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1. ʄʝʪʦʜʳ ʦʙʨʘʙʦʪʢʠ ʨʘʟʥʝʩʝʥʥʳʭ ʩʠʛʥʘʣʦʚ ʥʘ ʧʨʠʝʤʥʦʡ ʩʪʦʨʦʥʝ 

ʕʬʬʝʢʪʠʚʥʦʩʪʴ ʪʦʛʦ ʠʣʠ ʠʥʦʛʦ ʤʝʪʦʜʘ ʨʘʟʥʝʩʝʥʥʦʛʦ ʧʨʠʝʤʘ ʚʦ ʤʥʦʛʦʤ 

ʦʧʨʝʜʝʣʷʝʪʩʷ ʩʧʦʩʦʙʦʤ ʦʙʨʘʙʦʪʢʠ ʨʘʟʥʝʩʝʥʥʳʭ ʩʠʛʥʘʣʦʚ ʥʘ ʧʨʠʝʤʥʦʡ ʩʪʦʨʦʥʝ. 

ɺʦʟʤʦʞʝʥ ʨʷʜ ʚʘʨʠʘʥʪʦʚ ʨʘʟʥʝʩʝʥʥʦʛʦ ʧʨʠʝʤʘ, ʦʪʣʠʯʘʶʱʠʭʩʷ ʩʧʦʩʦʙʘʤʠ 

ʦʙʲʝʜʠʥʝʥʠʷ ʚʝʪʚʝʡ ʠ ʬʦʨʤʠʨʦʚʘʥʠʷ ʨʝʟʫʣʴʪʠʨʫʶʱʝʛʦ ʢʦʣʝʙʘʥʠʷ Ὗ ὸ. 

 ʅʘʠʙʦʣʴʰʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʥʘ ʧʨʘʢʪʠʢʝ ʧʦʣʫʯʠʣʠ ʩʧʦʩʦʙʳ 

ʘʚʪʦʤʘʪʠʯʝʩʢʦʛʦ ʚʳʙʦʨʘ ʚʝʪʚʠ ʨʘʟʥʝʩʝʥʠʷ, ʣʠʥʝʡʥʦʛʦ ʠ ʦʧʪʠʤʘʣʴʥʦʛʦ ʣʠʥʝʡʥʦʛʦ 

ʩʣʦʞʝʥʠʷ, ʘ ʪʘʢʞʝ ʢʦʤʙʠʥʠʨʦʚʘʥʥʳʝ ʤʝʪʦʜʳ ʦʙʨʘʙʦʪʢʠ. 

 

1.1. ɸʚʪʦʤʘʪʠʯʝʩʢʠʡ ʚʳʙʦʨ ʚʝʪʚʠ ʨʘʟʥʝʩʝʥʠʷ 

ʆʜʠʥ ʠʟ ʥʘʠʙʦʣʝʝ ʧʨʦʩʪʳʭ ʠ  ʯʘʩʪʦ ʧʨʠʤʝʥʷʝʤʳʭ ʤʝʪʦʜʦʚ -

ʘʚʪʦʤʘʪʠʯʝʩʢʠʡ ʚʳʙʦʨ ʥʘʠʣʫʯʰʝʡ ʚʝʪʚʠ ʨʘʟʥʝʩʝʥʠʷ. ʉʦʛʣʘʩʥʦ ʵʪʦʤʫ ʤʝʪʦʜʫ 

ʚʩʷʢʠʡ ʨʘʟ ʚʳʙʠʨʘʝʪʩʷ ʥʘʠʣʫʯʰʘʷ ʚʝʪʚʴ ʨʘʟʥʝʩʝʥʠʷ. ʈʘʟʣʠʯʘʶʪ ʘʚʪʦʚʳʙʦʨ ʧʦ 

ʥʘʠʙʦʣʴʰʝʤʫ ʟʥʘʯʝʥʠʶ ʩʠʛʥʘʣʘ ʠ ʘʚʪʦʚʳʙʦʨ ʧʦ ʥʘʠʙʦʣʴʰʝʤʫ ʧʨʝʚʳʰʝʥʠʶ 

ʩʠʛʥʘʣʘ ʥʘʜ ʧʦʤʝʭʦʡ. ʋʩʪʦʡʯʠʚʘʷ ʨʘʙʦʪʘ ʟʜʝʩʴ ʤʦʞʝʪ ʙʳʪʴ ʦʙʝʩʧʝʯʝʥʘ ʜʘʞʝ ʚ 

ʫʩʣʦʚʠʷʭ ʙʳʩʪʨʳʭ ʟʘʤʠʨʘʥʠʡ ʠʟ-ʟʘ ʤʥʦʛʦʣʫʯʝʚʦʩʪʠ. 

 

ʈʠʩʫʥʦʢ 1 ï ʆʜʠʥ ʠʟ ʩʧʦʩʦʙʦʚ ʨʝʘʣʠʟʘʮʠʠ ʘʚʪʦʚʳʙʦʨʘ 

ʇʝʨʝʢʣʶʯʝʥʠʝ ʤʦʞʝʪ ʧʨʦʠʩʭʦʜʠʪʴ ʦʪ ʩʨʘʚʥʝʥʠʷ ʩʠʛʥʘʣʦʚ, ʧʦʣʫʯʝʥʥʳʭ ʩ 

ʨʘʟʣʠʯʥʳʭ ʚʝʪʚʝʡ, ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʜʨʫʛ ʩ ʜʨʫʛʦʤ ʠʣʠ ʩ ʟʘʨʘʥʝʝ ʦʧʨʝʜʝʣʝʥʥʳʤ 



ʫʨʦʚʥʝʤ. ʅʘʣʠʯʠʝ ʧʦʨʦʛʦʚʦʛʦ ʫʨʦʚʥʷ ʩʯʠʪʘʝʪʩʷ ʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʳʤ ʤʝʪʦʜʦʤ, 

ʪʘʢ ʢʘʢ ʪʝʦʨʝʪʠʯʝʩʢʠ ʚʦʟʤʦʞʥʳ ʩʠʪʫʘʮʠʠ, ʢʦʛʜʘ ʩʠʛʥʘʣʳ ʩʦ ʚʩʝʭ ʚʝʪʚʝʡ ʥʝ 

ʫʜʦʚʣʝʪʚʦʨʷʶʪ ʫʩʣʦʚʠʷʤ ʢʦʨʨʝʢʪʥʦʛʦ ʜʝʪʝʢʪʠʨʦʚʘʥʠʷ. ɺ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʧʦʨʦʛ 

ʤʦʞʝʪ ʫʩʪʘʥʘʚʣʠʚʘʪʴʩʷ ʬʠʢʩʠʨʦʚʘʥʥʳʤ ʣʠʰʴ ʜʣʷ ʥʝʙʦʣʴʰʦʡ ʦʙʣʘʩʪʠ 

ʦʙʩʣʫʞʠʚʘʥʠʷ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʫʨʦʚʝʥʴ ʧʦʨʦʛʘ ʜʦʣʞʝʥ ʘʜʘʧʪʠʚʥʦ 

ʧʝʨʝʩʪʨʘʠʚʘʪʴʩʷ ʧʨʠ ʧʝʨʝʤʝʱʝʥʠʠ ʧʦʜʚʠʞʥʦʛʦ ʘʙʦʥʝʥʪʘ. 

ʋʣʫʯʰʝʥʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʦʤʝʭʦʫʩʪʦʡʯʠʚʦʩʪʠ, ʜʦʩʪʠʛʘʝʤʦʝ ʧʨʠ 

ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʤʝʪʦʜʘ ʧʝʨʝʢʣʶʯʝʥʠʷ, ʥʘʧʨʷʤʫʶ ʟʘʚʠʩʠʪ ʦʪ ʪʦʯʥʦʩʪʠ ʫʩʪʘʥʦʚʢʠ 

ʧʦʨʦʛʦʚʦʛʦ ʟʥʘʯʝʥʠʷ, ʚʨʝʤʝʥʥʦʡ ʟʘʜʝʨʞʢʠ ʚ ʮʝʧʠ ʦʙʨʘʪʥʦʡ ʩʚʷʟʠ, ʥʝʦʙʭʦʜʠʤʦʡ 

ʜʣʷ ʚʳʧʦʣʥʝʥʠʷ ʢʦʥʪʨʦʣʷ ʫʨʦʚʥʷ, ʩʢʦʨʦʩʪʠ ʧʨʠʥʷʪʠʷ ʨʝʰʝʥʠʷ ʠ ʧʝʨʝʢʣʶʯʝʥʠʷ. 

ɻʣʘʚʥʳʡ ʥʝʜʦʩʪʘʪʦʢ ʵʪʦʛʦ ʤʝʪʦʜʘ ʩʦʩʪʦʠʪ ʚ ʪʦʤ, ʯʪʦ ʧʨʠ ʝʛʦ ʨʝʘʣʠʟʘʮʠʠ 

ʪʨʝʙʫʝʪʩʷ ʠʤʝʪʴ ʨʦʚʥʦ ʩʪʦʣʴʢʦ ʧʨʠʝʤʥʳʭ ʢʘʥʘʣʦʚ ʩ ʥʝʧʨʝʨʳʚʥʳʤ ʢʦʥʪʨʦʣʝʤ, 

ʩʢʦʣʴʢʦ ʥʝʦʙʭʦʜʠʤʦ ʠʤʝʪʴ ʚʝʪʚʝʡ ʨʘʟʥʝʩʝʥʠʷ. 

 

  



1.2. ʆʧʪʠʤʘʣʴʥʦʝ ʣʠʥʝʡʥʦʝ ʩʣʦʞʝʥʠʝ 

ɺ ʩʠʩʪʝʤʘʭ ʩʚʷʟʠ ʧʨʠʤʝʥʷʶʪʩʷ ʣʠʥʝʡʥʳʝ ʤʝʪʦʜʳ ʜʦʜʝʪʝʢʪʦʨʥʦʛʦ 

ʦʙʲʝʜʠʥʝʥʠʷ ʚʝʪʚʝʡ. ʇʨʠ ʵʪʦʤ ʨʝʟʫʣʴʪʠʨʫʶʱʝʝ ʢʦʣʝʙʘʥʠʝ ʥʘ ʚʳʭʦʜʝ ʩʭʝʤʳ 

ʦʙʲʝʜʠʥʝʥʠʷ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʣʠʥʝʡʥʫʶ ʢʦʤʙʠʥʘʮʠʶ M ʚʭʦʜʥʳʭ ʢʦʣʝʙʘʥʠʡ 

ʦʪʜʝʣʴʥʳʭ ʚʝʪʚʝʡ ʨʘʟʥʝʩʝʥʠʷ: 

Ὗ ὸ ὯὟ ὸȟ                  ρ 
 

ʛʜʝὟ ὸ ‘Ὓὸ ὲ ὸ    ïʧʨʠʥʷʪʳʡ ʩʠʛʥʘʣ ʚ i-ʡ ʚʝʪʚʠ;S(t) ï 

ʧʝʨʝʜʘʥʥʳʡ ʩʠʛʥʘʣ; ‘ ï ʢʦʵʬʬʠʮʠʝʥʪ ʧʝʨʝʜʘʯʠ, ʟʘʚʠʩʷʱʠʡ ʦʪ ʫʩʣʦʚʠʡ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʩʠʛʥʘʣʘ; ὲ ὸ ï ʧʦʤʝʭʘ ʚ i-ʡ ʚʝʪʚʠ; Ὧ ïʚʝʩʦʚʳʝ ʢʦʵʬʬʠʮʠʝʥʪʳ, 

ʚʝʣʠʯʠʥʘ ʢʦʪʦʨʳʭ ʟʘʚʠʩʠʪ ʦʪ ʢʦʥʢʨʝʪʥʦʛʦ ʤʝʪʦʜʘ ʦʙʲʝʜʠʥʝʥʠʷ ʚʝʪʚʝʡ. 

 

ʈʠʩʫʥʦʢ 2 ï ʉʧʦʩʦʙ ʨʝʘʣʠʟʘʮʠʠ ʤʝʪʦʜʘ ʦʧʪʠʤʘʣʴʥʦʛʦ ʣʠʥʝʡʥʦʛʦ ʩʣʦʞʝʥʠʷ 

ʇʨʠ ʠʜʝʘʣʴʥʦʤ ʠʩʧʦʣʥʝʥʠʠ ʜʘʥʥʳʡ ʤʝʪʦʜ ʦʙʝʩʧʝʯʠʚʘʝʪ ʤʘʢʩʠʤʘʣʴʥʦʝ 

ʫʣʫʯʰʝʥʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʦʤʝʭʦʫʩʪʦʡʯʠʚʦʩʪʠ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʜʨʫʛʠʤʠ 

ʤʝʪʦʜʘʤʠ. ʆʜʥʘʢʦ ʦʙʷʟʘʪʝʣʴʥʦʝ ʥʘʣʠʯʠʝ ʙʣʦʢʦʚ ʬʘʟʠʨʦʚʘʥʠʷ, ʚʝʩʦʚʦʡ ʦʙʨʘʙʦʪʢʠ 

ʠ ʩʣʦʞʝʥʠʷ ʦʯʝʥʴ ʩʝʨʴʝʟʥʦ ʫʩʣʦʞʥʷʶʪ ʝʛʦ ʬʘʢʪʠʯʝʩʢʫʶ ʨʝʘʣʠʟʘʮʠʶ.  



1.3. ʃʠʥʝʡʥʦʝ ʩʣʦʞʝʥʠʝ ʩ ʨʘʚʥʳʤʠ ʚʝʩʦʚʳʤʠ ʢʦʵʬʬʠʮʠʝʥʪʘʤʠ 

ʄʝʪʦʜ ʦʯʝʥʴ ʩʭʦʞ ʩ ʧʨʝʜʳʜʫʱʠʤ ʟʘ ʠʩʢʣʶʯʝʥʠʝʤ ʪʦʛʦ, ʯʪʦ ʩʠʛʥʘʣʳ, 

ʧʦʣʫʯʝʥʥʳʝ ʩ ʨʘʟʣʠʯʥʳʭ ʚʝʪʚʝʡ ʨʘʟʥʝʩʝʥʠʷ, ʩʢʣʘʜʳʚʘʶʪʩʷ ʩ ʨʘʚʥʳʤʠ ʚʝʩʦʚʳʤʠ 

ʢʦʬɻʬʠʮʠʝʥʪʘʤʠ, ʪʦ ʝʩʪʴ ʚ ʥʝʤ ʦʪʩʫʪʩʪʚʫʶʪ ʙʣʦʢʠ ʚʝʩʦʚʦʡ ʦʙʨʘʙʦʪʢʠ. 

 

ʈʠʩʫʥʦʢ 3 - ʈʝʘʣʠʟʘʮʠʷ ʤʝʪʦʜʘ ʣʠʥʝʡʥʦʛʦ ʩʣʦʞʝʥʠʷ ʩ ʨʘʚʥʳʤʠ ʚʝʩʘʤʠ 

ɽʩʪʝʩʪʚʝʥʥʦ, ʯʪʦ ʫʣʫʯʰʝʥʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʦʤʝʭʦʫʩʪʦʡʯʠʚʦʩʪʠ ʧʦ 

ʩʨʘʚʥʝʥʠʶ ʩ ʦʧʪʠʤʘʣʴʥʳʤ ʩʣʦʞʝʥʠʝʤ, ʦʢʘʟʳʚʘʶʪʩʷ ʥʝʩʢʦʣʴʢʦ ʤʝʥʴʰʝ, 

ʧʦʩʢʦʣʴʢʫ ʧʦʤʝʭʠ, ʩʦʜʝʨʞʘʱʠʝʩʷ ʚ ʦʜʥʠʭ ʚʝʪʚʷʭ ʨʘʟʥʝʩʝʥʠʷ, ʩʫʤʤʠʨʫʶʪʩʷ ʩ 

ʩʠʛʥʘʣʘʤʠ ʚʝʪʚʝʡ, ʢʦʪʦʨʳʝ ʧʦʤʝʭ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʩʦʜʝʨʞʘʣʠ. ʅʦ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ 

ʧʦʣʥʳʤ ʦʪʩʫʪʩʪʚʠʝʤ ʨʘʟʥʝʩʝʥʠʷ ʚʳʠʛʨʳʰ ʦʯʝʚʠʜʝʥ. 

  



1.4. ʄʝʪʦʜ ʢʦʤʙʠʥʠʨʦʚʘʥʥʦʡ ʦʙʨʘʙʦʪʢʠ 

ʅʦ ʥʘʠʙʦʣʴʰʠʡ ʠʥʪʝʨʝʩ ʚ ʧʦʩʣʝʜʥʝʝ ʚʨʝʤʷ ʚʳʟʳʚʘʶʪ ʤʝʪʦʜʳ 

ʢʦʤʙʠʥʠʨʦʚʘʥʥʦʡ ʦʙʨʘʙʦʪʢʠ ʩʠʛʥʘʣʦʚ ʧʨʠ ʨʘʟʥʝʩʝʥʥʦʤ ʧʨʠʝʤʝ. ɺ ʩʪʘʪʴʝ 

çʄʝʪʦʜʳ ʢʦʤʙʠʥʠʨʦʚʘʥʥʦʡ ʦʙʨʘʙʦʪʢʠ ʮʠʬʨʦʚʳʭ ʩʠʛʥʘʣʦʚ ʧʨʠ ʨʘʟʥʝʩʝʥʥʦʤ 

ʧʨʠʝʤʝè [5] ʧʨʝʜʣʦʞʝʥ ʠ ʦʧʠʩʘʥ ʤʝʪʦʜ ʧʦʩʣʝʜʝʪʝʢʪʦʨʥʦʡ ʦʙʨʘʙʦʪʢʠ 

ʨʘʟʥʝʩʝʥʥʳʭ ʩʠʛʥʘʣʦʚ, ʠʩʢʣʶʯʘʶʱʝʡ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʛʦ 

ʬʘʟʠʨʦʚʘʥʠʷ ʩʠʛʥʘʣʦʚ, ʥʦ ʦʙʝʩʧʝʯʠʚʘʶʱʠʡ ʧʦʤʝʭʦʫʩʪʦʡʯʠʚʦʩʪʴ, 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʫʶ ʜʦʜʝʪʝʢʪʦʨʥʦʡ ʦʙʨʘʙʦʪʢʝ. ʆʙʲʝʜʠʥʝʥʠʝʤ ʣʠʥʝʡʥʦʛʦ 

ʩʣʦʞʝʥʠʷ ʩʠʛʥʘʣʦʚ ʠ ʘʚʪʦʚʳʙʦʨʘ ʥʘʠʙʦʣʴʰʝʛʦ ʠʟ ʩʠʛʥʘʣʦʚ ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ 

ʧʦʤʝʭʦʫʩʪʦʡʯʠʚʦʩʪʴ, ʙʣʠʟʢʘʷ ʢ ʦʧʪʠʤʘʣʴʥʦʤʫ ʩʣʦʞʝʥʠʶ, ʥʦ ʥʝ ʪʨʝʙʫʶʱʘʷ 

ʨʝʛʫʣʠʨʦʚʢʠ ʚʝʩʦʚʳʭ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʧʨʠ ʩʫʤʤʠʨʦʚʘʥʠʠ. 

ʇʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʤʝʪʦʜʦʚ ʨʘʟʥʝʩʝʥʥʦʛʦ ʧʨʠʝʤʘ, ʪ.ʝ. ʧʨʠʝʤʘ 

ʦʜʠʥʘʢʦʚʳʭ ʩʠʛʥʘʣʦʚ ʧʦ ʥʝʩʢʦʣʴʢʠʤ ʢʘʥʘʣʘʤ, ʧʦʷʚʣʷʝʪʩʷ ʥʝʦʙʭʦʜʠʤʦʩʪʴ 

ʦʙʲʝʜʠʥʝʥʠʷ ʵʪʠʭ ʩʠʛʥʘʣʦʚ ʩ ʮʝʣʴʶ ʧʦʣʫʯʠʪʴ ʦʧʨʝʜʝʣʝʥʥʳʡ ʚʳʠʛʨʳʰ ʧʦ 

ʧʦʤʝʭʦʫʩʪʦʡʯʠʚʦʩʪʠ. ʇʨʠ ʵʪʦʤ ʚʳʠʛʨʳʰ ʠʤʝʝʪ ʤʝʩʪʦ ʚ ʜʚʫʭ ʥʘʧʨʘʚʣʝʥʠʷʭ: ʚʦ-

ʧʝʨʚʳʭ, ʚ ʫʤʝʥʴʰʝʥʠʠ ʚʣʠʷʥʠʷ ʟʘʤʠʨʘʥʠʡ ʩʠʛʥʘʣʦʚ; ʚʦ-ʚʪʦʨʳʭ, ʚ ʫʚʝʣʠʯʝʥʠʠ 

ʦʪʥʦʰʝʥʠʷ çʩʠʛʥʘʣ/ʰʫʤè (ʉ/ʐ) ʧʦʩʣʝ ʦʙʲʝʜʠʥʝʥʠʷ. ʈʘʩʩʤʦʪʨʠʤ ʧʦʜʨʦʙʥʝʝ 

ʚʪʦʨʦʡ ʬʘʢʪʦʨ. 

ʆʙʲʝʜʠʥʝʥʠʝ ʤʦʞʝʪ ʧʨʦʚʦʜʠʪʴʩʷ ʢʘʢ ʜʦ ʜʝʪʝʢʪʠʨʦʚʘʥʠʷ, ʪʘʢ ʠ ʧʦʩʣʝ 

ʜʝʪʝʢʪʠʨʦʚʘʥʠʷ. ɺʳʠʛʨʳʰ ʚ ʦʙʦʠʭ ʩʣʫʯʘʷʭ ʠʤʝʝʪ ʤʝʩʪʦ ʠʟ-ʟʘ ʪʦʛʦ, ʯʪʦ ʚ 

ʩʢʣʘʜʳʚʘʝʤʳʭ ʩʠʛʥʘʣʘʭ ʧʦʣʝʟʥʘʷ ʩʦʩʪʘʚʣʷʶʱʘʷ (ʧʨʠ ʜʦʜʝʪʝʢʪʦʨʥʦʤ ʩʣʦʞʝʥʠʠ - 

ʧʦʩʣʝ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʛʦ ʬʘʟʠʨʦʚʘʥʠʷ ʨʘʟʥʝʩʝʥʥʳʭ ʩʠʛʥʘʣʦʚ) ʩʢʣʘʜʳʚʘʝʪʩʷ 

ʩʠʥʬʘʟʥʦ, ʘ ʩʦʩʪʘʚʣʷʶʱʠʝ ʰʫʤʦʚ ʚ ʨʘʟʣʠʯʥʳʭ ʨʘʟʥʝʩʝʥʥʳʭ ʩʠʛʥʘʣʘʭ, ʙʫʜʫʯʠ 

ʥʝʟʘʚʠʩʠʤʳʤʠ, ʩʢʣʘʜʳʚʘʶʪʩʷ ʩʦ ʩʣʫʯʘʡʥʳʤʠ ʚʟʘʠʤʥʳʤʠ ʬʘʟʦʚʳʤʠ ʩʜʚʠʛʘʤʠ, 

ʪ.ʝ. çʧʦ ʤʦʱʥʦʩʪʠè. ʇʨʠ ʦʜʠʥʘʢʦʚʦʡ ʤʦʱʥʦʩʪʠ ʰʫʤʦʚ ʠ ʨʘʚʝʥʩʪʚʝ ʫʨʦʚʥʝʡ 

ʧʦʣʝʟʥʳʭ ʩʦʩʪʘʚʣʷʶʱʠʭ ʵʪʦ ʤʦʞʝʪ ʜʘʪʴ ʚʳʠʛʨʳʰ ʜʦ 3 ʜɹ. 

ʉʯʠʪʘʝʪʩʷ, ʯʪʦ ʩʣʦʞʝʥʠʝ ʩʠʛʥʘʣʦʚ ʜʦ ʜʝʪʝʢʪʠʨʦʚʘʥʠʷ ʠʤʝʝʪ 

ʧʨʝʠʤʫʱʝʩʪʚʦ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʧʦʩʣʝʜʝʪʝʢʪʦʨʥʳʤ ʩʣʦʞʝʥʠʝʤ. ʕʪʦ ʦʙʫʩʣʦʚʣʝʥʦ ʚ 



ʦʩʥʦʚʥʦʤ ʧʦʨʦʛʦʚʳʤʠ ʷʚʣʝʥʠʷʤʠ ʧʨʠ ʜʝʤʦʜʫʣʷʮʠʠ, ʢʦʛʜʘ ʧʨʠ ʫʤʝʥʴʰʝʥʠʠ 

ʚʭʦʜʥʦʛʦ ʦʪʥʦʰʝʥʠʷ çʩʠʛʥʘʣ/ʰʫʤè ʥʠʞʝ ʥʝʢʦʪʦʨʦʛʦ ʧʦʨʦʛʘ ʧʦʩʣʝ ʜʝʤʦʜʫʣʷʮʠʠ 

ʚʳʭʦʜʥʦʝ ʦʪʥʦʰʝʥʠʝ ʉ/ʐ ʥʘʯʠʥʘʝʪ ʩʥʠʞʘʪʴʩʷ ʩʫʱʝʩʪʚʝʥʥʦ ʙʳʩʪʨʝʝ, ʯʝʤ ʥʘ 

ʚʭʦʜʝ ʜʝʤʦʜʫʣʷʪʦʨʘ. ʇʨʠ ʵʪʦʤ, ʧʦʩʢʦʣʴʢʫ ʚʦ ʚʨʝʤʷ ʜʦʜʝʪʝʢʪʦʨʥʦʛʦ ʩʣʦʞʝʥʠʷ 

ʦʪʥʦʰʝʥʠʝ ʉ/ʐ ʧʦʚʳʰʘʝʪʩʷ, ʪʦ ʧʦʨʦʛʦʚʳʝ ʷʚʣʝʥʠʷ ʥʘʩʪʫʧʘʶʪ ʧʦʟʜʥʝʝ, ʚ ʯʝʤ ʠ 

ʧʨʦʷʚʣʷʝʪʩʷ ʚʳʠʛʨʳʰ. 

ʆʜʥʘʢʦ, ʥʝʩʤʦʪʨʷ ʥʘ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʦʩʪʴ ʧʦʜʦʙʥʦʛʦ ʧʦʜʭʦʜʘ, ʨʝʟʫʣʴʪʘʪʳ 

ʦʙʨʘʙʦʪʢʠ ʨʘʟʥʝʩʝʥʥʳʭ ʩʠʛʥʘʣʦʚ ʚ ʥʝʢʦʪʦʨʳʭ ʩʣʫʯʘʷʭ ʤʦʞʥʦ ʫʣʫʯʰʠʪʴ, 

ʠʩʧʦʣʴʟʫʷ ʦʜʥʦʚʨʝʤʝʥʥʦ ʠ ʜʦʜʝʪʝʢʪʦʨʥʦʝ, ʠ ʧʦʩʣʝʜʝʪʝʢʪʦʨʥʦʝ ʩʣʦʞʝʥʠʝ. ɺ 

ʩʣʫʯʘʝ ʧʨʠʤʝʥʝʥʠʷ ʘʥʘʣʦʛʦʚʳʭ ʩʠʛʥʘʣʦʚ ʵʪʦʪ ʚʦʧʨʦʩ ʨʘʩʩʤʘʪʨʠʚʘʣʩʷ ʜʣʷ 

ʯʘʩʪʦʪʥʦʡ ʤʦʜʫʣʷʮʠʠ. ɼʦʧʦʣʥʠʪʝʣʴʥʳʝ ʚʦʟʤʦʞʥʦʩʪʠ ʧʨʝʜʦʩʪʘʚʣʷʶʪ 

ʦʩʦʙʝʥʥʦʩʪʠ ʦʙʨʘʙʦʪʢʠ ʮʠʬʨʦʚʳʭ ʩʠʛʥʘʣʦʚ. 

ʈʘʩʩʤʦʪʨʠʤ ʧʝʨʝʜʘʯʫ ʙʠʥʘʨʥʳʭ ʩʠʛʥʘʣʦʚ. ʇʨʠ ʜʝʪʝʢʪʠʨʦʚʘʥʠʠ ʧʦ 

ʤʘʢʩʠʤʫʤʫ ʦʪʥʦʰʝʥʠʷ ʧʨʘʚʜʦʧʦʜʦʙʠʷ ʩʠʛʥʘʣ ʧʦʩʣʝ ʩʦʛʣʘʩʦʚʘʥʥʦʡ ʬʠʣʴʪʨʘʮʠʠ 

(ʠʣʠ ʢʦʨʨʝʣʷʮʠʦʥʥʦʡ ʦʙʨʘʙʦʪʢʠ) ʩʨʘʚʥʠʚʘʝʪʩʷ ʚ ʧʦʨʦʛʦʚʦʤ ʫʩʪʨʦʡʩʪʚʝ ʩ ʥʝʢʦʪʦ-

ʨʳʤ ʫʨʦʚʥʝʤ, ʠ ʧʦ ʨʝʟʫʣʴʪʘʪʫ ʩʨʘʚʥʝʥʠʷ ʧʨʠʥʠʤʘʝʪʩʷ ʨʝʰʝʥʠʝ ʦ ʧʝʨʝʜʘʯʝ 

ʦʜʥʦʛʦ ʠʣʠ ʜʨʫʛʦʛʦ ʙʠʥʘʨʥʦʛʦ ʩʠʤʚʦʣʘ. 

ɺ ʩʣʫʯʘʝ ʝʩʣʠ ʧʨʦʠʟʚʦʜʠʪʩʷ ʨʘʟʜʝʣʴʥʦʝ ʜʝʪʝʢʪʠʨʦʚʘʥʠʝ  ʢʘʞʜʦʛʦ  

ʨʘʟʥʝʩʝʥʥʦʛʦ   ʩʠʛʥʘʣʘ, ʚʦʟʤʦʞʥʳ ʨʘʟʣʠʯʥʳʝ ʩʠʪʫʘʮʠʠ. ɽʩʣʠ ʩʠʛʥʘʣʳ ʦʙʦʠʭ 

ʜʝʪʝʢʪʦʨʦʚ ʩʦʚʧʘʜʘʶʪ, ʵʪʦ ʦʟʥʘʯʘʝʪ: ʣʠʙʦ ʫʨʦʚʥʠ ʰʫʤʦʚ ʚ ʦʙʦʠʭ ʢʘʥʘʣʘʭ 

ʥʝʚʝʣʠʢʠ ʠ ʚ ʦʙʦʠʭ ʢʘʥʘʣʘʭ ʦʰʠʙʢʠ ʥʝʪ, ʣʠʙʦ ʩʨʘʟʫ ʚ ʦʙʦʠʭ ʢʘʥʘʣʘʭ ʧʝʨʝʜ 

ʧʦʨʦʛʦʚʳʤʠ ʫʩʪʨʦʡʩʪʚʘʤʠ ʩʦʩʪʘʚʣʷʶʱʠʝ ʰʫʤʘ ʟʥʘʯʠʪʝʣʴʥʳ ʠ ʚ ʦʙʦʠʭ ʢʘʥʘʣʘʭ 

ʧʨʦʠʩʭʦʜʠʪ ʦʰʠʙʢʘ. (ʂʩʪʘʪʠ, ʠ ʧʨʠ ʜʦʜʝʪʝʢʪʦʨʥʦʤ ʩʣʦʞʝʥʠʠ ʧʨʠ ʵʪʦʤ ʪʘʢʞʝ 

ʙʫʜʝʪ ʠʤʝʪʴ ʤʝʩʪʦ ʦʰʠʙʢʘ). 

ʆʜʥʘʢʦ ʚʦʟʤʦʞʥʳ ʩʠʪʫʘʮʠʠ, ʢʦʛʜʘ ʚ ʦʜʥʦʤ ʢʘʥʘʣʝ ʫʨʦʚʝʥʴ ʰʫʤʘ ʥʝʚʝʣʠʢ, 

ʘ ʚ ʜʨʫʛʦʤ ʦʥ ʟʥʘʯʠʪʝʣʝʥ. ʇʨʠ ʵʪʦʤ ʦʜʠʥ ʠʟ ʜʝʪʝʢʪʦʨʦʚ ʚʳʨʘʙʦʪʘʝʪ ʧʨʘʚʠʣʴʥʦʝ 

ʨʝʰʝʥʠʝ, ʘ ʜʨʫʛʦʡ - ʦʰʠʙʦʯʥʦʝ. ʇʦʩʢʦʣʴʢʫ ʥʠʢʘʢʦʡ ʜʦʧʦʣʥʠʪʝʣʴʥʦʡ 

ʠʥʬʦʨʤʘʮʠʠ ʚ ʵʪʦʤ ʩʣʫʯʘʝ ʥʝ ʠʩʧʦʣʴʟʫʝʪʩʷ ʠ ʦʙʘ ʨʝʰʝʥʠʷ ʧʨʠʭʦʜʠʪʩʷ ʩʯʠʪʘʪʴ 



ʨʘʚʥʦʧʨʘʚʥʳʤʠ, ʪʦ ʵʪʦ ʧʨʠʚʦʜʠʪ ʢ ʚʝʨʦʷʪʥʦʩʪʠ ʦʰʠʙʢʠ, ʨʘʚʥʦʡ 0,5. ɸ ʧʨʠ 

ʜʦʜʝʪʝʢʪʦʨʥʦʤ ʩʣʦʞʝʥʠʠ ʤʦʞʝʪ ʦʢʘʟʘʪʴʩʷ, ʯʪʦ ʩʫʤʤʘ ʰʫʤʦʚʳʭ ʩʠʛʥʘʣʦʚ ʥʝ 

ʧʨʝʚʳʩʠʪ ʫʜʚʦʝʥʥʦʛʦ ʫʨʦʚʥʷ ʧʦʣʝʟʥʦʛʦ ʩʠʛʥʘʣʘ (ʩʯʠʪʘʷ ʧʨʠ ʵʪʦʤ, ʯʪʦ ʫʨʦʚʥʠ 

ʧʦʣʝʟʥʳʭ ʩʦʩʪʘʚʣʷʶʱʠʭ ʚ ʦʙʦʠʭ ʩʠʛʥʘʣʘʭ ʦʜʠʥʘʢʦʚʳ). ɺ ʪʘʢʠʭ ʩʠʪʫʘʮʠʷʭ ʙʫʜʝʪ 

ʚʳʨʘʙʦʪʘʥʦ ʧʨʘʚʠʣʴʥʦʝ ʨʝʰʝʥʠʝ. ɺʝʨʦʷʪʥʦʩʪʴ ʧʦʜʦʙʥʳʭ ʩʠʪʫʘʮʠʡ ʟʘʚʠʩʠʪ ʦʪ 

ʧʘʨʘʤʝʪʨʦʚ ʩʠʛʥʘʣʦʚ ʠ ʰʫʤʦʚ, ʠ ʠʤʝʥʥʦ ʝʝ ʥʘʣʠʯʠʝ ʠ ʦʧʨʝʜʝʣʠʪ ʧʨʠ ʮʠʬʨʦʚʦʡ 

ʧʝʨʝʜʘʯʝ ʠʥʬʦʨʤʘʮʠʠ ʚʳʠʛʨʳʰ ʧʨʠ ʜʦʜʝʪʝʢʪʦʨʥʦʤ ʩʣʦʞʝʥʠʠ. 

ʆʙʦʟʥʘʯʠʤ ʯʝʨʝʟ s1=u1+n1ʠ s2=u2+n2- ʩʠʛʥʘʣʳ ʧʝʨʝʜ ʜʝʪʝʢʪʦʨʘʤʠ ʚ 

ʢʘʞʜʦʡ ʚʝʪʚʠ, ʧʨʠʯʝʤ u1, u2- ʧʦʣʝʟʥʳʝ ʢʦʤʧʦʥʝʥʪʳ, n1, n2- ʰʫʤʦʚʳʝ ʢʦʤʧʦʥʝʥʪʳ 

ʧʝʨʚʦʛʦ ʠ ʚʪʦʨʦʛʦ ʨʘʟʥʝʩʝʥʥʳʭ ʩʠʛʥʘʣʦʚ. ʇʝʨʚʦʥʘʯʘʣʴʥʦ ʙʫʜʝʤ ʩʯʠʪʘʪʴ ʫʨʦʚʝʥʴ 

ʦʙʦʠʭ ʧʦʣʝʟʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ ʦʜʠʥʘʢʦʚʳʤ ʠ ʨʘʚʥʳʤ a. 

ʇʨʠ ʜʦʜʝʪʝʢʪʦʨʥʦʤ ʩʣʦʞʝʥʠʠ ʩʠʛʥʘʣ ʧʝʨʝʜ ʜʝʪʝʢʪʦʨʦʤ ʨʘʚʝʥ 

sC=(u1+u2)+(n1+n2)=uC+nC. ɹʫʜʝʤ ʩʯʠʪʘʪʴ, ʯʪʦ ʤʦʱʥʦʩʪʴ ʦʙʦʠʭ ʙʠʥʘʨʥʳʭ 

ʩʠʛʥʘʣʦʚ (ʩʦʦʪʚʝʪʩʪʚʫʶʱʘʷ ʧʝʨʝʜʘʯʝ ʣʦʛʠʯʝʩʢʠʭ ç1è ʠ ç0è) ʦʜʠʥʘʢʦʚʘ, 

ʧʦʷʚʣʝʥʠʝ ʠʭ ʨʘʚʥʦʚʝʨʦʷʪʥʦ. ɺ ʦʪʩʫʪʩʪʚʠʝ ʰʫʤʦʚ ʩʠʛʥʘʣʫ ç1è ʩʦʦʪʚʝʪʩʪʚʫʝʪ 

ʫʨʦʚʝʥʴ ʘ/2ʥʘ ʚʭʦʜʝ ʜʝʪʝʢʪʦʨʘ, ʩʠʛʥʘʣʫ ç0è ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʫʨʦʚʝʥʴ -ʘ/2. ʈʝʰʝʥʠʝ 

ʧʨʠʥʠʤʘʝʪʩʷ ʚ ʨʝʟʫʣʴʪʘʪʝ ʩʨʘʚʥʝʥʠʷ ʚʭʦʜʥʦʛʦ ʥʘʧʨʷʞʝʥʠʷ ʜʝʪʝʢʪʦʨʘ ʩ ʥʫʣʝʤ. 

ɼʣʷ ʦʧʨʝʜʝʣʝʥʥʦʩʪʠ ʨʘʩʩʤʦʪʨʠʤ ʤʦʤʝʥʪʳ ʚʨʝʤʝʥʠ, ʢʦʛʜʘ ʧʝʨʝʜʘʝʪʩʷ ʩʠʤʚʦʣ 

ç0è. (ɼʣʷ ʜʨʫʛʦʛʦ ʩʠʤʚʦʣʘ ʚʩʝ ʨʘʩʩʫʞʜʝʥʠʷ ʘʥʘʣʦʛʠʯʥʳ). ʊʦʛʜʘ ʦʰʠʙʢʘ ʚ ʧʝʨʚʦʤ 

ʢʘʥʘʣʝ ʨʘʟʥʝʩʝʥʠʷ ʙʫʜʝʪ ʚ ʩʣʫʯʘʝ, ʝʩʣʠ n1>a. ʆʰʠʙʢʘ ʚʦ ʚʪʦʨʦʤ ʢʘʥʘʣʝ 

ʨʘʟʥʝʩʝʥʠʷ ʙʫʜʝʪ ʚ ʩʣʫʯʘʝ, ʝʩʣʠ n2>a. ʆʰʠʙʢʘ ʧʨʠ ʜʦʜʝʪʝʢʪʦʨʥʦʤ ʩʣʦʞʝʥʠʠ 

ʙʫʜʝʪ ʠʤʝʪʴ ʤʝʩʪʦ, ʝʩʣʠ n1+n2=nC>2a. ɻʨʘʬʠʯʝʩʢʠ ʵʪʠ ʩʠʪʫʘʮʠʠ ʧʦʢʘʟʘʥʳ ʥʘ 

ʨʠʩʫʥʢʝ 4. 



 

ʈʠʩʫʥʦʢ 4 - ʈʘʟʤʝʱʝʥʠʝ ʦʙʣʘʩʪʝʡ ʧʨʠʥʷʪʠʷ ʨʝʰʝʥʠʡ ʧʨʠ ʧʦʩʣʝʜʝʪʝʢʪʦʨʥʦʡ 

ʦʙʨʘʙʦʪʢʝ 

ʉʫʱʥʦʩʪʴ ʦʧʠʩʳʚʘʝʤʦʛʦ ʤʝʪʦʜʘ ʠʣʣʶʩʪʨʠʨʫʝʪʩʷ ʩʭʝʤʦʡ ʥʘ ʨʠʩʫʥʢʝ 5. 

 

ʈʠʩʫʥʦʢ 5 - ʄʦʜʠʬʠʮʠʨʦʚʘʥʥʘʷ ʩʭʝʤʘ ʧʦʩʣʝʜʝʪʝʢʪʦʨʥʦʡ ʦʙʨʘʙʦʪʢʠ 

ʈʘʟʥʝʩʝʥʥʳʝ ʩʠʛʥʘʣʳ ʚ ʧʝʨʚʦʤ ʠ ʚʪʦʨʦʤ ʢʘʥʘʣʘʭ ʨʘʟʥʝʩʝʥʠʷ 

ʦʙʨʘʙʘʪʳʚʘʶʪʩʷ ʚ ʜʝʤʦʜʫʣʷʪʦʨʘʭ (DEMOD), ʚ ʨʝʟʫʣʴʪʘʪʝ ʯʝʛʦ ʚʳʨʘʙʘʪʳʚʘʶʪʩʷ 

ʥʘʧʨʷʞʝʥʠʷ s1ʠ s2, ʢʦʪʦʨʳʝ ʧʦʜʘʶʪʩʷ ʥʘ ʧʝʨʚʦʝ ʫ ʚʪʦʨʦʝ ʧʦʨʦʛʦʚʳʝ ʫʩʪʨʦʡʩʪʚʘ 

(lim). ɺ ʥʠʭ ʵʪʠ ʥʘʧʨʷʞʝʥʠʷ ʩʨʘʚʥʠʚʘʶʪʩʷ ʩ ʥʫʣʝʚʳʤ ʫʨʦʚʥʝʤ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʯʝʛʦ 

ʚʳʨʘʙʘʪʳʚʘʶʪʩʷ ʣʦʛʠʯʝʩʢʠʝ ʩʠʛʥʘʣʳ ʭ1ʠ ʭ2. ʉʠʛʥʘʣ ç1è ʚʳʨʘʙʘʪʳʚʘʝʪʩʷ ʚ 

ʩʣʫʯʘʝ, ʝʩʣʠ ʦʥʠ ʚʳʰʝ ʥʫʣʷ, ʩʠʛʥʘʣ ç0è - ʝʩʣʠ ʥʠʞʝ ʥʫʣʷ. 



ʂʨʦʤʝ ʪʦʛʦ, ʚ ʩʫʤʤʘʪʦʨʝ ʥʘʭʦʜʠʪʩʷ ʠʭ ʩʫʤʤʘ s3=s1+s2, ʠ ʚ ʪʨʝʪʴʝʤ 

ʧʦʨʦʛʦʚʦʤ ʫʩʪʨʦʡʩʪʚʝ (lim) ʦʥʘ ʪʦʞʝ ʩʨʘʚʥʠʚʘʝʪʩʷ ʩ ʥʫʣʝʤ. ɺ ʨʝʟʫʣʴʪʘʪʝ 

ʚʳʨʘʙʘʪʳʚʘʝʪʩʷ ʩʠʛʥʘʣ x3=1, ʝʩʣʠ ʦʥʘ ʙʦʣʴʰʝ ʥʫʣʷ, ʠ ʩʠʛʥʘʣ x3=0, ʝʩʣʠ ʵʪʘ 

ʩʫʤʤʘ ʤʝʥʴʰʝ ʥʫʣʷ. 

ɺʩʝ ʪʨʠ ʣʦʛʠʯʝʩʢʠʭ ʩʠʛʥʘʣʘ ʧʦʩʪʫʧʘʶʪ ʥʘ ʣʦʛʠʯʝʩʢʫʶ ʩʭʝʤʫ (Logic), ʛʜʝ 

ʥʘ ʦʩʥʦʚʝ ʠʭ ʚʳʨʘʙʘʪʳʚʘʝʪʩʷ ʚʳʭʦʜʥʘʷ ʣʦʛʠʯʝʩʢʘʷ ʬʫʥʢʮʠʷ ʫ, ʷʚʣʷʶʱʘʷʩʷ 

ʨʝʰʝʥʠʝʤ ʦʪʥʦʩʠʪʝʣʴʥʦ ʧʝʨʝʜʘʥʥʦʛʦ ʠʥʬʦʨʤʘʮʠʦʥʥʦʛʦ ʩʠʤʚʦʣʘ. 

ʌʫʥʢʮʠʷ, ʨʝʘʣʠʟʫʝʤʘʷ ʣʦʛʠʯʝʩʢʦʡ ʩʭʝʤʦʡ, ʦʧʨʝʜʝʣʷʝʪʩʷ ʩʣʝʜʫʶʱʠʤ 

ʚʳʨʘʞʝʥʠʝʤ. ɺ ʩʣʫʯʘʝ, ʝʩʣʠ ʩʠʛʥʘʣʳ ʭ1ʠ ʭ2ʦʜʠʥʘʢʦʚʳ, ʣʶʙʦʡ ʠʟ ʥʠʭ (ʧʫʩʪʴ 

ʩʠʛʥʘʣ ʭ1) ʧʦʜʘʝʪʩʷ ʥʘ ʚʳʭʦʜ. ɺ ʩʣʫʯʘʝ, ʝʩʣʠ ʩʠʛʥʘʣʳ x1ʠ x2ʨʘʟʣʠʯʘʶʪʩʷ, ʥʘ 

ʚʳʭʦʜ ʧʦʜʘʝʪʩʷ ʩʠʛʥʘʣ x3. 

ώ ὼὼ ὼ᷉ὼ ὼ᷉ὼὼ ὼ᷉ὼ ὼ ὼὼ ὼ᷉ὼὼ ὼ᷉ὼὼ 

 

ʈʠʩʫʥʦʢ 6 - ʆʙʣʘʩʪʠ ʧʨʠʥʷʪʠʷ ʨʝʰʝʥʠʷ ʧʨʠ ʨʘʟʥʳʭ ʫʨʦʚʥʷʭʨʘʟʥʝʩʝʥʥʳʭ 

ʩʠʛʥʘʣʦʚ 



 

ʈʠʩʫʥʦʢ 7 - ʉʨʘʚʥʠʪʝʣʴʥʳʝ ʜʠʘʛʨʘʤʤʳ ʧʨʠ ʘʚʪʦʚʳʙʦʨʝ, ʣʠʥʝʡʥʦʤ ʠ 

ʦʧʪʠʤʘʣʴʥʦʤ ʩʣʦʞʝʥʠʠ ʨʘʟʥʝʩʝʥʥʳʭ ʩʠʛʥʘʣʦʚ 

ʅʘ ʨʠʩʫʥʢʝ 7 ʧʦʢʘʟʘʥʳ ʩʦʦʪʥʦʰʝʥʠʷ ʤʝʞʜʫ ʫʨʦʚʥʷʤʠ ʜʚʫʭ ʨʘʟʥʝʩʝʥʥʳʭ 

ʩʠʛʥʘʣʦʚ, ʥʝʦʙʭʦʜʠʤʳʝ, ʯʪʦʙʳ ʦʙʝʩʧʝʯʠʪʴ ʥʝʢʦʪʦʨʦʝ ʟʘʬʠʢʩʠʨʦʚʘʥʥʦʝ 

ʦʪʥʦʰʝʥʠʝ ʉ/ʐ ʧʦʩʣʝ ʦʙʨʘʙʦʪʢʠ ʩ ʧʦʤʦʱʴʶ ʘʚʪʦʚʳʙʦʨʘ, ʣʠʥʝʡʥʦʛʦ ʩʣʦʞʝʥʠʷ ʠ 

ʦʧʪʠʤʘʣʴʥʦʛʦ ʩʣʦʞʝʥʠʷ. ɺ ʦʪʣʠʯʠʝ ʦʪ ʧʨʝʜʳʜʫʱʠʭ ʨʠʩʫʥʢʦʚ ʟʜʝʩʴ - ʯʝʤ ʙʣʠʞʝ 

ʣʠʥʠʷ ʢ ʥʘʯʘʣʫ ʢʦʦʨʜʠʥʘʪ, ʪʝʤ ʤʝʪʦʜ ʚʳʛʦʜʥʝʝ, ʪ.ʢ. ʜʣʷ ʜʦʩʪʠʞʝʥʠʷ ʪʦʛʦ ʞʝ 

ʨʝʟʫʣʴʪʘʪʘ ʪʨʝʙʫʝʪ ʤʝʥʴʰʠʭ ʫʨʦʚʥʝʡ ʧʨʠʥʠʤʘʝʤʳʭ ʧʦʣʝʟʥʳʭ ʩʠʛʥʘʣʦʚ. 

ʇʨʠ ʵʪʦʤ ʧʨʷʤʘʷ ʣʠʥʠʷ ACEG ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʣʠʥʝʡʥʦʤʫ ʩʣʦʞʝʥʠʶ, ʜʚʝ 

ʣʠʥʠʠ BD-DF ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʘʚʪʦʚʳʙʦʨʫ, ʯʝʪʚʝʨʪʴ ʦʢʨʫʞʥʦʩʪʠ ʤʝʞʜʫ ʪʦʯʢʘʤʠ 

B ʠ F ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʦʧʪʠʤʘʣʴʥʦʤʫ ʩʣʦʞʝʥʠʶ, ʣʦʤʘʥʘʷ ʣʠʥʠʷ BCEF 

ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʦʧʠʩʳʚʘʝʤʦʤʫ ʤʝʪʦʜʫ. ʆʪʣʠʯʠʷ ʵʪʦʡ ʣʦʤʘʥʦʡ ʣʠʥʠʠ ʦʪ 

ʦʢʨʫʞʥʦʩʪʠ ʥʝʟʥʘʯʠʪʝʣʴʥʳ, ʯʪʦ ʫʢʘʟʳʚʘʝʪ ʥʘ ʪʦ, ʯʪʦ ʵʪʦʪ ʤʝʪʦʜ ʙʣʠʟʦʢ ʧʦ 

ʧʦʤʝʭʦʫʩʪʦʡʯʠʚʦʩʪʠ ʢ ʦʧʪʠʤʘʣʴʥʦʤʫ ʩʣʦʞʝʥʠʶ. 

ʇʨʠʤʝʥʝʥʠʝ ʧʨʝʜʣʘʛʘʝʤʦʛʦ ʤʝʪʦʜʘ ʧʦʟʚʦʣʷʝʪ ʦʙʝʩʧʝʯʠʪʴ 

ʧʦʤʝʭʦʫʩʪʦʡʯʠʚʦʩʪʴ, ʙʣʠʟʢʫʶ ʢ ʦʧʪʠʤʘʣʴʥʦʤʫ ʩʣʦʞʝʥʠʶ, ʥʦ ʥʝ ʪʨʝʙʫʝʪ ʩʣʦʞʥʦ 

ʨʝʘʣʠʟʫʝʤʳʭ ʥʘ ʧʨʘʢʪʠʢʝ ʬʘʟʦʚʦʡ ʘʚʪʦʧʦʜʩʪʨʦʡʢʠ ʠ ʨʝʛʫʣʠʨʦʚʢʠ ʚʝʩʦʚʳʭ 

ʢʦʵʬʬʠʮʠʝʥʪʦʚ. 

  



2. ʄʦʜʝʣʠ ʢʘʥʘʣʘ ʩ ʟʘʤʠʨʘʥʠʷʤʠ ʠ ʫʩʪʨʦʡʩʪʚ ʦʙʨʘʙʦʪʢʠ ʩʠʛʥʘʣʦʚ ʧʨʠ 

ʨʘʟʥʝʩʝʥʥʦʤ ʧʨʠʝʤʝ ʚ ʉɸʇʈ ADS 

2.1. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʉɸʇʈ ADS 

ɺ ʢʘʯʝʩʪʚʝ ʩʨʝʜʳ ʜʣʷ ʨʘʟʨʘʙʦʪʢʠ ʠʩʩʣʝʜʫʝʤʦʡ ʤʦʜʝʣʠ ʚʳʙʨʘʥ ʉɸʇʈ 

AdvancedDesignSystem[19]: 

- ʚʝʨʩʠʷ 2011.10 Build 600; 

- ʛʦʜ ʚʳʧʫʩʢʘ 2011; 

- ʨʘʟʨʘʙʦʪʯʠʢ ï Agilent Technologies Inc. 

ʉʠʩʪʝʤʘ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ADS (Advanced Design System) ʧʦʤʦʛʘʝʪ ʨʝʰʘʪʴ 

ʤʥʦʛʦʧʣʘʥʦʚʳʝ ʟʘʜʘʯʠ ʧʦ ʨʘʟʨʘʙʦʪʢʝ ʦʙʲʝʢʪʦʚ, ʚʢʣʶʯʘʶʱʠʭ ʚ ʩʝʙʷ ʫʩʪʨʦʡʩʪʚʘ 

ʩʦ ʩʤʝʰʘʥʥʳʤʠ (ʘʥʘʣʦʛʦʚʳʤʠ ʠ ʮʠʬʨʦʚʳʤʠ) ʩʠʛʥʘʣʘʤʠ ʦʪ ʚʳʩʦʢʠʭ ʯʘʩʪʦʪ ʜʦ 

ʧʦʩʪʦʷʥʥʦʛʦ ʪʦʢʘ. ʇʨʠ ʦʩʥʘʱʝʥʠʠ ʨʘʟʥʦʦʙʨʘʟʥʳʤʠ ʵʬʬʝʢʪʠʚʥʳʤʠ ʩʨʝʜʩʪʚʘʤʠ 

ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ, ʧʨʝʜʣʘʛʘʝʤʳʤʠ ʢʦʤʧʘʥʠʝʡ Agilent, ʢʦʣʣʝʢʪʠʚ ʨʘʟʨʘʙʦʪʯʠʢʦʚ 

ʠʤʝʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʙʳʩʪʨʦ ʠʩʩʣʝʜʦʚʘʪʴ ʨʘʟʣʠʯʥʳʝ ʠʜʝʠ ʠ ʟʘʪʝʤ 

ʧʨʦʤʦʜʝʣʠʨʦʚʘʪʴ ʵʣʝʢʪʨʠʯʝʩʢʠʝ ʠ ʬʠʟʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʥʘʠʙʦʣʝʝ 

ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʧʨʝʜʣʦʞʝʥʠʡ. 

ADS ʧʦʟʚʦʣʷʝʪ ʘʥʘʣʠʟʠʨʦʚʘʪʴ ʧʦʪʦʢ ʜʘʥʥʳʭ ʧʨʠ ʮʠʬʨʦʚʦʡ ʦʙʨʘʙʦʪʢʝ ʠʣʠ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʩʠʛʥʘʣʘ ʚ ʘʥʘʣʦʛʦʚʦʤ/ɺʏ ʪʨʘʢʪʝ. ʄʦʞʥʦ ʧʨʦʚʝʩʪʠ ʥʝʢʦʪʦʨʳʝ 

ʵʪʘʧʳ ʨʘʟʨʘʙʦʪʢʠ ʚʳʩʦʢʦʯʘʩʪʦʪʥʦʡ ʯʘʩʪʠ ʚʧʣʦʪʴ ʜʦ ʬʠʟʠʯʝʩʢʦʡ ʨʝʘʣʠʟʘʮʠʠ ʧʨʠ 

ʧʦʤʦʱʠ ADS, ʘ ʟʘʪʝʤ ʧʝʨʝʥʝʩʪʠ ʧʨʦʮʝʩʩ ʥʘ ʜʨʫʛʠʝ ʩʨʝʜʩʪʚʘ 

ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʛʦ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʦʪ ʜʨʫʛʠʭ ʧʨʦʠʟʚʦʜʠʪʝʣʝʡ. ADS 

ʦʙʲʝʜʠʥʷʝʪ ʚ ʩʝʙʝ ʚʦʟʤʦʞʥʦʩʪʠ ʨʘʟʨʘʙʦʪʢʠ ʨʘʟʥʦʦʙʨʘʟʥʳʭ ʫʩʪʨʦʡʩʪʚ ʦʪ ʩʦʪʦʚʳʭ 

ʪʝʣʝʬʦʥʦʚ ʠ ʧʝʡʜʞʝʨʦʚ ʜʦ ʙʝʩʧʨʦʚʦʜʥʳʭ ʩʝʪʝʡ ʠ ʨʘʜʠʦʣʦʢʘʮʠʦʥʥʳʭ ʩʠʩʪʝʤ.[12] 

ʉɸʇʈ ADS ï ʩʨʝʜʘ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʚʳʩʦʢʦʯʘʩʪʦʪʥʳʭ ʘʥʘʣʦʛʦʚʳʭ ʠ 

ʮʠʬʨʦʚʳʭ ʫʩʪʨʦʡʩʪʚ, ʫʩʪʨʦʡʩʪʚ ʩʤʝʰʘʥʥʦʛʦ ʪʠʧʘ, ʚʢʣʶʯʘʶʱʘʷ ʚ ʩʝʙʷ ʙʦʣʴʰʦʝ 

ʢʦʣʠʯʝʩʪʚʦ ʨʘʟʥʦʦʙʨʘʟʥʳʭ ʤʦʜʫʣʝʡ ʠ ʠʥʩʪʨʫʤʝʥʪʦʚ. ʇʘʢʝʪ ʦʙʣʘʜʘʝʪ 

ʫʥʠʢʘʣʴʥʳʤʠ ʚʦʟʤʦʞʥʦʩʪʷʤʠ ʧʦʜʢʣʶʯʝʥʠʷ ʢ ʠʟʤʝʨʠʪʝʣʴʥʦʤʫ ʦʙʦʨʫʜʦʚʘʥʠʶ 



ʜʣʷ ʵʤʫʣʷʮʠʠ ʩʠʛʥʘʣʦʚ ʠʣʠ ʧʦʣʫʯʝʥʠʷ ʤʦʜʝʣʠ ʫʩʪʨʦʡʩʪʚ ʩ ʮʝʣʴʶ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 

ʜʣʷ ʜʘʣʴʥʝʡʰʝʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ. ADS ʩʦʚʤʝʩʪʠʤ ʩ ʜʨʫʛʠʤʠ ʩʠʩʪʝʤʘʤʠ ʉɸʇʈ. 

ɺ ʥʘʩʪʦʷʱʠʡ ʤʦʤʝʥʪ ʜʣʷ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʩʠʩʪʝʤ ʙʝʩʧʨʦʚʦʜʥʦʡ ʩʚʷʟʠ 

Agilent Technologies ʧʨʝʜʦʩʪʘʚʣʷʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʧʦʣʥʦʛʦ 

ʢʦʤʧʣʝʢʪʘ ʦʙʦʨʫʜʦʚʘʥʠʷ ʩʠʩʪʝʤ ʩʚʷʟʠ: ʦʪ ʧʝʯʘʪʥʳʭ ʧʣʘʪ ʠ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʭ 

ʩʠʤʫʣʷʪʦʨʦʚ ʜʦ ʩʠʥʪʝʟʘ ʠ ʬʠʟʠʯʝʩʢʦʛʦ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʮʠʬʨʦʚʳʭ ʩʠʛʥʘʣʴʥʳʭ 

ʧʨʦʮʝʩʩʦʨʦʚ DSP - ʠ ʚʩʝ ʚ ʧʦʣʥʦʩʪʴʶ ʠʥʪʝʛʨʠʨʦʚʘʥʥʦʡ ʝʜʠʥʦʡ ʚʳʯʠʩʣʠʪʝʣʴʥʦʡ 

ʩʨʝʜʝ. [12] 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʧʨʦʚʦʜʠʣʦʩʴ ʩ ʧʦʤʦʱʴʶ ʩʣʝʜʫʶʱʝʛʦ ʨʷʜʘ ʤʝʪʦʜʦʚ ʠ ʚʠʜʦʚ 

ʘʥʘʣʠʟʘ ʚ ʉɸʇʈ ADS: 

- ʘʥʘʣʠʟ ʮʠʬʨʦʚʳʭ ʩʭʝʤ (DF ï DataFlow); 

- ʘʥʘʣʠʟ ʧʦ ʧʝʨʝʤʝʥʥʦʤʫ ʪʦʢʫ (AC); 

- ʘʥʘʣʠʟ ʤʝʪʦʜʦʤ ʛʘʨʤʦʥʠʯʝʩʢʦʛʦ ʙʘʣʘʥʩʘ (HB); 

- ʘʥʘʣʠʟ ʚʦ ʚʨʝʤʝʥʥʦʡ ʦʙʣʘʩʪʠ (Transient); 

- ʘʥʘʣʠʟ ʘʥʘʣʦʛʦʚʦʡ ʯʘʩʪʠ ʩʭʝʤʳ ʚ ʮʠʬʨʦʚʦʤ ʧʨʦʝʢʪʝ Envelope. 

ɸʥʘʣʠʟ ʤʝʪʦʜʦʤ ʛʘʨʤʦʥʠʯʝʩʢʦʛʦ ʙʘʣʘʥʩʘ ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʨʘʩʯʝʪʘ 

ʫʩʪʘʥʦʚʠʚʰʠʭʩʷ ʨʝʞʠʤʦʚ ʚ ʥʝʣʠʥʝʡʥʳʭ ʫʩʪʨʦʡʩʪʚʘʭ ʚ ʯʘʩʪʦʪʥʦʡ ʦʙʣʘʩʪʠ.  

ʄʝʪʦʜ ʛʘʨʤʦʥʠʯʝʩʢʦʛʦ ʙʘʣʘʥʩʘ (ɻɹ) ʷʚʣʷʝʪʩʷ ʦʩʥʦʚʥʳʤ ʤʝʪʦʜʦʤ 

ʩʧʝʢʪʨʘʣʴʥʦʛʦ ʘʥʘʣʠʟʘ ʜʣʷ ʦʮʝʥʢʠ ʠʩʢʘʞʝʥʠʡ ʚ ʥʝʣʠʥʝʡʥʳʭ ʫʩʪʨʦʡʩʪʚʘʭ ʠ 

ʩʠʩʪʝʤʘʭ. ʆʙʳʯʥʦ ʦʥ ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʘʥʘʣʠʟʘ ʘʥʘʣʦʛʦʚʳʭ ɺʏ ʠ ʉɺʏ ʪʨʘʢʪʦʚ, 

ʪʘʢ ʢʘʢ ʦʥʠ, ʢʘʢ ʧʨʘʚʠʣʦ, ʥʘʠʙʦʣʝʝ ʝʩʪʝʩʪʚʝʥʥʦ ʤʦʜʝʣʠʨʫʶʪʩʷ ʚ ʯʘʩʪʦʪʥʦʡ 

ʦʙʣʘʩʪʠ. ʊʠʧʦʚʳʝ ʢʣʘʩʩʳ ʫʩʪʨʦʡʩʪʚ, ʜʣʷ ʘʥʘʣʠʟʘ ʢʦʪʦʨʳʭ ʥʘʠʙʦʣʝʝ ʫʜʦʙʝʥ 

ʤʝʪʦʜ ɻɹ, ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʫʩʠʣʠʪʝʣʠ ʤʦʱʥʦʩʪʠ, ʫʤʥʦʞʠʪʝʣʠ ʯʘʩʪʦʪʳ, 

ʩʤʝʩʠʪʝʣʠ ʠ ʤʦʜʫʣʷʪʦʨʳ. 



ɸʥʘʣʠʟ ʚʦ ʚʨʝʤʝʥʥʦʡ ʦʙʣʘʩʪʠ ʧʦʟʚʦʣʷʝʪ ʨʘʩʩʯʠʪʘʪʴ ʧʘʨʘʤʝʪʨʳ 

ʥʝʣʠʥʝʡʥʳʭ ʫʩʪʨʦʡʩʪʚ ʤʝʪʦʜʘʤʠ ʯʠʩʣʝʥʥʦʛʦ ʠʥʪʝʛʨʠʨʦʚʘʥʠʷ ʥʝʣʠʥʝʡʥʳʭ 

ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʭ ʫʨʘʚʥʝʥʠʡ ʚʦ ʚʨʝʤʝʥʥʦʡ ʦʙʣʘʩʪʠ, ʢʦʛʜʘ ʵʣʝʤʝʥʪʳ 

ʫʩʪʨʦʡʩʪʚʘ ʤʦʜʝʣʠʨʫʶʪʩʷ ʧʨʠʙʣʠʞʝʥʥʳʤʠ ʵʢʚʠʚʘʣʝʥʪʥʳʤʠ ʩʭʝʤʘʤʠ. 

ʀʩʧʦʣʴʟʦʚʘʥʠʝ DF ʢʦʥʪʨʦʣʣʝʨʘ ʷʚʣʷʝʪʩʷ ʦʙʷʟʘʪʝʣʴʥʳʤ ʧʨʠ 

ʤʦʜʝʣʠʨʦʚʘʥʠʠ ʣʶʙʦʡ ʮʠʬʨʦʚʦʡ ʩʭʝʤʳ. ʂʦʥʪʨʦʣʣʝʨ ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ 

ʫʧʨʘʚʣʝʥʠʷ ʧʦʪʦʢʦʤ ʩʤʝʰʘʥʥʳʭ (ʮʠʬʨʦʚʳʭ ʠ ʚʨʝʤʝʥʥʳʭ) ʩʠʛʥʘʣʦʚ ʜʣʷ ʚʩʝʭ 

ʧʨʦʝʢʪʦʚ ʩ ʮʠʬʨʦʚʦʡ ʦʙʨʘʙʦʪʢʦʡ ʩʠʛʥʘʣʦʚ ʚ ADS.  



2.2. ʄʦʜʝʣʠʨʦʚʘʥʠʝ ʢʘʥʘʣʘ ʩ ʟʘʤʠʨʘʥʠʷʤʠ 

ɿʘʤʠʨʘʥʠʷ ʩʠʛʥʘʣʦʚ ʧʨʠ ʧʝʨʝʜʘʯʝ ʧʦ ʨʘʜʠʦʢʘʥʘʣʫ ʷʚʣʷʶʪʩʷ ʩʣʝʜʩʪʚʠʝʤ 

ʤʥʦʛʦʣʫʯʝʚʦʛʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ. ɼʣʷ ʦʮʝʥʢʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʪʘʢʦʛʦ ʪʠʧʘ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʚʦʩʧʦʣʴʟʫʝʤʩʷ ʢʦʤʧʦʥʝʥʪʘʤʠ ʠʟ ʙʠʙʣʠʦʪʝʢʠ 

Antennas&Propagation. 

 

ʈʠʩʫʥʦʢ 8 - ʉʭʝʤʘ ʧʨʦʝʢʪʘ ʜʣʷ ʦʮʝʥʢʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʩʠʛʥʘʣʘ 

ʥʘʜ ʧʣʦʩʢʦʡ ʟʝʤʣʝʡ 

ʆʮʝʥʢʘ ʠʟʤʝʥʝʥʠʷ ʦʩʥʦʚʥʳʭ ʧʘʨʘʤʝʪʨʦʚ, ʠʥʪʝʨʝʩʫʶʱʠʭ ʥʘʩ  ʚ ʵʪʦʡ 

ʤʦʜʝʣʠ, ʟʘʚʠʩʠʪ ʦʪ ʨʘʩʩʪʦʷʥʠʷ, ʥʦ ʦʥʦ ʢʘʢ ʪʘʢʦʚʦʡ ʧʘʨʘʤʝʪʨ ʚ ʤʦʜʝʣʠ 

ʦʪʩʫʪʩʪʚʫʝʪ. ʇʦʵʪʦʤʫ ʚʚʦʜʠʤ ʨʷʜ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʧʝʨʝʤʝʥʥʳʭ. 

 

 

ʈʠʩʫʥʦʢ 9 - ɼʦʧʦʣʥʠʪʝʣʴʥʳʝ ʧʝʨʝʤʝʥʥʳʝ 



 

ʈʠʩʫʥʦʢ 10 - ʋʙʳʚʘʥʠʝ ʜʝʡʩʪʚʠʪʝʣʴʥʦʡ ʠ ʤʥʠʤʦʡ ʯʘʩʪʝʡ ʩʠʛʥʘʣʘ ʦʪ ʨʘʩʩʪʦʷʥʠʷ 

 

ʈʠʩʫʥʦʢ 11 - ʆʮʝʥʢʘ ʫʙʳʚʘʥʠʷ ʤʦʱʥʦʩʪʠ 

 

 

 

ʈʠʩʫʥʦʢ 12 - ʆʮʝʥʢʘ ʤʦʱʥʦʩʪʠ ʧʨʠ ʦʪʩʫʪʩʪʚʠʠ ʤʥʦʛʦʣʫʯʝʚʦʛʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ 

 



ɼʣʷ ʦʮʝʥʢʠ ʜʝʡʩʪʚʠʪʝʣʴʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʚ ʢʘʥʘʣʝ ʩʚʷʟʠ ʚʦʩʧʦʣʴʟʫʝʤʩʷ 

ʩʧʝʮʠʘʣʴʥʦʡ ʤʦʜʝʣʴʶ ʢʘʥʘʣʘ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ, ʩʚʦʡʩʪʚʝʥʥʦʛʦ ʜʣʷ 

ʩʝʪʝʡʩʪʘʥʜʘʨʪʘ GSM, ʧʨʠ ʫʩʣʦʚʠʷʭ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʚ ʯʝʨʪʝ ʢʨʫʧʥʦʛʦ ʛʦʨʦʜʘ 

(ʚʝʣʠʢʦ ʚʣʠʷʥʠʝ ʤʥʦʛʦʣʫʯʝʚʦʩʪʠ; ʪʠʧ Urban Area). 

 

ʈʠʩʫʥʦʢ 13 - ʉʭʝʤʘ ʧʨʦʝʢʪʘ ʜʣʷ ʦʮʝʥʢʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʩʠʛʥʘʣʘ 

ʚ ʫʩʣʦʚʠʷʭ ʤʥʦʛʦʣʫʯʝʚʦʛʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ 

 

ʈʠʩʫʥʦʢ 14 - ɿʘʤʠʨʘʥʠʷ ʩʠʛʥʘʣʦʚ ʧʨʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʠ 



ɼʣʷ ʨʘʩʩʤʦʪʨʝʥʠʷ ʚʣʠʷʥʠʷ ʨʷʜʘ ʪʠʧʠʯʥʳʭ ʥʝʛʘʪʠʚʥʳʭ ʵʬʬʝʢʪʦʚ ʚ 

ʨʘʜʠʦʢʘʥʘʣʝ, ʪʘʢʠʭ ʢʘʢ ʟʘʤʠʨʘʥʠʷ, ʧʦʪʝʨʠ ʠ ʘʜʜʠʪʠʚʥʳʡ ʰʫʤ, ʚʦʩʧʦʣʴʟʫʝʤʩʷ 

ʤʦʜʝʣʴʶ ʩ ʨʠʩʫʥʢʘ 16 (ʜʣʷ ʥʘʛʣʷʜʥʦʩʪʠ ʧʨʝʜʩʪʘʣʝʥʠʷ ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ 

ʚʦʩʧʦʣʴʟʫʝʤʩʷ ʙʣʦʢʦʤ Plot Inputs versusTime ï ʨʠʩʫʥʦʢ 15): 

 

 

ʈʠʩʫʥʦʢ 15 ï ʇʘʨʘʤʝʪʨʳ ʙʣʦʢʘ Plot Inputs versus Time 

 

ʈʠʩʫʥʦʢ 16 - ʉʭʝʤʘ ʤʦʜʝʣʠ ʨʘʜʠʦʢʘʥʘʣʘ 



 

ʈʠʩʫʥʦʢ 17 - ʈʝʟʫʣʴʪʘʪʳ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʧʨʠ AddNoise=0,00 

 

ʈʠʩʫʥʦʢ 18 - ʈʝʟʫʣʴʪʘʪʳ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʧʨʠ AddNoise=0,50 

 

ʈʠʩʫʥʦʢ 19 - ʆʙʱʝʝ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʩʠʛʥʘʣʘ ʚ ʢʘʥʘʣʝ ʩ ʢʦʤʧʣʝʢʩʦʤ 

ʜʝʩʪʘʙʠʣʠʟʠʨʫʶʱʠʭ ʵʬʬʝʢʪʦʚ 

  



2.3. ʄʦʜʝʣʴ, ʨʝʘʣʠʟʫʶʱʘʷ ʤʝʪʦʜ ʦʧʪʠʤʘʣʴʥʦʛʦ ʣʠʥʝʡʥʦʛʦ ʩʣʦʞʝʥʠʷ 

ʩʠʛʥʘʣʦʚ ʧʨʠ ʨʘʟʥʝʩʝʥʥʦʤ ʧʨʠʝʤʝ 

ʅʘ ʦʩʥʦʚʝ ʚʳʰʝʠʟʣʦʞʝʥʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʙʳʣʘ ʨʘʟʨʘʙʦʪʘʥʘ ʩʪʨʫʢʪʫʨʥʘʷ 

ʩʭʝʤʘ, ʨʝʘʣʠʟʫʶʱʘʷ ʤʝʪʦʜ ʦʧʪʠʤʘʣʴʥʦʛʦ ʣʠʥʝʡʥʦʛʦ ʩʣʦʞʝʥʠʷ ʩʠʛʥʘʣʦʚ ʧʨʠ 

ʨʘʟʥʝʩʝʥʥʦʤ ʧʨʠʝʤʝ. ʉʭʝʤʘ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩʫʥʢʝ 20. 

 

ʈʠʩʫʥʦʢ 20 - ʉʪʨʫʢʪʫʨʥʘʷ ʩʭʝʤʘ ʜʣʷ ʤʝʪʦʜʘ ʦʧʪʠʤʘʣʴʥʦʛʦ ʣʠʥʝʡʥʦʛʦ ʩʣʦʞʝʥʠʷ 

ʈʘʩʩʤʘʪʨʠʚʘʝʤʘʷ ʟʘʜʘʯʘ ʨʝʰʘʝʪʩʷ ʦʪʥʦʩʠʪʝʣʴʥʦ ʮʠʬʨʦʚʦʛʦ ʧʦʪʦʢʘ 

ʜʘʥʥʳʭ ʧʦʵʪʦʤʫ ʥʘ ʩʭʝʤʝ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʧʨʝʜʩʪʘʚʣʝʥ ʙʣʦʢ, ʛʝʥʝʨʠʨʫʶʱʠʡ 

ʚʭʦʜʥʳʝ ʜʘʥʥʳʝ (BinarySource), ʤʦʜʫʣʷʪʦʨʳ (MOD) ʠ ʜʝʤʦʜʫʣʷʪʦʨʳ (DEMOD), 

ʚʳʧʦʣʥʷʶʱʠʝ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ. ʀʩʢʘʞʝʥʠʷ ʠʩʭʦʜʥʦʛʦ ʩʠʛʥʘʣʘ 

ʚʥʦʩʠʪ ʙʣʦʢ ʠʤʠʪʠʨʫʶʱʠʝ ʢʘʥʘʣ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʩ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʙʝʣʦʛʦ 

ʛʘʫʩʩʦʚʦʛʦ ʰʫʤʘ (AWGN). ɹʣʦʢʠ (Gain) ʦʪʚʝʯʘʶʪ ʟʘ ʜʦʤʥʦʞʝʥʠʝ ʩʠʛʥʘʣʦʚ ʩ 

ʚʝʪʚʝʡ ʨʘʟʥʝʩʝʥʠʷ ʥʘ ʥʝʦʙʭʦʜʠʤʳʝ ʚʝʩʦʚʳʝ ʢʦʵʬʬʠʮʠʝʥʪʳ. ɹʣʦʢ (BER) 

ʧʦʟʚʦʣʠʪ ʧʨʦʚʝʩʪʠ ʦʮʝʥʢʫ ʙʠʪʦʚʦʡ ʦʰʠʙʢʠ. ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʚ ʩʭʝʤʝ 

ʧʨʝʜʫʩʤʦʪʨʝʥʳ ʜʚʘ ʚʘʨʠʘʥʪʘ ʧʨʝʦʙʨʘʟʦʚʘʥʠʡ ʩʠʛʥʘʣʦʚ ʩ ʚʝʪʚʝʡ ʨʘʟʥʝʩʝʥʠʷ: 

ʜʦʜʝʪʝʢʪʦʨʥʳʡ ʠ ʧʦʩʣʝʜʝʪʝʢʪʦʨʥʳʡ. 

ʇʨʠ ʩʦʩʪʘʚʣʝʥʠʠ ʤʦʜʝʣʠ ʚ ʉɸʇʈ ADS ʩʣʝʜʫʝʪ ʜʦʧʦʣʥʠʪʝʣʴʥʦ ʫʯʝʩʪʴ, ʯʪʦ 

ʥʘʠʣʫʯʰʠʤ ʷʚʣʷʝʪʩʷ ʦʧʪʠʤʘʣʴʥʦʝ ʩʣʦʞʝʥʠʝ, ʢʦʛʜʘ (ʧʨʠ ʨʘʚʝʥʩʪʚʝ ʤʦʱʥʦʩʪʝʡ 



ʰʫʤʦʚ ʚ ʢʘʥʘʣʘʭ) ʚʝʩʦʚʳʝ ʢʦʵʬʬʠʮʠʝʥʪʳ ʩʢʣʘʜʳʚʘʝʤʳʭ ʩʠʛʥʘʣʦʚ ʜʦʣʞʥʳ ʙʳʪʴ 

ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʳ ʠʭ ʘʤʧʣʠʪʫʜʘʤ, ʦʜʥʘʢʦ ʨʝʘʣʠʟʘʮʠʷ ʧʦʜʦʙʥʦʛʦ ʧʨʠʥʮʠʧʘ 

ʜʦʩʪʘʪʦʯʥʦ ʪʨʫʜʦʝʤʢʘʷ. ʇʦʵʪʦʤʫ ʚ ʫʩʣʦʚʠʷʭ ʨʘʟʨʘʙʦʪʢʠ ʩʦʙʩʪʚʝʥʥʦʡ ʤʦʜʝʣʠ 

ʤʦʞʥʦ ʟʘʜʘʪʴ ʬʠʢʩʠʨʦʚʘʥʥʳʝ ʚʝʩʦʚʳʝ ʢʦʵʬʬʠʮʠʝʥʪʳ, 

ʦʙʨʘʪʥʦʧʨʦʧʦʨʮʠʦʥʘʣʴʥʳʝ ʚʝʣʠʯʠʥʝ ʰʫʤʘ ʚ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʤ ʢʘʥʘʣʝ ʧʝʨʝʜʘʯʠ. 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʙʳʣʘ ʩʬʦʨʤʠʨʦʚʘʥʘ ʤʦʜʝʣʴ, ʧʨʝʜʩʪʘʚʣʝʥʥʘʷ ʥʘ ʨʠʩʫʥʢʝ 21. 

 

ʈʠʩʫʥʦʢ 21 - ʄʦʜʝʣʴ ʜʣʷ ʨʝʘʣʠʟʘʮʠʠ ʤʝʪʦʜʘ ʦʧʪʠʤʘʣʴʥʦʛʦ ʣʠʥʝʡʥʦʛʦ ʩʣʦʞʝʥʠʷ 

 

  



2.4. ʄʦʜʝʣʴ, ʨʝʘʣʠʟʫʶʱʘʷ ʤʝʪʦʜ ʣʠʥʝʡʥʦʛʦ ʩʣʦʞʝʥʠʷ ʩʠʛʥʘʣʦʚ ʩ ʨʘʚʥʳʤʠ 

ʚʝʩʦʚʳʤʠ ʢʦʵʬʬʠʮʠʝʥʪʘʤʠ 

 

ʉʪʨʫʢʪʫʨʥʘʷ ʩʭʝʤʘ ʩʭʦʞʘ ʩʦ ʩʭʝʤʦʡ ʧʨʝʜʳʜʫʱʝʛʦ ʤʝʪʦʜʘ, ʟʘ 

ʠʩʢʣʶʯʝʥʠʝʤ ʙʣʦʢʦʚ, ʦʪʚʝʪʩʪʚʝʥʥʳʭ ʟʘ ʚʝʩʦʚʳʝ ʢʦʵʬʬʠʮʠʝʥʪʳ. ɺ ʵʪʦʡ ʤʦʜʝʣʠ 

ʜʘʥʥʳʝ ʙʣʦʢʠ ʦʪʩʫʪʩʪʚʫʶʪ, ʠ ʩʣʦʞʝʥʠʶ ʧʦʜʣʝʞʘʪ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʩʠʛʥʘʣʳ, 

ʧʦʣʫʯʝʥʥʳʝ ʩ ʚʝʪʚʝʡ ʨʘʟʥʝʩʝʥʠʷ. 

 

ʈʠʩʫʥʦʢ 22 - ʉʪʨʫʢʪʫʨʥʘʷ ʩʭʝʤʘ ʜʣʷ ʤʝʪʦʜʘ ʣʠʥʝʡʥʦʛʦ ʩʣʦʞʝʥʠʷ ʩ ʨʘʚʥʳʤʠ 

ʚʝʩʦʚʳʤʠ ʢʦʵʬʬʠʮʠʝʥʪʘʤʠ 

ʉʦʦʪʚʝʪʩʪʚʫʶʱʠʤ ʦʙʨʘʟʦʤ ʠʟʤʝʥʷʝʪʩʷ ʠ ʤʦʜʝʣʴ ʚ ʉɸʇʈ, ʧʨʝʜʩʪʘʚʣʝʥʥʘʷ 

ʥʘ ʨʠʩʫʥʢʝ 23. 

 

ʈʠʩʫʥʦʢ 23 - ʄʦʜʝʣʴ ʜʣʷ ʨʝʘʣʠʟʘʮʠʠ ʤʝʪʦʜʘ ʣʠʥʝʡʥʦʛʦ ʩʣʦʞʝʥʠʷʩ ʨʘʚʥʳʤʠ 

ʚʝʩʦʚʳʤʠ ʢʦʵʬʬʠʮʠʝʥʪʘʤʠ 



2.5. ʄʦʜʝʣʴ ʢʦʤʙʠʥʠʨʦʚʘʥʥʦʡ ʦʙʨʘʙʦʪʢʠ ʩʠʛʥʘʣʦʚ ʧʨʠ ʨʘʟʥʝʩʝʥʥʦʤ ʧʨʠʝʤʝ 

ʅʘ ʦʩʥʦʚʝ ʩʭʝʤʳ, ʧʨʝʜʣʦʞʝʥʥʦʡ ʚ ʩʪʘʪʴʝ çʄʝʪʦʜʳ ʢʦʤʙʠʥʠʨʦʚʘʥʥʦʡ 

ʦʙʨʘʙʦʪʢʠ ʮʠʬʨʦʚʳʭ ʩʠʛʥʘʣʦʚ ʧʨʠ ʨʘʟʥʝʩʝʥʥʦʤ ʧʨʠʝʤʝè [5] (ʨʠʩʫʥʦʢ 24), ʙʳʣʘ 

ʨʘʟʨʘʙʦʪʘʥʘ ʩʪʨʫʢʪʫʨʥʘʷ ʩʭʝʤʘ, ʨʝʘʣʠʟʫʶʱʘʷ ʵʪʦʪ ʤʝʪʦʜ. 

 

ʈʠʩʫʥʦʢ 24 - ʉʪʨʫʢʪʫʨʥʘʷ ʩʭʝʤʘ ʜʣʷ ʤʝʪʦʜʘ ʢʦʤʙʠʥʠʨʦʚʘʥʥʦʡ ʦʙʨʘʙʦʪʢʠ 

ʩʠʛʥʘʣʦʚ ʧʨʠ ʨʘʟʥʝʩʝʥʥʦʤ ʧʨʠʝʤʝ 

ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʜʘʥʥʳʤ ʤʝʪʦʜ, ʚ ʦʪʣʠʯʠʝʦʪ ʧʨʝʜʳʜʫʱʠʭ, 

ʨʘʩʩʤʘʪʨʠʚʘʝʪʩ ̫ʠʩʢʣʶʯʠʪʝʣʴʥʦ ʜʣʷ ʧʦʩʣʝʜʝʪʝʢʪʦʨʥʦʡ ʦʙʨʘʙʦʪʢʠ. 

 

 

 

ʈʠʩʫʥʦʢ 25 - ʉʭʝʤʘ ʜʣʷ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʫʩʪʨʦʡʩʪʚʘ ʢʦʤʙʠʥʠʨʦʚʘʥʥʦʡ ʦʙʨʘʙʦʪʢʠ 

ʩʠʛʥʘʣʦʚ ʧʨʠ ʨʘʟʥʝʩʝʥʥʦʤ ʧʨʠʝʤʝ 

ɺ ʤʦʜʝʣʠ ʠʩʧʦʣʴʟʦʚʘʥʳ ʚʭʦʜʥʳʝ ʮʠʬʨʦʚʳʝ ʧʦʪʦʢʠ ʙʠʪ, ʢʦʪʦʨʳʝ 

ʧʦʜʘʶʪʩʷ ʥʘ BPSK ʤʦʜʫʣʷʪʦʨ. ʄʦʜʫʣʠʨʦʚʘʥʥʳʝ ʩʠʛʥʘʣʳ ʧʨʦʭʦʜʷʪ ʧʦ ʜʚʫʤ 


























