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ɺ ʨʦʙʦʪʽ ʨʦʟʛʣʷʥʫʪʦ ʧʠʪʘʥʥʷ ʤʦʞʣʠʚʦʩʪʝʡ ʚʠʢʦʨʠʩʪʘʥʥʷ ʩʫʯʘʩʥʠʭ ʝʢʩʧʝʨʪʥʠʭ ʤʝʪʦʜʽʚ ʪʘ ʩʠʩʪʝʤ 

ʜʣʷ ʧʽʜʪʨʠʤʢʠ ʧʨʠʡʥʷʪʪʷ ʫʧʨʘʚʣʽʥʩʴʢʠʭ ʨʽʰʝʥʴ ʚ ʩʬʝʨʽ ʝʢʦʣʦʛʽʯʥʦʾ ʙʝʟʧʝʢʠ ʚ ʟʦʥʘʭ ʚʧʣʠʚʫ ɸɽʉ. 

ɿʜʽʡʩʥʝʥʦ ʘʥʘʣʽʟ ʪʘʢʠʭ ʝʢʩʧʝʨʪʥʠʭ ʤʝʪʦʜʽʚ, ʷʢ ʤʝʪʦʜ ɼʝʣʬʽ, ʤʝʪʦʜ ʘʥʘʣʽʟʫ ʽʻʨʘʨʭʽʡ, ʤʝʪʦʜ 

ʧʝʨʝʭʨʝʩʥʦʛʦ ʚʧʣʠʚʫ. ɼʘʥʽ ʤʝʪʦʜʠ ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ ʚ ʨʽʟʥʠʭ ʩʬʝʨʘʭ ʥʘʨʦʜʥʦʛʦ ʛʦʩʧʦʜʘʨʩʪʚʘ ʜʣʷ 

ʧʨʠʡʥʷʪʪʷ ʝʬʝʢʪʠʚʥʠʭ ʫʧʨʘʚʣʽʥʩʴʢʠʭ ʨʽʰʝʥʴ. ɾʦʜʝʥ ʽʟ ʥʠʭ ʩʘʤ ʧʦ ʩʦʙʽ ʥʝ ʨʦʟʚôʷʟʫʻ ʚʠʟʥʘʯʝʥʫ 

ʧʨʦʙʣʝʤʫ, ʘ ʻ ʩʢʣʘʜʦʚʠʤʠ ʩʠʩʪʝʤʥʦʾ ʤʝʪʦʜʦʣʦʛʽʾ. ʄʝʪʦʜ ɼʝʣʬʽ ˇʨʫʥʪʫʻʪʴʩʷ ʥʘ ʧʨʠʧʫʱʝʥʥʽ, ʱʦ ʥʘ 

ʦʩʥʦʚʽ ʜʫʤʦʢ ʝʢʩʧʝʨʪʽʚ ʤʦʞʥʘ ʟʙʫʜʫʚʘʪʠ ʘʜʝʢʚʘʪʥʫ ʤʦʜʝʣʴ ʤʘʡʙʫʪʥʴʦʛʦ ʨʦʟʚʠʪʢʫ ʦʙ'ʻʢʪʘ 

ʧʨʦʛʥʦʟʫʚʘʥʥʷ. ʄʝʪʦʜ ʘʥʘʣʽʟʫ ʽʻʨʘʨʭʽʡ ʥʝ ʧʨʠʧʠʩʫʻ ʦʩʦʙʽ, ʱʦ ʧʨʠʡʤʘʻ ʨʽʰʝʥʥʷ, ʷʢʦʛʦ-ʥʝʙʫʜʴ 

ʧʨʘʚʠʣʴʥʦʛʦ ʨʽʰʝʥʥʷ, ʘ ʜʦʟʚʦʣʷʻ ʾʡ ʚ ʽʥʪʝʨʘʢʪʠʚʥʦʤʫ ʨʝʞʠʤʽ ʟʥʘʡʪʠ ʪʘʢʠʡ ʚʘʨʽʘʥʪ, ʷʢʠʡ ʥʘʡʢʨʘʱʠʤ 

ʯʠʥʦʤ ʫʟʛʦʜʞʫʻʪʴʩʷ ʟ ʡʦʛʦ ʨʦʟʫʤʽʥʥʷʤ ʩʫʪʽ ʧʨʦʙʣʝʤʠ ʽ ʚʠʤʦʛʘʤʠ ʜʦ ʾʾ ʚʠʨʽʰʝʥʥʷ. ʄʝʪʦʜ ʧʝʨʝʭʨʝʩʥʦʛʦ 

ʚʧʣʠʚʫ ʧʨʝʜʩʪʘʚʣʷʻ ʩʦʙʦʶ ʚʜʦʩʢʦʥʘʣʝʥʠʡ ʚʘʨʽʘʥʪ ʤʝʪʦʜʫ ʘʥʘʣʽʟʫ ʽʻʨʘʨʭʽʡ ʽ ʜʦʟʚʦʣʷʻ ʧʝʨʝʜʙʘʯʘʪʠ 

ʤʦʞʣʠʚʝ ʚʠʥʠʢʥʝʥʥʷ ʤʘʡʙʫʪʥʽʭ ʧʦʜʽʡ, ʝʢʩʪʨʘʧʦʣʶʶʯʠ ʥʘ ʤʘʡʙʫʪʥʻ ʚʽʜʦʤʽ ʜʘʥʽ. ɸʥʘʣʽʟ ʤʦʞʣʠʚʦʩʪʝʡ 

ʜʘʥʠʭ ʤʝʪʦʜʽʚ ʧʦʢʘʟʘʚ ʾʭ ʚʠʩʦʢʫ ʧʨʘʢʪʠʯʥʫ ʢʦʨʠʩʥʽʩʪʴ ʜʣʷ ʧʨʠʡʥʷʪʪʷ ʝʬʝʢʪʠʚʥʠʭ ʫʧʨʘʚʣʽʥʩʴʢʠʭ 

ʨʽʰʝʥʴ ʚ ʫʤʦʚʘʭ ʥʝʚʠʟʥʘʯʝʥʦʩʪʽ ʚ ʨʽʟʥʠʭ ʩʬʝʨʘʭ ʥʘʨʦʜʥʦʛʦ ʛʦʩʧʦʜʘʨʩʪʚʘ. ɺ ʨʦʙʦʪʽ ʪʘʢʦʞ ʨʦʟʛʣʷʥʫʪʽ 

ʧʠʪʘʥʥʷ ʧʦʙʫʜʦʚʠ ʝʢʩʧʝʨʪʥʠʭ ʩʠʩʪʝʤ, ʾʭ ʧʝʨʝʚʘʛ ʪʘ ʥʝʜʦʣʽʢʽʚ, ʩʬʝʨ ʟʘʩʪʦʩʫʚʘʥʥʷ ʪʘ ʧʝʨʩʧʝʢʪʠʚ ʾʭ 

ʧʦʜʘʣʴʰʦʛʦ ʨʦʟʚʠʪʢʫ. ʆʪʨʠʤʘʥʽ ʨʝʟʫʣʴʪʘʪʠ ʙʫʜʫʪʴ ʚʠʢʦʨʠʩʪʘʥʽ ʜʣʷ ʧʦʙʫʜʦʚʠ ʤʦʜʫʣʷ ʝʢʩʧʝʨʪʥʠʭ 

ʦʮʽʥʦʢ ʽʥʬʦʨʤʘʮʽʡʥʦ-ʘʥʘʣʽʪʠʯʥʦʾ ʝʢʩʧʝʨʪʥʦʾ ʩʠʩʪʝʤʠ ʜʣʷ ʦʮʽʥʢʠ ʝʢʦʣʦʛʽʯʥʦʛʦ ʚʧʣʠʚʫ ɸɽʉ ʥʘ 

ʥʘʚʢʦʣʠʰʥʻ ʧʨʠʨʦʜʥʝ ʩʝʨʝʜʦʚʠʱʝ. 

 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʥʝʚʠʟʥʘʯʝʥʽʩʪʴ, ʝʢʩʧʝʨʪʥʠʡ ʤʝʪʦʜ, ʝʢʩʧʝʨʪʥʘ ʩʠʩʪʝʤʘ, ʫʧʨʘʚʣʽʥʥʷ, ʝʢʦʣʦʛʽʯʥʘ 

ʙʝʟʧʝʢʘ, ʘʪʦʤʥʘ ʝʣʝʢʪʨʦʩʪʘʥʮʽʷ. 

 

ɺʩʪʫʧ 

ɹʽʣʴʰʽʩʪʴ ʩʫʯʘʩʥʠʭ ʤʝʪʦʜʽʚ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʦʩʥʦʚʘʥʽ ʥʘ ʚʠʢʦʨʠʩʪʘʥʥʽ ʜʦʩʪʘʪʥʴʦ 

ʰʠʨʦʢʦʾ ʨʝʪʨʦʩʧʝʢʪʠʚʥʦʾ iʥʬʦʨʤʘʮiʾ, ʱʦ ʜʦʟʚʦʣʷʻ ʨʦʟʢʨʠʪʠ ʪʝʥʜʝʥʮʽʾ i ʟʘʢʦʥʦʤiʨʥʦʩʪi, 

ʚʟʘʻʤʦʟʚ'ʷʟʦʢ ʧʦʢʘʟʥʠʢʽʚ, ʱʦ ʩʢʣʘʣʠʩʷ ʚ çʧʝʨʝʜʽʩʪʦʨʽʾè. ɸʣʝ ʚ ʫʧʨʘʚʣʽʥʥʽ ʚʠʨʦʙʥʠʮʪʚʦʤ ʯʠ 

ʨʘʮʽʦʥʘʣʴʥʠʤ ʧʨʠʨʦʜʦʢʦʨʠʩʪʫʚʘʥʥʷʤ ʪʨʘʧʣʷʶʪʴʩʷ ʚʠʧʘʜʢʠ, ʢʦʣʠ iʥʬʦʨʤʘʮiʡʥʠʡ ʤʘʩʠʚ 

ʥʘʜʤiʨʥʦ ʦʙʤʝʞʝʥʠʡ ʘʙʦ ʟʦʚʩiʤ ʚiʜʩʫʪʥiʡ. ɸ ʚ ʜʝʷʢʠʭ ʚʠʧʘʜʢʘʭ ʩʪʘʪʠʩʪʠʯʥi ʜʘʥi ʥʝʤʦʞʣʠʚʦ 

ʦʪʨʠʤʘʪʠ ʘʙʦ ʜʣʷ ʾʭ ʦʪʨʠʤʘʥʥʷ ʧʦʪʨiʙʝʥ ʟʥʘʯʥʠʡ ʯʘʩ. ʇʨʠʡʥʷʪʠ ʨʽʰʝʥʥʷ ʚ ʪʘʢʠʭ ʫʤʦʚʘʭ, 

ʪʦʙʪʦ ʚ ʫʤʦʚʘʭ ʥʝʚʠʟʥʘʯʝʥʦʩʪi, ʢʦʣʠ ʪʘ ʯʠ iʥʰʘ ʜiʷ ʧʦʨʦʜʞʫʻ ʙʘʛʘʪʦ ʤʦʞʣʠʚʠʭ ʥʘʩʣiʜʢiʚ, 

ʧʨʠʯʦʤʫ ʡʤʦʚiʨʥʦʩʪi ʮʠʭ ʥʘʩʣiʜʢiʚ ʥʝʚiʜʦʤi, ʚʘʞʢʦ i ʨʠʟʠʢʦʚʘʥʦ. ʊʦʤʫ ʧʨʠ ʥʝʜʦʩʪʘʪʥʦʩʪi ʯʠ 

ʚʟʘʛʘʣi ʚiʜʩʫʪʥʦʩʪi iʥʬʦʨʤʘʮiʾ ʨʦʟʨʦʙʢʘ ʧʨʦʛʥʦʟʫ ʥʝ ʪiʣʴʢʠ ʥʝ ʚʠʢʣʶʯʘʻʪʴʩʷ, ʘ, ʥʘʚʧʘʢʠ, ʩʪʘʻ 

ʦʩʦʙʣʠʚʦ ʘʢʪʫʘʣʴʥʦʶ i ʧʨʘʢʪʠʯʥʦ ʚʘʞʣʠʚʦʶ, ʪʦʤʫ ʱʦ ʪʘʢʠʤ ʯʠʥʦʤ ʤʦʞʥʘ ʧʦʥʠʟʠʪʠ ʨiʚʝʥʴ 

ʥʝʚʠʟʥʘʯʝʥʦʩʪi ʪʘ ʧʽʜʚʠʱʠʪʠ ʜʦʩʪʦʚiʨʥiʩʪʴ ʫʧʨʘʚʣʽʥʩʴʢʠʭ ʨiʰʝʥʴ. ʆʩʦʙʣʠʚʦ ʩʢʣʘʜʥʽ 

ʧʨʦʙʣʝʤʠ ʚʠʥʠʢʘʶʪʴ, ʢʦʣʠ ʥʝʦʙʭiʜʥʦ ʜʘʪʠ ʧʝʨʩʧʝʢʪʠʚʥi ʦʮiʥʢʠ ʷʢiʩʥʦ ʥʦʚʠʤ ʧʨʦʮʝʩʘʤ i 

ʷʚʠʱʘʤ, ʷʢʽ ʨʘʥiʰʝ ʥʝ ʪʨʘʧʣʷʣʠʩʴ ʚ ʩʫʩʧʽʣʴʥʦʤʫ ʞʠʪʪʽ i ʧʨʦ ʷʢʽ, ʧʨʠʨʦʜʥʦ, ʚiʜʩʫʪʥʷ ʙʫʜʴ-ʷʢʘ 

ʽʥʬʦʨʤʘʮʽʷ [1-3]. 

ʄʦʞʣʠʚiʩʪʴ ʚʠʨiʰʝʥʥʷ ʥʘʟʚʘʥʠʭ ʧʨʦʙʣʝʤ, ʥʘʚiʪʴ ʚ ʫʤʦʚʘʭ ʚiʜʩʫʪʥʦʩʪi ʪʝʦʨʝʪʠʯʥʠʭ 

ʦʙʛʨʫʥʪʫʚʘʥʴ, ʜʦʩʷʛʘʻʪʴʩʷ ʟʘ ʨʘʭʫʥʦʢ ʫʤʽʣʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʜʦʩʚiʜʫ, ʽʥʪʫʾʮiʾ ʪʘ ʟʥʘʥʴ 

ʩʧʝʮiʘʣiʩʪiʚ, ʚʯʝʥʠʭ, ʱʦ ʧʨʘʮʶʶʪʴ ʥʘʜ ʨʦʟʚ'ʷʟʘʥʥʷʤ ʚiʜʧʦʚiʜʥʠʭ ʧʨʦʙʣʝʤ: ʥʘʫʢʦʚʦ-ʜʦʩʣiʜʥi 

ʨʦʙʦʪʠ, ʚʧʨʦʚʘʜʞʝʥʥʷ ʨʦʟʨʦʙʦʢ i ʪ.ʜ. 
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ɺʀʈɯʐɽʅʅʗ ɿɸɼɸʏ ɽʂʆʃʆɻɯʏʅʆɰ ɹɽɿʇɽʂʀ ɺ ɿʆʅɸʍ ɺʇʃʀɺʋ ɸɽʉ 

6 

ʄʝʪʦʜʠ, ʷʢʽ ʦʩʥʦʚʘʥi ʥʘ ʧʨʠʧʫʱʝʥʥʽ ʧʨʦ ʪʝ, ʱʦ ʥʘ ʙʘʟi ʜʫʤʦʢ ʩʧʝʮiʘʣiʩʪiʚ ʚ ʧʝʚʥʽʡ 

ʛʘʣʫʟʽ ʟʥʘʥʴ ʤʦʞʥʘ ʧʦʙʫʜʫʚʘʪʠ ʘʜʝʢʚʘʪʥʫ ʢʘʨʪʠʥʫ ʤʘʡʙʫʪʥʴʦʛʦ ʨʦʟʚʠʪʢʫ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʚʩiʭ 

ʤʦʞʣʠʚʠʭ ʟʩʫʚʽʚ ʪʘ ʩʪʨʠʙʢiʚ, ʦʪʨʠʤʘʣʠ ʥʘʟʚʫ ʤʝʪʦʜiʚ ʝʢʩʧʝʨʪʠʟ ʘʙʦ ʤʝʪʦʜiʚ ʝʢʩʧʝʨʪʥʠʭ 

ʦʮiʥʦʢ [1, 4, 5]. 

ʇʦʩʪʘʥʦʚʢʘ ʟʘʜʘʯʽ 

ɺ ʨʦʙʦʪʘʭ [6, 7] ʨʦʟʛʣʷʜʘʣʠʩʴ ʧʠʪʘʥʥʷ ʨʦʟʨʦʙʢʠ ʢʦʥʮʝʧʮʽʾ ʩʪʚʦʨʝʥʥʷ ʽʥʬʦʨʤʘʮʽʡʥʦ-

ʘʥʘʣʽʪʠʯʥʦʾ ʝʢʩʧʝʨʪʥʦʾ ʩʠʩʪʝʤʠ ʜʣʷ ʦʮʽʥʢʠ ʝʢʦʣʦʛʽʯʥʦʛʦ ʚʧʣʠʚʫ ɸɽʉ ʋʢʨʘʾʥʠ ʥʘ ʥʘʚʢʦʣʠʰʥʻ 

ʧʨʠʨʦʜʥʝ ʩʝʨʝʜʦʚʠʱʝ ʚ ʟʦʥʘʭ ʾʭ ʩʧʦʩʪʝʨʝʞʝʥʥʷ. ɼʦ ʩʢʣʘʜʫ ʜʘʥʦʾ ʩʠʩʪʝʤʠ ʙʫʜʫʪʴ ʚʭʦʜʠʪʠ 

ʨʽʟʥʽ ʬʫʥʢʮʽʦʥʘʣʴʥʽ ʤʦʜʫʣʽ, ʦʜʥʠʤ ʟ ʷʢʠʭ ʻ ʤʦʜʫʣʴ ʝʢʩʧʝʨʪʥʠʭ ʦʮʽʥʦʢ ʱʦʜʦ ʝʢʦʣʦʛʽʯʥʦʛʦ 

ʨʠʟʠʢʫ ʚʽʜ ʥʝʛʘʪʠʚʥʠʭ ʪʝʭʥʦʛʝʥʥʦ-ʝʢʦʣʦʛʽʯʥʠʭ ʚʧʣʠʚʽʚ ɸɽʉ ʥʘ ʥʘʩʝʣʝʥʥʷ ʧʨʠʣʝʛʣʠʭ 

ʪʝʨʠʪʦʨʽʡ ʪʘ ʜʦʚʢʽʣʣʷ. 

ɺ ʦʩʥʦʚʫ ʜʘʥʦʛʦ ʤʦʜʫʣʷ ʙʫʜʫʪʴ ʧʦʢʣʘʜʝʥʽ ʩʫʯʘʩʥʽ ʝʢʩʧʝʨʪʥʽ ʤʝʪʦʜʠ, ʷʢʽ ʜʦʟʚʦʣʷʪʴ 

ʚʠʨʽʰʫʚʘʪʠ ʧʦʩʪʘʚʣʝʥʽ ʟʘʜʘʯʽ ʪʘ ʧʨʠʥʮʠʧʠ ʧʦʙʫʜʦʚʠ ʝʢʩʧʝʨʪʥʠʭ ʩʠʩʪʝʤ ʪʘʢʦʛʦ ʪʠʧʫ. 

ɼʣʷ ʡʦʛʦ ʧʦʙʫʜʦʚʠ ʥʝʦʙʭʽʜʥʦ ʚʠʢʦʥʘʪʠ ʘʥʘʣʽʟ ʩʫʯʘʩʥʠʭ ʝʢʩʧʝʨʪʥʠʭ ʤʝʪʦʜʽʚ ʪʘ 

ʜʦʩʣʽʜʠʪʠ ʧʠʪʘʥʥʷ ʧʦʙʫʜʦʚʠ ʝʢʩʧʝʨʪʥʠʭ ʩʠʩʪʝʤ, ʚʠʟʥʘʯʠʪʠ ʾʭ ʧʝʨʝʚʘʛʠ ʪʘ ʥʝʜʦʣʽʢʠ, ʱʦ ʽ ʻ 

ʤʝʪʦʶ ʜʘʥʦʾ ʨʦʙʦʪʠ. 

ʄʘʪʝʨʽʘʣʠ ʽ ʤʝʪʦʜʠ ʜʦʩʣʽʜʞʝʥʴ 

ʇʨʠ ʯʠʩʣʦʚʦʤʫ ʚʠʟʥʘʯʝʥʥʽ ʨʠʟʠʢʫ ʘʚʘʨʽʾ ʯʠ ʥʘʜʟʚʠʯʘʡʥʦʾ ʩʠʪʫʘʮʽʾ, ʧʦʚôʷʟʘʥʦʾ ʟʽ 

ʟʙʠʪʢʦʤ ʜʣʷ ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ, ʧʨʦʛʥʦʟʥʽ ʝʢʩʧʝʨʪʥʽ ʦʮʽʥʢʠ ʚʽʜʦʙʨʘʞʘʶʪʴ 

ʽʥʜʠʚʽʜʫʘʣʴʥʝ ʩʫʜʞʝʥʥʷ ʩʧʝʮʽʘʣʽʩʪʽʚ ʚʽʜʥʦʩʥʦ ʧʝʨʩʧʝʢʪʠʚ ʨʦʟʚʠʪʢʫ ʥʝʛʘʪʠʚʥʦʾ ʧʦʜʽʾ. ʄʝʪʦʜʠ 

ʝʢʩʧʝʨʪʥʠʭ ʦʮʽʥʦʢ ʟʘʩʥʦʚʘʥʽ ʥʘ ʤʦʙʽʣʽʟʘʮʽʾ ʧʨʦʬʝʩʽʡʥʦʛʦ ʜʦʩʚʽʜʫ ʪʘ ʽʥʪʫʾʮʽʾ ʬʘʭʽʚʮʽʚ-

ʝʢʩʧʝʨʪʽʚ. ʊʘʢʽ ʤʝʪʦʜʠ ʦʮʽʥʢʠ ʨʠʟʠʢʫ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʬʦʨʤʘʣʴʥʫ ʪʝʦʨʽʶ ʫʭʚʘʣʝʥʥʷ ʨʽʰʝʥʴ ʚ 

ʫʤʦʚʘʭ ʥʝʚʠʟʥʘʯʝʥʦʩʪʽ. 

ʋ ʨʘʟʽ ʧʨʠʨʦʜʥʠʭ, ʪʝʭʥʦʛʝʥʥʦ-ʝʢʦʣʦʛʽʯʥʠʭ ʪʘ ʩʦʮʽʘʣʴʥʠʭ ʥʘʜʟʚʠʯʘʡʥʠʭ ʩʠʪʫʘʮʽʡ 

ʮʝʥʪʨʘʣʴʥʦʶ ʬʽʛʫʨʦʶ ʪʘ ʩʫʙôʻʢʪʦʤ ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʴ ʚʠʩʪʫʧʘʻ ʦʩʦʙʘ, ʷʢʘ ʧʨʠʡʤʘʻ ʨʽʰʝʥʥʷ 

(ʆʇʈ). ɼʣʷ ʜʦʧʦʤʦʛʠ ʫ ʧʦʰʫʢʫ ʨʽʰʝʥʥʷ ʆʇʈ ʟʘʣʫʯʘʻ ʝʢʩʧʝʨʪʽʚ ʽ ʢʦʥʩʫʣʴʪʘʥʪʽʚ, ʷʢʽ ʻ 

ʬʘʭʽʚʮʷʤʠ ʧʝʚʥʠʭ ʧʨʝʜʤʝʪʥʠʭ ʛʘʣʫʟʝʡ, ʫ ʪʽʤ ʯʠʩʣʽ ʟ ʧʠʪʘʥʴ ʪʝʭʥʦʣʦʛʽʾ ʡ ʦʨʛʘʥʽʟʘʮʽʾ ʧʨʦʮʝʩʽʚ 

ʧʨʠʡʥʷʪʪʷ ʽ ʚʧʨʦʚʘʜʞʝʥʥʷ ʨʽʰʝʥʴ. ɽʢʩʧʝʨʪʠ ʡ ʢʦʥʩʫʣʴʪʘʥʪʠ ʚʽʜʧʦʚʽʜʘʶʪʴ ʟʘ ʦʙˇʨʫʥʪʦʚʘʥʽʩʪʴ 

ʨʝʢʦʤʝʥʜʘʮʽʡ, ʷʢʽ ʚʦʥʠ ʛʦʪʫʶʪʴ ʜʣʷ ʆʇʈ, ʧʨʦʪʝ ʚʦʥʠ ʥʝ ʧʽʜʤʽʥʷʶʪʴ ʆʇʈ ʫ ʚʠʙʦʨʽ ʨʽʰʝʥʥʷ. 

ʉʝʨʝʜ ʝʢʩʧʝʨʪʥʠʭ ʤʝʪʦʜʽʚ ʦʮʽʥʢʠ ʥʝʙʝʟʧʝʢʠ ʽ ʨʠʟʠʢʫ ʥʘʡʙʽʣʴʰ ʧʦʰʠʨʝʥʠʤʠ ʻ ʤʝʪʦʜ 

ɼʝʣʬʽ, ʤʝʪʦʜ ʧʝʨʝʭʨʝʩʥʦʛʦ ʚʧʣʠʚʫ, ʤʝʪʦʜ ʘʥʘʣʽʟʫ ʽʻʨʘʨʭʽʡ. ɿʘʛʘʣʴʥʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʮʠʭ 

ʤʝʪʦʜʽʚ ʥʘʚʝʜʝʥʘ ʫ ʨʦʙʦʪʘʭ [1, 8-10]. ɰʭ ʱʝ ʥʘʟʠʚʘʶʪʴ ʤʝʪʦʜʘʤʠ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ 

ʧʝʨʝʜʙʘʯʝʥʥʷ. ʉʣʽʜ ʟʘʟʥʘʯʠʪʠ, ʱʦ ʞʦʜʝʥ ʽʟ ʥʠʭ ʩʘʤ ʧʦ ʩʦʙʽ ʥʝ ʨʦʟʚôʷʟʫʻ ʧʨʦʙʣʝʤʫ. ʎʽ ʤʝʪʦʜʠ 

ʨʦʟʛʣʷʜʘʶʪʴʩʷ ʷʢ ʩʢʣʘʜʦʚʽ ʩʠʩʪʝʤʥʦʾ ʤʝʪʦʜʦʣʦʛʽʾ. 

ɿʛʽʜʥʦ ʤʝʪʦʜʫ ɼʝʣʬʽ, ʷʢʠʡ ʨʦʟʨʦʙʠʣʘ ʘʤʝʨʠʢʘʥʩʴʢʘ ʢʦʤʧʘʥʽʷ Rand Corporation, 

ʧʨʦʚʦʜʠʪʴʩʷ ʽʥʜʠʚʽʜʫʘʣʴʥʝ ʦʧʠʪʫʚʘʥʥʷ ʝʢʩʧʝʨʪʽʚ ʫ ʬʦʨʤʽ ʘʥʢʝʪ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʚʽʜʥʦʩʥʦʾ 

ʚʘʞʣʠʚʦʩʪʽ ʽ ʪʝʨʤʽʥʽʚ ʟʜʽʡʩʥʝʥʥʷ ʛʽʧʦʪʝʪʠʯʥʠʭ ʧʦʜʽʡ. ʆʩʥʦʚʥʘ ʽʜʝʷ ʤʝʪʦʜʫ ʧʦʣʷʛʘʻ ʫ 

ʥʝʦʙʭʽʜʥʦʩʪʽ ʦʪʨʠʤʘʪʠ ʚʟʘʻʤʦʫʟʛʦʜʞʝʥʽ (ʢʦʥʩʝʥʩʫʩʥʽ) ʚʠʩʥʦʚʢʠ ʛʨʫʧʠ ʝʢʩʧʝʨʪʽʚ ʱʦʜʦ 

ʧʦʚʝʜʽʥʢʠ ʚ ʤʘʡʙʫʪʥʴʦʤʫ ʦʜʥʽʻʾ ʘʙʦ ʜʝʢʽʣʴʢʦʭ ʧʦʚôʷʟʘʥʠʭ ʤʽʞ ʩʦʙʦʶ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʩʠʩʪʝʤʠ, 

ʷʢʽ ʚʠʢʣʠʢʘʣʠ ʽʥʪʝʨʝʩ. 

ʋ ʧʦʜʘʣʴʰʦʤʫ ʘʥʢʝʪʠ ʦʙʨʦʙʣʷʶʪʴ ʽ ʬʦʨʤʫʶʪʴ ʢʦʣʝʢʪʠʚʥʫ ʜʫʤʢʫ ʛʨʫʧʠ ʝʢʩʧʝʨʪʽʚ; 

ʚʠʟʥʘʯʘʶʪʴ ʪʘ ʫʟʘʛʘʣʴʥʶʶʪʴ ʘʨʛʫʤʝʥʪʠ ʥʘ ʢʦʨʠʩʪʴ ʨʽʟʥʠʭ ʩʫʜʞʝʥʴ; ʫʩʶ ʽʥʬʦʨʤʘʮʽʶ 

ʧʦʚʽʜʦʤʣʷʶʪʴ ʝʢʩʧʝʨʪʘʤ. ʋʯʘʩʥʠʢʽʚ ʝʢʩʧʝʨʪʠʟʠ ʧʨʦʩʷʪʴ ʧʝʨʝʛʣʷʥʫʪʠ ʦʮʽʥʢʠ ʽ ʧʦʷʩʥʠʪʠ 

ʧʨʠʯʠʥʠ ʩʚʦʻʾ ʥʝʟʛʦʜʠ ʟ ʢʦʣʝʢʪʠʚʥʠʤ ʩʫʜʞʝʥʥʷʤ. ʎʷ ʧʨʦʮʝʜʫʨʘ ʧʦʚʪʦʨʶʻʪʴʩʷ 3-4 ʨʘʟʠ. ʋ 

ʨʝʟʫʣʴʪʘʪʽ ʚʽʜʙʫʚʘʻʪʴʩʷ ʟʚʫʞʝʥʥʷ ʜʽʘʧʘʟʦʥʫ ʦʮʽʥʦʢ. ʆʜʝʨʞʘʥʠʡ ʨʝʟʫʣʴʪʘʪ ʚʚʘʞʘʶʪʴ 

ʢʦʥʩʝʥʩʫʩʥʠʤ. ʅʝʜʦʣʽʢʦʤ ʮʴʦʛʦ ʤʝʪʦʜʫ ʻ ʥʝʤʦʞʣʠʚʽʩʪʴ ʫʨʘʭʫʚʘʥʥʷ ʚʧʣʠʚʫ ʥʘ ʝʢʩʧʝʨʪʽʚ, 

ʷʢʠʡ ʯʠʥʷʪʴ ʦʨʛʘʥʽʟʘʪʦʨʠ ʦʧʠʪʫʚʘʥʥʷ ʧʽʜ ʯʘʩ ʩʢʣʘʜʘʥʥʷ ʘʥʢʝʪ. 

ɼʣʷ ʚʠʟʥʘʯʝʥʥʷ ʚʽʜʧʦʚʽʜʥʦʩʪʽ ʧʦʪʝʥʮʽʡʥʦʛʦ ʝʢʩʧʝʨʪʘ ʧʝʚʥʠʤ ʚʠʤʦʛʘʤ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʩʪʦʩʦʚʥʦ ʥʴʦʛʦ ʘʥʢʝʪʥʝ ʦʧʠʪʫʚʘʥʥʷ. ʆʢʨʽʤ ʪʦʛʦ, ʯʘʩʪʦ ʚʜʘʶʪʴʩʷ ʜʦ ʩʧʦʩʦʙʫ 

ʩʘʤʦʦʮʽʥʶʚʘʥʥʷ ʢʦʤʧʝʪʝʥʪʥʦʩʪʽ ʝʢʩʧʝʨʪʘ ʱʦʜʦ ʘʥʘʣʽʟʦʚʘʥʦʛʦ ʧʠʪʘʥʥʷ. ʂʽʣʴʢʽʩʥʫ ʦʮʽʥʢʫ 

ʢʦʤʧʝʪʝʥʪʥʦʩʪʽ ʧʦʪʝʥʮʽʡʥʦʛʦ ʝʢʩʧʝʨʪʘ ʚʠʟʥʘʯʘʶʪʴ ʟʘ ʬʦʨʤʫʣʦʶ [1, 11]: 
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ɺʀʈɯʐɽʅʅʗ ɿɸɼɸʏ ɽʂʆʃʆɻɯʏʅʆɰ ɹɽɿʇɽʂʀ ɺ ɿʆʅɸʍ ɺʇʃʀɺʋ ɸɽʉ 
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K V V Pl
= =
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ç ÷
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ʜʝ 
jV -ʚʘʛʘ ʛʨʘʜʘʮʽʾ, ʷʢʫ ʧʝʨʝʢʨʝʩʣʠʚ ʝʢʩʧʝʨʪ ʧʦ j-ʽʡ ʭʘʨʘʢʪʝʨʠʩʪʠʮʽ, ʚ ʘʥʢʝʪʽ, ʙʘʣʠ; 

maxjV -ʤʘʢʩʠʤʘʣʴʥʘ ʚʘʛʘ (ʛʨʘʥʠʮʷ ʰʢʘʣʠ) j-ʪʦʾ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʚ ʙʘʣʘʭ; m ï ʟʘʛʘʣʴʥʘ 

ʢʽʣʴʢʽʩʪʴ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʢʦʤʧʝʪʝʥʪʥʦʩʪʽ ʚ ʘʥʢʝʪʽ; l-ʚʘʛʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ, ʧʝʨʝʢʨʝʩʣʝʥʦʾ 
ʝʢʩʧʝʨʪʦʤ ʫ ʰʢʘʣʽ ʩʘʤʦʦʮʽʥʢʠ, ʚ ʙʘʣʘʭ; P-ʛʨʘʥʠʮʷ ʰʢʘʣʠ ʩʘʤʦʦʮʽʥʢʠ ʝʢʩʧʝʨʪʘ, ʙʘʣʠ. 

ɿʘʫʚʘʞʠʤʦ, ʱʦ ʦʙʨʦʙʢʘ ʨʝʟʫʣʴʪʘʪʽʚ ʝʢʩʧʝʨʪʥʠʭ ʦʮʽʥʦʢ ʱʦʜʦ ʚʽʜʥʦʩʥʦʾ ʚʘʞʣʠʚʦʩʪʽ 

ʦʢʨʝʤʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʦʣʷʛʘʻ ʚ ʨʘʥʞʫʚʘʥʥʽ ʦʮʽʥʦʢ ʚʘʞʣʠʚʦʩʪʽ, ʜʘʥʠʭ ʝʢʩʧʝʨʪʘʤʠ. ʂʦʞʥʘ 

ʦʮʽʥʢʘ, ʜʘʥʘ -̔ʠʤ ʝʢʩʧʝʨʪʦʤ, ʚʠʨʘʞʘʻʪʴʩʷ ʯʠʩʣʦʤ ʥʘʪʫʨʘʣʴʥʦʛʦ ʨʷʜʫ ʯʠʩʝʣ. ʉʫʤʘ ʨʘʥʛʽʚ 
jS , 

ʜʘʥʘ ʝʢʩʧʝʨʪʘʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʮʽ j ( )1,...,j m= , ʚʠʟʥʘʯʘʻʪʴʩʷ ʟʘ ʬʦʨʤʫʣʦʶ: 

1

k

j ij

i

S R
=

=ä , 

ʜʝ 
ijR -ʨʘʥʛ ʦʮʽʥʢʠ, ʜʘʥʦʾ -̔ʠʤ ʝʢʩʧʝʨʪʦʤ j-ʽʡ ʭʘʨʘʢʪʝʨʠʩʪʠʮʽ; n-ʢʽʣʴʢʽʩʪʴ ʝʢʩʧʝʨʪʽʚ. 

ʉʪʫʧʽʥʴ ʫʟʛʦʜʞʝʥʦʩʪʽ ʯʣʝʥʽʚ ʚʩʽʻʾ ʝʢʩʧʝʨʪʥʦʾ ʛʨʫʧʠ ʯʘʩʪʦ ʦʙʯʠʩʣʶʶʪʴ ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʢʦʝʬʽʮʽʻʥʪʘ ʢʦʥʢʦʨʜʘʮʽʾ. ʂʦʝʬʽʮʽʻʥʪ ʢʦʥʢʦʨʜʘʮʽʾ, ʦʙʯʠʩʣʶʚʘʥʠʡ ʟʘ ʩʫʢʫʧʥʽʩʪʶ ʫʩʽʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ, ʤʘʻ ʚʠʛʣʷʜ: 

( )2 2 3
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T t t
=

= -ä  ʨʦʟʨʘʭʦʚʫʻʪʴʩʷ ʟʘ ʥʘʷʚʥʦʩʪʽ 

ʨʽʚʥʠʭ ʨʘʥʛʽʚ; n-ʢʽʣʴʢʽʩʪʴ ʛʨʫʧ ʨʽʚʥʠʭ ʨʘʥʛʽʚ, lt -ʢʽʣʴʢʽʩʪʴ ʨʽʚʥʠʭ ʨʘʥʛʽʚ ʫ ʢʦʞʥʽʡ ʛʨʫʧʽ, 

L-ʢʽʣʴʢʽʩʪʴ ʛʨʫʧ ʟʚôʷʟʥʠʭ (ʦʜʥʘʢʦʚʠʭ) ʨʘʥʛʽʚ). 

ʂʦʝʬʽʮʽʻʥʪ ʢʦʥʢʦʨʜʘʮʽʾ ʧʨʠʡʤʘʻ ʟʥʘʯʝʥʥʷ ʫ ʤʝʞʘʭ ʚʽʜ 0 ʜʦ 1. ɿʘ 1W=  ʤʘʻʤʦ ʧʦʚʥʫ 

ʫʟʛʦʜʞʝʥʽʩʪʴ ʜʫʤʦʢ ʝʢʩʧʝʨʪʽʚ, ʟʘ 0W= -ʧʦʚʥʫ ʥʝʫʟʛʦʜʞʝʥʽʩʪʴ. ʅʠʟʴʢʝ ʟʥʘʯʝʥʥʷ ʮʴʦʛʦ 

ʢʦʝʬʽʮʽʻʥʪʘ ʤʦʞʝ ʙʫʪʠ ʦʪʨʠʤʘʥʝ ʷʢ ʧʨʠ ʚʽʜʩʫʪʥʦʩʪʽ ʩʧʽʣʴʥʦʩʪʽ ʜʫʤʦʢ ʫʩʽʭ ʝʢʩʧʝʨʪʽʚ, ʪʘʢ ʽ 
ʚʥʘʩʣʽʜʦʢ ʧʨʦʪʠʣʝʞʥʠʭ ʜʫʤʦʢ ʤʽʞ ʧʽʜʛʨʫʧʘʤʠ ʝʢʩʧʝʨʪʽʚ, ʭʦʯʘ ʚʩʝʨʝʜʠʥʽ ʧʽʜʛʨʫʧʠ 

ʫʟʛʦʜʞʝʥʽʩʪʴ ʤʦʞʝ ʙʫʪʠ ʚʠʩʦʢʦʶ. 

ɼʣʷ ʚʠʷʚʣʝʥʥʷ ʩʪʫʧʝʥʷ ʫʟʛʦʜʞʝʥʦʩʪʽ ʜʫʤʦʢ ʝʢʩʧʝʨʪʽʚ ʯʘʩʪʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ 

ʢʦʝʬʽʮʽʻʥʪ ʧʘʨʥʦʾ ʨʘʥʛʦʚʦʾ ʢʦʨʝʣʷʮʽʾ: 

( ) ( )2 3

,

1
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1
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ʜʝ jy -ʨʽʟʥʠʮʷ (ʧʦ ʤʦʜʫʣʶ) ʚʝʣʠʯʠʥ ʨʘʥʛʽʚ j-ʪʦʾ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ, ʧʦʩʪʘʚʣʝʥʠʭ 

ʝʢʩʧʝʨʪʘʤʠ a ʪʘ b, j j jR Ra by = - ; Ta, Tb-ʧʦʢʘʟʥʠʢʠ ʟʚôʷʟʥʠʭ ʨʘʥʛʽʚ ʦʮʽʥʦʢ ʝʢʩʧʝʨʪʽʚ a 

ʪʘ b. 

ʂʦʝʬʽʮʽʻʥʪ ʧʘʨʥʦʾ ʨʘʥʛʦʚʦʾ ʢʦʨʝʣʷʮʽʾ ʤʦʞʝ ʧʨʠʡʤʘʪʠ ʟʥʘʯʝʥʥʷ ʚʽʜ -1 ʜʦ +1. ɿʥʘʯʝʥʥʷ 

1r=  ʚʽʜʧʦʚʽʜʘʻ ʧʦʚʥʽʡ ʫʟʛʦʜʞʝʥʦʩʪʽ ʜʫʤʦʢ ʜʚʦʭ ʝʢʩʧʝʨʪʽʚ. ɿʥʘʯʝʥʥʷ 1r=- ʦʟʥʘʯʘʻ, ʱʦ 

ʜʫʤʢʘ ʦʜʥʦʛʦ ʝʢʩʧʝʨʪʘ ʧʨʦʪʠʣʝʞʥʘ ʜʫʤʮʽ ʜʨʫʛʦʛʦ. ɼʣʷ ʚʠʟʥʘʯʝʥʥʷ ʨʽʚʥʷ ʟʥʘʯʫʱʦʩʪʽ 

ʢʦʝʬʽʮʽʻʥʪʽʚ W  ʽ r ʤʦʞʥʘ ʚʠʢʦʨʠʩʪʘʪʠ ʢʨʠʪʝʨʽʡ 2c . 

ʅʘ ʧʝʨʰʦʤʫ ʝʪʘʧʽ ʟʘʩʪʦʩʫʚʘʥʥʷ ʤʝʪʦʜ ʧʝʨʝʭʨʝʩʥʦʛʦ ʚʧʣʠʚʫ ʪʘʢʦʞ ˇʨʫʥʪʫʻʪʴʩʷ ʥʘ 

ʚʠʢʦʨʠʩʪʘʥʥʽ ʚʠʩʥʦʚʢʽʚ ʝʢʩʧʝʨʪʽʚ ʱʦʜʦ ʧʦʜʽʡ, ʷʢʽ ʤʦʛʣʠ ʙ ʦʭʘʨʘʢʪʝʨʠʟʫʚʘʪʠ ʤʘʡʙʫʪʥʻ ʚ 

ʧʝʚʥʠʡ ʽʥʪʝʨʚʘʣ ʯʘʩʫ. ʗʢ ʪʽʣʴʢʠ ʚʠʟʥʘʯʝʥʦ ʥʘʡʚʘʞʣʠʚʽʰʽ ʧʦʜʽʾ ³Ï , 1,... ,i N= , ʱʦ ʤʦʞʫʪʴ 

ʘʜʝʢʚʘʪʥʦ ʦʭʘʨʘʢʪʝʨʠʟʫʚʘʪʠ ʩʮʝʥʘʨʽʾ ʨʦʟʚʠʪʢʫ ʥʝʛʘʪʠʚʥʠʭ ʧʦʜʽʡ, ʦʮʽʥʶʶʪʴ ʽʤʦʚʽʨʥʦʩʪʽ 



ɿʙ̔ʨʥʠʢ ʥʘʫʢʦʚʠʭ ʧʨʘʮʴ ɯʥʩʪʠʪʫʪʫ ʛʝʦʭʽʤʽʾ ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ 2016 ʚʠʧʫʩʢ 25 

 

É ʇʦʧʦʚ ʆ. ʆ., ʗʮʠʰʠʥ ɸ. ɺ. ɸʨʪʝʤʯʫʢ ɺ. ʆ.  ʄʆɾʃʀɺʆʉʊɯ ɺʀʂʆʈʀʉʊɸʅʅʗ ɽʂʉʇɽʈʊʅʀʍ ʄɽʊʆɼɯɺ ʊɸ ʉʀʉʊɽʄ ɼʃʗ 

ɺʀʈɯʐɽʅʅʗ ɿɸɼɸʏ ɽʂʆʃʆɻɯʏʅʆɰ ɹɽɿʇɽʂʀ ɺ ɿʆʅɸʍ ɺʇʃʀɺʋ ɸɽʉ 

8 

ʟʜʽʡʩʥʝʥʥʷ ʢʦʞʥʦʾ ʟ ʮʠʭ ʧʦʜʽʡ. ɰʭ ʚʠʟʥʘʯʘʶʪʴ ʷʢ ʧʨʦʩʪʽ ʯʠ ʚʠʭʽʜʥʽ ʡʤʦʚʽʨʥʦʩʪʽ 

( ) ( )0 1 0,... , NP Ï P Ï . 

ʅʘʩʪʫʧʥʠʤ ʢʨʦʢʦʤ ʻ ʧʦʙʫʜʦʚʘ ʪʘʢ ʟʚʘʥʦʾ ʤʘʪʨʠʮʽ ʧʝʨʝʭʨʝʩʥʦʛʦ ʚʧʣʠʚʫ. ɺʦʥʘ ʤʘʻ 

ʨʦʟʤʽʨʥʽʩʪʴ N N³ , ʜʝ N-ʯʠʩʣʦ ʚʠʙʨʘʥʠʭ ʧʦʜʽʡ. ʎʷ ʤʘʪʨʠʮʷ ʚʠʟʥʘʯʘʻ ʚʟʘʻʤʥʠʡ ʚʧʣʠʚ 

ʧʦʜʽʡ. ʇʽʩʣʷ ʮʴʦʛʦ ʦʮʽʥʶʶʪʴ ʡʤʦʚʽʨʥʦʩʪʽ ʪʦʛʦ, ʱʦ ʦʟʥʘʯʝʥʽ ʧʦʜʽʾ ʚʽʜʙʫʜʫʪʴʩʷ: ( )( )Ï ³P Ï , 

1,... ,i N= . 

ɿ ʤʝʪʦʶ ʦʪʨʠʤʘʥʥʷ ʦʮʽʥʢʠ ʡʤʦʚʽʨʥʦʩʪʽ ( )Ï ³P Ï  ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʤʝʪʦʜʠ ʤʦʜʝʣʶʚʘʥʥʷ 

ʩʢʣʘʜʥʠʭ ʩʠʩʪʝʤ, ʟʦʢʨʝʤʘ ʤʝʪʦʜ ʽʤʽʪʘʮʽʡʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ, ʤʝʪʦʜ ʩʪʦʭʘʩʪʠʯʥʦʛʦ 

ʤʦʜʝʣʶʚʘʥʥʷ ʪʘ ʜʝʷʢʽ ʽʥʰʽ. 

ʇʽʩʣʷ ʦʪʨʠʤʘʥʥʷ ʦʮʽʥʢʠ ʡʤʦʚʽʨʥʦʩʪʝʡ ( )( )Ï ³P Ï  ʟʜʽʡʩʥʶʶʪʴ ʱʝ ʦʜʠʥ ʝʪʘʧ 

ʤʦʜʝʣʶʚʘʥʥʷ, ʟʘʩʪʦʩʦʚʫʶʯʠ ʥʘʚʝʜʝʥʽ ʤʝʪʦʜʠ ʜʣʷ ʦʪʨʠʤʘʥʥʷ ʦʮʽʥʦʢ ʤʦʞʣʠʚʦʛʦ ʩʮʝʥʘʨʽʶ, ʱʦ 

ʚʠʥʠʢʘʻ ʟʘ ʧʝʚʥʠʭ ʢʦʥʢʨʝʪʥʠʭ ʫʤʦʚ: ( )( )Ñ jP Ñ , 1,... ,2j n= . ʂʽʣʴʢʽʩʪʴ ʮʠʭ ʦʮʽʥʦʢ ʚʠʟʥʘʯʘʶʪʴ 

ʯʠʩʣʦʤ 2n. ʅʘʚʝʜʝʥʠʡ ʤʝʪʦʜ ʥʘ ʧʝʨʰʦʤʫ ʝʪʘʧʽ ʬʘʢʪʠʯʥʦ ʚʠʢʦʨʠʩʪʦʚʫʻ ʤʝʪʦʜ ɼʝʣʬʽ, 

ʨʝʟʫʣʴʪʘʪʠ ʷʢʦʛʦ ʟʘʩʪʦʩʦʚʫʶʪʴ ʜʣʷ ʦʙʯʠʩʣʝʥʥʷ ʦʮʽʥʦʢ ʡʤʦʚʽʨʥʦʩʪʝʡ ʤʦʞʣʠʚʠʭ ʩʮʝʥʘʨʽʾʚ 

ʨʦʟʚʠʪʢʫ ʧʦʜʽʡ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʦʧʠʩʘʥʦʾ ʧʨʦʮʝʜʫʨʠ. 

ʄʝʪʦʜ ʘʥʘʣʽʟʫ ʽʻʨʘʨʭʽʡ ʻ ʤʝʪʦʜʦʤ ʨʦʟʚôʷʟʘʥʥʷ ʙʘʛʘʪʦʢʨʠʪʝʨʽʘʣʴʥʠʭ ʟʘʚʜʘʥʴ ʟ 
ʽʻʨʘʨʭʽʯʥʠʤʠ ʩʪʨʫʢʪʫʨʘʤʠ, ʷʢʽ ʚʢʣʶʯʘʶʪʴ ʷʢ ʧʦʤʽʪʥʽ, ʪʘʢ ʽ ʥʝʧʦʤʽʪʥʽ ʬʘʢʪʦʨʠ. ɺʽʥ 

ʨʦʟʨʦʙʣʝʥʠʡ ʘʤʝʨʠʢʘʥʩʴʢʠʤ ʤʘʪʝʤʘʪʠʢʦʤ ʊ. ʉʘʘʪʽ ʥʘ ʧʦʯʘʪʢʫ 90-ʭ ʨʦʢʽʚ ʤʠʥʫʣʦʛʦ ʩʪʦʣʽʪʪʷ 

[9]. ʄʝʪʦʜ ʙʘʟʫʻʪʴʩʷ ʥʘ ʧʘʨʥʠʭ ʧʦʨʽʚʥʷʥʥʷʭ. ɽʢʩʧʝʨʪ ʫ ʧʨʦʮʝʩʽ ʧʘʨʥʠʭ ʧʦʨʽʚʥʷʥʴ ʥʝ ʪʽʣʴʢʠ 

ʚʠʙʠʨʘʻ ʫ ʢʦʞʥʽʡ ʧʘʨʽ ʙʽʣʴʰ ʥʝʙʝʟʧʝʯʥʫ ʭʘʨʘʢʪʝʨʠʩʪʠʢʫ ʯʠ ʪʝʨʠʪʦʨʽʶ ʫ ʢʦʞʥʽʡ ʧʘʨʽ, ʘʣʝ ʡ 

ʚʢʘʟʫʻ, ʫ ʩʢʽʣʴʢʠ ʨʘʟʽʚ ʦʜʠʥ ʝʣʝʤʝʥʪ ʧʝʨʝʚʘʞʘʻ ʜʨʫʛʠʡ ʟʘ ʦʟʥʘʢʦʶ, ʱʦ ʨʦʟʛʣʷʜʘʻʪʴʩʷ. 

ɸʣʛʦʨʠʪʤ ʮʴʦʛʦ ʤʝʪʦʜʫ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʪʘʢʠʭ ʝʪʘʧʽʚ [2, 9, 12]: 

1. ɺʠʟʥʘʯʝʥʥʷ ʮʽʣʽ (ʬʦʢʫʩʫ) ʧʨʦʙʣʝʤʠ. 

2. ʉʠʩʪʝʤʥʠʡ ʘʥʘʣʽʟ ʪʘ ʩʪʨʫʢʪʫʨʠʟʘʮʽʷ ʧʨʦʙʣʝʤʠ ʫ ʚʠʛʣʷʜʽ ʽʻʨʘʨʭʽʯʥʦʾ ʤʦʜʝʣʽ (ʮʽʣʴ, 
ʢʨʠʪʝʨʽʾ, ʘʣʴʪʝʨʥʘʪʠʚʠ). 

3. ʌʦʨʤʫʚʘʥʥʷ ʙʘʟʠ ʜʘʥʠʭ (ɹɼ) ʭʘʨʘʢʪʝʨʠʩʪʠʢ (ʘʣʴʪʝʨʥʘʪʠʚ) (ʾʭ ʢʽʣʴʢʽʩʥʽ ʟʥʘʯʝʥʥʷ, ʧʨʠ 

ʚʽʜʩʫʪʥʦʩʪʽ ï ʝʢʩʧʝʨʪʥʽ ʦʮʽʥʢʠ). 

4. ʌʦʨʤʫʣʶʚʘʥʥʷ ʟʘʧʠʪʘʥʴ ʜʣʷ ʧʦʨʽʚʥʷʥʥʷ ʝʣʝʤʝʥʪʽʚ ʫʩʽʭ ʨʽʚʥʽʚ ʽʻʨʘʨʭʽʾ ʪʘ ʧʽʜʛʦʪʦʚʢʘ 

ʘʥʢʝʪ ʜʣʷ ʦʧʠʪʫʚʘʥʥʷ ʝʢʩʧʝʨʪʽʚ. 

5. ɿʘʧʦʚʥʝʥʥʷ ʤʘʪʨʠʮʴ ʧʦʧʘʨʥʠʭ ʧʦʨʽʚʥʷʥʴ ʝʣʝʤʝʥʪʽʚ ʢʦʞʥʦʛʦ ʨʽʚʥʷ ʛʨʫʧʦʶ ʝʢʩʧʝʨʪʽʚ, 
ʜʦ ʩʢʣʘʜʫ ʷʢʦʾ ʚʭʦʜʠʪʴ ʩʠʩʪʝʤʥʠʡ ʘʥʘʣʽʪʠʢ. 

6. ɺʠʟʥʘʯʝʥʥʷ ʚʣʘʩʥʠʭ ʚʝʢʪʦʨʽʚ ʤʘʪʨʠʮʴ ʧʦʧʘʨʥʠʭ ʧʦʨʽʚʥʷʥʴ ʾʭ ʥʦʨʤʫʚʘʥʥʷ. 

7. ʆʮʽʥʢʘ ʫʟʛʦʜʞʝʥʦʩʪʽ ʩʫʜʞʝʥʴ ʝʢʩʧʝʨʪʘ ʥʘ ʦʩʥʦʚʽ ʚʽʜʥʦʰʝʥʥʷ ʫʟʛʦʜʞʝʥʦʩʪʽ. 

8. ʇʝʨʝʚʽʨʢʘ ʫʟʛʦʜʞʝʥʦʩʪʽ ʤʘʪʨʠʮʴ ʧʦʨʽʚʥʷʥʴ. ʗʢʱʦ ʤʘʪʨʠʮʽ ʫʟʛʦʜʞʝʥʽ, ʪʦ ʧ. 9, ʷʢʱʦ 
ʥ ̔ï ʪʦ ʧʝʨʝʭʽʜ ʥʘ ʧ. 5. 

9. ɺʠʟʥʘʯʝʥʥʷ ʣʦʢʘʣʴʥʠʭ ʪʘ ʛʣʦʙʘʣʴʥʠʭ ʧʨʽʦʨʠʪʝʪʽʚ (ʚʘʛʦʚʠʭ ʢʦʝʬʽʮʽʻʥʪʽʚ) ʢʦʞʥʦʛʦ ʟ 

ʝʣʝʤʝʥʪʽʚ ʽʻʨʘʨʭʽʾ. 

10. ɺʠʟʥʘʯʝʥʥʷ ʥʘʡʢʨʘʱʦʾ ʘʣʴʪʝʨʥʘʪʠʚʠ. 

ʅʘʧʨʠʢʣʘʜ, ʜʣʷ ʩʢʽʥʯʝʥʥʦʾ ʤʥʦʞʠʥʠ ʘʣʴʪʝʨʥʘʪʠʚ { }1,..., mX x x=  ʧʦʙʫʜʫʻʤʦ ʟʘ 

ʨʝʟʫʣʴʪʘʪʘʤʠ ʧʘʨʥʠʭ ʧʦʨʽʚʥʷʥʴ ʤʘʪʨʠʮʶ ijA a=  ʨʦʟʤʽʨʥʦʩʪʽ ( )m m³ , ʢʦʞʥʠʡ ʝʣʝʤʝʥʪ ʷʢʦʾ 

ija  ʷʚʣʷʻ ʩʦʙʦʶ ʦʮʽʥʢʫ ʚʽʜʥʦʩʥʦʾ ʧʝʨʝʚʘʛʠ ʦʙôʻʢʪʘ ix  ʚ ʧʦʨʽʚʥʷʥʥʽ ʟ ʦʙôʻʢʪʦʤ jx  ( ), 1,i j m= , 

ʚʠʟʥʘʯʝʥʫ ʝʢʩʧʝʨʪʦʤ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʨʝʢʦʤʝʥʜʘʮʽʡ ʱʦʜʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʚʽʜʧʦʚʽʜʥʦʾ ʰʢʘʣʠ 

ʚʽʜʥʦʩʥʦʾ ʚʘʞʣʠʚʦʩʪʽ ʝʣʝʤʝʥʪʽʚ. ʇʨʠʧʫʩʪʠʤʦ, ʱʦ ( )1,..., mw w -ʥʘʙʽʨ ʽʩʪʠʥʥʠʭ ʚʽʜʥʦʩʥʠʭ 

ʮʽʥʥʦʩʪʝʡ ʢʦʞʥʦʛʦ ʟ ʝʣʝʤʝʥʪʽʚ ʤʥʦʞʠʥʠ X. ʗʢʙʠ ʚʽʜʧʦʚʽʜʽ ʝʢʩʧʝʨʪʘ ʙʫʣʠ ʮʽʣʢʦʤ 



ɿʙ̔ʨʥʠʢ ʥʘʫʢʦʚʠʭ ʧʨʘʮʴ ɯʥʩʪʠʪʫʪʫ ʛʝʦʭʽʤʽʾ ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ 2016 ʚʠʧʫʩʢ 25 

 

É ʇʦʧʦʚ ʆ. ʆ., ʗʮʠʰʠʥ ɸ. ɺ. ɸʨʪʝʤʯʫʢ ɺ. ʆ.  ʄʆɾʃʀɺʆʉʊɯ ɺʀʂʆʈʀʉʊɸʅʅʗ ɽʂʉʇɽʈʊʅʀʍ ʄɽʊʆɼɯɺ ʊɸ ʉʀʉʊɽʄ ɼʃʗ 

ɺʀʈɯʐɽʅʅʗ ɿɸɼɸʏ ɽʂʆʃʆɻɯʏʅʆɰ ɹɽɿʇɽʂʀ ɺ ɿʆʅɸʍ ɺʇʃʀɺʋ ɸɽʉ 

9 

ʫʟʛʦʜʞʝʥʠʤʠ ʤʽʞ ʩʦʙʦʶ, ʩʣʽʜ ʦʯʽʢʫʚʘʪʠ ʚʠʢʦʥʘʥʥʷ ʩʧʽʚʚʽʜʥʦʰʝʥʴ/ij i ja w w=  ʜʣʷ ʫʩʽʭ 

, 1,i j m= . ʎʝ ʦʟʥʘʯʘʻ, ʟʦʢʨʝʤʘ, ʱʦ ʧʦʪʨʽʙʥʦ ʧʦʢʣʘʜʘʪʠ 1ija =  ʽ 1/ji ija a=  ʜʣʷ ʫʩʽʭ , 1,i j m= . 

ʋ ʚʠʧʘʜʢʫ ʧʦʚʥʦʾ ʫʟʛʦʜʞʝʥʦʩʪʽ ʤʽʞ ʩʦʙʦʶ ʝʣʝʤʝʥʪʽʚ ʤʘʪʨʠʮʽ A  ʤʘʻ ʩʠʣʫ 

ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ: 

1 1

m m

w w

A

w w

l

å õ å õ
æ ö æ ö

=æ ö æ ö
æ ö æ ö
ç ÷ ç ÷

. 

ʎʝ ʦʟʥʘʯʘʻ, ʱʦ ʚʝʢʪʦʨ ʚʽʜʥʦʩʥʠʭ ʚʘʞʣʠʚʦʩʪʝʡ ( )1,...,
T

mw w  ʻ ʚʣʘʩʥʠʤ ʚʝʢʪʦʨʦʤ 

ʤʘʪʨʠʮʽ A  ʪʘ ʚʽʜʧʦʚʽʜʘʻ ʚʣʘʩʥʦʤʫ ʯʠʩʣʫ l ʮʽʻʾ ʤʘʪʨʠʮʽ. ɹʽʣʴʰ ʪʦʛʦ, l-ʮʝ ʥʘʡʙʽʣʴʰʝ ʚʣʘʩʥʝ 
ʟʥʘʯʝʥʥʷ ʤʘʪʨʠʮʽ A. ʘ ʚʩʽ ʽʥʰʽ ʾʾ ʚʣʘʩʥʽ ʟʥʘʯʝʥʥʷ ʜʦʨʽʚʥʶʶʪʴ ʥʫʣʶ. ɿʘʟʥʘʯʝʥʽ ʚʣʘʩʪʠʚʦʩʪʽ 
ʮʽʣʢʦʤ ʫʟʛʦʜʞʝʥʦʾ ʤʘʪʨʠʮʽ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʜʣʷ ʚʠʧʘʜʢʽʚ, ʢʦʣʠ ʚʽʜʧʦʚʽʜʽ ʝʢʩʧʝʨʪʘ ʙʫʜʫʪʴ 

ʤʽʩʪʠʪʠ ʧʦʭʠʙʢʠ, ʘ ʩʘʤʝ: ʧʽʩʣʷ ʧʦʙʫʜʦʚʠ ʤʘʪʨʠʮʽ ʨʝʟʫʣʴʪʘʪʽʚ ʧʘʨʥʠʭ ʧʦʨʽʚʥʷʥʴ A  ʚʽʜʥʦʩʥʽ 

ʧʝʨʝʚʘʞʘʥʥʷ ʦʙôʻʢʪʽʚ ʚʠʟʥʘʯʘʶʪʴ ʷʢ ʢʦʤʧʦʥʝʥʪʠ ʪʘʢʦʛʦ ʾʾ ʚʣʘʩʥʦʛʦ ʚʝʢʪʦʨʘ w, ʷʢʠʡ 

ʚʽʜʧʦʚʽʜʘʻ ʥʘʡʙʽʣʴʰʦʤʫ ʚʣʘʩʥʦʤʫ ʯʠʩʣʫ maxl  ʮʽʻʾ ʤʘʪʨʠʮʽ. ʏʠʤ ʙʣʠʞʯʝ maxl  ʥʘʙʣʠʞʘʻʪʴʩʷ ʜʦ 

p, ʪʠʤ ʢʨʘʱʝ ʫʟʛʦʜʞʝʥʠʤʠ ʤʽʞ ʩʦʙʦʶ ʻ ʚʽʜʧʦʚʽʜʽ ʝʢʩʧʝʨʪʘ ʱʦʜʦ ʚʽʜʥʦʩʥʦʾ ʧʝʨʝʚʘʞʥʦʩʪʽ 

ʦʙôʻʢʪʽʚ. ʉʘʘʪʽ ʚʚʦʜʠʪʴ ʽʥʜʝʢʩ ʫʟʛʦʜʞʝʥʦʩʪʽ J : 

( )( )1maxJ p pl= - -, 

ʜʝ p-ʯʠʩʣʦ ʧʦʨʽʚʥʶʚʘʥʠʭ ʝʣʝʤʝʥʪʽʚ, maxl -ʥʘʡʙʽʣʴʰʝ ʚʣʘʩʥʝ ʟʥʘʯʝʥʥʷ ʤʘʪʨʠʮʽ A . 

ʗʢʱʦ ʟʥʘʯʝʥʥʷ ʮʴʦʛʦ ʽʥʜʝʢʩʫ ʩʪʘʥʦʚʠʪʴ 10% ʱʦʜʦ ʝʪʘʣʦʥʥʦʛʦ (ʪʘʙʣ. 1), ʪʦ ʨʝʟʫʣʴʪʘʪʠ 

ʦʧʠʪʫʚʘʥʥʷ ʝʢʩʧʝʨʪʘ ʚʚʘʞʘʶʪʴʩʷ ʟʘʜʦʚʽʣʴʥʠʤʠ. ʋ ʧʨʦʪʠʚʥʦʤʫ ʚʠʧʘʜʢʫ ʝʢʩʧʝʨʪ ʧʦʚʠʥʝʥ 

ʫʪʦʯʥʠʪʠ ʩʚʦʾ ʦʮʽʥʢʠ ʚʽʜʥʦʩʥʦʾ ʚʘʞʣʠʚʦʩʪʽ ʦʙôʻʢʪʽʚ ʫ ʧʘʨʥʠʭ ʧʦʨʽʚʥʷʥʥʷʭ. 

ʗʢʱʦ ʻ ʚʝʣʠʢʘ ʢʽʣʴʢʽʩʪʴ ʢʨʠʪʝʨʽʾʚ, ʱʦ ʧʽʜʣʷʛʘʪʠʤʫʪʴ ʧʦʨʽʚʥʷʥʥʶ, ʤʝʪʦʜ ʉʘʘʪʽ ʻ 

ʜʦʩʪʘʪʥʴʦ ʛʨʦʤʽʟʜʢʠʤ. ʎʷ ʚʣʘʩʪʠʚʽʩʪʴ ʧʨʠʪʘʤʘʥʥʘ ʫʩʽʤ ʤʝʪʦʜʘʤ, ʷʢʽ ʟʘʩʥʦʚʘʥʽ ʥʘ ʧʘʨʥʦʤʫ 

ʧʦʨʽʚʥʷʥʥʽ ʚʠʭʽʜʥʠʭ ʝʣʝʤʝʥʪʽʚ [9]. 
 

ʊʘʙʣʠʮʷ 1. ɽʪʘʣʦʥʥʽ ʟʥʘʯʝʥʥʷ ʧʦʢʘʟʥʠʢʘ ʫʟʛʦʜʞʝʥʦʩʪʽ ʟʘʣʝʞʥʦ ʚʽʜ ʢʽʣʴʢʦʩʪʽ ʦʙôʻʢʪʽʚ, ʱʦ 

ʧʦʨʽʚʥʶʶʪʴʩʷ 

ʂʽʣʴʢʽʩʪʴ ʦʙôʻʢʪʽʚ 3 4 5 6 7 8 9 10 11 12 13 14 15 

ɽʪʘʣʦʥʥʝ 

ʟʥʘʯʝʥʥʷ 
0,58 0,90 1,12 1,24 1,32 1,41 1,45 1,49 1,51 1,54 1,56 1,57 1,59 

 

ɽʢʩʧʝʨʪʥʽ ʩʠʩʪʝʤʠ (ɽʉ) ï ʮʝ ʢʣʘʩ ʢʦʤʧôʶʪʝʨʥʠʭ ʧʨʦʛʨʘʤ, ʷʢʽ ʧʨʦʧʦʥʫʶʪʴ ʨʝʢʦʤʝʥʜʘʮʽʾ, 

ʧʨʦʚʦʜʷʪʴ ʘʥʘʣʽʟ, ʚʠʢʦʥʫʶʪʴ ʢʣʘʩʠʬʽʢʘʮʽʶ, ʜʘʶʪʴ ʢʦʥʩʫʣʴʪʘʮʽʾ ʽ ʩʪʘʚʣʷʪʴ ʜʽʘʛʥʦʟ. ɺʦʥʠ 

ʦʨʽʻʥʪʦʚʘʥʽ ʥʘ ʨʦʟʚôʷʟʫʚʘʥʥʷ ʟʘʜʘʯ, ʚʠʨʽʰʝʥʥʷ ʷʢʠʭ ʚʠʤʘʛʘʻ ʧʨʦʚʝʜʝʥʥʷ ʝʢʩʧʝʨʪʠʟʠ 

ʣʶʜʠʥʦʶ-ʩʧʝʮʽʘʣʽʩʪʦʤ. ʅʘ ʚʽʜʤʽʥʫ ʚʽʜ ʧʨʦʛʨʘʤ, ʱʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʧʨʦʮʝʜʫʨʥʠʡ ʘʥʘʣʽʟ, ɽʉ 

ʨʦʟʚôʷʟʫʶʪʴ ʧʨʦʙʣʝʤʠ ʫ ʚʫʟʴʢʽʡ ʧʨʝʜʤʝʪʥʽʡ ʧʣʦʱʠʥʽ (ʢʦʥʢʨʝʪʥʽʡ ʦʙʣʘʩʪʽ ʝʢʩʧʝʨʪʠʟʠ) ʥʘ 

ʦʩʥʦʚʽ ʣʦʛʽʯʥʠʭ ʤʽʨʢʫʚʘʥʴ. ʊʘʢʽ ʩʠʩʪʝʤʠ ʯʘʩʪʦ ʤʦʞʫʪʴ ʟʥʘʡʪʠ ʨʦʟʚôʷʟʦʢ ʟʘʜʘʯ, ʷʢʽ 

ʥʝʩʪʨʫʢʪʫʨʦʚʘʥʽ ʽ ʥʝʪʦʯʥʦ ʚʠʟʥʘʯʝʥʽ. ɺʦʥʠ ʯʝʨʝʟ ʚʠʢʦʨʠʩʪʘʥʥʷ ʝʚʨʠʩʪʠʢ ʢʦʤʧʝʥʩʫʶʪʴ 

ʚʽʜʩʫʪʥʽʩʪʴ ʩʪʨʫʢʪʫʨʦʚʘʥʦʩʪʽ, ʱʦ ʢʦʨʠʩʥʦ ʚ ʩʠʪʫʘʮʽʷʭ, ʢʦʣʠ ʥʝʜʦʩʪʘʪʥʷ ʢʽʣʴʢʽʩʪʴ ʥʝʦʙʭʽʜʥʠʭ 

ʜʘʥʠʭ ʘʙʦ ʯʘʩʫ ʚʠʢʣʶʯʘʻ ʤʦʞʣʠʚʽʩʪʴ ʧʨʦʚʝʜʝʥʥʷ ʧʦʚʥʦʛʦ ʘʥʘʣʽʟʫ [13, 14]. 

ʆʩʥʦʚʦʶ ɽʉ ʻ ʩʫʢʫʧʥʽʩʪʴ ʟʥʘʥʴ, ʷʢʘ ʩʪʨʫʢʪʫʨʫʻʪʴʩʷ ʜʣʷ ʩʧʨʦʱʝʥʥʷ ʧʨʦʮʝʩʫ 

ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʥʷ. ɼʣʷ ʩʧʝʮʽʘʣʽʩʪʽʚ ʚ ʛʘʣʫʟʽ ʰʪʫʯʥʦʛʦ ʽʥʪʝʣʝʢʪʫ ʪʝʨʤʽʥ ñʟʥʘʥʥʷñ ʦʟʥʘʯʘʻ 

ʽʥʬʦʨʤʘʮʽʶ, ʱʦ ʧʦʪʨʽʙʥʘ ʧʨʦʛʨʘʤʽ ʜʣʷ ʪʦʛʦ, ʱʦʙ ʚʦʥʘ ʚʝʣʘ ʩʝʙʝ ʽʥʪʝʣʝʢʪʫʘʣʴʥʦ. ʎʷ 

ʽʥʬʦʨʤʘʮʽʷ ʧʨʠʡʤʘʻ ʬʦʨʤʫ ʬʘʢʪʽʚ ʘʙʦ ʧʨʘʚʠʣ. ʌʘʢʪʠ ʽ ʧʨʘʚʠʣʘ ʥʝ ʟʘʚʞʜʠ ʧʨʘʚʜʠʚʽ ʘʙʦ 

ʥʝʧʨʘʚʠʣʴʥʽ, ʽʥʢʦʣʠ ʽʩʥʫʻ ʜʝʷʢʘ ʤʽʨʘ ʥʝʧʨʘʚʠʣʴʥʦʩʪʽ ʚ ʜʦʩʪʦʚʽʨʥʦʩʪʽ ʬʘʢʪʫ ʘʙʦ ʪʦʯʥʦʩʪʽ 

ʧʨʘʚʠʣʘ. ʗʢʱʦ ʩʫʤʥʽʚ ʚʠʨʘʞʘʻʪʴʩʷ ʷʚʥʦ, ʪʦ ʚʽʥ ʥʘʟʠʚʘʻʪʴʩʷ ʢʦʝʬʽʮʽʻʥʪʦʤ ʚʧʝʚʥʝʥʦʩʪʽ. 
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10 

ʅʘ ʩʴʦʛʦʜʥʽ ʦʜʝʨʞʘʚ ʨʦʟʚʠʪʦʢ ʥʘʧʨʷʤʦʢ ʚʠʢʦʨʠʩʪʘʥʥʷ ʢʦʥʮʝʧʮʽʾ ʙʘʥʢʫ ʟʥʘʥʴ ï 

ʘʚʪʦʤʘʪʠʯʥʠʡ ʩʠʥʪʝʟ ʟʥʘʥʴ. ʇʨʦʙʣʝʤʘ ʩʠʥʪʝʟʫ ʟʥʘʥʴ, ʘʙʦ ʽʥʜʫʢʪʠʚʥʦʛʦ ʚʠʩʥʦʚʢʫ, 

ʙʝʟʩʫʤʥʽʚʥʦ, ʩʢʣʘʜʥʽʰʘ ʽ ʛʣʦʙʘʣʴʥʽʰʘ, ʥʽʞ ʘʥʘʣʽʟ ʥʘʷʚʥʠʭ ʟʥʘʥʴ, ʱʦ ʚʽʜʙʫʚʘʻʪʴʩʷ ʚ ɽʉ. ʇʦ 

ʩʫʪʽ, ʤʦʚʘ ʪʫʪ ʡʜʝ ʧʨʦ ʥʘʜʘʥʥʷ ʝʣʝʢʪʨʦʥʥʽʡ ʦʙʯʠʩʣʶʚʘʣʴʥʽʡ ʤʘʰʠʥʽ (ɽʆʄ) ʝʣʝʤʝʥʪʽʚ 

ʪʚʦʨʯʦʛʦ ʤʠʩʣʝʥʥʷ, ʭʘʨʘʢʪʝʨʥʦʛʦ ʜʣʷ ʣʶʜʠʥʠ. ʇʨʦ ʚʠʯʝʨʧʥʝ ʚʠʨʽʰʝʥʥʷ ʮʽʻʾ ʧʨʦʙʣʝʤʠ ʥʝ 

ʤʦʞʝ ʙʫʪʠ ʽ ʤʦʚʠ ʥʽ ʥʘʡʙʣʠʞʯʠʤ ʯʘʩʦʤ, ʥʽ ʚ ʜʦʩʪʫʧʥʦʤʫ ʜʣʷ ʦʛʣʷʜʫ ʤʘʡʙʫʪʥʴʦʤʫ. ɼʦʩʷʞʥʝ 

ʥʘ ʜʘʥʠʡ ʯʘʩ ʨʽʰʝʥʥʷ ʧʦʣʷʛʘʻ ʚ ʩʪʚʦʨʝʥʥʽ ʤʝʭʘʥʽʟʤʽʚ ʟʥʘʥʴ ʫ ʨʘʤʢʘʭ ʦʢʨʝʤʠʭ ʧʨʦʙʣʝʤʥʦ-

ʦʨʽʻʥʪʦʚʘʥʠʭ ʛʘʣʫʟʝʡ, ʫ ʷʢʠʭ ʤʦʞʣʠʚʠʡ ʩʠʥʪʝʟ ʥʘ ʦʩʥʦʚʽ ʜʝʷʢʦʛʦ ʥʘʙʦʨʫ ʧʨʘʚʠʣ, ʱʦ 

ʚʦʣʦʜʽʶʪʴ ʧʦʚʥʦʪʦʶ ʱʦʜʦ ʤʦʞʣʠʚʠʭ ʩʠʪʫʘʮʽʡ ʩʪʚʦʨʝʥʥʷ ʟʥʘʥʴ [10]. 

ʆʩʥʦʚʦʶ ɽʉ ʻ ʟʥʘʥʥʷ. ɿʥʘʥʥʷ ï ʮʝ ʮʽʣʽʩʥʘ ʽ ʩʠʩʪʝʤʘʪʠʟʦʚʘʥʘ ʩʫʢʫʧʥʽʩʪʴ ʧʦʥʷʪʴ ʧʨʦ 

ʟʘʢʦʥʦʤʽʨʥʦʩʪʽ ʧʨʠʨʦʜʠ, ʩʫʩʧʽʣʴʩʪʚʘ ʽ ʤʠʩʣʝʥʥʷ, ʥʘʛʨʦʤʘʜʞʝʥʘ ʣʶʜʩʪʚʦʤ ʚ ʧʨʦʮʝʩʽ ʘʢʪʠʚʥʦʾ 

ʧʝʨʝʪʚʦʨʶʶʯʦʾ ʜʽʷʣʴʥʦʩʪʽ ʽ ʩʧʨʷʤʦʚʘʥʘ ʥʘ ʧʦʜʘʣʴʰʝ ʧʽʟʥʘʥʥʷ ʽ ʟʤʽʥʠ ʦʙôʻʢʪʠʚʥʦʛʦ ʩʚʽʪʫ. 

ɿʥʘʥʥʷ ʟ ʧʨʝʜʤʝʪʥʦʾ ʜʽʣʷʥʢʠ ʥʘʟʠʚʘʻʪʴʩʷ ʙʘʟʘ ʟʥʘʥʴ (ɹɿ). ɹɿ ɽʉ ʤʽʩʪʠʪʴ ʬʘʢʪʠ (ʜʘʥʽ) ʽ 

ʧʨʘʚʠʣʘ (ʩʧʦʩʦʙʠ ʧʦʜʘʥʥʷ ʟʥʘʥʴ). ʄʝʭʘʥʽʟʤ ʚʠʩʥʦʚʢʫ ʤʽʩʪʠʪʴ: ʽʥʪʝʨʧʨʝʪʘʪʦʨ, ʷʢʠʡ ʚʠʟʥʘʯʘʻ, 

ʷʢ ʟʘʩʪʦʩʦʚʫʚʘʪʠ ʧʨʘʚʠʣʘ ʜʣʷ ʚʠʚʦʜʫ ʥʦʚʠʭ ʟʥʘʥʴ, ʪʘ ʜʠʩʧʝʪʯʝʨʽʚ, ʱʦ ʚʩʪʘʥʦʚʣʶʶʪʴ ʧʦʨʷʜʦʢ 

ʟʘʩʪʦʩʫʚʘʥʥʷ ʮʠʭ ʧʨʘʚʠʣ.  

ɽʉ ʤʽʩʪʠʪʴ ʪʨʠ ʪʠʧʠ ʟʥʘʥʴ: 

1. ʩʪʨʫʢʪʫʨʦʚʘʥʽ ʟʥʘʥʥʷ ʧʨʦ ʧʨʝʜʤʝʪʥʫ ʦʙʣʘʩʪʴ ï ʧʽʩʣʷ ʪʦʛʦ, ʷʢ ʮʽ ʟʥʘʥʥʷ ʚʠʷʚʣʝʥʽ, ʚʦʥʠ 

ʥʝ ʟʤʽʥʶʶʪʴʩʷ;  

2. ʩʪʨʫʢʪʫʨʦʚʘʥʽ ʜʠʥʘʤʽʯʥʽ ʟʥʘʥʥʷ ï ʟʤʽʥʥʽ ʟʥʘʥʥʷ ʟ ʧʨʝʜʤʝʪʥʦʾ ʦʙʣʘʩʪʽ, ʷʢʽ ʦʥʦʚʣʷʶʪʴʩʷ 

ʧʦ ʤʽʨʽ ʚʠʷʚʣʝʥʥʷ ʥʦʚʦʾ ʽʥʬʦʨʤʘʮʽʾ; 

3. ʨʦʙʦʯʽ ʟʥʘʥʥʷ, ʷʢʽ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʜʣʷ ʨʦʟʚôʷʟʫʚʘʥʥʷ ʢʦʥʢʨʝʪʥʦʾ ʟʘʜʘʯʽ ʘʙʦ 
ʧʨʦʚʝʜʝʥʥʷ ʢʦʥʩʫʣʴʪʘʮʽʾ. 

ɺʩʽ ʧʝʨʝʨʘʭʦʚʘʥʽ ʟʥʘʥʥʷ ʟʙʝʨʽʛʘʶʪʴʩʷ ʚ ɹɿ. ɼʣʷ ʾʾ ʧʦʙʫʜʦʚʠ ʧʦʪʨʽʙʥʦ ʧʨʦʚʝʩʪʠ 

ʦʧʠʪʫʚʘʥʥʷ ʩʧʝʮʽʘʣʽʩʪʽʚ, ʷʢʽ ʻ ʝʢʩʧʝʨʪʘʤʠ ʚ ʢʦʥʢʨʝʪʥʽʡ ʧʨʝʜʤʝʪʥʽʡ ʦʙʣʘʩʪʽ, ʘ ʧʦʪʽʤ 

ʩʠʩʪʝʤʘʪʠʟʫʚʘʪʠ, ʦʨʛʘʥʽʟʫʚʘʪʠ ʪʘ ʽʥʜʝʢʩʫʚʘʪʠ ʦʪʨʠʤʘʥʫ ʽʥʬʦʨʤʘʮʽʶ ʜʣʷ ʧʨʦʩʪʦʪʠ ʾʾ 

ʚʠʢʦʨʠʩʪʘʥʥʷ.  

ɯʩʥʫʻ ʙʘʛʘʪʦ ʩʧʦʩʦʙʽʚ ʧʨʝʜʩʪʘʚʣʝʥʥʷ ʟʥʘʥʴ ʚ ʩʫʯʘʩʥʠʭ ɽʉ. ʅʘʡʯʘʩʪʽʰʝ 

ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʪʘʢʽ ʪʨʠ ʤʝʪʦʜʠ ʧʨʝʜʩʪʘʚʣʝʥʥʷ ʟʥʘʥʴ: ʧʨʘʚʠʣʘ, ʩʝʤʘʥʪʠʯʥʽ ʩʽʪʢʠ ʪʘ 

ʬʨʝʡʤʠ. 

ʊʝʨʤʽʥ çʬʨʝʡʤè ʫ 1975 ʨʦʮʽ ʚʚʽʚ ʄ. ʄʽʥʩʴʢʠʡ, ʷʢ ʚʠʟʥʘʯʝʥʥʷ ʩʪʨʫʢʪʫʨʠ ʜʘʥʠʭ ʜʣʷ 

ʧʨʝʜʩʪʘʚʣʝʥʥʷ ʩʪʝʨʝʦʪʠʧʥʠʭ ʩʠʪʫʘʮʽʡ. ɺ ʮʴʦʤʫ ʚʠʧʘʜʢʫ ʤʦʜʝʣʴ ʜʘʥʠʭ ʧʨʝʜʩʪʘʚʣʷʻʪʴʩʷ 

ʢʦʤʙʽʥʘʮʽʻʶ ʪʨʴʦʭ ʢʦʤʧʦʥʝʥʪʽʚ:  

¶ ʤʥʦʞʠʥʠ ʩʪʨʫʢʪʫʨ ʜʘʥʠʭ, ʦʙôʻʢʪʠ ʷʢʠʭ ʚʭʦʜʷʪʴ ʜʦ ʩʢʣʘʜʫ ɹɼ;  

¶ ʤʥʦʞʠʥʠ ʦʧʝʨʘʮʽʡ, ʷʢʽ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʜʣʷ ʧʦʰʫʢʫ ʪʘ ʤʦʜʠʬʽʢʘʮʽʾ ʜʘʥʠʭ; 

¶ ʤʥʦʞʠʥʠ ʦʙʤʝʞʝʥʴ ʮʽʣʽʩʥʦʩʪʽ, ʷʢʽ ʷʚʥʦ ʯʠ ʥʝʷʚʥʦ ʚʠʟʥʘʯʘʶʪʴ ʤʥʦʞʠʥʫ ʜʦʧʫʩʪʠʤʠʭ 
ʩʪʘʥʽʚ ʝʣʝʤʝʥʪʽʚ ɹɼ. 

ʇʨʝʜʩʪʘʚʣʝʥʥʷ ʟʥʘʥʴ, ʱʦ ʙʘʟʫʻʪʴʩʷ ʥʘ ʧʨʘʚʠʣʘʭ, ʧʦʙʫʜʦʚʘʥʦ ʥʘ ʚʠʢʦʨʠʩʪʘʥʥʽ ʚʠʨʘʟʫ 

ʚʠʛʣʷʜʫ ï çʷʢʱʦè (ʫʤʦʚʘ) ï çʪʦʜʽè (ʜʽʷ). ʗʢʱʦ ʩʠʪʫʘʮʽʷ (ʬʘʢʪʠ) ʚ ʟʘʜʘʯʽ ʟʘʜʦʚʦʣʴʥʷʻ ʧʨʘʚʠʣʦ 

çʷʢʱʦè, ʪʦʜʽ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʜʽʷ, ʱʦ ʚʠʟʥʘʯʘʻʪʴʩʷ ʯʘʩʪʠʥʦʶ çʪʦʜʽè. ʉʧʽʚʩʪʘʚʣʝʥʥʷ ʯʘʩʪʠʥ 

çʷʢʱʦè (ʧʨʘʚʠʣ ʟ ʬʘʢʪʘʤʠ) ʤʦʞʝ ʫʪʚʦʨʠʪʠ ʪʘʢ ʟʚʘʥʠʡ ʣʘʥʮʶʞʦʢ ʚʠʚʦʜʫ. ʇʨʘʚʠʣʘ 

ʟʘʙʝʟʧʝʯʫʶʪʴ ʧʨʠʨʦʜʥʠʡ ʩʧʦʩʽʙ ʦʧʠʩʫ ʧʨʦʮʝʩʽʚ, ʱʦ ʢʝʨʫʶʪʴʩʷ ʩʢʣʘʜʥʠʤ ʽ ʰʚʠʜʢʦʟʤʽʥʥʠʤ 

ʩʝʨʝʜʦʚʠʱʝʤ. ɿʘ ʜʦʧʦʤʦʛʦʶ ʧʨʘʚʠʣ ʤʦʞʥʘ ʚʠʟʥʘʯʠʪʠ, ʷʢ ɽʉ ʙʫʜʝ ʨʝʘʛʫʚʘʪʠ ʥʘ ʟʤʽʥʫ ʜʘʥʠʭ ʽ 

ʧʨʠ ʮʴʦʤʫ ʥʝ ʧʦʪʨʽʙʥʦ ʟʘʟʜʘʣʝʛʽʜʴ ʚʢʘʟʫʚʘʪʠ ʙʣʦʢ-ʩʭʝʤʫ ʫʧʨʘʚʣʽʥʥʷ ʦʙʨʦʙʢʦʶ ʜʘʥʠʭ [2]. 

ɺ ʧʨʦʛʨʘʤʽ ʪʨʘʜʠʮʽʡʥʦʛʦ ʪʠʧʫ ʧʝʨʝʜʘʯʽ ʫʧʨʘʚʣʽʥʥʷ ʽ ʚʠʢʦʨʠʩʪʘʥʥʷ ʨʝʩʫʨʩʽʚ 

ʟʜʽʡʩʥʶʶʪʴʩʷ ʧʦʩʣʽʜʦʚʥʠʤʠ ʢʨʦʢʘʤʠ, ʘ ʨʦʟʛʘʣʫʞʝʥʥʷ ʤʘʻ ʤʽʩʮʝ ʪʽʣʴʢʠ ʚ ʟʘʟʜʘʣʝʛʽʜʴ 

ʚʠʙʨʘʥʠʭ ʪʦʯʢʘʭ. ʎʝʡ ʩʧʦʩʽʙ ʜʦʙʨʝ ʜʽʻ ʜʣʷ ʧʨʦʙʣʝʤ, ʷʢʽ ʜʦʧʫʩʢʘʶʪʴ ʘʣʛʦʨʠʪʤʽʯʥʽ ʨʽʰʝʥʥʷ. 

ɼʣʷ ʟʘʜʘʯ, ʭʽʜ ʨʦʟʚôʷʟʫʚʘʥʥʷ ʷʢʠʭ ʢʝʨʫʻʪʴʩʷ ʩʘʤʠʤʠ ʜʘʥʠʤʠ ʽ ʜʝ ʨʦʟʛʘʣʫʞʝʥʥʷ ʰʚʠʜʰʝ 

ʥʦʨʤʘ, ʥʽʞ ʚʠʥʷʪʦʢ, ʮʝʡ ʩʧʦʩʽʙ ʤʘʣʦʝʬʝʢʪʠʚʥʠʡ. ɺʠʢʦʨʠʩʪʘʥʥʷ ʧʨʘʚʠʣ ʩʧʨʦʱʫʻ ʧʦʷʩʥʝʥʥʷ 

ʜʽʡ ɽʉ ʽ ʜʦʟʚʦʣʷʻ ʣʶʜʠʥʽ ʚʽʜʩʣʽʜʢʫʚʘʪʠ ʭʽʜ ʚʠʚʦʜʫ. ʄʦʞʥʘ ʨʦʟʛʣʷʜʘʪʠ ʬʨʝʡʤʠ ʽ ʩʝʤʘʥʪʠʯʥʽ 

ʩʽʪʢʠ, ʷʢ ʤʝʪʦʜʠ ʧʨʝʜʩʪʘʚʣʝʥʥʷ ʟʥʘʥʴ, ʱʦ ʙʘʟʫʶʪʴʩʷ ʥʘ ʬʨʝʡʤʘʭ. ʊʘʢʝ ʧʨʝʜʩʪʘʚʣʝʥʥʷ ʟʥʘʥʴ 



ɿʙ̔ʨʥʠʢ ʥʘʫʢʦʚʠʭ ʧʨʘʮʴ ɯʥʩʪʠʪʫʪʫ ʛʝʦʭʽʤʽʾ ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ 2016 ʚʠʧʫʩʢ 25 
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ʚʠʢʦʨʠʩʪʦʚʫʻ ʩʽʪʢʫ ʚʫʟʣʽʚ, ʱʦ ʧʦʚôʷʟʫʶʪʴʩʷ ʚʽʜʥʦʰʝʥʥʷʤʠ ʽ ʦʨʛʘʥʽʟʦʚʫʶʪʴʩʷ ʽʻʨʘʨʭʽʯʥʦ. 

ʂʦʞʝʥ ʚʫʟʦʣ ʧʨʝʜʩʪʘʚʣʷʻ ʩʦʙʦʶ ʢʦʥʮʝʧʮʽʶ, ʷʢʘ ʤʦʞʝ ʙʫʪʠ ʧʨʝʜʩʪʘʚʣʝʥʘ ʘʪʨʠʙʫʪʘʤʠ ʽ 

ʟʥʘʯʝʥʥʷʤʠ, ʧʦʚôʷʟʘʥʠʤʠ ʟ ʮʠʤ ʚʫʟʣʦʤ. ɺʫʟʣʠ, ʷʢʽ ʟʥʘʭʦʜʷʪʴʩʷ ʥʘ ʥʠʞʥʽʭ ʨʽʚʥʷʭ ʚ ʽʻʨʘʨʭʽʾ, 

ʘʚʪʦʤʘʪʠʯʥʦ ʥʘʩʣʽʜʫʶʪʴ ʚʣʘʩʪʠʚʦʩʪʽ ʚʫʟʣʽʚ, ʱʦ ʟʘʡʤʘʶʪʴ ʚʠʱʝ ʩʪʘʥʦʚʠʱʝ. ʎʽ ʤʝʪʦʜʠ 

ʟʚʠʯʘʡʥʦ ʟʘʙʝʟʧʝʯʫʶʪʴ ʝʬʝʢʪʠʚʥʠʡ ʰʣʷʭ ʢʣʘʩʠʬʽʢʘʮʽʾ ʪʦʛʦ ʯʠ ʽʥʰʦʛʦ ʦʙôʻʢʪʫ (ʧʦʜʽʾ). 

ɹʘʛʘʪʦ ʧʨʘʚʠʣ ɽʉ ʻ ʝʚʨʠʩʪʠʢʘʤʠ, ʪʦʙʪʦ ʝʤʧʽʨʠʯʥʠʤʠ ʧʨʘʚʠʣʘʤʠ, ʘʙʦ ʩʧʨʦʱʝʥʥʷʤʠ, 

ʷʢʽ ʝʬʝʢʪʠʚʥʦ ʦʙʤʝʞʫʶʪʴ ʧʦʰʫʢ ʨʽʰʝʥʥʷ. ɽʚʨʠʩʪʠʢʘ ï ʮʝ ʩʫʢʫʧʥʽʩʪʴ ʣʦʛʽʯʥʠʭ ʧʨʠʡʦʤʽʚ ʽ 

ʤʝʪʦʜʦʣʦʛʽʯʥʠʭ ʧʨʘʚʠʣ ʪʝʦʨʝʪʠʯʥʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ ʽ ʧʦʰʫʢʫ ʽʩʪʠʥʠ, ʤʝʪʦʜʠʢʘ ʧʦʰʫʢʫ 

ʜʦʚʝʜʝʥʥʷ. ɽʚʨʠʩʪʠʯʥʽ ʧʨʘʚʠʣʘ ï ʥʝʬʦʨʤʘʣʴʥʽ ʧʨʘʚʠʣʘ, ʷʢʽ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʟ ʤʝʪʦʶ 

ʧʽʜʚʠʱʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʧʦʰʫʢʫ ʚ ʜʘʥʽʡ ʧʨʝʜʤʝʪʥʽʡ ʜʽʣʷʥʮʽ. ʊʘʢʽ ʧʽʜʭʦʜʠ ʜʦ ʨʦʟʚôʷʟʫʚʘʥʥʷ 

ʧʨʦʙʣʝʤ ʰʚʠʜʰʝ ʚʣʘʩʪʠʚʽ ʣʶʜʩʴʢʦʤʫ ʤʠʩʣʝʥʥʶ çʚʟʘʛʘʣʽè, ʜʣʷ ʷʢʦʛʦ ʚʣʘʩʪʠʚʘ ʧʦʷʚʘ 

çʜʦʛʘʜʢʠè ʧʨʦ ʰʣʷʭ ʾʭ ʚʠʨʽʰʝʥʥʷ ʟ ʥʘʩʪʫʧʥʦʶ ʧʝʨʝʚʽʨʢʦʶ ʦʪʨʠʤʘʥʦʛʦ ʨʽʰʝʥʥʷ. 

ɽʚʨʠʩʪʠʯʥʦʤʫ ʤʝʪʦʜʫ ʧʨʦʪʠʩʪʘʚʣʷʚʩʷ ʘʣʛʦʨʠʪʤʽʯʥʠʡ (ʧʨʦʮʝʜʫʨʥʠʡ) ʤʝʪʦʜ, ʙʽʣʴʰʝ 

ʭʘʨʘʢʪʝʨʥʠʡ ʜʣʷ ʢʦʤʧôʶʪʝʨʘ, ʷʢʠʡ ʽʥʪʝʨʧʨʝʪʫʚʘʚʩʷ ʷʢ ʤʝʭʘʥʽʯʥʝ ʟʜʽʡʩʥʝʥʥʷ ʟʘʜʘʥʦʾ 

ʧʦʩʣʽʜʦʚʥʦʩʪʽ ʢʨʦʢʽʚ, ʷʢʘ ʦʜʥʦʟʥʘʯʥʦ ʧʨʠʚʦʜʠʣʘ ʜʦ ʨʦʟʚôʷʟʢʫ. ɽʉ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʝʚʨʠʩʪʠʢʠ 

ʯʝʨʝʟ ʪʝ, ʱʦ ʧʦʩʪʘʚʣʝʥʽ ʟʘʜʘʯʽ ʚʘʞʢʽ ʽ ʜʦ ʢʽʥʮʷ ʥʝʟʨʦʟʫʤʽʣʽ. ʎʽ ʟʘʜʘʯʽ ʥʝ ʧʽʜʣʷʛʘʶʪʴ ʯʽʪʢʦʤʫ 

ʤʘʪʝʤʘʪʠʯʥʦʤʫ ʘʥʘʣʽʟʫ ʘʙʦ ʘʣʛʦʨʠʪʤʽʯʥʦʤʫ ʨʽʰʝʥʥʶ. ɸʣʛʦʨʠʪʤʽʯʥʠʡ ʤʝʪʦʜ ʛʘʨʘʥʪʫʻ 

ʚʠʟʥʘʯʝʥʝ ʢʦʨʦʪʢʝ ʘʙʦ ʦʧʪʠʤʘʣʴʥʝ ʨʽʰʝʥʥʷ ʟʘʜʘʯʽ, ʪʦʜʽ ʷʢ ʝʚʨʠʩʪʠʯʥʠʡ ʤʝʪʦʜ ʜʘʻ ʧʨʠʡʥʷʪʥʝ 

ʘʙʦ ʨʘʮʽʦʥʘʣʴʥʝ ʨʽʰʝʥʥʷ. ɿʥʘʥʥʷ ʚ ɽʉ ʦʨʛʘʥʽʟʦʚʘʥʽ ʪʘʢʠʤ ʯʠʥʦʤ, ʱʦʙ ʟʥʘʥʥʷ ʧʨʦ ʧʨʝʜʤʝʪʥʫ 

ʜʽʣʷʥʢʫ ʚʽʜʦʢʨʝʤʠʪʠ ʚʽʜ ʟʘʛʘʣʴʥʠʭ (ʥʘʧʨʠʢʣʘʜ, ʷʢ ʚʠʨʽʰʫʚʘʪʠ ʟʘʜʘʯʫ, ʘʙʦ ʟʥʘʥʥʷ ʧʨʦ ʪʝ, ʷʢ 

ʚʟʘʻʤʦʜʽʷʪʠ ʟ ʢʦʨʠʩʪʫʚʘʯʝʤ). 

ʋ ʩʠʩʪʝʤʘʭ, ʟʘʩʥʦʚʘʥʠʭ ʥʘ ʢʦʥʮʝʧʮʽʾ ʙʘʥʢʫ ʟʥʘʥʴ, ʨʝʘʣʽʟʫʶʪʴʩʷ ʬʫʥʢʮʽʾ ʜʝʜʫʢʪʠʚʥʦʛʦ 

ʚʠʩʥʦʚʢʫ ï ʚʽʜ ʫʟʘʛʘʣʴʥʝʥʠʭ ʟʥʘʥʴ, ʱʦ ʧʦʜʘʶʪʴʩʷ ʚ ɹɿ, ʟʜʽʡʩʥʶʻʪʴʩʷ ʧʝʨʝʭʽʜ ʜʦ ʢʦʥʢʨʝʪʥʠʭ 

ʟʥʘʥʴ, ʱʦ ʬʦʨʤʫʶʪʴʩʷ ʜʣʷ ʚʠʨʽʰʝʥʥʷ ʟʘʜʘʥʦʾ ʧʨʘʢʪʠʯʥʦʾ ʟʘʜʘʯʽ [4, 11]. 

ʇʨʠ ʨʦʟʨʦʙʮʽ ɽʉ ʧʨʠʡʥʷʪʦ ʧʦʜʽʣʷʪʠ ʾʾ ʥʘ ʪʨʠ ʦʩʥʦʚʥʠʭ ʤʦʜʫʣʽ: ɹɿ; ʤʘʰʠʥʫ ʣʦʛʽʯʥʦʛʦ 

ʚʠʩʥʦʚʢʫ; ʽʥʪʝʨʬʝʡʩ ʽʟ ʢʦʨʠʩʪʫʚʘʯʝʤ. ɹɿ ʤʽʩʪʠʪʴ ʟʥʘʥʥʷ, ʱʦ ʚʽʜʥʦʩʷʪʴʩʷ ʜʦ ʢʦʥʢʨʝʪʥʦʾ 

ʧʨʠʢʣʘʜʥʦʾ ʦʙʣʘʩʪʽ, ʫ ʪʦʤʫ ʯʠʩʣʽ ʦʢʨʝʤʽ ʬʘʢʪʠ, ʧʨʘʚʠʣʘ, ʱʦ ʦʧʠʩʫʶʪʴ ʚʽʜʥʦʩʠʥʠ ʯʠ ʷʚʠʱʘ, ʘ 

ʪʘʢʦʞ, ʤʦʞʣʠʚʦ, ʤʝʪʦʜʠ, ʝʚʨʠʩʪʠʢʠ ʽ ʨʽʟʥʽ ʽʜʝʾ, ʱʦ ʚʽʜʥʦʩʷʪʴʩʷ ʜʦ ʨʽʰʝʥʥʷ ʟʘʜʘʯ ʫ ʮʽʡ 

ʧʨʠʢʣʘʜʥʽʡ ʦʙʣʘʩʪʽ. ʄʘʰʠʥʘ ʣʦʛʽʯʥʦʛʦ ʚʠʩʥʦʚʢʫ ʚʤʽʻ ʘʢʪʠʚʥʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʽʥʬʦʨʤʘʮʽʶ, 

ʱʦ ʤʽʩʪʠʪʴʩʷ ʚ ɹɿ. ɯʥʪʝʨʬʝʡʩ ʽʟ ʢʦʨʠʩʪʫʚʘʯʝʤ ʚʽʜʧʦʚʽʜʘʻ ʟʘ ʙʝʟʧʝʨʝʙʽʡʥʠʡ ʦʙʤʽʥ 

ʽʥʬʦʨʤʘʮʽʻʶ ʤʽʞ ʢʦʨʠʩʪʫʚʘʯʝʤ ʽ ʩʠʩʪʝʤʦʶ; ʚʽʥ ʪʘʢʦʞ ʜʘʻ ʢʦʨʠʩʪʫʚʘʯʫ ʤʦʞʣʠʚʽʩʪʴ 

ʩʧʦʩʪʝʨʽʛʘʪʠ ʟʘ ʧʨʦʮʝʩʦʤ ʨʽʰʝʥʥʷ ʟʘʜʘʯ, ʱʦ ʧʨʦʪʽʢʘʶʪʴ ʫ ʤʘʰʠʥʽ ʣʦʛʽʯʥʦʛʦ ʚʠʩʥʦʚʢʫ. 

ʇʨʠʡʥʷʪʦ ʨʦʟʛʣʷʜʘʪʠ ʤʘʰʠʥʫ ʚʠʩʥʦʚʢʫ ʡ ʽʥʪʝʨʬʝʡʩ ʷʢ ʦʜʠʥ ʚʝʣʠʢʠʡ ʤʦʜʫʣʴ, ʷʢʠʡ 

ʟʘʟʚʠʯʘʡ ʥʘʟʠʚʘʶʪʴ ʦʙʦʣʦʥʢʦʶ ɽʉ, ʯʠ, ʜʣʷ ʩʪʠʩʣʦʩʪʽ, ʧʨʦʩʪʦ ʦʙʦʣʦʥʢʦʶ. 

ɺ ʦʧʠʩʘʥʽʡ ʚʠʱʝ ʩʪʨʫʢʪʫʨʽ ʚʣʘʩʥʝ ʟʥʘʥʥʷ ʚʽʜʜʽʣʝʥʽ ʚʽʜ ʘʣʛʦʨʠʪʤʽʚ, ʱʦ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʮʽ ʟʥʘʥʥʷ. ʊʘʢʠʡ ʧʦʜʽʣ ʟʨʫʯʥʦ ʧʦ ʥʘʩʪʫʧʥʠʤ ʨʦʟʫʤʽʥʥʷʭ. ɹɿ, ʤʘʙʫʪʴ, 

ʟʘʣʝʞʠʪʴ ʚʽʜ ʢʦʥʢʨʝʪʥʦʛʦ ʜʦʜʘʪʢʘ. ɿ ʽʥʰʦʛʦ ʙʦʢʫ, ʦʙʦʣʦʥʢʘ, ʧʨʠʥʘʡʤʥʽ ʚ ʧʨʠʥʮʠʧʽ, 

ʥʝʟʘʣʝʞʥʘ ʚʽʜ ʜʦʜʘʪʢʽʚ. ʊʘʢʠʤ ʯʠʥʦʤ, ʨʦʟʫʤʥʠʡ ʩʧʦʩʽʙ ʨʦʟʨʦʙʢʠ ɽʉ ʜʣʷ ʜʝʢʽʣʴʢʦʭ ʜʦʜʘʪʢʽʚ 

ʟʚʦʜʠʪʴʩʷ ʜʦ ʩʪʚʦʨʝʥʥʷ ʫʥʽʚʝʨʩʘʣʴʥʦʾ ʦʙʦʣʦʥʢʠ, ʧʽʩʣʷ ʯʦʛʦ ʜʣʷ ʢʦʞʥʦʛʦ ʜʦʜʘʪʢʘ ʜʦʩʠʪʴ 

ʧʽʜʢʣʶʯʠʪʠ ʜʦ ʩʠʩʪʝʤʠ ʥʦʚʫ ɹɿ. ɿʨʦʟʫʤʽʣʦ, ʫʩʽ ʮʽ ɹɿ ʧʦʚʠʥʥʽ ʟʘʜʦʚʦʣʴʥʷʪʠ ʪʦʤʫ ʩʘʤʦʤʫ 

ʬʦʨʤʘʣʽʟʤʫ, ʱʦ ʦʙʦʣʦʥʢʘ çʨʦʟʫʤʽʻè. ʇʨʘʢʪʠʯʥʠʡ ʜʦʩʚʽʜ ʧʦʢʘʟʫʻ, ʱʦ ʜʣʷ ʩʢʣʘʜʥʠʭ ɽʉ 

ʩʮʝʥʘʨʽʡ ʟ ʦʜʥʽʻʶ ʦʙʦʣʦʥʢʦʶ ʽ ʙʘʛʘʪʴʤʘ ɹɿ ʧʨʘʮʶʻ, ʥʝ ʪʘʢ ʛʣʘʜʢʦ, ʷʢ ʙʠ ʮʴʦʛʦ ʭʦʪʽʣʦʩʷ, ʟʘ 

ʚʠʥʷʪʢʦʤ ʪʠʭ ʚʠʧʘʜʢʽʚ, ʢʦʣʠ ʧʨʠʢʣʘʜʥʽ ʦʙʣʘʩʪʽ ʜʫʞʝ ʙʣʠʟʴʢʽ. ʇʨʦʪʝ, ʥʘʚʽʪʴ ʷʢʱʦ ʧʝʨʝʭʽʜ ʚʽʜ 

ʦʜʥʽʻʾ ʧʨʠʢʣʘʜʥʦʾ ʦʙʣʘʩʪʽ ʜʦ ʽʥʰʦʾ ʚʠʤʘʛʘʻ ʤʦʜʠʬʽʢʘʮʽʾ ʦʙʦʣʦʥʢʠ ʪʝ, ʧʨʠʥʘʡʤʥʽ ʦʩʥʦʚʥʽ 

ʧʨʠʥʮʠʧʠ ʾʾ ʧʦʙʫʜʦʚʠ ʟʚʠʯʘʡʥʦ ʚʜʘʻʪʴʩʷ ʟʙʝʨʝʛʪʠ [1, 2, 5]. 

ɼʣʷ ʩʪʚʦʨʝʥʥʷ ʦʙʦʣʦʥʢʠ, ʟʘ ʜʦʧʦʤʦʛʦʶ ʷʢʦʾ ʤʦʞʥʘ ʧʨʦʽʣʶʩʪʨʫʚʘʪʠ ʦʩʥʦʚʥʽ ʽʜʝʾ ʽ 

ʤʝʪʦʜʠ ʚ ʦʙʣʘʩʪʽ ɽʉ, ʤʦʞʥʘ ʜʦʪʨʠʤʫʚʘʪʠ ʥʘʩʪʫʧʥʦʛʦ ʧʣʘʥʫ:  

¶ ɺʠʙʨʘʪʠ ʬʦʨʤʘʣʴʥʠʡ ʘʧʘʨʘʪ ʜʣʷ ʧʨʝʜʩʪʘʚʣʝʥʥʷ ʟʥʘʥʴ.  

¶ ʈʦʟʨʦʙʠʪʠ ʤʝʭʘʥʽʟʤ ʣʦʛʽʯʥʦʛʦ ʚʠʩʥʦʚʢʫ, ʱʦ ʚʽʜʧʦʚʽʜʘʻ ʮʴʦʤʫ ʬʦʨʤʘʣʽʟʤʫ.  

¶ ɼʦʜʘʪʠ ʟʘʩʦʙʫ ʚʟʘʻʤʦʜʽʾ ʟ ʢʦʨʠʩʪʫʚʘʯʝʤ.  

¶ ɿʘʙʝʟʧʝʯʠʪʠ ʤʦʞʣʠʚʽʩʪʴ ʨʦʙʦʪʠ ʚ ʫʤʦʚʘʭ ʥʝʚʠʟʥʘʯʝʥʦʩʪʽ.  
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ʋ ʨʦʙʦʪʽ ɽʉ ʤʦʞʥʘ ʚʠʜʽʣʠʪʠ ʜʚʘ ʦʩʥʦʚʥʠʭ ʨʝʞʠʤʠ: ʨʝʞʠʤ ʧʨʠʜʙʘʥʥʷ ʟʥʘʥʴ ʽ ʨʝʞʠʤ 

ʨʽʰʝʥʥʷ ʟʘʜʘʯʽ (ʨʝʞʠʤ ʢʦʥʩʫʣʴʪʘʮʽʾ ʘʙʦ ʨʝʞʠʤ ʚʠʢʦʨʠʩʪʘʥʥʷ). ʋ ʨʝʞʠʤʽ ʧʨʠʜʙʘʥʥʷ ʟʥʘʥʴ 

ʩʧʽʣʢʫʚʘʥʥʷ ʟ ɽʉ ʟʜʽʡʩʥʶʻ ʝʢʩʧʝʨʪ (ʟʘ ʜʦʧʦʤʦʛʦʶ ʽʥʞʝʥʝʨʘ ʟʥʘʥʴ). 

ɺʠʢʦʨʠʩʪʦʚʫʶʯʠ ʢʦʤʧʦʥʝʥʪ ʧʨʠʜʙʘʥʥʷ ʟʥʘʥʴ, ʝʢʩʧʝʨʪ ʦʧʠʩʫʻ ʧʨʦʙʣʝʤʥʫ ʦʙʣʘʩʪʴ ʫ 

ʚʠʜʽ ʩʫʢʫʧʥʦʩʪʽ ʬʘʢʪʽʚ ʽ ʧʨʘʚʠʣ. ɯʥʰʠʤʠ ʩʣʦʚʘʤʠ, çʥʘʧʦʚʥʶʻè ɽʉ ʟʥʘʥʥʷʤʠ, ʱʦ ʜʦʟʚʦʣʷʶʪʴ 

ʾʡ ʩʘʤʦʩʪʽʡʥʦ ʚʠʨʽʰʫʚʘʪʠ ʟʘʜʘʯʽ ʟ ʧʨʦʙʣʝʤʥʦʾ ʦʙʣʘʩʪʽ.  

ɺʽʜʟʥʘʯʠʤʦ, ʱʦ ʮʴʦʤʫ ʨʝʞʠʤʦʚʽ ʧʨʠ ʪʨʘʜʠʮʽʡʥʦʤʫ ʧʽʜʭʦʜʽ ʜʦ ʧʨʦʛʨʘʤʫʚʘʥʥʷ 

ʚʽʜʧʦʚʽʜʘʶʪʴ ʝʪʘʧʠ: ʘʣʛʦʨʠʪʤʽʟʘʮʽʾ, ʧʨʦʛʨʘʤʫʚʘʥʥʷ ʽ ʥʘʣʘʛʦʜʞʝʥʥʷ, ʚʠʢʦʥʫʚʘʥʽ 

ʧʨʦʛʨʘʤʽʩʪʦʤ. ʊʘʢʠʤ ʯʠʥʦʤ, ʥʘ ʚʽʜʤʽʥʫ ʚʽʜ ʪʨʘʜʠʮʽʡʥʦʛʦ ʧʽʜʭʦʜʫ ʫ ʚʠʧʘʜʢʫ ɽʉ ʨʦʟʨʦʙʢʫ 

ʧʨʦʛʨʘʤ ʟʜʽʡʩʥʶʻ ʥʝ ʧʨʦʛʨʘʤʽʩʪ, ʘ ʝʢʩʧʝʨʪ, ʱʦ ʥʝ ʚʦʣʦʜʽʻ ʧʨʦʛʨʘʤʫʚʘʥʥʷʤ.  

ʋ ʨʝʞʠʤʽ ʢʦʥʩʫʣʴʪʘʮʽʡ ʩʧʽʣʢʫʚʘʥʥʷ ʟ ɽʉ ʟʜʽʡʩʥʶʻ ʢʽʥʮʝʚʠʡ ʢʦʨʠʩʪʫʚʘʯ, ʷʢʦʛʦ 

ʮʽʢʘʚʠʪʴ ʨʝʟʫʣʴʪʘʪ ʽ (ʘʙʦ) ʩʧʦʩʽʙ ʡʦʛʦ ʦʜʝʨʞʘʥʥʷ. ʅʝʦʙʭʽʜʥʦ ʚʽʜʟʥʘʯʠʪʠ, ʱʦ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ 

ʧʨʠʟʥʘʯʝʥʥʷ ɽʉ ʢʦʨʠʩʪʫʚʘʯ ʤʦʞʝ:  

¶ ʥʝ ʙʫʪʠ ʬʘʭʽʚʮʝʤ ʫ ʜʘʥʽʡ ʧʨʝʜʤʝʪʥʽʡ ʦʙʣʘʩʪʽ, ʽ ʚ ʮʴʦʤʫ ʚʠʧʘʜʢʫ ʚʽʥ ʟʚʝʨʪʘʻʪʴʩʷ ʜʦ ɽʉ 
ʟʘ ʨʝʟʫʣʴʪʘʪʦʤ, ʱʦ ʥʝ ʚʤʽʻ ʦʜʝʨʞʘʪʠ ʩʘʤ;  

¶ ʙʫʪʠ ʬʘʭʽʚʮʝʤ, ʽ ʚ ʮʴʦʤʫ ʚʠʧʘʜʢʫ ʚʽʥ ʟʚʝʨʪʘʻʪʴʩʷ ʜʦ ɽʉ ʟ ʤʝʪʦʶ ʧʨʠʩʢʦʨʝʥʥʷ 
ʦʜʝʨʞʘʥʥʷ ʨʝʟʫʣʴʪʘʪʫ, ʧʦʢʣʘʜʘʶʯʠ ʥʘ ɽʉ ʨʫʪʠʥʥʫ ʨʦʙʦʪʫ.  

ʉʣʽʜ ʟʘʟʥʘʯʠʪʠ, ʱʦ ʥʘ ʚʽʜʤʽʥʫ ʚʽʜ ʪʨʘʜʠʮʽʡʥʠʭ ʧʨʦʛʨʘʤ ɽʉ ʧʨʠ ʨʽʰʝʥʥʽ ʟʘʜʘʯʽ ʥʝ 

ʪʽʣʴʢʠ ʚʠʢʦʥʫʶʪʴ ʟʘʧʨʦʧʦʥʦʚʘʥʫ ʘʣʛʦʨʠʪʤʦʤ ʧʦʩʣʽʜʦʚʥʽʩʪʴ ʦʧʝʨʘʮʽʡ, ʘʣʝ ʽ ʩʘʤʘ ʧʦʧʝʨʝʜʥʴʦ 

ʬʦʨʤʫʻ ʥʝʾ.  

ɼʦʙʨʝ ʧʦʙʫʜʦʚʘʥʘ ɽʉ ʤʘʻ ʤʦʞʣʠʚʽʩʪʴ ʩʘʤʦʥʘʚʯʘʪʠʩʷ ʥʘ ʨʦʟʚ'ʷʟʫʚʘʥʠʭ ʟʘʜʘʯʘʭ, 

ʧʦʧʦʚʥʶʶʯʠ ʘʚʪʦʤʘʪʠʯʥʦ ʩʚʦʶ ɹɿ ʨʝʟʫʣʴʪʘʪʘʤʠ ʦʪʨʠʤʘʥʠʭ ʚʠʩʥʦʚʢʽʚ ʽ ʨʽʰʝʥʴ [2, 11]. 

ʆʩʦʙʣʠʚʦʩʪʽ ɽʉ, ʱʦ ʚʽʜʨʽʟʥʷʶʪʴ ʾʭ ʚʽʜ ʟʚʠʯʘʡʥʠʭ ʧʨʦʛʨʘʤ, ʧʦʣʷʛʘʶʪʴ ʫ ʪʽʤ, ʱʦ ʚʦʥʠ 

ʧʦʚʠʥʥʽ ʚʦʣʦʜʽʪʠ:  

1. ʂʦʤʧʝʪʝʥʪʥʽʩʪʶ, ʘ ʩʘʤʝ: 

¶ ɼʦʩʷʛʘʪʠ ʝʢʩʧʝʨʪʥʦʛʦ ʨʽʚʥʷ ʨʽʰʝʥʴ (ʪʦʙʪʦ ʚ ʢʦʥʢʨʝʪʥʽʡ ʧʨʝʜʤʝʪʥʽʡ ʦʙʣʘʩʪʽ ʤʘʪʠ ʪʦʡ 
ʞʝ ʨʽʚʝʥʴ ʧʨʦʬʝʩʽʦʥʘʣʽʟʤʫ, ʱʦ ʡ ʝʢʩʧʝʨʪʠ-ʣʶʜʠ).  

¶ ɹʫʪʠ ʚʤʽʣʦʶ (ʪʦʙʪʦ ʟʘʩʪʦʩʦʚʫʚʘʪʠ ʟʥʘʥʥʷ ʝʬʝʢʪʠʚʥʦ ʽ ʰʚʠʜʢʦ, ʫʥʠʢʘʶʯʠ, ʷʢ ʽ ʣʶʜʠ, 

ʥʝʧʦʪʨʽʙʥʠʭ ʦʙʯʠʩʣʝʥʴ).  

¶ ʄʘʪʠ ʘʜʝʢʚʘʪʥʫ ʨʦʙʘʩʪʥʽʩʪʴ (ʪʦʙʪʦ ʟʜʘʪʥʽʩʪʴ ʣʠʰʝ ʧʦʩʪʫʧʦʚʦ ʟʥʠʞʫʚʘʪʠ ʷʢʽʩʪʴ 
ʨʦʙʦʪʠ ʧʦ ʤʽʨʽ ʥʘʙʣʠʞʝʥʥʷ ʜʦ ʛʨʘʥʠʮʴ ʜʽʘʧʘʟʦʥʫ ʢʦʤʧʝʪʝʥʪʥʦʩʪʽ ʘʙʦ ʧʨʠʧʫʩʪʠʤʦʾ ʥʘʜʽʡʥʦʩʪʽ 

ʜʘʥʠʭ). 

2. ʄʦʞʣʠʚʽʩʪʶ ʜʦ ʩʠʤʚʦʣʴʥʠʭ ʤʽʨʢʫʚʘʥʴ, ʘ ʩʘʤʝ:  

¶ ʇʨʝʜʩʪʘʚʣʷʪʠ ʟʥʘʥʥʷ ʚ ʩʠʤʚʦʣʴʥʦʤʫ ʚʠʜʽ. 

¶ ʇʝʨʝʬʦʨʤʫʣʶʚʘʪʠ ʩʠʤʚʦʣʴʥʽ ʟʥʘʥʥʷ. ɿ ʪʦʯʢʠ ʟʦʨʫ ʰʪʫʯʥʦʛʦ ʽʥʪʝʣʝʢʪʫ ʩʠʤʚʦʣ ï ʮʝ 
ʨʷʜʦʢ ʟʥʘʢʽʚ, ʱʦ ʚʽʜʧʦʚʽʜʘʻ ʟʤʽʩʪʫ ʜʝʷʢʦʛʦ ʧʦʥʷʪʪʷ. ʉʠʤʚʦʣʠ ʧʦʻʜʥʫʶʪʴ, ʱʦʙ ʚʠʨʘʟʠʪʠ 

ʚʽʜʥʦʩʠʥʠ ʤʽʞ ʥʠʤʠ. ʂʦʣʠ ʚʽʜʥʦʩʠʥʠ ʧʨʝʜʩʪʘʚʣʝʥʽ ʚ ɽʉ ʚʦʥʠ ʥʘʟʠʚʘʶʪʴʩʷ ʩʠʤʚʦʣʴʥʠʤʠ 

ʩʪʨʫʢʪʫʨʘʤʠ.  

3. ɻʣʠʙʠʥʦʶ, ʘ ʩʘʤʝ:  

¶ ʇʨʘʮʶʚʘʪʠ ʚ ʧʨʝʜʤʝʪʥʽʡ ʦʙʣʘʩʪʽ, ʱʦ ʤʽʩʪʠʪʴ ʚʘʞʢʽ ʟʘʜʘʯʽ. 

¶ ɺʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʩʢʣʘʜʥʽ ʧʨʘʚʠʣʘ (ʪʦʙʪʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʘʙʦ ʩʢʣʘʜʥʽ ʢʦʥʩʪʨʫʢʮʽʾ 
ʧʨʘʚʠʣ, ʘʙʦ ʚʝʣʠʢʫ ʾʭʥʶ ʢʽʣʴʢʽʩʪʴ). 

4. ʉʘʤʦʩʚʽʜʦʤʽʩʪʶ, ʘ ʩʘʤʝ:  

¶ ɼʦʩʣʽʜʞʫʚʘʪʠ ʩʚʦʾ ʤʽʨʢʫʚʘʥʥʷ (ʪʦʙʪʦ ʧʝʨʝʚʽʨʷʪʠ ʾʭ ʧʨʘʚʠʣʴʥʽʩʪʴ). 

¶ ʇʦʷʩʥʶʚʘʪʠ ʩʚʦʾ ʜʽʾ. 

ɯʩʥʫʻ ʱʝ ʦʜʥʘ ʚʘʞʣʠʚʘ ʚʽʜʤʽʥʥʽʩʪʴ ɽʉ. ʗʢʱʦ ʟʚʠʯʘʡʥʽ ʧʨʦʛʨʘʤʠ ʨʦʟʨʦʙʣʷʶʪʴʩʷ ʪʘʢ, 

ʱʦʙ ʱʦʨʘʟ ʧʦʨʦʜʞʫʚʘʪʠ ʧʨʘʚʠʣʴʥʠʡ ʨʝʟʫʣʴʪʘʪ, ʪʦ ɽʉ ʨʦʟʨʦʙʣʝʥʽ ʜʣʷ ʪʦʛʦ, ʱʦʙ ʧʦʚʦʜʠʪʠʩʷ 

ʷʢ ʝʢʩʧʝʨʪʠ. ɺʦʥʠ, ʷʢ ʧʨʘʚʠʣʦ, ʜʘʶʪʴ ʧʨʘʚʠʣʴʥʽ ʚʽʜʧʦʚʽʜʽ, ʘʣʝ ʽʥʦʜʽ, ʷʢ ʽ ʣʶʜʠ, ʟʜʘʪʥʽ 

ʧʦʤʠʣʷʪʠʩʷ.  



ɿʙ̔ʨʥʠʢ ʥʘʫʢʦʚʠʭ ʧʨʘʮʴ ɯʥʩʪʠʪʫʪʫ ʛʝʦʭʽʤʽʾ ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ 2016 ʚʠʧʫʩʢ 25 
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ɺʀʈɯʐɽʅʅʗ ɿɸɼɸʏ ɽʂʆʃʆɻɯʏʅʆɰ ɹɽɿʇɽʂʀ ɺ ɿʆʅɸʍ ɺʇʃʀɺʋ ɸɽʉ 
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ɺ ʪʨʘʜʠʮʽʡʥʠʭ ʧʨʦʛʨʘʤʘʭ ʜʣʷ ʨʽʰʝʥʥʷ ʩʢʣʘʜʥʠʭ ʟʘʜʘʯ, ʪʝʞ ʤʦʞʫʪʴ ʚʠʥʠʢʘʪʠ 

ʧʦʤʠʣʢʠ. ɸʣʝ ʾʭ ʜʫʞʝ ʚʘʞʢʦ ʚʠʧʨʘʚʠʪʠ, ʦʩʢʽʣʴʢʠ ʘʣʛʦʨʠʪʤʠ, ʱʦ ʣʝʞʘʪʴ ʫ ʾʭʥʽʡ ʦʩʥʦʚʽ, ʷʚʥʦ ʚ 

ʥʠʭ ʥʝ ʩʬʦʨʤʫʣʴʦʚʘʥʽ. ʆʪʞʝ, ʧʦʤʠʣʢʠ ʥʝʣʝʛʢʦ ʟʥʘʡʪʠ ʽ ʚʠʧʨʘʚʠʪʠ. ɽʉ, ʧʦʜʽʙʥʦ ʣʶʜʷʤ, 

ʤʘʶʪʴ ʧʦʪʝʥʮʽʡʥʫ ʤʦʞʣʠʚʽʩʪʴ ʚʯʠʪʠʩʷ ʥʘ ʩʚʦʾʭ ʧʦʤʠʣʢʘʭ [1, 2, 4]. 

ʊʝʭʥʦʣʦʛʽʷ ʨʦʟʨʦʙʢʠ ɽʉ, ʤʽʩʪʠʪʴ ʫ ʩʦʙʽ ʰʽʩʪʴ ʝʪʘʧʽʚ: ʝʪʘʧʠ ʽʜʝʥʪʠʬʽʢʘʮʽʾ, 

ʢʦʥʮʝʧʪʫʘʣʽʟʘʮʽʾ, ʬʦʨʤʘʣʽʟʘʮʽʾ, ʚʠʢʦʥʘʥʥʷ, ʪʝʩʪʫʚʘʥʥʷ, ʜʦʩʣʽʜʥʦʾ ʝʢʩʧʣʫʘʪʘʮʽʾ. ʈʦʟʛʣʷʥʝʤʦ 

ʙʽʣʴʰ ʜʦʢʣʘʜʥʦ ʧʦʩʣʽʜʦʚʥʦʩʪʽ ʜʽʡ, ʷʢʽ ʥʝʦʙʭʽʜʥʦ ʚʠʢʦʥʘʪʠ ʥʘ ʢʦʞʥʦʤʫ ʽʟ ʝʪʘʧʽʚ [2, 10, 11]. 

1. ʅʘ ʝʪʘʧʽ ʽʜʝʥʪʠʬʽʢʘʮʽʾ ʥʝʦʙʭʽʜʥʦ ʚʠʢʦʥʘʪʠ ʥʘʩʪʫʧʥʽ ʜʽʾ:  

- ʚʠʟʥʘʯʝʥʥʷ ʟʘʜʘʯʽ, ʱʦ ʧʽʜʣʷʛʘʶʪʴ ʨʽʰʝʥʥʶ ʽ ʤʝʪʽ ʨʦʟʨʦʙʢʠ,  

- ʚʠʟʥʘʯʝʥʥʷ ʝʢʩʧʝʨʪʽʚ ʽ ʪʠʧʫ ʢʦʨʠʩʪʫʚʘʯʽʚ.  
2. ʅʘ ʝʪʘʧʽ ʢʦʥʮʝʧʪʫʘʣʽʟʘʮʽʾ: 

- ʧʨʦʚʦʜʠʪʴʩʷ ʟʤʽʩʪʦʚʥʠʡ ʘʥʘʣʽʟ ʧʨʝʜʤʝʪʥʦʾ ʦʙʣʘʩʪʽ,  

- ʚʠʜʽʣʷʶʪʴʩʷ ʦʩʥʦʚʥʽ ʧʦʥʷʪʪʷ ʽ ʾʭʥʽ ʚʟʘʻʤʦʟʚ'ʷʟʢʠ,  

- ʚʠʟʥʘʯʘʶʪʴʩʷ ʤʝʪʦʜʠ ʨʽʰʝʥʥʷ ʟʘʜʘʯ.  
3. ʅʘ ʝʪʘʧʽ ʬʦʨʤʘʣʽʟʘʮʽʾ:  

- ʚʠʙʠʨʘʶʪʴʩʷ ʧʨʦʛʨʘʤʥʽ ʟʘʩʦʙʠ ʨʦʟʨʦʙʢʠ ɽʉ,  

- ʚʠʟʥʘʯʘʶʪʴʩʷ ʩʧʦʩʦʙʠ ʧʨʝʜʩʪʘʚʣʝʥʥʷ ʫʩʽʭ ʚʠʜʽʚ ʟʥʘʥʴ,  

- ʬʦʨʤʘʣʽʟʫʶʪʴʩʷ ʦʩʥʦʚʥʽ ʧʦʥʷʪʪʷ.  
4. ʅʘ ʝʪʘʧʽ ʚʠʢʦʥʘʥʥʷ (ʥʘʡʙʽʣʴʰ ʚʘʞʣʠʚʝ ʽ ʪʨʫʜʦʤʽʩʪʢʦʤʫ) ʟʜʽʡʩʥʶʻʪʴʩʷ ʥʘʧʦʚʥʝʥʥʷ 

ʝʢʩʧʝʨʪʦʤ ɹɿ, ʧʨʠ ʷʢʦʤʫ ʧʨʦʮʝʩ ʧʨʠʜʙʘʥʥʷ ʟʥʘʥʴ ʨʦʟʜʽʣʷʶʪʴ ʥʘ: 

- çʚʠʪʷʛè ʟʥʘʥʴ ʟ ʝʢʩʧʝʨʪʘ,  

- ʦʨʛʘʥʽʟʘʮʽʶ ʟʥʘʥʴ, ʱʦ ʟʘʙʝʟʧʝʯʫʻ ʝʬʝʢʪʠʚʥʫ ʨʦʙʦʪʫ ɽʉ; 

- ʧʨʝʜʩʪʘʚʣʝʥʥʷ ʟʥʘʥʴ ʫ ʚʠʜʽ, ʟʨʦʟʫʤʽʣʦʤʫ ʜʣʷ ɽʉ.  

ʇʨʦʮʝʩ ʥʘʜʙʘʥʥʷ ʟʥʘʥʴ ʟʜʽʡʩʥʶʻʪʴʩʷ ʽʥʞʝʥʝʨʦʤ ʧʦ ʟʥʘʥʥʷʭ ʥʘ ʦʩʥʦʚʽ ʜʽʷʣʴʥʦʩʪʽ 

ʝʢʩʧʝʨʪʘ. 

5. ʅʘ ʝʪʘʧʽ ʪʝʩʪʫʚʘʥʥʷ ʝʢʩʧʝʨʪ ʽ ʽʥʞʝʥʝʨ ʧʦ ʟʥʘʥʥʷʭ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʜʽʘʣʦʛʦʚʠʭ ʽ 

ʧʦʷʩʥʶʚʘʣʴʥʠʭ ʟʘʩʦʙʽʚ ʧʝʨʝʚʽʨʷʶʪʴ ʢʦʤʧʝʪʝʥʪʥʽʩʪʴ ɽʉ. ʇʨʦʮʝʩ ʪʝʩʪʫʚʘʥʥʷ ʧʨʦʜʦʚʞʫʻʪʴʩʷ 

ʜʦʪʠ, ʧʦʢʠ ʝʢʩʧʝʨʪ ʥʝ ʚʠʨʽʰʠʪʴ, ʱʦ ʩʠʩʪʝʤʘ ʜʦʩʷʛʣʘ ʥʝʦʙʭʽʜʥʦʛʦ ʨʽʚʥʷ ʢʦʤʧʝʪʝʥʪʥʦʩʪʽ. 

6. ʅʘ ʝʪʘʧʽ ʜʦʩʣʽʜʥʦʾ ʝʢʩʧʣʫʘʪʘʮʽʾ ʧʝʨʝʚʽʨʷʻʪʴʩʷ ʧʨʠʜʘʪʥʽʩʪʴ ɽʉ ʜʣʷ ʢʽʥʮʝʚʠʭ 

ʢʦʨʠʩʪʫʚʘʯʽʚ. ɿʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʮʴʦʛʦ ʝʪʘʧʫ ʤʦʞʣʠʚʘ ʽʩʪʦʪʥʘ ʤʦʜʝʨʥʽʟʘʮʽʷ ɽʉ.  

ʇʨʦʮʝʩ ʩʪʚʦʨʝʥʥʷ ɽʉ ʥʝ ʟʚʦʜʠʪʴʩʷ ʜʦ ʩʪʨʦʛʦʾ ʧʦʩʣʽʜʦʚʥʦʩʪʽ ʮʠʭ ʝʪʘʧʽʚ, ʪʦʤʫ ʱʦ ʚ 

ʭʦʜʽ ʨʦʟʨʦʙʢʠ ʧʨʠʭʦʜʠʪʴʩʷ ʥʝʦʜʥʦʨʘʟʦʚʦ ʧʦʚʝʨʪʘʪʠʩʷ ʥʘ ʙʽʣʴʰ ʨʘʥʥʽ ʝʪʘʧʠ ʽ ʧʝʨʝʛʣʷʜʘʪʠ 

ʧʨʠʡʥʷʪʽ ʪʘʤ ʨʽʰʝʥʥʷ. 

ɽʉ ʚʽʜʟʥʘʯʘʶʪʴʩʷ ʧʝʚʥʠʤʠ ʧʝʨʝʚʘʛʘʤʠ ʧʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ. ɿʦʢʨʝʤʘ, ɽʉ [2, 8]: 

¶ ʧʝʨʝʚʘʞʘʻ ʤʦʞʣʠʚʦʩʪʽ ʣʶʜʠʥʠ ʧʨʠ ʚʠʨʽʰʝʥʥʽ ʥʘʜʟʚʠʯʘʡʥʦ ʛʨʦʤʽʟʜʢʠʭ ʧʨʦʙʣʝʤ;  

¶ ʥʝ ʤʘʻ ʫʧʝʨʝʜʞʝʥʠʭ ʜʫʤʦʢ, ʪʦʜʽ ʷʢ ʝʢʩʧʝʨʪ ʢʦʨʠʩʪʫʻʪʴʩʷ ʧʦʙʽʯʥʠʤʠ ʟʥʘʥʥʷʤʠ ʽ ʣʝʛʢʦ 
ʧʽʜʜʘʻʪʴʩʷ ʚʧʣʠʚʫ ʟʦʚʥʽʰʥʽʭ ʬʘʢʪʦʨʽʚ;  

¶ ʥʝ ʨʦʙʠʪʴ ʧʦʩʧʽʰʥʠʭ ʚʠʩʥʦʚʢʽʚ;  

¶ ʟʘʙʝʟʧʝʯʫʻ ʜʽʘʣʦʛʦʚʠʡ ʨʝʞʠʤ ʨʦʙʦʪʠ;  

¶ ʜʦʟʚʦʣʷʻ ʧʨʘʮʶʚʘʪʠ ʟ ʽʥʬʦʨʤʘʮʽʻʶ, ʱʦ ʤʽʩʪʠʪʴ ʩʠʤʚʦʣʴʥʽ ʟʤʽʥʥʽ;  

¶ ʟʘʙʝʟʧʝʯʫʻ ʢʦʨʝʢʪʥʫ ʨʦʙʦʪʫ ʟ ʽʥʬʦʨʤʘʮʽʻʶ, ʷʢʘ ʤʽʩʪʠʪʴ ʧʦʤʠʣʢʠ, ʟʘ ʨʘʭʫʥʦʢ 
ʚʠʢʦʨʠʩʪʘʥʥʷ ʽʤʦʚʽʨʥʽʩʥʠʭ ʤʝʪʦʜʽʚ ʜʦʩʣʽʜʞʝʥʴ;  

¶ ʜʦʟʚʦʣʷʻ ʧʨʦʚʦʜʠʪʠ ʦʜʥʦʯʘʩʥʫ ʦʙʨʦʙʢʫ ʘʣʴʪʝʨʥʘʪʠʚʥʠʭ ʚʝʨʩʽʡ;  

¶ ʧʦ ʚʠʤʦʟʽ ʧʦʷʩʥʶʻ ʭʽʜ ʢʨʦʢʽʚ ʨʝʘʣʽʟʘʮʽʾ ʧʨʦʛʨʘʤʠ;  

¶ ʟʘʙʝʟʧʝʯʫʻ ʤʦʞʣʠʚʽʩʪʴ ʦʙˇʨʫʥʪʫʚʘʥʥʷ ʨʽʰʝʥʥʷ ʪʘ ʚʽʜʪʚʦʨʝʥʥʷ ʰʣʷʭʫ ʡʦʛʦ ʧʨʠʡʥʷʪʪʷ.  
ɸʣʝ ʥʘʚʽʪʴ ʥʘʡʢʨʘʱʽ ʟ ʽʩʥʫʶʯʠʭ ɽʉ ʤʘʶʪʴ ʧʝʚʥʽ ʦʙʤʝʞʝʥʥʷ ʫ ʧʦʨʽʚʥʷʥʥʽ ʟ ʣʶʜʠʥʦʶ-

ʝʢʩʧʝʨʪʦʤ, ʷʢʽ ʟʚʦʜʷʪʴʩʷ ʜʦ ʥʘʩʪʫʧʥʦʛʦ [2, 14]: 

1) ɹʽʣʴʰʽʩʪʴ ɽʉ ʥʝ ʮʽʣʢʦʤ ʧʨʠʜʘʪʥʽ ʜʣʷ ʰʠʨʦʢʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ. ʗʢʱʦ ʢʦʨʠʩʪʫʚʘʯ ʥʝ 
ʤʘʻ ʜʝʷʢʦʛʦ ʜʦʩʚʽʜʫ ʨʦʙʦʪʠ ʟ ʮʠʤʠ ʩʠʩʪʝʤʘʤʠ, ʫ ʥʴʦʛʦ ʤʦʞʫʪʴ ʚʠʥʠʢʥʫʪʠ ʩʝʨʡʦʟʥʽ ʪʨʫʜʥʦʱʽ. 

ɹʘʛʘʪʦ ɽʉ ʜʦʩʪʫʧʥʽ ʣʠʰʝ ʪʠʤ ʝʢʩʧʝʨʪʘʤ, ʷʢʽ ʩʪʚʦʨʶʚʘʣʠ ʾʭ ɹɿ. ʊʦʤʫ ʧʦʪʨʽʙʥʦ ʧʘʨʘʣʝʣʴʥʦ 



ɿʙ̔ʨʥʠʢ ʥʘʫʢʦʚʠʭ ʧʨʘʮʴ ɯʥʩʪʠʪʫʪʫ ʛʝʦʭʽʤʽʾ ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ 2016 ʚʠʧʫʩʢ 25 

 

É ʇʦʧʦʚ ʆ. ʆ., ʗʮʠʰʠʥ ɸ. ɺ. ɸʨʪʝʤʯʫʢ ɺ. ʆ.  ʄʆɾʃʀɺʆʉʊɯ ɺʀʂʆʈʀʉʊɸʅʅʗ ɽʂʉʇɽʈʊʅʀʍ ʄɽʊʆɼɯɺ ʊɸ ʉʀʉʊɽʄ ɼʃʗ 

ɺʀʈɯʐɽʅʅʗ ɿɸɼɸʏ ɽʂʆʃʆɻɯʏʅʆɰ ɹɽɿʇɽʂʀ ɺ ɿʆʅɸʍ ɺʇʃʀɺʋ ɸɽʉ 

14 

ʨʦʟʨʦʙʣʷʪʠ ʚʽʜʧʦʚʽʜʥʠʡ ʽʥʪʝʨʬʝʡʩ, ʷʢʠʡ ʙʠ ʟʘʙʝʟʧʝʯʠʚ ʢʽʥʮʝʚʦʤʫ ʢʦʨʠʩʪʫʚʘʯʫ ʚʣʘʩʪʠʚʠʡ 

ʡʦʤʫ ʨʝʞʠʤ ʨʦʙʦʪʠ.  

2) ʄʦʞʣʠʚʦʩʪʽ ʩʠʩʪʝʤʠ ʥʝ ʟʘʚʞʜʠ ʟʨʦʩʪʘʶʪʴ ʧʽʩʣʷ ʩʝʘʥʩʫ ʝʢʩʧʝʨʪʠʟʠ, ʥʘʚʽʪʴ ʢʦʣʠ 

ʧʨʦʷʚʣʷʶʪʴʩʷ ʥʦʚʽ ʟʥʘʥʥʷ.  

3) ɺʩʝ ʱʝ ʟʘʣʠʰʘʻʪʴʩʷ ʧʨʦʙʣʝʤʦʶ ʧʨʠʚʝʜʝʥʥʷ ʟʥʘʥʴ, ʦʪʨʠʤʘʥʠʭ ʚʽʜ ʝʢʩʧʝʨʪʘ, ʜʦ 
ʚʠʛʣʷʜʫ, ʷʢʠʡ ʟʘʙʝʟʧʝʯʫʚʘʚ ʙʠ ʾʭ ʝʬʝʢʪʠʚʥʝ ʚʠʢʦʨʠʩʪʘʥʥʷ.  

4) ɽʉ, ʷʢ ʧʨʘʚʠʣʦ, ʥʝ ʤʦʞʫʪʴ ʥʘʙʫʚʘʪʠ ʷʢʽʩʥʦ ʥʦʚʠʭ ʟʥʘʥʴ, ʥʝ ʧʝʨʝʜʙʘʯʝʥʠʭ ʧʽʜ ʯʘʩ 

ʨʦʟʨʦʙʢʠ, ʽ ʪʠʤ ʙʽʣʴʰʝ ʥʝ ʚʦʣʦʜʽʶʪʴ ʟʜʦʨʦʚʠʤ ʛʣʫʟʜʦʤ. ʃʶʜʠʥʘ-ʝʢʩʧʝʨʪ ʧʨʠ ʨʦʟʚôʷʟʘʥʥʽ 

ʟʘʜʘʯ ʟʚʠʯʘʡʥʦ ʟʚʝʨʪʘʻʪʴʩʷ ʜʦ ʩʚʦʻʾ ʽʥʪʫʾʮʽʾ ʘʙʦ ʟʜʦʨʦʚʦʛʦ ʛʣʫʟʜʫ, ʷʢʱʦ ʚʽʜʩʫʪʥʽ ʬʦʨʤʘʣʴʥʽ 

ʤʝʪʦʜʠ ʨʽʰʝʥʥʷ ʘʙʦ ʘʥʘʣʦʛʠ ʨʦʟʚôʷʟʫʚʘʥʥʷ ʜʘʥʦʾ ʧʨʦʙʣʝʤʠ. 

ɽʉ ʤʦʞʫʪʴ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠʩʷ ʜʣʷ: ʽʥʪʝʨʧʨʝʪʘʮʽʾ, ʜʽʘʛʥʦʩʪʠʢʠ, ʤʦʥʽʪʦʨʠʥʛʫ, 

ʧʝʨʝʜʙʘʯʝʥʥʷ, ʧʣʘʥʫʚʘʥʥʷ, ʧʨʦʝʢʪʫʚʘʥʥʷ. 

ɽʉ ʤʦʞʥʘ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʚ ʧʨʦʛʥʦʟʫʚʘʥʥʷ, ʧʣʘʥʫʚʘʥʥʷ, ʢʦʥʪʨʦʣʽ, ʫʧʨʘʚʣʽʥʥʽ ʪʘ 

ʥʘʚʯʘʥʥʽ. ʅʘʧʨʠʢʣʘʜ, ɽʉ ʚʞʝ ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ ʚ ʙʘʥʢʽʚʩʴʢʽʡ ʩʧʨʘʚʽ ʚ ʪʘʢʠʭ ʥʘʧʨʷʤʢʘʭ:  

¶ ʧʨʦʛʨʘʤʘʭ ʘʥʘʣʽʟʫ ʽʥʚʝʩʪʠʮʽʡʥʠʭ ʧʨʦʝʢʪʽʚ;  

¶ ʧʨʦʛʨʘʤʘʭ ʘʥʘʣʽʟʫ ʩʪʘʥʫ ʚʘʣʶʪʥʦʛʦ, ʛʨʦʰʦʚʦʛʦ ʪʘ ʬʦʥʜʦʚʦʛʦ ʨʠʥʢʫ;  

¶ ʧʨʦʛʨʘʤʘʭ ʘʥʘʣʽʟʫ ʢʨʝʜʠʪʦʩʧʨʦʤʦʞʥʦʩʪʽ ʯʠ ʬʽʥʘʥʩʦʚʦʛʦ ʩʪʘʥʫ ʧʽʜʧʨʠʻʤʩʪʚ ʽ ʙʘʥʢʽʚ.  
ʇʨʦʮʝʩ ʩʪʚʦʨʝʥʥʷ ɽʉ ʟʥʘʯʥʦ ʟʤʽʥʠʚʩʷ ʟʘ ʦʩʪʘʥʥʽ ʨʦʢʠ. ɿʘʚʜʷʢʠ ʧʦʷʚʽ ʩʧʝʮʽʘʣʴʥʠʭ 

ʽʥʩʪʨʫʤʝʥʪʘʣʴʥʠʭ ʟʘʩʦʙʽʚ ʧʦʙʫʜʦʚʠ ɽʉ ʟʥʘʯʥʦ ʩʢʦʨʦʪʠʣʠʩʴ ʪʝʨʤʽʥʠ ʪʘ ʟʤʝʥʰʠʣʘʩʴ 

ʪʨʫʜʦʤʽʩʪʢʽʩʪʴ ʾʭ ʨʦʟʨʦʙʢʠ. ɯʥʩʪʨʫʤʝʥʪʘʣʴʥʽ ʟʘʩʦʙʠ, ʱʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʧʨʠ ʩʪʚʦʨʝʥʥʽ ɽʉ, 

ʤʦʞʥʘ ʨʦʟʙʠʪʠ ʥʘ ʪʨʠ ʢʣʘʩʠ [2, 11]: 

¶ ʤʦʚʠ ʧʨʦʛʨʘʤʫʚʘʥʥʷ, ʦʨʽʻʥʪʦʚʘʥʽ ʥʘ ʩʪʚʦʨʝʥʥʷ ɽʉ (ʃʽʧʩ, ʇʨʦʣʦʛ, Smalltalk, FRL, 

Interlisp ʪʘ ʪʘʢʽ ʟʘʛʘʣʴʥʦʚʞʠʚʘʥʽ, ʷʢ: ʉʽ, ɸʩʝʤʙʣʝʨ, ʇʘʩʢʘʣʴ, ʌʦʨʪʨʘʥ, ɹʝʡʩʠʢ);  

¶ ʩʝʨʝʜʦʚʠʱʘ ʧʨʦʛʨʘʤʫʚʘʥʥʷ (Delphi, Java);  

¶ ʧʫʩʪʽ ɽʉ (ʦʙʦʣʦʥʢʘ EXSYS Professional 5.0 for Windows).  
ʅʘ ʘʤʝʨʠʢʘʥʩʴʢʦʤʫ ʽ ʟʘʭʽʜʥʦʻʚʨʦʧʝʡʩʴʢʠʭ ʨʠʥʢʘʭ ʩʠʩʪʝʤ ʰʪʫʯʥʦʛʦ ʽʥʪʝʣʝʢʪʫ 

ʦʨʛʘʥʽʟʘʮʽʷʤ, ʷʢʽ ʙʘʞʘʶʪʴ ʩʪʚʦʨʠʪʠ ɽʉ, ʬʽʨʤʠ-ʨʦʟʨʦʙʥʠʢʠ ʧʨʦʧʦʥʫʶʪʴ ʩʦʪʥʽ 

ʽʥʩʪʨʫʤʝʥʪʘʣʴʥʠʭ ʟʘʩʦʙʽʚ ʜʣʷ ʾʭ ʧʦʙʫʜʦʚʠ. ʅʘʨʘʭʦʚʫʶʪʴʩʷ ʪʠʩʷʯʽ ʨʦʟʨʦʙʣʝʥʠʭ 

ʚʫʟʴʢʦʩʧʝʮʽʘʣʽʟʦʚʘʥʠʭ ɽʉ. ʎʝ ʩʚʽʜʯʠʪʴ ʧʨʦ ʪʝ, ʱʦ ɽʉ ʩʢʣʘʜʘʶʪʴ ʜʫʞʝ ʚʘʛʦʤʫ ʯʘʩʪʠʥʫ 

ʧʨʦʛʨʘʤʥʠʭ ʟʘʩʦʙʽʚ [3, 13]. 

ɺʠʩʥʦʚʢʠ 

ɸʥʘʣʽʟ ʪʘʢʠʭ ʩʫʯʘʩʥʠʭ ʝʢʩʧʝʨʪʥʠʭ ʤʝʪʦʜʽʚ, ʷʢ ʤʝʪʦʜ ɼʝʣʬʽ, ʤʝʪʦʜ ʧʝʨʝʭʨʝʩʥʦʛʦ 

ʚʧʣʠʚʫ, ʤʝʪʦʜ ʘʥʘʣʽʟʫ ʽʻʨʘʨʭʽʡ, ʧʦʢʘʟʘʚ ʾʭ ʚʠʩʦʢʫ ʧʨʘʢʪʠʯʥʫ ʢʦʨʠʩʥʽʩʪʴ ʜʣʷ ʧʨʠʡʥʷʪʪʷ 

ʝʬʝʢʪʠʚʥʠʭ ʫʧʨʘʚʣʽʥʩʴʢʠʭ ʨʽʰʝʥʴ ʚ ʫʤʦʚʘʭ ʥʝʚʠʟʥʘʯʝʥʦʩʪʽ ʚ ʨʽʟʥʠʭ ʩʬʝʨʘʭ ʥʘʨʦʜʥʦʛʦ 

ʛʦʩʧʦʜʘʨʩʪʚʘ. 

ɺ ʨʦʙʦʪʽ ʪʘʢʦʞ ʨʦʟʛʣʷʥʫʪʽ ʧʠʪʘʥʥʷ ʧʦʙʫʜʦʚʠ ʝʢʩʧʝʨʪʥʠʭ ʩʠʩʪʝʤ, ʾʭ ʧʝʨʝʚʘʛ ʪʘ 

ʥʝʜʦʣʽʢʽʚ, ʩʬʝʨ ʟʘʩʪʦʩʫʚʘʥʥʷ ʪʘ ʧʝʨʩʧʝʢʪʠʚ ʾʭ ʧʦʜʘʣʴʰʦʛʦ ʨʦʟʚʠʪʢʫ. 

ʆʪʨʠʤʘʥʽ ʨʝʟʫʣʴʪʘʪʠ ʙʫʜʫʪʴ ʧʦʢʣʘʜʝʥʽ ʚ ʦʩʥʦʚʫ ʨʦʟʨʦʙʢʠ ʤʦʜʫʣʷ ʝʢʩʧʝʨʪʥʠʭ ʦʮʽʥʦʢ 

ʱʦʜʦ ʝʢʦʣʦʛʽʯʥʦʛʦ ʨʠʟʠʢʫ ʚʽʜ ʥʝʛʘʪʠʚʥʠʭ ʪʝʭʥʦʛʝʥʥʦ-ʝʢʦʣʦʛʽʯʥʠʭ ʚʧʣʠʚʽʚ ɸɽʉ ʥʘ ʥʘʩʝʣʝʥʥʷ 

ʧʨʠʣʝʛʣʠʭ ʪʝʨʠʪʦʨʽʡ ʪʘ ʜʦʚʢʽʣʣʷ. ɼʘʥʠʡ ʧʨʦʛʨʘʤʥʠʡ ʤʦʜʫʣʴ ʙʫʜʝ ʦʜʥʽʻʶ ʽʟ ʦʩʥʦʚʥʠʭ ʯʘʩʪʠʥ 

ʢʦʤʧôʶʪʝʨʠʟʦʚʘʥʦʾ ʽʥʬʦʨʤʘʮʽʡʥʦ-ʘʥʘʣʽʪʠʯʥʦʾ ʝʢʩʧʝʨʪʥʦʾ ʩʠʩʪʝʤʠ ʜʣʷ ʦʮʽʥʢʠ ʝʢʦʣʦʛʽʯʥʦʛʦ 

ʚʧʣʠʚʫ ɸɽʉ ʥʘ ʥʘʚʢʦʣʠʰʥʻ ʧʨʠʨʦʜʥʝ ʩʝʨʝʜʦʚʠʱʝ. 
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ɺ ʨʘʙʦʪʝ ʨʘʩʩʤʦʪʨʝʥʳ ʚʦʧʨʦʩʳ ʚʦʟʤʦʞʥʦʩʪʝʡ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʩʦʚʨʝʤʝʥʥʳʭ ʵʢʩʧʝʨʪʥʳʭ ʤʝʪʦʜʦʚ ʠ ʩʠʩʪʝʤ ʜʣʷ 

ʧʦʜʜʝʨʞʢʠ ʧʨʠʥʷʪʠʷ ʫʧʨʘʚʣʝʥʯʝʩʢʠʭ ʨʝʰʝʥʠʡ ʚ ʩʬʝʨʝ ʵʢʦʣʦʛʠʯʝʩʢʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ ʚ ʟʦʥʘʭ ʚʣʠʷʥʠʷ ɸʕʉ. 

ʆʩʫʱʝʩʪʚʣʝʥ ʘʥʘʣʠʟ ʪʘʢʠʭ ʵʢʩʧʝʨʪʥʳʭ ʤʝʪʦʜʦʚ, ʢʘʢ ʤʝʪʦʜ ɼʝʣʴʬʠ, ʤʝʪʦʜ ʘʥʘʣʠʟʘ ʠʝʨʘʨʭʠʡ, ʤʝʪʦʜ 

ʧʝʨʝʢʨʝʩʪʥʦʛʦ ʚʣʠʷʥʠʷ. ɼʘʥʥʳʝ ʤʝʪʦʜʳ ʧʨʠʤʝʥʷʶʪʩʷ ʚ ʨʘʟʣʠʯʥʳʭ ʩʬʝʨʘʭ ʥʘʨʦʜʥʦʛʦ ʭʦʟʷʡʩʪʚʘ ʜʣʷ ʧʨʠʥʷʪʠʷ 

ʵʬʬʝʢʪʠʚʥʳʭ ʫʧʨʘʚʣʝʥʯʝʩʢʠʭ ʨʝʰʝʥʠʡ. ʅʠ ʦʜʠʥ ʠʟ ʥʠʭ ʩʘʤ ʧʦ ʩʝʙʝ ʥʝ ʨʝʰʘʝʪ ʦʧʨʝʜʝʣʝʥʥʫʶ ʧʨʦʙʣʝʤʫ, ʘ 

ʷʚʣʷʶʪʩʷ ʩʦʩʪʘʚʥʳʤʠ ʩʠʩʪʝʤʥʦʡ ʤʝʪʦʜʦʣʦʛʠʠ. ʄʝʪʦʜ ɼʝʣʬʠ ʦʩʥʦʚʳʚʘʝʪʩʷ ʥʘ ʧʨʝʜʧʦʣʦʞʝʥʠʠ, ʯʪʦ ʥʘ ʦʩʥʦʚʝ 

ʤʥʝʥʠʡ ʵʢʩʧʝʨʪʦʚ ʤʦʞʥʦ ʧʦʩʪʨʦʠʪʴ ʘʜʝʢʚʘʪʥʫʶ ʤʦʜʝʣʴ ʙʫʜʫʱʝʛʦ ʨʘʟʚʠʪʠʷ ʦʙʲʝʢʪʘ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ. 

ʄʝʪʦʜ ʘʥʘʣʠʟʘ ʠʝʨʘʨʭʠʡ ʥʝ ʧʨʠʧʠʩʳʚʘʝʪ ʣʠʮʫ, ʧʨʠʥʠʤʘʶʱʝʤʫ ʨʝʰʝʥʠʝ, ʢʘʢʦʛʦ-ʣʠʙʦ ʧʨʘʚʠʣʴʥʦʛʦ ʨʝʰʝʥʠʷ, ʘ 

ʧʦʟʚʦʣʷʝʪ ʝʤʫ ʚ ʠʥʪʝʨʘʢʪʠʚʥʦʤ ʨʝʞʠʤʝ ʥʘʡʪʠ ʪʘʢʦʡ ʚʘʨʠʘʥʪ, ʢʦʪʦʨʳʡ ʥʘʠʣʫʯʰʠʤ ʦʙʨʘʟʦʤ ʩʦʛʣʘʩʫʝʪʩʷ ʩ 

ʝʛʦ ʧʦʥʠʤʘʥʠʝʤ ʩʫʪʠ ʧʨʦʙʣʝʤʳ ʠ ʪʨʝʙʦʚʘʥʠʷʤʠ ʢ ʝʝ ʨʝʰʝʥʠʶ. ʄʝʪʦʜ ʧʝʨʝʢʨʝʩʪʥʦʛʦ ʚʣʠʷʥʠʷ ʧʨʝʜʩʪʘʚʣʷʝʪ 

ʩʦʙʦʡ ʫʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʥʳʡ ʚʘʨʠʘʥʪ ʤʝʪʦʜʘ ʘʥʘʣʠʟʘ ʠʝʨʘʨʭʠʡ ʠ ʧʦʟʚʦʣʷʝʪ ʧʨʝʜʚʠʜʝʪʴ ʚʦʟʤʦʞʥʦʝ 

ʚʦʟʥʠʢʥʦʚʝʥʠʝ ʙʫʜʫʱʠʭ ʩʦʙʳʪʠʡ, ʵʢʩʪʨʘʧʦʣʠʨʫʷ ʥʘ ʙʫʜʫʱʝʝ ʠʟʚʝʩʪʥʳ ʜʘʥʥʳʝ. ɸʥʘʣʠʟ ʚʦʟʤʦʞʥʦʩʪʝʡ ʜʘʥʥʳʭ 

ʤʝʪʦʜʦʚ ʧʦʢʘʟʘʣ ʠʭ ʚʳʩʦʢʫʶ ʧʨʘʢʪʠʯʝʩʢʫʶ ʧʦʣʝʟʥʦʩʪʴ ʜʣʷ ʧʨʠʥʷʪʠʷ ʵʬʬʝʢʪʠʚʥʳʭ ʫʧʨʘʚʣʝʥʯʝʩʢʠʭ ʨʝʰʝʥʠʡ ʚ 

ʫʩʣʦʚʠʷʭ ʥʝʦʧʨʝʜʝʣʝʥʥʦʩʪʠ ʚ ʨʘʟʣʠʯʥʳʭ ʩʬʝʨʘʭ ʥʘʨʦʜʥʦʛʦ ʭʦʟʷʡʩʪʚʘ. ɺ ʨʘʙʦʪʝ ʪʘʢʞʝ ʨʘʩʩʤʦʪʨʝʥʳ ʚʦʧʨʦʩʳ 

ʧʦʩʪʨʦʝʥʠʷ ʵʢʩʧʝʨʪʥʳʭ ʩʠʩʪʝʤ, ʠʭ ʧʨʝʠʤʫʱʝʩʪʚ ʠ ʥʝʜʦʩʪʘʪʢʦʚ, ʩʬʝʨ ʧʨʠʤʝʥʝʥʠʷ ʠ ʧʝʨʩʧʝʢʪʠʚ ʠʭ 

ʜʘʣʴʥʝʡʰʝʛʦ ʨʘʟʚʠʪʠʷ. ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʙʫʜʫʪ ʠʩʧʦʣʴʟʦʚʘʥʳ ʜʣʷ ʧʦʩʪʨʦʝʥʠʷ ʤʦʜʫʣʷ ʵʢʩʧʝʨʪʥʳʭ 

ʦʮʝʥʦʢ ʠʥʬʦʨʤʘʮʠʦʥʥʦ-ʘʥʘʣʠʪʠʯʝʩʢʦʡ ʵʢʩʧʝʨʪʥʦʡ ʩʠʩʪʝʤʳ ʜʣʷ ʦʮʝʥʢʠ ʵʢʦʣʦʛʠʯʝʩʢʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ɸʕʉ ʥʘ 

ʦʢʨʫʞʘʶʱʫʶ ʩʨʝʜʫ. 

 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʥʝʦʧʨʝʜʝʣʝʥʥʦʩʪʴ, ʵʢʩʧʝʨʪʥʳʡ ʤʝʪʦʜ, ʵʢʩʧʝʨʪʥʘʷ ʩʠʩʪʝʤʘ, ʫʧʨʘʚʣʝʥʠʝ, ʵʢʦʣʦʛʠʯʝʩʢʘʷ 

ʙʝʟʦʧʘʩʥʦʩʪʴ, ʘʪʦʤʥʘʷ ʵʣʝʢʪʨʦʩʪʘʥʮʠʷ. 
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The issues of possible use of modern expert methods and systems for decision making support in the field of 

environmental safety at the zones of NPP influence are considered in the article. The analyses of the methods, as a 

Delphi method, hierarchy method, method of cross sections is presented. These methods are used in various sectors of 

the economy to make effective decision-making process. None of them by itself solves a specific problem, but works as 

an integral system methodology. Delphi method is based on the assumption that on the basis of expert opinion can be 

done an adequate model for the future development of the object forecasting. Analytic hierarchy does not attribute to 

the person making a decision, any correct decisions and allows interactively find the option that best agrees with his 

understanding of the nature of the problem and requirements to its solving. The method of cross-influence is an 

improved version of the analytic hierarchy process and allows to foresee the possible future occurrences, extrapolating 

data for the future. Analysis of the possibilities of these methods proved their practical utility for making effective 

administrative decisions in conditions of uncertainty in various areas of the economy. The issues of expert systems 

creation, their advantages and disadvantages, applications and prospects for their further development are also 

considered in the paper. The obtained results will be used to construct a module of expert information and analytical 

assessments of the expert system for environmental impact assessment of nuclear power plants. 
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ɺ ʨʦʙʦʪʽ ʦʙˇʨʫʥʪʦʚʘʥʘ ʥʝʦʙʭʽʜʥʽʩʪʴ ʩʪʚʦʨʝʥʥʷ ʥʦʚʠʭ ʪʝʭʥʽʯʥʠʭ ʟʘʩʦʙʽʚ ʜʣʷ ʨʘʜʽʘʮʽʡʥʦʛʦ 

ʢʦʥʪʨʦʣʶ ʛʘʤʤʘ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʧʨʦʜʫʢʪʽʚ ʭʘʨʯʫʚʘʥʥʷ ʪʘ ʙʫʜʽʚʝʣʴʥʠʭ ʤʘʪʝʨʽʘʣʽʚ. ʅʘʚʝʜʝʥʦ  

ʦʩʥʦʚʥʽ ʪʝʭʥʽʯʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʩʪʚʦʨʝʥʦʾ ʩʠʩʪʝʤʠ ʪʘ ʾʾ ʦʩʥʦʚʥʽ ʧʝʨʝʚʘʛʠ ʥʘʜ ʽʩʥʫʶʯʠʤʠ 

ʘʥʘʣʦʛʘʤʠ. ʈʦʟʨʦʙʣʝʥʠʡ ʩʧʝʢʪʨʦʤʝʪʨ ʘʜʘʧʪʦʚʘʥʠʡ ʜʦ ʷʧʦʥʩʴʢʦʛʦ ʨʠʥʢʫ. ʇʝʨʝʜʙʘʯʝʥʘ 

ʤʦʞʣʠʚʽʩʪʴ ʜʽʘʣʦʛʫ ʢʦʨʠʩʪʫʚʘʯʘ ʟ ʦʧʝʨʘʪʦʨʦʤ ʥʘ ʷʧʦʥʩʴʢʽʡ ʤʦʚʽ. ʈʘʜʽʘʮʽʡʥʠʡ ʢʦʥʪʨʦʣʴ 

ʛʘʤʤʘ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʧʨʦʚʦʜʠʪʴʩʷ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʚʠʤʦʛ ʤʽʩʮʝʚʦʛʦ ʟʘʢʦʥʦʜʘʚʩʪʚʘ 

(ʨʘʜʽʘʮʽʡʥʠʭ ʥʦʨʤ). ɼʣʷ ʚʠʟʥʘʯʝʥʥʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʨʠʣʘʜʫ ʙʫʣʦ ʧʨʦʚʝʜʝʥʦ ʨʷʜ 

ʝʢʩʧʝʨʠʤʝʥʪʽʚ ʧʦ ʚʠʟʥʘʯʝʥʥʶ ʨʦʟʩʽʶʚʘʥʥʷ ʨʝʟʫʣʴʪʘʪʽʚ ʚʠʤʽʨʶʚʘʥʴ, ʷʢʝ ʤʦʞʝ ʙʫʪʠ 

ʦʙʫʤʦʚʣʝʥʦ ʥʝ ʪʽʣʴʢʠ ʩʪʘʪʠʩʪʠʯʥʠʤ ʭʘʨʘʢʪʝʨʦʤ ʨʦʟʧʘʜʫ ʽ ʢʦʣʠʚʘʥʴ ʬʦʥʫ, ʘʣʝ ʽ ʽʥʰʠʤʠ 

ʚʠʧʘʜʢʦʚʠʤʠ ʯʠʥʥʠʢʘʤʠ (ʘʧʘʨʘʪʫʨʥʽ ʧʝʨʝʰʢʦʜʠ, ʧʦʭʠʙʢʠ ʧʨʦʮʝʜʫʨʠ ʚʠʤʽʨʶʚʘʥʴ ʪʦʱʦ). 

 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʛʘʤʤʘ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ, ʨʘʜʽʘʮʽʡʥʠʡ ʢʦʥʪʨʦʣʴ, ʩʧʝʢʪʨʦʤʝʪʨ 

 

ɺʩʪʫʧ  

ʈʘʜʽʦʘʢʪʠʚʥʝ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʻ ʦʜʥʠʤ ʟ ʦʩʥʦʚʥʠʭ ʧʨʠʨʦʜʥʠʭ ʪʘ ʪʝʭʥʦʛʝʥʥʠʭ 

ʬʘʢʪʦʨʽʚ, ʱʦ ʚʧʣʠʚʘʶʪʴ ʥʘ ʞʠʪʪʷ ʽ ʟʜʦʨʦʚ'ʷ ʣʶʜʠʥʠ. ɺ ʥʘʩʣʽʜʦʢ ʙʫʨʭʣʠʚʦʛʦ ʨʦʟʚʠʪʢʫ 

ʷʜʝʨʥʠʭ ʪʝʭʥʦʣʦʛʽʡ (ʚʠʨʦʙʥʠʮʪʚʦ ʪʘ ʚʠʧʨʦʙʫʚʘʥʥʷ ʷʜʝʨʥʦʾ ʟʙʨʦʾ, ʘʪʦʤʥʘ ʝʥʝʨʛʝʪʠʢʘ, 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʽʦʥʽʟʫʶʯʠʭ ʜʞʝʨʝʣ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʚ ʥʘʨʦʜʥʦʤʫ ʛʦʩʧʦʜʘʨʩʪʚʽ ʪʘ ʤʝʜʠʮʠʥʽ) 

ʟʥʘʯʥʦ ʟʨʦʩʣʦ ʟʘʛʘʣʴʥʝ ʨʘʜʽʦʘʢʪʠʚʥʝ ʟʘʙʨʫʜʥʝʥʥʷ ʙʽʦʩʬʝʨʠ. ɺ ʨʝʟʫʣʴʪʘʪʽ ʩʝʨʝʜʥʽ ʜʦʟʠ 

ʦʧʨʦʤʽʥʝʥʥʷ ʣʶʜʠʥʠ ʜʦʩʷʛʘʶʪʴ ʧʦʜʚʦʻʥʦʛʦ ʧʨʠʨʦʜʥʦʛʦ ʬʦʥʫ ʽ ʚʧʨʠʪʫʣ ʥʘʙʣʠʟʠʣʠʩʷ ʜʦ 

ʚʝʣʠʯʠʥʠ, ʷʢʘ ʚʠʟʥʘʯʘʻʪʴʩʷ ʷʢ ʨʘʜʽʘʮʽʡʥʦ ʥʝʙʝʟʧʝʯʥʘ. ʊʦʤʫ ʚ ʩʫʯʘʩʥʠʭ ʫʤʦʚʘʭ ʻ 

ʥʝʧʨʠʧʫʩʪʠʤʠʤ ʜʦʜʘʪʢʦʚʝ ʦʧʨʦʤʽʥʝʥʥʷ ʣʶʜʠʥʠ, ʦʩʢʽʣʴʢʠ ʚʦʥʦ ʤʦʞʝ ʨʽʟʢʦ ʟʙʽʣʴʰʠʪʠ ʨʠʟʠʢ 

ʚʠʥʠʢʥʝʥʥʷ ʟʘʭʚʦʨʶʚʘʥʴ. 

ʈʘʜʽʦʘʢʪʠʚʥʽ ʨʝʯʦʚʠʥʠ, ʷʢʽ ʦʧʨʦʤʽʥʶʶʪʴ ʦʨʛʘʥʽʟʤ ʣʶʜʠʥʠ, ʤʦʞʫʪʴ ʙʫʪʠ ʷʢ 

ʟʦʚʥʽʰʥʽʤʠ (ʧʦʪʨʘʧʣʷʶʪʴ ʚ ʦʨʛʘʥʽʟʤ ʯʝʨʝʟ ʣʝʛʝʥʽ ʟ ʧʦʚʽʪʨʷʤ ʽ ʰʢʽʨʫ), ʪʘʢ ʽ ʚʥʫʪʨʽʰʥʽʤʠ 

(ʧʦʪʨʘʧʣʷʶʪʴ ʚ ʦʨʛʘʥʽʟʤ ʯʝʨʝʟ ʰʣʫʥʢʦʚʦ-ʢʠʰʢʦʚʠʡ ʪʨʘʢʪ ʨʘʟʦʤ ʟ ʚʦʜʦʶ ʽ ʾʞʝʶ). ɹʽʦʣʦʛʽʯʥʠʡ 

ʝʬʝʢʪ ʧʨʠ ʚʥʫʪʨʽʰʥʴʦʤʫ ʦʧʨʦʤʽʥʝʥʥʽ ʦʨʛʘʥʽʟʤʫ ʟʥʘʯʥʦ ʚʠʱʠʡ. ʋ ʮʴʦʤʫ ʚʠʧʘʜʢʫ 

ʟʙʽʣʴʰʫʻʪʴʩʷ ʯʘʩ ʦʧʨʦʤʽʥʝʥʥʷ (ʦʧʨʦʤʽʥʝʥʥʷ ʚʽʜʙʫʚʘʻʪʴʩʷ ʧʦʩʪʽʡʥʦ), ʟʤʝʥʰʫʻʪʴʩʷ 

ʛʝʦʤʝʪʨʠʯʥʝ ʦʩʣʘʙʣʝʥʥʷ ʧʦʪʦʢʫ ʝʥʝʨʛʽʾ (ʜʞʝʨʝʣʦ ʨʦʟʪʘʰʦʚʘʥʝ ʚʧʨʠʪʫʣ), ʥʝʤʦʞʣʠʚʝ 

ʟʘʩʪʦʩʫʚʘʥʥʷ ʟʘʭʠʩʪʫ ʽ ʚʽʜʙʫʚʘʻʪʴʩʷ ʚʠʙʽʨʢʦʚʘ ʢʦʥʮʝʥʪʨʘʮʽʷ ʨʘʜʽʦʥʫʢʣʽʜʽʚ ʚ ʦʢʨʝʤʠʭ ʦʨʛʘʥʘʭ. 

ʋ ʟʚ'ʷʟʢʫ ʟ ʪʨʠʚʘʣʠʤ ʚʧʣʠʚʦʤ ʥʘʚʽʪʴ ʥʘʡʤʝʥʰʽ ʜʦʟʠ ʨʘʜʽʘʮʽʾ ʟʜʘʪʥʽ ʚʠʢʣʠʢʘʪʠ ʚ ʢʣʽʪʠʥʘʭ 

ʦʨʛʘʥʽʟʤʫ ʟʤʽʥʠ, ʷʢʽ ʧʨʠʟʚʦʜʷʪʴ ʜʦ ʛʝʥʝʪʠʯʥʠʭ ʧʦʨʫʰʝʥʴ, ʟʣʦʷʢʽʩʥʠʤ ʥʦʚʦʫʪʚʦʨʝʥʥʷʤ ʽ 

ʨʽʟʥʦʤʘʥʽʪʥʠʤ ʨʦʟʣʘʜʘʤ ʦʙʤʽʥʥʠʭ ʧʨʦʮʝʩʽʚ ʦʨʛʘʥʽʟʤʫ, ʡʦʛʦ ʪʨʘʚʥʠʭ, ʢʨʦʚʦʪʚʦʨʥʠʭ ʽ ʽʥʰʠʭ 

ʬʫʥʢʮʽʡ.  

ɼʦʩʚʽʜ ʚʠʚʯʝʥʥʷ ʩʪʘʥʫ ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʥʘ ʟʘʙʨʫʜʥʝʥʠʭ ʨʘʜʽʘʮʽʻʶ 

ʪʝʨʠʪʦʨʽʷʭ ʜʦʟʚʦʣʠʚ ʝʢʦʣʦʛʘʤ ʟʨʦʙʠʪʠ ʚʠʩʥʦʚʦʢ ʧʨʦ ʪʝ, ʱʦ ʨʘʜʽʦʥʫʢʣʽʜʠ ʥʘʡʘʢʪʠʚʥʽʰʝ 

ʥʘʜʭʦʜʷʪʴ ʚ ʦʨʛʘʥʽʟʤ ʣʶʜʠʥʠ ʧʦ ʣʘʥʮʶʞʢʫ çˇʨʫʥʪ ï ʨʦʩʣʠʥʘ ï ʧʨʦʜʫʢʪʠ ʭʘʨʯʫʚʘʥʥʷè. 

ʗʜʝʨʥʽ ʢʘʪʘʩʪʨʦʬʠ ʚ ʏʦʨʥʦʙʠʣʽ ʚ 1986 ʨʦʮʽ ʽ ʥʘ ʌʫʢʫʩʽʤʽ ʚ 2011 ʨʦʮʽ ʱʝ ʙʽʣʴʰ 

ʧʽʜʚʠʱʠʣʠ ʩʪʫʨʙʦʚʘʥʽʩʪʴ ʫʨʷʜʦʚʠʭ ʦʨʛʘʥʽʟʘʮʽʡ, ʛʘʣʫʟʝʚʠʭ ʧʽʜʧʨʠʻʤʩʪʚ ʽ ʩʧʦʞʠʚʘʯʽʚ 

ʩʪʦʩʦʚʥʦ ʨʠʟʠʢʫ, ʧʦʚ'ʷʟʘʥʦʛʦ ʟ ʤʦʞʣʠʚʠʤ ʨʘʜʽʘʮʽʡʥʠʤ ʟʘʙʨʫʜʥʝʥʥʷʤ ʭʘʨʯʦʚʠʭ ʧʨʦʜʫʢʪʽʚ ʽ 

ʧʠʪʥʦʾ ʚʦʜʠ. 
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18 

 

ʋ ʙʽʣʴʰʦʩʪʽ ʢʨʘʾʥ, ʚ ʪ.ʯ. ʚ ʋʢʨʘʾʥʽ, ʽʩʥʫʶʪʴ ʥʘʮʽʦʥʘʣʴʥʽ ʧʨʦʛʨʘʤʠ ʚ ʛʘʣʫʟʽ ʭʘʨʯʫʚʘʥʥʷ, 

ʷʢʽ ʚʢʣʶʯʘʶʪʴ ʚ ʩʝʙʝ ʟʘʢʦʥʠ ʧʨʦ ʭʘʨʯʦʚʽ ʧʨʦʜʫʢʪʠ ʽ ʚʦʜʫ, ʧʝʨʝʜʙʘʯʘʶʪʴ ʞʦʨʩʪʢʠʡ ʢʦʥʪʨʦʣʴ 

ʚʠʨʦʙʥʠʮʪʚʘ, ʨʝʘʣʽʟʘʮʽʾ ʪʘ ʚʞʠʚʘʥʥʷ ʭʘʨʯʦʚʠʭ ʧʨʦʜʫʢʪʽʚ [1]. 

ɿʛʽʜʥʦ ʟ ʥʦʚʽʪʥʽʤʠ ʫʷʚʣʝʥʥʷʤʠ, ʥʘʚʽʪʴ ʩʘʥʽʪʘʨʥʽ ʥʦʨʤʘʪʠʚʠ ʥʝ ʛʘʨʘʥʪʫʶʪʴ ʧʦʚʥʦʾ 

ʙʝʟʧʝʢʠ ʣʶʜʠʥʠ. ʊʦʤʫ ʧʨʦʙʣʝʤʫ ʨʘʜʽʘʮʽʡʥʦʾ ʙʝʟʧʝʢʠ ʧʦʪʨʽʙʥʦ ʟʚʦʜʠʪʠ ʥʝ ʪʽʣʴʢʠ ʜʦ 

ʟʘʙʝʟʧʝʯʝʥʥʷ ʢʦʥʪʨʦʣʶ ʧʦ ʟʘʧʦʙʽʛʘʥʥʶ ʨʦʟʧʦʚʩʶʜʞʝʥʥʷ ʨʘʜʽʦʥʫʢʣʽʜʽʚ ʦʙʤʝʞʝʥʦʛʦ ʯʠʩʣʘ 

ʧʦʪʝʥʮʽʡʥʦ ʥʝʙʝʟʧʝʯʥʠʭ ʦʙ'ʻʢʪʽʚ, ʘ ʥʝʦʙʭʽʜʥʦ ʚʠʷʚʣʷʪʠ ʽ ʚʠʤʽʨʷʪʠ ʙʫʜʴ ʷʢʽ ʨʘʜʽʦʘʢʪʠʚʥʽ 

ʟʘʙʨʫʜʥʝʥʥʷ, ʷʢʽ ʧʨʠʩʫʪʥʽ ʫ ʧʦʚʩʷʢʜʝʥʥʦ ʚʞʠʚʘʥʽʡ ʧʨʦʜʫʢʮʽʾ. ʊʘʢʠʤ ʯʠʥʦʤ, ʢʦʥʪʨʦʣʴ ʚʤʽʩʪʫ 

ʨʘʜʽʦʥʫʢʣʽʜʽʚ ʚ ʧʨʦʜʫʢʪʘʭ ʭʘʨʯʫʚʘʥʥʷ (ʚʦʜʽ, ʤʦʣʦʮʽ, ʤ'ʷʩʽ, ʨʠʩʽ, ʟʣʘʢʘʭ, ʣʽʢʘʨʩʴʢʠʭ ʨʦʩʣʠʥʘʭ, 

ʤʦʨʝʧʨʦʜʫʢʪʘʭ), ʙʫʜʽʚʝʣʴʥʠʭ ʤʘʪʝʨʽʘʣʘʭ ʪʘ ʽʥʰʠʭ ʧʨʦʙʘʭ ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʻ 

ʚʘʞʣʠʚʦʶ ʽ ʘʢʪʫʘʣʴʥʦʶ ʧʨʦʙʣʝʤʦʶ. ʇʝʨʰʦʨʷʜʥʫ ʚʘʞʣʠʚʽʩʪʴ ʜʘʥʦʾ ʧʨʦʙʣʝʤʠ ʧʽʜʢʨʝʩʣʠʣʘ 

ʘʚʘʨʽʷ ʥʘ ɸɽʉ ʌʫʢʫʩʽʤʘ ʚ ʗʧʦʥʽʾ, ʜʝ ʚ ʨʝʟʫʣʴʪʘʪʽ ʚʠʢʠʜʫ ʨʘʜʽʦʘʢʪʠʚʥʠʭ ʨʝʯʦʚʠʥ ʚʠʷʚʠʣʠʩʷ 

ʟʘʙʨʫʜʥʝʥʽ ʟʥʘʯʥʽ ʪʝʨʠʪʦʨʽʾ. ʇʦʚʝʨʭʥʝʚʝ ʟʘʙʨʫʜʥʝʥʥʷ ˇʨʫʥʪʽʚ, ʞʠʪʣʦʚʠʭ ʽ ʨʦʙʦʯʠʭ 

ʧʨʠʤʽʱʝʥʴ, ʚʦʜʦʡʤ, ʘ ʷʢ ʥʘʩʣʽʜʦʢ ʽ ʧʨʦʜʫʢʪʽʚ ʭʘʨʯʫʚʘʥʥʷ, ʧʨʠʟʚʝʣʦ ʜʦ ʟʥʘʯʥʦʛʦ ʟʙʽʣʴʰʝʥʥʷ 

ʷʢ ʟʦʚʥʽʰʥʴʦʛʦ, ʪʘʢ ʽ ʚʥʫʪʨʽʰʥʴʦʛʦ ʦʧʨʦʤʽʥʝʥʥʷ ʥʘʩʝʣʝʥʥʷ. ɺ ʫʩʽʭ ʮʠʭ ʚʠʧʘʜʢʘʭ ʥʝʦʙʭʽʜʥʦ 

ʧʨʦʚʦʜʠʪʠ ʢʽʣʴʢʽʩʥʽ ʚʠʤʽʨʶʚʘʥʥʷ ʧʠʪʦʤʦʾ ʘʢʪʠʚʥʦʩʪʽ ʨʘʜʽʦʥʫʢʣʽʜʽʚ ʫ ʚʝʣʠʢʠʭ ʦʙʩʷʛʘʭ. 

ʉʢʦʨʦʯʝʥʥʷ ʯʘʩʫ ʪʘʢʠʭ ʚʠʤʽʨʽʚ ʜʦʟʚʦʣʠʪʴ ʟʥʘʯʥʦ ʧʨʠʩʢʦʨʠʪʠ ʽ ʟʜʝʰʝʚʠʪʠ ʮʶ ʧʨʦʮʝʜʫʨʫ. 

ʊʘʢʠʤ ʯʠʥʦʤ ʦʩʦʙʣʠʚʦ ʛʦʩʪʨʦ ʧʦʩʪʘʣʘ ʥʝʦʙʭʽʜʥʽʩʪʴ ʫ ʩʠʩʪʝʤʘʭ ʦʧʝʨʘʪʠʚʥʦʛʦ ʢʦʥʪʨʦʣʶ 

ʨʘʜʽʘʮʽʡʥʦʾ ʦʙʩʪʘʥʦʚʢʠ ʥʘ ʦʙʨʘʥʠʭ ʪʝʨʠʪʦʨʽʷʭ. 

ɺʨʘʭʦʚʫʶʯʠ ʚʘʞʣʠʚʽʩʪʴ ʽ ʘʢʪʫʘʣʴʥʽʩʪʴ ʨʘʜʽʘʮʽʡʥʦʛʦ ʢʦʥʪʨʦʣʶ ʧʨʦʙ ʚʦʜʠ, ʧʨʦʜʫʢʪʽʚ 

ʭʘʨʯʫʚʘʥʥʷ ʪʘ ʽʥʰʠʭ ʦʙ'ʻʢʪʽʚ ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ, ʬʘʭʽʚʮʷʤʠ ʚʽʜʜʽʣʫ ʷʜʝʨʥʦ-

ʬʽʟʠʯʥʠʭ ʪʝʭʥʦʣʦʛʽʡ ɼʋ çɯɻʅʉ ʅɸʅ ʋʢʨʘʾʥʠè ʙʫʣʘ ʩʪʚʦʨʝʥʘ ʚʠʤʽʨʶʚʘʣʴʥʘ ʩʠʩʪʝʤʘ ʥʦʚʦʛʦ 

ʧʦʢʦʣʽʥʥʷ, ʱʦ ʜʦʟʚʦʣʷʻ ʦʧʝʨʘʪʠʚʥʦ ʟ ʟʘʜʘʥʦʶ ʪʦʯʥʽʩʪʶ ʚʠʷʚʣʷʪʠ ʨʘʜʽʦʥʫʢʣʽʜʠ ʫ 

ʚʠʤʽʨʶʚʘʥʦʤʫ ʟʨʘʟʢʫ.  

ʄʝʪʦʶ ʮʽʻʾ ʨʦʙʦʪʠ ʙʫʣʦ ʧʨʦʝʢʪʫʚʘʥʥʷ, ʩʪʚʦʨʝʥʥʷ, ʘ ʪʘʢʦʞ ʦʮʽʥʢʘ ʧʘʨʘʤʝʪʨʽʚ 

ʢʦʤʧʘʢʪʥʦʛʦ, ʥʝʜʦʨʦʛʦʛʦ, ʙʝʟʜʨʦʪʦʚʦʛʦ ʛʘʤʤʘ-ʩʧʝʢʪʨʦʤʝʪʨʘ ʟ ʞʠʚʣʝʥʥʷʤ ʚʽʜ ʘʢʫʤʫʣʷʪʦʨʘ, 

ʷʢʠʡ ʤʦʞʝ ʙʫʪʠ ʚʠʢʦʨʠʩʪʘʥʠʡ ʜʣʷ ʟʘʟʥʘʯʝʥʠʭ ʚʠʱʝ ʟʘʩʪʦʩʫʚʘʥʴ ʽ ʧʨʠʢʣʘʜʥʠʭ ʟʘʜʘʯ. 

 

ʈʝʟʫʣʴʪʘʪʠ ʨʦʙʦʪʠ ʪʘ ʾʭ ʦʙʛʦʚʦʨʝʥʥʷ  

 

ʉʴʦʛʦʜʥʽ ʨʘʜʽʘʮʽʡʥʠʡ ʢʦʥʪʨʦʣʴ ʧʨʦʜʫʢʪʽʚ ʭʘʨʯʫʚʘʥʥʷ ʪʘ ʙʫʜʽʚʝʣʴʥʠʭ ʤʘʪʝʨʽʘʣʽʚ 

ʟʜʽʡʩʥʶʻʪʴʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʩʧʝʮʽʘʣʽʟʦʚʘʥʠʭ ʪʝʭʥʽʯʥʠʭ ʟʘʩʦʙʽʚ [2]. ʆʩʥʦʚʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ʥʘʡʙʽʣʴʰ ʚʽʜʦʤʠʭ ʽ ʜʦʩʪʫʧʥʠʭ ʧʨʠʣʘʜʽʚ ʧʨʠʚʝʜʝʥʽ ʚ ʪʘʙʣ. 1. 

ʅʘʚʝʜʝʥʽ ʚ ʪʘʙʣ. 1 ʜʘʥʽ ʧʦʢʘʟʫʶʪʴ, ʱʦ ʽʩʥʫʶʯʽ ʧʨʠʣʘʜʠ ʥʝ ʜʦʟʚʦʣʷʶʪʴ ʧʦʚʥʦʶ ʤʽʨʦʶ 

ʧʨʦʚʦʜʠʪʠ ʰʚʠʜʢʠʡ ʽ ʷʢʽʩʥʠʡ ʢʦʥʪʨʦʣʴ ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʟʨʘʟʢʽʚ ʧʨʦʜʫʢʪʽʚ 

ʭʘʨʯʫʚʘʥʥʷ ʪʘ ʙʫʜʽʚʝʣʴʥʠʭ ʤʘʪʝʨʽʘʣʽʚ. ʎʝ ʚʠʢʣʠʢʘʥʦ ʧʝʨʰ ʟʘ ʚʩʝ ʟʥʘʯʥʠʤ ʯʘʩʦʤ, ʷʢʠʡ 

ʧʦʪʨʽʙʥʦ ʚʠʪʨʘʪʠʪʠ ʥʘ ʚʠʤʽʨʶʚʘʥʥʷ, ʱʦʙ ʜʦʩʷʛʪʠ ʥʝʦʙʭʽʜʥʦʾ ʪʦʯʥʦʩʪʽ. ʊʘʢʦʞ ʧʨʠʣʘʜʠ ʤʘʶʪʴ 

ʚʝʣʠʢʽ ʨʦʟʤʽʨʠ ʽ ʥʝ ʟʦʚʩʽʤ ʩʫʯʘʩʥʝ IT ʩʝʨʝʜʦʚʠʱʝ. 

ɻʘʤʤʘ-ʩʧʝʢʪʨʦʤʝʪʨ çFoodLightè ʨʦʟʨʦʙʣʷʚʩʷ ʷʢ ʘʚʪʦʥʦʤʥʠʡ, ʙʝʟʜʨʦʪʦʚʠʡ ʽ ʥʝʜʦʨʦʛʠʡ 

ʨʘʜʽʦʽʟʦʪʦʧʥʠʡ ʽʜʝʥʪʠʬʽʢʘʪʦʨ. ɯʥʰʠʤʠ ʩʣʦʚʘʤʠ çFoodLightè ʧʦʚʠʥʝʥ ʤʽʩʪʠʪʠ ʚ ʢʦʨʧʫʩʽ 

ʜʝʪʝʢʪʦʨʥʫ ʪʘ ʦʙʨʦʙʥʫ ʯʘʩʪʠʥʠ, ʘ ʪʘʢʦʞ ʙʝʟʜʨʦʪʦʚʠʡ ʽʥʪʝʨʬʝʡʩ, ʱʦ ʜʦʟʚʦʣʷʻ ʟ'ʻʜʥʫʚʘʪʠʩʷ ʟ 

ʙʫʜʴ-ʷʢʠʤ ʤʦʙʽʣʴʥʠʤ ʪʝʣʝʬʦʥʦʤ ʯʠ ʧʣʘʥʰʝʪʦʤ. ʂʨʽʤ ʪʦʛʦ, ʩʧʝʢʪʨʦʤʝʪʨ ʧʦʚʠʥʝʥ ʙʫʪʠ 

ʢʦʤʧʘʢʪʥʠʤ, ʤʘʪʠ ʥʠʟʴʢʝ ʝʥʝʨʛʦʩʧʦʞʠʚʘʥʥʷ, ʘ ʪʘʢʦʞ ʙʫʪʠ ʜʦʩʠʪʴ ʧʨʦʩʪʠʤ ʜʣʷ ʩʝʨʽʡʥʦʛʦ 

ʚʠʨʦʙʥʠʮʪʚʘ.  

ɿʘʟʥʘʯʝʥʽ ʧʘʨʘʤʝʪʨʠ ʙʫʣʠ ʜʦʩʷʛʥʫʪʽ ʟʘ ʜʦʧʦʤʦʛʦʶ ʨʦʟʨʦʙʢʠ ʮʠʬʨʦʚʦʛʦ ʧʨʦʮʝʩʦʨʘ 

ʽʤʧʫʣʴʩʥʠʭ ʩʠʛʥʘʣʽʚ (ɸʎʇ) ʥʘ ʙʘʟʽ ʧʨʦʮʝʩʦʨʘ Cortex-M3 [3]. ʎʝʡ ʧʨʦʮʝʩʦʨ ʙʘʟʫʻʪʴʩʷ ʥʘ 

ʘʨʭʽʪʝʢʪʫʨʽ ARMv7-ʄ ʽ ʙʫʚ ʩʧʝʮʽʘʣʴʥʦ ʩʧʨʦʝʢʪʦʚʘʥʠʡ ʜʣʷ ʜʦʩʷʛʥʝʥʥʷ ʚʠʩʦʢʦʾ 

ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ (ʟʘʙʝʟʧʝʯʫʻʪʴʩʷ ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ ʧʦʨʷʜʢʫ 1.25 MIPS/ʄɻʮ) ʚʩʽʻʾ ʩʠʩʪʝʤʠ ʚ 

ʥʝʜʦʨʦʛʠʭ ʚʠʩʦʢʦ ʝʢʦʥʦʤʽʯʥʠʭ ʚʙʫʜʦʚʘʥʠʭ ʜʦʜʘʪʢʘʭ. ʋʩʽ ʢʦʤʧʦʥʝʥʪʠ ɸʎʇ ʙʫʣʠ ʨʦʟʤʽʱʝʥʽ 

ʥʘ ʚʠʛʦʪʦʚʣʝʥʽʡ ʧʽʜ ʟʘʤʦʚʣʝʥʥʷ ʜʨʫʢʦʚʘʥʽʡ ʧʣʘʪʽ, ʚʢʣʶʯʘʶʯʠ ʘʥʘʣʦʛʦʚʫ ʽ ʮʠʬʨʦʚʫ 



ɿʙ̔ʨʥʠʢ ʥʘʫʢʦʚʠʭ ʧʨʘʮʴ ɯʥʩʪʠʪʫʪʫ ʛʝʦʭʽʤʽʾ ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ 2016 ʚʠʧʫʩʢ 25 

É ɿʘʙʫʣʦʥʦʚ ʖ. ʃ., ɹʫʨʪʥʷʢ ɺ .ʄ., ʆʜʫʢʘʣʝʮʴ ʃ. ɸ. ʉʀʉʊɽʄɸ ɼʃʗ ʈɸɼɯɸʎɯʁʅʆɻʆ ʂʆʅʊʈʆʃʖ ʇʈʆɼʋʂʊɯɺ ʍɸʈʏʋɺɸʅʅʗ ʊɸ 

ɹʋɼɯɺɽʃʔʅʀʍ ʄɸʊɽʈɯɸʃɯɺ 

19 

 

ʝʣʝʢʪʨʦʥʽʢʫ ʜʣʷ ʦʙʨʦʙʢʠ ʩʠʛʥʘʣʫ, ʘ ʪʘʢʦʞ ʞʠʚʣʝʥʥʷ ʩʧʝʢʪʨʦʤʝʪʨʘ, ʱʦ ʩʢʣʘʜʘʻʪʴʩʷ ʟ 

ʜʝʢʽʣʴʢʦʭ ʩʪʘʙʽʣʽʟʘʪʦʨʽʚ ʥʘʧʨʫʛʠ. ʎʝ ʦʟʥʘʯʘʻ, ʱʦ ʜʣʷ ʨʦʙʦʪʠ çFoodLightè ʧʦʪʨʽʙʥʦ ʪʽʣʴʢʠ 

ʦʜʥʝ ʜʞʝʨʝʣʦ ʞʠʚʣʝʥʥʷ ʟ ʥʘʧʨʫʛʦʶ 12 ɺ. ʉʪʨʫʢʪʫʨʥʘ ʩʭʝʤʘ ʩʧʝʢʪʨʦʤʝʪʨʘ ʧʦʢʘʟʘʥʘ ʥʘ ʨʠʩ. 1. 

 

 

 

ʊʘʙʣʠʮʷ 1. ʍʘʨʘʢʪʝʨʠʩʪʠʢʠ ʩʧʝʢʪʨʦʤʝʪʨʽʚ ʜʣʷ ʢʦʥʪʨʦʣʶ ʨʘʜʽʦʘʢʪʠʚʥʦʩʪʽ ʚ ʧʨʦʜʫʢʪʘʭ 

ʭʘʨʯʫʚʘʥʥʷ 

 

ʇʘʨʘʤʝʪʨ ʈʋɻ-91 ʄ ʇʨʦʛʨʝʩ-

ɻʘʤʤʘ 

ʉɽɻ-001 çɸʂʇ-

ʉè-40 

ʄʀɻ-053 

ʈʘʜʽʦʥʫʢʣʽʜʠ, 

ʘʢʪʠʚʥʽʩʪʴ, ʷʢʠʭ 

ʚʠʤʽʨʶʶʪʴʩʷ 

Cs-137+Cs-134,  

K-40, Ra-226, Th-

232  

Ra-226, Th-

232,  

K-40, Cs-137 

Ra-226, Th-232,  

K-40, Cs-137 

Cs-134, Cs-

137, Co-60, 

K, Th, Ra 

ɼʝʪʝʢʪʦʨ, ʤʤ CsI ʟ ʢʨʠʩʪʘʣʦʤ 

Ï40ʭ40  

NaI(Tl) ʟ 

ʢʨʠʩʪʘʣʦʤ 

Ï63ʭ63  

NaI(Tl) ʟ 

ʢʨʠʩʪʘʣʦʤ Ï40ʭ40  

NaI(Tl) ʟ 

ʢʨʠʩʪʘʣʦʤ 

Ï25ʭ25  

ʄʽʥʽʤʘʣʴʥʘ ʘʢʪʠʚʥʽʩʪʴ, 

ʷʢʘ ʚʠʤʽʨʶʻʪʴʩʷ, ɹʢ/ʢʛ 

3  3  10  17,7  

ʏʘʩ ʚʠʤʽʨʶʚʘʥʥʷ 

ʤʽʥʽʤʘʣʴʥʦʾ 

ʘʢʪʠʚʥʦʩʪʽ, ʭʚ.  

60  60  60  60  

ʇʦʭʠʙʢʘ ʚʠʤʽʨʶʚʘʥʥʷ 

ʧʠʪʦʤʦʾ ʘʢʪʠʚʥʦʩʪʽ Cs-

137, % 

25 ʧʨʠ 

ʡʤʦʚʽʨʥʦʩʪʽ 0.95 

10  25  - 

ʊʦʚʱʠʥʘ ʩʚʠʥʮʝʚʦʛʦ 

ʟʘʭʠʩʪʫ, ʤʤ 

40  50  30  15  

ʏʘʩ ʙʝʟʧʝʨʝʨʚʥʦʾ 

ʨʦʙʦʪʠ, ʛʦʜ. 

24  8  24  24 

ʄʘʩʘ, ʢʛ 45  120  12 

ʄʘʢʩʠʤʘʣʴʥʠʡ ʦʙôʻʤ 

ʧʨʦʙʠ, ʣ 

0.5  1  0.5  0.5 

ʂʦʤʧ'ʶʪʝʨʥʠʡ 

ʽʥʪʝʨʬʝʡʩ 

ʪʘʢ ʪʘʢ ʪʘʢ ʪʘʢ 

ɿʙʝʨʽʛʘʥʥʷ ʧʦʢʘʟʘʥʴ 

ʚʠʤʽʨʷʥʦʾ ʧʠʪʦʤʦʾ 

ʘʢʪʠʚʥʦʩʪʽ ʧʨʦʙ ʚ 

ʧʘʤ'ʷʪʽ ʧʨʠʣʘʜʫ 

ʪʘʢ ʪʘʢ ʪʘʢ - 

 

ʈʦʟʛʣʷʥʝʤʦ ʧʨʠʩʪʨʽʡ ʽ ʧʨʠʥʮʠʧ ʜʽʾ ʩʪʚʦʨʝʥʦʾ ʚʠʤʽʨʶʚʘʣʴʥʦʾ ʩʠʩʪʝʤʠ (ʥʘ ʨʠʩ. 2 ʘ ʽ ʙ 

ʟʦʙʨʘʞʝʥʽ ʙʣʦʢ-ʩʭʝʤʘ ʽ ʟʦʚʥʽʰʥʽʡ ʚʠʛʣʷʜ ʧʨʠʣʘʜʫ ʚʽʜʧʦʚʽʜʥʦ). ɹʣʦʢ-ʩʭʝʤʘ ʽ ʟʦʚʥʽʰʥʽʡ ʚʠʛʣʷʜ 

ʧʨʠʣʘʜʫ ʟʦʙʨʘʞʝʥʽ ʥʘ ʨʠʩ. 2. 

ɺ ʷʢʦʩʪʽ ʜʝʪʝʢʪʦʨʘ (1) ʜʣʷ ʩʧʝʢʪʨʦʤʝʪʨʘ ʙʫʚ ʚʠʙʨʘʥʠʡ ʩʮʠʥʪʠʣʷʮʽʡʥʽʡ ʣʽʯʠʣʴʥʠʢ, 

ʷʢʠʡ ʩʪʠʢʦʚʘʥʠʡ ʟ ʯʫʪʣʠʚʠʤ ʬʦʪʦʧʨʠʡʤʘʯʝʤ. ɺʠʙʽʨ ʚ ʩʪʦʨʦʥʫ ʩʮʠʥʪʠʣʷʮʽʡʥʠʭ ʢʨʠʩʪʘʣʽʚ ʙʫʚ 

ʟʨʦʙʣʝʥʠʡ ʪʦʤʫ, ʱʦ ʚʦʥʠ ʤʦʞʫʪʴ ʙʫʪʠ ʢʦʤʧʘʢʪʥʠʤʠ, ʥʝʜʦʨʦʛʠʤʠ, ʟʘʙʝʟʧʝʯʫʚʘʪʠ ʝʬʝʢʪʠʚʥʫ 

ʨʝʻʩʪʨʘʮʽʶ ʛʘʤʤʘ ʢʚʘʥʪʽʚ, ʤʦʞʫʪʴ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠʩʷ ʧʨʠ ʢʽʤʥʘʪʥʽʡ ʪʝʤʧʝʨʘʪʫʨʽ, ʘ ʪʘʢʦʞ 

ʧʨʘʮʶʶʪʴ ʚ ʩʧʝʢʪʨʦʤʝʪʨʠʯʥʦʤʫ ʨʝʞʠʤʽ.    

ɺ ʷʢʦʩʪʽ ʬʦʪʦʧʨʠʡʤʘʯʘ ʚʠʙʨʘʥʦ ʬʦʪʦʝʣʝʢʪʨʦʥʥʠʡ ʧʦʤʥʦʞʫʚʘʯ (ʌɽʇ) ʷʧʦʥʩʴʢʦʾ 

ʬʽʨʤʠ HAMAMATSU Photonics [4]. ʎʽ ʦʧʪʠʯʥʽ ʯʫʪʣʠʚʽ ʤʦʜʫʣʽ ʜʦʟʚʦʣʷʶʪʴ ʧʨʦʚʦʜʠʪʠ ʪʦʯʥʽ ʽ 



ɿʙ̔ʨʥʠʢ ʥʘʫʢʦʚʠʭ ʧʨʘʮʴ ɯʥʩʪʠʪʫʪʫ ʛʝʦʭʽʤʽʾ ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ 2016 ʚʠʧʫʩʢ 25 

É ɿʘʙʫʣʦʥʦʚ ʖ. ʃ., ɹʫʨʪʥʷʢ ɺ .ʄ., ʆʜʫʢʘʣʝʮʴ ʃ. ɸ. ʉʀʉʊɽʄɸ ɼʃʗ ʈɸɼɯɸʎɯʁʅʆɻʆ ʂʆʅʊʈʆʃʖ ʇʈʆɼʋʂʊɯɺ ʍɸʈʏʋɺɸʅʅʗ ʊɸ 

ɹʋɼɯɺɽʃʔʅʀʍ ʄɸʊɽʈɯɸʃɯɺ 

20 

 

ʰʚʠʜʢʽ ʚʠʤʽʨʶʚʘʥʥʷ ʜʫʞʝ ʩʣʘʙʢʠʭ ʩʚʽʪʣʦʚʠʭ ʧʦʪʦʢʽʚ ʟ ʥʘʜʟʚʠʯʘʡʥʦʶ ʟʨʫʯʥʽʩʪʶ 

ʚʠʢʦʨʠʩʪʘʥʥʷ. ɰʭ ʢʦʤʧʘʢʪʥʠʡ ʢʦʨʧʫʩ ʧʨʠʩʪʦʩʦʚʘʥʠʡ ʜʣʷ ʧʨʦʩʪʦʛʦ ʢʨʽʧʣʝʥʥʷ. 

 

 
 

ʈʠʩ. 1. ʉʪʨʫʢʪʫʨʥʘ ʩʭʝʤʘ ʩʧʝʢʪʨʦʤʝʪʨʘ çFoodLightè 
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ʈʠʩ. 2. ʉʧʝʢʪʨʦʤʝʪʨ çFoodLightè (ʘ ï ʙʣʦʢ-ʩʭʝʤʘ; ʙ ï ʟʦʚʥʽʰʥʽʡ ʚʠʛʣʷʜ) 

 

ɿʘʨʷʜʞʝʥʘ ʯʘʩʪʠʥʢʘ (ʛʘʤʤʘ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ), ʧʨʦʭʦʜʷʯʠ ʯʝʨʝʟ ʣʶʤʽʥʝʩʮʝʥʪʥʫ 

ʨʝʯʦʚʠʥʫ (ʢʨʠʩʪʘʣ CsJ (Na) ʨʦʟʤʽʨʦʤ 63ʭ63 ʤʤ) ʨʘʟʦʤ ʟ ʽʦʥʽʟʘʮʽʻʶ ʘʪʦʤʽʚ ʽ ʤʦʣʝʢʫʣ ʟʙʫʜʞʫʻ 

ʾʭ. ʇʦʚʝʨʪʘʶʯʠʩʴ ʚ ʦʩʥʦʚʥʠʡ (ʥʝ ʟʙʫʜʞʝʥʠʡ) ʩʪʘʥ ʘʪʦʤʠ ʚʠʧʫʩʢʘʶʪʴ ʬʦʪʦʥʠ, ʷʢʽ ʚ ʩʚʦʶ 

ʯʝʨʛʫ, ʧʦʪʨʘʧʣʷʶʯʠ ʥʘ ʢʘʪʦʜ ʌɽʇ, ʚʠʙʠʚʘʶʪʴ ʝʣʝʢʪʨʦʥʠ, ʚ ʨʝʟʫʣʴʪʘʪʽ ʯʦʛʦ ʥʘ ʘʥʦʜʽ ʌɽʇ 

ʚʠʥʠʢʘʻ ʝʣʝʢʪʨʠʯʥʠʡ ʽʤʧʫʣʴʩ, ʷʢʠʡ ʥʘʜʭʦʜʠʪʴ ʥʘ ʧʦʧʝʨʝʜʥʽʡ ʧʽʜʩʠʣʶʚʘʯ (2). 

ʇʦʧʝʨʝʜʥʽʡ ʧʽʜʩʠʣʶʚʘʯ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʜʚʦʭ ʩʝʢʮʽʡ: ʚʭʽʜʥʘ ʩʝʢʮʽʷ ï ʟʘʨʷʜʦʯʫʪʣʠʚʠʡ 

ʢʘʩʢʘʜ ʟ ʥʝʛʘʪʠʚʥʠʤ ʟʚʦʨʦʪʥʠʤ ʟʚ'ʷʟʢʦʤ ʧʦʩʣʽʜʦʚʥʦʛʦ ʪʠʧʫ, ʢʦʝʬʽʮʽʻʥʪ ʧʦʩʠʣʝʥʥʷ ʷʢʦʛʦ 

ʚʠʟʥʘʯʘʻʪʴʩʷ ʨʝʟʠʩʪʦʨʦʤ ʧʽʜ ʣʘʰʪʫʚʘʥʥʷ, ʘ ʚʠʩʦʢʦʯʘʩʪʦʪʥʘ ʢʦʨʝʢʮʽʷ ʟʜʽʡʩʥʶʻʪʴʩʷ ʻʤʥʽʩʪʶ, 
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É ɿʘʙʫʣʦʥʦʚ ʖ. ʃ., ɹʫʨʪʥʷʢ ɺ .ʄ., ʆʜʫʢʘʣʝʮʴ ʃ. ɸ. ʉʀʉʊɽʄɸ ɼʃʗ ʈɸɼɯɸʎɯʁʅʆɻʆ ʂʆʅʊʈʆʃʖ ʇʈʆɼʋʂʊɯɺ ʍɸʈʏʋɺɸʅʅʗ ʊɸ 

ɹʋɼɯɺɽʃʔʅʀʍ ʄɸʊɽʈɯɸʃɯɺ 

21 

 

ʷʢʘ ʚʢʣʶʯʝʥʘ ʚ ʣʘʥʮʶʛ ʟʚʦʨʦʪʥʦʛʦ ʟʚ'ʷʟʢʫ. ɺʠʩʦʢʠʡ ʢʦʝʬʽʮʽʻʥʪ ʧʦʩʠʣʝʥʥʷ ʩʠʛʥʘʣʫ 

ʧʦʧʝʨʝʜʥʴʦʛʦ ʧʽʜʩʠʣʶʚʘʯʘ ʜʦʟʚʦʣʷʻ ʚʚʦʜʠʪʠ ʛʣʠʙʦʢʠʡ ʥʝʛʘʪʠʚʥʠʡ ʟʚʦʨʦʪʥʠʡ ʟʚ'ʷʟʦʢ ʽ, ʪʠʤ 

ʩʘʤʠʤ, ʩʪʘʙʽʣʽʟʫʚʘʪʠ ʧʘʨʘʤʝʪʨʠ ʩʭʝʤʠ. ɼʣʷ ʟʘʭʠʩʪʫ ʟʘʨʷʜʦʯʫʪʣʠʚʦʛʦ ʧʽʜʩʠʣʶʚʘʯʘ ʚʚʝʜʝʥʦ 

ʜʽʦʜ, ʷʢʠʡ ʦʙʤʝʞʫʻ ʘʤʧʣʽʪʫʜʫ ʚʭʽʜʥʠʭ ʽʤʧʫʣʴʩʽʚ ʥʘ ʨʽʚʥʽ 3 ɺ. 

ʉʬʦʨʤʦʚʘʥʽ ʧʦ ʘʤʧʣʽʪʫʜʽ ʽ ʪʨʠʚʘʣʦʩʪʽ ʩʠʛʥʘʣʠ ʟ ʧʦʧʝʨʝʜʥʴʦʛʦ ʧʽʜʩʠʣʶʚʘʯʘ ʥʘʜʭʦʜʷʪʴ 

ʥʘ ʧʽʢʦʚʠʡ ʜʝʪʝʢʪʦʨ (3ʘ) ʙʣʦʢʫ ʘʤʧʣʽʪʫʜʥʦ-ʮʠʬʨʦʚʦʛʦ ʧʝʨʝʪʚʦʨʶʚʘʯʘ (3). ʇʽʢʦʚʠʡ ʜʝʪʝʢʪʦʨ 

(3ʘ) ʩʧʽʣʴʥʦ ʟ ʘʤʧʣʽʪʫʜʥʠʤ ʘʥʘʣʽʟʘʪʦʨʦʤ (3ʚ) ʟʜʽʡʩʥʶʶʪʴ ʾʭ ʦʮʠʬʨʦʚʢʫ ʽ ʢʦʜʫʚʘʥʥʷ, ʧʽʩʣʷ 

ʯʦʛʦ ʫ ʚʠʛʣʷʜʽ ʮʠʬʨʦʚʦʛʦ ʢʦʜʫ ʟʘʥʦʩʷʪʴʩʷ ʚ ʧʘʤ'ʷʪʴ ʢʦʥʪʨʦʣʝʨʘ (5). 

ʉʮʠʥʪʠʣʷʮʽʡʥʠʡ ʣʽʯʠʣʴʥʠʢ ʟ ʧʦʧʝʨʝʜʥʽʤ ʧʽʜʩʠʣʶʚʘʯʝʤ ʨʦʟʤʽʱʝʥʠʡ ʚ ʩʚʠʥʮʝʚʦʤʫ 

ʝʢʨʘʥʽ ʟʘʭʠʩʪʫ (4). ɿʘʚʘʥʪʘʞʝʥʥʷ ʧʨʦʙʠ ʧʨʦʚʦʜʠʪʴʩʷ ʟ ʚʝʨʭʥʴʦʾ ʯʘʩʪʠʥʠ ʧʨʠʣʘʜʫ ʟ 

ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʩʧʝʮʽʘʣʴʥʠʭ ʧʦʩʫʜʠʥ ʄʘʨʠʥʝʣʣʽ (ʜʣʷ ʧʽʜʚʠʱʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʨʝʻʩʪʨʘʮʽʾ 

ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ). ɾʠʚʣʝʥʥʷ ʩʮʠʥʪʠʣʷʮʽʡʥʦʛʦ ʣʽʯʠʣʴʥʠʢʘ ʟʜʽʡʩʥʶʻʪʴʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʧʨʠʩʪʨʦʶ ʞʠʚʣʝʥʥʷ (3ʙ), ʷʢʠʡ ʧʨʝʜʩʪʘʚʣʷʻ ʩʦʙʦʶ ʧʝʨʝʪʚʦʨʶʚʘʯ ʧʦʩʪʽʡʥʦʾ ʥʠʟʴʢʦʚʦʣʴʪʥʦʾ 

ʥʘʧʨʫʛʠ ʚ ʨʝʛʫʣʴʦʚʘʥʫ ʟʤʽʥʥʫ ʚʠʩʦʢʦʚʦʣʴʪʥʫ ʟ ʥʘʩʪʫʧʥʠʤ ʚʠʧʨʷʤʣʝʥʥʷʤ ʽ ʬʽʣʴʪʨʘʮʽʻʶ. 

ʋʧʨʘʚʣʽʥʥʷ ʚʩʪʘʥʦʚʣʝʥʠʤ ʟʥʘʯʝʥʥʷʤ ʚʠʭʽʜʥʦʾ ʥʘʧʨʫʛʠ ʚ ʙʣʦʮʽ ʟʜʽʡʩʥʶʻʪʴʩʷ ʟʘ ʨʘʭʫʥʦʢ 

ʥʦʨʤʦʚʘʥʦʛʦ ʚʚʝʜʝʥʥʷ ʟʦʚʥʽʰʥʴʦʛʦ ʢʝʨʫʶʯʦʛʦ ʩʠʛʥʘʣʫ ʚ ʣʘʥʮʶʛ ʦʧʦʨʥʦʛʦ ʜʞʝʨʝʣʘ ʩʠʩʪʝʤʠ 

ʩʪʘʙʽʣʽʟʘʮʽʾ.   

çFoodLightè ï ʚʠʩʦʢʦʯʫʪʣʠʚʠʡ ʚʠʤʽʨʶʚʘʣʴʥʠʡ ʧʨʠʣʘʜ, ʧʨʠʟʥʘʯʝʥʠʡ ʜʣʷ ʧʨʦʚʝʜʝʥʥʷ 

ʚʠʤʽʨʶʚʘʥʴ ʦʙ'ʻʤʥʦʾ (ʧʠʪʦʤʦʾ) (ʆɸ/ʇɸ) ʘʢʪʠʚʥʦʩʪʽ ʛʘʤʤʘ-ʚʠʧʨʦʤʽʥʶʶʯʠʭ ʨʘʜʽʦʥʫʢʣʽʜʽʚ ʉs-

137, ʉs-134, K-40, Ra-226, Th-232 ʨʽʜʢʠʭ, ʚ'ʷʟʢʠʭ, ʩʠʧʫʯʠʭ ʭʘʨʯʦʚʠʭ ʽ ʥʝ ʭʘʨʯʦʚʠʭ ʧʨʦʙ ʥʘ 

ʨʽʚʥʽ ʜʦʧʫʩʪʠʤʠʭ ʢʦʥʮʝʥʪʨʘʮʽʡ ʽ ʥʠʞʯʝ ʙʝʟ ʧʨʠʛʦʪʫʚʘʥʥʷ ʧʨʦʙ ʤʝʪʦʜʦʤ ʭʽʤʽʯʥʦʛʦ ʚʠʜʽʣʝʥʥʷ 

ʽ ʢʦʥʮʝʥʪʨʘʮʽʾ ʚ ʣʘʙʦʨʘʪʦʨʥʠʭ ʽ ʚʠʨʦʙʥʠʯʠʭ ʫʤʦʚʘʭ. 

çFoodLightè ʷʚʣʷʻ ʩʦʙʦʶ ʥʘʡʢʨʘʱʫ ʢʦʤʙʽʥʘʮʽʶ ʜʘʪʯʠʢʽʚ ʽ ʣʽʯʠʣʴʥʠʢʽʚ ʟ ʦʨʠʛʽʥʘʣʴʥʠʤ 

ʧʨʦʛʨʘʤʥʠʤ ʟʘʙʝʟʧʝʯʝʥʥʷʤ ʪʘ ʘʣʛʦʨʠʪʤʘʤʠ ʜʣʷ ʦʙʨʦʙʢʠ ʽʤʧʫʣʴʩʽʚ. ʇʨʠʣʘʜ ʤʘʻ ʚʠʩʦʢʫ 

ʯʫʪʣʠʚʽʩʪʴ ʽ ʩʪʘʙʽʣʴʥʽʩʪʴ ʨʝʟʫʣʴʪʘʪʽʚ ʚʠʤʽʨʶʚʘʥʴ. ʅʘʰʽ ʧʨʠʣʘʜʠ ʤʘʶʪʴ ʰʠʨʦʢʠʡ 

ʩʧʝʢʪʨʘʣʴʥʠʡ ʜʽʘʧʘʟʦʥ ʚʠʤʽʨʶʚʘʥʴ, ʱʦ ʧʽʜʚʠʱʫʻ ʤʦʞʣʠʚʽʩʪʴ ʚʠʟʥʘʯʝʥʥʷ ʨʽʟʥʠʭ ʚʠʜʽʚ 

ʨʘʜʽʦʥʫʢʣʽʜʽʚ. ʊʝʭʥʽʯʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʨʠʣʘʜʫ ʥʘʚʝʜʝʥʽ ʚ ʪʘʙʣ. 2. 

 

ʊʘʙʣʠʮʷ 2.  ʊʝʭʥʽʯʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ çFoodLightè 

ɼʝʪʝʢʪʦʨ, ʤʤ NaI(Tl) ʟ ʢʨʠʩʪʘʣʦʤ Ï63ʭ63 

ʊʦʚʱʠʥʘ ʩʚʠʥʮʝʚʦʛʦ ʟʘʭʠʩʪʫ, ʤʤ 40 

ɽʥʝʨʛʝʪʠʯʥʘ ʨʦʟʜʽʣʴʥʘ ʟʜʘʪʥʽʩʪʴ, %  6.5 

ɼʽʘʧʘʟʦʥ ʚʠʤʽʨʶʚʘʥʥʷ ʧʠʪʦʤʦʾ (ʦʙ'ʻʤʥʦʾ) ʘʢʪʠʚʥʦʩʪʽ, 

ɹʢ/ʢʛ: 

ʧʨʠ ʚʠʤʽʨʶʚʘʥʥʽ ʉs-137, ʉs-134 

ʧʨʠ ʚʠʤʽʨʶʚʘʥʥʽ ʂ-40 

ʧʨʠ ʚʠʤʽʨʶʚʘʥʥʽ Ra-226 

ʧʨʠ ʚʠʤʽʨʶʚʘʥʥʽ Th-232 

 

 

2 ï 12000 

50 - 12000 

15 - 12000 

10 - 12000 

ʄʽʥʽʤʘʣʴʥʘ ʘʢʪʠʚʥʽʩʪʴ ʧʦ ʉs-137ʜʣʷ ʜʝʪʝʢʪʦʨʘ, ɹʢ/ʢʛ 2 

ʈʝʞʠʤ ʝʢʩʧʨʝʩ-ʚʠʤʽʨʶʚʘʥʥʷ ʆɸ, ʭʚ 1-5 

ʉʪʘʥʜʘʨʪʥʠʡ ʦʙôʻʤ ʚʠʤʽʨʶʚʘʣʴʥʠʭ ʧʨʦʙ ʚ ʧʦʩʫʜʠʥʽ 

ʄʘʨʽʥʝʣʣʽ, ʣ 

1,00 Ñ 0,01 

ɺʣʘʩʥʠʡ ʬʦʥ, ʽʤʧ./ʩ ʅʝ ʙʽʣʴʰʝ 5 

ʏʘʩ ʚʩʪʘʥʦʚʣʝʥʥʷ ʨʦʙʦʯʦʛʦ ʨʝʞʠʤʫ, ʭʚ ʅʝ ʙʽʣʴʰʝ 10 

ʏʘʩ ʙʝʟʧʝʨʝʨʚʥʦʾ ʨʦʙʦʪʠ, ʛʦʜ ʅʝ ʤʝʥʰʝ 24 

ʅʝʩʪʘʙʽʣʴʥʽʩʪʴ ʧʦʢʘʟʽʚ ʨʘʜʽʦʤʝʪʨʘ ʟʘ 24 ʛʦʜ. 

ʙʝʟʧʝʨʝʨʚʥʦʾ ʨʦʙʦʪʠ, % 

ʅʝ ʙʽʣʴʰʝ 5 

ʉʝʨʝʜʥʻ ʥʘʧʨʘʮʶʚʘʥʥʷ ʥʘ ʚʽʜʤʦʚʫ, ʛʦʜ ʅʝ ʤʝʥʰʝ 4000 

ʄʘʩʘ, ʢʛ ʅʝ ʙʽʣʴʰʝ 100 



ɿʙ̔ʨʥʠʢ ʥʘʫʢʦʚʠʭ ʧʨʘʮʴ ɯʥʩʪʠʪʫʪʫ ʛʝʦʭʽʤʽʾ ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ 2016 ʚʠʧʫʩʢ 25 

É ɿʘʙʫʣʦʥʦʚ ʖ. ʃ., ɹʫʨʪʥʷʢ ɺ .ʄ., ʆʜʫʢʘʣʝʮʴ ʃ. ɸ. ʉʀʉʊɽʄɸ ɼʃʗ ʈɸɼɯɸʎɯʁʅʆɻʆ ʂʆʅʊʈʆʃʖ ʇʈʆɼʋʂʊɯɺ ʍɸʈʏʋɺɸʅʅʗ ʊɸ 

ɹʋɼɯɺɽʃʔʅʀʍ ʄɸʊɽʈɯɸʃɯɺ 

22 

 

ʇʨʠ ʨʦʙʦʪʽ ʧʨʠʣʘʜʫ ʢʦʞʥʽ 8 ʩʝʢʫʥʜ ʚʽʜʙʫʚʘʻʪʴʩʷ ʨʦʟʨʘʭʫʥʦʢ ʘʢʪʠʚʥʦʩʪʽ ʟʨʘʟʢʘ, ʷʢʠʡ 

ʚʠʤʽʨʶʻʪʴʩʷ. ʇʨʦʪʷʛʦʤ ʚʠʤʽʨʶʚʘʥʥʷ ʥʘ ʧʨʠʣʘʜʽ ʚʽʜʙʫʚʘʻʪʴʩʷ ʽʥʜʠʢʘʮʽʷ ʢʦʣʴʦʨʦʤ (ʧʦʷʚʣʝʥʥʷ 

ʧʝʚʥʦʛʦ ʢʦʣʴʦʨʫ ʧʨʠ ʧʝʨʝʚʠʱʝʥʥʽ ʚʩʪʘʥʦʚʣʝʥʦʛʦ ʧʦʨʦʛʫ ʽʥʪʝʥʩʠʚʥʦʩʪʽ). ɺ ʜʽʘʧʘʟʦʥʽ 

ʚʠʤʽʨʶʚʘʥʴ ʜʦ 40 ɹʢ ʛʦʨʠʪʴ ʟʝʣʝʥʠʡ ʽʥʜʠʢʘʪʦʨ, ʚ ʜʽʘʧʘʟʦʥʽ ʚʠʤʽʨʶʚʘʥʴ ʚʽʜ 40 ʜʦ 100 ɹʢ 

ʟʘʛʦʨʷʻʪʴʩʷ ʞʦʚʪʠʡ ʽʥʜʠʢʘʪʦʨ, ʚ ʜʽʘʧʘʟʦʥʽ ʧʦʥʘʜ 100 ɹʢ ʩʧʘʣʘʭʫʻ ʯʝʨʚʦʥʠʡ ʽʥʜʠʢʘʪʦʨ. 

ɼʽʘʧʘʟʦʥ ʩʠʛʥʘʣʽʟʘʮʽʾ ʢʦʥʪʨʦʣʶ ʚʠʤʽʨʽʚ ʨʝʛʫʣʶʻʪʴʩʷ ʦʧʝʨʘʪʦʨʦʤ. ʇʦ ʟʘʚʝʨʰʝʥʥʶ 

ʚʠʤʽʨʶʚʘʥʥʷ ʨʝʟʫʣʴʪʘʪ ʚʠʚʦʜʠʪʴʩʷ ʥʘ ʈʂ-ʝʢʨʘʥ ʚ ʦʜʠʥʠʮʷʭ ɹʢ/ʢʛ ʘʙʦ ɹʢ/ʣ. ɼʽʡʩʥʽ ʟʥʘʯʝʥʥʷ 

ʚʠʤʽʨʷʥʦʾ ʘʢʪʠʚʥʦʩʪʽ ʚʠʩʚʽʪʣʶʶʪʴʩʷ ʧʦʩʪʽʡʥʦ, ʘ ʾʭ ʦʥʦʚʣʝʥʥʷ ʧʨʦʚʦʜʠʪʴʩʷ ʯʝʨʝʟ ʢʦʞʥʽ 8 ʩ. 

ɺʠʤʽʨʶʚʘʥʥʷ ʪʘ ʦʙʨʦʙʢʘ ʨʝʟʫʣʴʪʘʪʽʚ ʧʨʦʚʦʜʠʪʴʩʷ ʘʚʪʦʤʘʪʠʯʥʦ. ʇʨʠ ʚʠʤʽʨʶʚʘʥʥʽ 

ʧʠʪʦʤʦʾ ʘʢʪʠʚʥʦʩʪʽ ʟʥʘʯʝʥʥʷ ʚʘʛʠ ʧʨʦʙʠ ʚ ʛʨʘʤʘʭ ʚʚʦʜʠʪʴʩʷ ʦʧʝʨʘʪʦʨʦʤ. 

ʇʨʠ ʙʘʞʘʥʥʽ ʦʧʝʨʘʪʦʨ ʤʦʞʝ ʧʨʦʚʦʜʠʪʠ ʚʠʤʽʨʶʚʘʥʥʷ ʽ ʟ ʇʂ (ʜʣʷ ʮʴʦʛʦ ʨʦʟʨʦʙʣʝʥʦ 

ʩʧʝʮʽʘʣʴʥʝ ʧʨʦʛʨʘʤʥʝ ʟʘʙʝʟʧʝʯʝʥʥʷ). ʊʘʢʦʞ ʨʝʞʠʤ ʚʠʤʽʨʶʚʘʥʥʷ ʟ ʇʂ ʜʦʟʚʦʣʷʻ ʚʠʚʦʜʠʪʠ ʥʘ 

ʝʢʨʘʥ ʽ ʘʥʘʣʽʟʫʚʘʪʠ ʦʪʨʠʤʘʥʠʡ ʩʧʝʢʪʨ (ʨʠʩ. 3). 

 

 

ʈʠʩ. 3. ʉʧʝʢʪʨ ʨʠʩʫ, ʷʢʠʡ ʟʘʙʨʫʜʥʝʥʠʡ Cs-137 ʪʘ Cs-134 (ʨʠʩ ʧʨʠʚʝʟʝʥʠʡ ʽʟ ʗʧʦʥʽʾ) 

ʇʨʠʣʘʜ ʘʜʘʧʪʦʚʘʥʠʡ ʜʦ ʷʧʦʥʩʴʢʦʛʦ ʨʠʥʢʫ. ɼʽʘʣʦʛ ʟ ʦʧʝʨʘʪʦʨʦʤ ʤʦʞʝ ʚʽʜʙʫʚʘʪʠʩʷ ʥʘ 

ʷʧʦʥʩʴʢʽʡ ʤʦʚʽ. ɺʠʤʽʨʶʚʘʥʥʷ ʧʨʦʚʦʜʷʪʴʩʷ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʚʠʤʦʛ ʤʽʩʮʝʚʦʛʦ ʟʘʢʦʥʦʜʘʚʩʪʚʘ 

(ʨʘʜʽʘʮʽʡʥʠʭ ʥʦʨʤ). ʇʨʠʩʪʨʽʡ ʤʘʻ ʚʘʞʣʠʚʫ ʬʫʥʢʮʽʶ - ʰʚʠʜʢʝ ʩʦʨʪʫʚʘʥʥʷ ʧʨʦʙ, ʷʢʽ 

ʚʠʤʽʨʶʶʪʴʩʷ. ñFoodLightò ʜʦʟʚʦʣʷʻ, ʥʝ ʯʝʢʘʶʯʠ ʟʘʢʽʥʯʝʥʥʷ ʚʠʤʽʨʫ, ʚʠʷʚʠʪʠ ʟʘʙʨʫʜʥʝʥʠʡ 

ʧʨʦʜʫʢʪ! 

ʇʨʠ ʚʠʟʥʘʯʝʥʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʨʠʣʘʜʫ ʙʫʣʦ ʧʨʦʚʝʜʝʥʦ ʨʷʜ ʝʢʩʧʝʨʠʤʝʥʪʽʚ ʧʦ 

ʚʠʟʥʘʯʝʥʥʶ ʨʦʟʩʽʶʚʘʥʥʷ ʨʝʟʫʣʴʪʘʪʽʚ ʚʠʤʽʨʶʚʘʥʴ, ʷʢʝ ʤʦʞʝ ʙʫʪʠ ʦʙʫʤʦʚʣʝʥʦ ʥʝ ʪʽʣʴʢʠ 

ʩʪʘʪʠʩʪʠʯʥʠʤʠ ʭʘʨʘʢʪʝʨʦʤ ʨʦʟʧʘʜʫ ʽ ʢʦʣʠʚʘʥʴ ʬʦʥʫ, ʘʣʝ ʽ ʽʥʰʠʤʠ ʚʠʧʘʜʢʦʚʠʤʠ ʯʠʥʥʠʢʘʤʠ 

(ʘʧʘʨʘʪʫʨʥʽ ʧʝʨʝʰʢʦʜʠ, ʧʦʭʠʙʢʠ ʧʨʦʮʝʜʫʨʠ ʚʠʤʽʨʶʚʘʥʴ ʪʦʱʦ). ʎʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ 

ʚʠʟʥʘʯʘʻʪʴʩʷ ʥʘʩʪʫʧʥʠʤ ʯʠʥʦʤ. ʇʨʦʚʦʜʠʪʴʩʷ ʩʝʨʽʷ ʚʠʤʽʨʶʚʘʥʴ ʽ ʧʦ ʟʘʚʝʨʰʝʥʥʶ 

ʧʝʨʝʚʽʨʷʻʪʴʩʷ ʚʽʜʧʦʚʽʜʥʽʩʪʴ ʨʦʟʧʦʜʽʣʫ ʨʝʟʫʣʴʪʘʪʽʚ ʚʠʤʽʨʶʚʘʥʴ ʟʘʢʦʥʫ ʇʫʘʩʩʦʥʘ. ɼʣʷ ʦʮʽʥʢʠ 

ʩʪʫʧʝʥʷ ʙʣʠʟʴʢʦʩʪʽ ʨʦʟʧʦʜʽʣʫ ʚʠʤʽʨʶʚʘʥʴ ʜʦ ʧʫʘʩʩʦʥʽʚʩʴʢʦʛʦ (ʪʝʦʨʝʪʠʯʥʦʛʦ) ʨʦʟʧʦʜʽʣʫ 

ʨʦʟʨʘʭʦʚʫʶʪʴ ʢʨʠʪʝʨʽʡ ɢ
2
: 
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23 

 

 

 

(1) 

ɺʠʙʽʨʢʦʚʘ ʜʠʩʧʝʨʩʽʷ s
2 

 

 

(2) 

 

ʚʨʘʭʦʚʫʻ ʚʩʽ ʜʞʝʨʝʣʘ ʚʠʧʘʜʢʦʚʠʭ ʧʦʭʠʙʦʢ ʧʨʠ ʨʝʻʩʪʨʘʮʽʾ ʽʤʧʫʣʴʩʽʚ, ʘ ʜʠʩʧʝʨʩʽʷ ů
2
  

 
(3) 

ʪʽʣʴʢʠ ʩʪʘʪʠʩʪʠʢʫ ʨʘʜʽʦʘʢʪʠʚʥʦʛʦ ʨʦʟʧʘʜʫ. 

ʈʽʟʥʠʮʷ ʤʽʞ ʪʝʦʨʝʪʠʯʥʠʤ ʨʦʟʧʦʜʽʣʦʤ ʽ ʨʦʟʧʦʜʽʣʦʤ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʚʠʤʽʨʶʚʘʥʴ 

ʚʚʘʞʘʻʪʴʩʷ ʥʝʩʫʪʪʻʚʦʶ, ʷʢʱʦ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʘ ʚʝʣʠʯʠʥʘ ɢ
2
ʝʢʩʧ ʥʝ ʧʝʨʝʚʠʱʫʻ ʪʘʙʣʠʯʥʦʛʦ 

ʟʥʘʯʝʥʥʷ ɢ
2
0,05 ʜʣʷ ʟʘʜʘʥʦʛʦ ʨʽʚʥʷ ʟʥʘʯʫʱʦʩʪʽ (p = 0,05) ʽ ʜʘʥʦʛʦ ʯʠʩʣʘ ʩʪʫʧʝʥʽʚ ʩʚʦʙʦʜʠ ä. 

ʉʪʘʪʠʩʪʠʯʥʠʡ ʭʘʨʘʢʪʝʨ ʨʘʜʽʦʘʢʪʠʚʥʦʛʦ ʨʦʟʧʘʜʫ ʜʘʻ ʤʦʞʣʠʚʽʩʪʴ ʧʝʨʝʚʽʨʠʪʠ ʩʪʘʙʽʣʴʥʽʩʪʴ 

(ʥʘʜʽʡʥʽʩʪʴ) ʨʦʙʦʪʠ ʨʝʻʩʪʨʫʶʯʦʛʦ ʧʨʠʣʘʜʫ. ɿ ʮʽʻʶ ʤʝʪʦʶ ʚ ʩʪʨʦʛʦ ʦʜʥʘʢʦʚʠʭ ʫʤʦʚʘʭ ʙʫʣʦ 

ʧʨʦʚʝʜʝʥʦ 10 ʧʦʩʣʽʜʦʚʥʠʭ ʚʠʤʽʨʽʚ Ni ʪʨʠʚʘʣʽʩʪʶ 5 ʭʚ. ʜʣʷ ʧʨʦʙʠ ʟʽ ʰʚʠʜʢʽʩʪʶ ʨʘʭʫʥʢʫ 1000 

õ 3000 ʽʤʧ./ʭʚ. ɺʠʢʦʨʠʩʪʦʚʫʶʯʠ ʨʽʚʥʷʥʥʷ 1, 2, 3, ʦʙʯʠʩʣʶʻʤʦ ʚʠʙʽʨʢʦʚʫ ʜʠʩʧʝʨʩʽʶ, 

ʜʠʩʧʝʨʩʽʶ ʨʦʟʧʦʜʽʣʫ ʇʫʘʩʩʦʥʘ ʽ ʟʥʘʯʝʥʥʷ ɢ
2
 ï ʢʨʠʪʝʨʽʶ (ʪʘʙʣ. 3): 

 

ʊʘʙʣʠʮʷ 3. ɺʠʙʽʨʢʘ ʚʠʤʽʨʶʚʘʥʴ ʘʢʪʠʚʥʦʩʪʽ ʧʨʦʙʥʦʛʦ ʟʨʘʟʢʘ  

ˉ  ̄ 1 2 3 4 5 6 7 8 9 10 

ʈʝʟʫʣʴʪʘʪʠ 

ʚʠʤʽʨʶʚʘʥʴ (Ni, ʽʤʧ) 

7256 7268 7096 7010 7180 7116 6999 7129 7056 7200 

 

 
2

n(N)s  = 7131,   
   
S 

   
= 8967. 

ʈʦʟʨʘʭʦʚʘʥʝ ʟʥʘʯʝʥʥʷ ɢ
2
ʝʢʩʧ ʧʦʨʽʚʥʶʻʤʦ ʟʽ ʟʥʘʯʝʥʥʷʤ ɢ

2
0,05 ʜʣʷ ʨʽʚʥʷ ʟʥʘʯʫʱʦʩʪʽ ʨ = 0,05 ʽ 

ʯʠʩʣʘ ʩʪʫʧʝʥʽʚ ʩʚʦʙʦʜʠ f = 9 (ɢ
2
0,05 = 16,9). 

ʊʘʢ ʷʢ ʟʥʘʯʝʥʥʷ ɢ
2
ʝʢʩʧ = 11.32 ʤʝʥʰʝ, ʥʽʞ ɢ

2
0,05 = 16,9 ʤʦʞʥʘ ʚʚʘʞʘʪʠ, ʱʦ ʘʧʘʨʘʪʫʨʥʽ 

ʧʝʨʝʰʢʦʜʠ, ʷʢʽ ʧʦʚʠʥʥʽ ʧʦʨʫʰʠʪʠ ʧʫʘʩʩʦʥʽʚʩʴʢʠʡ ʭʘʨʘʢʪʝʨ ʨʦʟʧʦʜʽʣʫ ʯʠʩʣʘ ʨʝʻʩʪʨʦʚʘʥʠʭ 

ʽʤʧʫʣʴʩʽʚ, ʚʽʜʩʫʪʥʽ. ɺ ʽʥʰʦʤʫ ʚʠʧʘʜʢʫ ʨʦʟʙʽʞʥʽʩʪʴ ʤʽʞ ʩʧʦʩʪʝʨʝʞʫʚʘʥʠʤ ʨʦʟʧʦʜʽʣʦʤ ʽ 

ʨʦʟʧʦʜʽʣʦʤ ʇʫʘʩʩʦʥʘ ʚʠʟʥʘʚʘʣʘʩʷ ʙ ʟʥʘʯʫʱʦʶ, ʱʦ ʩʚʽʜʯʠʣʦ ʙ ʧʨʦ ʥʘʷʚʥʽʩʪʴ ʚʠʧʘʜʢʦʚʠʭ 

ʧʦʭʠʙʦʢ, ʧʦʚ'ʷʟʘʥʠʭ ʽʟ ʥʝʩʪʘʙʽʣʴʥʽʩʪʶ ʨʦʙʦʪʠ ʧʨʠʣʘʜʫ. 

ʉʧʝʢʪʨʦʤʝʪʨ ñFoodLightò, ʇʂ ʪʘ ʙʝʟʜʨʦʪʦʚʠʡ ʽʥʪʝʨʬʝʡʩ ʫʧʨʘʚʣʽʥʥʷ ʪʘ ʧʝʨʝʜʘʯʽ ʜʘʥʠʭ 

Wi-Fi ʷʚʣʷʶʪʴ ʩʦʙʦʶ ʟʘʢʽʥʯʝʥʫ ʬʫʥʢʮʽʦʥʘʣʴʥʫ ʧʨʦʛʨʘʤʥʦ-ʘʧʘʨʘʪʫʨʥʫ ʩʠʩʪʝʤʫ. 

 

ɺʠʩʥʦʚʢʠ 

ʊʘʢʠʤ ʯʠʥʦʤ ʦʩʥʦʚʥʠʤʠ ʧʝʨʝʚʘʛʘʤʠ ʨʦʟʨʦʙʣʝʥʦʛʦ ʩʧʝʢʪʨʦʤʝʪʨʘ ñFoodLightò ʻ: 

Á ʤʦʞʣʠʚʽʩʪʴ ʧʨʦʚʦʜʠʪʠ ʚʠʤʽʨʶʚʘʥʥʷ ʷʢ ʚ ʩʪʘʮʽʦʥʘʨʥʠʭ, ʪʘʢ ʽ ʚ ʤʦʙʽʣʴʥʠʭ ʫʤʦʚʘʭ 

Á ʚʠʩʦʢʘ ʯʫʪʣʠʚʽʩʪʴ (5 ɹʢ) ʽ ʩʪʘʙʽʣʴʥʽʩʪʴ ʨʝʟʫʣʴʪʘʪʽʚ ʧʨʠ ʥʝʟʥʘʯʥʠʭ ʤʘʩʦ-ʛʘʙʘʨʠʪʥʠʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʭ (ʚʘʛʘ 100 ʢʛ, ʪʦʚʱʠʥʘ ʟʘʭʠʩʪʫ 40 ʤʤ) 

Á ʚʠʩʦʢʘ ʝʥʝʨʛʝʪʠʯʥʘ ʨʦʟʜʽʣʴʥʘ ʟʜʘʪʥʽʩʪʴ (6.5 %) ʧʽʜʚʠʱʫʻ ʪʦʯʥʽʩʪʴ ʽʜʝʥʪʠʬʽʢʘʮʽʾ 
ʨʘʜʽʦʥʫʢʣʽʜʽʚ 

Á ʰʠʨʦʢʠʡ ʩʧʝʢʪʨʘʣʴʥʠʡ ʜʽʘʧʘʟʦʥ ʚʠʤʽʨʶʚʘʥʴ ʚʽʜ 0.5 ʂʝɺ ʜʦ 3 ʄʝɺ ʧʽʜʚʠʱʫʻ 

ʤʦʞʣʠʚʽʩʪʴ ʚʠʟʥʘʯʝʥʥʷ ʨʽʟʥʠʭ ʚʠʜʽʚ ʨʘʜʽʦʥʫʢʣʽʜʽʚ 
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24 

 

Á ʝʢʩʧʨʝʩ-ʚʠʤʽʨʶʚʘʥʥʷ ʇɸ (ʆɸ) ʟʘ ʯʘʩ ʚʠʤʽʨʶʚʘʥʥʷ (1 ï 5) ʭʚ 

Á ʧʨʠʣʘʜ ʤʦʞʝ ʧʨʘʮʶʚʘʪʠ ʷʢ ʘʚʪʦʥʦʤʥʦ, ʪʘʢ ʽ ʚ ʩʢʣʘʜʽ ʇʂ (ʢʦʤʧʣʝʢʪʫʻʪʴʩʷ ʧʨʦʛʨʘʤʥʠʤ 
ʟʘʙʝʟʧʝʯʝʥʥʷʤ) 

Á ʧʨʠʣʘʜ ʚʦʣʦʜʽʻ ʢʦʣʽʨʥʦʶ ʽʥʜʠʢʘʮʽʻʶ. ɼʽʘʧʘʟʦʥʠ ʢʦʥʪʨʦʣʶ ʚʠʤʽʨʶʚʘʥʴ ʨʝʛʫʣʶʶʪʴʩʷ 
ʦʧʝʨʘʪʦʨʦʤ 

Á ʻ ʤʦʞʣʠʚʽʩʪʴ ʢʦʥʪʨʦʣʶ ʟʘ ʨʦʙʦʪʦʶ ʧʨʠʣʘʜʫ ʟ ʚʽʜʩʪʘʥʽ (ʥʘʷʚʥʽʩʪʴ Wi-Fi) 

Á ʚʠʛʦʪʦʚʣʝʥʥʷ ʧʨʠʣʘʜʫ ʥʝ ʧʦʪʨʝʙʫʻ ʟʥʘʯʥʠʭ ʚʠʪʨʘʪ 

Á ʘʢʫʤʫʣʷʪʦʨʥʝ ʞʠʚʣʝʥʥʷ ʩʧʝʢʪʨʦʤʝʪʨʘ ʽ ʙʝʟʜʨʦʪʦʚʠʡ ʽʥʪʝʨʬʝʡʩ ʫʧʨʘʚʣʽʥʥʷ ʪʘ ʧʝʨʝʜʘʯʽ 

ʜʘʥʠʭ Wi-Fi ʟʘʙʝʟʧʝʯʫʶʪʴ ʤʦʞʣʠʚʽʩʪʴ ʨʦʙʦʪʠ ʙʝʟ ʚʽʜʧʦʚʽʜʥʠʭ ʢʘʙʝʣʽʚ, ʱʦ ʽʩʪʦʪʥʦ 

ʩʧʨʦʱʫʻ ʨʦʙʦʪʫ ʥʘ ʟʘʙʨʫʜʥʝʥʽʡ ʤʽʩʮʝʚʦʩʪʽ ʪʦʤʫ, ʱʦ ʫʩʫʚʘʻ ʥʝʦʙʭʽʜʥʽʩʪʴ ʢʦʥʪʨʦʣʶ 

ʩʪʘʥʫ ʢʘʙʝʣʽʚ, ʾʭʥʴʦʾ ʜʝʟʘʢʪʠʚʘʮʽʾ ʪʘ ʽʥʰe. 

Á ʩʫʯʘʩʥʠʡ ʝʥʝʨʛʦʥʦʤʽʯʥʠʡ ʽ ʝʩʪʝʪʠʯʥʠʡ ʟʦʚʥʽʰʥʽʡ ʚʠʛʣʷʜ ʧʨʠʣʘʜʫ ʥʝ ʧʦʨʫʰʫʻ ʽʥʪʝʨ'ʻʨ 

ʧʨʠʤʽʱʝʥʥʷ, ʚ ʷʢʦʤʫ ʚʽʥ ʨʦʟʤʽʱʫʻʪʴʩʷ. ʉʫʯʘʩʥʠʡ ʜʠʟʘʡʥ ʻ ʙʝʟʧʝʯʥʠʤ ʜʣʷ ʣʶʜʠʥʠ. 
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ɺ ʨʘʙʦʪʝ ʦʙʦʩʥʦʚʘʥʘ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʩʦʟʜʘʥʠʷ ʥʦʚʳʭ ʪʝʭʥʠʯʝʩʢʠʭ ʩʨʝʜʩʪʚ ʜʣʷ ʨʘʜʠʘʮʠʦʥʥʦʛʦ 

ʢʦʥʪʨʦʣʷ ʛʘʤʤʘ ʠʟʣʫʯʝʥʠʷ ʧʨʦʜʫʢʪʦʚ ʧʠʪʘʥʠʷ ʠ ʩʪʨʦʠʪʝʣʴʥʳʭ ʤʘʪʝʨʠʘʣʦʚ. ʇʨʠʚʝʜʝʥʳ ʦʩʥʦʚʥʳʝ 

ʪʝʭʥʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʩʦʟʜʘʥʥʦʡ ʩʠʩʪʝʤʳ ʠ ʝʝ ʦʩʥʦʚʥʳʝ ʧʨʝʠʤʫʱʝʩʪʚʘ ʥʘʜ ʩʫʱʝʩʪʚʫʶʱʠʤʠ 

ʘʥʘʣʦʛʘʤʠ. ʈʘʟʨʘʙʦʪʘʥʥʳʡ ʩʧʝʢʪʨʦʤʝʪʨ ʘʜʘʧʪʠʨʦʚʘʥ ʢ ʷʧʦʥʩʢʦʤʫ ʨʳʥʢʫ. ʇʨʝʜʫʩʤʦʪʨʝʥʘ 

ʚʦʟʤʦʞʥʦʩʪʴ ʜʠʘʣʦʛʘ ʧʦʣʴʟʦʚʘʪʝʣʷ ʩ ʦʧʝʨʘʪʦʨʦʤ ʥʘ ʷʧʦʥʩʢʦʤ ʷʟʳʢʝ. ʈʘʜʠʘʮʠʦʥʥʳʡ ʢʦʥʪʨʦʣʴ 

ʛʘʤʤʘ-ʠʟʣʫʯʝʥʠʷ ʧʨʦʚʦʜʠʪʩʷ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʪʨʝʙʦʚʘʥʠʷʤʠ ʤʝʩʪʥʦʛʦ ʟʘʢʦʥʦʜʘʪʝʣʴʩʪʚʘ 
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(ʨʘʜʠʘʮʠʦʥʥʳʭ ʥʦʨʤ). ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʨʠʙʦʨʘ ʙʳʣ ʧʨʦʚʝʜʝʥ ʨʷʜ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʧʦ 

ʦʧʨʝʜʝʣʝʥʠʶ ʨʘʩʩʝʷʥʠʷ ʨʝʟʫʣʴʪʘʪʦʚ ʠʟʤʝʨʝʥʠʡ, ʢʦʪʦʨʦʝ ʤʦʞʝʪ ʙʳʪʴ ʦʙʫʩʣʦʚʣʝʥʦ ʥʝ ʪʦʣʴʢʦ 

ʩʪʘʪʠʩʪʠʯʝʩʢʠʤ ʭʘʨʘʢʪʝʨʦʤ ʨʘʩʧʘʜʘ ʠ ʢʦʣʝʙʘʥʠʡ ʬʦʥʘ, ʥʦ ʠ ʜʨʫʛʠʤʠ ʩʣʫʯʘʡʥʳʤʠ ʬʘʢʪʦʨʘʤʠ 

(ʘʧʧʘʨʘʪʫʨʥʳʝ ʧʦʤʝʭʠ, ʧʦʛʨʝʰʥʦʩʪʠ ʧʨʦʮʝʜʫʨʳ ʠʟʤʝʨʝʥʠʡ ʠ ʜʨ.). 
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The need for new technical means for radiation monitoring of gamma radiation of food and 

construction materials is justified in the paper. The main technical characteristics of the established 

system and its main advantages over the existing prototypes are given. The spectrometer adapted to 

the Japanese market is designed. The possibility of user conversation with the operator in Japanese 

is provided. Radiation monitoring of gamma radiation is carried out in accordance with local 

regulations (radiation norms). To determine the characteristics of the device, a series of 

experiments to evaluate the scattering measurements, which may be due not only to the statistical 

nature of decay and background fluctuations, but also other random factors (instrumental noise, 

error measurement procedures, etc.). 
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ɺ ʨʘʙʦʪʝ ʨʘʩʩʤʦʪʨʝʥʳ ʵʣʝʤʝʥʪʳ ʩʠʩʪʝʤʳ ʙʝʟʦʧʘʩʥʦʩʪʠ, ʧʨʝʜʫʩʤʦʪʨʝʥʥʳʝ ʧʨʦʝʢʪʦʤ 

ʢʦʤʧʣʝʢʩʘ çɺʝʢʪʦʨè ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʜʦʣʛʦʚʨʝʤʝʥʥʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ 

ʟʘʭʦʨʦʥʝʥʠʷ ʨʘʜʠʦʘʢʪʠʚʥʳʭ ʦʪʭʦʜʦʚ ʦʪ ʏʝʨʥʦʙʳʣʴʩʢʦʡ ɸʕʉ, ʧʨʝʜʧʨʠʷʪʠʡ ʟʦʥʳ 

ʦʪʯʫʞʜʝʥʠʷ, ʜʝʡʩʪʚʫʶʱʠʭ ɸʕʉ ʋʢʨʘʠʥʳ, ʢʦʤʙʠʥʘʪʦʚ ɻʂ çʋʢʨɻʆ ʈʘʜʦʥè. ʆʜʥʠʤ ʠʟ 

ʵʣʝʤʝʥʪʦʚ ʵʪʦʡ ʩʠʩʪʝʤʳ ʷʚʣʷʝʪʩʷ ʫʩʪʘʥʦʚʣʝʥʠʝ ʧʨʝʜʝʣʦʚ ʘʢʪʠʚʥʦʩʪʠ ʧʨʠ ʟʘʭʦʨʦʥʝʥʠʠ 

ʨʘʜʠʦʘʢʪʠʚʥʳʭ ʦʪʭʦʜʦʚ ʚ ʧʨʠʧʦʚʝʨʭʥʦʩʪʥʳʭ ʭʨʘʥʠʣʠʱʘʭ. ʉʫʱʝʩʪʚʫʶʱʠʝ ʚ ʥʘʩʪʦʷʱʝʝ 

ʚʨʝʤʷ ʥʝʦʧʨʝʜʝʣʝʥʥʦʩʪʠ ʚ ʦʧʠʩʘʥʠʠ ʩʠʩʪʝʤʳ ʟʘʭʦʨʦʥʝʥʠʷ ʥʘ ʧʣʦʱʘʜʢʝ çɺʝʢʪʦʨè ʟʘʤʝʪʥʦ 

ʫʩʣʦʞʥʷʶʪ ʨʘʩʯʝʪʳ ʧʨʝʜʝʣʦʚ ʘʢʪʠʚʥʦʩʪʠ, ʢʦʪʦʨʫʶ ʤʦʞʥʦ ʙʝʟʦʧʘʩʥʦ ʨʘʟʤʝʩʪʠʪʴ ʥʘ 

ʧʣʦʱʘʜʢʝ ʩ ʫʯʝʪʦʤ ʜʦʣʛʦʚʨʝʤʝʥʥʦʛʦ ʩʫʱʝʩʪʚʦʚʘʥʠʷ ʭʨʘʥʠʣʠʱʘ ï 500 ʠ ʙʦʣʝʝ ʣʝʪ. ɼʣʷ 

ʢʦʤʧʦʥʝʥʪʦʚ ʠʥʞʝʥʝʨʥʳʭ ʙʘʨʴʝʨʦʚ (ʤʘʪʨʠʮʘ, ʧʨʦʪʠʚʦʬʠʣʴʪʨʘʮʠʦʥʥʳʝ ʵʢʨʘʥʳ, 

ʞʝʣʝʟʦʙʝʪʦʥʥʳʝ ʠʟʜʝʣʠʷ) ʜʦ ʥʘʩʪʦʷʱʝʛʦ ʚʨʝʤʝʥʠ ʦʪʩʫʪʩʪʚʫʶʪ ʢʦʥʢʨʝʪʥʳʝ ʧʘʨʘʤʝʪʨʳ, 

ʥʝʦʙʭʦʜʠʤʳʝ ʜʣʷ ʦʮʝʥʢʠ ʜʦʣʛʦʚʨʝʤʝʥʥʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ ʟʘʭʦʨʦʥʝʥʠʷ ʠ ʠʭ ʫʩʪʦʡʯʠʚʦʩʪʠ ʢ 

ʜʝʛʨʘʜʘʮʠʠ ʥʘ ʧʨʦʪʷʞʝʥʠʠ ʜʣʠʪʝʣʴʥʦʛʦ ʧʝʨʠʦʜʘ ʧʦʩʣʝ ʩʥʷʪʠʷ ʭʨʘʥʠʣʠʱʘ ʩ ʵʢʩʧʣʫʘʪʘʮʠʠ. 

ʅʘ ʪʝʢʫʱʝʤ ʫʨʦʚʥʝ ʟʥʘʥʠʡ ʟʘʜʘʯʘ ʦʧʨʝʜʝʣʝʥʠʷ ʧʨʝʜʝʣʦʚ ʘʢʪʠʚʥʦʩʪʠ, ʙʝʟʦʧʘʩʥʦ 

ʨʘʟʤʝʱʘʝʤʳʭ ʥʘ ʧʣʦʱʘʜʢʝ ʢʦʤʧʣʝʢʩʘ çɺʝʢʪʦʨè,  ʤʦʞʝʪ ʙʳʪʴ ʨʝʰʝʥʘ ʥʘ ʦʩʥʦʚʝ ʜʦʩʪʫʧʥʳʭ 

ʜʘʥʥʳʭ ʦ ʩʚʦʡʩʪʚʘʭ ʛʝʦʣʦʛʠʯʝʩʢʦʡ ʩʨʝʜʳ (ʟʦʥʘ ʘʵʨʘʮʠʠ, ʚʦʜʦʥʦʩʥʳʡ ʢʦʤʧʣʝʢʩ ʯʝʪʚʝʨʪʠʯʥʳʭ 

ʦʪʣʦʞʝʥʠʡ) ʩ ʧʨʝʜʧʦʣʦʞʝʥʠʝʤ ʦʙ ʵʬʬʝʢʪʠʚʥʦʤ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʠ ʩʠʩʪʝʤʳ ʠʥʞʝʥʝʨʥʳʭ 

ʙʘʨʴʝʨʦʚ ʥʘ ʧʨʦʪʷʞʝʥʠʠ 500 ʣʝʪ. 
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ɺʚʝʜʝʥʠʝ 

 

ʅʘ ʩʦʚʨʝʤʝʥʥʦʤ ʫʨʦʚʥʝ ʨʘʟʚʠʪʠʷ ʦʙʱʝʩʪʚʘ ʦʙʱʝʧʨʠʥʷʪʦ, ʯʪʦ ʦʙʨʘʝɦʥʠʝ ʩ 

ʨʘʜʠʦʘʢʪʠʚʥʳʤʠ ʦʪʭʦʜʘʤʠ (ʈɸʆ) ʜʦʣʞʥʦ ʚʳʧʦʣʥʷʪʴʩʷ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʫʩʪʘʥʦʚʣʝʥʥʳʤʠ 

ʤʝʞʜʫʥʘʨʦʜʥʳʤʠ ʩʪʘʥʜʘʨʪʘʤʠ ʙʝʟʦʧʘʩʥʦʩʪʠ [1]. ɺʳʙʦʨ ʤʝʪʦʜʘ ʟʘʭʦʨʦʥʝʥʠʷ ʦʪʭʦʜʦʚ ʜʦʣʞʝʥ 

ʙʳʪʴ ʩʦʠʟʤʝʨʠʤʳʤ ʩ ʜʦʣʛʦʚʨʝʤʝʥʥʦʡ ʦʧʘʩʥʦʩʪʴʶ ʦʪʭʦʜʦʚ. ɺ ʋʢʨʘʠʥʝ ʜʣʷ ʨʝʰʝʥʠʷ ʟʘʜʘʯ 

ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʠ, ʧʨʠʝʤʘ, ʚʭʦʜʥʦʛʦ ʨʘʜʠʦʤʝʪʨʠʯʝʩʢʦʛʦ ʢʦʥʪʨʦʣʷ ʠ ʟʘʭʦʨʦʥʝʥʠʷ ʪʚʝʨʜʳʭ 

ʨʘʜʠʦʘʢʪʠʚʥʳʭ ʦʪʭʦʜʦʚ ʦʜʥʠʤ ʧʨʝʜʧʨʠʷʪʠʝʤ ʠ ʥʘ ʦʜʥʦʡ ʮʝʥʪʨʘʣʠʟʦʚʘʥʥʦʡ ʧʣʦʱʘʜʢʝ, 

ʦʩʥʘʱʝʥʥʦʡ ʥʝʦʙʭʦʜʠʤʳʤ ʠʥʞʝʥʝʨʥʳʤ ʦʙʝʩʧʝʯʝʥʠʝʤ, ʩʦʟʜʘʥʘ ʥʘʮʠʦʥʘʣʴʥʘʷ 

ʵʢʩʧʣʫʘʪʠʨʫʶʱʘʷ ʦʨʛʘʥʠʟʘʮʠʷ ʧʦ ʦʙʨʘʱʝʥʠʶ ʩ ʈɸʆ ʥʘ ʩʪʘʜʠʠ ʠʭ ʜʦʣʛʦʩʨʦʯʥʦʛʦ ʭʨʘʥʝʥʠʷ ʠ 

ʟʘʭʦʨʦʥʝʥʠʷ [2]. 

ʅʘ ʧʣʦʱʘʜʢʝ çɺʝʢʪʦʨè ʧʣʘʥʠʨʫʝʪʩʷ ʨʘʟʤʝʱʝʥʠʝ ʧʨʘʢʪʠʯʝʩʢʠ ʚʩʝʭ ʈɸʆ ʋʢʨʘʠʥʳ 

(ʢʦʥʜʠʮʠʦʥʠʨʦʚʘʥʥʳʭ ʣʠʙʦ ʜʣʷ ʧʝʨʝʨʘʙʦʪʢʠ) - ʦʪ ʏʝʨʥʦʙʳʣʴʩʢʦʡ ɸʕʉ, ʧʨʝʜʧʨʠʷʪʠʡ ʟʦʥʳ 

ʦʪʯʫʞʜʝʥʠʷ, ʜʝʡʩʪʚʫʶʱʠʭ ɸʕʉ ʋʢʨʘʠʥʳ, ɻʦʩʫʜʘʨʩʪʚʝʥʥʳʭ ʤʝʞʦʙʣʘʩʪʥʳʭ 

ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʳʭ ʢʦʤʙʠʥʘʪʦʚ ɻʂ çʋʢʨɻʆ ʈʘʜʦʥè. ʉʦʛʣʘʩʥʦ ʧʨʠʥʷʪʳʤ ʧʨʦʝʢʪʥʳʤ 
ʨʝʰʝʥʠʷʤ, ʚʩʝ ʨʘʟʤʝʱʘʝʤʳʝ ʥʘ ʧʣʦʱʘʜʢʝ çɺʝʢʪʦʨè ʭʨʘʥʠʣʠʱʘ ʷʚʣʷʶʪʩʷ ʭʨʘʥʠʣʠʱʘʤʠ 

ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʪʠʧʘ, ʜʣʷ ʢʦʪʦʨʳʭ ʪʨʝʙʫʝʪʩʷ ʨʘʟʨʘʙʦʪʢʘ ʠ ʨʝʘʣʠʟʘʮʠʷ ʠʥʞʝʥʝʨʥʳʭ ʠ 

ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʭ ʤʝʨʦʧʨʠʷʪʠʡ ʢʘʢ ʥʘ ʧʝʨʠʦʜ ʵʢʩʧʣʫʘʪʘʮʠʠ ʫʩʪʘʥʦʚʢʠ ʜʣʷ ʟʘʭʦʨʦʥʝʥʠʷ, ʪʘʢ 

ʠ ʧʦʩʣʝ ʟʘʢʨʳʪʠʷ. 

 ɼʣʷ ʛʘʨʘʥʪʠʨʦʚʘʥʠʷ ʙʝʟʦʧʘʩʥʦʩʪʠ ʧʝʨʩʦʥʘʣʘ ʠ ʥʘʩʝʣʝʥʠʷ ʵʢʩʧʣʫʘʪʠʨʫʶʱʘʷ 

ʦʨʛʘʥʠʟʘʮʠʷ ʜʦʣʞʥʘ ʩʧʨʦʝʢʪʠʨʦʚʘʪʴ ʩʠʩʪʝʤʫ ʦʙʨʘʱʝʥʠʷ ʩ ʦʪʭʦʜʘʤʠ, ʢʦʪʦʨʘʷ ʛʘʨʘʥʪʠʨʦʚʘʣʘ 

ʙʳ ʩʪʘʙʠʣʴʥʳʝ ʙʝʟʦʧʘʩʥʳʝ ʫʩʣʦʚʠʷ ʠʭ ʭʨʘʥʝʥʠʷ ʢʘʢ ʥʘ ʧʝʨʠʦʜ ʵʢʩʧʣʫʘʪʘʮʠʠ, ʪʘʢ ʠ ʥʘ 

ʜʦʣʛʦʩʨʦʯʥʳʡ ʧʝʨʠʦʜ ʧʦʩʣʝ ʟʘʢʨʳʪʠʷ ʭʨʘʥʠʣʠʱʘ. ʆʜʥʠʤ ʠʟ ʵʣʝʤʝʥʪʦʚ ʵʪʦʡ ʩʠʩʪʝʤʳ 
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ʷʚʣʷʝʪʩʷ ʫʩʪʘʥʦʚʣʝʥʠʝ ʧʨʝʜʝʣʦʚ ʘʢʪʠʚʥʦʩʪʠ ʧʨʠ ʟʘʭʦʨʦʥʝʥʠʠ ʨʘʜʠʦʘʢʪʠʚʥʳʭ ʦʪʭʦʜʦʚ ʚ 

ʧʨʠʧʦʚʝʨʭʥʦʩʪʥʳʭ ʭʨʘʥʠʣʠʱʘʭ. 

 ʆʮʝʥʢʘ ʙʝʟʦʧʘʩʥʦʩʪʠ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʢʦʣʠʯʝʩʪʚʝʥʥʳʭ ʧʨʝʜʝʣʦʚ ʨʘʜʠʦʘʢʪʠʚʥʦʩʪʠ 

ʷʚʣʷʝʪʩʷ ʯʘʩʪʴʶ ʠʪʝʨʘʪʠʚʥʦʛʦ ʧʨʦʮʝʩʩʘ ʨʘʟʨʘʙʦʪʢʠ ʢʦʥʢʨʝʪʥʦʡ ʩʠʩʪʝʤʳ ʟʘʭʦʨʦʥʝʥʠʷ, ʥʘ 

ʢʦʪʦʨʫʶ ʦʢʘʟʳʚʘʶʪ ʚʣʠʷʥʠʝ ʤʥʦʞʝʩʪʚʦ ʬʘʢʪʦʨʦʚ, ʪʘʢʠʭ ʢʘʢ ʧʨʘʢʪʠʢʘ ʵʢʩʧʣʫʘʪʘʮʠʠ, ʧʨʦʝʢʪ 

ʭʨʘʥʠʣʠʱʘ, ʧʨʠʨʦʜʥʳʝ ʫʩʣʦʚʠʷ ʧʣʦʱʘʜʢʠ ʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʦʪʭʦʜʦʚ.   

ʎʝʣʴʶ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʦʙʦʩʥʦʚʘʥʠʝ ʫʧʨʦʱʝʥʥʦʛʦ ʠʪʝʨʘʮʠʦʥʥʦʛʦ ʧʦʜʭʦʜʘ ʢ 

ʫʩʪʘʥʦʚʣʝʥʠʶ ʧʨʝʜʝʣʦʚ ʘʢʪʠʚʥʦʩʪʠ, ʨʘʟʤʝʱʘʝʤʳʭ ʥʘ ʧʣʦʱʘʜʢʝ ʢʦʤʧʣʝʢʩʘ çɺʝʢʪʦʨè, ʩ 

ʫʯʝʪʦʤ ʚʳʧʦʣʥʝʥʠʷ ʪʨʝʙʦʚʘʥʠʡ ʙʝʟʦʧʘʩʥʦʩʪʠ ʢʘʢ ʚ ʧʝʨʠʦʜ ʵʢʩʧʣʫʘʪʘʮʠʠ, ʪʘʢ ʠ ʧʦʩʣʝ 

ʟʘʢʨʳʪʠʷ ʭʨʘʥʠʣʠʱʘ. 

ɺ ʜʘʥʥʦʡ ʩʪʘʪʴʝ ʥʘ ʦʩʥʦʚʝ ʜʦʩʪʫʧʥʳʭ ʣʠʪʝʨʘʪʫʨʥʳʭ ʧʫʙʣʠʢʘʮʠʡ ʨʘʩʩʤʦʪʨʝʥʳ 

ʦʩʥʦʚʥʳʝ ʩʫʱʝʩʪʚʫʶʱʠʝ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʥʝʦʧʨʝʜʝʣʝʥʥʦʩʪʠ ʚ ʦʧʠʩʘʥʠʠ ʩʠʩʪʝʤʳ 

ʟʘʭʦʨʦʥʝʥʠʷ ʈɸʆ ʥʘ ʧʣʦʱʘʜʢʝ çɺʝʢʪʦʨè. ʕʪʠ ʥʝʦʧʨʝʜʝʣʝʥʥʦʩʪʠ ʧʨʠʚʦʜʷʪ ʢ ʫʩʣʦʞʥʝʥʠʶ ʠ ʢ 

ʥʝʜʦʩʪʦʚʝʨʥʦʩʪʠ ʨʘʩʯʝʪʦʚ ʚ ʦʪʥʦʰʝʥʠʠ ʧʨʝʜʝʣʦʚ ʘʢʪʠʚʥʦʩʪʠ, ʢʦʪʦʨʘʷ ʤʦʞʝʪ ʙʳʪʴ ʙʝʟʦʧʘʩʥʦ 

ʨʘʟʤʝʱʝʥʘ ʥʘ ʧʣʦʱʘʜʢʝ ʩ ʫʯʝʪʦʤ ʜʦʣʛʦʚʨʝʤʝʥʥʦʛʦ ʩʫʱʝʩʪʚʦʚʘʥʠʷ ʭʨʘʥʠʣʠʱʘ ï 500 ʠ ʙʦʣʝʝ 

ʣʝʪ. ʆʙʱʠʡ ʧʦʜʭʦʜ ʢ ʫʩʪʘʥʦʚʣʝʥʠʶ ʧʨʝʜʝʣʦʚ ʘʢʪʠʚʥʦʩʪʠ ʚ ʧʝʨʠʦʜ ʵʢʩʧʣʫʘʪʘʮʠʠ ʠ ʧʦʩʣʝ 

ʟʘʢʨʳʪʠʷ ʭʨʘʥʠʣʠʱʘ ʠʟʣʦʞʝʥ ʚ [3] ʠ ʧʨʝʜʩʪʘʚʣʝʥ ʥʘ ʨʠʩ. 1. 

 

 

 

 

 

 

 

 

 

 

 

ʈʠʩ. 1. ʇʦʜʭʦʜ ʧʦ ʫʩʪʘʥʦʚʣʝʥʠʶ ʧʨʝʜʝʣʦʚ ʘʢʪʠʚʥʦʩʪʠ ʚ ʧʝʨʠʦʜ ʵʢʩʧʣʫʘʪʘʮʠʠ ʠ ʧʦʩʣʝ 

ʟʘʢʨʳʪʠʷ ʭʨʘʥʠʣʠʱʘ 

ɹʘʨʴʝʨʳ ʥʘ ʧʫʪʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʨʘʜʠʦʥʫʢʣʠʜʦʚ 

ɺ ʭʨʘʥʠʣʠʱʘʭ ʢʦʤʧʣʝʢʩʘ çɺʝʢʪʦʨè ʜʣʷ ʧʨʝʜʦʪʚʨʘʱʝʥʠʷ ʧʦʪʝʥʮʠʘʣʴʥʦʛʦ 

ʨʘʜʠʦʣʦʛʠʯʝʩʢʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʧʨʝʜʫʩʤʘʪʨʠʚʘʝʪʩʷ ʩʠʩʪʝʤʘ ʠʥʞʝʥʝʨʥʳʭ ʙʘʨʴʝʨʦʚ, 

ʦʩʥʦʚʥʳʤʠ ʢʦʤʧʦʥʝʥʪʘʤʠ ʢʦʪʦʨʳʭ ʷʚʣʷʶʪʩʷ (ʨʠʩ. 2): 

¶ ʤʘʪʨʠʮʘ, ʚ ʢʦʪʦʨʫʶ ʚʢʣʶʯʝʥʳ ʨʘʜʠʦʥʫʢʣʠʜʳ; 

¶ ʞʝʣʝʟʦʙʝʪʦʥʥʳʡ ʢʦʥʪʝʡʥʝʨ ʠ ʤʦʥʦʣʠʪʥʳʝ ʞʝʣʝʟʦʙʝʪʦʥʥʳʝ ʩʝʢʮʠʠ;   

¶ ʤʥʦʛʦʩʣʦʡʥʳʡ ʧʨʦʪʠʚʦʬʠʣʴʪʨʘʮʠʦʥʥʳʡ ʵʢʨʘʥ. 

ɽʩʪʝʩʪʚʝʥʥʳʤʠ ʙʘʨʴʝʨʘʤʠ ʜʣʷ ʭʨʘʥʠʣʠʱ ʢʦʤʧʣʝʢʩʘ çɺʝʢʪʦʨè ʷʚʣʷʪʁʩʷ ʛʝʦʣʦʛʠʯʝʩʢʠʝ 

ʠ ʛʠʜʨʦʛʝʦʣʦʛʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ ʧʣʦʱʘʜʢʠ, ʢʦʪʦʨʳʝ ʜʦʣʞʥʳ ʦʙʝʩʧʝʯʠʚʘʪʴ ʥʘʜʝʞʥʫʶ 

ʠʟʦʣʷʮʠʶ ʈɸʆ ʦʪ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ ʣʠʙʦ ʤʠʥʠʤʠʟʠʨʦʚʘʪʴ ʚʣʠʷʥʠʝ ʨʘʜʠʦʥʫʢʣʠʜʦʚ ʥʘ 

ʧʨʠʨʦʜʥʳʝ ʢʦʤʧʦʥʝʥʪʳ ʧʨʠ ʠʭ ʚʳʱʝʣʘʯʠʚʘʥʠʠ ʠʟ ʪʝʣʘ ʟʘʭʦʨʦʥʝʥʠʷ. 
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ʋʩʪʘʥʦʚʣʝʥʠʝ 

ʢʦʣʠʯʝʩʪʚʝʥʥʳʭ 

ʚʝʣʠʯʠʥ 

ʆʧʠʩʘʥʠʝ 

ʩʠʩʪʝʤʳ 

ʈʘʟʨʘʙʦʪʢʘ ʠ 

ʦʙʦʩʥʦʚʘʥʠʝ ʩʮʝʥʘʨʠʝʚ 

ʌʦʨʤʫʣʠʨʦʚʘʥʠ

ʝ ʠ ʨʘʟʨʘʙʦʪʢʘ ʤʦʜʝʣʝʡ 

ʊʝʢʫʱʠʡ ʘʥʘʣʠʟ 

ʂʦʥʪʝʢʩʪ 

ʦʮʝʥʢʠ 
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ʈʠʩ. 2. ʆʩʥʦʚʥʳʝ ʢʦʤʧʦʥʝʥʪʳ ʠʥʞʝʥʝʨʥʳʭ ʙʘʨʴʝʨʦʚ. 
1- ʤʘʪʨʠʮʘ, 2 - ʞʝʣʝʟʦʙʝʪʦʥʥʳʡ ʢʦʥʪʝʡʥʝʨ ʠ ʤʦʥʦʣʠʪʥʳʝ ʞʝʣʝʟʦʙʝʪʦʥʥʳʝ ʩʝʢʮʠʠ,  

3 -  ʧʨʦʪʠʚʦʬʠʣʴʪʨʘʮʠʦʥʥʳʡ ʵʢʨʘʥ 

 

ɺ ʦʙʦʙʱʝʥʥʦʤ ʚʠʜʝ ʙʝʟʦʧʘʩʥʦʩʪʴ ʩʠʩʪʝʤʳ ʟʘʭʦʨʦʥʝʥʠʷ S ʤʦʞʥʦ ʧʨʝʜʩʪʘʚʠʪʴ ʚ ʚʠʜʝ 

ʬʫʥʢʮʠʠ, ʘʨʛʫʤʝʥʪʘʤʠ ʢʦʪʦʨʦʡ ʷʚʣʷʝʪʩʷ ʠʟʤʝʥʯʠʚʘʷ ʚʦ ʚʨʝʤʝʥʠ ʩʦʭʨʘʥʥʦʩʪʴ ʩʠʩʪʝʤʳ 

ʠʥʞʝʥʝʨʥʳʭ ʙʘʨʴʝʨʦʚ E(t), ʧʦʩʪʦʷʥʥʳʝ (ʥʘ ʧʝʨʠʦʜ ʦʮʝʥʢʠ ʙʝʟʦʧʘʩʥʦʩʪʠ) ʟʘʱʠʪʥʳʝ ʩʚʦʡʩʪʚʘ 

ʧʨʠʨʦʜʥʳʭ ʙʘʨʴʝʨʦʚ Nconst. ʠ ʧʨʝʜʝʣ ʘʢʪʠʚʥʦʩʪʠ ʟʘʭʦʨʦʥʝʥʥʳʭ ʥʘ ʧʣʦʱʘʜʢʝ ʨʘʜʠʦʥʫʢʣʠʜʦʚ 

ɸ0.   

S(t) =f [E(t)  , Nconst, ɸ0] ,  

ʧʨʠ ʵʪʦʤ E(t) ʦʧʨʝʜʝʣʷʝʪʩʷ ʜʝʛʨʘʜʘʮʠʝʡ ʚʦ ʚʨʝʤʝʥʠ ʦʩʥʦʚʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ 

ʠʥʞʝʥʝʨʥʳʭ ʙʘʨʴʝʨʦʚ  

E(t) =[ Em(t)+ Ec(t) + Ef(t)], 

ʛʜʝ  Em(t) ï ʩʪʝʧʝʥʴ ʜʝʛʨʘʜʘʮʠʠ ʤʘʪʨʠʮʳ, Ec(t) ï ʩʪʝʧʝʥʴ ʜʝʛʨʘʜʘʮʠʠ ʞʝʣʝʟʦʙʝʪʦʥʥʦʛʦ 

ʢʦʥʪʝʡʥʝʨʘ (ʩʝʢʮʠʠ), Ef(t) - ʩʪʝʧʝʥʴ ʜʝʛʨʘʜʘʮʠʠ ʧʨʦʪʠʚʦʬʠʣʴʪʨʘʮʠʦʥʥʳʭ ʵʢʨʘʥʦʚ.   

ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʨʦʜʦʣʞʠʪʝʣʴʥʳʭ ʠ ʩʠʩʪʝʤʘʪʠʯʝʩʢʠʭ ʨʘʙʦʪ ʢ ʥʘʩʪʦʷʱʝʤʫ ʚʨʝʤʝʥʠ 

ʥʘʢʦʧʣʝʥʘ ʟʥʘʯʠʪʝʣʴʥʘʷ ʠʥʬʦʨʤʘʮʠʷ ʧʦ ʛʝʦʣʦʛʠʯʝʩʢʠʤ ʠ ʛʠʜʨʦʛʝʦʣʦʛʠʯʝʩʢʠʤ ʦʩʦʙʝʥʥʦʩʪʷʤ 

ʧʣʦʱʘʜʢʠ ʢʦʤʧʣʝʢʩʘ çɺʝʢʪʦʨè [4], ʪʦʛʜʘ ʢʘʢ ʜʣʷ ʢʦʤʧʦʥʝʥʪʦʚ ʠʥʞʝʥʝʨʥʳʭ ʙʘʨʴʝʨʦʚ ʜʦ 

ʥʘʩʪʦʷʱʝʛʦ ʚʨʝʤʝʥʠ ʦʪʩʫʪʩʪʚʫʶʪ ʢʦʥʢʨʝʪʥʳʝ ʧʘʨʘʤʝʪʨʳ, ʥʝʦʙʭʦʜʠʤʳʝ ʜʣʷ ʦʮʝʥʢʠ 

ʜʦʣʛʦʚʨʝʤʝʥʥʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ ʟʘʭʦʨʦʥʝʥʠʷ. 

ɺʨʝʤʝʥʥʳʝ ʨʘʤʢʠ ʪʘʢʦʡ ʦʮʝʥʢʠ ʤʦʞʥʦ ʦʮʝʥʠʪʴ ʠʩʭʦʜʷ ʠʟ ʪʨʝʙʦʚʘʥʠʡ ʜʝʡʩʪʚʫʶʱʠʭ 

ʥʦʨʤʘʪʠʚʥʳʭ ʜʦʢʫʤʝʥʪʦʚ ʠ ʠʥʬʦʨʤʘʮʠʠ ʧʦ ʫʜʝʣʴʥʦʡ ʘʢʪʠʚʥʦʩʪʠ ʠ ʠʟʦʪʦʧʥʦʤʫ ʩʦʩʪʘʚʫ 

ʨʝʘʣʴʥʳʭ ʨʘʜʠʦʘʢʪʠʚʥʳʭ ʦʪʭʦʜʦʚ, ʥʘʢʦʧʣʝʥʥʳʭ ʚ ʭʨʘʥʠʣʠʱʘʭ ɸʕʉ ʋʢʨʘʠʥʳ. ɺ ʥʘʩʪʦʷʱʝʝ 

ʚʨʝʤʷ ʝʜʠʥʩʪʚʝʥʥʳʤ ʠʟ ʦʩʥʦʚʥʳʭ ʜʦʟʦʦʙʨʘʟʫʶʱʠʭ ʨʘʜʠʦʥʫʢʣʠʜʦʚ, ʩʧʦʩʦʙʥʳʤ ʩʦʭʨʘʥʠʪʴʩʷ 

ʚ ʟʘʤʝʪʥʳʭ ʢʦʣʠʯʝʩʪʚʘʭ ʩʧʫʩʪʷ 300 ʠ ʙʦʣʝʝ ʣʝʪ ʧʦʩʣʝ ʟʘʭʦʨʦʥʝʥʠʷ, ʷʚʣʷʝʪʩʷ 
137
Cs ʩ ʧʝʨʠʦʜʦʤ 

ʧʦʣʫʨʘʩʧʘʜʘ ʊ1/2 = 30,2 ʛʦʜʘ
1
. ʏʪʦʙʳ ʭʨʘʥʠʣʠʱʝ ʙʳʣʦ ʙʝʟʫʩʣʦʚʥʦ ʦʩʚʦʙʦʞʜʝʥʦ ʦʪ 

ʨʝʛʫʣʠʨʫʶʱʝʛʦ ʢʦʥʪʨʦʣʷ, ʪʦ ʝʩʪʴ ʚʩʝ ʝʛʦ ʩʦʜʝʨʞʠʤʦʝ ʧʝʨʝʩʪʘʣʦ ʨʘʩʩʤʘʪʨʠʚʘʪʴʩʷ ʢʘʢ 

ʨʘʜʠʦʘʢʪʠʚʥʳʡ ʤʘʪʝʨʠʘʣ, ʫʜʝʣʴʥʘʷ ʘʢʪʠʚʥʦʩʪʴ 
137

Cs ʯʝʨʝʟ T ʣʝʪ ʥʝ ʜʦʣʞʥʘ ʧʨʝʚʳʰʘʪʴ 

ʫʩʪʘʥʦʚʣʝʥʥʦʛʦ ʥʦʨʤʘʪʠʚʥʳʤ ʜʦʢʫʤʝʥʪʦʤ çʈ̔ ʚʥʽ ʟʚʽʣʴʥʝʥʥʷ ʨʘʜʽʦʘʢʪʠʚʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʚʽʜ 

ʨʝʛʫʣʶʶʯʦʛʦ ʢʦʥʪʨʦʣʶè ʫʨʦʚʥʷ 0,1 ɹʢ/ʛ ʠʣʠ 100 ɹʢ/ʢʛ [5]. ʇʦʩʢʦʣʴʢʫ ʭʨʘʥʠʣʠʱʘ ʢʦʤʧʣʝʢʩʘ 

çɺʝʢʪʦʨè ʧʨʝʜʥʘʟʥʘʯʝʥʳ ʜʣʷ ʟʘʭʦʨʦʥʝʥʠʷ ʥʠʟʢʦ- ʠ ʩʨʝʜʥʝʘʢʪʠʚʥʳʭ ʦʪʭʦʜʦʚ, ʤʘʢʩʠʤʘʣʴʥʘʷ 

ʫʜʝʣʴʥʘʷ ʘʢʪʠʚʥʦʩʪʴ ʨʘʟʤʝʱʘʝʤʳʭ ʈɸʆ ʥʝ ʤʦʞʝʪ ʧʨʝʚʳʩʠʪʴ 10
10

 ɹʢ/ʢʛ [6] ʠ ʜʣʷ ʜʦʩʪʠʞʝʥʠʷ 

ʫʨʦʚʥʷ ʩʥʷʪʠʷ ʩ ʨʝʛʫʣʠʨʫʶʱʝʛʦ ʢʦʥʪʨʦʣʷ 100 ɹʢ/ʢʛ ʧʦʪʨʝʙʫʝʪʩʷ ʠʟʦʣʷʮʠʷ ʈɸʆ ʦʢʦʣʦ 800 

ʣʝʪ. ɺ ʨʝʘʣʴʥʦʩʪʠ ʤʘʢʩʠʤʘʣʴʥʦʝ ʫʜʝʣʴʥʦʝ ʩʦʜʝʨʞʘʥʠʝ 
137

Cs ʚ ʥʘʢʦʧʣʝʥʥʳʭ ʥʘ ɸʕʉ ʦʪʭʦʜʘʭ 

ʥʝ ʧʨʝʚʳʰʘʝʪ nÖ10
8 
ɹʢ/ʢʛ ʠ ʩʦʜʝʨʞʠʤʦʝ ʭʨʘʥʠʣʠʱ ʧʝʨʝʩʪʘʥʝʪ ʨʘʩʩʤʘʪʨʠʚʘʪʴʩʷ ʢʘʢ 

ʨʘʜʠʦʘʢʪʠʚʥʳʡ ʤʘʪʝʨʠʘʣ ʯʝʨʝʟ 600-650 ʣʝʪ.   

                                                 
1
 ɺ ʦʪʭʦʜʘʭ ɸʕʉ ʩ ʨʝʘʢʪʦʨʘʤʠ ɺɺʕʈ ʩʦʜʝʨʞʘʥʠʝ 

90
Sr ʥʘʤʥʦʛʦ ʥʠʞʝ ʩʦʜʝʨʞʘʥʠʷ 

137
Cs. 

1 2 3 



ɿʙ̔ʨʥʠʢ ʥʘʫʢʦʚʠʭ ʧʨʘʮʴ ɯʥʩʪʠʪʫʪʫ ʛʝʦʭʽʤʽʾ ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ 2016 ʚʠʧʫʩʢ 25 

 

Éʆʣʴʭʦʚʠʢ ʖ. ɸ. ʆɹ ʋʏɽʊɽ ʅɽʆʇʈɽɼɽʃɽʅʅʆʉʊʀ ʉɺʆʁʉʊɺ ʀʅɾɽʅɽʈʅʓʍ ɹɸʈʔɽʈʆɺ ʇʈʀ ʆʎɽʅʂɽ ɼʆʃɻʆɺʈɽʄɽʅʅʆʁ 
ɹɽɿʆʇɸʉʅʆʉʊʀ ʇʆɺɽʈʍʅʆʉʊʅʆɻʆ ɿɸʍʆʈʆʅɽʅʀʗ ʅɸ ʂʆʄʇʃɽʂʉɽ çɺɽʂʊʆʈè 

29 

ʄɸʊʈʀʎɸ. ʅʘ ɿʘʧʦʨʦʞʩʢʦʡ ʠ ʈʠʚʥʝʥʩʢʦʡ ɸʕʉ ʩʦʟʜʘʶʪʩʷ ʢʦʤʧʣʝʢʩʳ ʧʦ ʧʝʨʝʨʘʙʦʪʢʝ 

ʪʚʝʨʜʳʭ ʥʠʟʢʦʘʢʪʠʚʥʳʭ ʦʪʭʦʜʦʚ, ʧʨʝʜʧʦʣʘʛʘʶʱʠʝ ʠʭ ʧʨʝʩʩʦʚʘʥʠʝ (ʠ ʩʞʠʛʘʥʠʝ ʛʦʨʶʯʠʭ ʊʈʆ 

ʥʘ ɿɸʕʉ) ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʨʘʟʤʝʱʝʥʠʝʤ ʧʨʦʜʫʢʪʦʚ ʧʝʨʝʨʘʙʦʪʢʠ ʚ ʞʝʣʝʟʥʳʭ 200-ʣʠʪʨʦʚʳʭ 

ʙʦʯʢʘʭ. ʅʘ ʖʞʥʦ-ʋʢʨʘʠʥʩʢʦʡ ɸʕʉ ʵʢʩʧʣʫʘʪʠʨʫʝʪʩʷ ʫʩʪʘʥʦʚʢʘ ʧʨʝʩʩʦʚʘʥʠʷ ʥʠʟʢʦʘʢʪʠʚʥʳʭ 

ʊʈʆ ʚ ʪʦʥʢʦʩʪʝʥʥʦʡ ʙʦʯʢʝ, ʘ ʍʤʝʣʴʥʠʮʢʘʷ ɸʕʉ ʫʩʪʘʥʦʚʦʢ ʧʦ ʧʝʨʝʨʘʙʦʪʢʝ ʥʝ ʠʤʝʝʪ. ɺ 

ʩʦʩʪʘʚʝ ʏʝʨʥʦʙʳʣʴʩʢʦʡ ɸʕʉ ʩʪʨʦʠʪʩʷ ʟʘʚʦʜ ʧʦ ʧʝʨʝʨʘʙʦʪʢʝ ʪʚʝʨʜʳʭ ʥʠʟʢʦ- ʠ 

ʩʨʝʜʥʝʘʢʪʠʚʥʳʭ ʪʚʝʨʜʳʭ ʦʪʭʦʜʦʚ (ɿʇʊʈʆ), ʧʨʝʜʫʩʤʘʪʨʠʚʘʶʱʠʡ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʫʩʪʘʥʦʚʦʢ 

ʩʞʠʛʘʥʠʷ ʠ ʮʝʤʝʥʪʠʨʦʚʘʥʠʷ. ʋʩʪʘʥʦʚʢʠ ʩʞʠʛʘʥʠʷ ʠ ʧʨʝʩʩʦʚʘʥʠʷ ʥʠʟʢʦ- ʩʨʝʜʥʝʘʢʪʠʚʥʳʭ 

ʈɸʆ, ʧʦʩʪʫʧʘʶʱʠʭ ʦʪ ʦʨʛʘʥʠʟʘʮʠʡ, ʢʦʪʦʨʳʝ ʥʝ ʠʤʝʶʪ ʩʚʦʠʭ ʤʦʱʥʦʩʪʝʡ ʜʣʷ 

ʢʦʥʜʠʮʠʦʥʠʨʦʚʘʥʠʷ (ɻʉʇ çʂʦʤʧʣʝʢʩè, ʋʢʨɻʆ çʈʘʜʦʥè), ʧʨʝʜʫʩʤʦʪʨʝʥʳ ʧʨʦʝʢʪʦʤ 

ʢʦʤʧʣʝʢʩʘ çɺʝʢʪʦʨè, ʥʦ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʦʪʩʫʪʩʪʚʫʝʪ ʪʝʭʥʠʯʝʩʢʘʷ ʜʦʢʫʤʝʥʪʘʮʠʷ ʥʘ 

ʫʢʘʟʘʥʥʳʝ ʫʩʪʘʥʦʚʢʠ ʠ ʧʘʨʘʤʝʪʨʳ ʢʦʥʝʯʥʦʛʦ ʧʨʦʜʫʢʪʘ ʧʝʨʝʨʘʙʦʪʢʠ ʥʝʠʟʚʝʩʪʥʳ. 

ʅʘ ʏɸʕʉ ʧʦʩʪʨʦʝʥ ʟʘʚʦʜ, ʧʨʝʜʥʘʟʥʘʯʝʥʥʳʡ ʜʣʷ ʧʝʨʝʨʘʙʦʪʢʠ ʞʠʜʢʠʭ ʨʘʜʠʦʘʢʪʠʚʥʳʭ 

ʦʪʭʦʜʦʚ, ʥʘʢʦʧʣʝʥʳʭ ʟʘ ʚʨʝʤʷ ʵʢʩʧʣʫʘʪʘʮʠʠ ʠ ʪʝʭ, ʢʦʪʦʨʳʝ ʦʙʨʘʟʦʚʘʣʠʩʴ ʚ ʧʨʦʮʝʩʩʝ ʩʥʷʪʠʷ ʩ 

ʵʢʩʧʣʫʘʪʘʮʠʠ ʏɸʕʉ, ʘ ʪʘʢʞʝ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʭ ɾʈʆ ʦʙʲʝʢʪʘ çʋʢʨʳʪʠʝè. ɿʘʪʚʝʨʜʝʚʰʠʝ 

ʞʠʜʢʠʝ ʦʪʭʦʜʳ ʚ ʚʠʜʝ ʮʝʤʝʥʪʥʦʛʦ ʢʦʤʧʘʫʥʜʘ (ʢʦʥʝʯʥʳʡ ʧʨʦʜʫʢʪ) ʫʧʘʢʦʚʳʚʘʶʪʩʷ ʚ 200-

ʣʠʪʨʦʚʳʝ ʙʦʯʢʠ ʠ ʨʘʟʤʝʱʘʶʪʩʷ ʚ ʩʧʝʮʠʘʣʴʥʦ ʦʙʦʨʫʜʦʚʘʥʥʦʤ ʧʨʠʧʦʚʝʨʭʥʦʩʪʥʦʤ ʭʨʘʥʠʣʠʱʝ 

ʪʚʝʨʜʳʭ ʨʘʜʠʦʘʢʪʠʚʥʳʭ ʦʪʭʦʜʦʚ (ʊʈʆ), ʨʘʩʧʦʣʦʞʝʥʥʦʤ ʥʘ ʧʣʦʱʘʜʢʝ ʢʦʤʧʣʝʢʩʘ çɺʝʢʪʦʨè. 

ʊʝʭʥʦʣʦʛʠʠ ʢʦʥʜʠʮʠʦʥʠʨʦʚʘʥʠʷ ʞʠʜʢʠʭ ʈɸʆ (ɾʈʆ) ʨʝʘʢʪʦʨʦʚ ɺɺʕʈ 

(ʙʦʨʘʪʩʦʜʝʨʞʘʱʠʝ ʢʫʙʦʚʳʝ ʦʩʪʘʪʢʠ, ʩʦʣʝʚʦʡ ʧʣʘʚ, ʠʦʥʦʦʙʤʝʥʥʳʝ ʩʤʦʣʳ), ʢʦʪʦʨʳʝ, ʚ 

ʦʩʥʦʚʥʦʤ, ʧʦ ʫʨʦʚʥʶ ʫʜʝʣʴʥʦʡ ʘʢʪʠʚʥʦʩʪʠ ʦʪʥʦʩʷʪʩʷ ʢ ʩʨʝʜʥʝʘʢʪʠʚʥʳʤ ʦʪʭʦʜʘʤ, ʥʘ ɸʕʉ 

ʋʢʨʘʠʥʳ ʜʦ ʥʘʩʪʦʷʱʝʛʦ ʚʨʝʤʝʥʠ ʥʝ ʚʥʝʜʨʝʥʳ. ʅʝʩʤʦʪʨʷ ʥʘ ʪʦ, ʯʪʦ ʦʙʲʝʤʳ ɾʈʆ ʥʘ ɸʕʉ 

ʟʘʤʝʪʥʦ ʤʝʥʴʰʝ ʦʙʲʝʤʘ ʥʘʢʦʧʣʝʥʥʳʭ ʪʚʝʨʜʳʭ ʥʠʟʢʦʘʢʪʠʚʥʳʭ ʦʪʭʦʜʦʚ (ʊʈʆ) (18797 ʤ
3
 ʠ 

36534 ʤ
3
 ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʥʘ 31.12.2014) [7], ʦʩʥʦʚʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʘʢʪʠʚʥʦʩʪʠ ʩʦʜʝʨʞʠʪʩʷ 

ʠʤʝʥʥʦ ʚ ʞʠʜʢʠʭ ʦʪʭʦʜʘʭ, ʦʙʣʘʜʘʶʱʠʭ ʩʧʝʮʠʬʠʯʝʩʢʠʤʠ ʦʩʦʙʝʥʥʦʩʪʷʤʠ ʭʠʤʠʯʝʩʢʦʛʦ 

ʩʦʩʪʘʚʘ. ʀʟʚʝʩʪʥʦ, ʯʪʦ ʨʘʩʪʚʦʨʠʤʳʝ ʩʦʝʜʠʥʝʥʠʷ ʙʦʨʘ, ʢʘʢ ʠ ʩʦʜʝʨʞʘʱʠʝʩʷ ʚ ʢʫʙʦʚʳʭ 

ʦʩʪʘʪʢʘʭ ʠ ʚ ʩʦʣʝʚʳʭ ʧʣʘʚʘʭ ʚ ʟʥʘʯʠʪʝʣʴʥʳʭ ʢʦʥʮʝʥʪʨʘʮʠʷʭ ʛʠʜʨʦʢʩʠʜʳ ʥʘʪʨʠʷ ʠ ʢʘʣʠʷ, 

ʦʢʩʘʣʘʪʳ, ʢʦʤʧʣʝʢʩʦʥʳ ʠ ʧʦʚʝʨʭʥʦʩʪʥʦʘʢʪʠʚʥʳʝ ʚʝʱʝʩʪʚʘ, ʦʪʨʠʮʘʪʝʣʴʥʦ ʚʣʠʷʶʪ ʥʘ 

ʧʨʦʮʝʩʩʳ ʪʚʝʨʜʝʥʠʷ ʮʝʤʝʥʪʥʳʭ ʤʘʪʨʠʮ ʠ ʩʫʱʝʩʪʚʝʥʥʦ ʩʥʠʞʘʶʪ ʧʨʦʯʥʦʩʪʴ ʠ ʫʩʪʦʡʯʠʚʦʩʪʴ 

ʙʝʪʦʥʦʚ, ʥʘʭʦʜʷʱʠʭʩʷ ʧʦʜ ʚʦʟʜʝʡʩʪʚʠʝʤ ʬʘʢʪʦʨʦʚ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ (ʘʛʨʝʩʩʠʚʥʳʝ 

ʧʦʜʟʝʤʥʳʝ ʚʦʜʳ, ʢʦʣʝʙʘʥʠʷ ʪʝʤʧʝʨʘʪʫʨ, ʤʠʢʨʦʙʠʦʣʦʛʠʯʝʩʢʘʷ ʘʢʪʠʚʥʦʩʪʴ ʠ ʪ.ʜ.) [8]. ʇʨʠ 

ʪʘʢʠʭ ʫʩʣʦʚʠʷʭ ʚʦʟʤʦʞʥʦ ʧʨʦʷʚʣʝʥʠʝ ʧʨʦʮʝʩʩʦʚ, ʧʨʠʚʦʜʷʱʠʭ ʢ ʧʦʚʳʰʝʥʠʶ ʬʠʣʴʪʨʘʮʠʦʥʥʦ-

ʤʠʛʨʘʮʠʦʥʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʤʘʪʝʨʠʘʣʦʚ ʈɸʆ ʚ ʭʨʘʥʠʣʠʱʝ ʠ ʢ ʜʝʛʨʘʜʘʮʠʠ ʫʜʝʨʞʠʚʘʶʱʠʭ 

(ʙʘʨʴʝʨʥʳʭ) ʩʚʦʡʩʪʚ ʢʦʥʪʝʡʥʝʨʦʚ ʩ ʈɸʆ ʠ ʠʥʞʝʥʝʨʥʳʭ ʢʦʥʩʪʨʫʢʮʠʡ ʭʨʘʥʠʣʠʱʘ [9].  

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʜʝʡʩʪʚʫʝʪ ʪʦʣʴʢʦ ʦʜʠʥ ʜʦʢʫʤʝʥʪ, ʦʧʨʝʜʝʣʷʶʱʠʡ ʪʨʝʙʦʚʘʥʠʷ ʢ 

ʩʚʦʡʩʪʚʘʤ ʤʘʪʨʠʮʳ: çʂʨʠʪʝʨʽʾ ʧʨʠʡʤʘʥʥʷ  ʨʘʜʽʦʘʢʪʠʚʥʠʭ ʚʽʜʭʦʜʽʚ ʥʘ ʟʘʭʦʨʦʥʝʥʥʷ ʚ 

ʩʧʝʮʽʘʣʴʥʦ ʦʙʣʘʜʥʘʥʦʤʫ ʧʨʠʧʦʚʝʨʭʥʝʚʦʤʫ ʩʭʦʚʠʱʽ ʪʚʝʨʜʠʭ ʨʘʜʽʦʘʢʪʠʚʥʠʭ ʚʽʜʭʦʜʽʚ 

(ʉʆʇʉʊʈɺ). ʇʝʨʰʠʡ ʝʪʘʧ ʝʢʩʧʣʫʘʪʘʮʽʾ ʉʆʇʉʊʈɺ. ʇʨʠʡʤʘʥʥʷ ʈɸɺ ʚʽʜ ɿʇʈʈɺ ʪʘ ɿʇʊʈɺ 

ɼʉʇ ʏɸɽʉ ʜʣʷ ʟʘʭʦʨʦʥʝʥʥʷ ʚ ʜʚʘ ʩʠʤʝʪʨʠʯʥʠʭ ʚʽʜʩʽʢʠ ʉʆʇʉʊʈɺè, ʢʦʪʦʨʳʡ ʥʦʩʠʪ 

ʚʨʝʤʝʥʥʳʡ ʭʘʨʘʢʪʝʨ ʠ ʤʦʞʝʪ ʙʳʪʴ ʧʨʠʤʝʥʝʥ ʪʦʣʴʢʦ ʜʣʷ ʜʚʫʭ ʦʪʩʝʢʦʚ ʭʨʘʥʠʣʠʱʘ. ʇʨʠ ʵʪʦʤ 

ʧʘʨʘʤʝʪʨʳ ʩʢʦʨʦʩʪʠ ʚʳʱʝʣʘʯʠʚʘʥʠʷ Ò 10
-3
 ʛ/ʩʤ

2
Āʜʝʥʴ ʫʩʪʘʥʦʚʣʝʥʳ ʪʦʣʴʢʦ ʜʣʷ ʮʝʤʝʥʪʥʦʡ 

ʤʘʪʨʠʮʳ ʢʦʥʝʯʥʦʛʦ ʧʨʦʜʫʢʪʘ ʧʝʨʝʨʘʙʦʪʢʠ ɾʈʆ ʥʘ ʟʘʚʦʜʝ ʏɸʕʉ
2
. ɼʣʷ ʊʈʆ, ʨʘʟʤʝʱʝʥʥʳʭ ʚ 

ʞʝʣʝʟʦʙʝʪʦʥʥʦʤ ʢʦʥʪʝʡʥʝʨʝ, ʦʛʨʘʥʠʯʝʥʠʷ ʥʘ ʩʢʦʨʦʩʪʴ ʚʳʱʝʣʘʯʠʚʘʥʠʷ ʥʝ ʫʩʪʘʥʘʚʣʠʚʘʶʪʩʷ. 

ʄʥʦʛʦʯʠʩʣʝʥʥʦʩʪʴ ʠʩʪʦʯʥʠʢʦʚ ʧʦʩʪʫʧʣʝʥʠʷ ʈɸʆ, ʥʝʜʦʩʪʘʪʦʯʥʦʩʪʴ ʠʥʬʦʨʤʘʮʠʠ ʦ 

ʤʦʨʬʦʣʦʛʠʯʝʩʢʦʤ, ʚʝʱʝʩʪʚʝʥʥʦʤ ʠ ʨʘʜʠʦʠʟʦʪʦʧʥʦʤ ʩʦʩʪʘʚʝ ʦʪʭʦʜʦʚ, ʨʘʟʥʦʦʙʨʘʟʠʝ  

ʧʣʘʥʠʨʫʝʤʳʭ ʢ ʠʩʧʦʣʴʟʦʚʘʥʠʶ ʪʝʭʥʦʣʦʛʠʡ ʧʝʨʝʨʘʙʦʪʢʠ ʊʈʆ ʠ ʦʪʩʫʪʩʪʚʠʝ ʪʝʭʥʠʯʝʩʢʠʭ 

                                                 
2
 ʉʣʝʜʫʝʪ ʧʦʜʯʝʨʢʥʫʪʴ, ʯʪʦ ʩʢʦʨʦʩʪʴ ʚʳʱʝʣʘʯʠʚʘʥʠʷ ʦʧʨʝʜʝʣʷʝʪʩʷ ʩʦʛʣʘʩʥʦ ɻʆʉʊ 29114-91 çʆʪʭʦʜʳ 

ʨʘʜʠʦʘʢʪʠʚʥʳʝ. ʄʝʪʦʜ ʠʟʤʝʨʝʥʠʷ ʭʠʤʠʯʝʩʢʦʡ ʫʩʪʦʡʯʠʚʦʩʪʠ ʦʪʚʝʨʞʜʝʥʥʳʭ ʨʘʜʠʦʘʢʪʠʚʥʳʭ ʦʪʭʦʜʦʚ 

ʧʦʩʨʝʜʩʪʚʦʤ ʜʣʠʪʝʣʴʥʦʛʦ ʚʳʱʝʣʘʯʠʚʘʥʠʷè ʚ ʪʝʯʝʥʠʝ 1-2 ʤʝʩʷʮʝʚ, ʯʪʦ ʥʝ ʜʘʝʪ ʦʩʥʦʚʘʥʠʡ ʜʣʷ ʵʢʩʪʨʘʧʦʣʷʮʠʠ 

ʧʦʣʫʯʝʥʥʳʭ ʟʥʘʯʝʥʠʡ ʥʘ ʩʦʪʥʠ ʣʝʪ. 



ɿʙ̔ʨʥʠʢ ʥʘʫʢʦʚʠʭ ʧʨʘʮʴ ɯʥʩʪʠʪʫʪʫ ʛʝʦʭʽʤʽʾ ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ 2016 ʚʠʧʫʩʢ 25 

 

Éʆʣʴʭʦʚʠʢ ʖ. ɸ. ʆɹ ʋʏɽʊɽ ʅɽʆʇʈɽɼɽʃɽʅʅʆʉʊʀ ʉɺʆʁʉʊɺ ʀʅɾɽʅɽʈʅʓʍ ɹɸʈʔɽʈʆɺ ʇʈʀ ʆʎɽʅʂɽ ɼʆʃɻʆɺʈɽʄɽʅʅʆʁ 
ɹɽɿʆʇɸʉʅʆʉʊʀ ʇʆɺɽʈʍʅʆʉʊʅʆɻʆ ɿɸʍʆʈʆʅɽʅʀʗ ʅɸ ʂʆʄʇʃɽʂʉɽ çɺɽʂʊʆʈè 

30 

ʨʝʰʝʥʠʡ ʧʦ ʢʦʥʜʠʮʠʦʥʠʨʦʚʘʥʠʶ ɾʈʆ ʥʝ ʜʘʶʪ ʚʦʟʤʦʞʥʦʩʪʠ ʜʘʞʝ ʥʘ ʢʘʯʝʩʪʚʝʥʥʦʤ ʫʨʦʚʥʝ 

ʦʮʝʥʠʪʴ ʟʘʱʠʪʥʳʝ ʩʚʦʡʩʪʚʘ ʤʘʪʨʠʮ, ʩʦʜʝʨʞʘʱʠʭ ʨʘʜʠʦʥʫʢʣʠʜʳ, ʦʩʦʙʝʥʥʦ ʚ ʢʦʥʪʝʢʩʪʝ 

ʩʦʭʨʘʥʝʥʠʷ ʠʟʦʣʠʨʫʶʱʠʭ ʩʚʦʡʩʪʚ ʥʘ ʧʨʦʪʷʞʝʥʠʠ ʜʣʠʪʝʣʴʥʦʛʦ ʚʨʝʤʝʥʠ ï 500-600 ʣʝʪ. 

ɹʝʩʩʧʦʨʥʦ, ʵʪʠ ʤʘʪʨʠʮʳ ʦʙʣʘʜʘʶʪ ʦʧʨʝʜʝʣʝʥʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ ʟʘʱʠʪʥʦʛʦ ʙʘʨʴʝʨʘ, 

ʦʜʥʘʢʦ ʜʦʩʪʦʚʝʨʥʘʷ ʠʥʬʦʨʤʘʮʠʷ ʦʙ ʠʟʦʣʠʨʫʶʱʝʡ ʩʧʦʩʦʙʥʦʩʪʠ ʤʘʪʨʠʮ ʦʪʭʦʜʦʚ ʦʪʩʫʪʩʪʚʫʝʪ 

ʠʣʠ ʪʨʫʜʥʦ ʦʧʨʝʜʝʣʠʤʘ, ʚʩʣʝʜʩʪʚʠʝ ʯʝʛʦ ʚ ʙʦʣʴʰʠʥʩʪʚʝ ʨʘʩʯʝʪʦʚ ʧʦ ʙʝʟʦʧʘʩʥʦʩʪʠ ʤʠʛʨʘʮʠʠ 

ʨʘʜʠʦʥʫʢʣʠʜʦʚ ʵʪʠʤ ʙʘʨʴʝʨʦʤ ʢʦʥʩʝʨʚʘʪʠʚʥʦ ʧʨʝʥʝʙʨʝʛʘʶʪ. 

  ʌʀʃʔʊʈɸʎʀʆʅʅʓʁ ʕʂʈɸʅ. ʇʨʦʝʢʪʥʳʝ ʨʝʰʝʥʠʷ ʧʦ ʩʦʦʨʫʞʝʥʠʶ ʧʦʚʝʨʭʥʦʩʪʥʳʭ 

ʭʨʘʥʠʣʠʱ ʪʠʧʘ ʊʈʆ-1, ʊʈʆ-2, ʉʆʇʍʊʈʆ (ʃʦʪ 3) ʥʘ ʧʣʦʱʘʜʢʝ çɺʝʢʪʦʨè ʧʨʝʜʫʩʤʘʪʨʠʚʘʶʪ 

ʩʦʟʜʘʥʠʝ ʛʣʠʥʷʥʳʭ ʧʨʦʪʠʚʦʬʠʣʴʪʨʘʮʠʦʥʥʳʭ ʵʢʨʘʥʦʚ ʧʦʜ ʤʦʥʦʣʠʪʥʳʤʠ ʞʝʣʝʟʦʙʝʪʦʥʥʳʤʠ 

ʧʣʠʪʘʤʠ, ʢʦʪʦʨʳʝ ʷʚʣʷʶʪʩʷ ʦʩʥʦʚʘʥʠʷʤʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʭʨʘʥʠʣʠʱ. ɽʱʝ ʦʜʠʥ ʛʣʠʥʷʥʳʡ 

ʵʢʨʘʥ ʧʨʝʜʧʦʣʘʛʘʝʪʩʷ ʩʦʟʜʘʪʴ ʥʘʜ ʭʨʘʥʠʣʠʱʝʤ ʧʦʩʣʝ ʝʛʦ ʟʘʢʨʳʪʠʷ.  

ʌʫʥʢʮʠʷ ʙʝʟʦʧʘʩʥʦʩʪʠ ʚʝʨʭʥʝʛʦ ʛʣʠʥʷʥʦʛʦ ʩʣʦʷ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʩʦʢʨʘʱʝʥʠʠ 

ʠʥʬʠʣʴʪʨʘʮʠʠ ʤʝʪʝʦʦʩʘʜʢʦʚ. ɺʚʠʜʫ ʥʘʣʠʯʠʷ ʧʦʨʠʩʪʦʩʪʠ, ʦʪʨʘʞʝʥʥʦʡ ʚ ʧʨʦʝʢʪʥʦʤ 

ʢʦʵʬʬʠʮʠʝʥʪʝ ʬʠʣʴʪʨʘʮʠʠ, ʧʦʩʪʫʧʣʝʥʠʝ ʦʩʘʜʢʦʚ ʚ ʭʨʘʥʠʣʠʱʝ ʥʝʠʟʙʝʞʥʦ ʠ ʦʧʨʝʜʝʣʝʥʥʦʝ 

ʢʦʣʠʯʝʩʪʚʦ ʚʣʘʛʠ ʧʨʦʧʠʪʘʝʪ ʪʝʣʦ ʦʪʭʦʜʦʚ ʩ ʩʘʤʦʛʦ ʥʘʯʘʣʘ. 

ʆʩʥʦʚʥʳʤ ʢʦʤʧʦʥʝʥʪʦʤ ʵʢʨʘʥʦʚ ʷʚʣʷʝʪʩʷ ʚʦʜʦʠʟʦʣʠʨʫʶʱʠʡ ʩʣʦʡ ʪʦʣʱʠʥʦʡ 0,5 ï 1ʤ 

ʠʟ ʤʝʩʪʥʳʭ ʛʣʠʥʠʩʪʳʭ ʧʦʨʦʜ, ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʭ ʚ ʨʘʡʦʥʝ ʩ.ʏʠʩʪʦʛʘʣʦʚʢʘ. ʕʪʠ ʧʦʨʦʜʳ 

ʧʨʝʜʩʪʘʚʣʝʥʳ ʰʠʨʦʢʠʤ ʩʧʝʢʪʨʦʤ ʧʣʝʡʩʪʦʮʝʥʦʚʳʭ ʢʨʘʩʥʦ-ʙʫʨʳʭ ʠ ʙʫʨʳʭ ʛʣʠʥ, ʩʫʛʣʠʥʢʦʚ, 

ʥʝʦʛʝʥʦʚʳʭ ʧʦʣʦʩʯʘʪʳʭ ʛʣʠʥ ʩ ʚʢʣʶʯʝʥʠʷʤʠ ʛʨʫʙʦʦʙʣʦʤʦʯʥʦʛʦ ʤʘʪʝʨʠʘʣʘ. ʇʨʝʜʧʦʣʘʛʘʝʪʩʷ, 

ʯʪʦ ʥʘʩʳʧʥʦʡ ʛʣʠʥʠʩʪʳʡ ʤʘʪʝʨʠʘʣ ʧʨʠ ʩʪʨʦʠʪʝʣʴʩʪʚʝ ʭʨʘʥʠʣʠʱʘ ʙʫʜʝʪ ʫʧʣʦʪʥʷʪʴʩʷ ʜʦ 

ʧʣʦʪʥʦʩʪʠ gʩʢ º 1600 ʢʛ/ʤ
3
. ʆʮʝʥʠʚʘʝʤʳʡ ʢʦʵʬʬʠʮʠʝʥʪ ʬʠʣʴʪʨʘʮʠʠ ʚ çʛʣʠʥʷʥʦʤè ʩʣʦʝ 

ʢʦʣʝʙʣʝʪʩʷ ʚ ʰʠʨʦʢʠʭ ʧʨʝʜʝʣʘʭ ï ʦʪ 2Ö10
-3
ʤ/ʩʫʪ. ʜʦ 4,2Ö10

-2
ʤ/ʩʫʪ. 

ɻʣʘʚʥʘʷ ʬʫʥʢʮʠʷ ʙʝʟʦʧʘʩʥʦʩʪʠ ʥʠʞʥʝʛʦ ʛʣʠʥʷʥʦʛʦ ʩʣʦʷ ʩʦʩʪʦʠʪ ʚ ʩʦʨʙʮʠʦʥʥʦʡ 

ʩʧʦʩʦʙʥʦʩʪʠ, ʢʦʪʦʨʘʷ ʧʨʠʚʦʜʠʪ ʢ ʫʜʝʨʞʘʥʠʶ ʨʘʜʠʦʥʫʢʣʠʜʦʚ ʚ ʩʠʩʪʝʤʝ ʟʘʭʦʨʦʥʝʥʠʷ, ʦʜʥʘʢʦ 

ʢʦʵʬʬʠʮʠʝʥʪʳ ʨʘʩʧʨʝʜʝʣʝʥʠʷ Kd ʠ ʧʦʨʠʩʪʦʩʪʴ ʜʣʷ ʫʧʦʤʷʥʫʪʳʭ ʛʣʠʥʠʩʪʳʭ ʧʦʨʦʜ ʥʝ 

ʦʧʨʝʜʝʣʝʥʳ, ʦʩʦʙʝʥʥʦ ʚ ʫʩʣʦʚʠʷʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩ ʞʠʜʢʦʡ ʬʘʟʦʡ, ʥʘʩʳʱʝʥʥʦʡ ʧʨʦʜʫʢʪʘʤʠ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʠʥʬʠʣʴʪʨʘʮʠʦʥʥʦʡ ʚʦʜʳ ʩ ʙʝʪʦʥʦʤ. ɺʳʩʦʢʦʝ ʩʦʜʝʨʞʘʥʠʝ ʠʦʥʦʚ ʉʘ
2+

 ʠ 

ʛʠʜʨʘʪʠʨʦʚʘʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʘʣʶʤʠʥʠʷ ʚʢʫʧʝ ʩ ʨʅ > 7 ʧʨʠʚʝʜʝʪ ʢ ʩʥʠʞʝʥʠʶ ʩʦʨʙʮʠʦʥʥʦʡ 

ʩʧʦʩʦʙʥʦʩʪʠ ʛʣʠʥ, ʢ ʠʭ ʨʘʟʙʫʭʘʥʠʶ, ʢʦʣʴʤʘʪʘʮʠʠ ʠ ʢʦʥʝʯʥʳʤ ʦʙʨʘʟʦʤ ʢ ʩʥʠʞʝʥʠʶ 

ʬʠʣʴʪʨʫʶʱʝʡ ʩʧʦʩʦʙʥʦʩʪʠ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʫʨʦʚʝʥʴ ʠʥʬʠʣʴʪʨʘʮʠʦʥʥʦʡ ʚʦʜʳ ʧʦʚʳʩʠʪʩʷ, ʯʪʦ 

ʚʚʠʜʫ ʧʨʝʢʨʘʱʝʥʠʷ ʨʘʙʦʪʳ ʜʨʝʥʘʞʥʳʭ ʩʠʩʪʝʤ ʧʨʠ ʟʘʚʝʨʰʝʥʠʠ ʵʪʘʧʘ ʘʢʪʠʚʥʦʛʦ ʢʦʥʪʨʦʣʷ, 

ʚʳʟʦʚʝʪ ʵʬʬʝʢʪ ʧʝʨʝʧʦʣʥʝʥʥʦʛʦ ʙʣʶʜʮʘ ʠ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʝ ʧʦʩʪʫʧʣʝʥʠʝ ʟʘʛʨʷʟʥʝʥʥʦʛʦ 

ʠʥʬʠʣʴʪʨʘʮʠʦʥʥʦʛʦ ʧʦʪʦʢʘ ʚ ʟʦʥʫ ʘʵʨʘʮʠʠ ʤʠʥʫʷ ʥʠʞʥʠʡ ʛʣʠʥʷʥʳʡ ʩʣʦʡ. 

ʃʦʛʠʯʥʦ ʧʦʣʘʛʘʪʴ, ʯʪʦ ʥʠʞʥʠʡ ʵʢʨʘʥ ʥʝ ʙʫʜʝʪ ʠʩʧʳʪʳʚʘʪʴ ʟʘʤʝʪʥʳʭ ʠʟʤʝʥʝʥʠʡ ʥʘ 

ʧʝʨʠʦʜ ʩʫʱʝʩʪʚʦʚʘʥʠʷ ʭʨʘʥʠʣʠʱʘ, ʪʦʛʜʘ ʢʘʢ ʚʝʨʭʥʠʡ ʵʢʨʘʥ, ʥʘ ʢʦʪʦʨʳʡ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ 

ʚʦʟʜʝʡʩʪʚʫʶʪ ʬʘʢʪʦʨʳ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ, ʚ ʫʩʣʦʚʠʷʭ ʦʪʩʫʪʩʪʚʠʷ ʘʢʪʠʚʥʦʛʦ ʢʦʥʪʨʦʣʷ ʠʤʝʝʪ 

ʦʛʨʘʥʠʯʝʥʥʳʡ ʩʨʦʢ ʩʫʱʝʩʪʚʦʚʘʥʠʷ ʠ ʧʨʦʮʝʩʩ rʵʨʦʟʠʠ ʥʝʠʟʙʝʞʥʦ ʧʨʠʚʝʜʫʪ ʢ ʯʘʩʪʠʯʥʦʤʫ 

ʨʘʟʨʫʰʝʥʠʶ ʛʣʠʥʷʥʦʛʦ ʩʣʦʷ. 

ɺʩʝ ʚʳʰʝʧʝʨʝʯʠʩʣʝʥʥʦʝ ʫʢʘʟʳʚʘʝʪ ʥʘ ʦʪʩʫʪʩʪʚʠʝ ʧʦʣʥʦʛʦ ʦʙʲʝʤʘ ʜʦʩʪʦʚʝʨʥʳʭ 

ʜʘʥʥʳʭ ʦ ʩʚʦʡʩʪʚʘʭ ʜʘʥʥʦʛʦ ʠʥʞʝʥʝʨʥʦʛʦ ʙʘʨʴʝʨʘ, ʥʝʦʙʭʦʜʠʤʳʭ ʜʣʷ ʦʮʝʥʢʠ ʜʦʣʛʦʚʨʝʤʝʥʥʦʡ 

ʙʝʟʦʧʘʩʥʦʩʪʠ ʟʘʭʦʨʦʥʝʥʠʷ.    

ɾɽʃɽɿʆɹɽʊʆʅʅʓʁ ʂʆʅʊɽʁʅɽʈ (ʉɽʂʎʀʗ ʍʈɸʅʀʃʀʑɸ) 

ʉ ʮʝʣʴʶ ʵʬʬʝʢʪʠʚʥʦʛʦ ʩʦʙʣʶʜʝʥʠʷ ʪʨʝʙʦʚʘʥʠʡ ʙʝʟʦʧʘʩʥʦʩʪʠ ʧʨʠ ʟʘʭʦʨʦʥʝʥʠʠ ʥʠʟʢʦ- ʠ 

ʩʨʝʜʥʝʘʢʪʠʚʥʳʭ ʈɸʆ ʚ ʤʠʨʦʚʦʡ ʧʨʘʢʪʠʢʝ ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʫʶʪʩʷ ʞʝʣʝʟʦʙʝʪʦʥʥʳʝ 

ʢʦʥʪʝʡʥʝʨʳ ʠ/ʠʣʠ ʩʦʟʜʘʶʪʩʷ ʞʝʣʝʟʦʙʝʪʦʥʥʳʝ ʢʦʥʩʪʨʫʢʮʠʠ ʭʨʘʥʠʣʠʱ, ʢʦʪʦʨʳʝ 

ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʚ ʢʘʯʝʩʪʚʝ ʚʘʞʥʝʡʰʝʛʦ ʢʦʤʧʦʥʝʥʪʘ ʩʠʩʪʝʤʳ ʪʝʭʥʦʛʝʥʥʳʭ ʟʘʱʠʪʥʳʭ 

ʙʘʨʴʝʨʦʚ. ʆʥʠ ʚʳʧʦʣʥʷʶʪ ʜʚʝ ʦʩʥʦʚʥʳʝ ʬʫʥʢʮʠʠ: 

¶ ʦʙʝʩʧʝʯʝʥʠʝ ʜʦʣʛʦʚʨʝʤʝʥʥʦʡ ʬʠʟʠʯʝʩʢʦʡ ʩʦʭʨʘʥʥʦʩʪʠ ʝʤʢʦʩʪʠ ʜʣʷ ʠʟʦʣʷʮʠʠ 

ʩʦʜʝʨʞʠʤʦʛʦ ʦʪ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ; 



ɿʙ̔ʨʥʠʢ ʥʘʫʢʦʚʠʭ ʧʨʘʮʴ ɯʥʩʪʠʪʫʪʫ ʛʝʦʭʽʤʽʾ ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ 2016 ʚʠʧʫʩʢ 25 

 

Éʆʣʴʭʦʚʠʢ ʖ. ɸ. ʆɹ ʋʏɽʊɽ ʅɽʆʇʈɽɼɽʃɽʅʅʆʉʊʀ ʉɺʆʁʉʊɺ ʀʅɾɽʅɽʈʅʓʍ ɹɸʈʔɽʈʆɺ ʇʈʀ ʆʎɽʅʂɽ ɼʆʃɻʆɺʈɽʄɽʅʅʆʁ 
ɹɽɿʆʇɸʉʅʆʉʊʀ ʇʆɺɽʈʍʅʆʉʊʅʆɻʆ ɿɸʍʆʈʆʅɽʅʀʗ ʅɸ ʂʆʄʇʃɽʂʉɽ çɺɽʂʊʆʈè 

31 

¶ ʦʙʝʩʧʝʯʝʥʠʝ ʥʠʟʢʦʡ ʧʨʦʥʠʮʘʝʤʦʩʪʠ ʜʣʷ ʧʨʝʜʦʪʚʨʘʱʝʥʠʷ ʚʳʭʦʜʘ ʨʘʜʠʦʥʫʢʣʠʜʦʚ ʠʟ 
ʝʤʢʦʩʪʠ ʧʦ ʜʠʬʬʫʟʠʦʥʥʦʤʫ ʤʝʭʘʥʠʟʤʫ. 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʜʣʷ ʟʘʭʦʨʦʥʝʥʥʷ ʈɸʆ ʚ ʭʨʘʥʠʣʠʱʘʭ ʢʦʤʧʣʝʢʩʘ çɺʝʢʪʦʨè ʧʨʦʝʢʪʦʤ 

ʧʨʝʜʫʩʤʦʪʨʝʥʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʞʝʣʝʟʦʙʝʪʦʥʥʦʛʦ ʢʦʥʪʝʡʥʝʨʘ ʂʊɿ-3,0 (ʊʋ ʋ 13306137.006-

2000), ʜʣʷ ʢʦʪʦʨʦʛʦ ʦʧʨʝʜʝʣʝʥ ʩʨʦʢ ʵʢʩʧʣʫʘʪʘʮʠʠ 300 ʣʝʪ ʚ ʫʩʣʦʚʠʷʭ ʟʘʭʦʨʦʥʝʥʠʷ 

ʈʘʩʩʤʦʪʨʠʤ ʚʢʨʘʪʮʝ ʦʩʦʙʝʥʥʦʩʪʠ, ʧʨʠʩʫʱʠʝ ʩʠʩʪʝʤʝ çʊʈʆ-ʢʦʥʪʝʡʥʝʨè. ʊʘʢ, 

ʠʩʩʣʝʜʦʚʘʥʠʷʤʠ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʨʘʜʠʘʮʠʦʥʥʘʷ ʠ ʛʠʜʨʦʪʝʨʤʘʣʴʥʘʷ ʫʩʪʦʡʯʠʚʦʩʪʴ 

ʢʦʤʧʦʟʠʪʦʚ ʥʘ ʧʦʨʪʣʘʥʜʮʝʤʝʥʪʝ ʩʦʭʨʘʥʷʶʪʩʷ ʧʨʠ ʧʦʛʣʦʱʝʥʥʦʡ ʜʦʟʝ ɔ-ʠʟʣʫʯʝʥʠʷ 10
7
 ɻʨ [10], 

ʘ ʩʢʦʨʦʩʪʴ ʨʘʟʨʫʰʝʥʠʷ ʧʦʚʝʨʭʥʦʩʪʠ ʙʝʪʦʥʥʳʭ ʢʦʥʩʪʨʫʢʮʠʡ ʤʦʞʝʪ ʜʦʩʪʠʛʘʪʴ 10 ʩʤ ʟʘ 1000 

ʣʝʪ [11]. ʇʨʠ ʦʮʝʥʢʝ ʜʦʣʛʦʚʨʝʤʝʥʥʦʡ ʫʩʪʦʡʯʠʚʦʩʪʠ ʙʝʪʦʥʘ ʥʝʦʙʭʦʜʠʤʦ ʫʯʠʪʳʚʘʪʴ ʧʨʦʮʝʩʩʳ 

ʝʛʦ ʢʘʨʙʦʥʘʪʠʟʘʮʠʠ ʟʘ ʩʯʝʪ ʉʆ2, ʩʦʜʝʨʞʘʱʝʛʦʩʷ ʚ ʚʦʟʜʫʭʝ ʠʣʠ ʨʘʩʪʚʦʨʝʥʥʦʛʦ ʚ ʧʦʜʟʝʤʥʳʭ 

ʚʦʜʘʭ. ʈʘʩʪʚʦʨʠʤʦʩʪʴ CaCO3 ʥʘ ʜʚʘ ʧʦʨʷʜʢʘ ʤʝʥʴʰʝ ʨʘʩʪʚʦʨʠʤʦʩʪʠ Ca(OH)2, ʯʪʦ ʚʳʟʳʚʘʝʪ 

ʩʥʠʞʝʥʠʝ ʧʨʦʥʠʮʘʝʤʦʩʪʠ ʙʝʪʦʥʘ ʠ ʤʠʛʨʘʮʠʷ ʨʘʜʠʦʥʫʢʣʠʜʦʚ ʚʦʟʤʦʞʥʘ ʣʠʰʴ ʧʦ ʤʝʭʘʥʠʟʤʫ 

ʜʠʬʬʫʟʠʠ. ʀʟʤʝʨʝʥʥʳʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʢʦʵʬʬʠʮʠʝʥʪʳ ʜʠʬʬʫʟʠʠ D ʥʝʢʦʪʦʨʳʭ 

ʨʘʜʠʦʥʫʢʣʠʜʦʚ ʚ ʙʝʪʦʥʝ ʠʤʝʶʪ ʜʦʩʪʘʪʦʯʥʦ ʥʠʟʢʠʝ ʟʥʘʯʝʥʠʷ ʚ ʜʠʘʧʘʟʦʥʝ 10
-12

 ï 10
-14

 ʤ
2
/ʩ 

[12,13]. ʇʦ ʨʘʩʯʝʪʘʤ [14] ʧʨʠ D=10
-13

 ʤ
2
/ʩ ʥʫʢʣʠʜ 

137
Cs ʟʘ 300 ʣʝʪ ʥʝ ʚʳʡʜʝʪ ʟʘ ʩʪʝʥʢʫ 

ʢʦʥʪʝʡʥʝʨʘ ʪʦʣʱʠʥʦʡ 220 ʤʤ. 

ʆʜʥʘʢʦ ʚ ʨʝʘʣʴʥʦʩʪʠ ʠʟʚʝʩʪʥʳ ʩʠʪʫʘʮʠʠ ʩ ʙʳʩʪʨʳʤ ʧʨʦʥʠʢʥʦʚʝʥʠʝʤ ʨʘʜʠʦʥʫʢʣʠʜʦʚ 

ʩʢʚʦʟʴ ʪʦʣʱʫ ʞʝʣʝʟʦʙʝʪʦʥʘ. ɺ ʢʘʯʝʩʪʚʝ ʧʨʠʤʝʨʘ ʤʦʞʥʦ ʧʨʠʚʝʩʪʠ ʧʨʦʤʳʰʣʝʥʥʳʝ 

ʨʘʜʠʘʮʠʦʥʥʳʝ ʘʚʘʨʠʠ ʥʘ ʧʫʥʢʪʘʭ ʟʘʭʦʨʦʥʝʥʠʷ ʈɸʆ ʂʠʝʚʩʢʦʛʦ ʠ ʍʘʨʴʢʦʚʩʢʦʛʦ ɻʄʉʂ 

ʋʂʨɻʆ çʈʘʜʦʥè, ʛʜʝ ʦʪʤʝʯʝʥ ʠʥʪʝʥʩʠʚʥʳʡ ʚʳʥʦʩ ʪʨʠʪʠʷ ʠʟ ʞʝʣʝʟʦʙʝʪʦʥʥʳʭ ʭʨʘʥʠʣʠʱ [15] 

ʠ ʤʘʩʰʪʘʙʥʳʡ ʚʳʭʦʜ ʨʘʜʠʦʥʫʢʣʠʜʦʚ ʠʟ ʧʨʠʧʦʚʝʨʭʥʦʩʪʥʳʭ ʭʨʘʥʠʣʠʱ ʊʈʆ ʃʝʥʠʥʛʨʘʜʩʢʦʛʦ 

ʩʧʝʮʢʦʤʙʠʥʘʪʘ çʈʘʜʦʥè [16]. ʆʩʥʦʚʥʳʤʠ ʧʨʠʯʠʥʘʤʠ, ʧʨʠʚʝʜʰʠʤʠ ʢ ʚʳʭʦʜʫ ʨʘʜʠʦʥʫʢʣʠʜʦʚ 

ʠʟ ʭʨʘʥʠʣʠʱ ʠ ʟʘʛʨʷʟʥʝʥʠʶ ʛʨʫʥʪʦʚʳʭ ʚʦʜ ʥʘ ʧʨʦʤʧʣʦʱʘʜʢʝ, ʷʚʣʷʣʠʩʴ: 

¶ ʢʦʥʩʪʨʫʢʪʠʚʥʳʝ ʥʝʜʦʩʪʘʪʢʠ ʧʨʦʝʢʪʘ ʭʨʘʥʠʣʠʱ, ʥʝ ʠʩʢʣʶʯʘʶʱʠʝ ʧʦʧʘʜʘʥʠʝ ʠ 
ʥʘʢʦʧʣʝʥʠʝ ʚ ʥʠʭ ʘʪʤʦʩʬʝʨʥʳʭ ʦʩʘʜʢʦʚ; 

¶ ʥʝʢʘʯʝʩʪʚʝʥʥʦʝ ʚʳʧʦʣʥʝʥʠʝ ʛʠʜʨʦʠʟʦʣʷʮʠʠ ʧʝʨʝʢʨʳʪʠʡ ʭʨʘʥʠʣʠʱ; 

¶ ʧʦʜʪʦʧʣʝʥʠʝ ʦʩʥʦʚʘʥʠʷ ʭʨʘʥʠʣʠʱ ʚ ʨʝʟʫʣʴʪʘʪʝ ʚʳʩʦʢʦʛʦ ʩʝʟʦʥʥʦʛʦ ʫʨʦʚʥʷ ʛʨʫʥʪʦʚʳʭ 

ʚʦʜ; 

¶ ʬʠʟʠʯʝʩʢʦʝ ʩʪʘʨʝʥʠʝ ʦʩʥʦʚʥʳʭ ʢʦʥʩʪʨʫʢʮʠʡ ʭʨʘʥʠʣʠʱ ʊʈʆ. 
ʆʙ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʟʘʱʠʪʥʳʭ ʠʥʞʝʥʝʨʥʳʭ ʙʘʨʴʝʨʦʚ ʚ ʭʨʘʥʠʣʠʱʘʭ ʊʈʆ ʃʝʥʠʥʛʨʘʜʩʢʦʛʦ 

ʩʧʝʮʢʦʤʙʠʥʘʪʘ çʈʘʜʦʥè ʤʦʞʥʦ ʩʫʜʠʪʴ, ʩʦʧʦʩʪʘʚʣʷʷ ʫʨʦʚʥʠ ʘʢʪʠʚʥʦʩʪʠ ʨʘʩʪʚʦʨʦʚ ʚ 

ʭʨʘʥʠʣʠʱʘʭ ʠ ʚ ʚʦʜʝ ʥʘʙʣʶʜʘʪʝʣʴʥʳʭ ʩʢʚʘʞʠʥ (ʪʘʙʣ. 1). 

 

ʊʘʙʣʠʮʘ 1. ʉʦʧʦʩʪʘʚʣʝʥʠʝ ʦʙʲʝʤʥʳʭ ʘʢʪʠʚʥʦʩʪʝʡ ʨʘʩʪʚʦʨʦʚ ʭʨʘʥʠʣʠʱ ʠ ʛʨʫʥʪʦʚʳʭ ʚʦʜ, 

ʦʪʦʙʨʘʥʥʳʭ ʠʟ ʥʘʙʣʶʜʘʪʝʣʴʥʳʭ ʩʢʚʘʞʠʥ ʧʦ ʧʝʨʠʤʝʪʨʫ ʭʨʘʥʠʣʠʱ, ɹʢ/ʣ. 

ʧʘʨʘʤʝʪʨ 
3
H 

137
Cs 

90
Sr 

ʄʘʢʩʠʤʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ ʚ ʭʨʘʥʠʣʠʱʘʭ (1998-1999 ʛʛ.) 3,7e7 7,4e4 8,5e3 

ʉʨʝʜʥʠʝ ʟʥʘʯʝʥʠʷ ʚ ʭʨʘʥʠʣʠʱʘʭ (1998-1999 ʛʛ.) 8,1ʝ6 10,7ʝ3 2,15ʝ3 

ʄʘʢʩʠʤʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ ʚ ʩʢʚʘʞʠʥʘʭ (1990-1991 ʛʛ.) 3,7ʝ7 6,7ʝ2 4,4ʝ3 

ʄʘʢʩʠʤʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ ʚ ʩʢʚʘʞʠʥʘʭ (1998-1999 ʛʛ.) 18,5ʝ6 88,8 9,3ʝ2 

 

ʆʪʯʝʪʣʠʚʦ ʟʘʤʝʪʥʦ, ʯʪʦ ʜʣʷ ʤʠʛʨʘʮʠʦʥʥʦ ʩʧʦʩʦʙʥʳʭ ʨʘʜʠʦʥʫʢʣʠʜʦʚ 
3
H ʠ 

90
Sr ʙʝʪʦʥʥʳʝ 

ʧʦʚʝʨʭʥʦʩʪʥʳʝ ʭʨʘʥʠʣʠʱʘ ʥʝ ʚʳʧʦʣʥʷʶʪ ʟʘʱʠʪʥʳʝ ʬʫʥʢʮʠʠ ʚ ʧʦʣʥʦʡ ʤʝʨʝ. 

ʅʦʚʦʦʙʨʘʟʦʚʘʥʥʳʝ ʤʠʥʝʨʘʣʳ ʩ ʚʳʩʦʢʠʤ ʩʦʜʝʨʞʘʥʠʝʤ ʫʨʘʥʘ ʠ ʨʘʜʠʦʠʟʦʪʦʧʦʚ ʮʝʟʠʷ 

ʙʳʣʠ ʦʙʥʘʨʫʞʝʥʳ ʚ ʧʦʤʝʱʝʥʠʷʭ ʦʙʲʝʢʪʘ çʋʢʨʳʪʠʝè ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʙʝʪʦʥʘ, ʢʦʪʦʨʳʤ ʙʳʣʠ 

ʧʝʨʝʢʨʳʪʳ ʥʝʢʦʪʦʨʳʝ ʪʦʧʣʠʚʦʩʦʜʝʨʞʘʱʠʝ ʤʘʩʩʳ [17]. ʇʨʠ ʧʨʦʚʝʜʝʥʠʠ ʜʝʟʘʢʪʠʚʘʮʠʦʥʥʳʭ 

ʨʘʙʦʪ ʥʘ 3 ʵʥʝʨʛʦʙʣʦʢʝ ʏɸʕʉ ʦʪʤʝʯʝʥʦ, ʯʪʦ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʚʣʘʛʠ ʨʘʜʠʦʥʫʢʣʠʜʳ ʤʦʛʫʪ 

ʧʨʦʥʠʢʘʪʴ ʚ ʙʝʪʦʥ ʥʘ ʛʣʫʙʠʥʫ ʥʝʩʢʦʣʴʢʠʭ ʩʘʥʪʠʤʝʪʨʦʚ ʚʩʝʛʦ ʟʘ ʥʝʩʢʦʣʴʢʦ ʩʫʪʦʢ [18]. 

ɺʠʜʠʤʦ, ʙʳʩʪʨʘʷ ʤʠʛʨʘʮʠʷ ʨʘʜʠʦʥʫʢʣʠʜʦʚ ʯʝʨʝʟ ʪʦʣʱʫ ʙʝʪʦʥʘ ʦʙʫʩʣʦʚʣʝʥʘ ʥʘʣʠʯʠʝʤ ʚ 



ɿʙ̔ʨʥʠʢ ʥʘʫʢʦʚʠʭ ʧʨʘʮʴ ɯʥʩʪʠʪʫʪʫ ʛʝʦʭʽʤʽʾ ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ 2016 ʚʠʧʫʩʢ 25 

 

Éʆʣʴʭʦʚʠʢ ʖ. ɸ. ʆɹ ʋʏɽʊɽ ʅɽʆʇʈɽɼɽʃɽʅʅʆʉʊʀ ʉɺʆʁʉʊɺ ʀʅɾɽʅɽʈʅʓʍ ɹɸʈʔɽʈʆɺ ʇʈʀ ʆʎɽʅʂɽ ɼʆʃɻʆɺʈɽʄɽʅʅʆʁ 
ɹɽɿʆʇɸʉʅʆʉʊʀ ʇʆɺɽʈʍʅʆʉʊʅʆɻʆ ɿɸʍʆʈʆʅɽʅʀʗ ʅɸ ʂʆʄʇʃɽʂʉɽ çɺɽʂʊʆʈè 

32 

ʧʦʩʣʝʜʥʝʤ ʤʠʢʨʦʢʘʧʠʣʣʷʨʦʚ, ʤʠʢʨʦʪʨʝʱʠʥ, ʧʦʨʠʩʪʦʩʪʠ
3
 ʠ ʪ.ʜ. ʇʦʵʪʦʤʫ ʜʝʣʘʪʴ ʟʘʢʣʶʯʝʥʠʷ ʦ 

ʟʘʱʠʪʥʳʭ ʩʚʦʡʩʪʚʘʭ ʙʝʪʦʥʘ, ʦʩʥʦʚʳʚʘʷʩʴ ʣʠʰʴ ʥʘ ʜʠʬʬʫʟʠʦʥʥʦʤ ʤʝʭʘʥʠʟʤʝ, ʥʝʧʨʘʚʦʤʝʨʥʦ.  

ʂʘʢ ʚʩʝ ʪʝʭʥʦʛʝʥʥʳʝ ʠʟʜʝʣʠʷ ʩʦ ʚʨʝʤʝʥʝʤ ʢʦʥʪʝʡʥʝʨ ʜʝʛʨʘʜʠʨʫʝʪ. ʄʝʭʘʥʠʟʤ ʵʪʦʡ 

ʜʝʛʨʘʜʘʮʠʠ ʜʦʩʪʘʪʦʯʥʦ ʩʣʦʞʥʳʡ ʠ ʥʝʜʦʩʪʘʪʦʯʥʦ ʠʟʫʯʝʥ. ʉʣʝʜʫʝʪ ʧʦʜʯʝʨʢʥʫʪʴ, ʯʪʦ 

ʜʝʛʨʘʜʘʮʠʷ ʟʘʱʠʪʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʢʦʥʪʝʡʥʝʨʘ ʚʦ ʤʥʦʛʦʤ ʟʘʚʠʩʠʪ ʦʪ ʢʘʯʝʩʪʚʘ ʝʛʦ 

ʠʟʛʦʪʦʚʣʝʥʠʷ, ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʦʛʦ ʦʙʩʣʫʞʠʚʘʥʠʷ (ʯʝʣʦʚʝʯʝʩʢʠʡ ʬʘʢʪʦʨ) ʠ ʢʦʤʙʠʥʠʨʦʚʘʥʥʦʛʦ 

ʚʦʟʜʝʡʩʪʚʠʷ ʬʘʢʪʦʨʦʚ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ, ʘ ʪʘʢʞʝ ʦʪ ʬʘʢʪʦʨʦʚ, ʦʙʫʩʣʦʚʣʝʥʥʳʭ 

ʨʘʜʠʘʮʠʦʥʥʳʤ ʠʟʣʫʯʝʥʠʝʤ ʨʘʟʤʝʱʝʥʥʳʭ ʚ ʢʦʥʪʝʡʥʝʨʝ ʨʘʜʠʦʘʢʪʠʚʥʳʭ ʦʪʭʦʜʦʚ. ʅʝʢʦʪʦʨʳʝ 

ʩʮʝʥʘʨʠʠ ʜʝʛʨʘʜʘʮʠʠ ʙʝʪʦʥʥʳʭ ʢʦʥʩʪʨʫʢʮʠʡ, ʠʩʧʦʣʴʟʫʝʤʳʭ ʚ ʢʘʯʝʩʪʚʝ ʟʘʱʠʪʥʳʭ ʙʘʨʴʝʨʦʚ ʚ 

ʷʜʝʨʥʦʡ ʵʥʝʨʛʝʪʠʢʝ, ʨʘʩʩʤʦʪʨʝʥʳ ʚ ʧʫʙʣʠʢʘʮʠʷʭ [19-21]. 

ʌʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʡ ʩʦʩʪʘʚ ʙʝʪʦʥʘ ʫʞʝ ʩʘʤ ʧʦ ʩʝʙʝ çʧʨʦʚʦʮʠʨʫʝʪ ʢʦʥʬʣʠʢʪè, 

ʨʝʟʫʣʴʪʘʪʦʤ ʢʦʪʦʨʦʛʦ ʷʚʣʷʝʪʩʷ ʦʙʨʘʟʦʚʘʥʠʝ ʙʦʣʴʰʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʣʦʢʘʣʴʥʳʭ ʩʢʨʳʪʳʭ ʠ 

ʷʚʥʠʭ ʮʝʥʪʨʦʚ ʨʘʟʨʫʰʝʥʠʷ ʧʦ ʚʩʝʤʫ ʦʙʲʝʤʫ ʙʝʪʦʥʥʦʛʦ ʠʟʜʝʣʠʷ. ʕʪʠ ʮʝʥʪʨʳ ʠʟ-ʟʘ ʧʨʦʪʝʢʘʥʠʷ 

ʬʠʟʠʯʝʩʢʠʭ ʠ/ʠʣʠ ʭʠʤʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ, ʚ ʢʦʥʝʯʥʦʤ ʩʯʝʪʝ, ʧʨʠʚʦʜʷʪ ʢ ʤʘʢʨʦʨʘʟʨʫʰʝʥʠʷʤ. 

ʅʘʣʠʯʠʝ ʤʝʪʘʣʣʘ ʚ ʙʝʪʦʥʝ (ʤʝʪʘʣʣʠʯʝʩʢʠʡ ʩʢʨʘʧ, ʨʘʟʣʠʯʥʳʝ ʢʦʥʩʪʨʫʢʮʠʠ ʠ ʜʨ.) ʣʠʰʴ 

ʫʚʝʣʠʯʠʚʘʝʪ ʯʠʩʣʦ ʧʝʨʚʠʯʥʳʭ ʩʢʨʳʪʳʭ ʮʝʥʪʨʦʚ ʨʘʟʨʫʰʝʥʠʷ ʞʝʣʝʟʦʙʝʪʦʥʥʦʛʦ ʠʟʜʝʣʠʷ, 

ʥʘʧʨʠʤʝʨ ʟʘ ʩʯʝʪ ʨʘʟʥʠʮʳ ʚ ʢʦʵʬʬʠʮʠʝʥʪʘʭ ʪʝʧʣʦʚʦʛʦ ʨʘʩʰʠʨʝʥʠʷ ʤʝʪʘʣʣʘ ʠ ʙʝʪʦʥʘ [19]. 

ʇʨʠʨʦʜʘ ʧʝʨʚʠʯʥʳʭ ʩʢʨʳʪʳʭ ʮʝʥʪʨʦʚ ʨʘʟʨʫʰʝʥʠʷ ʙʝʪʦʥʥʳʭ ʠ ʞʝʣʝʟʦʙʝʪʦʥʥʳʭ 

ʠʟʜʝʣʠʡ ʠ ʩʦʦʨʫʞʝʥʠʡ, ʘ ʪʘʢʞʝ ʢʠʥʝʪʠʢʘ ʠʭ ʜʘʣʴʥʝʡʰʝʛʦ ʨʘʟʚʠʪʠʷ (ʧʨʝʚʨʘʱʝʥʠʝ ʦʜʥʠʭ 

ʮʝʥʪʨʦʚ ʚ ʜʨʫʛʠʝ) ʠʟʫʯʝʥʳ ʥʝʜʦʩʪʘʪʦʯʥʦ. ʆʜʥʠʤ ʠʟ ʠʟʚʝʩʪʥʳʭ ʤʝʭʘʥʠʟʤʦʚ ʨʘʟʨʫʰʝʥʠʷ 

ʙʝʪʦʥʘ ʷʚʣʷʝʪʩʷ ʚʳʱʝʣʘʯʠʚʘʥʠʝ ð ʨʘʩʪʚʦʨʝʥʠʝ ʠ ʚʳʤʳʚʘʥʠʝ ʢʦʤʧʦʥʝʥʪʦʚ ʙʝʪʦʥʘ ʚʦʜʘʤʠ 

ʤʘʣʦʡ ʞʝʩʪʢʦʩʪʠ ʪʘʢʦʡ ʝʛʦ ʩʦʩʪʘʚʥʦʡ ʯʘʩʪʠ, ʢʘʢ ʉʘ(ʆʅ)2, ʯʪʦ ʚ ʢʦʥʝʯʥʦʤ ʠʪʦʛʝ ʧʨʠʚʦʜʠʪ ʢ 

ʫʚʝʣʠʯʝʥʠʶ ʧʦʨʠʩʪʦʩʪʠ ʙʝʪʦʥʘ ʠ ʩʥʠʞʝʥʠʶ ʧʨʦʯʥʦʩʪʠ ʢʦʥʝʯʥʦʛʦ ʠʟʜʝʣʠʷ. ʇʦʜ ʚʣʠʷʥʠʝʤ 

ʚʦʜʳ, ʩʦʜʝʨʞʘʱʝʡ ʩʚʦʙʦʜʥʳʡ ʜʠʦʢʩʠʜ ʫʛʣʝʨʦʜʘ, ʦʙʨʘʟʫʝʪʩʷ ʚʦʜʦʨʘʩʪʚʦʨʠʤʳʡ 

ʛʠʜʨʦʢʘʨʙʦʥʘʪ ʢʘʣʴʮʠʷ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʧʦʚʝʨʭʥʦʩʪʥʦʤʫ ʨʘʟʨʫʰʝʥʠʶ ʙʝʪʦʥʥʦʛʦ ʠʟʜʝʣʠʷ   

CaCO3 + (ʉO2+H2O) = Ca(HCO3)2 

ʋ ʞʝʣʝʟʦʙʝʪʦʥʥʳʭ ʟʘʱʠʪʥʳʭ ʠʟʜʝʣʠʡ, ʠʟʛʦʪʘʚʣʠʚʘʝʤʳʭ ʧʨʠ ʩʪʨʦʠʪʝʣʴʩʪʚʝ ʭʨʘʥʠʣʠʱ 

ʈɸʆ, ʩʪʝʥʢʠ, ʜʥʦ (ʠ ʢʨʳʰʢʘ ï ʜʣʷ ʢʦʥʪʝʡʥʝʨʦʚ) ʘʨʤʠʨʦʚʘʥʳ ʩʪʘʣʴʥʦʡ ʢʦʥʩʪʨʫʢʮʠʝʡ, 

ʢʦʪʦʨʘʷ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʩʚʘʨʥʫʶ ʩʪʘʣʴʥʫʶ ʩʠʩʪʝʤʫ. ʇʨʦʮʝʩʩ ʩʚʘʨʢʠ ʧʨʠʚʦʜʠʪ ʢ  

ʠʟʤʝʥʝʥʠʶ ʩʪʨʫʢʪʫʨʳ ʤʝʪʘʣʣʘ ʚ ʤʝʩʪʝ ʩʚʘʨʢʠ ʠ ʢ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤ ʥʘʧʨʷʞʝʥʠʷʤ. ʄʦʞʥʦ 

ʧʨʝʜʧʦʣʦʞʠʪʴ, ʯʪʦ ʤʝʩʪʘ ʩʚʘʨʢʠ ʘʨʤʘʪʫʨʳ ʠʟʥʘʯʘʣʴʥʦ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʧʝʨʚʠʯʥʳʝ 

ʮʝʥʪʨʳ ʧʦʪʝʥʮʠʘʣʴʥʦʛʦ ʨʘʟʨʫʰʝʥʠʷ ʢʦʥʪʝʡʥʝʨʘ (ʩʢʨʳʪʳʝ ʮʝʥʪʨʳ ʨʘʟʨʫʰʝʥʠʷ). ʀʤʝʥʥʦ ʵʪʠ 

ʣʦʢʘʣʴʥʳʝ ʚʪʦʨʠʯʥʳʝ ʮʝʥʪʨʳ ʩʘʤʠ ʧʦ ʩʝʙʝ ʠʣʠ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʠʟʣʫʯʝʥʠʷ ʨʘʜʠʦʥʫʢʣʠʜʦʚ 

ʈɸʆ ʤʦʛʫʪ ʩʪʘʪʴ ʨʝʘʣʴʥʳʤʠ ʠʩʪʦʯʥʠʢʘʤʠ ʨʘʟʨʫʰʝʥʠʷ ʢʦʥʪʝʡʥʝʨʘ. ɸʚʪʦʨʳ [18] ʫʢʘʟʳʚʘʶʪ, 

ʯʪʦ ʫʢʘʟʘʥʥʳʝ ʮʝʥʪʨʳ ʧʦʪʝʥʮʠʘʣʴʥʦʛʦ ʨʘʟʨʫʰʝʥʠʷ ʢʦʥʪʝʡʥʝʨʘ ʨʘʩʩʨʝʜʦʪʦʯʝʥʳ ʨʘʚʥʦʤʝʨʥʦ 

ʧʦ ʚʩʝʡ ʪʦʣʱʠʥʝ ʝʛʦ ʩʪʝʥʦʢ, ʜʥʘ ʠ ʢʨʳʰʢʠ ʠ ʨʘʩʧʦʣʦʞʝʥʳ ʚʙʣʠʟʠ ʚʥʝʰʥʝʡ ʠ ʚʥʫʪʨʝʥʥʝʡ 

ʧʦʚʝʨʭʥʦʩʪʠ ʢʦʥʪʝʡʥʝʨʘ ʥʘ ʛʣʫʙʠʥʝ ʜʦ 3 ʩʤ. ʋʯʠʪʳʚʘʷ ʪʦ, ʯʪʦ, ʜʘʞʝ ʥʘʭʦʜʷʩʴ ʚ ʭʨʘʥʠʣʠʱʝ, 

ʚʥʝʰʥʷʷ ʩʪʦʨʦʥʘ ʢʦʥʪʝʡʥʝʨʘ, ʢʘʢ ʠ ʚʝʩʴ ʢʦʥʪʝʡʥʝʨ, ʧʦʜʚʝʨʞʝʥʘ ʚʣʠʷʥʠʶ ʬʘʢʪʦʨʦʚ 

ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ (ʩʝʟʦʥʥʳʝ ʢʦʣʝʙʘʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ ʠ ʪ.ʜ.), ʘ ʚʥʫʪʨʝʥʥʷʷ ï ʝʱʝ ʠ ʦʙʣʫʯʝ-

ʥʠʶ ʨʘʜʠʦʥʫʢʣʠʜʘʤʠ ʈɸʆ, ʢʦʥʪʝʡʥʝʨ ʥʘʯʠʥʘʝʪ ʨʘʟʨʫʰʘʪʴʩʷ ʪʦʯʝʯʥʦ ʧʦ ʚʩʝʤʫ ʦʙʲʝʤʫ ʠ ʩ 

ʦʙʝʠʭ ʩʪʦʨʦʥ (ʚʥʝʰʥʝʡ ʠ ʚʥʫʪʨʝʥʥʝʡ) ʧʦ ʚʩʪʨʝʯʥʦʤʫ ʥʘʧʨʘʚʣʝʥʠʶ. 

ɽʱʝ ʦʜʥʠʤ ʥʝʛʘʪʠʚʥʳʤ ʬʘʢʪʦʨʦʤ, ʚʣʠʷʥʠʝ ʢʦʪʦʨʦʛʦ ʩʣʦʞʥʦ ʫʯʝʩʪʴ, ʷʚʣʷʝʪʩʷ ʟʘʣʠʚʢʘ 

ʤʝʪʘʣʣʠʯʝʩʢʦʡ ʘʨʤʘʪʫʨʳ ʢʨʫʧʥʦʛʘʙʘʨʠʪʥʦʛʦ ʞʝʣʝʟʦʙʝʪʦʥʥʦʛʦ ʠʟʜʝʣʠʷ (ʧʣʠʪʘ ʦʩʥʦʚʘʥʠʷ, 

ʩʪʝʥʳ ʭʨʘʥʠʣʠʱ ʪʠʧʘ ʊʈʆ-2, ʉʆʇʍʊʈʆ) ʙʝʪʦʥʦʤ. ʇʨʦʮʝʩʩ ʟʘʣʠʚʢʠ ʧʨʦʠʩʭʦʜʠʪ ʥʝ 

ʦʜʥʦʤʦʤʝʥʪʥʦ, ʘ ʚ ʪʝʯʝʥʠʝ ʥʝʢʦʪʦʨʦʛʦ ʚʨʝʤʝʥʠ (ʠʩʯʠʩʣʷʝʤʦʛʦ ʚ ʜʥʷʭ). ʇʨʠ ʵʪʦʤ ʚ 

ʨʘʟʣʠʯʥʳʭ ʫʯʘʩʪʢʘʭ ʧʣʠʪʳ ʢʘʢ ʧʦ ʪʦʣʱʠʥʝ, ʪʘʢ ʠ ʧʦ ʧʣʦʱʘʜʠ, ʙʝʪʦʥ ʟʘʩʪʳʚʘʝʪ ʠ 

ʧʨʝʚʨʘʱʘʝʪʩʷ ʚ ʙʝʪʦʥʥʳʡ ʢʘʤʝʥʴ ʚ ʨʘʟʥʦʝ ʚʨʝʤʷ, ʦʙʨʘʟʫʷ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʛʨʘʥʠʮʳ 

                                                 
3
 ɿʘʪʚʝʨʜʝʚʰʠʡ ʙʝʪʦʥ ð ʧʦʨʠʩʪʳʡ ʤʘʪʝʨʠʘʣ. ʇʦʨʳ ʦʙʨʘʟʫʝʪ ʚʦʜʘ, ʥʝ ʚʩʪʫʧʠʚʰʘʷ ʚ ʛʠʜʨʘʪʘʮʠʶ ʩ ʮʝʤʝʥʪʦʤ. 

 ɼʦʧʦʣʥʠʪʝʣʴʥʘʷ ʧʦʨʠʩʪʦʩʪʴ ʚ ʙʝʪʦʥʝ ʩʦʟʜʘʝʪʩʷ ʚʩʣʝʜʩʪʚʠʝ ʚʦʟʜʫʭʦʚʦʚʣʝʯʝʥʠʷ ʧʨʠ ʧʨʠʛʦʪʦʚʣʝʥʠʠ ʙʝʪʦʥʥʦʡ 

ʩʤʝʩʠ ʠ ʧʨʠ ʥʘʨʫʰʝʥʠʠ ʩʧʣʦʰʥʦʩʪʠ ʥʘ ʛʨʘʥʠʮʝ ʨʘʟʜʝʣʘ ʤʝʞʜʫ ʮʝʤʝʥʪʥʳʤ ʢʘʤʥʝʤ ʠ ʟʘʧʦʣʥʠʪʝʣʷʤʠ. 



ɿʙ̔ʨʥʠʢ ʥʘʫʢʦʚʠʭ ʧʨʘʮʴ ɯʥʩʪʠʪʫʪʫ ʛʝʦʭʽʤʽʾ ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ 2016 ʚʠʧʫʩʢ 25 

 

Éʆʣʴʭʦʚʠʢ ʖ. ɸ. ʆɹ ʋʏɽʊɽ ʅɽʆʇʈɽɼɽʃɽʅʅʆʉʊʀ ʉɺʆʁʉʊɺ ʀʅɾɽʅɽʈʅʓʍ ɹɸʈʔɽʈʆɺ ʇʈʀ ʆʎɽʅʂɽ ɼʆʃɻʆɺʈɽʄɽʅʅʆʁ 
ɹɽɿʆʇɸʉʅʆʉʊʀ ʇʆɺɽʈʍʅʆʉʊʅʆɻʆ ɿɸʍʆʈʆʅɽʅʀʗ ʅɸ ʂʆʄʇʃɽʂʉɽ çɺɽʂʊʆʈè 

33 

ʨʘʟʜʝʣʦʚ ʤʝʞʜʫ ʦʙʣʘʩʪʷʤʠ ʩ ʨʘʟʣʠʯʥʦʡ ʧʣʦʪʥʦʩʪʴʶ ʙʝʪʦʥʘ. ʄʦʞʥʦ ʫʪʚʝʨʞʜʘʪʴ, ʯʪʦ ʵʪʠ 

ʛʨʘʥʠʮʳ ʷʚʣʷʶʪʩʷ ʧʦʪʝʥʮʠʘʣʴʥʳʤʠ ʠʩʪʦʯʥʠʢʘʤʠ ʨʘʟʨʫʰʝʥʠʷ ʜʘʥʥʦʡ ʧʣʠʪʳ [19]. ʏʝʤ 

ʙʦʣʴʰʝ ʪʦʣʱʠʥʘ ʠ ʧʣʦʱʘʜʴ ʪʘʢʦʡ ʧʣʠʪʳ, ʪʝʤ ʧʨʦʮʝʩʩʳ ʨʘʟʨʫʰʝʥʠʷ ʙʦʣʝʝ ʚʝʨʦʷʪʥʳ ʠ 

ʩʢʦʨʦʩʪʴ ʠʭ ʚʳʰʝ.  

ɼʦʧʦʣʥʠʪʝʣʴʥʳʤ ʬʘʢʪʦʨʦʤ, ʩʧʦʩʦʙʩʪʚʫʶʱʠʤ ʜʝʩʪʨʫʢʮʠʠ ʞʝʣʝʟʦʙʝʪʦʥʥʳʭ 

ʢʦʥʩʪʨʫʢʮʠʡ ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʭʨʘʥʠʣʠʱ, ʷʚʣʷʝʪʩʷ ʥʘʣʠʯʠʝ ʥʘ ʧʣʦʱʘʜʢʝ ʪʘʢ ʥʘʟʳʚʘʝʤʳʭ 

ʘʥʦʤʘʣʴʥʳʭ ʟʦʥ ï ʟʘʧʘʜʠʥ, ʚ ʢʦʪʦʨʳʭ ʧʦʚʳʰʝʥʥʘʷ ʩʢʦʨʦʩʪʴ ʚʝʨʪʠʢʘʣʴʥʦʡ ʤʠʛʨʘʮʠʠ 

ʦʙʫʩʣʦʚʣʝʥʘ ʦʩʣʘʙʣʝʥʠʝʤ ʠʥʞʝʥʝʨʥʦ-ʛʝʦʣʦʛʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʧʦʨʦʜ. ʄʦʞʥʦ ʧʨʝʜʧʦʣʦʞʠʪʴ, 

ʯʪʦ ʥʘʣʠʯʠʝ ʪʘʢʦʡ ʣʦʢʘʣʴʥʦʡ ʟʘʧʘʜʠʥʳ ʥʘ ʧʣʦʱʘʜʢʝ ʢʦʤʧʣʝʢʩʘ çɺʝʢʪʦʨè ʚʳʟʚʘʣʦ 

ʧʨʦʩʝʜʘʥʠʝ ʧʣʠʪʳ ʦʩʥʦʚʘʥʠʷ ʭʨʘʥʠʣʠʱʘ ʃʦʪ 3 ʠ ʢʘʢ ʩʣʝʜʩʪʚʠʝ ï ʚʦʟʥʠʢʥʦʚʝʥʠʝ ʪʨʝʱʠʥ ʚ 

ʩʪʝʥʘʭ ʦʪʜʝʣʴʥʳʭ ʦʪʩʝʢʦʚ (ʫʩʪʥʦʝ ʩʦʦʙʱʝʥʠʝ ɺ.ʄ. ʐʝʩʪʦʧʘʣʦʚʘ, ʈʇʎ ʀɻʅ ʅɸʅ ʋʢʨʘʠʥʳ). 

ʇʨʠʚʝʜʝʥʥʳʤʠ ʧʨʠʤʝʨʘʤʠ ʜʘʣʝʢʦ ʥʝ ʠʩʯʝʨʧʳʚʘʶʪʩʷ ʚʦʟʤʦʞʥʳʝ ʧʨʠʯʠʥʳ ʠ 

ʤʝʭʘʥʠʟʤʳ ʜʝʛʨʘʜʘʮʠʠ ʟʘʱʠʪʥʳʭ ʞʝʣʝʟʦʙʝʪʦʥʥʳʭ ʙʘʨʴʝʨʦʚ, ʧʨʠʤʝʥʷʝʤʳʭ ʜʣʷ 

ʧʨʝʜʦʪʚʨʘʱʝʥʠʷ ʧʦʪʝʥʮʠʘʣʴʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʨʘʜʠʦʘʢʪʠʚʥʳʭ ʦʪʭʦʜʦʚ ʧʨʠ ʧʦʚʝʨʭʥʦʩʪʥʦʤ 

ʟʘʭʦʨʦʥʝʥʠʠ. ʉ ʫʯʝʪʦʤ ʫʢʘʟʘʥʥʳʭ ʚʳʰʝ ʥʝʦʧʨʝʜʝʣʝʥʥʦʩʪʝʡ ʧʦʚʝʜʝʥʠʝ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʡ 

ʩʠʩʪʝʤʳ çʢʦʥʪʝʡʥʝʨ + ʈɸʆè ʚ ʪʝʯʝʥʠʝ ʜʣʠʪʝʣʴʥʦʛʦ ʩʨʦʢʘ ʝʝ ʵʢʩʧʣʫʘʪʘʮʠʠ (ʙʦʣʝʝ 300 ʣʝʪ) 

ʩʣʦʞʥʦ ʧʨʦʛʥʦʟʠʨʦʚʘʪʴ.  

ɺʨʝʤʝʥʥʳʝ ʨʘʤʢʠ ʫʧʨʦʱʝʥʥʦʛʦ ʠʪʝʨʘʢʪʠʚʥʦʛʦ ʧʦʜʭʦʜʘ 

ɹʝʟʫʩʣʦʚʥʦ, ʜʦʩʪʦʚʝʨʥʦʩʪʴ ʨʝʟʫʣʴʪʘʪʦʚ ʦʮʝʥʢʠ ʙʝʟʦʧʘʩʥʦʩʪʠ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʟʘʚʠʩʠʪ 

ʦʪ ʢʘʯʝʩʪʚʘ ʜʘʥʥʳʭ, ʧʨʠʤʝʥʷʝʤʳʭ ʤʝʪʦʜʘʭ ʠ ʠʩʧʦʣʴʟʫʝʤʳʭ ʤʦʜʝʣʝʡ. ɼʣʷ ʢʦʣʠʯʝʩʪʚʝʥʥʳʭ 

ʦʮʝʥʦʢ ʪʨʝʙʫʝʪʩʷ ʧʨʠʤʝʥʝʥʠʝ ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʤʦʜʝʣʝʡ ʠ ʟʥʘʥʠʝ ʚʝʣʠʯʠʥʳ ʧʘʨʘʤʝʪʨʦʚ ʵʪʠʭ 

ʤʦʜʝʣʝʡ. ʈʘʩʩʤʦʪʨʝʥʠʝ ʜʦʩʪʫʧʥʳʭ ʥʘ ʪʝʢʫʱʝʝ ʚʨʝʤʷ ʜʘʥʥʳʭ ʧʦ ʩʚʦʡʩʪʚʘʤ ʦʩʥʦʚʥʳʭ 

ʢʦʤʧʦʥʝʥʪʦʚ ʩʠʩʪʝʤʳ ʠʥʞʝʥʝʨʥʳʭ ʙʘʨʴʝʨʦʚ ʥʘ ʧʣʦʱʘʜʢʝ ʢʦʤʧʣʝʢʩʘ çɺʝʢʪʦʨè  

ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʚ ʧʦʣʴʟʫ ʚʳʚʦʜʘ ʦ ʷʚʥʦʡ ʥʝʜʦʩʪʘʪʦʯʥʦʩʪʠ ʜʦʩʪʦʚʝʨʥʦʡ ʠʥʬʦʨʤʘʮʠʠ, 

ʧʦʟʚʦʣʷʶʱʝʡ ʦʙʲʝʢʪʠʚʥʦ ʦʙʦʩʥʦʚʘʪʴ ʩʧʦʩʦʙʥʦʩʪʴ ʠʥʞʝʥʝʨʥʳʭ ʙʘʨʴʝʨʦʚ ʦʙʝʩʧʝʯʠʪʴ 

ʜʦʣʛʦʚʨʝʤʝʥʥʫʶ ʠʟʦʣʷʮʠʶ (ʥʘ ʧʝʨʠʦʜ ʜʦ 600 ʣʝʪ ʠ ʙʦʣʝʝ) ʨʘʜʠʦʘʢʪʠʚʥʳʭ ʦʪʭʦʜʦʚ ʚ 

ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʭʨʘʥʠʣʠʱʘʭ.  

ʀʩʭʦʜʷ ʠʟ ʤʝʪʦʜʦʣʦʛʠʠ ʠʪʝʨʘʢʪʠʚʥʦʛʦ ʧʦʜʭʦʜʘ, ʧʨʠ ʦʮʝʥʢʝ ʙʝʟʦʧʘʩʥʦʩʪʠ  

ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʟʘʭʦʨʦʥʝʥʠʷ ʥʘ ʧʣʦʱʘʜʢʝ çɺʝʢʪʦʨè ʧʨʝʜʣʘʛʘʝʪʩʷ ʦʧʨʝʜʝʣʠʪʴ ʥʝʢʦʪʦʨʳʡ 

ʬʠʢʩʠʨʦʚʘʥʥʳʡ ʦʪʨʝʟʦʢ ʚʨʝʤʝʥʠ, ʥʘ ʧʨʦʪʷʞʝʥʠʠ ʢʦʪʦʨʦʛʦ ʤʦʞʥʦ ʩ ʜʦʩʪʘʪʦʯʥʦʡ 

ʫʚʝʨʝʥʥʦʩʪʴʶ ʧʨʦʛʥʦʟʠʨʦʚʘʪʴ ʵʬʬʝʢʪʠʚʥʦʝ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʝ ʚʩʝʡ ʩʠʩʪʝʤʳ ʠʥʞʝʥʝʨʥʳʭ 

ʙʘʨʴʝʨʦʚ. ʆʮʝʥʢʘ ʜʣʠʪʝʣʴʥʦʩʪʠ ʵʪʦʛʦ ʧʝʨʠʦʜʘ ʙʘʟʠʨʫʝʪʩʷ ʥʘ ʧʨʝʜʩʪʘʚʣʝʥʠʠ ʦʙ ʵʪʘʧʥʦʩʪʠ 

ʵʢʩʧʣʫʘʪʘʮʠʠ ʭʨʘʥʠʣʠʱ ʜʣʷ ʟʘʭʦʨʦʥʝʥʠʷ ʈɸʆ ʢʦʤʧʣʝʢʩʘ çɺʝʢʪʦʨè, ʢʦʪʦʨʦʝ ʠʟʣʦʞʝʥʦ ʚ 

ʜʦʢʫʤʝʥʪʝ çʂʝʨʽʚʥʠʮʪʚʦ ʟ ʦʮʽʥʢʠ ʟʘʛʘʣʴʥʦʛʦ ʚʧʣʠʚʫ ʤʘʡʜʘʥʯʠʢʘ çɺʝʢʪʦʨè ʟ ʙʘʛʘʪʴʤʘ 

ʦʙôʻʢʪʘʤʠ, ʧʨʠʟʥʘʯʝʥʠʤʠ ʜʣʷ ʧʝʨʝʨʦʙʢʠ, ʟʙʝʨʽʛʘʥʥʷ ʪʘ ʟʘʭʦʨʦʥʝʥʥʷ ʨʘʜʽʦʘʢʪʠʚʥʠʭ 

ʚʽʜʭʦʜʽʚè. ɺʳʜʝʣʷʝʪʩʷ ʪʨʠ ʵʪʘʧʘ ʩʫʱʝʩʪʚʦʚʘʥʠʷ ʭʨʘʥʠʣʠʱʘ ʩʦ ʩʣʝʜʫʶʱʠʤʠ ʚʨʝʤʝʥʥʳʤʠ 

ʨʘʤʢʘʤʠ: 

ʵʪʘʧ 1 ï ʩʪʨʦʠʪʝʣʴʩʪʚʦ, ʵʢʩʧʣʫʘʪʘʮʠʷ, ʩʥʷʪʠʝ ʩ ʵʢʩʧʣʫʘʪʘʮʠʠ ʚʩʝʭ ʦʙʲʝʢʪʦʚ ʜʣʷ 

ʦʙʨʘʱʝʥʠʷ ʩ ʈɸʆ ï ʟʘʚʝʨʰʘʝʪʩʷ ʯʝʨʝʟ 200 ʣʝʪ ʩ ʤʦʤʝʥʪʘ ʧʝʨʚʦʛʦ ʨʘʟʤʝʱʝʥʠʷ ʈɸʆ 

ʚ ʭʨʘʥʠʣʠʱʘʭ (ʊ0+200);   

ʵʪʘʧ 2 ï ʘʢʪʠʚʥʳʡ ʘʜʤʠʥʠʩʪʨʘʪʠʚʥʳʡ ʢʦʥʪʨʦʣʴ ð ʥʘʯʠʥʘʝʪʩʷ ʧʦʩʣʝ ʟʘʚʝʨʰʝʥʠʷ 

ʵʪʘʧʘ 1. ɼʣʠʪʝʣʴʥʦʩʪʴ ʵʪʘʧʘ 2 ʦʮʝʥʠʚʘʝʪʩʷ ʚ 300 ʣʝʪ, ʪ. ʝ. ʦʢʦʥʯʘʥʠʝ ʵʪʘʧʘ ʧʨʝʜʧʦʣʘʛʘʝʪʩʷ ʚ 

ʤʦʤʝʥʪ ʊ0+500.  

ʵʪʘʧ 3 ï ʜʝʛʨʘʜʘʮʠʷ ʠʥʞʝʥʝʨʥʳʭ ʙʘʨʴʝʨʦʚ.  

ʅʘ ʚʪʦʨʦʤ ʵʪʘʧʝ ʚʳʧʦʣʥʷʶʪʩʷ ʦʙʩʣʫʞʠʚʘʥʠʝ, ʤʦʥʠʪʦʨʠʥʛ, ʨʝʤʦʥʪ 

ʧʨʦʪʠʚʦʬʠʣʴʪʨʘʮʠʦʥʥʦʛʦ ʙʘʨʴʝʨʘ ʭʨʘʥʠʣʠʱ, ʵʢʩʧʣʫʘʪʘʮʠʷ ʜʨʝʥʘʞʥʳʭ ʩʠʩʪʝʤ, ʯʪʦ ʩʦʟʜʘʝʪ 

ʫʩʣʦʚʠʷ ʜʣʷ ʵʬʬʝʢʪʠʚʥʦʛʦ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʩʠʩʪʝʤʳ ʠʥʞʝʥʝʨʥʳʭ ʙʘʨʴʝʨʦʚ ʠ 

ʧʨʝʜʦʪʚʨʘʱʘʝʪ (ʤʠʥʠʤʠʟʠʨʫʝʪ) ʚʳʭʦʜ ʨʘʜʠʦʥʫʢʣʠʜʦʚ ʠʟ ʭʨʘʥʠʣʠʱ ʚ ʛʝʦʣʦʛʠʯʝʩʢʫʶ ʩʨʝʜʫ. 

ʉ ʫʯʝʪʦʤ ʩʫʤʤʘʨʥʦʡ ʜʣʠʪʝʣʴʥʦʩʪʠ ʵʪʘʧʦʚ 1 ʠ 2 ʛʘʨʘʥʪʠʨʦʚʘʥʥʦʝ ʚʨʝʤʷ ʫʜʝʨʞʘʥʠʷ 

ʨʘʜʠʦʥʫʢʣʠʜʦʚ ʚ ʭʨʘʥʠʣʠʱʘʭ ʤʦʞʝʪ ʩʦʩʪʘʚʠʪʴ 500 ʣʝʪ. 
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ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʦʮʝʥʢʘ ʜʦʣʛʦʚʨʝʤʝʥʥʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ 

ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʟʘʭʦʨʦʥʝʥʠʷ ʥʘ ʧʣʦʱʘʜʢʝ çɺʝʢʪʦʨè ʠ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʟʘʜʘʯʘ ʦʧʨʝʜʝʣʝʥʠʷ 

ʧʨʝʜʝʣʦʚ ʘʢʪʠʚʥʦʩʪʠ A0 ʤʦʞʝʪ ʙʳʪʴ ʨʝʰʝʥʘ ʥʘ ʦʩʥʦʚʝ ʜʦʩʪʫʧʥʳʭ ʜʘʥʥʳʭ ʦ ʩʚʦʡʩʪʚʘʭ 

ʛʝʦʣʦʛʠʯʝʩʢʦʡ ʩʨʝʜʳ (ʟʦʥʘ ʘʵʨʘʮʠʠ, ʚʦʜʦʥʦʩʥʳʡ ʢʦʤʧʣʝʢʩ ʯʝʪʚʝʨʪʠʯʥʳʭ ʦʪʣʦʞʝʥʠʡ) ʩ 

ʫʯʝʪʦʤ ʧʨʝʜʧʦʣʦʞʝʥʠʷ ʦʙ ʵʬʬʝʢʪʠʚʥʦʤ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʠ ʩʠʩʪʝʤʳ ʠʥʞʝʥʝʨʥʳʭ ʙʘʨʴʝʨʦʚ 

ʥʘ ʧʨʦʪʷʞʝʥʠʠ 500 ʣʝʪ (Econst) ʠ ʧʨʠʤʝʥʝʥʠʝʤ ʢʦʥʩʝʨʚʘʪʠʚʥʳʭ ʩʮʝʥʘʨʠʝʚ ʜʝʛʨʘʜʘʮʠʠ 

ʠʥʞʝʥʝʨʥʳʭ ʙʘʨʴʝʨʦʚ ʥʘ ʧʝʨʠʦʜ ʩʚʳʰʝ 500 ʣʝʪ (Et). 

A0   =  f [(Econst +Et), Nconst ]  

ɺ ʧʦʩʣʝʜʫʶʱʝʤ ʧʨʠ ʥʘʢʦʧʣʝʥʠʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʜʘʥʥʳʭ ʚ ʭʦʜʝ ʵʢʩʧʣʫʘʪʘʮʠʠ 

ʭʨʘʥʠʣʠʱ (ʵʪʘʧ 1) ʙʫʜʫʪ ʦʧʨʝʜʝʣʝʥʳ/ʫʪʦʯʥʝʥʳ ʢʦʥʢʨʝʪʥʳʝ ʧʘʨʘʤʝʪʨʳ ʢʦʤʧʦʥʝʥʪʦʚ 

ʠʥʞʝʥʝʨʥʳʭ ʙʘʨʴʝʨʦʚ, ʥʝʦʙʭʦʜʠʤʳʭ ʜʣʷ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚ ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʤʦʜʝʣʷʭ ʤʠʛʨʘʮʠʠ 

ʨʘʜʠʦʥʫʢʣʠʜʦʚ ʠ ʫʪʦʯʥʝʥʠʷ ʦʮʝʥʢʠ ʜʦʣʛʦʩʨʦʯʥʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ. 

ɺ ʚrʦʜʳ 

1. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʦʪʩʫʪʩʪʚʫʶʪ ʜʘʥʥʳʝ ʜʣʷ ʦʙʲʝʢʪʠʚʥʦʛʦ ʧʨʦʛʥʦʟʘ ʜʝʛʨʘʜʘʮʠʠ ʟʘʱʠʪʥʳʭ 
ʩʚʦʡʩʪʚ ʢʦʤʧʦʥʝʥʪʦʚ ʠʥʞʝʥʝʨʥʳʭ ʙʘʨʴʝʨʦʚ (ʤʘʪʨʠʮʘ, ʬʠʣʴʪʨʘʮʠʦʥʥʳʡ ʵʢʨʘʥ, 

ʞʝʣʝʟʦʙʝʪʦʥ) ʠ ʠʭ ʚʢʣʘʜʘ ʚ ʦʙʝʩʧʝʯʝʥʠʝ ʙʝʟʦʧʘʩʥʦʩʪʠ ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʟʘʭʦʨʦʥʝʥʠʷ ʈɸʆ 

ʥʘ ʧʣʦʱʘʜʢʝ çɺʝʢʪʦʨè ʚ ʪʝʯʝʥʠʝ ʜʣʠʪʝʣʴʥʦʛʦ ʧʝʨʠʦʜʘ ʧʦʩʣʝ ʩʥʷʪʠʷ ʭʨʘʥʠʣʠʱʘ ʩ 

ʵʢʩʧʣʫʘʪʘʮʠʠ. ʆʪʤʝʯʝʥʦ, ʯʪʦ ʦʮʝʥʢʘ ʫʩʪʦʡʯʠʚʦʩʪʠ ʠʥʞʝʥʝʨʥʳʭ ʙʘʨʴʝʨʦʚ ʢ ʜʝʛʨʘʜʘʮʠʠ ʚ 

ʫʩʣʦʚʠʷʭ ʚʦʟʜʝʡʩʪʚʠʷ ʬʘʢʪʦʨʦʚ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ ʷʚʣʷʝʪʩʷ ʘʢʪʫʘʣʴʥʦʡ ʟʘʜʘʯʝʡ ʦʮʝʥʢʠ 

ʜʦʣʛʦʩʨʦʯʥʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ ʟʘʭʦʨʦʥʝʥʠʷ. 

2. ʇʨʠ ʦʮʝʥʢʝ ʜʦʣʛʦʚʨʝʤʝʥʥʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʟʘʭʦʨʦʥʝʥʠʷ ʠ ʨʘʩʯʝʪʘ ʧʨʝʜʝʣʘ 
ʘʢʪʠʚʥʦʩʪʠ ʈɸʆ, ʨʘʟʤʝʱʘʝʤʳʭ ʥʘ ʧʣʦʱʘʜʢʝ çɺʝʢʪʦʨè, ʩ ʫʯʝʪʦʤ ʧʨʝʜʧʦʣʘʛʘʝʤʦʡ 

ʵʪʘʧʥʦʩʪʠ ʵʢʩʧʣʫʘʪʘʮʠʠ ʭʨʘʥʠʣʠʱ, ʧʨʝʜʣʘʛʘʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʪʴ ʧʦʣʦʞʝʥʠʝ ʦʙ 

ʵʬʬʝʢʪʠʚʥʦʤ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʠ ʩʠʩʪʝʤʳ ʠʥʞʝʥʝʨʥʳʭ ʙʘʨʴʝʨʦʚ ʥʘ ʧʨʦʪʷʞʝʥʠʠ 500 ʣʝʪ. 

3. ʈʘʩʩʯʠʪʘʥʥʳʝ ʥʘ ʧʨʝʜʣʦʞʝʥʥʦʡ ʦʩʥʦʚʝ ʧʨʝʜʝʣʳ ʘʢʪʠʚʥʦʩʪʠ ʧʦʩʣʫʞʘʪ ʦʩʥʦʚʦʡ ʜʣʷ 
ʨʘʟʨʘʙʦʪʢʠ ʫʪʦʯʥʝʥʥʳʭ ʤʦʜʝʣʝʡ ʠ ʩʮʝʥʘʨʠʝʚ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʚ ʜʘʣʴʥʝʡʰʝʤ ʫʣʫʯʰʝʥʥʦʡ 

ʦʮʝʥʢʠ ʜʦʣʛʦʚʨʝʤʝʥʥʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʟʘʭʦʨʦʥʝʥʠʷ ʥʘ ʧʣʦʱʘʜʢʝ 

çɺʝʢʪʦʨè. 
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ʚʽʜʩʫʪʥʽ ʢʦʥʢʨʝʪʥʽ ʧʘʨʘʤʝʪʨʠ, ʥʝʦʙʭʽʜʥʽ ʜʣʷ ʦʮʽʥʢʠ ʜʦʚʛʦʩʪʨʦʢʦʚʦʾ ʙʝʟʧʝʢʠ ʟʘʭʦʨʦʥʝʥʥʷ ʪʘ 

ʾʭ ʩʪʽʡʢʦʩʪʽ ʜʦ ʜʝʛʨʘʜʘʮʽʾ ʧʨʦʪʷʛʦʤ ʪʨʠʚʘʣʦʛʦ ʧʝʨʽʦʜʫ ʧʽʩʣʷ ʟʥʷʪʪʷ ʩʭʦʚʠʱʘ ʟ 

ʝʢʩʧʣʫʘʪʘʮʽʾ. ʅʘ ʧʦʪʦʯʥʦʤʫ ʨʽʚʥʽ ʟʥʘʥʴ ʟʘʜʘʯʘ ʚʠʟʥʘʯʝʥʥʷ ʤʝʞʽ ʘʢʪʠʚʥʦʩʪʽ, ʷʢʘ ʙʝʟʧʝʯʥʦ 

ʨʦʟʤʽʩʪʠʪʴʩʷ ʥʘ ʤʘʡʜʘʥʯʠʢʫ ʢʦʤʧʣʝʢʩʫ çɺʝʢʪʦʨè, ʤʦʞʝ ʙʫʪʠ ʚʠʨʽʰʝʥʘ ʥʘ ʦʩʥʦʚʽ 

ʜʦʩʪʫʧʥʠʭ ʜʘʥʠʭ ʧʨʦ ʚʣʘʩʪʠʚʦʩʪʽ ʛʝʦʣʦʛʽʯʥʦʛʦ ʩʝʨʝʜʦʚʠʱʘ (ʟʦʥʘ ʘʝʨʘʮʽʾ, ʚʦʜʦʥʦʩʥʠʡ 

ʢʦʤʧʣʝʢʩ ʯʝʪʚʝʨʪʠʥʥʠʭ ʚʽʜʢʣʘʜʝʥʴ) ʟ ʚʨʘʭʫʚʘʥʥʷʤ ʧʨʠʧʫʱʝʥʥʷ ʧʨʦ ʝʬʝʢʪʠʚʥʝ 

ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʩʠʩʪʝʤʠ ʽʥʞʝʥʝʨʥʠʭ ʙʘʨôʻʨʽʚ ʧʨʦʪʷʛʦʤ 500 ʨʦʢʽʚ. 
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ABOUT THE UNCERTAINTY OF PROPERTIES OF ENGINEERING BARRIERS IN 

LONG-TERM SAFETY ASSESSING OF SURFACE DISPOSAL AT THE "VECTOR" 

COMPLEX   
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yolkhovyk@ukr.net 

 

The safety system elements envisaged in the  "Vector" complex design for the long-term safety of 

surface disposal of radioactive waste from Chernobyl NPP, exclusion zone companies,  nuclear 

power plants operating in Ukraine, mills of SC "Ukrainian State Association ñRadon" are 

discussed in the publication. Establishing of activity limits for radioactive waste disposal in the 

near-surface repositories is an element of this safety system. Current uncertainties in description of 

the disposal system at the "Vector" site significantly complicate the calculation of activity limits 

that can be safely disposed of at the site, taking into account the existence of the long-term (500 

years or more) storage facility. Significant information has been collected for the geology and 

hydrogeology of the "Vector" complex site. To date, for the components of engineered barriers 

(matrix, impervious screens, concrete products) there are neither specific parameters as needed to 

assess the long-term safety of the disposal , nor specific parameters of their  resistance to 

degradation over a long period after the storage facility is decommissioned. It is proposed that the 

task of determining the activity limits can be solved on the basis of the available data on the 

properties of the geological environment (zone of aeration, water-bearing complex of quaternary 

sediments), taking into account the assumption that the engineered barriers can function effectively 

for 500 years during exploitation and active control. 

 

Keywords: safety, surface disposal, activity limit, engineered barriers. 
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ʋ ʩʪʘʪʪʽ ʚʠʢʣʘʜʝʥʦ ʨʝʟʫʣʴʪʘʪʠ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʧʦʪʝʥʮʽʡʥʦʾ ʤʦʞʣʠʚʦʩʪʽ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʩʘʧʦʥʽʪ-ʮʝʦʣʽʪʦʚʠʭ ʢʦʤʧʦʟʠʪʽʚ ʚ ʷʢʦʩʪʽ ʤʽʥʝʨʘʣʴʥʠʭ ʤʝʤʙʨʘʥ ʜʣʷ ʘʜʩʦʨʙʮʽʾ 

ʪʨʠʪʽʶ ʟ ʪʨʠʪʽʡʦʚʘʥʦʾ ʚʦʜʠ. ɺʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʰʚʠʜʢʽʩʪʴ ʬʽʣʴʪʨʘʮʽʾ ʚʦʜʥʦʛʦ ʨʦʟʯʠʥʫ ʢʨʽʟʴ 

ʩʘʧʦʥʽʪ-ʮʝʦʣʽʪʥʫ ʤʝʤʙʨʘʥʫ ʜʝʱʦ ʟʤʝʥʰʫʻʪʴʩʷ ʟʘ ʧʝʨʰʽ 13 ʜʽʙ. ʇʦʪʽʤ, ʮʝʡ ʧʨʦʮʝʩ 

ʩʪʘʙʽʣʽʟʫʻʪʴʩʷ ʥʘ ʨʽʚʥʽ 0,5 ï 0,4 ʩʤĀʜʦʙʘï1. ɺ ʧʨʦʮʝʩʽ ʬʽʣʴʪʨʘʮʽʾ ʪʨʠʪʽʡʦʚʘʥʦʾ ʚʦʜʠ ʢʨʽʟʴ 

ʩʘʧʦʥʽʪ-ʮʝʦʣʽʪʥʫ ʤʝʤʙʨʘʥʫ ʪʦʚʱʠʥʦʶ 80 ʤʤ ʩʧʦʩʪʝʨʽʛʘʣʦʩʷ ʟʤʝʥʰʝʥʥʷ ʧʠʪʦʤʦʾ ʘʢʪʠʚʥʦʩʪʽ 

ʪʨʠʪʽʶ ʚ ʬʽʣʴʪʨʘʪʽ. ʉʧʦʯʘʪʢʫ ʟʤʝʥʰʝʥʥʷ ʧʠʪʦʤʦʾ ʘʢʪʠʚʥʦʩʪʽ ʪʨʠʪʽʡʦʚʘʥʦʾ ʚʦʜʠ 

ʦʙʫʤʦʚʣʝʥʦ ʥʘʜʭʦʜʞʝʥʥʷʤ ʚ ʬʽʣʴʪʨʘʪ ʧʦʚʝʨʭʥʝʚʦ ʘʜʩʦʨʙʦʚʘʥʦʾ ʅ2ʆ. ʅʘʜʘʣʽ ʚʢʣʶʯʘʶʪʴʩʷ 

ʤʝʭʘʥʽʟʤʠ ʤʦʣʝʢʫʣʷʨʥʦʛʦ ʅʊʆ Ÿ ʅ2ʆ ʟʘʤʽʱʝʥʥʷ ʚ ʤʽʞʰʘʨʦʚʦʤʫ ʧʨʦʩʪʦʨʽ ʽ ʽʟʦʪʦʧʥʦ-

ʚʦʜʥʝʚʦʛʦ ʦʙʤʽʥʫ ʚ ʩʪʨʫʢʪʫʨʥʠʭ ʧʦʟʠʮʽʷʭ ʆʅ-ʛʨʫʧ ʛʣʠʥʠʩʪʦʛʦ ʤʽʥʝʨʘʣʫ. ɺʠʣʫʯʝʥʥʷ ʪʨʠʪʽʶ 

ʢʦʤʧʦʟʠʪʦʤ ʟ ʨʦʟʯʠʥʫ ʻ ʘʜʠʪʠʚʥʠʤ ʧʨʦʮʝʩʦʤ. ʋ ʢʦʤʧʦʟʠʪʽ ʟʘ 41 ʜʦʙʫ ʬʽʣʴʪʨʘʮʽʾ 

ʪʨʠʪʽʡʦʚʘʥʦʾ ʚʦʜʠ ʤʝʞʽ ʟʙʽʣʴʰʝʥʥʷ ʚʤʽʩʪʫ ʪʨʠʪʽʶ ʥʝ ʚʩʪʘʥʦʚʣʝʥʦ. ɼʦʩʣʽʜʞʝʥʠʡ ʢʦʤʧʦʟʠʪ 

ʤʦʞʝ ʙʫʪʠ ʚʠʢʦʨʠʩʪʘʥʠʡ ʜʣʷ ʟʤʝʥʰʝʥʥʷ ʧʠʪʦʤʦʾ ʘʢʪʠʚʥʦʩʪʽ ʪʨʠʪʽʻʚʦʛʦ ʨʦʟʯʠʥʫ ʧʨʠ ʡʦʛʦ 

ʬʽʣʴʪʨʘʮʽʾ ʢʨʽʟʴ ʩʘʧʦʥʽʪ-ʮʝʦʣʽʪʥʫ ʤʝʤʙʨʘʥʫ. 
 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʩʘʧʦʥʽʪ-ʮʝʦʣʽʪʦʚʠʡ ʢʦʤʧʦʟʠʪ, ʪʨʠʪʽʡʦʚʘʥʘ ʚʦʜʘ, ʤʝʤʙʨʘʥʘ, ʬʽʣʴʪʨʘʮʽʷ, 

ʘʜʩʦʨʙʮʽʷ. 

 

ɺʩʪʫʧ 
ʉʝʨʝʜ ʟʘʜʘʯ ʤʽʥʽʤʽʟʘʮʽʾ ʝʢʦʣʦʛʽʯʥʠʭ ʥʘʩʣʽʜʢʽʚ ʚʠʢʦʨʠʩʪʘʥʥʷ ʨʘʜʽʦʘʢʪʠʚʥʠʭ ʤʘʪʝʨʽʘʣʽʚ 

ʪʘ ʟʘʭʠʩʪʫ ʚʽʜ ʟʘʙʨʫʜʥʝʥʥʷ ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʚʘʞʣʠʚʝ ʟʥʘʯʝʥʥʷ ʤʘʻ ʽ ʧʦʪʨʝʙʫʻ 

ʚʠʨʽʰʝʥʥʷ, ʧʨʦʙʣʝʤʘ ʦʯʠʱʝʥʥʷ ʚʽʜ ʪʨʠʪʽʶ ʨʽʟʥʠʭ ʚʦʜʥʠʭ ʚʠʢʠʜʽʚ. ʗʢ ʚʽʜʦʤʦ, ʛʦʣʦʚʥʠʤʠ 

ʜʞʝʨʝʣʘʤʠ ʫʪʚʦʨʝʥʥʷ ʪʝʭʥʦʛʝʥʥʦʛʦ ʪʨʠʪʽʶ ʻ ʘʪʦʤʥʘ ʧʨʦʤʠʩʣʦʚʽʩʪʴ ʪʘ ʷʜʝʨʥʘ ʝʥʝʨʛʝʪʠʢʘ, 

ʟʦʢʨʝʤʘ ʷʜʝʨʥʽ ʨʝʘʢʪʦʨʠ ʪʘ ʧʽʜʧʨʠʻʤʩʪʚʘ ʟ ʧʝʨʝʨʦʙʢʠ ʚʽʜʧʨʘʮʴʦʚʘʥʦʛʦ ʷʜʝʨʥʦʛʦ ʧʘʣʠʚʘ 

ʪʦʱʦ. ʇʨʠ ʮʴʦʤʫ ʙʽʣʴʰʘ ʯʘʩʪʠʥʘ ʫʪʚʦʨʝʥʦʛʦ ʪʘʢʠʤ ʯʠʥʦʤ ʪʝʭʥʦʛʝʥʥʦʛʦ ʪʨʠʪʽʶ ʟʥʘʭʦʜʠʪʴʩʷ 

ʫ ʚʠʛʣʷʜʽ ʪʨʠʪʽʡʦʚʘʥʦʾ ʚʦʜʠ (ʅʊʆ, ʜʝ ʅ2ʆ>>>HTO) ʽ ʣʠʰʝ ʙʽʣʷ 10% ʧʨʝʜʩʪʘʚʣʝʥʘ ʛʘʟʦʤ 

(ʅʊ), ʱʦ ʨʦʟʚʽʶʻʪʴʩʷ ʫ ʧʦʚʽʪʨʽ ʜʦ ʙʝʟʧʝʯʥʠʭ ʢʦʥʮʝʥʪʨʘʮʽʡ.  

ʇʝʚʥʠʡ ʚʢʣʘʜ ʚ ʟʘʙʨʫʜʥʝʥʥʷ ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʪʨʠʪʽʻʤ ʚʥʦʩʷʪʴ ʧʫʥʢʪʠ 

ʟʙʝʨʝʞʝʥʥʷ ʨʘʜʽʦʘʢʪʠʚʥʠʭ ʚʽʜʭʦʜʽʚ (ʇɿʈɺ). ɿʘ ʯʘʩ ʪʨʠʚʘʣʦʛʦ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʚ ʩʭʦʚʠʱʘʭ 

ʥʘʢʦʧʠʯʫʻʪʴʩʷ ʚʦʣʦʛʘ ʯʘʩʪʢʦʚʦ ʚʥʘʩʣʽʜʦʢ ʧʦʨʫʰʝʥʥʷ ʛʝʨʤʝʪʠʯʥʦʩʪʽ ʽʥʞʝʥʝʨʥʠʭ ʙʘʨôʻʨʽʚ ʫ 

ʚʠʛʣʷʜʽ ʙʝʪʦʥʥʠʭ ʻʤʥʦʩʪʝʡ, ʘ ʯʘʩʪʢʦʚʦ ʚʥʘʩʣʽʜʦʢ ʜʠʬʫʟʽʡʥʠʭ ʧʨʦʮʝʩʽʚ. ʇʨʠ ʚʟʘʻʤʦʜʽʾ ʟ 

ʤʘʪʝʨʽʘʣʘʤʠ, ʱʦ ʚʤʽʱʫʶʪʴ ʪʨʠʪʽʡ, ʚʦʣʦʛʘ ʧʝʨʝʪʚʦʨʶʻʪʴʩʷ ʫ ʚʠʩʦʢʦʘʢʪʠʚʥʫ ʪʨʠʪʽʡʦʚʘʥʫ ʚʦʜʫ 

(ʅʊʆ), ʽ ʪʘʢʽ ʦʙôʻʢʪʠ ʩʣʽʜ ʨʦʟʛʣʷʜʘʪʠ, ʷʢ ʱʝ ʦʜʥʝ ʜʞʝʨʝʣʦ ʧʦʪʝʥʮʽʡʥʦʛʦ ʟʘʙʨʫʜʥʝʥʥʷ 

ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʪʨʠʪʽʻʤ.  

ʅʘ ɸɽʉ ʜʦʩʠʪʴ ʰʠʨʦʢʦ ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ ʦʯʠʱʝʥʥʷ ʥʝʚʝʣʠʢʠʭ ʦʙôʻʤʽʚ ʚʠʩʦʢʦʘʢʪʠʚʥʠʭ 

ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʚʦʜ ʰʣʷʭʦʤ ʽʟʦʪʦʧʥʦʛʦ ʦʙʤʽʥʫ ʚ ʩʠʩʪʝʤʽ çʚʦʜʝʥʴ ï ʚʦʜʘè (ʧʘʪʝʥʪʠ RU 

2380144, ʈʌ ˉ 2060801, ʈʌ ˉ 2525423, RU 2148426). ʇʨʠ ʮʴʦʤʫ ʜʦʩʷʛʘʻʪʴʩʷ ʟʥʘʯʥʠʡ 

ʽʟʦʪʦʧʥʠʡ ʝʬʝʢʪ, ʘʣʝ ʜʘʥʽ ʪʝʭʥʦʣʦʛʽʾ ʧʦʪʨʝʙʫʶʪʴ ʟʥʘʯʥʠʭ ʝʥʝʨʛʝʪʠʯʥʠʭ ʟʘʪʨʘʪ ʜʣʷ 

ʧʝʨʝʚʝʜʝʥʥʷ ʟʘʙʨʫʜʥʝʥʦʾ ʪʨʠʪʽʻʤ ʚʦʜʠ ʚ ʧʘʨʦ-ʛʘʟʦʚʠʡ ʩʪʘʥ (ʈʌ ˉ 2295493). 
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 ʄɯʅɽʈɸʃʔʅʀʁ 

ɸɼʉʆʈɹɽʅʊ ʊʈʀʊɯʖ ʅɸ ʆʉʅʆɺɯ ʉɸʇʆʅɯʊʋ ʊɸ ʎɽʆʃɯʊʋ 

39 

ɯʩʥʫʶʪʴ ʪʘʢʦʞ ʤʝʪʦʜʠ ʽʟʦʪʦʧʥʦʛʦ ʬʨʘʢʮʽʦʥʫʚʘʥʥʷ ʅʊʆ ʰʣʷʭʦʤ ʥʠʟʴʢʦʪʝʤʧʝʨʘʪʫʨʥʦʾ 

ʨʝʢʪʠʬʽʢʘʮʽʾ (ʧʘʪʝʥʪʠ: RU 2201283, RU 2274607, RU 2400433, ʧʘʪʝʥʪ ʉʐɸ 4799945, ʈʌ 

2142914), ), ʚʠʢʦʨʠʩʪʘʥʥʷ ʷʢʠʭ ʘʙʦ ʧʦʪʨʝʙʫʻ ʟʥʘʯʥʠʭ ʝʥʝʨʛʝʪʠʯʥʠʭ ʚʠʪʨʘʪ, ʘʙʦ ʧʨʠʟʚʦʜʠʪʴ 

ʜʦ ʜʫʞʝ ʥʝʟʥʘʯʥʦʛʦ ʽʟʦʪʦʧʥʦʛʦ ʝʬʝʢʪʫ ʥʘ ʨʽʚʥʽ 1,1 (ʧʘʪʝʥʪʠ UA 57558,  RU  2010772, RU 

2091336).  

ɺʠʢʦʥʘʥʽ ʥʘʤʠ ʨʘʥʽʰʝ ʜʦʩʣʽʜʞʝʥʥʷ ʧʦʢʘʟʘʣʠ, ʱʦ ʤʽʥʝʨʘʣʠ ʰʘʨʫʚʘʪʦʾ ʩʪʨʫʢʪʫʨʠ ʽ, 

ʦʩʦʙʣʠʚʦ, ʛʣʠʥʠʩʪʽ ʤʽʥʝʨʘʣʠ ʟʜʘʪʥʽ ʧʨʠ ʢʦʥʪʘʢʪʽ ʟ ʪʨʠʪʽʡʦʚʘʥʦʶ ʚʦʜʦʶ ʚʠʣʫʯʘʪʠ ʟ ʥʝʾ ʪʨʠʪʽʡ 

[1, 2, 3]. ɹʫʣʦ ʧʦʢʘʟʘʥʦ, ʱʦ ʦʩʦʙʣʠʚʦʩʪʽ ʰʘʨʫʚʘʪʠʭ ʤʽʥʝʨʘʣʽʚ ʟʽ ʩʪʨʫʢʪʫʨʥʠʤ ʤʦʪʠʚʦʤ 2:1 

(ʛʨʫʧʘ ʤʦʥʪʤʦʨʠʣʦʥʽʪʫ) ʪʘ ʽʟ ʩʪʨʽʯʢʦʚʦ-ʢʘʥʘʣʴʥʦʶ ʩʪʨʫʢʪʫʨʦʶ (ʛʨʫʧʘ ʧʘʣʠʛʦʨʩʴʢʽʪʫ) 

ʜʦʟʚʦʣʷʶʪʴ ʘʜʩʦʨʙʫʚʘʪʠ ʤʦʣʝʢʫʣʠ ʅʊʆ ʥʘ ʧʦʚʝʨʭʥʽ ʛʣʠʥʠʩʪʠʭ ʯʘʩʪʠʥʦʢ, ʘʣʝ ʡ ʙʽʣʴʰ ʤʽʮʥʦ 

ʫʪʨʠʤʫʚʘʪʠ ʾʭ ʫ ʩʚʦʻʤʫ ʤʽʞʰʘʨʦʚʦʤʫ ʧʨʦʩʪʦʨʽ, ʘ ʪʘʢʦʞ, ʱʦ ʙʽʣʴʰ ʩʫʪʪʻʚʦ, ʩʧʨʠʷʪʠ ʽʟʦʪʦʧʥʦ-

ʚʦʜʥʝʚʦʤʫ ʪʨʠʪʽʡ-ʧʨʦʪʽʻʚʦʤʫ ʦʙʤʽʥʫ ʚ ʩʪʨʫʢʪʫʨʥʠʭ ʆʅ-ʧʦʟʠʮʽʷʭ [4]. 

ɺʽʜʦʤʦ, ʱʦ ʛʣʠʥʠʩʪʽ ʧʦʨʦʜʠ, ʷʢ ʥʘʧʨʠʢʣʘʜ ʙʝʥʪʦʥʽʪ, ʩʢʣʘʜʝʥʠʡ ʥʘ 75 ï 85% ʽʟ 

ʤʦʥʪʤʦʨʠʣʦʥʽʪʫ. ʇʘʣʠʛʦʨʩʴʢʽʪʦʚʽ, ʩʝʧʽʦʣʽʪʦʚʽ ʪʘ ʽʥʰʽ ʛʣʠʥʠ ʻ ʯʫʜʦʚʠʤʠ ʛʽʜʨʦʽʟʦʣʷʪʦʨʘʤʠ ʟ 

ʜʫʞʝ ʥʠʟʴʢʠʤʠ ʢʦʝʬʽʮʽʻʥʪʘʤʠ ʛʽʜʨʘʚʣʽʯʥʦʾ ʧʨʦʥʠʢʥʦʩʪʽ ʚʽʜ 7,5Ŀ10
-6
 ʜʦ 6Ŀ10

-7
 ʤĿʜʦʙʘ

-1
 [5] ʪʘ 

ʢʦʝʬʽʮʽʻʥʪʘʤʠ ʜʠʬʫʟʽʾ 4,4Ŀ10
-11

 ï 7,4Ŀ10
-11

 ʤ
2
Ŀʩ

-1
 [6]. ʊʦʤʫ ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʜʦʩʪʫʧʫ ʤʦʣʝʢʫʣ 

ʅʊʆ ʜʦ ʦʙʤʽʥʥʠʭ ʧʦʟʠʮʽʡ ʥʝʦʙʭʽʜʥʦ ʩʪʚʦʨʶʚʘʪʠ ʫʤʦʚʠ ʜʣʷ ʧʽʜʚʠʱʝʥʥʷ ʛʽʜʨʘʚʣʽʯʥʦʾ 

ʧʨʦʥʠʢʥʦʩʪʽ ʧʦʪʝʥʮʽʡʥʦʛʦ ʘʜʩʦʨʙʝʥʪʫ. ɿ ʮʽʻʶ ʤʝʪʦʶ ʫ ʩʚʽʪʦʚʽʡ ʧʨʘʢʪʠʮʽ ʧʨʦʧʦʥʫʶʪʴʩʷ, 

ʥʘʧʨʠʢʣʘʜ, ʙʝʥʪʦʥʽʪʦ ï ʧʽʱʘʥʽ ʩʫʤʽʰʽ ʽʟ ʨʽʟʥʠʤʠ ʧʨʦʧʦʨʮʽʷʤʠ ʩʢʣʘʜʦʚʠʭ ʯʘʩʪʠʥ [7, 8, 9.]. 

ɹʽʣʴʰ ʨʘʮʽʦʥʘʣʴʥʦʶ, ʥʘ ʥʘʰ ʧʦʛʣʷʜ, ʻ ʧʨʦʧʦʟʠʮʽʷ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʚ ʪʘʢʠʭ 

ʤʽʥʝʨʘʣʴʥʠʭ ʩʫʤʽʰʘʭ ʮʝʦʣʽʪ ʟʘʤʽʩʪʴ ʧʽʩʢʫ [10]. ʅʘʰʠʤʠ ʜʦʩʣʽʜʞʝʥʥʷʤʠ ʙʫʣʦ ʧʽʜʪʚʝʨʜʞʝʥʦ, 

ʱʦ ʙʝʥʪʦʥʽʪʦ-ʮʝʦʣʽʪʦʚʽ ʩʫʤʽʰʽ ʜʽʡʩʥʦ ʻ ʝʬʝʢʪʠʚʥʠʤʠ ʘʜʩʦʨʙʝʥʪʘʤʠ ʪʨʠʪʽʶ ʽʟ ʚʦʜʥʦʛʦ 

ʨʦʟʯʠʥʫ [11.]. ʈʘʟʦʤ ʽʟ ʪʠʤ, ʙʫʣʦ ʧʦʢʘʟʘʥʦ, ʱʦ ʧʨʦʪʷʛʦʤ 45 ʜʽʙ ʰʚʠʜʢʽʩʪʴ ʬʽʣʴʪʨʘʮʽʾ ʢʨʽʟʴ 

ʪʘʢʽ ʢʦʤʧʦʟʠʪʠ ʟʤʝʥʰʫʻʪʴʩʷ ʚʥʘʩʣʽʜʦʢ ʨʦʟʙʫʭʘʥʥʷ ʤʦʥʪʤʦʨʠʣʦʥʽʪʫ ï ʛʦʣʦʚʥʦʾ ʩʢʣʘʜʦʚʦʾ 

ʙʝʥʪʦʥʽʪʫ.  

ʉʝʨʝʜ ʰʘʨʫʚʘʪʠʭ ʩʠʣʽʢʘʪʽʚ ʛʨʫʧʠ ʤʦʥʪʤʦʨʠʣʦʥʽʪʫ, ʻ ʜʚʽ ʧʽʜʛʨʫʧʠ. ɺ ʦʜʥʽʡ, 

ʜʽʦʢʪʘʝʜʨʠʯʥʽʡ ʧʽʜʛʨʫʧʽ ʢʦʦʨʜʠʥʘʮʽʷ ʚ ʦʢʪʘʝʜʨʠʯʥʦʤʫ ʰʘʨʽ ʟʘʙʝʟʧʝʯʫʻʪʴʩʷ ʘʪʦʤʘʤʠ 

ʘʣʤʁʽʥʽʶ. ɺ ʽʥʰʽʡ, ʪʨʠʦʢʪʘʝʜʨʠʯʥʽʡ, ʧʽʜʛʨʫʧʽ ʪʘʢʘ ʢʦʦʨʜʠʥʘʮʽʷ ʚʽʜʙʫʚʘʻʪʴʩʷ ʟʘ ʨʘʭʫʥʦʢ 

ʧʨʠʩʫʪʥʦʩʪʽ ʚ ʦʢʪʘʝʜʨʠʯʥʦʤʫ ʰʘʨʽ ʘʪʦʤʽʚ ʤʘʛʥʽʶ (ʩʘʧʦʥʽʪ) [13].  

ɼʣʷ ʚʠʟʥʘʯʝʥʥʷ ʬʽʣʴʪʨʘʮʽʡʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʩʘʧʦʥʽʪʫ ʪʘ ʡʦʛʦ ʟʜʘʪʥʦʩʪʽ ʚʠʣʫʯʘʪʠ 

ʪʨʠʪʽʡ ʽʟ ʚʦʜʥʠʭ ʨʦʟʯʠʥʽʚ ʚʠʢʦʥʘʥ̔ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥ ̔ ʜʦʩʣʽʜʞʝʥʥ,̫ ʨʝʟʫʣʴʪʘʪʠ ʷʢʠʭ 

ʚʠʢʣʘʜʝʥʽ ʥʠʞʯʝ ʚ ʜʘʥʽʡ ʩʪʘʪʪʽ. 

ʄʘʪʝʨʽʘʣʠ ʽ ʤʝʪʦʜʠ ʜʦʩʣʽʜʞʝʥʴ 

ɽʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʤʦʜʝʣʴʥʽ ʩʠʩʪʝʤʠ ʩʪʚʦʨʝʥʽ ʥʘ ʙʘʟʽ ʩʘʧʦʥʽʪʫ ɺʘʨʚʘʨʽʚʩʴʢʦʛʦ 

ʨʦʜʦʚʠʱʘ (ʋʢʨʘʾʥʘ) ʪʘ ʮʝʦʣʽʪʫ ʉʦʢʠʨʥʠʮʴʢʦʛʦ ʨʦʜʦʚʠʱʘ (ʋʢʨʘʾʥʘ). 

ʉʘʧʦʥʽʪ ʻ ʨʽʟʥʦʚʠʜʦʤ ʛʣʠʥʠʩʪʠʭ ʤʽʥʝʨʘʣʽʚ ʽʟ ʛʨʫʧʠ ʩʤʝʢʪʠʪʽʚ, ʟ ʚʠʩʦʢʠʤ ʚʤʽʩʪʦʤ 

ʤʘʛʥʽʶ. ʇʦʜʽʙʥʽʩʪʴ ʜʦ ʤʦʥʪʤʦʨʠʣʦʥʽʪʫ ʪʘ ʰʘʨʫʚʘʪʘ ʩʪʨʫʢʪʫʨʘ ʟ ʝʣʝʤʝʥʪʘʨʥʠʤ ʧʘʢʝʪʦʤ ʪʠʧʫ 

2:1 ʩʚʽʜʯʠʪʴ ʧʨʦ ʤʦʞʣʠʚʽʩʪʴ ʡʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʚ ʷʢʦʩʪʽ ʧʦʛʣʠʥʘʯʘ ʚʘʞʢʠʭ ʽʟʦʪʦʧʽʚ ʚʦʜʥʶ. 

ʉʘʧʦʥʽʪʦʚʽ ʛʣʠʥʠ ʫ ʧʨʠʨʦʜʥʦʤʫ ʟʣʷʛʘʥʥʽ ʧʨʝʜʩʪʘʚʣʝʥʽ ʘʨʛʽʣʽʪʦʧʦʜʽʙʥʦʶ ʩʪʨʦʢʘʪʦʶ ʢʦʨʦʶ 

ʚʠʚʽʪʨʶʚʘʥʥʷ ʪʫʬʽʚ, ʦʩʥʦʚʥʦʛʦ ʩʢʣʘʜʫ ɹʝʨʝʩʪʦʚʝʮʴʢʦʾ ʩʚʠʪʠ ʚʝʥʜʫ. ɰʭ ʟʘʧʘʩʠ ʫ 

ɺʘʨʚʘʨʽʚʩʴʢʤʫ ʨʦʜʦʚʠʱʽ, ʚʽʜʢʨʠʪʦʤʫ ʚ ʋʢʨʘʾʥʽ ʚ ʍʤʝʣʴʥʠʮʴʢʽʡ ʦʙʣʘʩʪʽ, ʩʪʘʥʦʚʣʷʪʴ ʧʦʥʘʜ 34 

ʤʣʥ. ʪʦʥʥ, ʚ ʪ.ʯ. ʙʘʣʘʥʩʦʚʠʭ ʟʘʧʘʩʽʚ ʥʘ ɺʘʨʚʘʨʽʚʩʴʢʽʡ ʽ ʊʘʰʢʽʚʩʴʢʽʡ ʜʽʣʷʥʢʘʭ ʟʛʽʜʥʦ 

ʧʨʦʪʦʢʦʣʫ ˉ 916 ʚʽʜ 13.12.2004 ʨ ɼʝʨʞʘʚʥʦʾ ʢʦʤʽʩʽʾ ʋʢʨʘʾʥʠ ʧʦ ʟʘʧʘʩʘʭ ʢʦʨʠʩʥʠʭ ʢʦʧʘʣʠʥ 

ʟʘʪʚʝʨʜʞʝʥʦ ʫ ʢʽʣʴʢʦʩʪʽ 22664 ʪʠʩ. ʪʦʥʥ. ʎʝ ʨʦʜʦʚʠʱʝ ʻ ʥʘʡʙʽʣʴʰʠʤ, ʥʘʡʙʽʣʴʰ ʨʦʟʚʽʜʘʥʠʤ, 

ʚʠʚʯʝʥʠʤ ʽ ʧʝʨʩʧʝʢʪʠʚʥʠʤ ʜʣʷ ʧʨʦʤʠʩʣʦʚʦʾ ʨʦʟʨʦʙʢʠ ʩʘʧʦʥʽʪʫ ʚ ʩʚʽʪʽ [12].  

ʉʘʧʦʥʽʪ ʻ ʧʨʠʨʦʜʥʠʤ ʩʦʨʙʝʥʪʦʤ ʟ ʚʠʩʦʢʠʤʠ ʘʜʩʦʨʙʮʽʡʥʠʤʠ, ʽʦʥʦʦʙʤʽʥʥʠʤʠ, 

ʢʘʪʘʣʽʪʠʯʥʠʤʠ ʪʘ ʬʽʣʴʪʨʘʮʽʡʥʠʤʠ ʚʣʘʩʪʠʚʦʩʪʷʤʠ. ʄʽʥʝʨʘʣ ʚʽʜʥʦʩʠʪʴʩʷ ʜʦ ʛʨʫʧʠ 

ʪʨʠʦʢʪʘʝʜʨʠʯʥʠʭ ʤʘʛʥʽʻʚʠʭ ʩʤʝʢʪʠʪʽʚ ʟ ʚʽʜʥʦʩʥʦ ʚʝʣʠʢʠʤʠ ʢʨʠʩʪʘʣʽʯʥʠʤʠ ˇʨʘʪʢʘʤʠ, ʚ ʷʢʦʤʫ 

Al
3+

 ʚ ʦʢʪʘʝʜʨʠʯʥʦʤʫ ʰʘʨʽ ʤʘʡʞʝ ʧʦʚʥʽʩʪʶ ʟʘʤʽʱʝʥʠʡ ʥʘ Mg
2+
, ʘ Si

4+
ʫ ʢʨʝʤʥʽʡ-ʢʠʩʥʝʚʠʭ 

ʪʝʪʨʘʝʜʨʘʭ ʯʘʩʪʢʦʚʦ ʟʘʤʽʱʝʥʠʡ ʥʘ Al
3+

 . 
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Éʇʫʰʢʘʨʴʦʚ ʆ. ɺ., ʈʫʜʝʥʢʦ ɯ. ʄ., ʂʦʰʝʣʻʚ ʄ .ɺ., ʉʢʨʠʧʢʽʥ ɺ .ɺ., ɼʦʣʽʥ ɺ. .ɺ. (ʤʦʣ), ʇʨʠʡʤʘʯʝʥʢʦ ɺ. ʄ.
 ʄɯʅɽʈɸʃʔʅʀʁ 

ɸɼʉʆʈɹɽʅʊ ʊʈʀʊɯʖ ʅɸ ʆʉʅʆɺɯ ʉɸʇʆʅɯʊʋ ʊɸ ʎɽʆʃɯʊʋ 

40 

ʂʨʠʩʪʘʣʽʯʥʘ ʩʪʨʫʢʪʫʨʘ ʩʘʧʦʥʽʪʫ ʻ ʪʠʧʦʚʦʶ ʜʣʷ ʰʘʨʦʚʠʭ ʩʠʣʽʢʘʪʽʚ ʟʽ ʩʪʨʫʢʪʫʨʥʠʤ 

ʤʦʪʠʚʦʤ 2:1 (ʨʠʩ. 1). ɺ ʤʘʢʨʦʤʦʣʝʢʫʣʷʨʥʠʭ ʧʘʢʝʪʘʭ ʪʘʢʠʭ ʤʽʥʝʨʘʣʽʚ ʤʽʞ ʜʚʦʤʘ 

ʛʝʢʩʘʛʦʥʘʣʴʥʠʤʠ ʩʽʪʢʘʤʠ ʘʣʶʤʽʥʽʡ - ʢʨʝʤʥʽʡ-ʢʠʩʥʝʚʠʭ ʪʝʪʨʘʝʜʨʽʚ ʨʦʟʪʘʰʦʚʘʥʘ ʦʜʥʘ 

ʦʢʪʘʝʜʨʠʯʥʘ ʤʘʛʥʽʡ - ʢʠʩʥʝʚʦ-ʛʽʜʨʦʢʩʠʣʴʥʘ ʩʽʪʢʘ [13]. ɺʝʨʭʥʽ ʪʘ ʥʠʞʥʽ ʧʦʚʝʨʭʥʽ 

ʝʣʝʤʝʥʪʘʨʥʠʭ ʧʘʢʝʪʽʚ ʩʘʧʦʥʽʪʫ ʚʢʨʠʪʽ ʘʪʦʤʘʤʠ ʢʠʩʥʶ, ʪʦʤʫ ʟʚôʷʟʦʢ ʧʘʢʝʪʽʚ ʩʣʘʙʢʠʡ, ʜʝ ʜʽʶʪʴ 

ɺʘʥ-ʜʝʨ-ɺʘʘʣʴʩʦʚʽ ʤʽʞʤʦʣʝʢʫʣʷʨʥʽ ʩʠʣʠ. ʄʽʞ ʧʘʢʝʪʘʤʠ ʟʥʘʭʦʜʷʪʴʩʷ ʤʦʣʝʢʫʣʠ ʚʦʜʠ ʪʘ 

ʦʙʤʽʥʥʽ ʢʘʪʽʦʥʠ, ʷʢʽ ʚʣʘʩʥʝ ʽ ʚʠʟʥʘʯʘʶʪʴ ʦʩʦʙʣʠʚʦʩʪʽ ʤʽʥʝʨʘʣʽʚ ʛʨʫʧʠ ʤʦʥʪʤʦʨʠʣʦʥʽʪʫ [15]. 

ɺʦʜʘ ʚ ʥʠʭ ʣʝʛʢʦ ʘʜʩʦʨʙʫʻʪʴʩʷ ʤʽʞ ʧʘʢʝʪʘʤʠ ʪʘ ʣʝʛʢʦ ʚʠʜʘʣʷʻʪʴʩʷ ʟ ʧʦʤʽʞ ʧʘʢʝʪʽʚ.  

ɺʘʞʣʠʚʦʶ ʦʩʦʙʣʠʚʽʩʪʶ ʢʨʠʩʪʘʣʽʯʥʦʾ ʨʝʰʽʪʢʠ ʩʘʧʦʥʽʪʫ ʻ ʟʘʤʽʱʝʥʥʷ ʚ ʪʝʪʨʘʝʜʨʠʯʥʽʡ 

ʩʽʪʮʽ ʜʝʷʢʦʾ ʯʘʩʪʠʥʠ ʘʪʦʤʽʚ ʢʨʝʤʥʽʶ ʥʘ ʘʣʶʤʽʥʽʡ [15], ʚʥʘʩʣʽʜʦʢ ʯʦʛʦ ʚ ʨʝʰʽʪʮʽ ʚʠʥʠʢʘʻ 

ʥʘʜʣʠʰʢʦʚʠʡ ʚʽʜôʻʤʥʠʡ ʟʘʨʷʜ, ʢʦʤʧʝʥʩʘʮʽʷ ʷʢʦʛʦ ʟʘʙʝʟʧʝʯʫʻʪʴʩʷ ʧʨʦʪʦʥʥʠʤ ʦʙʤʽʥʦʤ [16] ʯʠ 

ʘʜʩʦʨʙʫʚʘʥʥʷʤ ʟ ʤʽʞʰʘʨʦʚʦʛʦ ʧʨʦʩʪʦʨʫ ʤʽʥʝʨʘʣʫ ʦʙʤʽʥʥʠʭ ʢʘʪʽʦʥʽʚ (ʯʘʩʪʽʰʝ ʮʝ Ca
2+
ʘʙʦ Na

+
, 

ʨʽʜʰʝ ʂ
+
 ʘʙʦ Mg

2+
). ʇʣʦʩʢʽ ʛʨʘʥʽ, ʪʦʙʪʦ ʙʘʟʘʣʴʥʽ ʧʦʚʝʨʭʥʽ ʢʨʠʩʪʘʣʽʯʥʦʾ ʨʝʰʽʪʢʠ, ʟʙʝʨʽʛʘʶʪʴ 

ʚʽʜôʻʤʥʠʡ ʟʘʨʷʜ, ʯʠʤ ʟʘʙʝʟʧʝʯʫʻʪʴʩʷ ʦʙʤʽʥʥʠʡ ʧʦʪʝʥʮʽʘʣ ʯʘʩʪʠʥʦʢ ʤʽʥʝʨʘʣʫ. ɿʘʛʘʣʴʥʠʡ 

ʭʽʤʽʯʥʠʡ ʩʢʣʘʜ ʚʘʨʚʘʨʽʚʩʴʢʦʛʦ ʩʘʧʦʥʽʪʫ ʪʘ ʡʦʛʦ ʢʨʠʩʪʘʣʦʛʨʘʬʽʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʥʘʚʝʜʝʥʦ ʚ 

ʪʘʙʣʠʮʷʭ 1 ʽ 2. 

 

ʈʠʩ. 1. ɯʜʝʘʣʽʟʦʚʘʥʘ ʩʪʨʫʢʪʫʨʘ ʩʘʧʦʥʽʪʫ [14 ] 

 

ʊʘʙʣʠʮʷ 1. ɿʘʛʘʣʴʥʠʡ ʭʽʤʽʯʥʠʡ ʩʢʣʘʜ ʚʘʨʚʘʨʽʚʩʴʢʦʛʦ ʩʘʧʦʥʽʪʫ [12]  

 

ʆʢʩʠʜʠ ʪʘ ʾʭ ʚʤʽʩʪ, % (ʩʝʨʝʜʥʽʡ) 

SiO2 TiO2 Al 2O3 Fe2O3 FeO MgO Mn2O7 CaO Na2O K2O ɺʦʣʦʛʘ 

44,5 1,3 12,9 10,15 2,9 9,7 0,21 2,4 1,45 1,31 8,46 

 

ʉʪʨʫʢʪʫʨʥʘ ʬʦʨʤʫʣʘ ʩʘʧʦʥʽʪʫ ʤʘʻ ʚʠʛʣʷʜ (Ca5,Na)3(Mg,Fe)3(Si,Al)4ʆ10(OH)2*4H2ʆ. 

 

ʊʘʙʣʠʮʷ 2. ʂʨʠʩʪʘʣʦʛʨʘʬʽʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʚʘʨʚʘʨʽʚʩʴʢʦʛʦ ʩʘʧʦʥʽʪʫ [12] 

 

ʉʠʥʛʦʥʽʷ ʄʦʥʦʢʣʽʥʥʘ 

ʇʘʨʘʤʝʪʨʠ ʢʦʤʽʨʢʠ 
a = 5.3¡, b = 9.14¡, c = 16.9¡ 

ɓ = 97Á 

ʉʧʽʚʚʽʜʥʦʰʝʥʥʷ a:b:c = 0.58 : 1 : 1.849 

ʆʙôʻʤ ʝʣʝʤʝʥʪʘʨʥʦʾ ʢʦʤʽʨʢʠ 
V 812.57 ¡į (ʨʦʟʨʘʭʦʚʘʥʦ ʟʘ ʧʘʨʘʤʝʪʨʘʤʠ 

ʝʣʝʤʝʥʪʘʨʥʦʾ ʢʦʤʽʨʢʠ) 

 

http://wiki.web.ru/wiki/%D0%A1%D0%B8%D0%BD%D0%B3%D0%BE%D0%BD%D0%B8%D1%8F
http://wiki.web.ru/wiki/%D0%A1%D0%B8%D0%BD%D0%B3%D0%BE%D0%BD%D0%B8%D1%8F
http://ячейка/


ɿʙ̔ʨʥʠʢ ʥʘʫʢʦʚʠʭ ʧʨʘʮʴ ɯʥʩʪʠʪʫʪʫ ʛʝʦʭʽʤʽʾ ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ 2016 ʚʠʧʫʩʢ 25 

Éʇʫʰʢʘʨʴʦʚ ʆ. ɺ., ʈʫʜʝʥʢʦ ɯ. ʄ., ʂʦʰʝʣʻʚ ʄ .ɺ., ʉʢʨʠʧʢʽʥ ɺ .ɺ., ɼʦʣʽʥ ɺ. .ɺ. (ʤʦʣ), ʇʨʠʡʤʘʯʝʥʢʦ ɺ. ʄ.
 ʄɯʅɽʈɸʃʔʅʀʁ 

ɸɼʉʆʈɹɽʅʊ ʊʈʀʊɯʖ ʅɸ ʆʉʅʆɺɯ ʉɸʇʆʅɯʊʋ ʊɸ ʎɽʆʃɯʊʋ 

41 

ʑʦʜʦ ʽʥʰʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʤʽʥʝʨʘʣʫ ʩʣʽʜ ʚʽʜʟʥʘʯʠʪʠ ʩʪʫʧʽʥʴ ʢʦʣʦʾʜʥʦʩʪʽ 11,7-12,2%, 

ʪʘ ʨʦʟʙʫʭʘʥʥʷ 5,6%, ʧʦʢʘʟʥʠʢ ʧʣʘʩʪʠʯʥʦʩʪʽ 28,4%, ʰʚʠʜʢʽʩʪʴ ʢʘʧʽʣʷʨʥʦʛʦ ʧʨʦʩʦʯʫʚʘʥʥʷ 

0,08 ʩʤĿʩʝʢ
-1
, ʨH = 7,6, ʥʘʷʚʥʽʩʪʴ ʟʚôʷʟʘʥʦʾ ʚʦʜʠ (25,9%), ʧʠʪʦʤʘ ʚʘʛʘ 2,70-3,15 ʛĿʩʤ

-3
 ʪʘ 

ʥʘʩʠʧʥʘ ʚʘʛʘ 0,96. ʛĿʩʤ
-3
 [12]. 

ʈʦʟʧʦʜʽʣ ʚʦʣʦʛʠ ʧʦ ʩʪʨʫʢʪʫʨʥʠʭ ʧʦʟʠʮʽʷʭ ʩʘʧʦʥʽʪʫ ʚʠʟʥʘʯʝʥʦ ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʪʝʨʤʦʛʨʘʚʤ̔ʝʪʨʠʯʥʦʛʦ (ʊɻ) ʪʘ ʜʠʬʝʨʝʥʮʽʡʥʦ-ʪʝʨʤʦʛʨʘʚʽʤʝʪʨʠʯʥʦʛʦ (ɼʊɻ) ʘʥʘʣʽʟʽʚ, 

ʚʠʢʦʥʘʥʠʭ ʥʘ ʧʨʠʣʘʜʽ Derivatograph Q 1500-D (MOM ʋʛʦʨʱʠʥʘ). 

ʊʝʨʤʦʛʨʘʤʠ ʟʥʽʤʘʣʠ ʧʨʠ ʣʽʥʽʡʥʽʡ ʰʚʠʜʢʦʩʪʽ ʥʘʛʨʽʚʘʥʥʷ ʂĬʭʚ
-1
 ʚ ʜʽʘʧʘʟʦʥʽ ʪʝʤʧʝʨʘʪʫʨ 

20 - 1000̄ C ʫ ʧʦʚʽʪʨʷʥʦʤʫ ʩʝʨʝʜʦʚʠʱʽ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʥʘʚʘʞʢʠ ʤʘʩʦʶ  400 ʤʛ. ɺ ʷʢʦʩʪʽ 

ʝʪʘʣʦʥʫ ʟʘʩʪʦʩʦʚʫʚʘʣʠ  ʧʨʦʞʘʨʝʥʠʡ ʦʢʩʠʜ ʘʣʶʤʽʥʽʶ (Ŭ-Al 2O3). ɿʨʘʟʦʢ ʽ ʝʪʘʣʦʥ ʨʦʟʤʽʱʫʚʘʣʠ 

ʫ ʚʽʜʢʨʠʪʠʭ ʢʦʨʫʥʜʦʚʠʭ ʪʠʛʣʷʭ ʽʟ ʩʪʘʥʜʘʨʪʥʦʛʦ ʥʘʙʦʨʫ ʜʦ ʧʨʠʣʘʜʫ. ʇʦʧʝʨʝʜʥ ̒ʛʨʘʜʫʶʚʘʥʥʷ 

ʧʨʠʣʘʜʫ ʚʠʢʦʥʫʚʘʣʠ ʟʘ ʪʝʤʧʝʨʘʪʫʨʦ  ʁʪʘ ʧʠʪʦʤʦ  ʁʪʝʧʣʦʪʦ  ʁʬʘʟʦʚʠʭ ʧʝʨʝʪʚʦʨʝʥʴ ʫ ʟʨʘʟʢʘʭ 

ʝʪʘʣʦʥʥʠʭ ʩʪʘʥʜʘʨʪʽʚ: KNO3, Zn, Ŭ-SiO2, Al, BaCO3 ʠ SrCO3, ʱʦ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴ ʫʚʝʩʴ 

ʜʦʩʣʽʜʞʫʚʘʥʠʡ ʜʽʘʧʘʟʦʥ ʪʝʤʧʝʨʘʪʫʨ [17]. ɼʣʷ ʧʝʨʝʚʽʨʢʠ ʚʘʛʦʚʦʾ ʯʘʩʪʠʥʠ ʧʨʠʣʘʜʫ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠʩ ̫ ʩʪʘʥʜʘʨʪʠ: CuSO4Ŀ5H20, CaC2O4ĿH2O ʽ CaCO3. ʋʩʽ ʚʠʤʽʨʠ ʧʨʠ 

ʛʨʘʜʫʶʚʘʥʥʽ ʧʨʠʣʘʜʫ, ʘ ʪʘʢʦʞ ʫ ʧʨʦʮʝʩʽ ʝʢʩʧʝʨʠʤʝʥʪʫ ʚʠʢʦʥʫʚʘʣʠʩ̫ ʚ ʽʜʝʥʪʠʯʥʠʭ ʫʤʦʚʘʭ. 

ʈʝʟʫʣʴʪʘʪʠ ʪʝʨʤʦʛʨʘʚʽʤʝʪʨʠʯʥʦʛʦ ʪʘ ʜʠʬʝʨʝʥʮʽʡʥʦʛʦ ʪʝʨʤʦʛʨʘʚʽʤʝʪʨʠʯʥʦʛʦ ʘʥʘʣʽʟʽʚ 

ʩʘʧʦʥʽʪʫ ʥʘʚʝʜʝʥʦ ʥʘ ʨʠʩ. 2. 

 

ʈʠʩ. 2. ʈʝʟʫʣʴʪʘʪʠ ʪʝʨʤʦʛʨʘʚʽʤʝʪʨʠʯʥʦʛʦ ʪʘ ʜʠʬʝʨʝʥʮʽʡʥʦʛʦ ʪʝʨʤʦʛʨʘʚʽʤʝʪʨʠʯʥʦʛʦ 

ʘʥʘʣʽʟʽʚ ʩʘʧʦʥʽʪʫ 

 

ɿʛʽʜʥʦ ʦʪʨʠʤʘʥʠʭ ʜʘʥʠʭ ʯʽʪʢʦ ʧʨʦʩʪʝʞʫʻʪʴʩʷ ʛʨʫʧʘ ʝʥʜʦʪʝʨʤʽʯʥʠʭ ʧʽʢʽʚ ʥʘ ʢʨʠʚʽʡ 

ɼʊɻ, ʱʦ ʚʽʜʧʦʚʽʜʘʶʪʴ ʚʠʜʘʣʝʥʥʶ ʚʦʣʦʛʠ ʽʟ ʨʽʟʥʠʭ ʩʪʨʫʢʪʫʨʥʠʭ ʧʦʟʠʮʽʡ ʤʽʥʝʨʘʣʫ. ʅʘʡʙʽʣʴʰ 

ʽʥʪʝʥʩʠʚʥʦʶ ʻ ʚʪʨʘʪʘ ʚʦʣʦʛʠ ʥʘ ʧʦʯʘʪʢʦʚʽʡ ʩʪʘʜʽʾ ʜʝʛʽʜʨʘʪʘʮʽʾ ʩʘʧʦʥʽʪʫ. ɺʠʧʘʨʦʚʫʚʘʥʥʷ ʟ 

ʤʽʥʝʨʘʣʫ ʧʦʨʦʚʦʾ ʪʘ ʧʦʚʝʨʭʥʝʚʦ ʘʜʩʦʨʙʦʚʘʥʦʾ ʚʦʜʠ ʚ ʽʥʪʝʨʚʘʣʽ ʪʝʤʧʝʨʘʪʫʨ 70 ï 100̄ C 
ʧʨʘʢʪʠʯʥʦ ʙʝʟ ʧʝʨʝʨʚʠ ʜʦʧʦʚʥʶʻʪʴʩʷ ʚʠʜʘʣʝʥʥʷʤ ʤʽʞʰʘʨʦʚʦʾ ʚʦʜʠ. ʎʝʡ ʧʨʦʮʝʩ 

ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʝʥʜʦʪʝʨʤʽʯʥʠʤ ʝʢʩʪʨʝʤʫʤʦʤ ʧʨʠ 142C̄, ʟʘʚʝʨʰʫʻʪʴʩʷ ʟ ʜʝʷʢʠʤʠ ʟʤʽʥʘʤʠ 

ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʽ 380C̄ ʽ ʩʫʧʨʦʚʦʜʞʫ̒ ʪʴʩʷ ʚʪʨʘʪʦʶ ʤʘʡʞʝ 12% ʟʘʛʘʣʴʥʦʾ ʤʘʩʠ ʤʽʥʝʨʘʣʫ.  

ʄʝʥʰ ʟʥʘʯʫʱʘ ʚʪʨʘʪʘ ʚʦʣʦʛʠ ʚ ʽʥʪʝʨʚʘʣʽ ʪʝʤʧʝʨʘʪʫʨ 400-710̄ C (3,8%) ʟ 

ʝʥʜʦʪʝʨʤʽʯʥʠʤ ʧʽʢʦʤ ʧʨʠ 578C̄ ʚʽʜʧʦʚʽʜʘʻ ʦʩʪʘʪʦʯʥʽʡ ʚʪʨʘʪʽ ʩʘʧʦʥʽʪʦʤ ʟʘʣʠʰʢʽʚ 
ʤʽʞʰʘʨʦʚʦʾ ʚʦʜʠ. ʇʨʠ ʮʴʦʤʫ ʚʽʜʙʫʚʘʻʪʴʩʷ ʟʤʝʥʰʝʥʥʷ ʙʘʟʘʣʴʥʦʾ ʤʽʞʰʘʨʦʚʦʾ ʚʽʜʩʪʘʥʽ ʜʦ 9,7 ï 

9,5¡ [15].  

0 100 200 300 400 500 600 700 800 900 1000

18

16

14

12

10

8

6

4

2

0

25

20

15

10

5

0

ʊ
ɻ
,
 
 
%

ʊʝʤʧʝʨʘʪʫʨʘ,  ʉ̄

ʊɻ

ɼʊɻ

380 940

1
1

, 
8
 %

1
5

, 
6

 %

1
7
,1

 %

710

 

ɼ
ʊ
ɻ, 
1

0-3
 (
%
 
/
 
ʩ
)

578

142

760
846

291

215
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Éʇʫʰʢʘʨʴʦʚ ʆ. ɺ., ʈʫʜʝʥʢʦ ɯ. ʄ., ʂʦʰʝʣʻʚ ʄ .ɺ., ʉʢʨʠʧʢʽʥ ɺ .ɺ., ɼʦʣʽʥ ɺ. .ɺ. (ʤʦʣ), ʇʨʠʡʤʘʯʝʥʢʦ ɺ. ʄ.
 ʄɯʅɽʈɸʃʔʅʀʁ 

ɸɼʉʆʈɹɽʅʊ ʊʈʀʊɯʖ ʅɸ ʆʉʅʆɺɯ ʉɸʇʆʅɯʊʋ ʊɸ ʎɽʆʃɯʊʋ 

42 

ʆʩʪʘʪʦʯʥʝ ʨʫʡʥʫʚʘʥʥʷ ʩʪʨʫʢʪʫʨʠ ʩʘʧʦʥʽʪʫ ʟ ʚʠʜʘʣʝʥʥʷʤ ʟ ʥʝʾ ʛʽʜʨʦʢʩʠʣʴʥʠʭ ʛʨʫʧ 

ʚʽʜʙʫʚʘʻʪʴʩʷ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʘʭ ʚʽʜ 710 ʜʦ 940C̄ ʟ ʜʚʦʤʘ ʥʝʟʥʘʯʥʠʤʠ ʝʥʜʦʪʝʨʤʽʯʥʠʤʠ 

ʤʽʥʽʤʫʤʘʤʠ (ʟʘ ʜʘʥʠʤʠ ɼʊɸ) ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʘʭ 760 ʽ 846C̄, ʱʦ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʟʤʝʥʰʝʥʥʷ 

ʚʘʛʠ ʤʽʥʝʨʘʣʫ ʥʘ 1,5%. 
ɼʨʫʛʦʶ ʩʢʣʘʜʦʚʦʶ ʤʽʥʝʨʘʣʴʥʦʛʦ ʢʦʤʧʦʟʠʪʥʦʛʦ ʘʜʩʦʨʙʝʥʪʫ ʻ ʮʝʦʣʽʪ (ʢʣʽʥʦʧʪʠʣʦʣʽʪ) 

ʉʦʢʠʨʥʠʮʴʢʦʛʦ ʨʦʜʦʚʠʱʘ. ʎʝʡ ʤʽʢʨʦʧʦʨʠʩʪʠʡ ʢʘʨʢʘʩʥʠʡ ʥʘʪʨʽʻʚʦ-ʢʘʣʽʻʚʠʡ ʘʣʶʤʦʩʠʣʽʢʘʪ ʽʟ 

ʩʪʨʫʢʪʫʨʥʦʶ ʬʦʨʤʫʣʦʶ (Mn0,01-0,03Mg0,03-0,44Ca0,52-1,73Na2,19-3,98K1,07-1,78)[(Si28,52-28,97Al 6,67-

6,95Ti0,03-0,07Fe
3+

0,27-0,47)O72]*22H2O, ʽʦʥʦʦʙʤʽʥʥʦʶ ʻʤʥʽʩʪʶ 1,5 ʤʛ.ʝʢʚ.Ĭʛ
-1
, ʧʘʨʘʤʝʪʨʘʤʠ 

ʝʣʝʤʝʥʪʘʨʥʦʾ ʢʦʤʽʨʢʠ ʧʦ ʦʩʷʭ: a = 1,765 ï 1,769 ʥʤ, b = 1,795 ï 1,798 ʥʤ, c = 0,741 ï 0,742 ʥʤ 

ʪʘ ʨʦʟʤʽʨʦʤ ʚʭʽʜʥʠʭ ʚʽʢʦʥ ʢʘʥʘʣʽʚ ʢʨʠʩʪʘʣʽʯʥʦʾ ʛʨʘʪʢʠ ʙʽʣʷ 0,4 ʥʤ, ʷʢ ʤʦʣʝʢʫʣʷʨʥʝ ʩʠʪʦ, 

ʟʜʘʪʝʥ ʜʦ ʚʠʣʫʯʝʥʥʷ ʽʟ ʨʦʟʯʠʥʽʚ ʩʫʧʫʪʥʽʭ ʟʘʙʨʫʜʥʶʚʘʯʽʚ ʫ ʚʠʛʣʷʜʽ ʜʝʷʢʠʭ ʢʘʪʽʦʥʽʚ: Cs
+
, Pb

+
, 

K
+
, NH

4+
, Ag

+
, Cd

2+
, Pb

2+
, Zn

2+
, Hg

2+
 ʪʦʱʦ ʪʘ ʛʘʟʽʚ, ʘ ʩʘʤʝ: ʉʆ, ʉʆ2, SO2, NH3, N2, HCHO, Ar, 

O2, He, Kr, Xe,CH3OH, ʬʨʝʦʥʫ, ʬʦʨʤʘʣʴʜʝʛʽʜʫ ʪʦʱʦ [18]. ʄʽʥʝʨʘʣ ʧʨʦʷʚʣʷʻ ʩʪʽʡʢʽʩʪʴ ʜʦ 

ʜʠʥʘʤʽʯʥʠʭ ʥʘʚʘʥʪʘʞʝʥʴ, ʚʧʣʠʚʫ ʚʠʩʦʢʠʭ ʪʝʤʧʝʨʘʪʫʨ, ʘʛʨʝʩʠʚʥʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʪʘ 

ʽʦʥʽʟʫʶʯʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ. ʊʘʢʽ ʚʣʘʩʪʠʚʦʩʪʽ ʢʣʽʥʦʧʪʠʣʦʣʽʪʫ ʟʘʙʝʟʧʝʯʫʶʪʴ ʜʦʜʘʪʢʦʚʽ 

ʢʦʨʠʩʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʢʦʤʧʦʟʠʪʫ ʚ ʨʘʟʽ ʟʘʩʪʦʩʫʚʘʥʥʷ ʡʦʛʦ ʚ ʷʢʦʩʪʽ ʤʽʥʝʨʘʣʴʥʠʭ ʬʽʣʴʪʨʽʚ ʧʨʠ 

ʦʯʠʱʝʥʥʽ ʪʨʠʪʽʡʦʚʘʥʦʾ ʚʦʜʠ, ʱʦ ʥʝʩʝ ʢʦʤʧʣʝʢʩʥʝ ʟʘʙʨʫʜʥʝʥʥʷ. 

ɼʣʷ ʩʪʚʦʨʝʥʥʷ ʤʦʜʝʣʴʥʦʾ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʾ ʩʠʩʪʝʤʠ ʚʠʭʽʜʥʽ ʤʽʥʝʨʘʣʴʥʽ ʩʢʣʘʜʦʚʽ 

ʢʦʤʧʦʟʠʪʫ ʙʫʣʠ ʧʦʜʨʽʙʥʝʥʽ ʜʦ ʧʦʨʦʰʢʫ ʽʟ ʩʫʭʦʶ ʱʽʣʴʥʽʩʪʶ ʩʘʧʦʥʽʪʫ 1,0406 ʛĿʩʤ
-3
 ʪʘ ʮʝʦʣʽʪʫ 

0,8692 ʛĿʩʤ
-3
. ʅʘʚʘʞʢʠ ʩʘʧʦʥʽʪʫ (48,62 ʛ) ʪʘ ʮʝʦʣʽʪʫ (34,12 ʛ ) ʫ ʩʧʽʚʚʽʜʥʦʰʝʥʥʽ 50 : 50 

ʦʙôʻʤʥʠʭ % ʙʫʣʠ ʨʝʪʝʣʴʥʦ ʧʝʨʝʤʽʰʘʥʽ ʫ ʤʽʢʩʝʨʽ. ʆʪʨʠʤʘʥʘ ʩʫʤʽʰ ʙʫʣʘ ʟʘʚʘʥʪʘʞʝʥʘ ʫ 

ʬʽʣʴʪʨʫʚʘʣʴʥʫ ʢʦʣʦʥʢʫ ʜʽʘʤʝʪʨʦʤ 35 ʤʤ, ʥʠʞʥʽʡ ʦʪʚʽʨ ʷʢʦʾ ʧʝʨʝʢʨʠʪʠʡ ʤʝʪʘʣʝʚʦʶ ʩʽʪʢʦʶ ʟ 

ʨʦʟʤʽʨʦʤ ʝʣʝʤʝʥʪʘʨʥʦʾ ʯʘʨʫʥʢʠ 0,1 ʤʤ, ʜʣʷ ʩʪʚʦʨʝʥʥʷ ʤʽʥʝʨʘʣʴʥʦʾ ʤʝʤʙʨʘʥʠ ʧʦʪʫʞʥʽʩʪʶ 80 

ʤʤ.  

ʂʨʽʟʴ ʤʽʥʝʨʘʣʴʥʫ ʤʝʤʙʨʘʥʫ ʧʨʦʬʽʣʴʪʨʦʚʫʚʘʣʠ ʪʨʠʪʽʡʦʚʘʥʫ ʚʦʜʫ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ 

ʜʦʟʘʪʦʨʘ, ʷʢʠʡ ʜʦʟʚʦʣʷʚ ʧʽʜʪʨʠʤʫʚʘʪʠ ʥʘʜ ʤʽʥʝʨʘʣʴʥʦʶ ʤʝʤʙʨʘʥʦʶ ʰʘʨ ʚʦʜʠ ʧʦʩʪʽʡʥʦʾ 

ʧʦʪʫʞʥʦʩʪʽ (10 ʤʤ). ʉʭʝʤʘ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʾ ʩʠʩʪʝʤʠ ʥʘʚʝʜʝʥʘ ʥʘ ʨʠʩʫʥʢʫ 3. 

 

 

ʈʠʩ. 3. ʉʭʝʤʘ ʝʢʩʧʝʨʠʤʝʥʪʫ ʟ ʬʽʣʴʪʨʘʮʽʾ ʅʊʆ ʢʨʽʟʴ ʢʦʤʧʦʟʠʪʥʫ ʤʝʤʙʨʘʥʫ. 

 

ʐʚʠʜʢʽʩʪʴ ʬʽʣʴʪʨʘʮʽʾ ʦʮʽʥʶʚʘʣʘʩʴ ʟʛʽʜʥʦ ʟʘʢʦʥʫ ɼʘʨʩʽ [19]: 

 

Vk = Q/S = K I;   |I = 1, Vk = K|,     (1) 

 

ʜʝ Vk - ʰʚʠʜʢʽʩʪʴ ʬʽʣʴʪʨʘʮʽʾ, Q - ʚʠʪʨʘʪʘ ʚʦʜʠ (ʩʤ
3
Ŀʜʦʙʘ

ï1
), S - ʧʣʦʱʘ ʧʦʧʝʨʝʯʥʦʛʦ ʧʝʨʝʨʽʟʫ 

ʬʽʣʴʪʨʫʚʘʣʴʥʦʾ ʢʦʣʦʥʢʠ, ʜʝ ʨʦʟʤʽʱʫʚʘʣʘʩʴ ʤʝʤʙʨʘʥʘ (ʩʤ
2
), I - ʥʘʧʽʨʥʠʡ ʛʨʘʜʽʻʥʪ. ɺ ʫʤʦʚʘʭ 

ʥʘh ʠʭ ʝʢʩʧʝʨʠʤʝʥʪʽʚ I = 1, ʚʽʜʧʦʚʽʜʥʦ Vk ʦʙʯʠʩʣʶʚʘʣʦʩʴ ʷʢ ʯʘʩʪʢʘ ʚʽʜ ʜʽʣʝʥʥʷ ʚʠʪʨʘʪʠ ʚʦʜʠ 

Q (ʩʤ
3
Ŀʜʦʙʘ

ï1
) ʥʘ ʧʣʦʱʫ ʧʦʧʝʨʝʯʥʦʛʦ ʧʝʨʝʨʽʟʫ ʬʽʣʴʪʨʫʚʘʣʴʥʦʾ ʢʦʣʦʥʢʠ S (ʩʤ

2
), ʜʝ 

ʨʦʟʤʽʱʫʚʘʣʘʩʴ ʤʝʤʙʨʘʥʘ.  



ɿʙ̔ʨʥʠʢ ʥʘʫʢʦʚʠʭ ʧʨʘʮʴ ɯʥʩʪʠʪʫʪʫ ʛʝʦʭʽʤʽʾ ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ 2016 ʚʠʧʫʩʢ 25 

Éʇʫʰʢʘʨʴʦʚ ʆ. ɺ., ʈʫʜʝʥʢʦ ɯ. ʄ., ʂʦʰʝʣʻʚ ʄ .ɺ., ʉʢʨʠʧʢʽʥ ɺ .ɺ., ɼʦʣʽʥ ɺ. .ɺ. (ʤʦʣ), ʇʨʠʡʤʘʯʝʥʢʦ ɺ. ʄ.
 ʄɯʅɽʈɸʃʔʅʀʁ 

ɸɼʉʆʈɹɽʅʊ ʊʈʀʊɯʖ ʅɸ ʆʉʅʆɺɯ ʉɸʇʆʅɯʊʋ ʊɸ ʎɽʆʃɯʊʋ 

43 

ɼʣʷ ʚʠʟʥʘʯʝʥʥʷ ʜʠʥʘʤʽʢʠ ʧʨʦʮʝʩʫ ʘʜʩʦʨʙʮʽʾ ʪʨʠʪʽʶ ʟ ʚʦʜʥʦʛʦ ʨʦʟʯʠʥʫ ʨʝʛʫʣʷʨʥʦ 

ʚʽʜʙʠʨʘʣʠʩʴ ʧʨʦʙʠ ʬʽʣʴʪʨʘʪʫ, ʷʢʽ ʧʽʩʣʷ ʦʯʠʱʝʥʥʷ ʚʽʜ ʦʨʛʘʥʽʯʥʠʭ ʜʦʤʽʰʦʢ (ʦʢʠʩʥʝʥʥʷ 

ʜʦʜʘʚʘʥʥʷʤ ʜʦ ʨʦʟʯʠʥʫ K2Cr2O7) ʪʘ ʜʠʩʪʠʣʷʮʽʾ ʟʤʽʰʫʚʘʣʠ ʽʟ ʩʮʠʥʪʠʣʷʪʦʨʦʤ Hi Sife 3 Wallac ʫ 

ʩʧʽʚʚʽʜʥʦʰʝʥʥʽ 8:12. ɺʤʽʩʪ ʪʨʠʪʽʶ ʫ ʧʽʜʛʦʪʦʚʣʝʥʠʭ ʪʘʢʠʤ ʯʠʥʦʤ ʝʤʫʣʴʩʽʷʭ ʚʠʟʥʘʯʘʚʩʷ ʥʘ 

ʨʽʜʠʥʥʦʤʫ ʩʮʠʥʪʠʣʮ̫ʽʡʥʦʤʫ ɓ-ʩʧʝʢʪʨʦʤʝʪʨʽ Quantulus 1220 (LKW Wallac) ʟ ʧʦʭʠʙʢʦʶ ʥʝ 

ʙʣ̔ʴʰʝ 5%.  

 

ʈʝʟʫʣʴʪʘʪʠ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʪʘ ʾʭ ʦʙʛʦʚʦʨʝʥʥʷ 
ʄʦʞʣʠʚʽʩʪʴ ʚʠʢʦʨʠʩʪʘʥʥʷ ʩʘʧʦʥʽʪ-ʮʝʦʣʽʪʦʚʦʛʦ ʢʦʤʧʦʟʠʪʫ ʚ ʷʢʦʩʪʽ ʘʜʩʦʨʙʝʥʪʫ ʜʣʷ 

ʚʠʣʫʯʝʥʥʷ ʪʨʠʪʽʶ ʟ ʨʦʟʯʠʥʫ ʅʊʆ ʚʠʟʥʘʯʘʻʪʴʩʷ ʛʦʣʦʚʥʠʤ ʯʠʥʦʤ ʪʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ, ʷʢʽ 

ʤʦʞʫʪʴ ʟʘʙʝʟʧʝʯʠʪʠ ʜʦʩʪʘʪʥʶ ʜʣʷ ʢʦʥʢʨʝʪʥʠʭ ʪʝʭʥʦʣʦʛʽʯʥʠʭ  ʟʘʜʘʯ ʰʚʠʜʢʽʩʪʴ ʬʽʣʴʪʨʘʮʽʾ ʽ 

ʧʨʠʡʥʷʪʥʫ ʝʬʝʢʪʠʚʥʽʩʪʴ ʝʢʩʪʨʘʢʮʽʾ ʪʨʠʪʽʶ ʟ ʨʦʟʯʠʥʫ. ɺ ʭʦʜʽ ʝʢʩʧʝʨʠʤʝʥʪʫ, ʱʦ ʪʨʠʚʘʚ 41 

ʜʦʙʫ, ʰʚʠʜʢʽʩʪʴ ʬʽʣʴʪʨʘʮʽʾ V ʟʤʝʥʰʫʻʪʴʩʷ ʫ ʧʝʨʰʽ 13 ʜʽʙ ʚʥʘʩʣʽʜʦʢ ʨʦʟʙʫʭʘʥʥʷ ʛʣʠʥʠʩʪʦʛʦ 

ʤʽʥʝʨʘʣʫ. ʅʘʜʘʣʽ ʧʨʦʮʝʩ ʬʽʣʴʪʨʘʮʽʾ ʩʪʘʙʽʣʽʟʫʚʘʚʩʷ ʥʘ ʨʽʚʥʽ 0,5 ï 0,4 ʩʤĿʜʦʙʘ
ï1

 (ʨʠʩ. 4). 
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ʈʠʩ. 4. ʐʚʠʜʢʽʩʪʴ ʬʽʣʴʪʨʘʮʽʾ ʅʊʆ ʢʨʽʟʴ 

ʩʘʧʦʥʽʪ-ʮʝʦʣʽʪʦʚʠʡ ʢʦʤʧʦʟʠʪ. 

 

 

 

ʂʽʥʝʪʠʢʘ ʧʨʦʮʝʩʫ ʤʦʞʝ ʙʫʪʠ ʦʧʠʩʘʥʘ ʧʨʦʩʪʠʤ ʝʢʩʧʦʥʝʥʮʽʡʥʠʤ ʨʽʚʥʷʥʥʷʤ ʪʠʧʫ (2) ʟ ʨʽʚʥʝʤ 

ʜʦʩʪʦʚʽʨʥʦʩʪʽ ʘʧʨʦʢʩʠʤʘʮʽʾ R = 0,99. 

V=a+be 
ïkt

,      (2) 

ʜʝ: V ï ʰʚʠʜʢʽʩʪʴ ʬʽʣʴʪʨʘʮʽʾ (ʩʤĿʜʦʙʘ
ï1

); ʘ, b - ʧʘʨʘʤʝʪʨʠ, ʱʦ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴ ʧʝʨʰʫ ʪʘ ʜʨʫʛʫ 

ʩʪʘʜʽʾ ʧʨʦʮʝʩʫ ʬʽʣʴʪʨʘʮʽʾ (ʩʤĿʜʦʙʘ
ï1)

, k ï ʢʦʥʩʪʘʥʪʘ ʟʤʽʥʠ ʰʚʠʜʢʦʩʪ̔ ʮʠʭ ʧʨʦʮʝʩʽʚ, ʜʦʙʘ
ï1

, t ï 

ʯʘʩ (ʜʦʙʘ).  

 

ʂʽʥʝʪʠʯʥʽ ʧʘʨʘʤʝʪʨʠ, ʱʦ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴ ʟʤʽʥʫ ʰʚʠʜʢʦʩʪʽ ʬʽʣʴʪʨʘʮʽʾ ʅʊʆ ʢʨʽʟʴ ʩʘʧʦʥʽʪ-

ʮʝʦʣʽʪʦʚʠʡ ʢʦʤʧʦʟʠʪ (ʉʎʂ) ʥʘʚʝʜʝʥʦ ʚ ʪʘʙʣʠʮʽ 3. 

 

ʊʘʙʣʠʮʷ 3. ʂʽʥʝʪʠʯʥʽ ʧʘʨʘʤʝʪʨʠ ʟʤʽʥʠ ʰʚʠʜʢʦʩʪʽ ʬʽʣʴʪʨʘʮʽʾ ʅʊʆ ʢʨʽʟʴ ʤʝʤʙʨʘʥʫ ʉʎʂ. 

 

ʉʠʩʪʝʤʘ ʘ, ʩʤĿʜʦʙʘ
ï1

 b, ʩʤĿʜʦʙʘ
ï1

 k, ʜʦʙʘ
ï1

 R
2
 

ʉʎʂ 0,44 3,128 0,206 0,99 

 

ʇʨʠ ʬʽʣʴʪʨʘʮʽʾ ʪʨʠʪʽʡʦʚʘʥʦʾ ʚʦʜʠ ʢʨʽʟʴ ʢʦʤʧʦʟʠʪʥʽ ʩʘʧʦʥʽʪ-ʮʝʦʣʽʪʦʚʽ ʤʝʤʙʨʘʥʠ 

ʩʧʦʩʪʝʨʛ̔ʘʻʪʴʩʷ ʟʤʝʥʰʝʥʥʷ ʾʾ ʧʠʪʦʤʦʾ ʘʢʪʠʚʥʦʩʪʽ. ɼʣʷ ʦʮʽʥʢʠ ʩʪʫʧʝʥʷ ʦʯʠʩʪʢʠ ʅʊʆ ʚʽʜ 

ʪʨʠʪʽʶ ʚʠʢʦʨʠʩʪʘʥʦ ʧʦʢʘʟʥʠʢ Pi, ʱʦ ʦʙʯʠʩʣʶʻʪʴʩʷ ʷʢ ʚʽʜʥʦʰʝʥʥʷ ʧʠʪʦʤʦʾ ʘʢʪʠʚʥʦʩʪʽ ʪʨʠʪʽʶ 

ʫ ʬʽʣʴʪʨʘʪʽ ʜʦ ʡʦʛʦ ʧʠʪʦʤʦʾ ʘʢʪʠʚʥʦʩʪʽ ʫ ʚʠʭʽʜʥʽʡ ʪʨʠʪʽʡʦʚʘʥʽʡ ʚʦʜʽ (3): 

Pi = (Ai /A0)*100,     (3) 

ʜʝ: Pi ï ʯʘʩʪʢʘ ʧʠʪʦʤʦʾ ʘʢʪʠʚʥʦʩʪʽ ʪʨʠʪʽʶ, ʱʦ ʟʘʣʠʰʘʻʪʴʩʷ ʫ ʬʽʣʴʪʨʘʪʽ (%), Ai - ʧʠʪʦʤʘ 

ʘʢʪʠʚʥʽʩʪʴ ʪʨʠʪʽʶ ʫ ʬʽʣʴʪʨʘʪʽ, ɹʢĿʜʤ
-3
, A0 ʧʠʪʦʤʘ ʘʢʪʠʚʥʽʩʪʴ ʪʨʠʪʽʶ ʫ ʚʠʭʽʜʥʽʡ ʅʊʆ, ɹʢĿʜʤ

-3
. 

ɿʘ ʧʝʨʰʽ 3 ï 5 ʜʽʙ ʮʝʡ ʧʨʦʮʝʩ ʦʙʫʤʦʚʣʶʻʪʴʩʷ ʯʘʩʪʢʦʚʠʤ ʨʦʟʙʘʚʣʝʥʥʷʤ ʢʦʥʮʝʥʪʨʘʮʽʾ 

ʪʨʠʪʽʶ ʫ ʬʽʣʴʪʨʘʪʽ ʅʊʆ (ʨʠʩ. 5.) ʟʘ ʨʘʭʫʥʦʢ ʧʨʦʪʽʻʚʦʾ ʚʦʜʠ (ʅ2ʆ), ʱʦ ʤʽʩʪʠʪʴʩʷ ʫ ʤʽʥʝʨʘʣʴʥʽʡ 
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Éʇʫʰʢʘʨʴʦʚ ʆ. ɺ., ʈʫʜʝʥʢʦ ɯ. ʄ., ʂʦʰʝʣʻʚ ʄ .ɺ., ʉʢʨʠʧʢʽʥ ɺ .ɺ., ɼʦʣʽʥ ɺ. .ɺ. (ʤʦʣ), ʇʨʠʡʤʘʯʝʥʢʦ ɺ. ʄ.
 ʄɯʅɽʈɸʃʔʅʀʁ 

ɸɼʉʆʈɹɽʅʊ ʊʈʀʊɯʖ ʅɸ ʆʉʅʆɺɯ ʉɸʇʆʅɯʊʋ ʊɸ ʎɽʆʃɯʊʋ 

44 

ʩʫʙʩʪʘʥʮʽʾ ʥʘʚʽʪʴ ʫ ʧʦʚʽʪʨʷʥʦ-ʩʫʭʽʡ ʚʠʭʽʜʥʽʡ ʤʽʥʝʨʘʣʴʥʽʡ ʤʘʩʽ. ʗʢ ʧʦʢʘʟʘʣʠ ʨʝʟʫʣʴʪʘʪʠ 

ʜʠʬʝʨʝʥʮʽʡʥʦʛʦ ʪʝʨʤʦʛʨʘʚʽʤʝʪʨʠʯʥʦʛʦ ʘʥʘʣʽʟʫ, ʧʦʪʝʥʮʽʘʣ ʜʣʷ ʪʘʢʦʛʦ ʨʦʟʙʘʚʣʝʥʥʷ ʚ ʩʘʧʦʥʽʪʽ 

ʜʦʩʠʪʴ ʚʘʛʦʤʠʡ ʽ ʩʢʣʘʜʘʻ ʜʦ 12% ʤʘʩʠ ʤʽʥʝʨʘʣʫ (ʨʠʩ. 2.). 

ɺ ʧʦʜʘʣʴʰʦʤʫ, ʚʥʘʩʣʽʜʦʢ ʦʩʦʙʣʠʚʦʩʪʝʡ ʩʪʨʫʢʪʫʨʠ ʩʘʧʦʥʽʪʫ, ʛʦʣʦʚʥʦʾ ʧʦʛʣʠʥʘʶʯʦʾ 

ʩʢʣʘʜʦʚʦʾ ʩʘʧʦʥʽʪ-ʮʝʦʣʽʪʦʚʦʛʦ ʢʦʤʧʦʟʠʪʫ, ʟʙʽʣʴʰʝʥʥʷ ʚʠʣʫʯʝʥʥʷ ʪʨʠʪʽʶ ʽʟ ʅʊʆ, ʱʦ 

ʬʽʣʴʪʨʫʻʪʴʩʷ ʢʨʽʟʴ ʢʦʤʧʦʟʠʪʥʫ ʤʝʤʙʨʘʥʫ, ʧʦʯʠʥʘʻʪʴʩʷ ʟ 15 ʜʦʙʠ ʬʽʣʴʪʨʘʮʽʾ. ʎʝ ʤʦʞʝ ʙʫʪʠ 

ʧʦʚôʷʟʘʥʦ ʟ ʪʠʤ, ʱʦ ʧʦʧʝʨʝʜʥʻ ʧʨʦʩʫʰʫʚʘʥʥʷ ʤʽʥʝʨʘʣʴʥʠʭ ʩʢʣʘʜʦʚʠʭ ʢʦʤʧʦʟʠʪʫ ʧʨʠ 110C̄, 

ʤʦʞʣʠʚʦ, ʧʨʠʟʚʝʣʦ ʜʦ ʜʝʷʢʦʛʦ ʟʤʝʥʰʝʥʥʷ ʤʽʞʰʘʨʦʚʦʛʦ ʧʨʦʩʪʦʨʫ ʫ ʩʪʨʫʢʪʫʨʽ ʩʘʧʦʥʽʪʫ, ʱʦ ʥʝ 

ʦʯʽʢʫʚʘʣʦʩʴ. 

10 20 30 40 50 60

ɼʦʙʠ

50

60

70

80

90

100

P
i

 

 

 

ʈʠʩ. 5. ʉʪʫʧʽʥʴ ʦʯʠʱʝʥʥʷ ʪʨʠʪʽʡʦʚʘʥʦʾ ʚʦʜʠ  

ʚʽʜ ʪʨʠʪʽʶ ʟʘ ʯʘʩ ʾʾ ʬʽʣʴʪʨʘʮʽʾ ʢʨʽʟʴ 

ʤʝʤʙʨʘʥʫ ʉʎʂ: 

Pi ï ʯʘʩʪʢʘ ʚʠʭʽʜʥʦʾ ʘʢʪʠʚʥʦʩʪʽ ʪʨʠʪʽʶ, ʱʦ 

ʟʘʣʠʰʘʻʪʴʩʷ ʫ ʬʽʣʴʪʨʘʪʽ. 

 

ʎʝ, ʚʽʜʧʦʚʽʜʥʦ, ʧʨʠʟʚʝʣʦ ʜʦ ʯʘʩʪʢʦʚʦʛʦ ʟʘʧʝʯʘʪʫʚʘʥʥʷ ʛʝʢʩʘʛʦʥʘʣʴʥʠʭ ʢʽʣʝʮʴ ʤʽʥʝʨʘʣʫ 

ʢʘʪʽʦʥʘʤʠ, ʧʨʠʩʫʪʥʽʤʠ ʫ ʡʦʛʦ ʤʽʞʰʘʨʦʚʦʤʫ ʧʨʦʩʪʦʨʽ. ɿʘ 15 ʜʽʙ, ʚʽʨʦʛʽʜʥʦ, ʚʽʜʙʫʣʘʩʴ 

ʨʝʛʽʜʨʘʪʘʮʽʷ ʮʠʭ ʢʘʪʽʦʥʽʚ ʧʨʠ ʨʦʟʩʫʚʘʥʥʽ ʩʪʨʫʢʪʫʨʥʠʭ ʧʘʢʝʪʽʚ ʽ ʟʙʽʣʴʰʝʥʥʽ ʤʽʞʰʘʨʦʚʦʛʦ 

ʧʨʦʩʪʦʨʫ ʽ, ʷʢ ʥʘʩʣʽʜʦʢ,  ʟʚʽʣʴʥʝʥʥʷʤ ʣʫʥʦʢ ʛʝʢʩʘʛʦʥʘʣʴʥʠʭ ʢʽʣʝʮʴ ʚ ʤʽʥʝʨʘʣʴʥʽʡ ʩʪʨʫʢʪʫʨʽ. 

ʇʽʩʣʷ ʮʴʦʛʦ ʫʪʚʦʨʠʚʩʷ ʙʽʣʴʰ ʚʽʣʴʥʠʡ ʜʦʩʪʫʧ ʤʦʣʝʢʫʣ ʅʊʆ ʜʦ ʨʝʘʢʮʽʡʥʠʭ ʧʦʟʠʮʽʡ ʚ ʩʘʧʦʥʽʪʽ ʽ 

ʨʦʟʧʦʯʘʚʩʷ ʙʽʣʴʰ ʝʬʝʢʪʠʚʥʠʡ ʧʨʦʮʝʩ ʽʟʦʪʦʧʥʦ-ʚʦʜʥʝʚʦʛʦ ʦʙʤʽʥʫ ʤʽʞ ʬʽʣʴʪʨʘʪʦʤ ʽ ʛʣʠʥʠʩʪʠʤ 

ʤʽʥʝʨʘʣʦʤ. 

ɼʘʣʽ ʨʦʟʧʦʯʠʥʘʻʪʴʩʷ ʧʨʦʮʝʩ ʤʦʣʝʢʫʣʷʨʥʦʛʦ ʦʙʤʽʥʫ ʤʽʞ ʨʽʜʢʦʶ ʽ ʤʽʥʝʨʘʣʴʥʦʶ ʬʘʟʘʤʠ, 

ʢʦʣʠ  ʤʦʣʝʢʫʣʠ ʅʊʆ ʟʘʤʽʱʘʶʪʴ ʤʦʣʝʢʫʣʠ ʅ2ʆ ʚ ʤʽʞʰʘʨʦʚʦʤʫ ʧʨʦʩʪʦʨʽ ʩʘʧʦʥʽʪʫ (ʨʠʩ. 1). 

ʄʦʞʣʠʚʽʩʪʴ ʜʣʷ ʪʘʢʦʛʦ ʦʙʤʽʥʫ ʦʙʫʤʦʚʣʝʥʘ ʥʘʷʚʥʽʩʪʶ ʤʽʞʰʘʨʦʚʦʾ ʚʦʜʠ, ʱʦ ʩʢʣʘʜʘʻ ʜʦ 4% 

ʤʘʩʠ ʤʽʥʝʨʘʣʫ. ʉʠʣʘ ʟʚôʷʟʢʫ ʤʽʞ ʝʣʝʤʝʥʪʘʨʥʠʤʠ ʪʨʠʰʘʨʦʚʠʤʠ ʧʘʢʝʪʘʤʠ ʫ ʩʘʧʦʥʽʪʽ ʙʽʣʴʰ 

ʧʦʪʫʞʥʘ, ʥʽʞ ʚ ʤʦʥʪʤʦʨʠʣʦʥʽʪʽ, ʱʦ ʧʽʜʪʚʝʨʜʞʫʻʪʴʩʷ ʜʘʥʠʤʠ ʪʝʨʤʦʛʨʘʚʽʤʝʪʨʠʯʥʦʛʦ ʘʥʘʣʽʟʫ. 

ʊʘʢ, ʷʢʱʦ ʫ ʤʦʥʪʤʦʨʠʣʦʥʽʪʽ ʚʠʜʘʣʝʥʥʷ ʤʽʞʰʘʨʦʚʦʾ ʚʦʜʠ ʚʽʜʙʫʚʘʻʪʴʩʷ ʧʽʩʣʷ 250C̄, ʪʦ ʚ 

ʩʘʧʦʥʽʪʽ ʜʣʷ ʮʴʦʛʦ ʧʦʪʨʽʙʥʝ ʧʨʦʛʨʽʚʘʥʥʷ ʤʽʥʝʨʘʣʫ ʜʦ 400 - 710̄C. ʊʦʤʫ ʮʝʡ ʧʨʦʮʝʩ ʚ ʩʘʧʦʥʽʪʽ 

ʻ ʙʽʣʴʰ ʧʨʦʣʦʥʛʦʚʘʥʠʤ ʽ ʚ ʜʝʷʢʽʡ ʤʽʨʽ ʢʦʤʧʣʝʢʩʫʻʪʴʩʷ ʽʟ ʧʦʯʘʪʢʦʤ ʽʟʦʪʦʧʥʦ-ʚʦʜʥʝʚʦʛʦ 

ʟʘʤʽʱʝʥʥʷ ʩʪʨʫʢʪʫʨʥʠʭ ʆʅ-ʛʨʫʧ ʥʘ ʆʊ-ʛʨʫʧʠ.  

ʇʨʦʮʝʩ ʽʟʦʪʦʧʥʦ-ʚʦʜʥʝʚʦʛʦ ʦʙʤʽʥʫ ʚ ʩʪʨʫʢʪʫʨʽ ʩʘʧʦʥʽʪʫ ʚʽʜʙʫʚʘʻʪʴʩʷ ʪʘʢʦʞ 

ʧʦʚʽʣʴʥʽʰʝ ʥʽʞ ʫ ʤʦʥʪʤʦʨʠʣʦʥʽʪʫ ʚʥʘʩʣʽʜʦʢ ʙʽʣʴʰʦʾ ʝʥʝʨʛʽʾ ʟʚôʷʟʢʫ ʚ ʩʪʨʫʢʪʫʨʥʠʭ ʆʅ-

ʛʨʫʧʘʭ, ʧʨʦ ʱʦ ʩʚʽʜʯʘʪʴ ʜʘʥʽ ʪʝʨʤʦʛʨʘʚʽʤʝʪʨʠʯʥʦʛʦ ʘʥʘʣʽʟʫ (ʨʠʩ. 2),. ʇʨʠ ʮʴʦʤʫ ʩʪʫʧʽʥʴ 

ʦʯʠʱʝʥʥʷ ʅʊʆ ʚʽʜ ʪʨʠʪʽʶ ʟ ʯʘʩʦʤ ʩʪʘʙʽʣʴʥʦ ʟʙʽʣʴʰʫʻʪʴʩʷ (ʨʠʩ. 5).  

ɺ ʮʽʣʦʤʫ, ʚʟʘʻʤʦʜʽʷ ʪʨʠʪʽʡʦʚʘʥʦʾ ʚʦʜʠ ʟ ʤʽʥʝʨʘʣʴʥʦʶ ʩʫʙʩʪʘʥʮʽʻʶ ʧʨʠ ʾʾ ʬʽʣʴʪʨʘʮʽʾ 

ʢʨʽʟʴ ʤʝʤʙʨʘʥʫ ʉʎʂ ʤʦʞʝ ʙʫʪʠ ʘʧʨʦʢʩʠʤʦʚʘʥʘ ʢʽʥʝʪʠʯʥʠʤʠ ʨʽʚʥʷʥʥʷʤʠ ʧʝʨʦhʛʦ ʧʦʨʷʜʢʫ 

ʚʠʜʫ (4): 

Pi = a(1-e
-k

1
t
)-b(1-e

-k
2
t
),           (4) 

ʜʝ: Pi ï ʯʘʩʪʢʘ ʚʠʭʽʜʥʦʾ ʘʢʪʠʚʥʦʩʪʽ ʪʨʠʪʽʶ, ʱʦ ʟʘʣʠʰʘʻʪʴʩʷ ʫ ʬʽʣʴʪʨʘʪʽ ʅʊʆ; ʘ, b - 

ʧʘʨʘʤʝʪʨʠ, ʱʦ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴ ʤʦʣʝʢʫʣʷʨʥʠʡ ʪʘ ʽʟʦʪʦʧʥʦ-ʚʦʜʥʝʚʠʡ (ʚ ʩʪʨʫʢʪʫʨʥʠʭ ʆʅ-

ʛʨʫʧʘʭ) ʦʙʤʽʥ ʤʽʞ ʨʽʜʢʦ ʁ  ̔ʤʽʥʝʨʘʣʴʥʦʶ ʬʘʟʘʤʠ, k1 , k2 ï ʢʦʥʩʪʘʥʪʠ ʰʚʠʜʢʦʩʪ̔ ʮʠʭ ʧʨʦʮʝʩʽʚ, 

ʜʦʙʘ
ï1

, t ï ʯʘʩ (ʜʦʙʘ). 
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Éʇʫʰʢʘʨʴʦʚ ʆ. ɺ., ʈʫʜʝʥʢʦ ɯ. ʄ., ʂʦʰʝʣʻʚ ʄ .ɺ., ʉʢʨʠʧʢʽʥ ɺ .ɺ., ɼʦʣʽʥ ɺ. .ɺ. (ʤʦʣ), ʇʨʠʡʤʘʯʝʥʢʦ ɺ. ʄ.
 ʄɯʅɽʈɸʃʔʅʀʁ 

ɸɼʉʆʈɹɽʅʊ ʊʈʀʊɯʖ ʅɸ ʆʉʅʆɺɯ ʉɸʇʆʅɯʊʋ ʊɸ ʎɽʆʃɯʊʋ 

45 

ʊʘʙʣʠʮʷ 4. ʂʽʥʝʪʠʯʥʽ ʧʘʨʘʤʝʪʨʠ ʧʨʦʮʝʩʫ ʦʯʠʱʝʥʥʷ ʪʨʠʪʽʡʦʚʘʥʦʾ ʚʦʜʠ (ʅʊʆ) ʚʽʜ ʪʨʠʪʽʶ ʧʨʠ 

ʾʾ ʬʽʣʴʪʨʘʮʽʾ ʢʨʽʟʴ ʩʘʧʦʥʽʪ-ʮʝʦʣʽʪʦʚʫ ʤʝʤʙʨʘʥʫ. 

 

ʉʠʩʪʝʤʘ ʘ k1, ʜʦʙʘ
ï1

 b k2, ʜʦʙʘ
ï1

 R
2
 

ʉʎʂ 99 0,8 596 4,05E-4 0,75 

ʌʽʣʴʪʨʘʮʽʷ ʅʊʆ ʢʨʽʟʴ ʤʝʤʙʨʘʥʫ ʉʎʂ ʩʫʧʨʦʚʦʜʞʫʻʪʴʩʷ ʘʜʠʪʠʚʥʠʤ ʥʘʢʦʧʠʯʝʥʥʷʤ 

ʪʨʠʪʽʶ, ʚʠʣʫʯʝʥʦʛʦ ʽʟ ʅʊʆ ʫ ʤʽʥʝʨʘʣʴʥʦʤʫ ʘʜʩʦʨʙʝʥʪʽ. ʊʘʢ, ʧʨʦʪʷʛʦʤ 41 ʜʦʙʠ ʩʧʦʩʪʝʨʽʛʘʣʦʩʴ 

ʙʝʟʧʝʨʝʨʚʥʝ ʟʙʽʣʴʰʝʥʥʷ ʟʘʧʘʩʫ ʪʨʠʪʽʶ ʚ ʢʦʤʧʦʟʠʪʽ (ʨʠʩ.6). ʇʨʠ ʮʴʦʤʫ ʟʘʧʘʩ ʪʨʠʪʽʶ ʚ 

ʢʦʤʧʦʟʠʪʽ ʚʠʟʥʘʯʘʚʩʷ ʷʢ ʨʽʟʥʠʮʷ ʟʘʧʘʩʫ ʪʨʠʪʽʶ ʫ ʚʠʭʽʜʥʽʡ ʅʊʆ, ʷʢʫ ʧʨʦʬʽʣʴʪʨʫʚʘʣʠ ʢʨʽʟʴ 

ʤʽʥʝʨʘʣʴʥʝ ʩʝʨʝʜʦʚʠʱʝ, ʪʘ ʡʦʛʦ ʟʘʧʘʩʫ ʫ ʬʽʣʴʪʨʘʪʽ ʧʽʩʣʷ ʧʨʦʧʫʩʢʘʥʥʷ ʢʨʽʟʴ ʩʘʧʦʥʽʪ-ʮʝʦʣʽʪʦʚʫ 

ʤʝʤʙʨʘʥʫ (5): 

 

Qm = Qw ï Qf ,            (5) 

ʜʝ: Qm ï ʟʘʧʘʩ ʪʨʠʪʽʶ ʚ ʤʘʩʽ ʤʽʥʝʨʘʣʴʥʦʛʦ ʩʝʨʝʜʦʚʠʱʘ, ɹʢ; Qw ï ʟʘʧʘʩ ʪʨʠʪʽʶ ʫ 

ʚʠʢʦʨʠʩʪʘʥʦʤʫ ʦʙôʻʤʽ ʚʠʭʽʜʥʦʾ ʅʊʆ, ɹʢ; Qf  ʟʘʧʘʩ ʪʨʠʪʽʶ ʫ ʦʙôʻʤʽ ʬʽʣʴʪʨʘʪʫ, ɹʢ 
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ɿʘʧʘʩ ʪʨʠʪʽʶ ʫ ʤʝʤʙʨʘʥʽ ʉʎʂ (ɹʢ), 

ʚʠʣʫʯʝʥʦʛʦ ʽʟ ʬʽʣʴʪʨʘʪʫ ʅʊʆ

 

ʈʠʩ. 6. ɿʤʽʥʘ ʟʘʧʘʩʫ ʪʨʠʪʽʶ ʚ ʤʝʤʙʨʘʥʽ ʉʎʂ ʧʨʠ ʬʽʣʴʪʨʘʮʽʾ ʢʨʽʟʴ ʥʝʾ ʅʊʆ, ƴ  - ʟʘʧʘʩ ʪʨʠʪʽʶ ʚ 

ʢʦʤʧʦʟʠʪʽ, ɹʢ. 

 

ɭʤʥʽʩʥʠʡ ʧʦʪʝʥʮʽʘʣ ʉʎʂ ʜʦ ʥʘʢʦʧʠʯʝʥʥʷ ʪʨʠʪʽʶ, ʚʠʣʫʯʝʥʦʛʦ ʽʟ ʅʊʆ, ʱʦ 

ʬʽʣʴʪʨʫʻʪʴʩʷ ʢʨʽʟʴ ʤʽʥʝʨʘʣʴʥʫ ʤʝʤʙʨʘʥʫ, ʜʦʮʽʣʴʥʦ ʧʨʝʜʩʪʘʚʣʷʪʠ, ʷʢ ʚʽʜʥʦʩʥʫ ʚʝʣʠʯʠʥʫ ʫ 

ʚʠʛʣʷʜʽ ʚʽʜʥʦʰʝʥʥʷ ʟʘʧʘʩʫ ʪʨʠʪʽʶ ʫ ɹʢ ʜʦ ʧʝʚʥʦʾ ʤʘʩʠ ʘʜʩʦʨʙʝʥʪʫ. ʋ ʚʠʢʦʥʘʥʦʤʫ ʜʦʩʣʽʜʽ 

ʧʦʢʘʟʘʥʦ, ʱʦ ʩʘʧʦʥʽʪ ʫ ʩʘʧʦʥʽʪ-ʮʝʦʣʽʪʦʚʦʤʫ ʢʦʤʧʦʟʠʪʽ (ʫ ʧʝʨʝʨʘʭʫʥʢʫ ʥʘ 1000 ʛ) ʟʜʘʪʝʥ ʟʘ 41 

ʜʦʙʫ ʥʘʢʦʧʠʯʠʪʠ 7700 ɹʢ ʪʨʠʪʽʶ ʟ ʅʊʆ ʧʠʪʦʤʦʶ ʘʢʪʠʚʥʽʩʪʶ ʜʝʱʦ ʙʽʣʴʰʦʶ ʟʘ 5000 ɹʢĬʜʤ-
3
 

ʽ, ʷʢ ʩʚʽʜʯʠʪʴ ʘʜʠʪʠʚʥʠʡ ʛʨʘʬʽʢ ʥʘ ʨʠʩʫʥʢʫ 6, ʮʝ ʥʝ ʻ ʤʝʞʝʶ ʜʣʷ ʪʘʢʦʛʦ ʘʜʩʦʨʙʝʥʪʫ.  

 

ɺʠʩʥʦʚʢʠ 
ʉʘʧʦʥʽʪ-ʮʝʦʣʽʪʦʚʠʡ ʢʦʤʧʦʟʠʪ ʟʘ ʩʚʦʾʤʠ ʬʽʣʴʪʨʘʮʽʡʥʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʻ 

ʧʨʠʜʘʪʥʠʤ ʜʣʷ ʩʪʚʦʨʝʥʥʷ ʘʜʩʦʨʙʮʽʡʥʠʭ ʤʽʥʝʨʘʣʴʥʠʭ ʤʝʤʙʨʘʥ. ʐʚʠʜʢʽʩʪʴ ʬʽʣʴʪʨʘʮʽʾ ʢʨʽʟʴ 

ʤʝʤʙʨʘʥʫ ʪʘʢʦʛʦ ʩʢʣʘʜʫ ʧʦʪʫʞʥʽʩʪʶ 80 ʤʤ ʜʝʱʦ ʟʤʝʥʰʫʻʪʴʩʷ ʚ ʧʝʨʰʽ 13 ʜʽʙ, ʘʣʝ ʧʦʪʽʤ 

ʩʪʘʙʽʣʽʟʫʻʪʴʩʷ ʥʘ ʨʽʚʥʽ 0,5 ï 0,4 ʩʤĿʜʦʙʘ
ï1

.  

ɺʥʘʩʣʽʜʦʢ ʦʩʦʙʣʠʚʦʩʪʝʡ ʩʪʨʫʢʪʫʨʠ ʩʘʧʦʥʽʪʫ, ʟʙʽʣʴʰʝʥʥʷ ʚʠʣʫʯʝʥʥʷ ʪʨʠʪʽʶ ʽʟ ʅʊʆ, 

ʱʦ ʬʽʣʴʪʨʫʻʪʴʩʷ ʢʨʽʟʴ ʢʦʤʧʦʟʠʪʥʫ ʤʝʤʙʨʘʥʫ, ʚʽʜʙʫʚʘʻʪʴʩʷ ʟ 15 ʜʦʙʠ ʬʽʣʴʪʨʘʮʽʾ. ʎʝ ʤʦʞʝ 

ʙʫʪʠ ʧʦʚôʷʟʘʥʦ ʽʟ ʪʠʤ, ʱʦ ʧʦʧʝʨʝʜʥʻ ʧʨʦʩʫʰʫʚʘʥʥʷ ʤʽʥʝʨʘʣʴʥʠʭ ʩʢʣʘʜʦʚʠʭ ʢʦʤʧʦʟʠʪʫ ʧʨʠ 

110̄C ʤʦʞʣʠʚʦ ʧʨʠʟʚʝʣʦ ʜʦ ʜʝʷʢʦʛʦ ʟʤʝʥʰʝʥʥʷ ʤʽʞʰʘʨʦʚʦʛʦ ʧʨʦʩʪʦʨʫ ʚ ʩʪʨʫʢʪʫʨʽ ʩʘʧʦʥʽʪʫ 

ʽ, ʚʽʜʧʦʚʽʜʥʦ, ʜʦ ʯʘʩʪʢʦʚʦʛʦ ʟʘʧʝʯʘʪʫʚʘʥʥʷ ʛʝʢʩʘʛʦʥʘʣʴʥʠʭ ʢʽʣʝʮʴ ʤʽʥʝʨʘʣʫ ʢʘʪʽʦʥʘʤʠ, 

ʧʨʠʩʫʪʥʽʤʠ ʫ ʡʦʛʦ ʤʽʞʰʘʨʦʚʦʤʫ ʧʨʦʩʪʦʨʽ. ɿʘ 15 ʜʽʙ ʚʽʨʦʛʽʜʥʦ ʚʽʜʙʫʣʠʩʴ ʨʝʛʽʜʨʘʪʘʮʽʷ ʮʠʭ 

ʢʘʪʽʦʥʽʚ ʧʨʠ ʨʦʟʩʫʚʘʥʥʽ ʩʪʨʫʢʪʫʨʥʠʭ ʧʘʢʝʪʽʚ ʪʘ ʟʙʽʣʴʰʝʥʥʷ ʤʽʞʰʘʨʦʚʦʛʦ ʧʨʦʩʪʦʨʫ ʽʟ 



ɿʙ̔ʨʥʠʢ ʥʘʫʢʦʚʠʭ ʧʨʘʮʴ ɯʥʩʪʠʪʫʪʫ ʛʝʦʭʽʤʽʾ ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ 2016 ʚʠʧʫʩʢ 25 

Éʇʫʰʢʘʨʴʦʚ ʆ. ɺ., ʈʫʜʝʥʢʦ ɯ. ʄ., ʂʦʰʝʣʻʚ ʄ .ɺ., ʉʢʨʠʧʢʽʥ ɺ .ɺ., ɼʦʣʽʥ ɺ. .ɺ. (ʤʦʣ), ʇʨʠʡʤʘʯʝʥʢʦ ɺ. ʄ.
 ʄɯʅɽʈɸʃʔʅʀʁ 

ɸɼʉʆʈɹɽʅʊ ʊʈʀʊɯʖ ʅɸ ʆʉʅʆɺɯ ʉɸʇʆʅɯʊʋ ʊɸ ʎɽʆʃɯʊʋ 

46 

ʟʚʽʣʴʥʝʥʥʷʤ ʣʫʥʦʢ ʛʝʢʩʘʛʦʥʘʣʴʥʠʭ ʢʽʣʝʮʴ ʫ ʤʽʥʝʨʘʣʴʥʽʡ ʩʪʨʫʢʪʫʨʽ. ʇʽʩʣʷ ʮʴʦʛʦ ʫʪʚʦʨʠʚʩʷ 

ʙʽʣʴʰ ʚʽʣʴʥʠʡ ʜʦʩʪʫʧ ʤʦʣʝʢʫʣ ʅʊʆ ʜʦ ʨʝʘʢʮʽʡʥʠʭ ʧʦʟʠʮʽʡ ʚ ʩʘʧʦʥʽʪʽ ʽ ʨʦʟʧʦʯʘʚʩʷ ʙʽʣʴʰ 

ʝʬʝʢʪʠʚʥʠʡ ʧʨʦʮʝʩ ʽʟʦʪʦʧʥʦ-ʚʦʜʥʝʚʦʛʦ ʦʙʤʽʥʫ ʤʽʞ ʬʽʣʴʪʨʘʪʦʤ ʽ ʤʽʥʝʨʘʣʴʥʠʤ ʢʦʤʧʦʟʠʪʦʤ. 

ʅʘʢʦʧʠʯʝʥʥʷ ʪʨʠʪʽʶ ʚ ʩʘʧʦʥʽʪ-ʮʝʦʣʽʪʦʚʦʤʫ ʢʦʤʧʦʟʠʪʽ ʻ ʘʜʠʪʠʚʥʠʤ ʧʨʦʮʝʩʦʤ, ʱʦ 

ʩʚʽʜʯʠʪʴ ʧʨʦ ʡʦʛʦ ʜʦʩʪʘʪʥʴʦ ʚʠʩʦʢʫ ʘʜʩʦʨʙʮʽʡʥʫ ʻʤʥʽʩʪʴ. ʊʘʢ, ʤʝʥʰ ʥʽʞ ʟʘ 1,5 ʤʽʩʷʮʷ 1000 ʛ 

ʢʦʤʧʦʟʠʪʫ ʟʜʘʪʥʽ ʚʠʣʫʯʠʪʠ ʟ ʅʊʆ ʧʠʪʦʤʦʶ ʘʢʪʠʚʥʽʩʪʶ, ʪʨʦʭʠ ʙʽʣʴʰʦʶ ʟʘ 5000 ɹʢĿʜʤ
-3
, 

ʙʣʠʟʢɹʦ 8000 ɹʢ ʪʨʠʪʽʶ. ʗʢ ʩʚʽʜʯʘʪʴ ʨʝʟʫʣʴʪʘʪʠ ʝʢʩʧʝʨʠʤʝʥʪʫ, ʮʝʡ ʪʝʨʤʽʥ ʥʝ ʻ ʤʝʞʝʶ ʜʣʷ 

ʧʦʜʘʣʴʦhʛʦ ʚʠʣʫʯʝʥʥʷ ʪʨʠʪʽʶ ʢʦʤʧʦʟʠʪʦʤ ʟ ʬʽʣʴʪʨʘʪʫ ʅʊʆ. 
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ʩʘʧʦʥʠʪ-ʮʝʦʣʠʪʦʚʫʶ ʤʝʤʙʨʘʥʫ ʥʝʩʢʦʣʴʢʦ ʫʤʝʥʴʰʘʝʪʩʷ ʚ ʧʝʨʚʳʝ 13 ʩʫʪʦʢ. ɿʘʪʝʤ, ʵʪʦʪ ʧʨʦʮʝʩʩ 

ʩʪʘʙʠʣʠʟʠʨʫʝʪʩʷ ʥʘ ʫʨʦʚʥʝ 0,5 ï 0,4 ʩʤĿʩʫʪʢʠï1. ɺ ʧʨʦʮʝʩʩʝ ʬʠʣʴʪʨʘʮʠʠ ʪʨʠʪʠʨʦʚʘʥʥʦʡ ʚʦʜʳ ʩʢʚʦʟʴ 

ʩʘʧʦʥʠʪ-ʮʝʦʣʠʪʦʚʫʶ ʤʝʤʙʨʘʥʫ ʪʦʣʱʠʥʦʡ 80 ʤʤ ʫʜʝʣʴʥʘʷ ʘʢʪʠʚʥʦʩʪʴ ʪʨʠʪʠʷ ʚ ʬʠʣʴʪʨʘʪʝ ʟʘ 41 

ʩʫʪʢʠ  ʫʤʝʥʴh ʠʣʘʩʴ ʥʘ 17% . ɺʥʘʯʘʣʝ ʩʥʠʞʝʥʠʝ ʫʜʝʣʴʥʦʡ ʘʢʪʠʚʥʦʩʪʠ ʪʨʠʪʠʨʦʚʘʥʥʦʡ ʚʦʜʳ  

ʦʙʫʩʣʦʚʣʝʥʦ ʧʦʩʪʫʧʣʝʥʠʝʤ ʚ ʬʠʣʴʪʨʘʪ ʧʦʚʝʨʭʥʦʩʪʥʦ ʘʜʩʦʨʙʠʨʦʚʘʥʥʦʡ ʅ2ʆ. ɺ ʜʘʣʴʥʝʡʰʝʤ 

ʚʢʣʶʯʘʶʪʩʷ ʤʝʭʘʥʠʟʤʳ ʤʦʣʝʢʫʣʷʨʥʦʛʦ ʅʊʆ Ÿ ʅ2ʆ ʟʘʤʝʱʝʥʠʷ ʚ ʤʝʞʩʣʦʝʚʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ ʠ 

ʠʟʦʪʦʧʥʦ-ʚʦʜʦʨʦʜʥʦʛʦ ʦʙʤʝʥʘ ʚ ʩʪʨʫʢʪʫʨʥʳʭ ʧʦʟʠʮʠʷʭ ʆʅ-ʛʨʫʧʧ ʛʣʠʥʠʩʪʦʛʦ ʤʠʥʝʨʘʣʘ.  ʀʟʚʣʝʯʝʥʠʝ 

ʪʨʠʪʠʷ ʢʦʤʧʦʟʠʪʦʤ ʠʟ ʨʘʩʪʚʦʨʘ  ʷʚʣʝ̫ʪʩʷ ʘʜʜʠʪʠʚʥʳʤ ʧʨʦʮʝʩʩʦʤ. ɺ ʢʦʤʧʦʟʠʪʝ ʟʘ 41 ʩʫʪʢʠ 

ʬʠʣʴʪʨʘʮʠʠ ʪʨʠʪʠʨʦʚʘʥʥʦʡ ʚʦʜʳ ʧʨʝʜʝʣʘ ʫʚʝʣʠʯʝʥʠʷ ʩʦʜʝʨʞʘʥʠʷ ʪʨʠʪʠʷ ʥʝ ʫʩʪʘʥʦʚʣʝʥʦ. 

ʀʩʩʣʝʜʦʚʘʥʥʳʡ ʢʦʤʧʦʟʠʪ ʤʦʞʝʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥ ʜʣʷ ʫʤʝʥʴʰʝʥʠʷ ʫʜʝʣʴʥʦʡ ʘʢʪʠʚʥʦʩʪʠ 

ʪʨʠʪʠʝʚʦʛʦ ʨʘʩʪʚʦʨʘ ʧʨʠ ʝʛʦ ʬʠʣʴʪʨʘʮʠʠ ʩʢʚʦʟʴ ʩʘʧʦʥʠʪ-ʮʝʦʣʠʪʦʚʫʶ ʤʝʤʙʨʘʥʫ.    
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The paper is a result of the experimental research which was performed on the potential usage of saponite-

zeolite composites as mineral membranes for adsorption of tritium out of tritiated water. It was found that 

the rate of filtration of the aqueous solution through a saponite-zeolite membrane decreased slightly during 

the first thirteen days. Afterwards the filtration process stabilized at a rate of 0.5-0.4 cm per day. A decrease 

of specific radioactivity of tritium in the filtration product by 17% after 41 days of filtration through an 80 

mm saponite-zeolite membrane was observed. The filtration process happened in stages. Initially 

superficially adsorbed H2O moved into the aqueous solution from the membrane and was replaced by HTO, 

thus reducing specific radioactivity of the solution. Then the molecular exchange between HTO and H2O in 

the inter-layer space and isotope-hydrogen exchange in the structural position of OH-groups of the clay 

material came into effect. After 41 days of filtration the saturation of tritium in the composite was not 

observed. The researched composite can be used to decrease of specific radioactivity of tritium aqueous 

solutions by filtering it through a saponite-zeolite membrane.  

 

Keywords: saponite-zeolite composite, tritiated water, membrane, filtration, adsorption. 
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ʋ ʤʦʜʝʣʴʥʦʤʫ ʝʢʩʧʝʨʠʤʝʥʪʽ ʚʠʚʯʝʥʦ ʦʩʦʙʣʠʚʦʩʪʽ ʤʽʛʨʘʮʽʾ ʪʨʠʪʽʶ ʟ ʚʦʜʥʦʾ ʬʘʟʠ ʩʝʨʝʜʦʚʠʱʘ 

ʽʩʥʫʚʘʥʥʷ  ʜʦ ʩʢʣʘʜʫ ʢʦʤʧʦʥʝʥʪʽʚ ʚʝʨʙʠ ʙʽʣʦʾ (Salix alba L.) ʪʘ ʽʟʦʪʦʧʥʽ ʝʬʝʢʪʠ ʚʦʜʥʶ ʚ 

ʧʨʦʮʝʩʽ ʾʾ ʚʝʛʝʪʘʮʽʾ. ʂʦʥʩʪʘʥʪʘ ʰʚʠʜʢʦʩʪʽ ʥʘʜʭʦʜʞʝʥʥʷ ʪʨʠʪʽʶ ʯʝʨʝʟ ʢʦʨʝʥʝʚʫ ʩʠʩʪʝʤʫ ʜʦ 

ʩʢʣʘʜʫ ʚʥʫʪʨʽʰʥʴʦʢʣʽʪʠʥʥʦʛʦ ʩʦʢʫ ʨʦʩʣʠʥ ʩʪʘʥʦʚʠʪʴ 2.17Ñ1.45Ā10ð6 ʩð1. ʈʽʚʥʦʚʘʛʘ ʤʽʞ 

ʚʤ̔ʩʪʦʤ ʪʨʠʪʽʶ ʫ ʚʦʜʽ ʟʦʚʥʽʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʽ ʚʥʫʪʨʽʰʥʴʦʢʣʽʪʠʥʥʦʤʫ ʩʦʢʦʚʽ ʨʦʩʣʠʥ 

ʚʩʪʘʥʦʚʣʶʻʪʴʩʷ ʧʨʦʪʷʛʦʤ 1-2 ʪʠʞʥʽʚ. ʇʨʠ ʮʴʦʤʫ, ʢʦʝʬʽʮʽʻʥʪ ʬʨʘʢʮʽʦʥʫʚʘʥʥʷ (Ŭ) 

ʩʪʘʥʦʚʠʪʴ 0.88-0.94 ʽ ʧʨʘʢʪʠʯʥʦ ʥʝ ʟʘʣʝʞʠʪʴ ʚʽʜ ʢʦʥʮʝʥʪʨʘʮʽʾ ʥʘʜʚʘʞʢʦʛʦ ʽʟʦʪʦʧʫ ʚʦʜʥʶ ʫ 

ʚʦʜʽ ʩʝʨʝʜʦʚʠɦ ʘ. ʂʦʥʩʪʘʥʪʘ ʰʚʠʜʢʦʩʪʽ ʪʨʘʥʩʬʦʨʤʘʮʽʾ ʪʨʠʪʽʶ ʚ ʦʨʛʘʥʽʯʥʦ ʟʚôʷʟʘʥʫ ʬʦʨʤʫ 

ʩʪʘʥʦʚʠʪʴ 8.6Ñ3.0Ā10ð7 ʩð1. ʈʽʚʥʦʚʘʛʘ ʚʩʪʘʥʦʚʣʶʻʪʴʩʷ ʧʨʦʪʷʛʦʤ 4-11 ʪʠʞʥʽʚ, Ŭ = 0.17-0.19 

ʥʝʟʘʣʝʞʥʦ ʚʽʜ ʢʦʥʮʝʥʪʨʘʮʽʾ ʥʘʜʚʘʞʢʦʛʦ ʽʟʦʪʦʧʫ ʚʦʜʥʶ ʫ ʚʦʜʽ ʩʝʨʝʜʦʚʠʱʘ. ɺʦʜʥʦʯʘʩ 

ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʚʠʣʫʯʝʥʥʷ ʨʘʜʽʦʘʢʪʠʚʥʦʛʦ ʽʟʦʪʦʧʫ ʟ ʩʠʩʪʝʤʠ, ʡʤʦʚʽʨʥʦ, ʫʥʘʩʣʽʜʦʢ 

ʪʨʘʥʩʧʽʨʘʮʽʾ, ʟ ʢʦʥʩʪʘʥʪʦʶ ʰʚʠʜʢʦʩʪʽ 2.67Ñ0.27Ā10ð8 ʩð1. ʐʚʠʜʢʽʩʪʴ ʚʠʥʝʩʝʥʥʷ ʪʨʠʪʽʶ 

ʫʥʘʩʣʽʜʦʢ ʪʨʘʥʩʧʽʨʘʮʽʾ ʧʨʦʧʦʨʮʽʡʥʘ ʚʠʭʽʜʥʽʡ ʢʦʥʮʝʥʪʨʘʮʽʾ ʡʦʛʦ ʫ ʚʦʜʽ ʩʝʨʝʜʦʚʠʱʘ. 

ʂʦʝʬʽʮʽʻʥʪ ʬʨʘʢʮʽʦʥʫʚʘʥʥʷ ʪʨʠʪʽʶ ʚ ʧʨʦʮʝʩʽ ʪʨʘʥʩʧʽʨʘʮʽʾ ʩʪʘʥʦʚʠʪʴ 1.2. 

 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʪʨʠʪʽʡʦʚʘʥʘ ʚʦʜʘ, ʚʝʨʙʘ ʙʽʣʘ, ʚʥʫʪʨʽʰʥʴʦʢʣʽʪʠʥʥʠʡ ʩʽʢ, ʦʨʛʘʥʽʯʥʦ ʟʚôʷʟʘʥʠʡ 

ʪʨʠʪʽʡ, ʢʦʥʮʝʥʪʨʘʮʽʷ, ʢʦʥʩʪʘʥʪʘ ʰʚʠʜʢʦʩʪʽ. 

 

 

ɺʩʪʫʧ 

 

ʏʠʩʣʝʥʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʧʨʦʚʝʜʝʥʽ ʚ ʟʦʥʘʭ ʚʧʣʠʚʫ ʩʭʦʚʠʱ ʨʘʜʽʦʘʢʪʠʚʥʠʭ ʚʽʜʭʦʜʽʚ 

ʧʦʢʘʟʘʣʠ, ʱʦ ʪʨʠʪʽʡ ʟʜʘʪʥʠʡ ʜʦ ʽʩʪʦʪʥʦʛʦ ʥʘʢʦʧʠʯʝʥʥʷ ʫ ʪʢʘʥʠʥʘʭ ʜʝʨʝʚ [1-6]. ʋ ʞʠʚʽʡ 

ʜʝʨʝʚʠʥʽ ʪʨʠʪʽʡ, ʷʢ ʚʽʜʦʤʦ, ʢʦʥʮʝʥʪʨʫʻʪʴʩʷ ʫ ʚʽʣʴʥʽʡ ʚʦʜʽ, ʷʢʘ ʚʭʦʜʠʪʴ ʜʦ ʩʢʣʘʜʫ 

ʚʥʫʪʨʽʰʥʴʦʢʣʽʪʠʥʥʦʛʦ ʩʦʢʫ ʨʦʩʣʠʥ (ʫ ʬʦʨʤʽ ʪʨʠʪʽʻʚʦʾ ʚʦʜʠ ʅ-ʆ-ʊ) ʽ ʚ ʦʨʛʘʥʽʯʥʽʡ ʬʘʟʽ ʨʦʩʣʠʥ 

(ʮʝʣʶʣʦʟʽ, ʣʽʛʥʥ̔ʽ ʪʘ ʽʥ.) ʰʣʷʭʦʤ ʟʘʤʽʱʝʥʥʷ ʚ ʥʠʭ ʧʨʦʪʦʥʽʚ ʉ-ʅ ʪʘ ʉ-ʆ-ʅ  ʛʨʫʧ ʥʘ ʪʨʠʪʽʡ. 

ʇʨʦʚʝʜʝʥʽ ʟʘʤʽʨʠ ʣʠʰʝ ʢʦʥʩʪʘʪʫʶʪʴ ʟʘʚʠʱʝʥʠʡ ʚʤʽʩʪ ʪʨʠʪʽʶ ʚ ʜʝʨʝʚʠʥʽ, ʘʣʝ ʦʪʨʠʤʘʥʽ 

ʨʝʟʫʣʴʪʘʪʠ ʥʝ ʜʘʶʪʴ ʟʤʦʛʫ ʦʮʽʥʠʪʠ ʜʠʥʘʤʽʢʫ ʟʘʟʥʘʯʝʥʠʭ ʧʨʦʮʝʩʽʚ. ɺʽʜʢʨʠʪʽ ʪʝʨʠʪʦʨʽʾ ʙʽʣʷ 

ʩʭʦʚʠʱ ʪʘ ʘʪʦʤʥʠʭ ʝʣʝʢʪʨʦʩʪʘʥʮʽʡ, ʫʥʘʩʣʽʜʦʢ ʩʠʣʴʥʦʛʦ ʪʘ ʥʝʢʦʥʪʨʦʣʴʦʚʘʥʦʛʦ ʚʧʣʠʚʫ 

ʘʪʤʦʩʬʝʨʥʠʭ ʦʧʘʜʽʚ, ˇʨʫʥʪʦʚʠʭ ʚʦʜ, ʩʦʥʷʯʥʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʪʘ ʚʽʪʨʽʚ, ʥʝ ʜʘʶʪʴ ʟʤʦʛʫ 

ʢʽʣʴʢʽʩʥʦ ʦʮʽʥʠʪʠ ʰʚʠʜʢʽʩʪʴ ʪʘ ʦʩʦʙʣʠʚʦʩʪʽ ʢʽʥʝʪʠʢʠ ʥʘʢʦʧʠʯʝʥʥʷ ʪʨʠʪʽʶ ʫ ʧʨʠʨʦʜʥʠʭ 

ʨʦʩʣʠʥʘʭ, ʱʦ ʟʨʦʩʪʘʶʪʴ ʚ ʮʠʭ ʟʦʥʘʭ. 

ɼʣʷ ʚʠʨʽʰʝʥʥʷ ʧʦʩʪʘʚʣʝʥʠʭ ʟʘʜʘʯ, ʥʘʤʠ ʧʨʦʚʝʜʝʥʦ ʤʦʜʝʣʴʥʽ (greenhouse) 

ʝʢʩʧʝʨʠʤʝʥʪʠ, ʷʢʽ ʜʦʟʚʦʣʠʣʠ ʚ ʢʦʥʪʨʦʣʴʦʚʘʥʠʭ ʫʤʦʚʘʭ ʦʮʽʥʠʪʠ ʰʚʠʜʢʽʩʪʴ ʥʘʢʦʧʠʯʝʥʥʷ 

ʪʨʠʪʽʶ ʚ ʜʝʨʝʚʠʥʽ. ʗʢ ʚʽʜʦʤʦ, ʦʩʥʦʚʥʠʤʠ ʰʣʷʭʘʤʠ ʥʘʜʭʦʜʞʝʥʥʷ ʚʦʜʠ ʚ ʨʦʩʣʠʥʠ ʻ ʟʘʩʚʦʻʥʥʷ 

ʾʾ ʧʘʨʦʚʦʾ ʬʘʟʠ ʯʝʨʝʟ ʣʠʩʪʷ ʪʘ ʚʦʜʥʦʾ ʬʘʟʠ ʯʝʨʝʟ ʢʦʨʽʥʥʷ. ʊʦʤʫ ʜʣʷ ʯʠʩʪʦʪʠ ʝʢʩʧʝʨʠʤʝʥʪʫ, 

ʚʩʷ ʪʨʠʪʽʡʦʚʘʥʘ ʚʦʜʘ ʙʫʣʘ ʟʽʙʨʘʥʘ ʫ ʚʽʜʧʦʚʽʜʥʽʡ ʻʤʥʦʩʪʽ, ʜʝ ʨʦʩʣʠ ʩʘʜʞʘʥʮʽ ʚʝʨʙʠ. ɭʤʥʽʩʪʴ 

ʟʘʢʨʠʣʠ ʧʦʣʽʝʪʠʣʝʥʦʚʦʶ ʧʣʽʚʢʦʶ ʪʘʢʠʤ ʯʠʥʦʤ, ʱʦʙ ʪʨʠʪʽʡʦʚʘʥʘ ʚʦʜʘ ʣʠʰʝ ʯʝʨʝʟ ʢʦʨʽʥʥʷ 

ʤʦʛʣʘ ʧʦʪʨʘʧʣʷʪʠ ʫ ʨʦʩʣʠʥʠ, ʘ ʣʠʩʪʷ ʽʟʦʣʴʦʚʘʥʽ ʧʣʽʚʢʦʶ, ʧʦʛʣʠʥʘʣʠ ʪʽʣʴʢʠ ʬʦʥʦʚʫ 

ʘʪʤʦʩʬʝʨʥʫ ʚʦʣʦʛʫ.  

ʄʝʪʦʶ ʜʘʥʦʾ ʨʦʙʦʪʠ ʙʫʣʘ ʦʮʽʥʢʘ ʰʚʠʜʢʦʩʪʽ ʪʘ ʩʪʫʧʝʥʷ ʤʽʛʨʘʮʽʾ ʪʨʠʪʽʶ ʚ ʩʠʩʪʝʤʽ: 

ʟʦʚʥʽʰʥʻ ʚʦʜʥʝ ʩʝʨʝʜʦʚʠʱʝ ï ʚʥʫʪʨʽʰʥʴʦʢʣʽʪʠʥʥʠʡ ʩʽʢ ï ʦʨʛʘʥʽʯʥʦ ʟʚôʷʟʘʥʘ ʬʦʨʤʘ ʪʨʠʪʽʶ. 
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ʆʙôʻʢʪʠ ʪʘ ʤʝʪʦʜʠ ʜʦʩʣʽʜʞʝʥʴ 
 

ʆʙôʻʢʪʘʤʠ ʜʦʩʣʽʜʞʝʥʥʷ ʙʫʣʠ ʪʨʠʪʽʡʦʚʘʥʘ ʚʦʜʘ ʚʠʭʽʜʥʦʶ ʘʢʪʠʚʥʽʩʪʶ ʉʚʠʭ å 5600 ɹʢ/ʣ ʽ 

2800 ɹʢ/ʣ ʪʘ ʩʘʜʞʘʥʮʽ ʚʝʨʙʠ ʙʽʣʦʾ (Salix alba L.) ɺʝʨʙʘ ʻ ʟʨʫʯʥʠʤ ʦʙôʻʢʪʦʤ, ʦʩʢʽʣʴʢʠ ʚʦʥʘ 

ʥʝʚʠʙʘʛʣʠʚʘ, ʰʚʠʜʢʦ ʽ ʜʦʙʨʝ ʫʢʦʨʽʥʶʻʪʴʩʷ ʽ ʨʦʩʪʝ ʫ ʚʦʜʽ. ʇʨʠ ʰʪʫʯʥʦʤʫ ʦʩʚʽʪʣʝʥʥʽ  ʚʝʨʙʘ 

ʜʦʙʨʝ ʧʦʯʫʚʘʻʪʴʩʷ ʚ ʫʤʦʚʘʭ ʤʦʜʝʣʴʥʦʛʦ ʝʢʩʧʝʨʠʤʝʥʪʫ ʪʨʠʚʘʣʠʡ ʯʘʩ. ɺ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ 

ʫʤʦʚʘʭ ʟʨʦʩʪʘʥʥʷ ʙʫʣʦ ʟʘʙʝʟʧʝʯʝʥʦ ʟʥʘʯʥʠʡ ʥʘʜʣʠʰʦʢ ʪʨʠʪʽʻʚʦʾ ʚʦʜʠ ʧʦʨʽʚʥʷʥʦ ʟ ʢʽʣʴʢʽʩʪʶ, 

ʥʝʦʙʭʽʜʥʦʶ ʜʣʷ ʞʠʚʣʝʥʥʷ ʨʦʩʣʠʥ. ʊʦʤʫ ʧʦ ʚʽʜʥʦʰʝʥʥʶ ʜʦ ʢʦʥʮʝʥʪʨʘʮʽʾ ʪʨʠʪʽʶ ʫ ʮʽʡ 

çʟʦʚʥʽʥhʽʡè ʚʦʜʽ ʚʠʟʥʘʯʘʣʠ ʙʘʣʘʥʩʦʚʠʡ ʨʦʟʧʦʜʽʣ ʪʘ ʢʽʣʴʢʽʩʪʴ ʪʨʠʪʽʶ, ʷʢʘ ʫʚʽʡʰʣʘ ʜʦ ʩʢʣʘʜʫ 

ʙʽʦʤʘʩʠ ʚʝʨʙʠ ʙʽʣʦʾ. 

ʄʝʪʦʜʠʢʘ ʝʢʩʧʝʨʠʤʝʥʪʫ. ʇʨʠʜʘʪʥʽ ʞʠʚʮʽ ʚʝʨʙʠ (ʚʘʛʦʶ 70 - 140 ʛ ʪʘ ʜʦʚʞʠʥʦʶ 50 ï 

65 ʩʤ) ʙʫʣʠ ʥʘʨʽʟʘʥʽ ʽʟ ʟʜʦʨʦʚʠʭ ʛʽʣʦʢ ʚʝʨʙʠ ʙʽʣʦʾ ʚ ʧʝʨʽʦʜ ʚʝʛʝʪʘʮʽʾ. ɾʠʚʮʽ ʙʫʣʠ ʚʠʪʨʠʤʘʥʽ ʚ 

ʨʦʟʯʠʥʽ ʛʝʪʝʨʦʘʫʢʩʠʥʘ, ʧʨʦʪʷʛʦʤ ʜʦʙʠ ʜʣʷ ʢʨʘʱʦʛʦ ʨʦʩʪʫ ʢʦʨʝʥʽʚ ʽ ʚʠʩʘʜʞʝʥʽ ʚ ʟʝʤʣʶ ʥʘ 

ʚʫʣʠʮʽ. ɿʘ ʪʨʠ ʪʠʞʥʷ ʞʠʚʮʽ ʧʨʦʨʦʩʣʠ ʪʘ ʚʢʨʠʣʠʩʷ ʣʠʩʪʷʤ. ɼʘʣʽ ʾʭ ʦʙʝʨʝʞʥʦ ʚʠʢʦʧʘʣʠ ʽ 

ʧʝʨʝʥʝʩʣʠ  ʫ ʧʣʘʩʪʠʢʦʚʽ ʧʨʷʤʦʢʫʪʥʽ ʤʽʩʪʢʦʩʪʽ (ˉ 1 ʪʘ 2), ʻʤʥʽʩʪʶ 70 ʣ. (ʨʠʩ. 1).  

 

 
 

ʈʠʩ. 1. ʇʦʩʪʘʥʦʚʢʘ  ʝʢʩʧʝʨʠʤʝʥʪʫ 

 

ʇʝʨʝʜ ʧʦʩʘʜʢʦʶ ʫ ʤʽʩʪʢʦʩʪʷʭ ʨʦʟʤʽʩʪʠʣʠ, ʚʽʜʧʦʚʽʜʥʦ, 13.9 ʢʛ ʪʘ 14.7 ʢʛ ʪʦʨʬʫ (ʜʣʷ 

ʢʨʘʱʦʛʦ ʨʦʩʪʫ ʩʘʜʞʘʥʮʽʚ) ʽ ʟʘʣʠʣʠ ʧʦ 66 ʣ ʚʦʜʠ (ʤʘʡʞʝ ʜʦ ʚʝʨʭʫ ʤʽʩʪʢʦʩʪʽ). ʏʝʨʝʟ ʚʦʜʫ 

ʧʨʦʪʷʛʦʤ ʚʩʴʦʛʦ ʝʢʩʧʝʨʠʤʝʥʪʫ ʧʨʦʧʫʩʢʘʣʠ ʩʣʘʙʢʠʡ ʩʪʨʫʤ ʧʦʚʽʪʨʷ ʜʣʷ ʟʘʧʦʙʽʛʘʥʥʷ ʛʥʠʣʽʩʥʠʭ 

ʧʨʦʮʝʩʽʚ. ʂʽʣʴʢʽʩʪʴ ʚʦʜʠ, ʟ ʘʢʪʠʚʥʽʩʪʶ 7 ɹʢ/ʣ, ʫ ʧʦʚʽʪʨʽ ʢʽʤʥʘʪʠ ʻ ʥʝʚʝʣʠʢʦʶ (6-7 ʛ/ʤ
3 
ʟʘ 

15
ʦ
ʉ),  ʪʦʤʫ ʾʾ ʚʧʣʠʚʦʤ ʥʘ ʦʪʨʠʤʘʥʽ ʨʝʟʫʣʴʪʘʪʠ ʤʦʞʥʘ ʟʥʝʭʪʫʚʘʪʠ.  

ʆʙʠʜʚʽ ʻʤʥʦʩʪʽ ʥʘʢʨʠʣʠ ʪʦʥʢʦʶ ʧʦʣʽʝʪʠʣʝʥʦʚʦʶ ʧʣʽʚʢʦʶ ʜʣʷ ʟʤʝʥʰʝʥʥʷ 

ʚʠʧʘʨʦʚʫʚʘʥʥʷ ʚʦʜʠ, ʘ ʥʘʜ ʥʝʶ ʥʘ ʚʽʜʩʪʘʥʽ 0.5 ʤ ʨʦʟʪʘʰʫʚʘʣʠ ʜʚʽ ʣʶʤʽʥʝʩʮʝʥʪʥʽ ʣʘʤʧʠ 

ʧʦʪʫʞʥʽʩʪʶ 40 ɺʪ, ʷʢʽ ʩʚʽʪʠʣʠ ʮʽʣʦʜʦʙʦʚʦ. ʊʝʤʧʝʨʘʪʫʨʫ ʚʦʜʠ ʧʨʦʪʷʛʦʤ ʟʠʤʦʚʦ-ʚʝʩʥʷʥʦʛʦ 

ʧʝʨʽʦʜʫ ʧʽʜʪʨʠʤʫʚʘʣʠ ʥʘ ʨʽʚʥʽ 15 
ʦ
ʉ. ɿʘ ʪʠʞʜʝʥʴ ʩʘʜʞʘʥʮʽ ʧʨʠʞʠʣʠʩʴ ʥʘ ʥʦʚʦʤʫ ʤʽʩʮʽ.  

ʇʦ ʪʦʤʫ ʚ ʦʙʠʜʚʽ ʻʤʥʦʩʪʽ ʙʫʣʦ ʜʦʜʘʥʦ ʥʝʚʝʣʠʢʫ ʢʽʣʴʢʽʩʪʴ ʢʦʥʮʝʥʪʨʦʚʘʥʦʾ ʪʨʠʪʽʻʚʦʾ 

ʚʦʜʠ, ʪʘʢʠʤ ʯʠʥʦʤ, ʱʦʙ ʧʽʩʣʷ ʾʾ ʨʦʟʙʘʚʣʝʥʥʷ, ʘʢʪʠʚʥʽʩʪʴ ʚʦʜʠ ʚ ʤʽʩʪʢʦʩʪʽ ˉ 1 ʩʪʘʥʦʚʠʣʘ 

ʧʨʠʙʣʠʟʥʦ 5600 ɹʢ/ʣ, ʘ ʫ ʤʽʩʪʢʦʩʪʽ ˉ 2 ï ʧʨʠʙʣʠʟʥʦ 2800 ɹʢ/ʣ. ɿ ʮʴʦʛʦ ʤʦʤʝʥʪʫ ʧʦʯʠʥʘʣʠ 

ʚʽʜʣʽʢ ʯʘʩʫ ʤʦʜʝʣʴʥʦʛʦ ʝʢʩʧʝʨʠʤʝʥʪʫ. 

ʆʜʠʥ ʨʘʟ ʥʘ ʪʠʞʜʝʥʴ ʟ ʢʦʞʥʦʾ ʻʤʥʦʩʪʽ ʚʽʜʙʠʨʘʣʠ ʧʨʦʙʫ ʟʦʚʥʽʰʥʴʦʾ ʚʦʜʠ ʪʘ ʧʦ ʦʜʥʦʤʫ 

ʩʘʜʞʘʥʮʶ. ʂʦʨʽʥʮʽ ʨʘʟʦʤ ʽʟ ʟʝʤʣʝʶ ʚʠʜʘʣʷʣʠ, ʘ ʩʪʦʚʙʫʨ ʧʨʦʪʠʨʘʣʠ ʬʽʣʴʪʨʫʚʘʣʴʥʠʤ ʧʘʧʝʨʦʤ 

ʜʦ ʩʫʭʦʛʦ ʩʪʘʥʫ.  ʇʽʩʣʷ ʟʚʘʞʫʚʘʥʥʷ, ʩʘʜʞʘʥʝʮʴ ʟ ʤʦʣʦʜʠʤʠ ʛʽʣʢʘʤʠ ʪʘ ʣʠʩʪʷʤ ʨʦʟʨʽʟʘʣʠ ʥʘ 

ʥʝʚʝʣʠʢʽ ʰʤʘʪʢʠ (5 - 6 ʩʤ) ʽ ʧʝʨʝʥʦʩʠʣʠ ʚ 1 ʣ ʩʢʣʷʥʫ ʤʽʩʪʢʽʩʪʴ, ʢʫʜʠ ʧʨʠʤʽʱʫʚʘʣʠ ʩʪʘʢʘʥ ʟ 

50 ʛ ʧʨʦʞʘʨʝʥʦʛʦ ʭʣʦʨʠʩʪʦʛʦ ʢʘʣʴʮʽʶ. ʄʽʩʪʢʽʩʪʴ ʟʘʢʨʠʚʘʣʠ ʯʘʰʢʦʶ ʇʝʪʨʽ ʽ ʚʠʪʨʠʤʫʚʘʣʠ ʫ 

ʩʫh ʠʣʴʥʽʡ ʰʘʬʽ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʽ 90 
ʦ
ʉ ʧʨʦʪʷʛʦʤ 24 ʛʦʜʠʥ. ʇʦ ʪʦʤʫ ʥʘʩʠʯʝʥʠʡ ʚʦʜʦʶ ʭʣʦʨʠʜ 



ɿʙ̔ʨʥʠʢ ʥʘʫʢʦʚʠʭ ʧʨʘʮʴ ɯʥʩʪʠʪʫʪʫ ʛʝʦʭʽʤʽʾ ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ 2016 ʚʠʧʫʩʢ 25 

Éɹʦʙʢʦʚ ɺ. ʄ., ɼʦʣʽʥ ɺ. ɺ.  ɯɿʆʊʆʇʅʀʁ ʆɹʄɯʅ ʊʈʀʊɯʖ ɺ ʇʈʆʎɽʉɯ ɺɽɻɽʊɸʎɯɰ ɺɽʈɹʀ 

51 

ʢʘʣʴʮʽʶ ʧʝʨʝʥʦʩʠʣʠ ʜʦ ʢʦʣʙʠ ɺʶʨʮʘ ʽ ʟʘ ʜʦʧʦʤʦʛʦʶ ʛʘʟʦʚʦʛʦ ʧʘʣʴʥʠʢʘ ʚʽʜʛʘʥʷʣʠ ʚʩʤʦʢʪʘʥʫ 

ʚʦʜʫ ʜʣʷ ʧʦʜʘʣʴʰʦʛʦ ʚʠʟʥʘʯʝʥʥʷ ʾʾ ʘʢʪʠʚʥʦʩʪʽ. 

ʅʘʧʽʚʩʫʭʫ ʨʦʩʣʠʥʥʽʩʪʴ ʚ 1 ʣ ʙʘʥʮʽ ʜʦʩʫʰʫʚʘʣʠ ʱʝ 1 ʜʦʙʫ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʽ 100
ʦ
ʉ ʜʦ 

ʩʪʘʣʦʾ ʚʘʛʠ. ʉʫʭʠʡ ʟʘʣʠʰʦʢ ʟʚʘʞʫʚʘʣʠ, ʧʝʨʝʥʦʩʠʣʠ ʫ ʢʚʘʨʮʦʚʫ ʪʨʫʙʢʫ ʪʘ ʦʙʝʨʝʞʥʦ 

ʩʧʘʣʶʚʘʣʠ ʡʦʛʦ ʫ ʩʪʨʫʤʽ ʢʠʩʥʶ. ʇʘʨʠ ʚʦʜʠ, ʥʘ ʚʠʭʦʜʽ ʟ ʪʨʫʙʢʠ, ʢʦʥʜʝʥʩʫʚʘʣʠ ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʟʚʦʨʦʪʥʦʛʦ ʭʦʣʦʜʠʣʴʥʠʢʘ. ʆʪʨʠʤʘʥʫ ʚʦʜʫ, ʟʘʙʨʫʜʥʝʥʫ ʧʨʦʜʫʢʪʘʤʠ ʛʦʨʽʥʥʷ, ʢʽʣʴʢʘ ʨʘʟʽʚ 

ʧʝʨʝʛʘʥʣ̫ʠ ʟ ʜʦʜʘʚʘʥʥʷʤ ʥʝʦʨʛʘʥʽʯʥʦʛʦ ʙʝʟʚʦʜʥʝʚʦʛʦ ʦʢʠʩʥʶʚʘʯʘ ʜʦ ʧʦʚʥʦʛʦ ʦʢʠʩʥʝʥʥʷ 

ʦʨʛʘʥʽʯʥʠʭ ʜʦʤʽʰʦʢ. 

ʇʨʦʙʫ ʟʦʚʥʽʰʥʴʦʾ ʚʦʜʠ ʟ ʢʦʞʥʦʾ ʻʤʥʦʩʪʽ ʪʘʢʦʞ ʧʝʨʝʛʘʥʷʣʠ ʟ ʜʦʜʘʚʘʥʥʷʤ ʦʢʠʩʥʶʚʘʯʘ. 

ʅʘ ʦʩʥʦʚʽ ʦʯʠʱʝʥʠʭ ʟʨʘʟʢʽʚ ʚʦʜʠ ʛʦʪʫʚʘʣʠ ʣʽʯʠʣʴʥʫ ʬʦʨʤʫ: ʫ ʩʧʝʮʽʘʣʴʥʫ ʧʦʣʽʝʪʠʣʝʥʦʚʫ 

ʚʘ̔ʣʫ, ʻʤʥʽʩʪʶ 20 ʤʣ ʥʘʣʠʚʘʣʠ 8 ʛ ʧʝʨʝʛʥʘʥʦʾ ʜʦʩʣʽʜʞʫʚʘʥʦʾ ʚʦʜʠ. ʗʢʱʦ ʢʽʣʴʢʦʩʪʽ ʧʨʦʙʠ ʙʫʣʦ 

ʥʝʜʦʩʪʘʪʥʴʦ (< 8 ʛ), ʪʦ ʜʦ ʥʘʚʘʞʢʠ ʧʨʦʙʠ ʜʦʜʘʚʘʣʠ ʥʝʦʙʭʽʜʥʫ ʢʽʣʴʢʽʩʪʴ ʜʠʩʪʠʣʴʦʚʘʥʦʾ ʚʦʜʠ ʟ 

ʚʽʜʦʤʠʤ ʚʤʽʩʪʦʤ ʪʨʠʪʽʶ, ʪʘʢʠʤ ʯʠʥʦʤ ʱʦʙ ʟʘʛʘʣʴʥʘ ʢʽʣʴʢʽʩʪʴ ʚʦʜʠ ʫ ʚʽʘʣʽ ʩʪʘʥʦʚʠʣʘ 8 ʛ. ɼʦ 

ʧʨʦʙʠ ʜʦʜʘʚʘʣʠ 12 ʛ ʩʮʠʥʪʠʣʷʮʽʡʥʦʾ ʨʽʜʠʥʠ OPTIPHASE HiSafe 3 ʚʠʨʦʙʥʠʮʪʚʘ ʬʽʨʤʠ çPerkin 

Elmerè. ʉʫʤʽʰ ʨʝʪʝʣʴʥʦ ʧʝʨʝʤʽʰʫʚʘʣʠ ʽ ʧʨʦʚʦʜʠʣʠ ʚʠʤʽʨʶʚʘʥʥʷ ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʫʣʴʪʨʘʥʠʟʢɹʦʬʦʥʦʚʦʛʦ ʨʽʜʠʥʥʦ-ʩʮʠʥʪʠʣʷʮʽʡʥʦʛʦ Ŭ-ɓ-ʩʧʝʢʪʨʦʤʝʪʨʘ Quantulus 1220-003 

ʚʠʨʦʙʥʠʮʪʚʘ ʌʽʥʣʷʥʜʽʾ. ʇʦʭʠʙʢʘ ʚʠʤʽʨʶʚʘʥʥʷ ʥʝ ʧʝʨʝʚʠʱʫʻ 5 %. 

ʋ ʤʽʩʪʢʽʩʪʴ ˉ 1 ʙʫʣʦ ʧʦʩʘʜʞʝʥʦ 16 ʩʘʜʞʘʥʮʽʚ ʚʝʨʙʠ, ʘ ʚ ʤʽʩʪʢʽʩʪʴ ˉ 2 ï 25 ʩʘʜʞʘʥʮʽʚ. 

ʋ ʭʦʜʽ ʝʢʩʧʝʨʠʤʝʥʪʫ ʚʠʷʚʠʣʦʩʴ, ʱʦ ʯʝʨʝʟ ʣʠʩʪʷ ʚʝʨʙʘ ʰʚʠʜʢʦ ʚʠʧʘʨʦʚʫʻ ʪʨʠʪʽʻʚʫ ʚʦʜʫ ʚ 

ʧʦʚʽʪʨʷ. ɼʦʜʘʪʢʦʚʦ ʪʨʠʪʽʻʚʦʾ ʚʦʜʠ ʥʝ ʜʦʜʘʚʘʣʠ, ʱʦʙ ʥʝ ʚʧʣʠʚʘʪʠ ʥʘ ʙʘʣʘʥʩʦʚʽ ʧʦʢʘʟʥʠʢʠ 

ʘʢʪʠʚʥʦʩʪʽ. ʊʦʤʫ ʚ ʧʝʨʰʽʡ ʤʽʩʪʢʦʩʪʽ ʚʦʜʠ ʙʫʣʦ ʜʦʩʪʘʪʥʴʦ ʜʦ ʟʘʚʝʨʰʝʥʥʷ ʝʢʩʧʝʨʠʤʝʥʪʫ, ʘ ʚ 

ʜʨʫʛʽʡ ï ʣʠʰʝ ʜʦ 20 ʩʘʜʞʘʥʮʷ (ʟʝʤʣʷ ʙʫʣʘ ʱʝ ʚʦʛʢʦʶ, ʘ ʚʽʣʴʥʦʾ ʚʦʜʠ ʚʞʝ ʥʝ ʩʪʘʣʦ).  

  

ʈʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʴ ʪʘ ʾʭ ʦʙʛʦʚʦʨʝʥʥʷ 

 

ɼʚʽ ʻʤʥʦʩʪʽ ʟ ʨʽʟʥʦʶ ʚʠʭʽʜʥʦʶ ʢʦʥʮʝʥʪʨʘʮʽʻʶ ʪʨʠʪʽʶ ʙʫʣʠ ʚʠʢʦʨʠʩʪʘʥʽ ʜʣʷ ʪʦʛʦ, ʱʦʙ 

ʦʮʽʥʠʪʠ ʚʧʣʠʚ ʨʽʟʥʠʭ ʢʦʥʮʝʥʪʨʘʮʽʡ ʪʨʠʪʽʶ ʥʘ ʧʨʦʮʝʩʠ, ʷʢʽ ʚʠʚʯʘʶʪʴʩʷ. ʋ ʧʦʨʽʚʥʷʥʥʽ ʟ 

ʚʦʜ̫ʥʠʤʠ ʨʦʩʣʠʥʘʤʠ, ʚʝʨʙʘ ʤʘʻ ʽʩʪʦʪʥʽ ʧʝʨʝʚʘʛʠ. ɺʦʥʘ ʜʦʙʨʝ ʨʦʩʪʝ ʫ ʚʦʜʽ ʚ ʣʘʙʦʨʘʪʦʨʥʠʭ 

ʫʤʦʚʘʭ, ʰʚʠʜʢʦ ʥʘʙʠʨʘʻ ʚʘʛʫ, ʱʦ ʜʘʻ ʟʤʦʛʫ ʦʪʨʠʤʘʪʠ ʜʦʩʪʘʪʥʶ ʢʽʣʴʢʽʩʪʴ ʣʽʯʠʣʴʥʦʾ ʬʦʨʤʠ 

ʧʽʩʣʷ ʩʧʘʣʶʚʘʥʥʷ.  
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ʈʠʩ. 2. ʈʦʟʧʦʜʽʣ ʪʨʠʪʽʶ ʤʽʞ ʢʦʤʧʦʥʝʥʪʘʤʠ ʩʠʩʪʝʤʠ ʧʨʦʪʷʛʦʤ ʝʢʩʧʝʨʠʤʝʥʪʫ: 

ʘ ï ʻʤʥʽʩʪʴ ˉ 1, ʙ ï ʻʤʥʽʩʪʴ ˉ 2. 

 

ʇʨʦʪʷʛʦʤ 5 ʤʽʩʷʮʽʚ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʽʩʪʦʪʥʝ ʟʥʠʞʝʥʥʷ ʢʦʥʮʝʥʪʨʘʮʽʾ ʪʨʠʪʽʶ ʫ ʟʦʚʥʽʰʥʽʡ 

ʚʦʜʽ ʩʠʩʪʝʤʠ (ʚʝʨʭʥʷ ʢʨʠʚʘ ʥʘ ʨʠʩ. 2 ʘ, ʙ). ʎʝʡ ʝʬʝʢʪ ʥʝ ʤʦʞʝ ʙʫʪʠ ʟʫʤʦʚʣʝʥʠʡ 

ʚʠʧʘʨʦʚʫʚʘʥʥʷʤ, ʦʩʢʽʣʴʢʠ ʧʨʠ ʟʚʠʯʘʡʥʦʤʫ ʚʠʧʘʨʦʚʫʚʘʥʥʽ, ʥʘʚʧʘʢʠ, ʚʽʜʙʫʚʘʻʪʴʩʷ 

ʢʦʥʮʝʥʪʨʫʚʘʥʥʷ ʚʘʞʢʦʛʦ ʽʟʦʪʦʧʫ [7]. ʁʤʦʚʽʨʥʦ, ʱʦ ʤʠ ʩʧʦʩʪʝʨʽʛʘʻʤʦ ʪʫʪ ʧʨʦʮʝʩ ʙʽʦʛʝʥʥʦʛʦ 
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52 

ʚʠʥʝʩʝʥʥʷ ʚʘʞʢʦʛʦ ʽʟʦʪʦʧʫ ʟ ʩʠʩʪʝʤʠ ʫʥʘʩʣʽʜʦʢ ʪʨʘʥʩʧʽʨʘʮʽʾ ï ʚʠʧʘʨʦʚʫʚʘʥʥʷ ʚʦʜʠ ʟ ʧʦʚʝʨʭʥʽ 

ʨʦʩʣʠʥ ʯʝʨʝʟ ʧʨʦʜʠʭʠ ʪʘ ʢʫʪʠʢʫʣʫ.  

ʈʽʟʥʠʮʷ ʤʘʩʠ ʪʨʠʪʽʶ ʽ ʧʨʦʪʽʶ ʻ ʧʨʠʯʠʥʦʶ ʾʭ ʬʨʘʢʮʽʦʥʫʚʘʥʥʷ ʫ ʭʽʤʽʯʥʠʭ ʽ ʬʽʟʠʯʥʠʭ 

ʧʨʦʮʝʩʘʭ. ʎʝ ʚʝʜʝ ʜʦ ʟʙʘʛʘʯʝʥʥʷ ʚʘʞʢʠʤʠ ʽʟʦʪʦʧʘʤʠ ʦʜʥʽʻʾ ʟ ʬʨʘʢʮʽʡ ʧʦʨʽʚʥʷʥʦ ʟ ʽʥʰʦʶ. 

ʅʘʡʙʽʣʴʰ ʚʽʜʯʫʪʥʦ ʮʝʡ ʝʬʝʢʪ ʚʠʷʚʣʷʻʪʴʩʷ ʧʨʠ ʬʘʟʦʚʠʭ ʧʝʨʝʭʦʜʘʭ ʭʽʤʽʯʥʠʭ ʩʧʦʣʫʢ, ʫ ʩʢʣʘʜ 

ʷʢʠʭ ʚʭʦʜʷʪʴ ʽʟʦʪʦʧʠ ʚʦʜʥʶ ʪʘ, ʧʝʨʝʜʫʩʽʤ, ʧʨʠ ʚʠʧʘʨʦʚʫʚʘʥʥʽ ʚʦʜʠ. 

ʅʝʟʚʘʞʘʶʯʠ ʥʘ ʪʝ, ʱʦ ʨʽʟʥʠʮʷ ʤʘʩ ʤʦʣʝʢʫʣ ʅ2ʆ ʽ ʅʊʆ ʥʝʚʝʣʠʢʘ )9.0/(
2

=HTOOH mm , 

ʤʽʞ ʨʽʜʢʦʶ ʪʘ ʛʘʟʦʧʦʜʽʙʥʦʶ ʬʘʟʘʤʠ ʚʦʜʠ ʚʩʪʘʥʦʚʣʶʻʪʴʩʷ ʨʽʚʥʦʚʘʞʥʠʡ ʨʦʟʧʦʜʽʣ 
3
ʅ, 

ʚʽʜʤʽʥʥʠʡ ʚʽʜ ʨʽʚʥʦʤʽʨʥʦʛʦ. ɼʘʥʠʡ ʨʦʟʧʦʜʽʣ ʪʝʤʧʝʨʘʪʫʨʦ ʟʘʣʝʞʥʠʡ ʽ ʚʠʟʥʘʯʘʻʪʴʩʷ ʨʽʟʥʠʮʝʶ 

ʪʠʩʢʫ ʧʘʨʠ ʪʨʠʪʽʻʚʦʾ ʽ ʧʨʦʪʽʻʚʦʾ ʚʦʜʠ.  

ɿʛʽʜʥʦ [8, 9] ʢʦʝʬʽʮʽʻʥʪ ʨʦʟʧʦʜʽʣʫ ʪʨʠʪʽʶ ʤʽʞ ʪʨʠʪʽʡʚʤʽʩʥʦʶ ʚʦʜʦʶ ʪʘ ʾʾ ʧʘʨʦʶ ʤʦʞʥʘ 

ʨʦʟʨʘʭʫʚʘʪʠ ʟʘ ʬʦʨʤʫʣʦʶ: 

0

0

T

H

P

P
=a ,       (1) 

ʜʝ Ŭ ï ʢʦʝʬʽʮʽʻʥʪ ʨʦʟʧʦʜʽʣʝʥʥʷ, 0

HP  - ʪʠʩʢ ʧʘʨʠ ʧʨʦʪʽʻʚʦʾ ʚʦʜʠ ʟʘ ʜʘʥʦʾ ʪʝʤʧʝʨʘʪʫʨʠ, 
0

TP  - ʪʠʩʢ ʧʘʨʠ ʪʨʠʪʽʻʚʦʾ ʚʦʜʠ ʫ ʯʠʩʪʦʤʫ ʚʠʛʣʷʜʽ ʟʘ ʪʽʻʾ ʞ ʪʝʤʧʝʨʘʪʫʨʠ. ɸʥʘʣʦʛʽʯʥʘ 

ʟʘʢʦʥʦʤʨ̔ʥʽʩʪʴ ʩʧʨʘʚʝʜʣʠʚʘ ʪʘʢʦʞ ʜʣʷ ʜʝʡʪʝʨʽʻʚʦʾ ʪʘ ʚʘʞʢʦʢʠʩʥʝʚʦʾ ʚʦʜʠ. ʊʦʤʫ ʚʦʯʝʚʠʜʴ ʫ 

ʧʨʦʮʝʩʽ ʪʨʘʥʩʧʽʨʘʮʽʾ ʤʦʞʝ ʚʽʜʙʫʚʘʪʠʩʷ ʟʙʘʛʘʯʝʥʥʷ ʚʦʜʠ ʣʠʩʪʷ ʚʘʞʢʠʤʠ ʽʟʦʪʦʧʘʤʠ. ʎʝʡ ʝʬʝʢʪ 

ʙʫʣʦ ʧʦʢʘʟʘʥʦ ʜʣʷ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ 
18
ʆ/

16
ʆ, ʷʢʝ ʟʙʽʣʴʰʫʻʪʴʩʷ ʫ ʚʦʜʽ ʣʠʩʪʷ ʘʙʦ ʰʧʠʣʴʦʢ ʜʝʨʝʚ 

ʫ ʧʨʦʤʽʞʢʫ ʚʽʜ 9 ʜʦ15 ʛʦʜʠʥʠ ʜʦʙʠ [10]. ʋ ʥʽʯʥʠʡ ʯʘʩ ʚʝʣʠʯʠʥʘ ʮʴʦʛʦ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ 

ʟʤʝʥʰʫ̒ ʪʴʩʷ, ʱʦ ʩʚʽʜʯʠʪʴ ʧʨʦ ʟʚôʷʟʦʢ ʬʨʘʢʮʽʦʥʫʚʘʥʥʷ ʪʘ ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʪʨʘʥʩʧʽʨʘʮʽʾ. ʇʨʠ 

ʮʴʦʤʫ ʚʝʣʠʯʠʥʘ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʽʟʦʪʦʧʽʚ ʢʠʩʥʶ ʥʝ ʟʤʽʥʶʚʘʣʘʩʷ ʫ ʚʦʜʽ ʛʽʣʦʢ, ʢʦʨʝʥʽʚ, ˇʨʫʥʪʫ 

ʪʘ ʧʦʚʽʪʨʷ. 

ɿʘʣʝʞʥʽʩʪʴ ʚʤʽʩʪʫ 
18
ʆ ʚ ʦʨʛʘʥʽʯʥʽʡ ʨʝʯʦʚʠʥʽ ʤʦʣʦʜʦʛʦ ʣʠʩʪʷ ʜʝʨʝʚʠʥʥʠʭ ʨʦʩʣʠʥ ʚʽʜ 

ʪʨʘʥʩʧʽʨʘʮʽʡʥʠʭ ʚʠʪʨʘʪ ʚʦʜʠ ʦʧʠʩʘʥʦ ʚ ʨʦʙʦʪʽ [11]. ɺ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʤʫ ʜʦʩʣʽʜʞʝʥʥʽ 

ʚʧʣʠʚʫ ʧʨʦʮʝʩʽʚ ʪʨʘʥʩʧʽʨʘʮʽʾ (ʫ ʪʨʠʪʽʡʚʤʽʩʥʽʡ ʘʪʤʦʩʬʝʨʽ) ʥʘ ʬʨʘʢʮʽʦʥʫʚʘʥʥʷ ʪʨʠʪʽʶ ʚ 

ʨʦʩʣʠʥʘʭ (ʧʰʝʥʠʮʷ, ʢʫʢʫʨʫʜʟʘ) ʙʫʣʦ ʚʠʷʚʣʝʥʦ ʝʬʝʢʪ ʽʟʦʪʦʧʥʦʛʦ ʬʨʘʢʮʽʦʥʫʚʘʥʥʷ ʫ ʣʠʩʪʽ 

ʪʨʘʥʩʧʨ̔ʫʶʯʠʭ ʨʦʩʣʠʥ [12].  

ʆʪʞʝ, ʩʧʦʩʪʝʨʝʞʫʚʘʥʠʡ ʥʘʤʠ ʩʪʽʡʢʠʡ ʪʨʝʥʜ ʟʥʠʞʝʥʥʷ ʘʢʪʠʚʥʦʩʪʽ ʪʨʠʪʽʶ ʫ ʚʦʜʽ 

ʩʝʨʝʜʦʚʠʱʘ (ʧʨʦʪʷʛʦʤ 4ð5 ʤʽʩʷʮʽʚ ʢʦʥʮʝʥʪʨʘʮʽʷ ʪʨʠʪʽʶ ʟʤʝʥʰʠʣʘʩʷ ʥʘ 20ð30 %) ʩʚʽʜʯʠʪʴ 

ʧʨʦ ʥʘʜʟʚʠʯʘʡʥʫ ʧʦʪʫʞʥʽʩʪʴ ʽʟʦʪʦʧʥʦʛʦ ʝʚʘʧʦʪʨʘʥʩʧʽʨʘʮʽʡʥʦʛʦ ʝʬʝʢʪʫ ʧʨʠ ʚʠʨʦʱʫʚʘʥʥʽ 

ʚʝʨʙʠ ʙʽʣʦʾ ʚ ʩʝʨʝʜʦʚʠʱʽ ʪʨʠʪʽʻʚʦʾ ʚʦʜʠ (ʨʠʩ. 2). ʎʝʡ ʚʠʜ ʨʦʩʣʠʥʥʦʩʪʽ ʤʦʞʥʘ ʧʦʨʽʚʥʷʪʠ ʟ 

ʧʦʪʫʞʥʦʶ ʧʦʤʧʦʶ, ʷʢʘ ʚʠʢʘʯʫʻ ʪʨʠʪʽʡ ʚ ʘʪʤʦʩʬʝʨʫ ʟ ʚʦʜʥʦ-ʙʦʣʦʪʥʦʾ ʩʠʩʪʝʤʠ. ʐʚʠʜʢʽʩʪʴ 

ʮʴʦʛʦ ʧʨʦʮʝʩʫ ʦʮʽʥʶʻʪʴʩʷ ʟʘ ʟʥʠʞʝʥʥʷʤ ʢʦʥʮʝʥʪʨʘʮʽʾ ʪʨʠʪʽʶ ʫ ʟʦʚʥʽʰʥʽʡ ʚʦʜʽ: 
tk

t eAC 1

1

-
³= ,       (2) 

ʜʝ ɸ1 ï ʧʦʯʘʪʢʦʚʘ ʘʢʪʠʚʥʽʩʪʴ ʚʦʜʠ, ʉt ï ʢʦʥʮʝʥʪʨʘʮʽʷ ʪʨʠʪʽʶ ʫ ʚʦʜʽ ʩʝʨʝʜʦʚʠʱʘ ʥʘ ʯʘʩ 

t, k1 ï ʢʦʥʩʪʘʥʪʘ ʰʚʠʜʢʦʩʪʽ ʙʽʦʛʝʥʥʦʛʦ ʝʚʘʧʦʪʨʘʥʩʧʽʨʘʮʽʡʥʦʛʦ ʧʦʪʦʢʫ ʪʨʠʪʽʶ. ʈʦʟʨʘʭʦʚʘʥʘ ʟ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʘʥʠʭ ʚʝʣʠʯʠʥʘ k1 ʩʪʘʥʦʚʠʪʴ (2.4 - 2.94) 10
-8
 ʩ

-1
. 

 ʇʨʦʪʷʛʦʤ 5 ʤʽʩʷʮʽʚ ʪʨʠʚʘʣʦʩʪʽ ʝʢʩʧʝʨʠʤʝʥʪʫ ʙʽʦʛʝʥʥʠʤ ʧʦʪʦʢʦʤ ʚʠʥʝʩʝʥʦ 

ʙʣʠʟʴʢʦ 62 ʣ (94 %) ʚʦʜʠ ʟ ʩʠʩʪʝʤʠ. ʇʠʪʦʤʘ ʰʚʠʜʢʽʩʪʴ ʪʨʘʥʩʧʽʨʘʮʽʡʥʦʛʦ ʚʠʥʝʩʝʥʥʷ 

ʩʪʘʥʦʚʠʪʴ   3.8Ŀ10
-4
 ʤʣĿʩ

-1
 (ʙʣʠʟʴʢʦ 10 ʣ ʥʘ ʤʽʩʷʮʴ) ʥʘ 1 ʢʛ ʙʽʦʤʘʩʠ ʚʝʨʙʠ. ʇʨʠ ʮʴʦʤʫ 

ʚʠʥʝʩʝʥʥʷ ʪʨʠʪʽʶ ʧʨʦʪʛ̫ʦʤ ʪʠʞʥʷ ʙʽʣʴʰ ʷʢ ʫʯʝʪʚʝʨʦ ʧʝʨʝʚʠʱʫʻ ʡʦʛʦ ʚʤʽʩʪ ʫ 

ʚʥʫʪʨʽʰʥʴʦʢʣʽʪʠʥʥʽʡ ʚʦʜʽ ʚʝʨʙʠ. ʉʝʨʝʜʥʷ ʧʠʪʦʤʘ ʰʚʠʜʢʽʩʪʴ ʚʠʥʝʩʝʥʥʷ ʪʨʠʪʽʶ ʙʽʦʛʝʥʥʠʤ 

ʧʦʪʦʢʦʤ ʟʤʽʥʶʻʪʴʩʷ ʧʨʦʧʦʨʮʽʡʥʦ ʡʦʛʦ ʚʤʽʩʪʫ ʚ ʩʝʨʝʜʦʚʠʱʽ ʽʩʥʫʚʘʥʥʷ ʨʦʩʣʠʥ ʽ ʜʣʷ ʚʠʭʽʜʥʦʾ 

ʢʦʥʮʝʥʪʨʘʮʽʾ ʚʦʜʠ 2800 ɹʢĿʜʤ
ð3

 ʩʪʘʥʦʚʠʪʴ 8.0Ŀ10
-6
 ɹʢĿʩ

ð1
 (21 ɹʢ ʥʘ ʤʽʩ.), ʜʣʷ ʢʦʥʮʝʥʪʨʘʮʽʾ 

5600 ɹʢĿʜʤ
-3
 ï 1.7Ŀ10

-5
 ɹʢĿʩ

-1
 (44 ɹʢ ʥʘ ʤʽʩ.) ʥʘ 1 ʢʛ ʙʽʦʤʘʩʠ. ʋ ʧʨʦʮʝʩʽ ʪʨʘʥʩʧʽʨʘʮʽʡʥʦʛʦ 

ʚʠʥʝʩʝʥʥʷ ʪʨʠʪʽʻʚʦʾ ʚʦʜʠ ʟʽ ʩʠʩʪʝʤʠ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʬʨʘʢʮʽʦʥʫʚʘʥʥʷ ʪʨʠʪʽʶ ʟ ʢʦʝʬʽʮʽʻʥʪʘʤʠ 

(Ŭ) 1.43 (ʟʘ 20 ʪʠʞʥʽʚ) ʪʘ 1.26 (ʟʘ 16 ʪʠʞʥʽʚ) ʚʽʜʧʦʚʽʜʥʦ. 
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2

1

t

t

C

C
=a ,        (3) 

ʋ ʧʦʧʝʨʝʜʥʽʭ ʜʦʩʣʽʜʞʝʥʥʷʭ [6] ʤʠ ʩʧʦʩʪʝʨʽʛʘʣʠ ʽʟʦʪʦʧʥʽ ʝʬʝʢʪʠ ʱʦʜʦ ʥʘʢʦʧʠʯʝʥʥʷ 

ʥʘʜʚʘʞʢʦʛʦ ʽʟʦʪʦʧʫ ʫ ʚʥʫʪʨʽʰʥʴʦʢʣʽʪʠʥʥʦʤʫ ʩʦʢʦʚʽ ʚʦʜʥʠʭ ʪʘ ʚʦʜʥʦ-ʙʦʣʦʪʥʠʭ ʨʦʩʣʠʥ ʽ ʚ 

ʦʨʛʘʥʽʯʥʦ ʟʚôʷʟʘʥʽʡ ʬʦʨʤʽ. ɺ ʝʢʩʧʝʨʠʤʝʥʪʽ ʟ ʚʠʨʦʱʫʚʘʥʥʷ ʚʝʨʙʠ ʙʽʣʦʾ ʫ ʩʝʨʝʜʦʚʠʱʽ ʅʊʆ 

ʪʘʢʦʛʦ ʯʽʪʢʦʛʦ ʝʬʝʢʪʫ ʥʝ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ. ʂʦʝʬʽʮʽʻʥʪ ʬʨʘʢʮʽʦʥʫʚʘʥʥʷ ʪʨʠʪʽʶ ʤʽʞ ʚʦʜʦʶ 

ʩʝʨʝʜʦʚʠʱʘ ʽ ʚʥʫʪʨʽʰʥʴʦʢʣʽʪʠʥʥʦʶ ʨʽʜʠʥʦʶ (Ŭ) ʩʪʘʥʦʚʠʪʴ 0.88-0.94 ʽ ʧʨʘʢʪʠʯʥʦ ʥʝ ʟʘʣʝʞʠʪʴ 

ʚʽʜ ʢʦʥʮʝʥʪʨʘʮʽʾ ʥʘʜʚʘʞʢʦʛʦ ʽʟʦʪʦʧʫ ʚʦʜʥʶ ʫ ʚʦʜʽ ʩʝʨʝʜʦʚʠʱʘ. ʂʦʝʬʽʮʽʻʥʪ ʬʨʘʢʮʽʦʥʫʚʘʥʥʷ ʚ 

ʦʨʛʘʥʽʯʥʦ ʟʚôʷʟʘʥʫ ʬʦʨʤʫ ʙʽʦʤʘʩʠ ʚʝʨʙʠ ʩʪʘʥʦʚʠʪʴ ʙʣʠʟʴʢʦ 0.17 - 0.19 ʽ, ʪʘʢʦʞ, ʧʨʘʢʪʠʯʥʦ ʥʝ 

ʟʘʣʝʞʠʪʴ ʚʽʜ ʢʦʥʮʝʥʪʨʘʮʽʾ ʥʘʜʚʘʞʢʦʛʦ ʽʟʦʪʦʧʫ ʚʦʜʥʶ ʫ ʚʦʜʽ ʩʝʨʝʜʦʚʠʱʘ. 

ɼʠʥʘʤʽʢʘ ʙʽʦʛʝʥʥʦʾ ʤʽʛʨʘʮʽʾ ʪʨʠʪʽʶ ʫ ʚʦʜʥʽʡ ʬʦʨʤʽ ʪʘ ʡʦʛʦ ʪʨʘʥʩʬʦʨʤʘʮʽʾ ʚ ʦʨʛʘʥʽʯʥʽ 

ʩʧʦʣʫʢʠ ʟ ʚʠʩʦʢʦʶ ʜʦʩʪʦʚʽʨʥʽʩʪʶ ʦʧʠʩʫʻʪʴʩʷ ʟ ʧʦʟʠʮʽʡ ʬʦʨʤʘʣʴʥʦʾ ʢʽʥʝʪʠʢʠ ʜʣʷ 

ʥʝʟʚʦʨʦʪʥʦʛʦ ʧʨʦʮʝʩʫ: 

)1( 3,21

3,2

tktk
eeAC
--

-³³= ,      (3) 

ʜʝ ɸ2,3 ï ʤʘʢʩʠʤʘʣʴʥʘ ʢʽʣʴʢʽʩʪʴ ʪʨʠʪʽʶ, ʷʢʘ ʙʝʨʝ ʫʯʘʩʪʴ ʫ ʙʽʦʛʝʥʥʽʡ ʤʽʛʨʘʮʽʾ ʚ 

ʥʝʦʨʛʘʥʽʯʥʽʡ (ʚʥʫʪʨʽʰʥʴʦʢʣʽʪʠʥʥʽʡ ʚʦʜʥʽʡ) (ɸ2) ʪʘ ʦʨʛʘʥʽʯʥʦ ʟʚôʷʟʘʥʽʡ (ɸ3) ʬʦʨʤʘʭ, k2,3 ï 

ʢʦʥʩʪʘʥʪʠ ʰʚʠʜʢʦʩʪʽ ʚʽʜʧʦʚʽʜʥʠʭ ʤʽʛʨʘʮʽʡʥʠʭ ʧʨʦʮʝʩʽʚ; k1 ï ʢʦʥʩʪʘʥʪʘ ʰʚʠʜʢʦʩʪʽ ʚʠʣʫʯʝʥʥʷ 

ʪʨʠʪʽʶ ʟ ʩʠʩʪʝʤʠ ʚʥʘʩʣʽʜʦʢ ʪʨʘʥʩʧʽʨʘʮʽʾ, ʨʦʟʨʘʭʦʚʘʥʘ ʟ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʘʥʠʭ ʟʘ 

ʨʽʚʥʷʥʥʷʤ 2 (ʨʠʩ. 2). 

ʈʦʟʨʘʭʦʚʘʥʽ ʚʝʣʠʯʠʥʠ ʢʦʥʩʪʘʥʪ ʰʚʠʜʢʦʩʪʽ ʚʢʣʶʯʝʥʥʷ ʪʨʠʪʽʶ ʫ ʧʨʦʮʝʩʠ ʙʽʦʤʽʛʨʘʮʽʾ 

ʽʩʪʦʪʥʦ ʚʽʜʨʽʟʥʷʶʪʴʩʷ (ʜʦ 2 ʨʘʟʽʚ) ʟʘʣʝʞʥʦ ʚʽʜ ʧʦʯʘʪʢʦʚʦʾ ʢʦʥʮʝʥʪʨʘʮʽʾ ʽʟʦʪʦʧʫ ʚ ʩʠʩʪʝʤʽ 

(ʪʘʙʣ.) ʉʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʪʝʥʜʝʥʮʽʷ ʱʦʜʦ ʟʙʽʣʴʰʝʥʥʷ ʰʚʠʜʢʦʩʪʽ ʙʽʦʛʝʥʥʦʾ ʤʽʛʨʘʮʽʾ ʪʨʠʪʽʶ ʟ 

ʧ̔ʜʚʠʱʝʥʥʷʤ ʡʦʛʦ ʚʤʽʩʪʫ ʚ ʩʠʩʪʝʤʽ. 

 

ʊʘʙʣʠʮʷ. ʂʦʥʩʪʘʥʪʠ ʰʚʠʜʢʦʩʪʽ ʧʨʦʮʝʩʽʚ ʙʽʦʤʽʛʨʘʮʽʾ ʪʨʠʪʽʶ ʧʨʠ ʚʠʨʦʱʫʚʘʥʥʽ ʚʝʨʙʠ 

ʙʽʣʦʾ ʚ ʩʝʨʝʜʦʚʠʱʽ ʅʊʆ. 

 

ˉ ʻʤʥʦʩʪʽ A1, ɹʢ k1, ʩ
-1
 A2, ɹʢ k2, ʩ

-1
 A3, ɹʢ k3, ʩ

-1
 

1 5099 2,40Ŀ10
-8
 4473 3,62Ŀ10

-6
 864 1.16Ŀ10

-6
 

2 2757 2.94Ŀ10
-8
 2581 7,27Ŀ10

-7
 535 5.64Ŀ10

-7
 

ʉʝʨʝʜʥʻ  2.67Ŀ10
-8
  2,17Ŀ10

-6
  8.61Ŀ10

-7
 

 

ɺʠʩʥʦʚʢʠ 

 

¶ ʋ ʧʨʦʮʝʩʽ ʞʠʪʪʻʜʽʷʣʴʥʦʩʪʽ ʚʝʨʙʠ ʙʽʣʦʾ, ʚ ʫʤʦʚʘʭ greenhouse ʝʢʩʧʝʨʠʤʝʥʪʫ, 
ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʧʦʪʫʞʥʠʡ ʪʨʘʥʩʧʽʨʘʮʽʡʥʠʡ ʝʬʝʢʪ, ʷʢʠʡ ʩʫʧʨʦʚʦʜʞʫʻʪʴʩʷ 

ʬʨʘʢʮʽʦʥʫʚʘʥʥʷʤ ʥʘʜʚʘʞʢʦʛʦ ʽʟʦʪʦʧʫ ʚʦʜʥʶ. ʇʠʪʦʤʘ ʰʚʠʜʢʽʩʪʴ ʙʽʦʛʝʥʥʦʛʦ ʧʦʪʦʢʫ 

ʚʦʜʠ ʚ ʩʠʩʪʝʤʽ ʩʪʘʥʦʚʠʪʴ 3.8Ŀ10
-4
 ʤʣĿʩ

ð1
 ʥʘ 1 ʢʛ ʙʽʦʤʘʩʠ ʨʦʩʣʠʥ. ʐʚʠʜʢʽʩʪʴ 

ʚʠʥʝʩʝʥʥʷ ʪʨʠʪʽʶ ʫʥʘʩʣʽʜʦʢ ʪʨʘʥʩʧʽʨʘʮʽʾ ʧʨʦʧʦʨʮʽʡʥʘ ʚʠʭʽʜʥʽʡ ʢʦʥʮʝʥʪʨʘʮʽʾ ʡʦʛʦ 

ʫ ʚʦʜʽ ʩʝʨʝʜʦʚʠʱʘ. ʇʨʦʪʷʛʦʤ ʪʠʞʥʷ ʟʽ ʩʝʨʝʜʦʚʠʱʘ ʙʽʦʛʝʥʥʠʤ ʧʦʪʦʢʦʤ ʚ ʘʪʤʦʩʬʝʨʫ 

ʚʠʥʦʩʠʪʴʩʷ ʚʯʝʪʚʝʨʦ ʙʽʣʴʰʝ ʥʘʜʚʘʞʢʦʛʦ ʽʟʦʪʦʧʫ, ʥʽʞ ʤʽʩʪʠʪʴʩʷ ʫ 

ʚʥʫʪʨʽʰʥʴʦʢʣʽʪʠʥʥʠʭ ʩʦʢʘʭ ʨʦʩʣʠʥ. ʂʦʝʬʽʮʽʻʥʪ ʬʨʘʢʮʽʦʥʫʚʘʥʥʷ ʪʨʠʪʽʶ ʚ ʧʨʦʮʝʩʽ 

ʪʨʘʥʩʧʽʨʘʮʽʾ ʩʪʘʥʦʚʠʪʴ 1.2. 

¶ ɺ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʫʤʦʚʘʭ ʥʝ ʩʧʦʩʪʝʨʽʛʘʣʦʩʷ ʟʙʘʛʘʯʝʥʥʷ ʚʥʫʪʨʽʰʥʴʦʢʣʽʪʠʥʥʠʭ 
ʩʦʢʽʚ ʪʘ ʦʨʛʘʥʽʯʥʦʾ ʨʝʯʦʚʠʥʠ ʨʦʩʣʠʥ ʪʨʠʪʽʻʤ. ɿʘʙʨʫʜʥʝʥʘ ʪʨʠʪʽʻʤ ʚʦʜʘ ʩʝʨʝʜʦʚʠʱʘ 

ʜʦʩʠʪʴ ʰʚʠʜʢʦ ʧʦʪʨʘʧʣʷʻ ʫ ʚʥʫʪʨʽʰʥʴʦʢʣʽʪʠʥʥʠʡ ʩʽʢ ʚʝʨʙʠ. ʇʨʠ ʮʴʦʤʫ, 

ʢʦʝʬʽʮʽ̒ ʥʪ ʬʨʘʢʮʽʦʥʫʚʘʥʥʷ ʩʪʘʥʦʚʠʪʴ 0.87 - 0.94. ʂʦʝʬʽʮʽʻʥʪ ʬʨʘʢʮʽʦʥʫʚʘʥʥʷ 

ʪʨʠʪʽʶ ʚ ʦʨʛʘʥʽʯʥʦ ʟʚôʷʟʘʥʫ ʬʦʨʤʫ ʩʪʘʥʦʚʠʪʴ 0.17 - 0.19. 

¶ ʇʨʦʮʝʩʠ ʬʦʨʤʫʚʘʥʥʷ ʪʨʠʪʽʻʚʦʛʦ ʟʘʙʨʫʜʥʝʥʥʷ ʨʦʩʣʠʥ ʚ ʥʝʦʨʛʘʥʽʯʥʽʡ ʪʘ ʦʨʛʘʥʽʯʥʽʡ 
ʬʦʨʤʘʭ ʧʽʜʣʷʛʘʶʪʴ ʢʽʥʝʪʠʯʥʠʤ ʟʘʢʦʥʦʤʽʨʥʦʩʪʷʤ. ʂʦʥʩʪʘʥʪʘ ʰʚʠʜʢʦʩʪʽ 
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ʬʦʨʤʫʚʘʥʥʷ ʪʨʠʪʽʻʚʦʛʦ ʟʘʙʨʫʜʥʝʥʥʷ ʚʥʫʪʨʽʰʥʴʦʢʣʽʪʠʥʥʠʭ ʩʦʢʽʚ ʨʦʩʣʠʥ, ʚ 

ʩʝʨʝʜʥʴʦʤʫ, ʚʜʚʯ̔ʽ ʙʽʣʴʰʘ, ʥʽʞ ʢʦʥʩʪʘʥʪʘ ʰʚʠʜʢʦʩʪʽ ʡʦʛʦ ʪʨʘʥʩʬʦʨʤʘʮʽʾ ʚ 

ʦʨʛʘʥʽʯʥʦ ʟʚôʷʟʘʥʫ ʬʦʨʤʫ. 
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ɺ ʤʦʜʝʣʴʥʦʤ ʵʢʩʧʝʨʠʤʝʥʪʝ ʠʟʫʯʝʥʳ ʦʩʦʙʝʥʥʦʩʪʠ ʤʠʛʨʘʮʠʠ ʪʨʠʪʠʷ ʠʟ ʚʦʜʥʦʡ ʬʘʟʳ ʩʨʝʜʳ 

ʦʙʠʪʘʥʠʷ ʚ ʩʦʩʪʘʚ ʢʦʤʧʦʥʝʥʪʦʚ ʚʝʨʙʳ ʙʝʣʦʡ (Salix alba L.) ʠ ʠʟʦʪʦʧʥʳʝ ʵʬʬʝʢʪʳ ʚʦʜʦʨʦʜʘ ʚ 

ʧʨʦʮʝʩʩʝ ʠʭ ʚʝʛʝʪʘʮʠʠ. ʂʦʥʩʪʘʥʪʘ ʩʢʦʨʦʩʪʠ ʧʦʩʪʫʧʣʝʥʠʷ ʪʨʠʪʠʷ ʯʝʨʝʟ ʢʦʨʥʝʚʫʶ ʩʠʩʪʝʤʫ ʚ 

ʩʦʩʪʘʚ ʚʥʫʪʨʠʢʣʝʪʦʯʥʦʛʦ ʩʦʢʘ ʨʘʩʪʝʥʠʡ ʩʦʩʪʘʚʣʷʝʪ 2.17Ñ1.45Ā10ð6 ʩ-1. ʈʘʚʥʦʚʝʩʠʝ ʤʝʞʜʫ 

ʩʦʜʝʨʞʘʥʠʝʤ ʪʨʠʪʠʷ ʚ ʚʦʜʝ ʚʥʝʰʥʝʡ ʩʨʝʜʳ ʠ ʚʥʫʪʨʠʢʣʝʪʦʯʥʦʛʦ ʩʦʢʘ ʨʘʩʪʝʥʠʡ 

ʫʩʪʘʥʘʚʣʠʚʘʝʪʩʷ ʥʘ ʧʨʦʪʷʞʝʥʠʠ 1-2 ʥʝʜʝʣʴ. ʇʨʠ ʵʪʦʤ, ʢʦʵʬʬʠʮʠʝʥʪ ʬʨʘʢʮʠʦʥʠʨʦʚʘʥʠʷ (Ŭ) 

ʩʦʩʪʘʚʣʷʝʪ 0.88 - 0.94 ʠ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʟʘʚʠʩʠʪ ʦʪ ʢʦʥʮʝʥʪʨʘʮʠʠ ʩʚʝʨʭʪʷʞʝʣʦʛʦ ʠʟʦʪʦʧʘ 

ʚʦʜʦʨʦʜʘ ʚ ʚʦʜʝ ʩʨʝʜʳ. ʂʦʥʩʪʘʥʪʘ ʩʢʦʨʦʩʪʠ ʪʨʘʥʩʬʦʨʤʘʮʠʠ ʪʨʠʪʠʷ ʚ ʦʨʛʘʥʠʯʝʩʢʠ ʩʚʷʟʘʥʥʫʶ 

ʬʦʨʤʫ ʩʦʩʪʘʚʣʷʝʪ 8.6Ñ3.0Ā10-7 ʩ-1. ʈʘʚʥʦʚʝʩʠʝ ʫʩʪʘʥʘʚʣʠʚʘʝʪʩʷ ʥʘ ʧʨʦʪʷʞʝʥʠʠ 4 - 11 ʥʝʜʝʣʴ, Ŭ = 

0.17 - 0.19 ʠ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʟʘʚʠʩʠʪ ʦʪ ʢʦʥʮʝʥʪʨʘʮʠʠ ʩʚʝʨʭʪʷʞʝʣʦʛʦ ʠʟʦʪʦʧʘ ʚʦʜʦʨʦʜʘ ʚ ʚʦʜʝ 

ʩʨʝʜʳ. ɺ ʪʦʞʝ ʚʨʝʤʷ ʥʘʙʣʶʜʘʝʪʩʷ ʠʟʚʣʝʯʝʥʠʝ ʨʘʜʠʦʘʢʪʠʚʥʦʛʦ ʠʟʦʪʦʧʘ ʠʟ ʩʠʩʪʝʤʳ, ʚʝʨʦʷʪʥʦ, 

ʚʩʣʝʜʩʪʚʠʝ ʪʨʘʥʩʧʠʨʘʮʠʠ ʩ ʢʦʥʩʪʘʥʪʦʡ ʩʢʦʨʦʩʪʠ 2.67Ñ0.27Ā10-8 ʩ-1. ʉʢʦʨʦʩʪʴ ʚʳʚʝʜʝʥʠʷ 

ʪʨʠʪʠʷ ʚʩʣʝʜʩʪʚʠʝ ʪʨʘʥʩʧʠʨʘʮʠʠ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʘ ʠʩʭʦʜʥʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ ʝʛʦ ʚ ʚʦʜʝ ʩʨʝʜʳ. 

ʂʦʵʬʬʠʮʠʝʥʪ ʬʨʘʢʮʠʦʥʠʨʦʚʘʥʠʷ ʪʨʠʪʠʷ ʚ ʧʨʦʮʝʩʩʝ ʪʨʘʥʩʧʠʨʘʮʠʠ ʩʦʩʪʘʚʣʷʝʪ 1.2. 

  

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʪʨʠʪʠʝʚʘʷ ʚʦʜʘ, ʚʝʨʙʘ ʙʝʣʘʷ, ʚʥʫʪʨʠʢʣʝʪʦʯʥʳʡ ʩʦʢ,  ʦʨʛʘʥʠʯʝʩʢʠ ʩʚʷʟʘʥʥʳʡ 

ʪʨʠʪʠʡ, ʢʦʥʮʝʥʪʨʘʮʠʷ, ʢʦʥʩʪʘʥʪʘ ʩʢʦʨʦʩʪʠ. 

 

 

ISOTOPIC EXCHANGE OF TRITIUM IN THE PROCESS OF WILLOW 

VEGETATION  
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In a model greenhouse experiment the peculiarities of tritium migration from the water phase of the habitat into 

components of white willow (Salix alba L.) and isotope effects of hydrogen during the vegetation have been studied. 

The rate constant of tritium transfer through the root system to the intracellular sap of plants is 2.17Ñ1.45Ā10
-6
Ā s

-1
. 

The tritium balance between external water and intracellular sap has been come to the equilibrium during 1-2 

weeks. Thus, the fractionation factor (Ŭ) is 0.88 - 0.94 and does not depend on the concentration of the superheavy 

isotope of hydrogen in external water. The rate constant of the transformation of tritium in organically bounded 

species is 8.6Ñ3.0Ā10
-7

 s
-1
. The equilibrium is set for 4 to 11 weeks, Ŭ = 0.17 - 0.19 and does not depend on the 

concentration of the superheavy isotope of hydrogen in external water. At the same time, the extraction of the 

radioactive isotope from the system, probably owing to transpiration has been observed. The value of rate constant 

of Tritium transpiration calculated from experimental data is 2.67Ñ0.27Ā10
-8

 s
-1

. The rate of tritium transpiration is 

proportional to it concentration in external water. The coefficient of tritium fractionation during transpiration is 

1.2. 
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ʂʆʄʇʆɿʀʊʅʓʁ ɸɼʉʆʈɹɽʅʊ ʅɸ ʆʉʅʆɺɽ ʇʆʃʀʇʈʆʇʀʃɽʅʆɺʓʍ 

ɺʆʃʆʂʆʅ C ʆʉɸɾɼɽʅʅʓʄ ʉʃʆɽʄ ʌɽʈʈʆʎʀɸʅʀɼɸ ʂɸʃʀʗ-ʅʀʂɽʃʗ 

ɼʃʗ ʂʆʅʎɽʅʊʈʀʈʆɺɸʅʀʗ 
137
ʉS ʀɿ ɿɸɻʈʗɿʅɽʅʅʓʍ ɺʆɼ 
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ʉʠʥʪʝʟʠʨʦʚʘʥ ʥʦʚʳʡ ʢʦʤʧʦʟʠʪʥʳʡ ʘʜʩʦʨʙʝʥʪ ʜʣʷ ʢʦʥʮʝʥʪʨʠʨʦʚʘʥʠʷ 137ʉs ʠʟ ʟʘʛʨʷʟʥʝʥʥʳʭ ʚʦʜ 

ʧʫʪʝʤ ʦʩʘʞʜʝʥʠʷ ʩʣʦʷ ʬʝʨʨʦʮʠʘʥʠʜʘ ʢʘʣʠʷ-ʥʠʢʝʣʷ ʥʘ ʧʦʚʝʨʭʥʦʩʪʴ ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʭ 

ʧʦʣʠʧʨʦʧʠʣʝʥʦʚʳʭ ʚʦʣʦʢʦʥ. ɹʳʣ ʨʝʘʣʠʟʦʚʘʥ ʜʚʫʭʩʪʘʜʠʡʥʳʡ ʤʝʪʦʜ ʩʠʥʪʝʟʘ, ʢʦʪʦʨʳʡ ʚʢʣʶʯʘʣ 

ʨʘʜʠʘʮʠʦʥʥʦ-ʠʥʜʫʮʠʨʦʚʘʥʥʫʶ ʧʨʠʚʠʚʦʯʥʫʶ ʧʦʣʠʤʝʨʠʟʘʮʠʶ ʤʦʥʦʤʝʨʘ çʘʢʨʠʣʦʚʘʷ ʢʠʩʣʦʪʘè ʥʘ 

ʧʦʚʝʨʭʥʦʩʪʴ ʧʦʣʠʧʨʦʧʠʣʝʥʦʚʳʭ ʚʦʣʦʢʦʥ ʥʘ ʧʝʨʚʦʡ ʩʪʘʜʠʠ ʠ ʬʦʨʤʠʨʦʚʘʥʠʝ ʩʣʦʷ ʬʝʨʨʦʮʠʘʥʠʜʘ ʥʘ 

ʧʦʚʝʨʭʥʦʩʪʠ ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʭ ʚʦʣʦʢʦʥ in situ ï ʥʘ ʚʪʦʨʦʡ. ʈʝʟʫʣʴʪʘʪʳ ʵʣʝʢʪʨʦʥʥʦ-

ʤʠʢʨʦʩʢʦʧʠʯʝʩʢʦʛʦ, ʨʝʥʪʛʝʥʦʬʘʟʦʚʦʛʦ ʠ ʠʥʬʨʘʢʨʘʩʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʦʜʪʚʝʨʜʠʣʠ 

ʬʦʨʤʠʨʦʚʘʥʠʝ ʬʝʨʨʦʮʠʘʥʠʜʥʦʛʦ ʩʣʦʷ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʚʦʣʦʢʦʥ. ʉʠʥʪʝʟʠʨʦʚʘʥʥʳʡ ʦʙʨʘʟʝʮ ʙʳʣ 

ʧʨʦʪʝʩʪʠʨʦʚʘʥ ʚ ʢʘʯʝʩʪʚʝ ʘʜʩʦʨʙʝʥʪʘ ʜʣʷ ʩʝʣʝʢʪʠʚʥʦʛʦ ʚʳʜʝʣʝʥʠʷ 137ʉs ʠʟ ʤʦʜʝʣʴʥʦʛʦ 

ʨʘʩʪʚʦʨʘ ʩ ʚʳʩʦʢʠʤ ʩʦʦʪʥʦʰʝʥʠʝʤ ʠʦʥʦʚ 137Cs ʢ ʩʫʤʤʝ ʠʦʥʦʚ K+Na (1:2ʭ109). ʈʘʩʩʯʠʪʘʥʥʳʝ 

ʟʥʘʯʝʥʠʷ ʢʦʵʬʬʠʮʠʝʥʪʘ ʨʘʩʧʨʝʜʝʣʝʥʠʷ (9.4 102 ʩʤ3/ʛ) ʠ ʩʪʝʧʝʥʠ ʘʜʩʦʨʙʮʠʠ (72.4 %) 

ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʦ ʚʳʩʦʢʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʭ ʢʦʤʧʦʟʠʪʥʳʭ 

ʚʦʣʦʢʦʥ ʜʣʷ ʚʳʜʝʣʝʥʠʷ 137Cs ʠʟ ʟʘʛʨʷʟʥʝʥʥʳʭ ʚʦʜ ʩ ʚʳʩʦʢʠʤ ʩʦʜʝʨʞʘʥʠʝʤ ʢʦʥʢʫʨʠʨʫʶʱʠʭ ʠʦʥʦʚ.  

 
ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: 

137Cs, ʞʠʜʢʠʝ ʨʘʜʠʦʘʢʪʠʚʥʳʝ ʦʪʭʦʜʳ, ʢʦʤʧʦʟʠʪʥʳʡ ʘʜʩʦʨʙʝʥʪ, 

ʧʦʣʠʧʨʦʧʠʣʝʥʦʚʳʝ ʚʦʣʦʢʥʘ,  

ɺʚʝʜʝʥʠʝ 

ʉʝʣʝʢʪʠʚʥʦʝ ʫʜʘʣʝʥʠʝ 
137
Cs ʠʟ ʞʠʜʢʠʭ ʨʘʜʠʦʘʢʪʠʚʥʳʭ ʦʪʭʦʜʦʚ ʠ ʢʦʣʠʯʝʩʪʚʝʥʥʦʝ 

ʦʧʨʝʜʝʣʝʥʠʝ ʨʘʜʠʦʥʫʢʣʠʜʘ ʚ ʦʙʲʝʢʪʘʭ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ ʧʨʠʦʙʨʝʪʘʝʪ ʚ ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ 

ʙʦʣʴʰʦʝ ʟʥʘʯʝʥʠʝ. ʅʘ ʪʝʨʨʠʪʦʨʠʠ ʋʢʨʘʠʥʳ ʦʧʨʝʜʝʣʷʶʱʠʡ ʚʢʣʘʜ ʚ ʩʫʤʤʘʨʥʫʶ ʘʢʪʠʚʥʦʩʪʴ 

ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʚʦʜ, ʘ ʪʘʢʞʝ ʞʠʜʢʠʭ ʨʘʜʠʦʘʢʪʠʚʥʳʭ ʦʪʭʦʜʦʚ (ɾʈʆ) ʚʥʦʩʷʪ ʨʘʜʠʦʥʫʢʣʠʜʳ 
137
Cs ʠ 

90
Sr. ɺ ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʚʦʜʘʭ ʩʦʜʝʨʞʘʥʠʝ 

137
Cs, ʩʚʷʟʘʥʥʦʝ ʩ ʛʣʦʙʘʣʴʥʳʤ ʚʳʧʘʜʝʥʠʝʤ, 

ʢʘʢ ʧʨʘʚʠʣʦ, ʥʝʚʝʣʠʢʦ ʠ ʚʘʨʴʠʨʫʝʪ ʚ ʧʨʝʜʝʣʘʭ 10
-3
 - 10

-2
 ɹʢ/ʣ [1, 2], ʧʦʵʪʦʤʫ ʛʘʤʤʘ-

ʩʧʝʢʪʨʦʤʝʪʨʠʯʝʩʢʦʝ ʦʧʨʝʜʝʣʝʥʠʝ ʵʪʦʛʦ ʨʘʜʠʦʥʫʢʣʠʜʘ ʥʝʚʦʟʤʦʞʥʦ ʙʝʟ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʛʦ 

ʢʦʥʮʝʥʪʨʠʨʦʚʘʥʠʷ ʠʟ ʙʦʣʴʰʠʭ ʦʙʲʝʤʦʚ ʚʦʜʳ (ʙʦʣʝʝ ʩʦʪʥʠ ʣʠʪʨʦʚ) ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʩʝʣʝʢʪʠʚʥʳʭ ʩʦʨʙʝʥʪʦʚ. ʉʝʣʝʢʪʠʚʥʳʝ ʩʦʨʙʝʥʪʳ ʪʘʢʞʝ ʥʝʦʙʭʦʜʠʤʳ ʜʣʷ ʚʳʜʝʣʝʥʠʷ 
137
Cs ʠʟ 

ʨʘʩʪʚʦʨʦʚ ʩ ʚʳʩʦʢʠʤ ʩʦʣʝʩʦʜʝʨʞʘʥʠʝʤ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʙʦʣʴʰʦʛʦ ʠʟʙʳʪʢʘ ʢʦʥʢʫʨʠʨʫʶʱʠʭ 

ʠʦʥʦʚ.  

ʉʨʝʜʠ ʠʟʚʝʩʪʥʳʭ ʧʨʠʨʦʜʥʳʭ ʠ ʩʠʥʪʝʪʠʯʝʩʢʠʭ ʥʝʦʨʛʘʥʠʯʝʩʢʠʭ ʩʦʨʙʝʥʪʦʚ ʥʘʠʙʦʣʴʰʫʶ 

ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʧʨʠ ʚʳʜʝʣʝʥʠʷ ʨʘʜʠʦʠʟʦʪʦʧʦʚ ʮʝʟʠʷ (
134

Cs, 
137
Cs) ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʣʠ 

ʥʝʨʘʩʪʚʦʨʠʤʳʝ ʜʚʦʡʥʳʝ ʬʝʨʨʦʮʠʘʥʠʜʳ (ʌʎ) ʧʝʨʝʭʦʜʥʳʭ ʤʝʪʘʣʣʦʚ (Fe, Cu, ʉo, Zn ʠ ʜʨ.) ʩ 

ʦʙʱʝʡ ʬʦʨʤʫʣʦʡ Fe(CN)6] [1]. ʄʝʭʘʥʠʟʤ ʧʨʦʮʝʩʩʘ ʩʦʨʙʮʠʠ ʮʝʟʠʷ 
ʥʝʨʘʩʪʚʦʨʠʤʳʤʠ ʜʚʦʡʥʳʤʠ ʬʝʨʨʦʮʠʘʥʠʜʘʤʠ ʦʙʩʫʞʜʘʣʩʷ ʚʦ ʤʥʦʛʠʭ ʧʫʙʣʠʢʘʮʠʷʭ. ʇʦʣʘʛʘʶʪ, 

ʯʪʦ ʘʜʩʦʨʙʮʠʷ ʮʝʟʠʷ ʧʨʦʠʩʭʦʜʠʪ ʧʫʪʝʤ ʠʦʥʥʦʛʦ ʦʙʤʝʥʘ ʢʘʪʠʦʥʘ  (K
+
, Na

+
, H

+
 ʠʣʠ NH4

+
) 

ʥʘ ʮʝʟʠʡ. ʈʷʜ ʩʝʣʝʢʪʠʚʥʦʩʪʠ ʠʤʝʝʪ ʩʣʝʜʫʶʱʠʡ ʚʠʜ: Cs
+
>Rb

+
>K

+
>NH4

+
>Na

+
åʅ

+
>Li

+
 [1]. ʕʪʦ 

ʦʟʥʘʯʘʝʪ, ʯʪʦ ʚ ʤʫʣʴʪʠʢʦʤʧʦʥʝʥʪʥʳʭ ʨʘʩʪʚʦʨʘʭ, ʩʦʜʝʨʞʘʱʠʭ ʥʘʨʷʜʫ ʩ ʮʝʟʠʝʤ ʠʦʥʳ 

ʱʝʣʦʯʥʳʭ ʤʝʪʘʣʣʦʚ, ʬʝʨʨʦʮʠʘʥʠʜʳ ʙʫʜʫʪ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʠʟʚʣʝʢʘʪʴ ʠʦʥʳ ʮʝʟʠʷ.  

ʆʜʥʘʢʦ ʥʝʨʘʩʪʚʦʨʠʤʳʝ ʜʚʦʡʥʳʝ ʬʝʨʨʦʮʠʘʥʠʜʳ ʩʠʥʪʝʟʠʨʫʶʪ ʦʙʳʯʥʦ ʚ ʚʠʜʝ 

ʫʣʴʪʨʘʜʠʩʧʝʨʩʥʳʭ ʯʘʩʪʠʮ, ʢʦʪʦʨʳʝ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʥʠʟʢʦʡ ʤʝʭʘʥʠʯʝʩʢʦʡ ʩʪʦʡʢʦʩʪʴʶ ʠ 

ʧʝʧʪʠʟʘʮʠʝʡ ʚ ʚʦʜʥʳʭ ʨʘʩʪʚʦʨʘʭ [1]. ʏʪʦʙʳ ʧʨʝʦʜʦʣʝʪʴ ʵʪʠ ʥʝʜʦʩʪʘʪʢʠ ʙʳʣ ʧʨʝʜʣʦʞʝʥ 
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ɿʙ̔ʨʥʠʢ ʥʘʫʢʦʚʠʭ ʧʨʘʮʴ ɯʥʩʪʠʪʫʪʫ ʛʝʦʭʽʤʽʾ ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ 2016 ʚʠʧʫʩʢ 25 

É ɹʦʥʜʘʨʴ ʖ.ɺ., ʂʦʨʦʤʳʩʣʠʯʝʥʢʦ ʊ.ʀ. ʂʆʄʇʆɿʀʊʅʓʁ ɸɼʉʆʈɹɽʅʊ ʅɸ ʆʉʅʆɺɽ ʇʆʃʀʇʈʆʇʀʃɽʅʆɺʓʍ ɺʆʃʆʂʆʅ C 

ʆʉɸɾɼɽʅʅʓʄ ʉʃʆɽʄ ʌɽʈʈʆʎʀɸʅʀɼɸ ʂɸʃʀʗ-ʅʀʂɽʃʗ ɼʃʗ ʂʆʅʎɽʅʊʈʀʈʆɺɸʅʀʗ 137ʉS ʀɿ ɿɸɻʈʗɿʅɽʅʅʓʍ ɺʆɼ 

57 

ʩʠʥʪʝʟ ʢʦʤʧʦʟʠʪʥʳʭ ʘʜʩʦʨʙʝʥʪʦʚ ʧʫʪʝʤ ʦʩʘʞʜʝʥʠʷ /ʠʣʠ ʚʥʝʜʨʝʥʠʷ ʫʣʴʪʨʘʜʠʩʧʝʨʩʥʳʭ ʯʘʩʪʠʮ 

ʌʎ ʥʘ/ʚ ʪʚʝʨʜʳʝ ʤʘʪʨʠʮʳ.  

ʉ ʵʢʦʥʦʤʠʯʝʩʢʦʡ ʪʦʯʢʠ ʟʨʝʥʠʷ ʠ ʚʦʟʤʦʞʥʦʩʪʠ ʧʨʦʤʳʰʣʝʥʥʦʛʦ ʚʳʧʫʩʢʘ ʥʝʜʦʨʦʛʠʭ 

ʘʜʩʦʨʙʝʥʪʦʚ ʧʝʨʩʧʝʢʪʠʚʥʳʤʠ ʷʚʣʷʶʪʩʷ ʢʦʤʧʦʟʠʪʥʳʝ ʘʜʩʦʨʙʝʥʪʳ ʥʘ ʦʩʥʦʚʝ ʧʦʣʠʤʝʨʥʳʭ 

ʚʦʣʦʢʦʥ. ʇʦʣʠʤʝʨʥʳʝ ʚʦʣʦʢʥʘ (ʠʣʠ ʥʝʪʢʘʥʳʝ ʤʘʪʝʨʠʘʣʳ) ʙʣʘʛʦʜʘʨʷ ʚʳʩʦʢʦʨʘʟʚʠʪʦʡ 

ʧʦʚʝʨʭʥʦʩʪʠ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʦʧʪʠʤʘʣʴʥʳʤʠ ʢʠʥʝʪʠʯʝʩʢʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ, ʥʠʟʢʠʤ 

ʩʦʧʨʦʪʠʚʣʝʥʠʝʤ ʬʠʣʴʪʨʫʶʱʝʛʦ ʩʣʦʷ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʠʭ ʵʬʬʝʢʪʠʚʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʢʘʢ ʚ 

ʩʪʘʪʠʯʝʩʢʠʭ, ʪʘʢ ʠ ʚ ʜʠʥʘʤʠʯʝʩʢʠʭ ʨʝʞʠʤʘʭ ʩʦʨʙʮʠʠ. ʋʜʦʙʥʘʷ ʬʦʨʤʘ ʚʦʣʦʢʥʠʩʪʳʭ 

ʤʘʪʝʨʠʘʣʦʚ ʜʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʫʧʨʦʩʪʠʪʴ ʩʪʘʜʠʶ ʦʪʜʝʣʝʥʠʷ ʩʦʨʙʝʥʪʘ ʦʪ ʨʘʩʪʚʦʨʘ ʠ 

ʧʨʦʠʟʚʦʜʠʪʴ ʠʟʤʝʨʝʥʠʷ ʩʦʜʝʨʞʘʥʠʷ ʟʘʛʨʷʟʥʠʪʝʣʷ ʥʘ ʦʙʨʘʟʮʝ, ʯʪʦ ʦʙʫʩʣʦʚʣʠʚʘʝʪ ʠʭ 

ʧʨʝʠʤʫʱʝʩʪʚʘ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʛʨʘʥʫʣʠʨʦʚʘʥʥʳʤʠ ʠ ʤʝʣʢʦʜʠʩʧʝʨʩʥʳʤʠ ʥʝʦʨʛʘʥʠʯʝʩʢʠʤʠ 

ʩʦʨʙʝʥʪʘʤʠ. 

ɼʣʷ ʩʠʥʪʝʟʘ ʢʦʤʧʦʟʠʪʥʳʭ ʘʜʩʦʨʙʝʥʪʦʚ ʧʦʣʠʤʝʨʥʳʝ ʚʦʣʦʢʥʘ ʜʦʣʞʥʳ ʩʦʜʝʨʞʘʪʴ 

ʭʠʤʠʯʝʩʢʠ-ʘʢʪʠʚʥʳʝ ʬʫʥʢʮʠʦʥʘʣʴʥʳʝ ʛʨʫʧʧʳ, ʢʦʪʦʨʳʝ ʩʣʫʞʘʪ ʮʝʥʪʨʘʤʠ in situ 

ʬʦʨʤʠʨʦʚʘʥʠʷ ʥʝʦʨʛʘʥʠʯʝʩʢʦʡ ʬʘʟʳ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʚʦʣʦʢʦʥ. ʏʝʨʝʟ ʬʫʥʢʮʠʦʥʘʣʴʥʳʝ 

ʛʨʫʧʧʳ ʥʝʦʨʛʘʥʠʯʝʩʢʠʝ ʥʘʥʦʯʘʩʪʠʮʳ ʪʘʢʞʝ ʟʘʢʨʝʧʣʝʥʳ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʚʦʣʦʢʦʥ ʠ ʥʝ 

ʧʦʜʚʝʨʞʝʥʳ ʘʛʣʦʤʝʨʘʮʠʠ ʚ ʫʩʣʦʚʠʷʭ ʵʢʩʧʣʫʘʪʘʮʠʠ ʘʜʩʦʨʙʝʥʪʘ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʤʥʦʛʦʢʨʘʪʥʦ 

ʝʛʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʢʘʢ ʚ ʩʪʘʪʠʯʝʩʢʦʤ, ʪʘʢ ʠ ʜʠʥʘʤʠʯʝʩʢʦʤ ʨʝʞʠʤʘʭ ʩʦʨʙʮʠʠ. 

ʎʝʣʴ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʩʦʩʪʦʷʣʘ ʚ ʩʠʥʪʝʟʝ ʢʦʤʧʦʟʠʪʥʦʛʦ ʘʜʩʦʨʙʝʥʪʘ ʥʘ ʦʩʥʦʚʝ 

ʧʦʣʠʧʨʦʧʠʣʝʥʦʚʳʭ ʚʦʣʦʢʦʥ c ʦʩʘʞʜʝʥʥʳʤ ʩʣʦʝʤ ʬʝʨʨʦʮʠʘʥʠʜʘ ʢʘʣʠʷ-ʥʠʢʝʣʷ ʠ ʘʧʨʦʙʘʮʠʷ ʠʭ 

ʜʣʷ ʩʝʣʝʢʪʠʚʥʦʛʦ ʚʳʜʝʣʝʥʠʷ 
137
ʉs ʠʟ ʤʦʜʝʣʴʥʦʛʦ ʨʘʩʪʚʦʨʘ, ʩʦʜʝʨʞʘʱʝʛʦ ʚʳʩʦʢʠʝ 

ʢʦʥʮʝʥʪʨʘʮʠʠ ʢʦʥʢʫʨʠʨʫʶʱʠʭ ʠʦʥʦʚ ʥʘʪʨʠʷ ʠ ʢʘʣʠʷ.  

 

ʄʘʪʝʨʠʘʣʳ ʠ ʤʝʪʦʜʳ ʠʩʩʣʝʜʦʚʘʥʠʷ  

ʉʠʥʪʝʟ ʢʦʤʧʦʟʠʪʥʦʛʦ ʘʜʩʦʨʙʝʥʪʘ. ɺ ʢʘʯʝʩʪʚʝ ʧʦʣʠʤʝʨʥʦʡ ʦʩʥʦʚʳ ʜʣʷ ʧʦʣʫʯʝʥʠʷ 

ʢʦʤʧʦʟʠʪʥʦʛʦ ʘʜʩʦʨʙʝʥʪʘ ʠʩʧʦʣʴʟʦʚʘʣʠ ʥʝʪʢʘʥʳʡ ʤʘʪʝʨʠʘʣ ʠʟ ʧʦʣʠʧʨʦʧʠʣʝʥʦʚʳʭ ʚʦʣʦʢʦʥ ʩ 

ʪʦʣʱʠʥʦʡ ʦʢʦʣʦ 1 ʤʤ.  

ʄʦʨʬʦʣʦʛʠʶ ʚʦʣʦʢʦʥ ʜʦ ʠ ʧʦʩʣʝ ʩʠʥʪʝʟʘ ʠʩʩʣʝʜʦʚʘʣʠ ʩ ʧʦʤʦʱʴʶ ʩʢʘʥʠʨʫʶʱʝʛʦ 

ʵʣʝʢʪʨʦʥʥʦʛʦ ʤʠʢʨʦʩʢʦʧʘ (ʉʕʄ) Hitachi S-4100 ʩ ʵʥʝʨʛʦ-ʜʠʩʧʝʨʩʠʦʥʥʦʡ ʧʨʠʩʪʘʚʢʦʡ, 

ʢʦʪʦʨʫʶ ʠʩʧʦʣʴʟʦʚʘʣʠ ʜʣʷ ʤʠʢʨʦʘʥʘʣʠʟʘ. ʇʝʨʝʜ ʠʩʩʣʝʜʦʚʘʥʠʝʤ ʦʙʨʘʟʮʳ ʥʘʧʳʣʷʣʠ 

ʧʣʘʪʠʥʦʡ. ʀʥʬʨʘʢʨʘʩʥʳʝ (ʀʂ) ʩʧʝʢʪʨʳ ʩʥʠʤʘʣʠ ʥʘ ʀʂ-ʌʫʨʴʝ ʩʧʝʢʪʨʦʤʝʪʨʝ Spectrum 100 

(PerkinElmer) ʚ ʨʝʞʠʤʝ ʥʘʨʫʰʝʥʥʦʛʦ ʧʦʣʥʦʛʦ ʚʥʫʪʨʝʥʥʝʛʦ ʦʪʨʘʞʝʥʠʷ.  

ɸʜʩʦʨʙʮʠʷ 
137

Cs. ʀʩʩʣʝʜʦʚʘʥʠʝ ʘʜʩʦʨʙʮʠʠ 
137
Cs ʥʘ ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʝ ʢʦʤʧʦʟʠʪʥʳʝ 

ʚʦʣʦʢʥʘ ʧʨʦʚʦʜʠʣʠ ʚ ʩʪʘʪʠʯʝʩʢʠʭ ʫʩʣʦʚʠʷʭ. ɺ ʩʦʣʝʚʦʡ ʨʘʩʪʚʦʨ ʚʥʦʩʠʣʠ ʟʘʜʘʥʥʦʝ ʢʦʣʠʯʝʩʪʚʦ 

ʨʘʜʠʦʘʢʪʠʚʥʦʛʦ ʮʝʟʠʷ ʚ ʚʠʜʝ ʨʘʩʪʚʦʨʘ ʥʠʪʨʘʪʘ 
137
Cs. ʇʦʩʣʝ ʫʩʪʘʥʦʚʣʝʥʠʷ ʨʘʜʠʦʭʠʤʠʯʝʩʢʦʛʦ 

ʨʘʚʥʦʚʝʩʠʷ (24 ʯ) ʚ ʧʦʜʛʦʪʦʚʣʝʥʥʳʡ ʨʘʩʪʚʦʨ (15 ʩʤ
3
) ʜʦʙʘʚʣʷʣʠ ʢʦʤʧʦʟʠʪʥʳʝ ʚʦʣʦʢʥʘ (0,042 

ʛ) ʠ ʧʦʩʣʝ ʩʦʨʙʮʠʠ (24 ʯ) ʨʘʩʪʚʦʨ ʦʪʬʠʣʴʪʨʦʚʳʚʘʣʠ ʠ ʦʧʨʝʜʝʣʷʣʠ ʘʢʪʠʚʥʦʩʪʴ 
137

Cs 

ʨʘʜʠʦʤʝʪʨʠʯʝʩʢʠʤ ʤʝʪʦʜʦʤ. ʂʦʤʧʦʟʠʪʥʳʝ ʚʦʣʦʢʥʘ ʧʨʦʤʳʚʘʣʠ ʜʠʩʪʠʣʣʠʨʦʚʘʥʥʦʡ ʚʦʜʦʡ ʠ 

ʪʘʢʞʝ ʦʧʨʝʜʝʣʷʣʠ ʝʛʦ ʘʢʪʠʚʥʦʩʪʴ, ʦʙʫʩʣʦʚʣʝʥʥʫʶ ʘʜʩʦʨʙʠʨʦʚʘʥʥʳʤ ʮʝʟʠʝʤ.ʂʦʵʬʬʠʮʠʝʥʪ 

ʨʘʩʧʨʝʜʝʣʝʥʠʷ 
137

Cs Kd (ʩʤ
3
/ʛ) ʨʘʩʩʯʠʪʳʚʘʣʠ ʧʦ ʬʦʨʤʫʣʝ 

 

       
ʛʜʝ a0 ʠ aʨ ï ʠʩʭʦʜʥʘʷ ʠ ʨʘʚʥʦʚʝʩʥʘʷ ʘʢʪʠʚʥʦʩʪʴ ʨʘʜʠʦʥʫʢʣʠʜʘ ʚ ʨʘʩʪʚʦʨʝ 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ɹʢ. 
ʉʪʝʧʝʥʴ ʘʜʩʦʨʙʮʠʠ ʦʧʨʝʜʝʣʷʣʠ ʧʦ ʦʪʥʦʰʝʥʠʶ  

 
 

ʈʝʟʫʣʴʪʘʪʳ ʠ ʠʭ ʦʙʩʫʞʜʝʥʠʷ 

ʇʦʣʠʧʨʦʧʠʣʝʥʦʚʳʝ ʚʦʣʦʢʥʘ ʷʚʣʷʶʪʩʷ ʧʝʨʩʧʝʢʪʠʚʥʦʡ ʦʩʥʦʚʦʡ ʜʣʷ ʩʠʥʪʝʟʘ ʢʦʤʧʦʟʠʪʥʳʭ 
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É ɹʦʥʜʘʨʴ ʖ.ɺ., ʂʦʨʦʤʳʩʣʠʯʝʥʢʦ ʊ.ʀ. ʂʆʄʇʆɿʀʊʅʓʁ ɸɼʉʆʈɹɽʅʊ ʅɸ ʆʉʅʆɺɽ ʇʆʃʀʇʈʆʇʀʃɽʅʆɺʓʍ ɺʆʃʆʂʆʅ C 

ʆʉɸɾɼɽʅʅʓʄ ʉʃʆɽʄ ʌɽʈʈʆʎʀɸʅʀɼɸ ʂɸʃʀʗ-ʅʀʂɽʃʗ ɼʃʗ ʂʆʅʎɽʅʊʈʀʈʆɺɸʅʀʗ 137ʉS ʀɿ ɿɸɻʈʗɿʅɽʅʅʓʍ ɺʆɼ 
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ʘʜʩʦʨʙʝʥʪʦʚ. ʕʪʦ ʦʙʫʩʣʦʚʣʝʥʦ ʪʝʤ, ʯʪʦ ʚʦʣʦʢʥʘ ʠʤʝʶʪ ʥʝ ʪʦʣʴʢʦ ʧʨʝʢʨʘʩʥʳʝ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʝ 

ʩʚʦʡʩʪʚʘ (ʥʠʟʢʘʷ ʧʣʦʪʥʦʩʪʴ ï 0.91ï0.92 ʛ/ʩʤ
3
, ʵʣʘʩʪʠʯʥʦʩʪʴ, ʫʩʪʦʡʯʠʚʦʩʪʴ ʢ ʜʚʦʡʥʳʤ ʠʟʛʠʙʘʤ, 

ʚʳʩʦʢʘʷ ʩʪʦʡʢʦʩʪʴ ʢ ʜʝʡʩʪʚʠʶ ʢʠʩʣʦʪ, ʱʝʣʦʯʝʡ ʠ ʦʨʛʘʥʠʯʝʩʢʠʭ ʨʘʩʪʚʦʨʠʪʝʣʝʡ, ʥʝʪʦʢʩʠʯʥʦʩʪʴ), ʥʦ 

ʠ ʥʠʟʢʫʶ ʩʝʙʝʩʪʦʠʤʦʩʪʴ.   

ʐʠʨʦʢʦ ʠʩʧʦʣʴʟʫʝʤʳʤ ʤʝʪʦʜʦʤ ʤʦʜʠʬʠʢʘʮʠʠ ʭʠʤʠʯʝʩʢʠ ʠʥʝʨʪʥʦʡ ʦʩʥʦʚʳ 

ʧʦʣʠʧʨʦʧʠʣʝʥʘ (ʇʇ) ʷʚʣʷʝʪʩʷ ʨʘʜʠʢʘʣʴʥʘʷ ʧʨʠʚʠʚʦʯʥʘʷ ʧʦʣʠʤʝʨʠʟʘʮʠʷ (ʧʨʠʚʠʚʢʘ) [4]. ʕʪʦʪ 

ʤʝʪʦʜ ʧʦʟʚʦʣʷʝʪ ʚʚʦʜʠʪʴ ʠ ʭʠʤʠʯʝʩʢʠ ʟʘʢʨʝʧʣʷʪʴ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ (ʠ ʚ ʦʙʲʝʤʝ) ʠʥʝʨʪʥʦʡ 

ʧʦʣʠʤʝʨʥʦʡ ʤʘʪʨʠʮʳ ʥʘʥʦ(ʤʠʢʨʦ)ʮʝʧʠ ʚʪʦʨʠʯʥʦʛʦ ʧʨʠʚʠʚʘʝʤʦʛʦ ʤʦʥʦʤʝʨʘ ʩ ʞʝʣʘʝʤʦʡ 

ʬʫʥʢʮʠʦʥʘʣʴʥʦʡ ʛʨʫʧʧʦʡ, ʢʦʥʪʨʦʣʠʨʫʷ ʧʨʠ ʵʪʦʤ ʜʣʠʥʫ ʠ ʧʣʦʪʥʦʩʪʴ ʧʨʠʚʠʪʳʭ ʮʝʧʝʡ. 

ʇʨʠʚʠʚʦʯʥʘʷ ʧʦʣʠʤʝʨʠʟʘʮʠʷ ʤʦʞʝʪ ʙʳʪʴ ʠʥʠʮʠʠʨʦʚʘʥʘ ʢʘʢ ʭʠʤʠʯʝʩʢʠʤʠ, ʪʘʢ ʠ 

ʨʘʜʠʘʮʠʦʥʥʳʤʠ ʤʝʪʦʜʘʤʠ [5]. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʨʘʜʠʘʮʠʦʥʥʦ-ʠʥʜʫʮʠʨʦʚʘʥʥʘʷ 

ʧʨʠʚʠʚʦʯʥʘʷ ʧʦʣʠʤʝʨʠʟʘʮʠʷ ʧʦʜ ʚʦʟʜʝʡʩʪʚʠʝʤ ʧʦʪʦʢʘ ʚʳʩʦʢʦʵʥʝʨʛʝʪʠʯʥʳʭ ʵʣʝʢʪʨʦʥʦʚ ï 

ʰʠʨʦʢʦ-ʠʩʧʦʣʴʟʫʝʤʦʝ ʠ ʠʥʪʝʥʩʠʚʥʦ ʨʘʟʚʠʚʘʝʤʦʝ ʥʘʧʨʘʚʣʝʥʠʝ ʤʦʜʠʬʠʢʘʮʠʠ ʧʦʣʠʤʝʨʥʳʭ 

ʤʘʪʝʨʠʘʣʦʚ [6ï8].  

ɺ ʧʨʝʜʩʪʘʚʣʝʥʥʦʤ ʠʩʩʣʝʜʦʚʘʥʠʠ ʜʣʷ ʠʥʠʮʠʘʮʠʠ ʧʨʠʚʠʚʦʯʥʦʡ ʧʦʣʠʤʝʨʠʟʘʮʠʠ 

ʧʦʣʠʧʨʦʧʠʣʝʥʦʚʳʝ ʚʦʣʦʢʥʘ ʦʙʣʫʯʘʣʠ ʥʘ ʚʦʟʜʫʭʝ ʧʦʪʦʢʦʤ ʫʩʢʦʨʝʥʥʳʭ ʵʣʝʢʪʨʦʥʦʚ ʩ ʵʥʝʨʛʠʝʡ 

1.0 ʄʵɺ (ʫʩʢʦʨʠʪʝʣʴ ʢʦʥʚʝʡʝʨʥʦʛʦ ʪʠʧʘ ʕʃɺ-04, ʀʗʌ, ʈʦʩʩʠʷ). ɺ ʨʝʟʫʣʴʪʘʪʝ ʦʙʣʫʯʝʥʠʷ ʥʘ 

ʧʦʚʝʨʭʥʦʩʪʠ ʇʇ ʤʘʪʨʠʮʳ ʬʦʨʤʠʨʦʚʘʣʠʩʴ ʧʝʨʚʠʯʥʳʝ ʘʣʢʠʣ-ʨʘʜʠʢʘʣʳ, ʢʦʪʦʨʳʝ ʚ 

ʧʨʠʩʫʪʩʪʚʠʠ ʢʠʩʣʦʨʦʜʘ ʚʦʟʜʫʭʘ ʤʦʤʝʥʪʘʣʴʥʦ ʪʨʘʥʩʬʦʨʤʠʨʦʚʘʣʠʩʴ ʚ ʧʝʨʝʢʠʩʠ ʠ 

ʛʠʜʨʦʧʝʨʝʢʠʩʠ (ʚ ʦʩʥʦʚʥʦʤ). ʇʦʩʣʝʜʥʠʝ, ʪʝʨʤʠʯʝʩʢʠ ʩʪʘʙʠʣʴʥʳʝ ʧʨʠ ʢʦʤʥʘʪʥʦʡ 

ʪʝʤʧʝʨʘʪʫʨʝ, ʨʘʩʧʘʜʘʶʪʩʷ ʧʨʠ ʥʘʛʨʝʚʘʥʠʠ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʤʘʢʨʦʨʘʜʠʢʘʣʦʚ (ʇʇʆ
ǐ
) ʠ 

ʛʠʜʨʦʢʩʠʣ-ʨʘʜʠʢʘʣʦʚ (ʆʅ
ǐ
). ʄʘʢʨʦʨʘʜʠʢʘʣ ʧʨʝʜʦʩʪʘʚʣʷʝʪ ʤʝʩʪʦ ʜʣʷ çʧʨʠʚʠʚʢʠè ʤʦʥʦʤʝʨʘ 

(ʄ), ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʛʠʜʨʦʢʩʠʣ-ʨʘʜʠʢʘʣ ʤʦʞʝʪ ʠʥʠʮʠʠʨʦʚʘʪʴ ʥʝʞʝʣʘʪʝʣʴʥʫʶ ʨʝʘʢʮʠʶ 

ʛʦʤʦʧʦʣʠʤʝʨʠʟʘʮʠʠ ʤʦʥʦʤʝʨʘ ʚ ʨʘʩʪʚʦʨʝ (ʦʙʨʘʟʦʚʘʥʠʝ ʮʝʧʝʡ Mn). ʉʭʝʤʘʪʠʯʝʩʢʠ ʧʨʦʮʝʩʩ 

ʨʦʩʪʘ ʮʝʧʝʡ ʤʦʞʝʪ ʙʳʪʴ ʧʨʝʜʩʪʘʚʣʝʥ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: 

¶¶¶ +- ʅʆʆʇʇʆʆʅʇʇ
ʆ

Hʇʇʇʇ
ʅɸɻʈɽɺʆɹʃʋʏɽʅʀɽ

...
2

 

¶¶¶ ---+ Mʄʇʇʆʄʇʇʆʄʆʇʇ k

kM

)( (ʨʝʘʢʮʠʷ ʧʨʠʚʠʚʦʯʥʦʡ ʧʦʣʠʤʝʨʠʟʘʮʠʠ, ʨʦʩʪ 

ʮʝʧʠ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʧʦʣʠʤʝʨʥʦʡ ʤʘʪʨʠʮʳ); 

OHMMOHMMHO n

nM

---+ ¶¶¶

 )(  (ʨʝʘʢʮʠʷ ʛʦʤʦʧʦʣʠʤʝʨʠʟʘʮʠʠ; ʨʦʩʪ ʮʝʧʠ ʚ 

ʨʘʩʪʚʦʨʝ). 

ɼʣʷ ʧʦʣʫʯʝʥʠʷ ʢʦʤʧʦʟʠʪʥʳʭ ʧʦʣʠʧʨʦʧʠʣʝʥʦʚʳʭ ʚʦʣʦʢʦʥ ʩ ʦʩʘʞʜʝʥʥʳʤ ʩʣʦʝʤ 

ʬʝʨʨʦʮʠʘʥʠʜʘ ʢʘʣʠʷ-ʥʠʢʝʣʷ ʙʳʣ ʨʝʘʣʠʟʦʚʘʥ ʜʚʫʭʩʪʘʜʠʡʥʳʡ ʩʠʥʪʝʟ. ʅʘ ʧʝʨʚʦʡ ʩʪʘʜʠʠ ʙʳʣʘ 

ʦʩʫʱʝʩʪʚʣʝʥʘ ʨʘʜʠʘʮʠʦʥʥʦ-ʠʥʜʫʮʠʨʦʚʘʥʥʘʷ ʧʨʠʚʠʚʦʯʥʘʷ ʧʦʣʠʤʝʨʠʟʘʮʠʷ ʘʢʨʠʣʦʚʦʡ ʢʠʩʣʦʪʳ [9], 

ʯʪʦ ʧʦʟʚʦʣʠʣʦ ʢʦʚʘʣʝʥʪʥʦ ʟʘʢʨʝʧʠʪʴ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʭʠʤʠʯʝʩʢʠ ʠʥʝʨʪʥʳʭ ʧʦʣʠʧʨʦʧʠʣʝʥʦʚʳʭ 

ʚʦʣʦʢʦʥ ʮʝʧʠ ʧʦʣʠʘʢʨʠʣʦʚʦʡ ʢʠʩʣʦʪʳ (ʇɸʂ) ʩ ʭʠʤʠʯʝʩʢʠ-ʘʢʪʠʚʥʳʤʠ ʢʘʨʙʦʢʩʠʣʴʥʳʤʠ ʛʨʫʧʧʘʤʠ. 

ʅʘ ʚʪʦʨʦʡ ʩʪʘʜʠʠ ʧʨʦʚʦʜʠʣʠ in situ ʦʩʘʞʜʝʥʠʝ ʩʣʦʷ ʬʝʨʨʦʮʠʘʥʠʜʘ ʢʘʣʠʷ-ʥʠʢʝʣʷ, ʮʝʥʪʨʘʤʠ 

ʬʦʨʤʠʨʦʚʘʥʠʷ ʠ ʟʘʢʨʝʧʣʝʥʠʷ ʢʦʪʦʨʦʛʦ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʚʦʣʦʢʦʥ ʩʣʫʞʠʣʠ ʢʘʨʙʦʢʩʠʣʴʥʳʝ ʛʨʫʧʧʳ 

ʧʦʣʠʘʢʨʠʣʦʚʦʡ ʢʠʩʣʦʪʳ. 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʩʠʥʪʝʟʘ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʢʦʤʧʦʟʠʪʥʳʝ ʚʦʣʦʢʥʘ ʩ ʦʩʘʞʜʝʥʥʳʤ ʩʣʦʝʤ 

ʬʝʨʨʦʮʠʘʥʠʜʘ ʢʘʣʠʡ-ʥʠʢʝʣʴ (ʌʎ ʂ-Ni). ɹʝʣʳʡ ʮʚʝʪ ʠʩʭʦʜʥʳʭ ʧʦʣʠʧʨʦʧʠʣʝʥʦʚʳʭ ʚʦʣʦʢʦʥ 

ʠʟʤʝʥʠʣʩʷ ʥʘ ʟʝʣʝʥʦʚʘʪʦ-ʦʣʠʚʢʦʚʳʡ. 

ʅʘ ʵʣʝʢʪʨʦʥʥʦ-ʤʠʢʨʦʩʢʦʧʠʯʝʩʢʠʭ ʩʥʠʤʢʘʭ ʠʩʭʦʜʥʳʭ ʧʦʣʠʧʨʦʧʠʣʝʥʦʚʳʭ ʚʦʣʦʢʦʥ 

(ʨʠʩ.1ʘ) ʠ ʚʦʣʦʢʦʥ ʩ ʧʨʠʚʠʪʳʤʠ ʮʝʧʷʤʠ ʇɸʂ ʤʦʞʥʦ ʚʠʜʝʪʴ, ʯʪʦ ʦʥʠ ʠʤʝʶʪ ʦʢʨʫʛʣʫʶ ʬʦʨʤʫ 

ʠ ʛʣʘʜʢʫʶ ʪʝʢʩʪʫʨʫ (ʨʠʩ.1ʘ, ʙ). ʇʦʩʣʝ ʦʩʘʞʜʝʥʠʷ ʩʣʦʷ ʌʎ K-Ni ʠʟʤʝʥʠʣʘʩʴ ʬʦʨʤʘ ʚʦʣʦʢʦʥ 

(1ʚ). ʇʨʠ ʙʦʣʴʰʦʤ ʫʚʝʣʠʯʝʥʠʠ ʧʨʦʷʚʣʷʝʪʩʷ ʥʘʥʦʩʪʨʫʢʪʨʘ ʦʩʘʞʜʝʥʥʦʛʦ ʩʣʦʷ  ʌʎ K-Ni (ʨʠʩ. 

1ʙ,ʩ). 

ʈʝʟʫʣʴʪʘʪʳ ʤʠʢʨʦʘʥʘʣʠʟʘ ʚ ʦʪʤʝʯʝʥʥʦʡ ʦʙʣʘʩʪʠ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʚʦʣʦʢʥʘ (ʨʠʩ. 2ʘ, ʙ)  

ʧʦʢʘʟʘʣʠ ʚ ʦʩʘʞʜʝʥʥʦʤ ʩʣʦʝ ʧʨʠʩʫʪʩʪʚʠʝ ʵʣʝʤʝʥʪʦʚ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʩʦʩʪʘʚʫ 

ʬʝʨʨʦʮʠʘʥʠʜʘ ʢʘʣʠʷ-ʥʠʢʝʣʷ ð C, O, N, Fe, K, Ni. ʅʘ ʉʕʄ-ʠʟʦʙʨʘʞʝʥʠʠ ʢʦʤʧʦʟʠʪʥʦʛʦ 



ɿʙ̔ʨʥʠʢ ʥʘʫʢʦʚʠʭ ʧʨʘʮʴ ɯʥʩʪʠʪʫʪʫ ʛʝʦʭʽʤʽʾ ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ 2016 ʚʠʧʫʩʢ 25 

É ɹʦʥʜʘʨʴ ʖ.ɺ., ʂʦʨʦʤʳʩʣʠʯʝʥʢʦ ʊ.ʀ. ʂʆʄʇʆɿʀʊʅʓʁ ɸɼʉʆʈɹɽʅʊ ʅɸ ʆʉʅʆɺɽ ʇʆʃʀʇʈʆʇʀʃɽʅʆɺʓʍ ɺʆʃʆʂʆʅ C 

ʆʉɸɾɼɽʅʅʓʄ ʉʃʆɽʄ ʌɽʈʈʆʎʀɸʅʀɼɸ ʂɸʃʀʗ-ʅʀʂɽʃʗ ɼʃʗ ʂʆʅʎɽʅʊʈʀʈʆɺɸʅʀʗ 137ʉS ʀɿ ɿɸɻʈʗɿʅɽʅʅʓʍ ɺʆɼ 

59 

ʚʦʣʦʢʥʘ ʚʠʜʥʦ, ʯʪʦ ʬʝʨʨʦʮʠʘʥʠʜʥʳʡ ʩʣʦʡ ʦʩʘʞʜʘʝʪʩʷ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʚʦʣʦʢʦʥ ʚ ʚʠʜʝ 

ʧʣʦʪʥʦʛʦ ʨʘʚʥʦʤʝʨʥʦʛʦ ʩʣʦʷ.  
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ʈʠʩ. 1. ʄʠʢʨʦʬʦʪʦʛʨʘʬʠʠ ʠʩʭʦʜʥʳʭ ʇʇ ʚʦʣʦʢʦʥ (ʘ), ʇʇ ʚʦʣʦʢʦʥ ʩ ʧʨʠʚʠʪʳʤʠ ʮʝʧʷʤʠ ʇɸʂ 

(ʩʪʝʧʝʥʴ ʧʨʠʚʠʚʢʠ 171% ) (ʚ) ʠ ʧʨʠʚʠʪʳʭ ʇʇ ʚʦʣʦʢʦʥ (ʩʪʝʧʝʥʴ ʧʨʠʚʠʚʢʠ 171%) ʩ 

ʦʩʘʞʜʝʥʥʳʤ ʩʣʦʝʤ ʬʝʨʨʦʮʠʘʥʠʜʘ ʢʘʣʠʷ-ʥʠʢʝʣʷ (ʛ) 
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ʈʠʩ. 2. ʈʝʟʫʣʴʪʘʪʳ ʤʠʢʨʦʘʥʘʣʠʟʘ (ʙ) ʠ ʉʕʄ-ʠʟʦʙʨʘʞʝʥʠʝ ʚʳʜʝʣʝʥʥʦʛʦ ʫʯʘʩʪʢʘ (ʘ) 

ʢʦʤʧʦʟʠʪʥʦʛʦ ʚʦʣʦʢʥʘ ʦʩʘʞʜʝʥʥʳʤ ʩʣʦʝʤ ʬʝʨʨʦʮʠʘʥʠʜʘ ʢʘʣʠʷ-ʥʠʢʝʣʷ. 

 

ʆʙʨʘʟʦʚʘʥʠʝ ʬʝʨʨʦʮʠʘʥʠʜʥʦʛʦ ʩʣʦʷ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʚʦʣʦʢʦʥ ʧʦʜʪʚʝʨʜʠʣʦʩʴ ʜʘʥʥʳʤʠ 

ʀʂ-ʌʫʨʴʝ ʩʧʝʢʪʨʦʤʝʪʨʠʠ. ɺ ʩʧʝʢʪʨʘʭ ʢʦʤʧʦʟʠʪʥʳʭ ʚʦʣʦʢʦʥ ʩ ʦʩʘʞʜʝʥʥʳʤ ʩʣʦʝʤ ʌʎ K-Ni 


