʦʤʝʭʦʫʩʪʦʡʯʠʚʦʩʪʴ ʦʪʥʦʩʠʪʝʣʴʥʦ ʯʘʩʪʦʪʥʦʡ ʠ ʬʘʟʦʚʦʡ 

ʤʦʜʫʣʷʮʠʠ. ʕʪʦ ʦʙʲʷʩʥʷʝʪʩʷ ʦʪʩʫʪʩʪʚʠʝʤ ʩʠʛʥʘʣʘ ʚ ʧʘʫʟʘʭ. 

ɸʃʉʅ ʜʣʷ ʧʝʨʝʜʘʯʠ ʠʥʬʦʨʤʘʮʠʠ ʩ ʧʫʪʠ ʥʘ ʣʦʢʦʤʦʪʠʚ ʠʩʧʦʣʴʟʫʝʪ ʨʝʣʴʩʦʚʳʝ ʮʝʧʠ. ʉ ʨʘʙʦʪʦʡ 

ʨʝʣʴʩʦʚʳʭ ʮʝʧʝʡ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʩʚʷʟʘʥʦ ʥʦʨʤʘʣʴʥʦʝ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʝ ʩʠʩʪʝʤ ʘʚʪʦʤʘʪʠʯʝʩʢʦʡ 

ʣʦʢʦʤʦʪʠʚʥʦʡ ʩʠʛʥʘʣʠʟʘʮʠʠ. ʉʠʛʥʘʣʴʥʳʡ ʪʦʢ ʧʦʜʘʸʪʩʷ ʦʪ ʧʝʨʝʜʘʶʱʝʛʦ ʫʩʪʨʦʡʩʪʚʘ ʢ ʧʦʝʟʜʫ ʧʦ 

ʦʜʥʦʤʫ ʨʝʣʴʩʫ, ʧʨʦʪʝʢʘʝʪ ʯʝʨʝʟ ʟʘʤʳʢʘʶʱʫʶ ʨʝʣʴʩʳ ʤʝʞʜʫ ʩʦʙʦʡ ʢʦʣʸʩʥʫʶ ʧʘʨʫ ʠ ʚʦʟʚʨʘʱʘʝʪʩʷ ʢ 

ʧʝʨʝʜʘʶʱʝʤʫ ʫʩʪʨʦʡʩʪʚʫ ʧʦ ʜʨʫʛʦʤʫ ʨʝʣʴʩʫ. ʇʨʠ ʵʪʦʤ ʨʝʣʴʩʳ ʠ ʢʦʣʸʩʥʘʷ ʧʘʨʘ ʦʙʨʘʟʫʶʪ ʨʘʤʢʫ ʩ 

ʪʦʢʦʤ, ʤʘʛʥʠʪʥʦʝ ʧʦʣʝ ʢʦʪʦʨʦʡ ʫʣʘʚʣʠʚʘʝʪʩʷ ʧʦʜʚʝʰʝʥʥʳʤʠ ʧʝʨʝʜ ʧʝʨʚʦʡ ʢʦʣʸʩʥʦʡ ʧʘʨʦʡ ʥʘ ʚʳʩʦʪʝ 

110é240 ʤʤ ʥʘʜ ʨʝʣʴʩʘʤʠ ʧʨʠʸʤʥʳʤʠ ʢʘʪʫʰʢʘʤʠ. ɹʫʜʫʯʠ ʦʜʥʠʤ ʠʟ ʦʩʥʦʚʥʳʭ ʵʣʝʤʝʥʪʦʚ ʩʠʩʪʝʤʳ 

ʙʝʟʦʧʘʩʥʦʩʪʠ, ʨʝʣʴʩʦʚʳʝ ʮʝʧʠ ʩʣʦʞʥʳʝ ʠ ʟʘʪʨʘʪʥʳʝ ʚ ʵʢʩʧʣʫʘʪʘʮʠʠ.  

ʅʝʠʩʧʨʘʚʥʦʩʪʴ ʠʟʦʣʠʨʫʶʱʠʭ ʩʪʳʢʦʚ ʨʝʣʴʩʦʚʳʭ ʮʝʧʝʡ, ʩʪʳʢʦʚʳʭ ʩʦʝʜʠʥʠʪʝʣʝʡ, 

ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʴ, ʘʩʠʤʤʝʪʨʠʷ ʦʙʨʘʪʥʦʛʦ ʪʷʛʦʚʦʛʦ ʪʦʢʘ ʷʚʣʷʶʪʩʷ ʩʘʤʳʤʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʤʠ 

ʧʨʠʯʠʥʘʤʠ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʩʙʦʝʚ ɸʃʉ ʠ ʛʦʚʦʨʷʪ ʦ ʥʠʟʢʦʡ ʥʘʜʝʞʥʦʩʪʠ ʨʘʙʦʪʳ ʢʘʥʘʣʘ ʧʝʨʝʜʘʯʠ 

ʜʘʥʥʳʭ ʩʠʛʥʘʣʦʚ ɸʃʉʅ [3]. 

ʇʨʠʤʝʥʝʥʥʳʡ ʚ ʩʠʩʪʝʤʝ ɸʃʉʅ ʧʨʠʥʮʠʧ ʢʦʜʠʨʦʚʘʥʠʷ ʪʘʢ ʞʝ ʠʤʝʝʪ ʨʷʜ ʥʝʜʦʩʪʘʪʢʦʚ, ʢʦʪʦʨʳʝ ʥʝ 

ʧʦʟʚʦʣʷʶʪ ʧʨʠʤʝʥʷʪʴ ʠʟʚʝʩʪʥʳʝ ʧʨʠʥʮʠʧʳ ʧʦʩʪʨʦʝʥʠʷ ʦʧʪʠʤʘʣʴʥʦʛʦ ʧʨʠʝʤʥʠʢʘ. ʕʪʦ ʦʙʲʷʩʥʷʝʪʩʷ 

ʪʝʤ, ʯʪʦ ʪʝʦʨʠʷ ʧʝʨʝʜʘʯʠ ʜʠʩʢʨʝʪʥʳʭ ʩʠʛʥʘʣʦʚ ʧʦʩʪʨʦʝʥʘ ʥʘ ʧʦʥʷʪʠʠ ʩʠʤʚʦʣʘ, ʠʤʝʶʱʝʛʦ ʟʘʜʘʥʥʫʶ 

ʜʣʠʪʝʣʴʥʦʩʪʴ ʠ ʧʝʨʠʦʜʠʯʥʦʩʪʴ. ʕʪʠ ʧʨʠʥʮʠʧʳ ʥʝ ʧʨʠʤʝʥʠʤʳ ʢ ʢʦʜʦʚʳʤ ʢʦʤʙʠʥʘʮʠʷʤ ɸʃʉʅ, ʘ, 

ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʥʝʪ ʚʦʟʤʦʞʥʦʩʪʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʩʠʩʪʝʤ ʪʘʢʪʦʚʦʡ ʠ ʢʘʜʨʦʚʦʡ ʩʠʥʭʨʦʥʠʟʘʮʠʠ, ʘ ʪʘʢ ʞʝ 

ʢʦʨʨʝʢʪʦʨʦʚ ʠʩʢʘʞʝʥʠʷ ʠʤʧʫʣʴʩʦʚ. 

ʉ ʚʥʝʜʨʝʥʠʝʤ ʥʘ ɹʝʣʦʨʫʩʩʢʦʡ ʞʝʣʝʟʥʦʡ ʜʦʨʦʛʝ ʩʦʚʨʝʤʝʥʥʦʛʦ ʧʦʜʚʠʞʥʦʛʦ ʩʦʩʪʘʚʘ ʩ 

ʘʩʠʥʭʨʦʥʥʳʤʠ ʜʚʠʛʘʪʝʣʷʤʠ, ʦʩʥʘʱʝʥʥʦʛʦ ʤʥʦʛʦʯʠʩʣʝʥʥʳʤʠ ʵʣʝʢʪʨʦʥʥʳʤʠ ʧʨʠʙʦʨʘʤʠ, ʚʦʟʥʠʢʘʝʪ 

ʚʦʧʨʦʩ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʡ ʩʦʚʤʝʩʪʠʤʦʩʪʠ ʦʙʦʨʫʜʦʚʘʥʠʷ [2].  

ɺ 2017 ʛ. ʚ ʛʨʘʥʠʮʘʭ ʄʠʥʩʢʦʡ ʜʠʩʪʘʥʮʠʠ ʩʠʛʥʘʣʠʟʘʮʠʠ ʠ ʩʚʷʟʠ ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʦ 916 ʩʣʫʯʘʝʚ 

ʩʙʦʝʚ ɸʃʉʅ (ʪʘʙʣʠʮʘ).  

ʅʘʠʙʦʣʴʰʝʝ ʢʦʣʠʯʝʩʪʚʦ ʩʙʦʝʚ ɸʃʉʅ ʧʨʦʠʩʭʦʜʠʪ ʥʘ ʧʦʜʚʠʞʥʦʤ ʩʦʩʪʘʚʝ ʢʠʪʘʡʩʢʦʛʦ 

ʧʨʦʠʟʚʦʜʩʪʚʘ ʩʝʨʠʠ ɹʂɻ.  ʂʦʣʠʯʝʩʪʚʦ ʩʙʦʝʚ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʧʦʜʚʠʞʥʦʛʦ ʩʦʩʪʘʚʘ ʧʨʠʚʝʜʝʥʦ ʥʘ 

ʨʠʩʫʥʢʝ. 

ɿʘ ʧʝʨʠʦʜ ʩ 1 ʷʥʚʘʨʷ ʧʦ 31 ʤʘʨʪʘ 2017 ʛ. ʚ ʧʨʝʜʝʣʘʭ  ʄʠʥʩʢʦʡ ʜʠʩʪʘʥʮʠʠ ʩʠʛʥʘʣʠʟʘʮʠʠ ʠ ʩʚʷʟʠ 

ʟʘʬʠʢʩʠʨʦʚʘʥ 201 ʩʣʫʯʘʡ ʩʙʦʝʚ ʫʩʪʨʦʡʩʪʚ ɸʃʉʅ. ɿʘ ʧʝʨʚʳʡ ʢʚʘʨʪʘʣ 2018 ʛ. ʧʨʦʠʟʦʰʣʦ 220 ʩʙʦʝʚ 

ɸʃʉʅ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʦʠʟʦʰʣʦ ʫʚʝʣʠʯʝʥʠʝ  ʩʙʦʝʚ ʙʦʣʝʝ ʯʝʤ ʥʘ 8,6 %. 
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ʊʘʙʣʠʮʘ ï ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʩʙʦʝʚ ʧʦ ʩʣʫʞʙʘʤ ʞʝʣʝʟʥʦʡ ʜʦʨʦʛʠ 

ʉʣʫʞʙʘ ʂʦʣʠʯʝʩʪʚʦ ʩʙʦʝʚ, ʰʪ. ʇʨʦʮʝʥʪʥʦʝ ʩʦʦʪʥʦʰʝʥʠʝ % 

ʐ 127 13,9 

ʇ 196 21,4 

ʕ 11 1,2 

ʊ 579 63,2 

ʂ ʥʝʫʯʝʪʫ 3 0,3 

ʈʘʩʩʣʝʜʫʶʪʩʷ 0 0,0 

ʆʙʱʠʡ ʠʪʦʛ 916 100 

 

 
ʈʠʩʫʥʦʢ 1 ï ɻʨʘʬʠʢ ʢʦʣʠʯʝʩʪʚʘ ʩʙʦʝʚ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʪʠʧʘ ʧʦʜʚʠʞʥʦʛʦ ʩʦʩʪʘʚʘ 

 

ɸʃʉʅ ʧʨʘʢʪʠʯʝʩʢʠ ʷʚʣʷʝʪʩʷ ʝʜʠʥʩʪʚʝʥʥʦʡ ʩʠʩʪʝʤʦʡ ʚ ʠʩʪʦʨʠʠ ʪʝʭʥʠʢʠ, ʢʘʯʝʩʪʚʦ ʨʘʙʦʪʳ 

ʢʦʪʦʨʦʡ (ʧʦʤʝʭʦʫʩʪʦʡʯʠʚʦʩʪʴ) ʥʝ ʫʜʘʣʦʩʴ ʧʦʚʳʩʠʪʴ ʚ ʪʝʯʝʥʠʝ ʫʞʝ ʙʦʣʝʝ ʯʝʤ 60 ʣʝʪ ʝʸ ʨʘʙʦʪʳ ʥʘ ʩʝʪʠ 

ʞʝʣʝʟʥʳʭ ʜʦʨʦʛ.  

ɸʣʴʪʝʨʥʘʪʠʚʦʡ ʢʦʜʘʤ ɸʃʉ ʷʚʣʷʝʪʩʷ ʧʝʨʝʜʘʯʘ ʠʥʬʦʨʤʘʮʠʠ ʧʦ ʨʘʜʠʦʢʘʥʘʣʫ. ɺ ʩʚʷʟʠ ʩ 

ʬʫʥʢʮʠʦʥʘʣʴʥʦʡ ʚʦʟʤʦʞʥʦʩʪʴʶ ʮʠʬʨʦʚʳʭ ʨʘʜʠʦʩʪʘʥʜʘʨʪʦʚ  GSM-R ʠ DMR ʦʙʝʩʧʝʯʠʪʴ 

ʠʥʪʝʨʚʘʣʴʥʦʝ ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʧʦʝʟʜʦʚ ʧʦ  ʝʚʨʦʧʝʡʩʢʦʡ ʩʠʩʪʝʤʝ ERTMS/ETCS [1,5], ʘʢʪʫʘʣʴʥʦ 

ʧʝʨʝʭʦʜʠʪʴ ʥʘ ʙʦʣʝʝ ʩʦʚʨʝʤʝʥʥʳʡ ʩʪʘʥʜʘʨʪ ʮʠʬʨʦʚʦʡ ʨʘʜʠʦʩʚʷʟʠ ʠ ʧʨʦʚʦʜʠʪʴ ʧʝʨʝʦʩʥʘʱʝʥʠʝ ʧʘʨʢʘ 

ʨʘʜʠʦʩʪʘʥʮʠʡ ɹʝʣʦʨʫʩʩʢʦʡ ʞʝʣʝʟʥʦʡ ʜʦʨʦʛʠ.  
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ʆ.ʖ.ɻʆʈɹɸɼɽʁ
 

 

ʀɿʋʏɽʅʀɽ ɺʆɿʄʆɾʅʆʉʊʀ ʆɼʅʆɺʈɽʄɽʅʅʆʁ ʈɽɸʃʀɿɸʎʀʀ ʊʆʂʆɺʆɻʆ ʈɽɾʀʄɸ 

ʈɸɹʆʊʓ ʀ ʈɽɾʀʄɸ ʉʏɽʊɸ ʌʆʊʆʅʆɺ ʅɸ ʃɸɺʀʅʅʓʍ ʌʆʊʆʇʈʀɽʄʅʀʂɸʍ 
 

ʋʯʨʝʞʜʝʥʠʝ ʦʙʨʘʟʦʚʘʥʠʷ çɹʝʣʦʨʫʩʩʢʘʷ ʛʦʩʫʜʘʨʩʪʚʝʥʥʘʷ ʘʢʘʜʝʤʠʷ ʩʚʷʟʠè, ʛ. ʄʠʥʩʢ, ʈʝʩʧʫʙʣʠʢʘ 

ɹʝʣʘʨʫʩʴ 

 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʣʘʚʠʥʥʳʝ ʬʦʪʦʜʠʦʜʳ (ʃʌɼ) ʰʠʨʦʢʦ ʧʨʠʤʝʥʷʶʪʩʷ ʧʨʠ ʨʝʛʠʩʪʨʘʮʠʠ 

ʦʧʪʠʯʝʩʢʦʛʦ ʠʟʣʫʯʝʥʠʷ ʚ ʣʠʜʘʨʥʳʭ ʩʠʩʪʝʤʘʭ, ʦʧʪʠʯʝʩʢʦʡ ʨʝʬʣʝʢʪʦʤʝʪʨʠʠ ʚʦʣʦʢʦʥʥʦ-ʦʧʪʠʯʝʩʢʠʭ 

ʣʠʥʠʡ ʩʚʷʟʠ, ʚ ʢʚʘʥʪʦʚʳʭ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʩʠʩʪʝʤʘʭ [1-3]. ʇʨʠ ʪʘʢʦʤ ʧʨʠʤʝʥʝʥʠʠ ʪʨʝʙʫʝʪʩʷ  

ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʃʌɼ ʚ ʜʚʫʭ ʨʝʞʠʤʘʭ ʨʘʙʦʪʳ: ʪʦʢʦʚʦʤ ʠ ʩʯʝʪʘ ʬʦʪʦʥʦʚ, ʯʪʦ ʦʙʫʩʣʦʚʣʝʥʦ 

ʥʝʦʙʭʦʜʠʤʦʩʪʴʶ ʨʝʛʠʩʪʨʠʨʦʚʘʪʴ ʦʧʪʠʯʝʩʢʦʝ ʠʟʣʫʯʝʥʠʝ ʚ ʰʠʨʦʢʦʤ ʜʠʘʧʘʟʦʥʝ ʠʥʪʝʥʩʠʚʥʦʩʪʝʡ. 

http://prs.by/rus/solutions/dmr
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ʊʦʢʦʚʳʡ ʨʝʞʠʤ ʨʘʙʦʪʳ ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʨʝʛʠʩʪʨʘʮʠʠ ʜʦʩʪʘʪʦʯʥʦ ʤʦʱʥʦʛʦ ʦʧʪʠʯʝʩʢʦʛʦ ʠʟʣʫʯʝʥʠʷ, ʘ 

ʨʝʞʠʤ ʩʯʝʪʘ ʬʦʪʦʥʦʚ ʧʨʠʤʝʥʷʝʪʩʷ ʜʣʷ ʨʝʛʠʩʪʨʘʮʠʠ ʠʟʣʫʯʝʥʠʷ ʤʘʣʦʡ ʤʦʱʥʦʩʪʠ [4]. 

ɺ ʢʘʯʝʩʪʚʝ ʦʙʲʝʢʪʦʚ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʨʠ ʘʥʘʣʠʟʝ ʚʦʟʤʦʞʥʦʩʪʠ ʦʜʥʦʚʨʝʤʝʥʥʦʡ ʨʝʘʣʠʟʘʮʠʠ ʥʘ ʃʌɼ 

ʪʦʢʦʚʦʛʦ ʨʝʞʠʤʘ ʨʘʙʦʪʳ ʠ ʨʝʞʠʤʘ ʩʯʝʪʘ ʬʦʪʦʥʦʚ ʧʨʠʤʝʥʷʣʠʩʴ ʢʨʝʤʥʠʝʚʳʝ ʣʘʚʠʥʥʳʝ ʬʦʪʦʜʠʦʜʳ 

ʧʨʦʤʳʰʣʝʥʥʦʛʦ ʠʟʛʦʪʦʚʣʝʥʠʷ ʌɼ-115ʃ ʠ ʣʘʚʠʥʥʳʝ ʬʦʪʦʜʠʦʜʳ ʩʦ ʩʪʨʫʢʪʫʨʦʡ n
+
p- -́p

+
.  

ʇʦʩʢʦʣʴʢʫ ʦʪʜʝʣʴʥʳʝ ʵʢʟʝʤʧʣʷʨʳ ʠʩʩʣʝʜʫʝʤʳʭ ʣʘʚʠʥʥʳʭ ʬʦʪʦʧʨʠʝʤʥʠʢʦʚ ʠʤʝʶʪ ʨʘʟʥʳʝ 

ʥʘʧʨʷʞʝʥʠʷ ʧʨʦʙʦʷ, ʪʦ ʜʣʷ ʩʨʘʚʥʝʥʠʷ ʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʤʝʞʜʫ ʩʦʙʦʡ ʠʩʧʦʣʴʟʦʚʘʣʘʩʴ ʚʝʣʠʯʠʥʘ 

ʧʝʨʝʥʘʧʨʷʞʝʥʠʷ ȹU, ʧʦʜ ʢʦʪʦʨʳʤ ʧʦʥʠʤʘʝʪʩʷ ʨʘʟʥʦʩʪʴ Uʧ - Uʧʨ. 

ɼʣʷ ʦʮʝʥʢʠ ʚʦʟʤʦʞʥʦʩʪʠ ʦʜʥʦʚʨʝʤʝʥʥʦʡ ʨʝʘʣʠʟʘʮʠʠ ʜʚʫʭ ʨʝʞʠʤʦʚ ʥʘ ʠʟʫʯʘʝʤʳʝ ʃʌɼ 

ʧʦʜʘʚʘʣʦʩʴ ʦʜʠʥʘʢʦʚʦʝ ʧʝʨʝʥʘʧʨʷʞʝʥʠʝ ȹU = 0,1 ɺ ʠ ʥʘ ʥʠʭ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ ʥʘʧʨʘʚʣʷʣʦʩʴ 

ʦʧʪʠʯʝʩʢʦʝ ʠʟʣʫʯʝʥʠʝ ʧʝʨʚʦʥʘʯʘʣʴʥʦ ʦʪ ʦʜʥʦʛʦ ʩʚʝʪʦʜʠʦʜʘ, ʘ ʟʘʪʝʤ ʦʪ ʜʚʫʭ.  

ɹʳʣʦ ʧʦʣʫʯʝʥʦ, ʯʪʦ ʤʝʞʜʫ ʠʤʧʫʣʴʩʘʤʠ, ʠʥʠʮʠʠʨʦʚʘʥʥʳʤʠ ʚ ʃʌɼ ʦʧʪʠʯʝʩʢʠʤʠ ʠʤʧʫʣʴʩʘʤʠ 

ʩʚʝʪʦʜʠʦʜʘ, ʧʦʷʚʣʷʶʪʩʷ ʤʠʢʨʦʧʣʘʟʤʝʥʥʳʝ ʠʤʧʫʣʴʩʳ, ʩʦʟʜʘʚʘʝʤʳʝ ʚ ʣʘʚʠʥʥʦʤ ʬʦʪʦʜʠʦʜʝ 

ʪʝʨʤʦʛʝʥʝʨʠʨʦʚʘʥʥʳʤʠ ʩʚʦʙʦʜʥʳʤʠ ʥʦʩʠʪʝʣʷʤʠ ʟʘʨʷʜʘ.  

ʀʩʩʣʝʜʦʚʘʥʠʝ ʟʘʚʠʩʠʤʦʩʪʠ ʚʝʨʦʷʪʥʦʩʪʠ P ʦʪ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʦʧʪʠʯʝʩʢʦʛʦ ʠʟʣʫʯʝʥʠʷ J ʧʦʢʘʟʘʣʦ 

ʥʘʣʠʯʠʝ ʣʠʥʝʡʥʦʛʦ ʫʯʘʩʪʢʘ ʜʣʷ ʚʩʝʭ ʠʩʩʣʝʜʫʝʤʳʭ ʃʌɼ, ʧʨʠʯʝʤ ʣʠʥʝʡʥʳʡ ʫʯʘʩʪʦʢ ʩʦʦʪʚʝʪʩʪʚʦʚʘʣ 

ʠʥʪʝʨʚʘʣʫ ʠʥʪʝʥʩʠʚʥʦʩʪʝʡ 0 · 4Ö10
-4
 ɺʪ/ʤ

2
 ʜʣʷ ʬʦʪʦʜʠʦʜʦʚ ʌɼ-115ʃ ʠ  

0 · 5Ö10
-4
 ɺʪ/ʤ

2
 ï ʜʣʷ ʃʌɼ ʩʦ ʩʪʨʫʢʪʫʨʦʡ n

+
p- -́p

+
. ɼʘʣʴʥʝʡʰʝʝ ʫʚʝʣʠʯʝʥʠʝ ʠʥʪʝʥʩʠʚʥʦʩʪʠ 

ʦʧʪʠʯʝʩʢʦʛʦ ʠʟʣʫʯʝʥʠʷ ʧʨʠʚʦʜʠʣʦ ʢ ʥʘʩʳʱʝʥʠʶ ʟʘʚʠʩʠʤʦʩʪʠ P ʦʪ J. ʊʘʢʦʝ ʧʦʚʝʜʝʥʠʷ ʩʚʷʟʘʥʦ ʩ ʪʝʤ, 

ʯʪʦ ʧʨʠ ʙʦʣʴʰʠʭ ʠʥʪʝʥʩʠʚʥʦʩʪʷʭ ʦʧʪʠʯʝʩʢʦʛʦ ʠʟʣʫʯʝʥʠʷ ʧʨʦʷʚʣʷʝʪʩʷ ʵʬʬʝʢʪ ʤʝʨʪʚʦʛʦ ʚʨʝʤʝʥʠ 

[4],ʚʦʟʥʠʢʘʶʪ ʧʨʦʩʯʝʪʳ ʬʦʪʦʥʦʚ ʠ, ʢʘʢ ʩʣʝʜʩʪʚʠʝ, ʟʘʚʠʩʠʤʦʩʪʴ P ʦʪ J ʦʪʢʣʦʥʷʝʪʩʷ ʦʪ ʣʠʥʝʡʥʦʡ.  

ʃʠʥʝʡʥʳʡ ʫʯʘʩʪʦʢ ʟʘʚʠʩʠʤʦʩʪʝʡ P ʦʪ J ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʃʌɼ ʨʘʙʦʪʘʶʪ ʚ ʨʝʞʠʤʝ ʩʯʝʪʘ ʬʦʪʦʥʦʚ 

ʪʦʣʴʢʦ ʜʣʷ ʪʝʭ ʠʥʪʝʥʩʠʚʥʦʩʪʠ J, ʢʦʪʦʨʳʝ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʵʪʦʤʫ ʫʯʘʩʪʢʫ. 

ɹʳʣʠ ʠʩʩʣʝʜʦʚʘʥʳ ʟʘʚʠʩʠʤʦʩʪʠ ʚʝʨʦʷʪʥʦʩʪʠ ʦʙʨʘʟʦʚʘʥʠʷ ʤʠʢʨʦʧʣʘʟʤʝʥʥʳʭ ʠʤʧʫʣʴʩʦʚ, 

ʦʙʨʘʟʦʚʘʥʥʳʭ ʪʝʨʤʦʛʝʥʝʨʠʨʦʚʘʥʥʳʤʠ ʥʦʩʠʪʝʣʷʤʠ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʟʘʨʷʜʘ, ʦʪ ʚʝʣʠʯʠʥʳ ȹU  

ʀʟʤʝʥʝʥʠʝ ȹU ʦʪ -0,2 ʜʦ 0,1 ɺ ʧʨʠʚʦʜʠʣʦ ʢ ʫʚʝʣʠʯʝʥʠʶ ʣʠʥʝʡʥʦʛʦ ʫʯʘʩʪʢʘ ʟʘʚʠʩʠʤʦʩʪʠ P ʦʪ J, 

ʯʪʦ ʩʚʷʟʘʥʦ ʩ ʫʤʝʥʴʰʝʥʠʝʤ ʟʥʘʯʝʥʠʷ ʤʝʨʪʚʦʛʦ ʚʨʝʤʝʥʠ ʃʌɼ ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ ȹU ʚ ʵʪʦʤ ʜʠʘʧʘʟʦʥʝ 

ʧʝʨʝʥʘʧʨʷʞʝʥʠʡ. ʊʘʢʦʝ ʠʟʤʝʥʝʥʠʝ ʜʣʠʪʝʣʴʥʦʩʪʠ ʤʝʨʪʚʦʛʦ ʚʨʝʤʝʥʠ ʦʙʫʩʣʦʚʣʝʥʦ ʫʤʝʥʴʰʝʥʠʝʤ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʃʌɼ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ȹU ʚ ʠʥʪʝʨʚʘʣʝ ʦʪ -0,2 ʜʦ 0,1 ɺ.  ɼʘʣʴʥʝʡʰʝʝ 

ʫʚʝʣʠʯʝʥʠʝ ʧʝʨʝʥʘʧʨʷʞʝʥʠʷ ʥʝ ʧʨʠʚʦʜʠʪ ʢ ʫʚʝʣʠʯʝʥʠʶ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʃʌɼ ʠ 

ʧʦʵʪʦʤʫ ʜʣʠʪʝʣʴʥʦʩʪʴ ʤʝʨʪʚʦʛʦ ʚʨʝʤʝʥʠ ʜʣʷ ȹU > 0,1 ɺ ʦʩʪʘʝʪʩʷ ʧʦʩʪʦʷʥʥʦʡ. 

ʋʚʝʣʠʯʝʥʠʝ ʚʝʨʦʷʪʥʦʩʪʠ ʦʙʨʘʟʦʚʘʥʠʷ ʤʠʢʨʦʧʣʘʟʤʝʥʥʳʭ ʠʤʧʫʣʴʩʦʚ, ʚʳʟʚʘʥʥʳʭ 

ʪʝʨʤʦʛʝʥʝʨʠʨʦʚʘʥʥʳʤʠ ʥʦʩʠʪʝʣʷʤʠ ʟʘʨʷʜʘ, ʚʣʝʢʣʦ ʟʘ ʩʦʙʦʡ ʫʤʝʥʴʰʝʥʠʝ ʣʠʥʝʡʥʦʛʦ ʫʯʘʩʪʢʘ 

ʟʘʚʠʩʠʤʦʩʪʠ P ʦʪ J ʚ ʠʥʪʝʨʚʘʣʝ ʧʝʨʝʥʘʧʨʷʞʝʥʠʡ ʦʪ 0,1 ʜʦ 0,3 ɺ.  ɹʦʣʝʝ ʩʠʣʴʥʫʶ ʟʘʚʠʩʠʤʦʩʪʴ P ʦʪ ȹU 

ʠʤʝʣʠ ʬʦʪʦʜʠʦʜʳ ʌɼ-115ʃ, ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʃʌɼ ʩʦ ʩʪʨʫʢʪʫʨʦʡ n
+
p- -́p

+
.  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʦʚʝʜʝʥʥʳʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʟʚʦʣʷʶʪ ʩʜʝʣʘʪʴ ʚʳʚʦʜ ʦ 

ʚʦʟʤʦʞʥʦʩʪʴ ʦʜʥʦʚʨʝʤʝʥʥʦʡ ʨʝʘʣʠʟʘʮʠʠ ʨʝʞʠʤʘ ʩʯʝʪʘ ʬʦʪʦʥʦʚ ʠ ʪʦʢʦʚʦʛʦ ʨʝʞʠʤʘ ʜʣʷ ʣʘʚʠʥʥʳʭ 

ʬʦʪʦʜʠʦʜʦʚ, ʯʪʦ ʨʘʩʰʠʨʷʝʪ ʚʦʟʤʦʞʥʦʩʪʠ ʠʭ ʧʨʘʢʪʠʯʝʩʢʦʛʦ ʧʨʠʤʝʥʝʥʠʷ. ɼʚʫʭʨʝʞʠʤʥʘʷ ʨʘʙʦʪʘ 

ʜʦʩʪʠʛʘʝʪʩ ̫ʧʨʠ ʧʦʩʪʦʷʥʥʦʤ ʥʘʧʨʷʞʝʥʠʠ ʧʠʪʘʥʠʷ ʬʦʪʦʜʠʦʜʘ, ʧʨʝʚʳʰʘʶʱʝʤ ʥʘʧʨʷʞʝʥʠʡ ʧʨʦʙʦʷ ʝʛʦ 

p-n-ʧʝʨʝʭʦʜʘ. 

ʇʦʢʘʟʘʥʦ, ʯʪʦ ʨʝʘʣʠʟʘʮʠʷ ʨʝʞʠʤʘ ʩʯʝʪʘ ʬʦʪʦʥʦʚ ʚʦʟʤʦʞʥʘ ʪʦʣʴʢʦ ʜʣʷ ʠʥʪʝʥʩʠʚʥʦʩʪʝʡ 

ʦʧʪʠʯʝʩʢʦʛʦ ʠʟʣʫʯʝʥʠʷ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʣʠʥʝʡʥʦʤʫ ʫʯʘʩʪʢʫ ʟʘʚʠʩʠʤʦʩʪʠ ʚʝʨʦʷʪʥʦʩʪʠ ʦʙʨʘʟʦʚʘʥʠʷ 

ʤʠʢʨʦʧʣʘʟʤʝʥʥʳʭ ʠʤʧʫʣʴʩʦʚ ʚ ʣʘʚʠʥʥʳʭ ʬʦʪʦʜʠʦʜʘʭ ʦʪ ʚʝʣʠʯʠʥʳ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʧʘʜʘʶʱʝʛʦ ʥʘ 

ʥʝʛʦ ʦʧʪʠʯʝʩʢʦʛʦ ʠʟʣʫʯʝʥʠʷ, ʩʬʦʨʤʠʨʦʚʘʥʥʦʛʦ ʩʪʘʮʠʦʥʘʨʥʦʡ ʧʦʜʩʚʝʪʢʦʡ. 

ʆʧʨʝʜʝʣʝʥʦ, ʯʪʦ ʫʚʝʣʠʯʝʥʠʝ ʚʝʨʦʷʪʥʦʩʪʠ ʦʙʨʘʟʦʚʘʥʠʷ ʤʠʢʨʦʧʣʘʟʤʝʥʥʳʭ ʠʤʧʫʣʴʩʦʚ, ʚʳʟʚʘʥʥʳʭ 

ʪʝʨʤʦʛʝʥʝʨʠʨʦʚʘʥʥʳʤʠ ʥʦʩʠʪʝʣʷʤʠ ʟʘʨʷʜʘ, ʧʨʠʚʦʜʠʪ ʢ ʫʤʝʥʴʰʝʥʠʶ ʣʠʥʝʡʥʦʛʦ ʫʯʘʩʪʢʘ ʟʘʚʠʩʠʤʦʩʪʠ 

ʚʝʨʦʷʪʥʦʩʪʠ ʦʙʨʘʟʦʚʘʥʠʷ ʤʠʢʨʦʧʣʘʟʤʝʥʥʳʭ ʠʤʧʫʣʴʩʦʚ ʦʪ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʟʘʩʚʝʪʢʠ. ʕʪʦ 

ʦʙʫʩʣʘʚʣʠʚʘʝʪ ʩʦʢʨʘʱʝʥʠʝ ʜʠʥʘʤʠʯʝʩʢʦʛʦ ʜʠʘʧʘʟʦʥʘ ʨʝʛʠʩʪʨʘʮʠʠ ʃʌɼ ʚ ʨʝʞʠʤʝ ʩʯʝʪʘ ʬʦʪʦʥʦʚ. 
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ʄ.ʉ.ʇʆʇʆɺɸ
 

 

ʆʇʊʀʄʀɿɸʎʀʗ ʌʆʈʄʓ ʕʃɽʄɽʅʊɸʈʅʓʍ ʉʀɻʅɸʃʔʅʓʍ ʂʆʅʉʊʈʋʂʎʀʁ 

ʇʆ ʂʈʀʊɽʈʀʖ ʉʇɽʂʊʈɸʃʔʅʆʁ ʕʌʌɽʂʊʀɺʅʆʉʊʀ 

ʎʀʌʈʆɺʓʍ ʉʀʉʊɽʄ ʇɽʈɽɼɸʏʀ ʀʅʌʆʈʄɸʎʀʀ 
 

ʋʯʨʝʞʜʝʥʠʝ ʦʙʨʘʟʦʚʘʥʠʷ çɹʝʣʦʨʫʩʩʢʘʷ ʛʦʩʫʜʘʨʩʪʚʝʥʥʘʷ ʘʢʘʜʝʤʠʷ ʩʚʷʟʠè, ʛ. ʄʠʥʩʢ, ʈʝʩʧʫʙʣʠʢʘ 

ɹʝʣʘʨʫʩʴ 

 

ʕʬʬʝʢʪʠʚʥʦʩʪʴ ʩʝʪʠ ʦʧʨʝʜʝʣʷʝʪʩʷ ʥʘ ʨʘʟʣʠʯʥʳʭ ʩʪʘʜʠʷʭ ʞʠʟʥʝʥʥʦʛʦ ʮʠʢʣʘ ʩʝʪʠ ð ʦʪ ʵʪʘʧʘ ʝʝ 

ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ, ʢʦʛʜʘ ʚʳʧʦʣʥʷʝʪʩʷ ʘʧʨʠʦʨʥʘʷ (ʜʦʦʧʳʪʥʘʷ) ʦʮʝʥʢʘ ʩ ʮʝʣʴʶ ʦʧʨʝʜʝʣʝʥʠʷ ʦʞʠʜʘʝʤʦʡ 

ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʠ ʨʝʰʝʥʠʷ ʚʦʧʨʦʩʘ ʦ ʮʝʣʝʩʦʦʙʨʘʟʥʦʩʪʠ ʨʝʘʣʠʟʘʮʠʠ ʧʨʦʝʢʪʘ, ʜʦ ʵʪʘʧʘ ʵʢʩʧʣʫʘʪʘʮʠʠ, 

ʢʦʛʜʘ ʧʨʦʚʦʜʠʪʩʷ ʘʧʦʩʪʝʨʠʦʨʥʘʷ (ʧʦʩʣʝʦʧʳʪʥʘʷ, ʥʘ ʦʩʥʦʚʝ ʢʦʥʢʨʝʪʥʦʛʦ ʦʧʳʪʘ ʵʢʩʧʣʫʘʪʘʮʠʠ) ʦʮʝʥʢʘ 

ʩ ʮʝʣʴʶ ʦʧʨʝʜʝʣʝʥʠʷ ʬʘʢʪʠʯʝʩʢʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ, ʧʦʜʪʚʝʨʞʜʘʶʱʝʡ ʠʣʠ ʚ ʢʘʢʦʡ-ʪʦ ʩʪʝʧʝʥʠ 

ʦʧʨʦʚʝʨʛʘʶʱʝʡ ʧʨʦʛʥʦʟʳ.  

ʄʝʪʦʜʳ ʦʮʝʥʢʠ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʩʝʪʝʡ. 

ɸʧʦʩʪʝʨʠʦʨʥʘʷ ʦʮʝʥʢʘ ʧʨʦʚʦʜʠʪʩʷ ʤʝʪʦʜʘʤʠ ʧʨʷʤʦʛʦ ʩʯʝʪʘ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʘʥʘʣʠʪʠʯʝʩʢʠʭ 

ʩʦʦʪʥʦʰʝʥʠʡ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʭ ʚʣʠʷʥʠʝ ʨʘʟʣʠʯʥʳʭ ʬʘʢʪʦʨʦʚ ʠ ʧʘʨʘʤʝʪʨʦʚ ʥʘ ʧʦʢʘʟʘʪʝʣʠ 

ʵʬʬʝʢʪʠʚʥʦʩʪʠ. ɻʦʨʘʟʜʦ ʙʦʣʝʝ ʩʣʦʞʥʦʡ ʠ ʪʨʫʜʦʝʤʢʦʡ ʟʘʜʘʯʝʡ ʷʚʣʷʝʪʩʷ ʘʧʨʠʦʨʥʘʷ ʦʮʝʥʢʘ, ʢʦʪʦʨʘʷ, 

ʢʘʢ ʧʨʘʚʠʣʦ, ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʩ ʧʦʤʦʱʴʶ ʤʝʪʦʜʦʚ ʤʘʪʝʤʘʪʠʯʝʩʢʦʶ ʤʦʜʝʣʠʨʦʚʘʥʠʷ. 

ʂ ʤʘʪʝʤʘʪʠʯʝʩʢʠʤ ʤʦʜʝʣʷʤ ʩʣʦʞʥʳʭ ʢʠʙʝʨʥʝʪʠʯʝʩʢʠʭ ʯʝʣʦʚʝʢʦ-ʤʘʰʠʥʥʳʭ ʩʠʩʪʝʤ 

(ʠʥʬʦʨʤʘʮʠʦʥʥʳʝ ʩʝʪʠ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʠʤʝʥʥʦ ʪʘʢʠʝ ʩʠʩʪʝʤʳ), ʨʘʙʦʪʘʶʱʠʤ ʚ ʜʠʘʣʦʛʦʚʦʤ 

ʨʝʞʠʤʝ, ʢʦʛʜʘ ʥʝʦʙʭʦʜʠʤʦ ʫʯʠʪʳʚʘʪʴ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʯʝʣʦʚʝʢʘ (ʧʦʣʴʟʦʚʘʪʝʣʷ, ʦʧʝʨʘʪʦʨʘ, 

ʘʜʤʠʥʠʩʪʨʘʪʦʨʘ ʩʝʪʠ), ʧʨʝʜʲʷʚʣʷʝʪʩʷ ʨʷʜ ʪʨʝʙʦʚʘʥʠʡ. ʆʩʥʦʚʥʳʝ ʠʟ ʥʠʭ ʩʣʝʜʫʶʱʠʝ: ʤʦʜʝʣʴ ʜʦʣʞʥʘ 

ʦʪʨʘʞʘʪʴ ʨʦʣʴ ʠ ʤʝʩʪʦ ʯʝʣʦʚʝʢʘ ʚ ʩʠʩʪʝʤʝ, ʧʦʩʢʦʣʴʢʫ ʠʤʝʥʥʦ ʦʥʘ ʷʚʣʷʝʪʩʷ ʧʨʝʜʤʝʪʦʤ ʠʩʩʣʝʜʦʚʘʥʠʡ 

ʧʨʠ ʦʮʝʥʢʝ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʩʠʩʪʝʤʳ; ʤʦʜʝʣʴ ʜʦʣʞʥʘ ʘʜʝʢʚʘʪʥʦ ʦʪʨʘʞʘʪʴ ʜʝʷʪʝʣʴʥʦʩʪʴ ʦʧʝʨʘʪʦʨʦʚ 

ʩʠʩʪʝʤʳ (ʧʦʣʴʟʦʚʘʪʝʣʝʡ ʩʝʪʠ), ʚ ʥʝʡ ʜʦʣʞʥʳ ʙʳʪʴ ʠʜʝʥʪʠʬʠʮʠʨʦʚʘʥʳ ʠʭ ʨʘʟʣʠʯʠʷ ʠ ʦʩʦʙʝʥʥʦʩʪʠ; 

ʤʦʜʝʣʴ ʜʦʣʞʥʘ ʦʭʚʘʪʳʚʘʪʴ ʦʩʥʦʚʥʦʡ ʠ ʚʩʧʦʤʦʛʘʪʝʣʴʥʳʡ ʧʨʦʮʝʩʩʳ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʩʠʩʪʝʤʳ. ʇʦʜ 

ʦʩʥʦʚʥʳʤ ʧʨʦʮʝʩʩʦʤ ʧʦʥʠʤʘʝʪʩʷ ʩʦʚʦʢʫʧʥʦʩʪʴ ʦʧʝʨʘʮʠʡ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʚʳʧʦʣʥʝʥʠʷ ʢʦʪʦʨʳʭ 

ʜʦʩʪʠʛʘʝʪʩʷ ʧʦʩʪʘʚʣʝʥʥʘʷ ʮʝʣʴ. ɺʩʧʦʤʦʛʘʪʝʣʴʥʳʝ ʧʨʦʮʝʩʩʳ - ʵʪʦ ʧʨʦʮʝʩʩʳ ʧʣʘʥʠʨʦʚʘʥʠʷ ʠ 

ʦʙʝʩʧʝʯʝʥʠʷ; ʚ ʤʦʜʝʣʠ ʩʠʩʪʝʤʳ ʜʦʣʞʥʘ ʙʳʪʴ ʧʨʝʜʫʩʤʦʪʨʝʥʘ ʚʦʟʤʦʞʥʦʩʪʴ ʦʪʨʘʞʝʥʠʷ ʧʘʨʘʣʣʝʣʴʥʦ 

ʧʨʦʪʝʢʘʶʱʠʭ ʧʨʦʮʝʩʩʦʚ; ʚ ʤʦʜʝʣʠ ʜʦʣʞʥʳ ʩʦʯʝʪʘʪʴʩʷ ʩʚʦʡʩʪʚʘ ʦʧʠʩʘʪʝʣʴʥʦʩʪʠ ʠ ʦʮʝʥʠʚʘʝʤʦʩʪʠ 

ʧʨʦʮʝʩʩʦʚ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ; ʷʟʳʢ ʤʦʜʝʣʠ ʜʦʣʞʝʥ ʙʳʪʴ ʜʦʩʪʫʧʝʥ ʯʝʣʦʚʝʢʫ ʠ ʕɺʄ, ʧʦʩʢʦʣʴʢʫ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʤʦʜʝʣʠ ʧʨʦʚʦʜʠʪʩʷ ʥʘ ʕɺʄ; ʚʨʝʤʷ, ʟʘʪʨʘʯʠʚʘʝʤʦʝ ʥʘ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʩʠʩʪʝʤʳ, ʜʦʣʞʥʦ ʙʳʪʴ ʚ ʧʨʝʜʝʣʘʭ 

ʜʦʧʫʩʪʠʤʦʛʦ. 

ʇʨʦʧʫʩʢʥʘʷ ʩʧʦʩʦʙʥʦʩʪʴ ʢʘʥʘʣʘ ʩʚʷʟʠ ï ʢʨʠʪʝʨʠʡ, ʦʧʨʝʜʝʣʷʶʱʠʡ ʤʘʢʩʠʤʘʣʴʥʫʶ ʧʨʦʧʫʩʢʥʫʶ 

ʩʧʦʩʦʙʥʦʩʪʴ ʢʘʥʘʣʘ ʩʚʷʟʠ, ʢʦʪʦʨʘʷ ʤʦʞʝʪ ʙʳʪʴ ʜʦʩʪʠʛʥʫʪʘ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʪʦʡ ʣʠʙʦ ʜʨʫʛʦʡ 

ʪʝʭʥʦʣʦʛʠʠ (ʠʟʤʝʨʷʝʪʩʷ ʚ ʙʠʪ/ʩ ʠʣʠ ʩ ʧʦʤʦʱʴʶ ʙʘʣʣʴʥʦʡ ʦʮʝʥʢʠ ʩ ʦʪʦʙʨʘʞʝʥʠʝʤ ʩʢʦʨʦʩʪʠ ʥʘ 

ʙʘʣʣʴʥʫʶ ʰʢʘʣʫ); ʚʨʝʤʷ ʚʦʟʦʙʥʦʚʣʝʥʠʷ ʩʚʷʟʠ ï ʢʨʠʪʝʨʠʡ, ʦʧʨʝʜʝʣʷʶʱʠʡ ʦʨʠʝʥʪʠʨʦʚʦʯʥʦʝ ʚʨʝʤʷ 

ʚʦʟʦʙʥʦʚʣʝʥʠʷ ʩʚʷʟʠ (ʦʙʥʦʚʣʷʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴ ʧʝʨʝʜʘʯʠ ʧʦʣʝʟʥʦʡ ʠʥʬʦʨʤʘʮʠʠ) ʥʘ ʫʯʘʩʪʢʝ ʩʝʪʠ, 

ʧʦʩʪʨʦʝʥʥʦʤ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʪʦʡ ʣʠʙʦ ʠʥʦʡ ʪʝʭʥʦʣʦʛʠʠ, ʧʦʩʣʝ ʚʦʟʦʙʥʦʚʣʝʥʠʷ ʬʠʟʠʯʝʩʢʦʛʦ ʢʘʥʘʣʘ 

(ʠʟʤʝʨʷʝʪʩʷ ʚ ʤʩ); ʤʘʢʩʠʤʘʣʴʥʘʷ ʩʢʦʨʦʩʪʴ ʧʝʨʝʜʘʯʠ ʧʦʣʝʟʥʦʡ ʠʥʬʦʨʤʘʮʠʠ ï ʢʨʠʪʝʨʠʡ, ʢʦʪʦʨʳʡ 

ʦʧʨʝʜʝʣʷʝʪ ʤʘʢʩʠʤʘʣʴʥʦ ʜʦʧʫʩʪʠʤʫʶ ʩʢʦʨʦʩʪʴ ʧʝʨʝʜʘʯʠ ʧʦʣʝʟʥʦʡ ʠʥʬʦʨʤʘʮʠʠ (ʢʦʩʚʝʥʥʦ 

ʦʪʦʙʨʘʞʘʝʪ ʠʟʙʳʪʦʯʥʦʩʪʴ), ʢʦʪʦʨʘʷ ʤʦʞʝʪ ʙʳʪʴ ʜʦʩʪʠʛʥʫʪʘ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʪʦʡ ʣʠʙʦ ʠʥʦʡ 

ʪʝʭʥʦʣʦʛʠ (ʠʟʤʝʨʷʝʪʩʷ ʚ ɻʙʠʪ/ʩ); ʜʠʥʘʤʠʯʝʩʢʘʷ ʧʨʦʧʫʩʢʥʘʷ ʩʧʦʩʦʙʥʦʩʪʴ ʧʦʟʚʦʣʷʝʪ ʩʫʜʠʪʴ ʦ ʪʦʤ, ʢʘʢ 

ʟʚʝʥʦ ʩʝʪʠ ʩʧʨʘʚʣʷʝʪʩʷ ʩ ʦʙʩʣʫʞʠʚʘʥʠʝʤ ʚʭʦʜʷʱʝʛʦ ʧʦʪʦʢʘ ʟʘʧʨʦʩʦʚ ʥʘ ʣʶʙʦʤ ʟʘʜʘʥʥʦʤ (ʥʘʠʙʦʣʝʝ 

ʭʘʨʘʢʪʝʨʥʦʤ) ʦʪʨʝʟʢʝ ʚʨʝʤʝʥʠ ʢ ʣʶʙʦʤʫ ʪʝʢʫʱʝʤʫ ʤʦʤʝʥʪʫ. ʆʥʘ ʜʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʦʪʩʣʝʞʠʚʘʪʴ 

ʨʘʙʦʪʫ ʟʚʝʥʘ ʩʝʪʠ ʚ ʜʠʥʘʤʠʢʝ ʠ ʚʳʨʘʙʘʪʳʚʘʪʴ ʨʝʢʦʤʝʥʜʘʮʠʠ ʧʦ ʦʙʝʩʧʝʯʝʥʠʶ ʨʠʪʤʠʯʥʦʩʪʠ ʝʛʦ 

ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ. 

ʂʨʠʪʝʨʠʠ ʩʨʘʚʥʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʨʘʟʥʳʭ ʚʠʜʦʚ ʤʦʜʫʣʷʮʠʠ  

ʉʫʱʝʩʪʚʫʝʪ ʜʚʘ ʦʩʥʦʚʥʳʭ ʦʧʪʠʤʠʟʘʮʠʦʥʥʳʭ ʢʨʠʪʝʨʠʷ ʩʠʛʥʘʣʴʥʦ-ʢʦʜʦʚʳʭ ʢʦʥʩʪʨʫʢʮʠʡ: 



ʊʝʦʨʠʷ ʩʚʷʟʠ, ʩʝʪʠ ʠ ʩʠʩʪʝʤʳ ʵʣʝʢʪʨʦʩʚʷʟʠ 
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ī ʢʨʠʪʝʨʠʡ ʩʧʝʢʪʨʘʣʴʥʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ, ʭʘʨʘʢʪʝʨʠʟʫʝʪ ʧʦʣʦʩʫ ʯʘʩʪʦʪ, ʥʝʦʙʭʦʜʠʤʫʶ ʜʣʷ 

ʧʝʨʝʜʘʯʠ ʠʥʬʦʨʤʘʮʠʠ ʩ ʦʧʨʝʜʝʣʝʥʥʦʡ ʩʢʦʨʦʩʪʴʶ; 

ī ʢʨʠʪʝʨʠʡ ʵʥʝʨʛʝʪʠʯʝʩʢʦʡ ʤʦʱʥʦʩʪʠ, ʦʧʠʩʳʚʘʝʪ ʤʦʱʥʦʩʪʴ, ʥʝʦʙʭʦʜʠʤʫʶ ʜʣʷ ʧʝʨʝʜʘʯʠ 

ʠʥʬʦʨʤʘʮʠʠ, ʩ ʟʘʜʘʥʥʦʡ ʜʦʩʪʦʚʝʨʥʦʩʪʴʶ. ʉʧʝʢʪʨ ʤʦʜʫʣʠʨʫʝʤʦʛʦ ʩʠʛʥʘʣʘ ʥʘ ʨʘʜʠʦʯʘʩʪʦʪʝ ʩʦʚʧʘʜʘʝʪ 

ʩʦ ʩʧʝʢʪʦʨʦʤ ʤʦʜʫʣʠʨʫʶʱʝʛʦ ʩʠʛʥʘʣʘ, ʥʦ ʮʝʥʪʨ ʩʧʝʢʪʨʘ ʨʘʜʠʦʩʠʛʥʘʣʘ ʨʘʟʤʝʱʝʥ ʥʘ ʥʝʩʫʱʝʡ ʯʘʩʪʦʪʝ. 

ʇʦʵʪʦʤʫ ʘʥʘʣʠʟʠʦʫʶʪʩʷ ʩʧʝʢʪʨʘʣʴʥʳʝ ʧʣʦʪʥʦʩʪʠ ʤʦʜʫʣʠʨʫʶʱʠʭ ʩʠʛʥʘʣʦʚ, ʮʝʥʪʨʠʨʦʚʘʥʥʳʝ 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʫʣʝʚʦʡ ʯʘʩʪʦʪʳ.  

ɺʳʨʘʞʝʥʠʝ ʜʣʷ ʩʧʝʢʪʨʘʣʴʥʦʡ ʤʦʱʥʦʩʪʠ ʩʠʛʥʘʣʘ ʆʆʂ ʩ ʧʨʷʤʦʫʛʦʣʴʥʦʡ ʬʦʨʤʦʡ ʠʤʧʫʣʴʩʦʚ 

ʠʤʝʝʪ ʚʠʜ: 

 

 

 
ʈʠʩʫʥʦʢ 1 ï 

ʀʤʧʫʣʴʩʳ ʤʦʜʫʣʠʨʫʶʱʝʛʦ ʩʠʛʥʘʣʘ: 

1-ʧʨʷʤʦʫʛʦʣʴʥʳʡ, 2-ʢʦʩʠʥʫʩʦʠʜʘʣʴʥʳʡ, 

3- ʧʨʠʧʦʜʥʷʪʳʡ ʢʦʩʠʥʫʩ 

 ʈʠʩʫʥʦʢ 2 ï 

ʌʦʨʤʘ ʠʤʧʫʣʴʩʘ ʤʦʜʫʣʠʨʫʶʱʝʛʦ ʩʠʛʥʘʣʘ: 

1-ʧʨʷʤʦʫʛʦʣʴʥʘʷ, 2-ʢʦʩʠʥʫʩʦʠʜʘʣʴʥʘʷ, 

 3- ʧʨʠʧʦʜʥʷʪʳʡ ʢʦʩʠʥʫʩ. 

 

ʇʫʪʠ ʧʦʚʳʰʝʥʠʷ ʩʧʝʢʪʨʘʣʴʥʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʩʠʩʪʝʤ ʩʚʷʟʠ. 

ɸʥʘʣʠʟ ʥʘʫʯʥʦʡ ʣʠʪʝʨʘʪʫʨʳ ʧʦʢʘʟʘʣ, ʯʪʦ ʩʧʝʢʪʨʘʣʴʥʘʷ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʚ ʩʠʩʪʝʤʘʭ ʩ ʯʘʩʪʦʪʥʳʤ ʠ 

ʚʨʝʤʝʥʥʳʤ ʫʧʣʦʪʥʝʥʠʝʤ (ʠʩʧʦʣʴʟʫʶʪʩʷ ʧʨʦʩʪʳʝ ʩʠʛʥʘʣʳ ʩ ʙʘʟʦʡ, ʧʨʠʤʝʨʥʦ ʨʘʚʥʦʡ ʝʜʠʥʠʮʝ), ʚʦ-

ʧʝʨʚʳʭ, ʦʩʥʦʚʘʥʘ ʥʘ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʩʠʛʥʘʣʦʚ ʩ ʢʦʤʧʘʢʪʥʳʤ ʩʧʝʢʪʨʦʤ, ʠ ʚʦ-ʚʪʦʨʳʭ, ʥʘ ʫʤʝʥʴʰʝʥʠʠ 

ʯʘʩʪʦʪʥʳʭ ʠʥʪʝʨʚʘʣʦʚ ʤʝʞʜʫ ʨʘʙʦʯʠʤʠ ʯʘʩʪʦʪʘʤʠ. ɺ ʩʠʩʪʝʤʘʭ ʩʚʷʟʠ ʩʦ ʩʣʦʞʥʳʤʠ ʩʠʛʥʘʣʘʤʠ 

ʩʧʝʢʪʨʘʣʴʥʘʷ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʜʦʩʪʠʛʘʝʪʩʷ ʧʫʪʝʤ ʢʦʤʧʝʥʩʘʮʠʠ ʚʥʝʧʦʣʦʩʥʳʭ ʠʟʣʫʯʝʥʠʡ ʠ ʧʦʜʘʚʣʝʥʠʷ 

ʚʟʘʠʤʥʳʭ ʧʦʤʝʭ ʤʝʞʜʫ ʢʘʥʘʣʘʤʠ ʧʨʠ ʥʘʨʫʰʝʥʠʠ ʦʨʪʦʛʦʥʘʣʴʥʦʩʪʠ ʠʩʧʦʣʴʟʫʝʤʳʭ ʩʠʛʥʘʣʦʚ. 

ɺ ʩʦʚʨʝʤʝʥʥʳʭ ʚʳʩʦʢʦʩʢʦʨʦʩʪʥʳʭ ʙʝʩʧʨʦʚʦʜʥʳʭ ʩʠʩʪʝʤʘʭ ʨʘʩʩʤʘʪʨʠʚʘʝʤʘʷ ʟʘʜʘʯʘ ʜʦʩʪʠʛʘʝʪʩʷ 

ʧʫʪʝʤ ʧʨʠʤʝʥʝʥʠʷ ʧʘʨʘʣʣʝʣʴʥʦʡ ʧʝʨʝʜʘʯʠ ʠʥʬʦʨʤʘʮʠʠ ʠ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʥʦʛʦʧʦʟʠʮʠʦʥʥʳʭ 

ʩʠʛʥʘʣʦʚ. 
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ɸʅɸʃʀɿ ʉʂʆʈʆʉʊʀ ɿɸʊʋʍɸʅʀʗ ʋʈʆɺʅɽʁ ʈɸɼʀʆʉʀɻʅɸʃɸ ɺ ɻɽʂʊʆʄɽʊʈʆɺʓʍ 

ʂɸʅɸʃɸʍ ʇʆɽɿɼʅʆʁ ʈɸɼʀʆʉɺʗɿʀ ɺ ɿɸɺʀʉʀʄʆʉʊʀ ʆʊ ɺʓʉʆʊ ɻʆʈʆɼʉʂʆʁ 

ɿɸʉʊʈʆʁʂʀ ʀ ʃɽʉʆʅɸʉɸɾɼɽʅʀʁ ʅɸ ʊɽʈʈʀʊʆʈʀʀ ʈɸɼʀʆʊʈɸʉʉʓ  

 
1
ʋʯʨʝʞʜʝʥʠʝ ʦʙʨʘʟʦʚʘʥʠʷ çɹʝʣʦʨʫʩʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʪʨʘʥʩʧʦʨʪʘè, ʛ. ɻʦʤʝʣʴ, 

ʈʝʩʧʫʙʣʠʢʘ ɹʝʣʘʨʫʩʴ 
2
ɼʠʩʪʘʥʮʠʷ ʩʠʛʥʘʣʠʟʘʮʠʠ ʠ ʩʚʷʟʠ ɻʦʤʝʣʴʩʢʦʛʦ ʦʪʜʝʣʝʥʠʷ ɹʝʣʦʨʫʩʩʢʦʡ ʞʝʣʝʟʥʦʡ ʜʦʨʦʛʠ, 

ʛ. ɻʦʤʝʣʴ, ʈʝʩʧʫʙʣʠʢʘ ɹʝʣʘʨʫʩʴ 
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ʆʩʥʦʚʥʘʷ ʧʨʦʙʣʝʤʘ ʨʘʜʠʦʩʚʷʟʠ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʦʙʝʩʧʝʯʝʥʠʠ ʚʳʩʦʢʦʛʦ ʢʘʯʝʩʪʚʘ ʧʝʨʝʜʘʯʠ ʨʝʯʝʚʳʭ 

ʩʦʦʙʱʝʥʠʡ ʠ ʜʘʥʥʳʭ, ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʧʦʝʟʜʥʘʷ ʨʘʜʠʦʩʚʷʟʴ ʦʨʛʘʥʠʟʦʚʘʥʥʘ ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʯʪʦ 

ʧʝʨʝʜʘʯʘ ʜʘʥʥʳʭ ʧʦ ʨʘʜʠʦʢʘʥʘʣʘʤ ʥʝ ʚʝʜʝʪʩʷ [2].  

ɺ ʧʨʦʮʝʩʩʝ ʵʢʩʧʣʫʘʪʘʮʠʠ ʧʦʝʟʜʥʦʡ ʨʘʜʠʦʩʚʷʟʠ ʥʘʤʝʪʠʣʘʩʴ ʪʝʥʜʝʥʮʠʷ ʫʭʫʜʰʝʥʠʷ ʢʘʯʝʩʪʚʘ 

ʧʝʨʝʜʘʯʠ ʠʥʬʦʨʤʘʮʠʠ, ʯʪʦ ʩʚʷʟʘʥʦ ʩʦ ʩʣʝʜʫʶʱʠʤʠ ʧʨʠʯʠʥʘʤʠ: ʘʥʘʣʦʛʦʚʘʷ ʩʠʩʪʝʤʘ ʧʝʨʝʜʘʯʠ 

ʠʥʬʦʨʤʘʮʠʠ; ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʛʝʢʪʦʤʝʪʨʦʚʦʛʦ ʜʠʘʧʘʟʦʥʘ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʭ ʚʦʣʥ; ʤʦʨʘʣʴʥʳʡ ʠ 

ʬʠʟʠʯʝʩʢʠʡ ʠʟʥʦʩ ʦʙʦʨʫʜʦʚʘʥʠʷ ʨʘʜʠʦʩʚʷʟʠ; ʧʨʝʜʲʷʚʣʷʶʪʩʷ ʟʘʚʳʰʝʥʥʳʝ ʪʨʝʙʦʚʘʥʠʷ ʢʘʯʝʩʪʚʘ 

ʧʝʨʝʜʘʯʠ ʠʥʬʦʨʤʘʮʠʠ ʚ ʩʚʝʪʝ ʤʘʩʩʦʚʦʛʦ ʨʘʟʚʠʪʠʷ ʪʝʣʝʢʦʤʤʫʥʠʢʘʮʠʡ, ʦʩʥʦʚʘʥʥʳʭ ʥʘ ʮʠʬʨʝ. 

ɺ ʢʘʯʝʩʪʚʝ ʧʨʠʤʝʨʝ ʧʨʦʚʝʜʝʤ ʘʥʘʣʠʟ ʩʢʦʨʦʩʪʠ ʟʘʪʫʭʘʥʠʷ ʫʨʦʚʥʝʡ ʩʠʛʥʘʣʦʚ ʥʘ ʨʘʜʠʦʪʨʘʩʩʝ 

ʈʘʥʜʦʚʩʢʠʡ ï ʎʝʥʪʨʦʣʠʪ ï ɻʦʤʝʣʴ-ʏʝʪʥʳʡ. ʈʝʟʫʣʴʪʘʪʳ ʨʘʩʯʝʪʦʚ ʩʚʝʜʝʥʳ ʚ ʪʘʙʣʠʮʫ, ʨʝʣʴʝʬ 

ʤʝʩʪʥʦʩʪʠ ʠʟʦʙʨʘʞʝʥ ʥʘ ʨʠʩʫʥʢʘʭ 1 ʠ 2, ʘ ʛʨʘʬʠʯʝʩʢʦʝ ʠʟʦʙʨʘʞʝʥʠʝ ʧʦʪʝʨʴ ʫʨʦʚʥʝʡ ʨʘʜʠʦʩʠʛʥʘʣʦʚ 

ʥʘ ʨʘʜʠʦʪʨʘʩʩʘʭ ʧʨʝʜʩʪʘʚʣʝʥʦ ʥʘ ʨʠʩʫʥʢʝ 3.  

 

ʊʘʙʣʠʮʘ ï ʈʝʟʫʣʴʪʘʪʳ ʨʘʩʯʝʪʦʚ ʩʢʦʨʦʩʪʠ ʟʘʪʫʭʘʥʠʷ ʩʠʛʥʘʣʦʚ 

ʂʠʣʦʤʝʪʨʦʚʳʡ ʧʠʢʝʪ, ʢʤ 
ʋʨʦʚʝʥʴ ʩʠʛʥʘʣʘ, ʜɹ 

(ʤʢɺ) 
ʉʢʦʨʦʩʪʴ ʟʘʪʫʭʘʥʠʷ K,ʜɹ (ʤʢɺ) 

282 55 10,90 

284 73 14,10 

285,2 (ʩʪ. ʎʝʥʪʨʦʣʠʪ) 90     0,00 

286 89     1,25 

287 68   12,20 

288 65   10,00 

289,7 59     6,80 

 
ʈʠʩʫʥʦʢ 1 ï ʈʝʣʴʝʬ ʨʘʜʠʦʪʨʘʩʩʳ ʎʝʥʪʨʦʣʠʪ ï ɻʦʤʝʣʴ-ʏʝʪʥʳʡ 

 

 
ʈʠʩʫʥʦʢ 2 ï ʈʝʣʴʝʬ ʨʘʜʠʦʪʨʘʩʩʳ ʎʝʥʪʨʦʣʠʪ ï ʈʘʥʜʦʚʩʢʠʡ 

ʉʢʣʘʜʩʢʠʝ 

ʧʦʤʝɦʝʥʠ̫ ʚrʩʦʪʘ 

ʢʨr  hʜʦ 8 ʤ.

ʏʘʩʪʥrʡ ʩʝʢʪʦʨ 

ʚrʩʦʪʘ ʢʨr  hʦʪ 

6 ʤ.

ʇʨʦʠʟʚʦʜʩʪʚʝʥʥrʝ 

ʟʜʘʥʠ̫ ʚrʩʦʪʘ ʢʨr  h

ʜʦ 8 ʤ.

ɾʠʣʘ̫ ʟʘʩʪʨʦʡʢʘ ʚrʩʦʪʘ 

ʢʨr  hʦʪ 6 ʜʦ10ʤ

ʇʨʦʠʟʚʦʜʩʪʚʝʥʥrʝ 

ʧʦʤʝɦʝʥʠ̫ ʚrʩʦʪʘ 

ʜʦ 5 ʤ

ʃʝʩʦʧʦʣʦʩr 

ʚrʩʦʪʘ ʜʦ18 ʤ.

ɻʦʨʦʜʩʢʘ̫ ʟʘʩʪʨʦʡʢʘ ʚrʩʦʪʘ ʢʨr  h

ʦʪ 10 ʜʦ 20ʤ

ʈʘʥʜʦʚʩʢʠʡ

ʎʝʥʪʨʦʣʠʪ

ʇʨʦʠʟʚʦʜʩʪʚʝʥʥrʝ 

ʧʦʤʝɦʝʥʠ̫ ʚrʩʦʪʘ 

ʢʨr  hʜʦ 5 ʤ.
ɾʠʣʘ̫ ʟʘʩʪʨʦʡʢʘ ʚrʩʦʪʘ 

ʢʨr  hʦʪ6 ʜʦ 8 ʤ

ɿʘʩʪʨʦʡʢʘ ʯʘʩʪʥʦʛʦ 

ʩʝʢʪʦʨʘ ʚrʩʦʪʘ ʢʨr  h

ʜʦ 5 ʤ.

ʃʝʩ ʠ ʣʝʩʦʟʘɦʠʪʥrʝ 

ʧʦʣʦʩr ʚrʩʦʪʘ 

ʜʝʨʝʚɹʝʚ ʢʦʣʝʙʣʝʪʩ̫ ʦʪ 

4 ʜʦ 16 ʤ.
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ʈʠʩʫʥʦʢ 3 ï ʇʦʪʝʨʠ ʥʘ ʨʘʜʠʦʪʨʘʩʩʝ 

 

ʂʘʢ ʚʠʜʥʦ ʠʟ ʨʠʩʫʥʢʘ 3, ʥʘʙʦʣʴʰʠʝ ʩʢʦʨʦʩʪʠ ʠʟʤʝʥʝʥʠʷ ʟʘʪʫʭʘʥʠʷ ʚ ʨʘʜʠʦʪʨʘʢʪʝ ʦʪʤʝʯʘʶʪʩʷ ʥʘ 

ʧʠʢʝʪʝ ˉ2 ʞʝʣʝʟʥʦʜʦʨʦʞʥʦʛʦ ʫʯʘʩʪʢʘ  ʎʝʥʪʨʦʣʠʪ ï ʈʘʥʜʦʚʩʢʠʡ, ʛʜʝ ʥʘʭʦʜʷʪʩʷ ʣʝʩ ʠ ʣʝʩʦʟʘʱʠʪʥʳʝ 

ʧʦʣʦʩʳ ʩ ʚʳʩʦʪʦʡ ʜʝʨʝʚʴʝʚ ʢʦʣʝʙʣʶʱʝʡʩʷ ʜʦ 16 ʤ, ʠ ʧʠʢʝʪʝ ˉ1 ʞʝʣʝʟʥʦʜʦʨʦʞʥʦʛʦ ʫʯʘʩʪʢʘ 

ʎʝʥʪʨʦʣʠʪ ï ɻʦʤʝʣʴ-ʏʝʪʥʳʡ, ʛʜʝ ʠʤʝʶʪʩʷ ʛʦʨʦʜʩʢʘʷ ʟʘʩʪʨʦʡʢʘ ʩ ʚʳʩʦʪʦʡ ʟʜʘʥʠʡ ʦʪ 10 ʤ ʜʦ 20 ʤ ʠ 

ʣʝʩʦʧʦʣʦʩʳ ʩ ʚʳʩʦʪʦʡ ʜʝʨʝʚʴʝʚ ʜʦ 18 ʤ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜ ʦ ʪʦʤ, ʯʪʦ ʚʳʩʦʪʳ ʛʦʨʦʜʩʢʦʡ ʟʘʩʪʨʦʡʢʠ, ʣʝʩʘ ʠ 

ʣʝʩʦʟʘʱʠʪʥʳʭ ʧʦʣʦʩ ʚʜʦʣʴ ʪʨʘʩʩʳ ʤʦʛʫʪ ʦʢʘʟʘʪʴ ʩʫʱʝʩʪʚʝʥʥʦʝ ʚʣʠʷʥʠʝ ʥʘ ʢʘʯʝʩʪʚʦ ʘʥʘʣʦʛʦʚʦʛʦ 

ʢʘʥʘʣʘ ʧʦʝʟʜʥʦʡ ʨʘʜʠʦʩʚʷʟʠ, ʢʦʪʦʨʦʝ ʨʝʟʫʣʴʪʘʪʝ ʵʪʦʛʦ ʥʝ ʩʪʘʥʝʪ ʫʜʦʚʣʝʪʚʦʨʷʪʴ ʪʨʝʙʦʚʘʥʠʷʤ ʇʨʘʚʠʣ 

ʪʝʭʥʠʯʝʩʢʦʡ ʵʢʩʧʣʫʘʪʘʮʠʠ ʞʝʣʝʟʥʦʡ ʜʦʨʦʛʠ ʚ ʈʝʩʧʫʙʣʠʢʝ ɹʝʣʘʨʫʩʴ [1]. 

ʃʀʊɽʈɸʊʋʈɸ 
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ʆʉʆɹɽʅʅʆʉʊʀ ʇʈʀʄɽʅɽʅʀʗ ʊɽʍʅʆʃʆɻʀʀ ʋʄʅʓʁ ɼʆʄ ɼʃʗ ʈɽʐɽʅʀʗ ɿɸɼɸʏ 

ʆɹɽʉʇɽʏɽʅʀʗ ʂʀɹɽʈɹɽɿʆʇɸʉʅʆʉʊʀ 

 
ʋʯʨʝʞʜʝʥʠʝ ʦʙʨʘʟʦʚʘʥʠʷ çɹʝʣʦʨʫʩʩʢʘʷ ʛʦʩʫʜʘʨʩʪʚʝʥʥʘʷ ʘʢʘʜʝʤʠʷ ʩʚʷʟʠè, ʛ. ʄʠʥʩʢ, ʈʝʩʧʫʙʣʠʢʘ 

ɹʝʣʘʨʫʩʴ 

 

ʋʤʥʳʡ ʜʦʤ ʧʦʟʚʦʣʷʝʪ ʩʝʨʴʝʟʥʦ ʧʦʚʳʩʠʪʴ ʢʘʯʝʩʪʚʦ ʞʠʟʥʠ, ʩʜʝʣʘʪʴ ʝʝ ʙʦʣʝʝ ʙʣʘʛʦʫʩʪʨʦʝʥʥʦʡ, ʘ 

ʪʘʢʞʝ ʜʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʵʢʦʥʦʤʠʪʴ ʥʘʰʝ ʚʨʝʤʷ. ʋʤʥʳʡ ʜʦʤ ʜʦʣʞʝʥ ʙʳʪʴ ʫʜʦʙʥʳʤ, ʥʘʜʝʞʥʳʤ, 

ʙʝʟʦʧʘʩʥʳʤ, ʢʦʤʬʦʨʪʥʳʤ, ʵʢʦʥʦʤʠʯʥʳʤ, ʘ ʛʣʘʚʥʦʝ ï ʣʝʛʢʠʤ ʚ ʫʧʨʘʚʣʝʥʠʠ ʚʩʝʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ʠ 

ʩʠʩʪʝʤ, ʦʙʲʝʜʠʥʝʥʥʳʭ ʚ ʝʜʠʥʦʝ ʮʝʣʦʝ. ʋʤʥʳʡ ʜʦʤ ʧʦʟʚʦʣʷʝʪ ʦʜʥʠʤ ʥʘʞʘʪʠʝʤ ʢʥʦʧʦʢ 

ʢʦʥʪʨʦʣʠʨʦʚʘʪʴ ʚʩʝ ʧʨʦʮʝʩʩʳ ʦʙʲʝʢʪʘ ʥʝʜʚʠʞʠʤʦʩʪʠ ʥʘ ʨʘʩʩʪʦʷʥʠʠ ʠ ʫʧʨʘʚʣʷʪʴ ʠʤ. 

ʉʠʩʪʝʤʘ ʋʤʥʳʡ ʜʦʤ ʩʪʘʥʦʚʠʪʩʷ ʚʩʝ ʙʦʣʝʝ ʧʦʧʫʣʷʨʥʳʤ ʥʘ ʨʳʥʢʝ. ʄʠʨʦʚʳʝ ʵʢʩʧʝʨʪʳ 

ʧʨʦʛʥʦʟʠʨʫʶʪ ʨʦʩʪ ʩʝʛʤʝʥʪʘ ʨʳʥʢʘ ʫʤʥʳʡ ʜʦʤ ʥʘ 18% ʚ 2020 ʛʦʜʫ, ʯʪʦ ʦʟʥʘʯʘʝʪ ʨʦʩʪ ʦʙʲʝʤʘ 

ʤʠʨʦʚʦʛʦ ʨʳʥʢʘ ʫʤʥʳʭ ʜʦʤʦʚ ʜʦ 50 ʤʣʨʜ ʜʦʣʣʘʨʦʚ. ɺ ɹʝʣʘʨʫʩʠ ʞʝ ʩʨʘʚʥʠʪʝʣʴʥʦ ʥʝʜʘʚʥʦ ʥʘʯʘʣʠ 

ʚʥʝʜʨʷʪʴ ʩʠʩʪʝʤʫ. ɺ 2016 ʛʦʜʫ, ɼʞʝʡʣʘʙ ʩʦʚʤʝʩʪʥʦ ʩ ʢʦʤʧʘʥʠʷʤʠ ɹʝʣʪʝʣʝʢʦʤ, ʍʫʘʚʝʡ ʠ ʇʨʦʤʩʚʷʟʴ, 

ʜʘʣʠ ʩʪʘʨʪ ʨʝʘʣʴʥʦʤʫ ʢʦʤʤʝʨʯʝʩʢʦʤʫ ʨʝʰʝʥʠʶ. ʋʞʝ ʩʝʡʯʘʩ ʜʦʩʪʘʪʦʯʥʦ ʧʨʠʡʪʠ ʥʘ ʫʟʝʣ ʩʚʷʟʠ 

ɹʝʣʪʝʣʝʢʦʤ, ʟʘʢʣʶʯʠʪʴ ʜʦʛʦʚʦʨ ʠ ʧʦʣʫʯʠʪʴ ʦʙʦʨʫʜʦʚʘʥʠʝ ʚ ʘʨʝʥʜʫ. ʆʙʦʨʫʜʦʚʘʥʠʝ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ 
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ʢʦʥʪʨʦʣʣʝʨ, ʢʦʪʦʨʳʡ ʧʦʜʢʣʶʯʝʥ ʢ ʠʥʪʝʨʥʝʪʫ, ʠ ʥʘʙʦʨ ʜʘʪʯʠʢʦʚ, ʢʦʪʦʨʳʝ ʧʦʜʢʣʶʯʝʥʳ ʢ ʢʦʥʪʨʦʣʣʝʨʫ 

ʧʦ ʙʝʩʧʨʦʚʦʜʥʦʡ ʩʚʷʟʠ (ʪʝʭʥʦʣʦʛʠʷ Zigbee, Z-Wave).  

ʅʘ ʙʘʟʝ ʋʆ çɹʝʣʦʨʫʩʩʢʘʷ ʛʦʩʫʜʘʨʩʪʚʝʥʥʘʷ ʘʢʘʜʝʤʠʷ ʩʚʷʟʠè ʩʦʟʜʘʝʪʩʷ ʫʯʝʙʥʘʷ ʣʘʙʦʨʘʪʦʨʠʷ, ʚ 

ʢʦʪʦʨʦʡ ʥʘʭʦʜʠʪʩʷ ʣʘʙʦʨʘʪʦʨʥʳʡ ʩʪʝʥʜ çʋʤʥʳʡ ʜʦʤè. ʉ ʧʦʤʦʱʴʶ ʵʪʦʡ ʣʘʙʦʨʘʪʦʨʠʠ ʩʪʫʜʝʥʪʳ 

ʩʤʦʛʫʪ ʥʘʫʯʠʪʴʩʷ ʩʦʟʜʘʚʘʪʴ ʩʠʩʪʝʤʫ ʋʤʥʳʡ ʜʦʤ, ʢʦʥʪʨʦʣʠʨʦʚʘʪʴ ʝʸ ʠ ʦʙʩʣʫʞʠʚʘʪʴ. ɺ ʩʦʩʪʘʚ ʩʪʝʥʜʘ 

ʚʭʦʜʷʪ ʜʘʪʯʠʢʠ ʠ ʫʩʪʨʦʡʩʪʚʘ, ʧʦʟʚʦʣʷʶʱʠʝ ʩʠʤʫʣʠʨʦʚʘʪʴ ʧʦʚʝʜʝʥʠʝ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʭ ʩʠʩʪʝʤ ʥʘ 

ʙʣʘʛʦ ʯʝʣʦʚʝʢʘ. ʅʘ ʨʠʩʫʥʢʝ 1 ʧʨʝʜʩʪʘʚʣʝʥʘ ʩʪʨʫʢʪʫʨʘ ʣʘʙʦʨʘʪʦʨʥʦʛʦ ʩʪʝʥʜʘ 

 
ʈʠʩʫʥʦʢ 1 ï ʉʪʨʫʢʪʫʨʘ ʣʘʙʦʨʘʪʦʨʥʦʛʦ ʩʪʝʥʜʘ 

 

ɺʩʝʛʦ, ʚ ʣʘʙʦʨʘʪʦʨʠʠ ʠʩʧʦʣʴʟʫʝʪʩʷ 2 ʩʠʩʪʝʤʳ: ʧʨʦʚʦʜʥʘʷ ʠ ʙʝʩʧʨʦʚʦʜʥʘʷ. ʆʩʥʦʚʥʳʤ 

ʜʦʩʪʦʠʥʩʪʚʦʤ ʧʨʦʚʦʜʥʦʡ ʩʠʩʪʝʤʳ ʷʚʣʷʝʪʩʷ ï ʩʪʘʙʠʣʴʥʦʩʪʴ ʠ ʥʘʜʝʞʥʦʩʪʴ ʨʘʙʦʪʳ. ʇʨʦʚʦʜʥʘʷ ʩʠʩʪʝʤʘ 

ʦʢʘʟʳʚʘʝʪ ʚʳʩʦʢʫʶ, ʧʦʩʪʦʷʥʥʫʶ ʩʢʦʨʦʩʪʴ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ. ɻʣʘʚʥʦʝ ʧʨʝʠʤʫʱʝʩʪʚʦ - ʙʝʟʦʧʘʩʥʳʡ 

ʦʙʤʝʥ ʜʘʥʥʳʤʠ, ʪʘʢ ʢʘʢ ʜʣʷ ʜʦʩʪʫʧʘ ʢ ʧʝʨʝʜʘʚʘʝʤʦʡ ʤʝʞʜʫ ʫʩʪʨʦʡʩʪʚʘʤʠ ʠʥʬʦʨʤʘʮʠʠ, ʪʨʝʙʫʝʪʩʷ 

ʬʠʟʠʯʝʩʢʠʡ ʜʦʩʪʫʧ. ʂ ʥʝʜʦʩʪʘʪʢʘʤ ʧʨʦʚʦʜʥʦʡ ʩʝʪʠ ʤʦʞʥʦ ʦʪʥʝʩʪʠ ʚʳʩʦʢʫʶ ʚʝʨʦʷʪʥʦʩʪʴ 

ʧʦʚʨʝʞʜʝʥʠʷ ʢʘʙʝʣʝʡ ʠ ʪʨʫʜʥʦʩʪʠ ʚ ʩʚʷʟʠ ʩ ʨʘʩʰʠʨʝʥʠʝʤ ʠ ʤʦʜʠʬʠʢʘʮʠʝʡ ʩʠʩʪʝʤʳ. 

ɺʳʜʘʶʱʠʤʠʩʷ ʜʦʩʪʦʠʥʩʪʚʘʤʠ ʙʝʩʧʨʦʚʦʜʥʦʡ ʩʝʪʠ ʤʦʞʥʦ ʥʘʟʚʘʪʴ: ʧʨʦʩʪʘʷ ʠ ʣʝʛʢʘʷ ʫʩʪʘʥʦʚʢʘ 

ʫʩʪʨʦʡʩʪʚ, ʥʝʟʘʚʠʩʠʤʦʩʪʴ ʦʪ ʵʣʝʢʪʨʠʯʝʩʪʚʘ (ʜʘʪʯʠʢ ʨʘʙʦʪʘʝʪ ʘʚʪʦʥʦʤʥʦ ʠʣʠ ʚ ʥʝʛʦ ʚʩʪʨʦʝʥ ʵʣʝʤʝʥʪ 

ʧʠʪʘʥʠʷ), ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʵʣʝʤʝʥʪʦʚ ʩʠʩʪʝʤʳ ʧʦʟʚʦʣʷʝʪ ʧʦʢʨʳʪʴ ʟʥʘʯʠʪʝʣʴʥʫʶ 

ʧʣʦʱʘʜʴ ʧʦʤʝʱʝʥʠʷ ʠ ʚʳʩʦʢʘʷ ʛʠʙʢʦʩʪʴ (ʚʦʟʤʦʞʥʦʩʪʴ ʜʦʙʘʚʣʷʪʴ ʠ ʫʜʘʣʷʪʴ ʥʦʚʳʝ ʵʣʝʤʝʥʪʳ). 

ʆʜʥʘʢʦ, ʟʥʘʯʠʪʝʣʴʥʳʝ ʜʦʩʪʦʠʥʩʪʚʘ ʩʦʧʨʦʚʦʞʜʘʶʪ ʠ ʥʝʜʦʩʪʘʪʢʠ ʙʝʩʧʨʦʚʦʜʥʦʡ ʩʠʩʪʝʤʳ: ʩʚʷʟʴ ʤʝʞʜʫ 

ʫʩʪʨʦʡʩʪʚʘʤʠ ʤʦʞʝʪ ʙʳʪʴ ʥʘʨʫʰʝʥʘ, ʧʨʠ ʙʦʣʴʰʦʤ ʧʦʜʢʣʶʯʝʥʠʠ ʵʣʝʤʝʥʪʦʚ, ʩʢʦʨʦʩʪʴ ʙʫʜʝʪ ʥʠʞʝ. ʀ, 

ʥʘʢʦʥʝʮ, ʩʘʤʳʡ ʚʘʞʥʳʡ ʥʝʜʦʩʪʘʪʦʢ ï ʥʝʟʘʱʠʱʝʥʥʘʷ ʩʚʷʟʴ. ʀʥʬʦʨʤʘʮʠʷ, ʧʝʨʝʜʘʚʘʝʤʘʷ ʤʝʞʜʫ 

ʫʩʪʨʦʡʩʪʚʘʤʠ, ʤʦʞʝʪ ʙʳʪʴ ʧʝʨʝʭʚʘʯʝʥʘ. 

ʄʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜ, ʯʪʦ ʘʢʪʫʘʣʴʥʳʤ ʷʚʣʷʝʪʩʷ ʩʠʥʪʝʟ ʤʦʜʝʣʠ ʫʛʨʦʟ ʚ ʣʘʙʦʨʘʪʦʨʠʠ ʜʣʷ ʦʮʝʥʢʠ 

ʫʨʦʚʥʷ ʙʝʟʦʧʘʩʥʦʩʪʠ ʩʠʩʪʝʤ, ʯʪʦ ʧʦʟʚʦʣʠʪ ʩʪʫʜʝʥʪʘʤ ʥʝ ʪʦʣʴʢʦ ʩʦʟʜʘʚʘʪʴ ʩʠʩʪʝʤʫ ʋʤʥʳʡ ʜʦʤ, ʥʦ ʠ 

ʥʘʫʯʠʪʴʩʷ ʦʙʝʩʧʝʯʠʪʴ ʝʸ ʙʝʟʦʧʘʩʥʦʩʪʴ ʦʪ ʢʠʙʝʨʫʛʨʦʟ. ʇʨʠ ʯʝʤ, ʟʘʱʠʪʠʪʴ ʥʝ ʦʪʜʝʣʴʥʳʝ ʵʣʝʤʝʥʪʳ 

ʣʘʙʦʨʘʪʦʨʠʠ (ʦʙʦʨʫʜʦʚʘʥʠʝ, ʩʠʩʪʝʤʘ ʞʠʟʥʝʦʙʝʩʧʝʯʝʥʠʷ, ʩʠʩʪʝʤʘ ʫʧʨʘʚʣʝʥʠʷ ʜʦʩʪʫʧʦʤ), ʘ ʚʩʶ 

ʩʠʩʪʝʤʫ ʋʤʥʳʡ ʜʦʤ ʚ ʮʝʣʦʤ. 
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ɺʊʆʈʀʏʅʓɽ ʀʉʊʆʏʅʀʂʀ ʇʀʊɸʅʀʗ ʕʃɽʂʊʈʆʅʅʓʍ ʉʍɽʄ ɺ ʉʀʉʊɽʄɸʍ 

ʊɽʃɽʂʆʄʄʋʅʀʂɸʎʀʀ 

 
1
ʊʘʰʢʝʥʪʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤʝʥʠ ɸʙʫ ʈʘʡʭʘʥʘ ɹʝʨʫʥʠʡ, 

ʛ. ʊʘʰʢʝʥʪ, ʋʟʙʝʢʠʩʪʘʥ 
2
ʊʘʰʢʝʥʪʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʠʤʝʥʠ ʄʫʭʘʤʤʘʜʘ ʘʣ-ʍʦʨʘʟʤʠʡ, 

ʛ. ʊʘʰʢʝʥʪ, ʋʟʙʝʢʠʩʪʘʥ 

 
ʀʟʫʯʝʥʠʝ ʵʣʝʢʪʨʦʪʝʭʥʠʯʝʩʢʠʭ ʜʠʩʮʠʧʣʠʥ ʩʪʫʜʝʥʪʘʤʠ ʠ ʫʯʘʱʠʤʠʩʷ ʚʳʩʰʠʭ ʠ ʩʨʝʜʥʠʭ 

ʩʧʝʮʠʘʣʴʥʳʭ ʫʯʝʙʥʳʭ ʟʘʚʝʜʝʥʠʡ ʟʘʥʠʤʘʝʪ ʦʩʦʙʦʝ ʤʝʩʪʦ ʚ ʧʨʦʛʨʘʤʤʝ ʧʦʜʛʦʪʦʚʢʠ ʩʧʝʮʠʘʣʠʩʪʦʚ 

ʣʶʙʦʡ ʦʪʨʘʩʣʠ ʵʣʝʢʪʨʦʪʝʭʥʠʢʠ. 

ʀʟʣʦʞʝʥʠʝ  ʬʠʟʠʯʝʩʢʠʭ ʦʩʥʦʚ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʷʚʣʝʥʠʡ ʠ ʦʧʠʩʘʥʠʝ ʪʝʭʥʠʯʝʩʢʠʭ ʫʩʪʨʦʡʩʪʚ 

ʠʩʧʦʣʴʟʫʶʱʠʭ ʵʪʠ ʷʚʣʝʥʠʷ ʟʘʥʠʤʘʝʪ ʚʘʞʥʦʝ ʤʝʩʪʦ ʚ ʫʩʚʦʝʥʠʠ ʤʥʦʛʦʯʠʩʣʝʥʥʳʭ ʵʣʝʢʪʨʦʪʝʭʥʠʯʝʩʢʠʭ 

ʜʠʩʮʠʧʣʠʥ ʠ ʦʧʨʝʜʝʣʷʝʪʩʷ ʥʝʚʦʟʤʦʞʥʦʩʪʴʶ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʛʦ ʥʘʙʣʶʜʝʥʠʷ ʧʨʦʮʝʩʩʦʚ 

ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʡ ʵʥʝʨʛʠʠ ʚ ʜʨʫʛʠʝ ʚʠʜʳ ʵʥʝʨʛʠʠ, ʘ ʪʘʢʞʝ ʪʝʤ, ʯʪʦ ʦʙʫʯʘʶʱʠʡʩʷ 

ʜʦʣʞʝʥ ʠʤʝʪʴ ʤʘʪʝʤʘʪʠʯʝʩʢʫʶ ʧʦʜʛʦʪʦʚʢʫ, ʫʤʝʪʴ ʚʝʩʪʠ ʨʘʩʯʸʪʳ ʠ ʤʳʩʣʠʪʴ ʘʥʘʣʠʪʠʯʝʩʢʠ.  

ʀʩʩʣʝʜʦʚʘʥʠʝ  ʚʪʦʨʠʯʥʳʭ ʠʩʪʦʯʥʠʢʦʚ ʧʠʪʘʥʠʷ ʜʣʷ ʵʣʝʢʪʨʦʥʥʳʭ ʩʭʝʤ ʚ ʩʠʩʪʝʤʘʭ 

ʪʝʣʝʢʦʤʤʫʥʠʢʘʮʠʠ ʪʨʝʙʫʝʪ, ʚ ʯʘʩʪʥʦʩʪʠ ʠʟʫʯʝʥʠʷ ʨʘʙʦʪʳ ʩʭʝʤ ʚʳʧʨʷʤʠʪʝʣʝʡ, ʧʘʨʘʤʝʪʨʠʯʝʩʢʠʭ 

ʩʪʘʙʠʣʠʟʘʪʦʨʦʚ ʥʘʧʨʷʞʝʥʠʷ, ʢʦʤʧʝʥʩʘʮʠʦʥʥʳʭ ʩʪʘʙʠʣʠʟʘʪʦʨʦʚ ʥʘʧʨʷʞʝʥʠʷ.  

ʕʪʠ ʩʭʝʤʳ ʩʤʦʜʫʣʠʨʦʚʘʥʳ ʚ ʩʨʝʜʝ Electronics WorkBench (Multisim- MS).  

ʅʘʠʙʦʣʝʝ ʰʠʨʦʢʦʝ ʧʨʠʤʝʥʝʥʠʝ ʚ ʤʘʣʦʤʦʱʥʳʭ ʚʪʦʨʠʯʥʳʭ ʠʩʪʦʯʥʠʢʘʭ ʧʠʪʘʥʠʷ (ɺʀʇ) ʧʦʣʫʯʠʣʘ 

ʤʦʩʪʦʚʘʷ ʩʭʝʤʘ ʚʳʧʨʷʤʠʪʝʣʷ, ʛʜʝ ʚ ʢʘʯʝʩʪʚʝ ʚʳʧʨʷʤʣʷʶʱʠʭ ʵʣʝʤʝʥʪʦʚ ʯʘʱʝ ʚʩʝʛʦ ʠʩʧʦʣʴʟʫʶʪʩʷ 

ʩʠʣʦʚʳʝ ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚʳʝ ʜʠʦʜʳ.  

ʅʘʧʨʷʞʝʥʠʝ ʥʘ ʚʳʭʦʜʝ ʚʳʧʨʷʤʠʪʝʣʷ ʠʤʝʝʪ ʧʫʣʴʩʠʨʫʶʱʠʡ ʭʘʨʘʢʪʝʨ.  

ɼʣʷ ʫʤʝʥʴʰʝʥʠʷ ʧʫʣʴʩʘʮʠʡ ʚʳʧʨʷʤʣʝʥʥʦʛʦ ʥʘʧʨʷʞʝʥʠʷ ʧʨʠʤʝʥʷʶʪ ʩʛʣʘʞʠʚʘʶʱʠʝ ʬʠʣʴʪʨʳ.  

ʀʩʩʣʝʜʦʚʘʥʠʝ ʤʦʩʪʦʚʦʡ ʩʭʝʤʳ ʚʳʧʨʷʤʠʪʝʣʷ ʚ ʩʨʝʜʝ ʩʭʝʤʦʪʝʭʥʠʯʝʩʢʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ MS 

cʚʦʜʠʪʩʷ ʢ ʩʙʦʨʢʝ ʩʭʝʤʳ, ʧʨʝʜʩʪʘʚʣʝʥʥʦʡ ʥʘ (ʨʠʩ.1). 

 
ʈʠʩʫʥʦʢ 1 ï ʉʭʝʤʘ ʤʦʩʪʦʚʦʛʦ ʚʳʧʨʷʤʠʪʝʣʷ ʚ ʩʨʝʜʝ ʤʦʜʝʣʠʨʦʚʘʥʠʷ Multisim 

 

ʈʘʩʩʤʦʪʨʝʥʳ ʧʨʠʥʮʠʧʳ ʧʦʩʪʨʦʝʥʠʷ ʧʘʨʘʤʝʪʨʠʯʝʩʢʦʛʦ ʩʪʘʙʠʣʠʟʘʪʦʨʘ ʥʘʧʨʷʞʝʥʠʷ, ʠʩʩʣʝʜʦʚʘʥʘ 

ʥʘʛʨʫʟʦʯʥʫʶ ʩʧʦʩʦʙʥʦʩʪʴ, ʦʧʨʝʜʝʣʝʥʘ ʘʤʧʣʠʪʫʜʘ ʧʫʣʴʩʘʮʠʡ ʚʳʭʦʜʥʦʛʦ ʥʘʧʨʷʞʝʥʠʷ. 

ʕʣʝʢʪʨʦʧʠʪʘʥʠʝ ʤʘʣʦʤʦʱʥʳʭ ʮʝʧʝʡ ʵʣʝʢʪʨʦʥʥʳʭ ʩʭʝʤ c ʥʝʙʦʣʴʰʠʤ ʧʨʝʜʝʣʦʤ ʠʟʤʝʥʝʥʠʷ ʪʦʢʘ 

ʧʦʪʨʝʙʣʝʥʠʷ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʦʪ ʧʘʨʘʤʝʪʨʠʯʝʩʢʠʭ ʩʪʘʙʠʣʠʟʘʪʦʨʦʚ ʥʘʧʨʷʞʝʥʠʷ (ʇʉʅ). ʂʨʦʤʝ ʪʦʛʦ, 

ʇCH ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʫʶʪʩʷ ʚ ʢʘʯʝʩʪʚʝ ʠʩʪʦʯʥʠʢʦʚ ʦʧʦʨʥʦʛʦ ʥʘʧʨʷʞʝʥʠʷ ʚ ʢʦʤʧʝʥʩʘʮʠʦʥʥʳʭ 

ʩʪʘʙʠʣʠʟʘʪʦʨʘʭ ʥʘʧʨʷʞʝʥʠʷ ʠ ʪʦʢʘ.  

ɼʣʷ ʩʪʘʙʠʣʠʟʘʮʠʠ ʧʦʩʪʦʷʥʥʦʛʦ ʥʘʧʨʷʞʝʥʠʷ ʚ ʇʉʅ ʧʨʠʤʝʥʷʶʪʩʷ ʵʣʝʤʝʥʪʳ ʩ ʥʝʣʠʥʝʡʥʦʡ ʚʦʣʴʪ - 

ʘʤʧʝʨʥʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʦʡ, ʥʘʧʨʠʤʝʨ ʢʨʝʤʥʠʝʚʳʝ ʩʪʘʙʠʣʠʪʨʦʥʳ. 

ʆʩʦʙʦʝ ʤʝʩʪʦ ʚ ʩʠʩʪʝʤʘʭ ʵʣʝʢʪʨʦʧʠʪʘʥʠʷ ʟʘʥʠʤʘʶʪ ʢʦʤʧʝʥʩʘʮʠʦʥʥʳʝ ʩʪʘʙʠʣʠʟʘʪʦʨʳ 

ʥʘʧʨʷʞʝʥʠʷ (ʂʉʅ) ʦʙʝʩʧʝʯʠʚʘʶʱʠʝ ʥʝʦʙʭʦʜʠʤʫʶ ʩʪʘʙʠʣʴʥʦʩʪʴ ʥʘʧʨʷʞʝʥʠʷ ʥʘ ʥʘʛʨʫʟʢʝ ʧʨʠ 

ʧʦʤʦʱʠ ʮʝʧʠ ʦʪʨʠʮʘʪʝʣʴʥʦʡ ʦʙʨʘʪʥʦʡ ʩʚʷʟʠ ʠ ʚʦʟʜʝʡʩʪʚʫʶʱʠʝ ʥʘ ʨʝʛʫʣʠʨʫʶʱʠʡ ʵʣʝʤʝʥʪ, 

ʚʢʣʶʯʝʥʥʳʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ ʠʣʠ ʧʘʨʘʣʣʝʣʴʥʦ ʩ ʥʘʛʨʫʟʢʦʡ. 

ɺ ʟʘʢʣʶʯʝʥʠʠ ʦʪʤʝʪʠʤ, ʯʪʦ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʠ ʠʩʩʣʝʜʦʚʘʥʠʝ ʚʪʦʨʠʯʥʳʭ ʠʩʪʦʯʥʠʢʦʚ ʧʠʪʘʥʠʷ ʚ 

ʩʨʝʜʝ MS ʩʧʦʩʦʙʩʪʚʫʶʪ ʙʦʣʝʝ ʛʣʫʙʦʢʦʤʫ ʠʭ ʠʟʫʯʝʥʠʶ ʥʘʨʘʚʥʝ ʩ ʠʟʫʯʝʥʠʝʤ ʥʘ ʨʝʘʣʴʥʳʭ ʩʪʝʥʜʘʭ. 

 

ʃʀʊɽʈɸʊʋʈɸ 




















































































































































































































































































































































































































































































































