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ʅʘʫʯʥʳʡ ʨʫʢʦʚʦʜʠʪʝʣʴ 

ʢʘʥʜʠʜʘʪ ʬʠʟʠʢʦ-ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʥʘʫʢ 

ɹʘʜʴʠʥ ɸʣʝʢʩʘʥʜʨ ɺʣʘʜʠʤʠʨʦʚʠʯ 
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ɺʚʝʜʝʥʠʝ 

 

ɸʢʪʫʘʣʴʥʦʩʪʴ ʪʝʤʳ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ɺ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ ʧʨʝʜʣʘʛʘʶʪʩʷ ʤʝʪʦʜʳ ʪʝʨʘʛʝʨʮʦʚʦʡ (ʊɻʮ) ʚʠʟʫʘʣʠʟʘʮʠʠ 

ʦʙʲʝʢʪʦʚ ʠ ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠ ̫

ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʢʦʤʧʦʟʠʮʠʦʥʥʳʭ ʜʠʵʣʝʢʪʨʠʯʝʩʢʠʭ ʤʘʪʝʨʠʘʣʦʚ. 

ɺʠʟʫʘʣʠʟʘʮʠʷ ʧʨʠʤʝʥʠʤʘ ʜʣʷ ʥʝʨʘʟʨʫʰʘʶʱʝʛʦ ʢʦʥʪʨʦʣʷ ʦʙʨʘʟʮʦʚ ʣʠʩʪʦʚʳʭ 

ʜʠʵʣʝʢʪʨʠʢʦʚ ʩ ʮʝʣʴʶ ʦʙʥʘʨʫʞʝʥʠʷ ʜʝʬʝʢʪʦʚ, ʦʙʣʘʩʪʝʡ ʥʝʦʜʥʦʨʦʜʥʦʩʪʝʡ 

ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʛʦ ʦʪʢʣʠʢʘ ʠʣʠ ʵʬʬʝʢʪʠʚʥʦʡ ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʡ ʧʨʦʥʠʮʘʝʤʦʩʪʠ, 

ʘ ʪʘʢʞʝ ʜʣʷ ʦʮʝʥʢʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʜʠʬʨʘʛʠʨʦʚʘʥʥʦʡ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʡ ʚʦʣʥʳ. 

ɺ ʧʦʩʣʝʜʥʠʝ ʜʝʩʷʪʠʣʝʪʠʷ ʥʝʫʢʣʦʥʥʦ ʨʘʩʪʝʪ ʢʦʣʠʯʝʩʪʚʦ ʨʘʙʦʪ, ʩʚʷʟʘʥʥʳʭ 

ʩ ʠʩʩʣʝʜʦʚʘʥʠʷʤʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʊɻʮ ʠʟʣʫʯʝʥʠʷ ʠ ʝʛʦ ʧʨʠʤʝʥʝʥʠʝʤ [1ï11]. 

ʀʟʚʝʩʪʥ rʩʧʦʩʦʙʳ ʚʠʟʫʘʣʠʟʘʮʠʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʛʦ ʦʪʢʣʠʢʘ ʥʘ 

ʦʩʥʦʚʝ ʥʝʧʨʝʨʳʚʥʦ-ʚʦʣʥʦʚʳʭ ʠ ʠʤʧʫʣʴʩʥʳʭ ʤʝʪʦʜʦʚ ʛʝʥʝʨʘʮʠʠ 

ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʛʦ ʠʟʣʫʯʝʥʠʷ ʊɻʮ ʜʠʘʧʘʟʦʥʘ ʯʘʩʪʦʪ. ʆʜʥʘʢʦ ʠʟʚʝʩʪʥʳʝ ʤʝʪʦʜʳ 

ʦʙʣʘʜʘʶʪ ʩʫʱʝʩʪʚʝʥʥʳʤ ʥʝʜʦʩʪʘʪʢʦʤ, ʥʘʧʨʠʤʝʨ, ʥʝ ʧʦʟʚʦʣʷʶʪ ʦʩʫʱʝʩʪʚʣʷʪʴ 

ʚʠʟʫʘʣʠʟʘʮʠʶ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʤʘʪʝʨʠʘʣʴʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʠʩʩʣʝʜʫʝʤʦʛʦ ʦʙʨʘʟʮʘ 

ʪʘʢʠʭ ʢʘʢ ʜʠʵʣʝʢʪʨʠʯʝʩʢʘʷ ʧʨʦʥʠʮʘʝʤʦʩʪʴ. ʇʨʠ ʥʝʠʟʚʝʩʪʥʳʭ ʜʠʵʣʝʢʪʨʠʯʝʩʢʠʭ 

ʩʚʦʡʩʪʚʘʭ ʠʩʩʣʝʜʫʝʤʦʛʦ ʦʙʨʘʟʮʘ ʥʝʣʴʟʷ ʦʜʥʦʟʥʘʯʥʦ ʩʢʘʟʘʪʴ ʦ ʨʘʩʧʨʝʜʝʣʝʥʠʠ ʝʛʦ 

ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʠ ʪʝʤ ʙʦʣʝʝ ʩʧʨʦʛʥʦʟʠʨʦʚʘʪʴ ʠʭ ʧʨʠ ʚʥʝʩʝʥʠʠ 

ʠʟʤʝʥʝʥʠʡ ʚ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʧʨʦʮʝʩʩ ʠʟʛʦʪʦʚʣʝʥʠʷ ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʭ ʤʘʪʝʨʠʘʣʦʚ, 

ʚ ʪʦʤ ʯʠʩʣʝ ʢʦʤʧʦʟʠʮʠʦʥʥʳʭ. 

ʇʝʨʚʳʝ ʥʘʙʣʶʜʝʥʠʷ ʊɻʮ ʚʦʣʥ ʜʘʪʠʨʫʶʪʩʷ ʢʦʥʮʦʤ XVIII ʚʝʢʘ [12], ʧʝʨʚʳʝ 

ʠʟʦʙʨʘʞʝʥʠʷ, ʧʦʣʫʯʝʥʥʳʝ ʧʨʠ ʧʦʤʦʱʠ ʊɻʮ ʩʠʩʪʝʤ ʚʠʟʫʘʣʠʟʘʮʠʠ ʧʨʝʜʩʪʘʚʣʝʥʳ 

ʚ ʢʦʥʮʝ XX ʚʝʢʘ [13], ʘ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚʦʟʤʦʞʥʦʩʪʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʊɻʮ ʪʝʭʥʠʢʠ 

ʜʣʷ ʨʝʰʝʥʠʷ ʧʨʠʢʣʘʜʥʳʭ ʧʨʦʙʣʝʤ, ʘʢʪʠʚʥʦ ʚʝʜʫʪʩʷ ʣʠʰʴ ʩ ʥʘʯʘʣʘ XXI ʚʝʢʘ [14]. 

ʆʙʟʦʨʳ ʩʦʚʨʝʤʝʥʥʳʭ ʜʦʩʪʠʞʝʥʠʡ ʊɻʮ ʚʠʟʫʘʣʠʟʘʮʠʠ, ʘ ʪʘʢʞʝ ʧʝʨʩʧʝʢʪʠʚʳ 

ʨʘʟʚʠʪʠʷ ʵʪʦʡ ʪʝʤʳ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ [15ï17]. ʅʝʩʤʦʪʨʷ ʥʘ ʚʥʫʪʨʝʥʥʝʝ ʦʛʨʘʥʠʯʝʥʠʝ 

ʨʘʟʨʝʰʝʥʠʷ ʠʟ-ʟʘ ʜʠʬʨʘʢʮʠʦʥʥʦʛʦ ʧʨʝʜʝʣʘ, ʜʦʩʪʠʛʥʫʪʦʝ ʩʫʙʤʠʣʣʠʤʝʪʨʦʚʦʝ 

ʨʘʟʨʝʰʝʥʠʝ ʧʨʠ ʊɻʮ ʚʠʟʫʘʣʠʟʘʮʠʠ ʙʦʣʝʝ ʯʝʤ ʧʨʠʝʤʣʝʤʦ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʜʨʫʛʠʤʠ 
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ʜʦʩʪʫʧʥʳʤʠ ʤʝʪʦʜʘʤʠ ʜʠʘʛʥʦʩʪʠʢʠ, ʠʩʧʦʣʴʟʫʝʤʳʤʠ ʜʣʷ ʢʦʥʪʨʦʣʷ ʢʘʯʝʩʪʚʘ 

ʢʦʤʧʦʟʠʪʦʚ (ʫʣʴʪʨʘʟʚʫʢʦʚʳʝ, ʪʝʨʤʦʛʨʘʬʠʷ). 

ʇʦʩʢʦʣʴʢʫ ʦʙʲʝʤ ʧʨʦʠʟʚʦʜʩʪʚʘ ʢʦʤʧʦʟʠʪʥʳʭ ʜʝʪʘʣʝʡ ʧʨʦʜʦʣʞʘʝʪ ʨʘʩʪʠ, 

ʪʨʝʙʦʚʘʥʠʷ ʢ ʢʘʯʝʩʪʚʫ ʠ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʤ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤ ʩʪʘʥʦʚʷʪʩʷ ʚʩʝ ʙʦʣʝʝ 

ʚʳʩʦʢʠʤʠ. ɺ ʵʪʦʤ ʢʦʥʪʝʢʩʪʝ ʥʝʦʙʭʦʜʠʤʳ ʥʘʜʝʞʥʳʝ ʤʝʪʦʜʳ ʥʝʨʘʟʨʫʰʘʶʱʝʡ 

ʜʠʘʛʥʦʩʪʠʢʠ ʢʦʤʧʦʟʠʪʦʚ. ɹʣʘʛʦʜʘʨʷ ʥʝʜʘʚʥʠʤ ʤʥʦʛʦʯʠʩʣʝʥʥʳʤ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʤ 

ʧʨʦʨʳʚʘʤ ʚ ʦʙʣʘʩʪʠ ʊɻʮ ʪʝʭʥʠʢʠ ʦʥʘ ʟʘʨʝʢʦʤʝʥʜʦʚʘʣʘ ʩʝʙʷ ʢʘʢ ʚʝʩʴʤʘ 

ʧʝʨʩʧʝʢʪʠʚʥʘʷ ʪʝʭʥʦʣʦʛʠʷ ʥʝʨʘʟʨʫʰʘʶʱʝʛʦ ʢʦʥʪʨʦʣʷ ʢʦʤʧʦʟʠʪʦʚ [18]. 

ʊɻʮ ʥʝʨʘʟʨʫʰʘʶʱʠʡ ʢʦʥʪʨʦʣʴ ʦʙʣʘʜʘʝʪ ʧʨʝʠʤʫʱʝʩʪʚʘʤʠ ʚʳʩʦʢʦʡ ʧʨʦʥʠʢʘʶʱʝʡ 

ʩʧʦʩʦʙʥʦʩʪʠ, ʥʠʟʢʦʛʦ ʵʥʝʨʛʦʧʦʪʨʝʙʣʝʥʠʷ, ʙʝʟʚʨʝʜʥʦʩʪʠ, ʵʢʦʣʦʛʠʯʥʦʩʪʠ ʠ 

ʧʨʠʛʦʜʥʦʩʪʠ ʜʣʷ ʦʮʝʥʢʠ ʥʝʧʦʣʷʨʥʳʭ ʤʘʪʝʨʠʘʣʦʚ [19]. ʉʯʠʪʘʝʪʩʷ, ʯʪʦ ʊɻʮ 

ʚʠʟʫʘʣʠʟʘʮʠʷ ʷʚʣʷʝʪʩʷ ʝʜʠʥʩʪʚʝʥʥʦʡ ʥʝʨʘʟʨʫʰʘʶʱʝʡ ʪʝʭʥʦʣʦʛʠʝʡ, ʢʦʪʦʨʘʷ ʤʦʞʝʪ 

ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʘ ʜʣʷ ʦʮʝʥʢʠ ʢʘʯʝʩʪʚʘ ʩʢʣʝʠʚʘʥʠʷ ʩʚʷʟʫʶʱʝʡ ʩʪʨʫʢʪʫʨʳ 

ʢʦʤʧʦʟʠʪʦʚ ʩ ʢʝʨʘʤʠʯʝʩʢʦʡ ʤʘʪʨʠʮʝʡ [20]. 

ʕʢʨʘʥʠʨʦʚʘʥʠʝ ʦʪ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʭ ʧʦʤʝʭ ʫʤʝʥʴʰʘʝʪ ʩʚʷʟʴ ʤʝʞʜʫ 

ʩʠʛʥʘʣʘʤʠ [21, 22], ʧʝʨʝʢʨʝʩʪʥʳʝ ʧʦʤʝʭʠ ʤʝʞʜʫ ʵʣʝʢʪʨʠʯʝʩʢʠʤʠ ʢʦʤʧʦʥʝʥʪʘʤʠ, 

ʰʫʤ ʚ ʢʘʙʝʣʷʭ ʠ ʩʠʩʪʝʤʘʭ ʩʚʷʟʠ ʠ ʪ.ʜ. ʉ ʫʚʝʣʠʯʝʥʠʝʤ ʩʢʦʨʦʩʪʠ ʨʘʙʦʪʳ ʵʣʝʢʪʨʦʥʥʳʭ 

ʩʭʝʤ ʚ ʩʪʦʨʦʥʫ ʊɻʮ ʜʠʘʧʘʟʦʥʘ ʟʘʱʠʪʘ ʦʪ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʭ ʧʦʤʝʭ ʩʪʘʥʦʚʠʪʩʷ ʚʩʝ 

ʙʦʣʝʝ ʚʘʞʥʦʡ.  

ɺ ʨʘʙʦʪʝ [23] ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʥʝʜʘʚʥʠʝ ʠ ʥʦʚʘʪʦʨʩʢʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʧʦ ʭʘʨʘʢʪʝʨʠʩʪʠʢʝ ʵʢʨʘʥʠʨʫʶʱʠʭ ʩʚʦʡʩʪʚ ï ʩʪʨʫʢʪʫʨʳ ʠ ʧʨʠʤʝʥʝʥʠʶ ʫʛʣʝʨʦʜʥʳʭ 

ʥʘʥʦʢʦʤʧʦʟʠʪʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʚ ʊɻʮ ʯʘʩʪʦʪʥʦʡ ʦʙʣʘʩʪʠ. ʊʘʢʞʝ ʧʨʝʜʩʪʘʚʣʝʥʦ ʊɻʮ-

ʟʦʥʜʠʨʦʚʘʥʠʝ ʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʫʛʣʝʨʦʜʥʳʭ ʥʘʥʦʥʘʧʦʣʥʠʪʝʣʝʡ ʠ ʢʦʤʧʦʟʠʪʦʚ ʥʘ ʠʭ 

ʦʩʥʦʚʝ ʚ ʢʘʯʝʩʪʚʝ ʤʘʪʝʨʠʘʣʦʚ ʜʣʷ ʵʢʨʘʥʠʨʦʚʘʥʠʷ ʠ ʦʩʣʘʙʣʝʥʠʷ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʭ 

ʧʦʤʝʭ. ʅʘʢʦʥʝʮ, ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʠ ʦʙʩʫʞʜʘʝʪʩʷ ʧʨʠʤʝʥʝʥʠʝ ʜʘʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ 

ʚ ʢʚʘʟʠʦʧʪʠʯʝʩʢʠʭ ʊɻʮ-ʢʦʤʧʦʥʝʥʪʘʭ, ʚʢʣʶʯʘʷ ʧʦʣʷʨʠʟʘʪʦʨʳ ʠ, ʚʦʟʤʦʞʥʦ, 

ʩʝʪʯʘʪʳʝ ʬʠʣʴʪʨʳ, ʘ ʪʘʢʞʝ ʩʚʷʟʘʥʥʳʝ ʩ ʥʠʤʠ ʪʝʭʥʦʣʦʛʠʠ ʠʟʛʦʪʦʚʣʝʥʠʷ. 

ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʡ ʧʨʦʥʠʮʘʝʤʦʩʪʠ ʠ ʧʨʦʚʦʜʠʤʦʩʪʠ 

ʧʦʣʠʤʝʨʥʳʭ ʢʦʤʧʦʟʠʮʠʦʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʧʨʝʜʣʦʞʝʥʦ ʤʥʦʞʝʩʪʚʦ ʵʤʧʠʨʠʯʝʩʢʠʭ ʠ 

ʧʦʣʫʵʤʧʠʨʠʯʝʩʢʠʭ ʤʦʜʝʣʝʡ [24]. ʅʘʣʠʯʠʝ ʪʨʝʱʠʥ ʠʣʠ ʧʫʩʪʦʪ ʚ ʦʙʨʘʟʮʝ ï 
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ʵʪʦ ʥʘʠʙʦʣʝʝ ʯʘʩʪʦ ʚʩʪʨʝʯʘʶʱʠʡʩʷ ʪʠʧ ʥʝʦʜʥʦʨʦʜʥʦʩʪʠ ʚ ʪʚʝʨʜʳʭ ʜʠʵʣʝʢʪʨʠʢʘʭ. 

ʆʙʲʝʤ ʠ ʣʦʢʘʣʠʟʘʮʠʷ ʩʦʜʝʨʞʘʱʝʛʦʩʷ ʚ ʥʠʭ ʚʦʟʜʫʭʘ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦ ʫʤʝʥʴʰʘʝʪ 

ʚʝʣʠʯʠʥʫ ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʡ ʧʨʦʥʠʮʘʝʤʦʩʪʠ. 

ʂʘʢ ʧʦʢʘʟʘʥʦ ʚ [25, 26], ʙʦʣʴʰʠʥʩʪʚʦ ʨʘʙʦʪ ʙʳʣʦ ʩʦʩʨʝʜʦʪʦʯʝʥʦ ʥʘ ʩʦʟʜʘʥʠʠ 

ʦʜʥʦʨʦʜʥʦʛʦ ʜʠʩʢʨʝʪʥʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʢʦʨʦʪʢʠʭ ʚʦʣʦʢʦʥ, ʯʪʦ, ʢʘʢ ʩʯʠʪʘʝʪʩʷ, 

ʙʣʘʛʦʧʨʠʷʪʥʦ ʩʢʘʟʳʚʘʝʪʩʷ ʥʘ ʩʚʦʡʩʪʚʘʭ, ʩʚʷʟʘʥʥʳʭ ʩ ʧʦʚʨʝʞʜʝʥʠʝʤ, ʪʘʢʠʭ ʢʘʢ 

ʧʣʘʩʪʠʯʥʦʩʪʴ ʠ ʚʷʟʢʦʩʪʴ ʨʘʟʨʫʰʝʥʠʷ. ʄʥʦʛʦʯʠʩʣʝʥʥʳʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ 

ʥʘʙʣʶʜʝʥʠʷ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʥʝʦʜʥʦʨʦʜʥʦʩʪʴ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʛʦ ʨʘʩʧʦʣʦʞʝʥʠʷ 

ʯʘʩʪʠʮ ʦʪʨʠʮʘʪʝʣʴʥʦ ʚʣʠʷʝʪ ʥʘ ʠʭ ʧʨʦʯʥʦʩʪʴ, ʧʣʘʩʪʠʯʥʦʩʪʴ, ʫʩʪʘʣʦʩʪʴ, 

ʧʦʚʨʝʞʜʝʥʠʝ ʠ ʧʦʚʝʜʝʥʠʝ ʧʨʠ ʨʘʟʨʫʰʝʥʠʠ. 

ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʘʷ ʧʨʦʚʝʨʢʘ ʧʨʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ ʩʦʚʨʝʤʝʥʥʳʭ 

ʢʦʤʧʦʟʠʮʠʦʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʠʟʤʝʨʝʥʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ʢʦʤʧʦʟʠʪʦʚ ʣʠʰʴ ʧʨʠʙʣʠʞʝʥʥʦ ʩʦʚʧʘʜʘʶʪ ʩ ʨʘʩʩʯʠʪʘʥʥʳʤʠ. ʕʪʦ ʦʙʩʪʦʷʪʝʣʴʩʪʚʦ 

ʦʙʲʷʩʥʷʝʪʩʷ ʩʠʩʪʝʤʘʪʠʯʝʩʢʠʤʠ ʦʰʠʙʢʘʤʠ ʚ ʨʘʩʯʝʪʝ ʠʟ-ʟʘ ʟʘʨʘʥʝʝ ʧʨʠʥʷʪʳʭ 

ʜʦʧʫʱʝʥʠʡ ʠ ʩʣʫʯʘʡʥʳʤʠ ʦʰʠʙʢʘʤʠ, ʟʘʚʠʩʷʱʠʤʠ ʦʪ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ 

ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʭ ʤʘʪʝʨʠʘʣʦʚ. 

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʠʩʩʣʝʜʫʝʪʩʷ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʥʦʨʤʘʣʴʥʦ ʧʘʜʘʶʱʝʡ ʧʣʦʩʢʦʡ 

ʤʦʥʦʭʨʦʤʘʪʠʯʝʩʢʦʡ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʡ ʚʦʣʥʳ ʩ ʧʣʦʩʢʦʧʘʨʘʣʣʝʣʴʥʳʤ ʠ ʥʝ 

ʦʜʥʦʨʦʜʥʳʤ ʧʦ ʩʪʨʫʢʪʫʨʝ ʦʙʨʘʟʮʦʤ ʤʘʪʝʨʠʘʣʘ ʚ ʩʚʦʙʦʜʥʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ. 

ɺ ʢʘʯʝʩʪʚʝ ʠʩʪʦʯʥʠʢʘ ʤʦʥʦʭʨʦʤʘʪʠʯʝʩʢʠʭ ʚʦʣʥ ʨʘʩʩʤʘʪʨʠʚʘʣʩʷ ʛʝʥʝʨʘʪʦʨ 

ʥʝʧʨʝʨʳʚʥʦʛʦ ʠʟʣʫʯʝʥʠʷ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʤʦʥʦʭʨʦʤʘʪʠʯʝʩʢʠʭ ʠʩʪʦʯʥʠʢʦʚ 

ʥʝʧʨʝʨʳʚʥʦʛʦ ʛʘʨʤʦʥʠʯʝʩʢʦʛʦ ʩʠʛʥʘʣʘ ʧʦʟʚʦʣʷʝʪ ʚʦʟʙʫʜʠʪʴ ʚʳʩʦʢʦʜʦʙʨʦʪʥʳʝ 

ʢʦʣʝʙʘʪʝʣʴʥʳʝ ʧʨʦʮʝʩʩʳ ʜʠʧʦʣʴʥʳʭ ʩʪʨʫʢʪʫʨ ʚ ʤʘʪʝʨʠʘʣʝ ʠ ʪʝʤ ʩʘʤʳʤ ʦʙʝʩʧʝʯʠʪʴ 

ʧʦʣʥʦʮʝʥʥʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʦʙʨʘʟʮʦʚ 

ʤʘʪʝʨʠʘʣʦʚ. ʇʣʘʥʠʨʫʝʪʩʷ ʨʝʘʣʠʟʦʚʘʪʴ ʤʝʪʦʜ ʦʧʨʝʜʝʣʝʥʠʷ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʛʦ 

ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʡ ʧʨʦʥʠʮʘʝʤʦʩʪʠ ʠʩʩʣʝʜʫʝʤʳʭ ʦʙʨʘʟʮʦʚ 

ʤʘʪʝʨʠʘʣʦʚ ʥʘ ʦʩʥʦʚʝ ʠʟʤʝʨʝʥʥʳʭ ʤʘʪʨʠʮ ʨʘʩʧʨʝʜʝʣʝʥʠʡ ʢʦʵʬʬʠʮʠʝʥʪʘ 

ʧʨʦʭʦʞʜʝʥʠʷ ʠ ʬʘʟʦʚʦʛʦ ʩʜʚʠʛʘ. ʇʨʝʜʣʦʞʝʥʥʳʡ ʤʝʪʦʜ ʧʨʝʜʧʦʣʘʛʘʝʪʩʷ 

ʠʩʧʦʣʴʟʦʚʘʪʴ ʚ ʩʦʚʦʢʫʧʥʦʩʪʠ ʩʦ ʩʪʘʪʠʩʪʠʯʝʩʢʠʤ ʧʦʜʭʦʜʦʤ ʦʮʝʥʢʠ ʦʜʥʦʨʦʜʥʦʩʪʠ 

ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʩ ʮʝʣʴʶ ʦʧʨʝʜʝʣʝʥʠʷ ʩʦʙʣʶʜʝʥʠʷ 
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ʜʦʧʫʩʢʦʚ ʠʩʢʘʞʝʥʠʷ ʘʤʧʣʠʪʫʜʥʳʭ ʠ ʬʘʟʦʚʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʠʟʣʫʯʝʥʠʷ, 

ʧʨʦʰʝʜʰʝʛʦ ʯʝʨʝʟ ʠʩʩʣʝʜʫʝʤʳʝ ʦʙʨʘʟʮʳ. ʂʨʦʤʝ ʵʪʦʛʦ, ʨʘʟʨʘʙʦʪʘʥʥʳʡ ʤʝʪʦʜ 

ʤʦʞʥʦ ʧʨʠʤʝʥʠʪʴ ʚ ʟʘʜʘʯʘʭ ʜʝʬʝʢʪʦʩʢʦʧʠʠ ʢʦʤʧʦʟʠʮʠʦʥʥʳʭ ʜʠʵʣʝʢʪʨʠʢʦʚ 

ʥʘ ʦʩʥʦʚʝ: ʤʥʦʛʦʩʪʝʥʥʳʭ ʫʛʣʝʨʦʜʥʳʭ ʥʘʥʦʪʨʫʙʦʢ/ʩʝʛʥʝʪʦʵʣʝʢʪʨʠʢʘ ʩ ʵʧʦʢʩʠʜʥʦʡ 

ʤʘʪʨʠʮʝʡ; ʧʦʣʠʤʝʨʘ, ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʦʛʦ ʧʨʦʚʦʜʷʱʠʤʠ ʥʘʥʦʚʦʣʦʢʥʘʤʠ 

ʩʦ ʩʚʷʟʫʶʱʠʤ ʧʦʣʠʤʝʨʦʤ; ʧʦʣʠʤʝʨʦʚ ʩ ʨʘʟʥʦʡ ʚʝʣʠʯʠʥʦʡ ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʡ 

ʧʨʦʥʠʮʘʝʤʦʩʪʠ; ʥʝʣʠʥʝʡʥʳʭ ʦʧʪʠʯʝʩʢʠʭ ʢʨʠʩʪʘʣʣʦʚ ZnGeP2. ʊʘʢʞʝ ʤʝʪʦʜ ʊɻʮ 

ʚʠʟʫʘʣʠʟʘʮʠʠ ʤʦʞʝʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʣʦʢʘʣʴʥʦʛʦ ʦʙʲʝʤʥʦʛʦ 

ʩʦʜʝʨʞʘʥʠʷ ʥʘʧʦʣʥʠʪʝʣʷ ʚ ʨʘʤʢʘʭ ʘʧʝʨʪʫʨʳ ʢʚʘʟʠʦʧʪʠʯʝʩʢʦʛʦ ʧʫʯʢʘ ʠʩʩʣʝʜʫʝʤʦʛʦ 

ʦʙʨʘʟʮʘ ʢʦʤʧʦʟʠʪʘ ʧʨʠ ʠʟʚʝʩʪʥʦʤ ʟʥʘʯʝʥʠʠ ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʡ ʧʨʦʥʠʮʘʝʤʦʩʪʠ 

ʦʙʨʘʟʮʘ ʙʝʟ ʥʘʧʦʣʥʠʪʝʣʷ. 

ʆʙʝ̡ʢʪʦʤ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʷʚʣʷʶʪʩʷ ʧʨʦʮʝʩʩʳ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʪʝʨʘʛʝʨʮʦʚʦʛʦ ʠʟʣʫʯʝʥʠʷ ʩ ʥʝʦʜʥʦʨʦʜʥʳʤʠ ʢʦʤʧʦʟʠʮʠʦʥʥʳʤʠ 

ʜʠʵʣʝʢʪʨʠʢʘʤʠ. 

ʇʨʝʜʤʝʪʦʤ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚʳʩʪʫʧʘʪʁ ʚʝʣʠʯʠʥʳ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʥʝʦʜʥʦʨʦʜʥʳʭ ʢʦʤʧʦʟʠʮʠʦʥʥʳʭ ʜʠʵʣʝʢʪʨʠʢʦʚ. 

ʉʪʝʧʝʥʴ ʨʘʟʨʘʙʦʪʘʥʥʦʩʪʠ ʪʝʤʳ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʧʦʣʫʯʝʥʠʝ ʠʟʦʙʨʘʞʝʥʠʡ [27, 28] ʚ ʊɻʮ ʦʙʣʘʩʪʠ 

ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʛʦ ʩʧʝʢʪʨʘ ʷʚʣʷʝʪʩʷ ʧʝʨʩʧʝʢʪʠʚʥʦʡ ʪʝʭʥʦʣʦʛʠʝʡ ʥʝʨʘʟʨʫʰʘʶʱʝʛʦ 

ʢʦʥʪʨʦʣʷ ʚ ʩʨʘʚʥʝʥʠʠ ʩ ʜʨʫʛʠʤʠ ʤʝʪʦʜʘʤʠ. ʉʫʱʝʩʪʚʫʶʱʠʝ ʊɻʮ ʩʠʩʪʝʤʳ 

ʩʧʝʢʪʨʦʩʢʦʧʠʠ, ʚ ʪʦʤ ʯʠʩʣʝ ʧʦʣʫʯʝʥʠʷ ʠʟʦʙʨʘʞʝʥʠʡ, ʤʦʞʥʦ ʨʘʟʜʝʣʠʪʴ 

ʧʦ ʧʨʠʥʮʠʧʫ ʛʝʥʝʨʘʮʠʠ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʛʦ ʠʟʣʫʯʝʥʠʷ ʥʘ ʩʠʩʪʝʤʳ ʩ ʨʘʟʨʝʰʝʥʠʝʤ 

ʧʦ ʚʨʝʤʝʥʠ (ʠʤʧʫʣʴʩʥʳʝ) ʠ ʥʝʧʨʝʨʳʚʥʦ-ʚʦʣʥʦʚʳʝ. 

ʉʧʝʢʪʨʦʤʝʪʨʠʯʝʩʢʠʝ ʫʩʪʘʥʦʚʢʠ ʚʦʟʤʦʞʥʦ ʘʜʘʧʪʠʨʦʚʘʪʴ ʜʣʷ ʟʘʜʘʯ ʦʮʝʥʢʠ 

ʩʪʝʧʝʥʠ ʥʝʦʜʥʦʨʦʜʥʦʩʪʠ ʠʩʩʣʝʜʫʝʤʳʭ ʦʙʲʝʢʪʦʚ ʠ ʧʨʠ ʵʪʦʤ ʨʝʟʫʣʴʪʘʪʳ ʙʫʜʫʪ 

ʩʦʜʝʨʞʘʪʴ ʯʘʩʪʦʪʥʳʝ ʟʘʚʠʩʠʤʦʩʪʠ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ (ʚ ʪʦʤ ʯʠʩʣʝ 

ʟʘʚʠʩʠʤʦʩʪʴ ʜʠʘʣʝʢʪʠʯʝʩʢʦʡ ʧʨʦʥʠʮʘʝʤʦʩʪʠ) ʜʣʷ ʢʘʞʜʦʡ ʠʩʩʣʝʜʫʝʤʦʡ ʪʦʯʢʠ 

ʦʙʨʘʟʮʘ. ʆʜʥʘʢʦ ʜʘʥʥʘʷ ʧʨʦʮʝʜʫʨʘ ʷʚʣʷʝʪʩʷ ʦʯʝʥʴ ʪʨʫʜʦʟʘʪʨʘʪʦʡ ʠ ʥʘʢʣʘʜʳʚʘʝʪ 

ʚʣʠʷʥʠʝ ʯʝʣʦʚʝʯʝʩʢʦʛʦ ʬʘʢʪʦʨʘ ʧʨʠ ʦʩʫʱʝʩʪʚʣʝʥʠʠ ʧʦʟʠʮʠʦʥʠʨʦʚʘʥʠʷ 

ʠʩʩʣʝʜʫʝʤʦʛʦ ʦʙʨʘʟʮʘ ʚ ʢʚʘʟʠʦʧʪʠʯʝʩʢʦʤ ʠʟʤʝʨʠʪʝʣʴʥʦʤ ʪʨʘʢʪʝ.  
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ɺ ʣʠʪʝʨʘʪʫʨʝ ʙʦʣʴʰʘʷ ʯʘʩʪʴ ʤʝʪʦʜʦʚ ʊɻʮ ʚʠʟʫʘʣʠʟʘʮʠʠ ʦʩʥʦʚʘʥʘ 

ʥʘ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʠʤʧʫʣʴʩʥʳʭ ʠʩʪʦʯʥʠʢʦʚ ʠʟʣʫʯʝʥʠʷ [29-31]. ɺ ʩʚʦʶ ʦʯʝʨʝʜʴ 

ʥʝʧʨʝʨʳʚʥʦ-ʚʦʣʥʦʚʦʡ ʤʝʪʦʜ ʪʘʢʞʝ ʦʙʝʩʧʝʯʠʚʘʝʪ ʙʦʣʝʝ ʚʳʩʦʢʦʝ ʦʪʥʦʰʝʥʠʝ 

ʩʠʛʥʘʣ/ʰʫʤ ʠ ʙʦʣʝʝ ʚʳʩʦʢʫʶ ʣʠʥʝʡʥʦʩʪʴ ʠʟʤʝʨʝʥʠʡ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʤʝʪʦʜʦʤ 

ʩ ʨʘʟʨʝʰʝʥʠʝʤ ʧʦ ʚʨʝʤʝʥʠ. ʆʜʥʘʢʦ, ʥʝʩʤʦʪʨʷ ʥʘ ʠʭ ʤʥʦʛʦʯʠʩʣʝʥʥʳʝ 

ʧʨʝʠʤʫʱʝʩʪʚʘ, ʜʦ ʩʠʭ ʧʦʨ ʪʦʣʴʢʦ ʦʛʨʘʥʠʯʝʥʥʳʝ ʤʝʪʦʜʳ, ʦʩʥʦʚʘʥʥʳʝ 

ʥʘ ʥʝʧʨʝʨʳʚʥʦʤ ʠʟʣʫʯʝʥʠʠ, ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʣʠ ʚʠʟʫʘʣʠʟʘʮʠʶ [32]. 

ɺ ʨʘʙʦʪʝ [33] ʥʝʧʨʝʨʳʚʥʦ-ʚʦʣʥʦʚʦʡ ʧʨʠʥʮʠʧ ʊɻʮ ʚʠʟʫʘʣʠʟʘʮʠʠ ʨʝʘʣʠʟʦʚʘʥ 

ʥʘ ʦʩʥʦʚʝ ʣʘʟʝʨʥʦʛʦ ʠʩʪʦʯʥʠʢʘ ʠʟʣʫʯʝʥʠʷ. ʆʜʥʘʢʦ, ʦʥʘ ʦʙʣʘʜʘʝʪ ʦʜʥʠʤ 

ʥʝʜʦʩʪʘʪʢʦʤ, ʚʳʟʚʘʥʥʳʤ ʪʝʤ, ʯʪʦ ʩʚʝʪʦʚʘʷ ʚʦʣʥʘ ʠʤʝʝʪ ʦʯʝʥʴ ʢʦʨʦʪʢʫʶ ʜʣʠʥʫ 

ʚʦʣʥʳ ʠ ʥʝʦʜʥʦʟʥʘʯʥʦʩʪʴ ʪʝʤʧʝʨʘʪʫʨʳ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ ʤʦʞʝʪ ʚʳʟʚʘʪʴ ʦʯʝʥʴ 

ʯʫʚʩʪʚʠʪʝʣʴʥʦʝ ʠʟʤʝʥʝʥʠʝ ʬʘʟʳ. ʈʘʩʧʨʦʩʪʨʘʥʝʥʳ ʤʝʪʦʜ r ʛʝʥʝʨʘʮʠʠ ʊɻʮ 

ʥʝʧʨʝʨʳʚʥʳʭ ʚʦʣʥ ʥʘ ʦʩʥʦʚʝ ʣʘʤʧʳ ʦʙʨʘʪʥʦʡ ʚʦʣʥʳ (ʃʆɺ). ɺ ʨʘʙʦʪʝ [34], 

ʥʘ ʦʩʥʦʚʝ ʃʆɺ ʧʨʝʜʣʦʞʝʥ ʤʝʪʦʜ ex vivo ʤʠʢʨʦʩʢʦʧʠʠ ʦʪʨʘʞʝʥʥʳʭ ʊɻʮ ʚʦʣʥ 

ʦʪ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʪʢʘʥʝʡ, ʘ ʪʘʢʞʝ ʠʟʚʝʩʪʥʦ ʦ ʧʨʠʤʝʥʝʥʠʠ ʥʝʧʨʝʨʳʚʥʦ-ʚʦʣʥʦʚʦʡ 

ʃʆɺ ʊɻʮ ʚʠʟʫʘʣʠʟʘʮʠʠ ʚ ʩʬʝʨʝ ʦʙʝʩʧʝʯʝʥʠʷ ʙʝʟʦʧʘʩʥʦʩʪʠ [35]. ʉʦʪʨʫʜʥʠʢʠ 

ʠʥʩʪʠʪʫʪʘ ʘʵʨʦʥʘʚʪʠʢʠ ʠ ʢʦʩʤʠʯʝʩʢʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ ʫʥʠʚʝʨʩʠʪʝʪʘ ʊʫʣʫʟʳ [36] 

ʧʨʝʜʣʦʞʠʣʠ ʤʝʪʦʜ ʥʝʨʘʟʨʫʰʘʶʱʝʛʦ ʢʦʥʪʨʦʣʷ ʧʦʣʠʤʝʨʥʳʭ ʢʦʤʧʦʟʠʪʦʚ ʥʘ ʦʩʥʦʚʝ 

ʢʚʘʥʪʦʚʦʛʦ ʢʘʩʢʘʜʥʦʛʦ ʣʘʟʝʨʘ, ʷʚʣʷʶʱʝʛʦʩ ̫ ʠʩʪʦʯʥʠʢʦʤ ʥʝʧʨʝʨʳʚʥʦʛʦ ʊɻʮ 

ʠʟʣʫʯʝʥʠʷ. ʇʦʣʫʯʝʥʥʳʝ ʠʟʦʙʨʘʞʝʥʠʷ ʧʨʠ ʧʨʦʭʦʞʜʝʥʠʠ ʊɻʮ ʚʦʣʥ ʯʝʨʝʟ ʦʙʨʘʟʝʮ 

ʜʘʶʪ ʙʦʣʴʰʝ ʘʤʧʣʠʪʫʜʥʦʡ ʠʥʬʦʨʤʘʮʠʠ ʦ ʨʘʩʩʣʦʝʥʠʷʭ ʠ ʪʨʝʱʠʥʘʭ ʚ ʚʦʣʦʢʥʠʩʪʳʭ 

ʪʢʘʥʷʭ ʚ ʩʨʘʚʥʝʥʠʠ ʩ ʫʣʴʪʨʘʟʚʫʢʦʚʳʤ ʤʝʪʦʜʦʤ ʩʢʘʥʠʨʦʚʘʥʠʷ. 

ʄʦʞʥʦ ʛʦʚʦʨʠʪʴ, ʯʪʦ ʚʦʧʨʦʩʳ ʊɻʮ ʚʠʟʫʘʣʠʟʘʮʠʠ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ 

ʚʳʟʳʚʘʶʪ ʠʥʪʝʨʝʩ. ɸʢʪʠʚʥʦ ʨʘʩʰʠʨʷʶʪʩʷ ʦʙʣʘʩʪʠ ʧʨʠʤʝʥʠʤʦʩʪʠ 

ʥʝʨʘʟʨʫʰʘʶʱʝʛʦ ʢʦʥʪʨʦʣʷ. ʆʜʥʘʢʦ ʧʦ-ʧʨʝʞʥʝʤʫ ʦʩʪʘʶʪʩʷ ʦʪʢʨʳʪʳʤʠ ʚʦʧʨʦʩʳ, 

ʩʚʷʟʘʥʥʳʝ ʩ ʨʝʛʠʩʪʨʘʮʠʝʡ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʠʩʩʣʝʜʫʝʤʳʭ ʦʙʨʘʟʮʦʚ 

ʤʘʪʝʨʠʘʣʦʚ, ʪʘʢʠʭ ʢʘʢ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʡ ʧʨʦʥʠʮʘʝʤʦʩʪʠ. 

ʎʝʣʴ ʨʘʙʦʪʳ: ʈʘʟʨʘʙʦʪʢʘ ʤʝʪʦʜʘ ʦʮʝʥʢʠ ʥʝʦʜʥʦʨʦʜʥʦʩʪʠ ʢʦʤʧʦʟʠʮʠʦʥʥʳʭ 

ʣʠʩʪʦʚʳʭ ʜʠʵʣʝʢʪʨʠʢʦʚ ʥʘ ʦʩʥʦʚʝ ʬʘʟʦʚʦ-ʘʤʧʣʠʪʫʜʥʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʚ 
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ʪʝʨʘʛʝʨʮʦʚʦʡ ʦʙʣʘʩʪʠ ʯʘʩʪʦʪ ʚ ʩʚʦʙʦʜʥʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ ʩ ʧʨʠʤʝʥʝʥʠʝʤ 

ʩʪʘʪʠʩʪʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ. 

ɼʣʷ ʜʦʩʪʠʞʝʥʠʷ ʦʙʦʟʥʘʯʝʥʥʦʡ ʮʝʣʠ ʙʳʣʠ ʧʦʩʪʘʚʣʝʥʳ ʩʣʝʜʫʶʱʠʝ ʟʘʜʘʯʠ 

ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʡ ʨʘʙʦʪʳ: 

- ʈʘʟʨʘʙʦʪʢʘ ʩʠʩʪʝʤʳ ʜʚʫʤʝʨʥʦʛʦ ʧʦʟʠʮʠʦʥʠʨʦʚʘʥʠʷ ʦʙʨʘʟʮʘ ʤʘʪʝʨʠʘʣʘ 

ʚ ʠʟʤʝʨʠʪʝʣʴʥʦʤ ʪʨʘʢʪʝ ʢʚʘʟʠʦʧʪʠʯʝʩʢʦʛʦ ʩʧʝʢʪʨʦʤʝʪʨʘ ʥʘ ʦʩʥʦʚʝ 

ʠʥʪʝʨʬʝʨʦʤʝʪʨʘ ʄʘʭʘ-ʎʘʥʜʝʨʘ; 

- ʈʘʟʨʘʙʦʪʢʘ ʘʣʛʦʨʠʪʤʘ ʚʳʯʠʩʣʝʥʠʷ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʡ 

ʧʨʦʥʠʮʘʝʤʦʩʪʠ; 

- ʇʨʦʚʝʜʝʥʠʝ ʩʪʘʪʠʩʪʠʯʝʩʢʦʡ ʦʮʝʥʢʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʛʦ 

ʦʪʢʣʠʢʘ ʦʪ ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʡ ʧʨʦʥʠʮʘʝʤʦʩʪʠ ʠ ʪʦʣʱʠʥʳ ʦʙʨʘʟʮʘ; 

- ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʛʦ 

ʦʪʢʣʠʢʘ ʠ ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʡ ʧʨʦʥʠʮʘʝʤʦʩʪʠ ʢʦʤʧʦʟʠʮʠʦʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ. 

ʅʘ ʟʘʱʠʪʫ ʚʳʥʦʩʷʪʩʷ ʩʣʝʜʫʶʱʠʝ ʧʦʣʦʞʝʥʠʷ: 

1 ɸʣʛʦʨʠʪʤ ʥʘ ʦʩʥʦʚʝ ʘʧʧʨʦʢʩʠʤʘʮʠʠ ʤʝʪʦʜʦʤ ʥʘʠʤʝʥʴʰʠʭ ʢʚʘʜʨʘʪʦʚ 

ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʠʪʴ ʟʥʘʯʝʥʠ ̫ʜʝʡʩʪʚʠʪʝʣʴʥʦʡ ʠ ʤʥʠʤʦʡ ʯʘʩʪʝʡ ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʡ 

ʧʨʦʥʠʮʘʝʤʦʩʪʠ Ů* ʠʟ ʬʦʨʤʫʣ ʌʨʝʥʝʣʷ ʧʦ ʠʟʤʝʨʝʥʥʦʤʫ ʟʥʘʯʝʥʠʶ ʬʘʟʦʚʦʛʦ ʩʜʚʠʛʘ 

ű ʩ ʫʯʸʪʦʤ ʤʦʥʦʪʦʥʥʦʩʪʠ ʬʫʥʢʮʠʠ ű(Ů*) ʠ ʟʥʘʯʠʪʝʣʴʥʦ ʫʩʢʦʨʠʪʴ ʧʨʦʮʝʜʫʨʫ 

ʫʪʦʯʥʝʥʠʷ ʜʠʵʣʝʢʪʨʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʤʘʪʝʨʠʘʣʘ; 

2 ʆʜʥʦʨʦʜʥʦʩʪʴ ʜʚʫʤʝʨʥʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʛʦ ʦʪʢʣʠʢʘ 

ʨʘʩʪʝʪ ʧʦ ʵʢʩʧʦʥʝʥʮʠʘʣʴʥʦʤʫ ʟʘʢʦʥʫ ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ ʚʨʝʤʝʥʠ ʚʦʟʜʝʡʩʪʚʠʷ 

ʫʣʴʪʨʘʟʚʫʢʦʚʦʡ ʦʙʨʘʙʦʪʢʠ ʦʪ 1 ʜʦ 5 ʤʠʥʫʪ ʧʨʠ ʤʦʱʥʦʩʪʠ 75 ɺʘʪʪ ʧʝʨʝʜ ʧʨʦʮʝʩʩʦʤ 

ʧʦʣʠʤʝʨʠʟʘʮʠʠ ʦʙʨʘʟʮʦʚ ʢʦʤʧʦʟʠʪʦʚ ʥʘ ʦʩʥʦʚʝ ʵʧʦʢʩʠʜʥʦʡ ʩʤʦʣʳ ʩ ʜʦʙʘʚʣʝʥʠʝʤ 

ʤʥʦʛʦʩʪʝʥʥʳʭ ʫʛʣʝʨʦʜʥʳʭ ʥʘʥʦʪʨʫʙʦʢ ʩʦ ʩʨʝʜʥʠʤ ʜʠʘʤʝʪʨʦʤ 9,4 ʥʤ ʠ ʤʘʩʩʦʚʦʡ 

ʢʦʥʮʝʥʪʨʘʮʠʝʡ ʦʪ 1% ʜʦ 3%; 

3 ʅʘ ʯʘʩʪʦʪʝ 206,4 ɻɻʮ ʜʝʡʩʪʚʠʪʝʣʴʥʘʷ ʠ ʤʥʠʤʘʷ ʯʘʩʪʠ ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʡ 

ʧʨʦʥʠʮʘʝʤʦʩʪʠ ʢʦʤʧʦʟʠʮʠʦʥʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʥʘ ʦʩʥʦʚʝ ʵʧʦʢʩʠʜʥʦʡ ʩʤʦʣʳ 

ʩ ʤʘʩʩʦʚʳʤ ʩʦʜʝʨʞʘʥʠʝʤ ʤʥʦʛʦʩʪʝʥʥʳʭ ʫʛʣʝʨʦʜʥʳʭ ʥʘʥʦʪʨʫʙʦʢ 1% ʦʙʣʘʜʘʝʪ 

ʵʢʩʧʦʥʝʥʮʠʘʣʴʥʦʡ ʟʘʚʠʩʠʤʦʩʪʴʶ ʦʪ ʦʙʲʝʤʥʦʛʦ ʣʦʢʘʣʴʥʦʛʦ ʩʦʜʝʨʞʘʥʠʷ 

ʤʥʦʛʦʩʪʝʥʥʳʭ ʫʛʣʝʨʦʜʥʳʭ ʥʘʥʦʪʨʫʙʦʢ (ʚ ʜʠʘʧʘʟʦʥʝ 50 ï 75 %) ʚ ʘʧʝʨʪʫʨʝ 
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ʢʚʘʟʠʦʧʪʠʯʝʩʢʦʛʦ ʧʫʯʢʘ ʜʠʘʤʝʪʨʦʤ 5 ʤʤ ʠ ʦʪ ʚʨʝʤʝʥʠ ʫʣʴʪʨʘʟʚʫʢʦʚʦʡ ʦʙʨʘʙʦʪʢʠ 

(ʦʪ 0 ʜʦ 2 ʤʠʥʫʪ); 

4 ʄʝʪʦʜ ʜʚʫʤʝʨʥʦʛʦ ʤʝʭʘʥʠʯʝʩʢʦʛʦ ʧʝʨʝʤʝʱʝʥʠʷ ʦʙʨʘʟʮʘ ʥʝʣʠʥʝʡʥʦʛʦ 

ʢʨʠʩʪʘʣʣʘ ZnGeP2 ʚ ʩʚʦʙʦʜʥʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ ʦʪʥʦʩʠʪʝʣʴʥʦ ʢʚʘʟʠʦʧʪʠʯʝʩʢʦʛʦ 

ʧʫʯʢʘ ʥʘ ʯʘʩʪʦʪʝ 900 ɻɻʮ ʩ ʧʦʢʦʦʨʜʠʥʘʪʥʦʡ ʨʝʛʠʩʪʨʘʮʠʝʡ ʤʘʪʨʠʮʳ ʧʨʦʰʝʜʰʝʡ 

ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʛʦ ʠʟʣʫʯʝʥʠʷ ʧʦʟʚʦʣʷʝʪ ʚʠʟʫʘʣʠʟʠʨʦʚʘʪʴ 

ʜʝʬʝʢʪʥʳʝ ʦʙʣʘʩʪʠ ʜʠʘʤʝʪʨʦʤ ʙʦʣʝʝ 0,6 ʤʤ. 

ɼʦʩʪʦʚʝʨʥʦʩʪʴ ʟʘʱʠʱʘʝʤʳʭ ʧʦʣʦʞʝʥʠʡ 

ɼʦʩʪʦʚʝʨʥʦʩʪʴ ʧʝʨʚʦʛʦ ʥʘʫʯʥʦʛʦ ʧʦʣʦʞʝʥʠʷ ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ ʩʨʘʚʥʝʥʠʝʤ 

ʨʝʟʫʣʴʪʘʪʦʚ ʨʘʩʯʝʪʘ ʜʝʡʩʪʚʠʪʝʣʴʥʦʡ ʠ ʤʥʠʤʦʡ ʯʘʩʪʝʡ ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʡ 

ʧʨʦʥʠʮʘʝʤʦʩʪʠ, ʧʦʣʫʯʝʥʥʳʭ ʧʨʠ ʘʧʧʨʦʢʩʠʤʘʮʠʠ ʤʝʪʦʜʦʤ ʥʘʠʤʝʥʴʰʠʭ ʢʚʘʜʨʘʪʦʚ 

ʩ ʨʝʟʫʣʴʪʘʪʘʤʠ ʨʘʩʯʝʪʘ ʘʣʛʦʨʠʪʤʘ ʚʳʯʠʩʣʝʥʠʷ ʥʘ ʦʩʥʦʚʝ ʪʘʙʣʠʯʥʦʛʦ ʤʝʪʦʜʘ 

ʦʪʜʝʣʝʥʠʷ ʢʦʨʥʝʡ, ʘ ʪʘʢʞʝ ʩʨʘʚʥʝʥʠʝʤ ʩ ʨʝʟʫʣʴʪʘʪʘʤʠ ʠʟʤʝʨʝʥʠʷ ʢʚʘʟʠʦʧʪʠʯʝʩʢʠʤ 

ʩʧʝʢʪʨʦʤʝʪʨʦʤ ʉʊɼ- 21 

ɼʦʩʪʦʚʝʨʥʦʩʪʴ ʚʪʦʨʦʛʦ ʥʘʫʯʥʦʛʦ ʧʦʣʦʞʝʥʠʷ ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ ʩʦʚʧʘʜʝʥʠʝʤ 

ʭʘʨʘʢʪʝʨʘ ʟʘʚʠʩʠʤʦʩʪʠ ʦʙʣʘʩʪʝʡ ʥʝʦʜʥʦʨʦʜʥʦʩʪʠ ʦʪ ʚʨʝʤʝʥʠ ʫʣʴʪʨʘʟʚʫʢʦʚʦʡ 

ʦʙʨʘʙʦʪʢʠ, ʧʦʣʫʯʝʥʥʳʝ ʧʦʩʨʝʜʩʪʚʦʤ ʊɻʮ ʚʠʟʫʘʣʠʟʘʮʠʠ ʠ ʤʝʪʦʜʦʤ ʣʦʢʘʣʴʥʦʡ 

ʦʧʪʠʯʝʩʢʦʡ ʤʠʢʨʦʩʢʦʧʠʠ ʚ ʨʘʤʢʘʭ ʘʧʝʨʪʫʨʳ ʢʚʘʟʠʦʧʪʠʯʝʩʢʦʛʦ ʧʫʯʢʘ. 

ɼʦʩʪʦʚʝʨʥʦʩʪʴ ʪʨʝʪʴʝʛʦ ʥʘʫʯʥʦʛʦ ʧʦʣʦʞʝʥʠʷ ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ ʩʭʦʜʠʤʦʩʪʴʶ 

ʨʝʟʫʣʴʪʘʪʦʚ, ʧʦʣʫʯʝʥʥʳʭ ʤʝʪʦʜʦʤ ʊɻʮ ʚʠʟʫʘʣʠʟʘʮʠʠ ʠ ʩʧʝʢʪʨʦʩʢʦʧʠʠ, ʠ 

ʨʝʟʫʣʴʪʘʪʦʚ ʨʘʩʯʝʪʘ ʟʥʘʯʝʥʠʡ ʣʦʢʘʣʴʥʦʡ ʥʝʦʜʥʦʨʦʜʥʦʩʪʠ ʚ ʨʘʤʢʘʭ ʘʧʝʨʪʫʨʳ 

ʢʚʘʟʠʦʧʪʠʯʝʩʢʦʛʦ ʧʫʯʢʘ ʚ ʢʦʥʪʨʦʣʴʥʳʭ ʪʦʯʢʘʭ, ʧʦʣʫʯʝʥʥʳʭ ʦʧʪʠʯʝʩʢʦʡ 

ʤʠʢʨʦʩʢʦʧʠʝʡ. 

ɼʦʩʪʦʚʝʨʥʦʩʪʴ ʯʝʪʚʝʨʪʦʛʦ ʥʘʫʯʥʦʛʦ ʧʦʣʦʞʝʥʠʷ ʜʦʩʪʠʛʘʝʪʩʷ ʟʘ ʩʯʝʪ 

ʢʦʨʨʝʣʷʮʠʝʡ ʨʝʟʫʣʴʪʘʪʦʚ ʠʟʤʝʨʝʥʠʷ ʧʦʣʦʞʝʥʠʷ ʜʝʬʝʢʪʥʳʭ ʦʙʣʘʩʪʝʡ ʚ ʢʨʠʩʪʘʣʣʝ, 

ʧʦʣʫʯʝʥʥʳʭ ʤʝʪʦʜʦʤ ʊɻʮ ʚʠʟʫʘʣʠʟʘʮʠʠ ʩ ʘʥʘʣʦʛʠʯʥʳʤʠ ʨʝʟʫʣʴʪʘʪʘʤʠ, 

ʧʦʣʫʯʝʥʥʳʤʠ ʤʝʪʦʜʦʤ ʦʧʪʠʯʝʩʢʦʡ ʛʦʣʦʛʨʘʬʠʠ. 

ɼʦʩʪʦʚʝʨʥʦʩʪʴ ʧʦʣʫʯʘʝʤʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʥʘ ʨʘʟʨʘʙʦʪʘʥʥʦʡ ʩʠʩʪʝʤʝ 

ʠʟʤʝʨʝʥʠʷ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʵʣʝʢʪʨʦʬʠʟʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʤʘʪʝʨʠʘʣʦʚ ʦʮʝʥʠʚʘʣʘʩʴ 

ʧʫʪʝʤ ʠʟʤʝʨʝʥʠʡ ʚ ʢʦʥʪʨʦʣʴʥʳʭ ʪʦʯʢʘʭ ʥʘ ʢʚʘʟʠʦʧʪʠʯʝʩʢʦʤ ʩʧʝʢʪʨʦʤʝʪʨʝ ʉʊɼ-21 
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ʢʦʤʧʣʝʢʩʥʦʡ ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʡ ʧʨʦʥʠʮʘʝʤʦʩʪʠ ʦʙʨʘʟʮʦʚ, ʘʪʪʝʩʪʦʚʘʥʥʳʭ 

ʚ ʉʠʙʠʨʩʢʦʤ ʥʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʦʤ ʠʥʩʪʠʪʫʪʝ ʤʝʪʨʦʣʦʛʠʠ, ʢʘʢ ʩʪʘʥʜʘʨʪʥʳʝ 

ʦʙʨʘʟʮʳ ʧʨʝʜʧʨʠʷʪʠʷ. 

ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʘʷ ʯʘʩʪʴ ʨʘʙʦʪʳ ʚʳʧʦʣʥʝʥʘ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʘʧʧʘʨʘʪʫʨʳ 

ʮʝʥʪʨʘ ʢʦʣʣʝʢʪʠʚʥʦʛʦ ʧʦʣʴʟʦʚʘʥʠʷ çʎʝʥʪʨ ʨʘʜʠʦʬʠʟʠʯʝʩʢʠʭ ʤʝʪʦʜʦʚ ʠʟʤʝʨʝʥʠʷ, 

ʜʠʘʛʥʦʩʪʠʢʠ ʠ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʘʨʘʤʝʪʨʦʚ ʧʨʠʨʦʜʥʳʭ ʠ ʠʩʢʫʩʩʪʚʝʥʥʳʭ 

ʤʘʪʝʨʠʘʣʦʚè, ʘʢʢʨʝʜʠʪʦʚʘʥʥʦʛʦ ʥʘ ʪʝʭʥʠʯʝʩʢʫʶ ʢʦʤʧʝʪʝʥʪʥʦʩʪʴ. 

ʅʦʚʠʟʥʘ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʅʦʚʳʤʠ ʨʝʟʫʣʴʪʘʪʘʤʠ ʨʘʙʦʪʳ ʷʚʣʷʶʪʩʷ: 

- ʇʨʦʛʨʘʤʤʘ ʜʣʷ ʕɺʄ ʠ ʘʣʛʦʨʠʪʤ ʨʘʩʯʝʪʘ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʜʝʡʩʪʚʠʪʝʣʴʥʦʡ ʠ 

ʤʥʠʤʦʡ ʯʘʩʪʠ ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʡ ʧʨʦʥʠʮʘʝʤʦʩʪʠ ʠʟ ʠʟʤʝʨʝʥʥʳʭ ʤʘʪʨʠʮ 

ʢʦʵʬʬʠʮʠʝʥʪʘ ʧʨʦʭʦʞʜʝʥʠʷ ʠ ʬʘʟʦʚʦʛʦ ʩʜʚʠʛʘ. 

- ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ʜʝʡʩʪʚʠʪʝʣʴʥʦʡ ʠ ʤʥʠʤʦʡ ʯʘʩʪʠ 

ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʡ ʧʨʦʥʠʮʘʝʤʦʩʪʠ ʢʦʤʧʦʟʠʪʘ ʥʘ ʦʩʥʦʚʝ ʤʘʪʨʠʮʳ ʠʟ ʵʧʦʢʩʠʜʥʦʡ 

ʩʤʦʣʳ ʠ ʥʘʧʦʣʥʠʪʝʣʷ (ʄʋʅʊ) ʦʪ ʢʦʥʮʝʥʪʨʘʮʠʠ ʄʋʅʊ ʠ ʚʨʝʤʝʥʠ ʫʣʴʪʨʘʟʚʫʢʦʚʦʡ 

ʦʙʨʘʙʦʪʢʠ. 

ʊʝʦʨʝʪʠʯʝʩʢʘʷ ʟʥʘʯʠʤʦʩʪʴ ʨʘʙʦʪʳ 

ɸʣʛʦʨʠʪʤ ʥʘ ʦʩʥʦʚʝ ʘʧʧʨʦʢʩʠʤʘʮʠʠ ʤʝʪʦʜʦʤ ʥʘʠʤʝʥʴʰʠʭ ʢʚʘʜʨʘʪʦʚ 

ʨʝʰʝʥʠʷ ʩʠʩʪʝʤʳ ʜʚʫʭ ʪʨʘʥʩʮʝʥʜʝʥʪʥʳʭ ʫʨʘʚʥʝʥʠʡ ʩ ʜʚʫʤʷ ʧʝʨʝʤʝʥʥʳʤʠ ʤʦʞʝʪ 

ʙʳʪʴ ʧʨʠʤʝʥʝʥ ʜʣʷ ʨʝʰʝʥʠʷ ʜʨʫʛʦʛʦ ʨʦʜʘ ʦʙʨʘʪʥʳʭ ʟʘʜʘʯ ʧʨʠ ʩʦʙʣʶʜʝʥʠʠ ʫʩʣʦʚʠʷ 

ʤʦʥʦʪʦʥʥʦʩʪʠ ʦʜʥʦʡ ʠʟ ʬʫʥʢʮʠʡ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʡ ʩʠʩʪʝʤʳ. 

ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʯʠʩʣʝʥʥʳʭ ʨʘʩʯʝʪʦʚ ʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʧʦʢʘʟʘʥʘ ʚʦʟʤʦʞʥʦʩʪʴ ʦʮʝʥʢʠ ʚʣʠʷʥʠʷ ʪʦʧʦʣʦʛʠʠ ʦʙʨʘʟʮʦʚ ʥʘ ʜʠʬʨʘʢʮʠʶ 

ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʡ ʚʦʣʥʳ, ʚʦʟʥʠʢʘʶʱʝʡ ʟʘ ʦʙʨʘʟʮʦʤ. 

ʇʨʘʢʪʠʯʝʩʢʘʷ ʟʥʘʯʠʤʦʩʪʴ ʨʝʟʫʣʴʪʘʪʦʚ ʨʘʙʦʪʳ 

ʈʘʟʨʘʙʦʪʘʥʥʳʡ ʤʝʪʦʜ ʚʳʯʠʩʣʝʥʠʷ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʡ 

ʧʨʦʥʠʮʘʝʤʦʩʪʠ ʤʦʞʝʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥ ʧʨʠ ʨʘʟʨʘʙʦʪʢʝ ʩʠʩʪʝʤ ʙʝʩʢʦʥʪʘʢʪʥʦʡ 

ʜʠʘʛʥʦʩʪʠʢʠ ʦʜʥʦʨʦʜʥʦʩʪʠ ʤʘʪʝʨʠʘʣʦʚ.  

ʇʦʣʫʯʝʥʥʳʝ ʚʳʨʘʞʝʥʠʷ ʜʣʷ ʨʘʩʯʝʪʘ ʜʝʡʩʪʚʠʪʝʣʴʥʦʡ ʠ ʤʥʠʤʦʡ ʯʘʩʪʠ 

ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʡ ʧʨʦʥʠʮʘʝʤʦʩʪʠ ʢʦʤʧʦʟʠʪʦʚ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʢʦʥʮʝʥʪʨʘʮʠʠ 
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ʥʘʧʦʣʥʠʪʝʣʷ ʠ ʚʨʝʤʝʥʠ ʫʣʴʪʨʘʟʚʫʢʦʚʦʡ ʦʙʨʘʙʦʪʢʠ ʤʦʛʫʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ ʧʨʠ 

ʩʦʟʜʘʥʠʠ ʢʦʤʧʦʟʠʮʠʦʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʥʘ ʦʩʥʦʚʝ ʵʧʦʢʩʠʜʥʦʡ ʩʤʦʣʳ ʠ ʄʋʅʊ. 

ʈʘʟʨʘʙʦʪʘʥʥʳʡ ʤʝʪʦʜ ʦʮʝʥʢʠ ʩʪʘʪʠʩʪʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʤʦʞʝʪ ʙʳʪʴ 

ʠʩʧʦʣʴʟʦʚʘʥ ʜʣʷ ʢʦʥʪʨʦʣʷ ʩʦʙʣʶʜʝʥʠʷ ʜʦʧʫʩʢʦʚ ʦʜʥʦʨʦʜʥʦʩʪʠ ʠʟʛʦʪʘʚʣʠʚʘʝʤʳʭ 

ʦʜʥʦʩʣʦʡʥʳʭ ʠʣʠ ʤʥʦʛʦʩʣʦʡʥʳʭ ʢʦʥʩʪʨʫʢʮʠʡ ʢʦʤʧʦʟʠʮʠʦʥʥʳʭ ʜʠʵʣʝʢʪʨʠʢʦʚ. 

ʄʝʪʦʜ ʪʝʨʘʛʝʨʮʦʚʦʡ ʚʠʟʫʘʣʠʟʘʮʠʠ ʤʦʞʝʪ ʙʳʪʴ ʘʜʘʧʪʠʨʦʚʘʥ ʜʣʷ ʟʘʜʘʯ 

ʜʝʬʝʢʪʦʩʢʦʧʠʠ ʦʙʨʘʟʮʦʚ ʥʝʣʠʥʝʡʥʳʭ ʢʨʠʩʪʘʣʣʦʚ ZnGeP2. 

ʇʨʘʢʪʠʯʝʩʢʘʷ ʟʥʘʯʠʤʦʩʪʴ ʨʘʙʦʪʳ ʧʦʜʪʚʝʨʞʜʝʥʘ ʧʦʙʝʜʦʡ ʚ ʢʦʥʢʫʨʩʝ 

ʠʥʥʦʚʘʮʠʦʥʥʳʭ ʧʨʦʝʢʪʦʚ ʩʪʫʜʝʥʪʦʚ, ʘʩʧʠʨʘʥʪʦʚ ʠ ʤʦʣʦʜʳʭ ʫʯʝʥʳʭ çʋ.ʄ.ʅ.ʀ.ʂ. 

ʊʝʭ. ʅʝʪ - 2018è ʩ ʧʨʦʝʢʪʦʤ çʈʘʟʨʘʙʦʪʢʘ ʩʠʩʪʝʤʳ ʪʝʨʘʛʝʨʮʦʚʦʡ ʜʠʘʛʥʦʩʪʠʢʠ 

ʥʝʦʜʥʦʨʦʜʥʦʩʪʝʡ ʤʘʪʝʨʠʘʣʦʚ ʚ ʤʠʢʨʦʵʣʝʢʪʨʦʥʥʳʭ ʫʩʪʨʦʡʩʪʚʘʭè. 

ʄʝʪʦʜʦʣʦʛʠʷ ʠ ʤʝʪʦʜʳ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʉʠʩʪʝʤʘ ʊɻʮ ʚʠʟʫʘʣʠʟʘʮʠʠ ʙʳʣʘ ʧʦʩʪʨʦʝʥʘ ʥʘ ʙʘʟʝ ʠʥʪʝʨʬʝʨʦʤʝʪʨʘ ʄʘʭʘ-

ʎʘʥʜʝʨʘ, ʚ ʢʘʯʝʩʪʚʝ ʠʩʪʦʯʥʠʢʘ ʥʝʧʨʝʨʳʚʥʦʛʦ ʠʟʣʫʯʝʥʠʷ ʠʩʧʦʣʴʟʦʚʘʣʘʩʴ ʣʘʤʧʘ 

ʦʙʨʘʪʥʦʡ ʚʦʣʥʳ, ʘ ʚ ʢʘʯʝʩʪʚʝ ʜʝʪʝʢʪʦʨʘ ʊɻʮ ʠʟʣʫʯʝʥʠʷ ʚʳʩʪʫʧʠʣʘ ̫ʯʝʡʢʘ ɻʦʣʝʷ. 

ɼʣʷ ʦʮʝʥʢʠ ʜʦʩʪʦʚʝʨʥʦʩʪʠ ʧʦʣʫʯʘʝʤʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʧʨʦʠʟʚʦʜʠʣʠʩʴ ʩʨʘʚʥʠʪʝʣʴʥʳʝ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʛʦ ʦʪʢʣʠʢʘ ʥʘ ʩʧʝʢʪʨʦʤʝʪʨʝ ʉʊɼ-21, ʘ ʪʘʢʞʝ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʠʤʧʫʣʴʩʥʦ-ʚʨʝʤʝʥʥʦʛʦ ʩʧʝʢʪʨʦʤʝʪʨʘ T-Spec 1000. ɿʥʘʯʝʥʠʷ 

ʢʦʤʧʣʝʢʪʥʦʡ ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʡ ʧʨʦʥʠʮʘʝʤʦʩʪʠ ʨʘʩʩʯʠʪʳʚʘʣʠʩʴ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʧʣʦʩʢʦʚʦʣʥʦʚʦʛʦ ʧʨʠʙʣʠʞʝʥʠʷ ʧʨʠ ʥʦʨʤʘʣʴʥʦʤ ʧʘʜʝʥʠʠ ʠʟʣʫʯʝʥʠʷ ʥʘ ʦʙʨʘʟʝʮ. 

ʄʦʜʝʣʠʨʦʚʘʥʠʝ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʛʦ ʦʪʢʣʠʢʘ ʦʩʫʱʝʩʪʚʣʷʣʦʩʴ ʚ ʩʨʝʜʝ CST Studio. 

ɸʧʨʦʙʘʮʠʷ ʨʘʙʦʪʳ 

ʆʩʥʦʚʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʨʘʙʦʪʳ ʠ ʟʘʱʠʱʘʝʤʳʝ ʧʦʣʦʞʝʥʠʷ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ 

ʢʦʥʬʝʨʝʥʮʠʷʭ: 

ʄʝʞʜʫʥʘʨʦʜʥʘʷ ʥʘʫʯʥʦ-ʧʨʘʢʪʠʯʝʩʢʘʷ ʢʦʥʬʝʨʝʥʮʠʷ çʕʣʝʢʪʨʦʥʥʳʝ ʩʨʝʜʩʪʚʘ 

ʠ ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷè (ʊʦʤʩʢ, 2020); 

5-ʡ ʈʦʩʩʠʡʩʢʦ-ɹʝʣʦʨʫʩʩʢʠʡ ʩʝʤʠʥʘʨ-ʢʦʥʬʝʨʝʥʮʠʷ çʅʦʚʳʝ ʥʘʥʦʤʘʪʝʨʠʘʣʳ ʠ 

ʠʭ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʝ ʩʚʦʡʩʪʚʘè (ʊʦʤʩʢ, 2021); 

The 46th International Conference on Infrared, Millimeter, and Terahertz Waves 

(Chengdu, China, 2021); 
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9-ʷ ʄʝʞʜʫʥʘʨʦʜʥʘʷ ʥʘʫʯʥʦ-ʧʨʘʢʪʠʯʝʩʢʘʷ ʢʦʥʬʝʨʝʥʮʠʷ ɸʢʪʫʘʣʴʥʳʝ 

ʧʨʦʙʣʝʤʳ ʨʘʜʠʦʬʠʟʠʢʠ (ʊʦʤʩʢ, 2021); 

32-ʷ ʄʝʞʜʫʥʘʨʦʜʥʘʷ ʢʦʥʬʝʨʝʥʮʠʷ çʉɺʏ-ʪʝʭʥʠʢʘ ʠ ʪʝʣʝʢʦʤʤʫʥʠʢʘʮʠʦʥʥʳʝ 

ʪʝʭʥʦʣʦʛʠʠè (ʉʝʚʘʩʪʦʧʦʣʴ, 2022); 

6-ʦʡ ɹʝʣʦʨʫʩʩʢʦ-ʈʦʩʩʠʡʩʢʠʡ ʩʝʤʠʥʘʨ-ʢʦʥʬʝʨʝʥʮʠʷ çʋʛʣʝʨʦʜʥʳʝ 

ʥʘʥʦʩʪʨʫʢʪʫʨʳ, ʪʦʥʢʠʝ ʧʣʝʥʢʠ ʠ ʢʦʤʧʦʟʠʪʳ: ʩʠʥʪʝʟ, ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ 

ʠ ʧʨʠʤʝʥʝʥʠʷè (ʄʠʥʩʢ, ɹʝʣʘʨʫʩʴ, 2022). 

ʇʫʙʣʠʢʘʮʠʠ 

ʇʦ ʪʝʤʝ ʜʠʩʩʝʨʪʘʮʠʠ ʦʧʫʙʣʠʢʦʚʘʥʦ 16 ʨʘʙʦʪ, ʚ ʞʫʨʥʘʣʘʭ, ʚ ʪʦʤ ʯʠʩʣʝ 3 

ʩʪʘʪʴʠ ʚ ʞʫʨʥʘʣʘʭ, ʚʢʣʶʯʝʥʥʳʭ ʚ ʇʝʨʝʯʝʥʴ ʨʝʮʝʥʟʠʨʫʝʤʳʭ ʥʘʫʯʥʳʭ ʠʟʜʘʥʠʡ, ʚ 

ʢʦʪʦʨʳʭ ʜʦʣʞʥʳ ʙʳʪʴ ʦʧʫʙʣʠʢʦʚʘʥʳ ʥʘʫʯʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʜʠʩʩʝʨʪʘʮʠʡ ʥʘ 

ʩʦʠʩʢʘʥʠʝ ʫʯʝʥʦʡ ʩʪʝʧʝʥʠ ʢʘʥʜʠʜʘʪʘ ʥʘʫʢ, ʥʘ ʩʦʠʩʢʘʥʠʝ ʫʯʝʥʦʡ ʩʪʝʧʝʥʠ ʜʦʢʪʦʨʘ 

ʥʘʫʢ (ʠʟ ʥʠʭ 1 ʩʪʘʪʴʷ ʚ ʟʘʨʫʙʝʞʥʦʤ ʥʘʫʯʥʦʤ ʞʫʨʥʘʣʝ, ʚʭʦʜʷʱʝʤ ʚ Scopus, 1 ʩʪʘʪʴʷ 

ʚ ʨʦʩʩʠʡʩʢʦʤ ʥʘʫʯʥʦʤ ʞʫʨʥʘʣʝ, ʚʭʦʜʷʱʝʤ ʚ RSCI), 5 ʩʪʘʪʝʡ ʚ ʩʙʦʨʥʠʢʘʭ 

ʤʘʪʝʨʠʘʣʦʚ ʢʦʥʬʝʨʝʥʮʠʡ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʚ Web of Science, 5 ʩʪʘʪʝʡ ʚ ʩʙʦʨʥʠʢʘʭ 

ʤʘʪʝʨʠʘʣʦʚ ʢʦʥʬʝʨʝʥʮʠʡ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʚ Scopus, 2 ʩʪʘʪʴʠ ʚ ʧʨʦʯʠʭ ʥʘʫʯʥʳʭ 

ʞʫʨʥʘʣʘʭ; ʧʦʣʫʯʝʥʦ 2 ʩʚʠʜʝʪʝʣʴʩʪʚʘ ʦ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʡ ʨʝʛʠʩʪʨʘʮʠʠ ʧʨʦʛʨʘʤʤʳ 

ʜʣʷ ʕɺʄ. 

ʉʪʨʫʢʪʫʨʘ ʠ ʦʙʲʝʤ ʨʘʙʦʪʳ 

ʈʘʙʦʪʘ ʩʦʩʪʦʠʪ ʠʟ ʚʚʝʜʝʥʠʷ, ʪʨʝʭ ʛʣʘʚ, ʟʘʢʣʶʯʝʥʠʷ, ʩʧʠʩʢʘ ʣʠʪʝʨʘʪʫʨʳ, 

ʚʢʣʶʯʘʶʱʝʛʦ 118 ʥʘʠʤʝʥʦʚʘʥʠʡ, 90 ʠʟ ʥʠʭ ʥʘ ʠʥʦʩʪʨʘʥʥʦʤ ʷʟʳʢʝ. ʆʙʱʠʡ ʦʙʲʝʤ 

ʜʠʩʩʝʨʪʘʮʠʠ ï 156 ʩʪʨʘʥʠʮ. ʈʘʙʦʪʘ ʩʦʜʝʨʞʠʪ 99 ʨʠʩʫʥʢʦʚ ʠ 16 ʪʘʙʣʠʮ. 

ʉʦʜʝʨʞʘʥʠʝ ʨʘʙʦʪʳ 

ɺʦ ʚʚʝʜʝʥʠʠ ʨʘʩʩʤʦʪʨʝʥʘ ʘʢʪʫʘʣʴʥʦʩʪʴ ʪʝʤʳ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʛʦ 

ʠʩʩʣʝʜʦʚʘʥʠʷ, ʧʦʩʪʘʚʣʝʥʳ ʮʝʣʠ ʠ ʟʘʜʘʯʠ, ʩʬʦʨʤʫʣʠʨʦʚʘʥʳ ʟʘʱʠʱʘʝʤʳʝ 

ʧʦʣʦʞʝʥʠʷ ʠ ʧʦʢʘʟʘʥʘ ʠʭ ʜʦʩʪʦʚʝʨʥʦʩʪʴ, ʧʨʝʜʩʪʘʚʣʝʥʳ ʪʝʦʨʝʪʠʯʝʩʢʘʷ ʠ 

ʧʨʘʢʪʠʯʝʩʢʘʷ ʟʥʘʯʠʤʦʩʪʴ, ʦʪʨʘʞʝʥʘ ʥʘʫʯʥʘʷ ʥʦʚʠʟʥʘ, ʜʘʥʦ ʢʨʘʪʢʦʝ ʦʧʠʩʘʥʠʝ ʠ 

ʦʙʱʘʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʨʘʙʦʪʳ. 

ɺ ʛʣʘʚʝ 1 ʧʨʦʚʝʜʝʥ ʦʙʟʦʨ ʣʠʪʝʨʘʪʫʨʳ ʧʦ ʪʝʤʝ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʛʦ 

ʠʩʩʣʝʜʦʚʘʥʠʷ. ʆʧʨʝʜʝʣʝʥ ʩʪʘʪʠʩʪʠʯʝʩʢʠʡ ʧʦʜʭʦʜ ʢ ʘʥʘʣʠʟʫ ʨʘʩʧʨʝʜʝʣʝʥʠʷ 
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ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʛʦ ʦʪʢʣʠʢʘ ʢʦʤʧʦʟʠʮʠʦʥʥʳʭ ʜʠʵʣʝʢʪʨʠʢʦʚ. ʇʨʦʚʝʜʝʥ ʘʥʘʣʠʟ 

ʨʘʟʨʘʙʦʪʘʥʥʳʭ ʤʝʪʦʜʦʚ ʚʠʟʫʘʣʠʟʘʮʠʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʢʦʤʧʦʟʠʮʠʦʥʥʳʭ ʜʠʵʣʝʢʪʨʠʢʦʚ. 

ɻʣʘʚʘ 2 ʧʦʩʚʷʱʝʥʘ ʨʘʟʨʘʙʦʪʢʝ ʤʝʪʦʜʘ ʚʠʟʫʘʣʠʟʘʮʠʠ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʛʦ 

ʦʪʢʣʠʢʘ ʠ ʵʣʝʢʪʨʦʬʠʟʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʤʘʪʝʨʠʘʣʘ. ɼʣʷ ʧʨʦʚʝʜʝʥʠʷ 

ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʙʳʣʘ ʠʟʛʦʪʦʚʣʝʥʘ ʩʠʩʪʝʤʘ ʧʦʟʠʮʠʦʥʠʨʦʚʘʥʠʷ ʠʩʩʣʝʜʫʝʤʳʭ 

ʤʘʪʝʨʠʘʣʦʚ ʚ ʢʚʘʟʠʦʧʪʠʯʝʩʢʦʤ ʊɻʮ ʧʫʯʢʝ ʩ ʧʨʦʛʨʘʤʤʥʳʤ ʫʧʨʘʚʣʝʥʠʝʤ. ɹʳʣ 

ʨʘʟʨʘʙʦʪʘʥ ʤʝʪʦʜ ʚʳʯʠʩʣʝʥʠʷ ʜʝʡʩʪʚʠʪʝʣʴʥʦʡ ʠ ʤʥʠʤʦʡ ʯʘʩʪʝʡ ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʡ 

ʧʨʦʥʠʮʘʝʤʦʩʪʠ ʠʟ ʬʦʨʤʫʣ ʌʨʝʥʝʣʷ ʜʣʷ ʢʦʵʬʬʠʮʠʝʥʪʘ ʧʨʦʭʦʞʜʝʥʠʷ ʠ ʬʘʟʦʚʦʛʦ 

ʩʜʚʠʛʘ. ʅʘʧʠʩʘʥʦ ʧʨʦʛʨʘʤʤʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ, ʧʦʟʚʦʣʷʶʱʝʝ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʪʴ 

ʧʨʦʮʝʩʩ ʠʟʤʝʨʝʥʠʷ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʛʦ ʦʪʢʣʠʢʘ ʠ ʚʳʯʠʩʣʝʥʠʷ 

ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʡ ʧʨʦʥʠʮʘʝʤʦʩʪʠ. ʇʨʦʚʝʜʝʥʦ ʠʩʩʣʝʜʦʚʘʥʠʝ ʩʪʘʙʠʣʴʥʦʩʪʠ 

ʠʟʤʝʨʝʥʠʷ ʘʤʧʣʠʪʫʜʳ ʠ ʬʘʟʳ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʡ ʚʦʣʥʳ ʚ ʩʭʝʤʝ ʥʘ ʦʩʥʦʚʝ 

ʠʥʪʝʨʬʝʨʦʤʝʪʨʘ ʄʘʭʘ-ʎʘʥʜʝʨʘ, ʛʝʥʝʨʘʪʦʨʘ ʥʘ ʦʩʥʦʚʝ ʣʘʤʧʳ ʦʙʨʘʪʥʦʡ ʚʦʣʥʳ ʠ 

ʘʢʫʩʪʦʦʧʪʠʯʝʩʢʦʛʦ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʷ (ʜʝʪʝʢʪʦʨʘ). ʇʨʠʚʦʜʷʪʩʷ ʨʝʟʫʣʴʪʘʪʳ 

ʘʧʨʦʙʘʮʠʠ ʤʝʪʦʜʘ ʥʘ ʪʝʩʪʦʚʳʭ ʦʙʲʝʢʪʘʭ ʜʣʷ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʦʮʝʥʢʠ 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʛʦ ʨʘʟʨʝʰʝʥʠʷ.  

ɻʣʘʚʘ 3 ʧʦʩʚʷʱʝʥʘ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʤ ʠʩʩʣʝʜʦʚʘʥʠʷʤ ʨʘʩʧʨʝʜʝʣʝʥʠʷ 

ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʥʝʦʜʥʦʨʦʜʥʳʭ ʢʦʤʧʦʟʠʮʠʦʥʥʳʭ ʜʠʵʣʝʢʪʨʠʢʦʚ ʚ 

ʪʝʨʘʛʝʨʮʦʚʦʤ ʜʠʘʧʘʟʦʥʝ ʯʘʩʪʦʪ. ʇʨʠʚʝʜʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʩʧʝʢʪʨʘʣʴʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʠ ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʛʦ 

ʦʪʢʣʠʢʘ ʦʪ ʦʙʨʘʟʮʦʚ ʢʦʤʧʦʟʠʮʠʦʥʥʳʭ ʜʠʵʣʝʢʪʨʠʢʦʚ ʥʘ ʦʩʥʦʚʝ ʵʧʦʢʩʠʜʥʦʡ ʩʤʦʣʳ 

ʠ ʪʠʪʘʥʘʪʘ ʙʘʨʠʷ ʩ ʨʘʟʥʳʤʠ ʨʘʟʤʝʨʘʤʠ ʯʘʩʪʠʮ. ʇʨʠ ʠʩʩʣʝʜʦʚʘʥʠʠ 

ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʢʦʤʧʦʟʠʮʠʦʥʥʳʭ ʜʠʵʣʝʢʪʨʠʢʦʚ ʥʘ ʦʩʥʦʚʝ 

ʵʧʦʢʩʠʜʥʦʡ ʩʤʦʣʳ ʠ ʤʥʦʛʦʩʪʝʥʥʳʭ ʫʛʣʝʨʦʜʥʳʭ ʥʘʥʦʪʨʫʙʦʢ ʚʳʷʚʣʝʥʘ 

ʵʤʧʠʨʠʯʝʩʢʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ʜʝʡʩʪʚʠʪʝʣʴʥʦʡ ʠ ʤʥʠʤʦʡ ʯʘʩʪʠ ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʡ 

ʧʨʦʥʠʮʘʝʤʦʩʪʠ ʦʪ ʢʦʥʮʝʥʪʨʘʮʠʠ ʤʥʦʛʦʩʪʝʥʥʳʭ ʫʛʣʝʨʦʜʥʳʭ ʥʘʥʦʪʨʫʙʦʢ ʠ ʚʨʝʤʝʥʠ 

ʫʣʴʪʨʘʟʚʫʢʦʚʦʡ ʦʙʨʘʙʦʪʢʠ. ʇʨʠʚʦʜʷʪʩʷ ʨʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʦʙʨʘʟʮʦʚ 

ʜʝʬʝʢʪʦʚ ʥʝʣʠʥʝʡʥʳʭ ʢʨʠʩʪʘʣʣʦʚ ZnGeP2 ʨʘʟʣʠʯʥʦʡ ʧʨʠʨʦʜʳ (ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʝ 

ʥʘʨʫʰʝʥʠʷ ʠ ʦʧʪʠʯʝʩʢʠʡ ʧʨʦʙʦʡ) ʤʝʪʦʜʦʤ ʊɻʮ ʚʠʟʫʘʣʠʟʘʮʠʠ. 
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1 ɺʟʘʠʤʦʜʝʡʩʪʚʠʝ ʪʝʨʘʛʝʨʮʦʚʦʛʦ ʠʟʣʫʯʝʥʠʷ ʩ ʢʦʤʧʦʟʠʪʘʤʠ 

 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʪʝʨʘʛʝʨʮʦʚʳʡ (ʊɻʮ) ʜʠʘʧʘʟʦʥ ʯʘʩʪʦʪ ʟʘʪʨʘʛʠʚʘʝʪ 

ʰʠʨʦʢʠʡ ʧʝʨʝʯʝʥʴ ʩʬʝʨ ʧʨʠʤʝʥʝʥʠʷ ʚ ʩʘʤʳʭ ʨʘʟʣʠʯʥʳʭ ʦʙʣʘʩʪʷʭ: 

ʦʪ ʤʝʜʠʮʠʥʳ [37] ʜʦ ʪʝʣʝʢʦʤʤʫʥʠʢʘʮʠʠ ʚ ʢʦʩʤʦʩʝ [38]. 

ʊɻʮ ʦʙʣʘʩʪʴ ʩʧʝʢʪʨʘ (ʨʠʩʫʥʦʢ 1.1) ʟʘʪʨʘʛʠʚʘʝʪ ʤʘʣʫʶ ʯʘʩʪʴ 

ʢʨʘʡʥʝʚʳʩʦʢʦʯʘʩʪʦʪʥʦʛʦ (ʂɺʏ) ʜʠʘʧʘʟʦʥʘ ʦʪ ʚʦʣʥ ʜʣʠʥʥʦʡ ɚ = 3 ʤʤ (100 ɻɻʮ) ʠ 

ʯʘʩʪʴ ʜʘʣʴʥʝʛʦ ʠʥʬʨʘʢʨʘʩʥʦʛʦ ʜʠʘʧʘʟʦʥʘ ʜʦ ɚ = 30 ʤʢʤ (10 ʊɻʮ) [39].  

 

 

ʈʠʩʫʥʦʢ 1.1 ï ʊʝʨʘʛʝʨʮʦʚʳʝ ʚʦʣʥʳ ʚ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʤ ʩʧʝʢʪʨʝ [40] 

 

ʇʦʵʪʦʤʫ ʜʣʷ ʩʦʟʜʘʥʠʷ ʦʙʦʨʫʜʦʚʘʥʠʷ ʚ ʊɻʮ ʜʠʘʧʘʟʦʥʝ ʠʩʧʦʣʴʟʫʶʪʩʷ ʧʦʜʭʦʜʳ 

ʢʘʢ ʦʧʪʠʯʝʩʢʠʭ, ʪʘʢ ʠ ʨʘʜʠʦʚʦʣʥʦʚʳʭ ʤʝʪʦʜʦʚ. ʉʠʩʪʝʤʳ ʪʘʢʦʛʦ ʨʦʜʘ ʧʨʠʥʷʪʦ 

ʥʘʟʳʚʘʪʴ ʢʚʘʟʠʦʧʪʠʯʝʩʢʠʤʠ. 

ɺ ʊɻʮ ʦʙʣʘʩʪʠ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʛʦ ʩʧʝʢʪʨʘ ʣʝʞʘʪ ʨʝʟʦʥʘʥʩʳ ʙʦʣʴʰʠʥʩʪʚʘ 

ʚʘʞʥʳʭ ʦʨʛʘʥʠʯʝʩʢʠʭ ʤʦʣʝʢʫʣ [41], ʪʘʢʠʭ ʢʘʢ ʙʝʣʢʠ ʠ ɼʅʂ, ʘ ʪʘʢʞʝ ʩʧʝʢʪʨʳ ʨʷʜʘ 

ʚʟʨʳʚʯʘʪʳʭ ʚʝʱʝʩʪʚ [41]. ɺʩʣʝʜʩʪʚʠʝ ʩʪʘʥʦʚʠʪʩʷ ʚʦʟʤʦʞʥʳʤ ʨʘʩʧʦʟʥʘʚʘʪʴ ʵʪʠ 

ʚʝʱʝʩʪʚʘ ʚ ʤʘʣʳʭ ʢʦʥʮʝʥʪʨʘʮʠʷʭ. ʊɻʮ ʠʟʣʫʯʝʥʠʝ ʦʙʣʘʜʘʝʪ ʩʧʦʩʦʙʥʦʩʪʴʶ 

ʙʝʟʚʨʝʜʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʥʝ ʪʦʣʴʢʦ ʥʘ ʦʙʲʝʢʪʳ ʢʫʣʴʪʫʨʥʦʛʦ ʥʘʩʣʝʜʠʷ, ʥʦ ʠ ʥʘ 

ʙʠʦʣʦʛʠʯʝʩʢʠʝ ʦʙʲʝʢʪʳ ʙʣʘʛʦʜʘʨʷ ʥʝʠʦʥʠʟʠʨʫʶʱʝʤʫ ʭʘʨʘʢʪʝʨʫ ʚ ʩʠʣʫ ʤʘʣʦʡ 
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ʵʥʝʨʛʠʠ ʢʚʘʥʪʘ. ɼʣʷ ʯʝʣʦʚʝʢʘ ʵʪʦ ʦʟʥʘʯʘʝʪ ʨʘʟʚʠʪʠʝ ʥʝʠʥʚʘʟʠʚʥʳʭ ʤʝʪʦʜʦʚ 

ʜʠʘʛʥʦʩʪʠʨʦʚʘʥʠʷ ʥʦʚʦʦʙʨʘʟʦʚʘʥʠʡ ʠ ʧʘʪʦʣʦʛʠʡ ʧʦʜ ʢʦʞʥʳʤʠ ʧʦʢʨʦʚʘʤʠ [39]. 

ɺʤʝʩʪʝ ʩ ʵʪʠʤ ʙʣʘʛʦʜʘʨʷ ʊɻʮ ʠʟʣʫʯʝʥʠʶ ʜʦʩʪʠʛʘʝʪʩʷ ʙʦʣʝʝ ʚʳʩʦʢʠʡ ʢʦʥʪʨʘʩʪ 

ʤʝʞʜʫ ʙʣʠʟʢʠʤʠ ʧʦ ʨʘʜʠʦʛʨʘʬʠʯʝʩʢʦʡ ʧʣʦʪʥʦʩʪʠ ʩʪʨʫʢʪʫʨʥʳʤʠ ʯʘʩʪʷʤʠ ʦʙʲʝʢʪʘ. 

ʊʘʢʠʝ ʤʘʪʝʨʠʘʣʳ ʢʘʢ ʦʜʝʞʜʘ, ʙʫʤʘʛʘ, ʜʝʨʝʚʦ, ʧʣʘʩʪʤʘʩʩʘ ʠ ʪ.ʧ. ʥʝ ʷʚʣʷʶʪʩʷ 

ʧʨʦʟʨʘʯʥʳʤʠ ʚ ʦʧʪʠʯʝʩʢʦʤ ʜʠʘʧʘʟʦʥʝ, ʥʦ ʥʘ ʦʧʨʝʜʝʣʝʥʥʳʭ ʯʘʩʪʦʪʘʭ ʊɻʮ ʜʠʘʧʘʟʦʥʘ 

ʧʦʷʚʣʷʶʪʩʷ ʦʢʥʘ ʧʨʦʟʨʘʯʥʦʩʪʠ. ɼʘʥʥʳʡ ʬʘʢʪ ʧʦʟʚʦʣʷʝʪ ʧʨʦʚʦʜʠʪʴ ʚʠʟʫʘʣʠʟʘʮʠʶ 

ʚʥʫʪʨʝʥʥʝʡ ʩʪʨʫʢʪʫʨʳ ʥʝʧʨʦʟʨʘʯʥʳʭ ʦʙʲʝʢʪʦʚ [42], ʧʨʦʚʦʜʠʪʴ ʢʦʥʪʨʦʣʴ ʢʘʯʝʩʪʚʘ 

ʧʨʦʜʫʢʪʦʚ ʧʠʪʘʥʠʷ [40], ʤʠʢʨʦʵʣʝʢʪʨʦʥʥʦʡ ʧʨʦʜʫʢʮʠʠ [43] ʘ ʪʘʢʞʝ ʩʦʟʜʘʚʘʪʴ 

ʜʦʩʤʦʪʨʦʚʳʝ ʩʠʩʪʝʤʳ ʚ ʘʵʨʦʧʦʨʪʘʭ, ʥʘ ʞ/ʜ ʚʦʢʟʘʣʘʭ, ʚ ʤʦʨʩʢʠʭ ʧʦʨʪʘʭ, ʥʘ 

ʘʪʦʤʥʳʭ- ʠ ʛʠʜʨʦʵʣʝʢʪʨʦʩʪʘʥʮʠʷʭ, ʜʨʫʛʠʭ ʦʙʲʝʢʪʘʭ, ʪʨʝʙʫʶʱʠʭ ʧʦʚʳʰʝʥʥʦʡ 

ʘʥʪʠʪʝʨʨʦʨʠʩʪʠʯʝʩʢʦʡ ʟʘʱʠʱʝʥʥʦʩʪʠ [41]. 

ʇʝʨʚʳʝ ʠʟʦʙʨʘʞʝʥʠʷ, ʧʦʣʫʯʝʥʥʳʝ ʩ ʧʦʤʦʱʴʶ ʦʧʪʦʵʣʝʢʪʨʦʥʥʦʡ ʊɻʮ 

ʩʠʩʪʝʤʳ, ʙʳʣʠ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ 1995 ʛʦʜʫ ʍʫ ʠ ʅʫʩʩʦʤ [13]. ʕʪʠ ʊɻʮ ʠʟʦʙʨʘʞʝʥʠʷ 

ʧʦʢʘʟʳʚʘʶʪ ʩʪʨʫʢʪʫʨʫ ʠʥʪʝʛʨʘʣʴʥʦʡ ʩʭʝʤʳ ʧʦʜ ʯʝʨʥʦʡ ʧʣʘʩʪʠʢʦʚʦʡ ʫʧʘʢʦʚʢʦʡ 

ʠʣʠ ʚʠʟʫʘʣʠʟʠʨʫʶʪ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʚʦʜʳ ʚ ʣʠʩʪʝ. ʊɻʮ ʧʝʨʝʭʦʜʥʳʝ ʧʨʦʮʝʩʩʳ 

ʬʦʢʫʩʠʨʫʶʪʩʷ ʚ ʦʛʨʘʥʠʯʝʥʥʦʤ ʜʠʬʨʘʢʮʠʝʡ ʧʷʪʥʝ ʥʘ ʦʙʨʘʟʮʝ, ʘ ʧʝʨʝʜʘʚʘʝʤʳʝ ʊɻʮ 

ʩʠʛʥʘʣʳ ʨʝʛʠʩʪʨʠʨʫʶʪʩʷ ʠ ʦʙʨʘʙʘʪʳʚʘʶʪʩʷ ʚ ʨʝʞʠʤʝ ʨʝʘʣʴʥʦʛʦ ʚʨʝʤʝʥʠ ʚ ʢʘʞʜʦʡ 

ʪʦʯʢʝ ʦʙʨʘʟʮʘ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʦʙʨʘʟʝʮ ʩʢʘʥʠʨʫʝʪʩʷ ʧʦ ʢʦʦʨʜʠʥʘʪʥʳʤ ʦʩʷʤ X ʠ Y. 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʘʥʘʣʠʟʠʨʫʝʪʩʷ ʚʨʝʤʝʥʥʘʷ ʬʦʨʤʘ ʚʦʣʥʳ, ʧʨʦʭʦʜʷʱʘʷ ʯʝʨʝʟ ʦʙʨʘʟʝʮ ʚ 

ʢʘʞʜʦʤ ʧʠʢʩʝʣʝ ʦʙʲʝʢʪʘ, ʠʟ ʢʦʪʦʨʦʡ ʚʦ ʤʥʦʛʠʭ ʩʣʫʯʘʷʭ ʤʦʞʥʦ ʧʦʣʫʯʠʪʴ 

ʠʥʬʦʨʤʘʮʠʶ ʦ ʭʠʤʠʯʝʩʢʦʤ ʩʦʩʪʘʚʝ ʦʙʨʘʟʮʘ. ʆʜʥʠʤʠ ʠʟ ʥʘʠʙʦʣʝʝ ʧʝʨʩʧʝʢʪʠʚʥʳʭ 

ʦʙʲʝʢʪʦʚ ʊɻʮ ʚʠʟʫʘʣʠʟʘʮʠʠ ʙʣʘʛʦʜʘʨʷ ʩʚʦʝʡ ʧʨʠʤʝʥʠʤʦʩʪʠ ʚʳʩʪʫʧʘʶʪ 

ʢʦʤʧʦʟʠʮʠʦʥʥʳʝ ʜʠʵʣʝʢʪʨʠʢʠ. 

 

1.1  ʅʝʦʜʥʦʨʦʜʥʦʩʪʠ ʤʥʦʛʦʬʘʟʥʳʭ ʢʦʤʧʦʟʠʮʠʦʥʥʳʭ ʜʠʵʣʝʢʪʨʠʢʦʚ 

 

ʂʦʤʧʦʟʠʮʠʦʥʥʳʝ ʤʘʪʝʨʠʘʣʳ ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʫʶʪʩʷ ʚ ʨʘʜʠʦʪʝʭʥʠʯʝʩʢʦʡ 

ʩʬʝʨʝ ʚ ʢʘʯʝʩʪʚʝ ʧʦʢʨʳʪʠʡ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʭ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʫʶ ʩʦʚʤʝʩʪʠʤʦʩʪʴ 

ʦʙʦʨʫʜʦʚʘʥʠʷ ʨʘʟʣʠʯʥʦʛʦ ʥʘʟʥʘʯʝʥʠʷ. 
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ɼʣʷ ʚʩʝʩʪʦʨʦʥʥʝʛʦ ʨʘʟʚʠʪʠʷ ʥʘʫʢʠ ʠ ʪʝʭʥʠʢʠ ʪʨʝʙʫʝʪʩʷ ʨʘʟʨʘʙʦʪʢʘ ʥʦʚʳʭ 

ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʢʦʤʧʦʟʠʮʠʦʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʥʘ ʦʩʥʦʚʝ ʥʘʥʦʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ 

ʤʘʛʥʠʪʥʳʭ ʤʘʪʝʨʠʘʣʦʚ [44-47] ʠ ʫʛʣʝʨʦʜʥʳʭ ʥʘʥʦʩʪʨʫʢʪʫʨ: ʫʛʣʝʨʦʜʥʳʭ 

ʥʘʥʦʪʨʫʙʦʢ [48, 49], ʛʨʘʬʝʥʘ [50, 51], ʫʛʣʝʨʦʜʘ ʣʫʢʦʚʠʯʥʦʡ ʩʪʨʫʢʪʫʨʳ [52], 

ʥʘʥʦʚʦʣʦʢʦʥ [53], ʩʝʛʥʝʪʦʵʣʝʢʪʨʠʢʦʚ [54]. 

ɹʦʣʴʰʦʡ ʠʥʪʝʨʝʩ ʚʳʟʳʚʘʝʪ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʚ ʢʘʯʝʩʪʚʝ ʘʥʪʠʧʠʨʝʥʦʚ 

ʥʘʥʦʨʘʟʤʝʨʥʳʭ ʥʘʧʦʣʥʠʪʝʣʝʡ, ʥʘʧʨʠʤʝʨ, ʫʛʣʝʨʦʜʥʳʭ ʥʘʥʦʪʨʫʙʦʢ. ʇʨʠ ʛʦʨʝʥʠʠ 

ʪʘʢʠʭ ʩʪʨʫʢʪʫʨ ʩʥʠʞʘʝʪʩʷ ʛʦʨʶʯʝʩʪʴ ʢʦʤʧʦʟʠʮʠʦʥʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʙʣʘʛʦʜʘʨʷ ʪʦʤʫ, 

ʯʪʦ ʥʘʧʦʣʥʠʪʝʣʴ ʩʧʦʩʦʙʩʪʚʫʝʪ ʫʧʨʦʯʥʝʥʠʶ ʠ ʫʚʝʣʠʯʝʥʠʶ ʙʘʨʴʝʨʥʳʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʢʦʢʩʦʚʦʛʦ ʩʣʦʷ, ʦʙʨʘʟʫʶʱʝʛʦʩʷ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʢʦʤʧʦʟʠʪʘ. ʂʨʦʤʝ 

ʵʪʦʛʦ, ʧʦʜʦʙʥʳʝ ʤʘʪʝʨʠʘʣʳ ʩʧʦʩʦʙʥʳ ʫʜʦʚʣʝʪʚʦʨʠʪʴ ʩʘʤʳʝ ʚʳʩʦʢʠʝ ʪʨʝʙʦʚʘʥʠʷ, 

ʩʚʷʟʘʥʥʳʝ ʩ ʫʩʣʦʚʠʷʤʠ ʵʢʩʧʣʫʘʪʘʮʠʠ ʠʟʜʝʣʠʡ ʠ ʦʙʝʩʧʝʯʠʪʴ ʩʝʙʝ ʰʠʨʦʢʦʝ 

ʧʨʠʤʝʥʝʥʠʝ [55]. 

ɼʠʵʣʝʢʪʨʠʯʝʩʢʠʡ ʧʦʣʠʤʝʨ/ʢʝʨʘʤʠʯʝʩʢʠʡ ʢʦʤʧʦʟʠʪ ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ 

ʥʘʠʙʦʣʝʝ ʙʳʩʪʨʦ ʨʘʟʚʠʚʘʶʱʠʭʩʷ ʤʘʪʝʨʠʘʣʦʚ ʚ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʦʙʣʘʩʪʠ [56, 57]. 

ʅʘʧʨʠʤʝʨ, ʬʪʦʨʠʜʥʳʡ ʧʦʣʠʤʝʨ/ʢʝʨʘʤʠʢʘ, ʙʣʘʛʦʜʘʨʷ ʩʚʦʝʡ ʧʦʣʷʨʥʦʡ ʠ ʞʝʩʪʢʦʡ 

ʩʪʨʫʢʪʫʨʝ ʚ ʧʦʣʠʤʝʨʥʦʡ ʤʘʪʨʠʮʝ, ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʠʟʛʦʪʦʚʣʝʥʠʷ 

ʚʩʪʨʦʝʥʥʳʭ ʢʦʥʜʝʥʩʘʪʦʨʦʚ ʚ ʵʣʝʢʪʨʦʥʥʳʭ ʫʩʪʨʦʡʩʪʚʘʭ [58]. ʌʪʦʨʠʜʥʳʝ ʛʨʫʧʧʳ 

ʥʝ ʪʦʣʴʢʦ ʧʨʠʜʘʶʪ ʧʦʣʠʤʝʨʫ/ʢʝʨʘʤʠʢʝ ʵʣʝʢʪʨʦʧʨʦʚʦʜʥʦʩʪʴ, ʥʦ ʠ ʧʦʚʳʰʘʶʪ 

ʚʷʟʢʦʩʪʴ ʧʨʠ ʧʨʦʠʟʚʦʜʩʪʚʝ [59]. ʇʦʤʠʤʦ ʫʛʣʝʨʦʜʥʳʭ ʥʘʥʦʪʨʫʙʦʢ, ʫʛʣʝʨʦʜʥʳʭ 

ʚʦʣʦʢʦʥ ʠ ʩʘʞʠ [60], ʪʠʪʘʥʘʪ ʙʘʨʠʷ (BaTiO3) ʦʙʣʘʜʘʝʪ ʧʝʨʦʚʩʢʠʪʥʦʡ ʩʪʨʫʢʪʫʨʦʡ ʠ 

ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ ʚʠʜʦʚ ʢʝʨʘʤʠʯʝʩʢʠʭ ʤʘʪʝʨʠʘʣʦʚ ʩ ʚʳʩʦʢʦʡ ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʡ 

ʧʨʦʥʠʮʘʝʤʦʩʪʴʶ [61].  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʩ ʫʯʸʪʦʤ ʧʨʦʚʝʜʝʥʥʦʛʦ ʦʙʟʦʨʘ, ʘʚʪʦʨʘʤʠ ʚʳʙʨʘʥʳ 

ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʭ ʩʚʦʡʩʪʚ ʥʝʦʜʥʦʨʦʜʥʳʝ ʢʦʤʧʦʟʠʮʠʦʥʥʳʝ 

ʤʘʪʝʨʠʘʣʳ ʥʘ ʦʩʥʦʚʝ: ʧʦʣʠʤʝʨʥʦʡ ʤʘʪʨʠʮʳ ʠ ʤʥʦʛʦʩʪʝʥʥʳʭ ʫʛʣʝʨʦʜʥʳʭ 

ʥʘʥʦʪʨʫʙʦʢ ʩ ʨʘʟʣʠʯʥʦʡ ʤʘʩʩʦʚʦʡ ʢʦʥʮʝʥʪʨʘʮʠʝʡ ʠ ʚʨʝʤʝʥʝʤ ʫʣʴʪʨʘʟʚʫʢʦʚʦʡ 

ʦʙʨʘʙʦʪʢʠ; ʧʦʣʠʤʝʨʥʦʡ ʤʘʪʨʠʮʳ ʠ ʩʝʛʥʝʪʦʵʣʝʢʪʨʠʢʘ (BaTiO3) ʩ ʨʘʟʣʠʯʥʳʤʠ 

ʨʘʟʤʝʨʘʤʠ ʯʘʩʪʠʮ (ʘʛʣʦʤʝʨʘʪʦʚ); ʧʦʣʠʤʝʨʥʦʡ ʤʘʪʨʠʮʳ ʠ ʫʛʣʝʨʦʜʦʩʦʜʝʨʞʘʱʠʭ 

ʥʘʥʦʚʦʣʦʢʦʥ ʩ ʨʘʟʣʠʯʥʦʡ ʣʦʢʘʣʠʟʘʮʠʝʡ, ʧʦʣʫʯʝʥʥʳʭ ʧʨʠ ʧʦʤʦʱʠ 3D-ʧʝʯʘʪʠ. 
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ɹʦʣʴʰʦʡ ʠʥʪʝʨʝʩ ʧʨʝʜʩʪʘʚʣʷʶʪ ʥʝʣʠʥʝʡʥʳʝ ʢʨʠʩʪʘʣʣʳ ʚ ʪʝʭʥʦʣʦʛʠʷʭ 

ʛʝʥʝʨʘʮʠʠ ʪʝʨʘʛʝʨʮʦʚʦʛʦ ʠʟʣʫʯʝʥʠʷ [62]. ʇʨʠ ʵʪʦʤ ʦʜʥʦʨʦʜʥʦʩʪʴ ʢʨʠʩʪʘʣʣʦʚ ʚʦ 

ʤʥʦʛʦʤ ʦʧʨʝʜʝʣʷʝʪ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʧʨʦʮʝʩʩ ʝʛʦ ʩʦʟʜʘʥʠʷ. ʆʜʥʘʢʦ ʚ ʧʨʦʮʝʩʩʝ 

ʚʳʨʘʱʠʚʘʥʠʷ ʚ ʢʨʠʩʪʘʣʣʝ ʬʦʨʤʠʨʫʶʪʩʷ ʥʝʦʜʥʦʨʦʜʥʳʝ ʦʙʣʘʩʪʠ ʜʝʬʝʢʪʦʚ 

ʩʦ ʟʥʘʯʠʪʝʣʴʥʳʤʠ ʦʪʢʣʦʥʝʥʠʷʤʠ ʦʪ ʪʨʝʙʫʝʤʳʭ ʵʣʝʢʪʨʦʬʠʟʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ [63]. 

ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʧʝʨʩʧʝʢʪʠʚʥʳʤ ʷʚʣʷʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʜʚʫʤʝʨʥʦʡ ʪʝʨʘʛʝʨʮʦʚʦʡ 

ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʜʣʷ ʚʳʷʚʣʝʥʠʷ ʣʦʢʘʣʴʥʳʭ ʥʝʦʜʥʦʨʦʜʥʦʩʪʝʡ [64]. ʅʘ ʦʩʥʦʚʘʥʠʠ 

ʚʳʰʝʠʟʣʦʞʝʥʥʦʛʦ ʙʳʣʠ ʚʳʙʨʘʥʳ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʥʝʦʜʥʦʨʦʜʥʦʩʪʠ 

ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʭ ʩʚʦʡʩʪʚ ʥʝʣʠʥʝʡʥʳʝ ʢʨʠʩʪʘʣʣʳ ZnGeP2 

ʩ ʨʘʟʣʠʯʥʳʤʠ ʪʠʧʘʤʠ ʜʝʬʝʢʪʦʚ (ʦʧʪʠʯʝʩʢʠʡ ʧʨʦʙʦʡ ʠ ʥʝʦʜʥʦʨʦʜʥʦʩʪʴ ʩʪʨʫʢʪʫʨʳ), 

ʠʟʛʦʪʦʚʣʝʥʥʳʝ ʚ ʆʆʆ "ʃʘʙʦʨʘʪʦʨʠʷ ʦʧʪʠʯʝʩʢʠʭ ʢʨʠʩʪʘʣʣʦʚ" (ʛ. ʊʦʤʩʢ). 

ʉ ʮʝʣʴʶ ʦʧʨʝʜʝʣʝʥʠʷ ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʡ ʧʨʦʥʠʮʘʝʤʦʩʪʠ ʠ ʧʨʦʚʦʜʠʤʦʩʪʠ 

ʧʦʣʠʤʝʨʥʳʭ ʢʦʤʧʦʟʠʮʠʦʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʧʨʝʜʣʦʞʝʥʦ ʤʥʦʞʝʩʪʚʦ ʵʤʧʠʨʠʯʝʩʢʠʭ ʠ 

ʧʦʣʫʵʤʧʠʨʠʯʝʩʢʠʭ ʩʦʦʪʥʦʰʝʥʠʡ [24]. ʆʜʥʘʢʦ ʥʝʩʤʦʪʨʷ ʥʘ ʠʭ ʦʛʨʘʥʠʯʝʥʥʫʶ 

ʧʨʠʤʝʥʠʤʦʩʪʴ, ʵʪʠ ʫʨʘʚʥʝʥʠʷ ʧʨʠʤʝʥʷʶʪʩʷ ʜʣʷ ʦʮʝʥʢʠ ʠ ʧʨʝʜʩʢʘʟʘʥʠʷ 

ʜʠʵʣʝʢʪʨʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ, ʠʟʛʦʪʘʚʣʠʚʘʝʤʳʭ ʢʦʤʧʦʟʠʪʦʚ. 

ʂʦʤʧʦʟʠʮʠʦʥʥʳʡ ʤʘʪʝʨʠʘʣ ʩʦʜʝʨʞʠʪ ʥʝʦʜʥʦʨʦʜʥʦʩʪʠ ʠ ʧʨʠʤʝʩʠ ʚ ʚʠʜʝ 

ʚʪʦʨʦʡ ʠʣʠ ʙʦʣʝʝ ʬʘʟ. ʆʪʢʣʦʥʝʥʠʷ ʜʠʵʣʝʢʪʨʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ, ʦʙʫʩʣʦʚʣʝʥʥʳʭ 

ʥʝʦʜʥʦʨʦʜʥʦʩʪʷʤʠ ʤʘʪʝʨʠʘʣʘ, ʧʨʠʥʷʪʦ ʥʘʟʳʚʘʪʴ ʵʬʬʝʢʪʘʤʠ ʄʘʢʩʚʝʣʣʘ-

ɺʘʛʥʝʨʘ [65]. ʆʩʥʦʚʥʦʡ ʧʨʦʙʣʝʤʦʡ ʧʨʠ ʠʟʤʝʨʝʥʠʷʭ ʷʚʣʷʝʪʩʷ ʢʦʥʪʘʢʪ ʩ ʦʙʨʘʟʮʦʤ ʥʘ 

ʵʣʝʢʪʨʦʜʘʭ, ʛʜʝ ʚ ʥʝʢʦʪʦʨʳʭ ʩʣʫʯʘʷʭ ʦʥ ʤʦʞʝʪ ʙʳʪʴ ʥʝʧʦʣʥʳʤ, ʘ ʨʘʟʨʷʞʝʥʥʳʝ 

ʠʦʥʳ ʤʦʛʫʪ ʦʙʨʘʟʦʚʳʚʘʪʴ ʧʘʨʘʟʠʪʥʳʝ ʛʨʘʥʠʯʥʳʝ ʩʣʦʠ. ʅʝʦʙʭʦʜʠʤʦ ʫʯʠʪʳʚʘʪʴ 

ʚʣʠʷʥʠʝ ʵʪʠʭ ʵʬʬʝʢʪʦʚ; ʝʩʣʠ ʥʝ ʧʨʠʥʠʤʘʪʴ ʠʭ ʚʦ ʚʥʠʤʘʥʠʝ, ʪʦ ʤʦʞʥʦ ʧʦʣʫʯʠʪʴ 

ʨʝʟʫʣʴʪʘʪʳ, ʢʦʪʦʨʳʝ ʙʫʜʫʪ ʜʘʣʝʢʠ ʦʪ ʜʝʡʩʪʚʠʪʝʣʴʥʦʩʪʠ [66]. ʆʜʥʘʢʦ ʧʦʜʦʙʥʳʭ 

ʧʨʦʙʣʝʤ ʤʦʞʥʦ ʠʟʙʝʞʘʪʴ ʝʩʣʠ ʠʩʧʦʣʴʟʦʚʘʪʴ ʜʣʷ ʠʟʤʝʨʝʥʠʡ ʤʝʪʦʜ ʩʚʦʙʦʜʥʦʛʦ 

ʧʨʦʩʪʨʘʥʩʪʚʘ, ʣʝʞʘʱʠʡ ʚ ʦʩʥʦʚʝ ʊɻʮ ʩʧʝʢʪʨʦʩʢʦʧʠʠ. 

ʅʘʣʠʯʠʝ ʪʨʝʱʠʥ ʠʣʠ ʧʫʩʪʦʪ ʚ ʦʙʨʘʟʮʝ ï ʵʪʦ ʥʘʠʙʦʣʝʝ ʯʘʩʪʦ ʚʩʪʨʝʯʘʶʱʠʡʩʷ 

ʪʠʧ ʥʝʦʜʥʦʨʦʜʥʦʩʪʠ ʚ ʪʚʝʨʜʳʭ ʜʠʵʣʝʢʪʨʠʢʘʭ. ʆʙʲʝʤ ʠ ʣʦʢʘʣʠʟʘʮʠʷ ʩʦʜʝʨʞʘʱʝʛʦʩʷ 

ʚ ʥʠʭ ʚʦʟʜʫʭʘ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦ ʫʤʝʥʴʰʠʪ ʚʝʣʠʯʠʥʫ ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʡ 

ʧʨʦʥʠʮʘʝʤʦʩʪʠ. ʇʨʠʩʫʪʩʪʚʠʝ ʚ ʧʦʣʠʤʝʨʝ ʚʢʣʶʯʝʥʠʡ ʵʣʝʢʪʨʦʧʨʦʚʦʜʷʱʝʛʦ 
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ʤʘʪʝʨʠʘʣʘ, ʥʘʧʨʠʤʝʨ, ʢʘʧʝʣʝʢ ʚʦʜʳ ʠʣʠ ʤʝʪʘʣʣʠʯʝʩʢʠʭ ʯʘʩʪʠʮ, ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ, 

ʦʢʘʞʝʪ ʙʦʣʴʰʠʡ ʵʬʬʝʢʪ ʥʘ ʜʠʵʣʝʢʪʨʠʯʝʩʢʫʶ ʧʨʦʥʠʮʘʝʤʦʩʪʴ. ɼʘʥʥʳʡ ʬʘʢʪ 

ʧʦʟʚʦʣʷʝʪ ʧʨʝʜʩʢʘʟʘʪʴ ʧʦʷʚʣʝʥʠʝ ʯʘʩʪʦʪʥʦ-ʟʘʚʠʩʷʱʝʛʦ ʚʢʣʘʜʘ ʚ ʜʠʵʣʝʢʪʨʠʯʝʩʢʫʶ 

ʧʨʦʥʠʮʘʝʤʦʩʪʴ ʠ ʧʦʪʝʨʠ ʦʪ ʪʦʢʦʚ, ʚʦʟʥʠʢʘʶʱʠʭ ʚ ʠʟʦʣʠʨʦʚʘʥʥʳʭ ʧʨʦʚʦʜʷʱʠʭ 

ʦʙʣʘʩʪʷʭ ʙʣʘʛʦʜʘʨʷ ʪʦʤʫ, ʯʪʦ ʤʘʪʝʨʠʘʣʳ ʚʝʜʫʪ ʩʝʙʷ ʢʘʢ ʪʨʝʭʤʝʨʥʳʝ ʩʝʪʯʘʪʳʝ 

ʩʪʨʫʢʪʫʨʳ [67]. 

ʇʦʣʫʯʝʥʥʳʝ ʪʝʦʨʝʪʠʯʝʩʢʠʝ ʨʝʟʫʣʴʪʘʪʳ ʄʘʢʩʚʝʣʣʘ ʦʯʝʥʴ ʚʘʞʥʳ ʜʣʷ ʥʘʫʢʠ 

ʚ ʮʝʣʦʤ ʥʝʩʤʦʪʨʷ ʥʘ ʪʦ, ʯʪʦ ʦʥ ʨʘʩʩʤʘʪʨʠʚʘʣ ʪʦʣʴʢʦ ʯʘʩʪʥʳʡ ʩʣʫʯʘʡ 

ʥʝʦʜʥʦʨʦʜʥʦʩʪʝʡ ʚ ʜʠʵʣʝʢʪʨʠʢʝ. ɺ ʩʚʦʠʭ ʨʘʙʦʪʘʭ ʦʥ ʠʩʩʣʝʜʦʚʘʣ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ 

ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʩ ʦʙʨʘʟʮʦʤ, ʩʦʩʪʦʷʱʠʤ ʠʟ ʩʣʦʝʚ ʜʚʫʭ ʨʘʟʣʠʯʥʳʭ 

ʤʘʪʝʨʠʘʣʦʚ (ʬʘʟ), ʩ ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʡ ʧʨʦʥʠʮʘʝʤʦʩʪʴʶ ʀᴂ, ʀᴂ, ʘ ʪʘʢʞʝ 

ʵʣʝʢʪʨʦʧʨʦʚʦʜʥʦʩʪʴ ʎ, ʎ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʇʦʣʫʯʝʥʥʳʝ ʠʤ ʨʝʟʫʣʴʪʘʪʳ ʛʦʚʦʨʷʪ 

ʦ ʪʦʤ, ʯʪʦ ʩʦ ʚʨʝʤʝʥʝʤ ʥʘ ʛʨʘʥʠʮʝ ʜʚʫʭ ʩʣʦʝʚ ʥʘʢʘʧʣʠʚʘʶʪʩʷ ʟʘʨʷʜʳ, ʝʩʣʠ 

ʩʦʙʣʶʜʘʝʪʩʷ ʫʩʣʦʚʠʝ ʀᴂʎ ʀᴂʎ. ɺʘʛʥʝʨ ʚ ʩʚʦʝ ʚʨʝʤʷ ʜʘʣ ʧʨʠʙʣʠʞʝʥʥʦʝ 

ʨʝʰʝʥʠʝ ʚʘʞʥʦʡ ʧʨʘʢʪʠʯʝʩʢʦʡ ʟʘʜʘʯʠ ʩʚʷʟʫʶʱʝʛʦ ʧʦʣʠʤʝʨʘ ʩ ʚʢʣʶʯʝʥʠʷʤʠ 

ʵʣʝʢʪʨʦʧʨʦʚʦʜʷʱʠʭ ʧʨʠʤʝʩʝʡ [67]. ɺ ʩʚʦʝʡ ʤʦʜʝʣʠ ʦʥ ʦʧʠʩʘʣ ʧʨʠʤʝʩʠ 

(ʜʠʵʣʝʢʪʨʠʯʝʩʢʘʷ ʧʨʦʥʠʮʘʝʤʦʩʪʴ ʀᴂ, ʵʣʝʢʪʨʦʧʨʦʚʦʜʥʦʩʪʴ ʎ) ʢʘʢ ʩʬʝʨʳ ʤʘʣʦʛʦ 

ʨʘʜʠʫʩʘ, ʨʘʟʙʨʦʩʘʥʥʳʝ ʚ ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʡ ʤʘʪʨʠʮʝ ʩ ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʡ 

ʧʨʦʥʠʮʘʝʤʦʩʪʴ ʀᴂ, ʠ ʧʨʝʥʝʙʨʝʞʠʤʦ ʤʘʣʦʡ ʵʣʝʢʪʨʦʧʨʦʚʦʜʥʦʩʪʴʶ. 

ʆʙʟʦʨ ʣʠʪʝʨʘʪʫʨʳ ʧʦʢʘʟʘʣ, ʯʪʦ ʙʦʣʴʰʠʥʩʪʚʦ ʨʘʙʦʪ ʙʳʣʦ ʩʦʩʨʝʜʦʪʦʯʝʥʦ 

ʥʘ ʩʦʟʜʘʥʠʠ ʦʜʥʦʨʦʜʥʦʛʦ ʜʠʩʢʨʝʪʥʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʘʨʤʠʨʫʶʱʠʭ 

ʯʘʩʪʠʮ/ʢʦʨʦʪʢʠʭ ʚʦʣʦʢʦʥ, ʯʪʦ, ʢʘʢ ʩʯʠʪʘʝʪʩʷ, ʙʣʘʛʦʧʨʠʷʪʥʦ ʩʢʘʟʳʚʘʝʪʩʷ 

ʥʘ ʩʚʦʡʩʪʚʘʭ, ʩʚʷʟʘʥʥʳʭ ʩ ʧʦʚʨʝʞʜʝʥʠʝʤ, ʪʘʢʠʭ ʢʘʢ ʧʣʘʩʪʠʯʥʦʩʪʴ ʠ ʚʷʟʢʦʩʪʴ 

ʨʘʟʨʫʰʝʥʠʷ, ʧʦʩʢʦʣʴʢʫ ʤʥʦʛʦʯʠʩʣʝʥʥʳʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʥʘʙʣʶʜʝʥʠʷ 

ʧʦʢʘʟʘʣʠ, ʯʪʦ ʥʝʦʜʥʦʨʦʜʥʦʩʪʴ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʛʦ ʨʘʩʧʦʣʦʞʝʥʠʷ ʯʘʩʪʠʮ 

ʦʪʨʠʮʘʪʝʣʴʥʦ ʚʣʠʷʝʪ ʥʘ ʠʭ ʧʨʦʯʥʦʩʪʴ, ʧʣʘʩʪʠʯʥʦʩʪʴ, ʫʩʪʘʣʦʩʪʴ, ʧʦʚʨʝʞʜʝʥʠʝ ʠ 

ʧʦʚʝʜʝʥʠʝ ʧʨʠ ʨʘʟʨʫʰʝʥʠʠ [25, 26]. ʅʘ ʨʠʩʫʥʢʝ 1.2 ʧʦʢʘʟʘʥʦ ʠʟʦʙʨʘʞʝʥʠʝ ʪʨʝʱʠʥ 

ʠ ʩʢʦʧʣʝʥʠʷ ʚʦʣʦʢʦʥ ʦʙʨʘʟʮʘ ʥʘ ʦʩʥʦʚʝ ʵʧʦʢʩʠʜʥʦʡ ʤʘʪʨʠʮʳ ʠ ʫʛʣʝʨʦʜʥʳʭ ʚʦʣʦʢʦʥ 

ʧʨʠ ʠʩʧʳʪʘʥʠʷʭ ʥʘ ʨʘʟʨʫʰʝʥʠʝ. 
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ʈʠʩʫʥʦʢ 1.2 ï ʈʝʥʪʛʝʥʦʚʩʢʘʷ ʩʠʥʭʨʦʪʨʦʥʥʘʷ ʢʦʤʧʴʶʪʝʨʥʘʷ ʪʦʤʦʛʨʘʬʠʷ 

ʥʝʦʜʥʦʨʦʜʥʦʛʦ ʫʛʣʝʨʦʜʥʦ-ʵʧʦʢʩʠʜʥʦʛʦ ʦʙʨʘʟʮʘ ʩ ʤʘʪʨʠʯʥʦʡ ʪʨʝʱʠʥʦʡ ʠ 

ʩʢʦʧʣʝʥʠʝʤ ʨʘʟʨʫʰʝʥʥʳʭ ʚʦʣʦʢʦʥ ʚ ʧʦʧʝʨʝʯʥʦʤ ʩʣʦʝ ʚ ʥʘʧʨʘʚʣʝʥʠʠ, 

ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦʤ ʥʘʛʨʫʟʢʝ [68] 

 

ɼʣʷ ʨʝʰʝʥʠʷ ʦʧʠʩʘʥʥʳʭ ʚʳʰʝ ʧʨʦʙʣʝʤ ʩ ʮʝʣʴʶ ʫʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʷ 

ʪʝʭʥʦʣʦʛʠʡ ʠʟʛʦʪʦʚʣʝʥʠʷ ʢʦʤʧʦʟʠʮʠʦʥʥʳʭ ʩʪʨʫʢʪʫʨ ʥʝʦʙʭʦʜʠʤʦ ʠʩʩʣʝʜʦʚʘʪʴ 

ʚʣʠʷʥʠʝ ʥʝʦʜʥʦʨʦʜʥʦʩʪʝʡ ʥʘ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 

ʤʥʦʛʦʬʘʟʥʳʭ ʢʦʤʧʦʟʠʮʠʦʥʥʳʭ ʜʠʵʣʝʢʪʨʠʢʦʚ ʚ ʊɻʮ ʜʠʘʧʘʟʦʥʝ ʯʘʩʪʦʪ. 

 

1.2  ʉʪʘʪʠʩʪʠʯʝʩʢʠʡ ʧʦʜʭʦʜ ʜʣʷ ʦʮʝʥʢʠ ʦʜʥʦʨʦʜʥʦʩʪʠ ʢʦʤʧʦʟʠʮʠʦʥʥʳʭ 

ʜʠʵʣʝʢʪʨʠʢʦʚ 

 

ʆʜʥʦʡ ʠʟ ʚʘʞʥʝʡʰʠʭ ʟʘʜʘʯ ʧʨʠ ʨʘʟʨʘʙʦʪʢʝ ʢʦʤʧʦʟʠʪʦʚ ʷʚʣʷʝʪʩʷ ʜʦʩʪʠʞʝʥʠʝ 

ʥʝʦʙʭʦʜʠʤʳʭ ʟʥʘʯʝʥʠʡ ʢʦʵʬʬʠʮʠʝʥʪʘ ʧʨʦʭʦʞʜʝʥʠʷ ʠ ʬʘʟʦʚʦʛʦ ʩʜʚʠʛʘ. ʕʪʘ ʟʘʜʘʯʘ 

ʧʨʠ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʜʦʣʞʥʘ ʨʝʰʘʪʴʩʷ ʥʝ ʪʦʣʴʢʦ ʜʣʷ ʬʠʢʩʠʨʦʚʘʥʥʦʡ ʯʘʩʪʦʪʳ, ʥʦ 

ʪʘʢʞʝ ʜʣʷ ʜʦʩʪʘʪʦʯʥʦ ʰʠʨʦʢʦʛʦ ʜʠʘʧʘʟʦʥʘ ʯʘʩʪʦʪ [69]. 

ʇʨʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ ʩʦʚʨʝʤʝʥʥʳʭ ʢʦʤʧʦʟʠʮʠʦʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ 

ʦʧʨʝʜʝʣʷʶʪʩʷ ʦʞʠʜʘʝʤʳʝ ʨʘʜʠʦʪʝʭʥʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ, ʪʘʢʠʝ, ʢʘʢ ʢʦʵʬʬʠʮʠʝʥʪ 

ʧʨʦʭʦʞʜʝʥʠʷ, ʦʪʨʘʞʝʥʠʷ, ʧʦʛʣʦʱʝʥʠʷ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʛʦ ʠʟʣʫʯʝʥʠʷ. ʆʜʥʘʢʦ 

ʧʦʩʣʝʜʫʶʱʘʷ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʘʷ ʧʨʦʚʝʨʢʘ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʠʟʤʝʨʝʥʥʳʝ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʢʦʤʧʦʟʠʪʦʚ ʣʠʰʴ ʧʨʠʙʣʠʞʝʥʥʦ ʩʦʚʧʘʜʘʶʪ ʩ ʨʘʩʩʯʠʪʘʥʥʳʤʠ. ʕʪʦ 

ʦʙʩʪʦʷʪʝʣʴʩʪʚʦ ʦʙʲʷʩʥʷʝʪʩʷ ʩʠʩʪʝʤʘʪʠʯʝʩʢʠʤʠ ʦʰʠʙʢʘʤʠ ʚ ʨʘʩʯʝʪʝ ʠʟ-ʟʘ ʟʘʨʘʥʝʝ 

ʧʨʠʥʷʪʳʭ ʜʦʧʫʱʝʥʠʡ ʠ ʩʣʫʯʘʡʥʳʤʠ ʦʰʠʙʢʘʤʠ, ʧʦʷʚʣʷʶʱʠʤʠʩʷ ʚ ʧʨʦʮʝʩʩʝ 
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ʠʟʛʦʪʦʚʣʝʥʠʷ ʢʦʤʧʦʟʠʪʘ ʠ ʟʘʚʠʩʷʱʠʤʠ ʦʪ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʦʩʦʙʝʥʥʦʩʪʝʡ 

ʧʨʦʠʟʚʦʜʩʪʚʘ, ʠʩʭʦʜʥʦʛʦ ʩʳʨʴʷ, ʤʝʪʦʜʦʚ ʦʙʨʘʙʦʪʢʠ ʠ ʪ. ʧ. 

ʉʠʩʪʝʤʘʪʠʯʝʩʢʠʝ ʦʰʠʙʢʠ ʦʮʝʥʠʚʘʶʪʩʷ ʦʙʳʯʥʳʤʠ ʤʝʪʦʜʘʤʠ, ʥʘʧʨʠʤʝʨ, 

ʨʘʟʣʦʞʝʥʠʝʤ ʚ ʩʪʝʧʝʥʥʦʡ ʨʷʜ ʠʣʠ ʨʷʜ ʌʫʨʴʝ. ʉʣʫʯʘʡʥʳʝ ʞʝ ʦʰʠʙʢʠ ʤʦʛʫʪ ʙʳʪʴ 

ʦʙʥʘʨʫʞʝʥʳ ʣʠʰʴ ʧʨʠ ʤʥʦʞʝʩʪʚʝʥʥʦʤ ʠʩʧʳʪʘʥʠʠ ʘʥʩʘʤʙʣʷ ʦʜʥʦʪʠʧʥʳʭ ʦʙʨʘʟʮʦʚ 

ʢʦʤʧʦʟʠʪʦʚ, ʠ ʜʣʷ ʠʭ ʠʩʩʣʝʜʦʚʘʥʠʷ ʩʣʝʜʫʝʪ ʧʨʠʚʣʝʢʘʪʴ ʤʝʪʦʜʳ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ 

ʩʪʘʪʠʩʪʠʢʠ. 

ʇʨʠ ʩʪʘʪʠʩʪʠʯʝʩʢʦʤ ʧʦʜʭʦʜʝ ʥʫʞʥʦ ʨʘʟʣʠʯʘʪʴ ʩʪʘʪʠʩʪʠʢʫ ʧʦ ʘʥʩʘʤʙʣʶ 

ʦʜʥʦʪʠʧʥʳʭ ʢʦʤʧʦʟʠʪʦʚ ʠ ʩʪʘʪʠʩʪʠʢʫ ʧʦ ʚʨʝʤʝʥʠ ʜʣʷ ʦʪʜʝʣʴʥʦʛʦ ʦʙʨʘʟʮʘ. 

ʉʪʘʪʠʩʪʠʢʘ ʧʦ ʘʥʩʘʤʙʣʶ ʩʚʷʟʘʥʘ ʩ ʠʟʫʯʝʥʠʝʤ ʩʪʘʪʠʩʪʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ, 

ʦʪʣʠʯʘʶʱʠʭʩʷ ʜʨʫʛ ʦʪ ʜʨʫʛʘ ʚʩʣʝʜʩʪʚʠʝ ʦʩʦʙʝʥʥʦʩʪʝʡ ʧʨʦʠʟʚʦʜʩʪʚʘ ʠ 

ʩʧʝʮʠʬʠʯʥʦʩʪʠ ʠʩʧʦʣʴʟʫʝʤʳʭ ʤʘʪʝʨʠʘʣʦʚ. ʉʪʘʪʠʩʪʠʢʘ ʧʦ ʚʨʝʤʝʥʠ ʩʚʦʜʠʪʩʷ ʢ 

ʠʟʫʯʝʥʠʶ ʩʣʫʯʘʡʥʳʭ ʠʟʤʝʥʝʥʠʡ ʧʘʨʘʤʝʪʨʦʚ ʢʦʤʧʦʟʠʮʠʦʥʥʳʭ ʩʪʨʫʢʪʫʨ ʩ ʪʝʯʝʥʠʝʤ 

ʚʨʝʤʝʥʠ, ʧʨʦʠʩʭʦʜʷʱʠʭ, ʥʘʧʨʠʤʝʨ, ʠʟ-ʟʘ ʜʝʩʪʨʫʢʮʠʠ ʤʘʪʝʨʠʘʣʘ, ʥʝʙʦʣʴʰʠʭ 

ʜʝʬʦʨʤʘʮʠʡ ʧʨʦʬʠʣʷ ʧʦʜ ʚʣʠʷʥʠʝʤ ʘʪʤʦʩʬʝʨʥʳʭ ʦʩʘʜʢʦʚ, ʩʦʣʥʝʯʥʦʡ ʨʘʜʠʘʮʠʠ, 

ʧʝʨʝʤʝʥʥʳʭ ʥʘʛʨʫʟʦʢ ʠ ʪ. ʧ. 

ʉʪʘʪʠʩʪʠʯʝʩʢʦʤʫ ʘʥʘʣʠʟʫ ʜʦʣʞʥʘ ʙʳʪʴ ʧʦʜʚʝʨʛʥʫʪʘ ʦʜʥʘ ʠʟ ʦʩʥʦʚʥʳʭ 

ʨʘʜʠʦʪʝʭʥʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʩʠʩʪʝʤʳ: ʢʦʵʬʬʠʮʠʝʥʪ ʧʨʦʭʦʞʜʝʥʠʷ [70]. ʇʨʠ 

ʵʪʦʤ ʜʦʣʞʥʳ ʙʳʪʴ ʧʦʣʫʯʝʥʳ ʤʘʪʝʤʘʪʠʯʝʩʢʦʝ ʦʞʠʜʘʥʠʝ, ʩʨʝʜʥʝʢʚʘʜʨʘʪʠʯʝʩʢʦʝ 

ʦʪʢʣʦʥʝʥʠʝ (ʠʣʠ ʜʠʩʧʝʨʩʠʷ), ʢʦʨʨʝʣʷʮʠʦʥʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʵʪʠʭ ʧʘʨʘʤʝʪʨʦʚ. 

ʊʘʢ ʢʘʢ ʠʩʢʘʞʝʥʠʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʠʟʣʫʯʝʥʠʷ ʩʚʷʟʘʥʳ ʩ ʠʩʢʘʞʝʥʠʷʤʠ 

ʘʤʧʣʠʪʫʜʥʳʭ, ʠ ʛʣʘʚʥʳʤ ʦʙʨʘʟʦʤ, ʬʘʟʦʚʳʭ ʨʘʩʧʨʝʜʝʣʝʥʠʡ ʧʦʣʷ, ʚʥʦʩʠʤʳʤʠ 

ʢʦʤʧʦʟʠʮʠʦʥʥʳʤʠ ʤʘʪʝʨʠʘʣʘʤʠ, ʪʦ ʩʪʘʪʠʩʪʠʯʝʩʢʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʜʦʣʞʥʳ ʙʳʪʴ ʚ 

ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ ʦʙʨʘʱʝʥʳ ʥʘ ʘʤʧʣʠʪʫʜʥʳʝ ʠ ʬʘʟʦʚʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ʜʠʵʣʝʢʪʨʠʯʝʩʢʠʭ ʩʣʦʸʚ. 

ʇʨʠ ʨʘʩʩʤʦʪʨʝʥʠʠ ʩʪʘʪʠʩʪʠʯʝʩʢʠ ʥʝʦʜʥʦʨʦʜʥʳʭ ʜʠʵʣʝʢʪʨʠʯʝʩʢʠʭ ʩʣʦʝʚ 

ʠʤʝʶʪʩʷ ʚ ʚʠʜʫ ʩʣʫʯʘʡʥʳʝ ʦʪʢʣʦʥʝʥʠʷ ʜʚʫʭ ʧʘʨʘʤʝʪʨʦʚ: ʪʦʣʱʠʥʳ d ʠ 

ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʡ ʧʨʦʥʠʮʘʝʤʦʩʪʠ e ʦʪ ʟʘʜʘʥʥʳʭ ʠʤ ʟʥʘʯʝʥʠʡ d0 ʠ e0. ʇʨʠ ʵʪʦʤ 

ʙʦʣʴʰʠʡ ʠʥʪʝʨʝʩ ʠʤʝʝʪ ʦʙʱʠʡ ʩʣʫʯʘʡ, ʢʦʛʜʘ d ʠ e ð ʟʘʚʠʩʠʤʳʝ ʚʝʣʠʯʠʥʳ. 
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ɼʣʷ ʫʧʨʦʱʝʥʠʷ ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʧʨʠ ʩʪʘʪʠʩʪʠʯʝʩʢʦʤ ʘʥʘʣʠʟʝ 

ʦʩʥʦʚʥʳʭ ʨʘʜʠʦʪʝʭʥʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʨʝʜʧʦʣʘʛʘʝʪʩʷ ʦʛʨʘʥʠʯʠʪʴʩʷ ʣʠʰʴ 

ʨʝʛʫʣʷʨʥʳʤʠ ʩʪʨʫʢʪʫʨʘʤʠ (ʨʘʜʠʫʩʳ ʢʨʠʚʠʟʥʳ ʩʪʝʥʦʢ ʢʦʪʦʨʳʭ ʩʫʱʝʩʪʚʝʥʥʦ 

ʙʦʣʴʰʝ ʜʣʠʥʳ ʚʦʣʥʳ). 

ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʩʪʘʪʠʩʪʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʜʠʵʣʝʢʪʨʠʯʝʩʢʠʭ ʩʣʦʝʚ, 

ʥʝʦʙʭʦʜʠʤʦ ʨʘʩʩʤʦʪʨʝʪʴ ʧʣʦʩʢʠʡ ʜʠʵʣʝʢʪʨʠʢ ʩ ʪʦʣʱʠʥʦʡ d0 ʠ ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʡ 

ʧʨʦʥʠʮʘʝʤʦʩʪʴʶ e0. 

ʅʝʦʜʥʦʨʦʜʥʦʩʪʴ, ʦʙʫʩʣʦʚʣʝʥʥʘʷ ʥʝʩʦʚʝʨʰʝʥʩʪʚʦʤ ʪʝʭʥʦʣʦʛʠʠ ʠ ʤʘʪʝʨʠʘʣʦʚ, 

ʧʨʦʷʚʣʷʝʪʩʷ ʚ ʦʪʢʣʦʥʝʥʠʠ ʠʩʪʠʥʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʦʪ ʨʘʩʯʝʪʥʳʭ ʥʘ Dd ʠ De. ʕʪʠ 

ʦʪʢʣʦʥʝʥʠʷ ʚʩʝʛʜʘ ʤʝʥʴʰʝ ʟʘʜʘʥʥʳʭ ʜʦʧʫʩʢʦʚ: Dd ¢ td; De  ¢ te (ʨʠʩʫʥʦʢ 1.3). 

 

 

ʈʠʩʫʥʦʢ 1.3 ï ʅʝʦʜʥʦʨʦʜʥʳʡ ʜʠʵʣʝʢʪʨʠʯʝʩʢʠʡ ʩʣʦʡ [69]  

 

ɿʘʚʠʩʠʤʳʝ ʚʝʣʠʯʠʥʳ d ʠ e (d = d0 + Dd; e = e0 + De) ʤʝʥʷʶʪʩʷ ʦʪ ʪʦʯʢʠ ʢ ʪʦʯʢʝ 

ʧʦ ʧʦʚʝʨʭʥʦʩʪʠ ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʩʣʦʷ ʠ ʧʦ ʘʥʩʘʤʙʣʶ ʩʣʦʝʚ. ɿʘʢʦʥ ʠʭ ʠʟʤʝʥʝʥʠʷ 

ð ʥʦʨʤʘʣʴʥʳʡ; ʨʘʜʠʫʩ ʢʦʨʨʝʣʷʮʠʠ r ʙʦʣʴʰʝ ʜʣʠʥʳ ʚʦʣʥʳ, ʥʦ ʤʥʦʛʦ ʤʝʥʴʰʝ 

ʜʠʘʤʝʪʨʘ ʘʥʪʝʥʥʳ Ὀ ʍ  lȟʍ ḺὈ . 

ɺʳʨʘʞʝʥʠʝ ʜʣʷ ʧʣʦʪʥʦʩʪʠ ʚʝʨʦʷʪʥʦʩʪʠ ʥʦʨʤʘʣʴʥʦʛʦ ʟʘʢʦʥʘ [71] ʚ 

ʧʨʷʤʦʫʛʦʣʴʥʦʡ ʩʠʩʪʝʤʝ ʢʦʦʨʜʠʥʘʪ d ʠ e ʠʤʝʝʪ ʩʣʝʜʫʶʱʠʡ ʚʠʜ: 

ὪὨʀ
ρ

ςʌʎʎ ρ ὶ
Ὡ ȟ (1) 

ʛʜʝ 

ʖὨʀ
ρ

ςρ ὶ

Ὠ ά

ʎ

ςὶ Ὠ ά ʀ ά

ʎʎ

ʀ ά

ʎ
Ȣ (2) 



 23 

ɺʠʜʥʦ, ʯʪʦ (1) ʟʘʚʠʩʠʪ ʦʪ ʧʷʪʠ ʧʘʨʘʤʝʪʨʦʚ: ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʦʞʠʜʘʥʠʡ md ʠ 

me; ʩʨʝʜʥʝʢʚʘʜʨʘʪʠʯʝʩʢʠʭ ʦʪʢʣʦʥʝʥʠʡ ʎ  ʠ ʎ; ʧʝʨʝʤʝʥʥʳʭ d ʠ e, ʢʦʵʬʬʠʮʠʝʥʪʘ ʠʭ 

ʢʦʨʨʝʣʷʮʠʠ ὶ . 

ʉ ʧʦʤʦʱʴʶ (1) ʤʦʞʥʦ ʦʧʨʝʜʝʣʠʪʴ ʩʚʷʟʴ ʤʝʞʜʫ ʚʝʣʠʯʠʥʦʡ 

ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʛʦ ʜʦʧʫʩʢʘ ʠ ʩʨʝʜʥʝʢʚʘʜʨʘʪʠʯʝʩʢʠʤ ʦʪʢʣʦʥʝʥʠʝʤ. 

ɿʘʜʘʯʘ ʵʪʘ ʩʚʦʜʠʪʩʷ ʢ ʦʧʨʝʜʝʣʝʥʠʶ ʚʝʨʦʷʪʥʦʩʪʠ ʧʦʧʘʜʘʥʠʷ ʩʣʫʯʘʡʥʦʡ ʪʦʯʢʠ 

(de) ʚ ʧʨʷʤʦʫʛʦʣʴʥʠʢ L (ʨʠʩʫʥʦʢ 1.4): 

ὖ ὨʀṒὒ ὪὨʀ ὨὨ Ὠʀȟ (3) 

ʛʜʝ ὪὨʀ ï ʚʳʨʘʞʝʥʠʝ (1). 

 

 

ʈʠʩʫʥʦʢ 1.4 ï ʂ ʦʧʨʝʜʝʣʝʥʠʶ ʚʝʣʠʯʠʥʳ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʛʦ ʜʦʧʫʩʢʘ [69] 

 

ʇʝʨʝʡʜʷ ʢ ʥʦʚʦʡ ʩʠʩʪʝʤʝ ʢʦʦʨʜʠʥʘʪ dH, eH, ʩʦʚʧʘʜʘʶʱʝʡ ʩ ʦʩʷʤʠ ʵʣʣʠʧʩʘ 

ʨʘʩʩʝʠʚʘʥʠʷ (ʧʦʚʝʨʥʫʪʳʭ ʦʪʥʦʩʠʪʝʣʴʥʦ ʩʠʩʪʝʤ doe ʥʘ ʫʛʦʣ Ŭ), ʚ ʢʦʪʦʨʦʡ md=0; 

me=0; ὶ π, ʘ ʎ  ʠ ʎ  ï ʛʣʘʚʥʳʝ ʩʨʝʜʥʠʝ ʩʨʝʜʥʝʢʚʘʜʨʘʪʠʯʝʩʢʠʝ ʦʪʢʣʦʥʝʥʠʷ, 

ʩʚʷʟʘʥʥʳʝ ʩʦ ʩʨʝʜʥʝʢʚʘʜʨʘʪʠʯʝʩʢʠʤʠ ʦʪʢʣʦʥʝʥʠʷʤʠ ʎ , ʎ ʟʘʚʠʩʠʤʦʩʪʷʤʠ 

ʎ ʎÃÏÓɻ ‖ ʎʎÓÉÎςɻ ʎÓÉÎɻ, 

ʎ ʎÓÉÎɻ ‖ ʎʎÓÉÎςɻ ʎÃÏÓɻ, 
 

ʚʤʝʩʪʦ (3) ʧʦʣʫʯʠʪʩʷ ʚʳʨʘʞʝʥʠʝ: 

ὖ Ὠȟʀ Ṓὒ ὪὨȟʀ  ὨὨ ὨʀȢ 
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ɼʘʥʥʳʡ ʠʥʪʝʛʨʘʣ ʵʣʝʤʝʥʪʘʨʥʳʤʠ ʤʝʪʦʜʘʤʠ ʥʝ ʙʝʨʝʪʩʷ. ɺ ʧʨʦʩʪʝʡʰʝʤ ʩʣʫʯʘʝ 

ʧʨʠ ὶ π ʠʤʝʝʤ 

ὪὨȟʀ  ὨὨ Ὠʀ ὪὨȟʀ ὨὨ Ὠʀ

ς

Ѝςʌʎ
Ὡ ὨὨ

ς

Ѝςʌʎ
Ὡ ὨʀȢ 

ʇʨʝʜʩʪʘʚʣʝʥʥʳʝ ʠʥʪʝʛʨʘʣʳ ð ʠʥʪʝʛʨʘʣʳ ʚʝʨʦʷʪʥʦʩʪʠ; ʠʭ ʟʥʘʯʝʥʠʷ 

ʪʘʙʫʣʠʨʦʚʘʥʳ. ʊʘʢ, ʧʨʠ ὖ ὨȠʀṒὒ πȟωω: 

ʐ

ʎЍς
ρȟψυ ̉ 

ʐ

ʎЍς
ρȟψυȟ  

ʦʪʢʫʜʘ 

ʎ † ςȟφϳ ; ʎ ʐ ςȟφϳ ; 

ʐ ʎ ςȟφ; ʐ ʎ ςȟφȢ 

(4) 

(5) 

ʅʠʞʝ ʧʨʠʚʝʜʝʥʳ ʘʥʘʣʠʪʠʯʝʩʢʠʝ ʩʦʦʪʥʦʰʝʥʠʷ ʜʣʷ ʚʳʯʠʩʣʝʥʠʷ ʬʘʟʦʚʳʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʥʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʭ ʜʠʵʣʝʢʪʨʠʯʝʩʢʠʭ ʩʣʦʝʚ, ʠʤʝʶʱʠʭ 

ʰʠʨʦʢʦʝ ʧʨʘʢʪʠʯʝʩʢʦʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ: ʦʜʥʦʩʣʦʡʥʦʛʦ ʠ ʜʚʫʭʩʣʦʡʥʦʛʦ [72]. 

ʉʦʦʪʥʦʰʝʥʠʷ ʜʣʷ ʘʤʧʣʠʪʫʜʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ (ʢʦʵʬʬʠʮʠʝʥʪ ʧʨʦʭʦʞʜʝʥʠʷ T ʠ 

ʦʪʨʘʞʝʥʠʷ R) ʠʤʝʶʪ ʚʠʜ (6 ʠ 7): 

ȿὝȿ ὪʃȠ 

ȿὙȿ Ὢʃ. 

(6) 

(7) 

ɼʣʷ ʦʜʥʦʛʦ ʩʣʦʷ ʜʠʵʣʝʢʪʨʠʢʘ ʚʳʨʘʞʝʥʠʷ 6 ʠ 7 ʠʤʝʶʪ ʚʠʜ: 

ȿὝȿ
ρ ὶ

ρ ὶ τὶ ÓÉÎʒ
Ƞ ȿὙȿ

τὶ ÓÉÎʒ

ρ ὶ τὶ ÓÉÎʒ
Ƞ

ʕ ÁÒÃÔÇ
ρ ὶ

ρ ὶ
ÔÇʒ

ςʌ

ʇ
ὨÃÏÓʃȠ

ʕ ÁÒÃÔÇ
ρ ὶ

ρ ὶ
ÃÔÇʒ Ȣ

ữ
Ử
Ử
Ữ

Ử
Ử
ử

 (8) 
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ɿʜʝʩʴ ʒ Ὠ ʀ ÓÉÎʃ ð ʵʣʝʢʪʨʠʯʝʩʢʘʷ ʪʦʣʱʠʥʘ n-ʛʦ ʩʣʦʷ ʩʪʝʥʢʠ 

ʪʦʣʱʠʥʦʡ dn ʩ ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʡ ʧʨʦʥʠʮʘʝʤʦʩʪʴʶ en ʧʨʠ ʧʘʜʝʥʠʠ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʡ 

ʚʦʣʥʳ ʩ ʯʘʩʪʦʪʦʡ f ʧʦʜ ʫʛʣʦʤ q; rn, n+1 ð ʢʦʵʬʬʠʮʠʝʥʪʳ ʌʨʝʥʝʣʷ, ʧʨʠʯʝʤ: 

ὶȟ   
ʀ ÓÉÎʃ ʀ ÓÉÎʃ

ʀ ÓÉÎʃ ʀ ÓÉÎʃ
ȟ (9) 

ʠʣʠ 

ὶȟ   
ʀ ʀ ÓÉÎʃ ʀ ʀ ÓÉÎʃ

ʀ ʀ ÓÉÎʃ ʀ ʀ ÓÉÎʃ
ȟ (10) 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʜʣʷ ʩʣʫʯʘʝʚ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦ ʠʣʠ ʧʘʨʘʣʣʝʣʴʥʦ ʧʦʣʷʨʠʟʦʚʘʥʥʳʭ 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʧʣʦʩʢʦʩʪʠ ʧʘʜʝʥʠʷ ʚʦʣʥ. 

ʕʣʝʢʪʨʦʬʠʟʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʛʦ ʩʣʦʷ ʜʠʵʣʝʢʪʨʠʢʘ, 

ʦʧʨʝʜʝʣʷʝʤʳʝ ʩʦʦʪʥʦʰʝʥʠʷʤʠ (8, 9 ʠ 10), ʷʚʣʷʶʪʩʷ ʬʫʥʢʮʠʷʤʠ ʩʣʫʯʘʡʥʳʭ ʚʝʣʠʯʠʥ 

d ʠ ʀ: 

ȿὝȿ ὪὨȟʀȠ  (11) 

ʕ ὪὨȟʀȟ (12) 

ʛʜʝȿὝȿ ʠ ʕ ð ʤʦʜʫʣʴ ʠ ʬʘʟʘ ʧʨʦʰʝʜʰʝʡ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʡ ʚʦʣʥʳ. 

ɺʚʠʜʫ ʜʦʩʪʘʪʦʯʥʦʡ ʩʣʦʞʥʦʩʪʠ ʚʳʰʝʫʢʘʟʘʥʥʳʭ ʟʘʚʠʩʠʤʦʩʪʝʡ, ʜʣʷ 

ʥʘʭʦʞʜʝʥʠʷ ʠʭ ʩʪʘʪʠʩʪʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʤʝʪʦʜ 

ʣʠʥʝʘʨʠʟʘʮʠʠ (ʪ. ʝ. ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʤʘʣʳʝ ʦʰʠʙʢʠ [73]). 

ʈʘʟʣʘʛʘʷ ʩʦʦʪʥʦʰʝʥʠʷ (11) ʠ (12) ʚ ʩʪʝʧʝʥʥʳʝ ʨʷʜʳ ʠ ʧʨʝʥʝʙʨʝʛʘʷ ʯʣʝʥʘʤʠ 

ʚʳʰʝ ʚʪʦʨʦʛʦ ʧʦʨʷʜʢʘ ʜʣʷ ȿὝȿ ʠ ʕ ʚ ʦʢʨʝʩʪʥʦʩʪʠ ʠʭ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʦʞʠʜʘʥʠʷ, 

ʠʤʝʝʤ 

ȿὝȿ ὪὨӶȟʀ
ЋὪ

ЋὨ
Ὠ

‬Ὢ

‬ʀ
ʀ
ρ

ς

‬Ὢ

‬Ὠ
Ὠ

ρ

ς

‬Ὢ

‬ʀ
ʀ

‬Ὢ

‬Ὠ ‬ʀ
Ὠʀȟ

ʕ ὪὨӶȟʀ
‬Ὢ

‬Ὠ
Ὠ

‬Ὢ

‬ʀ
ʀ
ρ

ς

‬Ὢ

‬Ὠ
Ὠ

ρ

ς

‬Ὢ

‬ʀ
ʀ

‬Ὢ

‬Ὠ ‬ʀ
ὨʀȢữ
Ữ

ử

  (13) 

ʉʠʤʚʦʣʳ Ὠ ʠ ʀ ʦʙʦʟʥʘʯʘʶʪ ʮʝʥʪʨʠʨʦʚʘʥʥʳʝ ʩʣʫʯʘʡʥʳʝ ʚʝʣʠʯʠʥʳ, ʠʥʜʝʢʩ m 

ʦʙʦʟʥʘʯʘʝʪ ʧʨʦʠʟʚʦʜʥʫʶ ʚ ʪʦʯʢʝ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʦʞʠʜʘʥʠʷ. ʅʠʞʝ ʧʨʠʚʝʜʝʥʳ 

ʩʪʘʪʠʩʪʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ȿὝȿ ʠ ʕ. 

ʄʘʪʝʤʘʪʠʯʝʩʢʦʝ ʦʞʠʜʘʥʠʝ ʩ ʪʦʯʥʦʩʪʴʶ ʜʦ ʚʪʦʨʦʛʦ ʧʦʨʷʜʢʘ ʤʘʣʦʩʪʠ: 
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ȿὝȿ ὪὨӶȟʀ
ρ

ς

‬Ὢ

‬Ὠ
„

ρ

ς

‬Ὢ

‬ʀ
ʎ

‬Ὢ

‬ʀ ‬Ὠ
ὶȟ

ʕ ὪὨӶȟʀ
ρ

ς

‬Ὢ

‬Ὠ
ʎ

ρ

ς

‬Ὢ

‬ʀ
ʎ

‬Ὢ

‬ʀ ‬Ὠ
ὶȢữ
Ữ

ử

   (14) 

ɼʠʩʧʝʨʩʠʷ ʩ ʪʦʯʥʦʩʪʴʶ ʜʦ ʧʝʨʚʦʛʦ ʧʦʨʷʜʢʘ: 

ʎ
‬Ὢ

‬Ὠ
ʎ

‬Ὢ

‬ʀ
ʎ ς

‬Ὢ

‬Ὠ

‬Ὢ

‬ʀ
ὶʎʎȟ

ʎ
‬Ὢ

‬Ὠ
ʎ

‬Ὢ

‬ʀ
ʎ ς

‬Ὢ

‬Ὠ

‬Ὢ

‬ʀ
ὶʎʎȠ

    (15) 

ʂʦʵʬʬʠʮʠʝʥʪ ʢʦʨʨʝʣʷʮʠʠ ʩ ʪʦʯʥʦʩʪʴʶ ʜʦ ʧʝʨʚʦʛʦ ʧʦʨʷʜʢʘ: 

ὶ
ὃὅʎ ὄὉʎ ὃὉ ὄὅὶʎʎ

ὃʎ ὄʎ ςὃὄȿὶȿʎʎ ὅʎ Ὁʎ ςὅὉȿὶȿʎʎ
ȟ    (16) 

ʛʜʝ 

ὃ
‬Ὢ

‬Ὠ
Ƞ ὄ

‬Ὢ

‬ʀ
Ƞ ˞  

‬Ὢ

‬Ὠ
Ƞ Ὁ

‬Ὢ

‬ʀ
  

ð ʯʘʩʪʥʳʝ ʧʨʦʠʟʚʦʜʥʳʝ ȿὝȿ ʠ ʕ ʚ ʪʦʯʢʝ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʦʞʠʜʘʥʠʷ. 

ʉʦʦʪʥʦʰʝʥʠʷ ʜʣʷ ʘʤʧʣʠʪʫʜʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʜʚʫʭʩʣʦʡʥʦʛʦ ʜʠʵʣʝʢʪʨʠʢʘ 

(ʢʦʵʬʬʠʮʠʝʥʪ ʧʨʦʭʦʞʜʝʥʠʷ T ʠ ʦʪʨʘʞʝʥʠʷ R) ʠʤʝʶʪ ʚʠʜ (17): 

ȿὝȿ
ρ ὶ ρ ὶ ρ ὶ

ὓ ὔ
Ƞ 

ȿὙȿ
ὓ ὔ

ὓ ὔ
Ƞ

ʕ ÁÒÃÔÇ
ὔ

ὓ

ςʌ

ʇ
Ὠ Ὠ ÃÏÓʃȠ ʕ ÁÒÃÔÇ

ὔὓ ὓὔ

ὓὔ ὔὓ
ȟ
ữ
ỬỬ
Ữ

ỬỬ
ử

 (17) 

ʛʜʝ 

ὓ ρ ὶὶ ÃÏÓʒ ʒ ὶ ὶ ὶ ÃÏÓʒ ʒ Ƞ 

ὔ ρ ὶὶ ÓÉÎʒ ʒ ὶ ὶ ὶ ÓÉÎʒ ʒ Ƞ 

ὓ ὶ ὶ ÃÏÓʒ ʒ ὶ ρ ὶὶ ÃÏÓʒ ʒ Ƞ 

ὔ ὶ ὶ ÓÉÎʒ ʒ ὶ ρ ὶὶ ÓÉÎʒ ʒ Ȣ 

ɼʣʷ n-ʩʣʦʡʥʳʭ ʜʠʵʣʝʢʪʨʠʢʦʚ ʧʨʠ ʦʪʩʫʪʩʪʚʠʠ ʢʦʨʨʝʣʷʮʠʦʥʥʳʭ ʩʚʷʟʝʡ ʤʝʞʜʫ 

ʦʪʜʝʣʴʥʳʤʠ ʩʣʦʷʤʠ, ʘ ʪʘʢʞʝ ʤʝʞʜʫ ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʡ ʧʨʦʥʠʮʘʝʤʦʩʪʴʶ ʠ ʪʦʣʱʠʥʦʡ 

ʢʘʞʜʦʛʦ ʩʣʦʷ ʩʨʝʜʥʝʢʚʘʜʨʘʪʠʯʝʩʢʠʝ ʦʪʢʣʦʥʝʥʠʷ ȿὝȿ ʠ ʕ ʠʤʝʶʪ ʚʠʜ: 
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ʎ
‬Ὢ

‬Ὠ
ʎ

‬Ὢ

‬ʀ
ʎ ȟ

ʎ
‬Ὢ

‬Ὠ
ʎ  

‬Ὢ

‬ʀ
ʎ Ȣ
ữ
Ử
Ữ

Ử
ử

  (18) 

ʀʥʜʝʢʩ i ʦʪʥʦʩʠʪʩʷ ʢ i-ʤʫ ʩʣʦʶ ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʡ n-ʩʣʦʡʥʦʡ ʩʪʝʥʢʠ.  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʤʦʞʥʦ ʧʨʦʚʦʜʠʪʴ ʩʪʘʪʠʩʪʠʯʝʩʢʫʶ ʦʮʝʥʢʫ ʘʤʧʣʠʪʫʜʥʳʭ ʠ 

ʬʘʟʦʚʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʜʠʵʣʝʢʪʨʠʯʝʩʢʠʭ ʩʣʦʝʚ. 

 

1.3  ʄʝʪʦʜʳ ʠʟʤʝʨʝʥʠʷ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʜʠʵʣʝʢʪʨʠʢʦʚ 

 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʜʣʷ ʚʳʯʠʩʣʝʥʠʷ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 

ʜʠʵʣʝʢʪʨʠʢʦʚ ʚ ʊɻʮ ʜʠʘʧʘʟʦʥʝ ʯʘʩʪʦʪ ʧʨʠʤʝʥʷʶʪ ʤʝʪʦʜʳ ʩʧʝʢʪʨʦʩʢʦʧʠʠ, 

ʦʩʥʦʚʘʥʥʳʝ ʥʘ ʨʘʟʥʳʭ ʧʨʠʥʮʠʧʘʭ ʨʘʙʦʪʳ ï ʥʝʧʨʝʨʳʚʥʦʛʦ ʠ ʠʤʧʫʣʴʩʥʦʛʦ ʜʝʡʩʪʚʠʷ. 

ʊʘʢʦʡ ʧʦʜʭʦʜ ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʘʪʴ ʙʦʣʝʝ ʜʦʩʪʦʚʝʨʥʫʶ ʠʥʬʦʨʤʘʮʠʶ 

ʦʙ ʠʩʩʣʝʜʫʝʤʦʤ ʦʙʲʝʢʪʝ ʠ ʨʘʩʰʠʨʷʪʴ ʯʘʩʪʦʪʥʫʶ ʦʙʣʘʩʪʴ ʠʩʩʣʝʜʦʚʘʥʠʷ.  

 

1.3.1 ʉʧʝʢʪʨʦʩʢʦʧʠʷ ʥʝʧʨʝʨʳʚʥʦʛʦ ʜʝʡʩʪʚʠʷ 

 

ʉʧʝʢʪʨʦʩʢʦʧʠʷ ʥʝʧʨʝʨʳʚʥʦʛʦ ʜʝʡʩʪʚʠʷ ʙʘʟʠʨʫʝʪʩʷ ʥʘ ʠʥʪʝʨʬʝʨʝʥʮʠʠ ʜʚʫʭ 

ʤʦʥʦʭʨʦʤʘʪʠʯʝʩʢʠʭ ʚʦʣʥ (ʦʧʦʨʥʦʡ ʠ ʠʟʤʝʨʠʪʝʣʴʥʦʡ, ʧʨʦʰʝʜʰʝʡ ʯʝʨʝʟ ʦʙʨʘʟʝʮ 

ʤʘʪʝʨʠʘʣʘ). ʂ ʩʧʝʢʪʨʦʤʝʪʨʘʤ ʪʝʨʘʛʝʨʮʦʚʦʛʦ ʜʠʘʧʘʟʦʥʘ ʦʪʥʦʩʠʪʩʷ ʢʚʘʟʠʦʧʪʠʯʝʩʢʠʡ 

ʩʧʝʢʪʨʦʤʝʪʨ ʉʊɼ-21, ʧʦʩʪʨʦʝʥʥʳʡ ʥʘ ʦʩʥʦʚʝ ʠʥʪʝʨʬʝʨʦʤʝʪʨʘ ʄʘʭʘ-ʎʘʥʜʝʨʘ 

(ʨʠʩʫʥʦʢ 1.5). 

 

 

ʈʠʩʫʥʦʢ 1.5 ï ʉʭʝʤʘ ʠʥʪʝʨʬʝʨʦʤʝʪʨʘ ʄʘʭʘ-ʎʘʥʜʝʨʘ 

ˉ2 

ˉ1 
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ʀʩʪʦʯʥʠʢʦʤ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʛʦ ʠʟʣʫʯʝʥʠʷ ʩʣʫʞʠʪ ʣʘʤʧʘ ʦʙʨʘʪʥʦʡ ʚʦʣʥʳ 

(ʃʆɺ), ʚ ʢʘʯʝʩʪʚʝ ʜʝʪʝʢʪʦʨʘ ï ʷʯʝʡʢʘ ɻʦʣʝʷ (ʦʧʪʦʘʢʫʩʪʠʯʝʩʢʠʡ ʧʨʠʥʮʠʧ 

ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ). ʀʟʣʫʯʘʝʤʳʡ ʃʆɺ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʘʷ ʚʦʣʥʘ ʩʦʙʠʨʘʝʪʩʷ ʣʠʥʟʦʡ ʚ 

ʢʚʘʟʠʦʧʪʠʯʝʩʢʠʡ ʧʫʯʦʢ, ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʢʦʪʦʨʦʛʦ ʤʦʞʥʦ ʨʝʛʫʣʠʨʦʚʘʪʴ 

ʘʪʪʝʥʶʘʪʦʨʦʤ. ɼʣʷ ʦʩʫʱʝʩʪʚʣʝʥʠʷ ʩʠʥʭʨʦʥʥʦʛʦ ʜʝʪʝʢʪʠʨʦʚʘʥʠʷ ʢʚʘʟʠʦʧʪʠʯʝʩʢʠʡ 

ʧʫʯʦʢ ʧʦʜʚʝʨʛʘʣʩʷ ʘʤʧʣʠʪʫʜʥʦʡ ʤʦʜʫʣʷʮʠʠ ʩ ʯʘʩʪʦʪʦʡ 23 ɻʮ ʧʦʩʨʝʜʩʪʚʦʤ 

ʜʠʩʢʦʚʦʛʦ ʦʙʪʶʨʘʪʦʨʘ. ʂʦʵʬʬʠʮʠʝʥʪ ʧʨʦʭʦʞʜʝʥʠʷ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʛʦ ʦʪʢʣʠʢʘ 

ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʦʪʢʨʳʪʦʛʦ ʧʣʝʯʘ ˉ1 (ʩʠʥʠʤ ʮʚʝʪʦʤ ʥʘ 

ʨʠʩʫʥʢʝ 1.5) ʠʥʪʝʨʬʝʨʦʤʝʪʨʘ ʄʘʭʘ-ʎʘʥʜʝʨʘ. ʉʜʚʠʛ ʬʘʟʳ ʧʨʦʰʝʜʰʝʡ 

ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʡ ʚʦʣʥʳ ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʦʪʢʨʳʪʳʭ ʦʙʦʠʭ ʧʣʝʯ 

ʠʥʪʝʨʬʝʨʦʤʝʪʨʘ. ʈʘʟʜʝʣʝʥʠʝ ʠʟʣʫʯʝʥʠʷ ʚ ʠʥʪʝʨʬʝʨʦʤʝʪʨʝ ʧʨʦʠʟʚʦʜʠʪʩʷ 

ʧʦʣʫʧʨʦʟʨʘʯʥʳʤ ʩʝʪʯʘʪʳʤ ʜʝʣʠʪʝʣʝʤ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ ʧʨʦʠʟʚʦʜʷʪʩʷ ʠʟʤʝʨʝʥʠʷ 

ʯʘʩʪʦʪʥʳʭ ʟʘʚʠʩʠʤʦʩʪʝʡ ʢʦʵʬʬʠʮʠʝʥʪʘ ʧʨʦʭʦʞʜʝʥʠʷ ʠ ʩʜʚʠʛʘ ʬʘʟʳ ʦʪ 

ʠʩʩʣʝʜʫʝʤʦʛʦ ʦʙʨʘʟʮʘ. 

ɺʝʣʠʯʠʥʳ ʜʝʡʩʪʚʠʪʝʣʴʥʦʡ ʠ ʤʥʠʤʦʡ ʩʦʩʪʘʚʣʷʶʱʠʭ ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʡ 

ʧʨʦʥʠʮʘʝʤʦʩʪʠ ʦʧʨʝʜʝʣʷʶʪʩʷ ʥʘ ʦʩʥʦʚʘʥʠʠ ʠʟʤʝʨʝʥʥʳʭ ʤʦʜʫʣʷ ʢʦʵʬʬʠʮʠʝʥʪʘ 

ʧʨʦʭʦʞʜʝʥʠʷ ʠ ʬʘʟʦʚʦʛʦ ʩʜʚʠʛʘ ʧʫʪʝʤ ʨʝʰʝʥʠʷ ʩʠʩʪʝʤʳ ʪʨʘʥʩʮʝʥʜʝʥʪʥʳʭ 

ʫʨʘʚʥʝʥʠʡ (19), ʂʦʤʧʣʝʢʩʥʘʷ ʜʠʵʣʝʢʪʨʠʯʝʩʢʘʷ ʧʨʦʥʠʮʘʝʤʦʩʪʴ ʠ ʧʨʦʚʦʜʠʤʦʩʪʴ 

ʚʳʯʠʩʣʷʶʪʩʷ ʧʨʠ ʫʩʣʦʚʠʠ, ʯʪʦ ʢʦʤʧʣʝʢʩʥʘʷ ʤʘʛʥʠʪʥʘʷ ʧʨʦʥʠʮʘʝʤʦʩʪʴ ʨʘʚʥʘ 1+0i. 

ʌʘʟʦʚʳʡ ʩʜʚʠʛ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʡ ʚʦʣʥʳ, ʧʨʦʰʝʜʰʝʡ ʯʝʨʝʟ ʦʙʨʘʟʝʮ, 

ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʦ ʠʥʪʝʨʬʝʨʦʤʝʪʨʠʯʝʩʢʦʡ ʩʭʝʤʝ ʄʘʭʘ-ʎʘʥʜʝʨʘ, ʦʩʥʦʚʘʥʥʦʡ ʥʘ ʜʚʫʭ 

ʜʝʣʠʪʝʣʷʭ ʧʫʯʢʘ (ʦʜʥʦʤʝʨʥʳʭ ʩʝʪʢʘʭ) ʠ ʜʚʫʭ ʦʪʨʘʞʘʶʱʠʭ ʟʝʨʢʘʣʘʭ ï ʬʘʟʦʚʦʤ 

ʤʦʜʫʣʷʪʦʨʝ ʠ ʬʘʟʦʚʦʤ ʢʦʤʧʝʥʩʘʪʦʨʝ. ʌʦʢʫʩʠʨʦʚʢʘ ʠʟʣʫʯʝʥʠʷ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ 

ʰʝʩʪʴʶ ʜʠʵʣʝʢʪʨʠʯʝʩʢʠʤʠ ʣʠʥʟʘʤʠ ʩ ʬʦʢʫʩʥʳʤʠ ʨʘʩʩʪʦʷʥʠʷʤʠ 60 ʤʤ (ʦʢʦʣʦ ʃʆɺ 

ʠ ɻʦʣʝʷ) ʠ 120 ʤʤ (ʚ ʧʣʝʯʘʭ ʠʥʪʝʨʬʝʨʦʤʝʪʨʘ). ʆʙʨʘʟʝʮ ʧʦʤʝʱʘʝʪʩʷ ʥʘ ʧʫʪʠ 

ʩʣʝʜʦʚʘʥʠʷ ʢʚʘʟʠʦʧʪʠʯʝʩʢʦʛʦ ʧʫʯʢʘ ʚ ʧʝʨʚʦʝ ʧʣʝʯʦ ʠʥʪʝʨʬʝʨʦʤʝʪʨʘ. 

ʈʘʩʯʝʪ ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʡ ʧʨʦʥʠʮʘʝʤʦʩʪʠ ʧʨʦʠʟʚʦʜʠʪʩʷ ʚ ʧʨʠʙʣʠʞʝʥʠʠ 

ʧʣʦʩʢʦʧʘʨʘʣʣʝʣʴʥʦʛʦ ʩʣʦʷ ʧʦ ʬʦʨʤʫʣʘʤ ʌʨʝʥʝʣʷ (19): 
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 (19) 

ʛʜʝ Ὁ Ὡὼὴ ; ὔ
p

; ὶ ; ɼ ÁÒÃÔÁÎ ; ὲ ὭὯ ʀzʈz; 

ὥ  Ὥὦ  
ᶻ

;z c ï ʩʢʦʨʦʩʪʴ ʩʚʝʪʘ, ʀᶻ ʀ ʀ ï ʢʦʤʧʣʝʢʩʥʘʷ ʜʠʵʣʝʢʪʨʠʯʝʩʢʘʷ 

ʧʨʦʥʠʮʘʝʤʦʩʪʴ; ʈᶻ ʈ ʈ  ï ʢʦʤʧʣʝʢʩʥʘʷ ʤʘʛʥʠʪʥʘʷ ʧʨʦʥʠʮʘʝʤʦʩʪʴ. 

 

1.3.2 ɺʨʝʤʷ-ʠʤʧʫʣʴʩʥʘʷ ʩʧʝʢʪʨʦʩʢʦʧʠʷ 

 

ʄʝʪʦʜ ʚʨʝʤʷ-ʠʤʧʫʣʴʩʥʦʡ ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʦʩʥʦʚʘʥ ʥʘ ʠʩʧʦʣʴʟʦʚʘʥʠʠ 

ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʌʫʨʴʝ ʚ ʧʨʦʮʝʩʩʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʨʦʰʝʜʰʝʛʦ ʠʣʠ ʦʪʨʘʞʝʥʥʦʛʦ 

ʯʝʨʝʟ ʠʩʩʣʝʜʫʝʤʳʡ ʦʙʲʝʢʪ ʢʦʨʦʪʢʦʛʦ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʛʦ ʠʤʧʫʣʴʩʘ. 

ɺ ʠʩʧʦʣʴʟʫʝʤʦʡ ʚ ʨʘʙʦʪʝ ʫʩʪʘʥʦʚʢʝ ʬʝʤʪʦʩʝʢʫʥʜʥʳʡ ʣʘʟʝʨ ʥʘʢʘʯʢʠ ʛʝʥʝʨʠʨʫʝʪ 

ʠʟʣʫʯʝʥʠʝ ʚ ʚʠʜʝ ʫʣʴʪʨʘʢʦʨʦʪʢʠʭ ʣʘʟʝʨʥʳʭ ʠʤʧʫʣʴʩʦʚ ʩ ʜʣʠʥʦʡ ʚʦʣʥʳ 1050 

Ñ 40 ʥʤ ʠ ʜʣʠʪʝʣʴʥʦʩʪʴʶ 10 ï 150 ʬʩ, ʯʘʩʪʦʪʦʡ ʩʣʝʜʦʚʘʥʠʷ 30 ï 100 ʄɻʮ. ʇʘʜʝʥʠʝ 

ʦʧʪʠʯʝʩʢʦʛʦ ʠʤʧʫʣʴʩʘ ʥʘ ʬʦʪʦʧʨʦʚʦʜʷʱʫʶ ʘʥʪʝʥʥʫ ʧʨʠʚʦʜʠʪ ʢ ʛʝʥʝʨʘʮʠʠ 

ʧʠʢʦʩʝʢʫʥʜʥʦʛʦ ʠʤʧʫʣʴʩʘ. ɺʨʝʤʷ ʧʝʨʝʢʣʶʯʝʥʠʷ ʟʘʚʠʩʠʪ ʦʪ ʜʣʠʪʝʣʴʥʦʩʪʠ 

ʣʘʟʝʨʥʦʛʦ ʠʤʧʫʣʴʩʘ, ʘ ʚʨʝʤʷ ʚʳʢʣʶʯʝʥʠʷ ʚ ʙʦʣʴʰʝʡ ʩʪʝʧʝʥʠ ʦʧʨʝʜʝʣʷʝʪʩʷ 

ʚʨʝʤʝʥʝʤ ʞʠʟʥʠ ʦʩʥʦʚʥʳʭ ʥʦʩʠʪʝʣʝʡ ʚ ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚʦʡ ʧʦʜʣʦʞʢʝ ʘʥʪʝʥʥʳ; 

ʧʦʵʪʦʤʫ, ʚ ʜʦʧʦʣʥʝʥʠʝ ʢ ʢʦʨʦʪʢʦʡ ʜʣʠʪʝʣʴʥʦʩʪʠ ʣʘʟʝʨʥʦʛʦ ʠʤʧʫʣʴʩʘ, ʢʦʨʦʪʢʦʝ 

ʚʨʝʤʷ ʞʠʟʥʠ ʷʚʣʷʝʪʩʷ ʞʠʟʥʝʥʥʦ ʚʘʞʥʳʤ ʩʚʦʡʩʪʚʦʤ ʜʣʷ ʩʚʝʨʭʙʳʩʪʨʦʡ 

ʬʦʪʦʧʨʦʚʦʜʷʱʝʡ ʢʦʤʤʫʪʘʮʠʠ. ɺ ʢʘʯʝʩʪʚʝ ʬʦʪʦʧʨʦʚʦʜʷʱʝʛʦ ʤʘʪʝʨʠʘʣʘ 

ʚ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʫʩʪʘʥʦʚʢʝ ʠʩʧʦʣʴʟʫʝʪʩʷ ʚʳʨʘʱʝʥʥʳʡ ʧʨʠ ʥʠʟʢʦʡ 

ʪʝʤʧʝʨʘʪʫʨʝ ʘʨʩʝʥʠʜ ʛʘʣʣʠʷ (LT-GaAs). ʈʝʛʠʩʪʨʘʮʠʷ ʠʟʣʫʯʝʥʠʷ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ 

ʚʪʦʨʦʡ ʬʦʪʦʧʨʦʚʦʜʷʱʝʡ ʘʥʪʝʥʥʦʡ. ʃʘʟʝʨʥʦʝ ʠʟʣʫʯʝʥʠʝ, ʧʨʦʭʦʜʷ ʯʝʨʝʟ ʜʝʣʠʪʝʣʴ 

ʧʫʯʢʘ, ʜʝʣʠʪʩʷ ʥʘ ʜʚʘ ʣʫʯʘ ʚ ʩʦʦʪʥʦʰʝʥʠʠ 55 ʥʘ 45 %. ʇʨʠ ʧʦʤʦʱʠ ʟʝʨʢʘʣʘ 

1 ʧʝʨʚʳʡ ʣʫʯ ʥʘʧʨʘʚʣʷʝʪʩʷ ʚ ʩʪʦʨʦʥʫ ʣʠʥʠʠ ʙʳʩʪʨʦʡ ʟʘʜʝʨʞʢʠ. ʇʦʩʣʝ ʯʝʛʦ 

ʠʟʣʫʯʝʥʠʝ, ʦʪʨʘʟʠʚʰʠʩʴ ʦʪ ʟʝʨʢʘʣʘ 2 ʧʦʩʪʫʧʘʝʪ ʥʘ ʬʦʪʦʧʨʦʚʦʜʷʱʫʶ ʘʥʪʝʥʥʫ 
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ʠʟ LT-GaAs, ʷʚʣʷʶʱʫʶʩʷ ʛʝʥʝʨʘʪʦʨʦʤ ʪʝʨʘʛʝʨʮʦʚʦʛʦ ʠʟʣʫʯʝʥʠʷ. ɺʪʦʨʦʡ ʣʫʯ 

ʥʘʧʨʘʚʣʷʝʪʩʷ ʥʘ ʣʠʥʠʶ ʤʝʜʣʝʥʥʦʡ ʟʘʜʝʨʞʢʠ, ʧʦʩʣʝ ʯʝʛʦ ʦʪʨʘʞʘʝʪʩʷ ʦʪ ʟʝʨʢʘʣʘ 3 ʠ 

ʬʦʢʫʩʠʨʫʝʪʩʷ ʥʘ ʜʝʪʝʢʪʦʨʝ (LT-GaAs). 

ʇʠʢʦʩʝʢʫʥʜʥʳʝ ʠʤʧʫʣʴʩʳ ʊɻʮ ʠʟʣʫʯʝʥʠʷ ʬʦʢʫʩʠʨʫʶʪʩʷ ʥʘ ʦʙʨʘʟʮʝ 

ʩ ʧʦʤʦʱʴʶ ʜʚʫʭ ʧʘʨʘʙʦʣʠʯʝʩʢʠʭ ʟʝʨʢʘʣ. ʉ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʙʳʩʪʨʦʡ ʣʠʥʠʠ 

ʟʘʜʝʨʞʢʠ ʚʦʟʤʦʞʥʦ ʧʦʩʪʨʦʠʪʴ ʚʦʣʥʦʚʦʡ ʬʨʦʥʪ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ ʊɻʮ 

ʠʟʣʫʯʝʥʠʷ. ɺ ʨʝʟʫʣʴʪʘʪʝ, ʧʦʩʣʝ ʧʨʠʤʝʥʝʥʠʷ ʌʫʨʴʝ-ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʢ ʧʦʣʫʯʝʥʥʦʤʫ 

ʚʦʣʥʦʚʦʤʫ ʬʨʦʥʪʫ ʫʜʘʝʪʩʷ ʦʩʫʱʝʩʪʚʠʪʴ ʧʝʨʝʭʦʜ ʠʟ ʚʨʝʤʝʥʥʦʛʦ ʧʨʝʜʩʪʘʚʣʝʥʠʷ 

ʠʩʭʦʜʥʦʛʦ ʩʠʛʥʘʣʘ ʚ ʯʘʩʪʦʪʥʦʝ. ʆʪʥʦʰʝʥʠʝ ʩʧʝʢʪʨʦʚ, ʧʦʣʫʯʝʥʥʳʭ ʧʨʠ ʥʘʭʦʞʜʝʥʠʠ 

ʦʙʨʘʟʮʘ ʚ ʜʝʨʞʘʪʝʣʝ ʠ ʧʨʠ ʝʛʦ ʦʪʩʫʪʩʪʚʠʠ ʚ ʢʦʥʝʯʥʦʤ ʠʪʦʛʝ ʷʚʣʷʝʪʩʷ ʯʘʩʪʦʪʥʳʤʠ 

ʟʘʚʠʩʠʤʦʩʪʷʤʠ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʧʨʦʭʦʞʜʝʥʠʷ, ʦʪʨʘʞʝʥʠʷ ʠ ʧʦʛʣʦʱʝʥʠʷ. 

ʉʭʝʤʘ ʩʧʝʢʪʨʦʤʝʪʨʘ TeraVil T-Spec 1000, ʧʨʠʚʝʜʝʥʘ ʥʘ ʨʠʩʫʥʢʝ 5. 

 

 

ʈʠʩʫʥʦʢ 1.6 ï ʉʭʝʤʘ ʩʧʝʢʪʨʦʤʝʪʨʘ TeraVil T-Spec 1000 ʩ ʨʘʟʨʝʰʝʥʠʝʤ ʧʦ ʚʨʝʤʝʥʠ 

 

ʊʝʨʘʛʝʨʮʦʚʳʝ ʤʝʪʦʜʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 

ʤʘʪʝʨʠʘʣʦʚ, ʨʘʩʩʤʦʪʨʝʥʥʳʝ ʚ ʜʘʥʥʦʤ ʨʘʟʜʝʣʝ, ʧʨʝʞʜʝ ʚʩʝʛʦ ʦʪʣʠʯʘʶʪʩʷ 

ʧʨʠʥʮʠʧʦʤ ʛʝʥʝʨʘʮʠʠ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʛʦ ʠʟʣʫʯʝʥʠʷ: ʥʝʧʨʝʨʳʚʥʳʤ ʧʨʠ 

ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʃʆɺ ʠ ʠʤʧʫʣʴʩʥʳʤ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʬʝʤʪʦʩʝʢʫʥʜʥʦʛʦ ʣʘʟʝʨʘ. 

ʅʝʧʨʝʨʳʚʥʳʡ ʤʝʪʦʜ ʃʆɺ-ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʪʨʝʙʫʝʪ ʙʦʣʴʰʠʭ ʚʨʝʤʝʥʥʳʭ ʟʘʪʨʘʪ ʜʣʷ 

ʧʨʦʚʝʜʝʥʠʷ ʠʟʤʝʨʝʥʠʡ ʚ ʰʠʨʦʢʦʡ ʧʦʣʦʩʝ ʯʘʩʪʦʪ, ʧʦʩʢʦʣʴʢʫ ʥʝʦʙʭʦʜʠʤʘ ʩʤʝʥʘ 

ʃʆɺ ʠ ʶʩʪʠʨʦʚʢʘ ʢʚʘʟʠʦʧʪʠʯʝʩʢʦʛʦ ʢʘʥʘʣʘ ʧʝʨʝʜʘʯʠ ʧʦʩʣʝ ʢʘʞʜʦʡ ʟʘʤʝʥʳ. 

ʇʨʝʠʤʫʱʝʩʪʚʦʤ ʃʆɺ-ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʷʚʣʷʝʪʩʷ ʪʦ, ʯʪʦ ʠʩʧʦʣʴʟʫʝʪʩʷ ʛʘʨʤʦʥʠʯʝʩʢʦʝ 
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ʠʟʣʫʯʝʥʠʝ, ʢʦʪʦʨʦʝ ʚʟʘʠʤʦʜʝʡʩʪʚʫʝʪ ʩ ʦʙʲʝʢʪʦʤ ʜʣʠʪʝʣʴʥʦʝ ʚʨʝʤʷ.  ɺʨʝʤʷ-

ʠʤʧʫʣʴʩʥʘʷ ʩʧʝʢʪʨʦʩʢʦʧʠʷ ʩʫʱʝʩʪʚʝʥʥʦ ʩʦʢʨʘʱʘʝʪ ʚʨʝʤʷ ʧʨʦʚʝʜʝʥʠʷ, ʧʦʵʪʦʤʫ ʦʥ 

ʙʦʣʝʝ ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʫʝʪʩʷ ʚ ʤʠʨʦʚʦʤ ʥʘʫʯʥʦʤ ʩʦʦʙʱʝʩʪʚʝ. ʆʜʥʘʢʦ ʠʤʧʫʣʴʩʥʦʝ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʧʦʩʨʝʜʩʪʚʦʤ ʩʧʝʢʪʨʦʤʝʪʨʘ T-Spec 1000 ʤʦʞʝʪ ʥʝ ʚʦʟʙʫʜʠʪʴ 

ʚʳʩʦʢʦʜʦʙʨʦʪʥʳʝ ʢʦʣʝʙʘʪʝʣʴʥʳʝ ʧʨʦʮʝʩʩʳ ʜʠʧʦʣʴʥʳʭ ʩʪʨʫʢʪʫʨ ʚ ʤʘʪʝʨʠʘʣʝ ʠʟ-ʟʘ 

ʤʘʣʦʡ ʜʣʠʪʝʣʴʥʦʩʪʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ. ʄʝʪʦʜ ʨʘʩʯʝʪʘ ʤʘʪʝʨʠʘʣʴʥʳʭ ʧʘʨʘʤʝʪʨʦʚ 

(ʢʦʤʧʣʝʢʩʥʦʡ ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʡ ʠ ʤʘʛʥʠʪʥʦʡ ʧʨʦʥʠʮʘʝʤʦʩʪʠ) ʚ ʧʦʩʪʘʚʣʷʝʤʦʤ 

ʧʨʦʛʨʘʤʤʥʦʤ ʦʙʝʩʧʝʯʝʥʠʠ TeraVil ʦʩʥʦʚʘʥ ʥʘ ʘʣʛʦʨʠʪʤʝ ʅʝʣʜʝʨʘ ï ʄʠʜʘ [74]. 

 

1.3.3 ʏʠʩʣʝʥʥʳʝ ʤʝʪʦʜʳ ʨʘʩʯʝʪʘ ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʡ ʧʨʦʥʠʮʘʝʤʦʩʪʠ 

 

ʕʣʝʢʪʨʦʤʘʛʥʠʪʥʳʡ ʦʪʢʣʠʢ, ʧʦʣʫʯʝʥʥʳʡ ʧʨʠ ʠʟʤʝʨʝʥʠʠ ʤʘʪʝʨʠʘʣʦʚ 

ʜʣʷ ʧʦʣʥʦʮʝʥʥʦʛʦ ʘʥʘʣʠʟʘ, ʤʦʞʝʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥ ʜʣʷ ʨʘʩʯʸʪʘ ʤʘʪʝʨʠʘʣʴʥʳʭ 

ʧʘʨʘʤʝʪʨʦʚ, ʥʘʧʨʠʤʝʨ, ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʡ ʧʨʦʥʠʮʘʝʤʦʩʪʠ. ɽʩʣʠ ʚ ʨʝʟʫʣʴʪʘʪʝ 

ʠʟʤʝʨʝʥʠʡ ʦʙʨʘʟʮʘ ʜʠʵʣʝʢʪʨʠʢʘ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʢʦʵʬʬʠʮʠʝʥʪ ʧʨʦʭʦʞʜʝʥʠʷ ʠ 

ʬʘʟʦʚʳʡ ʩʜʚʠʛ, ʪʦ ʟʥʘʷ ʪʦʣʱʠʥʫ ʦʙʨʘʟʮʘ, ʯʘʩʪʦʪʫ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʛʦ ʠʟʣʫʯʝʥʠʷ 

ʤʦʞʥʦ ʚʳʯʠʩʣʠʪʴ ʢʦʤʧʣʝʢʩʥʫʶ ʜʠʵʣʝʢʪʨʠʯʝʩʢʫʶ ʧʨʦʥʠʮʘʝʤʦʩʪʴ ʤʘʪʝʨʠʘʣʘ. 

ʅʘʧʨʠʤʝʨ, ʝʩʣʠ ʠʟʤʝʨʝʥʠʷ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʛʦ ʦʪʢʣʠʢʘ ʧʨʦʠʟʚʦʜʠʣʠʩʴ ʚ 

ʩʚʦʙʦʜʥʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ ʧʨʠ ʥʦʨʤʘʣʴʥʦʤ ʧʘʜʝʥʠʠ ʧʣʦʩʢʦʡ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʡ 

ʚʦʣʥʳ ʥʘ ʠʩʩʣʝʜʫʝʤʳʡ ʦʙʨʘʟʝʮ ʠ ʜʣʷ ʥʝʛʦ ʩʦʙʣʶʜʘʣʦʩʴ ʫʩʣʦʚʠʝ 

ʧʣʦʩʢʦʧʘʨʘʣʣʝʣʴʥʦʩʪʠ, ʪʦ ʦʧʨʝʜʝʣʠʪʴ ʜʠʵʣʝʢʪʨʠʯʝʩʢʫʶ ʧʨʦʥʠʮʘʝʤʦʩʪʴ ʤʦʞʥʦ ʧʨʠ 

ʧʦʤʦʱʠ ʬʦʨʤʫʣ ʌʨʝʥʝʣʷ (19). ʆʜʥʘʢʦ ʧʨʠ ʧʦʜʩʪʘʥʦʚʢʝ ʚʩʝʭ ʟʥʘʯʝʥʠʡ ʚ (19) ʤʳ 

ʧʦʣʫʯʘʝʤ ʩʠʩʪʝʤʫ ʪʨʘʥʩʮʝʥʜʝʥʪʥʳʭ ʫʨʘʚʥʝʥʠʡ ʟʘʚʠʩʷʱʠʭ ʦʪ ʜʚʫʭ ʧʝʨʝʤʝʥʥʳʭ 

(ʜʝʡʩʪʚʠʪʝʣʴʥʦʡ ʀ ʠ ʤʥʠʤʦʡ ʀ ʯʘʩʪʠ ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʡ ʧʨʦʥʠʮʘʝʤʦʩʪʠ). ʈʝʰʠʪʴ 

ʜʘʥʥʫʶ ʩʠʩʪʝʤʫ ʤʦʞʥʦ ʯʠʩʣʝʥʥʦ, ʥʘʧʨʠʤʝʨ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʪʘʙʣʠʯʥʦʛʦ ʤʝʪʦʜʘ 

ʦʪʜʝʣʝʥʠʷ ʢʦʨʥʝʡ. ɼʣʷ ʵʪʦʛʦ ʥʝʦʙʭʦʜʠʤʦ ʧʦʜʩʪʘʚʣʷʪʴ ʚ ʫʨʘʚʥʝʥʠʷ ʟʥʘʯʝʥʠʷ ʀ, ʀ 

ʠ ʧʦʧʝʨʝʤʝʥʥʦ ʠʟʤʝʥʷʪʴ ʠʭ ʟʥʘʯʝʥʠʷ ʩ ʦʧʨʝʜʝʣʝʥʥʳʤ ʰʘʛʦʤ, ʥʘʧʨʠʤʝʨ ʩ ʧʦʤʦʱʴʶ 

ʮʠʢʣʘ ʜʣʷ ʧʝʨʝʙʦʨʘ ʟʥʘʯʝʥʠʡ ʀ ʚʣʦʞʝʥʥʦʛʦ ʚ ʮʠʢʣ ʧʝʨʝʙʦʨʘ ʟʥʘʯʝʥʠʡ ʀ.  

ʅʝʜʦʩʪʘʪʢʦʤ ʪʘʙʣʠʯʥʦʛʦ ʤʝʪʦʜʘ ʦʪʜʝʣʝʥʠʷ ʢʦʨʥʝʡ ʷʚʣʷʝʪʩʷ ʣʠʥʝʡʥʘʷ 

ʟʘʚʠʩʠʤʦʩʪʴ ʚʨʝʤʝʥʠ ʚʳʧʦʣʥʝʥʠʷ ʦʪ ʨʘʟʤʝʨʘ ʤʘʩʩʠʚʘ ʜʘʥʥʳʭ. ʊʦ ʝʩʪʴ ʧʨʠ ʙʦʣʴʰʦʤ 
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ʜʠʘʧʘʟʦʥʝ ʠʣʠ ʤʘʣʦʤ ʰʘʛʝ ʧʦʠʩʢʘ ʢʦʨʥʝʡ ʙʫʜʝʪ ʟʘʪʨʘʯʝʥʦ ʟʥʘʯʠʪʝʣʴʥʦ ʙʦʣʴʰʝ 

ʚʨʝʤʝʥʥʳʭ ʠʣʠ ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ ʨʝʩʫʨʩʦʚ ʚ ʩʨʘʚʥʝʥʠʠ ʩ ʧʨʦʪʠʚʦʧʦʣʦʞʥʳʤʠ 

ʧʘʨʘʤʝʪʨʘʤʠ ʧʦʠʩʢʘ. ʆʜʥʘʢʦ ʜʘʥʥʳʡ ʤʝʪʦʜ ʦʙʣʘʜʘʝʪ ʥʘʜʸʞʥʦʡ ʩʭʦʜʠʤʦʩʪʴʶ [75]. 

ʉʫʱʝʩʪʚʫʶʪ ʯʠʩʣʝʥʥʳʝ ʤʝʪʦʜʳ, ʢʦʪʦʨʳʝ ʧʦʟʚʦʣʷʶʪ ʫʩʢʦʨʠʪʴ ʩʭʦʜʠʤʦʩʪʴ 

ʨʝʟʫʣʴʪʘʪʘ. ʅʘʧʨʠʤʝʨ, ʤʝʪʦʜ ʜʠʭʦʪʦʤʠʠ ʠʣʠ ʜʚʦʠʯʥʦʛʦ ʧʦʠʩʢʘ (ʨʠʩʫʥʦʢ 1.7 ʘ) 

ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʜʝʣʝʥʠʠ ʜʠʘʧʘʟʦʥʘ ʧʦʠʩʢʘ ʧʦʧʦʣʘʤ, ʚʳʯʠʩʣʝʥʠʷ ʬʫʥʢʮʠʠ ὪὼӶ ʠ 

ʜʘʣʴʥʝʡʰʝʛʦ ʚʳʙʦʨʘ ʧʦʣʦʚʠʥʳ ʦʪʨʝʟʢʘ, ʥʘ ʢʦʥʮʘʭ ʢʦʪʦʨʦʛʦ Ὢὼ ʠʤʝʝʪ ʨʘʟʥʳʝ 

ʟʥʘʢʠ. ɺʳʯʠʩʣʠʪʝʣʴʥʘʷ ʩʣʦʞʥʦʩʪʴ ʜʘʥʥʦʛʦ ʤʝʪʦʜʘ ʚ ʩʨʝʜʥʝʤ ʠʤʝʝʪ 

ʣʦʛʘʨʠʬʤʠʯʝʩʢʫʶ ʟʘʚʠʩʠʤʦʩʪʴ. 

ɺ ʟʘʜʘʯʘʭ ʫʪʦʯʥʝʥʠʷ ʢʦʨʥʷ ʪʘʢʞʝ ʧʨʠʤʝʥʷʶʪ ʙʦʣʝʝ ʙʳʩʪʨʳʝ ʘʣʛʦʨʠʪʤʳ [76]: 

ʤʝʪʦʜ ʭʦʨʜ, ʤʝʪʦʜ ʅʴʶʪʦʥʘ (ʤʝʪʦʜ ʢʘʩʘʪʝʣʴʥʳʭ) (ʨʠʩʫʥʦʢ 1.7 ʙ), ʤʝʪʦʜ ʩʝʢʫʱʠʭ 

(ʨʠʩʫʥʦʢ 1.7 ʚ). 

 
  

ʘ ʙ ʚ 

ʘ ï ʤʝʪʦʜ ʜʠʭʦʪʦʤʠʠ, ʙ ï ʤʝʪʦʜ ʅʴʶʪʦʥʘ, ʚ ï ʤʝʪʦʜ ʩʝʢʫʱʠʭ 

ʈʠʩʫʥʦʢ 1.7 ï ʏʠʩʣʝʥʥʳʝ ʤʝʪʦʜʳ ʨʝʰʝʥʠʷ ʪʨʘʥʩʮʝʥʜʝʥʪʥʳʭ ʫʨʘʚʥʝʥʠʡ [76] 

 

ɺ ʦʙʱʝʤ ʚʠʜʝ ʬʦʨʤʫʣʘ ʤʝʪʦʜʘ ʅʴʶʪʦʥʘ ʠʤʝʝʪ ʚʠʜ: 

ὼ ὼ
ὼ Ὢὼ

Ὢ ὼ
 (20) 

ʛʜʝ ὼ - ʪʝʢʫʱʝʝ ʧʨʠʙʣʠʞʝʥʠʝ ʢʦʨʥʷ, ὼ  - ʦʯʝʨʝʜʥʦʝ ʧʨʠʙʣʠʞʝʥʠʝ ʢʦʨʥʷ, ʘ 

Ὢ ὼ  - ʧʨʦʠʟʚʦʜʥʘʷ ʬʫʥʢʮʠʠ ʚ ʪʦʯʢʝ ʪʝʢʫʱʝʛʦ ʧʨʠʙʣʠʞʝʥʠʷ ʢʦʨʥʷ. 

ɺ ʩʚʦʶ ʦʯʝʨʝʜʴ ʬʦʨʤʫʣʘ ʤʝʪʦʜʘ ʩʝʢʫʱʠʭ ʚ ʦʙʱʝʤ ʚʠʜʝ: 

ὼ ὼ
ὼ ὼ

Ὢὼ Ὢὼ
Ὢὼ  (21) 

ʛʜʝ ὼ  - ʧʨʝʜʳʜʫʱʝʝ ʧʨʠʙʣʠʞʝʥʠʝ ʢʦʨʥʷ. 
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ʆʙʘ ʤʝʪʦʜʘ ʦʪʣʠʯʘʶʪʩʷ ʚʳʩʦʢʦʡ ʩʢʦʨʦʩʪʴʶ ʩʭʦʜʠʤʦʩʪʠ, ʦʜʥʘʢʦ ʤʝʪʦʜ 

ʩʝʢʫʱʠʭ ʥʝʤʥʦʛʦ ʫʩʪʫʧʘʝʪ ʤʝʪʦʜʫ ʅʴʶʪʦʥʘ. ʅʝʜʦʩʪʘʪʢʦʤ ʤʝʪʦʜʘ ʅʴʶʪʦʥʘ 

ʷʚʣʷʝʪʩʷ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʚ ʢʘʞʜʦʡ ʪʦʯʢʝ ʚʳʯʠʩʣʷʪʴ ʧʨʦʠʟʚʦʜʥʫʶ ʬʫʥʢʮʠʠ, ʪʦ ʝʩʪʴ 

ʩʢʦʨʦʩʪʴ ʩʭʦʜʠʤʦʩʪʠ ʙʫʜʝʪ ʟʘʚʝʩʠʪʴ ʝʱʝ ʠ ʦʪ ʩʣʦʞʥʦʩʪʠ ʬʫʥʢʮʠʠ. ɺ ʩʨʝʜʥʝʤ, 

ʜʘʥʥʳʝ ʤʝʪʦʜʳ ʠʤʝʶʪ ʢʚʘʜʨʘʪʠʯʥʫʶ ʚʳʯʠʩʣʠʪʝʣʴʥʫʶ ʩʣʦʞʥʦʩʪʴ. 

ɺ ʣʠʪʝʨʘʪʫʨʝ ʠʟʚʝʩʪʥʳ ʧʨʠʤʝʨʳ ʨʘʟʣʠʯʥʳʭ ʤʦʜʠʬʠʢʘʮʠʡ ʯʠʩʣʝʥʥʳʭ 

ʤʝʪʦʜʦʚ [77-79], ʘ ʪʘʢʞʝ ʤʝʪʦʜʳ, ʦʩʥʦʚʘʥʥʳʝ, ʥʘʧʨʠʤʝʨ, ʥʘ ʘʧʧʨʦʢʩʠʤʘʮʠʠ 

ʤʝʪʦʜʦʤ ʥʘʠʤʝʥʴʰʠʭ ʢʚʘʜʨʘʪʦʚ [80]. ɼʘʥʥʳʡ ʤʝʪʦʜ ʤʦʞʝʪ ʠʤʝʪʴ ʙʦʣʝʝ ʚʳʩʦʢʫʶ 

ʣʦʢʘʣʴʥʫʶ ʩʭʦʜʠʤʦʩʪʴ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʤʝʪʦʜʦʤ ʅʴʶʪʦʥʘ, ʦʜʥʘʢʦ ʥʘ ʠʪʝʨʘʮʠʠ 

ʠʤʝʝʪ ʙʦʣʝʝ ʚʳʩʦʢʫʶ ʪʨʫʜʦʝʤʢʦʩʪʴ. 

 

1.4  ʊʝʨʘʛʝʨʮʦʚʘʷ ʚʠʟʫʘʣʠʟʘʮʠʷ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ 

ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 

 

ʇʨʦʮʝʩʩ ʧʨʦʠʟʚʦʜʩʪʚʘ ʢʦʤʧʦʟʠʪʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʥʘʙʦʨ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʦʧʝʨʘʮʠʡ [81], ʚ ʭʦʜʝ ʚʳʧʦʣʥʝʥʠʷ ʢʦʪʦʨʳʭ ʚʦʟʥʠʢʘʝʪ ʤʥʦʞʝʩʪʚʦ 

ʨʘʟʣʠʯʥʳʭ ʪʠʧʦʚ ʜʝʬʝʢʪʦʚ, ʥʘʧʨʠʤʝʨ, ʨʘʩʩʣʦʝʥʠʷ, ʧʫʩʪʦʪʳ, ʚʢʣʶʯʝʥʠʷ, ʪʨʝʱʠʥʳ, 

ʜʝʬʝʢʪʳ ʚʳʨʘʚʥʠʚʘʥʠʷ ʚʦʣʦʢʦʥ ʠ ʪ.ʜ. ʂʨʦʤʝ ʪʦʛʦ, ʜʝʬʝʢʪʳ ʚʦʟʥʠʢʘʶʪ ʠ ʚ ʧʨʦʮʝʩʩʝ 

ʜʘʣʴʥʝʡʰʝʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʤʘʪʝʨʠʘʣʦʚ. 

ɺ ʵʪʦʤ ʢʦʥʪʝʢʩʪʝ ʢʦʥʪʨʦʣʴ ʢʘʯʝʩʪʚʘ ʤʘʪʝʨʠʘʣʦʚ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ 

ʬʫʥʜʘʤʝʥʪʘʣʴʥʫʶ ʯʘʩʪʴ ʧʨʦʠʟʚʦʜʩʪʚʘ ʢʦʤʧʦʟʠʪʦʚ, ʧʦʩʢʦʣʴʢʫ ʦʥ ʧʦʟʚʦʣʷʝʪ 

ʫʩʪʘʥʦʚʠʪʴ ʢʘʯʝʩʪʚʦ ʠʟʜʝʣʠʷ, ʧʨʠʥʷʪʴ ʢʦʨʨʝʢʪʠʨʫʶʱʠʝ ʤʝʨʳ ʜʣʷ ʦʧʪʠʤʠʟʘʮʠʠ 

ʧʨʦʮʝʩʩʘ ʠʟʛʦʪʦʚʣʝʥʠʷ, ʘ ʪʘʢʞʝ ʦʙʥʘʨʫʞʠʪʴ ʠ ʦʪʙʨʘʢʦʚʘʪʴ ʜʝʬʝʢʪʥʳʝ ʜʝʪʘʣʠ. 

ʂʨʦʤʝ ʪʦʛʦ, ʢʦʥʪʨʦʣʴ ʚ ʧʨʦʮʝʩʩʝ ʵʢʩʧʣʫʘʪʘʮʠʠ ʷʚʣʷʝʪʩʷ ʚʘʞʥʦʡ ʧʨʦʙʣʝʤʦʡ, 

ʧʦʩʢʦʣʴʢʫ ʦʥ ʧʦʟʚʦʣʷʝʪ ʦʪʩʣʝʞʠʚʘʪʴ ʵʚʦʣʶʮʠʶ ʢʦʤʧʦʟʠʪʘ ʚ ʪʝʯʝʥʠʝ ʝʛʦ 

ʞʠʟʥʝʥʥʦʛʦ ʮʠʢʣʘ. ɼʣʷ ʵʪʦʛʦ ʥʝʦʙʭʦʜʠʤʘ ʪʝʭʥʦʣʦʛʠʷ ʥʝʨʘʟʨʫʰʘʶʱʝʛʦ ʢʦʥʪʨʦʣʷ, 

ʢʦʪʦʨʘʷ ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʘʪʴ ʠʥʬʦʨʤʘʮʠʶ ʢʘʢ ʦ ʧʦʚʝʨʭʥʦʩʪʠ, ʪʘʢ ʠ ʦ ʚʥʫʪʨʝʥʥʝʤ 

ʩʦʩʪʦʷʥʠʠ ʢʦʤʧʦʟʠʪʥʳʭ ʤʘʪʝʨʠʘʣʦʚ [82]. 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʧʦʣʫʯʝʥʠʝ ʠʟʦʙʨʘʞʝʥʠʡ [27, 28] ʚ ʊɻʮ ʦʙʣʘʩʪʠ ʯʘʩʪʦʪ 

ʷʚʣʷʝʪʩʷ ʧʝʨʩʧʝʢʪʠʚʥʦʡ ʪʝʭʥʦʣʦʛʠʝʡ ʥʝʨʘʟʨʫʰʘʶʱʝʛʦ ʢʦʥʪʨʦʣʷ ʚ ʩʨʘʚʥʝʥʠʠ 
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ʩ ʜʨʫʛʠʤʠ ʤʝʪʦʜʘʤʠ. ʅʝʩʤʦʪʨʷ ʥʘ ʚʥʫʪʨʝʥʥʝʝ ʦʛʨʘʥʠʯʝʥʠʝ ʨʘʟʨʝʰʝʥʠʷ ʠʟ-ʟʘ 

ʜʠʬʨʘʢʮʠʦʥʥʦʛʦ ʧʨʝʜʝʣʘ, ʜʦʩʪʠʛʥʫʪʦʝ ʩʫʙʤʠʣʣʠʤʝʪʨʦʚʦʝ ʨʘʟʨʝʰʝʥʠʝ ʧʨʠ ʊɻʮ 

ʚʠʟʫʘʣʠʟʘʮʠʠ ʙʦʣʝʝ ʯʝʤ ʧʨʠʝʤʣʝʤʦ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʜʨʫʛʠʤʠ ʜʦʩʪʫʧʥʳʤʠ ʤʝʪʦʜʘʤʠ 

ʜʠʘʛʥʦʩʪʠʢʠ, ʠʩʧʦʣʴʟʫʝʤʳʤʠ ʜʣʷ ʢʦʥʪʨʦʣʷ ʢʦʤʧʦʟʠʪʦʚ, ʪ.ʝ. ʫʣʴʪʨʘʟʚʫʢʦʤ, 

ʪʝʨʤʦʛʨʘʬʠʝʡ.  

ʀʤʝʶʱʠʝʩʷ ʊɻʮ-ʫʩʪʘʥʦʚʢʠ ʤʦʞʥʦ ʨʘʟʜʝʣʠʪʴ ʥʘ ʠʤʧʫʣʴʩʥʳʝ ʩʠʩʪʝʤʳ, ʪʘʢʞʝ 

ʠʟʚʝʩʪʥʳʝ ʢʘʢ ʩʠʩʪʝʤʳ ʊɻʮ-ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʚʦ ʚʨʝʤʝʥʥʦʡ ʦʙʣʘʩʪʠ (TDS), ʠ ʩʠʩʪʝʤʳ 

ʥʝʧʨʝʨʳʚʥʦʡ ʚʦʣʥʳ (CW). 

ɺ ʠʤʧʫʣʴʩʥʦʤ ʧʦʜʭʦʜʝ ʠʟʤʝʨʷʝʪʩʷ ʵʚʦʣʶʮʠʷ ʚʦ ʚʨʝʤʝʥʠ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ 

ʧʦʣʷ ʦʜʥʦʛʦ ʊɻʮ ʠʤʧʫʣʴʩʘ. ʕʪʦ ʧʦʟʚʦʣʷʝʪ ʠʟʚʣʝʯʴ ʙʦʣʴʰʦʡ ʦʙʲʝʤ ʠʥʬʦʨʤʘʮʠʠ, ʪʘʢ 

ʢʘʢ ʥʘ ʦʩʥʦʚʝ ʌʫʨʴʝ-ʘʥʘʣʠʟʘ ʤʦʞʥʦ ʧʦʣʫʯʠʪʴ ʯʘʩʪʦʪʥʦ-ʟʘʚʠʩʠʤʫʶ ʠʥʬʦʨʤʘʮʠʶ 

ʦʙ ʘʤʧʣʠʪʫʜʝ ʠ ʬʘʟʝ, ʢʦʪʦʨʘʷ ʤʦʞʝʪ ʙʳʪʴ ʩʚʷʟʘʥʘ ʩ ʥʝʩʢʦʣʴʢʠʤʠ ʬʠʟʠʯʝʩʢʠʤʠ 

ʩʚʦʡʩʪʚʘʤʠ ʢʦʤʧʦʟʠʪʥʦʛʦ ʤʘʪʝʨʠʘʣʘ, ʯʝʨʝʟ ʢʦʪʦʨʳʡ ʧʨʦʰʣʘ ʚʦʣʥʘ. 

ʊɻʮ CW ʩʠʩʪʝʤʳ ʙʳʣʠ ʨʘʟʨʘʙʦʪʘʥʳ ʜʣʷ ʬʦʨʤʠʨʦʚʘʥʠʷ ʠʟʦʙʨʘʞʝʥʠʡ 

ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʠʟʣʫʯʝʥʠʷ, ʛʝʥʝʨʠʨʫʝʤʦʛʦ ʨʘʟʣʠʯʥʳʤʠ ʤʝʪʦʜʘʤʠ, ʪʘʢʠʤʠ ʢʘʢ 

ʬʦʪʦʩʤʝʰʝʥʠʝ [83] ʠʣʠ ʢʚʘʥʪʦʚʦ-ʢʘʩʢʘʜʥʳʝ ʣʘʟʝʨʳ [84], ʠ ʩʧʦʩʦʙʥʳ ʜʘʪʴ 

ʚʧʝʯʘʪʣʷʶʱʠʝ ʨʝʟʫʣʴʪʘʪʳ [85], ʥʦ ʦʙʳʯʥʦ ʦʪʣʠʯʘʶʪʩʷ ʚʳʩʦʢʦʡ ʩʪʦʠʤʦʩʪʴʶ ʠ 

ʩʣʦʞʥʦʩʪʴʶ. ɿʘʯʘʩʪʫʶ, ʜʣʷ ʥʝʢʦʪʦʨʳʭ ʟʘʜʘʯ [86] ʥʝʦʙʭʦʜʠʤ ʠʩʪʦʯʥʠʢ ʊɻʮ 

ʠʟʣʫʯʝʥʠʷ ʩ ʜʦʩʪʘʪʦʯʥʦʡ ʤʦʱʥʦʩʪʴʶ. ɺʘʢʫʫʤʥʳʝ ʵʣʝʢʪʨʦʥʥʳʝ ʫʩʪʨʦʡʩʪʚʘ 

ʩ ʚʳʩʦʢʦʡ ʚʳʭʦʜʥʦʡ ʤʦʱʥʦʩʪʴʶ ʤʦʛʫʪ ʙʳʪʴ ʦʜʥʠʤ ʠʟ ʧʦʜʭʦʜʷʱʠʭ ʚʘʨʠʘʥʪʦʚ 

ʠʩʪʦʯʥʠʢʦʚ ʊɻʮ ʠʟʣʫʯʝʥʠʷ. 

ʃʘʤʧʘ ʦʙʨʘʪʥʦʡ ʚʦʣʥʳ (ʃʆɺ) ʤʦʞʝʪ ʧʨʦʠʟʚʦʜʠʪʴ CW ʪʝʨʘʛʝʨʮʦʚʳʝ ʚʦʣʥʳ 

ʤʦɦʥʦʩʪʴʶ ʜʦ ʥʝʩʢʦʣʴʢʠʭ ʩʦʪʝʥ ʤɺʪ ʩ ʧʨʝʠʤʫʱʝʩʪʚʘʤʠ ʧʨʦʩʪʦʡ ʩʪʨʫʢʪʫʨʳ, 

ʤʘʣʦʛʦ ʦʙʲʝʤʘ, ʤʘʣʦʛʦ ʚʝʩʘ, ʨʘʙʦʪʳ ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʠ ʧʝʨʝʩʪʨʦʡʢʠ 

ʯʘʩʪʦʪʳ ʚ ʰʠʨʦʢʦʤ ʜʠʘʧʘʟʦʥʝ [87-89]. ʆʪʣʠʯʠʪʝʣʴʥʳʝ ʦʩʦʙʝʥʥʦʩʪʠ ʃʆɺ ʚʢʣʶʯʘʶʪ 

ʚʳʩʦʢʫʶ ʩʪʝʧʝʥʴ ʧʦʣʷʨʠʟʘʮʠʠ ʠ ʤʦʥʦʭʨʦʤʘʪʠʯʥʦʩʪʠ ʠʟʣʫʯʝʥʠʷ, ʘ ʪʘʢʞʝ 

ʚʦʟʤʦʞʥʦʩʪʴ ʥʝʧʨʝʨʳʚʥʦʡ ʥʘʩʪʨʦʡʢʠ ʯʘʩʪʦʪʳ ʢʦʣʝʙʘʥʠʡ, ʢʦʪʦʨʘʷ ʟʘʚʠʩʠʪ 

ʦʪ ʧʨʠʣʦʞʝʥʥʦʛʦ ʚʳʩʦʢʦʛʦ ʥʘʧʨʷʞʝʥʠʷ. ʅʘʙʦʨ ʠʟ 13 ʃʆɺ ʦʭʚʘʪʳʚʘʝʪ ʜʠʘʧʘʟʦʥ 

ʯʘʩʪʦʪ 30,0 ɻɻʮï1,5 ʊɻʮ [90]. 
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CW ʤʝʪʦʜ ʪʘʢʞʝ ʦʙʝʩʧʝʯʠʚʘʝʪ ʙʦʣʝʝ ʚʳʩʦʢʦʝ ʦʪʥʦʰʝʥʠʝ ʩʠʛʥʘʣ/ʰʫʤ (SNR) 

ʠ ʙʦʣʝʝ ʚʳʩʦʢʫʶ ʣʠʥʝʡʥʦʩʪʴ ʠʟʤʝʨʝʥʠʡ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʠʤʧʫʣʴʩʥʳʤ ʤʝʪʦʜʦʤ. 

ʆʜʥʘʢʦ, ʥʝʩʤʦʪʨʷ ʥʘ ʠʭ ʤʥʦʛʦʯʠʩʣʝʥʥʳʝ ʧʨʝʠʤʫʱʝʩʪʚʘ, ʜʦ ʩʠʭ ʧʦʨ ʪʦʣʴʢʦ ʦʯʝʥʴ 

ʦʛʨʘʥʠʯʝʥʥʳʝ ʤʝʪʦʜʳ, ʦʩʥʦʚʘʥʥʳʝ ʥʘ ʥʝʧʨʝʨʳʚʥʦʤ ʠʟʣʫʯʝʥʠʠ, 

ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʣʠ ʚʠʟʫʘʣʠʟʘʮʠʶ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʥʝʧʨʝʨʳʚʥʦʡ ʊɻʮ-ʚʦʣʥʳ [32]. 

ɺ ʩʠʩʪʝʤʘʭ ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʠ ʚʠʟʫʘʣʠʟʘʮʠʠ ʩʪʘʙʠʣʴʥʦʩʪʴ ʠʟʤʝʨʝʥʠʡ ʷʚʣʷʝʪʩʷ ʝʱʝ 

ʦʜʥʠʤ ʚʘʞʥʳʤ ʧʦʢʘʟʘʪʝʣʝʤ. ʕʪʦ ʦʩʦʙʝʥʥʦ ʚʝʨʥʦ ʚ ʛʦʤʦʜʠʥʥʦʡ ʩʠʩʪʝʤʝ (ʨʠʩʫʥʦʢ 

1.8) ʩ ʵʣʝʢʪʨʦʦʧʪʠʯʝʩʢʠʤ ʬʘʟʦʚʳʤ (EO) ʤʦʜʫʣʷʪʦʨʦʤ [33], ʢʦʛʜʘ ʨʘʟʜʝʣʝʥʥʘʷ 

ʩʚʝʪʦʚʘʷ ʚʦʣʥʘ ʨʘʩʧʨʦʩʪʨʘʥʷʝʪʩʷ ʧʦ ʦʪʜʝʣʴʥʳʤ ʧʫʪʷʤ ʦʪ ʜʝʣʠʪʝʣʝʡ ʤʦʱʥʦʩʪʠ 

ʧʦʩʣʝ ʚʦʣʦʢʦʥʥʦ-ʦʧʪʠʯʝʩʢʦʛʦ ʫʩʠʣʠʪʝʣʷ ʢ ʦʙʲʝʜʠʥʠʪʝʣʷʤ ʤʦʱʥʦʩʪʠ ʧʝʨʝʜ 

ʠʟʣʫʯʘʪʝʣʝʤ ʠ ʜʝʪʝʢʪʦʨʦʤ.  

 

 

ʈʠʩʫʥʦʢ 1.8 ï ʉʭʝʤʘ ʩʠʩʪʝʤʳ ʛʦʤʦʜʠʥʥʦʡ ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʠ ʚʠʟʫʘʣʠʟʘʮʠʠ CW-

ʊɻʮ ʩ ʵʣʝʢʪʨʦʦʧʪʠʯʝʩʢʦʡ ʬʘʟʦʚʦʡ ʤʦʜʫʣʷʮʠʝʡ ʠ ʧʨʷʤʳʤ ʜʝʪʝʢʪʠʨʦʚʘʥʠʝʤ 

ʩ ʬʠʢʩʘʮʠʝʡ [33] 

 

ʇʦʩʢʦʣʴʢʫ ʩʚʝʪʦʚʘʷ ʚʦʣʥʘ ʠʤʝʝʪ ʦʯʝʥʴ ʢʦʨʦʪʢʫʶ ʜʣʠʥʫ ʚʦʣʥʳ, 

ʥʝʦʜʥʦʟʥʘʯʥʦʩʪʴ ʪʝʤʧʝʨʘʪʫʨʳ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ ʤʦʞʝʪ ʚʳʟʚʘʪʴ ʦʯʝʥʴ 

ʯʫʚʩʪʚʠʪʝʣʴʥʦʝ ʠʟʤʝʥʝʥʠʝ ʬʘʟʳ. 

ɺ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʵʣʝʢʪʨʦʬʠʟʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʠʩʩʣʝʜʫʝʤʳʭ ʤʘʪʝʨʠʘʣʦʚ, 

ʯʘʩʪʦʪʥʦʛʦ ʜʠʘʧʘʟʦʥʘ, ʩʫʱʝʩʪʚʫʶʪ ʜʚʝ ʩʭʝʤʳ ʠʟʤʝʨʝʥʠʷ ʨʘʩʧʨʝʜʝʣʝʥʠʷ 

ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʛʦ ʦʪʢʣʠʢʘ ʦʪ ʦʙʨʘʟʮʘ ʤʘʪʝʨʠʘʣʘ. ʅʘ ʨʠʩʫʥʢʝ 1.9ʘ ʧʦʢʘʟʘʥʘ ʩʭʝʤʘ 

ʠʟʤʝʨʝʥʠʷ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʛʦ ʦʪʢʣʠʢʘ ʜʣʷ ʤʘʪʝʨʠʘʣʦʚ ʩ ʤʘʣʳʤʠ 

ʜʠʵʣʝʢʪʨʠʯʝʩʢʠʤʠ ʧʦʪʝʨʷʤʠ.  
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ʘ ï ʩʭʝʤʘ ʠʟʤʝʨʝʥʠʷ ʥʘ çʧʨʦʭʦʜè; ʙ ï ʩʭʝʤʘ ʠʟʤʝʨʝʥʠʷ ʥʘ çʦʪʨʘʞʝʥʠʝè 

ʈʠʩʫʥʦʢ 1.9 ï ʉʭʝʤʘ ʠʟʤʝʨʝʥʠʷ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʛʦ ʦʪʢʣʠʢʘ 

 

ɺ ɻʪʦʤ ʩʣʫʯʘʝ (ʨʠʩʫʥʦʢ 1.9ʘ) ʠʩʪʦʯʥʠʢ ʠ ʜʝʪʝʢʪʦʨ ʨʘʩʧʦʣʦʞʝʥʳ ʥʘ ʦʜʥʦʡ ʦʩʠ 

ʢʚʘʟʠʦʧʪʠʯʝʩʢʦʛʦ ʪʨʘʢʪʘ. ʀʩʩʣʝʜʫʝʤʳʡ ʦʙʨʘʟʝʮ ʬʠʢʩʠʨʫʝʪʩʷ ʚ ʤʝʭʘʥʠʟʠʨʦʚʘʥʥʦʡ 

ʩʠʩʪʝʤʝ ʜʚʫʤʝʨʥʦʛʦ ʧʝʨʝʤʝʱʝʥʠʷ ʦʪʥʦʩʠʪʝʣʴʥʦ ʧʘʜʘʶʱʝʛʦ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʛʦ 

ʠʟʣʫʯʝʥʠʷ. ɽʩʣʠ ʦʙʲʝʢʪ ʠʤʝʝʪ ʚʳʩʦʢʠʡ ʢʦʵʬʬʠʮʠʝʥʪ ʧʦʛʣʦʱʝʥʠʷ, 

ʧʨʝʜʧʦʯʪʠʪʝʣʴʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʜʣʷ ʚʠʟʫʘʣʠʟʘʮʠʠ ʩʭʝʤʫ ʨʝʬʣʝʢʪʦʤʝʪʨʠʠ (ʨʠʩʫʥʦʢ 

1.9ʙ). 

ʇʨʠʝʤʥʠʢʠ ʊɻʮ ʠʟʣʫʯʝʥʠʷ ʢʣʘʩʩʠʬʠʢʘʮʠʦʥʥʦ ʜʝʣʷʪʩʷ ʥʘ ʩʣʝʜʫʶʱʠʝ ʢʣʘʩʩʳ: 

ï ʬʦʪʦʥʥʳʝ (ʢʚʘʥʪʦʚʳʝ) ʬʦʪʦʧʨʠʝʤʥʠʢʠ, ʵʥʝʨʛʠʷ ʬʦʪʦʥʘ ʚ ʢʦʪʦʨʳʭ 

ʧʨʝʦʙʨʘʟʫʝʪʩʷ ʚ ʥʝʢʦʪʦʨʫʶ ʧʝʨʚʠʯʥʫʶ ʨʝʘʢʮʠʶ ʬʦʪʦʧʨʠʝʤʥʠʢʘ; 

ï ʪʝʧʣʦʚʳʝ, ʵʥʝʨʛʠʷ ʬʦʪʦʥʦʚ ʚ ʢʦʪʦʨʳʭ ʧʨʝʦʙʨʘʟʫʝʪʩʷ ʚ ʪʝʧʣʦ, ʠ ʢʘʢ 

ʩʣʝʜʩʪʚʠʝ ʚʦʟʥʠʢʘʝʪ ʧʦʚʳʰʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʯʫʚʩʪʚʠʪʝʣʴʥʦʛʦ ʵʣʝʤʝʥʪ, ʯʪʦ ʠ 

ʷʚʣʷʝʪʩʷ ʨʝʘʢʮʠʝʡ ʬʦʪʦʧʨʠʝʤʥʠʢʘ. 

ʆʩʥʦʚʥʳʤ ʥʝʜʦʩʪʘʪʢʦʤ ʬʦʪʦʥʥʳʭ ʬʦʪʦʧʨʠʝʤʥʠʢʦʚ ʷʚʣʷʝʪʩʷ ʪʦʪ ʬʘʢʪ, ʯʪʦ 

ʵʥʝʨʛʠʷ ʬʦʪʦʥʘ ʠʤʝʝʪ ʦʙʨʘʪʥʦ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʫʶ ʟʘʚʠʩʠʤʦʩʪʴ ʦʪ ʜʣʠʥʳ ʚʦʣʥʳ 

ʠʟʣʫʯʝʥʠʷ, ʯʪʦ ʟʘʪʨʫʜʥʷʝʪ ʠʭ ʧʨʠʤʝʥʝʥʠʝ ʧʨʠ ɚ>20 ʤʢʤ ʜʘʞʝ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ 

ʢʨʠʦʛʝʥʥʳʭ ʩʠʩʪʝʤ ʦʭʣʘʞʜʝʥʠʷ. ɺ ʜʠʘʧʘʟʦʥʝ ʜʣʠʥ ʚʦʣʥ 20 ï 2000 ʤʢʤ ʪʝʧʣʦʚʳʝ 

ʬʦʪʦʧʨʠʝʤʥʠʢʠ ʷʚʣʷʶʪʩʷ ʬʘʢʪʠʯʝʩʢʠ ʝʜʠʥʩʪʚʝʥʥʳʤ ʚʦʟʤʦʞʥʳʤ ʢʣʘʩʩʦʤ 

ʬʦʪʦʧʨʠʝʤʥʳʭ ʫʩʪʨʦʡʩʪʚ, ʧʨʠʛʦʜʥʳʭ ʜʣʷ ʧʨʘʢʪʠʯʝʩʢʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ [91]. 

ʂ ʪʝʧʣʦʚʳʤ ʧʨʠʝʤʥʠʢʘʤ ʦʪʥʦʩʷʪʩʷ ʨʘʟʣʠʯʥʳʝ ʚʠʜʳ ʙʦʣʦʤʝʪʨʦʚ, 

ʦʧʪʦʘʢʫʩʪʠʯʝʩʢʠʝ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʠ, ʧʠʨʦʵʣʝʢʪʨʠʯʝʩʢʠʝ ʜʝʪʝʢʪʦʨʳ ʠ ʜʨ [92]. 

ʇʨʝʠʤʫʱʝʩʪʚʘʤʠ ʥʝʦʭʣʘʞʜʘʝʤʳʭ ʜʝʪʝʢʪʦʨʦʚ ʷʚʣʷʝʪʩʷ ʠʭ ʦʪʥʦʩʠʪʝʣʴʥʦ ʧʨʦʩʪʦʡ 
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ʧʨʠʥʮʠʧ ʜʝʡʩʪʚʠʷ, ʩʧʦʩʦʙʥʦʩʪʴ ʵʬʬʝʢʪʠʚʥʦ ʬʫʥʢʮʠʦʥʠʨʦʚʘʪʴ ʚ ʫʩʣʦʚʠʷʭ 

ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʳ, ʘ ʪʘʢʞʝ ʠʤʝʪʴ ʧʦʩʪʦʷʥʥʫʶ ʦʙʥʘʨʫʞʠʪʝʣʴʥʫʶ 

ʩʧʦʩʦʙʥʦʩʪʴ ʚ ʰʠʨʦʢʦʤ ʜʠʘʧʘʟʦʥʝ ʯʘʩʪʦʪ. 

ʉʨʝʜʠ ʪʝʧʣʦʚʳʭ ʧʨʠʝʤʥʠʢʦʚ ʤʦʞʥʦ ʚʳʜʝʣʠʪʴ ʷʯʝʡʢʫ ɻʦʣʝʷ [93] ʙʣʘʛʦʜʘʨʷ 

ʩʚʦʝʡ ʦʩʦʙʝʥʥʦʩʪʠ ʧʨʝʚʦʩʭʦʜʠʪʴ ʚ 5ï15 ʨʘʟ ʧʦ ʧʨʝʜʝʣʴʥʦʡ ʦʙʥʘʨʫʞʠʪʝʣʴʥʦʡ 

ʩʧʦʩʦʙʥʦʩʪʠ ʪʝʨʤʦʧʘʨʥʳʝ, ʧʠʨʦʵʣʝʢʪʨʠʯʝʩʢʠʝ ʠ ʪʝʨʤʠʩʪʦʨʥʳʝ ʙʦʣʦʤʝʪʨʳ (ʙʝʟ 

ʢʨʠʦʛʝʥʥʦʛʦ ʦʭʣʘʞʜʝʥʠʷ). ɼʘʥʥʳʡ ʜʝʪʝʢʪʦʨ ʚʭʦʜʠʪ ʚ ʯʠʩʣʦ ʥʘʠʙʦʣʝʝ 

ʰʠʨʦʢʦʧʦʣʦʩʥʳʭ ʧʨʠʝʤʥʠʢʦʚ. ɼʝʪʝʢʪʦʨ ɻʦʣʝʷ ʦʩʥʦʚʘʥ ʥʘ ʛʘʟʦʚʦʤ ʟʘʢʦʥʝ 

ɾ. ʐʘʨʣʷ, ʟʘʢʣʶʯʘʶʱʝʤʩʷ ʚ ʦʧʨʝʜʝʣʝʥʠʠ ʠʟʤʝʥʝʥʠʷ ʦʙʲʝʤʘ ʛʘʟʘ ʩ ʠʟʤʝʥʝʥʠʝʤ 

ʪʝʤʧʝʨʘʪʫʨʳ, ʠ ʷʚʣʷʝʪʩʷ ʨʘʟʥʦʚʠʜʥʦʩʪʴʶ ʚʦʣʶʤʝʪʨʠʯʝʩʢʠʭ ʛʘʟʦʚʳʭ ʪʝʨʤʦʤʝʪʨʦʚ. 

ʉʨʝʜʠ ʨʘʙʦʪ, ʩʚʷʟʘʥʥʳʭ ʩ ʚʠʟʫʘʣʠʟʘʮʠʝʡ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʊɻʮ ʠʟʣʫʯʝʥʠʷ, 

ʤʦʞʥʦ ʚʳʜʝʣʠʪʴ ʜʠʩʩʝʨʪʘʮʠʦʥʥʫʶ ʨʘʙʦʪʫ [34], ʚ ʢʦʪʦʨʦʡ ʨʘʟʨʘʙʘʪʳʚʘʣʘʩʴ ʩʠʩʪʝʤʘ 

ʊɻʮ ʤʠʢʨʦʩʢʦʧʠʠ ʥʘ ʦʩʥʦʚʝ ʵʬʬʝʢʪʘ ʪʚʝʨʜʦʪʝʣʴʥʦʡ ʠʤʤʝʨʩʠʠ. ʅʘ ʨʠʩʫʥʢʝ 1.10 

ʧʦʢʘʟʘʥʘ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʘʷ ʫʩʪʘʥʦʚʢʘ ʩʠʩʪʝʤʳ ʊɻʮ ʤʠʢʨʦʩʢʦʧʠʠ, ʢʦʪʦʨʘʷ 

ʧʦʟʚʦʣʷʝʪ ʨʝʛʠʩʪʨʠʨʦʚʘʪʴ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʦʪʨʘʞʝʥʥʦʡ ʦʪ ʠʩʩʣʝʜʫʝʤʦʛʦ ʦʙʨʘʟʮʘ 

ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʛʦ ʠʟʣʫʯʝʥʠʷ. 

 

 

ʈʠʩʫʥʦʢ 1.10 ï ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʘʷ ʩʠʩʪʝʤʘ ʊɻʮ ʚʠʟʫʘʣʠʟʘʮʠʠ, ʨʝʘʣʠʟʫʶʱʘʷ 

ʵʬʬʝʢʪ ʪʚʝʨʜʦʪʝʣʴʥʦʡ ʠʤʤʝʨʩʠʠ [34] 

 

ʆʩʥʦʚʥʳʤʠ ʵʣʝʤʝʥʪʘʤʠ ʜʘʥʥʦʡ ʩʠʩʪʝʤʳ ʷʚʣʷʶʪʩʷ ʃʆɺ ʠ ʷʯʝʡʢʘ ɻʦʣʝʷ, 

ʢʦʪʦʨʳʝ ʚʳʧʦʣʥʷʶʪ ʨʦʣʴ ʠʩʪʦʯʥʠʢʘ ʠ ʜʝʪʝʢʪʦʨʘ ʥʝʧʨʝʨʳʚʥʦʛʦ ʊɻʮ ʠʟʣʫʯʝʥʠʷ. 

ʈʝʛʠʩʪʨʘʮʠʷ ʠʟʦʙʨʘʞʝʥʠʷ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʧʦʩʨʝʜʩʪʚʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʛʦ 

ʩʢʘʥʠʨʦʚʘʥʠʷ ʚ ʧʣʦʩʢʦʩʪʠ ʦʙʲʝʢʪʘ, ʪʦ ʝʩʪʴ ʢʨʝʤʥʠʝʚʦʝ ʧʣʦʩʢʦʧʘʨʘʣʣʝʣʴʥʦʝ ʦʢʥʦ 
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ʧʝʨʝʤʝʱʘʝʪʩʷ ʚ ʣʘʪʝʨʘʣʴʥʳʭ ʥʘʧʨʘʚʣʝʥʠʷʭ ï ʚ ʧʣʦʩʢʦʩʪʠ XOY. ʋʧʨʘʚʣʝʥʠʝ 

ʜʘʥʥʳʤʠ ʪʨʘʥʩʣʷʪʦʨʘʤʠ ʦʩʫʱʝʩʪʚʣʷʣʦʩʴ ʯʝʨʝʟ ʧʝʨʩʦʥʘʣʴʥʳʡ ʢʦʤʧʴʶʪʝʨ ʚ ʩʨʝʜʝ 

LabVIEW ʧʨʠ ʧʦʤʦʱʠ ʩʧʝʮʠʘʣʴʥʳʭ ʜʨʘʡʚʝʨʦʚ. 

ʅʘ ʨʠʩʫʥʢʝ 1.11 ʧʦʢʘʟʘʥʳ ʨʝʟʫʣʴʪʘʪʳ ʊɻʮ ʤʠʢʨʦʩʢʦʧʠʠ ex vivo ʪʢʘʥʝʡ 

ʩʪʨʦʤʳ ʤʦʣʦʯʥʦʡ ʞʝʣʝʟʳ ʯʝʣʦʚʝʢʘ, ʨʘʩʰʠʨʝʥʥʦʛʦ ʧʨʦʪʦʢʘ ʤʦʣʦʯʥʦʡ ʞʝʣʝʟʳ, 

ʘ ʪʘʢʞʝ ʧʦʧʝʨʝʯʥʦ-ʧʦʣʦʩʘʪʦʡ ʤʳʰʝʯʥʦʡ ʪʢʘʥʠ ʷʟʳʢʘ. ʄʦʞʥʦ ʚʠʜʝʪʴ, 

ʯʪʦ ʨʘʟʨʘʙʦʪʘʥʥʳʡ ʤʝʪʦʜ ʚʠʟʫʘʣʠʟʘʮʠʠ ʧʦʟʚʦʣʷʝʪ ʨʘʟʣʠʯʘʪʴ ʩʪʨʫʢʪʫʨʥʳʝ 

ʵʣʝʤʝʥʪʳ ʨʘʟʤʝʨʘʤʠ 50 ï 150 ʤʢʤ. 

 

 

ʘ, ʙ, ʚ ï ʩʪʨʦʤʘ ʤʦʣʦʯʥʦʡ ʞʝʣʝʟʳ; ʛ, ʜ, ʝ, ï ʧʨʦʪʦʢʠ ʤʦʣʦʯʥʦʡ ʞʝʣʝʟʳ; 

ʞ, ʟ, ʠ ï ʤʳʰʝʯʥʳʝ ʪʢʘʥʠ ʷʟʳʢʘ. ʘ, ʛ, ʞ ï ʮʠʬʨʦʚʳʝ ʬʦʪʦʛʨʘʬʠʠ ʪʢʘʥʝʡ; 

ʙ, ʜ, ʟ ï ʤʠʢʨʦʩʢʦʧʠʯʝʩʢʠʝ ʠʟʦʙʨʘʞʝʥʠʷ ʛʠʩʪʦʣʦʛʠʯʝʩʢʠʭ ʩʨʝʟʦʚ ʩ ʦʢʨʘʩʦʤ 

ʛʝʤʘʪʦʢʩʠʣʠʥʦʤ ʠ ʵʦʟʠʥʦʤ; ʚ, ʝ, ʠ ï ʊɻʮ ʠʟʦʙʨʘʞʝʥʠʷ, ʧʦʣʫʯʝʥʥʳʝ ʧʨʠ ʧʦʤʦʱʠ 

ʤʠʢʨʦʩʢʦʧʘ ʥʘ ʦʩʥʦʚʝ ʵʬʬʝʢʪʘ ʪʚʝʨʜʦʪʝʣʴʥʦʡ ʠʤʤʝʨʩʠʠ 

ʈʠʩʫʥʦʢ 1.11 ï ʊɻʮ ʚʠʟʫʘʣʠʟʘʮʠʷ ʠʩʩʝʯʝʥʥʳʭ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʪʢʘʥʝʡ [34] 

 

ʆʪʜʝʣʴʥʦʛʦ ʚʥʠʤʘʥʠʷ ʟʘʩʣʫʞʠʚʘʝʪ ʨʘʙʦʪʘ [35] ʧʦ ʩʦʟʜʘʥʠʶ ʛʠʙʨʠʜʥʦʡ 

ʘʢʪʠʚʥʦ-ʧʘʩʩʠʚʥʦʡ ʩʠʩʪʝʤʳ ʬʦʨʤʠʨʦʚʘʥʠʷ ʊɻʮ ʠʟʦʙʨʘʞʝʥʠʡ. ʉʭʝʤʘʪʠʯʥʦʝ 

ʠʟʦʙʨʘʞʝʥʠʝ ʫʩʪʘʥʦʚʢʠ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩʫʥʢʝ 1.12 ʘ.  



 39 

 

ʘ ʙ 

ʘ ï ʩʭʝʤʘ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʫʩʪʘʥʦʚʢʠ, ʠʩʧʦʣʴʟʫʝʤʦʡ ʜʣʷ ʠʟʫʯʝʥʠʷ ʊɻʮ 

ʚʠʟʫʘʣʠʟʘʮʠʠ ʚ ʛʠʙʨʠʜʥʦʤ ʨʝʞʠʤʝ; ʙ ï ʧʨʠʤʝʨʳ ʧʘʩʩʠʚʥʳʭ ʠ ʘʢʪʠʚʥʳʭ ʊɻʮ 

ʠʟʦʙʨʘʞʝʥʠʡ ʦʙʲʝʢʪʘ, ʨʘʟʤʝʱʝʥʥʦʛʦ ʥʘ ʯʝʣʦʚʝʯʝʩʢʦʤ ʪʝʣʝ ʧʦʜ ʬʫʪʙʦʣʢʦʡ 

ʈʠʩʫʥʦʢ 1.12 ï ɸʢʪʠʚʥʦ-ʧʘʩʩʠʚʥʘʷ ʩʠʩʪʝʤʘ ʬʦʨʤʠʨʦʚʘʥʠʷ ʊɻʮ ʠʟʦʙʨʘʞʝʥʠʡ [35] 

 

ʅʘ ʨʠʩʫʥʢʝ 1.12ʙ ʤʦʞʥʦ ʫʚʠʜʝʪʴ ʠʟʦʙʨʘʞʝʥʠʷ, ʧʦʣʫʯʝʥʥʳʝ ʧʨʠ ʧʦʤʦʱʠ 

ʜʘʥʥʦʡ ʛʠʙʨʠʜʥʦʡ ʘʢʪʠʚʥʦ-ʧʘʩʩʠʚʥʦʡ ʩʠʩʪʝʤʳ. 

 ɺ ʨʘʙʦʪʝ [36] ʧʨʝʜʣʦʞʝʥ ʤʝʪʦʜ ʊɻʮ CW ʥʝʨʘʟʨʫʰʘʶʱʝʛʦ ʢʦʥʪʨʦʣʷ 

ʢʦʤʧʦʟʠʮʠʦʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʥʘ ʦʩʥʦʚʝ ʧʦʣʠʧʨʦʧʠʣʝʥʘ. ɸʚʪʦʨʳ ʨʝʘʣʠʟʦʚʘʣʠ 

ʨʘʩʪʨʦʚʦʝ ʊɻʮ ʩʢʘʥʠʨʦʚʘʥʠʝ, ʠʩʧʦʣʴʟʫʶʱʝʝ ʚ ʢʘʯʝʩʪʚʝ ʠʩʪʦʯʥʠʢʘ ʢʚʘʥʪʦʚʳʡ 

ʢʘʩʢʘʜʥʳʡ ʣʘʟʝʨ ʩ ʯʘʩʪʦʪʦʡ 3,8 ʊɻʮ. ʈʝʟʫʣʴʪʘʪʳ ʊɻʮ-ʚʠʟʫʘʣʠʟʘʮʠʠ ʩ ʧʨʦʧʫʩʢʘʥʠʝʤ 

ʠ ʦʪʨʘʞʝʥʠʝʤ ʩʨʘʚʥʠʚʘʶʪʩʷ ʩ ʨʝʟʫʣʴʪʘʪʘʤʠ ʫʣʴʪʨʘʟʚʫʢʦʚʦʛʦ ʩʢʘʥʠʨʦʚʘʥʠʷ. 

ʊɻʮ-ʠʟʦʙʨʘʞʝʥʠʷ ʧʨʠ ʦʪʨʘʞʝʥʠʠ ʜʘʶʪ ʨʝʟʫʣʴʪʘʪʳ, ʘʥʘʣʦʛʠʯʥʳʝ ʨʝʟʫʣʴʪʘʪʘʤ 

ʩʢʘʥʠʨʦʚʘʥʠʷ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʊɻʮ-ʠʟʦʙʨʘʞʝʥʠʷ ʧʨʠ ʧʨʦʧʫʩʢʘʥʠʠ ʜʘʶʪ ʙʦʣʴʰʝ 

ʠʥʬʦʨʤʘʮʠʠ ʦ ʨʘʩʩʣʦʝʥʠʷʭ ʠ ʪʨʝʱʠʥʘʭ ʚ ʚʦʣʦʢʥʠʩʪʳʭ ʪʢʘʥʷʭ. 

ʆʧʠʩʘʥʥʳʝ ʤʝʪʦʜʳ ʧʦʟʚʦʣʷʶʪ ʧʨʦʠʟʚʦʜʠʪʴ ʩʧʝʢʪʨʦʩʢʦʧʠʶ ʚ ʣʦʢʘʣʴʥʳʭ 

ʪʦʯʢʘʭ, ʘʤʧʣʠʪʫʜʥʫʶ ʠʣʠ ʬʘʟʦʚʫʶ ʚʠʟʫʘʣʠʟʘʮʠʶ ʨʘʩʧʨʝʜʝʣʝʥʠʷ 

ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʛʦ ʦʪʢʣʠʢʘ ʦʪ ʦʙʲʝʢʪʦʚ. ʆʜʥʘʢʦ ʦʩʪʘʶʪʩʷ ʦʪʢʨʳʪʳʤʠ ʚʦʧʨʦʩʳ, 

ʩʚʷʟʘʥʥʳʝ ʩ ʨʝʛʠʩʪʨʘʮʠʝʡ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʠʩʩʣʝʜʫʝʤʳʭ ʦʙʨʘʟʮʦʚ 

ʤʘʪʝʨʠʘʣʦʚ, ʪʘʢʠʭ ʢʘʢ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʡ ʧʨʦʥʠʮʘʝʤʦʩʪʠ. 
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2 ʈʘʟʨʘʙʦʪʢʘ ʩʠʩʪʝʤʳ ʪʝʨʘʛʝʨʮʦʚʦʡ ʚʠʟʫʘʣʠʟʘʮʠʠ ʜʚʫʤʝʨʥʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ 

ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 

 

ʆʮʝʥʢʘ ʦʜʥʦʨʦʜʥʦʩʪʠ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʛʦ 

ʦʪʢʣʠʢʘ ʠʩʩʣʝʜʫʝʤʳʭ ʦʙʲʝʢʪʦʚ ʦʩʥʦʚʘʥʘ ʥʘ ʤʝʪʦʜʝ ʤʝʭʘʥʠʯʝʩʢʦʛʦ ʧʝʨʝʤʝʱʝʥʠʷ 

ʦʙʨʘʟʮʘ ʦʪʥʦʩʠʪʝʣʴʥʦ ʧʘʜʘʶʱʝʛʦ ʥʘ ʥʝʛʦ ʥʝʧʨʝʨʳʚʥʦʛʦ ʤʦʥʦʭʨʦʤʘʪʠʯʝʩʢʦʛʦ 

ʠʟʣʫʯʝʥʠʷ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʘʪʴ ʠʟʦʙʨʘʞʝʥʠʷ ʠ ʦʧʨʝʜʝʣʷʪʴ ʥʘʣʠʯʠʝ 

ʥʝʦʜʥʦʨʦʜʥʳʭ ʚʢʣʶʯʝʥʠʡ. ʂʨʦʤʝ ʵʪʦʛʦ, ʚ ʨʘʙʦʪʝ ʟʘʜʝʡʩʪʚʦʚʘʣʩʷ ʧʨʠʥʮʠʧ ʦʮʝʥʢʠ 

ʬʦʨʤʳ ʠ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʜʠʬʨʘʛʠʨʦʚʘʥʥʦʡ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʡ ʚʦʣʥʳ ʟʘ 

ʧʦʚʝʨʭʥʦʩʪʴʶ ʦʙʨʘʟʮʘ, ʚʦʟʥʠʢʘʶʱʝʡ ʚʩʣʝʜʩʪʚʠʝ ʧʨʦʭʦʞʜʝʥʠʷ ʠʟʣʫʯʝʥʠʷ ʯʝʨʝʟ 

ʥʝʛʦ. ɼʘʥʥʘʷ ʤʝʪʦʜʠʢʘ ʥʘʮʝʣʝʥʘ ʥʘ ʦʮʝʥʢʫ ʚʦʟʤʦʞʥʦʩʪʝʡ ʬʦʢʫʩʠʨʦʚʢʠ ʠʟʣʫʯʝʥʠʷ 

[94, 95] ʠʩʩʣʝʜʫʝʤʳʤ ʦʙʨʘʟʮʦʤ. 

 

2.1 ʀʟʤʝʨʝʥʠʝ ʜʚʫʤʝʨʥʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠ ̫ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʛʦ ʦʪʢʣʠʢʘ ʦʪ 

ʤʘʪʝʨʠʘʣʘ 

 

ʄʝʪʦʜ ʚʠʟʫʘʣʠʟʘʮʠʠ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʛʦ 

ʦʪʢʣʠʢʘ ʦʪ ʦʙʨʘʟʮʘ ʤʘʪʝʨʠʘʣʘ ʚ ʊɻʮ ʜʠʘʧʘʟʦʥʝ ʯʘʩʪʦʪ ʦʩʥʦʚʘʥ ʥʘ ʧʨʠʥʮʠʧʝ 

ʧʝʨʝʤʝʱʝʥʠʷ ʠʩʩʣʝʜʫʝʤʦʛʦ ʦʙʨʘʟʮʘ ʤʘʪʝʨʠʘʣʘ ʦʨʪʦʛʦʥʘʣʴʥʦ ʧʨʦʜʦʣʴʥʦʡ ʦʩʠ 

ʢʚʘʟʠʦʧʪʠʯʝʩʢʦʛʦ ʧʫʯʢʘ (ʨʠʩʫʥʦʢ 2.1).  

 

ʈʠʩʫʥʦʢ 2.1 ï ʃʦʢʘʣʠʟʘʮʠʷ ʢʚʘʟʠʦʧʪʠʯʝʩʢʦʛʦ ʧʫʯʢʘ ʥʘ ʠʩʩʣʝʜʫʝʤʦʤ ʦʙʨʘʟʮʝ 

ʤʘʪʝʨʠʘʣʘ ʧʨʠ ʚʠʟʫʘʣʠʟʘʮʠʠ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʛʦ ʦʪʢʣʠʢʘ 
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ɺʠʟʫʘʣʠʟʘʮʠʷ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʛʦ ʦʪʢʣʠʢʘ ʚ ʊɻʮ ʜʠʘʧʘʟʦʥʝ ʨʝʘʣʠʟʫʝʪʩʷ ʧʦ 

ʜʚʫʤ ʩʭʝʤʘʤ: ʥʘ ʧʨʦʭʦʞʜʝʥʠʝ ʠ ʥʘ ʦʪʨʘʞʝʥʠʝ (ʨʠʩʫʥʦʢ 2.2).  

 

 

 

ʘ ï ʩʭʝʤʘ çʥʘ ʧʨʦʭʦʞʜʝʥʠʝè; ʙ ï ʩʭʝʤʘ çʥʘ ʦʪʨʘʞʝʥʠʝè 

ʈʠʩʫʥʦʢ 2.2 ï ʂʦʥʬʠʛʫʨʘʮʠʠ ʩʠʩʪʝʤʳ ʊɻʮ ʚʠʟʫʘʣʠʟʘʮʠʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ 

ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʛʦ ʦʪʢʣʠʢʘ ʦʪ ʦʙʨʘʟʮʦʚ ʤʘʪʝʨʠʘʣʦʚ 

 

ɺ ʩʣʫʯʘʝ ʧʨʠʤʝʥʝʥʠʷ ʩʭʝʤʳ çʥʘ ʧʨʦʭʦʞʜʝʥʠʝè (ʨʠʩʫʥʦʢ 2.2 ʘ) 

ʧʦʢʦʦʨʜʠʥʘʪʥʦ ʚʳʯʠʩʣʷʝʪʩʷ ʦʪʥʦʰʝʥʠʝ ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʥʦʡ ʤʦʱʥʦʩʪʠ 

ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʛʦ ʠʟʣʫʯʝʥʠʷ (22), ʧʨʦʰʝʜʰʝʛʦ ʯʝʨʝʟ ʠʩʩʣʝʜʫʝʤʳʡ ʦʙʨʘʟʝʮ 

ὖȟȟ̐Ȣ̑, ʢ ʤʦʱʥʦʩʪʠ ʠʟʣʫʯʝʥʠʷ ʚ ʧʫʩʪʦʤ ʢʚʘʟʠʦʧʪʠʯʝʩʢʦʤ ʪʨʘʢʪʝ ὖȟ̐ .̑  

Ὕὶȟȟ
ὖȟȟ̐̑

ὖȟ̐̑
ȟ (22) 

ʇʨʠ ʨʝʘʣʠʟʘʮʠʠ ʤʝʪʦʜʘ çʥʘ ʦʪʨʘʞʝʥʠʝè (ʨʝʬʣʝʢʪʦʤʝʪʨ [96, 97]) 

ʧʨʦʠʟʚʦʜʠʪʩʷ ʨʘʩʯʝʪ ʦʪʥʦʰʝʥʠʝ ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʥʦʡ ʤʦʱʥʦʩʪʠ 

ʘ 

ʙ 
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ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʛʦ ʠʟʣʫʯʝʥʠʷ (23), ʦʪʨʘʞʝʥʥʦʛʦ ʦʪ ʠʩʩʣʝʜʫʝʤʦʛʦ ʦʙʨʘʟʮʘ 

ὖȟȟ̏̓Ȣ̑, ʢ ʤʦʱʥʦʩʪʠ ʠʟʣʫʯʝʥʠʷ ὖȟ̏̓,̑ ʦʪʨʘʞʝʥʥʦʛʦ ʦʪ ʵʪʘʣʦʥʥʦʛʦ ʟʝʨʢʘʣʘ.  

Ὑȟȟ
ὖȟȟ̏̓̑

ὖȟ̏̓̑
Ȣ (23) 

 

ɺ ʚʳʨʘʞʝʥʠʷʭ (22) ʠ (23) ὼ ̉ ώ ʦʙʦʟʥʘʯʘʶʪ ʢʦʦʨʜʠʥʘʪʳ ʛʦʨʠʟʦʥʪʘʣʴʥʦʛʦ ʠ 

ʚʝʨʪʠʢʘʣʴʥʦʛʦ ʧʦʣʦʞʝʥʠʷ ʦʙʨʘʟʮʘ ʠʩʩʣʝʜʫʝʤʦʛʦ ʤʘʪʝʨʠʘʣʘ, ʦʨʪʦʛʦʥʘʣʴʥʦʛʦ 

ʧʨʦʜʦʣʴʥʦʤʫ ʥʘʧʨʘʚʣʝʥʠʶ ʢʚʘʟʠʦʧʪʠʯʝʩʢʦʛʦ ʊɻʮ-ʧʫʯʢʘ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, 

f ï ʯʘʩʪʦʪʘ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʛʦ ʠʟʣʫʯʝʥʠʷ. ʇʦʣʦʞʝʥʠʝ (x, y) ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʨʠ 

ʧʦʤʦʱʠ ʤʝʭʘʥʠʟʤʘ ʧʦʟʠʮʠʦʥʠʨʦʚʘʥʠʷ ʩʠʩʪʝʤʳ ʊɻʮ ʚʠʟʫʘʣʠʟʘʮʠʠ. 

ɻʝʥʝʨʘʮʠʷ ʥʝʧʨʝʨʳʚʥʦʛʦ ʊɻʮ ʠʟʣʫʯʝʥʠʷ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʣʘʤʧʦʡ ʦʙʨʘʪʥʦʡ 

ʚʦʣʥʳ (ʃʆɺ), ʨʝʛʠʩʪʨʘʮʠʷ ʊɻʮ ʠʟʣʫʯʝʥʠʷ - ʷʯʝʡʢʦʡ ɻʦʣʝʷ. 

ʀʩʩʣʝʜʫʝʤʳʡ ʦʙʲʝʢʪ ʨʘʟʤʝʱʘʝʪʩʷ ʚ ʩʠʩʪʝʤʝ ʜʚʫʤʝʨʥʦʛʦ ʧʦʟʠʮʠʦʥʠʨʦʚʘʥʠʷ 

ʜʣʷ ʝʛʦ ʧʦʩʣʝʜʫʶʱʝʛʦ ʘʥʘʣʠʟʘ. ʋʧʨʘʚʣʝʥʠʝ ʩʠʩʪʝʤʦʡ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʯʝʨʝʟ 

ʮʠʬʨʦʚʦʡ ʤʦʜʫʣʴ ʚʚʦʜʘ-ʚr ʚʦʜʘ ʥʘ ʙʘʟʝ 32-ʙʠʪʥʦʛʦ ʜʚʫʭʲʷʜʝʨʥʦʛʦ 

ʤʠʢʨʦʢʦʥʪʨʦʣʣʝʨʘ ESP-32, ʟʘʧʨʦʛʨʘʤʤʠʨʦʚʘʥʥʦʛʦ ʥʘ ʷʟʳʢʝ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ C. 

ʄʦʜʫʣʴ ʧʦʟʚʦʣʷʝʪ: ʫʧʨʘʚʣʷʪʴ ʤʝʭʘʥʠʟʘʮʠʝʡ (ʧʝʨʝʤʝʱʝʥʠʝ ʦʙʨʘʟʮʘ ʧʦ ʚʝʨʪʠʢʘʣʠ ʠ 

ʛʦʨʠʟʦʥʪʘʣʠ); ʢʦʥʪʨʦʣʠʨʦʚʘʪʴ ʧʦʣʦʞʝʥʠʝ ʦʙʨʘʟʮʘ; ʦʮʠʬʨʦʚʳʚʘʪʴ ʘʥʘʣʦʛʦʚʳʡ 

ʩʠʛʥʘʣ ʩ ʜʝʪʝʢʪʦʨʘ; ʟʘʧʫʩʢʘʪʴ ʧʨʦʮʝʩʩ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʛʦ ʩʢʘʥʠʨʦʚʘʥʠʷ 

(ʧʝʨʝʤʝʱʝʥʠʝ ʦʙʨʘʟʮʘ ʧʦ ʟʘʜʘʥʥʦʡ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʦʙʣʘʩʪʠ ʩ ʫʩʪʘʥʦʚʣʝʥʥʳʤ 

ʰʘʛʦʤ ʠ ʩ ʟʘʧʠʩʴʶ ʥʘʧʨʷʞʝʥʠʷ ʜʝʪʝʢʪʦʨʘ). ʋʧʨʘʚʣʝʥʠʝ ʤʦʜʫʣʝʤ ʥʘ ʦʩʥʦʚʝ ESP-32 

ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʩ ʧʝʨʩʦʥʘʣʴʥʦʛʦ ʢʦʤʧʴʶʪʝʨʘ ʯʝʨʝʟ ʠʥʪʝʨʬʝʡʩʥʦʝ ʧʨʦʛʨʘʤʤʥʦʝ 

ʦʙʝʩʧʝʯʝʥʠʝ, ʥʘʧʠʩʘʥʥʦʝ ʥʘ ʷʟʳʢʝ LabVIEW (ʥʘ ʦʩʥʦʚʝ [98, 99]). ʌʫʥʢʮʠʦʥʘʣʴʥʘʷ 

ʩʭʝʤʘ ʩʠʩʪʝʤʳ ʊɻʮ ʚʠʟʫʘʣʠʟʘʮʠʠ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩʫʥʢʝ 2.3. ɺ ʧʨʦʮʝʩʩʝ 

ʠʟʤʝʨʝʥʠʷ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʘʤʧʣʠʪʫʜʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ (ʢʦʵʬʬʠʮʠʝʥʪ 

ʧʨʦʭʦʞʜʝʥʠʷ ʠʣʠ ʦʪʨʘʞʝʥʠʷ) ʫʧʨʘʚʣʝʥʠʝ ʬʘʟʦʚʳʤ ʢʦʤʧʝʥʩʘʪʦʨʦʤ 

ʥʝ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ. 
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ʈʠʩʫʥʦʢ 2.3 ï ʌʫʥʢʮʠʦʥʘʣʴʥʘʷ ʩʭʝʤʘ ʩʠʩʪʝʤʳ ʊɻʮ ʚʠʟʫʘʣʠʟʘʮʠʠ 

 

ʅʘ ʨʠʩʫʥʢʝ 2.4 ʧʨʝʜʩʪʘʚʣʝʥ ʚʥʝʰʥʠʡ ʚʠʜ ʤʝʭʘʥʠʟʤʘ ʧʦʟʠʮʠʦʥʠʨʦʚʘʥʠʷ 

ʠʩʩʣʝʜʫʝʤʦʛʦ ʦʙʨʘʟʮʘ, ʘ ʥʘ ʨʠʩʫʥʢʝ 2.5 ʧʦʢʘʟʘʥ ʤʦʜʫʣʴ ʫʧʨʘʚʣʝʥʠʷ ʩʠʩʪʝʤʦʡ. 

 

 

ʈʠʩʫʥʦʢ 2.4 ï ɺʥʝʰʥʠʡ ʚʠʜ ʤʝʭʘʥʠʟʤʘ ʧʦʟʠʮʠʦʥʠʨʦʚʘʥʠʷ ʦʙʨʘʟʮʘ 
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ʈʠʩʫʥʦʢ 2.5 ï ɺʥʝʰʥʠʡ ʚʠʜ ʤʦʜʫʣʷ ʫʧʨʘʚʣʝʥʠʷ ʩʠʩʪʝʤʦʡ ʊɻʮ ʚʠʟʫʘʣʠʟʘʮʠʠ 

 

ɺ ʧʨʦʛʨʘʤʤʥʦʤ ʦʙʝʩʧʝʯʝʥʠʠ ʚ ʩʨʝʜʝ LabVIEW ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʩʙʦʨ ʤʘʪʨʠʮ 

ʟʥʘʯʝʥʠʡ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʧʨʦʰʝʜʰʝʛʦ ʠʣʠ ʦʪʨʘʞʝʥʥʦʛʦ ʊɻʮ ʠʟʣʫʯʝʥʠʷ, ʘ ʪʘʢʞʝ 

ʧʨʝʜʦʩʪʘʚʣʷʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴ ʚʠʟʫʘʣʠʟʠʨʦʚʘʪʴ ʜʘʥʥʳʝ ʥʘ ʜʠʘʛʨʘʤʤʘʭ 

ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʠʭ ʩʦʭʨʘʥʝʥʠʝʤ ʚ ʬʘʡʣ. 

ɺ ʨʘʙʦʪʝ ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʨʘʟʨʘʙʦʪʘʥʥʳʡ ʤʝʪʦʜ ʚʠʟʫʘʣʠʟʘʮʠʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ 

ʜʠʬʨʘʛʠʨʦʚʘʥʥʦʡ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʡ ʚʦʣʥʳ, ʥʘʙʣʶʜʘʝʤʦʡ ʟʘ ʦʙʨʘʟʮʘʤʠ ʠ 

ʚʦʟʥʠʢʘʶʱʝʡ ʚʩʣʝʜʩʪʚʠʝ ʧʨʦʭʦʞʜʝʥʠʷ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʡ ʚʦʣʥʳ ʯʝʨʝʟ ʦʙʨʘʟʝʮ. 

ɼʝʪʝʢʪʦʨ (ʷʯʝʡʢʘ ɻʦʣʝʷ) ʨʘʟʤʝʱʘʝʪʩʷ ʚ ʤʝʭʘʥʠʟʤʝ ʜʚʫʤʝʨʥʦʛʦ ʧʦʟʠʮʠʦʥʠʨʦʚʘʥʠʷ 

ʩʠʩʪʝʤʳ ʊɻʮ ʜʠʘʛʥʦʩʪʠʢʠ ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʯʪʦʙʳ ʬʠʢʩʠʨʦʚʘʪʴ ʤʦʱʥʦʩʪʴ 

ʥʘʧʨʷʞʝʥʥʦʩʪʠ ʧʦʣʷ ʚʜʦʣʴ ʧʣʦʩʢʦʩʪʠ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦʡ ʥʘʧʨʘʚʣʝʥʠʶ ʧʘʜʘʶʱʝʛʦ 

ʧʫʯʢʘ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʛʦ ʠʟʣʫʯʝʥʠʷ. ʀʩʩʣʝʜʫʝʤʳʝ ʦʙʨʘʟʮʳ ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ 

ʨʘʟʤʝʱʘʶʪʩʷ ʧʝʨʝʜ ʜʚʫʤʝʨʥʳʤ ʤʝʭʘʥʠʟʤʦʤ ʧʦʟʠʮʠʦʥʠʨʦʚʘʥʠʷ ʚ ʥʝʧʦʜʚʠʞʥʦʡ 

ʜʠʘʬʨʘʛʤʝ ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʯʪʦʙʳ ʦʙʝʩʧʝʯʠʚʘʣʘʩʴ ʤʘʢʩʠʤʘʣʴʥʘʷ ʟʘʩʚʝʪʢʘ ʦʙʨʘʟʮʘ 

ʢʦʣʣʠʤʠʨʦʚʘʥʥʳʤ ʧʫʯʢʦʤ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʛʦ ʠʟʣʫʯʝʥʠʷ ʩ ʧʣʦʩʢʠʤ ʬʨʦʥʪʦʤ. 

 



 45 

2.2 ʈʘʩʯʝʪ ʜʚʫʤʝʨʥʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠ ̫ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʡ ʧʨʦʥʠʮʘʝʤʦʩʪʠ 

ʤʘʪʝʨʠʘʣʦʚ 

 

ʇʦʣʫʯʝʥʠʝ ʠʥʬʦʨʤʘʮʠʠ ʦ ʨʘʩʧʨʝʜʝʣʝʥʠʠ ʵʣʝʢʪʨʦʬʠʟʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 

ʦʙʨʘʟʮʘ ʤʘʪʝʨʠʘʣʘ ʷʚʣʷʝʪʩʷ ʦʜʥʦʡ ʠʟ ʢʣʶʯʝʚʳʭ ʟʘʜʘʯ ʜʝʬʝʢʪʦʩʢʦʧʠʠ. ɼʚʫʤʝʨʥʦʝ 

ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʡ ʧʨʦʥʠʮʘʝʤʦʩʪʠ ʦʙʨʘʟʮʘ ʤʘʪʝʨʠʘʣʘ ʚʦʟʤʦʞʥʦ 

ʚʳʯʠʩʣʠʪʴ ʠʟ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʘʤʧʣʠʪʫʜʳ ʠ ʬʘʟʳ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʛʦ ʠʟʣʫʯʝʥʠʷ, 

ʧʨʦʰʝʜʰʝʛʦ ʯʝʨʝʟ ʣʠʩʪʦʚʦʡ ʤʘʪʝʨʠʘʣ. ɼʣʷ ʵʪʦʛʦ ʜʦʙʘʚʣʷʝʪʩʷ ʩʠʩʪʝʤʘ 

ʧʦʟʠʮʠʦʥʠʨʦʚʘʥʠʷ ʦʙʨʘʟʮʘ ʤʘʪʝʨʠʘʣʘ ʚ ʧʣʝʯʦ ˉ1 ʠʥʪʝʨʬʝʨʦʤʝʪʨʘ ʄʘʭʘ-ʎʘʥʜʝʨʘ 

(ʨʠʩʫʥʦʢ 1.5). 

ʇʨʠʥʮʠʧ ʨʝʛʠʩʪʨʘʮʠʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʧʨʦʰʝʜʰʝʛʦ ʠʟʣʫʯʝʥʠʷ 

ʧʦʜʨʦʙʥʦ ʦʧʠʩʘʥ ʚ ʧʦʜʨʘʟʜʝʣʝ 2.1. ɼʣʷ ʠʟʤʝʨʝʥʠʷ ʬʘʟʦʚʦʛʦ ʩʜʚʠʛʘ ʠʟʣʫʯʝʥʠʷ, 

ʧʨʦʰʝʜʰʝʛʦ ʯʝʨʝʟ ʦʙʨʘʟʝʮ ʪʦʣʱʠʥʦʡ d, ʠʩʧʦʣʴʟʫʝʪʩʷ ʬʘʟʦʚʳʡ ʢʦʤʧʝʥʩʘʪʦʨ. 

ʆʥ ʤʝʥʷʝʪ ʜʣʠʥʫ ʧʣʝʯʘ, ʧʦ ʢʦʪʦʨʦʤʫ ʧʨʦʭʦʜʠʪ ʦʧʦʨʥʳʡ ʩʠʛʥʘʣ, ʠ ʢʦʥʪʨʦʣʠʨʫʝʪ 

ʧʦʣʦʞʝʥʠʝ, ʦʙʝʩʧʝʯʠʚʘʶʱʝʝ ʤʠʥʠʤʘʣʴʥʳʡ ʩʠʛʥʘʣ ʥʘ ʜʝʪʝʢʪʦʨʝ (ʧʣʝʯʦ ˉ2 ʥʘ 

ʨʠʩʫʥʢʝ 1.5). ʋʧʨʘʚʣʝʥʠʝ ʬʘʟʦʚʳʤ ʢʦʤʧʝʥʩʘʪʦʨʦʤ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʧʦʩʨʝʜʩʪʚʦʤ 

ʤʦʜʫʣʷ ʥʘ ʦʩʥʦʚʝ ESP-32 ʥʝʟʘʚʠʩʠʤʦ ʦʪ ʤʝʭʘʥʠʟʤʘ ʧʦʟʠʮʠʦʥʠʨʦʚʘʥʠʷ ʩʠʩʪʝʤʳ 

(ʨʠʩʫʥʦʢ 2.4). ɺʦ ʚʨʝʤʷ ʠʟʤʝʨʝʥʠʷ ʟʘʧʠʩʳʚʘʶʪʩʷ ʧʦʟʠʮʠʠ ʟʝʨʢʘʣʘ (ᾀ), ʧʨʠ 

ʧʝʨʝʩʯʸʪʝ ʢʦʪʦʨʳʭ ʧʦ ʬʦʨʤʫʣʝ (24) ʦʧʨʝʜʝʣʷʝʪʩʷ ʟʥʘʯʝʥʠʝ ʬʘʟʦʚʦʛʦ ʩʜʚʠʛʘ: 

 

ʒȟȟ

ςʌὪᾀ ᾀ ͺ ȟȟ
Ὠ

ὧ
ȟ (24) 

 

ʛʜʝ ᾀ ͺ  ï ʧʦʣʦʞʝʥʠʝ ʟʝʨʢʘʣʘ ʙʝʟ ʦʙʨʘʟʮʘ ʚ ʧʣʝʯʝ ˉ1, ʧʨʠ ʢʦʪʦʨʦʤ 

ʩʦʙʣʶʜʘʝʪʩʷ ʫʩʣʦʚʠʝ ʠʥʪʝʨʬʝʨʝʥʮʠʦʥʥʦʛʦ ʤʠʥʠʤʫʤʘ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʭ ʚʦʣʥ, 

ʧʨʦʰʝʜʰʠʭ ʧʦ ʧʣʝʯʘʤ ˉ1 ʠ ˉ2 (ʦʧʦʨʥʦʝ), ʘ ᾀ  ï ʧʦʣʦʞʝʥʠʝ ʟʝʨʢʘʣʘ ʩ 

ʦʙʨʘʟʮʦʤ ʚ ʧʣʝʯʝ ˉ1, ʧʨʠ ʩʦʙʣʶʜʝʥʠʠ ʘʥʘʣʦʛʠʯʥʦʛʦ ʫʩʣʦʚʠʷ ʠʥʪʝʨʬʝʨʝʥʮʠʦʥʥʦʛʦ 

ʤʠʥʠʤʫʤʘ. 

ɿʥʘʯʝʥʠʷ ʧʦʣʦʞʝʥʠʡ ᾀ ͺ  ʠ ᾀ  ʷʚʣʷʶʪʩʷ ʢʨʘʪʥʳʤʠ ʜʣʠʥʝ 

ʚʦʣʥʳ (nɚ) ʠ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʚʝʣʠʯʠʥʘ ʒ ʷʚʣʷʝʪʩʷ ʢʨʘʪʥʦʡ 2ˊn. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ, ʜʣʷ 
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ʧʦʣʫʯʝʥʠʷ ʠʩʪʠʥʥʦʛʦ ʟʥʘʯʝʥʠʷ ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʡ ʧʨʦʥʠʮʘʝʤʦʩʪʠ ʠʩʩʣʝʜʫʝʤʦʛʦ 

ʤʘʪʝʨʠʘʣʘ, ʚʘʞʥʦ ʦʧʨʝʜʝʣʠʪʴ ʚʝʣʠʯʠʥʫ n, ʢʦʪʦʨʘʷ ʷʚʣʷʝʪʩʷ ʧʦʨʷʜʢʦʤ 

ʠʥʪʝʨʬʝʨʝʥʮʠʠ. 

ɿʘʜʘʯʘ ʦʧʨʝʜʝʣʝʥʠʷ ʧʦʨʷʜʢʘ ʠʥʪʝʨʬʝʨʝʥʮʠʠ n ʜʣʷ ʧʦʣʦʞʝʥʠʡ ᾀ ͺ  ʠ 

ᾀ  ʩʚʦʜʠʪʩʷ ʢ ʧʨʦʚʝʜʝʥʠʶ (ʢʘʣʠʙʨʦʚʦʯʥʦʛʦ) ʯʘʩʪʦʪʥʦʛʦ ʩʢʘʥʠʨʦʚʘʥʠʷ ʪʨʘʢʪʘ 

ʙʝʟ ʦʙʨʘʟʮʘ ʠ ʯʘʩʪʦʪʥʦʛʦ ʩʢʘʥʠʨʦʚʘʥʠʷ ʩ ʦʙʨʘʟʮʦʤ. ʅʝʦʙʭʦʜʠʤʦ ʦʮʝʥʠʪʴ ʫʛʦʣ 

ʥʘʢʣʦʥʘ ʢʨʠʚʦʡ ʟʘʚʠʩʠʤʦʩʪʠ ʧʦʣʦʞʝʥʠʷ ʤʠʥʠʤʫʤʘ ʠʥʪʝʨʬʝʨʝʥʮʠʠ ʦʪ ʯʘʩʪʦʪʳ ʠ 

ʚʳʙʨʘʪʴ ᾀ ͺ  ʠ ᾀ  ʧʨʠ ʢʦʪʦʨʳʭ ʫʛʦʣ ʥʘʢʣʦʥʘ ʦʮʝʥʠʚʘʝʤʳʭ ʢʨʠʚʳʭ ʙʫʜʝʪ 

ʤʠʥʠʤʘʣʝʥ. 

ɺ ʧʨʦʮʝʩʩʝ ʧʝʨʝʤʝʱʝʥʠʷ ʠʩʩʣʝʜʫʝʤʦʛʦ ʦʙʨʘʟʮʘ ʤʘʪʝʨʠʘʣʘ ʪʦʣʱʠʥʦʡ d 

ʚ ʜʚʫʤʝʨʥʦʡ ʧʣʦʩʢʦʩʪʠ (ʧʦ ʢʦʦʨʜʠʥʘʪʘʤ ὼ ̉ ώ) ʦʪʥʦʩʠʪʝʣʴʥʦ ʢʚʘʟʠʦʧʪʠʯʝʩʢʦʛʦ 

ʧʫʯʢʘ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʡ ʚʦʣʥʳ ʯʘʩʪʦʪʦʡ f ʧʨʦʠʩʭʦʜʠʪ ʨʝʛʠʩʪʨʘʮʠʷ ʢʦʵʬʬʠʮʠʝʥʪʦʚ 

ʧʨʦʭʦʞʜʝʥʠʷ Ὕȟȟ ʠ ʬʘʟʳ ʒȟȟ. 

ɼʘʣʝʝ ʧʦʩʨʝʜʩʪʚʦʤ ʨʝʰʝʥʠʷ ʦʙʨʘʪʥʦʡ ʟʘʜʘʯʠ ʯʝʨʝʟ ʚʳʨʘʞʝʥʠʷ (Ὕȟȟ ʠ 

ʒȟȟ) ʧʨʦʠʩʭʦʜʠʪ ʨʘʩʯʝʪ ʜʚʫʤʝʨʥʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʡ 

ʧʨʦʥʠʮʘʝʤʦʩʪʠ ʀȟȟ
ᶻ  ʀȟȟ Ὥʀȟȟ

ͼ  ʧʦ ʢʦʦʨʜʠʥʘʪʘʤ x, y ʚ ʧʣʦʩʢʦʩʪʠ ʦʙʨʘʟʮʘ, ʥʘ 

ʦʩʥʦʚʝ ʩʦʦʪʥʦʰʝʥʠʡ ʌʨʝʥʝʣʷ (19), ʧʨʠ ʬʠʢʩʠʨʦʚʘʥʥʳʭ ʟʥʘʯʝʥʠʷʭ ʤʘʛʥʠʪʥʦʡ 

ʧʨʦʥʠʮʘʝʤʦʩʪʠ ʈȟȟ
ᶻ ρ Ὥπ (ʙʝʟ ʫʯʝʪʘ ʤʘʛʥʠʪʥʳʭ ʩʚʦʡʩʪʚ), ʦʧʨʝʜʝʣʷʶʪʩʷ: 

 

Ὕȟȟ Ὁȟȟ
ρ ὶȟȟ τὶȟȟÓÉÎɼȟȟ

ρ ὶȟȟὉȟȟ τὶȟȟὉȟȟÓÉÎὔȟȟ ɼȟȟ
Ƞ

ʒȟȟ ὔȟȟ ÁÒÃÔÁÎ
ὉȟȟὶȟȟÓÉÎςὔȟȟ ɼȟȟ

ρ ὉȟȟὶȟȟÃÏÓςὔȟȟ ɼȟȟ

ÁÒÃÔÁÎ
ὦȟȟ

ὥȟȟ ὦȟȟ ὥȟȟ
ÁÒÃÔÁÎ

ὦȟȟ

ὥȟȟ ρ
Ȣ

ữ
Ử
Ử
Ữ

Ử
Ử
ử

 (25) 

ɿʜʝʩʴ ʟʥʘʯʝʥʠʷ ʀȟȟ
ᶻ  ʨʘʩʩʯʠʪʳʚʘʶʪʩʷ ʯʝʨʝʟ ʚʦʣʥʦʚʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ  

ὥȟȟ Ὥὦȟȟ
ȟȟ
ᶻ

ȟȟ
ᶻ  ʠ ʢʦʵʬʬʠʮʠʝʥʪ ʧʨʝʣʦʤʣʝʥʠʷ ὲȟȟ ὭὯȟȟ ʀȟȟ

ᶻ ʈȟȟ
ᶻ , 
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ʢʦʪʦʨʳʝ, ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʦʧʨʝʜʝʣʷʶʪʩʷ ʯʝʨʝʟ Ὁȟȟ Ὡὼὴ
ȟȟ

,  

ὔȟȟ
ȟȟ

, ὶ
ȟȟ ȟȟ

ȟȟ ȟȟ

 ʠ ɼȟȟ ÁÒÃÔÁÎ
ȟȟ

ȟȟ ȟȟ
. 

 

ʂʨʦʤʝ ʵʪʦʛʦ, ʜʚʫʤʝʨʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʡ ʧʨʦʥʠʮʘʝʤʦʩʪʠ 

ʀȟȟ
ᶻ  ʀȟȟ Ὥʀȟȟ

ͼ  ʤʦʞʝʪ ʦʧʨʝʜʝʣʷʪʴʩʷ ʤʝʪʦʜʦʤ ʧʝʨʝʙʦʨʘ ʟʥʘʯʝʥʠʡ ʯʝʨʝʟ 

ʚʳʨʘʞʝʥʠʷ Ὕȟȟ  ʠ Ὑȟȟ: 

 

Ὕȟȟ ρ ʍȟȟ
Å ȟȟ

ρ ʍȟȟὩ
ȟȟ
Ƞ

Ὑȟȟ ʍȟȟ
ρ Å ȟȟ

ρ ʍȟȟὩ
ȟȟ
Ȣ
ữ
Ử
Ữ

Ử
ử

 
(26) 

 

ɿʥʘʯʝʥʠʷ ʀȟȟ
ᶻ  ʨʘʩʩʯʠʪʳʚʘʶʪʩʷ ʯʝʨʝʟ ʧʦʩʪʦʷʥʥʫʶ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʚ ʩʨʝʜʝ 

ɾȟȟ  
ȟȟ
ᶻ

ȟȟ
ᶻ

 ʠ ʢʦʵʬʬʠʮʠʝʥʪ ʦʪʨʘʞʝʥʠʷ ʦʪ ʧʝʨʝʜʥʝʡ ʛʨʘʥʠ ʜʠʵʣʝʢʪʨʠʢʘ 

ʍȟȟ  
ȟȟ

ȟȟ
, ʛʜʝ ᾀȟȟ

ȟȟ
ᶻ

ȟȟ
ᶻ  ï ʚʦʣʥʦʚʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ. 

ʅʘ ʦʩʥʦʚʝ ʩʦʦʪʥʦʰʝʥʠʡ (24) ʠ (25) ʙʳʣʘ ʥʘʧʠʩʘʥʘ ʧʨʦʛʨʘʤʤʘ ʚ ʩʨʝʜʝ 

LabVIEW. ɼʘʥʥʘʷ ʧʨʦʛʨʘʤʤʘ ʥʘ ʦʩʥʦʚʘʥʠʠ ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ 

ʨʘʩʧʨʝʜʝʣʝʥʠʡ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʧʨʦʭʦʞʜʝʥʠʷ Ὕȟȟ ʠ ʬʘʟʳ ʒȟȟ, ʘ ʪʘʢʞʝ ʟʥʘʯʝʥʠʡ 

ʪʦʣʱʠʥʳ ʦʙʨʘʟʮʘ d, ʯʘʩʪʦʪʳ ʠʟʣʫʯʝʥʠʷ Ὢ ʨʘʩʩʯʠʪʳʚʘʝʪ ʨʘʩʧʨʝʜʝʣʝʥʠʷ 

ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʡ ʧʨʦʥʠʮʘʝʤʦʩʪʠ ʚ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʢʦʦʨʜʠʥʘʪʘʭ ὼ ̉ ώ ʚ ʨʘʤʢʘʭ 

ʟʘʜʘʥʥʦʛʦ ʜʠʘʧʘʟʦʥʘ ʧʦʠʩʢʘ. ʇʦʜʨʦʙʥʦ ʘʣʛʦʨʠʪʤ ʧʨʦʛʨʘʤʤʳ ʦʧʠʩʘʥ ʥʘ ʙʣʦʢ-ʩʭʝʤʝ, 

ʧʨʝʜʩʪʘʚʣʝʥʥʦʡ ʥʘ ʨʠʩʫʥʢʘʭ 2.6 ʠ 2.7.  
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ʈʠʩʫʥʦʢ 2.6 ï ɹʣʦʢ-ʩʭʝʤʘ ʦʩʥʦʚʥʦʡ ʧʨʦʛʨʘʤʤʳ ʨʘʩʯʝʪʘ ʨʘʩʧʨʝʜʝʣʝʥʠʷ 

ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʡ ʧʨʦʥʠʮʘʝʤʦʩʪʠ 

 



 49 

 

ʈʠʩʫʥʦʢ 2.7 ï ɹʣʦʢ-ʩʭʝʤʘ ʧʦʜʧʨʦʛʨʘʤʤʳ ʧʦʠʩʢʘ ʢʦʨʥʷ ʧʨʠ ʨʘʩʯʝʪʝ 

ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʡ ʧʨʦʥʠʮʘʝʤʦʩʪʠ 

 

ʃʠʮʝʚʘʷ ʧʘʥʝʣʴ ʧʨʦʛʨʘʤʤʳ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩʫʥʢʝ 2.8. 

 

 

ʈʠʩʫʥʦʢ 2.8 ï ʃʠʮʝʚʘʷ ʧʘʥʝʣʴ ʧʨʦʛʨʘʤʤʳ ʨʘʩʯʝʪʘ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʡ 

ʧʨʦʥʠʮʘʝʤʦʩʪʠ 
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ʇʦʜʧʨʦʛʨʘʤʤʘ ʧʦʠʩʢʘ ʢʦʨʥʷ ʩʠʩʪʝʤʳ (25) ʠʩʧʳʪʳʚʘʣʘʩʴ ʥʘ ʨʝʟʫʣʴʪʘʪʘʭ 

ʠʟʤʝʨʝʥʠʷ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʛʦ ʦʪʢʣʠʢʘ ʩʪʘʥʜʘʨʪʥʦʛʦ ʦʙʨʘʟʮʘ ʧʨʝʜʧʨʠʷʪʠʷ 

(ʉʆʇ-3), ʧʦʣʫʯʝʥʥʳʭ ʥʘ ʩʧʝʢʪʨʦʤʝʪʨʝ ʉʊɼ-21. ɺʭʦʜʥʳʤʠ ʧʘʨʘʤʝʪʨʘʤʠ 

ʧʦʜʧʨʦʛʨʘʤʤʳ ʷʚʣʷʶʪʩʷ: ʪʦʣʱʠʥʘ ʦʙʨʘʟʮʘ d=3,05 ʤʤ, ʯʘʩʪʦʪʳ ʠʟʣʫʯʝʥʠʷ 

Ὢ  203 ɻɻʮ, ʢʦʵʬʬʠʮʠʝʥʪ ʧʨʦʭʦʞʜʝʥʠʷ Ὕ  0,40747 ʦʪʥ. ʝʜ., ʬʘʟʦʚʳʡ ʩʜʚʠʛ 

ʒ  28,8459 ʨʘʜʠʘʥ, ʜʠʘʧʘʟʦʥ ʧʦʠʩʢʘ ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʡ ʧʨʦʥʠʮʘʝʤʦʩʪʠ 

(ʜʝʡʩʪʚʠʪʝʣʴʥʦʡ ʯʘʩʪʠ Ὡᴂ  3 ʦʪʥ. ʝʜ., Ὡᴂ  5 ʦʪʥ. ʝʜ. ʠ ʤʥʠʤʦʡ 

Ὡͼ  0,08 ʦʪʥ. ʝʜ., Ὡͼ  0,115 ʦʪʥ. ʝʜ.) ʠ ʟʘʜʘʥʥʘʷ ʥʝʚʷʟʢʘ Ὡὶὶ 0,01 

(ʦʧʨʝʜʝʣʷʝʪ ʪʦʯʥʦʩʪʴ ʨʘʩʯʸʪʘ). 

ʅʘ ʨʠʩʫʥʢʝ 2.9 ʧʦʢʘʟʘʥʘ ʯʘʩʪʴ ʣʠʮʝʚʦʡ ʧʘʥʝʣʠ ʧʦʜʧʨʦʛʨʘʤʤʳ ʧʦʠʩʢʘ ʢʦʨʥʷ 

ʩʠʩʪʝʤʳ (25) ʩ ʚʭʦʜʥʳʤʠ ʧʘʨʘʤʝʪʨʘʤʠ ʜʣʷ ʉʆʇ-3. ɻʨʘʬʠʢʠ ʚ ʧʦʜʧʨʦʛʨʘʤʤʝ 

ʧʦʠʩʢʘ ʢʦʨʥʷ ʧʦʢʘʟʳʚʘʶʪ ʟʘʚʠʩʠʤʦʩʪʠ ʨʘʩʩʯʠʪʘʥʥʳʭ ʚʝʣʠʯʠʥ Ὕ ʠ ʒ 

ʦʪ ʧʦʜʩʪʘʚʣʷʝʤʳʭ ʚ ʩʦʦʪʥʦʰʝʥʠʷ ʌʨʝʥʝʣʷ (25) ʟʥʘʯʝʥʠʷ ὙᾩὩὴί (ʦʪ Ὡᴂ  ʜʦ 

Ὡᴂ ) ʧʨʠ ʵʪʦʤ ʚʝʣʠʯʠʥʘ ὍᾴὩὴίὩͼ . 

 

 

ʈʠʩʫʥʦʢ 2.9 ï ɻʨʘʬʠʢʠ ʟʘʚʠʩʠʤʦʩʪʠ ʜʝʡʩʪʚʠʪʝʣʴʥʦʡ ʯʘʩʪʠ ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʡ 

ʧʨʦʥʠʮʘʝʤʦʩʪʠ ʦʪ ʢʦʵʬʬʠʮʠʝʥʪʘ ʧʨʦʭʦʞʜʝʥʠʷ ʠ ʬʘʟʦʚʦʛʦ ʩʜʚʠʛʘ ʧʨʠ 

ʬʠʢʩʠʨʦʚʘʥʥʦʡ ʤʥʠʤʦʡ ʯʘʩʪʠ ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʡ ʧʨʦʥʠʮʘʝʤʦʩʪʠ ʚ ʧʦʜʧʨʦʛʨʘʤʤʝ 

ʧʦʠʩʢʘ ʢʦʨʥʷ 
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ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʦʠʩʢʘ (ʧʨʠ Ὡὶὶ 0,01) ʙʳʣ ʧʦʣʫʯʝʥ ʨʝʟʫʣʴʪʘʪ 

ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʡ ʧʨʦʥʠʮʘʝʤʦʩʪʠ ʀᶻ τȟωρφὭπȟρρρ. ɺ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʜʣʷ 

ʩʨʘʚʥʝʥʠʷ, ʠʟʤʝʨʝʥʠʝ ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʡ ʧʨʦʥʠʮʘʝʤʦʩʪʠ ʥʘ ʩʧʝʢʪʨʦʤʝʪʨʝ 

ʥʝʧʨʝʨʳʚʥʦʛʦ ʜʝʡʩʪʚʠʷ ʉʊɼ-21 ʧʦʢʘʟʘʣʦ ʀᶻ τȟωρωφπυὭπȟρρςχωωχ.  

ʇʨʠ ʫʚʝʣʠʯʝʥʠʠ ʪʦʯʥʦʩʪʠ ʨʘʩʯʝʪʘ (Ὡὶὶ 0,001) ʨʝʟʫʣʴʪʘʪ ʩʦʩʪʘʚʠʣ 

ʀᶻ τȟωρωρὭπȟρρςτ, ʦʜʥʘʢʦ ʚʨʝʤʷ ʧʦʠʩʢʘ ʟʥʘʯʠʪʝʣʴʥʦ ʚʦʟʨʦʩʣʦ. 

ɽʩʣʠ ʧʦʜʨʦʙʥʦ ʨʘʩʩʤʦʪʨʝʪʴ ʧʦʚʝʜʝʥʠʝ ʟʘʚʠʩʠʤʦʩʪʠ Ὡᴂ ʦʪ ʒ ʧʨʠ 

ʬʠʢʩʠʨʦʚʘʥʥʦʤ ʟʥʘʯʝʥʠʠ Ὡͼ  ʤʦʞʥʦ ʟʘʤʝʪʠʪʴ, ʯʪʦ ʦʥʘ ʠʤʝʝʪ ʬʦʨʤʫ ʦʯʝʥʴ 

ʙʣʠʟʢʫʶ ʢ ʣʠʥʝʡʥʦʡ (ʨʠʩʫʥʦʢ 2.9). ʅʘ ʦʩʥʦʚʘʥʠʠ ʜʘʥʥʦʛʦ ʥʘʙʣʶʜʝʥʠʷ ʙʳʣʘ 

ʩʬʦʨʤʫʣʠʨʦʚʘʥʘ ʛʠʧʦʪʝʟʘ ʦ ʚʦʟʤʦʞʥʦʩʪʠ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʠʩʢʦʤʦʛʦ ʟʥʘʯʝʥʠʷ Ὡᴂ 

ʥʘ ʦʩʥʦʚʘʥʠʠ ʵʢʩʪʨʘʧʦʣʷʮʠʠ ʣʠʥʝʡʥʦʡ ʬʫʥʢʮʠʠ ʧʦ ʠʟʚʝʩʪʥʦʤʫ ʟʥʘʯʝʥʠʶ ʒ ʠ 

ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ ʘʧʧʨʦʢʩʠʤʘʮʠʠ ʤʝʪʦʜʦʤ ʥʘʠʤʝʥʴʰʠʭ ʢʚʘʜʨʘʪʦʚ ʥʘʯʘʣʴʥʳʭ 

ʟʥʘʯʝʥʠʡ ʬʫʥʢʮʠʠ. 

ɸʥʘʣʠʟ ʧʦʚʝʜʝʥʠʷ ʬʫʥʢʮʠʡ Ὕʀᶻ ʠ ʒʀᶻ  ʧʦʢʘʟʘʣ (ʨʠʩʫʥʦʢ 2.10), ʯʪʦ 

ʥʝʩʤʦʪʨʷ ʥʘ ʪʦ, ʯʪʦ ʟʘʚʠʩʠʤʦʩʪʴ Ὕʀᶻ ʠʤʝʝʪ ʤʥʦʞʝʩʪʚʦ ʢʦʨʥʝʡ ʜʣʷ ʦʜʥʦʛʦ ʠ ʪʦʛʦ 

ʞʝ ʟʥʘʯʝʥʠʷ T, ʫʨʘʚʥʝʥʠʝ ʒʀᶻ  ʠʤʝʝʪ ʝʜʠʥʩʪʚʝʥʥʦʝ ʚʦʟʤʦʞʥʦʝ ʨʝʰʝʥʠʝ. 

 

  

ʘ ʙ 

ʘ ï ʟʘʚʠʩʠʤʦʩʪʴ ʢʦʵʬʬʠʮʠʝʥʪʘ ʧʨʦʭʦʞʜʝʥʠʷ; ʙ ï ʟʘʚʠʩʠʤʦʩʪʴ ʬʘʟ r

ʈʠʩʫʥʦʢ 2.10 ï ɿʘʚʠʩʠʤʦʩʪʴ ʢʦʵʬʬʠʮʠʝʥʪʘ ʧʨʦʭʦʞʜʝʥʠʷ ʠ ʬʘʟʦʚʦʛʦ ʩʜʚʠʛʘ ʦʪ 

ʜʝʡʩʪʚʠʪʝʣʴʥʦʡ ʠ ʤʥʠʤʦʡ ʯʘʩʪʝʡ ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʡ ʧʨʦʥʠʮʘʝʤʦʩʪʠ 

ʩ
ʩ

ʩ 
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ʊʦ ʝʩʪʴ ʟʘʜʘʯʘ ʚʳʙʦʨʘ ʢʦʨʥʷ ʩʠʩʪʝʤʳ ʫʨʘʚʥʝʥʠʡ ʟʘʚʠʩʷʱʠʭ ʦʪ ʜʚʫʭ 

ʧʝʨʝʤʝʥʥʳʭ ʤʦʞʝʪ ʙʳʪʴ ʨʝʰʝʥʘ ʧʫʪʝʤ ʥʘʭʦʞʜʝʥʠʷ ʝʛʦ ʧʨʠʙʣʠʞʝʥʥʦʛʦ ʟʥʘʯʝʥʠʷ 

ʧʦ ʒʀᶻ  ʠ ʜʘʣʴʥʝʡʰʝʛʦ ʫʪʦʯʥʝʥʠʷ ʧʦ Ὕʀᶻ  ʠ ʒʀᶻ. ʂʨʦʤʝ ʵʪʦʛʦ, ʬʦʨʤʘ 

ʟʘʚʠʩʠʤʦʩʪʠ (ʨʠʩʫʥʦʢ 2.10ʙ) ʧʦʜʪʚʝʨʞʜʘʝʪ ʛʠʧʦʪʝʟʫ ʦ ʚʦʟʤʦʞʥʦʩʪʠ ʣʠʥʝʘʨʠʟʘʮʠʠ 

ʜʘʥʥʦʡ ʬʫʥʢʮʠʠ ʩ ʧʦʩʣʝʜʫʶʱʝʡ ʵʢʩʪʨʘʧʦʣʷʮʠʝʡ ʙʣʘʛʦʜʘʨʷ ʝʝ ʤʦʥʦʪʦʥʥʦʩʪʠ, 

ʦʜʥʘʢʦ ʧʨʠ ʫʯʝʪʝ ʦʛʨʘʥʠʯʝʥʠʷ ʦ ʤʘʩʰʪʘʙʘʭ ʧʦʠʩʢʘ ʟʥʘʯʝʥʠʷ (Ὡᴂ Ὡ

ρππ ʦʪʥ. ʝʜ.). 

ʈʘʟʨʘʙʦʪʘʥʥʳʡ ʘʣʛʦʨʠʪʤ ʨʘʩʯʝʪʘ ʧʦʠʩʢʘ ʢʦʨʥʷ ʧʨʠ ʨʘʩʯʝʪʝ ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʡ 

ʧʨʦʥʠʮʘʝʤʦʩʪʠ (ʨʠʩʫʥʢʠ 2.6 ʠ 2.7) ʧʦ ʩʦʦʪʥʦʰʝʥʠʷʤ ʌʨʝʥʝʣʷ (25) ʙʳʣ 

ʫʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥ ʩ ʮʝʣʴʶ ʫʤʝʥʴʰʝʥʠʷ ʚʨʝʤʝʥʠ ʨʘʩʯʝʪʘ. ɺ ʧʨʦʮʝʩʩʝ ʧʦʠʩʢʘ 

ʟʥʘʯʝʥʠʷ ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʡ ʧʨʦʥʠʮʘʝʤʦʩʪʠ, ʢʘʢ ʧʦʢʘʟʘʥʦ ʥʘ ʙʣʦʢ-ʩʭʝʤʝ ʘʣʛʦʨʠʪʤʘ, 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ ʫʚʝʣʠʯʠʚʘʶʪʩʷ ʟʥʘʯʝʥʠʷ ὙᾩὩὴί ʠ ὍᾴὩὴί (ʜʣʷ ʢʘʞʜʦʡ ʚʝʣʠʯʠʥʳ 

ὙᾩὩὴί ʧʦʜʩʪʘʚʣʷʝʪʩʷ ʟʥʘʯʝʥʠʝ ὍᾴὩὴί ʦʪ Ὡͼ  ʠ ʜʦ Ὡͼ ), ʠʩʧʦʣʴʟʫʝʤʳʝ 

ʚ ʬʦʨʤʫʣʘʭ ʌʨʝʥʝʣʷ ʜʣʷ ʩʨʘʚʥʝʥʠʷ ʩ ʠʟʤʝʨʝʥʥʳʤʠ ʚʝʣʠʯʠʥʘʤʠ T ʠ ʒ. ʇʨʠ ʧʦʠʩʢʝ 

ʢʦʨʥʷ ʚ ʩʣʝʜʫʶʱʝʡ ʪʦʯʢʝ ὼȟώ ʠʩʧʦʣʴʟʫʝʪʩʷ ʨʘʩʩʯʠʪʘʥʥʳʝ ʟʥʘʯʝʥʠʷ ὙᾩὩὴί ʠ 

ὍᾴὩὴί ʚ ʧʨʝʜʳʜʫʱʝʡ ʪʦʯʢʝ x-1 ʠ y ʩ ʫʯʝʪʦʤ ʟʘʜʘʥʥʳʭ ʥʘ ʣʠʮʝʚʦʡ ʧʘʥʝʣʠ 

ʧʨʠʣʦʞʝʥʠʷ ʚʝʣʠʯʠʥ ʚʦʟʤʦʞʥʳʭ ʧʝʨʝʧʘʜʦʚ ʟʥʘʯʝʥʠʡ Ὡ  ̉Ὡͼ. 

ɺ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʚ ʥʘʯʘʣʝ ʧʨʦʮʝʩʩʘ ʧʦʠʩʢʘ, ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ ʟʥʘʯʝʥʠʡ ὙᾩὩὴί 

ʠ ὍᾴὩὴί ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʘʯʘʣʴʥʳʭ Ὡᴂ  ʠ Ὡͼ  ʥʘ ʢʦʣʠʯʝʩʪʚʦ ʰʘʛʦʚ ίὸὩὴ 

ʟʘʜʘʚʘʝʤʳʭ ʦʢʥʦʤ ʘʧʧʨʦʢʩʠʤʘʮʠʠ ʟʘʧʫʩʢʘʝʪʩʷ ʧʨʦʮʝʩʩ ʚʳʯʠʩʣʝʥʠʷ ʪʨʝʥʜʘ 

ʣʠʥʝʡʥʦʡ ʬʫʥʢʮʠʠ ʧʦ ʚʳʯʠʩʣʝʥʥʳʤ ʟʘʚʠʩʠʤʦʩʪʷʤ ὙᾩὩὴί ʠ ὪὭ . ʇʦʩʣʝ 

ʯʝʛʦ ʥʘ ʦʩʥʦʚʘʥʠʠ ʧʦʣʫʯʝʥʥʳʭ ʢʦʵʬʬʠʮʠʝʥʪʦʚ Ὧ, ὦ ʠ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʠʟʤʝʨʝʥʥʦʡ 

ʚʝʣʠʯʠʥʦʡ ʬʘʟʳ ʒ ʚʳʯʠʩʣʷʝʪʩʷ ʟʥʘʯʝʥʠʝ: 

ὙᾩὩὴίὯʒ ὦȢ (27) 

ɿʘʪʝʤ ʠʪʝʨʘʮʠʦʥʥʳʡ ʧʨʦʮʝʩʩ ʧʦʠʩʢʘ ʩ ʧʝʨʠʦʜʠʯʝʩʢʠʤ ʚʳʯʠʩʣʝʥʠʝʤ 

ʟʥʘʯʝʥʠʡ ʧʦ ʚʳʨʘʞʝʥʠʶ (27) ʧʦʚʪʦʨʷʝʪʩʷ ʩ ʧʝʨʠʦʜʠʯʥʦʩʪʴʶ ʟʘʜʘʚʘʝʤʦʡ ʦʢʥʦʤ 

ʘʧʧʨʦʢʩʠʤʘʮʠʠ ʧʦʢʘ ʥʝ ʚʳʧʦʣʥʠʪʩʷ ʫʩʣʦʚʠʝ: 

ʒ Ὡὶὶ ὪὭ ʒ Ὡὶὶ Ȣ (28) 

ʛʜʝ Ὡὶὶ  ʚʝʣʠʯʠʥʘ ʜʦʧʫʩʪʠʤʦʩʪʠ ʘʧʧʨʦʢʩʠʤʘʮʠʠ. 
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ʇʨʠ ʜʦʩʪʠʞʝʥʠʠ ʫʩʣʦʚʠʷ (28) ʧʨʦʮʝʩʩ ʘʧʧʨʦʢʩʠʤʘʮʠʠ ʟʥʘʯʝʥʠʡ ʙʦʣʴʰʝ 

ʥʝ ʧʨʠʤʝʥʷʝʪʩʷ. ɺʤʝʩʪʦ ʵʪʦʛʦ ʚʳʧʦʣʥʷʝʪʩʷ ʘʣʛʦʨʠʪʤ ʧʦʠʩʢʘ ʢʦʨʥʷ, ʧʦʢʘʟʘʥʥʳʡ 

ʥʘ ʨʠʩʫʥʢʘʭ 2.6 ʠ 2.7. ʆʜʥʘʢʦ ʟʥʘʯʝʥʠʝ ὙᾩὩὴί ʤʦʞʝʪ ʢʘʢ ʫʚʝʣʠʯʠʚʘʪʴʩʷ, ʪʘʢ ʠ 

ʫʤʝʥʴʰʘʪʴʩʷ ʚ ʥʘʧʨʘʚʣʝʥʠʠ ʠʩʢʦʤʦʛʦ ʟʥʘʯʝʥʠʷ ʒ ʧʨʠ ʝʛʦ ʩʨʘʚʥʝʥʠʠ 

ʩ ʨʘʩʩʯʠʪʘʥʥʦʡ ʚʝʣʠʯʠʥʦʡ ὪὭ . ʕʪʦ ʦʙʫʩʣʦʚʣʝʥʦ ʪʝʤ, ʯʪʦ ʚʳʯʠʩʣʝʥʠʝ ʚʝʨʦʷʪʥʦʛʦ 

ʟʥʘʯʝʥʠʷ ὙᾩὩὴί ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʧʦ ʫʨʘʚʥʝʥʠʶ (27), ʢʦʪʦʨʦʝ ʷʚʣʷʝʪʩʷ ʣʠʥʝʡʥʦʡ 

ʬʫʥʢʮʠʝʡ. ʇʨʦʮʝʜʫʨʘ ʧʦʠʩʢʘ ʢʦʨʥʷ ʙʫʜʝʪ ʧʨʦʜʦʣʞʘʪʴʩʷ ʜʦ ʪʝʭ ʧʦʨ, ʧʦʢʘ ʚʝʣʠʯʠʥʳ 

ʥʝ ʙʫʜʫʪ ʫʜʦʚʣʝʪʚʦʨʷʪʴ ʫʩʣʦʚʠʶ: 

Ὕ ὩὶὶὝ Ὕ Ὡὶὶȟ 

ʒ ὩὶὶὪὭ ʒ ὩὶὶȢ 
(29) 

ʛʜʝ Ὡὶὶ ï ʥʝʚʷʟʢʘ. 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʨʠ ʧʦʤʦʱʠ ʘʣʛʦʨʠʪʤʘ, ʠʩʧʦʣʴʟʫʶʱʝʛʦ ʘʧʧʨʦʢʩʠʤʘʮʠʶ 

ʤʝʪʦʜʦʤ ʥʘʠʤʝʥʴʰʠʭ ʢʚʘʜʨʘʪʦʚ ʜʣʷ ʫʩʢʦʨʝʥʠʷ ʧʨʦʮʝʩʩʘ ʧʦʠʩʢʘ ʢʦʨʥʷ, ʙʳʣ 

ʧʨʦʠʟʚʝʜʝʥ ʨʘʩʯʸʪ ʧʨʠ Ὡὶὶ 0,0001 ʜʣʷ ʉʆʇ-3. ʅʘʡʜʝʥʥʘʷ ʚʝʣʠʯʠʥʘ 

ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʡ ʧʨʦʥʠʮʘʝʤʦʩʪʠ ʩʦʩʪʘʚʠʣʘ ʀᶻ τȟωρωτπτὭπȟρρςυχ, ʘ ʩʢʦʨʦʩʪʴ 

ʧʦʠʩʢʘ ʢʦʨʥʷ ʧʨʠ ʵʪʦʤ ʧʦʣʫʯʠʣʘʩʴ ʙʳʩʪʨʝʝ (539 ʤʩ) ʯʝʤ ʘʣʛʦʨʠʪʤʦʤ ʧʝʨʝʙʦʨʘ 

(ʪʘʙʣʠʯʥʳʡ ʤʝʪʦʜ ʦʪʜʝʣʝʥʠʷ ʢʦʨʥʝʡ) ʟʥʘʯʝʥʠʡ (562 ʤʩ) ʜʣʷ ʥʝʚʷʟʢʠ ʥʘ ʜʚʘ ʧʦʨʷʜʢʘ 

ʚʳʰʝ (Ὡὶὶ 0,01). 

ʆʮʝʥʢʘ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʨʘʟʨʘʙʦʪʘʥʥʳʭ ʘʣʛʦʨʠʪʤʦʚ ʦʩʫʱʝʩʪʚʣʷʣʘʩʴ ʧʨʠ 

ʧʦʤʦʱʠ ʥʘʧʠʩʘʥʥʦʛʦ ʚ ʩʨʝʜʝ LabVIEW ʧʨʠʣʦʞʝʥʠʷ, ʢʦʪʦʨʦʝ ʟʘʧʫʩʢʘʝʪ ʜʘʥʥʳʝ 

ʧʦʜʧʨʦʛʨʘʤʤʳ ʠ ʠʟʤʝʨʷʝʪ ʚʨʝʤʷ, ʟʘʪʨʘʯʝʥʥʦʝ ʥʘ ʝʸ ʚʳʧʦʣʥʝʥʠʝ. ɿʘʧʫʩʢ ʧʨʦʛʨʘʤʤʳ 

ʧʨʦʠʟʚʦʜʠʣʩʷ ʥʘ ʧʝʨʩʦʥʘʣʴʥʦʤ ʢʦʤʧʴʶʪʝʨʝ ʩʦ ʩʣʝʜʫʶʱʠʤʠ ʪʝʭʥʠʯʝʩʢʠʤʠ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ: 64-ʨʘʟʨʷʜʥʘʷ ʦʧʝʨʘʮʠʦʥʥʘʷ ʩʠʩʪʝʤʘ Windows 11 Pro, ʧʨʦʮʝʩʩʦʨ 

Intel(R) Core (TM) i5-11400, 16 ɻɹ ʦʧʝʨʘʪʠʚʥʦʡ ʧʘʤʷʪʠ. ʅʘ ʨʠʩʫʥʢʝ 2.11 ʧʦʢʘʟʘʥ 

ʛʨʘʬʠʢ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪʥʦʰʝʥʠʡ ʚʨʝʤʝʥʠ ʨʘʩʯʝʪʘ ʘʣʛʦʨʠʪʤʦʤ ʧʝʨʝʙʦʨʘ ʢ ʚʨʝʤʝʥʠ 

ʨʘʩʯʝʪʘ ʘʣʛʦʨʠʪʤʦʤ ʩ ʘʧʧʨʦʢʩʠʤʘʮʠʝʡ ʦʪ ʫʩʪʘʥʦʚʣʝʥʥʦʡ ʥʝʚʷʟʢʠ. 
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ʈʠʩʫʥʦʢ 2.11 ï ʆʪʥʦʰʝʥʠʝ ʚʨʝʤʝʥʠ ʨʘʩʯʝʪʘ ʘʣʛʦʨʠʪʤʦʤ ʧʝʨʝʙʦʨʘ ʢ 

ʚʨʝʤʝʥʠ ʨʘʩʯʝʪʘ ʘʣʛʦʨʠʪʤʦʤ ʩ ʘʧʧʨʦʢʩʠʤʘʮʠʝʡ ʦʪ ʫʩʪʘʥʦʚʣʝʥʥʦʡ ʥʝʚʷʟʢʠ 

 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʘʣʛʦʨʠʪʤ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʝʪʦʜʘ ʘʧʧʨʦʢʩʠʤʘʮʠʠ 

ʧʦʟʚʦʣʷʝʪ ʫʩʢʦʨʠʪʴ ʧʨʦʮʝʜʫʨʫ ʧʦʠʩʢʘ ʢʦʨʥʷ ʧʨʠ ʥʝʚʷʟʢʝ Ὡὶὶ 0,05 ʚ 33 ʨʘʟʘ 

(ʚʤʝʩʪʦ 24,5 ʤʩ ʚʳʧʦʣʥʠʪʴ ʟʘ 741 ʤʢʩ), ʘ ʧʨʠ ʥʝʚʷʟʢʝ Ὡὶὶ 0,0001 ʚ 10560 ʨʘʟ 

(ʚʤʝʩʪʦ 1 ʯʘʩʘ 35 ʤʠʥʫʪ ʚʳʧʦʣʥʠʪʴ ʟʘ 539 ʤʩ). 

ʆʜʥʘʢʦ, ʢʘʢ ʧʦʢʘʟʘʣʦ ʪʝʩʪʠʨʦʚʘʥʠʝ ʨʘʟʨʘʙʦʪʘʥʥʦʡ ʧʨʦʛʨʘʤʤʳ ʚ ʧʨʦʮʝʩʩʝ 

ʨʘʩʯʸʪʘ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʡ ʧʨʦʥʠʮʘʝʤʦʩʪʠ ʧʨʠ ʙʦʣʴʰʠʭ ʧʝʨʝʧʘʜʘʭ 

(Ў‐ πȟυ) ʫʩʢʦʨʝʥʠʝ ʨʘʙʦʪʘʝʪ ʥʝʢʦʨʨʝʢʪʥʦ. ɺʩʣʝʜʩʪʚʠʝ ʵʪʦʛʦ ʬʘʢʪ 

ʥʝʢʦʨʨʝʢʪʥʦʩʪʠ ʨʘʩʯʸʪʘ ʦʪʩʣʝʞʠʚʘʝʪʩʷ ʧʨʦʛʨʘʤʤʦʡ ʠ ʟʘʪʝʤ ʟʘʧʫʩʢʘʝʪʩʷ ʘʣʛʦʨʠʪʤ 

ʨʘʩʯʝʪʘ, ʧʦʢʘʟʘʥʥʳʡ ʥʘ ʨʠʩʫʥʢʘʭ 2.6 ʠ 2.7. 

 

2.3 ɸʧʨʦʙʘʮʠʷ ʩʠʩʪʝʤʳ ʚʠʟʫʘʣʠʟʘʮʠʠ ʤʘʪʝʨʠʘʣʦʚ 

 

2.3.1 ʆʮʝʥʢʘ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʨʘʟʨʝʰʘʶʱʝʡ ʩʧʦʩʦʙʥʦʩʪʠ ʩʠʩʪʝʤʳ 

ʚʠʟʫʘʣʠʟʘʮʠʠ ʤʘʪʝʨʠʘʣʦʚ 

 

ʇʨʦʩʪʨʘʥʩʪʚʝʥʥʘʷ ʨʘʟʨʝʰʘʶʱʘʷ ʩʧʦʩʦʙʥʦʩʪʴ ʩʠʩʪʝʤʳ ʊɻʮ ʚʠʟʫʘʣʠʟʘʮʠʠ 

ʦʮʝʥʠʚʘʣʘʩʴ ʧʦʩʨʝʜʩʪʚʦʤ ʪʝʩʪʦʚʦʛʦ ʦʙʲʝʢʪʘ, ʠʟʛʦʪʦʚʣʝʥʥʦʛʦ ʧʦ ʘʜʜʠʪʠʚʥʦʡ 

ʪʝʭʥʦʣʦʛʠʠ ʤʝʪʦʜʦʤ ʧʦʩʣʦʡʥʦʛʦ ʥʘʧʣʘʚʣʝʥʠʷ. ʆʙʨʘʟʝʮ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ 
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ʧʦʜʣʦʞʢʫ ʠʟ ʘʢʨʠʣʦʥʠʪʨʠʣ-ʙʫʪʘʜʠʝʥ-ʩʪʠʨʦʣʘ (ɸɹʉ) ʪʦʣʱʠʥʦʡ 400 ʤʢʤ (ʜʣʠʥʘ 

ʧʦʜʣʦʞʢʠ-160 ʤʤ, ʰʠʨʠʥʘ-45 ʤʤ) ʠ ʥʘʥʝʩʝʥʥʳʝ ʥʘ ʥʝʝ ʧʦʣʦʩʳ 

ʠʟ ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʦʛʦ ʧʨʦʚʦʜʷʱʠʤʠ ʚʦʣʦʢʥʘʤʠ ɸɹʉ. ʇʦʣʦʩʳ ʠʤʝʶʪ ʨʘʟʥʫʶ 

ʰʠʨʠʥʫ ʚ ʜʠʘʧʘʟʦʥʝ ʦʪ 0,45 ʜʦ 5,95 ʩ ʰʘʛʦʤ 0,25 ʤʤ. ʊʦʣʱʠʥʘ ʩʦʩʪʘʚʣʷʝʪ 0,4 ʤʤ. 

ʈʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʧʦʣʦʩʘʤʠ ʩʦʩʪʘʚʣʷʝʪ 10 ʤʤ. ɿʘʱʠʪʥʘʷ ʦʙʣʘʩʪʴ ʚʥʠʟʫ ʦʙʨʘʟʮʘ 

ʩʦʩʪʘʚʣʷʝʪ ʧʨʠʤʝʨʥʦ 5 ʤʤ. ʅʘ ʨʠʩʫʥʢʝ 2.12 ʧʦʢʘʟʘʥʘ ʤʦʜʝʣʴ ʪʝʩʪʦʚʦʛʦ ʦʙʨʘʟʮʘ ʠʟ 

ɸɹʉ, ʘ ʥʘ ʨʠʩʫʥʢʝ 2.13 ʚʥʝʰʥʠʡ ʚʠʜ ʠʟʛʦʪʦʚʣʝʥʥʦʛʦ ʦʙʨʘʟʮʘ 

 

  

ʘ ʙ 

ʘ ï ʪʨʝʭʤʝʨʥʘʷ ʤʦʜʝʣʴ ʦʙʨʘʟʮʘ; ʙ ï ʯʝʨʪʝʞ ʦʙʨʘʟʮʘ ʩ ʨʘʟʤʝʨʘʤʠ 

ʈʠʩʫʥʦʢ 2.12 ï ʄʦʜʝʣʴ ʪʝʩʪʦʚʦʛʦ ʦʙʨʘʟʮʘ ʥʘ ʦʩʥʦʚʝ ɸɹʉ ʠ ʧʨʦʚʦʜʷʱʝʛʦ ɸɹʉ 

 

 

ʈʠʩʫʥʦʢ 2.13 ï ɺʥʝʰʥʠʡ ʚʠʜ ʪʝʩʪʦʚʦʛʦ ʦʙʨʘʟʮʘ ʥʘ ʦʩʥʦʚʝ ɸɹʉ ʠ ʧʨʦʚʦʜʷʱʝʛʦ 

ɸɹʉ 

 

ʉ ʧʦʤʦʱʴʶ ʩʠʩʪʝʤʳ ʊɻʮ-ʚʠʟʫʘʣʠʟʘʮʠʠ ʪʝʩʪʠʨʫʝʤʳʡ ʦʙʨʘʟʝʮ ʙʳʣ 

ʧʨʦʩʢʘʥʠʨʦʚʘʥ ʚʜʦʣʴ ʦʩʠ ʍ ʩ ʰʘʛʦʤ 0,5 ʤʤ, ʩ ʯʘʩʪʦʪʦʡ ʠʩʪʦʯʥʠʢʘ ʥʝʧʨʝʨʳʚʥʦʛʦ 

ʠʟʣʫʯʝʥʠʷ 208 ɻɻʮ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʙʳʣʦ ʧʦʣʫʯʝʥʦ ʘʤʧʣʠʪʫʜʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ 

(ʨʠʩʫʥʦʢ 2.14), ʥʘ ʦʩʥʦʚʘʥʠʠ ʢʦʪʦʨʦʛʦ ʙʳʣʠ ʦʧʨʝʜʝʣʝʥʳ ʤʠʥʠʤʫʤʳ ʤʦʱʥʦʩʪʠ ʚ 

ʮʝʥʪʨʘʭ ʧʦʣʦʩʦʢ.  
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ʈʠʩʫʥʦʢ 2.14 ï ɸʤʧʣʠʪʫʜʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʧʨʦʰʝʜʰʝʛʦ ʠʟʣʫʯʝʥʠʷ ʩ ʯʘʩʪʦʪʦʡ 

208 ɻɻʮ ʯʝʨʝʟ ʪʝʩʪʦʚʳʡ ʦʙʨʘʟʝʮ 

 

ʅʘ ʨʠʩʫʥʢʝ 2.15 ʧʦʢʘʟʘʥ ʛʨʘʬʠʢ ʟʘʚʠʩʠʤʦʩʪʠ ʪʦʣʱʠʥʳ ʧʦʣʦʩʢʠ (Ὠ̌) 

ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʜʣʠʥʝ ʚʦʣʥʳ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʛʦ ʠʟʣʫʯʝʥʠʷ, ʛʝʥʝʨʠʨʫʝʤʦʛʦ 

ʣʘʤʧʦʡ ʦʙʨʘʪʥʦʡ ʚʦʣʥʳ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʘʤʧʣʠʪʫʜʳ ʥʘʧʨʷʞʝʥʠʷ ʥʘ ʜʝʪʝʢʪʦʨʝ 

ɻʦʣʝʷ ʚ ʮʝʥʪʨʘʭ ʧʦʣʦʩʦʢ. 

 

ʈʠʩʫʥʦʢ 2.15 ï ɿʘʚʠʩʠʤʦʩʪʴ ʤʠʥʠʤʫʤʘ ʤʦʱʥʦʩʪʠ ʥʘ ʜʝʪʝʢʪʦʨʝ ʦʪ ʪʦʣʱʠʥʳ 

ʧʦʣʦʩʢʠ ʥʘ ʪʝʩʪʦʚʦʤ ʦʙʨʘʟʮʝ 

ʇʦ ʛʨʘʬʠʢʫ ʚʠʜʥʦ, ʯʪʦ ʘʤʧʣʠʪʫʜʘ ʥʘʧʨʷʞʝʥʠʷ ʥʘ ʜʝʪʝʢʪʦʨʝ ʧʣʘʚʥʦ ʫʙʳʚʘʝʪ 

ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʪʦʣʱʠʥʳ ʧʦʣʦʩʢʠ ʠ ʧʨʘʢʪʠʯʝʩʢʠ ʜʦʩʪʠʛʘʝʪ ʥʫʣʷ ʧʨʠ Ὠ̌ σȟτυ ̍ .̍ 

ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʥʠʞʥʠʡ ʨʷʜ ʧʦʣʦʩʦʢ ʠʟ ʧʨʦʚʦʜʷʱʝʛʦ ɸɹʉ ʥʝ ʧʦʜʚʝʨʛʘʣʩʷ 

ʠʩʩʣʝʜʦʚʘʥʠʶ. 
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2.3.2 ʉʪʘʙʠʣʴʥʦʩʪʴ ʠʟʤʝʨʷʝʤʳʭ ʧʘʨʘʤʝʪʨʦʚ 

 

ɺ ʨʘʤʢʘʭ ʠʩʧʳʪʘʥʠʡ ʩʠʩʪʝʤʳ ʊɻʮ ʚʠʟʫʘʣʠʟʘʮʠʠ ʧʨʦʠʟʚʦʜʠʣʦʩʴ ʠʟʤʝʨʝʥʠʝ 

ʧʘʨʘʤʝʪʨʦʚ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʠʥʪʝʨʬʝʨʦʤʝʪʨʠʯʝʩʢʦʡ ʩʭʝʤʳ ʄʘʭʘ-ʎʘʥʜʝʨʘ 

(ʨʠʩʫʥʦʢ 1.5). ʉʠʩʪʝʤʘ ʜʚʫʤʝʨʥʦʛʦ ʧʦʟʠʮʠʦʥʠʨʦʚʘʥʠʷ ʫʩʪʘʥʘʚʣʠʚʘʣʘʩʴ ʚ ʧʣʝʯʝ 

 ̄1 ʠʥʪʝʨʬʝʨʦʤʝʪʨʘ ʧʦ ʩʭʝʤʝ ʥʘ ʧʨʦʭʦʞʜʝʥʠʝ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʛʦ ʠʟʣʫʯʝʥʠʷ, ʢʘʢ 

ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩʫʥʢʝ 2.2ʘ. ʀʟʤʝʨʝʥʠʝ ʦʩʫʱʝʩʪʚʣʷʣʦʩʴ ʙʝʟ ʫʩʪʘʥʦʚʢʠ ʦʙʨʘʟʮʘ, ʪʦ 

ʝʩʪʴ ʚ ʩʚʦʙʦʜʥʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ. ʉʪʘʙʠʣʴʥʦʩʪʴ ʜʝʪʝʢʪʠʨʦʚʘʥʠʷ ʧʘʨʘʤʝʪʨʦʚ Ὕ ʠ ʒ ʩ 

ʪʝʯʝʥʠʝʤ ʚʨʝʤʝʥʠ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩʫʥʢʝ 2.16.  

 

  

ʘ ʙ 

ʘ ï ʘʤʧʣʠʪʫʜʘ; ʙ ï ʩʜʚʠʛʘ ʬʘʟʳ 

ʈʠʩʫʥʦʢ 2.16 ï ʉʪʘʙʠʣʴʥʦʩʪʴ ʜʝʪʝʢʪʠʨʦʚʘʥʠʷ ʧʘʨʘʤʝʪʨʦʚ ʩʠʩʪʝʤʳ ʊɻʮ-

ʚʠʟʫʘʣʠʟʘʮʠʠ ʩ ʪʝʯʝʥʠʝʤ ʚʨʝʤʝʥʠ [100] 

 

ʉʪʘʥʜʘʨʪʥʦʝ ʦʪʢʣʦʥʝʥʠʝ ʦʪ ʩʨʝʜʥʝʛʦ (S) ʟʥʘʯʝʥʠʷ ʘʤʧʣʠʪʫʜʳ ʦʧʨʝʜʝʣʷʣʦʩʴ 

ʩʦʛʣʘʩʥʦ ʬʦʨʤʫʣʝ (30) ʠ ʩʦʩʪʘʚʣʷʣʦ ï 0,1 ʤɺ, ʜʣʷ ʬʘʟʳ ï 5 Ͻ10-4 ʨʘʜ. 

Ὓ
В ύ ὼ ὼ

ὲὲ ρ
Ȣ (30) 
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2.3.3 ɼʚʫʤʝʨʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʦʜʥʦʨʦʜʥʦʛʦ 

ʪʝʩʪʦʚʦʛʦ ʦʙʲʝʢʪʘ ʩ ʨʘʟʥʦʡ ʪʦʣʱʠʥʦʡ 

 

ɺ ʢʘʯʝʩʪʚʝ ʪʝʩʪʠʨʫʝʤʦʛʦ ʦʙʲʝʢʪʘ ʠʟ ɸɹʉ ʩ ʧʦʤʦʱʴʶ ʘʜʜʠʪʠʚʥʦʡ ʪʝʭʥʦʣʦʛʠʠ 

ʙʳʣʘ ʠʟʛʦʪʦʚʣʝʥʘ ʧʣʘʩʪʠʥʘ ʰʠʨʠʥʦʡ 40 ʤʤ ʩ ʜʠʩʢʨʝʪʥʦ ʤʝʥʷʶʱʝʡʩʷ 6 ʨʘʟ 

ʪʦʣʱʠʥʦʡ ʦʪ 0,67 ʜʦ 3,47 ʤʤ, ʩ ʜʣʠʥʦʡ ʩʪʫʧʝʥʝʢ 20 ʤʤ (ʨʠʩʫʥʦʢ 2.17). 

ʀʟʛʦʪʦʚʣʝʥʠʝ ʪʝʩʪʦʚʦʛʦ ʦʙʨʘʟʮʘ ʧʨʦʚʦʜʠʣʦʩʴ ʧʨʠ ʜʠʘʤʝʪʨʝ ʩʦʧʣʘ 1 ʤʤ, 

ʪʝʤʧʝʨʘʪʫʨʝ ʩʦʧʣʘ 230 ÁC ʠ ʪʝʤʧʝʨʘʪʫʨʝ ʩʪʦʣʘ 110 ÁC. ʊʦʣʱʠʥʘ ʦʙʨʘʟʮʘ 

ʦʧʨʝʜʝʣʷʣʘʩʴ ʧʦʩʨʝʜʩʪʚʦʤ ʮʠʬʨʦʚʦʛʦ ʤʠʢʨʦʤʝʪʨʘ ʩ ʧʨʠʙʦʨʥʦʡ ʧʦʛʨʝʰʥʦʩʪʴʶ 

2 ʤʢʤ. ʇʨʠ ʠʟʤʝʨʝʥʠʠ ʪʦʣʱʠʥʘ ʪʝʩʪʦʚʦʛʦ ʦʙʨʘʟʮʘ ʚʘʨʴʠʨʦʚʘʣʘʩʴ Ñ 80 ʤʢʤ. 

ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʫʩʨʝʜʥʝʥʥʳʭ ʪʦʣʱʠʥ ʦʙʨʘʟʮʘ ʧʨʝʜʩʪʘʚʣʝʥʦ ʚ ʪʘʙʣʠʮʝ 1. 

 

  
ʘ ʙ 

ʘ ï ʚʠʜ ʩʚʝʨʭʫ; ʙ ï ʚʠʜ ʩʥʠʟʫ 

ʈʠʩʫʥʦʢ 2.17 ï ɺʥʝʰʥʠʡ ʚʠʜ ʪʝʩʪʦʚʦʛʦ ʦʙʨʘʟʮʘ ʠʟ ɸɹʉ-ʧʣʘʩʪʠʢʘ 

 

ʊʘʙʣʠʮʘ 1 ï ɿʘʚʠʩʠʤʦʩʪʴ ʫʩʨʝʜʥʝʥʥʦʡ ʪʦʣʱʠʥʳ ʦʙʨʘʟʮʘ ʦʪ ʥʦʤʝʨʘ ʩʪʫʧʝʥʴʢʠ 

ʅʦʤʝʨ ʩʪʫʧʝʥʠ 1 2 3 4 5 6 

ʊʦʣʱʠʥʘ, ʤʤ 0,669 1,261 1,669 2,501 3,067 3,471 

 

ʇʨʝʞʜʝ ʚʩʝʛʦ ʜʣʷ ʚʳʙʦʨʘ ʯʘʩʪʦʪʥʦʡ ʦʙʣʘʩʪʠ ʩʢʘʥʠʨʦʚʘʥʠʷ ʩʠʩʪʝʤʦʡ ʊɻʮ-

ʚʠʟʫʘʣʠʟʘʮʠʠ ʙʳʣʘ ʧʦʣʫʯʝʥʘ ʯʘʩʪʦʪʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʡ 

ʧʨʦʥʠʮʘʝʤʦʩʪʠ (ʨʠʩʫʥʦʢ 2.18) ʧʨʠ ʧʦʤʦʱʠ ʩʧʝʢʪʨʦʤʝʪʨʘ ʊɻʮ-ʜʠʘʧʘʟʦʥʘ T-Spec 

1000 ʩ ʨʘʟʨʝʰʝʥʠʝʤ ʧʦ ʚʨʝʤʝʥʠ. 
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ʈʠʩʫʥʦʢ 2.18 ï ʏʘʩʪʦʪʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʡ ʧʨʦʥʠʮʘʝʤʦʩʪʠ 1-ʡ 

ʩʪʫʧʝʥʠ ʦʙʨʘʟʮʘ 

 

ɼʣʷ ʦʩʫʱʝʩʪʚʣʝʥʠʷ ʊɻʮ-ʚʠʟʫʘʣʠʟʘʮʠʠ ʪʝʩʪʦʚʦʛʦ ʦʙʲʝʢʪʘ ʙʳʣʘ ʚʳʙʨʘʥʘ 

ʯʘʩʪʦʪʘ 209,315 ɻɻʮ ʠ ʦʙʫʩʣʦʚʣʝʥʘ ʩʣʝʜʫʶʱʠʤʠ ʬʘʢʪʦʨʘʤʠ. 

1. ʆʧʪʠʤʘʣʴʥʳʡ ʜʠʘʤʝʪʨ ʢʚʘʟʠʦʧʪʠʯʝʩʢʦʛʦ ʧʫʯʢʘ ʚ ʧʣʦʩʢʦʩʪʠ ʥʘʠʤʝʥʴʰʝʛʦ 

ʜʠʘʤʝʪʨʘ ʢʘʫʩʪʠʢʠ ʤʝʞʜʫ ʣʠʥʟʘʤʠ ʠʟʤʝʨʠʪʝʣʴʥʦʛʦ ʧʣʝʯʘ ʠʥʪʝʨʬʝʨʦʤʝʪʨʘ 

ʩʦʩʪʘʚʣʷʝʪ 5 ʤʤ. ʅʘ ʨʠʩʫʥʢʝ 2.19 ʠʟʦʙʨʘʞʝʥʦ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʜʠʬʨʘʛʠʨʦʚʘʥʥʦʡ 

ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʡ ʚʦʣʥʳ, ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʥʦʡ ʚ ʧʣʦʩʢʦʩʪʠ ʥʘʙʣʶʜʝʥʠʷ 

ʙʝʟ ʫʩʪʘʥʦʚʢʠ ʦʙʨʘʟʮʘ, ʥʘ ʦʩʥʦʚʘʥʠʠ ʢʦʪʦʨʦʛʦ ʙʳʣ ʦʧʨʝʜʝʣʝʥ ʜʠʘʤʝʪʨ ʧʫʯʢʘ 

ʥʘ ʯʘʩʪʦʪʝ 209 ɻɻʮ. 

 

 

ʈʠʩʫʥʦʢ 2.19 ï ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʜʠʬʨʘʛʠʨʦʚʘʥʥʦʛʦ ʢʚʘʟʠʦʧʪʠʯʝʩʢʦʛʦ ʧʫʯʢʘ 

ʥʘ ʯʘʩʪʦʪʝ 209 ɻɻʮ, ʥʘʙʣʶʜʘʝʤʦʡ ʙʝʟ ʫʩʪʘʥʦʚʢʠ ʦʙʨʘʟʮʘ ʤʘʪʝʨʠʘʣʘ 
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2. ɺʢʣʘʜ ʟʘʚʝʜʦʤʦ ʚʥʝʩʝʥʥʳʭ ʥʝʦʜʥʦʨʦʜʥʦʩʪʝʡ (ʦʙʣʘʩʪʠ ʧʝʨʝʭʦʜʘ ʤʝʞʜʫ 

ʩʪʫʧʝʥʷʤʠ) ʚ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʡ ʦʪʢʣʠʢ ʙʫʜʝʪ ʜʦʩʪʘʪʦʯʥʳʤ ʙʝʟ ʥʝʦʙʭʦʜʠʤʦʩʪʠ 

ʫʤʝʥʴʰʝʥʠʷ ʤʝʭʘʥʠʯʝʩʢʦʛʦ ʰʘʛʘ ʩʢʘʥʠʨʦʚʘʥʠʷ ʤʝʥʝʝ 500 ʤʢʤ. 

3. ʅʘ ʜʘʥʥʦʤ ʯʘʩʪʦʪʥʦʤ ʫʯʘʩʪʢʝ ʠʩʧʦʣʴʟʫʝʤʦʡ ʃʆɺ ʛʝʥʝʨʠʨʫʝʪʩʷ 

ʜʦʩʪʘʪʦʯʥʘʷ ʜʣʷ ʚʠʟʫʘʣʠʟʘʮʠʠ ʠ ʩʪʘʙʠʣʴʥʘʷ ʤʦʱʥʦʩʪʴ ʠʟʣʫʯʝʥʠʷ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚʩʣʝʜʩʪʚʠʝ ʚʳʙʨʘʥʥʦʡ ʯʘʩʪʦʪʳ ʠʟʣʫʯʝʥʠʷ ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ 

ʩʣʝʜʫʶʱʝʝ. ʇʦ ʧʝʨʠʤʝʪʨʫ ʜʣʠʥʳ ʢʘʞʜʦʡ ʩʪʫʧʝʥʠ ʫʢʣʘʜʳʚʘʝʪʩʷ ʯʝʪʳʨʝ ʰʠʨʠʥʳ 

ʢʚʘʟʠʦʧʪʠʯʝʩʢʦʛʦ ʧʫʯʢʘ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʜʦʩʪʠʯʴ ʜʦʩʪʘʪʦʯʥʦʡ ʚʳʙʦʨʢʠ 

ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʙʝʟ ʫʯʝʪʘ ʛʨʘʥʠʯʥʳʭ ʵʬʬʝʢʪʦʚ, ʚʳʟʚʘʥʥʳʭ 

ʧʝʨʝʭʦʜʦʤ ʤʝʞʜʫ ʩʪʫʧʝʥʷʤʠ. ʆʧʪʠʤʘʣʴʥʳʡ ʰʘʛ ʤʝʭʘʥʠʯʝʩʢʦʛʦ ʩʢʘʥʠʨʦʚʘʥʠʷ 

ʦʙʝʩʧʝʯʠʚʘʝʪ ʜʦʩʪʘʪʦʯʥʦʝ ʨʘʟʨʝʰʝʥʠʝ (ʜʣʷ ʚʠʟʫʘʣʠʟʘʮʠʠ ʥʝʦʜʥʦʨʦʜʥʦʩʪʝʡ) ʠ 

ʥʝʙʦʣʴʰʦʝ ʚʨʝʤʷ ʩʢʘʥʠʨʦʚʘʥʠʷ (ʪʘʢ ʢʘʢ ʯʝʤ ʤʝʥʴʰʝ ʰʘʛ, ʪʝʤ ʜʦʣʴʰʝ ʧʨʦʮʝʩʩ 

ʠʟʤʝʨʝʥʠʷ). ʅʘ ʨʘʙʦʯʝʤ ʫʯʘʩʪʢʝ ʛʝʥʝʨʘʮʠʠ ʃʆɺ (115ï258 ɻɻʮ) ʙʳʣʘ ʚʳʙʨʘʥʘ 

ʯʘʩʪʦʪʘ ʛʝʥʝʨʘʮʠʠ ʙʦʣʝʝ 200 ɻɻʮ, ʛʜʝ ʛʘʨʘʥʪʠʨʫʝʪʩʷ ʤʘʢʩʠʤʘʣʴʥʳʡ ʫʨʦʚʝʥʴ 

ʤʦʱʥʦʩʪʠ ʜʣʷ ʚʳʙʨʘʥʥʦʡ ʣʘʤʧʳ. 

ɺ ʵʢʩʧʝʨʠʤʝʥʪʝ ʩ ʧʦʤʦʱʴʶ ʩʠʩʪʝʤʳ ʊɻʮ-ʚʠʟʫʘʣʠʟʘʮʠʠ ʪʝʩʪʠʨʫʝʤʳʡ ʦʙʨʘʟʝʮ 

ʙʳʣ ʧʨʦʩʢʘʥʠʨʦʚʘʥ ʚʜʦʣʴ ʦʩʠ ʍ (ʥʘʧʨʘʚʣʝʥʠʝ ʧʝʨʝʤʝʱʝʥʠʷ ʥʘ ʨʠʩʫʥʢʝ 2.17ʘ) 

ʩ ʘhʛʦʤ 500 ʤʢʤ, ʩ ʯʘʩʪʦʪʦʡ ʠʩʪʦʯʥʠʢʘ ʥʝʧʨʝʨʳʚʥʦʛʦ ʠʟʣʫʯʝʥʠʷ 209,315 ɻɻʮ. 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʘʤʧʣʠʪʫʜʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʠ ʩʤʝʱʝʥʠʝ ʬʘʟʦʚʦʛʦ 

ʢʦʤʧʝʥʩʘʪʦʨʘ. ʕʪʠ ʜʘʥʥʳʝ ʩ ʫʯʝʪʦʤ ʪʦʣʱʠʥʳ ʪʝʩʪʦʚʦʛʦ ʦʙʲʝʢʪʘ ʙʳʣʠ 

ʧʨʝʦʙʨʘʟʦʚʘʥʳ ʚ ʢʦʵʬʬʠʮʠʝʥʪ ʧʨʦʭʦʞʜʝʥʠʷ, ʩʜʚʠʛ ʬʘʟʳ ʠ ʵʬʬʝʢʪʠʚʥʫʶ 

ʢʦʤʧʣʝʢʩʥʫʶ ʜʠʵʣʝʢʪʨʠʯʝʩʢʫʶ ʧʨʦʥʠʮʘʝʤʦʩʪʴ ʧʦʩʨʝʜʩʪʚʦʤ ʩʧʝʮʠʘʣʴʥʦ 

ʨʘʟʨʘʙʦʪʘʥʥʦʛʦ ʇʆ (ʧʦʜʨʘʟʜʝʣ 2.2), ʦʩʥʦʚʘʥʥʦʛʦ ʥʘ ʨʝʰʝʥʠʠ ʪʨʘʥʩʮʝʥʜʝʥʪʥʳʭ 

ʩʦʦʪʥʦʰʝʥʠʡ ʌʨʝʥʝʣʷ (25) ʩ ʚʳʙʨʘʥʥʦʡ ʥʝʚʷʟʢʦʡ 0,001. ʈʝʟʫʣʴʪʘʪʳ ʩʢʘʥʠʨʦʚʘʥʠʷ, 

ʚʳʧʦʣʥʝʥʥʳʝ ʩʠʩʪʝʤʦʡ ʊɻʮ-ʚʠʟʫʘʣʠʟʘʮʠʠ ʧʦʢʘʟʘʥʳ ʥʘ ʨʠʩʫʥʢʝ 2.20. 
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ʈʠʩʫʥʦʢ 2.20 ï ɿʘʚʠʩʠʤʦʩʪʴ ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʡ ʧʨʦʥʠʮʘʝʤʦʩʪʠ, ʬʘʟʦʚʦʛʦ ʩʜʚʠʛʘ ʠ 

ʢʦʵʬʬʠʮʠʝʥʪʘ ʧʨʦʭʦʞʜʝʥʠʷ ʦʪ ʢʦʦʨʜʠʥʘʪʳ ʦʙʨʘʟʮʘ ʥʘ ʯʘʩʪʦʪʝ 209,315 ɻɻʮ [100] 

 

ʉʜʚʠʛ ʬʘʟʳ ʣʠʥʝʡʥʦ ʤʝʥʷʝʪʩʷ ʩ ʠʟʤʝʥʝʥʠʝʤ ʪʦʣʱʠʥʳ ʩʪʫʧʝʥʝʡ ʥʘ ʪʝʩʪʦʚʦʤ 

ʦʙʲʝʢʪʝ. ʉʢʘʯʢʠ ʘʤʧʣʠʪʫʜʳ ʚ ʧʨʝʜʝʣʘʭ ʩʪʫʧʝʥʠ ʦʙʫʩʣʦʚʣʝʥʳ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ 

ʰʝʨʦʭʦʚʘʪʦʩʪʴʶ ʧʦʚʝʨʭʥʦʩʪʠ ʠʟ-ʟʘ 3D-ʧʝʯʘʪʠ ʢʨʫʧʥʳʤ ʩʦʧʣʦʤ (ʜʠʘʤʝʪʨ 1 ʤʤ). 

ʇʨʠ ʠʟʤʝʥʝʥʠʠ ʪʦʣʱʠʥʳ ʥʘʙʣʶʜʘʝʪʩʷ ʩʢʘʯʢʦʦʙʨʘʟʥʦʝ ʠʟʤʝʥʝʥʠʝ ʬʘʟʳ, ʧʨʠ ʵʪʦʤ 

ʦʙʨʘʟʫʶʪʩʷ ʧʨʦʚʘʣʳ ʚ ʯʘʩʪʦʪʥʦʡ ʟʘʚʠʩʠʤʦʩʪʠ ʜʝʡʩʪʚʠʪʝʣʴʥʦʡ ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʡ 

ʧʨʦʥʠʮʘʝʤʦʩʪʠ ʠ ʢʦʵʬʬʠʮʠʝʥʪʝ ʧʨʦʭʦʞʜʝʥʠʷ. ʊʘʢʠʝ ʧʨʦʚʘʣʳ ʦʙʲʷʩʥʷʶʪʩʷ 

ʥʘʨʫʰʝʥʠʝʤ ʧʣʦʩʢʦʧʘʨʘʣʣʝʣʴʥʦʩʪʠ ʧʫʯʢʘ ʥʘ ʛʨʘʥʠʮʘʭ ʩʪʫʧʝʥʝʡ, ʢʦʛʜʘ ʫʩʣʦʚʠʷ 

ʜʣʷ ʤʦʜʝʣʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʧʣʦʩʢʦʡ ʚʦʣʥʳ ʩ ʧʣʦʩʢʦʧʘʨʘʣʣʝʣʴʥʳʤ ʩʣʦʝʤ 

ʤʘʪʝʨʠʘʣʘ ʥʘʨʫʰʘʝʪʩʷ. ʇʨʠ ʵʪʦʤ ʚ ʦʙʣʘʩʪʠ ʧʦʣʥʦʛʦ ʧʝʨʝʢʨʳʪʠʷ ʩʪʫʧʝʥʠ ʘʧʝʨʪʫʨʦʡ 

ʧʘʜʘʶʱʝʛʦ ʢʚʘʟʠʦʧʪʠʯʝʩʢʦʛʦ ʧʫʯʢʘ ʥʘʙʣʶʜʘʝʪʩʷ ʭʦʨʦʰʘʷ ʧʦʚʪʦʨʷʝʤʦʩʪʴ ʟʥʘʯʝʥʠʡ 

ʠʟʤʝʨʝʥʥʦʡ ʢʦʤʧʣʝʢʩʥʦʡ ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʡ ʧʨʦʥʠʮʘʝʤʦʩʪʠ ʤʘʪʝʨʠʘʣʘ. ʀʩʧʦʣʴʟʫʷ 

ʊɻʮ-ʚʠʟʫʘʣʠʟʘʮʠʶ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʜʘʥʥʳʝ ʦ ʩʨʝʜʥʝʡ ʜʝʡʩʪʚʠʪʝʣʴʥʦʡ ʠ ʤʥʠʤʦʡ 

ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʡ ʧʨʦʥʠʮʘʝʤʦʩʪʠ ʀᴂ=2,53, ʀͼ=0,12. 

ɼʦʩʪʦʚʝʨʥʦʩʪʴ ʧʦʣʫʯʝʥʥʳʭ ʟʥʘʯʝʥʠʡ ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ ʩʨʘʚʥʝʥʠʝʤ 

ʩ ʨʝʟʫʣʴʪʘʪʘʤʠ ʢʦʥʪʨʦʣʴʥʳʭ ʠʟʤʝʨʝʥʠʡ (ʨʠʩʫʥʦʢ 2.21) ʚ ʮʝʥʪʨʘʭ ʩʪʫʧʝʥʝʡ, 

ʧʦʣʫʯʝʥʥʳʭ ʜʚʫʤʷ ʜʨʫʛʠʤʠ ʥʝʟʘʚʠʩʠʤʳʤʠ ʤʝʪʦʜʠʢʘʤʠ ʥʘ ʦʙʦʨʫʜʦʚʘʥʠʠ 

(ʩʧʝʢʪʨʦʤʝʪʨ ʪʝʨʘʛʝʨʮʦʚʦʛʦ ʜʠʘʧʘʟʦʥʘ ʉʊɼ-21 ʠ ʠʤʧʫʣʴʩʥʳʡ ʩʧʝʢʪʨʦʤʝʪʨ T-Spec 
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1000) ʮʝʥʪʨʘ ʢʦʣʣʝʢʪʠʚʥʦʛʦ ʧʦʣʴʟʦʚʘʥʠʷ, ʘʢʢʨʝʜʠʪʦʚʘʥʥʦʛʦ ʥʘ ʪʝʭʥʠʯʝʩʢʫʶ 

ʢʦʤʧʝʪʝʥʪʥʦʩʪʴ, ʘ ʪʘʢʞʝ ʩʨʘʚʥʝʥʠʝʤ ʨʝʟʫʣʴʪʘʪʦʚ ʩ ʧʘʩʧʦʨʪʥʳʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ 

ʦʙʨʘʟʮʦʚ, ʘʪʪʝʩʪʦʚʘʥʥʳʭ ʚ ʉʠʙʠʨʩʢʦʤ ʥʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʦʤ ʠʥʩʪʠʪʫʪʝ 

ʤʝʪʨʦʣʦʛʠʠ ʚ ʢʘʯʝʩʪʚʝ ʩʪʘʥʜʘʨʪʥʳʭ ʦʙʨʘʟʮʦʚ ʧʨʝʜʧʨʠʷʪʠʷ (ʥʘ ʦʩʥʦʚʘʥʠʠ ʌɿ "ʆʙ 

ʘʢʢʨʝʜʠʪʘʮʠʠ ʚ ʥʘʮʠʦʥʘʣʴʥʦʡ ʩʠʩʪʝʤʝ ʘʢʢʨʝʜʠʪʘʮʠʠ". ˉ 412 ʦʪ 28.12 2013ʛ, 

ʧʦʣʫʯʝʥ ʘʪʪʝʩʪʘʪ ʘʢʢʨʝʜʠʪʘʮʠʠ ʠʩʧʳʪʘʪʝʣʴʥʦʡ ʣʘʙʦʨʘʪʦʨʠʠ ˉ RA.RU.21ɺʆ08 ʦʪ 

16.11.2017ʛ.). ʆʪʢʣʦʥʝʥʠʝ ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʥʝ ʧʨʝʚʳʰʘʝʪ 2,3 % ʦʪ ʜʨʫʛʠʭ 

ʤʝʪʦʜʦʚ. 

 

 

ʈʠʩʫʥʦʢ 2.21 ï ɿʘʚʠʩʠʤʦʩʪʴ ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʡ ʧʨʦʥʠʮʘʝʤʦʩʪʠ ʦʪ ʥʦʤʝʨʘ ʩʪʫʧʝʥʠ 

ʦʙʨʘʟʮʘ ʥʘ ʯʘʩʪʦʪʝ 209 ɻɻʮ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʩʧʝʢʪʨʦʤʝʪʨʦʚ ʉʊɼ-21 ʠ 

TDS T-Spec 1000 [100] 

 

2.3.4 ɼʚʫʤʝʨʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʦʜʥʦʨʦʜʥʦʛʦ 

ʪʝʩʪʦʚʦʛʦ ʦʙʲʝʢʪʘ 

 

ɺ ʢʘʯʝʩʪʚʝ ʦʜʥʦʨʦʜʥʦʛʦ ʪʝʩʪʦʚʦʛʦ ʦʙʲʝʢʪʘ ʙʳʣʠ ʠʩʧʦʣʴʟʦʚʘʥʳ, ʜʣʷ 

ʪʝʩʪʠʨʦʚʘʥʠʷ ʩʠʩʪʝʤʳ ʊɻʮ-ʚʠʟʫʘʣʠʟʘʮʠʠ ʩʪʘʥʜʘʨʪʠʟʠʨʦʚʘʥʥʘʷ 

ʧʣʦʩʢʦʧʘʨʘʣʣʝʣʴʥʘʷ ʧʣʘʩʪʠʥʘ ʉʆʇ-1, ʠʟʛʦʪʦʚʣʝʥʥʘʷ ʠʟ ʢʚʘʨʮʝʚʦʛʦ ʩʪʝʢʣʘ (ʂɺ). 

ʇʘʩʧʦʨʪʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʦʙʨʘʟʮʘ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣʠʮʝ 2.  
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ʊʘʙʣʠʮʘ 2 ï ʇʘʩʧʦʨʪʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʩʪʘʥʜʘʨʪʥʦʛʦ ʦʙʨʘʟʮʘ ʉʆʇ-1 

ʅʦʤʝʨ ʉʆʇ ʅʘʠʤʝʥʦʚʘʥʠʝ ʏʘʩʪʦʪʘ, 

ɻɻʮ 

ʂʘʣʠʙʨʫʝʤʳʡ ʧʘʨʘʤʝʪʨ 

ɼʠʵʣʝʢʪʨʠʯʝʩʢʘʷ 

ʧʨʦʥʠʮʘʝʤʦʩʪʴ, 

ʦʪʥ. ʝʜ. 

ʊʘʥʛʝʥʩ ʫʛʣʘ 

ʜʠʵʣʝʢʪʨʠʯʝʩʢʠʭ 

ʧʦʪʝʨʴ, ʦʪʥ. ʝʜ. 

ʉʆʇ-1 ʂɺ 6,4 3,81 0,00024 

10,5 3,81 0,00023 

 

ɺʥʝʰʥʠʡ ʚʠʜ ʉʆʇ-1 ʧʦʢʘʟʘʥ ʥʘ ʨʠʩʫʥʢʝ 2.22. ʏʘʩʪʦʪʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ 

ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʡ ʧʨʦʥʠʮʘʝʤʦʩʪʠ (ʨʠʩʫʥʦʢ 2.23) ʦʙʨʘʟʮʘ ʙʳʣʘ ʠʟʤʝʨʝʥʘ 

ʧʨʠ ʧʦʤʦʱʠ ʩʧʝʢʪʨʦʤʝʪʨʘ ʉʊɼ-21 ʚ ʜʠʘʧʘʟʦʥʝ ʦʪ 115 ʜʦ 511 ɻɻʮ. 

 

 

ʈʠʩʫʥʦʢ 2.22 ï ɺʥʝʰʥʠʡ ʚʠʜ ʉʆʇ-1 

 

 

ʈʠʩʫʥʦʢ 2.23 ï ʏʘʩʪʦʪʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʡ ʧʨʦʥʠʮʘʝʤʦʩʪʠ 

ʩʪʘʥʜʘʨʪʥʦʛʦ ʦʙʨʘʟʮʘ ʉʆʇ- 1 
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ʊʝʩʪʠʨʫʝʤʳʡ ʦʙʨʘʟʝʮ ʨʘʟʤʝʱʘʣʩʷ ʚ ʜʝʨʞʘʪʝʣʝ ʤʝʭʘʥʠʟʤʘ ʜʚʫʤʝʨʥʦʛʦ 

ʧʦʟʠʮʠʦʥʠʨʦʚʘʥʠʷ ʩʠʩʪʝʤʳ ʊɻʮ-ʚʠʟʫʘʣʠʟʘʮʠʠ. ʀʟʤʝʨʝʥʠʝ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʛʦ 

ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʧʨʦʰʝʜʰʝʡ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʠʟʣʫʯʝʥʠʷ, ʘ ʪʘʢʞʝ ʩʜʚʠʛʘ ʬʘʟ ʜʣʷ 

ʩʪʘʥʜʘʨʪʥʦʛʦ ʦʙʨʘʟʮʘ ʉʆʇ-1 ʦʩʫʱʝʩʪʚʣʷʣʦʩʴ ʧʨʠ ʧʦʤʦʱʠ ʧʨʦʛʨʘʤʤʥʦʛʦ 

ʦʙʝʩʧʝʯʝʥʠʷ, ʥʘʧʠʩʘʥʥʦʛʦ ʥʘ ʷʟʳʢʝ LabVIEW. ɺʠʟʫʘʣʠʟʘʮʠʷ ʧʘʨʘʤʝʪʨʦʚ ʦʙʨʘʟʮʘ 

ʧʨʦʠʟʚʦʜʠʣʘʩʴ ʥʘ ʯʘʩʪʦʪʝ ʃʆɺ ʨʘʚʥʦʡ 208,069 ɻɻʮ. ʅʘ ʨʠʩʫʥʢʝ 2.24 ʧʦʢʘʟʘʥʦ 

ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʢʦʵʬʬʠʮʠʝʥʪʘ ʧʨʦʭʦʞʜʝʥʠʷ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʛʦ ʠʟʣʫʯʝʥʠʷ.  

 

 

ʈʠʩʫʥʦʢ 2.24 ï ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʢʦʵʬʬʠʮʠʝʥʪʘ ʧʨʦʭʦʞʜʝʥʠʷ ʠʟʣʫʯʝʥʠʷ  

ʯʝʨʝʟ ʩʪʘʥʜʘʨʪʥʳʡ ʦʙʨʘʟʝʮ ʉʆʇ-1 ʥʘ ʯʘʩʪʦʪʝ 208,069 ɻɻʮ 

 

ʀʟʤʝʨʝʥʠʝ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʬʘʟʦʚʦʛʦ ʩʜʚʠʛʘ ʧʨʦʰʝʜʰʝʡ ʚʦʣʥʳ 

ʦʩʫʱʝʩʪʚʣʷʣʦʩʴ ʚ ʪʝʭ ʞʝ ʪʦʯʢʘʭ ʦʙʨʘʟʮʘ ʉʆʇ-1, ʚ ʢʦʪʦʨʳʭ ʙʳʣ ʟʘʬʠʢʩʠʨʦʚʘʥ 

ʢʦʵʬʬʠʮʠʝʥʪ ʧʨʦʭʦʞʜʝʥʠʷ. ʇʫʪʝʤ ʠʟʤʝʥʝʥʠʷ ʦʧʪʠʯʝʩʢʦʡ ʜʣʠʥʥʳ ʧʣʝʯʘ ˉ2 

ʠʥʪʝʨʬʝʨʦʤʝʪʨʘ ʄʘʭʘ-ʎʘʥʜʝʨʘ (ʨʠʩʫʥʦʢ 1.5) ʦʪʩʣʝʞʠʚʘʣʦʩʴ ʧʦʣʦʞʝʥʠʝ ʟʝʨʢʘʣʘ 

ʬʘʟʦʚʦʛʦ ʢʦʤʧʝʥʩʘʪʦʨʘ, ʧʨʠ ʢʦʪʦʨʦʤ ʩʦʙʣʶʜʘʣʦʩʴ ʫʩʣʦʚʠʝ ʠʥʪʝʨʬʝʨʝʥʮʠʦʥʥʦʛʦ 

ʤʠʥʠʤʫʤʘ ʚ ʠʟʤʝʨʷʝʤʳʭ ʢʦʦʨʜʠʥʘʪʘʭ ʦʙʨʘʟʮʘ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ ʙʳʣʦ ʧʦʣʫʯʝʥʦ 

ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʧʦʣʦʞʝʥʠʡ ʟʝʨʢʘʣʘ ʬʘʟʦʚʦʛʦ ʢʦʤʧʝʥʩʘʪʦʨʘ (ʨʠʩʫʥʦʢ 2.25ʘ), ʠʟ 

ʢʦʪʦʨʳʭ ʧʨʠ ʫʯʝʪʝ ʧʦʣʦʞʝʥʠʷ ʟʝʨʢʘʣʘ ʙʝʟ ʦʙʨʘʟʮʘ ʠ ʪʦʣʱʠʥʳ ʦʙʨʘʟʮʘ ʧʦ 

ʩʦʦʪʥʦʰʝʥʠʶ (24) ʙʳʣʦ ʧʦʣʫʯʝʥʦ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʬʘʟ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʡ ʚʦʣʥʳ 

(ʨʠʩʫʥʦʢ 2.25ʙ), ʧʨʦʰʝʜʰʝʡ ʯʝʨʝʟ ʦʙʨʘʟʝʮ ʉʆʇ-1. 
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ʘ ï ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʧʦʣʦʞʝʥʠʡ ʟʝʨʢʘʣʘ ʬʘʟʦʚʦʛʦ ʢʦʤʧʝʥʩʘʪʦʨʘ;  

ʙ ï ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʬʘʟʦʚʳʭ ʩʜʚʠʛʦʚ 

ʈʠʩʫʥʦʢ 2.25 ï ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʧʦʣʦʞʝʥʠʡ ʟʝʨʢʘʣʘ ʠ ʬʘʟʦʚʳʭ ʩʜʚʠʛʦʚ ʧʨʠ 

ʧʨʦʭʦʞʜʝʥʠʠ ʠʟʣʫʯʝʥʠʷ ʯʝʨʝʟ ʉʆʇ-1 ʥʘ ʯʘʩʪʦʪʝ 208,069 ɻɻʮ 

 

ʄʦʞʥʦ ʟʘʤʝʪʠʪʴ, ʯʪʦ ʥʘ ʨʠʩʫʥʢʝ 2.25 ʙ ʧʨʠʩʫʪʩʪʚʫʶʪ ʦʙʣʘʩʪʠ, ʦʙʦʟʥʘʯʝʥʥʳʝ 

ʯʝʨʥʳʤ ʮʚʝʪʦʤ, ʟʥʘʯʝʥʠʝ ʬʘʟʦʚʦʛʦ ʩʜʚʠʛʘ ʜʣʷ ʢʦʪʦʨʳʭ ʥʝ ʙʳʣʦ ʨʘʩʩʯʠʪʘʥʦ ʠ ʙʳʣʦ 

ʧʨʠʥʷʪʦ ʨʘʚʥʳʤ ʥʫʣʶ. ɼʘʥʥʳʝ ʦʙʣʘʩʪʠ ʷʚʣʷʶʪʩʷ ʩʚʦʙʦʜʥʳʤ ʧʨʦʩʪʨʘʥʩʪʚʦʤ, 

ʘ ʪʘʢʞʝ ʦʙʣʘʩʪʷʤʠ ʙʣʠʟʢʠʤʠ ʢ ʛʨʘʥʠʮʘʤ ʦʙʨʘʟʮʘ, ʪʘʢ ʢʘʢ ʚ ʵʪʠʭ ʩʣʫʯʘʷʭ ʚʦʟʨʘʩʪʘʝʪ 

ʜʠʬʨʘʢʮʠʷ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʛʦ ʠʟʣʫʯʝʥʠʷ. 

ʘ 

ʙ 
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ʇʦʣʫʯʝʥʥʳʝ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʢʦʵʬʬʠʮʠʝʥʪʘ ʧʨʦʭʦʞʜʝʥʠʷ (ʨʠʩʫʥʦʢ 2.24) ʠ 

ʩʜʚʠʛʘ ʬʘʟr (ʨʠʩʫʥʦʢ 2.25ʙ) ʧʨʦʰʝʜʰʝʛʦ ʠʟʣʫʯʝʥʠʷ ʯʝʨʝʟ ʉʆʇ-1 ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ 

ʜʣʷ ʨʘʩʯʝʪʘ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʡ ʧʨʦʥʠʮʘʝʤʦʩʪʠ ʠʩʩʣʝʜʫʝʤʦʛʦ ʦʙʨʘʟʮʘ. 

ɺ ʤʘʪʨʠʮʘʭ T ʠ j ʙʳʣʠ ʚʳʙʨʘʥʳ ʦʙʣʘʩʪʠ (28Ĭ16 ʤʤ) ʥʝ ʚʢʣʶʯʘʶʱʠʝ ʛʨʘʥʠʮʳ 

ʦʙʨʘʟʮʘ ʠ ʩʚʦʙʦʜʥʦʝ ʧʨʦʩʪʨʘʥʩʪʚʦ. ɿʘʪʝʤ, ʥʘ ʦʩʥʦʚʘʥʠʠ ʠʩʭʦʜʥʳʭ ʜʘʥʥʳʭ 

ʩ ʧʦʤʦʱʴʶ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ, ʦʧʠʩʘʥʥʦʛʦ ʚ ʧʦʜʨʘʟʜʝʣʝ 2.2 ʙʳʣʠ 

ʧʦʣʫʯʝʥʳ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʜʝʡʩʪʚʠʪʝʣʴʥʦʡ (ʨʠʩʫʥʦʢ 2.26ʘ) ʠ ʤʥʠʤʦʡ 

(ʨʠʩʫʥʦʢ 2.26ʙ) ʯʘʩʪʝʡ ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʡ ʧʨʦʥʠʮʘʝʤʦʩʪʠ. 

 

 

 

ʘ ï ʜʝʡʩʪʚʠʪʝʣʴʥʘʷ ʯʘʩʪʴ; ʙ ï ʤʥʠʤʘʷ ʯʘʩʪʴ 

ʈʠʩʫʥʦʢ 2.26 ï ʈʘʩʧʨʝʜʝʣʝʥʠʷ ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʡ ʧʨʦʥʠʮʘʝʤʦʩʪʠ ʩʪʘʥʜʘʨʪʥʦʛʦ 

ʦʙʨʘʟʮʘ ʉʆʇ-1 ʥʘ ʯʘʩʪʦʪʝ 208,069 ɻɻʮ 

 

ʀʟʦʙʨʘʞʝʥʠʷ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʨʘʟʙʨʦʩ ʟʥʘʯʝʥʠʡ ʜʝʡʩʪʚʠʪʝʣʴʥʦʡ ʯʘʩʪʠ 

ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʡ ʧʨʦʥʠʮʘʝʤʦʩʪʠ ʥʝ ʧʨʝʚʳʰʘʝʪ 0,025 ʦʪʥ. ʝʜ., ʘ ʤʥʠʤʦʡ ʯʘʩʪʠ ï 

ʘ 

ʙ 
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0,012 ʦʪʥ. ʝʜ. ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʧʦʟʚʦʣʷʶʪ ʩʜʝʣʘʪʴ ʚʳʚʦʜ ʦ ʪʦʤ, ʯʪʦ 

ʥʝʦʜʥʦʨʦʜʥʦʩʪʴ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʭ ʧʘʨʘʤʝʪʨʦʚ 

ʉʆʇ-1 ʥʝ ʧʨʝʚʳʰʘʝʪ ʧʨʠʙʦʨʥʫʶ ʧʦʛʨʝʰʥʦʩʪʴ ʜʝʪʝʢʪʦʨʘ ʥʘ ʦʩʥʦʚʝ ʷʯʝʡʢʠ ɻʦʣʝʷ. 

ʉʪʘʪʠʩʪʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʜʝʡʩʪʚʠʪʝʣʴʥʦʡ ʠ ʤʥʠʤʦʡ ʯʘʩʪʝʡ 

ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʡ ʧʨʦʥʠʮʘʝʤʦʩʪʠ, ʘ ʪʘʢʞʝ ʪʦʣʱʠʥʳ ʠʩʩʣʝʜʫʝʤʳʭ ʦʙʨʘʟʮʦʚ 

ʦʧʨʝʜʝʣʷʣʠʩʴ ʩ ʧʦʤʦʱʴʶ ʩʣʝʜʫʶʱʠʭ ʩʦʦʪʥʦʰʝʥʠʡ (31) ï (33). 

ʤʘʪʝʤʘʪʠʯʝʩʢʦʝ ʦʞʠʜʘʥʠʝ: 

ά
ρ

ὲ
 ὼȟ (31) 

ʜʠʩʧʝʨʩʠʷ: 

ʎ
ρ

ὲὲ ρ
ὼ ὼ ȟ (32) 

ʢʦʵʬʬʠʮʠʝʥʪ ʢʦʨʨʝʣʷʮʠʠ (ʇʠʨʩʦʥʘ): 

ὶ
ὧέὺὢȟὣ

ʎʎ

Ὁ ὢ Ὁὢ ὣ ὣὣ

ʎʎ
ȟ (33) 

ʈʝʟʫʣʴʪʘʪʳ ʨʘʩʯʝʪʦʚ ʩʪʘʪʠʩʪʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ, ʘ ʪʘʢʞʝ ʧʣʦʪʥʦʩʪʠ 

ʚʝʨʦʷʪʥʦʩʪʠ ʥʦʨʤʘʣʴʥʦʛʦ ʟʘʢʦʥʘ (1) ʚ ʪʦʯʢʝ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʦʞʠʜʘʥʠʷ ʜʣʷ  

ʉʆʇ-1 ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣʠʮʝ 3. ʊʦʣʱʠʥʘ ʦʙʨʘʟʮʘ ʠʟʤʝʨʷʣʘʩʴ ʧʨʠ ʧʦʤʦʱʠ 

ʮʠʬʨʦʚʦʛʦ ʤʠʢʨʦʤʝʪʨʘ ʩ ʧʨʠʙʦʨʥʦʡ ʧʦʛʨʝʰʥʦʩʪʴʶ Ñ2 ʤʢʤ. 

 

ʊʘʙʣʠʮʘ 3 ï ʉʪʘʪʠʩʪʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʤʘʪʝʨʠʘʣʴʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʉʆʇ-1 

ʆʮʝʥʠʚʘʝʤʳʡ ʧʘʨʘʤʝʪʨ ά ʎ ὶ  ὪὨӶȟʀ 

ʊʦʣʱʠʥʘ ʦʙʨʘʟʮʘ (d), ʤ πȟππσπτ σȟτωϽρπ  - - 

ɼʝʡʩʪʚʠʪʝʣʴʥʘʷ ʯʘʩʪʴ 

ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʡ 

ʧʨʦʥʠʮʘʝʤʦʩʪʠ (ʀ), ʦʪʥ. ʝʜ. 

σȟψςυ ρȟψχϽρπ  πȟπχφχ ςȟτχϽρπ 

ʄʥʠʤʘʷ ʯʘʩʪʴ 

ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʡ 

ʧʨʦʥʠʮʘʝʤʦʩʪʠ (ʀ), ʦʪʥ. ʝʜ. 

ςȟψτϽρπ  ςȟωςϽρπ  πȟπχχω ρȟυφϽρπ 
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ʅʘ ʨʠʩʫʥʢʝ 2.27 ʠʟʦʙʨʘʞʝʥʳ ʛʨʘʬʠʢʠ ʧʣʦʪʥʦʩʪʠ ʚʝʨʦʷʪʥʦʩʪʠ ʥʦʨʤʘʣʴʥʦʛʦ 

ʟʘʢʦʥʘ (1), ʧʦʣʫʯʝʥʥʳʝ ʥʘ ʦʩʥʦʚʘʥʠʠ ʩʪʘʪʠʩʪʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʤʘʪʝʨʠʘʣʴʥʳʭ 

ʧʘʨʘʤʝʪʨʦʚ. 

  

ʘ ʙ 

ʘ ï ʜʝʡʩʪʚʠʪʝʣʴʥʘʷ ʯʘʩʪʴ; ʙ ï ʤʥʠʤʘʷ ʯʘʩʪʴ 

ʈʠʩʫʥʦʢ 2.27 ï ʇʣʦʪʥʦʩʪʴ ʚʝʨʦʷʪʥʦʩʪʠ ʥʦʨʤʘʣʴʥʦʛʦ ʟʘʢʦʥʘ ʜʣʷ ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʡ 

ʧʨʦʥʠʮʘʝʤʦʩʪʠ ʉʆʇ-1 

 

ʂʨʦʤʝ ʵʪʦʛʦ, ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʬʦʨʤʫʣʳ (15), ʘ ʪʘʢʞʝ ʧʦʣʫʯʝʥʥʳʭ 

ʩʪʘʪʠʩʪʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʤʘʪʝʨʠʘʣʴʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʙʳʣʠ ʦʧʨʝʜʝʣʝʥʳ 

ʩʪʘʪʠʩʪʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʛʦ ʦʪʢʣʠʢʘ (ʪʘʙʣʠʮʘ 4).  

 

ʊʘʙʣʠʮʘ 4 ï ʉʪʘʪʠʩʪʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʛʦ ʦʪʢʣʠʢʘ ʉʆʇ-1 

ʆʮʝʥʠʚʘʝʤʳʡ 

ʧʘʨʘʤʝʪʨ 

ʈʘʩʯʝʪ ʧʦ ʬʦʨʤʫʣʝ (15) ʠ 

ʧʘʨʘʤʝʪʨʘʤ (ʪʘʙʣʠʮʘ 3) 

ʈʘʩʯʝʪ ʧʦ ʠʟʤʝʨʝʥʥʦʤʫ ʦʪʢʣʠʢʫ 

ʠ ʬʦʨʤʫʣʘʤ (31) ʠ (32) 

ʎ ά ʎ 

ʂʦʵʬʬʠʮʠʝʥʪ 

ʧʨʦʭʦʞʜʝʥʠʷ (T), 

ʦʪʥ. ʝʜ. 

ςȟρχϽρπ  πȟχψψψ χȟυυςϽρπ  

ʌʘʟʦʚʳʡ ʩʜʚʠʛ 

(ʒ), ʨʘʜ. 
φȟρψϽρπ  ςφȟπσρ ςȟςςωϽρπ  
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ʊʘʢʠʤ ʦʙʨʘʟʦʤ ʩʠʩʪʝʤʘ ʊɻʮ ʚʠʟʫʘʣʠʟʘʮʠʠ ʙʳʣʘ ʧʨʦʚʝʨʝʥʘ ʥʘ ʦʙʨʘʟʮʝ 

ʩ ʚʳʩʦʢʦʡ ʩʪʝʧʝʥʴʶ ʦʜʥʦʨʦʜʥʦʩʪʠ. ʇʦʣʫʯʝʥʥʳʝ ʨʘʩʧʨʝʜʝʣʝʥʠʷ, ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʠ 

ʠʭ ʩʪʘʪʠʩʪʠʯʝʩʢʠʝ ʚʝʣʠʯʠʥʳ ʜʣʷ ʦʙʨʘʟʮʘ ʉʆʇ-1 ʷʚʣʷʶʪʩʷ ʵʪʘʣʦʥʦʤ ʦʜʥʦʨʦʜʥʦʩʪʠ 

ʠ ʤʦʛʫʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʜʣʷ ʩʨʘʚʥʠʪʝʣʴʥʦʡ ʦʮʝʥʢʠ ʩʪʝʧʝʥʠ ʦʜʥʦʨʦʜʥʦʩʪʠ 

ʠʩʩʣʝʜʫʝʤʳʭ ʦʙʨʘʟʮʦʚ. 

 

2.3.5 ɼʚʫʤʝʨʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʥʝʦʜʥʦʨʦʜʥʦʛʦ 

ʪʝʩʪʦʚʦʛʦ ʦʙʲʝʢʪʘ 

 

ʉ ʮʝʣʴʶ ʚʠʟʫʘʣʠʟʘʮʠʠ ʥʝʦʜʥʦʨʦʜʥʦʛʦ ʪʝʩʪʦʚʦʛʦ ʦʙʲʝʢʪʘ ʙʳʣ ʠʟʛʦʪʦʚʣʝʥ 

ʦʙʨʘʟʝʮ ʧʦ ʘʜʜʠʪʠʚʥʦʡ ʪʝʭʥʦʣʦʛʠʠ ʠʟ ʜʚʫʭ ʧʦʣʠʤʝʨʥʳʭ ʤʘʪʝʨʠʘʣʦʚ: 

ʘʢʨʠʣʦʥʠʪʨʠʣ-ʩʪʠʨʦʣ-ʘʢʨʠʣʘʪ (ɸʉɸ) ʠ ʧʦʣʠʘʤʠʜ (ʇɸ), ʚʝʣʠʯʠʥʘ ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʡ 

ʧʨʦʥʠʮʘʝʤʦʩʪʠ ʢʦʪʦʨʳʭ ʦʪʣʠʯʘʝʪʩʷ (ʨʘʟʥʠʮʘ ʀ πȟς). ʅʘ ʨʠʩʫʥʢʝ 2.28 ʧʦʢʘʟʘʥʳ 

ʯʘʩʪʦʪʥʳʝ ʟʘʚʠʩʠʤʦʩʪʠ ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʡ ʧʨʦʥʠʮʘʝʤʦʩʪʠ ʚʳʙʨʘʥʥʳʭ 

ʜʣʷ ʠʟʛʦʪʦʚʣʝʥʠʷ ʪʝʩʪʦʚʦʛʦ ʦʙʨʘʟʮʘ ʧʣʘʩʪʠʢʦʚ, ʧʦʣʫʯʝʥʥʳʝ ʥʘ ʩʧʝʢʪʨʦʤʝʪʨʝ ʉʊɼ-

21. 

 

  

ʘ ʙ 

ʘ ï ʜʝʡʩʪʚʠʪʝʣʴʥʘʷ ʯʘʩʪʴ; ʙ ï ʤʥʠʤʘʷ ʯʘʩʪʴ 

ʈʠʩʫʥʦʢ 2.28 ï ʏʘʩʪʦʪʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʡ ʧʨʦʥʠʮʘʝʤʦʩʪʠ 

ʤʘʪʝʨʠʘʣʦʚ ʥʘ ʦʩʥʦʚʝ ɸʉɸ ʠ ʇɸ 

 



 70 

ʀʩʢʫʩʩʪʚʝʥʥʳʝ ʥʝʦʜʥʦʨʦʜʥʦʩʪʠ ʚ ʦʙʨʘʟʮʝ ʤʘʪʝʨʠʘʣʘ ʩʦʟʜʘʚʘʣʠʩʴ ʧʫʪʝʤ 

ʚʥʝʩʝʥʠʷ ʚʢʣʶʯʝʥʠʡ ʪʨʝʫʛʦʣʴʥʦʡ ʬʦʨʤʳ ʠʟ ʦʜʥʦʛʦ ʧʣʘʩʪʠʢʘ ï ʇɸ ʚ ʦʙʲʝʤʝ 

ʧʣʦʩʢʦʧʘʨʘʣʣʝʣʴʥʦʡ ʧʣʘʩʪʠʥʳ ʠʟ ʚʪʦʨʦʛʦ ʧʣʘʩʪʠʢʘ ï ɸʉɸ. 

ɺʩʝʛʦ ʚ ʦʙʨʘʟʮʝ ʧʨʝʜʫʩʤʦʪʨʝʥʦ ʪʨʠ ʚʢʣʶʯʝʥʠʷ:  

1. ʩʢʚʦʟʥʦʝ ʚʢʣʶʯʝʥʠʝ ʥʘ ʦʩʥʦʚʝ ʇɸ ʪʦʣʱʠʥʦʡ 3,5 ʤʤ; 

2. ʩʢʨʳʪʦʝ ʚʢʣʶʯʝʥʠʝ ʪʦʣʱʠʥʦʡ 2 ʤʤ; 

3. ʩʢʨʳʪʦʝ ʚʢʣʶʯʝʥʠʝ ʪʦʣʱʠʥʦʡ 1 ʤʤ. 

ʅʘ ʨʠʩʫʥʢʝ 2.29 ʧʦʢʘʟʘʥʘ ʪʨʝʭʤʝʨʥʘʷ ʤʦʜʝʣʴ ʪʝʩʪʦʚʦʡ ʩʪʨʫʢʪʫʨʳ ʚ ʩʨʝʜʝ 

ʂʦʤʧʘʩ-3D. ɺʥʝʰʥʠʡ ʚʠʜ ʦʙʨʘʟʮʘ, ʥʘʧʝʯʘʪʘʥʥʦʛʦ ʧʦ ʤʝʪʦʜʫ ʧʦʩʣʦʡʥʦʛʦ 

ʥʘʧʣʘʚʣʝʥʠʷ (FDM) 3D-ʧʝʯʘʪʠ ʧʨʝʜʩʪʘʚʣʝʥ ʥʘ ʨʠʩʫʥʢʝ 2.30. 

 

  

ʘ ʙ 

ʘ - ʚʠʜ ʙʝʟ ʢʨʳʰʢʠ, ʩ ʦʪʦʙʨʘʞʝʥʠʝʤ ʚʢʣʶʯʝʥʠʡ; ʙ ï ʚʠʜ ʤʦʜʝʣʠ ʚ ʩʙʦʨʝ 

ʈʠʩʫʥʦʢ 2.29 ï ʊʨʝʭʤʝʨʥʘʷ ʤʦʜʝʣʴ ʪʝʩʪʦʚʦʛʦ ʦʙʨʘʟʮʘ ʥʘ ʦʩʥʦʚʝ ɸʉɸ ʠ ʇɸ 

 

 

ʈʠʩʫʥʦʢ 2.30 ï ɺʥʝʰʥʠʡ ʚʠʜ ʪʝʩʪʦʚʦʛʦ ʦʙʨʘʟʮʘ ʥʘ ʦʩʥʦʚʝ ɸʉɸ ʠ ʇɸ 
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ʀʟʛʦʪʦʚʣʝʥʥʳʡ ʪʝʩʪʦʚʳʡ ʦʙʨʘʟʝʮ ʙʳʣ ʧʦʜʚʝʨʛʥʫʪ ʩʧʝʢʪʨʦʩʢʦʧʠʠ 

ʚ ʥʝʩʢʦʣʴʢʠʭ ʪʦʯʢʘʭ ʧʨʠ ʧʦʤʦʱʠ ʉʊɼ-21. ʅʘ ʨʠʩʫʥʢʝ 2.31 ʧʦʢʘʟʘʥʳ 

ʢʦʵʬʬʠʮʠʝʥʪʳ ʧʨʦʭʦʞʜʝʥʠʷ ʠ ʦʪʨʘʞʝʥʠʷ ʠʟʣʫʯʝʥʠʷ ʚ ʜʠʘʧʘʟʦʥʝ 115 ï 258 ɻɻʮ ʚ 

ʩʣʝʜʫʶʱʠʭ ʪʦʯʢʘʭ ʦʙʨʘʟʮʘ: 1) ʯʝʨʥʳʤ ï ʩʢʚʦʟʥʦʝ ʚʢʣʶʯʝʥʠʝ ʇɸ ʚʳʩʦʪʦʡ 3,5 ʤʤ; 

2) ʢʨʘʩʥʳʤ ï ʩʢʨʳʪʦʝ ʚ ɸʉɸ ʚʢʣʶʯʝʥʠʝ ʇɸ ʚʳʩʦʪʦʡ 2 ʤʤ; 3) ʟʝʣʝʥʳʤ ï ʩʢʨʳʪʦʝ ʚ 

ɸʉɸ ʚʢʣʶʯʝʥʠʝ ʇɸ ʚʳʩʦʪʦʡ 1 ʤʤ; 4) ʩʠʥʠʤ ï ʦʙʣʘʩʪʴ ʙʝʟ ʚʢʣʶʯʝʥʠʡ, ʩʧʣʦʰʥʦʡ 

ɸʉɸ. 

 

 

ʈʠʩʫʥʦʢ 2.31 ï ʏʘʩʪʦʪʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ʢʦʵʬʬʠʮʠʝʥʪʳ ʧʨʦʭʦʞʜʝʥʠʷ ʠ ʦʪʨʘʞʝʥʠʷ 

ʜʣʷ ʦʙʨʘʟʮʘ ʥʘ ʦʩʥʦʚʝ ɸʉɸ ʠ ʇɸ 

 

ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʪʘʢʞʝ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʯʘʩʪʦʪʥʳʝ ʟʘʚʠʩʠʤʦʩʪʠ 

ʢʦʤʧʣʝʢʩʥʦʡ ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʡ ʧʨʦʥʠʮʘʝʤʦʩʪʠ (ʨʠʩʫʥʦʢ 2.32) ʪʝʩʪʦʚʦʛʦ ʦʙʨʘʟʮʘ. 

 

  
ʘ ï ʜʝʡʩʪʚʠʪʝʣʴʥʘʷ ʯʘʩʪʴ; ʙ ï ʤʥʠʤʘʷ ʯʘʩʪʴ 

ʈʠʩʫʥʦʢ 2.32 ï ʏʘʩʪʦʪʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ʜʝʡʩʪʚʠʪʝʣʴʥʦʡ (ʘ) ʠ ʤʥʠʤʦʡ (ʙ) ʯʘʩʪʝʡ 

ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʡ ʧʨʦʥʠʮʘʝʤʦʩʪʠ ʦʙʨʘʟʮʘ ʥʘ ʦʩʥʦʚʝ ɸʉɸ ʠ ʇɸ 

ʘ ʙ 
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ʇʦ ʛʨʘʬʠʢʘʤ ʚʠʜʥʦ, ʯʪʦ ʟʥʘʯʠʪʝʣʴʥʳʝ ʨʘʟʣʠʯʠʷ ʚ ʜʝʡʩʪʚʠʪʝʣʴʥʦʡ ʯʘʩʪʠ 

ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʡ ʧʨʦʥʠʮʘʝʤʦʩʪʠ ʧʨʦʷʚʣʷʶʪʩʷ ʪʦʣʴʢʦ ʜʣʷ ʦʙʣʘʩʪʠ ʩʦ ʩʢʚʦʟʥʳʤ 

ʚʢʣʶʯʝʥʠʝʤ ʇɸ (ʯʝʨʥʳʤ). ʕʣʝʢʪʨʦʤʘʛʥʠʪʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʦʩʪʘʣʴʥʳʭ 

ʚʢʣʶʯʝʥʠʡ ʧʨʦʷʚʣʷʶʪʩʷ ʧʦ-ʜʨʫʛʦʤʫ, ʪʘʢ ʢʘʢ ʚ ʵʪʠʭ ʦʙʣʘʩʪʷʭ ʦʥʠ ʷʚʣʷʶʪʩʷ 

ʤʥʦʛʦʩʣʦʡʥʳʤʠ ʢʦʤʧʦʟʠʮʠʦʥʥʳʤʠ ʩʪʨʫʢʪʫʨʘʤʠ. ʕʪʦ ʪʘʢʞʝ ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ 

ʦʪʣʠʯʠʝʤ ʫʨʦʚʥʷ ʤʥʠʤʦʡ ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʡ ʧʨʦʥʠʮʘʝʤʦʩʪʠ (ʢʨʘʩʥʳʤ ʠ ʟʝʣʝʥʳʤ 

ʮʚʝʪʦʤ ʥʘ ʨʠʩʫʥʢʝ 2.32ʙ) ʜʣʷ ʤʥʦʛʦʩʣʦʡʥʳʭ ʚʢʣʶʯʝʥʠʡ. 

ʊʝʩʪʦʚʳʡ ʦʙʨʘʟʝʮ ʥʘ ʦʩʥʦʚʝ ɸʉɸ ʠ ʇɸ ʧʦʜʚʝʨʛʘʣʩʷ ʜʚʫʤʝʨʥʦʤʫ 

ʩʢʘʥʠʨʦʚʘʥʠʶ ʧʦʩʨʝʜʩʪʚʦʤ ʨʘʟʨʘʙʦʪʘʥʥʦʡ ʩʠʩʪʝʤʳ ʊɻʮ ʚʠʟʫʘʣʠʟʘʮʠʠ ʧʨʠ ʯʘʩʪʦʪʝ 

ʃʆɺ ʨʘʚʥʦʡ 206,094 ɻɻʮ. ʉʢʘʥʠʨʫʝʤʘʷ ʦʙʣʘʩʪʴ ʦʙʨʘʟʮʘ: 32Ĭ25 ʤʤ, ʰʘʛ 

ʩʢʘʥʠʨʦʚʘʥʠʷ: 500 ʤʢʤ. ʅʘ ʨʠʩʫʥʢʝ 2.33ʘ ʧʦʢʘʟʘʥ ʨʝʟʫʣʴʪʘʪ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʛʦ 

ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʢʦʵʬʬʠʮʠʝʥʪʘ ʧʨʦʭʦʞʜʝʥʠʷ ʜʣʷ ʪʝʩʪʦʚʦʛʦ ʦʙʨʘʟʮʘ, ʘ ʥʘ ʨʠʩʫʥʢʝ 

2.33ʙ ʧʨʝʜʩʪʘʚʣʝʥ ʨʝʟʫʣʴʪʘʪ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʬʘʟʦʚʦʛʦ ʩʜʚʠʛʘ ʚ 

ʪɻʠʭ ʞʝ ʪʦʯʢʘʭ. 

 

  
ʘ ʙ 

ʘ ï ʢʦʵʬʬʠʮʠʝʥʪ ʧʨʦʭʦʞʜʝʥʠʷ; ʙ ï ʬʘʟʦʚʳʡ ʩʜʚʠʛ 

ʈʠʩʫʥʦʢ 2.33 ï ʈʘʩʧʨʝʜʝʣʝʥʠʷ ʢʦʵʬʬʠʮʠʝʥʪʘ ʧʨʦʭʦʞʜʝʥʠʷ ʠ ʬʘʟʦʚʦʛʦ ʩʜʚʠʛʘ 

ʦʙʨʘʟʮʘ ʥʘ ʦʩʥʦʚʝ ɸʉɸ ʠ ʇɸ, ʧʦʣʫʯʝʥʥʳʝ ʥʘ ʯʘʩʪʦʪʝ 206,094 ɻɻʮ 

 

ʅʘ ʦʩʥʦʚʘʥʠʠ ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʚʠʟʫʘʣʠʟʘʮʠʠ ʙʳʣʠ ʨʘʩʩʯʠʪʘʥʳ 

ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʜʝʡʩʪʚʠʪʝʣʴʥʦʡ (ʨʠʩʫʥʦʢ 2.34ʘ), ʘ ʪʘʢʞʝ ʤʥʠʤʦʡ ʯʘʩʪʝʡ 

ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʡ ʧʨʦʥʠʮʘʝʤʦʩʪʠ (ʨʠʩʫʥʦʢ 2.34ʙ). 
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ʘ ï ʜʝʡʩʪʚʠʪʝʣʴʥʘʷ ʯʘʩʪʴ; ʙ ï ʤʥʠʤʘʷ ʯʘʩʪʴ 

ʈʠʩʫʥʦʢ 2.34 ï ʈʘʩʧʨʝʜʝʣʝʥʠʷ ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʡ ʧʨʦʥʠʮʘʝʤʦʩʪʠ ʦʙʨʘʟʮʘ 

ʥʘ ʦʩʥʦʚʝ ɸʉɸ ʠ ʇɸ, ʧʦʣʫʯʝʥʥʳʝ ʥʘ ʯʘʩʪʦʪʝ 206,094 ɻɻʮ 

 

ʇʦʣʫʯʝʥʥʳʝ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʜʣʷ ʪʝʩʪʦʚʦʛʦ ʦʙʨʘʟʮʘ ʢʦʨʨʝʣʠʨʫʶʪ 

ʩ ʨʝʟʫʣʴʪʘʪʘʤʠ ʩʧʝʢʪʨʦʩʢʦʧʠʠ (ʨʠʩʫʥʦʢ 2.32). ʉʢʚʦʟʥʦʝ ʚʢʣʶʯʝʥʠʝ ʟʜʝʩʴ ʧʦʢʘʟʘʥʦ 

ʩʧʨʘʚʘ, ʥʘ ʨʠʩʫʥʢʝ 2.34ʘ ʵʪʦ ʷʨʢʦ ʚʳʜʝʣʝʥʥʦʝ ʧʷʪʥʦ. ʇʦ ʫʨʦʚʥʶ ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʡ 

ʧʨʦʥʠʮʘʝʤʦʩʪʠ ʟʥʘʯʝʥʠʝ (ʀ  ςȟυφ) ʩʦʚʧʘʜʘʝʪ ʩ ʠʟʤʝʨʝʥʥʳʤ ʧʨʠ ʧʦʤʦʱʠ ʉʊɼ-21. 

ʉʣʝʚʘ ʤʦʞʥʦ ʟʘʤʝʪʠʪʴ ʩʢʨʳʪʦʝ ʚʢʣʶʯʝʥʠʝ ʪʨʝʫʛʦʣʴʥʦʡ ʦʙʣʘʩʪʠ ʠʟ ʇɸ ʪʦʣʱʠʥʦʡ 

2 ʤʤ, ʘ ʩʚʝʨʭʫ ʩʢʨʳʪʦʝ ʚʢʣʶʯʝʥʠʝ ʦʙʣʘʩʪʠ ʪʦʣʱʠʥʦʡ 1 ʤʤ. ɺ ʮʝʥʪʨʘʭ ʚʢʣʶʯʝʥʠʡ 

ʘ 

ʙ 
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ʟʥʘʯʝʥʠʷ ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʡ ʧʨʦʥʠʮʘʝʤʦʩʪʠ ʩʦʩʪʘʚʠʣʠ ʀ ςȟσς ʠ ʀ ςȟρχ ʜʣʷ 2 ʤʤ 

ʠ 1 ʤʤ ʚʢʣʶʯʝʥʠʡ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʇʨʠ ʘʥʘʣʠʟʝ ʦʙʣʘʩʪʝʡ ʦʙʨʘʟʮʘ ʙʝʟ ʚʢʣʶʯʝʥʠʡ 

ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜ ʦ ʩʨʝʜʥʝʡ ʚʝʣʠʯʠʥʝ ʀ ςȟσφ, ʯʪʦ ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ 

ʨʝʟʫʣʴʪʘʪʘʤʠ ʩʧʝʢʪʨʦʩʢʦʧʠʠ. 

ʇʨʠ ʧʦʜʨʦʙʥʦʤ ʨʘʩʩʤʦʪʨʝʥʠʠ ʫʨʦʚʥʝʡ ʤʥʠʤʦʡ ʯʘʩʪʠ ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʡ 

ʧʨʦʥʠʮʘʝʤʦʩʪʠ (ʨʠʩʫʥʦʢ 2.34ʙ) ʚʠʜʥʦ, ʯʪʦ ʤʘʢʩʠʤʫʤ ʟʥʘʯʝʥʠʷ ʀͼ πȟςσ ʦʪʥ. ʝʜ. 

ʥʘʭʦʜʠʪʩʷ ʚ ʮʝʥʪʨʝ ʩʢʨʳʪʦʛʦ ʚʢʣʶʯʝʥʠʷ ʪʦʣʱʠʥʦʡ 1 ʤʤ (ʩʚʝʨʭʫ). 

ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʜʚʫʤʝʨʥʳʭ ʨʘʩʧʨʝʜʝʣʝʥʠʡ ʦʙʨʘʟʮʘ ʥʘ ʦʩʥʦʚʝ ɸʉɸ ʠ 

ʇɸ ʙʳʣʠ ʧʦʜʚʝʨʛʥʫʪʳ ʩʪʘʪʠʩʪʠʯʝʩʢʦʤʫ ʘʥʘʣʠʟʫ. ʈʝʟʫʣʴʪʘʪʳ ʨʘʩʯʝʪʦʚ 

ʩʪʘʪʠʩʪʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ (ʧʦʣʫʯʝʥʥʳʭ ʧʦ ʩʦʦʪʥʦʰʝʥʠʷʤ (31) ï (33)), ʘ ʪʘʢʞʝ 

ʧʣʦʪʥʦʩʪʠ ʚʝʨʦʷʪʥʦʩʪʠ ʥʦʨʤʘʣʴʥʦʛʦ ʟʘʢʦʥʘ (1) ʚ ʪʦʯʢʝ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʦʞʠʜʘʥʠʷ 

ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣʠʮʝ 5. 

 

ʊʘʙʣʠʮʘ 5 ï ʉʪʘʪʠʩʪʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʤʘʪʝʨʠʘʣʴʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʦʙʨʘʟʮʘ 

ɸʉɸ ʠ ʇɸ 

ʆʮʝʥʠʚʘʝʤʳʡ ʧʘʨʘʤʝʪʨ ά ʎ ὶ  ὪὨӶȟʀ 

ʊʦʣʱʠʥʘ ʦʙʨʘʟʮʘ (d), ʤ πȟππστφ ςȟψσϽρπ  - - 

ɼʝʡʩʪʚʠʪʝʣʴʥʘʷ ʯʘʩʪʴ 

ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʡ 

ʧʨʦʥʠʮʘʝʤʦʩʪʠ (ʀ), ʦʪʥ. ʝʜ. 

ςȟτρρυω σȟρφϽρπ  πȟππςυψ ρȟχψϽρπ 

ʄʥʠʤʘʷ ʯʘʩʪʴ 

ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʡ 

ʧʨʦʥʠʮʘʝʤʦʩʪʠ (ʀ), ʦʪʥ. ʝʜ. 

πȟπψττσ ςȟψςϽρπ  πȟππςυχ ρȟωωϽρπ 

 

ʅʘ ʨʠʩʫʥʢʝ 2.35 ʠʟʦʙʨʘʞʝʥʳ ʛʨʘʬʠʢʠ ʧʣʦʪʥʦʩʪʠ ʚʝʨʦʷʪʥʦʩʪʠ ʥʦʨʤʘʣʴʥʦʛʦ 

ʟʘʢʦʥʘ (1), ʧʦʣʫʯʝʥʥʳʝ ʥʘ ʦʩʥʦʚʘʥʠʠ ʩʪʘʪʠʩʪʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʤʘʪʝʨʠʘʣʴʥʳʭ 

ʧʘʨʘʤʝʪʨʦʚ. 
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ʘ ʙ 

ʘ ï ʜʝʡʩʪʚʠʪʝʣʴʥʘʷ ʯʘʩʪʴ; ʙ ï ʤʥʠʤʘʷ ʯʘʩʪʴ 

ʈʠʩʫʥʦʢ 2.35 ï ʇʣʦʪʥʦʩʪʴ ʚʝʨʦʷʪʥʦʩʪʠ ʥʦʨʤʘʣʴʥʦʛʦ ʟʘʢʦʥʘ ʜʣʷ ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʡ 

ʧʨʦʥʠʮʘʝʤʦʩʪʠ ʦʙʨʘʟʮʘ ʥʘ ʦʩʥʦʚʝ ɸʉɸ ʠ ʇɸ 

 

ʅʘ ʦʩʥʦʚʝ ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʤʘʪʝʨʠʘʣʴʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʙʳʣʠ 

ʨʘʩʩʯʠʪʘʥʳ ʩʪʘʪʠʩʪʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʛʦ ʦʪʢʣʠʢʘ ʧʦ 

ʩʦʦʪʥʦʰʝʥʠʶ (15), ʘ ʪʘʢʞʝ ʧʦ ʠʟʤʝʨʝʥʥʳʤ ʨʝʟʫʣʴʪʘʪʘʤ ʧʦ ʬʦʨʤʫʣʘʤ (31) ʠ (32). 

ʈʝʟʫʣʴʪʘʪʳ ʩʪʘʪʠʩʪʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣʠʮʝ 6. 

 

ʊʘʙʣʠʮʘ 6 ïʉʪʘʪʠʩʪʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʛʦ ʦʪʢʣʠʢʘ ʦʙʨʘʟʮʘ 

ɸʉɸ ʠ ʇɸ 

ʆʮʝʥʠʚʘʝʤʳʡ 

ʧʘʨʘʤʝʪʨ 

ʈʘʩʯʝʪ ʧʦ ʬʦʨʤʫʣʝ (15) ʠ 

ʧʘʨʘʤʝʪʨʘʤ (ʪʘʙʣʠʮʘ 5) 

ʈʘʩʯʝʪ ʧʦ ʠʟʤʝʨʝʥʥʦʤʫ ʦʪʢʣʠʢʫ 

ʠ ʬʦʨʤʫʣʘʤ (31) ʠ (32) 

ʎ ά ʎ 

ʂʦʵʬʬʠʮʠʝʥʪ 

ʧʨʦʭʦʞʜʝʥʠʷ (T), 

ʦʪʥ. ʝʜ. 

ςȟπυϽρπ  πȟσωςτ υȟρψσϽρπ  

ʌʘʟʦʚʳʡ ʩʜʚʠʛ (ʒ), 

ʨʘʜ. 
ρȟτχϽρπ  ςσȟςψω φȟψσφϽρπ  
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ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʦʣʫʯʝʥʥʳʝ ʩʪʘʪʠʩʪʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʪʝʩʪʦʚʦʛʦ ʦʙʨʘʟʮʘ 

ʥʘ ʦʩʥʦʚʝ ʧʦʣʠʤʝʨʦʚ ɸʉɸ ʠ ʇɸ ʚ ʩʨʘʚʥʝʥʠʠ ʩ ʵʪʘʣʦʥʥʳʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ 

ʉʆʇ-1 ʦʪʣʠʯʘʶʪʩʷ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: ʜʠʩʧʝʨʩʠʷ ʜʝʡʩʪʚʠʪʝʣʴʥʦʡ ʯʘʩʪʠ 

ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʡ ʧʨʦʥʠʮʘʝʤʦʩʪʠ ʚʳʰʝ ʚ 169 ʨʘʟ, ʜʠʩʧʝʨʩʠʷ ʤʥʠʤʦʡ ʯʘʩʪʠ 

ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʡ ʧʨʦʥʠʮʘʝʤʦʩʪʠ ʚʳʰʝ ʚ 97 ʨʘʟ, ʜʠʩʧʝʨʩʠʷ ʢʦʵʬʬʠʮʠʝʥʪʘ 

ʧʨʦʭʦʞʜʝʥʠʷ ʚʳʰʝ ʚ 10 ʨʘʟ, ʜʠʩʧʝʨʩʠʷ ʬʘʟʦʚʦʛʦ ʩʜʚʠʛʘ ʚʳʰʝ ʚ 238 ʨʘʟ.  

ɿʥʘʯʝʥʠʝ ʬʫʥʢʮʠʠ ʧʣʦʪʥʦʩʪʠ ʚʝʨʦʷʪʥʦʩʪʠ ʥʦʨʤʘʣʴʥʦʛʦ ʟʘʢʦʥʘ ʚ ʪʦʯʢʘʭ 

ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʦʞʠʜʘʥʠʷ ʜʝʡʩʪʚʠʪʝʣʴʥʦʡ ʯʘʩʪʠ ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʡ 

ʧʨʦʥʠʮʘʝʤʦʩʪʠ ʥʠʞʝ ʚ 13876 ʨʘʟ, ʘ ʪʘʢʞʝ ʚ ʪʦʯʢʘʭ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʦʞʠʜʘʥʠʷ 

ʤʥʠʤʦʡ ʯʘʩʪʠ ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʡ ʧʨʦʥʠʮʘʝʤʦʩʪʠ ʥʠʞʝ ʚ 7839 ʨʘʟ. 

ʇʨʝʠʤʫʱʝʩʪʚʘʤʠ ʨʘʟʨʘʙʦʪʘʥʥʦʛʦ ʤʝʪʦʜʘ ʷʚʣʷʶʪʩʷ: 1) ʘʚʪʦʤʘʪʠʟʘʮʠʷ 

ʧʨʦʮʝʩʩʘ ʠʟʤʝʨʝʥʠʷ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʛʦ ʦʪʢʣʠʢʘ; 2) ʩʥʠʞʝʥʠʝ 

ʚʨʝʤʝʥʥʳʭ ʟʘʪʨʘʪ ʥʘ ʧʨʦʮʝʩʩ ʠʟʤʝʨʝʥʠʷ; 3) ʠʩʢʣʶʯʝʥʠʝ ʚʣʠʷʥʠʷ ʯʝʣʦʚʝʯʝʩʢʦʛʦ 

ʬʘʢʪʦʨʘ ʥʘ ʧʨʦʮʝʩʩ ʧʨʝʮʠʟʠʦʥʥʦʛʦ ʧʦʟʠʮʠʦʥʠʨʦʚʘʥʠʷ ʦʙʨʘʟʮʘ ʦʪʥʦʩʠʪʝʣʴʥʦ 

ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʛʦ ʠʟʣʫʯʝʥʠʷ; 4) ʧʦʣʫʯʝʥʠʝ ʠʟʙʳʪʦʯʥʦʛʦ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʛʦ 

ʦʪʢʣʠʢʘ ʦʪ ʦʙʨʘʟʮʘ (ʜʚʫʤʝʨʥʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʧʦ ʧʣʦʩʢʦʩʪʠ 

ʦʙʨʘʟʮʘ) ʚʤʝʩʪʦ ʣʦʢʘʣʴʥʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʚ ʦʜʥʦʡ ʪʦʯʢʝ ʦʙʨʘʟʮʘ, ʧʦʣʫʯʘʝʤʦʡ ʥʘ 

ʉʊɼ-21 ʠ T-Spec 1000. ʄʝʪʦʜʠʢʘ ʧʦʟʚʦʣʷʝʪ ʢʦʣʠʯʝʩʪʚʝʥʥʦ ʦʮʝʥʠʪʴ ʩʪʝʧʝʥʴ 

ʥʝʦʜʥʦʨʦʜʥʦʩʪʠ ʠʩʩʣʝʜʫʝʤʦʛʦ ʦʙʨʘʟʮʘ ʤʘʪʝʨʠʘʣʘ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʫʩʪʘʥʘʚʣʠʚʘʪʴ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʜʦʧʫʩʢʠ ʧʨʠ ʝʛʦ ʠʟʛʦʪʦʚʣʝʥʠʠ ʠ ʚ ʜʘʣʴʥʝʡʰʝʤ ʢʦʥʪʨʦʣʠʨʦʚʘʪʴ ʠʭ 

ʩʦʙʣʶʜʝʥʠʝ. 

ʇʨʝʜʣʦʞʝʥ ʤʝʪʦʜ ʦʮʝʥʢʠ ʩʪʝʧʝʥʠ ʥʝʦʜʥʦʨʦʜʥʦʩʪʠ ʢʦʤʧʦʟʠʮʠʦʥʥʳʭ 

ʣʠʩʪʦʚʳʭ ʜʠʵʣʝʢʪʨʠʢʦʚ. ɺ ʦʩʥʦʚʫ ʤʝʪʦʜʘ ʧʦʣʦʞʝʥ ʧʨʠʥʮʠʧ ʧʦʢʦʦʨʜʠʥʘʪʥʦʡ 

ʨʝʛʠʩʪʨʘʮʠʠ ʤʘʪʨʠʮ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʧʨʦʭʦʞʜʝʥʠʷ ʠ ʬʘʟʦʚʦʛʦ 

ʩʜʚʠʛʘ ʯʝʨʝʟ ʠʩʩʣʝʜʫʝʤʳʡ ʦʙʨʘʟʝʮ, ʥʘ ʦʩʥʦʚʘʥʠʠ ʢʦʪʦʨʳʭ ʧʨʠ ʧʦʤʦʱʠ ʤʝʪʦʜʘ 

ʘʧʧʨʦʢʩʠʤʘʮʠʠ ʤʝʪʦʜʦʤ ʥʘʠʤʝʥʴʰʠʭ ʢʚʘʜʨʘʪʦʚ ʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʦʥʦʪʦʥʥʦʩʪʠ 

ʬʫʥʢʮʠʠ ű(Ů*) ʧʦ ʬʦʨʤʫʣʘʤ ʌʨʝʥʝʣʷ ʚʳʯʠʩʣʷʝʪʩʷ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʵʬʬʝʢʪʠʚʥʦʡ 

ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʡ ʧʨʦʥʠʮʘʝʤʦʩʪʠ ʦʙʨʘʟʮʘ. ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʧʦʢʘʟʘʥʘ 

ʚʦʟʤʦʞʥʦʩʪʴ ʦʮʝʥʢʠ ʥʝʦʜʥʦʨʦʜʥʦʩʪʠ ʢʦʤʧʦʟʠʪʦʚ, ʘ ʪʘʢʞʝ ʦʧʨʝʜʝʣʝʥʠʷ ʚʦʟʤʦʞʥʳʭ 

ʘʤʧʣʠʪʫʜʥʳʭ ʠ ʬʘʟʦʚʳʭ ʠʩʢʘʞʝʥʠʡ ʠʟʣʫʯʝʥʠ.̫ 
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3 ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʤʘʪʝʨʠʘʣʦʚ 

 

3.1  ʂʦʤʧʦʟʠʮʠʦʥʥʳʝ ʤʘʪʝʨʠʘʣʳ ʥʘ ʦʩʥʦʚʝ ʵʧʦʢʩʠʜʥʦʡ ʩʤʦʣʳ 

 

ɺʳʙʦʨ ʚ ʢʘʯʝʩʪʚʝ ʩʚʷʟʫʶʱʝʛʦ ʚʝʱʝʩʪʚʘ ʵʧʦʢʩʠʜʥʦʡ ʩʤʦʣʳ (ʕʉ) ʦʙʫʩʣʦʚʣʝʥ 

ʩʦʙʣʶʜʝʥʠʝʤ ʩʣʝʜʫʶʱʠʭ ʪʨʝʙʦʚʘʥʠʡ ʢ ʠʩʩʣʝʜʫʝʤʦʤʫ ʦʙʨʘʟʮʫ ʤʘʪʝʨʠʘʣʘ: 

ʧʦʣʠʤʝʨʥʘʷ ʦʩʥʦʚʘ ʤʘʪʝʨʠʘʣʘ ʜʦʣʞʥʘ ʫʜʝʨʞʠʚʘʪʴ ʥʘʧʦʣʥʠʪʝʣʴ (ʘʢʪʠʚʥʘʷ ʬʘʟʘ 

ʚʝʱʝʩʪʚʘ) ʚʤʝʩʪʝ ʠ ʙʳʪʴ ʫʩʪʦʡʯʠʚʦʡ ʢ ʤʝʭʘʥʠʯʝʩʢʠʤ ʠ ʬʠʟʠʯʝʩʢʠʤ ʧʦʚʨʝʞʜʝʥʠʷʤ; 

ʪʝʢʩʪʫʨʘ ʧʦʣʫʯʘʝʤʦʛʦ ʤʘʪʝʨʠʘʣʘ ʜʦʣʞʥʘ ʙʳʪʴ ʤʘʢʩʠʤʘʣʴʥʦ ʛʣʘʜʢʦʡ. 

 

3.1.1 ʊʝʭʥʦʣʦʛʠʷ ʠʟʛʦʪʦʚʣʝʥʠʷ ʢʦʤʧʦʟʠʮʠʦʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʥʘ ʦʩʥʦʚʝ 

ʵʧʦʢʩʠʜʥʦʡ ʩʤʦʣʳ 

 

ʇʨʦʮʝʩʩ ʩʦʟʜʘʥʠʷ ʢʦʤʧʦʟʠʪʘ ʥʘ ʦʩʥʦʚʝ ʕʉ ʩʦʩʪʦʷʣ ʠʟ ʥʝʩʢʦʣʴʢʠʭ ʵʪʘʧʦʚ 

(ʨʠʩʫʥʦʢ 3.1). ʀ ʚʢʣʶʯʘʣ ʩʣʝʜʫʶʱʠʝ ʩʪʘʜʠʠ: 

1) ʚʟʚʝʰʠʚʘʥʠʝ ʠʩʭʦʜʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ ʥʘ ʧʨʝʮʠʟʠʦʥʥʳʭ ʚʝʩʘʭ;  

2) ʤʝʭʘʥʠʯʝʩʢʦʝ ʩʤʝʰʠʚʘʥʠʝ ʥʘʧʦʣʥʠʪʝʣʷ (ʥʘʧʨʠʤʝʨ, ʤʥʦʛʦʩʪʝʥʥʳʝ 

ʫʛʣʝʨʦʜʥʳʝ ʥʘʥʦʪʨʫʙʢʠ) ʩ ʕʉ ʚ ʪʝʯʝʥʠʠ 5 ʤʠʥʫʪ; 

3) ʧʝʨʝʤʝʰʠʚʘʥʠʝ ʢʦʤʧʦʟʠʮʠʦʥʥʦʛʦ ʩʦʩʪʘʚʘ ʩ ʧʦʤʦʱʴʶ ʫʣʴʪʨʘʟʚʫʢʦʚʦʛʦ 

(ʋɿ) ʜʠʩʧʝʨʛʘʪʦʨʘ ʩ ʤʦʱʥʦʩʪʴʶ 75 ɺʪ ʠ ʚ ʪʝʯʝʥʠʝ ʟʘʜʘʥʥʦʛʦ ʚʨʝʤʝʥʠ; 

4) ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʢʦʤʧʦʟʠʮʠʦʥʥʦʡ ʩʤʝʩʠ ʧʦ ʬʦʨʤʘʤ ʩ ʧʦʩʣʝʜʫʶʱʝʡ 

ʧʦʣʠʤʝʨʠʟʘʮʠʡ ʚ ʪʝʯʝʥʠʝ 48 ʯʘʩʦʚ ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ; 

5) ʬʠʥʘʣʴʥʘʷ ʤʝʭʘʥʠʯʝʩʢʘʷ ʦʙʨʘʙʦʪʢʘ ʦʙʨʘʟʮʦʚ ʜʦ ʩʦʩʪʦʷʥʠʷ 

ʧʣʦʩʢʦʧʘʨʘʣʣʝʣʴʥʳʭ ʧʣʘʩʪʠʥ. 

 

 

ʈʠʩʫʥʦʢ 3.1 ï ʕʪʘʧʳ ʠʟʛʦʪʦʚʣʝʥʠʷ ʢʦʤʧʦʟʠʪʘ ʥʘ ʦʩʥʦʚʝ ʕʉ 
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3.1.2 ʕʣʝʢʪʨʦʤʘʛʥʠʪʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʢʦʤʧʦʟʠʮʠʦʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʥʘ ʦʩʥʦʚʝ 

ʵʧʦʢʩʠʜʥʦʡ ʩʤʦʣʳ ʠ ʤʥʦʛʦʩʪʝʥʥʳʭ ʫʛʣʝʨʦʜʥʳʭ ʥʘʥʦʪʨʫʙʦʢ 

 

ʆʙʨʘʟʮʳ ʥʝʦʜʥʦʨʦʜʥʳʭ ʢʦʤʧʦʟʠʮʠʦʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʥʘ ʦʩʥʦʚʝ ʵʧʦʢʩʠʜʥʦʡ 

ʩʤʦʣʳ (ʕʉ) ʠ ʤʥʦʛʦʩʪʝʥʥʳʭ ʫʛʣʝʨʦʜʥʳʭ ʥʘʥʦʪʨʫʙʦʢ (ʄʋʅʊ) ʩ ʨʘʟʣʠʯʥʦʡ 

ʤʘʩʩʦʚʦʡ ʢʦʥʮʝʥʪʨʘʮʠʝʡ (1 ʠ 3 %) ʠ ʚʨʝʤʝʥʝʤ ʋɿ ʦʙʨʘʙʦʪʢʠ ʠʟʛʦʪʘʚʣʠʚʘʣʠʩʴ 

ʩʦʛʣʘʩʥʦ ʪʝʭʥʦʣʦʛʠʠ, ʧʨʠʚʝʜʝʥʥʦʡ ʚ ʧʦʜʨʘʟʜʝʣʝ 3.1.1. ɺ ʢʘʯʝʩʪʚʝ ʥʘʧʦʣʥʠʪʝʣʷ 

ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʧʨʝʜʦʩʪʘʚʣʝʥʥʳʝ ʀʥʩʪʠʪʫʪʦʤ ʢʘʪʘʣʠʟʘ ʠʤ. ɻ. ʂ. ɹʦʨʝʩʢʦʚʘ ʄʋʅʊ, 

ʧʦʣʫʯʝʥʥʳʝ ʢʘʪʘʣʠʪʠʯʝʩʢʠʤ ʛʘʟʦʬʘʟʥʳʤ ʦʩʘʞʜʝʥʠʝʤ ʵʪʠʣʝʥʘ ʚ ʧʨʠʩʫʪʩʪʚʠʠ FeCo-

Al2O3 ʢʘʪʘʣʠʟʘʪʦʨʘ. ɺ ʨʘʙʦʪʝ ʄʋʅʊ ʩʦ ʩʨʝʜʥʠʤ ʜʠʘʤʝʪʨʦʤ 9,4 ʥʤ ʠ ʤʘʩʩʦʚʦʡ 

ʢʦʥʮʝʥʪʨʘʮʠʝʡ 1% ʠ 3% ʩʤʝʰʠʚʘʣʠʩʴ ʩ ʕʉ. ʇʦʩʣʝ ʯʝʛʦ 3 ʠʟ 4-ʭ ʨʘʩʪʚʦʨʦʚ ʜʣʷ 

ʢʘʞʜʦʡ ʤʘʩʩʦʚʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ ʧʝʨʝʤʝʰʠʚʘʣʠʩʴ ʩ ʧʦʤʦʱʴʶ ʋɿ ʜʠʩʧʝʨʛʘʪʦʨʘ ʚ 

ʪʝʯʝʥʠʠ 1, 2 ʠ 5 ʤʠʥʫʪ ʧʨʠ ʤʦʱʥʦʩʪʠ 75 ɺʘʪʪ. ɻʦʪʦʚʳʝ ʨʘʩʪʚʦʨʳ ʧʦʤʝʱʘʣʠʩʴ ʚ 

ʬʦʨʤʳ ʜʣʷ ʧʦʣʠʤʝʨʠʟʘʮʠʠ ʚ ʪʝʯʝʥʠʠ 24 ʯʘʩʦʚ. ɺ ʨʝʟʫʣʴʪʘʪʝ, ʧʦʩʣʝ ʤʝʭʘʥʠʯʝʩʢʦʡ 

ʦʙʨʘʙʦʪʢʠ ʘʙʨʘʟʠʚʥʳʤ ʩʦʩʪʘʚʦʤ ʩ ʨʘʟʤʝʨʦʤ ʯʘʩʪʠʮ ʤʝʥʝʝ 40 ʤʢʤ ʧʦʣʫʯʝʥʦ 8 

ʦʙʨʘʟʮʦʚ ʢʦʤʧʦʟʠʮʠʦʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ (ʪʘʙʣʠʮʘ 7) ʚ ʚʠʜʝ ʧʣʦʩʢʦʧʘʨʘʣʣʝʣʴʥʳʭ 

ʢʨʫʛʣʳʭ ʧʣʘʩʪʠʥ ʨʘʜʠʫʩʦʤ 43 ʤʤ ʜʣʷ ʢʘʞʜʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ. 

 

ʊʘʙʣʠʮʘ 7 ï ʆʧʠʩʘʥʠʝ ʦʙʨʘʟʮʦʚ ʥʘ ʦʩʥʦʚʝ ʕʉ ʠ ʄʋʅʊ 

ɺʨʝʤʷ ʚʦʟʜʝʡʩʪʚʠʷ ʋɿ, 

ʤʠʥʫʪʳ 

ʆʩʥʦʚʘ ʉʦʜʝʨʞʘʥʠʝ ʄʋʅʊ, 

ʤʘʩʩ. % 

ʊʦʣʱʠʥʘ, 

ʤʤ 

- 

ʕʧʦʢʩʠʜʥʘʷ ʩʤʦʣʘ 

(ʕʉ) 

1 

0,77 

1 1,39 

2 0,81 

5 0,60 

- 

3 

0,37 

1 0,40 

2 0,42 

5 0,41 

 



 79 

ɺʥʝʰʥʠʡ ʚʠʜ ʠʟʛʦʪʦʚʣʝʥʥʳʭ ʦʙʨʘʟʮʦʚ ʥʘ ʦʩʥʦʚʝ ʄʋʅʊ ʩ ʤʘʩʩʦʚʳʤʠ 

ʢʦʥʮʝʥʪʨʘʮʠʷʤʠ 1% ʠ 3% ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʨʠʩʫʥʢʘʭ 3.2 ʠ 3.3, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. 

 

 

ʈʠʩʫʥʦʢ 3.2 ï ʀʟʦʙʨʘʞʝʥʠʷ ʛʦʪʦʚʳʭ ʦʙʨʘʟʮʦʚ ʥʘ ʦʩʥʦʚʝ ʕʉ ʠ 1 ʤʘʩʩ. % ʄʋʅʊ 

ʩ ʨʘʟʣʠʯʥʳʤ ʚʨʝʤʝʥʝʤ ʋɿ ʦʙʨʘʙʦʪʢʠ 

 

 

ʈʠʩʫʥʦʢ 3.3 ï ʀʟʦʙʨʘʞʝʥʠʷ ʛʦʪʦʚʳʭ ʦʙʨʘʟʮʦʚ ʥʘ ʦʩʥʦʚʝ ʕʉ ʠ 3 ʤʘʩʩ. % ʄʋʅʊ 

ʩ ʨʘʟʣʠʯʥʳʤ ʚʨʝʤʝʥʝʤ ʋɿ ʦʙʨʘʙʦʪʢʠ 

 

ʅʘ ʨʠʩʫʥʢʝ 3.4 ʧʨʝʜʩʪʘʚʣʝʥʳ ʦʧʪʠʯʝʩʢʠʝ ʤʠʢʨʦʬʦʪʦʛʨʘʬʠʠ ʦʙʨʘʟʮʦʚ ʩ 

ʨʘʟʣʠʯʥʦʡ ʤʘʩʩʦʚʦʡ ʢʦʥʮʝʥʪʨʘʮʠʝʡ (1 ʠ 3 ʤʘʩʩ. %) ʧʨʠ ʜʚʫʭ ʚʨʝʤʝʥʘʭ ʋɿ 

ʦʙʨʘʙʦʪʢʠ (ʙʝʟ ʋɿ ʦʙʨʘʙʦʪʢʠ ʠ ʩ ʋɿ ʦʙʨʘʙʦʪʢʦʡ ʚ ʪʝʯʝʥʠʝ 5 ʤʠʥʫʪ), ʚʳʧʦʣʥʝʥʥʳʝ 

ʧʨʠ ʧʦʤʦʱʠ ʮʠʬʨʦʚʦʛʦ ʦʧʪʠʯʝʩʢʦʛʦ ʤʠʢʨʦʩʢʦʧʘ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʥʠʞʥʝʡ 

ʧʦʜʩʚʝʪʢʠ ʦʙʨʘʟʮʦʚ. 

 

ɹʝʟ ʋɿ ʦʙʨʘʙʦʪʢʠ 1 ʤʠʥ 2 ʤʠʥ 5 ʤʠʥ 

ɹʝʟ ʋɿ ʦʙʨʘʙʦʪʢʠ 1 ʤʠʥ 2 ʤʠʥ 5 ʤʠʥ 
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ʘ ï ʦʙʨʘʟʝʮ ʥʘ ʦʩʥʦʚʝ ʄʋʅʊ 1 ʤʘʩʩ. % ʙʝʟ ʋɿ ʦʙʨʘʙʦʪʢʠ; ʙ ï ʦʙʨʘʟʝʮ ʥʘ ʦʩʥʦʚʝ 

ʄʋʅʊ 1 ʤʘʩʩ. % ʩ ʋɿ ʦʙʨʘʙʦʪʢʦʡ ʚ ʪʝʯʝʥʠʝ 5 ʤʠʥʫʪ; ʚ ï ʦʙʨʘʟʝʮ ʥʘ ʦʩʥʦʚʝ 

ʄʋʅʊ 3 ʤʘʩʩ. % ʙʝʟ ʋɿ ʦʙʨʘʙʦʪʢʠ; ʛ ï ʦʙʨʘʟʝʮ ʥʘ ʦʩʥʦʚʝ ʄʋʅʊ 3 ʤʘʩʩ. % ʩ ʋɿ 

ʦʙʨʘʙʦʪʢʦʡ ʚ ʪʝʯʝʥʠʝ 5 ʤʠʥʫʪ 

ʈʠʩʫʥʦʢ 3.4 ï ʆʧʪʠʯʝʩʢʠʝ ʩʥʠʤʢʠ ʦʙʨʘʟʮʦʚ ʥʘ ʦʩʥʦʚʝ ʕʉ ʠ ʄʋʅʊ ʩ ʨʘʟʣʠʯʥʦʡ 

ʤʘʩʩʦʚʦʡ ʢʦʥʮʝʥʪʨʘʮʠʝʡ ʄʋʅʊ ʠ ʚʨʝʤʝʥʝʤ ʋɿ ʦʙʨʘʙʦʪʢʠ 

 

ʉʦʟʜʘʥʥʳʝ ʦʙʨʘʟʮʳ ʧʦʜʚʝʨʛʘʣʠʩʴ ʢʦʤʧʣʝʢʩʥʦʤʫ ʩʧʝʢʪʨʦʩʢʦʧʠʯʝʩʢʦʤʫ 

ʠʩʩʣʝʜʦʚʘʥʠʶ ʚ ʜʠʘʧʘʟʦʥʝ ʯʘʩʪʦʪ ʦʪ 100 ɻɻʮ ʜʦ 1600 ɻɻʮ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʜʚʫʭ 

ʠʟʤʝʨʠʪʝʣʴʥʳʭ ʫʩʪʘʥʦʚʦʢ: T-Spec 1000 ʠ ʉʊɼ-21. ʇʦʣʫʯʝʥʳ ʩʧʝʢʪʨʳ 

ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʛʦ ʦʪʢʣʠʢʘ (ʨʠʩʫʥʦʢ 3.5) ʦʪ ʦʙʨʘʟʮʦʚ ʥʘ ʦʩʥʦʚʝ ʕʉ ʠ 

1 ʤʘʩʩ. % ʄʋʅʊ ʩ ʨʘʟʣʠʯʥʳʤ ʚʨʝʤʝʥʝʤ ʋɿ ʦʙʨʘʙʦʪʢʠ.  

 

ʘ 

ʚ 

ʙ 

ʛ 
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ʘ ï ʦʙʨʘʟʝʮ ʙʝʟ ʋɿ ʦʙʨʘʙʦʪʢʠ; ʦʙʨʘʟʮʳ ʩ ʋɿ ʦʙʨʘʙʦʪʢʦʡ ʚ ʪʝʯʝʥʠʝ: 

ʙ ï 1 ʤʠʥʫʪʳ, ʚ ï 2 ʤʠʥʫʪ, ʛ ï 5 ʤʠʥʫʪ 

ʈʠʩʫʥʦʢ 3.5 ï ʏʘʩʪʦʪʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʛʦ ʦʪʢʣʠʢʘ ʦʪ ʦʙʨʘʟʮʦʚ ʥʘ 

ʦʩʥʦʚʝ 1 ʤʘʩʩ. % ʄʋʅʊ ʩ ʨʘʟʣʠʯʥʳʤ ʚʨʝʤʝʥʝʤ ʋɿ ʦʙʨʘʙʦʪʢʠ 

 

ʈʝʟʫʣʴʪʘʪʳ ʠʟʤʝʨʝʥʠʡ, ʧʦʣʫʯʝʥʥʳʝ ʜʚʫʤʷ ʨʘʟʣʠʯʥʳʤʠ ʤʝʪʦʜʠʢʘʤʠ, ʭʦʨʦʰʦ 

ʩʦʛʣʘʩʫʶʪʩʷ, ʯʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʢʦʨʨʝʢʪʥʦʩʪʠ ʧʦʣʫʯʘʝʤʳʭ ʜʘʥʥʳʭ. ʂʨʦʤʝ 

ʵʪʦʛʦ, ʧʦʣʫʯʝʥʳ ʩʧʝʢʪʨʳ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʛʦ ʦʪʢʣʠʢʘ (ʨʠʩʫʥʦʢ 3.6) ʦʪ ʦʙʨʘʟʮʦʚ ʥʘ 

ʦʩʥʦʚʝ ʕʉ ʠ 3 ʤʘʩʩ. % ʄʋʅʊ ʩ ʨʘʟʣʠʯʥʳʤ ʚʨʝʤʝʥʝʤ ʋɿ ʦʙʨʘʙʦʪʢʠ.  

ʘ ʙ 

ʚ ʛ 
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ʘ ï ʦʙʨʘʟʝʮ ʙʝʟ ʋɿ ʦʙʨʘʙʦʪʢʠ; ʦʙʨʘʟʮʳ ʩ ʋɿ ʦʙʨʘʙʦʪʢʦʡ ʚ ʪʝʯʝʥʠʝ: 

ʙ ï 1 ʤʠʥʫʪʳ, ʚ) ï 2 ʤʠʥʫʪ, ʛ) ï 5 ʤʠʥʫʪ 

ʈʠʩʫʥʦʢ 3.6 ï ʏʘʩʪʦʪʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʛʦ ʦʪʢʣʠʢʘ ʦʪ ʦʙʨʘʟʮʦʚ ʥʘ 

ʦʩʥʦʚʝ 3 ʤʘʩʩ. % ʄʋʅʊ ʩ ʨʘʟʣʠʯʥʳʤ ʚʨʝʤʝʥʝʤ ʋɿ ʦʙʨʘʙʦʪʢʠ 

 

ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʢʦʤʧʣʝʢʩʥʦʛʦ ʩʧʝʢʪʨʦʩʢʦʧʠʯʝʩʢʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʦʙʨʘʟʮʦʚ ʩ 

ʩʦʜʝʨʞʘʥʠʝʤ 1 ʤʘʩʩ. % ʄʋʅʊ (ʨʠʩʫʥʦʢ 3.7) ʠ 3 ʤʘʩʩ. % ʄʋʅʊ (ʨʠʩʫʥʦʢ 3.8) ʩ 

ʨʘʟʣʠʯʥʳʤ ʚʨʝʤʝʥʝʤ ʋɿ ʦʙʨʘʙʦʪʢʠ ʙʳʣ ʧʨʦʠʟʚʝʜʝʥ ʨʘʩʯʝʪ ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʡ 

ʧʨʦʥʠʮʘʝʤʦʩʪʠ ʩʦʛʣʘʩʥʦ ʬʦʨʤʫʣʘʤ ʌʨʝʥʝʣʷ (19) ʥʘ ʪʝʨʘʛʝʨʮʦʚʦʤ ʩʧʝʢʪʨʦʤʝʪʨʝ 

ʉʊɼ-21. 

 

ʘ ʙ 

ʚ ʛ 
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ʘ ʙ 

ʘ ï ʜʝʡʩʪʚʠʪʝʣʴʥʘʷ ʯʘʩʪʴ ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʡ ʧʨʦʥʠʮʘʝʤʦʩʪʠ; 

ʙ ï ʤʥʠʤʘʷ ʯʘʩʪʴ ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʡ ʧʨʦʥʠʮʘʝʤʦʩʪʠ 

ʈʠʩʫʥʦʢ 3.7 ï ʏʘʩʪʦʪʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʡ ʧʨʦʥʠʮʘʝʤʦʩʪʠ ʦʙʨʘʟʮʦʚ 

ʥʘ ʦʩʥʦʚʝ ʕʉ ʠ 1 ʤʘʩʩ. % ʄʋʅʊ ʩ ʨʘʟʣʠʯʥʳʤ ʚʨʝʤʝʥʝʤ ʋɿ ʦʙʨʘʙʦʪʢʠ 

 

 

ʘ     ʙ 

ʘ ï ʜʝʡʩʪʚʠʪʝʣʴʥʘʷ ʯʘʩʪʴ ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʡ ʧʨʦʥʠʮʘʝʤʦʩʪʠ; 

ʙ ï ʤʥʠʤʘʷ ʯʘʩʪʴ ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʡ ʧʨʦʥʠʮʘʝʤʦʩʪʠ 

ʈʠʩʫʥʦʢ 3.8 ï ʏʘʩʪʦʪʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʡ ʧʨʦʥʠʮʘʝʤʦʩʪʠ ʦʙʨʘʟʮʦʚ 

ʥʘ ʦʩʥʦʚʝ ʕʉ ʠ 3 ʤʘʩʩ. % ʄʋʅʊ ʩ ʨʘʟʣʠʯʥʳʤ ʚʨʝʤʝʥʝʤ ʋɿ ʦʙʨʘʙʦʪʢʠ 
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ɸʥʘʣʠʟ ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʫʨʦʚʝʥʴ ʧʦʛʣʦʱʝʥʠʷ 

ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʛʦ ʠʟʣʫʯʝʥʠʷ ʦʙʨʘʟʮʦʚ ʩ ʩʦʜʝʨʞʘʥʠʝʤ 1 ʤʘʩʩ. % ʄʋʅʊ, 

ʧʨʠʚʝʜʝʥʥʳʡ ʥʘ ʨʠʩʫʥʢʝ 3.5, ʫʤʝʥʴʰʘʝʪʩʷ ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ ʚʨʝʤʝʥʠ ʚʦʟʜʝʡʩʪʚʠʷ 

ʋɿ, ʦʜʥʘʢʦ ʧʨʠ ʩʠʣʴʥʳʭ ʨʘʟʣʠʯʠʷʭ ʚ ʪʦʣʱʠʥʝ ʦʙʨʘʟʮʦʚ (ʪʘʙʣʠʮʘ 7) ʩʨʘʚʥʠʚʘʪʴ 

ʧʦʛʣʦʪʠʪʝʣʴʥʳʝ ʩʚʦʡʩʪʚʘ ʧʦ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʤʫ ʦʪʢʣʠʢʫ ʙʫʜʝʪ ʥʝ ʚʝʨʥʳʤ. 

ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʩʨʘʚʥʠʪʝʣʴʥʘʷ ʦʮʝʥʢʘ ʧʨʦʠʟʚʦʜʠʣʘʩʴ ʧʦ ʯʘʩʪʦʪʥʳʤ ʟʘʚʠʩʠʤʦʩʪʷʤ 

ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʡ ʧʨʦʥʠʮʘʝʤʦʩʪʠ ʦʙʨʘʟʮʦʚ ʩ 1 ʤʘʩʩ. % ʄʋʅʊ (ʨʠʩʫʥʦʢ 3.7). ɺʠʜʥʦ, 

ʯʪʦ ʧʨʠ ʧʝʨʚʦʥʘʯʘʣʴʥʦʤ ʚʦʟʜʝʡʩʪʚʠʠ ʋɿ ʚ ʪʝʯʝʥʠʠ 1 ʤʠʥʫʪʳ ʧʨʠ ʤʦʱʥʦʩʪʠ 75 ɺʪ 

ʜʠʵʣʝʢʪʨʠʯʝʩʢʘʷ ʧʨʦʥʠʮʘʝʤʦʩʪʴ ʢʦʤʧʦʟʠʪʘ ʨʝʟʢʦ ʧʘʜʘʝʪ. ɿʘʪʝʤ ʜʝʡʩʪʚʠʪʝʣʴʥʘʷ 

ʯʘʩʪʴ ʧʨʦʥʠʮʘʝʤʦʩʪʠ ʥʘʯʠʥʘʝʪ ʧʦʩʪʝʧʝʥʥʦ ʫʚʝʣʠʯʠʚʘʪʴʩʷ ʚʧʣʦʪʴ ʜʦ 5 ʤʠʥʫʪ 

ʚʦʟʜʝʡʩʪʚʠʷ. ɺ ʩʚʦʶ ʦʯʝʨʝʜʴ ʤʥʠʤʘʷ ʯʘʩʪʴ ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʡ ʧʨʦʥʠʮʘʝʤʦʩʪʠ ʫʞʝ 

ʧʦʩʣʝ 5 ʤʠʥʫʪ ʚʦʟʜʝʡʩʪʚʠʷ ʋɿ ʫʤʝʥʴʰʘʝʪʩʷ ʥʠʞʝ, ʯʝʤ ʜʣʷ 2 ʤʠʥʫʪ ʚʦʟʜʝʡʩʪʚʠʷ. 

ʕʪʦ ʦʙʫʩʣʦʚʣʝʥʦ ʪʝʤ, ʯʪʦ ʧʨʠ ʚʦʟʜʝʡʩʪʚʠʠ ʋɿ ʜʦʣʴʰʝ 3 ʤʠʥʫʪ ʜʠʵʣʝʢʪʨʠʯʝʩʢʘʷ 

ʧʨʦʥʠʮʘʝʤʦʩʪʴ ʧʝʨʝʩʪʘʝʪ ʨʘʩʪʠ ʠ ʥʘʯʠʥʘʝʪ ʫʤʝʥʴʰʘʪʴʩ ̫ʚʩʣʝʜʩʪʚʠʝ ʨʘʟʨʫʰʝʥʠʷ 

ʩʘʤʠʭ ʄʋʅʊ. ɼʘʥʥʦʝ ʫʪʚʝʨʞʜʝʥʠʝ ʩʦʛʣʘʩʫʝʪʩʷ ʩ ʨʝʟʫʣʴʪʘʪʘʤʠ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚ 

ʨʘʙʦʪʝ [101], ʘ ʪʘʢʞʝ ʩ ʧʨʝʜʳʜʫʱʠʤ ʥʘʙʣʶʜʝʥʠʝʤ ʦʪ ʌʨʦʤʠʨʘ [102] ʠ ʂʘʥʝʙʘ [103]. 

ɺ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʧʨʠ ʢʦʥʮʝʥʪʨʘʮʠʠ 3 ʤʘʩʩ. % ʄʋʅʊ (ʨʠʩʫʥʦʢ 3.8) ʜʝʡʩʪʚʠʪʝʣʴʥʘʷ 

ʯʘʩʪʴ ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʡ ʧʨʦʥʠʮʘʝʤʦʩʪʠ ʙʝʟ ʚʦʟʜʝʡʩʪʚʠʷ ʋɿ ʤʠʥʠʤʘʣʴʥʘ, ʘ ʧʨʠ 

ʫʚʝʣʠʯʝʥʠʠ ʚʨʝʤʝʥʠ ʥʘʯʠʥʘʝʪ ʨʘʩʪʠ, ʥʦ ʪʘʢʞʝ ʢʘʢ ʠ ʜʣʷ 1 ʤʘʩʩ. % ʄʋʅʊ ʥʘ 5 

ʤʠʥʫʪʘʭ ʚʦʟʜʝʡʩʪʚʠʷ ʋɿ ʩʪʘʥʦʚʠʪʩʷ ʥʠʞʝ.  

ʀʟʤʝʨʝʥʳ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʛʦ ʦʪʢʣʠʢʘ ʥʝʦʜʥʦʨʦʜʥʦʛʦ 

ʢʦʤʧʦʟʠʮʠʦʥʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʥʘ ʦʩʥʦʚʝ ʕʉ ʠ ʄʋʅʊ ʩ ʨʘʟʣʠʯʥʦʡ ʤʘʩʩʦʚʦʡ 

ʢʦʥʮʝʥʪʨʘʮʠʝʡ ʠ ʚʨʝʤʝʥʝʤ ʋɿ ʦʙʨʘʙʦʪʢʠ. ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʛʦ 

ʦʪʢʣʠʢʘ ʠʟʣʫʯʝʥʠʷ ʩ ʯʘʩʪʦʡ 874 ɻɻʮ ʧʨʦʰʝʜʰʝʛʦ ʯʝʨʝʟ ʦʙʨʘʟʝʮ ʥʘ ʦʩʥʦʚʝ 1 ʤʘʩʩ. 

% ʄʋʅʊ ʩ ʨʘʟʣʠʯʥʳʤ ʚʨʝʤʝʥʝʤ ʋɿ ʦʙʨʘʙʦʪʢʠ (ʙʝʟ ʋɿ ʦʙʨʘʙʦʪʢʠ, ʠ ʚ ʪʝʯʝʥʠʠ 1, 2 

ʠ 5 ʤʠʥʫʪ) ʧʨʝʜʩʪʘʚʣʝʥʦ ʥʘ ʨʠʩʫʥʢʝ 3.9. 
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ʘ ï ʦʙʨʘʟʝʮ ʙʝʟ ʋɿ ʦʙʨʘʙʦʪʢʠ; ʦʙʨʘʟʮʳ ʩ ʋɿ ʦʙʨʘʙʦʪʢʦʡ ʚ ʪʝʯʝʥʠʝ: 

ʙ ï 1 ʤʠʥʫʪʳ, ʚ ï 2 ʤʠʥʫʪ, ʛ ï 5 ʤʠʥʫʪ 

ʈʠʩʫʥʦʢ 3.9 ï ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʛʦ ʦʪʢʣʠʢʘ ʠʟʣʫʯʝʥʠʷ ʩ ʯʘʩʪʦʡ 

874 ɻɻʮ ʧʨʦʰʝʜʰʝʛʦ ʯʝʨʝʟ ʦʙʨʘʟʝʮ ʥʘ ʦʩʥʦʚʝ 1 ʤʘʩʩ. % ʄʋʅʊ ʩ ʨʘʟʣʠʯʥʳʤ 

ʚʨʝʤʝʥʝʤ ʋɿ ʦʙʨʘʙʦʪʢʠ 

 

ʅʘ ʨʠʩʫʥʢʝ 3.10 ʠʟʦʙʨʘʞʝʥʦ ʪʨʝʭʤʝʨʥʦʝ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʨʘʩʧʨʝʜʝʣʝʥʠʷ 

ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʛʦ ʦʪʢʣʠʢʘ ʠʟʣʫʯʝʥʠʷ, ʧʨʦʰʝʜʰʝʛʦ ʯʝʨʝʟ ʦʙʨʘʟʝʮ ʥʘ ʦʩʥʦʚʝ 

1 ʤʘʩʩ. % ʄʋʅʊ ʩ ʨʘʟʣʠʯʥʳʤ ʚʨʝʤʝʥʝʤ ʋɿ ʦʙʨʘʙʦʪʢʠ, ʛʜʝ ʦʩʴ Tr ʧʦʢʘʟʳʚʘʝʪ 

ʢʦʵʬʬʠʮʠʝʥʪ ʧʨʦʭʦʞʜʝʥʠʷ ʚ ʦʪʥʦʩʠʪʝʣʴʥʳʭ ʝʜʠʥʠʮʘʭ. 

 

ʘ ʙ 

ʚ ʛ 



 86 

  

  

ʘ ï ʦʙʨʘʟʝʮ ʙʝʟ ʋɿ ʦʙʨʘʙʦʪʢʠ; ʦʙʨʘʟʮʳ ʩ ʋɿ ʦʙʨʘʙʦʪʢʦʡ ʚ ʪʝʯʝʥʠʝ: 

ʙ ï 1 ʤʠʥʫʪʳ, ʚ) ï 2 ʤʠʥʫʪ, ʛ) ï 5 ʤʠʥʫʪ 

ʈʠʩʫʥʦʢ 3.10 ï ʊʨʝʭʤʝʨʥʦʝ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʛʦ 

ʦʪʢʣʠʢʘ ʠʟʣʫʯʝʥʠʷ ʩ ʯʘʩʪʦʡ 874 ɻɻʮ ʧʨʦʰʝʜʰʝʛʦ ʯʝʨʝʟ ʦʙʨʘʟʝʮ ʥʘ ʦʩʥʦʚʝ 

1 ʤʘʩʩ. % ʄʋʅʊ ʩ ʨʘʟʣʠʯʥʳʤ ʚʨʝʤʝʥʝʤ ʋɿ ʦʙʨʘʙʦʪʢʠ 

 

ʅʘ ʨʠʩʫʥʢʝ 3.11 ʠʟʦʙʨʘʞʝʥ ʨʝʟʫʣʴʪʘʪ ʣʦʢʘʣʠʟʘʮʠʠ ʫʯʘʩʪʢʦʚ ʨʘʩʧʨʝʜʝʣʝʥʠʷ 

ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʛʦ ʠʟʣʫʯʝʥʠʷ, ʧʨʦʰʝʜʰʝʛʦ ʯʝʨʝʟ ʦʙʨʘʟʝʮ ʥʘ ʦʩʥʦʚʝ 

1 ʤʘʩʩ. % ʄʋʅʊ ʩ ʨʘʟʣʠʯʥʳʤ ʚʨʝʤʝʥʝʤ ʋɿ ʦʙʨʘʙʦʪʢʠ, ʛʜʝ ʩʠʥʠʤ ʮʚʝʪʦʤ ʧʦʢʘʟʘʥʳ 

ʩʢʦʧʣʝʥʠʷ ʘʛʣʦʤʝʨʘʪʦʚ, ʘ ʙʝʣʳʤ ʤʠʥʠʤʘʣʴʥʘʷ ʠʭ ʢʦʥʮʝʥʪʨʘʮʠʷ. 

 

ʘ ʙ 

ʚ ʛ 




















































































































