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ʇʦʩʪʘʥʦʚʢʘ ʧʨʦʙʣʝʤʠ. ʋ ʟʚôʷʟʢʫ ʟ ʧʝʨʝʭʦʜʦʤ ʫʢʨʘʾʥʩʴʢʦʾ ʝʢʦʥʦʤʽʢʠ ʜʦ 

ʽʥʥʦʚʘʮʽʡʥʦʛʦ ʪʠʧʫ ʨʦʟʚʠʪʢʫ, ʧʨʦʙʣʝʤʘ ʝʬʝʢʪʠʚʥʦʛʦ ʫʧʨʘʚʣʽʥʥʷ ʧʝʨʩʦʥʘʣʦʤ 

ʩʧʨʷʤʦʚʘʥʦʛʦ ʥʘ ʧʽʜʚʠʱʝʥʥʷ ʨʝʟʫʣʴʪʘʪʠʚʥʦʩʪʽ ʪʘ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ ʧʨʘʮʽ 

ʩʧʽʚʨʦʙʽʪʥʠʢʽʚ, ʻ ʜʦʩʠʪʴ ʘʢʪʫʘʣʴʥʦʶ. ʇʦʚôʷʟʘʥʦ ʮʝ ʟ ʪʠʤ, ʱʦ ʣʶʜʩʴʢʠʡ ʢʘʧʽʪʘʣ 

ʩʪʘʻ ʦʜʥʠʤ ʟ ʚʠʨʽʰʘʣʴʥʠʭ ʥʝʤʘʪʝʨʽʘʣʴʥʠʭ ʯʠʥʥʠʢʽʚ ʢʦʥʢʫʨʝʥʪʦʩʧʨʦʤʦʞʥʦʩʪʽ 

ʷʢ ʢʨʘʾʥʠ ʚ ʮʽʣʦʤʫ, ʪʘʢ ʽ ʦʢʨʝʤʦ ʚʟʷʪʦʛʦ ʧʽʜʧʨʠʻʤʩʪʚʘ. ɿ ʮʽʻʾ ʧʨʠʯʠʥʠ 

ʥʘʛʘʣʴʥʠʤ ʻ ʟʘʚʜʘʥʥʷ ʧʽʜʚʠʱʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʩʠʩʪʝʤʠ ʫʧʨʘʚʣʽʥʥʷ 

ʧʝʨʩʦʥʘʣʦʤ ʚ ʫʤʦʚʘʭ ʥʦʚʦʾ ʝʢʦʥʦʤʽʢʠ. 

ɺ ʩʠʩʪʝʤʽ ʫʧʨʘʚʣʽʥʥʷ ʧʝʨʩʦʥʘʣʦʤ ʟʤʽʥʠʚʩʷ ʦʙôʻʢʪ ʫʧʨʘʚʣʽʥʥʷ, ʱʦ 

ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʥʝʦʙʭʽʜʥʦʩʪʽ ʧʝʨʝʛʣʷʜʫ ʤʝʪʦʜʽʚ ʪʘ ʟʤʽʩʪʫ ʬʫʥʢʮʽʡ ʫʧʨʘʚʣʽʥʥʷ. 

ɿʤʽʥʶʻʪʴʩʷ ʧʘʨʘʜʠʛʤʘ ʫʧʨʘʚʣʽʥʥʷ ʧʝʨʩʦʥʘʣʦʤ, ʷʢʘ ʦʙʫʤʦʚʣʶʻ ʥʝʦʙʭʽʜʥʽʩʪʴ 

ʫʧʨʘʚʣʽʥʥʷ ʣʶʜʠʥʦʶ ʷʢ ʥʦʩʽʻʤ ʽʥʪʝʣʝʢʪʫʘʣʴʥʦʛʦ ʢʘʧʽʪʘʣʫ, ʷʢʠʡ ʬʦʨʤʫʻʪʴʩʷ ʚ 

ʨʝʟʫʣʴʪʘʪʽ ʚʟʘʻʤʦʜʽʾ ʟ ʽʥʰʠʤʠ ʝʣʝʤʝʥʪʘʤʠ ʩʦʮʽʘʣʴʥʦ-ʝʢʦʥʦʤʽʯʥʦʾ ʩʠʩʪʝʤʠ.  

ʇʝʨʩʦʥʘʣ ʨʦʟʛʣʷʜʘʻʪʴʩʷ ʷʢ ʦʙôʻʢʪ ʽʥʚʝʩʪʠʮʽʡ, ʝʬʝʢʪʠʚʥʽʩʪʴ ʷʢʠʭ ʧʦʚʠʥʥʘ 

ʙʫʪʠ ʚʠʤʽʨʷʥʘ. ʊʦʤʫ  ʥʝʦʙʭʽʜʥʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʥʦʚʽ ʧʽʜʭʦʜʠ ʜʦ ʫʧʨʘʚʣʽʥʥʷ 

ʧʝʨʩʦʥʘʣʦʤ ʫ ʚʽʜʧʦʚʽʜʴ ʥʘ ʟʤʽʥʠ, ʱʦ ʚʽʜʙʫʣʠʩʷ ʚ ʩʘʤʦʤʫ ʦʙôʻʢʪʽ ʫʧʨʘʚʣʽʥʥʷ.  

ɸʥʘʣʽʟ ʦʩʪʘʥʥʽʭ ʜʦʩʣʽʜʞʝʥʴ ʽ ʧʫʙʣʽʢʘʮʽʡ. ʇʨʦʙʣʝʤʠ ʪʝʦʨʽʾ ʪʘ 

ʤʝʪʦʜʦʣʦʛʽʾ ʫʧʨʘʚʣʽʥʥʷ ʧʝʨʩʦʥʘʣʦʤ ʙʫʣʠ ʨʦʟʛʣʷʥʫʪʽ ʥʠʟʢʦʶ ʚʯʝʥʠʭ ʪʘ 

ʧʨʘʢʪʠʢʽʚ, ʪʘʢʠʤʠ ʷʢ: ɹʘʣʘʙʘʥʦʚʘ ʃ. ɺ., ɻʨʠʛʦʨ'ʻʚ ʃ.ɺ., ʂʦʥʮʝʚʠʯ ʆ. ʂ., 

ɼʝʨʥʦʚʘ ɸ. ʖ., ʂʫʣʠʢʦʚ ʖ. ɸ., ʉʘʨʜʘʢ ʆ.ɺ., ʍʘʨʠʪʦʥʝʥʢʦ ʉ.ɺ., ʈʝʰʝʪʥʠʢ ʅ.ɯ.  

ʪʘ ʽʥʰʠʭ ʚʯʝʥʠʭ. 

ʄʝʪʘ ʽ ʟʘʚʜʘʥʥʷ ʜʦʩʣʽʜʞʝʥʥʷ. ʄʝʪʦʶ ʥʘʧʠʩʘʥʥʷ ʩʪʘʪʪʽ ʻ ʜʦʩʣʽʜʞʝʥʥʷ 

ʩʫʯʘʩʥʠʤ ʤʦʜʝʣʝʡ ʫʧʨʘʚʣʽʥʥʷ ʧʝʨʩʦʥʘʣʦʤ ʧʽʜʧʨʠʻʤʩʪʚʘ. ɺʠʭʦʜʷʯʠ ʟ ʤʝʪʠ 

ʜʦʩʣʽʜʞʝʥʥʷ, ʥʘʤʠ ʙʫʣʠ ʧʦʩʪʘʚʣʝʥʽ ʥʘʩʪʫʧʥʽ ʟʘʚʜʘʥʥʷ: ʜʦʩʣʽʜʠʪʠ ʩʫʪʥʽʩʪʴ ʪʘ 

ʦʩʦʙʣʠʚʦʩʪʽ ʫʧʨʘʚʣʽʥʥʷ ʧʝʨʩʦʥʘʣʦʤ, ʦʭʘʨʘʢʪʝʨʠʟʫʚʘʪʠ ʩʫʯʘʩʥʽ ʤʦʜʝʣʽ 
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ʫʧʨʘʚʣʽʥʥʷ ʧʝʨʩʦʥʘʣʦʤ ʧʽʜʧʨʠʻʤʩʪʚʘ.  

ɺʠʢʣʘʜ ʦʩʥʦʚʥʦʛʦ ʤʘʪʝʨʽʘʣʫ.  ʋ ʩʫʯʘʩʥʽʡ ʨʠʥʢʦʚʽʡ ʝʢʦʥʦʤʽʮʽ ʩʠʩʪʝʤʘ 

ʫʧʨʘʚʣʽʥʥʷ ʧʝʨʩʦʥʘʣʦʤ ʚʽʜʽʛʨʘʻ ʚʩʝ ʙʽʣʴʰ ʟʥʘʯʫʱʫ ʨʦʣʴ. ʆʩʦʙʣʠʚʦ ʚʘʞʣʠʚʦʶ 

ʚʦʥʘ ʻ ʜʣʷ ʤʝʥʝʜʞʝʨʽʚ, ʦʩʢʽʣʴʢʠ ʩʘʤʝ ʢʝʨʽʚʥʠʢʠ ʧʦʚʠʥʥʽ ʫʧʨʘʚʣʷʪʠ ʥʝ ʣʠʰʝ 

ʩʚʦʾʤ ʨʦʙʦʯʠʤ ʯʘʩʦʤ, ʘʣʝ ʽ ʯʘʩʦʤ ʩʚʦʾʭ ʧʽʜʣʝʛʣʠʭ. ɼʝʣʝʛʫʶʯʠ ʧʦʚʥʦʚʘʞʝʥʥʷ, 

ʨʦʟʩʪʘʚʣʷʶʯʠ ʧʨʽʦʨʠʪʝʪʠ, ʤʝʥʝʜʞʝʨ ʤʦʪʠʚʫʻ ʧʨʘʮʽʚʥʠʢʽʚ ʥʘ ʜʦʩʷʛʥʝʥʥʷ 

ʨʝʟʫʣʴʪʘʪʫ. 

ʂʦʞʝʥ ʢʝʨʽʚʥʠʢ ʩʪʠʢʘʻʪʴʩʷ ʟ ʧʨʦʙʣʝʤʦʶ ʫʧʨʘʚʣʽʥʥʷ ʧʝʨʩʦʥʘʣʦʤ, 

ʦʙʨʘʥʥʷʤ ʚʽʨʥʦʾ ʤʦʜʝʣʽ ʤʝʥʝʜʞʤʝʥʪʫ, ʧʨʠʟʥʘʯʝʥʥʷʤ çʧʨʘʚʠʣʴʥʠʭè ʤʝʥʝʜʞʝʨʽʚ. 

ɽʬʝʢʪʠʚʥʘ ʩʠʩʪʝʤʘ ʫʧʨʘʚʣʽʥʥʷ ʧʝʨʩʦʥʘʣʦʤ ʚ ʫʤʦʚʘʭ ʨʠʥʢʦʚʦʛʦ 

ʛʦʩʧʦʜʘʨʶʚʘʥʥʷ ʩʫʪʪʻʚʦ ʚʧʣʠʚʘʻ ʥʘ ʟʘʙʝʟʧʝʯʝʥʥʷ ʢʦʥʢʫʨʝʥʪʦʩʧʨʦʤʦʞʥʦʩʪʽ 

ʧʽʜʧʨʠʻʤʩʪʚ ʽ ʩʪʚʦʨʝʥʥʷ ʢʦʥʢʫʨʝʥʪʥʠʭ ʧʝʨʝʚʘʛ ʟʘ ʨʘʭʫʥʦʢ ʨʘʮʽʦʥʘʣʴʥʦʛʦ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʽʥʪʝʣʝʢʪʫʘʣʴʥʠʭ ʨʝʩʫʨʩʽʚ ʽ ʪʨʫʜʦʚʦʛʦ ʧʦʪʝʥʮʽʘʣʫ ʧʨʘʮʽʚʥʠʢʽʚ [3, 

ʩ.32]. 

ʅʝʟʚʘʞʘʶʯʠ ʥʘ ʟʥʘʯʥʫ ʢʽʣʴʢʽʩʪʴ ʽ ʥʘʢʦʧʠʯʝʥʠʡ ʜʦʩʚʽʜ ʥʘʫʢʦʚʠʭ ʨʦʟʨʦʙʦʢ 

ʚʽʪʯʠʟʥʷʥʠʭ ʽ ʟʘʨʫʙʽʞʥʠʭ ʫʯʝʥʠʭ ʱʦʜʦ ʚʜʦʩʢʦʥʘʣʝʥʥʷ ʬʦʨʤ ʽ ʤʝʪʦʜʽʚ ʢʘʜʨʦʚʦʛʦ 

ʤʝʥʝʜʞʤʝʥʪʫ, ʙʽʣʴʰʽʩʪʴ ʫʢʨʘʾʥʩʴʢʠʭ ʧʽʜʧʨʠʻʤʩʪʚ ʯʝʨʝʟ ʙʨʘʢ 

ʚʠʩʦʢʦʢʚʘʣʽʬʽʢʦʚʘʥʦʛʦ ʫʧʨʘʚʣʽʥʩʴʢʦʛʦ ʧʝʨʩʦʥʘʣʫ ʪʘ ʥʝʜʦʩʪʘʪʥʴʦ ʛʥʫʯʢʫ ʡ 

ʟʘʩʪʘʨʽʣʫ ʢʦʥʮʝʧʮʽʶ ʢʘʜʨʦʚʦʾ ʧʦʣʽʪʠʢʠ ʥʝ ʚʩʪʠʛʘʻ ʨʝʘʛʫʚʘʪʠ ʥʘ ʰʚʠʜʢʽ ʟʤʽʥʠ 

ʩʠʪʫʘʮʽʾ ʥʘ ʨʠʥʢʫ ʧʨʘʮʽ, ʥʦʚʽ ʚʠʤʦʛʠ ʜʦ ʤʦʙʽʣʴʥʦʾ ʧʝʨʝʦʨʽʻʥʪʘʮʽʾ 

ʽʥʪʝʣʝʢʪʫʘʣʴʥʦʛʦ ʧʦʪʝʥʮʽʘʣʫ ʚʣʘʩʥʦʛʦ ʧʝʨʩʦʥʘʣʫ, ʚʧʨʦʚʘʜʞʝʥʥʷ ʩʫʯʘʩʥʠʭ 

ʪʝʭʥʦʣʦʛʽʡ ʢʘʜʨʦʚʦʾ ʨʦʙʦʪʠ, ʷʢ ʦʜʥʦʛʦ ʟ ʜʽʻʚʠʭ ʚʠʨʦʙʥʠʯʠʭ ʧʨʦʮʝʩʽʚ. 

ʋʧʨʘʚʣʽʥʥʷ ʧʝʨʩʦʥʘʣʦʤ ʻ ʦʜʥʠʤ ʽʟ ʥʘʡʚʘʞʣʠʚʽʰʠʭ ʥʘʧʨʷʤʽʚ ʫ ʩʪʨʘʪʝʛʽʾ 

ʙʫʜʴ-ʷʢʦʛʦ ʩʫʯʘʩʥʦʛʦ ʧʽʜʧʨʠʻʤʩʪʚʘ, ʦʩʢʽʣʴʢʠ ʨʦʣʴ ʣʶʜʠʥʠ ʫ ʚʠʨʦʙʥʠʮʪʚʽ, 

ʥʘʜʘʥʥʽ ʧʝʚʥʠʭ ʧʦʩʣʫʛ ʽ ʝʢʦʥʦʤʽʯʥʦʤʫ ʞʠʪʪʽ ʩʫʩʧʽʣʴʩʪʚʘ ʚʟʘʛʘʣʽ ʧʦʩʪʽʡʥʦ 

ʟʨʦʩʪʘʻ. ɼʦ ʪʦʛʦ ʞ, ʧʝʨʝʭʽʜ ʜʦ ʨʠʥʢʦʚʠʭ ʚʽʜʥʦʩʠʥ, ʫʩʢʣʘʜʥʝʥʥʷ ʝʢʦʥʦʤʽʯʥʠʭ 

ʟʚôʷʟʢʽʚ, ʧʨʦʜʫʢʪʠʚʥʽ ʩʠʣʠ, ʱʦ ʽʥʪʝʥʩʠʚʥʦ ʨʦʟʚʠʚʘʶʪʴʩʷ ʪʘ ʽʥʰʝ, ʧʨʠʟʚʦʜʷʪʴ ʜʦ 

ʛʣʠʙʦʢʠʭ ʟʤʽʥ ʤʝʪʦʜʽʚ ʧʨʘʮʽ. ʊʘʢʠʤ ʯʠʥʦʤ, ʧʦʪʨʽʙʥʦ ʙʽʣʴʰ ʯʽʪʢʘ ʪʘ 

ʥʘʣʘʛʦʜʞʝʥʘ ʩʪʨʫʢʪʫʨʘ ʫʧʨʘʚʣʽʥʩʴʢʠʭ ʦʨʛʘʥʽʚ, ʙʽʣʴʰ ʛʥʫʯʢʽ ʤʝʪʦʜʠ 
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ʢʝʨʽʚʥʠʮʪʚʘ, ʩʧʨʷʤʦʚʘʥʽ ʥʘ ʧʽʜʚʠʱʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʚʠʢʦʨʠʩʪʘʥʥʷ ʢʘʜʨʦʚʦʛʦ 

ʧʦʪʝʥʮʽʘʣʫ [1, ʩ.54]. 

ʆʜʥʘʢ ʜʣʷ ʪʦʛʦ, ʱʦʙ ʝʬʝʢʪʠʚʥʦ ʫʧʨʘʚʣʷʪʠ ʧʝʨʩʦʥʘʣʦʤ, ʧʨʠʡʤʘʪʠ 

ʥʝʦʙʭʽʜʥʽ ʪʘ ʧʨʘʚʠʣʴʥʽ ʨʽʰʝʥʥʷ, ʦʮʽʥʶʚʘʪʠ ʜʦʮʽʣʴʥʽʩʪʴ ʮʴʦʛʦ ʫʧʨʘʚʣʽʥʥʷ ʽ 

ʧʨʠʡʥʷʪʠʭ ʨʽʰʝʥʴ, ʧʦʪʨʽʙʥʦ ʨʦʟʫʤʽʪʠ ʩʫʪʥʽʩʪʴ ʧʦʥʷʪʪʷ çʦʨʛʘʥʽʟʘʮʽʷ ʫʧʨʘʚʣʽʥʥʷ 

ʧʝʨʩʦʥʘʣʦʤè ʽ ʛʦʣʦʚʥʫ ʤʝʪʫ ʮʴʦʛʦ ʧʨʦʮʝʩʫ. 

ʋʧʨʘʚʣʽʥʥʷ ʧʝʨʩʦʥʘʣʦʤ ï ʮʝ ʜʽʷʣʴʥʽʩʪʴ ʦʨʛʘʥʽʟʘʮʽʾ, ʩʧʨʷʤʦʚʘʥʘ ʥʘ 

ʝʬʝʢʪʠʚʥʝ ʚʠʢʦʨʠʩʪʘʥʥʷ ʣʶʜʝʡ (ʧʝʨʩʦʥʘʣʫ) ʜʣʷ ʜʦʩʷʛʥʝʥʥʷ ʮʽʣʝʡ, ʷʢ 

ʦʨʛʘʥʽʟʘʮʽʾ, ʪʘʢ ʽ ʽʥʜʠʚʽʜʫʘʣʴʥʦʩʪʝʡ (ʦʩʦʙʠʩʪʠʭ) [1, ʩ.59]. 

ɻʦʣʦʚʥʘ ʤʝʪʘ ʫʧʨʘʚʣʽʥʥʷ ʧʝʨʩʦʥʘʣʦʤ ʧʦʣʷʛʘʻ ʚ ʟʘʙʝʟʧʝʯʝʥʥʽ 

ʧʽʜʧʨʠʻʤʩʪʚʘ ʧʨʘʮʽʚʥʠʢʘʤʠ, ʱʦ ʚʽʜʧʦʚʽʜʘʶʪʴ ʚʠʤʦʛʘʤ ʜʘʥʦʛʦ ʧʽʜʧʨʠʻʤʩʪʚʘ, 

ʾʭʥʴʦʾ ʧʨʦʬʝʩʽʡʥʦʾ ʡ ʩʦʮʽʘʣʴʥʦʾ ʘʜʘʧʪʘʮʽʾ [8, ʩ.226]. 

ʃʶʜʠʥʘ ʚ ʦʨʛʘʥʽʟʘʮʽʾ ʚʠʢʦʥʫʻ ʨʦʣʴ ʢʝʨʽʚʥʠʢʘ (ʩʫʙôʻʢʪʘ ʫʧʨʘʚʣʽʥʥʷ) ʪʘ 

ʚʠʢʦʥʘʚʮʷ (ʦʙôʻʢʪʘ ʫʧʨʘʚʣʽʥʥʷ). ʇʨʘʮʽʚʥʠʢʠ ʦʨʛʘʥʽʟʘʮʽʾ ʻ ʦʙôʻʢʪʦʤ ʫʧʨʘʚʣʽʥʥʷ, 

ʪʦʤʫ ʱʦ ʚʦʥʠ ʻ ʧʨʦʜʫʢʪʠʚʥʦʶ ʩʠʣʦʶ, ʛʦʣʦʚʥʠʤ ʩʢʣʘʜʥʠʢʦʤ ʙʫʜʴ-ʷʢʦʛʦ 

ʚʠʨʦʙʥʠʯʦʛʦ ʧʨʦʮʝʩʫ. ʊʦʤʫ ʧʣʘʥʫʚʘʥʥʷ, ʬʦʨʤʫʚʘʥʥʷ, ʨʦʟʧʦʜʽʣ, ʧʝʨʝʨʦʟʧʦʜʽʣ ʽ 

ʨʘʮʽʦʥʘʣʴʥʝ ʚʠʢʦʨʠʩʪʘʥʥʷ ʣʶʜʩʴʢʠʭ ʨʝʩʫʨʩʽʚ ʥʘ ʚʠʨʦʙʥʠʮʪʚʽ ʩʪʘʥʦʚʠʪʴ 

ʦʩʥʦʚʥʠʡ ʟʤʽʩʪ ʤʝʥʝʜʞʤʝʥʪʫ ʧʝʨʩʦʥʘʣʫ. 

ʋʧʨʘʚʣʽʥʥʷ ʧʝʨʩʦʥʘʣʦʤ ʤʦʞʥʘ ʚʚʘʞʘʪʠ ʜʽʷʣʴʥʽʩʪʶ, ʷʢʘ ʩʧʨʷʤʦʚʘʥʘ ʥʘ 

ʚʠʨʽʰʝʥʥʷ ʩʣʫʞʙʦʚʠʭ ʧʦʪʨʝʙ, ʧʽʜʪʨʠʤʢʫ ʨʦʟʚʠʪʢʫ ʧʝʨʩʦʥʘʣʫ, ʢʦʞʥʦʛʦ 

ʦʢʨʝʤʦʛʦ ʧʨʘʮʽʚʥʠʢʘ, ʚʜʦʩʢʦʥʘʣʝʥʥʷ ʫʤʦʚ ʧʨʘʮʽ ʟ ʤʝʪʦʶ ʚʠʢʦʥʘʥʥʷ ʟʘʚʜʘʥʴ 

ʦʨʛʘʥʽʟʘʮʽʾ. ʉʘʤʝ ʪʦʤʫ ʧʝʨʩʦʥʘʣʦʤ ʥʝʦʙʭʽʜʥʦ ʢʝʨʫʚʘʪʠ ʥʘ ʦʩʥʦʚʽ 

ʥʘʡʚʘʞʣʠʚʽʰʠʭ ʘʩʧʝʢʪʽʚ ʪʝʦʨʽʾ ʪʘ ʧʨʘʢʪʠʢʠ ʤʝʥʝʜʞʤʝʥʪʫ. 

ʇʽʜʚʠʱʝʥʥʷ ʝʢʦʥʦʤʽʯʥʦʾ ʝʬʝʢʪʠʚʥʦʩʪʽ ʽ ʨʝʟʫʣʴʪʘʪʠʚʥʦʩʪʽ ï ʦʜʥʘ ʾʭ 

ʧʨʽʦʨʠʪʝʪʥʠʭ ʮʽʣʝʡ ʢʝʨʽʚʥʠʮʪʚʘ ʙʫʜʴ-ʷʢʦʾ ʦʨʛʘʥʽʟʘʮʽʾ, ʨʝʘʣʽʟʘʮʽʷ ʷʢʦʾ ʧʨʘʢʪʠʯʥʦ 

ʟʘʚʞʜʠ ʪʦʨʢʘʻ ʩʠʩʪʝʤʫ ʫʧʨʘʚʣʽʥʥʷ ʧʝʨʩʦʥʘʣʦʤ. ɹʫʜʴ-ʷʢʽ ʧʨʦʛʨʘʤʠ, ʧʨʦʝʢʪʠ, 

ʧʣʘʥʠ, ʷʢʽ ʬʦʨʤʫʻ ʤʝʥʝʜʞʤʝʥʪ ʦʨʛʘʥʽʟʘʮʽʾ, ʤʦʞʫʪʴ ʟʘʯʽʧʘʪʠ ʝʢʦʥʦʤʽʯʥʽʩʪʴ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʨʽʟʥʠʭ ʚʠʜʽʚ ʨʝʩʫʨʩʽʚ (ʤʘʪʝʨʽʘʣʴʥʠʭ, ʬʽʥʘʥʩʦʚʠʭ, ʯʘʩʦʚʠʭ, 

ʝʥʝʨʛʝʪʠʯʥʠʭ), ʘʣʝ ʚʪʽʣʝʥʥʷ ʽʜʝʡ ʟʜʽʡʩʥʶʻ ʧʝʨʩʦʥʘʣ ʟʘ ʜʦʧʦʤʦʛʦʶ ʚʠʨʽʰʝʥʥʷ 
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ʢʦʥʢʨʝʪʥʠʭ ʟʘʚʜʘʥʴ. ʆʩʥʦʚʥʽ ʬʫʥʢʮʽʾ ʤʝʥʝʜʞʤʝʥʪʫ (ʧʣʘʥʫʚʘʥʥʷ, ʦʨʛʘʥʽʟʘʮʽʷ, 

ʨʝʘʣʽʟʘʮʽʷ, ʤʦʪʠʚʘʮʽʷ, ʢʦʦʨʜʠʥʘʮʽʷ, ʢʦʥʪʨʦʣʴ) ʬʘʢʪʠʯʥʦ ʩʧʨʷʤʦʚʘʥʽ ʥʘ 

ʫʧʦʨʷʜʢʫʚʘʥʥʷ ʪʘ ʨʝʛʫʣʶʚʘʥʥʷ ʜʽʷʣʴʥʦʩʪʽ ʧʝʨʩʦʥʘʣʫ, ʥʘ ʧʽʜʚʠʱʝʥʥʷ 

ʝʬʝʢʪʠʚʥʦʩʪʽ ʚʠʢʦʨʠʩʪʘʥʥʷ ʣʶʜʩʴʢʦʛʦ ʧʦʪʝʥʮʽʘʣʫ ʟʘ ʜʦʧʦʤʦʛʦʶ ʪʠʭ ʯʠ ʽʥʰʠʭ 

ʤʝʪʦʜʽʚ. 

ɸʥʘʣʽʟ ʣʽʪʝʨʘʪʫʨʥʠʭ ʜʞʝʨʝʣ ʧʦʢʘʟʫʻ, ʱʦ ʧʦʛʣʷʜʠ ʬʘʭʽʚʮʽʚ ʥʘ ʝʬʝʢʪʠʚʥʫ ʽ 

ʜʽʻʚʫ ʤʦʜʝʣʴ ʫʧʨʘʚʣʽʥʥʷ ʧʝʨʩʦʥʘʣʦʤ ʜʦʩʠʪʴ ʚʽʜʤʽʥʥʽ [1, 2, 5, 6, 9]. ʅʘʧʨʠʢʣʘʜ, 

ʃʝʛʛ ʚʚʘʞʘʻ, ʱʦ ʽʩʥʫʻ ʪʽʩʥʘ ʽʥʪʝʛʨʘʮʽʷ ʧʦʣʽʪʠʢʠ ʫʧʨʘʚʣʽʥʥʷ ʧʝʨʩʦʥʘʣʦʤ ʟʽ 

ʩʪʨʘʪʝʛʽʻʶ ʙʽʟʥʝʩʫ, ʱʦ ʩʧʽʚʨʦʙʽʪʥʠʢʠ ʦʨʛʘʥʽʟʘʮʽʾ ï ʮʝ ʟʘʩʽʙ ʜʦʩʷʛʥʝʥʥʷ ʮʽʣʝʡ, 

ʷʢʠʤʠ ʧʦʪʨʽʙʥʦ ʝʬʝʢʪʠʚʥʦ ʫʧʨʘʚʣʷʪʠ ʽ ʷʢʠʭ ʩʣʽʜ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʜʣʷ 

ʦʪʨʠʤʘʥʥʷ ʤʘʪʝʨʽʘʣʴʥʠʭ ʙʣʘʛ [6]. ʋ ʨʦʙʦʪʘʭ ʊʨʫʩʩʴʻ ʚʢʘʟʫʻʪʴʩʷ, ʱʦ ʨʝʘʣʴʥʽʩʪʴ 

ʯʘʩʪʦ ʚʠʤʘʛʘʻ ʞʦʨʩʪʢʠʭ ʟʘʭʦʜʽʚ, ʽ ʽʥʪʝʨʝʩʠ ʦʨʛʘʥʽʟʘʮʽʾ ʧʝʨʝʚʘʞʘʶʪʴ ʥʘʜ 

ʽʥʪʝʨʝʩʘʤʠ ʦʩʦʙʠʩʪʦʩʪʽ, ʪʦʤʫ ʘʚʪʦʨ ʨʝʢʦʤʝʥʜʫʻ ʧʨʘʮʝʜʘʚʮʷʤ ʚʩʪʘʥʦʚʣʶʚʘʪʠ 

ʞʦʨʩʪʢʽ ʢʨʠʪʝʨʽʾ ʥʘʡʤʫ, ʱʦʙ ʧʦʪʝʥʮʽʡʥʠʡ ʧʨʘʮʽʚʥʠʢ ʤʽʛ ʚʧʦʨʘʪʠʩʷ ʟ ʚʘʞʢʠʤʠ 

ʫʤʦʚʘʤʠ ʧʨʘʮʽ [9]. ʋ ʜʦʩʣʽʜʞʝʥʥʷʭ ɼʘʡʻʨʘ ʽ ʍʦʣʜʝʨʘ ʧʽʜʢʨʝʩʣʶʻʪʴʩʷ, ʱʦ 

ʤʝʪʦʜʠ ʫʧʨʘʚʣʽʥʥʷ ʧʝʨʩʦʥʘʣʦʤ ʧʦʚʠʥʥʽ ʚʘʨʽʶʚʘʪʠʩʷ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʦʙʨʘʥʠʭ 

ʜʦ ʨʝʘʣʽʟʘʮʽʾ ʨʽʰʝʥʴ, ʩʪʘʥʫ ʨʠʥʢʫ ʧʨʘʮʽ, ʩʬʦʨʤʦʚʘʥʠʭ ʩʦʮʽʘʣʴʥʠʭ ʥʦʨʤ ʽ 

ʧʦʩʪʫʣʘʪʽʚ ʥʘʮʽʦʥʘʣʴʥʦʾ ʢʫʣʴʪʫʨʠ [6]. 

ʄʦʞʥʘ ʧʨʠʧʫʩʪʠʪʠ, ʱʦ ʥʘ ʚʠʙʽʨ ʤʦʜʝʣʽ ʫʧʨʘʚʣʽʥʥʷ ʧʝʨʩʦʥʘʣʦʤ ʽʩʪʦʪʥʦ 

ʚʧʣʠʚʘʶʪʴ ʪʘʢʽ ʦʩʥʦʚʥʽ ʢʦʤʧʦʥʝʥʪʠ: ʨʽʚʝʥʴ ʛʫʤʘʥʽʩʪʠʯʥʦʛʦ ʨʦʟʚʠʪʢʫ 

ʩʫʩʧʽʣʴʩʪʚʘ; ʧʨʠʥʮʠʧʠ, ʱʦ ʣʝʞʘʪʴ ʚ ʦʩʥʦʚʽ ʦʨʛʘʥʽʟʘʮʽʡʥʦʾ ʢʫʣʴʪʫʨʠ; ʨʽʚʝʥʴ 

ʨʦʟʚʠʪʢʫ ʪʝʭʥʦʣʦʛʽʯʥʦʾ ʙʘʟʠ ʧʽʜʧʨʠʻʤʩʪʚʘ. 

ɸʥʘʣʽʟʫʶʯʠ ʚʽʜʦʤʽ ʤʝʪʦʜʠ ʫʧʨʘʚʣʽʥʥʷ ʣʶʜʩʴʢʠʤʠ ʨʝʩʫʨʩʘʤʠ ʚ ʢʨʘʾʥʘʭ ʟ 

ʨʦʟʚʠʥʫʪʦʶ ʝʢʦʥʦʤʽʯʥʦʶ ʩʠʩʪʝʤʦʶ, ʤʦʞʥʘ ʟʘʟʥʘʯʠʪʠ, ʱʦ ʩʫʯʘʩʥʠʡ 

ʤʝʥʝʜʞʤʝʥʪ ʩʧʠʨʘʻʪʴʩʷ, ʚ ʦʩʥʦʚʥʦʤʫ, ʥʘ ʜʚʽ ʤʦʜʝʣʽ, ʱʦ ʟôʷʚʠʣʠʩʷ ʚ ʉʐɸ ʽ 

ʗʧʦʥʽʾ. ɺʦʥʠ ʚʚʘʞʘʶʪʴʩʷ ʚ ʷʢʽʡʩʴ ʤʽʨʽ ʝʪʘʣʦʥʥʠʤʠ ʚ ʩʬʝʨʽ ʫʧʨʘʚʣʽʥʥʷ 

ʣʶʜʩʴʢʠʤʠ ʨʝʩʫʨʩʘʤʠ ʪʘ ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ ʚ ʨʽʟʥʠʭ ʦʨʛʘʥʽʟʘʮʽʷʭ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʾʭ 

ʭʘʨʘʢʪʝʨʥʠʭ ʦʩʦʙʣʠʚʦʩʪʝʡ ʚ ʩʪʨʫʢʪʫʨʽ, ʢʫʣʴʪʫʨʽ, ʨʦʟʤʽʨʽ, ʩʧʝʮʠʬʽʮʽ 

ʛʦʩʧʦʜʘʨʩʴʢʦʾ ʜʽʷʣʴʥʦʩʪʽ, ʬʦʨʤʽ ʚʣʘʩʥʦʩʪʽ ʪʦʱʦ [4]. 
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ʇʝʨʰʘ ʤʦʜʝʣʴ ï ʘʤʝʨʠʢʘʥʩʴʢʘ, ʷʢʫ ʫʤʦʚʥʦ ʙʫʜʝʤʦ ʥʘʟʠʚʘʪʠ çʞʦʨʩʪʢʦʶè. 

ɺʦʥʘ ʩʬʦʨʤʫʚʘʣʘʩʷ ʥʘ ʧʦʯʘʪʢʫ ʍʍ ʩʪʦʣʽʪʪʷ ʚ ʝʧʦʭʫ ʨʦʟʚʠʪʢʫ ʚʝʣʠʢʦʩʝʨʽʡʥʦʛʦ ʽ 

ʤʘʩʦʚʦʛʦ ʚʠʨʦʙʥʠʮʪʚʘ, ʚ ʩʠʣʫ ʯʦʛʦ ʽ ʧʦ ʪʝʧʝʨʽʰʥʽʡ ʯʘʩ ʮʷ ʤʦʜʝʣʴ ʜʦʩʠʪʴ 

ʧʦʰʠʨʝʥʘ. ɰʡ ʧʨʠʪʘʤʘʥʥʽ ʽʥʜʠʚʽʜʫʘʣʽʟʤ, ʧʨʘʢʪʠʯʥʽʩʪʴ, ʧʨʘʛʤʘʪʠʯʥʽʩʪʴ, ʪʦʙʪʦ ʪʽ 

ʦʩʥʦʚʥʽ ʷʢʦʩʪʽ, ʷʢʽ ʥʝʦʙʭʽʜʥʽ ʜʣʷ ʧʽʜʧʨʠʻʤʥʠʮʴʢʦʾ ʜʽʷʣʴʥʦʩʪʽ ʚ ʫʤʦʚʘʭ 

ʘʛʨʝʩʠʚʥʦʛʦ ʢʦʥʢʫʨʝʥʪʥʦʾ ʙʦʨʦʪʴʙʠ.  

çɾʦʨʩʪʢʘè ʤʦʜʝʣʴ ʧʝʨʝʜʙʘʯʘʻ ʚʠʢʦʨʠʩʪʘʥʥʷ ʯʽʪʢʠʭ ʧʦʩʘʜʦʚʠʭ ʽʥʩʪʨʫʢʮʽʡ, 

ʚʠʢʦʥʘʥʥʷ ʱʦʜʝʥʥʠʭ ʜʝʪʘʣʴʥʠʭ ʚʢʘʟʽʚʦʢ ʢʝʨʽʚʥʠʢʘ. ɺʽʜʦʤʦ, ʱʦ ʧʝʨʝʚʘʞʥʘ 

ʙʽʣʴʰʽʩʪʴ ʩʫʯʘʩʥʠʭ ʘʤʝʨʠʢʘʥʩʴʢʠʭ ʦʨʛʘʥʽʟʘʮʽʡ ʚ ʩʚʦʾʡ ʨʦʙʦʪʽ ʢʝʨʫʶʪʴʩʷ 

ʯʽʪʢʠʤʠ ʽʥʩʪʨʫʢʮʽʷʤʠ, ʷʢʠʤʠ ʥʘʤʘʛʘʶʪʴʩʷ ʦʭʦʧʠʪʠ ʧʨʘʢʪʠʯʥʦ ʚʩʽ ʥʶʘʥʩʠ 

ʪʨʫʜʦʚʦʾ ʜʽʷʣʴʥʦʩʪʽ. ɼʦʪʨʠʤʘʥʥʷ çʞʦʨʩʪʢʦʾè ʤʦʜʝʣʽ ʫʧʨʘʚʣʽʥʥʷ ʧʦʢʣʠʢʘʥʝ 

ʚʠʭʦʚʫʚʘʪʠ ʚ ʧʨʘʮʽʚʥʠʢʘʭ ʩʪʘʨʘʥʥʽʩʪʴ, ʘʣʝ ʪʘʢʘ ʩʠʩʪʝʤʘ ʦʨʛʘʥʽʟʘʮʽʾ ʧʨʘʮʽ, ʧʦ 

ʩʫʪʽ, ʩʪʚʦʨʶʻ ʣʶʜʠʥʫ-ʧʦʩʝʨʝʜʥʽʩʪʴ, ʬʦʨʤʫʻ çʨʘʤʢʦʚʠʡè, ʩʪʨʫʢʪʫʨʦʚʘʥʠʡ ʩʪʠʣʴ 

ʧʦʚʝʜʽʥʢʠ, ʥʝ ʜʘʶʯʠ ʨʦʟʚʠʚʘʪʠʩʷ ʤʠʩʣʝʥʥʶ, ʪʚʦʨʯʦʩʪʽ ʪʘ ʽʥʽʮʽʘʪʠʚʽ [4]. 

ɼʨʫʛʘ çʤôʷʢʘè ʤʦʜʝʣʴ ï ʷʧʦʥʩʴʢʘ ï ʩʬʦʨʤʫʚʘʣʘʩʷ ʚ ʩʝʨʝʜʠʥʽ ʍʍ ʩʪʦʣʽʪʪʷ. 

ɺʦʥʘ ʧʦʙʫʜʦʚʘʥʘ ʥʘ ʤʝʥʪʘʣʽʪʝʪʽ ʥʘʮʽʾ, ʷʢʫ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴ ʪʘʢʽ ʢʫʣʴʪʫʨʥʽ 

ʦʩʦʙʣʠʚʦʩʪʽ, ʷʢ ʢʦʣʝʢʪʠʚʽʟʤ, ʦʱʘʜʣʠʚʽʩʪʴ, ʧʨʘʢʪʠʯʥʽʩʪʴ, ʧʫʥʢʪʫʘʣʴʥʽʩʪʴ, 

ʧʨʘʮʴʦʚʠʪʽʩʪʴ. ɺʦʥʘ ʧʦʢʣʠʢʘʥʘ ʚʠʭʦʚʫʚʘʪʠ ʚ ʩʧʽʚʨʦʙʽʪʥʠʢʘʭ ʽʥʽʮʽʘʪʠʚʥʽʩʪʴ, 

ʚʽʪʘʻ ʪʚʦʨʯʠʡ ʧʽʜʭʽʜ ʜʦ ʨʦʙʦʪʠ. ʂʝʨʽʚʥʠʮʪʚʦʤ ʦʨʛʘʥʽʟʘʮʽʾ ʚʠʢʦʥʘʚʮʷʤ 

ʩʪʘʚʣʷʪʴʩʷ ʟʘʚʜʘʥʥʷ, ʷʢʽ ʦʧʠʩʫʶʪʴʩʷ ʚ ʟʘʛʘʣʴʥʠʭ ʨʠʩʘʭ, ʚʢʘʟʫʶʪʴʩʷ ʨʝʟʫʣʴʪʘʪʠ, 

ʷʢʠʭ ʩʣʽʜ ʦʪʨʠʤʘʪʠ, ʘ ʚʠʙʽʨ ʩʧʦʩʦʙʫ ʾʭ ʜʦʩʷʛʥʝʥʥʷ ʻ ʧʨʝʨʦʛʘʪʠʚʦʶ ʧʨʘʮʽʚʥʠʢʘ. 

ʉʧʽʚʨʦʙʽʪʥʠʢʠ ʦʨʛʘʥʽʟʘʮʽʾ ʧʨʠ ʮʴʦʤʫ ʟʥʘʭʦʜʷʪʴʩʷ ʚ ʟʘʛʘʣʴʥʦʤʫ ʽʥʬʦʨʤʘʮʽʡʥʦʤʫ 

ʧʦʣʽ ʢʦʤʧʘʥʽʾ ʽ ʤʘʶʪʴ ʙʽʣʴʰʫ ʢʽʣʴʢʽʩʪʴ ʜʘʥʠʭ ʱʦʜʦ ʧʦʩʪʘʚʣʝʥʦʛʦ ʟʘʚʜʘʥʥʷ ʽ 

ʩʫʤʽʞʥʠʭ ʟ ʾʾ ʨʽʰʝʥʥʷʤ ʦʙʣʘʩʪʝʡ, ʱʦ ʜʦʟʚʦʣʷʻ ʾʤ ʫ ʩʚʦʾʡ ʪʨʫʜʦʚʽʡ ʜʽʷʣʴʥʦʩʪʽ 

ʩʘʤʦʩʪʽʡʥʦ ʧʨʠʡʤʘʪʠ ʨʽʰʝʥʥʷ ʚ ʤʝʞʘʭ ʩʚʦʻʾ ʢʦʤʧʝʪʝʥʮʽʾ ʽ ʙʨʘʪʠ ʫʯʘʩʪʴ ʚ 

ʦʧʪʠʤʽʟʘʮʽʾ ʦʨʛʘʥʽʟʘʮʽʾ ʧʨʘʮʽ ʥʘ ʧʽʜʧʨʠʻʤʩʪʚʽ.  

çʄôʷʢʘè ʤʦʜʝʣʴ ʥʘʮʽʣʝʥʘ ʥʘ ʬʦʨʤʫʚʘʥʥʷ ʛʥʫʯʢʦ ʤʠʩʣʷʯʠʭ ʫʥʽʚʝʨʩʘʣʴʥʠʭ 

ʩʧʽʚʨʦʙʽʪʥʠʢʽʚ, ʜʣʷ ʷʢʠʭ ʫ ʤʽʨʫ ʜʦʩʷʛʥʝʥʥʷ ʟʥʘʯʫʱʠʭ ʨʝʟʫʣʴʪʘʪʽʚ ʥʘ 

ʢʦʥʢʨʝʪʥʦʤʫ ʨʦʙʦʯʦʤʫ ʤʽʩʮʽ ʟʜʽʡʩʥʶʻʪʴʩʷ ʨʦʪʘʮʽʷ ʥʘ ʧʦʯʘʪʢʫ ʧʦ ʛʦʨʠʟʦʥʪʘʣʽ, ʘ 
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ʧʦʪʽʤ ʽ ʧʦ ʚʝʨʪʠʢʘʣʽ [5]. 

ɺʚʘʞʘʻʤʦ, ʱʦ ʷʢʱʦ ʚ ʦʨʛʘʥʽʟʘʮʽʾ ʽʩʥʫʻ ʯʽʪʢʠʡ ʧʦʜʽʣ ʧʨʘʮʽ, ʟʘ ʢʦʞʥʠʤ 

ʧʨʘʮʽʚʥʠʢʦʤ ʞʦʨʩʪʢʦ ʟʘʢʨʽʧʣʝʥʽ ʧʝʚʥʽ ʬʫʥʢʮʽʾ, ʨʝʟʫʣʴʪʘʪʠ ʪʨʫʜʦʚʦʾ ʜʽʷʣʴʥʦʩʪʽ 

ʚʠʤʽʨʶʶʪʴʩʷ ʧʝʨʝʚʘʞʥʦ ʢʽʣʴʢʽʩʥʠʤʠ ʧʦʢʘʟʥʠʢʘʤʠ, ʪʦ ʚ ʪʘʢʠʭ ʫʤʦʚʘʭ ʥʘʡʙʽʣʴʰ 

ʧʨʠʡʥʷʪʥʘ çʞʦʨʩʪʢʘè ʤʦʜʝʣʴ ʫʧʨʘʚʣʽʥʥʷ; ʷʢʱʦ ʚ ʢʦʤʧʘʥʽʾ ʚʽʪʘʻʪʴʩʷ ʜʫʭ 

ʩʚʦʙʦʜʠ, ʪʚʦʨʯʦʩʪʽ, ʜʦʚʽʨʠ, ʩʘʤʦʩʪʽʡʥʦʩʪʽ, ʪʦ ʟʘ ʦʩʥʦʚʫ ʢʨʘʱʝ ʙʨʘʪʠ çʤôʷʢʫè 

ʤʦʜʝʣʴ. 

çɾʦʨʩʪʢʘè ʤʦʜʝʣʴ ʫʧʨʘʚʣʽʥʥʷ ʯʽʪʢʦ ʙʘʟʫʻʪʴʩʷ ʥʘ ʦʨʛʘʥʽʟʘʮʽʡʥʽʡ ʩʪʨʫʢʪʫʨʽ 

ʢʦʤʧʘʥʽʾ, ʜʽʷʣʴʥʽʩʪʴ ʧʝʨʩʦʥʘʣʫ ʬʦʨʤʘʣʽʟʦʚʘʥʘ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʽʥʩʪʨʫʢʮʽʡ, 

ʨʝʛʣʘʤʝʥʪʽʚ, ʥʦʨʤ, ʧʨʘʚʠʣ. ʇʨʠ çʤôʷʢʽʡè ʤʦʜʝʣʽ ʫʧʨʘʚʣʽʥʥʷ ʩʧʽʚʨʦʙʽʪʥʠʢʠ 

ʚʠʢʦʥʫʶʪʴ ʩʚʦʾ ʦʙʦʚôʷʟʢʠ, ˇʨʫʥʪʫʶʯʠʩʴ ʥʘ ʣʦʛʽʯʥʠʭ ʜʦʚʦʜʘʭ ʽ ʩʫʜʞʝʥʥʷʭ, ʱʦ 

ʩʧʨʠʷʻ ʨʝʘʣʽʟʘʮʽʾ ʪʚʦʨʯʦʛʦ ʧʦʪʝʥʮʽʘʣʫ [7]. 

ɿʘʢʦʥʦʤʽʨʥʦ, ʱʦ ʟʘʩʪʦʩʫʚʘʥʥʷ ʪʽʣʴʢʠ ʦʜʥʽʻʾ ʩʠʩʪʝʤʠ ʫʧʨʘʚʣʽʥʥʷ 

ʧʝʨʩʦʥʘʣʦʤ ʥʝʤʦʞʣʠʚʦ ʚ ʩʠʣʫ ʪʦʛʦ, ʱʦ ʥʝ ʢʦʞʝʥ ʩʧʽʚʨʦʙʽʪʥʠʢ ʧʦʛʦʜʠʪʴʩʷ 

ʙʨʘʪʠ ʥʘ ʩʝʙʝ ʚʽʜʧʦʚʽʜʘʣʴʥʽʩʪʴ ʟʘ ʩʘʤʦʩʪʽʡʥʝ ʚʠʨʽʰʝʥʥʷ ʟʘʚʜʘʥʴ ʽ ʩʪʘʥʝ 

ʧʨʦʷʚʣʷʪʠ ʽʥʽʮʽʘʪʠʚʫ ʚ ʫʩʫʥʝʥʥʽ ʚʠʨʦʙʥʠʯʠʭ ʧʨʦʙʣʝʤ, ʪʘʢ ʩʘʤʦ ʷʢ ʽ ʥʝ ʢʦʞʥʘ 

ʣʶʜʠʥʘ ʟʜʘʪʥʘ ʜʽʷʪʠ ʩʪʨʦʛʦ ʟʘ ʽʥʩʪʨʫʢʮʽʷʤʠ. 

ʅʝʟʚʘʞʘʶʯʠ ʥʘ ʪʝ, ʱʦ ʜʚʽ ʤʦʜʝʣʽ ʫʧʨʘʚʣʽʥʥʷ ʮʽʣʢʦʤ ʩʘʤʦʩʪʽʡʥʽ, ʟ ʢʽʥʮʷ 

ʍʍ ʩʪʦʣʽʪʪʷ ʚʩʝ ʙʽʣʴʰʝ ʥʘʛʦʣʦʰʫʻʪʴʩʷ ʾʭ ʚʟʘʻʤʥʝ ʧʨʦʥʠʢʥʝʥʥʷ ʦʜʥʘ ʚ ʦʜʥʫ. 

ʇʘʨʘʜʦʢʩʘʣʴʥʦ ʪʝ, ʱʦ ʷʢʱʦ ʚʠʨʦʙʥʠʯʽ ʧʨʦʮʝʩʠ ʚ çʞʦʨʩʪʢʽʡè ʤʦʜʝʣʽ ʫʧʨʘʚʣʽʥʥʷ 

ʚʠʭʦʜʷʪʴ ʟ-ʧʽʜ ʢʦʥʪʨʦʣʶ, ʽ ʥʘ ʩʠʪʫʘʮʽʶ ʥʝ ʧʝʨʝʜʙʘʯʝʥʦ ʙʫʜʴ-ʷʢʠʭ ʨʝʛʣʘʤʝʥʪ 

ʘʙʦ ʽʥʩʪʨʫʢʮʽʷ, ʪʦ ʧʝʨʩʦʥʘʣʫ ʧʨʦʧʦʥʫʻʪʴʩʷ ʜʽʷʪʠ ʩʘʤʦʩʪʽʡʥʦ. ʇʨʠ çʤôʷʢʽʡè 

ʩʠʩʪʝʤʽ ʫʧʨʘʚʣʽʥʥʷ ʚʽʜʙʫʚʘʻʪʴʩʷ ʟʦʚʩʽʤ ʧʨʦʪʠʣʝʞʥʝ: ʚʠʨʦʙʥʠʯʠʡ ʧʨʦʮʝʩ 

ʧʦʙʫʜʦʚʘʥʠʡ ʪʘʢ, ʱʦ ʚʽʥ ʧʨʘʢʪʠʯʥʦ ʥʝ ʚʠʤʘʛʘʻ ʚʧʣʠʚʫ ʢʝʨʽʚʥʠʢʘ, ʘʣʝ ʷʢʱʦ 

ʧʨʦʮʝʩ ʚʠʭʦʜʠʪʴ ʟ-ʧʽʜ ʢʦʥʪʨʦʣʶ, ʪʦ ʚʽʜ ʧʝʨʩʦʥʘʣʫ ʧʦʪʨʝʙʫʶʪʴ ʜʽʷʪʠ ʩʪʨʦʛʦ ʟʘ 

ʽʥʩʪʨʫʢʮʽʷʤʠ ʽ ʧʨʠʧʠʩʘʤʠ, ʱʦʙ ʟ ʤʝʥʰʠʤʠ ʥʝʩʧʨʠʷʪʣʠʚʠʤʠ ʥʘʩʣʽʜʢʘʤʠ 

ʫʩʫʥʫʪʠ ʥʝʚʽʜʧʦʚʽʜʥʽʩʪʴ. ʊʘʢʠʤ ʯʠʥʦʤ, ʘʤʝʨʠʢʘʥʩʴʢʘ ʤʦʜʝʣʴ ʫʧʨʘʚʣʽʥʥʷ ʚ 

ʧʦʚʩʷʢʜʝʥʥʽʡ ʜʽʷʣʴʥʦʩʪʽ ʞʦʨʩʪʢʦ ʨʝʛʣʘʤʝʥʪʫʻ ʜʽʷʣʴʥʽʩʪʴ ʧʝʨʩʦʥʘʣʫ, ʘʣʝ ʩʪʘʻ 

ʛʥʫʯʢʦʶ ʧʨʠ ʥʝʩʪʘʥʜʘʨʪʥʠʭ ʩʠʪʫʘʮʽʷʭ, ʪʦʜʽ ʷʢ ʛʥʫʯʢʘ ʷʧʦʥʩʴʢʘ ʤʦʜʝʣʴ ʧʨʠ 
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ʚʠʭʦʜʽ ʩʠʪʫʘʮʽʾ ʟ-ʧʽʜ ʢʦʥʪʨʦʣʶ ʩʪʘʻ ʞʦʨʩʪʢʦʶ. 

ʅʝʦʙʭʽʜʥʦ ʚʽʜʟʥʘʯʠʪʠ, ʱʦ çʞʦʨʩʪʢʘè ʤʦʜʝʣʴ ʫʧʨʘʚʣʽʥʥʷ ʧʝʨʩʦʥʘʣʦʤ 

ʬʦʢʫʩʫʻ ʫʚʘʛʫ ʥʘ ʪʦʤʫ, ʱʦ ʢʦʞʥʘ ʣʶʜʠʥʘ ʤʘʻ ʚʝʣʠʯʝʟʥʠʡ ʨʝʩʫʨʩʥʠʡ ʧʦʪʝʥʮʽʘʣ, 

ʷʢʠʡ ʧʦʪʨʽʙʥʦ ʚʠʷʚʠʪʠ ʽ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʟ ʤʘʢʩʠʤʘʣʴʥʦʶ ʚʠʛʦʜʦʶ ʜʣʷ 

ʦʨʛʘʥʽʟʘʮʽʾ. ʋʧʨʘʚʣʽʥʥʷ ʣʶʜʩʴʢʠʤʠ ʨʝʩʫʨʩʘʤʠ ʚ ʘʤʝʨʠʢʘʥʩʴʢʽʡ ʩʠʩʪʝʤʽ 

ʙʫʜʫʻʪʴʩʷ ʥʘ ʧʨʠʥʮʠʧʽ ʨʘʮʽʦʥʘʣʴʥʦʛʦ ʨʦʟʨʘʭʫʥʢʫ, ʷʢʠʡ ʥʘʮʽʣʝʥʠʡ ʥʘ ʪʝ, ʱʦʙ 

çʚʠʯʘʚʠʪʠè ʟ ʩʧʽʚʨʦʙʽʪʥʠʢʘ ʷʢʦʤʦʛʘ ʙʽʣʴʰʝ, ʟʤʫʩʠʪʠ ʡʦʛʦ ʧʦʚʥʽʩʪʶ ʚʽʜʜʘʪʠ 

ʩʝʙʝ ʨʦʙʦʪʽ, ʤʦʪʠʚʫʚʘʚʰʠ ʚ ʧʝʨʰʫ ʯʝʨʛʫ ʤʘʪʝʨʽʘʣʴʥʠʤʠ ʩʪʠʤʫʣʘʤʠ. 

çɾʦʨʩʪʢʦʶè ʤʦʜʝʣʣʶ ʫʧʨʘʚʣʽʥʥʷ ʧʝʨʩʦʥʘʣʦʤ ʚʽʜʜʘʻʪʴʩʷ ʧʝʨʝʚʘʛʘ ʚ 

ʝʢʦʥʦʤʽʯʥʠʭ ʦʨʛʘʥʽʟʘʮʽʷʭ ʩʫʯʘʩʥʦʾ ʋʢʨʘʾʥʠ, ʧʨʦʪʝ ʢʝʨʽʚʥʠʮʪʚʦ ʟʥʘʯʥʦʾ 

ʢʽʣʴʢʦʩʪʽ ʧʽʜʧʨʠʻʤʩʪʚ ʥʝ ʧʨʠʜʽʣʷʻ ʥʘʣʝʞʥʦʾ ʫʚʘʛʠ ʙʫʜʴ-ʷʢʠʤ ʤʝʪʦʜʘʤ 

ʤʦʪʠʚʘʮʽʾ, ʚ ʩʠʣʫ ʯʦʛʦ ʩʘʤʘ ʽʜʝʷ ʞʦʨʩʪʢʦʛʦ, ʘ ʯʘʩʦʤ ʽ ʜʠʢʪʘʪʦʨʩʴʢʦʛʦ ʩʪʠʣʶ 

ʫʧʨʘʚʣʽʥʥʷ ʚʠʩʪʫʧʘʻ ʚ ʷʢʦʩʪʽ ʢʦʥʬʣʽʢʪʦʛʝʥʫ, ʨʦʟʭʠʪʫʻ ʚʥʫʪʨʽʰʥʻ ʩʝʨʝʜʦʚʠʱʝ 

ʦʨʛʘʥʽʟʘʮʽʾ ʽ ʥʝ ʩʧʨʠʷʻ ʧʽʜʚʠʱʝʥʥʶ ʾʾ ʢʦʥʢʫʨʝʥʪʦʩʧʨʦʤʦʞʥʦʩʪʽ [5]. 

çʄôʷʢʘè ʤʦʜʝʣʴ ʫʧʨʘʚʣʽʥʥʷ ʧʝʨʩʦʥʘʣʦʤ ʙʘʟʫʻʪʴʩʷ ʥʘ ʧʨʠʥʮʠʧʘʭ 

ʛʫʤʘʥʽʟʤʫ. ʎʝʡ ʧʽʜʭʽʜ ʙʫʚ ʢʚʽʥʪʝʩʝʥʮʽʻʶ ʽʜʝʾ ʰʢʦʣʠ ʣʶʜʩʴʢʠʭ ʚʽʜʥʦʩʠʥ, 

ʟʘʩʥʦʚʘʥʦʾ ɽʣʪʦʥʦʤ ʄʝʡʦ ʚ 1933 ʨʦʮʽ. ɺʯʝʥʠʡ ʚʚʘʞʘʚ, ʱʦ ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ 

ʧʝʨʩʦʥʘʣʫ ʟʥʘʭʦʜʠʪʴʩʷ ʚ ʧʨʷʤʦʤʫ ʚʟʘʻʤʦʟʚôʷʟʢʫ ʽʟ ʟʘʜʦʚʦʣʝʥʽʩʪʶ ʩʧʽʚʨʦʙʽʪʥʠʢʘ 

ʩʚʦʻʶ ʧʨʘʮʝʶ, ʱʦ ʨʝʟʫʣʴʪʘʪʠ ʨʦʙʦʪʠ ʟʘʚʞʜʠ ʙʫʜʫʪʴ ʚʠʩʦʢʠʤʠ, ʷʢʱʦ ʢʝʨʽʚʥʠʢʠ 

ʧʽʢʣʫʶʪʴʩʷ ʧʨʦ ʩʚʦʾʭ ʧʨʘʮʽʚʥʠʢʽʚ, ʩʧʨʠʡʤʘʶʪʴ ʾʭ ʷʢ ʯʣʝʥʽʚ ʩʽʤôʾ ʽ ʥʝ 

ʟʜʽʡʩʥʶʶʪʴ ʟʘ ʥʠʤʠ ʟʘʥʘʜʪʦ ʩʫʚʦʨʠʡ ʢʦʥʪʨʦʣʴ [4]. çʄôʷʢʘè ʤʦʜʝʣʴ ʫʧʨʘʚʣʽʥʥʷ 

ʧʝʨʩʦʥʘʣʦʤ ʧʝʨʝʜʙʘʯʘʻ, ʱʦ ʩʧʽʚʨʦʙʽʪʥʠʢʠ ï ʟʥʘʯʠʤʠʡ ʘʢʪʠʚ ʦʨʛʘʥʽʟʘʮʽʾ, 

ʜʞʝʨʝʣʦ ʾʾ ʢʦʥʢʫʨʝʥʪʥʦʾ ʧʝʨʝʚʘʛʠ. ʋ ʷʧʦʥʩʴʢʽʡ ʩʠʩʪʝʤʽ ʫʧʨʘʚʣʽʥʥʷ ʷʢʽʩʪʴ ʽ 

ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ ʦʨʛʘʥʽʟʘʮʽʾ ʦʪʦʪʦʞʥʶʶʪʴʩʷ ʚ ʛʦʣʦʚʥʽʡ ʤʽʨʽ ʟ ʧʝʨʩʦʥʘʣʦʤ. 

ʎʽʢʘʚʦ ʚʽʜʟʥʘʯʠʪʠ, ʱʦ ʂʘʥʪ ʚ 1781 ʨʦʮʽ ʚ ʨʷʜʽ ʩʚʦʾʭ ʨʦʙʽʪ ʧʨʦʧʘʛʫʚʘʚ, ʱʦ ʟ 

ʣʶʜʴʤʠ ʪʨʝʙʘ ʟʚʝʨʪʘʪʠʩʷ ʷʢ ʟ ʦʩʦʙʠʩʪʦʩʪʷʤʠ, ʘ ʥʝ ʷʢ ʽʟ ʟʘʩʦʙʦʤ ʜʦʩʷʛʥʝʥʥʷ 

ʤʝʪʠ [6]. çʄôʷʢʘè ʤʦʜʝʣʴ ʫʧʨʘʚʣʽʥʥʷ ʧʝʨʩʦʥʘʣʦʤ ʥʘ ʧʝʨʰʝ ʤʽʩʮʝ ʩʪʘʚʠʪʴ 

ʢʦʨʧʦʨʘʪʠʚʥʠʡ ʜʫʭ, ʷʢʠʡ ʧʦʚʠʥʝʥ ʦʭʦʧʠʪʠ ʩʝʨʮʝ ʽ ʨʦʟʫʤ ʧʨʘʮʽʚʥʠʢʘ, ʟʘʣʫʯʠʪʠ 

ʡʦʛʦ ʚ ʟʘʛʘʣʴʥʫ ʩʧʨʘʚʫ, ʚʢʣʶʯʠʪʠ ʚ ʧʨʦʮʝʩ ʢʦʣʝʢʪʠʚʥʦʾ ʩʚʽʜʦʤʦʩʪʽ, ʱʦ ʧʨʠʟʚʝʜʝ 
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ʩʧʽʚʨʦʙʽʪʥʠʢʽʚ ʜʦ ʛʣʠʙʦʢʦʾ ʚʽʜʜʘʥʦʩʪʽ ʩʚʦʾʡ ʦʨʛʘʥʽʟʘʮʽʾ. 

ʇʨʠ ʩʪʘʥʦʚʣʝʥʥʽ ɭʚʨʦʩʦʶʟʫ ʩʪʘʣʘ ʟʨʦʩʪʘʪʠ ʧʦʧʫʣʷʨʥʽʩʪʴ ʻʚʨʦʧʝʡʩʴʢʦʾ 

ʫʧʨʘʚʣʽʥʩʴʢʦʾ ʤʦʜʝʣʽ. ʊʘʢʘ ʤʦʜʝʣʴ ʩʪʘʣʘ ʩʫʢʫʧʥʽʩʪʶ ʥʘʮʽʦʥʘʣʴʥʠʭ ʤʦʜʝʣʝʡ 

ʌʨʘʥʮʽʾ, ʅʽʤʝʯʯʠʥʠ, ʐʚʝʡʮʘʨʽʾ, ʌʽʥʣʷʥʜʽʾ ʪʘ ʽʥʰʠʭ ʢʨʘʾʥ ɭʚʨʦʟʦʥʠ. ɸʣʝ 

ʛʦʣʦʚʥʫ ʨʦʣʴ ʟʽʛʨʘʣʘ ʘʥʛʣʽʡʩʴʢʘ ʤʦʜʝʣʴ ʤʝʥʝʜʞʤʝʥʪʫ. ɰʾ ʚʽʜʤʽʥʥʦʶ ʨʠʩʦʶ ʻ 

ʰʚʠʜʢʠʡ ʧʝʨʝʭʽʜ ʜʦ ʘʚʪʦʤʘʪʠʟʘʮʽʾ ʨʫʯʥʦʾ ʧʨʘʮʽ. ʇʨʠ ʪʘʢʦʤʫ ʤʝʥʝʜʞʤʝʥʪʽ ʻ 

ʤʦʞʣʠʚʽʩʪʴ ʧʽʜʚʠʱʠʪʠ ʢʚʘʣʽʬʽʢʘʮʽʶ ʧʨʘʮʽʚʥʠʢʘ, ʚʧʨʦʚʘʜʠʪʠ ʥʦʚʽ ʪʝʭʥʦʣʦʛʽʾ ʽ 

ʤʝʪʦʜʠʢʠ ʫ ʚʠʨʦʙʥʠʮʪʚʦ. 

ʅʘ ʚʽʜʤʽʥʫ ʚʽʜ ʘʤʝʨʠʢʘʥʩʴʢʦʾ ʽ ʷʧʦʥʩʴʢʦʾ ʤʦʜʝʣʝʡ, ʻʚʨʦʧʝʡʩʴʢʘ ʙʽʣʴʰ 

ʣʦʷʣʴʥʘ ʜʦ ʧʨʘʮʽʚʥʠʢʘ. ʇʨʠ ʩʪʘʥʦʚʣʝʥʥʽ ʚʝʣʠʢʘ ʫʚʘʛʘ ʧʨʠʜʽʣʷʣʘʩʷ ʣʶʜʩʴʢʦʾ 

ʧʦʚʝʜʽʥʢʠ ʧʨʠ ʚʟʘʻʤʦʜʽʾ ʟ ʢʦʣʝʢʪʠʚʦʤ. ɺ ʝʢʦʥʦʤʽʮʽ ɭʚʨʦʧʠ ʟʥʘʯʥʫ ʨʦʣʴ 

ʚʽʜʽʛʨʘʶʪʴ ʧʽʜʧʨʠʻʤʩʪʚʘ ʤʘʣʦʛʦ ʽ ʩʝʨʝʜʥʴʦʛʦ ʙʽʟʥʝʩʫ. ɯ ʪʘʢ ʷʢ ʩʝʨʝʜ ʥʠʭ 

ʦʩʦʙʣʠʚʦ ʚʝʣʠʢʘ ʢʦʥʢʫʨʝʥʮʽʷ, ʮʝ ʩʧʨʠʷʻ ʰʚʠʜʢʦʤʫ ʧʨʠʩʪʦʩʫʚʘʥʥʶ ʜʦ ʙʫʜʴ-

ʷʢʠʭ ʟʤʽʥ ʥʘ ʨʠʥʢʫ ʽ ʚ ʚʠʨʦʙʥʠʮʪʚʽ [7]. 

ɼʣʷ ʝʬʝʢʪʠʚʥʦʛʦ ʤʝʥʝʜʞʤʝʥʪʫ ʚ ʻʚʨʦʧʝʡʩʴʢʽʡ ʤʦʜʝʣʽ ʫʧʨʘʚʣʽʥʥʷ ʚʘʞʣʠʚʽ 

ʥʘʩʪʫʧʥʽ ʧʦʣʦʞʝʥʥʷ: ʟʘʮʽʢʘʚʣʝʥʽʩʪʴ ʫ ʩʧʨʘʚʽ, ʜʦʙʨʦʚʽʣʴʥʝ ʞʝʨʪʚʫʚʘʥʥʷ ʯʘʩʦʤ, 

ʩʠʣʘʤʠ, ʥʘʮʽʣʝʥʽʩʪʴ ʥʘ ʫʩʧʽʭ; ʜʦʚʽʨʯʽ ʚʽʜʥʦʩʠʥʠ ʟ ʧʽʜʣʝʛʣʠʤʠ ʽ ʚʩʝʨʝʜʠʥʽ 

ʢʦʣʝʢʪʠʚʫ; ʧʨʦʜʫʤʘʥʠʡ ʧʦʰʫʢ ʩʧʽʚʨʦʙʽʪʥʠʢʽʚ; ʧʨʘʚʠʣʴʥʦ ʧʽʜʽʙʨʘʥʠʡ ʩʪʠʣʴ 

ʢʦʤʫʥʽʢʘʮʽʾ; ʩʘʤʦʩʪʽʡʥʽʩʪʴ ʧʽʜʧʨʠʻʤʩʪʚʘ ʚ ʚʠʨʦʙʥʠʯʠʭ ʽ ʬʽʥʘʥʩʦʚʠʭ ʧʠʪʘʥʥʷʭ; 

ʚʠʩʦʢʘ ʢʚʘʣʽʬʽʢʘʮʽʷ ʧʨʘʮʽʚʥʠʢʘ, ʟʥʘʥʥʷ ʩʚʦʻʾ ʧʨʦʬʝʩʽʾ ʚ ʜʨʽʙʥʠʮʷʭ; ʯʽʪʢʝ 

ʚʠʟʥʘʯʝʥʥʷ ʚʽʜʧʦʚʽʜʘʣʴʥʦʩʪʽ ʜʣʷ ʢʦʞʥʦʛʦ ʩʧʽʚʨʦʙʽʪʥʠʢʘ; ʯʽʪʢʽ ʝʢʦʥʦʤʽʯʥʽ 

ʚʽʜʥʦʩʠʥʠ; ʞʦʨʩʪʢʘ ʘʜʤʽʥʽʩʪʨʘʪʠʚʥʘ ʩʠʩʪʝʤʘ. 

ɺ ʮʽʣʦʤʫ ʻʚʨʦʧʝʡʩʴʢʫ ʤʦʜʝʣʴ ʤʝʥʝʜʞʤʝʥʪʫ ʤʦʞʥʘ ʧʨʝʜʩʪʘʚʠʪʠ 

ʥʘʩʪʫʧʥʦʶ ʯʝʨʛʦʚʽʩʪʶ: ʬʦʨʤʫʚʘʥʥʷ ʽ ʚʠʟʥʘʯʝʥʥʷ ʤʝʪʠ, ʟʙʽʨ ʽʥʬʦʨʤʘʮʽʾ, 

ʧʣʘʥʫʚʘʥʥʷ, ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʴ, ʨʝʘʣʽʟʘʮʽʷ, ʢʦʥʪʨʦʣʴ. 

ɭʚʨʦʧʝʡʩʴʢʘ ʩʠʩʪʝʤʘ ʤʝʥʝʜʞʤʝʥʪʫ ʧʝʨʝʜʙʘʯʘʻ ʤʦʪʠʚʘʮʽʶ ʩʧʽʚʨʦʙʽʪʥʠʢʽʚ, 

ʾʭ ʤʘʪʝʨʽʘʣʴʥʫ ʟʘʮʽʢʘʚʣʝʥʽʩʪʴ ʽ ʩʦʮʽʘʣʴʥʫ ʟʘʭʠʱʝʥʽʩʪʴ. ɸʣʝ ʷʢ ʧʦʢʘʟʫʶʪʴ 

ʜʦʩʣʽʜʞʝʥʥʷ ʦʩʪʘʥʥʽʭ ʨʦʢʽʚ, ʩʘʤʝ ʚʠʩʦʢʘ ʩʦʮʽʘʣʴʥʘ ʟʘʭʠʱʝʥʽʩʪʴ ʫ ʙʘʛʘʪʴʦʭ 

ʻʚʨʦʧʝʡʩʴʢʠʭ ʢʨʘʾʥʘʭ ʽ ʩʪʘʻ ʧʨʠʯʠʥʦʶ ʪʦʛʦ, ʱʦ ʪʨʫʜʦʚʘ ʘʢʪʠʚʥʽʩʪʴ 
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ʧʨʘʮʝʟʜʘʪʥʦʛʦ ʥʘʩʝʣʝʥʥʷ ʟʥʠʞʫʻʪʴʩʷ. ʉʧʦʩʪʝʨʽʛʘʻʪʴʩʷ  ʪʘʢ ʟʚʘʥʝ ʩʦʮʽʘʣʴʥʝ 

ʫʪʨʠʤʘʥʩʪʚʦ, ʱʦ ʧʝʨʝʰʢʦʜʞʘʻ ʝʬʝʢʪʠʚʥʦʤʫ ʟʘʩʪʦʩʫʚʘʥʥʷ ʪʨʫʜʦʚʦʛʦ 

ʧʦʪʝʥʮʽʘʣʫ ʽ ʛʘʣʴʤʫʻ ʧʽʜʧʨʠʻʤʥʠʮʪʚʦ. 

ʗʢ ʧʨʠʢʣʘʜ ʤʦʞʥʘ ʨʦʟʛʣʷʥʫʪʠ ʤʝʥʝʜʞʤʝʥʪ ʚ ʅʽʤʝʯʯʠʥʽ. ʅʽʤʝʮʴʢʽ 

ʫʧʨʘʚʣʽʥʮʽ ʦʜʥʦʯʘʩʥʦ ʟ ʨʦʙʦʪʦʶ ʧʦ ʦʪʨʠʤʘʥʥʶ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʧʨʠʙʫʪʢʫ 

ʚʩʪʠʛʘʶʪʴ ʨʦʟʚʠʚʘʪʠ ʚʠʨʦʙʥʠʮʪʚʦ, ʧʨʦʚʦʜʠʪʠ ʜʦʩʣʽʜʥʠʮʴʢʽ ʪʘ ʜʦʩʚʽʜʯʝʥʽ 

ʨʦʙʦʪʠ, ʟʘʡʤʘʪʠʩʷ ʥʘʚʯʘʥʥʷʤ ʽ ʧʽʜʛʦʪʦʚʢʦʶ ʩʧʽʚʨʦʙʽʪʥʠʢʽʚ. ɺʩʽ ʮʽ ʟʫʩʠʣʣʷ 

ʟʘʙʝʟʧʝʯʫʶʪʴ ʚʠʨʦʙʥʠʮʪʚʦ ʢʦʥʢʫʨʝʥʪʦʩʧʨʦʤʦʞʥʦʾ ʧʨʦʜʫʢʮʽʾ. ʅʽʤʝʮʴʢʽ 

ʢʝʨʽʚʥʠʢʠ ʟʘʙʝʟʧʝʯʫʶʪʴ ʚʠʩʦʢʫ ʚʽʜʜʘʯʫ ʚ ʨʦʙʦʪʽ ʟʘʚʜʷʢʠ ʚʧʨʦʚʘʜʞʝʥʥʶ ʤʝʪʦʜʫ 

ʧʝʨʝʢʦʥʘʥʥʷ ʢʘʜʨʽʚ. 

ʇʦʚʩʶʜʥʦ ʧʨʘʢʪʠʢʫʶʪʴʩʷ ʜʠʩʢʫʩʽʾ ʟ ʧʨʦʙʣʝʤ ʨʦʙʦʪʠ ʚʠʨʦʙʥʠʮʪʚʘ. ɸʣʝ 

ʧʨʠ ʚʩʽʡ ʫʜʘʚʘʥʽʡ ʣʦʷʣʴʥʦʩʪʽ ʽ ʛʥʫʯʢʦʩʪʽ ʧʠʪʘʥʥʷ ʧʨʦ ʝʬʝʢʪʠʚʥʽʩʪʴ ʧʨʘʮʽʚʥʠʢʘ 

ʤʦʞʝ ʚʩʪʘʪʠ ʧʨʠ ʙʫʜʴ-ʷʢʦʤʫ ʥʝʜʦʪʨʠʤʘʥʥʽ ʨʝʢʦʤʝʥʜʘʮʽʡ. ɿ ʧʣʠʥʦʤ ʯʘʩʫ ʚ 

ʅʽʤʝʯʯʠʥʽ ʚʝʣʠʢʫ ʧʦʧʫʣʷʨʥʽʩʪʴ ʥʘʙʠʨʘʣʠ ʚʠʨʦʙʥʠʯʽ ʨʘʜʠ. ɿʘʨʘʟ ʪʘʢʽ ʨʘʜʠ 

ʧʨʝʜʩʪʘʚʣʷʶʪʴ ʽʥʪʝʨʝʩʠ ʧʨʘʮʶʶʯʠʭ ʧʝʨʝʜ ʢʝʨʽʚʥʠʮʪʚʦʤ, ʩʪʝʞʘʪʴ ʟʘ ʢʽʣʴʢʽʩʪʶ 

ʨʦʙʦʯʠʭ ʛʦʜʠʥ, ʤʘʶʪʴ ʧʨʘʚʦ ʛʦʣʦʩʫ ʧʨʠ ʟʘʢʨʠʪʪʽ ʧʽʜʧʨʠʻʤʩʪʚʘ. ʇʽʜʨʦʟʜʽʣʠ 

ʧʽʜʧʨʠʻʤʩʪʚ ʤʘʶʪʴ ʧʦʚʥʝ ʧʨʘʚʦ ʙʫʪʠ ʩʘʤʦʩʪʽʡʥʠʤʠ, ʘʣʝ ʚ ʪʦʡ ʞʝ ʯʘʩ ʟʦʙʦʚ'ʷʟʘʥʽ 

ʜʦʪʨʠʤʫʚʘʪʠʩʷ ʞʦʨʩʪʢʦʛʦ ʧʣʘʥʫ ʽ ʚʯʘʩʥʦ ʟʚʽʪʫʚʘʪʠ ʟʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʨʦʙʦʪʠ. 

ɼʣʷ ʥʽʤʝʮʴʢʦʛʦ ʤʝʥʝʜʞʤʝʥʪʫ ʚʘʞʣʠʚʦ ʚʠʨʽʰʝʥʥʷ ʩʦʮʽʘʣʴʥʠʭ ʧʠʪʘʥʴ. 

ʇʽʜʧʨʠʻʤʩʪʚʘ ʘʢʪʠʚʥʦ ʙʝʨʫʪʴ ʫʯʘʩʪʴ ʚ ʞʠʪʪʽ ʩʚʦʛʦ ʨʘʡʦʥʫ, ʟʘʡʤʘʶʯʠʩʴ 

ʜʦʧʦʤʦʛʦʶ ʭʚʦʨʠʤ, ʙʣʘʛʦʫʩʪʨʦʻʤ ʪʝʨʠʪʦʨʽʡ ʪʘ ʽʥʰʝ. ɼʦʩʚʽʜ ʅʽʤʝʯʯʠʥʠ ʚ 

ʦʙʣʘʩʪʽ ʤʝʥʝʜʞʤʝʥʪʫ ʩʪʚʦʨʠʚ ʤʽʮʥʫ ʤʦʪʠʚʘʮʽʡʥʫ ʙʘʟʫ. ɺʦʥʘ ʚʢʣʶʯʘʻ ʚ ʩʝʙʝ 

ʚʠʩʦʢʠʡ ʨʽʚʝʥʴ ʟʘʨʧʣʘʪ ʽ ʧʝʥʩʽʡʥʠʭ ʚʽʜʨʘʭʫʚʘʥʴ, ʛʘʨʘʥʪʽʶ ʨʦʙʦʯʦʛʦ ʤʽʩʮʷ, 

ʜʦʜʘʪʢʦʚʽ ʚʠʧʣʘʪʠ ʜʦ ʧʝʥʩʽʾ, ʩʦʮʽʘʣʴʥʠʡ ʟʘʭʠʩʪ ʩʧʽʚʨʦʙʽʪʥʠʢʘ. 

ʄʦʞʥʘ ʟ ʫʧʝʚʥʝʥʽʩʪʶ ʩʢʘʟʘʪʠ, ʱʦ ʻʚʨʦʧʝʡʩʴʢʘ ʤʦʜʝʣʴ ʤʝʥʝʜʞʤʝʥʪʫ ʥʝ 

ʟʘʙʫʚʘʻ ʧʨʦ ʩʦʮʽʘʣʴʥʠʡ ʩʪʘʪʫʩ ʣʶʜʠʥʠ ʽ, ʙʽʣʴʰ ʪʦʛʦ, ʧʦʙʫʜʦʚʘʥʘ ʥʘ ʧʦʟʠʪʠʚʥʠʭ 

ʚʠʧʣʠʚʘʶʪʴ ʪʘʢʦʛʦ ʩʪʘʥʦʚʠʱʘ. 

ʇʦʨʽʚʥʷʣʴʥʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʤʦʜʝʣʝʡ ʫʧʨʘʚʣʽʥʥʷ ʧʝʨʩʦʥʘʣʦʤ 

ʧʨʝʜʩʪʘʚʣʝʥʘ ʚ ʪʘʙʣʠʮʽ 1. 
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ʊʘʙʣʠʮʷ 1 

ʆʩʥʦʚʥʽ ʧʦʢʘʟʥʠʢʠ ʩʫʯʘʩʥʠʭ ʤʦʜʝʣʝʡ ʫʧʨʘʚʣʽʥʥʷ ʧʝʨʩʦʥʘʣʦʤ 

ʇʦʢʘʟʥʠʢʠ ɭʚʨʦʧʝʡʩʴʢʘ ʤʦʜʝʣʴ ɸʤʝʨʠʢʘʥʩʴʢʘ 
ʤʦʜʝʣʴ 

ʗʧʦʥʩʴʢʘ ʤʦʜʝʣʴ 

ʆʩʥʦʚʥʘ ʽʜʝʷ ɾʦʨʩʪʢʘ ʽʻʨʘʨʭʽʷ ʽ 

ʙʶʨʦʢʨʘʪʠʟʘʮʽʷ ʩʠʩʪʝʤʠ 

ʫʧʨʘʚʣʽʥʥʷ. 

ɯʥʪʝʨʥʘʮʽʦʥʘʣʽʟʘʮʽʷ çʄʠ ʚʩʽ ʦʜʥʘ ʨʦʜʠʥʘè 

ʎʽʣʴ ʧʽʜʧʨʠʻʤʮʷ ʇʨʘʛʥʝʥʥʷ  ʜʦ ʧʽʜʚʠʱʝʥʥʷ  

ʟʘʜʦʚʦʣʝʥʦʩʪʽ ʧʝʨʩʦʥʘʣʫ. 
ʇʦʙʫʜʦʚʘ ʜʦʚʛʦʩʪʨʦʢʦʚʠʭ 

ʚʽʜʥʦʩʠʥ ʟ ʢʣʽʻʥʪʘʤʠ. 

ɿʙʝʨʝʞʝʥʥʷ ʚʟʘʻʤʦʚʠʛʽʜʥʠʭ 
ʚʽʜʥʦʩʠʥ ʟ ʧʦʩʪʘʯʘʣʴʥʠʢʘʤʠ. 

ʄʝʥʝʜʞʤʝʥʪ ʪʘ 

ʢʘʧʽʪʘʣ 

ʋ ʧʦʚʥʽʡ ʤʽʨʽ 

ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ 
ʤʘʡʩʪʝʨʥʽʩʪʴ, ʪʘʣʘʥʪ ʪʘ 

ʟʜʽʙʥʦʩʪʽ ʢʦʞʥʦʛʦ 

ʧʨʘʮʽʚʥʠʢʘ. 

ʆʩʦʙʣʠʚʦʩʪʽ 

ʬʦʨʤʫʚʘʥʥʷ 

ʅʘ ʙʘʟʽ ʧʨʠʡʥʷʪʪʷ ʚʘʞʣʠʚʠʭ 

ʨʽʰʝʥʴ, ʩʧʨʷʤʦʚʘʥʠʭ ʥʘ 

ʨʝʘʣʽʟʘʮʽʶ ʩʪʨʘʪʝʛʽʯʥʠʭ 
ʟʘʚʜʘʥʴ. 

ʆʩʦʙʣʠʚʦʩʪʽ  

ʟʘʩʝʣʝʥʥʷ 

ʘʤʝʨʠʢʘʥʩʴʢʦʛʦ 
ʢʦʥʪʠʥʝʥʪʫ ʽ 

ʢʫʣʴʪʫʨʥʦ-ʨʝʣʽʛʽʡʥʽ 

ʪʨʘʜʠʮʽʾ. 

ɺʧʣʠʚ ʤʽʩʮʝʚʠʭ 

ʪʨʘʜʠʮʽʡ. 

ʅʘʩʣʽʜʦʢ ʘʤʝʨʠʢʘʥʩʴʢʦʾ 
ʦʢʫʧʘʮʽʾ ʧʽʩʣʷ ʜʨʫʛʦʾ 

ʩʚʽʪʦʚʦʾ ʚʽʡʥʠ. 

ʈʝʘʢʮʽʷ ʥʘ ʥʝʦʙʭʽʜʥʽʩʪʴ 

ʙʦʨʦʪʴʙʠ ʟ ʙʽʜʥʽʩʪʶ ʽ 
ʨʦʟʨʫʭʦʶ ʧʽʩʣʷ ʚʽʡʥʠ. 

ʆʩʥʦʚʥʽ ʬʦʨʤʠ 

ʤʦʪʠʚʘʮʽʾ 
ʩʧʽʚʨʦʙʽʪʥʠʢʽʚ ʜʦ 

ʨʦʙʦʪʠ 

ɽʢʦʥʦʤʽʯʥʝ ʩʪʠʤʫʣʶʚʘʥʥʷ 

(ʧʽʜʚʠʱʝʥʥʷ ʟʘʨʦʙʽʪʥʦʾ 
ʧʣʘʪʠ, ʚʠʧʣʘʪʘ ʙʦʥʫʩʽʚ 

ʪʦʱʦ). 

ɽʢʦʥʦʤʽʯʥʝ 

ʩʪʠʤʫʣʶʚʘʥʥʷ 
(ʧʽʜʚʠʱʝʥʥʷ 

ʟʘʨʦʙʽʪʥʦʾ ʧʣʘʪʠ, 

ʚʠʧʣʘʪʘ ʙʦʥʫʩʽʚ 

ʪʦʱʦ). 

ʆʩʥʦʚʘ ʚʟʘʻʤʠʥ ʣʶʜʝʡ ï 

ʚʟʘʻʤʥʘ ʟʘʣʝʞʥʽʩʪʴ. 
ɽʢʦʥʦʤʽʯʥʝ 

ʩʪʠʤʫʣʶʚʘʥʥʷ. 

ʇʩʠʭʦʣʦʛʽʯʥʽ ʤʦʪʠʚʠ. 

ʆʙʣʘʩʪʴ 

ʟʘʩʪʦʩʫʚʘʥʥʷ 

ʐʠʨʦʢʘ ʐʠʨʦʢʘ ɺʫʟʴʢʘ 

ʇʣʠʥʥʽʩʪʴ ʢʘʜʨʽʚ ɺʠʩʦʢʘ ɺʠʩʦʢʘ ʇʨʘʢʪʠʯʥʦ ʚʽʜʩʫʪʥʷ 

ʇʨʦʩʫʚʘʥʥʷ ʧʦ 
ʩʣʫʞʙʽ 

ʐʚʠʜʢʝ ʧʨʦʩʫʚʘʥʥʷ, 
ʟʘʣʝʞʥʦ ʚʽʜ ʢʦʥʢʨʝʪʥʠʭ 

ʨʝʟʫʣʴʪʘʪʽʚ 

ʐʚʠʜʢʝ ʧʨʦʩʫʚʘʥʥʷ, 
ʚ ʟʘʣʝʞʥʦ ʚʽʜ 

ʢʦʥʢʨʝʪʥʠʭ 

ʨʝʟʫʣʴʪʘʪʽʚ 

ɼʽʷʣʴʥʽʩʪʴ ʤʦʣʦʜʠʭ 
ʩʧʽʚʨʦʙʽʪʥʠʢʽʚ ʙʫʜʝ 

ʦʮʽʥʝʥʘ ʪʽʣʴʢʠ ʧʽʩʣʷ 10 

ʨʦʢʽʚ ʨʦʙʦʪʠ 

ʇʽʜʚʦʜʷʯʠ ʧʽʜʩʫʤʢʠ ʨʦʟʛʣʷʥʫʪʠʭ ʤʦʜʝʣʝʡ ʫʧʨʘʚʣʽʥʥʷ ʣʶʜʩʴʢʠʤʠ 

ʨʝʩʫʨʩʘʤʠ, ʤʦʞʥʘ ʚʠʜʽʣʠʪʠ ʾʭ ʦʩʥʦʚʥʽ ʨʠʩʠ. 

ɼʣʷ ʷʧʦʥʩʴʢʦʾ ʤʦʜʝʣʽ ʭʘʨʘʢʪʝʨʥʽ [5]: 

- ʽʥʜʠʚʽʜʫʘʣʴʥʘ ʚʽʜʧʦʚʽʜʘʣʴʥʽʩʪʴ ʧʨʘʮʽʚʥʠʢʘ ʥʝʟʘʣʝʞʥʦ ʚʽʜ ʧʦʩʘʜʠ; 

- ʢʦʣʝʢʪʠʚʥʝ ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʴ; 

- ʜʦʚʛʦʩʪʨʦʢʦʚʘ ʧʝʨʩʧʝʢʪʠʚʘ ʩʧʽʚʧʨʘʮʽ ʧʨʠ ʥʘʡʤʽ ʧʝʨʩʦʥʘʣʫ; 

- ʪʫʨʙʦʪʘ ʤʝʥʝʜʞʤʝʥʪʫ ʦʨʛʘʥʽʟʘʮʽʾ ʧʨʦ ʜʫʰʝʚʥʠʡ ʢʦʤʬʦʨʪ ʽ ʬʽʟʠʯʥʝ 

ʟʜʦʨʦʚôʷ ʧʨʘʮʽʚʥʠʢʽʚ; 

- çʥʝʚʠʜʠʤʠʡè ʢʦʥʪʨʦʣʴ ʽ ʟʘʩʪʦʩʫʚʘʥʥʷ ʬʦʨʤʘʣʽʟʦʚʘʥʠʭ ʤʝʪʦʜʽʚ 

ʣʽʢʚʽʜʘʮʽʾ ʥʝʚʽʜʧʦʚʽʜʥʦʩʪʝʡ. 
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ʆʩʥʦʚʥʽ ʨʠʩʠ ʘʤʝʨʠʢʘʥʩʴʢʦʾ ʤʦʜʝʣʽ [5]: 

- ʚʝʣʠʢʘ ʤʽʨʘ ʚʽʜʧʦʚʽʜʘʣʴʥʦʩʪʽ ʢʝʨʽʚʥʠʢʘ, ʥʽʞ ʧʨʘʮʽʚʥʠʢʘ; 

- ʽʥʜʠʚʽʜʫʘʣʴʥʝ ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʴ ʤʝʥʝʜʞʝʨʦʤ; 

- ʢʦʨʦʪʢʦʩʪʨʦʢʦʚʘ ʧʝʨʩʧʝʢʪʠʚʘ ʩʧʽʚʧʨʘʮʽ ʧʨʠ ʥʘʡʤʽ ʧʝʨʩʦʥʘʣʫ, 

ʧʦʚôʷʟʘʥʘ ʧʝʨʝʚʘʞʥʦ ʟ ʚʠʢʦʥʘʥʥʷʤ ʧʨʦʝʢʪʥʠʭ ʨʦʙʽʪ; 

- ʜʦʢʫʤʝʥʪʫʚʘʥʥʷ ʚʩʽʭ ʫʧʨʘʚʣʽʥʩʴʢʠʭ ʧʨʦʮʝʩʽʚ ʟʘ ʩʫʚʦʨʦʶ 

ʪʝʦʨʝʪʠʯʥʦʶ ʙʘʟʦʶ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʥʦʨʤʘʪʠʚʽʚ; 

- ʯʽʪʢʘ ʽʻʨʘʨʭʽʯʥʘ ʩʪʨʫʢʪʫʨʘ, ʚ ʷʢʽʡ ʯʘʩʪʦ ʚʠʨʘʞʝʥʘ ʻʜʠʥʦʥʘʯʘʣʴʥʽʩʪʴ; 

- ʩʫʚʦʨʝ ʜʦʪʨʠʤʘʥʥʷ ʧʦʩʘʜʦʚʠʭ ʽʥʩʪʨʫʢʮʽʡ; 

- ʥʝʛʘʡʥʠʡ ʢʦʥʪʨʦʣʴ ʷʢʦʩʪʽ ʚʠʢʦʥʘʥʦʾ ʨʦʙʦʪʠ; 

- ʩʪʨʦʛʽ ʤʘʪʝʨʽʘʣʴʥʽ ʩʘʥʢʮʽʾ ʟʘ ʧʦʨʫʰʝʥʥʷ ʪʨʫʜʦʚʦʾ ʜʠʩʮʠʧʣʽʥʠ, 

ʧʨʘʚʠʣʘ ʷʢʦʾ ʚʩʪʘʥʦʚʣʝʥʽ ʚʥʫʪʨʽʰʥʽʤ ʨʝʛʣʘʤʝʥʪʦʤ ʦʨʛʘʥʽʟʘʮʽʾ; 

- ʚʩʪʘʥʦʚʣʝʥʥʷ ʽʜʝʥʪʠʯʥʠʭ ʫʤʦʚ ʨʝʞʠʤʫ ʧʨʘʮʽ ʪʘ ʚʽʜʧʦʯʠʥʢʫ, 

ʩʠʩʪʝʤʠ ʩʪʠʤʫʣʶʚʘʥʥʷ ʜʣʷ ʩʧʽʚʨʦʙʽʪʥʠʢʽʚ ʦʜʥʦʛʦ ʛʦʨʠʟʦʥʪʘʣʴʥʦʛʦ ʨʽʚʥʷ 

ʽʻʨʘʨʭʽʾ. 

ʂʦʞʝʥ ʢʝʨʽʚʥʠʢ ʟʘ ʚʠʜʽʣʝʥʠʤʠ ʭʘʨʘʢʪʝʨʥʠʤʠ ʨʠʩʘʤʠ ʧʨʦʘʥʘʣʽʟʦʚʘʥʠʭ 

ʤʦʜʝʣʝʡ ʤʦʞʝ ʚʠʟʥʘʯʠʪʠ, ʷʢʠʡ ʤʝʪʦʜ ʫʧʨʘʚʣʽʥʥʷ ʣʶʜʩʴʢʠʤʠ ʨʝʩʫʨʩʘʤʠ ʚʽʥ 

ʚʚʘʞʘʻ ʥʘʡʙʽʣʴʰ ʧʨʠʡʥʷʪʥʠʤ ʜʣʷ ʩʝʙʝ ʽ ʜʣʷ ʦʨʛʘʥʽʟʘʮʽʾ. ʇʨʠʨʦʜʥʦ, ʩʪʨʦʛʦ 

ʩʣʽʜʫʚʘʪʠ ʷʢʽʡʩʴ ʦʜʥʽʡ ʤʦʜʝʣʽ ʫʧʨʘʚʣʽʥʥʷ ʥʝʤʦʞʣʠʚʦ, ʧʨʦ ʱʦ ʩʚʽʜʯʠʪʴ 

ʟʘʟʥʘʯʝʥʠʡ ʨʘʥʽʰʝ ʧʘʨʘʜʦʢʩ ʚʟʘʻʤʥʦʛʦ ʧʨʦʥʠʢʥʝʥʥʷ ʤʦʜʝʣʝʡ ʦʜʥʘ ʚ ʦʜʥʫ. 

ʇʨʦʪʝ, ʨʝʘʣʽʾ ʩʴʦʛʦʜʥʽʰʥʴʦʛʦ ʜʥʷ ʚʩʝ ʙʽʣʴʰʝ ʩʭʠʣʷʶʪʴ ʤʝʥʝʜʞʤʝʥʪ 

ʦʨʛʘʥʽʟʘʮʽʡ ʜʦ ʟʘʩʪʦʩʫʚʘʥʥʷ ʷʧʦʥʩʴʢʦʾ ʤʦʜʝʣʽ ʫʧʨʘʚʣʽʥʥʷ ʣʶʜʩʴʢʠʤʠ 

ʨʝʩʫʨʩʘʤʠ, ʯʝʨʝʟ ʪʝ, ʱʦ ʚʦʥʘ [7]: 

1. ɿʘʩʪʦʩʦʚʫʻʪʴʩʷ ʚ ʙʘʛʘʪʴʦʭ ʢʨʘʾʥʘʭ ʇʽʚʜʝʥʥʦ-ʉʭʽʜʥʦʾ ɸʟʽʾ ʽ 

ɭʚʨʦʧʝʡʩʴʢʦʛʦ ʩʦʶʟʫ, ʧʨʦʪʷʛʦʤ ʜʦʚʛʦʩʪʨʦʢʦʚʦʛʦ ʧʝʨʽʦʜʫ, ʜʦʚʦʜʷʯʠ ʩʚʦʶ 

ʧʝʨʝʚʘʛʫ ʪʘ ʨʝʟʫʣʴʪʘʪʠʚʥʽʩʪʴ, ʦʩʢʽʣʴʢʠ ʦʨʛʘʥʽʟʘʮʽʾ, ʱʦ ʾʾ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠ, 

ʦʪʨʠʤʫʚʘʣʠ ʩʪʘʙʽʣʴʥʽ ʽ ʚʠʩʦʢʽ ʧʦʢʘʟʥʠʢʠ ʬʽʥʘʥʩʦʚʦ-ʛʦʩʧʦʜʘʨʩʴʢʦʾ ʜʽʷʣʴʥʦʩʪʽ. 

2. ɿʘʨʝʢʦʤʝʥʜʫʚʘʣʘ ʩʝʙʝ ʚ ʢʨʘʾʥʘʭ ʟ ʨʠʥʢʦʚʦʶ ʝʢʦʥʦʤʽʢʦʶ, ʜʝ ʚʠʩʦʢʘ 

ʨʦʣʴ ʜʝʨʞʘʚʠ ʚ ʤʘʢʨʦʝʢʦʥʦʤʽʯʥʽ ʧʨʦʮʝʩʠ. 
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3. ɺʠʷʚʠʣʘʩʷ ʝʬʝʢʪʠʚʥʦʶ ʚ ʥʝʜʘʚʥʦ ʩʪʚʦʨʝʥʠʭ ʦʨʛʘʥʽʟʘʮʽʷʭ ʽ ʚ ʤʘʣʦʤʫ 

ʙʽʟʥʝʩʽ, ʜʝ ʥʘʡʙʽʣʴʰ ʟʘʪʨʝʙʫʚʘʥʽ ʫʥʽʚʝʨʩʘʣʴʥʽ ʩʧʽʚʨʦʙʽʪʥʠʢʠ, ʦʙʤʝʞʝʥʥʷ ʥʘ 

ʷʢʠʭ ʥʘʢʣʘʜʘʪʠ ʚ ʩʠʣʫ ʥʝʟʥʘʯʥʦʾ ʢʽʣʴʢʦʩʪʽ ʨʝʩʫʨʩʽʚ ʥʝ ʤʘʻ ʩʝʥʩʫ. ʇʦʜʽʙʥʽ 

ʦʨʛʘʥʽʟʘʮʽʾ ʥʝʨʽʜʢʦ ʤʘʶʪʴ ʨʦʟʤʠʪʫ ʩʪʨʫʢʪʫʨʫ ʫʧʨʘʚʣʽʥʥʷ, ʙʫʜʫʶʪʴʩʷ ʥʘ 

ʩʬʦʨʤʦʚʘʥʠʭ ʨʦʜʠʥʥʠʭ ʚʽʜʥʦʩʠʥʘʭ. ʂʨʽʤ ʪʦʛʦ, ʜʦʢʫʤʝʥʪʫʚʘʥʥʷ ʫʧʨʘʚʣʽʥʩʴʢʠʭ 

ʧʨʦʮʝʩʽʚ ʪʘ ʙʝʟʟʘʩʪʝʨʝʞʥʝ ʜʦʪʨʠʤʘʥʥʷ ʽʥʩʪʨʫʢʮʽʡ ʤʦʞʝ ʚʠʷʚʠʪʠʩʷ ʥʽʢʦʤʫ ʥʝ 

ʧʦʪʨʽʙʥʠʤ ʽ ʜʫʞʝ ʚʠʪʨʘʪʥʠʤ ʧʨʦʮʝʩʦʤ. 

4. ʅʘʡʙʽʣʴʰ ʧʨʦʜʫʢʪʠʚʥʘ ʚ ʥʘʫʢʦʤʽʩʪʢʠʭ ʛʘʣʫʟʷʭ ʧʨʦʤʠʩʣʦʚʦʩʪʽ, ʚ ʷʢʠʭ 

ʜʣʷ ʩʪʚʦʨʝʥʥʷ ʽʥʥʦʚʘʮʽʡʥʠʭ ʧʨʦʜʫʢʪʽʚ ʥʝʦʙʭʽʜʥʠʡ ʪʚʦʨʯʠʡ, ʘʥʘʣʽʪʠʯʥʠʡ, 

ʥʝʪʨʠʚʽʘʣʴʥʠʡ, ʥʝʬʦʨʤʘʣʽʟʦʚʘʥʠʡ ʧʽʜʭʦʜʠ. 

ʑʦ ʩʪʦʩʫʻʪʴʩʷ ʫʢʨʘʾʥʩʴʢʠʭ ʧʽʜʧʨʠʻʤʩʪʚ, ʪʦ, ʥʘ ʜʫʤʢʫ ʘʚʪʦʨʘ, ʢʝʨʽʚʥʠʮʪʚʦ 

ʩʭʠʣʷʻʪʴʩʷ ʜʦ ʘʤʝʨʠʢʘʥʩʴʢʦʾ ʩʠʩʪʝʤʠ ʤʝʥʝʜʞʤʝʥʪʫ. ɺ ʋʢʨʘʾʥʽ ʝʢʦʥʦʤʽʯʥʘ 

ʩʠʪʫʘʮʽʷ ʻ ʜʦʩʠʪʴ ʥʝʩʪʘʙʽʣʴʥʦʶ, ʘ ʪʦʤʫ ʜʦʩʠʪʴ ʩʢʣʘʜʥʦ ʨʦʙʠʪʠ ʜʦʚʛʦʩʪʨʦʢʦʚʽ 

ʧʨʦʛʥʦʟʠ ʪʘ ʨʦʟʨʘʭʦʚʫʚʘʪʠ ʥʘ ʜʦʚʛʦʩʪʨʦʢʦʚʝ ʧʣʘʥʫʚʘʥʥʷ. ʉʴʦʛʦʜʥʽ ʜʦʩʠʪʴ 

ʮʽʥʥʠʤʠ ʻ ʢʘʜʨʠ ʟ ʜʦʩʚʽʜʦʤ ʨʦʙʦʪʠ, ʟʘʟʚʠʯʘʡ, ʪʘʢʽ ʧʨʘʮʽʚʥʠʢʠ ʚʞʝ ʤʘʶʪʴ 

ʨʦʙʦʪʫ. ʊʦʤʫ ʩʫʯʘʩʥʽ ʨʦʙʦʪʦʜʘʚʮʽ ʧʝʨʝʤʘʥʶʶʪʴ ʾʭ ʫ ʩʚʦʾ ʢʦʤʧʘʥʽʾ. ɼʫʞʝ ʤʘʣʦ 

ʢʝʨʽʚʥʠʢʽʚ, ʷʢʽ ʥʘʤʘʛʘʶʪʴʩʷ ʚʠʭʦʚʘʪʠ ʚʣʘʩʥʠʭ ʧʨʘʮʽʚʥʠʢʽʚ. ʉʪʫʜʝʥʪʘʤ ʟʥʘʡʪʠ 

ʛʽʜʥʫ ʨʦʙʦʪʫ ʤʘʡʞʝ ʥʝʤʦʞʣʠʚʦ, ʦʩʢʽʣʴʢʠ ʚ ʥʠʭ ʥʝ ʤʘʻ ʜʦʩʚʽʜʫ ʨʦʙʦʪʠ, ʘ 

ʦʪʨʠʤʘʪʠ ʜʦʩʚʽʜ ʨʦʙʦʪʠ ʥʝʤʦʞʣʠʚʦ, ʪʦʤʫ ʱʦ ʾʭ ʥʝ ʙʝʨʫʪʴ ʥʘ ʨʦʙʦʪʫ. ʆʪʞʝ, 

ʫʢʨʘʾʥʩʴʢʽ ʧʽʜʧʨʠʻʤʩʪʚʘ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʩʘʤʝ ʘʤʝʨʠʢʘʥʩʴʢʫ ʤʦʜʝʣʴ 

ʤʝʥʝʜʞʤʝʥʪʫ. 

ɸʣʝ ʩʣʽʜ ʧʽʜʢʨʝʩʣʠʪʠ, ʱʦ ʩʴʦʛʦʜʥʽ ʚʽʜʙʫʚʘʻʪʴʩʷ ʚʟʘʻʤʥʝ ʟʙʘʛʘʯʝʥʥʷ 

ʤʦʜʝʣʝʡ ʫ ʤʝʥʝʜʞʤʝʥʪʽ. ʗʧʦʥʩʴʢʠʡ ʜʦʩʚʽʜ ʫʧʨʘʚʣʽʥʥʷ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ, 

ʥʘʧʨʠʢʣʘʜ, ʫ ʉʐɸ ʪʘ ɿʘʭʽʜʥʽʡ ɭʚʨʦʧʽ. ɼʣʷ ʩʪʚʦʨʝʥʥʷ ʪʘ ʨʝʘʣʽʟʘʮʽʾ çʚʣʘʩʥʦʾè 

ʤʦʜʝʣʽ ʤʝʥʝʜʞʤʝʥʪʫ, ʷʢʘ ʜʘʩʪʴ ʤʦʞʣʠʚʽʩʪʴ ʫ ʢʦʥʢʨʝʪʥʠʭ ʫʤʦʚʘʭ ʝʢʦʥʦʤʽʯʥʦʛʦ 

ʨʦʟʚʠʪʢʫ ʋʢʨʘʾʥʠ ʦʪʨʠʤʘʪʠ ʥʘʡʚʠʱʠʡ ʨʝʟʫʣʴʪʘʪ, ʜʦʮʽʣʴʥʦ [9]: 

Å ʩʠʩʪʝʤʘʪʠʯʥʦ ʚʠʚʯʘʪʠ ʧʨʦʛʨʝʩʠʚʥʫ ʫʧʨʘʚʣʽʥʩʴʢʫ ʧʨʘʢʪʠʢʫ ʚʽʪʯʠʟʥʷʥʠʭ 

ʧʽʜʧʨʠʻʤʩʪʚ. ʇʨʠ ʮʴʦʤʫ ʦʩʦʙʣʠʚʫ ʫʚʘʛʫ ʥʝʦʙʭʽʜʥʦ ʧʨʠʜʽʣʷʪʠ ʢʫʣʴʪʫʨʥʠʤ ʽ 

ʩʦʮʽʘʣʴʥʦ-ʽʩʪʦʨʠʯʥʠʤ ʬʘʢʪʦʨʘʤ, ʱʦ ʟʫʤʦʚʠʣʠ ʘʙʦ ʚʧʣʠʥʫʣʠ ʥʘ ʨʦʟʚʠʪʦʢ 
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ʝʬʝʢʪʠʚʥʠʭ ʫʧʨʘʚʣʽʥʩʴʢʠʭ ʩʠʩʪʝʤ; 

Å ʚʠʚʯʘʪʠ ʧʝʨʝʜʦʚʫ ʫʧʨʘʚʣʽʥʩʴʢʫ ʧʨʘʢʪʠʢʫ ʟʘ ʢʦʨʜʦʥʦʤ. ɻʦʣʦʚʥʝ ʧʨʠ 

ʮʴʦʤʫ ï ʟʨʦʟʫʤʽʪʠ ʧʨʠʥʮʠʧʠ, ʧʦʢʣʘʜʝʥʽ ʚ ʦʩʥʦʚʫ ʩʠʩʪʝʤ ʫʧʨʘʚʣʽʥʥʷ 

ʢʦʤʧʘʥʽʷʤʠ, ʝʬʝʢʪʠʚʥʽʩʪʴ ʫʧʨʘʚʣʽʥʥʷ ʷʢʠʤʠ ʙʝʟʩʫʤʥʽʚʥʘ; 

Å ʥʘ ʦʩʥʦʚʽ ʧʝʨʰʠʭ ʜʚʦʭ ʧʫʥʢʪʽʚ ï ʩʪʚʦʨʝʥʥʷ ʩʠʩʪʝʤʠ ʫʧʨʘʚʣʽʥʥʷ ʪʠʤ ʯʠ 

ʽʥʰʠʤ ʦʙôʻʢʪʦʤ. 

ʅʘ ʩʴʦʛʦʜʥʽ, ʤʦʞʥʘ ʚʠʜʽʣʠʪʠ ʨʷʜ ʫʤʦʚ, ʜʦʪʨʠʤʫʶʯʠʩʴ ʷʢʠʭ, ʫʧʨʘʚʣʽʥʥʷ 

ʣʶʜʩʴʢʠʤʠ ʨʝʩʫʨʩʘʤʠ ʚ ʦʨʛʘʥʽʟʘʮʽʾ ʩʣʽʜ ʚʚʘʞʘʪʠ ʝʬʝʢʪʠʚʥʠʤ [9]: 

1) ʟʜʽʡʩʥʶʻʪʴʩʷ ʽʥʜʠʚʽʜʫʘʣʴʥʝ ʧʣʘʥʫʚʘʥʥʷ ʢʘʨôʻʨʠ, ʧʽʜʛʦʪʦʚʢʘ ʪʘ 

ʧʝʨʝʧʽʜʛʦʪʦʚʢʘ ʧʝʨʩʦʥʘʣʫ, ʩʪʠʤʫʣʶʚʘʥʥʷ ʧʨʦʬʝʩʽʡʥʦʛʦ ʨʦʩʪʫ; 

2) ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʛʥʫʯʢʽ ʩʠʩʪʝʤʠ ʦʨʛʘʥʽʟʘʮʽʾ ʨʦʙʽʪ;  

3) ʩʠʩʪʝʤʘ ʦʧʣʘʪʠ ʧʨʘʮʽ ʧʦʙʫʜʦʚʘʥʘ ʥʘ ʧʨʠʥʮʠʧʘʭ ʚʨʘʭʫʚʘʥʥʷ 

ʽʥʜʠʚʽʜʫʘʣʴʥʦʛʦ ʚʢʣʘʜʫ ʧʨʘʮʽʚʥʠʢʽʚ ʽ ʨʽʚʥʷ ʾʭʥʴʦʾ ʧʨʦʬʝʩʽʡʥʦʾ ʢʦʤʧʝʪʝʥʮʽʾ; 

4) ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʚʠʩʦʢʠʡ ʨʽʚʝʥʴ ʫʯʘʩʪʽ ʧʨʘʮʽʚʥʠʢʽʚ ʫ ʨʦʟʨʦʙʮʽ ʪʘ 

ʧʨʠʡʥʷʪʪʽ ʫʧʨʘʚʣʽʥʩʴʢʠʭ ʨʽʰʝʥʴ; 

5) ʟʜʽʡʩʥʶʻʪʴʩʷ ʧʨʘʢʪʠʢʘ ʜʝʣʝʛʫʚʘʥʥʷ ʧʦʚʥʦʚʘʞʝʥʴ ʧʽʜʣʝʛʣʠʤ. 

ɺʠʩʥʦʚʢʠ. ɿʘʨʘʟ ʙʘʛʘʪʦ ʢʦʤʧʘʥʽʡ ʚʠʙʠʨʘʶʪʴ ʤʦʜʝʣʽ ʫʧʨʘʚʣʽʥʥʷ 

ʧʝʨʩʦʥʘʣʦʤ ʚʠʭʦʜʷʯʠ ʟ ʜʝʨʞʘʚʥʦʾ ʘʙʦ ʧʨʠʚʘʪʥʦʾ ʬʦʨʤʠ ʚʣʘʩʥʦʩʪʽ ʧʽʜʧʨʠʻʤʩʪʚʘ. 

ʋ ʥʝʟʘʣʝʞʥʠʭ ʚʽʜ ʜʝʨʞʘʚʠ ʢʦʨʧʦʨʘʮʽʷʭ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʧʝʨʝʭʽʜ ʜʦ 

ʽʥʪʝʨʥʘʮʽʦʥʘʣʴʥʦʾ ʤʦʜʝʣʽ ʫʧʨʘʚʣʽʥʥʷ, ʷʢʘ ʧʦʣʷʛʘʻ ʚ ʟʣʠʪʪʽ ʦʢʨʝʤʠʭ 

ʦʩʦʙʣʠʚʦʩʪʝʡ ʷʧʦʥʩʴʢʦʾ ʪʘ ʘʤʝʨʠʢʘʥʩʴʢʦʾ ʩʠʩʪʝʤ. ɹʫʜ-ɹʷʢʽ ʨʦʙʦʯʽ ʚʽʜʥʦʩʠʥʠ 

ˇʨʫʥʪʫʶʪʴʩʷ ʥʘ ʪʨʫʜʦʚʠʭ ʚʽʜʥʦʩʠʥʘʭ, ʷʢʽ ʟʘʢʨʽʧʣʝʥʽ ʧʝʚʥʠʤʠ ʧʨʘʚʦʚʠʤʠ 

ʥʦʨʤʘʤʠ. ʊʝʧʝʨ ʽʥʪʝʨʥʘʮʽʦʥʘʣʴʥʝ ʫʧʨʘʚʣʽʥʥʷ ʧʝʨʩʦʥʘʣʦʤ ʤʦʞʥʘ ʚʠʟʥʘʯʠʪʠ ʷʢ 

ʟʘʩʪʦʩʫʚʘʥʥʷ ʣʶʜʩʴʢʠʭ ʨʝʩʫʨʩʽʚ ʚ ʦʨʛʘʥʽʟʘʮʽʾ ʰʣʷʭʦʤ ʯʦʪʠʨʴʦʭ ʯʠʥʥʠʢʽʚ - 

ʚʽʜʙʦʨʫ, ʨʦʟʚʠʪʢʫ, ʢʦʤʧʝʥʩʘʮʽʡ ʽ ʢʝʨʽʚʥʠʮʪʚʘ - ʨʝʘʣʽʟʫʶʪʴʩʷ ʟ ʫʨʘʭʫʚʘʥʥʷʤ 

ʢʘʪʝʛʦʨʽʾ ʢʨʘʾʥʠ ʽ ʛʨʫʧʠ ʟʘʡʥʷʪʦʛʦ ʧʝʨʩʦʥʘʣʫ. 

ʇʽʜʚʦʜʷʯʠ ʧʽʜʩʫʤʢʠ, ʤʦʞʥʘ ʟʨʦʙʠʪʠ ʚʠʩʥʦʚʦʢ ʧʨʦ ʪʝ, ʱʦ ʥʘʡʢʨʘʱʝ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʢʦʤʙʽʥʦʚʘʥʫ ʤʦʜʝʣʴ ʫʧʨʘʚʣʽʥʥʷ ʧʝʨʩʦʥʘʣʦʤ, ʟʘʩʪʦʩʦʚʫʶʯʠ 

ʩʠʪʫʘʮʽʡʥʠʡ ʧʽʜʭʽʜ ʽ, ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ ʢʨʘʱʽ ʨʠʩʠ ʦʙʦʭ ʰʢʽʣ. ʊʘʢʘ ʟʦʣʦʪʘ 
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ʩʝʨʝʜʠʥʘ ʧʦʻʜʥʫʻ ʚ ʩʦʙʽ ʧʝʨʝʚʘʛʠ ʘʤʝʨʠʢʘʥʩʴʢʦʾ ʪʘ ʷʧʦʥʩʴʢʦʾ ʤʦʜʝʣʝʡ 

ʫʧʨʘʚʣʽʥʥʷ ʧʝʨʩʦʥʘʣʦʤ ʪʘ ʧʨʠʡʥʷʪʥʘ ʜʣʷ ʚʝʣʠʢʦʛʦ ʢʦʣʘ ʦʨʛʘʥʽʟʘʮʽʡ. 
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Annotation.  This study examined: the formation of a comfortable lighting 

architectural environment, the components of the illuminated space of architectural 

objects, the main characteristics of lighting, uneven lighting, brilliance, discomfort, a 

proposal to supplement the new edition of the state building codes of Ukraine (DBN 

ɺ.2.5-28:2018) "Natural and artificial lighting."  Light comfort is calculated lighting, 

most adapted to human vision. 
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ʇʦʩʪʘʥʦʚʢʘ ʧʨʦʙʣʝʤʳ. ɹʦʣʴʰʫʶ ʯʘʩʪʴ ʚʨʝʤʝʥʠ ʯʝʣʦʚʝʢ ʥʫʞʜʘʝʪʩʷ ʚ 

ʦʩʚʝʱʝʥʠʠ, ʢʦʪʦʨʦʝ ʥʫʞʥʦ ʧʨʠʩʧʦʩʦʙʠʪʴ ʢ ʛʣʘʟʘʤ ʯʝʣʦʚʝʢʘ. ʆʩʚʝʱʝʥʠʝ ʜʦʣʞʥʦ 

ʦʙʝʩʧʝʯʠʚʘʪʴ ʟʨʠʪʝʣʴʥʳʡ ʢʦʤʬʦʨʪ. ɿʨʠʪʝʣʴʥʳʡ ʢʦʤʬʦʨʪ - ʵʪʦ ʧʨʝʜʣʘʛʘʝʤʦʝ 

ʨʘʩʯʝʪʥʦʝ ʦʩʚʝʱʝʥʠʝ, ʥʘʠʙʦʣʝʝ ʧʨʠʩʧʦʩʦʙʣʝʥʥʦʝ ʢ ʯʝʣʦʚʝʯʝʩʢʦʤʫ ʟʨʝʥʠʶ. 

ɿʘʜʘʯʘ ʦʧʪʠʤʠʟʘʮʠʠ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʦʩʚʝʱʝʥʠʷ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʪʦʤ, ʯʪʦ ʝʛʦ 

ʤʘʢʩʠʤʘʣʴʥʦ ʧʦ ʢʘʯʝʩʪʚʫ ʥʫʞʥʦ ʧʨʠʙʣʠʟʠʪʴ ʢ ʝʩʪʝʩʪʚʝʥʥʦʤʫ ʦʩʚʝʱʝʥʠʶ. ʅʦ 

ʪʘʢʦʝ ʨʝʰʝʥʠʝ ʥʝ ʚʩʝʛʜʘ ʚʝʨʥʦʝ ʠ ʜʦʚʦʣʴʥʦ ʯʘʩʪʦ ʠʤʝʝʪ ʦʪʨʠʮʘʪʝʣʴʥʳʡ ʟʥʘʢ. 

ɽʩʪʝʩʪʚʝʥʥʦʝ ʦʩʚʝʱʝʥʠʝ ʩʝʛʦʜʥʷ ʝʱʝ ʧʦʣʥʦʩʪʴʶ ʥʝ ʠʟʫʯʝʥʦ. ʉʦʩʪʘʚ ʩʚʝʪʘ, 

ʠʥʪʝʥʩʠʚʥʦʩʪʴ, ʚ ʦʩʥʦʚʥʦʤ ʟʘʚʠʩʠʪ ʦʪ ʢʣʠʤʘʪʘ, ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ, ʦʪ ʚʨʝʤʝʥʠ 

ʩʫʪʦʢ ʠ ʚʨʝʤʝʥʠ ʛʦʜʘ.  ʏʝʣʦʚʝʢ ʧʨʠʩʧʦʩʦʙʠʣʩʷ ʢ ʝʩʪʝʩʪʚʝʥʥʦʤʫ ʦʩʚʝʱʝʥʠʶ ʠ ʢ 

ʩʚʝʪʫ ʢʦʩʪʨʘ ʚ ʧʝʱʝʨʝ. ɺ ʚʝʯʝʨʥʝʝ ʚʨʝʤʷ ʩʫʪʦʢ ʩʚʝʪ ʦʪ ʦʛʥʷ ʢʘʞʝʪʩʷ 

ʝʩʪʝʩʪʚʝʥʥʳʤ. ʆʩʚʝʱʝʥʠʝ ʩʦ ʩʧʝʢʪʨʘʣʴʥʳʤ ʩʦʩʪʘʚʦʤ ʩʦʣʥʝʯʥʦʛʦ ʩʚʝʪʘ ʤʦʞʝʪ 

ʚʟrʚʘʪʴ ʚ ʚʝʯʝʨʥʝʝ ʚʨʝʤʷ ʥʝʧʨʠʷʪʥʳʝ ʦʱʫʱʝʥʠʷ (ʯʫʚʩʪʚʦ ʜʠʩʢʦʤʬʦʨʪʘ). 

ɸʨʭʠʪʝʢʪʦʨ-ʧʨʦʝʢʪʠʨʦʚʱʠʢ ʫʯʠʪʳʚʘʝʪ ʬʠʟʠʦʣʦʛʠʶ ʠ ʧʩʠʭʦʣʦʛʠʶ ʯʝʣʦʚʝʢʘ. 

ʂʘʯʝʩʪʚʦ ʝʩʪʝʩʪʚʝʥʥʦʛʦ ʦʩʚʝʱʝʥʠʷ ʥʝʚʦʟʤʦʞʥʦ ʧʝʨʝʜʘʪʴ ʚ ʚʝʯʝʨʥʝʝ ʚʨʝʤʷ.  

ɼʝʷʪʝʣʴʥʦʩʪʴ ʯʝʣʦʚʝʢʘ ʪʨʝʙʫʝʪ ʦʧʨʝʜʝʣʝʥʥʦʛʦ ʫʨʦʚʥʷ ʦʩʚʝʱʝʥʠʷ. ɿʘʜʘʯʘ 

ʧʨʦʝʢʪʠʨʦʚʱʠʢʘ ʩʦʩʪʦʠʪ ʚ ʧʦʣʫʯʝʥʠʠ ʪʦʯʥʦʛʦ ʨʘʩʯʝʪʘ ʦʩʚʝʱʝʥʠʷ.  

ʋʯʝʥʳʝ ʦʙʨʘʪʠʣʠ ʚʥʠʤʘʥʠʝ ʥʘ ʬʝʥʦʤʝʥ ʪʝʨʘʧʠʠ. ɿʨʝʥʠʝ ʫʣʫʯʰʘʝʪʩʷ ʚ 

ʠʩʢʫʩʩʪʚʝʥʥʦʡ ʘʨʭʠʪʝʢʪʫʨʥʦʡ ʩʨʝʜʝ. ʆʙʲʷʩʥʷʝʪʩʷ ʵʪʦʪ ʬʝʥʦʤʝʥ ʪʘʢʠʤ ʦʙʨʘʟʦʤ, 

ʯʪʦ ʯʝʣʦʚʝʢ ʩʪʨʝʤʠʪʴʩʷ ʣʫʯʰʝ ʨʘʩʩʤʦʪʨʝʪʴ ʢʨʘʩʦʪʫ ʘʨʭʠʪʝʢʪʫʨʳ.  ʏʝʤ ʙʦʣʴʰʝ 

ʯʝʣʦʚʝʢ ʦʢʨʫʞʝʥ ʢʘʯʝʩʪʚʝʥʥʦʡ ʘʨʭʠʪʝʢʪʫʨʦʡ (ʯʝʤ ʙʦʣʴʰʝ ʫʥʠʢʘʣʴʥʳʭ ʟʜʘʥʠʡ, 

ʩʦʦʨʫʞʝʥʠʡ, ʤʘʣʳʭ ʬʦʨʤ, ʜʝʪʘʣʝʡ), ʪʝʤ ʣʫʯʰʝ ʩʪʘʥʦʚʠʪʩʷ ʟʨʝʥʠʝ. ɸʢʮʝʥʪ, 

ʢʦʪʦʨʳʡ ʘʨʭʠʪʝʢʪʦʨʳ ʜʝʣʘʣʠ ʥʘ ʬʝʥʦʤʝʥʦʣʦʛʠʠ ʚʦʩʧʨʠʷʪʠʷ ʠ 

ʬʝʥʦʤʝʥʦʣʦʛʠʯʝʩʢʦʤ ʩʧʦʩʦʙʝ ʜʫʤʘʪʴ ʠ ʚʠʜʝʪʴ, ʦʢʘʟʘʣ ʚʣʠʷʥʠʝ ʥʘ ʧʦʥʠʤʘʥʠʝ 

ʨʦʣʠ ʩʚʝʪʘ ʚ ʩʦʚʨʝʤʝʥʥʦʤ ʘʨʭʠʪʝʢʪʫʨʥʦʤ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ. ʆʩʤʳʩʣʝʥʠʝ 

ʯʫʚʩʪʚʝʥʥʦʛʦ ʩʧʦʩʦʙʘ ʧʦʩʪʠʞʝʥʠʷ ʜʝʡʩʪʚʠʪʝʣʴʥʦʩʪʠ ʧʦʟʚʦʣʠʣʦ ʘʨʭʠʪʝʢʪʦʨʘʤ 
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ʦʙʨʘʪʠʪʴ ʚʥʠʤʘʥʠʝ ʥʘ ʩʚʝʪ ʢʘʢ ʵʣʝʤʝʥʪ ʘʪʤʦʩʬʝʨʳ ʧʨʦʩʪʨʘʥʩʪʚʘ ʠ ʩʨʝʜʩʪʚʦ 

ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ʵʤʦʮʠʠ ʣʶʜʝʡ, ʚʦʩʧʨʠʥʠʤʘʶʱʠʭ ʘʨʭʠʪʝʢʪʫʨʫ. 

ʇʦʷʚʣʷʶʪʩʷ ʥʦʚʳʝ ʠʩʪʦʯʥʠʢʠ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʦʩʚʝʱʝʥʠʷ, ʥʦʚʳʝ 

ʤʘʪʝʨʠʘʣʳ ʦʢʦʥʥʳʭ ʟʘʧʦʣʥʝʥʠʡ. ɻʣʘʚʥʳʤ ʧʨʠʦʨʠʪʝʪʦʤ ʠ ʥʘʫʯʥʳʤ 

ʥʘʧʨʘʚʣʝʥʠʝʤ ʩʦʟʜʘʥʠʷ ʵʢʦʣʦʛʠʯʝʩʢʦʡ ʘʨʭʠʪʝʢʪʫʨʳ, ʧʦʟʚʦʣʷʝʪ ʤʥʦʛʦʩʪʦʨʦʥʥʝ 

ʠʩʧʦʣʴʟʦʚʘʪʴ ʩʦʣʥʝʯʥʫʶ ʵʥʝʨʛʠʶ ʠ ʠʥʥʦʚʘʮʠʦʥʥʳʝ ʩʚʝʪʦʚʳʝ ʪʝʭʥʦʣʦʛʠʠ. ʕʪʦ 

ʷʚʣʷʝʪʩʷ ʫʨʙʘʥʠʩʪʠʯʝʩʢʠʤ ʠ ʵʢʦʣʦʛʠʯʝʩʢʠʤ ʧʦʜʭʦʜʘʤʠ ʢ ʬʦʨʤʠʨʦʚʘʥʠʶ ʩʨʝʜʳ 

ʦʙʠʪʘʥʠʷ ʠ ʞʠʟʥʝʜʝʷʪʝʣʴʥʦʩʪʠ ʯʝʣʦʚʝʢʘ. ʇʦʜ ʜʝʡʩʪʚʠʝʤ ʨʘʟʣʠʯʥʳʭ 

ʘʥʪʨʦʧʦʛʝʥʥʳʭ ʬʘʢʪʦʨʦʚ, ʩʥʠʞʝʥʠʝ ʧʨʦʟʨʘʯʥʦʩʪʠ ʘʪʤʦʩʬʝʨʳ ʚ ʩʚʷʟʠ ʩ ʨʦʩʪʦʤ 

ʛʦʨʦʜʦʚ ʠ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʧʨʦʠʩʭʦʜʷʪ ʟʥʘʯʠʪʝʣʴʥʳʝ ʠʟʤʝʥʝʥʠʷ 

ʢʣʠʤʘʪʠʯʝʩʢʠʭ, ʨʝʩʫʨʩʦʚ ʚ ʛʦʨʦʜʩʢʦʡ ʟʘʩʪʨʦʡʢʝ. ʉʚʝʪ ʢʘʢ ʝʩʪʝʩʪʚʝʥʥʘʷ 

ʩʫʙʩʪʘʥʮʠʷ ʚ ʩʦʯʝʪʘʥʠʠ ʩ ʠʩʢʫʩʩʪʚʝʥʥʳʤ ʦʩʚʝʱʝʥʠʝʤ ʷʚʣʷʝʪʩʷ ʩʦʚʨʝʤʝʥʥʳʤ 

ʩʨʝʜʩʪʚʦʤ ʩʦʟʜʘʥʠʷ ʚʳʨʘʟʠʪʝʣʴʥʦʡ ʘʨʭʠʪʝʢʪʫʨʥʦʡ ʢʦʤʧʦʟʠʮʠʠ ʠ ʦʙʝʩʧʝʯʝʥʠʷ 

ʙʣʘʛʦʧʨʠʷʪʥʳʭ ʫʩʣʦʚʠʡ ʜʣʷ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʯʝʣʦʚʝʢʘ ʠ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ. 

ɼʥʝʚʥʦʡ ʩʚʝʪ ʚʳʷʚʣʷʝʪ ʬʦʨʤʫ ʘʨʭʠʪʝʢʪʫʨʥʦʛʦ ʦʙʲʝʢʪʘ ʠ ʩʦʟʜʘʝʪ ʩʚʝʪʦʚʦʡ 

ʦʙʨʘʟ. ʅʦʯʴʶ ʘʨʭʠʪʝʢʪʫʨʘ ʩʪʘʥʦʚʠʪʩʷ ʦʙʲʝʢʪʦʤ ʧʦʜ ʠʩʢʫʩʩʪʚʝʥʥʳʤ 

ʦʩʚʝʱʝʥʠʝʤ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʪʝʭʥʠʯʝʩʢʠʭ ʩʨʝʜʩʪʚ ʠ ʩʦʟʜʘʥʠʝʤ ʵʩʪʝʪʠʯʝʩʢʦʛʦ 

ʦʙʨʘʟʘ.  ʂʦʤʬʦʨʪʥʘʷ ʩʚʝʪʦʚʘʷ ʩʨʝʜʘ ʚ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ ʚʦ ʤʥʦʛʦʤ ʟʘʚʠʩʠʪ ʦʪ 

ʚʳʙʦʨʘ ʚʥʫʪʨʝʥʥʝʛʦ ʠ ʥʘʨʫʞʥʦʛʦ ʦʩʚʝʱʝʥʠʷ ʘʨʭʠʪʝʢʪʫʨʥʳʭ ʦʙʲʝʢʪʦʚ. ʊʘʢʠʤ 

ʦʙʨʘʟʦʤ, ʧʨʦʙʣʝʤʘ ʬʦʨʤʠʨʦʚʘʥʠʷ ʢʦʤʬʦʨʪʥʦʡ ʩʚʝʪʦʚʦʡ ʩʨʝʜʳ ʚ ʘʨʭʠʪʝʢʪʫʨʝ 

ʥʘʭʦʜʠʪʩʷ ʚ ʮʝʥʪʨʝ ʩʦʮʠʘʣʴʥʦʡ ʚʥʠʤʘʥʠʷ, ʚ ʩʬʝʨʝ ʦʩʥʦʚʥʳʭ ʚʦʧʨʦʩʦʚ 

ʘʨʭʠʪʝʢʪʫʨʳ, ʛʨʘʜʦʩʪʨʦʠʪʝʣʴʩʪʚʘ ʠ ʵʢʦʣʦʛʠʠ. 

ɸʥʘʣʠʟ ʧʦʩʣʝʜʥʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʠ ʧʫʙʣʠʢʘʮʠʡ. ɺ ʋʢʨʘʠʥʝ ʚʩʪʫʧʠʣʠ ʚ 

ʩʠʣʫ ʥʦʨʤʘʪʠʚʥʳʝ ʜʦʢʫʤʝʥʪʳ, ʢʘʩʘʶʱʠʝʩʷ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʝʩʪʝʩʪʚʝʥʥʦʛʦ ʠ 

ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʦʩʚʝʱʝʥʠʷ, ʢ ʢʦʪʦʨʳʤ ʦʪʥʦʩʠʪʩʷ ʇʦʩʪʘʥʦʚʣʝʥʠʝ ʂʘʙʠʥʝʪʘ 

ʄʠʥʠʩʪʨʦʚ ʋʢʨʘʠʥʳ çʈʘʟʨʘʙʦʪʢʘ ʠ ʚʥʝʜʨʝʥʠʝ ʵʥʝʨʛʦʩʙʝʨʝʛʘʶʱʠʭ 

ʩʚʝʪʦʜʠʦʜʥʳʭ ʠʩʪʦʯʥʠʢʦʚ ʩʚʝʪʘ ʠ ʦʩʚʝʪʠʪʝʣʴʥʳʭ ʩʠʩʪʝʤ ʥʘ ʠʭ ʦʩʥʦʚʝè (ˉ7, 

05.03.2014 ʛ.). ɺ ʵʪʦʤ ʇʦʩʪʘʥʦʚʣʝʥʠʠ ʠ ʚ çʆʪʨʘʩʣʝʚʦʡ ʧʨʦʛʨʘʤʤʝ ʧʦʚʳʰʝʥʠʷ 

ʵʥʝʨʛʝʪʠʯʝʩʢʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʚ ʩʪʨʦʠʪʝʣʴʩʪʚʝè ʦʪʤʝʯʘʝʪʩʷ ʥʝʦʙʭʦʜʠʤʦʩʪʴ 
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ʜʘʣʴʥʝʡʰʝʛʦ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʷ ʥʦʨʤʘʪʠʚʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ ʝʩʪʝʩʪʚʝʥʥʦʛʦ ʠ 

ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʦʩʚʝʱʝʥʠʷ. ɺ ʵʪʠʭ ʜʦʢʫʤʝʥʪʘʭ ʫʢʘʟʳʚʘʝʪʩʷ, ʯʪʦ ʜʣʷ 

ʩʫʱʝʩʪʚʝʥʥʦʛʦ ʫʤʝʥʴʰʝʥʠʷ ʟʘʪʨʘʪ ʵʥʝʨʛʠʠ ʥʫʞʥʦ ʨʘʟʨʘʙʦʪʘʪʴ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʝ 

ʩʪʨʦʠʪʝʣʴʥʳʝ ʥʦʨʤʳ ʧʦ ʧʨʦʝʢʪʠʨʦʚʘʥʠʶ ʩʚʝʪʦʧʨʦʟʨʘʯʥʳʭ ʦʛʨʘʞʜʝʥʠʡ ʠ ʨʷʜ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʥʘʮʠʦʥʘʣʴʥʳʭ ʩʪʘʥʜʘʨʪʦʚ ʧʦ ʨʘʩʯʝʪʫ ʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʶ 

ʝʩʪʝʩʪʚʝʥʥʦʛʦ ʦʩʚʝʱʝʥʠʷ, ʠʥʩʦʣʷʮʠʠ, ʩʦʣʥʮʝʟʘʱʠʪʥʳʭ ʫʩʪʨʦʡʩʪʚ. 

ʆʩʥʦʚʥʳʤʠ ʠʩʩʣʝʜʦʚʘʥʠʷʤʠ ʚ ʦʙʣʘʩʪʠ ʪʝʦʨʠʠ ʩʦʣʥʝʯʥʦʡ ʨʘʜʠʘʮʠʠ ʠ 

ʨʘʩʯʝʪʦʚ ʠʥʩʦʣʷʮʠʠ ʚ ʘʨʭʠʪʝʢʪʫʨʝ ʠ ʩʪʨʦʠʪʝʣʴʩʪʚʝ ʷʚʣʷʶʪʩʷ ʪʨʫʜʳ: ʅ.ʄ. 

ɼʘʥʮʠʛʘ, ɺ.ɸ. ɼʨʦʟʜʦʚʘ, ɹ.ʆ. ɼʫʥʘʝʚʘ, ɸ.ɺ. ɽʨʰʦʚʘ, ʅ.ʅ.  ʂʠʨʝʝʚʘ, ɼ.ʅ. 

ʃʘʟʘʨʝʚʘ, ɽ.ɺ. ʇʫʛʘʯʝʚ, ʉ.ʀ. ʉʢʨʳʣʴ, ʌ.ʌ. ɽʨʠʩʤʘʥʘ.   

ʉʨʝʜʠ ʟʘʨʫʙʝʞʥʳʭ ʘʚʪʦʨʦʚ ʩʣʝʜʫʝʪ ʚʳʜʝʣʠʪʴ ʨʘʙʦʪʳ ʈ. ʍʦʧʢʠʥʩʦʥʘ, ʂ.ʃ. 

ʂʦʫʣʩʦʥʘ, ɽ. ʅʠʠʤʘʥʘ, ɸ. ʆʣʛʝʡ, ʇ. ʇʝʪʝʨʙʨʠʜʞʘ, ɻ. ʇʣʝʡʞʝʣʘ, ʍ. ʈʦʥʛʘ, ʃ. 

ʍʦʣʴʤʘ.  

ʅʘʫʯʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʦ ʨʦʣʠ ʢʦʤʬʦʨʪʥʦʡ ʩʚʝʪʦʚʦʡ ʩʨʝʜʳ ʚ ʩʦʚʨʝʤʝʥʥʦʡ 

ʘʨʭʠʪʝʢʪʫʨʝ ʙʳʣʠ ʦʪʨʘʞʝʥʳ ʚ ʨʘʙʦʪʘʭ - ʕ. ɻʫʩʩʝʨʣʝʤ ʠ ɻ. ɹʘʰʣʷʨ, ɸ. 

ɹʝʨʛʩʦʥʦʤ, ʉ. ʃʘʥʛʝʨ, ʄ. ʍʘʡʜʝʛʛʝʨʦʤ, ʄ. ʄʝʨʣʦ-ʇʦʥʪʠ. 

ʉʨʝʜʠ ʦʩʥʦʚʥʳʭ ʥʘʫʯʥʳʭ ʨʘʟʨʘʙʦʪʦʢ, ʢʦʪʦʨʳʝ ʩʪʘʣʠ ʦʩʥʦʚʦʡ ʜʣʷ ʜʘʥʥʦʛʦ 

ʠʩʩʣʝʜʦʚʘʥʠʷ, ʩʣʝʜʫʝʪ ʚʳʜʝʣʠʪʴ ʥʘʫʯʥʳʝ ʪʨʫʜʳ ʅ.ʄ. ɻʫʩʝʚʘ, ɺ.ɻ. ʄʘʢʘʨʝʚʠʯʘ, 

ʄ.ɺ. ʆʙʦʣʝʥʩʢʦʛʦ, ɸ.ʅ. ʈʠʤʰʠ, ʁʦʟʝʬʘ ɻʨʘʰʢʠ (ʉʣʦʚʘʢʠʷ), ʁʦʞʝʬʘ ʂʦʩʦ 

(ɺʝʥʛʨʠʷ), ʗʭʴʷ ɺʘʟʠʨʠ (ɽʛʠʧʝʪ). 

ʂ ʧʨʠʤʝʨʫ, ʮʝʥʪʨʘʣʴʥʘʷ ʪʝʤʘ ʨʘʙʦʪ ʇʠʪʝʨʘ ʎʫʤʪʦʨʘ ï ʵʪʦ ʧʨʦʩʪʨʘʥʩʪʚʦ, 

ʥʘʧʦʣʥʝʥʥʦʝ ʦʱʫʱʝʥʠʷʤʠ. ʆʥ ʦʯʝʨʯʠʚʘʝʪ ʛʨʘʥʠʮʳ ʧʫʩʪʦʪʳ, ʧʨʦʙʫʞʜʘʷ ʝʝ ʢ 

ʞʠʟʥʠ, ʥʘʧʦʣʥʷʷ ʚʦʟʜʫʭʦʤ, ʩʚʝʪʦʤ, ʟʚʫʢʘʤʠ ʠ ʤʘʪʝʨʠʘʣʘʤʠ ï ʘʣʬʘʚʠʪʦʤ 

ʘʨʭʠʪʝʢʪʫʨʳ. ʊʚʦʨʯʝʩʪʚʦ ʘʨʭʠʪʝʢʪʦʨʘ ʧʘʨʘʜʦʢʩʘʣʴʥʦ ʫʩʪʦʡʯʠʚʦ ʥʘ ʬʦʥʝ 

ʩʠʶʤʠʥʫʪʥʳʭ ʚʝʷʥʠʡ ʮʠʚʠʣʠʟʘʮʠʠ. ɹʫʜʫʯʠ ʥʝʟʘʠʥʪʝʨʝʩʦʚʘʥʥʳʤ ʚ 

ʢʨʘʪʢʦʚʨʝʤʝʥʥʦʤ ʵʧʘʪʘʞʝ, ʦʥ ʥʝ ʩʧʝʰʘ ʠʩʩʣʝʜʫʝʪ ʟʚʫʢ, ʟʘʧʘʭʠ, ʩʚʝʪ, ʩʚʦʡʩʪʚʘ 

ʤʘʪʝʨʠʘʣʦʚ, ʥʘʧʦʣʥʷʷ ʧʨʦʩʪʨʘʥʩʪʚʦ ʩʤʳʩʣʦʤ.  

ɺ ʥʘʫʯʥʦʤ ʪʨʫʜʝ çʄʳʩʣʷʱʘʷ ʘʨʭʠʪʝʢʪʫʨʘè ʎʫʤʪʦʨ, ʘʧʝʣʣʠʨʫʷ ʢ 

ʍʘʡʜʝʛʛʝʨʫ, ʨʘʩʩʤʘʪʨʠʚʘʝʪ ʪʦʨʞʝʩʪʚʦ ʵʤʦʮʠʡ ʚ ʢʘʯʝʩʪʚʝ ʠʟʤʝʨʠʪʝʣʴʥʦʛʦ 
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ʠʥʩʪʨʫʤʝʥʪʘ ʦʧʳʪʘ, ʚ ʪʦʤ ʯʠʩʣʝ ʦʧʳʪʘ ʧʝʨʝʞʠʚʘʥʠʷ ʘʨʭʠʪʝʢʪʫʨʥʦʛʦ 

ʧʨʦʩʪʨʘʥʩʪʚʘ. ʀʩʩʣʝʜʦʚʘʥʠʝ ʪʝʣʘ ʠ ʨʘʟʫʤʘ, ʪʦ ʝʩʪʴ ʜʝʡʩʪʚʠʝ ʠʩʭʦʜʷ ʠʟ 

ʠʥʪʫʠʮʠʠ ʠ ʦʮʝʥʦʯʥʳʭ ʩʫʞʜʝʥʠʡ, ʩʪʘʥʦʚʠʪʩʷ ʜʣʷ ʘʨʭʠʪʝʢʪʦʨʘ ʩʧʦʩʦʙʦʤ 

ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ, ʧʦʟʚʦʣʷʶʱʠʤ ʝʤʫ ʧʨʝʜʩʪʘʚʣʷʪʴ ʙʫʜʫʱʝʝ ʧʨʦʩʪʨʘʥʩʪʚʦ ʥʘ ʙʘʟʝ 

ʯʫʚʩʪʚ, ʭʨʘʥʷʱʠʭʩʷ ʚ ʧʘʤʷʪʠ: çʗ ʚʠʞʫ ʤʠʨ, ʠ ʦʪ ʪʦʛʦ, ʯʪʦ ʷ ʚʠʞʫ, ʧʦʥʠʤʘʶ ʠ 

ʯʫʚʩʪʚʫʶ ʚ ʤʠʨʝ, ʷ ʦʪʪʘʣʢʠʚʘʶʩʴ ʚ ʩʚʦʝʡ ʨʘʙʦʪʝ ï ʩʝʡʯʘʩè, ï ʨʘʩʩʢʘʟʳʚʘʝʪ 

ʘʨʭʠʪʝʢʪʦʨ [1, ʩ. 138].  

ɸʨʭʠʪʝʢʪʫʨʥʳʡ ʦʧʳʪ ʠʛʨʘʝʪ ʫ ʎʫʤʪʦʨʘ ʛʣʘʚʝʥʩʪʚʫʶʱʫʶ ʨʦʣʴ, ʘ 

ʧʝʨʝʞʠʚʘʥʠʷ ʠ ʵʤʦʮʠʠ ʩʪʘʥʦʚʷʪʩʷ ʝʜʠʥʠʮʘʤʠ ʠʟʤʝʨʝʥʠʷ ʘʨʭʠʪʝʢʪʫʨʳ, 

ʧʦʩʢʦʣʴʢʫ ʬʠʟʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʤʘʪʝʨʠʘʣʦʚ ʯʝʨʝʟ ʪʘʢʪʠʣʴʥʳʝ ʦʱʫʱʝʥʠʷ, 

ʟʨʝʥʠʝ ʠ ʦʙʦʥʷʥʠʝ ʤʦʛʫʪ ʚʳʟʚʘʪʴ ʦʱʫʱʝʥʠʷ ʪʦʛʦ ʠʣʠ ʠʥʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ. ɺ 

ʠʩʩʣʝʜʦʚʘʥʠʠ çʄʳʩʣʷʱʘʷ ʘʨʭʠʪʝʢʪʫʨʘè ʎʫʤʪʦʨ ʨʘʩʩʢʘʟʳʚʘʝʪ ʦ ʪʦʤ, ʢʘʢ 

ʪʘʢʪʠʣʴʥʳʝ ʦʱʫʱʝʥʠʷ ʦʪ ʧʨʠʢʦʩʥʦʚʝʥʠʷ ʢ ʜʚʝʨʥʦʡ ʨʫʯʢʝ ʧʨʦʙʫʜʠʣʠ ʚ ʥʝʤ 

ʚʦʩʧʦʤʠʥʘʥʠʷ ʜʘʣʝʢʦʛʦ ʜʝʪʩʪʚʘ: çʆʥʘ ʧʦʢʘʟʘʣʘʩʴ ʤʥʝ ʦʩʦʙʳʤ ʩʠʤʚʦʣʦʤ 

ʚʭʦʞʜʝʥʠʷ ʚ ʤʠʨ ʨʘʟʥʦʦʙʨʘʟʥʳʭ ʥʘʩʪʨʦʝʥʠʡ ʠ ʟʘʧʘʭʦʚè.   

ɸʨʭʠʪʝʢʪʫʨʘ ʎʫʤʪʦʨʘ ʬʦʨʤʠʨʫʝʪʩʷ ʠʟ ʧʦʜʨʦʙʥʦʩʪʝʡ (çʢʘʯʝʩʪʚè, ʢʘʢ ʠʭ 

ʥʘʟʳʚʘʝʪ ʩʘʤ ʘʨʭʠʪʝʢʪʦʨ). ʇʦʜʨʦʙʥʦʩʪʠ ï ʵʪʦ ʥʝ ʧʨʦʩʪʦ ʘʨʭʠʪʝʢʪʫʨʥʳʝ ʦʙʲʝʤʳ 

ʠ ʜʝʪʘʣʠ. ʕʪʦ ʧʦʵʪʠʯʝʩʢʠʡ ʤʘʪʝʨʠʘʣ ʘʨʭʠʪʝʢʪʫʨʳ: ʦʙʱʘʷ ʩʪʨʫʢʪʫʨʘ ʟʜʘʥʠʷ 

ʨʦʞʜʘʝʪʩʷ ʠʟ ʧʦʜʨʦʙʥʦʩʪʝʡ, ʢʘʢ ʙʠʦʛʨʘʬʠʷ ʠʣʠ ʨʦʤʘʥ. ʊʘʢʠʤ ʙʨʘʟʦʤ, 

ʘʨʭʠʪʝʢʪʫʨʘ ï ʵʪʦ ʥʝ ʪʦʣʴʢʦ ʬʦʨʤʘ ʟʜʘʥʠʷ. ʆʥʘ ʝʩʪʴ ʩʦʚʦʢʫʧʥʦʩʪʴ ʤʥʦʞʝʩʪʚʘ 

ʘʩʧʝʢʪʦʚ: ʩʚʝʪʘ, ʬʫʥʢʮʠʠ, ʩʪʨʫʢʪʫʨʳ, ʪʝʥʝʡ, ʟʘʧʘʭʦʚ ʠ ʪ. ʜ. ʉʦʚʦʢʫʧʥʦʩʪʴ 

ʢʘʯʝʩʪʚ ʘʨʭʠʪʝʢʪʫʨʳ ʨʦʞʜʘʝʪ ɸʪʤʦʩʬʝʨʫ. ɺ ʢʥʠʛʝ ʩ ʦʜʥʦʠʤʝʥʥʳʤ ʥʘʟʚʘʥʠʝʤ 

ʇʠʪʝʨ ʎʫʤʪʦʨ ʚʳʜʝʣʷʝʪ ʥʝʩʢʦʣʴʢʦ ʘʩʧʝʢʪʦʚ, ʩʦʟʜʘʶʱʠʭ ʝʝ: ʪʝʣʦ ʘʨʭʠʪʝʢʪʫʨʳ ï 

ʤʘʪʝʨʠʘʣʴʥʦʝ ʧʨʠʩʫʪʩʪʚʠʝ ʦʙʲʝʢʪʦʚ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ; ʩʦʚʤʝʩʪʠʤʦʩʪʴ 

ʤʘʪʝʨʠʘʣʦʚ; ʟʚʫʯʘʥʠʝ ʧʨʦʩʪʨʘʥʩʪʚʘ ï ʠʥʪʝʨʴʝʨ, ʢʘʢ ʤʫʟʳʢʘʣʴʥʳʡ ʠʥʩʪʨʫʤʝʥʪ, 

ʩʦʟʜʘʶʱʠʡ ʢʦʤʧʦʟʠʮʠʶ ʟʚʫʢʦʚ; ʪʝʤʧʝʨʘʪʫʨʘ ʧʨʦʩʪʨʘʥʩʪʚʘ (ʬʠʟʠʯʝʩʢʘʷ ʠ 

ʧʩʠʭʦʣʦʛʠʯʝʩʢʘʷ); ʦʢʨʫʞʘʶʱʠʝ ʦʙʲʝʢʪʳ; ʬʘʢʪʦʨ ʚʨʝʤʝʥʠ; ʦʪʥʦʰʝʥʠʷ ʤʝʞʜʫ 

ʵʢʩʪʝʨʴʝʨʦʤ ʠ ʠʥʪʝʨʴʝʨʦʤ; ʛʨʘʜʘʮʠʠ ʠʥʪʠʤʥʦʩʪʠ ʠ, ʥʘʢʦʥʝʮ ʉʚʝʪ ʥʘ ʚʝʱʘʭ. 

çʇʨʦʩʪʨʘʥʩʪʚʦ, ʦʛʨʘʞʜʝʥʥʦʝ ʩʪʝʥʘʤʠ, ʩʦʩʪʘʚʣʷʝʪʩʷ ʠʟ ʤʘʪʝʨʠʘʣʦʚ, ʧʫʩʪʦʪʳ, 
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ʩʚʝʪʘ, ʚʦʟʜʫʭʘ, ʟʘʧʘʭʘ, ʚʦʩʧʨʠʠʤʯʠʚʦʩʪʠ ʠ ʨʝʟʦʥʠʨʫʶʱʠʭ ʟʚʫʢʦʚè, ï 

ʨʝʟʶʤʠʨʫʝʪ ʘʨʭʠʪʝʢʪʦʨ [2, ʩ. 32, ʩ. 9].  

ʆʛʨʦʤʥʫʶ ʯʘʩʪʴ ʫ ʎʫʤʪʦʨʘ ʩʦʩʪʘʚʣʷʝʪ ʩʚʝʪ, ʝʛʦ ʩʦʩʪʦʷʥʠʷ, ʧʫʪʠ 

ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ. ʅʘʧʨʠʤʝʨ, ʚ ʩʪʘʪʴʝ çʆʪ ʥʘʙʣʶʜʝʥʠʷ ʢ ʩʘʤʠʤ 

ʚʝʱʘʤè ʦʥ ʨʘʩʢʨʳʚʘʝʪ ʘʪʤʦʩʬʝʨʫ ʨʝʩʪʦʨʘʥʘ ʪʘʢ: çʇʦʢʘ ʛʣʘʟʘ ʥʘʰʠ ʥʝ ʧʨʠʚʳʢʣʠ 

ʢ ʩʚʝʪʫ, ʧʦʤʝʱʝʥʠʝ ʢʘʟʘʣʦʩʴ ʧʦʣʫʪʝʤʥʳʤ, ʜʘʞʝ ʤʨʘʯʥʳʤ. ʅʦ ʢʘʢ ʪʦʣʴʢʦ ʛʣʘʟʘ 

ʧʨʠʩʧʦʩʦʙʠʣʠʩʴ, ʤʨʘʯʥʦʩʪʴ ʩʤʝʥʠʣʘʩʴ ʘʪʤʦʩʬʝʨʦʡ ʫʪʦʥʯʝʥʥʦʩʪʠ. ɼʥʝʚʥʳʝ 

ʣʫʯʠ, ʧʨʦʥʠʢʘʶʱʠʝ ʩʢʚʦʟʴ ʚʳʩʦʢʠʝ, ʨʠʪʤʠʯʥʦ ʨʘʩʩʪʘʚʣʝʥʥʳʝ ʦʢʥʘ, 

ʚʳʩʚʝʯʠʚʘʣʠ ʦʪʜʝʣʴʥʳʝ ʬʨʘʛʤʝʥʪʳ ʧʦʤʝʱʝʥʠʷ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʜʨʫʛʠʝ ʯʘʩʪʠ, ʥʝ 

ʧʦʣʫʯʘʷ ʠʟ-ʟʘ ʪʝʤʥʦʡ ʦʙʣʠʮʦʚʢʠ ʜʦʩʪʘʪʦʯʥʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʦʪʨʘʞʝʥʥʦʛʦ ʩʚʝʪʘ, 

ʪʦʥʫʣʠ ʚ ʧʦʣʫʪʴʤʝ. ʗ ʯʫʚʩʪʚʦʚʘʣ ʩʝʙʷ ʣʝʛʢʦ ʠ ʨʘʩʩʣʘʙʣʝʥʦ, ʩʠʜʷ ʚ ʣʫʯʘʭ ʩʚʝʪʘ, 

ʣʴʶʱʠʭʩʷ ʠʟ ʦʢʦʥè [2, ʩ. 41].  

ʈʘʟʤʳʰʣʷʷ ʦ ʨʦʣʠ ʩʚʝʪʘ, ʎʫʤʪʦʨ ʧʠʰʝʪ, ʯʪʦ ʜʥʝʚʥʦʡ ʩʚʝʪ, ʩʚʝʪ ʥʘ 

ʧʨʝʜʤʝʪʘʭ ʪʘʢ ʪʨʦʛʘʝʪ ʝʛʦ, ʯʪʦ ʦʥ çʯʫʚʩʪʚʫʝʪ ʵʪʦ ʧʦʯʪʠ ʢʘʢ ʜʫʭʦʚʥʦʝ ʢʘʯʝʩʪʚʦè. 

ɺʧʨʦʯʝʤ, ʘʨʭʠʪʝʢʪʦʨ ʧʨʠʟʥʘʝʪʩʷ, ʯʪʦ ʥʝ ʧʦʥʠʤʘʝʪ ʝʩʪʝʩʪʚʝʥʥʳʡ ʩʚʝʪ: çʆʥ ʜʘʝʪ 

ʤʥʝ ʧʦʯʫʚʩʪʚʦʚʘʪʴ, ʯʪʦ ʝʩʪʴ ʯʪʦ-ʪʦ ʟʘ ʛʨʘʥʠʮʝʡ ʤʦʝʛʦ ʧʦʥʠʤʘʥʠʷ, ʯʪʦ-ʪʦ ʟʘ 

ʛʨʘʥʠʮʘʤʠ ʚʩʷʢʦʛʦ ʧʦʥʠʤʘʥʠʷ. ʀ ʷ ʦʯʝʥʴ ʨʘʜ, ʯʪʦ ʵʪʦ ʥʝʯʪʦ ʩʫʱʝʩʪʚʫʝʪè [3, ʩ. 

61]. ʇʠʪʝʨ ʎʫʤʪʦʨ ʥʘʩʪʘʠʚʘʝʪ ʥʘ ʪʦʤ, ʯʪʦ ʘʨʭʠʪʝʢʪʦʨ ʜʦʣʞʝʥ ʨʘʙʦʪʘʪʴ ʩ 

ʚʦʧʨʦʩʦʤ ʩʚʝʪʘ ʩ ʩʘʤʦʛʦ ʥʘʯʘʣʘ, ʩʪʘʨʘʷʩʴ ʧʦʥʷʪʴ, ʢʘʢʠʤ ʦʙʨʘʟʦʤ ʚʦʩʧʨʠʷʪʠʝ 

ʩʚʝʪʘ ʤʦʞʝʪ ʧʦʚʣʠʷʪʴ ʥʘ ʯʫʚʩʪʚʘ ʯʝʣʦʚʝʢʘ, ʚʦʩʧʨʠʥʠʤʘʶʱʝʛʦ ʘʨʭʠʪʝʢʪʫʨʫ.  

ɺ ʪʚʦʨʯʝʩʪʚʝ ʇʠʪʝʨʘ ʎʫʤʪʦʨʘ ʝʩʪʝʩʪʚʝʥʥʳʡ ʩʚʝʪ ʷʚʣʷʝʪʩʷ ʥʝʦʪʲʝʤʣʝʤʦʡ 

ʯʘʩʪʴʶ ʢʦʤʧʣʝʢʩʘ ʵʣʝʤʝʥʪʦʚ, ʩʦʟʜʘʶʱʠʭ ʥʘʩʪʨʦʝʥʠʝ ʧʨʦʩʪʨʘʥʩʪʚʘ. çɽʩʣʠ 

ʘʨʭʠʪʝʢʪʦʨ ʭʦʯʝʪ ʩʦʟʜʘʚʘʪʴ ʥʝʯʪʦ ʧʨʝʢʨʘʩʥʦʝ, ʦʥ ʜʦʣʞʝʥ ʨʘʙʦʪʘʪʴ ʩʦ ʩʚʝʪʦʤ ʠ 

ʘʪʤʦʩʬʝʨʦʡè, ï ʥʘʩʪʘʠʚʘʝʪ ʦʥ, ʘ ʦʧʠʩʳʚʘʷ ʤʦʤʝʥʪ ʟʘʨʦʞʜʝʥʠʷ ʠʜʝʠ ʥʦʚʦʛʦ 

ʟʜʘʥʠʷ, ʘʨʭʠʪʝʢʪʦʨ ʧʨʦʠʟʥʦʩʠʪ: çɺʩʝ ʝʩʪʴ ʩʚʝʪ, ʚʩʝ ʝʩʪʴ ʤʝʯʪʘ, ʚʩʝ ʝʩʪʴ 

ʞʝʣʘʥʠʝè [4].  

ʇʦ ʤʥʝʥʠʶ ʉʪʠʚʝʥʘ ʍʦʣʣʘ, ʘʨʭʠʪʝʢʪʫʨʘ ï ʵʪʦ ʚʩʝʧʦʛʣʦʱʘʶʱʠʡ, 

ʦʧʫʪʳʚʘʶʱʠʡ ʥʘʩ ʦʧʳʪ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩ ʨʝʘʣʴʥʦʩʪʴʶ. ʀʤʝʥʥʦ ʧʦʵʪʦʤʫ 

ʉʪʠʚʝʥ ʍʦʣʣ ʪʚʝʨʜʦ ʫʚʝʨʝʥ ʚ ʪʦʤ, ʯʪʦ ʘʨʭʠʪʝʢʪʫʨʘ ï ʝʜʠʥʩʪʚʝʥʥʦʝ ʠʩʢʫʩʩʪʚʦ, 
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ʢʦʪʦʨʦʝ ʚʦʟʤʦʞʥʦ ʧʦʩʪʠʯʴ, ʪʦʣʴʢʦ ʠʩʩʣʝʜʦʚʘʚ ʝʛʦ ʬʝʥʦʤʝʥʦʣʦʛʠʯʝʩʢʦʝ 

ʠʟʤʝʨʝʥʠʝ - çʘʨʭʠʪʝʢʪʫʨʘ ï ʵʪʦ ʬʠʣʦʩʦʬʩʢʘʷ ʥʘʫʢʘ ʦ ʷʚʣʝʥʠʷʭ, ʦʥʘ ʥʘʧʦʣʥʷʝʪ 

ʩʤʳʩʣʦʤ ʤʦʡ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʳʡ ʦʧʳʪè, ï ʨʘʩʩʢʘʟʳʚʘʝʪ ʘʨʭʠʪʝʢʪʦʨ [5].  

ʂʣʝʮ ɺ.ɸ. ʧʨʦʩʣʝʞʠʚʘʝʪ ʩʚʷʟʴ ʘʨʭʠʪʝʢʪʫʨʥʳʭ ʢʦʥʮʝʧʮʠʡ ʉʪʠʚʝʥʘ ʍʦʣʣʘ 

ʩ ʠʜʝʷʤʠ ʄ. ʄʝʨʣʦ-ʇʦʥʪʠ ï ʬʨʘʥʮʫʟʩʢʦʛʦ ʬʠʣʦʩʦʬʘ-ʬʝʥʦʤʝʥʦʣʦʛʘ, ʢʦʪʦʨʳʡ 

ʨʘʩʩʤʘʪʨʠʚʘʝʪ ʚʦʩʧʨʠʷʪʠʝ ʢʘʢ ʚʥʫʪʨʝʥʥʝʝ ʩʦʩʪʦʷʥʠʝ, ʥʝ ʪʨʝʙʫʶʱʝʝ ʥʠʯʝʛʦ, 

ʢʨʦʤʝ ʩʫʙʲʝʢʪʘ ʚʦʩʧʨʠʷʪʠʷ ʠ ʦʱʫʱʝʥʠʷ. ɸʨʭʠʪʝʢʪʦʨ çʦʞʠʚʣʷʝʪè ʚʦʟʟʨʝʥʠʷ 

ʬʠʣʦʩʦʬʘ ʠ ʪʨʘʥʩʬʦʨʤʠʨʫʝʪ ʠʭ ʚ ʦʙʲʝʢʪʳ ʤʘʪʝʨʠʘʣʴʥʦʛʦ ʤʠʨʘ, ʬʦʨʤʠʨʫʷ 

ʧʨʦʩʪʨʘʥʩʪʚʘ, ʚ ʢʦʪʦʨʳʭ ʧʦʩʝʪʠʪʝʣʴ ʦʙʦʛʘʱʘʝʪ ʩʚʦʡ ʵʢʟʠʩʪʝʥʮʠʘʣʴʥʳʡ ʦʧʳʪ, 

ʚʩʪʨʝʯʘʷ ʨʷʜ ʦʱʫʱʝʥʠʡ, ʚʳʟʚʘʥʥʳʭ ʨʘʟʣʠʯʥʳʤʠ ʵʣʝʤʝʥʪʘʤʠ ʠʥʪʝʨʴʝʨʘ. 

çʉʤʳʩʣ ʬʝʥʦʤʝʥʦʣʦʛʠʯʝʩʢʦʡ ʘʨʭʠʪʝʢʪʫʨʳ, ï ʛʦʚʦʨʠʪ ʍʦʣʣ, ï ʩʦʩʪʦʠʪ ʠʤʝʥʥʦ ʚ 

ʪʦʤ, ʯʪʦʙʳ ʫʯʠʪʳʚʘʪʴ ʜʚʠʞʝʥʠʝ ʯʝʣʦʚʝʢʘ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ ʠ ʧʦʛʨʫʞʝʥʠʝ ʝʛʦ ʚ 

ʤʥʦʛʦʩʣʦʡʥʳʡ ʦʧʳʪ, ʚ ʢʦʪʦʨʦʤ ʧʨʦʩʪʨʘʥʩʪʚʦ, ʩʚʝʪ, ʤʘʪʝʨʠʘʣʳ, ʧʦʚʝʨʭʥʦʩʪʠ, 

ʮʚʝʪ, ʛʝʦʤʝʪʨʠʷ, ʟʘʧʘʭ, ʟʚʫʢ ʚʝʪʨʘ ʠʣʠ ʧʘʜʘʶʱʝʡ ʚʦʜʳ ï ʚʩʝ ʵʪʦ 

ʧʝʨʝʢʨʝʱʠʚʘʝʪʩʷè [6, ʩ. 236].  

ʈʘʩʩʢʘʟʳʚʘʷ ʦ ʩʚʦʠʭ ʧʨʦʝʢʪʘʭ, ʉʪʠʚʝʥ ʍʦʣʣ ʜʦʚʦʣʴʥʦ ʯʘʩʪʦ ʦʪʤʝʯʘʝʪ 

ʦʩʦʙʦʝ ʟʥʘʯʝʥʠʝ ʝʩʪʝʩʪʚʝʥʥʦʛʦ ʩʚʝʪʘ ʚ ʬʦʨʤʠʨʦʚʘʥʠʠ ʧʨʦʩʪʨʘʥʩʪʚʘ. çʄʝʥʷ 

ʦʯʝʥʴ ʠʥʪʝʨʝʩʫʝʪ ʪʝʤʘ ʝʩʪʝʩʪʚʝʥʥʦʛʦ ʩʚʝʪʘ, ï ʨʘʩʩʢʘʟʳʚʘʝʪ ʘʨʭʠʪʝʢʪʦʨ. ï ʄʥʝ 

ʢʘʞʝʪʩʷ, ʷ ʥʝ ʟʘʧʨʦʝʢʪʠʨʦʚʘʣ ʥʠ ʦʜʥʦʛʦ ʦʙʲʝʢʪʘ, ʚ ʢʦʪʦʨʦʤ ʙʳ ʥʝ ʬʠʛʫʨʠʨʦʚʘʣʘ 

ʪʝʤʘ 106 ʝʩʪʝʩʪʚʝʥʥʦʛʦ ʩʚʝʪʘè. ʈʘʩʩʫʞʜʘʷ ʦ ʚʘʞʥʦʩʪʠ ʪʝʤʳ ʝʩʪʝʩʪʚʝʥʥʦʛʦ ʩʚʝʪʘ 

ʚ ʩʦʚʨʝʤʝʥʥʦʡ ʘʨʭʠʪʝʢʪʫʨʝ, ʘʨʭʠʪʝʢʪʦʨ ʮʠʪʠʨʫʝʪ ʩʪʨʦʢʠ ɺʠʣʴʷʤʘ ɹʣʝʡʢʘ, 

ʛʦʚʦʨʷ, ʯʪʦ ʩʚʝʪ ʧʦʟʚʦʣʷʝʪ çʋʚʠʜʝʪʴ ʤʠʨ ʚ ʦʜʥʦʡ ʧʝʩʯʠʥʢʝè [7, c.17]. ɺ 

çʇʘʨʘʣʣʘʢʩʝè ʉʪʠʚʝʥ ʍʦʣʣ ʫʧʦʤʠʥʘʝʪ ʦ ʧʦʨʘʟʠʪʝʣʴʥʦʡ ʩʠʣʝ ʝʩʪʝʩʪʚʝʥʥʦʛʦ 

ʩʚʝʪʘ, ʩʢʦʨʦʩʪʴ ʢʦʪʦʨʦʛʦ ʥʝ ʧʦʜʜʘʝʪʩʷ ʩʨʘʚʥʝʥʠʶ ʩʦ ʚʩʝʤʠ ʜʚʠʞʝʥʠʷʤʠ, 

ʩʦʩʪʘʚʣʷʶʱʠʤʠ ʥʘʰʫ ʧʦʚʩʝʜʥʝʚʥʫʶ ʟʝʤʥʫʶ ʞʠʟʥʴ [8, ʩ.14].  

ɸʨʭʠʪʝʢʪʫʨʫ ʉʪʠʚʝʥʘ ʍʦʣʣʘ ʤʦʞʥʦ ʥʘʟʚʘʪʴ ʧʦʧʳʪʢʦʡ ʣʠʢʚʠʜʠʨʦʚʘʪʴ 

ʩʫʱʝʩʪʚʫʶʱʠʡ ʨʘʟʨʳʚ ʤʝʞʜʫ ʥʘʫʢʦʡ ʠ ʠʩʢʫʩʩʪʚʦʤ, ʧʦʩʢʦʣʴʢʫ ʠʤʝʥʥʦ ʤʳʩʣʠ ʠ 

ʯʫʚʩʪʚʘ ʜʣʷ ʥʝʛʦ ʠʛʨʘʶʪ ʨʝʰʘʶʱʝʝ ʟʥʘʯʝʥʠʝ ʚ ʧʨʦʮʝʩʩʝ ʩʦʟʜʘʥʠʷ 

ʘʨʭʠʪʝʢʪʫʨʥʦʛʦ ʦʙʲʝʢʪʘ.  
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ʇʝʨʝʞʠʚʘʥʠʝ ʧʨʦʩʪʨʘʥʩʪʚʘ, ʩʚʝʪ ʠ ʤʘʪʝʨʠʘʣʳ, ʘ ʪʘʢʞʝ ʩʦʮʠʘʣʴʥʳʝ ʩʠʣʳ 

ʩʪʘʥʦʚʷʪʩʷ ʧʨʝʜʧʦʩʳʣʢʘʤʠ ʢ ʧʦʥʠʤʘʥʠʶ (ʚʦʩʧʨʠʷʪʠʶ) ʠʜʝʠ ʩʦʦʨʫʞʝʥʠʷ. çɺʩʝ 

ʥʘʯʠʥʘʝʪʩʷ ʩ ʠʜʝʠ, ʢʘʢ ʩʶʞʝʪ ʨʦʤʘʥʘ. ʈʝʘʣʠʟʘʮʠʷ ʠʜʝʠ ʠ ʝʝ ʧʨʦʚʝʨʢʘ ï ʚ 

ʧʝʨʝʞʠʚʘʥʠʠ ʘʨʭʠʪʝʢʪʫʨʳ: ʯʪʦ ʪʳ ʯʫʚʩʪʚʫʝʰʴ, ʧʨʦʭʦʜʷ ʩʢʚʦʟʴ ʟʜʘʥʠʝ, ʢʘʢ 

ʜʚʠʞʝʪʩʷ ʪʝʣʦ, ʢʘʢ ʚʟʘʠʤʦʜʝʡʩʪʚʫʝʪ ʩ ʜʨʫʛʠʤʠ ʪʝʣʘʤʠ, ʢʘʢ ʨʘʙʦʪʘʝʪ ʩʚʝʪ, 

ʧʝʨʩʧʝʢʪʠʚʘ, ʟʚʫʢʠ, ʟʘʧʘʭ. ɺʝʩʴ ʵʪʦʪ ʬʝʥʦʤʝʥʦʣʦʛʠʯʝʩʢʠʡ ʩʣʦʡ ʜʦʣʞʝʥ 

ʚʳʪʝʢʘʪʴ ʠʟ ʦʩʥʦʚʥʦʡ ʠʜʝʠè, ï ʨʘʩʩʢʘʟʳʚʘʝʪ ʘʨʭʠʪʝʢʪʦʨ [9, ʩ. 151]. ʀʤʝʥʥʦ ʠʜʝʷ 

ʚ ʧʨʦʮʝʩʩʝ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʫʜʝʨʞʠʚʘʝʪ ʤʥʦʞʝʩʪʚʦ ʘʩʧʝʢʪʦʚ ʘʨʭʠʪʝʢʪʫʨʳ: 

ʢʦʥʩʪʨʫʢʪʠʚʥʫʶ ʩʠʩʪʝʤʫ, ʤʘʪʝʨʠʘʣʳ, ʙʘʣʘʥʩ ʩʠʣ, ʩʚʝʪ ʠ ʧʨʦʩʪʨʘʥʩʪʚʦ, ʬʦʨʤʫ, 

ʤʘʩʩʫ ʚʤʝʩʪʝ. ʉʪʠʚʝʥ ʍʦʣʣ ʨʘʩʩʫʞʜʘʝʪ ʦ ʨʦʣʠ ʩʚʝʪʘ ʚ ʩʦʚʨʝʤʝʥʥʦʡ 

ʘʨʭʠʪʝʢʪʫʨʝ, ʟʜʝʩʴ ʥʫʞʥʦ ʦʪʤʝʪʠʪʴ ʝʛʦ ʬʝʥʦʤʝʥʦʣʦʛʠʯʝʩʢʠʝ ʢʘʯʝʩʪʚʘ. 

ɸʨʭʠʪʝʢʪʦʨ ʚʳʜʝʣʷʝʪ ʩʚʝʪ ʚ ʢʘʯʝʩʪʚʝ ʚʘʞʥʝʡʰʝʛʦ ʵʣʝʤʝʥʪʘ ʬʦʨʤʠʨʦʚʘʥʠʷ 

ʘʨʭʠʪʝʢʪʫʨʥʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ, ʥʘʨʷʜʫ ʩ ʯʫʚʩʪʚʦʤ ʤʘʩʰʪʘʙʘ, ʧʨʠʢʦʩʥʦʚʝʥʠʷʤʠ, 

ʟʘʧʘʭʘʤʠ, ʤʘʩʩʦʡ ʠ ʬʦʨʤʦʡ. ɺ ʢʥʠʛʝ çAnchoringè ʍʦʣʣ ʟʘʷʚʣʷʝʪ: çʇʨʦʩʪʨʘʥʩʪʚʦ 

ʙʝʟ ʩʚʝʪʘ ʦʩʪʘʝʪʩʷ ʚ ʟʘʙʚʝʥʠʠ. ʅʶʘʥʩʳ ʪʝʥʠ ʠ ʩʚʝʪʘ, ʝʛʦ ʨʘʟʣʠʯʥʳʝ ʠʩʪʦʯʥʠʢʠ, 

ʝʛʦ ʪʫʤʘʥʥʦʩʪʴ, ʧʨʦʟʨʘʯʥʦʩʪʴ ʠ ʫʩʣʦʚʠʷ ʦʪʨʘʞʝʥʠʷ ʠ ʧʨʝʣʦʤʣʝʥʠʷ 

ʧʝʨʝʧʣʝʪʘʶʪʩʷ, ʯʪʦʙʳ ʦʧʨʝʜʝʣʠʪʴ ʠʣʠ ʧʝʨʝʦʩʤʳʩʣʠʪʴ ʧʨʦʩʪʨʘʥʩʪʚʦ. ʉʚʝʪ 

ʜʝʣʘʝʪ ʧʨʦʩʪʨʘʥʩʪʚʦ ʥʝʦʧʨʝʜʝʣʝʥʥʳʤ, ʦʙʨʘʟʫʷ ʩʚʦʝʛʦ ʨʦʜʘ ʤʦʩʪ ʯʝʨʝʟ ʧʦʣʝ 

ʦʧʳʪʘè [10, ʩ. 11].  

ʉʠʣʘ ʧʨʦʩʪʨʘʥʩʪʚʘ ʧʨʦʝʢʪʦʚ ʉʪʠʚʝʥʘ ʍʦʣʣʘ ʧʨʠʚʦʜʠʪʩʷ ʚ ʜʚʠʞʝʥʠʝ 

ʚʘʨʠʘʮʠʷʤʠ ʩʚʝʪʘ ʠ ʪʝʥʠ. ɸʨʭʠʪʝʢʪʦʨ ʥʘʩʪʘʠʚʘʝʪ ʥʘ ʪʦʤ, ʯʪʦ çʤʫʟʳʢʫ 

ʘʨʭʠʪʝʢʪʫʨʳè ʤʳ ʤʦʞʝʤ ʧʦʥʷʪʴ ʣʠʰʴ, ʜʚʠʛʘʷʩʴ ʯʝʨʝʟ ʧʨʦʩʪʨʘʥʩʪʚʦ, ʥʘʙʣʶʜʘʷ 

ʟʘ ʣʫʯʘʤʠ ʩʦʣʥʝʯʥʦʛʦ ʩʚʝʪʘ ʠ ʪʝʥʷʤʠ [11]. çʇʝʨʝʞʠʚʘʥʠʝ ʧʦʵʟʠʠ ʩʚʝʪʘ ʠ 

ʧʨʦʩʪʨʘʥʩʪʚʘ ï ʵʪʦ ʧʦʜʪʚʝʨʞʜʝʥʠʝ ʚʦʣʥʫʶʱʝʛʦ ʧʦʪʝʥʮʠʘʣʘ ʘʨʭʠʪʝʢʪʫʨʳ, ʢʘʢ 

ʦʙʲʝʢʪʘ ʧʦʚʩʝʜʥʝʚʥʦʡ ʞʠʟʥʠ. ʆʪ ʤʝʜʠʪʘʪʠʚʥʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ ʢ 

ʚʜʦʭʥʦʚʣʷʶʱʠʤ ʜʝʪʘʣʷʤ, ʘʨʭʠʪʝʢʪʫʨʘ ʦʙʣʘʜʘʝʪ ʧʦʪʝʥʮʠʘʣʦʤ ʠʟʤʝʥʷʪʴ ʪʝʯʝʥʠʝ 

ʥʘʰʝʡ ʞʠʟʥʠè [12, ʩ.43].  

ɺʘʞʥʫʶ ʨʦʣʴ, ʢʦʪʦʨʫʶ ʠʛʨʘʝʪ ʝʩʪʝʩʪʚʝʥʥʳʡ ʩʚʝʪ ʚ ʧʨʦʮʝʩʩʝ ʚʦʩʧʨʠʷʪʠʷ 

ʘʨʭʠʪʝʢʪʫʨʥʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ, ʠ ʝʛʦ ʩʠʣʫ ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ʵʤʦʮʠʠ ʯʝʣʦʚʝʢʘ 
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ʦʪʤʝʯʘʝʪ ʠ ɼʘʥʠʵʣʴ ʃʠʙʝʩʢʠʥʜ. ɺ ʦʜʥʦʤ ʠʟ ʠʥʪʝʨʚʴʶ ʦʥ ʛʦʚʦʨʠʪ ʦ ʪʦʤ, ʯʪʦ 

ʚʦʩʧʨʠʷʪʠʝ ʝʩʪʝʩʪʚʝʥʥʦʛʦ ʩʚʝʪʘ ï ʙʘʟʦʚʘʷ ʠʤʤʘʥʝʥʪʥʘʷ ʧʦʪʨʝʙʥʦʩʪʴ ʯʝʣʦʚʝʢʘ: 

çʂʦʥʝʯʥʦ, ʩ ʩʦʚʨʝʤʝʥʥʳʤʠ ʪʝʭʥʦʣʦʛʠʷʤʠ, ʩ ʢʦʤʤʫʥʠʢʘʮʠʷʤʠ, ʤʳ 

ʜʝʡʩʪʚʠʪʝʣʴʥʦ ʤʦʞʝʤ ʜʝʣʘʪʴ ʪʦ, ʦ ʯʝʤ ʥʠʢʦʛʜʘ ʠ ʥʝ ʤʝʯʪʘʣʠ. ʅʦ ʥʝ 

ʧʝʨʝʦʮʝʥʠʚʘʡʪʝ ʪʝʭʥʦʣʦʛʠʶ. ʄʳ ʚʩʝ ʨʘʚʥʦ ʭʦʪʠʤ ʧʦʣʫʯʠʪʴ ʧʦʜʣʠʥʥʳʡ ʦʧʳʪ, 

ʧʦʪʦʤʫ ʯʪʦ ʫ ʥʘʩ ʝʩʪʴ ʪʝʣʦ. ʄʳ ʥʝ ʧʨʦʩʪʦ ʨʘʟʫʤ, ʤʳ ʩʜʝʣʘʥʳ ʠʟ ʧʣʦʪʠ, ʵʪʦ 

ʧʨʠʤʠʪʠʚʥʳʡ ʦʧʳʪ, ʧʦʵʪʦʤʫ ʘʨʭʠʪʝʢʪʫʨʘ ʙʫʜʝʪ ʚʩʝʛʜʘ ʠʛʨʘʪʴ ʚʘʞʥʫʶ ʨʦʣʴ ʚ 

ʧʝʨʚʦʙʳʪʥʦʤ ʚʦʩʧʨʠʷʪʠʠ ʩʚʝʪʘ, ʪʨʘʥʩʮʝʥʜʝʥʪʥʦʩʪʠ, ʥʘʜʝʞʜʳ, ʤʝʯʪʳè [13].  

ɺʣʠʷʥʠʝ ʩʚʝʪʘ ʥʘ ʯʫʚʩʪʚʘ ʠ ʵʤʦʮʠʠ ʯʝʣʦʚʝʢʘ ʦʪʤʝʯʘʝʪ ʠ ʂʘʤʧʦ ɹʘʝʟʘ: 

çʉʚʝʪ ï ʵʪʦ ʥʘʩʪʨʦʝʥʠʝ, ʦʥ ʩʧʦʩʦʙʝʥ ʪʨʦʛʘʪʴ ʯʫʚʩʪʚʘ ʯʝʣʦʚʝʢʘ, ʟʘʩʪʘʚʣʷʪʴ ʥʘʩ 

ʩʦʜʨʦʛʘʪʴʩʷ ʚʩʝʤ ʩʫʱʝʩʪʚʦʤè [14, ʩ. 308].  

ʊʘʜʘʦ ɸʥʜʦ ʠʩʧʦʣʴʟʫʝʪ ʩʚʝʪ, ʯʪʦʙʳ ʩʦʟʜʘʪʴ ʦʱʫʱʝʥʠʝ ʫʤʠʨʦʪʚʦʨʝʥʠʷ ʠ 

ʩʧʦʢʦʡʩʪʚʠʷ. ʄʦʱʥʳʝ ʙʝʪʦʥʥʳʝ ʩʪʝʥʳ, ʫʩʪʘʥʘʚʣʠʚʘʶʱʠʝ ʧʨʝʜʝʣʳ, ʜʝʣʘʶʪ ʝʛʦ 

ʘʨʭʠʪʝʢʪʫʨʫ ʤʘʪʝʨʠʘʣʴʥʦʡ, ʦʪʢʨʳʪʦʩʪʴ ʩʚʝʪʫ, ʚʝʪʨʫ ʠ ʪʦʤʫ, ʢʪʦ ʝʝ 

ʚʦʩʧʨʠʥʠʤʘʝʪ, ï ʦʩʷʟʘʝʤʦʡ, ʘ ʩʚʝʪ ʠ ʧʨʦʩʪʨʘʥʩʪʚʦ, ʦʢʨʫʞʘʶʱʠʝ ʯʝʣʦʚʝʢʘ, 

ʩʦʟʜʘʶʪ ʦʱʫʱʝʥʠʝ ʪʠʭʦʡ ʧʫʩʪʦʪʳ.  

ʉʚʝʪ ʷʚʣʷʝʪʩʷ ʫ ʊʘʜʘʦ ɸʥʜʦ ʦʜʥʠʤ ʠʟ ʢʣʶʯʝʚʳʭ ʵʣʝʤʝʥʪʦʚ ʧʨʦʩʪʨʘʥʩʪʚʘ: 

çɺʦ ʚʩʝʭ ʤʦʠʭ ʨʘʙʦʪʘʭ ʩʚʝʪ ʷʚʣʷʝʪʩʷ ʚʘʞʥʳʤ ʦʧʨʝʜʝʣʷʶʱʠʤ ʬʘʢʪʦʨʦʤ. ʗ 

ʩʦʟʜʘʶ ʟʘʢʨʳʪʳʝ ʧʦʤʝʱʝʥʠʷ ʚ ʦʩʥʦʚʥʦʤ ʩ ʧʦʤʦʱʴʶ ʪʦʣʩʪʳʭ ʙʝʪʦʥʥʳʭ ʩʪʝʥ. 

ʆʩʥʦʚʥʦʡ ʧʨʠʯʠʥʦʡ ʷʚʣʷʝʪʩʷ ʪʦ, ʯʪʦ ʜʣʷ ʩʦʟʜʘʥʠʷ ʤʝʩʪʘ ʫʝʜʠʥʝʥʠʷ ʯʝʣʦʚʝʢʘ ʚ 

ʩʦʚʨʝʤʝʥʥʦʤ ʦʙʱʝʩʪʚʝ ʠʥʦʛʜʘ ʪʨʝʙʫʶʪʩʷ ʩʪʝʥʳ ʙʝʟ ʧʨʦʝʤʦʚè [15]. ɼʣʷ 

ʫʩʠʣʝʥʠʷ ʦʱʫʱʝʥʠʷ ʚʥʫʪʨʝʥʥʝʛʦ ʩʧʦʢʦʡʩʪʚʠʷ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ, ɸʥʜʦ ʟʘʢʨʳʚʘʝʪ 

ʜʦʩʪʫʧ ʛʦʨʠʟʦʥʪʘʣʴʥʳʤ ʣʫʯʘʤ ʩʚʝʪʘ, ʦʪʢʨʳʚʘʝʪ ʚʝʨʪʠʢʘʣʴʥʳʝ ʧʨʦʝʤʳ ʠ 

ʧʦʟʚʦʣʷʝʪ ʦʛʨʘʞʜʘʶʱʠʤ ʢʦʥʩʪʨʫʢʮʠʷʤ ʨʘʩʢʨʘʰʠʚʘʪʴʩʷ ʧʦʪʦʢʘʤʠ ʩʚʝʪʘ ʩʚʝʨʭʫ, 

ʧʨʝʚʨʘʱʘʷ ʤʘʩʩʠʚʥʳʝ ʩʪʝʥʳ ʚ ʘʙʩʪʨʘʢʮʠʶ [16]. 

ɸʨʭʠʪʝʢʪʦʨʳ ʫʪʚʝʨʞʜʘʶʪ, ʯʪʦ ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʩʚʝʪʘ ʚ ʟʜʘʥʠʠ ï 

ʥʝʦʪʲʝʤʣʝʤʦʝ ʫʩʣʦʚʠʝ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ, ʧʦʩʢʦʣʴʢʫ ʪʦʣʴʢʦ ʝʩʪʝʩʪʚʝʥʥʳʡ ʩʚʝʪ 

ʩʧʦʩʦʙʝʥ ʩʦʟʜʘʪʴ ʥʝʧʦʚʪʦʨʠʤʦʝ ʢʘʯʝʩʪʚʦ ʧʨʦʩʪʨʘʥʩʪʚʘ. ɺʘʞʥʳʤ ʧʨʠʥʮʠʧʦʤ 

ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʜʣʷ ʥʠʭ ʷʚʣʷʝʪʩʷ ï ʦʙʠʣʠʝ ʝʩʪʝʩʪʚʝʥʥʦʛʦ ʦʩʚʝʱʝʥʠʷ, ʧʦʩʢʦʣʴʢʫ 
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ʠʤʝʥʥʦ ʩʚʝʪ ʩʦʟʜʘʝʪ ʥʝʧʦʚʪʦʨʠʤʫʶ ʢʘʯʝʩʪʚʦ ʧʨʦʩʪʨʘʥʩʪʚʘ. ʇʨʠ ʵʪʦʤ ʨʘʙʦʪʘʶʪ 

ʵʬʬʝʢʪʳ ʦʪʨʘʞʝʥʠʷ: çʆʪʩʚʝʪʳ ʦʙʲʝʢʪʦʚ ʥʘ ʘʣʶʤʠʥʠʝʚʳʭ ʩʪʝʥʘʭ, ʦʪʨʘʞʝʥʠʷ 

ʧʦʩʝʪʠʪʝʣʝʡ ʨʦʞʜʘʶʪ ʦʩʦʙʳʝ ʦʪʥʦʰʝʥʠʷ ʤʝʞʜʫ ʥʘʙʣʶʜʘʪʝʣʝʤ ʠ ʦʙʲʝʢʪʦʤè ï 

ʧʦʷʩʥʷʝʪ ʂʘʜʟʫʡʦ ʉʝʜʟʠʤʘ [17].   

ɺ ʤʝʪʦʜʦʣʦʛʠʯʝʩʢʦʤ ʧʣʘʥʝ ʩʫʱʝʩʪʚʫʶʱʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʧʨʝʜʰʝʩʪʚʝʥʥʠʢʦʚ ʥʝ ʦʭʚʘʪʳʚʘʶʪ ʠ ʥʝ ʦʙʦʙʱʘʶʪ ʚʝʩʴ ʢʦʤʧʣʝʢʩ ʟʘʜʘʯ, ʢʦʪʦʨʳʝ 

ʥʝʦʙʭʦʜʠʤʦ ʨʝʰʘʪʴ ʚ ʨʘʤʢʘʭ ʦʧʨʝʜʝʣʝʥʠʷ ʠ ʬʦʨʤʠʨʦʚʘʥʠʷ ʢʦʤʬʦʨʪʥʦʛʦ 

ʦʩʚʝʱʝʥʠʷ.  ʆʪʩʫʪʩʪʚʫʝʪ ʩʠʩʪʝʤʥʦʝ ʚʠʜʝʥʠʝ ʘʨʭʠʪʝʢʪʫʨʳ ʵʪʠʭ ʟʜʘʥʠʡ ʋʢʨʘʠʥʳ 

ʚ ʢʦʥʪʝʢʩʪʝ ʪʘʢʠʭ ʚʘʞʥʳʭ ʧʦʣʦʞʝʥʠʡ ʢʘʢ ʵʪʥʦʢʫʣʴʪʫʨʥʘʷ ʠʜʝʥʪʠʯʥʦʩʪʴ ʠ 

ʢʘʯʝʩʪʚʦ ʩʨʝʜʳ ʞʠʟʥʝʜʝʷʪʝʣʴʥʦʩʪʠ, ʦʙʦʩʪʨʠʚʰʠʭʩʷ ʚ ʧʝʨʠʦʜ ʛʣʦʙʘʣʠʟʘʮʠʠ.  

ɸʥʘʣʠʟ ʣʠʪʝʨʘʪʫʨʥʳʭ ʠʩʪʦʯʥʠʢʦʚ ʧʦʟʚʦʣʠʣ ʢʦʥʩʪʘʪʠʨʦʚʘʪʴ, ʯʪʦ ʚʦʧʨʦʩ 

ʧʩʠʭʦʵʤʦʮʠʦʥʘʣʴʥʦʛʦ ʠ ʵʩʪʝʪʠʯʝʩʢʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ʯʝʣʦʚʝʢʘ ʠ ʩʫʙʲʝʢʪʠʚʥʳʝ 

ʢʨʠʪʝʨʠʠ ʦʮʝʥʦʢ ʜʦʩʪʘʪʦʯʥʦ ʰʠʨʦʢʦ ʠʟʫʯʝʥʳ ʟʘʨʫʙʝʞʥʳʤʠ ʫʯʝʥʳʤʠ. ʆʜʥʘʢʦ 

ʜʣʷ ʩʦʟʜʘʥʠʷ ʢʦʤʬʦʨʪʥʳʭ ʫʩʣʦʚʠʡ ʧʨʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ ʘʨʭʠʪʝʢʪʫʨʥʳʭ 

ʦʙʲʝʢʪʦʚ ʚ ʨʘʟʣʠʯʥʳʭ ʧʨʠʨʦʜʥʳʭ ʨʝʛʠʦʥʘʭ ʋʢʨʘʠʥʳ ʠʟʫʯʝʥʳ ʤʘʣʦ. 

ʎʝʣʴʶ ʠʩʩʣʝʜʦʚʘʥʠʷ ʷʚʣʷʝʪʩʷ ʦʧʨʝʜʝʣʝʥʠʝ ʠ ʬʦʨʤʠʨʦʚʘʥʠʝ ʢʦʤʬʦʨʪʥʦʛʦ 

ʩʚʝʪʦʚʦʡ ʩʨʝʜʳ ʚʦ ʚʥʫʪʨʝʥʥʠʭ ʠ ʚʥʝʰʥʠʭ ʧʨʦʩʪʨʘʥʩʪʚʘʭ ʘʨʭʠʪʝʢʪʫʨʥʳʭ 

ʦʙʲʝʢʪʦʚ. ɿʘʜʘʯʠ ʠʩʩʣʝʜʦʚʘʥʠʷ: ʚʳʷʚʠʪʴ ʦʩʥʦʚʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʦʩʚʝʱʝʥʠʷ 

ʥʘ ʦʩʥʦʚʝ ʘʥʘʣʠʟʘ ʪʝʦʨʝʪʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʠ ʩʦʚʨʝʤʝʥʥʦʡ ʘʨʭʠʪʝʢʪʫʨʥʦʡ 

ʦʪʝʯʝʩʪʚʝʥʥʦʡ ʠ ʟʘʨʫʙʝʞʥʦʡ ʧʨʘʢʪʠʢʠ; ʨʘʩʢʨʳʪʴ ʦʩʥʦʚʥʳʝ ʦʩʦʙʝʥʥʦʩʪʠ 

ʬʦʨʤʠʨʦʚʘʥʠʷ ʢʦʤʬʦʨʪʥʦʡ ʘʨʭʠʪʝʢʪʫʨʥʦʡ ʩʚʝʪʦʚʦʡ ʩʨʝʜʳ; ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʪʴ 

ʧʦʢʘʟʘʪʝʣʠ - ʦʩʣʝʧʣʝʥʥʦʩʪʴ, ʥʝʨʘʚʥʦʤʝʨʥʦʩʪʴ ʦʩʚʝʱʝʥʠʷ, ʜʠʩʢʦʤʬʦʨʪ 

ʦʩʚʝʱʝʥʠʷ; ʦʧʨʝʜʝʣʠʪʴ ʢʦʤʧʦʥʝʥʪʳ ʧʨʦʩʪʨʘʥʩʪʚʘ ʩʚʝʪʘ ʘʨʭʠʪʝʢʪʫʨʥʳʭ 

ʦʙʲʝʢʪʦʚ; ʧʨʝʜʣʦʞʠʪʴ ʤʝʪʦʜ ʨʘʩʯʝʪʘ ʢʦʤʬʦʨʪʥʦʛʦ ʦʩʚʝʱʝʥʠʷ ʚʦ ʚʥʫʪʨʝʥʥʝʤ 

ʧʨʦʩʪʨʘʥʩʪʚʝ (ʦʧʨʝʜʝʣʝʥʠʝ ʟʦʥʳ ʢʦʤʬʦʨʪʘ). 

ʄʝʪʦʜʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʦʩʥʦʚʳʚʘʶʪʩʷ ʥʘ ʢʦʤʧʣʝʢʩʥʦʤ ʧʦʜʭʦʜʝ, ʢʦʪʦʨʳʡ 

ʬʦʨʤʠʨʫʝʪʩʷ ʚʟʘʠʤʦʚʣʠʷʥʠʝʤ ʝʩʪʝʩʪʚʝʥʥʦʛʦ ʠ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʦʩʚʝʱʝʥʠʷ ʚ 

ʘʨʭʠʪʝʢʪʫʨʥʦʡ ʩʨʝʜʝ. ʂʦʥʮʝʧʮʠʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʙʘʟʠʨʫʝʪʩʷ ʥʘ ʜʚʦʡʥʦʤ 
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(ʧʦʣʦʞʠʪʝʣʴʥʦʤ ʠ ʦʪʨʠʮʘʪʝʣʴʥʦʤ) ʚʦʟʜʝʡʩʪʚʠʠ ʠʩʪʦʯʥʠʢʘ ʩʚʝʪʘ, ʚʣʠʷʶʱʝʛʦ ʥʘ 

ʦʢʨʫʞʘʶʱʫʶ ʩʨʝʜʫ ʠ ʯʝʣʦʚʝʢʘ. 

 ʇʨʝʜʣʦʞʝʥʘ ʦʙʱʘʷ ʤʝʪʦʜʠʢʘ ʠʩʩʣʝʜʦʚʘʥʠʷ çʢʦʤʬʦʨʪʘ ʩʚʝʪʦʚʦʡ ʩʨʝʜʳè, 

ʦʧʨʝʜʝʣʝʥʳ ʤʝʪʦʜʳ ʦʮʝʥʢʠ ʬʘʢʪʦʨʦʚ ʚʣʠʷʥʠʷ ʥʘ ʬʦʨʤʠʨʦʚʘʥʠʝ ʩʚʝʪʦʚʦʡ 

ʩʨʝʜʳ, ʧʨʝʜʣʦʞʝʥʘ ʤʝʪʦʜʠʢʘ ʠʩʩʣʝʜʦʚʘʥʠʷ ʠ ʢʨʠʪʝʨʠʠ ʦʮʝʥʢʠ 

ʬʦʨʤʦʦʙʨʘʟʫʶʱʠʭ ʬʫʥʢʮʠʡ ʩʚʝʪʘ. 

ʄʘʪʝʨʠʘʣ ʩʦʜʝʨʞʠʪ - ʘʥʘʣʠʪʠʯʝʩʢʠʡ ʦʙʟʦʨ ʠʟʚʝʩʪʥʳʭ ʤʝʪʦʜʦʚ 

ʠʩʩʣʝʜʦʚʘʥʠʷ, ʠʩʧʦʣʴʟʫʝʤʳʭ ʚ ʪʝʦʨʠʠ ʘʨʭʠʪʝʢʪʫʨʳ; ʢʨʠʪʝʨʠʠ ʦʮʝʥʢʠ 

çʜʠʩʢʦʤʬʦʨʪʥʦʡ ʠ ʢʦʤʬʦʨʪʥʦʡ ʩʚʝʪʦʚʦʡ ʩʦʩʪʘʚʣʷʶʱʝʡè ʚ ʘʨʭʠʪʝʢʪʫʨʝ.  

ʂ ʢʨʠʪʝʨʠʷʤ ʦʧʪʠʤʘʣʴʥʦʩʪʠ ʦʩʚʝʱʝʥʠʷ ʦʪʥʦʩʷʪʩʷ: ʵʢʦʥʦʤʠʯʝʩʢʠʝ, 

ʫʪʠʣʠʪʘʨʥʳʝ, ʵʩʪʝʪʠʯʝʩʢʠʝ. ɻʣʘʚʥʳʤ ʦʨʠʝʥʪʠʨʦʤ ʢʘʯʝʩʪʚʘ ʜʦʣʞʥʳ ʩʪʘʪʴ 

ʦʙʦʩʥʦʚʘʥʥʳʝ ʵʢʦʣʦʛʠʯʝʩʢʠʝ ʢʨʠʪʝʨʠʠ. ʄʦʛʫʪ ʙʳʪʴ ʵʢʦʣʦʛʠʯʝʩʢʠʝ ʢʨʠʪʝʨʠʠ 

ʬʫʥʢʮʠʦʥʘʣʴʥʦʛʦ ʢʦʤʬʦʨʪʘ ʠ ʦʪʜʝʣʴʥʳʝ ʝʛʦ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ (ʥʘʩʝʣʝʥʠʝ, 

ʦʢʨʫʞʘʶʱʘʷ ʩʨʝʜʘ ʠ ʪ.ʜ.).  ʀʥʪʝʛʨʘʣʴʥʳʡ ʢʨʠʪʝʨʠʡ (ʬʫʥʢʮʠʦʥʘʣʴʥʳʡ ʢʦʤʬʦʨʪ) 

ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʢʘʢ ʦʧʪʠʤʘʣʴʥʦʝ ʬʫʥʢʮʠʦʥʘʣʴʥʦʝ ʩʦʩʪʦʷʥʠʝ, ʧʨʠ ʢʦʪʦʨʦʤ 

ʜʦʩʪʠʛʘʝʪʩʷ ʩʦʦʪʚʝʪʩʪʚʠʝ ʩʨʝʜʩʪʚ ʠ ʫʩʣʦʚʠʡ ʜʝʷʪʝʣʴʥʦʩʪʠ ʯʝʣʦʚʝʢʘ. ʂʘʢ 

ʩʠʩʪʝʤʥʦʝ ʦʙʨʘʟʦʚʘʥʠʝ, ʬʫʥʢʮʠʦʥʘʣʴʥʳʡ ʢʦʤʬʦʨʪ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʙʘʟʦʚʳʝ 

ʢʦʤʧʦʥʝʥʪʘ - ʧʩʠʭʦʣʦʛʠʯʝʩʢʠʡ ʠ ʧʩʠʭʦʬʠʟʠʦʣʦʛʠʯʝʩʢʠʡ - ʠ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ 

ʫʜʦʚʦʣʴʩʪʚʠʝʤ ʦʪ ʜʝʷʪʝʣʴʥʦʩʪʠ ʠ ʚʳʩʦʢʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʴʶ. 

 ɺ ʤʝʪʦʜʠʢʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʬʦʨʤʠʨʦʚʘʥʠʷ ʢʦʤʬʦʨʪʥʦʡ ʩʚʝʪʦʚʦʡ 

ʘʨʭʠʪʝʢʪʫʨʥʦʡ ʩʨʝʜʳ ʦʙʦʟʥʘʯʝʥ ʘʢʮʝʥʪ ʥʘ ʫʪʠʣʠʪʘʨʥʳʝ ʠ ʵʩʪʝʪʠʯʝʩʢʠʝ 

ʘʩʧʝʢʪʳ. ʂʨʠʪʝʨʠʡ ʧʦʪʨʝʙʠʪʝʣʴʩʢʦʛʦ ʢʘʯʝʩʪʚʘ (ʢʦʤʬʦʨʪʥʦʩʪʴ) ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ 

ʦʙ ʫʨʦʚʥʝ ʩʦʦʪʚʝʪʩʪʚʠʷ ʘʨʭʠʪʝʢʪʫʨʥʦʡ ʩʨʝʜʳ ʫʩʪʘʥʦʚʣʝʥʥʳʤ (ʥʦʨʤʘʪʠʚʥʳʤ) 

ʧʦʢʘʟʘʪʝʣʝʤ ʢʦʤʬʦʨʪʥʦʩʪʠ - ʩʦʮʠʘʣʴʥʳʤ ʠ ʙʠʦʣʦʛʠʯʝʩʢʠʤ. ʇʨʠ ʨʝʰʝʥʠʠ 

ʧʦʜʘʚʣʷʶʱʝʛʦ ʙʦʣʴʰʠʥʩʪʚʘ ʧʨʘʢʪʠʯʝʩʢʠʭ ʬʫʥʢʮʠʦʥʘʣʴʥʦ-ʧʣʘʥʠʨʦʚʦʯʥʳʭ 

ʟʘʜʘʯ, ʢʘʩʘʶʱʠʭʩʷ ʬʦʨʤʠʨʦʚʘʥʠʷ ʩʨʝʜʳ ʞʠʟʥʝʜʝʷʪʝʣʴʥʦʩʪʠ ʯʝʣʦʚʝʢʘ, 

ʢʨʠʪʝʨʠʡ ʧʦʪʨʝʙʠʪʝʣʴʩʢʦʛʦ ʢʘʯʝʩʪʚʘ ʚʩʪʫʧʘʝʪ ʚ ʧʨʦʪʠʚʦʨʝʯʠʝ ʩ ʪʝʭʥʠʢʦ-

ʵʢʦʥʦʤʠʯʝʩʢʠʤ ʢʨʠʪʝʨʠʝʤ, ʪʘʢ ʢʘʢ ʜʦʩʪʠʞʝʥʠʝ ʙʦʣʝʝ ʚʳʩʦʢʦʛʦ ʫʨʦʚʥʷ 

ʢʦʤʬʦʨʪʘ ʚʳʟʳʚʘʝʪ ʫʚʝʣʠʯʝʥʠʝ ʟʘʪʨʘʪ. 
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ʀʟʚʝʩʪʥʳʡ ʧʦʵʪʘʧʥʳʡ ʤʝʪʦʜ ʚʦʩʧʨʠʷʪʠʷ ʩʚʝʪʦʚʦʡ ʢʦʤʧʦʟʠʮʠʠ ʚ 

ʘʨʭʠʪʝʢʪʫʨʥʦʡ ʩʨʝʜʝ. ʈʘʩʩʪʦʷʥʠʝ ʧʦʟʚʦʣʷʝʪ ʚ ʦʧʪʠʤʘʣʴʥʳʡ ʫʛʦʣ ʚʦʩʧʨʠʥʠʤʘʪʴ 

ʚʩʶ ʟʘʩʪʨʦʡʢʫ, ʢʦʪʦʨʘʷ ʩʣʦʞʠʣʘʩʴ ʠʩʪʦʨʠʯʝʩʢʠ (ʝʝ ʩʠʣʫʵʪ ʥʘ ʬʦʥʝ ʥʝʙʘ); 

ʟʘʜʘʥʥʘʷ ʟʘʩʪʨʦʡʢʘ ï ʵʪʦ ʢʦʥʩʪʘʥʪʘ; ʥʘ ʵʪʦʤ ʵʪʘʧʝ ʧʦʜʙʠʨʘʝʪʩʷ ʥʘʠʙʦʣʝʝ 

ʦʧʪʠʤʘʣʴʥʦʝ ʩʚʝʪʦʚʦʝ ʨʝʰʝʥʠʝ, ʩʚʷʟʘʥʥʦʝ ʩ ʧʨʠʨʦʜʦʡ (ʦʥʦ ʤʦʞʝʪ 

ʢʦʥʪʨʘʩʪʠʨʦʚʘʪʴ ʩ ʦʢʨʫʞʝʥʠʝʤ ʠʣʠ ʨʘʩʪʚʦʨʷʪʴʩʷ ʚ ʥʝʤ). ʇʨʠ ʧʨʠʙʣʠʞʝʥʠʠ 

ʥʘʙʣʶʜʘʪʝʣʷ ʚ ʦʧʪʠʤʘʣʴʥʳʡ ʫʛʦʣ ʟʨʝʥʠʷ ʧʦʧʘʜʘʝʪ ʦʪʜʝʣʴʥʳʡ ʘʨʭʠʪʝʢʪʫʨʥʳʡ 

ʦʙʲʝʢʪ, ʢʦʪʦʨʳʡ ʚʦʩʧʨʠʥʠʤʘʝʪʩʷ ʫʞʝ ʥʘ ʥʘʡʜʝʥʥʦʤ ʬʦʥʝ ʚʩʝʡ ʟʘʩʪʨʦʡʢʠ (ʵʪʦ 

ʩʪʘʥʦʚʠʪʩʷ ʚʪʦʨʦʡ ʢʦʥʩʪʘʥʪʦʡ). ʇʨʠ ʜʘʣʴʥʝʡʰʝʤ ʧʨʠʙʣʠʞʝʥʠʠ ʢ 

ʘʨʭʠʪʝʢʪʫʨʥʦʤʫ ʦʙʲʝʢʪʫ ʚ ʦʧʪʠʤʘʣʴʥʳʡ ʫʛʦʣ ʟʨʝʥʠʷ ʧʦʧʘʜʘʝʪ ʜʝʪʘʣʴ, ʢʦʪʦʨʘʷ 

ʤʦʞʝʪ ʠʣʠ ʢʦʥʪʨʘʩʪʠʨʦʚʘʪʴ, ʠʣʠ çʨʘʩʪʚʦʨʷʪʴʩʷè ʥʘ ʬʦʥʝ ʬʘʩʘʜʘ. 

ʆʩʥʦʚʥʳʝ ʢʦʤʧʦʥʝʥʪʳ, ʦʩʦʙʝʥʥʦʩʪʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʢʦʪʦʨʳʭ 

ʦʧʨʝʜʝʣʷʶʪ ʢʘʯʝʩʪʚʦ ʩʚʝʪʦʚʦʡ ʩʨʝʜʳ ï ʵʪʦ ʬʫʥʢʮʠʦʥʘʣʴʥʘʷ, ʘʨʭʠʪʝʢʪʫʨʥʦ-

ʭʫʜʦʞʝʩʪʚʝʥʥʘʷ, ʩʚʝʪʦʪʝʭʥʠʯʝʩʢʘʷ, ʟʨʠʪʝʣʴʥʘʷ. ʂʦʤʧʦʥʝʥʪʳ ʩʚʝʪʦʚʦʡ ʩʨʝʜʳ, 

ʚʣʠʷʶʪ ʥʘ ʚʥʫʪʨʝʥʥʝʝ ʦʩʚʝʱʝʥʥʦʝ ʧʨʦʩʪʨʘʥʩʪʚʦ, ʩʦʩʪʦʷʱʝʝ ʠʟ ʨʘʩʩʝʷʥʥʦʛʦ 

ʩʚʝʪʘ ʥʝʙʘ, ʧʨʷʤʳʭ ʩʦʣʥʝʯʥʳʭ ʣʫʯʝʡ, ʧʨʦʭʦʜʷʱʠʭ ʯʝʨʝʟ ʧʨʦʝʤʳ ʨʘʟʣʠʯʥʳʭ 

ʬʦʨʤ, ʢʦʥʬʠʛʫʨʘʮʠʡ (ʧʦʩʪʦʷʥʥʳʭ ʠ ʠʟʤʝʥʷʝʤʳʭ), ʦʪʨʘʞʘʶʱʠʭ ʧʦʚʝʨʭʥʦʩʪʝʡ 

ʩʚʝʪ ʩ ʨʘʟʥʦʡ ʷʨʢʦʩʪʴʶ, ʮʚʝʪʥʦʩʪʴʶ, ʬʘʢʪʫʨʦʡ, ʨʘʩʧʨʝʜʝʣʝʥʠʝʤ ʩʚʝʪʘ. 

ʉʬʦʨʤʠʨʦʚʘʥʥʦʝ ʩʚʝʪʦʚʦʝ ʧʨʦʩʪʨʘʥʩʪʚʦ ʩʦʜʝʨʞʠʪ ʚ ʩʝʙʝ ʵʣʝʤʝʥʪʳ 

ʥʦʨʤʘʪʠʚʥʦʛʦ ʦʩʚʝʱʝʥʠʷ (ʬʫʥʢʮʠʦʥʘʣʴʥʦʛʦ). ʍʫʜʦʞʝʩʪʚʝʥʥʳʝ ʵʣʝʤʝʥʪʳ ʧʨʠ 

ʵʪʦʤ ʩʦʟʜʘʶʪ ʥʝʧʦʚʪʦʨʠʤʳʡ ʦʙʨʘʟ ʧʨʦʩʪʨʘʥʩʪʚʘ ʠ ʦʩʦʙʫʶ ʭʫʜʦʞʝʩʪʚʝʥʥʫʶ 

ʘʪʤʦʩʬʝʨʫ ʚʥʫʪʨʠ ʟʜʘʥʠʷ. ʇʨʦʮʝʩʩ ʬʦʨʤʠʨʦʚʘʥʠʷ ʚʥʫʪʨʝʥʥʝʛʦ ʦʩʚʝʱʝʥʥʦʛʦ 

ʧʨʦʩʪʨʘʥʩʪʚʘ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʢʦʤʧʦʟʠʮʠʶ ʦʧʪʠʯʝʩʢʦʛʦ ʧʦʣʷ ʨʘʟʣʠʯʥʳʭ 

ʵʣʝʤʝʥʪʦʚ ʘʨʭʠʪʝʢʪʫʨʥʦʡ ʬʦʨʤʳ.  

ʌʫʥʢʮʠʦʥʘʣʴʥʳʡ ʢʦʤʧʦʥʝʥʪ ʩʦʜʝʨʞʠʪ ʚ ʩʝʙʝ ʫʪʠʣʠʪʘʨʥʳʝ ʬʫʥʢʮʠʠ 

ʝʩʪʝʩʪʚʝʥʥʦʛʦ ʩʚʝʪʘ. ʆʧʨʝʜʝʣʝʥʳ ʛʨʫʧʧʳ ʬʫʥʢʮʠʡ: ʠʥʬʦʨʤʘʪʠʚʥʳʝ, 

ʤʦʨʬʦʬʫʥʢʮʠʦʥʘʣʴʥʳʝ. ʉʚʝʪ ʷʚʣʷʝʪʩʷ ʥʝʦʪʲʝʤʣʝʤʳʤ ʫʩʣʦʚʠʝʤ ʧʦʟʥʘʥʠʷ ʤʠʨʘ, 

ʦʙʝʩʧʝʯʠʚʘʝʪ ʯʝʣʦʚʝʢʘ ʠʥʬʦʨʤʘʮʠʝʡ ʦʙ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʝ, ʩʦʟʜʘʚʘʷ 

ʟʨʠʪʝʣʴʥʳʝ ʦʙʨʘʟʳ. ʋʣʴʪʨʘʬʠʦʣʝʪʦʚʦʝ, ʚʠʜʠʤʦʝ ʠ ʠʥʬʨʘʢʨʘʩʥʦʝ ʠʟʣʫʯʝʥʠʝ 
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ʚʣʠʷʝʪ ʥʘ ʛʦʨʤʦʥʘʣʴʥʳʡ ʬʦʥ ʯʝʣʦʚʝʢʘ ʠ ʝʛʦ ʵʤʦʮʠʦʥʘʣʴʥʦʝ ʩʦʩʪʦʷʥʠʝ.  

ʂʦʩʚʝʥʥʦʝ ʚʣʠʷʥʠʝ ʩʚʝʪʘ ʥʘ ʦʢʨʫʞʘʶʱʫʶ ʩʨʝʜʫ (ʭʠʤʠʯʝʩʢʠʝ, ʬʠʟʠʯʝʩʢʠʝ ʠ 

ʙʠʦʣʦʛʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ), ʦʧʨʝʜʝʣʷʝʪ ʢʦʤʬʦʨʪʥʦʩʪʴ ʩʨʝʜʳ ʦʙʠʪʘʥʠʷ, 

ʫʣʫʯʰʘʝʪ ʝʝ ʢʘʯʝʩʪʚʝʥʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ. 

ɸʨʭʠʪʝʢʪʫʨʥʦ-ʭʫʜʦʞʝʩʪʚʝʥʥʳʡ ʢʦʤʧʦʥʝʥʪ ʩʚʝʪʦʚʦʡ ʩʨʝʜʳ ʦʧʨʝʜʝʣʷʝʪ 

ʦʙʨʘʟ ʠʥʪʝʨʴʝʨʘ, ʚʣʠʷʝʪ ʥʘ ʩʦʩʪʦʷʥʠʝ ʘʪʤʦʩʬʝʨʳ ʚʥʫʪʨʠ ʦʙʲʝʢʪʘ. ɺ ʩʚʝʪʣʦʝ 

ʚʨʝʤʷ ʩʫʪʦʢ ʩʚʝʪʦʚʦʝ ʧʨʦʩʪʨʘʥʩʪʚʦ ʟʜʘʥʠʷ, ʧʦʛʨʫʞʝʥʥʦʝ ʚ ʝʩʪʝʩʪʚʝʥʥʳʡ 

ʩʦʣʥʝʯʥʳʡ ʩʚʝʪ, ʦʩʪʘʝʪʩʷ ʥʝʠʟʤʝʥʥʳʤ. ʉʧʦʩʦʙʳ ʧʨʦʥʠʢʥʦʚʝʥʠʷ ʩʚʝʪʘ ʨʘʟʥʳʝ - 

ʩʚʝʪ ʧʨʝʦʜʦʣʝʚʘʝʪ ʬʠʟʠʯʝʩʢʫʶ ʦʙʦʣʦʯʢʫ ʟʜʘʥʠʷ ʯʝʨʝʟ ʦʪʚʝʨʩʪʠʷ, ʢʘʥʘʣʳ, 

ʬʦʥʘʨʠ, ʧʨʦʥʠʢʘʷ ʯʝʨʝʟ ʬʠʣʴʪʨʳ, ʪʘʢʠʝ ʢʘʢ ʩʪʝʢʣʦ ʠ ʜʨʫʛʠʝ ʩʚʝʪʦʧʨʦʟʨʘʯʥʳʝ 

ʤʘʪʝʨʠʘʣʳ ʩ ʨʘʟʣʠʯʥʳʤʠ ʩʚʝʪʦʪʝʭʥʠʯʝʩʢʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ, ʦʪʨʘʞʘʷʩʴ ʦʪ 

ʨʘʟʣʠʯʥʳʭ ʦʙʲʝʤʥʳʭ ʪʝʣ ʠ ʧʦʚʝʨʭʥʦʩʪʝʡ. ʆʜʥʘʢʦ, ʚ ʪʝʯʝʥʠʝ ʜʥʷ ʠ ʚ ʨʘʟʥʦʝ 

ʚʨʝʤʷ ʛʦʜʘ, ʵʪʘ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʘʷ ʢʦʤʧʦʟʠʮʠʷ ʜʦʧʦʣʥʷʝʪʩʷ ʜʠʥʘʤʠʯʝʩʢʠʤʠ 

ʠʟʤʝʥʝʥʠʷʤʠ, ʘ ʪʘʢʞʝ ʦʩʣʦʞʥʷʝʪʩʷ ʯʝʣʦʚʝʯʝʩʢʠʤ ʚʦʩʧʨʠʷʪʠʝʤ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ ʠ 

ʚʦ ʚʨʝʤʝʥʠ. ʂʦʣʦʨʠʩʪʠʯʝʩʢʘʷ ʢʘʨʪʠʥʘ ʩʚʝʪʦʚʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ ʜʦʧʦʣʥʷʝʪʩʷ 

ʩʧʝʢʪʨʘʣʴʥʳʤ ʩʦʩʪʘʚʦʤ ʠʩʧʦʣʴʟʫʝʤʳʭ ʤʘʪʝʨʠʘʣʦʚ. 

ʉʪʨʫʢʪʫʨʘ ʩʚʝʪʦʚʦʛʦ ʧʦʣʷ ʚʥʫʪʨʝʥʥʝʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ ʟʜʘʥʠʷ 

ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʨʘʟʣʠʯʥʳʤʠ ʫʨʦʚʥʷʤʠ ʦʩʚʝʱʝʥʥʦʩʪʠ ʦʪʜʝʣʴʥʳʭ ʟʦʥ, 

ʢʦʣʠʯʝʩʪʚʦʤ ʠ ʬʦʨʤʦʡ ʩʚʝʪʦʚʳʭ ʧʨʦʝʤʦʚ, ʫʛʣʘʤʠ ʧʨʦʥʠʢʥʦʚʝʥʠʷ ʠ 

ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʩʚʝʪʘ ʚʥʫʪʨʠ ʤʘʪʝʨʠʘʣʴʥʦʡ ʦʙʦʣʦʯʢʠ ʟʜʘʥʠʷ, ʷʨʢʦʩʪʴʶ, 

ʢʦʥʪʨʘʩʪʥʦʩʪʴʶ ʠ ʥʝʦʜʥʦʨʦʜʥʦʩʪʴʶ ʦʪʨʘʞʝʥʠʡ ʦʪ ʦʩʚʝʱʝʥʥʳʭ ʧʦʚʝʨʭʥʦʩʪʝʡ.  

ɺ ʪʝʯʝʥʠʝ ʜʥʷ ʤʝʥʷʝʪʩʷ ʩʧʝʢʪʨʘʣʴʥʳʡ ʩʦʩʪʘʚ ʦʩʚʝʱʝʥʠʷ. ɺʟʘʠʤʦʜʝʡʩʪʚʠʝ 

ʧʝʨʝʯʠʩʣʝʥʥʳʭ ʬʘʢʪʦʨʦʚ ʦʧʨʝʜʝʣʷʝʪ ʥʝʨʘʚʥʦʤʝʨʥʦʩʪʴ ʩʚʝʪʦʚʦʛʦ ʧʦʣʷ 

ʚʥʫʪʨʝʥʥʝʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ ʠ ʨʘʟʥʦʦʙʨʘʟʠʝ ʩʦʟʜʘʚʘʝʤʳʭ ʘʨʭʠʪʝʢʪʫʨʥʳʭ ʦʙʨʘʟʦʚ.  

ʉʚʝʪʦʪʝʭʥʠʯʝʩʢʠʡ ʢʦʤʧʦʥʝʥʪ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʢʘʢ ʫʧʨʘʚʣʷʝʤʘʷ 

ʧʦʜʩʠʩʪʝʤʘ, ʥʘ ʢʦʪʦʨʫʶ ʚʣʠʷʶʪ ʪʝʭʥʠʯʝʩʢʠʡ ʧʨʦʛʨʝʩʩ ʠ ʨʘʟʚʠʪʠʝ ʩʚʝʪʦʪʝʭʥʠʢʠ 

ʢʘʢ ʥʘʫʢʠ, ʩʦʜʝʨʞʘʱʝʡ ʚ ʩʝʙʝ ʦʩʥʦʚʳ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʩʚʝʪʦʚʦʡ ʩʨʝʜʳ.  

ʉʚʝʪʦʪʝʭʥʠʯʝʩʢʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʩʚʝʪʦʚʦʡ ʩʨʝʜʳ ʤʦʞʥʦ ʨʘʟʜʝʣʠʪʴ ʥʘ 

ʥʝʩʢʦʣʴʢʦ ʤʝʪʦʜʦʚ: ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʡ ʠ ʨʘʩʯʝʪʥʳʡ. ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʡ 
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ʤʝʪʦʜ ʧʨʝʜʧʦʣʘʛʘʝʪ ʧʦʩʪʨʦʝʥʠʝ ʧʣʦʩʢʦʩʪʥʳʭ ʠ ʦʙʲʝʤʥʳʭ ʤʦʜʝʣʝʡ (ʤʘʢʝʪʦʚ) 

ʧʨʦʝʢʪʠʨʫʝʤʦʛʦ ʦʙʲʝʢʪʘ. ʈʘʩʯʝʪʥʳʡ ʤʝʪʦʜ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʠʩʧʦʣʴʟʦʚʘʥʠʠ 

ʢʦʤʧʴʶʪʝʨʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ, ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʤʦʜʝʣʝʡ ʠ ʬʦʨʤʫʣ ʜʣʷ 

ʦʧʨʝʜʝʣʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ ʦʩʚʝʱʝʥʠʷ [18]. 

ɿʨʠʪʝʣʴʥʳʡ ʢʦʤʧʦʥʝʥʪ ʧʨʦʷʚʣʷʝʪʩʷ ʚ ʩʣʝʜʫʶʱʠʭ ʘʩʧʝʢʪʘʭ - ʚ 

ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ ʩʚʝʪʦʚʦʛʦ ʚʥʫʪʨʝʥʥʝʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ ʟʜʘʥʠʡ, ʠ ʚ ʚʦʩʧʨʠʷʪʠʠ 

ʧʨʦʝʢʪʥʦʛʦ ʨʝʰʝʥʠʷ.  ɺ ʧʝʨʚʦʤ ʩʣʫʯʘʝ ʘʚʪʦʨ ʦʧʨʝʜʝʣʷʝʪ ʠʜʝʶ ʘʨʭʠʪʝʢʪʫʨʥʦ 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʦʨʛʘʥʠʟʘʮʠʠ ʦʙʲʝʢʪʘ ʠ ʢʦʥʮʝʧʮʠʶ ʬʦʨʤʠʨʦʚʘʥʠʷ ʝʛʦ 

ʩʚʝʪʦʚʦʡ ʩʨʝʜʳ. ɺʦ ʚʪʦʨʦʤ ʩʣʫʯʘʝ, ʩʫʙʲʝʢʪʠʚʥʳʡ ʦʙʨʘʟ ʧʨʦʩʪʨʘʥʩʪʚʘ 

ʩʦʩʪʘʚʣʷʝʪʩʷ ʩ ʫʯʝʪʦʤ ʧʩʠʭʦʬʠʟʠʦʣʦʛʠʯʝʩʢʠʭ ʦʩʦʙʝʥʥʦʩʪʝʡ ʚʦʩʧʨʠʷʪʠʷ ʩʘʤʦʛʦ 

ʯʝʣʦʚʝʢʘ ʠ ʩʧʦʩʦʙʘ ʚʦʩʧʨʠʷʪʠʷ ʩʚʝʪʦʚʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ, ʯʴʝ ʧʦʚʝʜʝʥʠʝ ʚ ʥʝʤ ʥʝ 

ʧʦʣʥʦʩʪʴʶ ʜʝʪʝʨʤʠʥʠʨʦʚʘʥʦ ʩʮʝʥʘʨʠʶ ʘʨʭʠʪʝʢʪʦʨʘ ʠ ʷʚʣʷʝʪʩʷ ʧʨʦʠʟʚʦʜʥʳʤ ʦʪ 

ʩʚʦʙʦʜʥʦʛʦ ʚʳʙʦʨʘ ʯʝʣʦʚʝʢʘ. 

ʆʩʚʝʱʝʥʠʝ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʦʩʥʦʚʥʳʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ - ʩʚʝʪʦʚʘʷ 

ʵʥʝʨʛʠʷ (Q), ʩʚʝʪʦʚʦʡ ʧʦʪʦʢ (ʌv), ʩʠʣʘ ʩʚʝʪʘ (Iv), ʦʙʲʝʤʥʘʷ ʧʣʦʪʥʦʩʪʴ ʩʚʝʪʦʚʦʡ 

ʵʥʝʨʛʠʠ (Uv), ʩʚʝʪʠʤʦʩʪʴ (Mv), ʷʨʢʦʩʪʴ (Lv), ʠʥʪʝʛʨʘʣʴʥʘʷ ʷʨʢʦʩʪʴ (ȿv), 

ʵʥʝʨʛʝʪʠʯʝʩʢʘʷ ʩʚʝʪʠʤʦʩʪʴ (Me), ʵʥʝʨʛʝʪʠʯʝʩʢʘʷ ʷʨʢʦʩʪʴ (Le), ʦʩʚʝʱʝʥʥʦʩʪʴ 

(ɽv), ʩʚʝʪʦʚʘʷ ʵʢʩʧʦʟʠʮʠʷ (ʅv), ʩʧʝʢʪʨʘʣʴʥʘʷ ʧʣʦʪʥʦʩʪʴ ʩʚʝʪʦʚʦʡ ʵʥʝʨʛʠʠ (Qvɚ).  

ʉʚʝʪʦʚʘ͕̫ ɻʥʝ͕ʨʛʠ̫ (Q) - ʦʜʥʘ ʠʟ ʦʩʥʦʚʥʳʭ ʬʦʪʦʤʝʪʨʠʯʝʩʢʠʭ ʚʝʣʠʯʠʥ. 

ʍʘʨʘʢʪʝʨʠʟʫʝʪ ʩʧʦʩʦʙʥʦʩʪʴ ʵʥʝʨʛʠʠ. ʕʥʝʨʛʠʷ ʧʝʨʝʥʦʩʠʪʩʷ ʩʚʝʪʦʤ. ʕʥʝʨʛʠʷ 

ʚʳʟʳʚʘʝʪ ʫ ʯʝʣʦʚʝʢʘ ʟʨʠʪʝʣʴʥʳʝ ʦʱʫʱʝʥʠʷ. ʉʚʝʪʦʚʦʡ ʧʦʪʦʢ (ʌv) ï ʚʝʣʠʯʠʥʘ 

ʭʘʨʘʢʪʝʨʠʟʫʝʪ ʢʦʣʠʯʝʩʪʚʦ ʩʚʝʪʦʚʦʡ ʤʦʱʥʦʩʪʠ ʚ ʧʦʪʦʢʝ ʠʟʣʫʯʝʥʠʷ. ʉʚʝʪʦʚʘʷ 

ʤʦʱʥʦʩʪʴ ʵʪʦ ʩʚʝʪʦʚʘʷ ʵʥʝʨʛʠʷ. ʉʚʝʪʦʚʦʡ ʧʦʪʦʢ ʷʚʣʷʝʪʩʷ ʚʝʣʠʯʠʥʦʡ, 

ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦʡ ʧʦʪʦʢʫ ʠʟʣʫʯʝʥʠʷ. ɺʝʣʠʯʠʥʘ çʧʦʪʦʢ ʠʟʣʫʯʝʥʠʷè 

ʦʧʨʝʜʝʣʷʝʪʩʷ ʢʘʢ ʤʦʱʥʦʩʪʴ, ʧʝʨʝʥʦʩʠʤʘʷ ʠʟʣʫʯʝʥʠʝʤ ʯʝʨʝʟ ʢʦʥʢʨʝʪʥʫʶ 

ʧʦʚʝʨʭʥʦʩʪʴ. ʉʠʣʘ ʩʚʝʪʘ (Iv) ï ʬʠʟʠʯʝʩʢʘʷ ʚʝʣʠʯʠʥʘ ʭʘʨʘʢʪʝʨʠʟʫʝʪ 

ʚʝʣʠʯʠʥʫ ʩʚʝʪʦʚʦʡ ʵʥʝʨʛʠʠ. ʉʚʝʪʦʚʘʷ ʵʥʝʨʛʠʷ ʧʝʨʝʥʦʩʠʪʩʷ ʚ ʫʢʘʟʘʥʥʦʤ 

ʥʘʧʨʘʚʣʝʥʠʠ ʚ ʝʜʠʥʠʮʫ ʚʨʝʤʝʥʠ. ʉʠʣʘ ʩʚʝʪʘ ʨʘʚʥʘ ʦʪʥʦʰʝʥʠʶ ʩʚʝʪʦʚʦʛʦ 

ʧʦʪʦʢʘ ʢ ʪʝʣʝʩʥʦʤʫ ʫʛʣʫ. ʆʙʲʝʤʥʘʷ ʧʣʦʪʥʦʩʪʴ ʩʚʝʪʦʚʦʡ ʵʥʝʨʛʠʠ (Uv) ï
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 ʬʠʟʠʯʝʩʢʘʷ ʚʝʣʠʯʠʥʘ. ʆʧʨʝʜʝʣʷʝʪʩʷ ʦʪʥʦʰʝʥʠʝʤ ʩʚʝʪʦʚʦʡ ʵʥʝʨʛʠʠ (dQ) ʢ 

ʤʘʣʦʤʫ ʩʚʝʪʦʚʦʤʫ ʦʙʲʝʤʫ (dV). ʉʚʝʪʠʤʦʩʪʴ (Mv) - ʩʚʝʪʦʚʘʷ ʚʝʣʠʯʠʥʘ. ʇʨʠ 

ʵʪʦʤ ʩʚʝʪʦʚʦʡ ʧʦʪʦʢ ʠʟʣʫʯʝʥʠʷ ʚʳʭʦʜʠʪ ʩ ʤʘʣʦʛʦ ʫʯʘʩʪʢʘ ʩʚʝʪʷʱʝʡʩʷ 

ʧʦʚʝʨʭʥʦʩʪʠ ʝʜʠʥʠʯʥʦʡ ʧʣʦʱʘʜʠ. ʉʚʝʪʠʤʦʩʪʴ ʵʪʦ ʦʪʥʦʰʝʥʠʝ ʩʚʝʪʦʚʦʛʦ 

ʧʦʪʦʢʘ ʢ ʧʣʦʱʘʜʠ ʢʦʥʢʨʝʪʥʦʛʦ ʫʯʘʩʪʢʘ. ʗʨʢʦʩʪʴ (Lv) - ʩʚʝʪʦʚʦʡ ʧʦʪʦʢ. ʗʨʢʦʩʪʴ 

- ʵʪʦ ʦʪʥʦʰʝʥʠʝ ʩʠʣʳ ʩʚʝʪʘ ʢ ʧʣʦʱʘʜʠ ʝʸ ʧʨʦʝʢʮʠʠ ʥʘ ʧʣʦʩʢʦʩʪʴ. ʇʣʦʩʢʦʩʪʴ 

ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʘ ʦʩʠ ʥʘʙʣʶʜʝʥʠʷ. ʀʥʪʝʛʨʘʣʴʥʘʷ ʷʨʢʦʩʪʴ (ȿv) - ʬʠʟʠʯʝʩʢʘʷ 

ʚʝʣʠʯʠʥʘ. ʀʥʪʝʛʨʘʣʴʥʘʷ ʷʨʢʦʩʪʴ ʠʟʤʝʨʷʝʪʩʷ ʚ (ʢʜʩʤ-2). ʕʥʝʨʛʝʪʠ͕ʯʝʩʢʘ̫ 

ʩʚʝʪʠ͕ʤʦʩʪɹ  (Me) - ʬʠʟʠʯʝʩʢʘʷ ʬʦʪʦʤʝʪʨʠʯʝʩʢʘʷ ʚʝʣʠʯʠʥʘ. ʍʘʨʘʢʪʝʨʠʟʫʝʪ 

ʤʦʱʥʦʩʪʴ ʦʧʪʠʯʝʩʢʦʛʦ ʠʟʣʫʯʝʥʠʷ. ʕʥʝʨʛʝʪʠʯʝʩʢʘʷ ʷʨʢʦʩʪʴ (Le) - ʦʪʥʦʰʝʥʠʝ 

ʧʦʪʦʢʘ ʠʟʣʫʯʝʥʠʷ ʢ ʧʣʦʱʘʜʠ ʧʨʦʝʢʮʠʠ ʵʪʦʡ ʧʣʦʱʘʜʢʠ ʥʘ ʧʣʦʩʢʦʩʪʴ, 

ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʫʶ ʥʘʧʨʘʚʣʝʥʠʶ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ, ʠ ʚʝʣʠʯʠʥʝ ʪʝʣʝʩʥʦʛʦ ʫʛʣʘ. 

ʆʩʚʝʱʸʥʥʦʩʪʴ (ɽv) ï ʩʚʝʪʦʚʘʷ ʚʝʣʠʯʠʥʘ, ʨʘʚʥʘʷ ʦʪʥʦʰʝʥʠʶ ʩʚʝʪʦʚʦʛʦ ʧʦʪʦʢʘ ʢ 

ʝʛʦ ʧʣʦʱʘʜʠ. ʉʚʝʪʦʚʘʷ ʵʢʩʧʦʟʠʮʠʷ (ʅv) - ʬʠʟʠʯʝʩʢʘʷ ʚʝʣʠʯʠʥʘ, ʠʟʤʝʨʷʝʤʘʷ ʚ 

(ʣʢĀʩ). ʕʥʝʨʛʝʪʠ͕ʯʝʩʢʘ̫ ɻʢʩʧʦʟʠ͕ʮʠ̫ (ʢʦʣʠʯʝʩʪʚʦ ʦʙʣʫʯʝʥʠʷ) - ʵʪʦ ʦʪʥʦʰʝʥʠʝ 

ʵʥʝʨʛʠʠ ʠʟʣʫʯʝʥʠʷ ʢ ʧʣʦʱʘʜʠ ʵʪʦʛʦ ʵʣʝʤʝʥʪʘ. ɽʜʠʥʠʮʘ ʠʟʤʝʨʝʥʠʷ ʚ ʉʀ ï 

ɼʞ/ʤ2. ʉʧʝʢʪʨʘʣʴʥʘʷ ʧʣʦʪʥʦʩʪʴ ʩʚʝʪʦʚʦʡ ʵʥʝʨʛʠʠ (Qv) ï ʬʠʟʠʯʝʩʢʘʷ 

ʚʝʣʠʯʠʥʘ, ʠʟʤʝʨʷʝʤʘʷ ʚ (ʣʤĀʩĀʤī1). ʉʧʝʢʪʨʘʣʴʥʘʷ ʧʣʦʪʥʦʩʪʴ ʠʟʣʫʯʝʥʠʷ (Qv,ɚ) ï 

ʵʪʦ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʩʧʝʢʪʨʘ ʠʟʣʫʯʝʥʠʷ. ʈʘʚʥʘʷ ʦʪʥʦʰʝʥʠʶ ʠʥʪʝʥʩʠʚʥʦʩʪʠ 

(ʧʣʦʪʥʦʩʪʠ ʧʦʪʦʢʘ) ʠʟʣʫʯʝʥʠʷ ʚ ʫʟʢʦʤ ʯʘʩʪʦʪʥʦʤ ʠʥʪʝʨʚʘʣʝ ʢ ʚʝʣʠʯʠʥʝ ʵʪʦʛʦ 

ʠʥʪʝʨʚʘʣʘ. ʗʚʣʷʝʪʩʷ ʧʨʠʤʝʥʝʥʠʝʤ ʧʦʥʷʪʠʷ ʩʧʝʢʪʨʘʣʴʥʦʡ ʧʣʦʪʥʦʩʪʠ ʤʦʱʥʦʩʪʠ 

ʢ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʤʫ ʠʟʣʫʯʝʥʠʶ. ʕʥʝʨʛʠʷ ʩʚʝʪʦʚʦʛʦ ʧʫʯʢʘ ʥʝʨʘʚʥʦʤʝʨʥʦ 

ʨʘʩʧʨʝʜʝʣʝʥʘ ʧʦ ʚʦʣʥʘʤ ʨʘʟʣʠʯʥʳʭ ʜʣʠʥ. ɿʘʚʠʩʠʤʦʩʪʴ ʯʘʩʪʦʪʳ ʦʪ ʜʣʠʥʳ ʚʦʣʥʳ 

ʦʧʠʩʳʚʘʝʪʩʷ ʢʘʢ (ɚv=c).  

ɽʩʪʝʩʪʚʝʥʥʦʝ ʦʩʚʝʱʝʥʠʝ ʥʘʠʙʦʣʝʝ ʙʣʘʛʦʧʨʠʷʪʥʦ ʜʣʷ ʯʝʣʦʚʝʢʘ. 

ʉʪʨʝʤʣʝʥʠʝ ʢ ʦʧʪʠʤʠʟʘʮʠʠ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʦʩʚʝʱʝʥʠʷ ʧʨʠʚʦʜʠʪ ʢ 

ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʨʝʰʘʪʴ ʜʨʫʛʠʝ ʟʘʜʘʯʠ. ʆʩʚʝʱʝʥʠʝ, ʢʦʪʦʨʦʝ ʩʦʟʜʘʥʦ ʧʨʠʨʦʜʦʡ, 

ʥʘʟʳʚʘʝʪʩʷ ʝʩʪʝʩʪʚʝʥʥʳʤ. ɺʦ ʚʥʫʪʨʝʥʥʠʭ ʧʨʦʩʪʨʘʥʩʪʚʘʭ ʟʜʘʥʠʡ ʝʩʪʝʩʪʚʝʥʥʦʝ 

ʦʩʚʝʱʝʥʠʝ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʯʝʨʝʟ ʚʝʨʭʥʠʝ ʠ ʙʦʢʦʚʳʝ ʩʚʝʪʦʧʨʦʝʤʳ. 
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ʉʧʝʢʪʨʘʣʴʥʳʡ ʩʦʩʪʘʚ ʝʩʪʝʩʪʚʝʥʥʦʛʦ ʦʩʚʝʱʝʥʠʷ ʚʥʫʪʨʝʥʥʠʭ ʧʨʦʩʪʨʘʥʩʪʚ 

ʦʪʣʠʯʘʝʪʩʷ ʦʪ ʩʧʝʢʪʨʘʣʴʥʦʛʦ ʩʦʩʪʘʚʘ ʩʚʝʪʦʚʦʛʦ ʧʦʪʦʢʘ ʩʥʘʨʫʞʠ ʠʟ-ʟʘ ʨʘʟʥʳʭ 

ʟʘʧʦʣʥʝʥʠʡ ʩʚʝʪʦʚʳʭ ʧʨʦʝʤʦʚ. ɼʣʷ ʢʦʣʠʯʝʩʪʚʝʥʥʦʡ ʦʮʝʥʢʠ ʝʩʪʝʩʪʚʝʥʥʦʛʦ 

ʦʩʚʝʱʝʥʠʷ ʩʫʱʝʩʪʚʫʝʪ ʢʦʵʬʬʠʮʠʝʥʪ ʝʩʪʝʩʪʚʝʥʥʦʡ ʦʩʚʝʱʝʥʥʦʩʪʠ. 

ʅʝʨʘʚʥʦʤʝʨʥʦʩʪʴ ʦʩʚʝʱʝʥʠʷ. ʇʦ ʵʪʦʤʫ ʧʨʠʟʥʘʢʫ ʧʦʤʝʱʝʥʠʷ 

ʜʠʬʬʝʨʝʥʮʠʨʫʶʪʩʷ ʚ ʜʚʫʭ ʛʨʫʧʧʘʭ: ʧʦʤʝʱʝʥʠʝ, ʚ ʢʦʪʦʨʳʭ ʪʨʝʙʫʝʪʩʷ 

ʨʘʚʥʦʤʝʨʥʘʷ ʦʩʚʝʱʝʥʥʦʩʪʴ ʨʘʙʦʯʝʡ ʧʦʚʝʨʭʥʦʩʪʠ; ʧʦʤʝʱʝʥʠʝ, ʚ ʢʦʪʦʨʳʭ 

ʪʨʝʙʦʚʘʥʠʷ ʢ ʥʝʨʘʚʥʦʤʝʨʥʦʩʪʠ ʦʩʚʝʱʝʥʥʦʩʪʠ ʦʧʨʝʜʝʣʷʶʪʩʷ ʥʝʦʙʭʦʜʠʤʦʩʪʴʶ 

ʣʫʯʰʝ ʚʳʜʝʣʠʪʴ ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʡ ʧʨʝʜʤʝʪ ʟʘ ʩʯʝʪ ʘʜʘʧʪʘʮʠʠ ʛʣʘʟʘ. 

ʇʨʦʝʢʪʠʨʦʚʱʠʢʠ ʩʪʨʝʤʷʪʩʷ ʩʦʟʜʘʪʴʩʷ ʫʩʣʦʚʠʷ, ʚ ʢʦʪʦʨʳʭ ʬʦʥ 

ʨʘʚʥʦʤʝʨʥʦʡ ʷʨʢʦʩʪʠ ʟʘʥʠʤʘʝʪ ʟʥʘʯʠʪʝʣʴʥʫʶ ʯʘʩʪʴ ʧʦʣʷ ʟʨʝʥʠʷ ʠ ʚʦʟʜʝʡʩʪʚʫʝʪ 

ʥʘ ʯʝʣʦʚʝʢʘ ʥʝʢʦʪʦʨʦʝ ʚʨʝʤʷ (ʷʨʢʦʩʪʴ ʬʦʥʘ L) ʩʦʚʧʘʜʘʝʪ ʩ ʷʨʢʦʩʪʠ ʘʜʘʧʪʘʮʠʠ.  

ʂʦʛʜʘ ʨʘʩʯʝʪʥʦʝ ʧʦʣʝ ʩ ʷʨʢʦʩʪʴʶ (L) ʠʤʝʝʪ ʤʘʣʳʡ ʫʛʣʦʚʦʡ ʨʘʜʠʫʩ ɓ ʧʨʠ 

ʪʝʤʥʦʤ ʦʢʨʫʞʝʥʠʠ, ʦʩʪʨʦʪʘ ʟʨʝʥʠʷ ʟʘʚʠʩʠʪ ʦʪ ɓ ʠ ʟʥʘʯʝʥʠʝ ʫʤʝʥʴʰʘʝʪʩʷ ʩ 

ʫʤʝʥʴʰʝʥʠʝʤ ɓ. ʇʦʥʠʞʘʝʪ ʦʩʪʨʦʪʫ ʟʨʝʥʠʷ ʠ ʙʦʣʝʝ ʷʨʢʦʝ ʦʢʨʫʞʝʥʠʝ. 

ʆʪʨʠʮʘʪʝʣʴʥʦ ʚʣʠʷʶʪ ʠ ʙʦʣʝʝ ʷʨʢʠʝ ʧʷʪʥʘ ʥʘ ʧʝʨʠʬʝʨʠʠ ʧʦʣʷ ʟʨʝʥʠʷ. ʅʠʢʘʢʦʝ 

ʦʩʚʝʱʝʥʠʝ ʥʝ ʩʦʟʜʘʝʪ ʨʘʚʥʦʤʝʨʥʦʡ ʦʩʚʝʱʝʥʥʦʩʪʠ ʦʢʨʫʞʘʶʱʝʡ ʚʥʫʪʨʝʥʥʝʡ 

ʩʨʝʜʳ ʠʣʠ ʦʜʠʥʘʢʦʚʦʛʦ ʫʨʦʚʥʷ ʷʨʢʦʩʪʠ ʠʭ. ʅʝʨʘʚʥʦʤʝʨʥʦʩʪʴ ʦʩʚʝʱʝʥʠʷ 

ʥʝʦʙʭʦʜʠʤʦ ʢʦʥʪʨʦʣʠʨʦʚʘʪʴ, ʨʘʩʩʯʠʪʳʚʘʪʴ, ʨʝʛʫʣʠʨʦʚʘʪʴ. ʀ ʵʪʦ ʷʚʣʷʝʪʩʷ ʦʜʥʦʡ 

ʠʟ ʦʩʥʦʚʥʳʭ ʟʘʜʘʯ ʢʦʤʬʦʨʪʥʦʛʦ ʦʩʚʝʱʝʥʠʷ. 

ʆʩʣʝʧʣʝʥʥʦʩʪʴ. ʇʦʷʚʣʝʥʠʝ ʷʨʢʠʭ ʧʷʪʝʥ ʚʦ ʧʦʤʝʱʝʥʠʠ ʟʜʘʥʠʷ, ʢʦʪʦʨʳʝ 

ʚʣʠʷʶʪ ʥʘ ʬʫʥʢʮʠʠ ʟʨʝʥʠʷ, ʥʘʟʳʚʘʝʪʩʷ ʦʩʣʝʧʣʝʥʥʳʤ ʠʩʪʦʯʥʠʢʦʤ. 

ʇʦʢʘʟʘʪʝʣʴ ʦʩʣʝʧʣʝʥʥʦʩʪʠ (ʈ) ï ʢʨʠʪʝʨʠʡ ʩʣʝʧʷʱʝʛʦ ʜʝʡʩʪʚʠʷ ʠʩʪʦʯʥʠʢʘ 

ʩʚʝʪʘ, ʢʦʪʦʨʳʡ ʦʧʨʝʜʝʣʷʝʪʩʷ ʚʳʨʘʞʝʥʠʝʤ:  

        

ʛʜʝ S - ʢʦʵʬʬʠʮʠʝʥʪ ʦʩʣʝʧʣʝʥʥʦʩʪʠ, ʨʘʚʥʳʡ V1 /V2; V1  ï ʚʠʜʠʤʦʩʪʴ 

ʦʙʲʝʢʪʘ ʥʘʙʣʶʜʝʥʠʷ ʧʨʠ ʵʢʨʘʥʠʨʦʚʘʥʠʠ ʙʣʝʩʢʠʭ ʠʩʪʦʯʥʠʢʦʚ ʩʚʝʪʘ; V2 ï 

ʚʠʜʠʤʦʩʪʴ ʦʙʲʝʢʪʘ ʥʘʙʣʶʜʝʥʠʷ ʧʨʠ ʥʘʣʠʯʠʠ ʙʣʝʩʢʠʭ ʠʩʪʦʯʥʠʢʦʚ ʩʚʝʪʘ ʚ ʧʦʣʝ 
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ʟʨʝʥʠʷ. ʇʨʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ ʧʦʢʘʟʘʪʝʣʴ ʦʩʣʝʧʣʝʥʥʦʩʪʠ ʨʘʩʩʯʠʪʳʚʘʝʪʩʷ 

ʠʥʞʝʥʝʨʥʳʤ ʩʧʦʩʦʙʦʤ.  

ɹʣʝʩʢ ʠʩʪʦʯʥʠʢʘ ʩʚʝʪʘ ʦʩʣʝʧʣʷʝʪ (ʧʦʚʳʰʘʝʪʩʷ ʧʦʨʦʛʦʚʳʡ ʢʦʥʪʨʘʩʪ (ʂ). 

ʇʦʨʦʛʦʚʳʡ ʢʦʥʪʨʘʩʪ (ʂʚ) ʩʦʟʜʘʝʪ ʚʫʘʣʠʨʫʶʱʫʶ ʷʨʢʦʩʪʴ (Lʚ). 

            

ʕʪʦ ʦʪʥʦʰʝʥʠʝ ʷʚʣʷʝʪʩʷ ʦʩʥʦʚʘʥʠʝʤ ʜʣʷ ʚʚʝʜʝʥʠʷ ʧʦʢʘʟʘʪʝʣʷ ʙʣʸʩʢʦʩʪʠ 

          

ɺʝʣʠʯʠʥʘ Lʚ  ʚʳʯʠʩʣʷʝʪʩʷ ʧʦ ʨʝʢʦʤʝʥʜʘʮʠʠ ʄʝʞʜʫʥʘʨʦʜʥʦʡ ʢʦʤʠʩʩʠʠ ʧʦ 

ʦʩʚʝʱʝʥʠʶ            ,       

ʛʜʝ ɽ ï ʦʩʚʝʱʝʥʥʦʩʪʴ ʦʪ ʙʣʸʩʢʦʛʦ ʠʩʪʦʯʥʠʢʘ, ʣʢ; ɗ ï ʫʛʦʣ ʤʝʞʜʫ 

ʥʘʧʨʘʚʣʝʥʠʝʤ ʥʘ ʙʣʸʩʢʠʡ ʠʩʪʦʯʥʠʢ ʠ ʟʨʠʪʝʣʴʥʦʡ ʦʩʴʶ ʥʘʙʣʶʜʘʪʝʣʷ; mʚ ï 

ʧʦʩʪʦʷʥʥʳʡ ʢʦʵʬʬʠʮʠʝʥʪ. 

ɼʠʩʢʦʤʬʦʨʪ ï ʥʘʣʠʯʠʝ ʚ ʧʦʣʝ ʟʨʝʥʠʷ ʷʨʢʠʭ ʧʷʪʝʥ, ʧʨʝʚʳʰʘʶʱʠʝ 

ʷʨʢʦʩʪʴ ʘʜʘʧʪʘʮʠʠ ʠ ʚʳʟʳʚʘʶʱʠʝ ʥʝʧʨʠʷʪʥʳʝ ʦʱʫʱʝʥʠʷ. ɺ ʩʪʨʦʠʪʝʣʴʥʳʭ 

ʥʦʨʤʘʭ ʋʢʨʘʠʥʳ ʦʙʦʟʥʘʯʝʥ ʠ ʦʧʨʝʜʝʣʷʝʪʩʷ ʟʨʠʪʝʣʴʥʳʡ ʜʠʩʢʦʤʬʦʨʪ. 

ɿʨʠʪʝʣʴʥʳʡ ʜʠʩʢʦʤʬʦʨʪ - ʵʪʦ ʦʱʫʱʝʥʠʝ ʥʝʫʜʦʙʩʪʚʘ ʠʣʠ ʥʘʧʨʷʞʝʥʠʷ.  

ʇʨʠʣʦʞʝʥʠʝ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʭ ʩʪʨʦʠʪʝʣʴʥʳʭ ʥʦʨʤ ʋʢʨʘʠʥʳ 

çɽʩʪʝʩʪʚʝʥʥʦʝ ʠ ʠʩʢʫʩʩʪʚʝʥʥʦʝ ʦʩʚʝʱʝʥʠʝè ʠʤʝʝʪ ʧʦʢʘʟʘʪʝʣʴ ʜʠʩʢʦʤʬʦʨʪʘ ɀ.  

ʇʦʢʘʟʘʪʝʣʴ ʜʠʩʢʦʤʬʦʨʪʘ ʷʚʣʷʝʪʩʷ ʢʨʠʪʝʨʠʝʤ ʦʮʝʥʢʠ ʥʝʢʦʤʬʦʨʪʥʦʡ 

ʙʣʠʩʪʘʪʝʣʴʥʦʩʪʠ.  ʇʦʢʘʟʘʪʝʣʴ ʜʠʩʢʦʤʬʦʨʪʘ ʚʳʟʳʚʘʝʪ ʥʝʧʨʠʷʪʥʳʝ ʦʱʫʱʝʥʠʷ 

ʧʨʠ ʨʘʩʧʨʝʜʝʣʝʥʠʠ ʷʨʢʦʩʪʠ ʚ ʧʦʣʝ ʟʨʝʥʠʷ ʠ ʦʧʨʝʜʝʣʷʝʪʩʷ ʬʦʨʤʫʣʦʡ: 

5,0

ʘʜ0

5,0

.

.

L

L
ʄ c

j

w
=  Ÿ min, 

ʛʜʝ Lc ï ʷʨʢʦʩʪʴ ʩʚʝʨʢʘʶʱʝʛʦ ʠʩʪʦʯʥʠʢʘ, ʢʜ/ʤ
2; ɤ ï ʫʛʣʦʚʦʡ ʨʘʟʤʝʨ 

ʩʚʝʨʢʘʶʱʝʛʦ ʠʩʪʦʯʥʠʢʘ, ʩʪʝʨ; űʦ  ï ʠʥʜʝʢʩ ʧʦʟʠʮʠʠ ʩʚʝʨʢʘʶʱʝʛʦ ʠʩʪʦʯʥʠʢʘ 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʣʠʥʠʠ ʟʨʝʥʠʷ; Lʘʜï - ̫ ʨʢʦʩʪʴ ʘʜʘʧʪʘʮʠʠ, ʢʜ/ʤ
2.  
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ʀʟ ʢʦʣʠʯʝʩʪʚʝʥʥʳʭ ʤʝʪʦʜʦʚ ʦʧʨʝʜʝʣʝʥʠʷ ʜʠʩʢʦʤʬʦʨʪʘ ʩʫʱʝʩʪʚʫʝʪ 

ʠʟʚʝʩʪʥʳʡ ʤʝʪʦʜ ʄ.ʄ. ɽʧʘʰʥʠʢʦʚʘ [19]: 

,   

ʛʜʝ   - ʷʨʢʦʩʪʴ ʧʷʪʥʘ;   ï ʨʘʟʤʝʨ ʩʚʝʪʦʚʦʛʦ ʧʷʪʥʘ (ʪʝʣʝʩʥʳʡ ʫʛʦʣ), ʩʨ;  

  ï ʷʨʢʦʩʪʴ ʘʜʘʧʪʘʮʠʠ;  ï ʠʥʜʝʢʩ ʧʦʟʠʮʠʠ [20].  

ʂʦʤʬʦʨʪʥʳʝ ʫʩʣʦʚʠʷ - ʵʪʦ ʬʫʥʢʮʠʦʥʘʣʴʥʳʝ ʠ ʵʢʦʣʦʛʠʯʝʩʢʠʝ ʢʨʠʪʝʨʠʠ ʚ 

ʘʨʭʠʪʝʢʪʫʨʝ. ʌʫʥʢʮʠʦʥʘʣʴʥʳʡ ʢʦʤʬʦʨʪ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʢʘʢ ʦʧʪʠʤʘʣʴʥʳʡ 

ʬʫʥʢʮʠʦʥʘʣʴʥʦʝ ʩʦʩʪʦʷʥʠʝ. ʌʫʥʢʮʠʦʥʘʣʴʥʳʡ ʢʦʤʬʦʨʪ (ʢʘʢ ʩʠʩʪʝʤʥʦʝ 

ʦʙʨʘʟʦʚʘʥʠʝ) ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʜʚʘ ʙʘʟʦʚʳʭ ʢʦʤʧʦʥʝʥʪʘ - ʧʩʠʭʦʣʦʛʠʯʝʩʢʠʡ ʠ 

ʬʠʟʠʦʣʦʛʠʯʝʩʢʠʡ. 

 ʉʦʟʜʘʥʠʝ ʩʚʝʪʦʚʦʡ ʢʦʤʬʦʨʪʥʦʡ ʩʨʝʜʳ ʜʣʷ ʞʠʟʥʠ ʯʝʣʦʚʝʢʘ ʚʧʦʣʥʝ 

ʚʦʟʤʦʞʥʦ. ʂʦʤʬʦʨʪʥʘʷ ʩʨʝʜʘ - ʵʪʦ ʩʠʩʪʝʤʘ, ʦʙʝʩʧʝʯʠʚʘʶʱʘʷ ʬʫʥʢʮʠʦʥʘʣʴʥʳʡ, 

ʚʠʟʫʘʣʴʥʦ-ʵʩʪʝʪʠʯʝʩʢʠʡ ʢʦʤʬʦʨʪ ʚ ʩʨʝʜʝ ʠʥʪʝʨʴʝʨʘ ʠ ʵʢʩʪʝʨʴʝʨʘ [21]. 

 ʕʢʦʥʦʤʠʯʝʩʢʠ ʚʳʛʦʜʥʳʝ ʩʠʩʪʝʤʳ ʧʝʨʝʨʘʩʧʨʝʜʝʣʝʥʠʷ ʩʚʝʪʦʚʦʛʦ ʧʦʪʦʢʘ, 

ʢʦʪʦʨʳʝ ʠʤʝʶʪ ʩʧʝʮʠʘʣʴʥʳʝ ʟʘʧʦʣʥʝʥʠʷ ʦʢʦʥʥʳʭ ʧʨʦʝʤʦʚ.  ʉʚʝʪ ʥʘʧʨʘʚʣʷʝʪʩʷ 

ʜʘʣʴʰʝ ʦʪ ʦʢʥʘ (ʚʛʣʫʙʴ ʧʦʤʝʱʝʥʠʷ).  ʋʚʝʣʠʯʠʚʘʝʪʩʷ ʨʘʚʥʦʤʝʨʥʦʩʪʴ ʦʩʚʝʱʝʥʠʷ, 

ʫʚʝʣʠʯʠʚʘʶʪʩʷ ʛʘʙʘʨʠʪʳ ʧʦʤʝʱʝʥʠʷ [22]. ɽʚʨʦʧʝʡʩʢʠʝ ʘʨʭʠʪʝʢʪʦʨʳ, 

ʜʠʟʘʡʥʝʨʳ, ʠʥʞʝʥʝʨʳ ʠʩʧʦʣʴʟʫʶʪ ʜʣʷ ʨʘʩʯʝʪʘ ʦʩʚʝʱʝʥʥʦʩʪʠ ʢʦʤʧʴʶʪʝʨʥʳʝ 

ʤʝʪʦʜʳ [23]. ʇʨʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ ʧʦʢʘʟʘʪʝʣʴ ʟʨʠʪʝʣʴʥʦʛʦ ʜʠʩʢʦʤʬʦʨʪʘ ʠ 

ʢʦʤʬʦʨʪʘ ʨʘʩʩʯʠʪʳʚʘʝʪʩʷ ʠʥʞʝʥʝʨʥʳʤ ʤʝʪʦʜʦʤ. 

ʆʜʥʦʡ ʠʟ ʦʩʥʦʚʥʳʭ ʟʘʜʘʯ ʠʩʩʣʝʜʦʚʘʥʠʷ - ʧʨʝʜʣʦʞʠʪʴ ʨʘʩʯʝʪ ʧʦʢʘʟʘʪʝʣʷ 

ʟʦʥʳ ʢʦʤʬʦʨʪʘ ʉ. ɼʠʘʛʨʘʤʤʘ ʜʣʷ ʥʘʭʦʞʜʝʥʠʷ ʟʦʥʳ ʜʠʩʢʦʤʬʦʨʪʘ ʜʘʝʪ 

ʚʦʟʤʦʞʥʦʩʪʴ ʥʘʡʪʠ ʟʦʥʫ ʢʦʤʬʦʨʪʘ ʩʚʝʪʦʚʦʡ ʩʨʝʜʳ (ʨʠʩ.1) [24]. 
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ʈʠʩ. 1. ɼʠʘʛʨʘʤʤʘ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʟʦʥʳ ʢʦʤʬʦʨʪʘ 

ʇʦʢʘʟʘʪʝʣʝʤ ʟʦʥʳ ʢʦʤʬʦʨʪʘ ʉ (ʨʠʩ.1) ʷʚʣʷʝʪʩʷ ʢʨʠʪʝʨʠʡ ʦʮʝʥʢʠ 

ʢʦʤʬʦʨʪʥʦʡ ʙʣʝʩʢʦʩʪʠ. ʇʦʢʘʟʘʪʝʣʴ ʟʦʥʳ ʢʦʤʬʦʨʪʘ ʚʣʠʷʝʪ ʥʘ ʙʣʘʛʦʧʨʠʷʪʥʫʶ 

ʩʚʝʪʦʚʫʶ ʩʨʝʜʫ ʚ ʠʥʪʝʨʴʝʨʝ, ʩʦʟʜʘʝʪ ʦʧʪʠʤʘʣʴʥʳʡ ʧʦʜʙʦʨ ʧʘʨʘʤʝʪʨʦʚ 

ʦʩʚʝʱʝʥʠʷ ʠ ʦʧʨʝʜʝʣʷʝʪʩʷ ʤʘʪʝʤʘʪʠʯʝʩʢʠʤ ʚʳʨʘʞʝʥʠʝʤ: 

, 

ʛʜʝ ʊʩ ï ʮʚʝʪʦʚʘʷ ʪʝʤʧʝʨʘʪʫʨʘ ʠʟʣʫʯʘʪʝʣʷ (ʪʝʤʧʝʨʘʪʫʨʘ ʇʣʘʥʢʘ ʯʝʨʥʦʛʦ 

ʪʝʣʘ); 

ɽm - ʩʚʦʙʦʜʥʳʡ ʢʦʵʬʬʠʮʠʝʥʪ ʦʩʚʝʱʝʥʥʦʩʪʠ (ɽm = 8, 25, 130 ... - 

ʜʠʘʛʨʘʤʤʘ ʜʣʷ ʥʘʭʦʞʜʝʥʠʷ ʟʦʥʳ ʢʦʤʬʦʨʪʘ); ɸ1 ï ʢʨʠʚʘʷ ʟʦʥʳ ʜʠʩʢʦʤʬʦʨʪʘ ʧʨʠ 

ʥʝʜʦʩʪʘʪʦʯʥʦʡʦʩʚʝʱʝʥʥʦʩʪʠ (ɸ1= ʊʩ); ɸ2 ï ʢʨʠʚʘʷ ʟʦʥʳ ʜʠʩʢʦʤʬʦʨʪʘ ʧʨʠ 

ʤʦʱʥʦʡ ʦʩʚʝʱʝʥʥʦʩʪʠ (ɸ2= ʊʩ2 + ɽm); (ɸ2 - ɸ1) ï ʢʦʤʬʦʨʪʥʳʡ ʠʥʪʝʨʚʘʣ 

ʦʩʚʝʱʝʥʥʦʩʪʠ [25]. 

ɺʳʚʦʜʳ ʠ ʧʝʨʩʧʝʢʪʠʚʳ ʜʘʣʴʥʝʡʰʝʛʦ ʨʘʟʚʠʪʠʷ. ɺ ʨʝʟʫʣʴʪʘʪʝ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʙʳʣʠ ʚʳʷʚʣʝʥʳ ʦʩʥʦʚʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʦʩʚʝʱʝʥʠʷ; ʨʘʩʢʨʳʪʳ 

ʦʩʦʙʝʥʥʦʩʪʠ ʬʦʨʤʠʨʦʚʘʥʠʷ ʢʦʤʬʦʨʪʥʦʡ ʘʨʭʠʪʝʢʪʫʨʥʦʡ ʩʚʝʪʦʚʦʡ ʩʨʝʜʳ; 

ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥʳ ʧʦʢʘʟʘʪʝʣʠ: ʦʩʣʝʧʣʝʥʥʦʩʪʴ, ʥʝʨʘʚʥʦʤʝʨʥʦʩʪʴ ʦʩʚʝʱʝʥʠʷ, 

ʜʠʩʢʦʤʬʦʨʪ ʦʩʚʝʱʝʥʠʷ; ʦʧʨʝʜʝʣʝʥʳ ʢʦʤʧʦʥʝʥʪʳ ʦʩʚʝʱʝʥʥʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ; 

ʫʢʘʟʘʥʳ ʩʧʦʩʦʙʳ ʨʘʩʯʝʪʘ ʢʦʤʬʦʨʪʥʳʭ ʫʩʣʦʚʠʡ ʦʩʚʝʱʝʥʠʷ. ʉʚʝʪʦʚʦʡ ʢʦʤʬʦʨʪ - 
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ʵʪʦ ʛʣʘʚʥʳʡ ʬʘʢʪʦʨ, ʦʪ ʢʦʪʦʨʦʛʦ ʥʘʧʨʷʤʫʶ ʟʘʚʠʩʠʪ ʚʦʟʤʦʞʥʦʩʪʴ ʧʦʩʪʠʞʝʥʠʷ 

ʦʢʨʫʞʘʶʱʝʡ ʜʝʡʩʪʚʠʪʝʣʴʥʦʩʪʠ.  ʆʥ ʩʦʜʝʨʞʠʪ ʚ ʩʝʙʝ ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ 

ʢʦʥʥʦʪʘʮʠʡ ʠ ʦʩʪʘʝʪʩʷ ʦʙʲʝʢʪʦʤ ʧʨʠʩʪʘʣʴʥʦʛʦ ʚʥʠʤʘʥʠʷ ʬʠʣʦʩʦʬʦʚ, 

ʧʨʝʜʩʪʘʚʠʪʝʣʝʡ ʨʘʟʣʠʯʥʳʭ ʚʠʜʦʚ ʠʩʢʫʩʩʪʚʘ ʠ ʘʨʭʠʪʝʢʪʦʨʦʚ ʥʘ ʧʨʦʪʷʞʝʥʠʠ 

ʚʩʝʛʦ ʧʝʨʠʦʜʘ ʩʫʱʝʩʪʚʦʚʘʥʠʷ ʯʝʣʦʚʝʯʝʩʪʚʘ. ʀʩʩʣʝʜʦʚʘʥʘ ʵʚʦʣʶʮʠʷ 

ʪʝʦʨʝʪʠʯʝʩʢʦʛʦ ʟʥʘʥʠʷ ʚ ʦʙʣʘʩʪʠ ʧʦʥʠʤʘʥʠʷ ʨʦʣʠ ʤʠʨʦʚʦʛʦ ʢʦʤʬʦʨʪʘ ʚ 

ʘʨʭʠʪʝʢʪʫʨʝ. ʋʢʘʟʘʥʥʳʝ ʵʪʘʧʳ ʬʦʨʤʠʨʦʚʘʥʠʷ ʘʨʭʠʪʝʢʪʫʨʳ ʩʚʝʪʘ, 

ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʦʧʨʝʜʝʣʝʥʥʳʤ ʢʦʤʧʣʝʢʩʦʤ ʧʨʝʜʩʪʘʚʣʝʥʠʡ ʦ ʩʚʝʪʝ ʚ ʢʦʥʪʝʢʩʪʝ 

ʬʠʣʦʩʦʬʠʠ, ʢʫʣʴʪʫʨʳ ʠ ʥʘʫʢʠ.   

ʉʬʦʨʤʫʣʠʨʦʚʘʥʳ ʧʨʠʥʮʠʧʳ ʬʦʨʤʠʨʦʚʘʥʠʷ ʘʨʭʠʪʝʢʪʫʨʥʦ 

ʭʫʜʦʞʝʩʪʚʝʥʥʦʛʦ ʦʙʨʘʟʘ ʚʥʫʪʨʝʥʥʝʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ ʟʜʘʥʠʡ ʩʨʝʜʩʪʚʘʤʠ ʩʚʝʪʘ: 

ʩʚʝʪ ʢʘʢ ʩʨʝʜʩʪʚʦ ʪʨʘʥʩʣʷʮʠʠ ʩʤʳʩʣʦʚ; ʩʚʝʪ ʢʘʢ ʬʘʢʪʦʨ, ʩʪʠʤʫʣʠʨʫʶʱʠʡ 

ʜʚʠʞʝʥʠʝ; ʩʚʝʪ ʢʘʢ ʩʨʝʜʩʪʚʦ ʚʳʷʚʣʝʥʠʷ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʚʥʫʪʨʝʥʥʝʛʦ ʠ 

ʚʥʝʰʥʝʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ; ʩʚʝʪ ʢʘʢ ʤʘʪʝʨʠʘʣ ʩʪʨʦʠʪʝʣʴʩʪʚʘ ʟʨʠʪʝʣʴʥʳʭ ʦʙʨʘʟʦʚ; 

ʩʚʝʪ ʢʘʢ ʠʥʩʪʨʫʤʝʥʪ ʩʦʟʜʘʥʠʷ ʦʩʦʙʦʡ ʘʪʤʦʩʬʝʨʳ ʘʨʭʠʪʝʢʪʫʨʥʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ. 

ʇʨʝʜʣʦʞʝʥ ʨʘʩʯʝʪ ʧʦʢʘʟʘʪʝʣʷ ʟʦʥʳ ʢʦʤʬʦʨʪʘ ʜʣʷ ʫʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʷ ʠ 

ʜʦʧʦʣʥʝʥʠʷ ʥʦʨʤʘʪʠʚʥʳʭ ʜʦʢʫʤʝʥʪʦʚ ʧʦ ʦʩʚʝʱʝʥʠʶ, ʦʪ ʢʦʪʦʨʦʛʦ ʟʘʚʠʩʠʪ 

ʨʝʰʝʥʠʝ ʧʨʦʙʣʝʤ ʦʙʝʩʧʝʯʝʥʠʷ ʢʘʯʝʩʪʚʝʥʥʦʡ ʘʨʭʠʪʝʢʪʫʨʥʦʡ ʩʚʝʪʦʚʦʡ ʩʨʝʜʳ. 

ʉʚʝʪ ʚ ʘʨʭʠʪʝʢʪʫʨʥʦʡ ʪʝʦʨʠʠ ʠ ʧʨʘʢʪʠʢʝ ʠʟʫʯʝʥ ʚ ʨʘʤʢʘʭ ʩʚʝʪʦʣʦʛʠʠ. 

ʀʥʪʝʨʧʨʝʪʘʮʠʷ ʧʨʦʮʝʩʩʘ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩʚʝʪʘ ʠ ʘʨʭʠʪʝʢʪʫʨʳ ʜʘʝʪ 

ʚʦʟʤʦʞʥʦʩʪʴ ʦʙʲʝʢʪʠʚʠʟʠʨʦʚʘʪʴ ʩʫʙʲʝʢʪʠʚʥʳʝ ʧʨʦʮʝʩʩʳ ʚʦʩʧʨʠʷʪʠʷ ʯʝʣʦʚʝʢʦʤ 

ʢʦʤʬʦʨʪʥʦʡ ʩʚʝʪʦʚʦʡ ʩʨʝʜʳ. ʇʨʦʚʝʜʝʥ ʢʦʤʧʣʝʢʩʥʳʡ ʘʥʘʣʠʟ ʪʚʦʨʯʝʩʪʚʘ 

ʩʦʚʨʝʤʝʥʥʳʭ ʘʨʭʠʪʝʢʪʦʨʦʚ, ʢʦʪʦʨʳʝ ʠʩʧʦʣʴʟʫʶʪ ʩʚʝʪ ʢʘʢ ʩʨʝʜʩʪʚʦ 

ʬʦʨʤʠʨʦʚʘʥʠʷ ʘʨʭʠʪʝʢʪʫʨʥʦ-ʭʫʜʦʞʝʩʪʚʝʥʥʦʡ ʢʦʤʬʦʨʪʥʦʡ ʩʨʝʜʳ.  

ɺʳʷʚʣʝʥʳ ʘʩʧʝʢʪʳ ʪʚʦʨʯʝʩʢʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ ʩʦʚʨʝʤʝʥʥʳʭ 

ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ: ʤʝʪʘʬʠʟʠʯʝʩʢʠʡ; ʧʦʚʝʜʝʥʯʝʩʢʠʡ (ʯʪʦ ʚʣʠʷʝʪ ʥʘ ʧʩʠʭʠʯʝʩʢʦʝ ʠ 

ʵʤʦʮʠʦʥʘʣʴʥʦʝ ʩʦʩʪʦʷʥʠʝ ʠ ʧʦʚʝʜʝʥʯʝʩʢʠʝ ʨʝʘʢʮʠʠ ʣʶʜʝʡ); ʢʦʥʪʝʢʩʪʫʘʣʴʥʳʡ 

(ʥʘʧʨʘʚʣʝʥ ʥʘ ʚʳʷʚʣʝʥʠʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʘʨʭʠʪʝʢʪʫʨʥʳʭ ʦʙʲʝʢʪʦʚ ʠ 

ʢʦʥʪʝʢʩʪʘ); ʵʩʪʝʪʠʯʝʩʢʠʡ (ʚʳʷʚʣʷʝʪ ʵʩʪʝʪʠʯʝʩʢʠʝ ʢʘʯʝʩʪʚʘ ʤʘʪʝʨʠʘʣʦʚ); 
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ʵʤʦʮʠʦʥʘʣʴʥʳʡ (ʥʘʧʨʘʚʣʝʥ ʥʘ ʜʦʩʪʠʞʝʥʠʝ ʦʩʦʙʦʡ ʘʪʤʦʩʬʝʨʳ ʘʨʭʠʪʝʢʪʫʨʥʦʛʦ 

ʧʨʦʩʪʨʘʥʩʪʚʘ). 

ʇʨʦʚʝʜʝʥʥʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʥʝ ʠʩʯʝʨʧʳʚʘʝʪ ʚʩʝ ʚʦʧʨʦʩʳ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ 

ʦʩʚʝʱʝʥʥʦʩʪʠ ʠ ʧʨʦʩʪʨʘʥʩʪʚʘ. ɼʘʣʴʥʝʡʰʝʛʦ ʠʟʫʯʝʥʠʷ ʪʨʝʙʫʶʪ ʚʦʧʨʦʩʳ, 

ʩʚʷʟʘʥʥʳʝ ʩ ʢʦʤʧʴʶʪʝʨʥʳʤ ʤʦʜʝʣʠʨʦʚʘʥʠʝʤ ʩʚʝʪʦʚʦʡ ʩʨʝʜʳ, ʦʩʥʦʚʘʥʥʦʝ ʥʘ 

ʜʘʥʥʳʭ ʦ ʩʚʝʪʦʚʦʤ ʢʣʠʤʘʪʝ ʤʝʩʪʥʦʩʪʠ. ʂʦʤʧʴʶʪʝʨʥʘʷ ʤʦʜʝʣʴ ʧʦʟʚʦʣʷʝʪ ʩ 

ʚʳʩʦʢʦʡ ʪʦʯʥʦʩʪʴʶ ʧʨʦʛʥʦʟʠʨʦʚʘʪʴ ʩʦʩʪʦʷʥʠʷ ʦʩʚʝʱʝʥʥʦʩʪʠ, ʜʘʚʘʷ 

ʚʦʟʤʦʞʥʦʩʪʴ ʘʨʭʠʪʝʢʪʦʨʘʤ ʚʟʚʝʰʝʥʥʦ ʧʦʜʭʦʜʠʪʴ ʢ ʩʦʟʜʘʥʠʶ ʦʙʨʘʟʘ 

ʘʨʭʠʪʝʢʪʫʨʥʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ.  

ʄʘʣʦʠʟʫʯʝʥʥʳʤʠ ʦʩʪʘʶʪʩʷ ʚʦʧʨʦʩʳ, ʩʚʷʟʘʥʥʳʝ ʩ ʵʢʦʣʦʛʠʝʡ ʩʚʝʪʘ. 

ʇʝʨʩʧʝʢʪʠʚʥʳʤ ʥʘʧʨʘʚʣʝʥʠʝʤ ʷʚʣʷʝʪʩʷ ʠʩʩʣʝʜʦʚʘʥʠʝ ʩʚʷʟʠ ʵʤʦʮʠʦʥʘʣʴʥʦʛʦ 

ʩʦʩʪʦʷʥʠʷ ʣʶʜʝʡ ʩ ʩʦʟʜʘʥʥʦʡ ʝʩʪʝʩʪʚʝʥʥʳʤ ʩʚʝʪʦʤ ʘʪʤʦʩʬʝʨʦʡ ʘʨʭʠʪʝʢʪʫʨʥʦʛʦ 

ʧʨʦʩʪʨʘʥʩʪʚʘ, ʘ ʪʘʢʞʝ ʠʟʫʯʝʥʠʝʤ ʧʦʚʝʜʝʥʯʝʩʢʠʭ ʨʝʘʢʮʠʡ ʯʝʣʦʚʝʢʘ ʥʘ 

ʚʦʩʧʨʠʷʪʠʝ ʩʚʝʪʘ.  

ɸʢʪʫʘʣʴʥʦʡ ʪʝʤʦʡ ʜʘʣʴʥʝʡʰʠʭ ʨʘʟʨʘʙʦʪʦʢ ʷʚʣʷʝʪʩʷ ʩʠʩʪʝʤʘʪʠʟʘʮʠʷ 

ʪʝʭʥʠʯʝʩʢʠʭ ʩʨʝʜʩʪʚ, ʧʨʠʤʝʥʷʝʤʳʭ ʚ ʩʦʚʨʝʤʝʥʥʦʤ ʘʨʭʠʪʝʢʪʫʨʥʦʤ 

ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ, ʜʣʷ ʜʦʩʪʠʞʝʥʠʷ ʦʧʨʝʜʝʣʝʥʥʳʭ ʢʘʯʝʩʪʚ ʝʩʪʝʩʪʚʝʥʥʦʛʦ ʩʚʝʪʘ ʚ 

ʧʨʦʩʪʨʘʥʩʪʚʝ. ʆʪʜʝʣʴʥʦʛʦ ʚʥʠʤʘʥʠʷ ʟʘʩʣʫʞʠʚʘʶʪ ʪʝʭʥʠʯʝʩʢʠʝ ʠ ʵʩʪʝʪʠʯʝʩʢʠʝ 

ʚʦʟʤʦʞʥʦʩʪʠ, ʦʪʢʨʳʚʘʶʱʠʝʩʷ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʠʥʥʦʚʘʮʠʦʥʥʳʭ 

ʩʚʝʪʦʢʦʤʧʦʟʠʪʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʠ ʩʚʝʪʦʚʦʜʦʚ. ɼʝʪʘʣʴʥʦʛʦ ʠʟʫʯʝʥʠʷ ʪʨʝʙʫʝʪ ʪʝʤʘ  

ʚʟʘʠʤʦʩʚʷʟʠ ʝʩʪʝʩʪʚʝʥʥʦʛʦ ʠ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʦʩʚʝʱʝʥʠʷ, ʠʭ 

ʚʟʘʠʤʦʚʣʠʷʥʠʝ ʚ ʠʩʪʦʨʠʯʝʩʢʦʡ ʧʝʨʩʧʝʢʪʠʚʝ, ʘ ʪʘʢʞʝ ʚʦʟʤʦʞʥʦʩʪʴ 

ʪʨʘʥʩʬʦʨʤʠʨʦʚʘʪʴ, ʜʦʧʦʣʥʷʪʴ ʠ ʜʫʙʣʠʨʦʚʘʪʴ ʩʚʦʡʩʪʚʘ ʜʨʫʛ ʜʨʫʛʘ. 
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ʊʝʤʘʪʠʢʘ: ɯʥʰʽ ʧʨʦʬʝʩʽʡʥʽ ʥʘʫʢʠ 

 

ʋɼʂ 546.185 

ɺʀʈʆʑʋɺɸʅʅʗ ʄʆʅʆʂʈʀʉʊɸʃɯɺ ʇʆɼɺɯʁʅʆɻʆ ʇʆʃɯʌʆʉʌɸʊʋ 

NaMn(PO3)3 ʊɸ ʁʆɻʆ ʉʊʈʋʂʊʋʈɸ 

 

ɻʘʣʽʤʦʚʘ ɺ.ʄ., ʃʘʚʨʠʢ ʈ.ɺ.  

ʢʘʥʜʠʜʘʪʠ ʭʽʤʽʯʥʠʭ ʥʘʫʢ, 

ʅʋɹʽʇ ʋʢʨʘʾʥʠ 

 

ɸʥʦʪʘʮʽʷ. ʇʽʜʽʙʨʘʥʽ ʦʧʪʠʤʘʣʴʥʽ ʫʤʦʚʠ ʜʣʷ ʚʠʨʦʱʫʚʘʥʥʷ ʤʦʥʦʢʨʠʩʪʘʣʽʚ 

ʩʧʦʣʫʢʠ NaMn(PO3)3. ʇʨʦʚʝʜʝʥʦ ʧʦʚʥʝ ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʝ ʜʦʩʣʽʜʞʝʥʥʷ 

ʤʦʥʦʢʨʠʩʪʘʣʽʚ ʩʠʥʪʝʟʦʚʘʥʦʛʦ ʧʦʜʚʽʡʥʦʛʦ ʧʦʣʽʬʦʩʬʘʪʫ NaMn(PO3)3. 

ʉʪʨʫʢʪʫʨʘ ʩʧʦʣʫʢʠ ʚʽʜʥʦʩʠʪʴʩʷ ʜʦ ʦʨʪʦʨʦʤʙʽʯʥʽʡ ʩʠʥʛʦʥʽʾ, ʧʨ. ʛʨ. P212121, ʽ 

ʤʘʻ ʧʘʨʘʤʝʪʨʠ ʢʨʠʩʪʘʣʽʯʥʦʾ ʨʝʰʽʪʢʠ: a=14,446(2), b=14,463(2), c=14,522(3) ¡, 

V=3034 ¡3, Z=16, rʚʠʨʘʭ=2,757 ʛ/ʩʤ3. ɺʩʪʘʥʦʚʣʝʥʽ ʦʩʦʙʣʠʚʦʩʪʽ ʢʨʠʩʪʘʣʽʯʥʦʾ 

ʙʫʜʦʚʠ ʩʠʥʪʝʟʦʚʘʥʦʛʦ ʬʦʩʬʘʪʫ. ʉʠʥʪʝʟʦʚʘʥʘ ʩʧʦʣʫʢʘ ʜʦʩʣʽʜʞʝʥʘ ʤʝʪʦʜʘʤʠ: 

ʈʌɸ, ʈʉɸ, ɼʊɸ, ɽʉɼɺ, ɽʇʈ ʪʘ ɯʏ-ʩʧʝʢʪʨʦʩʢʦʧʽʾ, ʧʨʦʚʝʜʝʥʦ ʾʾ ʧʦʚʥʠʡ ʭʽʤʽʯʥʠʡ 

ʘʥʘʣʽʟ. 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʧʦʜʚʽʡʥʽ ʬʦʩʬʘʪʠ, ɯʏ-ʩʧʝʢʪʨʦʩʢʦʧʽʷ, ʈʉɸ, ʚʠʨʦʱʫʚʘʥʥʷ 

ʤʦʥʦʢʨʠʩʪʘʣʽʚ, ʢʨʠʩʪʘʣʽʟʘʮʽʷ ʟ ʨʦʟʧʣʘʚʫ. 

 

ɺʀʈɸʑʀɺɸʅʀɽ ʄʆʅʆʂʈʀʉʊɸʃʃʆɺ ɼɺʆʁʅʆɻʆ ʇʆʃʀʌʆʉʌɸʊɸ 

NaMn(PO3)3  ʀ ʉʊʈʋʂʊʋʈɸ 

 

ɻʘʣʠʤʦʚʘ ɺ.ʄ. 

ʢʘʥʜʠʜʘʪ ʭʠʤʠʯʝʩʢʠʭ ʥʘʫʢ, ʜʦʮʝʥʪ ʅʋɹʠʇ ʋʢʨʘʠʥʳ  

      ʃʘʚʨʠʢ ʈ.ɺ. 

ʢʘʥʜʠʜʘʪ ʭʠʤʠʯʝʩʢʠʭ ʥʘʫʢ, ʜʦʮʝʥʪ ʅʋɹʠʇ ʋʢʨʘʠʥʳ 
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ɸʥʥʦʪʘʮʠʷ. ʇʦʜʦʙʨʘʥʳ ʦʧʪʠʤʘʣʴʥʳʝ ʫʩʣʦʚʠʷ ʜʣʷ ʚʠʨʘʱʠʚʘʥʠʷ 

ʤʦʥʦʢʨʠʩʪʘʣʣʦʚ ʩʦʝʜʠʥʝʥʠʷ NaMn(PO3)3. ʇʨʦʚʝʜʝʥʦ ʧʦʣʥʦʝ 

ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʤʦʥʦʢʨʠʩʪʘʣʣʦʚ ʩʠʥʪʝʟʠʨʦʚʘʥʥʦʛʦ 

ʜʚʦʡʥʦʛʦ ʧʦʠʽʬʦʩʬʘʪʘ NaMn(PO3)3. ʉʪʨʫʢʪʫʨʘ ʩʦʝʜʠʥʝʥʠʷ ʦʪʥʦʩʠʪʩʷ ʢ 

ʦʨʪʦʨʦʤʙʠʯʝʩʢʦʡ ʩʠʥʛʦʥʠʠ, ʧʨ. ʛʨ. P212121, ʠ ʠʤʝʝʪ ʧʘʨʘʤʝʪʨʳ 

ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʨʝʰʝʪʢʠ: a=14,446(2), b=14,463(2), c=14,522(3) ¡, V=3034 ¡3, 

Z=16, rʨʘʩ=2,757 ʛ/ʩʤ3. ʋʩʪʘʥʦʚʣʝʥʳ ʦʩʦʙʝʥʥʦʩʪʠ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʛʦ ʩʪʨʦʝʥʠʷ  

ʩʠʥʪʝʟʠʨʦʚʘʥʥʦʛʦ ʬʦʩʬʘʪʘ. ʉʠʥʪʝʟʠʨʦʚʘʥʥʦʝ ʩʦʝʜʠʥʝʥʠʝ ʠʩʩʣʝʜʦʚʘʥʦ 

ʤʝʪʦʜʘʤʠ: ʈʌɸ, ʈʉɸ, ɼʊɸ, ʕʉɼɺ, ʕʇʈ ʠ ʀʏ-ʩʧʝʢʪʨʦʩʢʦʧʠʠ, ʧʨʦʚʝʜʝʥʦ ʝʛʦ 

ʧʦʣʥʳʡ ʭʠʤʠʯʝʩʢʠʡ ʘʥʘʣʠʟ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʜʚʦʡʥʳʝ ʬʦʩʬʘʪʳ, ʀʏ-ʩʧʝʢʪʨʦʩʢʦʧʠʷ, ʈʉɸ, 

ʚʠʨʘʱʠʚʘʥʠʝ ʤʦʥʦʢʨʠʩʪʘʣʣʦʚ, ʢʨʠʩʪʘʣʣʠʟʘʮʠʷ ʩ ʨʘʩʧʣʘʚʘ. 
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Abstract. Optimum conditions for the growing of single crystals of 

NaMn(PO3)3 compound have been selected. Complete X-ray diffraction analysis has 

been performed to study synthesized double polyphosphate NaMn(PO3)3. Structure of 

the double phosphate belongs to the orthorhombic crystal system, space group 

ʈ212121, lattice parameters: a=14.446(2), b=14.463(2), c=14.522(3) ¡, V=3034 ¡3, 

Z=16 rcalc.=2.757 g/cm3. Structural features of single crystal of synthesized 

phosphate have been determined. The compound has been studied using XRD/RSA, 
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DTA, ESDR, EPR and IR spectroscopy techniques along with complete chemical 

analysis. 

Key words: double phosphates, IR spectroscopy, XRD/RSA, XRF, growing of 

single crystals, flux crystallization of phosphate. 

 

ɺʩʪʫʧ. ɿʘ ʦʩʪʘʥʥʡ̔ ʯʘʩ ʧʨʦʚʝʜʝʥʦ ʙʘʛʘʪʦ ʨʽʟʥʦʙʽʯʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʧʦ 

ʩʠʥʪʝʟʫ ʽ ʜʦʩʣʽʜʞʝʥʥʽ ʚʣʘʩʪʠʚʦʩʪʝʡ ʬʦʩʬʘʪʽʚ [1-3]. ʌʦʩʬʘʪʥʽ ʩʧʦʣʫʢʠ ʣʫʞʥʠʭ 

ʪʘ ʧʦʣʽʚʘʣʝʥʪʥʠʭ ʤʝʪʘʣʽʚ ʤʦʞʫʪʴ ʤʘʪʠ ʮʽʥʥʽ ʝʣʝʢʪʨʦʬʽʟʠʯʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ, 

ʦʩʦʙʣʠʚʦ ʪʽ ʟ ʥʠʭ, ʱʦ ʤʘʶʪʴ ʚ ʩʚʦʻʤʫ ʩʪʨʫʢʪʫʨʥʦʤʫ ʢʘʨʢʘʩʽ ʟôʻʜʥʘʥʽ ʯʝʨʝʟ 

ʚʝʨʰʠʥʠ ʦʢʪʘʝʜʨʘ ʧʦʣʽʚʘʣʝʥʪʥʦʛʦ ʝʣʝʤʝʥʪʘ [4]. ʎʝ ʨʷʜ ʬʦʩʬʘʪʥʠʭ ʩʧʦʣʫʢ, ʱʦ 

ʤʘʶʪʴ ʩʪʨʫʢʪʫʨʫ ʜʫʞʝ ʚʽʜʦʤʦʛʦ ʥʝʣʽʥʽʡʥʦ-ʦʧʪʠʯʥʦʛʦ ʢʨʠʩʪʘʣʫ KTP [5] ʪʘ 

ʧʦʜʚʽʡʥʽ ʬʦʩʬʘʪʠ ʨʽʟʥʠʭ ʪʠʧʽʚ - M IM IIPO4, MIM II(PO3)3, M I
2M

IIP2O7, 

M I
2M

II(PO3)4, ʄ
ɯMɯɯ

4(ʈʆ4)3, M
I
3M

III(PO4)2, M
I
3M

Iɯɯ
2(PO4)3, M

IM IIIP2O7, M
IM III(PO3)4 

ʪʘ ʄIMn6(P3ʆ10)(ʈ2ʆ7)2 [6]. ɼʦʩʣʽʜʞʝʥʥʷ ʚʣʘʩʪʠʚʦʩʪʝʡ ʬʦʩʬʘʪʥʠʭ ʩʧʦʣʫʢ, 

ʩʠʥʪʝʟ ʥʦʚʠʭ ʤʘʪʝʨʽʘʣʽʚ ʥʘ ʾʭ ʦʩʥʦʚʽ ʟʘʚʞʜʠ ʩʪʘʥʦʚʠʪʴ ʽʥʪʝʨʝʩ ʚʯʝʥʠʭ [7-9]. 

ʄʦʜʠʬʽʢʫʚʘʥʥʷ ʪʘ ʟʤʽʥʠ ʚ ʩʢʣʘʜʽ ʪʘ ʩʪʨʫʢʪʫʨʽ ʨʷʜʫ ʬʦʩʬʘʪʥʠʭ ʩʧʦʣʫʢ ʜʦʟʚʦʣʷʻ 

ʩʪʚʦʨʶʚʘʪʠ ʬʫʥʢʮʽʦʥʘʣʴʥʽ ʤʘʪʝʨʽʘʣʠ, ʷʢʽ ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ ʚ ʙʘʛʘʪʴʦʭ ʛʘʣʫʟʷʭ 

ʩʫʯʘʩʥʦʾ ʥʘʫʢʠ ʪʘ ʪʝʭʥʽʢʠ. 

ɺʽʜʦʤʠʡ ʽ ʥʘʡʙʽʣʴʰ ʧʦʰʠʨʝʥʠʡ ʩʧʦʩʽʙ ʦʪʨʠʤʘʥʥʷ ʧʦʜʚʽʡʥʠʭ ʬʦʩʬʘʪʽʚ 

ʣʫʞʥʠʭ ʪʘ 3d-ʤʝʪʘʣʽʚ ʻ ʤʝʪʦʜ ʩʠʥʪʝʟʫ ʩʧʦʣʫʢ ʟ ʨʦʟʧʣʘʚʽʚ ʬʦʩʬʘʪʥʠʭ ʪʘ 

ʬʪʦʨʠʜʦʬʦʩʬʘʪʥʠʭ ʩʠʩʪʝʤ ʣʫʞʥʠʭ ʤʝʪʘʣʽʚ, ʰʣʷʭʦʤ ʩʧʦʥʪʘʥʥʦʾ ʢʨʠʩʪʘʣʽʟʘʮʽʾ 

ʧʨʠ ʧʦʚʽʣʴʥʦʤʫ ʦʭʦʣʦʜʞʝʥʥʽ [10, 11]. ʅʝʦʙʭʽʜʥʦ ʟʘʟʥʘʯʠʪʠ, ʱʦ ʨʦʟʧʣʘʚʠ ʪʠʧʫ 

ʄ2O-P2O5-MʝxOy (ʜʝ ʄ ï Li , Na, K) ʻ ʥʝ ʪʽʣʴʢʠ ʫʥʽʚʝʨʩʘʣʴʥʠʤʠ ʨʦʟʯʠʥʥʠʢʘʤʠ 

ʦʢʩʠʜʽʚ ʧʦʣʽʚʘʣʝʥʪʥʠʭ ʤʝʪʘʣʽʚ ʪʘ ʚʠʩʪʫʧʘʶʪʴ ʨʝʘʢʮʽʡʥʠʤ ʩʝʨʝʜʦʚʠʱʝʤ ʜʣʷ 

ʩʠʥʪʝʟʫ ʨʽʟʥʠʭ ʧʦʜʚʽʡʥʠʭ ʬʦʩʬʘʪʽʚ. ʊʘʢʠʡ ʤʝʪʦʜ ʩʠʥʪʝʟʫ ʤʘʻ ʜʝʷʢʽ ʩʫʪʪʻʚʽ 

ʧʝʨʝʚʘʛʠ, ʚ ʧʦʨʽʚʥʷʥʥʽ ʟ ʽʥʰʠʤʠ (ʇʌʂ, ʪʚʝʨʜʦʬʘʟʥʠʡ ʩʠʥʪʝʟ [12, 13]), ʽ ʧʨʠ 

ʧʨʦʛʨʘʤʦʚʘʥʦʤʫ ʦʭʦʣʦʜʞʝʥʥʽ ʜʘʻ ʟʤʦʛʫ ʦʪʨʠʤʫʚʘʪʠ ʨʝʯʦʚʠʥʠ ʫ ʚʠʛʣʷʜʽ ʷʢʽʩʥʠʭ 

ʽ ʚʠʩʦʢʦʯʠʩʪʠʭ ʢʨʠʩʪʘʣʽʚ, ʟ ʚʠʩʦʢʠʤʠ ʚʠʭʦʜʘʤʠ ʧʨʦʜʫʢʪʽʚ ʚʟʘʻʤʦʜʽʾ. ʎʝ 

ʚʽʜʦʙʨʘʞʘʻʪʴʩʷ ʥʘ ʬʽʟʠʢʦ-ʭʽʤʽʯʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʭ ʩʠʥʪʝʟʦʚʘʥʠʭ ʨʝʯʦʚʠʥ ʪʘ 
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ʤʦʞʣʠʚʦʩʪʽ ʪʘ ʧʝʨʩʧʝʢʪʠʚʘʭ ʩʪʚʦʨʝʥʥʷ ʤʘʪʝʨʽʘʣʽʚ ʥʘ ʾʭ ʦʩʥʦʚʽ. 

ʎʽʣʴ ʜʘʥʦʾ ʨʦʙʦʪʠ ï ʚʩʪʘʥʦʚʠʪʠ ʦʧʪʠʤʘʣʴʥʽ ʫʤʦʚʠ ʩʠʥʪʝʟʫ ʧʦʜʚʽʡʥʦʛʦ 

ʧʦʣʽʬʦʩʬʘʪʫ NaMn(PO3)3 ʪʘ ʜʦʩʣʽʜʠʪʠ ʡʦʛʦ ʬʽʟʠʢʦ-ʭʽʤʽʯʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʪʘ 

ʢʨʠʩʪʘʣʽʯʥʫ ʙʫʜʦʚʫ. 

ɽʢʩʧʝʨʠʤʝʥʪʘʣʴʥʘ ʯʘʩʪʠʥʘ. ɼʣʷ ʧʨʠʛʦʪʫʚʘʥʥʷ ʨʦʟʧʣʘʚʽʚ ʚ ʦʙʣʘʩʪʽ 

ʩʧʽʚʚʽʜʥʦʰʝʥʴ M2O:P2O5<1,0 (ʜʝ M ï Li, Na, K), ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠ ʛʽʜʨʦʬʦʩʬʘʪ 

ʘʤʦʥʽʶ (NH4)2HPO4 ʘʙʦ NH4H2PO4 ʢʚʘʣʽʬʽʢʘʮʽʾ ʯ.ʜ.a. ʇʨʠ ʧʨʠʛʦʪʫʚʘʥʥʽ 

ʨʦʟʧʣʘʚʽʚ ʟ ʤʦʣʴʥʠʤʠ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷʤʠ M2O:P2O5>1,0 ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠ 

ʚʽʜʧʦʚʽʜʥʽ ʜʠʬʦʩʬʘʪʠ ʪʘ ʤʝʪʘʬʦʩʬʘʪʠ ʣʫʞʥʠʭ ʤʝʪʘʣʽʚ. 

ɺʟʘʻʤʦʜʽʶ ʪʘ ʨʦʟʯʠʥʥʽʩʪʴ ʦʢʩʠʜʫ ʤʘʥʛʘʥʫ (ɯɯɯ) ʚ ʩʠʩʪʝʤʽ Na2O-P2O5-

Mn2O3 ʚʠʚʯʘʣʠ ʫ ʜʽʘʧʘʟʦʥʽ ʪʝʤʧʝʨʘʪʫʨ 923-1073 ʂ. ʄʦʣʴʥʽ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ 

Na2O:P2O5 ʟʤʽʥʶʚʘʣʠ ʚ ʽʥʪʝʨʚʘʣʽ ʚʽʜ 0,5 ʜʦ 1,5. ʂʦʥʮʝʥʪʨʘʮʽʶ Mn2O3 ʫ ʚʠʭʽʜʥʠʭ 

ʨʦʟʧʣʘʚʘʭ ʜʦʩʣʽʜʞʫʚʘʥʦʾ ʩʠʩʪʝʤʽ ʟʤʽʥʶʚʘʣʠ ʚ ʽʥʪʝʨʚʘʣʽ 5,0-27,0% ʤʘʩ. 

ɺʠʢʦʨʠʩʪʦʚʫʚʘʣʠ ʤʝʪʦʜ ʧʦʚʽʣʴʥʦʛʦ ʦʭʦʣʦʜʞʝʥʥʷ ʨʦʟʧʣʘʚʽʚ, ʛʦʤʦʛʝʥʽʟʦʚʘʥʠʭ 

ʧʨʠ ʚʠʩʦʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ. ɼʣʷ ʮʴʦʛʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠ ʰʘʭʪʥʽ ʧʝʯʽ ʉʐʆʃ-116 

ʟ ʘʚʪʦʤʘʪʠʯʥʠʤ ʨʝʛʫʣʷʪʦʨʦʤ ʰʚʠʜʢʦʩʪʽ ʧʽʜʡʦʤʫ ʪʘ ʟʥʠʞʝʥʥʷ ʪʝʤʧʝʨʘʪʫʨʠ 

"ʈʠʌ-101", ʷʢʠʡ ʜʦʟʚʦʣʷʻ ʨʝʛʫʣʶʚʘʪʠ ʰʚʠʜʢʽʩʪʴ ʦʭʦʣʦʜʞʝʥʥʷ ʚ ʜʽʘʧʘʟʦʥʽ 1-20 

ʛʨʘʜ/ʛʦʜ. 

ɺʠʭʽʜʥʽ ʩʫʤʽʰʽ ʩʠʩʪʝʤʠ Na2O-P2O5-Mn2O3 ʛʦʪʫʚʘʣʠ, ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ 

ʙʝʟʚʦʜʥʽ ʨʝʘʛʝʥʪʠ NaPO3, Na4P2O7 ʪʘ NH4H2PO4 (ʘʙʦ (NH4)2HPO4) ʢʚʘʣʽʬʽʢʘʮʽʾ 

ʯ.ʜ.ʘ, ʟʤʽʰʫʶʯʠ ʾʭ ʚ ʨʦʟʨʘʭʦʚʘʥʠʭ ʢʽʣʴʢʦʩʪʷʭ ʟ ʥʘʩʪʫʧʥʠʤ ʦʙʝʟʚʦʜʥʝʥʥʷʤ ʪʘ 

ʩʧʣʘʚʣʝʥʥʷʤ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʽ 750-800̄  ʉ. ɽʢʩʧʝʨʠʤʝʥʪʠ ʚʠʢʦʥʫʚʘʣʠ ʪʘʢʠʤ 

ʯʠʥʦʤ - ʜʣʷ ʦʜʝʨʞʘʥʥʷ ʨʦʟʧʣʘʚʽʚ ʟ ʟʘʜʘʥʠʤʠ ʤʦʣʴʥʠʤʠ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷʤʠ 

M2O:P2O5 ʚʠʭʽʜʥʽ ʩʫʤʽʰʽ ʨʦʟʨʘʭʦʚʘʥʠʭ ʢʽʣʴʢʦʩʪʝʡ ʨʝʘʛʝʥʪʽʚ (ʬʦʩʬʘʪʠ ʣʫʞʥʠʭ 

ʤʝʪʘʣʽʚ ʪʘ ʘʤʦʥʽʶ) ʨʝʪʝʣʴʥʦ ʧʝʨʝʪʠʨʘʣʠ ʚ ʘʛʘʪʦʚʽʡ ʩʪʫʧʮʽ ʽ ʧʦʤʽʱʘʣʠ ʚ 

ʧʣʘʪʠʥʦʚʽ ʪʠʛʣʽ, ʧʨʦʞʘʨʶʚʘʣʠ ʥʘ ʧʦʣʫʤôʾ ʛʘʟʦʚʦʛʦ ʧʘʣʴʥʠʢʘ ʜʦ ʧʦʚʥʦʛʦ 

ʚʠʜʘʣʝʥʥʷ ʣʝʪʢʠʭ ʨʝʯʦʚʠʥ. ʇʦʪʽʤ ʪʠʛʣʽ ʧʦʤʽʱʘʣʠ ʚ ʧʽʯ ʰʘʭʪʥʦʛʦ ʪʠʧʫ ʽ 

ʛʦʤʦʛʝʥʽʟʫʚʘʣʠ ʨʦʟʧʣʘʚʠ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʽ 923-1073 ʂ. ɻʦʤʦʛʝʥʥʽ ʨʦʟʧʣʘʚʠ 

Na2ʆ-ʈ2ʆ5 ʧʦʩʪʫʧʦʚʦ ʥʘʩʠʯʫʚʘʣʠ ʦʢʩʠʜʦʤ ʤʘʥʛʘʥʫ (ɯɯɯ) ʧʨʠ ʚʠʙʨʘʥʽʡ 
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ʪʝʤʧʝʨʘʪʫʨʽ ʧʨʦʪʷʛʦʤ 7-10 ʛʦʜʠʥ, ʜʦ ʚʩʪʘʥʦʚʣʝʥʥʷ ʨʽʚʥʦʚʘʛʠ ʤʽʞ ʨʽʜʢʦʶ ʪʘ 

ʢʨʠʩʪʘʣʽʯʥʦʶ ʬʘʟʘʤʠ.  

ʇʨʠ ʚʽʜʧʦʚʽʜʥʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ ʚʽʜʙʠʨʘʣʠ ʧʨʦʙʠ ʨʽʜʢʠʭ ʨʽʚʥʦʚʘʞʥʠʭ ʬʘʟ 

ʪʘ ʘʥʘʣʽʟʫʚʘʣʠ ʾʭ ʥʘ ʚʤʽʩʪ ʤʘʥʛʘʥʫ ʪʠʪʨʠʤʝʪʨʠʯʥʦ (ʧʨʷʤʝ ʪʠʪʨʫʚʘʥʥʷ). ʈʝʰʪʫ 

ʨʦʟʧʣʘʚʫ ʢʨʠʩʪʘʣʽʟʫʚʘʣʠ, ʧʦʚʽʣʴʥʦ ʦʭʦʣʦʜʞʫʶʯʠ ʟʽ ʰʚʠʜʢʽʩʪʶ 2,5-10 ʛʨʘʜ/ʛʦʜ, 

ʜʦ ʪʝʤʧʝʨʘʪʫʨʠ ʢʨʠʩʪʘʣʽʟʘʮʽʾ, ʷʢʘ ʚʩʪʘʥʦʚʣʶʚʘʣʘʩʴ ʚʽʟʫʘʣʴʥʦ (ʧʦʷʚʘ ʢʨʠʩʪʘʣʽʚ 

ʥʘ ʧʦʚʝʨʭʥʽ ʘʙʦ ʧʦ ʚʩʴʦʤʫ ʦʙôʻʤʫ ʨʦʟʧʣʘʚʫ). ʆʜʝʨʞʘʥʽ ʢʨʠʩʪʘʣʽʯʥʽ ʬʘʟʠ 

ʚʽʜʤʠʚʘʣʠ ʨʦʟʚʝʜʝʥʠʤʠ ʨʦʟʯʠʥʘʤʠ ʤʽʥʝʨʘʣʴʥʠʭ ʢʠʩʣʦʪ, ʧʨʦʤʠʚʘʣʠ ʘʮʝʪʦʥʦʤ, 

ʩʫʰʠʣʠ ʽ ʧʽʜʜʘʚʘʣʠ ʘʥʘʣʽʟʫ. 

ʋ ʨʦʟʧʣʘʚʠ ʟ ʨʽʟʥʠʤ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷʤ Na2O:P2O5 ʚʥʦʩʠʣʠ Mn2O3 ʽ 

ʩʧʣʘʚʣʷʣʠ ʾʭ ʧʨʠ ʧʽʜʚʠʱʝʥʽʡ ʪʝʤʧʝʨʘʪʫʨʽ ʚ ʧʣʘʪʠʥʦʚʠʭ ʪʠʛʣʷʭ ʜʦ ʛʦʤʦʛʝʥʥʦʛʦ 

ʩʪʘʥʫ ʧʨʦʪʷʛʦʤ 2-4 ʛʦʜʠʥ ʧʨʠ ʧʝʨʽʦʜʠʯʥʦʤʫ ʧʝʨʝʤʽʰʫʚʘʥʥʽ. ʌʘʟʦʚʽ ʨʽʚʥʦʚʘʛʠ 

ʜʦʩʣʽʜʞʫʚʘʣʠʩʴ ʚʽʟʫʘʣʴʥʦ-ʧʦʣʽʪʝʨʤʽʯʥʠʤ ʤʝʪʦʜʦʤ. ʈʽʚʥʦʚʘʞʥʽ ʨʽʜʢʽ ʬʘʟʠ 

ʚʽʜʜʽʣʷʣʠ ʚʽʜ ʢʨʠʩʪʘʣʽʯʥʠʭ ʰʣʷʭʦʤ ʟʣʠʚʘʥʥʷ, ʘ ʨʝʰʪʢʠ ʨʦʟʧʣʘʚʫ ʚʽʜʤʠʚʘʣʠ 

ʨʦʟʙʘʚʣʝʥʠʤʠ ʨʦʟʯʠʥʘʤʠ ʤʽʥʝʨʘʣʴʥʠʭ ʢʠʩʣʦʪ. ʊʚʝʨʜʽ ʢʨʠʩʪʘʣʽʯʥʽ ʬʘʟʠ 

ʽʜʝʥʪʠʬʽʢʫʚʘʣʠ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʢʽʣʴʢʽʩʥʦʛʦ ʭʽʤʽʯʥʦʛʦ ʪʘ ʬʽʟʠʢʦ-ʭʽʤʽʯʥʠʭ 

ʤʝʪʦʜʽʚ ʘʥʘʣʽʟʫ. ʋ ʟʣʠʪʠʭ ʨʽʚʥʦʚʘʞʥʠʭ ʨʽʜʢʠʭ ʬʘʟʘʭ ʚʠʟʥʘʯʘʣʠ ʚʤʽʩʪ ʦʢʩʠʜʫ 

ʤʘʥʛʘʥʫ (ɯɯɯ). 

ɼʣʷ ʦʜʝʨʞʘʥʥʷ ʤʦʥʦʢʨʠʩʪʘʣʽʚ ʧʦʜʚʽʡʥʦʛʦ ʬʦʩʬʘʪʫ ʢʨʠʩʪʘʣʽʟʘʮʽʶ 

ʧʨʦʚʦʜʠʣʠ ʚ ʫʤʦʚʘʭ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʛʨʘʜʽʻʥʪʫ 10-15̄  ʉ/ʩʤ ʚ ʽʥʪʝʨʚʘʣʽ 953-1243 

ʂ ʧʨʠ ʰʚʠʜʢʦʩʪʽ ʦʭʦʣʦʜʞʝʥʥʷ 2-5 ʛʨʘʜ./ʛʦʜ.; ʦʙôʻʤ ʧʣʘʪʠʥʦʚʦʛʦ ʪʠʛʣʷ ʩʢʣʘʜʘʚ 

100-150 ʤʣ, ʤʘʩʘ ʨʦʟʧʣʘʚʫ ʩʠʩʪʝʤʠ 40-60 ʛ. ɼʣʷ ʢʽʣʴʢʽʩʥʦʛʦ ʚʠʟʥʘʯʝʥʥʷ ʚʤʽʩʪʫ 

ʬʦʩʬʦʨʫ, ʤʘʥʛʘʥʫ ʪʘ ʣʫʞʥʦʛʦ ʤʝʪʘʣʫ ʥʘʚʘʞʢʠ ʪʚʝʨʜʠʭ ʬʘʟ ʧʝʨʝʚʦʜʠʣʠ ʚ 

ʨʦʟʯʠʥʥʠʡ ʩʪʘʥ. 

ɼʣʷ ʮʴʦʛʦ ʟʘʩʪʦʩʦʚʫʚʘʣʠ ʜʚʽ ʤʝʪʦʜʠʢʠ: ʫ ʧʝʨʰʦʤʫ ʚʠʧʘʜʢʫ ʥʘʚʘʞʢʫ 

ʨʝʯʦʚʠʥʠ ʨʦʟʯʠʥʷʣʠ ʚ ʨʦʟʚʝʜʝʥʦʤʫ ʘʙʦ ʢʦʥʮʝʥʪʨʦʚʘʥʦʤʫ ʨʦʟʯʠʥʽ ʩʦʣʷʥʦʾ ʘʙʦ 

ʘʟʦʪʥʦʾ ʢʠʩʣʦʪʠ, ʧʨʠ ʩʣʘʙʢʦʤʫ ʥʘʛʨʽʚʘʥʥʽ ʥʘ ʧʦʣʫʤôʾ ʛʘʟʦʚʦʛʦ ʧʘʣʴʥʠʢʘ ʟ 

ʥʘʩʪʫʧʥʠʤ ʦʭʦʣʦʜʞʝʥʥʷʤ ʪʘ ʧʝʨʝʚʝʜʝʥʥʷʤ ʚ ʤʽʨʥʽ ʢʦʣʙʠ. ʊʘʢʽ ʨʦʟʯʠʥʠ 

ʧʽʜʜʘʚʘʣʠʩʷ ʭʽʤʽʯʥʦʤʫ ʘʥʘʣʽʟʫ: ʚʤʽʩʪ ʬʦʩʬʦʨʫ  ʚʠʟʥʘʯʘʣʠ ʪʠʪʨʠʤʝʪʨʠʯʥʦ ʟʘ 
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ʚʽʜʧʦʚʽʜʥʦʶ ʤʝʪʦʜʠʢʦʶ, ʚʤʽʩʪ ʤʘʥʛʘʥʫ ï ʧʨʷʤʠʤ ʪʠʪʨʫʚʘʥʥʷʤ. ʋ ʽʥʰʦʤʫ 

ʚʠʧʘʜʢʫ ʥʘʚʘʞʢʫ ʩʧʣʘʚʣʷʣʠ ʟ ʧôʷʪʠʢʨʘʪʥʠʤ ʥʘʜʣʠʰʢʦʤ Na2CO3 ʚ ʧʣʘʪʠʥʦʚʦʤʫ 

ʪʠʛʣʽ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʽ 1223 ʂ ʧʨʦʪʷʛʦʤ 20-30 ʭʚ. ʇʦʪʽʤ ʚʠʣʫʛʦʚʫʚʘʣʠ ʩʧʣʘʚʠ 

ʨʦʟʚʝʜʝʥʦʶ ʘʟʦʪʥʦʶ ʢʠʩʣʦʪʦʶ (1:3 ʘʙʦ 1:1), ʧʝʨʝʥʦʩʠʣʠ ʚ ʤʽʨʥʽ ʢʦʣʙʠ ʪʘ 

ʧʽʜʜʘʚʘʣʠ ʭʽʤʽʯʥʦʤʫ ʘʥʘʣʽʟʫ ʟʘ ʚʽʜʧʦʚʽʜʥʠʤʠ ʤʝʪʦʜʠʢʘʤʠ. 

ɸʪʦʤʥʦ-ʘʙʩʦʨʙʮʽʡʥʠʡ ʘʥʘʣʽʟ ʥʘ ʚʤʽʩʪ ʥʘʪʨʽʶ ʚ ʧʦʜʚʽʡʥʦʤʫ ʬʦʩʬʘʪʽ 

NaMn(PO3)3 ʧʨʦʚʦʜʠʣʠ ʥʘ ʩʧʝʢʪʨʦʬʦʪʦʤʝʪʨʽ ʉ-302. ʈʦʟʢʣʘʜ ʧʨʦʙʠ 

ʢʨʠʩʪʘʣʽʯʥʠʭ ʬʘʟ ʧʨʦʚʦʜʠʣʠ ʨʦʟʯʠʥʝʥʥʷʤ ʚ ʤʽʥʝʨʘʣʴʥʠʭ ʢʠʩʣʦʪʘʭ ʪʘ 

ʧʦʩʣʽʜʫʶʯʠʤ ʚʠʟʥʘʯʝʥʥʷʤ, ʚʽʜʥʦʩʥʽ ʧʦʤʠʣʢʠ ʷʢʠʭ ʩʢʣʘʜʘʣʠ 1-2%. 

ɺʤʽʩʪ Mn2O3 ʚ ʨʽʚʥʦʚʘʞʥʠʭ ʨʽʜʢʠʭ ʬʘʟʘʭ ʩʠʩʪʝʤʠ Na2O-P2O5-Mn2O3 ʧʨʠ 

ʨʽʟʥʠʭ ʤʦʣʴʥʠʭ ʚʽʜʥʦʰʝʥʥʷʭ Na2O:P2O5 ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʽ 923, 1073 ̄ʪʘ 1173 ʂ 

ʥʘʚʝʜʝʥʠʡ ʥʘ ʨʠʩ. 1. ʅʘ ʢʨʠʚʠʭ ʨʦʟʯʠʥʥʦʩʪʽ ʦʢʩʠʜʫ ʤʘʥʛʘʥʫ (ɯɯɯ) 

ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʜʝʢʽʣʴʢʘ ʯʽʪʢʦ ʚʠʨʘʞʝʥʠʭ ʝʢʩʪʨʝʤʫʤʽʚ, ʷʢʽ ʩʚʽʜʯʘʪʴ ʧʨʦ ʩʢʣʘʜʥʫ 

ʭʽʤʽʯʥʫ ʚʟʘʻʤʦʜʽʶ ʚ ʩʠʩʪʝʤʽ. ʄʘʢʩʠʤʘʣʴʥʘ ʨʦʟʯʠʥʥʽʩʪʴ Mn2O3 ʚ ʩʠʩʪʝʤʽ Na2O-

P2O5-Mn2O3 ʩʪʘʥʦʚʠʪʴ 26,0% ʤʘʩ. ʜʣʷ ʨʦʟʧʣʘʚʫ ʟ ʤʦʣʴʥʠʤ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷʤ 

Na2O:P2O5 ʨʽʚʥʠʤ 1,20. ʇʨʠ ʤʦʣʴʥʠʭ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷʭ Na2O:P2O5 ʚʽʜ 0,5 ʜʦ 0,83 

(ʟʘʰʪʨʠʭʦʚʘʥʘ ʯʘʩʪʠʥʘ) ʫʪʚʦʨʶʻʪʴʩʷ ʧʦʜʚʽʡʥʠʡ ʪʨʠʤʝʪʘʬʦʩʬʘʪ NaMn(PO3)3. 

ʇʽʜʽʙʨʘʥʦ ʦʧʪʠʤʘʣʴʥʽ ʫʤʦʚʠ ʜʣʷ ʚʠʨʦʱʫʚʘʥʥʷ ʡʦʛʦ ʤʦʥʦʢʨʠʩʪʘʣʽʚ ʚʝʣʠʢʠʭ 

ʨʦʟʤʽʨʽʚ. 

ʈʦʟʧʣʘʚʠ, ʤʘʩʦʶ 8 ʛ, ʟ ʤʦʣʴʥʠʤ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷʤ Na2O:P2O5 ʨʽʚʥʠʤ 0,5, 

ʥʘʩʠʯʫʚʘʣʠ ʦʢʩʠʜʦʤ ʤʘʥʛʘʥʫ (ɯɯɯ) (1,5 ʛ) ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʽ 900ʉ̄ ʪʘ 

ʛʦʤʦʛʝʥʽʟʫʚʘʣʠ 3-4 ʛʦʜʠʥʠ. ʇʨʠ ʧʦʩʪʫʧʦʚʦʤʫ ʧʦʥʠʞʝʥʥʽ ʪʝʤʧʝʨʘʪʫʨʠ ʟ 1173 ʂ 

ʜʦ 973 ʂ ʟʘ 24 ʛʦʜʠʥʠ ʟ ʨʦʟʧʣʘʚʽʚ ʚʽʜʢʨʠʩʪʘʣʽʟʦʚʫʚʘʣʠ ʤʦʥʦʢʨʠʩʪʘʣʠ 

NaMn(PO3)3, ʚʽʜʤʠʚʘʣʠ ʾʭ ʚʽʜ ʟʘʣʠʰʢʽʚ ʨʦʟʪʦʧʫ ʨʦʟʯʠʥʦʤ ʨʦʟʙʘʚʣʝʥʦʾ ʩʦʣʷʥʦʾ 

ʢʠʩʣʦʪʠ ʪʘ ʧʨʦʤʠʚʘʣʠ ʚʦʜʦʶ, ʚʠʩʫʰʫʚʘʣʠ ʧʨʠ ʢʽʤʥʘʪʥʽʡ ʪʝʤʧʝʨʘʪʫʨʽ. 

ʆʪʨʠʤʫʚʘʣʠ ʙʽʣʦ-ʨʦʞʝʚʽ ʢʨʠʩʪʘʣʠ ʨʦʟʤʽʨʘʤʠ ʚʽʜ 0,5 ʜʦ 2 ʤʤ, ʷʢʽ ʥʝ ʨʦʟʯʠʥʷʣʠʩʷ 

ʚ HCl ʪʘ ʅNO3. 

ʂʨʠʩʪʘʣʽʯʥʫ ʙʫʜʦʚʫ ʥʦʚʦʛʦ ʧʦʜʚʽʡʥʦʛʦ ʬʦʩʬʘʪʫ NaMn(PO3)3 ʙʫʣʦ 

ʚʩʪʘʥʦʚʣʝʥʦ ʤʝʪʦʜʦʤ ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʦʛʦ ʘʥʘʣʽʟʫ. ʈʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʝ 
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ʜʦʩʣʽʜʞʝʥʥʷ ʙʽʣʠʭ ʢʨʠʩʪʘʣʽʚ ʨʦʤʙʽʯʥʦʛʦ ʛʘʙʽʪʫʩʫ ʨʦʟʤʽʨʘʤʠ 0,1ʭ0,019ʭ0,2 ʤʤ 

ʧʨʦʚʝʜʝʥʦ ʥʘ ʜʠʬʨʘʢʪʦʤʝʪʨʽ "Siemens P3/PC" ʚ ʤʦʣʽʙʜʝʥʦʚʦʤʫ ʚʠʧʨʦʤʽʥʶʚʘʥʥʽ 

ʟ ʛʨʘʬʽʪʦʚʠʤ ʤʦʥʦʭʨʦʤʘʪʦʨʦʤ. 

ɺ ʨʝʟʫʣʴʪʘʪʽ ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ ʦʜʝʨʞʘʥʦ 3018 

ʨʝʬʣʝʢʩʽʚ, ʟ ʷʢʠʭ 2113 ʨʝʬʣʝʢʩʠ ʟ F > 4d (F). ɯʥʪʝʛʨʘʣʴʥʽ ʽʥʪʝʥʩʠʚʥʦʩʪʽ 

ʚʠʤʽʨʶʚʘʣʠ 2q:q ʤʝʪʦʜʦʤ ʚ ʽʥʪʝʨʚʘʣʽ ʢʫʪʽʚ 4,88Ü ¢ 2q ¢ 50,14Ü ʧʨʠ ʰʚʠʜʢʦʩʪʽ 

ʩʢʘʥʫʚʘʥʥʷ 2-28 ʛʨʘʜ/ʭʚ. ʆʩʪʘʪʦʯʥʝ ʟʥʘʯʝʥʥʷ ʬʘʢʪʦʨʫ ʨʦʟʙʽʞʥʦʩʪʽ ʩʪʘʥʦʚʠʪʴ 

Rw=0,0547. ʇʘʨʘʤʝʪʨʠ ʢʨʠʩʪʘʣʽʯʥʦʾ ʨʝʰʽʪʢʠ ʫʪʦʯʥʝʥʽ ʧʦ 36 ʨʝʬʣʝʢʩʘʭ ʫ 

ʜʽʘʧʘʟʦʥʽ ʢʫʪʽʚ 16,0Ü¢q¢32,0Ü. 

ʈʝʟʫʣʴʪʘʪʠ ʽ ʾʭ ʦʙʛʦʚʦʨʝʥʥʷ. ʇʦʨʽʚʥʶʶʯʠ ʚʤʽʩʪ Mn2O3 ʫ ʨʽʚʥʦʚʘʞʥʠʭ 

ʨʽʜʢʠʭ ʬʘʟʘʭ ʜʦʩʣʽʜʞʫʚʘʥʦʾ ʩʠʩʪʝʤʠ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʘʭ 923 K, 1073 K and 1173 

K, ʤʦʞʥʘ ʚʽʜʤʽʪʠʪʠ ʟʙʽʣʴʰʝʥʥʷ ʨʦʟʯʠʥʥʦʩʪʽ ʦʢʩʠʜʫ ʤʘʥʛʘʥʫ (ɯɯɯ) ʚ ʦʙʣʘʩʪʽ 

ʙʽʣʴʰʠʭ ʤʦʣʴʥʠʭ ʩʧʽʚʚʽʜʥʦʰʝʥʴ Na2O:P2O5 (1,0-1,2). 

ɿʛʽʜʥʦ ʜʘʥʠʭ ʭʽʤʽʯʥʦʛʦ ʘʥʘʣʽʟʫ ʪʚʝʨʜʠʭ ʬʘʟ, ʷʢʽ ʫʪʚʦʨʶʶʪʴʩʷ ʧʨʠ 

ʢʨʠʩʪʘʣʽʟʘʮʽʾ ʛʦʤʦʛʝʥʥʠʭ ʨʦʟʧʣʘʚʽʚ ʟ ʨʽʟʥʠʤʠ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷʤʠ Na2O:P2O5, 

ʚʧʝʨʰʝ ʚʠʜʽʣʝʥʦ ʪʘʢʽ ʩʧʦʣʫʢʠ: ʧʦʜʚʽʡʥʠʡ ʪʨʠʤʝʪʘʬʦʩʬʘʪ NaMn(PO3)3 ʙʣʽʜʦ-

ʨʦʞʝʚʦʛʦ ʢʦʣʴʦʨʫ ʢʨʠʩʪʘʣʽʟʫʻʪʴʩʷ ʚ ʜʦʩʠʪʴ ʰʠʨʦʢʦʤʫ ʽʥʪʝʨʚʘʣʽ ʤʦʣʴʥʠʭ 

ʩʧʽʚʚʽʜʥʦʰʝʥʴ Na2O:P2O5, ʚʽʜ 0,5 ʜʦ 0,83 (ʨʠʩ. 1, ʟʘʰʪʨʠʭʦʚʘʥʘ ʯʘʩʪʠʥʘ); 

ʬʦʩʬʘʪ NaMn6(P3O10)(P2O7)2, ʷʢʠʡ ʫʪʚʦʨʶʻʪʴʩʷ ʧʨʠ ʤʦʣʴʥʦʤʫ ʩʧʽʚʚʽʜʥʦʰʝʥʥʽ 

Na2O:P2O5 0,66 ʫ ʚʠʛʣʷʜʽ ʛʦʣʯʘʩʪʠʭ ʢʨʠʩʪʘʣʽʚ ʩʚʽʪʣʦ-ʢʦʨʠʯʥʝʚʦʛʦ ʢʦʣʴʦʨʫ.  

ɺ ʨʦʟʧʣʘʚʘʭ Na2O-P2O5-Mn2O3 ʫ ʜʦʩʠʪʴ ʚʫʟʴʢʠʭ ʤʝʞʘʭ ʤʦʣʴʥʠʭ 

ʩʧʽʚʚʽʜʥʦʰʝʥʴ Na2O:P2O5 ï 0,71-0,76 ʚ ʪʚʝʨʜʫ ʬʘʟʫ ʢʨʠʩʪʘʣʽʟʫʻʪʴʩʷ ʦʣʽʛʦʬʦʩʬʘʪ 

ʤʘʥʛʘʥʫ (ɯɯɯ) ï Mn4(P2O7)3; ʚ ʽʥʪʝʨʚʘʣʽ ʚʽʜ 0,66 ʜʦ 0,71 ʫʪʚʦʨʶʶʪʴʩʷ ʛʦʣʯʘʩʪʽ 

ʤʦʥʦʢʨʠʩʪʘʣʠ ʬʦʩʬʘʪʫ ʤʘʥʛʘʥʫ Mn2P2O7, ʚ ʯʘʩʪʠʥʽ ʩʠʩʪʝʤʠ ʟ Na2O:P2O5>1,0 

ʫʪʚʦʨʶʶʪʴʩʷ ʤʦʥʦʢʨʠʩʪʘʣʠ Na2MnP2O7, ʟ ʧʘʨʘʤʝʪʨʘʤʠ ʨʝʰʽʪʢʠ ʚʽʜʤʽʥʥʠʤʠ ʚʽʜ 

ʜʘʥʥʠʭ [14]. ʇʦʜʚʽʡʥʠʡ ʬʦʩʬʘʪ NaMn3(PO4)2(P2O7) ʚʠʜʽʣʝʥʦ ʚ ʜʽʘʧʘʟʦʥʽ 

ʤʦʣʴʥʠʭ ʩʧʽʚʚʽʜʥʦʰʝʥʴ Na2O:P2O5 0,76-0,91. 
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ʈʠʩ. 1. ɯʟʦʪʝʨʤʠ ʨʦʟʯʠʥʥʦʩʪʽ Mn2O3 ʚ ʩʠʩʪʝʤʽ Na2O-P2O5-Mn2O3. 

 

ɺ ʯʘʩʪʠʥʽ ʩʠʩʪʝʤʠ ʟ Na2O:P2O5>1 ʫʪʚʦʨʶʶʪʴʩʷ ʪʝʤʥʦ-ʯʝʨʚʦʥʽ ʛʦʣʯʘʩʪʽ 

ʢʨʠʩʪʘʣʠ ʧʦʜʚʽʡʥʦʛʦ ʬʦʩʬʘʪʫ Na2MnP2O7 (ʚ ʽʥʪʝʨʚʘʣʽ ʤʦʣʴʥʠʭ ʩʧʽʚʚʽʜʥʦʰʝʥʴ 

Na2O:P2O5 ʚʽʜ 0,91 ʜʦ 1,2). ʂʨʠʩʪʘʣʽʯʥʽ ʬʘʟʠ, ʷʢʽ ʫʪʚʦʨʶʶʪʴʩʷ ʧʨʠ 

ʩʧʽʚʚʽʜʥʦʰʝʥʥʷʭ Na2O:P2O5²1,2 ʜʦʩʠʪʴ ʥʝʩʪʽʡʢʽ  ̔ʨʫʡʥʫʶʪʴʩʷ (ʛʽʜʨʦʣʽʟʫʶʪʴ) 

ʧʨʠ ʚʠʜʽʣʝʥʥʽ ʟ ʨʦʟʧʣʘʚʽʚ ʫ ʩʣʘʙʦʢʠʩʣʦʤʫ  ̔ʥʘʚʽʪʴ ʥʝʡʪʨʘʣʴʥʦʤʫ ʩʝʨʝʜʦʚʠʱʽ. 

ʄʦʞʥʘ ʧʨʠʧʫʩʪʠʪʠ ʫʪʚʦʨʝʥʥʷ ʚ ʮʴʦʤʫ ʜʽʘʧʘʟʦʥʽ ʩʠʩʪʝʤʠ ʥʝʩʪʽʡʢʠʭ ʩʧʦʣʫʢ 

ʤʘʥʛʘʥʫ ʫ ʚʠʱʠʭ ʩʪʫʧʝʥʷʭ ʦʢʠʩʥʝʥʥʷ. 

ʉʢʣʘʜʥʘ ʚʟʘʻʤʦʜʽʷ ʧʨʦʭʦʜʠʪʴ ʚ ʨʦʟʧʣʘʚʘʭ ʟ ʚʠʭʽʜʥʠʤʠ ʤʦʣʴʥʠʤʠ 

ʩʧʽʚʚʽʜʥʦʰʝʥʥʷʤʠ Na2O:P2O5<1,0. ʋ ʜʦʩʣʽʜʞʫʚʘʥʽʡ ʩʠʩʪʝʤʽ, ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ 

ʪʝʤʧʝʨʘʪʫʨʠ ʽ ʢʦʥʮʝʥʪʨʘʮʽʾ Mn2O3, ʧʨʠ ʜʝʷʢʠʭ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷʭ Na2O:P2O5 

ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʫʪʚʦʨʝʥʥʷ ʜʝʢʽʣʴʢʦʭ ʩʧʦʣʫʢ. ʊʘʢ, ʧʨʠ ʟʙʽʣʴʰʝʥʥʽ ʢʦʥʮʝʥʪʨʘʮʽʾ 

Mn2O3 ʽ ʪʝʤʧʝʨʘʪʫʨʠ ʫ ʨʦʟʧʣʘʚʽ ʟ ʚʠʭʽʜʥʠʤ ʤʦʣʴʥʠʤ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷʤ 

Na2O:P2O5 ʨʽʚʥʠʤ 0,66 ʤʦʞʥʘ ʩʠʥʪʝʟʫʚʘʪʠ ʨʷʜ ʬʦʩʬʘʪʽʚ: 

NaMn(PO3)3ïNaMn6(P3O10)(P2O7)2ïMn2P2O7 

ʇʨʠ ʚʤʽʩʪʽ Mn2O3 6,0-20,0% ʤʘʩ. ʚ ʽʥʪʝʨʚʘʣʽ 1193-1023 ʂ ʚ ʨʦʟʧʣʘʚʘʭ 

ʩʠʩʪʝʤʠ ʢʨʠʩʪʘʣʽʟʫʻʪʴʩʷ ʧʦʜʚʽʡʥʠʡ ʬʦʩʬʘʪ NaMn(PO3)3 ʫ ʚʠʛʣʷʜʽ ʙʣʽʜʦ-
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ʨʦʞʝʚʠʭ ʨʦʤʙʽʯʥʠʭ ʢʨʠʩʪʘʣʽʚ. ʉʧʦʣʫʢʫ ʙʫʣʦ ʽʜʝʥʪʠʬʽʢʦʚʘʥʦ ʟʘ ʜʘʥʠʤʠ ɽʇʈ, 

ɯʏ-ʩʧʝʢʪʨʦʩʢʦʧʽʾ ʪʘ ʧʦʚʥʦʛʦ ʭʽʤʽʯʥʦʛʦ ʘʥʘʣʽʟʫ. 

ɺ ʨʝʟʫʣʴʪʘʪʽ ʟʙʽʣʴʰʝʥʥʷ ʢʦʥʮʝʥʪʨʘʮʽʾ ʦʢʩʠʜʫ ʤʘʥʛʘʥʫ ʜʦ 21,0-23,0% ʤʘʩ. 

ʫ ʨʦʟʧʣʘʚʘʭ ʩʠʩʪʝʤʠ Na2O-P2O5-Mn2O3 ʚ ʽʥʪʝʨʚʘʣʽ 1193-1023 ʂ ʫ ʪʚʝʨʜʫ ʬʘʟʫ 

ʢʨʠʩʪʘʣʽʟʫʻʪʴʩʷ ʩʢʣʘʜʥʠʡ ʧʦʜʚʽʡʥʠʡ ʜʠʬʦʩʬʘʪ NaMn6(P3O10)(P2O7)2, ʷʢʠʡ ʫ 

ʩʚʦʻʤʫ ʩʢʣʘʜʽ ʤʽʩʪʠʪʴ ʜʚʘ ʨʽʟʥʠʭ ʬʦʩʬʘʪʥʠʭ ʘʥʽʦʥʠ. ʇʨʠ ʚʤʽʩʪʽ Mn2O3 23,0-

25,0% ʧʦ ʤʘʩʽ ʟ ʨʦʟʧʣʘʚʫ ʚ ʽʥʪʝʨʚʘʣʽ 1193-1073 ʂ ʤʦʞʥʘ ʚʠʜʽʣʠʪʠ ʤʦʥʦʢʨʠʩʪʘʣʠ 

ʜʠʬʦʩʬʘʪʫ ʤʘʥʛʘʥʫ Mn2P2O7. ʋʪʚʦʨʝʥʥʷ ʟʘʟʥʘʯʝʥʠʭ ʩʧʦʣʫʢ ʚ ʜʦʩʣʽʜʞʫʚʘʥʽʡ 

ʩʠʩʪʝʤʽ ʤʦʞʥʘ ʽʥʪʝʨʧʨʝʪʫʚʘʪʠ ʪʘʢʠʤʠ ʩʭʝʤʘʤʠ:  

xNa2O Ö yP2O5 + Mn2O3  2NaMn(PO3)3 + x1Na2O Ö y1P2O5 + O2, 

0,5¢
y

x
¢0,83 

xNa2O Ö yP2O5 + 3Mn2O3  NaMn6(P3O10)(P2O7)2 + x1Na2O Ö y1P2O5 + O2, 

y

x
=0,66 

xNa2O Ö yP2O5 + Mn2O3  Mn2P2O7 + x1Na2O Ö y1P2O5 + O2, 

0,66¢
y

x
¢0,71. 

ɼʝʱʦ ʩʭʦʞʽ ʧʨʦʮʝʩʠ ʚʽʜʙʫʚʘʶʪʴʩʷ ʚ ʨʦʟʧʣʘʚʘʭ ʟ ʚʠʭʽʜʥʠʤ 

ʩʧʽʚʚʽʜʥʦʰʝʥʥʷʤ Na2O:P2O5 ʨʽʚʥʠʤ 0,71. ʇʨʠ ʧʽʜʚʠʱʝʥʥʽ ʪʝʤʧʝʨʘʪʫʨʠ ʨʦʟʧʣʘʚʫ 

ʨʦʟʯʠʥʥʽʩʪʴ Mn2O3 ʟʙʽʣʴʰʫʻʪʴʩʷ, ʱʦ ʚʽʜʦʙʨʘʞʘʻʪʴʩʷ ʥʘ ʩʢʣʘʜʽ ʩʧʦʣʫʢ ʷʢʽ 

ʢʨʠʩʪʘʣʽʟʫʶʪʴʩʷ: 

NaMn(PO3)3ïMn2P2O7ïMn4(P2O7)3 

ʉʣʽʜ ʚʽʜʤʽʪʠʪʠ, ʱʦ ʦʣʽʛʦʬʦʩʬʘʪ ʤʘʥʛʘʥʫ (ɯɯɯ) ʢʨʠʩʪʘʣʽʟʫʻʪʴʩʷ ʧʨʠ 

ʪʝʤʧʝʨʘʪʫʨʽ 1183-953 ʂ (ʚʤʽʩʪ Mn2O3 20,0-22,0% ʤʘʩ.), ʫ ʧʦʨʽʚʥʷʥʥʽ ʟ 

ʜʠʬʦʩʬʘʪʦʤ Mn2P2O7 ï 1193-1073 ʂ (ʚʤʽʩʪ Mn2O3 17,0-19,0% ʤʘʩ.). ʇʝʨʝʭʽʜ ʚʽʜ 

Mn3+ ʜʦ Mn2+ ʧʨʠ ʧʦʥʠʞʝʥʥʽ ʪʝʤʧʝʨʘʪʫʨʠ ʢʨʠʩʪʘʣʽʟʘʮʽʾ ʨʦʟʧʣʘʚʫ ʤʦʞʥʘ 

ʟʦʙʨʘʟʠʪʠ ʩʭʝʤʦʶ: 

Mn4(P2O7)3  2Mn2P2O7 + P2O5 + O2 
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ʋ ʨʦʟʧʣʘʚʘʭ ʚ ʤʝʞʘʭ ʩʧʽʚʚʽʜʥʦʰʝʥʴ Na2O:P2O5 ʚʽʜ 0,76 ʜʦ 0,91 ʪʘ 

ʢʦʥʮʝʥʪʨʘʮʽʾ Mn2O3 15,0-19,0% ʤʘʩ. ʚ ʽʥʪʝʨʚʘʣʽ ʪʝʤʧʝʨʘʪʫʨ 1183ï953 ʂ 

ʫʪʚʦʨʶʻʪʴʩʷ ʢʨʠʩʪʘʣʽʯʥʘ ʩʧʦʣʫʢʘ NaMn3(PO4)2(P2O7), ʷʢʘ ʤʽʩʪʠʪʴ ʫ ʩʚʦʻʤʫ 

ʩʢʣʘʜʽ ʨʽʟʥʽ ʬʦʩʬʘʪʥʽ ʘʥʽʦʥʠ. ʂʨʠʩʪʘʣʠ ʧʦʜʚʽʡʥʦʛʦ ʬʦʩʬʘʪʫ Na2MnP2O7 ʤʦʞʥʘ 

ʦʜʝʨʞʘʪʠ ʢʨʠʩʪʘʣʽʟʘʮʽʻʶ ʨʦʟʧʣʘʚʽʚ ʟ ʤʦʣʴʥʠʤʠ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷʤʠ Na2O:P2O5 ʚ 

ʤʝʞʘʭ 0,91-1,2, ʷʢʽ ʤʽʩʪʷʪʴ 14,0-26,0% ʤʘʩ. Mn2O3. 

ɼʣʷ ʧʽʜʪʚʝʨʜʞʝʥʥʷ ʥʘʷʚʥʦʩʪʽ Mn2+ ʚ ʩʢʣʘʜʽ ʧʦʜʚʽʡʥʦʛʦ ʬʦʩʬʘʪʫ 

NaMn(PO3)3 ʙʫʣʠ ʧʨʦʚʝʜʝʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ɽʇʈ-ʩʧʝʢʪʨʽʚ ʥʘ ʧʦʣʽʢʨʠʩʪʘʣʽʯʥʠʭ 

ʟʨʘʟʢʘʭ. ʅʘ ʨʠʩ. 2 ʥʘʚʝʜʝʥʦ ɽʇʈ-ʩʧʝʢʪʨ ʧʦʣʽʢʨʠʩʪʘʣʽʚ ʩʠʥʪʝʟʦʚʘʥʦʛʦ 

ʧʦʜʚʽʡʥʦʛʦ ʬʦʩʬʘʪʫ, ʟʥʷʪʠʡ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʽ 20ʉ̄ ʥʘ ʩʧʝʢʪʨʦʤʝʪʨʽ ,,PS 100-Xò. 

ʃʽʥʽʾ ʩʧʝʢʪʨʫ ʤʘʶʪʴ ʭʘʨʘʢʪʝʨʥʝ ʨʦʟʰʠʨʝʥʥʷ ʟʘ ʨʘʭʫʥʦʢ ʩʣʘʙʢʦʾ ʦʙʤʽʥʥʦʾ 

ʚʟʘʻʤʦʜʽʾ ʤʽʞ ʧʘʨʘʤʘʛʥʽʪʥʠʤʠ ʮʝʥʪʨʘʤʠ [MnO6] ʚ ʣʘʥʮʶʞʢʫ ʦʢʪʘʝʜʨʽʚ. 

ʈʦʟʨʘʭʦʚʘʥʽ ʟʥʘʯʝʥʥʷ ʪʝʥʟʦʨʫ g ʜʣʷ ʩʠʥʪʝʟʦʚʘʥʠʭ ʬʦʩʬʘʪʽʚ ʟʙʽʛʘʶʪʴʩʷ ʟ ʜʘʥʠʤʠ 

ʤʘʛʥʝʪʦʭʽʤʽʯʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʽ ʣʝʞʘʪʴ ʚ ʤʝʞʘʭ 1,98-1,99. ʆʜʝʨʞʘʥʽ ʩʧʝʢʪʨʠ 

ʝʣʝʢʪʨʦʥʥʦʛʦ ʧʘʨʘʤʘʛʥʽʪʥʦʛʦ ʨʝʟʦʥʘʥʩʫ ʜʣʷ ʩʠʥʪʝʟʦʚʘʥʦʛʦ ʧʦʜʚʽʡʥʦʛʦ ʬʦʩʬʘʪʫ 

ʤʘʥʛʘʥʫ (ɯɯ) ʷʚʣʷʶʪʴʩʷ ʪʠʧʦʚʠʤʠ ʽ ʭʘʨʘʢʪʝʨʥʠʤʠ. 

ʉʢʣʘʜ ʩʠʥʪʝʟʦʚʘʥʦʾ ʩʧʦʣʫʢʠ NaMn(PO3)3 ʧʽʜʪʚʝʨʜʞʝʥʦ ʧʦʚʥʠʤ ʭʽʤʽʯʥʠʤ 

ʘʥʘʣʽʟʦʤ (ʪʘʙʣ. 1). 

 

ʊʘʙʣʠʮʷ 1. 

ɼʘʥʽ ʭʽʤʽʯʥʦʛʦ ʘʥʘʣʽʟʫ ʩʠʥʪʝʟʦʚʘʥʦʾ ʩʧʦʣʫʢʠ NaMn(PO3)3 (% ʤʘʩ.) 

ʌʦʨʤʫʣʘ 

ʩʧʦʣʫʢʠ 

Na2O MnO P2O5 

NaMn(PO3)3 

ʈʦʟʨ. ʆʜʝʨʞ. ʈʦʟʨ. ʆʜʝʨʞ. ʈʦʟʨ. ʆʜʝʨʞ. 

9,84 9,91 22,54 22,57 67,62 67,52 
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ʈʠʩ. 2. ɽʇ- ʩʧʝʢʪʨ NaMn(PO3)3. 

 

 

ɺ ʪʘʙʣ. 2 ʥʘʚʝʜʝʥʦ ʜʘʥʽ ɯʏ-ʩʧʝʢʪʨʦʩʢʦʧʽʾ ʧʦʜʚʽʡʥʦʛʦ ʪʝʪʨʘʤʝʪʘʬʦʩʬʘʪʫ 

NaMn(PO3)3. ɯʏ-ʩʧʝʢʪʨʠ NaMn(PO3)3 ʚʠʚʯʘʣʠʩʴ ʥʘ ʧʨʠʣʘʜʘʭ UR-20 ʪʘ UR-10 

(Carl Zeiss) ʚ ʪʘʙʣʝʪʢʘʭ ʟ KBr. ʍʘʨʘʢʪʝʨʠʩʪʠʯʥʽ ʩʤʫʛʠ ʢʦʣʠʚʘʥʴ Ű (PO3) ï 450 - 

500 ʩʤ-1; ŭs,ŭas( PïO) +ɜ (MO) ï 540- 590 ʩʤ-1; ɜs (PïOïP) - 720, 800 ʩʤ-1 ʪʘ ɜʘs (Pï

OïP) - 920 ʩʤ-1 ʚʽʜʧʦʚʽʜʘʶʪʴ  ʪʠʧʦʚʠʤ ʜʣʷ ʧʦʣʽʬʦʩʬʘʪʽʚ ʪʠʧʫ M IM II(PO3)3  ʪʘ 

ʄI
2M

II(PO3)4 [5-9]. ʇʨʠʩʫʪʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʯʥʽ ʢʦʣʠʚʘʥʥʷ ɜs ʈ-ʆ-ʈ ʚ ʦʙʣʘʩʪʽ 700-

800 ʩʤ-1 ʩʚʽʜʯʘʪʴ ʧʨʦ ʥʘʷʚʥʽʩʪʴ ʧʦʣʽʬʦʩʬʘʪʥʠʭ ʣʘʥʮʶʞʢʽʚ ʟ ʪʝʪʨʘʝʜʨʽʚ [ʈʆ4] ʚ 

ʩʪʨʫʢʪʫʨʽ ʧʦʜʚʽʡʥʦʛʦ ʬʦʩʬʘʪʫ NaMn(PO3)3.  

ʊʝʨʤʽʯʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʧʨʦʚʦʜʠʣʠ ʥʘ ʜʝʨʝʚʘʪʦʛʨʘʬʽ Q ï 1500 (ʋʛʦʨʱʠʥʘ). 

ɿʨʘʟʦʢ ʥʘʛʨʽʚʘʣʠ ʚ ʽʥʪʝʨʚʘʣʽ 293-1173 ʂ ʚ ʜʠʥʘʤʽʯʥʦʤʫ ʨʝʞʠʤʽ ʧʽʜʚʠʱʝʥʥʷ 

ʪʝʤʧʝʨʘʪʫʨʠ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʧʣʘʪʠʥʦʚʠʭ ʮʠʣʽʥʜʨʠʯʥʠʭ ʪʠʛʣʽʚ (ʥʘʚʘʞʢʘ 

ʩʧʦʣʫʢʠ ʩʪʘʥʦʚʠʣʘ 0,301 ʛ, ʰʚʠʜʢʽʩʪʴ ʥʘʛʨʽʚʘʥʥʷ 5 ʛʨʘʜ.Ŀʭʚ-1). ʇʨʠ ʧʨʦʚʝʜʝʥʥʽ 

ʜʝʨʝʚʘʪʦʛʨʘʬʽʯʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʧʦʜʚʽʡʥʠʡ ʬʦʩʬʘʪ NaMn(PO3)3 

ʢʦʥʛʨʫʝʥʪʥʦ ʧʣʘʚʠʪʴʩʷ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʽ 1123 ʂ. ʂʨʠʩʪʘʣʽʯʥʫ ʙʫʜʦʚʫ 

       2000                        3000                         4000                       5000  H, ɻʩ 
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NaMn(PO3)3 ʜʦʩʣʽʜʞʝʥʦ ʤʝʪʦʜʦʤ ʧʦʚʥʦʛʦ ʈʉɸ. ʉʪʨʫʢʪʫʨʘ ʩʧʦʣʫʢʠ ʚʽʜʥʦʩʠʪʴʩʷ 

ʜʦ ʦʨʪʦʨʦʤʙʽʯʥʽʡ ʩʠʥʛʦʥʽʾ, ʧʨ. ʛʨ. P212121, ʽ ʤʘʻ ʧʘʨʘʤʝʪʨʠ ʢʨʠʩʪʘʣʽʯʥʦʾ 

ʨʝʰʽʪʢʠ: a=14,446(2), b=14,463(2), c=14,522(3) ¡, V=3034 ¡3, Z=16, rʚʠʨʘʭ=2,757 

ʛ/ʩʤ3.  

ʊʘʙʣʠʮʷ 2. 

ɯʏ-ʩʧʝʢʪʨ ʩʧʦʣʫʢʠ (ʩʤ-1) 

ɺʽʜʥʝʩʝʥʥʷ 

ʯʘʩʪʦʪ 

ʌʦʨʤʫʣʘ ʩʧʦʣʫʢʠ 

NaMn(PO3)3 

Ű (PO3) 

ʢʦʣʠʚ.ʛʨʘʪʢʠ 

455 ʩʨ. 

470 ʩʨ. 

480 ʩʨ. 

490 ʩʨ. 

ŭs PïO 

ŭas+ɜ MO 

540 ʧʣ. 

550 ʩʣ. 

560 ʩʨ. 

585 ʩʨ. 

ɜs PïOïP 700 ʩʣ. 

720 ʩʨ. 

730 ʩʣ. 

745 ʩʨ. 

770 ʩʨ. 

800 ʩ. 

ɜas PïOïP 930 ʩ. 

973 ʩʨ. 

ɜs PO4 

ɜas PO4 

 

ɜs PO2 1045 ʩ. 

1095 ʩ. 

 

ɜas PO2 1138 ʩ. 

1166 c. 

1260 ʦ.ʩ. 

 

ʋ ʤʘʩʠʚ ʜʘʥʠʭ ʙʫʣʦ ʚʚʝʜʝʥʦ ʧʦʧʨʘʚʢʫ ʥʘ ʬʘʢʪʦʨ ʃʦʨʝʥʮʘ ʪʘ ʧʨʠʚʝʜʝʥʘ 

ʝʤʧʽʨʠʯʥʘ ʢʦʨʝʢʮʽʷ ʥʘ ʧʦʛʣʠʥʘʥʥʷ. ʈʦʟʨʘʭʫʥʦʢ ʩʪʨʫʢʪʫʨʠ NaMn(PO3)3 

ʚʠʢʦʥʘʥʦ ʫ ʘʥʽʟʦʪʨʦʧʥʦʤʫ ʥʘʙʣʠʞʝʥʥʽ ʪʝʧʣʦʚʠʭ ʧʘʨʘʤʝʪʨʽʚ ʜʣʷ ʚʩʽʭ ʘʪʦʤʽʚ 

[15]. ʇʦʟʠʮʽʡʥʽ ʧʘʨʘʤʝʪʨʠ ʘʪʦʤʽʚ ʟ ʩʪʘʥʜʘʨʪʥʠʤʠ ʚʽʜʭʠʣʝʥʥʷʤʠ ʥʘʚʝʜʝʥʽ ʫ ʪʘʙʣ. 
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3. ʅʘ ʨʠʩ. 3 ʟʦʙʨʘʞʝʥʘ ʧʨʦʝʢʮʽʷ ʩʪʨʫʢʪʫʨʠ ʧʦʜʚʽʡʥʦʛʦ ʬʦʩʬʘʪʫ NaMn(PO3)3 ʥʘ 

ʧʣʦʱʠʥʫ ʭz. ʉʪʨʫʢʪʫʨʘ NaMn(PO3)3 ʢʘʨʢʘʩʥʘ ʽ ʧʦʙʫʜʦʚʘʥʘ ʟ ʦʢʪʘʝʜʨʽʚ [MnO6] 

ʽ [NaO6] ʪʘ ʥʝʩʢʽʥʯʝʥʥʠʭ ʧʦʣʽʬʦʩʬʘʪʥʠʭ ʣʘʥʮʶʞʢʽʚ (PO3)
-
¤. ʇʦʣʽʬʦʩʬʘʪʥʽ 

ʣʘʥʮʶʞʢʠ ʤʘʶʪʴ ʥʘʜʟʚʠʯʘʡʥʦ ʚʝʣʠʢʠʡ ʧʝʨʽʦʜ ʧʦʚʪʦʨʶʚʘʥʦʩʪʽ ʟ 24 ʪʝʪʨʘʝʜʨʽʚ 

[ʈʆ4] ʽ ʥʘʧʨʘʚʣʝʥʽ ʚʟʜʦʚʞ [100] ʥʘʚʢʦʣʦ ʛʚʠʥʪʦʚʦʾ ʦʩʽ 21. ɸʪʦʤʠ ʤʘʥʛʘʥʫ 

ʦʪʦʯʝʥʽ ʢʽʥʮʝʚʠʤʠ ʘʪʦʤʘʤʠ ʦʢʩʠʛʝʥʫ ʪʝʪʨʘʝʜʨʽʚ [PO4]. ɼʦʚʞʠʥʘ ʟʚôʷʟʢʽʚ Mn-O 

ʪʘ Na-O ʚ ʦʢʪʘʝʜʨʘʭ [MnO6] i [NaO6] ʥʘʚʝʜʝʥʽ ʪʘʙʣ. 4. ʇʨʠʩʫʪʥʽʩʪʴ ʩʪʘʪʠʩʪʠʯʥʦ 

ʥʝʚʧʦʨʷʜʢʦʚʘʥʠʭ ʘʪʦʤʽʚ Na(3), Na(4) ʪʘ Na(4ɸ) ʚ ʧʫʩʪʦʪʘʭ ʩʪʨʫʢʪʫʨʠ 

ʦʙʫʤʦʚʣʶʻ ʜʝʷʢʽ ʬʽʟʠʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʩʠʥʪʝʟʦʚʘʥʠʭ ʧʦʜʚʽʡʥʦʛʦ ʬʦʩʬʘʪʫ, 

ʟʦʢʨʝʤʘ, ʽʦʥʥʫ ʧʨʦʚʽʜʥʽʩʪʴ. 

ʊʘʢʝ ʧʦʻʜʥʘʥʥʷ ʩʪʨʫʢʪʫʨʥʠʭ ʬʨʘʛʤʝʥʪʽʚ ʧʨʠʟʚʦʜʠʪʴ ʜʦ "ʩʪʷʛʫʚʘʥʥʷ" 

ʦʢʪʘʝʜʨʽʚ ʧʦʣʽʬʦʩʬʘʪʥʠʤʠ ʣʘʥʮʶʞʢʘʤʠ ʟ ʪʝʪʨʘʝʜʨʽʚ [PO4], ʚʥʘʩʣʽʜʦʢ ʯʦʛʦ 

ʬʦʨʤʫʻʪʴʩʷ ʞʦʨʩʪʢʠʡ ʢʘʨʢʘʩ ʩʪʨʫʢʪʫʨʠ NaMn(PO3)3. ɿʘʤʽʱʝʥʥʷ ʘʪʦʤʽʚ ʥʘʪʨʽʶ 

ʥʘ ʣʽʪʽʡ ʚ ʩʪʨʫʢʪʫʨʽ, ʥʘ ʥʘʰʫ ʜʫʤʢʫ, ʤʦʞʥʘ ʚʠʢʦʨʠʩʪʘʪʠ ʜʣʷ ʩʪʚʦʨʝʥʥʷ ʢʘʥʘʣʽʚ 

ʚ ʧʫʩʪʦʪʘʭ, ʱʦ ʧʨʠʟʚʝʜʝ ʜʦ ʧʽʜʚʠʱʝʥʦʾ ʡʦʥʥʦʾ ʧʨʦʚʽʜʥʦʩʪʽ cʧʦʣʫʢʠ. ʎʝ ʤʦʞʝ 

ʙʫʪʠ ʚʠʢʦʨʠʩʪʘʥʦ ʜʣʷ ʩʪʚʦʨʝʥʥʷ ʥʦʚʠʭ ʬʫʥʢʮʽʦʥʘʣʴʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʥʘ ʦʩʥʦʚʽ 

ʧʦʜʚʽʡʥʦʛʦ ʧʦʣʽʬʦʩʬʘʪʫ NaMn(PO3)3. 

ʊʘʙʣʠʮʷ 3. 

ʂʦʦʨʜʠʥʘʪʠ ʘʪʦʤʽʚ (³104) ʽ ʝʢʚʽʚʘʣʝʥʪʥʽ ʪʝʧʣʦʚʽ ʧʦʧʨʘʚʢʠ (¡2³103) ʜʣʷ 

ʩʪʨʫʢʪʫʨʠ NaMn(PO3)3. 

ɸʪʦʤ x/a y/b z/c Ueq 

Mn(1) 8842(4) 3613(3) 1228(4) 7(7) 

Mn(2) 3748(4) 6249(4) 1224(4) 10(8) 

Mn(3) 3747(4) 3720(4) 3760(4) 10(8) 

Mn(4) 1319(4) 1131(3) 1286(3) 4(6) 

Na(1) 10050(1) 10(1) -170(1) 11(3) 

Na(2) 5030(1) -60(1) -10(2) 21(4) 

Na(3) 7540(1) 2520(1) 2480(1) 23(3) 

Na(4) 2470(1) 2590(1) 2540(1) 21(3) 

P(1) 5273(7) 5217(8) 2645(7) 15(2) 

P(2) 7258(6) 5010(6) 2217(5) 9(1) 

P(3) 7456(5) 5227(6) 0207(6) 3(1) 
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P(4) 7229(5) 7234(5) -196(5) 3(9) 

P(5) 5260(5) 7401(6) -273(5) 6(1) 

P(6) 4971(6) 7690(1) -2257(8) 25(2) 

P(7) 5270(1) 9850(1) -2370(1) 52(5) 

P(8) 7224(7) 9899(8) -2724(9) 20(2) 

P(9) 7380(5) 9777(6) -4766(7) 7(1) 

P(10) 7709(5) 7739(6) -4919(4) 2(1) 

P(11) 9675(4) 7550(6) -4761(5) 6(1) 

P(12) 10130(8) 7742(6) -2727(6) 13(2) 

O(1) 4750(2) 4680(1) 3350(1) 10(3) 

O(2) 6310(2) 4790(2) 2620(2) 18(4) 

O(3) 5530(2) 6260(2) 3040(2) 16(4) 

O(4) 4730(2) 5270(2) 1770(2) 22(5) 

O(5) 7020(1) 5360(1) 1170(1) 13(3) 

O(6) 7750(1) 4100(1) 2180(1) 3(2) 

O(7) 7720(1) 5830(1) 2730(1) 6(3) 

O(8) 7720(1) 6240(1) -110(1) 3(2) 

O(9) 8340(2) 4720(2) 290(2) 13(4) 

O(10) 6700(2) 4920(2) -450(2) 18(4) 

O(11) 7680(1) 7700(1) -960( 1) 10(3) 

O(12) 7230(2) 7670(2) 810(1) 10(3) 

O(13) 6250(1) 6980(1) -490(1) 2(2) 

O(14) 4750(2) 7480(1) -1210(2) 18(4) 

O(15) 4890(1) 6590(1) 290(1) 8(3) 

O(16) 5340(1) 8340(1) 130(1) 3(2) 

O(17) 5720(4) 8740(4) -2290(4) 8(2) 

O(18) 4140(3) 7760(3) -2790(2) 44(7) 

O(19) 5700(2) 7140(2) -2540(2) 20(4) 

O(20) 4770(2) 9760(2) -3240(1) 7(3) 

O(21) 4810(2) 10260(2) -1640(2) 26(5) 

O(22) 6200(4) 10130(3) -2470(2) 54(9) 

O(23) 7640(2) 10830(2) -2930(2) 13(3) 

O(24) 7570(3) 9290(3) -2150(3) 16(1) 

O(25) 7010(1) 9500(1) -3750(1) 14(3) 

O(26) 6550(1) 10220(1) -5190(1) 3(2) 

O(27) 8310(1) 10130(1) -4660(1) 7(3) 

O(28) 7370(1) 8740(1) -5230(1) 11(3) 

O(29) 8660(1) 7880(1) -4450(1) 7(2) 

O(30) 7760(1) 7200(1) -5780(1) 4(2) 

O(31) 7090(1) 7430(1) -4130(1) 7(3) 

O(32) 9610(1) 6620(1) -5230(2) 9(3) 

O(33) 10200(2) 8380(2) -5070(2) 23(5) 
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O(34) 10060(1) 7220(1) -3730(1) 8(3) 

O(35) 9250(1) 7760(1) -2300(1) 5(3) 

O(36) 10880(1) 7260(1) -2240(1) 7(2) 

 

 

ʈʠʩ. 3. ʇʨʦʝʢʮʽʷ ʩʪʨʫʢʪʫʨʠ NaMn(PO3)3 ʥʘ ʧʣʦʱʠʥʫ xz. 

 

ʊʘʙʣʠʮʷ 4. 

ɼʦʚʞʠʥʠ ʟʚôʷʟʢʽʚ (¡) ʚ ʩʪʨʫʢʪʫʨʽ NaMn(PO3)3. 

ɺʽʜʩʪʘʥʴ ¡ ɺʽʜʩʪʘʥʴ ¡ 

Mn(1)-O(6) 2,202 Na(2)-O(16) 2,352 

Mn(1)-O(9) 2,222 Na(2)-O(21) 2,424 

Mn(1)-O(19) 2,183 Na(2)-O(27) 2,442 

Mn(1)-O(21) 2,233 Na(2)-O(33) 2,453 

Mn(1)-O(31) 2,082 Na(3)-O(6) 2,343 

Mn(1)-O(33) 2,203 Na(3)-O(11) 2,293 

Mn(2)-O(4) 2,153 Na(3)-O(19)  2,593  

Mn(2)-O(11) 2,192 Na(3)-O(24) 2,675 

Mn(2)-O(15) 2,182 Na(3)-O(31) 2,383 

Mn(2)-O(24) 2,304 Na(3)-O(35)  2,623  

Mn(2)-O(26) 2,152 Na(4)-O(7) 2,573 

Mn(2)-O(35) 2,232 Na(4)-O(12) 2,413 

Mn(3)-O(1) 2,082 Na(4)-O(18) 2,424 

Mn(3)-O(12) 2,162 Na(4)-O(23)  2,363  

Mn(3)-O(16) 2,142 Na(4)-O(30) 2,622 


