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ɺʉʊʋʇ 

 

ʈʦʟʚʠʪʦʢ ʝʣʝʢʪʨʦʥʽʢʠ, ʦʩʥʦʚʘʥʽʡ ʥʘ ʤʘʛʥʽʪʥʠʭ ʷʚʠʱʘʭ (ʘʙʦ ʩʧʽʥʦʚʦʾ 

ʝʣʝʢʪʨʦʥʽʢʠ) ʦʙʫʤʦʚʣʝʥʠʡ ʤʦʞʣʠʚʽʩʪʶ ʩʪʚʦʨʝʥʥʷ ʢʚʘʥʪʦʚʠʭ ʢʦʤʧôʶʪʝʨʽʚ, 

ʦʜʥʦʝʣʝʢʪʨʦʥʥʠʭ ʪʨʘʥʟʠʩʪʦʨʽʚ, ʚʝʥʪʠʣʴʥʠʭ ʩʪʨʫʢʪʫʨ, ʚ ʷʢʠʭ ʢʝʨʫʚʘʥʥʷ ʩʪʨʫʤʦʤ 

ʤʦʞʝ ʟʜʽʡʩʥʶʚʘʪʠʩʷ ʥʝ ʪʽʣʴʢʠ ʟʘ ʜʦʧʦʤʦʛʦʶ ʟʘʨʷʜʘ ʝʣʝʢʪʨʦʥʘ, ʘʣʝ ʽ ʡʦʛʦ ʩʧʽʥʘ, 

ʪʦʙʪʦ ʢʝʨʫʚʘʪʠ ʤʦʞʥʘ ʥʝ ʪʽʣʴʢʠ ʪʨʘʜʠʮʽʡʥʦʶ ʥʘʧʨʫʛʦʶ, ʘ ʽ ʤʘʛʥʽʪʥʠʤ ʧʦʣʝʤ. ʊʘʢʘ 

ʜʦʜʘʪʢʦʚʘ ʩʪʫʧʽʥʴ ʩʚʦʙʦʜʠ ʨʦʟʰʠʨʶʻ ʬʫʥʢʮʽʦʥʘʣʴʥʽ ʤʦʞʣʠʚʦʩʪʽ ʧʨʠʩʪʨʦʾʚ 

ʩʧʽʥʪʨʦʥʽʢʠ, ʜʦʟʚʦʣʷʶʯʠ ʨʦʟʨʦʙʣʷʪʠ ʥʦʚʽ ʪʠʧʠ ʧʨʠʩʪʨʦʾʚ - ʛʝʥʝʨʘʪʦʨʽʚ, 

ʧʽʜʩʠʣʶʚʘʯʽʚ, ʬʽʣʴʪʨʽʚ, ʩʚʽʪʣʦʜʽʦʜʽʚ, ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʷʢʠʭ ʤʦʞʫʪʴ ʟʤʽʥʶʚʘʪʠʩʷ 

ʧʽʜ ʜʽʻʶ ʤʘʛʥʽʪʥʦʛʦ ʧʦʣʷ [1-6].  

ʆʜʥʝ ʟ ʷʚʠʱ, ʥʘ ʷʢʠʭ ʙʫʜʫʻʪʴʩʷ ʩʧʽʥʪʨʦʥʽʢʘ - ʷʚʠʱʝ ʛʽʛʘʥʪʩʴʢʦʛʦ 

ʤʘʛʥʽʪʦʦʧʦʨʫ (ʟʤʽʥʘ ʝʣʝʢʪʨʠʯʥʦʛʦ ʦʧʦʨʫ ʧʽʜ ʜʽʻʶ ʤʘʛʥʽʪʥʦʛʦ ʧʦʣʷ), - ʚʞʝ ʥʘʙʫʣʦ 

ʰʠʨʦʢʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʚ ʤʘʛʥʽʪʥʠʭ ʛʦʣʦʚʢʘʭ ʟʯʠʪʫʚʘʥʥʷ ʢʦʤʧôʶʪʝʨʥʠʭ 

ʞʦʨʩʪʢʠʭ ʜʠʩʢʽʚ. ʅʝʟʚʘʞʘʶʯʠ ʥʘ ʰʠʨʦʢʽ ʜʦʩʣʽʜʞʝʥʥʷ ʮʴʦʛʦ ʷʚʠʱʘ ʚ ʦʩʪʘʥʥʽ 

ʜʝʩʷʪʠʨʽʯʯʷ, ʡʦʛʦ ʧʨʠʨʦʜʘ ʟʘʣʠʰʘʻʪʴʩʷ ʜʦ ʢʽʥʮʷ ʥʝ ʧʨʦʷʩʥʝʥʦʶ, ʘ ʧʦʩʪʽʡʥʘ 

ʨʦʟʨʦʙʢʘ ʥʦʚʠʭ ʤʘʪʝʨʽʘʣʽʚ ʩʧʨʠʯʠʥʷʻ ʧʦʷʚʫ ʷʢʽʩʥʦ ʥʦʚʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ. ɺ ʪʦʡ ʞʝ 

ʯʘʩ, ʚʽʜʦʤʠʡ ʪʘʢʦʞ ʽʥʪʝʨʝʩ ʜʦʩʣʽʜʥʠʢʽʚ ʜʦ ʩʪʨʫʢʪʫʨ ʪʠʧʫ ʬʝʨʦʤʘʛʥʝʪʠʢ-

ʥʘʧʽʚʧʨʦʚʽʜʥʠʢ ʫ ʟʚôʷʟʢʫ ʽʟ ʤʦʞʣʠʚʦʩʪʷʤʠ ʩʪʚʦʨʝʥʥʷ ʥʘ ʾʭ ʦʩʥʦʚʽ ʩʪʨʫʢʪʫʨ, ʚ ʷʢʠʭ 

ʢʝʨʫʚʘʥʥʷ ʩʪʨʫʤʦʤ ʟʜʽʡʩʥʶʻʪʴʩʷ ʰʣʷʭʦʤ ʚʧʣʠʚʫ ʥʘ ʩʧʽʥ ʝʣʝʢʪʨʦʥʘ. ʉʝʨʝʜ ʷʚʠʱ, 

ʱʦ ʘʢʪʠʚʥʦ ʚʠʚʯʘʶʪʴʩʷ ʚ ʪʘʢʠʭ ʩʪʨʫʢʪʫʨʘʭ, ʟʦʢʨʝʤʘ, ʚʞʝ ʟʛʘʜʫʚʘʥʠʡ ʛʽʛʘʥʪʩʴʢʠʡ 

ʤʘʛʥʽʪʦʦʧʽʨ ʪʘ ʽʥʞʝʢʮʽʷ ʧʦʣʷʨʠʟʦʚʘʥʠʭ ʧʦ ʩʧʽʥʫ ʝʣʝʢʪʨʦʥʽʚ ʟ ʬʝʨʦʤʘʛʥʝʪʠʢʘ ʫ 

ʥʘʧʽʚʧʨʦʚʽʜʥʠʢ. ʄʦʞʣʠʚʽʩʪʴ ʚʠʢʦʨʠʩʪʘʥʥʷ ʩʧʽʥʦʚʠʭ ʢʣʘʧʘʥʽʚ ʚ ʩʠʩʪʝʤʘʭ ʜʣʷ 

ʽʥʞʝʢʮʽʾ ʧʦʣʷʨʠʟʦʚʘʥʠʭ ʧʦ ʩʧʽʥʫ ʝʣʝʢʪʨʦʥʽʚ ʫ ʥʘʧʽʚʧʨʦʚʽʜʥʠʢ ʻ ʚʘʞʣʠʚʦʶ 

ʧʝʨʝʜʫʤʦʚʦʶ ʩʪʚʦʨʝʥʥʷ ʨʷʜʫ ʧʨʠʩʪʨʦʾʚ ʤʘʛʥʽʪʦʝʣʝʢʪʨʦʥʽʢʠ, ʚ ʧʝʨʰʫ ʯʝʨʛʫ 

ʩʧʽʥʦʚʦʛʦ ʪʨʘʥʟʠʩʪʦʨʘ [7-9]. 

ʊʝʤʦʶ ʜʘʥʦʾ ʨʦʙʦʪʠ ʙʫʣʦ ʦʙʨʘʥʦ ʜʦʩʣʽʜʞʝʥʥʷ ʤʘʛʥʽʪʥʠʭ, ʝʣʝʢʪʨʠʯʥʠʭ, 

ʤʘʛʥʽʪʦʦʧʪʠʯʥʠʭ ʪʘ ʩʧʝʢʪʨʘʣʴʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʤʘʪʝʨʽʘʣʽʚ, ʱʦ ʤʦʞʫʪʴ ʙʫʪʠ 

ʚʠʢʦʨʠʩʪʘʥʽ ʚ ʽʥʪʝʛʨʘʣʴʥʦ-ʦʧʪʠʯʥʠʭ ʩʠʩʪʝʤʘʭ ʽ ʩʠʩʪʝʤʘʭ ʅɺʏ ʦʙʨʦʙʢʠ 

ʽʥʬʦʨʤʘʮʽʾ. ʆʩʥʦʚʦʶ ʜʣʷ ʮʠʭ ʜʦʩʣʽʜʞʝʥʴ ʻ ʚʠʩʦʢʘ ʤʘʛʥʽʪʦʦʧʪʠʯʥʘ ʝʬʝʢʪʠʚʥʽʩʪʴ 
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ʧʣʽʚʢʦʚʠʭ ʩʪʨʫʢʪʫʨ ʥʘ ʦʩʥʦʚʽ ʢʨʠʩʪʘʣʽʯʥʦʛʦ ʟʘʣʽʟʦ-ʽʪʨʽʻʚʦʛʦ ʛʨʘʥʘʪʘ (ɿɯɻ) ʟ 

ʭʽʤʽʯʥʦʶ ʬʦʨʤʫʣʦʶ Y3Fe5O12, ʱʦ ʤʘʶʪʴ ʧʝʨʩʧʝʢʪʠʚʫ ʚʠʢʦʨʠʩʪʘʥʥʷ ʚ ʷʢʦʩʪʽ 

ʬʫʥʢʮʽʦʥʘʣʴʥʠʭ ʚʫʟʣʽʚ (ʬʽʣʴʪʨʽʚ, ʧʨʦʮʝʩʦʨʽʚ) ʤʘʛʥʽʪʦʝʣʝʢʪʨʦʥʥʠʭ ʩʠʩʪʝʤ [10-12]. 

ʇʦʚʝʜʽʥʢʘ ʪʘʢʠʭ ʩʪʨʫʢʪʫʨ ʧʨʠ ʙʝʟʧʦʩʝʨʝʜʥʴʦʤʫ ʢʦʥʪʘʢʪʽ ʟ ʤʝʪʘʣʘʤʠ ʽ 

ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʘʤʠ  ʧʨʝʜʩʪʘʚʣʷʻ ʽʥʪʝʨʝʩ ʷʢ ʟ ʬʫʥʜʘʤʝʥʪʘʣʴʥʦʾ ʪʦʯʢʠ ʟʦʨʫ 

(ʟʦʢʨʝʤʘ, ʽʩʥʫʻ ʮʽʣʠʡ ʨʷʜ ʟʦʚʩʽʤ ʥʝ ʜʦʩʣʽʜʞʝʥʠʭ ʝʬʝʢʪʽʚ ʽʥʜʫʢʦʚʘʥʦʛʦ ʩʧʽʥʦʚʦʛʦ 

ʪʨʘʥʩʧʦʨʪʫ, ʩʧʽʥ-ʧʝʨʝʦʨʽʻʥʪʘʮʽʡʥʠʭ ʧʝʨʝʭʦʜʽʚ, ʣʦʢʘʣʴʥʦʛʦ ʬʝʨʦʤʘʛʥʽʪʥʦʛʦ 

ʚʧʦʨʷʜʢʫʚʘʥʥʷ, ʪʦʱʦ) ʪʘʢ ʽ ʟ ʧʨʠʢʣʘʜʥʦʾ (ʥʘʧʨʠʢʣʘʜ, ʜʣʷ ʩʪʚʦʨʝʥʥʷ ʤʦʜʫʣʷʪʦʨʽʚ, 

ʜʝʬʣʝʢʪʦʨʽʚ ʟ ʦʧʪʠʯʥʠʤ ʪʘ/ʘʙʦ ʤʘʛʥʽʪʥʠʤ ʫʧʨʘʚʣʽʥʥʷʤ). ʊʝʤʘʪʠʢʘ ʨʦʙʦʪʠ 

ʦʭʦʧʣʶʻ ʪʘʢʦʞ ʜʦʩʣʽʜʞʝʥʥʷ ʧʨʦʷʚʫ ʤʝʭʘʥʽʟʤʫ ʚʟʘʻʤʦʜʽʾ ʩʚʽʪʣʘ ʟ ʤʘʛʥʽʪʥʦʶ ʽ 

ʝʣʝʢʪʨʠʯʥʦʶ ʧʽʜʩʠʩʪʝʤʘʤʠ ɿɯɻ, ʘ ʪʘʢʦʞ ʫʤʦʚ ʽʥʜʫʢʦʚʘʥʠʭ  ʩʧʽʥ-ʧʝʨʝʦʨʽʻʥʪʘʮʽʥʠʭ 

ʧʨʝʨʝʭʦʜʽʚ ʚ ʧʦʜʽʙʥʠʭ ʩʪʨʫʢʪʫʨʘʭ. 

ɸʢʪʫʘʣʴʥʽʩʪʴ ʪʝʤʠ ʦʙʫʤʦʚʣʝʥʘ ʥʝʦʙʭʽʜʥʽʩʪʶ ʚʠʚʯʝʥʥʷ ʟʘʢʦʥʦʤʽʨʥʦʩʪʝʡ ʪʘ 

ʷʚʠʱ, ʱʦ ʤʘʶʪʴ ʤʽʩʮʝ ʚ ʩʝʨʝʜʦʚʠʱʘʭ ʟ ʜʽʝʣʝʢʪʨʠʯʥʠʤʠ ʯʠ ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʦʚʠʤʠ ʽ 

ʬʝʨʦʤʘʛʥʽʪʥʠʤʠ ʚʣʘʩʪʠʚʦʩʪʷʤʠ, ʟʦʢʨʝʤʘ, ʟʘʣʝʞʥʦʩʪʽ ʤʘʛʥʽʪʥʦʛʦ ʩʪʘʥʫ 

ʬʝʨʠʦʤʘʛʥʝʪʠʢʘ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʚʧʣʠʚʫ ʟʦʚʥʽʰʥʽʭ ʬʘʢʪʦʨʽʚ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ 

ʤʦʞʣʠʚʦʩʪʝʡ ʨʦʟʨʦʙʢʠ ʥʘ ʦʩʥʦʚʽ ʪʘʢʠʭ ʤʘʪʝʨʽʘʣʽʚ ʥʦʚʠʭ ʧʨʠʣʘʜʽʚ 

ʤʘʛʥʽʪʦʝʣʝʢʪʨʦʥʽʢʠ. 

ʅʝʟʚʘʞʘʶʯʠ ʥʘ ʜʠʬʨʘʢʮʽʡʥʽ ʦʙʤʝʞʝʥʥʷ ʨʦʟʜʽʣʴʥʦʾ ʟʜʘʪʥʦʩʪʽ, ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʜʣʷ ʜʦʩʣʽʜʞʝʥʴ ʚʣʘʩʪʠʚʦʩʪʝʡ ʩʧʽʥʦʚʠʭ ʩʪʨʫʢʪʫʨ ʤʘʛʥʽʪʦʦʧʪʠʯʥʠʭ ʤʝʪʦʜʽʚ  

ʧʨʝʜʩʪʘʚʣʷʻʪʴʩʷ ʝʬʝʢʪʠʚʥʠʤ ʟʘʚʜʷʢʠ ʩʧʝʢʪʨʘʣʴʥʽʡ ʯʫʪʣʠʚʦʩʪʽ, ʚʽʜʩʫʪʥʦʩʪʽ 

ʤʝʭʘʥʽʯʥʦʛʦ ʢʦʥʪʘʢʪʫ ʟ ʜʦʩʣʽʜʞʫʚʘʥʦʶ ʧʦʚʝʨʭʥʝʶ, ʤʦʞʣʠʚʦʩʪʽ ʧʘʨʘʣʝʣʴʥʦʛʦ 

ʟʯʠʪʫʚʘʥʥʷ ʪʘ ʦʙʨʦʙʢʠ ʽʥʬʦʨʤʘʮʽʾ, ʪʦʱʦ. ɼʣʷ ʜʦʩʣʽʜʞʝʥʥʷ ʥʘʧʨʦʩʚʽʪ 

ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʪʨʘʜʠʮʽʡʥʠʡ ʤʘʛʥʽʪʦʦʧʪʠʯʥʠʡ ʝʬʝʢʪ ʌʘʨʘʜʝʷ, ʘ ʜʣʷ ʜʦʩʣʽʜʞʝʥʴ 

ʥʝʧʨʦʟʦʨʠʭ ʤʘʪʝʨʽʘʣʽʚ ʘʙʦ ʧʦʚʝʨʭʥʝʚʦʾ ʤʘʛʥʽʪʥʦʾ ʩʪʨʫʢʪʫʨʠ ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ 

ʝʬʝʢʪʠ ʂʝʨʨʘ, ʷʢʽ ʜʦʟʚʦʣʷʶʪʴ ʚʠʟʥʘʯʘʪʠ ʷʢ ʦʙôʻʤʥʽ, ʪʘʢ ʽ ʧʦʚʝʨʭʥʝʚʽ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʥʘʚʽʪʴ ʚ ʙʘʛʘʪʦʰʘʨʦʚʠʭ ʧʣʽʚʢʘʭ, ʚʠʷʚʣʷʪʠ ʤʘʛʥʽʪʥʽ ʪʘ ʦʧʪʠʯʥʽ 

ʥʝʦʜʥʦʨʽʜʥʦʩʪʽ ʩʫʙʤʽʢʨʦʥʥʠʭ ʨʦʟʤʽʨʽʚ ʪʘ ʾʭ ʚʧʣʠʚ ʥʘ ʩʠʩʪʝʤʫ ʝʥʝʨʛʝʪʠʯʥʠʭ 

ʨʽʚʥʝʡ ʽ ʭʘʨʘʢʪʝʨ ʝʣʝʢʪʨʦʥʥʠʭ ʧʝʨʝʭʦʜʽʚ, ʟʦʢʨʝʤʘ, ʧʽʜ ʜʽʻʶ ʟʦʚʥʽʰʥʽʭ ʧʦʣʽʚ.  

ɺ ʷʢʦʩʪʽ ʦʙôʻʢʪʘ ʜʦʩʣʽʜʞʝʥʴ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠʩʴ ʤʘʛʥʽʪʦʦʧʪʠʯʥʽ ʧʣʽʚʢʠ 
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ʟʘʣʽʟʦ-ʽʪʨʽʻʚʦʛʦ ʛʨʘʥʘʪʫ (ɿɯɻ) - Y3Fe5O12, ʚʠʨʦʱʝʥʽ ʝʧʽʪʘʢʩʽʡʥʦ ʚ 

ʢʨʠʩʪʘʣʦʛʨʘʬʽʯʥʽʡ ʧʣʦʱʠʥʽ (111) ʥʘ ʧʽʜʢʣʘʜʠʥʮʽ ʟ ʛʘʣʽʡ-ʛʘʜʦʣʠʥʽʻʚʦʛʦ ʛʨʘʥʘʪʫ 

(Gd3Ga5O12) [13]. ʇʝʨʽʦʜ ʨʽʚʥʦʚʘʞʥʦʾ ʜʦʤʝʥʥʦʾ ʩʪʨʫʢʪʫʨʠ (ʪʦʙʪʦ ʫ ʚʽʜʩʫʪʥʦʩʪʽ 

ʟʦʚʥʽʰʥʴʦʛʦ ʧʦʣʷ) ʧʣʽʚʦʢ ʨʽʟʥʦʾ ʪʦʚʱʠʥʠ (ʭʘʨʘʢʪʝʨʥʠʡ ʜʽʘʧʘʟʦʥ ʪʦʚʱʠʥ ʧʣʽʚʦʢ ï 

ʚʽʜ 1 ʜʦ 10 ʤʢʤ) ʟʥʘʭʦʜʠʚʩʷ ʚ ʤʝʞʘʭ ʚʽʜ 3 ʜʦ 20 ʤʢʤ. 

ʄʝʪʦʶ ʜʘʥʦʾ ʨʦʙʦʪʠ ʙʫʣʦ ʚʠʟʥʘʯʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʟʘʩʪʦʩʫʚʘʥʥʷ ʧʣʽʚʦʢ ɿɯɻ 

ʷʢ ʤʘʛʥʽʪʦʦʧʪʠʯʥʠʭ ʤʦʜʫʣʷʪʦʨʽʚ ʪʘ ʜʝʬʣʝʢʪʦʨʽʚ ʦʧʪʠʯʥʦʛʦ ʚʠʨʧʨʦʤʽʥʶʚʘʥʥʷ, ʘ 

ʪʘʢʦʞ ʜʦʩʣʽʜʞʝʥʥʷ ʚʧʣʠʚʫ çʥʝʤʘʛʥʽʪʥʠʭè ʬʘʢʪʦʨʽʚ (ʤʝʭʘʥʽʯʥʦʛʦ ʥʘʧʨʫʞʝʥʥʷ, 

ʧʦʣʷʨʠʟʦʚʘʥʦʛʦ ʩʚʽʪʣʘ, ʝʣʝʢʪʨʠʯʥʦʛʦ ʩʪʨʫʤʫ ʧʦʣʷʨʠʟʦʚʘʥʠʭ ʝʣʝʢʪʨʦʥʽʚ) ʥʘ 

ʧʝʨʝʤʘʛʥʽʯʫʚʘʥʥʷ ʥʘʥʦʰʘʨʦʚʠʭ ʤʝʪʘʣʝʚʠʭ ʩʝʥʜʚʽʯ-ʩʪʨʫʢʪʫʨ ʽ ʤʦʞʣʠʚʦʩʪʽ ʾʭ 

ʚʟʘʻʤʦʜʽʾ ʟ ʢʨʠʩʪʘʣʽʯʥʠʤʠ ʬʝʨʠʪ-ʛʨʘʥʘʪʦʚʠʤʠ ʩʪʨʫʢʪʫʨʘʤʠ. ʊʘʢʦʞ ʧʝʨʝʜʙʘʯʘʣʦʩʴ 

ʤʝʪʦʜʘʤʠ ʢʦʤʧôʶʪʝʨʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ʚʠʟʥʘʯʠʪʠ ʫʤʦʚʠ ʦʧʪʠʤʘʣʴʥʦʛʦ 

ʧʝʨʝʤʘʛʥʽʯʫʚʘʥʥʷ ʷʢ ʰʘʨʫʚʘʪʠʭ, ʪʘʢ ʽ ʦʙôʻʤʥʠʭ ʩʪʨʫʢʪʫʨ. ɼʣʷ ʜʦʩʷʛʥʝʥʥʷ ʮʽʻʾ 

ʤʝʪʠ ʧʝʨʝʜʙʘʯʘʣʦʩʷ ʯʘʩʪʢʦʚʝ ʚʜʦʩʢʦʥʘʣʝʥʥʷ ʤʝʪʦʜʠʢʠ ʝʣʝʢʪʨʠʯʥʠʭ ʚʠʤʽʨʽʚ 

ʤʘʛʥʽʪʦʦʧʦʨʫ ʽ ʟʙʽʣʴʰʝʥʥʷ ʯʫʪʣʠʚʦʩʪʽ ʤʘʛʥʽʪʦʦʧʪʠʯʥʦʾ ʤʝʪʦʜʠʢʠ ʪʘ ʧʨʦʚʝʜʝʥʥʷ 

ʥʘ ʮʽʡ ʦʩʥʦʚʽ ʢʦʤʧʣʝʢʩʥʠʭ ʚʠʤʽʨʽʚ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʩʪʨʫʢʪʫʨ ʪʘ ʾʭ ʟʘʣʝʞʥʽʩʪʝʡ ʚʽʜ 

ʟʦʚʥʽʰʥʴʦʛʦ ʤʘʛʥʽʪʥʦʛʦ ʪʘ ʝʣʝʢʪʨʠʯʥʦʛʦ ʧʦʣʽʚ. 

ʈʦʟʨʦʙʢʠ ʦʧʪʠʢʦ-ʤʝʭʘʥʽʯʥʠʭ ʪʘ ʅɺʏ ʧʨʠʩʪʨʦʾʚ ʥʘ ʦʩʥʦʚʽ ʦʙ'ʻʤʥʠʭ ʪʘ 

ʧʣʽʚʢʦʚʠʭ ʬʝʨʠʪ-ʛʨʘʥʘʪʽʚ, ʨʦʟʚʠʪʦʢ ʥʦʚʠʭ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʧʨʦʮʝʩʽʚ ʚʠʤʘʛʘʻ 

ʚʜʦʩʢʦʥʘʣʝʥʥʷ ʤʝʪʦʜʽʚ ʤʘʛʥʽʪʦʦʧʪʠʯʥʠʭ ʚʠʤʽʨʶʚʘʥʴ, ʚ ʧʝʨʰʫ ʯʝʨʛʫ ʚ ʥʘʧʨʷʤʢʫ 

ʧʽʜʚʠʱʝʥʥʷ ʨʦʟʜʽʣʴʥʦʾ ʟʜʘʪʥʦʩʪʽ [14]. ʊʘʢ, ʫ ʩʬʝʨʽ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʪʝʭʥʦʣʦʛʽʡ 

ʰʠʨʦʢʝ ʨʦʟʧʦʚʩʶʜʞʝʥʥʷ ʥʦʚʠʭ ʤʘʪʝʨʽʘʣʽʚ ʜʣʷ ʤʘʛʥʽʪʥʦʛʦ ʟʘʧʠʩʫ ʟ ʥʘʜʚʠʩʦʢʦʶ 

ʱʽʣʴʥʽʩʪʶ ʦʙʫʤʦʚʣʶʻ ʧʦʪʨʝʙʫ ʫ ʥʘʥʦʤʝʪʨʠʯʥʠʭ ʚʠʤʽʨʶʚʘʥʥʷʭ ʾʭ ʤʘʛʥʽʪʥʠʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ. ʆʧʪʠʯʥʽ ʪʘ ʤʘʛʥʽʪʦʦʧʪʠʯʥʽ ʤʝʪʦʜʠ, ʥʝʟʚʘʞʘʶʯʠ ʥʘ ʦʙʤʝʞʝʥʥʷ ʧʦ 

ʨʦʟʜʽʣʴʥʽʡ ʟʜʘʪʥʦʩʪʽ, ʧʦʚ`ʷʟʘʥʽ ʽʟ ʜʠʬʨʘʢʮʽʡʥʠʤʠ ʝʬʝʢʪʘʤʠ, ʚ ʙʘʛʘʪʴʦʭ ʚʠʧʘʜʢʘʭ ʻ 

ʜʦʩʠʪʴ ʝʬʝʢʪʠʚʥʠʤʠ ʟʘʚʜʷʢʠ ʩʧʝʢʪʨʘʣʴʥʽʡ ʯʫʪʣʠʚʦʩʪʽ, ʚʽʜʩʫʪʥʦʩʪʽ ʤʝʭʘʥʽʯʥʦʛʦ 

ʢʦʥʪʘʢʪʫ ʟ ʜʦʩʣʽʜʞʫʚʘʥʦʶ ʧʦʚʝʨʭʥʝʶ, ʤʦʞʣʠʚʦʩʪʽ ʧʘʨʘʣʝʣʴʥʦʛʦ ʟʯʠʪʫʚʘʥʥʷ ʪʘ 

ʦʙʨʦʙʢʠ ʽʥʬʦʨʤʘʮʽʾ, ʪʦʱʦ.  

ɿʤʽʥʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʜʝʷʢʠʭ ʤʘʛʥʝʪʠʢʽʚ, ʟʦʢʨʝʤʘ, ʬʝʨʠʪ-ʛʨʘʥʘʪʽʚ, ʧʽʜ ʜʽʻʶ 

ʦʧʪʠʯʥʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʦʩʦʙʣʠʚʦ ʧʨʦʷʚʣʷʶʪʴʩʷ ʚ ʦʙʣʘʩʪʽ ʢʨʠʪʠʯʥʠʭ 
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ʪʝʤʧʝʨʘʪʫʨ ʪʘ ʢʦʥʮʝʥʪʨʘʮʽʡ, ʧʦʙʣʠʟʫ ʪʦʯʦʢ ʬʘʟʦʚʦʛʦ ʧʝʨʝʭʦʜʫ. ɺ ʪʘʢʠʭ ʚʠʧʘʜʢʘʭ 

ʩʠʣʴʥʠʡ ʚʟʘʻʤʦʟʚ`ʷʟʦʢ ʝʣʝʢʪʨʠʯʥʦʾ ʪʘ ʤʘʛʥʽʪʥʦʾ ʧʽʜʩʠʩʪʝʤ ʧʽʜʚʠʱʫʻ ʯʫʪʣʠʚʽʩʪʴ 

ʤʘʪʝʨʽʘʣʫ ʜʦ ʚʧʣʠʚʫ ʟʦʚʥʽʰʥʽʭ ʬʘʢʪʦʨʽʚ, ʥʘʩʣʽʜʢʦʤ ʯʦʛʦ ʩʪʘʻ ʟʤʽʥʘ 

ʤʘʢʨʦʩʢʦʧʽʯʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʨʝʯʦʚʠʥ ʧʨʠ ʦʧʨʦʤʽʥʶʚʘʥʥʽ ʧʦʣʷʨʠʟʦʚʘʥʠʤ 

ʩʚʽʪʣʦʤ, ʱʦ ʨʦʟʛʣʷʜʘʻʪʴʩʷ ʚ ʜʘʥʽʡ ʨʦʙʦʪʽ. ʊʘʢʠʤ ʯʠʥʦʤ, ʥʝʜʦʩʪʘʪʥʷ ʟʨʦʟʫʤʽʣʽʩʪʴ 

ʟʘʢʦʥʦʤʽʨʥʦʩʪʝʡ ʪʘ ʤʝʭʘʥʽʟʤʽʚ ʮʽʣʦʾ ʥʠʟʢʠ ʷʚʠʱ, ʱʦ ʚʠʥʠʢʘʶʪʴ ʧʽʜ ʜʽʻʶ ʩʚʽʪʣʘ 

ʧʨʠ ʥʘʩʪʽʡʥʽʡ ʧʦʪʨʝʙʽ ʧʨʘʢʪʠʯʥʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʩʧʨʠʯʠʥʷʶʪʴ ʥʝʦʙʭʽʜʥʽʩʪʴ 

ʨʽʟʥʦʙʽʯʥʦʛʦ ʚʠʚʯʝʥʥʷ ʬʦʪʦʽʥʜʫʢʦʚʘʥʠʭ ʧʨʦʮʝʩʽʚ. ʉʝʨʝʜ ʬʫʥʜʘʤʝʥʪʘʣʴʥʠʭ 

ʧʨʦʙʣʝʤ ʚʟʘʻʤʦʜʽʾ ʩʚʽʪʣʘ ʟ ʪʚʝʨʜʠʤ ʪʽʣʦʤ ʟʥʘʯʥʠʡ ʽʥʪʝʨʝʩ ʩʪʘʥʦʚʠʪʴ ʨʦʟʩʽʷʥʥʷ 

ʩʚʽʪʣʘ ʥʘ ʤʽʢʨʦʤʘʛʥʽʪʥʠʭ ʫʪʚʦʨʝʥʥʷʭ (ʰʪʫʯʥʠʭ ʥʝʦʜʥʦʨʽʜʥʦʩʪʷʭ ʥʘʤʘʛʥʽʯʝʥʦʩʪʽ 

ʘʙʦ ʧʨʠʨʦʜʥʠʭ ʫʪʚʦʨʝʥʥʷʭ ʪʠʧʫ ʣʽʥʽʡ ɹʣʦʭʘ, ʚʠʛʠʥʽʚ ʜʦʤʝʥʥʠʭ ʩʪʽʥʦʢ, ʪʦʱʦ),  

ʭʘʨʘʢʪʝʨ ʽ ʦʩʦʙʣʠʚʦʩʪʽ ʽʥʜʫʢʦʚʘʥʠʭ ʩʚʽʪʣʦʤ ʩʧʽʥ-ʧʝʨʝʦʨʽʻʥʪʘʮʽʡʥʠʭ ʧʝʨʝʭʦʜʽʚ, 

ʚʩʪʘʥʦʚʣʝʥʥʷ ʟʚ'ʷʟʢʫ ʤʘʛʥʽʪʥʠʭ, ʦʧʪʠʯʥʠʭ, ʤʝʭʘʥʽʯʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʤʘʪʝʨʽʘʣʫ ʟ 

ʧʘʨʘʤʝʪʨʘʤʠ ʜʽʶʯʦʛʦ ʥʘ ʥʴʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ, ʧʦʙʫʜʦʚʘ ʢʦʤʧʣʝʢʩʥʦʾ ʤʦʜʝʣʽ 

ʬʦʪʦʽʥʜʫʢʦʚʘʥʠʭ ʷʚʠʱ ʚ ʨʘʤʢʘʭ ʫʷʚʣʝʥʴ ʟʦʥʥʦʾ ʪʝʦʨʽʾ ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʽʚ. 

ɼʦʩʣʽʜʞʝʥʥʷ ʧʦʚʝʜʽʥʢʠ ʽ ʩʪʨʫʢʪʫʨʠ ʜʦʤʝʥʥʠʭ ʩʪʽʥʦʢ ʤʘʻ ʟʥʘʯʝʥʥʷ ʜʣʷ 

ʚʠʟʥʘʯʝʥʥʷ ʬʫʥʜʘʤʝʥʪʘʣʴʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʦʧʪʠʯʥʦ ʘʢʪʠʚʥʠʭ ʤʘʛʥʝʪʠʢʽʚ [15].  

ɼʦʩʣʽʜʞʝʥʥʷ ʩʧʝʢʪʨʽʚ ʜʠʬʨʘʢʮʽʡʥʦʛʦ ʨʦʟʩʽʷʥʥʷ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʪʘʢʦʞ ʤʘʻ 

ʷʢ ʬʫʥʜʘʤʝʥʪʘʣʴʥʝ, ʪʘʢ ʽ ʧʨʠʢʣʘʜʥʝ ʟʥʘʯʝʥʥʷ. ɸʥʘʣʽʟ ʨʦʟʩʽʷʥʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ 

ʜʘʻ ʽʥʬʦʨʤʘʮʽʶ ʧʨʦ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʜʦʤʝʥʥʠʭ ʩʪʽʥʦʢ (ʦʙʤʽʥʥʫ ʝʥʝʨʛʽʶ, ʰʠʨʠʥʫ) 

ʪʘ ʾʭ ʪʦʥʢʫ ʩʪʨʫʢʪʫʨʫ. ʍʘʨʘʢʪʝʨʥʽ ʨʦʟʤʽʨʠ ʤʘʛʥʽʪʥʠʭ ʪʘ ʤʝʭʘʥʽʯʥʠʭ 

ʥʝʦʜʥʦʨʽʜʥʦʩʪʝʡ ʚ ʤʘʛʥʽʪʥʠʭ ʤʘʪʝʨʽʘʣʘʭ, ʱʦ ʩʪʚʦʨʶʶʪʴʩʷ ʜʣʷ ʩʫʯʘʩʥʠʭ 

ʪʝʭʥʽʯʥʠʭ ʧʦʪʨʝʙ, ʩʢʣʘʜʘʶʪʴ ʜʝʩʷʪʢʠ ʥʘʥʦʤʝʪʨʽʚ. ʊʘʢʽ ʽ ʤʝʥʰʽ ʨʦʟʤʽʨʠ ʤʦʞʫʪʴ 

ʤʘʪʠ ʛʨʘʥʠʮʽ ʤʽʞ ʟʝʨʥʘʤʠ, ʢʨʠʩʪʘʣʽʯʥʽ ʜʝʬʝʢʪʠ, ʤʘʛʥʽʪʥʽ ʜʦʤʝʥʠ (ʽʥʬʦʨʤʘʮʽʡʥʽ 

ʙʽʪʠ). ɽʬʝʢʪʠʚʥʽʩʪʴ ʾʭ  ʜʦʩʣʽʜʞʝʥʥʷ ʦʧʪʠʯʥʠʤʠ ʤʝʪʦʜʘʤʠ ʩʫʪʪʻʚʦ ʧʽʜʚʠʱʫʻʪʴʩʷ 

ʧʨʠ ʟʙʽʣʴʰʝʥʥʽ ʨʦʟʜʽʣʴʥʦʾ ʟʜʘʪʥʦʩʪʽ. ʂʣʘʩʠʯʥʝ ʦʙʤʝʞʝʥʥʷ ʥʘ ʨʦʟʜʽʣʴʥʫ ʟʜʘʪʥʽʩʪʴ 

ʦʧʪʠʯʥʠʭ ʤʝʪʦʜʽʚ ʟʚʠʯʘʡʥʦ, ʜʦʣʘʶʪʴ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʤʽʢʨʦʩʢʦʧʽʚ ʙʣʠʞʥʴʦʛʦ 

ʧʦʣʷ, ʘʣʝ ʾʭ ʩʢʣʘʜʥʽʩʪʴ ʪʘ ʦʙʤʝʞʝʥʘ ʩʬʝʨʘ ʟʘʩʪʦʩʫʚʘʥʥʷ ʦʙʫʤʦʚʣʶʻ ʥʝʦʙʭʽʜʥʽʩʪʴ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʘʣʴʪʝʨʥʘʪʠʚʥʠʭ ʤʝʪʦʜʠʢ, ʜʦʧʦʚʥʶʶʯʠ ʾʭ ʨʦʟʨʘʭʫʥʢʦʚʠʤʠ 

ʤʝʪʦʜʘʤʠ ʤʦʜʝʣʶʚʘʥʥʷ ʧʨʦʮʝʩʽʚ ʽʥʜʫʢʦʚʘʥʦʛʦ ʧʝʨʝʤʘʛʥʽʯʫʚʘʥʥʷ.  
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ʅʘʥʦʩʪʨʫʢʪʫʨʦʚʘʥʽ ʧʣʽʚʢʦʚʽ ʤʘʪʝʨʽʘʣʠ ʚʽʜʨʽʟʥʷʶʪʴʩʷ ʦʩʦʙʣʠʚʦ ʰʠʨʦʢʠʤ 

ʜʽʘʧʘʟʦʥʦʤ ʚʘʨʽʘʮʽʾ ʤʘʛʥʽʪʥʠʭ ʽ ʤʘʛʥʽʪʦʦʧʪʠʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ. ɼʦ ʪʦʛʦ ʞ, ʥʠʟʢʘ 

ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʧʨʦʮʝʩʽʚ ʚʠʨʦʱʫʚʘʥʥʷ ʥʘʥʦʩʪʨʫʢʪʫʨ ʟʘʙʝʟʧʝʯʫʻ ʨʽʟʥʦʤʘʥʽʪʥʽʩʪʴ 

ʧʣʽʚʦʢ ʫ ʰʠʨʦʢʦʤʫ ʜʽʘʧʘʟʦʥʽ ʟʤʽʥʠ ʾʭ ʧʘʨʘʤʝʪʨʽʚ. ʎʝ ʦʙʫʤʦʚʣʶʻ ʾʭ 

ʨʦʟʧʦʚʩʶʜʞʝʥʥʷ ʩʝʨʝʜ ʤʘʛʥʽʪʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʽ ʰʠʨʦʢʽ ʤʦʞʣʠʚʦʩʪʽ ʜʣʷ 

ʧʨʘʢʪʠʯʥʦʛʦ ʟʘʩʪʦʩʫʚʘʥʥʷ. ʊʘʢ, ʢʨʽʤ ʚʞʝ ʟʛʘʜʫʚʘʥʠʭ ʜʘʪʯʠʢʽʚ ʟʦʚʥʽʰʥʽʭ 

ʧʨʦʩʪʦʨʦʚʦ-ʥʝʦʜʥʦʨʽʜʥʠʭ ʤʘʛʥʽʪʥʠʭ ʧʦʣʽʚ, ʥʘʥʦʩʪʨʫʢʪʫʨʠ ʝʬʝʢʪʠʚʥʦ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʷʢ ʤʘʛʥʽʪʥʽ ʛʦʣʦʚʢʠ ʟʯʠʪʫʚʘʥʥʷ ʽʥʬʦʨʤʘʮʽʾ, ʽʥʪʝʛʨʘʣʴʥʦ-

ʦʧʪʠʯʥʽ ʤʦʜʫʣʷʪʦʨʠ ʪʘ ʪʨʘʥʩʧʘʨʘʥʪʠ, ʝʣʝʤʝʥʪʠ ʅɺʏ ʝʣʝʢʪʨʦʥʽʢʠ, ʪʦʱʦ.  

ʊʘʢʠʤ ʯʠʥʦʤ, ʘʢʪʫʘʣʴʥʽʩʪʴ ʚʠʙʨʘʥʦʾ ʪʝʤʘʪʠʢʠ ʦʙʫʤʦʚʣʝʥʘ ʥʝʜʦʩʪʘʪʥʽʤ 

ʚʠʚʯʝʥʥʷʤ ʷʚʠʱ ʧʝʨʝʥʦʩʫ ʟʘʨʷʜʫ ʫ ʨʝʯʦʚʠʥʘʭ ʽʟ ʩʠʣʴʥʠʤ ʚʟʘʻʤʦʟʚ`ʷʟʢʦʤ 

ʝʣʝʢʪʨʦʥʥʦʾ ʡ ʤʘʛʥʽʪʥʦʾ ʧʽʜʩʠʩʪʝʤ, ʷʢʽ ʻ ʥʘʜʟʚʠʯʘʡʥʦ ʧʝʨʩʧʝʢʪʠʚʥʠʤʠ ʜʣʷ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʫ ʨʽʟʥʠʭ ʩʬʝʨʘʭ ʤʘʛʥʽʪʦʝʣʝʢʪʨʦʥʽʢʠ. ɸʢʪʫʘʣʴʥʽʩʪʴ ʪʝʤʠ ʦʙʫʤʦʚʣʝʥʘ 

ʪʘʢʦʞ ʝʬʝʢʪʠʚʥʽʩʪʶ ʦʧʪʠʯʥʠʭ ʤʝʪʦʜʽʚ ʜʦʩʣʽʜʞʝʥʥʷ ʩʪʨʫʢʪʫʨʠ ʤʘʪʝʨʽʘʣʽʚ, 

ʦʩʥʦʚʘʥʠʭ ʥʘ ʽʥʜʫʢʦʚʘʥʽʡ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷʤ ʟʤʽʥʽ ʡʦʛʦ ʤʘʢʨʦʩʢʦʧʽʯʥʠʭ ʦʙ`ʻʤʥʠʭ 

ʪʘ ʧʦʚʝʨʭʥʝʚʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ. ʇʦ ʨʝʟʫʣʴʪʘʪʘʭ ʪʘʢʠʭ ʟʤʽʥ ʤʦʞʥʘ ʜʦʩʣʽʜʞʫʚʘʪʠ, 

ʟʦʢʨʝʤʘ,  ʨʦʟʧʦʜʽʣ ʤʘʛʥʽʪʥʠʭ ʥʝʦʜʥʦʨʽʜʥʦʩʪʝʡ, ʩʠʩʪʝʤʫ ʝʥʝʨʛʝʪʠʯʥʠʭ ʨʽʚʥʝʡ, 

ʭʘʨʘʢʪʝʨ ʧʝʨʝʨʦʟʧʦʜʽʣʫ ʽʦʥʽʚ ʫ ʢʨʠʩʪʘʣʽʯʥʽʡ ʛʨʘʪʮʽ, ʪʦʱʦ.  

ʊʝʤʘ ʨʦʙʦʪʠ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʧʦʚ`ʷʟʘʥʘ ʟ ʥʘʫʢʦʚʦ-ʜʦʩʣʽʜʥʠʤʠ ʨʦʙʦʪʘʤʠ ʚ 

ʦʙʣʘʩʪʽ ʩʧʽʥʦʚʦʾ ʝʣʝʢʪʨʦʥʽʢʠ ʪʘ ʤʘʛʥʽʪʦʦʧʪʠʢʠ, ʱʦ ʧʨʦʚʦʜʷʪʴʩʷ ʥʘ ʢʘʬʝʜʨʽ 

ʝʣʝʢʪʨʦʬʽʟʠʢʠ.  

ʆʩʥʦʚʥʠʤ ʥʘʧʨʷʤʦʤ ʨʦʙʦʪʠ ʙʫʣʦ ʚʩʪʘʥʦʚʣʝʥʥʷ ʟʘʢʦʥʦʤʽʨʥʦʩʪʝʡ ʧʨʦʷʚʫ 

ʝʣʝʢʪʨʠʯʥʠʭ ʪʘ ʤʘʛʥʽʪʥʠʭ ʝʬʝʢʪʽʚ ʚ ʥʘʥʦʩʪʨʫʢʪʫʨʦʚʘʥʠʭ ʤʘʪʝʨʽʘʣʘʭ ʽʟ ʩʠʣʴʥʦʶ 

ʚʟʘʻʤʦʜʽʻʶ ʝʣʝʢʪʨʠʯʥʦʾ ʽ ʤʘʛʥʽʪʥʦʾ ʧʽʜʩʠʩʪʝʤ. 

ɼʣʷ ʜʦʩʷʛʥʝʥʥʷ ʤʝʪʠ ʨʦʙʦʪʠ ʙʫʣʠ ʩʬʦʨʤʫʣʴʦʚʘʥʽ ʽ ʯʘʩʪʢʦʚʦ ʚʠʨʽʰʝʥʽ 

ʥʘʩʪʫʧʥʽ ʟʘʜʘʯʽ: 

- ʧʨʦʚʝʜʝʥʥʷ ʨʦʟʨʘʭʫʥʢʽʚ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʭʘʨʘʢʪʝʨʫ ʧʦʚʝʜʽʥʢʠ 

ʧʦʣʷʨʠʟʦʚʘʥʠʭ ʩʪʨʫʤʽʚ ʧʨʠ ʨʽʟʥʠʭ ʧʘʨʘʤʝʪʨʘʭ ʨʝʯʦʚʠʥ ʪʘ ʨʽʟʥʠʭ ʟʦʚʥʽʰʥʽʭ 

ʫʤʦʚʘʭ;  

- ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʩʝʥʜʚʽʯ-ʩʪʨʫʢʪʫʨ, ʱʦ ʩʢʣʘʜʘʶʪʴʩʷ ʟ ʪʦʥʢʦʧʣʽʚʢʦʚʠʭ 
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ʬʝʨʦʤʘʛʥʽʪʥʠʭ ʰʘʨʽʚ, ʥʝʤʘʛʥʽʪʥʠʭ ʧʨʦʰʘʨʢʽʚ, ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʦʚʦʾ ʘʙʦ 

ʜʽʝʣʝʢʪʨʠʯʥʦʾ ʧʽʜʢʣʘʜʠʥʢʠ ʟ ʨʽʟʥʠʤʠ ʝʣʝʢʪʨʠʯʥʠʤʠ ʪʘ ʦʧʪʠʯʥʠʤʠ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ; 

- ʚʠʙʽʨ ʢʦʤʧʣʝʢʩʫ ʚʠʤʽʨʶʚʘʣʴʥʠʭ ʤʝʪʦʜʠʢ ʜʣʷ ʥʘʡʙʽʣʴʰ ʧʦʚʥʦʾ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʦʚʝʜʽʥʢʠ ʥʝʦʜʥʦʨʽʜʥʠʭ ʩʧʽʥʦʚʠʭ ʢʣʘʧʘʥʽʚ ʪʘ ʜʦʩʣʽʜʞʝʥʥʷ  

ʚʣʘʩʪʠʚʦʩʪʝʡ ʪʘʢʠʭ ʩʧʦʣʫʢ; 

- ʚʩʪʘʥʦʚʣʝʥʥʷ ʟʚôʷʟʢʫ ʤʽʞ ʭʘʨʘʢʪʝʨʦʤ ʟʤʽʥ ʤʘʛʥʽʪʥʠʭ ʽ ʝʣʝʢʪʨʠʯʥʠʭ 

ʧʘʨʘʤʝʪʨʽʚ ʪʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʥʘʥʦʰʘʨʽʚ ʘʙʦ ʥʘʥʦʛʨʘʥʫʣ, ʟʦʢʨʝʤʘ, ʟʚ`ʷʟʢʫ ʤʽʞ 

ʟʤʽʥʘʤʠ ʨʦʟʧʦʜʽʣʫ ʥʘʤʘʛʥʽʯʝʥʦʩʪʽ ʚ ʰʘʨʘʭ ʧʣʽʚʦʢ ʟ ʧʘʨʘʤʝʪʨʘʤʠ ʜʽʶʯʦʛʦ ʥʘ 

ʢʨʠʩʪʘʣ ʧʦʣʷʨʠʟʦʚʘʥʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ; 

- ʚʩʪʘʥʦʚʣʝʥʥʷ ʢʦʨʝʣʷʮʽʾ ʤʽʞ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʤʽʢʨʦʥʝʦʜʥʦʨʽʜʥʦʩʪʝʡ, ʫ 

ʪʦʤʫ ʯʠʩʣʽ  ʽʥʜʫʢʦʚʘʥʠʭ ʩʚʽʪʣʦʤ ʪʘ ʟʤʽʥʘʤʠ ʫ ʚʽʜʧʦʚʽʜʥʠʭ ʾʤ ʩʧʝʢʪʨʘʭ 

ʜʠʬʨʘʛʦʚʘʥʦʛʦ ʪʘ ʨʦʟʩʽʷʥʦʛʦ ʥʘ ʥʠʭ ʩʚʽʪʣʘ.  

ɼʣʷ ʜʦʩʷʛʥʝʥʥʷ ʧʦʩʪʘʚʣʝʥʦʾ ʤʝʪʠ ʧʝʨʝʜʙʘʯʘʣʦʩʷ ʯʘʩʪʢʦʚʦ ʚʜʦʩʢʦʥʘʣʠʪʠ 

ʦʧʪʠʯʥʽ ʤʝʪʦʜʠʢʠ ʜʦʩʣʽʜʞʝʥʥʷ ʤʘʛʥʽʪʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʪʘ ʚʠʤʽʨʶʚʘʥʥʷ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʤʘʛʥʽʪʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʽʟ ʩʫʙʤʽʢʨʦʥʥʦʶ ʨʦʟʜʽʣʴʥʦʶ ʟʜʘʪʥʽʩʪʶ.  

ʅʘʫʢʦʚʘ ʥʦʚʠʟʥʘ ʨʦʙʦʪʠ ʧʦʣʷʛʘʻ ʚ ʪʦʤʫ, ʱʦ ʚ ʥʽʡ: 

1. ʆʪʨʠʤʘʥʽ ʟʘʣʝʞʥʦʩʪʽ ʭʘʨʘʢʪʝʨʫ ʧʝʨʝʤʘʛʥʽʯʫʚʘʥʥʷ ʩʧʽʥʦʚʠʭ ʢʣʘʧʘʥʽʚ ʚʽʜ 

ʥʘʧʨʷʤʢʫ ʧʦʣʷ ʧʽʜʤʘʛʥʽʯʫʚʘʥʥʷ ʜʣʷ ʨʽʟʥʠʭ ʪʦʚʱʠʥ ʤʘʛʥʽʪʥʠʭ ʰʘʨʽʚ ʪʘ 

ʥʝʤʘʛʥʽʪʥʦʛʦ ʧʨʦʰʘʨʢʫ; ʟ ʮʠʭ ʟʘʣʝʞʥʦʩʪʝʡ ʚʠʟʥʘʯʝʥʽ ʦʧʪʠʤʘʣʴʥʽ ʨʝʞʠʤʠ 

ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʩʧʽʥʦʚʦʛʦ ʢʣʘʧʘʥʘ ʷʢ ʩʢʣʘʜʦʚʦʾ ʯʘʩʪʠʥʠ ʩʧʽʥʦʚʦʛʦ ʪʨʘʥʟʠʩʪʦʨʘ, 

ʜʘʪʯʠʢʘ ʤʘʛʥʽʪʥʦʛʦ ʧʦʣʷ, ʝʣʝʤʝʥʪʘ ʝʥʝʨʛʦʥʝʟʘʣʝʞʥʦʾ ʤʘʛʥʽʪʥʦʾ ʧʘʤôʷʪʽ.  

2. ʈʦʟʨʘʭʦʚʘʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʷʚʠʱʘ ʚʧʣʠʚʫ ʩʪʨʫʤʫ ʧʦʣʷʨʠʟʦʚʘʥʠʭ 

ʝʣʝʢʪʨʦʥʽʚ ʥʘ ʣʦʢʘʣʴʥʠʡ ʩʪʘʥ ʥʘʤʘʛʥʽʯʝʥʦʩʪʽ, ʧʦʢʘʟʘʥʘ ʤʦʞʣʠʚʽʩʪʴ ʧʦʣʽʧʰʝʥʥʷ 

ʝʥʝʨʛʝʪʠʯʥʦʛʦ ʙʘʣʘʥʩʫ ʧʝʨʝʤʘʛʥʽʯʫʚʘʥʥʷ ʤʘʛʥʽʪʦʤôʷʢʦʛʦ ʰʘʨʫ ʩʧʽʥʦʚʦʛʦ ʢʣʘʧʘʥʘ 

ʧʨʠ ʟʘʩʪʦʩʫʚʘʥʥʽ ʧʦʣʷʨʠʟʘʮʽʡʥʦʛʦ ʩʪʨʫʤʫ ʚʽʜʧʦʚʽʜʥʦʛʦ ʥʘʧʨʷʤʢʫ. 

3. ʇʦʢʘʟʘʥʦ, ʱʦ ʦʧʨʦʤʽʥʝʥʥʷ ʪʦʥʢʠʭ ʤʘʛʥʽʪʥʠʭ ʧʣʽʚʦʢ ʧʦʣʷʨʠʟʦʚʘʥʠʤ 

ʩʚʽʪʣʦʤ ʤʦʞʝ ʧʨʠʟʚʦʜʠʪʠ ʜʦ ʦʙʝʨʥʝʥʠʭ ʟʤʽʥ ʣʦʢʘʣʴʥʦʛʦ ʤʘʛʥʽʪʥʦʛʦ ʩʪʘʥʫ, ʱʦ 

ʧʨʦʷʚʣʷʻʪʴʩʷ ʷʢ ʟʘʣʝʞʥʠʡ ʚʽʜ ʧʦʣʷʨʠʟʘʮʽʾ ʟʩʫʚ ʜʦʤʝʥʥʠʭ ʩʪʽʥʦʢ. 

4. ʇʦʢʘʟʘʥʘ ʤʦʞʣʠʚʽʩʪʴ ʢʝʨʫʚʘʥʥʷ ʧʘʨʘʤʝʪʨʘʤʠ ʩʚʽʪʣʘ, ʷʢʝ ʧʨʦʭʦʜʠʪʴ ʢʨʽʟʴ 
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ʤʘʛʥʽʪʦʦʧʪʠʯʥʫ ʧʣʽʚʢʫ ʰʣʷʭʦʤ ʧʨʫʞʥʴʦʾ ʾʾ ʜʝʬʦʨʤʘʮʽʾ ʟʽ ʟʤʽʥʦʶ ʪʠʧʫ ʤʘʛʥʽʪʥʦʾ 

ʢʨʠʩʪʘʣʦʛʨʘʬʽʯʥʦʾ ʘʥʽʟʦʪʨʦʧʽʾ, ʷʢʘ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʟʤʽʥʠ ʦʨʽʻʥʪʘʮʽʾ ʥʘʤʘʛʥʽʯʝʥʦʩʪʽ 

ʪʘ ʜʦʤʝʥʥʦʾ ʩʪʨʫʢʪʫʨʠ ʧʣʽʚʢʠ.  

5. ʅʘ ʦʩʥʦʚʽ ʨʦʟʨʘʭʫʥʢʽʚ ʜʠʬʨʘʢʮʽʡʥʦʾ ʝʬʝʢʪʠʚʥʦʩʪʽ ʚʠʟʥʘʯʝʥʽ ʥʝʦʙʭʽʜʥʽ 

ʧʘʨʘʤʝʪʨʠ ʤʘʪʝʨʽʘʣʫ ʪʘ ʪʝʭʥʦʣʦʛʽʯʥʽ ʨʝʞʠʤʠ ʜʣʷ ʩʪʚʦʨʝʥʥʷ ʦʧʪʠʯʥʠʭ 

ʧʝʨʝʪʚʦʨʶʚʘʯʽʚ ʽʟ ʨʽʟʥʦʶ ʘʥʽʟʦʪʨʦʧʽʻʶ. 

ʇʨʘʢʪʠʯʥʘ ʮʽʥʥʽʩʪʴ ʨʦʙʦʪʠ ʧʦʣʷʛʘʻ ʚ ʪʦʤʫ, ʱʦ ʦʪʨʠʤʘʥʽ ʚ ʥʽʡ ʨʝʟʫʣʴʪʘʪʠ 

ʤʦʞʫʪʴ ʙʫʪʠ ʚʠʢʦʨʠʩʪʘʥʽ ʜʣʷ ʩʪʚʦʨʝʥʥʷ ʧʨʠʩʪʨʦʾʚ ʩʧʽʥʦʚʦʾ ʝʣʝʢʪʨʦʥʽʢʠ, ʜʘʪʯʠʢʽʚ 

ʤʘʛʥʽʪʥʠʭ ʧʦʣʽʚ ʪʘ ʝʣʝʢʪʨʦ- ʽ ʤʘʛʥʽʪʦʢʝʨʦʚʘʥʠʭ ʦʧʪʠʯʥʠʭ ʝʣʝʤʝʥʪʽʚ. ʊʘʢ, 

ʟʘʩʪʦʩʫʚʘʥʥʷ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʨʝʞʠʤʽʚ ʥʘʥʝʩʝʥʥʷ ʪʦʥʢʠʭ ʰʘʨʽʚ ʜʦʟʚʦʣʷʻ 

ʬʦʨʤʫʚʘʪʠ ʥʝʦʙʭʽʜʥʽ ʪʠʧʠ ʘʥʽʟʦʪʨʦʧʽʾ, ʱʦ ʟʘʙʝʟʧʝʯʫʻ ʾʭ ʦʧʪʠʤʘʣʴʥʫ ʚʟʘʻʤʦʜʽʶ 

ʜʣʷ ʬʦʨʤʫʚʘʥʥʷ ʨʦʙʦʯʦʾ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʝʨʝʤʘʛʥʽʯʫʚʘʥʥʷ ʚʠʩʦʢʦʯʫʪʣʠʚʦʛʦ 

ʤʘʛʥʽʪʦʤôʷʢʦʛʦ ʰʘʨʫ. ɺʠʢʦʨʠʩʪʘʥʥʷ ʨʦʟʨʦʙʣʝʥʠʭ ʝʣʝʤʝʥʪʽʚ ʪʘ ʚʘʨʽʘʥʪʽʚ 

ʢʦʥʩʪʨʫʢʮʽʡ ʩʧʽʥʦʚʠʭ ʪʨʘʥʟʠʩʪʦʨʽʚ ʜʦʟʚʦʣʷʻ ʩʪʚʦʨʶʚʘʪʠ ʚʠʩʦʢʦʯʫʪʣʠʚʽ ʧʨʠʩʪʨʦʾ 

ʽʟ ʟʘʜʘʥʠʤʠ ʚʣʘʩʪʠʚʦʩʪʷʤʠ.  

ɼʦʩʪʦʚʽʨʥʽʩʪʴ ʨʝʟʫʣʴʪʘʪʽʚ ʨʦʙʦʪʠ ʚʠʟʥʘʯʘʻʪʴʩʷ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʩʪʘʥʜʘʨʪʥʠʭ 

ʢʦʤʧôʶʪʝʨʥʠʭ ʤʝʪʦʜʽʚ ʥʘ ʦʩʥʦʚʽ ʘʜʘʧʪʦʚʘʥʠʭ ʧʨʠʢʣʘʜʥʠʭ  ʧʨʦʛʨʘʤ ʪʠʧʫ Mathcad,  

Origin, Excel ʪʘ ʽʥ., ʫʟʛʦʜʞʝʥʥʷʤ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ ʽ ʨʦʟʨʘʭʫʥʢʽʚ, 

ʧʽʜʪʚʝʨʜʞʝʥʥʷʤ ʨʷʜʫ ʨʝʟʫʣʴʪʘʪʽʚ ʽʥʰʠʤʠ ʜʦʩʣʽʜʥʠʢʘʤʠ ʘʙʦ ʧʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ 

ʽʥʰʠʭ ʤʝʪʦʜʠʢ. 
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1 ʌɯɿʀʏʅɯ ʇʈʀʅʎʀʇʀ ʉʇɯʅʊʈʆʅɯʂʀ (ʆɻʃʗɼ)  

 

1.1 ʉʧʽʥʦʚʘ ʝʣʝʢʪʨʦʥʽʢʘ: ʩʫʱʥʽʩʪʴ, ʧʝʨʝʚʘʛʠ, ʟʘʚʜʘʥʥʷ, ʱʦ ʤʦʞʝ 

ʚʠʨʽʰʫʚʘʪʠ  

 

1.1.1 ɿʘʛʘʣʴʥi iʜʝʾ ʩʧiʥʪʨʦʥiʢʠ.  

ɺʠʟʥʘʯʝʥʥʷ ʧʦʥʷʪʪʷ ʩʧʽʥʪʨʦʥʽʢʘ ʪʘ ʢʦʨʦʪʢʠʡ ʽʩʪʦʨʠʯʥʠʡ ʦʛʣʷʜ ʾʾ ʨʦʟʚʠʪʢʫ. 

ʇʦʯʘʪʢʦʚʽ ʚʽʜʢʨʠʪʪʷ (1980-1990-ʪʽ ʨʦʢʠ): 

ʋ ʮʝʡ ʧʝʨʽʦʜ ʚʯʝʥʽ ʧʦʯʘʣʠ ʚʠʚʯʘʪʠ ʩʧʽʥ-ʟʘʣʝʞʥʽ ʷʚʠʱʘ ʚ ʤʝʪʘʣʽʯʥʠʭ 

ʩʪʨʫʢʪʫʨʘʭ ʪʘ ʤʘʛʥʽʪʥʠʭ ʤʘʪʝʨʽʘʣʘʭ. 

ɺ 1988 ʨʦʮʽ ʚʽʜʙʫʣʦʩʷ ʚʽʜʢʨʠʪʪʷ ʛʽʛʘʥʪʩʴʢʦʛʦ ʤʘʛʥʽʪʦʩʦʧʨʦʪʠʚʣʝʥʥʷ (GMR), 

ʷʢʝ ʩʪʘʣʦ ʢʣʶʯʦʚʠʤ ʧʨʦʨʠʚʦʤ ʫ ʨʦʟʚʠʪʢʫ ʩʧʽʥʪʨʦʥʽʢʠ. 

ʈʦʟʚʠʪʦʢ GMR ʪʘ ʩʧʽʥʪʨʦʥʽʢʠ (1990-2000-ʪʽ ʨʦʢʠ): 

ɺ 1997 ʨʦʮʽ ʜʚʦʤʘ ʚʯʝʥʠʤʠ, ʟʦʢʨʝʤʘ, ʙʫʣʘ ʩʪʚʦʨʝʥʘ GMR-ʩʪʨʫʢʪʫʨʘ, ʱʦ 

ʚʠʚʝʣʘ ʩʧʽʥʪʨʦʥʽʢʫ ʥʘ ʥʦʚʠʡ ʨʽʚʝʥʴ. 

ʈʦʟʨʦʙʢʘ ʩʧʽʥʪʨʦʥʥʠʭ ʪʫʥʝʣʶʚʘʣʴʥʠʭ ʩʪʨʫʢʪʫʨ (STS) ʪʘ ʽʥʰʠʭ ʩʧʽʥʪʨʦʥʥʠʭ 

ʧʨʠʩʪʨʦʾʚ, ʷʢʽ ʚʽʜʢʨʠʣʠ ʥʦʚʽ ʤʦʞʣʠʚʦʩʪʽ ʜʣʷ ʟʙʝʨʽʛʘʥʥʷ ʽ ʦʙʨʦʙʢʠ ʽʥʬʦʨʤʘʮʽʾ. 

ʉʫʯʘʩʥʠʡ ʝʪʘʧ (2000-ʪʽ ʨʦʢʠ ʪʘ ʧʽʟʥʽʰʝ): 

ʇʨʦʜʦʚʞʝʥʥʷ ʜʦʩʣʽʜʞʝʥʴ ʫ ʛʘʣʫʟʽ ʩʧʽʥʪʨʦʥʽʢʠ ʧʨʠʚʝʣʦ ʜʦ ʩʪʚʦʨʝʥʥʷ ʥʦʚʠʭ 

ʤʘʪʝʨʽʘʣʽʚ, ʪʘʢʠʭ ʷʢ ʛʝʾʥʠ, ʧʦʣʽʤʝʨʠ ʪʘ ʽʥʰʽ ʥʝʤʘʛʥʽʪʥʽ ʤʘʪʝʨʽʘʣʠ ʟʽ ʩʧʽʥ-

ʟʘʣʝʞʥʠʤʠ ʚʣʘʩʪʠʚʦʩʪʷʤʠ. 

ɺʽʜʢʨʠʪʪʷ ʥʦʚʠʭ ʩʧʽʥ-ʟʘʣʝʞʥʠʭ ʝʬʝʢʪʽʚ ʪʘ ʾʭʥʽʡ ʧʝʨʝʭʽʜ ʚ ʧʨʘʢʪʠʯʥʽ 

ʟʘʩʪʦʩʫʚʘʥʥʷ, ʟʦʢʨʝʤʘ, ʫ ʩʝʥʩʦʨʘʭ, ʧʘʤ'ʷʪʽ ʪʘ ʽʥʰʠʭ ʧʨʠʩʪʨʦʷʭ. 

ɸʢʪʠʚʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʫ ʩʬʝʨʽ ʩʧʽʥʪʨʦʥʽʢʠ ʪʘ ʥʘʤʘʛʘʥʥʷ ʽʥʪʝʛʨʫʚʘʪʠ 

ʩʧʽʥʪʨʦʥʽʯʥʽ ʧʨʠʩʪʨʦʾ ʚ ʪʨʘʜʠʮʽʡʥʫ ʝʣʝʢʪʨʦʥʽʢʫ ʜʣʷ ʧʽʜʚʠʱʝʥʥʷ ʾʾ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ 

ʪʘ ʝʬʝʢʪʠʚʥʦʩʪʽ. 

ɿ ʯʘʩʦʤ ʩʧʽʥʪʨʦʥʽʢʘ ʩʪʘʣʘ ʦʜʥʽʻʶ ʟ ʢʣʶʯʦʚʠʭ ʛʘʣʫʟʝʡ ʥʘʥʦʪʝʭʥʦʣʦʛʽʡ ʪʘ 

ʤʽʢʨʦʝʣʝʢʪʨʦʥʽʢʠ, ʟʘʚʜʷʢʠ ʩʚʦʾʤ ʧʦʪʝʥʮʽʡʥʠʤ ʧʝʨʝʚʘʛʘʤ ʫ ʧʦʨʽʚʥʷʥʥʽ ʟ 

ʪʨʘʜʠʮʽʡʥʦʶ ʝʣʝʢʪʨʦʥʽʢʦʶ. 
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ɺʽʜʤʽʥʥʦʩʪʽ ʤʽʞ ʪʨʘʜʠʮʽʡʥʦʶ ʝʣʝʢʪʨʦʥʽʢʦʶ ʪʘ ʩʧʽʥʪʨʦʥʽʢʦʶ. 

ʊʨʘʜʠʮʽʡʥʘ ʝʣʝʢʪʨʦʥʽʢʘ ʪʘ ʩʧʽʥʪʨʦʥʽʢʘ ð ʮʝ ʜʚʽ ʨʽʟʥʽ ʛʘʣʫʟʽ, ʢʦʞʥʘ ʟ ʷʢʠʭ ʤʘʻ ʩʚʦʾ 

ʦʩʦʙʣʠʚʦʩʪʽ, ʧʨʠʥʮʠʧʠ ʪʘ ʟʘʩʪʦʩʫʚʘʥʥʷ. ʆʩʴ ʦʩʥʦʚʥʽ ʚʽʜʤʽʥʥʦʩʪʽ ʤʽʞ ʥʠʤʠ: 

ʆʩʥʦʚʥʠʡ ʥʦʩʽʡ ʽʥʬʦʨʤʘʮʽʾ: 

ʊʨʘʜʠʮʽʡʥʘ ʝʣʝʢʪʨʦʥʽʢʘ: ɺ ʦʩʥʦʚʽ ʪʨʘʜʠʮʽʡʥʦʾ ʝʣʝʢʪʨʦʥʽʢʠ ʣʝʞʘʪʴ ʝʣʝʢʪʨʦʥʠ 

ʟ ʚʽʜ'ʻʤʥʠʤ ʝʣʝʢʪʨʠʯʥʠʤ ʟʘʨʷʜʦʤ. 

ʉʧʽʥʪʨʦʥʽʢʘ: ʉʧʽʥʪʨʦʥʽʢʘ ʚʠʢʦʨʠʩʪʦʚʫʻ ʝʣʝʢʪʨʦʥʥʠʡ ʩʧʽʥ (ʚʥʫʪʨʽʰʥʽʡ 

ʤʘʛʥʽʪʥʠʡ ʤʦʤʝʥʪ ʝʣʝʢʪʨʦʥʘ) ʷʢ ʦʩʥʦʚʥʠʡ ʥʦʩʽʡ ʽʥʬʦʨʤʘʮʽʾ. 

ʄʝʭʘʥʽʟʤʠ ʧʝʨʝʜʘʯʽ ʽʥʬʦʨʤʘʮʽʾ: 

ʊʨʘʜʠʮʽʡʥʘ ʝʣʝʢʪʨʦʥʽʢʘ: ɿʘʩʥʦʚʘʥʘ ʥʘ ʨʫʭʘʭ ʝʣʝʢʪʨʦʥʽʚ ʯʝʨʝʟ ʧʨʦʚʽʜʥʠʢ, 

ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ ʝʣʝʢʪʨʠʯʥʠʡ ʧʦʪʝʥʮʽʘʣ. 

ʉʧʽʥʪʨʦʥʽʢʘ: ɺʠʢʦʨʠʩʪʦʚʫʻ ʩʧʽʥ-ʟʘʣʝʞʥʽ ʷʚʠʱʘ, ʪʘʢʽ ʷʢ ʤʘʛʥʽʪʥʠʡ 

ʪʫʥʝʣʶʚʘʥʥʷ ʘʙʦ ʛʽʛʘʥʪʩʴʢʝ ʤʘʛʥʽʪʦʩʦʧʨʦʪʠʚʣʝʥʥʷ, ʜʣʷ ʧʝʨʝʜʘʯʽ ʪʘ ʦʙʨʦʙʢʠ 

ʽʥʬʦʨʤʘʮʽʾ. 

ʇʝʨʝʚʘʛʠ ʽ ʤʦʞʣʠʚʦʩʪʽ: 

ʊʨʘʜʠʮʽʡʥʘ ʝʣʝʢʪʨʦʥʽʢʘ: ʄʘʻ ʦʙʤʝʞʝʥʥʷ ʫ ʰʚʠʜʢʦʩʪʽ, ʝʥʝʨʛʦʩʧʦʞʠʚʘʥʥʽ ʪʘ 

ʽʥʪʝʛʨʘʮʽʾ ʢʦʤʧʦʥʝʥʪʽʚ. 

ʉʧʽʥʪʨʦʥʽʢʘ: ʄʘʻ ʧʦʪʝʥʮʽʘʣ ʜʣʷ ʩʪʚʦʨʝʥʥʷ ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʠʭ, ʰʚʠʜʰʠʭ ʪʘ 

ʢʦʤʧʘʢʪʥʠʭ ʧʨʠʩʪʨʦʾʚ. ʉʧʽʥʪʨʦʥʽʯʥʽ ʧʨʠʩʪʨʦʾ ʤʦʞʫʪʴ ʧʨʘʮʶʚʘʪʠ ʧʨʠ ʥʠʞʯʠʭ 

ʝʥʝʨʛʝʪʠʯʥʠʭ ʟʘʪʨʘʪʘʭ ʪʘ ʤʘʪʠ ʙʽʣʴʰʫ ʚʠʪʨʠʚʘʣʽʩʪʴ. 

ʄʘʪʝʨʽʘʣʠ: 

ʊʨʘʜʠʮʽʡʥʘ ʝʣʝʢʪʨʦʥʽʢʘ: ʏʘʩʪʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʦʚʽ 

ʤʘʪʝʨʽʘʣʠ, ʪʘʢʽ ʷʢ ʢʨʝʤʥʽʡ. 

ʉʧʽʥʪʨʦʥʽʢʘ: ɺʠʢʦʨʠʩʪʦʚʫʻ ʰʠʨʦʢʠʡ ʩʧʝʢʪʨ ʤʘʪʝʨʽʘʣʽʚ, ʚʢʣʶʯʘʶʯʠ ʤʘʛʥʽʪʥʽ, 

ʥʝʤʘʛʥʽʪʥʽ ʪʘ ʾʭ ʢʦʤʙʽʥʘʮʽʾ. 

ɿʘʩʪʦʩʫʚʘʥʥʷ: 

ʊʨʘʜʠʮʽʡʥʘ ʝʣʝʢʪʨʦʥʽʢʘ: ɿʘʩʪʦʩʦʚʫʻʪʴʩʷ ʚ ʨʽʟʥʠʭ ʧʨʠʩʪʨʦʷʭ, ʚʽʜ ʢʦʤʧ'ʶʪʝʨʽʚ 

ʜʦ ʩʤʘʨʪʬʦʥʽʚ ʪʘ ʤʽʢʨʦʢʦʥʪʨʦʣʝʨʽʚ. 

ʉʧʽʥʪʨʦʥʽʢʘ: ɿʘʩʪʦʩʦʚʫʻʪʴʩʷ ʫ ʩʧʝʮʽʘʣʽʟʦʚʘʥʠʭ ʧʨʠʩʪʨʦʷʭ, ʪʘʢʠʭ ʷʢ 

ʩʧʽʥʪʨʦʥʥʽ ʪʫʥʝʣʶʚʘʣʴʥʽ ʧʝʨʝʭʦʜʠ, ʤʘʛʥʽʪʥʽ ʧʘʤ'ʷʪʽ, ʩʝʥʩʦʨʠ ʪʘ ʽʥʰʽ. 
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ʆʪʞʝ, ʪʨʘʜʠʮʽʡʥʘ ʝʣʝʢʪʨʦʥʽʢʘ ʪʘ ʩʧʽʥʪʨʦʥʽʢʘ ʧʨʝʜʩʪʘʚʣʷʶʪʴ ʩʦʙʦʶ ʜʚʽ ʨʽʟʥʽ 

ʢʦʥʮʝʧʮʽʾ, ʘʣʝ ʚʦʥʠ ʤʦʞʫʪʴ ʚʟʘʻʤʦʜʽʷʪʠ ʪʘ ʜʦʧʦʚʥʶʚʘʪʠ ʦʜʥʘ ʦʜʥʫ ʚ ʨʽʟʥʠʭ 

ʩʬʝʨʘʭ ʪʝʭʥʦʣʦʛʽʡ. 

ɽʬʝʢʪʠʚʥʽʩʪʴ ʚ ʢʦʥʪʝʢʩʪʽ ʩʧʽʥʪʨʦʥʽʢʠ ʯʘʩʪʦ ʨʦʟʛʣʷʜʘʻʪʴʩʷ ʯʝʨʝʟ ʧʨʠʟʤʫ 

ʟʤʝʥʰʝʥʥʷ ʝʥʝʨʛʦʩʧʦʞʠʚʘʥʥʷ ʪʘ ʪʝʧʣʦʚʠʭ ʚʪʨʘʪ ʧʦʨʽʚʥʷʥʦ ʟ ʪʨʘʜʠʮʽʡʥʦʶ 

ʝʣʝʢʪʨʦʥʽʢʦʶ. ɼʘʚʘʡʪʝ ʨʦʟʛʣʷʥʝʤʦ ʮʽ ʘʩʧʝʢʪʠ: 

ɽʥʝʨʛʦʩʧʦʞʠʚʘʥʥʷ: 

ʊʨʘʜʠʮʽʡʥʘ ʝʣʝʢʪʨʦʥʽʢʘ: ʋ ʪʨʘʜʠʮʽʡʥʽʡ ʝʣʝʢʪʨʦʥʽʮʽ ʙʘʛʘʪʦ ʝʥʝʨʛʽʾ 

ʚʠʪʨʘʯʘʻʪʴʩʷ ʥʘ ʧʝʨʝʤʽʱʝʥʥʷ ʟʘʨʷʜʞʝʥʠʭ ʯʘʩʪʠʥʦʢ (ʝʣʝʢʪʨʦʥʽʚ) ʯʝʨʝʟ ʧʨʦʚʽʜʥʠʢʠ 

ʽ ʤʽʢʨʦʩʭʝʤʠ. ʎʝ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʟʥʘʯʥʠʭ ʝʥʝʨʛʝʪʠʯʥʠʭ ʚʪʨʘʪ, ʦʩʦʙʣʠʚʦ ʚ 

ʤʽʢʨʦʝʣʝʢʪʨʦʥʥʠʭ ʧʨʠʩʪʨʦʷʭ. 

ʉʧʽʥʪʨʦʥʽʢʘ: ɺ ʩʧʽʥʪʨʦʥʽʮʽ ʧʝʨʝʜʘʯʘ ʽʥʬʦʨʤʘʮʽʾ ʟʜʽʡʩʥʶʻʪʴʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʝʣʝʢʪʨʦʥʥʦʛʦ ʩʧʽʥʫ, ʘ ʥʝ ʝʣʝʢʪʨʠʯʥʦʛʦ ʟʘʨʷʜʫ. ʎʝ ʤʦʞʝ ʟʤʝʥʰʠʪʠ 

ʝʥʝʨʛʦʩʧʦʞʠʚʘʥʥʷ, ʦʩʢʽʣʴʢʠ ʧʦʪʨʝʙʘ ʚ ʧʝʨʝʩʠʣʘʥʥʽ ʚʝʣʠʢʦʾ ʢʽʣʴʢʦʩʪʽ ʝʣʝʢʪʨʦʥʽʚ 

ʟʤʝʥʰʫʻʪʴʩʷ. 

ʊʝʧʣʦʚʽ ʚʪʨʘʪʠ: 

ʊʨʘʜʠʮʽʡʥʘ ʝʣʝʢʪʨʦʥʽʢʘ: ɽʣʝʢʪʨʦʥʠ, ʷʢʽ ʨʫʭʘʶʪʴʩʷ ʯʝʨʝʟ ʧʨʦʚʽʜʥʠʢʠ, 

ʟʽʰʪʦʚʭʫʶʪʴʩʷ ʟ ʘʪʦʤʘʤʠ ʽ ʚʽʜʙʫʚʘʻʪʴʩʷ ʨʦʟʩʽʶʚʘʥʥʷ. ʎʝ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʪʝʧʣʦʚʠʭ 

ʚʪʨʘʪ, ʦʩʦʙʣʠʚʦ ʧʨʠ ʚʠʩʦʢʠʭ ʯʘʩʪʦʪʘʭ ʨʦʙʦʪʠ ʧʨʠʩʪʨʦʾʚ. 

ʉʧʽʥʪʨʦʥʽʢʘ: ʄʝʥʰʝ ʨʫʭʫ ʟʘʨʷʜʞʝʥʠʭ ʯʘʩʪʠʥʦʢ ʦʟʥʘʯʘʻ ʤʝʥʰʝ ʪʝʧʣʦʚʠʭ 

ʚʪʨʘʪ ʚ ʨʝʟʫʣʴʪʘʪʽ ʨʦʟʩʽʶʚʘʥʥʷ. ʂʨʽʤ ʪʦʛʦ, ʜʝʷʢʽ ʩʧʽʥʪʨʦʥʽʯʥʽ ʤʘʪʝʨʽʘʣʠ ʤʘʶʪʴ 

ʧʦʪʝʥʮʽʘʣ ʟʥʠʟʠʪʠ ʪʝʧʣʦʚʝ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʟʘʚʜʷʢʠ ʾʭʥʽʤ ʩʧʝʮʠʬʽʯʥʠʤ 

ʚʣʘʩʪʠʚʦʩʪʷʤ. 

ɺ ʮʽʣʦʤʫ, ʟʘʚʜʷʢʠ ʮʠʤ ʬʘʢʪʦʨʘʤ, ʩʧʽʥʪʨʦʥʽʯʥʽ ʧʨʠʩʪʨʦʾ ʤʦʞʫʪʴ ʙʫʪʠ 

ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʽʰʠʤʠ ʪʘ ʤʝʥʰ ʪʝʧʣʦʚʠʪʨʘʪʥʠʤʠ, ʱʦ ʨʦʙʠʪʴ ʾʭ ʧʨʠʚʘʙʣʠʚʠʤʠ ʜʣʷ 

ʟʘʩʪʦʩʫʚʘʥʴ, ʜʝ ʚʘʞʣʠʚʦ ʝʢʦʥʦʤʽʷ ʝʥʝʨʛʽʾ ʪʘ ʫʥʠʢʥʝʥʥʷ ʧʝʨʝʛʨʽʚʫ. 

ʐʚʠʜʢʽʩʪʴ: ʧʦʪʝʥʮʽʘʣ ʜʣʷ ʨʦʟʨʦʙʢʠ ʰʚʠʜʰʠʭ ʧʨʠʩʪʨʦʾʚ. 

ʊʝʨʤʽʥ "ʰʚʠʜʢʽʩʪʴ" ʫ ʢʦʥʪʝʢʩʪʽ ʩʧʽʥʪʨʦʥʽʢʠ ʚʽʜʥʦʩʠʪʴʩʷ ʜʦ ʤʦʞʣʠʚʦʩʪʽ 

ʨʦʟʨʦʙʢʠ ʧʨʠʩʪʨʦʾʚ, ʷʢʽ ʤʦʞʫʪʴ ʦʧʨʘʮʴʦʚʫʚʘʪʠ ʽʥʬʦʨʤʘʮʽʶ ʰʚʠʜʰʝ, ʥʽʞ 



14 
 

ʪʨʘʜʠʮʽʡʥʽ ʝʣʝʢʪʨʦʥʥʽ ʧʨʠʩʪʨʦʾ. ʆʩʴ ʜʝʢʽʣʴʢʘ ʘʩʧʝʢʪʽʚ, ʱʦ ʩʪʦʩʫʶʪʴʩʷ ʧʦʪʝʥʮʽʘʣʫ 

ʜʣʷ ʩʪʚʦʨʝʥʥʷ ʰʚʠʜʰʠʭ ʧʨʠʩʪʨʦʾʚ ʫ ʩʧʽʥʪʨʦʥʽʮʽ: 

ʄʘʪʝʨʽʘʣʠ ʩʧʽʥʪʨʦʥʽʢʠ: ɼʝʷʢʽ ʤʘʪʝʨʽʘʣʠ, ʚʠʢʦʨʠʩʪʦʚʫʚʘʥʽ ʚ ʩʧʽʥʪʨʦʥʽʮʽ, 

ʤʦʞʫʪʴ ʚʟʘʻʤʦʜʽʷʪʠ ʟʽ ʩʧʽʥʦʤ ʝʣʝʢʪʨʦʥʽʚ ʰʚʠʜʰʝ ʘʙʦ ʝʬʝʢʪʠʚʥʽʰʝ, ʥʽʞ 

ʪʨʘʜʠʮʽʡʥʽ ʤʘʪʝʨʽʘʣʠ. ʎʝ ʜʦʟʚʦʣʷʻ ʩʪʚʦʨʶʚʘʪʠ ʧʨʠʩʪʨʦʾʚ ʟ ʚʠʱʦʶ ʰʚʠʜʢʽʩʪʶ 

ʨʝʘʢʮʽʾ. 

ʄʘʛʥʽʪʥʘ ʜʠʥʘʤʽʢʘ: ʉʧʽʥʪʨʦʥʽʢʘ ʜʦʟʚʦʣʷʻ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʤʘʛʥʽʪʥʫ 

ʜʠʥʘʤʽʢʫ ʜʣʷ ʧʝʨʝʜʘʯʽ ʽʥʬʦʨʤʘʮʽʾ, ʱʦ ʤʦʞʝ ʙʫʪʠ ʰʚʠʜʰʝ, ʥʽʞ ʪʨʘʜʠʮʽʡʥʘ 

ʧʝʨʝʜʘʯʘ ʽʥʬʦʨʤʘʮʽʾ ʟʘ ʜʦʧʦʤʦʛʦʶ ʝʣʝʢʪʨʠʯʥʦʛʦ ʟʘʨʷʜʫ. 

ʄʝʥʰʽ ʚʪʨʘʪʠ: ʆʩʢʽʣʴʢʠ ʩʧʽʥʪʨʦʥʽʯʥʽ ʧʨʠʩʪʨʦʾ ʤʦʞʫʪʴ ʤʘʪʠ ʤʝʥʰʝ ʪʝʧʣʦʚʠʭ 

ʚʪʨʘʪ, ʮʝ ʪʘʢʦʞ ʤʦʞʝ ʩʧʨʠʷʪʠ ʾʭʥʽʡ ʚʠʱʽʡ ʝʬʝʢʪʠʚʥʦʩʪʽ ʽ, ʦʪʞʝ, ʰʚʠʜʰʽʡ ʨʦʙʦʪʽ. 

ɯʥʪʝʛʨʘʮʽʷ: ɿ ʨʦʟʚʠʪʢʦʤ ʪʝʭʥʦʣʦʛʽʡ ʩʧʽʥʪʨʦʥʽʢʠ ʩʪʘʻ ʤʦʞʣʠʚʦʶ ʽʥʪʝʛʨʘʮʽʷ 

ʩʧʽʥʪʨʦʥʽʯʥʠʭ ʢʦʤʧʦʥʝʥʪʽʚ ʟ ʪʨʘʜʠʮʽʡʥʦʶ ʤʽʢʨʦʝʣʝʢʪʨʦʥʽʢʦʶ, ʱʦ ʤʦʞʝ ʧʨʠʚʝʩʪʠ 

ʜʦ ʩʪʚʦʨʝʥʥʷ ʛʽʙʨʠʜʥʠʭ ʩʠʩʪʝʤ, ʷʢʽ ʦʙ'ʻʜʥʫʶʪʴ ʧʝʨʝʚʘʛʠ ʦʙʦʭ ʧʽʜʭʦʜʽʚ. 

ʇʦʪʝʥʮʽʘʣ ʜʣʷ ʢʚʘʥʪʦʚʦʾ ʩʧʽʥʪʨʦʥʽʢʠ: ɺ ʜʝʷʢʠʭ ʜʦʩʣʽʜʞʝʥʥʷʭ ʨʦʟʨʦʙʣʷʶʪʴʩʷ 

ʢʦʥʮʝʧʮʽʾ ʢʚʘʥʪʦʚʦʾ ʩʧʽʥʪʨʦʥʽʢʠ, ʜʝ ʢʚʘʥʪʦʚʽ ʝʬʝʢʪʠ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʜʣʷ 

ʨʝʘʣʽʟʘʮʽʾ ʰʚʠʜʰʠʭ ʽ ʝʬʝʢʪʠʚʥʽʰʠʭ ʧʨʠʩʪʨʦʾʚ. 

ɺʨʘʭʦʚʫʶʯʠ ʮʽ ʘʩʧʝʢʪʠ, ʤʦʞʥʘ ʟʨʦʙʠʪʠ ʚʠʩʥʦʚʦʢ, ʱʦ ʩʧʽʥʪʨʦʥʽʢʘ ʤʘʻ 

ʟʥʘʯʥʠʡ ʧʦʪʝʥʮʽʘʣ ʜʣʷ ʨʦʟʨʦʙʢʠ ʧʨʠʩʪʨʦʾʚ, ʷʢʽ ʧʨʘʮʶʶʪʴ ʰʚʠʜʰʝ ʪʘ 

ʝʬʝʢʪʠʚʥʽʰʝ, ʧʦʨʽʚʥʷʥʦ ʟ ʪʨʘʜʠʮʽʡʥʦʶ ʝʣʝʢʪʨʦʥʽʢʦʶ. 

ʉʧʽʥʪʨʦʥʽʢʘ, ʟʘʚʜʷʢʠ ʩʚʦʾʤ ʫʥʽʢʘʣʴʥʠʤ ʚʣʘʩʪʠʚʦʩʪʷʤ, ʚʽʜʢʨʠʚʘʻ ʜʚʝʨʽ ʜʦ 

ʩʪʚʦʨʝʥʥʷ ʧʨʠʩʪʨʦʾʚ ʟʽ ʟʤʽʥʝʥʠʤʠ, ʚʜʦʩʢʦʥʘʣʝʥʠʤʠ ʘʙʦ ʟʦʚʩʽʤ ʥʦʚʠʤʠ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ. ʆʩʴ ʜʝʷʢʽ ʟ ʮʠʭ ʥʦʚʠʭ ʬʫʥʢʮʽʦʥʘʣʴʥʠʭ ʤʦʞʣʠʚʦʩʪʝʡ: 

ɻʽʛʘʥʪʩʴʢʝ ʤʘʛʥʽʪʦʩʦʧʨʦʪʠʚʣʝʥʥʷ (GMR): ʆʜʥʠʤ ʟ ʢʣʶʯʦʚʠʭ ʚʽʜʢʨʠʪʪʽʚ ʫ 

ʩʧʽʥʪʨʦʥʽʮʽ ʙʫʣʦ ʛʽʛʘʥʪʩʴʢʝ ʤʘʛʥʽʪʦʩʦʧʨʦʪʠʚʣʝʥʥʷ. ʎʝ ʷʚʠʱʝ ʜʦʟʚʦʣʠʣʦ 

ʩʪʚʦʨʶʚʘʪʠ ʩʝʥʩʦʨʠ, ʷʢʽ ʨʝʘʛʫʶʪʴ ʥʘ ʟʤʽʥʠ ʤʘʛʥʽʪʥʦʛʦ ʧʦʣʷ, ʪʘʢʽ ʷʢ ʤʘʛʥʽʪʥʽ 

ʜʠʩʢʠ ʜʣʷ ʟʙʝʨʽʛʘʥʥʷ ʜʘʥʠʭ. 

ʉʧʽʥ-ʪʨʘʥʩʬʝʨʥʠʡ ʪʦʨʢ (STT): ʎʷ ʪʝʭʥʦʣʦʛʽʷ ʜʦʟʚʦʣʷʻ ʧʝʨʝʢʣʶʯʘʪʠ ʩʪʘʥ 

ʩʧʽʥʪʨʦʥʽʯʥʠʭ ʧʨʠʩʪʨʦʾʚ ʟʘ ʜʦʧʦʤʦʛʦʶ ʩʪʨʫʤʫ. ɺʦʥʘ ʩʪʚʦʨʶʻ ʤʦʞʣʠʚʽʩʪʴ ʜʣʷ 
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ʙʽʣʴʰ ʰʚʠʜʢʦʾ ʪʘ ʝʬʝʢʪʠʚʥʦʾ ʧʝʨʝʢʣʶʯʝʥʥʷ, ʱʦ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʫ ʧʘʤ'ʷʪʽ ʪʘ 

ʣʦʛʽʯʥʠʭ ʧʨʠʩʪʨʦʷʭ. 

ʉʧʽʥʪʨʦʥʥʽ ʪʫʥʝʣʶʚʘʣʴʥʽ ʧʝʨʝʭʦʜʠ (STT-MRAM): ʎʽ ʧʨʠʩʪʨʦʾ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʤʘʛʥʽʪʥʠʡ ʪʫʥʝʣʶʚʘʣʴʥʠʡ ʝʬʝʢʪ ʜʣʷ ʟʙʝʨʽʛʘʥʥʷ ʽʥʬʦʨʤʘʮʽʾ. ɺʦʥʠ 

ʚʽʜʨʽʟʥʷʶʪʴʩʷ ʚʠʩʦʢʦʶ ʰʚʠʜʢʽʩʪʶ, ʥʠʟʴʢʠʤ ʩʧʦʞʠʚʘʥʥʷʤ ʝʥʝʨʛʽʾ ʪʘ 

ʜʦʚʛʦʚʽʯʥʽʩʪʶ ʧʦʨʽʚʥʷʥʦ ʟ ʪʨʘʜʠʮʽʡʥʠʤʠ ʪʠʧʘʤʠ ʧʘʤ'ʷʪʽ. 

ʉʧʽʥʪʨʦʥʥʽ ʪʨʘʥʟʠʩʪʦʨʠ: ʎʽ ʧʨʠʩʪʨʦʾ ʤʦʞʫʪʴ ʩʪʘʪʠ ʤʘʡʙʫʪʥʽʤ ʜʣʷ ʣʦʛʽʯʥʦʛʦ 

ʧʨʦʮʝʩʠʥʛʫ, ʜʦʟʚʦʣʷʶʯʠ ʨʝʘʣʽʟʫʚʘʪʠ ʥʦʚʽ ʘʨʭʽʪʝʢʪʫʨʠ ʪʘ ʬʫʥʢʮʽʦʥʘʣʴʥʽ 

ʤʦʞʣʠʚʦʩʪʽ ʜʣʷ ʝʣʝʢʪʨʦʥʥʠʭ ʩʠʩʪʝʤ. 

ʂʚʘʥʪʦʚʘ ʩʧʽʥʪʨʦʥʽʢʘ: ɺʠʢʦʨʠʩʪʘʥʥʷ ʢʚʘʥʪʦʚʠʭ ʝʬʝʢʪʽʚ ʚ ʩʧʽʥʪʨʦʥʽʮʽ ʤʦʞʝ 

ʚʝʩʪʠ ʜʦ ʩʪʚʦʨʝʥʥʷ ʢʚʘʥʪʦʚʠʭ ʢʦʤʧ'ʶʪʝʨʽʚ ʪʘ ʽʥʰʠʭ ʧʨʠʩʪʨʦʾʚ, ʷʢʽ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʧʨʠʥʮʠʧʠ ʢʚʘʥʪʦʚʦʾ ʤʝʭʘʥʽʢʠ ʜʣʷ ʦʙʨʦʙʢʠ ʽʥʬʦʨʤʘʮʽʾ. 

ɿ ʫʨʘʭʫʚʘʥʥʷʤ ʮʠʭ ʥʦʚʠʭ ʬʫʥʢʮʽʦʥʘʣʴʥʠʭ ʤʦʞʣʠʚʦʩʪʝʡ ʤʦʞʥʘ ʩʢʘʟʘʪʠ, ʱʦ 

ʩʧʽʥʪʨʦʥʽʢʘ ʥʝ ʣʠʰʝ ʚʜʦʩʢʦʥʘʣʶʻ ʽʩʥʫʶʯʽ ʪʝʭʥʦʣʦʛʽʾ, ʘʣʝ ʽ ʚʽʜʢʨʠʚʘʻ ʜʚʝʨʽ ʜʦ 

ʥʦʚʠʭ ʜʦʩʣʽʜʞʝʥʴ ʪʘ ʟʘʩʪʦʩʫʚʘʥʴ, ʷʢʽ ʤʦʞʫʪʴ ʨʘʜʠʢʘʣʴʥʦ ʟʤʽʥʠʪʠ ʧʽʜʭʽʜ ʜʦ 

ʝʣʝʢʪʨʦʥʥʠʭ ʧʨʠʩʪʨʦʾʚ ʫ ʤʘʡʙʫʪʥʴʦʤʫ. 

ʄʘʛʥʽʪʥʘ ʧʘʤ'ʷʪʴ: ʨʦʟʨʦʙʢʘ ʥʦʚʠʭ ʪʝʭʥʦʣʦʛʽʡ ʟʙʝʨʽʛʘʥʥʷ ʽʥʬʦʨʤʘʮʽʾ. 

ʄʘʛʥʽʪʥʘ ʧʘʤ'ʷʪʴ ʻ ʦʜʥʽʻʶ ʟ ʢʣʶʯʦʚʠʭ ʛʘʣʫʟʝʡ ʩʧʽʥʪʨʦʥʽʢʠ, ʜʝ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʩʧʝʮʠʬʽʯʥʽ ʤʘʛʥʽʪʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʜʣʷ ʟʙʝʨʽʛʘʥʥʷ ʽʥʬʦʨʤʘʮʽʾ. ʎʽ 

ʪʝʭʥʦʣʦʛʽʾ ʧʨʦʧʦʥʫʶʪʴ ʨʷʜ ʧʝʨʝʚʘʛ ʧʦʨʽʚʥʷʥʦ ʟ ʪʨʘʜʠʮʽʡʥʠʤʠ ʝʣʝʢʪʨʦʥʥʠʤʠ 

ʤʝʪʦʜʘʤʠ ʟʙʝʨʽʛʘʥʥʷ, ʦʩʦʙʣʠʚʦ ʚ ʢʦʥʪʝʢʩʪʽ ʰʚʠʜʢʦʩʪʽ, ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʦʩʪʽ ʪʘ 

ʥʘʜʽʡʥʦʩʪʽ. ʆʩʴ ʜʝʷʢʽ ʘʩʧʝʢʪʠ ʨʦʟʨʦʙʢʠ ʥʦʚʠʭ ʪʝʭʥʦʣʦʛʽʡ ʤʘʛʥʽʪʥʦʾ ʧʘʤ'ʷʪʽ: 

STT-MRAM (Spin-Transfer Torque Magnetic RAM): ʎʝ ʦʜʥʘ ʟ ʧʝʨʝʜʦʚʠʭ 

ʪʝʭʥʦʣʦʛʽʡ ʤʘʛʥʽʪʥʦʾ ʧʘʤ'ʷʪʽ. ɺʦʥʘ ʚʠʢʦʨʠʩʪʦʚʫʻ ʩʧʽʥ-ʪʨʘʥʩʬʝʨʥʠʡ ʪʦʨʢ ʜʣʷ 

ʧʝʨʝʢʣʶʯʝʥʥʷ ʤʘʛʥʽʪʥʠʭ ʦʨʽʻʥʪʘʮʽʡ ʚ ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʦʚʠʭ ʩʪʨʫʢʪʫʨʘʭ, ʱʦ 

ʜʦʟʚʦʣʷʻ ʟʙʝʨʽʛʘʪʠ ʽʥʬʦʨʤʘʮʽʶ. STT-MRAM ʧʨʦʧʦʥʫʻ ʢʦʤʙʽʥʘʮʽʶ ʚʠʩʦʢʦʾ 

ʰʚʠʜʢʦʩʪʽ, ʚʽʜʤʽʥʥʦʾ ʤʘʩʰʪʘʙʦʚʘʥʦʩʪʽ, ʜʦʚʛʦʚʽʯʥʦʩʪʽ ʪʘ ʥʠʟʴʢʦʛʦ ʩʧʦʞʠʚʘʥʥʷ 

ʝʥʝʨʛʽʾ. 

GMR (Giant Magnetoresistance): ʍʦʯʘ GMR ʚʞʝ ʟʥʘʭʦʜʠʪʴ ʟʘʩʪʦʩʫʚʘʥʥʷ ʚ 

ʜʝʷʢʠʭ ʩʝʥʩʦʨʥʠʭ ʧʨʠʩʪʨʦʷʭ, ʮʷ ʪʝʭʥʦʣʦʛʽʷ ʪʘʢʦʞ ʚʠʚʯʘʻʪʴʩʷ ʜʣʷ ʤʦʞʣʠʚʦʛʦ 
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ʚʠʢʦʨʠʩʪʘʥʥʷ ʫ ʤʘʛʥʽʪʥʽʡ ʧʘʤ'ʷʪʽ. ɺʽʜʤʽʥʥʽʩʪʴ ʚ ʦʧʦʨʽ ʚʽʜ ʤʘʛʥʽʪʥʦʛʦ ʧʦʣʷ 

ʜʦʟʚʦʣʷʻ ʯʠʪʘʪʠ ʽʥʬʦʨʤʘʮʽʶ, ʟʙʝʨʝʞʝʥʫ ʫ ʤʘʛʥʽʪʥʠʭ ʩʪʨʫʢʪʫʨʘʭ. 

ʇʨʠʥʮʠʧʠ ʨʦʙʦʪʠ: ʆʩʥʦʚʥʦʶ ʽʜʝʻʶ ʤʘʛʥʽʪʥʦʾ ʧʘʤ'ʷʪʽ ʻ ʟʙʝʨʽʛʘʥʥʷ ʽʥʬʦʨʤʘʮʽʾ 

ʫ ʚʠʛʣʷʜʽ ʤʘʛʥʽʪʥʠʭ ʙʽʪʽʚ, ʷʢʽ ʤʦʞʫʪʴ ʙʫʪʠ ʯʠʪʘʥʽ ʪʘ ʧʝʨʝʟʘʧʠʩʘʥʽ ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʝʣʝʢʪʨʠʯʥʦʛʦ ʩʪʨʫʤʫ, ʱʦ ʚʧʣʠʚʘʻ ʥʘ ʤʘʛʥʽʪʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʤʘʪʝʨʽʘʣʫ. 

ʇʝʨʝʚʘʛʠ: ɿʙʝʨʽʛʘʥʥʷ ʜʘʥʠʭ ʫ ʤʘʛʥʽʪʥʽʡ ʬʦʨʤʽ ʤʦʞʝ ʟʘʙʝʟʧʝʯʠʪʠ ʚʠʩʦʢʫ 

ʩʪʽʡʢʽʩʪʴ ʜʦ ʚʧʣʠʚʫ ʟʦʚʥʽʰʥʽʭ ʬʘʢʪʦʨʽʚ, ʪʘʢʠʭ ʷʢ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʽ ʧʝʨʝʰʢʦʜʠ, ʪʘ 

ʟʥʠʟʠʪʠ ʨʠʟʠʢ ʚʪʨʘʪʠ ʜʘʥʠʭ ʚ ʧʦʨʽʚʥʷʥʥʽ ʟ ʪʨʘʜʠʮʽʡʥʠʤʠ ʬʣʝʰ-ʧʘʤ'ʷʪʪʶ ʘʙʦ 

ʞʦʨʩʪʢʠʤʠ ʜʠʩʢʘʤʠ. 

ɺʨʘʭʦʚʫʶʯʠ ʮʽ ʘʩʧʝʢʪʠ, ʤʦʞʥʘ ʧʦʙʘʯʠʪʠ, ʱʦ ʤʘʛʥʽʪʥʘ ʧʘʤ'ʷʪʴ ʚʽʜʢʨʠʚʘʻ ʥʦʚʽ 

ʛʦʨʠʟʦʥʪʠ ʚ ʪʝʭʥʦʣʦʛʽʾ ʟʙʝʨʽʛʘʥʥʷ ʜʘʥʠʭ, ʟʘʙʝʟʧʝʯʫʶʯʠ ʚʠʩʦʢʫ ʝʬʝʢʪʠʚʥʽʩʪʴ, 

ʰʚʠʜʢʽʩʪʴ ʽ ʥʘʜʽʡʥʽʩʪʴ ʜʣʷ ʤʘʡʙʫʪʥʽʭ ʛʝʥʝʨʘʮʽʡ ʝʣʝʢʪʨʦʥʥʠʭ ʧʨʠʩʪʨʦʾʚ. 

ʉʝʥʩʦʨʥʽ ʧʨʠʩʪʨʦʾ: ʚʠʢʦʨʠʩʪʘʥʥʷ ʩʧʽʥʪʨʦʥʽʢʠ ʜʣʷ ʩʪʚʦʨʝʥʥʷ ʯʫʪʣʠʚʠʭ ʜʘʪʯʠʢʽʚ. 

ʉʝʥʩʦʨʥʽ ʧʨʠʩʪʨʦʾ, ʷʢʽ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʧʨʠʥʮʠʧʠ ʩʧʽʥʪʨʦʥʽʢʠ, 

ʧʨʝʜʩʪʘʚʣʷʶʪʴ ʩʦʙʦʶ ʧʝʨʩʧʝʢʪʠʚʥʫ ʛʘʣʫʟʴ, ʷʢʘ ʤʦʞʝ ʟʘʙʝʟʧʝʯʠʪʠ ʚʠʩʦʢʦʯʫʪʣʠʚʽ 

ʜʘʪʯʠʢʠ ʜʣʷ ʨʷʜʫ ʟʘʩʪʦʩʫʚʘʥʴ. ʆʩʴ ʜʝʷʢʽ ʘʩʧʝʢʪʠ ʚʠʢʦʨʠʩʪʘʥʥʷ ʩʧʽʥʪʨʦʥʽʢʠ ʚ 

ʩʝʥʩʦʨʥʠʭ ʧʨʠʩʪʨʦʷʭ: 

ɻʽʛʘʥʪʩʴʢʝ ʤʘʛʥʽʪʦʩʦʧʨʦʪʠʚʣʝʥʥʷ (GMR): ʆʜʥʠʤ ʟ ʢʣʶʯʦʚʠʭ ʚʽʜʢʨʠʪʪʽʚ ʫ 

ʩʧʽʥʪʨʦʥʽʮʽ ʙʫʣʦ ʛʽʛʘʥʪʩʴʢʝ ʤʘʛʥʽʪʦʩʦʧʨʦʪʠʚʣʝʥʥʷ. ɼʘʪʯʠʢʠ ʥʘ ʦʩʥʦʚʽ ʮʴʦʛʦ 

ʧʨʠʥʮʠʧʫ ʤʦʞʫʪʴ ʚʠʤʽʨʶʚʘʪʠ ʥʘʜʟʚʠʯʘʡʥʦ ʩʣʘʙʢʽ ʤʘʛʥʽʪʥʽ ʧʦʣʷ, ʱʦ ʨʦʙʠʪʴ ʾʭ 

ʢʦʨʠʩʥʠʤʠ ʜʣʷ ʨʽʟʥʠʭ ʟʘʩʪʦʩʫʚʘʥʴ, ʚʢʣʶʯʘʶʯʠ ʤʘʛʥʽʪʥʽ ʜʝʪʝʢʪʦʨʠ. 

 

ʄʘʛʥʽʪʥʽ ʩʝʥʩʦʨʠ ʚʠʢʦʨʠʩʪʘʥʥʷ: ʉʧʽʥʪʨʦʥʽʯʥʽ ʤʘʪʝʨʽʘʣʠ, ʪʘʢʽ ʷʢ ʪʽ, ʷʢʽ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʚ STT-MRAM, ʤʦʞʫʪʴ ʙʫʪʠ ʘʜʘʧʪʦʚʘʥʽ ʜʣʷ ʩʪʚʦʨʝʥʥʷ 

ʯʫʪʣʠʚʠʭ ʤʘʛʥʽʪʥʠʭ ʩʝʥʩʦʨʽʚ. ʎʽ ʩʝʥʩʦʨʠ ʤʦʞʫʪʴ ʚʠʷʚʣʷʪʠ ʤʽʢʨʦʩʢʦʧʽʯʥʽ ʤʘʛʥʽʪʥʽ 

ʟʤʽʥʠ, ʷʢʽ ʚʽʜʙʫʚʘʶʪʴʩʷ ʯʝʨʝʟ ʨʽʟʥʽ ʬʽʟʠʯʥʽ ʘʙʦ ʭʽʤʽʯʥʽ ʧʨʦʮʝʩʠ. 

ʊʝʤʧʝʨʘʪʫʨʥʽ ʩʝʥʩʦʨʠ: ɿʘ ʜʦʧʦʤʦʛʦʶ ʩʧʽʥʪʨʦʥʽʢʠ ʤʦʞʥʘ ʩʪʚʦʨʶʚʘʪʠ 

ʩʝʥʩʦʨʠ, ʷʢʽ ʨʝʘʛʫʶʪʴ ʥʘ ʪʝʤʧʝʨʘʪʫʨʥʽ ʟʤʽʥʠ. ɿʤʽʥʠ ʤʘʛʥʽʪʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ 

ʤʘʪʝʨʽʘʣʽʚ ʧʨʠ ʧʝʚʥʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ ʤʦʞʫʪʴ ʙʫʪʠ ʚʠʢʦʨʠʩʪʘʥʽ ʜʣʷ ʩʪʚʦʨʝʥʥʷ 

ʯʫʪʣʠʚʠʭ ʪʝʤʧʝʨʘʪʫʨʥʠʭ ʩʝʥʩʦʨʽʚ. 
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ɽʥʝʨʛʦʝʬʝʢʪʠʚʥʽʩʪʴ: ʆʩʢʽʣʴʢʠ ʩʧʽʥʪʨʦʥʽʯʥʽ ʩʝʥʩʦʨʠ ʤʦʞʫʪʴ ʧʨʘʮʶʚʘʪʠ ʧʨʠ 

ʥʠʟʴʢʠʭ ʥʘʧʨʫʛʘʭ ʽ ʟ ʤʝʥʰʠʤʠ ʝʥʝʨʛʝʪʠʯʥʠʤʠ ʚʠʪʨʘʪʘʤʠ, ʚʦʥʠ ʤʦʞʫʪʴ ʙʫʪʠ 

ʝʬʝʢʪʠʚʥʠʤʠ ʜʣʷ ʟʘʩʪʦʩʫʚʘʥʴ, ʜʝ ʚʘʞʣʠʚʘ ʜʦʚʛʦʚʽʯʥʽʩʪʴ ʙʘʪʘʨʝʾ ʘʙʦ 

ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʽʩʪʴ. 

ɺʨʘʭʦʚʫʶʯʠ ʮʽ ʧʝʨʝʚʘʛʠ ʪʘ ʤʦʞʣʠʚʦʩʪʽ, ʤʦʞʥʘ ʟʨʦʙʠʪʠ ʚʠʩʥʦʚʦʢ, ʱʦ 

ʩʧʽʥʪʨʦʥʽʢʘ ʚʽʜʢʨʠʚʘʻ ʥʦʚʽ ʧʝʨʩʧʝʢʪʠʚʠ ʜʣʷ ʩʪʚʦʨʝʥʥʷ ʚʠʩʦʢʦʯʫʪʣʠʚʠʭ, 

ʝʬʝʢʪʠʚʥʠʭ ʪʘ ʥʘʜʽʡʥʠʭ ʩʝʥʩʦʨʥʠʭ ʧʨʠʩʪʨʦʾʚ ʜʣʷ ʨʽʟʥʠʭ ʟʘʩʪʦʩʫʚʘʥʴ ʫ ʥʘʫʮʽ, 

ʤʝʜʠʮʠʥʽ, ʧʨʦʤʠʩʣʦʚʦʩʪʽ ʪʘ ʽʥʰʠʭ ʛʘʣʫʟʷʭ. 

ɯʥʪʝʛʨʘʮʽʷ ʟʽ ʩʪʘʥʜʘʨʪʥʦʶ ʝʣʝʢʪʨʦʥʽʢʦʶ: ʤʦʞʣʠʚʽʩʪʴ ʩʪʚʦʨʝʥʥʷ ʛʽʙʨʠʜʥʠʭ 

ʧʨʠʩʪʨʦʾʚ. 

ɯʥʪʝʛʨʘʮʽʷ ʩʧʽʥʪʨʦʥʽʢʠ ʟʽ ʩʪʘʥʜʘʨʪʥʦʶ ʝʣʝʢʪʨʦʥʽʢʦʶ ʻ ʢʣʶʯʦʚʠʤ ʥʘʧʨʷʤʢʦʤ 

ʜʦʩʣʽʜʞʝʥʴ, ʦʩʢʽʣʴʢʠ ʮʝ ʚʽʜʢʨʠʚʘʻ ʰʠʨʦʢʽ ʤʦʞʣʠʚʦʩʪʽ ʜʣʷ ʩʪʚʦʨʝʥʥʷ ʛʽʙʨʠʜʥʠʭ 

ʧʨʠʩʪʨʦʾʚ ʟ ʫʥʽʢʘʣʴʥʠʤʠ ʬʫʥʢʮʽʦʥʘʣʴʥʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ. ʆʩʴ ʜʝʷʢʽ ʘʩʧʝʢʪʠ 

ʮʽʻʾ ʽʥʪʝʛʨʘʮʽʾ: 

ɻʽʙʨʠʜʥʽ ʩʝʥʩʦʨʥʦ-ʣʦʛʽʯʥʽ ʧʨʠʩʪʨʦʾ: ɿʘʚʜʷʢʠ ʽʥʪʝʛʨʘʮʽʾ ʩʧʽʥʪʨʦʥʽʯʥʠʭ 

ʝʣʝʤʝʥʪʽʚ ʟ ʪʨʘʜʠʮʽʡʥʦʶ ʣʦʛʽʯʥʦʶ ʝʣʝʢʪʨʦʥʽʢʦʶ ʤʦʞʥʘ ʩʪʚʦʨʶʚʘʪʠ ʧʨʠʩʪʨʦʾ, ʷʢʽ 

ʦʜʥʦʯʘʩʥʦ ʚʠʢʦʥʫʶʪʴ ʬʫʥʢʮʽʾ ʩʝʥʩʦʨʽʢʠ ʪʘ ʦʙʨʦʙʢʠ ʽʥʬʦʨʤʘʮʽʾ. ʅʘʧʨʠʢʣʘʜ, 

ʤʘʛʥʽʪʥʽ ʜʘʪʯʠʢʠ ʤʦʞʫʪʴ ʧʝʨʝʜʘʚʘʪʠ ʽʥʬʦʨʤʘʮʽʶ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʜʦ ʩʧʽʥʪʨʦʥʥʠʭ 

ʣʦʛʽʯʥʠʭ ʝʣʝʤʝʥʪʽʚ ʜʣʷ ʘʥʘʣʽʟʫ ʘʙʦ ʦʙʨʦʙʢʠ. 

ɽʥʝʨʛʦʝʬʝʢʪʠʚʥʽ ʛʽʙʨʠʜʥʽ ʩʠʩʪʝʤʠ: ɯʥʪʝʛʨʘʮʽʷ ʩʧʽʥʪʨʦʥʽʯʥʠʭ ʢʦʤʧʦʥʝʥʪʽʚ ʟ 

ʪʨʘʜʠʮʽʡʥʦʶ ʝʣʝʢʪʨʦʥʽʢʦʶ ʤʦʞʝ ʧʨʠʟʚʝʩʪʠ ʜʦ ʩʪʚʦʨʝʥʥʷ ʩʠʩʪʝʤ ʟʽ ʟʥʘʯʥʠʤ 

ʟʤʝʥʰʝʥʥʷʤ ʝʥʝʨʛʦʩʧʦʞʠʚʘʥʥʷ. ʅʘʧʨʠʢʣʘʜ, ʤʦʞʣʠʚʽʩʪʴ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʩʧʽʥʪʨʦʥʽʯʥʠʭ ʝʣʝʤʝʥʪʽʚ ʜʣʷ ʚʠʢʦʥʘʥʥʷ ʧʝʚʥʠʭ ʦʧʝʨʘʮʽʡ, ʷʢʽ ʚ ʽʥʰʦʤʫ ʚʠʧʘʜʢʫ 

ʚʠʤʘʛʘʣʠ ʙ ʚʝʣʠʢʦʾ ʢʽʣʴʢʦʩʪʽ ʝʥʝʨʛʽʾ, ʤʦʞʝ ʩʧʨʠʷʪʠ ʩʪʚʦʨʝʥʥʶ ʙʽʣʴʰ ʝʬʝʢʪʠʚʥʠʭ 

ʧʨʠʩʪʨʦʾʚ. 

ʅʦʚʽ ʬʫʥʢʮʽʦʥʘʣʴʥʽ ʤʦʞʣʠʚʦʩʪʽ: ɻʽʙʨʠʜʥʽ ʩʧʽʥʪʨʦʥʽʯʥʦ-ʝʣʝʢʪʨʦʥʥʽ ʩʠʩʪʝʤʠ 

ʤʦʞʫʪʴ ʚʽʜʢʨʠʚʘʪʠ ʥʦʚʽ ʬʫʥʢʮʽʦʥʘʣʴʥʽ ʤʦʞʣʠʚʦʩʪʽ, ʱʦ ʥʝ ʤʦʞʫʪʴ ʙʫʪʠ ʜʦʩʷʛʥʫʪʽ 

ʦʢʨʝʤʦ. ʅʘʧʨʠʢʣʘʜ, ʤʦʞʣʠʚʽʩʪʴ ʢʦʤʙʽʥʫʚʘʥʥʷ ʚʣʘʩʪʠʚʦʩʪʝʡ ʩʧʽʥʪʨʦʥʽʢʠ 

(ʥʘʧʨʠʢʣʘʜ, ʚʠʩʦʢʘ ʯʫʪʣʠʚʽʩʪʴ ʜʦ ʤʘʛʥʽʪʥʠʭ ʧʦʣʽʚ) ʟ ʚʣʘʩʪʠʚʦʩʪʷʤʠ ʪʨʘʜʠʮʽʡʥʦʾ 
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ʝʣʝʢʪʨʦʥʽʢʠ (ʥʘʧʨʠʢʣʘʜ, ʚʠʩʦʢʘ ʰʚʠʜʢʽʩʪʴ ʦʧʝʨʘʮʽʡ) ʤʦʞʝ ʧʨʠʚʝʩʪʠ ʜʦ ʩʪʚʦʨʝʥʥʷ 

ʥʦʚʠʭ ʧʨʠʩʪʨʦʾʚ ʜʣʷ ʩʧʝʮʠʬʽʯʥʠʭ ʟʘʩʪʦʩʫʚʘʥʴ. 

ʉʢʘʣʴʘʙʝʣʴʥʽʩʪʴ ʪʘ ʽʥʪʝʛʨʘʮʽʷ: ʆʜʥʽʻʶ ʟ ʚʘʞʣʠʚʠʭ ʧʝʨʝʚʘʛ ʻ ʤʦʞʣʠʚʽʩʪʴ 

ʽʥʪʝʛʨʘʮʽʾ ʩʧʽʥʪʨʦʥʽʯʥʠʭ ʢʦʤʧʦʥʝʥʪʽʚ ʟ ʽʩʥʫʶʯʠʤʠ ʪʝʭʥʦʣʦʛʽʯʥʠʤʠ ʧʨʦʮʝʩʘʤʠ. ʎʝ 

ʦʟʥʘʯʘʻ, ʱʦ ʽʥʥʦʚʘʮʽʾ ʚ ʩʧʽʥʪʨʦʥʽʮʽ ʤʦʞʫʪʴ ʙʫʪʠ ʣʝʛʢʦ ʚʧʨʦʚʘʜʞʝʥʽ ʚ ʩʫʯʘʩʥʽ 

ʚʠʨʦʙʥʠʯʽ ʣʽʥʽʾ, ʱʦ ʩʧʨʠʷʻ ʨʦʟʚʠʪʢʫ ʛʽʙʨʠʜʥʠʭ ʧʨʠʩʪʨʦʾʚ. 

ɺʨʘʭʦʚʫʶʯʠ ʮʽ ʘʩʧʝʢʪʠ, ʽʥʪʝʛʨʘʮʽʷ ʩʧʽʥʪʨʦʥʽʢʠ ʟʽ ʩʪʘʥʜʘʨʪʥʦʶ ʝʣʝʢʪʨʦʥʽʢʦʶ 

ʚʽʜʢʨʠʚʘʻ ʥʦʚʽ ʛʦʨʠʟʦʥʪʠ ʜʣʷ ʨʦʟʨʦʙʢʠ ʚʠʩʦʢʦʝʬʝʢʪʠʚʥʠʭ, ʬʫʥʢʮʽʦʥʘʣʴʥʠʭ ʪʘ 

ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʠʭ ʛʽʙʨʠʜʥʠʭ ʧʨʠʩʪʨʦʾʚ ʜʣʷ ʰʠʨʦʢʦʛʦ ʩʧʝʢʪʨʫ ʟʘʩʪʦʩʫʚʘʥʴ. 

 

1.1.2  ʆʩʥʦʚʥi iʜʝʾ ʥʘʧiʚʧʨʦʚiʜʥʠʢʦʚʦʾ ʩʧiʥʪʨʦʥiʢʠ. 

ʉʧiʥʦʚʘ ʨʝʣʘʢʩʘʮiʷ ʪʘ ʜʦʚʞʠʥʘ ʜʠʬʫʟiʾ ʥʦʩiʾʚ ʩʪʨʫʤʫ ʫ ʥʘʧiʚʧʨʦʚiʜʥʠʢʘʭ 

ʉʧʽʥʦʚʘ ʨʝʣʘʢʩʘʮʽʷ ʪʘ ʜʦʚʞʠʥʘ ʜʠʬʫʟʽʾ ʥʦʩʽʾʚ ʩʪʨʫʤʫ ʻ ʚʘʞʣʠʚʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ, 

ʷʢʽ ʚʧʣʠʚʘʶʪʴ ʥʘ ʩʧʽʥʪʨʦʥʽʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʦʚʠʭ ʤʘʪʝʨʽʘʣʽʚ. 

ʈʦʟʛʣʷʥʝʤʦ ʮʽ ʧʦʥʷʪʪʷ ʙʽʣʴʰ ʜʝʪʘʣʴʥʦ: 

ʉʧʽʥʦʚʘ ʨʝʣʘʢʩʘʮʽʷ: 

ʉʧʽʥʦʚʘ ʨʝʣʘʢʩʘʮʽʷ ʚʽʜʥʦʩʠʪʴʩʷ ʜʦ ʧʨʦʮʝʩʫ, ʧʨʠ ʷʢʦʤʫ ʩʧʽʥ ʝʣʝʢʪʨʦʥʘ ʘʙʦ 

ʜʽʨʢʠ ʚ ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʫ ʚʪʨʘʯʘʻ ʩʚʦʶ ʢʦʦʨʜʠʥʦʚʘʥʫ ʩʧʽʥ-ʧʦʣʷʨʠʟʘʮʽʶ ʯʝʨʝʟ 

ʚʟʘʻʤʦʜʽʶ ʟ ʦʪʦʯʫʶʯʠʤ ʦʪʦʯʝʥʥʷʤ (ʥʘʧʨʠʢʣʘʜ, ʟ ʚʽʙʨʘʮʽʡʥʠʤʠ ʤʦʜʘʤʠ ʨʝʰʽʪʢʠ, 

ʜʦʤʽʰʢʦʚʠʤʠ ʘʪʦʤʘʤʠ ʪʦʱʦ). 

ʎʝʡ ʧʨʦʮʝʩ ʤʦʞʝ ʚʽʜʙʫʚʘʪʠʩʷ ʯʝʨʝʟ ʨʽʟʥʽ ʤʝʭʘʥʽʟʤʠ, ʪʘʢʽ ʷʢ ʩʧʽʥ-ʦʨʙʽʪʘʣʴʥʘ 

ʚʟʘʻʤʦʜʽʷ, ʤʘʛʥʽʪʥʘ ʚʟʘʻʤʦʜʽʷ ʟ ʜʦʤʽʰʢʘʤʠ ʘʙʦ ʽʥʰʽ ʥʝʽʜʝʘʣʴʥʦʩʪʽ ʫ ʢʨʠʩʪʘʣʽʯʥʽʡ 

ʩʪʨʫʢʪʫʨʽ. 

ʉʧʽʥʦʚʘ ʨʝʣʘʢʩʘʮʽʷ ʤʦʞʝ ʙʫʪʠ ʢʨʠʪʠʯʥʦʶ ʜʣʷ ʜʝʷʢʠʭ ʩʧʽʥʪʨʦʥʽʯʥʠʭ 

ʧʨʠʩʪʨʦʾʚ, ʪʘʢʠʭ ʷʢ ʪʨʘʥʟʠʩʪʦʨʠ, ʤʘʛʥʽʪʥʽ ʪʫʥʝʣʶʚʘʣʴʥʽ ʩʪʨʫʢʪʫʨʠ ʪʘ ʽʥʰʽ, ʜʝ 

ʩʪʘʙʽʣʴʥʽʩʪʴ ʩʧʽʥ-ʧʦʣʷʨʠʟʘʮʽʾ ʚʘʞʣʠʚʘ. 

ɼʦʚʞʠʥʘ ʜʠʬʫʟʽʾ ʥʦʩʽʾʚ ʩʪʨʫʤʫ: 
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ɼʦʚʞʠʥʘ ʜʠʬʫʟʽʾ ʥʦʩʽʾʚ ʩʪʨʫʤʫ ʚʢʘʟʫʻ ʥʘ ʩʝʨʝʜʥʶ ʚʽʜʩʪʘʥʴ, ʷʢʫ ʥʦʩʽʾ ʩʪʨʫʤʫ, 

ʪʘʢʽ ʷʢ ʝʣʝʢʪʨʦʥʠ ʘʙʦ ʜʽʨʢʠ, ʤʦʞʫʪʴ ʧʨʦʡʪʠ ʧʝʨʝʜ ʪʠʤ, ʷʢ ʙʫʪʠ ʨʦʟʩʽʷʥʠʤʠ ʘʙʦ 

ʟʙʫʜʞʝʥʠʤʠ. 

ʎʝʡ ʧʘʨʘʤʝʪʨ ʻ ʚʘʞʣʠʚʠʤ ʜʣʷ ʨʦʟʫʤʽʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʧʝʨʝʥʦʩʫ ʩʧʽʥʫ ʚ 

ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʘʭ. ɼʦʚʰʘ ʜʦʚʞʠʥʘ ʜʠʬʫʟʽʾ ʤʦʞʝ ʩʧʨʠʷʪʠ ʢʨʘʱʦʤʫ ʟʙʝʨʝʞʝʥʥʶ 

ʩʧʽʥ-ʧʦʣʷʨʠʟʘʮʽʾ ʚʜʦʚʦʣʽ ʚʝʣʠʢʠʭ ʚʽʜʩʪʘʥʷʭ ʫ ʧʦʨʽʚʥʷʥʥʽ ʟ ʢʦʨʦʪʢʠʤʠ ʜʦʚʞʠʥʘʤʠ 

ʜʠʬʫʟʽʾ. 

ɺʧʣʠʚ ʜʦʚʞʠʥʠ ʜʠʬʫʟʽʾ ʥʘ ʩʧʽʥʪʨʦʥʽʯʥʽ ʧʨʠʩʪʨʦʾ ʪʘʢʦʞ ʤʦʞʝ ʟʘʣʝʞʘʪʠ ʚʽʜ 

ʢʦʥʢʨʝʪʥʠʭ ʫʤʦʚ ʝʢʩʧʝʨʠʤʝʥʪʫ, ʪʘʢʠʭ ʷʢ ʪʝʤʧʝʨʘʪʫʨʘ, ʪʠʧ ʜʦʤʽʰʦʢ ʫ 

ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʫ, ʢʦʥʮʝʥʪʨʘʮʽʷ ʥʦʩʽʾʚ ʪʦʱʦ. 

ɺʨʘʭʫʚʘʥʥʷ ʩʧʽʥʦʚʦʾ ʨʝʣʘʢʩʘʮʽʾ ʪʘ ʜʦʚʞʠʥʠ ʜʠʬʫʟʽʾ ʥʦʩʽʾʚ ʩʪʨʫʤʫ ʻ ʚʘʞʣʠʚʠʤ 

ʜʣʷ ʨʦʟʫʤʽʥʥʷ ʪʘ ʦʧʪʠʤʽʟʘʮʽʾ ʩʧʽʥʪʨʦʥʽʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʦʚʠʭ 

ʤʘʪʝʨʽʘʣʽʚ, ʘ ʪʘʢʦʞ ʜʣʷ ʨʦʟʨʦʙʢʠ ʥʦʚʠʭ ʝʬʝʢʪʠʚʥʠʭ ʩʧʽʥʪʨʦʥʽʯʥʠʭ ʧʨʠʩʪʨʦʾʚ ʽ 

ʩʠʩʪʝʤ. 

ɯʥʞʝʢʮʽʷ ʩʧʽʥ-ʧʦʣʷʨʠʟʦʚʘʥʠʭ ʥʦʩʽʾʚ ʩʪʨʫʤʫ ʫ ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʠ ʻ ʢʣʶʯʦʚʠʤ 

ʧʨʦʮʝʩʦʤ ʫ ʩʧʽʥʪʨʦʥʽʮʽ ʽ ʚʽʜʽʛʨʘʻ ʚʘʞʣʠʚʫ ʨʦʣʴ ʫ ʨʝʘʣʽʟʘʮʽʾ ʩʧʽʥʪʨʦʥʽʯʥʠʭ 

ʧʨʠʩʪʨʦʾʚ. ʎʝʡ ʧʨʦʮʝʩ ʤʦʞʝ ʚʽʜʙʫʚʘʪʠʩʷ ʯʝʨʝʟ ʨʽʟʥʽ ʤʝʭʘʥʽʟʤʠ ʽ ʪʝʭʥʽʢʠ, ʟʦʢʨʝʤʘ: 

ɺʠʢʦʨʠʩʪʘʥʥʷ ʬʝʨʦʤʘʛʥʽʪʥʠʭ ʢʦʥʪʘʢʪʽʚ: 

ʆʜʥʠʤ ʟ ʧʦʧʫʣʷʨʥʠʭ ʤʝʪʦʜʽʚ ʻ ʚʠʢʦʨʠʩʪʘʥʥʷ ʬʝʨʦʤʘʛʥʽʪʥʠʭ ʢʦʥʪʘʢʪʽʚ ʜʣʷ 

ʽʥʞʝʢʮʽʾ ʩʧʽʥ-ʧʦʣʷʨʠʟʦʚʘʥʠʭ ʥʦʩʽʾʚ ʩʪʨʫʤʫ ʚ ʥʘʧʽʚʧʨʦʚʽʜʥʠʢ. ʌʝʨʦʤʘʛʥʽʪʥʽ 

ʤʘʪʝʨʽʘʣʠ ʤʦʞʫʪʴ ʛʝʥʝʨʫʚʘʪʠ ʩʧʽʥ-ʧʦʣʷʨʠʟʦʚʘʥʠʡ ʩʪʨʫʤ ʯʝʨʝʟ ʧʨʦʮʝʩʠ 

ʝʣʝʢʪʨʦʥʥʦʛʦ ʪʫʥʝʣʶʚʘʥʥʷ ʘʙʦ ʪʝʨʤʦʝʣʝʢʪʨʦʥʥʠʭ ʷʚʠʱ. 

ʉʧʽʥ-ʽʥʞʝʢʮʽʡʥʽ ʢʦʥʪʘʢʪʠ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʜʣʷ ʝʬʝʢʪʠʚʥʦʾ ʽʥʞʝʢʮʽʾ ʩʧʽʥ-

ʧʦʣʷʨʠʟʦʚʘʥʠʭ ʝʣʝʢʪʨʦʥʽʚ ʘʙʦ ʜʽʨʦʢ ʫ ʥʘʧʽʚʧʨʦʚʽʜʥʠʢ. ʎʽ ʢʦʥʪʘʢʪʠ ʤʦʞʫʪʴ ʙʫʪʠ 

ʦʧʪʠʤʽʟʦʚʘʥʽ ʟʘ ʜʦʧʦʤʦʛʦʶ ʩʧʝʮʽʘʣʴʥʠʭ ʩʪʨʫʢʪʫʨ ʪʘ ʤʘʪʝʨʽʘʣʽʚ ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ 

ʚʠʩʦʢʦʾ ʝʬʝʢʪʠʚʥʦʩʪʽ ʽʥʞʝʢʮʽʾ. 

ɺ ʽʥʰʠʭ ʚʠʧʘʜʢʘʭ, ʽʥʞʝʢʮʽʷ ʩʧʽʥ-ʧʦʣʷʨʠʟʦʚʘʥʠʭ ʥʦʩʽʾʚ ʩʪʨʫʤʫ ʤʦʞʝ 

ʚʽʜʙʫʚʘʪʠʩʷ ʯʝʨʝʟ ʧʨʦʮʝʩʠ ʪʫʥʝʣʶʚʘʥʥʷ, ʜʝ ʩʧʽʥ-ʧʦʣʷʨʠʟʦʚʘʥʽ ʝʣʝʢʪʨʦʥʠ ʘʙʦ ʜʽʨʠ 

ʧʨʦʥʠʢʘʶʪʴ ʯʝʨʝʟ ʙʘʨ'ʻʨʠ, ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ ʢʚʘʥʪʦʚʽ ʤʝʭʘʥʽʟʤʠ ʪʫʥʝʣʶʚʘʥʥʷ. 
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ɽʣʝʢʪʨʠʯʥʽ ʪʘ ʤʘʛʥʽʪʥʽ ʧʦʣʷ ʤʦʞʫʪʴ ʙʫʪʠ ʚʠʢʦʨʠʩʪʘʥʽ ʜʣʷ ʢʦʥʪʨʦʣʶ ʪʘ 

ʥʘʧʨʘʚʣʝʥʥʷ ʽʥʞʝʢʮʽʾ ʩʧʽʥ-ʧʦʣʷʨʠʟʦʚʘʥʠʭ ʥʦʩʽʾʚ ʩʪʨʫʤʫ ʚ ʥʘʧʽʚʧʨʦʚʽʜʥʠʢ. ʎʝ 

ʤʦʞʝ ʚʢʣʶʯʘʪʠ ʚ ʩʝʙʝ ʚʠʢʦʨʠʩʪʘʥʥʷ ʤʘʛʥʽʪʥʠʭ ʧʦʣʷʨʥʠʭ ʪʫʥʝʣʶʚʘʥʴ ʘʙʦ 

ʝʣʝʢʪʨʠʯʥʠʭ ʧʦʪʝʥʮʽʘʣʽʚ ʜʣʷ ʩʪʠʤʫʣʶʚʘʥʥʷ ʽʥʞʝʢʮʽʾ ʪʘ ʨʝʢʦʤʙʽʥʘʮʽʾ ʩʧʽʥ-

ʧʦʣʷʨʠʟʦʚʘʥʠʭ ʩʪʨʫʤʽʚ. 

ɺʨʘʭʦʚʫʶʯʠ ʚʘʞʣʠʚʽʩʪʴ ʽʥʞʝʢʮʽʾ ʩʧʽʥ-ʧʦʣʷʨʠʟʦʚʘʥʠʭ ʥʦʩʽʾʚ ʩʪʨʫʤʫ ʜʣʷ 

ʩʧʽʥʪʨʦʥʽʢʠ, ʨʦʟʫʤʽʥʥʷ ʪʘ ʦʧʪʠʤʽʟʘʮʽʷ ʮʠʭ ʧʨʦʮʝʩʽʚ ʻ ʢʨʠʪʠʯʥʦ ʚʘʞʣʠʚʠʤ ʜʣʷ 

ʨʦʟʚʠʪʢʫ ʥʦʚʠʭ ʩʧʽʥʪʨʦʥʽʯʥʠʭ ʧʨʠʩʪʨʦʾʚ ʪʘ ʩʠʩʪʝʤ, ʪʘʢʠʭ ʷʢ ʤʘʛʥʽʪʥʘ ʧʘʤ'ʷʪʴ, 

ʣʦʛʽʯʥʽ ʧʨʠʩʪʨʦʾ ʪʘ ʩʝʥʩʦʨʠ. 

ʅʘʧʽʚʤʘʛʥʽʪʥʽ ʪʘ ʤʘʛʥʽʪʦʨʦʟʯʠʥʥʽ (ʨʦʟʯʠʥʝʥʽ ʤʘʛʥʽʪʥʽ) ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʠ 

ʧʨʝʜʩʪʘʚʣʷʶʪʴ ʩʦʙʦʶ ʩʧʝʮʽʘʣʴʥʽ ʢʣʘʩʠ ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʦʚʠʭ ʤʘʪʝʨʽʘʣʽʚ, ʷʢʽ 

ʚʠʷʚʣʷʶʪʴ ʤʘʛʥʽʪʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʧʨʠ ʚʽʜʧʦʚʽʜʥʠʭ ʫʤʦʚʘʭ. ɼʘʚʘʡʪʝ ʨʦʟʛʣʷʥʝʤʦ 

ʢʦʞʝʥ ʟ ʮʠʭ ʪʠʧʽʚ ʙʽʣʴʰ ʜʝʪʘʣʴʥʦ: 

ʅʘʧʽʚʤʘʛʥʽʪʥʽ ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʠ ʻ ʤʘʪʝʨʽʘʣʘʤʠ, ʷʢʽ ʤʦʞʫʪʴ ʙʫʪʠ ʦʜʥʦʯʘʩʥʦ 

ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʦʚʠʤʠ ʪʘ ʤʘʛʥʽʪʥʠʤʠ ʧʨʠ ʢʽʤʥʘʪʥʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ. 

ʎʽ ʤʘʪʝʨʽʘʣʠ ʟʘʟʚʠʯʘʡ ʤʘʶʪʴ ʩʧʝʮʠʬʽʯʥʽ ʤʘʛʥʽʪʥʽ ʚʣʘʩʪʠʚʦʩʪʽ, ʪʘʢʽ ʷʢ 

ʬʝʨʦʤʘʛʥʝʪʠʟʤ ʘʙʦ ʘʥʪʠʬʝʨʦʤʘʛʥʝʪʠʟʤ, ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʾʭ ʭʽʤʽʯʥʦʛʦ ʩʢʣʘʜʫ ʪʘ 

ʢʨʠʩʪʘʣʽʯʥʦʾ ʩʪʨʫʢʪʫʨʠ. 

ʅʘʧʽʚʤʘʛʥʽʪʥʽ ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʠ ʤʘʶʪʴ ʧʦʪʝʥʮʽʘʣ ʜʣʷ ʟʘʩʪʦʩʫʚʘʥʴ ʫ 

ʩʧʽʥʪʨʦʥʽʮʽ, ʚʢʣʶʯʘʶʯʠ ʤʘʛʥʽʪʥʫ ʧʘʤ'ʷʪʴ, ʩʝʥʩʦʨʠ, ʪʘ ʽʥʰʽ ʧʨʠʩʪʨʦʾ. 

ʄʘʛʥʽʪʦʨʦʟʯʠʥʥʽ ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʠ ʻ ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʘʤʠ, ʷʢʽ ʤʦʞʫʪʴ ʚʢʣʶʯʘʪʠ 

ʤʘʛʥʽʪʥʽ ʜʦʤʽʰʢʠ ʘʙʦ ʜʝʬʝʢʪʠ ʚ ʾʭʥʽʡ ʢʨʠʩʪʘʣʽʯʥʽʡ ʩʪʨʫʢʪʫʨʽ, ʱʦ ʧʨʠʚʦʜʠʪʴ ʜʦ 

ʚʠʥʠʢʥʝʥʥʷ ʤʘʛʥʽʪʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ. 

ʎʽ ʤʘʪʝʨʽʘʣʠ ʤʦʞʫʪʴ ʙʫʪʠ ʩʪʚʦʨʝʥʽ ʟʘ ʜʦʧʦʤʦʛʦʶ ʽʤʧʣʘʥʪʘʮʽʾ ʜʦʤʽʰʦʢ, 

ʘʣʶʚʘʥʥʷ ʘʙʦ ʽʥʰʠʭ ʪʝʭʥʽʢ ʦʙʨʦʙʢʠ, ʱʦ ʜʦʟʚʦʣʷʶʪʴ ʽʥʪʨʦʜʫʢʮʽʶ ʤʘʛʥʽʪʥʠʭ ʽʦʥʽʚ 

ʘʙʦ ʘʪʦʤʽʚ ʫ ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʦʚʫ ʤʘʪʨʠʮʶ. 

ʄʘʛʥʽʪʦʨʦʟʯʠʥʥʽ ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʠ ʪʘʢʦʞ ʤʘʶʪʴ ʧʦʪʝʥʮʽʘʣ ʜʣʷ ʨʝʘʣʽʟʘʮʽʾ 

ʨʽʟʥʠʭ ʩʧʽʥʪʨʦʥʽʯʥʠʭ ʧʨʠʩʪʨʦʾʚ ʪʘ ʩʠʩʪʝʤ, ʚʢʣʶʯʘʶʯʠ ʤʘʛʥʽʪʥʽ ʩʝʥʩʦʨʠ, 

ʪʫʥʝʣʶʚʘʣʴʥʽ ʩʪʨʫʢʪʫʨʠ, ʪʘ ʽʥʰʽ. 
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ɺʨʘʭʦʚʫʶʯʠ ʫʥʽʢʘʣʴʥʽ ʤʘʛʥʽʪʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʮʠʭ ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʦʚʠʭ 

ʤʘʪʝʨʽʘʣʽʚ, ʚʦʥʠ ʧʨʝʜʩʪʘʚʣʷʶʪʴ ʚʝʣʠʢʠʡ ʽʥʪʝʨʝʩ ʜʣʷ ʜʦʩʣʽʜʞʝʥʥʷ ʪʘ ʨʦʟʚʠʪʢʫ 

ʥʦʚʠʭ ʩʧʽʥʪʨʦʥʽʯʥʠʭ ʪʝʭʥʦʣʦʛʽʡ ʪʘ ʧʨʠʩʪʨʦʾʚ. ʊʘʢʽ ʤʘʪʝʨʽʘʣʠ ʤʦʞʫʪʴ ʚʽʜʢʨʠʚʘʪʠ 

ʥʦʚʽ ʤʦʞʣʠʚʦʩʪʽ ʜʣʷ ʩʪʚʦʨʝʥʥʷ ʝʬʝʢʪʠʚʥʠʭ, ʰʚʠʜʢʠʭ ʪʘ ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʠʭ 

ʩʧʽʥʪʨʦʥʽʯʥʠʭ ʧʨʠʩʪʨʦʾʚ ʜʣʷ ʨʽʟʥʠʭ ʟʘʩʪʦʩʫʚʘʥʴ. 

ɽʣʝʢʪʨʠʯʥʽ ʤʝʪʦʜʠ ʩʪʚʦʨʝʥʥʷ ʩʧʽʥʦʚʦʾ ʧʦʣʷʨʠʟʘʮʽʾ ʥʦʩʽʾʚ ʩʪʨʫʤʫ ʚ 

ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʘʭ ʻ ʢʣʶʯʦʚʠʤʠ ʜʣʷ ʛʝʥʝʨʘʮʽʾ ʪʘ ʢʦʥʪʨʦʣʶ ʩʧʽʥʪʨʦʥʽʯʥʠʭ ʷʚʠʱ. 

ʆʩʴ ʜʝʢʽʣʴʢʘ ʤʝʪʦʜʽʚ ʪʘ ʝʬʝʢʪʽʚ, ʷʢʽ ʚʽʜʽʛʨʘʶʪʴ ʚʘʞʣʠʚʫ ʨʦʣʴ ʫ ʮʴʦʤʫ ʢʦʥʪʝʢʩʪʽ: 

ɽʣʝʢʪʨʠʯʥʽ ʤʝʪʦʜʠ: 

ɿʙʫʜʞʝʥʥʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʝʣʝʢʪʨʠʯʥʦʛʦ ʩʪʨʫʤʫ: ʉʧʽʥʦʚʦ-ʧʦʣʷʨʠʟʦʚʘʥʽ 

ʝʣʝʢʪʨʦʥʠ ʤʦʞʫʪʴ ʙʫʪʠ ʛʝʥʝʨʦʚʘʥʽ ʘʙʦ ʦʨʽʻʥʪʦʚʘʥʽ ʟʘ ʜʦʧʦʤʦʛʦʶ ʝʣʝʢʪʨʠʯʥʦʛʦ 

ʩʪʨʫʤʫ, ʱʦ ʧʨʦʪʽʢʘʻ ʯʝʨʝʟ ʩʧʝʮʽʘʣʽʟʦʚʘʥʽ ʩʪʨʫʢʪʫʨʠ, ʪʘʢʽ ʷʢ ʤʘʛʥʽʪʥʦ-ʨʝʟʠʩʪʠʚʥʽ 

ʪʫʥʝʣʶʚʘʣʴʥʽ ʢʦʥʪʘʢʪʠ. 

ɽʣʝʢʪʨʠʯʥʝ ʧʦʣʝ: ɺʠʢʦʨʠʩʪʘʥʥʷ ʝʣʝʢʪʨʠʯʥʠʭ ʧʦʣʽʚ ʤʦʞʝ ʩʧʨʠʷʪʠ ʚʽʜʩʽʚʫ ʘʙʦ 

ʥʘʧʨʘʚʣʝʥʥʶ ʩʧʽʥʦʚʦ-ʧʦʣʷʨʠʟʦʚʘʥʠʭ ʥʦʩʽʾʚ ʩʪʨʫʤʫ, ʱʦ ʧʨʦʥʠʢʘʶʪʴ ʯʝʨʝʟ 

ʥʘʧʽʚʧʨʦʚʽʜʥʠʢ. 

ɸʥʦʤʘʣʴʥʠʡ ʝʬʝʢʪ ʍʦʣʣʘ: ɸʥʦʤʘʣʴʥʠʡ ʝʬʝʢʪ ʍʦʣʣʘ ʚʠʥʠʢʘʻ ʧʨʠ ʥʘʷʚʥʦʩʪʽ 

ʟʦʚʥʽʰʥʴʦʛʦ ʤʘʛʥʽʪʥʦʛʦ ʧʦʣʷ, ʢʦʣʠ ʩʧʽʥ-ʧʦʣʷʨʠʟʦʚʘʥʽ ʝʣʝʢʪʨʦʥʠ ʚʠʢʣʠʢʘʶʪʴ 

ʘʩʠʤʝʪʨʽʶ ʚ ʨʦʟʧʦʜʽʣʽ ʝʣʝʢʪʨʦʥʥʠʭ ʟʦʥ. ʎʝ ʤʦʞʝ ʧʨʠʟʚʦʜʠʪʠ ʜʦ ʧʦʷʚʠ 

ʜʦʜʘʪʢʦʚʦʛʦ ʝʣʝʢʪʨʠʯʥʦʛʦ ʟʘʨʷʜʫ ʥʘ ʛʨʘʥʠʮʷʭ ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʘ. 

ʉʧʽʥʦʚʠʡ ʝʬʝʢʪ ʍʦʣʣʘ: ʉʧʽʥʦʚʠʡ ʝʬʝʢʪ ʍʦʣʣʘ, ʪʘʢʦʞ ʚʽʜʦʤʠʡ ʷʢ ʝʬʝʢʪ 

ʍʦʣʣʘ ʥʘ ʩʧʽʥ, ʚʽʜʦʙʨʘʞʘʻ ʟʤʽʥʠ ʫ ʧʨʦʚʽʜʥʦʩʪʽ ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʘ ʟʘʣʝʞʥʦ ʚʽʜ ʩʧʽʥʫ 

ʥʦʩʽʾʚ. ʎʝʡ ʝʬʝʢʪ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʜʣʷ ʚʠʤʽʨʶʚʘʥʥʷ ʩʧʽʥʦʚʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʪʘ 

ʚʣʘʩʪʠʚʦʩʪʝʡ ʤʘʪʝʨʽʘʣʽʚ. 

ʎʽ ʝʬʝʢʪʠ ʪʘ ʤʝʪʦʜʠ ʜʦʟʚʦʣʷʶʪʴ ʜʦʩʣʽʜʥʠʢʘʤ ʩʪʚʦʨʶʚʘʪʠ, ʢʦʥʪʨʦʣʶʚʘʪʠ ʪʘ 

ʚʠʚʯʘʪʠ ʩʧʽʥʦʚʦ-ʧʦʣʷʨʠʟʦʚʘʥʽ ʩʪʘʥʠ ʥʦʩʽʾʚ ʩʪʨʫʤʫ ʚ ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʦʚʠʭ 

ʩʠʩʪʝʤʘʭ. ʈʦʟʫʤʽʥʥʷ ʮʠʭ ʧʨʦʮʝʩʽʚ ʻ ʚʘʞʣʠʚʠʤ ʜʣʷ ʨʦʟʚʠʪʢʫ ʥʦʚʠʭ ʩʧʽʥʪʨʦʥʽʯʥʠʭ 

ʪʝʭʥʦʣʦʛʽʡ, ʪʘʢʠʭ ʷʢ ʤʘʛʥʽʪʥʘ ʧʘʤ'ʷʪʴ, ʣʦʛʽʯʥʽ ʧʨʠʩʪʨʦʾ ʪʘ ʽʥʰʽ ʩʧʽʥʪʨʦʥʽʯʥʽ 

ʩʠʩʪʝʤʠ. 
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ɽʣʝʢʪʨʠʯʥʘ ʤʘʥʽʧʫʣʷʮʽʷ ʩʧʽʥʦʚʦʶ ʧʦʣʷʨʠʟʘʮʽʻʶ ʥʦʩʽʾʚ ʩʪʨʫʤʫ ʚ 

ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʘʭ ʚʽʜʽʛʨʘʻ ʢʨʠʪʠʯʥʫ ʨʦʣʴ ʫ ʩʧʽʥʪʨʦʥʽʮʽ, ʷʢʘ ʜʦʟʚʦʣʷʻ 

ʢʦʥʪʨʦʣʶʚʘʪʠ ʪʘ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʩʧʽʥʦʚʽ ʩʪʘʥʠ ʜʣʷ ʨʽʟʥʠʭ ʟʘʩʪʦʩʫʚʘʥʴ. ʉʧʽʥ-

ʦʨʙʽʪʘʣʴʥʘ ʚʟʘʻʤʦʜʽʷ ʚ ʫʤʦʚʘʭ ʘʩʠʤʝʪʨʽʾ ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʘ ʚʽʜʦʙʨʘʞʘʻ ʚʧʣʠʚ 

ʢʨʠʩʪʘʣʽʯʥʦʾ ʘʙʦ ʩʪʨʫʢʪʫʨʥʦʾ ʘʩʠʤʝʪʨʽʾ ʥʘ ʩʧʽʥʦʚʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʥʦʩʽʾʚ ʩʪʨʫʤʫ.  

ɽʣʝʢʪʨʠʯʥʘ ʤʘʥʽʧʫʣʷʮʽʷ ʩʧʽʥʦʚʦʶ ʧʦʣʷʨʠʟʘʮʽʻʶ:  ʝʣʝʢʪʨʠʯʥʝ ʧʦʣʝ ʤʦʞʝ 

ʚʟʘʻʤʦʜʽʷʪʠ ʟʽ ʩʧʽʥʦʚʦ-ʧʦʣʷʨʠʟʦʚʘʥʠʤʠ ʥʦʩʽʷʤʠ ʩʪʨʫʤʫ, ʟʤʽʥʶʶʯʠ ʾʭʥʽ ʩʧʽʥʦʚʽ 

ʩʪʘʥʠ. ʎʝ ʤʦʞʝ ʙʫʪʠ ʜʦʩʷʛʥʫʪʦ ʯʝʨʝʟ ʨʽʟʥʽ ʤʝʭʘʥʽʟʤʠ, ʚʢʣʶʯʘʶʯʠ ʝʬʝʢʪʠ 

ʜʝʢʦʛʝʨʝʥʮʽʾ ʩʧʽʥʘ, ʟʤʽʥʠ ʚ ʩʧʽʥ-ʟʘʣʝʞʥʠʭ ʧʝʨʝʥʦʩʥʠʭ ʚʣʘʩʪʠʚʦʩʪʷʭ, ʘ ʪʘʢʦʞ 

ʢʦʥʪʨʦʣʴ ʥʘʜ ʩʧʽʥ-ʦʨʙʽʪʘʣʴʥʦʶ ʚʟʘʻʤʦʜʽʻʶ. 

ʉʧʽʥ-ʦʨʙʽʪʘʣʴʥʘ ʚʟʘʻʤʦʜʽʷ ʪʘ ʘʩʠʤʝʪʨʽʷ: 

ʉʧʽʥ-ʦʨʙʽʪʘʣʴʥʘ ʚʟʘʻʤʦʜʽʷ: ʎʝ ʷʚʠʱʝ ʚʽʜʦʙʨʘʞʘʻ ʚʟʘʻʤʦʜʽʶ ʤʽʞ ʩʧʽʥʦʚʠʤʠ 

ʩʪʘʥʘʤʠ ʥʦʩʽʾʚ ʪʘ ʾʭʥʴʦʶ ʦʨʙʽʪʘʣʴʥʦʶ ʜʠʥʘʤʽʢʦʶ ʚ ʢʨʠʩʪʘʣʽʯʥʠʭ ʩʪʨʫʢʪʫʨʘʭ. ʋ 

ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʘʭ, ʩʧʽʥ-ʦʨʙʽʪʘʣʴʥʘ ʚʟʘʻʤʦʜʽʷ ʤʦʞʝ ʙʫʪʠ ʤʦʜʠʬʽʢʦʚʘʥʘ 

ʘʩʠʤʝʪʨʠʯʥʠʤʠ ʩʪʨʫʢʪʫʨʥʠʤʠ ʝʣʝʤʝʥʪʘʤʠ, ʱʦ ʚʧʣʠʚʘʶʪʴ ʥʘ ʝʬʝʢʪʠʚʥʽʩʪʴ 

ʟʙʝʨʝʞʝʥʥʷ ʩʧʽʥʫ ʪʘ ʨʦʟʩʽʶʚʘʥʥʷ. 

ʆʙ'ʻʤʥʘ ʪʘ ʩʪʨʫʢʪʫʨʥʦ-ʽʥʜʫʢʦʚʘʥʘ ʘʩʠʤʝʪʨʽʷ: ʆʙ'ʻʤʥʘ ʘʩʠʤʝʪʨʽʷ ʤʦʞʝ 

ʚʠʥʠʢʘʪʠ ʯʝʨʝʟ ʚʣʘʩʪʠʚʦʩʪʽ ʢʨʠʩʪʘʣʽʯʥʦʾ ʨʝʰʽʪʢʠ, ʪʘʢʽ ʷʢ ʘʩʠʤʝʪʨʠʯʥʽ ʧʘʨʘʤʝʪʨʠ 

ʤʘʩʠ ʝʣʝʢʪʨʦʥʽʚ ʘʙʦ ʨʽʟʥʽ ʟʘʣʝʞʥʦʩʪʽ ʟʚʦʨʦʪʥʦʛʦ ʚʽʜ ʤʦʤʝʥʪʫ ʩʧʽʥʫ. ʉʪʨʫʢʪʫʨʥʦ-

ʽʥʜʫʢʦʚʘʥʘ ʘʩʠʤʝʪʨʽʷ ʤʦʞʝ ʙʫʪʠ ʨʝʟʫʣʴʪʘʪʦʤ ʘʩʠʤʝʪʨʽʯʥʠʭ ʛʝʦʤʝʪʨʠʯʥʠʭ ʬʦʨʤ, 

ʽʥʪʝʨʬʝʡʩʽʚ ʘʙʦ ʚʣʘʩʪʠʚʦʩʪʝʡ ʤʘʪʝʨʽʘʣʽʚ, ʱʦ ʚʧʣʠʚʘʶʪʴ ʥʘ ʨʦʟʧʦʜʽʣ ʩʧʽʥʫ ʥʦʩʽʾʚ 

ʩʪʨʫʤʫ. 

ɺʨʘʭʦʚʫʶʯʠ ʮʽ ʘʩʧʝʢʪʠ, ʨʦʟʫʤʽʥʥʷ ʪʘ ʢʦʥʪʨʦʣʴ ʝʣʝʢʪʨʠʯʥʦʾ ʤʘʥʽʧʫʣʷʮʽʾ 

ʩʧʽʥʦʚʦʶ ʧʦʣʷʨʠʟʘʮʽʻʶ ʪʘ ʩʧʽʥ-ʦʨʙʽʪʘʣʴʥʦʾ ʚʟʘʻʤʦʜʽʾ ʚ ʫʤʦʚʘʭ ʘʩʠʤʝʪʨʽʾ 

ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʽʚ ʻ ʢʨʠʪʠʯʥʦ ʚʘʞʣʠʚʠʤ ʜʣʷ ʨʦʟʚʠʪʢʫ ʥʦʚʠʭ ʩʧʽʥʪʨʦʥʽʯʥʠʭ 

ʪʝʭʥʦʣʦʛʽʡ ʪʘ ʧʨʠʩʪʨʦʾʚ. 

ɼʝʪʝʢʪʫʚʘʥʥʷ ʩʧʽʥʦʚʦʾ ʧʦʣʷʨʠʟʘʮʽʾ ʻ ʢʨʠʪʠʯʥʦ ʚʘʞʣʠʚʠʤ ʝʪʘʧʦʤ ʚ ʦʙʣʘʩʪʽ 

ʩʧʽʥʪʨʦʥʽʢʠ, ʷʢʠʡ ʜʦʟʚʦʣʷʻ ʚʠʤʽʨʶʚʘʪʠ ʪʘ ʘʥʘʣʽʟʫʚʘʪʠ ʩʧʽʥʦʚʽ ʩʪʘʥʠ ʥʦʩʽʾʚ ʩʪʨʫʤʫ 

ʫ ʨʽʟʥʠʭ ʤʘʪʝʨʽʘʣʘʭ ʪʘ ʧʨʠʩʪʨʦʷʭ. ʎʝ ʤʦʞʝ ʙʫʪʠ ʜʦʩʷʛʥʫʪʦ ʯʝʨʝʟ ʨʽʟʥʦʤʘʥʽʪʥʽ 

ʤʝʪʦʜʠ ʪʘ ʪʝʭʥʽʢʠ, ʟʦʢʨʝʤʘ: 
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ʄʝʪʦʜʠ ʤʘʛʥʽʪʥʦ-ʨʝʟʠʩʪʠʚʥʦʛʦ ʚʠʤʽʨʶʚʘʥʥʷ: 

ɽʬʝʢʪ ɻʽʛʛʩʘ: ʎʝ ʦʜʠʥ ʟ ʦʩʥʦʚʥʠʭ ʤʝʭʘʥʽʟʤʽʚ ʜʝʪʝʢʪʫʚʘʥʥʷ ʩʧʽʥʦʚʦʾ 

ʧʦʣʷʨʠʟʘʮʽʾ, ʷʢʠʡ ʙʘʟʫʻʪʴʩʷ ʥʘ ʟʤʽʥʘʭ ʚ ʦʧʦʨʽ ʤʘʛʥʽʪʥʦ-ʨʝʟʠʩʪʠʚʥʦʛʦ ʤʘʪʝʨʽʘʣʫ 

ʟʘʣʝʞʥʦ ʚʽʜ ʩʧʽʥʫ ʥʦʩʽʾʚ ʩʪʨʫʤʫ. 

ʊʫʥʝʣʴʥʠʡ ʝʬʝʢʪ: ɺʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʫ ʤʘʛʥʽʪʥʦ-ʨʝʟʠʩʪʠʚʥʠʭ ʪʫʥʝʣʶʚʘʣʴʥʠʭ 

ʩʪʨʫʢʪʫʨʘʭ, ʜʝ ʟʤʽʥʘ ʪʫʥʝʣʶʚʘʣʴʥʦʛʦ ʦʧʦʨʫ ʚʽʜʦʙʨʘʞʘʻ ʨʦʟʧʦʜʽʣ ʩʧʽʥ-

ʧʦʣʷʨʠʟʦʚʘʥʠʭ ʝʣʝʢʪʨʦʥʽʚ. 

ʂʝʨʽʚʥʽ ʩʧʽʥʦʚʽ ʝʬʝʢʪʠ: 

ʉʧʽʥʦʚʠʡ ʝʬʝʢʪ ʍʦʣʣʘ: ɺʠʤʽʨʶʚʘʥʥʷ ʟʤʽʥʠ ʚ ʛʘʣʴʤʽʚʥʽʡ ʥʘʧʨʫʟʽ ʧʨʠ 

ʥʘʷʚʥʦʩʪʽ ʤʘʛʥʽʪʥʦʛʦ ʧʦʣʷ, ʱʦ ʟʘʣʝʞʠʪʴ ʚʽʜ ʩʧʽʥʫ ʥʦʩʽʾʚ ʩʪʨʫʤʫ, ʤʦʞʝ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠʩʷ ʜʣʷ ʜʝʪʝʢʪʫʚʘʥʥʷ ʩʧʽʥʦʚʦʾ ʧʦʣʷʨʠʟʘʮʽʾ. 

ɽʣʝʢʪʨʠʯʥʽ ʤʝʪʦʜʠ: ɺʠʢʦʨʠʩʪʘʥʥʷ ʝʣʝʢʪʨʠʯʥʠʭ ʤʝʪʦʜʽʚ, ʪʘʢʠʭ ʷʢ 

ʩʧʽʥʪʨʘʥʟʠʩʪʦʨʠ ʪʘ ʽʥʰʽ ʩʧʽʥ-ʟʘʣʝʞʥʽ ʧʨʠʩʪʨʦʾ, ʤʦʞʝ ʜʦʟʚʦʣʠʪʠ ʜʝʪʝʢʪʫʚʘʪʠ 

ʩʧʽʥʦʚʫ ʧʦʣʷʨʠʟʘʮʽʶ ʯʝʨʝʟ ʟʤʽʥʠ ʚ ʝʣʝʢʪʨʠʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʷʭ ʤʘʪʝʨʽʘʣʽʚ ʧʨʠ 

ʟʙʝʨʝʞʝʥʥʽ ʩʧʽʥʦʚʦʾ ʽʥʬʦʨʤʘʮʽʾ. 

ʆʧʪʠʯʥʽ ʤʝʪʦʜʠ: ɼʝʷʢʽ ʦʧʪʠʯʥʽ ʤʝʪʦʜʠ, ʪʘʢʽ ʷʢ ʢʝʨʽʚʥʽ ʬʦʪʦʝʣʝʢʪʨʠʯʥʽ 

ʝʬʝʢʪʠ ʘʙʦ ʤʘʛʥʽʪʦ-ʦʧʪʠʯʥʽ ʷʚʠʱʘ, ʤʦʞʫʪʴ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠʩʷ ʜʣʷ ʥʝʢʦʥʪʘʢʪʥʦʛʦ 

ʚʠʤʽʨʶʚʘʥʥʷ ʩʧʽʥʦʚʦʾ ʧʦʣʷʨʠʟʘʮʽʾ ʚ ʤʘʪʝʨʽʘʣʘʭ. 

ʄʽʢʨʦʩʢʦʧʽʯʥʽ ʤʝʪʦʜʠ: ɿʘʩʪʦʩʫʚʘʥʥʷ ʩʧʽʥʦʚʦ-ʨʝʟʦʥʘʥʩʥʦʾ ʤʽʢʨʦʩʢʦʧʽʾ ʪʘ 

ʽʥʰʠʭ ʤʽʢʨʦʩʢʦʧʽʯʥʠʭ ʤʝʪʦʜʽʚ ʤʦʞʝ ʜʦʟʚʦʣʠʪʠ ʜʝʪʝʢʪʫʚʘʪʠ ʪʘ ʚʽʟʫʘʣʽʟʫʚʘʪʠ 

ʩʧʽʥʦʚʽ ʩʪʘʥʠ ʥʘ ʥʘʥʦʤʝʪʨʦʚʦʤʫ ʨʽʚʥʽ. 

ɿʘʛʘʣʦʤ, ʜʝʪʝʢʪʫʚʘʥʥʷ ʩʧʽʥʦʚʦʾ ʧʦʣʷʨʠʟʘʮʽʾ ʚʠʤʘʛʘʻ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʨʽʟʥʦʤʘʥʽʪʥʠʭ ʪʝʭʥʽʢ ʪʘ ʤʝʪʦʜʽʚ, ʷʢʽ ʟʘʙʝʟʧʝʯʫʶʪʴ ʪʦʯʥʽ, ʯʫʪʣʠʚʽ ʪʘ ʥʘʜʽʡʥʽ 

ʚʠʤʽʨʶʚʘʥʥʷ ʩʧʽʥʦʚʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʪʘ ʚʣʘʩʪʠʚʦʩʪʝʡ ʤʘʪʝʨʽʘʣʽʚ ʫ ʩʧʽʥʪʨʦʥʽʮʽ. 
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1.1.3  ʗʚʠʱʝ ʛʽʛʘʥʪʩʴʢʦʛʦ ʤʘʛʥʽʪʦʦʧʦʨʫ. 

ɻʽʛʘʥʪʩʴʢʠʡ ʤʘʛʥʽʪʦʦʧʽʨ (ɻʄʆ) ʻ ʬʝʥʦʤʝʥʦʤ, ʷʢʠʡ ʦʧʠʩʫʻ ʚʝʣʠʢʫ ʟʤʽʥʫ 

ʝʣʝʢʪʨʠʯʥʦʛʦ ʦʧʦʨʫ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʤʘʛʥʽʪʥʦʛʦ ʧʦʣʷ. ʎʝʡ ʝʬʝʢʪ ʙʫʚ ʚʧʝʨʰʝ 

ʚʠʷʚʣʝʥʠʡ ʫ 1988 ʨʦʮʽ ʫ ʪʦʥʢʠʭ ʧʣʽʚʢʘʭ ʥʽʢʝʣʶ (Ni) ʪʘ ʭʨʦʤʫ (Cr) ʫ ʛʨʫʧʽ 

ʜʦʩʣʽʜʥʠʢʽʚ ʧʽʜ ʢʝʨʽʚʥʠʮʪʚʦʤ ʇʝʪʝʨʘ ɻʨʶʥʙʝʨˇʝʨʘ ʪʘ ɸʣʴʙʝʨʪʘ ʌʝʨʪʨʘ. 

ʇʨʠʥʮʠʧ ʜʽʾ: ɻʄʆ ʙʘʟʫʻʪʴʩʷ ʥʘ ʤʘʛʥʽʪʥʦʤʫ ʨʦʟʩʽʶʚʘʥʥʽ ʝʣʝʢʪʨʦʥʽʚ ʥʘ 

ʤʘʛʥʽʪʥʠʭ ʜʦʤʝʥʥʠʭ ʩʪʽʥʘʭ. ʂʦʣʠ ʩʧʽʥ ʝʣʝʢʪʨʦʥʘ ʦʨʽʻʥʪʦʚʘʥʠʡ ʧʘʨʘʣʝʣʴʥʦ ʜʦ 

ʤʘʛʥʽʪʥʦʛʦ ʧʦʣʷ, ʨʦʟʩʽʶʚʘʥʥʷ ʝʣʝʢʪʨʦʥʽʚ ʥʘ ʜʦʤʝʥʥʠʭ ʩʪʽʥʘʭ ʟʤʝʥʰʫʻʪʴʩʷ, ʱʦ 

ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʟʙʽʣʴʰʝʥʥʷ ʝʣʝʢʪʨʠʯʥʦʛʦ ʦʧʦʨʫ. ɿ ʽʥʰʦʛʦ ʙʦʢʫ, ʢʦʣʠ ʩʧʽʥ 

ʝʣʝʢʪʨʦʥʘ ʦʨʽʻʥʪʦʚʘʥʠʡ ʘʥʪʠʧʘʨʘʣʝʣʴʥʦ ʜʦ ʤʘʛʥʽʪʥʦʛʦ ʧʦʣʷ, ʨʦʟʩʽʶʚʘʥʥʷ ʟʨʦʩʪʘʻ, 

ʽ ʦʧʽʨ ʩʧʘʜʘʻ. 

ʆʩʥʦʚʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʪʘ ʟʘʩʪʦʩʫʚʘʥʥʷ: 

ɺʝʣʠʢʘ ʤʘʛʥʽʪʦʦʧʽʨʥʘ ʚʽʜʧʦʚʽʜʴ: ɻʄʆ ʤʘʻ ʟʜʘʪʥʽʩʪʴ ʜʦ ʟʤʽʥʠ ʦʧʦʨʫ ʥʘ 

ʜʝʢʽʣʴʢʘ ʚʽʜʩʦʪʢʽʚ ʧʨʠ ʟʘʩʪʦʩʫʚʘʥʥʽ ʤʘʛʥʽʪʥʦʛʦ ʧʦʣʷ, ʱʦ ʨʦʙʠʪʴ ʡʦʛʦ ʚʽʜʤʽʥʥʠʤ 

ʤʘʪʝʨʽʘʣʦʤ ʜʣʷ ʩʧʽʥʪʨʦʥʽʯʥʠʭ ʧʨʠʩʪʨʦʾʚ. 

ɿʘʩʪʦʩʫʚʘʥʥʷ ʫ ʪʝʭʥʦʣʦʛʽʷʭ ʟʙʝʨʽʛʘʥʥʷ ʜʘʥʠʭ: ɻʄʆ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʫ 

ʩʫʯʘʩʥʠʭ ʞʦʨʩʪʢʠʭ ʜʠʩʢʘʭ ʜʣʷ ʟʙʽʣʴʰʝʥʥʷ ʾʭʥʴʦʾ ʻʤʥʦʩʪʽ ʪʘ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ. 

ʉʝʥʩʦʨʥʽ ʧʨʠʩʪʨʦʾ: ɻʄʆ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʚ ʜʘʪʯʠʢʘʭ, ʷʢʽ ʨʝʘʛʫʶʪʴ ʥʘ 

ʤʘʛʥʽʪʥʝ ʧʦʣʝ, ʱʦ ʚʽʜʢʨʠʚʘʻ ʰʠʨʦʢʽ ʤʦʞʣʠʚʦʩʪʽ ʜʣʷ ʩʪʚʦʨʝʥʥʷ ʯʫʪʣʠʚʠʭ ʪʘ 

ʪʦʯʥʠʭ ʜʘʪʯʠʢʽʚ. 

ʉɺʇ-ʛʝʦʤʝʪʨʽʷ ʚ ʢʦʥʪʝʢʩʪʽ ɻʽʛʘʥʪʩʴʢʦʛʦ ʤʘʛʥʽʪʦʦʧʦʨʫ (ɻʄʆ) ʦʧʠʩʫʻ ʩʧʽʥ-

ʚʘʣʦʚʠʡ ʧʨʦʬʽʣʴ (ʉɺʇ), ʷʢʠʡ ʚʠʥʠʢʘʻ ʚ ʤʘʛʥʽʪʥʠʭ ʪʫʥʝʣʶʚʘʣʴʥʠʭ ʩʪʨʫʢʪʫʨʘʭ. ʎʷ 

ʛʝʦʤʝʪʨʽʷ ʻ ʢʣʶʯʦʚʦʶ ʜʣʷ ʨʦʟʫʤʽʥʥʷ ʪʘ ʦʧʪʠʤʽʟʘʮʽʾ ʩʧʽʥʪʨʦʥʽʯʥʠʭ ʧʨʠʩʪʨʦʾʚ, 

ʪʘʢʠʭ ʷʢ ʤʘʛʥʽʪʥʦ-ʨʝʟʠʩʪʠʚʥʽ ʪʫʥʝʣʶʚʘʣʴʥʽ ʜʽʦʜʠ (ʄʈʊɼ) ʪʘ ʤʘʛʥʽʪʥʦ-ʨʝʟʠʩʪʠʚʥʽ 

ʪʫʥʝʣʶʚʘʣʴʥʽ ʝʣʝʤʝʥʪʠ (ʄʈʊɽ). 

ʆʩʥʦʚʥʽ ʘʩʧʝʢʪʠ ʉɺʇ-ʛʝʦʤʝʪʨʽʾ ɻʄʆ ʚʢʣʶʯʘʶʪʴ: 

ʇʨʦʬʽʣʴ ʝʣʝʢʪʨʦʥʥʦʛʦ ʩʧʽʥʫ: ɺ ʤʘʛʥʽʪʥʠʭ ʪʫʥʝʣʶʚʘʣʴʥʠʭ ʩʪʨʫʢʪʫʨʘʭ, ʜʝ 

ɻʄʆ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ, ʩʧʽʥ-ʚʘʣʦʚʠʡ ʧʨʦʬʽʣʴ (ʉɺʇ) ʝʣʝʢʪʨʦʥʽʚ ʛʨʘʻ ʢʨʠʪʠʯʥʫ ʨʦʣʴ 
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ʫ ʟʤʽʥʽ ʝʣʝʢʪʨʠʯʥʦʛʦ ʦʧʦʨʫ. ʉɺʇ ʚʠʟʥʘʯʘʻ, ʷʢ ʝʣʝʢʪʨʦʥʥʽ ʩʪʘʥʠ ʨʦʟʧʦʜʽʣʷʶʪʴʩʷ ʚ 

ʤʘʛʥʽʪʥʠʭ ʪʘ ʥʝʤʘʛʥʽʪʥʠʭ ʰʘʨʘʭ ʪʫʥʝʣʶʚʘʣʴʥʦʾ ʩʪʨʫʢʪʫʨʠ. 

ʆʨʽʻʥʪʘʮʽʷ ʩʧʽʥʫ: ʉɺʇ-ʛʝʦʤʝʪʨʽʷ ʦʧʠʩʫʻ, ʷʢ ʩʧʽʥʦʚʽ ʩʪʘʥʠ ʦʨʽʻʥʪʫʶʪʴʩʷ 

ʚʽʜʥʦʩʥʦ ʤʘʛʥʽʪʥʠʭ ʧʦʣʷʨʽʟʘʮʽʡ ʫ ʤʘʛʥʽʪʥʠʭ ʪʘ ʥʝʤʘʛʥʽʪʥʠʭ ʰʘʨʘʭ. ʎʝ ʚʧʣʠʚʘʻ ʥʘ 

ʤʘʛʥʽʪʦʦʧʽʨʥʠʡ ʝʬʝʢʪ ʽ ʤʦʞʝ ʙʫʪʠ ʦʧʪʠʤʽʟʦʚʘʥʦ ʜʣʷ ʧʝʚʥʠʭ ʩʧʽʥʪʨʦʥʽʯʥʠʭ 

ʟʘʩʪʦʩʫʚʘʥʴ. 

ʊʦʚʱʠʥʘ ʰʘʨʽʚ: ɻʝʦʤʝʪʨʠʯʥʽ ʧʘʨʘʤʝʪʨʠ, ʪʘʢʽ ʷʢ ʪʦʚʱʠʥʘ ʤʘʛʥʽʪʥʠʭ ʪʘ 

ʥʝʤʘʛʥʽʪʥʠʭ ʰʘʨʽʚ, ʚʧʣʠʚʘʶʪʴ ʥʘ ʉɺʇ-ʛʝʦʤʝʪʨʽʶ ʪʘ, ʚʽʜʧʦʚʽʜʥʦ, ʥʘ ʚʝʣʠʯʠʥʫ 

ʤʘʛʥʽʪʦʦʧʽʨʥʦʛʦ ʝʬʝʢʪʫ ʚ ɻʄʆ. 

ʆʧʪʠʤʽʟʘʮʽʷ ʧʨʠʩʪʨʦʾʚ: ʈʦʟʫʤʽʥʥʷ ʉɺʇ-ʛʝʦʤʝʪʨʽʾ ɻʄʆ ʻ ʚʘʞʣʠʚʠʤ ʜʣʷ 

ʦʧʪʠʤʽʟʘʮʽʾ ʩʧʽʥʪʨʦʥʽʯʥʠʭ ʧʨʠʩʪʨʦʾʚ, ʪʘʢʠʭ ʷʢ ʩʝʥʩʦʨʠ, ʤʘʛʥʽʪʥʽ ʧʘʤ'ʷʪʽ ʪʘ ʣʦʛʽʯʥʽ 

ʝʣʝʤʝʥʪʠ. 

ʋ ʧʽʜʩʫʤʢʫ, ʉɺʇ-ʛʝʦʤʝʪʨʽʷ ʚ ʢʦʥʪʝʢʩʪʽ ɻʄʆ ʚʽʜʽʛʨʘʻ ʢʨʠʪʠʯʥʫ ʨʦʣʴ ʫ 

ʚʠʟʥʘʯʝʥʥʽ ʤʝʭʘʥʽʟʤʽʚ ʪʘ ʦʧʪʠʤʽʟʘʮʽʾ ʩʧʽʥʪʨʦʥʽʯʥʠʭ ʧʨʠʩʪʨʦʾʚ, ʟʘʙʝʟʧʝʯʫʶʯʠ 

ʬʫʥʜʘʤʝʥʪʘʣʴʥʝ ʨʦʟʫʤʽʥʥʷ ʩʧʽʥ-ʚʘʣʦʚʦʛʦ ʧʨʦʬʽʣʶ ʪʘ ʡʦʛʦ ʚʧʣʠʚʫ ʥʘ ʝʣʝʢʪʨʠʯʥʽ 

ʚʣʘʩʪʠʚʦʩʪʽ ʤʘʪʝʨʽʘʣʽʚ. 

ɿʘʣʝʞʥʦ ʚʽʜ ʛʝʦʤʝʪʨʽʾ, ʤʘʪʝʨʽʘʣʫ ʽ ʤʝʪʦʜʫ ʚʠʛʦʪʦʚʣʝʥʥʷ, ʽʩʥʫʻ ʢʽʣʴʢʘ ʪʠʧʽʚ 

ɻʄʆ-ʩʪʨʫʢʪʫʨ. ʆʩʴ ʜʝʷʢʽ ʟ ʥʠʭ: 

ʉʝʥʩʦʨʠ ɻʄʆ: ʊʦʥʢʽ ʧʣʽʚʢʠ, ʜʝ ɻʄʆ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʜʣʷ ʚʠʤʽʨʶʚʘʥʥʷ 

ʤʘʛʥʽʪʥʠʭ ʧʦʣʽʚ. ʎʽ ʩʝʥʩʦʨʠ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʚ ʨʽʟʥʠʭ ʟʘʩʪʦʩʫʚʘʥʥʷʭ, 

ʚʢʣʶʯʘʶʯʠ ʤʘʛʥʽʪʥʫ ʟʘʧʠʩʫʚʘʣʴʥʫ ʪʝʭʥʽʢʫ, ʤʘʛʥʽʪʥʽ ʜʘʪʯʠʢʠ, ʽ ʤʘʛʥʽʪʥʫ 

ʨʝʟʦʥʘʥʩʥʫ ʪʦʤʦʛʨʘʬʽʶ (ʄʈʊ). 

ʄʘʛʥʽʪʥʦ-ʨʝʟʠʩʪʠʚʥʽ ʪʫʥʝʣʴʥʽ ʩʪʨʫʢʪʫʨʠ (ʄʈʊʉ): ɺʦʥʠ ʚʢʣʶʯʘʶʪʴ ʜʚʘ 

ʤʘʛʥʽʪʥʠʭ ʝʣʝʢʪʨʦʜʠ, ʨʦʟʜʽʣʝʥʽ ʪʦʥʢʦʶ ʜʽʝʣʝʢʪʨʠʯʥʦʶ ʙʘʨ'ʻʨʦʶ. ɻʄʆ ʚ ʪʘʢʠʭ 

ʩʪʨʫʢʪʫʨʘʭ ʜʦʟʚʦʣʷʻ ʢʦʥʪʨʦʣʶʚʘʪʠ ʝʣʝʢʪʨʠʯʥʠʡ ʦʧʽʨ ʩʪʨʫʢʪʫʨʠ ʰʣʷʭʦʤ ʟʤʽʥʠ 

ʤʘʛʥʽʪʥʦʛʦ ʧʦʣʷ. 

ʄʘʛʥʽʪʥʦ-ʨʝʟʠʩʪʠʚʥʽ ʚʠʧʘʜʢʦʚʦ ʨʦʟʪʘʰʦʚʘʥʽ ʤʘʛʥʽʪʥʽ ʢʣʘʩʪʝʨʠ: ʎʽ ʩʪʨʫʢʪʫʨʠ 

ʩʢʣʘʜʘʶʪʴʩʷ ʟ ʥʘʙʦʨʫ ʤʘʛʥʽʪʥʠʭ ʯʘʩʪʠʥʦʢ, ʨʦʟʪʘʰʦʚʘʥʠʭ ʚʠʧʘʜʢʦʚʠʤ ʯʠʥʦʤ, ʜʝ 

ʝʬʝʢʪ ɻʄʆ ʤʦʞʝ ʙʫʪʠ ʩʧʦʩʪʝʨʝʞʝʥʠʡ ʯʝʨʝʟ ʚʟʘʻʤʦʜʽʶ ʤʽʞ ʯʘʩʪʠʥʢʘʤʠ ʧʨʠ 

ʧʝʚʥʠʭ ʫʤʦʚʘʭ. 
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ʄʘʛʥʽʪʥʦ-ʨʝʟʠʩʪʠʚʥʽ ʥʘʥʦʞʦʨʩʪʢʽ ʜʠʩʢʠ: ʎʽ ʩʪʨʫʢʪʫʨʠ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʚ 

ʞʦʨʩʪʢʠʭ ʜʠʩʢʘʭ ʜʣʷ ʟʙʝʨʽʛʘʥʥʷ ʽʥʬʦʨʤʘʮʽʾ. ɻʄʆ ʜʦʧʦʤʘʛʘʻ ʟʯʠʪʫʚʘʪʠ 

ʽʥʬʦʨʤʘʮʽʶ ʟ ʜʠʩʢʘ ʰʣʷʭʦʤ ʚʠʤʽʨʶʚʘʥʥʷ ʤʘʛʥʽʪʥʦʛʦ ʩʪʘʥʫ ʧʣʽʚʢʠ. 

ʎʝ ʣʠʰʝ ʢʽʣʴʢʘ ʧʨʠʢʣʘʜʽʚ ɻʄʆ-ʩʪʨʫʢʪʫʨ. ɿ ʨʦʟʚʠʪʢʦʤ ʥʘʫʢʦʚʠʭ ʜʦʩʣʽʜʞʝʥʴ 

ʚ ʮʽʡ ʦʙʣʘʩʪʽ ʤʦʞʫʪʴ ʟ'ʷʚʣʷʪʠʩʷ ʥʦʚʽ ʪʘ ʚʜʦʩʢʦʥʘʣʝʥʽ ʪʠʧʠ ʩʪʨʫʢʪʫʨ, ʷʢʽ ʙʫʜʫʪʴ 

ʧʨʠʩʪʦʩʦʚʘʥʽ ʜʦ ʢʦʥʢʨʝʪʥʠʭ ʟʘʩʪʦʩʫʚʘʥʴ ʫ ʩʧʽʥʪʨʦʥʽʮʽ ʪʘ ʽʥʰʠʭ ʛʘʣʫʟʷʭ. 

ʇʨʦʙʣʝʤʘ ʥʝʚʽʜʧʦʚʽʜʥʦʩʪʽ ʦʧʦʨʽʚ  ʚ ʢʦʥʪʝʢʩʪʽ ɻʄʆ ʻ ʚʘʞʣʠʚʠʤ ʘʩʧʝʢʪʦʤ, 

ʷʢʠʡ ʤʦʞʝ ʚʧʣʠʚʘʪʠ ʥʘ ʝʬʝʢʪʠʚʥʽʩʪʴ ʪʘ ʩʪʘʙʽʣʴʥʽʩʪʴ ʩʧʽʥʪʨʦʥʽʯʥʠʭ ʧʨʠʩʪʨʦʾʚ. 

ɻʄʆ ʙʘʟʫʻʪʴʩʷ ʥʘ ʟʤʽʥʽ ʝʣʝʢʪʨʠʯʥʦʛʦ ʦʧʦʨʫ ʩʪʨʫʢʪʫʨ ʧʨʠ ʟʤʽʥʽ ʾʭ ʤʘʛʥʽʪʥʦʛʦ 

ʩʪʘʥʫ. ʆʩʴ ʜʝʷʢʽ ʢʣʶʯʦʚʽ ʤʦʤʝʥʪʠ ʩʪʦʩʦʚʥʦ ʮʽʻʾ ʧʨʦʙʣʝʤʠ: 

ɺʠʥʠʢʥʝʥʥʷ ʧʨʦʙʣʝʤʠ: ʅʝʚʽʜʧʦʚʽʜʥʽʩʪʴ ʦʧʦʨʽʚ ʫ ɻʄʆ ʤʦʞʝ ʚʠʥʠʢʘʪʠ ʯʝʨʝʟ 

ʨʽʟʥʠʮʶ ʚ ʤʘʛʥʽʪʥʠʭ ʚʣʘʩʪʠʚʦʩʪʷʭ, ʥʝʦʜʥʦʨʽʜʥʦʩʪʽ ʚ ʧʨʦʮʝʩʽ ʚʠʛʦʪʦʚʣʝʥʥʷ, 

ʜʝʬʝʢʪʠ ʚ ʩʪʨʫʢʪʫʨʽ, ʘ ʪʘʢʦʞ ʽʥʰʽ ʬʘʢʪʦʨʠ, ʷʢʽ ʤʦʞʫʪʴ ʚʧʣʠʚʘʪʠ ʥʘ ʤʘʛʥʽʪʥʠʡ ʽ 

ʝʣʝʢʪʨʠʯʥʠʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʤʘʪʝʨʽʘʣʽʚ. 

ʅʝʛʘʪʠʚʥʠʡ ʚʧʣʠʚ: ʅʝʚʽʜʧʦʚʽʜʥʽʩʪʴ ʦʧʦʨʽʚ ʤʦʞʝ ʧʦʛʽʨʰʫʚʘʪʠ ʯʫʪʣʠʚʽʩʪʴ, 

ʩʪʘʙʽʣʴʥʽʩʪʴ ʪʘ ʽʥʰʽ ʚʘʞʣʠʚʽ ʧʘʨʘʤʝʪʨʠ ɻʄʆ-ʧʨʠʩʪʨʦʾʚ. ʎʝ ʤʦʞʝ ʧʨʠʟʚʝʩʪʠ ʜʦ 

ʟʥʠʞʝʥʥʷ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ ʪʘ ʥʘʜʽʡʥʦʩʪʽ ʩʧʽʥʪʨʦʥʽʯʥʠʭ ʩʠʩʪʝʤ. 

ʆʧʪʠʤʽʟʘʮʽʷ ʪʘ ʚʠʨʽʰʝʥʥʷ: ɼʣʷ ʤʽʥʽʤʽʟʘʮʽʾ ʧʨʦʙʣʝʤʠ ʥʝʚʽʜʧʦʚʽʜʥʦʩʪʽ ʦʧʦʨʽʚ ʫ 

ɻʄʆ ʚʘʞʣʠʚʦ ʧʨʦʚʦʜʠʪʠ ʜʝʪʘʣʴʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʤʘʪʝʨʽʘʣʽʚ, ʧʨʦʮʝʩʽʚ 

ʚʠʛʦʪʦʚʣʝʥʥʷ, ʘ ʪʘʢʦʞ ʚʜʦʩʢʦʥʘʣʶʚʘʪʠ ʤʝʪʦʜʠʢʠ ʢʦʥʪʨʦʣʶ ʷʢʦʩʪʽ ʪʘ ʚʠʤʽʨʶʚʘʥʴ. 

ʊʝʭʥʦʣʦʛʽʯʥʽ ʚʠʢʣʠʢʠ: ʈʦʟʚ'ʷʟʘʥʥʷ ʧʨʦʙʣʝʤʠ ʥʝʚʽʜʧʦʚʽʜʥʦʩʪʽ ʦʧʦʨʽʚ ʫ ɻʄʆ 

ʚʠʤʘʛʘʻ ʧʦʻʜʥʘʥʥʷ ʬʫʥʜʘʤʝʥʪʘʣʴʥʠʭ ʜʦʩʣʽʜʞʝʥʴ, ʽʥʥʦʚʘʮʽʡ ʚ ʦʙʣʘʩʪʽ 

ʤʘʪʝʨʽʘʣʦʟʥʘʚʩʪʚʘ ʪʘ ʚʜʦʩʢʦʥʘʣʝʥʥʷ ʪʝʭʥʦʣʦʛʽʡ ʚʠʨʦʙʥʠʮʪʚʘ ʩʧʽʥʪʨʦʥʽʯʥʠʭ 

ʢʦʤʧʦʥʝʥʪʽʚ. 

ʋ ʧʽʜʩʫʤʢʫ, ʧʨʦʙʣʝʤʘ ʥʝʚʽʜʧʦʚʽʜʥʦʩʪʽ ʦʧʦʨʽʚ ʫ ɻʄʆ ʻ ʘʢʪʫʘʣʴʥʦʶ ʽ ʚʠʤʘʛʘʻ 

ʫʚʘʛʠ ʥʘʫʢʦʚʦ-ʜʦʩʣʽʜʥʠʭ ʫʩʪʘʥʦʚʦʢ, ʧʨʦʤʠʩʣʦʚʠʭ ʧʽʜʧʨʠʻʤʩʪʚ ʪʘ ʩʧʽʥʪʨʦʥʽʯʥʦʾ 

ʩʧʽʣʴʥʦʪʠ ʜʣʷ ʨʦʟʨʦʙʢʠ ʝʬʝʢʪʠʚʥʠʭ ʨʽʰʝʥʴ ʪʘ ʪʝʭʥʦʣʦʛʽʡ. 
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1.2. ʄʘʪʝʨʽʘʣʠ ʜʣʷ ʩʧʽʥʦʚʦʾ ʝʣʝʢʪʨʦʥʽʢʠ. 

 

ʉʧʽʥʦʚʘ ʝʣʝʢʪʨʦʥʽʢʘ (ʘʙʦ ʩʧʽʥʪʨʦʥʽʢʘ) ʚʠʢʦʨʠʩʪʦʚʫʻ ʩʧʽʥ ʝʣʝʢʪʨʦʥʽʚ, ʘ ʥʝ ʾʭ 

ʟʘʨʷʜ, ʜʣʷ ʧʝʨʝʜʘʯʽ, ʦʙʨʦʙʢʠ ʪʘ ʟʙʝʨʽʛʘʥʥʷ ʽʥʬʦʨʤʘʮʽʾ. ɼʣʷ ʩʪʚʦʨʝʥʥʷ ʧʨʠʩʪʨʦʾʚ 

ʩʧʽʥʪʨʦʥʽʢʠ ʧʦʪʨʽʙʥʽ ʩʧʝʮʽʘʣʴʥʽ ʤʘʪʝʨʽʘʣʠ, ʷʢʽ ʤʦʞʫʪʴ ʧʽʜʪʨʠʤʫʚʘʪʠ ʪʘ 

ʢʦʥʪʨʦʣʶʚʘʪʠ ʩʧʽʥ ʝʣʝʢʪʨʦʥʽʚ. ʆʩʴ ʜʝʷʢʽ ʢʣʶʯʦʚʽ ʢʣʘʩʠ ʤʘʪʝʨʽʘʣʽʚ ʜʣʷ ʩʧʽʥʦʚʦʾ 

ʝʣʝʢʪʨʦʥʽʢʠ: 

ʌʝʨʦʤʘʛʥʝʪʠʢʠ: ʎʽ ʤʘʪʝʨʽʘʣʠ ʚʽʜʽʛʨʘʶʪʴ ʢʣʶʯʦʚʫ ʨʦʣʴ ʫ ʩʪʚʦʨʝʥʥʽ ʤʘʛʥʽʪʥʠʭ 

ʦʙʣʘʩʪʝʡ ʜʣʷ ʟʙʝʨʽʛʘʥʥʷ ʪʘ ʧʝʨʝʜʘʯʽ ʽʥʬʦʨʤʘʮʽʾ ʥʘ ʦʩʥʦʚʽ ʩʧʽʥʫ ʝʣʝʢʪʨʦʥʽʚ. 

ʇʨʠʢʣʘʜʠ ʚʢʣʶʯʘʶʪʴ ʧʝʨʤʘʣʣʦʾʜ, ʥʽʢʝʣʝʚʽ ʩʧʣʘʚʠ, ʟʘʣʽʟʦ, ʢʦʙʘʣʴʪ ʽ ʾʭ ʩʧʦʣʫʢʠ. 

ʅʝʤʘʛʥʽʪʥʽ ʤʘʪʝʨʽʘʣʠ: ʎʽ ʤʘʪʝʨʽʘʣʠ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʜʣʷ ʩʪʚʦʨʝʥʥʷ 

ʪʫʥʝʣʴʥʠʭ ʙʘʨ'ʻʨʽʚ ʽ ʽʥʰʠʭ ʩʪʨʫʢʪʫʨ, ʜʝ ʩʧʽʥʦʚʘ ʽʥʬʦʨʤʘʮʽʷ ʤʦʞʝ ʪʫʥʝʣʶʚʘʪʠ 

ʯʝʨʝʟ ʙʘʨ'ʻʨʠ. ʇʨʠʢʣʘʜʠ ʚʢʣʶʯʘʶʪʴ ʦʢʩʠʜʠ, ʪʘʢʽ ʷʢ ʦʢʩʠʜ ʘʣʶʤʽʥʽʶ, ʪʘ ʽʥʰʽ 

ʜʽʝʣʝʢʪʨʠʯʥʽ ʤʘʪʝʨʽʘʣʠ. 

ʇʦʣʫʧʨʦʚʽʜʥʠʢʠ: ɼʝʷʢʽ ʧʦʣʫʧʨʦʚʽʜʥʠʢʠ, ʪʘʢʽ ʷʢ ʛʝʨʤʘʥʽʡ ʪʘ ʢʨʝʤʥʽʡ, ʤʦʞʫʪʴ 

ʙʫʪʠ ʤʦʜʠʬʽʢʦʚʘʥʽ ʜʣʷ ʩʧʽʥʪʨʦʥʽʯʥʠʭ ʟʘʩʪʦʩʫʚʘʥʴ. ʅʘʧʨʠʢʣʘʜ, ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʽʥʞʝʢʮʽʾ ʩʧʽʥ-ʧʦʣʷʨʠʟʦʚʘʥʠʭ ʝʣʝʢʪʨʦʥʽʚ ʫ ʧʦʣʫʧʨʦʚʽʜʥʠʢʦʚʠʭ ʩʪʨʫʢʪʫʨʘʭ. 

ʊʦʥʢʽ ʧʣʽʚʢʠ ʪʘ ʥʘʥʦʤʘʪʝʨʽʘʣʠ: ɿ ʚʧʨʦʚʘʜʞʝʥʥʷʤ ʥʘʥʦʪʝʭʥʦʣʦʛʽʡ ʽʥʪʝʨʝʩ ʜʦ 

ʪʦʥʢʠʭ ʧʣʽʚʦʢ ʪʘ ʥʘʥʦʤʘʪʝʨʽʘʣʽʚ ʜʣʷ ʩʧʽʥʦʚʦʾ ʝʣʝʢʪʨʦʥʽʢʠ ʟʨʦʩʣʦ. ʎʽ ʤʘʪʝʨʽʘʣʠ 

ʤʦʞʫʪʴ ʤʘʪʠ ʫʥʽʢʘʣʴʥʽ ʩʧʽʥʪʨʦʥʽʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʪʘ ʤʦʞʫʪʴ ʙʫʪʠ ʚʠʢʦʨʠʩʪʘʥʽ ʜʣʷ 

ʩʪʚʦʨʝʥʥʷ ʥʦʚʠʭ ʪʠʧʽʚ ʧʨʠʩʪʨʦʾʚ. 

ʄʘʛʥʽʪʥʦ-ʨʝʟʠʩʪʠʚʥʽ ʤʘʪʝʨʽʘʣʠ: ʎʽ ʤʘʪʝʨʽʘʣʠ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʚ ʤʘʛʥʽʪʥʦ-

ʨʝʟʠʩʪʠʚʥʠʭ ʝʬʝʢʪʘʭ, ʪʘʢʠʭ ʷʢ ʝʬʝʢʪ ɻʄʆ, ʽ ʻ ʢʣʶʯʦʚʠʤʠ ʜʣʷ ʩʧʽʥʪʨʦʥʽʯʥʠʭ 

ʧʨʠʩʪʨʦʾʚ, ʪʘʢʠʭ ʷʢ ʤʘʛʥʽʪʥʦ-ʨʝʟʠʩʪʠʚʥʽ ʪʫʥʝʣʴʥʽ ʩʪʨʫʢʪʫʨʠ (ʄʈʊʉ). 

ʎʝ ʣʠʰʝ ʜʝʷʢʽ ʧʨʠʢʣʘʜʠ ʤʘʪʝʨʽʘʣʽʚ, ʷʢʽ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʘʙʦ ʤʦʞʫʪʴ ʙʫʪʠ 

ʚʠʢʦʨʠʩʪʘʥʽ ʚ ʩʧʽʥʦʚʽʡ ʝʣʝʢʪʨʦʥʽʮʽ. ʈʦʟʚʠʪʦʢ ʥʦʚʠʭ ʤʘʪʝʨʽʘʣʽʚ ʪʘ ʪʝʭʥʦʣʦʛʽʡ 

ʧʨʦʜʦʚʞʫʻʪʴʩʷ, ʨʦʟʰʠʨʶʶʯʠ ʤʦʞʣʠʚʦʩʪʽ ʩʧʽʥʪʨʦʥʽʢʠ ʚ ʨʽʟʥʠʭ ʟʘʩʪʦʩʫʚʘʥʥʷʭ. 
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ʄʘʛʥʽʪʥʽ ʛʝʪʝʨʦʩʪʨʫʢʪʫʨʠ ʻ ʢʣʶʯʦʚʠʤʠ ʝʣʝʤʝʥʪʘʤʠ ʚ ʩʧʽʥʦʚʽʡ ʝʣʝʢʪʨʦʥʽʮʽ. 

ʎʽ ʩʪʨʫʢʪʫʨʠ ʚʢʣʶʯʘʶʪʴ ʚ ʩʝʙʝ ʢʦʤʙʽʥʘʮʽʶ ʨʽʟʥʠʭ ʰʘʨʽʚ ʽ ʤʘʪʝʨʽʘʣʽʚ ʟ ʨʽʟʥʠʤʠ 

ʤʘʛʥʽʪʥʠʤʠ, ʝʣʝʢʪʨʦʥʥʠʤʠ ʽ ʩʧʽʥʪʨʦʥʽʯʥʠʤʠ ʚʣʘʩʪʠʚʦʩʪʷʤʠ. ɼʣʷ ʝʬʝʢʪʠʚʥʦʾ 

ʨʦʙʦʪʠ ʤʘʛʥʽʪʥʠʭ ʛʝʪʝʨʦʩʪʨʫʢʪʫʨ ʽ ʩʪʚʦʨʝʥʥʷ ʥʘʜʽʡʥʠʭ ʩʧʽʥ-ʝʣʝʢʪʨʦʥʥʠʭ 

ʧʨʠʩʪʨʦʾʚ, ʽʩʥʫʶʪʴ ʧʝʚʥʽ ʚʠʤʦʛʠ ʜʦ ʾʭ ʢʦʤʧʦʥʝʥʪʽʚ: 

ʄʘʛʥʽʪʥʘ ʩʪʘʙʽʣʴʥʽʩʪʴ: ʂʦʤʧʦʥʝʥʪʠ ʧʦʚʠʥʥʽ ʤʘʪʠ ʩʪʘʙʽʣʴʥʽ ʤʘʛʥʽʪʥʽ 

ʚʣʘʩʪʠʚʦʩʪʽ ʥʘ ʧʦʪʨʽʙʥʦʤʫ ʜʣʷ ʜʦʜʘʪʢʫ ʜʽʘʧʘʟʦʥʽ ʪʝʤʧʝʨʘʪʫʨ ʽ ʤʘʛʥʽʪʥʠʭ ʧʦʣʽʚ. 

ʉʧʽʥ-ʧʦʣʷʨʠʟʘʮʽʷ: ʆʜʥʠʤ ʟ ʢʣʶʯʦʚʠʭ ʧʘʨʘʤʝʪʨʽʚ ʜʣʷ ʩʧʽʥʦʚʦʾ ʝʣʝʢʪʨʦʥʽʢʠ ʻ 

ʩʧʽʥ-ʧʦʣʷʨʠʟʘʮʽʷ ʝʣʝʢʪʨʦʥʽʚ. ʂʦʤʧʦʥʝʥʪʠ ʧʦʚʠʥʥʽ ʙʫʪʠ ʟʜʘʪʥʽ ʛʝʥʝʨʫʚʘʪʠ, 

ʧʝʨʝʜʘʚʘʪʠ ʪʘ ʚʠʷʚʣʷʪʠ ʩʧʽʥ-ʧʦʣʷʨʠʟʦʚʘʥʽ ʝʣʝʢʪʨʦʥʠ. 

ʂʦʥʪʨʦʣʴ ʤʘʛʥʽʪʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ: ɼʣʷ ʩʪʚʦʨʝʥʥʷ ʝʬʝʢʪʠʚʥʠʭ 

ʩʧʽʥʦʚʦʝʣʝʢʪʨʦʥʥʠʭ ʧʨʠʩʪʨʦʾʚ ʧʦʪʨʽʙʥʦ ʤʘʪʠ ʤʦʞʣʠʚʽʩʪʴ ʢʦʥʪʨʦʣʶʚʘʪʠ ʤʘʛʥʽʪʥʽ 

ʚʣʘʩʪʠʚʦʩʪʽ ʛʝʪʝʨʦʩʪʨʫʢʪʫʨ, ʪʘʢʽ ʷʢ ʤʘʛʥʽʪʥʘ ʘʥʽʟʦʪʨʦʧʽʷ, ʢʦʝʨʮʠʪʠʚʥʘ ʩʠʣʘ ʽ 

ʤʘʛʥʽʪʥʘ ʩʧʽʥʪʨʦʥʽʯʥʘ ʚʟʘʻʤʦʜʽʷ. 

ʊʫʥʝʣʴʥʘ ʤʘʛʥʽʪʥʦ-ʨʝʟʠʩʪʠʚʥʘ ʚʽʜʧʦʚʽʜʴ: ɼʣʷ ʩʪʚʦʨʝʥʥʷ ʄʘʛʥʽʪʥʦ-

ʨʝʟʠʩʪʠʚʥʠʭ ʪʫʥʝʣʴʥʠʭ ʩʪʨʫʢʪʫʨ (ʄʈʊʉ) ʥʝʦʙʭʽʜʥʦ ʤʘʪʠ ʪʦʥʢʽ ʧʣʽʚʢʠ, ʱʦ 

ʟʘʙʝʟʧʝʯʫʶʪʴ ʚʝʣʠʢʠʡ ʝʬʝʢʪ ɻʽʛʘʥʪʩʴʢʦʛʦ ʤʘʛʥʽʪʦʦʧʦʨʫ (ɻʄʆ) ʪʘ ʥʠʟʴʢʠʡ 

ʪʫʥʝʣʴʥʠʡ ʦʧʽʨ. 

ɽʬʝʢʪʠʚʥʽʩʪʴ ʧʝʨʝʜʘʯʽ ʩʧʽʥʫ: ʂʦʤʧʦʥʝʥʪʠ ʧʦʚʠʥʥʽ ʟʘʙʝʟʧʝʯʫʚʘʪʠ ʝʬʝʢʪʠʚʥʠʡ 

ʧʝʨʝʥʦʩ ʩʧʽʥ-ʽʥʬʦʨʤʘʮʽʾ ʙʝʟ ʟʥʘʯʫʱʠʭ ʚʪʨʘʪ ʽ ʧʝʨʝʰʢʦʜ. 

ʉʪʘʙʽʣʴʥʽʩʪʴ ʽ ʜʦʚʛʦʚʽʯʥʽʩʪʴ: ɻʝʪʝʨʦʩʪʨʫʢʪʫʨʠ ʧʦʚʠʥʥʽ ʤʘʪʠ ʩʪʘʙʽʣʴʥʽʩʪʴ 

ʧʨʦʪʷʛʦʤ ʪʨʠʚʘʣʦʛʦ ʯʘʩʫ ʨʦʙʦʪʠ ʪʘ ʚ ʨʽʟʥʠʭ ʫʤʦʚʘʭ, ʱʦʙ ʟʘʙʝʟʧʝʯʠʪʠ 

ʜʦʚʛʦʚʽʯʥʽʩʪʴ ʧʨʠʩʪʨʦʾʚ. 

ɺʽʜʩʫʪʥʽʩʪʴ ʜʝʬʝʢʪʽʚ: ɼʝʬʝʢʪʠ ʚ ʩʪʨʫʢʪʫʨʘʭ ʤʦʞʫʪʴ ʚʧʣʠʚʘʪʠ ʥʘ ʾʭʥʽ 

ʩʧʽʥʪʨʦʥʽʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ. ʊʦʤʫ ʚʘʞʣʠʚʦ ʤʘʪʠ ʚʠʩʦʢʦʷʢʽʩʥʽ ʤʘʪʝʨʽʘʣʠ ʙʝʟ 

ʟʥʘʯʫʱʠʭ ʜʝʬʝʢʪʽʚ. 

ʎʽ ʚʠʤʦʛʠ ʜʦʧʦʤʘʛʘʶʪʴ ʟʘʙʝʟʧʝʯʠʪʠ ʝʬʝʢʪʠʚʥʽʩʪʴ, ʥʘʜʽʡʥʽʩʪʴ ʪʘ ʩʪʘʙʽʣʴʥʽʩʪʴ 

ʩʧʽʥʦʚʦʝʣʝʢʪʨʦʥʥʠʭ ʧʨʠʩʪʨʦʾʚ ʥʘ ʦʩʥʦʚʽ ʤʘʛʥʽʪʥʠʭ ʛʝʪʝʨʦʩʪʨʫʢʪʫʨ. 
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ʌʝʨʦʤʘʛʥʽʪʥʽ ʤʝʪʘʣʠ ʪʘ ʩʧʣʘʚʠ ʚʽʜʽʛʨʘʶʪʴ ʢʣʶʯʦʚʫ ʨʦʣʴ ʚ ʩʧʽʥʦʚʽʡ 

ʝʣʝʢʪʨʦʥʽʮʽ ʪʘ ʽʥʰʠʭ ʛʘʣʫʟʷʭ, ʜʝ ʧʦʪʨʽʙʥʽ ʤʘʪʝʨʽʘʣʠ ʟ ʚʠʩʦʢʠʤʠ ʤʘʛʥʽʪʥʠʤʠ 

ʚʣʘʩʪʠʚʦʩʪʷʤʠ. 

ɿʘʣʽʟʦ (Fe): ʎʝ ʦʜʠʥ ʟ ʥʘʡʙʽʣʴʰ ʧʦʰʠʨʝʥʠʭ ʬʝʨʦʤʘʛʥʽʪʥʠʭ ʤʝʪʘʣʽʚ, ʷʢʠʡ 

ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʚ ʨʽʟʥʠʭ ʟʘʩʪʦʩʫʚʘʥʥʷʭ, ʚʢʣʶʯʘʶʯʠ ʤʘʛʥʽʪʥʽ ʟʘʧʠʩʫʶʯʽ 

ʧʨʠʩʪʨʦʾ, ʤʘʛʥʽʪʥʽ ʩʝʥʩʦʨʠ ʪʘ ʽʥʰʽ ʩʧʽʥʦʚʦʝʣʝʢʪʨʦʥʥʽ ʧʨʠʩʪʨʦʾ. 

ʂʦʙʘʣʴʪ (Co): ʂʦʙʘʣʴʪ ʪʘʢʦʞ ʻ ʚʘʞʣʠʚʠʤ ʬʝʨʦʤʘʛʥʽʪʥʠʤ ʤʝʪʘʣʦʤ, ʱʦ 

ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʚ ʨʽʟʥʠʭ ʤʘʛʥʽʪʥʠʭ ʟʘʩʪʦʩʫʚʘʥʥʷʭ, ʟʦʢʨʝʤʘ ʚ ʤʘʛʥʽʪʥʠʭ ʩʧʣʘʚʘʭ. 

ʅʽʢʝʣʴ (Ni): ʅʽʢʝʣʴ ʻ ʽʥʰʠʤ ʬʝʨʦʤʘʛʥʽʪʥʠʤ ʤʝʪʘʣʦʤ, ʷʢʠʡ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ 

ʚ ʨʽʟʥʠʭ ʛʘʣʫʟʷʭ, ʚʢʣʶʯʘʶʯʠ ʩʧʽʥʦʚʫ ʝʣʝʢʪʨʦʥʽʢʫ, ʤʘʛʥʽʪʥʽ ʤʘʪʝʨʽʘʣʠ ʪʘ ʽʥʰʽ 

ʟʘʩʪʦʩʫʚʘʥʥʷ. 

ʇʝʨʤʘʣʣʦʾʜʠ: ʎʝ ʩʧʝʮʽʘʣʴʥʽ ʤʘʛʥʽʪʥʽ ʩʧʣʘʚʠ, ʷʢʽ ʤʽʩʪʷʪʴ ʟʘʣʽʟʦ, ʢʦʙʘʣʴʪ ʪʘ 

ʥʽʢʝʣʴ, ʘ ʪʘʢʦʞ ʜʦʜʘʪʢʦʚʽ ʝʣʝʤʝʥʪʠ, ʱʦʙ ʧʦʢʨʘʱʠʪʠ ʾʭ ʤʘʛʥʽʪʥʽ ʚʣʘʩʪʠʚʦʩʪʽ. ɺʦʥʠ 

ʯʘʩʪʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʚ ʤʘʛʥʽʪʥʠʭ ʪʘ ʩʧʽʥʦʚʦʝʣʝʢʪʨʦʥʥʠʭ ʧʨʠʩʪʨʦʷʭ. 

ɻʘʨʜʤʘʥʦʚʽ ʩʧʣʘʚʠ: ʎʽ ʩʧʣʘʚʠ ʤʽʩʪʷʪʴ ʢʦʤʙʽʥʘʮʽʾ ʬʝʨʦʤʘʛʥʽʪʥʠʭ ʝʣʝʤʝʥʪʽʚ, 

ʪʘʢʠʭ ʷʢ ʟʘʣʽʟʦ, ʢʦʙʘʣʴʪ, ʥʽʢʝʣʴ ʪʘ ʽʥʰʽ, ʽ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʚ ʨʽʟʥʠʭ ʤʘʛʥʽʪʥʠʭ 

ʟʘʩʪʦʩʫʚʘʥʥʷʭ. 

ʄʝʪʘʣʽʯʥʽ ʛʝʪʝʨʦʩʪʨʫʢʪʫʨʠ: ɼʦʜʘʚʘʥʥʷ ʽʥʰʠʭ ʤʝʪʘʣʽʚ ʜʦ ʬʝʨʦʤʘʛʥʽʪʥʠʭ 

ʤʝʪʘʣʽʚ ʤʦʞʝ ʩʪʚʦʨʶʚʘʪʠ ʤʝʪʘʣʽʯʥʽ ʛʝʪʝʨʦʩʪʨʫʢʪʫʨʠ ʟ ʫʥʽʢʘʣʴʥʠʤʠ ʤʘʛʥʽʪʥʠʤʠ ʪʘ 

ʩʧʽʥʪʨʦʥʽʯʥʠʤʠ ʚʣʘʩʪʠʚʦʩʪʷʤʠ. 

ʎʝ ʣʠʰʝ ʜʝʷʢʽ ʧʨʠʢʣʘʜʠ ʬʝʨʦʤʘʛʥʽʪʥʠʭ ʤʝʪʘʣʽʚ ʪʘ ʩʧʣʘʚʽʚ, ʷʢʽ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʘʙʦ ʜʦʩʣʽʜʞʫʶʪʴʩʷ ʚ ʢʦʥʪʝʢʩʪʽ ʩʧʽʥʦʚʦʾ ʝʣʝʢʪʨʦʥʽʢʠ ʪʘ 

ʤʘʛʥʽʪʥʠʭ ʤʘʪʝʨʽʘʣʽʚ. ɺʣʘʩʪʠʚʦʩʪʽ ʮʠʭ ʤʘʪʝʨʽʘʣʽʚ ʤʦʞʫʪʴ ʙʫʪʠ ʥʘʣʘʰʪʦʚʘʥʽ ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʩʧʝʮʽʘʣʴʥʠʭ ʪʝʭʥʽʢ ʦʙʨʦʙʢʠ, ʤʘʛʥʽʪʥʦʛʦ ʧʦʣʷ ʪʘ ʜʦʜʘʚʘʥʥʷ ʜʦʤʽʰʦʢ, 

ʱʦ ʨʦʟʰʠʨʶʻ ʾʭʥʽ ʟʘʩʪʦʩʫʚʘʥʥʷ ʚ ʨʽʟʥʠʭ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʟʘʩʪʦʩʫʚʘʥʥʷʭ. 

ʇʦʣʦʚʠʥʥʽ ʤʝʪʘʣʠ, ʪʘʢʦʞ ʚʽʜʦʤʽ ʷʢ ʧʦʣʫʧʨʦʚʽʜʥʠʢʠ, ʻ ʤʘʪʝʨʽʘʣʘʤʠ, ʱʦ ʤʘʶʪʴ 

ʚʣʘʩʪʠʚʦʩʪʽ, ʷʢʽ ʟʥʘʭʦʜʷʪʴʩʷ ʤʽʞ ʤʝʪʘʣʘʤʠ ʪʘ ʽʟʦʣʷʪʦʨʘʤʠ. ɰʭʥʽ ʝʣʝʢʪʨʠʯʥʽ 

ʚʣʘʩʪʠʚʦʩʪʽ ʟʘʣʝʞʘʪʴ ʚʽʜ ʯʠʩʣʘ ʚʽʣʴʥʠʭ ʝʣʝʢʪʨʦʥʽʚ, ʷʢʽ ʜʦʩʪʫʧʥʽ ʜʣʷ ʧʨʦʚʝʜʝʥʥʷ 

ʩʪʨʫʤʫ. ʆʩʴ ʜʝʷʢʽ ʢʣʶʯʦʚʽ ʘʩʧʝʢʪʠ ʧʦʣʦʚʠʥʥʠʭ ʤʝʪʘʣʽʚ: 



30 
 

ɿʦʥʘ ʧʨʦʚʽʜʥʦʩʪʽ ʪʘ ʟʦʥʘ ʚʘʣʝʥʪʥʦʩʪʽ: ʋ ʧʦʣʫʧʨʦʚʽʜʥʠʢʘʭ ʽʩʥʫʻ ʟʦʥʘ, ʟʚʘʥʘ 

ʟʦʥʦʶ ʧʨʦʚʽʜʥʦʩʪʽ, ʜʝ ʝʣʝʢʪʨʦʥʠ ʤʦʞʫʪʴ ʣʝʛʢʦ ʨʫʭʘʪʠʩʷ, ʘ ʪʘʢʦʞ ʟʦʥʘ 

ʚʘʣʝʥʪʥʦʩʪʽ, ʜʝ ʝʣʝʢʪʨʦʥʠ ʚʽʜʩʫʪʥʽ ʘʙʦ ʤʘʶʪʴ ʚʽʜʥʦʩʥʦ ʚʝʣʠʢʫ ʝʥʝʨʛʽʶ. 

ʉʪʠʤʫʣʴʦʚʘʥʘ ʧʨʦʚʽʜʥʽʩʪʴ: ɽʣʝʢʪʨʦʥʠ ʤʦʞʫʪʴ ʙʫʪʠ "ʟʙʫʜʞʝʥʽ" ʟ ʟʦʥʠ 

ʚʘʣʝʥʪʥʦʩʪʽ ʜʦ ʟʦʥʠ ʧʨʦʚʽʜʥʦʩʪʽ ʟʘ ʜʦʧʦʤʦʛʦʶ ʪʝʧʣʦʚʦʾ ʝʥʝʨʛʽʾ, ʩʚʽʪʣʘ ʘʙʦ ʽʥʰʠʭ 

ʟʦʚʥʽʰʥʽʭ ʩʪʠʤʫʣʽʚ, ʱʦ ʜʦʟʚʦʣʷʻ ʾʤ ʧʨʦʚʦʜʠʪʠ ʩʪʨʫʤ. 

ɼʽʨʢʠ: ʋ ʧʦʣʫʧʨʦʚʽʜʥʠʢʘʭ, ʜʝ ʚʽʜʩʫʪʥʽ ʚʽʣʴʥʽ ʝʣʝʢʪʨʦʥʠ, "ʜʽʨʢʠ" ʤʦʞʫʪʴ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠʩʷ ʷʢ "ʧʦʟʠʪʠʚʥʽ" ʥʦʩʽʾ ʟʘʨʷʜʫ, ʷʢʽ ʤʦʞʫʪʴ ʨʫʭʘʪʠʩʷ ʫ ʟʦʥʽ 

ʚʘʣʝʥʪʥʦʩʪʽ. 

ɼʦʜʘʚʘʥʥʷ ʜʦʤʽʰʦʢ: ʇʦʣʫʧʨʦʚʽʜʥʠʢʠ ʤʦʞʫʪʴ ʙʫʪʠ ʥʘʤʘʛʥʽʯʝʥʠʤʠ ʘʙʦ 

ʤʦʜʠʬʽʢʦʚʘʥʠʤʠ ʜʦʜʘʚʘʥʥʷʤ ʜʦʤʽʰʦʢ, ʱʦ ʟʤʽʥʶʶʪʴ ʾʭʥʽ ʝʣʝʢʪʨʠʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ, 

ʱʦ ʜʦʟʚʦʣʷʻ ʢʦʥʪʨʦʣʶʚʘʪʠ ʧʨʦʚʽʜʥʽʩʪʴ ʪʘ ʽʥʰʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ. 

ʊʝʭʥʦʣʦʛʽʯʥʽ ʟʘʩʪʦʩʫʚʘʥʥʷ: ʇʦʣʦʚʠʥʥʽ ʤʝʪʘʣʠ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʚ ʨʽʟʥʠʭ 

ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʟʘʩʪʦʩʫʚʘʥʥʷʭ, ʚʢʣʶʯʘʶʯʠ ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʦʚʫ ʝʣʝʢʪʨʦʥʽʢʫ, ʩʦʥʷʯʥʽ 

ʧʘʥʝʣʽ, ʣʘʟʝʨʠ, ʪʨʘʥʟʠʩʪʦʨʠ, ʜʽʦʜʠ, ʩʝʥʩʦʨʠ ʪʘ ʽʥʰʽ ʝʣʝʢʪʨʦʥʥʽ ʧʨʠʩʪʨʦʾ. 

ɺʣʘʩʪʠʚʦʩʪʽ ʟʘʣʝʞʘʪʴ ʚʽʜ ʪʝʤʧʝʨʘʪʫʨʠ: ɽʣʝʢʪʨʠʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʧʦʣʦʚʠʥʥʠʭ 

ʤʝʪʘʣʽʚ, ʪʘʢʠʭ ʷʢ ʧʨʦʚʽʜʥʽʩʪʴ, ʟʤʽʥʶʶʪʴʩʷ ʟ ʪʝʤʧʝʨʘʪʫʨʦʶ, ʱʦ ʤʦʞʝ ʚʧʣʠʚʘʪʠ ʥʘ 

ʾʭʥʽ ʪʝʭʥʽʯʥʽ ʟʘʩʪʦʩʫʚʘʥʥʷ. 

ʄʘʛʥʽʪʥʽ ʥʘʧʽʚʤʝʪʘʣʠ ð ʮʝ ʩʧʝʮʠʬʽʯʥʠʡ ʢʣʘʩ ʤʘʪʝʨʽʘʣʽʚ, ʷʢʽ ʧʦʻʜʥʫʶʪʴ 

ʚʣʘʩʪʠʚʦʩʪʽ ʤʘʛʥʽʪʥʠʭ ʪʘ ʥʘʧʽʚʧʨʦʚʽʜʥʠʯʠʭ ʤʘʪʝʨʽʘʣʽʚ. ʎʽ ʤʘʪʝʨʽʘʣʠ ʚʠʷʚʣʷʶʪʴ 

ʤʘʛʥʽʪʥʽ ʚʣʘʩʪʠʚʦʩʪʽ, ʪʘʢʽ ʷʢ ʬʝʨʨʦʤʘʛʥʝʪʠʟʤ, ʘʣʝ ʪʘʢʦʞ ʤʘʶʪʴ ʥʘʧʽʚʧʨʦʚʽʜʥʠʯʥʽ 

ʚʣʘʩʪʠʚʦʩʪʽ, ʪʘʢʽ ʷʢ ʝʣʝʢʪʨʦʥʥʘ ʧʨʦʚʽʜʥʽʩʪʴ. 

ɽʣʝʢʪʨʦʥʥʘ ʩʪʨʫʢʪʫʨʘ: ʄʘʛʥʽʪʥʽ ʥʘʧʽʚʤʝʪʘʣʠ ʤʘʶʪʴ ʩʧʝʮʠʬʽʯʥʫ ʝʣʝʢʪʨʦʥʥʫ 

ʩʪʨʫʢʪʫʨʫ, ʷʢʘ ʜʦʟʚʦʣʷʻ ʾʤ ʚʠʷʚʣʷʪʠ ʤʘʛʥʽʪʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʪʘ ʝʣʝʢʪʨʦʥʥʫ 

ʧʨʦʚʽʜʥʽʩʪʴ ʦʜʥʦʯʘʩʥʦ. 

ʊʦʧʦʣʦʛʽʯʥʽ ʽʥʚʘʨʽʘʥʪʠ: ɼʝʷʢʽ ʤʘʛʥʽʪʥʽ ʥʘʧʽʚʤʝʪʘʣʠ ʚʽʜʟʥʘʯʘʶʪʴʩʷ ʥʘʷʚʥʽʩʪʶ 

ʪʦʧʦʣʦʛʽʯʥʠʭ ʽʥʚʘʨʽʘʥʪʽʚ, ʪʘʢʠʭ ʷʢ ʢʚʘʥʪʦʚʽ ʭʦʣʣʽʚʩʴʢʽ ʝʬʝʢʪʠ, ʷʢʽ ʚʽʜʨʽʟʥʷʶʪʴ ʾʭ 

ʚʽʜ ʽʥʰʠʭ ʤʘʪʝʨʽʘʣʽʚ. 

ʊʝʭʥʦʣʦʛʽʯʥʽ ʟʘʩʪʦʩʫʚʘʥʥʷ: ʄʘʛʥʽʪʥʽ ʥʘʧʽʚʤʝʪʘʣʠ ʤʘʶʪʴ ʧʦʪʝʥʮʽʘʣ ʜʣʷ 

ʟʘʩʪʦʩʫʚʘʥʥʷ ʚ ʨʽʟʥʠʭ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʟʘʩʪʦʩʫʚʘʥʥʷʭ, ʚʢʣʶʯʘʶʯʠ ʩʧʽʥʦʚʫ 
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ʝʣʝʢʪʨʦʥʽʢʫ, ʤʘʛʥʽʪʥʽ ʧʘʤ'ʷʪʽ, ʤʘʛʥʽʪʥʽ ʩʝʥʩʦʨʠ, ʢʚʘʥʪʦʚʫ ʦʙʯʠʩʣʶʚʘʣʴʥʫ 

ʪʝʭʥʦʣʦʛʽʶ ʪʘ ʽʥʰʽ ʩʧʽʥʪʨʦʥʽʯʥʽ ʧʨʠʩʪʨʦʾ. 

ʄʘʛʥʽʪʥʘ ʜʠʥʘʤʽʢʘ: ʄʘʛʥʽʪʥʽ ʥʘʧʽʚʤʝʪʘʣʠ ʤʦʞʫʪʴ ʜʝʤʦʥʩʪʨʫʚʘʪʠ 

ʨʽʟʥʦʤʘʥʽʪʥʽ ʤʘʛʥʽʪʥʽ ʩʪʨʫʢʪʫʨʠ ʪʘ ʜʠʥʘʤʽʢʫ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʾʭʥʴʦʾ ʭʽʤʽʯʥʦʾ 

ʩʪʨʫʢʪʫʨʠ, ʪʝʤʧʝʨʘʪʫʨʠ ʪʘ ʟʦʚʥʽʰʥʽʭ ʫʤʦʚ. 

ɼʦʩʣʽʜʞʝʥʥʷ ʪʘ ʨʦʟʚʠʪʦʢ: ʄʘʛʥʽʪʥʽ ʥʘʧʽʚʤʝʪʘʣʠ ʻ ʦʙ'ʻʢʪʦʤ ʽʥʪʝʥʩʠʚʥʦʛʦ 

ʜʦʩʣʽʜʞʝʥʥʷ ʚ ʩʫʯʘʩʥʽʡ ʥʘʫʮʽ ʪʘ ʪʝʭʥʦʣʦʛʽʾ, ʦʩʢʽʣʴʢʠ ʚʦʥʠ ʧʨʦʧʦʥʫʶʪʴ ʥʦʚʽ 

ʤʦʞʣʠʚʦʩʪʽ ʜʣʷ ʩʪʚʦʨʝʥʥʷ ʧʝʨʝʜʦʚʠʭ ʪʘ ʝʬʝʢʪʠʚʥʠʭ ʩʧʽʥʪʨʦʥʽʯʥʠʭ ʧʨʠʩʪʨʦʾʚ. 

ʄʘʛʥʽʪʥʽ ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʠ - ʮʝ ʢʣʘʩ ʤʘʪʝʨʽʘʣʽʚ, ʷʢʽ ʦʙ'ʻʜʥʫʶʪʴ ʚʣʘʩʪʠʚʦʩʪʽ 

ʤʘʛʥʽʪʥʠʭ ʪʘ ʥʘʧʽʚʧʨʦʚʽʜʥʠʯʠʭ ʤʘʪʝʨʽʘʣʽʚ. ɺʦʥʠ ʤʘʶʪʴ ʩʧʝʮʠʬʽʯʥʫ ʝʣʝʢʪʨʦʥʥʫ 

ʩʪʨʫʢʪʫʨʫ, ʷʢʘ ʜʦʟʚʦʣʷʻ ʾʤ ʚʠʷʚʣʷʪʠ ʤʘʛʥʽʪʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʪʘ ʧʨʦʚʽʜʥʽʩʪʴ. 

ʄʘʛʥʽʪʥʘ ʩʪʨʫʢʪʫʨʘ: ʎʽ ʤʘʪʝʨʽʘʣʠ ʚʠʷʚʣʷʶʪʴ ʤʘʛʥʽʪʥʫ ʩʪʨʫʢʪʫʨʫ, ʱʦ ʤʦʞʝ 

ʙʫʪʠ ʬʝʨʨʦʤʘʛʥʽʪʥʦʶ, ʘʥʪʠʬʝʨʨʦʤʘʛʥʽʪʥʦʶ, ʬʝʨʨʽʤʘʛʥʽʪʥʦʶ ʘʙʦ ʽʥʰʦʶ ʚ 

ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʭʽʤʽʯʥʦʾ ʩʪʨʫʢʪʫʨʠ ʪʘ ʫʤʦʚ ʝʢʩʧʝʨʠʤʝʥʪʫ. 

ɽʣʝʢʪʨʦʥʥʽ ʚʣʘʩʪʠʚʦʩʪʽ: ɺʦʥʠ ʪʘʢʦʞ ʤʘʶʪʴ ʝʣʝʢʪʨʦʥʥʽ ʚʣʘʩʪʠʚʦʩʪʽ, 

ʭʘʨʘʢʪʝʨʥʽ ʜʣʷ ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʽʚ, ʷʢʽ ʜʦʟʚʦʣʷʶʪʴ ʾʤ ʧʨʦʚʦʜʠʪʠ ʝʣʝʢʪʨʠʯʥʠʡ 

ʩʪʨʫʤ. 

ʊʝʭʥʦʣʦʛʽʯʥʽ ʟʘʩʪʦʩʫʚʘʥʥʷ: ʄʘʛʥʽʪʥʽ ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʠ ʤʘʶʪʴ ʧʦʪʝʥʮʽʘʣ ʜʣʷ 

ʟʘʩʪʦʩʫʚʘʥʥʷ ʚ ʨʽʟʥʠʭ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʟʘʩʪʦʩʫʚʘʥʥʷʭ, ʚʢʣʶʯʘʶʯʠ ʩʧʽʥʦʚʫ 

ʝʣʝʢʪʨʦʥʽʢʫ, ʤʘʛʥʽʪʥʽ ʧʘʤ'ʷʪʽ, ʤʘʛʥʽʪʥʽ ʩʝʥʩʦʨʠ, ʢʚʘʥʪʦʚʫ ʦʙʯʠʩʣʶʚʘʣʴʥʫ 

ʪʝʭʥʦʣʦʛʽʶ ʪʘ ʽʥʰʽ ʩʧʽʥʪʨʦʥʽʯʥʽ ʧʨʠʩʪʨʦʾ. 

ɼʦʩʣʽʜʞʝʥʥʷ ʪʘ ʨʦʟʚʠʪʦʢ: ʄʘʛʥʽʪʥʽ ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʠ ʻ ʧʨʝʜʤʝʪʦʤ ʘʢʪʠʚʥʠʭ 

ʜʦʩʣʽʜʞʝʥʴ ʚ ʩʫʯʘʩʥʽʡ ʥʘʫʮʽ ʪʘ ʪʝʭʥʦʣʦʛʽʾ, ʦʩʢʽʣʴʢʠ ʚʦʥʠ ʚʽʜʢʨʠʚʘʶʪʴ ʥʦʚʽ 

ʤʦʞʣʠʚʦʩʪʽ ʜʣʷ ʩʪʚʦʨʝʥʥʷ ʧʝʨʝʜʦʚʠʭ ʪʘ ʝʬʝʢʪʠʚʥʠʭ ʩʧʽʥʪʨʦʥʽʯʥʠʭ ʧʨʠʩʪʨʦʾʚ. 

ʊʦʧʦʣʦʛʽʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ: ɼʝʷʢʽ ʤʘʛʥʽʪʥʽ ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʠ ʤʦʞʫʪʴ ʤʘʪʠ 

ʪʦʧʦʣʦʛʽʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ, ʪʘʢʽ ʷʢ ʟʘʭʠʱʝʥʽ ʧʦʚʝʨʭʥʝʚʽ ʩʪʘʥʠ, ʱʦ ʤʦʞʫʪʴ ʙʫʪʠ 

ʢʦʨʠʩʥʠʤʠ ʜʣʷ ʨʝʘʣʽʟʘʮʽʾ ʨʽʟʥʦʤʘʥʽʪʥʠʭ ʩʧʽʥʪʨʦʥʽʯʥʠʭ ʝʬʝʢʪʽʚ. 

          ʂʣʘʩʠʬiʢʘʮiʷ ʧʨʦʚiʜʥʠʭ ʪʠʧʽʚ ʬʝʨʦʤʘʛʥʝʪʠʢiʚ 

ʌʝʨʦʤʘʛʥʝʪʠʢʠ ʻ ʤʘʪʝʨʽʘʣʘʤʠ, ʷʢʽ ʚʠʷʚʣʷʶʪʴ ʩʧʦʥʪʘʥʥʫ ʤʘʛʥʽʪʥʫ ʧʦʨʷʜʦʢ 

ʧʨʠ ʜʝʷʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ. ʎʽ ʤʘʪʝʨʽʘʣʠ ʤʦʞʥʘ ʢʣʘʩʠʬʽʢʫʚʘʪʠ ʟʘ ʨʽʟʥʠʤʠ 
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ʢʨʠʪʝʨʽʷʤʠ, ʪʘʢʠʤʠ ʷʢ ʭʽʤʽʯʥʠʡ ʩʢʣʘʜ, ʢʨʠʩʪʘʣʽʯʥʘ ʩʪʨʫʢʪʫʨʘ, ʘ ʪʘʢʦʞ ʚʽʜʧʦʚʽʜʥʽ 

ʤʘʛʥʽʪʥʽ ʚʣʘʩʪʠʚʦʩʪʽ.  

ɿʘ ʪʠʧʦʤ ʝʣʝʤʝʥʪʽʚ: 

ʇʝʨʝʭʽʜʥʽ ʤʝʪʘʣʠ: ʅʘʧʨʠʢʣʘʜ, ʟʘʣʽʟʦ (Fe), ʥʽʢʝʣʴ (Ni), ʢʦʙʘʣʴʪ (Co) ʽ ʾʭ 

ʩʧʣʘʚʠ. 

ʃʘʥʪʘʥʽʜʠ ʪʘ ʘʢʪʠʥʽʜʠ: ɼʝʷʢʽ ʝʣʝʤʝʥʪʠ ʮʠʭ ʛʨʫʧ ʪʘʢʦʞ ʚʠʷʚʣʷʶʪʴ 

ʬʝʨʦʤʘʛʥʽʪʥʽ ʚʣʘʩʪʠʚʦʩʪʽ, ʪʘʢʽ ʷʢ ʛʘʜʦʣʽʥʽʡ (Gd), ʪʝʨʙʽʡ (Tb), ʜʠʩʧʨʦʟʽʡ (Dy) ʪʦʱʦ. 

ɿʘ ʢʨʠʩʪʘʣʽʯʥʦʶ ʩʪʨʫʢʪʫʨʦʶ: 

ɹʽʢʦʚʘʣʝʥʪʥʽ ʬʝʨʦʤʘʛʥʝʪʠʢʠ: ʄʘʪʝʨʽʘʣʠ ʟ ʢʫʙʽʯʥʦʶ, ʛʝʢʩʘʛʦʥʘʣʴʥʦʶ, 

ʪʝʪʨʘʛʦʥʘʣʴʥʦʶ ʘʙʦ ʽʥʰʦʶ ʢʨʠʩʪʘʣʽʯʥʦʶ ʩʪʨʫʢʪʫʨʦʶ. 

ʆʜʥʦʚʘʣʝʥʪʥʽ ʬʝʨʦʤʘʛʥʝʪʠʢʠ: ɼʝʷʢʽ ʤʘʪʝʨʽʘʣʠ, ʷʢʽ ʤʘʶʪʴ ʦʜʥʦʟʥʘʯʥʫ 

ʟʘʣʝʞʥʽʩʪʴ ʚʽʜ ʥʘʧʨʷʤʢʫ ʩʧʽʥʫ, ʱʦ ʚʧʣʠʚʘʻ ʥʘ ʾʭʥʽ ʤʘʛʥʽʪʥʽ ʚʣʘʩʪʠʚʦʩʪʽ. 

ɿʘ ʪʝʤʧʝʨʘʪʫʨʦʶ ʂʶʨʽ: 

ɺʠʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʽ ʬʝʨʦʤʘʛʥʝʪʠʢʠ: ʄʘʪʝʨʽʘʣʠ, ʷʢʽ ʜʝʤʦʥʩʪʨʫʶʪʴ 

ʬʝʨʦʤʘʛʥʽʪʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʧʨʠ ʚʠʩʦʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ. 

ʅʠʟʴʢʦʪʝʤʧʝʨʘʪʫʨʥʽ ʬʝʨʦʤʘʛʥʝʪʠʢʠ: ʄʘʪʝʨʽʘʣʠ, ʷʢʽ ʧʨʦʷʚʣʷʶʪʴ 

ʬʝʨʦʤʘʛʥʽʪʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʧʨʠ ʥʠʟʴʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ, ʥʘʙʣʠʞʘʶʯʠʩʴ ʜʦ 

ʘʙʩʦʣʶʪʥʦʛʦ ʥʫʣʷ. 

ɿʘ ʤʘʛʥʽʪʥʠʤʠ ʚʣʘʩʪʠʚʦʩʪʷʤʠ: 

ʉʠʣʴʥʽ ʬʝʨʦʤʘʛʥʝʪʠʢʠ: ʄʘʪʝʨʽʘʣʠ, ʷʢʽ ʚʠʷʚʣʷʶʪʴ ʚʠʩʦʢʽ ʟʥʘʯʝʥʥʷ ʤʘʛʥʽʪʥʦʾ 

ʩʘʪʫʨʘʮʽʾ ʪʘ ʢʦʝʨʮʠʪʠʚʥʦʾ ʩʠʣʠ. 

ʄ'ʷʢʽ ʬʝʨʦʤʘʛʥʝʪʠʢʠ: ʄʘʪʝʨʽʘʣʠ, ʷʢʽ ʣʝʛʢʦ ʜʝʤʘʛʥʽʪʫʶʪʴʩʷ, ʟ ʥʠʟʴʢʠʤʠ 

ʟʥʘʯʝʥʥʷʤʠ ʤʘʛʥʽʪʥʦʾ ʩʘʪʫʨʘʮʽʾ ʪʘ ʢʦʝʨʮʠʪʠʚʥʦʾ ʩʠʣʠ. 
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2  ʄɸɻʅɯʊʆʆʇʊʀʏʅɯ ʄɽʊʆɼʀʂʀ ɯ ʄɽʊʆɼʀ ʄʆɼɽʃʖɺɸʅʅʗ  

 

2.1. ʄʘʛʥʽʪʦʦʧʪʠʯʥʽ ʝʬʝʢʪʠ, ʤʘʪʝʨʽʘʣʠ, ʤʝʪʦʜʠʢʠ ʜʦʩʣʽʜʞʝʥʴ 

 

ʄʘʛʥʽʪʦʦʧʪʠʯʥʽ ʝʬʝʢʪʠ ʚʽʜʥʦʩʷʪʴʩʷ ʜʦ ʷʚʠʱ, ʧʨʠ ʷʢʠʭ ʚʟʘʻʤʦʜʽʷ ʤʽʞ ʩʚʽʪʣʦʤ ʪʘ 

ʤʘʪʝʨʽʘʣʦʤ ʚʽʜʙʫʚʘʻʪʴʩʷ ʧʽʜ ʚʧʣʠʚʦʤ ʤʘʛʥʽʪʥʦʛʦ ʧʦʣʷ. ʎʽ ʝʬʝʢʪʠ ʚʠʥʠʢʘʶʪʴ ʯʝʨʝʟ 

ʟʤʽʥʠ ʚ ʦʧʪʠʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʷʭ ʤʘʪʝʨʽʘʣʫ ʧʽʜ ʜʽʻʶ ʟʦʚʥʽʰʥʴʦʛʦ ʤʘʛʥʽʪʥʦʛʦ ʧʦʣʷ.  

ɼʦʩʣʽʜʞʝʥʥʷ ʤʘʛʥʽʪʥʠʭ ʤʘʪʝʨʽʘʣʽʚ: ʄʘʛʥʽʪʦʦʧʪʠʯʥʽ ʤʝʪʦʜʠ ʜʦʟʚʦʣʷʶʪʴ 

ʚʠʚʯʘʪʠ ʤʘʛʥʽʪʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʤʘʪʝʨʽʘʣʽʚ ʥʘ ʤʽʢʨʦʩʢʦʧʽʯʥʦʤʫ ʨʽʚʥʽ, ʱʦ ʻ ʚʘʞʣʠʚʠʤ 

ʜʣʷ ʨʦʟʫʤʽʥʥʷ ʤʘʛʥʽʪʥʠʭ ʩʪʨʫʢʪʫʨ ʪʘ ʧʨʦʮʝʩʽʚ. 

ʊʝʭʥʦʣʦʛʽʾ ʟʙʝʨʽʛʘʥʥʷ ʽʥʬʦʨʤʘʮʽʾ: ʄʘʛʥʽʪʦʦʧʪʠʯʥʽ ʤʘʪʝʨʽʘʣʠ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʫ ʜʠʩʢʘʭ ʜʣʷ ʟʙʝʨʽʛʘʥʥʷ ʜʘʥʠʭ. ɺʟʘʻʤʦʜʽʷ ʩʚʽʪʣʘ ʪʘ ʤʘʛʥʽʪʥʠʭ 

ʜʦʤʝʥʽʚ ʜʦʟʚʦʣʷʻ ʯʠʪʘʪʠ ʪʘ ʟʘʧʠʩʫʚʘʪʠ ʽʥʬʦʨʤʘʮʽʶ ʟ ʚʠʩʦʢʦʶ ʱʽʣʴʥʽʩʪʶ ʜʘʥʠʭ. 

ʉʝʥʩʦʨʥʽ ʪʘ ʜʘʪʯʠʢʦʚʽ ʩʠʩʪʝʤʠ: ʄʘʛʥʽʪʦʦʧʪʠʯʥʽ ʩʝʥʩʦʨʠ ʤʦʞʫʪʴ ʚʠʤʽʨʶʚʘʪʠ 

ʤʽʢʨʦʩʢʦʧʽʯʥʽ ʟʤʽʥʠ ʚ ʤʘʛʥʽʪʥʠʭ ʧʦʣʷʭ, ʱʦ ʻ ʢʦʨʠʩʥʠʤ ʜʣʷ ʜʦʩʣʽʜʞʝʥʥʷ ʪʘ 

ʟʘʩʪʦʩʫʚʘʥʥʷ ʚ ʥʘʫʢʦʚʠʭ ʜʦʩʣʽʜʞʝʥʥʷʭ, ʤʝʜʠʮʠʥʽ ʪʘ ʧʨʦʤʠʩʣʦʚʦʩʪʽ. 

ʂʚʘʥʪʦʚʘ ʝʣʝʢʪʨʦʥʽʢʘ: ɺʠʚʯʝʥʥʷ ʤʘʛʥʽʪʦʦʧʪʠʯʥʠʭ ʝʬʝʢʪʽʚ ʜʦʟʚʦʣʷʻ 

ʨʦʟʨʦʙʣʷʪʠ ʥʦʚʽ ʧʨʠʩʪʨʦʾ ʜʣʷ ʢʚʘʥʪʦʚʦʾ ʝʣʝʢʪʨʦʥʽʢʠ, ʪʘʢʽ ʷʢ ʢʚʘʥʪʦʚʽ ʢʦʤʧ'ʶʪʝʨʠ 

ʪʘ ʢʚʘʥʪʦʚʽ ʩʝʥʩʦʨʠ, ʷʢʽ ʤʦʞʫʪʴ ʧʨʘʮʶʚʘʪʠ ʥʘ ʦʩʥʦʚʽ ʫʥʽʢʘʣʴʥʠʭ ʤʘʛʥʽʪʥʠʭ 

ʚʣʘʩʪʠʚʦʩʪʝʡ ʤʘʪʝʨʽʘʣʽʚ. 

ʄʘʛʥʽʪʥʘ ʩʧʽʥʪʨʦʥʽʢʘ: ʄʘʛʥʽʪʦʦʧʪʠʯʥʽ ʝʬʝʢʪʠ ʚʽʜʽʛʨʘʶʪʴ ʚʘʞʣʠʚʫ ʨʦʣʴ ʫ 

ʨʦʟʚʠʪʢʫ ʥʦʚʠʭ ʩʧʽʥʪʨʦʥʽʯʥʠʭ ʧʨʠʩʪʨʦʾʚ, ʷʢʽ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʩʧʽʥ ʝʣʝʢʪʨʦʥʽʚ ʜʣʷ 

ʧʝʨʝʜʘʯʽ ʪʘ ʦʙʨʦʙʢʠ ʽʥʬʦʨʤʘʮʽʾ. 

ʆʩʥʦʚʥʽ ʤʘʛʥʽʪʦʦʧʪʠʯʥʽ ʝʬʝʢʪʠ. 

ɽʬʝʢʪ ʌʘʨʘʜʝʷ ʻ ʦʜʥʠʤ ʟ ʦʩʥʦʚʥʠʭ ʤʘʛʥʽʪʦʦʧʪʠʯʥʠʭ ʝʬʝʢʪʽʚ, ʷʢʠʡ 

ʚʽʜʦʙʨʘʞʘʻ ʚʟʘʻʤʦʜʽʶ ʤʽʞ ʤʘʛʥʽʪʥʠʤ ʧʦʣʝʤ ʪʘ ʧʦʣʷʨʠʟʦʚʘʥʠʤ ʩʚʽʪʣʦʤ, ʱʦ 

ʧʨʦʭʦʜʷʯʠʤ ʯʝʨʝʟ ʜʽʝʣʝʢʪʨʠʯʥʠʡ ʤʘʪʝʨʽʘʣ. ʎʝʡ ʝʬʝʢʪ ʙʫʚ ʚʽʜʢʨʠʪʠʡ ʚ 1845 ʨʦʮʽ 

ʚʝʣʠʢʠʤ ʙʨʠʪʘʥʩʴʢʠʤ ʚʯʝʥʠʤ ʄʘʡʢʣʦʤ ʌʘʨʘʜʝʻʤ. 

ʇʨʠʥʮʠʧ ʝʬʝʢʪʫ ʌʘʨʘʜʝʷ: ʂʦʣʠ ʣʽʥʽʡʥʦ ʧʦʣʷʨʠʟʦʚʘʥʝ ʩʚʽʪʣʦ ʧʨʦʭʦʜʠʪʴ ʯʝʨʝʟ 

ʜʽʝʣʝʢʪʨʠʯʥʠʡ ʤʘʪʝʨʽʘʣ ʧʽʜ ʚʧʣʠʚʦʤ ʟʦʚʥʽʰʥʴʦʛʦ ʤʘʛʥʽʪʥʦʛʦ ʧʦʣʷ, ʧʣʦʱʠʥʘ 
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ʧʦʣʷʨʠʟʘʮʽʾ ʩʚʽʪʣʘ ʟʤʽʥʶʻʪʴʩʷ. ʎʷ ʟʤʽʥʘ ʚ ʧʣʦʱʠʥʽ ʧʦʣʷʨʠʟʘʮʽʾ ʚʽʜʙʫʚʘʻʪʴʩʷ ʧʽʜ 

ʚʧʣʠʚʦʤ ʤʘʛʥʽʪʥʦʛʦ ʧʦʣʷ, ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦʛʦ ʜʦ ʥʘʧʨʷʤʫ ʧʦʰʠʨʝʥʥʷ ʩʚʽʪʣʘ. 

ʆʩʥʦʚʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʪʘ ʦʩʦʙʣʠʚʦʩʪʽ ʝʬʝʢʪʫ ʌʘʨʘʜʝʷ: 

ɿʘʣʝʞʥʽʩʪʴ ʚʽʜ ʜʦʚʞʠʥʠ ʭʚʠʣʽ: ʝʬʝʢʪ ʌʘʨʘʜʝʷ ʟʘʣʝʞʠʪʴ ʚʽʜ ʜʦʚʞʠʥʠ ʭʚʠʣʽ 

ʩʚʽʪʣʘ, ʱʦ ʧʨʠʯʠʥʷʻ ʟʤʽʥʫ ʧʣʦʱʠʥʠ ʧʦʣʷʨʠʟʘʮʽʾ ʜʣʷ ʨʽʟʥʠʭ ʜʦʚʞʠʥ ʭʚʠʣʴ. 

ɿʘʩʪʦʩʫʚʘʥʥʷ ʚ ʪʝʭʥʦʣʦʛʽʷʭ: ʝʬʝʢʪ ʌʘʨʘʜʝʷ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʚ ʨʽʟʥʠʭ 

ʪʝʭʥʦʣʦʛʽʷʭ, ʪʘʢʠʭ ʷʢ ʤʘʛʥʽʪʦʦʧʪʠʯʥʽ ʜʘʪʯʠʢʠ, ʤʦʜʫʣʷʪʦʨʠ ʩʚʽʪʣʘ, ʤʘʛʥʽʪʦʦʧʪʠʯʥʽ 

ʟʘʧʠʩʫʚʘʣʴʥʽ ʩʠʩʪʝʤʠ ʪʘ ʽʥʰʽ. 

ɿʚ'ʷʟʦʢ ʟ ʤʘʛʥʽʪʥʠʤʠ ʚʣʘʩʪʠʚʦʩʪʷʤʠ: ʝʬʝʢʪ ʌʘʨʘʜʝʷ ʻ ʧʨʦʷʚʦʤ ʚʟʘʻʤʦʜʽʾ ʤʽʞ 

ʩʚʽʪʣʦʤ ʪʘ ʤʘʛʥʽʪʥʠʤʠ ʚʣʘʩʪʠʚʦʩʪʷʤʠ ʤʘʪʝʨʽʘʣʽʚ, ʱʦ ʜʦʟʚʦʣʷʻ ʚʠʚʯʘʪʠ ʪʘ 

ʢʦʥʪʨʦʣʶʚʘʪʠ ʤʘʛʥʽʪʥʽ ʩʪʨʫʢʪʫʨʠ ʥʘ ʤʽʢʨʦʩʢʦʧʽʯʥʦʤʫ ʨʽʚʥʽ. 

ʊʝʤʧʝʨʘʪʫʨʥʘ ʟʘʣʝʞʥʽʩʪʴ: ʝʬʝʢʪ ʌʘʨʘʜʝʷ ʤʦʞʝ ʟʤʽʥʶʚʘʪʠʩʷ ʟ ʪʝʤʧʝʨʘʪʫʨʦʶ, 

ʱʦ ʚʧʣʠʚʘʻ ʥʘ ʤʘʛʥʽʪʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʤʘʪʝʨʽʘʣʫ ʪʘ ʚʟʘʻʤʦʜʽʶ ʟʽ ʩʚʽʪʣʦʤ. 

ʂʝʨʫʚʘʥʥʷ ʤʘʛʥʽʪʥʦʶ ʭʽʨʘʣʴʥʽʩʪʶ ʻ ʚʘʞʣʠʚʠʤ ʘʩʧʝʢʪʦʤ ʚ ʩʫʯʘʩʥʽʡ ʬʽʟʠʮʽ 

ʢʦʥʜʝʥʩʦʚʘʥʠʭ ʩʠʩʪʝʤ, ʦʩʦʙʣʠʚʦ ʚ ʢʦʥʪʝʢʩʪʽ ʤʘʛʥʽʪʦʦʧʪʠʢʠ ʪʘ ʩʧʽʥʪʨʦʥʽʢʠ. 

ʂʽʨʘʣʴʥʽʩʪʴ ʦʟʥʘʯʘʻ ʚʣʘʩʪʠʚʽʩʪʴ ʩʪʨʫʢʪʫʨʠ ʘʙʦ ʩʠʩʪʝʤʠ ʙʫʪʠ ʥʝʽʜʝʥʪʠʯʥʦʶ ʩʚʦʻʤʫ 

ʜʟʝʨʢʘʣʴʥʦʤʫ ʚʽʜʦʙʨʘʞʝʥʥʶ. ʋ ʤʘʛʥʽʪʥʠʭ ʤʘʪʝʨʽʘʣʘʭ ʮʝ ʚʽʜʥʦʩʠʪʴʩʷ ʜʦ ʘʩʠʤʝʪʨʽʾ 

ʫ ʨʦʟʪʘʰʫʚʘʥʥʽ ʤʘʛʥʽʪʥʠʭ ʤʦʤʝʥʪʽʚ ʘʙʦ ʚʟʘʻʤʦʜʽʾ ʤʽʞ ʥʠʤʠ, ʱʦ ʚʧʣʠʚʘʻ ʥʘ 

ʦʧʪʠʯʥʽ ʪʘ ʝʣʝʢʪʨʦʥʥʽ ʚʣʘʩʪʠʚʦʩʪʽ. 

ʆʩʥʦʚʥʽ ʘʩʧʝʢʪʠ ʢʝʨʫʚʘʥʥʷ ʤʘʛʥʽʪʥʦʶ ʢʽʨʘʣʴʥʽʩʪʶ: 

ʄʝʭʘʥʽʟʤʠ ʬʦʨʤʫʚʘʥʥʷ: ʂʽʨʘʣʴʥʽʩʪʴ ʤʦʞʝ ʚʠʥʠʢʘʪʠ ʯʝʨʝʟ ʩʧʝʮʠʬʽʯʥʽ 

ʛʝʦʤʝʪʨʽʯʥʽ ʘʙʦ ʢʨʠʩʪʘʣʽʯʥʽ ʩʪʨʫʢʪʫʨʠ, ʱʦ ʧʨʠʟʚʦʜʷʪʴ ʜʦ ʥʝʟʤʽʥʥʦʩʪʽ ʩʪʨʫʢʪʫʨʠ 

ʧʽʜ ʜʽʻʶ ʟʦʚʥʽʰʥʽʭ ʫʤʦʚ, ʪʘʢʠʭ ʷʢ ʪʝʤʧʝʨʘʪʫʨʘ, ʤʘʛʥʽʪʥʝ ʧʦʣʝ ʘʙʦ ʥʘʧʨʫʛʘ. 

ɺʟʘʻʤʦʜʽʷ ʟʽ ʩʚʽʪʣʦʤ: ʂʝʨʫʚʘʥʥʷ ʤʘʛʥʽʪʥʦʶ ʢʽʨʘʣʴʥʽʩʪʶ ʤʦʞʝ ʚʧʣʠʚʘʪʠ ʥʘ 

ʚʟʘʻʤʦʜʽʶ ʤʽʞ ʤʘʛʥʽʪʥʠʤʠ ʤʘʪʝʨʽʘʣʘʤʠ ʪʘ ʩʚʽʪʣʦʤ, ʟʤʽʥʶʶʯʠ ʦʧʪʠʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ 

ʤʘʪʝʨʽʘʣʫ. ʎʝ ʚʽʜʢʨʠʚʘʻ ʥʦʚʽ ʤʦʞʣʠʚʦʩʪʽ ʜʣʷ ʩʪʚʦʨʝʥʥʷ ʦʧʪʠʯʥʠʭ ʧʨʠʩʪʨʦʾʚ ʪʘ 

ʪʝʭʥʦʣʦʛʽʡ ʥʘ ʦʩʥʦʚʽ ʢʝʨʫʚʘʥʥʷ ʢʽʨʘʣʴʥʽʩʪʶ. 

ʇʦʪʝʥʮʽʡʥʽ ʟʘʩʪʦʩʫʚʘʥʥʷ: ʂʝʨʫʚʘʥʥʷ ʤʘʛʥʽʪʥʦʶ ʢʽʨʘʣʴʥʽʩʪʶ ʤʦʞʝ ʤʘʪʠ 

ʟʘʩʪʦʩʫʚʘʥʥʷ ʚ ʩʧʽʥʪʨʦʥʽʮʽ, ʢʚʘʥʪʦʚʽʡ ʝʣʝʢʪʨʦʥʽʮʽ, ʦʧʪʠʯʥʠʭ ʪʝʭʥʦʣʦʛʽʷʭ ʪʘ ʽʥʰʠʭ 

ʦʙʣʘʩʪʷʭ, ʜʝ ʚʘʞʣʠʚʽ ʦʧʪʠʯʥʽ ʪʘ ʤʘʛʥʽʪʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʤʘʪʝʨʽʘʣʽʚ. 
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ʊʝʭʥʦʣʦʛʽʯʥʽ ʚʠʢʣʠʢʠ: ɼʣʷ ʝʬʝʢʪʠʚʥʦʛʦ ʢʝʨʫʚʘʥʥʷ ʤʘʛʥʽʪʥʦʶ ʢʽʨʘʣʴʥʽʩʪʶ 

ʧʦʪʨʽʙʥʦ ʨʦʟʨʦʙʣʷʪʠ ʥʦʚʽ ʤʘʪʝʨʽʘʣʠ, ʤʝʪʦʜʠʢʠ ʜʦʩʣʽʜʞʝʥʥʷ ʪʘ ʪʝʭʥʦʣʦʛʽʾ, ʱʦ 

ʤʦʞʫʪʴ ʟʘʙʝʟʧʝʯʠʪʠ ʩʪʘʙʽʣʴʥʽʩʪʴ ʪʘ ʢʦʥʪʨʦʣʴ ʥʘʜ ʢʽʨʘʣʴʥʠʤʠ ʚʣʘʩʪʠʚʦʩʪʷʤʠ 

ʤʘʪʝʨʽʘʣʽʚ. 

ʄʘʛʥʽʪʥʦ-ʢʝʨʦʚʘʥʠʡ ʝʣʽʧʪʠʯʥʠʡ ʝʬʝʢʪ (Magnetic Circular Dichroism, MCD) ʻ 

ʦʩʥʦʚʥʠʤ ʤʘʛʥʽʪʦʦʧʪʠʯʥʠʤ ʝʬʝʢʪʦʤ, ʷʢʠʡ ʚʽʜʦʙʨʘʞʘʻ ʟʤʽʥʠ ʚ ʦʧʪʠʯʥʠʭ 

ʚʣʘʩʪʠʚʦʩʪʷʭ ʤʘʪʝʨʽʘʣʫ ʧʽʜ ʚʧʣʠʚʦʤ ʤʘʛʥʽʪʥʦʛʦ ʧʦʣʷ. ɺʽʥ ʻ ʨʦʟʰʠʨʝʥʥʷʤ 

ʌʘʨʘʜʝʻʚʦʛʦ ʝʬʝʢʪʫ, ʘʣʝ ʚʤʽʱʫʻ ʽʥʬʦʨʤʘʮʽʶ ʧʨʦ ʨʽʟʥʠʮʶ ʧʦʛʣʠʥʘʥʥʷ ʢʽʨʘʣʴʥʦʾ 

ʢʦʤʧʦʥʝʥʪʠ ʩʚʽʪʣʘ ʧʨʘʚʦʛʦ ʪʘ ʣʽʚʦʛʦ ʦʙʝʨʪʘʥʥʷ ʚ ʤʘʛʥʽʪʥʦʤʫ ʧʦʣʽ. 

ʆʩʥʦʚʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʤʘʛʥʽʪʥʦ-ʢʝʨʦʚʘʥʦʛʦ ʝʣʽʧʪʠʯʥʦʛʦ ʝʬʝʢʪʫ: 

ʄʝʭʘʥʽʟʤ ʜʽʾ: ɽʬʝʢʪ ʧʦʣʷʛʘʻ ʚ ʪʦʤʫ, ʱʦ ʤʘʛʥʽʪʥʝ ʧʦʣʝ ʤʦʞʝ ʟʤʽʥʶʚʘʪʠ 

ʧʦʛʣʠʥʘʥʥʷ ʩʚʽʪʣʘ ʨʽʟʥʦʾ ʧʦʣʷʨʠʟʘʮʽʾ, ʱʦ ʧʨʠʚʦʜʠʪʴ ʜʦ ʚʠʥʠʢʥʝʥʥʷ ʝʣʽʧʪʠʯʥʦʩʪʽ ʚ 

ʧʦʣʷʨʠʟʘʮʽʾ ʧʨʦʡʜʝʥʦʛʦ ʩʚʽʪʣʘ. 

ʉʧʝʢʪʨʦʩʢʦʧʽʷ: ʄʘʛʥʽʪʥʦ-ʢʝʨʦʚʘʥʠʡ ʝʣʽʧʪʠʯʥʠʡ ʝʬʝʢʪ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʚ 

ʦʧʪʠʯʥʽʡ ʩʧʝʢʪʨʦʩʢʦʧʽʾ ʜʣʷ ʜʦʩʣʽʜʞʝʥʥʷ ʤʘʛʥʽʪʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʤʘʪʝʨʽʘʣʽʚ. ɺʽʥ 

ʜʦʟʚʦʣʷʻ ʚʠʚʯʘʪʠ ʝʣʝʢʪʨʦʥʥʽ ʧʝʨʝʭʦʜʠ ʤʽʞ ʨʽʟʥʠʤʠ ʩʪʘʥʘʤʠ ʝʥʝʨʛʽʾ ʚ ʤʘʛʥʽʪʥʠʭ 

ʤʘʪʝʨʽʘʣʘʭ. 

ɿʘʩʪʦʩʫʚʘʥʥʷ: MCD ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʚ ʨʽʟʥʠʭ ʦʙʣʘʩʪʷʭ, ʚʢʣʶʯʘʶʯʠ ʬʽʟʠʢʫ 

ʪʚʝʨʜʦʛʦ ʪʽʣʘ, ʙʽʦʭʽʤʽʶ, ʤʘʪʝʨʽʘʣʦʟʥʘʚʩʪʚʦ ʪʘ ʩʧʽʥʪʨʦʥʽʢʫ. ɺʽʥ ʥʘʜʘʻ ʚʘʞʣʠʚʫ 

ʽʥʬʦʨʤʘʮʽʶ ʧʨʦ ʤʘʛʥʽʪʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʤʘʪʝʨʽʘʣʽʚ ʥʘ ʦʩʥʦʚʽ ʾʭʥʴʦʾ ʚʟʘʻʤʦʜʽʾ ʟ 

ʩʚʽʪʣʦʤ. 

ʊʝʭʥʽʯʥʽ ʚʠʢʣʠʢʠ: ɼʣʷ ʚʠʤʽʨʶʚʘʥʥʷ ʤʘʛʥʽʪʥʦ-ʢʝʨʦʚʘʥʦʛʦ ʝʣʽʧʪʠʯʥʦʛʦ ʝʬʝʢʪʫ 

ʧʦʪʨʽʙʥʦ ʩʧʝʮʽʘʣʽʟʦʚʘʥʝ ʦʙʣʘʜʥʘʥʥʷ ʪʘ ʚʠʩʦʢʦʯʫʪʣʠʚʽ ʦʧʪʠʯʥʽ ʤʝʪʦʜʠʢʠ. ʊʘʢʦʞ 

ʚʘʞʣʠʚʦ ʟʘʙʝʟʧʝʯʠʪʠ ʩʪʘʙʽʣʴʥʽʩʪʴ ʤʘʛʥʽʪʥʦʛʦ ʧʦʣʷ ʪʘ ʽʥʰʠʭ ʧʘʨʘʤʝʪʨʽʚ 

ʜʦʩʣʽʜʞʫʚʘʥʦʛʦ ʤʘʪʝʨʽʘʣʫ. 

ɺʠʢʦʨʠʩʪʘʥʥʷ ʚ ʢʚʘʥʪʦʚʽʡ ʝʣʝʢʪʨʦʥʽʮʽ ʪʘ ʩʧʽʥʦʚʽʡ ʝʣʝʢʪʨʦʥʽʮʽ: 

ʄʘʛʥʽʪʥʦ-ʢʝʨʦʚʘʥʠʡ ʝʣʽʧʪʠʯʥʠʡ ʝʬʝʢʪ (MCD) ʪʘ ʽʥʰʽ ʤʘʛʥʽʪʦʦʧʪʠʯʥʽ ʝʬʝʢʪʠ 

ʟʥʘʡʰʣʠ ʰʠʨʦʢʝ ʟʘʩʪʦʩʫʚʘʥʥʷ ʚ ʢʚʘʥʪʦʚʽʡ ʝʣʝʢʪʨʦʥʽʮʽ ʪʘ ʩʧʽʥʦʚʽʡ ʝʣʝʢʪʨʦʥʽʮʽ.  

ʄʘʛʥʽʪʥʘ ʩʧʽʥʪʨʦʥʽʢʘ: ɺ ʩʧʽʥʪʨʦʥʽʮʽ ʩʧʽʥ ʝʣʝʢʪʨʦʥʽʚ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʜʣʷ 

ʧʝʨʝʜʘʯʽ, ʟʙʝʨʽʛʘʥʥʷ ʪʘ ʦʙʨʦʙʢʠ ʽʥʬʦʨʤʘʮʽʾ. ʄʘʛʥʽʪʦʦʧʪʠʯʥʽ ʤʝʪʦʜʠ, ʪʘʢʽ ʷʢ MCD, 
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ʤʦʞʫʪʴ ʜʦʧʦʤʘʛʘʪʠ ʚʠʚʯʘʪʠ ʪʘ ʢʦʥʪʨʦʣʶʚʘʪʠ ʩʧʽʥ-ʟʘʣʝʞʥʽ ʧʨʦʮʝʩʠ ʚ ʤʘʪʝʨʽʘʣʘʭ, 

ʱʦ ʻ ʢʣʶʯʦʚʠʤʠ ʜʣʷ ʨʦʟʨʦʙʢʠ ʥʦʚʠʭ ʩʧʽʥʪʨʦʥʽʯʥʠʭ ʧʨʠʩʪʨʦʾʚ. 

ʂʚʘʥʪʦʚʽ ʪʦʯʢʠ: ʄʘʛʥʽʪʦʦʧʪʠʯʥʽ ʤʝʪʦʜʠ ʤʦʞʫʪʴ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠʩʷ ʜʣʷ 

ʜʦʩʣʽʜʞʝʥʥʷ ʢʚʘʥʪʦʚʠʭ ʪʦʯʦʢ, ʷʢʽ ʻ ʦʙ'ʻʢʪʘʤʠ ʟ ʢʚʘʥʪʦʚʠʤʠ ʚʣʘʩʪʠʚʦʩʪʷʤʠ. 

ɺʠʚʯʝʥʥʷ ʤʘʛʥʽʪʥʦʾ ʚʟʘʻʤʦʜʽʾ ʟ ʢʚʘʥʪʦʚʠʤʠ ʪʦʯʢʘʤʠ ʤʦʞʝ ʚʽʜʢʨʠʪʠ ʥʦʚʽ 

ʤʦʞʣʠʚʦʩʪʽ ʜʣʷ ʨʦʟʨʦʙʢʠ ʢʚʘʥʪʦʚʠʭ ʧʨʠʩʪʨʦʾʚ ʪʘ ʩʠʩʪʝʤ. 

ʄʘʛʥʽʪʥʘ ʧʘʤ'ʷʪʴ: ɺʠʢʦʨʠʩʪʘʥʥʷ ʤʘʛʥʽʪʦʦʧʪʠʯʥʠʭ ʤʝʪʦʜʽʚ, ʪʘʢʠʭ ʷʢ MCD, 

ʤʦʞʝ ʩʧʨʠʷʪʠ ʨʦʟʨʦʙʮʽ ʥʦʚʠʭ ʤʘʛʥʽʪʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʪʘ ʩʪʨʫʢʪʫʨ ʜʣʷ ʟʙʝʨʽʛʘʥʥʷ 

ʽʥʬʦʨʤʘʮʽʾ. ɺʠʚʯʝʥʥʷ ʤʘʛʥʽʪʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʥʘ ʦʩʥʦʚʽ ʤʘʛʥʽʪʦʦʧʪʠʯʥʠʭ ʝʬʝʢʪʽʚ 

ʤʦʞʝ ʜʦʧʦʤʦʛʪʠ ʧʦʢʨʘʱʠʪʠ ʝʬʝʢʪʠʚʥʽʩʪʴ ʪʘ ʥʘʜʽʡʥʽʩʪʴ ʤʘʛʥʽʪʥʦʾ ʧʘʤ'ʷʪʽ. 

ʊʫʥʝʣʴʥʘ ʤʘʛʥʽʪʥʘ ʨʝʟʠʩʪʠʚʥʽʩʪʴ (TMR): ʄʘʛʥʽʪʦʦʧʪʠʯʥʽ ʤʝʪʦʜʠ ʤʦʞʫʪʴ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠʩʷ ʜʣʷ ʜʦʩʣʽʜʞʝʥʥʷ ʤʝʭʘʥʽʟʤʽʚ ʪʫʥʝʣʴʥʦʾ ʤʘʛʥʽʪʥʦʾ 

ʨʝʟʠʩʪʠʚʥʦʩʪʽ, ʷʢʘ ʻ ʢʣʶʯʦʚʦʶ ʜʣʷ ʨʦʟʨʦʙʢʠ ʤʘʛʥʽʪʥʦ-ʨʝʟʠʩʪʠʚʥʠʭ ʧʨʠʩʪʨʦʾʚ, 

ʪʘʢʠʭ ʷʢ ʪʫʥʝʣʴʥʦ-ʤʘʛʥʽʪʥʽ ʧʝʨʝʪʚʦʨʶʚʘʯʽ ʪʘ ʜʝʪʝʢʪʦʨʠ. 

ʄʘʛʥʽʪʦʦʧʪʠʯʥʽ ʤʘʪʝʨʽʘʣʠ. 

ʌʝʨʦʤʘʛʥʽʪʥʽ ʤʘʪʝʨʽʘʣʠ, ʪʘʢʽ ʷʢ ʟʘʣʽʟʦ (Fe), ʥʽʢʝʣʴ (Ni) ʪʘ ʢʦʙʘʣʴʪ (Co), ʻ 

ʦʩʥʦʚʥʠʤʠ ʤʘʪʝʨʽʘʣʘʤʠ ʫ ʩʬʝʨʽ ʤʘʛʥʽʪʥʦʾ ʝʣʝʢʪʨʦʥʽʢʠ ʽ ʤʘʪʝʨʽʘʣʦʟʥʘʚʩʪʚʘ. ʆʩʴ 

ʜʝʷʢʽ ʢʣʶʯʦʚʽ ʚʣʘʩʪʠʚʦʩʪʽ ʮʠʭ ʤʘʪʝʨʽʘʣʽʚ: 

ɿʘʣʽʟʦ (Fe): 

ʂʨʠʩʪʘʣʽʯʥʘ ʩʪʨʫʢʪʫʨʘ: ɿʘʣʽʟʦ ʤʘʻ ʨʽʟʥʽ ʘʣʣʦʪʨʦʧʥʽ ʬʦʨʤʠ, ʘʣʝ ʦʩʥʦʚʥʘ 

ʬʦʨʤʘ ʫ ʚʘʢʫʫʤʽ ʻ ʢʫʙʽʯʥʦʶ (Ŭ-Fe) ʟ ʚʽʜʮʝʥʪʨʦʚʘʥʠʤ ʢʫʙʽʯʥʠʤ (BCC) 

ʚʣʘʩʪʠʚʦʩʪʷʤʠ. 

ʄʘʛʥʽʪʥʽ ʚʣʘʩʪʠʚʦʩʪʽ: ɿʘʣʽʟʦ ʻ ʬʝʨʦʤʘʛʥʝʪʠʢʦʤ ʧʨʠ ʢʽʤʥʘʪʥʽʡ ʪʝʤʧʝʨʘʪʫʨʽ ʽ 

ʤʦʞʝ ʜʝʤʦʥʩʪʨʫʚʘʪʠ ʩʧʦʥʪʘʥʥʫ ʥʘʤʘʛʥʽʯʝʥʽʩʪʴ. 

ɿʘʩʪʦʩʫʚʘʥʥʷ: ɺʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʚ ʤʘʛʥʽʪʥʠʭ ʤʘʪʝʨʽʘʣʘʭ, ʘ ʪʘʢʦʞ ʚ 

ʧʨʦʤʠʩʣʦʚʦʩʪʽ ʽ ʙʫʜʽʚʥʠʮʪʚʽ. 

ʅʽʢʝʣʴ (Ni): 

ʂʨʠʩʪʘʣʽʯʥʘ ʩʪʨʫʢʪʫʨʘ: ʅʽʢʝʣʴ ʪʘʢʦʞ ʤʘʻ ʢʫʙʽʯʥʫ (FCC) ʢʨʠʩʪʘʣʽʯʥʫ 

ʩʪʨʫʢʪʫʨʫ ʫ ʚʘʢʫʫʤʽ. 
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ʄʘʛʥʽʪʥʽ ʚʣʘʩʪʠʚʦʩʪʽ: ʅʽʢʝʣʴ ʻ ʩʠʣʴʥʠʤ ʬʝʨʦʤʘʛʥʝʪʠʢʦʤ ʽ ʚʠʷʚʣʷʻ ʚʠʩʦʢʫ 

ʩʧʦʥʪʘʥʥʫ ʥʘʤʘʛʥʽʯʝʥʽʩʪʴ ʧʨʠ ʢʽʤʥʘʪʥʽʡ ʪʝʤʧʝʨʘʪʫʨʽ. 

ɿʘʩʪʦʩʫʚʘʥʥʷ: ɺʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʚ ʤʘʛʥʽʪʥʠʭ ʩʧʣʘʚʘʭ, ʘ ʪʘʢʦʞ ʚ ʝʣʝʢʪʨʦʥʽʮʽ 

ʪʘ ʪʝʭʥʦʣʦʛʽʷʭ ʟʙʝʨʽʛʘʥʥʷ ʜʘʥʠʭ. 

ʂʦʙʘʣʴʪ (Co): 

ʂʨʠʩʪʘʣʽʯʥʘ ʩʪʨʫʢʪʫʨʘ: ʂʦʙʘʣʴʪ ʪʘʢʦʞ ʤʘʻ ʢʫʙʽʯʥʫ (HCP) ʢʨʠʩʪʘʣʽʯʥʫ 

ʩʪʨʫʢʪʫʨʫ ʫ ʚʘʢʫʫʤʽ. 

ʄʘʛʥʽʪʥʽ ʚʣʘʩʪʠʚʦʩʪʽ: ʂʦʙʘʣʴʪ ʻ ʬʝʨʦʤʘʛʥʝʪʠʢʦʤ ʽ ʚʠʷʚʣʷʻ ʚʠʩʦʢʫ ʩʧʦʥʪʘʥʥʫ 

ʥʘʤʘʛʥʽʯʝʥʽʩʪʴ, ʦʩʦʙʣʠʚʦ ʧʨʠ ʥʠʟʴʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ. 

ɿʘʩʪʦʩʫʚʘʥʥʷ: ɺʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʚ ʤʘʛʥʽʪʥʠʭ ʩʧʣʘʚʘʭ, ʢʘʪʦʜʘʭ, ʘ ʪʘʢʦʞ ʚ 

ʩʧʝʮʽʘʣʽʟʦʚʘʥʠʭ ʝʣʝʢʪʨʦʥʥʠʭ ʧʨʠʩʪʨʦʷʭ. 

ʂʨʠʩʪʘʣʠ ʛʨʘʥʘʪʫ - ʮʝ ʩʧʝʮʠʬʽʯʥʠʡ ʢʣʘʩ ʢʨʠʩʪʘʣʽʯʥʠʭ ʤʘʪʝʨʽʘʣʽʚ, ʷʢʽ ʤʘʶʪʴ 

ʢʫʙʽʯʥʫ ʩʠʤʝʪʨʽʶ ʽ ʯʘʩʪʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʫ ʩʬʝʨʽ ʤʘʛʥʽʪʥʦʾ ʝʣʝʢʪʨʦʥʽʢʠ ʪʘ 

ʦʧʪʠʢʠ. ʆʩʴ ʜʝʷʢʽ ʦʩʥʦʚʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʪʘ ʚʣʘʩʪʠʚʦʩʪʽ ʛʘʨʥʝʪʦʚʠʭ ʢʨʠʩʪʘʣʽʚ: 

ʄʘʛʥʽʪʥʽ ʚʣʘʩʪʠʚʦʩʪʽ: ɻʘʨʥʝʪʦʚʽ ʢʨʠʩʪʘʣʠ ʚʽʜʨʽʟʥʷʶʪʴʩʷ ʚʠʩʦʢʦʶ ʤʘʛʥʽʪʥʦʶ 

ʩʪʘʙʽʣʴʥʽʩʪʶ ʽ ʥʠʟʴʢʠʤʠ ʤʘʛʥʽʪʥʠʤʠ ʚʪʨʘʪʘʤʠ, ʱʦ ʨʦʙʠʪʴ ʾʭ ʽʜʝʘʣʴʥʠʤʠ ʜʣʷ 

ʜʦʜʘʪʢʽʚ, ʜʝ ʧʦʪʨʽʙʥʘ ʚʠʩʦʢʘ ʤʘʛʥʽʪʥʘ ʯʫʪʣʠʚʽʩʪʴ. 

ʆʧʪʠʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ: ɼʝʷʢʽ ʢʨʠʩʪʘʣʠ ʛʨʘʥʘʪʫ, ʪʘʢʽ ʷʢ ʽʪʨʽʡ ʟ ʟʘʣʽʟʥʠʡ ʛʨʘʥʘʪ 

(ɿɯɻ), ʤʘʶʪʴ ʮʽʢʘʚʽ ʦʧʪʠʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ, ʟʦʢʨʝʤʘ ʚʦʥʠ ʤʦʞʫʪʴ ʜʝʤʦʥʩʪʨʫʚʘʪʠ 

ʤʘʛʥʽʪʦʦʧʪʠʯʥʽ ʝʬʝʢʪʠ, ʪʘʢʽ ʷʢ ʬʝʨʨʦ- ʪʘ ʬʝʨʨʠʤʘʛʥʽʪʥʘ ʨʝʟʦʥʘʥʩʥʘ 

ʜʝʧʦʣʷʨʠʟʘʮʽʷ. 

ɿʘʩʪʦʩʫʚʘʥʥʷ: ʂʨʠʩʪʘʣʠ ʛʨʘʥʘʪʫ, ʦʩʦʙʣʠʚʦ ɿɯɻ, ʰʠʨʦʢʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʚ 

ʨʽʟʥʠʭ ʟʘʩʪʦʩʫʚʘʥʥʷ, ʚʢʣʶʯʘʶʯʠ ʤʘʛʥʽʪʥʦ-ʦʧʪʠʯʥʽ ʤʦʜʫʣʷʪʦʨʠ, ʽʟʦʣʷʮʽʡʥʽ ʰʘʨʠ, 

ʘʢʪʠʚʥʽ ʝʣʝʤʝʥʪʠ ʬʦʪʦʥʥʠʭ ʪʝʭʥʦʣʦʛʽʡ ʪʘ ʽʥʰʽ ʦʙʣʘʩʪʽ ʤʘʛʥʽʪʥʦʾ ʝʣʝʢʪʨʦʥʽʢʠ. 

ʊʝʨʤʽʯʥʘ ʩʪʘʙʽʣʴʥʽʩʪʴ: ʢʨʠʩʪʘʣʠ ʛʨʘʥʘʪʫ ʟʘʟʚʠʯʘʡ ʤʘʶʪʴ ʚʠʩʦʢʫ ʪʝʨʤʽʯʥʫ 

ʩʪʘʙʽʣʴʥʽʩʪʴ, ʱʦ ʜʦʟʚʦʣʷʻ ʾʤ ʟʘʣʠʰʘʪʠʩʷ ʤʘʛʥʽʪʥʠʤʠ ʧʨʠ ʚʠʩʦʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ 

ʙʝʟ ʚʪʨʘʪ ʤʘʛʥʽʪʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ. 

ʉʢʣʘʜ: ʢʨʠʩʪʘʣʠ ʛʨʘʥʘʪʫ ʯʘʩʪʦ ʚʢʣʶʯʘʶʪʴ ʝʣʝʤʝʥʪʠ, ʪʘʢʽ ʷʢ ʽʪʪʨʽʡ, ʟʘʣʽʟʦ, 

ʛʘʣʽʡ, ʘʣʶʤʽʥʽʡ, ʷʢʽ ʫʪʚʦʨʶʶʪʴ ʢʦʤʧʣʝʢʩʥʫ ʢʨʠʩʪʘʣʽʯʥʫ ʩʪʨʫʢʪʫʨʫ, ʱʦ ʤʘʻ 

ʩʧʝʮʠʬʽʯʥʽ ʤʘʛʥʽʪʥʽ ʪʘ ʦʧʪʠʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ. 
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ʅʘʥʦʩʪʨʫʢʪʫʨʥʽ ʤʘʪʝʨʽʘʣʠ: 

ʆʩʥʦʚʥʽ ʚʣʘʩʪʠʚʦʩʪʽ: ʅʘʥʦʩʪʨʫʢʪʫʨʥʽ ʤʘʪʝʨʽʘʣʠ ʚʽʜʨʽʟʥʷʶʪʴʩʷ ʚʽʜ 

ʪʨʘʜʠʮʽʡʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʟʘʚʜʷʢʠ ʾʭʥʽʤ ʫʥʽʢʘʣʴʥʠʤ ʤʝʭʘʥʽʯʥʠʤ, ʝʣʝʢʪʨʦʥʥʠʤ, 

ʦʧʪʠʯʥʠʤ ʪʘ ʤʘʛʥʽʪʥʠʤ ʚʣʘʩʪʠʚʦʩʪʷʤ, ʷʢʽ ʟʘʣʝʞʘʪʴ ʚʽʜ ʨʦʟʤʽʨʽʚ ʪʘ ʬʦʨʤʠ 

ʥʘʥʦʩʪʨʫʢʪʫʨ. 

ɿʘʩʪʦʩʫʚʘʥʥʷ: ʅʘʥʦʩʪʨʫʢʪʫʨʥʽ ʤʘʪʝʨʽʘʣʠ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʚ ʨʽʟʥʠʭ ʛʘʣʫʟʷʭ, 

ʚʢʣʶʯʘʶʯʠ ʝʣʝʢʪʨʦʥʽʢʫ, ʢʘʪʘʣʽʟ, ʤʝʜʠʮʠʥʫ, ʝʥʝʨʛʝʪʠʢʫ ʪʘ ʽʥʰʽ ʪʝʭʥʦʣʦʛʽʾ. ɺʦʥʠ 

ʤʦʞʫʪʴ ʧʦʢʨʘʱʫʚʘʪʠ ʝʬʝʢʪʠʚʥʽʩʪʴ ʧʨʠʩʪʨʦʾʚ, ʟʘʙʝʟʧʝʯʫʚʘʪʠ ʥʦʚʽ ʬʫʥʢʮʽʦʥʘʣʴʥʽ 

ʤʦʞʣʠʚʦʩʪʽ ʪʘ ʚʽʜʢʨʠʚʘʪʠ ʥʦʚʽ ʧʽʜʭʦʜʠ ʜʦ ʨʦʟʚ'ʷʟʘʥʥʷ ʥʘʫʢʦʚʠʭ ʧʨʦʙʣʝʤ. 

ʄʝʪʘʤʘʪʝʨʽʘʣʠ: 

ʆʩʥʦʚʥʽ ʚʣʘʩʪʠʚʦʩʪʽ: ʄʝʪʘʤʘʪʝʨʽʘʣʠ ʻ ʰʪʫʯʥʦ ʩʪʚʦʨʝʥʠʤʠ ʩʪʨʫʢʪʫʨʘʤʠ, ʷʢʽ 

ʤʘʶʪʴ ʥʝʛʘʪʠʚʥʠʡ ʧʦʢʘʟʥʠʢ ʟʘʣʦʤʣʝʥʥʷ ʩʚʽʪʣʘ ʪʘ ʽʥʰʽ ʫʥʽʢʘʣʴʥʽ ʦʧʪʠʯʥʽ ʪʘ 

ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʽ ʚʣʘʩʪʠʚʦʩʪʽ, ʷʢʽ ʥʝ ʟʫʩʪʨʽʯʘʶʪʴʩʷ ʫ ʧʨʠʨʦʜʥʠʭ ʤʘʪʝʨʽʘʣʘʭ. 

ɿʘʩʪʦʩʫʚʘʥʥʷ: ʄʝʪʘʤʘʪʝʨʽʘʣʠ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʜʣʷ ʩʪʚʦʨʝʥʥʷ ʥʦʚʠʭ 

ʦʧʪʠʯʥʠʭ ʧʨʠʩʪʨʦʾʚ, ʘʥʪʝʥ, ʢʘʪʫʰʦʢ, ʧʨʠʩʪʨʦʾʚ ʟʙʝʨʽʛʘʥʥʷ ʝʥʝʨʛʽʾ ʪʘ ʽʥʰʠʭ 

ʪʝʭʥʦʣʦʛʽʡ. ɺʦʥʠ ʤʦʞʫʪʴ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠʩʷ ʜʣʷ ʢʦʥʪʨʦʣʶ ʪʘ ʤʘʥʽʧʫʣʷʮʽʾ 

ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʠʭ ʭʚʠʣʴ ʫ ʨʽʟʥʠʭ ʯʘʩʪʦʪʥʠʭ ʜʽʘʧʘʟʦʥʘʭ. 

ʄʘʛʥʽʪʥʦ-ʦʧʪʠʯʥʝ ʢʝʨʫʚʘʥʥʷ: 

ʇʨʠʥʮʠʧ: ʄʘʛʥʽʪʥʦ-ʦʧʪʠʯʥʠʡ ʢʝʨʫʥʦʢ ʚʠʤʽʨʶʻ ʟʤʽʥʠ ʚ ʧʣʦʩʢʦʩʪʽ ʧʦʣʷʨʠʟʘʮʽʾ 

ʩʚʽʪʣʘ, ʱʦ ʧʨʦʭʦʜʠʪʴ ʯʝʨʝʟ ʤʘʛʥʽʪʥʠʡ ʤʘʪʝʨʽʘʣ ʧʽʜ ʚʧʣʠʚʦʤ ʚʥʫʪʨʽʰʥʴʦʛʦ 

ʤʘʛʥʽʪʥʦʛʦ ʧʦʣʷ. ɿʤʽʥʘ ʢʫʪʘ ʘʙʦ ʥʘʧʨʷʤʢʫ ʧʦʣʷʨʠʟʘʮʽʾ ʚʢʘʟʫʻ ʥʘ ʤʘʛʥʽʪʥʫ 

ʚʟʘʻʤʦʜʽʶ. 

ɿʘʩʪʦʩʫʚʘʥʥʷ: ʎʝʡ ʤʝʪʦʜ ʜʦʟʚʦʣʷʻ ʜʦʩʣʽʜʞʫʚʘʪʠ ʤʘʛʥʽʪʥʽ ʚʣʘʩʪʠʚʦʩʪʽ 

ʤʘʪʝʨʽʘʣʽʚ, ʚʢʣʶʯʘʶʯʠ ʤʘʛʥʽʪʥʽ ʚʣʘʩʪʠʚʦʩʪʽ, ʩʧʽʥ-ʟʘʣʝʞʥʽ ʧʨʦʮʝʩʠ ʪʘ ʽʥʰʽ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ. 

ɸʥʘʣʽʟ ʤʘʛʥʽʪʦʦʧʪʠʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʟʘ ʜʦʧʦʤʦʛʦʶ ʩʧʝʢʪʨʦʩʢʦʧʽʾ ʻ 

ʧʦʪʫʞʥʠʤ ʤʝʪʦʜʦʤ ʜʣʷ ʚʠʚʯʝʥʥʷ ʚʟʘʻʤʦʜʽʾ ʩʚʽʪʣʘ ʟ ʤʘʛʥʽʪʥʠʤʠ ʤʘʪʝʨʽʘʣʘʤʠ. ʎʝʡ 

ʤʝʪʦʜ ʜʦʟʚʦʣʷʻ ʜʦʩʣʽʜʥʠʢʘʤ ʜʝʪʘʣʴʥʦ ʘʥʘʣʽʟʫʚʘʪʠ ʩʧʝʢʪʨʘʣʴʥʽ ʟʤʽʥʠ ʪʘ 

ʽʥʪʝʥʩʠʚʥʽʩʪʴ ʩʚʽʪʣʘ, ʱʦ ʧʨʦʭʦʜʠʪʴ ʯʝʨʝʟ ʘʙʦ ʚʽʜʙʠʚʘʻʪʴʩʷ ʚʽʜ ʤʘʛʥʽʪʥʦʛʦ 

ʤʘʪʝʨʽʘʣʫ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʤʘʛʥʽʪʥʠʭ ʪʘ ʦʧʪʠʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ. 
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ʆʩʥʦʚʥʽ ʘʩʧʝʢʪʠ ʩʧʝʢʪʨʦʩʢʦʧʽʾ ʤʘʛʥʽʪʦʦʧʪʠʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ: 

ʄʘʛʥʽʪʦʦʧʪʠʯʥʽ ʨʝʟʦʥʘʥʩʠ: ɿʘ ʜʦʧʦʤʦʛʦʶ ʩʧʝʢʪʨʦʩʢʦʧʽʾ ʤʦʞʥʘ ʚʠʚʯʘʪʠ 

ʤʘʛʥʽʪʦʦʧʪʠʯʥʽ ʨʝʟʦʥʘʥʩʠ, ʷʢʽ ʚʢʘʟʫʶʪʴ ʥʘ ʩʧʝʮʠʬʽʯʥʽ ʤʘʛʥʽʪʥʽ ʚʣʘʩʪʠʚʦʩʪʽ 

ʤʘʪʝʨʽʘʣʫ. ʎʽ ʨʝʟʦʥʘʥʩʠ ʤʦʞʫʪʴ ʙʫʪʠ ʧʦʚ'ʷʟʘʥʽ ʟ ʤʘʛʥʽʪʥʠʤʠ ʜʦʤʝʥʘʤʠ, 

ʤʘʛʥʽʪʥʠʤʠ ʥʘʥʦʯʘʩʪʠʥʢʘʤʠ ʘʙʦ ʽʥʰʠʤʠ ʤʘʛʥʽʪʥʠʤʠ ʩʪʨʫʢʪʫʨʘʤʠ ʫ ʤʘʪʝʨʽʘʣʽ.  

ɿʘʣʝʞʥʽʩʪʴ ʚʽʜ ʜʦʚʞʠʥʠ ʭʚʠʣʽ: ʉʧʝʢʪʨʦʩʢʦʧʽʯʥʠʡ ʘʥʘʣʽʟ ʜʦʟʚʦʣʷʻ ʚʠʚʯʘʪʠ 

ʟʘʣʝʞʥʽʩʪʴ ʤʘʛʥʽʪʦʦʧʪʠʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʚʽʜ ʜʦʚʞʠʥʠ ʭʚʠʣʽ ʩʚʽʪʣʘ. ʎʝ ʜʦʟʚʦʣʷʻ 

ʚʠʟʥʘʯʠʪʠ ʦʧʪʠʤʘʣʴʥʽ ʜʽʘʧʘʟʦʥʠ ʜʦʚʞʠʥ ʭʚʠʣʴ ʜʣʷ ʢʦʥʢʨʝʪʥʠʭ ʜʦʜʘʪʢʽʚ. 

ɺʠʟʥʘʯʝʥʥʷ ʦʧʪʠʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ: ʉʧʝʢʪʨʦʩʢʦʧʽʷ ʜʦʟʚʦʣʷʻ ʚʠʟʥʘʯʠʪʠ ʦʧʪʠʯʥʽ 

ʧʘʨʘʤʝʪʨʠ ʤʘʪʝʨʽʘʣʫ, ʪʘʢʽ ʷʢ ʢʦʝʬʽʮʽʻʥʪ ʧʨʦʧʫʩʢʘʥʥʷ, ʢʦʝʬʽʮʽʻʥʪ ʚʽʜʙʠʚʘʥʥʷ ʪʘ 

ʽʥʰʽ ʧʘʨʘʤʝʪʨʠ, ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʤʘʛʥʽʪʥʦʛʦ ʧʦʣʷ ʘʙʦ ʽʥʰʠʭ ʟʦʚʥʽʰʥʽʭ ʧʘʨʘʤʝʪʨʽʚ. 

ɼʦʩʣʽʜʞʝʥʥʷ ʤʘʛʥʽʪʥʠʭ ʧʝʨʝʭʦʜʽʚ: ʉʧʝʢʪʨʦʩʢʦʧʽʷ ʤʦʞʝ ʙʫʪʠ ʚʠʢʦʨʠʩʪʘʥʘ 

ʜʣʷ ʚʠʚʯʝʥʥʷ ʤʘʛʥʽʪʥʠʭ ʧʝʨʝʭʦʜʽʚ ʫ ʤʘʪʝʨʽʘʣʘʭ, ʪʘʢʠʭ ʷʢ ʬʝʨʨʦʤʘʛʥʝʪʠʢʠ, 

ʘʥʪʠʬʝʨʨʦʤʘʛʥʝʪʠʢʠ ʪʘ ʽʥʰʽ ʤʘʛʥʽʪʥʽ ʩʠʩʪʝʤʠ. ʎʝ ʜʦʟʚʦʣʷʻ ʚʠʚʯʘʪʠ ʩʪʨʫʢʪʫʨʥʽ, 

ʝʣʝʢʪʨʦʥʥʽ ʪʘ ʤʘʛʥʽʪʥʽ ʟʤʽʥʠ, ʷʢʽ ʚʽʜʙʫʚʘʶʪʴʩʷ ʧʨʠ ʤʘʛʥʽʪʥʠʭ ʧʝʨʝʭʦʜʘʭ. 

 

2.2. ʄʝʪʦʜʠʢʠ ʤʦʜʝʣʶʚʘʥʥʷ ʧʨʦʮʝʩʽʚ ʧʝʨʝʤʘʛʥʽʯʫʚʘʥʥʷ.  

 

ʄʦʜʝʣʶʚʘʥʥʷ ʤʘʛʥʽʪʦʦʧʪʠʯʥʠʭ ʧʨʦʮʝʩʽʚ ʥʘ ʢʦʤʧ'ʶʪʝʨʽ ʻ ʚʘʞʣʠʚʠʤ ʧʽʜʭʦʜʦʤ 

ʜʣʷ ʜʦʩʣʽʜʞʝʥʥʷ ʪʘ ʨʦʟʫʤʽʥʥʷ ʤʘʛʥʽʪʥʦ-ʦʧʪʠʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʤʘʪʝʨʽʘʣʽʚ. ʎʝʡ 

ʧʽʜʭʽʜ ʜʦʟʚʦʣʷʻ ʜʦʩʣʽʜʥʠʢʘʤ ʘʥʘʣʽʟʫʚʘʪʠ ʪʘ ʧʨʦʛʥʦʟʫʚʘʪʠ ʧʦʚʝʜʽʥʢʫ ʤʘʪʝʨʽʘʣʽʚ ʚ 

ʨʽʟʥʠʭ ʫʤʦʚʘʭ, ʚʨʘʭʦʚʫʶʯʠ ʢʦʤʧʣʝʢʩʥʽ ʚʟʘʻʤʦʜʽʾ ʤʽʞ ʤʘʛʥʽʪʥʠʤ, ʦʧʪʠʯʥʠʤ ʪʘ 

ʩʪʨʫʢʪʫʨʥʠʤʠ ʘʩʧʝʢʪʘʤʠ.  

ʆʩʥʦʚʥʽ ʝʪʘʧʠ ʪʘ ʘʩʧʝʢʪʠ ʤʦʜʝʣʶʚʘʥʥʷ: 

ʊʝʦʨʝʪʠʯʥʝ ʤʦʜʝʣʶʚʘʥʥʷ: ʈʦʟʨʦʙʢʘ ʪʝʦʨʝʪʠʯʥʠʭ ʤʦʜʝʣʝʡ ʥʘ ʦʩʥʦʚʽ ʦʩʥʦʚʥʠʭ 

ʧʨʠʥʮʠʧʽʚ ʤʘʛʥʽʪʦʦʧʪʠʢʠ ʪʘ ʬʽʟʠʢʠ ʤʘʛʥʽʪʥʠʭ ʤʘʪʝʨʽʘʣʽʚ. ʎʝ ʤʦʞʝ ʚʢʣʶʯʘʪʠ ʚ 

ʩʝʙʝ ʨʽʟʥʽ ʘʥʘʣʽʪʠʯʥʽ ʪʘ ʯʠʩʣʦʚʽ ʤʝʪʦʜʠ, ʪʘʢʽ ʷʢ ʤʝʪʦʜʠ ʩʢʽʥʯʝʥʥʠʭ ʝʣʝʤʝʥʪʽʚ, 

ʤʝʪʦʜʠ ʄʦʥʪʝ-ʂʘʨʣʦ ʪʘ ʽʥʰʽ. 

ʂʦʤʧ'ʶʪʝʨʥʝ ʤʦʜʝʣʶʚʘʥʥʷ: ɺʠʢʦʨʠʩʪʘʥʥʷ ʩʧʝʮʽʘʣʽʟʦʚʘʥʠʭ ʧʨʦʛʨʘʤʥʠʭ 

ʟʘʩʦʙʽʚ ʪʘ ʘʣʛʦʨʠʪʤʽʚ ʜʣʷ ʩʪʚʦʨʝʥʥʷ ʪʘ ʘʥʘʣʽʟʫ ʤʦʜʝʣʝʡ ʤʘʛʥʽʪʦʦʧʪʠʯʥʠʭ 
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ʧʨʦʮʝʩʽʚ. ʎʽ ʧʨʦʛʨʘʤʥʽ ʟʘʩʦʙʠ ʜʦʟʚʦʣʷʶʪʴ ʩʠʤʫʣʶʚʘʪʠ ʨʽʟʥʽ ʫʤʦʚʠ, ʧʘʨʘʤʝʪʨʠ ʪʘ 

ʚʟʘʻʤʦʜʽʾ, ʱʦ ʚʽʜʦʙʨʘʞʘʶʪʴ ʨʝʘʣʴʥʽ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʫʤʦʚʠ. 

ʇʨʦʛʥʦʟʫʚʘʥʥʷ ʪʘ ʦʧʪʠʤʽʟʘʮʽʷ: ɺʠʢʦʨʠʩʪʘʥʥʷ ʤʦʜʝʣʴʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ ʜʣʷ 

ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʥʦʚʠʭ ʤʘʪʝʨʽʘʣʽʚ, ʩʪʨʫʢʪʫʨ ʘʙʦ ʫʤʦʚ, ʷʢʽ ʤʦʞʫʪʴ ʤʘʪʠ ʧʦʢʨʘʱʝʥʽ 

ʤʘʛʥʽʪʦʦʧʪʠʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ, ʘ ʪʘʢʦʞ ʜʣʷ ʦʧʪʠʤʽʟʘʮʽʾ ʜʠʟʘʡʥʫ ʪʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 

ʤʘʛʥʽʪʥʦ-ʦʧʪʠʯʥʠʭ ʧʨʠʩʪʨʦʾʚ ʪʘ ʩʠʩʪʝʤ. 

ʇʝʨʝʤʘʛʥʽʯʫʚʘʥʥʷ ʩʪʨʫʢʪʫʨ, ʥʘʤʘʛʥʽʯʝʥʠʭ ʷʢ ʦʜʥʦʨʽʜʥʦ, ʪʘʢ ʽ ʥʝʦʜʥʦʨʽʜʥʦ, 

ʤʦʜʝʣʶʚʘʣʦʩʴ ʥʘ ʦʩʥʦʚʽ ʤʦʜʝʣʽ ʉʪʦʥʝʨʘ-ɺʦʣʴʬʘʨʪʘ, ʷʢʘ ʧʝʨʝʜʙʘʯʘʻ ʚʠʟʥʘʯʝʥʥʷ 

ʨʦʟʧʦʜʽʣʫ ʧʦʚʥʦʾ ʤʘʛʥʽʪʥʦʾ ʝʥʝʨʛʽʾ ʚ ʟʘʜʘʥʽʡ ʦʙʣʘʩʪʽ ʤʘʛʥʝʪʠʢʘ ʽ ʟʥʘʭʦʜʞʝʥʥʷ 

ʧʨʦʩʪʦʨʦʚʠʭ, ʯʘʩʦʚʠʭ ʘʙʦ ʬʫʥʢʮʽʦʥʘʣʴʥʠʭ ʤʽʥʽʤʫʤʽʚ ʮʽʻʾ ʝʥʝʨʛʽʾ ʟ ʧʦʜʘʣʴʰʠʤ 

ʚʠʟʥʘʯʝʥʥʷʤ ʧʦʣʦʞʝʥʥʷ ʚʝʢʪʦʨʘ ʥʘʤʘʛʥʽʯʝʥʦʩʪʽ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʦʪʨʠʤʘʥʠʭ 

ʢʦʦʨʜʠʥʘʪ ʤʽʥʽʤʫʤʽʚ. ʊʘʢʠʤ ʯʠʥʦʤ, ʤʘʛʥʽʪʥʠʡ ʩʪʘʥ ʨʝʯʦʚʠʥʠ ʤʦʞʝ ʙʫʪʠ 

ʚʠʟʥʘʯʝʥʠʡ ʷʢ ʪʘʢʠʡ, ʱʦ ʤʘʻ ʤʽʥʽʤʘʣʴʥʫ ʝʥʝʨʛʽʶ ʧʨʠ ʟʘʜʘʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʭ 

ʨʝʯʦʚʠʥʠ ʽ ʧʨʠ ʚʽʜʦʤʠʭ ʧʘʨʘʤʝʪʨʘʭ ʟʦʚʥʽʰʥʽʭ ʬʘʢʪʦʨʽʚ, ʱʦ ʤʦʞʫʪʴ ʚʧʣʠʚʘʪʠ ʥʘ 

ʥʘʤʘʛʥʽʯʝʥʽʩʪʴ. ɼʦ ʦʩʪʘʥʥʽʭ, ʚ ʧʝʨʰʫ ʯʝʨʛʫ, ʪʨʝʙʘ ʚʽʜʥʝʩʪʠ ʟʦʚʥʽʰʥʻ ʤʘʛʥʽʪʥʝ 

ʧʦʣʝ, ʘ ʪʘʢʦʞ ʨʷʜ ʽʥʰʠʭ, çʥʝʤʘʛʥʽʪʥʠʭè ʬʘʢʪʦʨʽʚ, ʷʢ ʥʘʧʨʠʢʣʘʜ, ʩʪʨʫʤ 

ʧʦʣʷʨʠʟʦʚʘʥʠʭ ʝʣʝʢʪʨʦʥʽʚ, ʤʝʭʘʥʽʯʥʘ ʜʝʬʦʨʤʘʮʽʷ, ʦʧʪʠʯʥʝ ʦʧʨʦʤʽʥʶʚʘʥʥʷ, 

ʝʣʝʢʪʨʠʯʥʝ ʧʦʣʝ ʪʘ ʽʥ.  ʑʦ ʞ ʜʦ ʦʩʥʦʚʥʠʭ ʝʥʝʨʛʽʡ, ʷʢʽ ʜʘʶʪʴ ʚʥʝʩʦʢ ʚ ʧʦʚʥʫ 

ʤʘʛʥʽʪʥʫ ʝʥʝʨʛʽʶ, ʪʦ ʜʦ ʥʠʭ ʚʽʜʥʦʩʷʪʴ: 1) ʝʥʝʨʛʽʶ ʢʨʠʩʪʘʣʦʛʨʘʬʽʯʥʦʾ ʘʙʦ 

ʥʘʚʝʜʝʥʦʾ (ʧʝʨʝʚʘʞʥʦ ʦʜʥʦʦʩʥʦʾ) ʘʥʽʟʦʪʨʦʧʽʾ;  2) ʤʘʛʥʽʪʦʩʪʘʪʠʯʥʫ ʝʥʝʨʛʽʶ 

ʚʟʘʻʤʦʜʽʾ ʥʘʤʘʛʥʽʯʝʥʦʩʪʽ ʤʘʪʝʨʽʘʣʫ ʽʟ: ʘ) ʟʦʚʥʽʰʥʽʤ ʤʘʛʥʽʪʥʠʤ ʧʦʣʝʤ, ʘ ʪʘʢʦʞ ʽʟ  

ʙ) ʩʫʩʽʜʥʽʤʠ ʦʙʣʘʩʪʷʤʠ, ʥʘʤʘʛʥʽʯʝʥʽʩʪʴ ʷʢʠʭ ʚʽʜʨʽʟʥʷʻʪʴʩʷ ʟʘ ʥʘʧʨʷʤʢʦʤ ʚʽʜ  

ʥʘʤʘʛʥʽʯʝʥʦʩʪʽ ʜʦʩʣʽʜʞʫʚʘʥʦʾ ʦʙʣʘʩʪʽ. ɼʦ ʦʩʥʦʚʥʠʭ ʪʠʧʽʚ ʝʥʝʨʛʽʾ ʚʭʦʜʠʪʴ, 

ʟʚʠʯʘʡʥʦ, ʽ ʝʥʝʨʛʽʷ ʦʙʤʽʥʥʦʾ ʚʟʘʻʤʦʜʽʾ, ʘʣʝ ʧʨʠ ʨʦʟʙʠʪʪʽ ʤʘʛʥʽʪʠʢʘ ʥʘ ʦʜʥʦʨʽʜʥʦ 

ʥʘʤʘʛʥʽʯʝʥʽ ʜʦʤʝʥʠ, ʦʙʤʽʥʥʫ ʚʟʘʻʤʦʜʽʶ ʚʘʞʣʠʚʦ ʚʨʘʭʦʚʫʚʘʪʠ ʛʦʣʦʚʥʠʤ ʯʠʥʦʤ ʚ 

ʤʝʞʘʭ ʜʦʤʝʥʥʠʭ ʩʪʽʥʦʢ. ɼʦʜʘʪʢʦʚʠʤʠ ʪʠʧʘʤʠ ʝʥʝʨʛʽʾ ʻ ʤʘʛʥʽʪʦʩʪʨʠʢʮʽʡʥʘ, ʱʦ 

ʩʪʚʦʨʶʻ ʥʘʚʝʜʝʥʫ ʘʥʽʟʦʪʨʦʧʽʶ ʽʟ ʚʽʩʩʶ, ʧʦʣʦʞʝʥʥʷ ʷʢʦʾ ʚʠʟʥʘʯʘʻʪʴʩʷ ʥʘʧʨʷʤʢʦʤ 

ʧʨʠʢʣʘʜʝʥʦʾ ʜʝʬʦʨʤʘʮʽʾ, ʘ ʪʘʢʦʞ ʝʥʝʨʛʽʷ, ʦʙʫʤʦʚʣʝʥʘ ʪ. ʟʚ. ʢʦʝʨʮʠʪʠʚʥʽʩʪʶ 

ʤʘʪʝʨʽʘʣʘ, ʱʦ ʚʠʥʠʢʘʻ ʯʝʨʝʟ ʥʝʦʜʥʦʨʽʜʥʦʩʪʽ ʝʥʝʨʛʝʪʠʯʥʦʛʦ ʧʦʪʝʥʮʽʘʣʴʥʦʛʦ 
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ʨʝʣʴʻʬʫ, ʷʢʠʡ ʚ ʩʚʦʶ ʯʝʨʛʫ, ʚʠʥʠʢʘʻ ʚ ʪʚʝʨʜʠʭ ʪʽʣʘʭ ʚʥʘʩʣʽʜʦʢ ʥʘʷʚʥʦʩʪʽ ʜʦʤʽʰʦʢ, 

ʘ ʪʘʢʦʞ ʥʝʦʜʥʦʨʽʜʥʦʾ ʚʟʘʻʤʦʜʽʾ ʘʪʦʤʽʚ ʘʙʦ ʽʦʥʽʚ ʫ ʚʫʟʣʘʭ ʢʨʠʩʪʘʣʽʯʥʦʾ ʛʨʘʪʢʠ. 

ʌʫʥʢʮʽʦʥʘʣʴʥʦ ʧʝʨʝʨʘʭʦʚʘʥʽ ʚʠʱʝ ʝʥʝʨʛʽʾ ʟʘʧʠʩʫʶʪʴʩʷ ʥʘʩʪʫʧʥʠʤ ʯʠʥʦʤ: 

1. ɽʥʝʨʛʽʷ ʦʜʥʦʦʩʥʦʾ ʘʥʽʟʦʪʨʦʧʽʾ Eu  - 

 uHmHumHu
m KE   2cos)( , 

ʜʝ  Ku  ï  ʢʦʥʩʪʘʥʪʘ ʦʜʥʦʦʩʥʦʾ ʘʥʽʟʦʪʨʦʧʽʾ ʦʜʠʥʠʮʽ ʦʙôʻʤʫ ʤʘʪʝʨʽʘʣʫ;   mH  ʽ uH ï 

ʢʫʪʠ ʚʽʜʧʦʚʽʜʥʦ ʤʽʞ ʚʝʢʪʦʨʦʤ ʥʘʤʘʛʥʽʯʝʥʦʩʪʽ ʽ ʟʦʚʥʽʰʥʽʤ ʧʦʣʝʤ, ʪʘ ʤʽʞ ʚʞʝ 

ʟʛʘʜʘʥʠʤ ʧʦʣʝʤ ʽ ʚʽʩʩʶ ʦʜʥʦʦʩʥʦʾ ʤʘʛʥʽʪʥʦʾ ʘʥʽʟʦʪʨʦʧʽʾ.  ʌʫʥʢʮʽʷ ʢʦʩʠʥʫʩʫ ʚ 

ʢʚʘʜʨʘʪʽ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʯʝʨʝʟ ʨʽʚʥʦʧʨʘʚʥʽʩʪʴ ʜʚʦʭ ʧʨʦʪʠʣʝʞʥʠʭ ʥʘʧʨʷʤʢʽʚ 

ʥʘʤʘʛʥʽʯʫʚʘʥʥʷ ʚʟʜʦʚʞ ʩʬʦʨʤʦʚʘʥʦʾ ʦʩʽ ʣʝʛʢʦʛʦ ʥʘʤʘʛʥʽʯʫʚʘʥʥʷ. 

2.  ɽʥʝʨʛʽʷ ʚʝʢʪʦʨʘ ʥʘʤʘʛʥʽʯʝʥʦʩʪʽ  M


 ʫ ʟʦʚʥʽʰʥʴʦʤʫ ʧʨʠʢʣʘʜʝʥʦʤʫ ʧʦʣʽ H


, ʷʢʝ ʩʪʘʥʦʚʠʪʴ ʢʫʪ űuH  ʽʟ ʚʽʩʩʶ ʘʥʽʟʦʪʨʦʧʽʾ ʜʦʨʽʚʥʶʻ: 

 
MHMHHm HMEH  cos),(   

3. ʄʘʛʥʽʪʦʩʪʘʪʠʯʥʘ (ʚʟʘʻʤʥʘ) ʝʥʝʨʛʽʷ ʚʝʢʪʦʨʽʚ ʥʘʤʘʛʥʽʯʝʥʦʩʪʽ m


 - ʚʝʨʭʥʴʦʛʦ 

ʽ  M


- ʥʠʞʥʴʦʛʦ ʰʘʨʽʚ ʥʘʥʦʰʘʨʦʚʦʾ ʩʪʨʫʢʪʫʨʠ (ʘʙʦ ʩʫʩʽʜʥʽʭ ʦʙʣʘʩʪʝʡ ʚ 

ʛʨʘʥʫʣʴʦʚʘʥʽʡ ʩʪʨʫʢʪʫʨʽ) ʚ ʧʦʣʷʭ ʨʦʟʩʽʶʚʘʥʥʷ ʦʜʠʥ ʦʜʥʦʛʦ:  

 mMmMMmmM MmkE   cos),(  

ʜʝ ʢʦʝʬʽʮʽʻʥʪ kmM ʭʘʨʘʢʪʝʨʠʟʫʻ ʩʪʫʧʽʥʴ ʚʟʘʻʤʦʜʽʾ ʥʘʤʘʛʥʽʯʝʥʦʩʪʝʡ m ʽ ʄ, 

ʧʨʦʧʦʨʮʽʡʥʦʾ ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʧʦʣʽʚ ʨʦʟʩʽʶʚʘʥʥʷ ʦʙʦʭ ʥʘʤʘʛʥʽʯʝʥʦʩʪʝʡ ʪʘ ʚʽʜʩʪʘʥʽ 

ʤʽʞ ʥʠʤʠ 

4. ʈʝʟʫʣʴʪʫʶʯʽ ʪʨʠʚʠʤʽʨʥʽ ʟʘʣʝʞʥʦʩʪʽ ʧʦʚʥʦʾ ʤʘʛʥʽʪʥʦʾ ʝʥʝʨʛʽʾ ɽ ʚʽʜ 

ʘʟʠʤʫʪʘʣʴʥʠʭ ʥʘʧʨʷʤʢʽʚ ʚʝʢʪʦʨʽʚ ʥʘʤʘʛʥʽʯʝʥʦʩʪʽ ʜʚʦʭ ʰʘʨʽʚ (ʝʥʝʨʛʝʪʠʯʥi 

ʜʽʘʛʨʘʤʠ) ʤʦʞʝ ʙʫʪʠ ʨʦʟʨʘʭʦʚʘʥʘ ʷʢ ʩʫʤʘ ʚʠʱʝʦʟʥʘʯʥʠʭ ʝʥʝʨʛʽʡ:  

),(),()()(),( HMHmHMHmHMmHHMHm mMHuu EEEEE  
, 

ʘ ʟ ʨʽʚʥʷʥʥʷ ʧʦʚʥʦʛʦ ʜʠʬʝʨʝʥʮʽʘʣʫ ʩʫʤʘʨʥʦʾ ʝʥʝʨʛʽʾ E   
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MHHm

MHHm

d

dE

d

dE
dE


 ),,(   

ʢʦʦʨʜʠʥʘʪʠ ʪʦʯʦʢ ʝʢʩʪʨʝʤʫʤʽʚ ʤʦʞʫʪʴ ʙʫʪʠ ʚʠʟʥʘʯʝʥʽ ʙʽʣʴʰ ʪʦʯʥʦ. 

ʊʘʢʠʤ ʯʠʥʦʤ, ʟʘʜʘʯʘ ʢʦʤʧôʶʪʝʨʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ʧʝʨʝʤʘʛʥʽʯʫʚʘʥʥʷ 

ʥʘʧʨʠʢʣʘʜ, ʩʝʥʜʚʽʯ-ʩʪʨʫʢʪʫʨʠ ʧʦʣʷʛʘʻ ʫ ʟʘʧʠʩʽ ʩʫʤʘʨʥʦʾ (ʧʦʚʥʦʾ) ʝʥʝʨʛʽʾ 

ʥʘʤʘʛʥʽʯʝʥʦʩʪʽ  ɽ  ʷʢ ʬʫʥʢʮʽʾ ʧʨʠʢʣʘʜʝʥʦʛʦ ʟʦʚʥʽʰʥʴʦʛʦ ʤʘʛʥʽʪʥʦʛʦ ʧʦʣʷ ʅ ʽ 

ʢʫʪʽʚ m ʪʘ ʄ ʦʨʽʝʥʪʘʮʽʾ ʚʝʢʪʦʨʽʚ ʥʘʤʘʛʥʽʯʝʥʦʩʪʽ m ʪʘ M ʜʚʦʭ ʦʩʥʦʚʥʠʭ 

ʬʝʨʦʤʘʛʥʽʪʥʠʭ ʰʘʨʽʚ ʚʽʜʥʦʩʥʦ ʥʘʧʨʷʤʢʫ ʧʨʠʢʣʘʜʝʥʦʛʦ ʧʦʣʷ  ʅ.  

ʄʽʥʽʤʫʤ ʩʫʤʘʨʥʦʾ ʤʘʛʥʽʪʥʦʾ ʝʥʝʨʛʽʾ ɽ ʷʢ ʬʫʥʢʮʽʾ ʜʚʦʭ ʟʤʽʥʥʠʭ m ʪʘ ʄ  

ʚʠʟʥʘʯʘʪʠʤʝ ʢʫʪʦʚʽ ʧʦʣʦʞʝʥʥʷ ʚʝʢʪʦʨʽʚ m  ʪʘ M ʚʽʜʥʦʩʥʦ ʥʘʧʨʷʤʢʫ ʧʨʠʢʣʘʜʝʥʦʛʦ 

ʧʦʣʷ ʅ ʧʨʠ ʜʘʥʦʤʫ ʡʦʛʦ ʟʥʘʯʝʥʥʽ. ʌʫʥʢʮʽʷ ʢʦʨʝʥʷ ʢʚʘʜʨʘʪʥʦʛʦ ʟ ʤʦʜʫʣʷ ʧʦʚʥʦʛʦ 

ʜʠʬʝʨʝʥʮʽʘʣʫ ʟʘʣʝʞʥʦʩʪʽ  ɽ(m,ʄ)  ʙʫʜʝ ʪʦʨʢʘʪʠʩʴ ʧʣʦʱʠʥʠ ʥʫʣʴʦʚʦʛʦ 

ʧʦʪʝʥʮʽʘʣʫ ʚ ʪʦʯʢʘʭ ʝʩʪʨʝʤʫʤʘ ʬʫʥʢʮʽʾ ɽ . ʊ. ʯ., ʤʦʞʥʘ ʪʦʯʥʦ ʚʠʟʥʘʯʠʪʠ  

ʢʦʦʨʜʠʥʘʪʠ X ʪʘ Y ï ʪʦʙʪʦ ʢʫʪʠ m ʪʘ ʄ , ʧʽʜ ʷʢʠʤʠ ʦʨʽʻʥʪʫʶʪʴʩʷ ʚʝʢʪʦʨʠ 

ʥʘʤʘʛʥʽʯʝʥʦʩʪʽ  m  ʪʘ M ʜʦ ʥʘʧʨʷʤʢʫ ʧʨʠʢʣʘʜʝʥʦʛʦ ʧʦʣʷ. 

ʂʦʩʠʥʫʩʠ ʢʫʪʽʚ m ʪʘ ʄ  ʧʨʦʧʦʨʮʽʡʥʽ ʧʨʦʝʢʮʽʾ ʚʽʜʧʦʚʽʜʥʦʛʦ ʚʝʢʪʦʨʘ 

ʥʘʤʘʛʥʽʯʝʥʦʩʪʽ ʥʘ ʥʘʧʨʷʤʦʢ ʧʦʣʷ ʅ, ʪʘʢʠʤ ʯʠʥʦʤ ʤʦʞʫʪʴ ʙʫʪʠ ʧʦʙʫʜʦʚʘʥʽ ʧʦ 

ʪʦʯʢʘʭ ʢʨʠʚʽ ʥʘʤʘʛʥʽʯʫʚʘʥʥʷ - ʧʝʪʣʽ ʛʽʩʪʝʨʝʟʠʩʫ, ʪʦʙʪʦ ʟʘʣʝʞʥʦʩʪʽ  mʅ(ʅ) ʪʘ 

Mʅ(ʅ) ʜʣʷ ʨʽʟʥʠʭ (ʭʦʯʘ ʙ ʦʜʥʫ ʟʘʣʝʞʥʽʩʪʴ ʜʣʷ ʦʜʥʦʛʦ ʟʥʘʯʝʥʥʷ ʢʫʪʘ ʧʦʣʷ ʟ ʚʽʩʩʶ 

ʘʥʽʟʦʪʨʦʧʽʾ!) ʚʠʙʨʘʥʠʭ ʟʥʘʯʝʥʴ ʢʫʪʘ ʥʘʧʨʷʤʢʫ ʧʨʠʢʣʘʜʝʥʦʛʦ ʧʦʣʷ ʅ ʚʽʜʥʦʩʥʦ ʦʩʝʡ 

ʘʥʽʟʦʪʨʦʧʽʾ ʰʘʨʽʚ.  

ʊʘʢʠʤ ʯʠʥʦʤ, ʦʩʪʘʪʦʯʥʠʤ ʟʘʚʜʘʥʥʷʤ ʚʩʽʻʾ ʟʘʜʘʯʽ ʻ ʧʦʙʫʜʦʚʘ ʢʨʠʚʦʾ 

ʥʘʤʘʛʥʽʯʫʚʘʥʥʷ (ʜʦʩʪʘʪʥʴʦ ʚ ʦʜʠʥ ʙʽʢ, ʚʽʜ - ʅmax  ʜʦ  +ʅmax, ʅmax50 E, ʚ 

ʽʥʰʠʡ ʙʽʢ ʧʝʪʣʷ ʛʽʩʪʝʨʝʟʠʩʫ ʚʽʜʦʙʨʘʞʘʻʪʴʩʷ ʧʨʦʩʪʠʤ ʧʦʚʦʨʦʪʦʤ ʥʘ 180 ʽ 

ʜʦʜʘʚʘʥʥʷʤ ʧʦʚʝʨʥʫʪʦʾ ʢʨʠʚʦʾ ʜʦ ʧʦʯʘʪʢʦʚʦʾ).  
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3. ʉʇʆʉʆɹʀ ʇɽʈɽʄɸɻʅɯʏʋɺɸʅʅʗ ʆɹʄɯʅʅʆ-ɿɺôʗɿɸʅʀʍ 

ʄɸɻʅɯʊʅʀʍ ʅɽʆɼʅʆʈɯɼʅʆʉʊɽʁ   

 

3.1  ɼʽʷ ʧʦʣʷʨʠʟʦʚʘʥʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʥʘ ʥʘʤʘʛʥʽʯʝʥʽcʪʴ ʢʨʠʩʪʘʣʽʯʥʦʾ 

ʩʪʨʫʢʪʫʨʠ ʟʘʣʽʟʦ-ʽʪʨʽʻʚʦʛʦ ʛʨʘʥʘʪʫ 

 

ɼʽʷ ʧʦʣʷʨʠʟʦʚʘʥʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʥʘ ʥʘʤʘʛʥʽʯʝʥʽcʪʴ ʢʨʠʩʪʘʣʽʯʥʦʾ 

ʩʪʨʫʢʪʫʨʠ ʟʘʣʽʟʦ-ʽʪʨʽʻʚʦʛʦ ʛʨʘʥʘʪʫ ʚʘʞʣʠʚʘ ʟ ʪʦʯʢʠ ʟʦʨʫ ʥʝʦʙʭʽʜʥʦʩʪʽ 

ʧʝʨʝʤʘʛʥʽʯʫʚʘʥʥʷ ʣʦʢʘʣʴʥʠʭ ʦʙʣʘʩʪʝʡ ʤʽʥʽʤʘʣʴʥʠʭ ʨʦʟʤʽʨʽʚ, ʚ ʦʙôʻʤʽ ʷʢʠʭ 

ʥʝʤʦʞʣʠʚʦ ʩʢʦʥʮʝʥʪʨʫʚʘʪʠ ʤʘʛʥʽʪʥʝ ʧʦʣʝ ʜʦʩʪʘʪʥʴʦ ʚʠʩʦʢʦʾ ʥʘʧʨʫʞʝʥʦʩʪʽ. 

ɹʽʣʴʰʝ ʪʦʛʦ, ʜʣʷ ʧʝʨʝʤʘʛʥʽʯʫʚʘʥʥʷ ʟ ʜʦʩʪʘʪʥʴʦ ʚʠʩʦʢʦʶ ʯʘʩʪʦʪʦʶ ʥʝʦʙʭʽʜʥʦ ʤʘʪʠ 

ʜʞʝʨʝʣʘ ʤʘʛʥʽʪʥʦʛʦ ʧʦʣʷ (ʢʦʪʫʰʢʠ) ʟ  ʥʠʟʴʢʦʶ ʽʥʜʫʢʪʠʚʥʽʩʪʶ, ʱʦ ʫʥʝʤʦʞʣʠʚʣʶʻ 

ʩʪʚʦʨʝʥʥʷ ʧʦʣʽʚ ʚʠʩʦʢʦʾ ʥʘʧʨʫʞʝʥʦʩʪʽ. ʊʦʤʫ ʟʘʩʪʦʩʫʚʘʥʥʷ ʜʦʜʘʪʢʦʚʠʭ ʬʘʢʪʦʨʽʚ, 

ʷʢ ʥʘʧʨʠʢʣʘʜ, ʦʧʨʦʤʽʥʶʚʘʥʥʷ ʧʦʣʷʨʠʟʦʚʘʥʠʤ ʩʚʽʪʣʦʤ, ʤʦʞʝ ʟʤʝʥʰʠʪʠ ʧʦʨʽʛ 

ʥʘʧʨʫʞʝʥʦʩʪʽ ʧʦʣʷ, ʱʦ ʧʝʨʝʤʘʛʥʽʯʫʻ ʣʦʢʘʣʴʥʫ ʜʽʣʷʥʢʫ. ʊʦʤʫ ʦʮʽʥʢʘ ʚʧʣʠʚʫ 

ʦʧʨʦʤʽʥʶʚʘʥʥʷ ʻ ʚʘʞʣʠʚʦʶ ʷʢ ʟ ʪʝʦʨʝʪʠʯʥʦʾ (ʬʫʥʜʘʤʝʥʪʘʣʴʥʦʾ) ʪʦʯʢʠ ʟʦʨʫ, 

ʦʩʢʽʣʴʢʠ ʜʦʟʚʦʣʷʻ ʧʨʦʷʩʥʠʪʠ ʤʝʭʘʥʽʟʤ ʚʟʘʻʤʦʜʽʾ ʽʦʥʽʚ ʟ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʦʶ ʭʚʠʣʝʶ 

ʚʠʜʠʤʦʛʦ ʜʽʘʧʘʟʦʥʘ, ʪʘʢ ʽ ʟ ʧʨʘʢʪʠʯʥʦʾ, ʦʩʢʽʣʴʢʠ ʜʦʟʚʦʣʷʻ ʨʝʘʣʽʟʫʚʘʪʠ ʣʦʢʘʣʴʥʝ 

ʧʝʨʝʤʘʛʥʽʯʫʚʘʥʥʷ ʚ ʦʙʣʘʩʪʽ, ʨʦʟʤʽʨʠ ʷʢʦʾ ʦʙʤʝʞʫʶʪʴʩʷ ʜʠʬʨʘʢʮʽʡʥʠʤʠ ʝʬʝʢʪʘʤʠ. 

ɼʣʷ ʦʪʨʠʤʘʥʥʷ ʚʧʣʠʚʫ ʧʦʣʷʨʠʟʦʚʘʥʦʛʦ ʩʚʽʪʣʘ ʥʘ ʤʘʛʥʽʪʥʫ ʧʽʜʩʠʩʪʝʤʫ 

ʢʨʠʩʪʘʣʽʯʥʦʛʦ ʬʝʨʠʪ-ʛʨʘʥʘʪʫ ʽʪʨʽʶ Y3Fe5O12, ʥʝʦʙʭʽʜʥʦ ʚ ʧʝʨʰʫ ʯʝʨʛʫ ʤʘʪʠ 

ʩʚʽʪʣʦʚʠʡ ʧʦʪʽʢ ʪʘʢʦʾ ʧʦʪʫʞʥʦʩʪʽ, ʱʦʙ ʢʽʣʴʢʽʩʪʴ ʢʚʘʥʪʽʚ ʫ ʥʴʦʤʫ ʙʫʣʘ 

ʩʧʽʚʨʦʟʤʽʨʥʘ ʽʟ ʢʽʣʴʢʽʩʪʶ ʤʘʛʥʽʪʥʠʭ ʽʦʥʽʚ  Fe2+,  ʱʦ ʟʥʘʭʦʜʷʪʴʩʷ ʫ ʚʫʟʣʘʭ 

ʢʨʠʩʪʘʣʽʯʥʦʾ ʛʨʘʪʢʠ ɿɯɻ.  ɼʣʷ ʦʮʽʥʢʠ ʽʥʪʝʥʩʠʚʥʦʩʪʽ (ʧʦʪʫʞʥʦʩʪʽ) ʪʘʢʦʛʦ ʩʚʽʪʣʦʚʦʛʦ 

ʧʦʪʦʢʫ ʩʢʦʨʠʩʪʘʻʤʦʩʴ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷʤ ʜʣʷ ʟʚôʷʟʢʫ ʧʦʪʫʞʥʦʩʪʽ P ʩʚʽʪʣʘ ʽʟ 

ʢʽʣʴʢʽʩʪʶ ʢʚʘʥʪʽʚ N  ʚ ʧʨʦʤʝʥʽ, ʱʦ ʧʦʧʘʜʘʶʪʴ ʥʘ ʢʨʠʩʪʘʣ ʟʘ ʯʘʩ t:   

P= Nhv/t ,                                                       (1) 

ʜʝ  h - ʩʪʘʣʘ ʇʣʘʥʢʘ, ʘ  v - ʯʘʩʪʦʪʘ ʢʚʘʥʪʽʚ ʩʚʽʪʣʘ. ʆʩʪʘʥʥʷ ʤʦʞʝ ʚʠʟʥʘʯʘʪʠʩʴ ʷʢ 

ʜʣʷ ʫʩʴʦʛʦ ʩʧʝʢʪʨʘʣʴʥʦʛʦ ʜʽʘʧʘʟʦʥʫ, ʚ ʷʢʦʤʫ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʚʧʣʠʚ ʩʚʽʪʣʘ ʥʘ 
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ʤʘʛʥʽʪʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ɿɯɻ (ʧʨʠʙʣʠʟʥʦ ʚʽʜ ʧʦʯʘʪʢʫ ʚʠʜʠʤʦʛʦ ʜʽʘʧʘʟʦʥʫ ï 

ʬʽʦʣʝʪʦʚʦʛʦ ʢʦʣʴʦʨʫ ʟ ʜʦʚʞʠʥʦʶ ʭʚʠʣʽ  = 0,4 ʤʢʤ  ʜʦ ʙʣʠʞʥʴʦʛʦ ʽʥʬʨʘʯʝʨʚʦʥʦʛʦ 

ʟ  = 1,2 ʤʢʤ), ʪʘʢ ʽ ʜʣʷ ʦʢʨʝʤʠʭ ʜʦʚʞʠʥ ʭʚʠʣʴ, ʥʘ ʷʢʠʭ ʧʨʘʮʶʶʪʴ ʥʘʡʙʽʣʴʰ 

ʧʦʰʠʨʝʥʽ ʪʠʧʠ ʣʘʟʝʨʽʚ  (= 0,628 ʤʢʤ,  = 0,532 ʤʢʤ  ʪʘ ʽʥ.). ɿʦʢʨʝʤʘ, ʧʨʠ ʜʦʚʞʠʥʽ 

ʭʚʠʣʽ ʯʝʨʚʦʥʦʛʦ ʣʘʟʝʨʘ = 0,628 ʤʢʤ ʯʘʩʪʦʪʘ v = ʩ / = 4 ,7771014 ɻʮ, ʘ ʧʨʠ 

= 0,532 ʤʢʤ - v = 5 ,641014 ɻʮ ,  ʜʝ  ʩ= 3108 ʤ/ʩ ï ʰʚʠʜʢʽʩʪʴ ʩʚʽʪʣʘ ʫ ʚʘʢʫʫʤʽ. 

ʂʽʣʴʢʽʩʪʴ ʽʦʥʽʚ Fe2+ ʪʘ  Fe3+  ʚ ʢʨʠʩʪʘʣʽʯʥʽ ʛʨʘʪʮʽ ɿɯɻ ʚʠʟʥʘʯʘʻʪʴʩʷ ʥʘ ʦʩʥʦʚʽ 

ʚʽʜʦʤʠʭ (ʪʘʙʣʠʯʥʠʭ) ʟʥʘʯʝʥʴ ʛʫʩʪʠʥʠ ɿɯɻ   = 3,6103 ʢʛ/ʤ3  ʪʘ ʩʪʘʣʦʾ ʢʨʠʩʪʘʣʽʯʥʦʾ 

ʛʨʘʪʢʠ  ʘ = 1,2  ʥʤ.  

ʅʘʚʽʪʴ ʜʣʷ ʛʨʫʙʦʛʦ ʥʘʙʣʠʞʝʥʥʷ ʦʮʽʥʢʠ ʜʽʾ ʩʚʽʪʣʘ ʥʘ ʥʘʤʘʛʥʽʯʝʥʽʩʪʴ ʥʝʦʙʭʽʜʥʦ 

ʚʨʘʭʦʚʫʚʘʪʠ ʧʦʛʣʠʥʘʥʥʷ, ʷʢʝ ʜʣʷ ʢʨʠʩʪʘʣʽʯʥʦʛʦ ɿɯɻ ʤʘʻ ʩʠʣʴʥʫ ʜʠʩʧʝʨʩʽʶ  -

ʟʘʣʝʞʥʽʩʪʴ ʢʦʝʬʽʮʽʻʥʪʘ ʧʦʛʣʠʥʘʥʥʷ ʚʽʜ ʜʦʚʞʠʥʠ ʭʚʠʣʽ, ʧʨʝʜʩʪʘʚʣʝʥʫ ʥʘ ʨʠʩ.2.1.  

 

 

ʈʠʩ. 3.1. ʇʨʠʢʣʘʜ ʩʧʝʢʪʨʘʣʴʥʦʾ ʟʘʣʝʞʥʦʩʪʽ ʢʦʝʬʽʮʽʻʥʪʘ ʧʦʛʣʠʥʘʥʥʷ ʩʚʽʪʣʘ  

ʧʣʽʚʢʦʚʦʶ ʩʪʨʫʢʪʫʨʦʶ ɿɯɻ. 

 

ʆʪʞʝ, ʧʨʠ ʦʧʨʦʤʽʥʶʚʘʥʥʽ ʩʚʽʪʣʦ ʯʘʩʪʢʦʚʦ ʚʽʜʙʠʚʘʻʪʴʩʷ ʚʽʜ ʧʝʨʝʜʥʴʦʾ ʛʨʘʥʽ 

ʧʣʽʚʢʠ, ʜʘʣʽ ʯʘʩʪʢʦʚʦ ʧʦʛʣʠʥʘʻʪʴʩʷ (ʥʘʧʨʠʢʣʘʜ, ʢʦʝʬʽʮʽʻʥʪ ʧʦʛʣʠʥʘʥʥʷ ʯʠʩʪʦʛʦ 

ɿɯɻ -  = 800 ʩʤ -1 ʥʘ ʜʦʚʞʠʥʽ ʭʚʠʣʽ =0,628 ʤʢʤ ), ʘ ʯʘʩʪʢʦʚʦ ʧʨʦʭʦʜʠʪʴ ʢʨʽʟʴ 

ʟʘʛʘʣʦʤ ʧʨʦʟʦʨʠʡ ʤʘʛʥʽʪʦʦʧʪʠʯʥʠʡ ʤʘʪʝʨʽʘʣ (ʦʩʦʙʣʠʚʦ ʧʨʦʟʦʨʠʡ ʚ ʽʥʬʨʘʯʝʨʚʦʥʽʡ 

ʦʙʣʘʩʪʽ, ʧʦʛʣʠʥʘʻʪʴʩʷ ʞʝ ʩʠʣʴʥʦ ʩʚʽʪʣʦ ʛʨʘʥʠʯʥʦʛʦ ʬʽʦʣʝʪʫ, ʧʨʠʯʦʤʫ 

ʧʦʛʣʠʥʘʻʪʴʩʷ ʤʘʡʞʝ ʧʦʚʥʽʩʪʶ ʧʨʠ ʪʦʚʱʠʥʘʭ ʧʣʽʚʢʠ ʙʽʣʴʰʝ ʟʘ 23 ʤʽʢʨʦʤʝʪʨʠ). 
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ʇʝʨʰ, ʥʽʞ ʨʦʙʠʪʠ ʦʮʽʥʢʫ ʚʧʣʠʚʫ ʩʚʽʪʣʘ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʥʘ ʥʘʤʘʛʥʽʯʝʥʽʩʪʴ, 

ʚʠʟʥʘʯʠʤʦʩʴ ʽʟ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷʤ ʤʽʞ ʢʽʣʴʢʽʩʪʶ ʢʚʘʥʪʽʚ ʫ ʩʚʽʪʣʦʚʦʤʫ ʧʦʪʦʮʽ ʽ 

ʢʽʣʴʢʽʩʪʶ çʤʘʛʥʽʪʥʠʭè ʽʦʥʽʚ. ʆʩʪʘʥʥʽ ʚʝʣʠʯʠʥʠ ʧʦʟʥʘʯʝʥʽ ʷʢ  N1, N2, N3  ʜʣʷ ʨʽʟʥʠʭ 

ʦʙôʻʤʽʚ, ʚʽʜʧʦʚʽʜʥʦ  V1 = (555) ʤʢʤ 10 -16 ʤ3;  V2 = (131313) ʤʢʤ 2,310 -15 ʤ3 ;  

V3 = (505050) ʤʢʤ 1013 ʤ3.  ʎʽ ʦʙôʻʤʠ ʙʫʣʠ ʚʠʟʥʘʯʝʥʽ ʟ ʦʙôʻʤʫ ʝʣʝʤʝʥʪʘʨʥʦʾ 

ʢʦʤʽʨʢʠ ɿɯɻ: Va = ʘ3 = (1,210-9)3 = 1,72810-27 ʤ3  ʽ ʢʽʣʴʢʦʩʪʽ ʽʦʥʽʚ  Fe2+(3+) ʚ ʪʘʢʽʡ 

ʝʣʝʤʝʥʪʘʨʥʽʡ ʢʦʤʽʨʮʽ (85= 40), ʟʚʘʞʘʶʯʠ ʥʘ ʪʝ, ʱʦ ʢʦʤʽʨʢʘ ʚʤʽʱʫʻ 8 

ʬʦʨʤʫʣʴʥʠʭ ʦʜʠʥʠʮʴ ɿɯɻ, ʘ ʚ ʦʜʥʽʡ ʬʦʨʤʫʣʽ ʚʤʽʱʫʻʪʴʩʷ 5 ʽʦʥʽʚ Fe.  

ʂʽʣʴʢʽʩʪʴ ʢʚʘʥʪʽʚ ʟʘ 1 ʩʝʢʫʥʜʫ ʚ ʧʨʦʤʝʥʽ ʧʦʪʫʞʥʽʩʪʶ 1 ʤɺʪ ʩʢʣʘʜʘʻ: N =10-3 

/3,1610-19 =3,161015 ʩ-1,  ʱʦ ʜʘʻ ʤʦʞʣʠʚʽʩʪʴ ʚʠʟʥʘʯʘʪʠ ʢʽʣʴʢʽʩʪʴ ʢʚʘʥʪʽʚ, ʱʦ 

ʧʦʧʘʜʘʶʪʴ ʥʘ ʧʣʽʚʢʫ ʷʢ ʧʨʠ ʨʽʟʥʦʤʫ ʯʘʩʽ ʦʧʨʦʤʽʥʶʚʘʥʥʷ, ʪʘʢ ʽ ʧʨʠ ʨʽʟʥʽʡ 

ʧʦʪʫʞʥʦʩʪʽ.  ɼʣʷ ʧʨʠʢʣʘʜʫ ʥʘ ʨʠʩ.2.2 ʥʘʚʝʜʝʥʘ ʟʘʣʝʞʥʽʩʪʴ  N(t) ʟ ʷʢʦʾ ʚʠʜʥʦ, ʧʨʠ 

ʷʢʠʭ ʪʨʠʚʘʣʦʩʪʷʭ ʦʧʨʦʤʽʥʶʚʘʥʥʷ ʢʽʣʴʢʽʩʪʴ ʢʚʘʥʪʽʚ ʩʚʽʪʣʘ ʜʦʩʷʛʥʝ ʘʙʦ ʧʝʨʝʚʠʱʠʪʴ 

ʢʽʣʴʢʽʩʪʴ ʤʘʛʥʽʪʥʠʭ ʽʦʥʽʚ. 

 

 

ʈʠʩ. 3.2.  ɿʘʣʝʞʥʽʩʪʴ ʢʽʣʴʢʦʩʪʽ ʢʚʘʥʪʽʚ, ʱʦ ʧʘʜʘʶʪʴ ʥʘ ʧʦʚʝʨʭʥʶ ʧʣʽʚʢʠ ʧʨʠ 

ʧʦʪʫʞʥʦʩʪʽ ʧʨʦʤʝʥʷ 10 ʤɺʪ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʯʘʩʫ ʦʧʨʦʤʽʥʶʚʘʥʥʷ t. 
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ɼʘʣʽ ʥʝʦʙʭʽʜʥʦ ʚʨʘʭʦʚʫʚʘʪʠ ʢʦʝʬʽʮʽʻʥʪ ʧʦʛʣʠʥʘʥʥʷ ʧʣʽʚʢʠ ʥʘ ʨʽʟʥʠʭ 

ʜʦʚʞʠʥʘʭ ʭʚʠʣʴ (ʘ ʪʘʢʦʞ ʚʽʜʙʠʪʪʷ ʚʽʜ ʧʝʨʝʜʥʴʦʾ ʛʨʘʥʽ, ʧʨʠ ʪʦʤʫ, ʱʦ ʥʝʚʝʣʠʢʠʤ 

ʚʽʜʙʠʪʪʷʤ ʚʽʜ ʟʘʜʥʴʦʾ ʩʪʽʥʢʠ ʟʥʝʭʪʫʻʤʦ ʜʣʷ ʩʧʨʦʱʝʥʥʷ ʦʮʽʥʢʠ) ʽ, ʚʽʜʧʦʚʽʜʥʦ, ʧʦ-

ʧʝʨʰʝ, ʩʢʦʨʝʢʪʫʚʘʪʠ ʢʽʣʴʢʽʩʪʴ ʢʚʘʥʪʽʚ ʧʨʠ ʩʧʽʚʩʪʘʚʣʝʥʥʽ ʾʭ ʢʽʣʴʢʦʩʪʽ ʽʟ ʢʽʣʴʢʽʩʪʶ 

ʤʘʛʥʽʪʥʠʭ ʽʦʥʽʚ, ʘ ʧʦ-ʜʨʫʛʝ, ʚʨʘʭʫʚʘʪʠ ʪʫ ʯʘʩʪʠʥʫ ʧʦʛʣʠʥʫʪʠʭ ʽʦʥʘʤʠ ʢʚʘʥʪʽʚ, ʷʢʽ 

ʚʠʢʣʠʢʘʶʪʴ ʝʣʝʢʪʨʦʥʥʽ ʧʝʨʝʭʦʜʠ ʤʽʞ ʽʦʥʘʤʠ, ʱʦ ʟʥʘʭʦʜʷʪʴʩʷ ʫ ʚʫʟʣʘʭ ʨʽʟʥʦʛʦ 

ʪʠʧʫ. ʆʩʪʘʥʥʻ ʦʙʫʤʦʚʣʶʻʪʴʩʷ ʨʽʟʥʠʤ ʦʪʦʯʝʥʥʷʤ ʤʘʛʥʽʪʥʠʭ Fe-ʽʦʥʽʚ, ʾʭ ʨʽʟʥʠʤʠ 

ʨʘʜʽʫʩʘʤʠ (ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ  ʟʘʨʷʜʘ) ʽ, ʚʽʜʧʦʚʽʜʥʦ, ʨʽʟʥʦʶ ʚʝʣʠʯʠʥʦʶ ʦʙʤʽʥʥʦʾ 

ʚʟʘʻʤʦʜʽʾ ʽʟ ʩʫʩʽʜʥʽʤʠ ʘʪʦʤʘʤʠ ʽ ʽʦʥʘʤʠ.  

ʂʦʨʠʩʪʫʶʯʠʩʴ ʛʨʘʬʽʢʦʤ ʜʠʩʧʝʨʩʽʡʥʦʾ ʟʘʣʝʞʥʦʩʪʽ ʢʦʝʬʽʮʽʻʥʪʘ ʧʦʛʣʠʥʘʥʥʷ ɿɯɻ 

(ʥʘʧʨʠʢʣʘʜ, ʜʣʷ ʜʦʚʞʠʥʠ ʭʚʠʣʽ  = 628 ʥʤ ʢʦʝʬʽʮʽʻʥʪ ʧʦʛʣʠʥʘʥʥʷ ʜʦʨʽʚʥʶʻ  

 = 800 ʩʤ-1, ʘ ʜʣʷ =1,15ʥʤ ʪʽʣʴʢʠ = 7 ʩʤ -1), ʤʦʞʥʘ ʦʪʨʠʤʘʪʠ ʟʘʣʝʞʥʦʩʪʽ ʨʝʘʣʴʥʦ 

ʧʦʛʣʠʥʫʪʦʾ ʽʥʪʝʥʩʠʚʥʦʩʪʽ (ʚ ʜʘʥʦʤʫ ʚʠʧʘʜʢʫ - ʝʥʝʨʛʽʾ) ʩʚʽʪʣʘ ʧʣʽʚʢʦʶ ɿɯɻ ʜʣʷ 

ʨʽʟʥʠʭ ʪʦʚʱʠʥ ʧʣʽʚʢʠ, ʜʦʚʞʠʥ ʭʚʠʣʴ ʩʚʽʪʣʘ, ʘ ʪʘʢʦʞ, ʟʚʠʯʘʡʥʦ, ʽ ʽʥʪʝʥʩʠʚʥʦʩʪʽ 

ʩʘʤʦʛʦ ʧʦʣʷʨʠʟʦʚʘʥʦʛʦ ʧʨʦʤʝʥʷ (ʥʫ ʽ ʧʨʦʩʪʦʨʦʚʦʾ ʦʨʽʻʥʪʘʮʽʾ ʡʦʛʦ ʧʣʦʱʠʥʠ 

ʣʽʥʽʡʥʦʾ ʧʦʣʷʨʠʟʘʮʽʾ). ɺʝʣʠʯʠʥʠ ʧʨʦʧʫʩʢʘʥʥʷ ʪʘ ʧʦʛʣʠʥʘʥʥʷ ʩʚʽʪʣʘ ʚʠʟʥʘʯʘʶʪʴʩʷ 

ʫ ʧʝʨʰʦʤʫ ʥʘʙʣʠʞʝʥʥʽ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʢʣʘʩʠʯʥʦʛʦ ʟʘʢʦʥʫ ʧʦʛʣʠʥʘʥʥʷ ʩʚʽʪʣʘ 

ɹʫʛʝʨʘ-ʃʘʤʙʝʨʪʘ-ɹʝʨʘ: ɯʧʨ/ɯʧʘʜ=ʝ -ʭ, ʘ ʪʘʢʦʞ ʬʦʨʤʫʣ ʈʝʣʝʷ ʜʣʷ ʚʽʜʙʠʪʪʷ ʽ 

ʧʦʛʣʠʥʘʥʥʷ ʩʚʽʪʣʘ. 
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3.2.  ʄʘʛʥʽʪʦʦʧʪʠʯʥʘ ʝʬʝʢʪʠʚʥʽʩʪʴ ʜʠʬʨʘʢʮʽʾ ʥʘ ʧʝʨʽʦʜʠʯʥʠʭ ʜʦʤʝʥʥʠʭ 

ʩʪʨʫʢʪʫʨʘʭ 

 

ɿʘʣʽʟʦ-ʽʪʨʽʻʚʠʡ ʬʝʨʠʪ-ʛʨʘʥʘʪ ʻ ʧʦʚʥʽʩʪʶ ʧʨʦʟʦʨʠʤ ʚ ʽʥʬʨʘʯʝʨʚʦʥʦʤʫ 

ʜʽʘʧʘʟʦʥʽ ʽ ʯʘʩʪʢʦʚʦ ʧʨʦʟʦʨʠʤ ʫ ʚʠʜʠʤʦʤʫ, ʧʨʠʥʘʡʤʽ ʚ ʦʙʣʘʩʪʽ ʚʽʜ ʟʝʣʝʥʠʭ ʜʦ 

ʯʝʨʚʦʥʠʭ ʜʦʚʞʠʥ ʭʚʠʣʴ. ɺ ʜʽʘʧʘʟʦʥʽ ʩʠʥʽʭ ʭʚʠʣʴ ʢʦʝʬʽʮʽʻʥʪ ʧʦʛʣʠʥʘʥʥʷ ʩʠʣʴʥʦ 

ʟʨʦʩʪʘʻ ʽ ʭʦʯ ʧʠʪʦʤʝ ʬʘʨʘʜʝʻʚʩʴʢʝ ʦʙʝʨʪʘʥʥʷ ʪʝʞ ʟʨʦʩʪʘʻ, ʘʣʝ ʯʝʨʝʟ ʚʠʩʦʢʝ 

ʧʦʛʣʠʥʘʥʥʷ ʜʣʷ ʨʦʙʦʪʠ ʥʘʧʨʦʩʚʽʪ ʤʦʞʥʘ ʝʬʝʢʪʠʚʥʦ ʟʘʩʪʦʩʦʚʫʚʘʪʠ ʣʠʰʝ ʧʣʽʚʢʠ 

ʪʦʚʱʠʥʦʶ 12 ʤʢʤ. ʇʨʠ ʽʥʰʠʭ ʜʦʚʞʠʥʘʭ ʭʚʠʣʴ ʤʘʛʥʽʪʦʦʧʪʠʯʥʘ ʷʢʽʩʪʴ ʤʘʪʝʨʽʘʣʫ 

(ʚʽʜʥʦʰʝʥʥʷ ʧʠʪʦʤʦʛʦ ʬʘʨʘʜʝʻʚʩʴʢʦʛʦ ʧʦʚʦʨʦʪʫ ʧʣʦʱʠʥʠ ʧʦʣʷʨʠʟʘʮʽʾ ʩʚʽʪʣʘ ʜʦ 

ʢʦʝʬʽʮʽʻʥʪʘ ʧʦʛʣʠʥʘʥʥʷ) ʤʘʻ ʩʢʣʘʜʥʫ ʟʘʣʝʞʥʽʩʪʴ ʚʽʜ ʜʦʚʞʠʥʠ ʭʚʠʣʽ, ʱʦ ʥʝ 

ʦʧʠʩʫʻʪʴʩʷ ʘʥʘʣʽʪʠʯʥʦ. ʅʝʟʚʘʞʘʶʯʠ ʥʘ ʮʝ, ʟʘ ʜʦʧʦʤʦʛʦʶ ʽʩʥʫʶʯʠʭ ʬʦʨʤʫʣ ʜʣʷ 

ʤʘʛʥʽʪʦʦʧʪʠʯʥʦʾ ʜʠʬʨʘʢʮʽʾ [4], ʘ ʪʘʢʦʞ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʛʨʘʬʽʢʽʚ ʜʠʩʧʝʨʩʽʡʥʠʭ 

ʟʘʣʝʞʥʦʩʪʝʡ ʬʘʨʘʜʝʻʚʩʴʢʦʛʦ ʧʦʚʦʨʦʪʫ ʽ ʧʦʛʣʠʥʘʥʥʷ, ʤʦʞʥʘ ʦʮʽʥʠʪʠ ʜʠʬʨʘʢʮʽʡʥʫ 

ʝʬʝʢʪʠʚʥʽʩʪʴ ʧʣʽʚʦʢ ʬʝʨʠʪ-ʛʨʘʥʘʪʽʚ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʾʭ ʪʦʚʱʠʥʠ ʽ ʩʧʝʢʪʨʘʣʴʥʦʛʦ 

ʩʢʣʘʜʫ ʦʧʨʦʤʽʥʶʶʯʦʛʦ ʩʚʽʪʣʘ. 

 

 

ʈʠʩ. 3.3  ʉʤʫʛʘʩʪʘ ʩʪʨʫʢʪʫʨʘ ʜʦʤʝʥʽʚ ɿɯɻ, ʦʨʽʻʥʪʦʚʘʥʠʭ ʚʟʜʦʚʞ ʜʚʦʭ ʣʝʛʢʠʭ 

ʦʩʝʡ (ʧʨʦʻʢʮʽʡ ʦʩʝʡ <111> ʣʝʛʢʦʛʦ ʥʘʤʘʛʥʽʯʫʚʘʥʥʷ ʢʫʙʽʯʥʦʛʦ ʢʨʠʩʪʘʣʘ ʥʘ 

ʧʣʦʱʠʥʫ (111) ). ʇʝʨʽʦʜ ʜʦʤʝʥʥʦʾ ʩʪʨʫʢʪʫʨʠ ʈ=10 ʤʢʤ. 

 



48 
 

ɯʥʪʝʥʩʠʚʥʽʩʪʴ ʩʚʽʪʣʘ, ʧʦʣʷʨʠʟʦʚʘʥʦʛʦ ʚʟʜʦʚʞ ʜʦʤʝʥʥʠʭ ʩʤʫʛ (ʩʪʽʥʦʢ) ʫ 

ʚʠʧʘʜʢʫ ʩʤʫʛʘʩʪʦʾ ʜʦʤʝʥʥʦʾ ʩʪʨʫʢʪʫʨʠ ʚ ʥʫʣʴʦʚʦʤʫ ʧʦʨʷʜʢʫ ʜʠʬʨʘʢʮʽʾ 

ʚʠʟʥʘʯʘʪʠʤʝʪʴʩʷ ʷʢ [3]:   

Iy o= I0exp(-h)cos2(Fh),                                       (2.1) 

ʘ ʽʥʪʝʥʩʠʚʥʽʩʪʴ ʩʚʽʪʣʘ,  ʧʦʣʷʨʠʟʦʚʘʥʦʛʦ ʧʦʧʝʨʝʯʥʦ ʜʦʤʝʥʥʠʤ ʩʤʫʛʘʤ ʚ ʽʥʰʠʭ 

ʧʦʨʷʜʢʘʭ ʜʠʬʨʘʢʮʽʾ ʚʠʟʥʘʯʘʪʠʤʝʤʦ ʪ.ʯ.: 

Ixn= I0
-2n -24exp(-h)sin2(Fh) sin2(nw/P),              (2.2) 

ʜʝ  n - ʧʦʨʷʜʦʢ ʜʠʬʨʘʢʮʽʡʥʦʛʦ ʤʘʢʩʠʤʫʤʘ;    - ʢʦʝʬʽʮʽʻʥʪ ʧʦʛʣʠʥʘʥʥʷ ʧʣʽʚʢʦʶ  

ɿɯɻ ʩʚʽʪʣʘ ʜʝʷʢʦʾ ʯʘʩʪʦʪʠ (ʜʦʚʞʠʥʠ ʭʚʠʣʽ); h - ʪʦʚʱʠʥʘ ʧʣʽʚʢʠ;  w - ʰʠʨʠʥʘ 

ʜʦʤʝʥʘ;  ʈ - ʧʝʨʽʦʜ ʜʦʤʝʥʥʦʾ ʩʪʨʫʢʪʫʨʠ. 

ɿʘʣʝʞʥʦʩʪʽ, ʧʦʙʫʜʦʚʘʥʽ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʬʦʨʤʫʣʠ (2.2) ʽʟ ʟʘʧʠʩʘʥʠʤʠ ʥʘʜ 

ʛʨʘʬʽʢʦʤ ʧʘʨʘʤʝʪʨʘʤʠ ʧʨʝʜʩʪʘʚʣʝʥʽ ʥʘ ʨʠʩ. 2.2. ʄʦʜʝʣʶʚʘʥʥʷ ʚʠʢʦʥʫʚʘʣʦʩʴ ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʢʦʤʧôʶʪʝʨʥʦʾ ʧʨʦʛʨʘʤʠ Mathcad. 

ɿ ʮʠʭ ʟʘʣʝʞʥʦʩʪʝʡ ʟʨʫʯʥʦ ʚʠʟʥʘʯʘʪʠ ʚʝʣʠʯʠʥʠ ʽ ʭʘʨʘʢʪʝʨ ʟʤʽʥʠ ʜʠʬʨʘʢʮʽʡʥʠʭ 

ʝʬʝʢʪʠʚʥʦʩʪʝʡ ʚ ʟʘʣʝʞʥʦʩʪʽ ʥʝ ʪʽʣʴʢʠ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʚʽʜ ʪʦʚʱʠʥʠ ʧʣʽʚʢʠ, ʘʣʝ ʽ ʚʽʜ 

ʜʦʚʞʠʥʠ ʭʚʠʣʽ ʩʚʽʪʣʘ, ʚʽʜ ʚʝʣʠʯʠʥʠ ʧʠʪʦʤʦʛʦ ʬʘʨʘʜʝʻʚʩʴʢʦʛʦ ʧʦʚʦʨʦʪʫ ʧʣʦʱʠʥʠ 

ʧʦʣʷʨʠʟʘʮʽʾ, ʘ ʪʘʢʦʞ ʚʽʜ ʥʝʩʠʤʝʪʨʠʯʥʦʩʪʽ ʜʦʤʝʥʥʦʾ ʩʪʨʫʢʪʫʨʠ (ʫ ʚʠʧʘʜʢʫ 

ʧʨʠʢʣʘʜʘʥʥʷ ʟʦʚʥʽʰʥʴʦʛʦ ʤʘʛʥʽʪʥʦʛʦ ʧʦʣʷ, ʢʦʣʠ ʚʽʜʙʫʚʘʻʪʴʩʷ ʟʨʦʩʪʘʥʥʷ 

çʚʠʛʽʜʥʠʭè ʜʦʤʝʥʽʚ ʽʟ ʥʘʤʘʛʥʽʯʝʥʽʩʪʶ ʚʟʜʦʚʞ ʧʨʠʢʣʘʜʝʥʦʛʦ ʧʦʣʷ ʘʙʦ ʧʽʜ 

ʥʝʚʝʣʠʢʠʤ ʢʫʪʦʤ ʜʦ ʥʴʦʛʦ  ʽ ʟʤʝʥʰʝʥʥʷ ʜʦʤʝʥʽʚ, ʥʘʧʨʘʚʣʝʥʠʭ ʧʨʦʪʠ ʧʦʣʷ, ʘʙʦ ʧʽʜ 

ʙʽʣʴʰʠʤʠ ʢʫʪʘʤʠ ʜʦ ʥʘʧʨʷʤʢʫ ʧʨʠʢʣʘʜʝʥʦʛʦ ʧʦʣʷ). 

ʂʦʨʠʩʪʫʶʯʠʩʴ ʧʦʙʫʜʦʚʘʥʠʤʠ ʪʘʢʠʤ ʯʠʥʦʤ ʟʘʣʝʞʥʦʩʪʷʤʠ, ʤʦʞʥʘ ʧʽʜʙʠʨʘʪʠ 

ʦʧʪʠʤʘʣʴʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʣʽʚʦʢ ʽ  ʧʘʨʘʤʝʪʨʠ ʾʭ ʜʦʤʝʥʥʠʭ ʩʪʨʫʢʪʫʨ ʜʣʷ 

ʦʪʨʠʤʘʥʥʷ ʤʘʢʩʠʤʘʣʴʥʦʾ ʜʠʬʨʘʢʮʽʡʥʦʾ ʝʬʝʢʪʠʚʥʦʩʪʽ. ʅʝʦʙʭʽʜʥʦ ʚʽʜʟʥʘʯʠʪʠ, ʱʦ ʮʽ 

ʛʨʘʬʽʢʠ ʟʦʙʨʘʞʝʥʽ ʜʣʷ ʯʠʩʪʦʛʦ (ʪʦʙʪʦ ʙʝʟʜʦʤʽʰʢʦʚʦʛʦ, ʭʦʯ ʙʫʜʴ-ʷʢʠʡ ʢʨʠʩʪʘʣ ɿɯɻ 

ʚʤʽʱʫʻ ʥʝʟʥʘʯʥʫ ʢʽʣʴʢʽʩʪʴ ʥʝʢʦʥʪʨʦʣʴʦʚʘʥʠʭ ʜʦʤʽʰʦʢ ʯʝʨʝʟ ʪʝʭʥʦʣʦʛʽʯʥʽ 

ʦʩʦʙʣʠʚʦʩʪʽ ʝʧʽʪʘʢʩʽʡʥʦʛʦ ʚʠʨʦʱʫʚʘʥʥʷ) ʢʨʠʩʪʘʣʽʯʥʦʛʦ ʤʘʪʝʨʽʘʣʫ ɿɯɻ. 
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ʈʠʩ.3.4. ɽʬʝʢʪʠʚʥʽʩʪʴ I (ʫ ʚʽʜʩʦʪʢʘʭ) ʜʠʬʨʘʢʮʽʾ ʧʦʣʷʨʠʟʦʚʘʥʦʛʦ ʩʚʽʪʣʘ ʥʘ 

ʧʝʨʽʦʜʠʯʥʽʡ (ʩʤʫʛʘʩʪʽʡ) ʜʦʤʝʥʥʽʡ ʩʪʨʫʢʪʫʨʽ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʪʦʚʱʠʥʠ ʧʣʽʚʢʠ  h  

ʧʨʠ ʨʽʟʥʠʭ ʢʦʝʬʽʮʽʻʥʪʘʭ ʧʦʛʣʠʥʘʥʥʷ    (1 ʽ 2) ʽ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷʭ  w/P  ʤʽʞ 

ʰʠʨʠʥʦʶ ʩʫʩʽʜʥʽʭ ʜʦʤʝʥʽʚ (1 ʽ 3). 

 

ʋ ʚʠʧʘʜʢʫ ʥʘʷʚʥʦʩʪʽ, ʥʘʧʨʠʢʣʘʜ ʜʦʤʽʰʦʢ ɺʽ (ʚʽʩʤʫʪʘ) ʚ ʜʦʜʝʢʘʝʜʨʠʯʥʠʭ 

ʚʫʟʣʘʭ ʢʨʠʩʪʘʣʽʯʥʦʾ ʛʨʘʪʢʠ (ʢʦʣʠ ɺʽ ʯʘʩʪʢʦʚʦ ʟʘʤʽʱʫʻ ɯʪʨʽʡ Y, ʧʨʠ ʮʴʦʤʫ ʜʣʷ 

ʢʦʤʧʝʥʩʘʮʽʾ ʨʦʟʰʠʨʝʥʥʷ ʢʨʠʩʪʘʣʽʯʥʦʾ ʛʨʘʪʢʠ ʚ ʦʢʪʘʝʜʨʠʯʥʽ ʪʘ/ʘʙʦ ʚ 

ʜʦʜʝʢʘʝʜʨʠʯʥʽ ʚʫʟʣʠ ʟʘʤʽʩʪʴ Fe ʚʚʦʜʷʪʴ ʜʦʤʽʰʢʠ ʽʥʰʦʛʦ ʨʘʜʽʫʩʫ, ʥʘʧʨʠʢʣʘʜ, ʛʘʣʽʡ 

Ga ) ʧʣʽʚʢʘ ɿɯɻ:ɺʽ  ʧʨʦʷʚʣʷʻ ʧʦʚʦʨʦʪ ʧʣʦʱʠʥʠ ʧʦʣʷʨʠʟʘʮʽʾ ʩʚʽʪʣʘ ʥʘ ʤʘʡʞʝ 2 
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ʧʦʨʷʜʢʠ ʚʠʱʠʡ ʟʘ ʙʝʟʜʦʤʽʰʢʦʚʠʡ ʤʘʪʝʨʽʘʣ. ʋ ʮʴʦʤʫ ʚʠʧʘʜʢʫ ʽ ʟʥʘʯʝʥʥʷ 

ʜʠʬʨʘʢʮʽʡʥʦʾ ʝʬʝʢʪʠʚʥʦʩʪʽ ʧʽʜʚʠʱʫʶʪʴʩʷ ʧʨʠʙʣʠʟʥʦ ʥʘ ʧʦʨʷʜʦʢ, ʘʣʝ ʪʘʢʽ ʧʣʽʚʢʠ 

ʤʘʶʪʴ ʛʽʨʰʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʝʨʝʤʘʛʥʽʯʫʚʘʥʥʷ ʧʦ ʚʠʩʦʢʽʡ ʯʘʩʪʦʪʽ. ʊʦʙʪʦ ʟʥʦʚʫ 

ʧʦʩʪʘʻ ʟʘʜʘʯʘ ʚʠʙʦʨʫ ʦʧʪʠʤʘʣʴʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʣʽʚʦʢ ʜʣʷ ʨʽʟʥʠʭ ʟʘʩʪʦʩʫʚʘʥʴ. 
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3.3.  ɼʽʷ ʧʦʣʷʨʠʟʦʚʘʥʦʛʦ ʩʪʨʫʤʫ ʥʘ ʥʘʤʘʛʥʽʯʝʥʽʩʪʴ ʤʝʪʘʣʝʚʠʭ ʰʘʨʽʚ 

 

ɼʣʷ ʚʠʟʥʘʯʝʥʥʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʉʂ, ʚ ʧʝʨʰʫ ʡʦʛʦ ʧʦʚʝʨʭʥʝʚʦʛʦ ʰʘʨʫ, 

ʟʘʧʠʩʫʶʪʴʩʷ ʢʨʠʚʽ ʤʘʛʥʽʪʥʦʛʦ ʛʽʩʪʝʨʝʟʠʩʫ ʟʘ ʜʦʧʦʤʦʛʦʶ ʤʘʛʥʽʪʦʦʧʪʠʯʥʦʛʦ ʝʬʝʢʪʘ 

ʂʝʨʨʘ. ʌʦʨʤʘ ʪʘ ʧʘʨʘʤʝʪʨʠ ʧʝʪʣʽ ʚʠʟʥʘʯʘʶʪʴ ʧʦʣʝ ʥʘʩʠʯʝʥʥʷ ʜʦʤʝʥʥʦʾ ʩʪʨʫʢʪʫʨʠ 

(ɼʉ) ʰʘʨʫ, ʤʘʛʥʽʪʦʞʦʨʩʪʢʽʩʪʴ ʤʘʪʝʨʽʘʣʫ, ʢʦʝʨʮʠʪʠʚʥʫ ʩʠʣʫ, ʘʥʽʟʦʪʨʦʧʽʶ, ʭʘʨʘʢʪʝʨ 

ʤʘʛʥʽʪʥʠʭ ʥʝʦʜʥʦʨʽʜʥʦʩʪʝʡ ʪʦʱʦ. ʇʝʨʝʤʘʛʥʽʯʫʚʘʥʥʷ ʩʪʨʫʢʪʫʨʠ, ʢʨʠʚʽ ʛʽʩʪʝʨʝʟʠʩʫ 

ʷʢʦʾ ʟʦʙʨʘʞʝʥʽ ʥʘ ʨʠʩ. , ʚʠʟʥʘʯʘʻʪʴʩʷ ʧʝʨʝʚʘʞʥʦ ʘʥʽʟʦʪʨʦʧʽʻʶ ʚ ʧʣʦʱʠʥʽ 

ʚʝʨʭʥʴʦʛʦ (ʤʘʛʥʽʪʦʤôʷʢʦʛʦ) ʰʘʨʫ ʪʘ ʡʦʛʦ ʚʟʘʻʤʦʜʽʻʶ ʟ ʥʠʞʥʽʤ (ʙʽʣʴʰ 

ʤʘʛʥʽʪʦʞʦʨʩʪʢʠʤ) ʰʘʨʦʤ.  

 

 

 

ʈʠʩ. 3.5. ʌʦʨʤʘ ʧʝʪʝʣʴ ʤʘʛʥʽʪʥʦʛʦ 

ʛʽʩʪʝʨʝʟʠʩʫ  ʧʨʠ ʨʽʟʥʠʭ ʘʟʠʤʫʪʘʣʴʥʠʭ 

ʥʘʧʨʷʤʢʘʭ ʟʦʚʥʽʰʥʴʦʛʦ ʧʦʣʷ. 

82 69 

20 +20 

+40 +83 

 

 

ʆʩʪʘʥʥʷ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʦʙʤʽʥʥʦʾ ʪʘ ʤʘʛʥʽʪʦʩʪʘʪʠʯʥʦʾ ʯʘʩʪʠʥ ʽ ʟʘʣʝʞʠʪʴ ʚʽʜ 

ʪʦʚʱʠʥʠ ʥʝʤʘʛʥʽʪʥʦʛʦ ʧʨʦʰʘʨʢʫ Cu ʪʘ ʰʦʨʩʪʢʦʩʪʽ ʤʽʞʰʘʨʦʚʠʭ ʧʦʚʝʨʭʦʥʴ 
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ʨʦʟʜʽʣʫ. ɼʣʷ ʽʣʶʩʪʨʘʮʾ ʮʴʦʛʦ ʬʘʢʪʫ ʥʘ ʨʠʩ.3 ʥʘʚʝʜʝʥʠʡ ʧʨʠʢʣʘʜ ʬʦʨʤʠ ʢʨʠʚʦʾ 

ʛʽʩʪʝʨʝʟʠʩʫ ʜʣʷ ʪʽʻʾ ʞ ʩʪʨʫʢʪʫʨʠ, ʘʣʝ ʧʨʠ ʤʝʥʰʽʡ ʥʽʞ ʥʘ ʨʠʩ.2 ʪʦʚʱʠʥʽ ʧʨʦʰʘʨʢʫ 

Cu (ʩʪʨʫʢʪʫʨʘ ʚʠʛʦʪʦʚʣʷʣʘʩʴ ʽʟ ʨʽʚʥʦʤʽʨʥʦ ʟʤʽʥʥʦʶ ʪʦʚʱʠʥʦʶ ʧʦ ʧʣʦʱʽ ʧʣʽʚʢʠ). 

ɿʙʽʣʴʰʝʥʥʷ ʤʽʞʰʘʨʦʚʦʾ ʚʟʘʻʤʦʜʽʾ ʚ ʮʴʦʤʫ ʚʠʧʘʜʢʫ ʧʨʠʟʚʝʣʦ ʜʦ ʩʠʣʴʥʦʾ ʢʦʨʝʣʷʮʽʾ 

ʧʝʨʝʤʘʛʥʽʯʫʚʘʥʥʷ ʦʙʦʭ ʰʘʨʽʚ, ʱʦ ʦʙʫʤʦʚʠʣʦ ñʧʝʨʝʪʷʛʥʫʪʫò ʬʦʨʤʫ ʢʨʠʚʦʾ 

ʛʽʩʪʝʨʝʟʠʩʫ.  

 

 
 

ʈʠʩ.3.6. ʇʝʪʣʷ ʛʽʩʪʝʨʝʟʠʩʫ ʧʨʠ ʪʦʚʱʠʥʽ 

ʧʨʦʰʘʨʢʫ Cu d=10 ʥʤ. 
 

 

ɿ ʢʨʠʚʠʭ ʛʽʩʪʝʨʝʟʠʩʫ ʥʘ ʨʠʩ.2 ʚʠʟʥʘʯʘʶʪʴʩʷ ʦʩʽ ʣʝʛʢʦʛʦ ʪʘ ʚʘʞʢʦʛʦ 

ʥʘʤʘʛʥʽʯʫʚʘʥʥʷ ʚ ʧʣʦʱʠʥʽ, ʱʦ ʥʘʧʨʘʚʣʝʥʽ ʚʽʜʧʦʚʽʜʥʦ ʚʟʜʦʚʞ -69 ʪʘ +40. ʊʘʢʠʤ 

ʯʠʥʦʤ, ʟʘʩʪʦʩʫʚʘʥʥʷ ʚ ʷʢʦʩʪʽ ʩʧʽʥ-ʟʘʣʝʞʥʦʛʦ ʢʣʶʯʦʚʦʛʦ ʝʣʝʤʝʥʪʘ ʥʘʡʙʽʣʴʰ 

ʝʥʝʨʛʝʪʠʯʥʦ ʚʠʛʽʜʥʠʤ ʥʘʧʨʷʤʢʦʤ ʧʽʜʤʘʛʥʽʯʫʚʘʥʥʷ ʻ -20, ʘ ʜʣʷ ʧʝʨʝʤʘʛʥʽʯʫʚʘʥʥʷ 

ʧʽʜ ʜʽʻʶ ʧʦʣʷʨʠʟʦʚʘʥʦʛʦ ʩʪʨʫʤʫ - ʥʘʧʨʷʤʦʢ -69.  

ɺʠʤʽʨʶʚʘʥʥʷ ʩʪʨʫʤʫ ʪʘ ʤʘʛʥʽʪʦʦʧʦʨʫ ʩʪʨʫʢʪʫʨʠ ʟʜʽʡʩʥʶʚʘʣʦʩʴ ʧʨʠ 

ʧʨʦʭʦʜʞʝʥʥʽ ʩʪʨʫʤʫ ʫ ʧʦʟʜʦʚʞʥʴʦʤʫ ʪʘ ʧʦʧʝʨʝʯʥʦʤʫ ʥʘʧʨʷʤʢʘʭ (ʧʨʠ ʥʘʷʚʥʦʩʪʽ 

ʘʙʦ ʚʽʜʩʫʪʥʦʩʪʽ ʦʢʠʩʥʦʛʦ ʰʘʨʫ SiO2 ʤʽʞ Si ʪʘ Fe ʰʘʨʘʤʠ. ɺʠʤʽʨʶʚʘʥʥʷ 

ʧʨʦʚʦʜʠʣʦʩʴ ʫ ʧʦʣʷʭ ʥʘʧʨʫʞʝʥʽʩʪʶ ʜʦ 150 ɽʨʩʪ, ʦʩʢʽʣʴʢʠ ʮʽʻʾ ʚʝʣʠʯʠʥʠ ʙʫʣʦ 

ʜʦʩʪʘʪʥʴʦ ʜʣʷ ʧʝʨʝʤʘʛʥʽʯʫʚʘʥʥʷ ʤʘʛʥʽʪʦʤôʷʢʦʛʦ ʰʘʨʫ ʚ ʧʨʦʪʠʣʝʞʥʠʡ ʥʘʧʨʷʤʦʢ 

ʥʝʟʘʣʝʞʥʦ ʚʽʜ ʘʟʠʤʫʪʘʣʴʥʦʛʦ ʢʫʪʘ ʥʘʧʨʷʤʢʫ ʧʦʣʷ. 

ʇʽʜ ʜʽʻʶ ʤʘʛʥʽʪʥʦʛʦ ʧʦʣʷ ʚʩʽ ʰʘʨʠ ʉʂ ʥʘʤʘʛʥʽʯʫʶʪʴʩʷ ʚ ʦʜʥʦʤʫ ʥʘʧʨʷʤʢʫ, ʚ 

ʨʝʟʫʣʴʪʘʪʽ ʚʽʜʙʫʚʘʻʪʴʩʷ ʟʙʽʣʴʰʝʥʥʷ ʩʪʨʫʤʫ, ʱʦ ʧʨʦʭʦʜʠʪʴ ʯʝʨʝʟ ʩʪʨʫʢʪʫʨʫ. ɺ 

ʧʨʠʢʣʘʜʽ, ʥʘʚʝʜʝʥʦʤʫ ʥʘ ʨʠʩ.4 ʤʘʢʩʠʤʘʣʴʥʽ ʟʤʽʥʠ ʩʧʦʩʪʝʨʽʛʘʣʠʩʴ ʧʨʠ 



53 
 

ʧʘʨʘʣʝʣʴʥʦʩʪʽ ʧʦʣʷ ʪʘ ʥʘʧʨʷʤʢʫ ʩʪʨʫʤʫ, ʱʦ ʚ ʟʥʘʯʥʽʡ ʤʽʨʽ ʦʙʫʤʦʚʣʶʚʘʣʦʩʴ 

ʢʦʥʩʪʨʫʢʪʠʚʥʠʤʠ ʦʩʦʙʣʠʚʦʩʪʷʤʠ ʩʪʚʦʨʝʥʠʭ ʩʪʨʫʢʪʫʨ. 

 

 

ʈʠʩ. 3.7. ɿʤʽʥʘ ʚʦʣʴʪ-ʘʤʧʝʨʥʦʾ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʉʊ ʚ ʤʘʛʥʽʪʥʦʤʫ ʧʦʣʽ: 

1 - ʅ=0; 2 - ʅ=50 ɽʨʩʪ (ʰʘʨʠ ʉʂ ʥʘʤʘʛʥʽʯʝʥʽ ʧʘʨʘʣʝʣʴʥʦ). 

 

ʆʮʽʥʢʫ ʧʨʦʭʦʜʞʝʥʥʷ ʩʪʨʫʤʫ ʚ ʩʪʨʫʢʪʫʨʽ ʌʄ-ʅʇ ʤʦʞʥʘ ʟʨʦʙʠʪʠ ʥʘ ʦʩʥʦʚʽ 

ʩʪʘʥʜʘʨʪʥʦʛʦ ʨʽʚʥʷʥʥʷ ɹʦʣʴʮʤʘʥʘ ʜʣʷ ʬʫʥʢʮʽʾ ʨʦʟʧʦʜʽʣʫ ʥʝʨʽʚʥʦʚʘʞʥʠʭ ʥʦʩʽʾʚ 

ʟʘʨʷʜʫ : 

  ii

i

i dWFF
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F
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F
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k

v

r
v 



















 ,                        (1) 

ʜʝ i - ʥʦʤʝʨ ʩʪʘʥʫ (ʝʥʝʨʛʝʪʠʯʥʦʛʦ ʨʽʚʥʷ), ʘ - ʽʤʦʚʽʨʥʽʩʪʴ ʧʝʨʝʭʦʜʫ ʤʽʞ i-ʤ ʪʘ 

ʦʩʥʦʚʥʠʤ ʩʪʘʥʘʤʠ. ɼʣʷ ʩʧʨʦʱʝʥʥʷ ʧʝʨʰʠʤ ʪʘ ʪʨʝʪʽʤ ʜʦʜʘʥʢʘʤʠ ʚ ʣʽʚʽʡ ʯʘʩʪʠʥʽ 

ʨʽʚʥʷʥʥʷ (1) ʤʦʞʥʘ ʟʥʝʭʪʫʚʘʪʠ ʟʚʘʞʘʶʯʠ ʥʘ ʩʪʘʮʽʦʥʘʨʥʽʩʪʴ ʧʨʦʪʽʢʘʥʥʷ ʧʨʦʮʝʩʽʚ, ʘ 

ʪʘʢʦʞ ʭʘʨʘʢʪʝʨ ʨʫʭʫ ʝʣʝʢʪʨʦʥʽʚ ʚ ʧʨʦʚʽʜʥʦʤʫ ʢʘʥʘʣʽ ʙʝʟ ʩʫʪʪʻʚʦʾ ʟʤʽʥʠ ʾʭ 

ʰʚʠʜʢʦʩʪʽ. ɼʣʷ ʧʦʜʘʣʴʰʦʛʦ ʩʧʨʦʱʝʥʥʷ  ʚʚʘʞʘʪʠʤʝʤʦ ʤʝʭʘʥʽʟʤʦʤ ʨʦʟʩʽʷʥʥʷ 

ʟʘʨʷʜʽʚ ʧʨʫʞʥʽ ʪʘ ʥʝʧʨʫʞʥʽ ʟʽʪʢʥʝʥʥʷ ʙʝʟ ʚʠʢʦʨʠʩʪʘʥʥʷ ʥʘʙʣʠʞʝʥʥʷ ʯʘʩʫ 

ʨʝʣʘʢʩʘʮʽʾ. ɺ ʪʘʢʦʤʫ ʚʠʧʘʜʢʫ ʨʽʚʥʷʥʥʷ (1) ʩʧʨʦʩʪʠʪʴʩʷ ʜʦ: 
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,                        (2) 
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ʘ ʧʨʠ ʦʜʥʦʚʠʤʽʨʥʦʤʫ ʥʘʙʣʠʞʝʥʥʽ: F
x

F

ʥʧ

















11
, ʟʚʽʜʢʠ ʬʫʥʢʮʽʷ F 

ʟʤʽʥʶʚʘʪʠʤʝʪʴʩʷ ʟ ʢʦʦʨʜʠʥʘʪʦʶ x ʟʘ ʦʙʝʨʥʝʥʦʶ ʝʢʩʧʦʥʝʥʮʽʡʥʦʶ ʟʘʣʝʞʥʽʩʪʶ. 

ʉʪʨʫʤ ʯʝʨʝʟ ʉʂ ʤʦʞʝ ʙʫʪʠ ʨʦʟʨʘʭʦʚʘʥʠʡ, ʥʘʧʨʠʢʣʘʜ, ʥʘ ʦʩʥʦʚʽ ʥʘʚʝʜʝʥʦʛʦ ʥʠʞʯʝ 

ʨʽʚʥʷʥʥʷ: 

       xdxxxFeIx


,cos,cos,cos,

1

0

vvv    

ɿʘʩʪʦʩʦʚʫʶʯʠ ʯʠʩʝʣʴʥʽ ʧʘʨʘʤʝʪʨʠ ʪʦʚʱʠʥ ʰʘʨʽʚ ʪʘ ʚʝʣʠʯʠʥ ʧʨʠʢʣʘʜʝʥʠʭ 

ʥʘʧʨʫʛ ʤʦʞʥʘ ʧʦʨʽʚʥʷʪʠ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʪʘ ʨʦʟʨʘʭʫʥʢʦʚʽ ʟʥʘʯʝʥʥʷ ʩʪʨʫʤʫ ʧʨʠ 

ʨʽʟʥʠʭ ʪʦʚʱʠʥʘʭ ʥʝʤʘʛʥʽʪʥʦʛʦ ʧʨʦʰʘʨʢʫ. ɿʦʢʨʝʤʘ, ʧʨʠ ʩʫʤʘʨʥʦʤʫ (ʝʬʝʢʪʠʚʥʦʤʫ) 

ʟʥʘʯʝʥʥʽ ʜʦʚʞʠʥʠ ʧʨʦʙʽʛʫ 10 ʥʤ ʟʤʝʥʰʝʥʥʷ ʟʥʘʯʝʥʥʷ 

ʬʫʥʢʮʽʾ ʩʪʘʥʫ, ʘ ʚʽʜʧʦʚʽʜʥʦ, ʽ ʩʪʨʫʤʫ ʜʦ 103 ʨʘʟʽʚ ʩʧʦʩʪʝʨʽʛʘʪʠʤʝʪʴʩʷ ʥʘ ʜʦʚʞʠʥʽ 

ʧʨʦʚʽʜʥʦʛʦ ʢʘʥʘʣʫ L~70 ʥʤ. ɹʽʣʴʰ ʞʦʨʩʪʢʽ ʪʘ ʨʝʘʣʽʩʪʠʯʥʽʰʽ ʦʮʽʥʢʠ ~2 ʥʤ 

ʚʽʜʧʦʚʽʜʥʠʤ ʯʠʥʦʤ ʟʤʝʥʰʘʪʴ ʜʦʚʞʠʥʫ ʢʘʥʘʣʫ ʜʦ ʥʘʥʦʤʝʪʨʦʚʦʛʦ ʜʽʘʧʘʟʦʥʫ, ʱʦ 

ʩʫʪʪʻʚʦ ʫʩʢʣʘʜʥʶʻ ʢʝʨʫʚʘʥʥʷ ʩʪʨʫʤʦʤ.  

ɺʪʽʤ, ʦʜʥʠʤ ʽʟ ʤʝʪʦʜʽʚ ʧʦʜʦʣʘʥʥʷ ʟʥʘʯʥʠʭ ʨʦʟʤʽʨʥʠʭ ʦʙʤʝʞʝʥʴ ʻ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʜʣʷ ʩʧʽʥʦʚʦʾ ʽʥʞʝʢʮʽʾ ʪʫʥʝʣʴʥʠʭ ʙʘʨôʻʨʽʚ, ʘ ʪʘʢʦʞ ʨʦʙʦʪʘ ʉʊ ʚ 

ʨʝʞʠʤʽ ʙʘʣʽʩʪʠʯʥʠʭ ʝʣʝʢʪʨʦʥʽʚ. ɺʥʝʩʦʢ ʜʦ ʚʠʭʽʜʥʦʛʦ ʩʪʨʫʤʫ ʉʊ, ʦʙʫʤʦʚʣʝʥʠʡ 

ʩʧʽʥʦʚʦʶ ʧʨʝʮʝʩʽʻʶ, ʤʦʞʥʘ ʦʮʽʥʠʪʠ ʚʠʭʦʜʷʯʠ ʟ ʧʨʦʩʪʦʾ ʤʦʜʝʣʽ, ʟʘʩʪʦʩʦʚʘʥʦʾ ʚ [4] 

ʜʣʷ ʙʽʧʦʣʷʨʥʦʾ ʩʭʝʤʠ: 

 
dtete

tD
I fs

t

tD

Vtx

C










  cos
5,0

4

2

0
2                          (3) 

ʜʝ  D - ʜʠʬʫʟʽʡʥʘ ʩʪʘʣʘ, V ï ʜʨʝʡʬʦʚʘ ʰʚʠʜʢʽʩʪʴ, fs - ʝʬʝʢʪʠʚʥʠʡ ʯʘʩ ʞʠʪʪʷ ʩʧʽʥʽʚ. 

ʊʘʢʠʤ ʯʠʥʦʤ, ʩʪʨʫʤ ʚʠʟʥʘʯʘʻʪʴʩʷ ʛʦʣʦʚʥʠʤ ʯʠʥʦʤ ʜʨʝʡʬʦʤ ʪʘ ʜʠʬʫʟʽʻʶ ʥʦʩʽʾʚ 

ʟʘʨʷʜʫ, ʘ ʪʘʢʦʞ ʧʨʝʮʝʩʽʻʶ ʪʘ ʦʙʤʝʞʝʥʠʤ ʯʘʩʦʤ ʞʠʪʪʷ ʩʧʽʥʽʚ. ɺʪʽʤ, ʜʦʩʠʪʴ ʟʥʘʯʥʽ 

ʨʦʟʭʦʜʞʝʥʥʷ ʤʽʞ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʤʠ ʪʘ ʨʦʟʨʘʭʫʥʢʦʚʠʤʠ ʜʘʥʠʤʠ ʚ ʮʴʦʤʫ 
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ʚʠʧʘʜʢʫ ʦʙʫʤʦʚʣʶʻʪʴʩʷ ʚ ʧʝʨʰʫ ʯʝʨʛʫ ʥʝʢʦʥʪʨʦʣʴʦʚʘʥʠʤʠ ʢʦʥʪʘʢʪʥʠʤʠ ʪʘ 

ʧʦʚʝʨʭʥʝʚʠʤʠ ʷʚʠʱʘʤʠ.  

ʇʝʨʝʭʽʜʥʦʤʫ ʢʦʥʪʘʢʪʥʦʤʫ ʰʘʨʫ  ʤʝʪʘʣʫ ʟ ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʦʤ ʧʨʠʪʘʤʘʥʥʠʡ 

ʚʝʥʪʠʣʴʥʠʡ ʝʬʝʢʪ ʽ ʧʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ ʥʘ ʧʦʚʝʨʭʥʽ ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʘ ʜʚʦʭ 

ʬʝʨʦʤʘʛʥʽʪʥʠʭ ʰʘʨʽʚ ʽʟ ʥʝʤʘʛʥʽʪʥʠʤ ʧʨʦʰʘʨʢʦʤ (ʨʠʩ.1), ʪʘʢʘ ʩʪʨʫʢʪʫʨʘ ʤʦʞʝ 

ʜʦʜʘʪʢʦʚʦ ʟʤʽʥʶʚʘʪʠ ʩʚʽʡ ʦʧʽʨ ʧʽʜ ʜʽʻʶ ʟʦʚʥʽʰʥʴʦʛʦ ʤʘʛʥʽʪʥʦʛʦ ʧʦʣʷ. ʇʨʠ ʮʴʦʤʫ 

ʯʝʨʝʟ ʤʘʣʽʩʪʴ ʮʽʻʾ ʟʤʽʥʠ ʧʦʨʽʚʥʷʥʦ ʽʟ ʦʧʦʨʦʤ ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʘ, ʥʝʦʙʭʽʜʥʦ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʩʧʝʮʽʘʣʴʥʝ ʧʽʜʢʣʶʯʝʥʥʷ ʪʘʢʦʛʦ ʝʣʝʤʝʥʪʘ. 

Cʧʽʚʧʘʜʽʥʥʷ ʢʨʠʚʠʭ ʧʝʨʝʤʘʛʥʽʯʫʚʘʥʥʷ (ʧʝʪʝʣʴ ʛʽʩʪʝʨʝʟʠʩʫ) ʟʚôʷʟʘʥʠʭ ʰʘʨʽʚ 

ʩʝʥʜʚʽʯ-ʩʪʨʫʢʪʫʨʠ, ʨʦʟʨʘʭʦʚʘʥʠʭ ʥʘ ʦʩʥʦʚʽ ʚʠʟʥʘʯʝʥʥʷ  ʤʽʥʽʤʫʤʽʚ ʝʥʝʨʛʽʾ ʚʝʢʪʦʨʽʚ 

ʥʘʤʘʛʥʽʯʝʥʦʩʪʽ ʢʦʞʥʦʛʦ ʰʘʨʫ ʽʟ ʢʨʠʚʠʤʠ, ʦʪʨʠʤʘʥʠʤʠ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ, 

ʧʽʜʪʚʝʨʜʞʫʻ ʢʦʨʝʢʪʥʽʩʪʴ ʟʘʩʪʦʩʦʚʘʥʦʛʦ ʤʝʪʦʜʫ ʨʦʟʨʘʭʫʥʢʫ ʩʪʘʥʫ ʥʘʤʘʛʥʽʯʝʥʦʩʪʽ 

ʰʘʨʽʚ, ʘ ʾʭ ʘʥʘʣʽʟ ʜʦʟʚʦʣʷʻ ʦʧʪʠʤʽʟʫʚʘʪʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʬʫʥʢʮʽʦʥʘʣʴʥʠʭ 

ʧʨʠʩʪʨʦʾʚ, ʱʦ ʟʘʩʪʦʩʦʚʫʶʪʴ ʩʧʽʥʦʚʽ ʢʣʘʧʘʥʠ ʪʘ ʢʨʠʩʪʘʣʽʯʥʽ ʤʘʛʥʽʪʦʦʧʪʠʯʥʽ 

ʤʘʪʝʨʽʘʣʠ ʰʣʷʭʦʤ ʧʽʜʙʦʨʫ ʦʧʪʠʤʘʣʴʥʠʭ ʨʝʞʠʤʽʚ ʨʦʙʦʪʠ ʦʩʪʘʥʥʽʭ. ʂʨʽʤ ʪʦʛʦ: 1) 

ʯʠʩʝʣʴʥʽ ʦʮʽʥʢʠ ʤʦʞʣʠʚʦʩʪʽ ʽʥʞʝʢʮʽʾ ʪʘ ʪʨʘʥʩʧʦʨʪʫ ʧʦʣʷʨʠʟʦʚʘʥʠʭ ʥʦʩʽʾʚ ʚ Si 

ʧʽʜʪʚʝʨʜʞʫʶʪʴʩʷ  ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ; ʟʦʢʨʝʤʘ, ʤʦʞʣʠʚʝ ʟʙʝʨʝʞʝʥʥʷ ʚʝʣʠʯʠʥʠ 

ʧʦʣʷʨʠʟʘʮʽʾ ʥʘ ʚʽʜʩʪʘʥʷʭ, ʜʦʩʪʘʪʥʽʭ ʜʣʷ ʢʝʨʫʚʘʥʥʷ ʧʦʣʷʨʠʟʦʚʘʥʠʤ ʩʪʨʫʤʦʤ; 2) 

ʜʽʝʣʝʢʪʨʠʯʥʠʡ ʰʘʨ SiO2 ʤʦʞʝ ʩʪʚʦʨʶʚʘʪʠ ʪʫʥʝʣʴʥʫ ʧʨʦʚʽʜʥʽʩʪʴ, ʷʢʘ ʟʙʽʣʴʰʫʻ 

ʤʘʛʥʽʪʦʦʧʽʨ ʪʘ ʦʙʫʤʦʚʣʶʻ ʙʘʣʽʩʪʠʯʥʠʡ ʨʝʞʠʤ ʧʨʦʣʴʦʪʫ ʥʝʤʘʛʥʽʪʥʠʭ ʯʘʩʪʠʥ ʉʊ; 

3) ʜʦʩʣʽʜʞʝʥʥʷ ʤʝʪʦʜʦʤ ʚʠʤʽʨʶʚʘʥʥʷ ʣʦʢʘʣʴʥʦʾ ʥʘʤʘʛʥʽʯʝʥʦʩʪʽ ʭʘʨʘʢʪʝʨʫ ɼʉ ʪʘ 

ʜʦʤʝʥʥʠʭ ʛʨʘʥʠʮʴ ʫ ʌʄ ʰʘʨʽ, ʧʽʜʪʚʝʨʜʞʫʶʪʴ ʚʟʘʻʤʥʠʡ ʚʧʣʠʚ ɼɻ ʽ 

ʧʦʣʷʨʠʟʘʮʽʡʥʦʛʦ ʩʪʨʫʤʫ; 4) ʦʧʪʠʤʽʟʘʮʽʷ ʥʘʧʨʷʤʢʫ ʧʽʜʤʘʛʥʽʯʫʚʘʥʥʷ ʤʦʞʝ 

ʟʤʝʥʰʫʚʘʪʠ ʩʪʨʫʤ ʧʝʨʝʤʘʛʥʽʯʫʚʘʥʥʷ ʥʘ ʧʦʨʷʜʦʢ, ʘʣʝ ʩʪʘʙʽʣʴʥʽʩʪʴ ʪʘʢʠʭ ʩʠʩʪʝʤ 

ʧʦʢʠ ʻ ʥʝʜʦʩʪʘʪʥʴʦʶ ʜʣʷ ʥʘʜʽʡʥʦʛʦ ʧʝʨʝʢʣʶʯʝʥʥʷ ʉʂ. 
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ʈʠʩ. 3.8ʘ. ʄʦʜʝʣʶʚʘʥʥʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʥʘʛʨʽʚʫ ʤʘʛʥʽʪʥʠʭ ʝʣʝʤʝʥʪʽʚ ʧʨʠ ʧʨʦʭʦʜʞʝʥʥʽ ʧʦʣʷʨʠʟʦʚʘʥʦʛʦ ʝʣʝʢʪʨʠʯʥʦʛʦ 

ʩʪʨʫʤʫ.   
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ʈʠʩ.3.8ʙ. ʄʦʜʝʣʶʚʘʥʥʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʥʘʛʨʽʚʫ ʤʘʛʥʽʪʥʠʭ ʝʣʝʤʝʥʪʽʚ ʧʨʠ ʧʨʦʭʦʜʞʝʥʥʽ ʧʦʣʷʨʠʟʦʚʘʥʦʛʦ ʝʣʝʢʪʨʠʯʥʦʛʦ 

ʩʪʨʫʤʫ.    
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3.4. ʄʦʜʝʣʶʚʘʥʥʷ ʧʝʨʝʤʘʛʥʽʯʫʚʘʥʥʷ ʦʙʤʽʥʥʦ-ʟʚôʷʟʘʥʠʭ ʤʘʛʥʽʪʥʠʭ 

ʥʝʦʜʥʦʨʽʜʥʦʩʪʝʡ 

 

ɼʣʷ ʤʦʜʝʣʶʚʘʥʥʷ ʧʝʨʝʤʘʛʥʽʯʫʚʘʥʥʷ ʟʘʩʪʦʩʫʻʤʦ ʤʘʪʝʨʽʘʣ, ʱʦ ʤʦʞʝ 

ʧʽʜʜʘʚʘʪʠʩʴ ʤʝʭʘʥʽʯʥʦʤʫ ʥʘʧʨʫʞʝʥʥʶ, ʯʝʨʝʟ ʱʦ ʚ ʥʴʦʤʫ ʚʠʥʠʢʘʶʪʴ ʥʘʧʨʷʤʢʠ 

ʣʝʛʢʦʛʦ ʽ ʚʘʞʢʦʛʦ ʥʘʤʘʛʥʽʯʫʚʘʥʥʷ (ʚʥʘʩʣʽʜʦʢ ʟʤʽʱʝʥʥʷ ʘʪʦʤʽʚ ʟʽ ʩʚʦʾʭ 

ʨʽʚʥʦʚʘʞʥʠʭ ʧʦʣʦʞʝʥʴ ʽ ʚʽʜʧʦʚʽʜʥʦʾ ʟʤʽʥʠ ʚʝʣʠ ʯʠʥʠ ʦʙʤʽʥʥʦʾ ʚʟʘʻʤʦʜʽʾ). ɺʟʘʛʘʣʽ 

ʥʘʧʨʫʞʝʥʥʷ ʚ ʤʘʪʝʨʽʘʣʽ ʤʦʞʝ ʚʠʥʠʢʘʪʠ ʷʢ ʚ ʧʨʦʮʝʩʽ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʚʠʛʦʪʦʚʣʝʥʥʷ 

(ʥʘʧʨʠʢʣʘʜ, ʧʨʠ ʥʝʫʟʛʦʜʞʝʥʦʩʪʽ ʨʦʟʤʽʨʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʢʨʠʩʪʘʣʽʯʥʦʾ ʛʨʘʪʢʠ ʧʣʽʚʢʠ 

ʽ ʧʽʜʢʣʘʜʠʥʢʠ ʘʙʦ ʧʨʠ ʧʝʨʽʦʜʠʯʥʦ ʥʝʨʽʚʥʦʤʽʨʥʦʤʫ ʦʩʘʜʞʝʥʥʽ ʨʦʟʧʠʣʶʚʘʥʦʾ 

ʨʝʯʦʚʠʥʠ), ʪʘʢ ʽ ʚ ʨʝʟʫʣʴʪʘʪʽ ʜʽʾ ʥʘ ʤʘʪʝʨʽʘʣ ʟʦʚʥʽʰʥʽʭ ʬʘʢʪʦʨʽʚ (ʤʝʭʘʥʽʯʥʦʛʦ 

ʪʠʩʢʫ, ʟʤʽʥʠ ʪʝʤʧʝʨʘʪʫʨʠ, ʧʦʛʣʠʥʘʥʥʷ ʩʚʽʪʣʘ ʪʦʱʦ). 

ɽʥʝʨʛʽʶ ʜʝʬʦʨʤʘʮʽʾ ʚ ʟʘʛʘʣʴʥʦʤʫ ʚʠʧʘʜʢʫ ʤʦʞʥʘ ʧʨʝʜʩʪʘʚʠʪʠ ʬʦʨʤʫʣʦʶ 

 2cos
3

2
)( pE , 

ʜʝ  - ʤʘʛʥʽʪʦʧʨʫʞʥʷ ʢʦʥʩʪʘʥʪʘ ʽʟʦʪʨʦʧʥʦʛʦ ʤʘʪʝʨʽʘʣʫ;  - ʚʝʣʠʯʠʥʘ 

ʧʨʠʢʣʘʜʝʥʦʛʦ ʤʝʭʘʥʽʯʥʦʛʦ ʥʘʧʨʫʞʝʥʥʷ;   - ʘʟʠʤʫʪʘʣʴʥʠʡ ʢʫʪ ʤʽʞ ʜʝʷʢʠʤ 

ʚʠʙʨʘʥʠʤ ʥʘʧʨʷʤʢʦʤ ʩʧʦʩʪʝʨʝʞʝʥʥʷ ʽ ʥʘʧʨʷʤʢʦʤ ʧʨʠʢʣʘʜʝʥʦʾ ʩʠʣʠ. ʎʷ ʝʥʝʨʛʽʷ 

ʜʦʜʘʻʪʴʩʷ ʜʦ ʩʫʤʠ ʝʥʝʨʛʽʡ ʘʥʽʟʦʪʨʦʧʽʾ ʪʘ ʤʘʛʥʽʪʦʩʪʘʪʠʯʥʠʭ, ʜʦʧʦʚʥʶʶʯʠ, ʪʘʢʠʤ 

ʯʠʥʦʤ, ʧʦʚʥʫ ʤʘʛʥʽʪʥʫ ʝʥʝʨʛʽʶ ʱʝ ʽ ʝʥʝʨʛʽʻʶ ʜʝʬʦʨʤʘʮʽʾ. 

ʂʨʽʤ ʮʴʦʛʦ, ʥʝʦʙʭʽʜʥʦ ʚʨʘʭʫʚʘʪʠ, ʱʦ ʧʨʠ ʢʨʠʩʪʘʣʽʯʥʽʡ ʩʪʨʫʢʪʫʨʽ ʨʝʯʦʚʠʥʠ, 

ʚʦʥʘ ʤʘʻ ʢʨʠʩʪʘʣʦʛʨʘʬʽʯʥʫ ʤʘʛʥʽʪʥʫ ʘʥʽʟʦʪʨʦʧʽʶ, ʟʦʢʨʝʤʘ ʚ ʢʨʠʩʪʘʣʽʯʥʦʤʫ ɿɯɻ 

ʘʥʽʟʦʪʨʦʧʽʷ ʥʦʩʠʪʴ ʢʫʙʽʯʥʠʡ ʭʘʨʘʢʪʝʨ, ʘ ʦʪʞʝ, ʾʾ ʝʥʝʨʛʽʷ  ʚʠʟʥʘʯʘʻʪʴʩʷ ʟʘ ʚʽʜʦʤʦʶ 

ʟʘʛʘʣʴʥʦʶ ʬʦʨʤʫʣʦʶ:   

  zyzxyxa KE  222222
1 coscoscoscoscoscos  

 zyxK  222
2 coscoscos  , 

ʜʝ K1  i  K2 ï ʚʽʜʧʦʚʽʜʥʦ ʧʝʨʰʘ ʪʘ ʜʨʫʛʘ ʢʦʥʩʪʘʥʪʠ ʢʫʙʽʯʥʦʾ ʘʥʽʟʦʪʨʦʧʽʾ (ʜʣʷ 

ʚʠʙʨʘʥʦʾ ʨʝʯʦʚʠʥʠ ï ɿɯɻ - K1=-6100ʝʨʛ/ʩʤ3; K2=-50ʝʨʛ/ʩʤ3);  cos2x , cos2y , cos2 z  
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- ʢʚʘʜʨʘʪʠ ʥʘʧʨʘʚʣʷʶʯʠʭ ʢʦʩʠʥʫʩʽʚ ʚʠʙʨʘʥʦʛʦ ʥʘʧʨʷʤʢʫ, ʪʦʙʪʦ  x, y,  z  - ʢʫʪʠ 

ʤʽʞ ʜʘʥʠʤ ʜʦʚʽʣʴʥʦ ʚʠʙʨʘʥʠʤ ʟʤʽʥʥʠʤ ʥʘʧʨʷʤʢʦʤ ʚ ʢʫʙʽ ʽ ʚʽʜʧʦʚʽʜʥʠʤʠ ʦʩʷʤʠ 

ʜʝʢʘʨʪʦʚʠʭ ʢʦʦʨʜʠʥʘʪ (ʨʠʩ.3.8). ɿʘ ʜʦʧʦʤʦʛʦʶ ʪʘʢʠʭ ʥʘʧʨʘʚʣʷʶʯʠʭ ʢʦʩʠʥʫʩʽʚ 

ʤʦʞʥʘ ʨʦʟʨʘʭʦʚʫʚʘʪʠ ʝʥʝʨʛʽʾ ʘʥʽʟʦʪʨʦʧʽʾ ʚ ʨʽʟʥʠʭ ʥʘʧʨʷʤʢʘʭ ʢʫʙʽʯʥʦʛʦ ʢʨʠʩʪʘʣʫ, 

ʟʦʢʨʝʤʘ ʚ ʢʨʠʩʪʘʣʽʯʥʽʡ ʧʣʦʱʠʥʽ (110) ʘʥʽʟʦʪʨʦʧʽʷ ʚʠʟʥʘʯʘʪʠʤʝʪʴʩʷ ʟʘ ʬʦʨʤʫʣʦʶ: 

  





 

24

sincos
4

cos
1

)110(



KEA

 

 

   

                                      ʘ                                                      ʙ 

Pʠʩ. 3.9.  ʈʦʟʪʘʰʫʚʘʥʥʷ ʧʣʦʱʠʥʠ (110) ʽ ʢʫʪʽʚ ʥʘʧʨʘʚʣʷʶʯʠʭ ʢʦʩʠʥʫʩʽʚ (ʘ), ʽ 

ʘʟʠʤʫʪʘʣʴʥʘ ʟʘʣʝʞʥʽʩʪʴ ʝʥʝʨʛʽʾ ʘʥʽʟʦʪʨʦʧʽʾ (ʙ) ʚ ʧʣʦʱʠʥʽ (110) ʢʫʙʽʯʥʦʛʦ 

ʢʨʠʩʪʘʣʫ. 

 

ɼʣʷ ʚʠʟʥʘʯʝʥʥʷ ʚʝʣʠʯʠʥʠ ʢʫʙʽʯʥʦʾ ʘʥʽʟʦʪʨʦʧʽʾ ʚ ʧʣʦʱʠʥʽ (111) ʤʦʞʥʘ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʜʝʢʘʨʪʦʚʫ ʩʠʩʪʝʤʫ ʢʦʦʨʜʠʥʘʪ, ʱʦ ʜʦʟʚʦʣʷʻ ʨʦʟʨʘʭʫʚʘʪʠ ʪʦʯʥʦ 

ʘʟʠʤʫʪʘʣʴʥʫ ʟʘʣʝʞʥʽʩʪʴ ʝʥʝʨʛʽʾ ʥʝ ʪʽʣʴʢʠ ʧʦ ʧʝʨʰʽʡ, ʘʣʝ ʽ ʧʦ ʜʨʫʛʽʡ ʢʦʥʩʪʘʥʪʽ 

ʘʥʽʟʦʪʨʦʧʽʾ (ʧʦ ʧʝʨʰʽʡ ʢʦʥʩʪʘʥʪʽ ʝʥʝʨʛʽʷ ʘʥʽʟʦʪʨʦʧʽʾ ʚ ʧʣʦʱʠʥʽ (111) ʚʠʷʚʣʷʻʪʴʩʷ 

ʥʝʟʤʽʥʥʦʶ, ʪʦʙʪʦ ʩʪʘʣʦʶ): 
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 

 








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
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

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
















3

2
sin

67.0sin

sin
1

67.0sin

75.0

37.3

sin

25.2

sin

6

1

4

2

2

42
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22
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Pʠʩ. 3.10. ʈʦʟʧʦʜʽʣ ʝʥʝʨʛʽʾ ʘʥʽʟʦʪʨʦʧʽʾ ʚ ʧʣʦʱʠʥʽ (111) ʢʫʙʽʯʥʦʛʦ ʢʨʠʩʪʘʣʫ, 

ʨʦʟʨʘʭʦʚʘʥʠʡ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʬʦʨʤʫʣʠ ʜʣʷ  (111)ɽɸ . 

 

ʊʘʢʠʤ ʯʠʥʦʤ, ʟʤʽʥʘ ʝʥʝʨʛʽʾ ʘʥʽʟʦʪʨʦʧʽʾ ʚ ʧʣʦʱʠʥʽ (111) ʥʝ ʧʝʨʝʚʠʱʫʻ  

1 ʝʨʛ/ʩʤ3, ʪʦʙʪʦ ʤʘʻ ʤʽʩʮʝ ʪʽʣʴʢʠ ʟʘ ʨʘʭʫʥʦʢ ʥʝʣʽʥʽʡʥʠʭ ʝʬʝʢʪʽʚ, ʟʦʢʨʝʤʘ, 

ʪʨʠʛʦʥʘʣʴʥʠʭ ʚʠʢʨʠʚʣʝʥʴ ʢʨʠʩʪʘʣʽʯʥʦʾ ʛʨʘʪʢʠ. ʊʘʢʽ ʟʥʘʯʝʥʥʷ ʧʽʜʪʚʝʨʜʞʫʶʪʴʩʷ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʧʨʠ ʩʧʦʩʪʝʨʝʞʝʥʥʽ ʧʝʨʝʦʨʽʻʥʪʘʮʽʾ ʥʘʧʨʷʤʢʽʚ ʜʦʤʝʥʥʠʭ ʛʨʘʥʠʮʴ 

ʩʤʫʛʘʩʪʠʭ ʜʦʤʝʥʽʚ ʚ ʧʣʽʚʢʘʭ ɿɯɻ, ʷʢʘ ʚ ʧʣʦʱʠʥʽ (111) ʚʽʜʙʫʚʘʻʪʴʩʷ ʧʨʠ 

ʧʨʠʢʣʘʜʘʥʥʽ ʟʦʚʥʽʰʥʴʦʛʦ ʤʘʛʥʽʪʥʦʛʦ ʧʦʣʷ, ʱʦ ʥʝ ʧʝʨʝʚʠʱʫʻ 2 ɽ. 

ʇʨʠ ʜʽʾ ʜʦʜʘʪʢʦʚʦʛʦ ʤʝʭʘʥʽʯʥʦʛʦ ʥʘʧʨʫʞʝʥʥʷ ʚʠʥʠʢʘʻ ʜʨʫʛʘ ʚʽʩʴ ʥʘʚʝʜʝʥʦʾ 

ʦʜʥʦʦʩʥʦʾ ʘʥʽʟʦʪʨʦʧʽʾ ʥʘ ʜʦʜʘʪʦʢ ʜʦ ʽʩʥʫʶʯʦʾ ʨʦʩʪʦʚʦʾ ʦʜʥʦʦʩʥʦʾ ʘʥʽʟʦʪʨʦʧʽʾ, 

ʪʘʢʠʤ ʯʠʥʦʤ, ʨʦʟʧʦʜʽʣ ʝʥʝʨʛʽʾ ʧʦ ʧʣʦʱʠʥʽ (ʚ ʪʦʥʢʦʰʘʨʦʚʠʭ ʧʣʽʚʢʦʚʠʭ ʩʪʨʫʢʪʫʨʘʭ) 

ʘʙʦ ʧʦ ʦʙôʻʤʫ (ʚ ʢʨʠʩʪʘʣʽʯʥʠʭ ʤʘʪʝʨʽʘʣʘʭ) ʧʦʤʽʪʥʦ ʫʩʢʣʘʜʥʶʻʪʴʩʷ. ʈʦʟʨʘʭʫʥʦʢ 

ʩʫʤʘʨʥʦʾ ʤʘʛʥʽʪʥʦʾ ʝʥʝʨʛʽʾ  ɽ  ʚ ʮʴʦʤʫ ʚʠʧʘʜʢʫ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʟʘʣʝʞʥʦʩʪʽ ʷʢ ʚʽʜ 

ʧʨʠʢʣʘʜʝʥʦʛʦ ʟʦʚʥʽʰʥʴʦʛʦ ʤʘʛʥʽʪʥʦʛʦ ʧʦʣʷ, ʪʘʢ ʽ ʚʽʜ ʚʝʣʠʯʠʥʠ ʤʝʭʘʥʽʯʥʦʛʦ 
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ʥʘʧʨʫʞʝʥʥʷ. ʆʩʪʘʥʥʻ ʤʦʞʝ ʩʪʚʦʨʶʚʘʪʠʩʴ ʷʢ ʧʨʦʩʪʦ ʩʪʠʩʢʘʶʯʦʶ ʤʝʭʘʥʽʯʥʦʶ 

ʜʝʬʦʨʤʘʮʽʻʶ (ʘʙʦ ʜʝʬʦʨʤʘʮʽʻʶ ʚʠʛʠʥʫ ʜʣʷ ʧʣʽʚʢʠ), ʪʘʢ ʽ ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʧôʻʟʦʝʣʝʤʝʥʪʘ, ʞʦʨʩʪʢʦ ʟʚôʷʟʘʥʦʛʦ ʟ ʤʘʛʥʽʪʥʠʤ ʤʘʪʝʨʽʘʣʦʤ. ʇʨʠ ʧʦʜʘʯʽ 

ʝʣʝʢʪʨʠʯʥʦʾ ʥʘʧʨʫʛʠ ʥʘ ʧôʻʟʦʝʣʝʤʝʥʪ, ʦʩʪʘʥʥʽʡ ʜʝʬʦʨʤʫʻʪʴʩʷ ʽ ʚʽʜʧʦʚʽʜʥʦ 

ʩʪʚʦʨʶʻ ʤʝʭʘʥʽʯʥʝ ʥʘʧʨʫʞʝʥʥʷ ʚ ʞʦʨʩʪʢʦ ʟʚôʷʟʘʥʽʡ ʟ ʥʠʤ ʤʘʛʥʽʪʥʽʡ ʩʪʨʫʢʪʫʨʽ. 

ʌʦʨʤʫʣʘ ʤʘʛʥʽʪʦʩʪʨʠʢʮʽʡʥʦʾ ʝʥʝʨʛʽʾ, ʟʘʩʪʦʩʦʚʘʥʘ ʜʣʷ ʧôʻʟʦʜʝʬʦʨʤʘʮʽʾ, 

ʚʠʛʣʷʜʘʣʘ ʪ.ʯ.: 














 )2/(cos

22
cos),( 22 

P

P

P

P

PUU
U

U

U

U
UkE  

ɿʤʽʥʶʶʯʠ ʚʝʣʠʯʠʥʠ ʥʘʧʨʫʞʝʥʦʩʪʽ ʟʦʚʥʽʰʥʴʦʛʦ ʤʘʛʥʽʪʥʦʛʦ ʧʦʣʷ (ʧʨʠ ʟʘʜʘʥʠʭ 

ʚʝʣʠʯʠʥʘʭ ʜʝʬʦʨʤʘʮʽʾ, ʱʦ ʟʘʜʘʻʪʴʩʷ ʥʘʧʨʫʛʦʶ ʥʘ ʧôʻʟʦʝʣʝʤʝʥʪʽ) ʽ ʚʠʟʥʘʯʘʶʯʠ ʧʨʠ 

ʮʴʦʤʫ ʢʦʦʨʜʠʥʘʪʠ ʪʦʯʦʢ ʤʽʥʽʤʫʤʫ ʧʦʚʥʦʾ ʤʘʛʥʽʪʥʦʾ ʝʥʝʨʛʽʾ ɽ (ʚʚʘʞʘʶʯʠ 

ʢʦʦʨʜʠʥʘʪʠ ʢʫʪʘʤʠ (ʚ ʨʘʜʽʘʥʘʭ) ʚʝʢʪʦʨʽʚ ʥʘʤʘʛʥʽʯʝʥʦʩʪʽ ʚ 2-ʭ ʪʠʧʘʭ ʜʦʤʝʥʽʚ 

ʚʽʜʥʦʩʥʦ ʟʘʜʘʥʦʛʦ ʥʘʧʨʷʤʢʫ ʧʨʠʢʣʘʜʝʥʦʛʦ ʧʦʣʷ ), ʤʦʞʥʘ ʧʦʙʫʜʫʚʘʪʠ 

ʟʘʣʝʞʥʽʩʪʴ ʢʦʩʠʥʫʩʽʚ ʚʠʱʝʦʟʥʘʯʝʥʠʭ ʢʫʪʽʚ ʚʽʜ ʥʘʧʨʫʞʝʥʦʩʪʽ ʧʦʣʷ  ʅ, ʱʦ ʽ ʙʫʜʝ 

ʷʚʣʷʪʠʩʴ ʢʨʠʚʦʶ ʧʝʨʝʤʘʛʥʽʯʫʚʘʥʥʷ (ʤʘʛʥʽʪʥʦʛʦ ʛʽʩʪʝʨʝʟʠʩʫ) ʦʙôʻʤʫ ɿɯɻ. 

ʈʝʟʫʣʴʪʫʶʯʽ ʢʨʠʚʽ, ʧʦʙʫʜʦʚʘʥʽ (ʚ ʧʨʦʛʨʘʤʽ Origin)  ʧʦ ʪʦʯʢʘʭ ʦʧʠʩʘʥʠʤ 

ʯʠʥʦʤ, ʧʨʝʜʩʪʘʚʣʝʥʽ ʥʘ ʨʠʩ.3.12. 

ʇʦʨʽʚʥʷʥʥʷ ʧʝʪʝʣʴ ʛʽʩʪʝʨʝʟʠʩʫ, ʱʦ ʦʪʨʠʤʫʶʪʴʩʷ ʧʨʝʜʩʪʘʚʣʝʥʠʤ ʤʝʪʦʜʦʤ 

ʤʽʥʽʤʽʟʘʮʽʾ ʧʦʚʥʦʾ ʝʥʝʨʛʽʾ ʟ ʦʪʨʠʤʘʥʠʤʠ ʚ ʣʘʙʦʨʘʪʦʨʽʾ ʨʘʥʽʰʝ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ  

(ʨʠʩ.3.13) ʤʝʪʦʜʦʤ ʬʘʨʘʜʝʻʚʩʴʢʦʛʦ ʦʙʝʨʪʘʥʥʷ ʧʣʦʱʠʥʠ ʧʦʣʷʨʠʟʘʮʽʾ (ʧʨʠ 

ʩʧʦʩʪʝʨʝʞʝʥʥʽ ʥʘʧʨʦʩʚʽʪ), ʜʝʤʦʥʩʪʨʫʻ ʷʢʽʩʥʫ ʧʦʜʽʙʥʽʩʪʴ ʮʠʭ ʢʨʠʚʠʭ 

ʥʘʤʘʛʥʽʯʫʚʘʥʥʷ, ʱʦ ʟʘʛʘʣʦʤ ʧʽʜʪʚʝʨʜʞʫʻ ʢʦʨʝʢʪʥʽʩʪʴ ʟʘʩʪʦʩʫʚʘʥʥʷ ʝʥʝʨʛʝʪʠʯʥʦʾ 

ʤʝʪʦʜʠʢʠ ʤʦʜʝʣʶʚʘʥʥʷ ʧʝʨʝʤʘʛʥʽʯʫʚʘʥʥʷ ʽʟ ʚʨʘʭʫʚʘʥʥʷʤ ʜʝʷʢʠʭ ʦʩʦʙʣʠʚʦʩʪʝʡ, 

ʧʦʚôʷʟʘʥʠʭ ʽʟ ʨʦʟʙʠʪʪʷʤ ʤʘʛʥʽʪʥʦʾ ʩʠʩʪʝʤʠ ʥʘ ʜʦʤʝʥʠ ʟ ʨʽʟʥʦʶ ʥʘʤʘʛʥʽʯʝʥʽʩʪʶ.
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ʈʠʩ. 3.11  ʄʦʜʝʣʶʚʘʥʥʷ (ʚ ʧʨʦʛʨʘʤʽ Mathcad) ʧʦʚʥʦʾ ʝʥʝʨʛʽʾ ʢʨʠʩʪʘʣʽʯʥʦʾ ʩʪʨʫʢʪʫʨʠ ɿɯɻ ʧʨʠ ʤʝʭʘʥʽʯʥʽʡ ʜʝʬʦʨʤʘʮʽʾ ʽ 

ʥʘʢʣʘʜʘʥʥʽ ʟʦʚʥʽʰʥʴʦʛʦ  ʤʘʛʥʽʪʥʦʛʦ ʧʦʣʷ.
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ʈʠʩ. 3.12. ʄʦʜʝʣʶʚʘʥʥʷ ʧʝʨʝʤʘʛʥʽʯʫʚʘʥʥʷ ʢʨʠʩʪʘʣʽʯʥʦʾ ʩʪʨʫʢʪʫʨʠ ɿɯɻ. 
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ʇʨʠ ʮʴʦʤʫ ʫ ʚʠʧʘʜʢʫ ʩʪʨʠʙʢʦʧʦʜʽʙʥʠʭ ʧʝʨʝʦʨʽʻʥʪʘʮʽʡ ʚʝʢʪʦʨʽʚ 

ʥʘʤʘʛʥʽʯʝʥʦʩʪʽ, ʥʝʦʙʭʽʜʥʦ ʚʯʘʩʥʦ ʚʚʦʜʠʪʠ ʧʦʧʨʘʚʦʯʥʽ ʢʦʝʬʽʮʽʻʥʪʠ ʚ ʧʦʚʥʫ 

ʝʥʝʨʛʽʶ ʯʝʨʝʟ ʟʤʽʥʠ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʦʙôʻʤʽʚ ʨʽʟʥʦʥʘʧʨʘʚʣʝʥʠʭ ʜʦʤʝʥʽʚ. 

 

 

 

 

ʈʠʩ.3.13   ɽʢʩʧʝʨʠʤʝʥʪʘʣʴʥʘ (ʤʘʛʥʽʪʦʦʧʪʠʯʥʘ) ʢʨʠʚʘ ʧʝʨʝʤʘʛʥʽʯʫʚʘʥʥʷ (ʧʝʪʣʷ 

ʤʘʛʥʽʪʥʦʛʦ ʛʽʩʪʝʨʝʟʠʩʫ) ʧʣʽʚʢʠ ɿɯɻ (ʟʦʙʨʘʞʝʥʥʷ ʟ ʝʢʨʘʥʘ ʦʩʮʠʣʦʛʨʘʬʘ). 

ʅʝʤʦʥʦʪʦʥʥʽʩʪʴ ʢʨʠʚʦʾ ʧʦʚôʷʟʘʥʘ ʽʟ ʩʪʨʫʙʢʦʧʦʜʽʙʥʠʤʠ ʟʤʽʥʘʤʠ ʧʝʨʽʦʜʫ ʜʦʤʝʥʥʦʾ 

ʩʪʨʫʢʪʫʨʠ ʪʘ ʥʘʧʨʷʤʢʽʚ ʥʘʤʘʛʥʽʯʝʥʦʩʪʽ ʚ ʜʦʤʝʥʘʭ. 
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ɺʀʉʅʆɺʂʀ 

 

1. ʈʝʟʫʣʴʪʘʪʠ, ʧʨʝʜʩʪʘʚʣʝʥʽ ʚ ʜʘʥʽʡ ʨʦʙʦʪʽ ʜʦʟʚʦʣʷʶʪʴ ʧʨʦʷʩʥʠʪʠ ʨʷʜ 

ʟʘʢʦʥʦʤʽʨʥʦʩʪʝʡ ʜʽʾ çʥʝʤʘʛʥʽʪʥʠʭè ʬʘʢʪʦʨʽʚ ʥʘ ʧʨʦʮʝʩʠ ʧʝʨʝʤʘʛʥʽʯʫʚʘʥʥʷ 

ʨʝʯʦʚʠʥ, ʧʝʨʩʧʝʢʪʠʚʥʠʭ ʜʣʷ ʟʘʩʪʦʩʫʚʘʥʥʷ ʚ ʩʧʽʥʦʚʽʡ ʝʣʝʢʪʨʦʥʽʮʽ ʽ ʯʫʪʣʠʚʠʭ ʜʦ ʜʽʾ 

ʤʝʭʘʥʽʯʥʠʭ ʥʘʧʨʫʞʝʥʴ, ʝʣʝʢʪʨʠʯʥʠʭ ʩʪʨʫʤʽʚ, ʦʧʪʠʯʥʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ.  ɺʦʥʠ 

ʜʦʟʚʦʣʠʣʠ ʨʦʙʠʪʠ ʯʠʩʝʣʴʥʽ ʦʮʽʥʢʠ ʚʧʣʠʚʫ ʟʛʘʜʘʥʠʭ ʬʘʢʪʦʨʽʚ ʥʘ ʤʘʛʥʽʪʥʽ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʨʝʯʦʚʠʥ. 

2. ʉʧʽʚʧʘʜʽʥʥʷ ʢʨʠʚʠʭ ʧʝʨʝʤʘʛʥʽʯʫʚʘʥʥʷ (ʧʝʪʝʣʴ ʤʘʛʥʽʪʥʦʛʦ ʛʽʩʪʝʨʝʟʠʩʫ), 

ʨʦʟʨʘʭʦʚʘʥʠʭ ʟʘ ʤʝʪʦʜʦʤ ʤʽʥʽʤʽʟʘʮʽʾ ʝʥʝʨʛʽʾ ʥʘʤʘʛʥʽʯʝʥʦʩʪʽ ʽʟ ʢʨʠʚʠʤʠ, 

ʦʪʨʠʤʘʥʠʤʠ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ, ʧʽʜʪʚʝʨʜʞʫʻ ʢʦʨʝʢʪʥʽʩʪʴ ʟʘʩʪʦʩʦʚʘʥʦʛʦ ʤʝʪʦʜʫ 

ʨʦʟʨʘʭʫʥʢʽʚ ʥʘ ʦʩʥʦʚʽ ʘʜʘʧʪʦʚʘʥʦʾ ʤʦʜʝʣʽ ʉʪʦʥʝʨʘ-ɺʦʣʴʬʘʨʪʘ, ʚʠʢʦʨʠʩʪʘʥʦʛʦ ʜʣʷ 

ʘʥʘʣʽʟʫ ʤʘʛʥʽʪʥʠʭ ʩʪʘʥʽʚ ʜʦʩʣʽʜʞʝʥʠʭ ʩʪʨʫʢʪʫʨ (ʟʦʢʨʝʤʘ, ʢʨʠʩʪʘʣʽʯʥʦʛʦ ɿɯɻ). 

3. ɿʘʩʪʦʩʦʚʘʥʽ ʚ ʧʨʦʮʝʩʽ ʚʠʢʦʥʘʥʥʷ ʜʠʧʣʦʤʥʦʾ ʨʦʙʦʪʠ ʤʝʪʦʜʠʢʠ ʪʝʦʨʝʪʠʯʥʠʭ, 

ʘ ʪʘʢʦʞ ʯʘʩʪʢʦʚʦ ʽ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʤʘʛʥʽʪʦʦʧʪʠʯʥʠʭ ʜʦʩʣʽʜʞʝʥʴ, ʧʽʜʭʦʜʠ ʜʦ 

ʩʘʤʦʩʪʽʡʥʦʛʦ ʨʦʟʚôʷʟʢʫ ʨʦʟʨʘʭʫʥʢʦʚʠʭ ʪʘ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʧʨʠʢʣʘʜʥʠʭ 

ʥʘʫʢʦʚʠʭ ʟʘʜʘʯ ʜʦʟʚʦʣʠʣʠ ʚʠʟʥʘʯʠʪʠ, ʟʦʢʨʝʤʘ, ʚʝʣʠʯʠʥʠ ʧʦʣʽʚ ʧʝʨʝʤʘʛʥʽʯʫʚʘʥʥʷ, 

ʢʦʝʨʮʠʪʠʚʥʽʩʪʴ, ʚʝʣʠʯʠʥʠ ʩʪʨʫʤʽʚ, ʧʨʠ ʷʢʠʭ ʥʘʛʨʽʚ ʬʫʥʢʮʽʦʥʘʣʴʥʠʭ ʝʣʝʤʝʥʪʽʚ 

ʫʪʨʠʤʫʻʪʴʩʷ ʚ ʜʦʧʫʩʪʠʤʠʭ ʤʝʞʘʭ ʪʘ ʽʥ. 

4. ʆʪʨʠʤʘʥʽ ʟʘʢʦʥʦʤʽʨʥʦʩʪʽ ʧʝʨʝʤʘʛʥʽʯʫʚʘʥʥʷ ʜʦʟʚʦʣʷʶʪʴ ʦʧʪʠʤʽʟʫʚʘʪʠ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʬʫʥʢʮʽʦʥʘʣʴʥʠʭ ʥʘʥʦʨʦʟʤʽʨʥʠʭ ʝʣʝʤʝʥʪʽʚ ʩʧʽʥʪʨʦʥʽʢʠ, ʷʢʽ 

ʧʨʘʮʶʶʪʴ ʥʘ ʦʩʥʦʚʽ ʤʘʛʥʽʪʦʩʪʨʠʢʮʽʡʥʠʭ ʝʬʝʢʪʽʚ, ʩʪʚʦʨʠʪʠ ʢʦʥʮʝʧʮʽʶ ʨʝʘʣʽʟʘʮʽʾ 

ʬʫʥʢʮʽʦʥʘʣʴʥʠʭ ʧʨʠʩʪʨʦʾʚ ʥʘ ʦʩʥʦʚʽ ʮʴʦʛʦ ʥʘʧʨʷʤʢʫ,  
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