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1. ɸʂʊʋɸʃʔʅʓɽ ʅɸʇʈɸɺʃɽʅʀʗ ʆɹʅʆɺʃɽʅʀʗ 

ʉʆɼɽʈɾɸʅʀʗ ʌʀɿʀʏɽʉʂʆɻʆ ʆɹʈɸɿʆɺɸʅʀʗ  

ɺ ʉʆɺʈɽʄɽʅʅʓʍ ʋʉʃʆɺʀʗʍ 

ʆʜʥʦʡ ʠʟ ʥʝʧʨʝʭʦʜʷʱʠʭ ʟʘʜʘʯ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʷ ʬʠʟʠʯʝʩʢʦʛʦ 

ʦʙʨʘʟʦʚʘʥʠʷ ʙʳʣʦ ʠ ʦʩʪʘʸʪʩʷ ʦʙʥʦʚʣʝʥʠʝ ʝʛʦ ʩʦʜʝʨʞʘʥʠʷ, 

ʦʪʚʝʯʘʶʱʝʝ ʠʟʤʝʥʷʶʱʠʤʩʷ ʚ ʧʨʦʮʝʩʩʝ ʦʙʱʝʩʪʚʝʥʥʦʛʦ ʨʘʟʚʠʪʠʷ 

ʟʘʧʨʦʩʘʤ ʚʨʝʤʝʥʠ. ɻʦʚʦʨʷ ʦ ʩʦʜʝʨʞʘʥʠʠ ʦʙʨʘʟʦʚʘʥʠʷ, ʙʫʜʝʤ 

ʠʩʭʦʜʠʪʴ ʠʟ ʧʨʠʥʷʪʦʛʦ ʚ ʩʦʚʨʝʤʝʥʥʦʡ ʜʠʜʘʢʪʠʢʝ ʝʛʦ ʦʙʱʝʛʦ 

ʧʦʥʠʤʘʥʠʷ ʢʘʢ ʧʝʜʘʛʦʛʠʯʝʩʢʠ ʘʜʘʧʪʠʨʦʚʘʥʥʦʛʦ ʩʦʮʠʘʣʴʥʦʛʦ ʦʧʳʪʘ 

ʯʝʣʦʚʝʯʝʩʪʚʘ, ʠʟʦʤʦʨʬʥʦʛʦ, ʯʝʣʦʚʝʯʝʩʢʦʡ ʢʫʣʴʪʫʨʝ ʚʦ ʚʩʝʡ ʝʝ 

ʩʪʨʫʢʪʫʨʥʦʡ ʧʦʣʥʦʪʝ [1], ʧʨʝʜʩʪʘʚʣʷʶʱʝʛʦ ʩʦʙʦʡ ʩʠʩʪʝʤʫ, 

ʚʢʣʶʯʘʶʱʫʶ ʚ ʩʝʙʷ ʩʣʝʜʫʶʱʠʝ ʢʦʤʧʦʥʝʥʪʳ: 

Å ʦʧʳʪ ʧʦʟʥʘʚʘʪʝʣʴʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ, ʬʠʢʩʠʨʦʚʘʥʥʳʡ ʚ ʬʦʨʤʝ ʝʝ 

ʨʝʟʫʣʴʪʘʪʦʚ ï ʟʥʘʥʠʡ; 

Å ʦʧʳʪ ʦʩʫʱʝʩʪʚʣʝʥʠʷ ʦʪʚʝʯʘʶʱʠʭ ʩʦʚʨʝʤʝʥʥʦʡ ʢʫʣʴʪʫʨʝ ʩʧʦʩʦʙʦʚ 

ʜʝʷʪʝʣʴʥʦʩʪʠ ʚ ʬʦʨʤʝ ʫʤʝʥʠʡ ʜʝʡʩʪʚʦʚʘʪʴ ʠʟʚʝʩʪʥʳʤ ʦʙʨʘʟʦʤ; 

Å ʦʧʳʪ ʵʤʦʮʠʦʥʘʣʴʥʦ-ʮʝʥʥʦʩʪʥʦʛʦ ʦʪʥʦʰʝʥʠʷ ʢ ʤʠʨʫ ʚ ʬʦʨʤʝ 

ʣʠʯʥʦʩʪʥʦ-ʩʤʳʩʣʦʚʳʭ ʦʨʠʝʥʪʘʮʠʡ; 

Å ʦʧʳʪ ʪʚʦʨʯʝʩʢʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ ʚ ʬʦʨʤʝ ʫʤʝʥʠʡ ʧʨʠʥʠʤʘʪʴ 

ʧʨʦʜʫʢʪʠʚʥʳʝ ʨʝʰʝʥʠʷ ʚ ʧʨʦʙʣʝʤʥʳʭ ʩʠʪʫʘʮʠʷʭ. 

ʀʤʝʷ ʚ ʢʘʯʝʩʪʚʝ ʚʘʞʥʝʡʰʠʭ ʩʚʦʠʭ ʧʨʝʜʧʦʩʳʣʢʠ ʠ ʨʝʟʫʣʴʪʘʪʘ 

ʬʦʨʤʠʨʦʚʘʥʠʝ ʢʫʣʴʪʫʨʳ ʯʝʣʦʚʝʢʘ ʠ ʝʛʦ ʜʝʷʪʝʣʴʥʦʩʪʠ, ʦʙʨʘʟʦʚʘʥʠʝ 

ʙʳʣʦ ʠ ʦʩʪʘʝʪʩʷ ʩʦʮʠʦʢʫʣʴʪʫʨʥʳʤ ʬʝʥʦʤʝʥʦʤ. ʂʘʢ ʦʪʤʝʯʘʣʦʩʴ ʚ 

[2] ʚ ʦʪʥʦʰʝʥʠʠ ʭʘʨʘʢʪʝʨʘ ʠ ʨʦʣʠ ʚʟʘʠʤʦʩʚʷʟʠ ʢʫʣʴʪʫʨʥʳʭ ʬʦʨʤ ʠ 

ʤʦʜʝʣʝʡ ʦʙʨʘʟʦʚʘʥʠʷ, çʠʭ ʧʨʷʤʳʝ ʠʣʠ ʦʧʦʩʨʝʜʦʚʘʥʥʳʝ 

ʚʟʘʠʤʦʚʣʠʷʥʠʷ ʠ ʚʟʘʠʤʦʟʘʚʠʩʠʤʦʩʪʠ, ʠʭ ʦʧʧʦʟʠʮʠʦʥʥʦʩʪʴ ʠ 

ʘʣʴʪʝʨʥʘʪʠʚʥʦʩʪʴ, ʧʨʦʷʚʣʝʥʠʷ ʜʠʬʬʫʟʠʠ ʠʣʠ ʩʠʥʪʝʟʘ, ʚʦʟʨʦʞʜʝʥʠʷ 

ʚ ʥʦʚʳʭ ʠʩʪʦʨʠʯʝʩʢʠʭ ʫʩʣʦʚʠʷʭ ʠ ʥʘ ʠʥʦʡ ʢʫʣʴʪʫʨʥʦʡ ʧʦʯʚʝ 

ʩʦʟʜʘʝʪ ʪʦ ʤʥʦʛʦʦʙʨʘʟʠʝ ʩʦʦʪʥʦʰʝʥʠʡ, ʢʦʪʦʨʦʝ ʩʧʦʩʦʙʩʪʚʫʝʪ 

ʨʘʟʚʠʪʠʶ ʦʙʨʘʟʦʚʘʥʠʷ ʢʘʢ ʤʠʨʦʚʦʛʦ ʧʨʦʮʝʩʩʘè. ʕʪʦ ʚʳʜʚʠʛʘʝʪ ʥʘ 

ʧʝʨʚʳʡ ʧʣʘʥ, ʚ ʢʘʯʝʩʪʚʝ ʦʜʥʦʛʦ ʠʟ ʚʝʜʫʱʠʭ ʨʝʛʫʣʷʪʠʚʦʚ 

ʦʙʥʦʚʣʝʥʠʷ ʩʦʜʝʨʞʘʥʠʷ ʦʙʨʘʟʦʚʘʥʠʷ, ʧʨʠʥʮʠʧ 

ʩʦʮʠʦʢʫʣʴʪʫʨʦʩʦʦʙʨʘʟʥʦʩʪʠ. 

ʉʦʚʨʝʤʝʥʥʫʶ ʢʫʣʴʪʫʨʫ ʭʘʨʘʢʪʝʨʠʟʫʶʪ ʢʘʢ ʢʫʣʴʪʫʨʫ 

ʧʨʦʠʟʚʦʜʷʱʠʭ ʟʥʘʥʠʡ [3], ʛʜʝ ʦʩʥʦʚʥʳʤ ʬʘʢʪʦʨʦʤ ʨʘʟʚʠʪʠʷ 

ʷʚʣʷʝʪʩʷ ʤʘʪʝʨʠʘʣʴʥʦʝ ʚʦʧʣʦʱʝʥʠʝ ʠʤʝʚʰʠʭʩʷ ʠ ʛʝʥʝʨʠʨʫʝʤʳʭ 

ʟʥʘʥʠʡ ʚ ʟʥʘʯʠʤʳʭ ʜʣʷ ʩʦʮʠʫʤʘ ʠ ʣʠʯʥʦʩʪʠ ʦʙʣʘʩʪʷʭ ʜʝʷʪʝʣʴʥʦʩʪʠ. 
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ɺʝʜʫʱʝʡ ʪʝʥʜʝʥʮʠʝʡ ʨʘʟʚʠʪʠʷ ʤʝʪʦʜʦʣʦʛʠʠ  ʥʘʫʢʠ ʧʨʠ ʵʪʦʤ 

ʩʪʘʥʦʚʠʪʩʷ ʠʥʪʝʛʨʘʮʠʷ ʟʥʘʥʠʡ ʠ ʪʠʧʦʚ ʜʝʷʪʝʣʴʥʦʩʪʠ 

ʬʫʥʜʘʤʝʥʪʘʣʴʥʦʛʦ ʠ ʧʨʠʢʣʘʜʥʦʛʦ ʭʘʨʘʢʪʝʨʘ. 

ʆʩʦʙʝʥʥʦ ʚʳʨʘʟʠʪʝʣʴʥʦ ʵʪʘ ʪʝʥʜʝʥʮʠʷ ʧʨʦʷʚʣʷʝʪʩʷ ʚ 

ʨʘʟʚʠʪʠʠ ʩʦʚʨʝʤʝʥʥʳʭ ʥʘʫʢʦʝʤʢʠʭ ʪʝʭʥʦʣʦʛʠʡ, ʨʘʟʨʘʙʦʪʢʘ ʠ 

ʨʝʘʣʠʟʘʮʠʷ ʢʦʪʦʨʳʭ ʧʨʠʥʮʠʧʠʘʣʴʥʦ ʥʝʚʦʟʤʦʞʥʘ ʙʝʟ ʥʘʫʯʥʳʭ 

ʟʥʘʥʠʡ. ʊʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʠʥʥʦʚʘʮʠʠ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʚʳʩʪʫʧʘʶʪ 

ʢʘʢ ʧʨʦʠʟʚʦʜʥʳʝ ʦʪ ʨʝʟʫʣʴʪʘʪʦʚ ʥʘʫʯʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʘ 

ʧʦʩʣʝʜʥʠʝ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʩʦʧʨʷʞʝʥʳ ʩ ʧʨʦʝʢʪʠʨʦʚʘʥʠʝʤ ʠ 

ʧʨʦʠʟʚʦʜʩʪʚʦʤ, ʜʦʩʪʠʞʝʥʠʷ ʢʦʪʦʨʳʭ ʦʙʦʛʘʱʘʶʪ ʠʥʩʪʨʫʤʝʥʪʘʨʠʡ 

ʥʘʫʢʠ ʠ ʩʪʠʤʫʣʠʨʫʶʪ ʨʘʟʚʠʪʠʝ ʚ ʥʝʡ ʥʦʚʳʭ ʥʘʧʨʘʚʣʝʥʠʡ. 

ʋʩʣʦʚʠʷ ʜʠʥʘʤʠʯʥʦ ʨʘʟʚʠʚʘʶʱʝʛʦʩʷ ʚʳʩʦʢʦʪʝʭʥʦʣʦʛʠʯʥʦʛʦ 

ʦʙʱʝʩʪʚʘ, ʢ ʞʠʟʥʠ ʚ ʢʦʪʦʨʦʤ ʜʦʣʞʥʦ ʛʦʪʦʚʠʪʴ ʯʝʣʦʚʝʢʘ 

ʩʦʚʨʝʤʝʥʥʦʝ ʦʙʨʘʟʦʚʘʥʠʝ, ʟʘʩʪʘʚʣʷʝʪ, ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʦʩʥʦʚʳʚʘʪʴ 

ʝʛʦ ʩʦʜʝʨʞʘʥʠʝ ʥʘ ʥʦʚʳʭ ʢʫʣʴʪʫʨʥʳʭ ʥʘʯʘʣʘʭ ð ʦʩʫʱʝʩʪʚʣʷʪʴ 

ʠʥʪʝʛʨʘʮʠʶ ʬʫʥʜʘʤʝʥʪʘʣʴʥʦʡ ʠ ʧʨʠʢʣʘʜʥʦʡ ʩʦʩʪʘʚʣʷʶʱʠʭ 

ʩʦʜʝʨʞʘʥʠʷ ʦʙʨʘʟʦʚʘʥʠʷ ʥʘ ʧʨʝʜʤʝʪʥʦʡ ʦʩʥʦʚʝ ʧʨʦʙʣʝʤʘʪʠʢʠ 

ʩʦʚʨʝʤʝʥʥʳʭ ʥʘʫʢʦʸʤʢʠʭ ʪʝʭʥʦʣʦʛʠʡ. ɹʫʜʫʯʠ ʢʦʥʮʝʧʪʫʘʣʴʥʦ 

ʦʙʦʩʥʦʚʘʥʥʦʡ, ʨʝʘʣʠʟʘʮʠʷ ʩʪʨʘʪʝʛʠʠ ʠʥʪʝʛʨʠʨʦʚʘʥʥʦʛʦ ʚ 

ʫʢʘʟʘʥʥʦʤ ʩʤʳʩʣʝ ʦʙʫʯʝʥʠʷ ʜʦʣʞʥʘ ʧʨʠʚʝʩʪʠ ʢ ʢʦʥʩʪʨʫʢʪʠʚʥʦʤʫ 

ʩʠʥʪʝʟʫ ʟʥʘʥʠʡ ʠ ʫʤʝʥʠʡ, ʦʪʚʝʯʘʶʱʠʭ ʬʫʥʜʘʤʝʥʪʘʣʴʥʦʡ ʠ 

ʧʨʠʢʣʘʜʥʦʡ ʥʘʫʢʘʤ, ʩʧʦʩʦʙʩʪʚʦʚʘʪʴ ʬʦʨʤʠʨʦʚʘʥʠʶ ʫ 

ʦʙʫʯʘʶʱʠʭʩʷ ʥʝʦʙʭʦʜʠʤʦʛʦ ʜʣʷ ʨʝʰʝʥʠʷ ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʭ ʠ 

ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʭ ʟʘʜʘʯ ʦʧʳʪʘ ʩʠʩʪʝʤʥʦʛʦ ʦʩʚʦʝʥʠʷ ʩʦʜʝʨʞʘʥʠʷ 

ʧʨʦʙʣʝʤʘʪʠʢʠ ʧʨʠʦʨʠʪʝʪʥʳʭ ʥʘʧʨʘʚʣʝʥʠʡ ʩʦʚʨʝʤʝʥʥʦʡ ʥʘʫʯʥʦ-

ʪʝʭʥʠʯʝʩʢʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ. 

ʈʘʩʩʤʦʪʨʠʤ ʚʦʟʤʦʞʥʦʩʪʠ, ʦʪʢʨʳʚʘʝʤʳʝ ʪʘʢʦʡ  ʠʥʪʝʛʨʘʮʠʝʡ ʚ 

ʢʘʞʜʦʤ ʠʟ ʢʦʤʧʦʥʝʥʪʦʚ ʩʦʜʝʨʞʘʥʠʷ ʦʙʨʘʟʦʚʘʥʠʷ ʚ ʦʪʜʝʣʴʥʦʩʪʠ. 

ɺʦʟʤʦʞʥʦʩʪʠ, ʦʪʢʨʳʚʘʝʤʳʝ ʚ ʧʣʘʥʝ ʬʦʨʤʠʨʦʚʘʥʠʷ ʦʧʳʪʘ 

ʧʦʟʥʘʚʘʪʝʣʴʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ, ʦʧʨʝʜʝʣʷʶʪʩʷ ʦʩʦʙʝʥʥʦʩʪʷʤʠ ʩʘʤʦʛʦ 

ʩʦʜʝʨʞʘʥʠʷ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʡ ʧʨʦʙʣʝʤʘʪʠʢʠ. ɺʦ-ʧʝʨʚʳʭ, ʚʳʩʦʢʦʡ 

ʝʸ ʘʢʪʫʘʣʴʥʦʩʪʴʶ, ʪʘʢ ʯʪʦ ʦʩʚʦʝʥʠʝ ʥʦʚʦʛʦ ʩʦʜʝʨʞʘʥʠʷ 

ʩʧʦʩʦʙʩʪʚʫʝʪ ʧʦʚʳʰʝʥʠʶ ʫʨʦʚʥʷ ʧʦʟʥʘʚʘʪʝʣʴʥʦʡ ʘʢʪʠʚʥʦʩʪʠ 

ʦʙʫʯʘʶʱʠʭʩʷ, ʩʪʠʤʫʣʠʨʫʝʪ ʠʭ ʢ ʧʦʠʩʢʦʚʦ-ʧʦʟʥʘʚʘʪʝʣʴʥʦʡ 

ʜʝʷʪʝʣʴʥʦʩʪʠ, ʫʪʚʝʨʞʜʘʷ ʪʝʤ ʩʘʤʳʤ ʯʝʣʦʚʝʢʦʦʙʨʘʟʫʶʱʠʝ ʠ 

ʢʫʣʴʪʫʨʦʩʦʟʠʜʘʶʱʠʝ ʢʘʯʝʩʪʚʘ ʣʠʯʥʦʩʪʠ. 

ɺʦ-ʚʪʦʨʳʭ, ʝʜʠʥʩʪʚʦʤ ʟʥʘʥʠʝʚʦʡ ʠ ʜʝʷʪʝʣʴʥʦʩʪʥʦʡ 

ʩʦʩʪʘʚʣʷʶʱʠʭ, ʯʪʦ ʩʧʦʩʦʙʩʪʚʫʝʪ ʩʪʦʣʴ ʚʘʞʥʦʤʫ ʜʣʷ ʢʫʣʴʪʫʨʳ 
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ʩʦʚʨʝʤʝʥʥʦʡ ʬʦʨʤʘʮʠʠ ʩʠʩʪʝʤʥʦʤʫ ʬʦʨʤʠʨʦʚʘʥʠʶ ʧʦʪʨʝʙʥʦʩʪʝʡ 

ʟʥʘʪʴ, ʧʦʥʠʤʘʪʴ ʠ ʫʤʝʪʴ. 

ɺ-ʪʨʝʪʴʠʭ, ʦʪʢʨʳʪʦʩʪʴʶ ʥʦʚʦʤʫ, ʩʦʩʪʦʷʥʠʝʤ ʥʝʧʨʝʨʳʚʥʦʛʦ 

ʨʘʟʚʠʪʠʷ, ʩʧʦʩʦʙʩʪʚʫʶʱʠʤʠ  ʚʦʩʧʠʪʘʥʠʶ ʚ ʯʝʣʦʚʝʢʝ ʚʥʫʪʨʝʥʥʝʡ 

ʧʦʪʨʝʙʥʦʩʪʠ ʠ ʩʧʦʩʦʙʥʦʩʪʝʡ ʥʝ ʪʦʣʴʢʦ ʢ ʨʝʰʝʥʠʶ ʧʨʦʙʣʝʤ, ʥʦ ʠ ʢ 

ʠʭ ʚʳʷʚʣʝʥʠʶ, ʯʪʦ ʚʘʞʥʦ ʚ ʩʦʚʨʝʤʝʥʥʦʤ ʤʠʨʝ, ʢʦʛʜʘ ʦʩʦʙʝʥʥʦ 

ʘʢʪʫʘʣʴʥʦ ʦʪʤʝʯʝʥʥʦʝ ʝʱʝ ʅ. ɹʦʨʦʤ: çʇʨʦʙʣʝʤʳ ʚʘʞʥʝʝ ʨʝʰʝʥʠʷ. 

ʈʝʰʝʥʠʝ ʤʦʞʝʪ ʫʩʪʘʨʝʪʴ, ʘ ʧʨʦʙʣʝʤʳ ʦʩʪʘʶʪʩʷéè. 

ɺ-ʯʝʪʚʝʨʪʳʭ, ʥʘʣʠʯʠʝʤ, ʢʘʢ ʧʨʘʚʠʣʦ, ʩʧʝʢʪʨʘ ʨʘʟʣʠʯʥʳʭ, 

ʢʦʥʢʫʨʠʨʫʶʱʠʭ ʤʝʞʜʫ ʩʦʙʦʡ, ʨʝʰʝʥʠʡ ʧʨʦʙʣʝʤʳ, ʯʪʦ 

ʘʢʪʫʘʣʠʟʠʨʫʝʪ ʥʝʦʙʭʦʜʠʤʦʝ ʜʣʷ ʨʘʟʚʠʪʠʷ ʣʠʯʥʦʩʪʠ, ʥʘʨʷʜʫ ʩ 

ʦʧʳʪʦʤ, ʢʨʠʪʠʯʝʩʢʠ-ʨʝʬʣʝʢʩʠʚʥʦʝ ʤʳʰʣʝʥʠʝ, ʩʧʦʩʦʙʥʦʩʪʠ ʢ 

ʜʝʷʪʝʣʴʥʦʩʪʠ ʚ ʫʩʣʦʚʠʷʭ ʥʝʦʧʨʝʜʝʣʝʥʥʦʩʪʠ. 

ʅʘʢʦʥʝʮ, ʧʨʦʷʚʣʷʝʤʳʤʠ ʚ ʨʘʟʚʠʪʠʠ ʥʘʫʯʥʦ-ʪʝʭʥʠʯʝʩʢʦʡ 

ʜʝʷʪʝʣʴʥʦʩʪʠ ʦʩʦʙʝʥʥʦʩʪʷʤʠ ʩʦʚʨʝʤʝʥʥʦʡ ʤʝʪʦʜʦʣʦʛʠʠ ʥʘʫʯʥʦʛʦ 

ʧʦʠʩʢʘ ʩ ʧʨʠʩʫʱʠʤʠ ʝʡ ʚʦʟʨʘʩʪʘʥʠʝʤ ʨʦʣʠ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʭ 

ʟʥʘʥʠʡ, ʚʳʩʪʫʧʘʶʱʠʭ ʢʘʢ ʠʩʪʦʯʥʠʢ ʠ ʦʨʠʝʥʪʠʨʦʚʦʯʥʘʷ ʦʩʥʦʚʘ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʠʥʥʦʚʘʮʠʡ, ʥʝʣʠʥʝʡʥʦʩʪʴʶ ʧʨʦʮʝʩʩʘ ʥʘʫʯʥʦʛʦ 

ʧʦʠʩʢʘ, ʚʦʩʪʨʝʙʦʚʘʥʥʦʩʪʴʶ ʩʠʩʪʝʤʥʦʛʦ ʚʣʘʜʝʥʠʷ 

ʝʩʪʝʩʪʚʝʥʥʦʥʘʫʯʥʳʤʠ ʟʥʘʥʠʷʤʠ, ʜʠʥʘʤʠʯʥʦʛʦ ʢʨʠʪʠʯʝʩʢʦʛʦ 

ʘʥʘʣʠʟʘ ʜʦʩʪʠʛʥʫʪʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʠ ʧʨʦʮʝʩʩʘ ʠʭ ʧʦʣʫʯʝʥʠʷ. 

ʌʦʨʤʠʨʫʝʤʳʡ ʚ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʤ ʧʨʦʙʣʝʤʥʦʤ ʧʦʣʝ ʦʧʳʪ 

ʧʦʟʥʘʚʘʪʝʣʴʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ ʧʨʦʷʚʣʷʝʪʩʷ ʧʨʝʞʜʝ ʚʩʝʛʦ ʚ ʬʦʨʤʝ 

ʦʩʚʦʝʥʠʷ ʟʥʘʥʠʡ ʦ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʭ ʦʩʥʦʚʘʭ ʠ ʜʦʩʪʠʞʝʥʠʷʭ 

ʩʦʚʨʝʤʝʥʥʳʭ ʥʘʫʢʦʝʤʢʠʭ ʪʝʭʥʦʣʦʛʠʡ. 

ʅʝʣʴʟʷ ʥʝ ʦʪʤʝʪʠʪʴ ʠ ʨʘʩʰʠʨʝʥʠʝ ʧʨʝʜʩʪʘʚʣʝʥʠʡ ʦ ʥʘʫʯʥʦʡ 

ʢʘʨʪʠʥʝ ʤʠʨʘ, ʚʢʣʶʯʘʶʱʝʡ ʚ ʩʝʙʷ ʚ ʢʘʯʝʩʪʚʝ ʦʜʥʦʛʦ ʠʟ ʙʘʟʦʚʳʭ 

ʵʣʝʤʝʥʪʦʚ ʟʥʘʯʠʤʳʝ ʜʣʷ ʦʙʱʝʩʪʚʘ ʠ ʣʠʯʥʦʩʪʠ ʧʨʘʢʪʠʯʝʩʢʠʝ 

ʧʨʠʣʦʞʝʥʠʷ ʬʫʥʜʘʤʝʥʪʘʣʴʥʦʡ ʥʘʫʢʠ. ʇʦʜʯʝʨʢʥʝʤ ʦʪʢʨʳʚʘʶʱʠʝʩʷ 

ʟʜʝʩʴ ʚʦʟʤʦʞʥʦʩʪʠ ʬʦʨʤʠʨʦʚʘʥʠʷ ʩʪʦʣʴ ʚʘʞʥʳʭ ʜʣʷ ʯʝʣʦʚʝʢʘ 

ʩʦʚʨʝʤʝʥʥʦʡ ʢʫʣʴʪʫʨʳ ʩʧʦʩʦʙʥʦʩʪʝʡ, ʢʘʢ ʚʳʨʘʙʦʪʢʘ ʘʜʝʢʚʘʪʥʦʛʦ 

ʩʦʮʠʦʢʫʣʴʪʫʨʥʦʡ ʩʠʪʫʘʮʠʠ ʦʪʥʦʰʝʥʠʷ ʢ ʧʨʦʙʣʝʤʘʤ, ʧʨʦʮʝʩʩʫ ʠʭ 

ʨʝʰʝʥʠʷ, ʜʦʩʪʠʛʥʫʪʳʤ ʨʝʟʫʣʴʪʘʪʘʤ, ʧʦʩʣʝʜʩʪʚʠʷʤ ʧʨʠʤʝʥʝʥʠʷ 

ʥʘʫʯʥʦ-ʪʝʭʥʠʯʝʩʢʠʭ ʜʦʩʪʠʞʝʥʠʡ, ʩʦʦʪʥʝʩʝʥʠʷ ʠʭ ʩ ʦʙʱʝʩʪʚʝʥʥʦʡ 

ʥʝʦʙʭʦʜʠʤʦʩʪʴʶ ʠ ʦʙʱʝʯʝʣʦʚʝʯʝʩʢʠʤʠ ʮʝʥʥʦʩʪʷʤʠ. 

ɺ ʯʘʩʪʠ ʬʦʨʤʠʨʦʚʘʥʠʷ ʦʧʳʪʘ ʦʩʫʱʝʩʪʚʣʝʥʠʷ ʥʝʦʙʭʦʜʠʤʳʭ 

ʜʣʷ ʦʩʚʦʝʥʠʷ ʩʧʦʩʦʙʦʚ ʜʝʷʪʝʣʴʥʦʩʪʠ ʚʳʜʝʣʠʤ ʨʷʜ ʩʣʝʜʫʶʱʠʭ, 

ʧʨʠʥʮʠʧʠʘʣʴʥʦ ʚʘʞʥʳʭ ʜʣʷ ʩʧʝʮʠʘʣʠʩʪʘ ʚʠʜʦʚ ʜʝʷʪʝʣʴʥʦʩʪʠ. ɺʦ-
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ʧʝʨʚʳʭ, ʧʨʦʙʣʝʤʥʦ-ʜʝʪʝʨʤʠʥʠʨʦʚʘʥʥʫʶ ʠʥʬʦʨʤʘʮʠʦʥʥʦ-

ʘʥʘʣʠʪʠʯʝʩʢʫʶ ʜʝʷʪʝʣʴʥʦʩʪʴ, ʟʥʘʯʝʥʠʝ ʢʦʪʦʨʦʡ ʧʨʦʷʚʣʷʝʪʩʷ ʚ 

ʨʘʟʚʠʪʠʠ ʚʩʝʛʦ ʩʧʝʢʪʨʘ ʩʦʚʨʝʤʝʥʥʳʭ ʥʘʫʢʦʝʤʢʠʭ ʪʝʭʥʦʣʦʛʠʡ, 

ʧʦʣʫʯʝʥʠʠ ʪʝʭʥʠʯʝʩʢʠʭ ʧʨʦʜʫʢʪʦʚ ʩ ʢʘʯʝʩʪʚʝʥʥʦ ʥʦʚʳʤʠ 

ʩʚʦʡʩʪʚʘʤʠ ʠ ʚʦʟʤʦʞʥʦʩʪʷʤʠ. ʆʩʦʙʦʝ ʟʥʘʯʝʥʠʝ ʟʜʝʩʴ ʠʤʝʝʪ 

ʚʦʩʪʨʝʙʦʚʘʥʥʦʩʪʴ ʠ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʬʦʨʤʠʨʦʚʘʥʠʝ ʩʧʦʩʦʙʥʦʩʪʝʡ 

ʦʧʨʝʜʝʣʝʥʠʷ ʥʝʦʙʭʦʜʠʤʦʛʦ ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʛʦ ʩʦʜʝʨʞʘʥʠʷ, 

ʩʘʤʦʦʙʨʘʟʦʚʘʥʠʷ, ʥʝʧʨʝʨʳʚʥʦʡ ʠ ʜʠʥʘʤʠʯʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ ʧʦ 

ʪʚʦʨʯʝʩʢʦʤʫ ʦʩʚʦʝʥʠʶ ʥʦʚʦʡ ʠʥʬʦʨʤʘʮʠʠ. 

ɺʦ-ʚʪʦʨʳʭ, ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ, ʚʢʣʶʯʘʷ ʢʘʢ 

ʥʘʪʫʨʥʳʡ, ʪʘʢ ʠ ʚʳʯʠʩʣʠʪʝʣʴʥʳʡ ʵʢʩʧʝʨʠʤʝʥʪʳ, ʦʩʫʱʝʩʪʚʣʷʝʤʳʝ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʥʦʚʳʭ, ʧʦʨʦʞʜʝʥʥʳʭ ʟʘʧʨʦʩʘʤʠ ʠ ʜʦʩʪʠʞʝʥʠʷʤʠ 

ʩʦʚʨʝʤʝʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ, ʤʝʪʦʜʦʚ ʠ ʩʨʝʜʩʪʚ. ʍʘʨʘʢʪʝʨʥʦʡ 

ʦʩʦʙʝʥʥʦʩʪʴʶ ʧʨʠʥʷʪʦʡ ʩʝʛʦʜʥʷ ʥʘʫʯʥʦ-ʪʝʭʥʠʯʝʩʢʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ 

ʷʚʣʷʝʪʩʷ ʢʦʣʣʝʢʪʠʚʥʳʡ, ʦʙʝʩʧʝʯʠʚʘʝʤʳʡ ʩʝʪʝʚʳʤ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝʤ 

ʭʘʨʘʢʪʝʨ ʢʦʤʧʴʶʪʝʨʥʦʛʦ ʵʢʩʧʝʨʠʤʝʥʪʘ ʠ ʤʦʜʝʣʠʨʦʚʘʥʠʷ, 

ʥʘʧʨʘʚʣʝʥʥʳʭ ʥʘ ʩʦʟʜʘʥʠʝ ʥʦʚʳʭ ʦʙʲʝʢʪʦʚ. ʆʩʚʦʝʥʠʝ ʪʘʢʦʛʦ 

ʧʦʜʭʦʜʘ ʚ ʫʯʝʙʥʦʤ ʧʨʦʮʝʩʩʝ ʤʦʞʝʪ ʩʪʘʪʴ ʵʬʬʝʢʪʠʚʥʳʤ ʬʘʢʪʦʨʦʤ 

ʨʘʟʚʠʪʠʷ ʩʪʦʣʴ ʚʘʞʥʳʭ ʜʣʷ ʯʝʣʦʚʝʢʘ ʢʫʣʴʪʫʨʳ ʢʘʯʝʩʪʚ ʢʘʢ 

ʩʧʦʩʦʙʥʦʩʪʴ ʢ ʢʦʣʣʝʢʪʠʚʥʦʡ ʨʘʙʦʪʝ ʠ ʩʘʤʦʨʝʬʣʝʢʩʠʠ. 

ɺ-ʪʨʝʪʴʠʭ, ʪʝʦʨʝʪʠʯʝʩʢʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ, ʧʨʦʷʚʣʷʶʱʝʡ ʩʚʦʡ 

ʵʚʨʠʩʪʠʯʝʩʢʠʡ ʧʦʪʝʥʮʠʘʣ ʥʘ ʚʩʝʤ ʧʨʦʪʷʞʝʥʠʠ ʨʝʰʝʥʠʷ ʥʘʫʯʥʦ-

ʪʝʭʥʠʯʝʩʢʠʭ ʧʨʦʙʣʝʤ ï ʧʦʠʩʢʝ ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʥʘʧʨʘʚʣʝʥʠʡ, ʠʭ 

ʘʨʛʫʤʝʥʪʘʮʠʠ ʥʘ ʦʩʥʦʚʝ ʘʜʝʢʚʘʪʥʳʭ ʠʟʫʯʘʝʤʳʤ ʦʙʲʝʢʪʘʤ ʠ 

ʧʨʦʮʝʩʩʘʤ ʤʦʜʝʣʴʥʳʭ ʧʨʝʜʩʪʘʚʣʝʥʠʡ, ʦʧʨʝʜʝʣʝʥʠʠ ʪʨʝʙʫʝʤʳʭ 

ʫʩʣʦʚʠʡ ʠ ʩʨʝʜʩʪʚ ʩʦʟʜʘʥʠʷ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʧʨʦʜʫʢʪʘ, ʩʧʦʩʦʙʦʚ ʠ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʝʛʦ ʠʟʛʦʪʦʚʣʝʥʠʷ. 

ʇʦʜʯʝʨʢʥʝʤ, ʯʪʦ ʦʚʣʘʜʝʥʠʝ ʦʧʳʪʦʤ ʦʪʤʝʯʝʥʥʳʭ ʩʧʦʩʦʙʦʚ 

ʜʝʷʪʝʣʴʥʦʩʪʠ ʚ ʠʭ ʩʦʚʦʢʫʧʥʦʩʪʠ ʦʪʚʝʯʘʝʪ ʨʝʘʣʠʟʘʮʠʠ 

ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʦʛʦ ʦʙʫʯʝʥʠʷ ʚ ʚʳʩʰʝʤ ʦʙʨʘʟʦʚʘʥʠʠ [4]. ɿʥʘʯʝʥʠʝ 

ʵʪʦʛʦ ʚ ʰʠʨʦʢʦʤ ʧʣʘʥʝ ʦʧʨʝʜʝʣʷʝʪʩʷ ʥʝʦʙʭʦʜʠʤʦʩʪʴʶ ʜʣʷ 

ʩʦʚʨʝʤʝʥʥʦʛʦ ʯʝʣʦʚʝʢʘ ʛʦʪʦʚʥʦʩʪʠ ʢ ʨʘʟʨʝʰʝʥʠʶ ʩʪʘʚʰʠʭ 

ʦʙʳʯʥʳʤʠ ʚ ʩʦʮʠʘʣʴʥʦʡ ʧʨʘʢʪʠʢʝ ʥʝʩʪʘʥʜʘʨʪʥʳʭ ʧʨʦʙʣʝʤʥʳʭ 

ʩʠʪʫʘʮʠʡ. 

ɺʦʟʤʦʞʥʦʩʪʠ ʬʦʨʤʠʨʦʚʘʥʠʷ ʦʧʳʪʘ ʵʤʦʮʠʦʥʘʣʴʥʦ-

ʮʝʥʥʦʩʪʥʦʛʦ ʦʪʥʦʰʝʥʠʷ ʢ ʤʠʨʫ ʠ, ʥʘ ʵʪʘʧʝ ʦʙʫʯʝʥʠʷ, ʧʨʝʞʜʝ ʚʩʝʛʦ 

ʢ ʧʨʠʦʙʨʝʪʘʝʤʳʤ ʟʥʘʥʠʷʤ ʦ ʥʝʤ, ʦʧʨʝʜʝʣʷʝʪʩʷ ʦʪʢʨʳʚʘʶʱʠʤʠʩʷ 

ʟʜʝʩʴ ʚʦʟʤʦʞʥʦʩʪʷʤʠ ʦʩʤʳʩʣʝʥʠʷ: 
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Å ʧʨʦʜʫʢʪʠʚʥʦʩʪʠ ʧʨʠʦʙʨʝʪʘʝʤʳʭ ʟʥʘʥʠʡ ʚ ʧʨʘʢʪʠʯʝʩʢʦʤ ʧʣʘʥʝ, 

ʪʦʛʦ ʬʘʢʪʘ, ʯʪʦ ʢʘʢ ʦʪʤʝʯʘʣ ɼʞ. ʇʦʨʪʝʨ, çʣʶʙʘʷ ʥʘʫʢʘ ʷʚʣʷʝʪʩʷ 

ʧʨʠʢʣʘʜʥʦʡ, ʪʦʣʴʢʦ ʦʜʥʠ ʧʨʠʣʦʞʝʥʠʷ ʚʦʟʥʠʢʘʶʪ ʦʯʝʥʴ ʙʳʩʪʨʦ, ʘ 

ʜʨʫʛʠʝ ʧʨʦʠʩʭʦʜʷʪ ʯʝʨʝʟ ʤʥʦʛʦ ʣʝʪè; 

Å ʜʨʘʤʘʪʠʯʥʦʩʪʠ ʢʦʥʢʫʨʝʥʪʥʦʛʦ ʧʨʦʮʝʩʩʘ ʧʦʣʫʯʝʥʠʷ ʨʝʰʝʥʠʷ ʠ ʝʛʦ 

ʤʘʪʝʨʠʘʣʴʥʦʛʦ ʚʦʧʣʦʱʝʥʠʷ; 

Å ʥʝʦʞʠʜʘʥʥʦʩʪʠ ʚʳʭʦʜʘ ʜʦʩʪʠʞʝʥʠʡ ʚ ʥʦʚʳʝ, ʢʘʟʘʣʦʩʴ ʙʳ 

ʩʦʚʝʨʰʝʥʥʦ ʥʝ ʩʚʷʟʘʥʥʳʝ ʩ ʠʩʭʦʜʥʦʡ ʧʨʦʙʣʝʤʥʳʝ ʦʙʣʘʩʪʠ, ʯʪʦ 

ʙʳʣʦ ʦʪʨʘʞʝʥʦ, ʚ ʯʘʩʪʥʦʩʪʠ, ɻ. ʂʨʝʤʝʨʦʤ ʚ ʝʛʦ ʣʝʤʤʝ ʦ ʥʦʚʳʭ 

ʪʝʭʥʦʣʦʛʠʷʭ, ʩʦʛʣʘʩʥʦ ʢʦʪʦʨʦʡ ʦʩʥʦʚʥʳʝ ʦʙʣʘʩʪʠ ʧʨʠʤʝʥʝʥʠʷ 

ʠʥʥʦʚʘʮʠʦʥʥʦʡ ʪʝʭʥʦʣʦʛʠʠ ʚʩʝʛʜʘ ʙʳʣʠ ʠ ʙʫʜʫʪ ʧʦʨʦʞʜʘʪʴʩʷ 

ʩʘʤʦʡ ʪʝʭʥʦʣʦʛʠʝʡ; 

Å ʢʨʘʩʦʪʳ ʦʩʚʘʠʚʘʝʤʦʡ ʥʘʫʢʠ, ʢʦʪʦʨʘʷ, ʢʘʢ ʦʪʤʝʯʘʣ ʇ. ɼʠʨʘʢ, 

çʩʦʭʨʘʥʷʝʪʩʷ ʚ ʪʝʦʨʠʷʭ, ʣʝʞʘʱʠʭ ʚ ʦʩʥʦʚʝ ʪʝʭʥʠʯʝʩʢʠʭ ʨʝʰʝʥʠʡ, 

ʥʝʩʤʦʪʨʷ ʥʘ ʧʨʠʩʫʱʠʝ ʠʤ ʧʨʠʙʣʠʞʝʥʠʷè; 

Å ʛʫʤʘʥʠʩʪʠʯʝʩʢʦʡ ʦʨʠʝʥʪʠʨʦʚʘʥʥʦʩʪʠ ʢʘʢ ʩʘʤʠʭ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ 

ʠʥʥʦʚʘʮʠʡ, ʧʨʠʤʝʥʠʤʦʩʪʠ ʠʭ ʚ ʨʷʜʝ ʞʠʟʥʝʥʥʦ ʚʘʞʥʳʭ ʦʙʣʘʩʪʝʡ 

ʜʝʷʪʝʣʴʥʦʩʪʠ, ʥʘʧʨʠʤʝʨ, ʚ ʤʝʜʠʮʠʥʝ, ʪʘʢ ʠ ʦʮʝʥʦʢ ʨʠʩʢʦʚ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʩʦʚʨʝʤʝʥʥʳʭ ʥʘʫʢʦʝʤʢʠʭ ʪʝʭʥʦʣʦʛʠʡ; 

Å ʦʪʢʨʳʪʦʩʪʠ ʯʝʣʦʚʝʯʝʩʢʠʭ ʟʥʘʥʠʡ ʥʦʚʳʤ ʧʨʦʙʣʝʤʘʤ, ʠʜʝʷʤ ʠ 

ʨʝʰʝʥʠʷʤ, ʜʠʥʘʤʠʯʥʦʩʪʠ ʠʭ ʨʘʟʚʠʪʠʷ, ʯʪʦ ʬʦʨʤʠʨʫʝʪ ʦʪʥʦʰʝʥʠʝ 

ʯʝʣʦʚʝʢʘ ʢ ʤʠʨʫ ʥʝ ʢʘʢ ʢ ʘʙʩʦʣʶʪʥʦʡ ʜʘʥʥʦʩʪʠ, ʘ ʢʘʢ ʢ 

ʠʟʤʝʥʯʠʚʦʤʫ, ʥʦʚʦʤʫ, ʪʨʝʙʫʶʱʝʤʫ ʥʝʧʨʝʨʳʚʥʦʡ ʧʦʠʩʢʦʚʦʡ 

ʜʝʷʪʝʣʴʥʦʩʪʠ; 

Å ʦʪʢʨʳʚʘʝʤʳʭ ʥʘʫʯʥʳʤ ʟʥʘʥʠʝʤ ʚʦʟʤʦʞʥʦʩʪʝʡ ʜʦʣʛʦʩʨʦʯʥʦʛʦ 

ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʥʘʫʯʥʦ-ʪʝʭʥʠʯʝʩʢʦʛʦ ʨʘʟʚʠʪʠʷ, ʥʝʦʙʭʦʜʠʤʦʩʪʠ 

ʧʨʝʦʜʦʣʝʥʠʷ ʩʣʦʞʠʚʰʠʭʩʷ ʚ ʵʪʦʡ ʦʙʣʘʩʪʠ ʜʝʷʪʝʣʴʥʦʩʪʠ  

ʩʪʝʨʝʦʪʠʧʦʚ. 

ʀʥʪʝʛʨʘʮʠʷ ʩʦʜʝʨʞʘʥʠʷ ʦʙʨʘʟʦʚʘʥʠʷ ʩʧʦʩʦʙʩʪʚʫʝʪ 

ʬʦʨʤʠʨʦʚʘʥʠʶ ʦʧʳʪʘ ʪʚʦʨʯʝʩʢʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ. ʇʨʠ 

ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʦʤ (ʧʨʦʝʢʪʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʦʤ) ʦʙʫʯʝʥʠʠ, ʢʦʛʜʘ 

ʠʟʫʯʘʝʤʳʡ ʚʦʧʨʦʩ ʚʳʩʪʫʧʘʝʪ ʢʘʢ ʧʨʦʙʣʝʤʘ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʦʥʦ ʩ 

ʥʝʦʙʭʦʜʠʤʦʩʪʴʶ ʧʨʝʜʧʦʣʘʛʘʝʪ ʚʦʩʪʨʝʙʦʚʘʥʥʦʩʪʴ ʚʩʝʭ ʬʘʟ 

ʪʚʦʨʯʝʩʢʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ [5]: ʣʦʛʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ ʧʨʠ ʧʦʩʪʘʥʦʚʢʝ 

ʧʨʦʙʣʝʤʳ, ʥʘʧʨʘʚʣʝʥʥʦʛʦ ʥʘ ʚʳʷʩʥʝʥʠʝ ʝʝ ʥʘʫʯʥʦʡ ʩʫʱʥʦʩʪʠ ʠ 

ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʥʘʧʨʘʚʣʝʥʠʡ ʨʝʰʝʥʠʷ, ʠʥʪʫʠʪʠʚʥʦʛʦ ʨʝʰʝʥʠʷ ʧʨʠ 

ʛʝʥʝʨʘʮʠʠ ʥʦʚʳʭ ʠʜʝʡ, ʚʝʨʙʘʣʠʟʘʮʠʠ ʠʥʪʫʠʪʠʚʥʦʛʦ ʨʝʰʝʥʠʷ ʧʨʠ 

ʝʛʦ ʧʨʝʜʩʪʘʚʣʝʥʠʠ ʚ ʢʘʯʝʩʪʚʝ ʪʝʭʥʠʯʝʩʢʦʛʦ, ʬʦʨʤʘʣʠʟʘʮʠʠ 
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ʚʝʨʙʘʣʠʟʦʚʘʥʥʦʛʦ ʨʝʰʝʥʠʷ, ʧʨʠʜʘʥʠʷ ʝʤʫ ʣʦʛʠʯʝʩʢʠ ʟʘʚʝʨʰʝʥʥʦʛʦ 

ʚʠʜʘ ʧʨʠ ʦʙʦʩʥʦʚʘʥʠʠ ʠ ʨʝʘʣʠʟʘʮʠʠ ʧʨʦʜʫʢʪʘ ʜʝʷʪʝʣʴʥʦʩʪʠ. 

ɼʦʙʘʚʠʤ ʢ ʪʦʤʫ ʢʨʠʪʠʯʝʩʢʠ-ʨʝʬʣʝʢʩʠʚʥʳʡ ʘʥʘʣʠʟ ʨʝʟʫʣʴʪʘʪʦʚ ʠ 

ʧʨʦʮʝʩʩʘ ʠʭ ʧʦʣʫʯʝʥʠʷ. 

ʊʘʢ, ʨʝʰʝʥʠʝ ʬʠʟʠʢʦ-ʪʝʭʥʠʯʝʩʢʠʭ ʧʨʦʙʣʝʤ ʚ ʫʯʝʙʥʦʤ 

ʧʨʦʮʝʩʩʝ, ʦʙʲʝʜʠʥʷʷ ʚ ʩʝʙʝ ʮʝʣʝʧʦʣʘʛʘʥʠʝ, ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʝ, 

ʚʳʙʦʨ ʠ ʧʨʠʤʝʥʝʥʠʝ ʘʜʝʢʚʘʪʥʳʭ ʧʦʩʪʘʚʣʝʥʥʦʡ ʮʝʣʠ ʤʝʪʦʜʦʚ ʠ 

ʩʨʝʜʩʪʚ ʝʸ ʜʦʩʪʠʞʝʥʠʷ, ʘʥʘʣʠʪʠʢʦ-ʩʠʥʪʝʪʠʯʝʩʢʫʶ ʜʝʷʪʝʣʴʥʦʩʪʴ, 

ʩʦʟʜʘʥʠʝ ʠ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʪʝʭʥʠʯʝʩʢʦʛʦ ʧʨʦʜʫʢʪʘ, ʝʛʦ ʦʮʝʥʢʫ, ʚ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʠ ʧʨʦʧʦʨʮʠʷʭ, ʦʪʚʝʯʘʶʱʠʭ 

ʢʫʣʴʪʫʨʦʪʚʦʨʯʝʩʢʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ, ʤʦʞʝʪ ʨʘʩʩʤʘʪʨʠʚʘʪʴʩʷ ʢʘʢ ʝʸ 

ʤʦʜʝʣʴ [6]. 

ʆʩʦʙʦ ʦʪʤʝʪʠʤ, ʯʪʦ ʮʝʣʠ ʬʦʨʤʠʨʦʚʘʥʠʷ ʫ ʣʶʜʝʡ 

ʩʧʦʩʦʙʥʦʩʪʝʡ ʞʠʪʴ ʠ ʪʚʦʨʠʪʴ ʚ ʩʦʮʠʦʢʫʣʴʪʫʨʥʳʭ ʫʩʣʦʚʠʷʭ 

ʚʳʩʦʢʦʪʝʭʥʦʣʦʛʠʯʥʦʛʦ ʦʙʱʝʩʪʚʘ, ʢʦʪʦʨʳʝ ʧʨʝʩʣʝʜʫʝʪ ʠʥʪʝʛʨʘʮʠʷ 

ʩʦʜʝʨʞʘʥʠʷ ʦʙʨʘʟʦʚʘʥʠʷ ʥʘ ʧʨʝʜʤʝʪʥʦʡ ʦʩʥʦʚʝ ʩʦʚʨʝʤʝʥʥʳʭ 

ʥʘʫʢʦʝʤʢʠʭ ʪʝʭʥʦʣʦʛʠʡ, ʩʦʚʧʘʜʘʶʪ ʩ ʮʝʣʷʤʠ ʨʝʘʣʠʟʘʮʠʠ ʚ 

ʦʙʨʘʟʦʚʘʥʠʠ ʢʦʤʧʝʪʝʥʪʥʦʩʪʥʦʛʦ ʠ ʣʠʯʥʦʩʪʥʦʛʦ ʧʦʜʭʦʜʦʚ  ʚ 

ʦʙʨʘʟʦʚʘʥʠʠ [7]. 

 

 

 

 

 

 

 

 

 

 

 

 



 10 

2. ʆɹʈɸɿʆɺɸʊɽʃʔʅʓʁ ʇʆʊɽʅʎʀɸʃ 

ʀʅʊɽɻʈʀʈʆɺɸʅʅʆɻʆ ɺ ʉɺʆʀʍ ʌʋʅɼɸʄɽʅʊɸʃʔʅʆʄ ʀ 

ʇʈʀʂʃɸɼʅʆʄ ɸʉʇɽʂʊɸʍ ʉʆɼɽʈɾɸʅʀʗ 

ʌʀɿʀʏɽʉʂʆɻʆ ʆɹʈɸɿʆɺɸʅʀʗ 

ʀʥʪʝʛʨʠʨʦʚʘʥʥʦʝ ʚ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʤ ʘʩʧʝʢʪʝ ʩʦʜʝʨʞʘʥʠʝ 

ʬʠʟʠʯʝʩʢʦʛʦ ʦʙʨʘʟʦʚʘʥʠʷ ʦʪʚʝʯʘʝʪ ʥʝ ʪʦʣʴʢʦ ʟʘʧʨʦʩʘʤ ʩʦʮʠʫʤʘ, ʥʦ 

ʠ ʦʙʣʘʜʘʝʪ ʟʥʘʯʠʪʝʣʴʥʳʤ ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʤ ʧʦʪʝʥʮʠʘʣʦʤ. ʇʦʜ 

ʧʦʩʣʝʜʥʠʤ ʙʫʜʝʤ ʧʦʥʠʤʘʪʴ ʩʦʚʦʢʫʧʥʦʩʪʴ ʤʦʪʠʚʘʮʠʦʥʥʳʭ, 

ʥʘʫʯʥʳʭ, ʤʝʪʦʜʦʣʦʛʠʯʝʩʢʠʭ ʠ ʨʘʟʚʠʚʘʶʱʠʭ ʨʝʩʫʨʩʦʚ, ʨʝʘʣʠʟʘʮʠʷ 

ʢʦʪʦʨʳʭ ʩʧʦʩʦʙʩʪʚʫʝʪ ʧʦʚʳʰʝʥʠʶ ʢʘʯʝʩʪʚʘ ʦʙʨʘʟʦʚʘʥʠʷ ʚ 

ʢʦʥʪʝʢʩʪʝ ʧʨʝʜʲʷʚʣʷʝʤʳʭ ʢ ʥʝʤʫ ʪʨʝʙʦʚʘʥʠʡ. 

ʅʘʯʥʸʤ ʩ ʥʘʠʙʦʣʝʝ ʘʢʪʫʘʣʴʥʳʭ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ 

ʤʦʪʠʚʘʮʠʦʥʥʳʭ ʨʝʩʫʨʩʦʚ. ʇʝʨʚʦʦʯʝʨʝʜʥʦʩʪʴ ʠʭ ʨʘʩʩʤʦʪʨʝʥʠʷ 

ʦʙʫʩʣʦʚʣʝʥʘ ʥʘʣʠʯʠʝʤ ʷʚʥʦʛʦ ʧʨʦʪʠʚʦʨʝʯʠʷ ʤʝʞʜʫ ʜʦʣʞʥʳʤ ʠ 

ʩʫʱʠʤ: ʥʝʦʙʭʦʜʠʤʦʩʪʴʶ ʤʦʪʠʚʘʮʠʠ ʦʙʫʯʘʶʱʠʭʩʷ ʢ ʧʦʣʫʯʝʥʠʶ 

ʟʥʘʥʠʡ ʠ ʨʝʘʣʴʥʳʤ ʧʦʣʦʞʝʥʠʝʤ ʜʝʣ ʚ ʵʪʦʤ ʦʪʥʦʰʝʥʠʠ. ʉ ʦʜʥʦʡ 

ʩʪʦʨʦʥʳ, ʷʩʥʦ, ʯʪʦ ʤʦʪʠʚʘʮʠʷ ʢ ʦʙʫʯʝʥʠʶ ï ʥʝʦʙʭʦʜʠʤʦʝ ʫʩʣʦʚʠʝ 

ʝʛʦ ʵʬʬʝʢʪʠʚʥʦʩʪʠ, ʚ ʪʦʤ ʯʠʩʣʝ, ʨʝʘʣʠʟʘʮʠʠ ʚ ʦʙʨʘʟʦʚʘʥʠʠ 

ʢʦʤʧʝʪʝʥʪʥʦʩʪʥʦʛʦ ʠ ʣʠʯʥʦʩʪʥʦʛʦ ʧʦʜʭʦʜʦʚ. ʊʦʣʴʢʦ ʧʨʠ 

ʮʝʥʥʦʩʪʥʦ-ʩʤʳʩʣʦʚʦʤ ʦʪʥʦʰʝʥʠʠ ʢ ʧʦʣʫʯʘʝʤʦʡ ʠʥʬʦʨʤʘʮʠʠ ʦʥʘ  

ʦʙʨʘʱʘʝʪʩʷ ʚ ʜʝʡʩʪʚʝʥʥʳʝ ʟʥʘʥʠʷ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʩʣʫʞʠʪʴ ʦʩʥʦʚʦʡ 

ʜʣʷ ʨʝʰʝʥʠʷ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʦ-ʧʝʜʘʛʦʛʠʯʝʩʢʠʭ ʟʘʜʘʯ, ʘ ʩʦʜʝʨʞʘʥʠʝ 

ʠ ʧʨʦʮʝʩʩ ʧʦʣʫʯʝʥʠʷ ʟʥʘʥʠʡ ʩʪʘʥʦʚʷʪʩʷ ʚʘʞʥʳʤʠ ʬʘʢʪʦʨʘʤʠ 

ʨʘʟʚʠʪʠʷ ʣʠʯʥʦʩʪʠ. ʉ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ, ʥʘ ʧʨʘʢʪʠʢʝ ʚ ʧʦʩʣʝʜʥʠʝ 

ʜʝʩʷʪʠʣʝʪʠʷ ʥʘʙʣʶʜʘʝʪʩʷ ʧʘʜʝʥʠʝ ʠʥʪʝʨʝʩʘ ʢ ʝʩʪʝʩʪʚʝʥʥʦʥʘʫʯʥʦʤʫ 

ʦʙʨʘʟʦʚʘʥʠʶ, ʪʘʢ ʥʘʟʳʚʘʝʤʘʷ ʧʘʪʦʣʦʛʠʷ ʤʦʪʠʚʘʮʠʠ. 

ʅʘʨʷʜʫ ʩ ʧʦʜʭʦʜʘʤʠ ʢ ʨʝʰʝʥʠʶ ʧʨʦʙʣʝʤʳ ʤʦʪʠʚʘʮʠʠ, 

ʨʝʘʣʠʟʘʮʠʷ ʢʦʪʦʨʳʭ ʚʳʭʦʜʠʪ ʟʘ ʨʘʤʢʠ ʢʦʤʧʝʪʝʥʮʠʠ ʥʘʫʯʥʦʛʦ ʠ  

ʧʝʜʘʛʦʛʠʯʝʩʢʦʛʦ ʩʦʦʙʱʝʩʪʚʘ, ʚʘʞʥʦʝ ʟʥʘʯʝʥʠʝ ʤʦʞʝʪ ʠʤʝʪʴ 

ʦʙʥʦʚʣʝʥʠʝ ʩʦʜʝʨʞʘʥʠʷ ʬʠʟʠʯʝʩʢʦʛʦ ʦʙʨʘʟʦʚʘʥʠʷ ï ʦʙʦʛʘʱʝʥʠʝ 

ʝʛʦ ʧʨʦʙʣʝʤʘʪʠʢʦʡ ʩʦʚʨʝʤʝʥʥʳʭ ʥʘʫʯʥʦ-ʪʝʭʥʠʯʝʩʢʠʭ  ʜʦʩʪʠʞʝʥʠʡ, 

ʯʪʦ ʤʦʞʝʪ ʧʦʟʚʦʣʠʪʴ ʩʫʱʝʩʪʚʝʥʥʦ ʘʢʪʫʘʣʠʟʠʨʦʚʘʪʴ ʧʨʝʜʤʝʪʥʳʡ 

ʤʘʪʝʨʠʘʣ. 

ɺ ʤʝʪʦʜʠʯʝʩʢʦʤ ʧʣʘʥʝ ʚʘʞʥʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʛʦʚʦʨʷ ʦʙ 

ʘʢʪʫʘʣʠʟʘʮʠʠ ʧʨʝʜʤʝʪʥʦʛʦ  ʤʘʪʝʨʠʘʣʘ, ʨʝʯʴ ʠʜʝʪ, ʛʣʘʚʥʳʤ ʦʙʨʘʟʦʤ, 

ʥʝ ʦ ʚʢʣʶʯʝʥʠʠ ʚ ʥʝʛʦ çʥʦʚʦʩʪʝʡ ʯʘʩʘè, ʪʨʝʙʫʶʱʠʭ ʝʱʝ 

ʦʩʤʳʩʣʝʥʠʷ ʩʚʦʝʡ ʩʫʪʠ ʠ ʟʥʘʯʝʥʠʷ, ʘ ʦʙ ʦʩʚʦʝʥʠʠ ʦʙʫʯʘʶʱʠʤʠʩʷ 
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ʧʨʦʙʣʝʤʘʪʠʢʠ ʧʨʠʟʥʘʥʥʳʭ, ʦʧʠʨʘʶʱʠʭʩʷ ʥʘ ʫʩʪʘʥʦʚʠʚʰʠʝʩʷ 

ʥʘʫʯʥʳʝ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʜʦʩʪʠʞʝʥʠʡ. 

ɼʣʷ ʦʮʝʥʢʠ ʨʦʣʠ ʧʨʦʙʣʝʤʘʪʠʢʠ ʩʦʚʨʝʤʝʥʥʳʭ ʥʘʫʢʦʝʤʢʠʭ 

ʪʝʭʥʦʣʦʛʠʡ ʜʣʷ ʤʦʪʠʚʘʮʠʠ ʝʩʪʝʩʪʚʝʥʥʦʥʘʫʯʥʦʛʦ ʦʙʨʘʟʦʚʘʥʠʷ ʚ 

ʢʘʯʝʩʪʚʝ ʢʨʠʪʝʨʠʘʣʴʥʳʭ ʠʩʧʦʣʴʟʫʝʤ ʚʳʜʝʣʷʝʤʳʝ ʚ ʧʝʜʘʛʦʛʠʢʝ 

ʦʩʥʦʚʥʳʝ ʩʪʠʤʫʣʳ ʧʦʟʥʘʚʘʪʝʣʴʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ, ʦʪʥʦʩʷʱʠʝʩʷ ʢ ʝʝ 

ʩʦʜʝʨʞʘʥʠʶ [8, 9]. ʇʝʨʚʳʡ ʠʟ ʥʠʭ, ʣʝʞʘʱʠʡ ʚ ʦʩʥʦʚʝ 

ʧʦʟʥʘʚʘʪʝʣʴʥʦʛʦ ʠʥʪʝʨʝʩʘ ï ʥʦʚʠʟʥʘ ʤʘʪʝʨʠʘʣʘ, ʥʝʦʞʠʜʘʥʥʦʩʪʴ 

ʚʳʚʦʜʦʚ ï ʤʦʞʝʪ ʨʘʩʩʤʘʪʨʠʚʘʪʴʩʷ ʢʘʢ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʩʘʤʦʛʦ 

ʩʦʜʝʨʞʘʥʠʷ ʩʦʚʨʝʤʝʥʥʳʭ ʥʘʫʢʦʝʤʢʠʭ ʪʝʭʥʦʣʦʛʠʡ ʚ ʩʠʣʫ 

ʜʠʥʘʤʠʯʥʦʩʪʠ ʠʭ ʨʘʟʚʠʪʠʷ, ʛʝʥʝʨʘʮʠʠ ʠ ʨʝʘʣʠʟʘʮʠʠ ʥʝʪʨʠʚʠʘʣʴʥʳʭ 

ʠʜʝʡ. 

ɺ ʤʦʪʠʚʘʮʠʦʥʥʦʤ ʘʩʧʝʢʪʝ ʩʫʱʝʩʪʚʝʥʥʦ, ʯʪʦ ʠʟʫʯʘʷ  

ʧʨʦʙʣʝʤʘʪʠʢʫ ʥʘʫʢʦʝʤʢʠʭ ʪʝʭʥʦʣʦʛʠʡ, ʩʪʫʜʝʥʪʳ ʧʨʠʦʙʨʝʪʘʶʪ 

ʫʚʝʨʝʥʥʦʩʪʴ ʚ ʩʚʦʠʭ ʩʧʦʩʦʙʥʦʩʪʷʭ ʦʩʚʦʠʪʴ ʩʦʚʨʝʤʝʥʥʳʝ ʥʘʫʯʥʦ-

ʪʝʭʥʠʯʝʩʢʠʝ ʜʦʩʪʠʞʝʥʠʷ, ʫʜʦʩʪʦʝʥʥʳʝ ʚ XXI ʚʝʢʝ ʚʳʩʰʠʭ  

ʥʘʫʯʥʳʭ ʥʘʛʨʘʜ, ʚ ʪʦʤ ʯʠʩʣʝ  ʅʦʙʝʣʝʚʩʢʦʡ  ʧʨʝʤʠʠ. 

ʅʝ ʤʝʥʝʝ ʭʘʨʘʢʪʝʨʥʳʤ, ʯʝʤ ʫ ʧʝʨʚʦʛʦ, ʜʣʷ ʩʦʚʨʝʤʝʥʥʳʭ 

ʥʘʫʢʦʝʤʢʠʭ ʪʝʭʥʦʣʦʛʠʡ ʷʚʣʷʝʪʩʷ ʩʦʜʝʨʞʘʥʠʝ ʚʪʦʨʦʛʦ ʩʪʠʤʫʣʘ 

ʧʦʟʥʘʚʘʪʝʣʴʥʦʛʦ ʠʥʪʝʨʝʩʘ ï ʠʟʫʯʝʥʠʷ ʠʟʚʝʩʪʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʧʦʜ 

ʥʦʚʳʤ ʫʛʣʦʤ ʟʨʝʥʠʷ. ɺ ʵʪʦʡ ʩʚʷʟʠ ʦʪʤʝʪʠʤ, ʯʪʦ ʚ ʦʙʱʝʤ ʧʣʘʥʝ 

ʪʝʭʥʦʣʦʛʠʠ ʤʠʢʨʦ- ʠ ʥʘʥʦʩʪʨʫʢʪʫʨ ʦʧʠʨʘʶʪʩʷ, ʢʘʢ ʧʨʘʚʠʣʦ, ʥʘ 

ʠʟʚʝʩʪʥʳʝ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʝ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ ʠ ʩʘʤʠ ʪʝʭʥʠʯʝʩʢʠʝ 

ʨʝʰʝʥʠʷ ï ʨʝʟʫʣʴʪʘʪ ʥʦʚʦʛʦ ʚʟʛʣʷʜʘ ʥʘ ʵʪʠ ʟʥʘʥʠʷ. ɺʳʨʘʟʠʪʝʣʴʥʳʡ 

ʧʨʠʤʝʨ ʧʨʝʜʦʩʪʘʚʣʷʝʤʳʭ ʟʜʝʩʴ ʚʦʟʤʦʞʥʦʩʪʝʡ ʠʟʫʯʝʥʠʷ ʠʟʚʝʩʪʥʦʛʦ 

ʤʘʪʝʨʠʘʣʘ ʧʦʜ ʥʦʚʳʤ ʫʛʣʦʤ ʟʨʝʥʠʷ ï ʧʝʨʝʭʦʜ ʢ ʢʚʘʥʪʦʚʦʤʫ 

ʧʨʠʙʣʠʞʝʥʠʶ ʧʨʠ ʘʥʘʣʠʟʝ ʧʦʚʝʜʝʥʠʷ ʥʦʩʠʪʝʣʝʡ ʟʘʨʷʜʘ ʚ ʩʠʩʪʝʤʘʭ 

ʧʦʥʠʞʝʥʥʦʡ ʨʘʟʤʝʨʥʦʩʪʠ [10]. 

ʆʩʦʙʦ ʦʪʤʝʪʠʤ, ʯʪʦ ʚʢʣʶʯʝʥʠʝ ʚ ʩʦʜʝʨʞʘʥʠʝ ʦʙʫʯʝʥʠʷ 

ʵʣʝʤʝʥʪʦʚ ʬʠʟʠʢʠ ʩʠʩʪʝʤ ʧʦʥʠʞʝʥʥʦʡ ʨʘʟʤʝʨʥʦʩʪʠ ʧʨʠʜʘʝʪ 

ʢʦʥʢʨʝʪʥʦʝ ʩʦʜʝʨʞʘʥʠʝ ʫʪʚʝʨʞʜʝʥʠʶ ʦ ʥʘʣʠʯʠʠ ʫ 

ʥʘʥʦʩʪʨʫʢʪʫʨʠʨʦʚʘʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʧʨʠʥʮʠʧʠʘʣʴʥʦ ʥʦʚʳʭ, 

ʟʥʘʯʠʤʳʭ ʜʣʷ ʥʘʫʢʠ ʠ ʧʨʘʢʪʠʢʠ ʩʚʦʡʩʪʚ, ʯʪʦ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ 

ʚʘʞʥʳʤ ʚ ʧʣʘʥʝ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʜʘʥʥʦʛʦ ʧʨʝʜʤʝʪʥʦʛʦ ʤʘʪʝʨʠʘʣʘ 

ʜʣʷ ʤʦʪʠʚʘʮʠʠ ʦʙʫʯʘʶʱʠʭʩʷ ʢ ʦʩʚʦʝʥʠʶ ʬʠʟʠʢʠ. 

ʉʦʜʝʨʞʘʥʠʝ ʪʝʭʥʦʣʦʛʠʡ ʤʠʢʨʦ- ʠ ʥʘʥʦʩʪʨʫʢʪʫʨ ʧʦʟʚʦʣʷʝʪ 

ʟʘʜʝʡʩʪʚʦʚʘʪʴ ʠ ʪʨʝʪʠʡ ʩʪʠʤʫʣ ʧʦʟʥʘʚʘʪʝʣʴʥʦʛʦ ʠʥʪʝʨʝʩʘ ï 

ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʩʚʝʜʝʥʠʡ ʠʟ ʠʩʪʦʨʠʠ ʬʠʟʠʢʠ. ʆʩʥʦʚʥʳʤʠ ʧʨʠ ʵʪʦʤ 
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ʧʨʝʜʩʪʘʚʣʷʶʪʩʷ ʩʣʝʜʫʶʱʠʝ ʤʦʤʝʥʪʳ. ɺʦ-ʧʝʨʚʳʭ, 

ʜʝʤʦʥʩʪʨʠʨʫʝʤʦʝ ʨʘʟʚʠʪʠʝʤ ʥʘʫʢʦʝʤʢʠʭ ʪʝʭʥʦʣʦʛʠʡ ʚʦʟʨʘʩʪʘʶʱʝʝ 

ʟʥʘʯʝʥʠʝ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʭ ʟʥʘʥʠʡ, ʪʦʪ ʬʘʢʪ, ʯʪʦ ʫʩʪʦʡʯʠʚʳʡ 

ʜʦʣʛʦʚʨʝʤʝʥʥʳʡ ʫʩʧʝʭ ʥʘʫʯʥʦ-ʪʝʭʥʠʯʝʩʢʦʛʦ ʥʘʧʨʘʚʣʝʥʠʷ 

ʚʦʟʤʦʞʝʥ ʧʨʠ ʫʩʣʦʚʠʠ, ʯʪʦ ʚ ʝʛʦ ʦʩʥʦʚʝ ʣʝʞʠʪ ʥʘʜʝʞʥʳʡ ʥʘʫʯʥʳʡ 

ʬʫʥʜʘʤʝʥʪ. ʊʘʢ, ʚ ʩʚʦʝʡ ʅʦʙʝʣʝʚʩʢʦʡ ʣʝʢʮʠʠ ʧʦ ʬʠʟʠʢʝ 

ɾ. ʀ. ɸʣʬʝʨʦʚ ʦʪʤʝʯʘʝʪ, ʯʪʦ ʩʘʤ ʠʥʪʝʨʝʩ ʢ ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚʳʤ 

ʛʝʪʝʨʦʩʪʨʫʢʪʫʨʘʤ ʙʳʣ ʩʪʠʤʫʣʠʨʦʚʘʥ ʧʨʝʜʰʝʩʪʚʦʚʘʚʰʠʤʠ 

ʜʦʩʪʠʞʝʥʠʷʤʠ ʪʝʦʨʝʪʠʯʝʩʢʠʭ ʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ 

ʚ ʦʙʣʘʩʪʠ ʬʠʟʠʢʠ ʠ ʪʝʭʥʠʢʠ ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚ, ʠ ʧʦʜʯʝʨʢʠʚʘʝʪ, ʯʪʦ 

ʚʳʩʦʢʠʡ ʫʨʦʚʝʥʴ ʵʪʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʚ ʟʥʘʯʠʪʝʣʴʥʦʡ ʩʪʝʧʝʥʠ 

ʧʨʝʜʦʧʨʝʜʝʣʠʣ ʫʩʧʝʭʠ, ʜʦʩʪʠʛʥʫʪʳʝ ʚ ʦʙʣʘʩʪʠ ʧʨʠʙʦʨʦʚ ʥʘ ʦʩʥʦʚʝ 

ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚʳʭ ʛʝʪʝʨʦʩʪʨʫʢʪʫʨ [11]. 

ɺʘʞʥʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʡ ʭʘʨʘʢʪʝʨ ʠʤʝʶʪ ʥʝ 

ʪʦʣʴʢʦ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ, ʦʧʨʝʜʝʣʷʶʱʠʝ ʩʚʦʡʩʪʚʘ 

ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚʳʭ ʛʝʪʝʨʦʩʪʨʫʢʪʫʨ, ʥʦ ʠ ʪʝʭʥʦʣʦʛʠʷ ʠʭ 

ʠʟʛʦʪʦʚʣʝʥʠʷ, ʝʝ ʘʧʧʘʨʘʪʫʨʥʘʷ ʨʝʘʣʠʟʘʮʠʷ, ʥʝ ʫʩʪʫʧʘʶʱʘʷ ʧʦ 

ʥʘʫʢʦʝʤʢʦʩʪʠ ʥʘʠʙʦʣʝʝ ʩʦʚʝʨʰʝʥʥʦʡ ʪʝʭʥʠʢʝ ʵʢʩʧʝʨʠʤʝʥʪʦʚ, 

ʩʳʛʨʘʚʰʠʭ ʨʝʰʘʶʱʫʶ ʨʦʣʴ ʚ ʚʝʣʠʢʠʭ ʬʠʟʠʯʝʩʢʠʭ ʦʪʢʨʳʪʠʷʭ [12]. 

ɼʦʩʪʘʪʦʯʥʦ ʩʢʘʟʘʪʴ ʦ ʢʦʤʧʣʝʢʩʝ ʩʦʚʨʝʤʝʥʥʳʭ ʤʝʪʦʜʦʚ 

ʤʦʥʠʪʦʨʠʥʛʘ ʩʣʦʝʚ ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚʳʭ ʛʝʪʝʨʦʩʪʨʫʪʫʨ ʚ ʧʨʦʮʝʩʩʝ 

ʠʭ ʧʦʣʫʯʝʥʠʷ, ʚʢʣʶʯʘʶʱʝʤ ʚ ʩʝʙʷ ʆʞʝ-ʵʣʝʢʪʨʦʥʥʫʶ 

ʩʧʝʢʪʨʦʩʢʦʧʠʶ, ʜʠʬʨʘʢʮʠʶ ʵʣʝʢʪʨʦʥʦʚ, ʬʦʪʦʵʣʝʢʪʨʦʥʥʫʶ 

ʩʧʝʢʪʨʦʩʢʦʧʠʶ, ʚʪʦʨʠʯʥʫʶ ʠʦʥʥʫʶ ʤʘʩʩ-ʩʧʝʢʪʨʦʤʝʪʨʠʶ [10, 13]. 

ɺʦ-ʚʪʦʨʳʭ, ʯʪʦ ʦʩʦʙʝʥʥʦ ʚʘʞʥʦ ʚ ʫʩʣʦʚʠʷʭ ʥʝʧʨʝʨʳʚʥʦʛʦ 

ʨʘʩʰʠʨʝʥʠʷ ʧʨʦʙʣʝʤʥʦʛʦ ʧʦʣʷ, ʫʥʠʚʝʨʩʘʣʴʥʦʩʪʴ ʧʨʠʦʙʨʝʪʘʝʤʳʭ 

ʟʥʘʥʠʡ, ʢʦʛʜʘ ʩʣʝʜʫʷ ʩʬʦʨʤʫʣʠʨʦʚʘʥʥʦʡ ɻ. ʂʨʝʤʝʨʦʤ ʣʝʤʤʳ 

ʥʦʚʳʭ ʪʝʭʥʦʣʦʛʠʡ, ʦʩʥʦʚʥʳʝ ʦʙʣʘʩʪʠ ʧʨʠʤʝʥʝʥʠʷ ʠʥʥʦʚʘʮʠʦʥʥʦʡ 

ʪʝʭʥʦʣʦʛʠʠ ʧʦʨʦʞʜʘʶʪʩʷ ʩʘʤʦʡ ʪʝʭʥʦʣʦʛʠʝʡ [14]. ʊʘʢ, ʬʠʟʠʯʝʩʢʠʝ 

ʵʬʬʝʢʪʳ, ʣʝʞʘʱʠʝ ʚ ʦʩʥʦʚʝ ʧʨʠʥʮʠʧʘ ʜʝʡʩʪʚʠʷ ʛʝʪʝʨʦʣʘʟʝʨʦʚ, 

ʦʙʲʝʜʠʥʷʶʪ ʠʭ ʩ ʮʝʣʳʤ ʨʷʜʦʤ ʦʩʥʦʚʥʳʭ ʧʨʠʙʦʨʦʚ 

ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚʦʡ ʵʣʝʢʪʨʦʥʠʢʠ: ʪʨʘʥʟʠʩʪʦʨʘʤʠ, ʧʨʠʙʦʨʘʤʠ ʩ 

ʟʘʨʷʜʦʚʦʡ ʩʚʷʟʴʶ, ʩʦʣʥʝʯʥʳʤʠ ʙʘʪʘʨʝʷʤʠ ʠ ʜʨ., ʤʥʦʛʠʝ ʠʟ ʢʦʪʦʨʳʭ 

ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʷʚʣʷʶʪʩʷ ʛʝʪʝʨʦʩʪʨʫʢʪʫʨʥʳʤʠ. 

ɺ-ʪʨʝʪʴʠʭ, ʧʨʝʜʦʩʪʘʚʣʷʝʤʳʡ ʠʩʪʦʨʠʝʡ ʨʘʟʚʠʪʠʷ ʥʘʫʢʦʝʤʢʠʭ 

ʪʝʭʥʦʣʦʛʠʡ ʦʙʰʠʨʥʳʡ ʤʘʪʝʨʠʘʣ ʚʳʩʦʢʦʡ ʥʘʫʯʥʦʡ ʠ ʧʨʘʢʪʠʯʝʩʢʦʡ 

ʟʥʘʯʠʤʦʩʪʠ ʜʣʷ ʧʨʝʜʤʝʪʥʦʛʦ ʦʩʤʳʩʣʝʥʠʷ ʵʚʨʠʩʪʠʯʝʩʢʦʛʦ 

ʧʦʪʝʥʮʠʘʣʘ ʪʝʦʨʠʠ [15], ʯʪʦ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʚʘʞʥʳʤ ʢʘʢ ʚ ʧʣʘʥʝ 
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ʬʦʨʤʠʨʦʚʘʥʠʷ ʮʝʥʥʦʩʪʥʦʛʦ ʦʪʥʦʰʝʥʠʷ ʢ ʬʠʟʠʯʝʩʢʠʤ ʟʥʘʥʠʷʤ, ʪʘʢ 

ʠ ʨʝʰʝʥʠʷ ʦʜʥʦʡ ʠʟ ʚʘʞʥʝʡʰʠʭ ʟʘʜʘʯ ʦʙʨʘʟʦʚʘʥʠʷ ï ʨʘʟʚʠʪʠʷ 

ʬʠʟʠʯʝʩʢʦʛʦ ʧʦʥʠʤʘʥʠʷ. ʇʨʠʤʝʨʦʤ ʪʦʤʫ ï ʠʩʪʦʨʠʷ ʬʠʟʠʢʠ ʠ 

ʪʝʭʥʠʢʠ ʛʝʪʝʨʦʩʪʨʫʢʪʫʨ, ʧʨʠ ʩʪʘʥʦʚʣʝʥʠʠ ʢʦʪʦʨʦʡ ʪʝʦʨʠʷ 

ʦʧʝʨʝʞʘʣʘ ʵʢʩʧʝʨʠʤʝʥʪ ʠ ʧʨʦʷʚʣʷʣʘ ʩʚʦʶ ʧʨʦʛʥʦʩʪʠʯʝʩʢʫʶ 

ʬʫʥʢʮʠʶ [11]. 

ʅʘʢʦʥʝʮ, ʩʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ ʧʨʠʦʨʠʪʝʪ ʠ ʚʢʣʘʜ ʦʪʝʯʝʩʪʚʝʥʥʦʡ 

ʥʘʫʢʠ ʚ ʨʘʟʚʠʪʠʝ ʢʣʶʯʝʚʳʭ ʥʘʫʢʦʝʤʢʠʭ ʪʝʭʥʦʣʦʛʠʡ. 

ʆʙʥʦʚʣʝʥʠʝ ʩʦʜʝʨʞʘʥʠʷ ʝʩʪʝʩʪʚʝʥʥʦʥʘʫʯʥʦʡ ʧʦʜʛʦʪʦʚʢʠ 

ʧʝʜʘʛʦʛʠʯʝʩʢʠʭ ʢʘʜʨʦʚ ʧʨʦʙʣʝʤʘʪʠʢʦʡ ʩʦʚʨʝʤʝʥʥʳʭ ʥʘʫʢʦʝʤʢʠʭ 

ʪʝʭʥʦʣʦʛʠʡ ʦʪʚʝʯʘʝʪ ʠ ʩʣʝʜʫʶʱʝʤʫ ʩʪʠʤʫʣʫ ʨʘʟʚʠʪʠʷ 

ʧʦʟʥʘʚʘʪʝʣʴʥʦʛʦ ʠʥʪʝʨʝʩʘ ï ʠʭ ʞʠʟʥʝʥʥʦʡ ʟʥʘʯʠʤʦʩʪʠ. ɻʦʚʦʨʷ ʦ 

ʩʦʮʠʦʢʫʣʴʪʫʨʥʦʤ ʟʥʘʯʝʥʠʠ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʡ ʧʨʝʜʤʝʪʥʦʡ ʦʙʣʘʩʪʠ, 

ʦʪʤʝʪʠʤ, ʧʨʝʞʜʝ ʚʩʝʛʦ, ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʣʘʟʝʨʦʚ ʩ ʜʚʦʡʥʦʡ 

ʛʝʪʝʨʦʩʪʨʫʢʪʫʨʦʡ ʚ ʦʧʪʠʯʝʩʢʠʭ ʩʠʩʪʝʤʘʭ ʩʚʷʟʠ ʠ ʦʙʨʘʙʦʪʢʠ 

ʠʥʬʦʨʤʘʮʠʠ, ʦʪʣʠʯʘʶʱʠʭʩʷ ʚʳʩʦʢʠʤʠ ʙʳʩʪʨʦʜʝʡʩʪʚʠʝʤ, 

ʩʢʦʨʦʩʪʴʶ ʧʝʨʝʜʘʯʠ ʙʦʣʴʰʠʭ ʦʙʲʝʤʦʚ ʠʥʬʦʨʤʘʮʠʠ, ʥʠʟʢʠʤ 

ʫʨʦʚʥʝʤ ʫʧʨʘʚʣʷʶʱʝʛʦ ʩʠʛʥʘʣʘ, ʚʳʩʦʢʠʤ ʫʨʦʚʥʝʤ 

ʧʦʤʝʭʦʟʘʱʠʱʝʥʥʦʩʪʠ ʠ ʟʘʱʠʱʝʥʥʦʩʪʠ ʦʪ ʥʝʩʘʥʢʮʠʦʥʠʨʦʚʘʥʥʦʛʦ 

ʜʦʩʪʫʧʘ. ʆʙʝʩʧʝʯʠʚʘʷ ʀʥʪʝʨʥʝʪ, ʪʝʣʝʚʠʜʝʥʠʝ ʦʧʪʦʚʦʣʦʢʦʥʥʦʡ 

ʩʚʷʟʴʶ, ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚʘʷ ʦʧʪʦʵʣʝʢʪʨʦʥʠʢʘ ʠʛʨʘʝʪ ʚ ʥʘʩʪʦʷʱʝʝ 

ʚʨʝʤʷ ʨʝʰʘʶʱʫʶ ʨʦʣʴ ʚ ʬʦʨʤʠʨʦʚʘʥʠʠ ʚʩʝʤʠʨʥʦʛʦ 

ʠʥʬʦʨʤʘʮʠʦʥʥʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ ʠ, ʢʘʢ ʩʣʝʜʩʪʚʠʝ, ʨʘʩʰʠʨʷʝʪ 

ʚʦʟʤʦʞʥʦʩʪʠ ʛʣʦʙʘʣʠʟʘʮʠʠ. ɼʦʙʘʚʠʤ ʢ ʪʦʤʫ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʚ 

ʩʠʩʪʝʤʘʭ ʩʧʫʪʥʠʢʦʚʦʛʦ ʪʝʣʝʚʠʜʝʥʠʷ ʛʝʪʝʨʦʩʪʨʫʢʪʫʨʥʳʭ 

ʤʘʣʦʰʫʤʷʱʠʭ ʪʨʘʥʟʠʩʪʦʨʦʚ, ʧʨʝʜʥʘʟʥʘʯʝʥʥʳʭ ʜʣʷ 

ʚʳʩʦʢʦʯʘʩʪʦʪʥʳʭ ʧʨʠʤʝʥʝʥʠʡ. 

ɻʫʤʘʥʠʩʪʠʯʝʩʢʦʝ ʟʥʘʯʝʥʠʝ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 

ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚʳʭ ʣʘʟʝʨʦʚ ʚʳʨʘʟʠʪʝʣʴʥʦ ʧʨʦʷʚʣʷʝʪʩʷ ʚ 

ʤʝʜʠʮʠʥʝ. ʇʨʠʤʝʨʳ ʪʦʤʫ ï ʩʧʝʢʪʨʘʣʴʥʘʷ ʬʣʫʦʨʝʩʮʝʥʪʥʘʷ 

ʜʠʘʛʥʦʩʪʠʢʘ ʠ ʬʦʪʦʜʠʥʘʤʠʯʝʩʢʘʷ ʪʝʨʘʧʠʷ. ɼʨʫʛʦʝ ʞʠʟʥʝʥʥʦ 

ʚʘʞʥʦʝ ʥʘʧʨʘʚʣʝʥʠʝ ʧʨʠʤʝʥʝʥʠʷ ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚʳʭ ʣʘʟʝʨʦʚ 

ʚʠʜʠʤʦʛʦ ʠ ʩʨʝʜʥʝʛʦ ʀʂ-ʜʠʘʧʘʟʦʥʦʚ ï ʣʘʟʝʨʥʘʷ ʩʧʝʢʪʨʦʩʢʦʧʠʷ 

ʛʘʟʦʦʙʨʘʟʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ ʚʳʜʳʭʘʝʤʦʛʦ ʯʝʣʦʚʝʢʦʤ ʚʦʟʜʫʭʘ ʠ ʝʝ 

ʧʨʠʤʝʥʝʥʠʝ ʜʣʷ ʤʦʥʠʪʦʨʠʥʛʘ ʧʨʦʤʳʰʣʝʥʥʳʭ ʚʳʙʨʦʩʦʚ. 

ʆʩʪʘʥʦʚʠʤʩʷ, ʥʘʢʦʥʝʮ, ʥʘ ʟʥʘʯʝʥʠʠ ʧʨʦʙʣʝʤʘʪʠʢʠ 

ʩʦʚʨʝʤʝʥʥʳʭ ʥʘʫʢʦʝʤʢʠʭ ʪʝʭʥʦʣʦʛʠʡ ʚ ʢʦʥʪʝʢʩʪʝ ʧʷʪʦʛʦ ʠ 

ʧʦʩʣʝʜʥʝʛʦ ʠʟ ʚʳʜʝʣʷʝʤʳʭ ʚ ʧʝʜʘʛʦʛʠʢʝ ʩʪʠʤʫʣʘ ʧʦʟʥʘʚʘʪʝʣʴʥʦʛʦ 
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ʠʥʪʝʨʝʩʘ ï ʧʨʠʦʙʱʝʥʠʷ ʦʙʫʯʘʶʱʠʭʩʷ ʢ ʩʦʚʨʝʤʝʥʥʳʤ ʥʘʫʯʥʳʤ 

ʜʦʩʪʠʞʝʥʠʷʤ. ʇʨʝʞʜʝ ʚʩʝʛʦ, ʦʪʤʝʪʠʤ, ʯʪʦ ʪʘʢʦʚʳʤʠ ʷʚʣʷʶʪʩʷ ʩʘʤʠ 

ʩʦʚʨʝʤʝʥʥʳʝ ʥʘʫʢʦʝʤʢʠʝ ʪʝʭʥʦʣʦʛʠʠ ʠ ʩʦʟʜʘʚʘʝʤʳʝ ʩ ʠʭ ʧʦʤʦʱʴʶ 

ʧʨʠʙʦʨʳ ʠ ʫʩʪʨʦʡʩʪʚʘ [16]. ʉʦʚʨʝʤʝʥʥʳʤʠ ʷʚʣʷʶʪʩʷ ʠ ʥʘʫʯʥʳʝ 

ʦʩʥʦʚʳ ʩʦʟʜʘʥʠʷ ʪʘʢʠʭ ʫʩʪʨʦʡʩʪʚ, ʧʨʠʤʝʨʦʤ ʯʝʤʫ,  ʚ ʯʘʩʪʥʦʩʪʠ, 

ʷʚʣʷʝʪʩʷ ʩʘʤʦʦʨʛʘʥʠʟʘʮʠʷ ʥʘ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʧʦʚʝʨʭʥʦʩʪʷʭ 

ʫʧʦʨʷʜʦʯʝʥʥʳʭ ʤʘʩʩʠʚʦʚ ʢʚʘʥʪʦʚʳʭ ʪʦʯʝʢ. 

ʅʘʢʦʥʝʮ, ʚʭʦʞʜʝʥʠʝ ʚ ʬʠʟʠʯʝʩʢʠʝ ʦʩʥʦʚʳ ʩʦʚʨʝʤʝʥʥʳʭ 

ʥʘʫʢʦʝʤʢʠʭ ʪʝʭʥʦʣʦʛʠʡ  ʦʪʢʨʳʚʘʝʪ ʚʦʟʤʦʞʥʦʩʪʠ ʦʩʚʦʝʥʠʷ ʥʦʚʳʭ 

ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʭ ʬʠʟʠʯʝʩʢʠʭ ʵʬʬʝʢʪʦʚ. ʇʨʠʤʝʨ ʪʦʤʫ ï 

ʮʝʣʦʯʠʩʣʝʥʥʳʡ ʠ ʜʨʦʙʥʳʡ ʢʚʘʥʪʦʚʳʝ ʵʬʬʝʢʪʳ ʍʦʣʣʘ ʢʘʢ ʥʘʠʙʦʣʝʝ 

ʟʥʘʯʠʤʳʝ ʜʦʩʪʠʞʝʥʠʷ ʬʠʟʠʢʠ ʢʦʥʜʝʥʩʠʨʦʚʘʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ 

ʧʦʩʣʝʜʥʠʭ ʜʝʩʷʪʠʣʝʪʥʠʡ, ʦʪʢʨʳʪʠʝ ʢʦʪʦʨʳʭ, ʢʘʢ ʠ ʩʘʤʦ ʩʦʟʜʘʥʠʝ 

ʛʝʪʝʨʦʩʪʨʫʢʪʫʨ, ʙʳʣʦ ʫʜʦʩʪʦʝʥʦ ʅʦʙʝʣʝʚʩʢʠʭ ʧʨʝʤʠʡ ʧʦ ʬʠʟʠʢʝ. 

ʀʟ ʩʢʘʟʘʥʥʦʛʦ ʩʣʝʜʫʝʪ, ʯʪʦ ʦʙʥʦʚʣʝʥʠʝ ʩʦʜʝʨʞʘʥʠʷ 

ʝʩʪʝʩʪʚʝʥʥʦʥʘʫʯʥʦʛʦ ʦʙʨʘʟʦʚʘʥʠʷ ʧʨʦʙʣʝʤʘʪʠʢʦʡ ʩʦʚʨʝʤʝʥʥʳʭ 

ʥʘʫʢʦʝʤʢʠʭ ʪʝʭʥʦʣʦʛʠʡ ʦʪʚʝʯʘʝʪ ʨʝʘʣʠʟʘʮʠʠ ʚʩʝʭ ʦʩʥʦʚʥʳʭ 

ʩʪʠʤʫʣʦʚ ʧʦʟʥʘʚʘʪʝʣʴʥʦʛʦ ʠʥʪʝʨʝʩʘ ʠ ʤʦʞʝʪ ʩʫʱʝʩʪʚʝʥʥʦ 

ʩʧʦʩʦʙʩʪʚʦʚʘʪʴ ʤʦʪʠʚʘʮʠʠ ʦʙʫʯʘʶʱʠʭʩʷ ʚ ʧʦʣʫʯʝʥʠʠ ʬʠʟʠʯʝʩʢʠʭ 

ʟʥʘʥʠʡ. 

ɺ ʧʣʘʥʝ ʥʘʫʯʥʳʭ ʨʝʩʫʨʩʦʚ ʠʥʪʝʛʨʠʨʦʚʘʥʥʦʛʦ ʚ ʩʚʦʠʭ 

ʬʫʥʜʘʤʝʥʪʘʣʴʥʦʡ ʠ ʧʨʠʢʣʘʜʥʦʡ ʩʦʩʪʘʚʣʷʶʱʝʡ ʩʦʜʝʨʞʘʥʠʷ 

ʬʠʟʠʯʝʩʢʦʛʦ ʦʙʨʘʟʦʚʘʥʠʷ ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ ʦʪʤʝʪʠʤ ʦʪʢʨʳʚʘʝʤʳʝ 

ʚʦʟʤʦʞʥʦʩʪʠ: 

Å ʧʨʝʦʜʦʣʝʥʠʷ ʥʝʦʧʨʘʚʜʘʥʥʦ ʩʠʣʴʥʦʛʦ ʦʪʩʪʘʚʘʥʠʷ ʩʦʜʝʨʞʘʥʠʷ 

ʬʠʟʠʯʝʩʢʦʛʦ ʦʙʨʘʟʦʚʘʥʠʷ ʦʪ ʩʦʚʨʝʤʝʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʥʘʫʯʥʳʭ 

ʟʥʘʥʠʡ; 

Å ʬʫʥʜʘʤʝʥʪʘʣʠʟʘʮʠʠ ʩʦʜʝʨʞʘʥʠʷ ʬʠʟʠʯʝʩʢʦʛʦ ʦʙʨʘʟʦʚʘʥʠʷ, 

ʫʩʠʣʝʥʠʷ ʝʛʦ ʤʝʪʦʜʦʣʦʛʠʯʝʩʢʦʡ ʥʘʧʨʘʚʣʝʥʥʦʩʪʠ; 

Å ʨʘʩʰʠʨʝʥʠʷ ʧʦʟʥʘʚʘʪʝʣʴʥʳʭ ʚʦʟʤʦʞʥʦʩʪʝʡ ʦʙʫʯʘʶʱʠʭʩʷ, 

ʧʨʠʜʘʥʠʷ ʦʙʫʯʝʥʠʶ ʦʧʝʨʝʞʘʶʱʝʛʦ ʭʘʨʘʢʪʝʨʘ; 

Å ʦʙʝʩʧʝʯʝʥʠʷ ʩʠʩʪʝʤʥʦʩʪʠ ʩʦʜʝʨʞʘʥʠʷ ʧʦʜʛʦʪʦʚʢʠ. 

ʍʘʨʘʢʪʝʨʠʟʫʷ ʩʫʱʝʩʪʚʫʶʱʝʝ ʩʦʩʪʦʷʥʠʝ ʩʦʜʝʨʞʘʥʠʷ 

ʧʨʝʜʤʝʪʥʦʡ ʧʦʜʛʦʪʦʚʢʠ ʧʦ ʬʠʟʠʢʝ, ʥʝʣʴʟʷ ʥʝ ʧʨʠʟʥʘʪʴ, ʯʪʦ ʚ ʩʚʦʝʤ 

ʧʨʠʢʣʘʜʥʦʤ ʘʩʧʝʢʪʝ ʦʥʦ ʥʝʦʧʨʘʚʜʘʥʥʦ ʩʠʣʴʥʦ ʦʪʩʪʘʝʪ ʦʪ 

ʩʦʚʨʝʤʝʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʥʘʫʢʠ. ɼʣʷ ʧʦʩʣʝʜʥʝʡ ʭʘʨʘʢʪʝʨʥʦ 

ʜʠʥʘʤʠʯʥʦʝ ʧʨʘʢʪʠʯʝʩʢʦʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʥʘʢʦʧʣʝʥʥʳʭ ʟʥʘʥʠʡ. 

ʇʦʩʣʝʜʥʠʝ ʞʝ ʠʟ ʥʘʫʯʥʦ-ʪʝʭʥʠʯʝʩʢʠʭ ʜʦʩʪʠʞʝʥʠʡ, ʚ ʦʙʷʟʘʪʝʣʴʥʦʤ 
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ʧʦʨʷʜʢʝ  ʠʟʫʯʘʝʤʳʝ ʩʪʫʜʝʥʪʘʤʠ, ʦʪʥʦʩʷʪʩʷ ʢ ʰʝʩʪʠʜʝʩʷʪʳʤ ʛʦʜʘʤ 

ʧʨʦʰʝʜʰʝʛʦ ʩʪʦʣʝʪʠʷ. ʅʝ ʤʝʥʝʝ ʩʫʱʝʩʪʚʝʥʥʦ ʦʪʩʪʘʚʘʥʠʝ 

ʩʦʜʝʨʞʘʥʠʷ ʬʠʟʠʢʠ ʢʘʢ ʫʯʝʙʥʦʡ ʜʠʩʮʠʧʣʠʥʳ ʦʪ ʬʠʟʠʢʠ ʢʘʢ ʥʘʫʢʠ 

ʠ ʚ ʬʫʥʜʘʤʝʥʪʘʣʴʥʦʤ ʘʩʧʝʢʪʝ. ɼʦʩʪʘʪʦʯʥʦ ʩʢʘʟʘʪʴ, ʯʪʦ ʜʦ ʫʯʝʙʥʳʭ 

ʧʨʦʛʨʘʤʤ ʚ ʤʘʩʩʦʚʦʤ ʧʦʨʷʜʢʝ ʜʦ ʩʠʭ ʧʦʨ ʥʝ ʜʦʰʸʣ ʮʝʣʳʡ ʨʷʜ 

ʧʨʠʥʮʠʧʠʘʣʴʥʦ ʚʘʞʥʳʭ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʭ ʵʬʬʝʢʪʦʚ ʚ ʤʠʢʨʦ- ʠ 

ʥʘʥʦʩʪʨʫʢʪʫʨʘʭ. 

ɿʜʝʩʴ ʦʪʯʝʪʣʠʚʦ ʧʨʦʷʚʣʷʝʪʩʷ ʦʪʤʝʯʝʥʥʦʝ ʝʱʝ ʚ ʜʦʢʣʘʜʝ 

ʈʠʤʩʢʦʤʫ ʢʣʫʙʫ ʥʝʩʦʦʪʚʝʪʩʪʚʠʝ ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʭ ʩʠʩʪʝʤ 

ʧʨʠʦʨʠʪʝʪʘʤ ʠ ʙʫʜʫʱʠʤ ʧʦʪʨʝʙʥʦʩʪʷʤ ʦʙʱʝʩʪʚʘ, ʧʨʠʚʦʜʷʱʝʝ ʢ 

ʧʦʪʝʨʝ ʯʝʣʦʚʝʢʦʤ ʩʧʦʩʦʙʥʦʩʪʠ ʢ ʦʙʫʯʝʥʠʶ ʚ ʥʦʚʳʭ ʢʫʣʴʪʫʨʥʳʭ 

ʫʩʣʦʚʠʷʭ [9, 17, 18]. 

ɹʘʟʠʨʫʷʩʴ ʚ ʩʚʦʸʤ ʦʙʥʦʚʣʝʥʠʠ ʥʘ ʧʨʝʜʤʝʪʥʦʡ ʦʩʥʦʚʝ 

ʧʨʦʙʣʝʤʘʪʠʢʠ ʩʦʚʨʝʤʝʥʥʳʭ ʥʘʫʢʦʸʤʢʠʭ ʪʝʭʥʦʣʦʛʠʡ, ʩʦʜʝʨʞʘʥʠʝ 

ʬʠʟʠʯʝʩʢʦʛʦ ʦʙʨʘʟʦʚʘʥʠʷ ʤʦʞʝʪ ʙʳʪʴ ʦʙʦʛʘʱʝʥʦ: 

Å ʬʠʟʠʯʝʩʢʠʤʠ ʧʨʠʥʮʠʧʘʤʠ, ʣʝʞʘʱʠʤʠ ʚ ʦʩʥʦʚʝ 

ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʪʚʝʨʜʦʪʝʣʴʥʳʭ ʤʠʢʨʦ- ʠ ʥʘʥʦʩʪʨʫʢʪʫʨ; 

Å ʬʠʟʠʯʝʩʢʠʤʠ ʧʦʜʭʦʜʘʤʠ ʢ ʢʦʥʩʪʨʫʠʨʦʚʘʥʠʶ ʤʘʪʝʨʠʘʣʦʚ ʠ  

ʧʨʠʙʦʨʥʳʭ ʩʪʨʫʢʪʫʨ ʩ ʥʝʦʙʭʦʜʠʤʳʤʠ ʬʫʥʢʮʠʦʥʘʣʴʥʳʤʠ 

ʩʚʦʡʩʪʚʘʤʠ; 

Å ʬʠʟʠʯʝʩʢʠʤʠ ʧʨʠʥʮʠʧʘʤʠ, ʦʧʨʝʜʝʣʷʶʱʠʤʠ ʧʝʨʩʧʝʢʪʠʚʥʳʝ 

ʥʘʧʨʘʚʣʝʥʠʷ ʠ ʣʝʞʘʱʠʤʠ ʚ ʦʩʥʦʚʝ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʠʥʥʦʚʘʮʠʡ. 

ɺʘʞʥʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ, ʙʫʜʫʯʠ ʜʠʜʘʢʪʠʯʝʩʢʠ ʠ 

ʤʝʪʦʜʦʣʦʛʠʯʝʩʢʠ ʦʙʦʩʥʦʚʘʥʥʳʤ, ʦʙʥʦʚʣʝʥʠʝ ʩʦʜʝʨʞʘʥʠʷ ʦʙʫʯʝʥʠʷ 

ʧʨʦʙʣʝʤʘʪʠʢʦʡ  ʩʦʚʨʝʤʝʥʥʳʭ ʥʘʫʯʥʦ-ʪʝʭʥʠʯʝʩʢʠʭ ʜʦʩʪʠʞʝʥʠʡ ʥʝ 

ʥʘʨʫʰʘʝʪ ʣʦʛʠʯʝʩʢʦʡ ʮʝʣʦʩʪʥʦʩʪʠ ʫʯʝʙʥʳʭ ʢʫʨʩʦʚ ʠ ʥʝ ʧʨʠʚʦʜʠʪ ʢ 

ʩʫʱʝʩʪʚʝʥʥʦʤʫ ʫʚʝʣʠʯʝʥʠʶ ʚʨʝʤʝʥʥʦʛʦ ʨʝʩʫʨʩʘ ʘʫʜʠʪʦʨʥʳʭ 

ʟʘʥʷʪʠʡ. ʕʪʦ ʦʧʨʝʜʝʣʷʝʪʩʷ ʩʘʤʠʤ ʩʦʜʝʨʞʘʥʠʝʤ ʧʨʦʙʣʝʤʘʪʠʢʠ 

ʩʦʚʨʝʤʝʥʥʳʭ ʥʘʫʢʦʝʤʢʠʭ ʪʝʭʥʦʣʦʛʠʡ, ʧʦʟʚʦʣʷʶʱʠʤ ʧʨʝʜʩʪʘʚʣʷʪʴ 

ʝʸ ʚ ʫʯʝʙʥʦʤ ʧʨʦʮʝʩʩʝ ʢʘʢ ʝʩʪʝʩʪʚʝʥʥʦʝ ʧʨʦʜʦʣʞʝʥʠʝ 

ʪʨʘʜʠʮʠʦʥʥʦʛʦ ʩʦʜʝʨʞʘʥʠʷ ʬʫʥʜʘʤʝʥʪʘʣʴʥʦʛʦ ʢʫʨʩʘ ʠ 

ʦʨʛʘʥʠʟʦʚʳʚʘʪʴ ʝʸ ʦʩʚʦʝʥʠʝ ʢʘʢ ʩʘʤʦʩʪʦʷʪʝʣʴʥʫʶ ʧʦʠʩʢʦʚʦ-

ʧʦʟʥʘʚʘʪʝʣʴʥʫʶ ʜʝʷʪʝʣʴʥʦʩʪʴ ʩʪʫʜʝʥʪʦʚ, ʥʘʧʨʘʚʣʷʝʤʫʶ  ʚ 

ʥʝʦʙʭʦʜʠʤʦʡ ʤʝʨʝ ʧʨʝʧʦʜʘʚʘʪʝʣʝʤ. 

ʂʦʥʢʨʝʪʠʟʠʨʫʝʤ ʩʢʘʟʘʥʥʦʝ ʥʘ ʧʨʠʤʝʨʝ ʦʩʚʦʝʥʠʷ 

ʧʨʦʙʣʝʤʘʪʠʢʠ ʬʠʟʠʢʠ ʠ ʪʝʭʥʠʢʠ ʤʠʢʨʦ- ʠ ʥʘʥʦʩʪʨʫʢʪʫʨ ʧʨʠʙʦʨʦʚ 

ʪʚʝʨʜʦʪʝʣʴʥʦʡ ʵʣʝʢʪʨʦʥʠʢʠ, ʷʚʣʷʶʱʠʭʩʷ ʦʩʥʦʚʦʡ ʨʘʟʚʠʪʠʷ 

ʩʦʚʨʝʤʝʥʥʦʛʦ ʠʥʬʦʨʤʘʮʠʦʥʥʦʛʦ ʦʙʱʝʩʪʚʘ. ʊʘʢ, ʪʨʘʜʠʮʠʦʥʥʦʝ 
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ʠʟʫʯʝʥʠʝ ʬʠʟʠʢʠ ʧʦʣʝʚʳʭ ʪʨʘʥʟʠʩʪʦʨʦʚ ʥʘ ʦʩʥʦʚʝ ʩʪʨʫʢʪʫʨ ʤʝʪʘʣʣ-

ʜʠʵʣʝʢʪʨʠʢ-ʧʦʣʫʧʨʦʚʦʜʥʠʢ (ʄɼʇ-ʩʪʨʫʢʪʫʨ) ʤʦʞʝʪ ʙʳʪʴ 

ʧʨʦʜʦʣʞʝʥʦ ʚ ʥʘʧʨʘʚʣʝʥʠʠ ʥʘʫʯʥʳʭ ʦʩʥʦʚ ʠ ʤʝʪʦʜʦʚ ʩʦʟʜʘʥʠʷ 

ʵʣʝʤʝʥʪʦʚ ʵʥʝʨʛʦʥʝʟʘʚʠʩʠʤʦʡ ʧʝʨʝʧʨʦʛʨʘʤʤʠʨʫʝʤʦʡ ʧʘʤʷʪʠ, ʛʜʝ ʚ 

ʢʘʯʝʩʪʚʝ ʟʘʧʦʤʠʥʘʶʱʝʡ ʩʨʝʜʳ ʚʳʩʪʫʧʘʶʪ ʧʣʘʚʘʶʱʠʡ ʟʘʪʚʦʨ 

(ʦʩʪʨʦʚʦʢ ʧʦʣʠʢʨʝʤʥʠʷ), ʠʟʦʣʠʨʦʚʘʥʥʳʡ ʜʠʵʣʝʢʪʨʠʢʦʤ ʦʪ ʢʘʥʘʣʘ ʠ 

ʫʧʨʘʚʣʷʶʱʝʛʦ ʟʘʪʚʦʨʘ, ʠ ʜʠʵʣʝʢʪʨʠʢ ʩ ʛʣʫʙʦʢʠʤʠ ʣʦʚʫʰʢʘʤʠ ʜʣʷ 

ʵʣʝʢʪʨʦʥʦʚ ʠ ʜʳʨʦʢ [8, 19]. ʀʟʤʝʥʝʥʠʝ ʟʘʨʷʜʦʚʦʛʦ ʩʦʩʪʦʷʥʠʷ 

ʟʘʧʦʤʠʥʘʶʱʝʡ ʩʨʝʜʳ, ʣʝʞʘʱʝʝ ʚ ʦʩʥʦʚʝ ʧʨʠʥʮʠʧʘ ʜʝʡʩʪʚʠʷ ʪʘʢʠʭ 

ʵʣʝʤʝʥʪʦʚ ʧʘʤʷʪʠ, ʧʨʦʠʩʭʦʜʠʪ ʧʦʩʨʝʜʩʪʚʦʤ ʠʥʞʝʢʮʠʠ ʵʣʝʢʪʨʦʥʦʚ 

ʠ/ʠʣʠ ʜʳʨʦʢ ʠʟ ʧʦʣʫʧʨʦʚʦʜʥʠʢʘ ʠ ʦʙʨʘʪʥʦ, ʦʩʫʱʝʩʪʚʣʷʝʤʦʡ ʚ ʩʠʣʫ 

ʠʟʚʝʩʪʥʦʛʦ ʩʪʫʜʝʥʪʘʤ ʢʚʘʥʪʦʚʦʬʠʟʠʯʝʩʢʦʛʦ ʵʬʬʝʢʪʘ 

ʪʫʥʥʝʣʠʨʦʚʘʥʠʷ. ɼʦʩʪʫʧʥʳʤ ʜʣʷ ʦʙʫʯʘʶʱʠʭʩʷ ʷʚʣʷʝʪʩʷ ʠ 

ʧʦʥʠʤʘʥʠʝ ʘʣʴʪʝʨʥʘʪʠʚʥʳʭ ʥʘʧʨʘʚʣʝʥʠʡ ʨʘʟʚʠʪʠʷ ʬʠʟʠʢʠ ʠ 

ʪʝʭʥʠʢʠ ʵʣʝʤʝʥʪʦʚ ʵʥʝʨʛʦʥʝʟʘʚʠʩʠʤʦʡ ʧʘʤʷʪʠ ï ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʚ 

ʢʘʯʝʩʪʚʝ ʟʘʧʦʤʠʥʘʶʱʝʡ ʩʨʝʜʳ ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚʳʭ ʠʣʠ 

ʤʝʪʘʣʣʠʯʝʩʢʠʭ ʥʘʥʦʢʣʘʩʪʝʨʦʚ, ʚ ʢʘʯʝʩʪʚʝ ʠʟʦʣʠʨʫʶʱʝʛʦ ʩʣʦʷ ï 

ʜʠʵʣʝʢʪʨʠʢʦʚ ʩ ʚʳʩʦʢʦʡ, ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʦʢʩʠʜʦʤ ʢʨʝʤʥʠʷ, 

ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʡ ʧʨʦʥʠʮʘʝʤʦʩʪʴʶ, ʘ ʪʘʢʞʝ ʧʦʠʩʢʘ ʚ ʦʙʣʘʩʪʠ 

ʩʝʛʥʝʪʦʵʣʝʢʪʨʠʯʝʩʢʦʡ, ʤʘʛʥʠʪʥʦʨʝʟʠʩʪʠʚʥʦʡ ʧʘʤʷʪʠ, 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚʦʟʤʦʞʥʦʩʪʝʡ, ʦʪʢʨʳʚʘʝʤʳʭ ʬʘʟʦʚʳʤʠ ʧʝʨʝʭʦʜʘʤʠ 

ʚ ʙʠʩʪʘʙʠʣʴʥʳʭ ʩʠʩʪʝʤʘʭ [16, 19, 20]. 

ɸʥʘʣʦʛʠʯʥʦ, ʩʦʜʝʨʞʘʥʠʝ  ʪʨʘʜʠʮʠʦʥʥʦ ʧʨʝʜʩʪʘʚʣʝʥʥʦʡ ʚ 

ʫʯʝʙʥʳʭ ʢʫʨʩʘʭ   ʬʠʟʠʢʠ  ʥʝʦʜʥʦʨʦʜʥʳʭ ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚ ʤʦʞʝʪ 

ʙʳʪʴ ʧʨʦʜʦʣʞʝʥʦ ʚ ʥʘʧʨʘʚʣʝʥʠʠ ʠʟʫʯʝʥʠʷ ʵʣʝʢʪʨʦʥʥʳʭ ʩʚʦʡʩʪʚ 

ʛʝʪʝʨʦʧʝʨʝʭʦʜʦʚ ʠ ʜʚʦʡʥʳʭ ʛʝʪʝʨʦʩʪʨʫʢʪʫʨ, ʷʚʣʷʶʱʠʭʩʷ  

ʨʘʙʦʯʠʤʠ ʜʣʷ ʫʩʪʨʦʡʩʪʚ ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚʦʡ ʦʧʪʠʯʝʩʢʦʡ ʠ 

ʢʚʘʥʪʦʚʦʡ ʵʣʝʢʪʨʦʥʠʢʠ, ʢʦʪʦʨʳʝ, ʢʘʢ ʠ ʧʨʠʙʦʨʳ ʧʘʤʷʪʠ, 

ʩʦʩʪʘʚʣʷʶʪ ʵʣʝʤʝʥʪʥʫʶ ʙʘʟʫ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʪʝʭʥʠʢʠ [21, 22]. 

ɿʜʝʩʴ ʢʘʢ ʥʝʣʴʟʷ ʣʫʯʰʝ ʧʨʦʷʚʣʷʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 

ʪʝʦʨʝʪʠʯʝʩʢʠʭ ʟʥʘʥʠʡ ʢʘʢ ʩʨʝʜʩʪʚʘ ʟʥʘʯʠʤʦʡ ʜʣʷ ʧʨʘʢʪʠʢʠ 

ʜʝʷʪʝʣʴʥʦʩʪʠ: ʩʘʤʦ ʢʦʥʩʪʨʫʠʨʦʚʘʥʠʝ ʛʝʪʝʨʦʩʪʨʫʢʪʫʨ 

ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʧʦʩʨʝʜʩʪʚʦʤ ʵʣʝʢʪʨʦʥʥʦʡ ʠʥʞʝʥʝʨʠʠ ï ʧʦʩʪʨʦʝʥʠʷ 

ʘʜʝʢʚʘʪʥʳʭ ʧʦʩʪʘʚʣʝʥʥʦʡ ʟʘʜʘʯʝ ʟʦʥʥʦʡ ʵʥʝʨʛʝʪʠʯʝʩʢʦʡ 

ʜʠʘʛʨʘʤʤʳ. 

ɺ ʬʫʥʜʘʤʝʥʪʘʣʴʥʦʤ ʘʩʧʝʢʪʝ ʧʨʝʜʤʝʪʥʦʡ ʧʦʜʛʦʪʦʚʢʠ 

ʧʝʜʘʛʦʛʠʯʝʩʢʠʭ ʢʘʜʨʦʚ, ʜʣʷ ʢʦʪʦʨʦʛʦ, ʢʘʢ ʠ ʜʣʷ ʧʨʠʢʣʘʜʥʦʛʦ,  

ʭʘʨʘʢʪʝʨʥʦ ʩʠʣʴʥʦʝ ʦʪʩʪʘʚʘʥʠʝ ʩʦʜʝʨʞʘʥʠʷ ʦʙʫʯʝʥʠʷ ʦʪ 
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ʩʦʚʨʝʤʝʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʥʘʫʢʠ, ʦʪʢʨʳʚʘʶʪʩʷ ʚʦʟʤʦʞʥʦʩʪʠ 

ʦʙʦʛʘʱʝʥʠʷ ʩʦʜʝʨʞʘʥʠʷ ʬʠʟʠʯʝʩʢʦʛʦ ʦʙʨʘʟʦʚʘʥʠʷ 

ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʤʠ  ʬʠʟʠʯʝʩʢʠʤʠ ʵʬʬʝʢʪʘʤʠ, ʦʙʷʟʘʥʥʳʤʠ ʩʘʤʠʤ 

ʩʚʦʠʤ ʦʪʢʨʳʪʠʝʤ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʤ ʠʥʥʦʚʘʮʠʷʤ. ɼʦʩʪʘʪʦʯʥʦ 

ʩʢʘʟʘʪʴ ʦ ʤʘʢʨʦʩʢʦʧʠʯʝʩʢʠʭ ʢʚʘʥʪʦʚʳʭ ʵʬʬʝʢʪʘʭ ʍʦʣʣʘ ï 

ʮʝʣʦʯʠʩʣʝʥʥʦʤ, ʦʪʢʨʳʪʦʤ ʚ ʄɼʇ-ʩʪʨʫʢʪʫʨʘʭ ʧʦʣʝʚʳʭ 

ʪʨʘʥʟʠʩʪʦʨʦʚ, ʠ ʜʨʦʙʥʦʤ, ʦʪʢʨʳʪʦʤ ʚ ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚʳʭ 

ʛʝʪʝʨʦʧʝʨʝʭʦʜʘʭ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʭ ʧʦʣʫʯʝʥʠʝ ʜʚʫʤʝʨʥʦʛʦ 

ʵʣʝʢʪʨʦʥʥʦʛʦ ʛʘʟʘ [23]. ʀʟʫʯʘʷ ʵʪʠ ʵʬʬʝʢʪʳ, ʩʪʫʜʝʥʪʳ 

ʧʨʠʦʙʨʝʪʘʶʪ ʟʥʘʥʠʷ ʥʝ ʪʦʣʴʢʦ ʦ ʥʦʚʳʭ ʚʦʟʤʦʞʥʦʩʪʷʭ 

ʵʪʘʣʦʥʠʨʦʚʘʥʠʷ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ, ʥʦ ʠ ʦ ʥʦʚʦʤ ʜʣʷ 

ʥʠʭ ʤʝʪʦʜʝ ʦʧʨʝʜʝʣʝʥʠʷ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʭ ʬʠʟʠʯʝʩʢʠʭ 

ʧʦʩʪʦʷʥʥʳʭ (ʧʦʩʪʦʷʥʥʦʡ ʪʦʥʢʦʡ ʩʪʨʫʢʪʫʨʳ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʝʡ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʟʘʨʷʞʝʥʥʳʭ ʯʘʩʪʠʮ ʩ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʤ 

ʠʟʣʫʯʝʥʠʝʤ), ʦʧʠʩʘʥʠʷ ʵʣʝʢʪʨʦʥʥʳʭ ʚʦʟʙʫʞʜʝʥʠʡ ʚ ʪʚʝʨʜʦʤ ʪʝʣʝ ʚ 

ʢʚʘʟʠʯʘʩʪʠʯʥʦʤ ʧʨʠʙʣʠʞʝʥʠʠ ʧʨʠ ʜʨʦʙʥʦʤ ʟʘʨʷʜʝ ʢʚʘʟʠʯʘʩʪʠʮ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʦʙʦʛʘʱʝʥʠʝ ʩʦʜʝʨʞʘʥʠʷ ʬʠʟʠʯʝʩʢʦʛʦ ʦʙʨʘʟʦʚʘʥʠʷ 

ʚ ʝʛʦ ʧʨʠʢʣʘʜʥʦʤ ʘʩʧʝʢʪʝ ʥʝ ʪʦʣʴʢʦ ʥʝ ʥʘʨʫʰʘʝʪ ʝʛʦ 

ʬʫʥʜʘʤʝʥʪʘʣʴʥʦʛʦ ʭʘʨʘʢʪʝʨʘ, ʥʦ, ʥʘʧʨʦʪʠʚ, ʝʛʦ ʫʩʠʣʠʚʘʝʪ. 

ʇʝʨʝʡʜʸʤ ʢ ʨʘʩʩʤʦʪʨʝʥʠʶ ʤʝʪʦʜʦʣʦʛʠʯʝʩʢʠʭ ʨʝʩʫʨʩʦʚ 

ʠʥʪʝʛʨʘʮʠʠ ʩʦʜʝʨʞʘʥʠʷ ʬʠʟʠʯʝʩʢʦʛʦ ʦʙʨʘʟʦʚʘʥʠʷ ʥʘ ʧʨʝʜʤʝʪʥʦʡ 

ʦʩʥʦʚʝ ʧʨʦʙʣʝʤʘʪʠʢʠ ʩʦʚʨʝʤʝʥʥʳʭ ʥʘʫʢʦʝʤʢʠʭ ʪʝʭʥʦʣʦʛʠʡ. 

ɼʦʩʪʠʛʘʝʤʦʝ ʝʜʠʥʩʪʚʦ ʠ ʚʟʘʠʤʦʩʦʜʝʡʩʪʚʠʝ ʬʫʥʜʘʤʝʥʪʘʣʴʥʦʡ ʠ 

ʧʨʠʢʣʘʜʥʦʡ ʩʦʩʪʘʚʣʷʶʱʠʭ ʬʠʟʠʯʝʩʢʠʭ ʟʥʘʥʠʡ ʠʤʝʝʪ 

ʧʨʠʥʮʠʧʠʘʣʴʥʦ ʚʘʞʥʦʝ ʟʥʘʯʝʥʠʝ  ʚ ʧʣʘʥʝ ʬʦʨʤʠʨʦʚʘʥʠʷ ʫ 

ʦʙʫʯʘʶʱʠʭʩʷ ʤʝʪʦʜʦʣʦʛʠʯʝʩʢʦʡ ʢʫʣʴʪʫʨʳ ʚ ʝʝ ʩʦʚʨʝʤʝʥʥʦʤ 

ʧʨʦʷʚʣʝʥʠʠ. ʄʝʪʦʜʦʣʦʛʠʷ ʧʨʝʜʩʪʘʝʪ ʧʨʠ ʵʪʦʤ ʚʦ ʚʩʝʡ ʩʚʦʝʡ 

ʧʦʣʥʦʪʝ ʠ ʨʝʟʫʣʴʪʘʪʠʚʥʦʩʪʠ ï ʧʨʝʜʩʪʘʚʣʝʥʥʦʩʪʠ ʠ ʵʬʬʝʢʪʠʚʥʦʩʪʠ 

ʚʩʝʭ ʬʦʨʤ ʠ ʤʝʪʦʜʦʚ ʥʘʫʯʥʦʛʦ ʧʦʟʥʘʥʠʷ ʚ ʦʪʚʝʯʘʶʱʠʭ ʨʝʘʣʴʥʦʤʫ 

ʧʦʣʦʞʝʥʠʶ ʜʝʣ ʠʭ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʠ ʧʨʦʧʦʨʮʠʷʭ. 

ʉʫʱʝʩʪʚʝʥʥʦ ʦʪʤʝʪʠʪʴ ʚʦʟʤʦʞʥʦʩʪʠ ʜʝʤʦʥʩʪʨʘʮʠʠ ʟʜʝʩʴ 

ʧʨʠʩʫʱʝʡ ʤʝʪʦʜʦʣʦʛʠʠ ʩʦʚʨʝʤʝʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʥʝʣʠʥʝʡʥʦʩʪʠ. 

ʊʘʢ, ʚ ʨʘʟʚʠʪʠʠ ʬʠʟʠʢʠ ʠ ʪʝʭʥʠʢʠ ʛʝʪʝʨʦʣʘʟʝʨʦʚ ʧʝʨʚʝʥʩʪʚʦʚʘʣʘ 

ʪʝʦʨʝʪʠʯʝʩʢʘʷ ʢʦʥʮʝʧʮʠʷ ʣʘʟʝʨʘ ʥʘ ʜʚʦʡʥʦʡ ʛʝʪʝʨʦʩʪʨʫʢʪʫʨʝ, ʘ 

ʧʨʘʢʪʠʯʝʩʢʘʷ ʝʸ ʨʝʘʣʠʟʘʮʠʷ ʩʪʘʣʘ ʚʦʟʤʦʞʥʦʡ ʙʣʘʛʦʜʘʨʷ 

ʥʘʭʦʞʜʝʥʠʶ ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚʳʭ ʤʘʪʝʨʠʘʣʦʚ, ʥʝʦʙʭʦʜʠʤʳʭ ʜʣʷ 

ʠʟʛʦʪʦʚʣʝʥʠʷ ʩʪʨʫʢʪʫʨ ʧʨʠʙʦʨʥʦʛʦ ʢʘʯʝʩʪʚʘ, ʠ ʨʘʟʨʘʙʦʪʢʝ 

ʦʪʚʝʯʘʶʱʠʭ ʨʝʰʘʝʤʦʡ ʧʨʦʙʣʝʤʝ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʤʝʪʦʜʦʚ [21]. 



 18 

ʉʦʟʜʘʥʠʝ ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚʳʭ ʛʝʪʝʨʦʩʪʨʫʢʪʫʨ ʧʨʠʙʦʨʥʦʛʦ ʢʘʯʝʩʪʚʘ 

ʷʚʠʣʦʩʴ, ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ,  ʩʪʠʤʫʣʦʤ ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ ʜʘʣʴʥʝʡʰʠʭ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠ ʪʝʦʨʝʪʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʧʨʠʚʝʜʰʠʭ ʢ 

ʥʦʚʳʤ ʚʳʜʘʶʱʠʤʩʷ ʥʘʫʯʥʦ-ʪʝʭʥʠʯʝʩʢʠʤ ʜʦʩʪʠʞʝʥʠʷʤ. 

ʆʩʚʦʝʥʠʝ ʥʘʫʯʥʳʭ ʦʩʥʦʚ ʠ ʤʝʪʦʜʦʚ ʩʦʚʨʝʤʝʥʥʳʭ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʠʥʥʦʚʘʮʠʡ ʩʧʦʩʦʙʩʪʚʫʝʪ ʨʘʩʰʠʨʝʥʠʶ 

ʧʦʟʥʘʚʘʪʝʣʴʥʳʭ ʚʦʟʤʦʞʥʦʩʪʝʡ ʠ  ʩʪʘʥʦʚʣʝʥʠʶ ʧʦʟʥʘʚʘʪʝʣʴʥʦʡ 

ʩʘʤʦʩʪʦʷʪʝʣʴʥʦʩʪʠ ʦʙʫʯʘʶʱʠʭʩʷ, ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ, ʚ ʯʘʩʪʠ 

ʬʠʟʠʯʝʩʢʦʛʦ ʵʢʩʧʝʨʠʤʝʥʪʘ, ʦʙʦʛʘʱʝʥʠʶ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ 

ʧʦʜʛʦʪʦʚʢʠ ʦʩʚʦʝʥʠʝʤ ʨʘʟʚʠʪʳʭ ʥʘ ʦʩʥʦʚʝ ʩʦʚʨʝʤʝʥʥʳʭ ʥʘʫʯʥʦ-

ʪʝʭʥʠʯʝʩʢʠʭ ʜʦʩʪʠʞʝʥʠʡ ʤʝʪʦʜʦʚ. 

ʊʘʢ, ʨʘʩʰʠʨʝʥʠʶ ʧʦʟʥʘʚʘʪʝʣʴʥʳʭ ʚʦʟʤʦʞʥʦʩʪʝʡ 

ʦʙʫʯʘʶʱʠʭʩʷ ʩʧʦʩʦʙʩʪʚʫʝʪ ʦʩʚʦʝʥʠʝ ʠʤʠ ʬʠʟʠʯʝʩʢʠʭ ʦʩʥʦʚ ʠ 

ʘʥʘʣʠʪʠʯʝʩʢʠʭ ʚʦʟʤʦʞʥʦʩʪʝʡ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʤʝʪʦʜʦʚ, 

ʠʩʧʦʣʴʟʫʝʤʳʭ ʜʣʷ ʜʠʘʛʥʦʩʪʠʢʠ ʤʠʢʨʦ- ʠ ʥʘʥʦʩʪʨʫʢʪʫʨ. ɼʦʩʪʘʪʦʯʥʦ 

ʩʢʘʟʘʪʴ, ʯʪʦ ʦʩʚʘʠʚʘʷ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʤʝʪʦʜʳ ʩʢʘʥʠʨʫʶʱʝʡ 

ʟʦʥʜʦʚʦʡ ʤʠʢʨʦʩʢʦʧʠʠ, ʩʪʫʜʝʥʪʳ ʧʨʠʦʙʨʝʪʘʶʪ   ʚʦʟʤʦʞʥʦʩʪʠ 

ñʫʚʠʜʝʪʴò ʘʪʦʤʥʫʶ ʩʪʨʫʢʪʫʨʫ ʢʦʥʜʝʥʩʠʨʦʚʘʥʥʳʭ ʚʝʱʝʩʪʚ (ʠʭ 

ʧʦʚʝʨʭʥʦʩʪʠ). ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʵʪʦ ʩʪʘʣʦ ʜʦʩʪʫʧʥʳʤ ʙʣʘʛʦʜʘʨʷ 

ʥʘʣʠʯʠʶ  ʩʢʘʥʠʨʫʶʱʠʭ ʟʦʥʜʦʚʳʭ ʤʠʢʨʦʩʢʦʧʦʚ, ʧʨʝʜʥʘʟʥʘʯʝʥʥʳʭ 

ʥʝ ʪʦʣʴʢʦ ʜʣʷ ʥʘʫʯʥʳʭ, ʥʦ ʠ ʜʣʷ ʫʯʝʙʥʳʭ ʮʝʣʝʡ [10, 12]. ɺ 

ʨʘʩʧʦʨʷʞʝʥʠʠ ʩʪʫʜʝʥʪʦʚ ʦʢʘʟʳʚʘʶʪʩʷ ʧʨʠʙʦʨʳ, ʩʦʯʝʪʘʶʱʠʝ  

ʚʦʟʤʦʞʥʦʩʪʠ ʨʘʟʣʠʯʥʳʭ ʘʥʘʣʠʪʠʯʝʩʢʠʭ ʤʝʪʦʜʦʚ (ʥʘʧʨʠʤʝʨ, 

ʦʧʪʠʯʝʩʢʦʡ, ʟʦʥʜʦʚʦʡ ʤʠʢʨʦʩʢʦʧʠʠ, ʩʧʝʢʪʨʦʩʢʦʧʠʠ 

ʢʦʤʙʠʥʘʮʠʦʥʥʦʛʦ ʨʘʩʩʝʷʥʠʷ ʩʚʝʪʘ), ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʘʪʴ 

ʠʥʬʦʨʤʘʮʠʶ  ʢʘʢ ʦʙ ʘʪʦʤʥʦʤ ʨʝʣʴʝʬʝ ʧʦʚʝʨʭʥʦʩʪʠ, ʪʘʢ ʠ ʦʙ 

ʦʪʜʝʣʴʥʳʭ ʩʪʨʫʢʪʫʨʥʳʭ ʯʘʩʪʠʮʘʭ. ɺ ʩʠʣʫ ʜʝʪʘʣʴʥʦʛʦ ʠ 

ʨʘʟʥʦʩʪʦʨʦʥʥʝʛʦ ʭʘʨʘʢʪʝʨʘ ʧʦʣʫʯʘʝʤʦʡ ʠʥʬʦʨʤʘʮʠʠ ʩʫʱʝʩʪʚʝʥʥʦ 

ʧʦʚʳʰʘʝʪʩʷ ʩʪʝʧʝʥʴ ʦʙʦʩʥʦʚʘʥʥʦʩʪʠ ʧʨʝʜʩʪʘʚʣʝʥʠʡ ʦʙ ʦʙʲʝʢʪʝ 

ʠʟʫʯʝʥʠʷ, ʚʳʨʘʙʘʪʳʚʘʝʪʩʷ ʧʦʜʭʦʜ ʢ ʦʧʨʝʜʝʣʝʥʠʶ ʫʨʦʚʥʷ 

ʩʪʨʫʢʪʫʨʥʦʡ ʦʨʛʘʥʠʟʘʮʠʠ, ʥʘ ʢʦʪʦʨʦʤ ʮʝʣʝʩʦʦʙʨʘʟʥʦ 

ʘʥʘʣʠʟʠʨʦʚʘʪʴ ʝʛʦ ʩʚʦʡʩʪʚʘ, ʚʳʙʦʨʫ (ʧʨʠ ʥʝʦʙʭʦʜʠʤʦʩʪʠ, 

ʨʘʟʨʘʙʦʪʢʝ) ʘʜʝʢʚʘʪʥʦʡ ʨʝʘʣʴʥʦʤʫ ʦʙʲʝʢʪʫ  ʤʦʜʝʣʠ. 

ɽʱ y ʦʜʠʥ ʬʘʢʪʦʨ, ʩʧʦʩʦʙʩʪʚʫʶʱʠʡ ʨʘʩʰʠʨʝʥʠʶ 

ʧʦʟʥʘʚʘʪʝʣʴʥʳʭ ʚʦʟʤʦʞʥʦʩʪʝʡ ʦʙʫʯʘʶʱʠʭʩʷ ʚ ʧʨʦʮʝʩʩʝ ʦʩʚʦʝʥʠʷ 

ʠʤʠ ʧʨʦʙʣʝʤʘʪʠʢʠ ʩʦʚʨʝʤʝʥʥʳʭ ʥʘʫʯʥʦ-ʪʝʭʥʠʯʝʩʢʠʭ ʜʦʩʪʠʞʝʥʠʡ ï 

ʚʦʟʤʦʞʥʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʤʠʢʨʦ- ʠ ʥʘʥʦʩʪʨʫʢʪʫʨ ʜʣʷ 

ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʷʚʣʝʥʠʡ ʤʠʢʨʦʩʢʦʧʠʯʝʩʢʦʡ ʬʠʟʠʢʠ ʥʘ 
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ʤʘʢʨʦʩʢʦʧʠʯʝʩʢʦʤ ʫʨʦʚʥʝ. ʇʨʠʤʝʨ ʪʦʤʫ ï ʤʦʜʝʣʠʨʦʚʘʥʠʝ 

ʠʟʣʫʯʝʥʠʷ ʩʚʝʪʘ ʘʪʦʤʘʤʠ ʥʘ ʢʚʘʥʪʦʚʳʭ ʪʦʯʢʘʭ (ʠʩʢʫʩʩʪʚʝʥʥʳʭ 

ʘʪʦʤʘʭ), ʦʙʣʘʜʘʶʱʠʭ ʘʥʘʣʦʛʠʯʥʳʤ ʦʜʠʥʦʯʥʦʤʫ ʘʪʦʤʫ 

ʵʥʝʨʛʝʪʠʯʝʩʢʠʤ ʩʧʝʢʪʨʦʤ ʵʣʝʢʪʨʦʥʥʳʭ ʩʦʩʪʦʷʥʠʡ. ɼʨʫʛʦʡ ʧʨʠʤʝʨ 

ï ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʜʠʬʨʘʢʮʠʠ ʨʝʥʪʛʝʥʦʚʩʢʦʛʦ ʠʟʣʫʯʝʥʠʷ ʥʘ 

ʪʨʝʭʤʝʨʥʳʭ ʧʝʨʠʦʜʠʯʝʩʢʠʭ ʩʪʨʫʢʪʫʨʘʭ ʢʨʠʩʪʘʣʣʦʚ ʥʘ ʦʙʣʘʜʘʶʱʠʭ 

ʨʝʛʫʣʷʨʥʦʡ ʩʪʨʫʢʪʫʨʦʡ ʦʧʘʣʘʭ, ʦʙʨʘʟʦʚʘʥʥʳʭ ʧʣʦʪʥʦ 

ʫʧʘʢʦʚʘʥʥʳʤʠ ʩʬʝʨʠʯʝʩʢʠʤʠ ʯʘʩʪʠʮʘʤʠ ʩ ʜʠʘʤʝʪʨʦʤ ʧʦʨʷʜʢʘ 

ʜʝʩʷʪʳʭ ʜʦʣʝʡ ʤʠʢʨʦʤʝʪʨʘ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʥʘʙʣʶʜʘʪʴ ʟʜʝʩʴ 

ʜʠʬʨʘʢʮʠʶ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʛʦ ʠʟʣʫʯʝʥʠʷ ʚ ʚʠʜʠʤʦʤ ʜʠʘʧʘʟʦʥʝ 

(ʩʤ. ʛʣʘʚʫ 4). 

ɺʘʞʥʦ ʦʪʤʝʪʠʪʴ ʦʪʢʨʳʚʘʝʤʳʝ ʦʩʚʦʝʥʠʝʤ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʡ 

ʧʨʦʙʣʝʤʘʪʠʢʠ ʚʦʟʤʦʞʥʦʩʪʠ ʧʦʚʳʰʝʥʠʷ ʫʨʦʚʥʷ ʩʬʦʨʤʠʨʦʚʘʥʥʦʩʪʠ 

ʫ ʦʙʫʯʘʶʱʠʭʩʷ ʬʠʟʠʯʝʩʢʦʛʦ ʧʦʥʠʤʘʥʠʷ ʚʧʣʦʪʴ ʜʦ ʚʳʩʰʝʛʦ ï 

ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʬʠʟʠʯʝʩʢʠʭ ʷʚʣʝʥʠʡ ʥʘ ʦʩʥʦʚʝ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʭ 

ʟʥʘʥʠʡ [18]. ʉ ʨʘʟʚʠʪʠʝʤ ʩʦʚʨʝʤʝʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʥʘʫʯʥʦ 

ʦʙʦʩʥʦʚʘʥʥʳʡ ʧʨʦʛʥʦʟ ʦʙʥʘʨʫʞʠʚʘʝʪ ʧʨʠʥʮʠʧʠʘʣʴʥʦ ʥʦʚʳʝ 

ʚʦʟʤʦʞʥʦʩʪʠ. ʇʦʢʘʟʘʪʝʣʴʥʳʤʠ ʚ ʵʪʦʤ ʦʪʥʦʰʝʥʠʠ ʷʚʣʷʶʪʩʷ 

ʜʦʩʪʠʞʝʥʠʷ ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚʦʡ ʵʣʝʢʪʨʦʥʠʢʠ. ɽʝ ʩʪʘʥʦʚʣʝʥʠʝ 

ʩʚʷʟʘʥʦ ʩ ʨʝʘʣʠʟʘʮʠʝʡ ʧʨʦʛʥʦʟʠʨʦʚʘʥʥʳʭ ʪʝʦʨʠʝʡ ʚʦʟʤʦʞʥʦʩʪʝʡ 

ʫʧʨʘʚʣʝʥʠʷ ʪʠʧʦʤ ʵʣʝʢʪʨʦʧʨʦʚʦʜʥʦʩʪʠ ʧʦʣʫʧʨʦʚʦʜʥʠʢʘ 

ʧʦʩʨʝʜʩʪʚʦʤ ʣʝʛʠʨʦʚʘʥʠʷ ʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʥʝʨʘʚʥʦʚʝʩʥʳʭ 

ʵʣʝʢʪʨʦʥʥʳʭ ʷʚʣʝʥʠʡ ʚ ʥʝʦʜʥʦʨʦʜʥʳʭ ʧʦʣʫʧʨʦʚʦʜʥʠʢʘʭ, ʘ 

ʧʦʩʣʝʜʫʶʱʝʝ ʨʘʟʚʠʪʠʝ ʚ ʯʘʩʪʠ ʬʠʟʠʢʠ ʠ ʪʝʭʥʠʢʠ ʛʝʪʝʨʦʩʪʨʫʢʪʫʨ ï 

ʚʦʟʤʦʞʥʦʩʪʝʡ ʫʧʨʘʚʣʝʥʠʷ ʠʭ ʩʚʦʡʩʪʚʘʤʠ ʧʦʩʨʝʜʩʪʚʦʤ ʠʟʤʝʥʝʥʠʷ  

ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʭ ʧʘʨʘʤʝʪʨʦʚ  ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚʳʭ ʤʘʪʝʨʠʘʣʦʚ ʠ, 

ʥʘʢʦʥʝʮ, ʩʦʟʜʘʥʠʷ ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚʳʭ ʩʠʩʪʝʤ ʧʦʥʠʞʝʥʥʦʡ 

ʨʘʟʤʝʨʥʦʩʪʠ. ʇʨʠʤʝʨ ʧʦʩʣʝʜʥʠʭ ï ʩʚʝʨʭʨʝʰʝʪʢʠ ʩ ʫʧʨʘʚʣʷʝʤʳʤ 

ʧʦʩʨʝʜʩʪʚʦʤ ʠʟʤʝʥʝʥʠʷ ʰʠʨʠʥʳ ʢʚʘʥʪʦʚʳʭ ʷʤ ʠ ʧʦʪʝʥʮʠʘʣʴʥʳʭ 

ʙʘʨʴʝʨʦʚ ʵʣʝʢʪʨʦʥʥʳʤ ʩʧʝʢʪʨʦʤ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʩʦʟʜʘʚʘʪʴ 

ʤʘʪʝʨʠʘʣʳ ʩ ʟʘʜʘʥʥʳʤʠ ʬʫʥʢʮʠʦʥʘʣʴʥʳʤʠ  ʩʚʦʡʩʪʚʘʤʠ. ʆʩʦʙʦʝ 

ʚʥʠʤʘʥʠʝ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʧʨʠʚʣʝʢʘʶʪ ʧʨʦʛʥʦʟʠʨʦʚʘʥʥʳʝ ʠ 

ʨʝʘʣʠʟʫʝʤʳʝ ʚ ʩʚʷʟʠ ʩ ʧʦʣʫʯʝʥʠʝʤ ʛʨʘʬʝʥʘ (ʜʚʫʤʝʨʥʦʡ ʬʦʨʤʳ 

ʫʛʣʝʨʦʜʘ) ʚʦʟʤʦʞʥʦʩʪʠ ʩʦʟʜʘʥʠʷ ʧʦʣʝʚʳʭ ʪʨʘʥʟʠʩʪʦʨʦʚ ʩ 

ʙʘʣʣʠʩʪʠʯʝʩʢʠʤ (ʙʝʟ ʨʘʩʩʝʷʥʠʷ) ʪʨʘʥʩʧʦʨʪʦʤ  ʥʦʩʠʪʝʣʝʡ ʟʘʨʷʜʘ ʠ 

ʵʣʝʤʝʥʪʦʚ ʩʧʠʥʪʨʦʥʠʢʠ [13, 24]. 

ɺ ʩʠʣʫ ʧʨʝʜʩʪʘʚʠʪʝʣʴʥʦʩʪʠ ʧʨʦʙʣʝʤʘʪʠʢʠ ʥʘʥʦʬʠʟʠʢʠ ʚ 

ʩʦʜʝʨʞʘʪʝʣʴʥʦʤ ʠ ʤʝʪʦʜʦʣʦʛʠʯʝʩʢʦʤ ʘʩʧʝʢʪʘʭ, ʢʣʶʯʝʚʦʡ ʨʦʣʠ 
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ʜʦʩʪʠʞʝʥʠʡ ʚ ʨʘʟʚʠʪʠʠ ʚʩʝʛʦ ʢʦʤʧʣʝʢʩʘ ʩʦʚʨʝʤʝʥʥʳʭ ʥʘʫʢʦʝʤʢʠʭ 

ʪʝʭʥʦʣʦʛʠʡ, ʝʸ ʠʟʫʯʝʥʠʝ ʩʧʦʩʦʙʩʪʚʫʝʪ ʬʦʨʤʠʨʦʚʘʥʠʶ ʛʦʪʦʚʥʦʩʪʠ ʢ 

ʦʩʚʦʝʥʠʶ ʥʦʚʳʭ ʥʘʫʯʥʦ-ʪʝʭʥʠʯʝʩʢʠʭ ʜʦʩʪʠʞʝʥʠʡ, ʧʨʠʜʘʸʪ 

ʦʙʫʯʝʥʠʶ ʦʧʝʨʝʞʘʶʱʠʡ ʭʘʨʘʢʪʝʨ. 

ʅʝʦʙʭʦʜʠʤʦ ʦʪʤʝʪʠʪʴ ʦʪʢʨʳʚʘʝʤʳʝ ʦʩʚʦʝʥʠʝʤ 

ʠʥʪʝʛʨʠʨʦʚʘʥʥʦʛʦ ʩʦʜʝʨʞʘʥʠʷ ʚʦʟʤʦʞʥʦʩʪʠ ʤʦʥʦ- ʠ 

ʤʫʣʴʪʠʜʠʩʮʠʧʣʠʥʘʨʥʦʛʦ ʩʠʥʪʝʟʘ ʟʥʘʥʠʡ. ɺʦʟʤʦʞʥʦʩʪʴ 

ʤʦʥʦʜʠʩʮʠʧʣʠʥʘʨʥʦʡ (ʚʥʫʪʨʠʧʨʝʜʤʝʪʥʦʡ) ʠʥʪʝʛʨʘʮʠʠ ʟʥʘʥʠʡ 

ʦʧʨʝʜʝʣʷʝʪʩʷ, ʧʨʝʞʜʝ ʚʩʝʛʦ, ʚʦʩʪʨʝʙʦʚʘʥʥʦʩʪʴʶ ʜʣʷ ʧʦʥʠʤʘʥʠʷ 

ʩʦʜʝʨʞʘʥʠʷ ʠ ʪʝʥʜʝʥʮʠʡ ʨʘʟʚʠʪʠʷ ʦʪʜʝʣʴʥʳʭ ʥʘʧʨʘʚʣʝʥʠʡ 

ʥʘʫʢʦʸʤʢʠʭ ʪʝʭʥʦʣʦʛʠʡ ʟʥʘʥʠʡ ʨʘʟʣʠʯʥʳʭ ʨʘʟʜʝʣʦʚ ʬʠʟʠʢʠ. ʊʘʢ, 

ʜʣʷ ʦʩʚʦʝʥʠʷ ʬʠʟʠʢʠ ʠ ʪʝʭʥʠʢʠ ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚʳʭ ʫʩʪʨʦʡʩʪʚ 

ʦʧʪʠʯʝʩʢʦʡ ʠ ʢʚʘʥʪʦʚʦʡ ʵʣʝʢʪʨʦʥʠʢʠ [25] ʥʝʦʙʭʦʜʠʤʳ ʟʥʘʥʠʷ 

ʤʝʭʘʥʠʢʠ, ʤʦʣʝʢʫʣʷʨʥʦʡ ʬʠʟʠʢʠ ʠ ʪʝʨʤʦʜʠʥʘʤʠʢʠ (ʜʣʷ ʧʦʥʠʤʘʥʠʷ 

ʪʨʝʙʦʚʘʥʠʡ, ʧʨʝʜʲʷʚʣʷʝʤʳʭ ʢ ʩʦʩʪʘʚʣʷʶʱʠʤ ʛʝʪʝʨʦʩʪʨʫʢʪʫʨʫ  

ʧʨʠʙʦʨʥʦʛʦ ʢʘʯʝʩʪʚʘ ʤʘʪʝʨʠʘʣʘʤ, ʤʝʪʦʜʦʚ ʠʭ ʩʠʥʪʝʟʘ), 

ʵʣʝʢʪʨʦʜʠʥʘʤʠʢʠ (ʜʣʷ ʧʦʥʠʤʘʥʠʷ ʤʝʪʦʜʦʚ ʫʧʨʘʚʣʝʥʠʷ 

ʵʣʝʢʪʨʦʥʥʳʤʠ ʠ ʩʚʝʪʦʚʳʤʠ ʧʦʪʦʢʘʤʠ ʚ ʛʝʪʝʨʦʩʪʨʫʢʪʫʨʘʭ), 

ʩʪʘʪʠʩʪʠʯʝʩʢʦʡ ʬʠʟʠʢʠ (ʜʣʷ ʦʮʝʥʢʠ ʧʝʨʩʧʝʢʪʠʚʥʦʩʪʠ 

ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚʳʭ ʛʝʪʝʨʦʩʪʨʫʢʪʫʨ ʥʘ ʧʨʝʜʤʝʪ ʜʦʩʪʠʞʝʥʠʷ 

ʥʝʦʙʭʦʜʠʤʦʡ ʜʣʷ ʣʘʟʝʨʥʦʛʦ ʵʬʬʝʢʪʘ ʠʥʚʝʨʩʥʦʡ ʟʘʩʝʣʸʥʥʦʩʪʠ 

ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʫʨʦʚʥʝʡ), ʢʚʘʥʪʦʚʦʡ ʬʠʟʠʢʠ ʢʘʢ ʦʩʥʦʚʳ ʠʥʞʝʥʝʨʠʠ 

ʵʣʝʢʪʨʦʥʥʳʭ ʩʧʝʢʪʨʦʚ ï ʢʦʥʩʪʨʫʠʨʦʚʘʥʠʷ ʛʝʪʝʨʦʩʪʨʫʢʪʫʨ ʩ 

ʥʝʦʙʭʦʜʠʤʳʤʠ ʬʫʥʢʮʠʦʥʘʣʴʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ. 

ɺʦʟʤʦʞʥʦʩʪʴ ʤʫʣʴʪʠʜʠʩʮʠʧʣʠʥʘʨʥʦʡ ʠʥʪʝʛʨʘʮʠʠ ʟʥʘʥʠʡ, 

ʦʧʨʝʜʝʣʷʝʤʘʷ ʩʘʤʠʤ ʩʦʜʝʨʞʘʥʠʝʤ ʧʨʦʙʣʝʤʘʪʠʢʠ ʩʦʚʨʝʤʝʥʥʳʭ 

ʥʘʫʢʦʝʤʢʠʭ ʪʝʭʥʦʣʦʛʠʡ, ʩʫʱʥʦʩʪʥʦʡ ʥʝʦʙʭʦʜʠʤʦʩʪʴʶ ʦʩʚʦʝʥʠʷ ʝʸ 

ʚ ʰʠʨʦʢʦʤ ʧʣʘʥʝ, ʚʢʣʶʯʘʷ, ʢʘʢ ʩʦʙʩʪʚʝʥʥʦ ʬʠʟʠʯʝʩʢʠʡ, ʪʘʢ ʠ, ʧʨʠ 

ʥʝʦʙʭʦʜʠʤʦʩʪʠ, ʭʠʤʠʯʝʩʢʠʡ, ʙʠʦʣʦʛʠʯʝʩʢʠʡ, ʠʥʬʦʨʤʘʮʠʦʥʥʳʡ 

ʘʩʧʝʢʪʳ. ʊʝʤ ʩʘʤʳʤ ʦʪʢʨʳʚʘʶʪʩʷ ʚʦʟʤʦʞʥʦʩʪʠ ʦʚʣʘʜʝʥʠʷ 

ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʤʠ ʦʩʥʦʚʘʤʠ ʩʦʚʨʝʤʝʥʥʳʭ ʙʠʦ-, ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ 

ʠ ʢʦʛʥʠʪʠʚʥʳʭ ʪʝʭʥʦʣʦʛʠʡ, ʧʦʜʭʦʜʘʤʠ ʢ ʥʘʫʯʥʦ ʦʙʦʩʥʦʚʘʥʥʦʤʫ 

ʘʥʘʣʠʟʫ ʪʝʥʜʝʥʮʠʡ, ʧʨʦʙʣʝʤ ʠ ʧʝʨʩʧʝʢʪʠʚ ʠʭ ʨʘʟʚʠʪʠʷ. 

ɺʳʨʘʟʠʪʝʣʴʥʳʡ ʧʨʠʤʝʨ ʪʦʤʫ ï ʩʦʜʝʨʞʘʥʠʝ ʧʨʦʙʣʝʤʘʪʠʢʠ 

ʤʦʣʝʢʫʣʷʨʥʦʡ ʵʣʝʢʪʨʦʥʠʢʠ, ʚʢʣʶʯʘʷ ʥʘʥʦʙʠʦʵʣʝʢʪʨʦʥʠʢʫ, 

ʥʘʧʨʘʚʣʝʥʥʦʡ ʥʘ ʩʦʟʜʘʥʠʝ ʫʩʪʨʦʡʩʪʚ ʦʙʨʘʙʦʪʢʠ ʠ ʭʨʘʥʝʥʠʷ 

ʠʥʬʦʨʤʘʮʠʠ ʥʘ ʦʩʥʦʚʝ ʧʨʦʮʝʩʩʦʚ, ʧʨʦʪʝʢʘʶʱʠʭ ʚ ʤʦʣʝʢʫʣʘʭ, ʚ ʪʦʤ 

ʯʠʩʣʝ, ʙʠʦʣʦʛʠʯʝʩʢʠʭ. ʆʩʚʦʝʥʠʝ ʵʪʦʡ ʧʨʦʙʣʝʤʘʪʠʢʠ ʩ 
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ʥʝʦʙʭʦʜʠʤʦʩʪʴʶ ʪʨʝʙʫʝʪ ʘʜʝʢʚʘʪʥʳʭ ʧʨʝʜʩʪʘʚʣʝʥʠʡ ʦ ʩʧʝʮʠʬʠʢʝ 

ʩʚʦʡʩʪʚ ʙʠʦʩʨʝʜ, ʦʩʦʙʝʥʥʦʩʪʷʭ ʬʠʟʠʯʝʩʢʠʭ ʠ ʭʠʤʠʯʝʩʢʠʭ 

ʧʨʦʮʝʩʩʦʚ ʚ ʥʠʭ. ɺʘʞʥʦ ʦʪʤʝʪʠʪʴ ʠ ʚʦʟʤʦʞʥʦʩʪʠ ʚʳʭʦʜʘ ʟʜʝʩʴ ʥʘ 

ʥʘʭʦʜʷʱʠʝʩʷ ʚ ʢʦʤʧʝʪʝʥʮʠʠ ʠʥʬʦʨʤʘʪʠʢʠ ʥʦʚʳʝ, ʚ ʯʘʩʪʥʦʩʪʠ, 

ʙʠʦʣʦʛʠʯʝʩʢʠʝ, ʧʨʠʥʮʠʧʳ ʠ ʩʨʝʜʩʪʚʘ ʩʦʟʜʘʥʠʷ ʵʣʝʢʪʨʦʥʥʦ-

ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ ʠ ʠʟʤʝʨʠʪʝʣʴʥʳʭ ʫʩʪʨʦʡʩʪʚ. ɺ ʢʘʯʝʩʪʚʝ ʧʨʠʤʝʨʘ 

ʟʜʝʩʴ ʤʦʞʝʪ ʚʳʩʪʫʧʘʪʴ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʝ ʥʘ ʦʩʥʦʚʝ ʘʜʘʧʪʠʚʥʦʡ 

ʣʦʛʠʢʠ ʢʘʢ ʤʦʜʝʣʠ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʥʝʡʨʦʥʥʳʭ ʩʝʪʝʡ, ʯʪʦ 

ʩʪʘʥʦʚʠʪʩʷ ʚʦʟʤʦʞʥʳʤ ʙʣʘʛʦʜʘʨʷ ʠʩʧʦʣʴʟʦʚʘʥʠʶ ʜʦʩʪʠʞʝʥʠʡ 

ʤʠʢʨʦ- ʠ ʥʘʥʦʵʣʝʢʪʨʦʥʠʢʠ ʚ ʯʘʩʪʠ ʩʦʟʜʘʥʠʷ ʥʝʣʠʥʝʡʥʳʭ 

ʨʝʟʠʩʪʦʨʦʚ ʩ ʧʘʤʷʪʴʶ. 

ʅʝʦʙʭʦʜʠʤʦ ʪʘʢʞʝ ʦʪʤʝʪʠʪʴ ʧʨʠʩʫʱʫʶ ʨʝʰʝʥʠʶ ʧʨʦʙʣʝʤ 

ʩʦʚʨʝʤʝʥʥʳʭ ʥʘʫʢʦʝʤʢʠʭ ʪʝʭʥʦʣʦʛʠʡ ʤʥʦʞʝʩʪʚʝʥʥʦʩʪʴ 

ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʥʘʧʨʘʚʣʝʥʠʡ ʧʦʠʩʢʘ, ʦ ʯʝʤ ʛʦʚʦʨʠʣʦʩʴ ʚʳʰʝ ʚ 

ʩʚʷʟʠ ʩ ʧʨʦʙʣʝʤʦʡ ʩʦʟʜʘʥʠʷ ʵʥʝʨʛʦʥʝʟʘʚʠʩʠʤʦʡ 

ʧʝʨʝʧʨʦʛʨʘʤʤʠʨʫʝʤʦʡ ʧʘʤʷʪʠ. ɼʨʫʛʦʡ ʧʨʠʤʝʨ ʪʦʤʫ ï ʧʨʦʙʣʝʤʘ 

ʩʦʟʜʘʥʠʷ ʪʝʭʥʠʯʝʩʢʠʭ ʫʩʪʨʦʡʩʪʚ ʜʣʷ ʫʧʨʘʚʣʝʥʠʷ ʠʟʣʫʯʝʥʠʝʤ [26, 

27], ʚ ʦʩʥʦʚʫ ʧʨʠʥʮʠʧʘ ʜʝʡʩʪʚʠʷ ʢʦʪʦʨʳʭ ʤʦʛʫʪ ʙʳʪʴ ʧʦʣʦʞʝʥʳ 

ʨʘʟʥʦʦʙʨʘʟʥʳʝ ʵʬʬʝʢʪʳ: ʵʣʝʢʪʨʦʦʧʪʠʯʝʩʢʠʝ (ʣʠʥʝʡʥʳʡ ʵʬʬʝʢʪ 

ʇʦʢʢʝʣʴʩʘ, ʢʚʘʜʨʘʪʠʯʥʳʡ ʵʬʬʝʢʪ ʂʝʨʨʘ, ʦʨʠʝʥʪʘʮʠʦʥʥʳʝ ʵʬʬʝʢʪʳ 

ʠ ʵʬʬʝʢʪʳ ʜʠʥʘʤʠʯʝʩʢʦʛʦ ʨʘʩʩʝʠʚʘʥʠʷ ʩʚʝʪʘ ʚ ʞʠʜʢʠʭ ʢʨʠʩʪʘʣʣʘʭ 

ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ, ʢʦʥʮʝʥʪʨʘʮʠʦʥʥʳʝ ʵʬʬʝʢʪʳ ʚ 

ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚʳʭ ʤʘʪʝʨʠʘʣʘʭ, ʵʬʬʝʢʪ ʌʨʘʥʮʘ-ʂʝʣʜʳʰʘ ʚ 

ʧʦʣʫʧʨʦʚʦʜʥʠʢʘʭ, ʢʚʘʥʪʦʚʦʨʘʟʤʝʨʥʳʝ ʵʬʬʝʢʪʳ ʚ ʩʠʩʪʝʤʘʭ ʩ 

ʧʦʥʠʞʝʥʥʦʡ ʨʘʟʤʝʨʥʦʩʪʴʶ), ʤʘʛʥʠʪʦʦʧʪʠʯʝʩʢʠʡ ʵʬʬʝʢʪ ʌʘʨʘʜʝʷ, 

ʘʢʫʩʪʦʦʧʪʠʯʝcʢʠʡ ʵʬʬʝʢʪ, ʪʝʨʤʦʦʧʪʠʯʝʩʢʠʝ ʵʬʬʝʢʪʳ, ʚʢʣʶʯʘʷ 

ʬʘʟʦʚʳʡ ʧʝʨʝʭʦʜ ñʧʦʣʫʧʨʦʚʦʜʥʠʢ-ʤʝʪʘʣʣò ʚ ʙʠʩʪʘʙʠʣʴʥʳʭ 

ʩʠʩʪʝʤʘʭ, ʩʚʝʪʦʠʥʜʫʮʠʨʦʚʘʥʥʳʝ ʥʝʣʠʥʝʡʥʦ-ʦʧʪʠʯʝʩʢʠʝ ʵʬʬʝʢʪʳ ʚ 

ʥʘʥʦʩʪʨʫʢʪʫʨʘʭ ʩ ʢʚʘʥʪʦʚʳʤʠ ʷʤʘʤʠ, ʢʚʘʥʪʦʚʳʤʠ ʪʦʯʢʘʤʠ, 

ʢʦʤʧʦʟʠʪʘʭ ʩ ʥʘʥʦʨʘʟʤʝʨʥʳʤʠ ʯʘʩʪʠʮʘʤʠ ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚ ʠ 

ʤʝʪʘʣʣʦʚ. ʉʫʱʝʩʪʚʝʥʥʦ, ʯʪʦ ʤʦʜʝʣʠ ʫʢʘʟʘʥʥʳʭ ʵʬʬʝʢʪʦʚ, ʢʘʢ ʠ ʚ 

ʮʝʣʦʤ ʧʨʠʚʣʝʢʘʝʤʳʝ  ʟʜʝʩʴ ʜʣʷ ʦʙʫʯʝʥʠʷ ʤʦʜʝʣʠ, ʦʪʚʝʯʘʶʪ 

ʩʦʚʨʝʤʝʥʥʦʤʫ ʩʪʠʣʶ ʬʠʟʠʯʝʩʢʦʛʦ ʤʳʰʣʝʥʠʷ, ʧʨʠʩʫʱʝʛʦ 

ʥʝʣʠʥʝʡʥʦʡ ʬʠʟʠʢʝ, ʪʘʢ ʯʪʦ ʠʭ ʦʩʚʦʝʥʠʝ ʩʧʦʩʦʙʩʪʚʫʝʪ ʝʛʦ 

ʩʪʘʥʦʚʣʝʥʠʶ. 

ʅʝ ʤʝʥʝʝ ʰʠʨʦʢ ʩʧʝʢʪʨ ʤʝʪʦʜʦʚ ʜʠʘʛʥʦʩʪʠʢʠ ʤʠʢʨʦ- ʠ 

ʥʘʥʦʩʪʨʫʢʪʫʨ, ʠʩʧʦʣʴʟʫʝʤʳʭ ʜʣʷ ʤʦʥʠʪʦʨʠʥʛʘ ʢʘʯʝʩʪʚʘ ʤʘʪʝʨʠʘʣʦʚ 

ʠ ʧʨʠʙʦʨʥʳʭ ʩʪʨʫʢʪʫʨ, ʙʝʟ ʢʦʪʦʨʳʭ ʯʘʩʪʦ ʥʝʚʦʟʤʦʞʝʥ ʩʘʤ ʩʠʥʪʝʟ 
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ʪʝʭʥʠʯʝʩʢʠʭ ʫʩʪʨʦʡʩʪʚ, ʢʘʢ ʵʪʦ ʠʤʝʝʪ ʤʝʩʪʦ, ʥʘʧʨʠʤʝʨ, ʧʨʠ 

ʩʦʟʜʘʥʠʠ ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚʳʭ ʛʝʪʝʨʦʣʘʟʝʨʦʚ ʤʝʪʦʜʦʤ 

ʤʦʣʝʢʫʣʷʨʥʦ-ʧʫʯʢʦʚʦʡ ʵʧʠʪʘʢʩʠʠ [10, 14]. 

ʆʪʤʝʪʠʤ, ʥʘʢʦʥʝʮ, ʦʪʢʨʳʚʘʝʤʳʝ ʦʩʚʦʝʥʠʝʤ 

ʠʥʪʝʛʨʠʨʦʚʘʥʥʦʛʦ ʩʦʜʝʨʞʘʥʠʷ ʬʠʟʠʯʝʩʢʦʛʦ ʦʙʨʘʟʦʚʘʥʠʷ 

ʚʦʟʤʦʞʥʦʩʪʠ ʩʠʥʪʝʟʘ ʫʯʝʙʥʦʡ, ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʦʡ ʠ ʧʨʦʝʢʪʥʦʡ 

ʜʝʷʪʝʣʴʥʦʩʪʠ ʦʙʫʯʘʶʱʠʭʩʷ, ʦʙʫʩʣʦʚʣʝʥʥʳʝ ʧʨʠʩʫʱʠʤ 

ʩʦʚʨʝʤʝʥʥʦʡ ʥʘʫʯʥʦ-ʪʝʭʥʠʯʝʩʢʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ ʧʨʦʝʢʪʥʦ-

ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʤ ʭʘʨʘʢʪʝʨʦʤ. ʆʩʚʦʝʥʠʝ ʦʧʳʪʘ ʪʘʢʦʡ 

ʜʝʷʪʝʣʴʥʦʩʪʠ ʚ ʧʨʦʮʝʩʩʝ ʦʙʫʯʝʥʠʷ ʩ  ʥʝʦʙʭʦʜʠʤʦʩʪʴʶ 

ʧʨʝʜʧʦʣʘʛʘʝʪ ʜʝʪʝʨʤʠʥʘʮʠʶ ʝʛʦ ʩʦʜʝʨʞʘʥʠʷ ʨʝʰʝʥʠʝʤ ʟʥʘʯʠʤʦʡ 

ʜʣʷ ʧʨʘʢʪʠʢʠ ʧʨʦʙʣʝʤʳ (ʧʨʦʝʢʪʥʘʷ ʩʦʩʪʘʚʣʷʶʱʘʷ), ʪʨʝʙʫʶʱʝʤ, ʚ 

ʩʚʦʶ ʦʯʝʨʝʜʴ, ʨʘʩʰʠʨʝʥʠʷ ʠʤʝʶʱʠʭʩʷ ʟʥʘʥʠʡ ʠ ʫʤʝʥʠʡ (ʫʯʝʙʥʘʷ 

ʩʦʩʪʘʚʣʷʶʱʘʷ) ʠ ʨʝʘʣʠʟʘʮʠʠ ʮʝʣʦʩʪʥʦʛʦ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʦʛʦ 

ʧʦʜʭʦʜʘ (ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʘʷ ʩʦʩʪʘʚʣʷʶʱʘʷ). ʇʨʠ ʵʪʦʤ ʚ 

ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʤ ʧʨʦʙʣʝʤʥʦʤ ʧʦʣʝ, ʢʘʢ ʥʠʢʦʛʜʘ ʨʘʥʝʝ, 

ʧʨʦʷʚʣʷʝʪʩʷ ʩʦʜʝʨʞʘʪʝʣʴʥʦʝ ʠ ʧʨʦʮʝʩʩʫʘʣʴʥʦʝ ʝʜʠʥʩʪʚʦ ʧʨʦʮʝʩʩʦʚ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʠ ʧʨʘʢʪʠʢʦ-ʦʨʠʝʥʪʠʨʦʚʘʥʥʳʭ ʨʘʟʨʘʙʦʪʦʢ. 

ʈʘʩʩʤʘʪʨʠʚʘʷ ʨʘʟʚʠʚʘʶʱʠʝ ʨʝʩʫʨʩʳ ʠʥʪʝʛʨʠʨʦʚʘʥʥʦʛʦ 

ʩʦʜʝʨʞʘʥʠʷ ʬʠʟʠʯʝʩʢʦʛʦ ʦʙʨʘʟʦʚʘʥʠʷ ʦʪʤʝʪʠʤ, ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ, 

ʦʪʢʨʳʚʘʝʤʳʝ ʝʛʦ ʜʝʷʪʝʣʴʥʦʩʪʥʳʤ ʦʩʚʦʝʥʠʝʤ ʚʦʟʤʦʞʥʦʩʪʠ 

ʬʦʨʤʠʨʦʚʘʥʠʷ ʫ ʦʙʫʯʘʶʱʠʭʩʷ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʭ ʢʘʯʝʩʪʚ 

ʣʠʯʥʦʩʪʠ. ɺ ʵʪʦʡ ʩʚʷʟʠ ʦʩʦʙʦʝ ʟʥʘʯʝʥʠʝ ʠʤʝʶʪ ʜʚʝ ʦʩʦʙʝʥʥʦʩʪʠ, 

ʧʨʠʩʫʱʠʝ ʧʨʦʙʣʝʤʘʪʠʢʝ ʩʦʚʨʝʤʝʥʥʳʭ ʥʘʫʢʦʸʤʢʠʭ ʪʝʭʥʦʣʦʛʠʡ: 

Å ʮʝʣʝʚʘʷ ʘʥʛʘʞʠʨʦʚʘʥʥʦʩʪʴ; 

Å ʩʦʜʝʨʞʘʪʝʣʴʥʘʷ ʥʘʩʳʱʝʥʥʦʩʪʴ. 

ʂʘʢ ʧʦʢʘʟʳʚʘʝʪ ʦʧʳʪ ʨʝʰʝʥʠʷ ʟʥʘʯʠʤʳʭ ʬʠʟʠʢʦ-ʪʝʭʥʠʯʝʩʢʠʭ 

ʧʨʦʙʣʝʤ ʚ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʡ ʦʙʣʘʩʪʠ, ʦʢʘʟʳʚʘʶʪʩʷ 

ʚʦʩʪʨʝʙʦʚʘʥʥʳʤʠ ʩʧʦʩʦʙʥʦʩʪʠ ʨʝʘʣʠʟʘʮʠʠ ʚʩʝʭ ʦʩʥʦʚʥʳʭ 

ʤʳʩʣʠʪʝʣʴʥʳʭ ʦʧʝʨʘʮʠʡ: ʘʥʘʣʠʟʘ, ʩʠʥʪʝʟʘ, ʦʙʦʙʱʝʥʠʷ, 

ʘʙʩʪʨʘʛʠʨʦʚʘʥʠʷ, ʧʝʨʝʥʦʩʘ, ʩʨʘʚʥʝʥʠʷ. ɸʥʘʣʠʟ ʦʢʘʟʳʚʘʝʪʩʷ, ʚ 

ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ, ʥʝʦʙʭʦʜʠʤʳʤ ʜʣʷ ʚʳʷʚʣʝʥʠʷ ʬʠʟʠʯʝʩʢʦʛʦ 

ʩʦʜʝʨʞʘʥʠʷ ʪʝʭʥʠʯʝʩʢʦʡ ʧʨʦʙʣʝʤʳ, ʝʛʦ ʩʤʳʩʣʦʚʦʛʦ ʚʠʜʝʥʠʷ. ɺ 

ʨʝʰʝʥʠʠ ʬʠʟʠʢʦ-ʪʝʭʥʠʯʝʩʢʠʭ ʧʨʦʙʣʝʤ ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʫʝʪʩʷ 

ʩʠʩʪʝʤʥʳʡ ʧʦʜʭʦʜ. ʈʝʘʣʠʟʘʮʠʷ ʵʪʦʛʦ ʧʦʜʭʦʜʘ ʩ ʥʝʦʙʭʦʜʠʤʦʩʪʴʶ 

ʧʨʝʜʧʦʣʘʛʘʝʪ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʘʥʘʣʠʟʘ (ʩʠʩʪʝʤʥʦʛʦ ʘʥʘʣʠʟʘ) ʜʣʷ 

ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʠʟʫʯʘʝʤʳʭ ʠ ʢʦʥʩʪʨʫʠʨʫʝʤʳʭ ʦʙʲʝʢʪʦʚ ʢʘʢ 

ʩʠʩʪʝʤʳ, ʦʧʨʝʜʝʣʝʥʠʷ ʝʝ ʩʪʨʫʢʪʫʨʳ, ʫʩʪʘʥʦʚʣʝʥʠʷ 
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ʩʠʩʪʝʤʦʦʙʨʘʟʫʶʱʠʭ (ʠʥʪʝʛʨʘʪʠʚʥʳʭ) ʚʥʫʪʨʝʥʥʠʭ ʩʚʷʟʝʡ ʠ 

ʚʥʝʰʥʠʭ ʬʘʢʪʦʨʦʚ, ʟʥʘʯʠʤʦ ʚʣʠʷʶʱʠʭ ʥʘ ʧʦʚʝʜʝʥʠʝ ʦʙʲʝʢʪʘ. 

ʇʦʩʢʦʣʴʢʫ ʢʦʥʝʯʥʳʤ ʠʪʦʛʦʤ ʨʘʟʨʘʙʦʪʢʠ ʬʠʟʠʢʠ ʪʝʭʥʠʯʝʩʢʠʭ 

ʦʙʝ̡ʢʪʦʚ ʷʚʣʷʝʪʩʷ ʧʦʥʠʤʘʥʠʝ ʠ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʝ ʠʭ ʩʚʦʡʩʪʚ, ʚʩʣʝʜ 

ʟʘ ʘʥʘʣʠʟʦʤ ʧʨʠ ʨʝʘʣʠʟʘʮʠʠ ʩʠʩʪʝʤʥʦʛʦ ʧʦʜʭʦʜʘ ʩʣʝʜʫʝʪ ʩʠʥʪʝʟ. 

ɺʦʩʪʨʝʙʦʚʘʥʥʦʩʪʴ ʧʦʩʣʝʜʥʝʛʦ ʦʩʦʙʝʥʥʦ ʚʘʞʥʘ ʚ ʩʠʣʫ ʪʦʛʦ, ʯʪʦ 

ʜʘʥʥʳʡ ʤʳʩʣʠʪʝʣʴʥʳʡ ʧʨʦʮʝʩʩ, ʧʦ ʜʘʥʥʳʤ ʨʷʜʘ ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ, 

ʚʳʟʳʚʘʝʪ ʫ ʦʙʫʯʘʶʱʠʭʩʷ ʥʘʠʙʦʣʴʰʠʝ ʟʘʪʨʫʜʥʝʥʠʷ. 

ɼʣʷ ʬʠʟʠʢʦ-ʪʝʭʥʠʯʝʩʢʠʭ ʧʨʦʙʣʝʤ ʭʘʨʘʢʪʝʨʥʦ ʥʘʣʠʯʠʝ 

ʢʣʘʩʩʦʚ ʦʙʲʝʢʪʦʚ, ʯʪʦ ʩ ʥʝʦʙʭʦʜʠʤʦʩʪʴʶ ʪʨʝʙʫʝʪ ʦʙʦʙʱʝʥʠʷ 

ʚʳʚʦʜʦʚ ʦ ʩʚʦʡʩʪʚʘʭ ʠʟʫʯʘʝʤʦʛʦ ʦʙʲʝʢʪʘ ʥʘ ʚʝʩʴ ʢʣʘʩʩ. 

ʅʝʦʙʭʦʜʠʤʦʩʪʴ ʘʙʩʪʨʘʛʠʨʦʚʘʥʠʷ ʧʨʠ ʨʝʰʝʥʠʠ ʬʠʟʠʢʦ-

ʪʝʭʥʠʯʝʩʢʠʭ ʧʨʦʙʣʝʤ ʦʧʨʝʜʝʣʷʝʪʩʷ, ʧʨʝʞʜʝ ʚʩʝʛʦ, ʨʦʣʴʶ, ʢʦʪʦʨʫʶ 

ʠʛʨʘʝʪ ʧʨʠ ʵʪʦʤ ʬʠʟʠʯʝʩʢʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ, ʧʨʝʜʧʦʣʘʛʘʶʱʝʝ 

ʚʳʜʝʣʝʥʠʝ ʧʝʨʚʦʩʪʝʧʝʥʥʳʭ ʚ ʧʣʘʥʝ ʨʝʰʘʝʤʦʡ ʧʨʦʙʣʝʤʳ ʩʚʦʡʩʪʚ ʠ 

ʦʪʥʦʰʝʥʠʡ ʠʟʫʯʘʝʤʦʛʦ ʦʙʲʝʢʪʘ ʠ ʧʨʝʥʝʙʨʝʞʝʥʠʝ 

ʚʪʦʨʦʩʪʝʧʝʥʥʳʤʠ. 

ʌʠʟʠʯʝʩʢʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ, ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʩ 

ʥʝʦʙʭʦʜʠʤʦʩʪʴʶ ʧʨʝʜʧʦʣʘʛʘʝʪ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʩʨʘʚʥʝʥʠʷ ʤʦʜʝʣʠ ʩ 

ʨʝʘʣʴʥʦʩʪʴʶ. ʆʥʦ ʥʝʦʙʭʦʜʠʤʦ ʢʘʢ ʥʘ ʵʪʘʧʝ ʨʘʟʨʘʙʦʪʢʠ ʤʦʜʝʣʠ, 

ʧʨʠʟʚʘʥʥʦʡ ʦʪʨʘʞʘʪʴ ʦʙʲʝʢʪ ʠʩʩʣʝʜʦʚʘʥʠʷ ʠ ʟʘʤʝʱʘʪʴ ʝʛʦ ʪʘʢʠʤ 

ʦʙʨʘʟʦʤ, ʯʪʦʙʳ ʝʝ ʠʟʫʯʝʥʠʝ ʜʘʚʘʣʦ ʥʦʚʫʶ ʠʥʬʦʨʤʘʮʠʶ ʦʙ ʦʙʲʝʢʪʝ, 

ʪʘʢ ʠ ʥʘ ʵʪʘʧʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʧʨʦʚʝʨʢʠ ʤʦʜʝʣʠ, ʢʦʛʜʘ ʝʝ 

ʧʨʝʜʩʢʘʟʘʥʠʷ ʩʨʘʚʥʠʚʘʶʪʩʷ ʩ ʜʝʡʩʪʚʠʪʝʣʴʥʦʩʪʴʶ. 

ʅʘʢʦʥʝʮ, ʧʝʨʝʥʦʩ ʧʨʦʷʚʣʷʝʪʩʷ ʚ ʧʨʠʤʝʥʝʥʠʠ ʩʪʫʜʝʥʪʘʤʠ 

ʦʩʚʦʝʥʥʳʭ ʠʤʠ ʧʨʠ ʠʟʫʯʝʥʠʠ ʦʧʨʝʜʝʣʝʥʥʦʛʦ ʢʣʘʩʩʘ ʦʙʲʝʢʪʦʚ 

ʧʨʠʝʤʦʚ ʚ ʥʦʚʳʭ ʜʣʷ ʥʠʭ ʩʠʪʫʘʮʠʷʭ ʚ ʧʨʦʮʝʩʩʝ ʨʘʩʰʠʨʝʥʠʷ 

ʧʨʦʙʣʝʤʥʦʛʦ ʧʦʣʷ ʧʦʠʩʢʦʚʦ-ʧʦʟʥʘʚʘʪʝʣʴʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ. 

ʈʝʰʝʥʠʝ ʬʠʟʠʢʦ-ʪʝʭʥʠʯʝʩʢʠʭ ʧʨʦʙʣʝʤ, ʚ ʩʠʣʫ ʠʭ ʩʦʜʝʨʞʘʥʠʷ 

ʠ ʭʘʨʘʢʪʝʨʘ ʜʝʷʪʝʣʴʥʦʩʪʠ, ʩ ʥʝʦʙʭʦʜʠʤʦʩʪʴʶ ʪʨʝʙʫʝʪ ʠ, 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʩʧʦʩʦʙʩʪʚʫʝʪ ʨʘʟʚʠʪʠʶ ʨʷʜʘ ʚʘʞʥʝʡʰʠʭ 

ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʭ ʢʘʯʝʩʪʚ ʣʠʯʥʦʩʪʠ: 

Å ̫ʩʥʦʩʪʠ ʫʤʘ ï ʧʨʦʩʪʦʪʳ ʠ ʧʨʦʟʨʘʯʥʦʩʪʠ ʤʳʩʣʠ; 

Å ʣʦʛʠʯʥʦʩʪʠ ʫʤʘ ï ʩʠʩʪʝʤʘʪʠʯʥʦʩʪʠ ʚ ʤʳʰʣʝʥʠʠ; 

Å ʛʣʫʙʠʥʳ ʫʤʘ ï ʩʧʦʩʦʙʥʦʩʪʠ ʚʳʜʝʣʷʪʴ ʠ ʧʦʟʥʘʚʘʪʴ ʚ ʦʙʲʝʢʪʘʭ ʠ 

ʷʚʣʝʥʠʷʭ ʥʘʠʙʦʣʝʝ ʩʫʱʝʩʪʚʝʥʥʦʝ; 

Å ʰʠʨʦʪʳ ʫʤʘ ï ʨʘʟʥʦʩʪʦʨʦʥʥʦʩʪʠ ʤʳʰʣʝʥʠʷ; 
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Å ʛʠʙʢʦʩʪʠ ʫʤʘ ï ʩʧʦʩʦʙʥʦʩʪʠ ʢ ʠʟʤʝʥʝʥʠʶ ʧʨʠ ʥʝʦʙʭʦʜʠʤʦʩʪʠ 

ʥʘʧʨʘʚʣʝʥʠʷ ʤʳʰʣʝʥʠʷ; 

Å ʩʘʤʦʩʪʦʷʪʝʣʴʥʦʩʪʠ ʠ ʦʨʠʛʠʥʘʣʴʥʦʩʪʠ ʫʤʘ ï ʪʚʦʨʯʝʩʢʦʛʦ ʭʘʨʘʢʪʝʨʘ 

ʤʳʰʣʝʥʠʷ; 

Å ʢʨʠʪʠʯʥʦʩʪʠ ʫʤʘ ï ʘʨʛʫʤʝʥʪʠʨʦʚʘʥʥʦʩʪʠ ʩʫʞʜʝʥʠʡ, ʩʝʨʴʝʟʥʦʛʦ 

ʦʪʥʦʰʝʥʠʷ ʢ ʚʦʟʥʠʢʘʶʱʠʤ ʚʦʟʨʘʞʝʥʠʷʤ [28]. 

ʅʘʠʙʦʣʝʝ ʚʘʞʥʦʡ ʦʩʦʙʝʥʥʦʩʪʴʶ ʧʨʦʮʝʩʩʘ ʨʝʰʝʥʠʷ ʬʠʟʠʢʦ-

ʪʝʭʥʠʯʝʩʢʠʭ ʧʨʦʙʣʝʤ ʚ ʢʦʥʪʝʢʩʪʝ ʣʠʯʥʦʩʪʥʦʛʦ ʧʦʜʭʦʜʘ ʢ ʦʙʫʯʝʥʠʶ 

ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʝʛʦ ʪʚʦʨʯʝʩʢʠʡ ʭʘʨʘʢʪʝʨ [28, 29]. ʇʨʠ ʧʨʦʙʣʝʤʥʦʤ 

ʭʘʨʘʢʪʝʨʝ ʦʙʫʯʝʥʠʷ, ʢʦʛʜʘ ʢʘʞʜʳʡ ʠʟʫʯʘʝʤʳʡ ʚʦʧʨʦʩ ʚʳʩʪʫʧʘʝʪ 

ʢʘʢ ʧʨʝʜʤʝʪ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʦʥʦ ʩ ʥʝʦʙʭʦʜʠʤʦʩʪʴʶ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ 

ʚʩʝ ʦʩʥʦʚʥʳʝ ʵʪʘʧʳ ʪʚʦʨʯʝʩʢʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ ʠ ʪʨʝʙʫʝʪ ʧʨʦʷʚʣʝʥʠʷ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʢʘʯʝʩʪʚ ʣʠʯʥʦʩʪʠ. ɺʦ-ʧʝʨʚʳʭ, ʵʪʘʧ 

ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʪʚʦʨʯʝʩʢʦʡ ʩʠʪʫʘʮʠʠ, ʚʳʟʳʚʘʝʤʦʡ ʥʦʚʠʟʥʦʡ ʠ 

ʘʢʪʫʘʣʴʥʦʩʪʴʶ ʧʨʝʜʤʝʪʘ ʠʟʫʯʝʥʠʷ. ʅʘ ʵʪʦʤ ʵʪʘʧʝ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ 

ʮʝʣʝʧʦʣʘʛʘʥʠʝ, ʣʦʛʠʯʝʩʢʠʡ ʘʥʘʣʠʟ, ʥʘʧʨʘʚʣʝʥʥʳʡ ʥʘ ʨʘʩʢʨʳʪʠʝ 

ʬʠʟʠʯʝʩʢʦʡ ʩʫʱʥʦʩʪʠ ʠʟʫʯʘʝʤʦʡ ʧʨʦʙʣʝʤʳ. 

ɼʘʣʝʝ ʩʦʙʩʪʚʝʥʥʦ ʵʚʨʠʩʪʠʯʝʩʢʠʡ ʵʪʘʧ, ʥʘ ʢʦʪʦʨʦʤ 

ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʛʝʥʝʨʘʮʠʷ ʠʜʝʡ, ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʝ ʩʚʦʡʩʪʚ ʦʙʲʝʢʪʘ. 

ɿʜʝʩʴ ʥʘʠʙʦʣʝʝ ʩʫʱʝʩʪʚʝʥʥʳ ʠʥʪʫʠʮʠʷ, ʪʚʦʨʯʝʩʢʦʝ ʚʦʦʙʨʘʞʝʥʠʝ, 

ʦʨʠʛʠʥʘʣʴʥʦʩʪʴ ʤʳʰʣʝʥʠʷ. 

ʅʘʢʦʥʝʮ, ʵʪʘʧ ʟʘʚʝʨʰʝʥʠʷ ï ʦʙʦʩʥʦʚʘʥʠʷ ʠ ʨʝʘʣʠʟʘʮʠʠ 

ʧʨʦʜʫʢʪʘ ʪʚʦʨʯʝʩʢʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ (ʩʦʙʩʪʚʝʥʥʦʛʦ ʨʝʰʝʥʠʷ), 

ʧʨʝʜʧʦʣʘʛʘʶʱʠʡ ʢʨʠʪʠʯʝʩʢʠ-ʨʝʬʣʝʢʩʠʚʥʳʡ ʘʥʘʣʠʟ 

ʦʩʫʱʝʩʪʚʣʝʥʥʦʛʦ ʧʨʦʮʝʩʩʘ ʠ ʝʛʦ ʨʝʟʫʣʴʪʘʪʘ. 

ɺʦʩʪʨʝʙʦʚʘʥʥʳʤʠ ʠ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʨʘʟʚʠʚʘʝʤʳʤʠ 

ʦʢʘʟʳʚʘʶʪʩʷ ʚʩʝ ʦʩʥʦʚʥʳʝ ʧʨʠʝʤʳ ʪʚʦʨʯʝʩʢʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ [4, 30, 

31]: 

Å ʧʦʠʩʢ ʥʝʠʟʚʝʩʪʥʦʛʦ ʩ ʧʦʤʦʱʴʶ ʘʥʘʣʠʟʘ ʯʝʨʝʟ ʩʠʥʪʝʟ, ʩʦʩʪʦʷʱʠʡ 

ʚʦ ʚʢʣʶʯʝʥʠʠ ʠʟʫʯʘʝʤʦʛʦ (ʢʦʥʩʪʨʫʠʨʫʝʤʦʛʦ) ʦʙʲʝʢʪʘ ʚ ʥʦʚʳʝ 

ʩʚʷʟʠ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʦʙʥʘʨʫʞʠʪʴ ʚ ʥʝʤ ʥʦʚʳʝ ʩʚʦʡʩʪʚʘ; 

Å ʧʦʠʩʢ ʥʝʠʟʚʝʩʪʥʦʛʦ ʩ ʧʦʤʦʱʴʶ ʵʚʨʠʩʪʠʯʝʩʢʠʭ ʧʨʠʝʤʦʚ, 

ʦʩʥʦʚʳʚʘʶʱʠʭʩʷ ʥʘ ʧʨʘʚʜʦʧʦʜʦʙʥʳʭ ʜʠʩʢʫʨʩʠʚʥʳʭ ʨʘʩʩʫʞʜʝʥʠʷʭ, 

ʯʪʦ ʩʫʱʝʩʪʚʝʥʥʦ ʨʘʩʰʠʨʷʝʪ ʚʦʟʤʦʞʥʦʩʪʠ ʤʳʰʣʝʥʠʷ ʧʦ 

ʦʪʥʦʰʝʥʠʶ ʢ ʬʦʨʤʘʣʴʥʦ-ʣʦʛʠʯʝʩʢʦʤʫ; 

Å ʧʦʠʩʢ ʥʝʠʟʚʝʩʪʥʦʛʦ ʩ ʧʦʤʦʱʴʶ ʘʩʩʦʮʠʘʪʠʚʥʦʛʦ ʤʝʭʘʥʠʟʤʘ, 

ʧʨʝʜʧʦʣʘʛʘʶʱʝʛʦ ʰʠʨʦʢʦʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʘʥʘʣʦʛʠʡ, ʠʥʬʦʨʤʘʮʠʠ, 

ʟʘʠʤʩʪʚʦʚʘʥʥʦʡ ʠʟ ʠʤʝʶʱʠʭʩʷ ʨʝʟʫʣʴʪʘʪʦʚ; 
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Å ʧʦʠʩʢ ʥʝʠʟʚʝʩʪʥʦʛʦ ʩ ʧʦʤʦʱʴʶ ʤʝʭʘʥʠʟʤʘ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ 

ʠʥʪʫʠʪʠʚʥʦʛʦ ʠ ʣʦʛʠʯʝʩʢʦʛʦ ʥʘʯʘʣ. 

ɺ ʧʨʦʮʝʩʩʝ ʧʨʠʦʙʨʝʪʝʥʠʷ ʦʧʳʪʘ ʪʚʦʨʯʝʩʢʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ ʚ 

ʦʙʣʘʩʪʠ ʨʝʰʝʥʠʷ ʧʨʦʙʣʝʤ ʪʝʭʥʠʯʝʩʢʦʡ ʬʠʟʠʢʠ ʬʦʨʤʠʨʫʝʪʩʷ ʮʝʣʳʡ 

ʨʷʜ ʩʦʮʠʘʣʴʥʦ-ʟʥʘʯʠʤʳʭ ʢʘʯʝʩʪʚ ʣʠʯʥʦʩʪʠ, ʚ ʪʦʤ ʯʠʩʣʝ: 

Å ʚʥʫʪʨʝʥʥʝʝ ʩʪʨʝʤʣʝʥʠʝ ʢ ʘʢʪʠʚʥʦʤʫ ʧʦʠʩʢʫ ʥʦʚʳʭ ʧʨʦʙʣʝʤ ʠ 

ʟʘʜʘʯ, ʠʥʩʪʨʫʤʝʥʪʘʨʠʷ ʜʝʷʪʝʣʴʥʦʩʪʠ; 

Å ʩʧʦʩʦʙʥʦʩʪʴ ʨʘʙʦʪʘʪʴ ʚ ʫʩʣʦʚʠʷʭ ʥʝʦʧʨʝʜʝʣʝʥʥʦʩʪʠ; 

Å ʮʝʣʝʥʘʧʨʘʚʣʝʥʥʦʩʪʴ ʤʳʰʣʝʥʠʷ ʠ ʜʝʷʪʝʣʴʥʦʩʪʠ; 

Å ʢʦʥʩʪʨʫʢʪʠʚʥʦʩʪʴ ʤʳʰʣʝʥʠʷ ʠ ʜʝʷʪʝʣʴʥʦʩʪʠ, ʠʭ ʧʨʦʜʫʢʪʠʚʥʦʩʪʴ; 

Å ʦʪʚʝʪʩʪʚʝʥʥʦʝ ʦʪʥʦʰʝʥʠʝ ʢ ʧʣʘʥʠʨʦʚʘʥʠʶ ʠ ʦʨʛʘʥʠʟʘʮʠʠ 

ʧʨʦʛʨʘʤʤʳ ʜʝʡʩʪʚʠʡ; 

Å ʩʠʩʪʝʤʘʪʠʯʥʦʩʪʴ ʚ ʚʳʧʦʣʥʝʥʠʠ ʧʨʦʛʨʘʤʤʳ ʜʝʡʩʪʚʠʡ; 

Å ʢʨʠʪʠʯʥʦʩʪʴ ʤʳʰʣʝʥʠʷ; 

Å ʦʪʢʨʳʪʦʩʪʴ ʥʦʚʦʤʫ; 

Å ʩʘʤʦʩʪʦʷʪʝʣʴʥʦʩʪʴ ʤʳʰʣʝʥʠʷ, ʝʛʦ ʠʥʜʠʚʠʜʫʘʣʴʥʳʡ ʩʪʠʣʴ; 

Å ʢʦʤʤʫʥʠʢʘʙʝʣʴʥʦʩʪʴ. 
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3. ʂʃʖʏɽɺʓɽ ʂʆʅʎɽʇʊʓ ʀʅʊɽɻʈɸʎʀʀ 

ʌʋʅɼɸʄɽʅʊɸʃʔʅʆʁ ʀ ʇʈʀʂʃɸɼʅʆʁ 

ʉʆʉʊɸɺʃʗʖʑʀʍ ʉʆɼɽʈɾɸʅʀʗ ʌʀɿʀʏɽʉʂʆɻʆ 

ʆɹʈɸɿʆɺɸʅʀʗ 

ɺ ʥʘʩʪʦʷʱʝʤ ʨʘʟʜʝʣʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʢʦʥʮʝʧʪʫʘʣʴʥʳʝ ʦʩʥʦʚʳ 

ʩʪʨʘʪʝʛʠʠ ʠʥʪʝʛʨʠʨʦʚʘʥʥʦʛʦ ʚ ʫʢʘʟʘʥʥʦʤ ʩʤʳʩʣʝ ʦʙʫʯʝʥʠʷ, 

ʦʙʝʩʧʝʯʠʚʘʶʱʝʡ ʢʦʥʩʪʨʫʢʪʠʚʥʳʡ ʩʠʥʪʝʟ ʟʥʘʥʠʡ ʠ ʫʤʝʥʠʡ, 

ʦʪʚʝʯʘʶʱʠʭ ʬʫʥʜʘʤʝʥʪʘʣʴʥʦʡ ʠ ʧʨʠʢʣʘʜʥʦʡ ʥʘʫʢʘʤ ʠ ʚʝʜʫʱʝʡ ʢ 

ʬʦʨʤʠʨʦʚʘʥʠʶ ʫ ʦʙʫʯʘʶʱʠʭʩʷ ʦʧʳʪʘ ʩʠʩʪʝʤʥʦʛʦ ʦʩʚʦʝʥʠʷ 

ʩʦʜʝʨʞʘʥʠʷ ʥʦʚʦʡ ʜʣʷ ʥʠʭ ʧʨʝʜʤʝʪʥʦʡ ʦʙʣʘʩʪʠ ʠ ʩʠʩʪʝʤʥʳʭ 

ʜʝʡʩʪʚʠʡ ʚ ʥʝʡ. 

ʀʥʪʝʛʨʘʮʠʷ ʬʫʥʜʘʤʝʥʪʘʣʴʥʦʡ ʠ ʧʨʠʢʣʘʜʥʦʡ ʩʦʩʪʘʚʣʷʶʱʠʭ 

ʩʦʜʝʨʞʘʥʠʷ ʬʠʟʠʯʝʩʢʦʛʦ ʦʙʨʘʟʦʚʘʥʠʷ ʚʳʩʪʫʧʘʝʪ ʚ ʩʠʩʪʝʤʝ 

ʦʙʫʯʝʥʠʷ ʚ ʪʨʝʭ ʢʘʯʝʩʪʚʘʭ: 

1) ʢʣʶʯʝʚʦʛʦ ʢʦʥʮʝʧʪʘ ʧʦʩʪʨʦʝʥʠʷ ʫʯʝʙʥʳʭ ʧʨʦʛʨʘʤʤ ʚ ʤʘʩʰʪʘʙʘʭ 

ʦʩʥʦʚʥʳʭ ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʭ ʧʨʦʛʨʘʤʤ ʠ ʧʨʦʛʨʘʤʤ ʦʪʜʝʣʴʥʳʭ 

ʫʯʝʙʥʳʭ ʜʠʩʮʠʧʣʠʥ; 

2) ʧʨʦʮʝʩʩʘ ʫʩʪʘʥʦʚʣʝʥʠʷ ʩʦʜʝʨʞʘʪʝʣʴʥʳʭ ʠ ʜʝʷʪʝʣʴʥʦʩʪʥʳʭ 

ʩʚʷʟʝʡ ʤʝʞʜʫ ʬʫʥʜʘʤʝʥʪʘʣʴʥʦʡ ʠ ʧʨʠʢʣʘʜʥʦʡ ʩʦʩʪʘʚʣʷʶʱʠʤʠ 

ʧʨʝʜʤʝʪʥʦʡ ʧʦʜʛʦʪʦʚʢʠ; 

3) ʦʩʥʦʚʘʥʠʷ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʥʝʦʙʭʦʜʠʤʳʭ ʧʦʢʘʟʘʪʝʣʝʡ ʢʘʯʝʩʪʚʘ ʠ 

ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʬʠʟʠʯʝʩʢʦʛʦ ʦʙʨʘʟʦʚʘʥʠʷ. 

ɺ ʧʝʨʚʦʤ ʩʚʦʝʤ ʢʘʯʝʩʪʚʝ ʠʥʪʝʛʨʘʮʠʷ ʚʳʩʪʫʧʘʝʪ ʢʘʢ ʩʨʝʜʩʪʚʦ 

ʨʝʘʣʠʟʘʮʠʠ ʚ ʦʙʫʯʝʥʠʠ ʬʠʟʠʢʝ ʨʷʜʘ ʚʝʜʫʱʠʭ ʜʠʜʘʢʪʠʯʝʩʢʠʭ 

ʧʨʠʥʮʠʧʦʚ: 

- ʩʠʩʪʝʤʥʦʩʪʠ ï ʚ ʩʠʣʫ ʦʙʝʩʧʝʯʝʥʠʷ ʚʟʘʠʤʦʩʚʷʟʠ ʪʝʦʨʝʪʠʯʝʩʢʦʡ ʠ 

ʧʨʠʢʣʘʜʥʦʡ ʩʦʩʪʘʚʣʷʶʱʠʭ ʩʦʜʝʨʞʘʥʠʷ ʦʙʨʘʟʦʚʘʥʠʷ, ʧʨʠʜʘʶʱʝʡ 

ʝʤʫ ʥʦʚʦʝ ʢʘʯʝʩʪʚʦ; 

- ʥʘʫʯʥʦʩʪʠ ï ʚ ʩʠʣʫ ʦʙʦʛʘʱʝʥʠʷ ʩʦʜʝʨʞʘʥʠʷ ʩʦʚʨʝʤʝʥʥʳʤ 

ʤʘʪʝʨʠʘʣʦʤ, ʝʛʦ ʧʨʦʙʣʝʤʥʦʛʦ ʭʘʨʘʢʪʝʨʘ, ʬʫʥʜʘʤʝʥʪʘʣʠʟʘʮʠʠ 

ʧʨʝʜʤʝʪʥʦʡ ʧʦʜʛʦʪʦʚʢʠ; 

- ʩʚʷʟʠ ʪʝʦʨʠʠ ʩ ʧʨʘʢʪʠʢʦʡ ï ʚ ʩʠʣʫ ʥʘʧʨʘʚʣʝʥʥʦʩʪʠ ʥʘ 

ʬʦʨʤʠʨʦʚʘʥʠʝ ʫ ʦʙʫʯʘʶʱʠʭʩʷ ʜʝʡʩʪʚʝʥʥʦʡ ʛʦʪʦʚʥʦʩʪʠ ʢ 

ʧʨʠʤʝʥʝʥʠʶ ʪʝʦʨʝʪʠʯʝʩʢʠʭ ʟʥʘʥʠʡ; 

- ʜʠʬʬʝʨʝʥʮʠʨʦʚʘʥʥʦʛʦ ʠ ʠʥʜʠʚʠʜʫʘʣʴʥʦʛʦ ʧʦʜʭʦʜʦʚ ʢ ʦʙʫʯʝʥʠʶ ï 

ʚ ʩʠʣʫ ʧʨʝʜʦʩʪʘʚʣʷʝʤʳʭ ʩʦʜʝʨʞʘʥʠʝʤ ʧʨʦʙʣʝʤʘʪʠʢʠ ʩʦʚʨʝʤʝʥʥʳʭ 

ʥʘʫʯʥʦ-ʪʝʭʥʠʯʝʩʢʠʭ ʜʦʩʪʠʞʝʥʠʡ ʚʦʟʤʦʞʥʦʩʪʝʡ ʦʩʫʱʝʩʪʚʣʝʥʠʷ 
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ʨʘʟʥʦʫʨʦʚʥʝʚʦʛʦ ʦʙʫʯʝʥʠʷ ʠ ʨʘʟʥʦʦʙʨʘʟʠʷ ʧʦʜʭʦʜʦʚ ʢ ʦʩʚʦʝʥʠʶ 

ʧʨʝʜʤʝʪʥʦʛʦ ʤʘʪʝʨʠʘʣʘ; 

- ʤʦʪʠʚʘʮʠʠ ʢ ʦʙʫʯʝʥʠʶ ï ʚ ʩʠʣʫ ʘʢʪʫʘʣʠʟʘʮʠʠ ʫʯʝʙʥʦʛʦ 

ʤʘʪʝʨʠʘʣʘ, ʣʠʯʥʦʩʪʥʦʡ ʟʥʘʯʠʤʦʩʪʠ ʩʦʜʝʨʞʘʥʠʷ ʠʟʫʯʘʝʤʦʡ 

ʧʨʦʙʣʝʤʘʪʠʢʠ. 

ɹʫʜʫʯʠ ʨʝʘʣʠʟʦʚʘʥʥʦʡ ʚʦ ʚʪʦʨʦʤ ʩʚʦʝʤ ʢʘʯʝʩʪʚʝ, ʠʥʪʝʛʨʘʮʠʷ 

ʚʳʩʪʫʧʘʝʪ ʢʘʢ ʩʨʝʜʩʪʚʦ ʦʙʝʩʧʝʯʝʥʠʷ ʚʳʩʦʢʦʛʦ ʫʨʦʚʥʷ ʦʨʛʘʥʠʟʘʮʠʠ 

ʠ ʜʠʥʘʤʠʯʥʦʩʪʠ ʫʤʩʪʚʝʥʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ ʦʙʫʯʘʶʱʠʭʩʷ, ʝʝ 

ʩʫʱʥʦʩʪʥʦʛʦ, ʥʝʬʦʨʤʘʣʴʥʦʛʦ ʭʘʨʘʢʪʝʨʘ, ʦʩʚʦʝʥʠʷ ʦʧʳʪʘ ʨʝʰʝʥʠʷ 

ʘʢʪʫʘʣʴʥʳʭ ʧʨʦʙʣʝʤ, ʦʩʤʳʩʣʝʥʠʷ ʨʝʟʫʣʴʪʘʪʠʚʥʦʩʪʠ ʠʩʧʦʣʴʟʫʝʤʳʭ 

ʜʣʷ ʥʝʛʦ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʭ ʤʝʪʦʜʦʚ, ʮʝʣʦʩʪʥʦʩʪʠ ʧʦʠʩʢʦʚʦ-

ʧʦʟʥʘʚʘʪʝʣʴʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ. 

ʆʩʦʙʦʝ ʟʥʘʯʝʥʠʝ ʚ ʧʣʘʥʝ ʧʦʜʛʦʪʦʚʢʠ ʧʝʜʘʛʦʛʠʯʝʩʢʠʭ ʢʘʜʨʦʚ 

ʟʜʝʩʴ ʠʛʨʘʝʪ ʢʦʥʪʝʢʩʪʥʦʩʪʴ ʨʝʰʘʝʤʳʭ ʚ ʜʘʥʥʦʤ ʧʨʦʙʣʝʤʥʦʤ ʧʦʣʝ 

ʟʘʜʘʯ ʠ ʚʦʩʪʨʝʙʦʚʘʥʥʦʩʪʴ ʜʣʷ ʠʭ ʨʝʰʝʥʠʷ ʥʝʧʨʝʨʳʚʥʦʛʦ 

ʜʠʥʘʤʠʯʥʦʛʦ ʦʩʚʦʝʥʠʷ ʠ ʜʠʜʘʢʪʠʯʝʩʢʦʛʦ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʥʦʚʳʭ 

ʟʥʘʥʠʡ, ʯʪʦ, ʚ ʢʦʥʝʯʥʦʤ ʩʯʝʪʝ, ʜʦʣʞʥʦ ʩʧʦʩʦʙʩʪʚʦʚʘʪʴ 

ʬʦʨʤʠʨʦʚʘʥʠʶ ʚʘʞʥʝʡʰʝʡ ʢʦʤʧʝʪʝʥʪʥʦʩʪʠ ï ʢʦʤʧʝʪʝʥʪʥʦʩʪʠ ʢ 

ʦʙʥʦʚʣʝʥʠʶ ʩʚʦʠʭ ʢʦʤʧʝʪʝʥʪʥʦʩʪʝʡ [32]. 

ʅʘʢʦʥʝʮ, ʚʳʩʪʫʧʘʷ ʚ ʢʘʯʝʩʪʚʝ ʦʩʥʦʚʘʥʠʷ ʦʙʝʩʧʝʯʝʥʠʷ 

ʢʘʯʝʩʪʚʘ ʦʙʨʘʟʦʚʘʥʠʷ, ʠʥʪʝʛʨʘʮʠʷ ʩʧʦʩʦʙʩʪʚʫʝʪ ʧʦʚʳʰʝʥʠʶ ʚʩʝʛʦ 

ʢʦʤʧʣʝʢʩʘ ʝʛʦ ʧʦʢʘʟʘʪʝʣʝʡ [33]: 

ï ʢʘʯʝʩʪʚʘ ʨʝʟʫʣʴʪʘʪʦʚ ʚ ʯʘʩʪʠ ʰʠʨʦʪʳ ʦʧʳʪʘ ʜʝʷʪʝʣʴʥʦʩʪʠ, ʫʨʦʚʥʷ 

ʠ ʧʨʦʯʥʦʩʪʠ ʝʝ ʦʩʚʦʝʥʠʷ, ʦʩʦʟʥʘʥʥʦʩʪʠ ʠ ʦʙʦʙʱʝʥʥʦʩʪʠ ʜʝʡʩʪʚʠʡ; 

ï ʢʘʯʝʩʪʚʘ ʩʦʜʝʨʞʘʥʠʷ ʚ ʯʘʩʪʠ ʝʛʦ ʧʦʣʥʦʪʳ, ʧʨʠʙʣʠʞʝʥʠʷ ʢ 

ʩʦʩʪʦʷʥʠʶ ʩʦʚʨʝʤʝʥʥʦʡ ʥʘʫʢʠ; 

ï ʢʘʯʝʩʪʚʘ ʧʨʝʧʦʜʘʚʘʥʠʷ ʚ ʯʘʩʪʠ ʦʙʦʛʘʱʝʥʠʷ ʩʧʝʮʠʘʣʴʥʳʭ ʟʥʘʥʠʡ 

ʧʝʜʘʛʦʛʘ ʚ ʧʨʝʜʤʝʪʥʦʡ ʦʙʣʘʩʪʠ, ʦʚʣʘʜʝʥʠʷ ʠʤ ʩʦʚʨʝʤʝʥʥʳʤ 

ʠʥʩʪʨʫʤʝʥʪʘʨʠʝʤ ʧʦʟʥʘʚʘʪʝʣʴʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ, ʚʳʨʘʙʦʪʢʠ 

ʘʜʝʢʚʘʪʥʦʛʦ ʩʦʮʠʦʢʫʣʴʪʫʨʥʦʡ ʩʠʪʫʘʮʠʠ ʦʪʥʦʰʝʥʠʷ ʢ ʠʥʥʦʚʘʮʠʷʤ, 

ʧʝʨʩʦʥʘʣʠʟʘʮʠʠ ʧʝʜʘʛʦʛʘ ʚ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ; 

ï ʢʘʯʝʩʪʚʘ ʪʝʭʥʦʣʦʛʠʠ ʦʙʫʯʝʥʠʷ ʚ ʯʘʩʪʠ ʥʘʮʝʣʝʥʥʦʩʪʠ ʥʘ ʨʝʟʫʣʴʪʘʪ 

ʢʘʢ ʩʠʩʪʝʤʦʦʙʨʘʟʫʶʱʠʡ ʬʘʢʪʦʨ ʜʝʷʪʝʣʴʥʦʩʪʠ, ʜʠʘʛʥʦʩʪʠʯʥʦʩʪʠ 

ʟʘʜʘʥʠʷ ʮʝʣʝʡ ʦʙʫʯʝʥʠʷ ʚ ʧʣʘʥʝ ʬʦʨʤʠʨʦʚʘʥʠʷ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʳʭ 

ʢʦʤʧʝʪʝʥʪʥʦʩʪʝʡ ʠ ʣʠʯʥʦʩʪʥʳʭ ʢʘʯʝʩʪʚ ʙʫʜʫʱʝʛʦ ʩʧʝʮʠʘʣʠʩʪʘ, 

ʰʠʨʦʢʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʧʨʦʝʢʪʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʭ ʪʝʭʥʦʣʦʛʠʡ 

ʦʙʫʯʝʥʠʷ, ʧʨʠʙʣʠʞʘʶʱʠʭ ʝʛʦ ʢ ʨʝʘʣʴʥʦʡ ʥʘʫʯʥʦ-ʪʝʭʥʠʯʝʩʢʦʡ 

ʜʝʷʪʝʣʴʥʦʩʪʠ. 
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ʀʥʪʝʛʨʘʮʠʷ ʩʦʜʝʨʞʘʥʠʷ ʧʨʝʜʤʝʪʥʦʡ ʧʦʜʛʦʪʦʚʢʠ ʚ ʝʛʦ  

ʬʫʥʜʘʤʝʥʪʘʣʴʥʦʤ ʠ ʧʨʠʢʣʘʜʥʦʤ ʘʩʧʝʢʪʘʭ ʥʘ ʦʩʥʦʚʝ ʧʨʦʙʣʝʤʘʪʠʢʠ 

ʩʦʚʨʝʤʝʥʥʳʭ ʥʘʫʢʦʝʤʢʠʭ ʪʝʭʥʦʣʦʛʠʡ  ʪʨʝʙʫʝʪ, ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ, 

ʨʘʟʨʘʙʦʪʢʠ ʜʠʜʘʢʪʠʯʝʩʢʠ ʠ ʤʝʪʦʜʦʣʦʛʠʯʝʩʢʠ ʦʙʦʩʥʦʚʘʥʥʳʭ 

ʧʦʜʭʦʜʦʚ  ʢ ʦʪʙʦʨʫ ʥʦʚʦʛʦ ʩʦʜʝʨʞʘʥʠʷ. 

ɺ ʢʘʯʝʩʪʚʝ ʦʩʥʦʚʥʳʭ ʢʨʠʪʝʨʠʝʚ ʦʪʙʦʨʘ ʧʨʝʜʤʝʪʥʦʛʦ 

ʩʦʜʝʨʞʘʥʠʷ ʦʙʫʯʝʥʠʷ, ʦʪʚʝʯʘʶʱʠʭ ʩʬʦʨʤʫʣʠʨʦʚʘʥʥʳʤ 

ʧʨʠʥʮʠʧʘʤ,  ʚʳʩʪʫʧʘʶʪ 

Å ʘʢʪʫʘʣʴʥʦʩʪʴ: ʚʳʩʦʢʠʝ ʥʘʫʯʥʘʷ ʠ ʧʨʘʢʪʠʯʝʩʢʘʷ ʟʥʘʯʠʤʦʩʪʠ, 

ʩʦʮʠʦʢʫʣʴʪʫʨʥʦʝ ʟʥʘʯʝʥʠʝ, ʛʫʤʘʥʠʩʪʠʯʝʩʢʘʷ ʮʝʥʥʦʩʪʴ; 

Å ʦʨʛʘʥʠʯʥʦʩʪʴ ʩʚʷʟʠ ʨʝʰʝʥʠʷ ʧʨʦʙʣʝʤʳ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʭ ʬʠʟʠʯʝʩʢʠʭ ʟʥʘʥʠʡ; 

Å ʨʘʟʨʘʙʦʪʘʥʥʦʩʪʴ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʭ ʦʩʥʦʚ; 

Å ʧʨʝʜʩʪʘʚʣʝʥʥʦʩʪʴ ʚ ʦʨʠʛʠʥʘʣʴʥʳʭ ʨʘʙʦʪʘʭ  ʭʦʜʘ ʧʦʠʩʢʦʚʦʡ 

ʜʝʷʪʝʣʴʥʦʩʪʠ; 

Å ʩʦʩʪʦʷʥʠʝ ʨʘʟʚʠʪʠʷ; 

Å ʧʨʝʜʩʪʘʚʠʪʝʣʴʥʦʩʪʴ ʧʨʦʙʣʝʤʘʪʠʢʠ ʚ ʩʦʜʝʨʞʘʪʝʣʴʥʦʤ ʠ 

ʤʝʪʦʜʦʣʦʛʠʯʝʩʢʦʤ ʘʩʧʝʢʪʘʭ; 

Å ʩʠʩʪʝʤʥʦʩʪʴ ʧʨʦʙʣʝʤʘʪʠʢʠ; 

Å ʚʦʟʤʦʞʥʦʩʪʴ ʜʝʷʪʝʣʴʥʦʩʪʥʦʛʦ ʦʩʚʦʝʥʠʷ ʧʨʦʙʣʝʤʘʪʠʢʠ; 

Å ʚʦʩʪʨʝʙʦʚʘʥʥʦʩʪʴ ʧʨʠ ʦʩʚʦʝʥʠʠ ʧʨʠʦʙʨʝʪʝʥʠʷ ʥʦʚʳʭ ʟʥʘʥʠʡ ʠ 

ʫʤʝʥʠʡ; 

Å ʧʨʝʜʩʪʘʚʠʪʝʣʴʥʦʩʪʴ ʧʦʣʫʯʘʝʤʳʭ ʟʥʘʥʠʡ ʚ ʧʣʘʥʝ ʦʙʝʩʧʝʯʝʥʠʷ 

ʧʦʥʠʤʘʥʠʷ ʧʝʨʝʜʦʚʳʭ ʥʘʫʯʥʦ-ʪʝʭʥʠʯʝʩʢʠʭ ʜʦʩʪʠʞʝʥʠʡ. 

ʋʢʘʟʘʥʥʳʤ ʢʨʠʪʝʨʠʷʤ ʚ ʧʦʣʥʦʡ ʤʝʨʝ ʦʪʚʝʯʘʝʪ ʧʨʝʜʤʝʪʥʦʝ 

ʩʦʜʝʨʞʘʥʠʝ ʬʦʪʦʥʠʢʠ, ʤʝʪʦʜʠʢʝ ʠʟʫʯʝʥʠʷ ʢʦʪʦʨʦʡ ʧʦʩʚʷʱʝʥʘ 

ʩʣʝʜʫʶʱʘʷ ʛʣʘʚʘ ʧʦʩʦʙʠʷ. ʉʦʛʣʘʩʥʦ Photonic Dictionary Laurin 

Publishing Co [34], ʬʦʪʦʥʠʢʘ ʦʧʨʝʜʝʣʷʝʪʩʷ ʢʘʢ çʦʙʣʘʩʪʴ ʥʘʫʢʠ ʠ 

ʪʝʭʥʠʢʠ, ʩʚʷʟʘʥʥʘʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʚʝʪʦʚʦʛʦ ʠʟʣʫʯʝʥʠʷ (ʠʣʠ 

ʧʦʪʦʢʘ ʬʦʪʦʥʦʚ) ʚ ʦʧʪʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʘʭ, ʫʩʪʨʦʡʩʪʚʘʭ ʠʣʠ 

ʩʠʩʪʝʤʘʭ, ʚ ʢʦʪʦʨʳʭ ʛʝʥʝʨʠʨʫʶʪʩʷ, ʫʩʠʣʠʚʘʶʪʩʷ, ʤʦʜʝʣʠʨʫʶʪʩʷ, 

ʨʘʩʧʨʦʩʪʨʘʥʷʶʪʩʷ ʠ ʜʝʪʝʢʪʠʨʫʶʪʩʷ ʦʧʪʠʯʝʩʢʠʝ ʩʠʛʥʘʣʳ, ʘ ʪʘʢʞʝ 

ʧʨʦʠʟʚʦʜʠʪʩʷ ʠʭ ʟʘʧʠʩʴ ʠʣʠ ʦʪʦʙʨʘʞʝʥʠʝè. ɺ ʨʦʩʩʠʡʩʢʦʤ ʩʣʦʚʘʨʝ 

ʪʝʨʤʠʥʦʚ ʜʘʸʪʩʷ ʩʣʝʜʫʶʱʝʝ ʦʧʨʝʜʝʣʝʥʠʝ: çʌʦʪʦʥʠʢʘ ð ʥʘʫʢʘ ʦ 

ʛʝʥʝʨʘʮʠʠ ʠ ʧʨʘʢʪʠʯʝʩʢʦʤ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʩʚʝʪʘ ʠ ʜʨʫʛʠʭ ʬʦʨʤ 

ʵʥʝʨʛʠʠ ʠʟʣʫʯʝʥʠʡ, ʢʚʘʥʪʦʚʦʡ ʝʜʠʥʠʮʝʡ ʢʦʪʦʨʳʭ ʷʚʣʷʝʪʩʷ ʬʦʪʦʥè 

[35]. ʇʦʩʣʝʜʥʠʡ, ʘʥʘʣʦʛʠʯʥʦ ʵʣʝʢʪʨʦʥʫ ʚ ʵʣʝʢʪʨʦʥʠʢʝ ʚʳʩʪʫʧʘʝʪ 
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ʢʘʢ ʤʘʪʝʨʠʘʣʴʥʳʡ ʘʛʝʥʪ ʩʠʩʪʝʤ ʧʝʨʝʜʘʯʠ, ʧʨʠʸʤʘ, ʭʨʘʥʝʥʠʷ, 

ʧʝʨʝʨʘʙʦʪʢʠ ʠ ʦʪʦʙʨʘʞʝʥʠʷ ʠʥʬʦʨʤʘʮʠʠ. 

ʆʙ ʘʢʪʫʘʣʴʥʦʩʪʠ ʬʦʪʦʥʠʢʠ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʥʝʧʨʝʨʳʚʥʦʝ 

ʨʘʩʰʠʨʝʥʠʝ ʝʸ ʨʳʥʢʘ, ʢʦʪʦʨʳʡ ʢ 2015 ʛʦʜʫ ʩʦʩʪʘʚʣʷʝʪ ʚ ʤʠʨʝ 

1 ʪʨʣʥ. ʜʦʣʣʘʨʦʚ. ʅʘ ʜʦʣʶ ʬʦʪʦʥʠʢʠ ʧʨʠʭʦʜʠʪʩʷ ʜʦ 35% 

ʧʦʪʨʝʙʠʪʝʣʴʩʢʠʭ ʪʝʭʥʠʯʝʩʢʠʭ ʪʦʚʘʨʦʚ [36]. ʅʝʣʴʟʷ ʥʝ ʦʪʤʝʪʠʪʴ 

ʜʠʥʘʤʠʯʥʳʡ ʨʦʩʪ ʦʙʲʝʤʘ ʤʠʨʦʚʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ ʬʦʪʦʥʠʢʠ: 

ʝʞʝʛʦʜʥʳʡ ʝʛʦ ʧʨʠʨʦʩʪ ʚ ɽʚʨʦʧʝ ʩʦʩʪʘʚʣʷʝʪ 8%. 

ɺ ʧʨʠʦʨʠʪʝʪʳ ʬʦʪʦʥʠʢʠ ʚʭʦʜʷʪ ʪʘʢʠʝ ʚʘʞʥʝʡʰʠʝ ʜʣʷ 

ʨʘʟʚʠʪʠʷ ʯʝʣʦʚʝʯʝʩʪʚʘ ʥʘʧʨʘʚʣʝʥʠʷ ʜʝʷʪʝʣʴʥʦʩʪʠ, ʢʘʢ 

ʠʥʬʦʨʤʘʮʠʦʥʥʦ-ʪʝʣʝʢʦʤʤʫʥʠʢʘʮʠʦʥʥʳʝ ʪʝʭʥʦʣʦʛʠʠ, ʵʥʝʨʛʝʪʠʢʘ, 

ʤʝʜʠʮʠʥʘ, ʦʙʦʨʦʥʘ ʠ ʙʝʟʦʧʘʩʥʦʩʪʴ. 

ʊʝʦʨʝʪʠʯʝʩʢʦʡ ʦʩʥʦʚʦʡ ʬʦʪʦʥʠʢʠ ʷʚʣʷʝʪʩʷ ʬʫʥʜʘʤʝʥʪʘʣʴʥʘʷ 

ʬʠʟʠʢʘ ʠ, ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ, ʪʘʢʠʝ ʝʝ ʨʘʟʜʝʣʳ ʢʘʢ 

ʵʣʝʢʪʨʦʜʠʥʘʤʠʢʘ, ʢʚʘʥʪʦʚʘʷ ʬʠʟʠʢʘ, ʩʪʘʪʠʩʪʠʯʝʩʢʘʷ ʬʠʟʠʢʘ, 

ʪʝʨʤʦʜʠʥʘʤʠʢʘ, ʵʣʝʢʪʨʦʥʥʘʷ ʪʝʦʨʠʷ ʪʚʝʨʜʦʛʦ ʪʝʣʘ, ʠ ʚ ʧʦʩʣʝʜʥʝʝ 

ʚʨʝʤʷ ï ʬʠʟʠʢʘ ʥʠʟʢʦʨʘʟʤʝʨʥʳʭ ʩʠʩʪʝʤ (ʥʘʥʦʩʪʨʫʢʪʫʨ). ɺʘʞʥʦ 

ʦʪʤʝʪʠʪʴ, ʯʪʦ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʡ ʭʘʨʘʢʪʝʨ ʠʤʝʶʪ ʥʝ ʪʦʣʴʢʦ 

ʬʠʟʠʯʝʩʢʠʝ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ, ʦʧʨʝʜʝʣʷʶʱʠʝ ʩʚʦʡʩʪʚʘ ʤʘʪʝʨʠʘʣʦʚ ʠ 

ʫʩʪʨʦʡʩʪʚ ʬʦʪʦʥʠʢʠ, ʥʦ ʠ ʪʝʭʥʦʣʦʛʠʷ ʠʭ ʠʟʛʦʪʦʚʣʝʥʠʷ, ʯʪʦ 

ʧʨʦʷʚʠʣʦʩʴ ʚ ʧʨʠʩʫʞʜʝʥʠʠ ʚ ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ ʅʦʙʝʣʝʚʩʢʠʭ ʧʨʝʤʠʡ 

ʧʦ ʬʠʟʠʢʝ ʟʘ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ, ʧʦ ʩʫʱʝʩʪʚʫ, ʜʦʩʪʠʞʝʥʠʷ. 

ɺʝʨʥʳʤ ʠʥʜʠʢʘʪʦʨʦʤ ʧʨʝʜʩʪʘʚʠʪʝʣʴʥʦʩʪʠ ʬʦʪʦʥʠʢʠ ʷʚʣʷʝʪʩʷ 

ʬʦʨʤʠʨʦʚʘʥʠʝ ʧʦʛʨʘʥʠʯʥʳʭ ʢ ʥʝʡ ʜʠʩʮʠʧʣʠʥ, ʚ ʪʦʤ ʯʠʩʣʝ 

ʦʧʪʦʠʥʬʦʨʤʘʪʠʢʠ. 

ʆʩʥʦʚʥʳʤʠ ʬʘʢʪʦʨʘʤʠ, ʦʧʨʝʜʝʣʷʶʱʠʤʠ ʨʘʟʚʠʪʠʝ ʬʦʪʦʥʠʢʠ, 

ʷʚʣʷʶʪʩʷ ʬʠʟʠʢʘ (ʬʠʟʠʯʝʩʢʠʝ ʦʩʥʦʚʳ), ʠʩʧʦʣʴʟʫʝʤʳʝ ʤʘʪʝʨʠʘʣʳ ʠ 

ʪʝʭʥʦʣʦʛʠʠ. ʈʘʟʨʘʙʦʪʢʘ ʥʦʚʳʭ ʪʝʭʥʠʯʝʩʢʠʭ ʫʩʪʨʦʡʩʪʚ ʩ 

ʥʝʦʙʭʦʜʠʤʦʩʪʴʶ ʪʨʝʙʫʝʪ: ʚ ʯʘʩʪʠ ʬʠʟʠʯʝʩʢʠʭ ʦʩʥʦʚ ï ʠʟʳʩʢʘʥʠʷ 

ʵʬʬʝʢʪʦʚ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʙʳʪʴ ʧʦʣʦʞʝʥʳ ʚ ʦʩʥʦʚʫ ʫʧʨʘʚʣʝʥʠʷ 

ʵʣʝʢʪʨʦʥʥʳʤʠ ʠ ʩʚʝʪʦʚʳʤʠ ʧʦʪʦʢʘʤʠ ʚ ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚʳʭ 

ʩʪʨʫʢʪʫʨʘʭ; ʚ ʯʘʩʪʠ ʤʘʪʝʨʠʘʣʦʚ ï ʤʘʪʝʨʠʘʣʦʚʝʜʯʝʩʢʠʭ 

ʠʩʩʣʝʜʦʚʘʥʠʡ, ʥʘʧʨʘʚʣʝʥʥʳʭ ʥʘ ʠʟʳʩʢʘʥʠʝ ʦʧʪʠʤʘʣʴʥʳʭ ʜʣʷ 

ʜʦʩʪʠʞʝʥʠʷ ʥʝʦʙʭʦʜʠʤʳʭ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʩʚʦʡʩʪʚ ʠʟʜʝʣʠʷ 

ʤʘʪʝʨʠʘʣʦʚ; ʚ ʯʘʩʪʠ ʪʝʭʥʦʣʦʛʠʠ ï ʨʘʟʨʘʙʦʪʢʠ ʠ ʦʙʝʩʧʝʯʝʥʠʷ 

ʤʝʪʦʜʦʚ ʬʦʨʤʠʨʦʚʘʥʠʷ ʧʨʠʙʦʨʥʳʭ ʩʪʨʫʢʪʫʨ. ɼʣʷ ʚʩʝʭ ʫʢʘʟʘʥʥʳʭ 

ʢʦʤʧʦʥʝʥʪʦʚ, ʢʘʢ ʧʦʢʘʟʳʚʘʝʪ ʦʧʳʪ ʨʘʟʚʠʪʠʷ ʬʦʪʦʥʠʢʠ, ʭʘʨʘʢʪʝʨʥʘ 

ʥʝʧʦʣʥʦʪʘ ʩʪʘʨʪʦʚʦʡ ʠʥʬʦʨʤʘʮʠʠ ʚ ʧʨʠʥʮʠʧʠʘʣʴʥʳʭ ʜʣʷ 
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ʜʦʩʪʠʞʝʥʠʷ ʨʝʟʫʣʴʪʘʪʘ ʘʩʧʝʢʪʘʭ. ʕʪʦ ʧʨʠʜʘʝʪ ʩʘʤʠʤ ʟʘʜʘʯʘʤ 

ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚʦʡ ʦʧʪʠʯʝʩʢʦʡ ʠ ʢʚʘʥʪʦʚʦʡ ʵʣʝʢʪʨʦʥʠʢʠ ʠ 

ʧʨʦʮʝʩʩʫ ʧʦʠʩʢʘ ʠʭ ʨʝʰʝʥʠʷ ʧʨʦʙʣʝʤʥʳʡ ʭʘʨʘʢʪʝʨ. 

ɺʘʞʥʦ ʦʪʤʝʪʠʪʴ ʩʠʩʪʝʤʥʦʩʪʴ ʧʨʦʙʣʝʤʘʪʠʢʠ ʚ 

ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʡ ʦʙʣʘʩʪʠ ʟʥʘʥʠʡ. ʆʥʘ ʧʨʦʷʚʣʷʝʪʩʷ ʚ ʥʝʩʢʦʣʴʢʠʭ 

ʘʩʧʝʢʪʘʭ. ɺʦ-ʧʝʨʚʳʭ, ʩʘʤʦ ʩʦʜʝʨʞʘʥʠʝ ʬʦʪʦʥʠʢʠ ʤʦʞʝʪ 

ʨʘʩʩʤʘʪʨʠʚʘʪʴʩʷ ʢʘʢ ʩʠʩʪʝʤʘ ʟʥʘʥʠʡ, ʦʩʥʦʚʥʳʤʠ ʢʦʤʧʦʥʝʥʪʘʤʠ 

ʢʦʪʦʨʦʡ ʷʚʣʷʶʪʩʷ ʬʠʟʠʯʝʩʢʠʝ ʦʩʥʦʚʳ, ʠʩʧʦʣʴʟʫʝʤʳʝ ʤʘʪʝʨʠʘʣʳ, 

ʪʝʭʥʦʣʦʛʠʷ ʩʦʟʜʘʥʠʷ ʧʨʠʙʦʨʥʳʭ ʩʪʨʫʢʪʫʨ, ʘ ʝʝ ʜʦʩʪʠʞʝʥʠʷ ʢʘʢ 

ʧʨʦʷʚʣʝʥʠʝ ʩʠʩʪʝʤʥʳʭ ʩʚʦʡʩʪʚ, ʦʙʫʩʣʦʚʣʝʥʥʳʭ ʢʘʢ ʚʥʫʪʨʝʥʥʠʤʠ 

ʩʚʷʟʷʤʠ ʤʝʞʜʫ ʫʢʘʟʘʥʥʳʤʠ ʢʦʤʧʦʥʝʥʪʘʤʠ, ʪʘʢ ʠ ʚʥʝʰʥʠʤʠ 

ʩʚʷʟʷʤʠ ʩ ʜʨʫʛʠʤʠ ʦʙʣʘʩʪʷʤʠ ʬʠʟʠʢʠ ʠ ʪʝʭʥʠʢʠ ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚ. 

ʊʘʢ, ʚʥʫʪʨʝʥʥʠʝ ʩʚʷʟʠ ʚʳʨʘʟʠʪʝʣʴʥʦ ʧʨʦʷʚʣʷʶʪʩʷ ʚ ʬʠʟʠʢʝ ʠ 

ʪʝʭʥʠʢʝ ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚʳʭ ʣʘʟʝʨʦʚ. ʊʦʣʴʢʦ ʧʨʦʨʳʚ ʚ ʦʙʣʘʩʪʠ 

ʤʘʪʝʨʠʘʣʦʚ ʛʝʪʝʨʦʩʪʨʫʢʪʫʨ ʠ ʪʝʭʥʦʣʦʛʠʠ ʠʭ ʩʦʟʜʘʥʠʷ ï ʧʝʨʝʭʦʜ ʢ 

ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚʳʤ ʪʚʝʨʜʳʤ ʨʘʩʪʚʦʨʘʤ, ʨʘʟʨʘʙʦʪʢʘ ʤʝʪʦʜʦʚ 

ʤʦʣʝʢʫʣʷʨʥʦ-ʧʫʯʢʦʚʦʡ ʵʧʠʪʘʢʩʠʠ ʠ ʛʘʟʦʬʘʟʥʦʡ ʵʧʠʪʘʢʩʠʠ ʠʟ ʧʘʨʦʚ 

ʤʝʪʘʣʣʦʦʨʛʘʥʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ ï ʜʘʣ ʚʦʟʤʦʞʥʦʩʪʴ ʩʦʟʜʘʥʠʷ 

ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚʳʭ ʛʝʪʝʨʦʩʪʨʫʢʪʫʨ ʧʨʠʙʦʨʥʦʛʦ ʢʘʯʝʩʪʚʘ. ʆʥ 

ʧʨʝʜʦʧʨʝʜʝʣʠʣ ʠ ʨʘʟʚʠʪʠʝ ʬʫʥʜʘʤʝʥʪʘʣʴʥʦʡ ʬʠʟʠʢʠ ï ʨʘʟʚʠʪʠʝ 

ʥʦʚʦʛʦ ʥʘʫʯʥʦʛʦ ʥʘʧʨʘʚʣʝʥʠʷ ï ʬʠʟʠʢʠ ʥʠʟʢʦʨʘʟʤʝʨʥʳʭ ʩʠʩʪʝʤ, 

ʜʦʩʪʠʞʝʥʠʷ ʢʦʪʦʨʦʡ, ʢʘʢ ʠ ʩʦʟʜʘʥʠʝ ʛʝʪʝʨʦʣʘʟʝʨʦʚ, ʩʪʘʣʠ 

ʅʦʙʝʣʝʚʩʢʠʤʠ. 

ʆ ʨʦʣʠ ʚʥʝʰʥʠʭ ʩʚʷʟʝʡ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʪʦʪ ʬʘʢʪ, ʯʪʦ 

ʩʦʟʜʘʥʠʝ ʢʘʞʜʦʛʦ ʠʟ ʪʠʧʦʚ ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚʳʭ ʧʨʠʙʦʨʦʚ ï ʜʠʦʜʦʚ, 

ʪʨʘʥʟʠʩʪʦʨʦʚ ʠ ʜʨ. ʩʦʧʨʦʚʦʞʜʘʣʦʩʴ ʩʦʟʜʘʥʠʝʤ ʠʭ 

ʬʦʪʦʯʫʚʩʪʚʠʪʝʣʴʥʳʭ ʠ ʠʟʣʫʯʘʶʱʠʭ ʘʥʘʣʦʛʦʚ: ʬʦʪʦʜʠʦʜʦʚ, 

ʩʚʝʪʦʜʠʦʜʦʚ, ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚʳʭ ʜʠʦʜʥʳʭ ʣʘʟʝʨʦʚ, 

ʬʦʪʦʪʨʘʥʟʠʩʪʦʨʦʚ, ʬʦʪʦʯʫʚʩʪʚʠʪʝʣʴʥʳʭ ʧʨʠʙʦʨʦʚ ʩ ʟʘʨʷʜʦʚʦʡ 

ʩʚʷʟʴʶ ʠ ʪ.ʜ. 

ɼʨʫʛʦʡ ʘʩʧʝʢʪ ï ʩʠʩʪʝʤʥʦʩʪʴ ʬʫʥʢʮʠʡ, ʚʳʧʦʣʥʷʝʤʳʭ 

ʫʩʪʨʦʡʩʪʚʘʤʠ ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚʦʡ ʦʧʪʠʯʝʩʢʦʡ ʠ ʢʚʘʥʪʦʚʦʡ 

ʵʣʝʢʪʨʦʥʠʢʠ. ʊʘʢ, ʫʩʪʨʦʡʩʪʚʘ ʫʧʨʘʚʣʝʥʠʷ ʦʧʪʠʯʝʩʢʠʤ ʠʟʣʫʯʝʥʠʝʤ ʚ 

ʚʦʣʦʢʦʥʥʦ-ʦʧʪʠʯʝʩʢʠʭ ʣʠʥʠʷʭ ʩʚʷʟʠ ʜʦʣʞʥʳ ʚʳʧʦʣʥʷʪʴ ʬʫʥʢʮʠʠ 

[37, 38]: 

Å ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʩʠʛʥʘʣʘ (ʬʠʟʠʯʝʩʢʠʭ ʚʝʣʠʯʠʥ ʚ 

ʩʣʫʯʘʝ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚ ʢʘʯʝʩʪʚʝ ʠʟʤʝʨʠʪʝʣʝʡ) ʚ ʦʧʪʠʯʝʩʢʠʡ 

ʩʠʛʥʘʣ; 
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Å ʬʦʨʤʠʨʦʚʘʥʠʷ ʦʧʪʠʯʝʩʢʦʛʦ ʩʠʛʥʘʣʘ, ʥʝʩʫʱʝʛʦ ʠʥʬʦʨʤʘʮʠʶ; 

Å ʫʩʠʣʝʥʠʷ ʠ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʦʧʪʠʯʝʩʢʦʛʦ ʩʠʛʥʘʣʘ; 

Å ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʧʦʪʦʢʦʚ ʦʧʪʠʯʝʩʢʠʭ ʩʠʛʥʘʣʦʚ; 

Å ʚʳʜʝʣʝʥʠʷ ʥʝʦʙʭʦʜʠʤʳʭ ʦʧʪʠʯʝʩʢʠʭ ʩʠʛʥʘʣʦʚ ʠʟ ʧʦʪʦʢʘ; 

Å ʦʙʨʘʙʦʪʢʠ (ʣʦʛʠʯʝʩʢʦʡ, ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ) ʦʧʪʠʯʝʩʢʠʭ ʩʠʛʥʘʣʦʚ; 

Å ʟʘʱʠʪʳ ʦʧʪʠʯʝʩʢʠʭ ʫʩʪʨʦʡʩʪʚ ʦʪ ʣʫʯʝʚʦʡ ʧʝʨʝʛʨʫʟʢʠ. 

ʅʘʢʦʥʝʮ, ʩʠʩʪʝʤʥʳʤ ʷʚʣʷʝʪʩʷ ʩʦʜʝʨʞʘʥʠʝ ʧʨʦʙʣʝʤ ʩʦʟʜʘʥʠʷ 

ʪʘʢʠʭ ʫʩʪʨʦʡʩʪʚ. ʊʘʢ, ʩʦʟʜʘʥʠʝ ʧʨʠʙʦʨʘ ʥʘ ʦʩʥʦʚʝ 

ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚʦʡ ʢʚʘʥʪʦʚʦʨʘʟʤʝʨʥʦʡ ʛʝʪʝʨʦʩʪʨʫʢʪʫʨʳ ï 

ʢʦʤʧʣʝʢʩʥʘʷ ʬʠʟʠʢʦ-ʪʝʭʥʠʯʝʩʢʘʷ ʧʨʦʙʣʝʤʘ, ʢʦʪʦʨʘʷ ʚʢʣʶʯʘʝʪ ʚ 

ʩʝʙʷ [24]: 

Å ʚʳʙʦʨ ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚʦʛʦ ʩʦʝʜʠʥʝʥʠʷ (ʩʠʩʪʝʤʳ ʩʦʝʜʠʥʝʥʠʡ) 

ʜʣʷ ʘʢʪʠʚʥʦʡ ʦʙʣʘʩʪʠ ʩ ʪʨʝʙʫʝʤʳʤʠ ʦʧʪʠʯʝʩʢʠʤʠ ʠ ʵʣʝʢʪʨʦʥʥʳʤʠ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ (ʰʠʨʠʥʦʡ ʟʘʧʨʝʱʝʥʥʦʡ ʟʦʥʳ, ʵʬʬʝʢʪʠʚʥʦʡ 

ʤʘʩʩʦʡ ʥʦʩʠʪʝʣʝʡ ʟʘʨʷʜʘ, ʧʦʢʘʟʘʪʝʣʝʤ ʧʨʝʣʦʤʣʝʥʠʷ ʠ ʪ.ʜ.); 

Å ʚʳʙʦʨ ʤʦʥʦʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʧʦʜʣʦʞʢʠ (ʤʘʪʝʨʠʘʣʘ ʠ ʪʠʧʘ 

ʵʣʝʢʪʨʦʧʨʦʚʦʜʥʦʩʪʠ); 

Å ʚʳʙʦʨ ʢʦʤʧʣʝʤʝʥʪʘʨʥʳʭ ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚʳʭ ʩʦʝʜʠʥʝʥʠʡ, 

ʠʤʝʶʱʠʭ ʢʨʠʩʪʘʣʣʠʯʝʩʢʫʶ ʩʪʨʫʢʪʫʨʫ, ʧʝʨʠʦʜ ʨʝʰʝʪʢʠ ʠ 

ʢʦʵʬʬʠʮʠʝʥʪ ʪʝʨʤʠʯʝʩʢʦʛʦ ʨʘʩʰʠʨʝʥʠʷ, ʙʣʠʟʢʠʝ ʩ ʚʳʙʨʘʥʥʦʡ 

ʧʦʜʣʦʞʢʦʡ ʠ ʦʙʝʩʧʝʯʠʚʘʶʱʠʭ ʥʝʦʙʭʦʜʠʤʳʝ ʧʨʦʬʠʣʠ ʩʦʧʨʷʞʝʥʠʷ 

ʨʘʟʨʝʰʝʥʥʳʭ ʟʦʥ ʠ ʫʨʦʚʥʠ ʣʝʛʠʨʦʚʘʥʠʷ, ʦʧʨʝʜʝʣʷʝʤʳʝ 

ʥʘʟʥʘʯʝʥʠʝʤ ʧʨʠʙʦʨʘ; 

Å ʩʦʟʜʘʥʠʝ ʫʩʣʦʚʠʡ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʧʨʦʮʝʩʩʘ, ʧʨʠ ʢʦʪʦʨʦʤ ʨʦʩʪ 

ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚʦʡ ʧʣʝʥʢʠ ʧʨʦʠʩʭʦʜʠʪ ʥʘ ʘʪʦʤʘʨʥʦ-ʯʠʩʪʦʡ ʠ 

ʙʝʟʜʝʬʝʢʪʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʩ ʤʦʥʦʩʣʦʡʥʳʤ ʢʦʥʪʨʦʣʝʤ ʦʩʘʞʜʝʥʠʷ 

ʩʣʦʷ ʢʘʞʜʦʛʦ ʩʦʝʜʠʥʝʥʠʷ ʪʨʝʙʫʝʤʦʡ ʪʦʣʱʠʥʳ, ʭʠʤʠʯʝʩʢʦʛʦ 

ʩʦʩʪʘʚʘ ʠ ʣʝʛʠʨʦʚʘʥʠʷ. 

ʇʨʠ ʩʦʟʜʘʥʠʠ ʦʧʪʦʵʣʝʢʪʨʦʥʥʦʡ ʩʠʩʪʝʤʳ ʬʦʪʦʧʨʠʝʤʥʠʢ 

ʜʦʣʞʝʥ ʧʦʜʩʪʨʘʠʚʘʪʴʩʷ ʧʦʜ ʣʘʟʝʨ (ʠʣʠ ʥʘʦʙʦʨʦʪ) ʠ ʦʙʘ ʦʥʠ ï ʧʦʜ 

ʚʳʙʨʘʥʥʫʶ ʩʨʝʜʫ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʦʧʪʠʯʝʩʢʦʛʦ ʠʟʣʫʯʝʥʠʷ, 

ʥʘʧʨʠʤʝʨ, ʧʦʜ ʢʚʘʨʮ ï ʚ ʦʧʪʦʚʦʣʦʢʦʥʥʳʭ ʣʠʥʠʷʭ ʩʚʷʟʠ ʠʣʠ ʧʦʜ 

ʦʢʥʘ ʧʨʦʟʨʘʯʥʦʩʪʠ ʘʪʤʦʩʬʝʨʳ ï ʚ ʩʠʩʪʝʤʘʭ ʠʥʬʨʘʢʨʘʩʥʦʛʦ ʚʠʜʝʥʠʷ 

[39]. 

ʉʢʘʟʘʥʥʦʝ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʩʣʝʜʫʶʱʠʭ ʦʪʢʨʳʚʘʝʤʳʭ 

ʦʩʚʦʝʥʠʝʤ ʩʦʜʝʨʞʘʥʠʷ ʬʦʪʦʥʠʢʠ ʚ ʬʠʟʠʯʝʩʢʦʤ ʦʙʨʘʟʦʚʘʥʠʠ 

ʚʦʟʤʦʞʥʦʩʪʷʭ: 
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Å ʚʦʟʤʦʞʥʦʩʪʝʡ ʠʥʪʝʛʨʘʮʠʠ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʭ ʟʥʘʥʠʡ ʠ ʚʠʜʦʚ 

ʜʝʷʪʝʣʴʥʦʩʪʠ ʩʪʫʜʝʥʪʦʚ. ʇʝʨʚʳʭ ï ʚ ʩʠʣʫ ʥʝʦʙʭʦʜʠʤʦʩʪʠ 

ʦʜʥʦʚʨʝʤʝʥʥʦʛʦ ʧʨʠʚʣʝʯʝʥʠʷ ʚ ʧʨʦʮʝʩʩʝ ʦʩʚʦʝʥʠʷ ʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 

ʬʠʟʠʯʝʩʢʠʭ ʦʩʥʦʚ ʬʦʪʦʥʠʢʠ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʭ ʤʦʜʝʣʴʥʳʭ 

ʧʨʝʜʩʪʘʚʣʝʥʠʡ ʠʟ ʨʘʟʣʠʯʥʳʭ ʨʘʟʜʝʣʦʚ ʬʠʟʠʢʠ. ɺʪʦʨʳʭ ï ʚ ʩʠʣʫ 

ʚʦʩʪʨʝʙʦʚʘʥʥʦʩʪʠ ʫʯʝʙʥʦʡ, ʥʘʫʯʥʦʡ ʠ ʧʨʘʢʪʠʯʝʩʢʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ 

ʩʪʫʜʝʥʪʦʚ; 

Å ʚʦʟʤʦʞʥʦʩʪʝʡ ʨʘʟʚʠʪʠʷ ʬʠʟʠʯʝʩʢʦʛʦ ʧʦʥʠʤʘʥʠʷ ʥʘ ʚʩʝʭ ʫʨʦʚʥʷʭ 

ï ʫʤʝʥʠʡ ʦʙʲʷʩʥʝʥʠʷ, ʦʧʠʩʘʥʠʷ ʠ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʷʚʣʝʥʠʡ 

(ʩʚʦʡʩʪʚ ʤʘʪʝʨʠʘʣʦʚ ʠ ʧʨʠʙʦʨʥʳʭ ʩʪʨʫʢʪʫʨ).  

ʆʩʚʦʝʥʠʝ ʧʨʦʙʣʝʤʘʪʠʢʠ ʬʦʪʦʥʠʢʠ ʜʘʝʪ ʦʙʰʠʨʥʳʡ ʤʘʪʝʨʠʘʣ 

ʜʣʷ ʧʨʝʜʤʝʪʥʦʛʦ ʦʩʤʳʩʣʝʥʠʷ ʵʚʨʠʩʪʠʯʝʩʢʦʛʦ ʧʦʪʝʥʮʠʘʣʘ ʪʝʦʨʠʠ ʥʘ 

ʤʘʪʝʨʠʘʣʝ ʚʳʩʦʢʦʡ ʥʘʫʯʥʦʡ ʠ ʧʨʘʢʪʠʯʝʩʢʦʡ ʟʥʘʯʠʤʦʩʪʠ ʚ ʩʠʣʫ 

ʪʦʛʦ, ʯʪʦ ʤʥʦʛʠʝ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʝ ʦʪʢʨʳʪʠʷ ʠ ʠʟʦʙʨʝʪʝʥʠʷ ʟʜʝʩʴ 

ʨʦʞʜʘʣʠʩʴ ʚ ʨʝʟʫʣʴʪʘʪʝ ʪʝʦʨʝʪʠʯʝʩʢʠʭ ʠʟʳʩʢʘʥʠʡ ʠ ʪʦʣʴʢʦ ʧʦʪʦʤ 

ʨʝʘʣʠʟʦʚʳʚʘʣʠʩʴ ʥʘ ʧʨʘʢʪʠʢʝ. ʊʘʢ, ʚ ʨʘʟʚʠʪʠʠ ʬʠʟʠʢʠ ʠ ʪʝʭʥʠʢʠ 

ʜʚʦʡʥʳʭ ʛʝʪʝʨʦʩʪʨʫʢʪʫʨ ʥʘ ʥʘʯʘʣʴʥʦʤ ʵʪʘʧʝ ʪʝʦʨʠʷ ʦʧʝʨʝʞʘʣʘ 

ʵʢʩʧʝʨʠʤʝʥʪ, ʧʨʦʷʚʣʷʷ ʩʚʦʶ ʧʨʦʛʥʦʩʪʠʯʝʩʢʫʶ ʬʫʥʢʮʠʶ. 

ɺʦʟʥʠʢʥʦʚʝʥʠʝ ʩʘʤʦʡ ʠʜʝʠ ʦʙ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 

ʜʚʦʡʥʳʭ ʛʝʪʝʨʦʩʪʨʫʢʪʫʨ ʚ ʢʘʯʝʩʪʚʝ ʦʩʥʦʚʳ ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚʳʭ 

ʣʘʟʝʨʦʚ ʚ ʨʝʟʫʣʴʪʘʪʝ ʨʘʟʨʘʙʦʪʢʠ ɻ. ʂʨʝʤʝʨʦʤ ʢʦʥʮʝʧʮʠʠ 

ʢʚʘʟʠʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ, ʦʙʫʩʣʦʚʣʝʥʥʦʛʦ ʟʘʚʠʩʠʤʦʩʪʴʶ ʰʠʨʠʥʳ 

ʟʘʧʨʝʱʝʥʥʦʡ ʟʦʥʳ ʚʘʨʠʟʦʥʥʦʛʦ ʧʦʣʫʧʨʦʚʦʜʥʠʢʘ ʦʪ ʢʦʦʨʜʠʥʘʪ ʠ 

ʧʨʠʚʦʜʷʱʝʛʦ ʢ ʥʘʢʣʦʥʫ ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʟʦʥ, ʧʦʟʚʦʣʷʶʱʝʤʫ 

çʧʦʣʫʯʘʪʴ ʵʬʬʝʢʪʳ, ʢʦʪʦʨʳʝ ʚ ʧʨʠʥʮʠʧʝ ʥʝʚʦʟʤʦʞʥʦ ʧʦʣʫʯʘʪʴ ʩ 

ʧʦʤʦʱʴʶ çʥʘʩʪʦʷʱʠʭè ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʧʦʣʝʡè [40]. 

ɺʘʞʥʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʚ ʧʦʩʣʝʜʥʠʝ ʜʝʩʷʪʠʣʝʪʠʷ ʬʦʪʦʥʠʢʘ 

ʧʝʨʝʭʦʜʠʪ ʦʪ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʩʫʱʝʩʪʚʫʶʱʠʭ ʚʝʱʝʩʪʚ ʠ 

ʢʦʥʩʪʨʫʠʨʦʚʘʥʠ ̫ ʠʟ ʥʠʭ ʧʨʠʙʦʨʥʳʭ ʩʪʨʫʢʪʫʨ ʢ 

çʢʦʥʩʪʨʫʠʨʦʚʘʥʠʶè ʩʘʤʠʭ ʚʝʱʝʩʪʚ. ʐʠʨʦʢʦʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʚ 

ʵʪʦʡ ʩʚʷʟʠ ʧʦʣʫʯʠʣʠ çʢʨʠʩʪʘʣʣʳ, ʩʦʟʜʘʥʥʳʝ ʯʝʣʦʚʝʢʦʤè (man-made 

crystals) ʠ ʠʥʞʝʥʝʨʠʷ ʵʣʝʢʪʨʦʥʥʳʭ ʩʧʝʢʪʨʦʚ (band structure 

engineering), ʪʘʢ ʯʪʦ ʢʚʘʥʪʦʚʘʷ ʪʝʦʨʠʷ ʪʚʝʨʜʦʛʦ ʪʝʣʘ ʚʳʩʪʫʧʘʝʪ ʢʘʢ 

ʠʥʞʝʥʝʨʥʘʷ ʥʘʫʢʘ [41]. 

ʇʨʝʜʩʪʘʚʠʪʝʣʴʥʦʩʪʴ ʧʨʝʜʣʘʛʘʝʤʦʛʦ ʩʦʜʝʨʞʘʥʠʷ ʚ 

ʤʝʪʦʜʦʣʦʛʠʯʝʩʢʦʤ ʘʩʧʝʢʪʝ ʦʧʨʝʜʝʣʷʝʪʩʷ, ʛʣʘʚʥʳʤ ʦʙʨʘʟʦʤ, 

ʦʪʢʨʳʚʘʶʱʠʤʠʩʷ ʚʦʟʤʦʞʥʦʩʪʷʤʠ ʧʨʝʜʤʝʪʥʦʛʦ ʦʩʚʦʝʥʠʷ 

ʘʥʘʣʠʪʠʯʝʩʢʦʛʦ ʧʦʪʝʥʮʠʘʣʘ ʩʦʚʨʝʤʝʥʥʳʭ ʤʝʪʦʜʦʚ 



 33 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ. ɼʦʩʪʘʪʦʯʥʦ ʩʢʘʟʘʪʴ ʦ ʢʦʤʧʣʝʢʩʝ 

ʤʝʪʦʜʦʚ ʤʦʥʠʪʦʨʠʥʛʘ ʩʣʦʝʚ ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚʳʭ ʛʝʪʝʨʦʩʪʨʫʢʪʫʨ, 

ʬʦʨʤʠʨʫʝʤʳʭ ʤʝʪʦʜʦʤ ʤʦʣʝʢʫʣʷʨʥʦ-ʧʫʯʢʦʚʦʡ ʵʧʠʪʘʢʩʠʠ, 

ʚʢʣʶʯʘʶʱʝʤ ʚ ʩʝʙʷ ʆʞʝ-ʵʣʝʢʪʨʦʥʥʫʶ ʩʧʝʢʪʨʦʩʢʦʧʠʶ, ʜʠʬʨʘʢʮʠʶ 

ʥʠʟʢʦʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʵʣʝʢʪʨʦʥʦʚ, ʜʠʬʨʘʢʮʠʶ ʦʪʨʘʞʝʥʥʳʭ 

ʚʳʩʦʢʦʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʵʣʝʢʪʨʦʥʦʚ, ʨʝʥʪʛʝʥʦʚʩʢʫʶ ʠ 

ʫʣʴʪʨʘʬʠʦʣʝʪʦʚʫʶ ʬʦʪʦʵʣʝʢʪʨʦʥʥʫʶ ʩʧʝʢʪʨʦʩʢʦʧʠʶ, ʚʪʦʨʠʯʥʫʶ 

ʠʦʥʥʫʶ ʤʘʩʩ-ʩʧʝʢʪʨʦʤʝʪʨʠʶ [8]. 

ʂʨʦʤʝ ʪʦʛʦ, ʚʘʞʥʦ ʦʪʤʝʪʠʪʴ ʚʦʟʤʦʞʥʦʩʪʠ ʧʨʠʦʙʨʝʪʝʥʠʷ 

ʩʪʫʜʝʥʪʘʤʠ ʦʧʳʪʘ ʩʘʤʦʩʪʦʷʪʝʣʴʥʦʛʦ ʜʦʙʳʚʘʥʠʷ ʟʥʘʥʠʡ ʚ 

ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʩʨʝʜʝ, ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ 

ʪʝʭʥʦʣʦʛʠʡ, ʚ ʪʦʤ ʯʠʩʣʝ ʫʜʘʣʝʥʥʦʛʦ ʵʢʩʧʝʨʠʤʝʥʪʘ, 

ʦʙʝʩʧʝʯʠʚʘʶʱʝʛʦ ʜʦʩʪʫʧ ʢ ʫʥʠʢʘʣʴʥʦʤʫ ʥʘʫʯʥʦʤʫ ʠ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʤʫ ʦʙʦʨʫʜʦʚʘʥʠʶ, ʠʤʝʶʱʝʤʫʩʷ ʚ ʚʝʜʫʱʠʭ 

ʥʘʫʯʥʳʭ, ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʭ ʠ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʮʝʥʪʨʘʭ ʈʦʩʩʠʠ ʠ 

ʤʠʨʘ. 

ɺʦʩʪʨʝʙʦʚʘʥʥʦʩʪʴ ʜʣʷ ʦʩʚʦʝʥʠʷ ʧʨʠʦʙʨʝʪʝʥʠʷ ʥʦʚʳʭ ʟʥʘʥʠʡ 

ʠ ʫʤʝʥʠʡ ʧʨʝʜʦʧʨʝʜʝʣʷʝʪʩʷ, ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ, ʥʝʦʙʭʦʜʠʤʦʩʪʴʶ 

ʢʘʢ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʭ ʬʠʟʠʯʝʩʢʠʭ ʟʥʘʥʠʡ, ʚʳʭʦʜʷʱʠʭ ʟʘ ʨʘʤʢʠ 

ʫʯʝʙʥʳʭ ʧʨʦʛʨʘʤʤ, ʪʘʢ ʠ ʟʥʘʥʠʡ ʬʠʟʠʢʠ ʠ ʪʝʭʥʠʢʠ ʦʧʨʝʜʝʣʝʥʥʳʭ 

ʢʣʘʩʩʦʚ ʤʘʪʝʨʠʘʣʦʚ ʠ ʧʨʠʙʦʨʥʳʭ ʩʪʨʫʢʪʫʨ. 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʥʦʚʳʝ ʜʦʩʪʠʞʝʥʠʷ ʩʚʷʟʘʥʳ, ʛʣʘʚʥʳʤ 

ʦʙʨʘʟʦʤ, ʩ ʨʘʟʚʠʪʠʝʤ ʥʘʥʦʪʝʭʥʦʣʦʛʠʡ. ʋʩʧʝʭʠ ʧʦʩʣʝʜʥʠʭ ʚ ʦʙʣʘʩʪʠ 

ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚʦʡ ʦʧʪʠʯʝʩʢʦʡ ʠ ʢʚʘʥʪʦʚʦʡ ʵʣʝʢʪʨʦʥʠʢʠ, ʚ 

ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ, ʩʦʟʜʘʥʠʷ ʧʨʠʙʦʨʦʚ ʥʘ ʦʩʥʦʚʝ ʥʘʥʦʛʝʪʝʨʦʩʪʨʫʢʪʫʨ, 

ʦʩʦʙʝʥʥʦ ʚʧʝʯʘʪʣʷʶʱʠ. ɺ ʨʘʤʢʘʭ ʨʘʟʚʠʚʘʶʱʝʡʩʷ 

ʥʘʥʦʦʧʪʦʵʣʝʢʪʨʦʥʠʢʠ ʩʦʟʜʘʥʳ ʛʝʪʝʨʦʣʘʟʝʨʳ, ʩʚʝʪʦ- ʠ ʬʦʪʦʜʠʦʜʳ ʩ 

ʢʚʘʥʪʦʚʳʤʠ ʷʤʘʤʠ, ʢʚʘʥʪʦʚʳʤʠ ʧʨʦʚʦʣʦʢʘʤʠ ʠ ʢʚʘʥʪʦʚʳʤʠ 

ʪʦʯʢʘʤʠ, ʦʙʣʘʜʘʶʱʠʝ ʨʝʢʦʨʜʥʳʤʠ ʜʣʷ ʩʚʦʠʭ ʢʣʘʩʩʦʚ ʦʙʲʝʢʪʦʚ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ, ʘ ʪʘʢʞʝ ʠʟʫʯʘʶʪʩʷ ʚʦʟʤʦʞʥʦʩʪʠ ʩʦʟʜʘʥʠʷ 

ʣʘʟʝʨʦʚ ʠ ʩʚʝʪʦʜʠʦʜʦʚ ʥʘ ʦʩʥʦʚʝ ʥʘʥʦʢʨʠʩʪʘʣʣʦʚ ʢʨʝʤʥʠʷ, ʢʦʪʦʨʳʝ 

ʚ ʤʘʩʩʠʚʥʦʤ ʩʦʩʪʦʷʥʠʠ ʚ ʩʠʣʫ ʥʝʧʨʷʤʦʟʦʥʥʦʡ ʵʥʝʨʛʝʪʠʯʝʩʢʦʡ 

ʩʪʨʫʢʪʫʨʳ ʥʝ ʤʦʛʫʪ ʨʘʩʩʤʘʪʨʠʚʘʪʴʩʷ ʢʘʢ ʧʝʨʩʧʝʢʪʠʚʥʳʡ ʤʘʪʝʨʠʘʣ 

ʜʣʷ ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚʳʭ ʠʟʣʫʯʘʪʝʣʝʡ. 

ʆʨʛʘʥʠʟʘʮʠʷ ʧʨʦʮʝʩʩʘ ʦʩʚʦʝʥʠʷ ʠʥʪʝʛʨʠʨʦʚʘʥʥʦʛʦ ʚ ʩʚʦʠʭ 

ʬʫʥʜʘʤʝʥʪʘʣʴʥʦʤ ʠ ʧʨʠʢʣʘʜʥʦʤ ʘʩʧʝʢʪʘʭ ʩʦʜʝʨʞʘʥʠʷ ʦʙʫʯʝʥʠʷ 

ʬʠʟʠʢʝ ʜʦʣʞʥʘ ʦʪʚʝʯʘʪʴ ʩʣʝʜʫʶʱʠʤ ʪʨʝʙʦʚʘʥʠʷʤ: 
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ï ʣʠʯʥʦʩʪʥʦ-ʩʤʳʩʣʦʚʦʡ ʚʢʣʶʯʝʥʥʦʩʪʠ ʩʪʫʜʝʥʪʦʚ ʚ ʧʨʘʢʪʠʢʦ-

ʦʨʠʝʥʪʠʨʦʚʘʥʥʫʶ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʫʶ ʜʝʷʪʝʣʴʥʦʩʪʴ, ʫʯʝʪʘ 

ʠʥʜʠʚʠʜʫʘʣʴʥʳʭ ʦʩʦʙʝʥʥʦʩʪʝʡ ʢʘʞʜʦʛʦ ʦʙʫʯʘʶʱʝʛʦʩʷ; 

ï ʧʨʦʙʣʝʤʥʦʩʪʠ ʨʘʟʚʝʨʪʳʚʘʥʠʷ ʧʨʝʜʤʝʪʥʦʛʦ ʩʦʜʝʨʞʘʥʠʷ ʚ ʫʯʝʙʥʦʤ 

ʧʨʦʮʝʩʩʝ; 

ï ʩʠʩʪʝʤʥʦʩʪʠ ʠ ʩʠʩʪʝʤʘʪʠʯʥʦʩʪʠ ʚ ʧʦʩʪʨʦʝʥʠʠ ʧʨʝʜʤʝʪʥʦʛʦ 

ʩʦʜʝʨʞʘʥʠʷ ʠ ʚ ʝʛʦ ʦʩʚʦʝʥʠʠ; 

ï ʠʥʪʝʛʨʘʮʠʠ ʫʯʝʙʥʦʡ, ʥʘʫʯʥʦʡ ʠ ʧʨʘʢʪʠʯʝʩʢʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ 

ʦʙʫʯʘʶʱʠʭʩʷ; 

ï ʧʦʩʪʨʦʝʥʠʷ ʜʝʷʪʝʣʴʥʦʩʪʠ ʦʙʫʯʘʶʱʠʭʩʷ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʣʦʛʠʢʦ-

ʦʧʝʨʘʮʠʦʥʘʣʴʥʦʡ ʩʪʨʫʢʪʫʨʦʡ ʨʝʰʝʥʠʷ ʬʠʟʠʢʦ-ʪʝʭʥʠʯʝʩʢʠʭ 

ʧʨʦʙʣʝʤ, ʝʝ ʧʨʦʜʫʢʪʠʚʥʦʩʪʠ. 

ʇʨʠʥʮʠʧʠʘʣʴʥʦ ʚʘʞʥʳʤ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʚ 

ʦʙʫʯʝʥʠʠ ʧʨʘʢʪʠʢʦ-ʦʨʠʝʥʪʠʨʦʚʘʥʥʦʛʦ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʦʛʦ ʧʦʜʭʦʜʘ 

ʧʨʠ ʤʘʢʩʠʤʘʣʴʥʦ ʚʦʟʤʦʞʥʦʤ ʠ ʩʠʩʪʝʤʘʪʠʯʝʩʢʠ ʧʦʚʳʰʘʶʱʝʤʩʷ 

ʫʨʦʚʥʝ ʧʦʟʥʘʚʘʪʝʣʴʥʦʡ ʩʘʤʦʩʪʦʷʪʝʣʴʥʦʩʪʠ ʦʙʫʯʘʶʱʠʭʩʷ. 
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4. ʊɽʆʈɽʊʀʏɽʉʂɸʗ ʀ ʕʂʉʇɽʈʀʄɽʅʊɸʃʔʅɸʗ 

ʇʆɼɻʆʊʆɺʂɸ ʉʊʋɼɽʅʊʆɺ  

ʉʣʝʜʫʷ ʤʝʪʦʜʠʯʝʩʢʠʤ ʧʦʜʭʦʜʘʤ, ʧʨʝʜʣʦʞʝʥʥʳʤ ʚ ʛʣʘʚʘʭ 1ï3 

ʜʘʥʥʦʛʦ ʫʯʝʙʥʦʛʦ ʧʦʩʦʙʠ,̫ ʨʘʩʩʤʦʪʨʠʤ ʥʝʢʦʪʦʨʳʝ ʦʩʦʙʝʥʥʦʩʪʠ ʠʭ 

ʨʝʘʣʠʟʘʮʠʠ ʚ ʪʝʦʨʝʪʠʯʝʩʢʦʡ ʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʧʦʜʛʦʪʦʚʢʝ 

ʩʪʫʜʝʥʪʦʚ ʧʦ ʢʫʨʩʫ çʆʩʥʦʚʳ ʬʠʟʠʢʠ ʬʦʪʦʥʥʳʭ ʢʨʠʩʪʘʣʣʦʚ ʠ 

ʬʦʪʦʥʥʦ-ʧʣʘʟʤʦʥʥʳʭ ʩʪʨʫʢʪʫʨè, ʢʦʪʦʨʳʡ ʧʦʩʪʘʚʣʝʥ ʚ ʇʩʢʦʚʩʢʦʤ 

ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʤ ʫʥʠʚʝʨʩʠʪʝʪʝ ʜʣʷ ʧʦʜʛʦʪʦʚʢʠ ʙʘʢʘʣʘʚʨʦʚ ʠ 

ʤʘʛʠʩʪʨʦʚ [42]. 

ʂʘʢ ʙʳʣʦ ʚʧʝʨʚʳʝ ʪʝʦʨʝʪʠʯʝʩʢʠ ʧʦʢʘʟʘʥʦ ɺ.ʇ. ɹʳʢʦʚʳʤ [43] 

ʠ ʘʢʪʫʘʣʠʟʠʨʦʚʘʥʦ ʚ ʨʘʙʦʪʘʭ ʕ. ʗʙʣʦʥʦʚʠʯʘ [44] ʠ ʉ. ɼʞʦʥʘ [45], ʚ 

ʯʘʩʪʦʪʥʦʤ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʤ (ʕʄ) ʩʧʝʢʪʨʝ ʩʠʩʪʝʤ ʩ ʧʝʨʠʦʜʠʯʝʩʢʠ 

ʠʟʤʝʥʷʶʱʠʤʩʷ ʧʦʢʘʟʘʪʝʣʝʤ ʧʨʝʣʦʤʣʝʥʠʷ, ʧʦʣʫʯʠʚʰʠʭ ʥʘʟʚʘʥʠʝ 

çʬʦʪʦʥʥʳʝ ʢʨʠʩʪʘʣʣʳè (ʌʂ), ʚʦʟʥʠʢʘʶʪ ʬʦʪʦʥʥʳʝ ʵʥʝʨʛʝʪʠʯʝʩʢʠʝ 

ʟʦʥr. ɺʩʣʝʜʩʪʚʠʝ ʙʨʵʛʛʦʚʩʢʦʡ ʜʠʬʨʘʢʮʠʠ ʩʚʝʪ ʩ ʜʣʠʥʘʤʠ ʚʦʣʥ, 

ʩʦʠʟʤʝʨʠʤʳʤʠ ʩ ʧʝʨʠʦʜʦʤ ʪʘʢʦʡ ʩʪʨʫʢʪʫʨ,r ʥʝ ʧʨʦʥʠʢʘʝʪ ʚ ʌʂ, 

ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʚʦʟʥʠʢʥʦʚʝʥʠʶ ʟʘʧʨʝʱʸʥʥʳʭ ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʟʦʥ 

[46-48]. ʌʂ ʧʦʟʚʦʣʷʶʪ ʫʧʨʘʚʣʷʪʴ ʧʦʪʦʢʘʤʠ ʕʄ ʠʟʣʫʯʝʥʠʷ, ʯʪʦ 

ʦʪʢʨʳʚʘʝʪ ʰʠʨʦʢʠʝ ʧʝʨʩʧʝʢʪʠʚʳ ʠʭ ʧʨʘʢʪʠʯʝʩʢʦʛʦ ʧʨʠʤʝʥʝʥʠʷ.  

ɽʱʝ ʦʜʥʠʤ ʦʙʲʝʢʪʦʤ, ʧʨʝʜʩʪʘʚʣʷʶʱʠʤ ʥʝʩʦʤʥʝʥʥʳʡ 

ʠʥʪʝʨʝʩ, ʷʚʣʷʶʪʩʷ ʤʝʪʘʣʣʦ-ʜʠʵʣʝʢʪʨʠʯʝʩʢʠʝ ʧʣʘʟʤʦʥʥʦ-ʬʦʪʦʥʥʳʝ 

ʢʨʠʩʪʘʣʣ r[49, 50], ʩʦʩʪʦʷʱʠʝ ʠʟ ʨʘʟʣʠʯʥʳʭ ʢʦʤʙʠʥʘʮʠʡ ʩʣʦʸʚ ʌʂ 

ʚ ʢʦʥʪʘʢʪʝ ʩ ʪʦʥʢʦʧʣʝʥʦʯʥʳʤʠ ʧʣʘʟʤʦʥʥʳʤʠ ʢʨʠʩʪʘʣʣʘʤʠ. ɺ ʪʘʢʠʭ 

ʛʠʙʨʠʜʥʳʭ ʩʠʩʪʝʤʘʭ ʥʘʙʣʶʜʘʶʪʩʷ ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʵʬʬʝʢʪʳ 

ʧʝʨʝʥʦʩʘ ʵʥʝʨʛʠʠ ʚʜʦʣʴ ʛʨʘʥʠʮʳ ʤʝʪʘʣʣ-ʜʠʵʣʝʢʪʨʠʢ ʟʘ ʩʯʸʪ 

ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʧʣʘʟʤʦʥ-ʧʦʣʷʨʠʪʦʥʦʚ (ʇʇʇ) [51-54], ʯʪʦ ʧʦʟʚʦʣʷʝʪ 

ʟʥʘʯʠʪʝʣʴʥʦ ʨʘʩʰʠʨʠʪʴ ʬʫʥʢʮʠʦʥʘʣʴʥʳʝ ʚʦʟʤʦʞʥʦʩʪʠ ʧʦʜʦʙʥʳʭ 

ʩʪʨʫʢʪʫʨ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʦʙʳʯʥʳʤʠ ʌʂ.  

ʂʦʥʮʝʧʮʠʠ ʌʂ ʠ ʤʝʪʘʤʘʪʝʨʠʘʣʦʚ ʩʦʚʤʝʩʪʥʦ ʩ 

ʥʘʥʦʧʣʘʟʤʦʥʠʢʦʡ ʩʦʩʪʘʚʣ̫ʶʪ ʷʜʨʦ ʩʦʚʨʝʤʝʥʥʦʡ ʥʘʥʦʬʦʪʦʥʠʢʠ. 

ʕʪʦ ʥʘʫʯʥʦ-ʪʝʭʥʠʯʝʩʢʦʝ ʥʘʧʨʘʚʣʝʥʠʝ ʟʘʥʠʤʘʝʪʩʷ ʠʟʫʯʝʥʠʝʤ 

ʩʪʨʫʢʪʫʨ, ʢʦʪʦʨʳʝ ʩʧʦʩʦʙʥʳ ʬʦʨʤʠʨʦʚʘʪʴ, ʫʧʨʘʚʣʷʪʴ ʠ 

ʧʨʝʦʙʨʘʟʦʚʳʚʘʪʴ ʧʦʪʦʢʠ ʕʄ ʵʥʝʨʛʠʠ ʚ ʤʘʩʰʪʘʙʝ ʨʘʩʩʪʦʥ̫ʠʡ, 

ʥʘʯʠʥʘʷ ʦʪ ʜʦʣʝʡ ʜʣʠʥʳ ʚʦʣʥʳ, ʠ ʙʫʜʝʪ, ʧʦ-ʚʠʜʠʤʦʤʫ, ʦʧʨʝʜʝʣʷʪʴ 

ʥʘʫʯʥʦ-ʪʝʭʥʠʯʝʩʢʠʡ ʧʨʦʛʨʝʩʩ ʚ ʦʙʣʘʩʪʠ ʩʨʝʜʩʪʚ ʢʦʤʤʫʥʠʢʘʮʠʡ ʠ 

ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʚ XXI ʚʝʢʝ, ʷʚʣʷʷʩʴ ʣʦʢʦʤʦʪʠʚʦʤ 

ʠʥʥʦʚʘʮʠʦʥʥʦʛʦ ʨʘʟʚʠʪʠʷ [36]. 
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ʕʪʠ ʦʙʩʪʦʷʪʝʣʴʩʪʚʘ ʫʙʝʜʠʪʝʣʴʥʦ ʧʦʜʪʚʝʨʞʜʘʶʪ ʘʢʪʫʘʣʴʥʦʩʪʴ 

ʠʟʫʯʝʥʠʷ ʩʪʫʜʝʥʪʘʤʠ ʦʩʥʦʚ ʬʦʪʦʥʠʢʠ ʠ ʥʘʥʦʧʣʘʟʤʦʥʠʢʠ ï ʙʳʩʪʨʦ 

ʨʘʟʚʠʚʘʶʱʝʛʦʩʷ ʚ ʧʦʩʣʝʜʥʠʝ ʜʝʩʷʪʠʣʝʪʠʷ ʥʘʧʨʘʚʣʝʥʠ ̫ ʦʧʪʠʢʠ, 

ʬʠʟʠʢʠ ʥʘʥʦʩʪʨʫʢʪʫʨ, ʬʠʟʠʢʠ ʢʦʥʜʝʥʩʠʨʦʚʘʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʠ 

ʥʦʚrʭ ʦʙʣʘʩʪʠ ʥʘʥʦʪʝʭʥʦʣʦʛʠʡ ʙʫʜʫʱʝʛʦ, ʩʧʦʩʦʙʥʳʭ ʩʦʚʝʨʰʠʪʴ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʫʶ ʨʝʚʦʣʶʮʠʶ. ʉʦʜʝʨʞʘʥʠʝ ʫʯʝʙʥʦʡ ʜʠʩʮʠʧʣʠʥʳ 

çʆʩʥʦʚʳ ʬʠʟʠʢʠ ʬʦʪʦʥʥʳʭ ʢʨʠʩʪʘʣʣʦʚ ʠ ʬʦʪʦʥʥʦ-ʧʣʘʟʤʦʥʥʳʭ 

ʩʪʨʫʢʪʫʨè ʧʨʝʜʩʪʘʚʣʝʥʦ ʚ ʇʨʠʣʦʞʝʥʠʠ 1 [42]; ʠʟʣʦʞʝʥʠʝ 

ʤʘʪʝʨʠʘʣʘ ʚ ʥʘʩʪʦʷʱʝʡ ʛʣʘʚʝ ʩʪʨʦʠʪʩʷ, ʚ ʦʩʥʦʚʥʦʤ, ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ 

ʠʤʝʥʥʦ ʩ ɻʪʦʡ ʧʨʦʛʨʘʤʤʦʡ. 

ʂʫʨʩ çʆʩʥʦʚʳ ʬʠʟʠʢʠ ʬʦʪʦʥʥʳʭ ʢʨʠʩʪʘʣʣʦʚ ʠ ʬʦʪʦʥʥʦ-

ʧʣʘʟʤʦʥʥʳʭ ʩʪʨʫʢʪʫʨè ʦʧʠʨʘʝʪʩʷ ʥʘ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʝ ʟʥʘʥʠʷ 

ʩʪʫʜʝʥʪʦʚ, ʠʟʫʯʠʚʰʠʭ ʨʘʥʝʝ ʦʩʥʦʚʳ ʢʣʘʩʩʠʯʝʩʢʦʡ 

ʵʣʝʢʪʨʦʜʠʥʘʤʠʢʠ, ʦʧʪʠʢʠ, ʢʚʘʥʪʦʚʦʡ ʤʝʭʘʥʠʢʠ ʠ ʬʠʟʠʢʠ ʪʚʝʨʜʦʛʦ 

ʪʝʣʘ. ʇʨʝʜʚʘʨʠʪʝʣʴʥʦ ʩʪʫʜʝʥʪʘʤ ʨʝʢʦʤʝʥʜʫʝʪʩʷ ʩʘʤʦʩʪʦʷʪʝʣʴʥʦ 

ʧʦʚʪʦʨʠʪʴ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʨʘʟʜʝʣʳ ʦʙʱʝʡ ʠ ʪʝʦʨʝʪʠʯʝʩʢʦʡ 

ʬʠʟʠʢʠ, ʘ ʪʘʢʞʝ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ (ʨʝʰʝʥʠʝ 

ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʭ ʫʨʘʚʥʝʥʠʡ ʠ ʚʝʢʪʦʨʥʳʡ ʘʥʘʣʠʟ). ʇʨʠ ʦʪʙʦʨʝ 

ʤʘʪʝʨʠʘʣʘ ʧʨʝʧʦʜʘʚʘʪʝʣʝʤ ʤʦʛʫʪ ʚʦʟʥʠʢʥʫʪʴ ʪʨʫʜʥʦʩʪʠ, ʩʚʷʟʘʥʥʳʝ 

ʩ ʦʛʨʘʥʠʯʝʥʥʦʩʪʴʶ ʦʙʲʝʤʘ ʢʫʨʩʘ ʠ ʦʪʩʫʪʩʪʚʠʝʤ ʜʦʩʪʘʪʦʯʥʦʛʦ 

ʢʦʣʠʯʝʩʪʚʘ ʥʝʦʙʭʦʜʠʤʦʡ ʣʠʪʝʨʘʪʫʨʳ. ʇʨʠ ʧʦʜʛʦʪʦʚʢʝ ʜʘʥʥʦʛʦ 

ʢʫʨʩʘ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʦʙʟʦʨʥʳʝ ʩʪʘʪʴʠ ʚ ʨʦʩʩʠʡʩʢʠʭ ʠ ʟʘʨʫʙʝʞʥʳʭ 

ʞʫʨʥʘʣʘʭ (çʌʠʟʠʢʘ ʪʚʝʨʜʦʛʦ ʪʝʣʘè, çʋʩʧʝʭʠ ʬʠʟʠʯʝʩʢʠʭ ʥʘʫʢè, 

çAdvanced Materialsè ʠ ʜʨ.), ʘ ʪʘʢʞʝ ʩʫʱʝʩʪʚʫʶʱʠʝ ʚ ʥʘʩʪʦʷʱʝʝ 

ʚʨʝʤʷ ʤʦʥʦʛʨʘʬʠʠ (ʩʤ. ʩʧʠʩʦʢ ʣʠʪʝʨʘʪʫʨʳ). ɼʦʧʦʣʥʠʪʝʣʴʥʦ ʤʦʛʫʪ 

ʙʳʪʴ ʧʦʣʝʟʥʳʤʠ ʙʠʙʣʠʦʛʨʘʬʠʯʝʩʢʠʝ ʜʘʥʥʳʝ ʵʪʠʭ ʧʫʙʣʠʢʘʮʠʡ, ʘ 

ʪʘʢʞʝ ʤʘʪʝʨʠʘʣʳ ʠʟ ʩʝʪʠ ʀʥʪʝʨʥʝʪ. 

ʆʩʥʦʚʦʡ ʢʫʨʩʘ ʷʚʣʷʝʪʩʷ ʣʝʢʮʠʦʥʥʳʡ ʤʘʪʝʨʠʘʣ, ʢʦʪʦʨʳʡ 

ʜʦʧʦʣʥʷʝʪʩʷ ʨʝʰʝʥʠʝʤ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʟʘʜʘʯ ʥʘ ʧʨʘʢʪʠʯʝʩʢʠʭ 

ʟʘʥʷʪʠʷʭ ʠ ʣʘʙʦʨʘʪʦʨʥʳʤʠ ʨʘʙʦʪʘʤʠ ʥʘ ʩʦʚʨʝʤʝʥʥʦʤ 

ʦʙʦʨʫʜʦʚʘʥʠʠ. ʇʨʠ ʧʨʦʚʝʜʝʥʠʠ ʧʨʘʢʪʠʯʝʩʢʠʭ ʟʘʥʷʪʠʡ ʧʦʣʝʟʥʦ 

ʪʘʢʞʝ ʠʩʧʦʣʴʟʦʚʘʪʴ ʪʘʢʠʝ ʬʦʨʤʳ ʨʘʙʦʪʳ, ʢʘʢ ʢʦʣʣʝʢʪʠʚʥʦʝ 

ʦʙʩʫʞʜʝʥʠʝ ʧʨʦʙʣʝʤ ʩʦʚʨʝʤʝʥʥʦʡ ʬʠʟʠʢʠ, ʤʫʣʴʪʠʤʝʜʠʡʥʳʝ 

ʧʨʝʟʝʥʪʘʮʠʠ ʠ ʪ.ʜ. ʀʥʜʠʚʠʜʫʘʣʴʥʘʷ ʨʘʙʦʪʘ ʩʦ ʩʪʫʜʝʥʪʘʤʠ 

ʧʨʦʚʦʜʠʪʩʷ ʚ ʬʦʨʤʝ ʢʦʥʩʫʣʴʪʘʮʠʡ.   

ʀʟʫʯʝʥʠʝ ʢʫʨʩʘ ʧʦʟʚʦʣʠʪ ʩʪʫʜʝʥʪʘʤ ʨʘʩʰʠʨʠʪʴ ʩʚʦʡ 

ʢʨʫʛʦʟʦʨ, ʠʩʧʦʣʴʟʦʚʘʪʴ ʧʨʝʜʤʝʪʥʳʝ ʟʥʘʥʠʷ ʢʘʢ ʙʘʟʦʚʳʝ ʧʨʠ 

ʦʩʚʦʝʥʠʠ ʥʦʚʳʭ ʥʘʥʦʪʝʭʥʦʣʦʛʠʡ, ʦʩʤʳʩʣʠʪʴ ʩʫʪʴ ʠ ʥʘʧʨʘʚʣʝʥʠʝ 
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ʨʘʟʚʠʪʠʷ ʩʦʚʨʝʤʝʥʥʦʡ ʥʘʫʢʠ. ɼʘʥʥʳʡ ʢʫʨʩ ʦʩʦʙʝʥʥʦ ʧʦʣʝʟʝʥ ʜʣʷ 

ʤʘʛʠʩʪʨʦʚ, ʦʨʠʝʥʪʠʨʦʚʘʥʥʳʭ ʥʘ ʥʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʫʶ ʨʘʙʦʪʫ 

ʚ ʦʙʣʘʩʪʠ ʩʦʚʨʝʤʝʥʥʦʡ ʬʠʟʠʢʠ ʢʦʥʜʝʥʩʠʨʦʚʘʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʠ 

ʬʠʟʠʢʠ ʥʘʥʦʩʪʨʫʢʪʫʨ.  

ʇʨʠ ʠʟʫʯʝʥʠʠ ʢʫʨʩʘ ʩʪʫʜʝʥʪʳ ʨʘʙʦʪʘʶʪ ʩʦ ʩʧʝʮʠʘʣʴʥʦʡ 

ʣʠʪʝʨʘʪʫʨʦʡ, ʧʨʠʚʣʝʢʘʶʪʩʷ ʢ ʠʟʫʯʝʥʠʶ ʤʘʪʝʨʠʘʣʦʚ ʥʘʫʯʥʳʭ 

ʢʦʥʬʝʨʝʥʮʠʡ ʠ ʧʫʙʣʠʢʘʮʠʡ ʚ ʥʘʫʯʥʳʭ ʧʝʨʠʦʜʠʯʝʩʢʠʭ ʠʟʜʘʥʠʷʭ (ʚ 

ʪʦʤ ʯʠʩʣʝ ï ʢ ʧʝʨʝʚʦʜʫ ʟʘʨʫʙʝʞʥʳʭ ʧʫʙʣʠʢʘʮʠʡ ʥʘ ʨʫʩʩʢʠʡ ʷʟʳʢ). 

ɼʣʷ ʘʢʪʠʚʠʟʘʮʠʠ ʩʘʤʦʩʪʦʷʪʝʣʴʥʦʡ ʨʘʙʦʪʳ ʩʪʫʜʝʥʪʦʚ ʧʨʠ ʠʟʫʯʝʥʠʠ 

ʠʤʠ ʠʟʚʝʩʪʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʧʦʜ ʥʦʚʳʤ ʫʛʣʦʤ ʟʨʝʥʠʷ ʧʨʝʜʣʘʛʘʝʪʩʷ 

ʧʦʜʛʦʪʦʚʠʪʴ ʩʦʦʙʱʝʥʠ ̫ʧʦ ʦʪʜʝʣʴʥʳʤ ʪʝʤʘʤ ʢʫʨʩʘ, ʢʦʪʦʨʳʝ ʟʘʪʝʤ 

ʤʦʛʫʪ ʩʪʘʪʴ ʧʨʝʜʤʝʪʦʤ ʢʦʣʣʝʢʪʠʚʥʦʛʦ ʦʙʩʫʞʜʝʥʠʷ ʚ ʩʪʫʜʝʥʯʝʩʢʦʡ 

ʛʨʫʧʧʝ. ʂʫʨʩ ʟʘʚʝʨʰʘʝʪʩʷ ʟʘʯʝʪʦʤ, ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ ʢʦʪʦʨʦʛʦ ʤʦʞʥʦ 

ʠʩʧʦʣʴʟʦʚʘʪʴ ʪʝʩʪʦʚʳʝ ʟʘʜʘʥʠʷ, ʧʨʠʤʝʨʳ ʢʦʪʦʨʳʭ ʧʨʠʚʝʜʝʥʳ ʚ 

ʇʨʠʣʦʞʝʥʠʠ 2.  

ɺʦ ʚʚʝʜʝʥʠʠ ʢ ʧʝʨʚʦʡ ʯʘʩʪʠ ʢʫʨʩʘ ʩʣʝʜʫʝʪ ʦʙʨʘʪʠʪʴ 

ʚʥʠʤʘʥʠʝ ʩʪʫʜʝʥʪʦʚ ʥʘ ʪʦ, ʯʪʦ ʚ ʨʝʘʣʴʥʦʡ ʞʠʟʥʠ ʯʝʣʦʚʝʢʫ ʩ ʜʘʚʥʠʭ 

ʚʨʝʤʝʥ ʧʨʠʭʦʜʠʣʦʩʴ ʠʤʝʪʴ ʜʝʣʦ ʩ ʌʂ ʢʘʢ ʝʩʪʝʩʪʚʝʥʥʦʛʦ, ʪʘʢ ʠ 

ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʧʨʦʠʩʭʦʞʜʝʥʠʷ. ʉʦʚʨʝʤʝʥʥʳʝ ʥʘʥʦʪʝʭʥʦʣʦʛʠʠ 

ʧʦʟʚʦʣʷʶʪ ʩʦʟʜʘʪ ɹ ʦʜʥʦʤʝʨʥrʝ (1D), ʜʚʫʤʝʨʥʳʝ (2D) ʠ 

ʪʨʸʭʤʝʨʥʳʝ (3D) ʥʘʥʦʩʪʨʫʢʪʫʨr (ʨʠʩ. 4.1) ʩ ʧʝʨʠʦʜʠʯʝʩʢʠ 

ʤʝʥʷʶʱʠʤʩʷ ʧʦʢʘʟʘʪʝʣʝʤ ʧʨʝʣʦʤʣʝʥʠʷ (ʇʇ), ʢʦʪʦʨʳʝ ʚ ʥʘʩʪʦʷʱʝʝ 

ʚʨʝʤʷ ʷʚʣʷʶʪʩʷ ʦʙʲʝʢʪʦʤ ʤʥʦʛʦʯʠʩʣʝʥʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʘʣʥɹʳʭ ʠ 

ʪʝʦʨʝʪʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ. 

 

   ʈʠʩ. 4.1. ʉʭʝʤʳ 1D, 2D ʠ 3D ʌʂ. 
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ʇʨʠ ʪʝʦʨʝʪʠʯʝʩʢʦʤ ʦʧʠʩʘʥʠʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʕʄ ʚʦʣʥ ʚ 

ʌʂ ʚ ʦʙʱʝʤ ʩʣʫʯʘʝ ʥʝʦʙʭʦʜʠʤʦ ʦʧʠʨʘʪʴʩʷ ʥʘ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʝ 

ʟʥʘʥʠʷ ʩʪʫʜʝʥʪʦʚ, ʧʦʣʫʯʝʥʥʳʝ ʧʨʠ ʠʟʫʯʝʥʠʠ ʠʤʠ ʦʩʥʦʚ 

ʢʣʘʩʩʠʯʝʩʢʦʡ ʵʣʝʢʪʨʦʜʠʥʘʤʠʢʠ ï ʫʨʘʚʥʝʥʠʡ ʄʘʢʩʚʝʣʣʘ. 

ʉʣʝʜʫʷ [46], ʙʫʜʝʤ ʧʦʣʘʛʘʪʴ, ʯʪʦ ʩʧʨʘʚʝʜʣʠʚʳ ʩʣʝʜʫʶʱʠʝ 

ʜʦʧʫɦ ʝʥʠʷ: 

¶ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʝ ʧʦʣʝ ʷʚʣʷʝʪʩʷ ʜʦʩʪʘʪʦʯʥʦ ʩʣʘʙʳʤ (ʠʤʝʝʪ 
ʤʝʩʪʦ ʣʠʥʝʡʥʳʡ ʨʝʞʠʤ); 

¶ ʨʘʩʩʤʘʪʨʠʚʘʝʤʘʷ ʤʘʢʨʦʩʢʦʧʠʯʝʩʢʘʷ ʩʨʝʜʘ ʠʟʦʪʨʦʧʥʘ, ʪʘʢ 
ʯʪʦ ʚʝʢʪʦʨʳ ʥʘʧʨʷʞʸʥʥʦʩʪʠ ʠ ʠʥʜʫʢʮʠʠ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ 

ʩʚ̫ʟʘʥʳ ʩʢʘʣʷʨʥʦʡ ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʡ ʧʨʦʥʠʮʘʝʤʦʩʪʴʶ: 

0( ) ( ) ( )D r r E re e= ; 

¶ ʚ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʤ ʯʘʩʪʦʪʥʦʤ ʜʠʘʧʘʟʦʥʝ ʦʪʩʫʪʩʪʚʫʝʪ 
ʩʫʝɦʩʪʚʝʥʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʡ ʧʨʦʥʠʮʘʝʤʦʩʪʠ ʦʪ 

ʯʘʩʪʦʪʳ; 

¶ ʌʂ ʩʦʩʪʦʠʪ ʠʟ ʜʠʵʣʝʢʪʨʠʢʦʚ ʩ ʤʘʣʳʤʠ ʜʠʵʣʝʢʪʨʠʯʝʩʢʠʤʠ 
ʧʦʪʝʨʷʤʠ (ʤʥʠʤʘʷ ʯʘʩʪʴ ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʡ ʧʨʦʥʠʮʘʝʤʦʩʪʠ ʨʘʚʥʘ 

ʥʫʣʶ); 

¶ ʤʘʛʥʠʪʥʘʷ ʧʨʦʥʠʮʘʝʤʦʩʪʴ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʡ 

ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʡ ʩʨʝʜʳ 1m=, ʚ ʥʝʡ ʦʪʩʫʪʩʪʚʫʶʪ 

ʥʝʩʢʦʤʧʝʥʩʠʨʦʚʘʥʥʳʝ ʵʣʝʢʪʨʠʯʝʩʢʠʝ ʟʘʨʜ̫ʳ (0r= ) ʠ ʪʦʢʠ 

( 0j = ). 

 ʇʨʠ ʵʪʠʭ ʜʦʧʫʱʝʥʠʷʭ ʫʨʘʚʥʝʥʠʷ ʄʘʢʩʚʝʣʣʘ ʚ 

ʤʝʞʜʫʥʘʨʦʜʥʦʡ ʩʠʩʪʝʤʝ ʝʜʠʥʠʮ (ʉʀ) ʧʨʠʥʠʤʘʶʪ ʚʠʜ: 

0

( , )
( , ) ( ) 0

E r t
H r t r

t
e e

µ
è øÐ³ - =ê ú µ

,  (4.1) 

0

( , )
( , ) 0

H r t
E r t

t
m
µ

è øÐ³ + =ê ú µ
,   (4.2) 

( )( ) ( , ) 0r E r teÐÖ =.    (4.3) 

( )( , ) 0H r tÐÖ =,    (4.4) 
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ʀʩʧʦʣʴʟʫʷ ʤʝʪʦʜ ʨʘʟʣʦʞʝʥʠʷ ʧʦ ʧʣʦʩʢʠʤ ʚʦʣʥʘʤ ʧʨʠ 

ʛʘʨʤʦʥʠʯʝʩʢʦʡ ʚʨʝʤʝʥʥɧʡ ʟʘʚʠʩʠʤʦʩʪʠ ʥʘʧʨʷʞʝʥʥʦʩʪʝʡ 

ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʠ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʝʡ 

( )( , ) ( )expE r t E r i tw= - ,   (4.5) 

( )( , ) ( )expH r t H r i tw= - ,   (4.6) 

 ʠʟ (4.1) ï (4.4) ʧʦʣʫʯʠʤ: 

0( ) ( ) ( ) 0H r i r E rwe eè øÐ³ + =ê ú ,  (4.7) 

0( ) ( ) 0E r i H rwmè øÐ³ - =ê ú ,   (4.8) 

( )( ) ( ) 0r E reÐÖ =.    (4.9) 

( )( ) 0H rÐÖ =,     (4.10) 

ʈʘʟʜʝʣʠʚ ʦʙʝ ʯʘʩʪʠ ʫʨʘʚʥʝʥʠʷ (4.7) ʥʘ ( )re  ʠ ʧʨʠʤʝʥʠʚ ʢ 

ʧʦʣʫʯʝʥʥʦʤʫ ʨʘʚʝʥʩʪʚʫ ʦʧʝʨʘʮʠʶ ʨʦʪʦʨʘ, ʙʫʜʝʤ ʠʤʝʪʴ: 

0

1
( ) ( ) 0

( )
H r i E r

r
we

e

è øë û
è ø è øÐ³ Ð³ + Ð³ =ì üé ùê ú ê ú

í ýê ú
, (4.11) 

ʠʣʠ ʧʦʩʣʝ ʧʦʜʩʪʘʥʦʚʢʠ 0( ) ( )E r i H rwmè øÐ³ =ê ú  ʠʟ (4.8): 

2
1

( ) ( )
( )

H r H r
r c

w

e

è øë û å õ
è øÐ³ Ð³ =ì üé ùæ öê ú

ç ÷í ýê ú
,  (4.12) 

ʛʜʝ 
0 0

1
c

e m
=  ï ʩʢʦʨʦʩʪʴ ʩʚʝʪʘ ʚ ʚʘʢʫʫʤʝ. 
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ʋʨʘʚʥʝʥʠʝ (4.12) ʷʚʣʷʝʪʩʷ ʦʩʥʦʚʥʳʤ ʫʨʘʚʥʝʥʠʝʤ ʚ ʪʝʦʨʠʠ 

ʌʂ ʠ ʤʦʞʝʪ ʨʘʩʩʤʘʪʨʠʚʘʪʴʩʷ ʢʘʢ ʘʥʘʣʦʛ ʫʨʘʚʥʝʥʠʷ ʐʨʸʜʠʥʛʝʨʘ ʚ 

ʢʚʘʥʪʦʚʦʡ ʤʝʭʘʥʠʢʝ. ʇʦʵʪʦʤʫ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʦʯʝʥʴ ʧʦʣʝʟʥʳʤ 

ʠʩʧʦʣʴʟʦʚʘʪʴ ʚ ʨʘʙʦʪʝ ʩʦ ʩʪʫʜʝʥʪʘʤʠ ʘʥʘʣʦʛʠʶ 

ʢʚʘʥʪʦʚʦʤʝʭʘʥʠʯʝʩʢʦʛʦ ʧʦʜʭʦʜʘ ʢ ʨʘʩʩʤʦʪʨʝʥʠʶ ʜʚʠʞʝʥʠʷ 

ʵʣʝʢʪʨʦʥʘ ʚ ʢʨʠʩʪʘʣʣʝ ʩ ʵʣʝʢʪʨʦʜʠʥʘʤʠʯʝʩʢʠʤ ʦʧʠʩʘʥʠʝʤ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʭ ʚʦʣʥ ʚ ʌʂ (ʩʤ. ʪʘʙʣ. 4.1 [46]). 

ʈʘʩʩʤʘʪʨʠʚʘʝʤʘʷ ʵʣʝʢʪʨʦʜʠʥʘʤʠʯʝʩʢʘʷ ʟʘʜʘʯʘ, ʢʘʢ ʠ ʚ 

ʢʚʘʥʪʦʚʦʤʝʭʘʥʠʯʝʩʢʦʤ ʩʣʫʯʘʝ, ʩ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʪʦʯʢʠ ʟʨʝʥʠʷ 

ʩʚʦʜʠʪʩʷ ʢ ʦʪʳʩʢʘʥʠʶ ʩʦʙʩʪʚʝʥʥʳʭ ʬʫʥʢʮʠʡ ʠ ʩʦʙʩʪʚʝʥʥʳʭ 

ʟʥʘʯʝʥʠʡ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ ʦʧʝʨʘʪʦʨʘ: 

1
ɗ

( )re

Ø ë û
è ø=Ð³ Ð³ì üê ú

í ý
.   (4.13) 

ʊʘʙʣ. 4.1. ʉʦʧʦʩʪʘʚʣʝʥʠʝ ʢʚʘʥʪʦʚʦʤʝʭʘʥʠʯʝʩʢʦʛʦ ʧʦʜʭʦʜʘ  

ʢ ʨʘʩʩʤʦʪʨʝʥʠʶ ʜʚʠʞʝʥʠʷ ʵʣʝʢʪʨʦʥʘ ʚ ʢʨʠʩʪʘʣʣʝ  

ʩ ʵʣʝʢʪʨʦʜʠʥʘʤʠʯʝʩʢʠʤ ʦʧʠʩʘʥʠʝʤ  

ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʭ ʚʦʣʥ ʚ ʌʂ [46]. 
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ʉʣʝʜʫʝʪ ʦʙʨʘʪʠʪʴ ʚʥʠʤʘʥʠʝ ʩʪʫʜʝʥʪʦʚ ʥʘ ʪʦ, ʯʪʦ ʫʨʘʚʥʝʥʠʝ 

(4.12) ʧʨʠʥʷʪʦ ʟʘʧʠʩʳʚʘʪʴ ʠʤʝʥʥʦ ʜʣʷ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʕʄ ʚʦʣʥʳ, 

ʧʦʩʢʦʣʴʢʫ ʜʣʷ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ ʦʧʝʨʘʪʦʨ, ʘʥʘʣʦʛʠʯʥʳʡ (4.13), 

ʧʝʨʝʩʪʘʸʪ ʙʳʪʴ ʵʨʤʠʪʦʚʳʤ. ʅʝʦʙʭʦʜʠʤʦ ʦʪʤʝʪʠʪʴ ʪʘʢʞʝ ʩʚʦʡʩʪʚʦ 

çʤʘʩʰʪʘʙʠʨʫʝʤʦʩʪʠè, ʧʨʠʩʫʱʝʝ ʫʨʘʚʥʝʥʠʶ (4.12): ʧʨʠ 

ʫʤʝʥʴh ʝʥʠʠ ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʡ ʧʨʦʥʠʮʘʝʤʦʩʪʠ ʚʦ ʚʩʝʭ ʪʦʯʢʘʭ ʌʂ ʚ 
2s  ʨʘʟ 2( '( ) ( ) / )r r se e=  ʧʨʦʬʠʣʠ ʛʘʨʤʦʥʠʯʝʩʢʠʭ ʕʄ ʤʦʜ ʥʦʚʦʡ 

ʩʠʩʪʝʤʳ ʥʝ ʠʟʤʝʥʷʪʩʷ, ʥʦ ʚʩʝ ʯʘʩʪʦʪʳ ʚʦʟʨʘʩʪʫʪ ʚ s ʨʘʟ  

( ' )sw w w = . 

ʉʣʝʜʩʪʚʠʷʤʠ ʪʨʘʥʩʣʷʮʠʦʥʥʦʡ ʩʠʤʤʝʪʨʠʠ ʌʂ, ʢʘʢ ʠ ʚ ʬʠʟʠʢʝ 

ʪʚʝʨʜʦʛʦ ʪʝʣʘ (ʌʊʊ), ʷʚʣʷʶʪʩʷ ʪʝʦʨʝʤʘ ɹʣʦʭʘ (ʪʘʙʣ. 4.1) ʠ 

ʚʦʟʥʠʢʥʦʚʝʥʠʝ ʬʦʪʦʥʥʦʡ ʟʦʥʥʦʡ ʩʪʨʫʢʪʫʨʳ. ʇʨʠ ʜʦʩʪʘʪʦʯʥʦʤ 

ʢʦʥʪʨʘʩʪʝ ʧʦʢʘʟʘʪʝʣʷ ʧʨʝʣʦʤʣʝʥʠʷ (ʇʇ) ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʕʄ 

ʠʟʣʫʯʝʥʠʷ ʚ ʌʂ ʚ ʦʧʨʝʜʝʣʸʥʥʦʤ ʜʠʘʧʘʟʦʥʝ ʜʣʠʥ ʚʦʣʥ ʦʢʘʟʳʚʘʝʪʩʷ 

ʥʝʚʦʟʤʦʞʥʳʤ ʚʩʣʝʜʩʪʚʠʝ ʜʝʩʪʨʫʢʪʠʚʥʦʡ ʠʥʪʝʨʬʝʨʝʥʮʠʠ. ɺ ʵʪʦʤ 

ʩʣʫʯʘʝ ʛʦʚʦʨʷʪ ʦ ʧʦʷʚʣʝʥʠʠ ʬʦʪʦʥʥʦʡ ʟʘʧʨʝɦ ʸʥʥʦʡ ʟʦʥʳ (ʌɿɿ) ʠʣʠ 

çʬʦʪʦʥʥʦʡ ʱʝʣʠè, ʢʦʪʦʨʘʷ ʧʨʦʷʚʣʷʝʪ ʩʝʙʷ ʚ ʚʠʜʝ ʤʘʢʩʠʤʫʤʘ ʚ 

ʩʧʝʢʪʨʝ ʦʪʨʘʞʝʥʠʷ (ʠʣʠ ʤʠʥʠʤʫʤʘ ʚ ʩʧʝʢʪʨʝ ʧʨʦʧʫʩʢʘʥʠʷ) ʌʂ. ɺ 

ʩʚʷʟʠ ʩ ʦʧʠʩʘʥʥʳʤʠ ʚʳʰʝ ʩʚʦʡʩʪʚʘʤʠ çʤʘʩʰʪʘʙʠʨʫʝʤʦʩʪʠè 

ʫʨʘʚʥʝʥʠʷ (4.12) ʧʦʣʦʞʝʥʠʝ ʌɿɿ ʚ ʌʂ ʚ ʪʝʦʨʝʪʠʯʝʩʢʠʭ ʨʘʙʦʪʘʭ 

ʯʘʩʪʦ ʦʧʨʝʜʝʣʷʶʪ ʚ ʦʪʥʦʩʠʪʝʣʴʥʳʭ ʝʜʠʥʠʮʘʭ. 

ʆʪʤʝʪʠʤ, ʯʪʦ ʘʥʘʣʦʛʠʷ ʪʝʦʨʝʪʠʯʝʩʢʦʛʦ ʦʧʠʩʘʥʠʷ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʕʄ ʚʦʣʥ ʚ ʌʂ ʩ ʟʦʥʥʦʡ ʪʝʦʨʠʝʡ ʠʤʝʝʪ ʛʣʫʙʦʢʠʝ 

ʬʠʟʠʯʝʩʢʠʝ ʦʩʥʦʚʘʥʠʷ. ʆʜʥʘʢʦ, ʧʦʥʷʪʠʝ ʌɿɿ, ʟʘʠʤʩʪʚʦʚʘʥʥʦʝ ʠʟ 

ʌʊʊ, ʢ ʌʂ ʜʦʣʞʥʦ ʧʨʠʤʝʥʷʪʴʩʷ ʩ ʠʟʚʝʩʪʥʦʡ ʦʩʪʦʨʦʞʥʦʩʪʴʶ [55] (ʚ 

ʯʘʩʪʥʦʩʪʠ, ʟʘʪʫʭʘʥʠʝ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʚʦʣʥ ʚ ʦʧʪʠʢʝ ʠ ʚ ʌʊʊ 

ʤʦʞʝʪ ʧʨʦʠʩʭʦʜʠʪʴ ʧʦ-ʨʘʟʥʦʤʫ). 

ʇʝʨʝʭʦʜʷ ʢ ʨʘʩʩʤʦʪʨʝʥʠʶ ʦʧʘʣʦʚ ʢʘʢ ʬʦʪʦʥʥʳʭ ʢʨʠʩʪʘʣʣʦʚ, 

ʩʣʝʜʫʝʪ ʧʦʜʨʦʙʥʦ ʦʩʪʘʥʦʚʠʪʴʩʷ ʥʘ ʠʭ ʩʪʨʫʢʪʫʨʝ [56], ʦʙʨʘʟʦʚʘʥʥʦʡ 

ʛʣʦʙʫʣʘʤʠ ʩ ʨʘʜʠʫʩʘʤʠ ~100 ʥʤ, ʧʣʦʪʥʦ ʫʧʘʢʦʚʘʥʥʳʤʠ ʚ 

ʛʨʘʥʝʮʝʥʪʨʠʨʦʚʘʥʥʫʶ ʢʫʙʠʯʝʩʢʫʶ (ɻʎʂ) ʩʪʨʫʢʪʫʨʫ (ʨʠʩ. 4.2). ʈʦʩʪ 

ʦʧʘʣʦʚ ʩʣʫʞʠʪ ʧʨʠʤʝʨʦʤ ʩʘʤʦʦʨʛʘʥʠʟʘʮʠʠ, ʠʣʣʶʩʪʨʠʨʫʷ 

ʧʨʦʷʚʣʝʥʠʝ ʦʙʱʠʭ ʩʠʥʝʨʛʝʪʠʯʝʩʢʠʭ ʟʘʢʦʥʦʤʝʨʥʦʩʪʝʡ ʚ ʧʨʠʨʦʜʝ. 

ʅʘ ʧʨʘʢʪʠʯʝʩʢʠʭ ʟʘʥʷʪʠʷʭ ʩʪʫʜʝʥʪʘʤ ʧʦʣʝʟʥʦ ʨʝʰʠʪʴ ʨʷʜ ʟʘʜʘʯ ʥʘ 

ʦʧʨʝʜʝʣʝʥʠʝ ʧʝʨʚʠʯʥʦʡ ʠ ʚʪʦʨʠʯʥʦʡ ʧʦʨʠʩʪʦʩʪʠ, 

ʢʦʦʨʜʠʥʘʮʠʦʥʥʦʛʦ ʯʠʩʣʘ, ʤʝʞʧʣʦʩʢʦʩʪʥʦʛʦ ʨʘʩʩʪʦʷʥʠʷ ʠ ʪʦʤʫ 

ʧʦʜʦʙʥʳʭ ʢʨʠʩʪʘʣʣʦʛʨʘʬʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʵʪʦʡ ʩʪʨʫʢʪʫʨʳ, 
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ʩʧʦʩʦʙʥʦʡ ʠʛʨʘʪʴ ʨʦʣʴ ʪʨʝʭʤʝʨʥʦʡ ʜʠʬʨʘʢʮʠʦʥʥʦʡ ʨʝʰʸʪʢʠ ʜʣʷ 

ʕʄ ʠʟʣʫʯʝʥʠʷ ʚʠʜʠʤʦʛʦ ʩʧʝʢʪʨʘʣʴʥʦʛʦ ʜʠʘʧʘʟʦʥʘ. ɺʩʣʝʜʩʪʚʠʝ 

ʙʨʵʛʛʦʚʩʢʦʡ ʜʠʬʨʘʢʮʠʠ ʥʘ ʵʪʦʡ ʨʝʰʝʪʢʝ ʩʚʝʪ ʩ ʦʧʨʝʜʝʣʸʥʥʳʤʠ 

ʜʣʠʥʘʤʠ ʚʦʣʥ l ʥʝ ʧʨʦʥʠʢʘʝʪ ʚ ʦʧʘʣ, ʯʪʦ ʧʨʦʷʚʣʷʝʪʩʷ ʚ ʚʠʜʝ 

ʤʘʢʩʠʤʫʤʦʚ ʚ ʩʧʝʢʪʨʘʭ ʦʪʨʘʞʝʥʠʷ ʠ ʢʦʨʨʝʣʠʨʫʶɦ ʠʭ ʩ ʥʠʤʠ 

ʤʠʥʠʤʫʤʦʚ ʚ ʩʧʝʢʪʨʘʭ ʦʧʪʠʯʝʩʢʦʛʦ ʧʨʦʧʫʩʢʘʥʠʷ ʦʙʨʘʟʮʦʚ. ʊʘʢʠʤ 

ʦʙʨʘʟʦʤ, ʦʧʪʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʦʧʘʣʦʚ ʧʦʟʚʦʣʷʶʪ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʠʭ 

ʢʘʢ ʌʂ [48, 57].  

ʀʩʧʦʣʴʟʫʷ ʦʧʘʣʦʚʫʶ ʤʘʪʨʠʮʫ ʢʘʢ ʫʜʘʣʷʝʤʳʡ ʚʧʦʩʣʝʜʩʪʚʠʠ 

çʰʘʙʣʦʥè, ʤʦʞʥʦ ʚʳʨʘʩʪʠʪʴ ʪʘʢ ʥʘʟʳʚʘʝʤʳʡ çʠʥʚʝʨʪʠʨʦʚʘʥʥʳʡ 

ʦʧʘʣè (ʨʠʩ. 4.3). ɹ·ʣʴʰʫʶ ʯʘʩʪʴ (~74%) ʦʙʲʸʤʘ ʵʪʦʡ ʩʪʨʫʢʪʫʨʳ 

ʦʙʨʘʟʫʝʪ ʨʝʛʫʣʷʨʥʘʷ ɻʎʂ ʫʧʘʢʦʚʢʘ ʩʬʝʨ, ʟʘʧʦʣʥʝʥʥʳʭ ʚʦʟʜʫʭʦʤ ʩ 

ʇʇ 1 1n =, ʘ ʤʝʥʴʰʫʶ ʯʘʩʪʴ ï ʘʞʫʨʥʘʷ ʢʦʥʩʪʨʫʢʮʠʷ, ʩʦʩʪʦʷʱʘʷ ʠʟ 

ʪʚʝʨʜʦʛʦ ʚʝʱʝʩʪʚʘ ʩ ʙʦʣʴʰʠʤ ʇʇ (ʥʘʧʨʠʤʝʨ, ʠʟ ʦʢʩʠʜʘ ʪʠʪʘʥʘ ʠʣʠ 

ʚʘʥʘʜʠʷ). ʂʘʢ ʧʦʢʘʟʳʚʘʶʪ ʪʝʦʨʠʷ ʠ ʵʢʩʧʝʨʠʤʝʥʪ, ʠʥʚʝʨʪʠʨʦʚʘʥʥʳʡ 

ʦʧʘʣ ʠʤʝʝʪ ʙʦʣʝʝ ʚʳʩʦʢʠʡ ʢʦʥʪʨʘʩʪ ʇʇ ʠ ʙʦʣʝʝ ʰʠʨʦʢʫʶ ʌɿɿ ʧʦ 

ʩʨʘʚʥʝʥʠʶ ʩ ʠʩʭʦʜʥʳʤ ʦʧʘʣʦʤ.  

ɹʨʵʛʛʦʚʩʢʠʡ ʨʝʟʦʥʘʥʩ ʧʝʨʚʦʛʦ ʧʦʨʷʜʢʘ (k = 1) ʷʨʢʦ 

ʧʨʦ̫ʚʣʷʝʪʩʷ ʚ ʚʠʜʝ ʤʘʢʩʠʤʫʤʦʚ ʚ ʩʧʝʢʪʨʘʭ ʦʪʨʘʞʝʥʠʷ ʌʂ ʥʘ 

ʦʩʥʦʚʝ ʦʧʘʣʦʚ (ʨʠʩ. 4.4) ʠ ʢʦʨʨʝʣʠʨʫʶʱʠʭ ʩ ʥʠʤʠ ʤʠʥʠʤʫʤʦʚ ʚ 

ʩʧʝʢʪʨʘʭ ʧʨʦʧʫʩʢʘʥʠʷ (ʨʠʩ. 4.5). ɽʛʦ ʫʛʣʦʚʘʷ ʜʠʩʧʝʨʩʠʷ ʧʨʠ ʥʝ 

ʩʣʠʰʢʦʤ ʙʦʣʴʰʠʭ ʫʛʣʘʭ ʧʘʜʝʥʠʷ ʩʚʝʪʘ ( 40q< ) ʥʘ ʧʣʦʩʢʦʩʪ ɹ(111) 

ɻʎʂ ʩʪʨʫʢʪʫʨʳ ʦʧʘʣʘ ʤʦʞʝʪ ʙʳʪʴ ʦʧʠʩʘʥʘ ʫʨʘʚʥʝʥʠʝʤ [57] 

ql 22222 44 sindnd -= ,  (4.14) 

ʢʦʪʦʨʦʝ ʣʝʛʢʦ ʧʦʣʫʯʠʪʴ, ʠʩʧʦʣʴʟʫʷ ʟʘʢʦʥʳ ɹʨʵʛʛʘ-ɺʫʣʴʬʘ 

( n/cosd lb=2 ) ʠ ʉʥʝʣʣʠʫʩʘ (qb sinsin =n ). ɿʜʝʩʴ q ï ʫʛʦʣ 

ʧʘʜʝʥʠʷ, b ï ʫʛʦʣ ʧʨʝʣʦʤʣʝʥʠʷ ʩʚʝʪʘ, D,d 8160=  ï 

ʤʝʞʧʣʦʩʢʦʩʪʥʦʝ ʨʘʩʩʪʦʷʥʠʝ ʜʣʷ ʧʣʦʩʢʦʩʪʝʡ (111) ɻʎʂ ʩʪʨʫʢʪʫʨʳ 

ʦʧʘʣʘ, D ï ʜʠʘʤʝʪʨ ʩʬʝʨ, n e=  ï ʵʬʬʝʢʪʠʚʥʳʡ ʧʦʢʘʟʘʪʝʣʴ 

ʧʨʝʣʦʤʣʝʥʠʷ ʌʂ. 

ʉ ʮʝʣʴʶ ʠʥʪʝʛʨʘʮʠʠ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʭ ʠ ʧʨʠʢʣʘʜʥʳʭ ʟʥʘʥʠʡ 

ʪʝʦʨʝʪʠʯʝʩʢʦʝ ʠʟʫʯʝʥʠʝ ʤʘʪʝʨʠʘʣʘ, ʧʨʝʜʩʪʘʚʣʝʥʥʦʛʦ ʚ ʧʝʨʚʦʡ 

ʯʘʩʪʠ ʇʨʠʣʦʞʝʥʠʷ 1, ʜʦʧʦʣʥʷʝʪʩʷ ʢʦʤʧʣʝʢʩʥʳʤʠ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʤʠ ʠʩʩʣʝʜʦʚʘʥʠʷʤʠ ʦʧʪʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ 
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ʈʠʩ. 4.2. ʕʣʝʢʪʨʦʥʥʦ-ʤʠʢʨʦʩʢʦʧʠʯʝʩʢʦʝ ʠʟʦʙʨʘʞʝʥʠʝ ɻʎʂ 

ʩʪʨʫʢʪʫʨʳ ʦʧʘʣʘ [58]. 

200 nm200 nm
 

ʈʠʩ. 4.3. ʕʣʝʢʪʨʦʥʥʦ-ʤʠʢʨʦʩʢʦʧʠʯʝʩʢʦʝ ʠʟʦʙʨʘʞʝʥʠʝ 

ʠʥʚʝʨʪʠʨʦʚʘʥʥʦʛʦ 2TiO  ï ʦʧʘʣʘ [57]. 
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ʈʠʩ. 4.4. ʉʧʝʢʪʨʳ ʦʪʨʘʞʝʥʠʷ ʌʂ ʥʘ ʦʩʥʦʚʝ ʧʣʸʥʢʠ ʦʧʘʣʘ 

ʧʨʠ ʫʢʘʟʘʥʥʳʭ ʫʛʣʘʭ ʧʘʜʝʥʠʷ ʩʚʝʪʘ ʥʘ ʦʙʨʘʟʝʮ [57]. 
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ʈʠʩ. 4.5. ʉʧʝʢʪʨʳ ʧʨʦʧʫʩʢʘʥʠʷ ʌʂ ʥʘ ʦʩʥʦʚʝ ʧʣʸʥʢʠ ʦʧʘʣʘ 

ʧʨʠ ʫʢʘʟʘʥʥʳʭ ʫʛʣʘʭ ʧʘʜʝʥʠʷ ʩʚʝʪʘ ʥʘ ʦʙʨʘʟʝʮ [57]. 
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ʬʦʪʦʥʥʦ-ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʩʪʨʫʢʪʫʨ ʥʘ ʦʩʥʦʚʝ ʦʧʘʣʦʚ ʚ 

ʫʥʠʚʝʨʩʠʪʝʪʩʢʦʡ ʬʠʟʠʯʝʩʢʦʡ ʣʘʙʦʨʘʪʦʨʠʠ ʚ ʭʦʜʝ ʚʳʧʦʣʥʝʥʠʷ 

ʨʘʙʦʪ ʬʠʟʠʯʝʩʢʦʛʦ ʧʨʘʢʪʠʢʫʤʘ. ʇʨʠ ʵʪʦʤ ʩʪʫʜʝʥʪʘʤ ʧʨʝʜʣʘʛʘʝʪʩʷ 

ʚʳʧʦʣʥʠʪʴ ʩʣʝʜʫʶʱʠʝ ʟʘʜʘʥʠʷ [42, 59]: 

1. ʠʩʩʣʝʜʦʚʘʪʴ ʩʧʝʢʪʨʳ ʙʨʵʛʛʦʚʩʢʦʛʦ ʦʪʨʘʞʝʥʠʷ ( )R f l=  

ʦʧʘʣʦʚ (ʚ ʪʦʤ ʯʠʩʣʝ ï ʧʦʢʨʳʪʳʭ ʪʦʥʢʠʤʠ ʧʣʝʥʢʘʤʠ ʤʝʪʘʣʣʦʚ [60]) 

ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʫʛʣʘʭ ʧʘʜʝʥʠʷ q ʩʚʝʪʘ ʥʘ ʧʣʦʩʢʦʩʪʴ (111) ʦʙʨʘʟʮʘ; 

2. ʧʦʣʴʟʫʷʩʴ ʬʦʨʤʫʣʦʡ (4.14), ʚʳʯʠʩʣʠʪʴ ʜʠʘʤʝʪʨ ʩʬʝʨ 

ʠʩʩʣʝʜʫʝʤʦʛʦ ʦʧʘʣʘ D; 

3. ʩʨʘʚʥʠʪʴ ʧʦʣʫʯʝʥʥʳʡ ʨʝʟʫʣʴʪʘʪ ʩ ʚʝʣʠʯʠʥʦʡ D, 

ʧʦʣʫʯʝʥʥʦʡ ʥʝʟʘʚʠʩʠʤʳʤ ʤʝʪʦʜʦʤ ʘʪʦʤʥʦ-ʩʠʣʦʚʦʡ ʤʠʢʨʦʩʢʦʧʠʠ 

(ɸʉʄ) ʩ ʧʦʤʦʱʴʶ ʩʢʘʥʠʨʫʶʱʝʛʦ ʟʦʥʜʦʚʦʛʦ ʤʠʢʨʦʩʢʦʧʘ (ʉɿʄ) 

ñNanoeducatorò (ʨʠʩ. 4.6) ʠ ʦʮʝʥʠʪʴ ʧʦʛʨʝʰʥʦʩʪʠ ʠʟʤʝʨʝʥʠʡ. 

 

ʈʠʩ. 4.6. ɸʉʄ - ʠʟʦʙʨʘʞʝʥʠʝ ʦʧʘʣʦʚʦʡ ʤʘʪʨʠʮʳ, ʧʦʣʫʯʝʥʥʦʝ ʩ 

ʧʦʤʦʱʴʶ ʫʯʝʙʥʦʛʦ ʉɿʄ ñNanoeducatorò [57]. 
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ɺʦ ʚʪʦʨʦʡ ʯʘʩʪʠ ʢʫʨʩʘ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ 

ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʕʄ ʚʦʣʥ ʚʜʦʣʴ ʛʨʘʥʠʮʳ ʨʘʟʜʝʣʘ çʤʝʪʘʣʣ-

ʜʠʵʣʝʢʪʨʠʢè, ʠʟʣʘʛʘʶʪʩʷ ʦʩʥʦʚʳ ʥʘʥʦʧʣʘʟʤʦʥʠʢʠ, ʦʙʩʫʞʜʘʶʪʩʷ ʝʝ 

ʚʦʟʤʦʞʥʳʝ ʧʨʘʢʪʠʯʝʩʢʠʝ ʧʨʠʣʦʞʝʥʠʷ. ɺ ʢʘʯʝʩʪʚʝ ʧʨʠʤʝʨʦʚ 

ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʨʘʟʣʠʯʥʳʝ ʧʣʘʟʤʦʥʥʦ-ʬʦʪʦʥʥʳʝ ʛʠʙʨʠʜʥʳʝ 

ʢʨʠʩʪʘʣʣʳ ʥʘ ʦʩʥʦʚʝ ʦʧʘʣʦʚ. ʉʣʫʰʘʪʝʣʷʤ ʧʨʝʜʣʘʛʘʶʪʩʷ ʜʣʷ 

ʦʙʩʫʞʜʝʥʠʷ ʨʘʟʣʠʯʥʳʝ ʤʝʪʦʜʳ ʚʦʟʙʫʞʜʝʥʠʷ ʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʧʣʘʟʤʦʥ-ʧʦʣʷʨʠʪʦʥʦʚ (ʇʇʇ), 

ʨʝʟʫʣʴʪʘʪʳ ʠ ʠʥʪʝʨʧʨʝʪʘʮʠʷ ʢʦʥʢʨʝʪʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ, 

ʧʨʦʚʝʜʝʥʥʳʭ ʩʦʚʨʝʤʝʥʥʳʤʠ ʠʩʩʣʝʜʦʚʘʪʝʣʷʤʠ.  

ʈʘʙʦʪʘ ʩʪʫʜʝʥʪʦʚ ʥʘʜ ʢʫʨʩʦʤ ʥʘʯʠʥʘʝʪʩʷ ʩ ʨʝʰʝʥʠʷ 

ʢʣʘʩʩʠʯʝʩʢʦʡ ʟʘʜʘʯʠ ï ʨʘʩʩʤʦʪʨʝʥʠʷ ʚʳʥʫʞʜʝʥʥʳʭ ʢʦʣʝʙʘʥʠʡ 

ʩʚʦʙʦʜʥʦʛʦ ʵʣʝʢʪʨʦʥʥʦʛʦ ʛʘʟʘ ʚ ʤʝʪʘʣʣʘʭ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʚʥʝʰʥʝʛʦ 

ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ, ʠʟʤʝʥʷʶʱʝʛʦʩʷ ʩ ʪʝʯʝʥʠʝʤ ʚʨʝʤʝʥʠ ʧʦ 

ʛʘʨʤʦʥʠʯʝʩʢʦʤʫ ʟʘʢʦʥʫ ( )0( ) expE t E i tw= - . 

ɿʘʧʠʰʝʤ ʫʨʘʚʥʝʥʠʝ ʜʚʠʞʝʥʠʷ ʵʣʝʢʪʨʦʥʘ: 

( )mr m r eE tg+ =- , 

ʛʜʝ m ï ʵʬʬʝʢʪʠʚʥʘʷ ʤʘʩʩʘ, -ʝ ï ʟʘʨʷʜ ʵʣʝʢʪʨʦʥʘ, 1/t g=  ï ʚʨʝʤʷ 

ʨʝʣʘʢʩʘʮʠʠ ʩʚʦʙʦʜʥʦʛʦ ʵʣʝʢʪʨʦʥʥʦʛʦ ʛʘʟʘ (14~10  ct -  ʧʨʠ 

ʪʝʤʧʝʨʘʪʫʨʝ T = 300 ʂ). 

ʈʝʰʝʥʠʝ ʵʪʦʛʦ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʛʦ ʫʨʘʚʥʝʥʠʷ ʠʱʝʤ ʚ ʚʠʜʝ:  

( )( ) ( ' '')expr t r ir i tw= + - , 

ʛʜʝ ʢʦʤʧʣʝʢʩʥʘʷ ʘʤʧʣʠʪʫʜʘ  ( ' '')r ir+  ʫʯʠʪʳʚʘʝʪ ʪʘʢʞʝ ʠ ʬʘʟʦʚʳʡ 

ʩʜʚʠʛ ʤʝʞʜʫ ʬʫʥʢʮʠʷʤʠ ( )E t  ʠ ( )r t . ʆʪʩʶʜʘ ʩʣʝʜʫʝʪ:  

2
0( ' '') ( ' '')m r ir im r ir eEw wg+ + + =, 

 ʦʪʢʫʜʘ, ʧʨʠʨʘʚʥʠʚʘʷ ʜʝʡʩʪʚʠʪʝʣʴʥʳʝ ʠ ʤʥʠʤʳʝ ʯʘʩʪʠ, ʧʦʣʫʯʠʤ: 
2
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ɽʩʣʠ ʩʯʠʪʘʪʴ, ʯʪʦ ʚʝʢʪʦʨ ( )r t  ʥʘʧʨʘʚʣʝʥ ʦʪ ʧʦʣʦʞʠʪʝʣʴʥʦʛʦ 

ʠʦʥʘ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʨʝʰʝʪʢʠ ʤʝʪʘʣʣʘ ʢ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʤʫ 

ʵʣʝʢʪʨʦʥʫ, ʪʦ ʜʠʧʦʣʴʥʳʡ ʤʦʤʝʥʪ ʝʜʠʥʠʮʳ ʦʙʲʝʤʘ ʤʝʪʘʣʣʘ (ʚʝʢʪʦʨ 

ʧʦʣʷʨʠʟʘʮʠʠ) -P ern= , ʛʜʝ n ï ʢʦʥʮʝʥʪʨʘʮʠʷ ʵʣʝʢʪʨʦʥʥʦʛʦ ʛʘʟʘ.  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, 

( )

2

0 0 0 02 2
( ) 1 exp( ) exp( ) ,

ne
P t i E i t E i t E

m

g
w e c w e c

ww g

å õ
=- - - = - =æ ö

ç ÷+
 

ʛʜʝ 
( )

22

2 22 2
0

1 1
pne

i i
m

wg g
c

w ww ge w g

å õ å õ
=- - =- -æ ö æ ö

+ç ÷ ç ÷+
 

ï ʜʠʵʣʝʢʪʨʠʯʝʩʢʘʷ ʚʦʩʧʨʠʠʤʯʠʚʦʩʪʴ ʩʚʦʙʦʜʥʦʛʦ ʵʣʝʢʪʨʦʥʥʦʛʦ ʛʘʟʘ. 

ʇʨʠ  ʵʪʦʤ ʚʝʣʠʯʠʥʘ 
0

p

n
e

m
w

e
=  ʥʘʟʳʚʘʝʪʩʷ ʧʣʘʟʤʝʥʥʦʡ 

ʯʘʩʪʦʪʦʡ ʛʘʟʘ ʩʚʦʙʦʜʥʳʭ ʵʣʝʢʪʨʦʥʦʚ. 

ʂʘʢ ʠʟʚʝʩʪʥʦ, ʜʠʵʣʝʢʪʨʠʯʝʩʢʘʷ ʧʨʦʥʠʮʘʝʤʦʩʪʴ ʩʚʷʟʘʥʘ ʩ 

ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʡ ʚʦʩʧʨʠʠʤʯʠʚʦʩʪʴʶ ʩʦʦʪʥʦʰʝʥʠʝʤ 1e c= + . 

ʆʪʩʶʜʘ ʧʦʣʫʯʘʝʤ ʩʣʝʜʫʶʱʠʝ ʚʳʨʘʞʝʥʠ ̫ ʜʣʷ ʢʦʤʧʣʝʢʩʥʦʡ 

ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʡ ʧʨʦʥʠʮʘʝʤʦʩʪʠ (ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʡ ʬʫʥʢʮʠʠ) 

ʩʚʦʙʦʜʥʦʛʦ ʵʣʝʢʪʨʦʥʥʦʛʦ ʛʘʟʘ ʚ ʤʝʪʘʣʣʘʭ: 
2 2

2 2 2 2
' '' 1 1
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ww g w g
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ʧʦʩʢʦʣʴʢʫ 1/g t= . 

ɺ ʦʙʣʘʩʪʠ ʚʳʩʦʢʠʭ ʯʘʩʪʦʪ, ʛʜʝ 1wt>>, ʦʪʩʶʜʘ ʩʣʝʜʫʝʪ: 
2

2
'( ) 1

pw
e w

w
= - .   (4.15) 

ʈʘʩʩʝʠʚʘʥʠʝ ʵʣʝʢʪʨʦʥʦʚ ʧʨʠ ʵʪʦʤ ʥʝ ʫʯʠʪʳʚʘʝʪʩʷ. 
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ʟʘʢʦʥ ʜʠʩʧʝʨʩʠʠ ʠʤʝʝʪ ʚʠʜ: 2 2 2 2
p k cw w= + .  (4.16) 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʩʪʫʜʝʥʪʳ ʧʨʠʭʦʜʷʪ ʢ ʚʳʚʦʜʫ ʦ ʪʦʤ, ʯʪʦ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʕʄ ʚʦʣʥ ʚ ʤʝʪʘʣʣʝ ʚʦʟʤʦʞʥʦ ʣʠʰʴ ʧʨʠ pw w> , 

ʢʦʛʜʘ ʚʦʣʥʦʚʦʝ ʯʠʩʣʦ k ʚʝʱʝʩʪʚʝʥʥʦʝ. ʇʨʠ ʵʪʦʤ ʚ ʜʣʠʥʥʦʚʦʣʥʦʚʦʤ 

ʧʨʝʜʝʣʝ, ʢʦʛʜʘ 
2

0k
p

l
=  ( )l¤, ʚʩʝ ʵʣʝʢʪʨʦʥʳ ʢʦʣʝʙʣʶʪʩʷ ʚ 

ʬʘʟʝ ʩ ʧʣʘʟʤʝʥʥʦʡ ʯʘʩʪʦʪʦʡ pw , ʚʳʨʘʞʝʥʠʝ ʜʣʷ ʢʦʪʦʨʦʡ ʤʦʞʥʦ 

ʧʦʣʫʯʠʪʴ ʪʘʢʞʝ ʠʟ ʧʨʦʩʪʳʭ ʬʠʟʠʯʝʩʢʠʭ ʩʦʦʙʨʘʞʝʥʠʡ. 

ʈʘʩʩʤʦʪʨʠʤ ʪʦʥʢʫʶ ʤʝʪʘʣʣʠʯʝʩʢʫʶ ʧʣʘʩʪʠʥʢʫ ʧʣʦʱʘʜʴʶ S 

(ʨʠʩ. 4.7 [53]). ʇʨʝʜʧʦʣʦʞʠʤ, ʯʪʦ ʵʣʝʢʪʨʦʥʥʦʝ ʦʙʣʘʢʦ ʩʤʝʩʪʠʣʦʩʴ 

ʚʚʝʨʭ ʥʘ ʤʘʣʦʝ ʨʘʩʩʪʦʷʥʠʝ x.  

 

 

ʈʠʩ. 4.7. ɺʦʟʙʫʞʜʝʥʠʝ ʦʙʲʝʤʥʦʛʦ ʧʣʘʟʤʦʥʘ [53]. 

 

ʕʪʦ ʧʨʠʚʦʜʠʪ ʢ ʚʦʟʥʠʢʥʦʚʝʥʠʶ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ 

0 0 0 0

q nexS nex
E

S S

s

e e e e
= = = =, ʚ ʨʝʟʫʣʴʪʘʪʝ ʯʝʛʦ ʥʘ ʢʘʞʜʳʡ ʵʣʝʢʪʨʦʥ 

ʥʘʯʥʸʪ ʜʝʡʩʪʚʦʚʘʪʴ ʩʠʣʘ F eE=- , ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʢʦʪʦʨʦʡ ʵʣʝʢʪʨʦʥ 

ʥʘʯʥʝʪ ʩʦʚʝʨʰʘʪʴ ʛʘʨʤʦʥʠʯʝʩʢʠʝ ʢʦʣʝʙʘʥʠʷ, ʦʧʠʩʳʚʘʝʤʳʝ 

ʫʨʘʚʥʝʥʠʝʤ 
2

0

0
ne

x x
me
+ =, ʪʘʢ ʯʪʦ ʮʠʢʣʠʯʝʩʢʘʷ ʯʘʩʪʦʪʘ ʵʪʠʭ 

ʛʘʨʤʦʥʠʯʝʩʢʠʭ ʢʦʣʝʙʘʥʠʡ (ʧʣʘʟʤʝʥʥʘʷ ʯʘʩʪʦʪʘ ʩʚʦʙʦʜʥʦʛʦ 

ʵʣʝʢʪʨʦʥʥʦʛʦ ʛʘʟʘ) ʦʧʨʝʜʝʣʷʝʪʩʷ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: 
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0

p

n
e

m
w

e
= , ʯʪʦ ʩʦʚʧʘʜʘʝʪ ʩ ʨʘʥʝʝ ʚʳʚʝʜʝʥʥʦʡ ʬʦʨʤʫʣʦʡ. ɺ 

ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʤ ʩʣʫʯʘʝ ʛʦʚʦʨʷʪ, ʯʪʦ ʚ ʤʝʪʘʣʣʝ ʚʦʟʙʫʞʜʘʝʪʩʷ 

ʦʙʲʝʤʥʳʡ ʧʣʘʟʤʦʥ. 

ʈʘʩʩʤʦʪʨʝʥʠʝ ʨʘʟʜʝʣʘ, ʧʦʩʚʷʱʝʥʥʦʛʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠ ʁ

ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʭ ʚʦʣʥ ʚʜʦʣʴ ʛʨʘʥʠʮʳ ʨʘʟʜʝʣʘ 

çʤʝʪʘʣʣ-ʜʠʵʣʝʢʪʨʠʢè, ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʚʥʦʚʴ ʥʘʯʘʪʴ ʩ ʧʦʚʪʦʨʝʥʠʷ 

ʦʩʥʦʚ ʢʣʘʩʩʠʯʝʩʢʦʡ ʵʣʝʢʪʨʦʜʠʥʘʤʠʢʠ, ʟʘʧʠʩʘʚ ʫʨʘʚʥʝʥʠʷ 

ʄʘʢʩʚʝʣʣʘ ʚ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʡ ʬʦʨʤʝ ʧʨʠ ʦʪʩʫʪʩʪʚʠʠ ʚʥʝʰʥʠʭ 

ʟʘʨʷʜʦʚ ( 0r= ) ʠ ʪʦʢʦʚ ( 0j = ) ʜʣʷ ʥʝʬʝʨʨʦʤʘʛʥʠʪʥʳʭ ʤʘʪʝʨʠʘʣʦʚ 

( 1m= ) ʩ ʫʯʝʪʦʤ ʠʟʚʝʩʪʥʳʭ ʩʦʦʪʥʦʰʝʥʠʡ 0D Ee e=  ʠ 0B Hm= : 

0

E
H

t
e e
µ

è øÐ³ =ê ú µ
, (4.17) 

0

H
E

t
m
µ

è øÐ³ =-ê ú µ
, (4.18) 

( )0 0Ee eÐÖ =,  (4.19) 

( )0 0HmÐÖ =.  (4.20) 

ɽʩʣʠ ʥʘʧʨʷʞʝʥʥʦʩʪʠ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʠ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʝʡ 

ʟʘʚʠʩʷʪ ʦʪ ʚʨʝʤʝʥʠ ʧʦ ʛʘʨʤʦʥʠʯʝʩʢʦʤʫ ʟʘʢʦʥʫ 

( )( , ) ( )expE r t E r i tw= - , ( )( , ) ( )expH r t H r i tw= - , 

 ʪʦ ʠʟ ʫʨʘʚʥʝʥʠʡ (4.17) ʠ (4.18) ʚ ʧʨʦʝʢʮʠʷʭ ʥʘ ʦʩʠ ʜʝʢʘʨʪʦʚʦʡ 

ʩʠʩʪʝʤʳ ʢʦʦʨʜʠʥʘʪ ʩ ʫʯʝʪʦʤ ʦʧʨʝʜʝʣʝʥʠʷ ʨʦʪʦʨʘ ʧʦʣʫʯʠʤ ʧʦʩʣʝ 

ʩʦʢʨʘʱʝʥʠʷ ʥʘ i te w- : 

0

yz
x

HH
i E

y z
we e

µµ
- =-

µ µ
 (4.21)  0

yz
x

EE
i H

y z
wm

µµ
- =

µ µ
 (4.24) 

0
x z

y

H H
i E

z x
we e

µ µ
- =-

µ µ
 (4.22)  0

x z
y

E E
i H

z x
wm

µ µ
- =

µ µ
 (4.25) 

0

y x
z

H H
i E

x y
we e

µ µ
- =-

µ µ
 (4.23)  0

y x
z

E E
i H

x y
wm

µ µ
- =

µ µ
 (4.26) 



 50 

ʇʨʠʤʝʥʠʤ ʪʝʧʝʨʴ ʢ ʦʙʝʠʤ ʯʘʩʪʷʤ ʫʨʘʚʥʝʥʠʷ (4.18) ʦʧʝʨʘʮʠʶ 

ʨʦʪʦʨʘ, ʫʯʠʪʳʚʘʷ, ʯʪʦ ( ) 2E E Eè øè øÐ³ Ð³ =Ð ÐÖ -Ðê úê ú
, ʘ ʪʘʢʞʝ 

ʧʨʝʜʧʦʣʘʛʘʷ, ʯʪʦ ʚ ʜʘʥʥʦʡ ʩʨʝʜʝ ʜʠʵʣʝʢʪʨʠʯʝʩʢʘʷ ʧʨʦʥʠʮʘʝʤʦʩʪʴ 

ʥʝ ʟʘʚʠʩʠʪ ʦʪ ʢʦʦʨʜʠʥʘʪ ( conste= ): 

( ) ( )
0

1
0E D

e e
ÐÖ = ÐÖ =. 

ʊʦʛʜʘ ʠʟ (4.18) ʠ (4.17) ʧʦʣʫʯʠʤ: 
2 2

2 2
0 0 0 2 2 2

E E
E H E

t t c t

e
m m e e
µ µ µ
è ø-Ð =- Ð³ =- ÝÐ =ê úµ µ µ

.  

ɿʜʝʩʴ  
0 0

1
c

e m
=  ï ʩʢʦʨʦʩʪʴ ʩʚʝʪʘ ʚ ʚʘʢʫʫʤʝ. ʆʪʩʶʜʘ 

2
2

2 2
0

E
E

c t

eµ
Ð - =

µ
.  (4.27) 

ɽʩʣʠ ʥʘʧʨʷʞʝʥʥʦʩʪʴ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ ʟʘʚʠʩʠʪ ʦʪ ʚʨʝʤʝʥʠ 

ʧʦ ʛʘʨʤʦʥʠʯʝʩʢʦʤʫ ʟʘʢʦʥʫ, ʪʦ  
2

2

2
( )exp( )

E
E r i t

t
w w

µ
=- -

µ
, 

ʪʘʢ ʯʪʦ (4.27) ʧʦʩʣʝ ʩʦʢʨʘʱʝʥʠʷ ʥʘ i te w-  ʧʨʠʤʝʪ ʚʠʜ: 
2

2

2
( ) ( ) 0E r E r

c

w
eÐ + =, ʠʣʠ 2 2

0( ) ( ) 0E r k E reÐ + =, (4.28)  

ʛʜʝ 0
2 2

k
c c

w pn p

l
= = =  ï ʚʦʣʥʦʚʦʝ ʯʠʩʣʦ ʜʣʷ ʕʄ ʚʦʣʥʳ, 

ʨʘʩʧʨʦʩʪʨʘʥʷʶʱʝʡʩʷ ʚ ʚʘʢʫʫʤʝ. ʋʨʘʚʥʝʥʠʝ (4.28) ʥʘʟʳʚʘʝʪʩʷ 

ʫʨʘʚʥʝʥʠʝʤ ɻʝʣʴʤʛʦʣʴʮʘ. 

ɿʘʤʝʪʠʤ, ʯʪʦ ʘʥʘʣʦʛʠʯʥʦʝ ʫʨʘʚʥʝʥʠʝ ʤʦʞʥʦ ʧʦʣʫʯʠʪʴ ʠ ʜʣʷ 

ʚʝʢʪʦʨʘ ʥʘʧʨʷʞʝʥʥʦʩʪʠ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ, ʧʨʠʤʝʥʠʚ ʦʧʝʨʘʮʠʶ 

ʨʦʪʦʨʘ ʢ ʫʨʘʚʥʝʥʠ ʁ(4.17) ʠ ʫʯʪʷ ʫʨʘʚʥʝʥʠʷ (4.20) ʠ (4.18):  
2

2 2 2
02

( ) ( ) 0 ( ) ( ) 0H r H r H r k H r
c

w
e eÐ + = ÝÐ + =. (4.29) 
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ʈʠʩ. 4.8. ʈʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʕʄ ʚʦʣʥʳ ʚʜʦʣʴ ʛʨʘʥʠʮʳ ʨʘʟʜʝʣʘ ʩʨʝʜ.  

ʀʩʩʣʝʜʫʝʤ ʪʝʧʝʨʴ ʚʦʟʤʦʞʥʦʩʪʴ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ 

ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʕʄ ʚʦʣʥ ʚʜʦʣʴ ʧʣʦʩʢʦʡ ʛʨʘʥʠʮʳ ʨʘʟʜʝʣʘ, 

ʩʦʚʧʘʜʘʶʱʝʡ ʩ ʧʣʦʩʢʦʩʪʴʶ XOY (ʨʠʩ. 4.8) ʜʚʫʭ ʩʨʝʜ ï ʠʜʝʘʣʴʥʦʛʦ 

ʤʝʪʘʣʣʘ (ʩʨʝʜʘ 1, z<0) ʠ ʠʜʝʘʣʴʥʦʛʦ ʜʠʵʣʝʢʪʨʠʢʘ (ʩʨʝʜʘ 2, z>0). 

ɹʫʜʝʤ ʩʯʠʪʘʪʴ, ʯʪʦ ʧʦʚʝʨʭʥʦʩʪʥʘʷ ʕʄ ʚʦʣʥʘ ʨʘʩʧʨʦʩʪʨʘʥʷʝʪʩʷ ʚ 

ʧʦʣʦʞʠʪʝʣʴʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ ʦʩʠ OX, ʪʘʢ ʯʪʦ ʨʝʰʝʥʠʷ ʫʨʘʚʥʝʥʠʡ 

(4.28) ʠ (4.29) ʙʫʜʝʤ ʠʩʢʘʪʴ ʚ ʚʠʜʝ   

( )( ) ( , , ) ( )expE r E x y z E z i xb= = , (4.30) 

( )( ) ( , , ) ( )expH r H x y z H z i xb= = , (4.31) 

ʛʜʝ xkb=  ï ʢʦʤʧʦʥʝʥʪʘ ʚʦʣʥʦʚʦʛʦ ʚʝʢʪʦʨʘ ʚ ʥʘʧʨʘʚʣʝʥʠʠ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ (b ʤʦʞʝʪ ʙʳʪʴ, ʚʦʦʙʱʝ ʛʦʚʦʨʷ, ʢʦʤʧʣʝʢʩʥʦʡ 

ʚʝʣʠʯʠʥʦʡ).  

 ʇʦʜʩʪʘʚʣʷʷ (4.30) ʠ (4.31) ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʚ (4.28) ʠ (4.29), ʩ 

ʫʯʝʪʦʤ ʚʳʨʘʞʝʥʠʷ ʜʣʷ ʦʧʝʨʘʪʦʨʘ ʃʘʧʣʘʩʘ ʚ ʜʝʢʘʨʪʦʚʳʭ 

ʢʦʦʨʜʠʥʘʪʘʭ ʜʣʷ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʛʦ ʦʜʥʦʤʝʨʥʦʛʦ ʩʣʫʯʘʷ ʧʦʩʣʝ 

ʩʦʢʨʘʱʝʥʠʷ ʥʘ i xeb  ʙʫʜʝʤ ʠʤʝʪʴ:  

( )
2

2 2
02

( )
( ) 0

E z
k E z

z
e b

µ
+ - =

µ
 (4.32) 

ʠ ʘʥʘʣʦʛʠʯʥʦ 

( )
2

2 2
02

( )
( ) 0

H z
k H z

z
e b

µ
+ - =

µ
. (4.33) 

X 

Z 

O 

ʉʨʝʜʘ 2: 

ʜʠʵʣʝʢʪʨʠʢ 

 

ʉʨʝʜʘ 1: 

ʤʝʪʘʣʣ 
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ʉ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ (4.30) ʠ (4.31), ʘ ʪʘʢʞʝ ʥʝʟʘʚʠʩʠʤʦʩʪʴ E  ʠ 

H  ʦʪ ʢʦʦʨʜʠʥʘʪʳ y ʧʦʟʚʦʣʷʝʪ ʫʧʨʦʩʪʠʪʴ ʫʨʘʚʥʝʥʠ ̫(4.21) ï (4.26): 

0

y

x

H
i E

z
we e

µ
=

µ
   (4.34)  0

y

x

E
i H

z
wm

µ
=-

µ
 (4.37) 

0
x

z y

H
i H i E

z
b we e

µ
- =-

µ
(4.35)  0

x
z y

E
i E i H

z
b wm

µ
- =

µ
 (4.38) 

0y zi H i Eb we e=-    (4.36)  0y zi E i Hb wm=  (4.39) 

ʄʦʞʥʦ ʧʦʢʘʟʘʪʴ, ʯʪʦ ʩʠʩʪʝʤʘ ʫʨʘʚʥʝʥʠʡ (4.34) ï (4.39) 

ʜʦʧʫʩʢʘʝʪ ʣʠʰʴ ʜʚʘ ʪʠʧʘ ʨʝʰʝʥʠʡ ʩ ʨʘʟʣʠʯʥʦʡ ʧʦʣʷʨʠʟʘʮʠʝʡ 

ʨʘʩʧʨʦʩʪʨʘʥʷʶʱʠʭʩʷ ʕʄ ʚʦʣʥ:  

I). ʨ ï ʧʦʣʷʨʠʟʘʮʠʷ, ʠʣʠ ʊʄ (transverse magnetic) ï 

ʧʦʣʷʨʠʟʘʮʠʷ, ʢʦʛʜʘ ʥʝʥʫʣʝʚʳʤʠ ʷʚʣʷʶʪʩʷ ʣʠʰʴ ʧʨʦʝʢʮʠʠ  

, ,x z yE E H , ʪʘʢ ʯʪʦ ʚʝʢʪʦʨ E  ʣʝʞʠʪ ʚ ʧʣʦʩʢʦʩʪʠ ʧʘʜʝʥʠʷ XOZ, 

ʚʝʢʪʦʨ H  ʧʝʨʧʝʥʜʠʢʫʣʷʨʝʥ ʢ ʥʝʡ ( 0, 0, 0x z yE E H¸ ¸ )̧; 

II).  s ï ʧʦʣʷʨʠʟʘʮʠʷ, ʠʣʠ ʊɽ (transverse electric) ï ʧʦʣʷʨʠʟʘʮʠʷ, 

ʢʦʛʜʘ ʥʝʥʫʣʝʚʳʤʠ ʷʚʣʷʶʪʩʷ ʣʠʰʴ ʧʨʦʝʢʮʠʠ , ,y x zE H H : ʚʝʢʪʦʨ H  

ʣʝʞʠʪ ʚ ʧʣʦʩʢʦʩʪʠ ʧʘʜʝʥʠʷ XOZ, ʚʝʢʪʦʨ E  ʧʝʨʧʝʥʜʠʢʫʣʷʨʝʥ ʢ ʥʝʡ 

( 0, 0, 0y x zE H H¸ ¸ )̧. 

ʋʧʨʦʱʘʷ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤ ʦʙʨʘʟʦʤ ʩʠʩʪʝʤʫ ʫʨʘʚʥʝʥʠʡ 

(4.34) ï (4.39) ʠ ʨʝʰʘʷ ʝʸ ʩʦʚʤʝʩʪʥʦ ʩ ʫʨʘʚʥʝʥʠʷʤʠ (4.32) ʠ (4.33), 

ʧʨʦʘʥʘʣʠʟʠʨʫʝʤ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ ʵʪʠ 2 ʩʣʫʯʘʷ (ʧʨʠ ʥʘʧʠʩʘʥʠʠ 

ʫʨʘʚʥʝʥʠʡ (4.32) ʠ (4.33) ʫʯʪʝʤ, ʯʪʦ ʚ ʧʝʨʚʦʤ ʩʣʫʯʘʝ ʚʝʢʪʦʨ ( )H z  

ʠʤʝʝʪ ʥʝʥʫʣʝʚʫʶ ʧʨʦʝʢʮʠʶ ʣʠʰʴ ʥʘ ʦʩʴ y, ʘ ʚʦ ʚʪʦʨʦʤ ʩʣʫʯʘʝ ʵʪʦ 

ʩʧʨʘʚʝʜʣʠʚʦ ʜʣʷ ʚʝʢʪʦʨʘ ( )E z ). 

I) ʊʄ ï ʧʦʣʷʨʠʟʘʮʠʷ: 0, 0, 0x z yE E H¸ ¸  ̧

0

y

x

H
i E

z
we e

µ
=

µ
   (4.34)  

0

y

x

Hi
E

zwe e

µ
Ý =-

µ
 

0y zi H i Eb we e=-    (4.36)  
0

z yE H
b

we e
Ý =-  

0
x

z y

E
i E i H

z
b wm

µ
- =

µ
   (4.38) 
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( )
2

2 2
02

0
y

y

H
k H

z
e b

µ
+ - =

µ
.  (4.33) 

ʇʦʩʢʦʣʴʢʫ ʟʘʪʫʭʘʥʠʝ ʩʯʠʪʘʝʪʩʷ ʙʦʣʴʰʠʤ (b ʚʝʣʠʢʦ), ʪʦ 

 2 2 2
0 0i ik kb e- = >, (4.40) 

ʛʜʝ 1,2i=  ï ʜʣʷ ʩʨʝʜʳ 1 ʠ ʩʨʝʜʳ 2 ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. 

ʊʦʛʜʘ (4.33) ʧʨʠʤʝʪ ʚʠʜ:  

2
2

2
0

y
i y

H
k H

z

µ
- =

µ
.   (4.41) 

ʈʝʰʠʤ ʵʪʦ ʫʨʘʚʥʝʥʠʝ ʜʣʷ ʢʘʞʜʦʡ ʠʟ ʩʨʝʜ. 

ʉʨʝʜʘ 1 (ʤʝʪʘʣʣ), z<0. ʉʦʩʪʘʚʠʤ ʭʘʨʘʢʪʝʨʠʩʪʠʯʝʩʢʦʝ ʫʨʘʚʥʝʥʠʝ ʜʣʷ 

(4.41): 2 2
1 10k kg g- = Ý =°; ʚʳʙʝʨʝʤ ʟʥʘʢ ç+è, ʧʦʩʢʦʣʴʢʫ z<0, ʠ ʩ 

ʨʦʩʪʦʤ z  ʧʦ ʤʝʨʝ ʫʜʘʣʝʥʠʷ ʦʪ ʛʨʘʥʠʮʳ ʨʘʟʜʝʣʘ ʚʦʣʥʘ ʜʦʣʞʥʘ 

ʟʘʪʫʭʘʪʴ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚ ʨʝʰʝʥʠʠ ʜʦʣʞʥʦ ʧʨʠʩʫʪʩʪʚʦʚʘʪʴ ʣʠʰʴ 

ʩʣʘʛʘʝʤʦʝ, ʩʦʜʝʨʞʘʱʝʝ 1k z
e
+ , ʠ ʦʢʦʥʯʘʪʝʣʴʥʦ ʧʦʣʫʯʠʤ ʩ ʫʯʝʪʦʤ 

(4.31): ( ) ( )1 1exp expyH A k z i xb= , ʪʘʢ ʯʪʦ ʠʟ (4.34) ʠ (4.36) ʩʣʝʜʫʝʪ: 

( ) ( ) ( ) ( )1 1 1
1 1

0 1 0 1

exp exp , exp exp .x z

iA k A
E k z i x E k z i x

b
b b

we e we e
=- =-  

ʉʨʝʜʘ 2 (ʜʠʵʣʝʢʪʨʠʢ), z>0. ɸʥʘʣʦʛʠʯʥʦ: 

 2 2
2 20k kg g- = Ý =°; ʚʳʙʝʨʝʤ ʟʥʘʢ çïè, ʧʦʩʢʦʣʴʢʫ z>0. ʆʪʢʫʜʘ 

( ) ( )2 2exp expyH A k z i xb= - . ʅʦ ʠʟ  (4.34) ʠ (4.36) ʪʦʛʜʘ ʩʣʝʜʫʝʪ: 

( ) ( ) ( ) ( )2 2 2
2 2

0 2 0 2

exp exp , exp exp .x z

iA k A
E k z i x E k z i x

b
b b

we e we e
= - =- -  

ʆʢʦʥʯʘʪʝʣʴʥʦ ʜʣʷ ʊʄ ï ʧʦʣʷʨʠʟʘʮʠʠ ʠʤʝʝʤ ʩʣʝʜʫʶʱʝʝ ʨʝʰʝʥʠʝ: 

ʉʨʝʜʘ 1 (z<0), ʤʝʪʘʣʣ: ( ) ( )1 1exp expyH A k z i xb=  (4.42) 

( ) ( )

( ) ( )

1 1
1

0 1

1
1

0 1

exp exp (4.43)

exp exp . (4.44)

x

z

iA k
E k z i x

A
E k z i x

b
we e

b
b

we e

=-

=-
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ʉʨʝʜʘ 2 (z>0), ʜʠʵʣʝʢʪʨʠʢ:( ) ( )2 2exp expyH A k z i xb= - (4.45) 

( ) ( )

( ) ( )

2 2
2

0 2

2
2

0 2

exp exp (4.46)

exp exp . (4.47)

x

z

iA k
E k z i x

A
E k z i x

b
we e

b
b

we e

= -

=- -

 

ʆʪʤʝʪʠʤ, ʯʪʦ ʚ ʫʨʘʚʥʝʥʠʷʭ (4.42) ï (4.47) ( 1,2)ik i=  ï ʵʪʦ 

ʢʦʤʧʦʥʝʥʪʘ ʚʦʣʥʦʚʦʛʦ ʚʝʢʪʦʨʘ, ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʘʷ ʛʨʘʥʠʮʝ ʨʘʟʜʝʣʘ; 

ʦʙʨʘʪʥʘʷ ʚʝʣʠʯʠʥʘ 
1

ik
 ʭʘʨʘʢʪʝʨʠʟʫʝʪ çʜʣʠʥʫ ʟʘʪʫʭʘʥʠʷè ʚʝʣʠʯʠʥʳ 

ʕʄ  ʧʦʣʷ ʚ ʥʘʧʨʘʚʣʝʥʠʠ ʦʩʠ z; ʧʨʠ ʵʪʦʤ Re 0ik > .  

ʋʯʪʝʤ ʪʝʧʝʨʴ ʛʨʘʥʠʯʥrʝ ʫʩʣʦʚʠʷ: ʧʨʠ ʧʝʨʝʭʦʜʝ ʠʟ ʩʨʝʜʳ 1 ʚ 

ʩʨʝʜʫ 2 ʜʦʣʞʥʳ ʩʦʭʨʘʥʷʪʴ ʥʝʧʨʝʨʳʚʥʦʩʪʴ ʪʘʥʛʝʥʮʠʘʣʴʥʳʝ 

ʩʦʩʪʘʚʣʷʶʱʠʝ ʚʝʢʪʦʨʦʚ H  ʠ E  (ʘ ʪʘʢʞʝ ʥʦʨʤʘʣʴʥʳʝ 

ʩʦʩʪʘʚʣʷʶʱʠʝ  ʚʝʢʪʦʨʦʚ B  ʠ D ).  

ʇʦʪɻʦʤʫ ʧʨʠ 0z  ʠʟ (4.42) ʠ (4.45) ʠʤʝʝʤ: 1 2A A= , ʘ ʠʟ 

(4.43) ʠ (4.46) ʪʦʛʜʘ ʩʣʝʜʫʝʪ ( xE Et= ): 

1 2

1 2

k k

e e
- = . (4.48)  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʕʄ ʚʦʣʥ 

ʚʜʦʣʴ ʛʨʘʥʠʮʳ ʨʘʟʜʝʣʘ çʤʝʪʘʣʣ - ʜʠʵʣʝʢʪʨʠʢè ʚʦʟʤʦʞʥʦ ʣʠʰʴ ʚ 

ʩʣʫʯʘʝ, ʢʦʛʜʘ ʜʝʡʩʪʚʠʪʝʣʴʥʳʝ ʯʘʩʪʠ ʜʠʵʣʝʢʪʨʠʯʝʩʢʠʭ 

ʧʨʦʥʠʮʘʝʤʦʩʪʝʡ ʵʪʠʭ ʩʨʝʜ ʠʤʝʶʪ ʨʘʟʥʳʝ ʟʥʘʢʠ. 

ʇʦʩʢʦʣʴʢʫ ʜʣʷ ʜʠʵʣʝʢʪʨʠʢʘ 2 0e> , ʪʦ ʜʣʷ ʤʝʪʘʣʣʘ ʜʦʣʞʥʦ 

ʙʳʪʴ 1 0e< , ʯʪʦ ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʚʦʟʤʦʞʥʦ ʣʠʰʴ ʥʘ ʯʘʩʪʦʪʘʭ, 

ʤʝʥʴʰʠʭ ʧʣʘʟʤʝʥʥʦʡ ʯʘʩʪʦʪʳ 

2

1 2
1

pw
e

w

å õ
= -æ ö

æ ö
ç ÷

. ʌʠʟʠʯʝʩʢʠʡ ʩʤʳʩʣ 

ʦʪʨʠʮʘʪʝʣʴʥʦʡ ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʡ ʧʨʦʥʠʮʘʝʤʦʩʪʠ ʤʦʞʥʦ 

ʧʨʝʜʩʪʘʚʠʪʴ ʩʝʙʝ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ. ʂʘʢ ʠʟʚʝʩʪʥʦ, 

0 0D E E Pe e e= = +. ʇʦʵʪʦʤʫ ʜʣʷ ʪʦʛʦ, ʯʪʦʙʳ ʚʝʣʠʯʠʥʘ e 

ʦʢʘʟʘʣʘʩʴ ʦʪʨʠʮʘʪʝʣʴʥʦʡ, ʩʦʟʜʘʚʘʝʤʘʷ ʵʣʝʢʪʨʠʯʝʩʢʠʤ ʧʦʣʝʤ 

ʧʦʣʷʨʠʟʘʮʠʷ ʜʦʣʞʥʘ ʙʳʪʴ ʙʦʣʴʰʦʡ ʧʦ ʘʙʩʦʣʶʪʥʦʡ ʚʝʣʠʯʠʥʝ ʠ, 
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ʢʨʦʤʝ ʪʦʛʦ, ʩʜʚʠʥʫʪʦʡ ʧʦ ʬʘʟʝ ʥʘ 180  ʦʪʥʦʩʠʪʝʣʴʥʦ ʧʦʣʷ E . 

ʊʘʢʘʷ ʩʠʪʫʘʮʠʷ ʢʘʢ ʨʘʟ ʠ ʤʦʞʝʪ ʠʤʝʪʴ ʤʝʩʪʦ ʚʙʣʠʟʠ ʨʝʟʦʥʘʥʩʘ ʥʘ 

ʯʘʩʪʦʪʝ pw , ʢʦʛʜʘ ʠʥʜʫʮʠʨʦʚʘʥʥʘʷ ʧʦʣʷʨʠʟʘʮʠʷ ʚʝʣʠʢʘ ʠ 

ʘʥʪʠʧʘʨʘʣʣʝʣʴʥʘ ʚʦʟʙʫʞʜʘʶʱʝʤʫ ʵʣʝʢʪʨʠʯʝʩʢʦʤʫ ʧʦʣʶ. 

II)  TE ï ʧʦʣʷʨʠʟʘʮʠʷ: 0, 0, 0y x zE H H¸ ¸ .̧ 

0
x

z y

H
i H i E

z
b we e

µ
- =-

µ
(4.35)  

0

y

x

E
i H

z
wm

µ
=-

µ
   (4.37)   

0

y

x

Ei
H

zwm

µ
Ý =

µ
 

0y zi E i Hb wm=    (4.39)   
0

z yH E
b

wm
Ý =  

( )
2

2 2
02

0
y

y

E
k E

z
e b

µ
+ - =

µ
   (4.32) 2 2 2

0 0ik kb e- = >   (4.40) 

2
2

2
0

y
i y

E
k E

z

µ
Ý - =
µ

, 1,2.i=  

ʉʨʝʜʘ 1 (ʤʝʪʘʣʣ), z<0: 2 2
1 10k kg g- = Ý =° Ý 

( ) ( )1 1exp expyE A k z i xb= , 

( ) ( ) ( ) ( )1 1 1
1 1

0 0

exp exp , exp exp .x z

iA k A
H k z i x H k z i x

b
b b

wm wm
= =  

ʉʨʝʜʘ 2 (ʜʠʵʣʝʢʪʨʠʢ), z>0: 2 2
2 20k kg g- = Ý =° Ý 

( ) ( )2 2exp expyE A k z i xb= - , 

( ) ( ) ( ) ( )2 2 2
2 2

0 0

exp exp , exp exp .x z

iA k A
H k z i x H k z i x

b
b b

wm wm
=- - = -  

ʀʟ ʫʩʣʦʚʠʷ ʥʝʧʨʝʨʳʚʥʦʩʪʠ ʪʘʥʛʝʥʮʠʘʣʴʥʳʭ ʩʦʩʪʘʚʣʷʶʱʠʭ 

( yE Et= ) ʠ ( xH Ht= ) ʠʤʝʝʤ (ʧʨʠ 0z ): 

1 2A A=  ʠ 1 1 2 2 1 1 2 2 0A k A k A k A k=- Ý + = (4.49)  

ʇʦʩʢʦʣʴʢʫ 1Re 0k >  ʠ 2Re 0k > , ʪʦ ʠʟ ʫʨʘʚʥʝʥʠʷ (4.49) 

ʩʣʝʜʫʝʪ, ʯʪʦ 1 2 0A A= =. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʕʄ ʚʦʣʥ ʩ 
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ʊɽ ï ʧʦʣʷʨʠʟʘʮʠʝʡ ʥʝ ʩʫʱʝʩʪʚʫʝʪ; ʦʥʠ ʤʦʛʫʪ ʩʫʱʝʩʪʚʦʚʘʪʴ ʪʦʣʴʢʦ 

ʩ ʊʄ ï ʧʦʣ̫ʨʠʟʘʮʠʝʡ. ʀʤʝʥʥʦ ʚ ʵʪʦʤ ʩʣʫʯʘʝ ʛʦʚʦʨʷʪ ʦ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʠ ʚʜʦʣʴ ʛʨʘʥʠʮʳ ʨʘʟʜʝʣʘ çʤʝʪʘʣʣ - ʜʠʵʣʝʢʪʨʠʢè 

ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʧʣʘʟʤʦʥ - ʧʦʣʷʨʠʪʦʥʦʚ (ʇʇʇ, ʠʣʠ ʚ ʘʥʛʣʠʡʩʢʦʤ 

ʚʘʨʠʘʥʪʝ ï SPP = surface plasmon polariton), ʩʭʝʤʘʪʠʯʥʦ 

ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʥʘ ʨʠʩ. 4.9 [52].   

 

 

ʈʠʩ. 4.9. ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʧʦʣʝʡ ʇʇʇ  

ʥʘ ʛʨʘʥʠʮʝ ʨʘʟʜʝʣʘ çʤʝʪʘʣʣ - ʜʠʵʣʝʢʪʨʠʢè [52]. 

 

ʀʟʦʙʨʘʟʠʤ ʩʭʝʤʘʪʠʯʝʩʢʠ, ʩʣʝʜʫʷ ʘʚʪʦʨʘʤ [51], ʵʣʝʢʪʨʠʯʝʩʢʦʝ 

ʧʦʣʝ ʇʇʇ ʚ ʧʣʦʩʢʦʩʪʠ XOZ (ʨʠʩ. 4.10), ʤʘʛʥʠʪʥʦʝ ʧʦʣʝ ʚ 

ʧʣʦʩʢʦʩʪʠ XOY (ʨʠʩ. 4.11) ʠ ʚʝʢʪʦʨ ʋʤʦʚʘ-ʇʦʡʥʪʠʥʛʘ ʚʙʣʠʟʠ 

ʛʨʘʥʠʮʳ ʨʘʟʜʝʣʘ (ʨʠʩ. 4.12) ʚ ʥʝʢʦʪʦʨʳʡ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ t. 

ʕʣʝʢʪʨʠʯʝʩʢʦʝ ʠ ʤʘʛʥʠʪʥʦʝ ʧʦʣʷ ʦʩʮʠʣʣʠʨʫʶʪ ʚ ʥʘʧʨʘʚʣʝʥʠʠ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʇʇʇ (ʚʜʦʣʴ ʦʩʠ X) ʠ ʵʢʩʧʦʥʝʥʮʠʘʣʴʥʦ 

ʫʤʝʥʴʰʘʶʪʩʷ ʧʦ ʤʝʨʝ ʫʜʘʣʝʥʠʷ ʦʪ ʛʨʘʥʠʮʳ ʨʘʟʜʝʣʘ (ʧʦ ʦʩʠ Z).  

ʇʦʪʦʢ ʵʥʝʨʛʠʠ ʚ ʩʨʝʜʝ 2 (z>0) ʙʦʣʴʰʝ, ʯʝʤ ʚ ʩʨʝʜʝ 1 (z<0), 

ʯʪʦ ʜʘʝʪ ʨʝʟʫʣʴʪʠʨʫʶʱʠʡ ʧʦʪʦʢ ʵʥʝʨʛʠʠ ʚʧʨʘʚʦ ʧʨʠ  0xkb= > 

(ʚʝʣʠʯʠʥʘ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ ʚ ʜʠʵʣʝʢʪʨʠʢʝ ʙʦʣʴʰʝ, ʯʝʤ ʚ 

ʤʝʪʘʣʣʝ).
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 ʇʦʣʫʯʠʤ ʪʝʧʝʨʴ ʟʘʢʦʥ ʜʠʩʧʝʨʩʠʠ ʜʣʷ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʛʦ 

ʇʇʇ, ʨʘʩʧʨʦʩʪʨʘʥʷʶʱʝʛʦʩʷ ʚʜʦʣʴ ʛʨʘʥʠʮʳ ʨʘʟʜʝʣʘ ʜʚʫʭ ʩʨʝʜ. ɼʣʷ 

ʵʪʦʛʦ ʚʝʨʥʝʤʩʷ ʢ ʨʘʥʝʝ ʚʳʚʝʜʝʥʥʳʤ ʩʦʦʪʥʦʰʝʥʠʷʤ (4.40) ʠ (4.48): 

2 2 2
0 1 1k kb e- = ,  2 2 2

0 2 2k kb e- = , 1 2

1 2

k k

e e
- = , 

2 22 2
0 11 1

2 2 2 2
2 2 0 2

.
kk

k k

b ee

e b e

-
Ý = =

-
 

ʆʪʩʶʜʘ ʩ ʫʯʝʪʦʤ ʪʦʛʦ, ʯʪʦ 1 2 0e e-  ̧ʠ 0k
c

w
= , ʧʦʣʫʯʠʤ: 

2
2 2 1 2

2
1 2

xk
c

e ew
b

e e
= = Ö

+
     ʠʣʠ   1 2

0
1 2

xk k
e e

b
e e

= =
+

. (4.50) 

ʆʪʤʝʪʠʤ ʝʱʸ ʨʘʟ, ʯʪʦ ʚ ʦʙʱʝʤ ʩʣʫʯʘʝ x x xk k ikb ¡ ¡¡= = +  ï 

ʢʦʤʧʣʝʢʩʥʘʷ ʚʝʣʠʯʠʥʘ, ʧʨʠʯʝʤ xk¡¡ ʭʘʨʘʢʪʝʨʠʟʫʝʪ ʟʘʪʫʭʘʥʠʝ ʧʦʣʷ 

ʧʨʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʠ ʇʇʇ ʚʜʦʣʴ ʛʨʘʥʠʮʳ ʨʘʟʜʝʣʘ ʩʨʝʜ (ʚʩʝ ʥʘʰʠ 

ʨʝʰʝʥʠʷ (4.42) ï (4.47) ʩʦʜʝʨʞʘʪ ʤʥʦʞʠʪʝʣʴ i xeb ). 

ɼʘʣʝʝ ʩʪʫʜʝʥʪʘʤ ʧʨʝʜʣʘʛʘʝʪʩʷ ʩʘʤʦʩʪʦʷʪʝʣʴʥʦ ʨʝʰʠʪʴ 

ʩʣʝʜʫʶʱʫʶ ʟʘʜʘʯʫ: ʠʩʩʣʝʜʦʚʘʪʴ ʬʫʥʢʮʠʶ (4.50) ʠ ʧʦʩʪʨʦʠʪ ɹʝʸ 

ʛʨʘʬʠʢ ʜʣʷ ʩʣʫʯʘʷ ʛʨʘʥʠʮʳ ʨʘʟʜʝʣʘ ʠʜʝʘʣʴʥʦʛʦ ʜʠʵʣʝʢʪʨʠʢʘ 

( 2 conste= ) ʠ ʠʜʝʘʣʴʥʦʛʦ ʤʝʪʘʣʣʘ 

2

1 2
1 0

pw
e

w

å õ
= - <æ ö

æ ö
ç ÷

. ʇʨʠ ʵʪʦʤ 

ʫʜʦʙʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʧʨʝʦʙʨʘʟʦʚʘʥʠʝ:  

 
2

22 2 22
2 2 2

2 2 2 2 2
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1

1
(1 )

1

p

x

p p

k
c c

w
e

w w e w ew

w w w e
e

w

å õ
æ ö-
æ ö è ø
ç ÷ é ù= Ö = +

- +é ùê ú- +

. (4.51) 

ʀʟ  ʬʦʨʤʫʣʳ (4.51) ʚʠʜʥʦ, ʯʪʦ  

1) ʧʨʠ 0 0xkw  ;  

2) ʧʨʠ 
21

p
xk

w
w

e
 ¤

+
;   
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3) ʜʦʧʫʩʪʠʤʳʝ ʟʥʘʯʝʥʠʷ ʮʠʢʣʠʯʝʩʢʦʡ ʯʘʩʪʦʪʳ (ʢʦʛʜʘ ʇʇʇ 

ʩʫʱʝʩʪʚʫʝʪ) ʣʝʞʘʪ ʚ ʧʨʝʜʝʣʘʭ ʦʪ 0 ʜʦ 
21

pw

e+
 (ʨʠʩ. 4.13), ʪ.ʝ. 

21

pw
w

e
<

+
 (ʚ ʯʘʩʪʥʦʩʪʠ, ʜʣʷ ʛʨʘʥʠʮʳ çʤʝʪʘʣʣ ï ʚʘʢʫʫʤè ʠʣʠ 

çʤʝʪʘʣʣ ï ʚʦʟʜʫʭè 
2

pw
w< ). ʀʥʪʝʨʚʘʣ ʯʘʩʪʦʪ ʦʪ 

21

pw

e+
 ʜʦ pw  

ʷʚʣʷʝʪʩʷ ʟʘʧʨʝʱʝʥʥʳʤ (ʪʘʤ xk  ï ʯʠʩʪʦ ʤʥʠʤʘʷ ʚʝʣʠʯʠʥʘ). 

 
 

 

ʈʠʩ. 4.13. ɿʘʢʦʥʳ ʜʠʩʧʝʨʩʠʠ ʜʣʷ ʬʦʪʦʥʦʚ, ʦʙʲʝʤʥʳʭ ʧʣʘʟʤʦʥʦʚ ʠ 

ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʧʣʘʟʤʦʥ-ʧʦʣʷʨʠʪʦʥʦʚ [52]. 
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ʆʪʤʝʪʠʤ, ʯʪʦ ʥʠʞʥʷʷ ʛʨʘʥʠʮʘ ʟʘʧʨʝʱʝʥʥʦʛʦ ʠʥʪʝʨʚʘʣʘ 

ʯʘʩʪʦʪ 
21

p
sp

w
w

e
=
+

 ʦʪʚʝʯʘʝʪ ʪʘʢ ʥʘʟʳʚʘʝʤʦʤʫ ʧʦʚʝʨʭʥʦʩʪʥʦʤʫ 

ʧʣʘʟʤʦʥʫ, ʜʣʷ ʢʦʪʦʨʦʛʦ ʛʨʫʧʧʦʚʘʷ ʩʢʦʨʦʩʪʴ 0g
x

d
v

dk

w
=   

(ʧʦʩʢʦʣʴʢʫ ʧʨʷʤʘʷ 
21

pw
w

e
=
+

 ʥʘ ʛʨʘʬʠʢʝ ʷʚʣʷʝʪʩʷ 

ʛʦʨʠʟʦʥʪʘʣʴʥʦʡ ʘʩʠʤʧʪʦʪʦʡ ʜʣʷ ʜʠʩʧʝʨʩʠʦʥʥʦʡ ʢʨʠʚʦʡ 

ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʧʣʘʟʤʦʥ-ʧʦʣʷʨʠʪʦʥʘ). ʊʘʢʠʤ ʦʙʨʘʟʦʤ, 

ʧʦʚʝʨʭʥʦʩʪʥʳʡ ʧʣʘʟʤʦʥ ʤʦʞʥʦ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʢʘʢ ʧʨʝʜʝʣʴʥʳʡ 

ʩʣʫʯʘʡ ʇʇʇ. 

ʇʝʨʝʭʦʜʷ ʢ ʨʘʩʩʤʦʪʨʝʥʠʶ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʤʝʪʦʜʦʚ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʇʇʇ, ʥʝʦʙʭʦʜʠʤʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʠʤʝʶʱʠʝʩʷ ʫ 

ʩʪʫʜʝʥʪʦʚ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʝ ʟʥʘʥʠʷ ʢʘʢ ʦʩʥʦʚʫ ʜʣʷ ʦʩʚʦʝʥʠʷ 

ʧʨʠʥʮʠʧʦʚ ʠ ʘʥʘʣʠʪʠʯʝʩʢʠʭ ʚʦʟʤʦʞʥʦʩʪʝʡ ʥʦʚʳʭ ʜʣʷ ʥʠʭ ʤʝʪʦʜʦʚ. 

ʇʨʝʞʜʝ ʚʩʝʛʦ, ʩʣʝʜʫʝʪ ʦʙʨʘʪʠʪʴ ʚʥʠʤʘʥʠʝ ʩʪʫʜʝʥʪʦʚ ʥʘ ʪʦ, ʯʪʦ 

ʧʦʚʝʨʭʥʦʩʪʥʳʝ ʧʣʘʟʤʝʥʥʳʝ ʚʦʣʥʳ ï ʵʪʦ ʥʝʨʘʜʠʘʮʠʦʥʥʳʝ ʚʦʣʥʳ, ʠʭ 

ʥʝʣʴʟʷ ʚʦʟʙʫʜʠʪʴ ʧʨʷʤʳʤ ʦʙʨʘʟʦʤ ʩ ʧʦʤʦʱʴʶ ʕʄ ʚʦʣʥ, 

ʨʘʩʧʨʦʩʪʨʘʥʷʶʱʠʭʩʷ ʚ ʦʜʥʦʡ ʠʟ ʩʨʝʜ. ɼʝʡʩʪʚʠʪʝʣʴʥʦ, ʦʙʨʘʪʠʤʩʷ ʢ 

ʨʠʩʫʥʢʫ 4.13, ʥʘ ʢʦʪʦʨʦʤ ʛʨʘʬʠʯʝʩʢʠ ʧʨʝʜʩʪʘʚʣʝʥʳ ʟʘʢʦʥʳ 

ʜʠʩʧʝʨʩʠʠ ʩʚʝʪʦʚʦʡ ʚʦʣʥʳ (ʧʨʷʤʘʷ ʣʠʥʠʷ) ʠ ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ 

ʧʣʘʟʤʦʥ-ʧʦʣʷʨʠʪʦʥʘ (ʢʨʠʚʘʷ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʘʷ ʬʦʨʤʫʣʝ (4.51)). 

ʕʪʠ ʛʨʘʬʠʢʠ ʧʝʨʝʩʝʢʘʶʪʩʷ ʣʠʰʴ ʚ ʦʜʥʦʡ ʪʦʯʢʝ ï ʥʘʯʘʣʝ ʢʦʦʨʜʠʥʘʪ. 

ɼʣʷ ʚʩʝʭ ʦʩʪʘʣʴʥʳʭ ʟʥʘʯʝʥʠʡ ʯʘʩʪʦʪʳ w ʧʨʦʝʢʮʠʷ ʚʦʣʥʦʚʦʛʦ 

ʚʝʢʪʦʨʘ ʬʦʪʦʥʘ ʥʘ ʛʨʘʥʠʮʫ ʨʘʟʜʝʣʘ ʩʨʝʜ, ʚʩʝʛʜʘ ʤʝʥʴʰʝ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʢʦʤʧʦʥʝʥʪʳ xk  ʚʦʣʥʦʚʦʛʦ ʚʝʢʪʦʨʘ ʇʇʇ. ʊʘʢʠʤ 

ʦʙʨʘʟʦʤ, ʤʳ ʧʨʠʭʦʜʠʤ ʢ ʚʳʚʦʜʫ ʦ ʪʦʤ, ʯʪʦ ʫʩʣʦʚʠʷ ʩʦʭʨʘʥʝʥʠʷ 

ʵʥʝʨʛʠʠ ( w) ʠ ʚʦʣʥʦʚʦʛʦ ʚʝʢʪʦʨʘ k  (ʪ.ʝ., ʧʦ ʩʫʪʠ ʜʝʣʘ, ʠʤʧʫʣʴʩʘ 

k, ʛʜʝ 
2

h

p
= ï ʧʦʩʪʦʷʥʥʘʷ ʇʣʘʥʢʘ) ʥʝ ʤʦʛʫʪ ʚʳʧʦʣʥʷʪʩɹʷ 

ʦʜʥʦʚʨʝʤʝʥʥʦ. 

ʇʦʵʪʦʤʫ ʜʣʷ ʚʦʟʙʫʞʜʝʥʠʷ ʇʇʇ ʧʨʠʭʦʜʠʪʩʷ ʨʘʟʨʘʙʘʪʳʚʘʪʴ 

ʩʧʝʮʠʘʣʴʥʳʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʤʝʪʦʜʳ. 

ʈʘʩʩʤʦʪʨʠʤ ʥʝʢʦʪʦʨʳʝ ʠʟ ʥʠʭ. 
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1. ʄʝʪʦʜ ʆʪʪʦ (Andreas Otto) 

ɼʣʷ ʚʦʟʙʫʞʜʝʥʠʷ ʇʇʇ ʥʘ ʛʣʘʜʢʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʨʘʟʜʝʣʘ ʜʚʫʭ 

ʩʨʝʜ ʩʚʝʪʦʚʳʝ ʚʦʣʥʳ ʚ ʜʠʵʣʝʢʪʨʠʢʝ (ʩʨʝʜʝ 2) ʜʦʣʞʥʳ ʠʤʝʪʴ (ʧʨʠ 

ʟʘʜʘʥʥʦʡ ʯʘʩʪʦʪʝ w) ʩʪʦʣʴ ʞʝ ʙʦʣʴʰʫʶ ʚʝʣʠʯʠʥʫ ʚʦʣʥʦʚʦʛʦ 

ʚʝʢʪʦʨʘ k n
c

w
= , ʢʘʢ ʠ ʚʦʣʥʦʚʦʡ ʚʝʢʪʦʨ ʇʇʇ. ʀʥʳʤʠ ʩʣʦʚʘʤʠ, 

ʬʘʟʦʚʘʷ ʩʢʦʨʦʩʪʴ ʩʚʝʪʘ ʜʦʣʞʥʘ ʙʳʪʴ ʤʝʥʴʰʝ, ʯʝʤ 
2 2

c c

n e
= .  

ɺ 1968 ʛ. ʆʪʪʦ ʧʨʝʜʣʦʞʠʣ ʤʝʪʦʜ ʩʦʟʜʘʥʠʷ ʪʘʢʠʭ çʤʝʜʣʝʥʥʳʭ 

ʬʦʪʦʥʦʚè, ʦʩʥʦʚʘʥʥʳʡ ʥʘ ʷʚʣʝʥʠʠ ʥʘʨʫʰʝʥʥʦʛʦ ʧʦʣʥʦʛʦ 

ʚʥʫʪʨʝʥʥʝʛʦ ʦʪʨʘʞʝʥʠʷ (ʅʇɺʆ), ʦʪʢʨʳʚ ʧʫʪʴ ʜʣʷ ʨʘʟʚʠʪʠʷ 

ʦʧʪʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʇʇʇ. ʆʩʥʦʚʥʘʷ ʠʜʝʷ ʤʝʪʦʜʘ ʆʪʪʦ 

(ʤʝʪʦʜʘ ʅʇɺʆ) ʩʭʝʤʘʪʠʯʝʩʢʠ ʠʟʦʙʨʘʞʝʥʘ ʥʘ ʨʠʩ. 4.14 ʠ 4.15. 

 

 

ʈʠʩ. 4.14. ɼʠʩʧʝʨʩʠʷ ʇʇʇ ʜʣʷ ʧʨʠʟʤʝʥʥʦʛʦ ʚʚʦʜʘ [53]. 
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ʈʠʩ. 4.15. ʄʝʪʦʜ ʆʪʪʦ [53]. 

ʇʨʝʞʜʝ ʯʝʤ ʚʦʡʪʠ ʚ ʩʨʝʜʫ 2 ʩ ʧʦʢʘʟʘʪʝʣʝʤ ʧʨʝʣʦʤʣʝʥʠʷ 

2 2n e= , ʧʘʜʘʶʱʘʷ ʩʚʝʪʦʚʘʷ ʚʦʣʥʘ ʩʥʘʯʘʣʘ ʧʦʧʘʜʘʝʪ ʚ ʧʨʠʟʤʫ 

(ʠʣʠ ʧʦʣʫʮʠʣʠʥʜʨ) ʠʟ ʤʘʪʝʨʠʘʣʘ ʩ ʇʇ 2p pn ne= > . 

ʉʦʛʣʘʩʥʦ ʟʘʢʦʥʫ ʉʥʝʣʣʠʫʩʘ ʜʣʷ  ʧʨʝʣʦʤʣʝʥʠʷ ʩʚʝʪʘ ʥʘ 

ʛʨʘʥʠʮʝ ʨʘʟʜʝʣʘ çʤʘʪʝʨʠʘʣ ʧʨʠʟʤʳ (ʩʪʝʢʣʦ) ï ʩʨʝʜʘ 2 (ʚʦʟʜʫʭ)è  

2 2sin sinp pn na a= , ʠʣʠ 2 2 2sin sinp p pk k k kt ta a= Ý = ,  (4.52) 

ʪ.ʝ. ʪʘʥʛʝʥʮʠʘʣʴʥʘʷ ʢʦʤʧʦʥʝʥʪʘ ʚʦʣʥʦʚʦʛʦ ʚʝʢʪʦʨʘ  ʩʦʭʨʘʥʷʝʪʩʷ 

ʧʨʠ ʧʝʨʝʭʦʜʝ ʯʝʨʝʟ ʛʨʘʥʠʮʫ ʨʘʟʜʝʣʘ. ʇʨʠ 2 90a ²  ʚʦʟʥʠʢʘʝʪ 

ʧʦʣʥʦʝ ʚʥʫʪʨʝʥʥʝʝ ʦʪʨʘʞʝʥʠʝ, ʢʦʛʜʘ ʥʦʨʤʘʣʴʥʘʷ ʢʦʤʧʦʥʝʥʪʘ 2nk  

ʚʝʢʪʦʨʘ 2k  ʩʪʘʥʦʚʠʪʩʷ ʯʠʩʪʦ ʤʥʠʤʦʡ, ʠ ʕʄ ʚʦʣʥʘ ʙʳʩʪʨʦ ʟʘʪʫʭʘʝʪ 

ʚ ʩʨʝʜʝ 2 ʚ ʥʘʧʨʘʚʣʝʥʠʠ ʦʩʠ Z. ʆʜʥʘʢʦ, ʝʩʣʠ ʨʘʩʩʪʦʷʥʠʝ d ʤʝʞʜʫ 

ʧʨʠʟʤʦʡ ʠ ʧʦʚʝʨʭʥʦʩʪʴʶ ʤʝʪʘʣʣʘ ʧʦʨʷʜʢʘ ʜʣʠʥʳ ʩʚʝʪʦʚʦʡ ʚʦʣʥʳ 

l, ʕʄ ʚʦʣʥʘ ʩ ʪʘʥʛʝʥʮʠʘʣʴʥʦʡ ʢʦʤʧʦʥʝʥʪʦʡ ʚʦʣʥʦʚʦʛʦ ʚʝʢʪʦʨʘ 

sinp pk
c

t

w
e a= , ʧʨʝʚʳʰʘʶʱʝʡ ʚʝʣʠʯʠʥʫ 2 2k

c

w
e= , ʤʦʞʝʪ 

ʜʦʩʪʠʯʴ ʧʦʚʝʨʭʥʦʩʪʠ ʤʝʪʘʣʣʘ ʠ ʚʦʟʙʫʜʠʪʴ ʇʇʇ ʥʘ ʛʨʘʥʠʮʝ ʨʘʟʜʝʣʘ 

ʩʨʝʜ 1 ʠ 2 (ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʵʪʦ ʧʨʦʷʚʣʷʝʪʩʷ ʚ ʚʠʜʝ ʤʠʥʠʤʫʤʘ ʚ 

ʩʧʝʢʪʨʝ ʦʪʨʘʞʝʥʥʦʛʦ ʧʨʠʟʤʦʡ ʩʚʝʪʘ).  
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2. ʄʝʪʦʜ ʂʨʝʯʤʘʥʥʘ (Erich Kretschmann) 

ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʪʦʥʢʘʷ ʧʣʝʥʢʘ ʤʝʪʘʣʣʘ (ʩʨʝʜʘ 1) ʥʘʥʦʩʠʪʩʷ 

ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʥʘ ʧʦʚʝʨʭʥʦʩʪʴ ʧʨʠʟʤʳ ʩ ʇʇ pn  (ʨʠʩ. 4.16). 

ʌʦʪʦʥʳ çʪʫʥʥʝʣʠʨʫʶʪè ʠʟ ʩʨʝʜʳ ʩ pe  ʯʝʨʝʟ ʪʦʥʢʠʡ ʩʣʦʡ ʤʝʪʘʣʣʘ ʠ 

ʚʦʟʙʫʞʜʘʶʪ ʇʇʇ ʥʘ ʛʨʘʥʠʮʝ ʨʘʟʜʝʣʘ ʩʨʝʜ 1 ʠ 2 ( 2 pe e< ). 

 

 

ʈʠʩ. 4.16. ʄʝʪʦʜ ʂʨʝʯʤʘʥʥʘ [53]. 

 

3. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʧʝʨʠʦʜʠʯʝʩʢʦʛʦ ʨʝʣʴʝʬʘ 

ʥʘ ʛʨʘʥʠʮʝ ʨʘʟʜʝʣʘ ʩʨʝʜ 

ʇʨʠ ʧʘʜʝʥʠʠ ʩʚʝʪʘ ʧʦʜ ʫʛʣʦʤ a ʥʘ ʨʝʰʝʪʢʫ ʩ ʧʝʨʠʦʜʦʤ ʘ 

ʟʘʢʦʥ ʩʦʭʨʘʥʝʥʠʷ ʠʤʧʫʣʴʩʘ ʤʦʞʥʦ ʟʘʧʠʩʘʪʴ ʚ ʚʠʜʝ [53]:  

sinxk k l gb a= = + Ö,  (4.53)  

ʛʜʝ xkb=  ï ʵʪʦ x-ʢʦʤʧʦʥʝʥʪʘ ʚʦʣʥʦʚʦʛʦ ʚʝʢʪʦʨʘ ʇʇʇ, 

sink k kt a= =II  ï ʪʘʥʛʝʥʮʠʘʣʴʥʘʷ ʩʦʩʪʘʚʣʷʶʱʘʷ ʚʦʣʥʦʚʦʛʦ ʚʝʢʪʦʨʘ 

ʧʘʜʘʶʱʝʡ ʩʚʝʪʦʚʦʡ ʚʦʣʥʳ, 
2

g
a

p
=  ï ʤʦʜʫʣʴ ʚʝʢʪʦʨʘ ʦʙʨʘʪʥʦʡ 

ʨʝʰʝʪʢʠ, l ï ʮʝʣʦʝ ʯʠʩʣʦ. ʇʦʜʦʙʥʘʷ ʩʠʪʫʘʮʠʷ ʚʦʟʥʠʢʘʝʪ, ʚ 

ʯʘʩʪʥʦʩʪʠ, ʧʨʠ ʦʩʚʝʱʝʥʠʠ ʤʝʪʘʣʣʠʯʝʩʢʦʡ ʧʣʝʥʢʠ, ʥʘʧʳʣʝʥʥʦʡ ʥʘ 

ʧʝʨʠʦʜʠʯʝʩʢʠ ʨʘʩʧʦʣʦʞʝʥʥʳʝ ʦʧʘʣʦʚʳʝ ʛʣʦʙʫʣʳ (ʨʠʩ. 4.17) [60]. 
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ʈʠʩ. 4.17. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʧʝʨʠʦʜʠʯʝʩʢʦʛʦ ʨʝʣʴʝʬʘ 

ʥʘ ʛʨʘʥʠʮʝ ʨʘʟʜʝʣʘ ʩʨʝʜ [53, 60]. 

 

ɿʘʤʝʪʠʤ, ʯʪʦ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʫʨʘʚʥʝʥʠʝʤ (4.53) ʚʦʟʤʦʞʝʥ ʠ 

ʦʙʨʘʪʥʳʡ ʧʨʦʮʝʩʩ: ʇʇʇ, ʨʘʩʧʨʦʩʪʨʘʥʷʶʱʠʡʩʷ ʚʜʦʣʴ ʛʨʘʥʠʮʳ 

ʨʘʟʜʝʣʘ ʩ ʧʝʨʠʦʜʠʯʝʩʢʠʤ ʨʝʣʴʝʬʦʤ, ʩʧʦʩʦʙʝʥ ʠʩʧʫʩʪʠʪʴ ʬʦʪʦʥ ʠ 

ʧʨʝʢʨʘʪʠʪʴ ʩʫʱʝʩʪʚʦʚʘʥʠʝ. ʊʘʢʠʝ ʨʘʜʠʘʮʠʦʥʥʳʝ ʧʨʦʮʝʩʩʳ 

ʧʨʝʜʩʪʘʚʣʷʶʪ ʦʩʦʙʳʡ ʠʥʪʝʨʝʩ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʧʦʚʳʰʝʥʠʷ 

ʬʫʥʢʮʠʦʥʘʣʴʥʦʩʪʠ ʧʣʘʟʤʦʥʥʦ-ʬʦʪʦʥʥʳʭ ʛʠʙʨʠʜʥʳʭ ʢʨʠʩʪʘʣʣʦʚ ʧʦ 

ʩʨʘʚʥʝʥʠʶ ʩ çʦʙʳʯʥʳʤʠè ʬʦʪʦʥʥʳʤʠ ʢʨʠʩʪʘʣʣʘʤʠ ʥʘ ʦʩʥʦʚʝ 

ʦʧʘʣʦʚ [49, 50].  

ʆʜʥʠʤ ʠʟ ʥʘʠʙʦʣʝʝ ʷʨʢʠʭ ʧʨʦʷʚʣʝʥʠʡ çʥʝʦʙʳʯʥʳʭè ʩʚʦʡʩʪʚ 

ʧʣʘʟʤʦʥʥʦ-ʬʦʪʦʥʥʳʭ ʛʠʙʨʠʜʥʳʭ ʢʨʠʩʪʘʣʣʦʚ ʩʣʫʞʠʪ ʘʥʦʤʘʣʴʥʦʝ 

ʦʧʪʠʯʝʩʢʦʝ ʧʨʦʧʫʩʢʘʥʠʝ (extraordinary optical transmission, EOT) 

[50]. ʅʝʩʤʦʪʨʷ ʥʘ ʪʦ, ʯʪʦ ʦʙʱʠʡ ʫʨʦʚʝʥʴ ʧʨʦʧʫʩʢʘʥʠʷ ʛʠʙʨʠʜʥʦʛʦ 

ʌʂ ʤʥʦʛʦ ʥʠʞʝ, ʯʝʤ ʠʩʭʦʜʥʦʛʦ ʦʧʘʣʘ ʠʟ-ʟʘ ʚʳʩʦʢʦʛʦ ʦʪʨʘʞʝʥʠʷ 

ʧʣʝʥʢʠ ʤʝʪʘʣʣʘ, ʚ ʩʧʝʢʪʨʝ ʪʘʢʦʡ ʛʠʙʨʠʜʥʦʡ ʩʠʩʪʝʤʳ ʤʦʞʝʪ 

ʥʘʙʣʶʜʘʪʴʩʷ ʧʠʢ ʘʥʦʤʘʣʴʥʦʛʦ ʧʨʦʧʫʩʢʘʥʠʷ, ʧʨʠʯʠʥʦʡ ʢʦʪʦʨʦʛʦ 

ʷʚʣʷʝʪʩʷ ʪʫʥʥʝʣʠʨʦʚʘʥʠʝ ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʧʣʘʟʤʦʥ-ʧʦʣʷʨʠʪʦʥʦʚ, 

ʫʩʠʣʝʥʥʦʝ ʚ ʦʙʣʘʩʪʠ ʚʳʩʦʢʦʡ ʧʣʦʪʥʦʩʪʠ ʧʣʘʟʤʦʥʥʳʭ ʤʦʜ ʠ ʧʦʣʦʩʳ 

ʇʇʇ. 
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5. ʀʉʉʃɽɼʆɺɸʊɽʃʔʉʂɸʗ ʀ ʇʈʆɽʂʊʅɸʗ 

ɼɽʗʊɽʃʔʅʆʉʊʔ ʉʊʋɼɽʅʊʆɺ 

ʆʧʳʪ ʦʩʚʦʝʥʠʷ ʩʦʜʝʨʞʘʥʠʷ ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʥʘʧʨʘʚʣʝʥʠʡ 

ʥʘʫʯʥʦ-ʪʝʭʥʠʯʝʩʢʦʛʦ ʨʘʟʚʠʪʠʷ ʥʘ ʦʩʥʦʚʝ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʭ 

ʬʠʟʠʯʝʩʢʠʭ ʟʥʘʥʠʡ ʚʝʩʴʤʘ ʫʩʧʝʰʥʦ ʬʦʨʤʠʨʫʝʪʩʷ ʚʦ ʚʨʝʤʷ 

ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʦʡ ʠ ʧʨʦʝʢʪʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ ʩʪʫʜʝʥʪʦʚ. ʆʙ ʵʪʦʤ 

ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʨʝʟʫʣʴʪʘʪ r ʪʚʦʨʯʝʩʢʦʛʦ ʩʦʪʨʫʜʥʠʯʝʩʪʚʘ 

ʧʨʝʧʦʜʘʚʘʪʝʣʝʡ ʠ ʩʪʫʜʝʥʪʦʚ ʈʦʩʩʠʡʩʢʦʛʦ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ 

ʧʝʜʘʛʦʛʠʯʝʩʢʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ ʠʤʝʥʠ ɸ. ʀ. ɻʝʨʮʝʥʘ ʠ ʇʩʢʦʚʩʢʦʛʦ 

ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ, ʢ ʯʠʩʣʫ ʢʦʪʦʨʳʭ ʤʦʞʥʦ ʦʪʥʝʩʪʠ  

¶ ʧʦʩʪʘʥʦʚʢʫ ʥʦʚʳʭ ʣʘʙʦʨʘʪʦʨʥʳʭ ʨʘʙʦʪ, ʧʦʩʚʷʱʝʥʥʳʭ 

ʤʦʜʝʣʠʨʦʚʘʥʠʶ ʨʝʰʝʥʠ ̫ʟʘʜʘʯ ʪʝʦʨʠʠ ʧʨʦʪʝʢʘʥʠʷ (ʧʫʙʣʠʢʘʮʠʠ 

[61-63] ʠ ʨʠʩ. 5.1); 

¶ ʫʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʤʝʪʦʜʠʢʠ ʠʟʤʝʨʝʥʠʷ 

ʪʝʨʤʦ-ʵ.ʜ.ʩ. ʤʠʢʨʦʩʢʦʧʠʯʝʩʢʠʭ ʤʦʥʦʢʨʠʩʪʘʣʣʦʚ ʠʤʧʫʣʴʩʥʳʤ 

ʤʝʪʦʜʦʤ (ʧʫʙʣʠʢʘʮʠʠ [64-66] ʠ ʨʠʩ. 5.2); 

¶ ʠʟʛʦʪʦʚʣʝʥʠʝ ʤʦʜʝʣʠ ʬʦʪʦʥʥʦʛʦ ʢʨʠʩʪʘʣʣʘ (çʷʙʣʦʥʦʚʠʪʘè) ʠ 
ʧʦʩʪʘʥʦʚʢʘ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ ʜʝʤʦʥʩʪʨʘʮʠʦʥʥʦʛʦ 

ʵʢʩʧʝʨʠʤʝʥʪʘ ʚ ʉɺʏ-ʜʠʘʧʘʟʦʥʝ ʕʄ ʚʦʣʥ (ʧʫʙʣʠʢʘʮʠʠ [59, 67] ʠ 

ʨʠʩ. 5.3). 

ʆʪʤʝʪʠʤ, ʯʪʦ ʦʩʚʦʝʥʠʝ ʤʝʪʦʜʠʢʠ ʠ ʪʝʭʥʠʢʠ ʣʘʙʦʨʘʪʦʨʥʦʛʦ ʠ 

ʜʝʤʦʥʩʪʨʘʮʠʦʥʥʦʛʦ ʵʢʩʧʝʨʠʤʝʥʪʘ (ʦʩʦʙʝʥʥʦ ï ʥʘ ʩʦʚʨʝʤʝʥʥʦʤ 

ʦʙʦʨʫʜʦʚʘʥʠʠ ʠ ʩ ʫʯʝʪʦʤ ʧʦʩʣʝʜʥʠʭ ʜʦʩʪʠʞʝʥʠʡ ʥʘʫʯʥʦ-

ʪʝʭʥʠʯʝʩʢʦʛʦ ʧʨʦʛʨʝʩʩʘ) ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʦʪʥʦʩʠʪʩʷ ʢ 

ʚʘʞʥʝʡʰʠʤ ʥʘʧʨʘʚʣʝʥʠʷʤ ʧʨʘʢʪʠʯʝʩʢʦʡ ʧʦʜʛʦʪʦʚʢʠ ʙʫʜʫʱʠʭ 

ʧʝʜʘʛʦʛʦʚ. ʂ ʩʦʞʘʣʝʥʠʶ, ʚʦ ʤʥʦʛʠʭ ʰʢʦʣʘʭ ʩʦʚʨʝʤʝʥʥʦʡ ʈʦʩʩʠʠ 

ʧʦʯʪʠ ʦʪʩʫʪʩʪʚʫʶʪ ʜʝʤʦʥʩʪʨʘʮʠʦʥʥʳʝ ʦʧʳʪʳ ʠ ʣʘʙʦʨʘʪʦʨʥʳʝ 

ʨʘʙʦʪʳ, ʘ ʚ ʧʨʝʧʦʜʘʚʘʥʠʠ ʬʠʟʠʢʠ ʮʘʨʠʪ ʤʝʣʦʚʦʡ ʤʝʪʦʜ 

ʨʝʧʨʦʜʫʢʪʠʚʥʦʛʦ ʦʙʫʯʝʥʠʷ [68]. ʀʤʝʥʥʦ ʠʩʯʝʟʥʦʚʝʥʠʝ ʠʟ ʧʨʘʢʪʠʢʠ 

ʧʨʝʧʦʜʘʚʘʥʠʷ ʫʯʝʙʥʦʛʦ ʬʠʟʠʯʝʩʢʦʛʦ ʵʢʩʧʝʨʠʤʝʥʪʘ ï ʦʜʥʘ ʠʟ 

ʦʩʥʦʚʥʳʭ ʧʨʠʯʠʥ ʥʠʟʢʦʛʦ ʢʘʯʝʩʪʚʘ ʟʥʘʥʠʡ ʧʦ ʬʠʟʠʢʝ ʠ ʩʥʠʞʝʥʠʷ 

ʠʥʪʝʨʝʩʘ ʢ ʵʪʦʤʫ ʧʨʝʜʤʝʪʫ [69]. ʇʦ ʤʥʝʥʠʶ ʘʚʪʦʨʦʚ, ʧʨʝʦʜʦʣʝʥʠʝ 

ʵʪʠʭ ʥʝʛʘʪʠʚʥʳʭ ʪʝʥʜʝʥʮʠʡ ʦʪʥʦʩʠʪʩʷ ʢ ʧʨʠʦʨʠʪʝʪʥʳʤ ʟʘʜʘʯʘʤ, 

ʙʝʟ ʨʝʰʝʥʠʷ ʢʦʪʦʨʳʭ ʧʦʚʳʰʝʥʠʝ ʢʘʯʝʩʪʚʘ ʝʩʪʝʩʪʚʝʥʥʦʥʘʫʯʥʦʡ 

ʧʦʜʛʦʪʦʚʢʠ ʤʦʣʦʜʦʛʦ ʧʦʢʦʣʝʥʠʷ ʚ ʩʪʨʘʥʝ ʥʝ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ 

ʚʦʟʤʦʞʥʳʤ.   
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ʈʠʩ. 5.1. ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʘ ̫ʫʩʪʘʥʦʚʢʘ ʜʣʷ ʚʳʧʦʣʥʝʥʠʷ 

ʣʘʙʦʨʘʪʦʨʥʦʡ ʨʘʙʦʪʳ, ʤʦʜʝʣʠʨʫʶʱʝʡ ʨʝʰʝʥʠʝ ʟʘʜʘʯʠ ʫʟʣʦʚ 

ʪʝʦʨʠʠ ʧʨʦʪʝʢʘʥʠʷ [63]. 
 


