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ʋɼʂ 621.39 

ʉɺɽʈʍʐʀʈʆʂʆʇʆʃʆʉʅɸʗ ʉɺʗɿʔ. 

ʏɸʉʊʔ 1 

ʄ.ɸ. ɹɸʈʂʋʅ, ʆ.ʈ. ʍʆɼɸʉɽɺʀʏ 

ʋʯʨʝʞʜʝʥʠʝ ʦʙʨʘʟʦʚʘʥʠʷ çɹʝʣʦʨʫʩʩʢʘʷ ʛʦʩʫʜʘʨʩʪʚʝʥʥʘʷ ʘʢʘʜʝʤʠʷ ʩʚʷʟʠè, 

ʫʣ. ʌ. ʉʢʦʨʠʥʳ, 8/2, ʄʠʥʩʢ, 220114, ɹʝʣʘʨʫʩʴ 

ʇʦʩʪʫʧʠʣʘ ʚ ʨʝʜʘʢʮʠʶ 17 ʥʦʷʙʨʷ 2016 

ɺ ʨʘʙʦʪʝ ʧʨʠʚʝʜʝʥʳ ʦʧʨʝʜʝʣʝʥʠʷ ʩʚʝʨʭʰʠʨʦʢʦʧʦʣʦʩʥʦʛʦ (ʉʐʇ) ʩʠʛʥʘʣʘ ʨʘʜʠʦʩʚʷʟʠ, ʜʘʥʳ 

ʩʚʝʜʝʥʠʷ ʧʦ ʩʪʘʥʜʘʨʪʠʟʘʮʠʠ ʧʝʨʝʜʘʯʠ ʠ ʧʨʠʝʤʘ ʉʐʇ ʩʠʛʥʘʣʦʚ, ʦʧʠʩʘʥʳ ʢʣʘʩʩʳ ʠʤʧʫʣʴʩʦʚ 

ʠ ʚʠʜʳ ʤʦʜʫʣʷʮʠʠ ʚ ʉʐʇ ʩʠʩʪʝʤʘʭ ʩʚʷʟʠ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʩʚʝʨʭʰʠʨʦʢʦʧʦʣʦʩʥʘʷ ʩʚʷʟʴ, ʩʪʘʥʜʘʨʪʳ, ʛʝʥʝʨʘʮʠʷ ʠʤʧʫʣʴʩʦʚ, ʤʦʜʫʣʷʮʠʷ. 

ɺʚʝʜʝʥʠʝ 

ʉ ʥʘʯʘʣʘ 60-ʭ ʛʦʜʦʚ ʍʍ ʚʝʢʘ ʧʦʩʣʝ ʚʳʭʦʜʘ ʧʝʨʚʳʭ ʨʝʢʦʤʝʥʜʘʮʠʡ ʌʝʜʝʨʘʣʴʥʦʡ ʢʦʤʠʩʩʠʠ ʧʦ 

ʩʚʷʟʠ ʉʐɸ (Federal Communication ʉommision) ʥʘʯʘʣʠʩʴ ʨʘʙʦʪʳ ʧʦ ʩʦʟʜʘʥʠʶ ʛʨʘʞʜʘʥʩʢʠʭ 

ʪʝʣʝʢʦʤʤʫʥʠʢʘʮʠʦʥʥʳʭ ʩʠʩʪʝʤ, ʨʘʙʦʪʘʶʱʠʭ ʚ ʜʠʘʧʘʟʦʥʝ ʯʘʩʪʦʪ 2ï10 ɻɻʮ ʠ ʠʤʝʶʱʠʭ ʯʨʝʟʚʳʯʘʡʥʦ 

ʰʠʨʦʢʫʶ ʧʦʣʦʩʫ ʧʨʦʧʫʩʢʘʥʠʷ [1]. ʊʘʢʠʝ ʩʠʩʪʝʤʳ ʧʦʣʫʯʠʣʠ ʥʘʟʚʘʥʠʝ ʩʚʝʨʭʰʠʨʦʢʦʧʦʣʦʩʥʳʭ (ʘʥʛʣ. 

Ultra Wide Band ï UWB). 

ʉʫʱʝʩʪʚʫʶʪ ʜʚʘ ʨʘʟʣʠʯʥʳʭ ʪʠʧʘ ʩʚʝʨʭʰʠʨʦʢʦʧʦʣʦʩʥʳʭ ʪʝʭʥʦʣʦʛʠʡ: 

ï ʩʚʝʨʭʰʠʨʦʢʦʧʦʣʦʩʥʘʷ ʪʝʭʥʦʣʦʛʠʷ ʧʨʷʤʳʭ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ (ʘʥʛʣ. Direct sequence ultra 

wideband technology ï DS-UWB). ʀʥʦʛʜʘ ʵʪʫ ʬʦʨʤʫ ʥʘʟʳʚʘʶʪ ʠʤʧʫʣʴʩʥʳʤ ʬʦʨʤʘʪʦʤ 

ʩʚʝʨʭʰʠʨʦʢʦʧʦʣʦʩʥʦʡ ʧʝʨʝʜʘʯʠ. ɺ ʵʪʦʡ ʬʦʨʤʝ ʩʚʝʨʭʰʠʨʦʢʦʧʦʣʦʩʥʦʡ ʪʝʭʥʦʣʦʛʠʠ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ 

ʧʝʨʝʜʘʯʘ ʩʝʨʠʡ ʠʤʧʫʣʴʩʦʚ. ʀʤʧʫʣʴʩʳ ʷʚʣʷʶʪʩʷ ʦʯʝʥʴ ʢʦʨʦʪʢʠʤʠ ʚʦ ʚʨʝʤʝʥʠ, ʘ ʩʣʝʜʦʚʘʪʝʣʴʥʦ ʩʧʝʢʪʨ 

ʩʠʛʥʘʣʘ ʙʫʜʝʪ ʦʯʝʥʴ ʰʠʨʦʢʠʤ;  

ï ʩʚʝʨʭʰʠʨʦʢʦʧʦʣʦʩʥʘʷ ʪʝʭʥʦʣʦʛʠʷ ʩ ʤʥʦʛʦʧʦʣʦʩʥʳʤ ʤʫʣʴʪʠʧʣʝʢʩʠʨʦʚʘʥʠʝʤ ʩ 

ʦʨʪʦʛʦʥʘʣʴʥʳʤ ʯʘʩʪʦʪʥʳʤ ʨʘʟʜʝʣʝʥʠʝʤ ʩʠʛʥʘʣʦʚ (ʘʥʛʣ. multi-band OFDM ultra wideband technology ï 

MBOFDM). ɺ ʵʪʦʤ ʪʠʧʝ UWB ʩʠʩʪʝʤ ʦʙʱʘʷ ʧʦʣʦʩʘ ʜʝʣʠʪʩʷ ʥʘ ʥʝʩʢʦʣʴʢʦ ʧʦʣʦʩ, ʘ ʟʘʪʝʤ ʠʩʧʦʣʴʟʫʝʪʩʷ 

ʦʨʪʦʛʦʥʘʣʴʥʦʝ ʤʫʣʴʪʠʧʣʝʢʩʠʨʦʚʘʥʠʝ ʯʘʩʪʦʪʥʦ-ʨʘʟʜʝʣʝʥʥʳʭ ʩʠʛʥʘʣʦʚ (OFDM).  

 

 
 

ʈʠʩ. 1. ʉʧʝʢʪʨ ʯʘʩʪʦʪ ʜʣʷ ʦʜʥʦʧʦʣʦʩʥʦʡ ʠ ʤʥʦʛʦʧʦʣʦʩʥʦʡ UWB ʩʚʷʟʠ 

 

ʅʠʞʝ ʨʘʩʩʤʦʪʨʝʥʳ ʦʩʥʦʚʥʳʝ ʧʨʠʥʮʠʧʳ ʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʩʠʩʪʝʤ ʩʚʷʟʠ, ʨʝʘʣʠʟʦʚʘʥʥʳʝ ʧʦ 

ʩʚʝʨʭʰʠʨʦʢʦʧʦʣʦʩʥʦʡ ʪʝʭʥʦʣʦʛʠʠ ʧʨʷʤʳʭ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ.   
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1. ʂʣʘʩʩʠʬʠʢʘʮʠʷ ʩʠʛʥʘʣʦʚ 

 

ʇʦʢʘʟʘʪʝʣʴ ʰʠʨʠʥʳ ʧʦʣʦʩʳ ʧʨʦʧʫʩʢʘʥʠʷ ï ʵʪʦ ʚʝʣʠʯʠʥʘ, ʠʩʧʦʣʴʟʫʝʤʘʷ ʜʣʷ 

ʨʘʟʜʝʣʝʥʠʷ ʩʠʛʥʘʣʦʚ ʥʘ ʫʟʢʦʧʦʣʦʩʥʳʝ, ʰʠʨʦʢʦʧʦʣʦʩʥʳʝ ʠ ʩʚʝʨʭʰʠʨʦʢʦʧʦʣʦʩʥʳʝ. 

ʇʦʢʘʟʘʪʝʣʴ ʰʠʨʠʥʳ ʧʦʣʦʩʳ ʧʨʦʧʫʩʢʘʥʠʷ Bf  ʦʧʨʝʜʝʣʷʝʪʩʷ ʢʘʢ 

 

Bf =  100 % = ̃

̎

̎

̃Ⱦ
 100 % =  ̃

̎

̎

̃
ρππ Ϸ, 

 

ʛʜʝ fʚ ʠ fʥ ï ʚʝʨʭʥʷʷ ʠ ʥʠʞʥʷʷ ʯʘʩʪʦʪ rʩʨʝʟʘ (ʚ ʪʦʯʢʝ ï10 ʜɹ) ʚ ʩʧʝʢʪʨʝ ʩʠʛʥʘʣʘ. 

ʂʣʘʩʩʠʬʠʢʘʮʠʷ ʩʠʛʥʘʣʦʚ ʥʘ ʦʩʥʦʚʝ ʧʦʢʘʟʘʪʝʣʷ ʰʠʨʠʥʳ ʧʦʣʦʩʳ ʧʨʦʧʫʩʢʘʥʠʷ [2]: 

¶ ʫʟʢʦʧʦʣʦʩʥʳʝ ʩʠʛʥʘʣʳ (narrowband ï NB): Bf  <  1%; 

¶ h ʠʨʦʢʦʧʦʣʦʩʥʳʝ ʩʠʛʥʘʣʳ (spread spectrum ï SS): 1 %  Bf  <  25 %; 
¶ ̒ ̖̙̜̃̆̑̉̑̏̋̏̐̏̌̏̒̎̆ ̜̒̉̄̎́̌ ultra  wide band ɀ UWB): Bf  >  25 %. 
 

 
 

ʈʠʩ. 2. ʉʨʘʚʥʝʥʠʝ ʫʟʢʦ-, ʰʠʨʦʢʦ- ʠ ʩʚʝʨʭʰʠʨʦʢʦʧʦʣʦʩʥʳʭ ʩʠʛʥʘʣʦʚ 

 

ʅʠʞʝ ʙʫʜʫʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʟʘʧʠʩʠ UWB ʩʠʛʥʘʣ, UWB ʠʤʧʫʣʴʩ, UWB ʧʦʣʦʩʘ, UWB ʩʚʷʟʴ, 

UWB ʩʧʝʢʪʨ ʠ UWB ʩʠʩʪʝʤʘ.  

 

2. ʉʚʦʡʩʪʚʘ ʩʚʝʨʭʰʠʨʦʢʦʧʦʣʦʩʥʳʭ ʩʠʛʥʘʣʦʚ 

2.1. ʇʦʣʦʩʘ ʯʘʩʪʦʪ ʠ ʤʦʱʥʦʩʪʴ 

 

ʊʨʘʜʠʮʠʦʥʥʳʝ ʫʟʢʦʧʦʣʦʩʥʳʝ ʩʠʩʪʝʤʳ ʩʚʷʟʠ ʧʝʨʝʜʘʶʪ ʥʝʧʨʝʨʳʚʥʳʝ ʧʦʣʝʟʥʳʝ ʩʠʛʥʘʣʳ ʩ 

ʧʦʤʦʱʴʶ ʩʧʝʮʠʬʠʯʝʩʢʠʭ ʥʝʩʫʱʠʭ ʩʠʛʥʘʣʦʚ ʚʦʣʥʦʚʦʛʦ ʚʠʜʘ. ʅʝʧʨʝʨʳʚʥʘʷ ʚʦʣʥʦʚʘʷ ʬʦʨʤʘ ʩʠʛʥʘʣʘ 

ʠʤʝʝʪ ʵʥʝʨʛʠʶ ʩʠʛʥʘʣʘ ʚ ʫʟʢʦʡ ʧʦʣʦʩʝ ʯʘʩʪʦʪ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʜʦʩʪʘʪʦʯʥʦ ʣʝʛʢʦ ʦʧʨʝʜʝʣʠʪʴ ʥʘʣʠʯʠʝ 

ʩʠʛʥʘʣʘ ʠ ʧʨʦʩʣʫʰʘʪʴ ʝʛʦ. 
UWB ʩʠʛʥʘʣʳ ʠʩʧʦʣʴʟʫʶʪ ʜʣʷ ʧʝʨʝʜʘʯʠ ʠʥʬʦʨʤʘʮʠʠ ʢʦʨʦʪʢʠʝ ʚʦ ʚʨʝʤʝʥʠ ʠʤʧʫʣʴʩʳ 

(ʜʣʠʪʝʣʴʥʦʩʪʴʶ ʦʪ ʧʠʢʦ- ʜʦ ʥʘʥʦʩʝʢʫʥʜ) ʙʝʟ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʥʝʩʫʱʝʡ (ʙʝʟ ʤʦʜʫʣʷʮʠʠ) ʠ ʩ ʦʯʝʥʴ 

ʤʘʣʳʤ (ʤʝʥʴʰʝ ʯʝʤ 0,5 ʧʨʦʮʝʥʪʘ) ʢʦʵʬʬʠʮʠʝʥʪʦʤ ʟʘʧʦʣʥʷʝʤʦʩʪʠ (ʘʥʛʣ. duty cycle).  

ʂʦʵʬʬʠʮʠʝʥʪ ʟʘʧʦʣʥʝʥʠʷ ʟʘʜʘʝʪʩʷ ʦʪʥʦʰʝʥʠʝʤ ʚʨʝʤʝʥʠ ʜʣʠʪʝʣʴʥʦʩʪʠ ʠʤʧʫʣʴʩʘ ʢ ʦʙʱʝʤʫ 

ʚʨʝʤʝʥʠ ʧʝʨʝʜʘʯʠ ʠʤʧʫʣʴʩʘ. 

ʂʦʵʬʬʠʮʠʝʥʪ ʟʘʧʦʣʥʝʥʠʷ =  100, [%]. 
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ʈʠʩ. 3. ʀʤʧʫʣʴʩ ʩ ʥʠʟʢʠʤ ʢʦʵʬʬʠʮʠʝʥʪʦʤ ʟʘʧʦʣʥʝʥʠʷ: 

Ton ï ʚʨʝʤʷ ʩʫʱʝʩʪʚʦʚʘʥʠʷ ʠʤʧʫʣʴʩʘ; Toff ï ʚʨʝʤʷ, ʚ ʪʝʯʝʥʠʠ ʢʦʪʦʨʦʛʦ ʠʤʧʫʣʴʩ ʦʪʩʫʪʩʪʚʫʝʪ 

 

ʅʠʟʢʠʡ ʢʦʵʬʬʠʮʠʝʥʪ ʟʘʧʦʣʥʝʥʠʷ ʧʨʝʜʧʦʣʘʛʘʝʪ ʦʯʝʥʴ ʤʘʣʫʶ ʩʨʝʜʥʶʶ ʧʝʨʝʜʘʚʘʝʤʫʶ 

ʤʦʱʥʦʩʪʴ ʚ UWB ʩʠʩʪʝʤʘʭ ʧʝʨʝʜʘʯʠ.  

ʂʦʨʦʪʢʠʝ ʚʦ ʚʨʝʤʝʥʠ UWB ʠʤʧʫʣʴʩʳ ʨʘʩʧʨʝʜʝʣʷʶʪ ʠʭ ʵʥʝʨʛʠʶ ʧʦ ʰʠʨʦʢʦʡ ʧʦʣʦʩʝ ʯʘʩʪʦʪ: 

ʦʪ ʧʦʯʪʠ ʧʦʩʪʦʷʥʥʦʛʦ ʪʦʢʘ ʜʦ ʥʝʩʢʦʣʴʢʠʭ ʛʠʛʘʛʝʨʮ ʩ ʦʯʝʥʴ ʥʠʟʢʦʡ ʩʧʝʢʪʨʘʣʴʥʦʡ ʧʣʦʪʥʦʩʪʴʶ 

ʤʦʱʥʦʩʪʠ (ʩʧʝʢʪʨʘʣʴʥʘʷ ʧʣʦʪʥʦʩʪʴ ʤʦʱʥʦʩʪʠ ʩʠʛʥʘʣʘ ʷʚʣʷʝʪʩʷ ʝʛʦ ʤʦʱʥʦʩʪʴ ʁʚ ʯʘʩʪʦʪʥʦʡ ʦʙʣʘʩʪʠ). 

 

ʊʘʙʣʠʮʘ 1 ʉʨʘʚʥʝʥʠʝ ʤʦʱʥʦʩʪʠ UBS ʧʨʠʙʦʨʦʚ ʩ ʜʨʫʛʠʤʠ ʦʙʲʝʢʪʘʤʠ 

 
ʊʠʧ ʧʨʠʙʦʨʘ ʇʝʨʝʜʘʚʘʝʤʘʷ ʤʦʱʥʦʩʪʴ  

ʈʘʟʨʝʰʝʥʥʦʝ ʠʟʣʫʯʝʥʠ ʤʠʢʨʦʚʦʣʥʦʚʦʡ ʧʝʯʠ 1 ʚʘʪʪ 

ʊʠʧʦʚʘʷ ʤʦʱʥʦʩʪʴ ʧʝʨʝʜʘʯʠ ʤʦʙʠʣʴʥʦʛʦ ʪʝʣʝʬʦʥʘ ʆʪ 0,25 ʜʦ 1 ʚʘʪʪʘ 

ʂʣʘʩʩ 1 ʧʨʠʙʦʨ Bluetooth (ʜʠʘʧʘʟʦʥ ʜʦ 100 ʤʝʪʨʦʚ) 0,1 ʚʘʪʪʘ 

ʂʣʘʩʩ 2 ʧʨʠʙʦʨ Bluetooth (ʜʠʘʧʘʟʦʥ ʜʦ 10 ʤʝʪʨʦʚ) 0,0025 ʚʘʪʪʘ 

ʉʦʣʥʝʯʥʳʡ ʩʚʝʪ, ʦʪʨʘʞʝʥʥʳʡ ʛʦʣʦʚʢʦʡ ʙʫʣʘʚʢʠ (ʚ ʩʦʣʥʝʯʥʳʡ ʜʝʥʴ) 0,001 ʚʘʪʪʘ 

UBS ʧʨʠʙʦʨ 0,00005 ʚʘʪʪʘ 

 

 

 
 

ʈʠʩ. 4. UWB ʠʤʧʫʣʴʩ ʚʦ ʚʨʝʤʝʥʥʦʡ (a) ʠ ʯʘʩʪʦʪʥʦʡ (b) ʦʙʣʘʩʪʷʭ 

 

ɼʣʷ ʙʝʟʣʠʮʝʥʟʠʦʥʥʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ  UWB ʩʠʛʥʘʣʦʚ ʫʩʪʨʦʡʩʪʚʘʤʠ ʚ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ 

ʚʳʜʝʣʝʥʳ ʜʠʘʧʘʟʦʥʳ 2,85ī10,6 ɻɻʮ [3], ʚ ʉʐɸ ī 3,1ī10,6 ɻɻʮ  [1], ʚ ɽʚʨʦʩʦʶʟʝ ī  

6ī8 ɻɻʮ [4]. 

ɼʣʷ ʪʦʛʦ ʯʪʦʙʳ ʫʤʝʥʴʰʠʪʴ ʠʥʪʝʨʬʝʨʝʥʮʠʶ ʤʝʞʜʫ ʚʩʝʤʠ ʩʠʩʪʝʤʘʤʠ ʩʚʷʟʠ, ʨʘʙʦʪʘʶʱʠʤʠ ʚ 

UWB ʩʧʝʢʪʨʝ, ʧʨʝʞʜʝ ʚʩʝʛʦ ʚʚʝʜʝʥʘ ʚʝʨʭʥʷʷ ʛʨʘʥʠʮʘ ʤʦʱʥʦʩʪʠ UWB ʩʠʩʪʝʤ: 47éī45 ʜɹʤ/ʄɻʮ  ʚ 

ʈʦʩʩʠʠ (ī41,3 ʜɹʤ/ʄɻʮ ʚ ʉʐɸ ʠ ɽʚʨʦʩʦʶʟʝ). ɼʣʷ ʢʦʥʢʨʝʪʥʳʭ ʧʨʠʤʝʥʝʥʠʡ ʨʘʟʨʘʙʦʪʘʥʳ ʰʘʙʣʦʥʳ 

ʨʘʟʨʝʰʝʥʥʳʭ ʤʦʱʥʦʩʪʝʡ ʚ ʧʦʣʦʩʝ ʧʨʦʧʫʩʢʘʥʠʷ UWB ʩʠʩʪʝʤ. ɺʠʜ ʰʘʙʣʦʥʦʚ ʪʘʢʞʝ ʟʘʚʠʩʠʪ ʦʪ ʩʪʨʘʥʳ 

ʧʨʠʤʝʥʝʥʠʷ UWB ʩʠʩʪʝʤ. 

  

     ɺʨʝʤʷ 
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       ʏʘʩʪʦʪʘ 

https://ru.wikipedia.org/wiki/%D0%94%D0%91%D0%BC
https://ru.wikipedia.org/wiki/%D0%9C%D0%93%D1%86


ʇʈʆɹʃɽʄʓ ʀʅʌʆʂʆʄʄʋʅʀʂɸʎʀʁ 

2016   ̄2 (4) 

 8 

 

. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

ʈʠʩ. 5. ʈʘʟʨʝʰʝʥʥʳʝ UWB ʧʦʣʦʩʳ ʜʣʷ ʦʨʛʘʥʠʟʘʮʠʠ ʩʚʷʟʠ, ʧʨʠʥʷʪʳʝ ʚ ʨʘʟʣʠʯʥʳʭ ʨʘʡʦʥʘʭ ʤʠʨʘ 
 

 

 
a) 

 

 
b) 

 
ʈʠʩ. 6. ʐʘʙʣʦʥ ʠʟʣʫʯʝʥʠʷ ʩʚʝʨʰʠʨʦʢʦʧʦʣʦʩʥʦʛʦ ʩʠʛʥʘʣʘ ʚ ʧʦʤʝʱʝʥʠʠ (a) ʠ ʘhʙʣʦʥ ʠʟʣʫʯʝʥʠʷ 

ʩʚʝʨʭʰʠʨʦʢʦʧʦʣʦʩʥʳʭ ʩʠʛʥʘʣʦʚ ʨʫʯʥʳʭ ʩʠʩʪʝʤ ʚʥʝ ʧʦʤʝʱʝʥʠʷ ʩʦʛʣʘʩʥʦ ʥʦʨʤʘʤ FCC ʉʐɸ 

             ʂʘʥʘʜʘ 

 

                         ʂʠʪʘʡ 

 

             ʗʧʦʥʠʷ 

 

             ʈʦʩʩʠʷ 

 

             ɽʚʨʦʧʘ 

 

            ʉʠʥʛʘʧʫʨ 

 

             ʉʐɸ 
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ʇʨʝʜʝʣʳ ʠʟʣʫʯʝʥʠʷ 

ʚʥʝ ʧʦʤʝʱʝʥʠʷ 

ʏʘʩʪʦʪʘ ʚ ɻɻʮ 
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ʐʘʙʣʦʥʳ ʧʦʟʚʦʣʷʶʪ ʫʤʝʥʴʰʠʪʴ ʠʥʪʝʨʬʝʨʝʥʮʠʶ ʩʠʛʥʘʣʦʚ ʨʘʟʣʠʯʥʳʭ ʩʠʩʪʝʤ ʩʚʷʟʠ, ʨʘʙʦʪʘʶʱʠʭ 

ʚʤʝʩʪʝ ʩ UWB ʩʠʩʪʝʤʘʤʠ ʚ ʪʦʤ ʞʝ ʜʠʘʧʘʟʦʥʝ.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

 

ʈʠʩ. 7. ɼʠʘʧʘʟʦʥʳ ʨʘʙʦʪʳ ʩʠʩʪʝʤ ʩʚʷʟʠ ʉʐɸ ʚ ʜʠʘʧʘʟʦʥʝ 1,6ī10,6 ɻɻʮ 

 

2.2. ʀʤʧʫʣʴʩʳ ʩʚʝʨʭʰʠʨʦʢʦʧʦʣʦʩʥʦʡ ʪʝʭʥʦʣʦʛʠʠ ʧʨʷʤʳʭ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ 

 

ʇʨʝʜʣʦʞʝʥʦ ʙʦʣʴʰʦʝ ʤʥʦʛʦʦʙʨʘʟʠʝ ʠʤʧʫʣʴʩʦʚ ʜʣʷ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚ UWB ʩʠʩʪʝʤʘʭ ʵʪʦʛʦ 

ʪʠʧʘ. ʆʩʥʦʚʥʦʡ ʦʩʦʙʝʥʥʦʩʪʴʶ ʠʤʧʫʣʴʩʦʚ ʷʚʣʷʝʪʩʷ ʠʭ ʜʣʠʪʝʣʴʥʦʩʪʴ ï ʧʦʨʷʜʢʘ ʥʘʥʦʩʝʢʫʥʜʳ ʠ ʤʝʥʝʝ. 

ʅʠʞʝ ʙʫʜʫʪ ʨʘʩʩʤʦʪʨʝʥʳ ʣʠʰʴ ʪʨʠ ʚʠʜʘ ʪʘʢʠʭ ʠʤʧʫʣʴʩʦʚ: 

¶ ʠʤʧʫʣʴʩʳ ʠ ʤʦʥʦʮʠʢʣʳ (ʘʥʛʣ. pulses and monocycles) [5], ʥʘʧʨʠʤʝʨ, ʛʘʫʩʩʦʚʳ ʠʤʧʫʣʴʩ ʠ 

ʤʦʥʦʮʠʢʣ, ʩʠʥʦʩʦʠʜʘʣʴʥʳʡ ʮʠʢʣ; 

¶ ʜʫʧʣʝʪʳ (ʘʥʛʣ. doublets), ʥʘʧʨʠʤʝʨ, ʜʫʧʣʝʪ ɻʘʫʩʩʘ [6]; 

¶ ʚʝʡʚʣʝʪʳ [7] (ʘʥʛʣ. wavelets). ɺʝʡʚʣʝʪ  ī ʤʘʪʝʤʘʪʠʯʝʩʢʘʷ ʬʫʥʢʮʠʷ, ʛʨʘʬʠʢ ʢʦʪʦʨʦʡ ʚʳʛʣʷʜʠʪ 

ʢʘʢ ʚʦʣʥʦʦʙʨʘʟʥʳʝ ʢʦʣʝʙʘʥʠʷ ʩ ʘʤʧʣʠʪʫʜʦʡ, ʫʤʝʥʴʰʘʶʱʝʡʩʷ ʜʦ ʥʫʣʷ ʚʜʘʣʠ ʦʪ ʥʘʯʘʣʘ ʢʦʦʨʜʠʥʘʪ. 

ʇʨʝʜʣʦʞʝʥʦ ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʚʝʡʚʣʝʪʦʚ ʚʠʜʘ ʚʦʣʥʦʦʙʨʘʟʥʳʭ ʢʦʣʝʙʘʥʠʡ. 

 

 
 

ʈʠʩ. 8. ʌʦʨʤʘ ʛʘʫʩʩʦʚʘ ʠʤʧʫʣʴʩʘ ʠ ʝʛʦ ʩʧʝʢʪʨʘʣʴʥʘʷ ʤʦʱʥʦʩʪʴ 
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ʙʝʩʧʨʦʚʦʜʥʳʝ 

ʪʝʣʝʬʦʥʳ, 
ʤʠʢʨʦʚʦʣʥʦʚʳʝ 

ʧʝʯʠ 
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ʉʧʝʢʪʨ 

UWB 

ʏʘʩʪʦʪʘ, 

 ɻɻʎ 5 10,6 
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ʈʠʩ. 9. ʌʦʨʤʘ ʛʘʫʩʩʦʚʘ ʤʦʥʦʮʠʢʣʘ ʠ ʝʛʦ ʩʧʝʢʪʨʘʣʴʥʘʷ ʤʦʱʥʦʩʪʴ 

 

 

 
 

ʈʠʩ. 10. ʉʠʥʫʩʦʠʜʘʣʴʥʳʡ ʤʦʥʦʮʠʢʣ ʠ ʝʛʦ ʩʧʝʢʪʨʘʣʴʥʘʷ ʤʦʱʥʦʩʪʴ 

 

 

 
 

ʈʠʩ. 11. ɻʘʫʩʩʦʚ ʜʫʧʣʝʪ ʠ ʝʛʦ ʩʧʝʢʪʨʘʣʴʥʘʷ ʤʦʱʥʦʩʪʴ 
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ʈʠʩ. 12. ɻʘʫʩʩʦʚ ʚʝʡʚʣʝʪ ʠ ʝʛʦ ʩʧʝʢʪʨʘʣʴʥʘʷ ʤʦʱʥʦʩʪʴ 

 

 

 
 

 Morlet wavelet                             Mexican hat wavelet                   Meyer wavelet 

 

ʈʠʩ. 13. ʇʨʠʤʝʨʳ ʚʦʣʥʦʦʙʨʘʟʥʳʭ ʚʝʡʚʣʝʪʦʚ 

 

ʊʨʝʙʫʝʤʫʶ ʧʦʣʦʩʫ ʧʨʦʧʫʩʢʘʥʠʷ UWB ʤʦʞʥʦ ʧʦʣʫʯʠʪʴ, ʠʟʤʝʥʷʷ ʯʘʩʪʦʪʫ ʚʦʣʥʦʦʙʨʘʟʥʦʛʦ 

ʚʝʡʚʣʝʪʘ. 

 

 

 
 

ʈʠʩ. 14. ɿʘʚʠʩʠʤʦʩʪʴ ʩʧʝʢʪʨʘʣʴʥʦʡ ʤʦʱʥʦʩʪʠ ʚʝʡʚʣʝʪʘ ʦʪ ʯʘʩʪʦʪʳ ʝʛʦ ʢʦʣʝʙʘʥʠʡ 

  

ɼʣʠʥʥʳʡ ʚʝʡʚʣʝʪ, ʫʟʢʠʡ ʩʧʝʢʪʨ 

ʉʨʝʜʥʠʡ ʚʝʡʚʣʝʪ. ʙʦʣʝʝ 

ʰʠʨʦʢʠʡ ʩʧʝʢʪʨ ʏʘʩʪʦʪʘ, ɻɻʎ 
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ʃʶʙʦʡ ʚʝʡʚʣʝʪ ʜʦʣʞʝʥ ʙʳʪʴ ʩʛʝʥʝʨʠʨʦʚʘʥ ʪʘʢ, ʯʪʦʙʳ ʝʛʦ ʩʧʝʢʪʨʘʣʴʥʘʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ 

ʤʦʱʥʦʩʪʠ ʧʦʧʘʣʘ ʚ ʧʨʝʜʝʣʳ ʰʘʙʣʦʥʘ. 

 

 
 

ʈʠʩ. 15. ɺʝʡʚʣʝʪ ʠ ʝʛʦ ʩʧʝʢʪʨʘʣʴʥʘʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʤʦʱʥʦʩʪʠ, ʥʘʭʦʜʷʱʘʷʩʷ ʚ ʧʨʝʜʝʣʘʭ ʰʘʙʣʦʥʘ 

 

3. ʄʦʜʫʣʷʮʠʷ UWB ʩʠʛʥʘʣʘ 

 

ʉʚʝʨʭʰʠʨʦʢʦʧʦʣʦʩʥʘʷ ʪʝʭʥʦʣʦʛʠʷ ʧʨʷʤʳʭ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ ʥʝ ʪʨʝʙʫʝʪ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ 

ʥʝʩʫʱʠʭ ʜʣʷ ʧʝʨʝʜʘʯʠ ʩʠʛʥʘʣʘ ʠʟ-ʟʘ ʭʦʨʦʰʝʛʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʠʤʧʫʣʴʩʥʦʛʦ ʩʠʛʥʘʣʘ ʚ ʨʘʜʠʦʢʘʥʘʣʝ. 

ʅʘʠʙʦʣʝʝ ʦʙʱʠʝ ʩʭʝʤʳ ʤʦʜʫʣʷʮʠʠ ʜʣʷ ʩʚʝʨʭʰʠʨʦʢʦʧʦʣʦʩʥʦʡ ʪʝʭʥʦʣʦʛʠʠ ʧʨʷʤʳʭ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ [8]: 
ʀʤʧʫʣʴʩʥʦ-ʘʤʧʣʠʪʫʜʥʘʷ ʤʦʜʫʣʷʮʠʷ (ʘʥʛʣ. Pulse Amplitude Modulation ï PAM). ʇʝʨʝʜʘʚʘʝʤʳʡ 

ʠʤʧʫʣʴʩʥʦ-ʘʤʧʣʠʪʫʜʥʦ ʤʦʜʫʣʠʨʦʚʘʥʥʳʡ ʩʠʛʥʘʣ str ʤʦʞʝʪ ʙʳʪʴ ʧʨʝʜʩʪʘʚʣʝʥ ʢʘʢ 

 

str = dkwtr(t),                                                                       (1) 

 

ʛʜʝ wtr(t) ʷʚʣʷʝʪʩʷ UWB ʠʤʧʫʣʴʩʦʤ, ʜʫʧʣʝʪʦʤ ʠʣʠ ʚʝʡʚʣʝʪʦʤ; 

k ï ʧʨʝʜʩʪʘʚʣʷʝʪ ʧʝʨʝʜʘʥʥʳʡ ʙʠʪ (0 ʠʣʠ 1); 

dk =     ï1 , ʝʩʣʠ k = 0, 

                +1 , ʝʩʣʠ k = 1. 

ʅʘ ʨʠʩ. 16, ʘ ʧʦʢʘʟʘʥʘ ʠʤʧʫʣʴʩʥʦ-ʘʤʧʣʠʪʫʜʥʘʷ ʤʦʜʫʣʷʮʠʷ ʜʣʷ ʛʘʫʩʩʦʚʘ ʠʤʧʫʣʴʩʘ. 

ɹʠʥʘʨʥʘʷ ʘʤʧʣʠʪʫʜʥʘʷ ʤʘʥʠʧʫʣʷʮʠʷ (ʘʥʛʣ. On-Off Keying ï OOK). ʇʝʨʝʜʘʚʘʝʤʳʡ ʠʤʧʫʣʴʩʥʦ-

ʘʤʧʣʠʪʫʜʥʦ ʤʦʜʫʣʠʨʦʚʘʥʥʳʡ ʩʠʛʥʘʣ str ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʦ ʬʦʨʤʫʣʝ (1) ʧʨʠ  

dk =         0 , ʝʩʣʠ k = 0,                  

                1 , ʝʩʣʠ k = 1. 

ʇʨʠʤʝʨ ʧʦʢʘʟʘʥ ʥʘ ʨʠʩ. 16, b ʜʣʷ ʛʘʫʩʩʦʚʘ ʠʤʧʫʣʴʩʘ. 

ʌʘʟʦʚʦ-ʠʤʧʫʣʴʩʥʘʷ ʤʦʜʫʣʷʮʠʷ (ʘʥʛʣ. Pulse-position modulation ī PPM). ʀʥʬʦʨʤʘʮʠʷ ʦ ʙʠʪʝ 

ʠʥʬʦʨʤʘʮʠʠ ʤʦʞʝʪ ʙʳʪʴ ʟʘʢʦʜʠʨʦʚʘʥʘ ʧʦʣʦʞʝʥʠʝʤ ʧʝʨʝʜʘʚʘʝʤʦʛʦ ʠʤʧʫʣʴʩʘ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ 

ʥʦʤʠʥʘʣʴʥʦʤʫ ʧʦʣʦʞʝʥʠʶ. ɹʦʣʝʝ ʪʦʯʥʦ, ʙʠʪ 0 ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʠʤʧʫʣʴʩʦʤ ʚ ʪʦʯʢʝ ʚʨʝʤʝʥʠ, ʧʨʠʥʷʪʦʡ 

ʟʘ ʙʘʟʦʚʫʶ, ʘ ʙʠʪ 1 ï ʠʤʧʫʣʴʩʦʤ, ʩʜʚʠʥʫʪʳʤ ʚʦ ʚʨʝʤʝʥʠ ʦʪʥʦʩʠʪʝʣʴʥʦ ʙʘʟʦʚʦʡ ʪʦʯʢʠ ʥʘ ʚʝʣʠʯʠʥʫ ‏ 
(ʩʤ. ʨʠʩ.16, ʩ). 

ʄʦʜʫʣʷʮʠʷ ʬʦʨʤʦʡ ʠʤʧʫʣʴʩʦʚ (ʘʥʛʣ. Pulse Shape Modulation ī PSM). ʂʘʢ ʧʦʢʘʟʘʥʦ ʥʘ  

ʨʠʩ. 16, d, ʧʨʠ ʪʘʢʦʡ ʤʦʜʫʣʷʮʠʠ ʠʩʧʦʣʴʟʫʶʪʩʷ ʨʘʟʣʠʯʥʳʝ ʬʦʨʤʳ ʠʤʧʫʣʴʩʦʚ, ʥʘʧʨʠʤʝʨ, 

ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʝ ʧʦʣʠʥʦʤʠʘʣʴʥʳʝ ʬʫʥʢʮʠʠ ɻʝʨʤʠʪʘ (Hermite), ʚʝʡʚʣʝʪʳ ʠ ʜʨ. 

  

ʇʠʢʦʩʝʢʫʥʜʳ ʏʘʩʪʦʪʘ, ɻɻʮ 

https://ru.wikipedia.org/wiki/%D0%90%D0%BD%D0%B3%D0%BB%D0%B8%D0%B9%D1%81%D0%BA%D0%B8%D0%B9_%D1%8F%D0%B7%D1%8B%D0%BA
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ʈʠʩ. 16. ʀʣʣʶʩʪʨʘʮʠʷ ʩʭʝʤ ʤʦʜʫʣʷʮʠʠ ʜʣʷ ʩʚʝʨʭʰʠʨʦʢʦʧʦʣʦʩʥʦʡ ʪʝʭʥʦʣʦʛʠʠ ʧʨʷʤʳʭ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ ʥʘ ʧʨʠʤʝʨʝ ʛʘʫʩʩʦʚʘ ʤʦʥʦʮʠʢʣʘ 

ULTRAWIDE BAND  COMMUNICATION .  

PART 1  

M.A. BARKOUN, O.R. KHODASEVITCH  

Abstract 

This is a tutorial of principles of ultra-wide (UWB) communication. Part 1 consists definition of 

UWB signals, properties and modulations of UWB signals. 
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ʋɼʂ 621.383 

ʉʇʆʉʆɹ ɼʆʉʊʀɾɽʅʀʗ ʄɸʂʉʀʄɸʃʔʅʆʁ ʉʂʆʈʆʉʊʀ ʇɽʈɽɼɸʏʀ ɼɸʅʅʓʍ 

ɺ ʂɺɸʅʊʆɺʆʄ ʂɸʅɸʃɽ ʉɺʗɿʀ 

ɸ.ʆ. ɿɽʅɽɺʀʏ, ɽ.ɺ. ʅʆɺʀʂʆɺ 
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ʇʦʩʪʫʧʠʣʘ ʚ ʨʝʜʘʢʮʠʶ 15 ʥʦʷʙʨʷ 2016 

ʇʨʝʜʣʦʞʝʥ ʩʧʦʩʦʙ, ʧʦʟʚʦʣʷʶʱʠʡ ʦʧʨʝʜʝʣʠʪʴ ʧʦʨʦʛʦʚʳʡ ʫʨʦʚʝʥʴ ʨʝʛʠʩʪʨʘʮʠʠ ʠ ʤʦʱʥʦʩʪʴ 

ʦʧʪʠʯʝʩʢʦʛʦ ʠʟʣʫʯʝʥʠʷ, ʧʨʠ ʢʦʪʦʨʳʭ ʜʦʩʪʠʛʘʝʪʩʷ ʤʘʢʩʠʤʘʣʴʥʘʷ ʩʢʦʨʦʩʪʴ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ 

ʧʦ ʦʧʪʠʯʝʩʢʦʤʫ ʢʘʥʘʣʫ ʩʚʷʟʠ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʢʚʘʥʪʦʚʳʡ ʢʘʥʘʣ ʩʚʷʟʠ, ʦʜʥʦʢʚʘʥʪʦʚʘʷ ʨʝʛʠʩʪʨʘʮʠʷ, ʣʘʚʠʥʥʳʡ 

ʬʦʪʦʧʨʠʝʤʥʠʢ. 

ɺʚʝʜʝʥʠʝ 

ʈʘʟʚʠʪʠʝ ʩʦʚʨʝʤʝʥʥʳʭ ʩʨʝʜʩʪʚ ʧʝʨʝʜʘʯʠ ʠʥʬʦʨʤʘʮʠʠ ʚʩʝ ʙʦʣʝʝ ʪʝʩʥʦ ʩʚʷʟʳʚʘʝʪʩʷ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʦʧʪʠʯʝʩʢʠʭ ʩʠʩʪʝʤ, ʧʨʠʯʝʤ ʦʯʝʥʴ ʯʘʩʪʦ ʥʝʦʙʭʦʜʠʤʦ ʦʙʝʩʧʝʯʠʚʘʪʴ 

ʢʦʥʬʠʜʝʥʮʠʘʣʴʥʦʩʪʴ ʧʝʨʝʜʘʚʘʝʤʦʡ ʠʥʬʦʨʤʘʮʠʠ. ʅʘʠʣʫʯʰʫʶ ʟʘʱʠʱʝʥʥʦʩʪʴ ʠʥʬʦʨʤʘʮʠʠ, ʥʘ 

ʩʦʚʨʝʤʝʥʥʦʤ ʵʪʘʧʝ ʨʘʟʚʠʪʠʷ ʥʘʫʢʠ ʠ ʪʝʭʥʠʢʠ, ʦʙʝʩʧʝʯʠʚʘʶʪ ʢʚʘʥʪʦʚʳʝ ʢʨʠʧʪʦʛʨʘʬʠʯʝʩʢʠʝ ʩʧʦʩʦʙʳ. 

ɼʣʷ ʬʦʨʤʠʨʦʚʘʥʠʷ ʢʣʶʯʘ ʰʠʬʨʦʚʘʥʠʷ ʚ ʢʚʘʥʪʦʚʳʭ ʢʨʠʧʪʦʛʨʘʬʠʯʝʩʢʠʭ ʩʧʦʩʦʙʘʭ ʠʩʧʦʣʴʟʫʝʪʩʷ 

ʢʚʘʥʪʦʚʳʡ ʢʘʥʘʣ ʩʚʷʟʠ, ʚ ʢʦʪʦʨʦʤ ʠʥʬʦʨʤʘʮʠʦʥʥʳʝ ʜʘʥʥʳʝ ʧʝʨʝʜʘʶʪʩʷ ʧʨʠ ʧʦʤʦʱʠ ʩʦʩʪʦʷʥʠʡ 

ʦʪʜʝʣʴʥʳʭ ʬʦʪʦʥʦʚ ʠʣʠ ʤʘʣʦʤʦʱʥʳʭ ʦʧʪʠʯʝʩʢʠʭ ʠʤʧʫʣʴʩʦʚ, ʩʦʜʝʨʞʘʱʠʭ ʚ ʩʨʝʜʥʝʤ ʥʝ ʙʦʣʝʝ ʜʝʩʷʪʠ 

ʬʦʪʦʥʦʚ ʥʘ ʦʜʠʥ ʦʧʪʠʯʝʩʢʠʡ ʠʤʧʫʣʴʩ. ɼʣʷ ʩʦʟʜʘʥʠʷ ʧʦʜʦʙʥʳʭ ʢʘʥʘʣʦʚ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ ʣʫʯʰʝ ʚʩʝʛʦ 

ʠʩʧʦʣʴʟʦʚʘʪʴ ʤʘʣʦʤʦʱʥʳʝ ʠʩʪʦʯʥʠʢʠ ʦʧʪʠʯʝʩʢʦʛʦ ʠʟʣʫʯʝʥʠʷ, ʘ ʜʣʷ ʧʨʠʝʤʘ ī ʬʦʪʦʧʨʠʝʤʥʠʢʠ, 

ʨʘʙʦʪʘʶʱʠʝ ʚ ʨʝʞʠʤʝ ʦʜʥʦʢʚʘʥʪʦʚʦʡ ʨʝʛʠʩʪʨʘʮʠʠ [1]. ʆʜʥʘʢʦ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʦʮʝʥʢʘ ʚʣʠʷʥʠʷ ʥʘ 

ʩʢʦʨʦʩʪʴ ʧʝʨʝʜʘʯʠ ʠʥʬʦʨʤʘʮʠʠ ʚ ʢʚʘʥʪʦʚʳʭ ʢʘʥʘʣʘʭ ʩʚʷʟʠ ʧʘʨʘʤʝʪʨʦʚ ʠʩʪʦʯʥʠʢʦʚ ʠ ʧʨʠʝʤʥʠʢʦʚ 

ʦʧʪʠʯʝʩʢʦʛʦ ʠʟʣʫʯʝʥʠʷ ʥʝ ʧʨʦʠʟʚʦʜʠʣʘʩʴ.  

ʇʦʵʪʦʤʫ ʮʝʣʴʶ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʦʧʨʝʜʝʣʝʥʠʝ ʤʦʱʥʦʩʪʠ ʦʧʪʠʯʝʩʢʦʛʦ ʠʟʣʫʯʝʥʠʷ ʠ 

ʧʦʨʦʛʦʚʦʛʦ ʫʨʦʚʥ ̫ ʨʝʛʠʩʪʨʘʮʠʠ ʧʨʠʝʤʥʠʢʘ ʵʪʦʛʦ ʠʟʣʫʯʝʥʠʷ, ʢʦʪʦʨʳʝ ʦʙʝʩʧʝʯʘʪ ʧʦʣʫʯʝʥʠʝ 

ʤʘʢʩʠʤʘʣʴʥʦʡ ʩʢʦʨʦʩʪʠ ʧʝʨʝʜʘʯʠ ʠʥʬʦʨʤʘʮʠʠ ʧʦ ʢʚʘʥʪʦʚʦʤʫ ʢʘʥʘʣʫ ʩʚʷʟʠ. 

 

ʆʧʠʩʘʥʠʝ ʩʧʦʩʦʙʘ 

 

ʂʘʢ ʦʪʤʝʯʝʥʦ ʚ ʨʘʙʦʪʝ [1], ʧʨʦʧʫʩʢʥʘʷ ʩʧʦʩʦʙʥʦʩʪʴ ʢʘʥʘʣʘ ʩʚʷʟʠ ʦʧʨʝʜʝʣʷʝʪʩʷ ʤʘʢʩʠʤʘʣʴʥʳʤ 

ʟʥʘʯʝʥʠʝʤ ʩʢʦʨʦʩʪʠ ʧʝʨʝʜʘʯʠ ʠʥʬʦʨʤʘʮʠʠ ʧʦ ʢʘʥʘʣʫ ʉmax, ʜʦʩʪʠʛʘʝʤʳʤ ʧʨʠ ʨʘʚʝʥʩʪʚʝ ʚʝʨʦʷʪʥʦʩʪʝʡ 

ʧʦʷʚʣʝʥʠʷ ʥʘ ʚʳʭʦʜʝ ʠʩʪʦʯʥʠʢʘ ʩʠʤʚʦʣʘ ç0è Ps(0) ʠ ʩʠʤʚʦʣʘ ç1è ï Ps(1) [Ps(0) = Ps(1) = 0.5]:  
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(1) 

 

ʛʜʝ ʈst(N) ï ʩʪʘʪʠʩʪʠʯʝʩʢʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʥʘ ʚʳʭʦʜʝ ʩʯʝʪʯʠʢʘ ʬʦʪʦʥʦʚ ʩʤʝʩʠ ʪʝʤʥʦʚʳʭ ʠ ʩʠʛʥʘʣʴʥʳʭ 

ʠʤʧʫʣʴʩʦʚ; ʈt(N) ï ʩʪʘʪʠʩʪʠʯʝʩʢʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʪʝʤʥʦʚʳʭ ʠʤʧʫʣʴʩʦʚ; Űb ï ʜʣʠʪʝʣʴʥʦʩʪʴ ʧʝʨʝʜʘʯʠ 

ʦʜʥʦʛʦ ʙʠʪʘ. ʇʨʠ ʵʪʦʤ ʢ ʪʝʤʥʦʚʳʤ ʙʫʜʝʤ ʦʪʥʦʩʠʪɹ ʠʤʧʫʣʴʩʳ, ʢʦʪʦʨʳʝ ʚʦʟʥʠʢʘʶʪ ʚ ʬʦʪʦʧʨʠʝʤʥʠʢʝ 

ʚ ʦʪʩʫʪʩʪʚʠʝ ʦʧʪʠʯʝʩʢʦʛʦ ʠʟʣʫʯʝʥʠʷ ʠ ʚʳʟʳʚʘʶʪʩʷ ʪʝʨʤʦʛʝʥʝʨʠʨʦʚʘʥʥʳʤʠ ʥʦʩʠʪʝʣʷʤʠ ʟʘʨʷʜʘ. 

ʉʦʛʣʘʩʥʦ (1) ʚʝʣʠʯʠʥʘ ʉmax ʟʘʚʠʩʠʪ ʦʪ ʚʝʣʠʯʠʥʳ Űb,  ʚʠʜʘ ʨʘʩʧʨʝʜʝʣʝʥʠʡ ʈt(N) ʠ ʈst(N), 

ʧʦʨʦʛʦʚʦʛʦ ʫʨʦʚʥʷ Nʧ.  

ʇʨʠ ʚʳʙʦʨʝ ʜʣʠʪʝʣʴʥʦʩʪʠ ʧʝʨʝʜʘʯʠ ʦʜʥʦʛʦ ʙʠʪʘ ʥʝʦʙʭʦʜʠʤʦ ʨʫʢʦʚʦʜʩʪʚʦʚʘʪʴʩʷ ʩʣʝʜʫʶʱʠʤ 

ʫʩʣʦʚʠʝʤ: 

01,0¢
b

d

t

t
,                                                                       (2) 

 

ʛʜʝ Űd  ï ʜʣʠʪʝʣʴʥʦʩʪʴ ʤʝʨʪʚʦʛʦ ʚʨʝʤʝʥʠ ʬʦʪʦʧʨʠʝʤʥʠʢʘ. ʂʘʢ ʩʣʝʜʫʝʪ ʠʟ ʨʝʟʫʣʴʪʘʪʦʚ, ʧʦʣʫʯʝʥʥʳʭ ʚ 

ʨʘʙʦʪʝ [1], ʧʨʠ ʚʳʧʦʣʥʝʥʠʠ ʫʩʣʦʚʠʷ (2) ʵʬʬʝʢʪʦʤ ʤʝʨʪʚʦʛʦ ʚʨʝʤʝʥʠ ʚ ʩʯʝʪʯʠʢʝ ʬʦʪʦʥʦʚ ʤʦʞʥʦ 

ʧʨʝʥʝʙʨʝʯʴ. ʇʦʵʪʦʤʫ ʧʨʠ ʚʳʙʦʨʝ Űb ʥʝʦʙʭʦʜʠʤʦ ʟʥʘʪʴ Űd. ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʤʝʨʪʚʦʛʦ ʚʨʝʤʝʥʠ ʩʯʝʪʯʠʢʘ 

ʬʦʪʦʥʦʚ ʤʦʞʥʦ ʚʦʩʧʦʣʴʟʦʚʘʪʴʩʷ ʣʶʙʳʤ ʠʟ ʩʧʦʩʦʙʦʚ, ʦʧʠʩʘʥʥʳʭ ʚ [2]. 

ʉʪʘʪʠʩʪʠʯʝʩʢʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʢʘʢ ʪʝʤʥʦʚʳʭ ʠʤʧʫʣʴʩʦʚ, ʪʘʢ ʠ ʩʤʝʩʠ ʪʝʤʥʦʚʳʭ ʠ ʩʠʛʥʘʣʴʥʳʭ 

ʠʤʧʫʣʴʩʦʚ ʥʘ ʚʳʭʦʜʝ ʩʯʝʪʯʠʢʘ ʬʦʪʦʥʦʚ ʧʦʜʯʠʥʷʝʪʩʷ ʩʪʘʪʠʩʪʠʢʝ ʇʫʘʩʩʦʥʘ [2]. ɺʠʜ ʨʘʩʧʨʝʜʝʣʝʥʠʷ 

ʈt(N) ʟʘʚʠʩʠʪ ʦʪ ʩʨʝʜʥʝʛʦ ʯʠʩʣʘ ʪʝʤʥʦʚʳʭ ʠʤʧʫʣʴʩʦʚ <Nʊ>, ʨʝʛʠʩʪʨʠʨʫʝʤʳʭ ʟʘ ʚʨʝʤʷ ʧʝʨʝʜʘʯʠ 

ʦʜʥʦʛʦ ʩʠʤʚʦʣʘ Űb, ʘ ʚʠʜ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʈst(N) - ʦʪ ʩʨʝʜʥʝʛʦ ʯʠʩʣʘ ʪʝʤʥʦʚʳʭ ʠ ʩʠʛʥʘʣʴʥʳʭ ʠʤʧʫʣʴʩʦʚ 

<Nʉʊ>, ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʥʳʭ ʟʘ ʚʨʝʤʷ Űb. 

ʉʨʝʜʥʝʝ ʯʠʩʣʦ ʩʠʛʥʘʣʴʥʳʭ ʠʤʧʫʣʴʩʦʚ ʩʚʷʟʘʥʦ ʩ ʤʦʱʥʦʩʪʴʶ ʦʧʪʠʯʝʩʢʦʛʦ ʠʟʣʫʯʝʥʠʷ 

ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: 
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ʛʜʝ h ï ʧʦʩʪʦʷʥʥʘʷ ʇʣʘʥʢʘ; ɜ ï ʯʘʩʪʦʪʘ ʦʧʪʠʯʝʩʢʦʛʦ ʠʟʣʫʯʝʥʠʷ; c ï ʩʢʦʨʦʩʪʴ ʩʚʝʪʘ ʚ ʚʘʢʫʫʤʝ; 

ɚ ï ʜʣʠʥʘ ʚʦʣʥʳ ʦʧʪʠʯʝʩʢʦʛʦ ʠʟʣʫʯʝʥʠʷ; ɖ ï ʢʚʘʥʪʦʚʘʷ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʨʝʛʠʩʪʨʘʮʠʠ. 

ʇʦʩʢʦʣʴʢʫ <Nʉʊ> = <Nʉ> + <Nʊ>, ʪʦ ʚʠʜ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʈst(N) ʟʘʚʠʩʠʪ ʦʪ ɖ ʠ W. 

ʇʨʠ ʚʳʙʦʨʝ Nʧ ʨʫʢʦʚʦʜʩʪʚʫʶʪʩʷ ʜʚʫʤʷ ʧʨʠʥʮʠʧʘʤʠ. ʇʝʨʚʳʡ ʠʟ ʥʠʭ ʟʘʢʣʶʯʘʝʪʩʷ ʚ 

ʤʠʥʠʤʠʟʘʮʠʠ ʚʝʨʦʷʪʥʦʩʪʠ ʦʰʠʙʦʯʥʦʡ ʨʝʛʠʩʪʨʘʮʠʠ ʥʘ ʚʳʭʦʜʝ ʢʘʥʘʣʘ ʩʚʷʟʠ  ʩʠʤʚʦʣʘ ç1è ʧʨʠ ʥʘʣʠʯʠʠ 

ʥʘ ʚʭʦʜʝ ç0è. ɼʣʷ ʩʦʙʣʶʜʝʥʠʷ ʵʪʦʛʦ ʧʨʠʥʮʠʧʘ ʧʦʨʦʛʦʚʳʡ ʫʨʦʚʝʥʴ ʨʝʛʠʩʪʨʘʮʠʠ ʩʣʝʜʫʝʪ ʚʳʙʠʨʘʪʴ: 

 

ʊʊʧ
NnNN += ,                                                            (4) 

 

ʛʜʝ n ï ʮʝʣʦʝ ʯʠʩʣʦ ʙʦʣʴʰʝ ʥʫʣʷ. 

ʅʘʠʙʦʣʝʝ ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʚʳʙʠʨʘʪʴ ʟʥʘʯʝʥʠʝ n = 4, ʪʘʢ ʢʘʢ ʚ ʵʪʦʤ ʩʣʫʯʘʝ ʚʝʨʦʷʪʥʦʩʪʴ 

ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʪʴ ʟʘ ʚʨʝʤʷ Űb ʯʠʩʣʦ ʪʝʤʥʦʚʳʭ ʠʤʧʫʣʴʩʦʚ ʙʦʣʴʰʝʝ Nʧ ʙʫʜʝʪ ʤʝʥʝʝ 0,01. 
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ɺʪʦʨʦʡ ʧʨʠʥʮʠʧ ʪʨʝʙʫʝʪ ʤʠʥʠʤʠʟʘʮʠʠ ʚʝʨʦʷʪʥʦʩʪʠ ʦʰʠʙʦʯʥʦʡ ʨʝʛʠʩʪʨʘʮʠʠ ʥʘ ʚʳʭʦʜʝ 

ʢʘʥʘʣʘ ʩʚʷʟʠ ʩʠʤʚʦʣʘ ç0è ʧʨʠ ʥʘʣʠʯʠʠ ʥʘ ʚʭʦʜʝ ʩʠʤʚʦʣʘ ç1è. ʉʦʙʣʶʜʝʥʠʝ ɻ ʪʦʛʦ ʧʨʠʥʮʠʧʘ ʚʦʟʤʦʞʥʦ, 

ʝʩʣʠ: 

 

CʊCʊʧ
NnNN -=  ,                                                           (5) 

 

ʛʜʝ <Nʉʊ> ï ʩʨʝʜʥʝʝ ʢʦʣʠʯʝʩʪʚʦ ʪʝʤʥʦʚʳʭ ʠ ʩʠʛʥʘʣʴʥʳʭ ʠʤʧʫʣʴʩʦʚ, ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʥʳʭ ʟʘ ʚʨʝʤʷ Űb. 

ɼʣʷ n = 4 ʚʝʨʦʷʪʥʦʩʪʴ ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʪʴ ʟʘ ʚʨʝʤʷ Űb  ʯʠʩʣʦ ʪʝʤʥʦʚʳʭ ʠ ʩʠʛʥʘʣʴʥʳʭ ʠʤʧʫʣʴʩʦʚ ʤʝʥʴʰʝʝ 

Nʧ ʪʘʢʞʝ ʙʫʜʝʪ ʤʝʥʴʰʝ 0,01. 

ɼʣʷ ʪʦʛʦ ʯʪʦʙʳ ʵʪʠ ʜʚʘ ʫʩʣʦʚʠʷ ʦʜʥʦʚʨʝʤʝʥʥʦ ʩʦʙʣʶʜʘʣʠʩʴ, ʥʝʦʙʭʦʜʠʤʦ ʧʨʠʨʘʚʥʷʪʴ 

ʚʳʨʘʞʝʥʠʷ (4) ʠ (5) ʜʨʫʛ ʢ ʜʨʫʛʫ: 

 

CʊCʊʊʊ
NnNNnN -=+  .                                              (6) 

 

ɿʥʘʯʝʥʠʝ <Nʊ> ʤʦʞʥʦ ʦʧʨʝʜʝʣʠʪʴ ʥʘ ʦʩʥʦʚʘʥʠʠ ʠʟʤʝʨʝʥʠʡ. ɺʝʣʠʯʠʥʫ <Nʉʊ>  ʤʦʞʥʦ 

ʦʧʨʝʜʝʣʠʪʴ ʠʟ ʫʨʘʚʥʝʥʠʷ (6), ʧʦʜʩʪʘʚʠʚ ʚ ʥʝʛʦ ʠʟʤʝʨʝʥʥʦʝ ʟʥʘʯʝʥʠʝ <Nʊ>: 

 

( )
2

2

2

4

ö
ö
ö

÷

õ

æ
æ
æ

ç

å +++
=

ʊʊ

ʉʊ

NnNnn
N

.                                               (7) 

 

ʇʦʩʢʦʣʴʢʫ ʩʨʝʜʥʝʝ ʯʠʩʣʦ ʩʠʛʥʘʣʴʥʳʭ ʠʤʧʫʣʴʩʦʚ <Nʉ> = <Nʉʊ> - <Nʊ>, ʪʦ ʥʘ ʦʩʥʦʚʘʥʠʠ 

ʠʟʤʝʨʝʥʥʦʛʦ ʟʥʘʯʝʥʠʷ <Nʊ> ʠ ʚʳʨʘʞʝʥʠʷ (7) ʤʦʞʥʦ ʦʧʨʝʜʝʣʠʪʴ ʚʝʣʠʯʠʥʫ <Nʉ> ʧʦ ʬʦʨʤʫʣʝ:  
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ʅʘ ʦʩʥʦʚʘʥʠʠ ʚʳʨʘʞʝʥʠʡ (8) ʠ (3) ʤʦʞʥʦ ʦʧʨʝʜʝʣʠʪʴ ʤʦʱʥʦʩʪʴ ʦʧʪʠʯʝʩʢʦʛʦ ʠʟʣʫʯʝʥʠʷ, 

ʥʝʦʙʭʦʜʠʤʫ  ʁʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʤʘʢʩʠʤʘʣʴʥʦʡ ʩʢʦʨʦʩʪʠ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ: 
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ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʠʩʧʦʣʴʟʫʷ ʬʦʨʤʫʣʫ (4), ʤʦʞʥʦ ʦʧʨʝʜʝʣʠʪʴ ʟʥʘʯʝʥʠʝ Nʧ, ʘ ʚʳʨʘʞʝʥʠʝ (9) 

ʧʦʟʚʦʣʷʝʪ ʚʳʯʠʩʣʠʪʴ ʤʦʱʥʦʩʪʴ ʦʧʪʠʯʝʩʢʦʛʦ ʠʟʣʫʯʝʥʠʷ, ʥʝʦʙʭʦʜʠʤʫʶ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ 

ʤʘʢʩʠʤʘʣʴʥʦʡ ʩʢʦʨʦʩʪʠ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ, ʥʘ ʦʩʥʦʚʘʥʠʠ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʦʧʨʝʜʝʣʝʥʥʦʡ ʚʝʣʠʯʠʥʳ 

ʢʚʘʥʪʦʚʦʡ ɻ ʬʬʝʢʪʠʚʥʦʩʪʠ ʨʝʛʠʩʪʨʘʮʠʠ ʩʯʝʪʯʠʢʘ ʬʦʪʦʥʦʚ. ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ɖ ʤʦʞʥʦ ʚʦʩʧʦʣʴʟʦʚʘʪʴʩʷ 

ʣʶʙʳʤ ʠʟ ʩʧʦʩʦʙʦʚ, ʦʧʠʩʘʥʥʳʭ ʚ [2].  

 

ʆʧʠʩʘʥʠʝ ʫʩʪʨʦʡʩʪʚʘ ʜʣʷ ʨʝʘʣʠʟʘʮʠʠ ʩʧʦʩʦʙʘ 

 

ʋʩʪʨʦʡʩʪʚʦ ʜʣʷ ʨʝʘʣʠʟʘʮʠʠ ʚʳʰʝʦʧʠʩʘʥʥʦʛʦ ʩʧʦʩʦʙʘ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʢʘʣʠʙʨʦʚʘʥʥʳʡ 

ʠʩʪʦʯʥʠʢ ʦʧʪʠʯʝʩʢʦʛʦ ʠʟʣʫʯʝʥʠʷ 1, ʥʘʙʦʨ ʥʝʡʪʨʘʣʴʥʳʭ ʩʚʝʪʦʬʠʣʴʪʨʦʚ 2, ʤʦʜʫʣʷʪʦʨ 3, ʬʦʪʦʧʨʠʝʤʥʠʢ 

4, ʫʩʠʣʠʪʝʣʴ 5, ʘʤʧʣʠʪʫʜʥʳʡ ʜʠʩʢʨʠʤʠʥʘʪʦʨ 6, ʨʝʚʝʨʩʠʚʥʳʡ ʩʯʝʪʯʠʢ ʠʤʧʫʣʴʩʦʚ 7, ʛʝʥʝʨʘʪʦʨ 

ʧʨʷʤʦʫʛʦʣʴʥʳʭ ʠʤʧʫʣʴʩʦʚ 8, ʢʣʶʯ 9 (ʨʠʩ.1). 
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ʈʠʩ. 1. ʉʪʨʫʢʪʫʨʘ ʫʩʪʨʦʡʩʪʚʘ ʜʣʷ ʨʝʘʣʠʟʘʮʠʠ ʩʧʦʩʦʙʘ ʜʦʩʪʠʞʝʥʠʷ ʤʘʢʩʠʤʘʣʴʥʦʡ ʩʢʦʨʦʩʪʠ ʧʝʨʝʜʘʯʠ 

ʠʥʬʦʨʤʘʮʠʠ ʚ ʢʚʘʥʪʦʚʦʤ ʢʘʥʘʣʝ ʩʚʷʟʠ 

 

ʆʪʤʝʪʠʤ, ʯʪʦ ʩʯʝʪʯʠʢ 7 ʦʩʫʱʝʩʪʚʣʷʝʪ ʧʨʷʤʦʡ ʧʦʜʩʯʝʪ ʠʤʧʫʣʴʩʦʚ ʧʨʠ ʥʘʣʠʯʠʠ ʣʦʛʠʯʝʩʢʦʛʦ 

ʥʫʣʷ ʥʘ ʫʧʨʘʚʣʷʶʱʝʤ ʚʭʦʜʝ 2 ʠ ʦʙʨʘʪʥʳʡ ʦʪʩʯʝʪ ʠʤʧʫʣʴʩʦʚ ʧʨʠ ʥʘʣʠʯʠʠ ʣʦʛʠʯʝʩʢʦʡ ʝʜʠʥʠʮʳ ʥʘ 

ʵʪʦʤ ʫʧʨʘʚʣʷʶʱʝʤ ʚʭʦʜʝ. 

ʋʩʪʨʦʡʩʪʚʦ ʬʫʥʢʮʠʦʥʠʨʫʝʪ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ. ʇʝʨʝʜ ʥʘʯʘʣʦʤ ʨʘʙʦʪʳ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ 

ʩʙʨʦʩ ʩʯʝʪʯʠʢʘ 7 ʠ ʟʘʤʳʢʘʝʪʩ ̫ʢʣʶʯ 9. ʇʨʠ ʧʦʤʦʱʠ ʛʝʥʝʨʘʪʦʨʘ ʧʨʷʤʦʫʛʦʣʴʥʳʭ ʠʤʧʫʣʴʩʦʚ 8 ʧʦʜʘʝʪʩʷ 

ʣʦʛʠʯʝʩʢʠʡ ʥʫʣʴ ʥʘ ʫʧʨʘʚʣʷʶʱʠʡ ʚʭʦʜ 2 ʨʝʚʝʨʩʠʚʥʦʛʦ ʩʯʝʪʯʠʢʘ 7 ʠ ʤʦʜʫʣʷʪʦʨ 3. ʄʦʜʫʣʷʪʦʨ 

ʧʝʨʝʢʨʳʚʘʝʪ ʧʦʩʪʫʧʣʝʥʠʝ ʦʧʪʠʯʝʩʢʦʛʦ ʠʟʣʫʯʝʥʠʷ ʦʪ ʠʩʪʦʯʥʠʢʘ 1 ʥʘ ʬʦʪʦʧʨʠʝʤʥʠʢ 4. ɺ ʦʪʩʫʪʩʪʚʠʝ 

ʦʧʪʠʯʝʩʢʦʛʦ ʠʟʣʫʯʝʥʠʷ ʥʘ ʚʳʭʦʜʝ ʬʦʪʦʧʨʠʝʤʥʠʢʘ ʬʦʨʤʠʨʫʶʪʩʷ ʪʝʤʥʦʚʳʝ ʠʤʧʫʣʴʩʳ, ʢʦʪʦʨʳʝ 

ʫʩʠʣʠʚʘʶʪʩʷ ʫʩʠʣʠʪʝʣʝʤ 5 ʠ ʧʨʦʭʦʜʷʪ ʘʤʧʣʠʪʫʜʥʫʶ ʩʝʣʝʢʮʠʶ ʧʨʠ ʧʦʤʦʱʠ ʘʤʧʣʠʪʫʜʥʦʛʦ 

ʜʠʩʢʨʠʤʠʥʘʪʦʨʘ 6. ʉ ʚʳʭʦʜʘ ʜʠʩʢʨʠʤʠʥʘʪʦʨʘ 6 ʩʬʦʨʤʠʨʦʚʘʥʥʳʝ ʧʦ ʘʤʧʣʠʪʫʜʝ ʠ ʜʣʠʪʝʣʴʥʦʩʪʠ 

ʠʤʧʫʣʴʩʳ ʧʦʩʪʫʧʘʶʪ ʥʘ ʚʭʦʜ 1 ʨʝʚʝʨʩʠʚʥʦʛʦ ʩʯʝʪʯʠʢʘ 7. ʉʯʝʪʯʠʢ 7 ʚʳʧʦʣʥʷʝʪ ʧʨʷʤʦʡ ʧʦʜʩʯʝʪ 

ʪʝʤʥʦʚʳʭ ʠʤʧʫʣʴʩʦʚ. ɺʨʝʤʝʥʥʦʡ ʠʥʪʝʨʚʘʣ ʠʟʤʝʨʝʥʠʷ ʩʯʝʪʯʠʢʘ ʜʣʠʪʝʣʴʥʦʩʪʴʶ T1/2 = 1 ʬʦʨʤʠʨʫʝʪ 

ʛʝʥʝʨʘʪʦʨ 8. ɿʘʪʝʤ, ʥʝ ʩʙʨʘʩʳʚʘʷ ʥʘʢʦʧʣʝʥʥʳʝ ʜʘʥʥʳʝ ʚ ʩʯʝʪʯʠʢʝ 7, ʛʝʥʝʨʘʪʦʨ 8 ʧʦʜʘʝʪ ʥʘ ʚʨʝʤʷ T1/2 

ʣʦʛʠʯʝʩʢʫʶ ʝʜʠʥʠʮʫ ʥʘ ʚʭʦʜ 2 ʩʯʝʪʯʠʢʘ 7 ʠ ʤʦʜʫʣʷʪʦʨ 3. ɺ ʨʝʟʫʣʴʪʘʪʝ ʵʪʦʛʦ ʦʧʪʠʯʝʩʢʦʝ ʠʟʣʫʯʝʥʠʝ 

ʟʘʜʘʥʥʦʡ ʤʦʱʥʦʩʪʠ W ʧʦʩʪʫʧʘʝʪ ʯʝʨʝʟ ʥʘʙʦʨ ʥʝʡʪʨʘʣʴʥʳʭ ʩʚʝʪʦʬʠʣʴʪʨʦʚ 2 ʩ ʝʜʠʥʠʯʥʳʤ 

ʢʦʵʬʬʠʮʠʝʥʪʦʤ ʦʩʣʘʙʣʝʥʠʷ Ū ʥʘ ʬʦʪʦʧʨʠʝʤʥʠʢ 4. ʅʘ ʚʳʭʦʜʝ ʬʦʪʦʧʨʠʝʤʥʠʢʘ ʬʦʨʤʠʨʫʶʪʩʷ 

ʪʝʤʥʦʚʳʝ ʠ ʩʠʛʥʘʣʴʥʳʝ ʠʤʧʫʣʴʩʳ, ʢʦʪʦʨʳʝ ʫʩʠʣʠʚʘʶʪʩʷ ʫʩʠʣʠʪʝʣʝʤ 5 ʠ ʧʨʦʭʦʜʷʪ ʘʤʧʣʠʪʫʜʥʫʶ 

ʩʝʣʝʢʮʠʶ ʧʨʠ ʧʦʤʦʱʠ ʘʤʧʣʠʪʫʜʥʦʛʦ ʜʠʩʢʨʠʤʠʥʘʪʦʨʘ 6. ʉ ʚʳʭʦʜʘ ʜʠʩʢʨʠʤʠʥʘʪʦʨʘ 6 

ʩʬʦʨʤʠʨʦʚʘʥʥʳʝ ʧʦ ʘʤʧʣʠʪʫʜʝ ʠ ʜʣʠʪʝʣʴʥʦʩʪʠ ʠʤʧʫʣʴʩʳ ʧʦʩʪʫʧʘʶʪ ʥʘ ʨʝʚʝʨʩʠʚʥʳʡ ʩʯʝʪʯʠʢ 7. 

ʉʯʝʪʯʠʢ 7 ʚʳʧʦʣʥʷʝʪ ʦʙʨʘʪʥʳʡ ʦʪʩʯʝʪ ʪʝʤʥʦʚʳʭ ʠ ʩʠʛʥʘʣʴʥʳʭ ʠʤʧʫʣʴʩʦʚ. ʇʦʩʣʝ ʵʪʦʛʦ ʧʨʦʮʝʩʩ 

ʠʟʤʝʨʝʥʠʷ ʦʩʪʘʥʘʚʣʠʚʘʶʪ ʠ ʩʥʠʤʘʶʪ ʧʦʢʘʟʘʥʠʷ ʩʯʝʪʯʠʢʘ 7. ɿʘʪʝʤ ʩʙʨʘʩʳʚʘʶʪ ʜʘʥʥʳʝ, ʥʘʢʦʧʣʝʥʥʳʝ 

ʚ ʩʯʝʪʯʠʢʝ 7. 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʵʪʠʭ ʜʝʡʩʪʚʠʡ ʩʦʜʝʨʞʠʤʦʝ ʨʝʚʝʨʩʠʚʥʦʛʦ ʩʯʝʪʯʠʢʘ ʦʪʨʘʞʘʝʪ ʢʦʣʠʯʝʩʪʚʦ ʪʦʣʴʢʦ 

ʩʠʛʥʘʣʴʥʳʭ ʠʤʧʫʣʴʩʦʚ Nʉ. ʇʨʦʚʦʜʷʪ ʵʪʠ ʠʟʤʝʨʝʥʠʷ ʤʥʦʛʦʢʨʘʪʥʦ ʠ ʩʥʠʤʘʶʪ ʢʘʞʜʳʡ ʨʘʟ ʧʦʢʘʟʘʥʠʷ 

ʩʯʝʪʯʠʢʘ 7. ʇʦʩʣʝ ʯʝʛʦ ʧʦ ʧʦʣʫʯʝʥʥʳʤ ʜʘʥʥʳʤ ʩʯʝʪʯʠʢʘ 7 ʚʳʯʠʩʣʷʶʪ ʩʨʝʜʥʝʝ ʟʥʘʯʝʥʠʝ <Nʉ>. ʅʘ 

ʦʩʥʦʚʘʥʠʠ ʧʦʣʫʯʝʥʥʦʡ ʚʝʣʠʯʠʥʳ <Nʉ> ʦʧʨʝʜʝʣʷʶʪ ʢʚʘʥʪʦʚʫʶ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʩʯʝʪʯʠʢʘ ʬʦʪʦʥʦʚ ʧʦ 

ʬʦʨʤʫʣʝ: 
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l
h= .                                                                       (10) 

 

ɿʘʪʝʤ ʫʩʪʘʥʘʚʣʠʚʘʶʪ ʧʝʨʝʜ ʬʦʪʦʧʨʠʝʤʥʠʢʦʤ ʥʝʡʪʨʘʣʴʥʳʡ ʩʚʝʪʦʬʠʣʴʪʨ ʩ ʢʦʵʬʬʠʮʠʝʥʪʦʤ 

ʦʩʣʘʙʣʝʥʠʷ Ū = 1,5. ɺʳʧʦʣʥʷʶʪ ʦʧʨʝʜʝʣʝʥʠʝ ʩʨʝʜʥʝʛʦ ʟʥʘʯʝʥʠʷ ʩʠʛʥʘʣʴʥʳʭ ʠʤʧʫʣʴʩʦʚ <N1ʉ>, 

ʧʦʚʪʦʨʷʷ ʚʳʰʝʦʧʠʩʘʥʥʳʝ ʜʝʡʩʪʚʠʷ. ʇʦʩʣʝ ʵʪʦʛʦ ʧʦ ʧʦʣʫʯʝʥʥʳʤ ʟʥʘʯʝʥʠʷʤ <Nʉ> ʠ <N1ʉ> 

ʨʘʩʩʯʠʪʳʚʘʶʪ Űd ʧʦ ʬʦʨʤʫʣʝ [5]: 
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ɿʘʪʝʤ ʟʘʜʘʶʪ ʧʨʠ ʧʦʤʦʱʠ ʛʝʥʝʨʘʪʦʨʘ 8 ʜʣʠʪʝʣʴʥʦʩʪʴ T1/2 = Űb = 100Űd ʠ ʦʪʢʣʶʯʘʶʪ, ʨʘʟʤʳʢʘʷ 

ʢʣʶʯ 9, ʧʦʜʘʯʫ ʫʧʨʘʚʣʷʶʱʝʛʦ ʩʠʛʥʘʣʘ ʥʘ ʤʦʜʫʣʷʪʦʨ 3. ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʨʝʢʨʘʱʘʝʪʩʷ ʧʦʩʪʫʧʣʝʥʠʝ 

ʦʧʪʠʯʝʩʢʦʛʦ ʠʟʣʫʯʝʥʠʷ ʥʘ ʬʦʪʦʧʨʠʝʤʥʠʢ 4. ʇʦʩʣʝ ʵʪʦʛʦ ʥʘʯʠʥʘʶʪ ʠʟʤʝʨʝʥʠʷ ʪʝʤʥʦʚʳʭ ʠʤʧʫʣʴʩʦʚ. 

ʇʦ ʠʩʪʝʯʝʥʠʠ ʚʨʝʤʝʥʠ Űb ʩʯʝʪʯʠʢ 7 ʦʩʪʘʥʘʚʣʠʚʘʶʪ ʠ ʩʥʠʤʘʶʪ ʝʛʦ ʧʦʢʘʟʘʥʠʷ. ɿʘʪʝʤ ʩʙʨʘʩʳʚʘʶʪ 

ʜʘʥʥʳʝ, ʥʘʢʦʧʣʝʥʥʳʝ ʚ ʩʯʝʪʯʠʢʝ 7, ʠ ʠʟʤʝʨʝʥʠʷ ʤʥʦʛʦʢʨʘʪʥʦ ʧʦʚʪʦʨʷʶʪ. ʇʦ ʧʦʣʫʯʝʥʥʳʤ ʜʘʥʥʳʤ 

ʩʯʝʪʯʠʢʘ 7 ʦ ʢʦʣʠʯʝʩʪʚʝ ʪʝʤʥʦʚʳʭ ʠʤʧʫʣʴʩʦʚ ʚʳʯʠʩʣʷʶʪ ʠʭ ʩʨʝʜʥʝʝ ʯʠʩʣʦ <Nʊ> ʠ ʧʦ ʬʦʨʤʫʣʘʤ (5) 

ʠ (9) ʦʧʨʝʜʝʣʷʶʪ ʧʦʨʦʛʦʚʳʡ ʫʨʦʚʝʥʴ ʨʝʛʠʩʪʨʘʮʠʠ ʠ ʤʦʱʥʦʩʪʴ ʦʧʪʠʯʝʩʢʦʛʦ ʠʟʣʫʯʝʥʠʷ, ʧʨʠ ʢʦʪʦʨʳʭ 

ʜʦʩʪʠʛʘʝʪʩʷ ʤʘʢʩʠʤʘʣʴʥʘʷ ʩʢʦʨʦʩʪʴ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ. 

 

ʈʝʟʫʣʴʪʘʪʳ ʠ ʠʭ ʦʙʩʫʞʜʝʥʠʝ 

 

ɺ ʢʘʯʝʩʪʚʝ ʦʙʲʝʢʪʦʚ ʠʩʩʣʝʜʦʚʘʥʠʷ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʢʨʝʤʥʠʝʚʳʝ ʣʘʚʠʥʥʳʝ ʬʦʪʦʜʠʦʜʳ 

ʩʝʨʠʡʥʦʛʦ ʠʟʛʦʪʦʚʣʝʥʠʷ ʌɼ-115ʃ, ʘ ʪʘʢʞʝ ʩʧʝʮʠʘʣʴʥʦ ʠʟʛʦʪʦʚʣʝʥʥʳʝ ʢʨʝʤʥʠʝʚʳʝ ʣʘʚʠʥʥʳʝ 

ʬʦʪʦʧʨʠʝʤʥʠʢʠ ʩʦ ʩʪʨʫʢʪʫʨʦʡ p+n-ɜ-n+. 

ʋʢʘʟʘʥʥʳʝ ʣʘʚʠʥʥʳʝ ʬʦʪʦʧʨʠʝʤʥʠʢʠ ʠʤʝʶʪ ʟʥʘʯʠʪʝʣʴʥʦ ʨʘʟʣʠʯʘʶʱʠʝʩʷ ʥʘʧʨʷʞʝʥʠʷ 

ʧʨʦʙʦʷ, ʦʜʥʘʢʦ ʚ ʨʘʤʢʘʭ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʛʦ ʢʨʫʛʘ ʟʘʜʘʯ, ʢʘʢ ʧʦʢʘʟʘʣʠ ʧʨʦʚʝʜʝʥʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ, 

ʚʝʜʫʪ ʩʝʙʷ ʦʜʠʥʘʢʦʚʦ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʚ ʜʘʣʴʥʝʡʰʝʤ ʧʨʝʜʩʪʘʚʣʷʶʪʩʷ ʨʝʟʫʣʴʪʘʪʳ ʠʟʤʝʨʝʥʠʡ ʪʦʣʴʢʦ 

ʜʣʷ ʦʜʥʦʛʦ ʠʟ ʠʩʩʣʝʜʫʝʤʳʭ ʪʠʧʦʚ ʬʦʪʦʧʨʠʝʤʥʠʢʦʚ. ʇʨʠ ʵʪʦʤ ʩʜʝʣʘʥʥʳʝ ʚʳʚʦʜʳ ʦ ʭʘʨʘʢʪʝʨʝ 

ʧʦʚʝʜʝʥʠʷ ʠ ʨʝʢʦʤʝʥʜʘʮʠʠ ʧʦ ʫʩʣʦʚʠʷʤ ʧʨʠʤʝʥʝʥʠʷ ʩʧʨʘʚʝʜʣʠʚʳ ʢʘʢ ʜʣʷ ʣʘʚʠʥʥʳʭ ʬʦʪʦʜʠʦʜʦʚ ʌɼ-

115ʃ, ʪʘʢ ʠ ʜʣʷ ʬʦʪʦʧʨʠʝʤʥʠʢʦʚ ʩʦ ʩʪʨʫʢʪʫʨʦʡ p+n-ɜ-n+. 

ʅʘ ʨʠʩ. 2 ʧʨʝʜʩʪʘʚʣʝʥʳ ʪʠʧʠʯʥʳʝ ʩʪʘʪʠʩʪʠʯʝʩʢʠʝ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʪʝʤʥʦʚʳʭ ʠʤʧʫʣʴʩʦʚ ʠ 

ʩʤʝʩʠ ʪʝʤʥʦʚʳʭ ʠ ʩʠʛʥʘʣʴʥʳʭ ʠʤʧʫʣʴʩʦʚ. ʕʪʠ ʩʪʘʪʠʩʪʠʯʝʩʢʠʝ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʩʦʦʪʚʝʪʩʪʚʦʚʘʣʠ 

ʨʘʩʧʨʝʜʝʣʝʥʠʶ ʇʫʘʩʩʦʥʘ ʜʣʷ ʚʩʝʭ ʪʠʧʦʚ ʠʩʩʣʝʜʫʝʤʳʭ ʣʘʚʠʥʥʳʭ ʬʦʪʦʧʨʠʝʤʥʠʢʦʚ ʃʌʇ, ʯʪʦ 

ʧʦʜʪʚʝʨʞʜʘʝʪ ʧʨʝʜʧʦʣʦʞʝʥʠʷ, ʩʜʝʣʘʥʥʳʝ ʥʘʤʠ ʧʨʠ ʧʦʣʫʯʝʥʠʠ ʚʳʨʘʞʝʥʠʷ (9).  
 

 
 

ʈʠʩ. 2. ʉʪʘʪʠʩʪʠʯʝʩʢʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʯʠʩʣʘ ʠʤʧʫʣʴʩʦʚ ʥʘ ʚʳʭʦʜʝ ʬʦʪʦʧʨʠʝʤʥʠʢʘ, ʨʘʙʦʪʘʶʱʝʛʦ ʚ 

ʨʝʞʠʤʝ ʦʜʥʦʢʚʘʥʪʦʚʦʡ ʨʝʛʠʩʪʨʘʮʠʠ ʜʣʷ ʣʘʚʠʥʥʦʛʦ ʬʦʪʦʧʨʠʝʤʥʠʢʘ ʩʦ ʩʪʨʫʢʪʫʨʦʡ p+n-ɜ-n+ : 

1ï ʜʣʷ ʩʤʝʩʠ ʪʝʤʥʦʚʳʭ ʠ ʩʠʛʥʘʣʴʥʳʭ ʠʤʧʫʣʴʩʦʚ; 2 ï ʜʣʷ ʪʝʤʥʦʚʳʭ ʠʤʧʫʣʴʩʦʚ 

 

ʉʢʦʨʦʩʪʴ ʧʝʨʝʜʘʯʠ ʠʥʬʦʨʤʘʮʠʠ ʟʘʚʠʩʠʪ ʦʪ ʧʦʨʦʛʦʚʦʛʦ ʫʨʦʚʥʷ Nnʨ. ʇʦʚʝʜʝʥʠʝ ʵʪʠʭ 

ʟʘʚʠʩʠʤʦʩʪʝʡ ʧʨʠ ʠʟʤʝʥʝʥʠʠ ʚʝʣʠʯʠʥʳ Nnʨ ʙʳʣʦ ʦʜʠʥʘʢʦʚʳʤ ʜʣʷ ʠʩʩʣʝʜʫʝʤʳʭ ʪʠʧʦʚ ʃʌʇ (ʨʠʩ. 3). 

ʇʨʠ ʧʨʦʚʝʜʝʥʠʠ ʠʩʩʣʝʜʦʚʘʥʠʷ ʙʳʣʠ ʚʳʙʨʘʥʳ ʟʥʘʯʝʥʠʷ Wʠʟʣ, ʜʣʷ ʢʦʪʦʨʳʭ ʵʬʬʝʢʪ ʤʝʨʪʚʦʛʦ 

ʚʨʝʤʝʥʠ ʥʝ ʥʘʙʣʶʜʘʣʩʷ. ʇʦʣʫʯʝʥʥʳʝ ʟʘʚʠʩʠʤʦʩʪʠ ʠʤʝʶʪ ʷʚʥʦ ʚʳʨʘʞʝʥʥʳʡ ʤʘʢʩʠʤʫʤ. ʉ 

ʫʚʝʣʠʯʝʥʠʝʤ ʤʦʱʥʦʩʪʠ ʦʧʪʠʯʝʩʢʦʛʦ ʩʠʛʥʘʣʘ ʧʦʣʦʞʝʥʠʝ ʤʘʢʩʠʤʫʤʘ ʟʘʚʠʩʠʤʦʩʪʠ Cʠ(Nnʨ) ʩʤʝʱʘʝʪʩʷ 
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ʚ ʩʪʦʨʦʥʫ ʙʦʣʴʰʠʭ ʟʥʘʯʝʥʠʡ Nnʨ ʠ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʚʝʣʠʯʠʥʘ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʟʥʘʯʝʥʠʷ ʜʣʷ ʚʩʝʭ ʪʠʧʦʚ 

ʠʩʩʣʝʜʫʝʤʳʭ ʬʦʪʦʧʨʠʝʤʥʠʢʦʚ. ʕʪʦ ʩʚʷʟʘʥʦ ʩ ʪʝʤ, ʯʪʦ ʧʨʠ ʩʢʦʨʦʩʪʷʭ ʩʯʝʪʘ ʪʝʤʥʦʚʳʭ ʠʤʧʫʣʴʩʦʚ 

ʙʦʣʴʰʠʭ ʠʣʠ ʨʘʚʥʳʭ ʩʢʦʨʦʩʪʠ ʩʯʝʪʘ ʦʜʥʦʢʚʘʥʪʦʚʳʭ ʠʤʧʫʣʴʩʦʚ ʜʦʩʪʘʪʦʯʥʦ ʚʝʣʠʢʘ ʚʝʨʦʷʪʥʦʩʪʴ 

ʦʰʠʙʦʯʥʦʡ ʨʝʛʠʩʪʨʘʮʠʠ ʩʠʤʚʦʣʘ ç1è ʧʨʠ ʥʘʣʠʯʠʠ ʥʘ ʚʭʦʜʝ ʩʠʩʪʝʤʳ ç0è ʠ ʥʘʦʙʦʨʦʪ, ʯʪʦ ʥʝ ʧʦʟʚʦʣʷʝʪ 

ʧʦʣʫʯʠʪʴ ʚʳʩʦʢʫʶ ʩʢʦʨʦʩʪʴ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ. ʉ ʫʚʝʣʠʯʝʥʠʝʤ Wʠʟʣ ʩʢʦʨʦʩʪʴ ʩʯʝʪʘ ʦʜʥʦʢʚʘʥʪʦʚʳʭ 

ʠʤʧʫʣʴʩʦʚ ʥʘʯʠʥʘʝʪ ʧʨʝʚʦʩʭʦʜʠʪʴ ʩʢʦʨʦʩʪʴ ʩʯʝʪʘ ʪʝʤʥʦʚʳʭ ʠʤʧʫʣʴʩʦʚ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʫʤʝʥʴʰʝʥʠʶ 

ʚʝʨʦʷʪʥʦʩʪʠ ʦʰʠʙʦʯʥʦʡ ʨʝʛʠʩʪʨʘʮʠʠ ʠ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʚʣʝʯʝʪ ʨʦʩʪ Cʠ. ʆʪʤʝʪʠʤ, ʯʪʦ ʩʪʘʪʠʩʪʠʯʝʩʢʠʝ 

ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʈʩʪ(N) ʠ ʈʪ(N) ʠʤʝʣʠ ʚʠʜ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʇʫʘʩʩʦʥʘ. ʉ ʫʚʝʣʠʯʝʥʠʝʤ ʤʦʱʥʦʩʪʠ 

ʦʧʪʠʯʝʩʢʦʛʦ ʠʟʣʫʯʝʥʠʷ ʤʘʢʩʠʤʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ ʚʝʨʦʷʪʥʦʩʪʠ ʚ ʨʘʩʧʨʝʜʝʣʝʥʠʠ ʈʩʪ(N) ʩʤʝʱʘʝʪʩʷ 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʤʘʢʩʠʤʘʣʴʥʦʡ ʚʝʨʦʷʪʥʦʩʪʠ ʈʪ(N) ʚ ʩʪʦʨʦʥʫ ʙʦʣʴʰʠʭ ʚʝʣʠʯʠʠ N. ʇʦʵʪʦʤʫ ʩ ʨʦʩʪʦʤ Wʠʟʣ 

ʫʚʝʣʠʯʠʚʘʝʪʩʷ Nnʨ, ʧʨʠ ʢʦʪʦʨʦʤ ʜʦʩʪʠʛʘʝʪʩʷ ʤʘʢʩʠʤʘʣʴʥʘʷ ʩʢʦʨʦʩʪʴ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ.  

 

 
 

ʈʠʩ. 3. ɿʘʚʠʩʠʤʦʩʪʴ ʤʦʱʥʦʩʪʠ ʦʧʪʠʯʝʩʢʦʛʦ ʠʟʣʫʯʝʥʠʷ, ʥʝʦʙʭʦʜʠʤʦʡ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʤʘʢʩʠʤʘʣʴʥʦʡ 

ʩʢʦʨʦʩʪʠ ʧʝʨʝʜʘʯʠ ʠʥʬʦʨʤʘʮʠʠ, ʦʪ ʧʦʨʦʛʦʚʦʛʦ ʫʨʦʚʥʷ ʧʨʠ ʧʦʩʪʦʷʥʥʦʡ ʩʢʦʨʦʩʪʠ ʩʯʝʪʘ ʪʝʤʥʦʚʳʭ 

ʠʤʧʫʣʴʩʦʚ nʪ = 104 ʩï1  ʜʣʷ ʣʘʚʠʥʥʦʛʦ ʬʦʪʦʧʨʠʝʤʥʠʢʘ ʩʦ ʩʪʨʫʢʪʫʨʦʡ p+n-ɜ-n+: 

1 ï ʤʦʱʥʦʩʪʴ ʦʧʪʠʯʝʩʢʦʛʦ ʩʠʛʥʘʣʘ Wʠʟʣ1; 2 ï Wʠʟʣ2; 3 ï Wʠʟʣ3; 

4 ï Wʠʟʣ4 (Wʠʟʣ1 < Wʠʟʣ2 < Wʠʟʣ3 < Wʠʟʣ4) 

 

ʆʧʨʝʜʝʣʠʤ, ʢʘʢ ʟʘʚʠʩʠʪ ʤʦʱʥʦʩʪʴ ʦʧʪʠʯʝʩʢʦʛʦ ʠʟʣʫʯʝʥʠʷ W ʦʪ ʚʝʣʠʯʠʥʳ ʧʝʨʝʥʘʧʨʷʞʝʥʠʷ 

ȹU = Uʧ ī Uʧʨ, ʛʜʝ Uʧ ī ʥʘʧʨʷʞʝʥʠʝ ʧʠʪʘʥʠ ̫ʃʌʇ, Uʧʨ ī ʥʘʧʨʷʞʝʥʠʝ ʝʛʦ ʧʨʦʙʦʷ. ɺʝʣʠʯʠʥʘ 

ʧʝʨʝʥʘʧʨʷʞʝʥʠʷ ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʩʨʘʚʥʝʥʠʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʜʚʫʭ ʪʠʧʦʚ ʣʘʚʠʥʥʳʭ ʬʦʪʦʧʨʠʝʤʥʠʢʦʚ, 

ʧʦʩʢʦʣʴʢʫ ʦʥʠ ʠʤʝʶʪ ʨʘʟʣʠʯʥʳʝ ʥʘʧʨʷʞʝʥʠʷ ʧʨʦʙʦʷ. ɼʣʷ ʣʘʚʠʥʥʦʛʦ ʬʦʪʦʜʠʦʜʘ ʌɼ - 115ʃ 

ʥʘʧʨʷʞʝʥʠʝ ʧʨʦʙʦʷ ʩʦʩʪʘʚʣʷʝʪ 51,4 ɺ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 293 ʂ, ʜʣʷ ʃʌʇ ʩʦ ʩʪʨʫʢʪʫʨʦʡ p+n-ɜ-n+ ī 

240,5 ɺ ʧʨʠ ʪʦʡ ʞʝ ʪʝʤʧʝʨʘʪʫʨʝ.  
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ʈʠʩ. 4. ɿʘʚʠʩʠʤʦʩʪʠ ʤʦʱʥʦʩʪʠ ʦʧʪʠʯʝʩʢʦʛʦ ʠʟʣʫʯʝʥʠʷ, ʥʝʦʙʭʦʜʠʤʦʡ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʤʘʢʩʠʤʘʣʴʥʦʡ 

ʩʢʦʨʦʩʪʠ ʧʝʨʝʜʘʯʠ ʠʥʬʦʨʤʘʮʠʠ, ʢʚʘʥʪʦʚʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʨʝʛʠʩʪʨʘʮʠʠ ʠ ʩʢʦʨʦʩʪʠ ʩʯʝʪʘ ʪʝʤʥʦʚʳʭ 

ʠʤʧʫʣʴʩʦʚ ʦʪ ʧʝʨʝʥʘʧʨʷʞʝʥʠʷ ʜʣʷ ʣʘʚʠʥʥʦʛʦ ʬʦʪʦʧʨʠʝʤʥʠʢʘ ʩʦ ʩʪʨʫʢʪʫʨʦʡ p+n-ɜ-n+ : 

1 ï ʤʦʱʥʦʩʪʴ ʦʧʪʠʯʝʩʢʦʛʦ ʠʟʣʫʯʝʥʠʷ; 2 ï ʩʢʦʨʦʩʪʴ ʩʯʝʪʘ ʪʝʤʥʦʚʳʭ ʠʤʧʫʣʴʩʦʚ;  

3 ï ʢʚʘʥʪʦʚʘʷ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʨʝʛʠʩʪʨʘʮʠʠ 

 

ɿʘʚʠʩʠʤʦʩʪʴ ʚʝʣʠʯʠʥʳ W ʦʪ ʧʝʨʝʥʘʧʨʷʞʝʥʠʷ ʠʤʝʝʪ ʤʠʥʠʤʫʤ. ʕʪʦʪ ʤʠʥʠʤʫʤ ʜʣʷ ʣʘʚʠʥʥʦʛʦ 

ʬʦʪʦʜʠʦʜʘ ʌɼ - 115ʃ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ȹU = 0,5 ɺ ʠ ʤʦʱʥʦʩʪʠ W = 2,1 Ö 10ï8 ɺʪ, ʘ ʜʣʷ ʃʌʇ ʩʦ ʩʪʨʫʢʪʫʨʦʡ 

p+n-ɜ-n+ ī ȹU = 0,6 ɺ ʠ W = 2,5 Ö 10ï8 ɺʪ. ʅʘʣʠʯʠʝ ʤʠʥʠʤʫʤʘ ʟʘʚʠʩʠʤʦʩʪʠ W ʦʪ ȹU ʩʚʷʟʘʥʥʦ ʩ ʪʝʤ, 

ʯʪʦ ʩ ʨʦʩʪʦʤ ʧʝʨʝʥʘʧʨʷʞʝʥʠʷ ʢʚʘʥʪʦʚʘʷ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʨʝʛʠʩʪʨʘʮʠʠ ʚʥʘʯʘʣʝ ʫʚʝʣʠʯʠʚʘʝʪʩʷ, ʘ ʟʘʪʝʤ 

ʫʤʝʥʴʰʘʝʪʩʷ. ʄʠʥʠʤʫʤ ʟʘʚʠʩʠʤʦʩʪʠ W ʦʪ ȹU ʩʦʚʧʘʜʘʝʪ ʩ ʤʘʢʩʠʤʫʤʦʤ ʟʘʚʠʩʠʤʦʩʪʠ ɖ ʦʪ ȹU. 

ʅʝʩʤʦʪʨʷ ʥʘ ʫʚʝʣʠʯʝʥʠʝ ʩʢʦʨʦʩʪʠ ʩʯʝʪʘ ʪʝʤʥʦʚʳʭ ʠʤʧʫʣʴʩʦʚ ʩ ʨʦʩʪʦʤ ʧʝʨʝʥʘʧʨʷʞʝʥʠʷ (ʨʠʩ. 2), 

ʦʧʨʝʜʝʣʷʶʱʠʡ ʚʢʣʘʜ ʚ ʬʦʨʤʠʨʦʚʘʥʠʝ ʟʥʘʯʝʥʠʷ W ʚʥʦʩʠʪ ʢʚʘʥʪʦʚʘʷ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʨʝʛʠʩʪʨʘʮʠʠ ʠ ʝʝ 

ʟʘʚʠʩʠʤʦʩʪʴ ʦʪ ȹU. 

 

ɿʘʢʣʶʯʝʥʠʝ 

 

ʇʨʝʜʣʦʞʝʥ ʩʧʦʩʦʙ, ʧʦʟʚʦʣʷʶʱʠʡ ʦʧʨʝʜʝʣʠʪʴ ʧʦʨʦʛʦʚʳʡ ʫʨʦʚʥʴ ʨʝʛʠʩʪʨʘʮʠʠ ʠ ʤʦʱʥʦʩʪʴ 

ʦʧʪʠʯʝʩʢʦʛʦ ʠʟʣʫʯʝʥʠʷ, ʧʨʠ ʢʦʪʦʨʳʭ ʜʦʩʪʠʛʘʝʪʩʷ ʤʘʢʩʠʤʘʣʴʥʘʷ ʩʢʦʨʦʩʪʴ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ ʧʦ 

ʦʧʪʠʯʝʩʢʦʤʫ ʢʘʥʘʣʫ ʩʚʷʟʠ. ɼʦʢʘʟʘʥʘ ʚʦʟʤʦʞʥʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʵʪʦʛʦ ʩʧʦʩʦʙʘ ʜʣʷ ʦʧʪʠʯʝʩʢʠʭ 

ʩʠʩʪʝʤ ʥʘ ʦʩʥʦʚʝ ʣʘʚʠʥʥʳʭ ʬʦʪʦʧʨʠʝʤʥʠʢʦʚ, ʨʘʙʦʪʘʶʱʠʭ ʚ ʨʝʞʠʤʝ ʦʜʥʦʢʚʘʥʪʦʚʦʡ ʨʝʛʠʩʪʨʘʮʠʠ. 

ʆʧʨʝʜʝʣʝʥʳ ʦʧʪʠʤʘʣʴʥʳʝ ʟʥʘʯʝʥʠʷ ʥʘʧʨʷʞʝʥʠʡ ʧʠʪʘʥʠʷ ʣʘʚʠʥʥʳʭ ʬʦʪʦʧʨʠʝʤʥʠʢʦʚ, ʜʣʷ ʢʦʪʦʨʳʭ 

ʫʜʘʝʪʩʷ ʧʦʣʫʯʠʪʴ ʤʠʥʠʤʘʣʴʥʫʶ ʤʦʱʥʦʩʪʴ ʦʧʪʠʯʝʩʢʦʛʦ ʠʟʣʫʯʝʥʠʷ, ʜʦʩʪʘʪʦʯʥʫʶ ʜʣʷ ʧʦʣʫʯʝʥʠʷ 

ʤʘʢʩʠʤʘʣʴʥʦʡ ʩʢʦʨʦʩʪʠ ʧʝʨʝʜʘʯʠ ʠʥʬʦʨʤʘʮʠʠ. 

THE METHOD TO ACHIEV E THE MAXIMUM DATA R ATE IN THE QUANTUM 

COMMUNICATION CHANNE L 

A.O. ZENEVICH, E.V. NOVIKOV 

Abstract 

In this work we have offered the method that allows to specify a threshold level of registration and 

the optical power, at which the maximum data rate through the optical communication link is 

achieved. 
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STEADY-STATE JAMMER FOR GSM  900, GSM 1800, GSM 1900 

W.S. BERDJAEV, G.I. MELYANETS 

Educational establishment çBelarusian State Academy of Communicationsè, 

F. Skoriny, 8/2, Minsk, 220114, Republic of Belarus 

Submitted 03 September 2016 

This article presents the multiple-choice experiment design and implementation GSM 900, GSM 

1800 and GSM 1900 steady-state jammer. This jammer works at GSM 900, GSM 1800 and GSM 

1900 simultaneously and thus jams the three well-known carriers. Jammers can be used in different 

places and in particular in places where a phone call would be especially undesirable, for example 

in educational institutions during exams.  

Keywords: steady-state jammer, network, jamming-to-signal ratio, microstrip, downlink, uplink, free 

space loss, trace width, characteristic impedance, voltage controlled oscillator, jammer power. 

Introduction  

Steady-state jammer blocks the mobile phones usage by sending out radio waves of the same 

frequencies that mobile phones use. This causes enough interference with the communication between 

mobile phones and BTS to render the phones unusable. Upon activating mobile jammers, all mobile phones 

will indicate çno networkè. Incoming calls are blocked as if the mobile phone were off. When the mobile 

jammers are turned off, all mobile phones will automatically re-establish communications and provide full 

service [1], [2]. It should be mentioned that jammers are illegal devices in some countries. According to the 

Federal Communications Commission (FCC) in the USA: çThe manufacture, importation, sale, or offer for 

sale, of devices designed to block or jam wireless transmissions is prohibitedè. However, recently, there has 

been an increasing demand for portable cell phone jammers. We should mention that the project, presented 

in this article, is solely done for educational purposes. 

We focused on some design parameters to establish the design specifications. These parameters are 

as follows: 

the distance to be jammed éééééééééé.15m, 

signal -to- jamming ratio ééééééééé... 9dB, 

minimum signal power at receiver éééééï 15dBm, 

jammer must work for GSM 900, GSM 1800, GSM1900, 

average power on channel ééééééééé..to 3 W, 

power consumption for device éé..to 10 W for device. 

 

System design. Intelligent Cellular Disablers 

 

The technical project was to design the steady-state jammer which should radiate in the mobile 

telecommunication systems range of operation, while radiant power in other ranges should be insignificant. 

The product should have small radiant power and do not interfere with operation of other means ï computers, 

office equipment, etc. It must be safe for the health of persons. The zone of effective action of the product 

depends on the distance to the nearest basic station of a network mobile communication and should be to 15 

m at average power on channel to 3 W and power consumption to 10 W for the device. 

All the components should have 50 ohm input/output impedance, so 50 ohm microstrip will be 

needed for matching between the components.  

The technical project limitated the designers by the device parts choice. They might be either the 

products of Belarusian (Russian) manufactures or the accessories of foreign firms. Integrated-circuit industry 

produce ʘ wide assortment of logical chips, for example, series ʂʈ1561, KP1564 etc. These chips have low 
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consumption of current in a static mode, high reliability and interference immunity. Unfortunately, there are 

no data of the most important jammer parts among this assortment: voltage controlled oscillator (VCO) and 

power amplifier. In the produced in these countries software such necessary modeling programs as MicroCap, 

Proteus and Multisim are also missing. Lacking similar programs makes it impossible to simulate electrical 

circuits based on domestic parts.  

There are several ways for preventing mobile phones communications in certain specified locations. 

The two most common techniques can be categorized for educational purposes as follows. Firstly, 

çIntelligent Cellular Disablersè, the devices of this type normally work as detectors. Secondly, çJammersè, 

this type of devices blocks frequencies used by mobile communication devices for call establishment. 

Intelligent Cellular Disabler does not transmit an interfering signal on the control channels. The 

device basically works as a detector. This device works by communicating with the nearest cellular base 

station. When the device detects the presence of a mobile phone in the room it operates a prevention of 

authorization of call establishment which is done by the software, at the base station. The device signals the 

base station that the user is in a çquite roomè, and hence do not establish the target communication. This 

process of detection and interruption of call establishment is done during the interval normally reserved for 

signaling and handshaking. This intelligent device as its name implies can recognize emergency calls and 

also allows specific pre-registered users to use their mobile phones for a specified duration. Though this 

device sounds like a good solution, a provision is needed by the cellular personal communications services 

providers, allowing the detector device to be an integral part of the cellular personal communications services 

systems [3]. 

The main advantages of the Intelligent Cellular Disablers: the absence of constant influence of 

radiation and the durable operating time at battery power supply. The main lacks: the higher cost in 

comparison with the elementary systems of suppression of cellular communication, complexity of execution 

and adjustment. 

Simplified diagram of Intelligent Cellular Disabler is present as Figure 1[4]. 
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Figure 1. Simplified diagram of Intelligent Cellular Disabler 

 

Jammer blocks Intelligent Cellular Disabler are PIC16F628* and Aero 11 GSM/GPRS* Transceiver 

[3]. PIC16F628 is flash-based 8-bit CMOS microcontroller provided to generate triangular waveform and 

sinusoidal analog signals together with signals of control of ranges. The technical decision differs from the 

analog circuits by the simplicity of implementation and the high stability of operation. Principally it is 

possible to change the modes and parameters of operation by microprogram change.  
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Jammer blocks Intelligent Cellular Disabler are PIC16F628* and Aero 11 GSM/GPRS* Transceiver [3]. 

PIC16F628 is flash-based 8-bit CMOS microcontroller provided to generate triangular waveform and 

sinusoidal analog signals together with signals of control of ranges. The technical decision differs from the 

analog circuits by the simplicity of implementation and the high stability of operation. Principally it is 

possible to change the modes and parameters of operation by microprogram change.  

Microcontroller forms signals under the given program on outputs RB4 and RB5. After the signal 

transmits through the appropriate integrating circuits it acquires the form demanded for the further 

conversions. From outputs RB6 and RB7 the signals of changing ranges to the high-frequency unit Aero 11 

are formed. To reduce the number of radio components of Intelligent Cellular Disablers and to simplify its 

circuit the integrated transceiver Si4210 is used. It is usually applied in communication systems with mobile 

objects and systems of global positioning. Thus, it is one of the most convenient chips in this case. 

The functional block diagram Aero 11 GSM/GPRS transceiver is presented as Figure 2. 
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Figure 2. Functional Block Diagram Aero 11 GSM/GPRS Transceiver 

 

The Aero II transceiver is the industryôs smallest, highest performance single-chip transceiver. The 

Aero IIôs proven architecture integrates all sensitive components such as loop filters, tuning inductors, 

varactors and capacitors into a single integrated circuit. Compared to competing solutions, the Aero II 

transceiver reduces component count and board space by half. The Aero II receiver provides lower solution 

cost and reduced complexity. The transmit section uses an offset phase-locked loop (OPLL) integrated with 

Silicon Laboratoriesô patented synthesizer technology. The software-programmable universal baseband 

interface allows designer to implement the transceiver with all leading basebands.  

 

System design. Cellular Disablers 

 

The second type of Cellular Disablersis equipped with several independent oscillators, transmitting 

jamming signals capable of blocking frequencies used by paging devices as well [5]. It operates by 

broadcasting radio frequency (RF) interferences preventing mobile phones, broadcast the ability to transmit 

and receive calls. It broadcasts only a jamming signal and has very poor frequency selectivity, which leads 

to interference with a larger amount of communication spectrum than it was originally intended to target. 

There are two types of Cellular Disablers. One of them is the brute force jamming, which jams 

everything. The other puts out a small amount of interference and can be confined within a single cell block. 

The block diagram for this jammer is fairly simple. It shows IF section and RF section. The IF section 

consists of three main parts: triangle wave generator, noise generator and mixer summer. 
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Figure 3. Simplified diagram of Cellular Disabler 

 

IF section. Triangle wave generator 

 

The main use of the triangle wave is to sweep voltage controlled oscillator (VCO) through the desired 

frequency range. The output frequency VCO depends on the charging and discharging of the capacitor, 

resistors values and the power supply for the timer IC. In design was used LM555CM* timer operating in 

the a-stable mode to generate the sweeping signal. 

 

IF section. Noise generator 

 

In order to rise the noise generator reliability we suggested to alter its scheme. 

The noise signal is generated by Zener diode 1N759A* operating in reverse mode. Functioning in 

the reverse mode causes what is called óavalanche effectô, which causes wide band noise. This noise is then 

amplified and used in the system.  
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Two amplification stages on LF412CD* are used in the noise generator. IC LM741CH* is used as 

an audio amplifier and a filter. VCO output modulates sweeping RF carrier. So it is needed to mix the 

triangular signal with noise by means of the second IC LM741CH*. 

 

IF section. Mixer 
 

The mixer in this generator is an amplifier that operates as a summer. So the triangular wave and the 

generated noise will merge before entering the VCO. This task is fulfilled by LM741CH*.  

This gave us the opportunity to unify the noise generator and to reduce it costs. 

 

RF section. Power calculation 

 

RF section is the most important part of the steady-state jammer. It includes two VCO, two RF power 

amplifiers and two antennas. It is very important to note that all the components used in the steady-state 

jammer have 50 ohm input/output impedance, so 50 ohm microstrip in needed for matching the parts.  

In the GSM network one part of a frequency band is allocated to BTS. Another part is allocated to 

the mobile phone. The first part is known as uplink, another part as downlink. Transmit downlink and receive 

uplink bands are for GSM 900: 935 ï 960MHz and 890 ï 915MHz, for GSM 1800: 1805 ï 1880 MHz and 

1710é1785 MHz, for GSM 1900: 1930 ï 1990MHz and 1850 ï1910MHz. 

The jamming frequency must be the same as the downlink, because it needs lower power to do 

jamming than the uplink range and there is no need to jam the base station itself. So, the frequency design 

will be 935 ï 960 MHz for GSM 900, 1805 ï 1880 MHz for GSM 1800 and 1930 ï 1990 MHz. It is the basis 

for the realization of our technical project.  

The design is established upon the distance of 15 meters for each frequency band. To obtain the 

desired output jamming power for coverage range of 15 m it is required to know Free Space Loss. The other 

important parameter is the signal to noise ratio, referred to as the SNR. These factors can be seen in calculation 

formulae of FSL and SNR. The path loss can be calculated using the approximation formula for the 

calculating of free space path loss (Lp) for GSM 900 [3], [5]: 

 

dBmMHzfkmddBmLp 61,5545,32960lg20015,0lg2045,32)(lg20)(lg20)( =++=++=  

 

For GSM devices SNR is 12 dB. Effective devices have the value of SNRmin = 9 dB . To ensure the 

effective jamming mobile devices must have jamming signal strength Jr, as  

 

,24)9()15()( minmax dBmdBdBmSNRSdBmJ r -=--=-=  

 
where Smax ï maximum signal power at receiver, 

           SNRmin ï signal-to-noise ratio. 

The jammer power output will be: 

 

WordBmdBmdBmJLP rpout 45,161,312461,55 =-=-=  

 

Power calculation for GSM 900 may be used to find out the power to be transmitted for jamming 

GSM 1800 and GSM 1900 cell phones for a distance of around 15 m. 

The power supply is an important part of any Cellular Disabler. It was found out that PC power 

supply can provide all needed voltages for steady-state jammer. 

 

RF section. Microstrip  calculation 

 

HF components connected with the microstrips are marked on the simplified diagram of Cellular 

Disabler (Figure 3). The necessary width of 50 ohm microstrips lines for matching was calculated using the 

following equations [6], [7]. The trace width is nearly 0,81 mm for thickness copper plate approximately 

equal to 0.8 mm, when w/h > 1. 
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where: Z0 ï characteristic impedance, 

           
effe ï effective dielectric constant, 

           w ï trace width, 

           h ï height of dielectric, 

          reï dielectric constant. 

 

RF section. VCO calculation 

 

The VCO is responsible for the generating the RF signal that will overpower the mobile receive 

signal. This is downlink band. The choice of the VCO for this project was caused by the following factors: 

its cost and size, the availability of its chips, its control voltage and power consumption as well as by the 

frequency of the GSM systems to be jammed. Thus, the VCOs should cover frequencies 935 ï 960 MHz for 

GSM 900 and 1850 ï 1910 MHz for GSM 1800 and GSM 1900 bands. 

The following VCOs are implemented: 

CVCO55CL* ï 0925 ï 0970 for GSM 900, 

CVCO55BE* ï 1785 ï 1910 for GSM 1800, GSM 1900. 

CVCO55CL* ï 0925 ï 0970 according to its datasheet has the following performance specifications: 

Frequency range 925 ï 970MHz, 

Tuning voltage 0.5 ï 4.5VDC, 

Supply voltage 4.75 ï 5.25VDC, 

Load impedance 50Ý.  
Its output power is 3.0 dBm minimum, with 9.0 dBm maximum, but typically it gives out 6.0 dBm 

(3.98mW). Another VCO uses to the same characteristics except for frequency range. 

By altering the parameters of VCO we managed to provide the jammer model working for three 

GSM bands (in comparison with two cellular bands of the devices suggested by authors in the analyzed 

literary and Internet sources.) 

 

RF section. Power amplifier  

 

Since 6 dBm output power from the VCO does not achieve the desired output power of the GSM 

jammer, the amplifier with a suitable gain must be added to increase the VCO output up to about 35 dBm. 

Amplifier IC PF08109B* is a type most suitable for the final amplification stage in the device. It is designed 

for dual bands. Its output power is about 3 W. 

  

 

 

______________________________________________________________________________________ 

 

* Datasheets: PIC16F628, Aero 11 GSM/GPRS, MAX2641, MAX2640, AD8542, LM555CM, 1N759A, LF412CD, LM741CH, 

CVC055CL, CVC055BE, PF081 [online]. 
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Conclusion 

 

The technical project was to design the steady-state jammer which should radiate in the mobile 

telecommunication systems range of operation, while radiant power in other ranges should be insignificant. 

The suggested device can be used in places where a phone call would be particularly disruptive like schools 

and colleges, etc. It may be used to gum three main carriers. The project was implemented according to the 

following plan: 

1. To make the analysis of GSM jammer devices to find out the best jamming method. 

2. To search the needed components that are required for scheme modeling. 

3. To work out the simulated scheme model implemented in the program Electronics Workbench.  

The further altering of the suggested simulated scheme model will enable the researchers toprovide 

the work of jammers for LTE network, Wi-Fi and Wi-Max. 

ʉʊɸʎʀʆʅɸʈʅʓʁ ɻɽʅɽʈɸʊʆʈ ɿɸʐʋʄʃɽʅʀʗ ʉɽʊɽʁ ʉʆʊʆɺʆʁ ʉɺʗɿʀ 

ɼʃʗ GSM 900, GSM 1800 ʀ GSM 1900 

ɺ.ʉ. ɹEʈɼʗEɺ, ɻ.ʀ. ʄEʃʔʗʅEʎ 

ɸʥʥʦʪʘʮʠʷ 

ɺ ʩʪʘʪʴʝ ʧʨʝʜʩʪʘʚʣʝʥʘ ʘʣʴʪʝʨʥʘʪʠʚʥʘʷ ʨʘʟʨʘʙʦʪʢʘ ʩʪʘʮʠʦʥʘʨʥʦʛʦ ʧʝʨʝʜʘʪʯʠʢʘ ʟʘʰʫʤʣʝʥʠʷ 

ʩʝʪʝʡ ʩʦʪʦʚʦʡ ʩʚʷʟʠ. ʇʝʨʝʜʘʪʯʠʢ ʨʘʙʦʪʘʝʪ ʦʜʥʦʚʨʝʤʝʥʥʦ ʚʦ ʚʩʝʭ ʜʠʘʧʘʟʦʥʘʭ ï GSM 900, GSM 

1800 ʠ GSM 1900, ʩʦʟʜʘʚʘʷ ʧʦʤʝʭʠ ʧʨʠʝʤʫ ʩʠʛʥʘʣʦʚ ʩʦʪʦʚʳʭ ʪʝʣʝʬʦʥʦʚ ʦʪ ʧʦʩʪʘʚʱʠʢʦʚ 

ʫʩʣʫʛ. ɻʝʥʝʨʘʪʦʨ ʟʘʰʫʤʣʝʥʠʷ ʩʝʪʝʡ ʩʦʪʦʚʦʡ ʩʚʷʟʠ ʤʦʞʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʚʦ ʤʥʦʛʠʭ ʤʝʩʪʘʭ, ʚ 

ʪʦʤ ʯʠʩʣʝ ʚ ʫʯʨʝʞʜʝʥʠʷʭ ʦʙʨʘʟʦʚʘʥʠʷ. 
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ʀʅʌʆʈʄɸʎʀʀ 

ɽ.ɺ. ɺɸʉʀʃʀʋ, ʀ.ɺ. ʃʀʄɸʈʔ 

ʆʜʝʩʩʢʘʷ ʥʘʮʠʦʥʘʣʴʥʘʷ ʘʢʘʜʝʤʠʷ ʩʚʷʟʠ ʠʤ. ɸ.ʉ. ʇʦʧʦʚʘ, 

ʫʣ. ʂʫʟʥʝʯʥʘʷ, 1, ʆʜʝʩʘ, 65029, ʋʢʨʘʠʥʘ 

ʇʦʩʪʫʧʠʣʘ ʚ ʨʝʜʘʢʮʠʶ 10 ʥʦʷʙʨʷ 2016 

 
ʇʨʝʜʩʪʘʚʣʝʥ ʢʨʘʪʢʠʡ ʦʙʟʦʨ ʠ ʘʥʘʣʠʟ ʨʘʟʨʘʙʦʪʘʥʥʳʭ ʢ ʥʘʩʪʦʷʱʝʤʫ ʚʨʝʤʝʥʠ, ʘ ʪʘʢʞʝ 

ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʢʚʘʥʪʦʚʳʭ ʤʝʪʦʜʦʚ ʟʘʱʠʪʳ ʠʥʬʦʨʤʘʮʠʠ. ʈʘʩʩʤʦʪʨʝʥʳ ʥʘʠʙʦʣʝʝ ʠʟʚʝʩʪʥʳʝ 

ʧʨʠʤʠʪʠʚʳ ʠ ʧʨʦʪʦʢʦʣʳ ʢʚʘʥʪʦʚʦʡ ʢʨʠʧʪʦʛʨʘʬʠʠ. ʅʘʨʷʜʫ ʩ ʧʨʦʤʳʰʣʝʥʥʦ ʚʳʧʫʩʢʘʝʤʳʤʠ ʠ 

ʫʞʝ ʰʠʨʦʢʦ ʠʟʚʝʩʪʥʳʤʠ ʢʦʥʝʯʥʦʤʫ ʧʦʪʨʝʙʠʪʝʣʶ ʩʠʩʪʝʤʘʤʠ ʢʚʘʥʪʦʚʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ 

ʢʣʶʯʝʡ ʦʧʠʩʘʥʳ ʩʭʝʤʳ, ʥʘʭʦʜʷʱʠʝʩʷ ʥʘ ʩʪʘʜʠʠ ʪʝʦʨʝʪʠʯʝʩʢʠʭ ʠ ʣʘʙʦʨʘʪʦʨʥʳʭ 

ʠʩʩʣʝʜʦʚʘʥʠʡ: ʢʚʘʥʪʦʚʘʷ ʧʨʷʤʘʷ ʙʝʟʦʧʘʩʥʘʷ ʩʚʷʟʴ, ʢʚʘʥʪʦʚʦʝ ʨʘʟʜʝʣʝʥʠʝ ʩʝʢʨʝʪʘ, ʢʚʘʥʪʦʚʦʝ 

ʙʠʪʦʚʦʝ ʦʙʷʟʘʪʝʣʴʩʪʚʦ ʠ ʨʷʜ ʜʨʫʛʠʭ. ɺʳʧʦʣʥʝʥʦ ʩʨʘʚʥʝʥʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʢʚʘʥʪʦʚʳʭ ʠ 

ʪʨʘʜʠʮʠʦʥʥʳʭ çʢʣʘʩʩʠʯʝʩʢʠʭè ʢʨʠʧʪʦʩʠʩʪʝʤ, ʥʘ ʦʩʥʦʚʝ ʢʦʪʦʨʦʛʦ ʨʘʩʩʤʦʪʨʝʥʳ ʧʨʠʩʫʱʠʝ ʠʤ 

ʧʨʝʠʤʫʱʝʩʪʚʘ ʠ ʥʝʜʦʩʪʘʪʢʠ. ɸʥʘʣʦʛʠʯʥʦ ʩʨʘʚʥʠʚʘʶʪʩʷ ʤʝʞʜʫ ʩʦʙʦʡ ʥʝʢʦʪʦʨʳʝ ʧʦʜʭʦʜʳ ʢ 

ʟʘʱʠʪʝ ʜʘʥʥʳʭ ʚ ʨʘʤʢʘʭ ʢʚʘʥʪʦʚʦʡ ʢʨʠʧʪʦʛʨʘʬʠʠ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʤʝʪʦʜʳ ʢʚʘʥʪʦʚʦʡ ʢʨʠʧʪʦʛʨʘʬʠʠ, ʟʘʱʠʪʘ ʠʥʬʦʨʤʘʮʠʠ, ʟʘʱʠʱʝʥʥʘʷ 

ʧʝʨʝʜʘʯʘ ʜʘʥʥʳʭ, ʢʚʘʥʪʦʚʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʢʣʶʯʝʡ, ʢʚʘʥʪʦʚʘʷ ʧʨʷʤʘʷ ʙʝʟʦʧʘʩʥʘʷ ʩʚʷʟʴ, 

ʢʚʘʥʪʦʚʘʷ ʪʝʣʝʧʦʨʪʘʮʠʷ. 

ɺʚʝʜʝʥʠʝ 

ɺʪʦʨʘʷ ʧʦʣʦʚʠʥʘ 70-ʭ ï ʥʘʯʘʣʦ 80-ʭ ʛʦʜʦʚ ʧʨʦʰʣʦʛʦ ʩʪʦʣʝʪʠʷ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʧʣʦʜʦʪʚʦʨʥʳʤ 

ʭʘʨʘʢʪʝʨʦʤ ʨʘʟʚʠʪʠʷ ʢʨʠʧʪʦʣʦʛʠʠ. ʉ ʦʜʥʦʡ ʩʪʦʨʦʥʳ, ʜʘʥʥʦʝ ʧʦʣʦʞʝʥʠʝ ʚʝʱʝʡ ʙʳʣʦ ʦʙʫʩʣʦʚʣʝʥʦ 

ʜʦʩʪʠʛʰʠʤ ʩʚʦʝʛʦ ʧʠʢʘ ʥʘʢʘʣʦʤ ʭʦʣʦʜʥʦʡ ʚʦʡʥʳ. ʉ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ, ʧʦʤʠʤʦ ʤʵʡʥʬʨʝʡʤʦʚ ʠ 

ʩʫʧʝʨʢʦʤʧʴʶʪʝʨʦʚ ʧʨʦʤʳʰʣʝʥʥʦʩʪʴ ʥʘʯʘʣʘ ʚʳʧʫʩʢʘʪʴ ʜʦʩʪʫʧʥʳʝ ʜʣʷ ʙʠʟʥʝʩʘ ʠ ʣʠʯʥʦʛʦ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʢʦʤʧʴʶʪʝʨʥʫʶ ʪʝʭʥʠʢʫ ʠ ʪʝʣʝʢʦʤʤʫʥʠʢʘʮʠʦʥʥʦʝ ʦʙʦʨʫʜʦʚʘʥʠʝ. ɸ ʵʪʦ, ʚ ʩʚʦʶ 

ʦʯʝʨʝʜʴ, ʩʧʦʩʦʙʩʪʚʦʚʘʣʦ ʨʘʟʚʠʪʠʶ çʛʨʘʞʜʘʥʩʢʦʡ ʢʨʠʧʪʦʛʨʘʬʠʠè. ʋʢʘʟʘʥʥʳʡ ʧʝʨʠʦʜ ʦʪʤʝʯʝʥ 

ʚʥʝʜʨʝʥʠʝʤ ʚ ʢʨʠʧʪʦʛʨʘʬʠʶ, ʘ ʠʤʝʥʥʦ ʧʨʠʤʝʥʠʪʝʣʴʥʦ ʢ ʩʠʤʤʝʪʨʠʯʥʳʤ ʩʠʩʪʝʤʘʤ ʰʠʬʨʦʚʘʥʠʷ, 

ʢʦʥʮʝʧʮʠʠ ʩʝʪʠ ʌʝʡʩʪʝʣʷ, ʩʦʟʜʘʥʠʝʤ ʘʣʛʦʨʠʪʤʘ RSA ʠ ʢʨʠʧʪʦʛʨʘʬʠʠ ʩ ʦʪʢʨʳʪʳʤ ʢʣʶʯʦʤ, 

ʨʘʟʨʘʙʦʪʢʦʡ ʤʝʪʦʜʦʚ ʨʘʟʜʝʣʝʥʠʷ ʩʝʢʨʝʪʘ, ʫʜʘʣʝʥʥʦʛʦ ʧʦʜʙʨʘʩʳʚʘʥʠʷ ʤʦʥʝʪʳ ʠ ʨʷʜʘ ʜʨʫʛʠʭ 

ʠʟʚʝʩʪʥʳʭ ʢʨʠʧʪʦʛʨʘʬʠʯʝʩʢʠʭ ʧʨʠʤʠʪʠʚʦʚ. ɺʩʝ ʵʪʠ ʘʩʧʝʢʪʳ ʨʘʟʚʠʪʠʷ ʢʨʠʧʪʦʣʦʛʠʯʝʩʢʦʡ ʥʘʫʢʠ 

ʩʚʷʟʘʥʳ ʛʣʘʚʥʳʤ ʦʙʨʘʟʦʤ ʩ ʨʘʙʦʪʘʤʠ ʚ ʦʙʣʘʩʪʠ çʢʨʠʧʪʦʛʨʘʬʠʯʝʩʢʦʡ ʤʘʪʝʤʘʪʠʢʠè.  

ʆʜʥʘʢʦ ʢ ʩʝʨʝʜʠʥʝ 80-ʭ ʛʦʜʦʚ ʘʤʝʨʠʢʘʥʩʢʠʡ ʢʨʠʧʪʦʛʨʘʬ ʏʘʨʣʴʟ ɹʝʥʥʝʪ ʠ ʝʛʦ ʢʘʥʘʜʩʢʠʡ 

ʢʦʣʣʝʛʘ ɾʠʣʴ ɹʨʘʩʩʘʨʜ ʧʨʝʜʣʦʞʠʣʠ ʠʩʧʦʣʴʟʦʚʘʪʴ ʜʣʷ ʤʝʪʦʜʦʚ ʰʠʬʨʦʚʘʥʠʷ ʩʧʝʮʠʬʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ 

ʦʙʲʝʢʪʦʚ ʤʠʢʨʦʤʠʨʘ, ʷʚʣʝʥʠʷ ʢʦʪʦʨʦʛʦ ʦʧʠʩʳʚʘʶʪʩʷ ʚ ʨʘʤʢʘʭ ʥʝʨʝʣʷʪʠʚʠʩʪʩʢʦʡ ʢʚʘʥʪʦʚʦʡ 

ʤʝʭʘʥʠʢʠ [1]. ʆʩʥʦʚʥʳʤ ʧʨʝʠʤʫʱʝʩʪʚʦʤ ʥʦʚʦʛʦ ʥʘʧʨʘʚʣʝʥʠʷ ʢʨʠʧʪʦʛʨʘʬʠʠ, ʚʩʢʦʨʝ ʧʦʣʫʯʠʚʰʝʛʦ 

ʫʩʪʦʡʯʠʚʦʝ ʥʘʟʚʘʥʠʝ çʢʚʘʥʪʦʚʦʛʦè, ʩʪʘʣʘ ʚʦʟʤʦʞʥʦʩʪʴ ʚʳʷʚʣʝʥʠʷ ʬʘʢʪʘ ʥʝʩʘʥʢʮʠʦʥʠʨʦʚʘʥʥʦʛʦ 

ʧʦʜʢʣʶʯʝʥʠʷ ʢ ʢʘʥʘʣʫ ʩʚʷʟʠ. ʇʨʠʯʝʤ ʵʪʦ ʨʝʘʣʠʟʫʝʪʩʷ ʙʝʟ ʢʘʢʠʭ-ʣʠʙʦ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʩʣʦʞʥʳʭ 

ʪʝʭʥʠʯʝʩʢʠʭ ʫʩʪʨʦʡʩʪʚ, ʢʦʪʦʨʳʝ ʪʨʝʙʫʶʪʩʷ ʜʣʷ ʨʝʰʝʥʠʷ ʪʘʢʦʡ ʟʘʜʘʯʠ ʩʨʝʜʩʪʚʘʤʠ ʪʨʘʜʠʮʠʦʥʥʦʡ 

ʟʘʱʠʱʝʥʥʦʡ ʩʚʷʟʠ. ʋʢʘʟʘʥʥʘʷ ʦʩʦʙʝʥʥʦʩʪʴ ʢʚʘʥʪʦʚʳʭ ʢʨʠʧʪʦʛʨʘʬʠʯʝʩʢʠʭ ʩʠʩʪʝʤ ʦʙʫʩʣʦʚʣʝʥʘ 

ʭʘʨʘʢʪʝʨʦʤ ʬʠʟʠʯʝʩʢʠʭ ʟʘʢʦʥʦʚ, ʦʧʠʩʳʚʘʶʱʠʭ ʧʦʚʝʜʝʥʠʝ ʢʚʘʥʪʦʚ ʩʚʝʪʘ, ʵʣʝʤʝʥʪʘʨʥʳʭ ʯʘʩʪʠʮ ʠ 

ʜʨʫʛʠʭ ʦʙʲʝʢʪʦʚ ʤʠʢʨʦʤʠʨʘ. ʈʝʯʴ ʠʜʝʪ ʦ ʥʝʚʦʟʤʦʞʥʦʩʪʠ ʤʘʥʠʧʫʣʷʮʠʡ (ʠ, ʚ ʯʘʩʪʥʦʩʪʠ, ʠʟʤʝʨʝʥʠʡ) ʩ 

ʢʚʘʥʪʦʚʳʤʠ ʩʦʩʪʦʷʥʠʷʤʠ ʯʘʩʪʠʮ ʙʝʟ ʥʝʦʙʨʘʪʠʤʦʛʦ ʠʟʤʝʥʝʥʠʷ ʩʘʤʠʭ ʵʪʠʭ ʩʦʩʪʦʷʥʠʡ.  

ʊʝʦʨʝʪʠʯʝʩʢʠʝ ʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦ ʢʚʘʥʪʦʚʦʡ ʢʨʠʧʪʦʛʨʘʬʠʠ ʚʝʜʫʪʩʷ ʚʦ 

ʤʥʦʛʠʭ ʥʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʭ ʮʝʥʪʨʘʭ ʠ ʫʥʠʚʝʨʩʠʪʝʪʘʭ ʚ ʨʘʟʚʠʪʳʭ ʩʪʨʘʥʘʭ ʤʠʨʘ. ɿʘ ʧʨʦʰʝʜʰʠʝ 

ʩ ʤʦʤʝʥʪʘ ʥʘʯʘʣʘ ʘʢʪʠʚʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʜʚʘ ʜʝʩʷʪʠʣʝʪʠʷ ʧʨʝʜʣʦʞʝʥʦ ʤʥʦʞʝʩʪʚʦ ʢʚʘʥʪʦʚʳʭ 
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ʢʨʠʧʪʦʛʨʘʬʠʯʝʩʢʠʭ ʧʨʦʪʦʢʦʣʦʚ, ʨʝʰʘʶʱʠʭ ʨʘʟʣʠʯʥʳʝ ʟʘʜʘʯʠ ʟʘʱʠʪʳ ʠʥʬʦʨʤʘʮʠʠ, ʚʳʧʦʣʥʝʥʦ 

ʟʥʘʯʠʪʝʣʴʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʣʘʙʦʨʘʪʦʨʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʧʦ ʠʭ ʧʨʘʢʪʠʯʝʩʢʦʡ ʨʝʘʣʠʟʘʮʠʠ, ʘ ʪʘʢʞʝ 

ʨʘʟʨʘʙʦʪʘʥʳ ʠ ʚʳʚʝʜʝʥʳ ʥʘ ʨʳʥʦʢ ʩʨʝʜʩʪʚ ʟʘʱʠʪʳ ʠʥʬʦʨʤʘʮʠʠ ʧʝʨʚʳʝ ʢʦʤʤʝʨʯʝʩʢʠʝ ʩʠʩʪʝʤʳ 

ʢʚʘʥʪʦʚʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʢʣʶʯʝʡ. 

ʂʦʣʠʯʝʩʪʚʦ ʥʦʚʳʭ ʤʝʪʦʜʦʚ ʠ ʧʨʦʪʦʢʦʣʦʚ ʢʚʘʥʪʦʚʦʡ ʢʨʠʧʪʦʛʨʘʬʠʠ ʧʦʩʪʦʷʥʥʦ ʨʘʩʪʝʪ ʩʦ 

ʚʨʝʤʝʥʝʤ. ʕʪʦ ʟʥʘʯʠʪʝʣʴʥʦ ʫʩʣʦʞʥʷʝʪ ʨʘʙʦʪʫ ʩʧʝʮʠʘʣʠʩʪʦʚ, ʧʦʩʢʦʣʴʢʫ ʢʣʘʩʩʠʬʠʢʘʮʠʷ ʢʚʘʥʪʦʚʳʭ 

ʤʝʪʦʜʦʚ ʟʘʱʠʪʳ ʧʨʦʚʦʜʠʪʩʷ ʯʘʩʪʠʯʥʦ ʠ ʩʚʦʝʚʨʝʤʝʥʥʦ ʥʝ ʦʙʥʦʚʣʷʝʪʩʷ, ʯʪʦ ʫʩʣʦʞʥʷʝʪ ʧʦʠʩʢ ʠ ʥʝ ʜʘʝʪ 

ʚʦʟʤʦʞʥʦʩʪʠ ʚ ʧʦʣʥʦʡ ʤʝʨʝ ʦʮʝʥʠʪʴ ʫʨʦʚʝʥʴ ʩʫʱʝʩʪʚʫʶʱʠʭ ʜʦʩʪʠʞʝʥʠʡ ʜʣʷ ʠʭ ʜʘʣʴʥʝʡʰʝʛʦ 

ʵʬʬʝʢʪʠʚʥʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ. ʎʝʣʴʶ ʜʘʥʥʦʡ ʩʪʘʪʴʠ ʷʚʣʷʝʪʩʷ ʦʙʱʠʡ ʦʙʟʦʨ ʠ ʩʨʘʚʥʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ 

ʩʦʚʨʝʤʝʥʥʳʭ ʢʚʘʥʪʦʚʳʭ ʪʝʭʥʦʣʦʛʠʡ ʟʘʱʠʪʳ ʠʥʬʦʨʤʘʮʠʠ, ʘ ʪʘʢʞʝ ʘʥʘʣʠʟ ʠʭ ʧʨʝʠʤʫʱʝʩʪʚ ʠ 

ʥʝʜʦʩʪʘʪʢʦʚ. 

 

ʆʩʥʦʚʥʳʝ ʢʚʘʥʪʦʚʳʝ ʤʝʪʦʜʳ ʟʘʱʠʪʳ ʠʥʬʦʨʤʘʮʠʠ 

 

ʂ ʥʘʩʪʦʷʱʝʤʫ ʚʨʝʤʝʥʠ ʧʨʝʜʣʦʞʝʥʳ ʨʘʟʣʠʯʥʳʝ ʚʘʨʠʘʥʪʳ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʢʚʘʥʪʦʚʳʭ ʤʝʪʦʜʦʚ 

ʟʘʱʠʪʳ ʠʥʬʦʨʤʘʮʠʠ ʧʦ ʨʘʟʥʳʤ ʧʨʠʟʥʘʢʘʤ. ʊʘʢ, ʚ [2] ʧʨʝʜʣʦʞʝʥʘ ʢʣʘʩʩʠʬʠʢʘʮʠʷ ʧʦ ʜʚʫʤ ʧʨʠʟʥʘʢʘʤ: 

ʟʘʜʘʯʠ ʟʘʱʠʪʳ ʠʥʬʦʨʤʘʮʠʠ, ʨʝʰʘʝʤʳʝ ʢʣʘʩʩʠʬʠʮʠʨʫʝʤʳʤʠ ʤʝʪʦʜʘʤʠ, ʠ ʠʩʧʦʣʴʟʫʝʤʳʝ ʢʚʘʥʪʦʚʳʝ 

ʪʝʭʥʦʣʦʛʠʠ, ʜʨʫʛʠʤʠ ʩʣʦʚʘʤʠ ï ʠʩʧʦʣʴʟʫʝʤʳʝ ʩʚʦʡʩʪʚʘ ʢʚʘʥʪʦʚʳʭ ʩʠʩʪʝʤ. ɺ [3] ʧʨʝʜʣʦʞʝʥʘ 

ʨʘʩʰʠʨʝʥʥʘʷ ʢʣʘʩʩʠʬʠʢʘʮʠʷ, ʫʯʠʪʳʚʘʶʱʘʷ ʥʦʚʳʝ ʥʘʧʨʘʚʣʝʥʠʷ ʢʚʘʥʪʦʚʦʡ ʢʨʠʧʪʦʛʨʘʬʠʠ. ʅʘ ʨʠʩ. 1 

ʧʨʝʜʩʪʘʚʣʝʥ ʧʝʨʝʯʝʥʴ ʩʦʚʨʝʤʝʥʥʳʭ ʢʚʘʥʪʦʚʳʭ ʤʝʪʦʜʦʚ ʟʘʱʠʪʳ ʠʥʬʦʨʤʘʮʠʠ ʧʦ ʠʭ ʥʘʟʥʘʯʝʥʠʶ. 
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ʈʠʩ. 1. ʂʚʘʥʪʦʚʳʝ ʤʝʪʦʜʳ ʟʘʱʠʪʳ ʠʥʬʦʨʤʘʮʠʠ 

 

ʂʚʘʥʪʦʚʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʢʣʶʯʝʡ, ʦʙʝʩʧʝʯʠʚʘʶʱʝʝ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʩ ʙʝʟʫʩʣʦʚʥʦʡ 

ʩʪʦʡʢʦʩʪʴʶ ʩʝʢʨʝʪʥʳʭ ʢʣʶʯʝʡ ʜʣʷ ʩʠʤʤʝʪʨʠʯʥʳʭ ʩʠʩʪʝʤ ʰʠʬʨʦʚʘʥʠʷ, ʷʚʣʷʝʪʩʷ ʭʦʨʦʰʦ ʨʘʟʚʠʪʳʤ 

ʥʘʧʨʘʚʣʝʥʠʝʤ, ʫʞʝ ʚʳʚʝʜʝʥʥʳʤ ʥʘ ʨʳʥʦʢ ʩʨʝʜʩʪʚ ʟʘʱʠʪʳ ʠʥʬʦʨʤʘʮʠʠ. ʆʜʥʘʢʦ ʵʪʘ ʢʚʘʥʪʦʚʘʷ 

ʪʝʭʥʦʣʦʛʠʷ ʥʝ ʦʙʝʩʧʝʯʠʚʘʝʪ ʙʝʟʫʩʣʦʚʥʫʶ ʩʪʦʡʢʦʩʪʴ ʚʩʝʡ ʧʨʦʮʝʜʫʨʳ ʰʠʬʨʦʚʘʥʠʷ, ʧʦʩʢʦʣʴʢʫ 

ʠʩʧʦʣʴʟʫʝʤʳʝ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʩʠʤʤʝʪʨʠʯʥʳʝ ʰʠʬʨʳ ʦʙʣʘʜʘʶʪ ʪʦʣʴʢʦ ʚʳʯʠʩʣʠʪʝʣʴʥʦʡ 

ʩʪʦʡʢʦʩʪʴʶ, ʠ ʥʝ ʨʝʰʘʝʪ ʧʨʦʙʣʝʤʳ ʧʦʣʥʦʛʦ ʧʝʨʝʚʦʜʘ ʧʨʦʮʝʩʩʘ ʟʘʱʠʱʝʥʥʦʡ ʢʦʤʤʫʥʠʢʘʮʠʠ ʥʘ 

ʧʨʠʥʮʠʧʳ ʢʚʘʥʪʦʚʦʡ ʟʘʱʠʱʝʥʥʦʡ ʩʚʷʟʠ. ʆʙʦʩʪʨʷʝʪʩʷ ʩʠʪʫʘʮʠʷ ʪʘʢʞʝ ʠ ʪʝʤ, ʯʪʦ ʝʱʝ ʚ 90-ʝ ʛʦʜʳ ʙʳʣʠ 

ʨʘʟʨʘʙʦʪʘʥʳ ʥʝʩʢʦʣʴʢʦ ʘʣʛʦʨʠʪʤʦʚ ʜʣʷ ʢʚʘʥʪʦʚʳʭ ʢʦʤʧʴʶʪʝʨʦʚ, ʚ ʯʘʩʪʥʦʩʪʠ, ʘʣʛʦʨʠʪʤʳ ʐʦʨʘ ʠ 

ɻʨʦʚʝʨʘ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ ʜʣʷ ʦʩʫʱʝʩʪʚʣʝʥʠʷ ʵʬʬʝʢʪʠʚʥʳʭ ʘʪʘʢ ʥʘ ʤʥʦʛʠʝ 

ʦʩʥʦʚʥʳʝ ʢʣʘʩʩʠʯʝʩʢʠʝ ʢʨʠʧʪʦʛʨʘʬʠʯʝʩʢʠʝ ʧʨʦʪʦʢʦʣʳ. ʀ, ʭʦʪʷ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʝʱʝ ʥʝ ʩʦʟʜʘʥ 

ʢʚʘʥʪʦʚʳʡ ʢʦʤʧʴʶʪʝʨ, ʩʧʦʩʦʙʥʳʡ ʚʳʧʦʣʥʷʪʴ ʵʪʠ ʘʣʛʦʨʠʪʤʳ ʜʣʷ ʙʦʣʴʰʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʢʫʙʠʪʦʚ, ʩʫʜʷ 

ʧʦ ʙʳʩʪʨʦʤʫ ʧʨʦʛʨʝʩʩʫ ʚ ʵʪʦʡ ʦʙʣʘʩʪʠ, ʩʦʟʜʘʥʠʝ ʪʘʢʦʛʦ ʢʦʤʧʴʶʪʝʨʘ ʷʚʣʷʝʪʩʷ ʜʝʣʦʤ ʦʜʥʦʛʦ-ʜʚʫʭ 

ʜʝʩʷʪʠʣʝʪʠʡ. 

ʂʚʘʥʪʦʚʘʷ ʧʨʷʤʘʷ ʙʝʟʦʧʘʩʥʘʷ ʩʚʷʟʴ ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ ʚʦʟʤʦʞʥʳʭ ʨʝʰʝʥʠʡ, 

ʦʙʝʩʧʝʯʠʚʘʶʱʠʭ ʟʘʱʠʱʝʥʥʫʶ ʩʚʷʟʴ ʚʦʦʙʱʝ ʙʝʟ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʰʠʬʨʦʚʘʥʠʷ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʠ 

ʦʪʩʫʪʩʪʚʫʝʪ ʧʨʦʙʣʝʤʘ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʢʣʶʯʝʡ. ɹʦʣʴʰʠʥʩʪʚʦ ʧʨʝʜʣʦʞʝʥʥʳʭ ʢ ʥʘʩʪʦʷʱʝʤʫ ʚʨʝʤʝʥʠ 

ʧʨʦʪʦʢʦʣʦʚ ʢʚʘʥʪʦʚʦʡ ʧʨʷʤʦʡ ʙʝʟʦʧʘʩʥʦʡ ʩʚʷʟʠ ʪʨʝʙʫʶʪ ʧʝʨʝʜʘʯʠ ʢʚʘʥʪʦʚʳʭ ʩʦʩʪʦʷʥʠʡ ʙʣʦʢʘʤʠ. 

ʕʪʦ ʧʦʟʚʦʣʷʝʪ ʚʳʷʚʠʪʴ ʧʨʦʩʣʫʰʠʚʘʥʠʝ ʢʚʘʥʪʦʚʦʛʦ ʢʘʥʘʣʘ ʜʦ ʧʝʨʝʜʘʯʠ ʩʘʤʦʛʦ ʩʦʦʙʱʝʥʠʷ ʠ, ʪʘʢʠʤ 

ʦʙʨʘʟʦʤ, ʛʘʨʘʥʪʠʨʦʚʘʪʴ ʙʝʟʦʧʘʩʥʦʩʪʴ ʧʝʨʝʜʘʯʠ ï ʝʩʣʠ ʧʨʦʩʣʫʰʠʚʘʥʠʝ ʚʳʷʚʣʝʥʦ ʜʦ ʧʝʨʝʜʘʯʠ 
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ʩʦʦʙʱʝʥʠʷ, ʪʦ ʣʝʛʠʪʠʤʥʳʝ ʩʪʦʨʦʥʳ ʧʝʨʝʨʳʚʘʶʪ ʩʝʘʥʩ ʠ ʥʠʢʘʢʘʷ ʠʥʬʦʨʤʘʮʠʷ ʥʝ ʧʦʧʘʜʘʝʪ ʢ 

ʟʣʦʫʤʳʰʣʝʥʥʠʢʫ. ʆʜʥʘʢʦ ʜʣʷ ʭʨʘʥʝʥʠʷ ʪʘʢʠʭ ʙʣʦʢʦʚ ʢʚʘʥʪʦʚʳʭ ʩʦʩʪʦʷʥʠʡ ʥʝʦʙʭʦʜʠʤʘ ʢʚʘʥʪʦʚʘʷ 

ʧʘʤʷʪʴ ʙʦʣʴʰʦʛʦ ʦʙʲʝʤʘ, ʪʝʭʥʦʣʦʛʠʷ ʢʦʪʦʨʦʡ ʧʦʢʘ ʪʦʣʴʢʦ ʨʘʟʨʘʙʘʪʳʚʘʝʪʩʷ. ʇʦʵʪʦʤʫ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ 

ʪʝʭʥʠʯʝʩʢʦʡ ʨʝʘʣʠʟʘʮʠʠ ʧʨʝʠʤʫʱʝʩʪʚʘ ʠʤʝʶʪ ʧʨʦʪʦʢʦʣʳ, ʚ ʢʦʪʦʨʳʭ ʧʝʨʝʜʘʯʘ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ 

ʦʪʜʝʣʴʥʳʤʠ ʢʚʘʥʪʦʚʳʤʠ ʩʦʩʪʦʷʥʠʷʤʠ ʠʣʠ ʥʝʙʦʣʴʰʠʤʠ ʠʭ ʛʨʫʧʧʘʤʠ. ʂ ʪʘʢʠʤ ʧʨʦʪʦʢʦʣʘʤ ʦʪʥʦʩʠʪʩʷ, 

ʚ ʯʘʩʪʥʦʩʪʠ, ʪʘʢ ʥʘʟʳʚʘʝʤʳʡ ʧʠʥʛ-ʧʦʥʛ ʧʨʦʪʦʢʦʣ [4]. ʆʜʥʘʢʦ, ʚ ʦʪʣʠʯʠʝ ʦʪ ʧʨʦʪʦʢʦʣʦʚ ʩ ʧʝʨʝʜʘʯʝʡ 

ʢʚʘʥʪʦʚʳʭ ʩʦʩʪʦʷʥʠʡ ʙʣʦʢʘʤʠ, ʧʠʥʛ-ʧʦʥʛ ʧʨʦʪʦʢʦʣ ʦʙʣʘʜʘʝʪ ʪʦʣʴʢʦ çʘʩʠʤʧʪʦʪʠʯʝʩʢʦʡè 

ʙʝʟʦʧʘʩʥʦʩʪʴʶ, ʪ. ʝ. ʘʪʘʢʘ ʦʙʥʘʨʫʞʠʚʘʝʪʩʷ ʩ ʣʶʙʦʡ ʥʘʧʝʨʝʜ ʟʘʜʘʥʥʦʡ ʚʝʨʦʷʪʥʦʩʪʴʶ, ʥʦ 

ʟʣʦʫʤʳʰʣʝʥʥʠʢ ʧʨʠ ʵʪʦʤ ʤʦʞʝʪ ʧʦʣʫʯʠʪʴ ʥʝʢʦʪʦʨʫʶ ʯʘʩʪʴ ʩʦʦʙʱʝʥʠʷ (ʯʝʤ ʚʳʰʝ ʚʝʨʦʷʪʥʦʩʪʴ 

ʦʙʥʘʨʫʞʝʥʠʷ ʘʪʘʢʠ, ʪʝʤ ʙʦʣʴʰʝ ʠʥʬʦʨʤʘʮʠʠ ʤʦʞʝʪ ʫʪʝʯʴ ʢ ʟʣʦʫʤʳʰʣʝʥʥʠʢʫ). ʅʝʜʘʚʥʦ 

ʧʨʝʜʣʦʞʝʥʥʳʡ ʧʨʦʪʦʢʦʣ ʢʚʘʥʪʦʚʦʡ ʙʝʟʦʧʘʩʥʦʡ ʩʚʷʟʠ [5, 6], ʠʩʧʦʣʴʟʫʶʱʠʡ ʦʜʠʥʦʯʥʳʝ ʬʦʪʦʥʳ 

ʚʤʝʩʪʦ ʧʝʨʝʧʫʪʘʥʥʳʭ ʩʦʩʪʦʷʥʠʡ, ʧʦʟʚʦʣʷʝʪ ʦʙʥʘʨʫʞʠʪʴ ʘʪʘʢʫ ʧʘʩʩʠʚʥʦʛʦ ʧʝʨʝʭʚʘʪʘ ʟʘ ʚʨʝʤʷ ʧʦʨʷʜʢʘ 

20 ʤʢʩ, ʦʜʥʘʢʦ ʟʣʦʫʤʳʰʣʝʥʥʠʢ ʟʘ ʵʪʦ ʚʨʝʤʷ ʠʤʝʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʧʝʨʝʭʚʘʪʠʪʴ ʥʝʢʦʪʦʨʦʝ ʢʦʣʠʯʝʩʪʚʦ 

ʠʥʬʦʨʤʘʮʠʠ.  

ɹʝʟʦʧʘʩʥʦʩʪʴ ʢʚʘʥʪʦʚʳʭ ʧʨʦʪʦʢʦʣʦʚ ʧʨʷʤʦʡ ʙʝʟʦʧʘʩʥʦʡ ʩʚʷʟʠ ʪʠʧʘ ʧʠʥʛ-ʧʦʥʛʘ ʤʦʞʥʦ 

ʧʦʚʳʩʠʪʴ, ʚʳʧʦʣʥʷʷ ʦʧʨʝʜʝʣʝʥʥʳʝ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʧʝʨʝʜʘʚʘʝʤʦʡ ʠʥʬʦʨʤʘʮʠʠ ʠ ʠʟʙʝʛʘʷ ʧʨʠ ʵʪʦʤ 

ʰʠʬʨʦʚʘʥʠʷ ʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʩʝʢʨʝʪʥʳʭ ʢʣʶʯʝʡ. ʉʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʤʝʪʦʜʳ ʜʝʪʘʣʴʥʦ ʠʟʣʦʞʝʥʳ ʚ [7]. 

ʂʚʘʥʪʦʚʳʡ ʧʨʦʪʦʢʦʣ ʨʘʟʜʝʣʝʥʠʷ ʩʝʢʨʝʪʘ ʚʧʝʨʚʳʝ ʙʳʣ ʧʨʝʜʣʦʞʝʥ ʚ ʨʘʙʦʪʝ [8]. ʈʘʟʜʝʣʝʥʠʝ 

ʩʝʢʨʝʪʘ ʠʤʝʝʪ ʚʘʞʥʦʝ ʧʨʘʢʪʠʯʝʩʢʦʝ ʟʥʘʯʝʥʠʝ, ʥʘʧʨʠʤʝʨ, ʚ ʙʘʥʢʦʚʩʢʦʤ ʜʝʣʝ: ʩʦʚʤʝʩʪʥʳʡ ʚʟʘʠʤʥʦ 

ʢʦʥʪʨʦʣʠʨʫʝʤʳʡ ʜʦʩʪʫʧ ʚ ʭʨʘʥʠʣʠʱʝ, ʥʘʣʠʯʠʝ ʙʦʣʝʝ ʦʜʥʦʡ ʵʣʝʢʪʨʦʥʥʦʡ ʮʠʬʨʦʚʦʡ ʧʦʜʧʠʩʠ ʧʨʠ 

ʤʝʞʙʘʥʢʦʚʩʢʠʭ ʧʣʘʪʝʞʥʳʭ ʧʨʦʮʝʜʫʨʘʭ ʠ ʧʣʘʪʝʞʘʭ ʢʣʠʝʥʪ-ʙʘʥʢ. ʊʘʢʞʝ ʦʯʝʚʠʜʥʘ ʮʝʣʝʩʦʦʙʨʘʟʥʦʩʪʴ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʨʘʟʜʝʣʝʥʠʷ ʩʝʢʨʝʪʘ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʙʝʟʦʧʘʩʥʦʩʪʠ ʵʣʝʢʪʨʦʥʥʦʛʦ ʛʦʣʦʩʦʚʘʥʠʷ. ʏʣʝʥʳ 

ʠʟʙʠʨʘʪʝʣʴʥʦʡ ʢʦʤʠʩʩʠʠ, ʚʳʧʦʣʥʷʶʱʠʝ ʧʦʜʩʯʝʪ ʛʦʣʦʩʦʚ, ʜʦʣʞʥʳ ʦʩʫʱʝʩʪʚʣʷʪʴ ʚʟʘʠʤʥʳʡ ʢʦʥʪʨʦʣʴ 

ʚʚʠʜʫ ʧʦʪʝʥʮʠʘʣʴʥʦʛʦ ʥʘʣʠʯʠʷ ʠʥʜʠʚʠʜʫʘʣʴʥʳʭ ʧʦʣʠʪʠʯʝʩʢʠʭ ʧʨʝʜʧʦʯʪʝʥʠʡ ʠ ʧʦʜʚʝʨʞʝʥʥʦʩʪʠ ʚ 

ʩʠʣʫ ʵʪʦʛʦ ʤʦʪʠʚʘʮʠʠ ʚ ʧʣʘʥʝ ʥʝʜʦʙʨʦʩʦʚʝʩʪʥʦʛʦ ʚʳʧʦʣʥʝʥʠʷ ʩʚʦʠʭ ʦʙʷʟʘʥʥʦʩʪʝʡ. ʊʘʢʦʡ ʢʦʥʪʨʦʣʴ 

ʤʦʞʝʪ ʙʳʪʴ ʨʝʘʣʠʟʦʚʘʥ, ʥʘʧʨʠʤʝʨ, ʧʨʠ ʥʘʣʠʯʠʠ ʫ ʢʘʞʜʦʛʦ ʯʣʝʥʘ ʠʟʙʠʨʘʪʝʣʴʥʦʡ ʢʦʤʠʩʩʠʠ ʯʘʩʪʠ 

ʨʘʟʜʝʣʝʥʥʦʛʦ ʩʝʢʨʝʪʘ, ʥʝʦʙʭʦʜʠʤʦʛʦ ʜʣʷ ʜʦʩʪʫʧʘ ʚ ʧʦʤʝʱʝʥʠʝ ʩ ʭʨʘʥʷʱʠʤʠʩʷ ʙʶʣʣʝʪʝʥʷʤʠ. ɼʦʩʪʫʧ 

ʚ ʵʪʦʤ ʩʣʫʯʘʝ ʚʦʟʤʦʞʝʥ ʣʠʰʴ ʧʨʠ ʦʙʲʝʜʠʥʝʥʠʠ ʯʘʩʪʝʡ ʩʝʢʨʝʪʘ, ʯʪʦ ʧʨʝʜʧʦʣʘʛʘʝʪ ʚʟʘʠʤʥʳʡ ʢʦʥʪʨʦʣʴ. 

ʀʩʧʦʣʴʟʦʚʘʪʴ ʢʣʘʩʩʠʯʝʩʢʫʶ ʩʭʝʤʫ ʨʘʟʜʝʣʝʥʠʷ ʩʝʢʨʝʪʘ ʧʨʠ ʧʦʜʩʯʝʪʝ ʛʦʣʦʩʦʚ ʚʧʝʨʚʳʝ ʙʳʣʦ 

ʧʨʝʜʣʦʞʝʥʦ ʚ 1987 ʛ. [9]. ʀʥʪʝʛʨʠʨʦʚʘʥʥʘʷ ʩʠʩʪʝʤʘ ʟʘʱʠʪʳ ʠʥʬʦʨʤʘʮʠʠ ʚ ʨʘʤʢʘʭ ʘʚʪʦʤʘʪʠʟʘʮʠʠ 

ʦʨʛʘʥʠʟʘʮʠʠ ʧʨʦʮʝʩʩʘ ʛʦʣʦʩʦʚʘʥʠʷ, ʠʩʧʦʣʴʟʫʶʱʘʷ ʢʚʘʥʪʦʚʳʝ ʪʝʭʥʦʣʦʛʠʠ ʜʣʷ ʨʝʘʣʠʟʘʮʠʠ ʢʘʢ 

ʨʘʟʜʝʣʝʥʠʷ ʩʝʢʨʝʪʘ, ʪʘʢ ʠ ʙʠʪʦʚʦʛʦ ʦʙʷʟʘʪʝʣʴʩʪʚʘ, ʧʨʝʜʣʦʞʝʥʘ ʚ [10]. 

ʅʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʧʨʝʜʣʦʞʝʥʦ ʟʥʘʯʠʪʝʣʴʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʦʪʣʠʯʘʶʱʠʭʩʷ ʜʨʫʛ ʦʪ ʜʨʫʛʘ ʩʭʝʤ 

ʢʚʘʥʪʦʚʦʛʦ ʨʘʟʜʝʣʝʥʠʷ ʩʝʢʨʝʪʘ: ʥʝʢʦʪʦʨʳʝ ʦʩʥʦʚʘʥʳ ʥʘ ʷʚʣʝʥʠʠ ʢʚʘʥʪʦʚʦʡ ʟʘʧʫʪʘʥʥʦʩʪʠ, ʜʨʫʛʠʝ ï ʥʘ 

ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʩʞʘʪʦʛʦ ʩʚʝʪʘ ʜʣʷ ʨʝʘʣʠʟʘʮʠʠ ʢʚʘʥʪʦʚʳʭ ʷʚʣʝʥʠʡ ʩ ʘʪʨʠʙʫʪʘʤʠ çʥʝʧʨʝʨʳʚʥʳʭ 

ʧʝʨʝʤʝʥʥʳʭè ʠ ʪ. ʜ. ɿʥʘʯʠʪʝʣʴʥʦʝ ʯʠʩʣʦ ʧʨʦʪʦʢʦʣʦʚ ʨʘʟʜʝʣʝʥʠʷ ʩʝʢʨʝʪʘ ʢ ʥʘʩʪʦʷʱʝʤʫ ʚʨʝʤʝʥʠ 

ʫʩʧʝʰʥʦ ʨʝʘʣʠʟʦʚʘʥʦ ʚ ʣʘʙʦʨʘʪʦʨʠʷʭ ʠʟʚʝʩʪʥʳʭ ʫʥʠʚʝʨʩʠʪʝʪʦʚ ʠ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʭ ʮʝʥʪʨʦʚ.  

ʂʚʘʥʪʦʚʳʡ ʧʦʪʦʢʦʚʳʡ ʰʠʬʨ ʚʳʧʦʣʥʷʝʪ ʰʠʬʨʦʚʘʥʠʝ ʜʘʥʥʳʭ ʧʦʜʦʙʥʦ ʢʣʘʩʩʠʯʝʩʢʠʤ 

ʧʦʪʦʢʦʚʳʤ ʰʠʬʨʘʤ, ʥʦ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʢʚʘʥʪʦʚʦʛʦ ʰʫʤʦʚʦʛʦ ʵʬʬʝʢʪʘ ʠ ʤʦʞʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʚ 

ʦʧʪʠʯʝʩʢʠʭ ʪʝʣʝʢʦʤʤʫʥʠʢʘʮʠʦʥʥʳʭ ʩʝʪʷʭ. ʂʚʘʥʪʦʚʳʡ ʧʦʪʦʢʦʚʳʡ ʰʠʬʨ ʙʘʟʠʨʫʝʪʩʷ ʥʘ ʧʨʦʪʦʢʦʣʝ Yuen 

2000 (Y-00) [11]. ʀʩʭʦʜʥʳʤʠ ʜʘʥʥʳʤʠ ʧʝʨʝʜʘʪʯʠʢʘ ʚ ʜʘʥʥʦʡ ʩʭʝʤʝ ʷʚʣʷʝʪʩʷ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ 

ʢʦʛʝʨʝʥʪʥʳʭ ʩʦʩʪʦʷʥʠʡ, ʢʦʪʦʨʘʷ ʧʝʨʝʥʦʩʠʪ ʠʥʬʦʨʤʘʮʠʶ ʦ ʜʘʥʥʳʭ ʠʣʠ ʢʣʶʯʝ. ʊʝʦʨʝʪʠʢʦ-

ʠʥʬʦʨʤʘʮʠʦʥʥʘʷ ʩʪʦʡʢʦʩʪʴ ʧʨʦʪʦʢʦʣʘ Y-00 ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ ʨʘʥʜʦʤʠʟʘʮʠʝʡ, ʢʦʪʦʨʘʷ ʙʘʟʠʨʫʝʪʩʷ ʥʘ 

ʢʚʘʥʪʦʚʦʤ ʰʫʤʝ, ʘ ʪʘʢʞʝ ʥʘ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʩʭʝʤʘʭ. ɽʱʝ ʦʜʥʠʤ ʧʨʝʠʤʫʱʝʩʪʚʦʤ 

ʷʚʣʷʝʪʩʷ ʙʦʣʴʰʘʷ ʟʘʱʠʱʝʥʥʦʩʪʴ ʩʨʘʚʥʠʪʝʣʴʥʦ ʩ ʦʙʳʯʥʳʤʠ ʧʦʪʦʯʥʳʤʠ ʰʠʬʨʘʤʠ ʙʣʘʛʦʜʘʨʷ 

ʢʚʘʥʪʦʚʦʤʫ ʰʫʤʦʚʦʤʫ ʵʬʬʝʢʪʫ ʠ ʥʝʚʦʟʤʦʞʥʦʩʪʠ ʢʣʦʥʠʨʦʚʘʥʠʷ ʢʚʘʥʪʦʚʳʭ ʩʦʩʪʦʷʥʠʡ. ʏʪʦ ʢʘʩʘʝʪʩʷ 

ʥʝʜʦʩʪʘʪʢʦʚ ʢʚʘʥʪʦʚʦʛʦ ʧʦʪʦʢʦʚʦʛʦ ʰʠʬʨʘ, ʪʦ ʩʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʧʨʝʞʜʝ ʚʩʝʛʦ, ʩʣʦʞʥʦʩʪʴ 

ʧʨʘʢʪʠʯʝʩʢʦʡ ʨʝʘʣʠʟʘʮʠʠ ʩʠʩʪʝʤʳ. 

ʂʚʘʥʪʦʚʘʷ ʮʠʬʨʦʚʘʷ ʧʦʜʧʠʩʴ ʠʩʧʦʣʴʟʫʝʪ ʦʜʥʦʩʪʦʨʦʥʥʶʶ ʬʫʥʢʮʠʶ [12], ʢʦʪʦʨʘʷ, ʚ ʦʪʣʠʯʠʝ 

ʦʪ ʢʣʘʩʩʠʯʝʩʢʦʡ, ʙʦʣʝʝ ʟʘʱʠʱʝʥʘ ʩ ʪʝʦʨʝʪʠʢʦ-ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʪʦʯʢʠ ʟʨʝʥʠʷ, ʪ. ʝ. ʝʝ ʟʘʱʠʱʝʥʥʦʩʪʴ 

ʥʝ ʟʘʚʠʩʠʪ ʦʪ ʤʦʱʥʦʩʪʠ ʦʙʦʨʫʜʦʚʘʥʠʷ ʟʣʦʫʤʳʰʣʝʥʥʠʢʘ. ʂʚʘʥʪʦʚʘʷ ʦʜʥʦʩʪʦʨʦʥʥʷʷ ʬʫʥʢʮʠʷ 

ʦʧʨʝʜʝʣʷʝʪʩʷ ʩʣʝʜʫʶʱʠʤʠ ʩʚʦʡʩʪʚʘʤʠ ʢʚʘʥʪʦʚʳʭ ʩʠʩʪʝʤ: 

ï ʚ ʦʪʣʠʯʠʝ ʦʪ ʢʣʘʩʩʠʯʝʩʢʠʭ ʙʠʪ, ʢʫʙʠʪʳ ʤʦʛʫʪ ʥʘʭʦʜʠʪʴʩʷ ʚ ʩʫʧʝʨʧʦʟʠʮʠʷʭ ç0è ʠ ç1è; 

ï ʩʦʛʣʘʩʥʦ ʪʝʦʨʝʤʝ ʍʦʣʝʚʦ, ʢʦʣʠʯʝʩʪʚʦ ʢʣʘʩʩʠʯʝʩʢʦʡ ʠʥʬʦʨʤʘʮʠʠ, ʢʦʪʦʨʫʶ ʤʦʞʥʦ ʧʦʣʫʯʠʪʴ 

ʠʟ ʢʚʘʥʪʦʚʦʛʦ ʩʦʩʪʦʷʥʠʷ, ʦʛʨʘʥʠʯʝʥʦ.  
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ɺ ʩʠʩʪʝʤʘʭ, ʢʦʪʦʨʳʝ ʠʩʧʦʣʴʟʫʶʪ ʢʚʘʥʪʦʚʫʶ ʮʠʬʨʦʚʫʶ ʧʦʜʧʠʩʴ, ʠʜʝʥʪʠʬʠʢʘʮʠʷ 

ʧʦʣʴʟʦʚʘʪʝʣʝʡ ʠ ʮʝʣʦʩʪʥʦʩʪʴ ʠʥʬʦʨʤʘʮʠʠ ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ ʘʥʘʣʦʛʠʯʥʦ ʢʣʘʩʩʠʯʝʩʢʦʡ ʮʠʬʨʦʚʦʡ 

ʧʦʜʧʠʩʠ. ʂ ʦʩʥʦʚʥʳʤ ʧʨʝʠʤʫʱʝʩʪʚʘʤ ʢʚʘʥʪʦʚʦʡ ʮʠʬʨʦʚʦʡ ʧʦʜʧʠʩʠ ʩʣʝʜʫʝʪ ʦʪʥʝʩʪʠ ʪʝʦʨʝʪʠʢʦ-

ʠʥʬʦʨʤʘʮʠʦʥʥʫʶ ʟʘʱʠʱʝʥʥʦʩʪʴ ʠ ʫʧʨʦʱʝʥʥʫʶ ʩʭʝʤʫ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʢʣʶʯʝʡ. ɻʣʘʚʥʳʤ ʞʝ 

ʥʝʜʦʩʪʘʪʢʦʤ ʷʚʣʷʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴ ʛʝʥʝʨʠʨʦʚʘʥʠʷ ʦʛʨʘʥʠʯʝʥʥʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʢʦʧʠʡ ʦʪʢʨʳʪʦʛʦ ʢʣʶʯʘ, 

ʢʨʦʤʝ ʪʦʛʦ, ʚ ʦʪʣʠʯʠʝ ʦʪ ʠʜʝʘʣʴʥʦʡ ʢʣʘʩʩʠʯʝʩʢʦʡ ʦʜʥʦʩʪʦʨʦʥʥʝʡ ʬʫʥʢʮʠʠ, ʚʩʝʛʜʘ ʝʩʪʴ ʫʪʝʯʢʘ 

ʦʧʨʝʜʝʣʝʥʥʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʠʥʬʦʨʤʘʮʠʠ ʦʙ ʠʩʭʦʜʥʳʭ ʜʘʥʥʳʭ ʢʚʘʥʪʦʚʦʡ ʦʜʥʦʩʪʦʨʦʥʥʝʡ ʬʫʥʢʮʠʠ [12]. 

ʂʚʘʥʪʦʚʘʷ ʩʪʝʛʘʥʦʛʨʘʬʠʷ, ʘʥʘʣʦʛʠʯʥʦ ʢʣʘʩʩʠʯʝʩʢʦʡ, ʠʤʝʝʪ ʮʝʣʴʶ ʩʦʢʨʳʪʠʝ ʩʘʤʦʛʦ ʬʘʢʪʘ 

ʧʝʨʝʜʘʯʠ ʠʥʬʦʨʤʘʮʠʠ. ʇʨʝʜʣʦʞʝʥʥʳʝ ʢ ʥʘʩʪʦʷʱʝʤʫ ʚʨʝʤʝʥʠ ʧʨʦʪʦʢʦʣʳ ʧʨʝʜʥʘʟʥʘʯʝʥʳ, ʚ ʦʩʥʦʚʥʦʤ, 

ʜʣʷ ʩʢʨʳʪʠʷ ʦʜʥʦʛʦ ʢʚʘʥʪʦʚʦʛʦ ʩʦʩʪʦʷʥʠʷ ʚ ʜʨʫʛʦʤ ʠ ʦʩʥʦʚʘʥʳ ʥʘ ʪʨʝʭ ʦʩʥʦʚʥʳʭ ʤʝʪʦʜʘʭ: 

1) ʩʢʨʳʪʠʝ ʚ ʢʚʘʥʪʦʚʦʤ ʰʫʤʝ; 

2) ʩʢʨʳʪʠʝ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʢʚʘʥʪʦʚʳʭ ʢʦʜʦʚ ʠʩʧʨʘʚʣʝʥʠʷ ʦʰʠʙʦʢ; 

3) ʩʢʨʳʪʠʝ ʚ ʬʦʨʤʘʪʘʭ ʜʘʥʥʳʭ, ʧʨʦʪʦʢʦʣʘʭ ʠ ʪ. ʜ. 

ʇʦʩʣʝʜʥʠʡ ʤʝʪʦʜ ï ʩʘʤʦʝ ʤʥʦʛʦʦʙʝʱʘʶʱʝʝ ʥʘʧʨʘʚʣʝʥʠʝ ʢʚʘʥʪʦʚʦʡ ʩʪʝʛʘʥʦʛʨʘʬʠʠ, ʪʘʢʞʝ 

ʩʢʨʳʪʠʝ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʢʚʘʥʪʦʚʳʭ ʢʦʜʦʚ ʠʩʧʨʘʚʣʝʥʠʷ ʦʰʠʙʦʢ ʠʤʝʝʪ ʧʝʨʩʧʝʢʪʠʚʫ ʙʫʜʫʱʝʛʦ 

ʚʥʝʜʨʝʥʠʷ ʚ ʧʨʘʢʪʠʢʫ [13], ʭʦʪʷ ʥʘ ʜʘʥʥʳʡ ʤʦʤʝʥʪ ʘʚʪʦʨʘʤ ʥʝ ʠʟʚʝʩʪʥʦ ʥʠ ʦʜʥʦʡ ʧʨʘʢʪʠʯʝʩʢʦʡ 

ʨʝʘʣʠʟʘʮʠʠ ʩʠʩʪʝʤʳ ʢʚʘʥʪʦʚʦʡ ʩʪʝʛʘʥʦʛʨʘʬʠʠ.  

ʂʚʘʥʪʦʚʦʡ ʪʝʣʝʧʦʨʪʘʮʠʝʡ ʥʘʟʳʚʘʝʪʩʷ ʧʝʨʝʜʘʯʘ ʢʚʘʥʪʦʚʦʛʦ ʩʦʩʪʦʷʥʠʷ ʥʘ ʨʘʩʩʪʦʷʥʠʝ ʧʨʠ 

ʧʦʤʦʱʠ ʨʘʟʚʝʜʝʥʥʦʡ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ ʟʘʧʫʪʘʥʥʦʡ ʧʘʨʳ ʠ ʢʣʘʩʩʠʯʝʩʢʦʛʦ ʢʘʥʘʣʘ ʩʚʷʟʠ, ʧʨʠ ʢʦʪʦʨʦʡ 

ʩʦʩʪʦʷʥʠʝ ʨʘʟʨʫʰʘʝʪʩʷ ʚ ʪʦʯʢʝ ʦʪʧʨʘʚʣʝʥʠʷ ʧʨʠ ʧʨʦʚʝʜʝʥʠʠ ʠʟʤʝʨʝʥʠʷ, ʧʦʩʣʝ ʯʝʛʦ ʚʦʩʧʨʦʠʟʚʦʜʠʪʩʷ 

ʚ ʪʦʯʢʝ ʧʨʠʝʤʘ [14]. ʇʨʠ ʵʪʦʤ ʦʙʷʟʘʪʝʣʴʥʦʡ ʷʚʣʷʝʪʩʷ ʧʝʨʝʜʘʯʘ ʠʥʬʦʨʤʘʮʠʠ ʤʝʞʜʫ ʠʩʪʦʯʥʠʢʦʤ ʠ 

ʧʨʠʝʤʥʠʢʦʤ ʢʣʘʩʩʠʯʝʩʢʠʤ, ʥʝʢʚʘʥʪʦʚʳʤ ʢʘʥʘʣʦʤ, ʢʦʪʦʨʘʷ ʤʦʞʝʪ ʦʩʫʱʝʩʪʚʣʷʪʴʩʷ ʥʝ ʙʳʩʪʨʝʝ, ʯʝʤ 

ʩʦ ʩʢʦʨʦʩʪʴʶ ʩʚʝʪʘ. ʇʨʦʪʦʢʦʣʳ ʢʚʘʥʪʦʚʦʡ ʪʝʣʝʧʦʨʪʘʮʠʠ ʜʝʣʷʪ ʥʘ ʜʚʘ ʢʣʘʩʩʘ: ʚʝʨʦʷʪʥʦʩʪʥʳʝ ʠ 

ʜʝʪʝʨʤʠʥʠʨʦʚʘʥʥʳʝ, ʜʣʷ ʚʝʨʦʷʪʥʦʩʪʥʳʭ ʥʝ ʚʘʞʥʦ, ʩʢʦʣʴʢʦ ʬʦʪʦʥʦʚ ʧʦʪʝʨʷʝʪʩʷ ʧʨʠ ʧʝʨʝʩʳʣʢʝ, ʠ 

ʦʥʠ ʙʦʣʝʝ ʧʨʠʛʦʜʥʳ ʜʣʷ ʪʝʣʝʧʦʨʪʘʮʠʠ ʢʚʘʥʪʦʚʳʭ ʩʦʩʪʦʷʥʠʡ ʥʘ ʙʦʣʴʰʠʝ ʨʘʩʩʪʦʷʥʠʷ. ʆʪʤʝʪʠʤ, ʯʪʦ 

ʢ ʥʘʩʪʦʷʱʝʤʫ ʚʨʝʤʝʥʠ ʧʨʝʜʣʦʞʝʥʦ ʤʥʦʞʝʩʪʚʦ ʢʚʘʥʪʦʚʳʭ ʧʨʦʪʦʢʦʣʦʚ ʧʨʷʤʦʡ ʙʝʟʦʧʘʩʥʦʡ ʩʚʷʟʠ, 

ʨʘʟʜʝʣʝʥʠʷ ʩʝʢʨʝʪʘ ʠ ʜʨʫʛʠʭ ʧʨʠʤʠʪʠʚʦʚ ʢʚʘʥʪʦʚʦʡ ʢʨʠʧʪʦʛʨʘʬʠʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʢʚʘʥʪʦʚʦʡ 

ʪʝʣʝʧʦʨʪʘʮʠʠ. ʇʨʠ ʵʪʦʤ ʪʝʣʝʧʦʨʪʘʮʠʷ ʚ ʪʘʢʠʭ ʧʨʦʪʦʢʦʣʘʭ, ʢʘʢ ʧʨʘʚʠʣʦ, ʧʨʦʠʟʚʦʜʠʪʩʷ ʧʦʜ 

ʢʦʥʪʨʦʣʝʤ ʥʝʢʦʪʦʨʦʡ ʜʦʚʝʨʝʥʥʦʡ ʩʪʦʨʦʥʳ ʠ ʧʦʵʪʦʤʫ ʥʘʟʳʚʘʝʪʩʷ ʢʦʥʪʨʦʣʠʨʫʝʤʦʡ ʢʚʘʥʪʦʚʦʡ 

ʪʝʣʝʧʦʨʪʘʮʠʝʡ [15].  

ɼʦʩʪʘʪʦʯʥʦ ʜʣʠʪʝʣʴʥʫʶ ʠʩʪʦʨʠʶ ʠʤʝʝʪ ʨʝʰʝʥʠʝ ʟʘʜʘʯʠ ʢʚʘʥʪʦʚʦʛʦ ʙʠʪʦʚʦʛʦ 

ʦʙʷʟʘʪʝʣʴʩʪʚʘ ï ʧʝʨʝʜʘʯʠ ʧʘʨʪʥʝʨʫ ʟʘʢʨʳʪʦʡ ʠʥʬʦʨʤʘʮʠʠ, ʢʦʪʦʨʫʶ, ʩʦʛʣʘʩʥʦ ʫʩʣʦʚʠʷʤ, 

ʥʝʜʦʧʫʩʪʠʤʦ ʧʨʝʞʜʝʚʨʝʤʝʥʥʦ ʨʘʩʢʨʳʚʘʪʴ, ʥʦ ʦʪ ʩʦʜʝʨʞʘʥʠʷ ʢʦʪʦʨʦʡ ʠ ʦʪ ʘʚʪʦʨʩʪʚʘ, ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ, 

ʥʝ ʠʤʝʝʪ ʧʨʘʚʘ ʦʪʢʘʟʘʪʴʩʷ ʦʪʧʨʘʚʠʪʝʣʴ. ʆʪʧʨʘʚʣʷʝʤʳʝ ʜʘʥʥʳʝ ʥʘʭʦʜʷʪʩʷ ʚ ʩʦʩʪʦʷʥʠʠ ʟʘʢʨʳʪʦʩʪʠ 

(ʣʦʢʠʥʛʘ) ʠ ʤʦʛʫʪ ʙʳʪʴ ʨʘʩʰʠʬʨʦʚʘʥʳ ʧʦʣʫʯʘʪʝʣʝʤ ʪʦʣʴʢʦ ʧʨʠ ʚʨʫʯʝʥʠʠ ʝʤʫ ʢʣʶʯʘ ʦʪ ʦʪʧʨʘʚʠʪʝʣʷ. 

ʇʨʦʪʦʢʦʣ ʢʚʘʥʪʦʚʦʛʦ ʙʠʪʦʚʦʛʦ ʦʙʷʟʘʪʝʣʴʩʪʚʘ ʧʨʠʥʷʣ ʬʦʨʤʫ ʧʨʠʝʤʣʝʤʦʛʦ ʨʝʰʝʥʠʷ ʣʠʰʴ ʩʧʫʩʪʷ ʜʚʘ 

ʜʝʩʷʪʠʣʝʪʠʷ ʧʦʩʣʝ ʧʦʩʪʘʥʦʚʢʠ ʟʘʜʘʯʠ ʚ ʨʘʤʢʘʭ ʢʚʘʥʪʦʚʦʡ ʢʨʠʧʪʦʛʨʘʬʠʠ [16]. ʆʪʥʦʩʠʪʝʣʴʥʦ ʣʝʛʢʦ 

ʥʘʰʝʜʰʘʷ ʩʚʦʝ ʨʘʟʨʝʰʝʥʠʝ ʚ ʢʣʘʩʩʠʯʝʩʢʦʡ ʢʨʠʧʪʦʛʨʘʬʠʠ, ʧʨʦʙʣʝʤʘ ʙʠʪʦʚʦʛʦ ʦʙʷʟʘʪʝʣʴʩʪʚʘ ʜʦʣʛʦʝ 

ʚʨʝʤʷ ʫʧʦʨʥʦ ʥʘʪʘʣʢʠʚʘʣʘʩʴ ʥʘ ʥʝʧʨʝʦʜʦʣʠʤʳʝ ʪʨʫʜʥʦʩʪʠ ʧʨʠ ʧʦʧʳʪʢʘʭ ʚʦʧʣʦʱʝʥʠʷ ʪʘʢʦʛʦ ʨʦʜʘ 

ʩʭʝʤʳ ʚ ʨʘʤʢʘʭ ʢʚʘʥʪʦʚʳʭ ʢʨʠʧʪʦʩʠʩʪʝʤ. ɺ ʢʦʥʝʯʥʦʤ ʠʪʦʛʝ ʠʩʩʣʝʜʦʚʘʪʝʣʷʤ ʫʜʘʣʦʩʴ ʩʦʟʜʘʪʴ ʢʘʢ 

ʪʝʦʨʝʪʠʯʝʩʢʦʝ ʧʦʩʪʨʦʝʥʠʝ ʪʘʢʦʛʦ ʢʨʠʧʪʦʛʨʘʬʠʯʝʩʢʦʛʦ ʢʚʘʥʪʦʚʦʛʦ ʧʨʠʤʠʪʠʚʘ, ʪʘʢ ʠ ʝʛʦ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʝ ʚʦʧʣʦʱʝʥʠʝ, ʦʧʠʨʘʷʩʴ ʥʘ ʧʦʣʦʞʝʥʠʷ ʩʧʝʮʠʘʣʴʥʦʡ ʪʝʦʨʠʠ ʦʪʥʦʩʠʪʝʣʴʥʦʩʪʠ. 

ʇʨʘʢʪʠʯʝʩʢʘʷ ʧʦʣʝʟʥʦʩʪʴ ʟʘʜʘʯʠ ʙʠʪʦʚʦʛʦ ʦʙʷʟʘʪʝʣʴʩʪʚʘ ʚʦʦʙʱʝ ʠ ʢʚʘʥʪʦʚʦʛʦ ʚ ʯʘʩʪʥʦʩʪʠ 

ʦʙʫʩʣʦʚʣʝʥʘ ʟʘʧʨʦʩʘʤʠ, ʧʨʝʜʲʷʚʣʷʝʤʳʤʠ ʩʠʩʪʝʤʘʤʠ ʵʣʝʢʪʨʦʥʥʦʛʦ ʛʦʣʦʩʦʚʘʥʠʷ, ʵʣʝʢʪʨʦʥʥʳʭ 

ʘʫʢʮʠʦʥʦʚ ʠ ʥʝʢʦʪʦʨʳʤʠ ʜʨʫʛʠʤʠ ʧʨʠʣʦʞʝʥʠʷʤʠ.  

 

ɿʘʢʣʶʯʝʥʠʝ 

 

ɺ ʥʘʩʪʦʷʱʝʡ ʩʪʘʪʴʝ ʧʨʝʜʩʪʘʚʣʝʥ ʢʨʘʪʢʠʡ ʦʙʟʦʨ ʠ ʘʥʘʣʠʟ ʩʦʚʨʝʤʝʥʥʳʭ ʤʝʪʦʜʦʚ ʢʚʘʥʪʦʚʦʡ 

ʢʨʠʧʪʦʛʨʘʬʠʠ. ʉ ʫʯʝʪʦʤ ʪʦʛʦ ʦʙʩʪʦʷʪʝʣʴʩʪʚʘ, ʯʪʦ ʢʨʦʤʝ ʰʠʬʨʘ ʦʜʥʦʨʘʟʦʚʦʛʦ ʙʣʦʢʥʦʪʘ ʚ ʢʣʘʩʩʠʯʝʩʢʦʡ 

ʢʨʠʧʪʦʛʨʘʬʠʠ ʥʝ ʩʫʱʝʩʪʚʫʝʪ ʰʠʬʨʦʚ, ʦʙʣʘʜʘʶʱʠʭ ʙʝʟʫʩʣʦʚʥʦʡ ʩʪʦʡʢʦʩʪʴʶ, ʘ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦ 

ʩʦʟʜʘʥʠʶ ʢʚʘʥʪʦʚʳʭ ʢʦʤʧʴʶʪʝʨʦʚ ʚʝʜʫʪʩʷ ʜʦʩʪʘʪʦʯʥʦ ʠʥʪʝʥʩʠʚʥʦ, ʢʚʘʥʪʦʚʘʷ ʢʨʠʧʪʦʛʨʘʬʠʷ ʷʚʣʷʝʪʩʷ 

ʜʦʩʪʘʪʦʯʥʦ ʧʝʨʩʧʝʢʪʠʚʥʦʡ ʦʙʣʘʩʪʴʶ ʢʨʠʧʪʦʣʦʛʠʠ. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʫʩʪʨʦʡʩʪʚʘ ʜʣʷ ʢʚʘʥʪʦʚʦʛʦ 

ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʢʣʶʯʝʡ ʠʩʧʦʣʴʟʫʶʪʩʷ ʚ ʦʙʣʘʩʪʷʭ, ʛʜʝ ʪʨʝʙʫʝʪʩʷ ʚʳʩʦʢʠʡ ʫʨʦʚʝʥʴ ʙʝʟʦʧʘʩʥʦʩʪʠ. ɺʝʜʫʪʩʷ 

ʨʘʙʦʪʳ ʧʦ ʩʦʟʜʘʥʠʶ ʩʝʪʝʡ ʜʦʚʝʨʝʥʥʳʭ ʩʝʨʚʝʨʦʚ ʜʣʷ ʢʚʘʥʪʦʚʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʢʣʶʯʝʡ, ʧʦʩʢʦʣʴʢʫ ʦʜʠʥ 
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ʠʟ ʛʣʘʚʥʳʭ ʥʝʜʦʩʪʘʪʢʦʚ ʢʚʘʥʪʦʚʦʡ ʢʨʠʧʪʦʛʨʘʬʠʠ ï ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʧʨʷʤʦʛʦ ʦʧʪʦʚʦʣʦʢʦʥʥʦʛʦ ʠʣʠ 

ʦʧʪʠʯʝʩʢʦʛʦ ʙʝʩʧʨʦʚʦʜʥʦʛʦ ʢʘʥʘʣʘ ʤʝʞʜʫ ʘʙʦʥʝʥʪʘʤʠ ï ʧʦʢʘ ʥʝ ʧʨʝʦʜʦʣʝʥ, ʭʦʪʷ ʨʘʙʦʪʳ ʧʦ ʩʦʟʜʘʥʠʶ 

ʧʨʠʛʦʜʥʳʭ ʜʣʷ ʧʨʘʢʪʠʯʝʩʢʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʢʚʘʥʪʦʚʳʭ ʧʦʚʪʦʨʠʪʝʣʝʡ ʪʘʢʞʝ ʘʢʪʠʚʥʦ ʚʝʜʫʪʩʷ.  

ʏʪʦ ʢʘʩʘʝʪʩʷ ʜʨʫʛʠʭ ʥʘʧʨʘʚʣʝʥʠʡ ʢʚʘʥʪʦʚʦʡ ʢʨʠʧʪʦʛʨʘʬʠʠ, ʚ ʪʦʤ ʯʠʩʣʝ ʢʚʘʥʪʦʚʦʡ ʧʨʷʤʦʡ 

ʙʝʟʦʧʘʩʥʦʡ ʩʚʷʟʠ ʠ ʢʚʘʥʪʦʚʦʛʦ ʨʘʟʜʝʣʝʥʠʷ ʩʝʢʨʝʪʘ, ʪʦ ʦʥʠ ʧʦʢʘ ʥʝ ʚʳʰʣʠ ʥʘ ʫʨʦʚʝʥʴ ʧʨʘʢʪʠʯʝʩʢʦʛʦ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚ ʩʠʣʫ ʨʷʜʘ ʧʨʠʯʠʥ, ʢ ʢʦʪʦʨʳʤ ʦʪʥʦʩʷʪʩʷ ʥʠʟʢʘʷ ʩʢʦʨʦʩʪʴ ʧʝʨʝʜʘʯʠ ʠʥʬʦʨʤʘʮʠʠ 

ʦʪʜʝʣʴʥʳʤʠ ʬʦʪʦʥʘʤʠ, ʚʳʩʦʢʘʷ ʩʣʦʞʥʦʩʪʴ ʠ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʩʪʦʠʤʦʩʪʴ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ 

ʪʝʭʥʠʯʝʩʢʠʭ ʨʝʰʝʥʠʡ, ʦʪʩʫʪʩʪʚʠʝ ʫʩʪʨʦʡʩʪʚ ʢʚʘʥʪʦʚʦʡ ʧʘʤʷʪʠ ʙʦʣʴʰʦʛʦ ʦʙʲʝʤʘ, ʢʦʪʦʨʘʷ ʪʨʝʙʫʝʪʩʷ 

ʜʣʷ ʨʝʘʣʠʟʘʮʠʠ ʙʦʣʴʰʠʥʩʪʚʘ ʧʨʦʪʦʢʦʣʦʚ ʠ ʪ. ʜ. ʆʜʥʘʢʦ ʥʘ ʪʝʦʨʝʪʠʯʝʩʢʦʤ ʫʨʦʚʥʝ, ʘ ʪʘʢʞʝ ʥʘ ʫʨʦʚʥʝ 

ʣʘʙʦʨʘʪʦʨʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʚʩʝ ʥʘʧʨʘʚʣʝʥʠʷ ʢʚʘʥʪʦʚʦʡ ʢʨʠʧʪʦʛʨʘʬʠʠ ʙʫʨʥʦ ʨʘʟʚʠʚʘʶʪʩʷ, ʠ ʠʭ 

ʧʨʘʢʪʠʯʝʩʢʦʝ ʚʥʝʜʨʝʥʠʝ ʚ ʩʬʝʨʫ ʟʘʱʠʪʳ ʠʥʬʦʨʤʘʮʠʠ, ʧʦ ʚʩʝʡ ʚʝʨʦʷʪʥʦʩʪʠ, ʷʚʣʷʝʪʩʷ ʜʝʣʦʤ ʦʜʥʦʛʦ-

ʜʚʫʭ ʙʣʠʞʘʡʰʠʭ ʜʝʩʷʪʠʣʝʪʠʡ. 

ʇʫʙʣʠʢʘʮʠʷ ʩʦʜʝʨʞʠʪ ʨʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʧʨʦʚʝʜʝʥʥʳʭ ʧʨʠ ʛʨʘʥʪʦʚʦʡ ʧʦʜʜʝʨʞʢʝ 

ɻʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʬʦʥʜʘ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʋʢʨʘʠʥʳ ʟʘ ʢʦʥʢʫʨʩʥʳʤ ʧʨʦʝʢʪʦʤ çʉʠʩʪʝʤʘ 

ʢʚʘʥʪʦʚʦʡ ʩʚʷʟʠ ʧʦ ʦʧʪʠʯʝʩʢʦʤʫ ʚʦʣʦʢʥʫ ʩ ʬʫʥʢʮʠʝʡ ʚʳʷʚʣʝʥʠʷ ʢʘʥʘʣʘ ʫʪʝʯʢʠ ʠʥʬʦʨʤʘʮʠʠè (ʜʦʛʦʚʦʨ 

 ̄ʌ73/91-2016). 

FORMATION AND CURREN T STATE OF QUANTUM M ETHODS OF INFORMATIO N 

SECURITY 

E.V. VASILIU, I.V. LIM AR 

Abstract 

The short review and the analysis developed so far and perspective quantum methods of information 

protection is presented. The most known primitives and protocols of quantum cryptography are 

considered. Along with industrially released and already widely known systems of quantum key 

distribution the schemes being at a stage of theoretical and laboratory researches are described. That 

are quantum secure direct communication, quantum secret sharing, quantum bit commitment and so 

on. Comparison of characteristics quantum and traditional çclassicalè cryptosystems is executed, 

advantages and shortcomings inherent in them are considered. Some approaches to data protection 

within quantum cryptography are similarly compared among themselves. 
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ʜʣʷ ʧʦʠʩʢʘ ʨʘʮʠʦʥʘʣʴʥʦʛʦ ʧʨʦʝʢʪʥʦʛʦ ʨʝʰʝʥʠʷ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʩʝʪʴ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ, ʩʪʨʫʢʪʫʨʥʦ-ʧʘʨʘʤʝʪʨʠʯʝʩʢʠʡ ʩʠʥʪʝʟ, 

ʦʧʪʠʤʠʟʘʮʠʦʥʥʘʷ ʤʦʜʝʣʴ. 

ɺʚʝʜʝʥʠʝ 

ʉʝʪʠ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʷʚʣʷʶʪʩʷ ʥʝʦʙʭʦʜʠʤʳʤ ʘʪʨʠʙʫʪʦʤ ʜʣʷ ʤʥʦʛʠʭ 

ʧʨʦʮʝʩʩʦʚ ʚ ʞʠʟʥʠ ʣʶʜʝʡ, ʙʝʟ ʥʠʭ ʫʞʝ ʥʝʚʦʟʤʦʞʥʦ ʧʨʝʜʩʪʘʚʠʪʴ ʦʙʨʘʟʦʚʘʥʠʷ, ʙʠʟʥʝʩʘ, 

ʟʜʨʘʚʦʦʭʨʘʥʝʥʠʷ, ʜʦʩʫʛʘ ʠ ʧʨ. ʉʝʪʠ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ ʩʪʨʦʷʪʩʷ ʢʘʢ ʜʣʷ ʥʦʚʳʭ ʦʙʲʝʢʪʦʚ, ʪʘʢ ʠ ʜʣʷ 

ʩʫʱʝʩʪʚʫʶʱʠʭ. ʅʘ ʨʳʥʢʝ ʧʨʝʜʩʪʘʚʣʝʥʦ ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʨʝʰʝʥʠʡ ʧʦʩʪʨʦʝʥʠʷ ʩʝʪʝʡ ʧʝʨʝʜʘʯʠ 

ʜʘʥʥʳʭ, ʢʦʪʦʨʳʝ ʩʧʦʩʦʙʥʳ ʫʜʦʚʣʝʪʚʦʨʠʪʴ ʪʨʝʙʦʚʘʥʠʷ ʟʘʢʘʟʯʠʢʘ ʥʘ ʦʩʥʦʚʝ ʰʠʨʦʢʦʛʦ ʩʧʝʢʪʨʘ 

ʦʙʦʨʫʜʦʚʘʥʠʷ ʦʪ ʤʥʦʞʝʩʪʚʘ ʧʨʦʠʟʚʦʜʠʪʝʣʝʡ. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʩʝʪʠ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ 

ʧʨʦʝʢʪʠʨʫʶʪʩʷ ʮʝʣʳʤ ʨʷʜʦʤ ʢʦʤʧʘʥʠʡ ʠ ʦʨʛʘʥʠʟʘʮʠʡ, ʩʨʝʜʠ ʥʠʭ ʆʆʆ çɹʝʣʉʝʪʴʄʦʥʪʘʞè, ʆɼʆ 

çʊʝʭʉʪʨʦʡʂʦʥʪʨʘʢʪè, ɿɸʆ çʂʦʩʤʦʩ ʊɺè, ʆɸʆ çɹʝʣɺʊʀè, ʆʆʆ çʌʘʙʨʠʢʘ ʉʠʩʪʝʤ ɹʝʟʦʧʘʩʥʦʩʪʠè, 

ʆʆʆ çʊʝʣʝʩʝʪʴè ʠ ʜʨ. ʂʦʣʠʯʝʩʪʚʦ ʧʨʝʜʣʦʞʝʥʠʡ ʠ ʚʳʩʦʢʠʡ ʩʧʨʦʩ ʥʘ ʩʝʪʠ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ 

ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʦʙ ʘʢʪʫʘʣʴʥʦʩʪʠ ʧʨʦʙʣʝʤʳ ʢʘʯʝʩʪʚʝʥʥʦʛʦ ʚʳʙʦʨʘ ʧʨʦʝʢʪʥʦʛʦ ʨʝʰʝʥʠʷ. 

 

ʊʝʦʨʝʪʠʯʝʩʢʠʡ ʘʥʘʣʠʟ 

 

ʉʦʟʜʘʚʘʝʤʳʝ ʩʝʪʠ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ (ʉʇɼ) ʤʦʞʥʦ ʧʨʝʜʩʪʘʚʠʪʴ ʚ ʚʠʜʝ ʪʨʝʭʫʨʦʚʥʝʚʳʭ ʩʠʩʪʝʤ. 

ʇʝʨʚʳʡ ʫʨʦʚʝʥʴ ʧʨʝʜʩʪʘʚʣʝʥ ʩʦʚʦʢʫʧʥʦʩʪʴʶ ʧʦʜʢʣʶʯʘʝʤʳʭ ʢ ʩʝʪʠ ʫʩʪʨʦʡʩʪʚ (ʇʋ). ɺʪʦʨʦʡ ʫʨʦʚʝʥʴ 

ʧʨʝʜʩʪʘʚʣʝʥ ʫʩʪʨʦʡʩʪʚʘʤʠ ʩʙʦʨʘ ʠ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ (ʋʉʇɼ), ʢʦʪʦʨʳʝ ʚʳʧʦʣʥʷʶʪ ʬʫʥʢʮʠʠ 

ʦʙʝʩʧʝʯʝʥʠʷ ʜʦʩʪʫʧʘ ʢ ʩʝʪʠ, ʘʛʨʝʛʘʮʠʠ ʜʘʥʥʳʭ ʠ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ ʥʘ ʫʩʪʨʦʡʩʪʚʘ ʩʚʷʟʠ ʩ ʜʨʫʛʠʤʠ 

ʩʝʛʤʝʥʪʘʤʠ ʩʝʪʠ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ. ʊʨʝʪʠʡ ʫʨʦʚʝʥʴ ʧʨʝʜʩʪʘʚʣʝʥ ʫʩʪʨʦʡʩʪʚʘʤʠ ʤʝʞʩʝʪʝʚʦʛʦ ʦʙʤʝʥʘ. 

ʏʠʩʣʦ ʢʘʥʘʣʦʚ ʩʚʷʟʠ, ʥʝʦʙʭʦʜʠʤʳʭ ʜʣʷ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ ʦʪ ʇʋ, ʤʦʞʝʪ ʙʳʪʴ ʙʦʣʴʰʝ ʦʜʥʦʛʦ, 

ʧʨʠ ʵʪʦʤ ʚʝʨʭʥʠʡ ʧʨʝʜʝʣ ʦʛʨʘʥʠʯʝʥ ʪʝʭʥʠʯʝʩʢʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʫʩʪʨʦʡʩʪʚʘ ʠ ʚ ʜʘʥʥʦʤ ʘʥʘʣʠʟʝ 

ʧʨʠʥʷʪ ʨʘʚʥʳʤ ʜʚʫʤ. ʆʜʠʥ ʢʘʥʘʣ ʩʚʷʟʠ ʤʦʞʝʪ ʙʳʪʴ ʧʦʜʢʣʶʯʝʥ ʢ ʦʜʥʦʤʫ ʋʉʇɼ, ʘ ʨʘʟʥʳʝ ʦʪ ʦʜʥʦʛʦ 

ʇʋ ʤʦʛʫʪ ʙʳʪʴ ʧʦʜʢʣʶʯʝʥʳ ʢ ʨʘʟʥʳʤ ʋʉʇɼ. ʂʦʣʠʯʝʩʪʚʦ ʢʘʥʘʣʦʚ ʩʚʷʟʠ ʬʠʢʩʠʨʦʚʘʥʦ ʠ ʦʧʨʝʜʝʣʷʝʪʩʷ 

ʪʝʭʥʠʯʝʩʢʠʤ ʟʘʜʘʥʠʝʤ. ʂʦʣʠʯʝʩʪʚʦ ʠʥʪʝʨʬʝʡʩʦʚ ʋʉʇɼ ʜʣʷ ʧʦʜʢʣʶʯʝʥʠʷ ʢʘʥʘʣʦʚ ʩʚʷʟʠ ʤʦʞʝʪ 

ʚʘʨʴʠʨʦʚʘʪʴʩʷ ʦʪ 8 ʜʦ 256. 

ʇʨʠ ʚʳʧʦʣʥʝʥʠʠ ʧʨʦʝʢʪʥʳʭ ʨʘʙʦʪ ʨʝʰʘʶʪʩʷ ʟʘʜʘʯʠ[1]: 

- ʦʧʨʝʜʝʣʝʥʠʷ ʢʦʣʠʯʝʩʪʚʘ ʠ ʤʝʩʪ ʫʩʪʘʥʦʚʢʠ ʋʉʇɼ; 

- ʦʧʨʝʜʝʣʝʥʠʷ ʥʘʙʦʨʘ ʩʚʷʟʝʡ ʤʝʞʜʫ ʋʉʇɼ ʠ ʇʋ; 

- ʚʳʙʦʨʘ ʫʩʪʨʦʡʩʪʚ, ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʢʦʪʦʨʳʭ ʩʝʪʴ ʙʫʜʝʪ ʨʝʰʘʪʴ ʧʦʩʪʘʚʣʝʥʥʳʝ ʟʘʜʘʯʠ; 

- ʦʮʝʥʢʠ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʠ ʩʠʩʪʝʤʳ ʧʨʠ ʟʘʜʘʥʥʦʤ ʨʝʞʠʤʝ ʨʘʙʦʪʳ. 

ʂʘʞʜʘʷ ʠʟ ʨʝʰʘʝʤʳʭ ʟʘʜʘʯ ʠʟ-ʟʘ ʤʥʦʛʦʯʠʩʣʝʥʥʳʭ ʬʘʢʪʦʨʦʚ ʠ ʠʭ ʚʟʘʠʤʦʩʚʷʟʝʡ, ʚʣʠʷʶʱʠʭ ʥʘ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʉʇɼ, ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʩʣʦʞʥʫʶ ʚʘʨʠʘʮʠʦʥʥʫʶ ʟʘʜʘʯʫ, ʜʦʧʫʩʢʘʶʱʫʶ ʤʥʦʞʝʩʪʚʦ 

ʪʝʭʥʠʯʝʩʢʠ ʚʦʟʤʦʞʥʳʭ ʨʝʰʝʥʠʡ. ʊʘʢ, ʦʙʱʝʝ ʯʠʩʣʦ ʚʘʨʠʘʥʪʦʚ ʧʦʩʪʨʦʝʥʠʷ ʩʠʩʪʝʤʳ
sN  ʤʦʞʝʪ 












































































