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ɺɺɽɼɽʅʀɽ 

 

ɸʢʪʫʘʣʴʥʦʩʪʴ ʪʝʤʳ ʠʩʩʣʝʜʦʚʘʥʠʷ. ʀʟʫʯʝʥʠʝ ʜʠʥʘʤʠʢʠ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ 

ʨʝʰʝʪʢʠ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʦʜʥʫ ʠʟ ʚʘʞʥʝʡʰʠʭ ʟʘʜʘʯ ʬʠʟʠʢʠ 

ʢʦʥʜʝʥʩʠʨʦʚʘʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ. ʄʘʣʦʘʤʧʣʠʪʫʜʥʳʝ ʢʦʣʝʙʘʥʠʷ ʘʪʦʤʦʚ ʤʦʛʫʪ ʙʳʪʴ 

ʦʧʠʩʘʥʳ ʚ ʨʘʤʢʘʭ ʣʠʥʝʡʥʦʡ ʪʝʦʨʠʠ, ʦʜʥʘʢʦ ʧʨʠ ʠʥʪʝʥʩʠʚʥʳʭ ʪʝʨʤʦʤʝʭʘʥʠʯʝʩʢʠʭ 

ʠʣʠ ʠʥʳʭ ʚʦʟʜʝʡʩʪʚʠʷʭ ʥʘ ʢʨʠʩʪʘʣʣʳ, ʘʪʦʤʳ ʟʥʘʯʠʪʝʣʴʥʦ ʦʪʢʣʦʥʷʶʪʩʷ ʦʪ ʩʚʦʠʭ 

ʨʘʚʥʦʚʝʩʥʳʭ ʧʦʣʦʞʝʥʠʡ, ʚʩʣʝʜʩʪʚʠʝ ʯʝʛʦ ʚʦʟʥʠʢʘʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʫʯʝʪʘ 

ʥʝʣʠʥʝʡʥʦʩʪʠ ʤʝʞʘʪʦʤʥʳʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ. ʅʝʣʠʥʝʡʥʦʩʪʴ ʤʝʞʘʪʦʤʥʳʭ ʩʚʷʟʝʡ 

ʧʨʠʚʦʜʠʪ ʢ ʦʙʤʝʥʫ ʵʥʝʨʛʠʝʡ ʤʝʞʜʫ ʥʦʨʤʘʣʴʥʳʤʠ ʢʦʣʝʙʘʪʝʣʴʥʳʤʠ ʤʦʜʘʤʠ, ʢ 

ʟʘʚʠʩʠʤʦʩʪʠ ʤʘʢʨʦʩʢʦʧʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʢʨʠʩʪʘʣʣʦʚ ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ, ʢ 

ʚʦʟʥʠʢʥʦʚʝʥʠʶ ʠ ʵʚʦʣʶʮʠʠ ʜʝʬʝʢʪʦʚ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʳ. ɺ ʧʦʩʣʝʜʥʠʝ 

ʜʚʘ ʜʝʩʷʪʠʣʝʪʠʷ ʘʢʪʠʚʥʦ ʠʟʫʯʘʶʪʩʷ ʤʝʭʘʥʠʟʤʳ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʣʦʢʘʣʠʟʘʮʠʠ 

ʢʦʣʝʙʘʪʝʣʴʥʦʡ ʵʥʝʨʛʠʠ ʚ ʚʠʜʝ ʜʠʩʢʨʝʪʥʳʭ ʙʨʠʟʝʨʦʚ. ʆʪʤʝʪʠʤ, ʯʪʦ ʜʠʩʢʨʝʪʥʳʡ 

ʙʨʠʟʝʨ (ɼɹ) ï ʵʪʦ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦ ʣʦʢʘʣʠʟʦʚʘʥʥʘʷ ʢʦʣʝʙʘʪʝʣʴʥʘʷ ʤʦʜʘ ʙʦʣʴʰʦʡ 

ʘʤʧʣʠʪʫʜʳ ʚ ʙʝʟʜʝʬʝʢʪʥʦʤ ʢʨʠʩʪʘʣʣʝ [1, 2]. ʇʨʠʥʮʠʧʠʘʣʴʥʦʝ ʦʪʣʠʯʠʝ ɼɹ ʦʪ 

ʢʦʣʝʙʘʪʝʣʴʥʳʭ ʤʦʜ ʣʦʢʘʣʠʟʦʚʘʥʥʳʭ ʥʘ ʜʝʬʝʢʪʘʭ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʳ 

ʩʦʩʪʦʠʪ ʚ ʪʦʤ, ʯʪʦ ʧʝʨʚʳʝ ʩʫʱʝʩʪʚʫʶʪ ʪʦʣʴʢʦ ʧʨʠ ʥʘʣʠʯʠʠ ʥʝʣʠʥʝʡʥʦʩʪʠ 

ʤʝʞʘʪʦʤʥʳʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ, ʘ ʚʪʦʨʳʝ ʤʦʛʫʪ ʩʫʱʝʩʪʚʦʚʘʪʴ ʠ ʚ ʢʨʠʩʪʘʣʣʘʭ ʩ 

ʛʘʨʤʦʥʠʯʝʩʢʠʤʠ ʩʚʷʟʷʤʠ. ɼɹ ʤʦʛʫʪ ʠʤʝʪʴ ʩʨʘʚʥʠʪʝʣʴʥʦ ʙʦʣʴʰʠʝ ʚʨʝʤʝʥʘ ʞʠʟʥʠ 

(ʩʦʪʥʠ ʠ ʪʳʩʷʯʠ ʧʝʨʠʦʜʦʚ ʘʪʦʤʥʳʭ ʢʦʣʝʙʘʥʠʡ, ʪʦ ʝʩʪʴ ʜʝʩʷʪʢʠ ʧʠʢʦʩʝʢʫʥʜ). ʕʪʦ 

ʩʚʷʟʘʥʦ ʩ ʪʝʤ, ʯʪʦ ɼɹ ʩʦʚʝʨʰʘʶʪ ʢʦʣʝʙʘʥʠʷ ʥʘ ʯʘʩʪʦʪʘʭ ʚʥʝ ʩʧʝʢʪʨʘ 

ʤʘʣʦʘʤʧʣʠʪʫʜʥʳʭ ʢʦʣʝʙʘʥʠʡ ʢʨʠʩʪʘʣʣʘ ʠ, ʥʝ ʨʝʟʦʥʠʨʫʷ ʩ ʙʝʛʫʱʠʤʠ 

ʤʘʣʦʘʤʧʣʠʪʫʜʥʳʤʠ ʚʦʣʥʘʤʠ (ʬʦʥʦʥʘʤʠ), ʦʥʠ ʥʝ ʨʘʩʭʦʜʫʶʪ ʩʚʦʶ ʵʥʝʨʛʠʶ ʥʘ ʠʭ 

ʚʦʟʙʫʞʜʝʥʠʝ. ɺʳʭʦʜ ʯʘʩʪʦʪʳ ʢʦʣʝʙʘʥʠʷ ɼɹ ʠʟ ʩʧʝʢʪʨʘ ʦʙʫʩʣʦʚʣʝʥ ʥʝʣʠʥʝʡʥʦʡ 

ʟʘʚʠʩʠʤʦʩʪʴʶ ʯʘʩʪʦʪʳ ʢʦʣʝʙʘʪʝʣʴʥʦʡ ʤʦʜʳ ʦʪ ʝʝ ʘʤʧʣʠʪʫʜʳ. ʄʝʞʘʪʦʤʥʳʝ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʤʦʛʫʪ ʧʨʦʷʚʣʷʪʴ ʢʘʢ ʤʷʛʢʠʡ, ʪʘʢ ʠ ʞʝʩʪʢʠʡ ʪʠʧ ʥʝʣʠʥʝʡʥʦʩʪʠ, 

ʧʨʠʚʦʜʷ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʣʠʙʦ ʢ ʫʤʝʥʴʰʝʥʠʶ, ʣʠʙʦ ʢ ʨʦʩʪʫ ʯʘʩʪʦʪʳ ʤʦʜʳ ʩ 

ʫʚʝʣʠʯʝʥʠʝʤ ʘʤʧʣʠʪʫʜʳ. ɺ ʢʨʠʩʪʘʣʣʘʭ, ʥʝ ʠʤʝʶʱʠʭ ʟʘʧʨʝʱʝʥʥʦʡ ʟʦʥʳ (ʱʝʣʠ) ʚ 
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ʬʦʥʦʥʥʦʤ ʩʧʝʢʪʨʝ, ʤʦʛʫʪ ʩʫʱʝʩʪʚʦʚʘʪʴ ʣʠʰʴ ɼɹ ʩ ʞʝʩʪʢʠʤ ʪʠʧʦʤ ʥʝʣʠʥʝʡʥʦʩʪʠ, 

ʧʦʩʢʦʣʴʢʫ ʠʭ ʯʘʩʪʦʪʘ ʜʦʣʞʥʘ ʚʦʟʨʘʩʪʘʪʴ ʩ ʘʤʧʣʠʪʫʜʦʡ ʜʣʷ ʪʦʛʦ, ʯʪʦʙʳ ʦʢʘʟʘʪʴʩʷ 

ʚʳʰʝ ʚʝʨʭʥʝʡ ʛʨʘʥʠʮʳ ʬʦʥʦʥʥʦʛʦ ʩʧʝʢʪʨʘ. ɺ ʢʨʠʩʪʘʣʣʘʭ ʩʦ ʱʝʣʴʶ ʚ ʩʧʝʢʪʨʝ, 

ʢʨʦʤʝ ʪʦʛʦ, ʤʦʛʫʪ ʩʫʱʝʩʪʚʦʚʘʪʴ ʪʘʢ ʥʘʟʳʚʘʝʤʳʝ ʱʝʣʝʚʳʝ ɼɹ, ʠʤʝʶʱʠʝ ʯʘʩʪʦʪʳ ʚ 

ʱʝʣʠ ʩʧʝʢʪʨʘ. ʊʘʢʠʝ ɼɹ ʤʦʛʫʪ ʠʤʝʪʴ ʢʘʢ ʞʝʩʪʢʠʡ, ʪʘʢ ʠ ʤʷʛʢʠʡ ʪʠʧ ʥʝʣʠʥʝʡʥʦʩʪʠ 

[3, 4].  

ʇʦʩʣʝ ʧʫʙʣʠʢʘʮʠʠ ʨʘʙʦʪʳ [5] ʚ 1993 ʛ. ʜʦʣʛʦʝ ʚʨʝʤʷ ʩʯʠʪʘʣʦʩʴ, ʯʪʦ 

ʢʨʠʩʪʘʣʣʳ ʥʝ ʤʦʛʫʪ ʧʦʜʜʝʨʞʠʚʘʪʴ ɼɹ ʩ ʯʘʩʪʦʪʘʤʠ ʚʳʰʝ ʬʦʥʦʥʥʦʛʦ ʩʧʝʢʪʨʘ, 

ʧʦʩʢʦʣʴʢʫ ʤʝʞʘʪʦʤʥʳʝ ʧʦʪʝʥʮʠʘʣʳ ʧʨʦʷʚʣʷʶʪ ʤʷʛʢʠʡ ʪʠʧ ʥʝʣʠʥʝʡʥʦʩʪʠ. ʅʘ 

ʦʩʥʦʚʝ ʧʨʦʚʝʜʝʥʥʳʭ ʨʘʩʯʝʪʦʚ, ʘʚʪʦʨʳ ʵʪʦʡ ʨʘʙʦʪʳ ʩʜʝʣʘʣʠ ʚʳʚʦʜ, ʯʪʦ ɼɹ ʤʦʛʫʪ 

ʩʫʱʝʩʪʚʦʚʘʪʴ ʣʠʰʴ ʚ ʢʨʠʩʪʘʣʣʘʭ ʩʦ ʱʝʣʴʶ ʚ ʬʦʥʦʥʥʦʤ ʩʧʝʢʪʨʝ, ʠ ʧʝʨʚʳʝ 

ʠʩʩʣʝʜʦʚʘʥʠʷ, ʢʘʢ ʪʝʦʨʝʪʠʯʝʩʢʠʝ [6], ʪʘʢ ʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ [7], ʙʳʣʠ 

ʧʦʩʚʷʱʝʥʳ ʱʝʣʦʯʥʦ-ʛʘʣʦʠʜʥʦʤʫ ʢʨʠʩʪʘʣʣʫ NaI, ʢʦʪʦʨʳʡ ʦʪʚʝʯʘʝʪ ʜʘʥʥʦʤʫ 

ʪʨʝʙʦʚʘʥʠʶ. ɸʢʪʠʚʥʦ ʠʩʩʣʝʜʦʚʘʣʠʩʴ ʱʝʣʝʚʳʝ ɼɹ ʚ ʫʧʦʨʷʜʦʯʝʥʥʳʭ ʩʧʣʘʚʘʭ ʩ 

ʙʦʣʴʰʦʡ ʨʘʟʥʠʮʝʡ ʤʘʩʩ ʢʦʤʧʦʥʝʥʪ, ʢʦʪʦʨʘʷ ʦʙʝʩʧʝʯʠʚʘʝʪ ʥʘʣʠʯʠʝ ʜʦʩʪʘʪʦʯʥʦ 

ʰʠʨʦʢʦʡ ʱʝʣʠ ʚ ʬʦʥʦʥʥʦʤ ʩʧʝʢʪʨʝ [8-11]. ʇʝʨʚʘʷ ʨʘʙʦʪʘ, ʛʜʝ ʤʝʪʦʜʦʤ 

ʤʦʣʝʢʫʣʷʨʥʦʡ ʜʠʥʘʤʠʢʠ ʙʳʣʘ ʧʦʢʘʟʘʥʘ ʚʦʟʤʦʞʥʦʩʪʴ ʩʫʱʝʩʪʚʦʚʘʥʠʷ ɼɹ ʚ ʯʠʩʪʳʭ 

ʤʝʪʘʣʣʘʭ ʩ ʙʝʩʱʝʣʝʚʳʤ ʩʧʝʢʪʨʦʤ, ʜʘʪʠʨʫʝʪʩʷ 2011 ʛʦʜʦʤ [12]. ɸʚʪʦʨʳ, ʦʜʥʘʢʦ, ʥʝ 

ʧʦʜʚʝʨʛʣʠ ʩʦʤʥʝʥʠʶ ʚʳʚʦʜʳ ʨʘʙʦʪʳ [5] ʠ ʦʙʲʷʩʥʠʣʠ ʧʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ 

ʵʬʬʝʢʪʦʤ ʵʢʨʘʥʠʨʦʚʘʥʠʷ ʟʘʨʷʜʦʚ ʚ ʤʝʪʘʣʣʘʭ. ʀ ʣʠʰʴ ʚ ʨʘʙʦʪʘʭ [13, 14] ʙʳʣʦ 

ʧʦʢʘʟʘʥʦ, ʯʪʦ ʟʘʧʨʝʪ ʥʘ ʩʫʱʝʩʪʚʦʚʘʥʠʝ ɼɹ ʚ ʢʨʠʩʪʘʣʣʘʭ ʩʧʨʘʚʝʜʣʠʚ ʣʠʰʴ ʜʣʷ 

ʦʜʥʦʤʝʨʥʳʭ ʢʨʠʩʪʘʣʣʦʚ (ʠʤʝʥʥʦ ʦʥʠ ʨʘʩʩʤʘʪʨʠʚʘʣʠʩʴ ʚ [5]), ʘ ʚ ʜʚʫʤʝʨʥʳʭ ʠ 

ʪʨʝʭʤʝʨʥʳʭ ʢʨʠʩʪʘʣʣʘʭ ɼɹ ʤʦʛʫʪ ʩʫʱʝʩʪʚʦʚʘʪʴ ʜʘʞʝ ʚ ʦʪʩʫʪʩʪʚʠʠ ʵʢʨʘʥʠʨʦʚʘʥʠʷ 

ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʟʘʨʷʜʦʚ. ʇʨʠʯʠʥʘ ʩʦʩʪʦʠʪ ʚ ʪʦʤ, ʯʪʦ ʤʝʞʘʪʦʤʥʳʝ ʩʚʷʟʠ ʧʨʦʷʚʣʷʶʪ 

ʤʷʛʢʠʡ ʪʠʧ ʥʝʣʠʥʝʡʥʦʩʪʠ ʥʘ ʙʦʣʴʰʠʭ ʨʘʩʩʪʦʷʥʠʷʭ, ʛʜʝ ʦʩʥʦʚʥʦʡ ʚʢʣʘʜ ʜʘʝʪ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʠʭ ʵʣʝʢʪʨʦʥʥʳʭ ʦʙʦʣʦʯʝʢ, ʥʦ ʥʘ ʤʝʥʴʰʠʭ ʨʘʩʩʪʦʷʥʠʷʭ 

ʩʫʱʝʩʪʚʝʥʥʳʡ ʚʢʣʘʜ ʜʘʝʪ ʤʝʞʲʷʜʝʨʥʦʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʩ ʞʝʩʪʢʠʤ ʪʠʧʦʤ 

ʥʝʣʠʥʝʡʥʦʩʪʠ. ɼʣʷ ʪʦʛʦ ʯʪʦʙʳ ʯʘʩʪʦʪʘ ɼɹ ʨʦʩʣʘ ʩ ʘʤʧʣʠʪʫʜʦʡ, ʥʝʦʙʭʦʜʠʤʦ 

ʦʙʝʩʧʝʯʠʪʴ ʙʦʣʴʰʠʡ ʚʢʣʘʜ ʚ ʜʠʥʘʤʠʢʫ ʦʪ ʞʝʩʪʢʦʛʦ ʷʜʨʘ ʧʦʪʝʥʮʠʘʣʘ, ʯʪʦ 
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ʥʝʚʦʟʤʦʞʥʦ ʜʣʷ ʦʜʥʦʤʝʨʥʦʡ ʥʝʣʠʥʝʡʥʦʡ ʮʝʧʦʯʢʠ ʙʝʟ ʣʦʢʘʣʴʥʦʛʦ ʧʦʪʝʥʮʠʘʣʘ, ʥʦ 

ʦʢʘʟʳʚʘʝʪʩʷ ʚʦʟʤʦʞʥʳʤ ʜʣʷ ʢʨʠʩʪʘʣʣʦʚ ʙʦʣʝʝ ʚʳʩʦʢʦʡ ʨʘʟʤʝʨʥʦʩʪʠ. 

ɺʦʟʤʦʞʥʦ ʣʠ ʩʫʱʝʩʪʚʦʚʘʥʠʝ ɼɹ ʨʘʟʣʠʯʥʦʛʦ ʪʠʧʘ ʚ ʦʜʥʦʤ ʠ ʪʦʤ ʞʝ 

ʢʨʠʩʪʘʣʣʝ? ʇʦʣʦʞʠʪʝʣʴʥʳʡ ʦʪʚʝʪ ʥʘ ʵʪʦʪ ʚʦʧʨʦʩ ʙʳʣ ʜʘʥ ʜʣʷ ʛʨʘʬʝʥʘ [15] ʠ ʜʣʷ 

ʜʚʫʤʝʨʥʦʛʦ ʢʨʠʩʪʘʣʣʘ ʄʦʨʟʝ [13, 16]. ʀʥʪʝʨʝʩʥʦ, ʯʪʦ ʚ ʵʪʠʭ ʨʘʙʦʪʘʭ ʜʣʷ 

ʚʦʟʙʫʞʜʝʥʠʷ ɼɹ ʚ ʤʦʣʝʢʫʣʷʨʥʦ-ʜʠʥʘʤʠʯʝʩʢʠʭ ʨʘʩʯʝʪʘʭ ʧʨʠʤʝʥʷʣʩʷ ʜʦʩʪʘʪʦʯʥʦ 

ʦʙʱʠʡ ʧʦʜʭʦʜ, ʦʩʥʦʚʘʥʥʳʡ ʥʘ ʥʘʣʦʞʝʥʠʠ ʣʦʢʘʣʠʟʫʶʱʠʭ ʬʫʥʢʮʠʡ ʥʘ ʨʘʟʣʠʯʥʳʝ 

ʜʝʣʦʢʘʣʠʟʦʚʘʥʥʳʝ ʥʝʣʠʥʝʡʥʳʝ ʢʦʣʝʙʘʪʝʣʴʥʳʝ ʤʦʜʳ (ɼʅʂʄ), ʧʦʣʫʯʝʥʥʳʝ ʚ 

ʨʘʙʦʪʘʭ ʏʝʯʠʥʘ ʩ ʩʦʘʚʪʦʨʘʤʠ ʥʘ ʦʩʥʦʚʝ ʪʝʦʨʝʪʠʢʦ-ʛʨʫʧʧʦʚʳʭ ʤʝʪʦʜʦʚ [17, 18]. 

ɼʅʂʄ (ʠʥʳʤʠ ʩʣʦʚʘʤʠ, ʙʫʰʠ ʥʦʨʤʘʣʴʥʳʭ ʥʝʣʠʥʝʡʥʳʭ ʤʦʜ [17, 18]) ï ʵʪʦ 

ʜʝʣʦʢʘʣʠʟʦʚʘʥʥʳʝ ʢʦʣʝʙʘʪʝʣʴʥʳʝ ʤʦʜʳ ʙʦʣʴʰʦʡ ʘʤʧʣʠʪʫʜʳ, ʷʚʣʷʶʱʠʝʩʷ 

ʪʦʯʥʳʤʠ ʨʝʰʝʥʠʷʤʠ ʥʝʣʠʥʝʡʥʳʭ ʜʠʥʘʤʠʯʝʩʢʠʭ ʫʨʘʚʥʝʥʠʡ, ʦʙʫʩʣʦʚʣʝʥʥʳʝ 

ʪʦʯʝʯʥʦʡ ʩʠʤʤʝʪʨʠʝʡ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʨʝʰʝʪʢʠ. ɺ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ, ʜʣʷ 

ʨʝʰʝʥʠʷ ʧʦʩʪʘʚʣʝʥʥʳʭ ʟʘʜʘʯ, ʪʘʢʞʝ ʙʫʜʫʪ ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ɼʅʂʄ.  

ʇʨʠ ʠʟʫʯʝʥʠʠ ʥʝʣʠʥʝʡʥʳʭ ʢʦʣʝʙʘʥʠʡ ʚ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʨʝʰʝʪʢʘʭ ʙʦʣʴʰʦʝ 

ʟʥʘʯʝʥʠʝ ʠʤʝʝʪ ʠʭ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʘʷ ʨʘʟʤʝʨʥʦʩʪʴ. ʉʫʱʝʩʪʚʫʶʪ ʢʘʢ ʦʜʥʦʤʝʨʥʳʝ 

ʢʨʠʩʪʘʣʣʳ (ʧʦʣʠʤʝʨʥʳʝ ʮʝʧʦʯʢʠ, ʢʘʨʙʠʥ ʠ ʜʨ.), ʪʘʢ ʠ ʜʚʫʤʝʨʥʳʝ (ʛʨʘʬʝʥ, 

ʩʠʣʠʮʝʥ, ʬʦʩʬʦʨʝʥ, ʥʠʪʨʠʜ ʙʦʨʘ, ʜʠʩʫʣʴʬʠʜ ʤʦʣʠʙʜʝʥʘ ʠ ʜʨ.), ʦʜʥʘʢʦ 

ʧʦʜʘʚʣʷʶʱʝʝ ʙʦʣʴʰʠʥʩʪʚʦ ʢʨʠʩʪʘʣʣʦʚ, ʠʩʧʦʣʴʟʫʝʤʳʭ ʥʘ ʧʨʘʢʪʠʢʝ, ʪʨʝʭʤʝʨʥʳ. ɺ 

ʦʜʥʦʤʝʨʥʳʭ ʢʨʠʩʪʘʣʣʘʭ, ʵʢʩʧʦʥʝʥʮʠʘʣʴʥʦ ʣʦʢʘʣʠʟʦʚʘʥʥʳʝ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ ɼɹ 

ʷʚʣʷʶʪʩʷ ʥʫʣʴʤʝʨʥʳʤʠ ʦʙʲʝʢʪʘʤʠ. ɺ ʜʚʫʤʝʨʥʳʭ ʢʨʠʩʪʘʣʣʘʭ ʚʦʟʤʦʞʥʳ ʢʘʢ 

ʥʫʣʴʤʝʨʥʳʝ ɼɹ, ʪʦ ʝʩʪʴ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦ ʣʦʢʘʣʠʟʦʚʘʥʥʳʝ ʚʜʦʣʴ ʦʙʦʠʭ 

ʢʦʦʨʜʠʥʘʪʥʳʭ ʥʘʧʨʘʚʣʝʥʠʡ, ʪʘʢ ʠ ʦʜʥʦʤʝʨʥʳʝ ɼɹ, ʣʦʢʘʣʠʟʦʚʘʥʥʳʝ ʚʜʦʣʴ ʦʜʥʦʛʦ 

ʥʘʧʨʘʚʣʝʥʠʷ ʠ ʜʝʣʦʢʘʣʠʟʦʚʘʥʥʳʝ ʚʜʦʣʴ ʜʨʫʛʦʛʦ. ʇʦ-ʚʠʜʠʤʦʤʫ, ʚʧʝʨʚʳʝ 

ʦʜʥʦʤʝʨʥʳʝ ɼɹ ʚ ʜʚʫʤʝʨʥʦʤ ʢʨʠʩʪʘʣʣʝ ʛʨʘʬʝʥʘ ʠʩʩʣʝʜʦʚʘʣʠʩʴ ʚ ʨʘʙʦʪʝ [19]. ʇʦ 

ʘʥʘʣʦʛʠʠ, ʚ ʪʨʝʭʤʝʨʥʳʭ ʢʨʠʩʪʘʣʣʘʭ ʤʦʞʥʦ ʛʦʚʦʨʠʪʴ ʦ ʥʫʣʴʤʝʨʥʳʭ, ʦʜʥʦʤʝʨʥʳʭ ʠ 

ʜʚʫʤʝʨʥʳʭ ɼɹ. ɺ ʧʦʩʣʝʜʥʝʤ ʩʣʫʯʘʝ ʧʨʝʜʧʦʣʘʛʘʝʪʩʷ ʚʦʟʙʫʞʜʝʥʠʝ ʘʪʦʤʦʚ ʚʜʦʣʴ 

ʥʝʢʦʪʦʨʦʡ ʧʣʦʩʢʦʩʪʠ, ʧʨʠʯʝʤ, ʩ ʫʜʘʣʝʥʠʝʤ ʦʪ ʜʘʥʥʦʡ ʧʣʦʩʢʦʩʪʠ, ʘʤʧʣʠʪʫʜʘ ʠʭ 

ʢʦʣʝʙʘʥʠʡ ʜʦʣʞʥʘ ʵʢʩʧʦʥʝʥʮʠʘʣʴʥʦ ʫʤʝʥʴʰʘʪʴʩʷ. ʉʣʝʜʫʝʪ ʟʘʤʝʪʠʪʴ, ʯʪʦ ʦ 
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ʚʦʟʤʦʞʥʦʩʪʠ ʩʫʱʝʩʪʚʦʚʘʥʠʷ ʠ ʩʚʦʡʩʪʚʘʭ ʦʜʥʦʤʝʨʥʳʭ ʠ ʜʚʫʤʝʨʥʳʭ ɼɹ ʚ 

ʪʨʝʭʤʝʨʥʳʭ ʢʨʠʩʪʘʣʣʘʭ ʜʦ ʥʘʩʪʦʷʱʝʛʦ ʚʨʝʤʝʥʠ ʥʠʯʝʛʦ ʥʝ ʙʳʣʦ ʠʟʚʝʩʪʥʦ ʠ ʨʘʙʦʪʳ 

ʚ ʜʘʥʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ ʥʝ ʚʝʣʠʩʴ. ʆʧʠʩʘʥʠʝ ʥʦʚʳʭ ʜʦʣʛʦʞʠʚʫʱʠʭ 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦ ʣʦʢʘʣʠʟʦʚʘʥʥʳʭ ʥʝʣʠʥʝʡʥʳʭ ʢʦʣʝʙʘʪʝʣʴʥʳʭ ʤʦʜ ʚ ʪʨʝʭʤʝʨʥʳʭ 

ʢʨʠʩʪʘʣʣʘʭ ʧʨʝʜʩʪʘʚʣʷʝʪ ʥʝʩʦʤʥʝʥʥʳʡ ʠʥʪʝʨʝʩ ʜʣʷ ʰʠʨʦʢʦʛʦ ʢʨʫʛʘ 

ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ ʠ ʷʚʣʷʝʪʩʷ ʘʢʪʫʘʣʴʥʦʡ ʟʘʜʘʯʝʡ ʬʠʟʠʢʠ ʪʚʝʨʜʦʛʦ ʪʝʣʘ.  

ɺ ʥʘʩʪʦʷʱʝʡ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʡ ʨʘʙʦʪʝ ʚ ʢʘʯʝʩʪʚʝ ʦʙʲʝʢʪʘ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʚʳʙʨʘʥʳ ʯʠʩʪʳʝ ʤʝʪʘʣʣʳ ʩ ʨʘʟʣʠʯʥʦʡ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʨʝʰʝʪʢʦʡ, ʘ ʧʨʝʜʤʝʪʦʤ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʷʚʣʷʶʪʩʷ ɼɹ ʚ ʵʪʠʭ ʤʝʪʘʣʣʘʭ. ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʥʫʣʴʤʝʨʥʳʝ 

ɼɹ ʚ ʯʠʩʪʳʭ ʤʝʪʘʣʣʘʭ ʘʢʪʠʚʥʦ ʠʟʫʯʘʶʪʩʷ [20-27] ʧʦʩʣʝ ʧʠʦʥʝʨʩʢʦʡ ʨʘʙʦʪʳ [12]. 

ʀʤʝʶʪʩʷ ʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʨʘʙʦʪʳ, ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʱʠʝ ʦ ʩʫʱʝʩʪʚʦʚʘʥʠʠ ɼɹ 

ʚ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʨʝʰʝʪʢʝ ʫʨʘʥʘ [28, 29]. ʇʨʝʜʩʪʘʚʣʷʝʪʩʷ ʠʥʪʝʨʝʩʥʳʤ ʠ ʚʘʞʥʳʤ 

ʦʧʠʩʘʥʠʝ ʥʦʚʳʭ, ʨʘʥʝʝ ʥʝ ʠʩʩʣʝʜʦʚʘʥʥʳʭ ʪʠʧʦʚ ɼɹ, ʠʤʝʶʱʠʭ ʨʘʟʣʠʯʥʫʶ 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʫʶ ʨʘʟʤʝʨʥʦʩʪʴ. 

ʎʝʣʴʶ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʡ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʠʟʫʯʝʥʠʝ ʩʚʦʡʩʪʚ ʥʝʣʠʥʝʡʥʳʭ 

ʣʦʢʘʣʠʟʦʚʘʥʥʳʭ ʢʦʣʝʙʘʪʝʣʴʥʳʭ ʤʦʜ ʨʘʟʣʠʯʥʦʡ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʨʘʟʤʝʨʥʦʩʪʠ ʚ 

ɻʇʋ ʠ ɻʎʂ ʤʝʪʘʣʣʘʭ ʧʨʠ ʧʦʤʦʱʠ ʤʦʣʝʢʫʣʷʨʥʦ-ʜʠʥʘʤʠʯʝʩʢʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ. 

ʇʦʩʪʘʚʣʝʥʥʘʷ ʮʝʣʴ ʙʳʣʘ ʜʦʩʪʠʛʥʫʪʘ ʚ ʨʝʟʫʣʴʪʘʪʝ ʨʝʰʝʥʠʷ ʩʣʝʜʫʶʱʠʭ 

ʟʘʜʘʯ: 

1. ʇʦʩʪʨʦʝʥʠʝ ʤʦʣʝʢʫʣʷʨʥʦ-ʜʠʥʘʤʠʯʝʩʢʠʭ ʤʦʜʝʣʝʡ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʥʝʣʠʥʝʡʥʳʭ ʢʦʣʝʙʘʪʝʣʴʥʳʭ ʤʦʜ ʚ ʤʝʪʘʣʣʘʭ ʩ ɻʇʋ ʠ ɻʎʂ ʨʝʰʝʪʢʦʡ. 

2. ʀʩʩʣʝʜʦʚʘʥʠʝ ʥʝʧʦʜʚʠʞʥʳʭ ʠ ʜʚʠʞʫʱʠʭʩʷ ʥʫʣʴʤʝʨʥʳʭ ʩʪʨʝʞʥʝʚʳʭ 

ʜʠʩʢʨʝʪʥʳʭ ʙʨʠʟʝʨʦʚ ʚ ɻʇʋ ʙʝʨʠʣʣʠʠ. 

3. ʀʟʫʯʝʥʠʝ ʩʚʦʡʩʪʚ ʦʜʥʦʤʝʨʥʳʭ ʜʠʩʢʨʝʪʥʳʭ ʙʨʠʟʝʨʦʚ ʚ ʢʨʠʩʪʘʣʣʘʭ ʩ ɻʎʂ 

ʨʝʰʝʪʢʦʡ (ʤʝʜʴ, ʘʣʶʤʠʥʠʡ, ʥʠʢʝʣʴ). 

4. ʀʟʫʯʝʥʠʝ ʩʚʦʡʩʪʚ ʜʚʫʤʝʨʥʳʭ (ʧʣʦʩʢʠʭ) ʜʠʩʢʨʝʪʥʳʭ ʙʨʠʟʝʨʦʚ ʚ ʢʨʠʩʪʘʣʣʘʭ ʩ 

ɻʇʋ (ʪʠʪʘʥ) ʠ ɻʎʂ ʨʝʰʝʪʢʦʡ (ʤʝʜʴ, ʘʣʶʤʠʥʠʡ, ʥʠʢʝʣʴ). 

5. ʀʟʫʯʝʥʠʝ ʩʚʦʡʩʪʚ ʥʫʣʴʤʝʨʥʳʭ ʜʠʩʢʦʦʙʨʘʟʥʳʭ ʜʠʩʢʨʝʪʥʳʭ ʙʨʠʟʝʨʦʚ ʚ 

ʢʨʠʩʪʘʣʣʘʭ ʩ ɻʎʂ ʨʝʰʝʪʢʦʡ (ʤʝʜʴ, ʘʣʶʤʠʥʠʡ, ʥʠʢʝʣʴ). 
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ʄʝʪʦʜʳ ʠʩʩʣʝʜʦʚʘʥʠʷ. ʇʦʩʪʘʚʣʝʥʥʳʝ ʟʘʜʘʯʠ ʨʝʰʘʣʠʩʴ ʤʝʪʦʜʘʤʠ 

ʢʣʘʩʩʠʯʝʩʢʦʡ ʤʦʣʝʢʫʣʷʨʥʦʡ ʜʠʥʘʤʠʢʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʘʧʨʦʙʠʨʦʚʘʥʥʳʭ 

ʤʥʦʛʦʯʘʩʪʠʯʥʳʭ ʤʝʞʘʪʦʤʥʳʭ ʧʦʪʝʥʮʠʘʣʦʚ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ. 

ʅʘʫʯʥʘʷ ʥʦʚʠʟʥʘ. 

1. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʚ ʪʨʝʭʤʝʨʥʳʭ ʢʨʠʩʪʘʣʣʘʭ ʤʦʛʫʪ ʩʫʱʝʩʪʚʦʚʘʪʴ ʜʠʩʢʨʝʪʥʳʝ 

ʙʨʠʟʝʨʳ ʨʘʟʣʠʯʥʦʡ ʨʘʟʤʝʨʥʦʩʪʠ k<3. 

2. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʦʜʠʥ ʠ ʪʦʪ ʞʝ ʤʝʪʘʣʣ ʜʦʧʫʩʢʘʝʪ ʩʫʱʝʩʪʚʦʚʘʥʠʝ ʜʠʩʢʨʝʪʥʳʭ 

ʙʨʠʟʝʨʦʚ, ʨʘʟʣʠʯʘʶʱʠʭʩʷ ʢʘʢ ʨʘʟʤʝʨʥʦʩʪʴʶ, ʪʘʢ ʠ ʩʪʨʫʢʪʫʨʦʡ ʘʪʦʤʥʳʭ 

ʢʦʣʝʙʘʥʠʡ. 

3. ɺ ʯʠʩʪʳʭ ʤʝʪʘʣʣʘʭ (ʘʣʶʤʠʥʠʡ, ʤʝʜʴ, ʥʠʢʝʣʴ) ʚʧʝʨʚʳʝ ʚʦʟʙʫʞʜʝʥʳ 

ʜʠʩʢʨʝʪʥʳʝ ʙʨʠʟʝʨʳ ʥʦʚʳʭ ʪʠʧʦʚ: ʥʫʣʴʤʝʨʥʳʝ, ʦʜʥʦʤʝʨʥʳʝ ʠ ʜʚʫʤʝʨʥʳʝ. 

4. ʈʘʩʩʯʠʪʘʥʳ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʵʪʠʭ ʜʠʩʢʨʝʪʥʳʭ ʙʨʠʟʝʨʦʚ: ʟʘʚʠʩʠʤʦʩʪʴ ʯʘʩʪʦʪʳ 

ʦʪ ʘʤʧʣʠʪʫʜʳ, ʩʪʝʧʝʥʴ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʣʦʢʘʣʠʟʘʮʠʠ, ʚʨʝʤʷ ʞʠʟʥʠ, ʜʠʘʧʘʟʦʥ 

ʚʦʟʤʦʞʥʳʭ ʵʥʝʨʛʠʡ. 

5. ʋʩʪʘʥʦʚʣʝʥʦ ʢʘʢʠʝ ʠʟ ʚʦʩʴʤʠ ʜʝʣʦʢʘʣʠʟʦʚʘʥʥʳʭ ʥʝʣʠʥʝʡʥʳʭ ʢʦʣʝʙʘʪʝʣʴʥʳʭ 

ʤʦʜ ʜʚʫʤʝʨʥʦʡ ʪʨʝʫʛʦʣʴʥʦʡ ʨʝʰʝʪʢʠ ʧʦʨʦʞʜʘʶʪ ʜʚʫʤʝʨʥʳʝ ʜʠʩʢʨʝʪʥʳʝ 

ʙʨʠʟʝʨʳ ʚ ɻʎʂ ʤʝʪʘʣʣʘʭ (ʘʣʶʤʠʥʠʡ, ʤʝʜʴ, ʥʠʢʝʣʴ) ʠ ɻʇʋ ʪʠʪʘʥʝ. 

ʅʘʫʯʥʘʷ ʠ ʧʨʘʢʪʠʯʝʩʢʘʷ ʟʥʘʯʠʤʦʩʪʴ ʨʘʙʦʪʳ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʪʦʤ, ʯʪʦ ʚ 

ʨʘʙʦʪʝ ʚʧʝʨʚʳʝ ʧʦʢʘʟʘʥʘ ʚʦʟʤʦʞʥʦʩʪʴ ʩʫʱʝʩʪʚʦʚʘʥʠʷ ʜʠʩʢʨʝʪʥʳʭ ʙʨʠʟʝʨʦʚ 

ʨʘʟʣʠʯʥʦʡ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʨʘʟʤʝʨʥʦʩʪʠ ʩ ʞʝʩʪʢʠʤ ʪʠʧʦʤ ʥʝʣʠʥʝʡʥʦʩʪʠ ʚ 

ʪʨʝʭʤʝʨʥʳʭ ʢʨʠʩʪʘʣʣʘʭ ʩ ɻʎʂ ʀ ɻʇʋ ʨʝʰʝʪʢʦʡ, ʯʪʦ ʨʘʩʰʠʨʷʝʪ ʥʘʰʠ 

ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʦ ʚʦʟʤʦʞʥʳʭ ʪʠʧʘʭ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦ ʣʦʢʘʣʠʟʦʚʘʥʥʳʭ ʥʝʣʠʥʝʡʥʳʭ 

ʢʦʣʝʙʘʪʝʣʴʥʳʭ ʤʦʜʘʭ ʚ ʢʨʠʩʪʘʣʣʘʭ. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʚ ʜʠʩʩʝʨʪʘʮʠʠ ʥʘʛʣʷʜʥʦ 

ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʥʦ ʥʝʪʨʠʚʠʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʨʘʟʤʝʨʥʦʩʪʠ 

ʢʨʠʩʪʘʣʣʦʚ ʚ ʚʦʧʨʦʩʘʭ ʩʫʱʝʩʪʚʦʚʘʥʠʷ ʠ ʠʟʫʯʝʥʠʷ ʩʚʦʡʩʪʚ ʜʠʩʢʨʝʪʥʳʭ ʙʨʠʟʝʨʦʚ. 

ʅʘʩʪʦʷʱʘʷ ʨʘʙʦʪʘ ʩʪʠʤʫʣʠʨʫʝʪ ʧʦʩʪʘʥʦʚʢʫ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʦ 

ʦʙʥʘʨʫʞʝʥʠʶ ʜʠʩʢʨʝʪʥʳʭ ʙʨʠʟʝʨʦʚ ʩ ʞʝʩʪʢʠʤ ʪʠʧʦʤ ʥʝʣʠʥʝʡʥʦʩʪʠ ʚ ʢʨʠʩʪʘʣʣʘʭ 

ʩ ʧʨʦʩʪʦʡ ʩʪʨʫʢʪʫʨʦʡ, ʥʝ ʠʤʝʶʱʠʭ ʱʝʣʠ ʚ ʬʦʥʦʥʥʦʤ ʩʧʝʢʪʨʝ, ʚ ʯʘʩʪʥʦʩʪʠ, ʚ 
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ʯʠʩʪʳʭ ʤʝʪʘʣʣʘʭ, ʘ ʪʘʢʞʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚʣʠʷʥʠʷ ʜʠʩʢʨʝʪʥʳʭ ʙʨʠʟʝʨʦʚ ʥʘ 

ʨʘʟʣʠʯʥʳʝ ʩʚʦʡʩʪʚʘ ʤʘʪʝʨʠʘʣʦʚ. 

ɼʦʩʪʦʚʝʨʥʦʩʪʴ ʨʝʟʫʣʴʪʘʪʦʚ ʜʠʩʩʝʨʪʘʮʠʠ ʛʘʨʘʥʪʠʨʫʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʩʪʘʥʜʘʨʪʥʳʭ, ʭʦʨʦʰʦ ʘʧʨʦʙʠʨʦʚʘʥʥʳʭ ʘʣʛʦʨʠʪʤʦʚ ʤʝʪʦʜʘ ʤʦʣʝʢʫʣʷʨʥʦʡ 

ʜʠʥʘʤʠʢʠ ʠ ʤʝʞʘʪʦʤʥʳʭ ʧʦʪʝʥʮʠʘʣʦʚ ʜʣʷ ʨʝʰʝʥʠʷ ʟʘʜʘʯ ʥʝʣʠʥʝʡʥʦʡ ʜʠʥʘʤʠʢʠ 

ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʨʝʰʝʪʦʢ ʨʘʟʣʠʯʥʦʛʦ ʪʠʧʘ ʠ ʨʘʟʤʝʨʥʦʩʪʠ. ʇʦʣʫʯʝʥʥʳʝ 

ʨʝʟʫʣʴʪʘʪʳ ʚʩʝʩʪʦʨʦʥʥʝ ʪʝʩʪʠʨʦʚʘʣʠʩʴ ʥʘ ʩʭʦʜʠʤʦʩʪʴ ʧʨʠ ʠʟʤʝʥʝʥʠʠ ʨʘʟʤʝʨʦʚ 

ʨʘʩʯʝʪʥʦʡ ʷʯʝʡʢʠ ʠ ʫʤʝʥʴʰʝʥʠʠ ʰʘʛʘ ʯʠʩʣʝʥʥʦʛʦ ʠʥʪʝʛʨʠʨʦʚʘʥʠʷ ʫʨʘʚʥʝʥʠʡ 

ʜʚʠʞʝʥʠʷ ʘʪʦʤʦʚ. ʇʨʦʚʦʜʠʣʦʩʴ ʩʦʧʦʩʪʘʚʣʝʥʠʝ ʨʝʟʫʣʴʪʘʪʦʚ, ʧʦʣʫʯʝʥʥʳʭ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʭʝʤ ʯʠʩʣʝʥʥʦʛʦ ʠʥʪʝʛʨʠʨʦʚʘʥʠʷ ʨʘʟʣʠʯʥʦʡ ʪʦʯʥʦʩʪʠ. ʂʦʥʪʨʦʣʴ 

ʪʦʯʥʦʩʪʠ ʚʳʯʠʩʣʝʥʠʡ ʦʩʫʱʝʩʪʚʣʷʣʩʷ, ʚ ʪʦʤ ʯʠʩʣʝ, ʧʦ ʪʦʯʥʦʩʪʠ ʩʦʭʨʘʥʝʥʠʷ 

ʧʦʣʥʦʡ ʵʥʝʨʛʠʠ ʩʠʩʪʝʤʳ ʚ ʟʘʜʘʯʘʭ ʜʣʷ NVE ʘʥʩʘʤʙʣʝʡ. ʇʦʣʫʯʝʥʥʳʝ ʯʠʩʣʝʥʥʳʝ 

ʨʝʟʫʣʴʪʘʪʳ ʥʝ ʧʨʦʪʠʚʦʨʝʯʘʪ ʙʘʟʦʚʳʤ ʬʠʟʠʯʝʩʢʠʤ ʟʘʢʦʥʘʤ ʠ ʨʘʥʝʝ 

ʦʧʫʙʣʠʢʦʚʘʥʥʳʤ ʨʝʟʫʣʴʪʘʪʘʤ ʧʦ ʠʟʫʯʝʥʠʶ ʥʝʣʠʥʝʡʥʦʡ ʜʠʥʘʤʠʢʠ ʤʦʜʝʣʴʥʳʭ ʠ 

ʨʝʘʣʴʥʳʭ ʢʨʠʩʪʘʣʣʦʚ. 

ʇʦʣʦʞʝʥʠʷ ʚʳʥʦʩʠʤʳʝ ʥʘ ʟʘʱʠʪʫ: 

1. ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʩʚʦʡʩʪʚ ʥʝʧʦʜʚʠʞʥʳʭ ʠ ʜʚʠʞʫʱʠʭʩʷ ʥʫʣʴʤʝʨʥʳʭ 

ʩʪʨʝʞʥʝʚʳʭ ʜʠʩʢʨʝʪʥʳʭ ʙʨʠʟʝʨʦʚ ʚ ɻʇʋ ʤʝʪʘʣʣʝ ʙʝʨʠʣʣʠʠ. 

2. ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʦʜʥʦʤʝʨʥʳʭ  ʜʠʩʢʨʝʪʥʳʭ ʙʨʠʟʝʨʦʚ ʚ ʤʝʪʘʣʣʘʭ ʩ 

ɻʎʂ ʨʝʰʝʪʢʦʡ (ʘʣʶʤʠʥʠʡ, ʤʝʜʴ, ʥʠʢʝʣʴ). 

3. ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʜʚʫʤʝʨʥʳʭ (ʧʣʦʩʢʠʭ) ʜʠʩʢʨʝʪʥʳʭ ʙʨʠʟʝʨʦʚ ʚ 

ʪʨʝʭʤʝʨʥʦʤ ɻʇʋ ʢʨʠʩʪʘʣʣʝ ʪʠʪʘʥʘ ʠ ʚ ʤʝʪʘʣʣʘʭ ʩ ɻʎʂ ʨʝʰʝʪʢʦʡ (ʘʣʶʤʠʥʠʡ, 

ʤʝʜʴ, ʥʠʢʝʣʴ). 

4. ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʜʚʫʤʝʨʥʳʭ ʠ ʥʫʣʴʤʝʨʥʳʭ ʜʠʩʢʦʦʙʨʘʟʥʳʭ 

ʜʠʩʢʨʝʪʥʳʭ ʙʨʠʟʝʨʦʚ ʚ ʤʝʪʘʣʣʘʭ ʩ ɻʎʂ ʨʝʰʝʪʢʦʡ (ʘʣʶʤʠʥʠʡ, ʤʝʜʴ, ʥʠʢʝʣʴ). 

ɸʧʨʦʙʘʮʠʷ ʨʘʙʦʪʳ. ʈʝʟʫʣʴʪʘʪʳ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʡ ʨʘʙʦʪʳ ʙʳʣʠ ʜʦʣʦʞʝʥʳ 

ʥʘ ʩʣʝʜʫʶʱʠʭ ʢʦʥʬʝʨʝʥʮʠʷʭ ʠ ʩʝʤʠʥʘʨʘʭ: 14-ʷ ʤʝʞʜʫʥʘʨʦʜʥʘʷ ʐʢʦʣʘ-

ʩʠʤʧʦʟʠʫʤ çʌʫʥʜʘʤʝʥʪʘʣʴʥʳʝ ʦʩʥʦʚʳ ʘʪʦʤʠʩʪʠʯʝʩʢʦʛʦ ʤʥʦʛʦʤʘʩʰʪʘʙʥʦʛʦ 

ʤʦʜʝʣʠʨʦʚʘʥʠʷè (ʅʦʚʳʡ ɸʬʦʥ, 2016), Lʍ ʄʝʞʜʫʥʘʨʦʜʥʘʷ ʢʦʥʬʝʨʝʥʮʠʷ 
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çɸʢʪʫʘʣʴʥʳʝ ʧʨʦʙʣʝʤʳ ʧʨʦʯʥʦʩʪʠè (ɺʠʪʝʙʩʢ, ɹʝʣʘʨʫʩʴ, 2018), XII  

ɺʩʝʨʦʩʩʠʡʩʢʘʷ ʥʘʫʯʥʘʷ ʢʦʥʬʝʨʝʥʮʠʷ ʤʦʣʦʜʳʭ ʫʯʝʥʳʭ çʅʘʥʦʵʣʝʢʪʨʦʥʠʢʘ, 

ʥʘʥʦʬʦʪʦʥʠʢʘ ʠ ʥʝʣʠʥʝʡʥʘʷ ʬʠʟʠʢʘè (ʉʘʨʘʪʦʚ, 2018), XV ʄʝʞʜʫʥʘʨʦʜʥʘʷ 

ʰʢʦʣʘ-ʩʝʤʠʥʘʨ çʕʚʦʣʶʮʠʷ ʜʝʬʝʢʪʥʳʭ ʩʪʨʫʢʪʫʨ ʚ ʢʦʥʜʝʥʩʠʨʦʚʘʥʥʳʭ ʩʨʝʜʘʭè 

(ɹʘʨʥʘʫʣ, 2018), ʦʪʢʨʳʪʘʷ ʰʢʦʣʘ-ʢʦʥʬʝʨʝʥʮʠʷ ʩʪʨʘʥ ʉʅɻ 

çʋʣʴʪʨʘʤʝʣʢʦʟʝʨʥʠʩʪʳʝ ʠ ʥʘʥʦʩʪʨʫʢʪʫʨʥʳʝ ʤʘʪʝʨʠʘʣʳ ï 2018è (ʋʬʘ, 2018), The 

12th CHAOS  International Conference on Non Linear Analysis and Modeling: 

Theory and Applications (Greece, Crete, Chania 2019). 

ʃʠʯʥʳʡ ʚʢʣʘʜ ʘʚʪʦʨʘ ʟʘʢʣʶʯʘʣʩʷ ʚ ʚʳʙʦʨʝ ʤʝʪʦʜʦʚ ʨʝʰʝʥʠʷ ʟʘʜʘʯ, 

ʧʦʩʪʨʦʝʥʠʠ ʘʣʛʦʨʠʪʤʦʚ ʧʨʦʛʨʘʤʤʥʳʭ ʢʦʤʧʣʝʢʩʦʚ, ʧʨʦʚʝʜʝʥʠʠ ʤʦʜʝʣʴʥʳʭ 

ʨʘʩʯʝʪʦʚ, ʘʥʘʣʠʟʝ ʠ ʠʥʪʝʨʧʨʝʪʘʮʠʠ ʨʝʟʫʣʴʪʘʪʦʚ, ʬʦʨʤʫʣʠʨʦʚʢʝ ʚʳʚʦʜʦʚ. 

ɼʠʩʩʝʨʪʘʮʠʷ ʷʚʣʷʝʪʩʷ ʩʘʤʦʩʪʦʷʪʝʣʴʥʦʡ ʨʘʙʦʪʦʡ, ʦʙʦʙʱʠʚʰʝʡ ʨʝʟʫʣʴʪʘʪʳ, 

ʧʦʣʫʯʝʥʥʳʝ ʣʠʯʥʦ ʘʚʪʦʨʦʤ, ʣʠʙʦ ʧʨʠ ʝʛʦ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʤ ʫʯʘʩʪʠʠ. ɸʚʪʦʨ 

ʩʘʤʦʩʪʦʷʪʝʣʴʥʦ ʦʩʫʱʝʩʪʚʣʷʣ ʧʦʜʛʦʪʦʚʢʫ ʠ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʜʦʢʣʘʜʦʚ ʧʦ 

ʧʦʣʫʯʝʥʥʳʤ ʨʝʟʫʣʴʪʘʪʘʤ ʥʘ ʥʘʫʯʥʳʭ ʢʦʥʬʝʨʝʥʮʠʷʭ ʠ ʩʝʤʠʥʘʨʘʭ. 

ʇʫʙʣʠʢʘʮʠʠ. ʇʦ ʪʝʤʝ ʜʠʩʩʝʨʪʘʮʠʠ ʦʧʫʙʣʠʢʦʚʘʥʦ 9 ʩʪʘʪʝʡ ʚ 

ʦʪʝʯʝʩʪʚʝʥʥʳʭ ʠ ʤʝʞʜʫʥʘʨʦʜʥʳʭ ʠʟʜʘʥʠʷʭ, ʨʝʢʦʤʝʥʜʦʚʘʥʥʳʭ ɺɸʂ ʈʌ, ʧʷʪʴ ʠʟ 

ʢʦʪʦʨʳʭ ʠʥʜʝʢʩʠʨʫʶʪʩʷ ʚ Web of Science ʠ Scopus, ʘ ʪʘʢʞʝ ʪʝʟʠʩʳ ʥʘ 

ʧʝʨʝʯʠʩʣʝʥʥʳʭ ʚʳʰʝ ʢʦʥʬʝʨʝʥʮʠʷʭ ʠ ʩʝʤʠʥʘʨʘʭ. 

ʆʙʲʸʤ ʠ ʩʪʨʫʢʪʫʨʘ ʨʘʙʦʪʳ. ɼʠʩʩʝʨʪʘʮʠʷ ʩʦʩʪʦʠʪ ʠʟ ʚʚʝʜʝʥʠʷ, 5 ʛʣʘʚ, 

ʠʟʣʦʞʝʥʘ ʥʘ 118 ʩʪʨʘʥʠʮʘʭ, ʩʦʜʝʨʞʠʪ 35 ʨʠʩʫʥʢʦʚ, 7 ʪʘʙʣʠʮ ʠ ʙʠʙʣʠʦʛʨʘʬʠʶ ʠʟ 

144 ʥʘʠʤʝʥʦʚʘʥʠʡ. 

ʉʦʜʝʨʞʘʥʠʝ ʨʘʙʦʪʳ ʧʦ ʛʣʘʚʘʤ. 

ɺ ʧʝʨʚʦʡ ʛʣʘʚʝ ʜʘʥ ʦʙʟʦʨ ʣʠʪʝʨʘʪʫʨʳ ʧʦ ʪʝʤʝ ʜʠʩʩʝʨʪʘʮʠʠ ʠ ʩʦʚʨʝʤʝʥʥʳʤ 

ʤʝʪʦʜʘʤ ʢʦʤʧʴʶʪʝʨʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʥʝʣʠʥʝʡʥʦʡ ʜʠʥʘʤʠʢʠ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ 

ʨʝʰʝʪʢʠ. ʂʨʘʪʢʦ ʠʟʣʦʞʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠ ʪʝʦʨʝʪʠʯʝʩʢʠʭ 

ʨʘʙʦʪ, ʧʦʩʚʷʱʝʥʥʳʭ ʠʟʫʯʝʥʠʶ ʜʠʩʢʨʝʪʥʳʭ ʙʨʠʟʝʨʦʚ ʚ ʨʘʟʣʠʯʥʳʭ 

ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʩʪʨʫʢʪʫʨʘʭ, ʠ ʙʦʣʝʝ ʧʦʜʨʦʙʥʦ ʚ ʤʝʪʘʣʣʘʭ ʠ ʫʧʦʨʷʜʦʯʝʥʥʳʭ 
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ʩʧʣʘʚʘʭ. ʇʨʝʜʩʪʘʚʣʝʥʘ ʩʫʱʝʩʪʚʫʶʱʘʷ ʢʣʘʩʩʠʬʠʢʘʮʠʷ ɼɹ, ʫʯʠʪʳʚʘʶʱʘʷ ʪʠʧ 

ʭʠʤʠʯʝʩʢʦʡ ʩʚʷʟʠ ʚ ʢʨʠʩʪʘʣʣʝ, ʝʛʦ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʫʶ ʨʘʟʤʝʨʥʦʩʪʴ. 

ɺʦ ʚʪʦʨʦʡ ʛʣʘʚʝ ʦʙʩʫʞʜʘʶʪʩʷ ʥʝʧʦʜʚʠʞʥʳʝ ʠ ʜʚʠʞʫʱʠʝʩʷ ʥʫʣʴʤʝʨʥʳʝ ɼɹ 

ʚ ʪʨʝʭʤʝʨʥʦʡ ʤʦʜʝʣʠ ɻʇʋ ʙʝʨʠʣʣʠʷ ʩ ʧʦʪʝʥʮʠʘʣʦʤ ʤʥʦʛʦʯʘʩʪʠʯʥʦʛʦ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ, ʦʩʥʦʚʘʥʥʳʤ ʥʘ ʤʝʪʦʜʝ ʧʦʛʨʫʞʝʥʥʦʛʦ ʘʪʦʤʘ. ʇʦʢʘʟʳʚʘʝʪʩʷ 

ʚʦʟʤʦʞʥʦʩʪʴ ʩʫʱʝʩʪʚʦʚʘʥʠʷ ʥʝʧʦʜʚʠʞʥʦʛʦ ʠ ʜʚʠʞʫʱʝʛʦʩʷ ɼɹ ʠ ʦʧʨʝʜʝʣʷʶʪʩʷ ʠʭ 

ʩʚʦʡʩʪʚʘ ʚ ʰʠʨʦʢʦʤ ʠʥʪʝʨʚʘʣʝ ʘʤʧʣʠʪʫʜ, ʚ ʪʦʤ ʯʠʩʣʝ ʩʪʝʧʝʥʴ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ 

ʣʦʢʘʣʠʟʘʮʠʠ ʠ ʤʘʢʩʠʤʘʣʴʥʘʷ ʩʢʦʨʦʩʪʴ ʜʚʠʞʝʥʠʷ ɼɹ ʚ ʤʦʥʦʢʨʠʩʪʘʣʣʝ ʙʝʨʠʣʣʠʷ. 

ɺ ʪʨʝʪʴʝʡ ʛʣʘʚʝ ʠʩʩʣʝʜʫʶʪʩʷ ʦʜʥʦʤʝʨʥʳʝ ɼɹ ʚ ʪʨʝʭʤʝʨʥʳʭ ʤʦʜʝʣʷʭ ɻʎʂ 

ʤʝʪʘʣʣʦʚ (Al , Cu, Ni). ɺʧʝʨʚʳʝ ʚʚʦʜʠʪʩʷ ʧʦʥʷʪʠʝ ʦʜʥʦʤʝʨʥʦʛʦ ɼɹ, ʪʦ ʝʩʪʴ 

ʜʝʣʦʢʘʣʠʟʦʚʘʥʥʦʛʦ ʚʜʦʣʴ ʦʜʥʦʛʦ ʢʨʠʩʪʘʣʣʦʛʨʘʬʠʯʝʩʢʦʛʦ ʥʘʧʨʘʚʣʝʥʠʷ ʠ 

ʣʦʢʘʣʠʟʦʚʘʥʥʦʛʦ ʚʜʦʣʴ ʜʚʫʭ ʜʨʫʛʠʭ. ʈʘʩʩʯʠʪʳʚʘʶʪʩʷ ʬʦʥʦʥʥʳʝ ʩʧʝʢʪʨʳ ʜʣʷ 

ʠʩʩʣʝʜʫʝʤʳʭ ɻʎʂ ʤʝʪʘʣʣʦʚ. ʆʧʨʝʜʝʣʷʶʪʩʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʜʘʥʥʳʭ ɼɹ, ʪʘʢʠʝ ʢʘʢ 

ʜʠʘʧʘʟʦʥ ʚʦʟʤʦʞʥʳʭ ʯʘʩʪʦʪ ʠ ʩʚʷʟʘʥʥʘʷ ʩ ʥʠʤʠ ʵʥʝʨʛʠʷ ʢʦʣʝʙʘʥʠʡ.  

ɺ ʯʝʪʚʸʨʪʦʡ ʛʣʘʚʝ ʠʟʫʯʘʶʪʩʷ ʜʚʫʤʝʨʥʳʝ ɼɹ ʚ ʪʨʝʭʤʝʨʥʳʭ ʤʦʜʝʣʷʭ 

ʢʨʠʩʪʘʣʣʦʚ ʩ ɻʇʋ (Ti) ʠ ɻʎʂ (Al , Cu, Ni) ʨʝʰʝʪʢʘʤʠ, ʚʦʟʙʫʞʜʝʥʥʳʝ ʥʘ ʦʩʥʦʚʝ 

ʚʦʩʴʤʠ ʦʜʥʦʢʦʤʧʦʥʝʥʪʥʳʭ ɼʅʂʄ ʠ ʦʜʥʦʡ ʜʚʫʭʢʦʤʧʦʥʝʥʪʥʦʡ ɼʅʂʄ, 

ʧʦʣʫʯʝʥʥʳʤʠ ʨʘʥʝʝ ɻ.ʄ. ʏʝʯʠʥʳʤ ʠ ʩʦʘʚʪʦʨʘʤʠ ʜʣʷ ʜʚʫʤʝʨʥʦʡ ʪʨʝʫʛʦʣʴʥʦʡ 

ʨʝʰʝʪʢʠ. ʄʦʜʝʣʠʨʦʚʘʥʠʝ ʜʣʷ Ti ʧʨʦʚʦʜʠʪʩʷ ʧʨʠ ʧʦʤʦʱʠ ʜʚʫʭ ʧʦʪʝʥʮʠʘʣʦʚ 

ʤʝʞʘʪʦʤʥʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ. ʆʧʨʝʜʝʣʷʶʪʩʷ ʟʘʚʠʩʠʤʦʩʪʠ ʚʨʝʤʝʥʠ ʞʠʟʥʠ, 

ʯʘʩʪʦʪʳ ʠ ʢʦʣʝʙʘʪʝʣʴʥʦʡ ʵʥʝʨʛʠʠ ʚʩʝʭ ɼʅʂʄ ʦʪ ʘʤʧʣʠʪʫʜʳ ʘʪʦʤʥʳʭ ʢʦʣʝʙʘʥʠʡ. 

ɺ ʧʷʪʦʡ ʛʣʘʚʝ ʧʦʢʘʟʳʚʘʝʪʩʷ, ʯʪʦ ʥʘ ʦʩʥʦʚʝ ʜʚʫʤʝʨʥʳʭ ɼɹ ʚ ʪʨʝʭʤʝʨʥʳʭ 

ʤʦʜʝʣʷʭ ɻʎʂ ʤʝʪʘʣʣʦʚ (Al , Cu, Ni) ʚʦʟʤʦʞʥʦ ʚʦʟʙʫʞʜʝʥʠʝ ʫʩʪʦʡʯʠʚʳʭ 

ʥʫʣʴʤʝʨʥʳʭ ɼɹ ʥʦʚʦʛʦ ʪʠʧʘ, ʢʦʪʦʨʳʝ ʧʦʣʫʯʘʶʪʩʷ ʧʫʪʝʤ ʥʘʣʦʞʝʥʠʷ 

ʣʦʢʘʣʠʟʫʶʱʠʭ ʬʫʥʢʮʠʡ ʩ ʨʘʜʠʘʣʴʥʦʡ ʩʠʤʤʝʪʨʠʝʡ. ɺʧʝʨʚʳʝ ʚʚʦʜʠʪʩʷ ʧʦʥʷʪʠʝ 

ʜʠʩʢʦʦʙʨʘʟʥʳʭ ʥʫʣʴʤʝʨʥʳʭ ɼɹ. ʆʧʨʝʜʝʣʷʝʪʩʷ ʤʘʢʩʠʤʘʣʴʥʦʝ ʚʨʝʤʷ ʞʠʟʥʠ ʪʘʢʠʭ 

ɼɹ, ʩʪʝʧʝʥʴ ʠʭ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʣʦʢʘʣʠʟʘʮʠʠ, ʯʘʩʪʦʪʘ ʠ ʵʥʝʨʛʠʷ ʚ ʟʘʚʠʩʠʤʦʩʪʠ 

ʦʪ ʘʤʧʣʠʪʫʜʳ ʘʪʦʤʥʳʭ ʢʦʣʝʙʘʥʠʡ. 
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ɼʣʷ ʫʜʦʙʩʪʚʘ ʯʪʝʥʠʷ ʥʫʤʝʨʘʮʠʷ ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʚʳʨʘʞʝʥʠʡ, ʨʠʩʫʥʢʦʚ ʠ 

ʪʘʙʣʠʮ ʧʨʦʚʝʜʝʥʘ ʦʪʜʝʣʴʥʦ ʧʦ ʛʣʘʚʘʤ, ʘ ʩʩʳʣʢʠ ʥʘ ʨʘʙʦʪʳ ʷʚʣʷʶʪʩʷ ʩʢʚʦʟʥʳʤʠ ʠ 

ʧʨʠʚʦʜʷʪʩʷ ʚ ʢʦʥʮʝ ʥʘʩʪʦʷʱʝʡ ʜʠʩʩʝʨʪʘʮʠʠ. 

 

ɹʣʘʛʦʜʘʨʥʦʩʪʠ 

 

ɸʚʪʦʨ ʚʳʨʘʞʘʝʪ ʛʣʫʙʦʯʘʡʰʫʶ ʧʨʠʟʥʘʪʝʣʴʥʦʩʪʴ ʥʘʫʯʥʦʤʫ ʨʫʢʦʚʦʜʠʪʝʣʶ 

ʧʨʦʬʝʩʩʦʨʫ, ʜ.ʬ.-ʤ.ʥ. ɼʤʠʪʨʠʝʚʫ ʉʝʨʛʝʶ ɺʣʘʜʠʤʠʨʦʚʠʯʫ ʟʘ ʯʝʪʢʦ ʧʦʩʪʘʚʣʝʥʥʳʝ 

ʟʘʜʘʯʠ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʧʦʩʪʦʷʥʥʫʶ ʧʦʤʦʱʴ ʧʨʠ ʘʥʘʣʠʟʝ ʠ ʦʙʩʫʞʜʝʥʠʠ ʧʦʣʫʯʝʥʥʳʭ 

ʨʝʟʫʣʴʪʘʪʦʚ, ʘ ʪʘʢʞʝ ʚʜʦʭʥʦʚʝʥʠʝ ʥʘ ʚʩʝʭ ʵʪʘʧʘʭ ʨʘʙʦʪʳ ʥʘʜ ʜʠʩʩʝʨʪʘʮʠʝʡ.  

ɸʚʪʦʨ ʠʩʢʨʝʥʥʝ ʙʣʘʛʦʜʘʨʝʥ ʢ.ʬ.-ʤ.ʥ. ʄʫʨʟʘʝʚʫ ʈʘʤʠʣʶ ʊʫʭʚʘʪʦʚʠʯʫ ʟʘ 

ʮʝʥʥʳʝ ʩʦʚʝʪʳ ʠ ʥʝʦʮʝʥʠʤʫʶ ʧʦʤʦɦɹ ʧʨʠ ʧʦʜʛʦʪʦʚʢʝ ʠʩʭʦʜʥʳʭ ʩʪʨʫʢʪʫʨ ʜʣʷ 

ʤʦʣʝʢʫʣʷʨʥʦ-ʜʠʥʘʤʠʯʝʩʢʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ. 

ɸʚʪʦʨ ʧʨʠʟʥʘʪʝʣʝʥ ʚʩʝʤ ʢʦʣʣʝʛʘʤ ʟʘ ʟʘʤʝʯʘʥʠʷ ʠ ʢʦʤʤʝʥʪʘʨʠʠ, ʢʦʪʦʨʳʝ 

ʧʦʟʚʦʣʠʣʠ ʩʫʱʝʩʪʚʝʥʥʦ ʫʣʫʯʰʠʪʴ ʜʠʩʩʝʨʪʘʮʠʦʥʥʫʶ ʨʘʙʦʪʫ. 
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ɻʃɸɺɸ 1. ʆɹɿʆʈ ʃʀʊɽʈɸʊʋʈʓ ʇʆ ʅɽʃʀʅɽʁʅʆʁ ɼʀʅɸʄʀʂɽ 

ʂʈʀʉʊɸʃʃʀʏɽʉʂʆʁ ʈɽʐɽʊʂʀ 

 

 

ɺ ʜʘʥʥʦʡ ʛʣʘʚʝ ʨʘʩʩʤʦʪʨʝʥʳ ʦʙʱʠʝ ʧʦʥʷʪʠʷ ʩʚʷʟʘʥʥʳʝ ʪʝʦʨʠʝʡ ʢʦʣʝʙʘʥʠʡ 

ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʨʝʰʝʪʢʠ ʠ ʩ ʤʝʪʦʜʘʤʠ ʤʦʣʝʢʫʣʷʨʥʦʡ ʜʠʥʘʤʠʢʠ. ʇʨʦʚʝʜʝʥ 

ʘʥʘʣʠʟ ʥʘʫʯʥʦʡ ʣʠʪʝʨʘʪʫʨʳ ʦʧʫʙʣʠʢʦʚʘʥʥʦʡ ʚ ʧʦʩʣʝʜʥʠʝ ʜʝʩʷʪʠʣʝʪʠʷ ʚ ʦʙʣʘʩʪʠ 

ʜʠʩʢʨʝʪʥʳʭ ʙʨʠʟʝʨʦʚ (ɼɹ). ʇʨʝʜʩʪʘʚʣʝʥʳ ʦʩʥʦʚʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ɼɹ 

ʚ ʢʨʠʩʪʘʣʣʘʭ ʩ ʨʘʟʣʠʯʥʳʤ ʪʠʧʦʤ ʩʚʷʟʠ, ʧʦʣʫʯʝʥʥʳʝ ʚ ʧʦʩʣʝʜʥʝʝ ʚʨʝʤʷ ʧʨʠ 

ʧʦʤʦʱʠ ʢʦʤʧʴʶʪʝʨʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʤʝʪʦʜʦʤ ʤʦʣʝʢʫʣʷʨʥʦʡ ʜʠʥʘʤʠʢʠ, ʘ 

ʪʘʢʞʝ ʦʙʩʫʞʜʝʥʠʝ ʠʭ ʨʦʣʠ ʚ ʬʠʟʠʢʝ ʢʦʥʜʝʥʩʠʨʦʚʘʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ. 

 

1.1. ʂʦʣʝʙʘʥʠʷ ʘʪʦʤʦʚ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʨʝʰʝʪʢʠ. ʆʩʥʦʚʥʳʝ ʧʦʥʷʪʠʷ 

 

ɺ ʪʚʝʨʜʦʤ ʪʝʣʝ ʧʨʠ ʣʶʙʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʚʩʝ ʘʪʦʤʳ ʩʦʚʝʨʰʘʶʪ ʢʦʣʝʙʘʥʠʷ 

ʦʢʦʣʦ ʠʭ ʧʦʣʦʞʝʥʠʡ ʨʘʚʥʦʚʝʩʠʷ  ʫʟʣʦʚ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʨʝʰʝʪʢʠ. ʊʘʢʠʝ 

ʢʦʣʝʙʘʥʠʷ ʤʦʞʥʦ ʩʯʠʪʘʪʴ ʛʘʨʤʦʥʠʯʝʩʢʠʤʠ ʧʨʠ ʥʝʙʦʣʴʰʠʭ ʘʤʧʣʠʪʫʜʘʭ. ʉ 

ʧʦʚʳʰʝʥʠʝʤ ʪʝʤʧʝʨʘʪʫʨʳ ʧʨʦʠʩʭʦʜʠʪ ʫʚʝʣʠʯʝʥʠʝ ʘʤʧʣʠʪʫʜʳ ʢʦʣʝʙʘʥʠʡ ʦʢʦʣʦ 

ʨʝʰʝʪʦʯʥʳʭ ʧʦʣʦʞʝʥʠʡ, ʘ ʪʘʢʞʝ ʢʦʣʝʙʘʪʝʣʴʥʦʡ ʵʥʝʨʛʠʠ ʘʪʦʤʦʚ. ɺ ʩʚʷʟʠ ʩ ʪʝʤ, 

ʯʪʦ ʘʪʦʤʳ ʚ ʪʚʝʨʜʦʤ ʪʝʣʝ ʩʠʣʴʥʦ ʩʚʷʟʘʥʳ ʜʨʫʛ ʩ ʜʨʫʛʦʤ, ʚʦʟʙʫʞʜʝʥʠʝ ʢʦʣʝʙʘʥʠʡ 

ʦʜʥʦʛʦ ʠʟ ʘʪʦʤʦʚ ʧʝʨʝʜʘʝʪʩʷ ʙʣʠʞʘʡʰʠʤ ʘʪʦʤʘʤ, ʢʦʪʦʨʳʝ ʟʘʪʝʤ ʧʝʨʝʜʘʶʪ ʵʪʦ 

ʚʦʟʙʫʞʜʝʥʠʝ ʩʚʦʠʤ ʩʦʩʝʜʷʤ ʠ ʪ. ʜ. ʕʪʦʪ ʧʨʦʮʝʩʩ ʧʝʨʝʜʘʯʠ ʚʦʟʙʫʞʜʝʥʠʡ ʧʦʜʦʙʝʥ 

ʧʨʦʮʝʩʩʫ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʟʚʫʢʦʚʳʭ ʚʦʣʥ ʚ ʪʚʝʨʜʦʤ ʪʝʣʝ. ɺʩʝ ʚʦʟʤʦʞʥʳʝ 

ʢʦʣʝʙʘʥʠʷ ʩʠʣʴʥʦ ʩʚʷʟʘʥʥʳʭ ʤʝʞʜʫ ʩʦʙʦʡ ʘʪʦʤʦʚ ʤʦʞʥʦ ʧʨʝʜʩʪʘʚʠʪʴ ʢʘʢ 

ʩʦʚʦʢʫʧʥʦʩʪʴ ʚʟʘʠʤʦʜʝʡʩʪʚʫʶʱʠʭ ʫʧʨʫʛʠʭ ʚʦʣʥ ʨʘʟʣʠʯʥʦʡ ʜʣʠʥʳ, 

ʨʘʩʧʨʦʩʪʨʘʥʷʶʱʠʭʩʷ ʧʦ ʚʩʝʤʫ ʦʙʲʸʤʫ ʢʨʠʩʪʘʣʣʘ [30]. ʊʘʢʦʝ ʢʦʣʣʝʢʪʠʚʥʦʝ 

ʜʚʠʞʝʥʠʝ ʘʪʦʤʦʚ ʚ ʢʨʠʩʪʘʣʣʝ ʥʘʟʳʚʘʝʪʩʷ ʥʦʨʤʘʣʴʥʳʤ ʢʦʣʝʙʘʥʠʝʤ (ʤʦʜʦʡ) 

ʨʝʰʝʪʢʠ, ʘ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʠʤ ʚʦʟʙʫʞʜʝʥʠʷ  ʢʚʘʥʪʳ ʟʚʫʢʘ ʠʣʠ ʬʦʥʦʥʳ. ʏʠʩʣʦ 
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ʧʦʜʦʙʥʳʭ ʢʦʣʝʙʘʥʠʡ, ʢʦʪʦʨʦʝ ʤʦʞʝʪ ʚʦʟʥʠʢʥʫʪʴ ʚ ʨʝʰʝʪʢʝ, ʨʘʚʥʦ ʯʠʩʣʫ ʩʪʝʧʝʥʝʡ 

ʩʚʦʙʦʜʳ ʯʘʩʪʠʮ ʢʨʠʩʪʘʣʣʘ (3 N), ʛʜʝ N ʯʠʩʣʦ ʯʘʩʪʠʮ.  

ʍʘʨʘʢʪʝʨ ʢʦʣʝʙʘʥʠʡ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʨʝʰʝʪʢʠ ʟʘʚʠʩʠʪ ʦʪ ʩʠʤʤʝʪʨʠʠ 

ʢʨʠʩʪʘʣʣʘ, ʪʠʧʘ ʭʠʤʠʯʝʩʢʦʡ ʩʚʷʟʠ, ʚʠʜʘ ʠ ʢʦʥʮʝʥʪʨʘʮʠʠ ʜʝʬʝʢʪʦʚ ʚ ʢʨʠʩʪʘʣʣʘʭ. 

ʉʤʝʱʝʥʠʷ ʘʪʦʤʦʚ ʚ ʧʨʦʮʝʩʩʝ ʢʦʣʝʙʘʥʠʡ ʪʝʤ ʙʦʣʴʰʝ, ʯʝʤ ʚʳʰʝ ʪʝʤʧʝʨʘʪʫʨʘ, ʥʦ 

ʦʥʠ ʛʦʨʘʟʜʦ ʤʝʥʴʰʝ ʧʦʩʪʦʷʥʥʦʡ ʨʝʰʝʪʢʠ ʚʧʣʦʪʴ ʜʦ ʪʝʤʧʝʨʘʪʫʨʳ ʧʣʘʚʣʝʥʠʷ. 

ʉʠʣʳ, ʢʦʪʦʨʳʝ ʩʪʨʝʤʷʪʩʷ ʫʜʝʨʞʘʪʴ ʘʪʦʤʳ ʚ ʧʦʣʦʞʝʥʠʷʭ ʨʘʚʥʦʚʝʩʠʷ, 

ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʳ ʠʭ ʦʪʥʦʩʠʪʝʣʴʥʳʤ ʩʤʝʱʝʥʠʷʤ ʪʘʢ, ʢʘʢ ʝʩʣʠ ʙʳ ʦʥʠ ʙʳʣʠ 

ʩʚʷʟʘʥʳ ʜʨʫʛ ʩ ʜʨʫʛʦʤ ʫʧʨʫʛʠʤʠ ʧʨʫʞʠʥʘʤʠ (ʩʤ. ʨʠʩʫʥʦʢ 1.1). ʇʨʝʜʩʪʘʚʣʝʥʠʝ 

ʢʨʠʩʪʘʣʣʘ ʚ ʚʠʜʝ ʩʦʚʦʢʫʧʥʦʩʪʠ ʯʘʩʪʠʮ, ʩʚʷʟʘʥʥʳʭ ʠʜʝʘʣʴʥʦ ʫʧʨʫʛʠʤʠ ʩʠʣʘʤʠ, 

ʥʘʟʳʚʘʝʪʩʷ ʛʘʨʤʦʥʠʯʝʩʢʠʤ ʧʨʠʙʣʠʞʝʥʠʝʤ [30]. 

 

 

ʈʠʩʫʥʦʢ 1.1  ʇʨʝʜʩʪʘʚʣʝʥʠʝ ʆʎʂ ʢʨʠʩʪʘʣʣʘ ʚ ʚʠʜʝ ʩʦʚʦʢʫʧʥʦʩʪʠ ʯʘʩʪʠʮ ʩ 

ʤʘʩʩʦʡ m, ʩʚʷʟʘʥʥʳʭ ʤʝʞʜʫ ʩʦʙʦʡ ʧʨʫʞʠʥʘʤʠ ʞʝʩʪʢʦʩʪʴʶ ɔ1, ɔ2. ɺʟʷʪʦ ʠʟ [31]. 

 

ʇʦʜʦʙʥʦ ʧʨʦʩʪʦʤʫ ʛʘʨʤʦʥʠʯʝʩʢʦʤʫ ʦʩʮʠʣʣʷʪʦʨʫ, ʚʩʝ ʯʘʩʪʠʮʳ ʢʨʠʩʪʘʣʣʘ ʚ 

ʧʨʦʮʝʩʩʝ ʥʦʨʤʘʣʴʥʦʛʦ ʢʦʣʝʙʘʥʠʷ ʢʦʣʝʙʣʶʪʩʷ ʦʢʦʣʦ ʩʚʦʠʭ ʧʦʣʦʞʝʥʠʡ ʨʘʚʥʦʚʝʩʠʷ 

ʩ ʧʦʩʪʦʷʥʥʦʡ ʯʘʩʪʦʪʦʡ ɤ ʧʦ ʟʘʢʦʥʫ u ~ sin ɤt . ʆʜʥʦʚʨʝʤʝʥʥʦ ʚ ʢʨʠʩʪʘʣʣʝ ʤʦʛʫʪ 

ʧʨʠʩʫʪʩʪʚʦʚʘʪʴ ʚʩʝ ʚʦʟʤʦʞʥʳʝ ʥʦʨʤʘʣʴʥʳʝ ʢʦʣʝʙʘʥʠʷ, ʢʦʪʦʨʳʝ ʷʚʣʷʶʪʩʷ 

ʥʝʟʘʚʠʩʠʤʳʤʠ ʜʨʫʛ ʦʪ ʜʨʫʛʘ.  

https://www.booksite.ru/fulltext/1/001/008/119/047.htm
https://www.booksite.ru/fulltext/1/001/008/024/770.htm
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ʉʦʛʣʘʩʥʦ ʧʨʠʥʮʠʧʫ ʩʫʧʝʨʧʦʟʠʮʠʠ, ʣʶʙʫʶ ʩʪʦʷʯʫʶ ʚʦʣʥʫ ʥʦʨʤʘʣʴʥʦʛʦ 

ʢʦʣʝʙʘʥʠʷ ʤʦʞʥʦ ʧʨʝʜʩʪʘʚʠʪʴ ʚ ʚʠʜʝ ʜʚʫʭ ʫʧʨʫʛʠʭ ʧʣʦʩʢʠʭ ʙʝʛʫʱʠʭ ʚʦʣʥ, 

ʨʘʩʧʨʦʩʪʨʘʥʷʶʱʠʭʩʷ ʚ ʧʨʦʪʠʚʦʧʦʣʦʞʥʳʭ ʥʘʧʨʘʚʣʝʥʠʷʭ (ʥʦʨʤʘʣʴʥʳʝ ʚʦʣʥʳ). 

ɼʨʫʛʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʦʡ ʧʣʦʩʢʦʡ ʙʝʛʫʱʝʡ ʚʦʣʥʳ ʷʚʣʷʝʪʩʷ ʚʦʣʥʦʚʦʡ ʚʝʢʪʦʨ k, 

ʦʧʨʝʜʝʣʷʶʱʠʡ ʥʘʧʨʘʚʣʝʥʠʝ ʜʚʠʞʝʥʠʷ ʬʨʦʥʪʘ ʚʦʣʥʳ, ʜʣʠʥʫ ʚʦʣʥʳ ɚ ʠ 

ʧʦʣʷʨʠʟʘʮʠʶ, ʢʦʪʦʨʘʷ ʦʧʨʝʜʝʣʷʝʪ ʭʘʨʘʢʪʝʨ ʠʥʜʠʚʠʜʫʘʣʴʥʦʛʦ ʜʚʠʞʝʥʠʷ ʯʘʩʪʠʮ. ɺ 

ʪʘʢʦʤ ʩʣʫʯʘʝ, ʠʤʝʝʪ ʤʝʩʪʦ ʵʣʣʠʧʪʠʯʝʩʢʘʷ ʧʦʣʷʨʠʟʘʮʠʷ, ʪʦ ʝʩʪʴ ʢʘʞʜʳʡ ʘʪʦʤ 

ʦʧʠʩʳʚʘʝʪ ʵʣʣʠʧʩ ʦʢʦʣʦ ʩʚʦʝʛʦ ʧʦʣʦʞʝʥʠʷ ʨʘʚʥʦʚʝʩʠʷ (ʩʤ. ʨʠʩʫʥʦʢ 1.2), ʘ 

ʥʦʨʤʘʣʴ ʢ ʧʣʦʩʢʦʩʪʠ ʵʣʣʠʧʩʘ ʥʝ ʩʦʚʧʘʜʘʝʪ ʧʦ ʥʘʧʨʘʚʣʝʥʠʶ ʩ k [31].  

ɺ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʨʝʰʸʪʢʝ ʵʣʣʠʧʪʠʯʝʩʢʠʝ ʦʨʙʠʪʳ ʘʪʦʤʦʚ, ʟʘʥʠʤʘʶʱʠʝ 

ʵʢʚʠʚʘʣʝʥʪʥʳʝ ʧʦʣʦʞʝʥʠʷ ʦʜʠʥʘʢʦʚʳ. ɺ ʢʨʠʩʪʘʣʣʘʭ, ʛʜʝ ʢʘʞʜʳʡ ʫʟʝʣ ʷʚʣʷʝʪʩʷ 

ʮʝʥʪʨʦʤ ʩʠʤʤʝʪʨʠʠ, ʚʩʝ ʥʦʨʤʘʣʴʥʳʝ ʚʦʣʥʳ ʧʣʦʩʢʦʧʦʣʷʨʠʟʦʚʘʥʳ. ʕʪʦ ʦʟʥʘʯʘʝʪ, 

ʯʪʦ ʘʪʦʤʳ ʚ ʣʶʙʦʤ ʥʦʨʤʘʣʴʥʦʤ ʢʦʣʝʙʘʥʠʠ ʩʦʚʝʨʰʘʶʪ ʚʦʟʚʨʘʪʥʦ-ʧʦʩʪʫʧʘʪʝʣʴʥʳʝ 

ʜʚʠʞʝʥʠʷ ʦʢʦʣʦ ʩʚʦʠʭ ʧʦʣʦʞʝʥʠʡ ʨʘʚʥʦʚʝʩʠʷ. 

 

ʈʠʩʫʥʦʢ 1.2  ʕʣʣʠʧʪʠʯʝʩʢʘʷ ʧʦʣʷʨʠʟʘʮʠʷ ʫʧʨʫʛʠʭ ʚʦʣʥ ʚ ʢʨʠʩʪʘʣʣʝ, ʛʜʝ k ï 

ʚʦʣʥʦʚʦʡ ʚʝʢʪʦʨ. 

 

ɼʣʷ ʣʶʙʦʛʦ ʟʥʘʯʝʥʠʷ ʚʦʣʥʦʚʦʛʦ ʚʝʢʪʦʨʘ k ʩʫʱʝʩʪʚʫʝʪ 3n ʪʠʧʦʚ ʥʦʨʤʘʣʴʥʳʭ 

ʚʦʣʥ ʩ ʨʘʟʣʠʯʥʦʡ ʧʦʣʷʨʠʟʘʮʠʝʡ. ʆʥʠ ʥʫʤʝʨʫʶʪʩʷ ʮʝʣʦʯʠʩʣʝʥʥʦʡ ʧʝʨʝʤʝʥʥʦʡ s = 

1, 2... 3n ʠ ʥʘʟʳʚʘʝʪʩʷ ʚʝʪʚʷʤʠ ʥʦʨʤʘʣʴʥʳʭ ʢʦʣʝʙʘʥʠʡ. ɼʣʷ ʚʦʣʥ ʪʠʧʘ s, 

ʧʘʨʘʤʝʪʨʳ ɤ ʠ k ʷʚʣʷʶʪʩʷ ʬʠʢʩʠʨʦʚʘʥʥʳʤʠ ʠ ʩʚʷʟʘʥʳ ʤʝʞʜʫ ʩʦʙʦʡ ʟʘʢʦʥʦʤ 
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ʜʠʩʧʝʨʩʠʠ: ɤ = ɤ (k, s). ʅʘʧʨʠʤʝʨ, ʝʩʣʠ ʧʨʝʜʩʪʘʚʠʪʴ ʢʨʠʩʪʘʣʣ ʚ ʚʠʜʝ ʩʦʚʦʢʫʧʥʦʩʪʠ 

ʦʜʠʥʘʢʦʚʳʭ ʘʪʦʤʦʚ ʤʘʩʩʳ ʪ, ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʥʘ ʨʘʚʥʳʭ ʨʘʩʩʪʦʷʥʠʷʭ ʘ ʜʨʫʛ ʦʪ 

ʜʨʫʛʘ ʠ ʩʚʷʟʘʥʥʳʭ ʧʦʧʘʨʥʦ ʧʨʫʞʠʥʘʤʠ ʩ ʞʸʩʪʢʦʩʪʴʶ ɔ ʪʘʢ, ʯʪʦ ʦʥʠ ʦʙʨʘʟʫʶʪ 

ʙʝʩʢʦʥʝʯʥʫʶ ʮʝʧʦʯʢʫ ʠ ʤʦʛʫʪ ʩʤʝʱʘʪʴʩʷ ʪʦʣʴʢʦ ʚʜʦʣʴ ʝʸ ʦʩʠ (ʨʠʩʫʥʦʢ 1.3ʘ), ʪʦ 

ʵʣʝʤʝʥʪʘʨʥʘʷ ʷʯʝʡʢʘ ʩʦʩʪʦʠʪ ʠʟ ʦʜʥʦʡ ʯʘʩʪʠʮʳ ʠ ʩʫʱʝʩʪʚʫʝʪ ʪʦʣʴʢʦ ʦʜʥʘ ʚʝʪʚʴ 

ʯʘʩʪʦʪʳ ʥʦʨʤʘʣʴʥʳʭ ʢʦʣʝʙʘʥʠʡ ʩ ʟʘʢʦʥʦʤ ʜʠʩʧʝʨʩʠʠ [30]: 

 

‫Ὧ ς   ίὭὲ                                 (1.1) 

 

a) 

 

ʙ) 

 

 

ʈʠʩʫʥʦʢ 1.3  ʇʨʦʩʪʝʡʰʠʝ ʤʦʜʝʣʠ ʜʚʠʞʝʥʠʷ ʘʪʦʤʦʚ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ 

ʨʝʰʝʪʢʠ: ʘ) ʣʠʥʝʡʥʘʷ ʮʝʧʦʯʢʘ ʠʟ ʦʜʠʥʘʢʦʚʳʭ ʘʪʦʤʦʚ,  

ʙ) ʣʠʥʝʡʥʘʷ ʜʚʫʭʘʪʦʤʥʘʷ ʮʝʧʦʯʢʘ, ʚ ʵʣʝʤʝʥʪʘʨʥʦʡ ʷʯʝʡʢʝ ʧʘʨʘʤʝʪʨʘ 

2ʘ ʩʦʜʝʨʞʠʪʩʷ ʜʚʘ ʘʪʦʤʘ ʤʘʩʩʳ ʄ ʠ m. ɾʝʩʪʢʦʩʪʴ ʧʨʫʞʠʥʳ ɔ. 

ʗʯʝʡʢʘ ʜʚʫʭʘʪʦʤʥʦʡ ʣʠʥʝʡʥʦʡ ʮʝʧʦʯʢʠ (ʨʠʩʫʥʦʢ 1.3 ʙ) ʩʦʜʝʨʞʠʪ 2 ʯʘʩʪʠʮʳ 

ʩ ʤʘʩʩʘʤʠ ʪ ʠ ʄ ʠ ʪʦʛʜʘ ʠʤʝʝʪʩʷ 2 ʚʝʪʚʠ ʩ ʙʦʣʝʝ ʩʣʦʞʥʳʤ ʜʠʩʧʝʨʩʠʦʥʥʳʤ 

ʩʦʦʪʥʦʰʝʥʠʝʤ (ʩʤ. ʨʠʩʫʥʦʢ 1.4): 
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‫ ‎ ᶸ ‎  ίὭὲὯὥ ȟὓ  ά     (1.2) 

‫ ς   ȟ ‫ ς   ȟ‫ ς‎                    (1.3) 

 

 

ʈʠʩʫʥʦʢ 1.4  ɼʠʩʧʝʨʩʠʦʥʥʳʝ ʢʨʠʚʳʝ ʜʣʷ ʣʠʥʝʡʥʦʡ ʜʚʫʭʘʪʦʤʥʦʡ ʮʝʧʦʯʢʠ:  

1 ï ʘʢʫʩʪʠʯʝʩʢʘʷ ʚʝʪʚʴ, 2 ï ʦʧʪʠʯʝʩʢʘʷ ʚʝʪʚʴ. 

 

ʋʧʨʫʛʠʝ ʚʦʣʥʳ ʚ ʢʨʠʩʪʘʣʣʝ ʚʩʝʛʜʘ ʧʦʜʯʠʥʷʶʪʩʷ ʟʘʢʦʥʫ ʜʠʩʧʝʨʩʠʠ. ɺ 

ʯʘʩʪʥʦʩʪʠ ʬʘʟʦʚʘʷ ʩʢʦʨʦʩʪʴ ʦʪʣʠʯʘʝʪʩʷ ʦʪ ʛʨʫʧʧʦʚʦʡ, ʩ ʢʦʪʦʨʦʡ ʧʦ ʢʨʠʩʪʘʣʣʫ 

ʧʝʨʝʥʦʩʠʪʩʷ ʵʥʝʨʛʠʷ ʢʦʣʝʙʘʥʠʡ. ʋʚʝʣʠʯʝʥʠʝ ʯʘʩʪʦʪʳ ɤ ʫʧʨʫʛʠʭ ʚʦʣʥ, 

ʨʘʩʧʨʦʩʪʨʘʥʷʶʱʠʭʩʷ ʚ ʩʧʣʦʰʥʦʡ ʩʨʝʜʝ, ʩ ʦʜʥʦʡ ʩʪʦʨʦʥʳ ʤʦʞʝʪ ʥʝʦʛʨʘʥʠʯʝʥʥʦ 

ʚʦʟʨʘʩʪʘʪʴ ʩ ʨʦʩʪʦʤ ʚʦʣʥʦʚʦʛʦ ʯʠʩʣʘ, ʥʦ ʩ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ, ʢʦʥʝʯʥʦʩʪʴ ʵʥʝʨʛʠʠ 

ʩʚʷʟʠ ʘʪʦʤʦʚ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʨʝʰʸʪʢʠ ʷʚʣʷʝʪʩʷ ʧʨʠʯʠʥʦʡ ʧʦʷʚʣʝʥʠʷ 

ʤʘʢʩʠʤʘʣʴʥʦʡ ʯʘʩʪʦʪʳ ʢʦʣʝʙʘʥʠʡ ɤʤʘʢʩ (ʦʙʳʯʥʦ ~ 10
13

 ɻʮ). ʊʘʢʠʤ ʦʙʨʘʟʦʤ, 

ʩʦʙʩʪʚʝʥʥʳʝ ʯʘʩʪʦʪʳ ʧʨʠʥʘʜʣʝʞʘʪ ʠʥʪʝʨʚʘʣʫ ʦʪ 0 ʜʦ ɤʤʘʢʩ, ʚ ʢʦʪʦʨʦʤ ʚʦʟʤʦʞʥʦ 

ʩʫʱʝʩʪʚʦʚʘʥʠʝ ʧʫʩʪʳʭ ʫʯʘʩʪʢʦʚ ï ʟʘʧʨʝʱʝʥʥʳʭ ʟʦʥ (ʩʤ. ʨʠʩʫʥʦʢ 1.4). 

ɿʘʧʨʝʱʝʥʥʦʡ ʟʦʥʳ ʤʝʞʜʫ ʩʦʩʝʜʥʠʤʠ ʚʝʪʚʷʤʠ ʥʝʪ, ʝʩʣʠ ʚʝʪʚʠ ʧʝʨʝʢʨʳʚʘʶʪʩʷ. 

ʂʦʣʝʙʘʥʠʷ ʩ ʯʘʩʪʦʪʘʤʠ ɤ > ɤʤʘʢʩ ʥʝ ʤʦʛʫʪ ʨʘʩʧʨʦʩʪʨʘʥʷʪʴʩʷ ʚ ʢʨʠʩʪʘʣʣʝ, ʠ 

ʷʚʣʷʶʪʩʷ ʟʘʪʫʭʘʶʱʠʤʠ. 

https://www.booksite.ru/fulltext/1/001/008/029/090.htm


18 

 

ɸʥʘʣʦʛʠʯʥʦ ʣʠʥʝʡʥʦʡ ʜʚʫʭʘʪʦʤʥʦʡ ʮʝʧʦʯʢʝ, ʢʦʣʝʙʘʥʠʷ ʘʪʦʤʦʚ ʚ 

ʪʨʝʭʤʝʨʥʦʡ ʨʝʰʝʪʢʝ ʦʧʠʩʳʚʘʶʪʩʷ ʪʨʝʤʷ ʤʦʜʘʤʠ, ʢʦʪʦʨʳʝ ʦʧʨʝʜʝʣʷʶʪ ʪʨʠ ʚʝʪʚʠ 

ʜʠʩʧʝʨʩʠʦʥʥʳʭ ʩʦʦʪʥʦʰʝʥʠʡ [30]: 

 

ʖ  ʖ ὯȟÓȟÓ ρȟςȟσ             (1.5) 

 

ʊʨʠ ʧʝʨʚʳʝ ʚʝʪʚʠ ʢʦʣʝʙʘʥʠʡ ʧʨʠ s =  1, 2, 3 ʥʘʟʳʚʘʶʪʩʷ ʘʢʫʩʪʠʯʝʩʢʠʤʠ. ɺ 

ʩʣʫʯʘʝ, ʢʦʛʜʘ ʜʣʠʥʘ ʚʦʣʥʳ ɚ ʟʥʘʯʠʪʝʣʴʥʦ ʧʨʝʚʳʰʘʝʪ ʥʘʠʙʦʣʴʰʠʡ ʠʟ ʧʝʨʠʦʜʦʚ 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʨʝʰʸʪʢʠ (k  ʤʘʣʦ), ʚʝʪʚʠ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʣʠʥʝʡʥʳʤ ʟʘʢʦʥʦʤ 

ʜʠʩʧʝʨʩʠʠ ɤ = ck. ʕʪʦ ʦʙʳʯʥʳʝ ʟʚʫʢʦʚʳʝ ʚʦʣʥʳ, ʘ ʩ  ʬʘʟʦʚʘʷ ʩʢʦʨʦʩʪʴ ʠʭ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ, ʢʦʪʦʨʘʷ ʟʘʚʠʩʠʪ ʦʪ ʥʘʧʨʘʚʣʝʥʠʷ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʬʨʦʥʪʘ 

ʚʦʣʥʳ. ʊʘʢʠʝ ʚʦʣʥʳ ʧʣʦʩʢʦʧʦʣʷʨʠʟʦʚʘʥʳ ʚ ʦʜʥʦʤ ʠʟ ʪʨʸʭ ʚʟʘʠʤʥʦ 

ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʳʭ ʥʘʧʨʘʚʣʝʥʠʡ ʜʣʷ s =  1, 2, 3 ʠ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʢʦʣʝʙʘʥʠʷʤ 

ʢʨʠʩʪʘʣʣʘ ʢʘʢ ʩʧʣʦʰʥʦʡ ʩʨʝʜʳ. ɺ ʘʥʠʟʦʪʨʦʧʥʦʤ ʢʨʠʩʪʘʣʣʝ ʥʠ ʦʜʥʦ ʠʟ ʵʪʠʭ 

ʥʘʧʨʘʚʣʝʥʠʡ ʥʝ ʩʦʚʧʘʜʘʝʪ ʩ ʥʘʧʨʘʚʣʝʥʠʝʤ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʚʦʣʥʳ, ʪʦ ʝʩʪʴ ʩ 

ʚʝʢʪʦʨʦʤ k. ʃʠʰʴ ʚ ʫʧʨʫʛʦʡ ʠʟʦʪʨʦʧʥʦʡ ʩʨʝʜʝ ʟʚʫʢʦʚʳʝ ʚʦʣʥʳ ʠʤʝʶʪ ʪʦʣʴʢʦ 

ʧʨʦʜʦʣʴʥʫʶ ʠ ʧʦʧʝʨʝʯʥʫʶ ʧʦʣʷʨʠʟʘʮʠʠ. ɸʢʫʩʪʠʯʝʩʢʠʝ ʚʝʪʚʠ ʧʨʠʥʘʜʣʝʞʘʪ 

ʯʘʩʪʦʪʥʦʤʫ ʜʠʘʧʘʟʦʥʫ ʦʪ ʥʫʣʷ ʜʦ ~ 10
13

 ɻʮ. ʉ ʫʤʝʥʴʰʝʥʠʝʤ ʜʣʠʥʳ ʚʦʣʥʳ, ʟʘʢʦʥ 

ʜʠʩʧʝʨʩʠʠ ʩʪʘʥʦʚʠʪʩʷ ʙʦʣʝʝ ʩʣʦʞʥʳʤ. 

ɼʣʷ ʦʩʪʘʣʴʥʳʭ 3Ŀ(nī1) ʚʝʪʚʝʡ, ʯʘʩʪʦʪʳ ʩʤʝʱʝʥʠʷ ʘʪʦʤʦʚ ʚ ʢʦʣʝʙʘʪʝʣʴʥʦʤ 

ʧʨʦʮʝʩʩʝ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʙʦʣʴʰʝʡ ʜʣʠʥʝ ʚʦʣʥʳ ʠ ʧʨʦʠʩʭʦʜʷʪ ʪʘʢ, ʯʪʦ ʮʝʥʪʨ ʤʘʩʩ 

ʦʪʜʝʣʴʥʦʡ ʵʣʝʤʝʥʪʘʨʥʦʡ ʷʯʝʡʢʠ ʧʦʢʦʠʪʩʷ. ʕʣʝʤʝʥʪʘʨʥʘʷ ʷʯʝʡʢʘ ʚ ʠʦʥʥʦʤ 

ʢʨʠʩʪʘʣʣʝ ʩʦʩʪʦʠʪ ʠʟ ʠʦʥʦʚ ʧʨʦʪʠʚʦʧʦʣʦʞʥʳʭ ʟʥʘʢʦʚ. ʂʦʣʝʙʘʪʝʣʴʥʳʝ ʜʚʠʞʝʥʠʷ ʚ 

ʥʠʭ ʤʦʞʥʦ ʚʦʟʙʫʜʠʪʴ ʧʝʨʝʤʝʥʥʳʤ ʵʣʝʢʪʨʠʯʝʩʢʠʤ ʧʦʣʝʤ ʩ ʯʘʩʪʦʪʦʡ ʧʦʨʷʜʢʘ 

2*10
13

 ɻʮ, ʧʨʠʥʘʜʣʝʞʘʱʝʡ ʠʥʬʨʘʢʨʘʩʥʦʡ ʦʙʣʘʩʪʠ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʛʦ ʠʟʣʫʯʝʥʠʷ. 

ʊʘʢʠʝ ʚʝʪʚʠ ʥʘʟʳʚʘʶʪʩʷ ʦʧʪʠʯʝʩʢʠʤʠ. ɸʢʪʠʚʥʦʩʪʴ ʦʧʪʠʯʝʩʢʠʭ ʤʦʜ ʧʨʦʷʚʣʷʝʪʩʷ 

ʠʩʧʫʩʢʘʥʠʝʤ ʠ ʧʦʛʣʦʱʝʥʠʝʤ ʠʥʬʨʘʢʨʘʩʥʦʛʦ ʠʟʣʫʯʝʥʠʷ [30]. 

ɺ ʜʝʡʩʪʚʠʪʝʣʴʥʦʩʪʠ, ʚʦʟʚʨʘʱʘʶʱʠʝ ʩʠʣʳ ʥʝ ʩʪʨʦʛʦ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʳ 

ʩʤʝʱʝʥʠʷʤ ʘʪʦʤʦʚ ʠʟ ʧʦʣʦʞʝʥʠʡ ʨʘʚʥʦʚʝʩʠʷ ʠ ʢʦʣʝʙʘʥʠʷ ʢʨʠʩʪʘʣʣʘ ʥʝ ʷʚʣʷʶʪʩʷ 
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ʩʪʨʦʛʦ ʛʘʨʤʦʥʠʯʝʩʢʠʤʠ, ʪʦ ʝʩʪʴ ʚʩʝʛʜʘ ʠʤʝʝʪʩʷ, ʪʘʢ ʥʘʟʳʚʘʝʤʳʡ, ʘʥʛʘʨʤʦʥʠʟʤ 

[32]. ʄʘʣʳʝ ʘʤʧʣʠʪʫʜʳ ʢʦʣʝʙʘʥʠʡ ʘʪʦʤʦʚ ʧʨʠʚʦʜʷʪ ʢ ʩʣʘʙʦʡ ʥʝʣʠʥʝʡʥʦʩʪʠ 

ʤʝʞʘʪʦʤʥʳʭ ʩʠʣ. ʉʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʦʪʜʝʣʴʥʳʝ ʥʦʨʤʘʣʴʥʳʝ ʢʦʣʝʙʘʥʠʷ ʥʝ ʷʚʣʷʶʪʩʷ 

ʥʝʟʘʚʠʩʠʤʳʤʠ, ʘ ʦʢʘʟʳʚʘʶʪʩʷ ʩʚʷʟʘʥʥʳʤʠ ʜʨʫʛ ʩ ʜʨʫʛʦʤ ʠ ʤʝʞʜʫ ʥʠʤʠ, ʢʘʢ ʠ ʚ 

ʩʠʩʪʝʤʝ ʩʚʷʟʘʥʥʳʭ ʤʘʷʪʥʠʢʦʚ ʚʦʟʤʦʞʝʥ ʨʝʟʦʥʘʥʩ. 

ɺʦʟʥʠʢʥʦʚʝʥʠʝ ʪʝʧʣʦʚʳʭ ʧʦʪʦʢʦʚ ʧʨʦʠʩʭʦʜʠʪ ʧʨʠ ʥʝʨʘʚʥʦʤʝʨʥʦʤ 

ʥʘʛʨʝʚʘʥʠʠ ʪʚʸʨʜʦʛʦ ʪʝʣʘ. ʍʦʨʦʰʦ ʠʟʚʝʩʪʥʦ, ʯʪʦ ʚ ʤʝʪʘʣʣʘʭ ʙʦʣʴʰʘʷ ʯʘʩʪʴ 

ʪʝʧʣʦʚʳʭ ʧʦʪʦʢʦʚ ʧʝʨʝʥʦʩʠʪʩʷ ʵʣʝʢʪʨʦʥʘʤʠ, ʘ ʚ ʜʠʵʣʝʢʪʨʠʢʘʭ  ʥʦʨʤʘʣʴʥʳʤʠ 

ʚʦʣʥʘʤʠ (ʬʦʥʦʥʘʤʠ). ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʚ ʜʠʵʣʝʢʪʨʠʢʘʭ ʠʣʠ ʨʝʰʝʪʦʯʥʦʡ 

ʩʦʩʪʘʚʣʷʶʱʝʡ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʠ ʤʝʪʘʣʣʦʚ, ʚ ʦʪʩʫʪʩʪʚʠʠ ʘʥʛʘʨʤʦʥʠʟʤʘ ʪʝʧʣʦʚʦʡ 

ʧʦʪʦʢ ʨʘʩʧʨʦʩʪʨʘʥʷʣʩʷ ʙʳ ʩʦ ʩʢʦʨʦʩʪʴʶ ʥʦʨʤʘʣʴʥʳʭ ʚʦʣʥ, ʪʦ ʝʩʪʴ 

ʧʨʠʙʣʠʟʠʪʝʣʴʥʦ ʩʦ ʩʢʦʨʦʩʪʴʶ ʟʚʫʢʘ ʚ ʩʨʝʜʝ. ɹʣʘʛʦʜʘʨʷ ʘʥʛʘʨʤʦʥʠʟʤʫ, ʚʦʣʥʳ ʚ 

ʪʝʧʣʦʚʦʤ ʧʦʪʦʢʝ ʦʙʤʝʥʠʚʘʶʪʩʷ ʵʥʝʨʛʠʝʡ ʠ ʠʥʪʝʨʬʝʨʠʨʫʶʪ ʜʨʫʛ ʩ ʜʨʫʛʦʤ. ɺ 

ʧʨʦʮʝʩʩʝ ʪʘʢʦʡ ʠʥʪʝʨʬʝʨʝʥʮʠʠ ʧʨʦʠʩʭʦʜʠʪ ʧʦʪʝʨʷ ʩʫʤʤʘʨʥʦʛʦ ʠʤʧʫʣʴʩʘ 

ʪʝʧʣʦʚʦʛʦ ʧʦʪʦʢʘ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʚʦʟʥʠʢʘʝʪ ʪʝʧʣʦʩʦʧʨʦʪʠʚʣʝʥʠʝ, ʘ ʪʝʧʣʦʚʘʷ 

ʵʥʝʨʛʠʷ ʧʝʨʝʥʦʩʠʪʩʷ ʩ ʜʠʬʬʫʟʠʦʥʥʦʡ ʩʢʦʨʦʩʪʴʶ, ʛʦʨʘʟʜʦ ʤʝʥʴʰʝʡ ʩʢʦʨʦʩʪʠ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʫʧʨʫʛʦʡ ʵʥʝʨʛʠʠ, ʥʘʧʨʠʤʝʨ ʟʚʫʢʦʚʦʡ ʚʦʣʥʳ. ɸʥʛʘʨʤʦʥʠʟʤ 

ʷʚʣʷʝʪʩʷ ʪʘʢʞʝ ʦʜʥʦʡ ʠʟ ʧʨʠʯʠʥ ʟʘʪʫʭʘʥʠʷ ʫʣʴʪʨʘʟʚʫʢʦʚʳʭ ʚʦʣʥ ʚ ʢʨʠʩʪʘʣʣʘʭ. 

ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʤʝʪʦʜʳ ʠʟʫʯʝʥʠʷ ʢʦʣʝʙʘʥʠʡ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʨʝʰʝʪʢʠ 

ʜʦʚʦʣʴʥʦ ʨʘʟʥʦʦʙʨʘʟʥʳ [33]. ʆʜʥʠʤ ʠʟ ʤʝʪʦʜʦʚ ʷʚʣʷʝʪʩʷ ʠʭ ʚʦʟʙʫʞʜʝʥʠʝ ʧʨʠ 

ʧʦʤʦʱʠ ʠʥʬʨʘʢʨʘʩʥʦʛʦ ʠʟʣʫʯʝʥʠʷ, ʢʦʪʦʨʦʝ ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʨʝʟʦʥʘʥʩʥʳʤ 

ʫʤʝʥʴʰʝʥʠʝʤ ʧʨʦʟʨʘʯʥʦʩʪʠ ʢʨʠʩʪʘʣʣʘ ʠ ʧʦʟʚʦʣʷʝʪ ʥʝ ʪʦʣʴʢʦ ʦʙʥʘʨʫʞʠʪʴ ʵʪʠ 

ʢʦʣʝʙʘʥʠʷ, ʥʦ ʠ ʦʧʨʝʜʝʣʠʪʴ ʠʭ ʯʘʩʪʦʪʳ. ɿʘʢʦʥ ʜʠʩʧʝʨʩʠʠ ʠ ʧʦʣʷʨʠʟʘʮʠʷ 

ʥʦʨʤʘʣʴʥʳʭ ʢʦʣʝʙʘʥʠʡ ʤʦʛʫʪ ʙʳʪʴ ʦʧʨʝʜʝʣʝʥ r ʩ ʧʦʤʦʱʴʶ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʥʝʫʧʨʫʛʦʛʦ ʨʘʩʩʝʷʥʠʷ ʥʝʡʪʨʦʥʦʚ ʚ ʢʨʠʩʪʘʣʣʘʭ ʠ ʜʠʬʬʫʟʥʦʛʦ ʨʘʩʩʝʷʥʠʷ 

ʨʝʥʪʛʝʥʦʚʩʢʠʭ ʣʫʯʝʡ. ɹʣʘʛʦʜʘʨʷ ʵʬʬʝʢʪʫ ʄʝʩʩʙʘʫʵʨʘ ʚʦʟʤʦʞʥʦ ʦʙʥʘʨʫʞʠʪʴ 

ʩʨʝʜʥʝʢʚʘʜʨʘʪʠʯʥʳʝ ʩʤʝʱʝʥʠʷ ʠ ʠʤʧʫʣʴʩʳ ʘʪʦʤʦʚ ʚ ʧʨʦʮʝʩʩʝ ʢʦʣʝʙʘʥʠʡ 

ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʨʝʰʝʪʢʠ. 

 

https://www.booksite.ru/fulltext/1/001/008/075/886.htm
https://www.booksite.ru/fulltext/1/001/008/096/520.htm
https://www.booksite.ru/fulltext/1/001/008/075/768.htm
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1.2. ɼʝʣʦʢʘʣʠʟʦʚʘʥʥʳʝ ʥʝʣʠʥʝʡʥʳʝ ʢʦʣʝʙʘʪʝʣʴʥʳʝ ʤʦʜʳ ʚ ʢʨʠʩʪʘʣʣʘʭ 

 

ʋʩʣʦʚʥʦ ʥʝʣʠʥʝʡʥʳʝ ʢʦʣʝʙʘʪʝʣʴʥʳʝ ʤʦʜʳ ʤʦʞʥʦ ʨʘʟʜʝʣʠʪʴ ʥʘ ʜʚʘ ʚʠʜʘ: 

ʜʝʣʦʢʘʣʠʟʦʚʘʥʥʳʝ, ʢʦʛʜʘ ʚʩʝ ʯʘʩʪʠʮʳ ʫʯʘʩʪʚʫʶʪ ʚ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʤ 

ʜʠʥʘʤʠʯʝʩʢʦʤ ʨʝʞʠʤʝ, ʠ ʣʦʢʘʣʠʟʦʚʘʥʥʳʝ, ʛʜʝ ʩʫʱʝʩʪʚʝʥʥʳʝ ʠʟʤʝʥʝʥʠʷ 

ʘʤʧʣʠʪʫʜʳ ʢʦʣʝʙʘʥʠʡ ʧʨʝʪʝʨʧʝʚʘʶʪ ʣʠʰʴ ʥʝʢʦʪʦʨʳʝ ʘʪʦʤʳ ʩʠʩʪʝʤʳ. 

ʃʦʢʘʣʠʟʦʚʘʥʥʳʝ ʠ ʧʝʨʠʦʜʠʯʝʩʢʠʝ ʚʦ ʚʨʝʤʝʥʠ ʢʦʣʝʙʘʥʠʷ ʨʝʰʝʪʢʠ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ 

ʧʦʣʫʯʠʣʠ ʥʘʟʚʘʥʠʝ çʜʠʩʢʨʝʪʥʳʡ ʙʨʠʟʝʨè. ɼʝʣʦʢʘʣʠʟʦʚʘʥʥʳʝ ʥʝʣʠʥʝʡʥʳʝ 

ʢʦʣʝʙʘʪʝʣʴʥʳʝ ʤʦʜr (ɼʅʂʄ)  ʵʪʦ ʩʠʤʤʝʪʨʠʯʥʦ ʦʙʫʩʣʦʚʣʝʥʥʳʝ ʪʦʯʥʳʝ ʨʝʰʝʥʠʷ 

ʫʨʘʚʥʝʥʠʡ ʜʚʠʞʝʥʠʷ ʫʟʣʦʚ ʥʝʣʠʥʝʡʥʦʡ ʨʝʰʝʪʢʠ ʚʥʝ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʪʠʧʘ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ ʤʝʞʜʫ ʫʟʣʘʤʠ ʠ ʧʨʠ ʣʶʙʳʭ ʘʤʧʣʠʪʫʜʘʭ (ʤʦʜʳ ʤʦʛʫʪ ʧʨʦʷʚʣʷʪʴ 

ʥʝʫʩʪʦʡʯʠʚʦʩʪʴ ʧʨʠ ʧʨʝʚʳʰʝʥʠʠ ʘʤʧʣʠʪʫʜʦʡ ʥʝʢʦʪʦʨʦʛʦ ʢʨʠʪʠʯʝʩʢʦʛʦ ʟʥʘʯʝʥʠʷ) 

ʚ ʦʧʨʝʜʝʣʝʥʥʦʤ ʠʥʪʝʨʚʘʣʝ, ʰʠʨʠʥʘ ʢʦʪʦʨʦʛʦ ʟʘʚʠʩʠʪ ʦʪ ʪʠʧʘ ʤʦʜʳ ʠ ʦʪ 

ʠʩʧʦʣʴʟʫʝʤʳʭ ʧʦʪʝʥʮʠʘʣʦʚ [34]. ɼʠʥʘʤʠʢʘ ʪʘʢʠʭ ʤʦʜ ʤʦʞʝʪ ʙʳʪʴ ʦʧʠʩʘʥʘ 

ʩʠʩʪʝʤʦʡ n ʦʙʳʢʥʦʚʝʥʥʳʭ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʭ ʫʨʘʚʥʝʥʠʡ, ʧʨʠ ʵʪʦʤ ʯʠʩʣʦ n 

ʦʧʨʝʜʝʣʷʝʪ ʨʘʟʤʝʨʥʦʩʪʴ ʤʦʜʳ, ʢʦʪʦʨʦʝ ʦʙʳʯʥʦ ʚʦ ʤʥʦʛʦ ʨʘʟ ʤʝʥʴʰʝ ʨʘʟʤʝʨʥʦʩʪʠ 

ʠʩʭʦʜʥʦʡ ʩʠʩʪʝʤʳ. 

ʊʝʦʨʠʷ ʙʫʰʝʡ ʥʝʣʠʥʝʡʥʳʭ ʥʦʨʤʘʣʴʥʳʭ ʤʦʜ ʠʣʠ ɼʅʂʄ ʙʳʣʘ ʨʘʟʨʘʙʦʪʘʥʘ ʚ 

ʨʘʙʦʪʘʭ [35, 36]. ʊʝʨʤʠʥ çʙʫʰ ʥʦʨʤʘʣʴʥʳʭ ʤʦʜè ʧʨʦʠʩʭʦʜʠʪ ʦʪ ʘʥʛʣʠʡʩʢʦʛʦ 

ʩʣʦʚʘ çbushè, ʪʦ ʝʩʪʴ çʢʫʩʪè, ʘ ʩʘʤ ʪʝʨʤʠʥ ʙʳʣ ʧʨʝʜʣʦʞʝʥ ʘʚʪʦʨʘʤʠ ʵʪʦʡ ʪʝʦʨʠʠ. 

ɹʫʰʘʤʠ ʤʦʜ ʥʘʟʳʚʘʶʪʩʷ ʠʥʚʘʨʠʘʥʪʥʳʝ ʤʥʦʛʦʦʙʨʘʟʠʷ, ʢʦʪʦʨʳʝ ʩʦʦʪʚʝʪʩʪʚʫʶʪ 

ʧʦʜʛʨʫʧʧʘʤ ʛʨʫʧʧʳ ʩʠʤʤʝʪʨʠʠ ɻʘʤʠʣʴʪʦʥʠʘʥʘ ʜʘʥʥʦʡ ʬʠʟʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ. ʀʭ 

ʤʦʞʥʦ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʢʘʢ ʦʙʦʙʱʝʥʠʝ ʧʦʥʷʪʠʷ ʥʦʨʤʘʣʴʥʳʭ ʤʦʜ ʜʣʷ ʩʣʫʯʘʷ 

ʥʝʣʠʥʝʡʥʳʭ ʩʠʩʪʝʤ ʩ  ʜʠʩʢʨʝʪʥʦʡ ʩʠʤʤʝʪʨʠʝʡ, ʚ ʯʘʩʪʥʦʩʪʠ, ʥʝʣʠʥʝʡʥʳʭ ʨʝʰʝʪʦʢ. 

ɺ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ ʙʫʜʫʪ ʨʘʩʩʤʦʪʨʝʥʳ ʢʘʢ ʦʜʥʦʢʦʤʧʦʥʝʥʪʥʳʝ, ʪʘʢ ʠ 

ʜʚʫʭʢʦʤʧʦʥʝʥʪʥʳʝ ɼʅʂʄ, ʪʦ ʝʩʪʴ ʪʝ, ʘʤʧʣʠʪʫʜʘ ʢʦʪʦʨʳʭ ʦʧʨʝʜʝʣʷʝʪʩʷ 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʦʜʥʠʤ ʠ ʜʚʫʤʷ ʧʘʨʘʤʝʪʨʘʤʠ. 

ʅʝʦʙʭʦʜʠʤʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʪʝʨʤʠʥ ʙʫ hʥʝʣʠʥʝʡʥʳʭ ʥʦʨʤʘʣʴʥʳʭ ʤʦʜ ʤʦʞʝʪ 

ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʥʘʨʘʚʥʝ ʩ ʪʝʨʤʠʥʦʤ ʜʝʣʦʢʘʣʠʟʦʚʘʥʥʘʷ ʥʝʣʠʥʝʡʥʘʷ ʢʦʣʝʙʘʪʝʣʴʥʘʷ 
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ʤʦʜʘ, ʢʦʪʦʨʦʤʫ ʦʪʜʘʥʦ ʧʨʝʜʧʦʯʪʝʥʠʝ ʚ ʜʘʥʥʦʡ ʨʘʙʦʪʝ, ʧʦʩʢʦʣʴʢʫ ʦʥ ʧʦʜʯʝʨʢʠʚʘʝʪ 

ʦʪʣʠʯʠʝ ɼʅʂʄ ʦʪ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦ ʣʦʢʘʣʠʟʦʚʘʥʥʳʭ ʤʦʜ  ʜʠʩʢʨʝʪʥʳʭ ʙʨʠʟʝʨʦʚ. 

ɺ ʨʘʙʦʪʝ [34] ʨʘʩʩʤʦʪʨʝʥʳ ʥʝʢʦʪʦʨʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʦʜʥʦʤʝʨʥʳʭ ɼʅʂʄ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʘʨʥʦʛʦ ʧʦʪʝʥʮʠʘʣʘ ʄʦʨʟʝ. ʀʥʪʝʨʝʩ ʢ ʜʘʥʥʦʤʫ ʠʩʩʣʝʜʦʚʘʥʠʶ 

ʦʙʫʩʣʦʚʣʝʥ ʥʝʩʢʦʣʴʢʠʤʠ ʧʨʠʯʠʥʘʤʠ. ɺʦ-ʧʝʨʚʳʭ, ɼʅʂʄ, ʩ ʞʝʩʪʢʠʤ ʪʠʧʦʤ 

ʥʝʣʠʥʝʡʥʦʩʪʠ (ʯʘʩʪʦʪʘ ʩ ʨʦʩʪʦʤ ʘʤʧʣʠʪʫʜʳ ʚʳʭʦʜʠʪ ʠʟ ʬʦʥʦʥʥʦʛʦ ʩʧʝʢʪʨʘ 

ʢʨʠʩʪʘʣʣʘ), ʤʦʛʫʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʜʣʷ ʚʦʟʙʫʞʜʝʥʠʷ ɼɹ ʚ ʤʦʣʝʢʫʣʷʨʥʦ-

ʜʠʥʘʤʠʯʝʩʢʠʭ ʨʘʩʯʝʪʘʭ ʧʫʪʝʤ ʥʘʣʦʞʝʥʠʷ ʣʦʢʘʣʠʟʫʶʱʠʭ ʬʫʥʢʮʠʡ [15, 37]. ɺʦ-

ʚʪʦʨʳʭ, ɼʅʂʄ ʩ ʯʘʩʪʦʪʘʤʠ ʚʥʝ ʬʦʥʦʥʥʦʛʦ ʩʧʝʢʪʨʘ ʤʦʛʫʪ ʧʦʨʦʜʠʪʴ ɼɹ ʚ 

ʨʝʟʫʣʴʪʘʪʝ ʤʦʜʫʣʷʮʠʦʥʥʦʡ ʥʝʫʩʪʦʡʯʠʚʦʩʪʠ. ɺ ʪʨʝʪʴʠʭ, ɼʅʂʄ, ʷʚʣʷʷʩʴ 

ʢʦʨʦʪʢʦʚʦʣʥʦʚʳʤʠ ʢʦʣʝʙʘʪʝʣʴʥʳʤʠ ʤʦʜʘʤʠ, ʤʦʛʫʪ ʙʳʪʴ ʦʪʥʦʩʠʪʝʣʴʥʦ ʧʨʦʩʪʦ 

ʠʟʫʯʝʥʳ ʠʟ ʧʝʨʚʳʭ ʧʨʠʥʮʠʧʦʚ, ʯʪʦ ʜʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʧʦʜʛʦʥʢʠ ʤʝʞʘʪʦʤʥʳʭ 

ʧʦʪʝʥʮʠʘʣʦʚ ʧʦ ʧʦʣʫʯʝʥʥʳʤ ʜʘʥʥʳʤ. ɹʦʣʝʝ ʪʦʛʦ, ʢʘʢ ʧʦʢʘʟʘʥʦ ʚ ʨʘʙʦʪʝ [38], 

ʚʦʟʙʫʞʜʝʥʠʝ ɼʅʂʄ ʦʢʘʟʳʚʘʝʪ ʚʣʠʷʥʠʝ ʥʘ ʬʠʟʠʯʝʩʢʠʝ ʠ ʤʝʭʘʥʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ 

ʢʨʠʩʪʘʣʣʦʚ. 

ʉʫʱʝʩʪʚʦʚʘʥʠʝ ʯʝʪʳʨʝʭ ʪʠʧʦʚ ʦʜʥʦʤʝʨʥʳʭ ɼʅʂʄ ʚ ʛʨʘʬʝʥʝ ʩ 

ʧʝʨʝʤʝʱʝʥʠʷʤʠ ʘʪʦʤʦʚ ʚ ʧʣʦʩʢʦʩʪʠ ʣʠʩʪʘ ʙʳʣʦ ʜʦʢʘʟʘʥʦ ʚ ʨʘʙʦʪʝ [17], ʘ 

ʘʚʪʦʨʘʤʠ [39] ʠʟʫʯʝʥʳ ʠʭ ʜʠʥʘʤʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʚ ʨʘʤʢʘʭ ab initio 

ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʥʘ ʦʩʥʦʚʝ ʪʝʦʨʠʠ ʬʫʥʢʮʠʦʥʘʣʘ ʧʣʦʪʥʦʩʪʠ ʥʘ ʦʪʥʦʩʠʪʝʣʴʥʦ ʤʘʣʳʭ 

ʚʨʝʤʝʥʥʳʭ ʠʥʪʝʨʚʘʣʘʭ. ʋʩʪʦʡʯʠʚʦʩʪʴ ɼʅʂʄ ʚ ʛʨʘʬʝʥʝ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʩʪʘʥʜʘʨʪʥʦʛʦ ʥʘʙʦʨʘ ʤʝʞʘʪʦʤʥʳʭ ʧʦʪʝʥʮʠʘʣʦʚ ʠʩʩʣʝʜʦʚʘʣʘʩʴ ʚ ʨʘʙʦʪʘʭ [19, 40]. 

ʇʦʢʘʟʘʥʦ, ʯʪʦ ʪʘʢʠʝ ɼʅʂʄ ʤʦʛʫʪ ʩʫʱʝʩʪʚʦʚʘʪʴ ʜʦʩʪʘʪʦʯʥʦ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʝ 

ʚʨʝʤʷ ʚ ʪʝʯʝʥʠʝ ʥʝʩʢʦʣʴʢʠʭ ʪʳʩʷʯ ʧʝʨʠʦʜʦʚ ʢʦʣʝʙʘʥʠʡ. ɹʦʣʝʝ ʧʨʝʜʧʦʯʪʠʪʝʣʴʥʳʤ 

ʦʢʘʟʘʣʦʩʴ ʥʘʯʘʣʴʥʦʝ ʚʦʟʙʫʞʜʝʥʠʝ, ʢʦʛʜʘ ʘʪʦʤʳ ʜʚʠʛʘʶʪʩʷ ʥʘʚʩʪʨʝʯʫ ʜʨʫʛ ʜʨʫʛʫ, 

ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʚʦʟʙʫʞʜʝʥʠʶ ʜʦʣʛʦʞʠʚʫʱʠʭ ʱʝʣʝʚʳʭ ɼɹ ʚ ʛʨʘʬʝʥʝ. ɺ ʨʘʙʦʪʝ [19] 

ʙʳʣʠ ʦʧʨʝʜʝʣʝʥʳ ʢʨʠʪʠʯʝʩʢʠʝ ʟʥʘʯʝʥʠʷ ʥʘʯʘʣʴʥʳʭ ʘʪʦʤʥʳʭ ʘʤʧʣʠʪʫʜ, ʚʳʰʝ 

ʢʦʪʦʨʳʭ ɼʅʂʄ ʪʝʨʷʶʪ ʩʚʦʶ ʩʪʘʙʠʣʴʥʦʩʪʴ. 

ʇʦʧʳʪʢʘ ʠʟʫʯʝʥʠʷ ʥʝʩʪʘʙʠʣʴʥʦʩʪʠ ʢʦʣʝʙʘʪʝʣʴʥʳʭ ʤʦʜ ʚ ʜʚʫʤʝʨʥʦʡ 

ʛʝʢʩʘʛʦʥʘʣʴʥʦʡ ʨʝʰʝʪʢʝ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʘʨʥʦʛʦ ʧʦʪʝʥʮʠʘʣʘ ʙʳʣʘ ʧʨʝʜʧʨʠʥʷʪʘ 
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ɽ.ɸ. ʂʦʨʟʥʠʢʦʚʦʡ ʠ ʩʦʘʚʪʦʨʘʤʠ [41]. ɺ ʯʘʩʪʥʦʩʪʠ, ʙʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʨʘʩʧʘʜ ʜʚʫʭ 

ʠʟ ʯʝʪʳʨʝʭ ʤʦʜ ʧʨʠʚʦʜʠʪ ʢ ʧʦʷʚʣʝʥʠʶ ʜʦʣʛʦʞʠʚʫʱʠʭ ɼɹ ʩ ʯʘʩʪʦʪʘʤʠ, ʣʝʞʘʱʠʤʠ 

ʚʳʰʝ ʚʝʨʭʥʝʡ ʛʨʘʥʠʮʳ ʬʦʥʦʥʥʦʛʦ ʩʧʝʢʪʨʘ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʨʘʩʧʘʜ ʜʚʫʭ ʜʨʫʛʠʭ ʤʦʜ 

ʧʨʦʠʩʭʦʜʠʪ ʧʦʯʪʠ ʩʨʘʟʫ ʧʦʩʣʝ ʥʝʩʢʦʣʴʢʠʭ ʢʦʣʝʙʘʥʠʡ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʯʝʛʦ ʵʥʝʨʛʠʷ 

ʨʘʩʩʝʠʚʘʝʪʩʷ ʚ ʚʠʜʝ ʪʝʧʣʦʚʳʭ ʢʦʣʝʙʘʥʠʡ ʨʝʰʝʪʢʠ. ɸʚʪʦʨʘʤʠ [42-44] ʙʳʣʘ ʠʟʫʯʝʥʘ 

ʩʪʘʙʠʣʴʥʦʩʪʴ ʦʜʥʦʤʝʨʥʳʭ ʠ ʜʚʫʤʝʨʥʳʭ ɼʅʂʄ ʚ ʥʝʣʠʥʝʡʥʦʡ ʤʦʥʦʘʪʦʤʥʦʡ 

ʮʝʧʦʯʢʝ ʠ ʚʳʷʩʥʝʥʦ, ʯʪʦ ʫʯʸʪ ʪʝʧʣʦʚʳʭ ʢʦʣʝʙʘʥʠʡ ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ ʧʦʪʝʨʝ 

ʫʩʪʦʡʯʠʚʦʩʪʠ ɼʅʂʄ ʜʘʞʝ ʧʨʠ ʤʘʣʳʭ ʦʪʢʣʦʥʝʥʠʷʭ ʦʪ ʠʭ ʧʝʨʚʦʥʘʯʘʣʴʥʦʡ 

ʩʪʨʫʢʪʫʨʳ ʩʤʝʱʝʥʠʡ.  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʤʦʞʥʦ ʟʘʢʣʶʯʠʪʴ, ʯʪʦ ʠʟʫʯʝʥʠʝ ɼʅʂʄ ʚ ʨʘʟʣʠʯʥʳʭ 

ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʨʝʰʝʪʢʘʭ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʚʘʞʥʫʶ ʟʘʜʘʯʫ. ʆʧʠʩʘʥʥʳʝ ʚʳʰʝ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ɼʅʂʄ ʧʨʦʚʦʜʠʣʠʩʴ ʠʩʢʣʶʯʠʪʝʣʴʥʦ ʜʣʷ ʧʨʦʩʪʳʭ ʧʘʨʥʳʭ 

ʧʦʪʝʥʮʠʘʣʦʚ ʚ ʦʜʥʦʤʝʨʥʦʡ ʠ ʜʚʫʤʝʨʥʦʡ ʨʝʰʝʪʢʘʭ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʧʦʧʳʪʢʠ 

ʧʨʦʚʝʜʝʥʠʝ ʤʦʣʝʢʫʣʷʨʥʦ-ʜʠʥʘʤʠʯʝʩʢʠʭ ʨʘʩʯʝʪʦʚ ʩʪʘʙʠʣʴʥʦʩʪʠ ɼʅʂʄ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʥʦʛʦʯʘʩʪʠʯʥʳʭ ʧʦʪʝʥʮʠʘʣʦʚ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʜʦ ʩʠʭ ʧʦʨ ʥʝ 

ʧʨʝʜʧʨʠʥʠʤʘʣʠʩʴ. ʂʨʦʤʝ ʪʦʛʦ, ʧʦʚʝʜʝʥʠʝ ɼʅʂʄ ʚ ʪʨʝʭʤʝʨʥʦʡ ʨʝʰʝʪʢʝ ʜʦʣʞʥʦ 

ʦʪʣʠʯʘʪʴʩʷ ʦʪ ʠʭ ʧʦʚʝʜʝʥʠʷ ʚ ʨʝʰʝʪʢʘʭ ʤʝʥʴʰʝʡ ʨʘʟʤʝʨʥʦʩʪʠ, ʯʪʦ ʩʚʷʟʘʥʦ, ʚ 

ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ, ʩ ʥʘʣʠʯʠʝʤ ʩʦʩʝʜʥʠʭ ʘʪʦʤʥʳʭ ʩʣʦʝʚ, ʢʦʪʦʨʳʝ ʦʢʘʟʳʚʘʶʪ 

ʚʣʠʷʥʠʝ ʥʘ ʢʦʣʝʙʘʥʠʷ ʘʪʦʤʦʚ ʠ ʩʧʦʩʦʙʩʪʚʫʶʪ ʨʘʩʩʝʷʥʠʶ ʵʥʝʨʛʠʠ ʤʦʜʳ ʧʦ ʦʙʝ̡ʤʫ 

ʢʨʠʩʪʘʣʣʘ ʚ ʚʠʜʝ ʪʝʧʣʦʚʳʭ ʢʦʣʝʙʘʥʠʡ ʨʝʰʝʪʢʠ. 

 

1.3. ʀʩʪʦʨʠʷ ʦʪʢʨʳʪʠʷ ʜʠʩʢʨʝʪʥʳʭ ʙʨʠʟʝʨʦʚ 

 

ʇʝʨʚʳʝ ʥʦʚʘʪʦʨʩʢʠʝ ʨʘʙʦʪʳ ʧʦ ʣʦʢʘʣʠʟʘʮʠʠ ʢʦʣʝʙʘʪʝʣʴʥʦʡ ʵʥʝʨʛʠʠ ʚ 

ʛʘʨʤʦʥʠʯʝʩʢʠʭ ʢʨʠʩʪʘʣʣʘʭ ʩ ʧʨʠʤʝʩʷʤʠ ʠ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʤʠ ʜʝʬʝʢʪʘʤʠ ʙʳʣʠ 

ʨʘʟʨʘʙʦʪʘʥʳ ʄ.ʀ. ʃʠʬʰʠʮʝʤ ʚ 1956-66 ʛʛ. ʧʨʦʰʣʦʛʦ ʩʪʦʣʝʪʠʷ [45].  

ʅʘʯʘʣʦ ʩʪʘʥʦʚʣʝʥʠʷ ʪʝʦʨʠʠ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʭ ʣʦʢʘʣʠʟʦʚʘʥʥʳʭ ʠ 

ʧʝʨʠʦʜʠʯʝʩʢʠʭ ʧʦ ʚʨʝʤʝʥʠ ʚʳʩʦʢʦʘʤʧʣʠʪʫʜʥʳʭ ʤʦʜ ʚ ʥʝʣʠʥʝʡʥʳʭ ʜʠʩʢʨʝʪʥʳʭ 

ʩʪʨʫʢʪʫʨʘʭ ʩ ʪʨʘʥʩʣʷʮʠʦʥʥʦʡ ʩʠʤʤʝʪʨʠʝʡ ʠʣʠ ʜʠʩʢʨʝʪʥʳʭ ʙʨʠʟʝʨʦʚ ʩʚʷʟʘʥʦ ʩ 
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ʨʘʙʦʪʦʡ ʉʠʚʝʨʩʘ ʠ ʊʘʢʝʥʦ [46], ʛʜʝ ʨʘʩʩʤʘʪʨʠʚʘʣʠʩʴ ʮʝʧʦʯʢʠ ʦʜʥʦʤʝʨʥʳʭ ʯʘʩʪʠʮ 

ʚʟʘʠʤʦʜʝʡʩʪʚʫʶʱʠʭ ʩ ʙʣʠʞʘʡʰʠʤʠ ʩʦʩʝʜʷʤʠ ʧʦʩʨʝʜʩʪʚʦʤ ʧʨʦʩʪʳʭ ʥʝʣʠʥʝʡʥʳʭ 

ʧʦʪʝʥʮʠʘʣʦʚ. ʀʤʠ ʙʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʚ ʯʠʩʪʦʡ ʘʥʛʘʨʤʦʥʠʯʝʩʢʦʡ ʨʝʰʝʪʢʝ 

ʚʦʟʥʠʢʘʝʪ ʥʦʚʳʡ ʪʠʧ ʣʦʢʘʣʠʟʦʚʘʥʥʦʡ ʤʦʜʳ. ʕʪʠ ʤʦʜʳ ʤʦʛʫʪ ʧʦʷʚʠʪʴʩʷ ʧʨʠ 

ʥʠʟʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ ʚ ʩʠʣʴʥʦ ʘʥʛʘʨʤʦʥʠʯʝʩʢʠʭ ʪʚʝʨʜʳʭ ʪʝʣʘʭ, ʪʘʢʠʭ ʢʘʢ 

ʢʚʘʥʪʦʚʳʝ ʢʨʠʩʪʘʣʣʳ, ʘ ʪʘʢʞʝ ʦʙʳʯʥʳʝ ʪʚʝʨʜʳʝ ʚʝʱʝʩʪʚʘ. 

ʇʦʩʣʝʜʫʶʱʠʝ ʧʦʩʣʝ ʨʘʙʦʪ r ʉʠʚʝʨʩʘ ʠ ʊʘʢʝʥʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʙʳʣʠ 

ʥʘʧʨʘʚʣʝʥʳ ʥʘ ʩʪʨʦʛʦʝ ʜʦʢʘʟʘʪʝʣʴʩʪʚʦ ʩʫʱʝʩʪʚʦʚʘʥʠʷ ɼɹ ʠ ʚʳʷʩʥʝʥʠʝ ʫʩʣʦʚʠʡ ʠʭ 

ʫʩʪʦʡʯʠʚʦʩʪʠ [47-49]. ɸʚʪʦʨʘʤʠ ʨʘʙʦʪʳ [50] ʙʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʜʠʩʢʨʝʪʥʦʩʪʴ 

ʠ ʥʝʣʠʥʝʡʥʦʩʪʴ ʩʨʝʜʳ ʷʚʣʷʶʪʩʷ ʜʚʫʤʷ ʥʝʦʙʭʦʜʠʤʳʤʠ ʫʩʣʦʚʠʷʤʠ ʩʫʱʝʩʪʚʦʚʘʥʠʷ 

ɼɹ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʢʦʥʢʨʝʪʥʳʡ ʚʠʜ ʥʝʣʠʥʝʡʥʦʛʦ ʧʦʪʝʥʮʠʘʣʘ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ 

ʤʝʞʜʫ ʯʘʩʪʠʮʘʤʠ ʚʣʠʷʝʪ ʣʠʰʴ ʥʘ ʝʛʦ ʩʚʦʡʩʪʚʘ, ʥʦ ʥʝ ʦʢʘʟʳʚʘʝʪ ʥʠʢʘʢʦʛʦ ʚʣʠʷʥʠʷ 

ʥʘ ʩʘʤʫ ʚʦʟʤʦʞʥʦʩʪʴ ʠʭ ʚʦʟʙʫʞʜʝʥʠʷ ʚ ʜʘʥʥʦʤ ʢʨʠʩʪʘʣʣʝ. 

ʊʝʦʨʝʪʠʯʝʩʢʦʝ ʧʨʝʜʩʢʘʟʘʥʠʝ ɼɹ ʧʦʨʦʜʠʣʦ ʚʦʧʨʦʩ ʦ ʩʫʱʝʩʪʚʦʚʘʥʠʠ 

ʧʦʜʦʙʥʳʭ ʦʙʲʝʢʪʦʚ ʚ ʨʝʘʣʴʥʦʤ ʤʠʨʝ, ʠ ʩʧʫʩʪʷ ʧʨʠʤʝʨʥʦ ʦʜʥʦ ʜʝʩʷʪʠʣʝʪʠʝ ʠʭ 

ʩʪʘʣʠ ʦʙʥʘʨʫʞʠʚʘʪʴ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʤ ʧʫʪʝʤ ʚ ʥʝʣʠʥʝʡʥʳʭ ʜʠʩʢʨʝʪʥʳʭ 

ʩʠʩʪʝʤʘʭ ʨʘʟʣʠʯʥʦʡ ʬʠʟʠʯʝʩʢʦʡ ʧʨʠʨʦʜʳ. ʊʘʢ, ʚ 1998 ʛʦʜʫ ʙʳʣʠ ʥʘʡʜʝʥʳ 

ʜʠʩʢʨʝʪʥʳʝ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʝ ʦʧʪʠʯʝʩʢʠʝ ʩʦʣʠʪʦʥʳ ʚ ʤʘʩʩʠʚʝ ʠʟ 41 ʚʦʣʥʦʚʦʜʘ 

[51]. ʉʦʣʠʪʦʥ - ʵʪʦ ʫʝʜʠʥʝʥʥʘʷ ʚʦʣʥʘ, ʩʧʦʩʦʙʥʘʷ ʜʚʠʛʘʪʴʩʷ ʚ ʩʨʝʜʝ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ 

ʨʘʩʩʝʠʚʘʷ ʩʚʦʶ ʵʥʝʨʛʠʶ ʠ, ʙʦʣʝʝ ʪʦʛʦ, ʩʦʭʨʘʥʷʷ ʩʚʦʶ ʠʥʜʠʚʠʜʫʘʣʴʥʦʩʪʴ ʧʨʠ 

ʩʪʦʣʢʥʦʚʝʥʠʠ ʩ ʜʨʫʛʠʤʠ ʩʦʣʠʪʦʥʘʤʠ. ʇʨʠʤʝʨʦʤ ʜʠʥʘʤʠʯʝʩʢʦʛʦ ʩʦʣʠʪʦʥʘ ʤʦʛʫʪ 

ʩʣʫʞʠʪʴ ɼɹ. ɼʘʣʝʝ ʚ ʨʘʙʦʪʝ [52] ʙʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦ-ʚʨʝʤʝʥʥʳʝ 

ʜʠʩʢʨʝʪʥʳʝ ʩʦʣʠʪʦʥʳ ʚʦʟʤʦʞʥʳ ʚ ʥʝʣʠʥʝʡʥʳʭ ʬʦʪʦʥʥʦ-ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ 

ʩʪʨʫʢʪʫʨʘʭ. ʇʨʦʚʝʜʝʥʥʳʡ ʘʥʘʣʠʟ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʣ, ʯʪʦ ʵʪʠ ʩʦʩʪʦʷʥʠʷ ʤʦʛʫʪ 

ʨʘʩʧʨʦʩʪʨʘʥʷʪʴʩʷ ʥʝʠʩʢʘʞʝʥʥʳʤʠ ʚʜʦʣʴ ʨʷʜʘ ʩʚʷʟʘʥʥʳʭ ʨʝʟʦʥʘʪʦʨʦʚ ʠ ʩʣʝʜʦʚʘʪʴ 

ʣʶʙʦʤʫ ʟʘʜʘʥʥʦʤʫ ʧʫʪʠ ʚ ʪʨʝʭʤʝʨʥʦʡ ʩʨʝʜʝ. ʌʣʷʡʰʝʨ ʩ ʩʦʘʚʪʦʨʘʤʠ [53] ʜʣʷ 

ʦʙʥʘʨʫʞʝʥʠʷ ʩʦʣʠʪʦʥʦʚ ʠʩʧʦʣʴʟʦʚʘʣ ʦʧʪʠʯʝʩʢʫʶ ʠʥʜʫʢʮʠʶ ʠ ʠʥʪʝʨʬʝʨʝʥʮʠʶ 

ʜʚʫʭ ʠʣʠ ʙʦʣʝʝ ʧʣʦʩʢʠʭ ʚʦʣʥ ʚ ʩʚʝʪʦʯʫʚʩʪʚʠʪʝʣʴʥʦʤ ʤʘʪʝʨʠʘʣʝ (ʜʣʷ ʩʦʟʜʘʥʠʷ 
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ʜʚʫʤʝʨʥʦʡ ʬʦʪʦʥʥʦʡ ʨʝʰʝʪʢʠ). ɺ ʠʪʦʛʝ ʙʳʣ ʧʦʣʫʯʝʥ ʠ ʨʝʘʣʠʟʦʚʘʥ ʩʧʦʩʦʙ ʜʣʷ 

ʷʚʣʝʥʠʡ ʥʝʣʠʥʝʡʥʳʭ ʣʦʢʘʣʠʟʘʮʠʡ ʚ ʬʦʪʦʥʥʳʭ ʨʝʰʝʪʢʘʭ ʠ ʢʨʠʩʪʘʣʣʘʭ. 

ɺ ʨʘʙʦʪʝ [54] ʧʨʦʚʦʜʠʣʦʩʴ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʝ ʥʘʙʣʶʜʝʥʠʝ ɼɹ ʚ ʘʪʦʤʥʳʭ 

ʚʦʣʥʦʚʳʭ ʧʘʢʝʪʘʭ ʨʫʙʠʜʠʷ, ʧʨʝʜʩʪʘʚʣʷʶʱʠʭ ʩʦʙʦʡ ʩʦʚʦʢʫʧʥʦʩʪʴ ʚʦʣʥ, 

ʦʙʣʘʜʘʶʱʠʭ ʨʘʟʥʳʤʠ ʯʘʩʪʦʪʘʤʠ. ʈʘʩʩʤʘʪʨʠʚʘʣʘʩʴ ʩʠʪʫʘʮʠʷ ʦʪʪʘʣʢʠʚʘʶʱʝʛʦ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʘʪʦʤʦʚ ʩ ʘʪʦʤʘʤʠ ʚʥʫʪʨʠ ʩʣʘʙʦʛʦ ʧʝʨʠʦʜʠʯʝʩʢʦʛʦ ʧʦʪʝʥʮʠʘʣʘ, 

ʛʜʝ ʘʥʦʤʘʣʴʥʘʷ ʜʠʩʧʝʨʩʠʷ ʤʦʞʝʪ ʙʳʪʴ ʨʝʘʣʠʟʦʚʘʥʘ ʥʘ ʛʨʘʥʠʮʝ ʟʦʥʳ ɹʨʠʣʣʶʵʥʘ. 

ɽʩʣʠ ʢʦʛʝʨʝʥʪʥʳʡ ʘʪʦʤʥʳʡ ʚʦʣʥʦʚʦʡ ʧʘʢʝʪ ʧʦʜʛʦʪʦʚʣʝʥ ʥʘ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʤ 

ʢʨʘʶ ʧʦʣʦʩʳ ʬʦʥʦʥʥʦʛʦ ʩʧʝʢʪʨʘ, ʚʥʫʪʨʠ ʱʝʣʠ ʦʙʨʘʟʫʝʪʩʷ ʩʦʣʠʪʦʥ. ʇʦʢʘʟʘʥʦ, ʯʪʦ 

ʧʦʩʣʝ ʚʨʝʤʝʥʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ 25 ʤʩ ʦʙʨʘʟʫʝʪʩʷ ʥʝ ʨʘʩʩʝʠʚʘʶʱʠʡʩʷ ʚʦʣʥʦʚʦʡ 

ʧʘʢʝʪ. ʅʘʙʣʶʜʘʝʤʦʝ ʧʦʚʝʜʝʥʠʝ ʜʝʤʦʥʩʪʨʠʨʫʝʪ ʢʘʯʝʩʪʚʝʥʥʳʝ ʦʩʦʙʝʥʥʦʩʪʠ 

ʬʦʨʤʠʨʦʚʘʥʠʷ ʱʝʣʝʚʳʭ ʩʦʣʠʪʦʥʦʚ, ʪʘʢʠʝ ʢʘʢ: ʘ) ʚʦ ʚʨʝʤʷ ʦʙʨʘʟʦʚʘʥʠʷ ʩʦʣʠʪʦʥʦʚ 

ʠʟʙʳʪʦʯʥʳʝ ʘʪʦʤʳ ʠʟʣʫʯʘʶʪʩʷ ʠ ʨʘʩʩʝʠʚʘʶʪʩʷ ʚʦ ʚʨʝʤʝʥʠ, ʙ) ʩʦʣʠʪʦʥʳ ʥʝ 

ʤʝʥʷʶʪ ʩʚʦʶ ʬʦʨʤʫ ʠ ʯʠʩʣʦ ʘʪʦʤʦʚ ʚʦ ʚʨʝʤʷ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ, ʚ) ʱʝʣʝʚʳʝ 

ʩʦʣʠʪʦʥʳ ʥʝ ʜʚʠʞʫʪʩʷ. ʉʠʣʴʥʦʡ ʩʪʦʨʦʥʦʡ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʪʦʯʥʳʡ ʢʦʥʪʨʦʣʴ 

ʧʦʜʛʦʪʦʚʢʠ ʠ ʤʘʥʠʧʫʣʷʮʠʡ ʚ ʨʝʘʣʴʥʦʤ ʚʨʝʤʝʥʠ, ʢʦʪʦʨʳʡ ʧʦʟʚʦʣʷʝʪ 

ʩʠʩʪʝʤʘʪʠʯʝʩʢʠ ʠʩʩʣʝʜʦʚʘʪʴ ʱʝʣʝʚʳʝ ʩʦʣʠʪʦʥʳ. 

ʀʟʚʝʩʪʥʦ, ʯʪʦ ʵʬʬʝʢʪ ɼʞʦʟʝʬʩʦʥʘ  ʵʪʦ ʷʚʣʝʥʠʝ ʧʨʦʪʝʢʘʥʠʷ 

ʩʚʝʨʭʧʨʦʚʦʜʷʱʝʛʦ ʪʦʢʘ ʯʝʨʝʟ ʪʦʥʢʠʡ ʩʣʦʡ ʜʠʵʣʝʢʪʨʠʢʘ, ʨʘʟʜʝʣʷʶʱʠʡ ʜʚʘ 

ʩʚʝʨʭʧʨʦʚʦʜʥʠʢʘ. ʕʪʦ ʷʚʣʝʥʠʝ ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʠʟʤʝʨʝʥʠʷ ʥʘʧʨʷʞʝʥʠʷ ʠ 

ʤʘʛʥʠʪʥʳʭ ʧʦʣʝʡ ʩ ʦʯʝʥʴ ʚʳʩʦʢʦʡ ʪʦʯʥʦʩʪʴʶ. ɸ ʚʦʟʤʦʞʥʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 

ʜʞʦʟʝʬʩʦʥʩʢʦʛʦ ʢʦʥʪʘʢʪʘ ʢʘʢ ʛʝʥʝʨʘʪʦʨʘ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʭ ʚʦʣʥ ʠʣʠ ʢʘʢ 

ʧʨʠʸʤʥʠʢʘ ʚ ʦʙʣʘʩʪʠ ʯʘʩʪʦʪ, ʥʝʜʦʩʪʠʞʠʤʳʭ ʜʨʫʛʠʤʠ ʤʝʪʦʜʘʤʠ, ʦʪʢʨʳʣʘ ʰʠʨʦʢʠʝ 

ʧʝʨʩʧʝʢʪʠʚʳ ʥʘ ʙʫʜʫʱʝʝ. ɺʧʝʨʚʳʝ ɼɹ ʠʣʠ ʜʠʥʘʤʠʯʝʩʢʠʝ ʩʦʣʠʪʦʥʳ ʚ ʤʘʩʩʠʚʘʭ 

ʩʚʝʨʭʧʨʦʚʦʜʷʱʠʭ ʜʞʦʟʝʬʩʦʥʦʚʩʢʠʭ ʢʦʥʪʘʢʪʦʚ ʙʳʣʠ ʦʙʥʘʨʫʞʝʥʳ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʚ ʨʘʙʦʪʘʭ [55-57]. ʆʢʘʟʘʣʦʩʴ, ʯʪʦ ʚʜʦʣʴ ʜʣʠʥʥʦʛʦ 

ʜʞʦʟʝʬʩʦʥʩʢʦʛʦ ʧʝʨʝʭʦʜʘ ʤʦʞʝʪ ʜʚʠʛʘʪʴʩʷ ʩʦʣʠʪʦʥ, ʧʝʨʝʥʦʩʷ ʢʚʘʥʪ ʤʘʛʥʠʪʥʦʛʦ 

ʧʦʪʦʢʘ [58]. ʕʪʦ ʩʚʦʡʩʪʚʦ  ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʩʦʣʠʪʦʥʦʚ ʜʣʷ ʟʘʧʠʩʠ ʠ ʧʝʨʝʜʘʯʠ 

ʠʥʬʦʨʤʘʮʠʠ ʚ ʩʠʩʪʝʤʝ ʙʦʣʴʰʦʛʦ ʯʠʩʣʘ ʩʚʷʟʘʥʥʳʭ ʤʝʞʜʫ ʩʦʙʦʡ ʜʞʦʟʝʬʩʦʥʩʢʠʭ 

https://ru.wikipedia.org/wiki/%D0%92%D0%BE%D0%BB%D0%BD%D0%B0
https://ru.wikipedia.org/wiki/%D0%A7%D0%B0%D1%81%D1%82%D0%BE%D1%82%D0%B0
https://ru.wikipedia.org/wiki/%D0%94%D0%B8%D1%8D%D0%BB%D0%B5%D0%BA%D1%82%D1%80%D0%B8%D0%BA
https://ru.wikipedia.org/wiki/%D0%A1%D0%B2%D0%B5%D1%80%D1%85%D0%BF%D1%80%D0%BE%D0%B2%D0%BE%D0%B4%D0%BD%D0%B8%D0%BA
https://ru.wikipedia.org/wiki/%D0%A1%D0%BE%D0%BB%D0%B8%D1%82%D0%BE%D0%BD
https://ru.wikipedia.org/wiki/%D0%9A%D0%B2%D0%B0%D0%BD%D1%82
https://ru.wikipedia.org/wiki/%D0%92%D0%B5%D0%B1%D0%B5%D1%80_(%D0%B5%D0%B4%D0%B8%D0%BD%D0%B8%D1%86%D0%B0_%D0%B8%D0%B7%D0%BC%D0%B5%D1%80%D0%B5%D0%BD%D0%B8%D1%8F)
https://ru.wikipedia.org/wiki/%D0%92%D0%B5%D0%B1%D0%B5%D1%80_(%D0%B5%D0%B4%D0%B8%D0%BD%D0%B8%D1%86%D0%B0_%D0%B8%D0%B7%D0%BC%D0%B5%D1%80%D0%B5%D0%BD%D0%B8%D1%8F)
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ʧʝʨʝʭʦʜʦʚ, ʧʦʩʣʫʞʠʣʦ ʦʜʥʦʡ ʠʟ ʛʣʘʚʥʳʭ ʠʜʝʡ ʜʣʷ ʩʦʟʜʘʥʠʷ ʢʚʘʥʪʦʚʦʛʦ 

ʢʦʤʧʴʶʪʝʨʘ. 

ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʠ ʯʠʩʣʝʥʥʦ ʠʟʫʯʝʥʳ ʫʩʣʦʚʠʷ ʩʫʱʝʩʪʚʦʚʘʥʠʷ ʠ 

ʫʩʪʦʡʯʠʚʦʩʪʠ ɼɹ ʚ ʧʝʨʠʦʜʠʯʝʩʢʠʭ ʥʝʣʠʥʝʡʥʳʭ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʮʝʧʷʭ [59, 60]. 

ʇʨʠʯʝʤ ʩʨʘʚʥʝʥʠʝ ʪʝʦʨʠʠ ʠ ʵʢʩʧʝʨʠʤʝʥʪʘ ʚ ʜʘʥʥʳʭ ʨʘʙʦʪʘʭ ʧʦʢʘʟʳʚʘʝʪ ʦʯʝʥʴ 

ʭʦʨʦʰʝʝ ʢʘʯʝʩʪʚʝʥʥʦʝ ʠ ʜʘʞʝ ʢʦʣʠʯʝʩʪʚʝʥʥʦʝ ʩʦʛʣʘʩʠʝ. 

ʉ ʧʦʤʦʱʴʶ ʩʢʘʥʠʨʫʶʱʝʡ ʘʪʦʤʥʦ-ʩʠʣʦʚʦʡ ʤʠʢʨʦʩʢʦʧʠʠ ʙʳʣʠ ʠʟʤʝʨʝʥʳ 

ʥʝʣʠʥʝʡʥʳʝ ʢʦʣʝʙʘʪʝʣʴʥʳʝ ʩʚʦʡʩʪʚʘ ʧʝʨʠʦʜʠʯʝʩʢʦʡ ʤʘʪʨʠʮʳ ʤʠʢʨʦʤʝʭʘʥʠʯʝʩʢʠʭ 

ʛʝʥʝʨʘʪʦʨʦʚ ʠ ɼɹ ʥʘʡʜʝʥʳ ʚ ʤʘʩʩʠʚʘʭ ʤʝʭʘʥʠʯʝʩʢʠʭ ʟʦʥʜʦʚ [61, 62 ]. ɼʠʥʘʤʠʢʘ 

ʧʨʠʪʷʞʝʥʠʷ ʠ ʦʪʪʘʣʢʠʚʘʥʠʷ ʧʨʠʤʝʩʝʡ ʩʦʙʩʪʚʝʥʥʦʡ ʣʦʢʘʣʠʟʦʚʘʥʥʦʡ ʤʦʜʳ ʚ 

ʫʧʨʘʚʣʷʝʤʦʤ ʦʜʥʦʤʝʨʥʦʤ ʟʦʥʜʝ ʨʘʩʩʤʦʪʨʝʥʘ ʚ ʨʘʙʦʪʝ [63]. 

ʀʩʩʣʝʜʦʚʘʥʠʷ ʜʠʥʘʤʠʢʠ ʥʘʥʦ-ʵʣʝʢʪʨʦʤʝʭʘʥʠʯʝʩʢʠʭ ʯʝʣʥʦʢʦʚ ʩ ʧʨʠʚʦʜʦʤ ʦʪ 

ʧʝʨʝʤʝʥʥʦʛʦ ʪʦʢʘ ʧʨʦʚʦʜʠʣʠʩʴ ʚ ʨʘʙʦʪʝ [64]. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʥʝʩʪʘʙʠʣʴʥʦʩʪʴ, 

ʦʙʫʩʣʦʚʣʝʥʥʘʷ ʧʘʨʘʤʝʪʨʠʯʝʩʢʠʤ ʫʩʠʣʝʥʠʝʤ ʩʠʥʫʩʦʠʜʘʣʴʥʳʭ ʤʝʭʘʥʠʯʝʩʢʠʭ ʚʦʣʥ, 

ʧʨʠʚʦʜʠʪ ʢ ʚʦʟʥʠʢʥʦʚʝʥʠʶ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦ ʣʦʢʘʣʠʟʦʚʘʥʥʳʭ ʤʝʭʘʥʠʯʝʩʢʠʭ 

ʢʦʣʝʙʘʥʠʡ ʠʣʠ ɼɹ, ʘ ʟʘʪʝʤ ʢ ʨʝʟʢʦʤʫ ʠʟʤʝʥʝʥʠʶ ʩʚʦʡʩʪʚ ʵʣʝʢʪʨʦʧʨʦʚʦʜʥʦʩʪʠ. ɺ 

ʯʘʩʪʥʦʩʪʠ, ʙʳʣʦ ʦʧʨʝʜʝʣʝʥʦ ʚʳʧʨʷʤʣʝʥʠʝ (ʠʟʤʝʥʝʥʠʝ ʥʘʧʨʘʚʣʝʥʠʷ) ʧʝʨʝʤʝʥʥʦʛʦ 

ʪʦʢʘ ʩ ʧʦʤʦʱʴʶ ɼɹ, ʯʪʦ ʧʨʝʜʩʪʘʚʣʷʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 

ʥʘʥʦʤʝʭʘʥʠʯʝʩʢʠʭ ʜʘʪʯʠʢʦʚ. 

ʂʘʢ ʚʠʜʥʦ ʠʟ ʧʨʠʚʝʜʝʥʥʳʭ ʚʳʰʝ ʨʘʙʦʪ, ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʧʦ ʦʙʥʘʨʫʞʝʥʠʶ ɼɹ ʷʚʣʷʶʪʩʷ ʜʦʚʦʣʴʥʦ ʩʣʦʞʥʦʡ ʠ ʪʨʫʜʦʝʤʢʦʡ ʟʘʜʘʯʝʡ. ʊʝʤ ʥʝ 

ʤʝʥʝʝ, ʨʘʙʦʪʳ ʚ ʜʘʥʥʦʡ ʦʙʣʘʩʪʠ ʘʢʪʠʚʥʦ ʧʨʦʚʦʜʷʪʩʷ ʠ ʥʘʫʢʦʝʤʢʘʷ ʙʘʟʘ ʩ ʢʘʞʜʳʤ 

ʛʦʜʦʤ ʨʘʩʰʠʨʷʝʪʩʷ. 

 

1.4. ʇʨʠʤʝʨʳ ʜʠʩʢʨʝʪʥʳʭ ʙʨʠʟʝʨʦʚ ʚ ʢʨʠʩʪʘʣʣʘʭ 

 

ʀʟʚʝʩʪʥʦ, ʯʪʦ ʩʚʦʡʩʪʚʘ ʢʨʠʩʪʘʣʣʦʚ ʦʧʨʝʜʝʣʷʶʪʩʷ ʦʩʦʙʝʥʥʦʩʪʷʤʠ ʘʪʦʤʦʚ 

ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʨʝʰʝʪʢʠ, ʩʠʣʘʤʠ ʩʚʷʟʝʡ ʠ ʚʟʘʠʤʥʳʤ ʨʘʩʧʦʣʦʞʝʥʠʝʤ ʚ 

ʧʨʦʩʪʨʘʥʩʪʚʝ. ɺ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʧʨʠʨʦʜʳ ʯʘʩʪʠʮ ʠ ʦʪ ʭʘʨʘʢʪʝʨʘ ʩʠʣ 
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ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʨʘʟʣʠʯʘʶʪ ʯʝʪʳʨʝ ʚʠʜʘ ʭʠʤʠʯʝʩʢʦʡ ʩʚʷʟʠ ʚ ʢʨʠʩʪʘʣʣʘʭ: 

ʤʦʣʝʢʫʣʷʨʥʫʶ (ɺʘʥ-ʜʝʨ-ʚʘʘʣʴʩʦʚʩʢʠʝ ʩʠʣʳ), ʢʦʚʘʣʝʥʪʥʫʶ, ʠʦʥʥʫʶ ʠ 

ʤʝʪʘʣʣʠʯʝʩʢʫʶ. ʅʘ ʦʩʥʦʚʝ ʵʪʦʛʦ ʚ ʪʘʙʣʠʮʝ 1 ʧʨʠʚʝʜʝʥʘ ʩʠʩʪʝʤʘʪʠʟʘʮʠʷ 

ʧʦʣʫʯʝʥʥʳʭ ʨʘʥʝʝ ʜʨʫʛʠʤʠ ʘʚʪʦʨʘʤʠ ʨʝʟʫʣʴʪʘʪʦʚ ʧʦ ɼɹ, ʚʦʟʤʦʞʥʦʩʪʴ 

ʩʫʱʝʩʪʚʦʚʘʥʠʷ ʢʦʪʦʨʳʭ ʙʳʣʘ ʧʦʢʘʟʘʥʘ ʤʝʪʦʜʘʤʠ ʢʦʤʧʴʶʪʝʨʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ 

ʚ ʢʨʠʩʪʘʣʣʘʭ ʩ ʨʘʟʣʠʯʥʳʤʠ ʪʠʧʘʤʠ ʩʚʷʟʝʡ. ʇʨʦʡʜʝʤʩʷ ʢʨʘʪʢʦ ʧʦ ʦʩʥʦʚʥʳʤ 

ʦʧʫʙʣʠʢʦʚʘʥʥʳʤ ʚ ʥʘʫʯʥʦʡ ʣʠʪʝʨʘʪʫʨʝ ʨʝʟʫʣʴʪʘʪʘʤ ʠ ʦʩʪʘʥʦʚʠʤʩʷ ʙʦʣʝʝ 

ʧʦʜʨʦʙʥʦ ʥʘ ɼɹ ʚ ʤʝʪʘʣʣʘʭ. 

 

ʊʘʙʣʠʮʘ 1. ɼʠʩʢʨʝʪʥʳʝ ʙʨʠʟʝʨʳ ʚ ʨʘʟʣʠʯʥʳʭ ʢʨʠʩʪʘʣʣʘʭ, ʩʫʱʝʩʪʚʦʚʘʥʠʝ ʢʦʪʦʨʳʭ 

ʦʙʥʘʨʫʞʝʥʦ ʤʝʪʦʜʘʤʠ ʤʦʣʝʢʫʣʷʨʥʦʡ ʜʠʥʘʤʠʢʠ. 

ʊʠʧ ʩʚʷʟʠ ʤʦʣʝʢʫʣʷʨʥʘʷ ʠʦʥʥʘʷ ʢʦʚʘʣʝʥʪʥʘʷ ʤʝʪʘʣʣʠʯʝʩʢʘʷ 

ʄʘʪʝʨʠʘʣʳ ʪʚʝʨʜʳʡ Ar 

NaI, 

NaCl, 

KI  

ʘʣʤʘʟ, 

ʛʨʘʬʝʥ, 

ʛʨʘʬʘʥ, Si, 

Ge 

ʆʎʂ (Nb, Fe, V, W) 

ɻʎʂ (Ni, Cu) 

ɻʇʋ (Be, Mg, Zr, Co) 

ʦʨʪʦʨʦʤʙʠʯʝʩʢʘʷ (U) 

ʩʧʣʘʚʳ (Pt3Al , CuAu) 

 

 

1.4.1. ɼʠʩʢʨʝʪʥʳʝ ʙʨʠʟʝʨʳ ʚ ʢʨʠʩʪʘʣʣʘʭ ʩ ʤʦʣʝʢʫʣʷʨʥʦʡ ʩʚʷʟʴʶ 

 

ʊʚʝʨʜʦʝ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʝ ʩʦʩʪʦʷʥʠʝ ʛʘʟʦʚ ʭʦʨʦʰʦ ʦʧʠʩʳʚʘʝʪʩʷ ʧʨʠ ʧʦʤʦʱʠ 

ʧʘʨʥʳʭ ʧʦʪʝʥʮʠʘʣʦʚ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʪʠʧʘ ʃʝʥʥʘʨʜʘ-ɼʞʦʥʩʘ ʠ ʄʦʨʟʝ. ɺ ʨʘʙʦʪʘʭ 

[16, 65-67] ʧʦʢʘʟʘʥʦ, ʯʪʦ ɼɹ ʨʘʟʣʠʯʥʦʛʦ ʪʠʧʘ ʤʦʛʫʪ ʙʳʪʴ ʚʦʟʙʫʞʜʝʥʳ ʢʘʢ ʚ 

ʦʜʥʦʤʝʨʥʳʭ ʮʝʧʦʯʢʘʭ, ʪʘʢ ʠ ʜʚʫʤʝʨʥʳʭ ʢʨʠʩʪʘʣʣʘʭ ʜʘʥʥʦʛʦ ʪʠʧʘ. ʕʪʦ ʧʦʟʚʦʣʷʝʪ 

ʩʜʝʣʘʪʴ ʚʳʚʦʜ ʦ ʚʦʟʤʦʞʥʦʩʪʠ ʩʫʱʝʩʪʚʦʚʘʥʠʷ ɼɹ ʚ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʨʝʰʝʪʢʝ 

ʪʚʸʨʜʳʭ ʛʘʟʦʚ.  

 

http://cyclowiki.org/wiki/%D0%A5%D0%B8%D0%BC%D0%B8%D1%87%D0%B5%D1%81%D0%BA%D0%B0%D1%8F_%D1%81%D0%B2%D1%8F%D0%B7%D1%8C
http://cyclowiki.org/w/index.php?title=%D0%9C%D0%BE%D0%BB%D0%B5%D0%BA%D1%83%D0%BB%D1%8F%D1%80%D0%BD%D0%B0%D1%8F_%D1%81%D0%B2%D1%8F%D0%B7%D1%8C&action=edit&redlink=1
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1.4.2. ɼʠʩʢʨʝʪʥʳʝ ʙʨʠʟʝʨʳ ʚ ʢʨʠʩʪʘʣʣʘʭ ʩ ʠʦʥʥʦʡ ʩʚʷʟʴʶ 

 

ʇʝʨʚʘʷ ʨʘʙʦʪʘ ʧʦ ʦʙʥʘʨʫʞʝʥʠʶ ɼɹ ʚ ʢʨʠʩʪʘʣʣʘʭ ʱʝʣʦʯʥʦ-ʛʘʣʦʠʜʥʦʛʦ NaI 

ʙʳʣʘ ʚʳʧʦʣʥʝʥʘ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʝʪʦʜʘ ʤʦʣʝʢʫʣʷʨʥʦʡ ʜʠʥʘʤʠʢʠ [6]. ʂʦʣʝʙʘʥʠʷ 

ʩ ʙʦʣʴʰʦʡ ʘʤʧʣʠʪʫʜʦʡ ʩʦʚʝʨʰʘʝʪ ʦʜʠʥ ʘʪʦʤ Na ʚ ʢʨʠʩʪʘʣʣʦʛʨʘʬʠʯʝʩʢʠʭ 

ʥʘʧʨʘʚʣʝʥʠʷʭ [111] ʠʣʠ [011] ʩ ʯʘʩʪʦʪʦʡ, ʧʨʝʚʳʰʘʶʱʝʡ ʩʧʝʢʪʨ ʤʘʣʦʘʤʧʣʠʪʫʜʥʳʭ 

ʢʦʣʝʙʘʥʠʡ ʢʨʠʩʪʘʣʣʘ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʚ ʠʦʥʥʦʡ ʩʪʨʫʢʪʫʨʝ ʪʘʢʘʷ ʣʦʢʘʣʠʟʦʚʘʥʥʘʷ 

ʤʦʜʘ ʤʦʞʝʪ ʙʳʪʴ ʩʪʘʙʠʣʴʥʦʡ ʚ ʪʝʯʝʥʠʝ 200 ʧʝʨʠʦʜʦʚ ʢʦʣʝʙʘʥʠʡ. ʊʘʢʠʝ ɼɹ 

ʙʨʠʟʝʨʳ ʧʦʣʫʯʠʣʠ ʥʘʟʚʘʥʠʝ ʱʝʣʝʚʳʭ. ʅʘʣʠʯʠʝ ʱʝʣʠ (ʟʘʧʨʝʱʝʥʥʦʡ ʟʦʥʳ) ʚ 

ʬʦʥʦʥʥʦʤ ʩʧʝʢʪʨʝ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʤʷʛʢʠʤ ʪʠʧʦʤ ʥʝʣʠʥʝʡʥʦʩʪʠ (ʯʘʩʪʦʪʘ ɼɹ 

ʫʤʝʥʴʰʘʝʪʩʷ ʩ ʘʤʧʣʠʪʫʜʦʡ) ʠ ʦʙʫʩʣʘʚʣʠʚʘʝʪʩʷ ʟʥʘʯʠʪʝʣʴʥʦʡ ʨʘʟʥʠʮʝʡ ʤʘʩʩ 

ʢʦʤʧʦʥʝʥʪʦʚ ʢʨʠʩʪʘʣʣʘ (ʘʪʦʤ ʥʘʪʨʠʷ ʚ 5,5 ʨʘʟ ʣʝʛʯʝ ʘʪʦʤʘ ʡʦʜʘ). ɼʣʷ ʵʪʦʛʦ ʞʝ 

ʢʨʠʩʪʘʣʣʘ ʚ ʫʩʣʦʚʠʷʭ ʪʝʧʣʦʚʦʛʦ ʨʘʚʥʦʚʝʩʠʷ ʧʨʠ ʧʦʚʳʰʝʥʥʳʭ ʪʝʤʧʝʨʘʪʫʨʘʭ ʙʳʣ 

ʧʨʦʚʝʜʝʥ ʨʷʜ ʵʢʩʧʝʨʠʤʝʥʪʦʚ, ʜʦʢʘʟʳʚʘʶʱʠʭ ʥʘʣʠʯʠʝ ʚ ʥʠʭ ɼɹ [7]. ɺ ʨʘʙʦʪʝ [64, 

68] ʤʝʪʦʜʦʤ ʥʝʫʧʨʫʛʦʛʦ ʨʘʩʩʝʷʥʠʷ ʥʝʡʪʨʦʥʦʚ ʦʮʝʥʝʥʘ ʪʝʤʧʝʨʘʪʫʨʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ 

ʬʦʥʦʥʥʳʭ ʯʘʩʪʦʪ ʚ ʢʨʠʩʪʘʣʣʝ NaI. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʨʘʟʤʝʨ ʬʦʥʦʥʥʦʡ 

ʟʘʧʨʝʱʝʥʥʦʡ ʟʦʥʳ ʤʦʥʦʪʦʥʥʦ ʫʤʝʥʴʰʘʝʪʩʷ ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ ʪʝʤʧʝʨʘʪʫʨʳ ʩ 10 ʜʦ 

700 ʂ. ʊʝʤʧʝʨʘʪʫʨʘ ʦʢʦʣʦ 800 ʂ ʚʝʜʝʪ ʢ ʧʦʣʥʦʤʫ ʟʘʢʨʳʪʠʶ ʟʘʧʨʝʱʝʥʥʦʡ ʟʦʥʳ. ɺ 

ʨʘʙʦʪʝ [69] ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʧʦʜʦʙʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʜʣʷ ʜʨʫʛʠʭ ʱʝʣʦʯʥʦ-ʛʘʣʦʠʜʥʳʭ 

ʩʦʝʜʠʥʝʥʠʡ ʪʠʧʘ NaCl. 

ɺʣʠʷʥʠʝ ʤʘʩʩʦʚʦʛʦ ʩʦʦʪʥʦʰʝʥʠʷ ʘʥʠʦʥʦʚ ʠ ʢʘʪʠʦʥʦʚ ʥʘ ʬʦʥʦʥʥʳʡ ʩʧʝʢʪʨ 

ʢʨʠʩʪʘʣʣʘ ʩʦ ʩʪʨʫʢʪʫʨʦʡ NaCl, ʘ ʪʘʢʞʝ ʥʘ ʫʩʣʦʚʠʷ ʩʫʱʝʩʪʚʦʚʘʥʠʷ ʠ ʩʚʦʡʩʪʚʘ 

ʱʝʣʝʚʳʭ ɼɹ, ʠʩʩʣʝʜʦʚʘʥʦ ʚ ʨʘʙʦʪʘʭ [70-72]. ʇʦʢʘʟʘʥʦ, ʯʪʦ ɼɹ ʣʝʛʢʦ 

ʚʦʟʙʫʞʜʘʶʪʩʷ, ʢʦʛʜʘ ʩʦʦʪʥʦʰʝʥʠʝ ʤʘʩʩ ʣʝʛʢʠʭ ʠ ʪʷʞʝʣʳʭ ʢʦʤʧʦʥʝʥʪʦʚ ʤʝʥʴʰʝ 

0,2, ʘ ʱʝʣʴ ʚ ʬʦʥʦʥʥʦʤ ʩʧʝʢʪʨʝ ʜʦʩʪʘʪʦʯʥʦ ʚʝʣʠʢʘ. ʆʪʩʫʪʩʪʚʠʝ ɼɹ ʜʣʷ ʙʦʣʴʰʠʭ 

ʤʘʩʩʦʚʳʭ ʦʪʥʦʰʝʥʠʡ ʦʙʲʷʩʥʷʝʪʩʷ ʚʦʟʙʫʞʜʝʥʠʝʤ ʛʘʨʤʦʥʠʢʠ ʩ ʯʘʩʪʦʪʦʡ, ʨʘʚʥʦʡ 

ʧʦʣʦʚʠʥʝ ʦʩʥʦʚʥʦʡ ʯʘʩʪʦʪʳ ɼɹ, ʢʦʪʦʨʘʷ ʚʟʘʠʤʦʜʝʡʩʪʚʫʝʪ ʩ ʬʦʥʦʥʘʤʠ ʥʠʞʝ 

ʟʘʟʦʨʘ. ɼʣʷ ʤʘʩʩʦʚʦʛʦ ʩʦʦʪʥʦʰʝʥʠʷ, ʨʘʚʥʦʛʦ 0,1, ʩʫʱʝʩʪʚʫʶʪ ʢʘʢ ʤʠʥʠʤʫʤ ʪʨʠ 

ʪʠʧʘ ʩʪʘʙʠʣʴʥʳʭ ɼɹ, ʢʦʪʦʨʳʝ ʦʪʣʠʯʘʶʪʩʷ ʯʠʩʣʦʤ ʘʪʦʤʦʚ ʩ ʥʘʠʙʦʣʴʰʝʡ 
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ʘʤʧʣʠʪʫʜʦʡ ʠ ʧʦʣʷʨʠʟʘʮʠʝʡ ʢʦʣʝʙʘʥʠʡ. ɺ ʨʘʙʦʪʝ [73] ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʥʘ 

ʚʦʟʤʦʞʥʦʩʪʴ ʦʙʤʝʥʘ ʵʥʝʨʛʠʠ ʤʝʞʜʫ ʙʣʠʟʢʦʨʘʩʧʦʣʦʞʝʥʥʳʤʠ ʢʦʤʧʣʝʢʩʘʤʠ 

ʱʝʣʝʚʳʭ ɼɹ ʚ ʢʨʠʩʪʘʣʣʝ NaCl.  

ɺʣʠʷʥʠʝ ʫʧʨʫʛʦʡ ʜʝʬʦʨʤʘʮʠʠ ʥʘ ʬʦʥʦʥʥʳʡ ʩʧʝʢʪʨ ʱʝʣʦʯʥʦ-ʛʘʣʦʠʜʥʳʭ 

ʢʨʠʩʪʘʣʣʦʚ ʠʟʫʯʘʣʦʩʴ ʚ ʨʘʙʦʪʝ [74], ʛʜʝ ʙʳʣʠ ʨʘʩʩʤʦʪʨʝʥʳ ʜʚʘ ʪʠʧʘ ʜʝʬʦʨʤʘʮʠʠ 

ʢʨʠʩʪʘʣʣʘ: ʚʩʝʩʪʦʨʦʥʥʝʛʦ ʨʘʩʪʷʞʝʥʠʷ-ʩʞʘʪʠʷ ʠ ʯʠʩʪʦʛʦ ʩʜʚʠʛʘ ʜʣʷ ʚʝʣʠʯʠʥ 

ʫʧʨʫʛʦʡ ʜʝʬʦʨʤʘʮʠʠ ʚʧʣʦʪʴ ʜʦ 2%. ɸʚʪʦʨʘʤʠ ʙʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʫʧʨʫʛʘʷ 

ʜʝʬʦʨʤʘʮʠʷ ʚʩʝʩʪʦʨʦʥʥʝʛʦ ʨʘʩʪʷʞʝʥʠʷ-ʩʞʘʪʠʷ ʧʨʠʚʦʜʠʪ ʢ ʠʟʤʝʥʝʥʠʶ ʰʠʨʠʥʳ 

ʱʝʣʠ ʩʧʝʢʪʨʘ, ʘ ʯʠʩʪʦʛʦ ʩʜʚʠʛʘ ʢ ʧʦʷʚʣʝʥʠʶ ʥʝʩʢʦʣʴʢʠʭ ʱʝʣʝʡ ʟʘ ʩʯʝʪ 

ʨʘʩʱʝʧʣʝʥʠʷ ʯʘʩʪʦʪ ʨʘʟʣʠʯʥʳʭ ʤʦʜ ʦʧʪʠʯʝʩʢʠʭ ʢʦʣʝʙʘʥʠʡ.  

ʕʥʝʨʛʠʷ, ʥʝʦʙʭʦʜʠʤʘ ̫ ʜʣʷ ʚʦʟʙʫʞʜʝʥʠʷ ɼɹ ʚ ʱʝʣʠ ʬʦʥʦʥʥʦʛʦ ʩʧʝʢʪʨʘ 

ʱʝʣʦʯʥʦ-ʛʘʣʦʠʜʥʳʭ ʢʨʠʩʪʘʣʣʦʚ, ʦʮʝʥʝʥʘ ʚ ʨʘʙʦʪʝ [75]. ɹʳʣʘ ʨʘʩʩʤʦʪʨʝʥʘ 

ʦʜʥʦʤʝʨʥʘʷ ʤʦʜʝʣʴ ʚ KI ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʦʪʝʥʮʠʘʣʘ ɹʦʨʥʘ-ʄʘʡʝʨʘ-ʂʫʣʦʥʘ ʠ 

ʪʨʝʭʤʝʨʥʘʷ ʤʦʜʝʣʴ ʚ NaI ʧʨʠ ʥʫʣʝʚʦʡ ʪʝʤʧʝʨʘʪʫʨʝ. ʆʙʥʘʨʫʞʝʥʦ, ʯʪʦ ʥʝʦʙʭʦʜʠʤʘʷ 

ʵʥʝʨʛʠʷ ʜʣʷ ʚʦʟʙʫʞʜʝʥʠʷ ʱʝʣʝʚʦʛʦ ɼɹ ʚ KI ʨʘʚʥʘ 300 ʤʵɺ, ʘ ʜʣʷ NaCl ʚ ʠʥʪʝʨʚʘʣʝ 

ʦʪ 400 ʜʦ 600 ʤʵɺ. 

 

1.4.3. ɼʠʩʢʨʝʪʥʳʝ ʙʨʠʟʝʨʳ ʚ ʢʨʠʩʪʘʣʣʘʭ ʩ ʢʦʚʘʣʝʥʪʥʦʡ ʩʚʷʟʴʶ 

 

ɻʨʘʬʝʥ ʠ ʛʨʘʬʘʥ ʷʚʣʷʶʪʩʷ ʨʝʚʦʣʶʮʠʦʥʥʳʤ ʦʪʢʨʳʪʠʝʤ 21 ʩʪʦʣʝʪʠʷ ʠ 

ʧʨʠʥʘʜʣʝʞʘʪ ʢ ʩʘʤʤr ʧʨʦʯʥʳʤ, ʣʝʛʢʠʤ ʠ ʵʣʝʢʪʨʦʧʨʦʚʦʜʷʱʠʤ ʚʘʨʠʘʥʪʘʤ 

ʫʛʣʝʨʦʜʥʦʛʦ ʩʦʝʜʠʥʝʥʠʷ. ɺ ʨʘʙʦʪʝ [76] ʙʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʚʨʝʤʷ ʞʠʟʥʠ ɼɹ ʚ 

ʛʨʘʬʝʥʝ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʜʦ ʩʦʪʝʥ ʧʠʢʦʩʝʢʫʥʜ ʜʘʞʝ ʧʨʠ ʦʪʥʦʩʠʪʝʣʴʥʦ ʚʳʩʦʢʠʭ 

ʪʝʤʧʝʨʘʪʫʨʘʭ. ɸ ʚ ʩʪʘʪʴʝ [77] ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʥʘ ʚʦʟʤʦʞʥʦʩʪʴ ʧʦʷʚʣʝʥʠʷ ʱʝʣʠ 

ʚ ʝʛʦ ʬʦʥʦʥʥʦʤ ʩʧʝʢʪʨʝ ʧʨʠ ʥʘʣʦʞʝʥʠʠ ʦʜʥʦʨʦʜʥʦʡ ʫʧʨʫʛʦʡ ʜʝʬʦʨʤʘʮʠʠ. 

ʆʙʥʘʨʫʞʝʥʦ, ʯʪʦ ʛʨʘʬʝʥ ʧʦʜʜʝʨʞʠʚʘʝʪ ʩʫʱʝʩʪʚʦʚʘʥʠʝ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦ 

ʣʦʢʘʣʠʟʦʚʘʥʥʳʭ ʤʦʜ ʚ ʚʠʜʝ ʜʠʩʢʨʝʪʥʳʭ ʙʨʠʟʝʨʦʚ ʩ ʤʷʛʢʠʤ ʪʠʧʦʤ ʥʝʣʠʥʝʡʥʦʩʪʠ. 

ɻʣʘʚʥʦʡ ʦʩʦʙʝʥʥʦʩʪʴʶ ʷʚʣʷʝʪʩʷ ʪʦʪ ʬʘʢʪ, ʯʪʦ ʯʘʩʪʦʪʘ ɼɹ ʣʝʞʠʪ ʚ ʬʦʥʦʥʥʦʤ 

ʩʧʝʢʪʨʝ ʛʨʘʬʝʥʘ. ʕʪʦ ʦʙʲʷʩʥʷʝʪʩʷ ʪʝʤ, ʯʪʦ ʢʦʣʝʙʘʥʠʷ ɼɹ ʧʦʣʷʨʠʟʦʚʘʥ r ʚ 
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ʧʣʦʩʢʦʩʪʠ ʣʠʩʪʘ ʛʨʘʬʝʥʘ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʧʦʣʦʩʘ ʬʦʥʦʥʥʦʛʦ ʩʧʝʢʪʨʘ, ʚ ʢʦʪʦʨʦʡ 

ʨʘʩʧʦʣʦʞʝʥʘ ʯʘʩʪʦʪʘ ɼɹ, ʩʦʜʝʨʞʠʪ ʬʦʥʦʥʳ, ʢʦʣʝʙʣʶʱʠʝʩʷ ʠʟ ʧʣʦʩʢʦʩʪʠ. 

ʇʦʜʦʙʥʘʷ ʩʠʪʫʘʮʠʷ ʥʘʙʣʶʜʘʝʪʩʷ ʠ ʚ ʛʨʘʬʝʥʦʚʳʭ ʥʘʥʦʣʝʥʪʘʭ, ʥʘ ʢʨʘʶ 

ʢʦʪʦʨʦʡ ʧʨʠ ʦʨʠʝʥʪʘʮʠʠ ȺʢʨʝʩʣʦȻ ʤʦʞʝʪ ʙʳʪʴ ʚʦʟʙʫʞʜʝʥ ʱʝʣʝʚʦʡ ɼɹ, ʢʘʢ ʙʳʣʦ 

ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʥʦ ʚ ʧʫʙʣʠʢʘʮʠʷʭ [78, 79]. 

ʀʟʫʯʝʥʠʝ ʠ ʘʥʘʣʠʟ ʢʣʘʩʪʝʨʦʚ ʚ ʛʨʘʬʝʥʝ, ʩʦʩʪʦʷʱʠʭ ʠʟ ʥʝʩʢʦʣʴʢʠʭ ʙʣʠʟʢʦ 

ʨʘʩʧʦʣʦʞʝʥʥʳʭ ɼɹ ʚ ʚʠʜʝ ʜʚʫʤʝʨʥʦʛʦ ʤʘʩʩʠʚʘ ʨʘʩʩʤʦʪʨʝʥʳ ʚ ʩʪʘʪʴʝ [80], ʛʜʝ 

ʦʧʨʝʜʝʣʝʥʳ ʧʨʦʩʪʳʝ ʥʘʯʘʣʴʥʳʝ ʫʩʣʦʚʠʷ, ʧʨʠʚʦʜʷʱʠʝ ʢ ʜʚʫʤʝʨʥʳʤ ʢʣʘʩʪʝʨʘʤ ɼɹ 

ʩʦ ʚʨʝʤʝʥʝʤ ʞʠʟʥʠ ʥʝ ʤʝʥʝʝ 1000 ʧʝʨʠʦʜʦʚ ʢʦʣʝʙʘʥʠʡ.  

ʀʩʩʣʝʜʦʚʘʥʠʝ ʚʣʠʷʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ ʥʘ ʚʨʝʤʷ ʟʘʪʫʭʘʥʠʷ ɼɹ ʚ ʛʨʘʬʘʥʝ, ʛʜʝ 

ʘʪʦʤ ʫʛʣʝʨʦʜʘ ʠʤʝʝʪ ʦʜʥʫ ʩʚʷʟʴ ʩ ʘʪʦʤʦʤ ʚʦʜʦʨʦʜʘ ʠ ʪʨʝʤʷ ʘʪʦʤʘʤʠ ʫʛʣʝʨʦʜʘ, 

ʧʦʢʘʟʘʥʦ ʚ ʨʘʙʦʪʝ [81]. ɼɹ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʦʜʠʥ ʘʪʦʤ ʚʦʜʦʨʦʜʘ, 

ʩʦʚʝʨʰʘʶʱʠʡ ʢʦʣʝʙʘʥʠʷ ʩ ʙʦʣʴʰʦʡ ʘʤʧʣʠʪʫʜʦʡ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦ ʧʣʦʩʢʦʩʪʠ 

ʣʠʩʪʘ ʛʨʘʬʘʥʘ. ʇʨʠ ʥʫʣʝʚʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʩʫʱʝʩʪʚʫʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʦʙʤʝʥʘ 

ʵʥʝʨʛʠʝʡ ʤʝʞʜʫ ʙʣʠʟʢʦ ʨʘʩʧʦʣʦʞʝʥʥʳʤʠ ɼɹ. ʕʪʦ ʚʩʢʨʳʚʘʝʪ ʤʝʭʘʥʠʟʤ ʥʘʢʘʯʢʠ 

ɼɹ ʵʥʝʨʛʠʝʡ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʢʦʪʦʨʦʛʦ ʘʪʦʤʳ ʚʦʜʦʨʦʜʘ ʤʦʛʫʪ ʧʦʣʫʯʘʪʴ ʵʥʝʨʛʠʶ 

ʜʦʩʪʘʪʦʯʥʫʶ ʜʣʷ ʦʪʩʦʝʜʠʥʝʥʠʷ ʦʪ ʛʨʘʬʘʥʘ. 

ʀʩʩʣʝʜʦʚʘʥʠʷ ɼɹ ʚ ʪʨʝʭʤʝʨʥʳʭ ʢʦʚʘʣʝʥʪʥʳʭ ʢʨʠʩʪʘʣʣʘʭ ʢʨʝʤʥʠʷ ʠ 

ʛʝʨʤʘʥʠʷ ʧʨʦʚʦʜʠʣʠʩʴ ʚ ʨʘʙʦʪʝ [82] ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʝʞʘʪʦʤʥʦʛʦ ʧʦʪʝʥʮʠʘʣʘ 

ʊʝʨʩʦʬʬʘ. ʆʢʘʟʘʣʦʩʴ, ʯʪʦ ʯʘʩʪʦʪʘ ʪʘʢʦʛʦ ɼɹ ʨʘʩʧʦʣʦʞʝʥʘ ʯʫʪʴ ʚʳʰʝ ʯʘʩʪʦʪʳ 

ʙʝʩɦ ʝʣʝʚʦʛʦ ʬʦʥʦʥʥʦʛʦ ʩʧʝʢʪʨʘ ʠ ʠʤʝʝʪ ʚʨʝʤʷ ʞʠʟʥʠ ʥʝ ʤʝʥʝʝ 60 ʧʩ. ʏʘʩʪʦʪʘ ɼɹ 

ʩʥʘʯʘʣʘ ʚʦʟʨʘʩʪʘʝʪ, ʘ ʧʦʩʣʝ ʜʦʩʪʠʞʝʥʠʷ ʩʚʦʝʛʦ ʤʘʢʩʠʤʫʤʘ ʥʘʯʠʥʘʝʪ ʫʙʳʚʘʪʴ ʩ 

ʚʦʟʨʘʩʪʘʥʠʝʤ ʘʤʧʣʠʪʫʜʳ. 

ʊʝʧʝʨʴ ʧʨʠʚʝʜʝʤ ʥʝʩʢʦʣʴʢʦ ʦʩʥʦʚʥʳʭ ʨʘʙʦʪ ʩ ʠʩʩʣʝʜʦʚʘʥʠʝʤ ʩʚʦʡʩʪʚ ɼɹ ʚ 

ʢʨʠʩʪʘʣʣʘʭ ʧʨʠ ʧʦʤʦʱʠ ʢʚʘʥʪʦʚʦ-ʤʝʭʘʥʠʯʝʩʢʠʭ (ʧʝʨʚʦʧʨʠʥʮʠʧʥʳʭ ʠʣʠ ab initio) 

ʨʘʩʯʝʪʦʚ ʦʩʥʦʚʘʥʥʳʭ ʥʘ ʧʨʠʤʝʥʝʥʠʠ ʪʝʦʨʠʠ ʬʫʥʢʮʠʦʥʘʣʘ ʧʣʦʪʥʦʩʪʠ. ʆʜʥʦʡ ʠʟ 

ʪʘʢʠʭ ʨʘʙʦʪ ʷʚʣʷʝʪʩʷ [83], ʛʜʝ ʚʧʝʨʚʳʝ ʧʨʦʚʦʜʠʣʦʩʴ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʱʝʣʝʚʳʭ 

ʜʚʫʤʝʨʥʳʭ ɼɹ ʚ ʤʦʥʦʩʣʦʡʥʦʤ ʣʠʩʪʝ ʛʨʘʬʝʥʘ. ʆʢʘʟʘʣʦʩʴ, ʯʪʦ ʠʩʩʣʝʜʦʚʘʥʥʳʝ ɼɹ 

ʣʦʢʘʣʠʟʦʚʘʥʳ ʚʩʝʛʦ ʥʘ ʜʚʫʭ ʘʪʦʤʘʭ ʫʛʣʝʨʦʜʘ, ʠʤʝʶʪ ʤʷʛʢʠʡ ʪʠʧ ʥʝʣʠʥʝʡʥʦʩʪʠ ʠ 

https://ru.wikipedia.org/wiki/%D0%A3%D0%B3%D0%BB%D0%B5%D1%80%D0%BE%D0%B4
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ʚʨʝʤʷ ʞʠʟʥʠ ʧʨʝʚʳʰʘʶʱʝʝ 100 ʧʝʨʠʦʜʦʚ ʢʦʣʝʙʘʥʠʡ. ʕʪʠ ʨʝʟʫʣʴʪʘʪʳ ʢʘʯʝʩʪʚʝʥʥʦ 

ʩʦʛʣʘʩʫʶʪʩʷ ʩ ʧʦʣʫʯʝʥʥʳʤʠ ʨʘʥʝʝ ʚ ʨʘʙʦʪʝ [84] ʤʝʪʦʜʘʤʠ ʢʣʘʩʩʠʯʝʩʢʦʡ 

ʤʦʣʝʢʫʣʷʨʥʦʡ ʜʠʥʘʤʠʢʠ, ʯʪʦ ʷʚʣʷʝʪʩʷ ʩʚʠʜʝʪʝʣʴʩʪʚʦʤ ʙʝʟʦʰʠʙʦʯʥʦʩʪʠ 

ʠʩʧʦʣʴʟʫʝʤʦʛʦ ʧʦʪʝʥʮʠʘʣʘ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʜʣʷ ʛʨʘʬʝʥʘ.  

ɸʥʘʣʠʟ ʩʚʦʡʩʪʚ ɼɹ ʚ ʜʚʫʤʝʨʥʦʤ ʛʨʘʬʘʥʝ ʧʨʦʚʦʜʠʣʩʷ ʚ [85] ʩ ʧʦʤʦʱʴʶ ab 

initio ʤʦʜʝʣʠʨʦʚʘʥʠʷ. ʆʙʥʘʨʫʞʝʥʦ, ʯʪʦ ɼɹ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʫʩʪʦʡʯʠʚʫʶ, 

ʩʠʣʴʥʦ ʣʦʢʘʣʠʟʦʚʘʥʥʫʶ ʢʦʣʝʙʘʪʝʣʴʥʫʶ ʤʦʜʫ ʩ ʦʜʥʠʤ ʘʪʦʤʦʤ ʚʦʜʦʨʦʜʘ, 

ʢʦʣʝʙʣʶʱʠʤʩʷ ʩ ʙʦʣʴʰʦʡ ʘʤʧʣʠʪʫʜʦʡ ʚʜʦʣʴ ʥʘʧʨʘʚʣʝʥʠʷ, ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦʛʦ 

ʧʣʦʩʢʦʩʪʠ ʛʨʘʬʘʥʘ, ʧʨʠʯʝʤ ʚʩʝ ʩʦʩʝʜʥʠʝ ʘʪʦʤʳ ʠʤʝʶʪ ʟʥʘʯʠʪʝʣʴʥʦ ʤʝʥʴʰʠʝ 

ʘʤʧʣʠʪʫʜʳ ʢʦʣʝʙʘʥʠʡ. ʏʘʩʪʦʪʘ ɼɹ ʫʤʝʥʴʰʘʝʪʩʷ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʝʝ ʘʤʧʣʠʪʫʜʳ, ʠ 

ʤʦʞʝʪ ʧʨʠʥʠʤʘʪʴ ʣʶʙʦʝ ʟʥʘʯʝʥʠʝ ʚ ʧʨʝʜʝʣʘʭ ʬʦʥʦʥʥʦʛʦ ʩʧʝʢʪʨʘ ʠ ʚʭʦʜʠʪʴ ʚ 

ʜʠʘʧʘʟʦʥ ʥʠʟʢʠʡ ʯʘʩʪʦʪ. 

 

1.4.4. ɼʠʩʢʨʝʪʥʳʝ ʙʨʠʟʝʨʳ ʚ ʢʨʠʩʪʘʣʣʘʭ ʩ ʤʝʪʘʣʣʠʯʝʩʢʦʡ ʩʚʷʟʴʶ 

 

ɺʧʝʨʚʳʝ ʫʩʧʝʰʥʦʝ ʚʦʟʙʫʞʜʝʥʠʝ ʥʫʣʴʤʝʨʥʳʭ ɼɹ ʚ ʪʨʝʭʤʝʨʥʳʭ ʨʝʰʝʪʢʘʭ 

ʯʠʩʪʳʭ ʤʝʪʘʣʣʦʚ ʙʳʣʦ ʧʨʦʚʝʜʝʥʦ ʚ ʨʘʙʦʪʝ [12], ʛʜʝ ʦʙʥʘʨʫʞʝʥʦ, ʯʪʦ ʚ ʥʠʢʝʣʝ ʠ 

ʥʠʦʙʠʠ ʤʦʛʫʪ ʩʫʱʝʩʪʚʦʚʘʪʴ ʩʦʙʩʪʚʝʥʥʳʝ ʣʦʢʘʣʠʟʦʚʘʥʥʳʝ ʤʦʜʳ ʩ ʯʘʩʪʦʪʘʤʠ ʚʳʰʝ 

ʛʨʘʥʠʮʳ ʬʦʥʦʥʥʦʛʦ ʩʧʝʢʪʨʘ. ɺ ʨʘʙʦʪʘʭ [86, 87] ʙʳʣʠ ʥʘʡʜʝʥʳ ɼɹ ʚ ʞʝʣʝʟʝ, ʤʝʜʠ 

ʠ ʥʝʢʦʪʦʨʳʭ ʧʦʣʫʧʨʦʚʦʜʥʠʢʘʭ (Ge, ʘʣʤʘʟ). ʇʦʢʘʟʘʥʦ, ʯʪʦ ʵʪʠ ʚʦʟʙʫʞʜʝʥʠʷ ʚ 

ʤʝʪʘʣʣʘʭ ʤʦʛʫʪ ʨʘʩʧʨʦʩʪʨʘʥʷʪʴʩʷ ʚʜʦʣʴ ʧʣʦʪʥʦʫʧʘʢʦʚʘʥʥʳʭ 

ʢʨʠʩʪʘʣʣʦʛʨʘʬʠʯʝʩʢʠʭ ʥʘʧʨʘʚʣʝʥʠʡ, ʧʝʨʝʜʘʚʘʷ ʢʦʣʝʙʘʪʝʣʴʥʫʶ ʵʥʝʨʛʠʶ, 

ʧʨʝʚʳʰʘʶʱʫʶ 1 ʵɺ ʥʘ ʙʦʣʴʰʠʝ ʨʘʩʩʪʦʷʥʠʷ. ɼʣʷ ʨʘʟʣʠʯʥʳʭ ʤʝʪʘʣʣʦʚ (Nb, Ni, Fe, 

V, W) ʤʘʢʩʠʤʘʣʴʥʘʷ ʩʢʦʨʦʩʪʴ ɼɹ ʙʳʣʘ ʦʮʝʥʝʥʘ ʚ ʨʘʙʦʪʘʭ [12, 21, 86, 88] ʠ 

ʩʦʩʪʘʚʠʣʘ ʧʦʨʷʜʢʘ 0.1-0.5 ʦʪ ʩʢʦʨʦʩʪʠ ʟʚʫʢʘ.  

ɺʟʘʠʤʦʜʝʡʩʪʚʠʝ ʜʚʠʞʫʱʠʭʩʷ ʥʫʣʴʤʝʨʥʳʭ ʜʠʩʢʨʝʪʥʳʭ ʙʨʠʟʝʨʦʚ ʚ ɻʇʋ 

ʤʝʪʘʣʣʝ ʤʘʛʥʠʷ ʨʘʩʩʤʦʪʨʝʥʦ ʚ ʨʘʙʦʪʝ [89]. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʧʦʩʣʝ ʩʪʦʣʢʥʦʚʝʥʠʷ 

ʜʚʫʭ ɼɹ ʚ ʮʝʥʪʨʝ ʢʨʠʩʪʘʣʣʘ ʧʨʦʠʩʭʦʜʠʪ ʩʣʠ̫ʥʠʝ ʚ ʦʜʠʥ ɼɹ, ʢʦʪʦʨʳʡ ʯʝʨʝʟ 

ʥʝʢʦʪʦʨʦʝ ʚʨʝʤʷ ʜʝʣʦʢʘʣʠʟʫʝʪʩʷ, ʠʟʣʫʯʘʷ ʵʥʝʨʛʠʶ ʚ ʚʠʜʝ ʤʘʣʦʘʤʧʣʠʪʫʜʥʳʭ 



31 

 

ʢʦʣʝʙʘʥʠʡ. ʄʘʢʩʠʤʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ ʩʢʦʨʦʩʪʠ ɼɹ, ʢʦʪʦʨʦʝ ʫʜʘʣʦʩʴ ʧʦʣʫʯʠʪʴ ʚ 

ʤʘʛʥʠʠ, ʦʢʘʟʘʣʦʩʴ ʙʣʠʟʢʠʤ ʢ 1 ʢʤ/ʩ, ʯʪʦ ʩʦʩʪʘʚʣʷʝʪ ʧʨʠʤʝʨʥʦ 0.2 ʦʪ ʩʢʦʨʦʩʪʠ 

ʟʚʫʢʘ. ʊʘʢʦʝ ʞʝ ʟʥʘʯʝʥʠʝ ʩʢʦʨʦʩʪʠ ʥʫʣʴʤʝʨʥʦʛʦ ɼɹ ʙʳʣʦ ʧʦʣʫʯʝʥʦ ʜʣʷ ʮʠʨʢʦʥʠʷ 

ʚ ʨʘʙʦʪʝ [88]. ɼʚʠʞʫʱʠʝʩʷ ʥʫʣʴʤʝʨʥʳʝ ɼɹ ʙʳʣʠ ʦʙʥʘʨʫʞʝʥʳ ʚ ɻʇʋ ʨʝʰʝʪʢʝ 

ʢʦʙʘʣʴʪʘ, ʩʢʦʨʦʩʪʴ ʜʚʠʞʝʥʠʷ ʢʦʪʦʨʳʭ ʩʦʩʪʘʚʠʣʘ 0.840 ʢʤ/ʩ (0.18 ʦʪ ʩʢʦʨʦʩʪʠ 

ʟʚʫʢʘ) [90]. 

ɼʝʤʦʥʩʪʨʘʮʠʷ ʦʙʤʝʥʘ ʵʥʝʨʛʠʝʡ ʤʝʞʜʫ ʥʫʣʴʤʝʨʥʳʤʠ ʜʚʦʡʥʳʤʠ ʠ ʪʨʦʡʥʳʤʠ 

ʢʣʘʩʪʝʨʘʤʠ ɼɹ ʧʨʦʚʝʜʝʥʘ ʚ ʨʘʙʦʪʝ [91] ʚ ʨʝʰʝʪʢʝ ʘʣʤʘʟʘ. ɺʳʷʚʣʝʥʦ ʜʚʘ 

ʤʝʭʘʥʠʟʤʘ ʦʙʤʝʥʘ ʵʥʝʨʛʠʝʡ. ɺ ʧʝʨʚʦʤ ʩʣʫʯʘʝ ʦʙʤʝʥ ʵʥʝʨʛʠʝʡ ʧʨʦʠʩʭʦʜʠʪ ʠʟ-ʟʘ 

ʨʘʩʩʠʥʭʨʦʥʠʟʘʮʠʠ ʜʚʠʞʝʥʠʷ ʜʚʫʭ ɼɹ ʚ ʢʣʘʩʪʝʨʝ, ʘ ʚʦ ʚʪʦʨʦʤ  ʤʝʭʘʥʠʟʤ ʦʙʤʝʥʘ 

ʥʘʙʣʶʜʘʝʪʩʷ ʚ ʪʨʦʡʥʳʭ ʢʣʘʩʪʝʨʘʭ ɼɹ. ʇʦʩʣʝʜʥʠʡ ʤʦʞʝʪ ʧʝʨʝʩʪʨʦʠʪʴʩʷ ʚ ʜʚʦʡʥʦʡ 

ɼɹ, ʧʦʩʣʝ ʟʘʪʫʭʘʥʠʷ ʦʜʥʦʛʦ ɼɹ, ʢʦʪʦʨʳʡ, ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʦʪʜʘʝʪ ʟʥʘʯʠʪʝʣʴʥʫʶ 

ʯʘʩʪʴ ʩʚʦʝʡ ʵʥʝʨʛʠʠ ʜʚʫʤ ʜʨʫʛʠʤ ɼɹ. ʕʪʦʪ ʦʙʤʝʥ ʵʥʝʨʛʠʝʡ, ʢʦʪʦʨʳʡ ʜʦʩʪʠʛʘʝʪ 

ʟʥʘʯʝʥʠʡ ʧʦʨʷʜʢʘ 1.5 ʵɺ, ʤʦʞʥʦ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʢʘʢ ʤʝʭʘʥʠʟʤ ʫʩʠʣʝʥʠʷ ɼɹ.  

ɺ ʧʫʙʣʠʢʘʮʠʷʭ [22, 92] ʧʨʦʚʦʜʠʣʠʩʴ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʜʚʠʞʥʳʭ ʠ 

ʥʝʧʦʜʚʠʞʥʳʭ ɼɹ ʚ ʘʣʴʬʘ-ʫʨʘʥʝ. ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʜʚʠʞʫʱʝʛʦʩʷ ɼɹ ʧʨʝʜʣʦʞʝʥ 

ʘʥʟʘʮ-ʧʦʜʭʦʜ, ʩʦʜʝʨʞʘʱʠʡ ʥʝʙʦʣʴʰʦʝ ʯʠʩʣʦ ʧʘʨʘʤʝʪʨʦʚ, ʦʪʚʝʯʘʶʱʠʭ ʟʘ ʩʢʦʨʦʩʪʴ 

ɼɹ, ʨʘʟʥʦʩʪʴ ʬʘʟ ʠ ʘʤʧʣʠʪʫʜ. ʆʢʘʟʘʣʦʩʴ, ʯʪʦ ʚ ʦʨʪʦʨʦʤʙʠʯʝʩʢʦʡ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ 

ʨʝʰʝʪʢʝ ʘʣʴʬʘ-ʫʨʘʥʘ ɼɹ ʣʦʢʘʣʠʟʦʚʘʥ ʥʘ 8 ʘʪʦʤʘʭ ʚ ʧʣʦʪʥʦʫʧʘʢʦʚʘʥʥʦʤ 

ʢʨʠʩʪʘʣʣʦʛʨʘʬʠʯʝʩʢʦʤ ʥʘʧʨʘʚʣʝʥʠʠ [001]. ʇʦʧʳʪʢʘ ʚʦʟʙʫʞʜʝʥʠʷ ʜʚʠʞʫʱʠʭʩʷ ɼɹ 

ʧʦʢʘʟʘʣʘ, ʯʪʦ ʜʘʥʥʳʡ ʚʠʜ ʙʨʠʟʝʨʦʚ ʚ ʘʣʴʬʘ-ʫʨʘʥʝ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʥʠʟʢʦʡ 

ʩʪʘʙʠʣʴʥʦʩʪʴʶ ʠ ʥʝʙʦʣʴʰʦʡ ʜʣʠʥʦʡ ʧʨʦʙʝʛʘ. 

ʑʝʣʝʚʳʝ ɼɹ ʚ ʤʦʜʝʣʷʭ ʫʧʦʨʷʜʦʯʝʥʥʳʭ ʩʧʣʘʚʦʚ ʙʳʣʠ ʦʙʥʘʨʫʞʝʥʳ ʚ 

ʨʘʙʦʪʘʭ [93-97]. ʊʘʢ, ʘʚʪʦʨʘʤʠ [96] ʨʘʩʩʤʘʪʨʠʚʘʣʠʩʴ ʜʚʘ ɼɹ ʩ ʤʷʛʢʠʤ (ɼɹ 1) ʠ 

ʞʝʩʪʢʠʤ (ɼɹ 2) ʪʠʧʘʤʠ ʥʝʣʠʥʝʡʥʦʩʪʠ ʚ ʢʨʠʩʪʘʣʣʝ Pt3Al. ɺ ʦʪʣʠʯʠʝ ʦʪ 

ʣʦʢʘʣʠʟʦʚʘʥʥʦʛʦ ʥʘ ʦʜʥʦʤ ʘʪʦʤʝ, ʥʝʧʦʜʚʠʞʥʦʛʦ ʠ ʫʩʪʦʡʯʠʚʦʛʦ ɼɹ 1, ʜʠʩʢʨʝʪʥʳʡ 

ʙʨʠʟʝʨ ɼɹ 2 ʣʦʢʘʣʠʟʦʚʘʥ, ʚ ʦʩʥʦʚʥʦʤ, ʥʘ ʯʝʪʳʨʝʭ ʘʪʦʤʘʭ Al ʠ ʚʳʪʷʥʫʪ ʚʜʦʣʴ 

ʦʜʥʦʛʦ ʠʟ ʧʣʦʪʥʦʫʧʘʢʦʚʘʥʥʳʭ ʨʷʜʦʚ ʢʨʠʩʪʘʣʣʘ. ʆʜʥʘʢʦ, ɼɹ 2 ʠʤʝʝʪ ʯʘʩʪʦʪʫ ʚʳʰʝ 

ʬʦʥʦʥʥʦʛʦ ʩʧʝʢʪʨʘ ʠ ʚʦʟʤʦʞʥʦʩʪʴ ʧʝʨʝʤʝʱʝʥʠʷ ʥʘ ʩʦʪʥʠ ʥʘʥʦʤʝʪʨʦʚ. 
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ʉʪʦʣʢʥʦʚʝʥʠʝ ɼɹ 2 ʠ ɼɹ 1 ʚʳʟʳʚʘʝʪ ʠʟʣʫʯʝʥʠʝ ʯʘʩʪʠ ʠʭ ʣʦʢʘʣʠʟʦʚʘʥʥʦʡ ʵʥʝʨʛʠʠ 

ʚ ʧʦʜʨʝʰʝʪʢʫ Al, ʧʨʠʯʝʤ ʙʦʣʴʰʫʶ ʯʘʩʪʴ ʵʥʝʨʛʠʠ ʪʝʨʷʝʪ ɼɹ 2, ʢʦʪʦʨʳʡ 

ʨʘʟʨʫʰʘʝʪʩʷ ʙʳʩʪʨʝʝ, ʯʝʤ ɼɹ 1. ɼɹ 2 ʤʦʞʝʪ ʵʬʬʝʢʪʠʚʥʦ ʧʝʨʝʥʦʩʠʪʴ ʵʥʝʨʛʠʶ ʧʦ 

ʢʨʠʩʪʘʣʣʫ, ʘ ʩʪʦʣʢʥʦʚʝʥʠʝ ɼɹ 1 ʠ ɼɹ 2 ʧʨʠʚʦʜʠʪ ʢ ʟʥʘʯʠʪʝʣʴʥʦʡ ʝʝ ʣʦʢʘʣʠʟʘʮʠʠ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚʦʟʤʦʞʥʦʩʪʴ ʧʝʨʝʥʦʩʘ ʵʥʝʨʛʠʠ ʥʘ ʟʥʘʯʠʪʝʣʴʥʳʝ ʨʘʩʩʪʦʷʥʠʷ 

ʤʦʞʝʪ ʚʳʟʳʚʘʪʴ ʩʪʨʫʢʪʫʨʥʳʝ ʪʨʘʥʩʬʦʨʤʘʮʠʠ ʚ ʤʘʪʝʨʠʘʣʝ ʥʘ ʫʜʘʣʝʥʠʠ ʦʪ ʦʯʘʛʘ 

ʚʦʟʙʫʞʜʝʥʠʷ ʧʦʜʦʙʥʳʭ ʣʦʢʘʣʠʟʦʚʘʥʥʳʭ ʦʙʲʝʢʪʦʚ.  

ɺ ʨʘʙʦʪʝ [97] ʦʙʥʘʨʫʞʝʥʳ ɼɹ ʚ ʢʨʠʩʪʘʣʣʝ CuAu ʩ ʞʝʩʪʢʠʤ ʪʠʧʦʤ 

ʥʝʣʠʥʝʡʥʦʩʪʠ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʦʥ ʤʦʞʝʪ ʙʳʪʴ ʧʦʣʫʯʝʥ ʚ ʧʣʦʪʥʦʫʧʘʢʦʚʘʥʥʦʤ ʨʷʜʫ 

ʘʪʦʤʦʚ ʤʝʜʠ ʚʜʦʣʴ ʥʘʧʨʘʚʣʝʥʠʷ [110]. ʈʘʩʩʤʦʪʨʝʥʳ ʫʩʣʦʚʠʷ ʬʦʨʤʠʨʦʚʘʥʠʷ ɼɹ ʩ 

ʤʷʛʢʠʤ ʪʠʧʦʤ ʥʝʣʠʥʝʡʥʦʩʪʠ ʠ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ɼɹ ʪʘʢʦʛʦ ʪʠʧʘ ʤʦʞʝʪ 

ʩʫʱʝʩʪʚʦʚʘʪʴ ʚ ʱʝʣʠ ʬʦʥʦʥʥʦʛʦ ʩʧʝʢʪʨʘ ʢʨʠʩʪʘʣʣʘ CuAu, ʦʙʨʘʟʦʚʘʥʥʦʡ ʟʘ ʩʯʝʪ 

ʜʝʬʦʨʤʘʮʠʠ ʢʨʠʩʪʘʣʣʘ ʠʣʠ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ çʟʘʥʠʞʝʥʠʷè ʤʘʩʩʳ ʘʪʦʤʦʚ ʤʝʜʠ. 

ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ɼɹ ʤʷʛʢʦʛʦ ʪʠʧʘ ʣʦʢʘʣʠʟʦʚʘʥ ʚ ʦʩʥʦʚʥʦʤ ʥʘ ʦʜʥʦʤ ʘʪʦʤʝ ʤʝʜʠ 

ʠ ʤʦʞʝʪ ʩʫʱʝʩʪʚʦʚʘʪʴ ʥʝʩʢʦʣʴʢʦ ʜʝʩʷʪʢʦʚ ʧʝʨʠʦʜʦʚ ʢʦʣʝʙʘʥʠʡ. ʅʝʩʤʦʪʨʷ ʥʘ ʵʪʦ, 

ɼɹ ʩʧʦʩʦʙʝʥ ʢʦʥʮʝʥʪʨʠʨʦʚʘʪʴ ʵʥʝʨʛʠʶ ʧʦʨʷʜʢʘ 0.9 ʵɺ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ɼɹ ʩ 

ʞʝʩʪʢʠʤ ʪʠʧʦʤ ʥʝʣʠʥʝʡʥʦʩʪʠ ʚ ʦʩʥʦʚʥʦʤ ʣʦʢʘʣʠʟʦʚʘʥ ʥʘ 6 ʘʪʦʤʘʭ ʠ ʠʭ 

ʩʦʚʦʢʫʧʥʘʷ ʵʥʝʨʛʠʷ ʩʦʩʪʘʚʣʷʝʪ 2.1 ʵɺ. 

ʇʦʥʷʪʠʝ ʢʚʘʟʠʙʨʠʟʝʨʘ ʙʳʣʦ ʚʚʝʜʝʥʦ ʏʝʯʠʥʳʤ ɻ.ʄ. ʠ ʩʦʘʚʪʦʨʘʤʠ ʚ ʨʘʙʦʪʝ 

[98]. ʇʦʜ ʢʚʘʟʠʙʨʠʟʝʨʦʤ ʧʦʥʠʤʘʝʪʩʷ ʜʦʣʛʦʞʠʚʫʱʝʝ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦ-

ʣʦʢʘʣʠʟʦʚʘʥʥʦʝ ʥʝʣʠʥʝʡʥʦʝ ʢʦʣʝʙʘʥʠʝ, ʜʣʷ ʢʦʪʦʨʦʛʦ ʥʝ ʥʘʙʣʶʜʘʝʪʩʷ ʩʪʨʦʛʘʷ 

ʧʝʨʠʦʜʠʯʥʦʩʪʴ ʚʦ ʚʨʝʤʝʥʠ. ʇʨʠ ʵʪʦʤ ʠʤʠ ʙʳʣ ʩʬʦʨʤʫʣʠʨʦʚʘʥ ʦʧʨʝʜʝʣʝʥʥʳʡ 

ʢʨʠʪʝʨʠʡ ʙʣʠʟʦʩʪʠ ʢʚʘʟʠʙʨʠʟʝʨʘ ʢ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʤʫ ʝʤʫ ʪʦʯʥʦʤʫ ɼɹ, 

ʦʩʥʦʚʘʥʥʳʡ ʥʘ ʚʳʯʠʩʣʝʥʠʠ ʩʨʝʜʥʝʢʚʘʜʨʘʪʠʯʥʦʛʦ ʦʪʢʣʦʥʝʥʠʷ ʯʘʩʪʦʪ ʢʦʣʝʙʘʥʠʡ 

ʦʪʜʝʣʴʥʳʭ ʯʘʩʪʠʮ ʙʨʠʟʝʨʘ ɖ(tk), ʥʘʡʜʝʥʥʳʭ ʥʘ ʥʝʢʦʪʦʨʦʤ ʚʨʝʤʝʥʥʦʤ ʠʥʪʝʨʚʘʣʝ ʚ 

ʦʢʨʝʩʪʥʦʩʪʠ ʤʦʤʝʥʪʘ tk, ʠ ʚʳʯʠʩʣʝʥʠʠ ʩʨʝʜʥʝʢʚʘʜʨʘʪʠʯʥʦʛʦ ʦʪʢʣʦʥʝʥʠʷ ʯʘʩʪʦʪ 

ʢʦʣʝʙʘʥʠʡ ʚʳʜʝʣʝʥʥʦʡ ʯʘʩʪʠʮʳ ɼɹ ʥʘ ʨʘʟʣʠʯʥʳʭ ʚʨʝʤʝʥʥʳʭ ʠʥʪʝʨʚʘʣʘʭ. ʊʘʢʦʡ 

ʧʦʜʭʦʜ ʧʦʟʚʦʣʠʣ ʦʭʘʨʘʢʪʝʨʠʟʦʚʘʪʴ ʵʚʦʣʶʮʠʶ ʢʦʣʝʙʘʪʝʣʴʥʦʡ ʤʦʜʳ ʩ ʪʝʯʝʥʠʝʤ 

ʚʨʝʤʝʥʠ. ʍʘʨʘʢʪʝʨʠʩʪʠʢʠ ʢʚʘʟʠʙʨʠʟʝʨʦʚ ʚ ʤʦʥʦʘʪʦʤʥʳʭ ɻʎʂ-ʤʝʪʘʣʣʘʭ ʠʟʫʯʝʥʳ ʚ 
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ʩʪʘʪʴʝ [23], ʛʜʝ ʨʘʩʩʯʠʪʘʥʳ ʩʨʝʜʥʝʢʚʘʜʨʘʪʠʯʥʳʝ ʦʪʢʣʦʥʝʥʠʷ ʯʘʩʪʦʪ ʘʪʦʤʦʚ, 

ʚʭʦʜʷʱʠʭ ʚ ʩʦʩʪʘʚ ʙʨʠʟʝʨʘ, ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʦʩʥʦʚʥʦʡ ʯʘʩʪʦʪʳ ʢʦʣʝʙʘʥʠʡ. 

ʇʦʢʘʟʘʥʦ, ʯʪʦ ʚ ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʭ ʤʝʪʘʣʣʘʭ ʚʨʝʤʷ ʞʠʟʥʠ ʢʚʘʟʠʙʨʠʟʝʨʘ ʟʘʚʠʩʠʪ ʢʘʢ 

ʦʪ ʥʘʯʘʣʴʥʳʭ ʫʩʣʦʚʠʡ ʚʦʟʙʫʞʜʝʥʠʷ, ʪʘʢ ʠ ʦʪ ʪʠʧʘ ʤʝʪʘʣʣʘ. ɺ ʨʘʙʦʪʘʭ [99-101] 

ʨʘʩʩʤʦʪʨʝʥʳ ʚʦʧʨʦʩʳ ʚʦʟʙʫʞʜʝʥʠʷ ʢʚʘʟʠʙʨʠʟʝʨʦʚ ʚ ʢʨʠʩʪʘʣʣʘʭ ʪʠʧʘ ɸ3ɺ ʧʨʠ 

ʥʘʣʠʯʠʠ ʪʦʯʝʯʥʳʭ ʜʝʬʝʢʪʦʚ. 

ʉʨʘʚʥʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ ʫʩʪʦʡʯʠʚʳʭ ʜʦʣʛʦʞʠʚʫʱʠʭ ɼɹ ʚ ʤʝʪʘʣʣʦʛʠʜʨʠʜʥʳʭ 

ʩʠʩʪʝʤʘʭ (ʪʦ ʝʩʪʴ ʩʦʩʪʦʷʱʠʭ ʠʟ ʘʪʦʤʦʚ ʚʦʜʦʨʦʜʘ ʠ ʤʝʪʘʣʣʘ) ʥʠʢʝʣʷ ʠ ʧʘʣʣʘʜʠʷ 

ʧʨʦʚʝʜʝʥ ʚ ʨʘʙʦʪʝ [102]. ɸʚʪʦʨʘʤʠ ʙʳʣʠ ʦʙʥʘʨʫʞʝʥʳ ʜʚʘ ʪʠʧʘ ʫʩʪʦʡʯʠʚʳʭ ɼɹ: 

ʦʜʥʦʛʦ ʚʦʜʦʨʦʜʘ ʠ ʧʘʨʳ ʘʪʦʤʦʚ ʚʦʜʦʨʦʜʘ, ʢʦʣʝʙʣʶʱʠʭʩʷ ʚ ʧʨʦʪʠʚʦʬʘʟʝ. ɸʥʘʣʠʟ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ɼɹ ʧʦʢʘʟʘʣ, ʯʪʦ ʝʛʦ ʯʘʩʪʦʪʘ ʥʘʭʦʜʠʪʩʷ ʚ ʬʦʥʦʥʥʦʡ ʱʝʣʠ ʠʣʠ ʣʝʞʠʪ 

ʚ ʦʧʪʠʯʝʩʢʦʡ ʧʦʣʦʩʝ ʬʦʥʦʥʥʦʛʦ ʩʧʝʢʪʨʘ ʚʙʣʠʟʠ ʝʛʦ ʚʝʨʭʥʝʡ ʛʨʘʥʠʮʳ.  

ɺʣʠʷʥʠʝ ɼɹ ʥʘ ʧʣʘʩʪʠʯʥʦʩʪʴ ʠ ʧʨʦʯʥʦʩʪʴ ʢʨʠʩʪʘʣʣʦʚ ʠʟʫʯʝʥʦ ʚ ʨʘʙʦʪʝ 

[103]. ʈʘʩʩʤʦʪʨʝʥʳ ʤʦʜʝʣʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʜʠʩʣʦʢʘʮʠʡ ʩ ɼɹ ʚ ʞʝʣʝʟʝ ʠ 

ʘʣʶʤʠʥʠʠ. ɸʪʦʤʥʳʝ ʢʦʣʝʙʘʥʠʷ ʙʦʣʴʰʦʡ ʘʤʧʣʠʪʫʜʳ ʩʧʦʩʦʙʩʪʚʫʶʪ ʦʪʨʳʚʫ 

ʜʠʩʣʦʢʘʮʠʡ ʦʪ çʪʦʯʝʢ ʟʘʮʝʧʘè, ʯʪʦ ʤʦʞʝʪ ʟʥʘʯʠʪʝʣʴʥʦ ʫʩʢʦʨʷʪʴ ʧʣʘʩʪʠʯʝʩʢʫʶ 

ʜʝʬʦʨʤʘʮʠʶ ʤʘʪʝʨʠʘʣʘ ʚ ʫʩʣʦʚʠʷʭ ʜʦʩʪʘʪʦʯʥʦ ʚʳʩʦʢʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ ʚ ʥʝʤ 

ʙʨʠʟʝʨʦʚ. 

 

1.5. ʄʦʣʝʢʫʣʷʨʥʘʷ ʜʠʥʘʤʠʢʘ: ʦʩʥʦʚʥʳʝ ʧʦʥʷʪʠʷ 

 

ʄʦʣʝʢʫʣʷʨʥʦ-ʜʠʥʘʤʠʯʝʩʢʠʡ ʧʦʜʭʦʜ ʷʚʣʷʝʪʩʷ ʥʘʜʝʞʥʳʤ ʠʥʩʪʨʫʤʝʥʪʦʤ ʜʣʷ 

ʘʪʦʤʠʩʪʠʯʝʩʢʦʛʦ ʦʧʠʩʘʥʠʷ ʧʨʦʮʝʩʩʦʚ ʚ ʤʘʪʝʨʠʘʣʘʭ. ʆʥ ʤʦʞʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʜʣʷ 

ʦʧʨʝʜʝʣʝʥʠʷ ʤʘʢʨʦʧʘʨʘʤʝʪʨʦʚ ʩʠʩʪʝʤʳ (ʪʝʤʧʝʨʘʪʫʨʳ, ʜʘʚʣʝʥʠʷ, ʚʥʫʪʨʝʥʥʝʡ 

ʵʥʝʨʛʠʠ, ʧʣʦʪʥʦʩʪʠ), ʘ ʪʘʢʞʝ ʨʘʚʥʦʚʝʩʥʳʭ ʠ ʥʝʨʘʚʥʦʚʝʩʥʳʭ ʫʨʘʚʥʝʥʠʡ ʩʦʩʪʦʷʥʠʷ 

ʠ ʜʨ. C ʫʯʝʪʦʤ ʚʦʟʤʦʞʥʦʩʪʝʡ ʩʦʚʨʝʤʝʥʥʦʡ ʚʳʩʦʢʦʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʡ 

ʚʳʯʠʩʣʠʪʝʣʴʥʦʡ ʪʝʭʥʠʢʠ ʤʦʣʝʢʫʣʷʨʥʦ-ʜʠʥʘʤʠʯʝʩʢʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ, ʧʦʟʚʦʣʷʝʪ 

ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʦʙʲʸʤʳ ʚʝʱʝʩʪʚʘ ʨʘʟʤʝʨʦʤ ʜʦ ʢʫʙʠʯʝʩʢʦʛʦ ʤʠʢʨʦʤʝʪʨʘ, ʯʪʦ 

ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʧʨʠʤʝʨʥʦ ʤʠʣʣʠʘʨʜʫ ʯʘʩʪʠʮ. ʇʨʠ ʵʪʦʤ ʚʳʯʠʩʣʠʪʝʣʴʥʘʷ 
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ʧʦʛʨʝʰʥʦʩʪʴ ʤʦʞʝʪ ʩʦʩʪʘʚʣʷʪʴ å1õ3%. ʆʙʱʘʷ ʧʦʛʨʝʰʥʦʩʪʴ ʨʘʩʯʝʪʘ ʧʘʨʘʤʝʪʨʦʚ 

ʩʠʩʪʝʤʳ ʟʘʚʠʩʠʪ ʦʪ ʠʩʧʦʣʴʟʫʝʤʦʛʦ ʧʦʪʝʥʮʠʘʣʘ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʤʝʞʜʫ ʯʘʩʪʠʮʘʤʠ. 

ʂʘʯʝʩʪʚʦ ʧʦʪʝʥʮʠʘʣʦʚ ʦʧʨʝʜʝʣʷʝʪʩʷ ʥʘ ʦʩʥʦʚʝ ʩʨʘʚʥʠʪʝʣʴʥʦʛʦ ʘʥʘʣʠʟʘ 

ʨʘʩʩʯʠʪʘʥʥʳʭ ʤʝʭʘʥʠʯʝʩʢʠʭ (ʠʟʦʪʝʨʤʠʯʝʩʢʠʡ ʢʦʵʬʬʠʮʠʝʥʪ ʦʙʲʸʤʥʦʛʦ ʩʞʘʪʠʷ) ʠ 

ʪʝʧʣʦʬʠʟʠʯʝʩʢʠʭ (ʪʝʧʣʦʝʤʢʦʩʪʴ, ʢʦʵʬʬʠʮʠʝʥʪ ʣʠʥʝʡʥʦʛʦ ʨʘʩʰʠʨʝʥʠʷ) ʩʚʦʡʩʪʚ 

ʪʦʛʦ ʠʣʠ ʠʥʦʛʦ ʚʝʱʝʩʪʚʘ ʩ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʤʠ ʠʣʠ ʩʧʨʘʚʦʯʥʳʤʠ ʜʘʥʥʳʤʠ. 

ʄʝʪʦʜʦʤ ʢʣʘʩʩʠʯʝʩʢʦʡ ʤʦʣʝʢʫʣʷʨʥʦʡ ʜʠʥʘʤʠʢʠ (ʄɼ) ʥʘʟʳʚʘʝʪʩʷ ʤʝʪʦʜ, ʚ 

ʢʦʪʦʨʦʤ ʚʨʝʤʝʥʥʘʷ ʵʚʦʣʶʮʠʷ ʩʠʩʪʝʤʳ ʚʟʘʠʤʦʜʝʡʩʪʚʫʶʱʠʭ ʘʪʦʤʦʚ ʠʣʠ ʯʘʩʪʠʮ 

ʦʪʩʣʝʞʠʚʘʝʪʩʷ ʠʥʪʝʛʨʠʨʦʚʘʥʠʝʤ ʠʭ ʫʨʘʚʥʝʥʠʡ ʜʚʠʞʝʥʠʷ [104, 105]. ɼʣʷ ʦʧʠʩʘʥʠʷ 

ʜʚʠʞʝʥʠʷ ʘʪʦʤʦʚ ʠʣʠ ʯʘʩʪʠʮ ʨʝʰʘʝʪʩʷ ʩʠʩʪʝʤʘ ʫʨʘʚʥʝʥʠʡ ʚʪʦʨʦʛʦ ʟʘʢʦʥʘ 

ʅʴʶʪʦʥʘ [106]: 

 

άὥᴆ  Ὂᴆ ,       (1.6) 

 

ʛʜʝ ά  ïʤʘʩʩʘ i-ʡ ʯʘʩʪʠʮʳ, ὥᴆ  
ᴆ
  ʝy ʫʩʢʦʨʝʥʠʝ, ʠ Ὂᴆ ᶯὟὶᴆȟὶᴆȟȣὶᴆ ï ʩʠʣʘ, 

ʜʝʡʩʪʚʫʶʱʘʷ ʥʘ ʥʝ.y 

ɼʣʷ ʠʥʪʝʛʨʠʨʦʚʘʥʠʷ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʭ ʫʨʘʚʥʝʥʠʡ ʚʪʦʨʦʛʦ ʧʦʨʷʜʢʘ 

ʥʝʦʙʭʦʜʠʤʦ ʩʬʦʨʤʫʣʠʨʦʚʘʪʴ ʥʘʯʘʣʴʥʳʝ ʫʩʣʦʚʠʷ, ʟʘʜʘʚ ʥʘʯʘʣʴʥʳʝ ʧʦʣʦʞʝʥʠʷ ʠ 

ʥʘʯʘʣʴʥʳʝ ʩʢʦʨʦʩʪʠ ʚʩʝʭ ʘʪʦʤʦʚ: 

 

ὶπ ὶȟ       π‮  ‮       (1.7) 

 

ʉʣʝʜʫʶʱʠʤ ʰʘʛʦʤ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʷʚʣʷʝʪʩʷ ʚʳʙʦʨ ʛʨʘʥʠʯʥʳʭ ʫʩʣʦʚʠʡ, 

ʢʦʪʦʨʳʝ ʦʧʨʝʜʝʣʷʶʪ, ʙʫʜʝʪ ʣʠ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʧʨʦʚʦʜʠʪʴʩʷ ʧʨʠ ʧʦʩʪʦʷʥʥʦʤ 

ʜʘʚʣʝʥʠʠ ʠʣʠ ʧʨʠ ʧʦʩʪʦʷʥʥʦʤ ʦʙʲʸʤʝ.  

ʅʘʠʙʦʣʝʝ ʠʩʧʦʣʴʟʫʝʤʳʤʠ ʚ ʤʝʪʦʜʝ ʤʦʣʝʢʫʣʷʨʥʦʡ ʜʠʥʘʤʠʢʠ ʷʚʣʷʶʪʩʷ 

ʧʝʨʠʦʜʠʯʝʩʢʠʝ ʛʨʘʥʠʯʥʳʝ ʫʩʣʦʚʠʷ, ʢʦʪʦʨʳʝ ʧʦʜʨʘʟʫʤʝʚʘʶʪ, ʯʪʦ ʚʦʢʨʫʛ ʨʘʩʯʝʪʥʦʡ 

ʷʯʝʡʢʠ ʠʤʝʶʪʩʷ ʝʝ ʚʠʨʪʫʘʣʴʥʳʝ ʦʙʨʘʟʳ ʩ ʪʦʯʥʦ ʪʘʢʠʤ ʞʝ ʧʦʣʦʞʝʥʠʝʤ ʯʘʩʪʠʮ. 

https://ru.wikipedia.org/wiki/%D0%A7%D0%B8%D1%81%D0%BB%D0%B5%D0%BD%D0%BD%D0%BE%D0%B5_%D0%B8%D0%BD%D1%82%D0%B5%D0%B3%D1%80%D0%B8%D1%80%D0%BE%D0%B2%D0%B0%D0%BD%D0%B8%D0%B5
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ʕʪʦ ʧʦʟʚʦʣʷʝʪ ʫʩʪʨʘʥʠʪʴ ʧʦʚʝʨʭʥʦʩʪʥʳʝ ʵʬʬʝʢʪʳ ʠ ʤʦʜʝʣʠʨʦʚʘʪʴ ʧʦʚʝʜʝʥʠʝ 

ʘʪʦʤʦʚ ʣʠʰʴ ʚ ʥʝʙʦʣʴʰʦʡ ʦʙʣʘʩʪʠ, ʥʘʟʳʚʘʝʤʦʡ ʪʘʢʞʝ ɻʣʝʤʝʥʪʘʨʥʦʡ ʷʯʝʡʢʦʡ, 

ʢʦʪʦʨʘʷ ʷʚʣʷʝʪʩʷ ʯʘʩʪʴʶ ʙʦʣʴʰʦʛʦ (ʧʦ ʩʫʪʠ ʙʝʩʢʦʥʝʯʥʦʛʦ) ʢʨʠʩʪʘʣʣʘ. ɺ ʵʪʦʤ 

ʩʣʫʯʘʝ, ʢʦʛʜʘ ʯʘʩʪʠʮʘ ʚʳʭʦʜʠʪ ʟʘ ʧʨʝʜʝʣʳ ʦʜʥʦʡ ʩʪʦʨʦʥ rʵʣʝʤʝʥʪʘʨʥʦʡ ʷʯʝʡʢʠ, 

ʪʦ ʦʥʘ ʧʦʷʚʣʷʝʪʩʷ ʥʘ ʧʨʦʪʠʚʦʧʦʣʦʞʥʦʡ ʩʪʦʨʦʥʝ, ʧʦʣʥʦʩʪʴʶ ʩʦʭʨʘʥʷʷ ʧʨʠ ʵʪʦʤ 

ʩʚʦʶ ʩʢʦʨʦʩʪʴ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʧʝʨʠʦʜʠʯʝʩʢʠʭ ʛʨʘʥʠʯʥʳʭ ʫʩʣʦʚʠʡ 

ʧʦʟʚʦʣʷʝʪ ʟʥʘʯʠʪʝʣʴʥʦ ʫʩʢʦʨʠʪʴ ʠ ʩʫʱʝʩʪʚʝʥʥʦ ʫʧʨʦʩʪʠʪʴ ʧʨʦʮʝʩʩ 

ʤʦʜʝʣʠʨʦʚʘʥʠʷ. ʆʜʥʘʢʦ, ʧʨʠ ʵʪʦʤ ʥʫʞʥʦ ʠʤʝʪʴ ʚʚʠʜʫ, ʯʪʦ ʚʳʙʦʨ ʩʣʠʰʢʦʤ ʤʘʣʦʡ 

ʨʘʩʯʝʪʥʦʡ ʷʯʝʡʢʠ ʤʦʞʝʪ ʦʢʘʟʳʚʘʪʴ ʚʣʠʷʥʠʝ ʥʘ ʨʝʟʫʣʴʪʘʪʳ ʤʦʣʝʢʫʣʷʨʥʦ-

ʜʠʥʘʤʠʯʝʩʢʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ.  

ɼʣʷ ʧʦʣʫʯʝʥʠʷ ʜʦʩʪʦʚʝʨʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʚʘʞʝʥ ʧʨʘʚʠʣʴʥʳʡ ʚʳʙʦʨ ʰʘʛʘ ʧʦ 

ʚʨʝʤʝʥʠ ʠ ʜʣʠʪʝʣʴʥʦʩʪʠ ʤʦʜʝʣʠʨʦʚʘʥʠʷ. ʇʝʨʚʳʡ ʧʘʨʘʤʝʪʨ ʚʣʠʷʝʪ ʥʘ ʪʦʯʥʦʩʪʴ 

ʨʝʰʝʥʠʷ ʫʨʘʚʥʝʥʠʡ ʜʚʠʞʝʥʠʷ, ʚʪʦʨʦʡ ʚʘʞʝʥ ʜʣʷ ʫʩʪʘʥʦʚʣʝʥʠʷ 

ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʦʛʦ ʨʘʚʥʦʚʝʩʠʷ ʚ ʩʠʩʪʝʤʝ [107]. ʇʨʠʯʝʤ ʚʨʝʤʷ ʤʦʜʝʣʠʨʦʚʘʥʠʷ 

ʥʝʦʙʭʦʜʠʤʦ ʧʦʜʦʙʨʘʪʴ ʪʘʢ, ʯʪʦʙʳ ʚ ʪʝʯʝʥʠʝ ʵʪʦʛʦ ʚʨʝʤʝʥʠ ʜʦʩʪʠʛʘʣʘʩʴ ʪʨʝʙʫʝʤʘʷ 

ʪʦʯʥʦʩʪʴ ʦʧʨʝʜʝʣʝʥʠʷ ʤʠʥʠʤʫʤʘ ʵʥʝʨʛʠʠ ʠ ʫʩʪʘʥʘʚʣʠʚʘʣʦʩʴ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʦʝ 

ʨʘʚʥʦʚʝʩʠʝ. 

ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʤʝʪʦʜ ʤʦʣʝʢʫʣʷʨʥʦʡ ʜʠʥʘʤʠʢʠ ʧʨʠʤʝʥʠʤ ʪʦʣʴʢʦ ʢ 

ʩʠʩʪʝʤʘʤ, ʚ ʢʦʪʦʨʳʭ ʜʣʠʥʘ ʚʦʣʥʳ ɼʝ ɹʨʦʡʣʷ ʘʪʦʤʘ (ʠʣʠ ʯʘʩʪʠʮʳ) ʤʥʦʛʦ ʤʝʥʴʰʝ, 

ʯʝʤ ʤʝʞʘʪʦʤʥʦʝ ʨʘʩʩʪʦʷʥʠʝ. ʊʘʢʞʝ ʢʣʘʩʩʠʯʝʩʢʘʷ ʤʦʣʝʢʫʣʷʨʥʘʷ ʜʠʥʘʤʠʢʘ ʥʝ 

ʧʦʜʭʦʜʠʪ ʜʣʷ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʧʦʚʝʜʝʥʠʷ ʩʠʩʪʝʤ, ʩʦʩʪʦʷʱʠʭ ʠʟ ʣʝʛʢʠʭ ʘʪʦʤʦʚ, 

ʪʘʢʠʭ ʢʘʢ ʛʝʣʠʡ ʠʣʠ ʚʦʜʦʨʦʜ. ʂʨʦʤʝ ʪʦʛʦ, ʧʨʠ ʥʠʟʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ ʢʚʘʥʪʦʚʳʝ 

ʵʬʬʝʢʪʳ ʥʘʯʠʥʘʶʪ ʠʛʨʘʪʴ ʙʦʣʝʝ ʚʘʞʥʫʶ ʨʦʣʴ ʠ ʜʣʷ ʨʘʩʩʤʦʪʨʝʥʠʷ ʪʘʢʠʭ ʩʠʩʪʝʤ 

ʥʝʦʙʭʦʜʠʤʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʢʚʘʥʪʦʚʦʭʠʤʠʯʝʩʢʠʝ ʤʝʪʦʜʳ, ʚ ʢʦʪʦʨʳʭ ʩʥʘʯʘʣʘ 

ʨʘʩʩʯʠʪʳʚʘʝʪʩʷ ʵʣʝʢʪʨʦʥʥʘʷ ʧʣʦʪʥʦʩʪʴ ʠ ʠʩʭʦʜʷ ʠʭ ʥʝʝ ʩʠʣʳ ʜʝʡʩʪʚʫʶʱʠʝ ʥʘ 

ʘʪʦʤʳ ʩʠʩʪʝʤʳ. ɺʘʞʥʳʤ ʷʚʣʷʝʪʩʷ ʪʘʢʞʝ ʪʦ, ʯʪʦʙʳ ʚʨʝʤʝʥʘ ʤʦʜʝʣʠʨʦʚʘʥʠʷ 

ʩʠʩʪʝʤʳ ʙʳʣʠ ʙʦʣʴʰʝ, ʯʝʤ ʚʨʝʤʷ ʨʝʣʘʢʩʘʮʠʠ ʠʩʩʣʝʜʫʝʤʳʭ ʬʠʟʠʯʝʩʢʠʭ ʚʝʣʠʯʠʥ. 

ʂ ʜʦʩʪʦʠʥʩʪʚʘʤ ʤʝʪʦʜʘ ʤʦʣʝʢʫʣʷʨʥʦʡ ʜʠʥʘʤʠʢʠ ʦʪʥʦʩʷʪʩʷ ʝʛʦ 

ʨʘʟʨʘʙʦʪʘʥʥʦʩʪʴ ʠ ʥʘʣʠʯʠʝ ʛʦʪʦʚʳʭ ʧʨʦʛʨʘʤʤʥʳʭ ʧʨʦʜʫʢʪʦʚ. ʇʨʠʚʝʜʝʤ 

https://ru.wikipedia.org/wiki/%D0%92%D0%BE%D0%BB%D0%BD%D0%B0_%D0%B4%D0%B5_%D0%91%D1%80%D0%BE%D0%B9%D0%BB%D1%8F
https://ru.wikipedia.org/wiki/%D0%94%D0%BB%D0%B8%D0%BD%D0%B0_%D1%85%D0%B8%D0%BC%D0%B8%D1%87%D0%B5%D1%81%D0%BA%D0%BE%D0%B9_%D1%81%D0%B2%D1%8F%D0%B7%D0%B8
https://ru.wikipedia.org/wiki/%D0%93%D0%B5%D0%BB%D0%B8%D0%B9
https://ru.wikipedia.org/wiki/%D0%92%D0%BE%D0%B4%D0%BE%D1%80%D0%BE%D0%B4
https://ru.wikipedia.org/wiki/%D0%9A%D0%B2%D0%B0%D0%BD%D1%82%D0%BE%D0%B2%D0%B0%D1%8F_%D1%85%D0%B8%D0%BC%D0%B8%D1%8F
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ʥʝʢʦʪʦʨʳʝ ʠʟ ʥʠʭ, ʥʘʧʨʠʤʝʨ, ʩʚʦʙʦʜʥʦ ʨʘʩʧʨʦʩʪʨʘʥʷʝʤʳʡ ʧʘʢʝʪ LAMMPS (Large-

scale Atomic/Molecular Massively Parallel Simulator) [108]. ʈʘʟʨʘʙʦʪʘʥ ʩʦʪʨʫʜʥʠʢʦʤ 

ʅʘʮʠʦʥʘʣʴʥʦʡ ʣʘʙʦʨʘʪʦʨʠʠ ʉʘʥʜʘʷ (ʉʐɸ) ʉʪʠʚʝʥʦʤ ʇʣʠʤʧʪʦʥʦʤ (S. Plimpton). 

ʇʨʦʛʨʘʤʤʥʳʡ ʧʨʦʜʫʢʪ ʧʦʟʚʦʣʷʝʪ ʦʪʩʣʝʞʠʚʘʪʴ ʪʨʘʝʢʪʦʨʠʠ ʚʩʝʭ ʘʪʦʤʦʚ 

ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʡ ʩʠʩʪʝʤʳ ʠ ʤʦʞʝʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥ ʢʘʢ ʥʘ ʦʜʥʦʧʨʦʮʝʩʩʦʨʥʳʭ 

ʢʦʤʧʴʶʪʝʨʘʭ, ʪʘʢ ʠ ʥʘ ʧʘʨʘʣʣʝʣʴʥʳʭ ʢʣʘʩʪʝʨʘʭ ʠ ʩʫʧʝʨʢʦʤʧʴʶʪʝʨʘʭ. ʉʧʦʩʦʙʝʥ 

ʤʦʜʝʣʠʨʦʚʘʪʴ ʘʥʩʘʤʙʣʴ ʯʘʩʪʠʮ ʞʠʜʢʦʛʦ, ʛʘʟʦʦʙʨʘʟʥʦʛʦ ʠ ʪʚʝʨʜʦʛʦ ʩʦʩʪʦʷʥʠʡ. 

ʇʨʦʛʨʘʤʤʘ ʠʤʝʝʪ ʰʠʨʦʢʠʡ ʬʫʥʢʮʠʦʥʘʣ ʜʣʷ ʧʦʩʪʨʦʝʥʠʷ ʩʪʨʫʢʪʫʨ, ʟʘʜʘʥʠʷ 

ʫʩʣʦʚʠʡ ʤʦʜʝʣʠʨʦʚʘʥʠʡ. ʂʨʦʤʝ ʪʦʛʦ, ʧʨʦʛʨʘʤʤʘ ʧʦʜʜʝʨʞʠʚʘʝʪ ʧʨʘʢʪʠʯʝʩʢʠ ʚʩʝ 

ʠʟʚʝʩʪʥʳʝ ʪʠʧʳ ʧʦʪʝʥʮʠʘʣʦʚ ʤʝʞʘʪʦʤʥʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ. 

NAMD (NAnoscale Molecular Dynamics) [109] - ʙʝʩʧʣʘʪʥʘʷ ʧʨʦʛʨʘʤʤʘ ʜʣʷ 

ʄɼ, ʥʘʧʠʩʘʥʥʘʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʦʜʝʣʠ ʧʘʨʘʣʣʝʣʴʥʦʛʦ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ. 

ʀʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʩʠʤʫʣʷʮʠʠ ʙʦʣʴʰʠʭ ʩʠʩʪʝʤ (ʤʠʣʣʠʦʥʳ ʘʪʦʤʦʚ). ʇʨʦʛʨʘʤʤʘ 

ʧʦʜʜʝʨʞʠʚʘʝʪ ʤʫʣʴʪʠʧʨʦʮʝʩʩʦʨʥʦʩʪʴ ʠ ʚʦʟʤʦʞʥʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʛʨʘʬʠʯʝʩʢʠʭ 

ʧʨʦʮʝʩʩʦʨʦʚ. ʈʘʟʨʘʙʦʪʘʥʘ ʩʦʚʤʝʩʪʥʦ ʛʨʫʧʧʦʡ ʪʝʦʨʝʪʠʯʝʩʢʦʡ ʠ ʚʳʯʠʩʣʠʪʝʣʴʥʦʡ 

ʙʠʦʬʠʟʠʢʠ ʠ ʣʘʙʦʨʘʪʦʨʠʝʡ ʧʘʨʘʣʣʝʣʴʥʦʛʦ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ ʚ ʀʣʣʠʥʦʡʩʢʦʤ 

ʫʥʠʚʝʨʩʠʪʝʪʝ (ʉʐɸ).  

ʉʣʝʜʫʶʱʠʡ ʧʨʦʛʨʘʤʤʥʳʡ ʧʨʦʜʫʢʪ - ʵʪʦ XMD, ʢʦʪʦʨʳʡ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ 

ʢʣʘʩʩʠʯʝʩʢʫʶ ʧʨʦʛʨʘʤʤʫ ʜʣʷ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʤʝʪʦʜʦʤ ʤʦʣʝʢʫʣʷʨʥʦʡ ʜʠʥʘʤʠʢʠ. 

ʇʨʝʜʥʘʟʥʘʯʝʥ ʧʘʢʝʪ, ʚ ʦʩʥʦʚʥʦʤ, ʜʣʷ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʧʨʦʮʝʩʩʦʚ, ʧʨʦʠʩʭʦʜʷʱʠʭ ʚ 

ʤʝʪʘʣʣʘʭ ʠ ʢʝʨʘʤʠʢʝ. ʇʨʦʛʨʘʤʤʘ ʨʘʟʨʘʙʦʪʘʥʘ ʚ ʂʦʥʥʝʢʪʠʢʫʪʩʢʦʤ ʫʥʠʚʝʨʩʠʪʝʪʝ 

ʉʐɸ ʧʦʜ ʨʫʢʦʚʦʜʩʪʚʦʤ ɼʞʦʥʘ ʈʠʬʢʠʥʘ (Jon Rifkin) [110], ʜʦʩʪʫʧʥʘ ʚ ʠʩʭʦʜʥʳʭ 

ʢʦʜʘʭ ʠ ʨʘʩʧʨʦʩʪʨʘʥʷʝʪʩʷ ʙʝʩʧʣʘʪʥʦ. ʀʤʝʝʪ ʦʛʨʘʥʠʯʝʥʠʷ ʚ ʯʠʩʣʝ ʘʪʦʤʦʚ, ʩ 

ʢʦʪʦʨʳʤʠ ʤʦʞʝʪ ʨʘʙʦʪʘʪʴ ʧʨʦʛʨʘʤʤʘ, ʘ ʠʤʝʥʥʦ 5000 ʜʦ 100 000 ʘʪʦʤʦʚ. 

ʇʨʦʛʨʘʤʤʥʳʡ ʧʘʢʝʪ The ITAP (Institut f¿r Theoretische und Angewandte 

Physik) Molecular Dynamics Program (IMD) ʙʳʣ ʠʟʥʘʯʘʣʴʥʦ ʨʘʟʨʘʙʦʪʘʥ ʁʦʨʛʦʤ 

ʐʪʘʜʣʝʨʦʤ (Jºrg Stadler) ʚ ʫʥʠʚʝʨʩʠʪʝʪʝ ʛʦʨʦʜʘ ʐʪʫʪʛʘʨʪ (ɻʝʨʤʘʥʠʷ) ʠ 

ʧʨʝʜʥʘʟʥʘʯʝʥ ʜʣʷ ʢʣʘʩʩʠʯʝʩʢʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʤʝʪʦʜʦʤ ʤʦʣʝʢʫʣʷʨʥʦʡ 

ʜʠʥʘʤʠʢʠ [111]. ʇʦʜʜʝʨʞʠʚʘʶʪʩʷ ʥʝʩʢʦʣʴʢʦ ʪʠʧʦʚ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ, ʪʘʢʠʝ ʢʘʢ 
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ʧʦʪʝʥʮʠʘʣʳ ʮʝʥʪʨʘʣʴʥʦʡ ʧʘʨʳ, ʧʦʪʝʥʮʠʘʣʳ ʦʩʥʦʚʘʥʥʳʝ ʥʘ ʤʝʪʦʜʝ ʧʦʛʨʫʞʝʥʥʦʛʦ 

ʘʪʦʤʘ ʜʣʷ ʤʝʪʘʣʣʦʚ, ʧʦʪʝʥʮʠʘʣʳ ʉʪʠʣʣʠʥʛʝʨʘ-ɺʝʙʝʨʘ ʠ ʊʝʨʩʦʬʬʘ ʜʣʷ 

ʢʦʚʘʣʝʥʪʥʳʭ ʩʠʩʪʝʤ ʠ ʧʦʪʝʥʮʠʘʣʳ ɻʝʡ-ɹʝʨʥʘ ʜʣʷ ʞʠʜʢʠʭ ʢʨʠʩʪʘʣʣʦʚ. ʅʝʪ 

ʦʛʨʘʥʠʯʝʥʠʡ ʢʘʢ ʥʘ ʢʦʣʠʯʝʩʪʚʦ ʯʘʩʪʠʮ, ʪʘʢ ʠ ʥʘ ʢʦʣʠʯʝʩʪʚʦ ʪʠʧʦʚ ʯʘʩʪʠʮ. ʇʘʢʝʪʫ 

IMD ʧʨʠʥʘʜʣʝʞʘʪ ʤʠʨʦʚʳʝ ʨʝʢʦʨʜʳ 1997 ʠ 1999 ʛʦʜʦʚ, ʩʚʷʟʘʥʥʳʝ ʩ 

ʤʦʜʝʣʠʨʦʚʘʥʠʝʤ ʧʦʚʝʜʝʥʠʷ ʙʦʣʴʰʠʭ ʩʠʩʪʝʤ, ʩʦʜʝʨʞʘʱʠʭ ʙʦʣʝʝ ʤʠʣʣʠʘʨʜʘ 

ʘʪʦʤʦʚ, ʥʘ ʪʦʪ ʤʦʤʝʥʪ ʩʘʤʦʛʦ ʙʦʣʴʰʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʘʪʦʤʦʚ, ʢʦʪʦʨʦʝ ʙʳʣʦ 

ʠʩʧʦʣʴʟʦʚʘʥʦ ʚ ʤʦʣʝʢʫʣʷʨʥʦ-ʜʠʥʘʤʠʯʝʩʢʠʭ ʨʘʩʯʝʪʘʭ. IMD ʵʬʬʝʢʪʠʚʥʦ ʨʘʙʦʪʘʝʪ 

ʢʘʢ ʥʘ ʦʜʥʦʧʨʦʮʝʩʩʦʨʥʳʭ ʢʦʤʧʴʶʪʝʨʘʭ, ʪʘʢ ʠ ʥʘ ʩʫʧʝʨʢʦʤʧʴʶʪʝʨʘʭ, ʥʦ ʥʝ ʦʯʝʥʴ 

ʧʦʜʭʦʜʠʪ ʜʣʷ ʚʝʢʪʦʨʥʳʭ ʧʨʦʮʝʩʩʦʨʦʚ. ʅʝʩʤʦʪʨʷ ʥʘ ʫʜʦʙʩʪʚʦ ʠ ʦʪʥʦʩʠʪʝʣʴʥʫʶ 

ʧʨʦʩʪʦʪʫ, ʧʘʢʝʪ IMD ʥʝ ʧʦʣʫʯʠʣ ʩʪʦʣʴ ʰʠʨʦʢʦʛʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʚ ʦʪʣʠʯʠʝ 

LAMMPS. 

ɼʣʷ ʧʦʩʪʨʦʝʥʠʷ ʜʠʥʘʤʠʯʝʩʢʠʭ ʩʠʤʫʣʷʮʠʡ, ʥʝʦʙʭʦʜʠʤʦ ʦʧʠʩʘʪʴ ʩʠʣʳ ʠʣʠ 

ʧʦʪʝʥʮʠʘʣ ʤʝʞʘʪʦʤʥʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ. ʌʠʟʠʯʝʩʢʠʡ ʩʤʳʩʣ ʠʭ ʧʨʠʤʝʥʝʥʠʷ ʚ 

ʤʦʣʝʢʫʣʷʨʥʦʡ ʜʠʥʘʤʠʢʝ ʜʦʩʪʘʪʦʯʥʦ ʧʨʦʩʪ ʠ ʥʝ ʚʳʭʦʜʠʪ ʟʘ ʨʘʤʢʠ ʢʣʘʩʩʠʯʝʩʢʦʡ 

ʬʠʟʠʢʠ. ʇʦʪʝʥʮʠʘʣʴʥʘʷ ʵʥʝʨʛʠʷ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʜʚʫʭ ʘʪʦʤʦʚ ʟʘʧʠʩʳʚʘʝʪʩʷ ʢʘʢ 

ʬʫʥʢʮʠʷ ʨʘʩʩʪʦʷʥʠʷ ʤʝʞʜʫ ʥʠʤʠ. ɸʪʦʤʳ ʚ ʨʝʰʪyʢʝ ʧʨʠ ʦʧʨʝʜʝʣʝʥʥʳʭ ʫʩʣʦʚʠʷʭ 

ʤʦʛʫʪ ʩʪʘʣʢʠʚʘʪʴʩʷ, ʠ ʠʭ ʩʪʦʣʢʥʦʚʝʥʠʷ ʦʯʝʥʴ ʧʦʭʦʞʠ ʥʘ ʩʪʦʣʢʥʦʚʝʥʠʷ ʫʧʨʫʛʠʭ 

ʰʘʨʦʚ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʦʙʱʘʷ ʵʥʝʨʛʠʷ ʩʠʩʪʝʤʳ ʘʪʦʤʦʚ ʩʢʣʘʜʳʚʘʝʪʩʷ ʠʟ 

ʧʦʪʝʥʮʠʘʣʴʥʦʡ ʵʥʝʨʛʠʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʚʩʝʭ ʯʘʩʪʠʮ ʤʝʞʜʫ ʩʦʙʦʡ ʠ ʩʫʤʤʳ ʠʭ 

ʢʠʥʝʪʠʯʝʩʢʠʭ ʵʥʝʨʛʠʡ.  

ʅʘʠʙʦʣʝʝ ʧʨʦʩʪʳʤ ʚʠʜʦʤ ʤʝʞʘʪʦʤʥʳʭ ʧʦʪʝʥʮʠʘʣʦʚ ʷʚʣʷʶʪʩʷ ʧʘʨʥʳʝ 

ʧʦʪʝʥʮʠʘʣʳ. ʇʦʥʷʪʠʝ ʧʘʨʥʦʛʦ ʧʦʪʝʥʮʠʘʣʘ ʧʦʜʨʘʟʫʤʝʚʘʝʪ, ʯʪʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ 

ʜʚʫʭ ʯʘʩʪʠʮ ʟʘʚʠʩʠʪ ʪʦʣʴʢʦ ʦʪ ʠʭ ʚʟʘʠʤʥʦʛʦ ʨʘʩʧʦʣʦʞʝʥʠʷ ʠ ʥʝ ʟʘʚʠʩʠʪ ʦʪ 

ʧʦʣʦʞʝʥʠʷ ʦʢʨʫʞʘʶʱʠʭ ʠʭ ʢʘʢʠʭ-ʣʠʙʦ ʜʨʫʛʠʭ ʯʘʩʪʠʮ. ʇʘʨʥʳʝ ʧʦʪʝʥʮʠʘʣʳ 

ʦʪʥʦʩʷʪʩʷ ʢ ʵʤʧʠʨʠʯʝʩʢʠʤ ʧʦʪʝʥʮʠʘʣʘʤ, ʪʦ ʝʩʪʴ ʦʩʥʦʚʘʥʥʳʤ ʥʘ ʧʨʦʩʪʳʭ 

ʚʳʨʘʞʝʥʠʷʭ, ʩʦʜʝʨʞʘʱʠʭ ʧʘʨʘʤʝʪʨʳ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʙʳʪʴ ʚʳʙʨʘʥʳ ʪʘʢ, ʯʪʦʙʳ 

ʧʦʪʝʥʮʠʘʣ ʧʨʘʚʠʣʴʥʦ ʦʧʠʩʳʚʘʣ ʥʝʢʦʪʦʨʳʝ ʟʘʜʘʥʥʳʝ ʩʚʦʡʩʪʚʘ ʚʝʱʝʩʪʚʘ. ʅʘʠʙʦʣʝʝ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʤʠ ʷʚʣʷʶʪʩʷ ʧʦʪʝʥʮʠʘʣʳ ʃʝʥʥʘʨʜʘ-ɼʞʦʥʩʘ [112] ʠ ʄʦʨʟʝ.  
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ʇʦʪʝʥʮʠʘʣ ʃʝʥʥʘʨʜʘ-ɼʞʦʥʩʘ ʠʤʝʝʪ ʬʫʥʢʮʠʦʥʘʣʴʥʳʡ ʚʠʜ: 

 

Ὗὶ τ‐      (1.8) 

 

ʛʜʝ ὶ - ʨʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʮʝʥʪʨʘʤʠ ʯʘʩʪʠʮ, „ ʠ ‐ ʧʦʩʪʦʷʥʥʳʝ ʢʦʵʬʬʠʮʠʝʥʪʳ, 

ʠʤʝʶʱʠʝ ʨʘʟʤʝʨʥʦʩʪʠ ʜʣʠʥʳ ʠ ʵʥʝʨʛʠʠ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʆʥʠ ʦʧʨʝʜʝʣʷʶʪʩʷ 

ʧʫʪʝʤ ʧʦʜʛʦʥʢʠ ʛʣʫʙʠʥʳ ʤʠʥʠʤʫʤʘ ʧʦʪʝʥʮʠʘʣʘ ʢ ʵʥʝʨʛʠʠ ʩʚʷʟʠ ʤʝʪʘʣʣʘ ʠ 

ʧʦʣʦʞʝʥʠʷ ʤʠʥʠʤʫʤʘ ʢ ʨʘʚʥʦʚʝʩʥʦʤʫ ʨʘʩʩʪʦʷʥʠʶ ʤʝʞʜʫ ʘʪʦʤʘʤʠ.  

ʇʦʪʝʥʮʠʘʣ ʃʝʥʥʘʨʜʘ-ɼʞʦʥʩʘ ʜʘʝʪ ʭʦʨʦʰʝʝ ʦʧʠʩʘʥʠʝ ʚʘʥ-ʜʝʨ-ʚʘʘʣʴʩʦʚʳʭ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ ʚ ʠʥʝʨʪʥʳʭ ʛʘʟʘʭ ʠ ʤʦʣʝʢʫʣʷʨʥʳʭ ʩʠʩʪʝʤʘʭ. ɺ ʩʣʫʯʘʝ ʤʝʪʘʣʣʦʚ 

ʦʥ ʥʝʧʨʠʛʦʜʝʥ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʢʦʣʠʯʝʩʪʚʝʥʥʳʭ ʜʘʥʥʳʭ. ʆʜʥʘʢʦ, ʚʚʠʜʫ ʩʚʦʝʡ 

ʧʨʦʩʪʦʪʳ, ʧʦʪʝʥʮʠʘʣ ʃʝʥʥʘʨʜʘ-ɼʞʦʥʩʘ ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʫʝʪʩʷ ʚ ʪʝʭ ʩʣʫʯʘʷʭ, ʢʦʛʜʘ 

ʮʝʣʴʶ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʷʚʣʷʝʪʩʷ ʥʝ ʧʦʣʫʯʝʥʠʝ ʜʘʥʥʳʭ, ʘ ʠʟʫʯʝʥʠʝ ʢʘʯʝʩʪʚʝʥʥʳʭ 

ʟʘʢʦʥʦʤʝʨʥʦʩʪʝʡ ʠ ʦʙʱʠʭ ʷʚʣʝʥʠʡ.  

ʇʦʪʝʥʮʠʘʣ ʄʦʨʟʝ [113] ʠʤʝʝʪ ʬʦʨʤʫ: 

 

Ὗὶ ‐Ὡ ςὩ ,     (1.9) 

 

ʛʜʝ ὶ- ʨʘʚʥʦʚʝʩʥʦʝ ʤʝʞʘʪʦʤʥʦʝ ʨʘʩʩʪʦʷʥʠʝ, ‐ - ʛʣʫʙʠʥʘ ʧʦʪʝʥʮʠʘʣʴʥʦʡ ʷʤʳ, 

ʨʘʩʧʦʣʦʞʝʥʥʦʡ ʥʘ ʨʘʩʩʪʦʷʥʠʠ ὶ. ɺ ʩʚʷʟʠ ʩ ʥʘʣʠʯʠʝʤ ʪʨʝʭ ʧʘʨʘʤʝʪʨʦʚ ‐, ‌ ʠ ὶ 

ʧʦʪʝʥʮʠʘʣ ʄʦʨʟʝ ʷʚʣʷʝʪʩʷ ʪʨʝʭʧʘʨʘʤʝʪʨʠʯʝʩʢʠʤ, ʚ ʦʪʣʠʯʠʝ ʦʪ ʧʦʪʝʥʮʠʘʣʘ 

ʃʝʥʥʘʨʜʘ-ɼʞʦʥʩʘ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʜʝʣʘʪʴ ʝʛʦ ʙʦʣʝʝ ʛʠʙʢʠʤ ʧʨʠ ʧʦʜʛʦʥʢʝ ʢ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʤ ʚʝʣʠʯʠʥʘʤ. ʇʦʪʝʥʮʠʘʣ ʄʦʨʟʝ ʯʘʩʪʦ ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ 

ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʤʝʪʘʣʣʦʚ ʩ ɻʎʂ ʠ ɻʇʋ ʨʝʰʝʪʢʘʤʠ. ʍʘʨʘʢʪʝʨʥʳʡ ʚʠʜ 

ʤʝʞʘʪʦʤʥʦʛʦ ʧʦʪʝʥʮʠʘʣʘ ʧʨʝʜʩʪʘʚʣʝʥ ʥʘ ʨʠʩʫʥʢʝ 1.5. 
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ʈʠʩʫʥʦʢ 1.5  ʍʘʨʘʢʪʝʨʥʳʡ ʚʠʜ ʤʝʞʘʪʦʤʥʦʛʦ ʧʦʪʝʥʮʠʘʣʘ. ʄʠʥʠʤʫʤ ʬʫʥʢʮʠʠ 

ʧʨʠ ὶ ρ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʨʘʚʥʦʚʝʩʥʦʤʫ ʤʝʞʘʪʦʤʥʦʤʫ ʨʘʩʩʪʦʷʥʠʶ. 

 

ɺʤʝʩʪʝ ʩ ʪʝʤ, ʭʦʨʦʰʦ ʠʟʚʝʩʪʥʦ, ʯʪʦ ʧʘʨʥʳʝ ʧʦʪʝʥʮʠʘʣʳ ʠʤʝʶʪ 

ʧʨʠʥʮʠʧʠʘʣʴʥʳʝ ʥʝʜʦʩʪʘʪʢʠ. ʆʜʥʠʤ ʠʟ ʛʣʘʚʥʳʭ ʥʝʜʦʩʪʘʪʢʦʚ ʷʚʣʷʝʪʩʷ ʪʦ, ʯʪʦ 

ʧʘʨʥʳʝ ʧʦʪʝʥʮʠʘʣʳ, ʢʘʢ ʧʨʘʚʠʣʦ, ʤʦʛʫʪ ʦʙʝʩʧʝʯʠʪʴ ʫʩʪʦʡʯʠʚʦʩʪʴ ʪʦʣʴʢʦ 

ʜʦʩʪʘʪʦʯʥʦ ʧʣʦʪʥʦ ʫʧʘʢʦʚʘʥʥʳʭ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʨʝʰʝʪʦʢ. ʈʝʰʝʪʢʠ ʩ ʙʦʣʝʝ 

ʥʠʟʢʦʡ ʧʣʦʪʥʦʩʪʴʶ ʫʧʘʢʦʚʢʠ, ʪʘʢʠʝ ʢʘʢ ʧʨʦʩʪʘʷ ʢʫʙʠʯʝʩʢʘʷ ʨʝʰʝʪʢʘ, 

ʦʢʘʟʳʚʘʶʪʩʷ ʥʝʫʩʪʦʡʯʠʚʳʤʠ ʜʣʷ ʙʦʣʴʰʠʥʩʪʚʘ ʧʘʨʥʳʭ ʧʦʪʝʥʮʠʘʣʦʚ (ʦʙʩʫʞʜʘʝʪʩʷ 

ʩʣʫʯʘʡ, ʢʦʛʜʘ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʚʩʝʭ ʘʪʦʤʦʚ ʨʝʰʝʪʢʠ ʦʧʠʩʳʚʘʶʪʩʷ ʩ ʧʦʤʦʱʴʶ 

ʦʜʥʦʛʦ ʠ ʪʦʛʦ ʞʝ ʧʦʪʝʥʮʠʘʣʘ). ʊʘʢʞʝ ʥʝʫʩʪʦʡʯʠʚʳʤʠ ʦʢʘʟʳʚʘʶʪʩʷ ʩʪʨʫʢʪʫʨʳ, 

ʭʘʨʘʢʪʝʨʥʳʝ ʜʣʷ ʢʦʚʘʣʝʥʪʥʳʭ ʢʨʠʩʪʘʣʣʦʚ - ʩʪʨʫʢʪʫʨʘ ʛʨʘʬʠʪʘ ʥʘ ʧʣʦʩʢʦʩʪʠ ʠ 

ʩʪʨʫʢʪʫʨʘ ʘʣʤʘʟʘ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ. ʂʨʦʤʝ ʪʦʛʦ, ʧʘʨʥʦʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʥʝ ʤʦʞʝʪ 

ʦʙʝʩʧʝʯʠʪʴ ʫʩʪʦʡʯʠʚʦʩʪʴ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʩʪʨʫʢʪʫʨʳ ʠ ʘʜʝʢʚʘʪʥʦ ʦʧʠʩʘʪʴ 

ʯʘʩʪʦʪʳ ʢʦʣʝʙʘʥʠʡ ʙʦʣʴʰʠʥʩʪʚʘ ʤʥʦʛʦʘʪʦʤʥʳʭ ʤʦʣʝʢʫʣ. 

ʊʨʘʜʠʮʠʦʥʥʦʝ ʨʝʰʝʥʠʝ ʧʝʨʝʯʠʩʣʝʥʥʳʭ ʧʨʦʙʣʝʤ ʩʦʩʪʦʠʪ ʚ ʧʨʠʤʝʥʝʥʠʠ 

ʤʥʦʛʦʯʘʩʪʠʯʥʳʭ ʧʦʪʝʥʮʠʘʣʦʚ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ. ʇʦʜʦʙʥʳʝ ʧʦʪʝʥʮʠʘʣʳ ʟʘʚʠʩʷʪ ʦʪ 

ʫʛʣʦʚ ʤʝʞʜʫ ʩʚʷʟʷʤʠ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʩʜʝʣʘʪʴ ʫʩʪʦʡʯʠʚʳʤʠ ʩʪʨʫʢʪʫʨʳ ʩ ʥʠʟʢʦʡ 

ʧʣʦʪʥʦʩʪʴʶ ʟʘʧʦʣʥʝʥʠʷ ʠ ʘʜʝʢʚʘʪʥʦ ʦʧʠʩʘʪʴ ʯʘʩʪʦʪʳ ʢʦʣʝʙʘʥʠʡ ʨʷʜʘ 
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ʤʦʣʝʢʫʣʷʨʥʳʭ ʩʦʝʜʠʥʝʥʠʡ. ʈʘʩʩʤʦʪʨʠʤ ʦʩʥʦʚʥʳʝ ʤʦʜʝʣʠ ʤʥʦʛʦʯʘʩʪʠʯʥʳʭ 

ʧʦʪʝʥʮʠʘʣʦʚ ʤʦʣʝʢʫʣʷʨʥʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ. 

ʄʝʪʦʜ ʧʦʛʨʫʞʝʥʥʦʛʦ (ʠʣʠ ʚʥʝʜʨʝʥʥʦʛʦ) ʘʪʦʤʘ (Embedded atom method, 

EAM) ʦʩʥʦʚʘʥ ʥʘ ʢʚʘʥʪʦʚʦʤʝʭʘʥʠʯʝʩʢʦʡ ʪʝʦʨʠʠ ʬʫʥʢʮʠʦʥʘʣʘ ʵʣʝʢʪʨʦʥʥʦʡ 

ʧʣʦʪʥʦʩʪʠ ʠ ʨʘʟʨʘʙʦʪʘʥ ʚ 1983 ʛʦʜʫ [114, 115]. ɺ ʥʝʤ ʵʥʝʨʛʠʷ ʧʨʦʠʟʚʦʣʴʥʦ 

ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʷʜʝʨ ʦʪ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩ ʵʣʝʢʪʨʦʥʘʤʠ ʟʘʧʠʩʳʚʘʝʪʩʷ ʢʘʢ 

ʦʜʥʦʟʥʘʯʥʳʡ ʬʫʥʢʮʠʦʥʘʣ ʧʦʣʥʦʡ ʵʣʝʢʪʨʦʥʥʦʡ ʧʣʦʪʥʦʩʪʠ (ʬʫʥʢʮʠʦʥʘʣ 

ʧʦʛʨʫʞʝʥʠʷ). ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʧʦʣʥʫʶ ʵʣʝʢʪʨʦʥʥʫʶ ʧʣʦʪʥʦʩʪʴ ʚ ʤʝʪʘʣʣʝ ʤʦʞʥʦ 

ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʢʘʢ ʣʠʥʝʡʥʫʶ ʩʫʧʝʨʧʦʟʠʮʠʶ ʚʢʣʘʜʦʚ ʦʪʜʝʣʴʥʳʭ ʘʪʦʤʦʚ, ʧʨʠʯʝʤ 

ʵʣʝʢʪʨʦʥʥʘʷ ʧʣʦʪʥʦʩʪʴ, ʩʦʟʜʘʚʘʝʤʘʷ ʦʜʥʠʤ ʘʪʦʤʦʤ, ʩʯʠʪʘʝʪʩʷ ʩʬʝʨʠʯʝʩʢʠ 

ʩʠʤʤʝʪʨʠʯʥʦʡ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚ ʤʝʪʦʜʝ ʧʦʛʨʫʞʝʥʥʦʛʦ ʘʪʦʤʘ ʧʦʣʥʘʷ ʵʥʝʨʛʠʷ 

ʩʠʩʪʝʤʳ ʦʧʨʝʜʝʣʷʝʪʩʷ ʩʫʤʤʦʡ ʵʥʝʨʛʠʠ ʧʘʨʥʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʘʪʦʤʦʚ ʠ ʵʥʝʨʛʠʠ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʢʘʞʜʦʛʦ ʘʪʦʤʘ ʩ ʵʣʝʢʪʨʦʥʥʦʡ ʧʣʦʪʥʦʩʪʴʶ, ʩʦʟʜʘʚʘʝʤʦʡ ʜʨʫʛʠʤʠ 

ʘʪʦʤʘʤʠ [114]: 

 

Ὁ ВὊ”ȟ В ‰ Ὑȟ       (1.10) 

 

ʛʜʝ ‰  - ʢʦʨʦʪʢʦʜʝʡʩʪʚʫʶʱʠʡ ʧʘʨʥʳʡ ʧʦʪʝʥʮʠʘʣ, Ὑ  ï ʨʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ 

ʠʩʭʦʜʥʳʤ ʘʪʦʤʦʤ i ʠ ʦʢʨʫʞʘʶʱʠʤ ʘʪʦʤʦʤ j. Ὂ”ȟ  - ʬʫʥʢʮʠʷ çʧʦʛʨʫʞʝʥʠʷè, 

ʟʘʜʘʝʪ ʚʣʠʷʥʠʝ ʩʦʩʝʜʥʠʭ ʘʪʦʤʦʚ ʥʘ ʵʥʝʨʛʠʶ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʣʶʙʦʡ ʧʘʨʳ ʘʪʦʤʦʚ, 

” - ʵʣʝʢʪʨʦʥʥʘʷ ʧʣʦʪʥʦʩʪʴ ʜʣʷ i-ʛʦ ʘʪʦʤʘ, ʷʚʣʷʶʱʘʷʩʷ ʩʫʧʝʨʧʦʟʠʮʠʝʡ 

ʵʣʝʢʪʨʦʥʥʳʭ ʧʣʦʪʥʦʩʪʝʡ ʘʪʦʤʦʚ ʚ ʢʘʞʜʦʤ ʫʟʣʝ:  

 

”ȟ В ” Ὑ       (1.11) 

 

ɼʘʥʥʳʡ ʤʝʪʦʜ ʙʳʣ ʫʩʧʝʰʥʦ ʧʨʠʤʝʥʝʥ ʜʣʷ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ɻʎʂ ʤʝʪʘʣʣʦʚ 

[116, 117], ʆʎʂ ʚʘʥʘʜʠʷ [118] ʠ ʙʠʥʘʨʥʳʭ ʩʧʣʘʚʦʚ [119]. ʈʝʟʫʣʴʪʘʪʳ ʚ ʥʘʩʪʦʷʱʝʡ 

ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʡ ʨʘʙʦʪʝ ʪʘʢʞʝ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʩ ʧʦʤʦʱʴʶ ʜʘʥʥʦʛʦ ʤʝʪʦʜʘ. 
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ʄʦʜʠʬʠʮʠʨʦʚʘʥʥʳʡ ʧʦʪʝʥʮʠʘʣ çʧʦʛʨʫʞʝʥʥʦʛʦ ʘʪʦʤʘè (Modified embedded 

atom method, MEAM) ʷʚʣʷʝʪʩʷ ʤʦʜʠʬʠʢʘʮʠʝʡ ʤʝʪʦʜʘ çʧʦʛʨʫʞʝʥʥʦʛʦ ʘʪʦʤʘè, 

ʚʢʣʶʯʘʶʱʝʡ ʚ ʩʝʙʷ ʥʘʧʨʘʚʣʝʥʥʳʝ ʩʚʷʟʠ, ʠʟʤʝʥʝʥʠʝ ʫʛʣʘ ʤʝʞʜʫ ʢʦʪʦʨʳʤʠ ʚʥʦʩʠʪ 

ʚʢʣʘʜ ʚ ʵʥʝʨʛʠʶ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ. ʇʦʪʝʥʮʠʘʣ ʨʘʟʨʘʙʦʪʘʥ ʚ 1989 ʛʦʜʫ ʠ ʫʞʝ ʯʝʨʝʟ 

ʥʝʩʢʦʣʴʢʦ ʣʝʪ ʰʠʨʦʢʦ ʧʨʠʤʝʥʷʣʩ ̫ ʜʣʷ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʤʥʦʛʠʭ ʤʝʪʘʣʣʦʚ, 

ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚ ʠ ʜʚʫʭʘʪʦʤʥʳʭ ʛʘʟʦʚ [120, 121], ʙʳʣ ʘʧʨʦʙʠʨʦʚʘʥ ʧʨʠ 

ʤʦʜʝʣʠʨʦʚʘʥʠʠ ʢʨʝʤʥʠʷ, ʛʝʨʤʘʥʠʷ ʠ ʠʭ ʩʧʣʘʚʦʚ [122].  

ʉʦʛʣʘʩʠʝ ʩ ʵʢʩʧʝʨʠʤʝʥʪʦʤ, ʧʨʠʤʝʥʠʤʦʩʪʴ ʢ ʧʨʘʢʪʠʯʝʩʢʠʤ ʟʘʜʘʯʘʤ ʠ 

ʧʨʦʩʪʦʪʘ ʤʝʪʦʜʠʢʠ ʜʝʣʘʶʪ ʤʝʪʦʜʳ ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʦʛʦ, ʧʦʛʨʫʞʝʥʥʦʛʦ  ʘʪʦʤʘ 

ʵʬʬʝʢʪʠʚʥʳʤ ʠʥʩʪʨʫʤʝʥʪʦʤ ʜʣʷ ʘʪʦʤʠʩʪʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʚ ʤʝʪʘʣʣʘʭ.  

 

1.6. ɺʳʚʦʜʳ ʧʦ ʛʣʘʚʝ 1 

 

ɺ ʜʘʥʥʦʡ ʛʣʘʚʝ ʦʧʠʩʘʥʳ ʨʘʟʣʠʯʥʳʝ ʪʠʧʳ ʥʝʣʠʥʝʡʥʳʭ ʢʦʣʝʙʘʥʠʡ 

ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʨʝʰʝʪʢʠ, ʩʨʝʜʠ ʢʦʪʦʨʳʭ ʚʳʜʝʣʝʥʳ ʜʝʣʦʢʘʣʠʟʦʚʘʥʥʳʝ 

ʥʝʣʠʥʝʡʥʳʝ ʢʦʣʝʙʘʪʝʣʴʥʳʝ ʤʦʜʳ ʠ ʜʠʩʢʨʝʪʥʳʝ ʙʨʠʟʝʨʳ, ʢʘʢ ʦʙʲʝʢʪʳ ʜʘʥʥʦʛʦ 

ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ. ʆʩʚʝʱʝʥʳ ʦʩʥʦʚʥʳʝ ʜʦʩʪʠʞʝʥʠʷ, ʩʜʝʣʘʥʥʳʝ ʚ 

ʧʦʩʣʝʜʥʝʝ ʚʨʝʤʷ ʚ ʪʝʦʨʠʠ ʥʝʣʠʥʝʡʥʦʡ ʜʠʥʘʤʠʢʠ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʨʝʰʝʪʢʠ, ʘ 

ʪʘʢʞʝ ʚ ʠʟʫʯʝʥʠʠ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦ-ʣʦʢʘʣʠʟʦʚʘʥʥʳʭ ʠ ʜʝʣʦʢʘʣʠʟʦʚʘʥʥʳʭ 

ʢʦʣʝʙʘʪʝʣʴʥʳʭ ʤʦʜ ʚ ʢʨʠʩʪʘʣʣʘʭ. ʂʘʢ ʚʠʜʥʦ ʠʟ ʧʨʝʜʩʪʘʚʣʝʥʥʦʛʦ ʚʳʰʝ ʦʙʟʦʨʘ 

ʣʠʪʝʨʘʪʫʨʳ, ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʚ ʧʦʜʘʚʣʷʶʱʝʤ ʙʦʣʴʰʠʥʩʪʚʝ ʨʘʙʦʪ ʙʳʣʦ ʚʳʧʦʣʥʝʥʦ 

ʚ ʜʠʩʢʨʝʪʥʳʭ ʥʝʣʠʥʝʡʥʳʭ ʩʠʩʪʝʤʘʭ ʥʠʟʢʦʡ ʨʘʟʤʝʨʥʦʩʪʠ (ʦʜʥʦʤʝʨʥʳʭ ʠʣʠ 

ʜʚʫʤʝʨʥʳʭ) ʩ ʩʠʣʴʥʦ ʫʧʨʦʱʝʥʥʳʤʠ ʧʦʪʝʥʮʠʘʣʘʤʠ ʤʝʞʘʪʦʤʥʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ.  

ɼʠʩʢʨʝʪʥʳʝ ʙʨʠʟʝʨʳ ʫʜʦʙʥʦ ʢʣʘʩʩʠʬʠʮʠʨʦʚʘʪʴ ʧʦ ʠʭ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ 

ʨʘʟʤʝʨʥʦʩʪʠ, ʘ ʠʤʝʥʥʦ ʢʘʢ ʥʫʣʴʤʝʨʥʳʡ, ʦʜʥʦʤʝʨʥʳʡ ʠ ʜʚʫʤʝʨʥʳʡ. ʂʘʢ ʙʳʣʦ 

ʩʢʘʟʘʥʦ ʚʳʰʝ, ʵʪʠ ʦʙʲʝʢʪʳ ʦʪʣʠʯʘʶʪʩʷ ʣʦʢʘʣʠʟʘʮʠʝʡ ʢʦʣʝʙʘʥʠʡ ʚʜʦʣʴ ʦʜʥʦʛʦ ʠʣʠ 

ʥʝʩʢʦʣʴʢʠʭ ʢʨʠʩʪʘʣʣʦʛʨʘʬʠʯʝʩʢʠʭ ʥʘʧʨʘʚʣʝʥʠʡ ʠ ʜʝʣʦʢʘʣʠʟʘʮʠʝʡ ʢʦʣʝʙʘʥʠʡ 

ʚʜʦʣʴ ʦʩʪʘʣʴʥʳʭ. ʉʧʝʮʠʬʠʢʘʮʠʷ ʜʠʩʢʨʝʪʥʳʭ ʙʨʠʟʝʨʦʚ ʧʦ ʠʭ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ 
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ʨʘʟʤʝʨʥʦʩʪʠ ʧʨʝʜʣʘʛʘʝʪʩʷ ʚʧʝʨʚʳʝ ʚ ʥʘʩʪʦʷʱʝʡ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʡ ʨʘʙʦʪʝ ʠ 

ʧʦʟʚʦʣʷʝʪ ʨʘʩʰʠʨʠʪʴ ʧʦʥʷʪʠʡʥʳʡ ʘʧʧʘʨʘʪ ʚ ʪʝʦʨʠʠ ʥʝʣʠʥʝʡʥʳʭ ʩʠʩʪʝʤ. 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʦʩʪʘʝʪʩʷ ʦʪʢʨʳʪʳʤ ʚʦʧʨʦʩ ʦ ʩʫʱʝʩʪʚʦʚʘʥʠʠ ʜʠʩʢʨʝʪʥʳʭ 

ʙʨʠʟʝʨʦʚ ʨʘʟʣʠʯʥʦʡ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʨʘʟʤʝʨʥʦʩʪʠ ʚ ʪʨʝʭʤʝʨʥʳʭ ʤʝʪʘʣʣʘʭ ʩ 

ɻʇʋ ʠ ɻʎʂ ʨʝʰʝʪʢʦʡ. ʆʪʚʝʪ ʥʘ ʧʦʩʪʘʚʣʝʥʥʳʡ ʚʳʰʝ ʚʦʧʨʦʩ ʚʥʝʩʝʪ ʚʢʣʘʜ ʚ 

ʧʦʥʠʤʘʥʠʝ ʥʝʣʠʥʝʡʥʦʡ ʜʠʥʘʤʠʢʠ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʨʝʰʝʪʢʠ ʤʝʪʘʣʣʦʚ ʠ ʧʦʤʦʞʝʪ 

ʧʨʠʙʣʠʟʠʪʴʩʷ ʢ ʧʦʥʠʤʘʥʠʶ ʚʣʠʷʥʠʷ ʜʠʩʢʨʝʪʥʳʭ ʙʨʠʟʝʨʦʚ ʥʘ ʬʠʟʠʯʝʩʢʠʝ 

ʩʚʦʡʩʪʚʘ ʢʨʠʩʪʘʣʣʦʚ. 
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ɻʃɸɺɸ 2. ʅʋʃʔʄɽʈʅʓɽ ɼʀʉʂʈɽʊʅʓɽ ɹʈʀɿɽʈʓ ɺ ɻʇʋ ɹɽʈʀʃʃʀʀ 

 

 

ɼʘʥʥʘʷ ʛʣʘʚʘ ʧʦʩʚʷʱʝʥʘ ʠʟʫʯʝʥʠʶ ʩʚʦʡʩʪʚ ʥʝʧʦʜʚʠʞʥʳʭ ʠ ʜʚʠʞʫʱʠʭʩʷ 

ʥʫʣʴʤʝʨʥʳʭ ɼɹ ʚ ʪʨʭyʤʝʨʥʦʡ ʨʝʰʝʪʢʝ ɻʇʋ ʙʝʨʠʣʣʠʷ. ɻʣʘʚʘ ʥʘʧʠʩʘʥʘ ʥʘ ʦʩʥʦʚʝ 

ʦʧʫʙʣʠʢʦʚʘʥʥʦʡ ʨʘʙʦʪʳ [26]. 

 

2.1. ʆʧʠʩʘʥʠʝ ʤʦʜʝʣʠ ʠ ʤʝʪʦʜʠʢʘ ʢʦʤʧʴʶʪʝʨʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ 

 

ɼʣʷ ʦʧʠʩʘʥʠʷ ʤʝʞʘʪʦʤʥʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʙʳʣ ʚʟʷʪ ʤʥʦʛʦʯʘʩʪʠʯʥʳʡ 

ʧʦʪʝʥʮʠʘʣ, ʧʦʩʪʨʦʝʥʥʳʡ ʥʘ ʦʩʥʦʚʝ ʤʝʪʦʜʘ ʧʦʛʨʫʞʝʥʥʦʛʦ ʘʪʦʤʘ [123, 124]. 

ʈʘʚʥʦʚʝʩʥʳʝ ʧʦʩʪʦʷʥʥʳʝ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʨʝʰʝʪʢʠ ʚʦʩʧʨʦʠʟʚʦʜʠʤʳʝ 

ʚʳʰʝʫʢʘʟʘʥʥʳʤ ʧʦʪʝʥʮʠʘʣʦʤ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʜʣʷ ɻʇʋ ʙʝʨʠʣʣʠʷ ʦʢʘʟʘʣʠʩʴ 

ʨʘʚʥʳʤʠ 36.2=a ¡ ʠ 70.3=c ¡, ʯʪʦ ʥʝʩʢʦʣʴʢʦ ʚʳʰʝ ʠʭ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ 

ʟʥʘʯʝʥʠʡ 29.2=a ¡ ʠ 58.3=c ¡ [125] ʠ ʧʨʘʢʪʠʯʝʩʢʠ ʩʦʚʧʘʜʘʶʪ ʩʦ ʟʥʘʯʝʥʠʷʤʠ 

ʧʦʣʫʯʝʥʥʳʤʠ ʧʨʠ ʧʦʤʦʱʠ ʨʘʩʯʝʪʦʚ ʚʳʧʦʣʥʝʥʥʳʭ ʥʘ ʦʩʥʦʚʝ ʪʝʦʨʠʠ ʬʫʥʢʮʠʦʥʘʣʘ 

ʧʣʦʪʥʦʩʪʠ ( 36.2=a ¡ ʠ 70.3=c ¡ [126]). 

ɼʣʷ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʙʳʣʘ ʚʳʙʨʘʥʘ ʨʘʩʯʝʪʥʘʷ ʷʯʝʡʢʘ, ʩʦʜʝʨʞʘʱʘʷ 30Ĭ10Ĭ10 

ʵʣʝʤʝʥʪʘʨʥʳʭ ʷʯʝʝʢ (12000 ʘʪʦʤʦʚ), ʯʪʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʨʘʟʤʝʨʫ 

68.58Ĭ39.59Ĭ38.86 ¡. ʊʝʩʪʦʚʳʝ ʨʘʩʯʝʪʳ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʨʘʩʯʝʪʥʳʭ 

ʷʯʝʝʢ ʙʦʣʴʰʝʛʦ ʨʘʟʤʝʨʘ ʧʨʠʚʦʜʠʪ ʢ ʪʝʤ ʞʝ ʩʘʤʳʤ ʨʝʟʫʣʴʪʘʪʘʤ, ʯʪʦ ʩʚʷʟʘʥʦ ʩ 

ʜʦʩʪʘʪʦʯʥʦ ʚʳʩʦʢʦʡ ʩʪʝʧʝʥʴʶ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʣʦʢʘʣʠʟʘʮʠʠ ʠʩʩʣʝʜʫʝʤʳʭ 

ʥʝʣʠʥʝʡʥʳʭ ʢʦʣʝʙʘʪʝʣʴʥʳʭ ʤʦʜ. ʇʝʨʠʦʜʠʯʝʩʢʠʝ ʛʨʘʥʠʯʥʳʝ ʫʩʣʦʚʠʷ ʙʳʣʠ 

ʥʘʣʦʞʝʥʳ ʚʜʦʣʴ ʚʩʝʭ ʪʨʝʭ ʢʦʦʨʜʠʥʘʪʥʳʭ ʥʘʧʨʘʚʣʝʥʠʡ. ɺʩʝ ʨʘʩʯʝʪʳ ʧʨʦʚʦʜʠʣʠʩʴ 

ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ ʊ=0 K ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʦʛʦ ʘʥʩʘʤʙʣʷ NVE 

(ʧʦʩʪʦʷʥʥʦʝ ʯʠʩʣʦ ʘʪʦʤʦʚ, ʦʙʲʝʤ ʠ ʵʥʝʨʛʠʷ).  

ɺʦʟʙʫʞʜʝʥʠʝ ɼɹ ʦʩʫʱʝʩʪʚʣʷʣʦʩʴ ʚ ʮʝʥʪʨʝ ʨʘʩʯʝʪʥʦʡ ʷʯʝʡʢʠ ʚʜʦʣʴ 

ʧʣʦʪʥʦʫʧʘʢʦʚʘʥʥʦʛʦ ʘʪʦʤʥʦʛʦ ʨʷʜʘ [127], ʢʦʪʦʨʳʡ ʚ ɻʇʋ ʨʝʰʝʪʢʝ ʣʝʞʠʪ ʚ 

ʙʘʟʠʩʥʦʡ ʧʣʦʩʢʦʩʪʠ ʠ ʠʤʝʝʪ ʢʨʠʩʪʘʣʣʦʛʨʘʬʠʯʝʩʢʦʝ ʥʘʧʨʘʚʣʝʥʠʝ ]0112[ . ɸʪʦʤʳ 
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ʨʷʜʘ, ʚ ʢʦʪʦʨʦʤ ʚʦʟʙʫʞʜʘʣʩʷ ɼɹ, ʥʫʤʝʨʦʚʘʣʠʩʴ ʜʣʷ ʫʜʦʙʩʪʚʘ ʠʥʜʝʢʩʦʤ n 

(ʨʠʩʫʥʦʢ 2.1). ʆʪʤʝʪʠʤ, ʯʪʦ ʧʨʠ ʵʪʦʤ ʚʩʝ ʜʨʫʛʠʝ ʘʪʦʤʳ, ʣʝʞʘʱʠʝ ʚʥʝ 

ʚʳʜʝʣʝʥʥʦʛʦ ʧʣʦʪʥʦʫʧʘʢʦʚʘʥʥʦʛʦ ʨʷʜʘ, ʚ ʥʘʯʘʣʴʥʳʡ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ ʠʤʝʣʠ 

ʥʫʣʝʚʳʝ ʩʤʝʱʝʥʠʷ ʠ ʩʢʦʨʦʩʪʠ. 

 

 

 

ʈʠʩʫʥʦʢ 2.1  ʈʘʩʯʝʪʥʘʷ ʷʯʝʡʢʘ ʠʩʧʦʣʴʟʫʝʤʘʷ ʜʣʷ ʤʦʜʝʣʠʨʦʚʘʥʠʷ. ɼɹ 

ʚʦʟʙʫʞʜʘʣʠʩʴ ʚʜʦʣʴ ʧʣʦʪʥʦʫʧʘʢʦʚʘʥʥʦʛʦ ʨʷʜʘ ʘʪʦʤʦʚ (ʚʳʜʝʣʝʥ ʪʝʤʥʳʤ ʮʚʝʪʦʤ). 

 

ʅʘʯʘʣʴʥʳʝ ʫʩʣʦʚʠʷ ʜʣʷ ʚʦʟʙʫʞʜʝʥʠʷ ɼɹ ʚ ʧʣʦʪʥʦʫʧʘʢʦʚʘʥʥʦʤ ʘʪʦʤʥʦʤ 

ʨʷʜʫ ʙʳʣʠ ʩʣʝʜʫʶʱʠʤʠ [128]:  

 

   (2.1) 

 

 

ɿʜʝʩʴ ɤ ï ʯʘʩʪʦʪʘ ɼɹ, ʣʝʞʘʱʘʷ ʚʳʰʝ ʚʝʨʭʥʝʡ ʛʨʘʥʠʮʳ ʬʦʥʦʥʥʦʛʦ ʩʧʝʢʪʨʘ 

ʢʨʠʩʪʘʣʣʘ, ʢʦʪʦʨʘʷ ʜʣʷ ʙʝʨʠʣʣʠʷ ʧʨʠʙʣʠʟʠʪʝʣʴʥʦ ʨʘʚʥʘ 30.8 ʊɻʮ (ʩʤ. 

ʨʠʩʫʥʦʢ 2.2); 0j  ï ʥʘʯʘʣʴʥʘʷ ʬʘʟʘ ʢʦʣʝʙʘʥʠʡ; ŭ ï ʧʘʨʘʤʝʪʨ, ʟʘʜʘʶʱʠʡ ʨʘʟʥʦʩʪʴ 

ʬʘʟ ʢʦʣʝʙʘʥʠʡ ʩʦʩʝʜʥʠʭ ʘʪʦʤʦʚ; ʬʫʥʢʮʠʠ Pn ʠ Sn ʦʧʨʝʜʝʣʷʶʪʩʷ ʚʳʨʘʞʝʥʠʷʤʠ: 
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ʛʜʝ A ï ʘʤʧʣʠʪʫʜʘ ʢʦʣʝʙʘʥʠʡ ɼɹ, B ï ʘʤʧʣʠʪʫʜʘ ʩʤʝʱʝʥʠʡ ʮʝʥʪʨʦʚ ʢʦʣʝʙʘʥʠʡ 

ʘʪʦʤʦʚ, ʧʘʨʘʤʝʪʨʳ ɓ ʠ ɔ ʟʘʜʘʶʪ ʩʪʝʧʝʥʴ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʣʦʢʘʣʠʟʘʮʠʠ ɼɹ, ʘ x0 ï 

ʥʘʯʘʣʴʥʦʝ ʧʦʣʦʞʝʥʠʝ ɼɹ, ʢʦʪʦʨʦʝ ʤʦʞʝʪ ʠʟʤʝʥʷʪʴʩʷ ʚ ʧʨʝʜʝʣʘʭ ʦʪ 0 ʜʦ 1. ʇʨʠ 

x0=0 ʠʤʝʝʤ ɼɹ ʮʝʥʪʨʠʨʦʚʘʥʥʳʡ ʥʘ ʘʪʦʤʝ, ʘ ʧʨʠ x0=1/2 ɼɹ ʥʘʭʦʜʠʪʩʷ ʚ ʩʝʨʝʜʠʥʝ 

ʤʝʞʜʫ ʜʚʫʤʷ ʩʦʩʝʜʥʠʤʠ ʘʪʦʤʘʤʠ. ʉʢʦʨʦʩʪʴ ɼɹ ʟʘʚʠʩʠʪ ʦʪ ʚʝʣʠʯʠʥʳ ŭ ʠ ʧʨʠ ŭ=0 

ʠʤʝʝʤ ʥʝʧʦʜʚʠʞʥʳʡ ɼɹ. ʆʪʤʝʪʠʤ, ʯʪʦ ʪʘʢʘʷ ʞʝ ʩʭʝʤʘ ʙʳʣʘ ʨʘʥʝʝ ʠʩʧʦʣʴʟʦʚʘʥʘ 

ʜʣʷ ʚʦʟʙʫʞʜʝʥʠʷ ɼɹ ʚ ʤʝʪʘʣʣʘʭ ʩ ʆʎʂ, ɻʎʂ ʠ ʦʨʪʦʨʦʤʙʠʯʝʩʢʦʡ (ʘʣʴʬʘ-ʫʨʘʥ) 

ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʤʠ ʨʝʰʝʪʢʘʤʠ [22, 88-90, 129, 130]. 

 

 

ʈʠʩʫʥʦʢ 2.2  ʇʣʦʪʥʦʩʪʴ ʬʦʥʦʥʥʳʭ ʩʦʩʪʦʷʥʠʡ, ʨʘʩʩʯʠʪʘʥʥʘʷ ʜʣʷ ʙʝʨʠʣʣʠʷ. 

 

ʌʫʥʢʮʠʠ Pn ʠ Sn ʚ ʚʳʨʘʞʝʥʠʷʭ (2.2), ʦʧʠʩʳʚʘʶʱʠʝ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ 

ʘʤʧʣʠʪʫʜʳ ʢʦʣʝʙʘʥʠʡ ʠ ʩʤʝʱʝʥʠʷ ʮʝʥʪʨʦʚ ʢʦʣʝʙʘʥʠʡ ʘʪʦʤʦʚ, ʨʘʩʩʯʠʪʳʚʘʣʠʩʴ ʚ 

ʭʦʜʝ ʯʠʩʣʝʥʥʦʛʦ ʵʢʩʧʝʨʠʤʝʥʪʘ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ:  
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ʛʜʝ 
max

nx  ʠ min

nx  ï ʤʘʢʩʠʤʘʣʴʥʦʝ ʠ ʤʠʥʠʤʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ (ʢʚʘʟʠ)ʧʝʨʠʦʜʠʯʝʩʢʦʡ 

ʬʫʥʢʮʠʠ xn(t), ʦʧʠʩʳʚʘʶʱʝʡ ʜʚʠʞʝʥʠʝ n-ʛʦ ʘʪʦʤʘ ʧʨʷʤʦʣʠʥʝʡʥʦʛʦ ʨʷʜʘ, ʚ 

ʢʦʪʦʨʦʤ ʙʳʣ ʚʦʟʙʫʞʜʝʥ ɼɹ.  

 

2.2. ʅʝʧʦʜʚʠʞʥʳʡ ʜʠʩʢʨʝʪʥʳʡ ʙʨʠʟʝʨ 

 

ɺʦʟʙʫʞʜʝʥʠʝ ɼɹ ʧʨʦʠʟʚʦʜʠʣʦʩʴ ʧʨʠ ʩʣʝʜʫʶʱʠʭ ʟʥʘʯʝʥʠʷʭ ʧʘʨʘʤʝʪʨʦʚ ʚ 

ʚʳʨʘʞʝʥʠʷʭ (2.1) ʠ (2.2): ɸ = 0 ï 0.65 ¡; B = 0.1 ¡; ɓ = 0.8; ɔ = 0.8; x0=1/2, ŭ= 0 ï

 0.6. ɿʥʘʯʝʥʠʝ ʧʦʣʫʯʝʥʥʳʭ ʘʤʧʣʠʪʫʜ ʥʝʧʦʜʚʠʞʥʦʛʦ ɼɹ (ʚ ʩʣʫʯʘʝ, ʢʦʛʜʘ ŭ=0) 

ʣʝʞʠʪ ʚ ʧʨʝʜʝʣʘʭ ʦʪ 0.00016 ¡ ʜʦ 0.223 ¡ ʠ ʚ ʠʥʪʝʨʚʘʣʝ ʯʘʩʪʦʪ ʦʪ 30.4 ʜʦ 

36.1 Tɻʮ. ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʧʨʠ ʥʘʯʘʣʴʥʳʭ ʘʤʧʣʠʪʫʜʘʭ ɸ Ò 0.2 ¡ ʠ 

ʥʝʟʘʚʠʩʠʤʦ ʦʪ ʟʥʘʯʝʥʠʡ ʧʘʨʘʤʝʪʨʘ ŭ, ʚʦʟʙʫʞʜʝʥʠʷ ɼɹ ʥʝ ʧʨʦʠʩʭʦʜʠʪ ʠ ʧʦʩʣʝ 

ʥʝʩʢʦʣʴʢʠʭ ʢʦʣʝʙʘʥʠʡ ʝʛʦ ʵʥʝʨʛʠʷ ʨʘʩʩʝʠʚʘʝʪʩʷ ʧʦ ʦʙʲʝʤʫ ʨʘʩʯʝʪʥʦʡ ʷʯʝʡʢʠ. ʇʨʠ 

ɸ = 0.25 ¡ ɼɹ ʤʦʞʝʪ ʩʫʱʝʩʪʚʦʚʘʪʴ ʪʦʣʴʢʦ ʚ ʦʙʣʘʩʪʠ 0<ŭÒ 0.25, ʘ ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ 

ŭ ʦʪ 0.3 ʜʦ 0.5 ʥʘʙʣʶʜʘʝʪʩʷ ʝʛʦ ʟʘʪʫʭʘʥʠʝ. 

ɻʨʘʬʠʢʠ ʟʘʚʠʩʠʤʦʩʪʠ ʘʤʧʣʠʪʫʜʳ ʢʦʣʝʙʘʥʠʷ ʘʪʦʤʦʚ Pn ʠ ʩʤʝʱʝʥʠʷ ʮʝʥʪʨʦʚ 

ʢʦʣʝʙʘʥʠʷ ʘʪʦʤʦʚ Sn ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʨʠʩʫʥʢʝ 2.3. ɺʠʜʥʦ, ʯʪʦ ʫ ɼɹ ʚ ʙʝʨʠʣʣʠʠ 

ʙʦʣʴʰʫʶ ʘʤʧʣʠʪʫʜʫ ʢʦʣʝʙʘʥʠʡ Pn ʠʤʝʶʪ ʜʚʘ ʠʣʠ ʪʨʠ ʘʪʦʤʘ, ʧʨʠ ʮʝʥʪʨʠʨʦʚʘʥʠʠ 

ɼɹ ʥʘ ʩʝʨʝʜʠʥʝ ʩʚʷʟʠ ʠʣʠ ʥʘ ʘʪʦʤʝ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʉʪʘʪʠʯʝʩʢʠʝ ʩʤʝʱʝʥʠʷ 

ʮʝʥʪʨʦʚ ʢʦʣʝʙʘʥʠʡ ʘʪʦʤʦʚ, Sn, ʨʘʩʧʨʦʩʪʨʘʥʷʶʪʩʷ ʥʘ 8 ï 10 ʘʪʦʤʦʚ. ʀʟ ʨʠʩʫʥʢʘ 2.3 

ʪʘʢʞʝ ʚʠʜʥʦ, ʯʪʦ ʤʘʢʩʠʤʘʣʴʥʳʝ ʩʤʝʱʝʥʠʷ ʮʝʥʪʨʦʚ ʢʦʣʝʙʘʥʠʷ ʘʪʦʤʦʚ Sn ʦʜʥʦʛʦ 

ʧʦʨʷʜʢʘ ʩʦ ʟʥʘʯʝʥʠʷʤʠ ʤʘʢʩʠʤʘʣʴʥʦʡ ʘʤʧʣʠʪʫʜʳ ʢʦʣʝʙʘʥʠʷ Pn. 

ʅʘ ʨʠʩʫʥʢʝ 2.4 ʧʦʢʘʟʘʥʘ ʟʘʚʠʩʠʤʦʩʪʴ ʯʘʩʪʦʪʳ ʥʝʧʦʜʚʠʞʥʦʛʦ ɼɹ ɤ ʦʪ ʝʛʦ 

ʥʘʯʘʣʴʥʦʡ ʘʤʧʣʠʪʫʜʳ A. ɻʦʨʠʟʦʥʪʘʣʴʥʦʡ ʧʫʥʢʪʠʨʥʦʡ ʧʨʷʤʦʡ ʧʦʢʘʟʘʥʘ ʚʝʨʭʥʷʷ 

ʛʨʘʥʠʮʘ ʬʦʥʦʥʥʦʛʦ ʩʧʝʢʪʨʘ, ʢʦʪʦʨʘʷ ʜʣʷ ʙʝʨʠʣʣʠʷ ʨʘʚʥʘ 30.8 Tɻʮ. ʍʦʨʦʰʦ ʚʠʜʥʦ, 

ʯʪʦ ʯʘʩʪʦʪʘ ʢʦʣʝʙʘʥʠʡ ɼɹ ʚʩʝʛʜʘ ʣʝʞʠʪ ʚʳʰʝ ʬʦʥʦʥʥʦʛʦ ʩʧʝʢʪʨʘ, ʠ ʩʥʘʯʘʣʘ 

ʚʦʟʨʘʩʪʘʝʪ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʘʤʧʣʠʪʫʜʳ ɼɹ, ʥʦ ʧʦʩʣʝ ʜʦʩʪʠʞʝʥʠʷ ʤʘʢʩʠʤʘʣʴʥʦʛʦ 

ʟʥʘʯʝʥʠʷ 36.1 Tɻʮ ʧʨʠ ɸ=0.40 ¡, ʥʘʯʠʥʘʝʪ ʫʙʳʚʘʪʴ ʧʨʠ ʙʦʣʝʝ ʚʳʩʦʢʠʭ 

ʘʤʧʣʠʪʫʜʘʭ. ʊʘʢʦʝ ʥʝʤʦʥʦʪʦʥʥʦʝ ʧʦʚʝʜʝʥʠʝ ʥʘʙʣʶʜʘʣʦʩʴ ʨʘʥʝʝ ʜʣʷ ɼɹ ʚ 
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ʤʝʪʘʣʣʘʭ [129] ʠ ʚ ʢʨʠʩʪʘʣʣʘʭ ʩ ʢʦʚʘʣʝʥʪʥʦʡ ʩʚʷʟʴʶ [82, 91] .ʕʪʦ ʩʚʷʟʘʥʦ, ʧʨʝʞʜʝ 

ʚʩʝʛʦ, ʩ ʦʩʦʙʝʥʥʦʩʪʷʤʠ ʤʝʞʘʪʦʤʥʦʛʦ ʧʦʪʝʥʮʠʘʣʘ, ʘ ʠʤʝʥʥʦ ʩ ʪʝʤ, ʯʪʦ ʧʨʠ 

ʙʦʣʴʰʠʭ ʦʪʢʣʦʥʝʥʠʷʭ ʦʪ ʧʦʣʦʞʝʥʠʷ ʨʘʚʥʦʚʝʩʠʷ ʧʨʦʠʩʭʦʜʠʪ ʫʤʝʥʴʰʝʥʠʝ 

ʞʝʩʪʢʦʩʪʠ ʩʚʷʟʠ.  

 

 

ʈʠʩʫʥʦʢ 2.4  ɿʘʚʠʩʠʤʦʩʪʴ ʯʘʩʪʦʪʳ ɼɹ ʚ ʙʝʨʠʣʣʠʠ ʦʪ ʥʘʯʘʣʴʥʦʡ ʘʤʧʣʠʪʫʜʳ 

ʢʦʣʝʙʘʥʠʡ A, ʨʘʩʩʯʠʪʘʥʥʘʷ ʧʨʠ ŭ=0 (ʥʝʧʦʜʚʠʞʥʳʡ ɼɹ). ʇʫʥʢʪʠʨʦʤ ʧʦʢʘʟʘʥʘ 

ʚʝʨʭʥʷʷ ʛʨʘʥʠʮʘ ʬʦʥʦʥʥʦʛʦ ʩʧʝʢʪʨʘ, ʢʦʪʦʨʘʷ ʜʣʷ ʙʝʨʠʣʣʠʷ ʨʘʚʥʘ 30.8 ʊɻʮ. 

 

 

ʘ) 

 

ʙ) 

ʈʠʩʫʥʦʢ 2.3  (ʘ) ʉʤʝʱʝʥʠʷ ʮʝʥʪʨʦʚ ʢʦʣʝʙʘʥʠʷ ʘʪʦʤʦʚ ʠ (ʙ) ʘʤʧʣʠʪʫʜʳ 

ʢʦʣʝʙʘʥʠʷ ʘʪʦʤʦʚ ɼɹ ʚ ʙʝʨʠʣʣʠʠ, ʚʦʟʙʫʞʜʝʥʥʦʛʦ ʧʨʠ ʩʣʝʜʫʶʱʠʭ ʟʥʘʯʝʥʠʷʭ 

ʧʘʨʘʤʝʪʨʦʚ: ɸ=0.35 ¡, ɺ = 0.1 ¡, ɓ = 0.6, ɔ = 0.7, x0=1/2, ŭ=0. 
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2.3. ɼʚʠʞʫʱʝʡʩʷ ʜʠʩʢʨʝʪʥʳʡ ʙʨʠʟʝʨ 

 

 ʇʨʠ ʟʥʘʯʝʥʠʷʭ ʧʘʨʘʤʝʪʨʘ ŭ ʦʪʣʠʯʥʳʭ ʦʪ ʥʫʣʷ, ʥʘʯʘʣʴʥʳʝ ʫʩʣʦʚʠʷ (2.1) ʠ 

(2.2) ʧʦʨʦʞʜʘʶʪ ʜʚʠʞʫʱʠʡʩʷ ɼɹ. ʅʘ ʨʠʩʫʥʢʝ 2.5 ʧʨʝʜʩʪʘʚʣʝʥʳ ʩʤʝʱʝʥʠʷ ʘʪʦʤʦʚ 

n ʠ (n+5), (n+15) ʚʜʦʣʴ ʢʦʦʨʜʠʥʘʪʳ x ʢʘʢ ʬʫʥʢʮʠʠ ʚʨʝʤʝʥʠ, ʯʪʦʙʳ ʧʦʢʘʟʘʪʴ 

ʧʨʦʭʦʞʜʝʥʠʝ ʯʝʨʝʟ ʥʠʭ ɼɹ. ɼʣʷ ʚʦʟʙʫʞʜʝʥʠʷ ʜʘʥʥʦʛʦ ɼɹ ʙʨʘʣʠʩʴ ʩʣʝʜʫʶʱʠʝ 

ʟʥʘʯʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ ʚ ʚʳʨʘʞʝʥʠʷʭ (2.1) ʠ (2.2): ɸ = 0.30 ¡; B = 0.1 ¡; ɓ = 0.8; ɔ = 

0.8; x0=1/2, ŭ= 0.1. ʄʦʞʥʦ ʦʪʤʝʪʠʪʴ ʬʘʢʪʳ ʩʤʝʱʝʥʠʷ ʩʨʝʜʥʝʛʦ ʧʦʣʦʞʝʥʠʷ ʘʪʦʤʦʚ 

ʧʨʠ ʧʨʦʭʦʞʜʝʥʠʠ ʯʝʨʝʟ ʥʝʛʦ ɼɹ ʠ ʧʦʩʪʝʧʝʥʥʦʛʦ ʫʤʝʥʴʰʝʥʠʷ ʘʤʧʣʠʪʫʜʳ ɼɹ ʟʘ 

ʩʯʝʪ ʠʟʣʫʯʘʝʤʳʭ ʠʤ ʤʘʣʦʘʤʧʣʠʪʫʜʥʳʭ ʙʝʛʫʱʠʭ ʚʦʣʥ (ʬʦʥʦʥʦʚ) (ʨʠʩʫʥʦʢ 2.4). 

ʇʦʩʣʝ ʧʨʦʭʦʞʜʝʥʠʷ ɼɹ ʚʩʝ ʘʪʦʤʳ ʚʦʟʚʨʘʱʘʶʪʩʷ ʚ ʩʚʦʠ ʨʘʚʥʦʚʝʩʥʳʝ ʨʝʰʝʪʦʯʥʳʝ 

ʧʦʣʦʞʝʥʠʷ. ɼʚʠʞʫʱʠʡʩʷ ʙʨʠʟʝʨ ʜʦʩʪʘʪʦʯʥʦ ʙʳʩʪʨʦ ʪʝʨʷʝʪ ʩʚʦʡ ʥʘʯʘʣʴʥʳʡ 

ʠʤʧʫʣʴʩ ʠ ʦʩʪʘʥʘʚʣʠʚʘʝʪʩʷ, ʧʨʦʡʜʷ ʥʝʩʢʦʣʴʢʦ ʜʝʩʷʪʢʦʚ ʤʝʞʘʪʦʤʥʳʭ ʨʘʩʩʪʦʷʥʠʡ.  

 

ʈʠʩʫʥʦʢ 2.5  ʂʦʣʝʙʘʥʠʷ ʘʪʦʤʦʚ n ʠ (n+5), (n+15) ʚ ʥʘʧʨʘʚʣʝʥʠʠ ʦʩʠ x ]0112[  ʧʨʠ 

ʧʨʦʭʦʞʜʝʥʠʠ ʯʝʨʝʟ ʥʠʭ ɼɹ, ʚʦʟʙʫʞʜʝʥʥʦʛʦ ʧʨʠ ʩʣʝʜʫʶʱʠʭ ʟʥʘʯʝʥʠʷʭ ʧʘʨʘʤʝʪʨʦʚ 

ʚ ʚʳʨʘʞʝʥʠʷʭ (1) ʠ (2): ɸ = 0.30 ¡; B = 0.1 ¡; ɓ = 0.8; ɔ = 0.8; x0 = 1/2, ŭ = 0.1. 
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ʅʘ ʨʠʩʫʥʢʝ 2.5 ʪʘʢʞʝ ʚʠʜʥʦ, ʯʪʦ ʩʢʦʨʦʩʪʴ ɼɹ ʫʤʝʥʴʰʘʝʪʩʷ ʩ ʧʘʜʝʥʠʝʤ ʝʛʦ 

ʘʤʧʣʠʪʫʜʳ. ʇʨʠʯʝʤ ʜʣʷ ʟʥʘʯʝʥʠʡ ʧʘʨʘʤʝʪʨʘ ŭ ʦʪ 0 ʜʦ 0.15 ʠʤʝʝʪ ʤʝʩʪʦ ʙʦʣʝʝ 

ʟʥʘʯʠʪʝʣʴʥʦʝ ʧʘʜʝʥʠʝ ʩʢʦʨʦʩʪʠ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʜʣʷ ŭ ʚ ʠʥʪʝʨʚʘʣʝ ʦʪ 0.20 ʜʦ 0.50 

ʫʤʝʥʴʰʝʥʠʝ ʩʢʦʨʦʩʪʠ ʚʳʨʘʞʝʥʦ ʩʣʘʙʝʝ. 

ɿʘʚʠʩʠʤʦʩʪʴ ʩʢʦʨʦʩʪʠ ʜʚʠʞʝʥʠʷ ɼɹ ʦʪ ʧʘʨʘʤʝʪʨʘ ŭ, ʦʧʨʝʜʝʣʷʶʱʝʛʦ 

ʨʘʟʥʦʩʪʴ ʬʘʟ ʢʦʣʝʙʘʥʠʡ ʩʦʩʝʜʥʠʭ ʘʪʦʤʦʚ, ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩʫʥʢʝ 2.6. ʀʟ 

ʨʠʩʫʥʢʘ ʚʠʜʥʦ, ʯʪʦ ʩʢʦʨʦʩʪʴ ʧʨʠʙʣʠʟʠʪʝʣʴʥʦ ʣʠʥʝʡʥʦ ʨʘʩʪʝʪ ʩ ʫʚʝʣʠʯʝʥʠʝʤ 

ʧʘʨʘʤʝʪʨʘ ŭ, ʘ ʟʘʪʝʤ ʚʳʭʦʜʠʪ ʥʘ ʥʘʩʳʱʝʥʠʝ. ʄʘʢʩʠʤʘʣʴʥʘʷ ʩʢʦʨʦʩʪʴ ʜʚʠʞʝʥʠʷ 

ɼɹ ʚ ʙʝʨʠʣʣʠʠ ʜʦʩʪʠʛʘʝʪʩʷ ʧʨʠ ʟʥʘʯʝʥʠʷʭ A = 0.5 ¡, ŭ= 0.30 ʠ ʨʘʚʥʘ 43.5 ¡/ps 

(4.35 ʢʤ/ʩ), ʯʪʦ ʩʦʩʪʘʚʣʷʝʪ 33.7% ʦʪ ʩʢʦʨʦʩʪʠ ʧʨʦʜʦʣʴʥʦʛʦ ʟʚʫʢʘ ʚ ʙʝʨʠʣʣʠʠ, 

ʢʦʪʦʨʘʷ ʨʘʚʥʘ 12.9 ʢʤ/ʩ. ʆʪʤʝʪʠʤ, ʯʪʦ ʘʚʪʦʨʘʤʠ ʚ ʨʘʙʦʪʝ [88, 131, 132] ʙʳʣʦ 

ʧʦʣʫʯʝʥʦ ʥʝʩʢʦʣʴʢʦ ʤʝʥʴʰʝʝ ʟʥʘʯʝʥʠʝ ʤʘʢʩʠʤʘʣʴʥʦʡ ʩʢʦʨʦʩʪʠ ʜʣʷ ʙʝʨʠʣʣʠʷ (35 

¡/ps) ʚʚʠʜʫ ʪʦʛʦ, ʯʪʦ ʠʤʠ ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʜʨʫʛʦʡ ʥʘʙʦʨ ʧʘʨʘʤʝʪʨʦʚ ʜʣʷ 

ʚʦʟʙʫʞʜʝʥʠʷ ɼɹ.  

 

ʈʠʩʫʥʦʢ 2.6  ɿʘʚʠʩʠʤʦʩʪʴ ʩʢʦʨʦʩʪʠ ɼɹ ʚ ʙʝʨʠʣʣʠʠ ʦʪ ʧʘʨʘʤʝʪʨʘ ŭ, ʨʘʩʩʯʠʪʘʥʥʘʷ 

ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʟʥʘʯʝʥʠʷʭ ʥʘʯʘʣʴʥʦʡ ʘʤʧʣʠʪʫʜʳ: A = 0.30 (ʢʨʠʚʘʷ 1), A = 0.35 (2), 

A = 0.40 (3), A = 0.45 (4). 
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ɿʘʚʠʩʠʤʦʩʪʴ ʫʩʪʘʥʦʚʠʚʰʝʡʩʷ ʘʤʧʣʠʪʫʜʳ ʢʦʣʝʙʘʥʠʡ a ʦʪ ʥʘʯʘʣʴʥʦʡ A, 

ʨʘʩʩʯʠʪʘʥʥʘʷ ʜʣʷ ʨʘʟʣʠʯʥʳʭ ʟʥʘʯʝʥʠʡ ʧʘʨʘʤʝʪʨʘ ŭ, ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩʫʥʢʝ 2.7. 

ɺʠʜʥʦ, ʯʪʦ ʫʩʪʘʥʦʚʠʚʰʘʷʩʷ ʘʤʧʣʠʪʫʜʘ ɼɹ ʜʦʩʪʠʛʘʝʪ ʩʚʦʝʛʦ ʤʘʢʩʠʤʫʤʘ ʚ ʧʨʝʜʝʣʘʭ 

0.37-0.40 ¡ ʠ ʟʘʪʝʤ ʥʘʯʠʥʘʝʪ ʫʙʳʚʘʪʴ ʚʩʣʝʜʩʪʚʠʝ ʨʘʩʩʝʷʥʠʷ ʵʥʝʨʛʠʠ ʥʘ ʩʦʩʝʜʥʠʭ 

ʘʪʦʤʘʭ. 

 

ʈʠʩʫʥʦʢ 2.7  ɿʘʚʠʩʠʤʦʩʪʴ ʫʩʪʘʥʦʚʠʚʰʝʡʩʷ ʘʤʧʣʠʪʫʜʳ ʢʦʣʝʙʘʥʠʡ ɼɹ a ʦʪ 

ʥʘʯʘʣʴʥʦʡ ʘʤʧʣʠʪʫʜʳ A, ʨʘʩʩʯʠʪʘʥʥʘʷ ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʟʥʘʯʝʥʠʷʭ ʧʘʨʘʤʝʪʨʘ ŭ: 

ŭ=0.05(ʢʨʠʚʘʷ 1), ŭ=0.15 (2), ŭ=0.25 (3), ŭ=0.35 (4), ŭ=0.50 (5), ŭ=0.60 (6). 

 

ʇʨʠ ʵʪʦʤ ʯʘʩʪʦʪʘ ʢʦʣʝʙʘʥʠʷ ʜʣʷ ʣʝʛʢʠʭ ʘʪʦʤʦʚ ʙʝʨʠʣʣʠʷ ʚ ɼɹ ʦʢʘʟʘʣʘʩʴ 

ʟʥʘʯʠʪʝʣʴʥʦ ʚʳʰʝ, ʯʝʤ ʜʣʷ ʪʷʞʝʣʳʭ ʘʪʦʤʦʚ ʮʠʨʢʦʥʠʷ. ʄʘʢʩʠʤʘʣʴʥʘʷ ʩʢʦʨʦʩʪʴ 

ʜʚʠʞʝʥʠʷ ɼɹ ʚ Be ʩʦʩʪʘʚʠʣʘ 35 ¡/ʧʩ (3.5 ʢʤ/ʩ), ʘ ʚ Zr 10 ¡/ʧʩ (1.0 ʢʤ/ʩ). ʆʪʤʝʪʠʤ, 

ʯʪʦ ʩʢʦʨʦʩʪʴ ʟʚʫʢʘ ʚ ʙʝʨʠʣʣʠʠ 12.9 ʢʤ/ʩ, ʘ ʚ ʮʠʨʢʦʥʠʠ 4.65 ʢʤ/ʩ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, 

ʤʘʢʩʠʤʘʣʴʥʘʷ ʩʢʦʨʦʩʪʴ ɼɹ ʚ Be (Zr) ʩʦʩʪʘʚʣʷʝʪ 0.27% (0.22%) ʦʪ ʩʢʦʨʦʩʪʠ ʟʚʫʢʘ. 

 

2.4. ɺʳʚʦʜʳ ʧʦ ʛʣʘʚʝ 2 

 

ɺʧʝʨʚʳʝ ʠʩʩʣʝʜʦʚʘʥʳ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʥʝʧʦʜʚʠʞʥʳʭ ʠ ʜʚʠʞʫʱʠʭʩʷ 

ʥʫʣʴʤʝʨʥʳʭ ɼɹ ʚ ʪʨʝʭʤʝʨʥʦʤ ʤʦʥʦʢʨʠʩʪʘʣʣʝ ɻʇʋ ʙʝʨʠʣʣʠ ̫ ʚ ʰʠʨʦʢʦʤ 
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ʠʥʪʝʨʚʘʣʝ ʘʤʧʣʠʪʫʜ ʠ ʚʳʷʚʣʝʥʳ ʫʩʣʦʚʠʷ ʠʭ ʩʫʱʝʩʪʚʦʚʘʥʠʷ. ɺ ʢʘʯʝʩʪʚʝ 

ʥʘʯʘʣʴʥʳʭ ʫʩʣʦʚʠʡ ʜʣʷ ʚʦʟʙʫʞʜʝʥʠʷ ɼɹ ʚ ʧʣʦʪʥʦʫʧʘʢʦʚʘʥʥʦʤ ʘʪʦʤʥʦʤ ʨʷʜʫ 

ʠʩʧʦʣʴʟʦʚʘʣʘʩʴ ʢʚʘʟʠʧʝʨʠʦʜʠʯʥʘʷ ʬʫʥʢʮʠʷ. ʆʧʨʝʜʝʣʝʥ ʥʘʙʦʨ ʧʘʨʘʤʝʪʨʦʚ, ʧʨʠ 

ʢʦʪʦʨʦʤ ʚʦʟʤʦʞʥʦ ʫʩʧʝʰʥʦʝ ʚʦʟʙʫʞʜʝʥʠʝ ʜʦʣʛʦʞʠʚʫʱʠʭ ɼɹ. ʏʘʩʪʦʪʘ ʢʦʣʝʙʘʥʠʡ 

ɼɹ ʚʩʝʛʜʘ ʣʝʞʠʪ ʚʳʰʝ ʚʝʨʭʥʝʡ ʛʨʘʥʠʮʳ ʬʦʥʦʥʥʦʛʦ ʩʧʝʢʪʨʘ ʠ ʩʥʘʯʘʣʘ ʚʦʟʨʘʩʪʘʝʪ 

ʩ ʨʦʩʪʦʤ ʘʤʧʣʠʪʫʜʳ (ʞʝʩʪʢʠʡ ʪʠʧ ʥʝʣʠʥʝʡʥʦʩʪʠ), ʘ ʟʘʪʝʤ ʥʘʯʠʥʘʝʪ ʫʤʝʥʴʰʘʪʴʩʷ. 

ʉʪʝʧʝʥʴ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʣʦʢʘʣʠʟʘʮʠʠ ʥʝʧʦʜʚʠʞʥʦʛʦ ɼɹ ʚ ʙʝʨʠʣʣʠʠ ʜʦʩʪʘʪʦʯʥʦ 

ʚʝʣʠʢʘ ʠ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʮʝʥʪʨʠʨʦʚʘʥʠʷ ɼɹ, ʙʦʣʴʰʠʝ ʘʤʧʣʠʪʫʜʳ ʠʤʝʶʪ 2-3 

ʘʪʦʤʘ. ɼʚʠʞʫʱʠʝʩʷ ɼɹ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʚʳʩʦʢʦʡ ʩʪʘʙʠʣʴʥʦʩʪʴʶ ʚ ʠʥʪʝʨʚʘʣʝ 

ʥʘʯʘʣʴʥʳʭ ʘʤʧʣʠʪʫʜ ɸ=0.25-0.50 ¡ ʠ ʧʘʨʘʤʝʪʨʘ ŭ ʚ ʠʥʪʝʨʚʘʣʝ ʦʪ 0.05 ʜʦ 0.6. 

ʄʘʢʩʠʤʘʣʴʥʘʷ ʩʢʦʨʦʩʪʴ ʜʚʠʞʝʥʠʷ ʩʦʩʪʘʚʠʣʘ 4.35 ʢʤ/ʩ, ʯʪʦ ʩʦʩʪʘʚʣʷʝʪ å 34% ʦʪ 

ʩʢʦʨʦʩʪʠ ʧʨʦʜʦʣʴʥʦʛʦ ʟʚʫʢʘ ʚ ʙʝʨʠʣʣʠʠ.  
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ɻʃɸɺɸ 3. ʆɼʅʆʄɽʈʅʓɽ ɼʀʉʂʈɽʊʅʓɽ ɹʈʀɿɽʈʓ ɺ ɻʎʂ ʄɽʊɸʃʃɸʍ 

 

 

ɼʘʥʥʘʷ ʛʣʘʚʘ ʧʦʩʚʷʱʝʥʘ ʠʟʫʯʝʥʠʶ ɼɹ, ʚʦʟʙʫʞʜʝʥʥʦʛʦ ʥʘ ʦʩʥʦʚʝ 

ʦʜʥʦʤʝʨʥʦʡ ɼʅʂʄ ʚ ʪʨʝʭʤʝʨʥʳʭ ʤʦʜʝʣʷʭ ɻʎʂ ʤʝʪʘʣʣʦʚ (Al, Cu ʠ Ni). ɻʣʘʚʘ 

ʥʘʧʠʩʘʥʘ ʥʘ ʦʩʥʦʚʝ ʦʧʫʙʣʠʢʦʚʘʥʥʳʭ ʨʘʙʦʪ [133, 134].  

 

ʂʘʢ ʙʳʣʦ ʧʦʢʘʟʘʥʦ ʚ ʛʣʘʚʝ 1, ʩʫʱʝʩʪʚʦʚʘʥʠʝ ɼɹ ʙʳʣʦ ʦʙʥʘʨʫʞʝʥʦ ʚ 

ʤʝʪʘʣʣʘʭ ʩ ʆʎʂ ʠ ɻʇʋ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʨʝʰʝʪʢʦʡ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʚ ɻʎʂ 

ʤʝʪʘʣʣʘʭ ʦʥʠ ʩʦʚʝʨʰʝʥʥʦ ʥʝ ʠʩʩʣʝʜʦʚʘʣʠʩʴ. ʂʨʦʤʝ ʪʦʛʦ, ʚ ʥʘʩʪʦʷʱʝʡ ʛʣʘʚʝ 

ʚʧʝʨʚʳʝ ʚʚʦʜʠʪʩʷ ʧʦʥʷʪʠʝ ʦʜʥʦʤʝʨʥʦʛʦ ɼɹ, ʪʦ ʝʩʪʴ ʜʝʣʦʢʘʣʠʟʦʚʘʥʥʦʛʦ ʚʜʦʣʴ 

ʦʜʥʦʛʦ ʢʨʠʩʪʘʣʣʦʛʨʘʬʠʯʝʩʢʦʛʦ ʥʘʧʨʘʚʣʝʥʠʷ ʠ ʣʦʢʘʣʠʟʦʚʘʥʥʦʛʦ ʚʜʦʣʴ ʜʚʫʭ 

ʜʨʫʛʠʭ. ʇʦʩʪʘʚʠʤ ʟʘʜʘʯʫ ʠʟʫʯʝʥʠʷ ʚʦʟʤʦʞʥʦʩʪʠ ʩʫʱʝʩʪʚʦʚʘʥʠʷ ʪʘʢʠʭ 

ʦʜʥʦʤʝʨʥʳʭ ɼɹ, ʚʦʟʙʫʞʜʝʥʥʳʭ ʚʦ ʚʩʝʤ ʧʣʦʪʥʦʫʧʘʢʦʚʘʥʥʦʤ ʘʪʦʤʥʦʤ ʨʷʜʫ 

ʪʨʝʭʤʝʨʥʦʛʦ ʢʨʠʩʪʘʣʣʘ ʠ ʠʩʩʣʝʜʦʚʘʥʠʷ ʠʭ ʩʚʦʡʩʪʚ ʧʨʠ ʧʦʤʦʱʠ ʤʝʪʦʜʘ 

ʤʦʣʝʢʫʣʷʨʥʦʡ ʜʠʥʘʤʠʢʠ. 

 

3.1. ʆʧʠʩʘʥʠʝ ʤʦʜʝʣʠ ʠ ʤʝʪʦʜʠʢʘ ʢʦʤʧʴʶʪʝʨʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ 

 

ɺʩʝ ʨʘʩʯʝʪʳ ʚ ʜʘʥʥʦʡ ʛʣʘʚʝ ʧʨʦʚʦʜʠʣʠʩʴ ʩ ʧʦʤʦʱʴʶ ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʫʝʤʦʡ 

ʠ ʭʦʨʦʰʦ ʟʘʨʝʢʦʤʝʥʜʦʚʘʚʰʝʡ ʩʝʙʷ ʧʨʦʛʨʘʤʤʳ ʤʦʣʝʢʫʣʷʨʥʦ-ʜʠʥʘʤʠʯʝʩʢʦʛʦ 

ʤʦʜʝʣʠʨʦʚʘʥʠʷ LAMMPS [108]. ɼʣʷ ʦʧʠʩʘʥʠʷ ʤʝʞʘʪʦʤʥʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ 

ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʧʦʪʝʥʮʠʘʣʳ ʦʩʥʦʚʘʥʥʳʝ ʥʘ ʤʝʪʦʜʝ ʧʦʛʨʫʞʝʥʥʦʛʦ ʘʪʦʤʘ ʜʣʷ 

ʘʣʶʤʠʥʠʷ, ʤʝʜʠ ʠ ʥʠʢʝʣʷ [116, 135]. 

ʅʘ ʨʠʩʫʥʢʝ 3.1 ʠʟʦʙʨʘʞʝʥʘ ʣʦʢʘʣʠʟʦʚʘʥʥʘʷ ʢʦʣʝʙʘʪʝʣʴʥʘʷ ʤʦʜʘ ʚ ɻʎʂ 

ʨʝʰʝʪʢʝ ʚ ʧʣʦʪʥʦʫʧʘʢʦʚʘʥʥʦʡ (111) ʧʣʦʩʢʦʩʪʠ, ʢʦʪʦʨʘʷ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ 

ʦʜʥʦʤʝʨʥʫʶ ʮʝʧʦʯʢʫ ʘʪʦʤʦʚ ʚʜʦʣʴ ʥʘʧʨʘʚʣʝʥʠʷ ρπρ, ʚ ʢʦʪʦʨʦʡ ʜʚʘ ʩʦʩʝʜʥʠʭ 

ʘʪʦʤʘ ʩʜʚʠʥʫʪʳ ʧʦ ʥʘʧʨʘʚʣʝʥʠʶ ʜʨʫʛ ʢ ʜʨʫʛʫ ʦʪ ʠʭ ʧʦʣʦʞʝʥʠʡ ʚ ʠʜʝʘʣʴʥʦʡ 

ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʨʝʰʝʪʢʝ. ɼʣʷ ʥʘʛʣʷʜʥʦʩʪʠ, ʯʝʨʥʳʤ ʮʚʝʪʦʤ ʥʘ ʨʠʩʫʥʢʝ 3.1 



53 

 

ʧʦʢʘʟʘʥʳ ʘʪʦʤʳ ʢʦʣʝʙʘʪʝʣʴʥʦʡ ʤʦʜʳ ʚ ʤʦʤʝʥʪ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʦʪʢʣʦʥʝʥʠʷ ʦʪ 

ʧʦʣʦʞʝʥʠʷ ʨʘʚʥʦʚʝʩʠʷ. ʂʘʢ ʧʦʢʘʟʘʣʠ ʧʨʝʜʚʘʨʠʪʝʣʴʥʳʝ ʨʘʩʯʝʪʳ, ʘʤʧʣʠʪʫʜʳ 

ʩʤʝʱʝʥʠʷ ʘʪʦʤʦʚ ʦʪ ʫʟʣʦʚ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʨʝʰʝʪʢʠ ʜʦʩʪʘʪʦʯʥʦ ʚʘʨʴʠʨʦʚʘʪʴ ʚ 

ʠʥʪʝʨʚʘʣʝ ʦʪ 0.05 ʜʦ 0.5 ¡. ɺʥʝ ʵʪʦʛʦ ʠʥʪʝʨʚʘʣʘ ʚʨʝʤʷ ʞʠʟʥʠ ʢʦʣʝʙʘʪʝʣʴʥʦʡ ʤʦʜʳ 

ʦʛʨʘʥʠʯʠʚʘʝʪʩʷ ʚʩʝʛʦ ʥʝʩʢʦʣʴʢʠʤʠ ʢʦʣʝʙʘʥʠʷʤʠ, ʢʦʪʦʨʳʝ ʦʯʝʥʴ ʙʳʩʪʨʦ ʟʘʪʫʭʘʶʪ. 

ɺʩʝ ʦʩʪʘʣʴʥʳʝ ʘʪʦʤʳ ʨʘʩʯʝʪʥʦʡ ʷʯʝʡʢʠ ʥʘʭʦʜʠʣʠʩʴ ʚ ʫʟʣʘʭ ʠʜʝʘʣʴʥʦʡ 

ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʨʝʰʝʪʢʠ. 

 

 

 

ʈʠʩʫʥʦʢ 3.1  ʃʦʢʘʣʠʟʦʚʘʥʥʘʷ ʢʦʣʝʙʘʪʝʣʴʥʘʷ ʤʦʜʘ ʚ ɻʎʂ ʨʝʰʝʪʢʝ. ɸʪʦʤʳ 

ʢʦʣʝʙʘʪʝʣʴʥʦʡ ʤʦʜʳ ʚ ʤʦʤʝʥʪ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʦʪʢʣʦʥʝʥʠʷ ʦʪ ʧʦʣʦʞʝʥʠʷ 

ʨʘʚʥʦʚʝʩʠʷ ʧʦʢʘʟʘʥʳ ʯʝʨʥʳʤ ʮʚʝʪʦʤ. ʆʩʪʘʣʴʥʳʝ ʘʪʦʤʳ ʦʪʤʝʯʝʥʳ ʩʝʨʳʤ. 

ʈʘʩʯʝʪʥʘʷ ʷʯʝʡʢʘ ʩʦʜʝʨʞʠʪ ʯʝʪʥʦʝ ʯʠʩʣʦ ʚʦʟʙʫʞʜʝʥʥʳʭ ʘʪʦʤʦʚ. 

 

ʇʝʨʠʦʜʠʯʝʩʢʠʝ ʛʨʘʥʠʯʥʳʝ ʫʩʣʦʚʠʷ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʚʜʦʣʴ ʚʩʝʭ ʪʨʝʭ ʚʟʘʠʤʥʦ 

ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʳʭ ʥʘʧʨʘʚʣʝʥʠʡ. ʄʦʜʝʣʠʨʦʚʘʥʠʝ ʧʨʦʚʦʜʠʣʦʩʴ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 

ʊ=0 ʂ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʦʛʦ ʘʥʩʘʤʙʣʷ NVE (ʥʝʠʟʤʝʥʥʳʝ ʯʠʩʣʦ 

ʘʪʦʤʦʚ, ʦʙʲʝʤ ʠ ʵʥʝʨʛʠʷ). ɼʘʥʥʘʷ ʪʝʤʧʝʨʘʪʫʨʘ ʚʳʙʨʘʥʘ, ʧʦʩʢʦʣʴʢʫ ʪʝʧʣʦʚʳʝ 

ʬʣʫʢʪʫʘʮʠʠ ʘʪʦʤʦʚ ʟʥʘʯʠʪʝʣʴʥʦ ʥʘʨʫʰʘʶʪ ʢʦʣʝʙʘʥʠʷ ʘʪʦʤʥʦʡ ʮʝʧʦʯʢʠ. ʇʨʠ 

ʯʠʩʣʝʥʥʦʤ ʠʥʪʝʛʨʠʨʦʚʘʥʠʠ ʫʨʘʚʥʝʥʠʡ ʜʚʠʞʝʥʠʷ ʯʘʩʪʠʮ ʰʘʛ ʧʦ ʚʨʝʤʝʥʠ ʙʳʣ 
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ʚʳʙʨʘʥ ʨʘʚʥʳʤ 1 ʬʩ. ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʪʘʢʦʡ ʰʘʛ ʷʚʣʷʝʪʩʷ ʩʪʘʥʜʘʨʪʥʳʤ ʜʣʷ 

ʜʘʥʥʦʛʦ ʪʠʧʘ ʤʦʣʝʢʫʣʷʨʥʦ-ʜʠʥʘʤʠʯʝʩʢʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ. ʇʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ 

ʯʠʩʣʝʥʥʳʭ ʨʘʩʯʝʪʦʚ ʩʦʩʪʘʚʠʣʘ 20000 ʰʘʛʦʚ, ʯʪʦ ʦʢʘʟʘʣʦʩʴ ʜʦʩʪʘʪʦʯʥʳʤ ʜʣʷ 

ʥʘʙʣʶʜʝʥʠʷ ʠʟʫʯʘʝʤʳʭ ʷʚʣʝʥʠʡ. ʇʣʦʪʥʦʩʪʴ ʬʦʥʦʥʥʳʭ ʩʦʩʪʦʷʥʠʡ ʙʳʣʘ 

ʨʘʩʩʯʠʪʘʥʘ ʜʣʷ ʚʩʝʭ ɻʎʂ ʤʝʪʘʣʣʦʚ ʠ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩʫʥʢʝ 3.2. ʂʘʢ ʚʠʜʥʦ, 

ʚʝʨʭʥʷʷ ʛʨʘʥʠʮʘ ʬʦʥʦʥʥʦʛʦ ʩʧʝʢʪʨʘ 10.0, 7.9 ʠ 10.3 ʊɻʮ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʜʣʷ Al, 

Cu ʠ Ni. 

 

 

ʈʠʩʫʥʦʢ 3.2  ʇʣʦʪʥʦʩʪʴ ʬʦʥʦʥʥʳʭ ʩʦʩʪʦʷʥʠʡ ʨʘʩʩʯʠʪʘʥʥʘʷ ʜʣʷ ɻʎʂ ʤʝʪʘʣʣʦʚ 

Al, Cu ʠ Ni. 

 

ɼʣʷ ʠʟʫʯʝʥʠʷ ʚʣʠʷʥʠʷ ʨʘʩʯʝʪʥʦʡ ʷʯʝʡʢʠ ʥʘ ʨʝʟʫʣʴʪʘʪʳ ʤʦʜʝʣʠʨʦʚʘʥʠʷ, 

ʩʚʦʡʩʪʚʘ ʣʦʢʘʣʠʟʦʚʘʥʥʦʡ ʢʦʣʝʙʘʪʝʣʴʥʦʡ ʤʦʜʳ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʚ 

ʤʦʥʦʢʨʠʩʪʘʣʣʘʭ ʥʠʢʝʣʷ ʨʘʟʥʳʭ ʨʘʟʤʝʨʦʚ. ɼʣʷ ʢʨʘʪʢʦʩʪʠ, ʣʠʥʝʡʥʳʝ ʨʘʟʤʝʨʳ ʠ 

ʯʠʩʣʦ ʘʪʦʤʦʚ ʚ ʨʘʩʯʝʪʥʦʡ ʷʯʝʡʢʝ, ʧʘʨʘʤʝʪʨʳ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʨʝʰʝʪʢʠ ʠ 

ʟʥʘʯʝʥʠʷ ʚʝʨʭʥʝʡ ʛʨʘʥʠʮʳ ʬʦʥʦʥʥʦʛʦ ʩʧʝʢʪʨʘ ʜʣʷ ʠʩʩʣʝʜʫʝʤʳʭ ɻʎʂ ʤʝʪʘʣʣʦʚ Al, 

Cu ʠ Ni, ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣʠʮʝ 2. 
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ʀʩʩʣʝʜʦʚʘʥʠʷ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʥʘʯʘʣʴʥʘʷ ʘʤʧʣʠʪʫʜʘ ʢʦʣʝʙʘʥʠʡ ʘʪʦʤʦʚ A 

ʥʝʩʢʦʣʴʢʦ ʦʪʣʠʯʘʝʪʩʷ ʦʪ ʘʤʧʣʠʪʫʜʳ a, ʢʦʪʦʨʘʷ ʫʩʪʘʥʘʚʣʠʚʘʝʪʩʷ ʧʦʩʣʝ ʥʝʩʢʦʣʴʢʠʭ 

ʢʦʣʝʙʘʥʠʡ. ʕʪʘ ʫʩʪʘʥʦʚʠʚʰʘʷʩʷ ʘʤʧʣʠʪʫʜʘ ʢʦʣʝʙʘʥʠʡ ʦʧʨʝʜʝʣʷʣʘʩʴ ʧʫʪʝʤ 

ʫʩʨʝʜʥʝʥʠʷ ʨʘʟʤʘʭʘ ʧʣʦʩʢʦʡ ʢʦʣʝʙʘʪʝʣʴʥʦʡ ʤʦʜʳ ʚ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ, ʨʘʚʥʳʡ 1 ʧʩ. 

ʏʘʩʪʦʪʘ ʦʧʨʝʜʝʣʷʣʘʩʴ ʢʘʢ ʦʙʨʘʪʥʘʷ ʚʝʣʠʯʠʥʘ ʧʝʨʠʦʜʘ ʢʦʣʝʙʘʥʠʡ. ɺʨʝʤʷ ʞʠʟʥʠ - 

ʵʪʦ ʚʨʝʤʷ, ʧʦʩʣʝ ʢʦʪʦʨʦʛʦ ʩʪʨʫʢʪʫʨʘ ʧʣʦʩʢʦʛʦ ʙʨʠʟʝʨʘ ʥʘʯʠʥʘʝʪ ʨʘʟʨʫʰʘʪʴʩʷ ʠ 

ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʟʥʘʯʠʪʝʣʴʥʳʤ ʫʤʝʥʴʰʝʥʠʝʤ ʘʤʧʣʠʪʫʜʳ ʢʦʣʝʙʘʥʠʡ. 

 

ʊʘʙʣʠʮʘ 2. ʈʘʟʤʝʨʳ ʨʘʩʯʝʪʥʦʡ ʷʯʝʡʢʠ ʚʜʦʣʴ x-, y- ʠ z-ʥʘʧʨʘʚʣʝʥʠʡ, ʯʠʩʣʦ ʘʪʦʤʦʚ 

(N), ʧʦʩʪʦʷʥʥʘʷ ʨʝʰʝʪʢʠ ʘ0 ʧʨʠ T = 0 K, ʚʝʨʭʥʷʷ ʛʨʘʥʠʮʘ ʬʦʥʦʥʥʦʛʦ ʩʧʝʢʪʨʘ (ɤ) 

ʜʣʷ ʠʩʩʣʝʜʫʝʤʳʭ ɻʎʂ ʤʝʪʘʣʣʦʚ Al, Cu ʠ Ni. ʄʦʥʦʢʨʠʩʪʘʣʣ Ni ʩ ʤʝʥʴʰʝʡ 

ʨʘʩʯʝʪʥʦʡ ʷʯʝʡʢʦʡ ʦʙʦʟʥʘʯʘʝʪʩʷ ʜʘʣʝʝ ʢʘʢ Ni*. 

ʄʝʪʘʣʣ ʈʘʩʯʝʪʥʘʷ ʷʯʝʡʢʘ (¡) N ʘ0 (¡) ɤ (Tɻʮ) 

Al  157.6Ĭ125.1Ĭ76.1 92928 4.05 10.0 

Cu 141.7Ĭ112.5Ĭ68.4 92928 3.62 7.9 

Ni 138.0Ĭ109.6Ĭ67.1 92928 3.54 10.3 

Ni*
 

69.0Ĭ54.8Ĭ67.1 23232 3.54 10.3 

 

3.2. ʉʚʦʡʩʪʚʘ ʦʜʥʦʤʝʨʥʦʛʦ ʜʠʩʢʨʝʪʥʦʛʦ ʙʨʠʟʝʨʘ 

 

ʅʘ ʨʠʩʫʥʢʝ 3.3 ʘ ʧʨʝʜʩʪʘʚʣʝʥʘ ʟʘʚʠʩʠʤʦʩʪʴ ʚʨʝʤʝʥʠ ʞʠʟʥʠ ʦʜʥʦʤʝʨʥʦʛʦ ɼɹ 

ʦʪ ʥʘʯʘʣʴʥʦʡ ʘʤʧʣʠʪʫʜʳ ʢʦʣʝʙʘʥʠʡ a ʚ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ 1 ʧʩ. ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, 

ʯʪʦ ʟʘʜʘʚʘʝʤʘʷ ʚ ʥʘʯʘʣʝ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʥʘʯʘʣʴʥʘʷ ʘʤʧʣʠʪʫʜʘ ʚ ʪʝʯʝʥʠʝ 

ʥʝʩʢʦʣʴʢʠʭ ʧʝʨʠʦʜʦʚ ʢʦʣʝʙʘʥʠʡ ʫʤʝʥʴʰʘʝʪʩʷ ʠʟ-ʟʘ ʥʝʢʦʪʦʨʦʛʦ ʨʘʩʩʝʠʚʘʥʠʷ 

ʵʥʝʨʛʠʠ ʥʘ ʩʦʩʝʜʥʠʭ ʘʪʦʤʘʭ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʯʝʛʦ ʧʨʦʠʩʭʦʜʠʪ ʥʝʙʦʣʴʰʦʝ 

ʫʤʝʥʴʰʝʥʠʝ ʘʤʧʣʠʪʫʜʳ ʘʪʦʤʥʳʭ ʢʦʣʝʙʘʥʠʡ, ʢʦʪʦʨʘʷ ʟʘʪʝʤ ʦʩʪʘʝʪʩʷ ʧʦʩʪʦʷʥʥʦʡ 

ʜʦʚʦʣʴʥʦ ʜʣʠʪʝʣʴʥʳʡ ʧʨʦʤʝʞʫʪʦʢ ʚʨʝʤʝʥʠ. ʕʪʘ ʘʤʧʣʠʪʫʜʘ ʠ ʥʘʟʳʚʘʝʪʩʷ 

ʫʩʪʘʥʦʚʠʚʰʝʡʩʷ. ʇʨʠ ʵʪʦʤ ʧʝʨʠʦʜ ʢʦʣʝʙʘʥʠʡ ʦʪ ʤʦʤʝʥʪʘ ʚʦʟʙʫʞʜʝʥʠʷ ɼɹ ʜʦ ʝʛʦ 
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ʟʘʪʫʭʘʥʠʷ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʠʟʤʝʥʷʪʩʷ. ʂʘʢ ʚʠʜʥʦ ʠʟ ʨʠʩʫʥʢʘ 3.3, ʠʩʩʣʝʜʫʝʤʘʷ ʤʦʜʘ 

ʤʦʞʝʪ ʩʫʱʝʩʪʚʦʚʘʪʴ ʚ ɻʎʂ ʨʝʰʝʪʢʘʭ ʚʩʝʭ ʪʨʝʭ ʠʩʩʣʝʜʫʝʤʳʭ ʤʝʪʘʣʣʦʚ Al, Cu ʠ 

Ni. ɺ ʠʥʪʝʨʚʘʣʝ ʘʤʧʣʠʪʫʜ ʦʪ 0.05 ʜʦ 0.125 ¡ ʚʨʝʤʷ ʞʠʟʥʠ ɼɹ ʜʦʚʦʣʴʥʦ ʤʘʣʦ ʠ ʥʝ 

ʧʨʝʚʳʰʘʝʪ 2 ʧʩ. ʇʨʠ ʥʘʯʘʣʴʥʳʭ ʘʤʧʣʠʪʫʜʘʭ ʜʣʷ ʘʣʶʤʠʥʠʷ 0.25 ¡, ʜʣʷ ʤʝʜʠ 

0.25 ¡ ʠ ʜʣʷ ʥʠʢʝʣʷ 0.2 ¡ ʥʘʙʣʶʜʘʝʪʩʷ ʨʝʟʢʦʝ ʫʚʝʣʠʯʝʥʠʝ ʚʨʝʤʝʥʠ ʞʠʟʥʠ ʜʦ 

ʤʘʢʩʠʤʘʣʴʥʳʭ ʟʥʘʯʝʥʠʡ 16, 17 ʠ 14 ʧʩ, ʯʪʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ 163, 140 ʠ 142 

ʢʦʣʝʙʘʥʠʷʤ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʇʦʩʣʝ ʯʝʛʦ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʘʤʧʣʠʪʫʜʳ ʦʪ 0.3 ʜʦ 0.5 ¡ 

ʚʨʝʤʷ ʩʫʱʝʩʪʚʦʚʘʥʠʷ ʣʦʢʘʣʠʟʦʚʘʥʥʦʡ ʤʦʜʳ ʥʘʯʠʥʘʝʪ ʫʤʝʥʴʰʘʪʴʩʷ ʠ ʫʞʝ ʧʨʠ 

ʘʤʧʣʠʪʫʜʝ 0.5 ¡ ʥʝ ʧʨʝʚʳʰʘʝʪ 2.2 ʧʩ ʜʣʷ ʚʩʝʭ ʪʨʝʭ ʤʝʪʘʣʣʦʚ. ɺʨʝʤʷ ʞʠʟʥʠ ʤʦʜʳ, 

ʧʦʣʫʯʝʥʥʦʝ ʜʣʷ ʤʦʥʦʢʨʠʩʪʘʣʣʘ Ni* ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʦʪʣʠʯʘʝʪʩʷ ʦʪ ʟʥʘʯʝʥʠʡ 

ʧʦʣʫʯʝʥʥʳʭ ʜʣʷ Ni ʧʨʠ ʤʘʣʳʭ ʠ ʙʦʣʴʰʠʭ ʘʤʧʣʠʪʫʜʘʭ ʢʦʣʝʙʘʥʠʡ, ʠ ʟʘʤʝʪʥʦ 

ʨʘʟʣʠʯʘʝʪʩʷ ʧʨʠ ʧʨʦʤʝʞʫʪʦʯʥʳʭ ʟʥʘʯʝʥʠʷʭ ʫʩʪʘʥʦʚʠʚʰʠʭʩʷ ʘʤʧʣʠʪʫʜ. ɸ ʠʤʝʥʥʦ, 

ʚʨʝʤʝʥʘ ʞʠʟʥʠ ʢʦʨʦʯʝ ʚ ʩʣʫʯʘʝ ʤʝʥʴʰʝʡ ʨʘʩʯʝʪʥʦʡ ʷʯʝʡʢʠ. ʆʪʤʝʪʠʤ, ʯʪʦ 

ʥʘʠʙʦʣʴʰʘʷ ʨʘʟʥʠʮʘ ʦʢʦʣʦ 1.7 ʧʩ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʤʘʢʩʠʤʘʣʴʥʦʤʫ ʚʨʝʤʝʥʠ ʞʠʟʥʠ, 

ʢʘʢ ʵʪʦ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩʫʥʢʝ 3.3. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʜʠʘʧʘʟʦʥ ʥʘʯʘʣʴʥʳʭ ʘʤʧʣʠʪʫʜ, 

ʧʨʠ ʢʦʪʦʨʳʭ ʤʦʞʝʪ ʚʦʟʙʫʞʜʘʪʴʩʷ ʫʩʪʦʡʯʠʚʘʷ ʜʝʣʦʢʘʣʠʟʦʚʘʥʥʘʷ ʢʦʣʝʙʘʪʝʣʴʥʘʷ 

ʤʦʜʘ, ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʥʳʭ ʤʝʪʘʣʣʦʚ ʦʪʥʦʩʠʪʝʣʴʥʦ ʫʟʢʠʡ, ʪʦ ʝʩʪʴ 0.225 < ɸ < 0.45. 

ɿʘʚʠʩʠʤʦʩʪʴ ʯʘʩʪʦʪʳ ʦʜʥʦʤʝʨʥʦʛʦ ɼɹ ʦʪ ʥʘʯʘʣʴʥʦʡ ʘʤʧʣʠʪʫʜʳ 

ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩʫʥʢʝ 3.3 ʙ. ɺ ʠʥʪʝʨʚʘʣʝ ʥʘʯʘʣʴʥʳʭ ʘʤʧʣʠʪʫʜ ʦʪ 0.05 ʜʦ 

0.225 ¡ ʯʘʩʪʦʪʘ ʢʦʣʝʙʘʥʠʡ ʣʦʢʘʣʠʟʦʚʘʥʥʦʡ ʤʦʜʳ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʥʝʩʫʱʝʩʪʚʝʥʥʦ, 

ʯʪʦ ʤʦʞʥʦ ʦʙʲʷʩʥʠʪʴ ʤʘʣʦʩʪʴʶ ʩʤʝʱʝʥʠʡ ʠ ʦʩʦʙʝʥʥʦʩʪʷʤʠ ʤʝʞʘʪʦʤʥʦʛʦ 

ʧʦʪʝʥʮʠʘʣʘ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ. ɼʘʣʝʝ, ʧʨʠ ʘʤʧʣʠʪʫʜʘʭ ʙʦʣʝʝ 0.25 ¡ ʧʨʦʠʩʭʦʜʠʪ 

ʟʥʘʯʠʪʝʣʴʥʦʝ ʫʚʝʣʠʯʝʥʠʝ ʯʘʩʪʦʪʳ ɼɹ ʧʦ ʣʠʥʝʡʥʦʤʫ ʟʘʢʦʥʫ, ʯʪʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ 

ʞʝʩʪʢʦʤʫ ʪʠʧʫ ʥʝʣʠʥʝʡʥʦʩʪʠ, ʪʠʧʠʯʥʦʤʫ ʜʣʷ ʤʝʪʘʣʣʦʚ ʩ ʨʘʟʣʠʯʥʦʡ 

ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʨʝʰʝʪʢʦʡ. ɺʘʞʥʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʥʘʡʜʝʥʥʳʝ ʯʘʩʪʦʪʳ ʢʦʣʝʙʘʥʠʡ 

ʜʣʷ Al, Cu ʠ Ni ʚʳʰʝ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʟʥʘʯʝʥʠʡ ʚʝʨʭʥʝʛʦ ʢʨʘʷ ʬʦʥʦʥʥʦʛʦ 

ʩʧʝʢʪʨʘ ʜʣʷ ʵʪʠʭ ʤʝʪʘʣʣʦʚ (ʩʤ. ʪʘʙʣʠʮʫ 2), ʯʪʦ ʦʙʝʩʧʝʯʠʚʘʝʪ ʥʝʚʟʘʠʤʦʜʝʡʩʪʚʠʝ 

ʘʪʦʤʦʚ ʤʦʜʳ ʩ ʪʝʧʣʦʚʳʤʠ ʢʦʣʝʙʘʥʠʷʤʠ ʨʝʰʝʪʢʠ.  
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ʅʘ ʨʠʩʫʥʢʝ 3.3 ʚ ʧʦʢʘʟʘʥʘ ʟʘʚʠʩʠʤʦʩʪʴ ʧʦʣʥʦʡ (ʢʠʥʝʪʠʯʝʩʢʘʷ ʧʣʶʩ 

ʧʦʪʝʥʮʠʘʣʴʥʘʷ) ʢʦʣʝʙʘʪʝʣʴʥʦʡ ʵʥʝʨʛʠʠ, ʧʨʠʭʦʜʷʱʝʡʩʷ ʥʘ ʦʜʠʥ ʦʩʮʠʣʣʠʨʫʶʱʠʡ 

ʘʪʦʤ ʚ ʮʝʧʠ, ʦʪ ʥʘʯʘʣʴʥʦʡ ʘʤʧʣʠʪʫʜʳ A. ʂʘʢ ʚʠʜʥʦ, ʛʨʘʬʠʢ ʧʦʣʥʦʡ ʵʥʝʨʛʠʠ ʚʝʜʝʪ 

 

ʈʠʩʫʥʦʢ 3.3  ʘ) ɿʘʚʠʩʠʤʦʩʪʴ ʚʨʝʤʝʥʠ ʞʠʟʥʠ ʙ) ʯʘʩʪʦʪʳ ʠ ʚ) ʧʦʣʥʦʡ 

ʢʦʣʝʙʘʪʝʣʴʥʦʡ ʵʥʝʨʛʠʠ ʦʜʥʦʤʝʨʥʦʛʦ ɼɹ ʦʪ ʥʘʯʘʣʴʥʦʡ ʘʤʧʣʠʪʫʜʳ ʜʣʷ ɻʎʂ 

ʤʝʪʘʣʣʦʚ Al, Cu ʠ Ni. 
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ʩʝʙʷ ʪʘʢʠʤ ʞʝ ʦʙʨʘʟʦʤ, ʢʘʢ ʠ ʯʘʩʪʦʪʘ ʢʦʣʝʙʘʥʠʡ, ʠʟʦʙʨʘʞʝʥʥʘʷ ʥʘ ʨʠʩʫʥʢʝ 3.3 ʙ. 

ɸ ʠʤʝʥʥʦ, ʥʝʟʥʘʯʠʪʝʣʴʥʦʝ ʫʚʝʣʠʯʝʥʠʝ ʧʦʣʥʦʡ ʵʥʝʨʛʠʠ ʧʨʦʠʩʭʦʜʠʪ ʚ ʜʠʘʧʘʟʦʥʝ 

ʘʤʧʣʠʪʫʜ ʦʪ 0.05 ʜʦ 0.225 ¡, ʘ ʧʨʠ ʘʤʧʣʠʪʫʜʘʭ A >0.25 ¡ ʵʥʝʨʛʠʷ ʨʘʩʪʝʪ 

ʟʥʘʯʠʪʝʣʴʥʦ ʧʨʠʙʣʠʟʠʪʝʣʴʥʦ ʧʦ ʣʠʥʝʡʥʦʤʫ ʟʘʢʦʥʫ. ʊʘʢʦʡ ʧʝʨʝʭʦʜ ʤʝʞʜʫ ʜʚʫʤʷ 

ʣʠʥʝʡʥʳʤʠ ʟʘʚʠʩʠʤʦʩʪʷʤʠ ʚ ʜʠʘʧʘʟʦʥʝ ʥʘʯʘʣʴʥʳʭ ʘʤʧʣʠʪʫʜ 0.225-0.325 ¡ 

ʦʙʲʷʩʥʷʝʪʩʷ ʤʘʢʩʠʤʘʣʴʥʳʤ ʥʘʩʳʱʝʥʠʝʤ ʵʥʝʨʛʠʠ ʘʪʦʤʦʚ ʠ ʩʦʦʪʚʝʪʩʪʚʫʝʪ 

ʤʘʢʩʠʤʘʣʴʥʳʤ ʟʥʘʯʝʥʠʷʤ ʚʨʝʤʝʥʠ ʞʠʟʥʠ, ʯʪʦ ʭʦʨʦʰʦ ʚʠʜʥʦ ʧʨʠ ʩʨʘʚʥʝʥʠʠ 

ʨʠʩʫʥʢʦʚ 3.3 ʘ ʠ 3.3 ʚ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʥʘʠʙʦʣʝʝ ʜʦʣʛʦʞʠʚʫʱʠʤʠ ʦʜʥʦʤʝʨʥʳʤʠ 

ɼɹ ʷʚʣʷʶʪʩʷ ʪʝ, ʫ ʢʦʪʦʨʳʭ ʘʤʧʣʠʪʫʜʘ ʢʦʣʝʙʘʥʠʷ ʥʘʭʦʜʠʪʩʷ ʚ ʠʥʪʝʨʚʘʣʝ ʦʪ 0.2 ʜʦ 

0.4¡, ʠ ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʥʘʢʘʧʣʠʚʘʪʴ ʜʦ 0.5-1.4 ʵɺ ʢʦʣʝʙʘʪʝʣʴʥʦʡ ʵʥʝʨʛʠʠ ʥʘ ʘʪʦʤ. 

ʇʨʠ ʵʪʦʤ ʤʘʢʩʠʤʘʣʴʥʳʝ ʟʥʘʯʝʥʠʷ ʧʦʣʥʦʡ ʵʥʝʨʛʠʠ ʥʘʙʣʶʜʘʶʪʩʷ ʧʨʠ ʩʘʤʳʭ 

ʚʳʩʦʢʠʭ ʘʤʧʣʠʪʫʜʘʭ ʠ ʩʦʩʪʘʚʣʷʶʪ ʧʦʨʷʜʢʘ 0.9, 1.6 ʠ 3.0 ʵɺ ʥʘ ʘʪʦʤ ʜʣʷ Al, Cu ʠ 

Ni ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʜʝʣʦʢʘʣʠʟʦʚʘʥʥʘʷ ʢʦʣʝʙʘʪʝʣʴʥʘʷ ʤʦʜʘ ʜʣʷ Ni 

ʤʦʞʝʪ ʥʘʢʘʧʣʠʚʘʪʴ ʙʦʣʴʰʫʶ ʢʦʣʝʙʘʪʝʣʴʥʫʶ ʵʥʝʨʛʠʶ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ Al ʠ Cu, ʯʪʦ 

ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʩʚʷʟʘʥʦ ʩ ʞʝʩʪʢʦʩʪʴʶ ʤʝʞʘʪʦʤʥʳʭ ʩʚʷʟʝʡ ʟʘʜʘʚʘʝʤʳʭ 

ʧʦʪʝʥʮʠʘʣʦʤ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʜʣʷ ʜʘʥʥʦʛʦ ʢʦʥʢʨʝʪʥʦʛʦ ʤʝʪʘʣʣʘ. ʏʘʩʪʦʪʘ 

ʢʦʣʝʙʘʥʠʡ ʠ ʧʦʣʥʘʷ ʢʦʣʝʙʘʪʝʣʴʥʘʷ ʵʥʝʨʛʠʷ ʜʣʷ Ni* ʥʝ ʧʦʢʘʟʘʥʳ ʥʘ ʨʠʩʫʥʢʝ 3.3 ʙ ʠ 

3.3 ʚ, ʧʦʩʢʦʣʴʢʫ ʦʥʠ ʧʦʯʪʠ ʧʦʣʥʦʩʪʴʶ ʩʦʚʧʘʜʘʶʪ ʩ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤʠ 

ʨʝʟʫʣʴʪʘʪʘʤʠ ʜʣʷ Ni. 

ʅʘ ʨʠʩʫʥʢʝ 3.4 ʠʟʦʙʨʘʞʝʥʘ ʟʘʚʠʩʠʤʦʩʪʴ ʫʩʪʘʥʦʚʠʚʰʝʡʩʷ ʘʤʧʣʠʪʫʜʳ ʘ ʦʪ 

ʥʘʯʘʣʴʥʦʡ ʘʤʧʣʠʪʫʜʳ ɸ. ʍʦʨʦʰʦ ʚʠʜʥʦ, ʯʪʦ ʟʥʘʯʝʥʠʷ ʘ ʜʣʷ ʜʘʥʥʦʡ 

ʣʦʢʘʣʠʟʦʚʘʥʥʦʡ ʢʦʣʝʙʘʪʝʣʴʥʦʡ ʤʦʜʳ ʚʩʝʛʜʘ ʥʠʞʝ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʟʥʘʯʝʥʠʡ ɸ. 

ʕʪʦ ʦʙʲʷʩʥʷʝʪʩʷ ʪʝʤ, ʯʪʦ ʧʦʩʣʝ ʚʦʟʙʫʞʜʝʥʠʷ ʧʨʦʠʩʭʦʜʠʪ ʧʨʦʮʝʩʩ ʨʘʩʩʝʷʥʠʷ 

ʵʥʝʨʛʠʠ ʥʘ ʩʦʩʝʜʥʠʝ ʘʪʦʤʳ, ʥʘʭʦʜʷʱʠʝʩʷ ʚ ʪʦʡ ʞʝ ʘʪʦʤʥʦʡ ʧʣʦʩʢʦʩʪʠ. ʈʘʩʩʝʷʥʠʝ 

ʢʦʣʝʙʘʪʝʣʴʥʦʡ ʵʥʝʨʛʠʠ ʥʘ ʘʪʦʤʳ ʩʦʩʝʜʥʠʭ ʘʪʦʤʥʳʭ ʧʣʦʩʢʦʩʪʝʡ ʥʘ ʧʦʨʷʜʦʢ 

ʤʝʥʴʰʝ. ɺ ʠʥʪʝʨʚʘʣʝ ʘʤʧʣʠʪʫʜ ʦʪ 0.05 ʜʦ 0.25 ¡ ʠʤʝʝʪ ʤʝʩʪʦ ʣʠʥʝʡʥʘʷ 

ʟʘʚʠʩʠʤʦʩʪʴ, ʧʦʩʣʝ ʯʝʛʦ ʧʨʦʠʩʭʦʜʠʪ ʨʝʟʢʦʝ ʫʚʝʣʠʯʝʥʠʝ ʫʩʪʘʥʦʚʠʚʰʝʡʩʷ 

ʘʤʧʣʠʪʫʜʳ, ʘ ʟʘʪʝʤ ʧʨʠ ʘʤʧʣʠʪʫʜʘʭ ʦʪ 0.3 ʜʦ 0.5 ¡ ʟʘʚʠʩʠʤʦʩʪʴ ʦʧʷʪʴ ʩʪʘʥʦʚʠʪʩʷ 

ʣʠʥʝʡʥʦʡ, ʥʦ ʩ ʙʦʣʴʰʠʤ ʫʛʣʦʤ ʥʘʢʣʦʥʘ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʦʩʠ ʘʙʩʮʠʩʩ. ʈʝʟʫʣʴʪʘʪʳ 
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ʜʣʷ Ni* ʧʦʯʪʠ ʧʦʣʥʦʩʪʴʶ ʩʦʚʧʘʜʘʶʪ ʩ Ni ʜʣʷ ʙʦʣʴʰʠʭ ʥʘʯʘʣʴʥʳʭ ʘʤʧʣʠʪʫʜ ʠ 

ʥʝʟʥʘʯʠʪʝʣʴʥʦ ʦʪʣʠʯʘʶʪʩʷ ʧʨʠ ʙʦʣʝʝ ʥʠʟʢʠʭ ʘʤʧʣʠʪʫʜʘʭ ʢʦʣʝʙʘʥʠʡ. 

 

 

ʈʠʩʫʥʦʢ 3.4  ɿʘʚʠʩʠʤʦʩʪʴ ʫʩʪʘʥʦʚʠʚʰʝʡʩʷ ʘʤʧʣʠʪʫʜʳ ʢʦʣʝʙʘʥʠʡ ʦʜʥʦʤʝʨʥʦʛʦ 

ɼɹ a ʦʪ ʥʘʯʘʣʴʥʦʡ ʘʤʧʣʠʪʫʜʳ A. ʇʫʥʢʪʠʨʥʦʡ ʣʠʥʠʝʡ ʧʦʢʘʟʘʥʘ ʟʘʚʠʩʠʤʦʩʪʴ a = A. 

 

ɼʣʷ ʪʦʛʦ ʯʪʦʙʳ ʙʦʣʝʝ ʥʘʛʣʷʜʥʦ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʪʴ ʜʠʥʘʤʠʢʫ 

ʢʦʣʝʙʣʶʱʠʭʩʷ ʘʪʦʤʦʚ, ʥʘ ʨʠʩʫʥʢʝ 3.5 ʘ ʧʨʝʜʩʪʘʚʣʝʥʘ ʟʘʚʠʩʠʤʦʩʪʴ x-ʢʦʤʧʦʥʝʥʪʳ 

ʩʤʝʱʝʥʠʷ ʦʜʥʦʛʦ ʠʟ ʘʪʦʤʦʚ ʚ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʨʝʰʝʪʢʘʭ Al, Cu ʠ Ni ʦʪ ʚʨʝʤʝʥʠ, 

ʨʘʩʩʯʠʪʘʥʥʘʷ ʧʨʠ ʥʘʯʘʣʴʥʦʡ ʘʤʧʣʠʪʫʜʝ A = 0.30 ¡. ʂʦʣʝʙʘʥʠʷ ʠʤʝʶʪ ʫʩʪʦʡʯʠʚʳʡ 

ʭʘʨʘʢʪʝʨ ʚ ʪʝʯʝʥʠʝ 10 ʧʩ ʜʣʷ ʤʝʜʠ ʠ ʥʠʢʝʣʷ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʜʣʷ ʘʣʶʤʠʥʠʷ ʫʞʝ 

ʧʦʩʣʝ 1.2 ʧʩ ʥʘʙʣʶʜʘʝʪʩʷ ʠʟ ʟʘʪʫʭʘʥʠʝ.  

ʉʤʝʱʝʥʠʷ ʦʪ ʮʝʥʪʨʦʚ ʨʘʚʥʦʚʝʩʠʷ ʢʘʢ ʮʝʥʪʨʘʣʴʥʦʛʦ, ʪʘʢ ʚʝʨʭʥʝʛʦ ʠ ʥʠʞʥʝʛʦ 

ʙʣʠʞʘʡʰʠʭ ʩʦʩʝʜʝʡ ʘʪʦʤʦʚ ʢʦʣʝʙʘʪʝʣʴʥʦʡ ʤʦʜʳ ʧʦʢʘʟʘʥʳ ʥʘ ʨʠʩʫʥʢʝ 3.5 ʙ. 

ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʢʦʣʝʙʘʥʠʷ ʮʝʥʪʨʘʣʴʥʦʛʦ ʘʪʦʤʘ n, ʚʝʨʭʥʝʛʦ (n+1) ʠ ʥʠʞʥʝʛʦ  

(n-1) ʘʪʦʤʘ ʨʘʩʧʦʣʦʞʝʥʳ ʚʜʦʣʴ ʜʚʫʭ ʚʟʘʠʤʥʦ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʳʭ ʥʘʧʨʘʚʣʝʥʠʡ, ʪʦ 

ʝʩʪʴ ʚʜʦʣʴ ʦʩʝʡ x ʠ y ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʇʨʠ ʵʪʦʤ (n+1) ʠ (n-1) ʘʪʦʤʳ ʢʦʣʝʙʣʶʪʩʷ ʚ 

ʧʨʦʪʠʚʦʧʦʣʦʞʥʦʡ ʬʘʟʝ, ʥʦ ʩ ʦʜʠʥʘʢʦʚʦʡ ʯʘʩʪʦʪʦʡ ʠ ʘʤʧʣʠʪʫʜʦʡ. 



60 

 

 

ʂʘʢ ʚʠʜʥʦ ʥʘ ʨʠʩʫʥʢʝ 3.5, ʟʥʘʯʝʥʠʷ ʘʤʧʣʠʪʫʜ ʢʦʣʝʙʘʥʠʡ ʩʦʩʝʜʥʠʭ ʘʪʦʤʦʚ ʚ 

ʥʝʩʢʦʣʴʢʦ ʨʘʟ ʤʝʥʴʰʝ, ʯʝʤ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʟʥʘʯʝʥʠʷ ʜʣʷ ʮʝʥʪʨʘʣʴʥʦʛʦ ʘʪʦʤʘ n. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚʦʟʙʫʞʜʝʥʠʝ ʘʪʦʤʦʚ ʚ ʮʝʧʦʯʢʝ ʚʜʦʣʴ ʚʳʙʨʘʥʥʦʡ ʦʩʠ ʧʨʠʚʦʜʠʪ ʢ 

ʥʝʟʥʘʯʠʪʝʣʴʥʦʤʫ ʨʘʩʩʝʷʥʠʶ ʢʦʣʝʙʘʪʝʣʴʥʦʡ ʵʥʝʨʛʠʠ ʥʘ ʩʦʩʝʜʥʠʝ ʘʪʦʤʳ. 

ʉʣʝʜʩʪʚʠʝʤ ʵʪʦʛʦ ʷʚʣʷʝʪʩʷ ʪʦʪ ʬʘʢʪ, ʯʪʦ ʥʘʙʣʶʜʘʝʤʘʷ ʫʩʪʘʥʦʚʠʚʰʘʷʩʷ ʘʤʧʣʠʪʫʜʘ 

ʢʦʣʝʙʘʥʠʡ ʚʩʝʛʜʘ ʥʠʞʝ ʥʘʯʘʣʴʥʦʡ, ʢʘʢ ʵʪʦ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩʫʥʢʝ 3.4. ʇʦʩʢʦʣʴʢʫ 

  

a) ʙ) 

ʈʠʩʫʥʦʢ 3.5  ʘ) ɿʘʚʠʩʠʤʦʩʪʴ x-ʢʦʤʧʦʥʝʥʪʳ ʩʤʝʱʝʥʠʷ ʦʜʥʦʛʦ ʠʟ ʘʪʦʤʦʚ ʠʟ 

ʧʦʣʦʞʝʥʠʷ ʨʘʚʥʦʚʝʩʠʷ ʦʪ ʚʨʝʤʝʥʠ, ʨʘʩʩʯʠʪʘʥʥʘʷ ʜʣʷ ɻʎʂ ʤʝʪʘʣʣʦʚ Al, Cu ʠ Ni. 

ʙ) ʉʨʘʚʥʝʥʠʝ ʭ-ʢʦʤʧʦʥʝʥʪʳ ʩʤʝʱʝʥʠʷ ʮʝʥʪʨʘʣʴʥʦʛʦ ʦʩʮʠʣʣʠʨʫʶʱʝʛʦ ʘʪʦʤʘ 

(ʦʙʦʟʥʘʯʝʥʥʦʛʦ ʢʘʢ n), ʚʝʨʭʥʠʭ (n+1) ʠ ʥʠʞʥʠʭ (n-1) ʘʪʦʤʦʚ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ 

ʚʨʝʤʝʥʠ. ɼʣʷ ʚʩʝʭ ʤʝʪʘʣʣʦʚ ʨʘʩʯʝʪʳ ʧʨʦʚʝʜʝʥʳ ʜʣʷ ʟʥʘʯʝʥʠʷ ʥʘʯʘʣʴʥʦʡ 

ʘʤʧʣʠʪʫʜʳ A = 0.30 ¡. 
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