
ʅʘ ʧʨʘʚʘʭ ʨʫʢʦʧʠʩʠ 

 

 

 

 

 

 

ɹʘʩʢʘʢʦʚʘ ɸʣʝʢʩʘʥʜʨʘ ʕʜʫʘʨʜʦʚʥʘ 

 

 

ʇɽʈɽʉʊʈɸʀɺɸɽʄʓɽ ʌʀʃʔʊʈʓ ʉɺʏ ʅɸ ʕʃɽʄɽʅʊɸʍ  

ʉ ʉʆʉʈɽɼʆʊʆʏɽʅʅʓʄʀ ʇɸʈɸʄɽʊʈɸʄʀ 

 

 

ʉʧʝʮʠʘʣʴʥʦʩʪʴ 05.12.07 ï ɸʥʪʝʥʥʳ, ʉɺʏ-ʫʩʪʨʦʡʩʪʚʘ ʠ ʠʭ ʪʝʭʥʦʣʦʛʠʠ 

 

 

 

ɸɺʊʆʈɽʌɽʈɸʊ 

ʜʠʩʩʝʨʪʘʮʠʠ ʥʘ ʩʦʠʩʢʘʥʠʝ ʫʯʝʥʦʡ ʩʪʝʧʝʥʠ 

ʢʘʥʜʠʜʘʪʘ ʪʝʭʥʠʯʝʩʢʠʭ ʥʘʫʢ 

 

 

 

 

 

 

 

 

ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛ ï 2016 



ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʚ ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛʩʢʦʤ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʤ ʵʣʝʢʪʨʦʪʝʭʥʠʯʝʩʢʦʤ ʫʥʠʚʝʨʩʠʪʝʪʝ 

"ʃʕʊʀ" ʠʤʝʥʠ ɺ. ʀ. ʋʣʴʷʥʦʚʘ (ʃʝʥʠʥʘ) ʥʘ ʢʘʬʝʜʨʝ ʤʠʢʨʦʨʘʜʠʦʵʣʝʢʪʨʦʥʠʢʠ ʠ ʪʝʭʥʦʣʦʛʠʠ 

ʨʘʜʠʦʘʧʧʘʨʘʪʫʨʳ. 

 

 

ʅʘʫʯʥʳʡ ʨʫʢʦʚʦʜʠʪʝʣʴ ï ʢʘʥʜʠʜʘʪ ʪʝʭʥʠʯʝʩʢʠʭ ʥʘʫʢ,  

ʍʦʣʦʜʥʷʢ ɼʤʠʪʨʠʡ ɺʠʢʪʦʨʦʚʠʯ 

  

ʆʬʠʮʠʘʣʴʥʳʝ ʦʧʧʦʥʝʥʪʳ:  

ɼʦʢʪʦʨ ʪʝʭʥʠʯʝʩʢʠʭ ʥʘʫʢ,  

ʇʘʨʥʝʩ ʄʠʭʘʠʣ ɼʘʚʠʜʦʚʠʯ,  

ʛʣʘʚʥʳʡ ʢʦʥʩʪʨʫʢʪʦʨ ʆʆʆ çʈʝʟʦʥʘʥʩè (ʛ. ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛ) 

 

ʂʘʥʜʠʜʘʪ ʪʝʭʥʠʯʝʩʢʠʭ ʥʘʫʢ,  

ʉʝʜʳʰʝʚ ʕʨʥʝʩʪ ʖʨʴʝʚʠʯ, 

ɼʦʮʝʥʪ ʢʘʬʝʜʨʳ ʣɻʝʢʪʨʦʥʠʢʠ ʠ ʩʭʝʤʦʪʝʭʥʠʢʠ, ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ 

ʫʥʠʚʝʨʩʠʪʝʪ ʪʝʣʝʢʦʤʤʫʥʠʢʘʮʠʡ ʠʤʝʥʠ ʧʨʦʬʝʩʩʦʨʘ ʄ.ɸ. ɹʦʥʯ-ɹʨʫʝʚʠʯʘ 

(ʛ. ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛ) 

 

ɺʝʜʫʱʘʷ ʦʨʛʘʥʠʟʘʮʠʷ: ʉʘʤʘʨʩʢʠʡ ʥʘʮʠʦʥʘʣʴʥʳʡ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ 

ʠʤʝʥʠ ʘʢʘʜʝʤʠʢʘ ʉ.ʇ. ʂʦʨʦʣʝʚʘ (ʛ. ʉʘʤʘʨʘ) 

 

 

 

 

ɿʘʱʠʪʘ ʜʠʩʩʝʨʪʘʮʠʠ ʩʦʩʪʦʠʪʩʷ "28" ʜʝʢʘʙʨʷ 2016 ʛ. ʚ 10 ʯʘʩʦʚ 30 ʤʠʥʫʪ ʥʘ ʟʘʩʝʜʘʥʠʠ 

ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʛʦ ʩʦʚʝʪʘ ɼ 212.238.03 ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛʩʢʦʛʦ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ 

ʵʣʝʢʪʨʦʪʝʭʥʠʯʝʩʢʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ "ʃʕʊʀ" ʠʤʝʥʠ ɺ. ʀ. ʋʣʴʷʥʦʚʘ (ʃʝʥʠʥʘ) ʧʦ ʘʜʨʝʩʫ: 197376, 

ʛ. ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛ, ʫʣ. ʇʨʦʬ. ʇʦʧʦʚʘ, ʜ. 5. 

 

 

 

 

ʉ ʜʠʩʩʝʨʪʘʮʠʝʡ ʤʦʞʥʦ ʦʟʥʘʢʦʤʠʪʴʩʷ ʚ ʙʠʙʣʠʦʪʝʢʝ ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛʩʢʦʛʦ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ 

ʵʣʝʢʪʨʦʪʝʭʥʠʯʝʩʢʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ "ʃʕʊʀ" ʠʤʝʥʠ ɺ. ʀ. ʋʣʴʷʥʦʚʘ (ʃʝʥʠʥʘ) ʠ ʥʘ ʩʘʡʪʝ 

www.eltech.ru. 

 

 

 

 

ɸʚʪʦʨʝʬʝʨʘʪ ʨʘʟʦʩʣʘʥ "27" ʦʢʪʷʙʨʷ 2016 ʛ. 

 

 

 

 

 

 

ʋʯʝʥʳʡ ʩʝʢʨʝʪʘʨʴ 

ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʛʦ ʩʦʚʝʪʘ ɼ 212.238.03 

 
 

ʄ. ɽ. ʐʝʚʯʝʥʢʦ 
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ʆɹʑɸʗ ʍɸʈɸʂʊɽʈʀʉʊʀʂɸ ʈɸɹʆʊʓ 

ɸʢʪʫʘʣʴʥʦʩʪʴ ʪʝʤʳ ʠʩʩʣʝʜʦʚʘʥʠʷ  

ʉʦʚʨʝʤʝʥʥʳʝ ʩʠʩʪʝʤʳ ʙʝʩʧʨʦʚʦʜʥʦʡ ʩʚʷʟʠ ʠ ʪʝʣʝʢʦʤʤʫʥʠʢʘʮʠʡ ʧʦʜʜʝʨʞʠʚʘʶʪ 

ʨʘʟʣʠʯʥʳʝ ʩʪʘʥʜʘʨʪʳ ʩʚʷʟʠ ʠ ʠʩʧʦʣʴʟʫʶʪ ʤʥʦʞʝʩʪʚʦ ʧʦʣʦʩ ʯʘʩʪʦʪ ʚ ʥʠʞʥʝʡ ʯʘʩʪʠ 

ʉɺʏ-ʜʠʘʧʘʟʦʥʘ, ʜʣʷ ʚʳʜʝʣʝʥʠʷ ʢʦʪʦʨʳʭ ʧʨʠʤʝʥʷʶʪʩʷ ʧʦʣʦʩʥʦ-ʧʨʦʧʫʩʢʘʶʱʠʝ ʬʠʣʴʪʨʳ (ʇʇʌ). 

ʊʝʥʜʝʥʮʠʠ ʨʘʟʚʠʪʠʷ ʥʘʧʨʘʚʣʝʥʳ ʥʘ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʚʩʸ ʥʦʚʳʭ ʧʦʣʦʩ ʯʘʩʪʦʪ, ʯʪʦ ʪʨʝʙʫʝʪ 

ʜʘʣʴʥʝʡʰʝʛʦ ʫʚʝʣʠʯʝʥʠʷ ʢʦʣʠʯʝʩʪʚʘ ʉɺʏ-ʬʠʣʴʪʨʦʚ.  

ʂʦʣʠʯʝʩʪʚʦ ʥʝʦʙʭʦʜʠʤʳʭ ʬʠʣʴʪʨʦʚ ʤʦʞʝʪ ʙʳʪʴ ʫʤʝʥʴʰʝʥʦ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʇʇʌ ʩ 

ʧʝʨʝʩʪʨʦʡʢʦʡ ʮʝʥʪʨʘʣʴʥʦʡ ʯʘʩʪʦʪʳ ʠ ʰʠʨʠʥʳ ʧʦʣʦʩʳ ʧʨʦʧʫʩʢʘʥʠʷ, ʢʘʞʜʳʡ ʠʟ ʢʦʪʦʨʳʭ 

ʨʝʘʣʠʟʫʝʪ ʬʫʥʢʮʠʶ ʥʝʩʢʦʣʴʢʠʭ ʥʝʧʝʨʝʩʪʨʘʠʚʘʝʤʳʭ ʬʠʣʴʪʨʦʚ. ʇʝʨʝʩʪʨʘʠʚʘʝʤʳʝ 

ʉɺʏ-ʬʠʣʴʪʨʳ ï ʢʣʶʯʝʚʳʝ ʵʣʝʤʝʥʪʳ ʙʫʜʫʱʠʭ ʩʠʩʪʝʤ ʩʚʷʟʠ ʩ ʜʠʥʘʤʠʯʝʩʢʠ ʧʝʨʝʨʘʩʧʨʝʜʝʣʷʝʤʳʤ 

ʩʧʝʢʪʨʦʤ, ʨʝʘʣʠʟʫʶʱʠʭ ʢʦʥʮʝʧʮʠʶ ʧʨʦʛʨʘʤʤʥʦ-ʦʧʨʝʜʝʣʷʝʤʦʛʦ ʠʣʠ ʢʦʛʥʠʪʠʚʥʦʛʦ ʨʘʜʠʦ. ɺ 

ʩʚʷʟʠ ʩ ʵʪʠʤ ʚ ʧʦʩʣʝʜʥʝʝ ʚʨʝʤʷ ʫʜʝʣʷʝʪʩʷ ʧʦʚʳʰʝʥʥʦʝ ʚʥʠʤʘʥʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷʤ ʠ ʨʘʟʨʘʙʦʪʢʝ 

ʧʝʨʝʩʪʨʘʠʚʘʝʤʳʭ ʉɺʏ-ʬʠʣʴʪʨʦʚ. 

ʇʝʨʝʩʪʨʦʡʢʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʉɺʏ-ʬʠʣʴʪʨʦʚ ʤʦʞʝʪ ʦʩʫʱʝʩʪʚʣʷʪʴʩʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʨʘʟʣʠʯʥʳʭ ʬʠʟʠʯʝʩʢʠʭ ʵʬʬʝʢʪʦʚ: ʤʝʭʘʥʠʯʝʩʢʠʭ, ʵʣʝʢʪʨʠʯʝʩʢʠʭ, ʤʘʛʥʠʪʥʳʭ, ʦʧʪʠʯʝʩʢʠʭ. ʂ 

ʥʘʩʪʦʷʱʝʤʫ ʤʦʤʝʥʪʫ ʥʘʠʙʦʣʴʰʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʧʦʣʫʯʠʣʠ ʧʝʨʝʩʪʨʘʠʚʘʝʤʳʝ ʉɺʏ-ʬʠʣʴʪʨʳ ʩ 

ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʧʝʨʝʩʪʨʦʡʢʦʡ. ɺ ʢʘʯʝʩʪʚʝ ʫʧʨʘʚʣʷʶʱʠʭ ʢʦʤʧʦʥʝʥʪʦʚ ʚ ʪʘʢʠʭ ʬʠʣʴʪʨʘʭ 

ʧʨʠʤʝʥʷʶʪʩʷ ʨʘʟʣʠʯʥʳʝ ʪʠʧʳ ʢʦʥʜʝʥʩʘʪʦʨʦʚ ʩ ʧʝʨʝʤʝʥʥʦʡ ʝʤʢʦʩʪʴʶ: ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚʳʝ 

ʚʘʨʠʢʘʧʳ, ʩʝʛʥʝʪʦʵʣʝʢʪʨʠʯʝʩʢʠʝ ʚʘʨʠʢʦʥʜʳ, ʤʠʢʨʦʵʣʝʢʪʨʦʤʝʭʘʥʠʯʝʩʢʠʝ (ʄʕʄ) ʧʝʨʝʤʝʥʥʳʝ 

ʢʦʥʜʝʥʩʘʪʦʨʳ.  

ɹʦʣʴʰʠʥʩʪʚʦ ʩʦʚʨʝʤʝʥʥʳʭ ʧʝʨʝʩʪʨʘʠʚʘʝʤʳʭ ʇʇʌ ʉɺʏ ʠʩʧʦʣʴʟʫʶʪ ʨʝʟʦʥʘʪʦʨʳ ʥʘ 

ʦʪʨʝʟʢʘʭ ʣʠʥʠʡ ʧʝʨʝʜʘʯʠ, ʣʠʙʦ ʦʙʲʝʤʥʳʝ ʨʝʟʦʥʘʪʦʨʳ. ɻʣʘʚʥʳʤ ʥʝʜʦʩʪʘʪʢʦʤ ʪʘʢʠʭ ʬʠʣʴʪʨʦʚ 

ʷʚʣʷʶʪʩʷ ʙʦʣʴʰʠʝ ʨʘʟʤʝʨʳ ʚ ʩʨʘʚʥʝʥʠʠ ʩ ʨʘʙʦʯʝʡ ʜʣʠʥʦʡ ʚʦʣʥʳ, ʯʪʦ ʦʛʨʘʥʠʯʠʚʘʝʪ 

ʚʦʟʤʦʞʥʦʩʪʠ ʠʭ ʧʨʠʤʝʥʝʥʠʷ ʚ ʥʠʞʥʝʡ ʯʘʩʪʠ ʉɺʏ-ʜʠʘʧʘʟʦʥʘ. ʆʩʥʦʚʥʳʝ ʫʩʠʣʠʷ ʥʘʧʨʘʚʣʝʥʳ ʥʘ 

ʫʤʝʥʴʰʝʥʠʝ ʛʘʙʘʨʠʪʥʳʭ ʨʘʟʤʝʨʦʚ ʬʠʣʴʪʨʦʚ ʟʘ ʩʯʝʪ ʧʨʠʤʝʥʝʥʠʷ ʨʝʟʦʥʘʪʦʨʦʚ ʩʧʝʮʠʘʣʴʥʦʡ 

ʬʦʨʤʳ. 

ʉ ʪʦʯʢʠ ʟʨʝʥʠʷ ʛʘʙʘʨʠʪʥʳʭ ʨʘʟʤʝʨʦʚ ʥʝʦʩʧʦʨʠʤʳʤ ʧʨʝʠʤʫʱʝʩʪʚʦʤ ʦʙʣʘʜʘʶʪ ʬʠʣʴʪʨʳ 

ʥʘ ʵʣʝʤʝʥʪʘʭ ʩ ʩʦʩʨʝʜʦʪʦʯʝʥʥʳʤʠ ʧʘʨʘʤʝʪʨʘʤʠ. ɺʤʝʩʪʝ ʩ ʪʝʤ, ʧʝʨʝʩʪʨʘʠʚʘʝʤʳʝ ʬʠʣʴʪʨʳ ʥʘ 

ʩʚʷʟʘʥʥʳʭ ʢʦʣʝʙʘʪʝʣʴʥʳʭ ʢʦʥʪʫʨʘʭ ʧʨʠʤʝʥʷʶʪʩʷ ʜʦʚʦʣʴʥʦ ʨʝʜʢʦ. ʀʩʩʣʝʜʦʚʘʥʠʶ ʚʦʟʤʦʞʥʦʩʪʝʡ 

ʧʝʨʝʩʪʨʦʡʢʠ ʪʘʢʠʭ ʬʠʣʴʪʨʦʚ ʫʜʝʣʷʝʪʩʷ ʥʝʜʦʩʪʘʪʦʯʥʦ ʚʥʠʤʘʥʠʷ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʠʭ ʧʦʪʝʥʮʠʘʣ 

ʷʚʥʦ ʥʝʜʦʦʮʝʥʝʥ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʠʩʩʣʝʜʦʚʘʥʠʝ ʠ ʨʘʟʨʘʙʦʪʢʘ ʇʇʌ ʩ ʧʝʨʝʩʪʨʦʡʢʦʡ ʮʝʥʪʨʘʣʴʥʦʡ ʯʘʩʪʦʪʳ ʠ 

ʰʠʨʠʥʳ ʧʦʣʦʩʳ ʧʨʦʧʫʩʢʘʥʠʷ ʥʘ ʵʣʝʤʝʥʪʘʭ ʩ ʩʦʩʨʝʜʦʪʦʯʝʥʥʳʤʠ ʧʘʨʘʤʝʪʨʘʤʠ ʧʨʝʜʩʪʘʚʣʷʝʪ 

ʩʦʙʦʡ ʘʢʪʫʘʣʴʥʫʶ ʟʘʜʘʯʫ, ʨʝʰʝʥʠʝ ʢʦʪʦʨʦʡ ʙʫʜʝʪ ʩʧʦʩʦʙʩʪʚʦʚʘʪʴ ʩʦʟʜʘʥʠʶ ʤʘʣʦʛʘʙʘʨʠʪʥʳʭ 

ʧʝʨʝʩʪʨʘʠʚʘʝʤʳʭ ʉɺʏ-ʬʠʣʴʪʨʦʚ ʜʣʷ ʩʠʩʪʝʤ ʙʝʩʧʨʦʚʦʜʥʦʡ ʩʚʷʟʠ ʩʣʝʜʫʶʱʠʭ ʧʦʢʦʣʝʥʠʡ ʠ 

ʜʨʫʛʠʭ ʧʨʠʤʝʥʝʥʠʡ. 

ʎʝʣʴ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʡ ʨʘʙʦʪʳ ï ʠʩʩʣʝʜʦʚʘʥʠʝ ʠ ʨʘʟʨʘʙʦʪʢʘ ʧʦʣʦʩʥʦ-ʧʨʦʧʫʩʢʘʶʱʠʭ 

ʬʠʣʴʪʨʦʚ ʉɺʏ ʩ ʧʝʨʝʩʪʨʦʡʢʦʡ ʮʝʥʪʨʘʣʴʥʦʡ ʯʘʩʪʦʪʳ ʠ ʰʠʨʠʥʳ ʧʦʣʦʩʳ ʧʨʦʧʫʩʢʘʥʠʷ ʥʘ 

ʵʣʝʤʝʥʪʘʭ ʩ ʩʦʩʨʝʜʦʪʦʯʝʥʥʳʤʠ ʧʘʨʘʤʝʪʨʘʤʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʝʨʝʤʝʥʥʳʭ ʢʦʥʜʝʥʩʘʪʦʨʦʚ ʚ 

ʢʘʯʝʩʪʚʝ ʫʧʨʘʚʣʷʶʱʠʭ ʵʣʝʤʝʥʪʦʚ. 

ʎʝʣʴ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʡ ʨʘʙʦʪʳ ʜʦʩʪʠʛʘʝʪʩʷ ʨʝʰʝʥʠʝʤ ʩʣʝʜʫʶʱʠʭ ʟʘʜʘʯ: 

1. ɸʥʘʣʠʟ ʧʝʨʝʩʪʨʦʡʢʠ ʮʝʥʪʨʘʣʴʥʦʡ ʯʘʩʪʦʪʳ ʠ ʰʠʨʠʥʳ ʧʦʣʦʩʳ ʧʨʦʧʫʩʢʘʥʠʷ ʇʇʌ ʥʘ 

ʩʚʷʟʘʥʥʳʭ ʢʦʣʝʙʘʪʝʣʴʥʳʭ ʢʦʥʪʫʨʘʭ ʩ ʧʝʨʝʤʝʥʥʳʤʠ ʢʦʥʜʝʥʩʘʪʦʨʘʤʠ. ʀʩʩʣʝʜʦʚʘʥʠʝ 
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ʚʦʟʤʦʞʥʦʩʪʝʡ ʧʝʨʝʩʪʨʦʡʢʠ ʮʝʥʪʨʘʣʴʥʦʡ ʯʘʩʪʦʪʳ ʠ ʰʠʨʠʥʳ ʧʦʣʦʩʳ ʧʨʦʧʫʩʢʘʥʠʷ, ʚ ʪʦʤ ʯʠʩʣʝ: 

ʩʦʭʨʘʥʝʥʠʷ ʧʦʩʪʦʷʥʥʦʡ ʰʠʨʠʥʳ ʧʦʣʦʩʳ ʧʨʦʧʫʩʢʘʥʠʷ ʧʨʠ ʧʝʨʝʩʪʨʦʡʢʝ ʮʝʥʪʨʘʣʴʥʦʡ ʯʘʩʪʦʪʳ, ʘ 

ʪʘʢʞʝ ʫʧʨʘʚʣʝʥʠʷ ʰʠʨʠʥʦʡ ʧʦʣʦʩʳ ʧʨʦʧʫʩʢʘʥʠʷ ʧʨʠ ʥʝʠʟʤʝʥʥʦʡ ʮʝʥʪʨʘʣʴʥʦʡ ʯʘʩʪʦʪʝ. 

2. ɸʥʘʣʠʟ ʦʛʨʘʥʠʯʝʥʠʡ ʜʠʘʧʘʟʦʥʘ ʧʝʨʝʩʪʨʦʡʢʠ ʮʝʥʪʨʘʣʴʥʦʡ ʯʘʩʪʦʪʳ ʠ ʰʠʨʠʥʳ ʧʦʣʦʩʳ 

ʧʨʦʧʫʩʢʘʥʠʷ, ʩʚʷʟʘʥʥʳʭ ʩ ʬʠʟʠʯʝʩʢʦʡ ʨʝʘʣʠʟʘʮʠʝʡ ʧʝʨʝʩʪʨʘʠʚʘʝʤʳʭ ʵʣʝʤʝʥʪʦʚ ʩʚʷʟʠ ʠ 

ʢʦʥʝʯʥʦʡ ʫʧʨʘʚʣʷʝʤʦʩʪʴʶ ʧʝʨʝʤʝʥʥʳʭ ʢʦʥʜʝʥʩʘʪʦʨʦʚ. 

3. ʈʘʟʨʘʙʦʪʢʘ ʠ ʠʩʩʣʝʜʦʚʘʥʠʝ ʧʝʨʝʩʪʨʘʠʚʘʝʤʳʭ ʇʇʌ ʩ ʧʦʩʪʦʷʥʥʦʡ 

ʘʙʩʦʣʶʪʥʦʡ/ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʰʠʨʠʥʦʡ ʧʦʣʦʩʳ ʧʨʦʧʫʩʢʘʥʠʷ. 

4. ʈʘʟʨʘʙʦʪʢʘ ʠ ʠʩʩʣʝʜʦʚʘʥʠʝ ʧʝʨʝʩʪʨʘʠʚʘʝʤʳʭ ʇʇʌ ʩ ʚʦʟʤʦʞʥʦʩʪʴʶ ʥʝʟʘʚʠʩʠʤʦʛʦ 

ʫʧʨʘʚʣʝʥʠʷ ʮʝʥʪʨʘʣʴʥʦʡ ʯʘʩʪʦʪʦʡ ʠ ʰʠʨʠʥʦʡ ʧʦʣʦʩʳ ʧʨʦʧʫʩʢʘʥʠʷ. 

5. ʀʩʩʣʝʜʦʚʘʥʠʝ ʯʘʩʪʦʪʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʝʨʝʩʪʨʘʠʚʘʝʤʳʭ ʇʇʌ ʥʘ ʩʚʷʟʘʥʥʳʭ 

ʢʦʥʪʫʨʘʭ ʧʨʠ ʧʦʚʳʰʝʥʥʦʤ ʫʨʦʚʥʝ ʤʦʱʥʦʩʪʠ ʚʭʦʜʥʦʛʦ ʩʠʛʥʘʣʘ.  

ʅʘʫʯʥʘʷ ʥʦʚʠʟʥʘ ʨʘʙʦʪʳ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʩʣʝʜʫʶʱʝʤ:  

ʆʧʨʝʜʝʣʝʥʳ ʫʩʣʦʚʠʷ ʩʦʭʨʘʥʝʥʠʷ ʘʙʩʦʣʶʪʥʦʡ ʠ ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʰʠʨʠʥʳ ʧʦʣʦʩʳ 

ʧʨʦʧʫʩʢʘʥʠʷ ʧʨʠ ʧʝʨʝʩʪʨʦʡʢʝ ʮʝʥʪʨʘʣʴʥʦʡ ʯʘʩʪʦʪʳ ʇʇʌ ʥʘ ʵʣʝʤʝʥʪʘʭ ʩ ʩʦʩʨʝʜʦʪʦʯʝʥʥʳʤʠ 

ʧʘʨʘʤʝʪʨʘʤʠ, ʫʧʨʘʚʣʷʝʤʦʛʦ ʧʝʨʝʤʝʥʥʳʤʠ ʢʦʥʜʝʥʩʘʪʦʨʘʤʠ, ʘ ʪʘʢʞʝ ʫʩʣʦʚʠʝ ʧʝʨʝʩʪʨʦʡʢʠ 

ʰʠʨʠʥʳ ʧʦʣʦʩʳ ʧʨʦʧʫʩʢʘʥʠʷ ʧʨʠ ʬʠʢʩʠʨʦʚʘʥʥʦʡ ʮʝʥʪʨʘʣʴʥʦʡ ʯʘʩʪʦʪʝ. 

ʇʦʣʫʯʝʥʳ ʘʥʘʣʠʪʠʯʝʩʢʠʝ ʚʳʨʘʞʝʥʠʷ, ʦʧʠʩʳʚʘʶʱʠʝ ʧʝʨʝʩʪʨʦʡʢʫ ʮʝʥʪʨʘʣʴʥʦʡ ʯʘʩʪʦʪʳ ʠ 

ʰʠʨʠʥʳ ʧʦʣʦʩʳ ʧʨʦʧʫʩʢʘʥʠʷ ʇʇʌ ʥʘ ʵʣʝʤʝʥʪʘʭ ʩ ʩʦʩʨʝʜʦʪʦʯʝʥʥʳʤʠ ʧʘʨʘʤʝʪʨʘʤʠ ʠ 

ʦʛʨʘʥʠʯʝʥʠʷ ʜʠʘʧʘʟʦʥʘ ʧʝʨʝʩʪʨʦʡʢʠ, ʩʚʷʟʘʥʥʳʝ ʩ ʬʠʟʠʯʝʩʢʦʡ ʨʝʘʣʠʟʘʮʠʝʡ ʵʣʝʤʝʥʪʦʚ ʩʚʷʟʠ ʠ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʝʨʝʤʝʥʥʳʭ ʢʦʥʜʝʥʩʘʪʦʨʦʚ ʩ ʢʦʥʝʯʥʦʡ ʫʧʨʘʚʣʷʝʤʦʩʪʴʶ. 

ʇʨʝʜʣʦʞʝʥ ʧʦʜʭʦʜ ʢ ʨʘʟʨʘʙʦʪʢʝ ʧʝʨʝʩʪʨʘʠʚʘʝʤʳʭ ʇʇʌ ʥʘ ʵʣʝʤʝʥʪʘʭ ʩ 

ʩʦʩʨʝʜʦʪʦʯʝʥʥʳʤʠ ʧʘʨʘʤʝʪʨʘʤʠ ʩ ʧʦʩʪʦʷʥʥʦʡ ʘʙʩʦʣʶʪʥʦʡ ʠʣʠ ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʰʠʨʠʥʦʡ ʧʦʣʦʩʳ 

ʧʨʦʧʫʩʢʘʥʠʷ. 

ʈʘʟʨʘʙʦʪʘʥʳ ʠ ʠʩʩʣʝʜʦʚʘʥʳ ʧʝʨʝʩʪʨʘʠʚʘʝʤʳʝ ʇʇʌ ʥʘ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʭ/ʧʘʨʘʣʣʝʣʴʥʳʭ 

ʢʦʣʝʙʘʪʝʣʴʥʳʭ ʢʦʥʪʫʨʘʭ ʠ ʠʥʚʝʨʪʦʨʘʭ ʩʦʧʨʦʪʠʚʣʝʥʠʷ/ʧʨʦʚʦʜʠʤʦʩʪʠ ʩ ʧʝʨʝʤʝʥʥʳʤʠ 

ʢʦʥʜʝʥʩʘʪʦʨʘʤʠ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʝ ʥʝʧʨʝʨʳʚʥʦʝ ʥʝʟʘʚʠʩʠʤʦʝ ʫʧʨʘʚʣʝʥʠʝ ʮʝʥʪʨʘʣʴʥʦʡ ʯʘʩʪʦʪʦʡ 

ʠ ʰʠʨʠʥʦʡ ʧʦʣʦʩʳ ʧʨʦʧʫʩʢʘʥʠʷ. 

ɿʥʘʯʠʤʦʩʪʴ ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʜʣʷ ʪʝʦʨʠʠ ʠ ʧʨʘʢʪʠʢʠ:  

ʊʝʦʨʝʪʠʯʝʩʢʘʷ ʟʥʘʯʠʤʦʩʪʴ ʨʝʟʫʣʴʪʘʪʦʚ ʨʘʙʦʪʳ ʩʦʩʪʦʠʪ ʚ ʩʣʝʜʫʶʱʝʤ: 

1. ʆʧʨʝʜʝʣʝʥʳ ʫʩʣʦʚʠʷ ʫʧʨʘʚʣʝʥʠʷ ʮʝʥʪʨʘʣʴʥʦʡ ʯʘʩʪʦʪʦʡ ʠ ʰʠʨʠʥʦʡ ʧʦʣʦʩʳ 

ʧʨʦʧʫʩʢʘʥʠʷ ʠ, ʚ ʯʘʩʪʥʦʩʪʠ, ʫʩʣʦʚʠʷ ʩʦʭʨʘʥʝʥʠʷ ʘʙʩʦʣʶʪʥʦʡ/ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʰʠʨʠʥʳ ʧʦʣʦʩʳ 

ʧʨʦʧʫʩʢʘʥʠʷ ʜʣʷ ʇʇʌ ʥʘ ʵʣʝʤʝʥʪʘʭ ʩ ʩʦʩʨʝʜʦʪʦʯʝʥʥʳʤʠ ʧʘʨʘʤʝʪʨʘʤʠ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʚ 

ʢʘʯʝʩʪʚʝ ʫʧʨʘʚʣʷʶʱʠʭ ʵʣʝʤʝʥʪʦʚ ʢʦʥʜʝʥʩʘʪʦʨʦʚ ʩ ʧʝʨʝʤʝʥʥʦʡ ʝʤʢʦʩʪʴʶ.  

2. ʇʦʣʫʯʝʥʳ ʘʥʘʣʠʪʠʯʝʩʢʠʝ ʚʳʨʘʞʝʥʠʷ, ʦʧʠʩʳʚʘʶʱʠʝ ʦʛʨʘʥʠʯʝʥʠʷ ʜʠʘʧʘʟʦʥʘ 

ʧʝʨʝʩʪʨʦʡʢʠ ʮʝʥʪʨʘʣʴʥʦʡ ʯʘʩʪʦʪʳ ʠ ʰʠʨʠʥʳ ʧʦʣʦʩʳ ʧʨʦʧʫʩʢʘʥʠʷ, ʩʚʷʟʘʥʥʳʝ ʩ ʬʠʟʠʯʝʩʢʦʡ 

ʨʝʘʣʠʟʘʮʠʝʡ ʠʥʚʝʨʪʦʨʦʚ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʠ ʧʨʦʚʦʜʠʤʦʩʪʠ, ʠ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʨʝʘʣʴʥʳʭ 

ʫʧʨʘʚʣʷʶʱʠʭ ʵʣʝʤʝʥʪʦʚ ʩ ʢʦʥʝʯʥʦʡ ʫʧʨʘʚʣʷʝʤʦʩʪʴʶ.  

3. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʧʝʨʝʩʪʨʘʠʚʘʝʤʳʡ ʇʇʌ ʩ ʧʦʩʪʦʷʥʥʦʡ ʘʙʩʦʣʶʪʥʦʡ ʰʠʨʠʥʦʡ ʧʦʣʦʩʳ 

ʧʨʦʧʫʩʢʘʥʠʷ ʥʘ ʩʚʷʟʘʥʥʳʭ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʭ ʢʦʥʪʫʨʘʭ ʦʙʝʩʧʝʯʠʚʘʝʪ ʙʦʣʝʝ ʰʠʨʦʢʠʡ ʜʠʘʧʘʟʦʥ 

ʧʝʨʝʩʪʨʦʡʢʠ ʮʝʥʪʨʘʣʴʥʦʡ ʯʘʩʪʦʪʳ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʇʇʌ ʥʘ ʦʩʥʦʚʝ ʧʘʨʘʣʣʝʣʴʥʳʭ ʢʦʥʪʫʨʦʚ, 

ʠʩʧʦʣʴʟʫʶʱʠʤ ʪʘʢʠʝ ʞʝ ʫʧʨʘʚʣʷʶʱʠʝ ʵʣʝʤʝʥʪʳ.  

ʇʨʘʢʪʠʯʝʩʢʘʷ ʟʥʘʯʠʤʦʩʪʴ ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʩʣʝʜʫʶʱʝʤ: 

1. ʇʨʝʜʣʦʞʝʥ ʧʦʜʭʦʜ ʢ ʨʘʟʨʘʙʦʪʢʝ ʧʝʨʝʩʪʨʘʠʚʘʝʤʳʭ ʇʇʌ ʥʘ ʵʣʝʤʝʥʪʘʭ ʩ 
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ʩʦʩʨʝʜʦʪʦʯʝʥʥʳʤʠ ʧʘʨʘʤʝʪʨʘʤʠ, ʩʦʭʨʘʥʷʶʱʠʭ ʘʙʩʦʣʶʪʥʫʶ/ʦʪʥʦʩʠʪʝʣʴʥʫʶ ʰʠʨʠʥʫ ʧʦʣʦʩʳ 

ʧʨʦʧʫʩʢʘʥʠʷ ʧʦʩʪʦʷʥʥʦʡ ʧʨʠ ʧʝʨʝʩʪʨʦʡʢʝ ʮʝʥʪʨʘʣʴʥʦʡ ʯʘʩʪʦʪʳ.  

2. ʇʨʝʜʣʦʞʝʥ ʧʦʜʭʦʜ ʢ ʨʘʟʨʘʙʦʪʢʝ ʧʝʨʝʩʪʨʘʠʚʘʝʤʳʭ ʇʇʌ ʩ ʥʝʧʨʝʨʳʚʥʳʤ 

ʥʝʟʘʚʠʩʠʤʳʤ ʫʧʨʘʚʣʝʥʠʝʤ ʮʝʥʪʨʘʣʴʥʦʡ ʯʘʩʪʦʪʦʡ ʠ ʰʠʨʠʥʦʡ ʧʦʣʦʩʳ ʧʨʦʧʫʩʢʘʥʠʷ ʥʘ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʭ/ʧʘʨʘʣʣʝʣʴʥʳʭ ʢʦʣʝʙʘʪʝʣʴʥʳʭ ʢʦʥʪʫʨʘʭ ʠ ʠʥʚʝʨʪʦʨʘʭ 

ʩʦʧʨʦʪʠʚʣʝʥʠʷ/ʧʨʦʚʦʜʠʤʦʩʪʠ ʩ ʧʝʨʝʤʝʥʥʳʤʠ ʢʦʥʜʝʥʩʘʪʦʨʘʤʠ.  

3. ʈʘʟʨʘʙʦʪʘʥʦ ʩʭʝʤʥʦ-ʪʦʧʦʣʦʛʠʯʝʩʢʦʝ ʨʝʰʝʥʠʝ ʜʣʷ ʨʝʘʣʠʟʘʮʠʠ ʧʝʨʝʩʪʨʘʠʚʘʝʤʦʛʦ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʛʦ ʢʦʥʪʫʨʘ ʥʘ ʢʦʤʧʦʥʝʥʪʘʭ ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʤʦʥʪʘʞʘ, ʠʩʧʦʣʴʟʫʶʱʝʝ "ʙʦʢʦʚʦʝ" 

ʨʘʩʧʦʣʦʞʝʥʠʝ ʵʣʝʤʝʥʪʦʚ ʧʦ ʦʪʥʦʰʝʥʠʶ ʜʨʫʛ ʢ ʜʨʫʛʫ ʠ ʚʳʨʝʟ ʚ ʥʠʞʥʝʤ ʟʘʟʝʤʣʝʥʥʦʤ ʵʢʨʘʥʝ ʜʣʷ 

ʫʤʝʥʴʰʝʥʠʷ ʧʘʨʘʟʠʪʥʦʡ ʝʤʢʦʩʪʠ "ʥʘ ʟʝʤʣʶ". 

ʆʩʥʦʚʥʳʝ ʤʝʪʦʜʳ ʠʩʩʣʝʜʦʚʘʥʠʷ:  

ʘ) ʊʝʦʨʝʪʠʯʝʩʢʠʝ: ʤʝʪʦʜʳ ʪʝʦʨʠʠ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʮʝʧʝʡ, ʯʠʩʣʝʥʥʳʝ ʤʝʪʦʜʳ 

ʵʣʝʢʪʨʦʜʠʥʘʤʠʯʝʩʢʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ.  

ʙ) ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ: ʠʟʤʝʨʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ ʤʘʪʨʠʮʳ ʨʘʩʩʝʷʥʠʷ.  

ʅʘʫʯʥʳʝ ʧʦʣʦʞʝʥʠʷ, ʚʳʥʦʩʠʤʳʝ ʥʘ ʟʘɦ ʠʪʫ: 

1. ʋʧʨʘʚʣʷʝʤʳʡ ʧʝʨʝʤʝʥʥʳʤʠ ʢʦʥʜʝʥʩʘʪʦʨʘʤʠ ʇʇʌ ʥʘ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʭ 

ʢʦʣʝʙʘʪʝʣʴʥʳʭ ʢʦʥʪʫʨʘʭ ʙʝʟ ʚʥʝʰʥʠʭ ʠʥʚʝʨʪʦʨʦʚ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʩʦʭʨʘʥʷʝʪ ʧʦʩʪʦʷʥʥʫʶ 

ʘʙʩʦʣʶʪʥʫʶ ʰʠʨʠʥʫ ʧʦʣʦʩʳ ʧʨʦʧʫʩʢʘʥʠʷ ʧʨʠ ʧʝʨʝʩʪʨʦʡʢʝ ʮʝʥʪʨʘʣʴʥʦʡ ʯʘʩʪʦʪʳ.  

2. ɼʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʥʝʟʘʚʠʩʠʤʦʛʦ ʫʧʨʘʚʣʝʥʠʷ ʮʝʥʪʨʘʣʴʥʦʡ ʯʘʩʪʦʪʦʡ ʠ ʰʠʨʠʥʦʡ ʧʦʣʦʩʳ 

ʧʨʦʧʫʩʢʘʥʠʷ ʇʇʌ ʥʘ ʩʚʷʟʘʥʥʳʭ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʭ ʢʦʥʪʫʨʘʭ, ʫʧʨʘʚʣʷʝʤʳʭ ʧʝʨʝʤʝʥʥʳʤʠ 

ʢʦʥʜʝʥʩʘʪʦʨʘʤʠ, ʚ ʥʘʯʘʣʴʥʦʤ ʩʦʩʪʦʷʥʠʠ ʥʘʩʪʨʘʠʚʘʶʪʩʷ ʥʘ ʚʝʨʭʥʶʶ ʮʝʥʪʨʘʣʴʥʫʶ ʯʘʩʪʦʪʫ ʠ 

ʤʘʢʩʠʤʘʣʴʥʫʶ ʪʨʝʙʫʝʤʫʶ ʰʠʨʠʥʫ ʧʦʣʦʩʳ ʧʨʦʧʫʩʢʘʥʠʷ, ʘ ʇʇʌ ʥʘ ʧʘʨʘʣʣʝʣʴʥʳʭ ʢʦʥʪʫʨʘʭ 

ʥʘʩʪʨʘʠʚʘʶʪʩʷ ʥʘ ʥʠʞʥʶʶ ʮʝʥʪʨʘʣʴʥʫʶ ʯʘʩʪʦʪʫ ʠ ʤʘʢʩʠʤʘʣʴʥʫʶ ʪʨʝʙʫʝʤʫʶ ʰʠʨʠʥʫ ʧʦʣʦʩʳ 

ʧʨʦʧʫʩʢʘʥʠʷ.  

3. ʇʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʧʝʨʝʤʝʥʥʳʭ ʢʦʥʜʝʥʩʘʪʦʨʦʚ ʩ ʦʜʠʥʘʢʦʚʦʡ ʫʧʨʘʚʣʷʝʤʦʩʪʴʶ, 

ʜʠʘʧʘʟʦʥ ʧʝʨʝʩʪʨʦʡʢʠ ʮʝʥʪʨʘʣʴʥʦʡ ʯʘʩʪʦʪʳ ʇʇʌ ʩ ʧʦʩʪʦʷʥʥʦʡ ʘʙʩʦʣʶʪʥʦʡ ʰʠʨʠʥʦʡ ʧʦʣʦʩʳ 

ʧʨʦʧʫʩʢʘʥʠʷ ʥʘ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʭ ʢʦʥʪʫʨʘʭ ʙʦʣʴʰʝ, ʯʝʤ ʜʣʷ ʇʇʌ ʥʘ ʧʘʨʘʣʣʝʣʴʥʳʭ ʢʦʥʪʫʨʘʭ.  

4. ʇʨʠ ʫʚʝʣʠʯʝʥʠʠ ʚʭʦʜʥʦʡ ʤʦʱʥʦʩʪʠ ʠʟʤʝʥʝʥʠʝ ʚʳʭʦʜʥʦʡ ʤʦʱʥʦʩʪʠ ʥʘ 1 ʜɹ ʧʦ 

ʦʪʥʦʰʝʥʠʶ ʢ ʣʠʥʝʡʥʦʤʫ ʨʝʞʠʤʫ ʜʣʷ ʫʧʨʘʚʣʷʝʤʦʛʦ ʚʘʨʠʢʘʧʘʤʠ ʇʇʌ ʥʘ ʩʚʷʟʘʥʥʳʭ 

ʧʘʨʘʣʣʝʣʴʥʳʭ ʢʦʥʪʫʨʘʭ ʥʘʩʪʫʧʘʝʪ ʨʘʥʴʰʝ, ʯʝʤ ʜʣʷ ʇʇʌ ʥʘ ʩʚʷʟʘʥʥʳʭ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʭ 

ʢʦʥʪʫʨʘʭ. 

ɸʧʨʦʙʘʮʠʷ ʨʘʙʦʪʳ:  

ʆʩʥʦʚʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʡ ʨʘʙʦʪʳ ʜʦʢʣʘʜʳʚʘʣʠʩʴ ʠ ʦʙʩʫʞʜʘʣʠʩʴ ʥʘ 

ʩʣʝʜʫʶʱʠʭ ʢʦʥʬʝʨʝʥʮʠʷʭ: 

ʄʝʞʜʫʥʘʨʦʜʥʳʝ ʢʦʥʬʝʨʝʥʮʠʠ: 

European Microwave Conference (EuMC: 2014, ʈʠʤ, ʀʪʘʣʠʷ; 2016, ʃʦʥʜʦʥ, 

ɺʝʣʠʢʦʙʨʠʪʘʥʠʷ), 21st International Conference on Microwaves, Radar and Wireless 

Communications MIKON (2016, ʂʨʘʢʦʚ, ʇʦʣʴʰʘ), 14th Mediterranean Microwave Symposium 

(2014, ʄʘʨʨʘʢʝʰ, ʄʘʨʦʢʢʦ), 2nd International Scientific Symposium "Sense. Enable. SPITSE." 

(2015, ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛ), Japan-Russia Scientific Seminar on Advanced Microwave and 

Millimeter-wave Integrated Circuit Technology (2016, ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛ), ʅʘʫʯʥʘʷ ʰʢʦʣʘ ʤʦʣʦʜʳʭ 

ʫʯʝʥʳʭ "ʅʦʚʳʝ ʤʘʪʝʨʠʘʣʳ ʜʣʷ ʵʣʝʢʪʨʦʤʘʰʠʥʦʩʪʨʦʝʥʠʷ ʠ ʨʘʜʠʦʵʣʝʢʪʨʦʥʠʢʠ" (2013, 

ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛ). 
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ɺʩʝʨʦʩʩʠʡʩʢʘʷ ʢʦʥʬʝʨʝʥʮʠʷ "ʕʣʝʢʪʨʦʥʠʢʘ ʠ ʤʠʢʨʦʵʣʝʢʪʨʦʥʠʢʘ ʉɺʏ" (2014, 2015, 

ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛ). 

ʇʨʦʯʠʝ ʢʦʥʬʝʨʝʥʮʠʠ: 

ʅʘʫʯʥʦ-ʪʝʭʥʠʯʝʩʢʠʝ ʢʦʥʬʝʨʝʥʮʠʠ ʧʨʦʬʝʩʩʦʨʩʢʦ-ʧʨʝʧʦʜʘʚʘʪʝʣʴʩʢʦʛʦ ʩʦʩʪʘʚʘ 

ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛʩʢʦʛʦ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʵʣʝʢʪʨʦʪʝʭʥʠʯʝʩʢʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ "ʃʕʊʀ" (2015, 

2016). 

ʇʫʙʣʠʢʘʮʠʠ:  

ʆʩʥʦʚʥʳʝ ʪʝʦʨʝʪʠʯʝʩʢʠʝ ʠ ʧʨʘʢʪʠʯʝʩʢʠʝ ʨʝʟʫʣʴʪʘʪʳ ʜʠʩʩʝʨʪʘʮʠʠ ʦʧʫʙʣʠʢʦʚʘʥʳ ʚ 13 

ʨʘʙʦʪʘʭ, ʩʨʝʜʠ ʢʦʪʦʨʳʭ 2 ʩʪʘʪʴʠ ʚ ʚʝʜʫʱʠʭ ʨʝʮʝʥʟʠʨʫʝʤʳʭ ʠʟʜʘʥʠʷʭ, ʨʝʢʦʤʝʥʜʦʚʘʥʥʳʭ ʚ 

ʜʝʡʩʪʚʫʶʱʝʤ ʧʝʨʝʯʥʝ ɺɸʂ, 2 ʩʚʠʜʝʪʝʣʴʩʪʚʘ ʨʝʛʠʩʪʨʘʮʠʠ ʧʦʣʝʟʥʦʡ ʤʦʜʝʣʠ ʠ ʪʦʧʦʣʦʛʠʠ 

ʠʥʪʝʛʨʘʣʴʥʦʡ ʤʠʢʨʦʩʭʝʤʳ, ʘ ʪʘʢʞʝ 9 ʧʫʙʣʠʢʘʮʠʡ ʚ ʪʨʫʜʘʭ ʤʝʞʜʫʥʘʨʦʜʥʳʭ, ʚʩʝʨʦʩʩʠʡʩʢʠʭ 

ʥʘʫʯʥʳʭ ʠ ʥʘʫʯʥʦ-ʪʝʭʥʠʯʝʩʢʠʭ ʢʦʥʬʝʨʝʥʮʠʷʭ.  

ʉʪʨʫʢʪʫʨʘ ʠ ʦʙʲʝʤ ʨʘʙʦʪʳ: ɼʠʩʩʝʨʪʘʮʠʷ ʩʦʩʪʦʠʪ ʠʟ ʚʚʝʜʝʥʠʷ, 4 ʛʣʘʚ ʩ ʚʳʚʦʜʘʤʠ, 

ʟʘʢʣʶʯʝʥʠʷ ʠ ʩʧʠʩʢʘ ʣʠʪʝʨʘʪʫʨʳ, ʚʢʣʶʯʘʶʱʝʛʦ 52 ʥʘʠʤʝʥʦʚʘʥʠ.̫ ʆʩʥʦʚʥʘʷ ʯʘʩʪʴ ʨʘʙʦʪʳ 

ʠʟʣʦʞʝʥʘ ʥʘ 116 ʩʪʨʘʥʠʮʘʭ ʤʘʰʠʥʦʧʠʩʥʦʛʦ ʪʝʢʩʪʘ. ʈʘʙʦʪʘ ʩʦʜʝʨʞʠʪ 66 ʨʠʩʫʥʢʦʚ ʠ 12 ʪʘʙʣʠʮ.  

ʆʉʅʆɺʅʆɽ ʉʆɼɽʈɾɸʅʀɽ ʈɸɹʆʊʓ 

ɺʦ ʚʚʝʜʝʥʠʠ ʦʙʦʩʥʦʚʘʥʘ ʘʢʪʫʘʣʴʥʦʩʪʴ ʨʘʙʦʪʳ, ʦʧʨʝʜʝʣʝʥʳ ʝʝ ʮʝʣʠ ʠ ʟʘʜʘʯʠ. 

ʉʬʦʨʤʫʣʠʨʦʚʘʥʳ ʥʘʫʯʥʘʷ ʥʦʚʠʟʥʘ, ʪʝʦʨʝʪʠʯʝʩʢʘʷ ʠ ʧʨʘʢʪʠʯʝʩʢʘʷ ʟʥʘʯʠʤʦʩʪʠ ʧʦʣʫʯʝʥʥʳʭ 

ʨʝʟʫʣʴʪʘʪʦʚ, ʘ ʪʘʢʞʝ ʥʘʫʯʥʳʝ ʧʦʣʦʞʝʥʠʷ, ʚʳʥʦʩʠʤʳʝ ʥʘ ʟʘʱʠʪʫ. 

ɺ ʧʝʨʚʦʡ ʛʣʘʚʝ ʧʨʝʜʩʪʘʚʣʝʥ ʦʙʟʦʨ ʥʘʫʯʥʦʡ ʣʠʪʝʨʘʪʫʨʳ ʧʦ ʪʝʤʝ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʡ ʨʘʙʦʪʳ. 

ʈʘʩʩʤʦʪʨʝʥʳ ʩʧʦʩʦʙʳ ʧʝʨʝʩʪʨʦʡʢʠ ʯʘʩʪʦʪʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʬʠʣʴʪʨʦʚ ʉɺʏ, ʠʭ ʧʨʝʠʤʫʱʝʩʪʚʘ ʠ 

ʥʝʜʦʩʪʘʪʢʠ. ɹʳʣʦ ʚʳʷʚʣʝʥʦ, ʯʪʦ ʬʠʣʴʪʨʳ ʩ ʵʣʝʢʪʨʦʥʥʦʡ ʧʝʨʝʩʪʨʦʡʢʦʡ ʧʦʣʦʩʳ ʧʨʦʧʫʩʢʘʥʠʷ 

ʦʙʣʘʜʘʶʪ ʨʷʜʦʤ ʧʨʝʠʤʫʱʝʩʪʚ. ʇʨʠʚʝʜʝʥʦ ʩʨʘʚʥʝʥʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʨʘʟʣʠʯʥʳʭ ʫʧʨʘʚʣʷʶʱʠʭ 

ʢʦʤʧʦʥʝʥʪʦʚ. ʈʘʩʩʤʦʪʨʝʥʳ ʩʫʱʝʩʪʚʫʶʱʠʝ ʧʦʜʭʦʜʳ ʢ ʧʨʦʝʢʪʠʨʦʚʘʥʠʶ ʧʝʨʝʩʪʨʘʠʚʘʝʤʳʭ 

ʬʠʣʴʪʨʦʚ ʉɺʏ. ʇʨʝʜʩʪʘʚʣʝʥʳ ʧʨʠʤʝʨʳ ʧʨʠʤʝʥʝʥʠʡ ʧʝʨʝʩʪʨʘʠʚʘʝʤʳʭ ʇʇʌ ʚ ʩʠʩʪʝʤʘʭ 

ʙʝʩʧʨʦʚʦʜʥʦʡ ʩʚʷʟʠ ʠ ʪʝʣʝʢʦʤʤʫʥʠʢʘʮʠʡ. ʉʬʦʨʤʫʣʠʨʦʚʘʥʳ ʟʘʜʘʯʠ ʠʩʩʣʝʜʦʚʘʥʠʡ ʚ ʨʘʤʢʘʭ 

ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʡ ʨʘʙʦʪʳ. 

ɺʦ ʚʪʦʨʦʡ ʛʣʘʚʝ ʘʥʘʣʠʟʠʨʫʝʪʩʷ ʧʝʨʝʩʪʨʦʡʢʘ ʮʝʥʪʨʘʣʴʥʦʡ ʯʘʩʪʦʪʳ ʠ ʰʠʨʠʥʳ ʧʦʣʦʩʳ 

ʧʨʦʧʫʩʢʘʥʠʷ ʇʇʌ ʥʘ ʩʚʷʟʘʥʥʳʭ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʭ (ʨʠʩʫʥʦʢ 1-ʘ) ʠ ʧʘʨʘʣʣʝʣʴʥʳʭ (ʨʠʩʫʥʦʢ 1-ʙ) 

ʢʦʥʪʫʨʘʭ, ʫʧʨʘʚʣʷʝʤʳʭ ʧʝʨʝʤʝʥʥʳʤʠ ʢʦʥʜʝʥʩʘʪʦʨʘʤʠ. 

ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʢʣʘʩʩʠʯʝʩʢʠʤ ʤʝʪʦʜʦʤ ʩʠʥʪʝʟʘ ʇʇʌ ʧʦ ʬʠʣʴʪʨʫ-ʧʨʦʪʦʪʠʧʫ ʥʠʞʥʠʭ 

ʯʘʩʪʦʪ ʮʝʥʪʨʘʣʴʥʘ ̫ʯʘʩʪʦʪʘ (ɤ0) ʠ ʰʠʨʠʥʘ ʧʦʣʦʩʳ ʧʨʦʧʫʩʢʘʥʠʷ (ȹɤ) ʩʚʷʟʘʥʳ ʩ ʧʘʨʘʤʝʪʨʘʤʠ 

ʵʢʚʠʚʘʣʝʥʪʥʦʡ ʩʭʝʤʳ ʬʠʣʴʪʨʘ ʢʘʢ: 
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ʧʘʨʘʣʣʝʣʴʥʦʛʦ ʢʦʥʪʫʨʘ ʩʭʝʤʳ ʇʇʌ, gj ï ʥʦʨʤʠʨʦʚʘʥʥʳʝ ʧʘʨʘʤʝʪʨʳ ʵʣʝʤʝʥʪʦʚ ʩʭʝʤʳ 

ʅʏ-ʧʨʦʪʦʪʠʧʘ, Rgen ï ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʛʝʥʝʨʘʪʦʨʘ. 
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ʈʠʩʫʥʦʢ 1  ʇʇʌ ʥʘ ʩʚʷʟʘʥʥʳʭ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʭ (ʘ) ʠ ʧʘʨʘʣʣʝʣʴʥʳʭ (ʙ) ʢʦʥʪʫʨʘʭ (ʛʜʝ K0,1, 

Kn,n+1, J0,1, Jn,n+1 ï ʢʦʵʬʬʠʮʠʝʥʪʳ ʠʥʚʝʨʩʠʠ ʚʥʝʰʥʠʭ ʠʥʚʝʨʪʦʨʦʚ ʩʦʧʨʦʪʠʚʣʝʥʠʷ / ʧʨʦʚʦʜʠʤʦʩʪʠ, 

Ki,i+1, Ji,i+1 ï ʢʦʵʬʬʠʮʠʝʥʪʳ ʠʥʚʝʨʩʠʠ ʚʥʫʪʨʝʥʥʠʭ ʠʥʚʝʨʪʦʨʦʚ ʩʦʧʨʦʪʠʚʣʝʥʠʷ / ʧʨʦʚʦʜʠʤʦʩʪʠ) 

ʆʧʨʝʜʝʣʠʤ ʢʦʵʬʬʠʮʠʝʥʪʳ ʧʝʨʝʩʪʨʦʡʢʠ ʮʝʥʪʨʘʣʴʥʦʡ ʯʘʩʪʦʪʳ (m) ʠ ʰʠʨʠʥʳ ʧʦʣʦʩʳ 

ʧʨʦʧʫʩʢʘʥʠʷ (q) ʧʝʨʝʩʪʨʘʠʚʘʝʤʦʛʦ ʬʠʣʴʪʨʘ ʢʘʢ:  

0

0

ɤ

ɤmm= , 
0

0

ɤ

ɤ

D

D
=

q
q , (3) 

ʛʜʝ ɤ0m ʠ æɤ0q ï ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʮʝʥʪʨʘʣʴʥʘʷ ʯʘʩʪʦʪʘ ʠ ʰʠʨʠʥʘ ʧʦʣʦʩʳ ʧʨʦʧʫʩʢʘʥʠʷ ʬʠʣʴʪʨʘ 

ʧʦʩʣʝ ʧʝʨʝʩʪʨʦʡʢʠ, ɤ0 ʠ æɤ0 ï ʪʝ ʞʝ ʧʘʨʘʤʝʪʨʳ ʚ ʥʘʯʘʣʴʥʦʤ ʩʦʩʪʦʷʥʠʠ. 

ʀʟ (1) ʠ (3) ʚr ʨʘʞʝʥʠʝ ʟʘʚʠʩʠʤʦʩʪʠ ʝʤʢʦʩʪʝʡ ʢʦʥʪʫʨʦʚ ʦʪ ʧʝʨʝʩʪʨʦʡʢʠ ʟʘʧʠʩʳʚʘʝʪʩʷ ʢʘʢ: 

2mCC iim = . (4) 

ʀʟ (2) ʠ (4) ʥʘʭʦʜʠʤ ʚʳʨʘʞʝʥʠʷ ʜʣʷ ʘʙʩʦʣʶʪʥʦʡ ʠ ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʰʠʨʠʥʳ ʧʦʣʦʩʳ ʧʨʦʧʫʩʢʘʥʠʷ: 
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 - ʘʙʩʦʣʶʪʥʘʷ ʰʠʨʠʥʘ ʧʦʣʦʩʳ ʧʨʦʧʫʩʢʘʥʠʷ ʇʇʌ ʥʘ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʭ ʠ 

ʧʘʨʘʣʣʝʣʴʥʳʭ ʢʦʥʪʫʨʘʭ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. 

ɼʣʷ ʟʘʚʠʩʠʤʦʩʪʠ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʩʚʷʟʠ (ki,i+1) ʠ ʚʥʝʰʥʝʡ ʜʦʙʨʦʪʥʦʩʪʠ (Qe) ʩʠʤʤʝʪʨʠʯʥʦʡ 

ʩʭʝʤʳ ʦʪ ʧʝʨʝʩʪʨʦʡʢʠ ʮʝʥʪʨʘʣʴʥʦʡ ʯʘʩʪʦʪʳ ʠ ʰʠʨʠʥʳ ʧʦʣʦʩʳ ʧʨʦʧʫʩʢʘʥʠʷ ʙʳʣʠ ʧʦʣʫʯʝʥʳ 

ʩʣʝʜʫʶʱʠʝ ʚʳʨʘʞʝʥʠʷ:  
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ʇʝʨʝʩʪʨʘʠʚʘʝʤʳʝ ʇʇʌ ʧʨʦʝʢʪʠʨʫʶʪʩʷ ʩ ʮʝʣʴʶ ʩʦʭʨʘʥʝʥʠʷ ʘʙʩʦʣʶʪʥʦʡ ʠʣʠ 

ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʰʠʨʠʥʳ ʧʦʣʦʩʳ ʧʨʦʧʫʩʢʘʥʠʷ ʧʨʠ ʧʝʨʝʩʪʨʦʡʢʝ ʮʝʥʪʨʘʣʴʥʦʡ ʯʘʩʪʦʪʳ ʠ 

ʧʝʨʝʩʪʨʦʡʢʠ ʰʠʨʠʥʳ ʧʦʣʦʩʳ ʧʨʦʧʫʩʢʘʥʠʷ ʧʨʠ ʬʠʢʩʠʨʦʚʘʥʥʦʡ ʮʝʥʪʨʘʣʴʥʦʡ ʯʘʩʪʦʪʝ. ɺ 

ʪʘʙʣʠʮʝ 1 ʧʨʝʜʩʪʘʚʣʝʥʳ ʫʩʣʦʚʠʷ ʫʧʨʘʚʣʝʥʠʷ ʰʠʨʠʥʦʡ ʧʦʣʦʩʳ ʧʨʦʧʫʩʢʘʥʠʷ. 
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ʊʘʙʣʠʮʘ 1 ʋʩʣʦʚʠʷ ʫʧʨʘʚʣʝʥʠʷ ʰʠʨʠʥʦʡ ʧʦʣʦʩʳ ʧʨʦʧʫʩʢʘʥʠʷ. 

ʇʘʨʘʤʝʪʨ 
æɤ = const 

ɤ0 = var 

æɤ / ɤ0 = const 

ɤ0 = var 

æɤ = var 

ɤ0 = const 

ki,i+1(m,q) ki,i+1 / m ki,i+1 qki,i+1 

Qe(m,q) mQe Qe Qe / q 

ʋʧʨʘʚʣʝʥʠʝ ʢʦʵʬʬʠʮʠʝʥʪʘʤʠ ʩʚʷʟʠ ʠ ʚʥʝʰʥʝʡ ʜʦʙʨʦʪʥʦʩʪʴ  ʁʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʟʘ ʩʯʝʪ 

ʠʟʤʝʥʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ ʩʭʝʤ ʠʥʚʝʨʪʦʨʦʚ ʩʦʧʨʦʪʠʚʣʝʥʠʷ/ʧʨʦʚʦʜʠʤʦʩʪʠ. ʇʦʵʪʦʤʫ ʜʣʷ 

ʦʙʝʩʧʝʯʝʥʠʷ ʧʝʨʝʩʪʨʦʡʢʠ ʮʝʥʪʨʘʣʴʥʦʡ ʯʘʩʪʦʪʳ ʠ ʰʠʨʠʥʳ ʧʦʣʦʩʳ ʧʨʦʧʫʩʢʘʥʠʷ ʇʇʌ, ʩʭʝʤʳ 

ʠʥʚʝʨʪʦʨʦʚ ʜʦʣʞʥʳ ʧʝʨʝʩʪʨʘʠʚʘʪʴʩʷ ʥʘʨʷʜʫ ʩ ʢʦʣʝʙʘʪʝʣʴʥʳʤʠ ʢʦʥʪʫʨʘʤʠ.  

ɺ ʧʝʨʝʩʪʨʘʠʚʘʝʤʳʭ ʇʇʌ, ʫʧʨʘʚʣʷʝʤʳʭ ʧʝʨʝʤʝʥʥʳʤʠ ʢʦʥʜʝʥʩʘʪʦʨʘʤʠ, ʠʩʧʦʣʴʟʫʶʪʩʷ 

ʝʤʢʦʩʪʥʳʝ ʩʭʝʤʳ ʠʥʚʝʨʪʦʨʦʚ ʩʦʧʨʦʪʠʚʣʝʥʠʷ/ʧʨʦʚʦʜʠʤʦʩʪʠ. ʉʭʝʤʳ ʠʥʚʝʨʪʦʨʦʚ ʩʦʜʝʨʞʘʪ 

ʦʪʨʠʮʘʪʝʣʴʥʳʝ ʝʤʢʦʩʪʠ, ʟʥʘʯʝʥʠʷ ʢʦʪʦʨʳʭ ʟʘʚʠʩʷʪ ʦʪ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʧʝʨʝʩʪʨʦʡʢʠ (m ʠʣʠ q). 

ʇʦʵʪʦʤʫ ʥʘ ʜʠʘʧʘʟʦʥ ʧʝʨʝʩʪʨʦʡʢʠ ʇʇʌ ʥʘʢʣʘʜʳʚʘʶʪʩʷ ʦʛʨʘʥʠʯʝʥʠʷ, ʩʚʷʟʘʥʥʳʝ ʩ ʫʩʣʦʚʠʝʤ 

ʬʠʟʠʯʝʩʢʦʡ ʨʝʘʣʠʟʫʝʤʦʩʪʠ ʧʘʩʩʠʚʥʦʛʦ ʬʠʣʴʪʨʘ, ʢʦʪʦʨʳʡ ʪʨʝʙʫʝʪ, ʯʪʦʙʳ ʚʩʝ ʨʝʟʫʣʴʪʠʨʫʶʱʠʝ 

ʝʤʢʦʩʪʠ ʚ ʝʛʦ ʩʦʩʪʘʚʝ ʙʳʣʠ ʙʳ ʥʝʦʪʨʠʮʘʪʝʣʴʥʳʤʠ. ɺ ʪʘʙʣʠʮʝ 2 ʧʨʝʜʩʪʘʚʣʝʥʳ ʦʛʨʘʥʠʯʝʥʠʷ 

ʜʠʘʧʘʟʦʥʘ ʧʝʨʝʩʪʨʦʡʢʠ ʮʝʥʪʨʘʣʴʥʦʡ ʯʘʩʪʦʪʳ ʠ ʰʠʨʠʥʳ ʧʦʣʦʩʳ ʧʨʦʧʫʩʢʘʥʠ ̫ʇʇʌ ʥʘ ʩʚʷʟʘʥʥʳʭ 

ʧʘʨʘʣʣʝʣʴʥʳʭ ʠ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʭ ʢʦʥʪʫʨʘʭ, ʫʧʨʘʚʣʷʝʤʳʭ ʧʝʨʝʤʝʥʥʳʤʠ ʢʦʥʜʝʥʩʘʪʦʨʘʤʠ. 

ʊʘʙʣʠʮʘ 2 ʆʛʨʘʥʠʯʝʥʠʷ ʧʝʨʝʩʪʨʦʡʢʠ ʮʝʥʪʨʘʣʴʥʦʡ ʯʘʩʪʦʪʳ ʠ ʰʠʨʠʥʳ ʧʦʣʦʩʳ ʧʨʦʧʫʩʢʘʥʠʷ ʜʣʷ 

ʧʝʨʝʩʪʨʘʠʚʘʝʤʳʭ ʬʠʣʴʪʨʦʚ ʥʘ ʩʚʷʟʘʥʥʳʭ ʢʦʥʪʫʨʘʭ. 

 æɤ = const 

ɤ0 = var 

æɤ / ɤ0 = const 

ɤ0 = var 

æɤ = var 

ɤ0 = const 

ʇʇʌ ʥʘ 

ʧʘʨʘʣʣʝʣʴʥʳʭ 

ʢʦʥʪʫʨʘʭ 

gen

e

G

Qb
m

14

1
21

-

¢¡¢

, 

m
ggL

L

iiii

i ¡¢
++ 11,0

1

ɤ

ȹɤ
2  

()p

e

C

Q
m

1

2
1

4
1 +¢¡¡¢  10 ¢<q  

ʇʇʌ ʥʘ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʭ 

ʢʦʥʪʫʨʘʭ 

m
ggL

L

iii

i ¡¢
D

+

+

1

1

0

1

ɤ

ɤ
2  

()( )
()( )

1
ɤ4

ɤ4

2

101
2
e

2

101gene
¢¡¡¢

+
m

CxQ

CxRQ

s

s

 10 ¢<q  

ʅʘʧʨʠʤʝʨ ʜʣʷ ʪʨʝʭʟʚʝʥʥʦʛʦ ʧʝʨʝʩʪʨʘʠʚʘʝʤʦʛʦ ʬʠʣʴʪʨʘ ʥʘ ʩʚʷʟʘʥʥʳʭ ʧʘʨʘʣʣʝʣʴʥʳʭ 

ʢʦʥʪʫʨʘʭ ʩ ʯʝʙʳʰʝʚʩʢʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʦʡ, ʜʣʷ ʢʦʪʦʨʦʛʦ f0 = 1 ɻɻʮ, ȹf / f0 = 0.15 ʠ ʤʦʜʫʣʴ 

ʢʦʵʬʬʠʮʠʝʥʪʘ ʦʪʨʘʞʝʥʠʷ ʚ ʧʦʣʦʩʝ ʧʨʦʧʫʩʢʘʥʠʷ |S11| Ò ï20 ʜɹ, ʜʦʧʫʩʪʠʤʳʝ ʟʥʘʯʝʥʠʷ 

ʧʝʨʝʩʪʨʦʡʢʠ ʮʝʥʪʨʘʣʴʥʦʡ ʯʘʩʪʦʪʳ m ʜʣʷ ȹɤ = const ʧʨʠʥʘʜʣʝʞʘʪ ʠʥʪʝʨʚʘʣʫ );1[ ¤Ím , ʜʣʷ 

ȹɤ / ɤ0 = const ï ʠʥʪʝʨʚʘʣʫ ]952,22;1[Ím (ʨʠʩʫʥʦʢ 2-ʘ,ʙ). ɼʘʥʥʳʡ ʬʠʣʴʪʨ ʪʘʢʞʝ ʧʦʟʚʦʣʷʝʪ 

ʧʝʨʝʩʪʨʘʠʚʘʪʴ ʰʠʨʠʥʫ ʧʦʣʦʩʳ ʧʨʦʧʫʩʢʘʥʠʷ ʚ ʧʨʝʜʝʣʘʭ ( ]1;0Íq  ʧʨʠ ʧʦʩʪʦʷʥʥʦʡ ʮʝʥʪʨʘʣʴʥʦʡ 

ʯʘʩʪʦʪʝ (ʨʠʩʫʥʦʢ 2-ʚ). ɼʣʷ ʇʇʌ ʥʘ ʩʚʷʟʘʥʥʳʭ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʭ ʢʦʥʪʫʨʘʭ ʜʦʧʫʩʪʠʤʳʡ 

ʜʠʘʧʘʟʦʥ ʧʝʨʝʩʪʨʦʡʢʠ ʩʦʩʪʘʚʣʷʝʪ [ ]1;044,0Ím  ʚ ʩʣʫʯʘʝ ȹɤ / ɤ0 = const (ʨʠʩʫʥʦʢ 3-ʙ) ʠ 

[ )¤Í ;268,0m  ï ʧʨʠ ȹɤ = const (ʨʠʩʫʥʦʢ 3-ʘ). ʇʝʨʝʩʪʨʦʡʢʘ ʰʠʨʠʥʳ ʧʦʣʦʩʳ ʧʨʦʧʫʩʢʘʥʠʷ 

ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʚ ʧʨʝʜʝʣʘʭ ( ]1;0Íq  (ʨʠʩʫʥʦʢ 3-ʚ).  
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                             ʘ)                                                   ʙ)                                                   ʚ) 

ʈʠʩʫʥʦʢ 2 ɸʏʍ ʧʝʨʝʩʪʨʘʠʚʘʝʤʦʛʦ ʇʇʌ ʥʘ ʧʘʨʘʣʣʝʣʴʥʳʭ ʢʦʥʪʫʨʘʭ: ʘ) ʩ ʧʦʩʪʦʷʥʥʦʡ ʘʙʩʦʣʶʪʥʦʡ 

ʰʠʨʠʥʦʡ ʧʦʣʦʩʳ ʧʨʦʧʫʩʢʘʥʠʷ, ʙ) ʩ ʧʦʩʪʦʷʥʥʦʡ ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʰʠʨʠʥʦʡ ʧʦʣʦʩʳ ʧʨʦʧʫʩʢʘʥʠʷ, ʚ) 

ʩ ʧʝʨʝʤʝʥʥʦʡ ʰʠʨʠʥʦʡ ʧʦʣʦʩʳ ʧʨʦʧʫʩʢʘʥʠʷ 

 
                             ʘ)                                                   ʙ)                                                   ʚ) 

ʈʠʩʫʥʦʢ 3 ɸʏʍ ʧʝʨʝʩʪʨʘʠʚʘʝʤʦʛʦ ʇʇʌ ʥʘ ʧʘʨʘʣʣʝʣʴʥʳʭ ʢʦʥʪʫʨʘʭ: ʘ) ʩ ʧʦʩʪʦʷʥʥʦʡ ʘʙʩʦʣʶʪʥʦʡ 

ʰʠʨʠʥʦʡ ʧʦʣʦʩʳ ʧʨʦʧʫʩʢʘʥʠʷ, ʙ) ʩ ʧʦʩʪʦʷʥʥʦʡ ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʰʠʨʠʥʦʡ ʧʦʣʦʩʳ ʧʨʦʧʫʩʢʘʥʠʷ, ʚ) 

ʩ ʧʝʨʝʤʝʥʥʦʡ ʰʠʨʠʥʦʡ ʧʦʣʦʩʳ ʧʨʦʧʫʩʢʘʥʠʷ 
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ʀʩʭʦʜʷ ʠʟ ʘʥʘʣʠʟʘ ʠʤʝʶʱʠʭʩʷ ʦʛʨʘʥʠʯʝʥʠʡ, ʙʳʣ ʧʨʝʜʣʦʞʝʥ ʧʦʜʭʦʜ ʢ ʧʨʦʝʢʪʠʨʦʚʘʥʠʶ 

ʧʝʨʝʩʪʨʘʠʚʘʝʤʳʭ ʇʇʌ ʩ ʥʝʟʘʚʠʩʠʤʳʤ ʫʧʨʘʚʣʝʥʠʝʤ ʮʝʥʪʨʘʣʴʥʦʡ ʯʘʩʪʦʪʦʡ ʠ ʰʠʨʠʥʦʡ ʧʦʣʦʩʳ 

ʧʨʦʧʫʩʢʘʥʠʷ (ʨʠʩʫʥʦʢ 4). ɼʣʷ ʨʝʘʣʠʟʘʮʠʠ ʫʧʨʘʚʣʝʥʠʷ ʧʝʨʝʩʪʨʘʠʚʘʝʤʳʡ ʬʠʣʴʪʨ ʥʘ ʩʚʷʟʘʥʥʳʭ 

ʧʘʨʘʣʣʝʣʴʥʳʭ ʢʦʥʪʫʨʘʭ ʥʝʦʙʭʦʜʠʤʦ ʥʘʩʪʨʘʠʚʘʪʴ ʥʘ ʤʠʥʠʤʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ ʮʝʥʪʨʘʣʴʥʦʡ 

ʯʘʩʪʦʪʳ ʠ ʤʘʢʩʠʤʘʣʴʥʫʶ ʪʨʝʙʫʝʤʫʶ ʰʠʨʠʥʫ ʧʦʣʦʩʳ ʧʨʦʧʫʩʢʘʥʠʷ. ɺ ʩʚʦʶ ʦʯʝʨʝʜʴ, 

ʧʝʨʝʩʪʨʘʠʚʘʝʤʳʡ ʬʠʣʴʪʨ ʥʘ ʩʚʷʟʘʥʥʳʭ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʭ ʢʦʥʪʫʨʘʭ ʮʝʣʝʩʦʦʙʨʘʟʥʦ 

ʩʠʥʪʝʟʠʨʦʚʘʪʴ ʚ ʥʘʯʘʣʴʥʦʤ ʩʦʩʪʦʷʥʠʠ ʥʘ ʤʘʢʩʠʤʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ ʮʝʥʪʨʘʣʴʥʦʡ ʯʘʩʪʦʪʳ ʠ ʩ 

ʤʘʢʩʠʤʘʣʴʥʦ-ʥʝʦʙʭʦʜʠʤʦʡ ʰʠʨʠʥʦʡ ʧʦʣʦʩʳ ʧʨʦʧʫʩʢʘʥʠʷ. ʊʘʢʦʡ ʧʦʜʭʦʜ ʪʘʢʞʝ ʧʦʟʚʦʣʷʝʪ 

ʦʩʫʱʝʩʪʚʣʷʪʴ ʧʝʨʝʩʪʨʦʡʢʫ ʮʝʥʪʨʘʣʴʥʦʡ ʯʘʩʪʦʪʳ ʇʇʌ ʩ ʩʦʭʨʘʥʝʥʠʝʤ ʘʙʩʦʣʶʪʥʦʡ ʠʣʠ 

ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʰʠʨʠʥʳ ʧʦʣʦʩʳ ʧʨʦʧʫʩʢʘʥʠʷ.  

  
ʈʠʩʫʥʦʢ 4 ɸʏʍ ʨʘʟʣʠʯʥʳʭ ʩʦʩʪʦʷʥʠʡ ʧʝʨʝʩʪʨʘʠʚʘʝʤʦʛʦ ʇʇʌ ʩ ʥʝʟʘʚʠʩʠʤʳʤ ʫʧʨʘʚʣʝʥʠʝʤ 

ʮʝʥʪʨʘʣʴʥʦʡ ʯʘʩʪʦʪʦʡ ʠ ʰʠʨʠʥʦʡ ʧʦʣʦʩʳ ʧʨʦʧʫʩʢʘʥʠʷ 

ɺ ʛʣʘʚʝ 3 ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʦʛʨʘʥʠʯʝʥʠʷ ʜʠʘʧʘʟʦʥʘ ʧʝʨʝʩʪʨʦʡʢʠ, ʩʚʷʟʘʥʥʳʝ ʩ 

ʧʨʘʢʪʠʯʝʩʢʦʡ ʨʝʘʣʠʟʘʮʠʝʡ ʬʠʣʴʪʨʘ ʠ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʨʝʘʣʴʥʳʭ ʵʣʝʤʝʥʪʦʚ ʩ ʩʦʩʨʝʜʦʪʦʯʝʥʥʳʤʠ 

ʧʘʨʘʤʝʪʨʘʤʠ. 

ɹʳʣ ʧʨʦʚʝʜʝʥ ʘʥʘʣʠʟ ʦʛʨʘʥʠʯʝʥʠʷ ʜʠʘʧʘʟʦʥʘ ʧʝʨʝʩʪʨʦʡʢʠ, ʩʚʷʟʘʥʥʦʛʦ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʧʝʨʝʤʝʥʥʳʭ ʢʦʥʜʝʥʩʘʪʦʨʦʚ ʩ ʢʦʥʝʯʥʦʡ ʫʧʨʘʚʣʷʝʤʦʩʪʴʶ, ʢʦʪʦʨʘʷ ʦʧʨʝʜʝʣʷʝʪʩʷ ʢʘʢ: 

)1()()( CmCmn = , ʛʜʝ C(m) ï ʝʤʢʦʩʪʴ ʢʦʥʜʝʥʩʘʪʦʨʘ ʧʦʩʣʝ ʧʝʨʝʩʪʨʦʡʢʠ, C(1) ï ʥʘʯʘʣʴʥʦʝ 

ʟʥʘʯʝʥʠʝ ʝʤʢʦʩʪʠ ʢʦʥʜʝʥʩʘʪʦʨʘ.  

ɼʣʷ ʧʨʠʤʝʨʘ, ʧʨʝʜʩʪʘʚʣʝʥʥʦʛʦ ʚʳʰʝ, ʙʳʣ ʚʳʧʦʣʥʝʥ ʘʥʘʣʠʟ ʟʘʚʠʩʠʤʦʩʪʠ ʫʧʨʘʚʣʷʝʤʦʩʪʠ 

ʢʦʥʜʝʥʩʘʪʦʨʦʚ ʢʦʥʪʫʨʦʚ ʠ ʠʥʚʝʨʪʦʨʦʚ ʦʪ ʧʝʨʝʩʪʨʦʡʢʠ ʮʝʥʪʨʘʣʴʥʦʡ ʯʘʩʪʦʪʳ ʬʠʣʴʪʨʘ m ʠ ʥʘ 

ʨʠʩʫʥʢʝ 5 ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʜʘʥʥʦʛʦ ʘʥʘʣʠʟʘ. 

ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʩʭʝʤʳ ʇʇʌ ʥʘ ʦʩʥʦʚʝ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʭ ʢʦʥʪʫʨʦʚ 

ʠ ʠʥʚʝʨʪʦʨʦʚ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʧʨʝʜʦʩʪʘʚʣʷʝʪ ʧʨʝʠʤʫʱʝʩʪʚʦ ʜʣʷ ʩʦʟʜʘʥʠʷ ʧʝʨʝʩʪʨʘʠʚʘʝʤʳʭ 

ʬʠʣʴʪʨʦʚ ʩ ʧʦʩʪʦʷʥʥʦʡ ʘʙʩʦʣʶʪʥʦʡ ʰʠʨʠʥʦʡ ʧʦʣʦʩʳ ʧʨʦʧʫʩʢʘʥʠʷ, ʪ.ʢ. ʚ ʵʪʦʤ ʩʣʫʯʘʝ ʜʣʷ 

ʦʙʝʩʧʝʯʝʥʠʷ ʟʘʜʘʥʥʦʡ ʧʝʨʝʩʪʨʦʡʢʠ ʬʠʣʴʪʨʘ m ʪʨʝʙʫʶʪʩʷ ʧʝʨʝʤʝʥʥʳʝ ʢʦʥʜʝʥʩʘʪʦʨʳ ʩ 

ʫʧʨʘʚʣʷʝʤʦʩʪʴʶ n ʤʝʥʴʰʝʡ, ʯʝʤ ʜʣʷ ʇʇʌ, ʧʦʢʘʟʘʥʥʦʛʦ ʥʘ ʨʠʩʫʥʢʝ 1-ʙ. ɼʨʫʛʠʤʠ ʩʣʦʚʘʤʠ, ʧʨʠ 

æf = const ʦʜʥʠ ʠ ʪʝ ʞʝ ʫʧʨʘʚʣʷʶʱʠʝ ʵʣʝʤʝʥʪʳ ʦʙʝʩʧʝʯʠʚʘʶʪ ʙʦʣʝʝ ʰʠʨʦʢʠʡ ʜʠʘʧʘʟʦʥ 

ʧʝʨʝʩʪʨʦʡʢʠ ʇʇʌ ʥʘ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʭ ʢʦʥʪʫʨʘʭ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʇʇʌ ʥʘ ʦʩʥʦʚʝ ʧʘʨʘʣʣʝʣʴʥʳʭ 

ʢʦʥʪʫʨʦʚ (ʨʠʩʫʥʦʢ 5).  

ɺ ʩʣʫʯʘʝ ʩʦʭʨʘʥʝʥʠʷ ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʰʠʨʠʥʳ ʧʦʣʦʩʳ ʧʨʦʧʫʩʢʘʥʠʷ (æf / f0 = const) ʦʙʝ 

ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʝ ʩʭʝʤʳ ʇʇʌ, ʪʨʝʙʫʶʪ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʫʧʨʘʚʣʷʶʱʠʭ ʢʦʤʧʦʥʝʥʪʦʚ ʩ 

ʦʜʠʥʘʢʦʚʦʡ ʤʘʢʩʠʤʘʣʴʥʦʡ ʫʧʨʘʚʣʷʝʤʦʩʪʴʶ n.  
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ςͨ ͊ͪ͊͡͡Φ LC-ͦͤͭͯͪ͟

ςͨ ͔ͦͫ͒͡Φ LC-ͦͤͭͯͪ͟

ς͍ ͔ͤ΄ͤΦ J-͙͍͔ͤͪͭͦͪ

ς͍ ͤͯͭͪΦ J-͙͍͔ͤͪͭͦͪ

ς͍ ͔ͤ΄ͤ. K-͙͍͔ͤͪͭͦͪ

ς͍ ͤͯͭͪ. K-͙͍͔ͤͪͭͦͪ

 

ʈʠʩʫʥʦʢ 5 ɿʘʚʠʩʠʤʦʩʪʴ ʫʧʨʘʚʣʷʝʤʦʩʪʠ ʢʦʥʜʝʥʩʘʪʦʨʦʚ ʢʦʥʪʫʨʦʚ ʠ ʠʥʚʝʨʪʦʨʦʚ 

ʩʦʧʨʦʪʠʚʣʝʥʠʷ/ʧʨʦʚʦʜʠʤʦʩʪʠ ʦʪ ʧʝʨʝʩʪʨʦʡʢʠ ʬʠʣʴʪʨʘ 

ʅʘ ʦʩʥʦʚʘʥʠʠ ʜʘʥʥʳʭ, ʧʦʣʫʯʝʥʥʳʭ ʚ ʨʝʟʫʣʴʪʘʪʝ ʵʣʝʢʪʨʦʜʠʥʘʤʠʯʝʩʢʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ, 

ʩʜʝʣʘʥ ʚʳʚʦʜ ʦ ʪʦʤ, ʯʪʦ ʪʦʧʦʣʦʛʠʷ ʧʝʯʘʪʥʦʡ ʧʣʘʪʳ ʦʢʘʟʳʚʘʝʪ ʚʣʠʷʥʠʝ ʥʘ ʯʘʩʪʦʪʥʳʝ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʛʦ ʢʦʥʪʫʨʘ, ʚʳʧʦʣʥʝʥʥʦʛʦ ʥʘ ʢʦʤʧʦʥʝʥʪʘʭ ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ 

ʤʦʥʪʘʞʘ. ʇʨʦʚʝʜʝʥʥʳʡ ʘʥʘʣʠʟ ʧʦʢʘʟʘʣ, ʯʪʦ ʥʘʠʙʦʣʴʰʝʝ ʚʦʟʜʝʡʩʪʚʠʝ ʦʢʘʟʳʚʘʝʪ ʧʘʨʘʟʠʪʥʘʷ 

ʝʤʢʦʩʪʴ çʥʘ ʟʝʤʣʶè ʢʦʥʪʘʢʪʥʦʡ ʧʣʦʱʘʜʢʠ, ʨʘʩʧʦʣʦʞʝʥʥʦʡ ʤʝʞʜʫ ʠʥʜʫʢʪʠʚʥʳʤ ʠ ʝʤʢʦʩʪʥʳʤ 

ʵʣʝʤʝʥʪʘʤʠ ʢʦʥʪʫʨʘ. ʉ ʮʝʣʴʶ ʫʤʝʥʴʰʝʥʠʷ ʧʘʨʘʟʠʪʥʦʡ ʝʤʢʦʩʪʠ ʧʨʝʜʣʦʞʝʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ 

çʙʦʢʦʚʦʝè ʨʘʩʧʦʣʦʞʝʥʠʝ ʵʣʝʤʝʥʪʦʚ ʢʦʥʪʫʨʘ ʠ ʚʳʨʝʟ ʚ ʥʠʞʥʝʤ ʟʘʟʝʤʣʝʥʥʦʤ ʵʢʨʘʥʝ (ʨʠʩʫʥʦʢ 6). 

ɺ ʯʝʪʚʝʨʪʦʡ ʛʣʘʚʝ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʚʦʧʨʦʩʳ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʠʥʪʝʛʨʘʣʴʥʳʭ ʩʭʝʤ 

ʧʝʨʝʩʪʨʘʠʚʘʝʤʳʭ ʇʇʌ ʩ ʫʧʨʘʚʣʝʥʠʝʤ ʮʝʥʪʨʘʣʴʥʦʡ ʯʘʩʪʦʪʦʡ ʠ ʰʠʨʠʥʦʡ ʧʦʣʦʩʳ ʧʨʦʧʫʩʢʘʥʠʷ, ʘ 

ʪʘʢʞʝ ʩ ʚʦʟʤʦʞʥʦʩʪʴʶ ʩʦʭʨʘʥʝʥʠʷ ʧʦʩʪʦʷʥʥʦʡ ʘʙʩʦʣʶʪʥʦʡ/ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʰʠʨʠʥʳ ʧʦʣʦʩʳ 

ʧʨʦʧʫʩʢʘʥʠʷ. ʌʠʣʴʪʨʳ ʨʝʘʣʠʟʦʚʘʥʳ ʚ ʢʦʧʣʘʥʘʨʥʦʤ ʠʩʧʦʣʥʝʥʠʠ ʧʦ ʪʝʭʥʦʣʦʛʠʠ ʧʝʯʘʪʥʳʭ ʧʣʘʪ ʩ 

ʢʦʤʧʦʥʝʥʪʘʤʠ ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʤʦʥʪʘʞʘ. ɺʦ 

ʚʩʝʭ ʠʩʩʣʝʜʦʚʘʥʥʳʭ ʩʪʨʫʢʪʫʨʘʭ ʚ ʢʘʯʝʩʪʚʝ 

ʤʘʪʝʨʠʘʣʘ ʧʝʯʘʪʥʳʭ ʧʣʘʪ ʠʩʧʦʣʴʟʦʚʘʣʩʷ 

ʜʠʵʣʝʢʪʨʠʢ Arlon AD 255 (Ůr = 2,55, ʠ 

tg(ŭ) = 0,0015) ʪʦʣʱʠʥʦʡ 1 ʤʤ. 

ʀʟ ʨʝʟʫʣʴʪʘʪʦʚ, ʧʦʣʫʯʝʥʥʳʭ ʚʦ 

ʚʪʦʨʦʡ ʛʣʘʚʝ, ʩʣʝʜʫʝʪ, ʯʪʦ ʧʝʨʝʩʪʨʦʡʢʘ 

ʝʤʢʦʩʪʝʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʭ ʢʦʥʪʫʨʦʚ ʥʝ 

ʦʢʘʟʳʚʘʝʪ ʚʣʠʷʥʠʷ ʥʘ ʰʠʨʠʥʫ ʧʦʣʦʩʳ 

ʧʨʦʧʫʩʢʘʥʠʷ. ɹʳʣ ʧʨʝʜʣʦʞʝʥ ʧʦʜʭʦʜ ʢ 

 
ʈʠʩʫʥʦʢ 6 ʊʦʧʦʣʦʛʠʷ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʛʦ 

ʢʦʥʪʫʨʘ ʩ çʙʦʢʦʚʳʤè ʨʘʩʧʦʣʦʞʝʥʠʝʤ ʵʣʝʤʝʥʪʦʚ 

ʠ ʚʳʨʝʟʦʤ ʚ ʥʠʞʥʝʤ ʤʝʪʘʣʣʠʯʝʩʢʦʤ ʩʣʦʝ 
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ʧʨʦʝʢʪʠʨʦʚʘʥʠʶ ʧʝʨʝʩʪʨʘʠʚʘʝʤʦʛʦ ʇʇʌ ʩ ʧʦʩʪʦʷʥʥʦʡ ʘʙʩʦʣʶʪʥʦʡ ʰʠʨʠʥʦʡ ʧʦʣʦʩʳ 

ʧʨʦʧʫʩʢʘʥʠʷ ʥʘ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʭ ʢʦʥʪʫʨʘʭ ʠ ʚʥʫʪʨʝʥʥʠʭ ʠʥʚʝʨʪʦʨʘʭ ʩʦʧʨʦʪʠʚʣʝʥʠʷ. 

ɺ ʢʘʯʝʩʪʚʝ ʧʝʨʚʦʛʦ ʰʘʛʘ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʧʨʦʚʝʨʢʠ ʙr ʣ ʠʟʛʦʪʦʚʣʝʥ ʧʝʨʝʩʪʨʘʠʚʘʝʤʳʡ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʡ ʢʦʥʪʫʨ ʩ ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚʳʤ ʚʘʨʠʢʘʧʦʤ SMV 1232 (ʨʠʩʫʥʦʢ 7). ʎʝʧʠ 

ʧʦʜʘʯʠ ʩʤʝʱʝʥʠʷ ʩʦʩʪʦʷʪ ʠʟ ʨʝʟʠʩʪʦʨʦʚ ʥʦʤʠʥʘʣʦʤ 100 ʢʆʤ ʠ ʙʣʦʢʠʨʦʚʦʯʥʳʭ ʢʦʥʜʝʥʩʘʪʦʨʦʚ 

ʥʦʤʠʥʘʣʦʤ 100 ʧʌ ʧʨʦʠʟʚʦʜʩʪʚʘ Murata ʪʠʧʦʨʘʟʤʝʨʘ 0603.  

U(-) (+)

LCb Cb

CbCb

VD

R R
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LCb Cb

CbCb
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R R

  

ʘ) ʙ) 

ʈʠʩʫʥʢʦʢ 7 ʇʝʨʝʩʪʨʘʠʚʘʝʤʳʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʡ ʢʦʥʪʫʨ: ʘ) ʵʢʚʠʚʘʣʝʥʪʥʘʷ ʩʭʝʤʘ ʩ ʮʝʧʷʤʠ 

ʧʦʜʘʯʠ ʩʤʝʱʝʥʠʷ, ʙ) ʬʦʪʦʛʨʘʬʠʷ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ʦʙʨʘʟʮʘ 

ʀʟʤʝʨʝʥʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʝʨʝʩʪʨʘʠʚʘʝʤʦʛʦ LC-ʢʦʥʪʫʨʘ ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʥʘʧʨʷʞʝʥʠʷʭ 

ʩʤʝʱʝʥʠʷ, ʧʨʠʣʦʞʝʥʥʳʭ ʢ ʚʘʨʠʢʘʧʫ, ʧʦʢʘʟʘʥʳ ʥʘ ʨʠʩʫʥʢʝ 8 ʚ ʩʨʘʚʥʝʥʠʠ ʩ ʨʝʟʫʣʴʪʘʪʘʤʠ 

ʵʣʝʢʪʨʦʜʠʥʘʤʠʯʝʩʢʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ. 
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4.6V 12.5V
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        ʘ) ʙ) 

ʈʠʩʫʥʦʢ 8 ʇʝʨʝʩʪʨʘʠʚʘʝʤʳʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʡ LC-ʢʦʥʪʫʨ: ʠʟʤʝʨʝʥʥʳʝ ʯʘʩʪʦʪʥʳʝ ʟʘʚʠʩʠʤʦʩʪʠ 

ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʧʝʨʝʜʘʯʠ (ʘ) ʠ ʦʪʨʘʞʝʥʠʷ (ʙ) ʧʨʠ ʨʘʟʥʳʭ ʥʘʧʨʷʞʝʥʠʷʭ ʩʤʝʱʝʥʠʷ (ʩʧʣʦʰʥʳʝ 

ʣʠʥʠʠ) ʚ ʩʨʘʚʥʝʥʠʠ ʩ ʨʝʟʫʣʴʪʘʪʘʤʠ ʵʣʝʢʪʨʦʜʠʥʘʤʠʯʝʩʢʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ (ʧʫʥʢʪʠʨ) 

ʉ ʫʚʝʣʠʯʝʥʠʝʤ ʥʘʧʨʷʞʝʥʠ ̫ʩʤʝʱʝʥʠʷ ʦʪ 0 ʜʦ 12.5 ɺ ʨʝʟʦʥʘʥʩʥʘʷ ʯʘʩʪʦʪʘ LC-ʢʦʥʪʫʨʘ 

ʠʟʤʝʥʷʝʪʩʷ ʦʪ 386 ʄɻʮ ʜʦ 800 ʄɻʮ (m = 2.07). ɺ ʧʨʦʮʝʩʩʝ ʧʝʨʝʩʪʨʦʡʢʠ ʧʦʣʦʩʘ ʧʨʦʧʫʩʢʘʥʠʷ ʧʦ 

ʫʨʦʚʥʶ ʢʦʵʬʬʠʮʠʝʥʪʘ ʦʪʨʘʞʝʥʠʷ ï10 ʜɹ ʦʩʪʘʝʪʩʷ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝʠʟʤʝʥʥʦʡ: 115Ñ5 ʄɻʮ.  

ʊʘʢʞʝ ʙʳʣ ʨʘʟʨʘʙʦʪʘʥ ʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʠʩʩʣʝʜʦʚʘʥ ʪʨʝʭʟʚʝʥʥʳʡ ʯʝʙʳʰʝʚʩʢʠʡ 

ʬʠʣʴʪʨ ʥʘ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʭ ʢʦʥʪʫʨʘʭ ʠ ʚʥʫʪʨʝʥʥʠʭ ʠʥʚʝʨʪʦʨʘʭ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʩ ʜʠʘʧʘʟʦʥʦʤ 

ʧʝʨʝʩʪʨʦʡʢʠ ʮʝʥʪʨʘʣʴʥʦʡ ʯʘʩʪʦʪʳ 450-750 ʄɻʮ, ʯʪʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ m = 1.67, ʠ ʰʠʨʠʥʦʡ ʧʦʣʦʩʳ 

ʧʨʦʧʫʩʢʘʥʠʷ 150 ʄɻʮ. ʀʩʧʦʣʴʟʦʚʘʣʠʩʴ ʠʥʜʫʢʪʠʚʥʦʩʪʠ L1 = 43 ʥɻʥ, L2 = 51 ʥɻʥ ʬʠʨʤʳ Murata. 

ʊʦʧʦʣʦʛʠʷ ʬʠʣʴʪʨʘ ʧʦʢʘʟʘʥʘ ʥʘ ʨʠʩʫʥʢʝ 9-ʘ. ʈʘʟʤʝʨʳ ʫʩʪʨʦʡʩʪʚʘ ʩʦʩʪʘʚʣʷʶʪ 

33 ʤʤ Ĭ15 ʤʤ. ʌʦʪʦʛʨʘʬʠʷ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ʦʙʨʘʟʮʘ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʥʘ ʥʘ ʨʠʩʫʥʢʝ 9-ʙ. 
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ʀʟʤʝʨʝʥʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʬʠʣʴʪʨʘ ʧʦʢʘʟʘʥʳ ʥʘ ʨʠʩʫʥʢʝ 8-ʚ, ʛ ʚ ʩʨʘʚʥʝʥʠʠ ʩ 

ʨʝʟʫʣʴʪʘʪʘʤʠ ʤʦʜʝʣʠʨʦʚʘʥʠʷ. ɺʦ ʚʩʝʤ ʜʠʘʧʘʟʦʥʝ ʧʝʨʝʩʪʨʦʡʢʠ ʰʠʨʠʥʘ ʧʦʣʦʩʳ ʧʨʦʧʫʩʢʘʥʠʷ 

ʩʦʭʨʘʥʷʝʪʩʷ ʧʨʘʢʪʠʯʝʩʢʠ ʧʦʩʪʦʷʥʥʦʡ ʠ ʨʘʚʥʦʡ 147Ñ1 ʄɻʮ, ʯʪʦ ʧʦʜʪʚʝʨʞʜʘʝʪ ʧʨʘʚʠʣʴʥʦʩʪʴ 

ʨʝʟʫʣʴʪʘʪʦʚ ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʚʦ ʚʪʦʨʦʡ ʛʣʘʚʝ. ʂʦʵʬʬʠʮʠʝʥʪ ʦʪʨʘʞʝʥʠʷ ʣʫʯʰʝ, ʯʝʤ ï15 ʜɹ. 

ɺʥʦʩʠʤʳʝ ʧʦʪʝʨʠ ʥʝ ʧʨʝʚʳʰʘʶʪ 1.4 ʜɹ.  
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ʘ)  ʙ) 

 

ʚ) ʛ) 

ʈʠʩʫʥʦʢ 9 ʇʝʨʝʩʪʨʘʠʚʘʝʤʳʡ ʪʨʝʭʟʚʝʥʥʳʡ ʧʦʣʦʩʥʦ-ʧʨʦʧʫʩʢʘʶʱʠʡ ʬʠʣʴʪʨ ʩ ʧʦʩʪʦʷʥʥʦʡ 

ʰʠʨʠʥʦʡ ʧʦʣʦʩʳ ʧʨʦʧʫʩʢʘʥʠʷ: ʘ) ʵʢʚʠʚʘʣʝʥʪʥʘʷ ʩʭʝʤʘ, ʙ) ʬʦʪʦʛʨʘʬʠʷ ʦʙʨʘʟʮʘ; ʠʟʤʝʨʝʥʥʳʝ 

ʢʦʵʬʬʠʮʠʝʥʪʳ ʧʝʨʝʜʘʯʠ (ʚ) ʠ ʦʪʨʘʞʝʥʠʷ (ʛ) (ʩʧʣʦʰʥʳʝ ʣʠʥʠʠ) ʠ ʨʝʟʫʣʴʪʘʪʳ ʤʦʜʝʣʠʨʦʚʘʥʠʷ 

(ʧʫʥʢʪʠʨ) 

ɼʣʷ ʚʝʨʠʬʠʢʘʮʠʠ ʧʨʝʜʣʦʞʝʥʥʦʛʦ ʧʦʜʭʦʜʘ ʢ ʧʨʦʝʢʪʠʨʦʚʘʥʠʶ ʧʝʨʝʩʪʨʘʠʚʘʝʤʳʭ ʇʇʌ ʩ 

ʥʝʟʘʚʠʩʠʤʦʡ ʧʝʨʝʩʪʨʦʡʢʦʡ ʮʝʥʪʨʘʣʴʥʦʡ ʯʘʩʪʦʪʳ ʠ ʰʠʨʠʥʳ ʧʦʣʦʩʳ ʧʨʦʧʫʩʢʘʥʠʷ ʙʳʣʠ 

ʨʘʟʨʘʙʦʪʘʥʳ ʠ ʠʩʩʣʝʜʦʚʘʥʳ ʪʨʝʭʟʚʝʥʥʳʝ ʯʝʙʳʰʝʚʩʢʠʝ ʇʇʌ ʥʘ ʩʚʷʟʘʥʥʳʭ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʭ ʠ 

ʧʘʨʘʣʣʝʣʴʥʳʭ ʢʦʥʪʫʨʘʭ, ʫʧʨʘʚʣʷʝʤʳʝ ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚʳʤʠ ʚʘʨʠʢʘʧʘʤʠ.  

ʅʘ ʨʠʩʫʥʢʝ 10 ʧʨʝʜʩʪʘʚʣʝʥ ʧʝʨʝʩʪʨʘʠʚʘʝʤʳʡ ʪʨʝʭʟʚʝʥʥʳʡ ʬʠʣʴʪʨ ʥʘ ʧʘʨʘʣʣʝʣʴʥʳʭ 

ʢʦʥʪʫʨʘʭ. ɺ ʬʠʣʴʪʨʝ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʠʥʜʫʢʪʠʚʥʦʩʪʠ ʩ ʥʦʤʠʥʘʣʘʤʠ L1 = 16 ʥɻʥ, L2 = 15 ʥɻʥ. ɺ 

ʢʘʯʝʩʪʚʝ ʫʧʨʘʚʣʷʶʱʝʛʦ ʢʦʤʧʦʥʝʥʪʘ ʚ ʮʝʥʪʨʘʣʴʥʦʤ ʢʦʥʪʫʨʝ ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʚʘʨʠʢʘʧ Skyworks 

SMV 1233 ʩ ʫʧʨʘʚʣʷʝʤʦʩʪʴʶ n = 6,05 (5,08-0,84 ʧʌ ʧʨʠ 0-15 ɺ). ɼʣʷ ʚʥʝʰʥʠʭ ʠʥʚʝʨʪʦʨʦʚ 

ʧʨʦʚʦʜʠʤʦʩʪʠ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʚʘʨʠʢʘʧʳ SMV 1232 ʩ ʫʧʨʘʚʣʷʝʤʦʩʪʴʶ n = 5,76 (4,15-0,72 ʧʌ ʧʨʠ 

0-15 ɺ). ɺ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʜʣʷ ʨʝʘʣʠʟʘʮʠʠ ʝʤʢʦʩʪʝʡ ʜʚʫʭ ʚʥʝʰʥʠʭ LC-ʢʦʥʪʫʨʦʚ ʠ ʚʥʫʪʨʝʥʥʠʭ 

ʠʥʚʝʨʪʦʨʦʚ ʧʨʦʚʦʜʠʤʦʩʪʠ ʙʳʣʠ ʚʳʙʨʘʥʳ ʚʘʨʠʢʘʧʳ SMV 1231 (2,35-0,466 ʧʌ ʧʨʠ 0-15 ɺ). 

ɻʘʙʘʨʠʪʥʳʝ ʨʘʟʤʝʨʳ ʧʝʯʘʪʥʦʡ ʧʣʘʪʳ ʬʠʣʴʪʨʘ ʩʦʩʪʘʚʣʷʶʪ 41 ʤʤ Ĭ 15 ʤʤ. 

ɸʏʍ ʧʝʨʝʩʪʨʘʠʚʘʝʤʦʛʦ ʬʠʣʴʪʨʘ ʥʘ ʧʘʨʘʣʣʝʣʴʥʳʭ ʢʦʥʪʫʨʘʭ ʚ ʨʘʟʣʠʯʥʳʭ ʩʦʩʪʦʷʥʠʷʭ 

ʧʦʢʘʟʘʥʳ ʥʘ ʨʠʩʫʥʢʝ 11 ʩʧʣʦʰʥʳʤʠ ʣʠʥʠʷʤʠ, ʘ ʨʝʟʫʣʴʪʘʪʳ ʤʦʜʝʣʠʨʦʚʘʥʠʷ - ʰʪʨʠʭʦʚʳʤʠ 

ʣʠʥʠʷʤʠ. 
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ʈʠʩʫʥʦʢ 10 ʇʝʨʝʩʪʨʘʠʚʘʝʤʳʡ ʇʇʌ ʥʘ ʩʚʷʟʘʥʥʳʭ ʧʘʨʘʣʣʝʣʴʥʳʭ ʢʦʥʪʫʨʘʭ: ʘ) ʢɻʚʠʚʘʣʝʥʪʥʘʷ 

ʩʭʝʤʘ ʩ ʮʝʧʷʤʠ ʧʦʜʘʯʠ ʩʤʝʱʝʥʠʷ, ʙ) ʬʦʪʦʛʨʘʬʠʷ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ʦʙʨʘʟʮʘ 

 

 
ʘ) ʙ) ʚ) 

ʈʠʩʫʥʦʢ 11 ʇʝʨʝʩʪʨʘʠʚʘʝʤʳʡ ʇʇʌ ʥʘ ʧʘʨʘʣʣʝʣʴʥʳʭ ʢʦʥʪʫʨʘʭ: ʨʝʟʫʣʴʪʘʪʳ ʠʟʤʝʨʝʥʠʡ  ʠ 

ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʧʝʨʝʜʘʯʠ ʠ ʦʪʨʘʞʝʥʠʷ ʬʠʣʴʪʨʘ ʩ æɤ = const (ʘ), ʩ æɤ / ɤ0 = const 

(ʙ), æɤ = var (ʚ) 

ɺ ʧʨʝʜʝʣʘʭ ʜʠʘʧʘʟʦʥʘ ʧʝʨʝʩʪʨʦʡʢʠ ʮʝʥʪʨʘʣʴʥʦʡ ʯʘʩʪʦʪʳ 450-675 ʄɻʮ ʠʟʤʝʨʝʥʥʘʷ 

ʘʙʩʦʣʶʪʥʘʷ ʰʠʨʠʥʘ ʧʦʣʦʩʳ ʧʨʦʧʫʩʢʘʥʠʷ ʬʠʣʴʪʨʘ ʩʦʩʪʘʚʣʷʝʪ 90Ñ2 ʄɻʮ (ʨʠʩʫʥʦʢ 11-ʘ), ʘ 

ʦʪʥʦʩʠʪʝʣʴʥʘʷ ʰʠʨʠʥʘ ʧʦʣʦʩʳ ʧʨʦʧʫʩʢʘʥʠʷ ʚ ʜʠʘʧʘʟʦʥʝ ʧʝʨʝʩʪʨʦʡʢʠ ʮʝʥʪʨʘʣʴʥʦʡ ʯʘʩʪʦʪ 

450-590 ʄɻʮ ʨʘʚʥʘ 20Ñ0.5% (ʨʠʩʫʥʦʢ 11-ʙ). ʇʝʨʝʩʪʨʦʡʢʘ ʰʠʨʠʥʳ ʧʦʣʦʩʳ ʧʨʦʧʫʩʢʘʥʠʷ ʬʠʣʴʪʨʘ 

ʦʛʨʘʥʠʯʝʥʘ ʫʧʨʘʚʣʷʝʤʦʩʪʴʶ ʠʩʧʦʣʴʟʫʝʤʳʭ ʚʘʨʠʢʘʧʦʚ ʠ ʥʘ ʮʝʥʪʨʘʣʴʥʦʡ ʯʘʩʪʦʪʝ 560 ʄɻʮ 
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ʩʦʩʪʘʚʣʷʝʪ 40-90 ʄɻʮ. ʂʦʵʬʬʠʮʠʝʥʪ ʦʪʨʘʞʝʥʠʷ ʧʦ ʚʭʦʜʫ ʣʫʯʰʝ, ʯʝʤ ï15 ʜɹ. ɺʥʦʩʠʤʳʝ ʧʦʪʝʨʠ ʚ 

ʧʦʣʦʩʝ ʧʨʦʧʫʩʢʘʥʠʷ ʥʝ ʧʨʝʚʳʰʘʶʪ 2,25 ʜɹ. 

ʅʘ ʨʠʩʫʥʢʝ 12 ʧʨʝʜʩʪʘʚʣʝʥʘ ʵʢʚʠʚʘʣʝʥʪʥʘʷ ʩʭʝʤʘ ʧʝʨʝʩʪʨʘʠʚʘʝʤʦʛʦ ʬʠʣʴʪʨʘ ʥʘ 

ʩʚʷʟʘʥʥʳʭ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʭ ʢʦʥʪʫʨʘʭ. ɿʥʘʯʝʥʠʷ ʠʥʜʫʢʪʠʚʥʦʩʪʝʡ ʚ ʬʠʣʴʪʨʝ ʩʦʩʪʘʚʣʷʶʪ 

L1 = 43 ʥɻʥ ʠ L2 = 56 ʥɻʥ. ɼʣʷ ʚʥʝʰʥʠʭ ʠʥʚʝʨʪʦʨʦʚ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ 

ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚʳʝ ʚʘʨʠʢʘʧʳ SMV 1232. ɼʣʷ ʨʝʘʣʠʟʘʮʠʠ ʝʤʢʦʩʪʝʡ LC-ʢʦʥʪʫʨʦʚ ʠ ʚʥʝʰʥʠʭ 

ʠʥʚʝʨʪʦʨʦʚ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʙʳʣʠ ʚʳʙʨʘʥʳ ʚʘʨʠʢʘʧʳ SMV 1233.  

ʘ)  

ʙ)  

ʈʠʩʫʥʦʢ 12 ʇʝʨʝʩʪʨʘʠʚʘʝʤʳʡ ʇʇʌ ʥʘ ʩʚʷʟʘʥʥʳʭ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʭ ʢʦʥʪʫʨʘʭ: ʘ) ʢɻʚʠʚʘʣʝʥʪʥʘʷ 

ʩʭʝʤʘ ʩ ʮʝʧʷʤʠ ʧʦʜʘʯʠ ʩʤʝʱʝʥʠʷ, ʙ) ʬʦʪʦʛʨʘʬʠʷ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ʦʙʨʘʟʮʘ 

ʎʝʥʪʨʘʣʴʥʘʷ ʯʘʩʪʦʪʘ ʠʟʤʝʨʝʥʥʦʛʦ ʬʠʣʴʪʨʘ ʧʝʨʝʩʪʨʘʠʚʘʝʪʩ ̫(ʨʠʩʫʥʦʢ 13) ʚ ʧʨʝʜʝʣʘʭ 

430-760 ʄɻʮ. ɺ ʧʨʝʜʝʣʘʭ ʚʩʝʛʦ ʜʠʘʧʘʟʦʥʘ ʧʝʨʝʩʪʨʦʡʢʠ ʠʟʤʝʨʝʥʥʘʷ ʘʙʩʦʣʶʪʥʘʷ ʰʠʨʠʥʘ ʧʦʣʦʩʳ 

ʧʨʦʧʫʩʢʘʥʠʷ ʨʘʚʥʘ 153Ñ1 ʄɻʮ, ʘ ʦʪʥʦʩʠʪʝʣʴʥʘʷ ʰʠʨʠʥʘ ʧʦʣʦʩʳ ʧʨʦʧʫʩʢʘʥʠʷ ʩʦʩʪʘʚʣʷʝʪ 

19.7Ñ0.5%. ʐʠʨʠʥʘ ʧʦʣʦʩʳ ʧʨʦʧʫʩʢʘʥʠʷ ʬʠʣʴʪʨʘ ʠʟʤʝʥʷʝʪʩʷ ʚ ʧʨʝʜʝʣʘʭ 70-150 ʄɻʮ. 

ʂʦʵʬʬʠʮʠʝʥʪ ʦʪʨʘʞʝʥʠʷ ʣʫʯʰʝ, ʯʝʤ -15ʜɹ. ɺʥʦʩʠʤʳʝ ʧʦʪʝʨʠ ʚ ʧʦʣʦʩʝ ʧʨʦʧʫʩʢʘʥʠʷ ʥʝ 

ʧʨʝʚʳʰʘʶʪ 1,7 ʜɹ.  

ʌʠʣʴʪʨ ʥʘ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʭ ʢʦʥʪʫʨʘʭ ʠʤʝʝʪ ʙʦʣʝʝ ʩʠʤʤʝʪʨʠʯʥʳʝ ʯʘʩʪʦʪʥʳʝ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʬʠʣʴʪʨʦʤ ʥʘ ʧʘʨʘʣʣʝʣʴʥʳʭ ʢʦʥʪʫʨʘʭ. ʇʨʠ ʫʚʝʣʠʯʝʥʠʠ ʰʠʨʠʥʳ 

ʧʦʣʦʩʳ ʧʨʦʧʫʩʢʘʥʠʷ ʠʟʙʠʨʘʪʝʣʴʥʦʩʪʴ ʬʠʣʴʪʨʘ ʥʘ ʧʘʨʘʣʣʝʣʴʥʳʭ ʢʦʥʪʫʨʘʭ ʟʘʤʝʪʥʦ ʫʭʫʜʰʘʝʪʩʷ, 

ʠʟ-ʟʘ ʯʝʛʦ ʪʘʢʦʡ ʬʠʣʴʪʨ ʫʩʪʫʧʘʝʪ ʬʠʣʴʪʨʫ ʥʘ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʭ ʢʦʥʪʫʨʘʭ.  

ɹr ʣʦ ʚʳʧʦʣʥʝʥʦ ʠʩʩʣʝʜʦʚʘʥʠʝ ʚʣʠʷʥʠʷ ʤʦʱʥʦʩʪʠ ʚʭʦʜʥʦʛʦ ʩʠʛʥʘʣʘ ʥʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ʨʘʟʨʘʙʦʪʘʥʥʳʭ ʧʝʨʝʩʪʨʘʠʚʘʝʤʳʭ ʇʇʌ. ʅʘ ʨʠʩʫʥʢʝ 14 ʧʨʝʜʩʪʘʚʣʝʥʳ ʠʟʤʝʨʝʥʥʳʝ ʟʘʚʠʩʠʤʦʩʪʠ 

ʚʳʭʦʜʥʦʡ ʤʦʱʥʦʩʪʠ ʦʪ ʚʭʦʜʥʦʡ ʜʣʷ ʇʇʌ ʥʘ ʩʚʷʟʘʥʥʳʭ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʭ ʠ ʧʘʨʘʣʣʝʣʴʥʳʭ 

ʢʦʥʪʫʨʘʭ. ʌʠʣʴʪʨ ʥʘ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʭ ʢʦʥʪʫʨʘʭ ʜʦʩʪʠʛʘʝʪ ʪʦʯʢʫ ʢʦʤʧʨʝʩʩʠʠ ʧʦ ʫʨʦʚʥʶ 1 ʜɹ 

ʧʨʠ ʚʭʦʜʥʦʡ ʤʦʱʥʦʩʪʠ 14 ʜɹʤ, ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ ʬʠʣʴʪʨ ʥʘ ʧʘʨʘʣʣʝʣʴʥʳʭ ʢʦʥʪʫʨʘʭ ʜʦʩʪʠʛʘʝʪ 

ʪʦʯʢʫ ʢʦʤʧʨʝʩʩʠʠ ʧʦ ʫʨʦʚʥʶ 1 ʜɹ ʧʨʠ ʤʦʱʥʦʩʪʠ ʚʭʦʜʥʦʛʦ ʩʠʛʥʘʣʘ 7,5 ʜɹʤ.  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʬʠʣʴʪʨ ʥʘ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʭ ʢʦʥʪʫʨʘʭ ʤʦʞʝʪ ʨʘʙʦʪʘʪʴ ʚ ʣʠʥʝʡʥʦʤ 

ʨʝʞʠʤʝ ʧʨʠ ʙʦʣʴʰʝʡ ʤʦʱʥʦʩʪʠ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʬʠʣʴʪʨʦʤ ʥʘ ʧʘʨʘʣʣʝʣʴʥʳʭ ʢʦʥʪʫʨʘʭ ʩ ʪʘʢʦʡ ʞʝ 

ʮʝʥʪʨʘʣʴʥʦʡ ʯʘʩʪʦʪʦʡ ʠ ʙʣʠʟʢʠʭ ʫʧʨʘʚʣʷʶʱʠʭ ʥʘʧʨʷʞʝʥʠʷʭ ʥʘ ʚʘʨʠʢʘʧʘʭ ʪʦʡ ʞʝ ʩʝʨʠʠ. 


