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ɸʅʆʊɸʎɯʗ 

ʈʦʙʫʣʝʮʴ ʇ.ʌ. ɺʀʂʆʈʀʉʊɸʅʅʗ ʆɼʅʆʅɽɻɸʊʀɺʅʀʍ 

ʄɽʊɸʄɸʊɽʈɯɸʃɯɺ ɼʃʗ ʇɽʈɽɼɸɺɸʅʅʗ, ʄʆɼʋʃʗʎɯɰ ʊɸ 

ʌɯʃʔʊʈɸʎɯɰ ʉʀɻʅɸʃɯɺ. - ʂʚʘʣʽʬʽʢʘʮʽʡʥʘ ʥʘʫʢʦʚʘ ʧʨʘʮʷ ʥʘ ʧʨʘʚʘʭ 

ʨʫʢʦʧʠʩʫ.  

ɼʠʩʝʨʪʘʮʽʷ ʥʘ ʟʜʦʙʫʪʪʷ ʥʘʫʢʦʚʦʛʦ ʩʪʫʧʝʥʷ ʜʦʢʪʦʨʘ ʬʽʣʦʩʦʬʽʾ  ʟʘ 

ʩʧʝʮʽʘʣʴʥʽʩʪʶ 172 ï «ʊʝʣʝʢʦʤʫʥʽʢʘʮʽʾ ʪʘ ʨʘʜʽʦʪʝʭʥʽʢʘ» ï ʢʘʬʝʜʨʘ 

ʨʘʜʽʦʪʝʭʥʽʢʠ ʪʘ ʽʥʬʦʨʤʘʮʽʡʥʦʾ ʙʝʟʧʝʢʠ ʏʝʨʥʽʚʝʮʴʢʦʛʦ ʥʘʮʽʦʥʘʣʴʥʦʛʦ 

ʫʥʽʚʝʨʩʠʪʝʪʫ ʽʤʝʥʽ ʖʨʽʷ ʌʝʜʴʢʦʚʠʯʘ, ʏʝʨʥʽʚʮʽ, 2021. 

ʄʝʪʘʤʘʪʝʨʽʘʣʠ ʻ ʦʙôʻʢʪʦʤ ʜʦʩʣʽʜʞʝʥʴ ʰʠʨʦʢʦʛʦ ʢʦʣʘ ʥʘʫʢʦʚʮʽʚ, 

ʦʩʢʽʣʴʢʠ ʚʦʥʠ ʚʽʜʢʨʠʚʘʶʪʴ ʨʷʜ ʤʦʞʣʠʚʠʭ ʟʘʩʪʦʩʫʚʘʥʴ ʟʘʚʜʷʢʠ ʩʚʦʾʤ 

ʥʝʧʨʠʨʦʜʥʽʤ ʚʣʘʩʪʠʚʦʩʪʷʤ ʫ ʰʠʨʦʢʦʤʫ ʜʽʘʧʘʟʦʥʽ ʯʘʩʪʦʪ ʚʽʜ 

ʨʘʜʽʦʭʚʠʣʴʦʚʦʛʦ ʜʦ ʦʧʪʠʯʥʦʛʦ ʪʘ ʚʠʱʝ. ʈʷʜ ʽʩʥʫʶʯʠʭ ʨʘʜʽʦʪʝʭʥʽʯʥʠʭ 

ʧʨʠʩʪʨʦʾʚ ʤʦʞʫʪʴ ʙʫʪʠ ʚʜʦʩʢʦʥʘʣʝʥʽ ʯʠ ʧʦʚʥʽʩʪʶ ʟʘʤʽʥʝʥʽ ʰʣʷʭʦʤ 

ʚʧʨʦʚʘʜʞʝʥʥʷ ʤʝʪʘʩʪʨʫʢʪʫʨ ʪʘ ʤʝʪʘʘʪʦʤʽʚ ʟʘ ʨʘʭʫʥʦʢ ʪʦʛʦ, ʱʦ ʾʭ ʨʦʟʤʽʨʠ 

ʥʘʙʘʛʘʪʦ ʤʝʥʰʽ, ʥʽʞ ʜʦʚʞʠʥʘ ʭʚʠʣʽ, ʥʘ ʷʢʽʡ ʬʫʥʢʮʽʦʥʫʻ ʧʨʠʩʪʨʽʡ. ʊʦʤʫ, 

ʤʝʪʦʶ ʜʠʩʝʨʪʘʮʽʡʥʦʾ ʨʦʙʦʪʠ  ̒ʨʦʟʰʠʨʝʥʥʷ ʬʫʥʢʮʽʦʥʘʣʴʥʠʭ ʤʦʞʣʠʚʦʩʪʝʡ 

ʚʫʟʣʽʚ ʟʘʩʦʙʽʚ ʟʚôʷʟʢʫ ʥʘ ʦʩʥʦʚʽ ʢʽʣʴʮʝʚʠʭ ʨʝʟʦʥʘʪʦʨʽʚ ʜʣʷ ʬʽʣʴʪʨʫʚʘʥʥʷ, 

ʤʦʜʫʣʷʮʽʾ/ʜʝʤʦʜʫʣʷʮʽʾ ʛʘʨʤʦʥʽʯʥʠʭ ʪʘ ʜʝʪʝʨʤʽʥʦʚʘʥʦ ʭʘʦʪʠʯʥʠʭ ʩʠʛʥʘʣʽʚ 

ʜʣʷ ʾʭ ʧʝʨʝʜʘʚʘʥʥʷ ʯʝʨʝʟ ʩʪʨʫʢʪʫʨʠ ʽʟ ʧʘʨʘʣʝʣʴʥʠʭ ʧʨʦʚʽʜʥʠʢʽʚ ʫ ʰʠʨʦʢʦʤʫ 

ʩʫʙ-ɻɻʮ ʪʘ ɻɻʮ ʜʽʘʧʘʟʦʥʘʭ ʯʘʩʪʦʪ. 

ɼʣʷ ʜʦʩʷʛʥʝʥʥʷ ʤʝʪʠ ʙʫʣʦ ʧʦʩʪʘʚʣʝʥʦ ʨʷʜ ʟʘʜʘʯ, ʱʦ ʚʢʣʶʯʘʶʪʴ 

ʨʦʟʨʦʙʣʝʥʥʷ ʪʘ ʜʦʩʣʽʜʞʝʥʥʷ ʩʧʦʩʦʙʽʚ ʪʘ ʤʝʪʦʜʽʚ ʤʦʜʫʣʷʮʽʾ ʪʘ ʜʝʤʦʜʫʣʷʮʽʾ 

ʘʥʘʣʦʛʦʚʠʭ ʽ ʮʠʬʨʦʚʠʭ ʩʠʛʥʘʣʽʚ, ʘ ʪʘʢʦʞ ʜʦʩʣʽʜʞʝʥʥʷ ʧʝʨʝʜʘʚʘʥʥʷ 

ʛʘʨʤʦʥʽʯʥʠʭ ʩʠʛʥʘʣʽʚ ʯʝʨʝʟ ʩʪʨʫʢʪʫʨʠ ʽʟ ʧʘʨʘʣʝʣʴʥʠʭ ʧʨʦʚʽʜʥʠʢʽʚ, ʨʽʰʝʥʥʷ 

ʷʢʠʭ ʚʢʣʶʯʘʶʪʴ ʚʠʢʦʨʠʩʪʘʥʥʷ ɛ- ʪʘ Ů-ʥʝʛʘʪʠʚʥʠʭ ʤʝʪʘʩʪʨʫʢʪʫʨ, ʱʦ 

ʧʨʝʜʩʪʘʚʣʷʶʪʴ ʩʦʙʦʶ ʰʪʫʯʥʦʩʪʚʦʨʝʥʽ ʤʘʪʝʨʽʘʣʠ, ʚʣʘʩʪʠʚʦʩʪʽ ʷʢʠʭ ʥʝ 
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ʟʫʩʪʨʽʯʘʶʪʴʩʷ ʚ ʧʨʠʨʦʜʥʽʭ ʤʘʪʝʨʽʘʣʽʚ ʪʘ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴʩʷ ʚʽʜôʻʤʥʠʤʠ 

ʟʥʘʯʝʥʥʷʤʠ ʜʽʝʣʝʢʪʨʠʯʥʦʾ ʪʘ ʤʘʛʥʽʪʥʦʾ ʧʨʦʥʠʢʥʦʩʪʝʡ.  

ʇʨʠʩʪʨʦʾ ʤʦʜʫʣʷʮʽʾ ʥʘ ʦʩʥʦʚʽ ɛ-ʥʝʛʘʪʠʚʥʠʭ ʤʝʪʘʤʘʪʝʨʽʘʣʽʚ 

ʨʝʘʣʽʟʦʚʘʥʦ ʰʣʷʭʦʤ ʚʠʢʦʨʠʩʪʘʥʥʷ ʨʦʟʨʽʟʥʠʭ ʢʽʣʴʮʝʚʠʭ ʨʝʟʦʥʘʪʦʨʽʚ (ʈʂʈ), 

ʥʘʚʘʥʪʘʞʝʥʠʭ ʻʤʥʽʩʥʠʤʠ ʝʣʝʤʝʥʪʘʤʠ, ʟʜʘʪʥʠʤʠ ʟʤʽʥʶʚʘʪʠ ʟʥʘʯʝʥʥʷ 

ʻʤʥʦʩʪʽ ʚ ʯʘʩʽ, ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʧʨʠʢʣʘʜʝʥʦʾ ʜʦ ʥʠʭ ʥʘʧʨʫʛʠ. ʋ ʚʠʧʘʜʢʫ 

ʟʘʙʝʟʧʝʯʝʥʥʷ ʤʦʞʣʠʚʦʾ ʟʤʽʥʠ ʻʤʥʦʩʪʽ ʚʠʢʦʨʠʩʪʘʥʦʛʦ ʝʣʝʤʝʥʪʫ 

ʥʘʚʘʥʪʘʞʝʥʥʷ ʥʝʧʝʨʝʨʚʥʦ ʚ ʯʘʩʽ, ʧʨʠʢʣʘʜʦʤ ʷʢʠʭ ʤʦʞʝ ʙʫʪʠ ʚʘʨʘʢʪʦʨʥʠʡ 

ʜʽʦʜ, ʤʦʞʥʘ ʨʝʘʣʽʟʫʚʘʪʠ ʥʝʧʝʨʝʨʚʥʦ-ʟʤʽʥʥʫ ʚ ʯʘʩʽ ʘʤʧʣʽʪʫʜʥʦ-ʯʘʩʪʦʪʥʫ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʫ ʈʂʈ. ʎʝ ʜʦʟʚʦʣʷʻ ʨʝʘʣʽʟʫʚʘʪʠ ʘʤʧʣʽʪʫʜʥʫ ʯʠ ʯʘʩʪʦʪʥʫ 

ʤʦʜʫʣʷʮʽʶ ʘʥʘʣʦʛʦʚʠʭ ʩʠʛʥʘʣʽʚ. ʋ ʨʦʙʦʪʽ ʨʦʟʛʣʷʥʫʪʦ ʧʠʪʘʥʥʷ ʨʝʘʣʽʟʘʮʽʾ 

ʧʨʠʩʪʨʦʶ ʘʤʧʣʽʪʫʜʥʦʾ ʤʦʜʫʣʷʮʽʾ ʥʘ ʦʩʥʦʚʽ ʈʂʈ, ʜʝ ʟʥʘʯʝʥʥʷ ʻʤʥʦʩʪʽ 

ʚʘʨʘʢʪʦʨʥʦʛʦ ʜʽʦʜʫ ʟʘʜʘʻʪʴʩʷ ʟʘ ʟʘʢʦʥʦʤ ʟʤʽʥʥʦʛʦ ʚ ʯʘʩʽ ʢʦʣʠʚʘʥʥʷ 

ʘʥʘʣʦʛʦʚʦʛʦ (ʽʥʬʦʨʤʘʮʽʡʥʦʛʦ) ʩʠʛʥʘʣʫ.  

ʋ ʧʨʦʮʝʩʽ ʜʦʩʣʽʜʞʝʥʴ ʧʦʢʘʟʘʥʦ ʤʝʪʦʜʠʢʫ ʷʢ ʧʨʘʚʠʣʴʥʦ ʚʠʟʥʘʯʘʪʠ 

ʨʦʙʦʯʠʡ ʜʽʘʧʘʟʦʥ ʯʘʩʪʦʪ ʢʽʣʴʮʝʚʠʭ ʨʝʟʦʥʘʪʦʨʽʚ ʥʘʚʘʥʪʘʞʝʥʠʭ ʚʘʨʘʢʪʦʨʥʠʤ 

ʜʽʦʜʦʤ ʯʝʨʝʟ S-ʧʘʨʘʤʝʪʨʠ ʪʘ ʷʢ ʚʠʙʠʨʘʪʠ ʟʥʘʯʝʥʥʷ ʯʘʩʪʦʪʠ ʥʦʩʽʡʥʦʛʦ 

ʢʦʣʠʚʘʥʥʷ. ʅʦʩʽʡʥʝ ʢʦʣʠʚʘʥʥʷ ʧʦʜʘʻʪʴʩʷ ʜʦ ʈʂʈ ʯʝʨʝʟ ʜʦʜʘʪʢʦʚʫ ʤʘʛʥʽʪʥʫ 

ʨʘʤʢʦʚʫ ʘʥʪʝʥʫ, ʱʦ ʚʟʘʻʤʦʜʽʶʪʴ ʯʝʨʝʟ ʩʠʣʴʥʝ ʙʣʠʟʴʢʝ ʤʘʛʥʽʪʥʝ ʧʦʣʝ. 

ʂʦʣʠʚʘʥʥʷ, ʱʦ ʚʠʥʠʢʘʶʪʴ ʚ ʢʦʥʪʫʨʽ ʈʂʈ ʧʽʜ ʚʧʣʠʚʦʤ ʟʦʚʥʽʰʥʴʦʾ ʟʤʽʥʥʦʾ 

ʥʘʧʨʫʛʠ (ʪʦʙʪʦ ʥʝʧʝʨʝʨʚʥʦ ʟʤʽʥʥʦʛʦ ʽʥʬʦʨʤʘʮʽʡʥʦʛʦ ʩʠʛʥʘʣʫ) ʥʘ 

ʚʘʨʘʢʪʦʨʥʦʤʫ ʜʽʦʜʽ, ʻ ʘʤʧʣʽʪʫʜʥʦ-ʤʦʜʫʣʴʦʚʘʥʠʤʠ ʥʘ ʟʘʜʘʥʽʡ ʯʘʩʪʦʪʽ 

ʥʦʩʽʡʥʦʛʦ ʩʠʛʥʘʣʫ. ʊʘʢʠʤ ʯʠʥʦʤ, ʰʣʷʭʦʤ ʧʦʜʘʯʽ ʥʘ ʤʘʛʥʽʪʥʫ ʨʘʤʢʦʚʫ 

ʘʥʪʝʥʫ ɺʏ ʩʠʛʥʘʣʽʚ ʫ ʰʠʨʦʢʦʤʫ ʜʽʘʧʘʟʦʥʽ ʯʘʩʪʦʪ ʤʦʞʥʘ ʚʠʟʥʘʯʠʪʠ ʜʽʘʧʘʟʦʥ 

ʯʘʩʪʦʪ, ʜʝ ʤʘʛʥʽʪʥʘ ʚʟʘʻʤʦʜʽʷ ʻ ʥʘʡʙʽʣʴʰʦʶ. ʋ ʧʨʦʮʝʩʽ ʜʦʩʣʽʜʞʝʥʴ ʪʘʢʠʡ 

ʜʽʘʧʘʟʦʥʽ ʩʪʘʥʦʚʠʚ ȹf = fminéfmax = 0,95é1,11 ɻɻʮ ʜʣʷ ʟʤʽʥʽ ʟʥʘʯʝʥʥʷ 

ʥʘʧʨʫʛʠ, ʱʦ ʧʨʠʢʣʘʜʘʻʪʴʩʷ ʜʦ ʚʘʨʘʢʪʦʨʥʦʛʦ ʜʽʦʜʫ ȹU = UminéUmax = 

4,0é3,0 ɺ. ɼʣʷ ʧʦʜʘʣʴʰʠʭ ʜʦʩʣʽʜʞʝʥʴ ʘʤʧʣʽʪʫʜʥʦʾ ʤʦʜʫʣʷʮʽʾ ʘʥʘʣʦʛʦʚʠʭ 

ʩʠʛʥʘʣʽʚ ʚʠʙʨʘʥʦ ʯʘʩʪʦʪʫ ʥʦʩʽʡʥʦʛʦ ʢʦʣʠʚʘʥʥʷ fʥ =1,07 ɻɻʮ. ʋ ʨʦʙʦʪʽ 
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ʧʦʢʘʟʘʥʦ ʧʨʦʮʝʩʠ ʘʤʧʣʽʪʫʜʥʦʾ ʤʦʜʫʣʷʮʽʾ ʜʚʦʭ ʪʠʧʽʚ ʩʠʛʥʘʣʽʚ. ʇʝʨʰʠʤʠ ʽʟ 

ʥʠʭ ʙʫʣʠ ʩʠʥʫʩʦʾʜʘʣʴʥʽ ʩʠʛʥʘʣʠ ʯʘʩʪʦʪʦʶ ʜʦ 20 ʄɻʮ. ʇʦʜʘʣʴʰʝ ʟʙʽʣʴʰʝʥʥʷ 

ʯʘʩʪʦʪʠ ʽʥʬʦʨʤʘʮʽʡʥʦʛʦ ʩʠʛʥʘʣʫ ʦʙʤʝʞʫʚʘʣʦʩʴ ʬʽʟʠʯʥʠʤʠ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʚʠʢʦʨʠʩʪʦʚʫʚʘʥʠʭ ʚʘʨʘʢʪʦʨʥʠʭ ʜʽʦʜʽʚ. ɼʨʫʛʠʤ ʪʠʧʦʤ 

ʩʠʛʥʘʣʽʚ ʙʫʣʠ ʜʝʪʝʨʤʽʥʦʚʘʥʽ ʭʘʦʪʠʯʥʽ ʩʠʛʥʘʣʠ ʩʭʝʤʠ ʏʫʘ, ʱʦ ʫ ʜʘʥʽʡ ʨʦʙʦʪʽ 

ʟʘʡʤʘʣʠ ʰʠʨʦʢʫ ʩʤʫʛʫ ʯʘʩʪʦʪ ʜʦ 4 ʢɻʮ. 

ʌʫʥʢʮʽʦʥʘʣʴʥʽʩʪʴ ʟʘʧʨʦʧʦʥʦʚʘʥʦʛʦ ʧʨʠʩʪʨʦʶ ʧʽʜʪʚʝʨʜʞʫʻʪʴʩʷ 

ʰʣʷʭʦʤ ʘʥʘʣʽʟʫ ʯʘʩʦʚʠʭ ʜʽʘʛʨʘʤ ʪʘ ʩʧʝʢʪʨʘʣʴʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʩʠʛʥʘʣʽʚ ʫ 

ʢʘʥʘʣʽ ʟʚôʷʟʢʫ. ɺʽʜʥʦʚʣʝʥʥʷ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʩʠʛʥʘʣʽʚ ʥʘ ʧʨʠʡʤʘʣʴʥʽʡ 

ʩʪʦʨʦʥʽ ʚʽʜʙʫʚʘʣʦʩʴ ʟʘ ʟʘʛʘʣʴʥʦʚʽʜʦʤʦʶ ʩʭʝʤʦʶ IQ-ʜʝʤʦʜʫʣʷʮʽʾ ʪʘ ʥʘ 

ʦʩʥʦʚʽ ʯʘʩʦʚʠʭ ʜʽʘʛʨʘʤ ʪʘ ʩʧʝʢʪʨʘʣʴʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʦʢʘʟʘʥʦ 

ʤʦʞʣʠʚʽʩʪʴ ʨʝʢʦʥʩʪʨʫʢʮʽʾ ʩʠʛʥʘʣʽʚ.  

ʈʝʘʣʽʟʘʮʽʶ ʧʨʠʩʪʨʦʶ ʤʘʥʽʧʫʣʷʮʽʾ ʮʠʬʨʦʚʠʭ ʩʠʛʥʘʣʽʚ ʟʜʽʡʩʥʝʥʦ ʥʘ 

ʦʩʥʦʚʽ ʤʦʜʠʬʽʢʘʮʽʾ ʣʽʥʽʾ ʧʝʨʝʜʘʚʘʥʥʷ ɺʏ ʩʠʛʥʘʣʽʚ ʢʽʣʴʮʝʚʠʤ ʨʝʟʦʥʘʪʦʨʦʤ. 

ʂʽʣʴʮʝʚʠʡ ʨʝʟʦʥʘʪʦʨ ʨʦʟʤʽʱʝʥʠʡ ʫ ʟʦʥʽ ʩʠʣʴʥʦʾ ʙʣʠʟʴʢʦ-ʧʦʣʴʦʚʦʾ ʚʟʘʻʤʦʜʽʾ 

ʽʟ ʣʽʥʽʻʶ ʧʝʨʝʜʘʚʘʥʥʷ ʪʘ ʫ ʚʠʧʘʜʢʫ ʧʝʨʝʜʘʚʘʥʥʷ ʯʝʨʝʟ ʥʝʾ ʩʠʛʥʘʣʫ, ʟʥʘʯʝʥʥʷ 

ʯʘʩʪʦʪʠ ʷʢʦʛʦ ʩʧʽʚʧʘʜʘʻ ʟʽ ʟʥʘʯʝʥʥʷʤ ʯʘʩʪʦʪʠ ʨʝʟʦʥʘʥʩʫ ʈʂʈ, ʚʭʽʜʥʠʡ ɺʏ 

ʩʠʛʥʘʣ ʬʽʣʴʪʨʫʻʪʴʩʷ ʪʘ ʥʝ ʤʦʞʝ ʙʫʪʠ ʜʝʪʝʢʪʦʚʘʥʠʡ ʥʘ ʚʠʭʦʜʽ ʧʨʠʩʪʨʦʶ. ʅʘ 

ʯʘʩʪʦʪʘʭ ʚʽʜʤʽʥʥʠʭ ʚʽʜ ʯʘʩʪʦʪʠ ʨʝʟʦʥʘʥʩʫ ʈʂʈ ʩʠʛʥʘʣʠ ʤʦʞʫʪʴ 

ʧʝʨʝʜʘʚʘʪʠʩʴ ʯʝʨʝʟ ʣʽʥʽʾ ʧʝʨʝʜʘʚʘʥʥʷ, ʦʩʢʽʣʴʢʠ ʟʥʘʯʝʥʥʷ ʘʤʧʣʽʪʫʜʥʦ-

ʯʘʩʪʦʪʥʦ ʾ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʙʣʠʟʴʢʽ ʜʦ 0 ʜɹ. ɸʤʧʣʽʪʫʜʥʦ-ʯʘʩʪʦʪʥʘ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʩʠʛʥʘʣʫ ʻ ʧʦʜʽʙʥʦʶ ʜʦ ʚʽʜʧʦʚʽʜʥʦʾ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ʨʝʞʝʢʪʦʨʥʦʛʦ ʬʽʣʴʪʨʫ. 

ʊʘʢʠʤ ʯʠʥʦʤ, ʰʣʷʭʦʤ ʚʚʝʜʝʥʥʷ ʚ ʈʂʈ ʨʘʜʽʦʝʣʝʤʝʥʪʫ, ʱʦ ʟʜʘʪʥʠʡ 

ʜʠʩʢʨʝʪʥʦ ʟʤʽʥʶʚʘʪʠ ʟʥʘʯʝʥʥʷ ʻʤʥʦʩʪʽ ʤʽʞ ʜʚʦʤʘ ʩʪʘʥʘʤʠ, 

ʫʤʦʞʣʠʚʣʶʻʪʴʩʷ ʨʝʘʣʽʟʘʮʽʷ ʧʨʠʩʪʨʦʶ, ʱʦ ʧʨʘʮʶʻ ʚ ʢʣʶʯʦʚʦʤʫ ʨʝʞʠʤʽ, ʪʘ 

ʰʣʷʭʦʤ ʧʦʩʣʽʜʦʚʥʦʾ ʟʤʽʥʠ ʤʽʞ ʮʠʤʠ ʜʚʦʤʘ ʟʥʘʯʝʥʥʷʤʠ ʻʤʥʦʩʪʽ ʥʘ ʚʠʭʦʜʽ 

ʧʨʠʩʪʨʦʶ ʙʫʜʝ ʘʙʦ ʜʝʪʝʢʪʫʚʘʪʠʩʴ ʘʙʦ ʥʝ ʜʝʪʝʢʪʫʚʘʪʠʩʴ ɺʏ ʩʠʛʥʘʣ, ʱʦ 

ʧʦʜʘʻʪʴʩʷ ʥʘ ʚʭʽʜʥʠʡ ʧʦʨʪ. ʋ ʪʘʢʦʤʫ ʚʠʧʘʜʢʫ ʈʂʈ ʧʨʘʮʶʻ ʫ ʢʣʶʯʦʚʦʤʫ 
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ʨʝʞʠʤʽ (on/off-ʧʝʨʝʤʠʢʘʥʥʷ), ʘ ɺʏ ʩʠʛʥʘʣ, ʱʦ ʧʦʰʠʨʶʻʪʴʩʷ ʧʦ ʣʽʥʽʾ 

ʧʝʨʝʜʘʚʘʥʥʷ, ʤʦʜʫʣʶʻʪʴʩʷ ʟʛʽʜʥʦ ʟʘʢʦʥʫ, ʱʦ ʟʘʜʘʻ ʟʤʽʥʫ ʟʥʘʯʝʥʴ ʻʤʥʦʩʪʽ 

ʈʂʈ, ʪʦʙʪʦ ʙʽʪʽʚ ç0è ʘʙʦ ç1è. 

ʋ ʨʦʙʦʪʽ ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʪʘ ʜʦʩʣʽʜʞʝʥʦ ʧʨʠʩʪʨʽʡ ʽʟ ʟʘʛʘʣʴʥʠʤʠ 

ʨʦʟʤʽʨʘʤʠ 30 ʥʘ 22 ʤʤ. ʋ ʧʨʦʮʝʩʽ ʢʦʤʧʶʪʝʨʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ʧʦʢʘʟʘʥʦ 

ʤʦʞʣʠʚʽʩʪʴ ʧʝʨʝʤʠʢʘʥʥʷ ʤʽʞ ʨʽʟʥʠʤʠ ʟʥʘʯʝʥʥʷʤʠ ʻʤʥʦʩʪʝʡ. ɿʘ ʜʦʧʦʤʦʛʦʶ 

ʨʦʟʧʦʜʽʣʽʚ ʟʥʘʯʝʥʴ ʛʨʘʜʽʻʥʪʫ ʤʘʛʥʽʪʥʦʛʦ ʧʦʣʷ ʧʨʦʜʝʤʦʥʩʪʨʦʚʘʥʦ ʚʟʘʻʤʦʜʽʶ 

ʤʽʞ ʣʽʥʽʻʶ ʧʝʨʝʜʘʚʘʥʥʷ ʪʘ ʈʂʈ ʥʘ ʯʘʩʪʦʪʽ ʨʝʟʦʥʘʥʩʫ ï 635 ʄɻʮ ʪʘ ʥʘ ʯʘʩʪʦʪʽ 

ʚʽʜʤʽʥʥʽʡ ʚʽʜ ʨʝʟʦʥʘʥʩʫ ï 800 ʄɻʮ. ɺʠʜʥʦ, ʱʦ ʥʘ ʯʘʩʪʦʪʽ ʨʝʟʦʥʘʥʩʫ 

ʟʙʫʜʞʫʶʪʴʩʷ ʢʦʣʠʚʘʥʥʷ ʈʂʈ ʪʘ ʟʜʽʡʩʥʶʻʪʴʩʷ ʬʽʣʴʪʨʫʚʘʥʥʷ ʩʠʛʥʘʣʫ, ʱʦ 

ʧʝʨʝʜʘʻʪʴʩʷ ʚʽʜ ʧʝʨʝʜʘʚʘʣʴʥʦʛʦ ʧʦʨʪʫ ʯʝʨʝʟ ʣʽʥʽʶ ʟʚʷʟʢʫ (ʥʘ ʧʨʠʡʤʘʣʴʥʦʤʫ 

ʧʦʨʪʽ ʚʽʜʩʫʪʥʽʡ ʩʠʛʥʘʣ, ʪʦʙʪʦ ʟʜʽʡʩʥʶʻʪʴʩʷ ʧʝʨʝʜʘʚʘʥʥʷ ʙʽʪʫ ç0è), ʪʘ 

ʥʘʚʧʘʢʠ.  

ɿʙʽʣʴʰʝʥʥʷ ʨʦʟʨʷʜʥʦʩʪʽ ʧʨʠʩʪʨʦʶ ʤʦʞʣʠʚʝ ʰʣʷʭʦʤ ʟʙʽʣʴʰʝʥʥʷ 

ʢʽʣʴʢʦʩʪʽ ʈʂʈ, ʱʦ ʤʦʜʠʬʽʢʫʶʪʴ ʣʽʥʽʶ ʧʝʨʝʜʘʚʘʥʥʷ. ʋ ʨʦʙʦʪʽ ʧʦʢʘʟʘʥʦ 

ʤʦʞʣʠʚʽʩʪʴ ʨʝʘʣʽʟʘʮʽʾ ʜʚʦʭ-ʨʦʟʨʷʜʥʦʾ ʩʠʩʪʝʤʠ ʰʣʷʭʦʤ ʢʦʤʧôʶʪʝʨʥʦʛʦ 

ʤʦʜʝʣʶʚʘʥʥʷ, ʪʦʙʪʦ ʧʝʨʝʜʘʚʘʥʥʷ ʢʦʤʙʽʥʘʮʽʡ ʙʽʪʽʚ «00», «01», «10è ʪʘ ç11è. 

ɼʣʷ ʮʴʦʛʦ ʜʚʘ ʦʜʥʘʢʦʚʽ ʈʂʈ ʨʦʟʤʽʱʫʚʘʣʠʩʴ ʥʘ ʚʽʜʩʪʘʥʽ 4 ʤʤ ʦʜʠʥ ʚʽʜ ʦʜʥʦʛʦ 

ʪʘʢʽʡ, ʱʦʙ ʫʥʠʢʥʫʪʠ ʚʟʘʻʤʦʜʽʾ ʤʽʞ ʥʠʤʠ. ɺʽʜʩʫʪʥʽʩʪʴ ʚʟʘʻʤʦʜʽʾ ʟʫʤʦʚʣʝʥʘ 

ʱʝ ʡ ʪʠʤ, ʱʦ ʩʫʩʽʜʥʽ ʧʨʦʚʽʜʥʽ ʤʽʢʨʦʩʤʫʞʢʠ ʨʝʟʦʥʘʪʦʨʽʚ ʟʘʚʞʜʠ ʟʥʘʭʦʜʷʪʴʩʷ 

ʫ ʧʨʦʪʠʬʘʟʽ, ʢʦʤʧʝʥʩʫʶʯʠ ʪʘʢʠʤ ʯʠʥʦʤ ʚʟʘʻʤʥʽ ʚʧʣʠʚʠ, ʧʨʦ ʱʦ ʪʘʢʦʞ 

ʩʚʽʜʯʘʪʴ ʨʦʟʧʦʜʽʣʠ ʟʥʘʯʝʥʴ ʛʨʘʜʽʻʥʪʫ ʤʘʛʥʽʪʥʦʛʦ ʧʦʣʷ. ɿʘʜʘʥʥʷ ʨʽʟʥʠʭ 

ʙʽʪʦʚʠʭ ʢʦʤʙʽʥʘʮʽʡ ʟʘʜʘʚʘʣʦʩʴ ʢʦʤʙʽʥʘʮʽʷʤʠ ʨʽʟʥʠʭ ʟʥʘʯʝʥʴ ʻʤʥʦʩʪʝʡ 

ʢʦʤʧʦʥʝʥʪʽʚ, ʷʢʠʤʠ ʥʘʚʘʥʪʘʞʫʚʘʣʠʩʴ ʈʂʈ. ɿʥʘʯʝʥʥʷ ʮʠʭ ʻʤʥʦʩʪʝʡ 

ʩʪʘʥʦʚʠʣʠ 4, 3 ʪʘ 2,4 ʧʌ, ʱʦ ʚʽʜʧʦʚʽʜʘʣʠ ʤʽʥʽʤʫʤʘʤ ʟʥʘʯʝʥʴ ʯʘʩʪʦʪʥʠʭ 

ʟʘʣʝʞʥʦʩʪʝʡ S21-ʧʘʨʘʤʝʪʨʽʚ ʥʘ 0,74, 0,84 ʪʘ 0,92 ɻɻʮ, ʚʽʜʧʦʚʽʜʥʦ. 

ʅʘ ʦʩʥʦʚʽ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʙʫʣʦ ʧʦʢʘʟʘʥʦ ʜʚʘ 

ʧʨʠʥʮʠʧʠ ʨʝʘʣʽʟʘʮʽʾ on/off-ʧʝʨʝʤʠʢʘʥʥʷ: ʰʣʷʭʦʤ ʧʝʨʝʤʠʢʘʥʥʷ ʜʚʦʭ 

ʻʤʥʦʩʪʝʡ ʟʘ ʜʦʧʦʤʦʛʦʶ ʙʽʧʦʣʷʨʥʦʛʦ ʪʨʘʥʟʠʩʪʦʨʘ ʪʘ ʦʧʪʠʯʥʠʤ ʰʣʷʭʦʤ ʟʘ 
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ʜʦʧʦʤʦʛʦʶ ʧʝʨʝʤʠʢʘʥʥʷ ʟʥʘʯʝʥʥʷ ʻʤʥʦʩʪʽ ʚʘʨʘʢʪʦʨʥʦʛʦ ʜʽʦʜʫ. ʇʨʠʚʝʜʝʥʦ 

ʾʭ ʩʭʝʤʠ ʝʣʝʢʪʨʠʯʥʽ ʧʨʠʥʮʠʧʦʚʽ. ʐʚʠʜʢʽʩʪʴ ʧʝʨʝʤʠʢʘʥʥʷ ʨʝʟʦʥʘʥʩʥʠʭ 

ʩʪʘʥʽʚ ʪʝʭʥʽʯʥʦ ʟʘʣʝʞʠʪʴ ʚʽʜ ʰʚʠʜʢʦʩʪʽ ʧʝʨʝʤʠʢʘʥʥʷ ʙʘʟʠ ʪʨʘʥʟʠʩʪʦʨʘ (ʫ 

ʧʝʨʰʦʤʫ ʚʠʧʘʜʢʫ) ʯʠ ʚʘʨʘʢʪʦʨʥʦʛʦ ʜʽʦʜʫ ʽ ʬʦʪʦʯʫʪʣʠʚʦʛʦ ʝʣʝʤʝʥʪʫ (ʫ 

ʜʨʫʛʦʤʫ ʚʠʧʘʜʢʫ). ʅʦʩʽʡʥ ̔ʩʠʛʥʘʣʠ, ʱʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʘʩʴ ʚ ʨʦʙʦʪʽ ʜʣʷ 

ʜʦʩʣʽʜʞʝʥʥʷ ʧʨʠʩʪʨʦʶ, ʧʨʠʡʤʘʣʠ ʟʥʘʯʝʥʥʷ ʽʟ ʩʫʙ-ɻɻʮ ʜʽʘʧʘʟʦʥʫ ʯʘʩʪʦʪ. ɯʟ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ ʯʽʪʢʦ ʚʠʜʥʦ ʧʝʨʝʤʠʢʘʥʥʷ ʤʽʞ ʜʚʦʤʘ 

ʩʪʘʥʘʤʠ ʪʘ ʤʦʞʣʠʚʽʩʪʴ ʾʭ ʜʝʪʝʢʪʫʚʘʥʥʷ. 

ʄʦʜʫʣʴʦʚʘʥʽ ʩʠʛʥʘʣʠ, ʱʦ ʦʪʨʠʤʫʶʪʴʩʷ ʰʣʷʭʦʤ ʨʦʟʛʣʷʥʫʪʠʭ ʚʠʱʝ 

ʩʧʦʩʦʙʽʚ ʤʦʜʫʣʷʮʽʾ, ʧʦʪʨʝʙʫʶʪʴ ʰʠʨʦʢʦʩʤʫʛʦʚʠʭ ʢʘʥʘʣʽʚ ʟʚʷʟʢʫ. ɼʣʷ ʾʭ 

ʨʦʟʨʦʙʣʝʥʥʷ ʪʘ ʜʦʩʣʽʜʞʝʥʥʷ ʚʠʢʦʨʠʩʪʘʥʦ ʩʪʨʫʢʪʫʨʫ ʽʟ ʧʘʨʘʣʝʣʴʥʠʭ 

ʧʨʦʚʽʜʥʠʢʽʚ (ʉʇʇ), ʱʦ ʚʽʜʥʦʩʠʪʴʩʷ ʜʦ ʢʣʘʩʫ Ů-ʥʝʛʘʪʠʚʥʠʭ ʤʝʪʘʤʘʪʝʨʽʘʣʽʚ, 

ʪʘ ʻ ʜʦʩʠʪʴ ʧʦʧʫʣʷʨʥʠʤ ʩʝʨʝʜ ʥʘʫʢʦʚʮʽʚ ʜʣʷ ʧʝʨʝʜʘʚʘʥʥʷ ʚʫʟʴʢʦ-  ̔

ʰʠʨʦʢʦʩʤʫʛʦʚʠʭ ʩʠʛʥʘʣʽʚ ʪʘ ʟʦʙʨʘʞʝʥʴ ʽʟ ʥʘʧʽʚʭʚʠʣʴʦʚʦʶ ʨʦʟʜʽʣʴʥʦʶ 

ʟʜʘʪʥʽʩʪʶ.  

ʋ ʨʦʙʦʪʽ ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʪʘʢʫ ʩʪʨʫʢʪʫʨʫ ʜʣʷ 

ʧʝʨʝʜʘʚʘʥʥʷ ʜʝʢʽʣʴʢʦʭ ʩʠʛʥʘʣʽʚ ʦʜʥʦʯʘʩʥʦ ʧʦ ʧʘʨʘʣʝʣʴʥʠʭ ʧʦʤʽʨʢʘʭ ʉʇʇ, 

ʧʨʠ ʯʦʤʫ ʩʠʛʥʘʣʠ, ʱʦ ʧʝʨʝʜʘʶʪʴʩʷ, ʤʦʞʫʪʴ ʟʘʡʤʘʪʠ ʰʠʨʦʢʫ ʩʤʫʛʫ ʯʘʩʪʦʪ. 

ɼʦʩʣʽʜʞʝʥʥʷ ʧʦʢʘʟʘʣʠ ʤʦʞʣʠʚʽʩʪʴ ʨʝʘʣʽʟʘʮʽʾ ʪʘʢʦʛʦ ʧʨʠʩʪʨʦʶ ʫ ʜʽʘʧʘʟʦʥʘʭ 

ʩʫʙ-ɻɻʮ (ʚʽʜ 0,45 ʜʦ 0,8 ɻɻʮ) ʪʘ ɻɻʮ (ʚʽʜ 1 ʜʦ 2 ɻɻʮ) ʯʘʩʪʦʪ. ɼʦʩʣʽʜʞʝʥʥʷ, 

ʱʦ ʧʨʦʚʦʜʠʣʠʩʴ ʰʣʷʭʦʤ ʢʦʤʧʶʪʝʨʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ʪʘ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ, ʧʦʢʘʟʘʣʠ, ʱʦ ʜʞʝʨʝʣʘ ʩʠʛʥʘʣʽʚ ʤʦʞʥʘ ʨʦʟʤʽʱʫʚʘʪʠ ʽʟ 

ʢʨʦʢʦʤ ʨʽʚʥʠʤ ʚʽʜʩʪʘʥʽ ʤʽʞ ʜʚʦʤʘ ʢʦʤʽʨʢʘʤʠ, ʱʦ ʜʦʟʚʦʣʷʻ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ 

ʉʇʇ ʷʢ ʙʘʛʘʪʦʢʘʥʘʣʴʥʫ ʧʨʦʚʽʜʥʫ ʣʽʥʽʶ ʟʚʷʟʢʫ. 

ʅʘ ʦʩʥʦʚʽ ʧʝʨʝʜʘʚʘʥʥʷ ʛʘʨʤʦʥʽʯʥʠʭ ʩʠʛʥʘʣʽʚ ʽʟ ʦʜʥʽʻʶ ʪʘ ʜʝʢʽʣʴʢʦʤʘ 

ʛʘʨʤʦʥʽʯʥʠʤʠ ʩʢʣʘʜʦʚʠʤʠ ʧʦʢʘʟʘʥʦ, ʱʦ ʧʨʠ ʾʭ ʧʦʰʠʨʝʥʥ ̔ʯʝʨʝʟ ʉʇʇ ʥʝ 

ʚʥʦʩʠʪʴʩʷ ʥʽʷʢʠʭ ʥʝʣʽʥʽʡʥʠʭ ʩʧʦʪʚʦʨʝʥʴ. ɸʥʘʣʽʟ ʧʨʦʚʝʜʝʥʦ ʥʘ ʦʩʥʦʚʽ 

ʩʧʝʢʪʨʘʣʴʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʨʠʡʥʷʪʠʭ ʩʠʛʥʘʣʽʚ ʥʘ ʧʨʠʡʤʘʣʴʥʽ ʩʪʦʨʦʥʽ 

ʉʇʇ. ʎʝ ʜʦʟʚʦʣʷʻ ʢʦʥʩʪʘʪʫʚʘʪʠ ʪʦʡ ʬʘʢʪ, ʱʦ ʥʘ ʧʨʠʡʤʘʣʴʥʽʡ ʩʪʦʨʦʥʽ 
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ʤʦʞʥʘ ʟ ʚʝʣʠʢʠʤ ʨʽʚʥʝʤ ʪʦʯʥʦʩʪʽ ʜʝʪʝʢʪʫʚʘʪʠ ʩʠʛʥʘʣʠ, ʱʦ ʧʝʨʝʜʘʶʪʴʩʷ 

ʯʝʨʝʟ ʉʇʇ. 

ʋ ʜʠʩʝʨʪʘʮʽʡʥʽʡ ʨʦʙʦʪʽ ʧʨʠʚʝʜʝʥʦ ʪʘ ʜʦʩʣʽʜʞʝʥʦ ʧʨʠʥʮʠʧʠ ʤʦʜʫʣʷʮʽʾ 

ʘʥʘʣʦʛʦʚʠʭ ʪʘ ʮʠʬʨʦʚʠʭ ʩʠʛʥʘʣʽʚ, ʘ ʪʘʢʦʞ ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʪʘ ʜʦʩʣʽʜʞʝʥʦ 

ʩʪʨʫʢʪʫʨʫ, ʱʦ ʫʤʦʞʣʠʚʣʶʻ ʧʝʨʝʜʘʚʘʥʥʷ ʜʝʢʽʣʴʢʦʭ ʪʘʢʠʭ ʩʠʛʥʘʣʽʚ 

ʦʜʥʦʯʘʩʥʦ ʧʦ ʧʘʨʘʣʝʣʴʥʠʭ ʢʦʤʽʨʢʘʭ ʉʇʇ ʫ ʰʠʨʦʢʦʤʫ ʜʽʘʧʘʟʦʥʽ ʯʘʩʪʦʪ. 

 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ 

ʄʝʪʘʤʘʪʝʨʽʘʣʠ, ʨʦʟʨʽʟʥʠʡ ʢʽʣʴʮʝʚʠʡ ʨʝʟʦʥʘʪʦʨ (ʈʂʈ), ʩʪʨʫʢʪʫʨʘ ʽʟ 

ʧʘʨʘʣʝʣʴʥʠʭ ʧʨʦʚʽʜʥʠʢʽʚ (ʉʇʇ), ʘʤʧʣʽʪʫʜʥʘ ʤʦʜʫʣʷʮʽʷ, ʮʠʬʨʦʚʘ 

ʤʘʥʽʧʫʣʷʮʽʷ, ʬʽʣʴʪʨʘʮʽʷ, ʘʥʘʣʦʛʦʚʽ ʪʘ ʮʠʬʨʦʚʽ ʩʠʛʥʘʣʠ, ʰʠʨʦʢʠʡ ʜʽʘʧʘʟʦʥ 

ʯʘʩʪʦʪ. 

 

ʉʧʠʩʦʢ ʧʫʙʣʽʢʘʮʽʡ ʟʜʦʙʫʚʘʯʘ 

ʇʫʙʣʽʢʘʮʽʾ ʫ ʥʘʫʢʦʚʠʭ ʬʘʭʦʚʠʭ ʚʠʜʘʥʥʷʭ 

1. ɺʦʚʯʫʢ ɼ. ɸ. ʇʝʨʝʜʘʚʘʥʥʷ ʛʘʨʤʦʥʽʯʥʠʭ ʩʠʛʥʘʣʽʚ ʯʝʨʝʟ ʩʪʨʫʢʪʫʨʫ ʽʟ 

ʧʘʨʘʣʝʣʴʥʠʭ ʧʨʦʚʽʜʥʠʢʽʚ / ɼ.ɸ. ɺʦʚʯʫʢ, ʇ.ʌ. ʈʦʙʫʣʝʮʴʶ ɺʽʩʥʠʢ ʅʊʋʋ 

çʂʇɯè. ʉʝʨʽʷ çʈʘʜʽʦʪʝʭʥʽʢʘ, ʈʘʜʽʦʘʧʘʨʘʪʦʙʫʜʫʚʘʥʥʷè. 2018. ˉ75. ʉ. 9-15. 

2. ɺʦʚʯʫʢ ɼ. ɸ. ʉʧʝʢʪʨʘʣʴʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʩʠʛʥʘʣʽʚ, ʱʦ 

ʧʝʨʝʜʘʶʪʴʩʷ ʯʝʨʝʟ ʧʨʦʚʽʜʥʠʢʦʚʫ ʤʝʪʘʩʪʨʫʢʪʫʨʫ / ɼ. ɸ. ɺʦʚʯʫʢ, ʉ.ɼ. ɻʘʣʶʢ, 

ʃ.ʌ. ʇʦʣʽʪʘʥʩʴʢʠʡ, ʇ.ʌ. ʈʦʙʫʣʝʮʴ. ɺʽʩʥʠʢ ʍʤʝʣʴʥʠʮʴʢʦʛʦ ʥʘʮʽʦʥʘʣʴʥʦʛʦ 
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ABSTRACT 

Robulets P. F. USAGE OF SINGLE-NEGATIVE METAMATERIALS 

FOR TRANSFER, MODULATION AND FILTERING OF SIGNALS. ï 

Qualifying scientific work on the rights of a manuscript.  

The thesis submitted in fulfillment of the Ph.D. degree in technical sciences 

on specialty 172 ï ñTelecommunication and Radio Engineeringò ï Department 

of Radio Engineering and Information Security at Yuriy Fedkovych Chernivtsi 

National University, Chernivtsi, Ukraine, 2021. 

Metamaterials are an object of research for many scientists because they 

make possible a lot of applications due to their unnatural properties at a width 

frequency range from microwave up to optics and higher. A number of the 

existing radio devices can be improved or completely changed by metamaterials 

or metaatoms. It is possible due to their sizes are more less than their operational 

wavelength. Therefore, the aim of the thesis is expansion of functional 

possibilities of components of communication means based on split-ring 

resonators for filtering, modulation/demodulation of harmonic and deterministic 

chaotic signals in order to their transfer through wire media at wide sub-GHz and 

GHz frequency ranges. 

A number of tasks were defined to achieve the aim. Those include a 

development and investigation of approaches and methods of modulation and 

demodulation of analog and digital signals as well as the transfer of harmonic 

oscillations through a wire media. The solutions of such tasks were found by 

using ɛ- and Ů-negative metamaterials which are artificial materials with unusual 

properties (negative values of permittivity and permeability).  

The modulation device is based on ɛ-negative metamaterials and can be 

realized by using split-ring resonators (SRR) that is loaded by capacitive 

component which can change its capacitance value under the applied voltage. In 

the case of continuous time-tuning of capacitance of capacitive element (a 
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varactor diode can be exploited for that) there is the possibility to provide the 

continuing time-variance of SRRôs amplitude and frequency characteristics. It 

allows supporting an amplitude or frequency modulation of analog signals. The 

issue of realization of amplitude modulation device is considered in this work by 

using the varactor diode possibility of capacitance value in accordance with 

analog (information) signal oscillations.  

The approach and methodology of the picking up of the operation 

frequency range and carrier signal are shown in the work through S-parameters 

as a response of SRR. The carrier signal feeds SRR via an additional loop antenna 

due to strong magnetic near-field coupling. The oscillations that appear in the 

SRR are amplitude modulated at the previously defined carrier signal. Thus, the 

frequency range where the interaction between SRR and additional loop antenna 

is much possible can be found by feeding the loop antenna by HF signals step-

by-step in a wide frequency range and detecting SRRôs response. It was defined 

that such frequency range is ȹf = fminéfmax = 0,95é1,11 GHz for the bias 

voltage variation ȹU = UminéUmax = 4,0é3,0 V. For the further 

investigations of amplitude modulation of analog signals the frequency of carrier 

signal fc =1,07 GHz was selected. 

Two types of signals were considered for modulation. They are the sine 

signal with the frequency value up to 20 MHz and the deterministic chaotic one 

with up to 4 kHz frequency band. The functionality of the suggested device is 

shown by time diagrams and spectral characteristics of signals in the channel. The 

signalsô recovering in a receiver were performed via IQ-demodulation scheme.  

The realization of digital signals modulation is carried out based on the HF 

signal (carrier one) transmission line modification by SRR. SRR is placed as close 

as possible to the transmission line in order to provide strong near-field coupling. 

In the case of the same values of resonance state of SRR and the carrier signal, 

the last one is filtered by SRR and the output signal cannot be detected. However, 

it can be detected for the case when resonance frequency of SRR and carrier 
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signal frequency are not the same. The obtained amplitude-frequency 

characteristics is the same to pass-band filterôs one. Thus, by loading SRR by any 

capacitive component with the possibility to change its capacitance between two 

states, there is the possibility to realize a device which operates in key-mode. 

Time-variation of these two states there is the possibility to detect two different 

states at the modulation deviceôs output. It is the principle of on/off-switching 

that is applied here for the digital modulation and those two states correspond on 

information bits ñ0ò and ñ1ò. 

The device 30 by 22 mm dimensions was suggested and investigated in the 

work. The switching between different values of capacitance was shown by 

simulations. The interaction of transmission line and SRR was demonstrated by 

distributions of magnetic field at the resonance frequency ï 635 MHz and non-

resonance one ï 800 MHz. One can see that the SRR oscillations appear for the 

resonance frequency and filtration happens. The HF signal from the input port is 

blocked and the signal at the output port is absent which corresponds the 

information bit ñ0ò and vice versa. 

The increasing of a bit depth is possible through the increasing of number 

of SRRs for the transmission line modification. It is shown here the possibility of 

2-bit depth modulator realization by simulations which allows transfer of bits 

combinations ñ00ò, ñ01ò, ñ10ò and ñ11ò. Two the same SRRs was separated by 

4 mm distance to avoid an interaction between them. However, an interaction is 

almost absent due to the current directions of the adjacent microstrips of such 

SRRs are opposite. It is clearly seen from distributions of magnetic field. 

Difference bit combinations are possible through different capacitance values of 

components by which SRRs were loaded. In the investigations 4, 3 and 2.4 pF 

capacitances were used which correspond the minima of S21-parameters at 0.74, 

0.84 and 0.92 GHz, respectively. 

Two principles of on/off-switching circuits realizations were presented by 

experimental investigations. There are the circuit based on bipolar transistor 
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which can switch two capacitors and optical control for changing of a varactor 

diode capacitance. The switching frequency of the SRR resonance states depends 

on the transistorôs base characteristics (for the first case) and physical 

characteristics of a varactor diode and photocomponent (for the second case). The 

carrier signals were picked up from sub-GHz frequency range. It is clearly seen 

the switching of two resonance states and the possibility of their detection that is 

demonstrated by experiment. 

The previously obtained modulated signals require broadband channels. 

The wire medium (WM) that is an array of parallel metallic wires included into a 

dielectric matrix (Ů-negative metamaterial) was considered and developed. It is 

quite topical among scientists for the EM power transfer or subwavelength 

imaging.  

In the paper WM was proposed to use for the transfer of a few signal 

simultaneously via parallel nodes (the area between four adjacent wires). 

Nevertheless, such signals can be broadband. The investigations shown the 

possibility of such device realization that can operate at the sub-GHz (from 0.45 

to 0.8 GHz) and GHz (from 1 to 2 GHz) frequency ranges. The simulation and 

experimental studies demonstrated the possibility of locations of sources at the 

nodes with step of double length of lattice period. It allows to use such structure 

as multichannel waveguide. 

It was shown that there are absent any nonlinear distortions for signal 

transfer with one and several harmonic components through WM. The analysis 

was performed based on spectral characteristics at the receiving side. 

In the thesis the principles of modulation of analog and digital signals were 

suggested and investigated as well as the structure was studied which makes 

possible to transfer of a few broadband signals of different types simultaneously. 
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ɺʉʊʋʇ 

 

ɸʢʪʫʘʣʴʥʽʩʪʴ ʪʝʤʠ. 

ʅʘ ʩʴʦʛʦʜʥʽʰʥʽʡ ʜʝʥʴ ʤʝʪʘʤʘʪʝʨʽʘʣʠ ʻ ʦʙôʻʢʪʦʤ ʜʦʩʣʽʜʞʝʥʴ 

ʰʠʨʦʢʦʛʦ ʢʦʣʘ ʥʘʫʢʦʚʮʽʚ, ʦʩʢʽʣʴʢʠ ʚʦʥʠ ʚʽʜʢʨʠʚʘʶʪʴ ʨʷʜ ʤʦʞʣʠʚʠʭ 

ʟʘʩʪʦʩʫʚʘʥʴ ʟʘʚʜʷʢʠ ʩʚʦʾʤ ʥʝʧʨʠʨʦʜʥʽʤ ʚʣʘʩʪʠʚʦʩʪʷʤ ʫ ʰʠʨʦʢʦʤʫ ʜʽʘʧʘʟʦʥʽ 

ʯʘʩʪʦʪ ʚʽʜ ʨʘʜʽʦʭʚʠʣʴʦʚʦʛʦ ʜʦ ʦʧʪʠʯʥʦʛʦ ʪʘ ʚʠʱʝ. ʄʝʪʘʤʘʪʝʨʽʘʣʠ ʪʘ 

ʤʝʪʘʘʪʦʤʠ ʤʽʢʨʦʭʚʠʣʴʦʚʦʛʦ ʜʽʘʧʘʟʦʥʫ ʯʘʩʪʦʪ ʟʦʢʨʝʤʘ ʚ ʙʽʣʴʰʦʩʪʽ ʚʠʧʘʜʢʽʚ 

ʻ ʧʨʦʩʪʠʤʠ ʚ ʨʝʘʣʽʟʘʮʽʾ, ʧʨʦʪʝ ʚʠʩʦʢʦʝʬʝʢʪʠʚʥʠʤʠ ʫ ʨʦʙʦʪʽ, ʱʦ ʟʫʤʦʚʣʶʻ 

ʾʭʥʶ ʘʢʪʫʘʣʴʥʽʩʪʴ.  

ʈʷʜ ʽʩʥʫʶʯʠʭ ʧʨʠʩʪʨʦʾʚ ʤʦʞʫʪʴ ʙʫʪʠ ʚʜʦʩʢʦʥʘʣʝʥʽ ʯʠ ʧʦʚʥʽʩʪʶ 

ʟʘʤʽʥʝʥʽ ʰʣʷʭʦʤ ʚʧʨʦʚʘʜʞʝʥʥʷ ʤʝʪʘʩʪʨʫʢʪʫʨ ʪʘ ʤʝʪʘʘʪʦʤʽʚ ʟʘ ʨʘʭʫʥʦʢ 

ʪʦʛʦ, ʱʦ ʾʭ ʨʦʟʤʽʨʠ ʥʘʙʘʛʘʪʦ ʤʝʥʰʽ, ʥʽʞ ʜʦʚʞʠʥʘ ʭʚʠʣʽ, ʥʘ ʷʢʽʡ ʬʫʥʢʮʽʦʥʫʻ 

ʧʨʠʩʪʨʽʡ. ʎʝ ʜʦʟʚʦʣʷʻ ʟʥʘʯʥʦ ʟʝʢʦʥʦʤʠʪʠ ʛʘʙʘʨʠʪʥʽ ʨʦʟʤʽʨʠ. ʅʘ ʜʘʥʠʡ 

ʤʦʤʝʥʪ ʘʢʪʫʘʣʴʥʠʤ ʟʘʣʠʰʘʻʪʴʩʷ ʧʠʪʘʥʥʷ ʨʦʟʨʦʙʣʝʥʥʷ ʪʘ ʚʜʦʩʢʦʥʘʣʝʥʥʷ 

ʧʨʠʩʪʨʦʾʚ ʤʦʜʫʣʷʮʽʾ ʘʥʘʣʦʛʦʚʠʭ ʪʘ ʮʠʬʨʦʚʠʭ ʩʠʛʥʘʣʽʚ ʥʘ ʦʩʥʦʚʽ ɛ-

ʥʝʛʘʪʠʚʥʠʭ ʤʝʪʘʤʘʪʝʨʽʘʣʽʚ ʪʘ ʤʝʪʘʘʪʦʤʽʚ, ʟʥʘʯʝʥʥʷ ʧʘʨʘʤʝʪʨʽʚ ʷʢʠʭ ʤʦʞʫʪʴ 

ʚʘʨʽʶʚʘʪʠʩʴ ʚ ʯʘʩʽ ʪʘ ʢʝʨʫʚʘʪʠʩʴ ʟʘ ʟʘʜʘʥʠʤ ʟʘʢʦʥʦʤ ʤʦʜʫʣʶʶʯʦʛʦ 

ʽʥʬʦʨʤʘʮʽʡʥʦʛʦ ʩʠʛʥʘʣʫ.  

ʈʦʟʚʠʪʦʢ Ů-ʥʝʛʘʪʠʚʥʠʭ ʤʝʪʘʩʪʨʫʢʪʫʨ ʟʥʘʡʰʦʚ ʩʚʦʶ ʧʦʰʠʨʝʥʽʩʪʴ ʫ 

ʝʥʜʦʩʢʦʧʽʾ, ʩʧʝʢʪʨʦʩʢʦʧʽʾ ʪʘ ʽʥʰʠʭ ʧʨʠʩʪʨʦʷʭ ʧʝʨʝʜʘʚʘʥʥʷ ʝʥʝʨʛʽʾ ɽʄ ʭʚʠʣʴ 

ʫ ʚʫʟʴʢʦʤʫ ʪʘ ʰʠʨʦʢʦʤʫ ʜʽʘʧʘʟʦʥʘʭ ʯʘʩʪʦʪ. ɺʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʚʘʞʣʠʚʦʶ 

ʟʘʜʘʯʝʶ ʟʘʣʠʰʘʻʪʴʩʷ ʜʦʩʣʽʜʞʝʥʥʷ ʩʪʨʫʢʪʫʨ ʽʟ ʧʨʦʚʽʜʥʠʢʽʚ, ʜʣʷ ʧʝʨʝʜʘʚʘʥʥʷ 

ɽʄ ʩʠʛʥʘʣʽʚ ʧʦ ʧʘʨʘʣʝʣʴʥʠʭ ʢʦʤʽʨʢʘʭ ʉʇʇ, ʱʦ ʻ ʨʝʟʫʣʴʪʘʪʦʤ ʜʠʩʢʨʝʪʠʟʘʮʽʾ 

ʧʣʦʱʠʥʠ ʚʭʽʜʥʦʛʦ ʽʥʪʝʨʬʝʡʩʫ ʉʇʇ. ʈʝʟʫʣʴʪʘʪʠ ʪʘʢʠʭ ʜʦʩʣʽʜʞʝʥʴ, ʟʦʢʨʝʤʘ 

ʜʣʷ ʧʝʨʝʜʘʚʘʥʥʷ ʰʠʨʦʢʦʩʤʫʛʦʚʠʭ ʩʠʛʥʘʣʽʚ, ʻ ʘʢʪʫʘʣʴʥʠʤʠ ʜʣʷ ʨʦʟʨʦʙʣʝʥʥʷ 

ʭʚʠʣʝʚʦʜʽʚ ʪʘ ʜʣʷ ʧʝʨʝʜʘʚʘʥʥʷ ʟʦʙʨʘʞʝʥʴ. 
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ʅʘʫʢʦʚʦ-ʧʨʠʢʣʘʜʥʠʤ ʟʘʚʜʘʥʥʷʤ, ʨʦʟʚôʷʟʘʥʥʶ ʷʢʦʛʦ ʧʨʠʩʚʷʯʝʥʘ 

ʜʠʩʝʨʪʘʮʽʡʥʘ ʨʦʙʦʪʘ, ʻ ʨʦʟʨʦʙʣʝʥʥʷ ʩʧʦʩʦʙʽʚ ʤʦʜʫʣʷʮʽʾ/ʜʝʤʦʜʫʣʷʮʽʾ 

ʘʥʘʣʦʛʦʚʠʭ ʪʘ ʮʠʬʨʦʚʠʭ ʩʠʛʥʘʣʽʚ ʥʘ ʦʩʥʦʚʽ ʤʝʪʘʤʘʪʝʨʽʘʣʽʚ ʪʘ ʾʭ 

ʧʝʨʝʜʘʚʘʥʥʷ ʯʝʨʝʟ ʩʪʨʫʢʪʫʨʠ ʽʟ ʧʘʨʘʣʝʣʴʥʠʭ ʧʨʦʚʽʜʥʠʢʽʚ. 

ɿʚôʷʟʦʢ ʨʦʙʦʪʠ ʟ ʥʘʫʢʦʚʠʤʠ ʧʨʦʛʨʘʤʘʤʠ, ʧʣʘʥʘʤʠ, ʪʝʤʘʤʠ. 

ɼʠʩʝʨʪʘʮʽʡʥʘ ʨʦʙʦʪʘ ʚʠʢʦʥʫʚʘʣʘʩʷ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʥʘʫʢʦʚʦʛʦ ʥʘʧʨʷʤʢʫ ʢʘʬʝʜʨʠ 

ʨʘʜʽʦʪʝʭʥʽʢʠ ʪʘ ʽʥʬʦʨʤʘʮʽʡʥʦʾ ʙʝʟʧʝʢʠ ʏʝʨʥʽʚʝʮʴʢʦʛʦ ʥʘʮʽʦʥʘʣʴʥʦʛʦ 

ʫʥʽʚʝʨʩʠʪʝʪʫ ʽʤʝʥʽ ʖʨʽʷ ʌʝʜʴʢʦʚʠʯʘ ʪʘ ʚ ʤʝʞʘʭ ʥʘʫʢʦʚʦ-ʜʦʩʣʽʜʥʠʮʴʢʦʾ ʨʦʙʦʪʠ: 

ñʄʝʪʦʜʠ ʪʘ ʟʘʩʦʙʠ ʧʝʨʝʜʘʚʘʥʥʷ, ʦʙʨʦʙʣʝʥʥʷ ʽ ʟʙʝʨʽʛʘʥʥʷ ʽʥʬʦʨʤʘʮʽʾ ʚ ʽʥʬʦ-

ʢʦʤʫʥʽʢʘʮʽʡʥʠʭ ʩʠʩʪʝʤʘʭ ò (ɼʝʨʞ. ʨʝʻʩʪʨ. ˉ0116U001433, 2016 ʨ.) 

ʄʝʪʘ ʽ ʟʘʚʜʘʥʥʷ ʜʦʩʣʽʜʞʝʥʥʷ. ʄʝʪʦʶ ʜʠʩʝʨʪʘʮʽʡʥʦʾ ʨʦʙʦʪʠ  ̒

ʨʦʟʰʠʨʝʥʥʷ ʬʫʥʢʮʽʦʥʘʣʴʥʠʭ ʤʦʞʣʠʚʦʩʪʝʡ ʚʫʟʣʽʚ ʟʘʩʦʙʽʚ ʟʚôʷʟʢʫ ʥʘ ʦʩʥʦʚʽ 

ʢʽʣʴʮʝʚʠʭ ʨʝʟʦʥʘʪʦʨʽʚ ʜʣʷ ʬʽʣʴʪʨʫʚʘʥʥʷ, ʤʦʜʫʣʷʮʽʾ/ʜʝʤʦʜʫʣʷʮʽʾ 

ʛʘʨʤʦʥʽʯʥʠʭ ʪʘ ʜʝʪʝʨʤʽʥʦʚʘʥʦ ʭʘʦʪʠʯʥʠʭ ʩʠʛʥʘʣʽʚ ʜʣʷ ʾʭ ʧʝʨʝʜʘʚʘʥʥʷ ʯʝʨʝʟ 

ʩʪʨʫʢʪʫʨʠ ʽʟ ʧʘʨʘʣʝʣʴʥʠʭ ʧʨʦʚʽʜʥʠʢʽʚ ʫ ʰʠʨʦʢʦʤʫ ʩʫʙ-ɻɻʮ ʪʘ ɻɻʮ 

ʜʽʘʧʘʟʦʥʘʭ ʯʘʩʪʦʪ. 

ɼʣʷ ʜʦʩʷʛʥʝʥʥʷ ʧʦʩʪʘʚʣʝʥʦʾ ʤʝʪʠ, ʥʝʦʙʭʽʜʥʦ ʙʫʣʦ ʨʦʟʚôʷʟʘʪʠ ʥʘʩʪʫʧʥʽ 

ʟʘʚʜʘʥʥʷ: 

1. ʇʨʦʚʝʩʪʠ ʘʥʘʣʽʟ ʩʫʯʘʩʥʦʛʦ ʩʪʘʥʫ ʧʨʠʩʪʨʦʾʚ ʤʦʜʫʣʷʮʽʾ/ʜʝʤʦʜʫʣʷʮʽʾ 

ʩʠʛʥʘʣʽʚ ʩʠʩʪʝʤ ʟʚôʷʟʢʫ ʪʘ ʟʜʽʡʩʥʠʪʠ ʦʛʣʷʜ ʪʝʥʜʝʥʮʽʡ ʱʦʜʦ ʾʭ ʨʝʘʣʽʟʘʮʽʾ ʷʢ 

ʦʢʨʝʤʠʭ ʚʫʟʣʽʚ ʨʘʜʽʦʪʝʭʥʽʯʥʠʭ ʩʠʩʪʝʤ ʥʘ ʦʩʥʦʚʽ ʤʝʪʘʤʘʪʝʨʽʘʣʽʚ. ʇʨʦʚʝʩʪʠ 

ʦʮʽʥʢʫ ʩʧʦʩʦʙʽʚ ʧʝʨʝʜʘʚʘʥʥʷ ʝʥʝʨʛʽʾ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʠʭ ʭʚʠʣʴ ʪʘ ʟʦʙʨʘʞʝʥʴ 

ʯʝʨʝʟ ʩʪʨʫʢʪʫʨʠ ʽʟ ʧʘʨʘʣʝʣʴʥʠʭ ʧʨʦʚʽʜʥʠʢʽʚ. 

2. ʈʦʟʨʦʙʠʪʠ ʩʧʦʩʽʙ ʤʦʜʫʣʷʮʽʾ ʪʘ ʜʝʤʦʜʫʣʷʮʽʾ ʛʘʨʤʦʥʽʯʥʠʭ ʪʘ 

ʜʝʪʝʨʤʽʥʦʚʘʥʦ ʭʘʦʪʠʯʥʠʭ ʘʥʘʣʦʛʦʚʠʭ ʩʠʛʥʘʣʽʚ ʥʘ ʦʩʥʦʚʽ ʢʽʣʴʮʝʚʠʭ 

ʨʝʟʦʥʘʪʦʨʽʚ ʥʘʚʘʥʪʘʞʝʥʠʭ ʚʘʨʘʢʪʦʨʥʠʤ ʜʽʦʜʦʤ, ʱʦ ʜʦʟʚʦʣʠʪʴ ʟʥʘʯʥʦ 

ʩʧʨʦʩʪʠʪʠ ʨʝʘʣʽʟʘʮʽʶ ʧʨʠʩʪʨʦʾʚ ʪʘʢʦʛʦ ʪʠʧʫ. ʇʨʦʘʥʘʣʽʟʫʚʘʪʠ ʘʤʧʣʽʪʫʜʥʦ-
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ʯʘʩʪʦʪʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʟʘʧʨʦʧʦʥʦʚʘʥʠʭ ʧʨʠʩʪʨʦʾʚ, ʩʧʝʢʪʨʘʣʴʥʽ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʤʦʜʫʣʴʦʚʘʥʠʭ ʩʠʛʥʘʣʽʚ ʪʘ ʚʽʜʥʦʚʣʝʥʠʭ ʫ ʧʨʠʡʤʘʯʽ ʩʠʛʥʘʣʽʚ. 

3. ʈʦʟʨʦʙʠʪʠ ʧʨʠʩʪʨʽʡ ʤʦʜʫʣʷʮʽʷ ʮʠʬʨʦʚʠʭ ʩʠʛʥʘʣʽʚ ʤʽʢʨʦʭʚʠʣʴʦʚʦʛʦ 

ʜʽʘʧʘʟʦʥʫ ʯʘʩʪʦʪ ʥʘ ʦʩʥʦʚʽ ʬʽʣʴʪʨʫʶʯʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʣʽʥʽʾ ʧʝʨʝʜʘʚʘʥʥʷ, 

ʤʦʜʠʬʽʢʦʚʘʥʦʾ ʢʽʣʴʮʝʚʠʤʠ ʨʝʟʦʥʘʪʦʨʘʤʠ, ʰʣʷʭʦʤ on/off-ʧʝʨʝʤʠʢʘʥʥʷ 

ʻʤʥʽʩʥʠʭ ʝʣʝʤʝʥʪʽʚ, ʷʢʠʤʠ ʥʘʚʘʥʪʘʞʝʥʠʡ ʢʽʣʴʮʝʚʠʡ ʨʝʟʦʥʘʪʦʨ, ʪʘ 

ʟʘʙʝʟʧʝʯʠʪʠ ʮʠʬʨʦʚʫ ʤʘʥʽʧʫʣʷʮʽʶ ʩʠʛʥʘʣʽʚ ʰʣʷʭʦʤ ʤʦʜʠʬʽʢʘʮʽʾ ʣʽʥʽʾ 

ʧʝʨʝʜʘʚʘʥʥʷ ɺʏ ʩʠʛʥʘʣʽʚ. ʇʨʦʘʥʘʣʽʟʫʚʘʪʠ ʘʤʧʣʽʪʫʜʥʦ-ʯʘʩʪʦʪʥʽ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʬʫʥʢʮʽʾ ʚʽʜʙʠʚʘʥʥʷ/ʧʝʨʝʜʘʚʘʥʥʷ ʩʠʛʥʘʣʽʚ. 

4. ɼʦʩʣʽʜʠʪʠ ʤʦʞʣʠʚʽʩʪʴ ʨʝʘʣʽʟʘʮʽʾ on/off-ʧʝʨʝʤʠʢʘʥʥʷ ʟ 

ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʦʧʪʠʯʥʦʛʦ ʢʝʨʫʚʘʥʥʷ ʧʘʨʘʤʝʪʨʘʤʠ ʢʽʣʴʮʝʚʠʭ ʨʝʟʦʥʘʪʦʨʽʚ, 

ʧʨʦʘʥʘʣʽʟʫʚʘʪʠ ʘʤʧʣʽʪʫʜʥʦ-ʯʘʩʪʦʪʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʮʴʦʛʦ ʧʨʠʩʪʨʦ.ʁ 

5. ɼʦʩʣʽʜʠʪʠ ʧʨʦʮʝʩʠ ʧʝʨʝʜʘʚʘʥʥʷ ʛʘʨʤʦʥʽʯʥʠʭ ʩʠʛʥʘʣʽʚ ʯʝʨʝʟ 

ʩʪʨʫʢʪʫʨʠ ʽʟ ʧʘʨʘʣʝʣʴʥʠʭ ʧʨʦʚʽʜʥʠʢʽʚ ʰʣʷʭʦʤ ʘʥʘʣʽʟʫ ʬʫʥʢʮʽʾ ʧʝʨʝʜʘʚʘʥʥʷ 

ʯʝʨʝʟ S-ʧʘʨʘʤʝʪʨʠ, ʟʨʦʙʠʪʠ ʘʥʘʣʽʟ ʤʦʞʣʠʚʠʭ ʥʝʣʽʥʽʡʥʠʭ ʩʧʦʪʚʦʨʝʥʴ 

ʩʠʛʥʘʣʽʚ ʧʨʠ ʧʨʦʭʦʜʞʝʥʥʽ ʯʝʨʝʟ ʩʪʨʫʢʪʫʨʠ ʽʟ ʧʘʨʘʣʝʣʴʥʠʭ ʧʨʦʚʽʜʥʠʢʽʚ. 

6. ɼʦʩʣʽʜʠʪʠ ʤʦʞʣʠʚʽʩʪʴ ʧʝʨʝʜʘʚʘʥʥʷ ɽʄ ʩʠʛʥʘʣʽʚ ʯʝʨʝʟ ʩʪʨʫʢʪʫʨʫ ʽʟ 

ʧʘʨʘʣʝʣʴʥʠʭ ʧʨʦʚʽʜʥʠʢʽʚ ʤʽʢʨʦʭʚʠʣʴʦʚʦʛʦ ʜʽʘʧʘʟʦʥʫ ʯʘʩʪʦʪ ʫ ʰʠʨʦʢʦʤʫ 

ʜʽʘʧʘʟʦʥʽ ʩʫʙ-ɻɻʮ ʪʘ ɻɻʮ ʯʘʩʪʦʪ, ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ ʢʦʤʽʨʢʠ ʤʝʪʘʩʪʨʫʢʪʫʨʠ 

ʷʢ ʦʢʨʝʤʠʡ ʢʘʥʘʣ ʧʝʨʝʜʘʚʘʥʥʷ ɽʄ ʭʚʠʣʴ ʨʽʟʥʦʾ ʯʘʩʪʦʪʠ, ʱʦ 

ʚʠʧʨʦʤʽʥʶʶʪʴʩʷ ʜʠʧʦʣʷʤʠ, ʨʦʟʤʽʱʝʥʠʤʠ ʫ ʢʦʤʽʨʢʘʭ ʤʝʪʘʩʪʨʫʢʪʫʨʠ 

ʚʽʜʧʦʚʽʜʥʦ. 

ʆʙôʻʢʪ ʜʦʩʣʽʜʞʝʥʴ ï ʧʨʦʮʝʩʠ ʘʥʘʣʦʛʦʚʦʾ ʽ ʮʠʬʨʦʚʦʾ 

ʤʦʜʫʣʷʮʽʾ/ʜʝʤʦʜʫʣʷʮʽʾ ʛʘʨʤʦʥʽʯʥʠʭ ʽ ʭʘʦʪʠʯʥʠʭ ʩʠʛʥʘʣʽʚ ʥʘ ʦʩʥʦʚʽ ɛ-

ʥʝʛʘʪʠʚʥʠʭ ʤʝʪʘʤʘʪʝʨʽʘʣʽʚ ʪʘ ʧʝʨʝʜʘʚʘʥʥʷ/ʧʨʠʡʤʘʥʥʷ ɽʄ ʩʠʛʥʘʣʽʚ 

ʦʜʥʦʯʘʩʥʦ ʧʦ ʧʘʨʘʣʝʣʴʥʠʭ ʢʦʤʽʨʢʘʭ ʩʪʨʫʢʪʫʨʠ ʽʟ ʧʘʨʘʣʝʣʴʥʠʭ ʧʨʦʚʽʜʥʠʢʽʚ 

(Ů-ʥʝʛʘʪʠʚʥ ̔ʤʝʪʘʤʘʪʝʨʽʘʣʠ) ʫ ʰʠʨʦʢʦʤʫ ʜʽʘʧʘʟʦʥʽ ʯʘʩʪʦʪ. 
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ʇʨʝʜʤʝʪ ʜʦʩʣʽʜʞʝʥʴ ï ʢʦʤʧôʶʪʝʨʥʽ ʤʦʜʝʣʽ ʢʽʣʴʮʝʚʠʭ ʨʝʟʦʥʘʪʦʨʽʚ ʪʘ 

ʩʪʨʫʢʪʫʨ ʽʟ ʧʘʨʘʣʝʣʴʥʠʭ ʧʨʦʚʽʜʥʠʢʽʚ, ʘ ʪʘʢʦʞ ʾʭ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʤʘʢʝʪʠ 

ʜʣʷ ʬʽʣʴʪʨʫʚʘʥʥʷ, ʤʦʜʫʣʷʮʽʾ/ʜʝʤʦʜʫʣʷʮʽʾ ʛʘʨʤʦʥʽʯʥʠʭ ʪʘ ʭʘʦʪʠʯʥʠʭ 

ʩʠʛʥʘʣʽʚ ʪʘ ʾʭ ʧʝʨʝʜʘʚʘʥʥʷ ʯʝʨʝʟ ʩʪʨʫʢʪʫʨʫ ʽʟ ʧʘʨʘʣʝʣʴʥʠʭ ʧʨʦʚʽʜʥʠʢʽʚ.  

ʄʝʪʦʜʠ ʜʦʩʣʽʜʞʝʥ.ɹ ʋ ʧʨʦʮʝʩʽ ʜʦʩʣʽʜʞʝʥʥʷ ʢʦʤʧôʶʪʝʨʥʠʭ ʤʦʜʝʣʝʡ 

ʢʽʣʴʮʝʚʠʭ ʨʝʟʦʥʘʪʦʨʽʚ ʪʘ ʩʪʨʫʢʪʫʨ ʽʟ ʧʘʨʘʣʝʣʴʥʠʭ ʧʨʦʚʽʜʥʠʢʽʚ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʦʩʴ ʩʝʨʝʜʦʚʠʱʝ ʜʣʷ ʤʦʜʝʣʶʚʘʥʥʷ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʠʭ 

ʧʨʦʮʝʩʽʚ CST Studio Suite, ʱʦ ʚʢʣʶʯʘʻ ʚ ʩʝʙʝ ʨʦʟʚôʷʟʘʥʥʷ ʩʠʩʪʝʤ ʨʽʚʥʷʥʴ 

ʄʘʢʩʚʝʣʘ ʫ ʯʘʩʦʚʦʤʫ ʪʘ ʯʘʩʪʦʪʥʦʤʫ ʜʦʤʝʥʘʭ; ʜʣʷ ʦʙʨʦʙʣʝʥʥʷ ʜʘʥʠʭ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠʩʴ ʩʝʨʝʜʦʚʠʱʝ Matlab&Simulink, ʘ ʪʘʢʦʞ ʤʝʪʦʜʠ ʪʝʦʨʽʾ 

ʩʠʛʥʘʣʽʚ ʪʘ ʧʨʦʮʝʩʽʚ, ʰʚʠʜʢʝ ʧʝʨʝʪʚʦʨʝʥʥʷ ʌʫʨôʻ, ʝʣʝʤʝʥʪʠ ʪʝʦʨʽʾ 

ʝʣʝʢʪʨʦʜʠʥʘʤʽʢʠ ʪʘ ʧʦʰʠʨʝʥʥʷ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʠʭ ʭʚʠʣʴ ʫ ʥʘʧʨʷʤʥʠʭ 

ʩʠʩʪʝʤʘʭ ʪʘ ʩʝʨʝʜʦʚʠʱʘʭ. 

ʅʘʫʢʦʚʘ ʥʦʚʠʟʥʘ ʦʪʨʠʤʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ: 

- ɺʧʝʨʰʝ ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʪʘ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʧʽʜʪʚʝʨʜʞʝʥʦ ʩʧʦʩʽʙ 

ʦʜʥʦʯʘʩʥʦʛʦ ʧʝʨʝʜʘʚʘʥʥʷ ʩʠʛʥʘʣʽʚ ʤʽʢʨʦʭʚʠʣʴʦʚʦʛʦ ʜʽʘʧʘʟʦʥʫ 

ʯʘʩʪʦʪ ʧʦ ʦʢʨʝʤʠʭ ʢʦʤʽʨʢʘʭ ʩʪʨʫʢʪʫʨ ʽʟ ʧʘʨʘʣʝʣʴʥʠʭ ʧʨʦʚʽʜʥʠʢʽʚ ʟ 

ʢʨʦʢʦʤ, ʱʦ ʚʽʜʧʦʚʽʜʘʻ ʧʦʜʚʽʡʥʦʤʫ ʟʥʘʯʝʥʥʶ ʧʝʨʽʦʜʫ ʨʦʟʤʽʱʝʥʥʷ 

ʧʨʦʚʽʜʥʠʢʽʚ ʫ ʩʪʨʫʢʪʫʨʽ; ʩʧʦʩʽʙ ʜʦʟʚʦʣʷʻ ʧʝʨʝʜʘʚʘʪʠ ʛʘʨʤʦʥʽʯʥ ̔

ʩʠʛʥʘʣʠ ʫ ʰʠʨʦʢʦʤʫ ʩʫʙ-ɻɻʮ (0,45...0,8 ɻɻʮ) ʪʘ ɻɻʮ (> 1ɻɻʮ) 

ʜʽʘʧʘʟʦʥʘʭ ʯʘʩʪʦʪ;  

- ɺʧʝʨʰʝ ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʪʘ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʜʦʩʣʽʜʞʝʥʦ ʤʝʪʦʜ 

ʤʦʜʫʣʷʮʽʾ ʛʘʨʤʦʥʽʯʥʠʭ ʪʘ ʭʘʦʪʠʯʥʠʭ ʩʠʛʥʘʣʽʚ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ 

ʢʽʣʴʮʝʚʠʭ ʨʝʟʦʥʘʪʦʨʽʚ ʥʘʚʘʥʪʘʞʝʥʠʭ ʚʘʨʘʢʪʦʨʥʠʤ ʜʽʦʜʦʤ, ʱʦ 

ʟʘʙʝʟʧʝʯʫʶʪʴ ʨʦʙʦʯʫ ʩʤʫʛʫ ʯʘʩʪʦʪ ʤʦʜʫʣʶʶʯʦʛʦ ʢʦʣʠʚʘʥʥʷ ʜʦ 

20 ʄɻʮ; 

- ʅʘʙʫʚ ʧʦʜʘʣʴʰʦʛʦ ʨʦʟʚʠʪʢʫ ʩʧʦʩʽʙ ʤʘʥʽʧʫʣʷʮʽʾ ʮʠʬʨʦʚʠʭ ʩʠʛʥʘʣʽʚ 

ʽʟ ʥʦʩʽʡʥʠʤ ʩʠʛʥʘʣʦʤ ʤʽʢʨʦʭʚʠʣʴʦʚʦʛʦ ʜʽʘʧʘʟʦʥʫ ʯʘʩʪʦʪ ʜʦ 1 ɻɻʮ, 
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ʱʦ ʨʝʘʣʽʟʦʚʘʥʠʡ ʰʣʷʭʦʤ ʤʦʜʠʬʽʢʘʮʽʾ ʣʽʥʽʾ ʧʝʨʝʜʘʚʘʥʥʷ ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʚʚʝʜʝʥʥʷ ʢʽʣʴʮʝʚʦʛʦ ʨʝʟʦʥʘʪʦʨʫ ʟ ʤʦʞʣʠʚʽʩʪʶ ʟʤʽʥʠ 

ʡʦʛʦ ʨʝʟʦʥʘʥʩʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʯʝʨʝʟ on/off-ʧʝʨʝʤʠʢʘʥʥʷ 

ʚʚʝʜʝʥʠʭ ʫ ʢʽʣʴʮʝʚʠʡ ʨʝʟʦʥʘʪʦʨ ʻʤʥʽʩʥʠʭ ʝʣʝʤʝʥʪʽʚ, ʪʦʙʪʦ 

ʢʽʣʴʮʝʚʠʡ ʨʝʟʦʥʘʪʦʨ ʬʫʥʢʮʽʦʥʫʻ ʷʢ ʨʝʞʝʢʪʦʨʥʠʡ ʬʽʣʴʪʨ ʽʟ 

ʤʦʞʣʠʚʽʩʪʴ ʢʝʨʫʚʘʥʥʷ ʘʤʧʣʽʪʫʜʥʦ-ʯʘʩʪʦʪʥʦʶ ʭʘʨʘʢʪʝʨʠʩʪʠʢʦʶ ʚ 

ʯʘʩʽ; 

- ʋʜʦʩʢʦʥʘʣʝʥʦ ʩʧʦʩʽʙ ʙʝʟʢʦʥʪʘʢʪʥʦʛʦ ʢʝʨʫʚʘʥʥʷ ʨʝʟʦʥʘʥʩʥʠʤʠ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʢʽʣʴʮʝʚʠʭ ʨʝʟʦʥʘʪʦʨʽʚ ʤʽʢʨʦʭʚʠʣʴʦʚʦʛʦ 

ʜʽʘʧʘʟʦʥʫ ʯʘʩʪʦʪ ʟʘ ʜʦʧʦʤʦʛʦʶ ʦʧʪʠʯʥʠʭ ʽʤʧʫʣʴʩʽʚ, ʱʦ 

ʫʤʦʞʣʠʚʣʶʻ ʨʦʟʚʠʪʦʢ ʝʣʝʤʝʥʪʽʚ ʢʦʥʪʨʦʣʶ ʰʣʷʭʦʤ on/off-

ʧʝʨʝʤʠʢʘʥʥʷ. 

ʇʨʘʢʪʠʯʥʝ ʟʥʘʯʝʥʥʷ ʦʜʝʨʞʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ. ʇʨʠ ʚʠʢʦʥʘʥʥʽ 

ʜʠʩʝʨʪʘʮʽʡʥʦʾ ʨʦʙʦʪʠ ʦʪʨʠʤʘʥʽ ʥʘʩʪʫʧʥʽ ʧʨʘʢʪʠʯʥʽ ʨʝʟʫʣʴʪʘʪʠ: 

- ɿʘʧʨʦʧʦʥʦʚʘʥʦ ʪʘ ʨʝʘʣʽʟʦʚʘʥʦ ʫ ʚʠʛʣʷʜʽ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ 

ʤʘʢʝʪʫ ʧʨʠʩʪʨʽʡ ʘʥʘʣʦʛʦʚʦʾ ʤʦʜʫʣʷʮʽʾ ʛʘʨʤʦʥʽʯʥʠʭ ʧʝʨʽʦʜʠʯʥʠʭ ʪʘ 

ʩʠʛʥʘʣʽʚ ʪʘ ʰʠʨʦʢʦʩʤʫʛʦʚʠʭ ʜʝʪʝʨʤʽʥʦʚʘʥʠʭ ʭʘʦʪʠʯʥʠʭ ʢʦʣʠʚʘʥʴ 

ʥʘ ʦʩʥʦʚʽ ʢʽʣʴʮʝʚʠʭ ʨʝʟʦʥʘʪʦʨʽʚ ʥʘʚʘʥʪʘʞʝʥʠʤ ʻʤʥʽʩʥʠʤ 

ʝʣʝʤʝʥʪʦʤ, ʱʦ ʟʜʘʪʥʠʡ ʟʤʽʥʶʚʘʪʠ ʩʚʦʻ ʟʥʘʯʝʥʥʷ ʚ ʯʘʩʽ ʟʘ ʟʘʢʦʥʦʤ 

ʽʥʬʦʨʤʘʮʽʡʥʦʛʦ ʤʦʜʫʣʶʶʯʦʛʦ ʩʠʛʥʘʣʫ. ʇʨʠʩʪʨʽʡ 

ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʧʨʦʩʪʦʪʦʶ ʨʝʘʣʽʟʘʮʽʾ ʪʘ ʚʠʩʦʢʦʶ ʝʬʝʢʪʠʚʥʽʩʪʶ 

ʨʦʙʦʪʠ. 

- ɿʘʧʨʦʧʦʥʦʚʘʥʦ ʪʘ ʜʦʩʣʽʜʞʝʥʦ ʩʧʦʩʽʙ ʮʠʬʨʦʚʦʾ ʤʘʥʽʧʫʣʷʮʽʾ 

ʩʠʛʥʘʣʽʚ ʥʘ ʦʩʥʦʚʽ ʤʦʜʠʬʽʢʘʮʽʾ ʣʽʥʽʾ ʧʝʨʝʜʘʚʘʥʥʷ ɺʏ ʩʠʛʥʘʣʽʚ 

ʢʽʣʴʮʝʚʠʤ ʨʝʟʦʥʘʪʦʨʦʤ, ʥʘʚʘʥʪʘʞʝʥʠʤ ʻʤʥʽʩʥʠʤ ʝʣʝʤʝʥʪʦʤ, ʱʦ 

ʟʜʘʪʥʠʡ ʟʤʽʥʶʚʘʪʠ ʟʥʘʯʝʥʥʷ ʻʤʥʦʩʪʽ ʤʽʞ ʜʚʦʤʘ ʩʪʘʥʘʤʠ ʰʣʷʭʦʤ 

ʬʽʣʴʪʨʫʚʘʥʥʷ ʩʠʛʥʘʣʽʚ, ʯʘʩʪʦʪʠ ʷʢʠʭ ʧʝʨʝʢʨʠʚʘʶʪʴʩʷ ʽʟ ʯʘʩʪʦʪʘʤʠ 

ʨʝʟʦʥʘʥʩʽʚ ʢʽʣʴʮʝʚʠʭ ʨʝʟʦʥʘʪʦʨʽʚ, ʷʢʽ ʚʽʜʧʦʚʽʜʘʶʪʴ ʟʥʘʯʝʥʥʷʤ 

ʙʽʪʽʚ ʮʠʬʨʦʚʠʭ ʩʠʛʥʘʣʽʚ ç0è ʪʘ ç1è. 
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- ɿʘʧʨʦʧʦʥʦʚʘʥʦ ʪʘ ʜʦʩʣʽʜʞʝʥʦ ʤʦʞʣʠʚʽʩʪʴ ʨʝʘʣʽʟʘʮʽʾ ʧʨʠʩʪʨʦʶ ʽʟ 

ʟʘʙʝʟʧʝʯʝʥʥʷʤ n-ʨʦʟʨʷʜʥʦʾ ʮʠʬʨʦʚʦʾ ʤʘʥʽʧʫʣʷʮʽʾ ʟʘ ʨʘʭʫʥʦʢ 

ʟʙʽʣʴʰʝʥʥʷ ʢʽʣʴʢʦʩʪʽ ʢʽʣʴʮʝʚʠʭ ʨʝʟʦʥʘʪʦʨʽʚ, ʱʦ ʤʦʜʠʬʽʢʫʶʪʴ 

ʣʽʥʽʶ ʧʝʨʝʜʘʚʘʥʥʷ ɺʏ ʩʠʛʥʘʣʽʚ. 

- ɽʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʧʨʦʜʝʤʦʥʩʪʨʦʚʘʥʦ ʤʦʞʣʠʚʽʩʪʴ ʢʝʨʫʚʘʥʥʷ 

ʩʪʘʥʘʤʠ ʢʽʣʴʮʝʚʦʛʦ ʨʝʟʦʥʘʪʦʨʘ ʥʘʚʘʥʪʘʞʝʥʦʛʦ ʚʘʨʘʢʪʦʨʥʠʤ 

ʜʽʦʜʦʤ ʟʘ ʨʘʭʫʥʦʢ ʚʟʘʻʤʦʜʽʾ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʜʞʝʨʝʣʦʤ ʦʧʪʠʯʥʦʛʦ 

ʜʽʘʧʘʟʦʥʫ ʯʘʩʪʦʪ ʪʘ ʬʦʪʦʯʫʪʣʠʚʠʭ ʝʣʝʤʝʥʪʽʚ, ʱʦ ʜʘʻ ʤʦʞʣʠʚʽʩʪʴ 

ʢʝʨʫʚʘʥʥʷ ʥʘ ʚʽʜʩʪʘʥʽ ʰʣʷʭʦʤ ʤʦʜʫʣʷʮʽʾ ʩʠʛʥʘʣʽʚ. 

- ɿʘʧʨʦʧʦʥʦʚʘʥʦ ʧʨʠʩʪʨʽʡ ʧʝʨʝʜʘʚʘʥʥʷ ɽʄ ʩʠʛʥʘʣʽʚ ʯʝʨʝʟ 

ʧʘʨʘʣʝʣʴʥʽ ʢʦʤʽʨʢʠ ʉʇʇ ʰʣʷʭʦʤ ʜʠʩʢʨʝʪʠʟʘʮʽʾ ʧʣʦʱʠʥ ʚʭʽʜʥʦʛʦ 

ʪʘ ʚʠʭʽʜʥʦʛʦ ʽʥʪʝʨʬʝʡʩʽʚ ʪʘ ʚʠʟʥʘʯʝʥʦ ʨʦʟʜʽʣʴʥʫ ʟʜʘʪʥʽʩʪʴ 

ʜʦʩʣʽʜʞʫʚʘʥʦʾ ʩʪʨʫʢʪʫʨʠ, ʱʦ ʜʘʻ ʤʦʞʣʠʚʽʩʪʴ ʧʝʨʝʜʘʚʘʥʥʷ 

ʨʘʩʪʨʦʚʠʭ ʟʦʙʨʘʞʝʥʴ ʫ ʧʨʠʩʪʨʦʷʭ ʩʧʝʢʪʨʦʩʢʦʧʽʾ ʪʘ ʝʥʜʦʩʢʦʧʽʾ, ʘ 

ʪʘʢʦʞ ʨʦʟʚʠʪʦʢ ʙʘʛʘʪʦʢʘʥʘʣʴʥʠʭ ʭʚʠʣʝʚʦʜʽʚ ʰʠʨʦʢʦʛʦ ʩʫʙ-ɻɻʮ ʪʘ 

ɻɻʮ ʜʽʘʧʘʟʦʥʽʚ ʯʘʩʪʦʪ. 

ʇʨʝʜʩʪʘʚʣʝʥʽ ʚ ʜʠʩʝʨʪʘʮʽʡʥʽʡ ʨʦʙʦʪʽ ʥʘʫʢʦʚʽ ʪʘ ʧʨʘʢʪʠʯʥʽ ʨʝʟʫʣʴʪʘʪʠ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʜʣʷ ʚʧʨʦʚʘʜʞʝʥʥʷ ʚ ʩʠʩʪʝʤʠ ʤʘʥʽʧʫʣʷʮʽʾ ʮʠʬʨʦʚʠʭ 

ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʩʠʛʥʘʣʽʚ ʩʠʩʪʝʤ ʪʝʣʝʢʦʤʫʥʽʢʘʮʽʡ (çʂʠʾʚʩʪʘʨè), ʨʝʘʣʽʟʘʮʽʾ 

ʣʽʥʽʡ ʧʝʨʝʜʘʚʘʥʥʷ ʰʠʨʦʢʦʩʤʫʛʦʚʠʭ ʩʠʛʥʘʣʽʚ ʪʘ ʝʣʝʤʝʥʪʽʚ ʙʘʛʘʪʦʢʘʥʘʣʴʥʠʭ 

ʩʠʩʪʝʤ ʧʝʨʝʜʘʚʘʥʥʷ ʽʥʬʦʨʤʘʮʽʾ (ʇɸʊ çʋʢʨʪʝʣʝʢʦʤè, ʤ. ʏʝʨʥʽʚʮʽ), ʘ ʪʘʢʦʞ 

ʚʧʨʦʚʘʜʞʝʥʽ ʚ ʥʘʚʯʘʣʴʥʠʡ ʧʨʦʮʝʩ ʥʘ ʢʘʬʝʜʨʽ ʨʘʜʽʦʪʝʭʥʽʢʠ ʪʘ ʽʥʬʦʨʤʘʮʽʡʥʦʾ 

ʙʝʟʧʝʢʠ ʫ ʏʝʨʥʽʚʝʮʴʢʦʤʫ ʥʘʮʽʦʥʘʣʴʥʦʤʫ ʫʥʽʚʝʨʩʠʪʝʪʽ ʽʤʝʥʽ ʖʨʽʷ 

ʌʝʜʴʢʦʚʠʯʘ ʚ ʨʘʤʢʘʭ ʢʫʨʩʫ çɽʣʝʢʪʨʦʜʠʥʘʤʽʢʘè, çʇʨʠʩʪʨʦʾ ʅɺʏè ʪʘ 

«ɸʥʪʝʥʥʦ-ʬʽʜʝʨʥʽ ʧʨʠʩʪʨʦʾ». 

ɺʩʽ ʨʝʟʫʣʴʪʘʪʠ ʚʧʨʦʚʘʜʞʝʥʥʷ ʧʽʜʪʚʝʨʜʞʝʥʦ ʚʽʜʧʦʚʽʜʥʠʤʠ ʘʢʪʘʤʠ. 

ɼʦʩʪʦʚʽʨʥʽʩʪʴ ʦʪʨʠʤʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ ʧʽʜʪʚʝʨʜʞʫʻʪʴʩʷ 

ʫʟʛʦʜʞʝʥʽʩʪʶ ʪʝʦʨʝʪʠʯʥʠʭ ʨʦʟʨʘʭʫʥʢʽʚ ʽʟ ʨʝʟʫʣʴʪʘʪʘʤʠ ʤʦʜʝʣʶʚʘʥʥʷ ʪʘ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʦʪʨʠʤʘʥʠʤʠ ʜʘʥʠʤʠ. 
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ʆʩʦʙʠʩʪʠʡ ʚʥʝʩʦʢ ʟʜʦʙʫʚʘʯʘ ʟʘ ʩʧʠʩʢʦʤ ʧʨʘʮʴ ʟʘ ʪʝʤʦʶ 

ʜʠʩʝʨʪʘʮʽʾ 

ɺʩʽ ʨʝʟʫʣʴʪʘʪʠ ʜʠʩʝʨʪʘʮʽʡʥʦʾ ʨʦʙʦʪʠ, ʱʦ ʚʢʘʟʘʥʽ ʫ ʥʘʫʢʦʚʽʡ ʥʦʚʠʟʥʽ 

ʪʘ ʚʠʩʥʦʚʢʘʭ, ʦʪʨʠʤʘʥʽ ʟʜʦʙʫʚʘʯʝʤ ʦʩʦʙʠʩʪʦ. ʋ ʨʦʙʦʪʘʭ, ʦʧʫʙʣʽʢʦʚʘʥʠʭ ʫ 

ʩʧʽʚʘʚʪʦʨʩʪʚʽ, ʦʩʦʙʠʩʪʠʡ ʚʥʝʩʦʢ ʟʜʦʙʫʚʘʯʘ ʥʘʩʪʫʧʥʠʡ: ʫ ʨʦʙʦʪʽ [15] ʘʚʪʦʨʦʤ 

ʟʜʽʡʩʥʝʥʦ ʘʥʘʣʽʟ ʩʫʯʘʩʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʪʘ ʟʘʩʪʦʩʫʚʘʥʴ ʧʨʦʚʽʜʥʠʢʦʚʠʭ 

ʤʝʪʘʤʘʪʝʨʽʘʣʽʚ ʜʣʷ ʧʝʨʝʜʘʚʘʥʥʷ ʪʘ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʝʥʝʨʛʽʾ ɽʄ ʭʚʠʣʴ ʥʘ 

ʯʘʩʪʦʪʘʭ ʨʝʟʦʥʘʥʩʽʚ ʌʘʙʨʽ-ʇʝʨʦ ʪʘ ʫ ʰʠʨʦʢʦʤʫ ʜʽʘʧʘʟʦʥʽ ʯʘʩʪʦʪ, ʘ ʫ ʨʦʙʦʪʽ 

[26] ï ʚʠʢʦʨʠʩʪʘʥʥʷ ʤʝʪʘʤʘʪʝʨʽʘʣʽʚ ʚ ʮʽʣʦʤʫ ʜʣʷ ʧʦʢʨʘʱʝʥʥʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 

ʚʠʧʨʦʤʽʥʶʚʘʯʽʚ ɽʄ ʭʚʠʣʴ; ʫ ʧʨʘʮʷʭ [103] ï ʘʚʪʦʨʦʤ ʚʠʩʫʥʫʪʦ ʽʜʝʶ ʱʦʜʦ 

ʤʦʞʣʠʚʦʩʪʽ ʜʠʩʢʨʝʪʠʟʘʮʽʾ ʧʣʦʱʠʥʠ ʧʝʨʝʜʘʚʘʣʴʥʦʾ ʩʪʦʨʦʥʠ ʉʇʇ ʜʣʷ 

ʤʦʞʣʠʚʦʩʪʽ ʧʝʨʝʜʘʚʘʥʥʷ ɽʄ ʩʠʛʥʘʣʽʚ ʧʦ ʧʘʨʘʣʝʣʴʥʠʭ ʢʦʤʽʨʢʘʭ ʉʇʇ ʫ 

ʰʠʨʦʢʦʤʫ ʜʽʘʧʘʟʦʥʽ ʯʘʩʪʦʪ ʪʘ ʫ [100, 102] ʧʨʦʚʝʜʝʥʦ ʤʦʜʝʣʶʚʘʥʥʷ 

ʟʘʧʨʦʧʦʥʦʚʘʥʦʛʦ ʧʨʠʥʮʠʧʫ ʧʝʨʝʜʘʚʘʥʥʷ ɽʄ ʩʠʛʥʘʣʽʚ ʪʘ ʟʜʽʡʩʥʝʥʦ ʦʮʽʥʢʫ 

ʨʦʟʜʽʣʴʥʦʾ ʟʜʘʪʥʦʩʪʽ ʟʘʧʨʦʧʦʥʦʚʘʥʦʛʦ ʧʨʠʩʪʨʦʶ ʥʘ ʦʩʥʦʚʽ ʦʮʽʥʢʠ 

ʩʧʝʢʪʨʘʣʴʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʩʠʛʥʘʣʽʚ, ʱʦ ʦʪʨʠʤʫʶʪʴʩʷ ʥʘ ʧʨʠʡʤʘʣʴʥʽʡ 

ʩʪʦʨʦʥʽ ʪʘ ʨʦʟʧʦʜʽʣʽʚ ʝʣʝʢʪʨʠʯʥʦʛʦ ʧʦʣʷ; ʫ ʨʦʙʦʪʽ [101] ʘʚʪʦʨʦʤ ʧʨʦʚʝʜʝʥʦ 

ʢʦʤʧôʶʪʝʨʥʝ ʤʦʜʝʣʶʚʘʥʥʷ ʧʨʦʮʝʩʫ ʧʝʨʝʜʘʚʘʥʥʷ ʛʘʨʤʦʥʽʯʥʠʭ ʩʠʛʥʘʣʽʚ 

ʯʝʨʝʟ ʩʪʨʫʢʪʫʨʫ ʽʟ ʧʨʦʚʽʜʥʠʢʽʚ, ʨʦʟʤʽʱʝʥʫ ʤʽʞ ʜʚʦʤʘ ʭʚʠʣʝʚʽʜʥʠʤʠ 

ʧʦʨʪʘʤʠ ʪʘ ʩʧʝʢʪʨʘʣʴʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʨʠʡʥʷʪʠʭ ʩʠʛʥʘʣʽʚ; ʫ ʧʨʘʮʷʭ [96-

97] ï ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʧʨʠʥʮʠʧ ʤʦʜʫʣʷʮʽʾ ʘʥʘʣʦʛʦʚʠʭ ʩʠʛʥʘʣʽʚ, ʧʦʢʘʟʘʥʦ 

ʜʽʘʧʘʟʦʥ ʨʦʙʦʯʠʭ ʯʘʩʪʦʪ ʈʂʈ ʥʘʚʘʥʪʘʞʝʥʦʛʦ ʚʘʨʘʢʪʦʨʥʠʤ ʜʽʦʜʦʤ ʪʘ ʫ [98] ï 

ʜʦʩʣʽʜʞʝʥʦ ʯʘʩʪʦʪʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʪʘ ʯʘʩʦʚʽ ʜʽʘʛʨʘʤʠ ʤʦʜʫʣʴʦʚʘʥʠʭ 

ʩʠʛʥʘʣʽʚ, ʘ ʪʘʢʦʞ ʚʽʜʥʦʚʣʝʥʠʭ ʤʦʜʫʣʶʶʯʠʭ ʩʠʛʥʘʣʽʚ ʫ ʧʨʠʡʤʘʯʽ; ʫ [97] 

ʜʦʩʣʽʜʞʝʥʦ ʤʦʜʫʣʷʮʽʶ ʪʘ ʜʝʤʦʜʫʣʷʮʽʶ ʛʘʨʤʦʥʽʯʥʠʭ ʪʘ ʜʝʪʝʨʤʽʥʦʚʘʥʠʭ 

ʭʘʦʪʠʯʥʠʭ ʩʠʛʥʘʣʽʚ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷ ʈʂʈ ʥʘʚʘʥʪʘʞʝʥʦʛʦ ʚʘʨʘʢʪʦʨʥʠʤ 

ʜʽʦʜʦʤ. 
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ʇʫʙʣʽʢʘʮʽʾ. ɿʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʚʠʢʦʥʘʥʥʷ ʜʠʩʝʨʪʘʮʽʡʥʦʾ ʨʦʙʦʪʠ 

ʦʧʫʙʣʽʢʦʚʘʥʦ 9 ʥʘʫʢʦʚʠʭ ʧʨʘʮʴ: 4 ʨʦʙʦʪʠ ï ʫ ʥʘʫʢʦʚʠʭ ʬʘʭʦʚʠʭ ʚʠʜʘʥʥʷʭ, 

ʩʝʨʝʜ ʷʢʠʭ 1 ï ʫ ʧʨʦʚʽʜʥʦʤʫ ʟʘʢʦʨʜʦʥʥʦʤʫ ʞʫʨʥʘʣʽ ʪʘ 4 ï ʫ ʥʘʫʢʦʚʠʭ 

ʞʫʨʥʘʣʘʭ, ʱʦ ʚʢʣʶʯʝʥʽ ʜʦ ʧʝʨʝʣʽʢʫ ʥʘʫʢʦʚʠʭ ʬʘʭʦʚʠʭ ʚʠʜʘʥʴ ʄʆʅ 

ʋʢʨʘʾʥʠ; 4 ʧʨʘʮ ̔ʧʨʝʜʩʪʘʚʣʝʥʦ ʪʝʟʘʤʠ ʤʽʞʥʘʨʦʜʥʠʭ ʢʦʥʬʝʨʝʥʮʽʡ, 2 ʟ ʷʢʠʭ 

ʮʠʪʫʶʪʴʩʷ ʚ ʄʽʞʥʘʨʦʜʥʽʡ ʙʘʟʽ Scopus. 

ʅʘ ʦʩʥʦʚʽ ʧʝʨʝʚʽʨʢʠ ʨʝʟʫʣʴʪʘʪʽʚ ʜʠʩʝʨʪʘʮʽʾ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ 

ʘʥʪʠʧʣʘʛʽʘʪʥʦʾ ʩʠʩʪʝʤʠ UNICHECK ʟʨʦʙʣʝʥʦ ʚʠʩʥʦʚʦʢ ʧʨʦ ʚʽʜʧʦʚʽʜʥʽʩʪʴ 

ʜʠʩʝʨʪʘʮʽʾ ʧʨʠʥʮʠʧʘʤ ʘʢʘʜʝʤʽʯʥʦʾ ʜʦʙʨʦʯʝʩʥʦʩʪʽ. 

ɸʧʨʦʙʘʮʽʷ ʨʝʟʫʣʴʪʘʪʽʚ ʜʠʩʝʨʪʘʮʽʡʥʦʾ ʨʦʙʦʪʠ. ʆʩʥʦʚʥʽ ʨʝʟʫʣʴʪʘʪʠ 

ʜʠʩʝʨʪʘʮʽʡʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʙʫʣʠ ʧʨʝʜʤʝʪʦʤ ʦʙʛʦʚʦʨʝʥʴ ʥʘ: 

- ʅʘʫʢʦʚʠʭ ʩʝʤʽʥʘʨʘʭ ʢʘʬʝʜʨʠ ʨʘʜʽʦʪʝʭʥʽʢʠ ʪʘ ʽʥʬʦʨʤʘʮʽʡʥʦʾ 

ʙʝʟʧʝʢʠ ʏʝʨʥʽʚʝʮʴʢʦʛʦ ʥʘʮʽʦʥʘʣʴʥʦʛʦ ʫʥʽʚʝʨʩʠʪʝʪʫ ʽʤʝʥʽ ʖʨʽʷ ʌʝʜʴʢʦʚʠʯʘ; 

- ʅʘʫʢʦʚʦʤʫ ʩʝʤʽʥʘʨʽ ʣʽʪʥʴʦʾ ʰʢʦʣʠ ʜʦʢʪʦʨʘʥʪʽʚ ʪʘ ʘʩʧʽʨʘʥʪʽʚ 

ñComputational Photonicsò ʫ ʚʠʛʣʷʜʽ ʫʩʥʦʾ ʜʦʧʦʚʽʜʽ ʥʘ ʪʝʤʫ ñWire Media for 

digital imagingò (Karlsruhe, Germany, 2020); 

- Proceedings of International Scientific and Practical Conference 

Problem of Infocommunications. Science and Technology (PIC S&Tô2018), 

Kharkiv, Ukraine, October 9-12 (2018); 

- Proceedings of 15th International Conference on Advanced Trends in 

Radioelectronics, Telecommunications and Computer Engineering 

(TCSETô2020), Lviv-Slavske, Ukraine, February 25-29 (2020); 

- ʍ ʶʚʽʣʝʡʥʽʡ ʄʽʞʥʘʨʦʜʥʽʡ ʥʘʫʢʦʚʦ-ʧʨʘʢʪʠʯʥʽʡ ʢʦʥʬʝʨʝʥʮʽ ʾ

çʉʫʯʘʩʥʽ ʧʨʦʙʣʝʤʠ ʽ ʜʦʩʷʛʥʝʥʥʷ ʚ ʛʘʣʫʟʽ ʨʘʜʽʦʪʝʭʥʽʢʠ, ʪʝʣʝʢʦʤʫʥʽʢʘʮʽʡ ʪʘ 

ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʪʝʭʥʦʣʦʛʽʡè, ʤ. ɿʘʧʦʨʽʞʞʷ, ʋʢʨʘʾʥʘ, 07ï09 ʞʦʚʪʥʷ 2020. 

ʉʪʨʫʢʪʫʨʘ ʪʘ ʦʙʩʷʛ ʜʠʩʝʨʪʘʮʽʾ. ɼʠʩʝʨʪʘʮʽʷ ʩʢʣʘʜʘʻʪʴʩʷ ʟʽ ʚʩʪʫʧʫ, 

ʯʦʪʠʨʴʦʭ ʨʦʟʜʽʣʽʚ, ʟʘʛʘʣʴʥʠʭ ʚʠʩʥʦʚʢʽʚ, ʙʽʙʣʽʦʛʨʘʬʽʯʥʦʛʦ ʩʧʠʩʢʫ 

ʚʠʢʦʨʠʩʪʘʥʠʭ ʜʞʝʨʝʣ, ʜʦʜʘʪʢʫ. ɿʘʛʘʣʴʥʠʡ ʦʙʩʷʛ ʨʦʙʦʪʠ ʩʪʘʥʦʚʠʪʴ 145 

ʩʪʦʨʽʥʦʢ ʜʨʫʢʘʨʩʴʢʦʛʦ ʪʝʢʩʪʫ, ʽʟ ʥʠʭ 10 ʩʪʦʨʽʥʦʢ ʚʩʪʫʧʫ, 123 ʩʪʦʨʽʥʦʢ 
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ʦʩʥʦʚʥʦʛʦ ʪʝʢʩʪʫ, 53 ʨʠʩʫʥʢʠ, ʩʧʠʩʦʢ ʚʠʢʦʨʠʩʪʘʥʠʭ ʜʞʝʨʝʣ ʟ 104 

ʥʘʡʤʝʥʫʚʘʥʴ, 1 ʜʦʜʘʪʦʢ ʥʘ 4 ʩʪʦʨʽʥʢʘʭ. 
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ʈʆɿɼɯʃ 1. ʆɻʃʗɼ ʃɯʊɽʈɸʊʋʈʅʀʍ ɼɾɽʈɽʃ 

 

1.1. ʂʣʘʩʠʬʽʢʘʮʽʷ ʤʘʪʝʨʽʘʣʽʚ. ʄʝʪʘʤʘʪʝʨʽʘʣʠ  

ʄʝʪʘʤʘʪʝʨʽʘʣʘʤʠ ʥʘʟʠʚʘʶʪʴ ʰʪʫʯʥʦ ʩʬʦʨʤʦʚʘʥʽ ʪʘ ʦʩʦʙʣʠʚʠʤ 

ʩʧʦʩʦʙʦʤ ʩʪʨʫʢʪʫʨʦʚʘʥʽ ʩʝʨʝʜʦʚʠʱʘ, ʱʦ ʚʦʣʦʜʽʶʪʴ ʥʝʟʚʠʯʘʡʥʠʤʠ 

ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʠʤʠ (ɽʄ) ʦʩʦʙʣʠʚʦʩʪʷʤʠ, ʷʢʠʭ ʚʘʞʢʦ ʜʦʩʷʛʪʠ 

ʪʝʭʥʦʣʦʛʽʯʥʠʤ ʰʣʷʭʦʤ, ʘʙʦ ʞ ʪʘʢʽ, ʱʦ ʥʝ ʟʫʩʪʨʽʯʘʶʪʴʩʷ ʫ ʧʨʠʨʦʜʽ [1-3]. 

ʇʦʥʷʪʪʷ çʥʝʟʚʠʯʘʡʥʽ ʚʣʘʩʪʠʚʦʩʪʽè ʤʦʞʥʘ ʟʨʦʟʫʤʽʪʠ, ʨʦʟʛʣʷʥʫʚʰʠ 

ʥʘʩʪʫʧʥʽ ʢʣʘʩʠʬʽʢʘʮʽʶ ʰʪʫʯʥʠʭ ʪʘ ʧʨʠʨʦʜʥʽʭ ʤʘʪʝʨʽʘʣʽʚ ʪʘ ʩʝʨʝʜʦʚʠʱ. ɺʩʽ 

ʰʪʫʯʥʽ ʪʘ ʧʨʠʨʦʜʥʽ ʩʝʨʝʜʦʚʠʱʘ ʤʦʞʥʘ ʢʣʘʩʠʬʽʢʫʚʘʪʠ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ 

ʝʬʝʢʪʠʚʥʠʭ ʟʥʘʯʝʥʴ ʾʭ ʜʽʝʣʝʢʪʨʠʯʥʦʾ Ů ʪʘ ʤʘʛʥʽʪʥʦʾ ɛ ʧʨʦʥʠʢʥʦʩʪʝʡ [3-7]. 

ɺʩʽ ʧʨʠʨʦʜʥʽ ʨʝʯʦʚʠʥʠ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴʩʷ ʜʦʜʘʪʥʠʤʠ ʟʥʘʯʝʥʥʷʤʠ Ů ʽ ɛ ʪʘ ʫ 

ʚʩʽʭ ʥʠʭ, ʦʢʨʽʤ ʚʘʢʫʫʤʫ (Ů =1), ʮʽ ʧʘʨʘʤʝʪʨʠ ʙʽʣʴʰʽ ʦʜʠʥʠʮʽ. ʊʘʢʠʤ ʯʠʥʦʤ 

ʨʦʟʨʽʟʥʷʶʪʴ: 

- ʇʦʜʚʽʡʥʦ ʧʦʟʠʪʠʚʥʽ ï ʨʝʯʦʚʠʥʠ, ʚ ʷʢʠʭ Ů > 0 ʪʘ ɛ > 0, ʪʘ ʻ 

ʧʨʦʟʦʨʠʤʠ ʜʣʷ ɽʄ ʭʚʠʣʴ, ʷʢʱʦ ʚʥʫʪʨʽʰʥʽ ʚʪʨʘʪʠ ʜʦʩʠʪʴ ʤʘʣʽ; 

- ʆʜʥʦ ʥʝʛʘʪʠʚʥʽ ï ʨʝʯʦʚʠʥʠ, ʚ ʷʢʠʭ Ů < 0 ʘʙʦ ɛ < 0; ʪʘ ʚʚʘʞʘʻʪʴʩʷ, 

ʱʦ ʚ ʪʘʢʠʭ ʨʝʯʦʚʠʥʘʭ ɽʄ ʭʚʠʣʴ ʝʢʩʧʦʥʝʥʮʽʡʥʦ ʟʘʪʫʭʘʶʪʴ, ʷʢʱʦ ʾʭ ʪʦʚʱʠʥʘ 

ʙʽʣʴʰʘ, ʥʽʞ ʭʘʨʘʢʪʝʨʥʘ ʜʦʚʞʠʥʘ ʝʢʩʧʦʥʝʥʮʽʡʥʦʛʦ ʟʘʪʫʭʘʥʥʷ ɽʄ ʭʚʠʣʴ. ʊʘʢʽ 

ʨʝʯʦʚʠʥʠ ʧʦʜʽʣʷʶʪʴ ʥʘ Ů-ʥʝʛʘʪʠʚʥʽ ï ʨʝʯʦʚʠʥʠ ʟ Ů < 0 ʪʘ ɛ-ʥʝʛʘʪʠʚʥʽ ï 

ʨʝʯʦʚʠʥʠ ʟ ɛ < 0; 

- ʇʦʜʚʽʡʥʦ ʥʝʛʘʪʠʚʥʽ ï ʨʝʯʦʚʠʥʠ, ʚ ʷʢʠʭ Ů < 0 ʪʘ ɛ < 0. 

ʇʨʦʟʦʨʽʩʪʴ ʩʪʨʫʢʪʫʨ ʜʣʷ ɽʄ ʭʚʠʣʴ ʟʘʣʝʞʠʪʴ ʚʽʜ ʯʘʩʪʦʪʠ ʟʙʫʜʞʝʥʥʷ, 

ʧʨʠ ʮʴʦʤʫ ʜʽʝʣʝʢʪʨʠʯʥʘ ʪʘ ʤʘʛʥʽʪʥʘ ʧʨʦʥʠʢʥʦʩʪʽ ʚʠʟʥʘʯʘʶʪʴʩʷ ʷʢ [6, 8-9]: 

ừ
Ừ

ứ‐‫ ρ
‫

‫

‘‫ ρ
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ʜʝ ɤʨe ï ʨʘʜʽʘʣʴʥʘ ʧʣʘʟʤʦʚʘ ʯʘʩʪʦʪʘ, ʱʦ ʚʠʟʥʘʯʘʻ ʚʣʘʩʥʽ ʢʦʣʠʚʘʥʥʷ 

ʨʝʯʦʚʠʥʠ, ʩʚʦʛʦ ʨʦʜʫ ʻ ʨʝʟʦʥʘʥʩʥʦʶ ʯʘʩʪʦʪʦʶ ʩʝʨʝʜʦʚʠʱʘ; ɤ ï ʯʘʩʪʦʪʘ 

ʟʙʫʜʞʝʥʥʷ. 

ʋ ʚʠʧʘʜʢʫ, ʢʦʣʠ ɤ > ɤʨʝ, ʚʝʣʠʯʠʥʘ Ů > 0, ʪʦ ʩʝʨʝʜʦʚʠʱʝ ʻ ʧʨʦʟʦʨʠʤ 

ʜʣʷ ʧʨʦʭʦʜʞʝʥʥʷ ɽʄ ʭʚʠʣʴ. ʋ ʧʨʦʪʠʣʝʞʥʦʤʫ ʚʠʧʘʜʢʫ ɽʄ ʭʚʠʣʽ ʥʝ ʤʦʞʫʪʴ 

ʨʦʟʧʦʚʩʶʜʞʫʚʘʪʠʩʴ ʢʨʽʟʴ ʩʝʨʝʜʦʚʠʱʝ. ʇʨʦʪʝ, ʢʦʣʠ ʨʦʟʤʽʨʠ ʝʣʝʤʝʥʪʘʨʥʠʭ 

ʩʢʣʘʜʦʚʠʭ ʩʪʨʫʢʪʫʨʠ ʻ ʥʘʙʘʛʘʪʦ ʤʝʥʰʠʤʠ ʜʦʚʞʠʥʠ ʭʚʠʣʽ, ʧʨʦʷʚʣʷʶʪʴʩʷ 

ʟʦʚʩʽʤ ʥʦʚʽ ʚʣʘʩʪʠʚʦʩʪʽ ʽ ʩʪʨʫʢʪʫʨʘ ʩʪʘʻ ʧʨʦʟʦʨʦʶ ʜʣʷ ɽʄ ʭʚʠʣʽ. 

ɼʦ Ů-ʥʝʛʘʪʠʚʥʠʭ ʩʝʨʝʜʦʚʠʱ ʤʦʞʥʘ ʚʽʜʥʝʩʪʠ ʰʪʫʯʥʦ ʩʪʚʦʨʝʥʫ 

ʩʪʨʫʢʪʫʨʫ, ʱʦ ʧʨʝʜʩʪʘʚʣʷʻ ʩʦʙʦʶ ʥʘʙʽʨ ʧʘʨʘʣʝʣʴʥʦ ʨʦʟʪʘʰʦʚʘʥʠʭ 

ʨʽʚʥʦʚʽʜʜʘʣʝʥʠʭ ʦʜʠʥ ʚʽʜ ʦʜʥʦʛʦ ʪʦʥʢʠʭ ʤʝʪʘʣʝʚʠʭ ʧʨʦʚʽʜʥʠʢʽʚ (ʨʠʩ. 1.1ʘ) 

[6, 10-15]. 

ɼʦ ɛ-ʥʝʛʘʪʠʚʥʠʭ ʩʪʨʫʢʪʫʨ ʚʽʜʥʦʩʷʪʴʩʷ ʨʽʟʥʦʤʘʥʽʪʥʽ ʢʽʣʴʮʝʚʽ 

ʩʪʨʫʢʪʫʨʠ ʟ ʚʽʜôʻʤʥʦʶ ʤʘʛʥʽʪʥʦʶ ʧʨʦʥʠʢʥʽʩʪʶ, ʱʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠʩʴ ʜʣʷ 

ʩʪʚʦʨʝʥʥʷ ʰʪʫʯʥʠʭ ʜʽʝʣʝʢʪʨʠʢʽʚ ʧʨʠ ʚʠʛʦʪʦʚʣʝʥʥʽ ʤʽʢʨʦʭʚʠʣʴʦʚʠʭ ʣʽʥʟ [8, 

16-17]. ʅʘʡʙʽʣʴʰ ʧʨʦʩʪʠʤ ʧʨʠʢʣʘʜʦʤ ʩʪʨʫʢʪʫʨʠ ʟ ɛ < 0 ʻ ʧʦʜʚʽʡʥʠʤ 

ʢʽʣʴʮʝʚʠʡ ʨʝʟʦʥʘʪʦʨ, ʧʨʠʚʝʜʝʥʠʡ ʥʘ ʨʠʩ. 1.1ʙ [13]. ʋ ʪʘʢʽʡ ʩʪʨʫʢʪʫʨʽ 

ʻʤʥʽʩʪʴ ʤʽʞ ʜʚʦʤʘ ʢʽʣʴʮʷʤʠ ʢʦʤʧʝʥʩʫʻʪʴʩʷ ʾʭ ʽʥʜʫʢʪʠʚʥʽʩʪʶ. ɿʤʽʥʥʝ ʚ ʯʘʩʽ 

ʤʘʛʥʽʪʥʝ ʧʦʣʝ ʟ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʠʤ ʜʦ ʧʦʚʝʨʭʥʽ ʢʽʣʝʮʴ ʚʝʢʪʦʨʦʤ 

ʥʘʧʨʫʞʝʥʦʩʪʽ, ʟʙʫʜʞʫʻ ʧʦʣʝ, ʱʦ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʨʝʟʦʥʘʥʩʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ 

ʩʪʨʫʢʪʫʨʠ, ʧʦʨʦʜʞʫʻ ʤʘʛʥʽʪʥʝ ʧʦʣʝ, ʱʦ ʧʦʩʠʣʶʻ ʧʦʯʘʪʢʦʚʝ ʧʦʣʝ ʘʙʦ ʞ 

ʧʨʦʪʠʜʽʻ ʡʦʤʫ ʪʘ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʜʦʜʘʪʥʦʛʦ ʘʙʦ ʚʽʜôʻʤʥʦʛʦ ʟʥʘʯʝʥʥʷ ɛ. 

ɸʥʘʣʦʛʦʤ ʨʦʟʛʣʷʥʫʪʦʾ ʩʪʨʫʢʪʫʨʠ ʻ ʪʘʢ ʟʚʘʥʠʡ ʨʫʣʝʪʥʠʡ ʝʣʝʤʝʥʪ, ʱʦ 

ʬʦʨʤʫʻʪʴʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʥʘʢʨʫʯʫʚʘʥʥʷ ʚ ʨʫʣʦʥ ʤʝʪʘʣʝʚʦʾ ʧʣʘʩʪʠʥʠ ʘʙʦ ʞ 

ʥʘʙʽʨ ʝʣʝʤʝʥʪʽʚ, ʦʪʨʠʤʘʥʠʭ ʟʘʚʜʷʢʠ ʧʦʧʝʨʝʯʥʦʤʫ ʧʝʨʝʨʽʟʫ ʨʫʣʝʪʥʦʾ 

ʩʪʨʫʢʪʫʨʠ [8-9, 13, 18]. ʋ ʷʢʦʩʪʽ ʪʘʢʠʭ ʝʣʝʤʝʥʪʽʚ ʤʦʞʫʪʴ ʪʘʢʦʞ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠʩʴ, S-ʧʦʜʽʙʥʽ ʯʘʩʪʠʥʢʠ ʘʙʦ ʧʨʷʤʦʢʫʪʥʽ ʨʘʤʢʠ ʟ ʨʦʟʨʽʟʘʤʠ, 

ʥʘ ʦʩʥʦʚʽ ʷʢʠʭ ʧʦʙʫʜʦʚʘʥʽ ʤʝʪʘʣʦʩʦʣʝʥʦʾʜʠ ʪʘ ʧʽʜʢʣʘʜʢʠ [9, 18-20].  
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ʘ)      ʙ) 

 

ʚ) 

ʈʠʩ. 1.1. ɺʠʜʠ ʤʝʪʘʩʪʨʫʢʪʫʨ: ʘ) Ů-ʥʝʛʘʪʠʚʥʘ (ʩʪʨʫʢʪʫʨʘ ʽʟ ʧʘʨʘʣʝʣʴʥʠʭ 

ʧʨʦʚʽʜʥʠʢʽʚ ï Cʇʇ); ʙ) ɛ-ʥʝʛʘʪʠʚʥʘ (ʨʦʟʨʽʟʥʠʡ ʢʽʣʴʮʝʚʠʡ ʨʝʟʦʥʘʪʦʨ ï 

ʈʂʈ); ʚ) ʧʦʜʚʽʡʥʦ ʥʝʛʘʪʠʚʥʘ (ʧʦʻʜʥʘʥʥʷ Ů- ʪʘ ɛ-ʥʝʛʘʪʠʚʥʠʭ ʩʪʨʫʢʪʫʨ). 

 

ɼʣʷ ʩʪʚʦʨʝʥʥʷ ʧʦʜʚʽʡʥʦ ʥʝʛʘʪʠʚʥʦʛʦ ʤʝʪʘʤʘʪʝʨʽʘʣʫ, ʱʦ 

ʦʙʫʤʦʚʣʶʻʪʴʩʷ ʦʜʥʦʯʘʩʥʠʤ ʚʽʜôʻʤʥʠʤ ʟʥʘʯʝʥʥʷʤ ʜʽʝʣʝʢʪʨʠʯʥʦʾ ʪʘ 

ʤʘʛʥʽʪʥʦʾ ʧʨʦʥʠʢʥʦʩʪʝʡ, ʥʝʦʙʭʽʜʥʦ ʟʘʙʝʟʧʝʯʠʪʠ ʩʪʨʫʢʪʫʨʠ ʟ ʚʽʜôʻʤʥʠʤ 

ʢʦʝʬʽʮʽʻʥʪʦʤ ʟʘʣʦʤʣʝʥʥʷ ɽʄ ʩʠʛʥʘʣʽʚ [3, 5, 8, 18, 21-22]. ɺ ʙʽʣʴʰʦʩʪʽ 

ʚʠʧʘʜʢʽʚ ʧʦʜʚʽʡʥʦ ʥʝʛʘʪʠʚʥʘ ʩʪʨʫʢʪʫʨʘ ʬʦʨʤʫʻʪʴʩʷ ʰʣʷʭʦʤ ʧʦʻʜʥʘʥʥʷ Ů- ʪʘ 

ɛ-ʥʝʛʘʪʠʚʥʠʭ ʩʢʣʘʜʦʚʠʭ ʚ ʦʜʠʥ ʤʝʪʘʤʘʪʝʨʽʘʣ (ʨʠʩ. 1.1ʚ) [6, 8, 23]. 
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1.2. ʇʨʦʚʽʜʥʠʢʦʚʽ ʤʝʪʘʤʘʪʝʨʽʘʣʠ 

ʇʨʦʚʽʜʥʠʢʦʚʽ ʤʝʪʘʤʘʪʝʨʽʘʣʠ ʧʨʝʜʩʪʘʚʣʷʶʪʴ ʰʠʨʦʢʠʡ ʢʣʘʩ ʰʪʫʯʥʠʭ 

ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʠʭ ʩʪʨʫʢʪʫʨ, ʱʦ ʤʦʞʫʪʴ ʨʦʟʛʣʷʜʘʪʠʩʴ ʷʢ ʦʧʪʠʯʥʦ ʱʽʣʴʥʠʡ 

ʤʘʩʠʚ ʚʧʦʨʷʜʢʦʚʘʥʠʭ ʤʝʪʘʣʝʚʠʭ ʧʨʦʚʽʜʥʠʢʽʚ ʫʤʦʥʪʦʚʘʥʠʭ ʪʠʤ ʯʠ ʽʥʰʠʤ 

ʩʧʦʩʦʙʦʤ ʫ ʜʽʝʣʝʢʪʨʠʯʥʫ ʤʘʪʨʠʮʶ [10-15, 24-25]. ʂʦʥʩʪʨʫʢʪʠʚʥʽ ʝʣʝʤʝʥʪʠ 

ʧʨʦʚʽʜʥʠʢʦʚʠʭ ʤʝʪʘʤʘʪʝʨʽʘʣʽʚ, ʱʦ ʬʫʥʢʮʽʦʥʫʶʪʴ ʫ ʜʽʘʧʘʟʦʥʽ ʨʘʜʽʦʭʚʠʣʴ, ʻ 

ʟʚʠʯʘʡʥʠʤʠ ʤʽʣʽʤʝʪʨʦʚʠʤʠ ʯʠ ʩʫʙʤʽʣʽʤʝʪʨʦʚʠʤʠ ʤʝʪʘʣʝʚʠʤʠ 

ʧʨʦʚʽʜʥʠʢʘʤʠ. ɼʣʷ ʧʨʦʚʽʜʥʠʢʦʚʠʭ ʤʝʪʘʤʘʪʝʨʽʘʣʽʚ ʊɻʮ ʜʽʘʧʘʟʦʥʫ ʯʘʩʪʦʪ 

ʪʘʢʠʤʠ ʝʣʝʤʝʥʪʘʤʠ ʻ ʧʨʦʚʽʜʥʠʢʠʤʠ ʤʽʢʨʦʥʥʠʭ ʨʦʟʤʽʨʽʚ, ʚ ʪʦʡ ʯʘʩ ʷʢ 

ʥʘʥʦʧʨʦʚʽʜʥʠʢʠ ʚʽʜʧʦʚʽʜʘʶʪʴ ʟʘ ʢʦʥʩʪʨʫʶʚʘʥʥʷ ʤʝʪʘʩʪʨʫʢʪʫʨ ɯʏ ʪʘ 

ʚʠʜʠʤʦʛʦ ʜʽʘʧʘʟʦʥʽʚ ʯʘʩʪʦʪ. ʇʨʦʚʽʜʥʠʢʦʚʽ ʤʝʪʘʤʘʪʝʨʽʘʣʠ ʟʘʙʝʟʧʝʯʫʶʪʴ 

ʦʩʦʙʣʠʚʠʡ, ʘʣʝ ʰʠʨʦʢʠʡ ʢʣʘʩ ʤʝʪʘʤʘʪʝʨʽʘʣʽʚ, ʷʢʠʡ ʻ ʧʝʨʩʧʝʢʪʠʚʥʠʤ ʜʣʷ 

ʰʠʨʦʢʦʛʦ ʩʧʝʢʪʨʫ ʟʘʩʪʦʩʫʚʘʥʴ [15, 24, 26-28]. ɺʘʞʣʠʚʦ, ʱʦ ʤʝʪʘʤʘʪʝʨʽʘʣʠ 

ʤʦʞʫʪʴ ʙʫʪʠ ʨʝʘʣʽʟʦʚʘʥʽ ʟʘ ʜʦʧʦʤʦʛʦʶ ʽʥʰʠʭ ʢʦʤʧʦʥʝʥʪʽʚ, ʢʨʽʤ ʧʨʠʨʦʜʥʠʭ 

ʤʝʪʘʣʽʚ; ʚʫʛʣʝʮʝʚʽ ʥʘʥʦʪʨʫʙʢʠ ʤʘʶʪʴ, ʪʘʢ ʟʚʘʥʠʡ, ʤʝʪʘʣʝʚʠʡ ʩʪʘʥ, ʢʦʣʠ ʾʭ 

ʦʧʪʠʯʥʘ ʚʽʜʤʽʥʥʽʩʪ ɹʚʽʜ ʜʽʝʣʝʢʪʨʠʢʽʚ ʚ ʜʽʘʧʘʟʦʥʘʭ ʊɻʮ ʽ ʦʧʪʠʯʥʠʭ ʯʘʩʪʦʪ 

ʜʫʞʝ ʚʠʩʦʢʘ. ʊʦʤʫ, ʤʘʩʠʚ ʩʪʨʫʢʪʫʨʦʚʘʥʠʭ ʢʘʨʙʦʥʦʚʠʭ ʥʘʥʦʪʨʫʙʦʯʦʢ ʻ 

ʦʜʥʠʤ ʽʟ ʚʘʨʽʘʥʪʽʚ ʨʝʘʣʽʟʘʮʽʾ ʧʨʦʚʽʜʥʠʢʦʚʦʛʦ ʤʝʪʘʩʝʨʝʜʦʚʠʱʘ [29-30]. 

ʉʝʨʝʜʦʚʠʱʘ ʟ ʧʨʦʚʽʜʥʠʢʽʚ (ʉʇ) ï ʮʝ ʤʘʩʠʚʠ ʧʨʦʚʽʜʥʠʢʽʚ, ʷʢʽ ʧʦʚʦʜʷʪʴ 

ʩʝʙʝ ʷʢ ʦʜʥʦʨʽʜʥʠʡ ʦʙôʻʤʥʠʡ ʤʘʪʝʨʽʘʣ, ʯʠʾ ɽʄ ʚʣʘʩʪʠʚʦʩʪʽ ʦʧʠʩʫʶʪʴʩʷ ʟ 

ʚʠʩʦʢʦʶ ʪʦʯʥʽʩʪʴ ʩʢʣʘʜʥʠʤ ʪʝʥʟʦʨʦʤ ʜʽʝʣʝʢʪʨʠʯʥʦʾ ʧʨʦʥʠʢʥʦʩʪʽ [27-28]. 

ʅʝʟʚʠʯʘʡʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʉʇ ʻ ʨʝʟʫʣʴʪʘʪʦʤ ʨʽʟʥʠʮʽ ʤʽʞ ʜʦʚʞʠʥʦʶ 

ʧʨʦʚʽʜʥʠʢʽʚ (ʟʥʘʯʥʦʶ ʚʽʜʥʦʩʥʦ ʜʦʚʞʠʥʠ ʭʚʠʣʽ) ʪʘ ʾʭ ʜʽʘʤʝʪʨʦʤ (ʤʘʣʦʶ 

ʚʽʜʥʦʩʥʦ ʜʦʚʞʠʥʠ ʭʚʠʣʽ) [31]. ʊʘʢʽ ʛʝʦʤʝʪʨʠʯʥʽ ʦʩʦʙʣʠʚʦʩʪʽ ʨʘʟʦʤ ʽʟ 

ʟʥʘʯʥʦʶ ʚʽʜʤʽʥʥʽʩʪʶ ʚʣʘʩʪʠʚʦʩʪʝʡ ʤʝʪʘʣʫ ʪʘ ʜʽʝʣʝʢʪʨʠʯʥʦʾ ʤʘʪʨʠʮʽ ʚʝʜʫʪʴ 

ʜʦ ʥʘʜʟʚʠʯʘʡʥʦʾ ʦʧʪʠʯʥʦʾ ʘʥʽʟʦʪʨʦʧʽʾ ʪʘ ʩʪʨʦʛʦʾ ʧʨʦʩʪʦʨʦʚʦʾ ʜʠʩʧʝʨʩʽʾ [32-

34]. ʉʝʨʝʜʦʚʠʱʘ ʻ ʦʙôʻʤʥʠʤʠ ʤʝʪʘʤʘʪʝʨʽʘʣʘʤʠ, ʱʦ ʚʟʘʻʤʦʜʽʶʪʴ ʽʟ 

ʤʽʢʨʦʩʢʦʧʽʯʥʠʤʠ ʧʦʣʷʤʠ, ʥʘʧʨʠʢʣʘʜ, ʧʣʦʩʢʠʤʠ ʭʚʠʣʷʤʠ.  
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ʄʦʞʣʠʚʽʩʪʴ ʦʧʠʩʫ ɽʄ ʚʣʘʩʪʠʚʦʩʪʝʡ ʉʇ ʯʝʨʝʟ ʝʬʝʢʪʠʚʥʽ ʧʘʨʘʤʝʪʨʠ 

ʤʘʪʝʨʽʘʣʫ ʻ ʦʜʥʽʻʶ ʽʟ ʢʣʶʯʦʚʠʭ ʢʦʥʮʝʧʮʽʡ ʪʝʦʨʽʾ ʰʪʫʯʥʠʭ ʩʝʨʝʜʦʚʠʱ. 

ɼʠʩʢʨʝʪʥʽ ʩʪʨʫʢʪʫʨʠ, ʪʘʢʽ ʷʢ ʬʦʪʦʥʥʽ ʢʨʠʩʪʘʣʠ, ʥʝ ʤʦʞʫʪʴ 

ʭʘʨʘʢʪʝʨʠʟʫʚʘʪʠʩʷ ʯʝʨʝʟ ʧʘʨʘʤʝʪʨʠ ʤʘʪʝʨʽʘʣʫ, ʘ ʪʦʤʫ ʽ ʥʝ ʚʽʜʥʦʩʷʪʴʩʷ ʜʦ 

ʤʝʪʘʤʘʪʝʨʽʘʣʽʚ. ʉʇ ʥʝ ʤʦʞʫʪʴ ʙʫʪʠ ʦʜʥʦʨʽʜʥʠʤʠ. ʍʘʨʘʢʪʝʨʠʩʪʠʯʥʠʤ 

ʧʘʨʘʤʝʪʨʦʤ, ʱʦ ʦʧʠʩʫʻ ʾʭ ɽʄ ʚʣʘʩʪʠʚʦʩʪʽ, ʻ ʝʬʝʢʪʠʚʥʘ ʜʽʝʣʝʢʪʨʠʯʥʘ 

ʧʨʦʥʠʢʥʽʩʪʴ. ɺʦʥʘ ʟʘʟʚʠʯʘʡ ʻ ʨʝʟʫʣʴʪʘʪʦʤ ʧʨʠʧʫʱʝʥʥʷ, ʱʦ ʩʪʨʫʢʪʫʨʥʽ 

ʝʣʝʤʝʥʪʠ ʤʝʪʘʤʘʪʝʨʽʘʣʫ ʪʘ ʚʽʜʩʪʘʥʽ ʤʽʞ ʥʠʤʠ ʻ ʥʘʙʘʛʘʪʦ ʤʝʥʰʠʤʠ, ʥʽʞ 

ʜʦʚʞʠʥʘ ʭʚʠʣʽ [35]. ʆʧʠʩ ʝʬʝʢʪʠʚʥʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʟʘʙʝʟʧʝʯʫʻ ʬʽʟʠʯʥʝ 

ʫʷʚʣʝʥʥʷ ʧʨʦ ʦʧʪʠʯʥʠʡ ʚʽʜʛʫʢ ʙʫʜʴ-ʷʢʠʭ ʢʦʤʧʦʟʠʪʥʠʭ ʩʝʨʝʜʦʚʠʱ [36]. ʋ 

ʟʘʛʘʣʴʥʦʤʫ ʪʘʢʽ ʩʝʨʝʜʦʚʠʱʘ ʧʨʝʜʩʪʘʚʣʷʶʪʴ ʩʦʙʦʶ ʜʚʦʭʨʦʟʤʽʥʠʡ ʥʘʙʽʨ 

ʧʘʨʘʣʝʣʴʥʦ ʨʦʟʤʽʱʝʥʠʭ ʧʨʦʚʽʜʥʠʢʽʚ (ʉʇʇ) (ʨʠʩ. 1.1ʘ). ʇʨʦʚʽʜʥʠʢʠ 

ʩʝʨʝʜʦʚʠʱʘ ʻ ʽʟʦʪʨʦʧʥʠʤʠ ʫ ʧʣʦʱʠʥʽ, ʦʨʪʦʛʦʥʘʣʴʥʽʡ ʜʦ ʾʭ ʦʩʝʡ. ʋ 

ʤʽʢʨʦʭʚʠʣʴʦʚʦʤʫ ʜʽʘʧʘʟʦʥʽ ʩʝʨʝʜʦʚʠʱʘ ʽʟ ʧʨʦʚʽʜʥʠʢʽʚ ʤʦʞʫʪʴ ʙʫʪʠ 

ʥʘʚʘʥʪʘʞʝʥʽ ʽʥʜʫʢʪʠʚʥʠʤ, ʻʤʥʽʩʥʠʤ ʯʠ ʨʝʟʠʩʪʠʚʥʠʤ ʝʣʝʤʝʥʪʘʤʠ, ʱʦ 

ʟôʻʜʥʫʶʪʴ ʧʨʦʚʽʜʥʠʢʠ ʧʦʩʣʽʜʦʚʥʦ (ʧʨʦʚʽʜʥʠʢʠ ʨʦʟʜʽʣʝʥʽ ʥʘ ʩʝʛʤʝʥʪʠ, ʱʦ 

ʟôʻʜʥʘʥʽ ʤʽʞ ʩʦʙʦʶ) [37] ʯʠ ʧʘʨʘʣʝʣʴʥʦ (ʧʨʦʚʽʜʥʠʢʠ ʚʩʪʘʚʣʝʥʽ ʤʽʞ ʮʠʤʠ 

ʝʣʝʤʝʥʪʘʤʠ) [38]. 

ɺʠʤʦʛʘ ʱʦʜʦ ʦʧʪʠʯʥʦʾ ʛʫʩʪʠʥʠ ʜʣʷ ʉʇ ʤʘʻ ʥʘ ʫʚʘʟʽ ʦʧʪʠʯʥʦ ʤʘʣʝ 

ʟʥʘʯʝʥʥʷ ʧʝʨʽʦʜʫ ʨʦʟʤʽʱʝʥʥʷ ʧʨʦʚʽʜʥʠʢʽʚ a (ʨʠʩ. 1.1ʘ). ʇʨʦʚʽʜʥʠʢʠ 

ʩʪʨʫʢʪʫʨʠ ʧʦʚʠʥʥʽ ʙʫʪʠ ʦʧʪʠʯʥʦ ʜʫʞʝ ʪʦʥʢʠʤʠ. ɽʬʝʢʪʠʚʥʘ ʜʽʝʣʝʢʪʨʠʯʥʘ 

ʧʨʦʥʠʢʥʽʩʪʴ ʨʘʭʫʻʪʴʩʷ ʽʟ ʧʨʠʧʫʱʝʥʥʷ, ʱʦ ʨʦʟʤʽʨʠ ʧʨʦʚʽʜʥʠʢʽʚ ʻ ʙʝʟʢʽʥʝʯʥʦ 

ʚʝʣʠʢʠʤʠ. ʋ ʧʨʘʢʪʠʯʥʠʭ ʞʝ ʚʠʧʘʜʢʘʭ ʧʨʦʚʽʜʥʠʢʠ ʤʘʶʪʴ ʟʘʜʘʥʝ ʟʥʘʯʝʥʥʷ 

ʜʦʚʞʠʥʠ. ʂʽʥʮʝʚʝ ʟʥʘʯʝʥʥʷ ʪʦʚʱʠʥʠ ʧʨʦʚʽʜʥʠʢʽʚ ʚʠʟʥʘʯʘʻ ʢʦʤʧʣʝʤʝʥʪʘʨʥʫ 

ʦʙôʻʤʥʫ ʝʬʝʢʪʠʚʥʫ ʜʽʝʣʝʢʪʨʠʯʥʫ ʧʨʦʥʠʢʥʽʩʪʴ ʩʝʨʝʜʦʚʠʱʘ ʟʛʽʜʥʦ ʛʨʘʥʠʯʥʠʭ 

ʫʤʦʚ, ʱʦ ʬʦʨʤʫʶʪʴʩʷ ʽʥʪʝʨʬʝʡʩʘʤʠ ʰʘʨʽʚ [34]. 
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1.2.1. ʄʦʜʝʣʽ ʰʪʫʯʥʦʾ ʧʣʘʟʤʠ 

ʇʨʦʩʪʽ ʉʇ ʚʽʜʦʤʽ ʧʨʦʪʷʛʦʤ ʜʦʚʛʦʛʦ ʯʘʩʫ ʪʘ ʚʠʚʯʝʥʽ ʫ 1950-1960-ʭ 

ʨʦʢʘʭ ʫ ʚʠʛʣʷʜʽ ʰʪʫʯʥʠʭ ʜʽʝʣʝʢʪʨʠʢʽʚ ʽʟ ʚʽʜôʻʤʥʠʤ ʟʥʘʯʝʥʥʷʤ ʜʽʝʣʝʢʪʨʠʯʥʦʾ 

ʧʨʦʚʽʜʥʦʩʪʽ (ʰʪʫʯʥʘ ʧʣʘʟʤʘ) ʜʣʷ ʨʦʟʨʦʙʣʝʥʥʷ ʣʽʥʟ ʤʽʢʨʦʭʚʠʣʴʦʚʦʛʦ 

ʜʽʘʧʘʟʦʥʫ ʯʘʩʪʦʪ, ʘ ʪʘʢʦʞ ʜʣʷ ʩʠʥʪʝʟʫ ʨʝʬʣʝʢʪʦʨʽʚ ʘʥʪʝʥ ʽʟ ʤʦʞʣʠʚʽʩʪʶ 

ʢʝʨʫʚʘʥʥʷ ʨʝʘʢʪʠʚʥʠʤ ʦʧʦʨʦʤ ʧʦʚʝʨʭʥʽ [13, 39-43]. ʇʨʦʚʽʜʥʠʢʠ ʜʣʷ 

ʩʪʨʫʢʪʫʨ ʤʽʢʨʦʭʚʠʣʴʦʚʦʛʦ ʜʽʘʧʘʟʦʥʫ ʯʘʩʪʦʪ ʚʠʙʠʨʘʣʠʩʷ ʟ ʚʠʩʦʢʦʶ 

ʪʦʯʥʽʩʪʶ, ʪʦʙʪʦ ʷʢ ʽʜʝʘʣʴʥʽ ʝʣʝʢʪʨʠʯʥʽ ʧʨʦʚʽʜʥʠʢʠ. ʇʨʦʩʪʝ, ʪʘʢʝ ʉʇ 

ʨʦʟʛʣʷʜʘʣʦʩʴ ʷʢ ʦʜʥʦʥʘʧʨʷʤʣʝʥʠʡ ʤʘʪʝʨʽʘʣ ʙʝʟ ʧʨʦʩʪʦʨʦʚʦʾ ʜʠʩʧʝʨʩʽʾ. 

ʊʝʥʟʦʨ ʚʽʜʥʦʩʥʦʾ ʜʽʝʣʝʢʪʨʠʯʥʦʾ ʧʨʦʥʠʢʥʦʩʪʽ ʧʨʦʩʪʦʛʦ ʉʇ ʚʠʨʘʞʘʻʪʴʩʷ ʷʢ: 

‐֞

‐ π π
π ‐ π
π π ‐

ȟ‐ ‐ ρ
Ὧ

Ὧ
 

 

(1.2) 

ʋ ʚʠʨʘʟʽ (1) ʚʽʩʴ xʚʠʙʨʘʥʘ ʪʘʢ, ʱʦ ʚʦʥʘ ʻ ʧʘʨʘʣʝʣʴʥʦʶ ʜʦ ʧʨʦʚʽʜʥʠʢʽʚ, 

Ůh ï ʜʽʝʣʝʢʪʨʠʯʥʘ ʧʨʦʥʠʢʥʽʩʪʴ ʜʽʝʣʝʢʪʨʠʢʘ, k ï ʭʚʠʣʴʦʚʝ ʯʠʩʥʦ ʜʽʝʣʝʢʪʨʠʢʘ 

ʪʘ kp = ɤp/c ï ʭʚʠʣʴʦʚʝ ʯʠʩʣʦ, ʱʦ ʚʽʜʧʦʚʽʜʘʻ ʧʣʘʟʤʦʚʽʡ ʯʘʩʪʦʪʽ ɤp. ʆʩʴʦʚʘ 

ʢʦʤʧʦʥʝʥʪʘ ʪʝʥʟʦʨʫ ʜʽʝʣʝʢʪʨʠʯʥʦʾ ʧʨʦʥʠʢʥʦʩʪʽ ʚʠʛʣʷʜʘʻ ʷʢ ʙʝʟʢʦʣʽʟʽʡʥʘ 

ʥʝʤʘʛʥʝʪʠʟʦʚʘʥʘ ʧʣʘʟʥʘ, ʱʦ ʜʦʙʨʝ ʚʽʜʦʤʘ ʷʢ ʤʦʜʝʣʴ ɼʨʫʜʝ. ɿʘʟʚʠʯʘʡ 

ʧʨʠʧʫʩʢʘʶʪʴ, ʱʦ r <<a. ɺ ʪʘʢʦʤʫ ʚʠʧʘʜʢʫ ʦʨʪʦʛʦʥʘʣʴʥʽ ʢʦʤʧʦʥʝʥʪʠ 

ʪʝʥʟʦʨʫ ʜʽʝʣʝʢʪʨʠʯʥʦʾ ʧʨʦʥʠʢʥʦʩʪʽ Ůt  ʫ ʚʠʨʘʟʽ (1.5) ʻ ʙʣʠʟʴʢʦʶ ʜʦ Ůh. ʗʢʱʦ 

ʨʦʟʛʣʷʥʫʪʠ ʯʘʩʪʦʪʥʽ ʜʽʘʧʘʟʦʥʠ, ʥʠʞʯʽ ʥʽʞ ʫ ʧʣʘʟʤʠ, ʪʦʜʽ ʤʦʜʝʣʴ (1.2) ʙʫʜʝ 

ʧʨʝʜʩʪʘʚʣʷʪʠ ʩʦʙʦʶ ʉʇ ʷʢ ʙʝʟʢʽʥʝʯʥʠʡ ʜʽʝʣʝʢʪʨʠʯʥʠʡ ʤʝʪʘ ʤʘʪʝʨʽʘʣ ʟ 

Re(Ůxx) < 0, ʚ ʪʦʡ ʯʘʩ ʷʢ Re(Ůt) > 0 . 

ɽʬʝʢʪʠʚʥʘ ʧʣʘʟʤʦʚʘ ʯʘʩʪʦʪʘ ʟʘʣʝʞʠʪʴ ʚʽʜ ʧʝʨʽʦʜʫ ʨʦʟʪʘʰʫʚʘʥʥʷ 

ʧʨʦʚʽʜʥʠʢʽʚ ʤʝʪʘʩʪʨʫʢʪʫʨʠ a ̔  ʨʘʜʽʫʩʫ ʧʨʦʚʽʜʥʠʢʽʚ r. ʋ ʨʽʟʥʠʭ ʣʽʪʝʨʘʪʫʨʥʠʭ 

ʜʞʝʨʝʣʘʭ ʤʦʞʥʘ ʟʥʘʡʪʠ ʨʽʟʥʽ ʬʦʨʤʫʣʠ ʜʣʷ ʨʦʟʨʘʭʫʥʢʫ ʮʴʦʛʦ ʚʘʞʣʠʚʦʛʦ 

ʧʘʨʘʤʝʪʨʫ [43-44]. ʋ ʨʦʙʦʪʽ [45] ʜʣʷ ʢʚʘʜʨʘʪʥʦʛʦ ʤʘʩʠʚʫ ʜʫʞʝ ʪʦʥʢʠʭ 

ʧʨʦʚʽʜʥʠʢʽʚ (r < 0,1a), ʧʨʠʚʝʜʝʥʦ ʥʘʩʪʫʧʥʫ ʬʦʨʤʫʣʫ: 
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ς“Ⱦὥ

ÌÎ
ὥ
ς“ὶ πȟυςχυ

 
(1.3) 

ɯʥʰʘ ʬʦʨʤʫʣʘ, ʱʦ ʤʦʞʝ ʙʫʪʠ ʟʘʩʪʦʩʦʚʘʥʘ ʜʦ ʩʪʨʫʢʪʫʨʠ ʽʟ ʪʦʥʢʠʭ 

ʧʨʦʚʽʜʥʠʢʽʚ, ʟʘʧʨʦʧʦʥʦʚʘʥʘ ʫ [46]. ʎʷ ʬʦʨʤʫʣʘ ʢʨʘʱʝ ʧʽʜʭʦʜʠʪʴ ʜʣʷ 

ʧʦʚʥʦʭʚʠʣʴʦʚʦʛʦ ʯʠʩʝʣʴʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ, ʥʽʞ ʬʦʨʤʫʣʘ (1.3). ʋ ʨʘʥʥʽʭ 

ʨʦʙʦʪʘʭ [39-43] ʙʫʣʠ ʨʦʟʛʣʷʥʫʪʠ ʭʚʠʣʽ, ʱʦ ʧʦʰʠʨʶʶʪʴʩʷ ʯʝʨʝʟ ʧʨʦʚʽʜʥʠʢʠ, 

ʷʢʽ ʻ ʟʘʙʦʨʦʥʝʥʽ ʜʦ ʧʣʘʟʤʦʚʦʾ ʯʘʩʪʦʪʠ, ʘ ʥʘ ʯʘʩʪʦʪʘʭ ʜʝʱʦ ʚʠʱʠʭ, ʥʽʞ ɤp, 

ʩʝʨʝʜʦʚʠʱʝ ʻ ʩʫʧʝʨʨʦʟʩʽʶʚʘʣʴʥʠʤ (Ůxx < 0).  

ɯʥʪʝʨʝʩ, ʚʠʢʣʠʢʘʥʠʡ ʜʦ ʉʇ, ʙʫʚ ʚʽʜʥʦʚʣʝʥʠʡ ʫ 2000-2001 ʨʦʢʘʭ, ʱʦ 

ʧʦʚôʷʟʘʥʦ ʽʟ ʨʦʟʚʠʪʢʦʤ ʤʝʪʘʤʘʪʝʨʽʘʣʽʚ ʽʟ ʦʜʥʦʯʘʩʥʦ ʚʽʜôʻʤʥʠʤʠ ʟʥʘʯʝʥʥʷʤʠ 

ʜʽʝʣʝʢʪʨʠʯʥʦʾ ʪʘ ʤʘʛʥʽʪʥʦʾ ʧʨʦʥʠʢʥʦʩʪʝʡ. ʉʧʦʯʘʪʢʫ ʪʘʢʠʡ ʤʝʪʘʤʘʪʝʨʽʘʣ 

ʨʦʟʛʣʷʜʘʚʩʷ ʷʢ ʢʦʤʙʽʥʘʮʽʷ ʉʇʇ ʪʘ ʈʂʈ [47-48]. ɼʦʩʣʽʜʞʝʥʥʷ ʉʇ ʚʠʷʚʠʣʦ 

ʚʝʣʠʢʫ ʢʽʣʴʢʽʩʪʴ ʮʽʢʘʚʠʭ ʷʚʠʱ, ʥʘʚʽʪʴ ʙʝʟ ʚʠʢʦʨʠʩʪʘʥʥʷ ʈʂʈ.  

ʆʤʽʯʥʽ ʚʪʨʘʪʠ ʫ ʧʨʦʚʽʜʥʠʢʘʭ ʪʘʢʦʞ ʤʦʞʥʘ ʚʟʷʪʠ ʜʦ ʫʚʘʛʠ [49], ʱʦ 

ʧʨʠʚʝʜʝ ʜʦ ʬʦʨʤʫʣʠ ɼʨʫʜʝ ʜʣʷ ʚʪʨʘʪʠ ʫ ʧʣʘʟʤʽ: 

‐ ‐ ρ
Ὧ

Ὧ ὭὯὯ
 

(1.4) 

ʜʝ ʯʘʩʦʚʘ ʟʘʣʝʞʥʽʩʪʴ exp(-ɤt)ʧʨʠʡʥʷʪʘ ʜʦ ʫʚʘʛʠ, ʘ kD = ɤD/c ʚʽʜʧʦʚʽʜʘʻ 

ʟʛʘʩʘʥʥʶ ʯʘʩʪʦʪʠ ɤD<< ɤp. 

ʄʦʜʝʣ ɹ ʉʇ ʤʽʢʨʦʭʚʠʣʴʦʚʦʛʦ ʜʽʘʧʘʟʦʥʫ ʯʘʩʪʦʪ ʢʣʘʩʠʬʽʢʫʻ ʾʾ ʷʢ 

ʩʝʨʝʜʦʚʠʱʝ ʽʟ ʛʽʧʝʨʙʦʣʽʯʥʦʶ ʜʠʩʧʝʨʩʽʻʶ ʯʠ ʥʘʚʽʪʴ ʛʽʧʝʨʙʦʣʽʯʥʠʤʠ 

ʩʝʨʝʜʦʚʠʱʘʤʠ [50-51]. ʅʘʡʙʽʣʴʰ ʚʘʞʣʠʚʦʶ ʚʣʘʩʪʠʚʽʩʪʶ ʥʝʚʠʟʥʘʯʝʥʠʭ 

ʤʘʪʝʨʽʘʣʽʚ ʻ ʛʽʧʝʨʙʦʣʽʯʥʘ ʬʦʨʤʘ ʾʭ ʽʟʦʯʘʩʪʦʥʠʭ ʢʦʥʪʫʨʽʚ. ʈʘʥʽʰʝ ʮʷ 

ʚʣʘʩʪʠʚʽʩʪʴ ʟʘʟʥʘʯʘʣʘʩʴ ʷʢ ʨʝʟʫʣʴʪʘʪ ʚʽʜʩʫʪʥʦʩʪʽ ʟʘʪʫʭʘʶʯʠʭ ʭʚʠʣʴ ʫ 

ʩʝʨʝʜʦʚʠɦ ʽ. ʇʨʦʪʝ, ʦʩʴʦʚʘ ʢʦʤʧʦʥʝʥʪʘ ʭʚʠʣʴʦʚʦʛʦ ʚʝʢʪʦʨʫ k ʪʘ 

ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʽ ʜʦ ʧʨʦʚʽʜʥʠʢʽʚ ʢʦʤʧʦʥʝʥʪʠ ʭʚʠʣʴʦʚʦʛʦ ʚʝʢʪʦʨʫ 

ʟʘʣʠʰʘʶʪʴʩʷ ʨʝʘʣʴʥʠʤʠ ʫ ʚʠʧʘʜʢʫ ʚʽʜʩʫʪʥʦʩʪʽ ʚʪʨʘʪ.  
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1.2.2. ʇʨʦʩʪʦʨʦʚʘ ʜʠʩʧʝʨʩʽʷ 

ʈʦʟʛʣʷʜ ʧʨʦʮʝʩʫ ʧʦʰʠʨʝʥʥʷ ʭʚʠʣʴ ʫ ʉʇ ʥʝ ʧʦ ʧʨʷʤʽʡ ʣʽʥʽʡ ʫ ʨʘʜʽʦ-, 

ʊɻʮ ʪʘ ʩʝʨʝʜʥʴʦʤʫ ɯʏ ʜʽʘʧʘʟʦʥʘʭ ʯʘʩʪʦʪ ʧʦʢʘʟʘʚ ʛʦʤʦʛʝʥʽʟʘʮʽʡʥʫ ʤʦʜʝʣʴ, 

ʷʢʘ ʩʠʣʴʥʦ ʚʽʜʨʽʟʥʷʻʪʴʩʷ ʚʽʜ ʤʦʜʝʣʽ ʩʝʨʝʜʦʚʠʱʝ ʽʟ ʛʽʧʝʨʙʦʣʽʯʥʦʶ 

ʜʠʩʧʝʨʩʽʻʶ. ʇʨʦʜʝʤʦʥʩʪʨʦʚʘʥʦ, ʱʦ ʪʝʦʨʝʪʠʯʥʦ ʧʨʦʩʪʝ ʉʇ 

ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʩʪʨʦʛʦʶ ʧʨʦʩʪʦʨʦʚʦʶ ʜʠʩʧʝʨʩʽʻʶ ʥʘʚʽʪʴ ʥʘ ʥʠʟʴʢʠʭ 

ʯʘʩʪʦʪʘʭ [32]. ʉʇ ʷʢ ʥʝʦʩʴʦʚʠʡ ʤʘʪʝʨʽʘʣ ʦʧʠʩʫʻʪʴʩʷ ʜʽʝʣʝʢʪʨʠʯʥʦʶ 

ʬʫʥʢʮʽʻʶ ʧʨʠ Ůt = Ůh, ʘ ʥʝʣʦʢʘʣʴʥʘ (ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʭʚʠʣʴʦʚʦʛʦ ʚʝʢʪʦʨʘ) 

ʦʩʴʦʚʘ ʢʦʤʧʦʥʝʥʪʘ: 

‐ ‫ȟὯ

‐
ρ

Ὧ

Ὧ Ὧ
 

(1.5) 

ʜʝ kx ï x-ʢʦʤʧʦʥʝʥʪʘ ʭʚʠʣʴʦʚʦʛʦ ʚʝʢʪʦʨʫ k. ʅʘʡʙʽʣʴʰ ʚʘʞʣʠʚʠʤʠ 

ʚʠʩʥʦʚʢʘʤʠ ʧʨʦʩʪʦʨʦʚʦʾ ʜʠʩʧʝʨʩʽʾ ʻ ʽʟʦʯʘʩʪʦʪʥʽ ʢʦʥʪʫʨʠ ʪʘ ʧʦʧʝʨʝʯʥʽ 

ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʽ (ʊɽʄ) ʥʝʟʚʠʯʘʡʥʽ (ʚʟʘʻʤʦʜʽʶʯʽ ʟ ʧʨʦʚʽʜʥʠʢʘʤʠ) ʚʣʘʩʥʽ 

ʤʦʜʠ. ʎʽ ʚʣʘʩʥʽ ʤʦʜʠ ʧʦʰʠʨʶʶʪʴʩʷ ʚʟʜʦʚʞ ʧʨʦʚʽʜʥʠʢʽʚ ʟʽ ʰʚʠʜʢʽʩʪʴ 

ʝʢʚʽʚʘʣʝʥʪʥʦʶ ʰʚʠʜʢʦʩʪʽ ʩʚʽʪʣʘ ʫ ʜʽʝʣʝʢʪʨʠʯʥʽʡ ʤʘʪʨʠʮʽ ʤʘʪʝʨʽʘʣʫ. ʎʽ 

ʭʚʠʣʽ ʤʦʞʫʪʴ ʥʘʟʠʚʘʪʠʩʷ ʤʦʜʘʤʠ ʣʽʥʽʾ ʧʝʨʝʜʘʚʘʥʥʷ ʥʝʟʚʘʞʘʶʯʠ ʥʘ ʪʝ, ʱʦ 

ʉʇ ʻ ʙʘʛʘʪʦ ʧʨʦʚʽʜʥʠʢʦʚʦʶ ʣʽʥʽʻʶ ʟʚôʷʟʢʫ. ɯʟʦʯʘʩʪʦʪʥʽ ʢʦʥʪʫʨʠ ʻ ʚʣʘʩʪʠʚʽ 

ʣʦʢʘʣʴʥʠʤ ʥʝʦʩʴʦʚʠʤ ʩʝʨʝʜʦʚʠʱʘʤ ʽʟ ʥʘʜʟʚʠʯʘʡʥʦʶ ʦʧʪʠʯʥʦʶ ʽʟʦʪʨʦʧʽʻʶ, 

ʘ ʩʘʤʝ: 

‐֞
Њ π π
π ‐ π
π π ‐

ȟ‐ Њ 
(1.6) 

ʂʨʽʤ ʊɽʄ-ʭʚʠʣʴ ʟʽ ʟʥʘʯʝʥʥʷʤʠ ʯʘʩʪʦʪʠ ʥʠʞʯʝ ʯʘʩʪʦʪʠ ʧʣʘʟʤʠ, ʉʇ 

ʤʘʻ ʝʚʘʥʝʩʮʝʥʪʥʽ ʥʝʟʚʠʯʘʡʥʽ ʭʚʠʣʽ ʧʦʧʝʨʝʯʥʦʛʦ ʪʠʧʫ. ʎʽ ʭʚʠʣʽ, ʥʘʪʦʤʽʩʪʴ, 

ʤʦʞʫʪʴ ʙʫʪʠ ʚʘʞʣʠʚʠʤʠ ʜʣʷ ʚʽʜʙʠʚʘʥʥʷ ʪʘ ʧʝʨʝʜʘʚʘʥʥʷ ʫ ʟʨʘʟʢʘʭ ʽʟ 

ʚʠʟʥʘʯʝʥʠʤ ʟʥʘʯʝʥʥʷʤ ʪʦʚʱʠʥʠ ʉʇ. ɯʩʪʦʨʠʯʥʦ, ʨʽʚʥʷʥʥ ̫ (1.12) ʜʣʷ 

ʧʨʦʩʪʦʛʦ ʉʇ ʙʫʣʦ ʩʧʦʯʘʪʢʫ ʧʨʝʜʩʪʘʚʣʝʥʝ ʫ [52]. 
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1.2.3. ʇʦʜʘʚʣʝʥʥʷ ʧʨʦʩʪʦʨʦʚʦʾ ʜʠʩʧʝʨʩʽʾ 

ɿʘʛʘʣʴʥʘ ʬʦʨʤʫʣʘ ʜʣʷ ʜʽʝʣʝʢʪʨʠʯʥʦʾ, ʥʘʧʨʘʚʣʝʥʦʾ ʚʟʜʦʚʞ ʦʩʽ, 

ʧʨʦʥʠʢʥʦʩʪʽ ʧʨʦʩʪʦʛʦ ʉʇ ʷʢʽʩʥʦ ʤʦʞʝ ʙʫʪʠ ʟʘʩʪʦʩʦʚʘʥʘ ʜʣʷ ʙʫʜʴ-ʷʢʦʛʦ 

ʯʘʩʪʦʪʥʦʛʦ ʜʽʘʧʘʟʦʥʫ (ʽʟ ʛʨʘʥʠʯʥʠʤʠ ʫʤʦʚʘʤʠ, ʱʦ ʚʽʜʧʦʚʽʜʘʶʪʴ ʦʧʪʠʯʥʡ̔ 

ʛʫʩʪʠʥʽ ʧʝʨʽʦʜʫ ʨʦʟʤʽʱʝʥʥʷ ʧʨʦʚʽʜʥʠʢʽʚ) [53]: 

‐

‐
ρ

Ὧ

Ὧ Ὥ‚Ὧ
Ὧ
ὲ

 
(1.7) 

ɼʣʷ ʽʜʝʘʣʴʥʦʛʦ ʝʣʝʢʪʨʠʯʥʦʛʦ ʧʨʦʚʽʜʥʠʢʘ ɝ = 0 ʪʘ n = 1. ʎʷ ʫʤʦʚʘ ʚʽʜʧʦʚʽʜʘʻ 

ʥʘʡʙʽʣʴʰ ʩʪʨʦʛʦʤʫ ʚʘʨʽʘʥʪʫ ʧʨʦʩʪʦʨʦʚʦʾ ʜʠʩʧʝʨʩʽʾ. ɼʣʷ ʧʨʦʚʽʜʥʠʢʽʚ ʟ 

ʚʠʩʦʢʦʶ ʧʨʦʚʽʜʥʽʩʪʶ ʫ ʤʽʢʨʦʭʚʠʣʴʦʚʦʤʫ ʜʽʘʧʘʟʦʥʽ ʯʘʩʪʦʪ, ʭʚʠʣʴʦʚʝ 

ʦʙʤʝʞʝʥʥʷ ʻ ʪʘʢʦʞ ʥʝ ʟʥʘʯʥʠʤ, ʘ ʟʥʘʯʝʥʥʷ k2
x/n ʟʥʘʯʥʦ ʧʝʨʝʚʠʱʫʻ kRe(ɝ) 

[54]. ʄʦʞʥʘ ʟʨʦʙʠʪʠ ʚʠʩʥʦʚʦʢ, ʱʦ ʫ ʜʽʘʧʘʟʦʥʽ ʨʘʜʽʦʯʘʩʪʦʪ ʧʨʦʩʪʦʨʦʚʘ 

ʜʠʩʧʝʨʩʽʷ ʨʝʘʣʴʥʦʛʦ ʉʇ ʻ ʜʫʞʝ ʟʥʘʯʥʦʶ. 

ɼʣʷ ʧʝʨʩʧʝʢʪʠʚʠ ʩʫʧʝʨʧʨʦʚʽʜʥʦʩʪʽ ʉʇ ʦʯʽʢʫʻʪʴʩʷ ʩʪʨʦʛʘ ʧʨʦʩʪʦʨʦʚʘ 

ʜʠʩʧʝʨʩʽʷ, ʦʩʢʽʣʴʢʠ ʫ ʪʘʢʦʤʫ ʚʠʧʘʜʢʫ Re(ɝ) = 0 ʪʘ ʤʘʣʝ ʟʥʘʯʝʥʥʷ k2
x/n ʥʝ 

ʚʠʢʣʶʯʘʶʪʴ ʧʨʦʩʪʦʨʦʚʦʛʦ ʨʝʟʦʥʘʥʩʫ Ůxx. ɿʘʟʥʘʯʠʤʦ, ʱʦ ʫ [86] ʧʦʜʽʙʥʽ ʜʦ 

ʨʽʚʥʷʥʥ ̫(1.7) ʬʦʨʤʫʣʠ  ʧʨʝʜʩʪʘʚʣʝʥʽ ʜʣʷ ʜʚʦʨʦʟʤʽʥʦʛʦ ʪʘ ʪʨʠ ʨʦʟʤʽʨʥʦʛʦ 

ʩʝʨʝʜʦʚʠʱʘ ʽʟ ʧʨʦʚʽʜʥʠʢʽʚ. ʊʘʢʠʤ ʯʠʥʦʤ, ʜʝ ʟʨʦʩʪʘʥʷ LC (L ʪʘ C ï 

ʝʢʚʽʚʘʣʝʥʪʥʘ ʽʥʜʫʢʪʠʚʥʽʩʪʴ ʪʘ ʻʤʥʽʩʪʴ ʉʇ) ʚʝʜʝ ʜʦ ʧʦʜʘʚʣʝʥʥʷ ʧʨʦʩʪʦʨʦʚʦʾ 

ʜʠʩʧʝʨʩʽʾ ʽʟ ʟʘʜʘʥʠʤ ʟʥʘʯʝʥʥʷʤ ʧʨʦʚʽʜʥʦʩʪʽ ʧʨʦʚʽʜʥʠʢʽʚ. ʇʦʜʘʚʣʝʥʥʷ 

ʧʨʦʪʦʨʦʚʦʾ ʜʠʩʧʝʨʩʽʾ ʜʣʷ ʧʨʦʩʪʦʛʦ ʉʇ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʪʦʛʦ, ʱʦ ʤʘʪʝʨʽʘʣ ʚʝʜʝ 

ʩʝʙʝ ʷʢ ʽʟʦʪʨʦʧʥʠʡ ʜʽʝʣʝʢʪʨʠʢ ʽʟ ʚʽʜôʻʤʥʠʤ ʟʥʘʯʝʥʥʷ ʜʽʝʣʝʢʪʨʠʯʥʦʾ 

ʧʨʦʚʽʜʥʦʩʪʽ (ʧʣʘʟʤʘ). ʇʦʜʘʚʣʝʥʥʷ ʧʨʦʩʪʦʨʦʚʦʾ ʜʠʩʧʝʨʩʽʾ ʜʦʚʝʜʝʥʦ ʜʣʷ 

ʤʘʩʠʚʫ ʧʘʨʘʣʝʣʴʥʠʭ ʢʘʨʙʦʥʦʚʠʭ ʥʘʥʦʪʨʫʙʦʯʦʢ ʊɻʮ ʪʘ ʽʥʬʨʘʯʝʨʚʦʥʦʛʦ 

ʜʽʘʧʘʟʦʥʽʚ ʯʘʩʪʦʪ [24].  

ʆʪʞʝ, ʧʨʦʩʪʦʨʦʚʘ ʜʠʩʧʝʨʩʽʷ ʚ ʉʇ ʤʦʞʝ ʙʫʪʠ ʧʦʜʘʚʣʝʥʘ ʜʝʷʢʠʤʠ 

ʧʨʠʨʦʜʥʠʤʠ ʬʽʟʠʯʥʠʤʠ ʝʬʝʢʪʘʤʠ (ʚʠʩʦʢʘ ʜʽʝʣʝʢʪʨʠʯʥʘ ʧʨʦʥʠʢʥʽʩʪʴ 

ʦʩʥʦʚʥʦʛʦ ʩʝʨʝʜʦʚʠʱʘ, ʢʽʥʝʪʠʯʥʘ ʽʥʜʫʢʪʠʚʥʽʩʪʴ) ʽ ʰʪʫʯʥʠʤʠ 
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ʤʦʜʠʬʽʢʘʮʽʷʤʠ, ʰʣʷʭʦʤ ʥʘʚʘʥʪʘʞʝʥʥʷ ʉʇ. ʊʘʢʠʤ ʯʠʥʦʤ, ʚʩʽ ʉʇ ʤʦʞʫʪʴ 

ʙʫʪʠ ʨʦʟʜʽʣʝʥʽ ʥʘ ʜʚʽ ʛʨʫʧʠ: ʉʇ ʟ ʽ ʙʝʟ ʩʪʨʦʛʦʾ ʧʨʦʩʪʦʨʦʚʦʾ ʜʠʩʧʝʨʩʽʾ. 

ʆʩʪʘʥʥʷ ʛʨʫʧʘ (ʜʣʷ ʚʠʧʘʜʢʫ ʧʨʦʩʪʠʭ ʉʇ) ʚʽʜʥʦʩʠʪʴʩʷ ʜʦ ʢʣʘʩʫ 

ʥʝʚʠʟʥʘʯʝʥʠʭ ʤʘʪʝʨʽʘʣʽʚ. 

 

1.3. ɿʘʩʪʦʩʫʚʘʥʥʷ ʪʘ ʨʝʘʣʽʟʘʮʽʷ ʩʪʨʫʢʪʫʨ ʽʟ ʧʨʦʚʽʜʥʠʢʽʚ 

1.3.1.ʉʪʨʫʢʪʫʨʘ ʽʟ ʧʘʨʘʣʝʣʴʥʠʭ ʧʨʦʚʽʜʥʠʢʽʚ 

ʉʇʇ ʽʟ ʟʘʜʘʥʠʤʠ ʟʥʘʯʝʥʥʷʤʠ ʜʦʚʞʠʥʠ ʧʨʦʚʽʜʥʠʢʽʚ d, ʜʽʘʤʝʪʨʫ 2r ʪʘ 

ʧʝʨʽʦʜʫ ʾʭ ʨʦʟʤʽʱʝʥʥʷ a ʫ ʜʽʝʣʝʢʪʨʠʯʥʽʡ ʤʘʪʨʠʮʽ, ʥʘʟʠʚʘʻʪʴʩʷ ʩʫʧʝʨʣʽʥʟʦʶ 

(ʨʠʩ. 1.1ʘ) [11, 24, 31, 56].  

ʇʝʨʰ ʟʘ ʚʩʝ, ʉʇʇ ʻ ʰʠʨʦʢʦ ʜʦʩʣʽʜʞʫʚʘʥʠʤ ʜʣʷ ʚʠʢʦʨʠʩʪʘʥʥʷ ʧʨʠ 

ʧʝʨʝʜʘʚʘʥʥʽ ʟʦʙʨʘʞʝʥʴ. ʗʢ ʧʦʢʘʟʘʥʦ ʫ ʦʜʥʠʭ ʽʟ ʧʝʨʰʠʭ ʨʦʙʽʪ, ʮʝ ʩʪʘʣʦ 

ʤʦʞʣʠʚʠʤ ʥʘ ʯʘʩʪʦʪʘʭ ʨʝʟʦʥʘʥʩʽʚ ʌʘʙʨʽ-ʇʝʨʦ ʩʪʨʫʢʪʫʨʠ [56-58]. ʆʜʠʥ ʽʟ 

ʧʨʠʢʣʘʜʽʚ ʧʨʠʚʝʜʝʥʠʡ ʥʘ ʨʠʩ. 1.2ʘ [100]. ʇʨʠʥʮʠʧ ʨʦʙʦʪʠ ʧʦʣʷʛʘʻ ʚ ʪʦʤʫ, 

ʱʦ ʘʥʪʝʥʘ, ʷʢʘ ʤʘʻ ʬʦʨʤʫ ʙʘʞʘʥʦʾ ʜʣʷ ʧʝʨʝʜʘʚʘʥʥʷ ʬʽʛʫʨʠ, ʨʦʟʤʽʱʝʥʘ 

ʥʘʚʧʨʦʪʠ ʧʝʨʝʜʥʴʦʛʦ ʽʥʪʝʨʬʝʡʩʫ ʉʇʇ ʥʘ ʚʽʜʩʪʘʥʽ, ʱʦ ʥʝ ʧʝʨʝʚʠʱʫʻ 

ʟʥʘʯʝʥʥʷ ʧʝʨʽʦʜʫ ʨʦʟʪʘʰʫʚʘʥʥʷ ʧʨʦʚʽʜʥʠʢʽʚ ʤʝʪʘʩʪʨʫʢʪʫʨʠ. ʋ ʨʦʙʦʪʽ [56] 

ʧʨʠʚʝʜʝʥʦ ʨʝʟʫʣʴʪʘʪʠ ʜʚʦʭ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʫ 

ʤʽʢʨʦʭʚʠʣʴʦʚʦʤʫ ʜʽʘʧʘʟʦʥʽ ʯʘʩʪʦʪ (894 ʪʘ 1034 ʢɻʮ). ʗʢ ʚʠʜʥʦ ʽʟ ʧʦʨʽʚʥʷʥʥʷ 

ʨʦʟʧʦʜʽʣʽʚ ʝʣʝʢʪʨʠʯʥʠʭ ʧʦʣʽʚ, ʱʦ ʬʽʢʩʫʶʪʴʩʷ ʥʘ ʧʨʠʡʤʘʣʴʥʽʡ ʩʪʦʨʦʥʽ 

(ʨʠʩ. 1.2ʙ - ʧʨʘʚʠʡ ʚʝʨʭʥʽʡ ʪʘ ʧʨʘʚʠʡ ʥʠʞʥʽʡ) ʪʘʢʠʡ ʧʨʠʩʪʨʽʡ ʤʦʞʝ 

ʬʫʥʢʮʽʦʥʫʚʘʪʠ ʪʽʣʴʢʠ ʥʘ ʨʝʟʦʥʘʥʩʥʽʡ ʯʘʩʪʦʪʽ ʉʇʇ, ʦʩʢʽʣʴʢʠ ʬʽʛʫʨʘ, ʱʦ 

ʧʨʠʚʝʜʝʥʘ ʩʧʨʘʚʘ ʚʥʠʟʫ ʨʠʩ. 1.2ʙ, ʻ ʥʝʯʽʪʢʦʶ. 
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a) 

ʙ) 

ʈʠʩ. 1.2. ʉʪʨʫʢʪʫʨʘ ʽʟ ʧʘʨʘʣʝʣʴʥʠʭ ʧʨʦʚʽʜʥʠʢʽʚ (ʘ), ʱʦ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʘʩʴ ʫ [56] ʜʣʷ ʧʝʨʝʜʘʚʘʥʥʷ ʟʦʙʨʘʞʝʥʴ (ʙ) ʥʘ ʯʘʩʪʦʪʽ 

ʨʝʟʦʥʘʥʩʫ ʌʘʙʨʽ-ʇʝʨʦ 

 

ʇʦʟʠʪʠʚʥʽ ʨʝʟʫʣʴʪʘʪʠ ʧʦ ʜʦʩʣʽʜʞʝʥʥʷʭ ʰʠʨʦʢʦʩʤʫʛʦʚʦʛʦ ʝʬʝʢʪʫ 

ʧʝʨʝʜʘʚʘʥʥʷ ʝʥʝʨʛʽʾ ɽʄ ʭʚʠʣʴ ʚʽʜʽʛʨʘʣʠ ʥʝ ʦʩʪʘʥʥʶ ʨʦʣʴ ʜʣʷ ʧʦʯʘʪʢʫ 

ʨʦʟʚʠʪʢʫ ʟʘʩʦʙʽʚ ʝʥʜʦʩʢʦʧʽʾ. ʋ ʨʦʙʦʪʘʭ [28, 59-60] ʉʇʇ ʩʪʘʣʘ ʦʩʥʦʚʦʶ 

ʟʘʧʨʦʧʦʥʦʚʘʥʦʾ ʢʦʥʩʪʨʫʢʮʽʾ ʝʥʜʦʩʢʦʧʫ. ɽʥʜʦʩʢʦʧ ʤʽʩʪʠʚ ʉʇʇ, ʱʦ 

ʚʤʦʥʪʦʚʫʚʘʣʦʩʴ ʫ ʧʦʨʠʩʪʠʡ ʧʦʣʽʝʪʠʣʝʥʦʚʠʡ ʜʽʝʣʝʢʪʨʠʢ (Ů = 2,25), 

ʚʣʘʩʪʠʚʦʩʪʽ ʷʢʦʛʦ ʜʦʟʚʦʣʷʶʪʴ ʡʦʛʦ ʬʫʥʢʮʽʦʥʫʚʘʥʥʶ ʫ ʜʽʘʧʘʟʦʥʽ 

ʪʝʨʘʛʝʨʮʦʚʠʭ ʯʘʩʪʦʪ (0,5é1 ʊɻʮ). ɺʠʚʯʝʥʥʷ ʧʦʢʘʟʘʣʠ ʟʜʘʪʥʽʩʪʴ ʦʧʪʠʯʥʦ 

ʜʦʚʛʦʛʦ ʝʥʜʦʩʢʦʧʫ ʟʙʝʨʽʛʘʪʠ ʚʣʘʩʪʠʚʦʩʪʽ ʧʝʨʝʜʘʚʘʥʥʷ ʧʨʠ ʢʫʪʘʭ ʡʦʛʦ ʟʛʠʥʫ 

ʜʦ 180Á ʽ ʥʘʚʽʪʴ ʚʠʱʝ. ɼʦʚʞʠʥʘ ʝʥʜʦʩʢʦʧʫ ʩʢʣʘʜʘʣʘ 20 ʤʤ, ʘ ʨʘʜʽʫʩ ʟʛʠʥʫ 

R å 6,3 ʤʤ (ʨʠʩ. 1.3ʘ). ʂʨʽʤ ʪʦʛʦ, ʟʘʧʨʦʧʦʥʦʚʘʥʠʡ ʧʨʠʣʘʜ ʜʝʤʦʥʩʪʨʫʻ 
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ʬʫʥʢʮʽʦʥʘʣʴʥʫ ʝʬʝʢʪʠʚʥʽʩʪʴ ʽ ʧʨʠ ʜʦʩʠʪʴ ʤʘʣʦʤʫ ʟʥʘʯʝʥʥʽ ʨʘʜʽʫʩʫ ʟʛʠʥʫ, 

ʱʦ ʩʪʘʥʦʚʠʪʴ R å ɚ ʥʘ ʯʘʩʪʦʪʽ ʙʣʠʟʴʢʽʡ 0,75 ʊɻʮ (ʨʠʩ. 1.3ʙ) [28]. 

ɽʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʤ ʧʽʜʪʚʝʨʜʞʝʥʥʷʤ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʪʘʢʦʛʦ 

ʧʨʠʣʘʜʫ ʩʪʘʣʠ ʜʦʩʣʽʜʞʝʥʥʷ ʫ ʤʽʢʨʦʭʚʠʣʴʦʚʦʤʫ ʜʽʘʧʘʟʦʥʽ 1é2 ɻɻʮ. ɼʣʷ 

ʮʴʦʛʦ ʙʫʣʦ ʚʠʛʦʪʦʚʣʝʥʦ ʜʝʢʽʣʴʢʘ ʟʨʘʟʢʽʚ ʝʥʜʦʩʢʦʧʽʚ ʟ ʨʽʟʥʠʤʠ ʢʫʪʘʤʠ ʟʛʠʥʫ 

ʪʘ ʨʘʜʽʫʩʦʤ R = L/ˊ, ʜʝ L - ʜʦʚʞʠʥʘ ʝʥʜʦʩʢʦʧʫ.  

 

 

a)  

 

ʙ) 

ʈʠʩ. 1.3. ʄʦʜʝʣʴ ʝʥʜʦʩʢʦʧʫ ʪʝʨʘʛʝʨʮʦʚʦʛʦ ʜʽʘʧʘʟʦʥʫ ʯʘʩʪʦʪ, ʱʦ 

ʩʢʣʘʜʘʻʪʴʩʷ ʽʟ ʧʘʨʘʣʝʣʴʥʠʭ ʧʨʦʚʽʜʥʠʢʽʚ, ʚʤʦʥʪʦʚʘʥʠʭ ʫ ʧʦʨʠʩʪʠʡ 

ʜʽʝʣʝʢʪʨʠʢ (ʘ) ʪʘ ʡʦʛʦ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʡ ʘʥʘʣʦʛ ʤʽʢʨʦʭʚʠʣʴʦʚʦʛʦ 

ʜʽʘʧʘʟʦʥʫ ʯʘʩʪʦʪ (ʙ) [28, 59] 
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ɽʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʚ [28, 59] ʧʦʢʘʟʘʣʠ ʩʪʘʙʽʣʴʥʫ ʨʦʙʦʪʫ 

ʟʘʧʨʦʧʦʥʦʚʘʥʦʛʦ ʝʥʜʦʩʢʦʧʫ ʧʨʠ ʟʛʠʥʽ ʩʪʨʫʢʪʫʨʠ ʥʘ ʢʫʪʠ 90Á, 180Áʪʘ ʙʽʣʴʰʝ. 

ʇʽʜʪʚʝʨʜʞʝʥʥʷʤ ʪʦʛʦ, ʱʦ ʟʛʠʥ ʝʥʜʦʩʢʦʧʫ ʥʝ ʚʧʣʠʚʘʻ ʥʘ ʚʪʨʘʪʠ, ʻ ʪʝ, ʱʦ 

ʩʝʨʝʜʥʽ ʟʥʘʯʝʥʥʷ ʯʘʩʪʦʪʥʠʭ ʟʘʣʝʞʥʦʩʪʝʡ ʚʪʨʘʪ <P>, ʧʨʠʚʝʜʝʥʠʭ ʥʘ ʨʠʩ. 1.4, 

ʫ ʜʦʩʣʽʜʞʫʚʘʥʦʤʫ ʜʽʘʧʘʟʦʥʽ ʜʣʷ ʧʨʷʤʦʛʦ ʝʥʜʦʩʢʦʧʫ ʪʘ ʚʠʛʥʫʪʦʛʦ ʥʘ 90Á ʽ 

180Á ʻ ʧʨʘʢʪʠʯʥʦ ʦʜʥʘʢʦʚʠʤʠ ʪʘ ʩʪʘʥʦʚʣʷʪʴ 0,38, 0,4 ʽ 0,41 ʚʽʜʧʦʚʽʜʥʦ. 

 

ʈʠʩ. 1.4. ʏʘʩʪʦʪʥʘ ʟʘʣʝʞʥʽʩʪʴ ʚʪʨʘʪ ʧʨʠ ʧʝʨʝʜʘʚʘʥʥʽ ɽʄ ʭʚʠʣʴ ʯʝʨʝʟ 

ʧʨʷʤʠʡ ʝʥʜʦʩʢʦʧ ʪʘ ʧʨʠ ʡʦʛʦ ʟʛʠʥʽ ʥʘ 90 ʪʘ 180Á, ʦʪʨʠʤʘʥʽ ʰʣʷʭʦʤ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʫ ʤʽʢʨʦʭʚʠʣʴʦʚʦʤʫ ʜʽʘʧʘʟʦʥʽ ʯʘʩʪʦʪ [28] 

 

1.3.2. ʉʪʨʫʢʪʫʨʘ ʽʟ ʧʨʦʚʽʜʥʠʢʽʚ, ʱʦ ʨʦʟʭʦʜʷʪʴʩʷ 

ʉʇ, ʱʦ ʩʢʣʘʜʘʻʪʴʩʷ ʽʟ ʤʘʩʠʚʫ ʧʨʦʚʽʜʥʠʢʽʚ, ʱʦ ʨʦʟʭʦʜʷʪʴʩʷ ʧʽʜ ʢʫʪʦʤ 

ʟʘʜʘʥʦʛʦ ʟʥʘʯʝʥʥʷ ʦʜʠʥ ʚʽʜʥʦʩʥʦ ʦʜʥʦʛʦ, ʪʘʢ ʟʚʘʥʘ ʛʽʧʝʨʣʽʥʟʘ, 

ʟʘʧʨʦʧʦʥʦʚʘʥʘ ʜʣʷ ʨʽʰʝʥʥʷ ʧʨʦʙʣʝʤʠ ʧʦʢʨʘʱʝʥʥʷ ʩʣʘʙʢʠʭ ɽʄ 

ʚʠʧʨʦʤʽʥʶʚʘʥʴ ʥʘ ʨʝʟʦʥʘʥʩʥʠʭ ʪʘ ʤʽʞʨʝʟʦʥʘʥʩʥʠʭ ʯʘʩʪʦʪʘʭ. ʅʘ ʨʠʩ. 1.5 

ʧʨʠʚʝʜʝʥʘ ʛʽʧʝʨʣʽʥʟʘ ʷʢ ʩʪʨʫʢʪʫʨʘ, ʱʦ ʜʦʟʚʦʣʷʻ ʬʽʢʩʫʚʘʪʠ ʩʣʘʙʢʽ ʰʫʤʦʚʽ 

ʢʦʣʠʚʘʥʥʷ ʪʘ ʚʠʧʨʦʤʽʥʶʚʘʪʠ ʧʽʜʩʠʣʝʥʽ ʩʠʛʥʘʣʠ ʫ ʚʽʣʴʥʠʡ ʧʨʦʩʪʽʨ [61]. ʎʝ 

ʤʦʞʣʠʚʦ ʟʘ ʨʘʭʫʥʦʢ ʬʦʨʤʠ ʟʘʧʨʦʧʦʥʦʚʘʥʦʾ ʩʪʨʫʢʪʫʨʠ, ʦʩʢʽʣʴʢʠ ʚʝʣʠʯʠʥʠ 

ʧʣʦʱ ʚʭʽʜʥʦʾ ʪʘ ʚʠʭʽʜʥʦʾ ʘʧʝʨʪʫʨ ʚʽʜʨʽʟʥʷʶʪʴʩʷ ʽ ʬʘʢʪʦʨ ʧʽʜʩʠʣʝʥʥʷ 

ʥʘʧʨʷʤʫ ʟʘʣʝʞʠʪʴ ʚʽʜ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʾʭ ʨʦʟʤʽʨʽʚ. 
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ʋ [62] ʪʘʢʘ ʩʪʨʫʢʪʫʨ ʟʘʧʨʦʧʦʥʦʚʘʥʘ ʜʣʷ ʤʦʜʠʬʽʢʫʚʘʥʥʷ ʟʚʠʯʘʡʥʦʾ 

ʧʽʚʩʬʝʨʠʯʥʦʾ ʣʽʥʟʠ ʟ ʤʝʪʦʶ ʧʦʢʨʘʱʝʥʥʷ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʛʘʨʷʯʦʛʦ 

ʪʽʣʘ - ʝʤʽʪʝʨʘ, ʱʦ ʨʦʟʤʽʱʝʥʝ ʫ ʦʩʥʦʚʽ ʤʝʪʘʩʪʨʫʢʪʫʨʠ ʷʢ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩ. 1.6 

ʫ ʜʽʘʧʘʟʦʥʽ ʽʥʬʨʘʯʝʨʚʦʥʠʭ ʭʚʠʣʴ. ʇʨʠʥʮʠʧ ʨʦʙʦʪʠ ʧʦʣʷʛʘʻ ʚ ʪʦʤʫ, ʱʦ 

ʛʽʧʝʨʙʦʣʽʯʥʠʡ ʤʝʪʘʤʘʪʝʨʽʘʣ ʧʝʨʝʪʚʦʨʶʻ ʙʣʠʟʴʢʦʧʦʣʴʦʚʝ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ 

ʝʤʽʪʝʨʘ ʫ ʚʣʘʩʥʽ ʤʦʜʠ ʤʝʪʘʩʪʨʫʢʪʫʨʠ, ʷʢʽ ʝʬʝʢʪʠʚʥʦ ʚʠʧʨʦʤʽʥʶʶʪʴʩʷ ʽʟ 

ʧʦʚʝʨʭʥʽ ʧʨʠʩʪʨʦʶ. 

 

ʈʠʩ. 1.5. ʄʦʜʝʣʴ ʩʪʨʫʢʪʫʨʠ ʽʟ ʧʨʦʚʽʜʥʠʢʽʚ, ʱʦ ʨʦʟʭʦʜʷʪʴʩʷ ʧʽʜ ʢʫʪʦʤ 

ʟʘʜʘʥʦʾ ʚʝʣʠʯʠʥʠ [61] 

 

ʈʠʩ. 1.6. ʅʘʧʽʚʩʬʝʨʠʯʥʘ ʩʪʨʫʢʪʫʨʘ ʤʦʜʠʬʽʢʦʚʘʥʘ ʩʪʨʫʢʪʫʨʦʶ ʽʟ 

ʧʨʦʚʽʜʥʠʢʽʚ, ʱʦ ʨʦʟʭʦʜʷʪʴʩʷ, ʟʘʧʨʦʧʦʥʦʚʘʥʘ ʫ [62] ʜʣʷ ʧʦʢʨʘʱʝʥʥʷ 

ʪʝʧʣʦʚʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʥʘʛʨʽʪʦʛʦ ʪʽʣʘ (ʝʤʽʪʝʨʘ). 

(ʥʘ ʨʠʩʫʥʢʫ: Lens ï ʣʽʥʟʘ; Hyperlens ï ʛʽʧʝʨʣʽʥʟʘ; Nanowiresï 

ʥʘʥʦʧʨʦʚʽʜʥʠʢʠ; Emitter ï ʝʤʽʪʝʨ; Mirror- ʜʟʝʨʢʘʣʦ) 
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1.4. ɿʘʩʪʦʩʫʚʘʥʥʷ ʪʘ ʨʝʘʣʽʟʘʮʽʷ ʨʦʟʨʽʟʥʠʭ ʢʽʣʴʮʝʚʠʭ ʨʝʟʦʥʘʪʦʨʽʚ  

ʈʝʘʣʽʟʘʮʽʷ ʤʘʛʥʽʪʥʠʭ ʨʝʟʦʥʘʪʦʨʽʚ ʜʫʞʝ ʤʘʣʠʭ ʨʦʟʤʽʨʽʚ ʟʽ ʩʪʨʦʛʦʶ 

ʜʽʘʤʘʛʥʽʪʥʦʶ ʧʦʚʝʜʽʥʢʦʶ ʧʦʚôʷʟʘʥʦ ʽʟ ʈʂʈ. ʄʘʣʽ ʨʦʟʤʽʨʠ ʽ ʩʪʨʦʛʘ ʤʘʛʥʽʪʥʘ 

ʟʜʘʪʥʽʩʪʴ ʜʦ ʧʦʣʷʨʠʟʘʮʽʾ ʚʽʜʢʨʠʚʘʻ ʥʦʚʽ ʰʣʷʭʠ ʜʦ ʨʝʘʣʽʟʘʮʽʾ ʝʣʝʤʝʥʪʘʨʥʠʭ 

ʨʝʟʦʥʘʪʦʨʽʚ, ʚʽʜʦʤʠʭ ʷʢ ʈʂʈ-ʤʝʪʘʘʪʦʤʠ ʰʪʫʯʥʦ ʩʪʚʦʨʝʥʠʭ ʤʘʛʥʽʪʥʠʭ 

ʤʝʪʘʩʪʨʫʢʪʫʨ. ʄʘʣʽ ʝʣʝʢʪʨʠʯʥʽ ʨʦʟʤʽʨʠ ʥʘ ʯʘʩʪʦʪʽ ʨʝʟʦʥʘʥʩʫ ʜʦʟʚʦʣʷʶʪʴ 

ʨʦʟʛʣʷʜʘʪʠ ʪʘʢʽ ʤʝʪʘʩʪʨʫʢʪʫʨʠ ʷʢ ʥʝʧʝʨʝʨʚʥʽ ʩʝʨʝʜʦʚʠʱʘ, ʪʦʜʽ ʷʢ ʩʠʣʴʥʘ 

ʧʦʣʷʨʠʟʘʮʽʷ ʟʘʙʝʟʧʝʯʫʻ ʚʽʜôʻʤʥʝ ʟʥʘʯʝʥʥʷ ʤʘʛʥʽʪʥʦʾ ʧʨʦʥʠʢʥʦʩʪʽ ʧʦʟʘ 

ʨʝʟʦʥʘʥʩʦʤ. ʈʂʈ ʧʦʢʘʟʫʶʪʴ ʦʙʠʜʚʽ ʚʣʘʩʪʠʚʦʩʪʽ. ɯʥʰʦʶ ʮʽʢʘʚʦʶ 

ʦʩʦʙʣʠʚʽʩʪʶ ʈʂʈ, ʷʢʘ ʩʧʨʦʱʫʻ ʤʦʜʝʣʶʚʘʥʥʷ ʽ ʢʦʥʩʪʨʫʢʮʽʶ ʰʪʫʯʥʠʭ 

ʤʘʛʥʽʪʥʠʭ ʥʦʩʽʾʚ, ʻ ʽʟʦʪʨʦʧʽʷ. ʇʦʢʘʟʘʥʦ, ʱʦ ʈʂʈ, ʧʦ ʩʫʪʽ, ʻ 

ʤʘʛʥʽʪʦʝʣʝʢʪʨʠʯʥʦʶ ʯʘʩʪʢʦʶ, ʱʦ ʚʝʜʝ ʜʦ ʙʽʘʥʽʟʦʪʨʦʧʥʦʾ ʧʦʚʝʜʽʥʢʠ 

ʰʪʫʯʥʠʭ ʩʝʨʝʜʦʚʠʱ (ʤʝʪʘʩʪʨʫʢʪʫʨ), ʩʬʦʨʤʦʚʘʥʠʭ ʥʘ ʦʩʥʦʚʽ ʈʂʈ.  

ɸʣʴʪʝʨʥʘʪʠʚʠ ʮʽʡ ʢʦʥʩʪʨʫʢʮʽʾ, ʷʢʘ ʜʦʟʚʦʣʷʻ ʫʥʠʢʥʫʪʠ ʙʽʘʥʽʟʦʪʨʦʧʽʾ, 

ʟʘʧʨʦʧʦʥʦʚʘʥʽ ʚ [63-65]. ʋ ʙʫʜʴ-ʷʢʦʤʫ ʚʠʧʘʜʢʫ, ʧʣʦʩʢʽ ʢʦʥʩʪʨʫʢʮʽʾ ʤʦʞʫʪʴ 

ʜʦʟʚʦʣʠʪʠ ʽʟʦʪʨʦʧʥʫ ʥʝʤʘʛʥʽʪʦʝʣʝʢʪʨʠʯʥʫ ʧʦʚʝʜʽʥʢʫ ʫ ʜʚʦʭ ʚʠʤʽʨʘʭ 

ʧʣʦʱʠʥʠ ʢʽʣʴʮʝʚʠʭ ʨʝʟʦʥʘʪʦʨʽʚ, ʘʣʝ ʥʝ ʜʦ ʧʦʚʥʽʩʪʶ ʽʟʦʪʨʦʧʥʦʾ ʧʦʚʝʜʽʥʢʠ ʚ 

ʪʨʴʦʭ ʚʠʤʽʨʘʭ. ʄʦʞʣʠʚʦʩʪʽ ʦʙ'ʻʜʥʘʥʥʷ ʈʂʈ ʫ ,ʪʘʢ ʟʚʘʥʽ, ʩʪʝʢʠ, ʱʦʙ 

ʦʪʨʠʤʘʪʠ ʧʦʚʥʽʩʪʶ ʽʟʦʪʨʦʧʥʫ ʯʘʩʪʢʫ, ʚʠʚʯʝʥʽ ʚ [9, 66], ʜʝ ʙʫʣʦ ʟʨʦʙʣʝʥʦ 

ʚʠʩʥʦʚʦʢ, ʱʦ ʪʘʢʘ ʧʦʚʥʽʩʪʶ ʽʟʦʪʨʦʧʥʘ ʯʘʩʪʢʘ ʥʝ ʤʦʞʝ ʙʫʪʠ ʨʝʘʣʽʟʦʚʘʥʘ 

ʰʣʷʭʦʤ ʧʨʦʩʪʦʛʦ ʦʙ'ʻʜʥʘʥʥʷ ʈʂʈ (ʭʦʯʘ, ʟʚʠʯʘʡʥʦ, ʤʦʞʣʠʚʘ ʽʟʦʪʨʦʧʥʘ 

ʤʝʪʘʧʦʚʝʨʭʥʷ ʈʂʈ [8]). ɼʣʷ ʮʴʦʛʦ ʟʜʽʡʩʥʶʻʪʴʩʷ ʧʨʦʩʪʘ ʤʦʜʠʬʽʢʘʮʽʷ ʈʂʈ. 

ʊʘʢʦʞ ʩʣʽʜ ʟʘʟʥʘʯʠʪʠ, ʱʦ ʨʝʟʦʥʘʥʩʥʘ ʧʦʚʝʜʽʥʢʘ ʽ ʥʝʚʝʣʠʢʽ ʝʣʝʢʪʨʠʯʥʽ 

ʨʦʟʤʽʨʠ ʧʨʠ ʨʝʟʦʥʘʥʩʽ, ʧʨʝʜʩʪʘʚʣʝʥʽ ʟʘ ʜʦʧʦʤʦʛʦʶ ʨʦʟʛʣʷʜʫʚʘʥʠʭ 

ʤʝʪʘʘʪʦʤʽʚ, ʤʦʞʫʪʴ ʙʫʪʠ ʪʘʢʦʞ ʢʦʨʠʩʥʽ ʜʣʷ ʧʨʦʝʢʪʫʚʘʥʥʷ ʬʽʣʴʪʨʽʚ ʯʠ 

ʧʨʠʩʪʨʦʾʚ ʤʦʜʫʣʷʮʽʾ [16, 67-69]. 

ɸʥʘʣʽʟ ʨʽʟʥʠʭ ʢʦʥʬʽʛʫʨʘʮʽʡ ʧʨʠʚʝʜʝʥʦ ʥʘ ʨʠʩ. 1.7, ʘ ʾʭ ʝʢʚʽʚʘʣʝʥʪʥʽ 

ʩʭʝʤʠ ï ʥʘ ʨʠʩ. 1.8. ʗʢʱʦ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʘ ʭʚʠʣʷ ʟ ʥʝʦʙʭʽʜʥʦʶ 

ʧʦʣʷʨʠʟʘʮʽʻʶ ʧʘʜʘʻ ʥʘ ʈʂʈ, ʪʦ ʈʂʈ ʚʝʜʝ ʩʝʙʝ ʷʢ LC-ʣʘʥʢʘ, ʥʘ ʷʢʫ ʜʽʻ 
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ʟʦʚʥʽʰʥʷ ɽʄ ʭʚʠʣʷ (ʨʠʩ. 1.8) [70]. ɿʘʛʘʣʴʥʝ ʟʥʘʯʝʥʥʷ ʻʤʥʦʩʪʽ ʝʢʚʽʚʘʣʝʥʪʥʦʾ 

ʣʘʥʢʠ ʚʽʜʧʦʚʽʜʘʻ ʟʘʛʘʣʴʥʦʤʫ ʟʥʘʯʝʥʥʶ ʧʦʩʣʽʜʦʚʥʦ ʚʚʽʤʢʥʝʥʠʭ ʻʤʥʦʩʪʝʡ 

ʟʘʟʦʨʽʚ ʟʦʚʥʽʰʥʴʦʛʦ ʪʘ ʚʥʫʪʨʽʰʥʴʦʛʦ ʢʽʣʝʮʴ. ɿʘʛʘʣʴʥʝ ʟʥʘʯʝʥʥʷ 

ʽʥʜʫʢʪʠʚʥʦʩʪʽ ʤʦʞʝ ʨʦʟʨʘʭʦʚʫʚʘʪʠʩʴ ʷʢ ʽʥʜʫʢʪʠʚʥʽʩʪʴ ʩʪʨʽʯʢʠ, ʰʠʨʠʥʦʶ, 

ʱʦ ʨʽʚʥʘ ʩʫʤʽ ʰʠʨʠʥ ʜʚʦʭ ʢʽʣʝʮʴ, ʪʘ ʜʦʚʞʠʥʦʶ, ʱʦ ʚʽʜʧʦʚʽʜʘʻ ʩʝʨʝʜʥʴʦʤʫ 

ʟʥʘʯʝʥʥʶ ʜʦʚʞʠʥʠ ʢʽʣʝʮʴ [70]. ʂʨʽʤ ʪʦʛʦ, ʚ ʈʂʈ ʚʠʥʠʢʘʻ 

ʤʘʛʥʽʪʦʝʣʝʢʪʨʠʯʥʠʡ ʟʚ'ʷʟʦʢ, ʦʧʠʩʘʥʠʡ ʫ ʨʦʙʦʪʽ [63] ʪʘ ʜʦʩʣʽʜʞʝʥʠʡ ʰʣʷʭʦʤ 

ʤʦʜʝʣʶʻʪʴʩʷ ʚ [70]. ʎʝʡ ʤʘʛʥʽʪʦʝʣʝʢʪʨʠʯʥʠʡ ʟʚ'ʷʟʦʢ ʻ ʨʝʟʫʣʴʪʘʪʦʤ ʨʽʚʥʦʩʪ̔ 

ʥʘʧʨʷʤʢʽʚ ʣʽʥʽʡ ʛʨʘʜʽʻʥʪʫ ʨʦʟʧʦʜʽʣʫ ʩʪʨʫʤʫ ʟʤʽʱʝʥʥʷ ʤʽʞ ʢʦʞʥʠʤ ʢʽʣʴʮʝʤ 

ʫ ʚʝʨʭʥʽʡ ʽ ʥʠʞʥʽʡ ʧʦʣʦʚʠʥʘʭ ʈʂʈ [63]. ʊʘʢʠʤ ʯʠʥʦʤ, ʧʨʠʚʝʜʝʥʠʡ ʥʘ 

ʨʠʩ.1.7ʙ ʤʦʜʠʬʽʢʦʚʘʥʠʡ ʈʂʈ, ʪʘʢ ʟʚʘʥʠʡ ʥʝʙʽʘʥʽʟʦʪʨʦʧʥʘ ʈʂʈ, ʜʦʟʚʦʣʷʻ 

ʫʩʫʥʫʪʠ ʮʶ ʧʦʚʝʜʽʥʢʫ. ʈʝʰʪʘ ʚʣʘʩʪʠʚʦʩʪʝʡ ʈʂʈ, ʪʘʢʠʭ ʷʢ ʨʝʟʦʥʘʥʩʥʘ 

ʯʘʩʪʦʪʘ ʽ ʤʘʛʥʽʪʥʘ ʧʦʣʷʨʠʟʘʮʽʷ, ʟʘʣʠʰʘʶʪʴʩʷ ʽʥʚʘʨʽʘʥʪʥʠʤʠ.  

ʐʠʨʦʢʦʩʤʫʛʦʚʠʡ ʈʂʈ, ʟʘʧʨʦʧʦʥʦʚʘʥʘ ʚ [63], ʪʘʢʦʞ ʻ ʘʣʴʪʝʨʥʘʪʠʚʦʶ 

ʜʣʷ ʥʝʙʽʘʥʽʟʦʪʨʦʧʥʠʭ ʨʝʟʦʥʘʪʦʨʽʚ. ʎʷ ʯʘʩʪʠʥʢʘ ʟʦʙʨʘʞʝʥʘ ʥʘ ʨʠʩ. 1.7ʚ, ʾʾ 

ʝʢʚʽʚʘʣʝʥʪʥʘ ʩʭʝʤʘ ʧʦʢʘʟʘʥʘ ʥʘ ʨʠʩ. 1.8, ʦʧʠʩ ʪʘ ʘʥʘʣʽʟ ʷʢʦʾ ʧʨʠʚʝʜʝʥʦ ʫ 

[70]. ɺʦʥʘ ʜʦʟʚʦʣʷʻ ʨʦʟʨʦʙʣʷʪʠ ʜʚʦʚʠʤʽʨʥʽ ʽʟʦʪʨʦʧʥʽ ʣʽʚʦʙʽʯʥʽ ʩʝʨʝʜʦʚʠʱʘ 

[71]. ɰʾ ʛʦʣʦʚʥʦʶ ʨʝʣʝʚʘʥʪʥʦʶ ʦʩʦʙʣʠʚʽʩʪʶ, ʢʨʽʤ ʥʝʙʽʘʥʽʟʦʪʨʦʧʥʦʾ 

ʧʦʚʝʜʽʥʢʠ, ʻ ʪʝ, ʱʦ ʝʣʝʢʪʨʠʯʥʠʡ ʨʦʟʤʽʨ ʧʨʠ ʨʝʟʦʥʘʥʩʽ ʤʦʞʝ ʙʫʪʠ ʜʫʞʝ 

ʤʘʣʠʤ. ʎʝ ʟʤʝʥʰʝʥʥʷ ʧʦʪʝʥʮʽʘʣʫ ʝʣʝʢʪʨʠʯʥʦʛʦ ʨʦʟʤʽʨʫ ʚʽʜʙʫʚʘʻʪʴʩʷ ʟ 

ʧʦʪʝʥʮʽʡʥʦ ʚʠʩʦʢʦʾ ʨʦʟʧʦʜʽʣʝʥʦʾ ʻʤʥʦʩʪʽ ʤʽʞ ʢʽʣʴʮʷʤʠ, ʦʙʫʤʦʚʣʝʥʦʾ 

ʰʠʨʦʢʦʶ ʩʤʫʛʦʶ ʟʯʝʧʣʝʥʥʷ. 
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ʘ)    ʙ)   ʚ) 

       

ʛ)    ʜ)   ʝ) 

ʈʠʩ. 1.7. ɺʠʜʠ ʢʽʣʴʮʝʚʠʭ ʨʝʟʦʥʘʪʦʨʽʚ, ʱʦ ʧʨʝʜʩʪʘʚʣʷʶʪʴʩʷ ʩʦʙʦʶ 

ʟʚʠʯʘʡʥʠʡ ʈʂʈ (ʘ), ʥʝʙʽʘʥʽʟʦʪʨʦʧʥʘ ʈʂʈ (ʙ), ʰʠʨʦʢʦʩʤʫʛʦʚʠʡ ʈʂʈ (ʚ), 

ʧʦʜʚʽʡʥʦ ʱʽʣʠʥʥʠʡ ʈʂʈ (ʛ), ʜʚʦʭʚʠʪʢʦʚʠʡ ʩʧʽʨʘʣʴʥʠʡ ʈʂʈ (ʜ) ʪʘ 

ʪʨʴʦʭʚʠʪʢʦʚʠʡ ʩʧʽʨʘʣʴʥʠʡ ʈʂʈ (ʝ). 

 

ʇʦʜʚʽʡʥʦ ʱʽʣʠʥʥʠʡ ʈʂʈ, ʧʦʢʘʟʘʥʘ ʥʘ ʬʽʛ.1.7ʛ, ʻ ʘʣʴʪʝʨʥʘʪʠʚʦʶ ʈʂʈ, 

ʱʦ ʧʨʦʝʢʪʫʶʪʴʩʷ ʷʢ ʨʝʟʦʥʘʥʩʥʽ ʤʘʛʥʽʪʥʽ ʥʦʩʽʾ. ʋ ʧʨʦʮʝʩʽ ʨʦʙʦʪʠ ʯʦʪʠʨʠ 

ʢʦʥʜʝʥʩʘʪʦʨʘ ʩʪʨʫʢʪʫʨʠ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴʩʷ ʧʨʦʪʠʣʝʞʥʦʶ ʧʦʣʷʨʠʟʘʮʽʻʶ. 

ʊʘʢʠʤ ʯʠʥʦʤ, ʤʘʛʥʽʪʦʝʣʝʢʪʨʠʯʥʠʡ ʟʚ'ʷʟʦʢ, ʥʘʷʚʥʠʡ ʫ ʈʂʈ, ʨʫʡʥʫʻʪʴʩʷ ʚ 

ʧʦʜʚʽʡʥʦ ʱʽʣʠʥʥʽʡ ʈʂʈ. ʎʝ ʦʙʫʤʦʚʣʝʥʦ ʰʣʷʭʦʤ ʧʦʜʚʦʻʥʥʷ ʯʘʩʪʦʪʠ 

ʨʝʟʦʥʘʥʩʫ (ʨʦʟʤʽʨ ʽ ʽʥʰʽ ʧʘʨʘʤʝʪʨʠ ʟʘʣʠʰʘʶʪʴʩʷ ʥʝʟʤʽʥʥʠʤʠ). 

ɽʣʝʢʪʨʠʯʥʠʡ ʨʦʟʤʽʨ ʪʘʢʦʞ ʧʦʜʚʦʶʻʪʴʩʷ. ʎʝ ʻ ʥʝʙʘʞʘʥʘ ʚʣʘʩʪʠʚʽʩʪʴ, ʱʦ 

ʟʥʘʯʥʦ ʟʥʠʞʫʻ ʢʦʨʠʩʥʽʩʪʴ ʮʴʦʛʦ ʤʝʪʘʘʪʦʤʫ. ʊʠʤ ʥʝ ʤʝʥʰ, ʧʦʜʚʽʡʥʦ 

ʱʽʣʠʥʥʘ ʈʂʈ ʤʘʻ ʱʝ ʦʜʥʫ ʚʣʘʩʪʠʚʽʩʪʴ: ʜʚʽ ʦʨʪʦʛʦʥʘʣʴʥʽ ʧʣʦʱʠʥʠ, ʱʦ 

ʧʝʨʝʪʠʥʘʶʪʴ ʯʘʩʪʢʫ ʧʨʦʨʽʟʘʤʠ, ʻ ʧʣʦʱʠʥʘʤʠ ʩʠʤʝʪʨʽʾ, ʷʢʽ ʤʦʞʫʪʴ ʙʫʪʠ 

ʟʘʤʽʱʝʥʽ ʽʜʝʘʣʴʥʠʤʠ ʝʣʝʢʪʨʠʯʥʠʤʠ ʩʪʽʥʢʘʤʠ, ʥʝ ʧʦʨʫʰʫʶʯʠ ʧʦʚʝʜʽʥʢʠ 
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ʨʝʟʦʥʘʪʦʨʫ. ʊʘʢʠʤ ʯʠʥʦʤ, ʫʤʦʞʣʠʚʣʶʻʪʴʩʷ ʨʦʟʨʦʙʣʝʥʥʷ ʧʦʚʥʽʩʪʶ 

ʽʟʦʪʨʦʧʥʦʛʦ 3-D ʨʝʟʦʥʘʪʦʨʘ.  

    

ʘ)      ʙ) 

    

ʚ)      ʛ) 

ʈʠʩ. 1.8. ɽʢʚʽʚʘʣʝʥʪʥʽ ʩʭʝʤʠ ʟʚʠʯʘʡʥʦʛʦ, ʥʝʙʽʘʥʽʟʦʪʨʦʧʥʦʛʦ ʈʂʈ ʪʘ 

ʰʠʨʦʢʦʩʤʫʛʦʚʦʛʦ ʈʂʈ (ʘ), ʧʦʜʚʽʡʥʦ ʱʽʣʠʥʥʦʛʦ ʈʂʈ (ʙ), ʜʚʦʭʚʠʪʢʦʚʦʛʦ 

ʩʧʽʨʘʣʴʥʦʛʦ ʈʂʈ (ʚ), ʘ ʪʘʢʦʞ ʪʨʴʦʭʚʠʪʢʦʚʦʛʦ ʩʧʽʨʘʣʴʥʦʛʦ ʈʂʈ (ʛ). 

 

ɼʚʦʭʚʠʪʢʦʚʠʡ ʩʧʽʨʘʣʴʥʠʡ ʨʝʟʦʥʘʪʦʨ  ʧʦʢʘʟʘʥʽ ʥʘ ʨʠʩ. 1.7ʜ. ʁʦʛʦ 

ʝʢʚʽʚʘʣʝʥʪʥʘ ʩʭʝʤʘ ʪʘʢʦʞ ʧʦʢʘʟʘʥʘ ʥʘ ʨʠʩ. 1.8. ʉʧʽʨʘʣʽ ʻ ʜʦʙʨʝ ʚʽʜʦʤʠʤʠ 

ʩʪʨʫʢʪʫʨʘʤʠ ʚ ʤʽʢʨʦʭʚʠʣʴʦʚʽʡ ʪʝʭʥʽʮʽ, ʜʝ ʚʦʥʠ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʷʢ 

ʟʦʩʝʨʝʜʞʝʥʽ ʽʥʜʫʢʪʠʚʥʽ ʝʣʝʤʝʥʪʠ. ʊʘʢʠʤ ʯʠʥʦʤ,  ʚʦʥʠ ʤʦʞʫʪʴ ʙʫʪʠ 

ʚʠʢʦʨʠʩʪʘʥʽ ʪʘʢʦʞ ʷʢ ʤʘʣʽ ʨʝʟʦʥʘʥʩʥʽ ʯʘʩʪʠʥʢʠ ʜʣʷ ʩʪʚʦʨʝʥʥʷ 

ʤʝʪʘʤʘʪʝʨʽʘʣʽʚ, ʤʘʶʯʠ ʪʘʢʽ ʞ ʨʦʟʨʘʭʫʥʢʦʚʽ ʬʦʨʤʫʣʠ, ʱʦ ʽ ʈʂʈʠ (1), ʟ 

ʚʽʜʧʦʚʽʜʥʠʤ ʟʥʘʯʝʥʥʷʤ ʜʣʷ ʟʘʛʘʣʴʥʦʾ (ʨʠʩ. 1.8). ɿ ʮʴʦʛʦ ʨʽʚʥʷʥʥʷ ʚʠʜʥʦ, ʱʦ 

ʝʣʝʢʪʨʠʯʥʠʡ ʨʦʟʤʽʨ ʧʨʠ ʨʝʟʦʥʘʥʩʽ ʜʚʦʭʚʠʪʢʦʚʦʛʦ ʩʧʽʨʘʣʴʥʦʛʦ ʨʝʟʦʥʘʪʦʨʫ 

ʩʪʘʥʦʚʠʪʴ ʧʦʣʦʚʠʥʫ ʚʽʜʧʦʚʽʜʥʦʛʦ ʨʦʟʤʽʨʫ ʜʣʷ ʈʂʈ. ʇʦʜʘʣʴʰʝ ʟʤʝʥʰʝʥʥʷ 

ʝʣʝʢʪʨʠʯʥʦʛʦ ʨʦʟʤʽʨʫ ʤʦʞʝ ʙʫʪʠ ʜʦʩʷʛʥʫʪʦ ʟʘ ʜʦʧʦʤʦʛʦʶ ʩʧʽʨʘʣʴʥʠʭ ʈʂʈ 
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ʽʟ ʙʽʣʴʰʦʶ ʢʽʣʴʢʽʩʪʶ ʚʠʪʢʽʚ (ʨʠʩ. 1.7ʝ ʪʘ ʨʠʩ. 1.8ʛ). ʆʜʥʘʢ ʮʝ ʟʤʝʥʰʝʥʥʷ ʥʝ 

ʧʨʦʧʦʨʮʽʡʥʝ ʢʽʣʴʢʦʩʪʽ ʚʠʪʢʽʚ, ʽ ʪʦʤʫ ʝʬʝʢʪʠʚʥʽʩʪʴ ʪʘʢʦʾ ʤʦʜʠʬʽʢʘʮʽʾ ʥʝ ʻ 

ʟʥʘʯʥʦʶ. ɼʝʪʘʣʴʥʝ ʚʨʘʭʫʚʘʥʥʷ ʧʦʚʝʜʽʥʢʠ ʩʪʨʫʤʽʚ ʫʟʜʦʚʞ ʈʂʈ ʧʦʢʘʟʫʻ, ʱʦ 

ʮʷ ʯʘʩʪʠʥʢʘ ʥʝ ʜʝʤʦʥʩʪʨʫʻ ʤʘʛʥʽʪʦʝʣʝʢʪʨʠʯʥʦʛʦ ʟʚ'ʷʟʢʫ, ʱʦ ʜʦʟʚʦʣʷʻ 

ʫʥʠʢʥʫʪʠ ʙʽʘʥʟ̔ʦʪʨʦʧʽʾ ʈʂʈ.  

ɹʘʛʘʪʦ ʟʘʩʪʦʩʫʚʘʥʴ ʦʧʠʩʘʥʠʭ ʚʠʱʝ ʚʘʨʽʘʮʽʡ ʈʂʈʽʚ ʜʣʷ ʚʠʛʦʪʦʚʣʝʥʥʷ 

ʤʘʛʥʽʪʥʦʛʦ ʥʝʛʘʪʠʚʥʠʭ ʤʝʪʘʤʘʪʝʨʽʘʣʽʚ ʤʦʞʥʘ ʧʝʨʝʜʙʘʯʠʪʠ ʟ ʡʦʛʦ 

ʚʣʘʩʪʠʚʦʩʪʝʡ. ɿʦʢʨʝʤʘ, ʰʠʨʦʢʦʩʤʫʛʦʚʠʡ ʈʂʈ ʽ ʜʚʦʭʩʧʽʨʘʣʴʥʽ ʨʝʟʦʥʘʪʦʨʠ 

ʤʦʞʫʪʴ ʙʫʪʠ ʢʦʨʠʩʥʽ ʧʨʠ ʢʦʥʩʪʨʫʶʚʘʥʥʽ ʽʟʦʪʨʦʧʥʠʭ ʧʣʘʥʘʨʥʠʭ ʩʝʨʝʜʦʚʠʱ 

ʽʟ ʚʽʜôʻʤʥʠʤ ʟʥʘʯʝʥʥʷʤ ʤʘʛʥʽʪʥʦʾ ʧʨʦʥʠʢʥʦʩʪʽ, ʷʢʽ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴʩʷ 

ʧʝʨʝʚʘʛʦʶ ʽʟʦʪʨʦʧʽʾ ʽ ʤʘʣʠʤʠ ʝʣʝʢʪʨʠʯʥʠʤʠ ʨʦʟʤʽʨʘʤʠ ʥʘ ʯʘʩʪʦʪʽ ʨʝʟʦʥʘʥʩʫ 

[72]. ʅʘʨʝʰʪʽ, ʤʦʞʥʘ ʧʝʨʝʜʙʘʯʠʪʠ, ʱʦ ʧʦʩʣʽʜʦʚʥʝ ʟ'ʻʜʥʘʥʥʷ ʜʝʢʽʣʴʢʦʭ ʈʂʈ 

ʚ ʦʜʥʦʤʫ ʧʨʠʩʪʨʦʾ, ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʧʦʢʨʘʱʝʥʠʤʠ ʚʣʘʩʪʠʚʦʩʪʷʤʠ [6]. 

ɺʩʽ ʟʘʟʥʘʯʝʥʽ ʚʠʜʠ ʢʽʣʴʮʝʚʠʭ ʨʝʟʦʥʘʪʦʨʽʚ ʤʦʞʫʪʴ ʪʘʢʦʞ ʨʦʟʛʣʷʜʘʪʠʩʷ 

ʷʢ ʥʝʚʝʣʠʢʽ ʨʝʟʦʥʘʪʦʨʠ, ʟ ʟʘʩʪʦʩʫʚʘʥʥʷʤʠ ʚ ʢʦʥʩʪʨʫʢʮʽʾ ʬʽʣʴʪʨʽʚ ʪʘ 

ʧʨʠʩʪʨʦʾʚ ʤʦʜʫʣʷʮʽʾ [73-74]. 

ɯʩʥʫʻ ʚʝʣʠʢʘ ʢʽʣʴʢʽʩʪʴ ʧʽʜʭʦʜʽʚ ʜʦ ʨʝʘʣʽʟʘʮʽʾ ʢʽʣʴʮʝʚʠʭ ʨʝʟʦʥʘʪʦʨʽʚ, ʟ 

ʤʝʪʦʶ ʾʭ ʚʠʢʦʨʠʩʪʘʥʥʷ ʫ ʜʽʘʧʘʟʦʥʽ ʯʘʩʪʦʪ ʚʽʜ ʩʤ-ʨʦʟʤʽʨʽʚ ʫ ʨʘʜʽʦʜʽʘʧʘʟʦʥʽ 

ʜʦ ʥʤ-ʨʦʟʤʽʨʽʚ ʜʣʷ ʟʘʩʪʦʩʫʚʘʥʴ ʫ ʦʧʪʠʯʥʦʤʫ ʜʽʘʧʘʟʦʥʽ ʯʘʩʪʦʪ [75-77]. ɼʣʷ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʈʂʈ ʫ ʤʽʢʨʦʭʚʠʣʴʦʚʦʤʫ ʜʽʘʧʘʟʦʥʽ ʯʘʩʪʦʪ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ 

ʤʝʪʦʜ ʭʽʤʽʯʥʦʛʦ ʪʨʘʚʣʝʥʥʷ ʥʘ ʜʽʝʣʝʢʪʨʠʯʥʽʡ ʧʽʜʢʣʘʜʮʽ. ʊʘʢʽ ʩʪʨʫʢʪʫʨʠ 

ʭʘʨʘʢʪʝʨʠʟʫʶʪʴʩʷ ʚʠʩʦʢʠʤ ʨʽʚʥʝʤ ʯʫʪʣʠʚʦʩʪʽ, ʱʦ ʜʘʻ ʤʦʞʣʠʚʽʩʪʴ ʾʭ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʷʢ ʩʝʥʩʦʨʥʠʭ ʝʣʝʤʝʥʪʽʚ ʤʘʣʠʭ ʨʽʜʠʥʥʠʭ ʚʢʣʶʯʝʥʴ [79-80], 

ʤʦʥʽʪʦʨʠʥʛʫ ʦʨʛʘʥʽʯʥʠʭ ʪʢʘʥʠʥ [11, 81], ʝʣʝʤʝʥʪʽʚ ʚʠʤʽʨʶʚʘʥʥʷ 

ʜʽʝʣʝʢʪʨʠʯʥʦʾ ʧʨʦʥʠʢʥʦʩʪʽ ʤʘʪʝʨʽʘʣʽʚ [82] ʪʘ ʽʥ. ʇʨʠʩʪʨʦʾ ʥʘ ʾʭ ʦʩʥʦʚʽ 

ʧʨʝʜʩʪʘʚʣʷʶʪʴ ʩʦʙʦʶ ʷʢ ʤʘʩʠʚʠ ʈʂʈ, ʤʝʪʘʧʦʚʝʨʭʥʽ, [79-81], ʪʘʢ ʽ ʦʜʠʥʦʯʥʽ 

ʈʂʈ, ʷʢʠʤʠ ʤʦʜʠʬʽʢʫʶʪʴʩʷ ʤʽʢʨʦʩʤʫʞʢʦʚʽ ʣʽʥʽʾ ʧʝʨʝʜʘʚʘʥʥʷ [77, 13].  
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ɺʠʩʥʦʚʢʠ ʜʦ ʨʦʟʜʽʣʫ 1 

ʋ ʨʦʟʜʽʣʽ ʧʨʦʚʝʜʝʥʦ ʘʥʘʣʽʟ ʙʘʟʦʚʠʭ ʪʘ ʩʫʯʘʩʥʠʭ ʣʽʪʝʨʘʪʫʨʥʠʭ ʜʞʝʨʝʣ, 

ʧʦʚôʷʟʘʥʠʭ ʽʟ ʜʦʩʣʽʜʞʝʥʥʷʤ, ʨʦʟʨʦʙʣʝʥʥʷʤ ʪʘ ʟʘʩʪʦʩʫʚʘʥʥʷʤ ʨʽʟʥʠʭ ʚʠʜʽʚ 

ʤʝʪʘʤʘʪʝʨʽʘʣʽʚ ʪʘ ʤʝʪʘʘʪʦʤʽʚ. ɿʦʢʨʝʤʘ, ʟʨʦʙʣʝʥʦ ʘʢʮʝʥʪ ʥʘ Ů-ʥʝʛʘʪʠʚʥʽ 

ʤʝʪʘʩʪʨʫʢʪʫʨʠ, ʘ ʩʘʤʝ ʩʝʨʝʜʦʚʠʱʘ ʽʟ ʧʨʦʚʽʜʥʠʢʽʚ, ʪʘ ɛ-ʥʝʛʘʪʠʚʥʽ ï ʢʽʣʴʮʝʚʽ 

ʨʝʟʦʥʘʪʦʨʠ. ɺ ʨʝʟʫʣʴʪʘʪʽ ʤʦʞʥʘ ʟʨʦʙʠʪʠ ʥʘʩʪʫʧʥʽ ʚʠʩʥʦʚʢʠ ʱʦʜʦ 

ʘʢʪʫʘʣʴʥʠʭ ʥʘ ʩʴʦʛʦʜʥʽʰʥʽʡ ʜʝʥʴ ʟʘʜʘʯ, ʷʢʽ ʤʦʞʥʘ ʚʠʨʽʰʠʪʠ ʰʣʷʭʦʤ 

ʟʘʩʪʦʩʫʚʘʥʥʷ ʚʠʱʝʟʛʘʜʘʥʠʭ ʪʠʧʽʚ ʤʝʪʘʤʘʪʝʨʽʘʣʽʚ: 

1. ɯʩʥʫʻ ʥʠʟʢʘ ʜʦʩʣʽʜʞʝʥʴ ʱʦʜʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʉʇʇ ʜʣʷ ʧʨʠʩʪʨʦʾʚ 

ʝʥʜʦʩʢʦʧʽʾ ʪʘ ʧʝʨʝʜʘʚʘʥʥʷ ʟʦʙʨʘʞʝʥʴ ʥʘ ʯʘʩʪʦʪʘʭ ʨʝʟʦʥʘʥʩʽʚ ʌʘʙʨʽ-ʇʝʨʦ ʪʘ 

ʫ ʰʠʨʦʢʦʤʫ ʜʽʘʧʘʟʦʥʽ ʯʘʩʪʦʪ. ɯʩʥʫʶʯʽ ʤʝʪʦʜʠʢʠ ʪʘ ʩʧʦʩʦʙʠ ʨʝʘʣʽʟʘʮʽʾ 

ʚʠʚʯʝʥʦ ʜʣʷ ʧʝʨʝʜʘʚʘʥʥʷ ʟʦʙʨʘʞʝʥʴ ʧʝʚʥʦʾ ʬʦʨʤʠ, ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʷʢʦʾ ʥʘ 

ʧʝʨʝʜʘʚʘʣʴʥʽʡ ʩʪʦʨʦʥʽ ʩʪʚʦʨʶʻʪʴʩʷ ʘʥʪʝʥʘ ʪʘʢʦʾ ʞ ʬʦʨʤʠ. ʊʘʢʘ ʤʝʪʦʜʠʢʘ ʻ 

ʜʦʩʠʪʴ ʥʝʟʨʫʯʥʦʶ ʪʘ ʧʦʪʨʝʙʫʻ ʫʜʦʩʢʦʥʘʣʝʥʥʷ, ʱʦ ʧʦʚʠʥʥʦ ʧʦʣʷʛʘʪʠ ʚ ʪʦʤʫ, 

ʱʦʙ ʜʠʩʢʨʝʪʠʟʫʚʘʪʠ ʧʣʦʱʠʥʫ ʟʦʙʨʘʞʝʥʥʷ, ʱʦ ʧʝʨʝʜʘʻʪʴʩʷ, ʪʘ ʟʘʙʝʟʧʝʯʠʪʠ 

ʧʝʨʝʜʘʚʘʥʥʷ ʧʦ ʩʫʩʽʜʥʽʭ ʢʦʤʽʨʢʘʭ ʉʇʇ. 

2. ʂʽʣʴʮʝʚʽ ʨʝʟʦʥʘʪʦʨʠ ʤʘʶʪʴ ʥʠʟʢʫ ʚʘʨʽʘʥʪʽʚ ʨʝʘʣʽʟʘʮʽʾ, ʱʦ ʚʽʜʨʽʟʥʷʻ 

ʾʭ ʦʜʠʥ ʚʽʜ ʦʜʥʦʛʦ ʯʘʩʪʦʪʥʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ. ɼʦ ʪʘʢʠʭ ʚʘʨʽʘʥʪʽʚ 

ʚʽʜʥʦʩʠʪʴʩʷ ʾʭ ʬʦʨʤʘ, ʢʽʣʴʢʽʩʪʴ ʢʽʣʝʮʴ ʪʘ ʨʦʟʨʽʟʽʚ ʪʦʱʦ. ɯʥʰʠʤʠ ʚʘʨʽʘʥʪʘʤʠ 

ʚʘʨʽʶʚʘʥʥʷ ʘʤʧʣʽʪʫʜʥʦ-ʯʘʩʪʦʪʥʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʻ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʨʘʜʽʦʢʦʤʧʦʥʝʥʪʽʚ, ʟʜʘʪʥʠʭ ʟʤʽʥʶʚʘʪʠ ʟʥʘʯʝʥʥʷ ʚʣʘʩʥʦʾ ʻʤʥʦʩʪʽ ʚ ʯʘʩʽ, ʷʢ 

ʜʦʜʘʪʢʦʚʠʭ ʝʣʝʤʝʥʪʽʚ ʥʘʚʘʥʪʘʞʝʥʥʷ ʢʽʣʴʮʝʚʠʭ ʨʝʟʦʥʘʪʦʨʽʚ. ʇʨʦʘʥʘʣʽʟʦʚʘʥʽ 

ʨʦʙʦʪʠ ʧʦʢʘʟʫʶʪʴ ʾʭ ʟʘʩʪʦʩʫʚʘʥʥʷ ʜʣʷ ʬʽʣʴʪʨʽʚ ʫ ʨʝʞʠʤʽ on/off-

ʧʝʨʝʤʠʢʘʥʥʷ. ʇʨʦʪʝ, ʚʘʨʘʢʪʦʨʥʽ ʜʽʦʜʠ ʤʦʞʫʪʴ ʟʤʽʥʶʚʘʪʠ ʻʤʥʽʩʪʴ 

ʥʝʧʝʨʝʨʚʥʦ, ʱʦ ʟʫʤʦʚʣʶʻ ʘʢʪʫʘʣʴʥʽʩʪʴ ʜʦʩʣʽʜʞʝʥʴ ʜʣʷ ʧʨʠʩʪʨʦʾʚ ʤʦʜʫʣʷʮʽʾ 

ʥʝʧʝʨʝʨʚʥʠʭ ʩʠʛʥʘʣʽʚ. 

3. ʈʝʞʠʤ on/off-ʧʝʨʝʤʠʢʘʥʥʷ ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ ʜʣʷ ʟʜʽʡʩʥʝʥʥʷ 

ʧʝʨʝʤʠʢʘʥʥʷ ʤʽʞ ʜʚʦʤʘ ʨʝʟʦʥʘʥʩʥʠʤʠ ʩʪʘʥʘʤʠ ʪʘ ʨʝʘʣʽʟʫʻʪʴʩʷ ʟ 

ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʚʘʨʘʢʪʦʨʥʠʭ ʜʽʦʜʽʚ ʜʣʷ ʥʘʣʘʰʪʫʚʘʥʥʷ ʨʝʬʣʝʢʪʦʨʽʚ ʯʠ ʘʥʪʝʥ 
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ʥʘ ʦʩʥʦʚʽ ʤʝʪʘʘʪʦʤʽʚ ʪʘ ʤʝʪʘʧʦʚʝʨʭʦʥʴ. ʇʨʦʪʝ, ʪʘʢʽ ʩʠʩʪʝʤʠ ʟʘʙʝʟʧʝʯʫʶʪʴ 

ʥʠʟʴʢʽ ʟʥʘʯʝʥʥʷ ʰʚʠʜʢʦʩʪʽ ʧʝʨʝʤʠʢʘʥʥʷ ʯʝʨʝʟ ʬʽʟʠʯʥʽ ʦʙʤʝʞʝʥʥʷ 

ʚʘʨʘʢʪʦʨʥʠʭ ʜʽʦʜʽʚ. ʈʝʘʣʽʟʫʚʘʚʰʠ ʪʘʢʠʡ ʧʨʠʥʮʠʧ ʧʝʨʝʤʠʢʘʥʥʷ ʟ 

ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʪʨʘʥʟʠʩʪʦʨʽʚ, ʱʦ ʬʫʥʢʮʽʦʥʫʶʪʴ ʫ ʢʣʶʯʦʚʦʤʫ ʨʝʞʠʤʽ, ʪʘ 

ʧʦʻʜʥʘʚʰʠ ʟʜʘʪʥʽʩʪʴ ʬʽʣʴʪʨʫʚʘʪʠ ʩʠʛʥʘʣʠ ʥʘ ʯʘʩʪʦʪʽ ʚʣʘʩʥʦʛʦ ʨʝʟʦʥʘʥʩʫ 

ʈʂʈ, ʤʦʞʥʘ ʟʘʙʝʟʧʝʯʠʪʠ ʤʘʥʽʧʫʣʷʮʽʶ ʮʠʬʨʦʚʠʭ ʩʠʛʥʘʣʽʚ, ʜʝ ʨʦʟʨʷʜʥʽʩʪʴ 

ʟʘʣʝʞʠʪʴ ʚʽʜ ʢʽʣʴʢʦʩʪʽ ʨʝʟʦʥʘʪʦʨʽʚ ʥʘ ʤʝʪʘʧʦʚʝʨʭʥʽ. 

4. ɸʤʧʣʽʪʫʜʥʦ-ʯʘʩʪʦʪʥʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ, ʱʦ ʦʧʠʩʫʶʪʴʩʷ S-

ʧʘʨʘʤʝʪʨʘʤʠ, ʜʝʤʦʥʩʪʨʫʶʪʴ ʚʽʜʙʠʚʘʥʥʷ/ʧʨʦʭʦʜʞʝʥʥʷ ʩʠʛʥʘʣʽʚ ʯʝʨʝʟ 

ʧʘʩʠʚʥʽ ʯʦʪʠʨʠʧʦʣʶʩʥʠʢʠ. ʄʦʜʠʬʽʢʘʮʽʷ ʣʽʥʽʡ ʧʝʨʝʜʘʚʘʥʥʷ ʢʽʣʴʮʝʚʠʤʠ 

ʨʝʟʦʥʘʪʦʨʘʤʠ ʟʫʤʦʚʣʶʻ ʬʽʣʴʪʨʘʮʽʶ ʩʠʛʥʘʣʽʚ, ʯʘʩʪʦʪʠ ʷʢʠʭ ʧʝʨʝʢʨʠʚʘʶʪʴʩʷ 

ʽʟ ʨʝʟʦʥʘʥʩʥʠʤʠ ʯʘʩʪʦʪʘʤʠ ʈʂʈ. ɺʚʝʜʝʥʥʷ ʯʘʩʦʟʘʣʝʞʥʠʭ ʧʘʨʘʤʝʪʨʽʚ, ʱʦ 

ʤʦʞʫʪʴ ʟʘʙʝʟʧʝʯʫʚʘʪʠʩʴ ʰʣʷʭʦʤ on/off-ʧʝʨʝʤʠʢʘʥʥʷ, ʜʦʟʚʦʣʷʶʪʴ ʢʝʨʫʚʘʪʠ 

ʧʨʦʧʫʩʢʥʦʶ ʟʜʘʪʥʽʩʪʶ ʪʘʢʦʛʦ ʯʦʪʠʨʠʧʦʣʶʩʥʠʢʘ. 
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ʈʆɿɼɯʃ 2  

 

ɸʄʇʃɯʊʋɼʅɸ ʄʆɼʋʃʗʎɯʗ ɸʅɸʃʆɻʆɺʀʍ ɻɸʈʄʆʅɯʏʅʀʍ ʊɸ 

ɼɽʊɽʈʄɯʅʆɺɸʅʀʍ ʍɸʆʊʀʏʅʀʍ ʉʀɻʅɸʃɯɺ 

 

2.1. ɸʤʧʣʽʪʫʜʥʘ ʤʦʜʫʣʷʮʽʷ ʛʘʨʤʦʥʽʯʥʠʭ ʪʘ ʭʘʦʪʠʯʥʠʭ ʩʠʛʥʘʣʽʚ ʟ 

ʜʦʧʦʤʦʛʦʶ ʈʂʈ ʪʘ ʚʘʨʘʢʪʦʨʥʦʛʦ ʜʽʦʜʫ 

ɿʘʩʪʦʩʫʚʘʥʥʷ ʈʂʈ ʜʣʷ ʩʝʥʩʦʨʥʠʭ ʧʨʠʩʪʨʦʾʚ, ʧʨʠʩʪʨʦʾʚ ʚʠʤʽʨʶʚʘʥʥʷ 

ʜʽʝʣʝʢʪʨʠʯʥʦʾ ʧʨʦʥʠʢʥʦʩʪʽ ʤʘʪʝʨʽʘʣʽʚ, ʤʦʜʫʣʷʪʦʨʽʚ/ʜʝʤʦʜʫʣʷʪʦʨʽʚ ʪʘ ʽʥ. 

ʤʦʞʣʠʚʽ ʯʝʨʝʟ ʟʤʽʥʫ ʾʭ ʬʦʨʤʠ, ʘ ʩʘʤʝ ʢʽʣʴʢʦʩʪʽ ʢʽʣʝʮʴ, ʰʠʨʠʥʠ ʤʽʢʨʦʩʫʞʦʢ, 

ʚʝʣʠʯʠʥʠ ʟʘʟʦʨʽʚ ʪʘ ʚʧʘʷʥʠʭ ʫ ʟʘʟʦʨʠ ʜʦʜʘʪʢʦʚʠʭ ʢʦʥʜʝʥʩʘʪʦʨʽʚ [84-85]. 

ɺʘʨʽʶʚʘʥʥʷ ʚʠʱʝʟʘʟʥʘʯʝʥʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ ʜʦʟʚʦʣʷʻ ʚ ʨʝʟʫʣʴʪʘʪʽ 

ʟʤʽʥʶʚʘʪʠ ʟʥʘʯʝʥʥʷ ʧʘʨʘʤʝʪʨʽʚ ʈʂʈ ʚ ʮʽʣʦʤʫ, ʪʦʙʪʦ ʦʟʥʘʯʘʻ ʤʦʞʣʠʚʽʩʪʴ 

ʟʤʽʥʠ ʘʤʧʣʽʪʫʜʥʦ-ʯʘʩʪʦʪʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ. ʇʨʠʥʮʠʧ ʟʤʽʥʠ ʘʤʧʣʽʪʫʜʥʦ-

ʯʘʩʪʦʪʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʢʦʣʠʚʘʣʴʥʦʛʦ ʢʦʥʪʫʨʫ ʚ ʦʩʥʦʚʥʦʤʫ 

ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʜʣʷ ʨʝʘʣʽʟʘʮʽʾ ʘʤʧʣʽʪʫʜʥʦʾ ʪʘ ʯʘʩʪʦʪʥʦʾ ʤʦʜʫʣʷʮʽʡ. 

ʆʧʠʩʘʥʽ ʚʠʱʝ ʚʘʨʽʘʥʪʠ ʟʤʽʥʠ ʧʘʨʘʤʝʪʨʽʚ ʢʽʣʴʮʝʚʠʭ ʨʝʟʦʥʘʪʦʨʽʚ ʜʦʩʠʪʴ 

ʚʘʞʢʦ ʨʝʘʣʽʟʫʚʘʪʠ ʚ ʯʘʩʽ, ʦʩʢʽʣʴʢʠ ʬʽʟʠʯʥʽ ʨʦʟʤʽʨʠ ʻ ʚʠʟʥʘʯʝʥʽ ʥʘʧʝʨʝʜ. 

ʅʘʧʨʠʢʣʘʜ, ʫ [16] ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʤʝʪʘʤʘʪʝʨʽʘʣ, ʱʦ ʩʢʣʘʜʘʻʪʴʩʷ ʽʟ 

ʘʩʠʤʝʪʨʠʯʥʠʭ ʢʽʣʴʮʝʚʠʭ ʨʝʟʦʥʘʪʦʨʽʚ, ʱʦ ʟʘʙʝʟʧʝʯʫʶʪʴ ʢʝʨʫʚʘʥʥʷ 

ʨʝʟʦʥʘʥʩʘʤʠ ʟʘʚʜʷʢʠ ʤʝʭʘʥʽʯʥʽʡ ʟʤʽʥʽ ʩʚʦʻʾ ʬʦʨʤʠ ʧʽʜ ʚʧʣʠʚʦʤ ʪʝʨʤʽʯʥʠʭ 

ʧʨʦʮʝʩʽʚ ʫ ʽʥʬʨʘʯʝʨʚʦʥʦʤʫ ʜʽʘʧʘʟʦʥʽ ʯʘʩʪʦʪ; ʘ ʫ [17] ʧʦʢʘʟʘʥʦ ʟʘʣʝʞʥʽʩʪʴ 

ʟʤʽʥʠ ʨʝʟʦʥʘʥʩʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʧʨʠ ʤʝʭʘʥʽʯʥʦʤʫ ʨʦʟʪʷʛʫʚʘʥʥʽ ʢʽʣʴʮʝʚʠʭ 

ʨʝʟʦʥʘʪʦʨʽʚ, ʱʦ ʻ ʜʦʩʠʪʴ ʥʝʟʨʫʯʥʦ ʪʘ ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʥʠʟʴʢʠʤ ʨʽʚʥʝʤ 

ʥʘʜʽʡʥʦʩʪʽ. ʋ ʦʧʪʠʯʥʦʤʫ ʜʽʘʧʘʟʦʥʽ ʯʘʩʪʦʪ ʜʦʩʠʪʴ ʧʝʨʩʧʝʢʪʠʚʥʠʤ ʪʘ 

ʥʘʜʽʡʥʠʤ, ʭʦʯʘ ʽ ʙʽʣʴʰ ʜʦʨʦʛʦʚʘʨʪʽʩʥʠʤ ʻ ʚʠʛʦʪʦʚʣʝʥʥʷ, ʪʘʢ ʟʚʘʥʠʭ 

ʛʽʙʨʠʜʥʠʭ ʩʠʩʪʝʤ ʤʦʜʫʣʷʮʽʾ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʈʂʈ ʰʣʷʭʦʤ ʾʭ ʤʦʜʠʬʽʢʘʮʽʾ 

ʥʘʥʝʩʝʥʥʷʤ ʜʦʜʘʪʢʦʚʦʛʦ ʰʘʨʫ ʛʨʘʬʝʥʫ, ʜʝ ʚʠʭʽʜʥʠʡ ʩʠʛʥʘʣ ʥʘʧʨʷʤʫ 

ʟʘʣʝʞʠʪʴ ʚʽʜ ʤʘʛʥʽʪʦ-ʦʧʪʠʯʥʦʛʦ ʚʽʜʛʫʢʫ ʩʪʨʫʢʪʫʨʠ [86-87].  
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ɼʣʷ ʨʝʘʣʽʟʘʮʽʾ ʘʥʘʣʦʛʦʚʠʭ ʩʠʩʪʝʤ ʘʢʪʫʘʣʴʥʠʤ ʪʘ ʜʦʩʠʪʴ ʧʨʘʢʪʠʯʥʠʤ 

ʥʘ ʩʴʦʛʦʜʥʽʰʥʽʡ ʜʝʥʴ ʻ ʚʠʢʦʨʠʩʪʘʥʥʷ ʚʘʨʘʢʪʦʨʥʠʭ ʜʽʦʜʽʚ, ʱʦ ʟʜʘʪʥʽ 

ʟʤʽʥʶʚʘʪʠ ʻʤʥʽʩʪʴ ʧʽʜ ʚʧʣʠʚʦʤ ʧʨʠʢʣʘʜʝʥʦʾ ʜʦ ʥʠʭ ʟʦʚʥʽʰʥʴʦʾ ʥʘʧʨʫʛʠ ʫ 

ʟʘʜʘʥʦʤʫ ʥʝʧʝʨʝʨʚʥʦʤʫ ʜʽʘʧʘʟʦʥʽ ʟʥʘʯʝʥʴ [88]. ʊʘʢʠʡ ʧʽʜʭʽʜ ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ 

ʜʣʷ ʚʠʛʦʪʦʚʣʝʥʥʷ ʬʽʣʴʪʨʽʚ [89], on/off-ʤʝʪʘʧʦʚʝʨʭʦʥʴ [90-91] ʪʦʱʦ. ʋ 

ʧʨʝʜʩʪʘʚʣʝʥʦʤʫ ʨʦʟʜʽʣʽ ʨʦʟʛʣʷʥʝʤʦ ʤʦʞʣʠʚʽʩʪʴ ʢʝʨʫʚʘʥʥʷ ʘʤʧʣʽʪʫʜʥʦ-

ʯʘʩʪʦʪʥʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ɺʏ ʢʦʣʠʚʘʥʴ ʰʣʷʭʦʤ ʟʤʽʥʠ ʧʘʨʘʤʝʪʨʽʚ ʈʂʈ 

ʧʽʜ ʜʽʻʶ ʥʝʧʝʨʝʨʚʥʦʛʦ ʅʏ ʢʦʣʠʚʘʥʥʷ ʟʦʚʥʽʰʥʴʦʛʦ ʜʞʝʨʝʣʘ ʛʘʨʤʦʥʽʯʥʠʭ ʪʘ 

ʰʠʨʦʢʦʩʤʫʛʦʚʠʭ ʜʝʪʝʨʤʽʥʦʚʘʥʠʭ ʭʘʦʪʠʯʥʠʭ ʩʠʛʥʘʣʽʚ ʜʣʷ ʨʝʘʣʽʟʘʮʽʾ 

ʘʤʧʣʽʪʫʜʥʦʾ ʤʦʜʫʣʷʮʽʾ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʚʘʨʘʢʪʦʨʥʦʛʦ ʜʽʦʜʫ.  

 

2.2. ʇʘʨʘʤʝʪʨʠ ʢʽʣʴʮʝʚʠʭ ʨʝʟʦʥʘʪʦʨʽʚ. ʇʨʠʥʮʠʧ ʘʤʧʣʽʪʫʜʥʦʾ 

ʤʦʜʫʣʷʮʽʾ ʘʥʘʣʦʛʦʚʠʭ ʩʠʛʥʘʣʽʚ 

ʈʂʈ, ʱʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʚʩʷ ʫ ʜʦʩʣʽʜʞʝʥʥʷʭ, ʩʢʣʘʜʘʻʪʴʩʷ ʽʟ ʜʚʦʭ 

ʨʦʟʨʽʟʥʠʭ ʢʽʣʝʮʴ ʨʘʜʽʫʩʦʤ Rʟʦʚʥ = (Rʟʦʚʥt1 ï Rʚʥ1)/2 ʪʘ Rʚʥ = (Rʟʦʚʥ2 ï Rʚʥ2)/2, ʜʝ 

Rʟʦʚʥ1 ʪʘ Rʚʥ1 ï ʮʝ ʟʦʚʥʽʰʥʽʡ ʪʘ ʚʥʫʪʨʽʰʥʽʡ ʨʘʜʽʫʩʠ ʙʽʣʴʰʦʛʦ ʢʽʣʴʮʷ, ʘ ʪʘʢʦʞ 

Rʟʦʚʥ2 ʪʘ Rʚʥ2 ï ʟʦʚʥʽʰʥʽʡ ʪʘ ʚʥʫʪʨʽʰʥʽʡ ʨʘʜʽʫʩʠ ʤʝʥʰʦʛʦ ʢʽʣʴʮʷ; w1 = Rʟʦʚʥ1 ï 

Rʚʥ1 ʪʘ w2 = Rʟʦʚʥ2 ï Rʚʥ2 ï ʰʠʨʠʥʘ ʟʦʚʥʽʰʥʴʦʛʦ ʪʘ ʚʥʫʪʨʽʰʥʴʦʛʦ ʢʽʣʝʮʴ ʈʂʈ, 

ʚʽʜʧʦʚʽʜʥʦ (ʈʠʩ. 2.1ʘ). ɺʽʜʩʪʘʥʴ ʤʽʞ ʟʦʚʥʽʰʥʽʤ ʪʘ ʚʥʫʪʨʽʰʥʽʤ ʢʽʣʴʮʷʤʠ ʈʂʈ 

s = Rʟʦʚʥ2 ï Rʚʥ1. ʈʦʟʨʽʟʠ g ʢʦʞʥʦʛʦ ʟ ʢʽʣʝʮʴ ʨʦʟʪʘʰʦʚʘʥʽ ʦʜʠʥ ʥʘʚʧʨʦʪʠ 

ʦʜʥʦʛʦ ʪʘ ʧʦʚʝʨʥʫʪʽ ʥʘ 180Á. ɿʚʠʯʘʡʥʽ ʥʠʟʴʢʦʧʨʦʬʽʣʴʥʽ ʢʽʣʴʮʝʚʽ ʨʝʟʦʥʘʪʦʨʠ 

ʚʠʛʦʪʦʚʣʷʶʪʴʩʷ ʥʘ ʜʽʝʣʝʢʪʨʠʯʥʽʡ ʧʽʜʢʣʘʜʮʽ ʚʠʩʦʪʦʶ h ʪʘ ʜʽʝʣʝʢʪʨʠʯʥʦʶ 

ʧʨʦʥʠʢʥʽʩʪʶ Ů ʷʢ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩ.  2.1a. 

ɽʢʚʽʚʘʣʝʥʪʥʘ ʩʭʝʤʘ ʈʂʈ ʧʨʝʜʩʪʘʚʣʷʻ ʩʦʙʦʶ ʟʚʠʯʘʡʥʠʡ ʢʦʣʠʚʘʣʴʥʠʡ 

ʢʦʥʪʫʨ, ʱʦ ʩʢʣʘʜʘʻʪʴʩʷ ʽʟ ʽʥʜʫʢʪʠʚʥʦʛʦ L ʪʘ ʻʤʥʽʩʥʦʛʦ C ʝʣʝʤʝʥʪʽʚ 

(ʨʠʩ. 2.1ʙ). ʇʨʦʪʝ, ʧʨʠʚʝʜʝʥʽ ʥʘ ʨʠʩʫʥʢʫ L ʪʘ ʉ ʧʦʟʥʘʯʘʶʪʴ ʟʘʛʘʣʴʥʽ 

ʟʥʘʯʝʥʥʷ ʻʤʥʦʩʪʽ ʪʘ ʽʥʜʫʢʪʠʚʥʦʩʪʽ, ʱʦ ʟʘʣʝʞʘʪʴ ʚʽʜ ʜʝʢʽʣʴʢʦʭ ʢʦʤʧʦʥʝʥʪʽʚ. 

ʈʦʟʛʣʷʥʝʤʦ ʝʢʚʽʚʘʣʝʥʪʥʫ ʩʭʝʤʫ ʜʝʪʘʣʴʥʽʰʝ ʜʘʣʽ. 
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ɿʥʘʯʝʥʥʷ ʻʤʥʦʩʪʽ ʥʘ ʦʜʠʥʠʮʶ ʜʦʚʞʠʥʠ (per-unit-length - pul) 

ʧʨʦʚʽʜʥʦʾ ʩʤʫʞʢʠ ʈʂʈ ʦʧʠʩʘʥʦ ʫ [92] ʟʘ ʜʦʧʦʤʦʛʦʶ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ: 

ὅ τ‐       (2.1) 

ʋ (2.1) K(·) ï ʧʦʚʥʠʡ ʝʣʽʧʪʠʯʥʠʡ ʽʥʪʝʛʨʘʣ ʧʝʨʰʦʛʦ ʧʦʨʷʜʢʫ, ʜʝ:  

Ὧᴂ       (2.2) 

ʮʝ ʜʦʜʘʪʢʦʚʠʡ ʤʦʜʫʣʴ ʝʣʽʧʪʠʯʥʦʛʦ ʽʥʪʝʛʨʘʣʫ, ʱʦ ʚʢʣʶʯʘʻ ʤʦʜʫʣʴ 

ʝʣʽʧʪʠʯʥʦʛʦ ʽʥʪʝʛʨʘʣʫ: 

Ὧ Ѝρ Ὧᴂ      (2.3) 

ɿʥʘʯʝʥʥʷ ʽʥʜʫʢʪʠʚʥʦʩʪʽ ʥʘ ʦʜʠʥʠʮʶ ʜʦʚʞʠʥʠ ʧʨʦʚʽʜʥʦʾ ʩʤʫʞʢʠ 

ʚʠʟʥʘʯʘʻʪʴʩʷ ʽʟ Cpul ʷʢ:  

ὒ       (2.4) 

ʜʝ c ï ʰʚʠʜʢʽʩʪʴ ʩʚʽʪʣʘ. 

ɿʘʛʘʣʴʥʽ ʟʥʘʯʝʥʥʷ ʻʤʥʦʩʪʽ ʪʘ ʽʥʜʫʢʪʠʚʥʦʩʪʽ ʚʠʟʥʘʯʘʶʪʴʩʷ ʟʘ 

ʬʦʨʤʫʣʘʤʠ (2.5)-(2.6): 

ὅ ςὅ      (2.5) 

ὒ —ὶὒ ςὒ      (2.6) 

ʜʝ r ï ʮʝ ʝʬʝʢʪʠʚʥʠʡ ʨʘʜʽʫʩ, ʱʦ ʚʽʜʧʦʚʽʜʘʻ ʩʝʨʝʜʥʴʦʤʫ ʟʥʘʯʝʥʥʶ ʤʽʞ Rʟʦʚʥ1 

ʪʘ Rʚʥ2; ɗ ï ʝʬʝʢʪʠʚʥʠʡ ʢʫʪ, ʱʦ ʚʠʥʠʢʘʻ ʯʝʨʝʟ ʬʦʨʤʫ ʩʤʫʞʦʢ. Cg ï ʻʤʥʽʩʪʴ 

ʢʦʞʥʦʛʦ ʽʟ ʟʘʟʦʨʽʚ, ʱʦ ʤʦʞʝ ʙʫʪʠ ʚʠʟʥʘʯʝʥʘ ʷʢ ʻʤʥʽʩʪʴ ʜʚʦʭ ʧʘʨʘʣʝʣʴʥʠʭ 

ʧʣʘʩʪʠʥ ʯʠ ʩʤʫʞʦʢ [93]. Lg ʦʧʠʩʫʻʪʴʩʷ ʷʢ ʰʫʥʪʦʚʘʥʘ ʽʥʜʫʢʪʠʚʥʽʩʪʴ 

ʟôʻʜʥʘʥʥʷ ʟʘʟʦʨʽʚ, ʱʦ ʚʠʟʥʘʯʘʻʪʴʩʷ ʬʦʨʤʫʣʦʶ ʈʦʩʘ [93-94]. ʆʪʞʝ, ʢʦʣʠ 

ʚʠʟʥʘʯʝʥʦ ʟʘʛʘʣʴʥʽ ʟʥʘʯʝʥʥʷ ʻʤʥʦʩʪʽ ʪʘ ʽʥʜʫʢʪʠʚʥʦʩʪʽ, ʨʝʟʦʥʘʥʩʥʝ ʟʥʘʯʝʥʥʷ 

ʈʂʈ ʤʦʞʥʘ ʨʦʟʨʘʭʫʚʘʪʠ ʟʘ ʬʦʨʤʫʣʦʶ ʊʦʤʧʩʦʥʘ:  

f = 1/[2ˊã(LC)]        (2.7) 
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a)    ʙ) 

ʈʠʩ. 2.1. ɿʚʠʯʘʡʥʠʡ ʈʂʈ ʥʘ ʜʽʝʣʝʢʪʨʠʯʥʽʡ ʧʽʜʢʣʘʜʮʽ (a) ʪʘ ʡʦʛʦ 

ʝʢʚʽʚʘʣʝʥʪʥʘ ʩʭʝʤʘ, ʱʦ ʚʢʣʶʯʘʻ ʨʝʘʢʪʠʚʥʽ ʝʣʝʤʝʥʪʠ ï ʽʥʜʫʢʪʠʚʥʠʡ L ʽ 

ʻʤʥʽʩʥʠʡ C (ʙ). 

 

2.3. ʄʦʜʝʣʶʚʘʥʥʷ ʈʂʈ ʥʘʚʘʥʪʘʞʝʥʦʛʦ ʻʤʥʽʩʥʠʤ ʝʣʝʤʝʥʪʦʤ ʟʽ 

ʟʤʽʥʥʠʤ ʟʥʘʯʝʥʥʷʤ 

ɼʣʷ ʧʨʦʚʝʜʝʥʥʷ ʢʦʤʧôʶʪʝʨʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ʫ ʩʝʨʝʜʦʚʠʱʽ CST 

Microwave Studio ʙʫʣʦ ʩʧʨʦʝʢʪʦʚʘʥʦ ʤʦʜʝʣʴ ʜʦʩʣʽʜʞʫʚʘʥʦʾ ʩʪʨʫʢʪʫʨʠ, ʱʦ 

ʩʢʣʘʜʘʻʪʴʩʷ ʽʟ ʈʂʈ (Rʟʦʚʥ1 = 11 ʤʤ, Rʚʥ1 = 10 ʤʤ, Rʟʦʚʥ2 = 9,7 ʤʤ, Rʚʥ2 = 8,2 ʤʤ 

ʪʘ g = 1 ʤʤ) ʨʦʟʤʽʱʝʥʦʛʦ ʥʘ ʜʽʝʣʝʢʪʨʠʯʥʽʡ ʧʽʜʢʣʘʜʮʽ ʩʝʨʽʾ FR-4 (Ů = 4,3), 

ʚʠʩʦʪʘ ʜʽʝʣʝʢʪʨʠʯʥʦʾ ʧʽʜʢʣʘʜʢʠ h = 0,5 ʤʤ (ʨʠʩ. 2.2ʘ).  

ɺʽʜʰʪʦʚʭʫʶʯʠʩʴ ʚʽʜ ʢʽʥʮʝʚʦʾ ʨʝʘʣʽʟʘʮʽʾ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ʤʘʢʝʪʫ 

ʈʂʈ ʪʘ ʧʨʠʩʪʨʦʶ ʘʥʘʣʦʛʦʚʦʾ ʤʦʜʫʣʷʮʽʾ ʚ ʮʽʣʦʤʫ, ʨʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʥʷ 

ʷʢʠʭ ʙʫʜʫʪʴ ʧʨʠʚʝʜʝʥʽ ʫ ʥʘʩʪʫʧʥʽʡ ʯʘʩʪʠʥʽ ʨʦʟʜʽʣʫ, ʥʘʷʚʥʽʩʪʴ ʨʦʟʨʽʟʫ ʫ 

ʥʠʞʥʽʡ ʯʘʩʪʠʥʽ ʟʦʚʥʽʰʥʴʦʛʦ ʢʽʣʴʮʷ ʜʦʧʦʤʘʛʘʻ ʫʥʠʢʘʪʠ ʢʦʨʦʪʢʦʛʦ 

ʟʘʤʠʢʘʥʥʷ ʚʽʜ ʧʨʠʢʣʘʜʝʥʦʾ ʥʘʧʨʫʛʠ ʜʦ ʻʤʥʽʩʥʦʛʦ ʝʣʝʤʝʥʪʫ (ʚ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʦʩʣʽʜʞʝʥʥʷʭ ʪʘʢʠʤ ʝʣʝʤʝʥʪʦʤ ʩʣʫʛʫʚʘʪʠʤʝ 

ʚʘʨʘʢʪʦʨʥʠʡ ʜʽʦʜ). ʋ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʦʩʣʽʜʞʝʥʥʷʭ ʙʫʜʝ ʚʠʢʦʨʠʩʪʘʥʦ 
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ʚʘʨʘʢʪʦʨʥʠʡ ʜʽʦʜ SMV1231, ʜʝ ʜʽʘʧʘʟʦʥ ʟʤʽʥʠ ʟʥʘʯʝʥʴ ʥʘʧʨʫʛʠ ȹU = 

UminéUmax = 0é8 ɺ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʟʤʽʥʠ ʟʥʘʯʝʥʴ ʻʤʥʦʩʪʽ ȹʉ = 

CUminéCUmax = 2,35é0,534 ʧʌ, ʱʦ ʚʠʜʥʦ ʽʟ ʥʠʞʥʴʦʛʦ ʛʨʘʬʽʢʫ, ʧʨʠʚʜʝʥʦʛʦ 

ʥʘ ʨʠʩ 2.3 ʪʘ ʽʟ [95]. ɯʥʜʝʢʩʠ min ʪʘ max ʚʽʜʧʦʚʽʜʘʶʪʴ ʟʥʘʯʝʥʥʷʤ ʻʤʥʦʩʪʝʡ 

ʧʨʠ ʤʽʥʽʤʘʣʴʥʦʤʫ ʪʘ ʤʘʢʩʠʤʘʣʴʥʦʤʫ ʟʥʘʯʝʥʥʷʭ ʥʘʧʨʫʛʠ, ʚʽʜʧʦʚʽʜʥʦ. ʊʘʢʠʤ 

ʯʠʥʦʤ, ʫ ʧʨʦʮʝʩʽ ʤʦʜʝʣʶʚʘʥʥʷ ʟʥʘʯʝʥʥʷ ʻʤʥʦʩʪʽ ʟʘʜʘʚʘʣʦʩʴ ʚʽʜ 0,6 ʜʦ 

2,4 ʧʌ ʟ ʢʨʦʢʦʤ 0,2 ʧʌ. ɿʥʘʯʝʥʥʷ ʢʦʝʬʽʮʽʻʥʪʫ ʚʪʨʘʪ ʜʽʝʣʝʢʪʨʠʯʥʦʾ 

ʧʽʜʢʣʘʜʢʠ ʩʢʣʘʜʘʣʦ 0,025, ʘ ʤʘʪʝʨʽʘʣʦʤ ʧʨʦʚʽʜʥʠʭ ʩʤʫʞʦʢ ʈʂʈ ʩʣʫʛʫʚʘʣʘ 

ʤʽʜʴ.  

ɼʣʷ ʜʦʩʣʽʜʞʝʥʥʷ ʯʘʩʪʦʪʥʠʭ ʟʘʣʝʞʥʦʩʪʝʡ S11-ʧʘʨʘʤʝʪʨʽʚ 

ʜʦʩʣʽʜʞʫʚʘʥʦʛʦ ʈʂʈ ʪʘ ʚ ʧʦʜʘʣʴʰʦʤʫ ʚʚʝʜʝʥʥʷ ʥʦʩʽʡʥʦʛʦ ʢʦʣʠʚʘʥʥʷ 

ʚʠʢʦʨʠʩʪʘʥʦ ʤʘʛʥʽʪʥʫ ʨʘʤʢʦʚʫ ʘʥʪʝʥʫ, ʱʦ ʚ ʧʨʦʮʝʩʽ ʤʦʜʝʣʶʚʘʥʥʷ 

ʧʨʝʜʩʪʘʚʣʷʻ ʩʦʙʦʶ ʟʚʠʯʘʡʥʝ ʤʝʪʘʣʝʚʝ ʢʽʣʴʮʝ ʨʘʜʽʫʩʦʤ 5 ʤʤ ʽʟ ʦʜʥʠʤ 

ʨʦʟʨʽʟʦʤ, ʚ ʷʢʠʡ ʚʚʦʜʠʪʴʩʷ ɺʏ ʩʠʛʥʘʣ (ʨʠʩ. 2.2ʘ). ʄʘʛʥʽʪʥʘ ʨʘʤʢʦʚʘ ʘʥʪʝʥʘ 

ʟʥʘʭʦʜʠʪʴʩʷ ʫ ʟʦʥʽ ʩʠʣʴʥʦʾ ʙʣʠʟʴʢʦ-ʧʦʣʴʦʚʦʾ ʚʟʘʻʤʦʜʽʾ ʽʟ ʈʂʈ, ʘ ʩʘʤʘ 

ʜʦʩʣʽʜʞʫʚʘʥʘ ʤʦʜʝʣʴ ʻ ʜʦʩʪʘʪʥʴʦ ʧʨʦʩʪʠʤ ʪʘ ʨʦʟʧʦʚʩʶʜʞʝʥʠʤ ʧʽʜʭʦʜʦʤ ʜʦ 

ʜʦʩʣʽʜʞʝʥʴ ʪʘʢʦʛʦ ʨʦʜʫ. 

ʈʝʟʫʣʴʪʘʪʠ ʤʦʜʝʣʶʚʘʥʥʷ ʧʨʠʚʝʜʝʥʦ ʥʘ ʨʠʩ. 2.2ʙ, ʱʦ ʻ ʧʦ ʩʫʪʽ 

ʘʤʧʣʽʪʫʜʥʦ-ʯʘʩʪʦʪʥʦʶ ʭʘʨʘʢʪʝʨʠʩʪʠʢʦʶ, ʧʨʝʜʩʪʘʚʣʷʶʪʴ ɽʄ ʚʽʜʛʫʢ 

ʥʘʚʘʥʪʘʞʝʥʦʛʦ ʻʤʥʽʩʥʠʤ ʝʣʝʤʝʥʪʦʤ ʈʂʈ ʥʘ ɺʏ ɽʄ ʩʠʛʥʘʣʠ ʨʘʤʢʦʚʦʾ 

ʘʥʪʝʥʠ. ɯʟ ʨʠʩ. 2.2ʙ ʚʠʜʥʦ, ʱʦ ʟʽ ʟʤʽʥʦʶ ʟʥʘʯʝʥʥʷ ʻʤʥʦʩʪʽ ʚʽʜ 0,6 ʜʦ 2,4 ʧʌ, 

ʟʥʘʯʝʥʥʷ ʨʝʟʦʥʘʥʩʥʦʾ ʯʘʩʪʦʪʠ ʟʤʝʥʰʫʻʪʴʩʷ ʚʽʜ 1,19 ʜʦ 0,94 ɻɻʮ.  
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 ʘ) 

 ʙ) 

ʈʠʩ. 2.2. ʄʦʜʝʣʴ ʈʂʈ ʥʘʚʘʥʪʘʞʝʥʦʛʦ ʻʤʥʽʩʥʠʤ ʝʣʝʤʝʥʪʦʤ (ʘ) ʪʘ ʨʝʟʫʣʴʪʘʪʠ 

ʢʦʤʧôʶʪʝʨʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ, ʧʨʝʜʩʪʘʚʣʝʥʽ ʫ ʚʠʛʣʷʜʽ ʯʘʩʪʦʪʥʠʭ 

ʟʘʣʝʞʥʦʩʪʝʡ S11-ʧʘʨʘʤʝʪʨʽʚ (ʙ) ʧʨʠ ʟʤʽʥʽ ʻʤʥʦʩʪʽ ʚʽʜ 0,6 ʜʦ 2,4 ʧʌ. 
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ʈʠʩ. 2.3. ɿʘʣʝʞʥʽʩʪʴ ʟʥʘʯʝʥʥʷ ʻʤʥʦʩʪʽ ʚʘʨʘʢʪʦʨʥʠʭ ʜʽʦʜʽʚ SMV123x ʚʽʜ 

ʟʥʘʯʝʥʥʷ ʧʨʠʢʣʘʜʝʥʦʾ ʜʦ ʥʠʭ ʟʚʦʨʦʪʥʦʾ ʥʘʧʨʫʛʠ [95]. 

 

2.4. ɽʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʜʦʩʣʽʜʞʝʥʥʷ: ʤʦʜʫʣʷʮʽʷ 

2.4.1. ɺʠʟʥʘʯʝʥʥʷ ʨʦʙʦʯʦʛʦ ʜʽʘʧʘʟʦʥʫ ʯʘʩʪʦʪ ʈʂʈ ʥʘʚʘʥʪʘʞʝʥʦʛʦ 

ʚʘʨʘʢʪʦʨʥʠʤ ʜʽʦʜʦʤ 

ʗʢ ʧʦʢʘʟʘʥʦ ʚʠʱʝ, ʟʥʘʯʝʥʥʷ ʯʘʩʪʦʪʘ ʨʝʟʦʥʘʥʩʫ ʟʘʣʝʞʠʪʴ ʚʽʜ ʟʥʘʯʝʥʥʷ 

ʻʤʥʦʩʪʽ C ʝʢʚʽʚʘʣʝʥʪʥʦʾ ʩʭʝʤʠ, ʧʨʠʚʝʜʝʥʦʾ ʥʘ ʨʠʩ.  2.1ʙ. ʐʣʷʭʦʤ ʟʤʽʥʠ 

ʟʥʘʯʝʥʥʷ ʻʤʥʦʩʪ ̔ ʤʦʞʥʘ ʟʤʽʥʶʚʘʪʠ ʘʤʧʣʽʪʫʜʥʦ-ʯʘʩʪʦʪʥʽ (ʨʝʟʦʥʘʥʩʥʽ) 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʢʽʣʴʮʝʚʦʛʦ ʨʝʟʦʥʘʪʦʨʘ ʚ ʮʽʣʦʤʫ. ʎʝ ʤʦʞʥʘ ʨʝʘʣʽʟʫʚʘʪʠ 

ʰʣʷʭʦʤ ʚʠʢʦʨʠʩʪʘʥʥʷ ʚʘʨʘʢʪʦʨʥʦʛʦ ʜʽʦʜʫ, ʚʤʦʥʪʦʚʘʥʦʛʦ ʫ ʩʪʨʫʢʪʫʨʫ ʈʂʈ 

ʟʘʤʽʩʪʴ ʦʜʥʦʛʦ ʽʟ ʨʦʟʨʽʟʽʚ g. ɭʤʥʽʩʪʴ ʚʘʨʘʢʪʦʨʥʦʛʦ ʜʽʦʜʫ ʟʤʽʥʶʻʪʴʩʷ ʰʣʷʭʦʤ 

ʟʤʽʥʠ ʥʘʧʨʫʛʠ ʥʘ ʡʦʛʦ ʢʽʥʮʷʭ, ʪʘʢ ʟʚʘʥʦʾ ʟʚʦʨʦʪʥʦʾ ʥʘʧʨʫʛʠ, ʱʦ ʟʘʜʘʶʪʴ 

ʨʽʟʥʠʮʶ ʧʦʪʝʥʮʽʘʣʽʚ ʤʽʞ ʡʦʛʦ ʢʘʪʦʜʦʤ ʪʘ ʘʥʦʜʦʤ. ɼʣʷ ʧʨʠʢʣʘʜʫ, ʟʘʣʝʞʥʽʩʪʴ 

ʻʤʥʦʩʪʽ ʚʽʜ ʟʥʘʯʝʥʥʷ ʧʨʠʢʣʘʜʝʥʦʾ ʥʘʧʨʫʛʠ ʜʦ ʚʘʨʘʢʪʦʨʥʠʭ ʜʽʦʜʽʚ ʩʝʨʽʾ 

SMV123x ʧʨʠʚʝʜʝʥʦ ʥʘ ʨʠʩ. 2.3 [95]. ʗʢ ʟʘʟʥʘʯʘʣʦʩʴ ʚʠʱʝ, ʫ ʜʦʩʣʽʜʞʝʥʥʷʭ 

ʚʠʢʦʨʠʩʪʘʥʦ ʚʘʨʘʢʪʦʨʥʠʡ ʜʽʦʜ SMV1231. 

ɸʥʘʣʽʪʠʯʥʽ ʨʦʟʨʘʭʫʥʢʠ ʝʢʚʽʚʘʣʝʥʪʥʦʾ ʩʭʝʤʠ ʥʘ ʨʠʩ. 2.1ʙ ʧʨʠ ʟʘʤʽʥʽ 

ʦʜʥʦʛʦ ʽʟ ʨʦʟʨʽʟʽʚ ʥʘ ʚʘʨʘʢʪʦʨʥʠʭ ʜʽʦʜ, ʨʽʟʥʠʮʷ ʤʽʞ ʤʘʢʩʠʤʘʣʴʥʠʤ ʪʘ 
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ʤʽʥʽʤʘʣʴʥʠʤ ʟʥʘʯʝʥʥʷʤʠ ʻʤʥʦʩʪʽ ʷʢʦʛʦ ȹʉ, ʽʟ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ (2.7) 

ʦʪʨʠʤʘʻʤʦ: 

fUmin/fUmax å 0,86       (2.8) 

ɽʢʩʧʝʨʠʤʝʥʪʘʣʴʥʘ ʫʩʪʘʥʦʚʢʘ ʜʦʩʣʽʜʞʝʥʥʷ ʨʦʙʦʯʦʛʦ ʜʽʘʧʘʟʦʥʫ ʯʘʩʪʦʪ 

ʟʘʧʨʦʧʦʥʦʚʘʥʦʛʦ ʧʨʠʩʪʨʦʶ ʯʝʨʝʟ S-ʧʘʨʘʤʝʪʨʠ ʧʨʠʚʝʜʝʥʘ ʥʘ ʨʠʩ. 2.4 ʪʘ 

ʩʢʣʘʜʘʻʪʴʩʷ ʽʟ ʈʂʈ, ʧʽʜôʻʜʥʘʥʦʛʦ ʯʝʨʝʟ SMA-ʢʦʥʝʢʪʦʨ ʜʦ ʛʝʥʝʨʘʪʦʨʘ 

ʩʠʛʥʘʣʽʚ, ʪʘ ʤʘʛʥʽʪʥʦʾ ʨʘʤʢʦʚʦʾ ʘʥʪʝʥʠ [96-97]. ɻʝʥʝʨʘʪʦʨ ʩʠʛʥʘʣʽʚ 

ʚʠʢʦʨʠʩʪʘʥʦ ʜʣʷ ʟʘʜʘʚʘʥʥʷ ʟʚʦʨʦʪʥʦʾ ʥʘʧʨʫʛʠ ʥʘ ʚʘʨʘʢʪʦʨʥʦʤʫ ʜʽʦʜʽ, ʱʦ 

ʧʨʠʧʘʷʥʠʡ ʫ ʚʽʜʧʦʚʽʜʥʠʡ ʟʘʟʦʨ ʈʂʈ. ʄʘʛʥʽʪʥʫ ʨʘʤʢʦʚʫ ʘʥʪʝʥʫ ʧʽʜôʻʜʥʘʥʦ 

ʜʦ PNA Network Analyzer, ʱʦ ʬʫʥʢʮʽʦʥʫʻ ʫ ʨʝʞʠʤʽ ʧʝʨʝʜʘʚʘʥʥʷ/ʧʨʠʡʦʤʫ 

ʜʣʷ ʪʦʛʦ, ʱʦʙ ʛʝʥʝʨʫʚʘʪʠ ɺʏ ʩʠʛʥʘʣ ʪʘ ʚʽʜʪʚʦʨʶʚʘʪʠ ʩʧʝʢʪʨ ʩʠʛʥʘʣʫ, 

ʦʪʨʠʤʘʥʦʛʦ ʷʢ ʚʽʜʛʫʢ ʈʂʈ ʫ ʚʠʛʣʷʜʽ S-ʧʘʨʘʤʝʪʨʽʚ. ʎʝ ʤʦʞʣʠʚʦ, ʦʩʢʽʣʴʢʠ 

ʤʘʛʥʽʪʥʘ ʘʥʪʝʥʘ ʟʥʘʭʦʜʠʪʴʩʷ ʫ ʟʦʥʽ ʙʣʠʟʴʢʦ-ʧʦʣʴʦʚʦʾ ʚʟʘʻʤʦʜʽʾ ʽʟ ʈʂʈ, ʱʦ 

ʜʦʟʚʦʣʷʻ ʜʝʪʝʢʪʫʚʘʪʠ ʝʣʝʢʪʨʠʯʥʠʡ ʩʪʨʫʤ, ʱʦ ʧʨʦʪʽʢʘʻ ʫ ʈʂʈ. 

ɽʢʚʽʚʘʣʝʥʪʥʘ ʩʭʝʤʘ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʾ ʫʩʪʘʥʦʚʢʠ ʜʣʷ ʜʦʩʣʽʜʞʝʥʥʷ S-

ʧʘʨʘʤʝʪʨʽʚ ʈʂʈ ʥʘʚʘʥʪʘʞʝʥʦʛʦ ʚʘʨʘʢʪʦʨʥʠʤ ʜʽʦʜʦʤ ʧʨʠʚʝʜʝʥʘ ʥʘ ʨʠʩ. 2.4ʙ 

[96, 98]. ʈʂʈ ʧʨʝʜʩʪʘʚʣʷʻʪʴʩʷ ʷʢ ʢʦʣʠʚʘʣʴʥʠʡ ʢʦʥʪʫʨ L1-C1 ʪʘ ʚʘʨʘʢʪʦʨʥʠʡ 

ʜʽʦʜ VD. ɿʤʽʥʥʘ ʚ ʯʘʩʽ ʥʘʧʨʫʛʘ ʟʤʽʱʝʥʥʷ, ʱʦ ʧʦʜʘʻʪʴʩʷ ʥʘ ʚʘʨʘʢʪʦʨʥʠʡ ʜʽʦʜ 

ʟʘʜʘʻʪʴʩʷ ʙʣʦʢʦʤ, ʱʦ ʧʦʟʥʘʯʝʥʠʡ ʥʘ ʩʭʝʤʽ ʷʢ MS ʪʘ ʚʽʜʽʛʨʘʻ ʨʦʣʴ 

ʤʦʜʫʣʶʶʯʦʛʦ (ʽʥʬʦʨʤʘʮʽʡʥʦʛʦ) ʩʠʛʥʘʣʫ. ɺʟʘʻʤʦʜʽʷ ʤʽʞ ʈʂʈ ʪʘ ʜʞʝʨʝʣʦʤ 

ʥʦʩʽʡʥʦʛʦ ʩʠʛʥʘʣʫ ʟʘʙʝʟʧʝʯʫʻʪʴʩʷ ʯʝʨʝʟ ʤʘʛʥʽʪʥʫ ʚʟʘʻʤʦʜʽʶ ʢʦʪʫʰʦʢ 

ʽʥʜʫʢʪʠʚʥʦʩʪʽ L1 ʪʘ L2. 
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ʘ) 

 

ʙ) 

ʈʠʩ. 2.4. ɽʢʩʧʝʨʠʤʝʥʪʘʣʴʥʘ ʫʩʪʘʥʦʚʢʘ ʟʘʧʨʦʧʦʥʦʚʘʥʦʛʦ ʩʧʦʩʦʙʫ 

ʘʤʧʣʽʪʫʜʥʦʾ ʤʦʜʫʣʷʮʽʾ, ʱʦ ʚʢʣʶʯʘʻ ʈʂʈ, ʥʘʚʘʥʪʘʞʝʥʠʡ ʚʘʨʘʢʪʦʨʥʠʤ 

ʜʽʦʜʦʤ, ʤʘʛʥʽʪʥʫ ʨʘʤʢʦʚʫ ʘʥʪʝʥʫ ʫ ʨʝʞʠʤʽ ʧʝʨʝʜʘʚʘʥʥʷ/ʧʨʠʡʦʤʫ ʪʘ SMA-

ʢʦʥʝʢʪʦʨ, ʯʝʨʝʟ ʷʢʠʡ ʟʜʽʡʩʥʶʻʪʴʩʷ ʧʦʜʘʚʘʥʥʷ ʤʦʜʫʣʶʶʯʦʛʦ ʩʠʛʥʘʣʫ (ʘ), ʘ 

ʪʘʢʦʞ ʾʾ ʝʢʚʽʚʘʣʝʥʪʥʘ ʩʭʝʤʘ ʜʣʷ ʜʦʩʣʽʜʞʝʥʥʷ ʜʽʘʧʘʟʦʥʫ ʨʦʙʦʯʠʭ ʯʘʩʪʦʪ (ʙ). 

 

ɽʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʜʽʘʧʘʟʦʥʫ ʨʦʙʦʯʠʭ ʯʘʩʪʦʪ 

ʧʨʦʚʦʜʠʣʠʩʴ ʰʣʷʭʦʤ ʣʽʥʽʡʥʦʛʦ ʟʙʽʣʴʰʝʥʥʷ ʥʘʧʨʫʛʠ ʛʝʥʝʨʘʪʦʨʘ (ʟʥʘʯʝʥʴ 

ʥʘʧʨʫʛʠ ʟʤʽʱʝʥʥʷ), ʚ ʷʢʦʤʫ ʤʦʞʥʘ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʚʠʙʨʘʥʠʡ ʚʘʨʘʢʪʦʨʥʠʡ 
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ʜʽʦʜ. ɺʠʟʥʘʯʝʥʦ, ʱʦ ʧʨʠ ʟʤʽʥʽ ʟʥʘʯʝʥʥʷ ʥʘʧʨʫʛʠ, ʱʦ ʧʨʠʢʣʘʜʘʻʪʴʩʷ ʜʦ 

ʚʘʨʘʢʪʦʨʥʦʛʦ ʜʽʦʜʫ ȹU = UminéUmax = 4,0é3,0 ɺ, ʨʦʙʦʯʠʡ ʜʽʘʧʘʟʦʥ 

ʯʘʩʪʦʪ ʩʪʘʥʦʚʠʪʴ ȹf = fminéfmax = 0,95é1,11 ɻɻʮ (ʨʠʩ. 2.5) ʧʨʠ ʟʤʽʥʽ 

ʟʥʘʯʝʥʥʷ ʻʤʥʦʩʪʽ ʚʘʨʘʢʪʦʨʥʦʛʦ ʜʽʦʜʫ ȹʉ . ʆʪʨʠʤʘʥʠʡ ʜʽʘʧʘʟʦʥ ʨʦʙʦʯʠʭ 

ʯʘʩʪʦʪ ʟʘʜʦʚʦʣʴʥʷʻ ʘʥʘʣʽʪʠʯʥʽ ʨʦʟʨʘʭʫʥʢʠ, ʦʪʨʠʤʘʥʽ ʫ (2.8). ʊʘʢʦʞ ʚʘʨʪʦ 

ʟʘʟʥʘʯʠʪʠ, ʱʦ ʮʝ ʤʘʢʩʠʤʘʣʴʥʦ ʤʦʞʣʠʚʠʡ ʜʽʘʧʘʟʦʥ ʯʘʩʪʦʪ ʜʣʷ ʚʠʙʨʘʥʦʛʦ 

ʚʘʨʘʢʪʦʨʥʦʛʦ ʜʽʦʜʘ ʪʘ ʚʽʜʧʦʚʽʜʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʈʂʈ. ʇʨʠ ʥʝʦʙʭʽʜʥʦʩʪʽ 

ʰʣʷʭʦʤ ʟʤʝʥʰʝʥʥʷ ʜʽʘʧʘʟʦʥʫ ʟʥʘʯʝʥʴ ʥʘʧʨʫʛʠ ʟʤʽʱʝʥʥʷ ʤʦʞʥʘ ʢʝʨʫʚʘʪʠ 

ʯʘʩʪʦʪʥʦʶ ʩʤʫʛʫ. 

 

 

ʈʠʩ. 2.5. ɽʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʦʪʨʠʤʘʥʽ ʯʘʩʪʦʪʥʽ ʟʘʣʝʞʥʦʩʪ̔ ʟʥʘʯʝʥʴ S11-

ʧʘʨʘʤʝʪʨʽʚ, ʱʦ ʚʠʟʥʘʯʘʻ ʟʘʜʦʚʽʣʴʥʠʡ ʜʽʘʧʘʟʦʥ ʟʥʘʯʝʥʴ ʥʘʧʨʫʛʠ ʟʤʽʱʝʥʥʷ 

ʪʘ ʚʽʜʧʦʚʽʜʥʠʡ ʨʦʙʦʯʠʡ ʜʽʘʧʘʟʦʥ ʯʘʩʪʦʪ ʦʪʨʠʤʘʥʦʛʦ ʤʦʜʫʣʴʦʚʘʥʦʛʦ 

ʩʠʛʥʘʣʫ. 

  

2.4.2. ɼʦʩʣʽʜʞʝʥʥʷ ʧʨʦʮʝʩʫ ʤʦʜʫʣʷʮʽʾ 

ɽʣʝʢʪʨʠʯʥʘ ʩʭʝʤʘ ʟʘʧʨʦʧʦʥʦʚʘʥʦʛʦ ʧʨʠʩʪʨʦʶ ʤʦʜʫʣʷʮʽʾ ʘʥʘʣʦʛʦʚʠʭ 

ʩʠʛʥʘʣʽʚ ʧʨʠʚʝʜʝʥʘ ʥʘ ʨʠʩ. 2.6ʘ. ɻʝʥʝʨʘʪʦʨ MS ʻ ʜʞʝʨʝʣʦʤ ʤʦʜʫʣʶʶʯʦʛʦ 
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ʥʝʧʝʨʝʨʚʥʦʛʦ ʚ ʯʘʩʽ ʢʦʣʠʚʘʥʥʷ m(t) ʪʘ ʛʝʥʝʨʘʪʦʨ CS ï ʥʦʩʽʡʥʦʛʦ M(t). 

ʄʘʢʩʠʤʘʣʴʥʝ ʟʥʘʯʝʥʥʷ ʘʤʧʣʽʪʫʜʠ ʩʠʛʥʘʣʽʚ ʧʦʚʠʥʥʦ ʟʘʜʦʚʦʣʴʥʷʪʠ ʜʽʘʧʘʟʦʥ 

ʟʥʘʯʝʥʴ ʥʘʧʨʫʛʠ ȹU. ɺʠʭʽʜʥʠʡ ʩʠʛʥʘʣ ʛʝʥʝʨʘʪʦʨʘ CS ʧʦʜʘʻʪʴʩʷ ʥʘ ʧʦʨʪ 1 

ʮʠʨʢʫʣʷʪʦʨʘ ʪʘ ʧʦʩʪʫʧʘʻ ʥʘ ʧʦʨʪ 2, ʜʝ ʯʝʨʝʟ ʢʦʪʫʰʢʫ ʽʥʜʫʢʪʠʚʥʦʩʪʽ L2 

ʚʚʦʜʠʪʴʩʷ ʚ ʢʦʣʠʚʘʣʴʥʠʡ ʢʦʥʪʫʨ ʈʂʈ. ɼʘʣʽ ʤʦʜʫʣʴʦʚʘʥʠʡ ʩʠʛʥʘʣ 

ʨʘʜʽʦʯʘʩʪʦʪʥʦʛʦ ʜʽʘʧʘʟʦʥʫ S(t) ʟʥʽʤʘʻʪʴʩʷ ʢʦʪʫʰʢʦʶ ʽʥʜʫʢʪʠʚʥʦʩʪʽ L2 ʪʘ 

ʯʝʨʝʟ ʧʦʨʪ 3 ʧʦʩʪʫʧʘʻ ʥʘ ʚʠʭʽʜ ʧʨʠʩʪʨʦʶ ʤʦʜʫʣʷʮʽʾ ʪʘ ʧʦʜʘʻʪʴʩʷ ʫ ʢʘʥʘʣ 

ʟʚôʷʟʢʫ.  

ɽʢʩʧʝʨʠʤʝʥʪʘʣʴʥʘ ʫʩʪʘʥʦʚʢʘ ʧʨʠʩʪʨʦʶ ʤʦʜʫʣʷʮʽʾ ʚʽʜʧʦʚʽʜʘʻ 

ʜʦʩʣʽʜʞʫʚʘʥʦʤʫ ʤʘʢʝʪʫ ʥʘ ʨʠʩ. 2.6ʘ, ʜʝ ʨʘʤʢʦʚʘ ʤʘʛʥʽʪʥʘ ʘʥʪʝʥʘ 

ʚʽʜôʻʜʥʫʻʪʴʩʷ ʜʦ ʮʠʨʢʫʣʷʪʦʨʘ. ʋ ʜʦʩʣʽʜʞʝʥʥʷʭ ʚʠʢʦʨʠʩʪʦʚʫʚʘʚʩʷ 

ʮʠʨʢʫʣʷʪʦʨ, ʧʨʠʥʮʠʧ ʧʽʜôʻʜʥʘʥʥʷ ʷʢʦʛʦ ʧʨʠʚʝʜʝʥʦ ʥʘ ʨʠʩ. 2.6ʙ.  

 

 ʘ) 

ʈʠʩ. 2.6. ɽʣʝʢʪʨʠʯʥʘ ʩʭʝʤʘ ʟʘʧʨʦʧʦʥʦʚʘʥʦʛʦ ʧʨʠʩʨʦʶ ʤʦʜʫʣʷʮʽʾ 

ʘʥʘʣʦʛʦʚʠʭ ʩʠʛʥʘʣʽʚ (ʘ) ʪʘ ʧʨʠʥʮʠʧ ʧʽʜʢʣʶʯʝʥʥʷ ʮʠʨʢʫʣʷʪʦʨʘ (ʙ). 
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 ʙ) 

ʇʨʦʜʦʚʞʝʥʥʷ ʨʠʩ. 2.6.  

 

ɼʣʷ ʚʠʢʦʥʘʥʥʷ ʝʢʩʧʝʨʠʤʝʥʪʫ ʧʦ ʤʦʜʫʣʷʮʽʾ ʛʘʨʤʦʥʽʯʥʦʛʦ 

ʩʠʥʫʩʦʾʜʘʣʴʥʦʛʦ ʩʠʛʥʘʣʫ ʚʠʢʦʨʠʩʪʘʥʦ ʟʚʠʯʘʡʥʠʡ ʛʝʥʝʨʘʪʦʨ ʅʏ ʩʠʛʥʘʣʽʚ, 

ʧʨʠʻʜʥʘʥʠʡ ʜʦ ʢʘʪʦʜʘ ʪʘ ʘʥʦʜʘ ʚʘʨʘʢʪʦʨʥʦʛʦ ʜʽʦʜʫ. ɸʤʧʣʽʪʫʜʘ 

ʩʠʥʫʩʦʾʜʘʣʴʥʦʛʦ ʢʦʣʠʚʘʥʥʷ ʥʝ ʚʠʭʦʜʠʣʘ ʟʘ ʨʘʤʢʠ ʜʽʘʧʘʟʦʥʫ ʚʝʨʭʥʴʦʛʦ ʪʘ 

ʥʠʞʥʴʦʛʦ ʟʥʘʯʝʥʴ ʥʘʧʨʫʛʠ ʟʤʽʰʝʥʥʷ, ʱʦ ʙʫʣʠ ʚʠʟʥʘʯʝʥʽ ʪʘ ʧʨʠʚʝʜʝʥʽ ʥʘ 

ʨʠʩ. 2.5. ʅʦʨʤʦʚʘʥʠʡ ʯʘʩʪʦʪʥʠʡ ʨʦʟʧʦʜʽʣ ʚʽʜʛʫʢʫ ʜʦʩʣʽʜʞʫʚʘʥʦʛʦ ʈʂʈ ʧʨʠ 

ʟʥʘʯʝʥʥʽ ʯʘʩʪʦʪʠ ʟʤʽʥʠ ʻʤʥʦʩʪʽ ʥʘ ʚʘʨʘʢʪʦʨʥʦʤʫ ʜʽʦʜʽ, ʪʦʙʪʦ ʯʘʩʪʦʪʠ 

ʘʥʘʣʦʛʦʚʦʛʦ ʛʘʨʤʦʥʽʯʥʦʛʦ ʤʦʜʫʣʶʶʯʦʛʦ ʩʠʛʥʘʣʫ, fʤ = 1 ʄɻʮ ʧʨʠʚʝʜʝʥʠʡ ʥʘ 

ʨʠʩ. 2.7 [96, 100]. ɿʥʘʯʝʥʥʷ ʯʘʩʪʦʪʠ ʥʦʩʽʡʥʦʛʦ ʩʠʛʥʘʣʫ ʥʝʦʙʭʽʜʥʦ ʚʠʙʨʘʪʠ ʽʟ 

ʦʪʨʠʤʘʥʦʛʦ ʨʦʙʦʯʦʛʦ ʜʽʘʧʘʟʦʥʫ ʯʘʩʪʦʪ, ʪʦʤʫ ʫ ʜʦʩʣʽʜʞʝʥʥʷʭ ʙʫʣʦ ʚʠʙʨʘʥʦ 

fʥ =1,07 ɻɻʮ. ɺ ʟʘʛʘʣʴʥʦʤʫ ʤʘʢʩʠʤʘʣʴʥʝ ʟʥʘʯʝʥʥʷ ʯʘʩʪʦʪʠ ʤʦʜʫʣʶʶʯʦʛʦ 

ʩʠʛʥʘʣʫ ʤʦʞʝ ʜʦʩʷʛʘʪʠ ʙʣʠʟʴʢʦ 10-20 ʄɻʮ, ʱʦ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ 

ʧʝʨʝʚʽʨʝʥʦ, ʚʠʭʦʜʷʯʠ ʽʟ ʤʘʢʩʠʤʘʣʴʥʦ ʤʦʞʣʠʚʦʾ ʯʘʩʪʦʪʠ ʧʝʨʝʤʠʢʘʥʥʷ 

ʚʘʨʘʢʪʦʨʥʦʛʦ ʜʽʦʜʫ. 
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ʈʠʩ. 2.7. ʏʘʩʪʦʪʥʘ ʟʘʣʝʞʥʽʩʪʴ ʚʽʜʛʫʢʫ ʥʘʚʘʥʪʘʞʝʥʦʛʦ ʚʘʨʘʢʪʦʨʥʠʤ ʜʽʦʜʦʤ 

ʈʂʈ, ʱʦ ʧʦʢʘʟʫʻ ʜʽʘʧʘʟʦʥ ʯʘʩʪʦʪ, ʚ ʷʢʦʤʫ ʤʦʞʝ ʚʠʙʠʨʘʪʠʩʴ ʟʥʘʯʝʥʥʷ 

ʯʘʩʪʦʪʠ ʥʦʩʽʡʥʦʛʦ ʩʠʛʥʘʣʫ ʧʨʠ fʤ = 1 ʄɻʮ. 

 

ʆʪʨʠʤʘʥʽ ʤʦʜʫʣʴʦʚʘʥʽ ʩʠʛʥʘʣʠ S(t) ʟʽ ʟʥʘʯʝʥʥʷʤ ʯʘʩʪʦʪʠ fʤ = 1 ʢɻʮ, 1, 

5 ʪʘ 20 ʄɻʮ, ʱʦ ʦʪʨʠʤʫʻʪʴʩʷ ʥʘ ʚʠʭʦʜʽ 3 ʮʠʨʢʫʣʷʪʦʨʘ, ʧʨʠʚʝʜʝʥʽ ʥʘ 

ʨʠʩ. 2.8ʘ-ʛ, ʚʽʜʧʦʚʽʜʥʦ [97-98].  

 

 

ʘ) 
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ʙ) 

 

ʚ) 
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ʛ) 

ʈʠʩ. 2.8. ɽʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʦʪʨʠʤʘʥʽ ʤʦʜʫʣʴʦʚʘʥʽ ʩʠʛʥʘʣʠ S(t) ʟʽ 

ʟʥʘʯʝʥʥʷʤ ʯʘʩʪʦʪʠ fʤ = 1 ʢɻʮ (ʘ ï ʦʜʥʘ ʢʣʽʪʢʘ ʚʽʜʧʦʚʽʜʘʻ 10 ʤʩ), 1 ʄɻʮ (ʙ ï 

ʦʜʥʘ ʢʣʽʪʢʘ ʚʽʜʧʦʚʽʜʘʻ 5 ʤʢʩ), 5 ʄɻʮ (ʚ ï ʦʜʥʘ ʢʣʽʪʢʘ ʚʽʜʧʦʚʽʜʘʻ 100 ʥʩ) ʪʘ 

20 ʄɻʮ (ʛ ï ʦʜʥʘ ʢʣʽʪʢʘ ʚʽʜʧʦʚʽʜʘʻ 20 ʥʩ). 

 

ʉʧʝʢʪʨʘʣʴʥʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʤʦʜʫʣʴʦʚʘʥʦʛʦ ʛʘʨʤʦʥʽʯʥʦʛʦ ʩʠʛʥʘʣʫ 

ʯʘʩʪʦʪʦʶ 20 ʄɻʮ ʧʨʠʚʝʜʝʥʘ ʥʘ ʨʠʩ. 2.9, ʟ ʷʢʦʾ ʚʠʜʥʦ ʪʨʠ ʛʘʨʤʦʥʽʯʥʽ 

ʩʢʣʘʜʦʚʽ, ʱʦ ʚʽʜʧʦʚʽʜʘʶʪʴ ʯʘʩʪʦʪʽ ʥʦʩʽʡʥʦʛʦ ʩʠʛʥʘʣʫ ʪʘ ʜʚʦʤ ʙʽʯʥʠʤ 

ʩʢʣʘʜʦʚʠʤ, ʚʽʜʜʘʣʝʥʠʤ ʚʽʜ ʛʘʨʤʦʥʽʢʠ ʥʦʩʽʡʥʦʛʦ ʩʠʛʥʘʣʫ ʥʘ ʟʥʘʯʝʥʥʷ fʤ ʫ ʜʚʽ 

ʩʪʦʨʦʥʠ (fʥ - fʤ ʪʘ fʥ + fʤ). 
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ʈʠʩ. 2.9. ʉʧʝʢʪʨʘʣʴʥʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʤʦʜʫʣʴʦʚʘʥʦʛʦ ʛʘʨʤʦʥʽʯʥʦʛʦ 

ʩʠʛʥʘʣʫ S(t) ʯʘʩʪʦʪʦʶ 20 ʄɻʮ. 

 

ʅʘʩʪʫʧʥʠʤ ʝʪʘʧʦʤ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʩʪʘʣʘ ʤʦʜʫʣʷʮʽʷ 

ʙʽʣʴʰ ʩʢʣʘʜʥʠʭ ʩʠʛʥʘʣʽʚ. ɼʣʷ ʮʴʦʛʦ ʫ ʷʢʦʩʪʽ ʤʦʜʫʣʶʶʯʦʛʦ ʩʠʛʥʘʣʫ ʚʠʙʨʘʥʦ 

ʰʠʨʦʢʦʩʤʫʛʦʚʽ ʢʦʣʠʚʘʥʥʷ ʛʝʥʝʨʦʚʘʥʽ ʜʝʪʝʨʤʽʥʦʚʘʥʦʶ ʭʘʦʪʠʯʥʦʶ ʩʭʝʤʦʶ 

ʏʫʘ (ʨʠʩ. 2.10). ʉʭʝʤʘ ʏʫʘ ʤʽʩʪʠʪʴ ʽʥʜʫʢʪʠʚʥʠʡ ʝʣʝʤʝʥʪ L, ʜʚʘ ʻʤʥʽʩʥʠʭ 

ʝʣʝʤʝʥʪʠ ʢʦʥʜʝʥʩʘʪʦʨʽʚ C2 ʪʘ C3 ʽ ʨʝʟʠʩʪʦʨ R5, ʘ ʪʘʢʦʞ ʦʜʠʥ ʥʝʣʽʥʽʡʥʠʡ 

ʝʣʝʤʝʥʪ Nr. ʄʘʪʝʤʘʪʠʯʥʘ ʤʦʜʝʣʴ ʩʭʝʤʠ ʏʫʘ ʩʢʣʘʜʘʻʪʴʩʷ ʽʟ ʪʨʴʦʭ 

ʜʠʬʝʨʝʥʮʽʡʥʠʭ ʨʽʚʥʷʥʴ ʽʟ ʥʝʣʽʥʽʡʥʽʩʪʶ ʚ ʧʝʨʰʦʤʫ ʨʽʚʥʷʥʥʽ: 

ὼ ‌ώ ὼ Ὢὼ
ώ ὼ ώ ᾀ
ᾀ ‍ώ

 

 

(2.9) 

ʜʝ Ŭ = C2/C3 = 10 ʪʘ ɓ = R5
2C2/L = 14,6 ï ʧʘʨʘʤʝʪʨʠ ʩʠʩʪʝʤʠ; x, y ʪʘ z ï 

ʜʠʥʘʤʽʯʥʽ ʟʤʽʥʥʽ ʩʠʩʪʝʤʠ, ʱʦ ʚʽʜʧʦʚʽʜʘʶʪʴ ʟʥʘʯʝʥʥʷʤ ʥʘʧʨʫʛʠ ʥʘ 

ʢʦʥʜʝʥʩʘʪʦʨʘʭ C3 ʪʘ C2, ʘ ʪʘʢʦʞ ʩʪʨʫʤʫ, ʱʦ ʧʨʦʪʽʢʘʻ ʯʝʨʝʟ ʽʥʜʫʢʪʠʚʥʠʡ 

ʝʣʝʤʝʥʪ L, ʚʽʜʧʦʚʽʜʥʦ; f(x) ï ʥʝʣʽʥʽʡʥʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ, ʱʦ ʦʧʠʩʫʻʪʴʩʷ 

ʨʽʚʥʷʥʥʷʤ (2.10). 

Ὢὼ άὼ πȟυ ά ά ȿὼ ὥȿ ȿὼ ὥȿ  (2.10) 
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ά ά ȿὼ ὥȿ ȿὼ ὥȿ 

ʜʝ a1 = 1; a2 = 7; m0 = -1,53; m1 = -0.7436; m2 = 572. 

 

ʘ) 

 

ʙ) 

ʈʠʩ. 2.10. ʉʭʝʤʘ ʏʫʘ, ʱʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʘʩʴ ʷʢ ʛʝʥʝʨʘʪʦʨ ʭʘʦʪʠʯʥʠʭ 

ʢʦʣʠʚʘʥʴ ʜʣʷ ʧʦʜʘʣʴʰʦʾ ʾʭ ʤʦʜʫʣʷʮʽʾ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʟʘʧʨʦʧʦʥʦʚʘʥʦʛʦ 

ʩʧʦʩʦʙʫ ʥʘ ʦʩʥʦʚʽ ʈʂʈ ʥʘʚʘʥʪʘʞʝʥʦʛʦ ʚʘʨʘʢʪʦʨʥʠʤ ʜʽʦʜʦʤ (ʘ) ʪʘ ʾʾ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʘ ʨʝʘʣʽʟʘʮʽʷ (ʙ). 

 

ʏʘʩʦʚʽ ʜʽʘʛʨʘʤʠ ʭʘʦʪʠʯʥʠʭ ʩʠʛʥʘʣʽʚ, ʬʦʨʤʦʚʘʥʠʭ ʥʘ ʬʦʨʤʦʚʘʥʠʭ ʥʘ 

ʢʦʥʜʝʥʩʘʪʦʨʘʭ ʉ2 ʪʘ ʉ3, ʧʨʠʚʝʜʝʥʦ ʥʘ ʨʠʩ. 2.11ʘ ʪʘ ʙ (ʟʘʣʝʞʥʦʩʪʽ ʞʦʚʪʦʛʦ 
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ʢʦʣʴʦʨʫ). ʉʧʝʢʪʨʘʣʴʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʚʠʢʦʨʠʩʪʘʥʠʭ ʩʠʛʥʘʣʽʚ ʛʝʥʝʨʦʚʘʥʠʭ 

ʩʭʝʤʦʶ ʏʫʘ ʻ ʥʝʧʝʨʝʨʚʥʠʤʠ ʪʘ ʨʽʚʥʦʤʽʨʥʠʤʠ ʽ ʟʘʡʤʘʶʪʴ ʩʤʫʛʫ ʯʘʩʪʦʪ ʜʦ 

4 ʢɻʮ (ʨʠʩ. 2.12). ɺʠʢʦʨʠʩʪʘʥʥʷ ʪʘʢʠʭ ʩʠʛʥʘʣʽʚ ʤʦʞʥʘ ʨʦʟʛʣʷʜʘʪʠ ʷʢ ʘʥʘʣʦʛ 

ʩʠʛʥʘʣʽʚ ʤʦʚʥʦʛʦ ʜʽʘʧʘʟʦʥʫ. 

ʏʘʩʪʦʪʥʽ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜʛʫʢʫ ʥʘʚʘʥʪʘʞʝʥʦʛʦ ʚʘʨʘʢʪʦʨʥʠʤ ʜʽʦʜʦʤ ʈʂʈ 

ʧʨʠ ʟʤʽʥʽ ʻʤʥʦʩʪʽ ʚʘʨʘʢʪʦʨʥʦʛʦ ʜʽʦʜʫ ʟʘ ʟʘʢʦʥʦʤ ʜʝʪʝʨʤʽʥʦʚʘʥʦ ʭʘʦʪʠʯʥʠʭ 

ʩʠʛʥʘʣʽʚ ʩʭʝʤʠ ʏʫʘ, ʪʦʙʪʦ ʪʘʢʠʤ, ʱʦ ʚʽʜʧʦʚʽʜʘʶʪʴ ʯʘʩʦʚʠʤ ʜʽʘʛʨʘʤʘʤ 

ʨʠʩ. 2.11ʘ ʪʘ ʙ (ʟʘʣʝʞʥʦʩʪʽ ʞʦʚʪʦʛʦ ʢʦʣʴʦʨʫ), ʧʨʠʚʝʜʝʥʽ ʥʘ ʨʠʩ. 2.11ʚ ʪʘ 

ʚʽʜʧʦʚʽʜʘʶʪʴ ʦʪʨʠʤʘʥʦʤʫ ʨʘʥʽʰʝ ʯʘʩʪʦʪʥʦʤʫ ʜʽʘʧʘʟʦʥʫ ȹf. ʊʘʢʠʤ ʯʠʥʦʤ, 

ʟʥʘʯʝʥʥʷ ʯʘʩʪʦʪʠ ʥʦʩʽʡʥʦʛʦ ʩʠʛʥʘʣʫ ʟʘʣʠʰʠʣʦʩʴ ʥʝʟʤʽʥʥʠʤ. ʄʦʜʫʣʴʦʚʘʥʽ 

ʩʠʛʥʘʣʠ ʢʦʞʥʦʛʦ ʽʟ ʭʘʦʪʠʯʥʠʭ ʢʦʣʠʚʘʥʴ ʧʨʠʚʝʜʝʥʽ ʥʘ ʨʠʩ. 2.11ʘ ʪʘ ʙ 

(ʟʘʣʝʞʥʦʩʪʽ ʩʠʥʴʦʛʦ ʢʦʣʴʦʨʫ), ʚʽʜʧʦʚʽʜʥʦ [97]. 

 

 

ʘ) 
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ʙ) 

 

ʚ) 

ʈʠʩ. 2.11. ʍʘʦʪʠʯʥʽ ʩʠʛʥʘʣʠ, ʛʝʥʝʨʦʚʘʥʽ ʩʭʝʤʦʶ ʏʫʘ, ʱʦ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠʩʴ ʫ ʷʢʦʩʪʽ ʤʦʜʫʣʶʶʯʠʭ ʩʠʛʥʘʣʽʚ ʪʘ ʧʦʜʘʚʘʣʠʩʴ ʥʘ 

ʚʘʨʘʢʪʦʨʥʠʡ ʜʽʦʜ (ʘ) ʪʘ (ʙ) ï ʟʘʣʝʞʥʦʩʪʽ ʞʦʚʪʦʛʦ ʢʦʣʴʦʨʫ; ʤʦʜʫʣʴʦʚʘʥʽ 

ʩʠʛʥʘʣʠ ʢʦʞʥʦʛʦ ʽʟ ʭʘʦʪʠʯʥʠʭ ʢʦʣʠʚʘʥʴ ï ʟʘʣʝʞʥʦʩʪʽ ʩʠʥʴʦʛʦ ʢʦʣʴʦʨʫ, ʘ 

ʪʘʢʦʞ ʥʦʨʤʦʚʘʥʽ ʯʘʩʪʦʪʥʽ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜʛʫʢʫ ʥʘʚʘʥʪʘʞʝʥʦʛʦ ʚʘʨʘʢʪʦʨʥʠʤ 

ʜʽʦʜʦʤ ʈʂʈ ʧʨʠ ʟʤʽʥʽ ʻʤʥʦʩʪʽ ʚʘʨʘʢʪʦʨʥʦʛʦ ʜʽʦʜʫ ʟʘ ʟʘʢʦʥʦʤ 

ʜʝʪʝʨʤʽʥʦʚʘʥʦ ʭʘʦʪʠʯʥʠʭ ʩʠʛʥʘʣʽʚ ʩʭʝʤʠ ʏʫʘ ʫ ʜʽʘʧʘʟʦʥʽ ʯʘʩʪʦʪ ʜʦ 4 ʢɻʮ 

(ʚ).  
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ʘ) 

 

ʙ) 

ʈʠʩ. 2.12. ʉʧʝʢʪʨʘʣʴʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʜʝʪʝʨʤʽʥʦʚʘʥʠʭ ʭʘʦʪʠʯʥʠʭ 

ʢʦʣʠʚʘʥʴ ʩʭʝʤʠ ʏʫʘ: ʘ ï ʬʦʨʤʦʚʘʥʦʛʦ ʥʘ ʢʦʥʜʝʥʩʘʪʦʨʽ ʉ2 ʪʘ ʙ ï 

ʬʦʨʤʦʚʘʥʦʛʦ ʥʘ ʢʦʥʜʝʥʩʘʪʦʨʽ ʉ3. 

 

2.4. ɽʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʜʦʩʣʽʜʞʝʥʥʷ: ʜʝʤʦʜʫʣʷʮʽʷ 

ɽʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʧʨʦʮʝʩʫ ʜʝʤʦʜʫʣʷʮʽʾ ʧʨʦʚʦʜʠʣʠʩʴ ʟʘ 

ʜʦʧʦʤʦʛʦʶ IQ-ʜʝʤʦʜʫʣʷʪʦʨʘ, ʝʣʝʢʪʨʠʯʥʘ ʩʭʝʤʘ ʪʘ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʟʨʘʟʢʠ 

ʚʫʟʣʽʚ ʽʟ ʧʨʠʥʮʠʧʦʤ ʾʭ ʧʽʜʢʣʶʯʝʥʥʷ ʧʨʠʚʝʜʝʥʽ ʥʘ ʨʠʩ. 2.13. ʈʦʙʦʪʠ 
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ʧʨʠʩʪʨʦʶ ʜʝʤʦʜʫʣʷʮʽʾ ʧʦʣʷʛʘʻ ʚ ʪʦʤʫ, ʱʦ ʧʨʠʡʥʷʪʠʡ ɺʏ ʩʠʛʥʘʣ S(t) 

ʨʦʟʜʽʣʷʻʪʴʩʷ ʥʘ ʜʚʘ ʢʘʥʘʣʠ ʟʘ ʜʦʧʦʤʦʛʦʶ ʧʦʜʽʣʴʥʠʢʘ ZX10-2-852-S+. ɼʘʣʽ 

ʩʠʛʥʘʣʠ ʦʜʥʦʯʘʩʥʦ ʧʦʩʪʫʧʘʶʪʴ ʥʘ ʧʨʠʩʪʨʦʾ ʟʤʽʰʫʚʘʥʥʷ ʩʠʛʥʘʣʽʚ. ʅʘ ʽʥʰʠʡ 

ʚʭʽʜ ʟʤʽʰʫʚʘʯʘ Mixer 1 ʧʦʜʘʻʪʴʩʷ ʥʦʩʽʡʥʠʡ ɺʏ ʩʠʛʥʘʣ M(t) = M1(t) = 

cos(2ˊfʥt) ʛʝʥʝʨʘʪʦʨʘ CS, ʘ ʥʘ ʚʭʽʜ ʟʤʽʰʫʚʘʯʘ Mixer 2 ʧʦʜʘʻʪʴʩʷ ʪʘʢʠʡ ʞʝ ɺʏ 

ʩʠʛʥʘʣ, ʧʨʦʪʝ ʟʩʫʥʫʪʠʡ ʧʦ ʬʘʟʽ ʥʘ 90Á, ʪʦʙʪʦ M2(t) = sin(2ˊfʥt). ɿʩʫʚ ʬʘʟ 

ʟʜʽʡʩʥʶʻʪʴʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʧʨʠʩʪʨʦʶ 90°-Splitter. ɺ ʨʝʟʫʣʴʪʘʪʽ ʥʘ ʚʠʭʦʜʽ 

ʜʚʦʭ ʢʘʥʘʣʽʚ ʦʪʨʠʤʫʶʪʴʩʷ ʩʠʛʥʘʣʠ I(t) ʪʘ Q(t), ʱʦ ʻ ʩʢʣʘʜʦʚʠʤʠ 

ʚʽʜʥʦʚʣʝʥʦʛʦ ʽʥʬʦʨʤʘʮʽʡʥʦʛʦ ʩʠʛʥʘʣʫ (ʅʏ ʩʠʛʥʘʣʫ ʛʝʥʝʨʘʪʦʨʘ MS) ʫ 

ʢʦʤʧʣʝʢʩʥʦʤʫ ʚʠʛʣʷʜʽ m(t) = I(t) + iQ(t), ʜʝ  ̔ =ã(-1). ʄʦʜʫʣʴ 

ʽʥʬʦʨʤʘʮʽʡʥʦʛʦ ʩʠʛʥʘʣʫ ʟʥʘʭʦʜʠʪʴʩʷ ʷʢ |m(t)| =ã(I2(t) + Q2(t)), ʘ ʬʘʟʘ űm(t) = 

arctg(Q/I). 

 

ʘ) 
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   ʙ) 

   ʚ) 

ʈʠʩ. 2.13. ɽʣʝʢʪʨʠʯʥʘ ʧʨʠʥʮʠʧʦʚʘ ʩʭʝʤʘ IQ-ʜʝʤʦʜʫʣʷʪʦʨʘ (ʘ), ʘ ʪʘʢʦʞ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʟʨʘʟʢʠ ʪʘ ʧʨʠʥʮʠʧ ʧʽʜʢʣʶʯʝʥʥʷ ʡʦʛʦ ʦʩʥʦʚʥʠʭ ʚʫʟʣʽʚ 

(ʙ)-(ʚ). 

 

ɽʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʤʦʜʫʣʷʮʽʾ/ʜʝʤʦʜʫʣʷʮʽʾ ʧʨʦʚʦʜʠʣʠʩʴ 

ʜʣʷ ʛʘʨʤʦʥʽʯʥʠʭ ʩʠʛʥʘʣʽʚ ʫ ʜʽʘʧʘʟʦʥʽ ʯʘʩʪʦʪ ʜʦ 20 ʄɻʮ. ʉʧʝʢʪʨʘʣʴʥʽ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʜʝʤʦʜʫʣʴʦʚʘʥʠʭ I(t) ʪʘ Q(t) ʩʠʛʥʘʣʽʚ ʟʽ ʟʥʘʯʝʥʥʷʤ ʯʘʩʪʦʪ 1 

ʪʘ 5 ʄɻʮ ʧʨʠʚʝʜʝʥʽ ʥʘ ʨʠʩ. 2.14 ʫ ʚʠʛʣʷʜʽ ʟʦʙʨʘʞʝʥʴ, ʟʙʝʨʝʞʝʥʠʭ ʽʟ 
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ʤʦʥʽʪʦʨʫ ʦʩʮʠʣʦʛʨʘʬʘ. ɿʽ ʩʧʝʢʪʨʘʣʴʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʚʠʜʥʦ, ʱʦ ʾʭ ʦʩʥʦʚʥʽ 

ʛʘʨʤʦʥʽʢʠ ʨʦʟʤʽʱʝʥʽ ʥʘ ʯʘʩʪʦʪʘʭ, ʱʦ ʚʽʜʧʦʚʽʜʘʶʪʴ ʯʘʩʪʦʪʘʤ ʤʦʜʫʣʶʶʯʠʭ 

ʩʠʛʥʘʣʽʚ, ʪʦʙʪʦ fʤ = 1 ʪʘ 5 ʄɻʮ. ʅʘʩʪʫʧʥʽ ʛʘʨʤʦʥʽʢʠ ʩʧʝʢʪʨʫ ʩʪʘʥʦʚʣʷʪʴ 2fʤ 

[97]. 

 

 

ʘ) 

 

ʙ) 

ʈʠʩ. 2.14. ʉʧʝʢʪʨʘʣʴʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʚʽʜʥʦʚʣʝʥʠʭ ʛʘʨʤʦʥʽʯʥʠʭ ʩʠʛʥʘʣʽʚ 

ʯʘʩʪʦʪʦʶ: ʘ ï 1 ʄɻʮ ʪʘ ʙ ï 5 ʄɻʮ. 
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ʘ) 

 ʙ) 

ʈʠʩ. 2.15. ʏʘʩʦʚʽ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜʥʦʚʣʝʥʠʭ ʭʘʦʪʠʯʥʠʭ ʩʠʛʥʘʣʽʚ ʩʭʝʤʠ ʏʫʘ, 

ʱʦ ʚʽʜʧʦʚʽʜʘʶʪʴ ʤʦʜʫʣʶʶʯʠʤ ʭʘʦʪʠʯʥʠʤ ʩʠʛʥʘʣʘʤ, ʧʨʠʚʝʜʝʥʠʤ ʥʘ: ʘ ï 

ʨʠʩ. 2.11ʘ ʪʘ ʙ ï ʨʠʩ. 2.11ʙ, ʘ ʪʘʢʦʞ ʾʭ I(t) ʽ Q(t) ʢʦʤʧʦʥʝʥʪʠ. 
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ɼʝʤʦʜʫʣʷʮʽʷ ʜʝʪʝʨʤʽʥʦʚʘʥʦ ʭʘʦʪʠʯʥʠʭ ʩʠʛʥʘʣʽʚ, ʧʨʠʚʝʜʝʥʠʭ ʥʘ 

ʨʠʩ. 2.11ʘ-ʙ, ʧʨʦʚʦʜʠʣʘʩʴ ʪʘʢʦʞ ʟʘ ʩʭʝʤʦʶ IQ-ʜʝʤʦʜʫʣʷʪʦʨʘ. ʅʘ ʨʠʩ. 2.15 

ʧʨʠʚʝʜʝʥʽ ʨʝʟʫʣʴʪʘʪʠ ʜʝʤʦʜʫʣʷʮʽʾ, ʱʦ ʧʨʝʜʩʪʘʚʣʷʶʪʴ ʩʠʛʥʘʣ m(t), ʘ ʪʘʢʦʞ 

ʡʦʛʦ ʩʢʣʘʜʦʚʽ ʢʦʤʧʦʥʝʥʪʠ I(t)  ̔  Q(t). ʆʪʨʠʤʘʥʽ ʯʘʩʦʚʽ ʟʘʣʝʞʥʦʩʪʽ ʧʦʢʘʟʫʶʪʴ 

ʧʦʚʥʝ ʚʽʜʥʦʚʣʝʥʥʷ ʩʠʛʥʘʣʫ, ʱʦ ʧʽʜʪʚʝʨʜʞʫʻ ʝʬʝʢʪʠʚʥʝ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ 

ʜʦʩʣʽʜʞʫʚʘʥʦʛʦ ʧʨʠʩʪʨʦʶ ʤʦʜʫʣʷʮʽʾ [97]. 

 

ɺʠʩʥʦʚʢʠ ʜʦ ʨʦʟʜʽʣʫ 2 

ʋ ʨʦʟʜʽʣʽ 2 ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʪʘ ʜʦʩʣʽʜʞʝʥʦ ʧʨʠʩʪʨʽʡ ʘʤʧʣʽʪʫʜʥʦʾ 

ʤʦʜʫʣʷʮʽʾ ʘʥʘʣʦʛʦʚʠʭ ʛʘʨʤʦʥʽʯʥʠʭ ʧʝʨʽʦʜʠʯʥʠʭ ʪʘ ʜʝʪʝʨʤʽʥʦʚʘʥʦ 

ʭʘʦʪʠʯʥʠʭ ʩʠʛʥʘʣʽ. ɿʘʧʨʦʧʦʥʦʚʘʥʠʡ ʧʨʠʩʪʨʽʡ ʨʝʘʣʽʟʦʚʘʥʦ ʥʘ ʦʩʥʦʚʽ 

ʢʽʣʴʮʝʚʦʛʦ ʨʝʟʦʥʘʪʦʨʫ, ʱʦ ʚʽʜʥʦʩʠʪʴʩʷ ʜʦ ɛ-ʤʝʪʘʤʘʪʝʨʽʘʣʽʚ, ʥʘʚʘʥʪʘʞʝʥʦʛʦ 

ʚʘʨʘʢʪʦʨʥʠʤ ʜʽʦʜʦʤ. ɭʤʥʽʩʪʴ ʚʘʨʘʢʪʦʨʥʦʛʦ ʜʽʦʜʫ, ʘ ʚʽʜʧʦʚʽʜʥʦ ʽ ʢʽʣʴʮʝʚʦʛʦ 

ʨʝʟʦʥʘʪʦʨʫ, ʤʦʞʝ ʥʝʧʝʨʝʨʚʥʦ ʟʤʽʥʶʚʘʪʠ ʩʚʦʻ ʟʥʘʯʝʥʥʷ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ 

ʟʥʘʯʝʥʥʷ ʧʨʠʢʣʘʜʝʥʦʾ ʜʦ ʥʴʦʛʦ ʥʘʧʨʫʛʠ.  

ʈʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʴ ʧʦʢʘʟʘʣʠ ʤʦʞʣʠʚʽʩʪʴ ʤʦʜʫʣʷʮʽʾ 

ʩʠʥʫʩʦʾʜʘʣʴʥʠʭ ʤʦʜʫʣʶʶʯʠʭ ʩʠʛʥʘʣʽʚ, ʱʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠʩʴ ʫ ʷʢʦʩʪʽ 

ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʩʠʛʥʘʣʽʚ, ʜʦ 20 ʄɻʮ. ʇʦʜʘʣʴʰʝ ʟʙʽʣʴʰʝʥʥʷ ʟʥʘʯʝʥʥʷ 

ʯʘʩʪʦʪʠ ʤʦʜʫʣʶʶʯʦʛʦ ʢʦʣʠʚʘʥʥʷ ʦʙʤʝʞʝʥʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʥʦʛʦ ʚʘʨʘʢʪʦʨʥʦʛʦ ʜʽʦʜʫ. ɿʥʘʯʝʥʥʷ ʯʘʩʪʦʪʠ ʥʦʩʽʡʥʦʛʦ 

ʢʦʣʠʚʘʥʥʷ ʟʘʣʝʞʠʪʴ ʚʽʜ ʨʝʟʦʥʫʶʯʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʈʂʈ. ʋ ʜʦʩʣʽʜʞʫʚʘʥʦʤʫ 

ʧʨʦʮʝʩʽ, ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ ʚʘʨʘʢʪʦʨʥʠʡ ʜʽʦʜ ʩʝʨʽʾ SMV1231, ʨʦʙʦʯʠʡ 

ʯʘʩʪʦʪʥʠʡ ʜʽʘʧʘʟʦʥ ʩʢʣʘʜʘʚ 0,95é1,11 ɻɻʮ. ʏʘʩʦʚʽ ʜʽʘʛʨʘʤʠ ʤʦʜʫʣʴʦʚʘʥʠʭ 

ʩʠʛʥʘʣʽʚ, ʱʦ ʧʦʜʘʚʘʣʠʩʴ ʫ ʢʘʥʘʣ ʟʚôʷʟʢʫ, ʪʘ ʚʽʜʥʦʚʣʝʥʠʭ ʩʠʛʥʘʣʽʚ ʫ 

ʧʨʠʡʤʘʯʽ, ʘ ʪʘʢʦʞ ʩʧʝʢʪʨʘʣʴʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʜʝʤʦʜʫʣʴʦʚʘʥʠʭ ʩʠʛʥʘʣʽʚ 

ʧʦʢʘʟʘʣʠ ʚʠʩʦʢʫ ʝʬʝʢʪʠʚʥʽʩʪʴ ʨʦʙʦʪʠ ʟʘʧʨʦʧʦʥʦʚʘʥʦʛʦ ʧʨʠʩʪʦʨʦʶ 

ʘʤʧʣʽʪʫʜʥʦʾ ʤʦʜʫʣʷʮʽʾ ʷʢ ʧʝʨʽʦʜʠʯʥʠʭ ʩʠʛʥʘʣʽʚ ʪʘʢ ʽ ʜʝʪʝʨʤʽʥʦʚʘʥʠʭ 

ʭʘʦʪʠʯʥʠʭ ʢʦʣʠʚʘʥʴ. 
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ʈʆɿɼɯʃ 3 

 

ON/OFF-ʇɽʈɽʄʀʂɸʅʅʗ ɼʃʗ ʌɯʃʔʊʈʋɺɸʅʅʗ/ʎʀʌʈʆɺʆɰ 

ʄɸʅɯʇʋʃʗʎɯɰ ʉʀɻʅɸʃɯɺ ʄɯʂʈʆʍɺʀʃʔʆɺʆɻʆ ɼɯɸʇɸɿʆʅʋ 

ʏɸʉʊʆʊ ɿ ɺʀʂʆʈʀʉʊɸʅʅʗʄ ʈʂʈ  

 

ʅʘʡʙʽʣʴʰ ʟʨʫʯʥʠʤ ʩʧʦʩʦʙʦʤ ʢʝʨʫʚʘʥʥʷ ʧʘʨʘʤʝʪʨʘʤʠ ʩʪʨʫʢʪʫʨʠ ʽʟ 

ʢʽʣʴʮʝʚʠʭ ʨʝʟʦʥʘʪʦʨʽʚ ʻ ʟʤʽʥʘ ʟʥʘʯʝʥʥʷ ʾʭ ʻʤʥʦʩʪʽ ʚ ʯʘʩʽ ʰʣʷʭʦʤ 

ʧʝʨʝʤʠʢʘʥʥʷ ʻʤʥʽʩʥʠʭ ʝʣʝʤʝʥʪʽʚ ʟʘ ʜʦʧʦʤʦʛʦʶ ʪʨʘʥʟʠʩʪʦʨʽʚ ʯʠ 

ʬʦʪʦʝʣʝʤʝʥʪʽʚ, ʷʢʽ ʧʨʘʮʶʶʪʴ ʫ ʢʣʶʯʦʚʦʤʫ ʨʝʞʠʤʽ, ʪʘ ʟʘʙʝʟʧʝʯʫʻ 

ʧʝʨʝʤʠʢʘʥʥʷ ʤʽʞ ʜʚʦʤʘ ʩʪʘʥʘʤʠ, ʱʦ ʫʤʦʞʣʠʚʣʶʻ ʧʦʜʘʣʴʰʝ ʾʭ 

ʟʘʩʪʦʩʫʚʘʥʥʷ ʫ ʧʨʠʩʪʨʦʷʭ ʬʽʣʴʪʨʘʮʽʾ ʯʠ ʮʠʬʨʦʚʦʾ ʤʘʥʽʧʫʣʷʮʽʾ ʩʠʩʪʝʤ 

ʟʚôʷʟʢʫ.  

 

3.1. ʂʝʨʫʚʘʥʥʷ ʨʝʟʦʥʘʥʩʥʠʤʠ ʩʪʘʥʘʤʠ ʰʣʷʭʦʤ ʧʝʨʝʤʠʢʘʥʥʷ 

ʻʤʥʽʩʥʠʭ ʝʣʝʤʝʥʪʽʚ ʈʂʈ. ɸʤʧʣʽʪʫʜʥʦ-ʯʘʩʪʦʪʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʣʽʥʽʾ 

ʧʝʨʝʜʘʚʘʥʥʷ ʤʦʜʠʬʽʢʦʚʘʥʦʾ ʈʂʈ. ʇʨʠʥʮʠʧ ʮʠʬʨʦʚʦʾ ʤʘʥʽʧʫʣʷʮʽʾ 

ɼʣʷ ʜʦʩʣʽʜʞʝʥʥʷ ʙʫʣʦ ʨʦʟʨʦʙʣʝʥʦ ʤʦʜʝʣʴ, ʧʨʠʚʝʜʝʥʫ ʥʘ ʨʠʩ. 3.1, ʱʦ 

ʩʢʣʘʜʘʻʪʴʩʷ ʽʟ ʣʽʥʽʾ ʧʝʨʝʜʘʚʘʥʥʷ ʪʘ ʈʂʈ ʥʘ ʜʽʝʣʝʢʪʨʠʯʥʽʡ ʧʽʜʢʣʘʜʮʽ FR-4 (Ů = 

4,3) ʪʦʚʱʠʥʦʶ 1 ʤʤ ʟ ʤʝʪʘʣʝʚʠʤ ʧʦʢʨʠʪʪʷʤ ʟʽ ʟʚʦʨʦʪʥʦʾ ʩʪʦʨʦʥʠ ʨʦʟʤʽʨʘʤʠ 

30 ʥʘ 22 ʤʤ. ɼʦʚʞʠʥʘ ʣʽʥʽʾ ʧʝʨʝʜʘʚʘʥʥʷ ʩʪʘʥʦʚʠʪʴ 30 ʤʤ, ʰʠʨʠʥʘ 1 ʤʤ. 

ʈʦʟʤʽʨʠ ʈʂʈ ʩʪʘʥʦʚʣʷʪʴ: 10 ʥʘ 10 ʤʤ ï ʟʦʚʥʽʰʥʽʡ ʨʝʟʦʥʘʪʦʨ; 7 ʥʘ 7 ʤʤ ï 

ʚʥʫʪʨʽʰʥʽʡ ʨʝʟʦʥʘʪʦʨ; 1 ʤʤ ï ʰʠʨʠʥʘ ʩʪʨʫʤʦʧʨʦʚʽʜʥʠʭ ʩʤʫʞʦʢ 

ʨʝʟʦʥʘʪʦʨʽʚ; 1,5 ʤʤ ï ʚʽʜʩʪʘʥʴ ʤʽʞ ʟʦʚʥʽʰʥʽʤ ʪʘ ʚʥʫʪʨʽʰʥʽʤ ʨʝʟʦʥʘʪʦʨʘʤʠ; 

1 ʤʤ ï ʰʠʨʠʥʘ ʟʘʟʦʨʽʚ ʨʝʟʦʥʘʪʦʨʽʚ. 

ʋ ʧʨʦʮʝʩʽ ʢʦʤʧôʶʪʝʨʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ʚʭʽʜʥʠʡ ʩʠʛʥʘʣ ʟʘʜʘʚʘʚʩʷ 

ʯʝʨʝʟ ʧʦʨʪ 1, ʘ ʚʠʭʽʜʥʠʡ ʩʠʛʥʘʣ ʟʥʽʤʘʚʩʷ ʽʟ ʧʦʨʪʫ 2, ʱʦ ʧʦʟʥʘʯʝʥʽ ʥʘ ʨʠʩ. 3.1 

(ʥʘ ʨʠʩ. 3.1 ʩʪʨʽʣʢʘʤʠ ʚʢʘʟʘʥʦ ʤʽʩʮʷ ʧʨʠʻʜʥʘʥʥʷ ʧʦʨʪʽʚ). ʈʂʈ 

ʥʘʚʘʥʪʘʞʫʚʘʚʩʷ ʻʤʥʽʩʥʠʤ ʝʣʝʤʝʥʪʦʤ, ʟʥʘʯʝʥʥʷ ʷʢʦʛʦ ʟʤʽʥʶʚʘʣʦʩʴ ʫ 
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ʧʨʦʮʝʩʽ ʜʦʩʣʽʜʞʝʥʥʷ. ɭʤʥʽʩʥʠʡ ʝʣʝʤʝʥʪ ʚʤʦʥʪʦʚʫʻʪʴʩʷ ʫ ʨʦʟʨʽʟ 

ʟʦʚʥʽʰʥʴʦʛʦ ʢʽʣʴʮʷ ʈʂʈ ʪʘʢʠʤ ʯʠʥʦʤ ʷʢ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩ. 3.1. ʈʦʟʨʽʟ 

ʟʦʚʥʽʰʥʴʦʛʦ ʢʽʣʴʮʷ ʦʙʝʨʥʝʥʠʡ ʚ ʧʨʦʪʠʣʝʞʥʫ ʩʪʦʨʦʥʫ ʚʽʜ ʣʽʥʽʾ ʧʝʨʝʜʘʚʘʥʥʷ. 

ʊʘʢʝ ʨʦʟʤʽʱʝʥʥʷ ʟʦʚʥʽʰʥʴʦʛʦ ʢʽʣʴʮʷ ʤʘʻ ʜʚʘ ʧʦʷʩʥʝʥʥʷ. ʇʝʨʰʝ ʧʦʚôʷʟʘʥʝ 

ʽʟ ʢʦʥʩʪʨʫʢʪʠʚʥʦʶ ʟʨʫʯʥʽʩʪʶ, ʦʩʢʽʣʴʢʠ ʚ ʨʝʘʣʴʥʽʡ ʤʦʜʝʣʽ ʜʣʷ ʧʝʨʝʤʠʢʘʥʥʷ 

ʻʤʥʦʩʪʝʡ ʥʝʦʙʭʽʜʥʦ ʟʘʙʝʟʧʝʯʠʪʠ ʝʣʝʢʪʨʠʯʥʽ ʢʦʥʪʘʢʪʠ. ɼʨʫʛʝ ʧʦʚôʷʟʘʥʝ ʽʟ 

ʟʘʙʝʟʧʝʯʝʥʥʷʤ ʤʘʢʩʠʤʘʣʴʥʦʾ ʝʬʝʢʪʠʚʥʦʩʪʽ ʧʨʠ ʚʟʘʻʤʦʜʽʾ ʤʽʞ ʈʂʈ ʪʘ ʣʽʥʽʻʶ 

ʧʝʨʝʜʘʚʘʥʥʷ.  

 

ʈʠʩ. 3.1. ɿʦʚʥʽʰʥʽʡ ʚʠʛʣʷʜ ʟʘʧʨʦʧʦʥʦʚʘʥʦʛʦ ʧʨʠʩʪʨʦʶ ʮʠʬʨʦʚʦʾ 

ʤʘʥʽʧʫʣʷʮʽʾ, ʱʦ ʩʢʣʘʜʘʻʪʴʩʷ ʽʟ ʤʽʢʨʦʩʤʫʞʢʦʚʦʾ ʣʽʥʽʾ ʧʝʨʝʜʘʚʘʥʥʷ ʪʘ ʈʂʈ, 

ʟʚ'ʷʟʦʢ ʤʽʞ ʷʢʠʤʠ ʟʜʽʡʩʥʶʻʪʴʩʷ ʯʝʨʝʟ ʩʠʣʴʥʫ ʙʣʠʟʴʢʦ-ʧʦʣʴʦʚʫ ʤʘʛʥʽʪʥʫ 

ʚʟʘʻʤʦʜʽʶ. ɺʭʽʜʥʠʡ ʥʦʩʽʡʥʠʡ ʩʠʛʥʘʣ ʧʦʜʘʻʪʴʩʷ ʥʘ ʧʨʠʩʪʨʽʡ ʯʝʨʝʟ ʧʦʨʪ 1, ʘ 

ʚʠʭʽʜʥʠʡ ʤʦʜʫʣʴʦʚʘʥʠʡ ʩʠʛʥʘʣ ʧʨʠʩʪʨʦʶ ʮʠʬʨʦʚʦʾ ʤʘʥʽʧʫʣʷʮʽʾ ʟʥʽʤʘʻʪʴʩʷ 

ʯʝʨʝʟ ʧʦʨʪ 2. ɯʥʬʦʨʤʘʮʽʡʥʠʡ ʩʠʛʥʘʣ ʟʘʜʘʻʪʴʩʷ ʟʥʘʯʝʥʥʷʤ ʻʤʥʽʩʥʦʛʦ 

ʝʣʝʤʝʥʪʫ, ʚʤʦʥʪʦʚʘʥʦʛʦ ʫ ʨʦʟʨʽʟ ʟʦʚʥʽʰʥʴʦʛʦ ʢʽʣʴʮʷ ʈʂʈ.  

 

ɿʛʽʜʥʦ ʟʘʧʨʦʧʦʥʦʚʘʥʦʛʦ ʧʨʠʩʪʨʦʶ ʮʠʬʨʦʚʦʾ ʤʘʥʽʧʫʣʷʮʽʾ, ʚʭʽʜʥʠʤ ʻ 

ʥʦʩʽʡʥʠʡ ʩʠʛʥʘʣ, ʱʦ ʧʦʜʘʻʪʴʩʷ ʥʘ ʧʨʠʩʪʨʽʡ ʯʝʨʝʟ ʧʦʨʪ 1, ʘ ʚʠʭʽʜʥʠʤ ï 
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ʤʦʜʫʣʴʦʚʘʥʠʡ ʩʠʛʥʘʣ, ʱʦ ʟʥʽʤʘʻʪʴʩʷ ʯʝʨʝʟ ʧʦʨʪ 2. ɯʥʬʦʨʤʘʮʽʡʥʠʡ ʩʠʛʥʘʣ 

ʟʘʜʘʻʪʴʩʷ ʟʥʘʯʝʥʥʷʤ ʻʤʥʽʩʥʦʛʦ ʝʣʝʤʝʥʪʫ, ʚʤʦʥʪʦʚʘʥʦʛʦ ʫ ʨʦʟʨʽʟ 

ʟʦʚʥʽʰʥʴʦʛʦ ʢʽʣʴʮʷ ʈʂʈ. 

ʅʘ ʧʝʨʰʦʤʫ ʝʪʘʧʽ ʤʦʜʝʣʶʚʘʥʥʷ ʦʪʨʠʤʘʥʦ ʘʤʧʣʽʪʫʜʥʦ-ʯʘʩʪʦʪʥʽ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʟʘʧʨʦʧʦʥʦʚʘʥʦʛʦ ʧʨʠʩʪʨʦʶ ʯʝʨʝʟ ʩʧʝʢʪʨʠ S-ʧʘʨʘʤʝʪʨʽʚ. ʅʘ 

ʨʠʩ. 3.2ʘ ʧʦʢʘʟʘʥʦ ʯʘʩʪʦʪʥʽ ʩʧʝʢʪʨʠ S21-ʧʘʨʘʤʝʪʨʽʚ ʧʨʠ ʨʽʟʥʠʭ ʟʥʘʯʝʥʥʷʭ 

ʻʤʥʽʩʥʦʛʦ ʝʣʝʤʝʥʪʫ, ʟʦʢʨʝʤʘ ʚʠʜʥʦ, ʱʦ ʡʦʛʦ ʟʤʽʥʘ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʟʤʽʥʠ 

ʨʝʟʦʥʘʥʩʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʈʂʈ, ʱʦ ʜʦʟʚʦʣʷʻ ʚ ʧʦʜʘʣʴʰʦʤʫ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʦʪʨʠʤʘʥʽ ʨʝʟʫʣʴʪʘʪʠ ʜʣʷ ʧʦʟʥʘʯʝʥʥʷ ʨʽʟʥʠʭ ʩʪʘʥʽʚ 

ʩʠʩʪʝʤʠ, ʥʘʧʨʠʢʣʘʜ ʙʽʪʽʚ ç0è ʪʘ ç1è.  

ʑʝ ʦʜʥʠʤ ʚʘʞʣʠʚʠʤ ʬʘʢʪʦʨʦʤ ʻ ʪʝ, ʱʦ ʦʪʨʠʤʘʥʽ ʘʤʧʣʽʪʫʜʥʦ-ʯʘʩʪʦʪʥʽ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʥʘ ʯʘʩʪʦʪʘʭ ʨʝʟʦʥʘʥʩʽʚ ʈʂʈ ʤʘʶʪʴ ʛʦʩʪʨʽ ʤʽʥʽʤʫʤʠ, ʱʦ 

ʜʦʟʚʦʣʷʻ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʜʦʩʪʘʪʥʴʦ ʚʫʟʴʢʠʡ ʜʽʘʧʘʟʦʥ ʯʘʩʪʦʪ. 

ɼʦʩʣʽʜʞʝʥʥʷ ʯʘʩʪʦʪʥʠʭ ʩʧʝʢʪʨʽʚ S11-ʧʘʨʘʤʝʪʨʽʚ (ʨʠʩ. 3.2ʙ) ʧʦʢʘʟʘʚ, 

ʥʘʪʦʤʽʩʪʴ, ʛʦʩʪʨʽ ʧʽʢʠ ʥʘ ʯʘʩʪʦʪʘʭ ʨʝʟʦʥʘʥʩʽʚ ʈʂʈ, ʟʥʘʯʝʥʥʷ ʷʢʠʭ ʙʣʠʟʴʢʽ ʜʦ 

0 ʜɹ. ʎʝ ʦʟʥʘʯʘʻ, ʱʦ ʈʂʈ ʫ ʜʘʥʽʡ ʩʠʩʪʝʤʽ ʚʽʜʽʛʨʘʻ ʨʦʣʴ ʬʽʣʴʪʨʘ, ʪʦʙʪʦ ʥʘ 

ʯʘʩʪʦʪʽ ʨʝʟʦʥʘʥʩʫ ʈʂʈ ʧʨʠʩʪʨʽʡ ʥʝ ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʧʦʙʽʯʥʠʤ 

ʚʠʧʨʦʤʽʥʶʚʘʥʥʷʤ, ʘ ʧʨʘʮʶʻ ʫ ʢʣʶʯʦʚʦʤʫ ʨʝʞʠʤʽ. ʊʘʢʠʡ ʨʝʞʠʤ ʻ ʥʘʩʣʽʜʢʦʤ 

ʩʠʣʴʥʦʾ ʙʣʠʟʴʢʦ-ʧʦʣʴʦʚʦʾ ʚʟʘʻʤʦʜʽʾ ʯʝʨʝʟ ʤʘʛʥʽʪʥʝ ʧʦʣʝ, ʱʦ ʚʠʥʠʢʘʻ 

ʥʘʚʢʨʫʛʠ ʤʽʢʨʦʩʤʫʞʢʠ ʣʽʥʽʾ ʧʝʨʝʜʘʚʘʥʥʷ ʟʘ ʨʘʭʫʥʦʢ ʧʨʦʭʦʜʞʝʥʥʷ ʯʝʨʝʟ ʥʝʾ 

ʟʤʽʥʥʦʛʦ ʩʪʨʫʤʫ ʪʘ ʥʘʚʢʨʫʛʠ ʧʨʠʣʝʛʣʦʾ ʜʦ ʣʽʥʽʾ ʧʝʨʝʜʘʚʘʥʥʷ ʩʪʦʨʦʥʠ ʈʂʈ. 

ʉʠʣʴʥʘ ʙʣʠʟʴʢʦ-ʧʦʣɹʦʚʘ ʚʟʘʻʤʦʜʽʷ ʨʝʘʣʽʟʫʻʪʴʩʷ ʟʘʚʜʷʢʠ ʙʣʠʟʴʢʦʤʫ 

ʨʦʟʤʽʱʝʥʥʶ ʣʽʥʽʾ ʧʝʨʝʜʘʚʘʥʥʷ ʪʘ ʈʂʈ, ʱʦ ʫ ʧʨʦʮʝʩʽ ʤʦʜʝʣʶʚʘʥʥʷ 

ʩʪʘʥʦʚʠʣʦ 0,3 ʤʤ. 
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ʘ) 

 

ʙ) 

ʈʠʩ. 3.2. ʆʪʨʠʤʘʥʽ ʰʣʷʭʦʤ ʢʦʤʧôʶʪʝʨʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ʯʘʩʪʦʪʥʽ 

ʟʘʣʝʞʥʦʩʪʽ ʬʫʥʢʮʽʡ ʧʝʨʝʜʘʚʘʥʥʷ S21 (ʘ) ʪʘ ʚʽʜʙʠʚʘʥʥʷ S11 (ʙ), ʱʦ 

ʜʝʤʦʥʩʪʨʫʶʪʴ ʬʽʣʴʪʨʫʶʯʽ ʚʣʘʩʪʠʚʦʩʪʽ ʣʽʥʽʾ ʧʝʨʝʜʘʚʘʥʥʷ ʩʠʛʥʘʣʽʚ, 

ʥʘʚʘʥʪʘʞʝʥʦʾ ʈʂʈ. 

 

ʅʘ ʨʠʩ. 3.3 ʧʨʠʚʝʜʝʥʽ ʨʦʟʧʦʜʽʣʠ ʟʥʘʯʝʥʴ ʛʨʘʜʽʻʥʪʫ ʤʘʛʥʽʪʥʦʛʦ ʧʦʣʷ ʫ 

ʧʦʧʝʨʝʯʥʦʤʫ ʧʝʨʝʨʽʟʽ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦ ʜʦ ʣʽʥʽʾ ʧʝʨʝʜʘʚʘʥʥʷ ʥʦʩʽʡʥʦʛʦ 



78 
 

ʩʠʛʥʘʣʫ, ʟ ʷʢʠʭ ʚʠʜʥʦ, ʱʦ ʥʘ ʯʘʩʪʦʪʽ ʨʝʟʦʥʘʥʩʫ ʝʥʝʨʛʽʷ ʤʘʛʥʽʪʥʦʛʦ ʧʦʣʷ ʤʘʻ 

ʥʘʙʘʛʘʪʦ ʙʽʣʴʰʫ ʽʥʪʝʥʩʠʚʥʽʩʪʴ, ʥʽʞ ʥʘ ʯʘʩʪʦʪʽ ʚʽʜʤʽʥʥʽʡ ʚʽʜ ʨʝʟʦʥʘʥʩʫ.  

 

ʘ) 

ʙ) 

ʈʠʩ. 3.3. ʈʦʟʧʦʜʽʣ ʟʥʘʯʝʥʴ ʛʨʘʜʽʻʥʪʫ ʤʘʛʥʽʪʥʦʛʦ ʧʦʣʷ ʫ ʧʦʧʝʨʝʯʥʦʤʫ 

ʧʝʨʝʨʽʟʽ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦ ʜʦ ʣʽʥʽʾ ʧʝʨʝʜʘʚʘʥʥʷ ʥʦʩʽʡʥʦʛʦ ʩʠʛʥʘʣʫ ʥʘ 

ʯʘʩʪʦʪʽ ʨʝʟʦʥʘʥʩʫ 635 ʄɻʮ (ʘ) ʪʘ ʥʘ ʯʘʩʪʦʪʽ ʚʽʜʤʽʥʥʽʡ ʚʽʜ ʨʝʟʦʥʘʥʩʫ 800 

ʄɻʮ (ʙ), ʧʨʠʚʝʜʝʥʦʛʦ ʥʘ ʨʠʩ. 3.1. 
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ʅʘʧʨʷʤʠ ʛʨʘʜʽʻʥʪʽʚ ʝʥʝʨʛʽʾ ʤʘʛʥʽʪʥʦʛʦ ʧʦʣʷ ʤʽʢʨʦʩʤʫʞʦʢ ʣʽʥʽʾ 

ʧʝʨʝʜʘʚʘʥʥʷ ʪʘ ʢʽʣʴʮʝʚʦʛʦ ʨʝʟʦʥʘʪʦʨʘ ʩʧʽʚʧʘʜʘʶʪʴ ʪʘ ʥʘ ʯʘʩʪʦʪʽ ʨʝʟʦʥʘʥʩʫ 

ʭʘʨʘʢʪʝʨʠʟʫʶʪʴʩʷ ʩʠʣʴʥʦʶ ʙʣʠʟʴʢʦʧʦʣʴʦʚʦʶ ʚʟʘʻʤʦʜʽʻʶ. 

ɺʟʘʻʤʦʜʽʶ ʤʽʞ ʣʽʥʽʻʶ ʧʝʨʝʜʘʚʘʥʥʷ ʪʘ ʈʂʈ ʪʘʢʦʞ ʤʦʞʥʘ ʦʮʽʥʠʪʠ 

ʰʣʷʭʦʤ ʘʥʘʣʽʟʫ ʨʦʟʧʦʜʽʣʫ ʛʨʘʜʽʻʥʪʫ ʝʣʝʢʪʨʠʯʥʦʛʦ ʧʦʣʷ ʚʝʨʭʥʴʦʾ ʧʣʦʱʠʥʠ 

ʜʦʩʣʽʜʞʫʚʘʥʦʛʦ ʧʨʠʩʪʨʦʶ ʮʠʬʨʦʚʦʾ ʤʘʥʽʧʫʣʷʮʽʾ. ʋ ʚʠʧʘʜʢʫ ʧʦʜʘʯʽ ʥʘ 

ʧʦʨʪ 1 ʩʠʛʥʘʣʫ, ʯʘʩʪʦʪʘ ʷʢʦʛʦ ʚʽʜʧʦʚʽʜʘʻ ʟʥʘʯʝʥʥʶ ʯʘʩʪʦʪʠ ʨʝʟʦʥʘʥʩʫ ʈʂʈ, 

ʱʦ ʫ ʜʘʥʦʤʫ ʚʠʧʘʜʢʫ ʩʪʘʥʦʚʠʣʦ 635 ʄɻʮ, ʪʦ ʽʟ ʨʠʩ. 3.4ʘ ʚʠʜʥʦ ʧʨʠʨʦʜʫ 

ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʧʨʠʩʪʨʦʶ. ɺʩʷ ʝʥʝʨʛʽʷ ʩʠʛʥʘʣʫ ʟʦʩʝʨʝʜʞʫʻʪʴʩʷ ʥʘ ʚ ʦʢʦʣʽ 

ʈʂʈ. ɯʟ ʢʦʣʴʦʨʫ ʩʪʨʽʣʦʢ ʨʦʟʧʦʜʽʣʫ ʛʨʘʜʽʻʥʪʫ ʧʦʣʷ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʩʠʣʴʥʘ 

ʙʣʠʟʴʢʦʧʦʣʴʦʚʘ ʚʟʘʻʤʦʜʽʷ ʤʽʞ ʈʂʈ ʪʘ ʣʽʥʽʻʶ ʧʝʨʝʜʘʚʘʥʥʷ. 

ʋ ʚʠʧʘʜʢʫ, ʢʦʣʠ ʟ ʧʦʨʪʫ 2 ʧʦʩʪʫʧʘʻ ʩʠʛʥʘʣ, ʟʥʘʯʝʥʥʷ ʯʘʩʪʦʪʠ ʷʢʦʛʦ 

ʚʽʜʤʽʥʥʝ ʚʽʜ ʟʥʘʯʝʥʥʷ ʯʘʩʪʦʪʠ ʨʝʟʦʥʘʥʩʫ, ʥʘʧʨʠʢʣʘʜ, 800 ʄɻʮ, ʪʦ 

ʝʣʝʢʪʨʠʯʥʝ ʧʦʣʝ ʨʽʚʥʦʤʽʨʥʦ ʨʦʟʧʦʜʽʣʝʥʝ ʤʽʞ ʧʝʨʝʜʘʚʘʣʴʥʠʤ ʪʘ 

ʧʨʠʡʤʘʣʴʥʠʤ ʧʦʨʪʘʤʠ ʧʨʠʩʪʨʦʶ.  

ʊʘʢʠʤ ʯʠʥʦʤ, ʰʣʷʭʦʤ ʤʦʜʠʬʽʢʘʮʽʾ ʣʽʥʽʾ ʧʝʨʝʜʘʚʘʥʥʷ ʩʠʛʥʘʣʽʚ, 

ʟʦʩʝʨʝʜʞʝʥʦʾ ʤʽʞ ʜʚʦʤʘ ʧʦʨʪʘʤʠ, ʦʜʥʠʤ ʈʂʈʦʤ, ʤʦʞʥʘ ʩʧʦʩʪʝʨʽʛʘʪʠ ʡʦʛʦ 

ʬʽʣʴʪʨʫʶʯʽ ʚʣʘʩʪʠʚʦʩʪʽ ʘʙʦ ʞ ʡʦʛʦ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʫ ʢʣʶʯʦʚʦʤʫ ʨʝʞʠʤʽ ʽʟ 

ʨʠʩ. 3.4.  
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ʘ) 

ʙ) 

ʈʠʩ. 3.4. ʈʦʟʧʦʜʽʣ ʟʥʘʯʝʥʴ ʛʨʘʜʽʻʥʪʫ ʝʣʝʢʪʨʠʯʥʦʛʦ ʧʦʣʷ ʚʝʨʭʥʴʦʾ ʧʣʦʱʠʥʠ 

ʜʦʩʣʽʜʞʫʚʘʥʦʛʦ ʧʨʠʩʪʨʦʶ ʮʠʬʨʦʚʦʾ ʤʘʥʽʧʫʣʷʮʽʾ ʥʘ ʯʘʩʪʦʪʽ ʨʝʟʦʥʘʥʩʫ 

635 ʄɻʮ (ʘ) ʪʘ ʥʘ ʯʘʩʪʦʪʽ ʚʽʜʤʽʥʥʽʡ ʚʽʜ ʨʝʟʦʥʘʥʩʫ 800 ʄɻʮ (ʙ). 

 

ʊʘʢʠʤ ʯʠʥʦʤ, ʟʘ ʜʦʧʦʤʦʛʦʶ ʟʘʧʨʦʧʦʥʦʚʘʥʦʾ ʤʝʪʦʜʠʢʠ ʽʟ 

ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʦʜʥʠʤ ʝʣʝʤʝʥʪʦʤ ʈʂʈ ʤʦʞʥʘ ʨʝʘʣʽʟʫʚʘʪʠ ʦʜʥʦʨʦʟʨʷʜʥʠʡ 

ʧʨʠʩʪʨʽʡ ʮʠʬʨʦʚʦʾ ʤʘʥʽʧʫʣʷʮʽʾ. ɿʘʙʝʟʧʝʯʝʥʥʷ ʮʠʬʨʦʚʦʾ ʤʘʥʽʧʫʣʷʮʽʾ ʜʚʦʭ- 

ʯʠ n-ʨʦʟʨʷʜʥʦʛʦ ʩʠʛʥʘʣʫ ʨʦʟʛʣʷʥʝʤʦ ʜʘʣʽ.  
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3.2. ʇʨʠʥʮʠʧ ʨʝʘʣʽʟʘʮʽʾ ʜʚʦʭʨʦʟʨʷʜʥʦʛʦ ʧʨʠʩʪʨʦʶ ʤʘʥʽʧʫʣʷʮʽʾ 

ʮʠʬʨʦʚʠʭ ʩʠʛʥʘʣʽʚ 

ɼʣʷ ʤʦʞʣʠʚʦʩʪʽ ʟʘʜʘʥʥʷ ʽʥʬʦʨʤʘʮʽʾ ʯʝʨʝʟ ʜʚʘ ʨʦʟʨʷʜʠ, ʪʦʙʪʦ ç00è, 

ç01è, ç10è ʪʘ ç11è, ʫ ʜʦʩʣʽʜʞʫʚʘʥʫ ʤʦʜʝʣʴ ʚʚʝʜʝʥʦ ʱʝ ʦʜʠʥ ʈʂʈ, ʷʢ 

ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩ. 3.5. ɼʚʘ ʦʜʥʘʢʦʚʽ ʈʂʈ ʨʦʟʤʽʱʝʥʽ ʥʘ ʚʽʜʩʪʘʥʽ 4 ʤʤ ʦʜʠʥ ʚʽʜ 

ʦʜʥʦʛʦ ʪʘʢʽʡ, ʱʦʙ ʫʥʠʢʥʫʪʠ ʚʟʘʻʤʦʜʽʾ ʤʽʞ ʥʠʤʠ. ɺʽʜʩʫʪʥʽʩʪʴ ʩʠʣʴʥʦʾ 

ʚʟʘʻʤʦʜʽʾ ʟʫʤʦʚʣʝʥʘ ʱʝ ʡ ʪʠʤ, ʱʦ ʩʫʩʽʜʥʽ ʧʨʦʚʽʜʥʽ ʤʽʢʨʦʩʤʫʞʢʠ ʨʝʟʦʥʘʪʦʨʽʚ 

ʟʘʚʞʜʠ ʟʥʘʭʦʜʷʪʴʩʷ ʫ ʧʨʦʪʠʬʘʟʽ, ʢʦʤʧʝʥʩʫʶʯʠ ʪʘʢʠʤ ʯʠʥʦʤ ʚʟʘʻʤʥʽ 

ʚʧʣʠʚʠ.  

ɼʣʷ ʟʘʜʘʥʥʷ ʢʦʤʙʽʥʘʮʽʾ ʙʽʪʽʚ ç11è ʟʥʘʯʝʥʥʷ ʻʤʥʽʩʥʠʭ ʝʣʝʤʝʥʪʽʚ C1 ʪʘ 

C2, ʷʢʠʤʠ ʥʘʚʘʥʪʘʞʝʥʦ ʦʙʠʜʚʘ ʈʂʈ, ʻ ʦʜʥʘʢʦʚʠʤʠ ʪʘ ʩʪʘʥʦʚʣʷʪʴ 4 ʧʌ. ʇʨʠ 

ʪʘʢʦʤʫ ʟʥʘʯʝʥʥʽ ʻʤʥʽʩʥʠʭ ʝʣʝʤʝʥʪʽʚ ʨʝʟʦʥʘʥʩʥʘ ʯʘʩʪʦʪʘ ʦʙʦʭ ʈʂʈ ʩʧʽʚʧʘʜʘʻ 

ʪʘ ʚʽʜʧʦʚʽʜʘʻ ʩʧʝʢʪʨʫ S21-ʧʘʨʘʤʝʪʨʽʚ, ʧʨʠʚʝʜʝʥʦʤʫ ʥʘ ʨʠʩ. 3.6ʘ, ʽ ʩʪʘʥʦʚʠʪʴ 

0,74 ɻɻʮ. ɺ ʩʚʦʶ ʯʝʨʛʫ ʩʠʛʥʘʣ, ʱʦ ʧʦʜʘʻʪʴʩʷ ʚʽʜ ʧʦʨʪʫ 1 ʜʦ ʧʦʨʪʫ 2 ï 

ʥʦʩʽʡʥʠʡ ʩʠʛʥʘʣ, ʻ ʩʫʤʦʶ ʛʘʨʤʦʥʽʯʥʠʭ ʩʠʛʥʘʣʽʚ S(t) = A1sin(2ˊf1t) + 

A2sin(2ˊf2t) ʟʽ ʟʥʘʯʝʥʥʷʤ ʯʘʩʪʦʪ f1 = 0,92 ɻɻʮ ʪʘ f2 = 0,84 ɻɻʮ. ɼʣʷ ʟʨʫʯʥʦʩʪʽ 

ʟʥʘʯʝʥʥʷ ɸ1 ʪʘ ɸ2 ʚʠʙʝʨʝʤʦ ʦʜʥʘʢʦʚʠʤʠ ʪʘ ʨʽʚʥʠʤʠ 1. ɿʥʘʯʝʥʥʷ ʮʠʭ ʯʘʩʪʦʪ 

ʚʽʜʧʦʚʽʜʘʶʪʴ ʟʥʘʯʝʥʥʷʤ ʨʝʟʦʥʘʥʩʥʠʭ ʯʘʩʪʦʪ ʈʂʈ ʧʨʠ ʟʥʘʯʝʥʥʷʭ ʻʤʥʽʩʥʠʭ 

ʝʣʝʤʝʥʪʽʚ 2,4 ʧʌ ʪʘ 3 ʧʌ. ʊʘʢʠʤ ʯʠʥʦʤ, ʟʘ ʫʤʦʚʠ, ʢʦʣʠ ʟʥʘʯʝʥʥʷ ʻʤʥʽʩʥʠʭ 

ʝʣʝʤʝʥʪʽʚ ʦʙʦʭ ʈʂʈ ʩʪʘʥʦʚʣʷʪʴ 4 ʧʌ, ʦʙʠʜʚʽ ʩʢʣʘʜʦʚʽ ʩʠʛʥʘʣʫ S(t) 

ʧʦʩʪʫʧʘʶʪʴ ʥʘ ʧʦʨʪ 2.  

ɼʣʷ, ʱʦʙ ʟʘʜʘʪʠ ʢʦʤʙʽʥʘʮʽʶ ʙʽʪʽʚ ç01è, ʥʝʦʙʭʽʜʥʦ ʟʤʽʥʠʪʠ ʟʥʘʯʝʥʥʷ 

ʻʤʥʽʩʥʦʛʦ ʝʣʝʤʝʥʪʫ ʧʝʨʰʦʛʦ ʈʂʈ ʥʘ ʉ1 = 2,4 ʧʌ, ʫʤʦʚʥʦ ʚʽʜʽʤʢʥʫʚʰʠ ʢʣʶʯ 

ʜʣʷ ʧʝʨʝʜʘʚʘʥʥʷ ʩʠʛʥʘʣʫ ʯʘʩʪʦʪʦʶ f1 = 0,92 ɻɻʮ, ʪʦʙʪʦ ʚʽʜʬʽʣʴʪʨʫʚʘʪʠ ʡʦʛʦ. 

ʇʨʠ ʮʴʦʤʫ ʩʧʝʢʪʨ S21-ʧʘʨʘʤʝʪʨʽʚ ʧʨʠʡʤʝ ʚʠʛʣʷʜ, ʷʢ ʧʨʠʚʝʜʝʥʦ ʥʘ ʨʠʩ. 3.6ʙ, 

ʪʦʙʪʦ ʩʠʛʥʘʣ ʟʽ ʟʥʘʯʝʥʥʷʤ ʯʘʩʪʦʪʠ f1 ʥʝ ʧʦʩʪʫʧʘʻ ʥʘ ʚʭʽʜ ʧʦʨʪʫ 2. 

ɺʽʜʧʦʚʽʜʥʦ, ʱʦʙ ʟʘʜʘʪʠ ʢʦʤʙʽʥʘʮʽʶ ʙʽʪʽʚ ç10è, ʥʝʦʙʭʽʜʥʦ ʟʤʽʥʠʪʠ ʟʥʘʯʝʥʥʷ 

ʻʤʥʽʩʥʦʛʦ ʝʣʝʤʝʥʪʫ, ʱʦ ʥʘʚʘʥʪʘʞʫʻ ʜʨʫʛʠʡ ʈʂʈ, ʥʘ ʉ2 = 3 ʧʌ, ʪʦʙʪʦ 

ʟʤʽʩʪʠʪʠ ʡʦʛʦ ʨʝʟʦʥʘʥʩʥʫ ʯʘʩʪʦʪʫ ʥʘ f2 = 0,84 ɻɻʮ (ʨʠʩ. 3.6ʚ).  
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ʈʠʩ. 3.5. ɿʦʚʥʽʰʥʽʡ ʚʠʛʣʷʜ ʟʘʧʨʦʧʦʥʦʚʘʥʦʛʦ ʧʨʠʩʪʨʦʶ ʜʚʦʙʽʪʥʦʾ ʤʦʜʫʣʷʮʽʾ 

ʮʠʬʨʦʚʠʭ ʩʠʛʥʘʣʽʚ, ʱʦ ʩʢʣʘʜʘʻʪʴʩʷ ʽʟ ʤʽʢʨʦʩʤʫʞʢʦʚʦʾ ʣʽʥʽʾ ʧʝʨʝʜʘʚʘʥʥʷ ʪʘ 

ʜʚʦʭ ʈʂʈ. ɺʭʽʜʥʠʡ ʥʦʩʽʡʥʠʡ ʩʠʛʥʘʣ ʧʦʜʘʻʪʴʩʷ ʥʘ ʧʨʠʩʪʨʽʡ ʯʝʨʝʟ ʧʦʨʪ 1, ʘ 

ʚʠʭʽʜʥʠʡ ʤʦʜʫʣʴʦʚʘʥʠʡ ʩʠʛʥʘʣ ʧʨʠʩʪʨʦʶ ʮʠʬʨʦʚʦʾ ʤʘʥʽʧʫʣʷʮʽʾ ʟʥʽʤʘʻʪʴʩʷ 

ʯʝʨʝʟ ʧʦʨʪ 2. ɯʥʬʦʨʤʘʮʽʡʥʠʡ ʩʠʛʥʘʣ ʟʘʜʘʻʪʴʩʷ ʟʥʘʯʝʥʥʷʤʠ ʻʤʥʽʩʥʠʭ 

ʝʣʝʤʝʥʪʽʚ, ʚʤʦʥʪʦʚʘʥʦʛʦ ʫ ʨʦʟʨʽʟʠ ʟʦʚʥʽʰʥʽʭ ʢʽʣʝʮʴ ʈʂʈ. 

 

ɼʣʷ ʦʪʨʠʤʘʥʥʷ ʥʘ ʚʠʭʦʜʽ ʢʦʤʙʽʥʘʮʽʶ ʙʽʪʽʚ ç00è, ʥʝʦʙʭʽʜʥʦ ʟʤʽʥʠʪʠ 

ʟʥʘʯʝʥʥʷ ʜʚʦʭ ʻʤʥʽʩʥʠʭ ʝʣʝʤʝʥʪʽʚ ʪʘʢ, ʱʦʙ ʩʧʝʢʪʨ S21-ʧʘʨʘʤʝʪʨʽʚ 

ʚʽʜʧʦʚʽʜʘʚ ʧʨʠʚʝʜʝʥʦʤʫ ʥʘ ʨʠʩ. 3.6ʛ, ʚ ʨʝʟʫʣʴʪʘʪʽ ʯʦʛʦ ʥʘ ʚʠʭʦʜʽ ʧʨʠʩʪʨʦʶ 

ʮʠʬʨʦʚʦʾ ʤʘʥʽʧʫʣʷʮʽʾ ʥʝ ʦʪʨʠʤʘʻʤʦ ʥʽ ʦʜʥʽʻʾ ʛʘʨʤʦʥʽʯʥʦʾ ʩʢʣʘʜʦʚʦʾ ʫ 

ʩʧʝʢʪʨʽ ʧʦʪʫʞʥʦʩʪʽ ʚʠʭʽʜʥʦʛʦ ʩʠʛʥʘʣʫ S(t) ʫ ʜʦʩʣʽʜʞʫʚʘʥʦʤʫ ʜʽʘʧʘʟʦʥʽ 

ʯʘʩʪʦʪ. 
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ʘ) 

 

ʙ) 

ʈʠʩ. 3.6. ʏʘʩʪʦʪʥʽ ʟʘʣʝʞʥʦʩʪʽ S21-ʧʘʨʘʤʝʪʨʽʚ ʧʨʠ ʤʦʜʫʣʷʮʽʾ ʢʦʤʙʽʥʘʮʽʡ 

ʙʽʪʽʚ: ʘ ï ç11è ʧʨʠ ʉ1 = ʉ2 = 4 ʧʌ; ʙ ï ç01è ʧʨʠ ʉ1 = 2,4 ʧʌ ʪʘ ʉ2 = 4 ʧʌ; 

ʚ ï ç10è ʧʨʠ ʉ1 = 4 ʧʌ ʪʘ ʉ2 = 3 ʧʌ; ʛ ï «00è ʧʨʠ ʉ1 = 2,4 ʧʌ ʪʘ ʉ2 = 3 ʧʌ 
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ʚ) 

 

ʛ) 

ʇʨʦʜʦʚʞʝʥʥʷ ʨʠʩ. 3.6. 

 

ʗʢ ʽ ʫ ʚʠʧʘʜʢʫ ʧʨʠʩʪʨʦʶ ʤʦʜʫʣʷʮʽʾ ʟ ʦʜʥʠʤ ʢʽʣʴʮʝʚʠʤ ʨʝʟʦʥʘʪʦʨʦʤ 

ʯʘʩʪʦʪʥʽ ʟʘʣʝʞʥʦʩʪʽ ʟʥʘʯʝʥʴ S11-ʧʘʨʘʤʝʪʨʽʚ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴʩʷ ʛʦʩʪʨʠʤʠ 

ʧʽʢʘʤʠ ʥʘ ʯʘʩʪʦʪʘʭ ʨʝʟʦʥʘʥʩʽʚ, ʘ ʾʭ ʟʥʘʯʝʥʥʷ ʙʣʠʟʴʢʽ ʜʦ ʥʫʣʷ (ʨʠʩ. 3.7). 

ʪʘʢʠʤ ʯʠʥʦʤ, ʤʦʞʥʘ ʢʦʥʩʪʘʪʫʚʘʪʠ ʪʦʡ ʬʘʢʪ, ʱʦ ʧʨʠ ʨʦʙʦʪʽ ʥʘ ʯʘʩʪʦʪʘʭ, ʱʦ 

ʚʽʜʧʦʚʽʜʘʶʪʴ ʟʥʘʯʝʥʥʷʤ ʯʘʩʪʦʪ ʨʝʟʦʥʘʥʩʽʚ ʢʽʣʴʮʝʚʠʭ ʨʝʟʦʥʘʪʦʨʽʚ, ʤʘʡʞʝ 
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ʚʩʷ ʝʥʝʨʛʽʷ ɽʄ ʢʦʣʠʚʘʥʥʷ ʟʦʩʝʨʝʜʞʝʥʘ ʥʘ ʢʽʣʴʮʝʚʦʤʫ ʨʝʟʦʥʘʪʦʨʽ ʪʘ ʥʝ 

ʟʜʽʡʩʥʶʻ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʚ ʚʽʜʢʨʠʪʠʡ ʧʨʦʩʪʽʨ. 

  

ʘ) 

  

ʙ) 

ʈʠʩ. 3.7. ʏʘʩʪʦʪʥʽ ʟʘʣʝʞʥʦʩʪʽ S11-ʧʘʨʘʤʝʪʨʽʚ ʧʨʠ ʤʦʜʫʣʷʮʽʾ ʢʦʤʙʽʥʘʮʽʡ 

ʙʽʪʽʚ: ʘ ï ç11è ʧʨʠ ʉ1 = ʉ2 = 4 ʧʌ; ʙ ï ç01è ʧʨʠ ʉ1 = 2,4 ʧʌ ʪʘ ʉ2 = 4 ʧʌ; 

ʚ ï ç10è ʧʨʠ ʉ1 = 4 ʧʌ ʪʘ ʉ2 = 3 ʧʌ; ʛ ï ç11è ʧʨʠ ʉ1 = 2,4 ʧʌ ʪʘ ʉ2 = 3 ʧʌ 
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ʚ) 

  

ʛ) 

ʇʨʦʜʦʚʞʝʥʥʷ ʨʠʩ. 3.7. 

 

ʇʨʠʚʝʜʝʥʠʡ ʥʘ ʨʠʩ. 3.8 ʨʦʟʧʦʜʽʣ ʟʥʘʯʝʥʴ ʛʨʘʜʽʻʥʪʫ ʤʘʛʥʽʪʥʦʛʦ ʧʦʣʷ 

ʟʜʽʡʩʥʝʥʠʡ ʫ ʪʘʢʦʤʫ ʧʦʧʝʨʝʯʥʦʤʫ ʧʝʨʝʨʽʟʽ ʨʦʟʛʣʷʜʫʚʘʥʦʛʦ ʧʨʠʩʪʨʦʶ 

ʤʦʜʫʣʷʮʽʾ, ʱʦʙ ʧʦʢʘʟʘʪʠ ʚʽʜʩʫʪʥʽʩʪʴ ʚʟʘʻʤʦʜʽʾ ʤʽʞ ʢʽʣʴʮʝʚʠʤʠ 

ʨʝʟʦʥʘʪʦʨʘʤʠ. ʗʢ ʚʠʜʥʦ ʤʽʞ ʧʝʨʰʠʤ ʪʘ ʜʨʫʛʠʤ ʈʂʈ ʩʪʨʽʣʢʠ, ʱʦ ʧʦʢʘʟʫʶʪʴ 
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ʥʘʧʨʷʤʢʠ ʛʨʘʜʽʻʥʪʫ ʝʥʝʨʛʽʾ ʤʘʛʥʽʪʥʦʛʦ ʧʦʣʷ ʤʘʶʪʴ ʻ ʧʨʦʪʠʣʝʞʥʠʤʠ. ʎʝ 

ʟʘʙʝʟʧʝʯʫʻ ʚʽʜʩʫʪʥʽʩʪʴ ʚʟʘʻʤʦʚʧʣʠʚʽʚ ʨʝʟʦʥʘʪʦʨʽʚ. 

ʘ) 

 ʙ) 

ʈʠʩ. 3.8. ʈʦʟʧʦʜʽʣ ʟʥʘʯʝʥʴ ʛʨʘʜʽʻʥʪʫ ʤʘʛʥʽʪʥʦʛʦ ʧʦʣʷ ʫ ʧʦʧʝʨʝʯʥʦʤʫ 

ʧʝʨʝʨʽʟʽ ʧʘʨʘʣʝʣʴʥʦ ʜʦ ʣʽʥʽʾ ʧʝʨʝʜʘʚʘʥʥʷ ʥʦʩʽʡʥʦʛʦ ʩʠʛʥʘʣʫ ʧʦʩʝʨʝʜʠʥʽ 

ʢʽʣʴʮʝʚʠʭ ʨʝʟʦʥʘʪʦʨʽʚ ʥʘ ʯʘʩʪʦʪʽ ʨʝʟʦʥʘʥʩʫ ʟʘʧʨʦʧʦʥʦʚʘʥʦʛʦ ʧʨʠʩʪʨʦʶ 

ʤʦʜʫʣʷʮʽʾ ʮʠʬʨʦʚʠʭ ʩʠʛʥʘʣʽʚ, ʧʨʠʚʝʜʝʥʦʛʦ ʥʘ ʨʠʩ. 3.4, ʧʨʠ ʉ1 = ʉ2 = 4 ʧʌ, 

ʱʦ ʚʽʜʧʦʚʽʜʘʻ f = 0,74 ɻɻʮ (ʘ) ʪʘ ʥʘ ʯʘʩʪʦʪʽ, ʚʽʜʤʽʥʥʽʡ ʚʽʜ ʨʝʟʦʥʘʥʩʥʦʾ (ʙ). 
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ʅʘ ʨʠʩ. 3.9 ʧʦʢʘʟʘʥʦ ʨʦʟʧʦʜʽʣʠ ʛʨʘʜʽʻʥʪʽʚ ʝʣʝʢʪʨʠʯʥʦʛʦ ʧʦʣʷ ʥʘ 

ʧʦʚʝʨʭʥʽ ʜʦʩʣʽʜʞʫʚʘʥʦʛʦ ʧʨʠʩʪʨʦʶ ʤʘʥʽʧʫʣʷʮʽʾ ʮʠʬʨʦʚʠʭ ʩʠʛʥʘʣʽʚ, ʱʦ 

ʤʽʩʪʠʪʴ ʜʚʘ ʈʂʈ. ɯʟ ʨʦʟʧʦʜʽʣʫ, ʧʨʠʚʝʜʝʥʦʛʦ ʥʘ ʨʠʩ. 3.9ʘ, ʱʦ ʚʽʜʧʦʚʽʜʘʻ 

ʯʘʩʪʦʪʽ 0,92 ɻɻʮ ʪʘ ʚʽʜʧʦʚʽʜʘʻ ʯʘʩʪʦʪʽ ʨʝʟʦʥʘʥʩʫ ʧʝʨʰʦʛʦ ʢʽʣʴʮʝʚʦʛʦ 

ʨʝʟʦʥʘʪʦʨʫ ʧʨʠ ʉ1 = 2,4 ʧʌ, ʤʦʞʥʘ ʧʽʜʪʚʝʨʜʠʪʠ ʨʦʙʦʪʫ ʧʝʨʰʦʛʦ ʈʂʈ ʫ 

ʢʣʶʯʦʚʦʤʫ ʨʝʞʠʤʫ. ʊʘʢ ʩʘʤ ʨʦʟʧʦʜʽʣ, ʧʨʠʚʝʜʝʥʠʡ ʥʘ ʨʠʩ. 3.9ʙ, ʱʦ 

ʚʽʜʧʦʚʽʜʘʻ ʯʘʩʪʦʪʽ 0,84 ɻɻʮ ʪʘ ʚʽʜʧʦʚʽʜʘʻ ʯʘʩʪʦʪʽ ʨʝʟʦʥʘʥʩʫ ʜʨʫʛʦʛʦ 

ʢʽʣʴʮʝʚʦʛʦ ʨʝʟʦʥʘʪʦʨʫ ʧʨʠ ʉ2 = 3 ʧʌ, ʧʦʢʘʟʫʻ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʫ 

ʢʣʶʯʦʚʦʤʫ ʨʝʞʠʤʽ ʜʣʷ ʜʨʫʛʦʛʦ ʈʂʈ. ɺʽʜʧʦʚʽʜʥʦ ʥʘ ʨʠʩ. 3.9ʚ ʧʦʢʘʟʘʥʦ 

ʨʦʟʧʦʜʽʣ ʟʥʘʯʝʥʴ ʛʨʘʜʽʻʥʪʫ ʝʣʝʢʪʨʠʯʥʦʛʦ ʧʦʣʷ ʥʘ ʯʘʩʪʦʪʽ 0,74 ɻɻʮ, ʱʦ ʥʝ 

ʚʽʜʧʦʚʽʜʘʻ ʟʥʘʯʝʥʥʷʤ ʯʘʩʪʦʪ ʨʝʟʦʥʘʥʩʽʚ ʦʙʦʭ ʢʽʣʴʮʝʚʠʭ ʨʝʟʦʥʘʪʦʨʽʚ ʧʨʠ 

ʟʥʘʯʝʥʥʷʭ ʻʤʥʦʩʪʝʡ ʉ1 = 2,4 ʧʌ ʪʘ ʉ2 = 3 ʧʌ. ɺʠʜʥʦ, ʱʦ ʧʨʠʚʝʜʝʥʠʡ 

ʨʦʟʧʦʜʽʣ ʻ ʨʽʚʥʦʤʽʨʥʠʤ ʤʽʞ ʚʭʽʜʥʠʤ ʪʘ ʚʠʭʽʜʥʠʤ ʧʦʨʪʘʤʠ, ʘ ʩʘʤʽ ʢʽʣʴʮʝʚʽ 

ʨʝʟʦʥʘʪʦʨʠ ʥʝ ʙʝʨʫʪʴ ʫʯʘʩʪʽ ʫ ʧʝʨʝʜʘʚʘʥʥʽ ʥʦʩʽʡʥʦʛʦ ʩʠʛʥʘʣʫ, ʱʦ 

ʚʽʜʦʙʨʘʞʘʻ ʢʦʣʽʨ ʩʪʨʽʣʦʢ, ʷʢʽ ʚʽʜʧʦʚʽʜʘʶʪʴ ʟʥʘʯʝʥʥʶ ʛʨʘʜʽʻʥʪʫ ʧʦʣʷ ʫ 

ʢʦʞʥʽʡ ʪʦʯʮʽ ʧʣʦʱʠʥʠ. 

 ʘ) 
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 ʙ) 

 ʚ) 

ʈʠʩ. 3.9. ʈʦʟʧʦʜʽʣ ʟʥʘʯʝʥʴ ʛʨʘʜʽʻʥʪʫ ʝʣʝʢʪʨʠʯʥʦʛʦ ʧʦʣʷ ʚʝʨʭʥʴʦʾ ʧʣʦʱʠʥʠ 

ʜʦʩʣʽʜʞʫʚʘʥʦʛʦ ʧʨʠʩʪʨʦʶ ʮʠʬʨʦʚʦʾ ʤʘʥʽʧʫʣʷʮʽʾ ʥʘ ʯʘʩʪʦʪʽ ʨʝʟʦʥʘʥʩʫ 

0,92 ɻɻʮ ʧʝʨʰʦʛʦ ʢʽʣʴʮʝʚʦʛʦ ʨʝʟʦʥʘʪʦʨʫ ʧʨʠ ʉ1 = 2,4 ʧʌ (ʘ) ʪʘ ʥʘ ʯʘʩʪʦʪʽ 

ʨʝʟʦʥʘʥʩʫ 0,84 ɻɻʮ  ʜʨʫʛʦʛʦ ʢʽʣʴʮʝʚʦʛʦ ʨʝʟʦʥʘʪʦʨʫ ʧʨʠ ʉ2 = 3 ʧʌ (ʙ) ʪʘ ʥʘ 

ʯʘʩʪʦʪʽ ʨʝʟʦʥʘʥʩʫ ʦʜʥʦʯʘʩʥʦ ʜʚʦʭ ʢʽʣʴʮʝʚʠʭ ʨʝʟʦʥʘʪʦʨʽʚ 0,74 ɻɻʮ  ʧʨʠ 

ʉ1 = 2,4 ʧʌ ʪʘ ʉ2 = 3 ʧʌ (ʚ). 

 


