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ɺʚʝʜʝʥʠʝ 

 

 

ɸʢʪʫʘʣʴʥʦʩʪʴ 

ɺ ʩʦʚʨʝʤʝʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʷʭ ʚ ʦʙʣʘʩʪʠ ʦʧʪʠʢʠ ʙʦʣʴʰʦʝ ʚʥʠʤʘʥʠʝ ʫʜʝ-

ʣʷʝʪʩʷ ʩʪʨʫʢʪʫʨʘʤ, ʩʦʜʝʨʞʘʱʠʤ ʧʣʘʟʤʦʥʥʳʝ ʠ ʵʢʩʠʪʦʥʥʳʝ ʢʦʤʧʦʥʝʥʪʳ: ʤʝʪʘʣ-

ʣʠʯʝʩʢʠʝ ʥʘʥʦʦʙʲʝʢʪʳ ʨʘʟʣʠʯʥʦʡ ʛʝʦʤʝʪʨʠʠ, ʢʚʘʥʪʦʚʳʝ ʪʦʯʢʠ ʠ ʤʦʣʝʢʫʣʳ ʦʨ-

ʛʘʥʠʯʝʩʢʠʭ ʢʨʘʩʠʪʝʣʝʡ. ʀʥʪʝʨʝʩ ʢ ʪʘʢʠʤ ʩʪʨʫʢʪʫʨʘʤ ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ ʦʙʫ-

ʩʣʦʚʣʝʥ ʧʝʨʩʧʝʢʪʠʚʦʡ ʩʦʟʜʘʥʠʷ ʥʘ ʠʭ ʦʩʥʦʚʝ ʩʚʝʨʭʤʠʥʠʘʪʶʨʥʳʭ ʦʧʪʦʵʣʝʢ-

ʪʨʦʥʥʳʭ ʫʩʪʨʦʡʩʪʚ, ʢʦʪʦʨʳʝ ʙʫʜʫʪ ʚʦʩʪʨʝʙʦʚʘʥʳ ʚ ʥʘʥʦʵʣʝʢʪʨʦʥʠʢʝ, ʥʘʥʦʦʧʪʠ-

ʢʝ, ʙʠʦʬʠʟʠʢʝ, ʤʝʜʠʮʠʥʝ ʠ ʜʨʫʛʠʭ ʦʪʨʘʩʣʷʭ ʥʘʫʢʠ ʠ ʪʝʭʥʠʢʠ. ʅʝʩʤʦʪʨʷ ʥʘ ʪʦ, 

ʯʪʦ ʧʣʘʟʤʦʥʠʢʘ ʷʚʣʷʝʪʩʷ ʫʩʪʦʷʚʰʝʡʩʷ ʦʙʣʘʩʪʴʶ ʥʘʫʢʠ, ʪʝʦʨʝʪʠʯʝʩʢʠʝ ʦʩʥʦʚʳ 

ʢʦʪʦʨʦʡ ʙʳʣʠ ʟʘʣʦʞʝʥʳ ʝʱʝ ʚ ʥʘʯʘʣʝ XX ʚʝʢʘ, ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʧʨʦʜʦʣʞʘʝʪ-

ʩʷ ʝʝ ʠʥʪʝʥʩʠʚʥʦʝ ʨʘʟʚʠʪʠʝ, ʧʦʩʢʦʣʴʢʫ ʢʦʨʨʝʢʪʥʦʝ ʪʝʦʨʝʪʠʯʝʩʢʦʝ ʦʧʠʩʘʥʠʝ ʬʦ-

ʪʦʬʠʟʠʯʝʩʢʠʭ ʷʚʣʝʥʠʡ, ʧʨʦʠʩʭʦʜʷʱʠʭ ʚ ʥʘʥʦʨʘʟʤʝʨʥʳʭ ʩʠʩʪʝʤʘʭ ʩ ʧʣʘʟʤʦʥ-

ʥʳʤʠ ʩʦʩʪʘʚʣʷʶʱʠʤʠ ʠ ʢʚʘʥʪʦʚʳʤʠ ʠʟʣʫʯʘʪʝʣʷʤʠ, ʚʩʝ ʝʱʝ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ 

ʘʢʪʫʘʣʴʥʫʶ ʥʘʫʯʥʫʶ ʧʨʦʙʣʝʤʫ [1]. 

ɹʣʘʛʦʜʘʨʷ ʢʦʣʝʙʘʥʠʷʤ ʵʣʝʢʪʨʦʥʦʚ ʧʨʦʚʦʜʠʤʦʩʪʠ ʚ ʤʝʪʘʣʣʝ ʚʙʣʠʟʠ ʧʣʘʟ-

ʤʦʥʥʳʭ ʥʘʥʦʯʘʩʪʠʮ ʦʙʨʘʟʫʝʪʩʷ ʫʩʠʣʝʥʥʦʝ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʧʦʣʝʤ ʧʘʜʘʶʱʝʛʦ 

ʦʧʪʠʯʝʩʢʦʛʦ ʠʟʣʫʯʝʥʠʷ ʵʣʝʢʪʨʠʯʝʩʢʦʝ ʧʦʣʝ. ɺ ʙʣʠʞʥʝʤ ʧʦʣʝ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʧʦ-

ʛʣʦʱʝʥʠʝ ʩʚʝʪʘ ʤʦʣʝʢʫʣʘʤʠ ʠ ʢʚʘʥʪʦʚʳʤʠ ʪʦʯʢʘʤʠ, ʩʦʢʨʘʱʘʝʪʩʷ ʚʨʝʤʷ ʞʠʟʥʠ 

ʠʭ ʚʦʟʙʫʞʜʝʥʥʳʭ ʩʦʩʪʦʷʥʠʡ, ʫʩʠʣʠʚʘʝʪʩʷ ʠʣʠ ʦʩʣʘʙʣʷʝʪʩʷ ʣʶʤʠʥʝʩʮʝʥʮʠʷ, ʠʟ-

ʤʝʥʷʝʪʩʷ ʩʢʦʨʦʩʪʴ ʙʝʟʳʟʣʫʯʘʪʝʣʴʥʦʛʦ ʧʝʨʝʥʦʩʘ ʵʥʝʨʛʠʠ ʚ ʜʦʥʦʨʥʦ-ʘʢʮʝʧʪʦʨʥʦʡ 

ʧʘʨʝ [2-5]. ɹʦʣʴʰʠʥʩʪʚʦ ʪʝʦʨʝʪʠʯʝʩʢʠʭ ʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʨʘʙʦʪ ʧʦʩʚʷʱʝʥʦ 

ʚʣʠʷʥʠʶ ʧʣʘʟʤʦʥʥʳʭ ʥʘʥʦʯʘʩʪʠʮ ʥʘ ʦʧʪʠʯʝʩʢʦʝ ʧʦʛʣʦʱʝʥʠʝ ʠ ʬʣʫʦʨʝʩʮʝʥʮʠʶ 

ʦʨʛʘʥʠʯʝʩʢʠʭ ʤʦʣʝʢʫʣ. ʌʦʩʬʦʨʝʩʮʝʥʮʠʷ ʤʦʣʝʢʫʣ ʢʨʘʩʠʪʝʣʷ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʥʘ-

ʥʦʯʘʩʪʠʮ ʤʝʥʝʝ ʠʟʫʯʝʥʘ, ʥʝʩʤʦʪʨʷ ʥʘ ʪʦ, ʯʪʦ ʫʩʠʣʝʥʠʝ ʬʦʩʬʦʨʝʩʮʝʥʮʠʠ ʚʘʞʥʦ 

ʜʣʷ ʧʦʚʳʰʝʥʠʷ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ ʣʶʤʠʥʝʩʮʝʥʪʥʦʛʦ ʘʥʘʣʠʟʘ. 

ʅʘʠʙʦʣʝʝ ʷʨʢʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʢʚʘʥʪʦʚʳʭ ʠʟʣʫʯʘʪʝʣʝʡ ʩ ʧʣʘʟʤʦʥʥʳʤʠ 

ʥʘʥʦʯʘʩʪʠʮʘʤʠ ʧʨʦʷʚʣʷʝʪʩʷ ʚ ʨʝʟʦʥʘʥʩʥʳʭ ʫʩʣʦʚʠʷʭ, ʢʦʛʜʘ ʯʘʩʪʦʪʘ ʧʝʨʝʭʦʜʘ ʚ 



 

5 

 

ʢʚʘʥʪʦʚʦʤ ʠʟʣʫʯʘʪʝʣʝ ʙʣʠʟʢʘ ʢ ʯʘʩʪʦʪʝ ʧʣʘʟʤʦʥʥʦʛʦ ʨʝʟʦʥʘʥʩʘ, ʢʦʪʦʨʘʷ ʟʘʚʠʩʠʪ 

ʦʪ ʨʘʟʤʝʨʘ, ʬʦʨʤʳ ʠ ʩʪʨʫʢʪʫʨʳ ʥʘʥʦʯʘʩʪʠʮʳ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʚʦʟʤʦʞʥʦ ʚʦʟʥʠʢ-

ʥʦʚʝʥʠʝ ʨʝʞʠʤʘ ʩʠʣʴʥʦʡ ʧʣʘʟʤʦʥ-ʵʢʩʠʪʦʥʥʦʡ ʩʚʷʟʠ, ʢʦʪʦʨʳʡ ʤʦʞʝʪ ʙʳʪʴ ʠʩ-

ʧʦʣʴʟʦʚʘʥ ʜʣʷ ʧʨʠʛʦʪʦʚʣʝʥʠʷ ʟʘʧʫʪʘʥʥʳʭ ʩʦʩʪʦʷʥʠʡ ʩ ʮʝʣʴʶ ʧʝʨʝʜʘʯʠ ʢʚʘʥʪʦ-

ʚʦʡ ʠʥʬʦʨʤʘʮʠʠ, ʘ ʪʘʢʞʝ ʜʣʷ ʫʧʨʘʚʣʝʥʠʷ ʩʢʦʨʦʩʪʴʶ ʠ ʚʳʭʦʜʦʤ ʭʠʤʠʯʝʩʢʠʭ ʨʝ-

ʘʢʮʠʡ [6]. ʅʝʦʙʭʦʜʠʤʫʶ ʯʘʩʪʦʪʫ ʧʣʘʟʤʦʥʥʦʛʦ ʨʝʟʦʥʘʥʩʘ ʤʦʞʥʦ ʧʦʣʫʯʠʪʴ ʚ 

ʜʚʫʭʩʣʦʡʥʳʭ ʥʘʥʦʯʘʩʪʠʮʘʭ (ʩ ʜʠʵʣʝʢʪʨʠʯʝʩʢʠʤ ʷʜʨʦʤ ʠ ʤʝʪʘʣʣʠʯʝʩʢʦʡ ʦʙʦ-

ʣʦʯʢʦʡ ʠʣʠ, ʥʘʦʙʦʨʦʪ, ʩ ʤʝʪʘʣʣʠʯʝʩʢʠʤ ʷʜʨʦʤ ʠ ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʡ ʦʙʦʣʦʯʢʦʡ) 

ʧʫʪʝʤ ʚʘʨʴʠʨʦʚʘʥʠʷ ʚ ʧʨʦʮʝʩʩʝ ʩʠʥʪʝʟʘ ʨʘʟʤʝʨʦʚ ʷʜʨʘ ʯʘʩʪʠʮʳ ʠʣʠ ʝʝ ʦʙʦʣʦʯ-

ʢʠ. ʊʝʦʨʝʪʠʯʝʩʢʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʧʣʘʟʤʦʥ-ʵʢʩʠʪʦʥʥʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʚ ʩʠʩʪʝ-

ʤʝ çʢʚʘʥʪʦʚʳʡ ʠʟʣʫʯʘʪʝʣʴ - ʩʣʦʠʩʪʘʷ ʥʘʥʦʯʘʩʪʠʮʘè ʦʩʪʘʝʪʩʷ ʘʢʪʫʘʣʴʥʦʡ ʟʘʜʘ-

ʯʝʡ ʜʣʷ ʦʧʪʠʤʠʟʘʮʠʠ ʨʘʙʦʪʳ ʫʩʪʨʦʡʩʪʚ, ʢʦʥʩʪʨʫʢʮʠʷ ʢʦʪʦʨʳʭ ʦʩʥʦʚʘʥʘ ʥʘ 

ʜʚʫʭʩʣʦʡʥʳʭ ʥʘʥʦʯʘʩʪʠʮʘʭ: ʩʧʘʟʝʨʦʚ ʠ ʙʠʦʩʝʥʩʦʨʦʚ [7].  

ʇʨʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʣʘʟʝʨʥʦʛʦ ʠʟʣʫʯʝʥʠʷ ʩ ʤʝʪʘʣʣʠʯʝʩʢʠʤʠ ʧʦʚʝʨʭʥʦ-

ʩʪʷʤʠ ʠ ʥʘʥʦʦʙʲʝʢʪʘʤʠ ʚʦʟʥʠʢʘʝʪ ʛʝʥʝʨʘʮʠʷ ʦʧʪʠʯʝʩʢʠʭ ʛʘʨʤʦʥʠʢ. ʕʪʦ ʚʘʞʥʳʡ 

ʩ ʧʨʠʢʣʘʜʥʦʡ ʪʦʯʢʠ ʟʨʝʥʠʷ ʵʬʬʝʢʪ, ʣʝʞʘʱʠʡ ʚ ʦʩʥʦʚʝ ʤʝʪʦʜʘ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʤʠʢʨʦʩʪʨʫʢʪʫʨ ʠ ʛʨʘʥʠʮ ʨʘʟʜʝʣʘ ʩʨʝʜ. ɺ ʧʦʩʣʝʜʥʝʝ ʚʨʝʤʷ ʧʦʷʚʠʣʠʩʴ ʪʝʦʨʝʪʠʯʝ-

ʩʢʠʝ ʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʨʘʙʦʪʳ, ʧʦʩʚʷʱʝʥʥʳʝ ʥʝʣʠʥʝʡʥʦʤʫ ʦʧʪʠʯʝʩʢʦʤʫ 

ʦʪʢʣʠʢʫ ʧʣʘʟʤʦʥʥʳʭ ʥʘʥʦʯʘʩʪʠʮ [8]. ʆʜʥʘʢʦ ʦʩʦʙʝʥʥʦʩʪʠ ʛʝʥʝʨʘʮʠʠ ʚʪʦʨʦʡ 

ʛʘʨʤʦʥʠʢʠ ʜʚʫʭʩʣʦʡʥʳʤʠ ʥʘʥʦʯʘʩʪʠʮʘʤʠ ʠʟʫʯʝʥʳ ʥʝʜʦʩʪʘʪʦʯʥʦ. 

ʉ ʨʘʟʚʠʪʠʝʤ ʥʘʥʦʵʣʝʢʪʨʦʥʠʢʠ ʠ ʥʘʥʦʬʦʪʦʥʠʢʠ ʦʜʥʦʤʝʨʥʳʝ ʧʣʘʟʤʦʥʥʳʝ 

ʥʘʥʦʩʪʨʫʢʪʫʨʳ ʩʪʘʣʠ ʧʨʠʚʣʝʢʘʪʴ ʚʩʝ ʙʦʣʴʰʝʝ ʚʥʠʤʘʥʠʝ ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ, ʧʦ-

ʩʢʦʣʴʢʫ ʪʘʢʠʝ ʩʪʨʫʢʪʫʨʳ ʣʝʛʢʦ ʢʦʤʙʠʥʠʨʦʚʘʪʴ ʩ ʜʨʫʛʠʤʠ ʦʧʪʠʯʝʩʢʠʤʠ ʠ ʵʣʝʢ-

ʪʨʠʯʝʩʢʠʤʠ ʢʦʤʧʦʥʝʥʪʘʤʠ ʦʧʪʦʵʣʝʢʪʨʦʥʥʳʭ ʫʩʪʨʦʡʩʪʚ [9]. ʇʣʘʟʤʦʥʥʳʝ ʥʘʥʦ-

ʩʪʨʫʢʪʫʨʳ ʩ ʮʠʣʠʥʜʨʠʯʝʩʢʦʡ ʩʠʤʤʝʪʨʠʝʡ ʤʦʛʫʪ ʩʣʫʞʠʪʴ ʚʦʣʥʦʚʦʜʘʤʠ, ʦʧʪʠʯʝ-

ʩʢʠʤʠ ʘʥʪʝʥʥʘʤʠ, ʨʝʟʦʥʘʪʦʨʘʤʠ ʧʣʘʟʤʦʥʥʳʭ ʥʘʥʦʣʘʟʝʨʦʚ ʠ ʩʧʘʟʝʨʦʚ [7]. ɺ 

ʙʦʣʴʰʠʥʩʪʚʝ ʪʝʦʨʝʪʠʯʝʩʢʠʭ ʤʦʜʝʣʝʡ ʩʧʘʟʝʨʘ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʜʚʫʭʫʨʦʚʥʝʚʘʷ 

ʘʢʪʠʚʥʘʷ ʩʨʝʜʘ ʠ ʩʬʝʨʠʯʝʩʢʘʷ ʥʘʥʦʯʘʩʪʠʮʘ-ʨʝʟʦʥʘʪʦʨ. ʈʘʟʨʘʙʦʪʢʘ ʤʦʜʝʣʝʡ ʩʧʘ-

ʟʝʨʘ ʩ ʜʨʫʛʠʤʠ ʢʦʥʬʠʛʫʨʘʮʠʷʤʠ ʨʝʟʦʥʘʪʦʨʘ ʠ ʚʳʭʦʜ ʟʘ ʨʘʤʢʠ ʜʚʫʭʫʨʦʚʥʝʚʦʛʦ 

ʦʧʠʩʘʥʠʷ ʘʢʪʠʚʥʦʡ ʩʨʝʜʳ ʷʚʣʷʝʪʩʷ ʦʜʥʦʡ ʠʟ ʦʩʥʦʚʥʳʭ ʟʘʜʘʯ ʢʚʘʥʪʦʚʦʡ ʥʘʥʦ-
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ʧʣʘʟʤʦʥʠʢʠ. 

ɺ ʜʘʥʥʦʡ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʡ ʨʘʙʦʪʝ ʠʩʩʣʝʜʦʚʘʣʠʩʴ ʬʦʪʦʬʠʟʠʯʝʩʢʠʝ ʧʨʦ-

ʮʝʩʩʳ ʚ ʢʚʘʥʪʦʚʳʭ ʠʟʣʫʯʘʪʝʣʷʭ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʤʝʪʘʣʣʠʯʝʩʢʠʭ ʥʘʥʦʯʘʩʪʠʮ: ʠʟ-

ʣʫʯʘʪʝʣʴʥʘʷ ʠ ʙʝʟʳʟʣʫʯʘʪʝʣʴʥʘʷ ʨʝʣʘʢʩʘʮʠʷ ʚʦʟʙʫʞʜʝʥʥʳʭ ʢʚʘʥʪʦʚʳʭ ʪʦʯʝʢ, 

ʙʝʟʳʟʣʫʯʘʪʝʣʴʥʳʡ ʧʝʨʝʥʦʩ ʵʥʝʨʛʠʠ ʚ ʜʦʥʦʨʥʦ-ʘʢʮʝʧʪʦʨʥʦʡ ʧʘʨʝ, ʬʣʫʦʨʝʩʮʝʥ-

ʮʠʷ ʠ ʬʦʩʬʦʨʝʩʮʝʥʮʠʷ ʤʦʣʝʢʫʣ ʦʨʛʘʥʠʯʝʩʢʠʭ ʢʨʘʩʠʪʝʣʝʡ. ʀʟʫʯʝʥ rʛʝʥʝʨʘʮʠʷ 

ʦʜʥʦʤʝʨʥʳʭ ʦʩʝʩʠʤʤʝʪʨʠʯʥʳʭ ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʧʣʘʟʤʦʥʦʚ ʚ ʩʧʘʟʝʨʝ ʥʘ ʦʩʥʦʚʝ 

ʩʣʦʠʩʪʦʛʦ ʮʠʣʠʥʜʨʘ ʠ ʛʝʥʝʨʘʮʠʷ ʚʪʦʨʦʡ ʦʧʪʠʯʝʩʢʦʡ ʛʘʨʤʦʥʠʢʠ ʤʦʥʦʩʣʦʝʤ ʥʘ-

ʥʦʯʘʩʪʠʮ. ʇʨʦʚʝʜʝʥʥʳʝ ʪʝʦʨʝʪʠʯʝʩʢʠʝ ʠ ʵʢʩʧʝʨʠʤʝʪʘʣʴʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʩʦʦʪ-

ʚʝʪʩʪʚʫʶʪ ʩʦʚʨʝʤʝʥʥʳʤ ʟʘʜʘʯʘʤ ʥʘʥʦʧʣʘʟʤʦʥʠʢʠ. 

 

ʎʝʣʴ ʨʘʙʦʪʳ 

ɺʳʷʚʠʪʴ ʦʩʦʙʝʥʥʦʩʪʠ ʠ ʫʩʪʘʥʦʚʠʪʴ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ ʦʧʪʠʯʝʩʢʠʭ ʠ ʥʝʣʠ-

ʥʝʡʥʦ-ʦʧʪʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ, ʪʘʢʠʭ ʢʘʢ ʬʣʫʦʨʝʩʮʝʥʮʠ,̫ ʬʦʩʬʦʨʝʩʮʝʥʮʠʷ, ʚr -

ʥʫʞʜʝʥʥʦʝ ʠʟʣʫʯʝʥʠʝ, ʤʝʞʤʦʣʝʢʫʣʷʨʥʳʡ ʙʝʟʳʟʣʫʯʘʪʝʣʴʥʳʡ ʧʝʨʝʥʦʩ ʵʥʝʨʛʠʠ, 

ʛʝʥʝʨʘʮʠʷ ʦʜʥʦʤʝʨʥʳʭ ʦʩʝʩʠʤʤʝʪʨʠʯʥʳʭ ʧʣʘʟʤʦʥ-ʧʦʣʷʨʠʪʦʥʦʚ ʠ ʛʝʥʝʨʘʮʠʷ 

ʚʪʦʨʦʡ ʦʧʪʠʯʝʩʢʦʡ ʛʘʨʤʦʥʠʢʠ, ʧʨʦʪʝʢʘʶʱʠʭ ʚ ʩʪʨʫʢʪʫʨʘʭ ʩ ʧʣʘʟʤʦʥʥʳʤʠ ʢʦʤ-

ʧʦʥʝʥʪʘʤʠ ʠ ʢʚʘʥʪʦʚʳʤʠ ʠʟʣʫʯʘʪʝʣʷʤʠ. 

ɼʣʷ ʜʦʩʪʠʞʝʥʠʷ ʵʪʦʡ ʮʝʣʠ ʙʳʣʠ ʧʦʩʪʘʚʣʝʥʳ ʩʣʝʜʫʶʱʠʝ ʟʘʜʘʯʠ: 

1. ʊʝʦʨʝʪʠʯʝʩʢʠ ʠʩʩʣʝʜʦʚʘʪʴ ʧʣʘʟʤʦʥ ï ʵʢʩʠʪʦʥʥʦʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʚ 

ʜʚʫʭʢʦʤʧʦʥʝʥʪʥʦʡ ʩʠʩʪʝʤʝ, ʩʦʩʪʦʷʱʝʡ ʠʟ ʥʘʥʦʯʘʩʪʠʮʳ ʩ ʜʠʵʣʝʢʪʨʠʯʝʩʢʠʤ ʷʜ-

ʨʦʤ ʠ ʧʣʘʟʤʦʥʥʦʡ ʦʙʦʣʦʯʢʦʡ ʠ ʢʚʘʥʪʦʚʦʡ ʪʦʯʢʠ. ʋʩʪʘʥʦʚʠʪʴ ʟʘʚʠʩʠʤʦʩʪʴ ʩʢʦ-

ʨʦʩʪʠ ʩʧʦʥʪʘʥʥʦʛʦ ʠʟʣʫʯʝʥʠʷ ʩʠʩʪʝʤʳ ʠ ʙʝʟʳʟʣʫʯʘʪʝʣʴʥʦʛʦ ʧʝʨʝʥʦʩʘ ʵʥʝʨʛʠʠ 

ʦʪ ʢʚʘʥʪʦʚʦʡ ʪʦʯʢʠ ʢ ʥʘʥʦʯʘʩʪʠʮʝ ʦʪ ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ ʠ ʵʣʝʢʪʨʦʜʠʥʘʤʠʯʝʩʢʠʭ 

ʧʘʨʘʤʝʪʨʦʚ ʩʠʩʪʝʤʳ. ʆʧʠʩʘʪʴ ʢʠʥʝʪʠʢʫ ʦʙʤʝʥʘ ʵʥʝʨʛʠʝʡ ʤʝʞʜʫ ʢʚʘʥʪʦʚʦʡ ʪʦʯ-

ʢʦʡ ʠ ʥʘʥʦʯʘʩʪʠʮʝʡ. ɺ ʪʨʝʭʢʦʤʧʦʥʝʥʪʥʦʡ ʩʪʨʫʢʪʫʨʝ, ʩʦʩʪʦʷʱʝʡ ʠʟ ʩʣʦʠʩʪʦʡ 

ʥʘʥʦʯʘʩʪʠʮʳ ʠ ʜʦʥʦʨʥʦ-ʘʢʮʝʧʪʦʨʥʦʡ ʧʘʨʳ ʤʦʣʝʢʫʣ, ʦʧʨʝʜʝʣʠʪʴ ʫʩʣʦʚʠʷ ʜʣʷ 

ʥʘʠʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʦʛʦ ʧʝʨʝʥʦʩʘ ʵʥʝʨʛʠʠ ʤʝʞʜʫ ʤʦʣʝʢʫʣʘʤʠ. 

2. ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʠʩʩʣʝʜʦʚʘʪʴ ʚʣʠʷʥʠʝ ʩʝʨʝʙʨʷʥʳʭ ʠ ʟʦʣʦʪʳʭ ʥʘʥʦʯʘ-

ʩʪʠʮ ʥʘ ʬʣʫʦʨʝʩʮʝʥʮʠʶ ʠ ʬʦʩʬʦʨʝʩʮʝʥʮʠʶ ʤʦʣʝʢʫʣ ʵʨʠʪʨʦʟʠʥʘ ʚ ʧʦʣʠʤʝʨʥʦʡ 
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ʤʘʪʨʠʮʝ ʠ ʥʘ ʚʳʥʫʞʜʝʥʥʦʝ ʠʟʣʫʯʝʥʠʝ ʤʦʣʝʢʫʣ ʨʦʜʘʤʠʥʘ 6G ʚ ʚʦʜʥʦʤ ʨʘʩʪʚʦʨʝ. 

ʈʘʟʨʘʙʦʪʘʪʴ ʤʘʪʝʤʘʪʠʯʝʩʢʠʝ ʤʦʜʝʣʠ ʜʘʥʥʳʭ ʦʧʪʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ, ʫʯʠʪʳʚʘʶ-

ʱʠʝ ʠʟʤʝʥʝʥʠʝ ʩʢʦʨʦʩʪʝʡ ʠʟʣʫʯʘʪʝʣʴʥʳʭ ʠ ʙʝʟʳʟʣʫʯʘʪʝʣʴʥʳʭ ʵʣʝʢʪʨʦʥʥʳʭ ʧʝ-

ʨʝʭʦʜʦʚ ʚ ʤʦʣʝʢʫʣʝ ʢʨʘʩʠʪʝʣʷ ʚʙʣʠʟʠ ʥʘʥʦʯʘʩʪʠʮʳ. ʉʨʘʚʥʠʪʴ ʨʝʟʫʣʴʪʘʪʳ ʨʘʩ-

ʯʝʪʦʚ ʧʦ ʨʘʟʨʘʙʦʪʘʥʥʳʤ ʤʦʜʝʣʷʤ ʩ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʤʠ ʜʘʥʥʳʤʠ. 

3. ʈʘʟʨʘʙʦʪʘʪʴ ʪʝʦʨʝʪʠʯʝʩʢʫʶ ʤʦʜʝʣʴ, ʧʦʟʚʦʣʷʶʱʫʶ ʨʘʩʩʯʠʪʘʪʴ ʠʥʪʝʥ-

ʩʠʚʥʦʩʪʴ ʚʪʦʨʦʡ ʛʘʨʤʦʥʠʢʠ, ʚʦʟʥʠʢʘʶʱʝʡ ʧʨʠ ʦʪʨʘʞʝʥʠʠ ʩʚʝʪʘ ʦʪ ʛʨʘʥʠʮʳ 

ʨʘʟʜʝʣʘ ʜʚʫʭ ʧʨʦʟʨʘʯʥʳʭ ʜʠʵʣʝʢʪʨʠʢʦʚ, ʚʙʣʠʟʠ ʢʦʪʦʨʦʡ ʨʘʩʧʦʣʦʞʝʥ ʥʝʫʧʦʨʷ-

ʜʦʯʝʥʥʳʡ ʤʦʥʦʩʣʦʡ ʩʬʝʨʠʯʝʩʢʠʭ ʥʘʥʦʯʘʩʪʠʮ ʩ ʜʠʵʣʝʢʪʨʠʯʝʩʢʠʤ ʷʜʨʦʤ ʠ ʧʣʘʟ-

ʤʦʥʥʦʡ ʦʙʦʣʦʯʢʦʡ. ʀʟʫʯʠʪʴ ʚʣʠʷʥʠʝ ʧʘʨʘʤʝʪʨʦʚ ʤʦʜʝʣʠ ʥʘ ʩʧʝʢʪʨʘʣʴʥʦʝ ʧʦ-

ʣʦʞʝʥʠʝ ʠ ʚʝʣʠʯʠʥʫ ʤʘʢʩʠʤʫʤʦʚ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʚʪʦʨʦʡ ʛʘʨʤʦʥʠʢʠ.  

4. ʇʨʦʚʝʩʪʠ ʪʝʦʨʝʪʠʯʝʩʢʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʛʝʥʝʨʘʮʠʠ ʦʜʥʦʤʝʨʥʳʭ ʦʩʝʩʠʤ-

ʤʝʪʨʠʯʥʳʭ ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʧʣʘʟʤʦʥ-ʧʦʣʷʨʠʪʦʥʦʚ ʩʧʘʟʝʨʦʤ ʥʘ ʦʩʥʦʚʝ ʮʠʣʠʥ-

ʜʨʠʯʝʩʢʦʡ ʥʘʥʦʧʨʦʚʦʣʦʢʠ ʩ ʜʠʵʣʝʢʪʨʠʯʝʩʢʠʤ ʩʝʨʜʝʯʥʠʢʦʤ ʠ ʧʣʘʟʤʦʥʥʦʡ ʦʙʦ-

ʣʦʯʢʦʡ, ʘʢʪʠʚʥʘʷ ʩʨʝʜʘ ʢʦʪʦʨʦʛʦ ʩʦʜʝʨʞʠʪ ʪʨʝʭʫʨʦʚʥʝʚʳʝ ʢʚʘʥʪʦʚʳʝ ʠʟʣʫʯʘʪʝ-

ʣʠ. ʆʧʨʝʜʝʣʠʪʴ ʫʩʣʦʚʠʷ ʛʝʥʝʨʘʮʠʠ ʧʣʘʟʤʦʥʦʚ ʩ ʙʦʣʴʰʝʡ ʠʣʠ ʩ ʤʝʥʴʰʝʡ ʯʘʩʪʦ-

ʪʦʡ ʠ ʩ ʦʙʝʠʤʠ ʯʘʩʪʦʪʘʤʠ ʦʜʥʦʚʨʝʤʝʥʥʦ.  

 

ʅʘʫʯʥʘʷ ʥʦʚʠʟʥʘ ʨʘʙʦʪʳ 

1. ʊʝʦʨʝʪʠʯʝʩʢʠ ʠʩʩʣʝʜʦʚʘʥʦ ʧʣʘʟʤʦʥ-ʵʢʩʠʪʦʥʥʦʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʚ ʦʙʲ-

ʝʜʠʥʝʥʥʦʡ ʩʠʩʪʝʤʝ, ʩʦʩʪʦʷʱʝʡ ʠʟ ʢʚʘʥʪʦʚʦʡ ʪʦʯʢʠ ʠ ʥʘʥʦʯʘʩʪʠʮʳ ʩ ʜʠʵʣʝʢʪʨʠ-

ʯʝʩʢʠʤ ʷʜʨʦʤ ʠ ʧʣʘʟʤʦʥʥʦʡ ʦʙʦʣʦʯʢʦʡ. ɺʳʷʚʣʝʥʳ ʫʩʣʦʚʠʷ, ʧʨʠ ʢʦʪʦʨʳʭ ʧʣʘʟ-

ʤʦʥ-ʵʢʩʠʪʦʥʥʦʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʷʚʣʷʝʪʩʷ ʩʣʘʙʳʤ (~10 ʤʵɺ) ʠ ʧʨʦʤʝʞʫʪʦʯʥʳʤ 

(~100 ʤʵɺ).   

2. ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʥʘʣʠʯʠʝ ʧʣʘʟʤʦʥʥʳʭ ʥʘʥʦʯʘʩʪʠʮ ʚ 

ʦʢʨʘʰʝʥʥʦʡ ʵʨʠʪʨʦʟʠʥʦʤ ʧʣʝʥʢʝ ʧʦʣʠʚʠʥʠʣʦʚʦʛʦ ʩʧʠʨʪʘ ʧʨʠʚʦʜʠʪ ʢ ʫʚʝʣʠʯʝ-

ʥʠʶ ʧʦʛʣʦʱʝʥʠʷ ʩʚʝʪʘ ʤʦʣʝʢʫʣʘʤʠ ʠ ʩʦʢʨʘʱʝʥʠʶ ʚʨʝʤʝʥʠ ʞʠʟʥʠ ʬʦʩʬʦʨʝʩ-

ʮʝʥʮʠʠ. ʆʙʥʘʨʫʞʝʥʦ, ʯʪʦ ʧʦ ʤʝʨʝ ʨʦʩʪʘ ʢʦʥʮʝʥʪʨʘʮʠʠ ʥʘʥʦʯʘʩʪʠʮ ʩʥʘʯʘʣʘ 

ʥʘʙʣʶʜʘʝʪʩʷ ʫʚʝʣʠʯʝʥʠʝ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʣʶʤʠʥʝʩʮʝʥʮʠʠ, ʢʦʪʦʨʦʝ ʧʦʩʣʝ ʜʦʩʪʠ-

ʞʝʥʠʷ ʤʘʢʩʠʤʫʤʘ ʩʤʝʥʷʝʪʩʷ ʫʤʝʥʴʰʝʥʠʝʤ. ʈʘʟʨʘʙʦʪʘʥʘ ʪʝʦʨʝʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ 
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ʜʣʷ ʨʘʩʯʝʪʘ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʬʣʫʦʨʝʩʮʝʥʮʠʠ ʠ ʬʦʩʬʦʨʝʩʮʝʥʮʠʠ ʤʦʣʝʢʫʣʳ ʢʨʘʩʠ-

ʪʝʣʷ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʧʣʘʟʤʦʥʥʦʡ ʥʘʥʦʯʘʩʪʠʮʳ. ʇʦʣʫʯʝʥʦ ʢʘʯʝʩʪʚʝʥʥʦʝ ʩʦʛʣʘʩʠʝ 

ʨʝʟʫʣʴʪʘʪʦʚ ʨʘʩʯʝʪʦʚ ʩ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʤʠ ʜʘʥʥʳʤʠ. 

3. ʇʨʝʜʣʦʞʝʥʘ ʤʘʪʝʤʘʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ, ʧʦʟʚʦʣʷʶʱʘʷ ʨʘʩʩʯʠʪʘʪʴ ʠʥʪʝʥ-

ʩʠʚʥʦʩʪʴ ʚʪʦʨʦʡ ʛʘʨʤʦʥʠʢʠ ʧʨʠ ʦʪʨʘʞʝʥʠʠ ʩʚʝʪʘ ʦʪ ʤʦʥʦʩʣʦʷ ʩʬʝʨʠʯʝʩʢʠʭ 

ʜʚʫʭʩʣʦʡʥʳʭ ʥʘʥʦʯʘʩʪʠʮ, ʨʘʩʧʦʣʦʞʝʥʥʦʛʦ ʚʙʣʠʟʠ ʛʨʘʥʠʮʳ ʨʘʟʜʝʣʘ ʜʚʫʭ ʦʧʪʠ-

ʯʝʩʢʠ ʧʨʦʟʨʘʯʥʳʭ ʩʨʝʜ. ɺʳʷʚʣʝʥʘ ʟʘʚʠʩʠʤʦʩʪʴ ʩʧʝʢʪʨʘʣʴʥʦʛʦ ʧʦʣʦʞʝʥʠʷ ʤʘʢ-

ʩʠʤʫʤʦʚ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʚʪʦʨʦʡ ʛʘʨʤʦʥʠʢʠ ʦʪ ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ ʠ ʵʣʝʢʪʨʦʜʠʥʘ-

ʤʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʩʠʩʪʝʤʳ. 

4. ʈʘʩʩʤʦʪʨʝʥʘ ʚʦʟʤʦʞʥʦʩʪʴ ʛʝʥʝʨʘʮʠʠ ʦʜʥʦʤʝʨʥʳʭ ʦʩʝʩʠʤʤʝʪʨʠʯʥʳʭ 

ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʧʣʘʟʤʦʥ-ʧʦʣʷʨʠʪʦʥʦʚ ʚ ʥʘʥʦʧʨʦʚʦʣʦʢʝ ʢʨʫʛʣʦʛʦ ʩʝʯʝʥʠʷ ʩ ʜʠ-

ʵʣʝʢʪʨʠʯʝʩʢʠʤ ʩʝʨʜʝʯʥʠʢʦʤ ʠ ʩʝʨʝʙʨʷʥʦʡ ʦʙʦʣʦʯʢʦʡ. ɺʧʝʨʚʳʝ ʧʨʝʜʣʦʞʝʥʘ 

ʪʝʦʨʝʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʩʧʘʟʝʨʘ ʥʘ ʦʩʥʦʚʝ ʩʣʦʠʩʪʦʡ ʥʘʥʦʧʨʦʚʦʣʦʢʠ ʩ ʪʨʝʭʫʨʦʚʥʝ-

ʚʦʡ ʘʢʪʠʚʥʦʡ ʩʨʝʜʦʡ. 

 

ʇʨʘʢʪʠʯʝʩʢʘʷ ʟʥʘʯʠʤʦʩʪʴ ʨʘʙʦʪʳ 

1. ʈʝʟʫʣʴʪʘʪʳ ʨʘʩʯʝʪʦʚ ʩʢʦʨʦʩʪʠ ʙʝʟʳʟʣʫʯʘʪʝʣʴʥʦʛʦ ʧʝʨʝʥʦʩʘ ʵʥʝʨʛʠʠ ʦʪ 

ʢʚʘʥʪʦʚʦʡ ʪʦʯʢʠ ʢ ʦʙʦʣʦʯʝʯʥʦʡ ʧʣʘʟʤʦʥʥʦʡ ʥʘʥʦʯʘʩʪʠʮʝ ʠ ʩʢʦʨʦʩʪʠ ʩʧʦʥʪʘʥʥʦ-

ʛʦ ʠʟʣʫʯʝʥʠʷ ʢʚʘʥʪʦʚʦʡ ʪʦʯʢʠ ʚʙʣʠʟʠ ʥʘʥʦʯʘʩʪʠʮʳ, ʘ ʪʘʢʞʝ ʚʨʝʤʝʥʥʦʛʦ ʧʦʚʝʜʝ-

ʥʠʷ ʥʘʩʝʣʝʥʥʦʩʪʝʡ ʧʣʘʟʤʦʥʥʦʛʦ ʠ ʵʢʩʠʪʦʥʥʦʛʦ ʩʦʩʪʦʷʥʠʡ ʤʦʛʫʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦ-

ʚʘʥʳ ʧʨʠ ʘʥʘʣʠʟʝ ʨʘʙʦʪʳ ʬʦʪʦʵʣʝʢʪʨʦʥʥʳʭ ʫʩʪʨʦʡʩʪʚ, ʩʦʜʝʨʞʘʱʠʭ ʢʚʘʥʪʦʚʳʝ 

ʪʦʯʢʠ ʠ ʧʣʘʟʤʦʥʥʳʝ ʥʘʥʦʯʘʩʪʠʮʳ. ʇʨʠ ʨʘʟʨʘʙʦʪʢʝ ʦʧʪʦʵʣʝʢʪʨʦʥʥʳʭ ʫʩʪʨʦʡʩʪʚ, 

ʧʨʠʥʮʠʧ ʨʘʙʦʪʳ ʢʦʪʦʨʳʭ ʙʘʟʠʨʫʝʪʩʷ ʥʘ ʧʣʘʟʤʦʥ-ʫʩʢʦʨʝʥʥʦʤ ʧʝʨʝʥʦʩʝ ʵʥʝʨʛʠʠ 

ʤʝʞʜʫ ʢʦʤʧʦʥʝʥʪʘʤʠ ʬʫʥʢʮʠʦʥʘʣʴʥʦʡ ʥʘʥʦʩʠʩʪʝʤʳ, ʤʦʛʫʪ ʦʢʘʟʘʪʴʩʷ ʧʦʣʝʟʥʳ-

ʤʠ ʨʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʙʝʟʳʟʣʫʯʘʪʝʣʴʥʦʛʦ ʧʝʨʝʥʦʩʘ ʵʥʝʨʛʠʠ ʚ ʜʦʥʦʨʥʦ-

ʘʢʮʝʧʪʦʨʥʦʡ ʧʘʨʝ ʤʦʣʝʢʫʣ, ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʚʙʣʠʟʠ ʦʙʦʣʦʯʝʯʥʦʡ ʥʘʥʦʯʘʩʪʠʮʳ. 

2. ʈʝʟʫʣʴʪʘʪʳ ʧʨʦʚʝʜʝʥʥʦʛʦ ʚ ʨʘʙʦʪʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚʣʠʷʥʠʷ ʧʣʘʟʤʦʥʥʳʭ 

ʥʘʥʦʯʘʩʪʠʮ ʥʘ ʣʶʤʠʥʝʩʮʝʥʮʠʶ ʠ ʚʳʥʫʞʜʝʥʥʦʝ ʠʟʣʫʯʝʥʠʝ ʦʨʛʘʥʠʯʝʩʢʠʭ ʤʦʣʝ-

ʢʫʣ ʚʘʞʥʳ ʩ ʧʨʠʢʣʘʜʥʦʡ ʪʦʯʢʠ ʟʨʝʥʠʷ, ʧʦʩʢʦʣʴʢʫ ʫʩʠʣʝʥʠʝ ʠʟʣʫʯʘʪʝʣʴʥʳʭ ʠ 

ʤʠʥʠʤʠʟʘʮʠʷ ʙʝʟʳʟʣʫʯʘʪʝʣʴʥʳʭ ʧʨʦʮʝʩʩʦʚ ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ ʦʩʥʦʚʥʳʭ ʫʩʣʦ-
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ʚʠʡ ʩʦʟʜʘʥʠʷ ʦʧʪʠʯʝʩʢʠʭ ʥʘʥʦʫʩʪʨʦʡʩʪʚ. ʂʨʦʤʝ ʪʦʛʦ, ʫʩʠʣʝʥʠʝ ʬʦʩʬʦʨʝʩʮʝʥ-

ʮʠʠ ʤʦʣʝʢʫʣ ʚʙʣʠʟʠ ʧʣʘʟʤʦʥʥʳʭ ʥʘʥʦʯʘʩʪʠʮ ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ ʩʧʦʩʦʙʦʚ ʧʦ-

ʚʳʰʝʥʠʷ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ ʣʶʤʠʥʝʩʮʝʥʪʥʦʛʦ ʘʥʘʣʠʟʘ.  

3. ʈʝʟʫʣʴʪʘʪʳ ʪʝʦʨʝʪʠʯʝʩʢʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʛʝʥʝʨʘʮʠʠ ʠʟʣʫʯʝʥʠʷ ʫʜʚʦʝʥ-

ʥʦʡ ʯʘʩʪʦʪʳ ʤʦʥʦʩʣʦʝʤ ʧʣʘʟʤʦʥʥʳʭ ʥʘʥʦʯʘʩʪʠʮ, ʨʘʩʧʦʣʦʞʝʥʥʳʤ ʥʘ ʧʣʦʩʢʦʡ 

ʛʨʘʥʠʮʝ ʜʚʫʭ ʦʧʪʠʯʝʩʢʠ ʧʨʦʟʨʘʯʥʳʭ ʩʨʝʜ, ʤʦʛʫʪ ʙʳʪʴ ʚʦʩʪʨʝʙʦʚʘʥʳ ʧʨʠ ʨʘʟʨʘ-

ʙʦʪʢʝ ʥʦʚʳʭ ʠʩʪʦʯʥʠʢʦʚ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʛʦ ʠʟʣʫʯʝʥʠʷ, ʚʢʣʶʯʘʶʱʠʭ ʚ ʩʚʦʶ 

ʩʪʨʫʢʪʫʨʫ ʘʥʩʘʤʙʣʠ ʜʚʫʭʩʣʦʡʥʳʭ ʧʣʘʟʤʦʥʥʳʭ ʥʘʥʦʯʘʩʪʠʮ. 

4. ʈʝʟʫʣʴʪʘʪʳ ʨʘʩʯʝʪʦʚ ʜʠʥʘʤʠʢʠ ʩʧʘʟʝʨʘ ʩ ʪʨʝʭʫʨʦʚʥʝʚʦʡ ʫʩʠʣʠʚʘʶʱʝʡ 

ʩʨʝʜʦʡ, ʛʝʥʝʨʠʨʫʶʱʝʛʦ ʥʠʟʢʦʯʘʩʪʦʪʥʳʝ ʦʩʝʩʠʤʤʝʪʨʠʯʥʳʝ ʧʣʘʟʤʦʥ-ʧʦʣʷʨʠʪʦʥʳ 

ʚ ʧʦʣʦʤ ʩʝʨʝʙʨʷʥʦʤ ʮʠʣʠʥʜʨʝ ʥʘʥʦʤʝʪʨʦʚʦʛʦ ʨʘʜʠʫʩʘ, ʤʦʛʫʪ ʙʳʪʴ ʧʦʣʝʟʥʳʤʠ 

ʧʨʠ ʨʘʟʨʘʙʦʪʢʝ ʩʧʘʟʝʨʦʚ ʥʘ ʦʩʥʦʚʝ ʮʠʣʠʥʜʨʠʯʝʩʢʠʭ ʥʘʥʦʧʨʦʚʦʣʦʢ. 

 

ʄʝʪʦʜʦʣʦʛʠʷ ʠ ʤʝʪʦʜʳ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ɺ ʟʥʘʯʠʪʝʣʴʥʦʡ ʩʪʝʧʝʥʠ ʤʝʪʦʜʦʣʦʛʠʷ ʠʩʩʣʝʜʦʚʘʥʠʡ ʚʢʣʶʯʘʣʘ ʚ ʩʝʙʷ ʨʘʟ-

ʨʘʙʦʪʢʫ ʠ ʯʠʩʣʝʥʥʫʶ ʨʝʘʣʠʟʘʮʠʶ ʪʝʦʨʝʪʠʯʝʩʢʠʭ ʤʦʜʝʣʝʡ ʠʟʫʯʘʝʤʳʭ ʦʧʪʠʯʝ-

ʩʢʠʭ ʧʨʦʮʝʩʩʦʚ. ʇʨʠ ʧʦʩʪʨʦʝʥʠʠ ʤʦʜʝʣʝʡ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʢʚʘʥʪʦʚʦʤʝʭʘʥʠʯʝ-

ʩʢʘʷ ʪʝʦʨʠʷ ʚʦʟʤʫʱʝʥʠʡ, ʬʦʨʤʘʣʠʟʤʳ ʤʘʪʨʠʮʳ ʧʣʦʪʥʦʩʪʠ ʠ ʚʪʦʨʠʯʥʦʛʦ ʢʚʘʥ-

ʪʦʚʘʥʠʷ. ʇʨʠ ʠʟʫʯʝʥʠʠ ʦʧʪʠʯʝʩʢʦʛʦ ʦʪʢʣʠʢʘ ʦʨʛʘʥʠʯʝʩʢʠʭ ʤʦʣʝʢʫʣ ʚ ʧʨʠʩʫʪ-

ʩʪʚʠʠ ʧʣʘʟʤʦʥʥʳʭ ʥʘʥʦʯʘʩʪʠʮ ʤʝʪʦʜʦʣʦʛʠʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʥʦʩʠʣʘ ʢʦʤʧʣʝʢʩʥʳʡ 

ʭʘʨʘʢʪʝʨ, ʦʙʲʝʜʠʥʷʷ ʪʝʦʨʝʪʠʯʝʩʢʠʝ ʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ. ɺ ʵʢʩ-

ʧʝʨʠʤʝʥʪʘʭ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʣʶʤʠʥʝʩʮʝʥʪʥʘʷ ʩʧʝʢʪʨʦʩʢʦʧʠʷ, ʘʙʩʦʨʙʮʠʦʥʥʘʷ 

ʩʧʝʢʪʨʦʩʢʦʧʠʷ ʠ ʚʨʝʤʷ-ʨʘʟʨʝʰʝʥʥʘʷ ʬʦʩʬʦʨʠʤʝʪʨʠʷ.  

 

ʇʦʣʦʞʝʥʠʷ, ʚʳʥʦʩʠʤʳʝ ʥʘ ʟʘʱʠʪʫ 

1. ʉʢʦʨʦʩʪʠ ʨʘʜʠʘʮʠʦʥʥʳʭ ʠ ʙʝʟʳʟʣʫʯʘʪʝʣʴʥʳʭ ʧʝʨʝʭʦʜʦʚ ʚ ʢʚʘʥʪʦʚʳʭ 

ʪʦʯʢʘʭ, ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʚʙʣʠʟʠ ʧʣʘʟʤʦʥʥʦʡ ʩʣʦʠʩʪʦʡ ʥʘʥʦʯʘʩʪʠʮʳ, ʟʘʚʠʩʷʪ ʦʪ 

ʨʘʜʠʫʩʘ ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʷʜʨʘ ʯʘʩʪʠʮʳ. ʇʨʠ ʨʘʜʠʘʣʴʥʦʡ ʦʨʠʝʥʪʘʮʠʠ ʜʠʧʦʣʴ-

ʥʦʛʦ ʤʦʤʝʥʪʘ ʵʣʝʢʪʨʦʥʥʦʛʦ ʧʝʨʝʭʦʜʘ ʚ ʢʚʘʥʪʦʚʦʡ ʪʦʯʢʝ, ʥʘʭʦʜʷʱʝʡʩʷ ʚ ʨʝʞʠʤʝ 

ʩʣʘʙʦʛʦ ʢʦʥʬʘʡʥʤʝʥʪʘ, ʦʧʪʠʤʘʣʴʥʳʭ ʟʥʘʯʝʥʠʷʭ ʝʝ ʨʘʜʠʫʩʘ ʠ ʨʘʩʩʪʦʷʥʠʷ ʦʪ ʧʦ-
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ʚʝʨʭʥʦʩʪʠ ʩʣʦʠʩʪʦʡ ʥʘʥʦʯʘʩʪʠʮʳ ʨʝʘʣʠʟʫʝʪʩʷ ʧʨʦʤʝʞʫʪʦʯʥʦʝ (~100 ʤʵɺ) ʧʣʘʟ-

ʤʦʥ-ʵʢʩʠʪʦʥʥʦʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ. ʕʪʦ ʧʨʠʚʦʜʠʪ ʢ ʟʘʪʫʭʘʶʱʠʤ ʢʦʣʝʙʘʥʠʷʤ ʚ ʢʠ-

ʥʝʪʠʢʝ ʦʙʤʝʥʘ ʵʥʝʨʛʠʝʡ ʵʣʝʢʪʨʦʥʥʦʛʦ ʚʦʟʙʫʞʜʝʥʠʷ ʤʝʞʜʫ ʢʚʘʥʪʦʚʦʡ ʪʦʯʢʦʡ ʠ 

ʥʘʥʦʯʘʩʪʠʮʝʡ.  

2. ʄʝʭʘʥʠʟʤ ʚʣʠʷʥʠʷ ʧʣʘʟʤʦʥʥʳʭ ʥʘʥʦʯʘʩʪʠʮ ʥʘ ʬʦʩʬʦʨʝʩʮʝʥʮʠʶ (ʧʝʨʝ-

ʭʦʜ T1­S0) ʤʦʣʝʢʫʣ ʢʨʘʩʠʪʝʣʷ ʪʘʢʦʡ ʞʝ, ʢʘʢ ʥʘ ʬʣʫʦʨʝʩʮʝʥʮʠʶ (ʧʝʨʝʭʦʜ 

S1­S0), ʧʦʩʢʦʣʴʢʫ ʢ ʪʨʠʧʣʝʪʥʦʤʫ ʩʦʩʪʦʷʥʠʶ T1 ʤʦʣʝʢʫʣʳ ʠʟ-ʟʘ ʩʧʠʥ-

ʦʨʙʠʪʘʣʴʥʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʧʦʜʤʝʰʠʚʘʝʪʩʷ ʩʠʥʛʣʝʪʥʦʝ ʩʦʩʪʦʷʥʠʝ S1. ɺ ʜʠʘ-

ʧʘʟʦʥʝ ʨʘʩʩʪʦʷʥʠʡ 4-8 ʥʤ ʤʝʞʜʫ ʤʦʣʝʢʫʣʦʡ ʠ ʧʦʚʝʨʭʥʦʩʪʴʶ ʩʝʨʝʙʨʷʥʦʡ ʥʘʥʦ-

ʯʘʩʪʠʮʳ, ʛʜʝ ʩʢʦʨʦʩʪʴ ʩʧʦʥʪʘʥʥʦʛʦ ʠʟʣʫʯʝʥʠʷ ʤʦʣʝʢʫʣʳ ʠ ʩʢʦʨʦʩʪʴ ʙʝʟʳʟʣʫʯʘ-

ʪʝʣʴʥʦʛʦ ʧʝʨʝʥʦʩʘ ʵʥʝʨʛʠʠ ʵʣʝʢʪʨʦʥʥʦʛʦ ʚʦʟʙʫʞʜʝʥʠʷ ʦʪ ʤʦʣʝʢʫʣʳ ʢ ʥʘʥʦʯʘ-

ʩʪʠʮʝ ʷʚʣʷʶʪʩʷ ʚʝʣʠʯʠʥʘʤʠ ʦʜʥʦʛʦ ʧʦʨʷʜʢʘ, ʥʘʙʣʶʜʘʝʪʩʷ ʥʘʠʙʦʣʴʰʝʝ ʫʩʠʣʝʥʠʝ 

ʣʶʤʠʥʝʩʮʝʥʮʠʠ. 

3. ʄʦʥʦʩʣʦʡ ʧʣʘʟʤʦʥʥʳʭ ʩʬʝʨʠʯʝʩʢʠʭ ʥʘʥʦʯʘʩʪʠʮ ʩʦ ʩʪʨʫʢʪʫʨʦʡ çʷʜʨʦ-

ʦʙʦʣʦʯʢʘè, ʨʘʩʧʦʣʦʞʝʥʥʳʡ ʚʙʣʠʟʠ ʛʨʘʥʠʮʳ ʨʘʟʜʝʣʘ ʜʚʫʭ ʦʧʪʠʯʝʩʢʠ ʧʨʦʟʨʘʯ-

ʥʳʭ ʩʨʝʜ, ̫ ʚʣʷʝʪʩʷ ʠʩʪʦʯʥʠʢʦʤ ʦʪʨʘʞʝʥʥʦʡ ʚʦʣʥʳ ʫʜʚʦʝʥʥʦʡ ʯʘʩʪʦʪʳ. ʉʧʝʢ-

ʪʨʘʣʴʥʳʝ ʧʦʣʦʞʝʥʠʷ ʠ ʚʝʣʠʯʠʥʳ ʤʘʢʩʠʤʫʤʦʚ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʦʪʨʘʞʝʥʥʦʡ ʚʪʦ-

ʨʦʡ ʛʘʨʤʦʥʠʢʠ ʟʘʚʠʩʷʪ ʦʪ ʨʘʟʤʝʨʘ ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʷʜʨʘ ʯʘʩʪʠʮʳ ʠ ʵʣʝʢʪʨʦʜʠ-

ʥʘʤʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʷʜʨʘ ʯʘʩʪʠʮʳ, ʝʝ ʦʙʦʣʦʯʢʠ ʠ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ. 

4. ʉʧʘʟʝʨ ʥʘ ʦʩʥʦʚʝ ʩʣʦʠʩʪʦʡ ʥʘʥʦʧʨʦʚʦʣʦʢʠ ʢʨʫʛʣʦʛʦ ʩʝʯʝʥʠʷ ʩ ʪʨʝʭ-

ʫʨʦʚʥʝʚʦʡ ʫʩʠʣʠʚʘʶʱʝʡ ʩʨʝʜʦʡ ʛʝʥʝʨʠʨʫʝʪ ʦʜʥʦʤʝʨʥʳʝ ʦʩʝʩʠʤʤʝʪʨʠʯʥʳʝ ʧʦ-

ʚʝʨʭʥʦʩʪʥʳʝ ʧʣʘʟʤʦʥ-ʧʦʣʷʨʠʪʦʥ rʩ ʜʚʫʤʷ ʨʘʟʣʠʯʥʳʤʠ ʯʘʩʪʦʪʘʤʠ, ʨʘʚʥʳʤʠ ʯʘ-

ʩʪʦʪʘʤ ʧʝʨʝʭʦʜʦʚ ʤʝʞʜʫ ʚʦʟʙʫʞʜʝʥʥʳʤʠ ʠ ʦʩʥʦʚʥʳʤ ʩʦʩʪʦʷʥʠʷʤʠ ʚ ʪʨʝʭʫʨʦʚ-

ʥʝʚʦʡ ʩʠʩʪʝʤʝ. ʆʩʥʦʚʥʳʤʠ ʧʘʨʘʤʝʪʨʘʤʠ ʪʨʝʭʫʨʦʚʥʝʚʦʡ ʩʠʩʪʝʤʳ ʠ ʥʘʥʦʧʨʦʚʦ-

ʣʦʢʠ, ʚʣʠʷʶʱʠʤʠ ʥʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʩʧʘʟʝʨʘ, ʷʚʣʷʶʪʩʷ ʩʢʦʨʦʩʪʴ ʧʝʨʝʭʦʜʘ ʤʝʞ-

ʜʫ ʚʦʟʙʫʞʜʝʥʥʳʤʠ ʩʦʩʪʦʷʥʠʷʤʠ ʪʨʝʭʫʨʦʚʥʝʚʦʡ ʩʠʩʪʝʤʳ ʠ ʨʘʜʠʫʩ ʜʠʵʣʝʢʪʨʠʯʝ-

ʩʢʦʛʦ ʩʝʨʜʝʯʥʠʢʘ ʥʘʥʦʧʨʦʚʦʣʦʢʠ.  

 

ɸʧʨʦʙʘʮʠʷ ʨʘʙʦʪʳ ʠ ʧʫʙʣʠʢʘʮʠʠ 

ʈʝʟʫʣʴʪʘʪʳ ʨʘʙʦʪʳ ʜʦʢʣʘʜʳʚʘʣʠʩʴ ʥʘ X (2021), XI (2022), XII (2023), XIII 
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(2024) ʄʝʞʜʫʥʘʨʦʜʥʦʡ ʢʦʥʬʝʨʝʥʮʠʠ ʧʦ ʬʦʪʦʥʠʢʝ ʠ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʦʧʪʠʢʝ, 

ʅʀʗʋ ʄʀʌʀ, ʛ. ʄʦʩʢʚʘ; ɺʩʝʨʦʩʩʠʡʩʢʦʡ ʥʘʫʯʥʦ-ʧʨʘʢʪʠʯʝʩʢʦʡ ʢʦʥʬʝʨʝʥʮʠʠ ʩ 

ʤʝʞʜʫʥʘʨʦʜʥʳʤ ʫʯʘʩʪʠʝʤ çʊʝʦʨʠʷ ʠ ʧʨʘʢʪʠʢʘ ʠʥʥʦʚʘʮʠʦʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʚ 

ʦʙʣʘʩʪʠ ʝʩʪʝʩʪʚʝʥʥʳʭ ʥʘʫʢè, ʆɻʋ, ʛ. ʆʨʝʥʙʫʨʛ, (2022); ɺʩʝʨʦʩʩʠʡʩʢʦʡ ʥʘʫʯʥʦ-

ʤʝʪʦʜʠʯʝʩʢʦʡ ʢʦʥʬʝʨʝʥʮʠʠ (ʩ ʤʝʞʜʫʥʘʨʦʜʥʳʤ ʫʯʘʩʪʠʝʤ) çʋʥʠʚʝʨʩʠʪʝʪʩʢʠʡ 

ʢʦʤʧʣʝʢʩ ʢʘʢ ʨʝʛʠʦʥʘʣʴʥʳʡ ʮʝʥʪʨ ʦʙʨʘʟʦʚʘʥʠʷ, ʥʘʫʢʠ ʠ ʢʫʣʴʪʫʨʳè, ʆɻʋ, ʛ. 

ʆʨʝʥʙʫʨʛ (2022, 2023, 2024, 2025); ʄʝʞʜʫʥʘʨʦʜʥʦʡ ʥʘʫʯʥʦʡ ʢʦʥʬʝʨʝʥʮʠʠ 

çʍʠʤʠʯʝʩʢʘʷ ʬʠʟʠʢʘ ʤʦʣʝʢʫʣ ʠ ʧʦʣʠʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʤʘʪʝʨʠʘʣʦʚè, ʆɻʋ, ʛ. 

ʆʨʝʥʙʫʨʛ, (2020, 2022, 2024); ɺʩʝʨʦʩʩʠʡʩʢʦʡ ʥʘʫʯʥʦʡ ʢʦʥʬʝʨʝʥʮʠʠ ʩ ʤʝʞʜʫʥʘ-

ʨʦʜʥʳʤ ʫʯʘʩʪʠʝʤ çʅʝʚʩʢʘʷ ʬʦʪʦʥʠʢʘ-2023è, ʋʥʠʚʝʨʩʠʪʝʪ ʀʊʄʆ, ʉʘʥʢʪ-

ʇʝʪʝʨʙʫʨʛ, (2023); XXVIII (2021), XXIX (2022), XXX (2023), XXXI (2024), 

ʄʝʞʜʫʥʘʨʦʜʥʦʡ ʥʘʫʯʥʦʡ ʢʦʥʬʝʨʝʥʮʠʠ ʩʪʫʜʝʥʪʦʚ, ʘʩʧʠʨʘʥʪʦʚ ʠ ʤʦʣʦʜʳʭ ʫʯʸ-

ʥʳʭ çʃʦʤʦʥʦʩʦʚè, ʄɻʋ, ʛ. ʄʦʩʢʚʘ. 

ɺʩʝʛʦ ʧʦ ʪʝʤʝ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʦʧʫʙʣʠʢʦʚʘʥʦ 26 ʨʘʙʦʪ. 

 

ʋʯʘʩʪʠʝ ʚ ʥʘʫʯʥʳʭ ʧʨʦʝʢʪʘʭ  

ɻʨʘʥʪ ʄʠʥʠʩʪʝʨʩʪʚʘ ʥʘʫʢʠ ʠ ʚʳʩʰʝʛʦ ʦʙʨʘʟʦʚʘʥʠʷ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘ-

ʮʠʠ ˉ 075-15-2024-550 

 

ɼʦʩʪʦʚʝʨʥʦʩʪʴ ʨʝʟʫʣʴʪʘʪʦʚ 

ɼʦʩʪʦʚʝʨʥʦʩʪʴ ʨʝʟʫʣʴʪʘʪʦʚ ʧʨʦʚʝʜʝʥʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘ-

ʥʠʡ ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʪʘʥʜʘʨʪʥʳʭ ʘʧʨʦʙʠʨʦʚʘʥʥʳʭ ʤʝʪʦʜʠʢ, 

ʢʦʤʧʴʶʪʝʨʥʦʡ ʦʙʨʘʙʦʪʢʦʡ ʧʦʣʫʯʝʥʥʳʭ ʜʘʥʥʳʭ, ʚʦʩʧʨʦʠʟʚʦʜʠʤʦʩʪʴʶ ʨʝʟʫʣʴʪʘ-

ʪʦʚ ʠʟʤʝʨʝʥʠʡ. ʊʝʦʨʝʪʠʯʝʩʢʠʝ ʨʝʟʫʣʴʪʘʪʳ ʧʦʣʫʯʝʥʳ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʨʦʚʝ-

ʨʝʥʥʳʭ ʤʝʪʦʜʦʚ ʠ ʩʦʛʣʘʩʫʶʪʩʷ ʩ ʨʝʟʫʣʴʪʘʪʘʤʠ ʜʨʫʛʠʭ ʘʚʪʦʨʦʚ.  

 

ʃʠʯʥʳʡ ʚʢʣʘʜ 

ʆʨʠʛʠʥʘʣʴʥʳʝ ʨʝʟʫʣʴʪʘʪʳ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʝ ʚ ʨʘʙʦʪʝ, ʧʦʣʫʯʝʥʳ ʣʠʙʦ ʘʚ-

ʪʦʨʦʤ ʣʠʯʥʦ, ʣʠʙʦ ʧʨʠ ʝʛʦ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʤ ʫʯʘʩʪʠʠ. ʈʘʟʨʘʙʦʪʢʘ ʤʘʪʝʤʘʪʠʯʝ-

ʩʢʠʭ ʤʦʜʝʣʝʡ ʧʨʦʚʦʜʠʣʘʩʴ ʩʦʚʤʝʩʪʥʦ ʩ ʥʘʫʯʥʳʤ ʨʫʢʦʚʦʜʠʪʝʣʝʤ. ɸʚʪʦʨ ʩʘʤʦ-
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ʩʪʦʷʪʝʣʴʥʦ ʚʳʧʦʣʥʷʣ ʚʩʝ ʯʠʩʣʝʥʥʳʝ ʨʘʩʯʝʪʳ ʚ ʨʘʤʢʘʭ ʨʘʟʨʘʙʦʪʘʥʥʳʭ ʤʘʪʝʤʘ-

ʪʠʯʝʩʢʠʭ ʤʦʜʝʣʝʡ ʠ ʘʥʘʣʠʟʠʨʦʚʘʣ ʧʦʚʝʜʝʥʠʝ ʤʦʜʝʣʝʡ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʧʘʨʘ-

ʤʝʪʨʦʚ. ʆʥ ʪʘʢʞʝ ʣʠʯʥʦ ʧʨʦʚʦʜʠʣ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦ ʚʣʠʷ-

ʥʠʶ ʧʣʘʟʤʦʥʥʳʭ ʥʘʥʦʯʘʩʪʠʮ ʥʘ ʦʧʪʠʯʝʩʢʠʡ ʦʪʢʣʠʢ ʤʦʣʝʢʫʣ ʢʨʘʩʠʪʝʣʷ. ɸʚʪʦʨ 

ʧʨʠʥʠʤʘʣ ʘʢʪʠʚʥʦʝ ʫʯʘʩʪʠʝ ʚ ʦʙʩʫʞʜʝʥʠʠ ʠ ʠʥʪʝʨʧʨʝʪʘʮʠʠ ʧʦʣʫʯʝʥʥʳʭ ʨʝ-

ʟʫʣʴʪʘʪʦʚ.  

 

ʉʪʨʫʢʪʫʨʘ ʠ ʦʙʲʝʤ ʜʠʩʩʝʨʪʘʮʠʠ 

ɼʠʩʩʝʨʪʘʮʠʷ ʚʢʣʶʯʘʝʪ ʚʚʝʜʝʥʠʝ, 5 ʛʣʘʚ, ʟʘʢʣʶʯʝʥʠʝ, ʩʧʠʩʦʢ ʣʠʪʝʨʘʪʫʨʳ, 

ʙʣʘʛʦʜʘʨʥʦʩʪʴ. ʆʙʱʠʡ ʦʙʲʝʤ ʩʦʩʪʘʚʣʷʝʪ 155 ʩʪʨʘʥʠʮ, ʚʢʣʶʯʘʷ 75 ʨʠʩʫʥʢʦʚ, 4 

ʪʘʙʣʠʮ rʠ ʩʧʠʩʦʢ ʣʠʪʝʨʘʪʫʨʳ ʠʟ 150 ʥʘʠʤʝʥʦʚʘʥʠʡ. 
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1 ɺʣʠʷʥʠʝ ʧʣʘʟʤʦʥʥʳʭ ʥʘʥʦʦʙʲʝʢʪʦʚ ʥʘ ʬʦʪʦʬʠʟʠʯʝʩʢʠʝ 

ʧʨʦʮʝʩʩʳ ʚ ʤʦʣʝʢʫʣʘʭ ʠ ʢʚʘʥʪʦʚʳʭ ʪʦʯʢʘʭ  

 

 

1.1 ʉʧʦʥʪʘʥʥʦʝ ʠʟʣʫʯʝʥʠʝ ʠ ʧʦʛʣʦʱʝʥʠʝ ʩʚʝʪʘ ʤʦʣʝʢʫʣʘʤʠ ʠ  

ʢʚʘʥʪʦʚʳʤʠ ʪʦʯʢʘʤʠ ʚʙʣʠʟʠ ʤʝʪʘʣʣʠʯʝʩʢʠʭ ʧʦʚʝʨʭʥʦʩʪʝʡ 

 

ʀʩʩʣʝʜʦʚʘʥʠʷ ʬʣʫʦʨʝʩʮʝʥʮʠʠ ʤʦʣʝʢʫʣʳ ʠʣʠ ʢʚʘʥʪʦʚʦʡ ʪʦʯʢʠ (ʂʊ) ʚʙʣʠ-

ʟʠ ʧʣʘʟʤʦʥʥʦʡ ʥʘʥʦʯʘʩʪʠʮʳ (ʅʏ) ʦʪʢʨʳʚʘʶʪ ʰʠʨʦʢʠʝ ʚʦʟʤʦʞʥʦʩʪʠ ʧʨʘʢʪʠʯʝ-

ʩʢʦʛʦ ʧʨʠʤʝʥʝʥʠʷ ʥʘʙʣʶʜʘʝʤʳʭ ʵʬʬʝʢʪʦʚ ʚ ʩʧʝʢʪʨʦʩʢʦʧʠʠ, ʬʦʪʦʥʠʢʝ, ʙʠʦʩʝʥ-

ʩʦʨʠʢʝ ʠ ʜʣʷ ʫʣʫʯʰʝʥʠʷ ʨʘʟʨʝʰʘʶʱʝʡ ʩʧʦʩʦʙʥʦʩʪʠ ʬʣʫʦʨʝʩʮʝʥʪʥʦʡ ʤʠʢʨʦ-

ʩʢʦʧʠʠ. ʂʦʣʝʙʘʥʠʷ ʵʣʝʢʪʨʦʥʦʚ ʧʨʦʚʦʜʠʤʦʩʪʠ ʚ ʤʝʪʘʣʣʠʯʝʩʢʠʭ ʅʏ ʧʨʠʚʦʜʷʪ ʢ 

ʫʩʠʣʝʥʠʶ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ ʚʙʣʠʟʠ ʅʏ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʧʦʣʝʤ ʧʘʜʘʶʱʝʛʦ 

ʩʚʝʪʘ. ʕʪʠʤ ʦʙʲʷʩʥʷʶʪʩʷ ʫʥʠʢʘʣʴʥʳʝ ʦʧʪʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʧʣʘʟʤʦʥʥʳʭ ʥʘʥʦʯʘ-

ʩʪʠʮ. ɺ ʙʣʠʞʥʝʤ ʧʦʣʝ ʅʏ ʤʝʥʷʶʪʩʷ ʩʧʝʢʪʨʘʣʴʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʦʨʛʘʥʠʯʝ-

ʩʢʠʭ ʤʦʣʝʢʫʣ ʠ ʢʚʘʥʪʦʚʳʭ ʪʦʯʝʢ, ʥʘʧʨʠʤʝʨ, ʥʘʙʣʶʜʘʝʪʩʷ ʫʩʠʣʝʥʠʝ ʠʣʠ ʦʩʣʘʙ-

ʣʝʥʠʝ ʣʶʤʠʥʝʩʮʝʥʮʠʠ.  

ʇʨʦʙʣʝʤʝ ʪʝʦʨʝʪʠʯʝʩʢʦʛʦ ʦʧʠʩʘʥʠʷ ʚʣʠʷʥʠʷ ʧʣʘʟʤʦʥʥʳʭ ʅʏ ʥʘ ʩʧʦʥʪʘʥ-

ʥʦʝ ʠʟʣʫʯʝʥʠʝ ʘʪʦʤʦʚ ʠ ʤʦʣʝʢʫʣ ʧʦʩʚʷʱʝʥʳ ʨʘʙʦʪʳ [3,10-12]. ʊʘʢ ʚ ʨʘʙʦʪʝ [10] 

ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʦʪʥʦʩʠʪʝʣʴʥʦ ʧʨʦʩʪʳʝ ʚʳʨʘʞʝʥʠʷ ʜʣʷ ʠʟʤʝʥʝʥʠʷ ʰʠʨʠʥʳ ʣʠ-

ʥʠʠ ʠ ʩʢʦʨʦʩʪʠ ʩʧʦʥʪʘʥʥʦʛʦ ʠʟʣʫʯʝʥʠʷ ʘʪʦʤʘ, ʨʘʩʧʦʣʦʞʝʥʥʦʛʦ ʚʙʣʠʟʠ ʥʘʥʦʪʝʣ 

ʨʘʟʣʠʯʥʦʡ ʬʦʨʤʳ: ʥʘʥʦʩʬʝʨʳ, ʢʨʫʛʦʚʦʛʦ ʮʠʣʠʥʜʨʘ, ʥʘʥʦʦʪʚʝʨʩʪʠʷ. ɺ [11] ʧʦ-

ʣʫʯʝʥʳ ʷʚʥʳʝ ʘʥʘʣʠʪʠʯʝʩʢʠʝ ʚʳʨʘʞʝʥʠʷ ʜʣʷ ʩʢʦʨʦʩʪʝʡ ʵʣʝʢʪʨʠʯʝʩʢʠʭ (E1) ʠ 

ʤʘʛʥʠʪʥʳʭ (M1) ʜʠʧʦʣʴʥʳʭ ʧʝʨʝʭʦʜʦʚ ʚ ʘʪʦʤʝ, ʨʘʩʧʦʣʦʞʝʥʥʦʤ ʚʙʣʠʟʠ ʩʬʝʨʠ-

ʯʝʩʢʦʡ ʛʨʘʥʠʮʳ ʨʘʟʜʝʣʘ, ʜʣʷ ʨʘʟʣʠʯʥʳʭ ʦʨʠʝʥʪʘʮʠʡ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʠ ʤʘʛʥʠʪ-

ʥʳʭ ʜʠʧʦʣʴʥʳʭ ʤʦʤʝʥʪʦʚ. ʂʦʛʜʘ ʤʦʣʝʢʫʣʘ ʨʘʩʧʦʣʦʞʝʥʘ ʙʣʠʟʢʦ ʢ ʧʦʚʝʨʭʥʦʩʪʠ 

ʤʝʪʘʣʣʘ, ʩʠʛʥʘʣ ʬʣʫʦʨʝʩʮʝʥʮʠʠ ʛʘʩʠʪʩʷ ʟʘ ʩʯʝʪ ʧʝʨʝʜʘʯʠ ʵʥʝʨʛʠʠ ʚʦʟʙʫʞʜʝʥʠʷ 

ʤʦʣʝʢʫʣʳ ʤʝʪʘʣʣʫ. ɺ ʨʘʙʦʪʝ [12] ʨʘʟʨʘʙʦʪʘʥʘ ʤʠʢʨʦʩʢʦʧʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʬʣʫʦ-

ʨʝʩʮʝʥʮʠʠ ʢʚʘʥʪʦʚʦʛʦ ʠʟʣʫʯʘʪʝʣʷ ʚʙʣʠʟʠ ʥʝʙʦʣʴʰʦʡ ʤʝʪʘʣʣʠʯʝʩʢʦʡ ʥʘʥʦʯʘ-

ʩʪʠʮʳ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʧʨʠ ʨʘʩʧʦʣʦʞʝʥʠʠ ʠʟʣʫʯʘʪʝʣʷ ʚʙʣʠʟʠ ʅʏ ʠʟ-ʟʘ ʥʝʣʦʢʘʣʴ-
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ʥ ʭr ʠ ʢʚʘʥʪʦʚʦ-ʨʘʟʤʝʨʥʳʭ ʵʬʬʝʢʪʦʚ ʜʠʩʪʘʥʮʠʦʥʥʘ ̫ʟʘʚʠʩʠʤʦʩʪ ɹʩʢʦʨʦʩʪʠ ʧʝ-

ʨʝʜʘʯʠ ʵʥʝʨʛʠʠ ʦʪ ʠʟʣʫʯʘʪʝʣʷ ʢ ʅʏ ʩʣʘʙʝʝ, ʯʝʤ ʚ ʩʣʫʯʘʝ ʨʘʩʧʦʣʦʞʝʥʠʷ ʠʟʣʫʯʘ-

ʪʝʣʷ ʚʙʣʠʟʠ ʧʣʦʩʢʦʡ ʤʝʪʘʣʣʠʯʝʩʢʦʡ ʧʦʚʝʨʭʥʦʩʪʠ. ɺ [3] ʧʨʝʜʩʪʘʚʣʝʥ ʩʠʩʪʝʤʘʪʠ-

ʯʝʩʢʠʡ ʪʝʦʨʝʪʠʯʝʩʢʠʡ ʘʥʘʣʠʟ ʦʙʱʝʛʦ ʫʩʠʣʝʥʠʷ/ʧʦʜʘʚʣʝʥʠʷ ʣʶʤʠʥʝʩʮʝʥʮʠʠ 

ʬʣʫʦʨʦʬʦʨʦʚ ʚʙʣʠʟʠ ʩʬʝʨʠʯʝʩʢʠʭ ʥʘʥʦʯʘʩʪʠʮ ʩʝʨʝʙʨʘ. ʇʦʜʭʦʜ ʫʯʠʪʳʚʘʝʪ ʣʦ-

ʢʘʣʴʥʦʝ ʫʩʠʣʝʥʠʝ ʠʥʪʝʥʩʠʚʥʦʩʪʠ, ʠʟʤʝʥʝʥʠʝ ʠʟʣʫʯʘʪʝʣʴʥʦʡ ʠ ʙʝʟʳʟʣʫʯʘʪʝʣʴ-

ʥʦʡ ʩʢʦʨʦʩʪʠ ʧʝʨʝʭʦʜʘ ʚ ʤʦʣʝʢʫʣʝ ʬʣʫʦʨʦʬʦʨʘ, ʧʦʣʷʨʠʟʘʮʠʶ ʩʚʝʪʘ, ʧʦʣʦʞʝʥʠʝ 

ʤʦʣʝʢʫʣʳ ʠ ʦʨʠʝʥʪʘʮʠʶ ʝʝ ʜʠʧʦʣʴʥʦʛʦ ʤʦʤʝʥʪʘ. ʄʘʢʩʠʤʘʣʴʥʦʝ ʫʩʠʣʝʥʠʝ ʬʣʫ-

ʦʨʝʩʮʝʥʮʠʠ, ʧʨʝʚʳʰʘʶʱʝʝ 50 ʨʘʟ, ʧʨʦʛʥʦʟʠʨʫʝʪʩʷ ʜʣʷ ʜʠʘʤʝʪʨʘ ʥʘʥʦʯʘʩʪʠʮ 50 

ʥʤ, ʦʧʪʠʤʘʣʴʥʘʷ ʜʣʠʥʘ ʚʦʣʥʳ ʚʦʟʙʫʞʜʝʥʠʷ ʩʦʩʪʘʚʣʷʝʪ 370 ʥʤ, ʢʘʢ ʚʠʜʥʦ ʠʟ ʨʠ-

ʩʫʥʢʘ 1.1. ʊʘʢʞʝ ʚ ʨʘʙʦʪʝ [3] ʧʨʠʚʝʜʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʩ ʤʝʯʝʥʥʳʤ 

ʠʟʦʪʠʦʮʠʘʥʘʪʦʤ ʬʣʫʦʨʝʩʮʝʠʥʘ ʙʳʯʴʠʤ ʩʳʚʦʨʦʪʦʯʥʳʤ ʘʣʴʙʫʤʠʥʦʤ (FITC-

BSA), ʢʦʪʦʨʳʝ ʧʦʜʪʚʝʨʜʠʣʠ ʪʝʦʨʝʪʠʯʝʩʢʠʝ ʧʨʝʜʩʢʘʟʘʥʠʷ. ʋʩʠʣʝʥʠʝ ʬʣʫʦʨʝʩ-

ʮʝʥʮʠʠ FITC-BSA ʚʙʣʠʟʠ ʥʘʥʦʯʘʩʪʠʮ ʩʝʨʝʙʨʘ ʜʝʤʦʥʩʪʨʠʨʫʝʪ ʨʠʩʫʥʦʢ 1.2. 

 
 

ʈʠʩʫʥʦʢ 1.1 - ʄʘʢʩʠʤʘʣʴʥʳʝ ʟʥʘʯʝʥʠʷ ʢʦ-

ʵʬʬʠʮʠʝʥʪʘ ʫʩʠʣʝʥʠʷ ʣʶʤʠʥʝʩʮʝʥʮʠʠ FMAX  

ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʜʠʘʤʝʪʨʘ ʥʘʥʦʯʘʩʪʠʮʳ 

ʩʝʨʝʙʨʘ [3] 

ʈʠʩʫʥʦʢ 1.2 - ʉʧʝʢʪʨ ʣʶʤʠʥʝʩʮʝʥʮʠʠ FITC-

BSA ʥʘ ʦʙʨʘʟʮʝ, ʩʦʜʝʨʞʘʱʝʤ ʪʨʠ ʩʣʦʷ ʧʦ-

ʣʠʵʣʝʢʪʨʦʣʠʪʘ, ʥʘ ʧʦʜʣʦʞʢʝ ʠʟ ʯʠʩʪʦʛʦ 

ʩʪʝʢʣʘ (ʧʫʥʢʪʠʨʥʘʷ ʣʠʥʠʷ) ʠ ʥʘ ʩʪʝʢʣʷʥʥʦʡ 

ʧʦʜʣʦʞʢʝ, ʧʦʢʨʳʪʦʡ ʩʝʨʝʙʨʦʤ (ʩʧʣʦʰʥʘʷ 

ʣʠʥʠʷ) [3] 

 

ʀʟʫʯʝʥʠʝ ʵʬʬʝʢʪʦʚ ʨʝʟʦʥʘʥʩʥʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʵʢʩʠʪʦʥʘ ʚ ʧʦʣʫʧʨʦ-

ʚʦʜʥʠʢʦʚʦʡ ʢʚʘʥʪʦʚʦʡ ʷʤʝ ʠ ʣʦʢʘʣʠʟʦʚʘʥʥʳʭ ʧʣʘʟʤʦʥʦʚ ʚ ʩʬʝʨʠʯʝʩʢʦʡ ʤʝʪʘʣ-

ʣʠʯʝʩʢʦʡ ʥʘʥʦʯʘʩʪʠʮʝ [13] ʧʦʢʘʟʘʣʦ, ʯʪʦ ʝʩʣʠ ʫʨʦʚʝʥʴ ʵʥʝʨʛʠʠ ʵʢʩʠʪʦʥʘ ʨʘʩʧʦ-

ʣʦʞʝʥ ʥʠʞʝ ʵʥʝʨʛʠʠ ʧʣʘʟʤʦʥʘ, ʪʦ ʵʢʩʠʪʦʥ-ʧʣʘʟʤʦʥʥʦʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʤʦʞʝʪ 

ʧʨʠʚʝʩʪʠ ʢ ʣʦʢʘʣʠʟʘʮʠʠ ʵʢʩʠʪʦʥʘ ʢʘʢ ʮʝʣʦʛʦ ʚ ʦʢʨʝʩʪʥʦʩʪʠ ʥʘʥʦʯʘʩʪʠʮʳ. ɺ ʨʝ-
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ʟʦʥʘʥʩʥʳʭ ʫʩʣʦʚʠʷʭ ʧʨʦʠʩʭʦʜʠʪ ʫʚʝʣʠʯʝʥʠʝ ʩʠʣʳ ʦʩʮʠʣʣʷʪʦʨʘ ʣʦʢʘʣʠʟʦʚʘʥʥʦ-

ʛʦ ʵʢʩʠʪʦʥʥʦʛʦ ʧʝʨʝʭʦʜʘ ʥʘ ʥʝʩʢʦʣʴʢʦ ʧʦʨʷʜʢʦʚ. ɸʚʪʦʨʘʤʠ ʨʘʙʦʪʳ [14] ʨʘʟʨʘ-

ʙʦʪʘʥʘ ʪʝʦʨʠʷ, ʧʦʟʚʦʣʷʶʱʘʷ ʤʦʜʝʣʠʨʦʚʘʪʴ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʤʦʣʝʢʫʣ ʩ ʣʦʢʘʣʠ-

ʟʦʚʘʥʥʳʤʠ ʧʦʚʝʨʭʥʦʩʪʥʳʤʠ ʧʣʘʟʤʦʥʘʤʠ ʚ ʤʝʪʘʣʣʠʯʝʩʢʠʭ ʥʘʥʦʯʘʩʪʠʮʘʭ. ʂʘʞ-

ʜʘʷ ʤʦʣʝʢʫʣʘ ʧʨʝʜʩʪʘʚʣʷʣʘʩʴ ʪʦʯʝʯʥʳʤ ʜʠʧʦʣʝʤ, ʨʘʩʧʦʣʦʞʝʥʥʳʤ ʥʘ ʩʬʝʨʝ ʥʝ-

ʙʦʣʴʰʦʛʦ ʨʘʜʠʫʩʘ. ɺʣʠʷʥʠʝ ʤʦʣʝʢʫʣ ʥʘ ʧʦʚʝʨʭʥʦʩʪʥʳʝ ʧʣʘʟʤʦʥʥʳʝ ʨʝʟʦʥʘʥʩʳ 

ʦʧʠʩʳʚʘʣʦʩʴ ʯʝʨʝʟ ʯʘʩʪʦʪʥʦ-ʟʘʚʠʩʠʤʫʶ ʬʦʥʦʚʫʶ ʜʠʵʣʝʢʪʨʠʯʝʩʢʫʶ ʧʨʦʥʠʮʘʝ-

ʤʦʩʪʴ.  

ɺ ʨʘʙʦʪʝ [15] ʧʨʝʜʩʪʘʚʣʝʥʳ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʝ ʠ ʪʝʦʨʝʪʠʯʝʩʢʦʝ ʠʩʩʣʝʜʦ-

ʚʘʥʠʷ ʩʢʦʨʦʩʪʠ ʬʣʫʦʨʝʩʮʝʥʮʠʠ ʦʜʠʥʦʯʥʦʡ ʤʦʣʝʢʫʣʳ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʝʝ ʨʘʩ-

ʩʪʦʷʥʠʷ ʜʦ ʥʘʥʦʯʘʩʪʠʮʳ ʟʦʣʦʪʘ, ʦʙʣʫʯʝʥʥʦʡ ʣʘʟʝʨʦʤ. ɸʚʪʦʨʳ ʚʧʝʨʚʳʝ ʵʢʩʧʝ-

ʨʠʤʝʥʪʘʣʴʥʦ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʩ ʫʤʝʥʴʰʝʥʠʝʤ ʨʘʩʩʪʦʷʥʠʷ ʤʝʞʜʫ ʤʦʣʝʢʫʣʦʡ ʠ ʥʘ-

ʥʦʯʘʩʪʠʮʝʡ ʫʩʠʣʝʥʠʝ ʬʣʫʦʨʝʩʮʝʥʮʠʠ ʩʤʝʥʷʝʪʩʷ ʝʝ ʧʦʜʘʚʣʝʥʠʝʤ. ʋʩʠʣʝʥʠʝ ʠʣʠ 

ʧʦʜʘʚʣʝʥʠʝ ʬʣʫʦʨʝʩʮʝʥʮʠʠ ʦʙʫʩʣʦʚʣʝʥʦ ʢʦʥʢʫʨʝʥʮʠʝʡ ʩʣʝʜʫʶʱʠʭ ʵʬʬʝʢʪʦʚ: 

ʠʟʤʝʥʝʥʠʝʤ ʚʙʣʠʟʠ ʥʘʥʦʯʘʩʪʠʮʳ ʩʢʦʨʦʩʪʝʡ ʚʦʟʙʫʞʜʝʥʠʷ ʠ ʩʧʦʥʪʘʥʥʦʛʦ ʠʟʣʫ-

ʯʝʥʠʷ ʤʦʣʝʢʫʣʳ, ʘ ʪʘʢʞʝ ʥʘʣʠʯʠʝʤ ʙʝʟʳʟʣʫʯʘʪʝʣʴʥʦʡ ʧʝʨʝʜʘʯʠ ʵʥʝʨʛʠʠ ʚʦʟ-

ʙʫʞʜʝʥʠʷ ʦʪ ʤʦʣʝʢʫʣʳ ʢ ʥʘʥʦʯʘʩʪʠʮʝ.  

ɺ [16] ʦʙʥʘʨʫʞʝʥʦ ʫʩʠʣʝʥʠʝ 

ʬʣʫʦʨʝʩʮʝʥʮʠʠ (ʨʠʩʫʥʦʢ 1.3) ʠ ʢʦʤʙʠ-

ʥʘʮʠʦʥʥʦʛʦ ʨʘʩʩʝʷʥʠʷ ʩʚʝʪʘ ʚ ʤʦʣʝʢʫ-

ʣʘʭ ʮʠʘʥʠʥʦʚʳʭ ʢʨʘʩʠʪʝʣʝʡ, ʥʘʥʝʩʝʥ-

ʥʳʭ ʥʘ ʢʦʤʧʦʟʠʪʥʫʶ ʩʪʨʫʢʪʫʨʫ ʥʘ ʦʩ-

ʥʦʚʝ ʥʘʥʦʯʘʩʪʠʮ ʩʝʨʝʙʨʘ ʠ ʪʦʥʢʦʡ ʟʘ-

ʱʠʪʥʦʡ ʧʣʝʥʢʠ ʢʨʝʤʥʠʷ (AgNPs/Si). ɺ 

[17] ʧʦʢʘʟʘʥʦ, ʯʪʦ ʥʘ ʠʥʪʝʥʩʠʚʥʦʩʪʴ 

ʬʣʫʦʨʝʩʮʝʥʮʠʠ ʛʠʙʨʠʜʘ ʢʚʘʥʪʦʚʘʷ 

ʪʦʯʢʘ-Au ʤʦʛʫʪ ʚʣʠʷʪʴ ʢʦʣʠʯʝʩʪʚʦ Au 

ʠ ʟʥʘʯʝʥʠʝ pH ʛʠʙʨʠʜʥʦʛʦ ʨʘʩʪʚʦʨʘ. 

ʗʚʣʝʥʠʝ ʫʩʠʣʝʥʠʷ ʬʣʫʦʨʝʩʮʝʥʮʠʠ ʤʦʞʥʦ ʤʘʢʩʠʤʠʟʠʨʦʚʘʪʴ ʧʨʠ ʦʧʪʠʤʘʣʴʥʦʤ 

ʟʥʘʯʝʥʠʠ pH 8,5. 

 

ʈʠʩʫʥʦʢ 1.3 - ʅʦʨʤʠʨʦʚʘʥʥʳʝ ʩʧʝʢʪʨʳ 

ʬʣʫʦʨʝʩʮʝʥʮʠʠ ʪʦʥʢʦʡ ʧʣʝʥʢʠ ʮʠʘʥʠʥʦʚʦʛʦ 

ʢʨʘʩʠʪʝʣʷ (1) ʠ ʪʦʥʢʦʡ ʧʣʝʥʢʠ ʮʠʘʥʠʥʦʚʦʛʦ 

ʢʨʘʩʠʪʝʣʷ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʩʝʨʝʙʨʘ ʩ ʢʨʝʤ-

ʥʠʝʤ (2). ɼʣʠʥʘ ʚʦʣʥʳ ʚʦʟʙʫʞʜʝʥʠʷ ʩʦʩʪʘʚ-

ʣʷʝʪ 590 ʥʤ. [16] 
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ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚʣʠʷʥʠʷ ʣʦʢʘʣʠʟʦʚʘʥʥʦʛʦ ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ 

ʧʣʘʟʤʦʥʥʦʛʦ ʨʝʟʦʥʘʥʩʘ ʥʘʥʦʯʘʩʪʠʮ ʟʦʣʦʪʘ ʠ ʩʝʨʝʙʨʘ ʥʘ ʠʟʣʫʯʘʪʝʣʴʥʫʶ ʩʧʦʩʦʙ-

ʥʦʩʪʴ ʦʨʛʘʥʠʯʝʩʢʠʭ ʢʨʘʩʠʪʝʣʝʡ 2-4-ɼʠʤʝʪʠʣʘʤʠʥʦʩʪʠʨʠʣ-1-ʤʝʪʠʣʧʠʨʠʜʠʥʠʫʤʘ 

ʠ ʈʦʜʘʤʠʥʘ B ʚ ʧʦʣʠʤʝʨʥʦʡ ʤʘʪʨʠʮʝ ʥʘ ʦʩʥʦʚʝ ʘʢʨʠʣʘʪʦʚ, ʩʬʦʨʤʠʨʦʚʘʥʥʦʡ ʥʘ 

ʧʦʚʝʨʭʥʦʩʪʠ ʦʩʪʨʦʚʢʦʚʳʭ ʤʝʪʘʣʣʠʯʝʩʢʠʭ ʧʣʝʥʦʢ ʩ ʧʦʤʦʱʴʶ ʤʝʪʦʜʘ ʋʌ ʣʠʪʦ-

ʛʨʘʬʠʠ, ʧʨʠʚʝʜʝʥʳ ʚ ʨʘʙʦʪʝ [18]. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʥʘʣʠʯʠʝ ʧʣʘʟʤʦʥʥʦʛʦ ʨʝʟʦʥʘʥʩʘ 

ʟʥʘʯʠʪʝʣʴʥʦ ʫʩʠʣʠʚʘʝʪ ʢʘʢ ʦʧʪʠʯʝʩʢʦʝ ʧʦʛʣʦʱʝʥʠʝ, ʪʘʢ ʠ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʬʣʫʦ-

ʨʝʩʮʝʥʮʠʠ ʦʨʛʘʥʠʯʝʩʢʠʭ ʢʨʘʩʠʪʝʣʝʡ ʚ ʧʦʣʠʤʝʨʥʦʡ ʤʘʪʨʠʮʝ. ɸʚʪʦʨʘʤʠ ʨʘʙʦʪʳ 

[19] ʠʩʩʣʝʜʦʚʘʥʘ ʬʣʫʦʨʝʩʮʝʥʮʠʷ ʩʫʙʤʦʥʦʩʣʦʡʥʳʭ ʤʦʣʝʢʫʣ ʨʦʜʘʤʠʥʘ 6G ʚʙʣʠʟʠ 

ʥʘʥʦʯʘʩʪʠʮ ʟʦʣʦʪʘ. ʈʘʩʩʪʦʷʥʠʝ ʦʪ ʤʦʣʝʢʫʣ ʜʦ ʥʘʥʦʯʘʩʪʠʮ ʨʝʛʫʣʠʨʦʚʘʣʦʩʴ ʪʦʣ-

ʱʠʥʦʡ ʧʨʦʩʣʦʡʢʠ ʦʪ 1,5 ʜʦ 21 ʥʤ ʠʟ ʧʦʣʠʤʝʪʠʣʤʝʪʘʢʨʠʣʘʪʘ (ʇʄʄɸ). ɹʳʣʦ ʦʙ-

ʥʘʨʫʞʝʥʦ, ʯʪʦ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʠʟʣʫʯʝʥʠʷ ʤʦʣʝʢʫʣ ʨʦʜʘʤʠʥʘ 6G ʥʘ ʜʣʠʥʝ ʚʦʣʥʳ 

562 ʥʤ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʧʨʠ ʥʘʣʠʯʠʠ ʧʨʦʩʣʦʡʢʠ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩʦ ʩʣʫʯʘʝʤ ʝʝ ʦʪ-

ʩʫʪʩʪʚʠʷ, ʘ ʟʘʪʝʤ ʩʥʠʞʘʝʪʩʷ ʧʦ ʤʝʨʝ ʫʚʝʣʠʯʝʥʠʷ ʪʦʣʱʠʥʳ ʇʄʄɸ. ɺ ʨʘʙʦʪʝ 

[20] ʚʳʧʦʣʥʝʥʦ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʝ ʠ ʪʝʦʨʝʪʠʯʝʩʢʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʫʩʠʣʝʥʠʷ 

ʧʣʘʟʤʦʥʦʛʦ ʧʦʛʣʦʱʝʥʠʷ ʧʣʝʥʢʠ, ʩʦʜʝʨʞʘʱʝʡ ʨʦʜʘʤʠʥ 6G, ʢʦʪʦʨʘʷ ʪʦʥʴʰʝ, ʯʝʤ 

ʜʣʠʥʘ ʝʝ ʧʦʛʣʦʱʝʥʠʷ, ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʝʨʠʦʜʠʯʝʩʢʦʛʦ ʤʘʩʩʠʚʘ ʥʘʥʦʮʠʣʠʥ-

ʜʨʦʚ. ʈʝʟʫʣʴʪʘʪʳ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʩʧʝʢʪʨʘʣʴʥʦ ʠʥʪʝʛʨʠʨʦʚʘʥʥʘʷ 

ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʬʣʫʦʨʝʩʮʝʥʮʠʠ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʜʦ 3,78 ʨʘʟ.  

ʌʦʪʦʣʶʤʠʥʝʩʮʝʥʮʠʶ ʤʦʞʥʦ ʫʩʠʣʠʪʴ ʠ ʥʘʩʪʨʦʠʪʴ ʩ ʧʦʤʦʱʴʶ ʧʦʚʝʨʭ-

ʥʦʩʪʥʳʭ ʧʣʘʟʤʦʥʦʚ. ʊʨʘʜʠʮʠʦʥʥʳʝ ʤʝʪʦʜʳ ʩʦʟʜʘʥʠʷ ʧʝʨʝʩʪʨʘʠʚʘʝʤʳʭ ʬʣʫʦ-

ʨʦʬʦʨʦʚ ʣʠʙʦ ʤʘʣʦʵʬʬʝʢʪʠʚʥʳ, ʣʠʙʦ ʩʣʦʞʥʳ ʠ ʧʣʦʭʦ ʫʧʨʘʚʣʷʝʤʳ. ɸʚʪʦʨʳ ʨʘ-

ʙʦʪʳ [21] ʧʨʝʜʣʘʛʘʶʪ ʦʧʪʠʯʝʩʢʫʶ ʥʘʩʪʨʦʡʢʫ ʠ ʫʣʫʯʰʝʥʠʝ ʬʣʫʦʨʝʩʮʝʥʮʠʠ ʧʫ-

ʪʝʤ ʤʦʜʠʬʠʢʘʮʠʠ ʧʣʘʟʤʦʥʥʳʭ ʤʦʜ. ɼʣʷ ʵʪʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʳ ʥʘʥʦʯʘʩʪʠʮʳ ʟʦʣʦ-

ʪʘ ʥʘ ʟʝʨʢʘʣʝ ʚ ʢʘʯʝʩʪʚʝ ʧʣʘʟʤʦʥʥʦʛʦ ʨʝʟʦʥʘʪʦʨʘ, ʘ ʯʫʚʩʪʚʠʪʝʣʴʥʳʝ ʧʦʣʠʤʝʨʳ - 

ʚ ʢʘʯʝʩʪʚʝ ʧʨʦʢʣʘʜʦʢ ʠ ʵʤʠʪʪʝʨʦʚ ʚ ʥʘʥʦʟʘʟʦʨʘʭ. ʇʦʢʘʟʘʥʘ ʚʦʟʤʦʞʥʦʩʪʴ ʦʧʪʠ-

ʯʝʩʢʦʡ ʥʘʩʪʨʦʡʢʠ ʧʣʘʟʤʦʥʥʳʭ ʨʝʟʦʥʘʥʩʦʚ ʩ ʧʦʤʦʱʴʶ ʣʘʟʝʨʥʦʛʦ ʦʙʣʫʯʝʥʠʷ, ʢʦ-

ʪʦʨʦʝ ʤʦʜʠʬʠʮʠʨʫʝʪ ʥʘʥʦʟʘʟʦʨʳ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʠʢʠ ʬʣʫʦʨʝʩʮʝʥʮʠʠ ʧʦʣʠ-

ʤʝʨʦʚ ʩʤʝʱʘʶʪʩʷ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʧʣʘʟʤʦʥʥʳʤ ʨʝʟʦʥʘʥʩʘʤ. ʊʘʢʘʷ ʧʣʘʟʤʦʥʥʘʷ 

ʩʝʣʝʢʮʠʷ ʬʣʫʦʨʝʩʮʝʥʮʠʠ ʤʝʪʦʜʦʤ ʦʧʪʠʯʝʩʢʦʡ ʥʘʩʪʨʦʡʢʠ, ʧʦ ʤʥʝʥʠʶ ʘʚʪʦʨʦʚ, 
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ʦʪʢʨʳʚʘʝʪ ʥʦʚʳʝ ʚʦʟʤʦʞʥʦʩʪʠ ʜʣʷ ʬʦʪʦʥʥʳʭ ʫʩʪʨʦʡʩʪʚ ʩ ʧʨʠʣʦʞʝʥʠʷʤʠ ʤʫʣʴ-

ʪʠʧʣʝʢʩʥʦʛʦ ʟʦʥʜʠʨʦʚʘʥʠʷ ʠ ʧʦʣʥʦʮʚʝʪʥʳʭ ʜʠʩʧʣʝʝʚ. 

ɺ ʦʙʟʦʨʝ [22] ʧʨʝʜʩʪʘʚʣʝʥʳ ʪʝʢʫʱʠʝ ʨʘʟʨʘʙʦʪʢʠ ʚ ʦʙʣʘʩʪʠ ʜʠʟʘʡʥʘ ʤʝ-

ʪʘʣʣʠʯʝʩʢʠʭ ʥʘʥʦʩʪʨʫʢʪʫʨ ʜʣʷ ʵʬʬʝʢʪʠʚʥʦʛʦ ʫʩʠʣʝʥʠʷ ʬʣʫʦʨʝʩʮʝʥʪʥʦʛʦ ʩʠʛʥʘ-

ʣʘ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʨʘʩʧʨʦʩʪʨʘʥʷʶʱʠʭʩʷ ʠ ʣʦʢʘʣʠʟʦʚʘʥʥʳʭ ʧʦʚʝʨʭʥʦʩʪʥʳʭ 

ʧʣʘʟʤʦʥʦʚ, ʘ ʪʘʢʞʝ ʦʙʦʙʱʘʶʪʩʷ ʪʝʢʫʱʠʝ ʨʝʘʣʠʟʘʮʠʠ ʙʠʦʩʝʥʩʦʨʦʚ ʜʣʷ ʦʙʥʘʨʫ-

ʞʝʥʠʷ ʩʣʝʜʦʚʳʭ ʢʦʣʠʯʝʩʪʚ ʙʠʦʤʘʨʢʝʨʦʚ, ʪʦʢʩʠʥʦʚ ʠ ʧʘʪʦʛʝʥʦʚ, ʢʦʪʦʨʳʝ ʠʤʝʶʪ 

ʦʪʥʦʰʝʥʠʝ ʢ ʤʝʜʠʮʠʥʩʢʦʡ ʜʠʘʛʥʦʩʪʠʢʝ ʠ ʢʦʥʪʨʦʣʶ ʧʠʱʝʚʳʭ ʧʨʦʜʫʢʪʦʚ. 

ɺ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʤʝʞʜʫ ʢʚʘʥʪʦʚʳʤʠ ʠʟ-

ʣʫʯʘʪʝʣʷʤʠ ʠ ʧʣʘʟʤʦʥʘʤʠ ʚʳʜʝʣʷʶʪ ʩʣʘʙʫʶ ʩʚʷʟʴ ʠʣʠ ʵʬʬʝʢʪ ʇʘʨʩʝʣʘ, ʧʨʦʤʝ-

ʞʫʪʦʯʥʫʶ ʩʚʷʟʴ ʠʣʠ ʠʥʪʝʨʬʝʨʝʥʮʠʶ ʌʘʥʦ ʠ ʩʠʣʴʥʫʶ ʩʚʷʟʴ ʠʣʠ ʨʘʩʱʝʧʣʝʥʠʝ 

ʈʘʙʠ [23]. ʕʬʬʝʢʪ ʇʘʨʩʝʣʣʘ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʠʟʤʝʥʝʥʠʠ ʩʢʦʨʦʩʪʠ ʩʧʦʥʪʘʥʥʦʛʦ 

ʠʟʣʫʯʝʥʠʷ ʵʤʠʪʪʝʨʘ ʚʙʣʠʟʠ ʥʘʥʦʯʘʩʪʠʮʳ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩʦ ʩʢʦʨʦʩʪʴʶ ʠʟʣʫʯʝʥʠʷ 

ʚ ʩʚʦʙʦʜʥʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ. ʀʥʪʝʨʬʝʨʝʥʮʠʷ ʌʘʥʦ ʧʨʠʚʦʜʠʪ ʢ ʘʩʠʤʤʝʪʨʠʯʥʦʡ 

ʬʦʨʤʝ ʩʧʝʢʪʨʦʚ ʧʦʛʣʦʱʝʥʠʷ ʠ ʣʶʤʠʥʝʩʮʝʥʮʠʠ, ʘ ʪʘʢʞʝ ʢ ʧʦʷʚʣʝʥʠʶ ʜʦʧʦʣʥʠ-

ʪʝʣʴʥʦʛʦ ʧʠʢʘ ʚ ʵʪʠʭ ʩʧʝʢʪʨʘʭ [24]. ʈʘʩʱʝʧʣʝʥʠʝ ʈʘʙʠ ʪʘʢʞʝ ʧʨʠʚʦʜʠʪ ʢ ʜʚʫʭ-

ʧʠʢʦʚʳʤ ʩʧʝʢʪʨʘʤ ʧʦʛʣʦʱʝʥʠʷ, ʨʘʩʩʝʷʥʠʷ ʠ ʣʶʤʠʥʝʩʮʝʥʮʠʠ [23]. ʀʟʫʯʝʥʠʶ 

ʨʝʞʠʤʦʚ ʧʨʦʤʝʞʫʪʦʯʥʦʡ ʠ ʩʠʣʴʥʦʡ ʩʚʷʟʠ ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚʦʡ ʢʚʘʥʪʦʚʦʡ ʪʦʯʢʠ 

(ʂʊ) ʩ ʤʝʪʘʣʣʠʯʝʩʢʦʡ ʅʏ ʧʦʩʚʷʱʝʥʳ ʨʘʙʦʪʳ [23-25]. ɺ ʨʘʙʦʪʝ [24] ʪʝʦʨʝʪʠʯʝ-

ʩʢʠ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʥʘ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʂʊ ʩ ʅʏ ʚʣʠʷʶʪ ʠʭ ʨʘʟʤʝ-

ʨʳ. ɺ ʨʘʙʦʪʝ [23] ʚ ʩʠʩʪʝʤʝ, ʩʦʩʪʦʷʱʝʡ ʠʟ ʂʊ ʚ ʟʘʟʦʨʝ ʤʝʞʜʫ ʟʦʣʦʪʦʡ ʅʏ ʠ ʩʝ-

ʨʝʙʨʷʥʦʡ ʧʣʝʥʢʦʡ, ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʥʘ ʚʦʟʤʦʞʥʦʩʪʴ ʨʝʘʣʠ-

ʟʘʮʠʠ ʚʩʝʭ ʪʨʝʭ ʪʠʧʦʚ ʧʣʘʟʤʦʥ-ʵʢʩʠʪʦʥʥʦʡ ʩʚʷʟʠ. ɼʠʥʘʤʠʢʘ ʦʙʤʝʥʘ ʵʥʝʨʛʠʝʡ 

ʤʝʞʜʫ ʂʊ ʠ ʅʏ ʪʝʦʨʝʪʠʯʝʩʢʠ ʠʩʩʣʝʜʦʚʘʣʘʩʴ ʚ ʨʘʙʦʪʝ [25].  

ɺ ʨʘʙʦʪʝ [26] ʠʩʩʣʝʜʦʚʘʣʘʩʴ ʢʠʥʝʪʠʢʘ ʦʙʤʝʥʘ ʵʥʝʨʛʠʝʡ ʤʝʞʜʫ ʧʣʘʟʤʦʥ-

ʥʦʡ ʠ ʵʢʩʠʪʦʥʥʦʡ ʧʦʜʩʠʩʪʝʤʘʤʠ ʚ ʩʣʦʠʩʪʦʡ ʩʪʨʫʢʪʫʨʝ, ʩʦʩʪʦʷʱʝʡ ʠʟ ʤʦʥʦʩʣʦʷ 

J-ʘʛʨʝʛʘʪʦʚ, ʨʘʩʧʦʣʦʞʝʥʥʦʛʦ ʥʘʜ ʧʣʦʩʢʦʡ ʤʝʪʘʣʣʠʯʝʩʢʦʡ ʧʦʚʝʨʭʥʦʩʪʴʶ. ɸʚʪʦ-

ʨʘʤʠ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʚʨʝʤʝʥʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ʧʝʨʝʜʘʯʠ ʵʥʝʨʛʠʠ ʤʝʞʜʫ ʢʦʤʧʦʥʝʥ-

ʪʘʤʠ ʩʠʩʪʝʤʳ çʤʝʪʘʣʣïʜʠʵʣʝʢʪʨʠʢïʤʦʣʝʢʫʣʷʨʥʳʡ ʩʣʦʡè ʠʤʝʝʪ ʭʘʨʘʢʪʝʨ ʟʘʪʫ-

ʭʘʶʱʠʭ ʢʦʣʝʙʘʥʠʡ, ʢʦʪʦʨʳʝ ʟʘʚʠʩʷʪ ʦʪ ʧʦʜʛʦʪʦʚʣʝʥʥʦʛʦ ʥʘʯʘʣʴʥʦʛʦ ʩʦʩʪʦʷʥʠʷ, 
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ʨʷʜʘ ʨʝʣʘʢʩʘʮʠʦʥʥʳʭ ʧʘʨʘʤʝʪʨʦʚ, ʯʘʩʪʦʪʳ ʈʘʙʠ ʠ ʦʪʩʪʨʦʡʢʠ ʦʪ ʨʝʟʦʥʘʥʩʘ.  

ʅʘʨʷʜʫ ʩ ʠʩʩʣʝʜʦʚʘʥʠʝʤ ʦʧʪʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʦʜʥʦʨʦʜʥʳʭ ʤʝʪʘʣʣʠʯʝʩʢʠʭ 

ʅʏ ʘʢʪʠʚʥʦ ʠʟʫʯʘʶʪʩʷ ʅʏ ʩʦ ʩʪʨʫʢʪʫʨʦʡ çʷʜʨʦ-ʦʙʦʣʦʯʢʘè. ɺʣʠʷʥʠʝ ʬʦʨʤʳ ʠ 

ʧʦʢʨʳʪʠʷ ʅʏ ʟʦʣʦʪʘ ʥʘ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʙʝʟʳʟʣʫʯʘʪʝʣʴʥʦʛʦ ʧʝʨʝʥʦʩʘ ʵʥʝʨʛʠʠ ʦʪ 

ʤʦʣʝʢʫʣ ʨʦʜʘʤʠʥʘ 6G ʢ ʥʘʥʦʯʘʩʪʠʮʘʤ ʚʧʝʨʚʳʝ ʙʳʣʦ ʠʩʩʣʝʜʦʚʘʥʦ ʚ [27]. ʆʩʦ-

ʙʝʥʥʦʩʪʠ ʚʣʠʷʥʠʷ ʤʦʥʦʜʠʩʧʝʨʩʥʳʭ ʅʏ Ag/SiO2 ʪʠʧʘ ʷʜʨʦïʦʙʦʣʦʯʢʘ (ʨʠʩʫʥʦʢ 

1.4ʘ) ʩ ʜʠʘʤʝʪʨʦʤ ʷʜʨʘ 17 ʥʤ ʠ ʪʦʣʱʠʥʦʡ ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʡ ʦʙʦʣʦʯʢʠ ʚ ʧʨʝʜʝ-

ʣʘʭ 0ï40 ʥʤ ʥʘ ʬʦʪʦʣʶʤʠʥʝʩʮʝʥʮʠʶ ʂʊ CdSe/ZnS, ʠʩʩʣʝʜʦʚʘʥʳ ʚ ʨʘʙʦʪʝ [28]. 

ʈʠʩʫʥʦʢ 1.4ʙ ʜʝʤʦʥʩʪʨʠʨʫʝʪ ʥʝʤʦʥʦʪʦʥʥʫʶ ʟʘʚʠʩʠʤʦʩʪʴ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʣʶʤʠ-

ʥʝʩʮʝʥʮʠʠ ʂʊ ʦʪ ʪʦʣʱʠʥʳ ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʡ ʦʙʦʣʦʯʢʠ ʅʏ: ʩ ʨʦʩʪʦʤ ʪʦʣʱʠʥʳ 

ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʩʥʘʯʘʣʘ ʫʚʝʣʠʯʠʚʘʝʪʩʷ, ʘ ʟʘʪʝʤ ʫʙʳʚʘʝʪ. 

  
(ʘ) (ʙ) 

ʈʠʩʫʥʦʢ 1.4 - ʇʨʠʥʮʠʧʠʘʣʴʥʘʷ ʩʭʝʤʘ ʩʪʨʫʢʪʫʨʳ, ʠʩʧʦʣʴʟʦʚʘʥʥʦʡ ʜʣʷ ʠʟʫʯʝʥʠʷ ʧʣʘʟʤʦʥ-

ʥʦʛʦ ʫʩʠʣʝʥʠʷ ʣʶʤʠʥʝʩʮʝʥʮʠʠ ʂʊ ʚʙʣʠʟʠ ʩʣʦʷ ʤʝʪʘʣʣʠʯʝʩʢʠʭ ʅʏ (ʘ). ʉʧʝʢʪʨʳ ʌʃ ʂʊ 

CdSe/ZnS (1) ʚ ʦʪʩʫʪʩʪʚʠʝ ʧʣʘʟʤʦʥʥʳʭ ʯʘʩʪʠʮ ʠ (2ï6) ʚʙʣʠʟʠ ʧʣʘʟʤʦʥʥʳʭ ʯʘʩʪʠʮ ʩ ʪʦʣ-

ʱʠʥʦʡ ʦʙʦʣʦʯʢʠ hs = (2) 0, (3) 15, (4) 25, (5) 35 ʠ (6) 40 ʥʤ (ʙ). ʅʘ ʚʩʪʘʚʢʝ (ʙ) ʧʦʢʘʟʘʥ ʛʨʘ-

ʬʠʢ ʟʘʚʠʩʠʤʦʩʪʠ ʢʦʵʬʬʠʮʠʝʥʪʘ ʂ ʫʩʠʣʝʥʠʷ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʣʶʤʠʥʝʩʮʝʥʮʠʠ ʦʪ ʪʦʣʱʠʥʳ 

ʦʙʦʣʦʯʢʠ [28] 

 

ʉʠʥʪʝʟ ʠ ʬʦʪʦʬʠʟʠʯʝʩʢʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʥʦʚʦʛʦ ʪʠʧʘ ʅʏ ʚ ʬʦʨʤʝ ʩʪʝʨʞ-

ʥʝʡ ʩ ʟʦʣʦʪʳʤ ʷʜʨʦʤ ʠ ʧʦʣʠʩʪʠʨʦʣʦʚʦʡ (ʇʉ) ʦʙʦʣʦʯʢʦʡ, ʧʦʣʫʯʝʥʥʳʭ ʤʝʪʦʜʦʤ 

ʵʤʫʣʴʩʠʦʥʥʦʡ ʧʦʣʠʤʝʨʠʟʘʮʠʠ ʧʨʠ ʥʝʡʪʨʘʣʴʥʦʤ pH, ʧʨʝʜʩʪʘʚʣʝʥ ʚ [29]. ʊʦʣʱʠ-

ʥʦʡ ʦʙʦʣʦʯʢʠ ʇʉ ʤʦʞʥʦ ʫʧʨʘʚʣʷʪʴ, ʚʘʨʴʠʨʫʷ ʫʩʣʦʚʠʷ ʩʠʥʪʝʟʘ. ʅʘʙʣʶʜʘʣʦʩʴ 

ʩʥʠʞʝʥʠʝ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʬʣʫʦʨʝʩʮʝʥʮʠʠ ʠ ʚʨʝʤʝʥʠ ʞʠʟʥʠ ʨʦʜʘʤʠʥʘ 800, ʯʪʦ 

ʫʢʘʟʳʚʘʝʪ ʥʘ ʧʝʨʝʜʘʯʫ ʵʥʝʨʛʠʠ ʦʪ ʨʦʜʘʤʠʥʘ ʢ ʟʦʣʦʪʳʤ ʥʘʥʦʩʪʝʨʞʥʷʤ. ɸʚʪʦʨʳ 

[30] ʩʦʦʙʱʘʶʪ ʦ ʨʘʟʨʘʙʦʪʢʝ ʛʠʙʨʠʜʥʳʭ ʅʏ ʩ ʟʦʣʦʪʳʤ ʷʜʨʦʤ ʠ ʢʨʝʤʥʝʟʝʤʥʦʡ 

ʦʙʦʣʦʯʢʦʡ ʪʦʯʥʦʡ ʪʦʣʱʠʥʳ (ʦʪ 7 ʜʦ 13 ʥʤ), ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʢʦʪʦʨʦʡ ʘʜʩʦʨʙʠ-
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ʨʦʚʘʥ ʧʝʨʠʣʝʥʜʠʠʤʠʜʥʳʡ ʢʨʘʩʠʪʝʣʴ. ʊʘʢʘʷ ʩʠʩʪʝʤʘ ʧʦʟʚʦʣʷʝʪ ʵʬʬʝʢʪʠʚʥʦ ʠʟ-

ʙʝʞʘʪʴ ʪʫʰʝʥʠʷ ʬʣʫʦʨʝʩʮʝʥʮʠʠ ʠ ʜʝʤʦʥʩʪʨʠʨʫʝʪ ʫʚʝʣʠʯʝʥʠʝ ʵʤʠʩʩʠʠ ʚ 5-30 

ʨʘʟ ʙʝʟ ʠʟʤʝʥʝʥʠʷ ʚʨʝʤʝʥʠ ʟʘʪʫʭʘʥʠʷ ʬʣʫʦʨʝʩʮʝʥʮʠʠ ʢʨʘʩʠʪʝʣʷ. 

ʉ ʮʝʣʴʶ ʩʦʟʜʘʥʠʷ ʧʣʘʟʤʦʥʥʦʛʦ ʩʦʣʥʝʯʥʦʛʦ ʵʣʝʤʝʥʪʘ ʩ ʫʩʠʣʝʥʥʳʤ ʬʦʪʦ-

ʪʦʢʦʤ ʘʚʪʦʨʘʤʠ [31] ʠʩʩʣʝʜʫʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴ ʚʥʝʜʨʝʥʠʷ ʧʣʘʟʤʦʥʥʳʭ ʥʘʥʦʦʙʦ-

ʣʦʯʝʢ ʚ ʫʣʴʪʨʘʪʦʥʢʠʡ ʤʠʢʨʦʢʨʠʩʪʘʣʣʠʯʝʩʢʠʡ ʢʨʝʤʥʠʝʚʳʡ ʩʦʣʥʝʯʥʳʡ ʵʣʝʤʝʥʪ. 

ɸʚʪʦʨʘʤʠ ʧʨʝʜʣʦʞʝʥʘ ʢʦʥʮʝʧʪʫʘʣʴʥʘʷ ʩʭʝʤʘ ʩʦʣʥʝʯʥʦʛʦ ʵʣʝʤʝʥʪʘ ʠ ʧʨʦʚʝʜʝʥ 

ʘʥʘʣʠʟ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʧʦʛʣʦʱʝʥʠʷ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʧʦʣʷʨʥʦʛʦ ʫʛʣʘ/ʜʣʠʥʳ 

ʚʦʣʥʳ. 

ɺʥʝʜʨʝʥʠʝ ʫʩʠʣʠʚʘʶʱʝʡ ʩʨʝʜʳ ʚ ʦʙʦʣʦʯʢʫ ʤʝʪʘʣʣʠʯʝʩʢʦʡ ʅʏ ʧʨʠʚʦʜʠʪ ʢ 

ʩʫʱʝʩʪʚʝʥʥʦʤʫ ʫʚʝʣʠʯʝʥʠʶ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʦʧʪʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ. ɺ ʨʘʙʦʪʝ 

[32] ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʥʦ, ʯʪʦ ʚʢʣʶʯʝʥʠʝ ʤʦʣʝʢʫʣ ʢʨʘʩʠʪʝʣʷ 

ʚ ʦʙʦʣʦʯʢʫ ʟʦʣʦʪʦʡ ʅʏ ʧʨʠʚʦʜʠʪ ʢ ʫʩʠʣʝʥʠʶ ʨʵʣʝʝʚʩʢʦʛʦ ʨʘʩʩʝʷʥʠʷ ʨʘʩʪʚʦʨʘ 

ʦʙʦʣʦʯʝʯʥʳʭ ʅʏ ʠ ʫʚʝʣʠʯʝʥʠʶ ʧʨʦʧʫʩʢʘʥʠʷ. ɸʚʪʦʨʘʤʠ ʨʘʙʦʪʳ [33] ʧʨʝʜʣʦʞʝʥ 

ʠ ʪʝʦʨʝʪʠʯʝʩʢʠ ʠʩʩʣʝʜʦʚʘʥ ʥʦʚʳʡ ʙʠʦʤʦʣʝʢʫʣʷʨʥʳʡ ʜʘʪʯʠʢ, ʩʦʩʪʦʷʱʠʡ ʠʟ ʟʦ-

ʣʦʪʦʡ ʩʬʝʨʠʯʝʩʢʦʡ ʥʘʥʦʦʙʦʣʦʯʢʠ ʠ ʢʚʘʨʮʝʚʦʛʦ ʷʜʨʘ ʩ ʫʩʠʣʝʥʠʝʤ. ʈʘʩʯʝʪʳ ʧʦ-

ʢʘʟʘʣʠ, ʯʪʦ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʨʘʩʩʝʷʥʠʷ ʩʚʝʪʘ ʠ ʜʦʙʨʦʪʥʦʩʪʴ ʧʣʘʟʤʦʥʥʦʛʦ ʨʝʟʦ-

ʥʘʥʩʘ ʤʦʛʫʪ ʙʳʪʴ ʟʥʘʯʠʪʝʣʴʥʦ ʫʣʫʯʰʝʥʳ ʧʫʪʝʤ ʚʚʝʜʝʥʠʷ ʥʘʜʣʝʞʘʱʝʛʦ ʢʦʵʬ-

ʬʠʮʠʝʥʪʘ ʫʩʠʣʝʥʠʷ.  

ɺʣʠʷʥʠʝ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʥʘ ʩʧʦʥʪʘʥʥʦʝ ʠʟʣʫʯʝʥʠʝ ʵʤʠʪʪʝʨʦʚ ʵʢʩʧʝʨʠ-

ʤʝʥʪʘʣʴʥʦ ʠ ʪʝʦʨʝʪʠʯʝʩʢʠ ʠʩʩʣʝʜʦʚʘʣʦʩʴ ʚ ʨʘʙʦʪʘʭ [34-36]. ɺ ʨʘʙʦʪʝ [34] ʦʙʥʘ-

ʨʫʞʝʥʦ ʠ ʠʩʩʣʝʜʦʚʘʥʦ ʚʣʠʷʥʠʝ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʥʘ ʵʢʩʠʪʦʥʥʦʝ ʠʟʣʫʯʝʥʠʝ ʧʣʝ-

ʥʦʢ ZnO, ʦʙʨʘʟʦʚʘʥʥʳʭ ʭʘʦʪʠʯʥʦ ʫʧʘʢʦʚʘʥʥʳʤʠ ʥʘʥʦʩʪʝʨʞʥʷʤʠ ʠ ʧʦʢʨʳʪʳʭ 

ʅʏ Ag, ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ. ʅʘ ʥʝʢʦʪʦʨʳʭ ʫʯʘʩʪʢʘʭ ʧʣʝʥʦʢ, ʧʦʜʚʝʨʛ-

ʥʫʪʳʭ ʚʦʟʜʝʡʩʪʚʠʶ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ Ḑ 1 ʊʣ, ʥʘʙʣʶʜʘʣʦʩʴ ʩʣʘʙʦ ʟʘʚʠʩʷʱʝʝ ʦʪ 

ʫʨʦʚʥʷ ʚʦʟʙʫʞʜʝʥʠʷ ʫʩʠʣʝʥʠʝ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʵʢʩʠʪʦʥʥʦʛʦ ʠʟʣʫʯʝʥʠʷ ʥʘ ʥʝ-

ʩʢʦʣʴʢʦ ʧʨʦʮʝʥʪʦʚ. ɺ ʪʦ ʞʝ ʚʨʝʤʷ ʥʘ ʥʝʢʦʪʦʨʳʭ ʜʨʫʛʠʭ ʫʯʘʩʪʢʘʭ ʪʝʭ ʞʝ ʧʣʝʥʦʢ 

ʵʬʬʝʢʪ ʙʳʣ ʥʝʟʥʘʯʠʪʝʣʴʥʳʤ ʠʣʠ ʦʪʩʫʪʩʪʚʦʚʘʣ. ɺ [35, 36] ʥʘ ʦʩʥʦʚʝ ʩʧʝʮʠʘʣʴʥʦ 

ʩʦʟʜʘʥʥʦʡ ʪʝʦʨʝʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʨʘʩʩʯʠʪʘʥʳ ʩʧʝʢʪʨʳ ʣʶʤʠʥʝʩʮʝʥʮʠʠ ʠ ʩʢʦʨʦ-

ʩʪʠ ʙʝʟʳʟʣʫʯʘʪʝʣʴʥʦʛʦ ʧʝʨʝʥʦʩʘ ʵʥʝʨʛʠʠ ʦʪ ʵʢʩʠʪʦʥʥʦ-ʘʢʪʠʚʠʨʦʚʘʥʥʦʡ ʂʊ ʢ 
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ʩʣʦʠʩʪʦʡ ʅʏ ʚʦ ʚʥʝʰʥʝʤ ʤʘʛʥʠʪʥʦʤ ʧʦʣʝ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʥʘʤʘʛʥʠʯʠʚʘʥʠʝ ʵʣʝʢ-

ʪʨʦʥʥʦʡ ʧʣʘʟʤʳ ʤʝʪʘʣʣʠʯʝʩʢʦʡ ʯʘʩʪʠ ʥʘʥʦʢʦʤʧʦʟʠʪʘ ʚʦ ʚʥʝʰʥʝʤ ʤʘʛʥʠʪʥʦʤ 

ʧʦʣʝ ʧʨʠʚʦʜʠʪ ʢ ʨʘʩʱʝʧʣʝʥʠʶ ʧʦʣʦʩ ʧʣʘʟʤʦʥʥʦʛʦ ʨʝʟʦʥʘʥʩʘ. 

ʋʩʠʣʝʥʠʝ ʬʣʫʦʨʝʩʮʝʥʮʠʠ ʤʦʣʝʢʫʣ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʧʣʘʟʤʦʥʥʳʭ ʅʏ ʤʦʞʝʪ 

ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʦ ʜʣʷ ʧʦʚʳʰʝʥʠʷ ʨʘʟʨʝʰʘʶʱʝʡ ʩʧʦʩʦʙʥʦʩʪʠ ʙʣʠʞʥʝʧʦʣʴʥʦʛʦ 

ʦʧʪʠʯʝʩʢʦʛʦ ʤʠʢʨʦʩʢʦʧʘ. ʅʘʧʨʠʤʝʨ, ʚ ʨʘʙʦʪʝ [37] ʧʦʢʘʟʘʥʦ, ʯʪʦ ʤʦʜʠʬʠʮʠʨʦ-

ʚʘʥʥʫʶ ʟʦʣʦʪʫʶ ʧʣʘʟʤʦʥʥʫʶ ʥʘʥʦʘʥʪʝʥʥʫ ʚ ʚʠʜʝ ʛʘʣʩʪʫʢʘ-ʙʘʙʦʯʢʠ ʤʦʞʥʦ 

ʫʩʧʝʰʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʚ ʩʦʯʝʪʘʥʠʠ ʩ ʬʣʫʦʨʝʩʮʝʥʪʥʦʡ ʤʠʢʨʦʩʢʦʧʠʝʡ ʧʦʣʥʦʛʦ 

ʚʥʫʪʨʝʥʥʝʛʦ ʦʪʨʘʞʝʥʠʷ. 

ɹʦʣʴʰʠʥʩʪʚʦ ʪʝʦʨʝʪʠʯʝʩʢʠʭ ʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʨʘʙʦʪ ʧʦʩʚʷʱʝʥʦ ʠʟʫ-

ʯʝʥʠʶ ʚʣʠʷʥʠʷ ʧʣʘʟʤʦʥʥʳʭ ʅʏ ʥʘ ʬʣʫʦʨʝʩʮʝʥʮʠʶ ʦʨʛʘʥʠʯʝʩʢʠʭ ʤʦʣʝʢʫʣ. ʈʘ-

ʙʦʪ, ʚ ʢʦʪʦʨʳʭ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʚʣʠʷʥʠʝ ʅʏ ʥʘ ʬʦʩʬʦʨʝʩʮʝʥʮʠʶ, ʛʦʨʘʟʜʦ 

ʤʝʥʴʰʝ. ɺ ʦʜʥʦʡ ʠʟ ʧʝʨʚʳʭ ʨʘʙʦʪ [38], ʧʦʩʚʷʱʝʥʥʳʭ ʚʣʠʷʥʠʶ ʧʣʘʟʤʦʥʥʳʭ ʅʏ 

ʥʘ ʬʦʩʬʦʨʝʩʮʝʥʮʠʶ, ʙʳʣʦ ʦʙʥʘʨʫʞʝʥʦ ʜʚʫʢʨʘʪʥʦʝ ʫʚʝʣʠʯʝʥʠʝ ʢʚʘʥʪʦʚʦʛʦ ʚʳ-

ʭʦʜʘ ʬʦʩʬʦʨʝʩʮʝʥʮʠʠ ʧʦʩʣʝ ʜʦʙʘʚʣʝʥʠʷ ʘʛʨʝʛʠʨʦʚʘʥʥʳʭ ʟʦʣʦʪʳʭ ʅʏ ʚ ʧʦʣʠ-

ʤʝʨʥʫʶ ʧʣʝʥʢʫ, ʩʦʜʝʨʞʘʱʫʶ 2,3,7,8,12,13,17,18-octaethyl-21H,23H-porphine 

platinum(II). ɺ ʧʣʝʥʢʘʭ, ʣʝʛʠʨʦʚʘʥʥʳʭ ʥʝʘʛʨʝʛʠʨʦʚʘʥʥʳʤʠ ʯʘʩʪʠʮʘʤʠ, ʥʘʙʣʶ-

ʜʘʣʦʩʴ ʛʘʰʝʥʠʝ ʬʦʩʬʦʨʝʩʮʝʥʮʠʠ. 

ɺ [39] ʧʦʢʘʟʘʥʦ, ʯʪʦ ʚʦʜʥʳʝ ʨʘʩʪʚʦʨʳ, ʩʦʜʝʨʞʘʱʠʝ ʅʏ ʟʦʣʦʪʘ, ʚʳʟʳʚʘʶʪ 

ʟʥʘʯʠʪʝʣʴʥʦʝ ʫʚʝʣʠʯʝʥʠʝ ʚʳʭʦʜʘ ʪʨʠʧʣʝʪʦʚ ʤʝʪʠʣʝʥʦʚʦʛʦ ʩʠʥʝʛʦ, ʧʦʣʫʯʝʥʥʳʭ 

ʧʨʠ ʣʘʟʝʨʥʦʤ ʚʦʟʙʫʞʜʝʥʠʠ ʩ ʜʣʠʥʦʡ ʚʦʣʥʳ 650 ʥʤ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʚʟʘʠʤʦʜʝʡ-

ʩʪʚʠʡ ʧʦʣʝʡ ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʧʣʘʟʤʦʥʦʚ, ʢʦʪʦʨʳʝ ʤʦʞʥʦ ʦʧʠʩʘʪʴ ʢʘʢ ʵʬʬʝʢʪʳ 

ʘʥʪʝʥʥʳ ʧʝʨʝʜʘʪʯʠʢʘ-ʧʨʠʝʤʥʠʢʘ. ɸʚʪʦʨʳ ʨʘʙʦʪʳ [40] ʠʩʧʦʣʴʟʦʚʘʣʠ ʧʦʣʠʤʝʨ 

PDDA ʜʣʷ ʩʙʦʨʢʠ ʟʦʣʦʪʳʭ ʅʏ ʚ ʘʛʨʝʛʘʪʳ. ʉ ʧʦʤʦʱʴʶ ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʧʦʛʣʦʱʝ-

ʥʠʷ ʚ ʋʌ-ʚʠʜʠʤʦʤ ʜʠʘʧʘʟʦʥʝ ʢʦʥʪʨʦʣʠʨʦʚʘʣʦʩʴ ʪʨʠʧʣʝʪʥʦʝ ʩʦʩʪʦʷʥʠʝ ʙʝʥ-

ʛʘʣʴʩʢʦʛʦ ʨʦʟʦʚʦʛʦ. ɸʚʪʦʨʳ ʦʙʥʘʨʫʞʠʣʠ ʫʚʝʣʠʯʝʥʠʝ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʬʦʩʬʦʨʝʩ-

ʮʝʥʮʠʠ ʜʦ 10 ʨʘʟ. ʋʩʠʣʝʥʠʝ ʬʦʩʬʦʨʝʩʮʝʥʮʠʠ ʢʨʘʩʠʪʝʣʷ ʚʙʣʠʟʠ ʘʛʨʝʛʘʪʦʚ ʅʏ 

ʯʫʚʩʪʚʠʪʝʣʴʥʦ ʢ ʢʦʥʮʝʥʪʨʘʮʠʠ ʧʦʣʠʤʝʨʘ ʠ ʨʘʟʤʝʨʫ ʅʏ. ʋʩʠʣʝʥʠʝ ʬʦʩʬʦʨʝʩ-

ʮʝʥʮʠʠ 2,5-ʜʠʛʝʢʩʠʣʦʢʩʠ-4-ʙʨʦʤʙʝʥʟʘʣʴʜʝʛʠʜʘ (Br6A) - ʙʝʟʤʝʪʘʣʣʦʚʦʛʦ ʦʨʛʘ-
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ʥʠʯʝʩʢʦʛʦ ʣʁʤʠʥʦʬʦʨʘ, ʙʣʘʛʦʜʘʨʷ ʚʦʟʙʫʞʜʝʥʠʶ ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʧʣʘʟʤʦʥʘ ʚ 

ʥʘʥʦʯʘʩʪʠʮʘʭ ʩʝʨʝʙʨʘ ʦʙʥʘʨʫʞʝʥʦ ʚ ʨʘʙʦʪʝ [41]. ʋʩʠʣʝʥʠʝ ʵʤʠʩʩʠʠ ʠ ʫʤʝʥʴʰʝ-

ʥʠʝ ʚʨʝʤʝʥʠ ʞʠʟʥʠ ʥʘʙʣʶʜʘʣʦʩʴ ʚʦ ʬʣʫʦʨʝʩʮʝʥʮʠʠ ʠ ʬʦʩʬʦʨʝʩʮʝʥʮʠʠ, ʯʪʦ 

ʧʦʟʚʦʣʷʝʪ ʧʨʝʜʧʦʣʦʞʠʪʴ, ʯʪʦ ʤʝʭʘʥʠʟʤ ʫʩʠʣʝʥʠʷ ʬʦʩʬʦʨʝʩʮʝʥʮʠʠ ʤʦʣʝʢʫʣ 

ʚʙʣʠʟʠ ʥʘʥʦʯʘʩʪʠʮ ʘʥʘʣʦʛʠʯʝʥ ʤʝʭʘʥʠʟʤʫ ʫʩʠʣʝʥʠʷ ʬʣʫʦʨʝʩʮʝʥʮʠʠ.  

ɺ ʨʘʙʦʪʝ [4] ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʠʟʫʯʝʥʘ ʜʠʩʪʘʥʮʠʦʥʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ʢʠʥʝ-

ʪʠʢʠ ʚʦʟʙʫʞʜʝʥʥʳʭ ʩʠʥʛʣʝʪʥʳʭ ʠ ʪʨʠʧʣʝʪʥʳʭ ʩʦʩʪʦʷʥʠʡ ʤʦʣʝʢʫʣ ʵʦʟʠʥʘ. ʉʣʦ-

ʠʩʪʳʝ ʧʣʝʥʢʠ ʢʨʘʩʠʪʝʣʷ ʙʳʣʠ ʧʨʠʛʦʪʦʚʣʝʥʳ ʧʦ ʪʝʭʥʦʣʦʛʠʠ ʃʝʥʛʤʶʨʘ-

ɹʣʦʜʞʝʪʪ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʦʩʪʨʦʚʢʦʚʳʭ ʧʣʝʥʦʢ ʩʝʨʝʙʨʘ (ʨʠʩʫʥʦʢ 1.5). ʇʣʘʟʤʦʥ-

ʥʳʡ ʵʬʬʝʢʪ ʧʨʦʷʚʣʷʝʪʩʷ ʚ ʫʚʝʣʠʯʝʥʠʠ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʠ ʫʤʝʥʴʰʝʥʠʠ ʚʨʝʤʝʥʠ 

ʞʠʟʥʠ ʬʣʫʦʨʝʩʮʝʥʮʠʠ, ʟʘʤʝʜʣʝʥʥʦʡ ʬʣʫʦʨʝʩʮʝʥʮʠʠ ʠ ʬʦʩʬʦʨʝʩʮʝʥʮʠʠ ʧʣʝʥʦʢ 

ʢʨʘʩʠʪʝʣʝʡ ʩ ʅʏ ʤʝʪʘʣʣʦʚ. ʈʠʩʫʥʦʢ 1.6 ʜʝʤʦʥʩʪʨʠʨʫʝʪ, ʯʪʦ ʦʧʪʠʤʘʣʴʥʦʝ ʨʘʩ-

ʩʪʦʷʥʠʝ ʤʝʞʜʫ ʩʣʦʝʤ ʢʨʘʩʠʪʝʣʷ ʠ ʧʣʝʥʢʦʡ ʩʝʨʝʙʨʘ, ʥʘ ʢʦʪʦʨʦʤ ʜʦʩʪʠʛʘʝʪʩʷ 

ʤʘʢʩʠʤʘʣʴʥʦʝ ʫʩʠʣʝʥʠʝ ʚʩʝʭ ʪʠʧʦʚ ʣʶʤʠʥʝʩʮʝʥʮʠʠ, ʨʘʚʥʦ 6-8 ʥʤ ʠ ʧʨʠʤʝʨʥʦ 

ʩʦʚʧʘʜʘʝʪ ʩ ʬʨyʩʪʝʨʦʚʩʢʠʤ ʨʘʜʠʫʩʦʤ ʙʝʟʳʟʣʫʯʘʪʝʣʴʥʦʛʦ ʠʥʜʫʢʪʠʚʥʦ-

ʨʝʟʦʥʘʥʩʥʦʛʦ ʧʨʦʮʝʩʩʘ. 

 

 

 
ʈʠʩʫʥʦʢ 1.5 - ʇʣʝʥʢʠ ʘʤʬʠʬʠʣʴʥʦʛʦ 

ʧʦʣʠʤʝʨʘ (N,N-ʜʠʘʣʣʠʣ-

ʥʦʢʪʘʜʝʮʠʣʘʤʠʥ-ʘʣʴʪ-ʤʘʣʝʠʥʦʚʘʷ ʢʠʩ-

ʣʦʪʘ) (PDAOM) ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ ʥʘʥʝ-

ʩʝʥʥʳʝ ʥʘ ʯʠʩʪʦʝ ʩʪʝʢʣʦ ʠ ʩʪʝʢʣʦ ʩ 

SiFs ʤʝʪʦʜʦʤ ʃʝʥʛʤʶʨʘ-ɹʣʦʜʞʝʪʪ [4] 

ʈʠʩʫʥʦʢ 1.6 - ʃʶʤʠʥʝʩʮʝʥʮʠʷ ʵʦʟʠʥ ʜʝʮʠʣʦʚʦʛʦ 

ʵʬʠʨʘ ʥʘ ʩʪʝʢʣʝ (1) ʠ SiFs (2ï5), ʥʘʥʝʩʝʥʥʳʭ ʥʘ 

ʧʣʝʥʢʠ ʩ ʨʘʟʣʠʯʥʦʡ ʪʦʣʱʠʥʦʡ ʧʦʣʠʤʝʨʘ 

PDAOM: 2-0 ʥʤ, 3-4 ʥʤ, 4-6 ʥʤ ʠ 5-14 ʥʤ. ʅʘ 

ʚʩʪʘʚʢʝ ʧʦʢʘʟʘʥʘ ʟʘʚʠʩʠʤʦʩʪʴ ʫʩʠʣʝʥʠʷ ʠʥʪʝʥ-

ʩʠʚʥʦʩʪʠ ʬʣʫʦʨʝʩʮʝʥʮʠʠ (I) ʠ ʬʦʩʬʦʨʝʩʮʝʥʮʠʠ 

(II) ʦʪ ʨʘʩʩʪʦʷʥʠʷ [4] 
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1.2 ɺʣʠʷʥʠʝ ʥʘʥʦʯʘʩʪʠʮ ʥʘ ʙʝʟʳʟʣʫʯʘʪʝʣʴʥʳʡ ʧʝʨʝʥʦʩ ʵʥʝʨʛʠʠ ʚ ʜʦ-

ʥʦʨʥʦ-ʘʢʮʝʧʪʦʨʥʦʡ ʧʘʨʝ 

 

ɺʧʝʨʚʳʝ ʥʘ ʠʟʤʝʥʝʥʠʝ ʩʢʦʨʦʩʪʠ ʬʸʨʩʪʝʨʦʚʩʢʦʛʦ ʧʝʨʝʥʦʩʘ ʵʥʝʨʛʠʠ (FRET) 

ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʥʘʥʦʢʨʠʩʪʘʣʣʦʚ ʙʳʣʦ ʫʢʘʟʘʥʦ ʚ ʨʘʙʦʪʝ [42]. ɺ ʨʘʤʢʘʭ ʢʣʘʩʩʠʯʝ-

ʩʢʦʡ ʪʝʦʨʠʠ ʧʝʨʝʥʦʩʘ ʵʥʝʨʛʠʠ ʌʸʨʩʪʝʨʘ-ɼʝʢʩʪʝʨʘ ʠ ʧʨʠʙʣʠʞʝʥʠʠ ʜʠʧʦʣʴ-

ʜʠʧʦʣʴʥʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʤʦʣʝʢʫʣ, ʙʳʣʦ ʦʙʥʘʨʫʞʝʥʦ, ʯʪʦ ʩʢʦʨʦʩʪʴ ʧʝʨʝʜʘʯʠ 

ʵʥʝʨʛʠʠ ʚ ʜʦʥʦʨʥʦ-ʘʢʮʝʧʪʦʨʥʦʡ ʧʘʨʝ ʤʦʞʝʪ ʙʳʪʴ ʫʚʝʣʠʯʝʥʘ ʥʘ ʥʝʩʢʦʣʴʢʦ ʧʦ-

ʨʷʜʢʦʚ. ɸ ʠʤʝʥʥʦ, ʢʦʛʜʘ ʯʘʩʪʦʪʳ ʤʦʣʝʢʫʣʷʨʥʳʭ ʧʝʨʝʭʦʜʦʚ ʜʦʥʦʨʘ ʠ ʘʢʮʝʧʪʦʨʘ 

ʣʝʞʘʪ ʚʙʣʠʟʠ ʩʦʙʩʪʚʝʥʥʦʡ ʯʘʩʪʦʪʳ ʥʘʥʦʢʨʠʩʪʘʣʣʘ, ʧʨʦʠʩʭʦʜʠʪ ʫʚʝʣʠʯʝʥʠʝ ʠʟ-

ʣʫʯʝʥʠʷ ʤʦʣʝʢʫʣʳ ʘʢʮʝʧʪʦʨʘ. ʋʚʝʣʠʯʝʥʠʝ FRET ʧʨʦʠʩʭʦʜʠʪ ʟʘ ʩʯʝʪ ʵʬʬʝʢʪʘ 

ʧʣʘʟʤʦʥʥʦʛʦ ʫʩʠʣʝʥʠʷ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʧʦʣʝʡ ʚʥʫʪʨʠ ʥʘʥʦʨʘʟʤʝʨʥʦʡ ʩʪʨʫʢʪʫʨʳ. 

ɺ ʪʦ ʞʝ ʚʨʝʤʷ ʦʪʤʝʯʘʝʪʩʷ [42], ʯʪʦ ʥʘʥʦʢʨʠʩʪʘʣʣʳ ʤʝʪʘʣʣʦʚ ʧʨʠʚʦʜʷʪ ʢ ʫʚʝʣʠ-

ʯʝʥʠʶ ʧʦʪʝʨʴ ʵʥʝʨʛʠʠ ʚ ʧʨʦʮʝʩʩʝ FRET. ʀʟ-ʟʘ ʩʠʣʴʥʦʡ ʜʠʩʩʠʧʘʮʠʠ ʵʥʝʨʛʠʠ ʚ 

ʤʝʪʘʣʣʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʝ ʥʘʙʣʶʜʝʥʠʝ FRET ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʧʣʘʟʤʦʥʥʳʭ 

ʥʘʥʦʦʙʲʝʢʪʦʚ ʪʨʝʙʫʝʪ ʦʩʦʙʳʭ ʫʩʣʦʚʠʡ.  

ɸʚʪʦʨʘʤʠ ʨʘʙʦʪʳ [43] ʨʘʟʚʠʪʘ ʪʝʦʨʠʷ ʙʝʟʳʟʣʫʯʘʪʝʣʴʥʦʛʦ ʧʝʨʝʥʦʩʘ ʵʥʝʨ-

ʛʠʠ ʵʣʝʢʪʨʦʥʥʦʛʦ ʚʦʟʙʫʞʜʝʥʠʷ ʤʝʞ-

ʜʫ ʂʊ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʧʣʘʟʤʦʥʥʦʡ 

ʩʬʝʨʠʯʝʩʢʦʡ ʅʏ. ʈʘʩʯʝʪʳ, ʚʳʧʦʣ-

ʥʝʥʥʳʝ ʘʚʪʦʨʘʤʠ, ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʚ 

ʩʣʫʯʘʝ FRET ʥʘ ʤʝʪʘʣʣʠʯʝʩʢʫʶ ʅʏ, 

ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʩʚʝʯʝ-

ʥʠʷ ʚ ʧʦʣʦʩʝ ʘʢʮʝʧʪʦʨʘ, ʢʘʢ ʚʠʜʥʦ 

ʠʟ ʨʠʩʫʥʢʘ 1.7. ʆʜʥʘʢʦ ʧʨʠ ʵʪʦʤ 

ʩʥʠʞʘʝʪʩʷ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʣʶʤʠʥʝʩ-

ʮʝʥʮʠʠ ʢʦʤʧʣʝʢʩʘ çʜʦʥʦʨ-ʘʢʮʝʧʪʦʨ-ʟʦʣʦʪʘʷ ʅʏè, ʯʪʦ ʠʣʣʶʩʪʨʠʨʫʝʪ ʚʩʪʘʚʢʘ ʥʘ 

ʨʠʩʫʥʢʝ 1.7.  

ɺ ʨʘʙʦʪʝ [44] ʨʘʟʚʠʪʘ ʪʝʦʨʠʷ FRET ʤʝʞʜʫ ʤʦʣʝʢʫʣʘʤʠ ʚʙʣʠʟʠ ʤʝʪʘʣʣʠʯʝ-

ʩʢʦʡ ʥʘʥʦʩʪʨʫʢʪʫʨʳ. ɸʚʪʦʨʳ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʚ ʰʠʨʦʢʦʤ ʜʠʘʧʘʟʦʥʝ ʧʘʨʘʤʝʪ-

 

ʈʠʩʫʥʦʢ 1.7 - ʉʨʘʚʥʝʥʠʝ ʣʶʤʠʥʝʩʮʝʥʮʠʠ ʧʘʨʳ 

ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚʳʭ ʂʊ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʟʦʣʦ-

ʪʳʭ ʅʏ [43] 
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ʨʦʚ, ʚ ʪʦʤ ʯʠʩʣʝ ʚ ʙʣʠʞʥʝʤ ʧʦʣʝ, ʚ FRET ʧʨʝʦʙʣʘʜʘʝʪ ʧʣʘʟʤʦʥʥʦ-ʫʩʠʣʝʥʥʳʡ 

ʨʘʜʠʘʮʠʦʥʥʳʡ ʢʘʥʘʣ ʧʝʨʝʥʦʩʘ, ʘ ʥʝ ʧʨʷʤʦʡ ʙʝʟʳʟʣʫʯʘʪʝʣʴʥʳʡ ʤʝʭʘʥʠʟʤ ʧʝʨʝ-

ʥʦʩʘ. ʏʠʩʣʝʥʥʳʝ ʨʘʩʯʝʪʳ, ʚʳʧʦʣʥʝʥʥʳʝ ʜʣʷ ʤʦʣʝʢʫʣ ʚʙʣʠʟʠ ʅʏ Ag, ʧʦʢʘʟʳʚʘ-

ʶʪ, ʯʪʦ ʩʢʦʨʦʩʪʴ ʧʝʨʝʥʦʩʘ ʦʯʝʥʴ ʯʫʚʩʪʚʠʪʝʣʴʥʘ ʢ ʚʟʘʠʤʥʦʤʫ ʧʦʣʦʞʝʥʠʶ ʤʦʣʝ-

ʢʫʣ. 

ʊʝʦʨʠʷ FRET ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʤʝʞʜʫ ʧʘʨʦʡ ʜʚʫʭʫʨʦʚʥʝʚʳʭ ʤʦʣʝʢʫʣ ʜʦ-

ʥʦʨʘ ʠ ʘʢʮʝʧʪʦʨʘ, ʜʠʧʦʣʴʥʳʝ ʤʦʤʝʥʪʳ ʧʝʨʝʭʦʜʘ ʢʦʪʦʨʳʭ ʨʘʜʠʘʣʴʥʦ ʥʘʧʨʘʚʣʝ-

ʥʳ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʅʏ, ʧʨʝʜʩʪʘʚʣʝʥʘ ʚ ʨʘʙʦʪʝ [45]. ɸʚʪʦʨʘʤʠ ʠʩʩʣʝʜʦʚʘʥʳ 

ʥʘʥʦʩʠʩʪʝʤʳ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʝ ʤʦʥʦʤʝʨʦʤ ʥʘʥʦʩʬʝʨʳ, ʤʦʥʦʤʝʨʦʤ ʥʘʥʦʦʙʦʣʦʯ-

ʢʠ ʠ ʧʘʨʥʳʤʠ ʥʘʥʦʩʬʝʨʘʤʠ (ʜʠʤʝʨʘʤʠ). ʈʘʩʯʝʪʳ, ʧʨʠʚʝʜʝʥʥʳʝ ʚ ʨʘʙʦʪʝ, ʧʦʢʘ-

ʟʳʚʘʶʪ, ʯʪʦ ʠ ʤʦʥʦʤʝʨ ʥʘʥʦʦʙʦʣʦʯʢʠ, ʠ ʜʠʤʝʨʳ ʫʩʠʣʠʚʘʶʪ ʜʠʧʦʣʴ-ʜʠʧʦʣʴʥʦʝ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ, ʦʜʥʘʢʦ ʢʦʥʬʠʛʫʨʘʮʠʷ ʜʠʤʝʨʦʚ ʥʘʠʙʦʣʝʝ ʙʣʘʛʦʧʨʠʷʪʥʘ ʠʟ-ʟʘ 

ʚʦʟʤʦʞʥʦʩʪʠ ʥʘʩʪʨʦʡʢʠ ʩʧʝʢʪʨʘʣʴʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʠ ʙʦʣʝʝ ʚʳʨʘʞʝʥʥʦʛʦ 

FRET ʵʬʬʝʢʪʘ. 

ɺ ʪʝʦʨʝʪʠʯʝʩʢʦʤ ʠʩʩʣʝʜʦʚʘʥʠʠ [46] ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʨʝʟʦʥʘʥʩʥʳʡ ʧʝʨʝ-

ʥʦʩ ʵʥʝʨʛʠʠ ʤʝʞʜʫ ʤʦʣʝʢʫʣʘʤʠ ʜʦʥʦʨʘ - 7-ʤʝʪʦʢʩʠʢʫʤʘʨʠʥ-4-ʫʢʩʫʩʥʘʷ ʢʠʩʣʦʪʘ 

ʠ ʘʢʮʝʧʪʦʨʘ - ʢʫʤʘʨʠʥ 6, ʨʘʩʧʦʣʦʞʝʥʥʳʤʠ ʜʠʘʤʝʪʨʘʣʴʥʦ ʧʨʦʪʠʚʦʧʦʣʦʞʥʦ ʧʦ 

ʦʪʥʦʰʝʥʠʶ ʢ ʤʝʪʘʣʣʠʯʝʩʢʦʡ ʅʏ. ʆʪʤʝʯʘʝʪʩʷ, ʯʪʦ ʠ ʧʨʠ ʨʘʜʠʘʣʴʥʦʡ, ʠ ʧʨʠ ʢʘ-

ʩʘʪʝʣʴʥʦʡ ʦʨʠʝʥʪʘʮʠʠ ʜʠʧʦʣʴʥʳʭ ʤʦʤʝʥʪʦʚ ʧʝʨʝʭʦʜʘ ʤʦʣʝʢʫʣ ʩʢʦʨʦʩʪʴ FRET 

ʚʦʟʨʘʩʪʘʝʪ, ʦʜʥʘʢʦ ʥʘʠʙʦʣʝʝ ʚʳʨʘʞʝʥʥʳʡ ʵʬʬʝʢʪ ʥʘʙʣʶʜʘʝʪʩʷ ʜʣʷ ʨʘʜʠʘʣʴʥʦʡ 

ʦʨʠʝʥʪʘʮʠʠ. 

ɺ ʨʘʙʦʪʘʭ [47-49] ʠʟʫʯʘʣʩʷ ʧʨʦʮʝʩʩ ʫʩʠʣʝʥʠʷ FRET ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʩʣʦʠ-

ʩʪʳʭ ʅʏ. ɺ [47] ʧʦʣʫʯʝʥʳ ʚʳʨʘʞʝʥʠʷ ʜʣʷ ʜʠʧʦʣʴʥʦʡ ʧʦʣʷʨʠʟʫʝʤʦʩʪʠ ʅʏ ʩ ʫʯʝ-

ʪʦʤ ʠ ʙʝʟ ʫʯʝʪʘ ʚʳʨʦʞʜʝʥʠʷ ʵʣʝʢʪʨʦʥʥʦʛʦ ʛʘʟʘ ʧʨʦʚʦʜʷʱʠʭ ʢʦʤʧʦʥʝʥʪʦʚ. 

ʋʩʪʘʥʦʚʣʝʥʦ ʩʫʱʝʩʪʚʝʥʥʦʝ ʚʣʠʷʥʠʝ ʤʥʦʛʦʩʣʦʡʥʳʭ ʅʏ ʥʘ ʢʠʥʝʪʠʢʫ ʨʘʩʧʘʜʘ 

ʚʦʟʙʫʞʜʝʥʥʳʭ ʩʠʥʛʣʝʪʥʳʭ ʩʦʩʪʦʷʥʠʡ ʜʦʥʦʨʥʳʭ ʤʦʣʝʢʫʣ. ɺ [48] ʧʦʢʘʟʘʥʦ, ʯʪʦ 

ʧʣʘʟʤʦʥʥʳʝ ʤʦʜʳ ʧʦʨʷʜʢʘ ʚʳʰʝ ʜʠʧʦʣʴʥʳʭ ʠʛʨʘʶʪ ʨʝʰʘʶʱʫʶ ʨʦʣʴ ʚ ʧʝʨʝʥʦ-

ʩʝ ʵʥʝʨʛʠʠ ʦʪ ʜʦʥʦʨʘ ʢ ʘʢʮʝʧʪʦʨʫ ʚʙʣʠʟʠ ʩʣʦʠʩʪʦʡ ʅʏ. ʄʦʜʝʣʴ FRET ʥʘ ʩʬʝʨʠ-

ʯʝʩʢʦʡ ʅʏ ʷʜʨʦ-ʦʙʦʣʦʯʢʘ ʧʨʝʜʩʪʘʚʣʝʥʘ ʚ [49]. 
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ɺ ʨʘʙʦʪʝ [50] ʧʦʢʘʟʘʥʦ, ʯʪʦ ʚʘʨʠʘʮʠʷ ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ ʠ ʵʣʝʢʪʨʦʜʠʥʘʤʠʯʝ-

ʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʅʏ ʩʦ ʩʪʨʫʢʪʫʨʦʡ ʷʜʨʦ-ʦʙʦʣʦʯʢʘ ʧʦʟʚʦʣʷʝʪ ʫʧʨʘʚʣʷʪʴ ʩʢʦʨʦ-

ʩʪʴʶ FRET.  

ɺ [51] ʧʦʢʘʟʘʥʦ, ʯʪʦ ʧʣʘʟʤʦʥʥʳʝ ʅʏ ʩʫʱʝʩʪʚʝʥʥʦ ʫʩʠʣʠʚʘʶʪ FRET ʪʦʣɹ-

ʢʦ ʪʦʛʜʘ, ʢʦʛʜʘ ʤʦʣʝʢʫʣʳ ʜʦʥʦʨʘ ʠ ʘʢʮʝʧʪʦʨʘ ʥʘʭʦʜʷʪʩʷ ʜʘʣʝʢʦ ʜʨʫʛ ʦʪ ʜʨʫʛʘ. 

ʂʦʛʜʘ ʦʙʝ ʤʦʣʝʢʫʣʳ ʨʘʩʧʦʣʦʞʝʥʳ ʙʣʠʟʢʦ (~ 1 ʥʤ), ʚʢʣʘʜ ʧʣʘʟʤʦʥʥʦʛʦ ʢʘʥʘʣʘ 

ʚʦ FRET ʩʪʘʥʦʚʠʪʩʷ ʤʘʣʳʤ. ɸʚʪʦʨʘʤʠ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʥʦ, ʯʪʦ ʝʩʣʠ ʚ ʷʜʨʦ 

ʅʏ ʜʦʙʘʚʠʪʴ ʦʧʪʠʯʝʩʢʦʝ ʫʩʠʣʝʥʠʝ (ʂʊ ʠʣʠ ʤʦʣʝʢʫʣʳ ʢʨʘʩʠʪʝʣʷ), ʪʦ ʵʬʬʝʢʪʠʚ-

ʥʦʩʪʴ ʙʝʟʳʟʣʫʯʘʪʝʣʴʥʦʛʦ ʧʝʨʝʥʦʩʘ ʵʥʝʨʛʠʠ ʤʝʞʜʫ ʜʦʥʦʨʦʤ ʠ ʘʢʮʝʧʪʦʨʦʤ ʫʚʝ-

ʣʠʯʠʚʘʝʪʩʷ ʥʘ ʥʝʩʢʦʣʴʢʦ ʧʦʨʷʜʢʦʚ, ʧʦ ʩʨʘʚʥʝʥʠʶ ʩʦ ʩʣʫʯʘʝʤ ʥʝʘʢʪʠʚʥʦʛʦ ʜʠ-

ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʷʜʨʘ (ʨʠʩʫʥʦʢ 1.8).  

 

ʈʠʩʫʥʦʢ 1.8 - ʉʧʝʢʪʨʘʣʴʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ʢʦʵʬʬʠʮʠʝʥʪʘ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʧʝʨʝʥʦʩʘ ʚ ʧʨʠ-

ʩʫʪʩʪʚʠʝ ʟʦʣʦʪʳʭ ʅʏ (ɖ) ʜʣʷ ʩʣʫʯʘʷ ʨʘʩʧʦʣʦʞʝʥʠʷ ʤʦʣʝʢʫʣ ʘʢʮʝʧʪʦʨʘ-ʜʦʥʦʨʘ ʥʘ ʦʩʠ z (ʘ) 

ʠ ʩʣʫʯʘʷ-ʜʦʙʘʚʣʝʥʠʷ ʦʧʪʠʯʝʩʢʦʛʦ ʫʩʠʣʝʥʠʷ ʚ ʷʜʨʦ ʅʏ (ʙ) [51] 

 

ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʫʚʝʣʠʯʝʥʠʝ ʩʢʦʨʦʩʪʠ FRET ʥʘʙʣʶʜʘʣʦʩʴ ʚ ʨʘʙʦʪʘʭ [5, 

52-56]. 

ʅʝʢʦʪʦʨʳʝ ʦʩʦʙʝʥʥʦʩʪʠ ʜʦʥʦʨʥʦ-ʘʢʮʝʧʪʦʨʥʦʛʦ ʧʝʨʝʥʦʩʘ ʵʥʝʨʛʠʠ ʚ ʧʨʠ-

ʩʫʪʩʪʚʠʠ ʤʝʪʘʣʣʠʯʝʩʢʦʡ ʥʘʥʦʧʣʝʥʢʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʥʳ ʚ 

[52]. ɺʧʝʨʚʳʝ ʦʙʥʘʨʫʞʝʥ ʚʢʣʘʜ ʚ ʩʢʦʨʦʩʪʴ ʙʝʟʳʟʣʫʯʘʪʝʣʴʥʦʛʦ ʧʝʨʝʥʦʩʘ ʵʥʝʨʛʠʠ 

ʚ ʜʦʥʦʨʥʦ-ʘʢʮʝʧʪʦʨʥʦʡ ʧʘʨʝ ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʧʣʘʟʤʦʥ-ʧʦʣʷʨʠʪʦʥʘ (ʧʦʚʝʨʭʥʦʩʪ-

ʥʦʡ ʧʣʘʟʤʦʥ-ʩʚʷʟʘʥʥʦʡ ʵʤʠʩʩʠʠ SPCE). ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʥʘʣʠʯʠʝ ʧʣʘʟʤʦʥʦʚ 

ʩʫʱʝʩʪʚʝʥʥʦ ʫʩʢʦʨʷʝʪ ʧʝʨʝʥʦʩ ʵʥʝʨʛʠʠ, ʦ ʯʝʤ ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʨʝʟʫʣʴʪʘʪʳ ʟʘ-

ʪʫʭʘʥʠʷ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʬʣʫʦʨʝʩʮʝʥʮʠʠ.  
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ɺ ʯʘʩʪʥʦʩʪʠ, ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʤʝʪʘʣʣʘ 

ʚʨʝʤʷ ʥʘʨʘʩʪʘʥʠʷ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʬʣʫʦ-

ʨʝʩʮʝʥʮʠʠ ʘʢʮʝʧʪʦʨʘ ʧʨʠ ʚʦʟʙʫʞʜʝʥʠʠ 

ʜʦʥʦʨʘ ʩʦʢʨʘʱʘʝʪʩʷ ʚ ʥʝʩʢʦʣʴʢʦ ʨʘʟ, ʢʘʢ 

ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩʫʥʢʝ 1.9. ʅʘ ʵʪʦʤ ʨʠʩʫʥʢʝ 

ʨʦʟʦʚʘʷ ʩʧʣʦʰʥʘʷ ʣʠʥʠʷ ʩʦʦʪʚʝʪʩʪʚʫʝʪ 

ʠʥʩʪʨʫʤʝʥʪʘʣʴʥʦʡ ʬʫʥʢʮʠʠ ʦʪʢʣʠʢʘ IRF. 

ʉʠʥʷʷ ʩʧʣʦʰʥʘʷ ʠ ʧʫʥʢʪʠʨʥʘʷ ʣʠʥʠʠ ʦʪ-

ʚʝʯʘʶʪ ʟʘʪʫʭʘʥʠʶ ʬʣʫʦʨʝʩʮʝʥʮʠʠ ʜʦʥʦʨʘ 

ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʠ ʚ ʦʪʩʫʪʩʪʚʠʠ SPCE ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ; ʟʝʣʝʥʘʷ ʩʧʣʦʰʥʘʷ ʠ ʧʫʥʢ-

ʪʠʨʥʘʷ ʣʠʥʠʠ ʦʪʚʝʯʘʶʪ ʟʘʪʫʭʘʥʠʶ ʬʣʫʦʨʝʩʮʝʥʮʠʠ ʘʢʮʝʧʪʦʨʘ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʠ ʚ 

ʦʪʩʫʪʩʪʚʠʠ SPCE ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. 

ɺ ʨʘʙʦʪʝ [5] ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ 

ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʥʦ ʫʚʝʣʠʯʝʥʠʝ ʩʢʦʨʦ-

ʩʪʠ FRET ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʧʣʘʟʤʦʥʥʦʡ 

ʅʏ. ʏʪʦʙʳ ʤʦʣʝʢʫʣʳ ʜʦʥʦʨʘ, ʘʢʮʝʧʪʦʨʘ 

ʠ ʅʏ ʥʘʭʦʜʠʣʠʩʴ ʚ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʡ 

ʙʣʠʟʦʩʪʠ ʜʨʫʛ ʦʪ ʜʨʫʛʘ, ʦʥʠ ʨʘʟʤʝʱʘ-

ʣʠʩʴ ʚ ʦʙʨʘʪʥʦʡ ʤʠʮʝʣʣʝ. ɸʚʪʦʨʘʤʠ ʧʦ-

ʢʘʟʘʥʦ, ʯʪʦ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʧʝʨʝʥʦʩʘ 

ʵʥʝʨʛʠʠ ʦʪ ʜʦʥʦʨʘ (ʘʢʨʠʜʠʥʦʚʳʡ ʦʨʘʥ-

ʞʝʚʳʡ) ʢ ʘʢʮʝʧʪʦʨʫ (ʙʝʥʛʘʣʴʩʢʠʡ ʨʦʟʦ-

ʚʳʡ) ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʩʝʨʝʙʨʷʥʦʡ ʅʏ ʨʘʩ-

ʪʝʪ, ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʦʙʨʘʟʮʘʤʠ, ʥʝ ʩʦʜʝʨʞʘʱʠʤʠ ʅʏ ʤʝʪʘʣʣʘ, ʢʘʢ ʩʣʝʜʫʝʪ ʠʟ 

ʨʠʩʫʥʢʘ 1.10.   

ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʧʦʚʳʰʝʥʠʝ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʤʝʞʤʦʣʝʢʫʣʷʨʥʦʡ ʧʝʨʝʜʘ-

ʯʠ ʵʥʝʨʛʠʠ ʥʘʙʣʶʜʘʣʦʩʴ, ʢʦʛʜʘ ʤʦʣʝʢʫʣʳ ʠ ʅʏ ʟʦʣʦʪʘ ʧʨʠʢʨʝʧʣʷʣʠʩʴ ʢ ʧʨʦʪʠ-

ʚʦʧʦʣʦʞʥʳʤ ʧʦʚʝʨʭʥʦʩʪʷʤ ɼʅʂ-ʦʨʠʛʘʤʠ [53]. ɸʚʪʦʨʘʤʠ ʩʜʝʣʘʥ ʚʳʚʦʜ, ʯʪʦ 

ɼʅʂ-ʦʨʠʛʘʤʠ ʷʚʣʷʝʪʩʷ ʫʥʠʚʝʨʩʘʣʴʥʦʡ ʧʣʘʪʬʦʨʤʦʡ ʜʣʷ ʠʟʫʯʝʥʠʷ ʚʟʘʠʤʦʜʝʡ-

ʩʪʚʠʡ ʤʝʞʜʫ ʤʦʣʝʢʫʣʘʤʠ ʠ ʧʣʘʟʤʦʥʥʳʤʠ ʅʏ ʚ ʮʝʣʦʤ ʠ ʫʩʠʣʝʥʠʷ FRET ʚ ʯʘʩʪ-

 

ʈʠʩʫʥʦʢ 1.9 - ʉʨʘʚʥʝʥʠʝ ʠʥʪʝʥʩʠʚʥʦʩʪʠ 

ʬʣʫʦʨʝʩʮʝʥʮʠʠ ʜʦʥʦʨʘ ʠ ʘʢʮʝʧʪʦʨʘ ʚ 

ʧʨʠʩʫʪʩʪʚʠʠ ʠ ʚ ʦʪʩʫʪʩʪʚʠʝ SPCE [52] 

 

ʈʠʩʫʥʦʢ 1.10 - ʂʚʘʥʪʦʚʳʡ ʚʳʭʦʜ ʬʣʫʦʨʝʩ-

ʮʝʥʮʠʠ ʦʪʜʝʣʴʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ ʙʠʥʘʨʥʦʡ 

ʜʦʥʦʨʥʦ-ʘʢʮʝʧʪʦʨʥʦʡ ʧʘʨʳ ʚ ʨʘʩʪʚʦʨʝ ʦʙ-

ʨʘʪʥʳʭ ʤʠʮʝʣ ʩ ʅʏ ʠ ʙʝʟ ʥʠʭ: 1 ï ʜʦʥʦʨ 

ʙʝʟ ʅʏ, 2 ï ʜʦʥʦʨ ʩ ʅʏ, 3 ï ʘʢʮʝʧʪʦʨ ʙʝʟ 

ʅʏ, 4 ï ʘʢʮʝʧʪʦʨ ʩ ʅʏ [5] 
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ʥʦʩʪʠ.  

ɺʣʠʷʥʠʝ ʅʏ ʫʛʣʝʨʦʜʘ (ʬʫʣʣʝʨʝʥʦʚ, ʥʘʥʦʪʨʫʙʦʢ) ʠ ʤʝʪʘʣʣʦʚ (Ni, Co, Cu, 

Ag) ʥʘ ʙʝʟʳʟʣʫʯʘʪʝʣʴʥʳʡ ʧʝʨʝʥʦʩ ʵʥʝʨʛʠʠ ʵʣʝʢʪʨʦʥʥʦʛʦ ʚʦʟʙʫʞʜʝʥʠʷ ʤʝʞʜʫ 

ʤʦʣʝʢʫʣʘʤʠ ʦʨʛʘʥʠʯʝʩʢʠʭ ʢʨʘʩʠʪʝʣʝʡ (ʘʢʨʠʣʦʚʦʛʦ ʦʨʘʥʞʝʚʦʛʦ ʚ ʢʘʯʝʩʪʚʝ ʜʦʥʦ-

ʨʘ ʠ ʥʠʣʴʩʢʦʛʦ ʩʠʥʝʛʦ ʚ ʢʘʯʝʩʪʚʝ ʘʢʮʝʧʪʦʨʘ) ʚ ʩʧʠʨʪʦʚʳʭ ʨʘʩʪʚʦʨʘʭ ʧʦʣʠʚʠ-

ʥʠʣʙʫʪʠʨʘʣʷ ʦʙʥʘʨʫʞʝʥʦ ʚ ʨʘʙʦʪʝ [54]. 

ʀʟ ʨʠʩʫʥʢʘ 1.11 ʚʠʜʥʦ, ʯʪʦ ʩ ʫʚʝʣʠʯʝ-

ʥʠʝʤ ʢʦʥʮʝʥʪʨʘʮʠʠ ʅʏ ʠʥʪʝʥʩʠʚʥʦʩʪʴ 

ʣʶʤʠʥʝʩʮʝʥʮʠʠ ʜʦʥʦʨʘ ʩʥʠʞʘʝʪʩʷ, ʘ 

ʘʢʮʝʧʪʦʨʘ ʨʘʩʪʝʪ.  

ʌʦʪʦʣʶʤʠʥʝʩʮʝʥʮʠʷ (ʌʃ) ʛʠ-

ʙʨʠʜʥʦʡ ʩʪʨʫʢʪʫʨʳ, ʩʦʩʪʦʷʱʝʡ ʠʟ 

ʥʘʥʦʧʨʦʚʦʜʘ ʠʟ ʩʚʝʪʦʠʟʣʫʯʘʶʱʝʛʦ ʤʘ-

ʪʝʨʠʘʣʘ, ʩ ʚʥʝʜʨʝʥʥʳʤʠ ʚ ʥʝʛʦ ʟʦʣʦ-

ʪʳʤʠ ʅʏ, ʠ ʂʊ CdSe/ZnS ʵʢʩʧʝʨʠʤʝʥ-

ʪʘʣʴʥʦ ʠʩʩʣʝʜʦʚʘʥʘ ʚ ʨʘʙʦʪʝ [55]. ɼʣʷ 

ʥʘʥʦʧʨʦʚʦʜʘ ʩ ʟʦʣʦʪʳʤʠ ʅʏ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʌʃ ʫʤʝʥʴʰʠʣʘʩʴ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ 

ʥʘʥʦʧʨʦʚʦʜʦʤ ʙʝʟ ʅʏ ʠʟ-ʟʘ ʵʬʬʝʢʪʘ ʪʫʰʝʥʠʷ ʣʶʤʠʥʝʩʮʝʥʮʠʠ ʟʦʣʦʪʳʤʠ ʅʏ. 

ʀʥʪʝʥʩʠʚʥʦʩʪʴ ʌʃ ʨʝʟʢʦ ʚʦʟʨʦʩʣʘ, ʢʦʛʜʘ ʂʊ ʙʳʣʠ ʧʨʠʢʨʝʧʣʝʥʳ ʢ ʧʦʚʝʨʭʥʦʩʪʠ 

ʥʘʥʦʧʨʦʚʦʜʘ ʩ ʅʏ. ʋʩʠʣʝʥʠʝ ʌʃ ʚ ʛʠʙʨʠʜʥʦʡ ʩʪʨʫʢʪʫʨʝ ʚʦʟʥʠʢʣʦ ʠʟ-ʟʘ FRET 

ʤʝʞʜʫ ʂʊ ʠ ʥʘʥʦʧʨʦʚʦʜʦʤ, ʢʦʪʦʨʦʤʫ ʩʧʦʩʦʙʩʪʚʦʚʘʣʘ ʩʚʷʟʴ ʣʦʢʘʣʠʟʦʚʘʥʳʭ 

ʧʣʘʟʤʦʥʦʚ ʅʏ ʩ ʂʊ. ʂʨʦʤʝ ʪʦʛʦ, ʘʚʪʦʨʘʤʠ ʦʪʤʝʯʘʝʪʩʷ, ʯʪʦ ʩʢʦʨʦʩʪʴ ʧʝʨʝʥʦʩʘ 

ʵʥʝʨʛʠʠ ʤʝʞʜʫ ʂʊ ʠ ʥʘʥʦʧʨʦʚʦʜʦʤ ʫʚʝʣʠʯʠʣʘʩʴ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʟʦʣʦʪʳʭ ʅʏ. ʇʦ 

ʤʥʝʥʠʶ ʘʚʪʦʨʦʚ [55] ʵʪʠ ʥʘʙʣʶʜʝʥʠʷ ʧʦʜʪʚʝʨʞʜʘʶʪ ʠʜʝʶ ʦ FRET-ʵʬʬʝʢʪʝ ʩ 

ʧʣʘʟʤʦʥʥʦʡ ʧʦʜʜʝʨʞʢʦʡ ʚ ʛʠʙʨʠʜʥʳʭ ʥʘʥʦʩʠʩʪʝʤʘʭ. 

ʇʨʦʙʣʝʤʝ ʧʦʚʳʰʝʥʠʷ ʢʘʯʝʩʪʚʘ ʠʟʦʙʨʘʞʝʥʠʷ, ʩʦʟʜʘʚʘʝʤʦʛʦ ʩʢʘʥʠʨʫʶʱʠʤ 

ʙʣʠʞʥʝʧʦʣʴʥʳʤ ʦʧʪʠʯʝʩʢʠʤ ʤʠʢʨʦʩʢʦʧʦʤ ʩ ʤʦʜʫʣʝʤ FRET, ʧʦʩʚʷʱʝʥʘ ʨʘʙʦʪʘ 

[56]. ɸʚʪʦʨʘʤʠ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʧʣʘʟʤʦʥʥʦ-ʨʝʟʦʥʘʥʩʥʳʝ ʘʥʪʝʥʥʳ  ʩʧʝʮʠʘʣʴ-

ʥʦ ʩʬʦʨʤʠʨʦʚʘʥʥʳʝ ʤʝʪʘʣʣʠʯʝʩʢʠʝ ʥʘʥʦʩʪʨʫʢʪʫʨʳ, ʩ ʧʦʤʦʱʴʶ ʢʦʪʦʨʳʭ ʚʦʟ-

ʤʦʞʥʦ ʜʦʙʠʪʴʩʷ ʫʣʫʯʰʝʥʠʷ ʨʘʟʨʝʰʝʥʠʷ ʙʣʠʞʥʝʧʦʣʴʥʦʛʦ ʦʧʪʠʯʝʩʢʦʛʦ ʤʠʢʨʦ-

 

ʈʠʩʫʥʦʢ 1.11 - ʉʧʝʢʪʨʳ ʣʶʤʠʥʝʩʮʝʥʮʠʠ ʵʪʘʥʦʣʴ-

ʥʳʭ ʨʘʩʪʚʦʨʦʚ ʘʢʨʠʜʠʥʦʚʦʛʦ ʦʨʘʥʞʝʚʦʛʦ ʠ ʥʠʣʴʩʢʦ-

ʛʦ ʩʠʥʝʛʦ ʩ ʜʦʙʘʚʣʝʥʠʝʤ ʧʦʣʠʚʠʥʠʣʙʫʪʠʨʘʣʷ ʢʦʥ-

ʮʝʥʪʨʘʮʠʝʡ 10% ʠ ʤʥʦʛʦʢʦʤʧʦʥʝʥʪʥʦʡ ʩʤʝʩʠ ʅʏ ʠ 

ʜʚʫʩʪʝʥʥʳʭ ʫʛʣʝʨʦʜʥʳʭ ʥʘʥʦʪʨʫʙʦʢ (ʢʦʥʮʝʥʪʨʘʮʠʠ 

100 (1), 50 (2) ʠ 25 (3) %) [54] 
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ʩʢʦʧʘ ʟʘ ʩʯʝʪ ʵʬʬʝʢʪʘ FRET ʠ ʧʦʚʳʩʠʪʴ ʢʘʯʝʩʪʚʦ ʠʟʦʙʨʘʞʝʥʠʡ ʥʘʥʦʦʙʲʝʢʪʦʚ 

ʙʣʘʛʦʜʘʨʷ ʩʠʛʥʘʣʘʤ ʧʦʚʳʰʝʥʥʦʡ ʠʥʪʝʥʩʠʚʥʦʩʪʠ, ʧʦʣʫʯʘʝʤʳʤ ʩ ʧʦʤʦʱʴʶ 

ʧʣʘʟʤʦʥʥʦʛʦ ʨʝʟʦʥʘʥʩʘ ʚ ʘʥʪʝʥʥʘʭ. ɺ [56] ʧʨʠʚʝʜʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʪʝʦʨʝʪʠʯʝʩʢʠʭ 

ʠʩʩʣʝʜʦʚʘʥʠʡ ʤʝʞʤʦʣʝʢʫʣʷʨʥʦʛʦ ʙʝʟʳʟʣʫʯʘʪʝʣʴʥʦʛʦ ʧʝʨʝʥʦʩʘ ʵʥʝʨʛʠʠ ʵʣʝʢ-

ʪʨʦʥʥʦʛʦ ʚʦʟʙʫʞʜʝʥʠʷ ʚʙʣʠʟʠ ʤʝʪʘʣʣʠʯʝʩʢʠʭ ʧʦʚʝʨʭʥʦʩʪʝʡ: ʧʣʦʩʢʦʡ, ʮʠʣʠʥ-

ʜʨʠʯʝʩʢʦʡ ʠ ʩʬʝʨʠʯʝʩʢʦʡ. 

 

 

1.3 ʅʝʣʠʥʝʡʥʳʡ ʦʧʪʠʯʝʩʢʠʡ ʦʪʢʣʠʢ ʩʠʩʪʝʤ ʩ ʧʣʘʟʤʦʥʥʳʤʠ  

ʩʦʩʪʘʚʣʷʶʱʠʤʠ 

 

 ʉ ʤʦʤʝʥʪʘ ʩʦʟʜʘʥʠʷ ʣʘʟʝʨʦʚ ʩʪʘʣʦ ʧʦʥʷʪʥʦ, ʯʪʦ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʣʘʟʝʨʥʦʛʦ 

ʠʟʣʫʯʝʥʠʷ ʜʦʩʪʘʪʦʯʥʘ ʜʣʷ ʪʦʛʦ, ʯʪʦʙʳ ʠʟʤʝʥʠʪʴ ʦʧʪʠʯʝʩʢʠʝ ʦʪʢʣʠʢʠ ʩʠʩʪʝʤ ʩ 

ʣʠʥʝʡʥʳʭ ʥʘ ʥʝʣʠʥʝʡʥʳʝ. ʆʧʪʠʯʝʩʢʠʡ ʧʨʦʮʝʩʩ ʷʚʣʷʝʪʩʷ ʣʠʥʝʡʥʳʤ, ʝʩʣʠ ʚʝʨʦ-

ʷʪʥʦʩʪʴ ʝʛʦ ʧʨʦʪʝʢʘʥʠʷ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʘ ʧʝʨʚʦʡ ʩʪʝʧʝʥʠ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʚʥʝʰ-

ʥʝʡ ʩʚʝʪʦʚʦʡ ʚʦʣʥʳ. ɺʝʨʦʷʪʥʦʩʪʴ ʧʨʦʪʝʢʘʥʠʷ ʥʝʣʠʥʝʡʥʳʭ ʧʨʦʮʝʩʩʦʚ ʧʨʦʧʦʨ-

ʮʠʦʥʘʣʴʥʘ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʧʘʜʘʶʱʝʡ ʚʦʣʥʳ ʚ ʩʪʝʧʝʥʠ ʙʦʣʴʰʝʡ, ʯʝʤ ʝʜʠʥʠʮʘ. 

ʇʨʦʷʚʣʝʥʠʝ ʠʥʪʝʨʝʩʘ ʫ ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ ʢ ʥʝʣʠʥʝʡʥʦʡ ʦʧʪʠʢʝ ʥʘʯʘʣʦʩʴ ʩ ʦʪʢʨr-

ʪʠʷ ʵʬʬʝʢʪʘ ʛʝʥʝʨʘʮʠʠ ʚʪʦʨʦʡ ʛʘʨʤʦʥʠʢʠ (ɻɺɻ) [57]. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʤʥʦ-

ʞʝʩʪʚʦ ʪʝʦʨʝʪʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ [58-65] ʥʝʣʠʥʝʡʥʦ-ʦʧʪʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʤʝ-

ʪʘʣʣʠʯʝʩʢʠʭ ʥʘʥʦʯʘʩʪʠʮ ʟʘʣʦʞʠʣʠ ʦʩʥʦʚʫ ʩʦʚʨʝʤʝʥʥʦʡ ʥʝʣʠʥʝʡʥʦʡ ʥʘʥʦʧʣʘʟ-

ʤʦʥʠʢʠ.  

ɺ ʨʘʙʦʪʘʭ [58,59] ʥʘ ʦʩʥʦʚʝ ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʦʡ ʪʝʦʨʠʠ ʵʣʝʢʪʨʦʥʥʦʛʦ ʛʘʟʘ 

ʚʳʧʦʣʥʝʥʦ ʪʝʦʨʝʪʠʯʝʩʢʦʝ ʦʧʠʩʘʥʠʝ ʧʨʦʮʝʩʩʘ ɻɺɻ ʤʝʪʘʣʣʠʯʝʩʢʦʡ ʧʦʚʝʨʭʥʦ-

ʩʪʴʶ. ʈʘʩʩʤʦʪʨʝʥʠʝ ʚʢʣʘʜʘ ʵʣʝʢʪʨʦʥʦʚ ʧʨʦʚʦʜʠʤʦʩʪʠ ʚ ʧʨʦʮʝʩʩ ɻɺɻ, ʧʦʟʚʦʣʠʣʦ 

ʘʚʪʦʨʘʤ [58] ʚʳʜʝʣʠʪʴ ʪʨʠ ʢʘʥʘʣʘ, ʦʪʚʝʪʩʪʚʝʥʥʳʭ ʟʘ ʚʢʣʘʜ ʚʦ ʚʪʦʨʫʶ ʛʘʨʤʦʥʠ-

ʢʫ. ʆʪʤʝʯʘʝʪʩʷ, ʯʪʦ ʧʨʦʮʝʩʩ ɻɺɻ ʦʧʨʝʜʝʣʷʝʪʩʷ ʪʨʝʤʷ ʢʦʤʧʦʥʝʥʪʘʤʠ ʧʦʚʝʨʭ-

ʥʦʩʪʥʦʛʦ ʪʦʢʘ: ʦʙʲʸʤʥʳʤ, ʧʦʚʝʨʭʥʦʩʪʥʳʤ ʥʦʨʤʘʣʴʥʳʤ ʠ ʪʘʥʛʝʥʮʠʘʣʴʥʳʤ, 

ʧʨʠʯʝʤ ʦʩʥʦʚʥʦʡ ʚʢʣʘʜ ʚʦ ʚʪʦʨʫʶ ʛʘʨʤʦʥʠʢʫ ʚʥʦʩʠʪ ʪʘʥʛʝʥʮʠʘʣʴʥʳʡ ʪʦʢ. ɸʚ-

ʪʦʨʘʤʠ [59] ʧʨʝʜʩʪʘʚʣʝʥʳ ʚʳʨʘʞʝʥʠʷ ʜʣʷ ʬʝʥʦʤʝʥʦʣʦʛʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ 

ʈʫʜʥʠʢʘ ʠ ʐʪʝʨʥʘ [58], ʢʦʪʦʨʳʝ ʦʧʨʝʜʝʣʷʶʪ ʢʦʤʧʦʥʝʥʪʳ ʪʝʥʟʦʨʘ ʥʝʣʠʥʝʡʥʦʡ 
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ʧʦʚʝʨʭʥʦʩʪʥʦʡ ʚʦʩʧʨʠʠʤʯʠʚʦʩʪʠ. 

ɸʚʪʦʨ ʨʘʙʦʪʳ [60] ʧʦʢʘʟʘʣ, ʯʪʦ ɻɺɻ ʧʣʦʩʢʦʡ ʧʦʚʝʨʭʥʦʩʪʴʶ ʤʦʞʥʦ ʨʘʩ-

ʩʤʘʪʨʠʚʘʪʴ ʢʘʢ ʠʟʣʫʯʝʥʠʝ, ʠʩʭʦʜʷʱʝʝ ʦʪ ʥʝʣʠʥʝʡʥʦʛʦ ʧʦʣʷʨʠʟʘʮʠʦʥʥʦʛʦ ʩʣʦʷ, 

ʠʥʜʫʮʠʨʦʚʘʥʥʦʛʦ ʧʘʜʘʶʱʝʡ ʥʘ ʧʦʚʝʨʭʥʦʩʪʴ ʚʦʣʥʦʡ. ɸʚʪʦʨ ʩʯʠʪʘʣ, ʯʪʦ ʪʦʥʢʠʡ 

ʩʣʦʡ ʩ ʥʝʣʠʥʝʡʥʦʡ ʧʦʣʷʨʠʟʘʮʠʝʡ ʚʥʝʜʨʝʥ ʤʝʞʜʫ ʜʚʫʤʷ ʜʠʵʣʝʢʪʨʠʯʝʩʢʠʤʠ ʩʨʝ-

ʜʘʤʠ. ɻʨʘʥʠʯʥʳʝ ʫʩʣʦʚʠʷ ʜʣʷ ʥʦʨʤʘʣʴʥʳʭ ʠ ʪʘʥʛʝʥʮʠʘʣʴʥʳʭ ʩʦʩʪʘʚʣʷʶʱʠʭ 

ʥʘʧʨʷʞʝʥʥʦʩʪʝʡ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʠ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʝʡ ʫʜʚʦʝʥʥʦʡ ʯʘʩʪʦʪʳ ʩʦ-

ʜʝʨʞʘʪ ʧʨʠ ʵʪʦʤ ʢʦʤʧʦʥʝʥʪʳ ʚʝʢʪʦʨʘ ʥʝʣʠʥʝʡʥʦʡ ʧʦʣʷʨʠʟʘʮʠʠ ʪʦʥʢʦʛʦ ʩʣʦʷ. 

ʕʪʠ ʫʩʣʦʚʠʷ ʧʦʟʚʦʣʷʶʪ ʧʦʣʫʯʠʪʴ ʥʘʧʨʷʞʝʥʥʦʩʪʴ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ ʦʪʨʘ-

ʞʝʥʥʦʡ ʠ ʧʨʦʰʝʜʰʝʡ ʚʪʦʨʦʡ ʛʘʨʤʦʥʠʢʠ (ɺɻ). 

ɺ ʨʘʙʦʪʝ [61] ʚʳʯʠʩʣʝʥʳ ʥʝʣʠʥʝʡʥʳʝ ʜʠʧʦʣʴʥʳʡ ʠ ʢʚʘʜʨʫʧʦʣʴʥʳʡ ʤʦ-

ʤʝʥʪʳ, ʠʥʜʫʮʠʨʫʝʤʳʝ ʚ ʥʝʙʦʣʴʰʦʡ ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʡ ʩʬʝʨʝ ʥʝʦʜʥʦʨʦʜʥʳʤ ʤʦ-

ʥʦʭʨʦʤʘʪʠʯʝʩʢʠʤ ʵʣʝʢʪʨʠʯʝʩʢʠʤ ʧʦʣʝʤ. ɸʚʪʦʨʳ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʚ ʟʘʚʠʩʠʤʦʩʪʠ 

ʦʪ ʩʦʦʪʥʦʰʝʥʠʷ ʨʘʟʤʝʨʘ ʩʬʝʨʳ ʠ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʛʦ ʤʘʩʰʪʘʙʘ ʠʟʤʝʥʝʥʠʷ ʧʦʣʷ 

ʚ ʠʟʣʫʯʝʥʠʠ ɺɻ ʤʦʞʝʪ ʧʨʝʦʙʣʘʜʘʪʴ ʣʠʙʦ ʜʠʧʦʣʴʥʦʝ, ʣʠʙʦ ʢʚʘʜʨʫʧʦʣʴʥʦʝ ʨʘʩʩʝ-

ʷʥʠʝ.  

ʇʨʦʮʝʩʩ ɻɺɻ ʢʘʢ ʥʝʣʠʥʝʡʥʦ-ʦʧʪʠʯʝʩʢʠʡ ʵʬʬʝʢʪ ʚʪʦʨʦʛʦ ʧʦʨʷʜʢʘ ʟʘʧʨʝ-

ʱʝʥ ʚ ʜʠʧʦʣʴʥʦʤ ʧʨʠʙʣʠʞʝʥʠʠ ʚ ʩʨʝʜʝ ʩ ʠʥʚʝʨʩʠʦʥʥʦʡ ʩʠʤʤʝʪʨʠʝʡ. ʅʘ ʧʦ-

ʚʝʨʭʥʦʩʪʠ ʠʥʚʝʨʩʠʦʥʥʘʷ ʩʠʤʤʝʪʨʠʷ ʦʙʷʟʘʪʝʣʴʥʦ ʥʘʨʫʰʘʝʪʩʷ. ɸʚʪʦʨʘʤʠ ʪʝʦʨʝ-

ʪʠʯʝʩʢʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ [62] ʧʨʝʜʩʪʘʚʣʝʥʘ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʘʷ ʪʝʦʨʠʷ ɻɺɻ ʤʘ-

ʣʳʤʠ ʩʬʝʨʠʯʝʩʢʠʤʠ ʯʘʩʪʠʮʘʤʠ, ʩʦʩʪʦʷʱʠʤʠ ʠʟ ʮʝʥʪʨʦʩʠʤʤʝʪʨʠʯʥʦʛʦ ʤʘʪʝʨʠ-

ʘʣʘ. ʀʩʪʦʯʥʠʢʦʤ ʥʝʣʠʥʝʡʥʦʩʪʠ ʷʚʣʷʝʪʩʷ ʤʝʞʬʘʟʥʘʷ ʦʙʣʘʩʪʴ, ʛʜʝ ʥʘʨʫʰʘʝʪʩʷ 

ʠʥʚʝʨʩʠʦʥʥʘʷ ʩʠʤʤʝʪʨʠʷ. ʆʪʢʣʠʢ ʧʦʚʝʨʭʥʦʩʪʠ ʦʧʠʩʳʚʘʝʪʩʷ ʦʙʱʠʤ ʪʝʥʟʦʨʦʤ 

ʧʦʚʝʨʭʥʦʩʪʥʦʡ ʥʝʣʠʥʝʡʥʦʡ ʚʦʩʧʨʠʠʤʯʠʚʦʩʪʠ ʜʣʷ ʠʟʦʪʨʦʧʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ.  

ɸʚʪʦʨʘʤʠ [63] ʧʨʝʜʩʪʘʚʣʝʥʘ ʪʝʦʨʠʷ ʥʝʣʠʥʝʡʥʦʛʦ ʨʘʩʩʝʷʥʠʷ ʩʚʝʪʘ ʩʬʝʨʠ-

ʯʝʩʢʠʤʠ ʯʘʩʪʠʮʘʤʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʠʩʭʦʜʥʳʭ ʚʦʣʥ ʧʨʦʠʟʚʦʣʴʥʦʡ ʯʘʩʪʦʪʳ ʠ 

ʥʘʧʨʘʚʣʝʥʠʷ, ʦʩʥʦʚʘʥʥʘʷ ʥʘ ʩʦʯʝʪʘʥʠʠ ʣʠʥʝʡʥʦʛʦ ʨʘʩʩʝʷʥʠʷ ʄʠ ʠ ʪʝʦʨʠʠ ʚʟʘ-

ʠʤʥʦʩʪʠ. ʊʝʦʨʠʷ, ʧʨʝʜʩʪʘʚʣʝʥʥʘʷ ʚ ʵʪʦʡ ʨʘʙʦʪʝ, ʨʘʩʰʠʨʷʝʪ ʩʫʱʝʩʪʚʫʶʱʫʶ 

ʪʝʦʨʠʶ, ʧʨʠʤʝʥʷʝʤʫʶ ʢ ʨʘʩʩʝʷʥʠʶ ɺɻ, ʜʦʧʫʩʢʘʷ ʥʝʢʦʣʣʠʥʝʘʨʥʦʩʪʴ ʚʦʣʥ ʚʦʟ-

ʙʫʞʜʝʥʠʷ ʥʝʨʘʚʥʦʡ ʯʘʩʪʦʪʳ.  
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ɺ ʨʘʙʦʪʘʭ [64,65] ʧʨʝʜʣʦʞʝʥ ʯʠʩʣʝʥʥʳʡ ʤʝʪʦʜ, ʦʩʥʦʚʘʥʥʳʡ ʥʘ ʧʦʚʝʨʭ-

ʥʦʩʪʥʳʭ ʠʥʪʝʛʨʘʣʴʥʳʭ ʫʨʘʚʥʝʥʠʷʭ, ʜʣʷ ʦʮʝʥʢʠ ʨʘʩʩʝʷʥʠʷ ɺɻ ʤʝʪʘʣʣʠʯʝʩʢʠʤʠ 

ʅʏ ʧʨʦʠʟʚʦʣʴʥʦʡ ʬʦʨʤʳ ʩ ʫʯʝʪʦʤ ʢʘʢ ʥʝʣʦʢʘʣʴʥʳʭ ʦʙʲʝʤʥʳʭ, ʪʘʢ ʠ ʣʦʢʘʣʴʥʦ-

ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʠʩʪʦʯʥʠʢʦʚ ɺɻ, ʠʥʜʫʮʠʨʦʚʘʥʥʳʭ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʤ ʠʟʣʫʯʝʥʠ-

ʝʤ ʥʘ ʦʩʥʦʚʥʦʡ ʯʘʩʪʦʪʝ. ʇʦ ʤʥʝʥʠʶ ʘʚʪʦʨʦʚ [65] ʵʪʦʪ ʤʝʪʦʜ ʦʪʢʨʳʚʘʝʪ ʧʫʪʴ ʢ 

ʣʫʯʰʝʤʫ ʧʦʥʠʤʘʥʠʶ ʧʨʦʮʝʩʩʘ ʛʝʥʝʨʘʮʠʠ ɺɻ ʚ ʅʏ ʧʨʦʠʟʚʦʣʴʥʦʡ ʬʦʨʤʳ, ʘ ʪʘʢ-

ʞʝ ʤʦʞʝʪ ʦʢʘʟʘʪʴ ʙʦʣʴʰʦʝ ʚʣʠʷʥʠʝ ʥʘ ʨʘʟʨʘʙʦʪʢʫ ʥʦʚʳʭ ʥʘʥʦʧʣʘʟʤʦʥʥʳʭ 

ʫʩʪʨʦʡʩʪʚ ʩ ʫʩʠʣʝʥʥʳʤ ʠʟʣʫʯʝʥʠʝʤ ɺɻ, ʚʢʣʶʯʘʷ, ʥʘʧʨʠʤʝʨ, ʜʘʪʯʠʢʠ, ʠʩʩʣʝʜʫ-

ʶʱʠʝ ʬʠʟʠʯʝʩʢʠʝ ʠ ʭʠʤʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʧʦʚʝʨʭʥʦʩʪʠ.  

ɺ ʨʘʙʦʪʝ [66] ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʠʟʫʯʝʥʘ ɻɺɻ ʧʦʚʝʨʭʥʦʩʪʴʶ ʤʝʪʘʣʣʘ. ʉ 

ʧʦʤʦʱʴʶ ʠʟʦʪʨʦʧʥʦʡ ʤʦʜʝʣʠ ʧʦʚʝʨʭʥʦʩʪʠ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥʳ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴ-

ʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʠ ʦʧʨʝʜʝʣʝʥʳ ʚʝʣʠʯʠʥʘ ʠ ʦʪʥʦʩʠʪʝʣʴʥʘʷ ʬʘʟʘ ʵʣʝʤʝʥʪʦʚ ʪʝʥʟʦ-

ʨʘ ʧʦʚʝʨʭʥʦʩʪʥʦʡ ʚʦʩʧʨʠʠʤʯʠʚʦʩʪʠ ʚʪʦʨʦʛʦ ʧʦʨʷʜʢʘ ʜʣʷ ʪʝʨʤʠʯʝʩʢʠ ʠʩʧʘʨʝʥ-

ʥʦʛʦ ʟʦʣʦʪʘ ʠ ʥʘʧʳʣʝʥʥʳʭ ʩʝʨʝʙʨʘ, ʤʝʜʠ, ʘʣʶʤʠʥʠʷ ʠ ʪʘʥʪʘʣʘ. 

ʉʫʱʝʩʪʚʫʝʪ ʨʷʜ ʦʯʝʚʠʜʥʳʭ ʧʨʝʠʤʫʱʝʩʪʚ ʧʨʘʢʪʠʯʝʩʢʦʛʦ ʧʨʠʤʝʥʝʥʠʷ ɻɺɻ 

[66-75] ʚ ʢʘʯʝʩʪʚʝ ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʟʦʥʜʘ. ʉʨʝʜʠ ʥʠʭ ʤʦʞʥʦ ʚʳʜʝʣʠʪʴ ʧʨʦʩʪʦʪʫ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʫʩʪʘʥʦʚʢʠ, ʧʨʠʤʝʥʠʤʦʩʪʴ ʢʦ ʚʩʝʤ ʦʧʪʠʯʝʩʢʠ ʧʨʦʟʨʘʯʥʳʤ 

ʧʦʚʝʨʭʥʦʩʪʷʤ, ʩʧʦʩʦʙʥʦʩʪʴ ʦʪʜʝʣʷʪʴ ʩʠʛʥʘʣ ɺɻ ʦʪ ʚʭʦʜʥʦʛʦ ʩʠʛʥʘʣʘ ʠ ʬʦʥʦʚʦʡ 

ʣʶʤʠʥʝʩʮʝʥʮʠʠ ʠʣʠ ʨʘʩʩʝʷʥʠʷ ʩ ʧʦʤʦʱʴʶ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʠ ʩʧʝʢʪʨʘʣʴʥʦʡ 

ʬʠʣʴʪʨʘʮʠʠ, ʩʧʦʩʦʙʥʦʩʪʴ ʦʩʫʱʝʩʪʚʣʷʪʴ ʥʝʨʘʟʨʫʰʘʶʱʝʝ ʜʠʩʪʘʥʮʠʦʥʥʦʝ ʟʦʥʜʠ-

ʨʦʚʘʥʠʝ ʧʦʚʝʨʭʥʦʩʪʠ ʥʘ ʤʝʩʪʝ ʚ ʧʠʢʦʩʝʢʫʥʜʥʦʤ ʠʣʠ ʩʫʙʧʠʢʦʩʝʢʫʥʜʥʦʤ ʤʘʩ-

ʰʪʘʙʝ ʚʨʝʤʝʥʠ.  

ɺ ʨʘʙʦʪʝ [67] ʧʦʢʘʟʘʥʦ, ʯʪʦ ɻɺɻ ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʜʣʷ ʠʟʫʯʝʥʠʷ ʨʝʢʦʥ-

ʩʪʨʫʢʮʠʠ ʧʦʚʝʨʭʥʦʩʪʠ. ɻʨʫʧʧʦʡ ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ ʠʟʫʯʝʥʘ ʧʦʚʝʨʭʥʦʩʪʴ Si(lll) ʚ 

ʚʘʢʫʫʤʝ, ʢʦʪʦʨʘʷ ʠʤʝʝʪ ʩʪʨʫʢʪʫʨʫ (2³1). ʇʨʠ ʦʪʞʠʛʝ ʦʥʘ ʪʨʘʥʩʬʦʨʤʠʨʫʝʪʩʷ ʚ 

ʩʪʨʫʢʪʫʨʫ (7³7). ʇʦʩʢʦʣʴʢʫ ɻɺɻ ʠʤʝʝʪ ʧʦʯʪʠ ʤʛʥʦʚʝʥʥʳʡ ʦʪʢʣʠʢ, ʝʛʦ ʤʦʞʥʦ 

ʠʩʧʦʣʴʟʦʚʘʪʴ ʜʣʷ ʦʪʩʣʝʞʠʚʘʥʠʷ ʩʪʨʫʢʪʫʨʥʦʡ ʪʨʘʥʩʬʦʨʤʘʮʠʠ ʧʦʚʝʨʭʥʦʩʪʠ. ʉ 

ʧʦʤʦʱʴʶ ɻɺɻ ʚ ʨʘʙʦʪʘʭ [68,69] ʠʩʩʣʝʜʦʚʘʥʳ ʦʨʠʝʥʪʘʮʠʦʥʥʳʝ ʫʧʦʨʷʜʦʯʝʥʥʦ-

ʩʪʠ ʞʠʜʢʦʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʷʯʝʝʢ. ɺ ʝʱʝ ʦʜʥʦʡ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʨʘʙʦʪʝ [70] 
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ʘʚʪʦʨʘʤʠ ʩʦʦʙʱʘʝʪʩʷ ʦ ɻɺɻ ʧʫʪʝʤ ʦʙʣʫʯʝʥʠʷ ʤʦʥʦʩʣʦʝʚ ʅʏ Ga, ʚʥʝʜʨʝʥʥʳʭ ʚ 

ʤʘʪʨʠʮʫ SiOx, ʬʝʤʪʦʩʝʢʫʥʜʥʳʤʠ ʣʘʟʝʨʥʳʤʠ ʠʤʧʫʣʴʩʘʤʠ ʩ ʜʣʠʥʦʡ ʚʦʣʥʳ 800 

ʥʤ. ʂʘʢ ʦʪʤʝʯʘʝʪʩʷ ʚ ʨʘʙʦʪʝ, ʫʩʠʣʝʥʠʝ ɻɺɻ, ʚʳʟʚʘʥʥʦʝ ʧʣʘʚʣʝʥʠʝʤ, ʥʘʙʣʶʜʘʝʪ-

ʩʷ ʚ ʦʪʚʝʪ ʥʘ ʬʘʟʦʚʳʡ ʧʝʨʝʭʦʜ.  

ʕʢʩʧʝʨʠʤʝʥʪʳ, ʥʘʧʨʘʚʣʝʥʥʳʝ ʥʘ ʨʘʟʣʠʯʝʥʠʝ ʚʦʟʤʦʞʥʳʭ ʤʝʭʘʥʠʟʤʦʚ ɻɺɻ 

ʚ ʣʠʪʦʛʨʘʬʠʯʝʩʢʠ ʧʨʠʛʦʪʦʚʣʝʥʥʳʭ ʤʘʩʩʠʚʘʭ ʤʝʪʘʣʣʠʯʝʩʢʠʭ ʅʏ, ʦʧʠʩʘʥʳ ʚ 

[71]. ɺ ʵʢʩʧʝʨʠʤʝʥʪʝ ʠʩʧʦʣʴʟʫʶʪʩʷ ʜʚʝ ʛʝʦʤʝʪʨʠʠ ʦʙʨʘʟʮʘ. ɺ ʧʝʨʚʦʡ ʛʝʦʤʝʪʨʠʠ 

ʅʏ ʦʩʪʘʶʪʩʷ ʦʪʢʨʳʪʳʤʠ ʜʣʷ ʚʦʟʜʫʭʘ, ʩʦʟʜʘʚʘʷ ʘʩʠʤʤʝʪʨʠʯʥʫʶ ʣʦʢʘʣʴʥʫʶ ʜʠ-

ʵʣʝʢʪʨʠʯʝʩʢʫʶ ʩʨʝʜʫ ʩ ʧʦʜʣʦʞʢʦʡ ʥʘ ʦʜʥʦʡ ʩʪʦʨʦʥʝ ʠ ʚʦʟʜʫʭʦʤ ʥʘ ʜʨʫʛʦʡ. ɺʦ 

ʚʪʦʨʦʡ ʛʝʦʤʝʪʨʠʠ ʤʘʩʩʠʚ ʅʏ ʧʦʢʨʳʚʘʣʩʷ ʪʝʤ ʞʝ ʤʘʪʝʨʠʘʣʦʤ, ʠʟ ʢʦʪʦʨʦʛʦ ʠʟʛʦ-

ʪʦʚʣʝʥʘ ʧʦʜʣʦʞʢʘ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ ʩʦʟʜʘʚʘʣʘʩʴ ʮʝʥʪʨʦʩʠʤʤʝʪʨʠʯʥʘʷ ʩʨʝʜʘ, ʚ 

ʢʦʪʦʨʦʡ ʣʶʙʘʷ ʥʘʙʣʶʜʘʝʤʘʷ ɻɺɻ ʤʦʞʝʪ ʙʳʪʴ ʩʚʷʟʘʥʘ ʥʝ ʩ ʘʩʠʤʤʝʪʨʠʝʡ ʚ ʩʨʝʜʝ, 

ʘ ʩ ʥʝʣʦʢʘʣʴʥʳʤʠ ʤʝʭʘʥʠʟʤʘʤʠ ʠʣʠ ʤʝʭʘʥʠʟʤʘʤʠ ʟʘʤʝʜʣʝʥʠʷ ʚ ʯʘʩʪʠʮʘʭ. ʊʘʢ-

ʞʝ ʚ ʨʘʙʦʪʝ ʥʘʙʣʶʜʘʣʠʩʴ ʪʝʧʣʦʚʳʝ ʵʬʬʝʢʪʳ, ʢʦʪʦʨʳʝ ʧʨʠʚʦʜʷʪ ʢ ʠʟʤʝʥʝʥʠʶ 

ʬʦʨʤʳ ʯʘʩʪʠʮ ʠ ʩʠʥʝʤʫ ʩʤʝʱʝʥʠʶ ʧʣʘʟʤʦʥʥʦʛʦ ʨʝʟʦʥʘʥʩʘ, ʢʘʢ ʩʣʝʜʫʝʪ ʠʟ ʨʠ-

ʩʫʥʢʘ 1.12.  

ɻɺɻ ʩʬʝʨʠʯʝʩʢʠʤʠ ʥʘʥʦʯʘʩʪʠʮʘʤʠ ʟʦʣʦʪʘ ʨʘʟʤʝʨʦʤ 150 ʥʤ ʠʩʩʣʝʜʦʚʘʥʘ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʠ ʪʝʦʨʝʪʠʯʝʩʢʠ ʚ ʨʘʙʦʪʝ [72]. ɹʳʣʘ ʧʦʢʘʟʘʥʘ ʚʦʟʤʦʞʥʦʩʪʴ 

ʨʘʟʣʠʯʝʥʠʷ ʣʦʢʘʣʴʥʦʛʦ ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʠ ʥʝʣʦʢʘʣʴʥʦʛʦ ʦʙʲʝʤʥʦʛʦ ʚʢʣʘʜʘ ʚ 

ɻɺɻ. ʇʫʪʝʤ ʩʦʧʦʩʪʘʚʣʝʥʠʷ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʜʘʥʥʳʭ ʩ ʘʥʘʣʠʪʠʯʝʩʢʠʤʠ ʚʳ-

ʨʘʞʝʥʠʷʤʠ ʜʣʷ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʧʦʣʝʡ, ʨʘʩʩʯʠʪʘʥʥʳʭ ʩ ʧʦʤʦʱʴʶ ʤʦʜʝʣʠʨʦʚʘʥʠʷ 

 
 

ʈʠʩʫʥʦʢ 1.12 -  ʉʧʝʢʪʨʳ ʧʦʛʣʦʱʝʥʠʷ ʤʘʩʩʠʚʘ ʅʏ ʜʦ ʣʘʟʝʨʥʦʛʦ ʦʙʣʫʯʝʥʠʷ (ʘ),  ʧʦʩʣʝ ʥʝ-

ʩʢʦʣʴʢʠʭ ʯʘʩʦʚ ʚʦʟʜʝʡʩʪʚʠʷ (ʙ) [71]  
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ʤʝʪʦʜʦʤ ʢʦʥʝʯʥʳʭ ʵʣʝʤʝʥʪʦʚ, ʧʨʦʠʟʚʝʜʝʥʘ ʦʮʝʥʢʘ ʧʘʨʘʤʝʪʨʦʚ ʈʫʜʥʠʢʘ ʠ 

ʐʪʝʨʥʘ, ʦʧʨʝʜʝʣʷʶʱʠʭ ʦʪʥʦʩʠʪʝʣʴʥʫʶ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʥʝʣʠʥʝʡʥʳʭ ʠʩʪʦʯʥʠ-

ʢʦʚ.  

ɺ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʨʘʙʦʪʝ [73] ʠʟʫʯʝʥʳ ʧʨʦʮʝʩʩʳ ɻɺɻ ʚ ʩʪʨʫʢʪʫʨʘʭ, 

ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʤʘʩʩʠʚʘʤʠ ʅʏ ʟʦʣʦʪʘ, ʚʢʣʶʯʘʶʱʠʭ ʢʘʢ ʥʝʮʝʥʪʨʦʩʠʤʤʝʪʨʠʯ-

ʥʳʝ ʯʘʩʪʠʮʳ ʩ ʥʝʣʠʥʝʡʥʳʤ ʦʧʪʠʯʝʩʢʠʤ ʦʪʢʣʠʢʦʤ ʚʪʦʨʦʛʦ ʧʦʨʷʜʢʘ (ʘʢʪʠʚʥʳʝ 

ʯʘʩʪʠʮʳ), ʪʘʢ ʠ ʮʝʥʪʨʦʩʠʤʤʝʪʨʠʯʥʳʝ ʯʘʩʪʠʮʳ ʙʝʟ ʦʪʢʣʠʢʘ ʚʪʦʨʦʛʦ ʧʦʨʷʜʢʘ 

(ʧʘʩʩʠʚʥʳʝ ʯʘʩʪʠʮʳ). ʇʣʘʟʤʦʥʥʳʝ ʨʝʟʦʥʘʥʩʳ ʘʢʪʠʚʥʳʭ ʠ ʧʘʩʩʠʚʥʳʭ ʯʘʩʪʠʮ 

ʠʤʝʶʪ ʨʘʟʥʳʝ ʜʣʠʥʳ ʚʦʣʥ, ʦʜʥʘʢʦ ʧʘʩʩʠʚʥʳʝ ʯʘʩʪʠʮʳ ʠʟʤʝʥʷʶʪ ʵʣʝʢʪʨʦʤʘʛ-

ʥʠʪʥʳʝ ʤʦʜʳ ʩʪʨʫʢʪʫʨʳ ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʯʪʦ ɻɺɻ ʘʢʪʠʚʥʳʤʠ ʯʘʩʪʠʮʘʤʠ ʫʩʠʣʠ-

ʚʘʝʪʩʷ.  

ɺ ʨʘʙʦʪʝ [74] ʘʚʪʦʨʘʤʠ ʠʩʩʣʝʜʫ-

ʝʪʩʷ ʦʧʪʠʯʝʩʢʘʷ ɻɺɻ ʥʘ ʤʝʪʘʧʦʚʝʨʭ-

ʥʦʩʪʷʭ, ʛʜʝ ʥʝʮʝʥʪʨʦʩʠʤʤʝʪʨʠʯʥʳʝ 

ʅʏ ʟʦʣʦʪʘ V-ʦʙʨʘʟʥʦʡ ʬʦʨʤʳ ʫʧʦʨʷ-

ʜʦʯʝʥʳ ʚ ʨʝʛʫʣʷʨʥʳʝ ʢʦʥʬʠʛʫʨʘʮʠʠ 

ʤʘʩʩʠʚʦʚ. ʆʪʤʝʯʘʝʪʩʷ, ʯʪʦ ʚʦʧʨʝʢʠ 

ʦʞʠʜʘʥʠʷʤ, ʩʫʱʝʩʪʚʝʥʥʦʝ ʫʩʠʣʝʥʠʝ 

ʩʠʛʥʘʣʘ ɻɺɻ ʥʘʙʣʶʜʘʝʪʩʷ ʧʨʠ ʫʤʝʥʴ-

ʰʝʥʠʠ ʧʣʦʪʥʦʩʪʠ ʯʘʩʪʠʮ ʚ ʤʘʩʩʠʚʝ, 

ʯʪʦ ʠʣʣʶʩʪʨʠʨʫʝʪ ʨʠʩʫʥʦʢ 1.13.  

ɺ ʦʙʟʦʨʝ, ʚʳʧʦʣʥʝʥʥʦʤ ʘʚʪʦʨʘʤʠ [75], ʦʪʤʝʯʘʝʪʩʷ, ʯʪʦ ʧʦʩʣʝʜʥʠʝ ʨʘʟʨʘ-

ʙʦʪʢʠ ʚ ʦʙʣʘʩʪʠ ʥʝʣʠʥʝʡʥʳʭ ʵʬʬʝʢʪʦʚ ʦʪʢʨʳʚʘʶʪ ʚʦʟʤʦʞʥʦʩʪʠ ʜʣʷ ʧʨʦʝʢʪʠʨʦ-

ʚʘʥʠʷ ʥʝʣʠʥʝʡʥʳʭ ʩʫʙʚʦʣʥʦʚʳʭ ʠʩʪʦʯʥʠʢʦʚ ʩʚʝʪʘ ʠ ʩʦʟʜʘʥʠʷ ʙʦʣʴʰʠʭ ʵʬʬʝʢ-

ʪʠʚʥʳʭ ʦʧʪʠʯʝʩʢʠʭ ʥʝʣʠʥʝʡʥʦʩʪʝʡ ʚ ʥʘʥʦʤʘʩʰʪʘʙʝ. ʕʪʦ ʤʦʞʝʪ ʠʤʝʪʴ ʟʥʘʯʝʥʠʝ 

ʜʣʷ ʨʘʟʨʘʙʦʪʢʠ ʥʦʚʳʭ ʥʝʣʠʥʝʡʥʳʭ ʬʦʪʦʥʥʳʭ ʫʩʪʨʦʡʩʪʚ, ʨʘʙʦʪʘʶʱʠʭ ʟʘ ʜʠ-

ʬʨʘʢʮʠʦʥʥʳʤ ʧʨʝʜʝʣʦʤ. 

 

 

 

ʈʠʩʫʥʦʢ 1.13 - ʀʣʣʶʩʪʨʘʮʠʷ ʥʝʣʠʥʝʡʥʦʛʦ 

ʦʧʪʠʯʝʩʢʦʛʦ ʦʪʢʣʠʢʘ ʜʚʫʭ ʩʠʩʪʝʤ ʩ ʨʘʟʣʠʯ-

ʥʦʡ ʧʦʚʝʨʭʥʦʩʪʥʦʡ ʧʣʦʪʥʦʩʪʴʶ ʅʏ ʟʦʣʦʪʘ V-

ʦʙʨʘʟʥʦʡ ʬʦʨʤʳ [74] 
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1.4 ɻʝʥʝʨʘʮʠʷ ʩʚʝʪʘ ʤʦʣʝʢʫʣʘʤʠ ʢʨʘʩʠʪʝʣʷ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʧʣʘʟʤʦʥ-

ʥʳʭ ʥʘʥʦʯʘʩʪʠʮ  

 

ɻʝʥʝʨʘʮʠʷ ʩʚʝʪʘ ʤʦʣʝʢʫʣʘʤʠ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʢʨʘʩʠʪʝʣʷ ʣʝʞʠʪ ʚ ʦʩʥʦʚʝ ʣʘ-

ʟʝʨʦʚ ʥʘ ʢʨʘʩʠʪʝʣʷʭ. ʃʘʟʝʨʳ ʥʘ ʢʨʘʩʠʪʝʣʷʭ ʧʦʷʚʠʣʠʩʴ ʧʦʩʣʝ ʦʪʢʨʳʪʠʷ ʥʝʩʢʦʣʴ-

ʢʠʭ ʩʦʪʝʥ ʣʘʟʝʨʥʦ-ʘʢʪʠʚʥʳʭ ʤʘʪʝʨʠʘʣʦʚ. ɺ ʦʪʣʠʯʠʝ ʦʪ ʜʨʫʛʠʭ ʪʠʧʦʚ ʣʘʟʝʨʦʚ 

ʦʥʠ ʦʙʣʘʜʘʶʪ ʨʷʜʦʤ ʧʨʝʠʤʫʱʝʩʪʚ [76]: ʦʪʥʦʩʠʪʝʣʴʥʦ ʧʨʦʩʪʦʡ ʩʧʦʩʦʙ ʥʘʩʪʨʘʠ-

ʚʘʪʴ ʣʘʟʝʨʥʦʝ ʠʟʣʫʯʝʥʠʝ ʚ ʰʠʨʦʢʦʤ ʜʠʘʧʘʟʦʥʝ ʜʣʠʥ ʚʦʣʥ; ʚʦʟʤʦʞʥʦʩʪʴ ʠʩʧʦʣʴ-

ʟʦʚʘʪʴ ʘʢʪʠʚʥʫʶ ʩʨʝʜʫ ʣʘʟʝʨʘ ʚ ʨʘʟʣʠʯʥʳʭ ʘʛʨʝʛʘʪʥʳʭ ʩʦʩʪʦʷʥʠʷʭ. ʆʩʦʙʝʥʥʦ 

ʫʜʘʯʥʳʤʠ ʩʯʠʪʘʶʪʩʷ ʣʘʟʝʨʳ ʥʘ ʨʘʩʪʚʦʨʘʭ ʢʨʘʩʠʪʝʣʝʡ. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ [77] 

ʜʣʷ ʥʘʢʘʯʢʠ ʣʘʟʝʨʦʚ ʥʘ ʢʨʘʩʠʪʝʣʷʭ ʚ ʦʩʥʦʚʥʦʤ ʠʩʧʦʣʴʟʫʶʪʩʷ ʠʤʧʫʣʴʩʥʳʝ ʠ ʥʝ-

ʧʨʝʨʳʚʥʳʝ ʣʘʟʝʨʳ, ʘ ʪʘʢʞʝ ʢʦʨʦʪʢʦʠʤʧʫʣʴʩʥʳʝ ʣʘʤʧʳ-ʚʩʧʳʰʢʠ. ɺ ʦʜʥʦʡ ʠʟ 

ʧʝʨʚʳʭ ʨʘʙʦʪ [78] ʧʦ ʠʟʫʯʝʥʠʶ ʛʝʥʝʨʘʮʠʠ ʣʘʟʝʨʘ ʥʘ ʢʨʘʩʠʪʝʣʷʭ, ʧʨʝʜʩʪʘʚʣʝʥ-

ʥʳʭ ʧʦʣʠʤʝʪʠʣʤʝʪʘʢʨʠʣʘʪʥʳʤʠ ʩʪʝʨʞʥʷʤʠ, ʩʦʜʝʨʞʘʱʠʤʠ ʨʦʜʘʤʠʥʦʚʳʝ ʢʨʘʩʠ-

ʪʝʣʠ (ʨʦʜʘʤʠʥ 6ɾ ʠ ʨʦʜʘʤʠʥ ɹ), ʘʚʪʦʨʘʤʠ ʦʙʥʘʨʫʞʝʥʦ ʩʥʠʞʝʥʠʝ ʠʥʪʝʥʩʠʚʥʦ-

ʩʪʠ ʩʚʝʯʝʥʠʷ ʚ ʪʚʝʨʜʦʤ ʪʝʣʝ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʨʝʛʠʩʪʨʠʨʫʝʤʳʤ ʩʠʛʥʘʣʦʤ ʜʣʷ ʪʝʭ 

ʞʝ ʢʨʘʩʠʪʝʣʝʡ ʚ ʞʠʜʢʦʤ ʨʘʩʪʚʦʨʝ. ʃʘʟʝʨʥʘʷ ʩʠʩʪʝʤʘ, ʧʨʝʜʣʦʞʝʥʥʘʷ ʚ ʨʘʙʦʪʝ 

[79], ʧʨʠʤʝʥʷʣʘʩʴ ʜʣʷ ʜʝʤʦʥʩʪʨʘʮʠʠ ʚʦʟʤʦʞʥʦʩʪʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʯʠʨʧʠʨʦʚʘʥ-

ʥʳʭ ʠʤʧʫʣʴʩʦʚ ʚ ʠʟʤʝʨʝʥʠʠ ʚʨʝʤʝʥ ʨʝʣʘʢʩʘʮʠʠ ʚ ʢʦʥʜʝʥʩʠʨʦʚʘʥʥʳʭ ʩʨʝʜʘʭ ʩ 

ʚʳʩʦʢʠʤ ʚʨʝʤʝʥʥʳʤ ʨʘʟʨʝʰʝʥʠʝʤ. ɺ ʭʦʜʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʨʘʜʠʘʮʠʦʥʥʳʭ ʩʚʦʡʩʪʚ 

ʣʘʟʝʨʘ ʥʘ ʢʨʘʩʠʪʝʣʝ, ʢʦʪʦʨʳʡ ʜʠʩʧʝʨʛʠʨʦʚʘʥ ʚ ʩʠʣʴʥʦ ʨʘʩʩʝʠʚʘʶʱʝʡ ʩʨʝʜʝ 

(ʢʦʣʣʦʠʜʥʦʡ ʩʫʩʧʝʥʟʠʠ ʯʘʩʪʠʮ ʜʠʦʢʩʠʜʘ ʪʠʪʘʥʘ) [80], ʘʚʪʦʨʳ ʦʙʥʘʨʫʞʠʣʠ, ʯʪʦ 

ʠʟʣʫʯʝʥʠʝ ʦʪ ʪʘʢʠʭ ʩʠʩʪʝʤ ʤʦʞʝʪ ʧʨʦʷʚʣʷʪʴ ʩʧʝʢʪʨʘʣʴʥʳʝ ʠ ʚʨʝʤʝʥʥʳʝ ʩʚʦʡ-

ʩʪʚʘ, ʭʘʨʘʢʪʝʨʥʳʝ ʜʣʷ ʤʥʦʛʦʤʦʜʦʚʦʛʦ ʣʘʟʝʨʥʦʛʦ ʛʝʥʝʨʘʪʦʨʘ, ʜʘʞʝ ʝʩʣʠ ʩʠʩʪʝʤʳ 

ʥʝ ʩʦʜʝʨʞʘʪ ʚʥʝʰʥʝʛʦ ʨʝʟʦʥʘʪʦʨʘ. ʉʧʝʢʪʨʦʩʢʦʧʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ, ʚʣʠʷʶʱʠʝ 

ʥʘ ʩʚʦʡʩʪʚʘ ʣʘʟʝʨʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ, ʧʦʜʨʦʙʥʦ ʦʧʠʩʳʚʘʶʪʩʷ ʘʚʪʦʨʘʤʠ ʨʘʙʦʪʳ 

[81].  

ʍʘʨʘʢʪʝʨʠʩʪʠʢʠ ʣʘʟʝʨʘ ʥʘ ʩʤʝʩʠ ʢʨʘʩʠʪʝʣʝʡ ʨʦʜʘʤʠʥʘ B ʠ ʢʠʩʣʦʪʥʦʛʦ ʩʠ-

ʥʝʛʦ 7 ʩ ʨʘʩʧʨʝʜʝʣʝʥʥʦʡ ʦʙʨʘʪʥʦʡ ʩʚʷʟʴʶ ʠ ʧʝʨʝʜʘʯʝʡ ʵʥʝʨʛʠʠ ʠʩʩʣʝʜʦʚʘʥʳ 

ʪʝʦʨʝʪʠʯʝʩʢʠ ʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʘʚʪʦʨʘʤʠ ʨʘʙʦʪʳ [82]. ʀʟʫʯʝʥʦ ʧʦʚʝʜʝʥʠʝ 
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ʜʦʥʦʨʥʦ-ʘʢʮʝʧʪʦʨʥʦʡ ʧʘʨʳ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʜʣʠʪʝʣʴʥʦʩʪʠ ʠʤʧʫʣʴʩʘ, ʤʦʱʥʦ-

ʩʪʠ ʥʘʢʘʯʢʠ ʠ ʢʦʥʮʝʥʪʨʘʮʠʠ ʤʦʣʝʢʫʣ ʢʨʘʩʠʪʝʣʝʡ. ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʜʦʩʪʠʛʥʫ-

ʪʘ ʧʝʨʝʩʪʨʘʠʚʘʝʤʦʩʪʴ ʚ ʩʧʝʢʪʨʘʣʴʥʦʤ ʜʠʘʧʘʟʦʥʝ 565ï680 ʥʤ.  

ɺ ʠʩʩʣʝʜʦʚʘʥʠʠ [83] ʘʚʪʦʨʘʤʠ ʠʟʫʯʝʥʳ ʦʧʪʠʯʝʩʢʘʷ ʥʝʣʠʥʝʡʥʦʩʪʴ ʪʨʝʪʴʝʛʦ 

ʧʦʨʷʜʢʘ ʠ ʦʛʨʘʥʠʯʝʥʠʷ ʦʧʪʠʯʝʩʢʦʡ ʤʦʱʥʦʩʪʠ ʘʥʪʨʘʭʠʥʦʥʦʚʳʭ ʢʨʘʩʠʪʝʣʝʡ. ʀʩ-

ʩʣʝʜʦʚʘʥʠʷ ʥʝʣʠʥʝʡʥʦʡ ʨʝʬʨʘʢʮʠʠ ʧʦʢʘʟʘʣʠ ʩʘʤʦʨʘʩʬʦʢʫʩʠʨʫʶʱʝʝ ʧʦʚʝʜʝʥʠʝ 

ʢʨʘʩʠʪʝʣʝʡ. ɸʚʪʦʨʘʤʠ ʦʙʥʘʨʫʞʝʥʦ, ʯʪʦ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʢʦʥʮʝʥʪʨʘʮʠʠ ʢʨʘʩʠʪʝ-

ʣʝʡ ʢʠʩʣʦʪʥʦ-ʩʠʥʝʛʦ 25 ʠ ʢʠʩʣʦʪʥʦ-ʩʠʥʝʛʦ 80 ʨʝʛʠʩʪʨʠʨʫʝʪʩʷ ʩʥʠʞʝʥʠʝ ʟʥʘʯʝ-

ʥʠʡ ʧʦʨʦʛʘ ʛʝʥʝʨʘʮʠʠ. ɸʚʪʦʨʘʤʠ ʨʘʙʦʪʳ [84] ʩ ʧʦʤʦʱʴʶ ʤʝʪʦʜʘ Z-

ʩʢʘʥʠʨʦʚʘʥʠʷ ʠʟʫʯʝʥʳ ʩʚʦʡʩʪʚʘ ʥʝʣʠʥʝʡʥʦʛʦ ʦʧʪʠʯʝʩʢʦʛʦ ʦʪʢʣʠʢʘ ʚʦʜʥʳʭ ʨʘʩ-

ʪʚʦʨʦʚ ʢʨʘʩʠʪʝʣʷ ʨʦʜʘʤʠʥʘ B ʨʘʟʣʠʯʥʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ ʪʘʢʠʝ ʢʘʢ, ʥʝʣʠʥʝʡʥʳʡ 

ʧʦʢʘʟʘʪʝʣʴ ʧʨʝʣʦʤʣʝʥʠʷ ʠ ʥʝʣʠʥʝʡʥʳʡ ʢʦʵʬʬʠʮʠʝʥʪ ʧʦʛʣʦʱʝʥʠʷ. ɸʚʪʦʨʘʤʠ 

ʦʙʥʘʨʫʞʝʥʦ, ʯʪʦ ʦʙʨʘʟʮʳ ʜʝʤʦʥʩʪʨʠʨʫʶʪ ʦʪʨʠʮʘʪʝʣʴʥʳʡ ʧʦʢʘʟʘʪʝʣʴ ʧʨʝʣʦʤʣʝ-

ʥʠʷ, ʩʘʤʦʨʘʩʬʦʢʫʩʠʨʦʚʢʫ ʜʣʷ ʚʩʝʭ ʢʦʥʮʝʥʪʨʘʮʠʡ ʠ ʜʚʫʭʬʦʪʦʥʥʦʝ ʧʦʛʣʦʱʝʥʠʝ.  

ɺ ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ ʠʥʪʝʨʝʩ ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ ʚʳʟʳʚʘʝʪ ʛʝʥʝʨʘʮʠʷ ʩʚʝʪʘ ʣʘ-

ʟʝʨʘʤʠ ʥʘ ʢʨʘʩʠʪʝʣʷʭ ʧʨʠ ʥʘʣʠʯʠʠ ʤʝʪʘʣʣʠʯʝʩʢʠʭ ʠ ʜʠʵʣʝʢʪʨʠʯʝʩʢʠʭ ʅʏ ʚ ʘʢ-

ʪʠʚʥʦʡ ʩʨʝʜʝ, ʧʦʩʢʦʣʴʢʫ ʵʪʠ ʯʘʩʪʠʮʳ ʚʣʠʷʶʪ ʥʘ ʩʧʦʥʪʘʥʥʳʝ ʠ ʠʥʜʫʮʠʨʦʚʘʥʥʳʝ 

ʧʝʨʝʭʦʜʳ ʚ ʤʦʣʝʢʫʣʘʭ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʢʨʘʩʠʪʝʣʷ [85-90].  

ɺ ʦʜʥʦʡ ʠʟ ʧʝʨʚʳʭ ʨʘʙʦʪ [85] ʘʚʪʦʨʘʤʠ ʨʘʩʩʤʦʪʨʝʥʘ ʩʠʣʴʥʦ ʨʘʩʩʝʠʚʘʶ-

ʱʘʷ ʩʨʝʜʘ, ʧʨʝʜʩʪʘʚʣʝʥʥʘʷ ʧʝʨʭʣʦʨʘʪʦʤ ʨʦʜʘʤʠʥʘ 640 (Rh640) ʠ ʅʏ TiO2 ʚ ʤʝ-

ʪʘʥʦʣʝ. ɸʚʪʦʨʘʤʠ ʦʙʥʘʨʫʞʝʥʦ, ʯʪʦ ʧʦʨʦʛ ʩʪʠʤʫʣʠʨʦʚʘʥʥʦʛʦ ʠʟʣʫʯʝʥʠʷ ʟʘʚʠʩʠʪ 

ʦʪ ʢʦʥʮʝʥʪʨʘʮʠʠ ʢʘʢ ʣʘʟʝʨʥʦʛʦ ʢʨʘʩʠʪʝ-

ʣʷ, ʪʘʢ ʠ ʨʘʩʩʝʠʚʘʶʱʠʭ ʯʘʩʪʠʮ.  

ɺ ʨʘʙʦʪʝ [86] ʘʚʪʦʨʘʤʠ ʧʨʦʜʝʤʦʥ-

ʩʪʨʠʨʦʚʘʥʘ ʚʦʟʤʦʞʥʦʩʪʴ ʫʣʫʯʰʝʥʠʷ ʭʘ-

ʨʘʢʪʝʨʠʩʪʠʢ ʣʘʟʝʨʦʚ ʥʘ ʢʨʘʩʠʪʝʣʷʭ ʨʦ-

ʜʘʤʠʥʦʚʦʡ ʛʨʫʧʧʳ ʧʫʪʝʤ ʜʦʙʘʚʣʝʥʠʷ 

ʅʏ ʟʦʣʦʪʘ ʠ ʘʣʶʤʠʥʠʷ. ʇʦʨʦʛ ʛʝʥʝʨʘ-

ʮʠʠ ʧʨʠ ʥʘʣʠʯʠʠ ʅʏ ʟʦʣʦʪʘ ʥʠʞʝ, ʯʝʤ 

 

ʈʠʩʫʥʦʢ 1.14 - ʀʥʪʝʥʩʠʚʥʦʩʪʴ ʧʠʢʘ ʠʟʣʫ-

ʯʝʥʠʷ ʣʘʟʝʨʦʚ ʥʘ ʢʨʘʩʠʪʝʣʷʭ (Rh640 (1 ʤM 

ʠ    2,2 ʤM) ʠ Rh6G (1 ʤM)) ʩ ʘʥʘʣʦʛʠʯʥʦʡ 

ʢʦʥʮʝʥʪʨʘʮʠʝʡ Au (8 Ĭ 10
10

 ʩʤ
ī3

) [86] 



 

34 

 

ʧʨʠ ʥʘʣʠʯʠʠ ʅʏ ʘʣʶʤʠʥʠʷ, ʠ ʩʥʠʞʘʝʪʩʷ ʩ ʨʦʩʪʦʤ ʢʦʥʮʝʥʪʨʘʮʠʠ ʢʨʘʩʠʪʝʣʷ, ʢʘʢ 

ʚʠʜʥʦ ʠʟ ʨʠʩʫʥʢʘ 1.14.  

ɺ ʨʘʙʦʪʝ [87] ʘʚʪʦʨʘʤʠ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʧʣʘʟʤʦʥʥʳʝ ʟʦʣʦʪʳʝ ʥʘʥʦʟʚʝʟʜʳ ʷʚ-

ʣʷʶʪʩʷ ʵʬʬʝʢʪʠʚʥʳʤʠ ʮʝʥʪʨʘʤʠ ʨʘʩʩʝʷʥʠʷ ʩʚʝʪʘ, ʜʝʤʦʥʩʪʨʠʨʫʷ ʩʠʣʴʥʦʝ ʫʩʠ-

ʣʝʥʠʝ ʧʦʣʷ ʥʘ ʩʚʦʠʭ ʢʦʥʮʘʭ, ʯʪʦ ʩʧʦʩʦʙʩʪʚʫʝʪ ʦʯʝʥʴ ʫʟʢʦʡ ʧʦʣʦʩʝ ʧʨʦʧʫʩʢʘʥʠʷ 

ʠ ʫʩʠʣʝʥʥʦʡ ʢʦʛʝʨʝʥʪʥʦʡ ʩʣʫʯʘʡʥʦʡ ʛʝʥʝʨʘʮʠʠ ʩ ʥʠʟʢʠʤ ʧʦʨʦʛʦʤ ʛʝʥʝʨʘʮʠʠ.  

ʃʘʟʝʨ ʥʘ ʢʨʘʩʠʪʝʣʷʭ, ʩʦʟʜʘʥʥʳʡ ʘʚʪʦʨʘʤʠ [88], ʩʦʜʝʨʞʘʣ ʦʧʪʠʯʝʩʢʦʝ ʚʦ-

ʣʦʢʥʦ, ʥʘ ʪʦʨʮʝ ʢʦʪʦʨʦʛʦ ʙʳʣʘ ʧʣʝʥʢʘ ʧʦʣʠʜʠʤʝʪʠʣʩʠʣʦʢʩʘʥʘ, ʣʝʛʠʨʦʚʘʥʥʘʷ 

ʨʦʜʘʤʠʥʦʤ 6G ʠ ʩʝʨʝʙʨʷʥʳʤʠ ʥʘʥʦʧʨʦʚʦʜʘʤʠ. ʇʣʝʥʢʘ ʜʝʡʩʪʚʫʝʪ ʢʘʢ ʘʢʪʠʚʥʳʡ 

ʚʦʣʥʦʚʦʜʥʳʡ ʩʣʦʡ, ʘ ʩʝʨʝʙʨʷʥʳʝ ʥʘʥʦʧʨʦʚʦʜʘ ʦʙʝʩʧʝʯʠʚʘʶʪ ʪʨʝʭʤʝʨʥʫʶ ʧʣʘʟ-

ʤʦʥʥʫʶ ʦʙʨʘʪʥʫʶ ʩʚʷʟʴ. ʇʣʘʟʤʦʥʥʳʡ ʨʝʟʦʥʘʥʩ ʩʝʨʝʙʨʷʥʳʭ ʥʘʥʦʧʨʦʚʦʜʦʚ ʟʥʘ-

ʯʠʪʝʣʴʥʦ ʧʦʚʳʰʘʝʪ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʥʘʢʘʯʢʠ ʣʘʟʝʨʘ. ɹʦʣʴʰʘʷ ʯʘʩʪʴ ʚʳʭʦʜʥʦʡ 

ʵʥʝʨʛʠʠ ʣʘʟʝʨʘ ʥʘ ʢʨʘʩʠʪʝʣʷʭ ʢʦʥʮʝʥʪʨʠʨʫʝʪʩʷ ʚ ʥʝʙʦʣʴʰʦʤ ʫʛʣʦʚʦʤ ʜʠʘʧʘʟʦʥʝ 

ʚʜʦʣʴ ʦʩʠ ʦʧʪʠʯʝʩʢʦʛʦ ʚʦʣʦʢʥʘ.  

ɺʣʠʷʥʠʝ ʅʏ ʩʝʨʝʙʨʘ ʥʘ ʩʧʦʥʪʘʥʥʳʝ ʠ ʚʳʥʫʞʜʝʥʥʳʝ ʧʝʨʝʭʦʜʳ ʚ ʤʦʣʝʢʫ-

ʣʘʭ ʨʦʜʘʤʠʥʘ 6ɾ ʚ ʚʦʜʥʳʭ ʨʘʩʪʚʦʨʘʭ ʠʩʩʣʝʜʦ-

ʚʘʥʦ ʚ [89]. ʆʙʥʘʨʫʞʝʥʦ, ʯʪʦ ʩ ʨʦʩʪʦʤ ʢʦʥʮʝʥ-

ʪʨʘʮʠʠ ʅʏ ʠʤʝʝʪ ʤʝʩʪʦ ʥʝʤʦʥʦʪʦʥʥʦʝ ʠʟʤʝʥʝ-

ʥʠʝ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʬʣʫʦʨʝʩʮʝʥʮʠʠ ʢʨʘʩʠʪʝʣʷ, 

ʧʨʠ ʵʪʦʤ ʜʣʠʪʝʣʴʥʦʩʪʴ ʬʣʫʦʨʝʩʮʝʥʮʠʠ ʩʦʭʨʘ-

ʥ̫ ʝʪʩʷ. ʉ ʨʦʩʪʦʤ ʢʦʥʮʝʥʪʨʘʮʠʠ ʅʏ ʥʘʙʣʶʜʘʝʪ-

ʩ ̫ʤʦʥʦʪʦʥʥʦʝ ʫʤʝʥʴʰʝʥʠʝ ʦʧʪʠʯʝʩʢʦʡ ʧʣʦʪ-

ʥʦʩʪʠ ʚʦʜʥʳʭ ʨʘʩʪʚʦʨʦʚ ʢʨʘʩʠʪʝʣʷ. ʂʨʦʤʝ ʪʦʛʦ, 

ʧʨʠ ʜʦʙʘʚʣʝʥʠʠ ʩʝʨʝʙʨʷʥʳʭ ʅʏ ʚ ʨʘʩʪʚʦʨ ʢʨʘ-

ʩʠʪʝʣʷ ʥʘʙʣʶʜʘʣʦʩʴ ʫʚʝʣʠʯʝʥʠʝ ʠʥʪʝʥʩʠʚʥʦʩʪʠ 

ʠʟʣʫʯʝʥʠʷ, ʫʩʠʣʝʥʥʦʛʦ ʠʥʜʫʮʠʨʦʚʘʥʥʳʤʠ ʧʝ-

ʨʝʭʦʜʘʤʠ, ʠ ʩʫʞʝʥʠʝ ʧʦʣʦʩʳ ʣʘʟʝʨʥʦʡ ʛʝʥʝʨʘ-

ʮʠʠ ʥʘ ʜʣʠʥʝ ʚʦʣʥʳ 559 ʥʤ, ʢʘʢ ʧʦʢʘʟʘʥʦ ʥʘ 

ʨʠʩʫʥʢʝ 1.15.  

 

ʈʠʩʫʥʦʢ 1.15 - ʉʧʝʢʪʨʳ ʠʟʣʫʯʝʥʠʷ 

ʚʦʜʥʦʛʦ ʨʘʩʪʚʦʨʘ ʨʦʜʘʤʠʥʘ ʧʨʠ 

ʨʘʟʥʳʭ ʠʥʪʝʥʩʠʚʥʦʩʪʷʭ ʥʘʢʘʯʢʠ: 1 

ï 0,01; 2 ï 0,03; 3 ï 0,04; 4 ï 0,05 

ʄɺʪ/ʩʤ
2
. ʅʘ ʚʩʪʘʚʢʝ ʧʨʠʚʝʜʝʥʘ 

ʟʘʚʠʩʠʤʦʩʪʴ ʠʥʪʝʥʩʠʚʥʦʩʪʠ 

ʠʟʣʫʯʝʥʠʷ ʦʪ ʠʥʪʝʥʩʠʚʥʦʩʪʠ 

ʥʘʢʘʯʢʠ: 1 ï ʯʠʩʪʳʡ ʨʘʩʪʚʦʨ  

ʨʦʜʘʤʠʥʘ; 2 ï ʨʘʩʪʚʦʨ ʨʦʜʘʤʠʥʘ ʩ 

10
-4

 ʤʦʣʴ/ʣ ʩʝʨʝʙʨʷʥʳʭ ʅʏ [89] 
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ʇʨʠ ʜʦʙʘʚʣʝʥʠʠ ʅʏ ʚ ʵʪʘʥʦʣʴʥʳʡ ʨʘʩʪʚʦʨ ʤʝʨʦʮʠʘʥʠʥʦʚʦʛʦ ʢʨʘʩʠʪʝʣʷ 

ʘʚʪʦʨʘʤʠ ʨʘʙʦʪʳ [90] ʥʘʙʣʶʜʘʣʦʩʴ ʫʚʝʣʠʯʝʥʠʝ ʩʝʯʝʥʠʷ ʧʦʛʣʦʱʝʥʠʷ, ʠʥʪʝʥʩʠʚ-

ʥʦʩʪʠ ʠ ʜʣʠʪʝʣʴʥʦʩʪʠ ʬʣʫʦʨʝʩʮʝʥʮʠʠ ʢʨʘʩʠʪʝʣʷ, ʘ ʪʘʢʞʝ ʩʥʠʞʝʥʠʝ ʧʦʨʦʛʘ ʛʝ-

ʥʝʨʘʮʠʠ ʚʳʥʫʞʜʝʥʥʦʛʦ ʠʟʣʫʯʝʥʠʷ ʤʝʨʦʮʠʘʥʠʥʘ. ɺ ʨʝʟʫʣʴʪʘʪʝ, ʚ ʧʨʠʩʫʪʩʪʚʠʠ 

ʅʏ ʩʝʨʝʙʨʘ ʘʚʪʦʨʘʤʠ ʧʦʣʫʯʝʥʘ ʣʘʟʝʨʥʘʷ ʛʝʥʝʨʘʮʠʷ ʧʨʠ ʢʦʥʮʝʥʪʨʘʮʠʠ ʢʨʘʩʠʪʝ-

ʣʷ (10
ï4

 ʤʦʣʴ/ʣ). ʇʨʠ ʪʘʢʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ ʛʝʥʝʨʘʮʠʷ ʥʝ ʚʦʟʥʠʢʘʝʪ ʚ ʦʪʩʫʪʩʪʚʠʝ 

ʅʏ. ʆʪʤʝʯʘʝʪʩʷ, ʯʪʦ ʧʣʦʪʥʦʩʪʴ ʤʦʱʥʦʩʪʠ ʥʘʢʘʯʢʠ ʣʘʟʝʨʘ ʚ ʧʝʨʚʦʤ ʩʣʫʯʘʝ ʥʠ-

ʞʝ, ʯʝʤ ʚʦ ʚʪʦʨʦʤ. ʅʘ ʨʠʩʫʥʢʝ 1.16 ʠʟʦʙʨʘʞʝʥʳ ʩʧʝʢʪʨʳ ʠʟʣʫʯʝʥʠʷ ʢʨʘʩʠʪʝʣʷ 

ʤʝʨʦʮʠʘʥʠʥʘ ʚ ʵʪʘʥʦʣʝ ʩ ʜʦʙʘʚʣʝʥʠʝʤ ʅʏ ʧʨʠ 

ʨʘʟʣʠʯʥʳʭ ʧʣʦʪʥʦʩʪʷʭ ʤʦʱʥʦʩʪʠ ʦʧʪʠʯʝʩʢʦʡ 

ʥʘʢʘʯʢʠ: 15,75 (1), 25,25 (2) ʠ 28,75 (3) 

ʄɺʪ/ʩʤ
2
. ɸʚʪʦʨʘʤʠ ʦʪʤʝʯʘʝʪʩʷ, ʯʪʦ ʫʚʝʣʠʯʝʥʠʝ 

ʤʦʱʥʦʩʪʠ ʥʘʢʘʯʢʠ ʧʨʠʚʦʜʠʪ ʢ ʧʦʷʚʣʝʥʠʶ ʫʟ-

ʢʦʡ ʧʦʣʦʩʳ ʩ ʤʘʢʩʠʤʫʤʦʤ ʥʘ ʜʣʠʥʝ ʚʦʣʥʳ 673 

ʥʤ, ʠ ʧʨʠ ʜʦʩʪʠʞʝʥʠʠ ʠʩʪʦʯʥʠʢʦʤ ʥʘʢʘʯʢʠ 

ʤʦʱʥʦʩʪʠ ʦʢʦʣʦ 29 ʄɺʪ/ʩʤ
2
 (ʈʠʩʫʥʦʢ 1.16, 

ʢʨʠʚʘʷ 3) ʥʘʩʪʫʧʘʝʪ ʨʝʞʠʤ ʛʝʥʝʨʘʮʠʠ. 

 

 

1.5 ɻʝʥʝʨʘʪʦʨʳ ʣʦʢʘʣʠʟʦʚʘʥʥʳʭ ʠ ʙʝʛʫʱʠʭ ʧʣʘʟʤʦʥʦʚ  

 

ɺ ʧʦʩʣʝʜʥʝʝ ʚʨʝʤʷ ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʭ ʨʘʙʦʪ ʙʳʣʦ 

ʥʘʧʨʘʚʣʝʥʦ ʥʘ ʩʦʟʜʘʥʠʝ ʥʘʥʦʣʘʟʝʨʦʚ. ʇʨʠʥʮʠʧʠʘʣʴʥʦ ʥʦʚʳʤ ʧʦʜʭʦʜʦʤ ʚ ʤʠʥʠ-

ʘʪʶʨʠʟʘʮʠʠ ʣʘʟʝʨʦʚ ʷʚʣʷʝʪʩʷ ʧʦʜʭʦʜ, ʦʩʥʦʚʘʥʥʳʡ ʥʘ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʧʣʘʟʤʦʥ-

ʥʳʭ ʧʦʣʝʡ ʚʤʝʩʪʦ ʬʦʪʦʥʥʳʭ [91]. ʇʣʘʟʤʦʥʥʳʡ ʥʘʥʦʣʘʟʝʨ ʤʦʞʝʪ ʨʘʙʦʪʘʪʴ ʚ 

ʪʝʤʥʦʚʦʤ ʨʝʞʠʤʝ, ʢʦʛʜʘ ʠʟʣʫʯʝʥʠʷ ʚ ʜʘʣʴʥʝʡ ʟʦʥʝ ʥʝ ʚʦʟʥʠʢʘʝʪ, ʘ ʛʝʥʝʨʠʨʫʶʪ-

ʩʷ ʩʠʣʴʥʳʝ ʙʣʠʞʥʠʝ ʧʦʣʷ. ʋʩʪʨʦʡʩʪʚʦ, ʢʦʪʦʨʦʝ ʛʝʥʝʨʠʨʫʝʪ ʣʦʢʘʣʠʟʦʚʘʥʥʳʝ ʠʣʠ 

ʙʝʛʫʱʠʝ ʧʣʘʟʤʦʥʳ, ʥʘʟʳʚʘʶʪ ï ʩʧʘʟʝʨ. ɺʧʝʨʚʳʝ ʚʚʝʜʝʥ ʪʝʨʤʠʥ çʢʚʘʥʪʦʚʳʡ ʛʝ-

ʥʝʨʘʪʦʨè ʜʣʷ ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʧʣʘʟʤʦʥʦʚ, ʠ ʨʘʩʩʤʦʪʨʝʥʦ ʷʚʣʝʥʠʝ ʫʩʠʣʝʥʠʷ ʧʦ-

ʚʝʨʭʥʦʩʪʥʳʭ ʧʣʘʟʤʦʥʦʚ ʚ ʨʘʙʦʪʝ [92]. ɺ ʧʨʦʮʝʩʩʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʩʧʘʟʝʨʦʚ [93-

 
ʈʠʩʫʥʦʢ 1.16 - ʉʧʝʢʪʨʳ ʠʟʣʫʯʝʥʠʷ 

ʤʝʨʦʮʠʘʥʠʥʦʚʦʛʦ ʢʨʘʩʠʪʝʣʷ [90] 
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109] ʚʦʟʥʠʢʣʘ ʦʙʣʘʩʪʴ ʥʘʫʢʠ, ʷʚʣʷʶʱʘʷʩʷ ʩʠʥʪʝʟʦʤ ʧʣʘʟʤʦʥʠʢʠ ʠ ʣʘʟʝʨʥʦʡ ʬʠ-

ʟʠʢʠ - ʢʚʘʥʪʦʚʘʷ ʥʘʥʦʧʣʘʟʤʦʥʠʢʘ. 

ɺ ʩʪʘʪʴʝ [93] ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʩʧʘʟʝʨ, ʧʨʝʜʩʪʘʚʣʷʶʱʠʡ ʩʦʙʦʡ ʤʝʪʘʣʣʠʯʝ-

ʩʢʫʶ ʩʬʝʨʠʯʝʩʢʫʶ ʦʙʦʣʦʯʢʫ ʚʥʫʪʨʠ, ʠʣʠ ʚʥʝ ʢʦʪʦʨʦʡ ʨʘʩʧʦʣʦʞʝʥʘ ʘʢʪʠʚʥʘʷ 

ʩʨʝʜʘ. ʋʩʠʣʠʚʘʶʱʘʷ ʩʨʝʜʘ ʚʦʟʙʫʞʜʘʝʪʩʷ ʚʥʝʰʥʠʤ ʠʩʪʦʯʥʠʢʦʤ, ʢʦʪʦʨʳʡ ʩʦʟʜʘ-

ʝʪ ʚ ʥʝʡ ʵʣʝʢʪʨʦʥʥʦ-ʜʳʨʦʯʥʳʝ ʧʘʨʳ. ʕʪʠ ʧʘʨʳ ʨʝʣʘʢʩʠʨʫʶʪ, ʦʙʨʘʟʫʷ ʵʢʩʠʪʦʥʳ. 

ʕʢʩʠʪʦʥʳ ʨʘʩʧʘʜʘʶʪʩʷ ʚ ʦʩʥʦʚʥʦʝ ʩʦʩʪʦʷʥʠʝ, ʛʝʥʝʨʠʨʫʷ ʧʣʘʟʤʦʥʳ ʚ ʥʘʥʦʦʙʦ-

ʣʦʯʢʝ. ɺ ʨʘʙʦʪʝ ʜʘʝʪʩʷ ʚʳʚʦʜ ʫʨʘʚʥʝʥʠʡ ʩʧʘʟʝʨʘ, ʧʨʠʚʦʜʷʪʩʷ ʠ ʘʥʘʣʠʟʠʨʫʶʪʩʷ 

ʩʪʘʮʠʦʥʘʨʥʳʝ ʨʝʰʝʥʠʷ. 

ʉʧʘʟʝʨ, ʢʦʪʦʨʳʡ ʩʦʩʪʦʠʪ ʠʟ ʩʬʝʨʠʯʝʩʢʠʭ ʩʝʨʝʙʨʷʥʳʭ ʅʏ, ʚʥʝʜʨʝʥʥʳʭ 

ʚʥʫʪʨʴ ʩʬʝʨʳ, ʦʙʨʘʟʦʚʘʥʥʦʡ ʤʦʣʝʢʫʣʘʤʠ ʢʨʘʩʠʪʝʣʷ, ʪʝʦʨʝʪʠʯʝʩʢʠ ʠʟʫʯʝʥ ʚ [94]. 

ʄʦʣʝʢʫʣʘ ʢʨʘʩʠʪʝʣʷ ʦʧʠʩʳʚʘʝʪʩʷ ʪʨʝʭʫʨʦʚʥʝʚʦʡ ʤʦʜʝʣʴʶ, ʚ ʢʦʪʦʨʦʡ ʯʘʩʪʦʪʘ 

ʧʝʨʝʭʦʜʘ ʤʝʞʜʫ ʜʚʫʤʷ ʥʠʞʥʠʤʠ ʵʥʝʨʛʝʪʠʯʝʩʢʠʤʠ ʫʨʦʚʥʷʤʠ ʙʣʠʟʢʘ ʢ ʧʦʚʝʨʭ-

ʥʦʩʪʥʦʡ ʧʣʘʟʤʦʥʥʦʡ ʯʘʩʪʦʪʝ ʥʘʥʦʩʬʝʨʳ. ɺ ʦʪʣʠʯʠʝ ʦʪ ʜʚʫʭʫʨʦʚʥʝʚʦʡ ʤʦʜʝʣʠ 

ʩʧʘʟʝʨʘ, ʪʨʝʭʫʨʦʚʥʝʚʘʷ ʤʦʜʝʣʴ ʫʯʠʪʳʚʘʝʪ ʢʦʥʝʯʥʦʝ ʚʨʝʤʷ ʨʝʣʘʢʩʘʮʠʠ ʤʝʞʜʫ 

ʚʳʩʦʢʠʤʠ ʵʥʝʨʛʝʪʠʯʝʩʢʠʤʠ ʫʨʦʚʥʷʤʠ ʫʩʠʣʠʚʘʶʱʝʡ ʩʨʝʜʳ. ʕʪʠ ʨʝʣʘʢʩʘʮʠʦʥ-

ʥʳʝ ʧʨʦʮʝʩʩʳ ʚʣʠʷʶʪ ʢʘʢ ʥʘ ʧʦʨʦʛ ʩʧʘʟʝʨʘ, ʪʘʢ ʠ ʥʘ ʢʦʣʠʯʝʩʪʚʦ ʛʝʥʝʨʠʨʫʝʤʳʭ 

ʧʣʘʟʤʦʥʦʚ ʚ ʨʝʞʠʤʝ ʥʝʧʨʝʨʳʚʥʦʡ ʚʦʣʥʳ. ɽʩʣʠ ʜʣʷ ʜʚʫʭʫʨʦʚʥʝʚʦʡ ʤʦʜʝʣʠ ʩʧʘ-

ʟʝʨʘ ʯʠʩʣʦ ʛʝʥʝʨʠʨʫʝʤʳʭ ʧʣʘʟʤʦʥʦʚ ʠʤʝʝʪ ʣʠʥʝʡʥʫʶ ʟʘʚʠʩʠʤʦʩʪʴ ʦʪ ʢʦʵʬʬʠ-

ʮʠʝʥʪʘ ʫʩʠʣʝʥʠʷ, ʪʦ ʜʣʷ ʪʨʝʭʫʨʦʚʥʝʚʦʡ ʤʦʜʝʣʠ ʵʪʘ ʟʘʚʠʩʠʤʦʩʪʴ ʩʪʘʥʦʚʠʪʩʷ 

ʢʚʘʜʨʘʪʠʯʥʦʡ. 

ɺ ʨʘʙʦʪʝ [95] ʠʩʩʣʝʜʦʚʘʥʦ ʫʩʠʣʝʥʠʝ ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʧʣʘʟʤʦʥʦʚ ʚ ʅʏ ʩʝ-

ʨʝʙʨʘ, ʩʦʝʜʠʥʝʥʥʦʡ ʩ ʚʥʝʰʥʝ ʫʧʨʘʚʣʷʝʤʦʡ ʪʨʝʭʫʨʦʚʥʝʚʦʡ ʘʢʪʠʚʥʦʡ ʩʨʝʜʦʡ. 

ʇʦʢʘʟʘʥʦ, ʯʪʦ ʢʚʘʥʪʦʚʘʷ ʢʦʛʝʨʝʥʪʥʦʩʪʴ ʟʥʘʯʠʪʝʣʴʥʦ ʫʣʫʯʰʘʝʪ ʛʝʥʝʨʘʮʠʶ ʧʦ-

ʚʝʨʭʥʦʩʪʥʳʭ ʧʣʘʟʤʦʥʦʚ.  



 

37 

 

ɺ ʩʪʘʪʴʝ [96] ʠʟʫʯʘʝʪʩʷ ʩʧʘʟʝʨ, ʩʦʩʪʦʷʱʠʡ 

ʠʟ ʤʝʪʘʣʣʠʯʝʩʢʦʡ ʅʏ, ʦʢʨʫʞʝʥʥʦʡ ʙʦʣʴʰʠʤ ʢʦ-

ʣʠʯʝʩʪʚʦʤ ʂʊ. ʇʝʨʚʦʥʘʯʘʣʴʥʦ ʯʠʩʣʦ ʧʣʘʟʤʦʥʦʚ 

ʜʝʤʦʥʩʪʨʠʨʫʝʪ ʟʘʪʫʭʘʶʱʠʝ ʧʝʨʠʦʜʠʯʝʩʢʠʝ ʢʦʣʝ-

ʙʘʥʠʷ, ʢʘʢ ʚʠʜʥʦ ʠʟ ʨʠʩʫʥʢʘ 1.17, ʘʤʧʣʠʪʫʜʘ ʢʦ-

ʪʦʨʳʭ ʟʘʚʠʩʠʪ ʦʪ ʩʠʣʳ ʵʣʝʢʪʨʦʥ-ʬʦʥʦʥʥʦʛʦ ʚʟʘ-

ʠʤʦʜʝʡʩʪʚʠʷ.  

ɺ ʨʘʙʦʪʝ [97] ʨʘʩʩʤʦʪʨʝʥ ʪʨʝʭʫʨʦʚʥʝʚʳʡ 

ʩʧʘʟʝʨ, ʠʩʧʦʣʴʟʫʶʱʠʡ ʤʦʣʝʢʫʣʳ ʚ ʪʨʠʧʣʝʪʥʦʤ 

ʩʦʩʪʦʷʥʠʠ. ɿʘ ʩʯʝʪ ʧʨʦʜʣʝʥʠʷ ʚʨʝʤʝʥʠ ʞʠʟʥʠ 

ʚʝʨʭʥʝʛʦ ʩʦʩʪʦʷʥʠʷ ʠ ʢʦʥʪʨʦʣʷ ʧʝʨʝʜʘʯʠ ʵʥʝʨʛʠʠ 

ʧʦʢʘʟʘʥʘ ʚʳʩʦʢʘʷ ʢʦʤʧʝʥʩʘʮʠʷ ʫʩʠʣʝʥʠʷ. ʇʦʪʝʥʮʠʘʣʴʥʦ ʪʘʢʦʡ ʩʧʘʟʝʨ ʤʦʞʝʪ 

ʩʪʘʪʴ ʣʶʤʠʥʝʩʮʝʥʪʥʳʤ ʟʦʥʜʦʤ ʥʦʚʦʛʦ ʧʦʢʦʣʝʥʠʷ ʜʣʷ ʩʫʧʝʨʤʫʣʴʪʠʧʣʝʢʩʥʦʛʦ 

ʙʠʦʣʦʛʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ ʙʝʟ ʧʦʤʝʭ, ʚʳʟʚʘʥʥʳʭ ʢʦʨʦʪʢʦʞʠʚʫʱʠʤ ʬʦʥʦʚʳʤ ʠʟ-

ʣʫʯʝʥʠʝʤ.  

ʂʨʦʤʝ ʧʣʘʟʤʦʥʥʳʭ ʨʝʟʦʥʘʪʦʨʦʚ ʩʬʝʨʠʯʝʩʢʦʡ ʬʦʨʤʳ ʚ ʨʷʜʝ ʨʘʙʦʪ ʘʥʘʣʠ-

ʟʠʨʫʶʪʩʷ ʩʧʘʟʝʨʳ ʩ ʜʨʫʛʦʡ ʬʦʨʤʦʡ ʨʝʟʦʥʘʪʦʨʘ. ʊʘʢ, ʚ ʨʘʙʦʪʝ [98] ʘʚʪʦʨʘʤʠ 

ʧʨʝʜʣʦʞʝʥ ʩʧʘʟʝʨ, ʛʝʥʝʨʠʨʫʶʱʠʡ 1D ʧʣʘʟʤʦʥ, ʜʚʠʞʫʱʠʡʩʷ ʧʦ ʢʘʥʘʣʫ ʚ ʤʝʪʘʣ-

ʣʝ. ɺ ʨʘʙʦʪʝ [99] ʪʝʦʨʝʪʠʯʝʩʢʠ ʠʟʫʯʝʥ ʩʧʘʟʝʨ, ʢʦʪʦʨʳʡ ʛʝʥʝʨʠʨʫʝʪ ʧʦʚʝʨʭʥʦʩʪ-

ʥʳʝ ʧʣʘʟʤʦʥʳ ʚ ʛʨʘʬʝʥʦʚʦʡ ʯʝʰʫʡʢʝ. ɺʳʧʦʣʥʝʥ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʡ ʚʳʚʦʜ 

ʫʨʘʚʥʝʥʠʡ ʜʠʥʘʤʠʢʠ ʩʧʘʟʝʨʘ, ʥʘʯʠʥʘʷ ʩ ʫʨʘʚʥʝʥʠʡ ʄʘʢʩʚʝʣʣʘ-ɹʣʦʭʘ. ʅʘʡʜʝʥʳ 

ʚʳʨʘʞʝʥʠʷ ʜʣʷ ʧʘʨʘʤʝʪʨʦʚ ʫʨʘʚʥʝʥʠʡ ʯʝʨʝʟ ʬʠʟʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ ʩʠʩʪʝʤʳ ʠ 

ʧʨʠʚʝʜʝʥʳ ʠʭ ʭʘʨʘʢʪʝʨʥʳʝ ʯʠʩʣʝʥʥʳʝ ʟʥʘʯʝʥʠʷ. ɻʝʥʝʨʘʪʦʨ ʧʣʘʟʤʦʥ ʧʦʣʷʨʠʪʦ-

ʥʦʚ ʥʘ ʧʣʦʩʢʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʨʘʩʩʤʦʪʨʝʥ ʚ [100]. 

ɺ [101] ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʩʠʩʪʝʤʘ, ʚ ʢʦʪʦʨʦʡ ʦʜʥʘ ʂʊ CdSe ʦʧʪʠʯʝʩʢʠ ʚʦʟ-

ʙʫʞʜʝʥʘ ʚ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʡ ʙʣʠʟʦʩʪʠ ʦʪ ʩʝʨʝʙʨʷʥʦʛʦ ʥʘʥʦʧʨʦʚʦʜʘ (ʈʠʩʫ-

ʥʦʢ1.18ʘ). ɺʦʟʙʫʞʜʝʥʠʝ ʦʪ ʂʊ ʧʝʨʝʜʘʝʪʩʷ ʧʦʚʝʨʭʥʦʩʪʥʳʤ ʧʣʘʟʤʦʥʘʤ ʚ ʥʘʥʦ-

ʧʨʦʚʦʜʝ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʯʝʛʦ ʢʦʥʮʳ ʧʨʦʚʦʜʘ ʩʚʝʪʷʪʩʷ. ʅʝʢʣʘʩʩʠʯʝʩʢʠʝ ʬʦʪʦʥʥʳʝ 

ʢʦʨʨʝʣʷʮʠʠ ʤʝʞʜʫ ʠʟʣʫʯʝʥʠʝʤ ʦʪ ʂʊ ʠ ʠʟʣʫʯʝʥʠʝʤ ʢʦʥʮʦʚ ʥʘʥʦʧʨʦʚʦʜʘ ʧʦʢʘ-

ʟʳʚʘʶʪ, ʯʪʦ ʧʦʩʣʝʜʥʝʝ ʧʨʦʠʩʭʦʜʠʪ ʠʟ-ʟʘ ʛʝʥʝʨʘʮʠʠ ʦʜʠʥʦʯʥʳʭ ʢʚʘʥʪʦʚʘʥʥʳʭ 

 

ʈʠʩʫʥʦʢ 1.17 - ɺʨʝʤʝʥʥʘʷ ʵʚʦ-

ʣʶʮʠʷ ʯʠʩʣʘ ʧʣʘʟʤʦʥʦʚ ʧʨʠ ʯʘ-

ʩʪʦʪʝ ʥʘʢʘʯʢʠ 8 ʊɻʮ, ʠ ʨʘʟʣʠʯ-

ʥʦʡ ʩʢʦʨʦʩʪʠ ʧʝʨʝʭʦʜʘ ʤʝʞʜʫ 

ʚʳʩʦʢʠʤʠ ʫʨʦʚʥʷʤʠ ʘʢʪʠʚʥʦʡ 
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ʧʣʘʟʤʦʥʦʚ. ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʙʦʣʴʰʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʧʦʜʦʙʥʳʭ ʫʩʪʨʦʡʩʪʚ 

ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʵʬʬʝʢʪʠʚʥʘʷ ʩʚʷʟʴ ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʫʚʝʣʠʯʝʥʠʝʤ ʩʧʦʥʪʘʥʥʦʛʦ 

ʠʟʣʫʯʝʥʠʷ ʂʊ ʚ ʭʦʨʦʰʝʤ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʪʝʦʨʝʪʠʯʝʩʢʠʤʠ ʧʨʦʛʥʦʟʘʤʠ, ʢʘʢ ʚʠʜ-

ʥʦ ʠʟ ʨʠʩʫʥʢʘ 1.18b.  

  

ʈʠʩʫʥʦʢ 1.18 - ʂʊ ʚʙʣʠʟʠ ʥʘʥʦʧʨʦʚʦʜʘ (a). ɿʘʚʠʩʠʤʦʩʪʴ ʢʦʵʬʬʠʮʠʝʥʪʘ ʫʩʠʣʝʥʠʷ P 

(ʩʧʣʦʰʥʘʷ ʣʠʥʠʷ) ʠ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʠʟʣʫʯʝʥʠʷ ʚ ʧʦʚʝʨʭʥʦʩʪʥʳʝ ʧʣʘʟʤʦʥʳ (ʧʫʥʢʪʠʨʥʘʷ 

ʣʠʥʠʷ) ʦʪ ʨʘʩʩʪʦʷʥʠʷ ʤʝʞʜʫ ʂʊ ʠ ʧʦʚʝʨʭʥʦʩʪʴʶ ʥʘʥʦʧʨʦʚʦʜʘ [101] 

 

ɺ ʦʙʟʦʨʝ [102] ʚʥʠʤʘʥʠʝ ʘʚʪʦʨʦʚ ʩʬʦʢʫʩʠʨʦʚʘʥʦ ʥʘ ʧʦʩʣʝʜʥʠʭ ʧʝʨʝʜʦʚʳʭ 

ʦʪʯʝʪʘʭ ʦʙ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʩʝʨʝʙʨʷʥʦʛʦ ʧʣʘʟʤʦʥʥʦʛʦ ʚʦʣʥʦʚʦʜʘ ʜʣʷ ʜʠʩʪʘʥʮʠ-

ʦʥʥʦʛʦ ʚʦʟʙʫʞʜʝʥʠʷ ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʢʘʪʘʣʠʪʠʯʝʩʢʠʭ ʨʝʘʢʮʠʡ. 

ʊʝʦʨʝʪʠʯʝʩʢʦʤʫ ʠʟʫʯʝʥʠʶ ʨʘʩʩʝʷʥʠʷ ʩʚʝʪʘ ʤʥʦʛʦʩʣʦʡʥʳʤʠ ʧʣʘʟʤʦʥʥʳʤʠ 

ʥʘʥʦʧʨʦʚʦʣʦʢʘʤʠ ʧʦʩʚʷʱʝʥʘ ʨʘʙʦʪʘ [103], ʚ ʢʦʪʦʨʦʡ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʪʘʢʠʝ ʩʪʨʫʢ-

ʪʫʨʳ ʤʦʛʫʪ ʜʝʤʦʥʩʪʨʠʨʦʚʘʪʴ ʢʘʢ ʫʩʠʣʝʥʠʝ, ʪʘʢ ʠ ʧʦʜʘʚʣʝʥʠʝ ʨʝʞʠʤʘ ʨʘʩʩʝʷʥʠʷ. 

ɸʚʪʦʨʳ ʧʨʝʜʩʪʘʚʠʣʠ ʦʧʪʠʤʠʟʠʨʦʚʘʥʥʫʶ ʢʦʥʩʪʨʫʢʮʠʶ ʥʘʥʦʧʨʦʚʦʣʦʢʠ, ʢʦʪʦʨʘʷ 

ʦʜʥʦʚʨʝʤʝʥʥʦ ʧʨʦʷʚʣʷʝʪ ʩʚʦʡʩʪʚʘ ʩʚʝʨʭʨʘʩʩʝʷʥʠʷ ʠ ʤʘʩʢʠʨʦʚʢʠ ʥʘ ʨʘʟʥʳʭ 

ʜʣʠʥʘʭ ʚʦʣʥ ʚ ʚʠʜʠʤʦʤ ʩʧʝʢʪʨʝ. ɺ [104] ʘʚʪʦʨʳ ʦʧʠʩʘʣʠ ʨʘʟʣʠʯʥʳʝ ʥʦʚʳʝ 

ʧʣʘʟʤʦʥʥʳʝ ʠ ʤʝʪʘʤʘʪʝʨʠʘʣʴʥʳʝ ʫʩʪʨʦʡʩʪʚʘ, ʦʩʥʦʚʘʥʥʳʝ ʥʘ ʮʠʣʠʥʜʨʠʯʝʩʢʠʭ 

ʩʪʨʫʢʪʫʨʘʭ ʩʦ ʩʪʨʦʝʥʠʝʤ çʷʜʨʦ-ʦʙʦʣʦʯʢʘè ʜʣʷ ʵʬʬʝʢʪʠʚʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ ʚʟʘʠ-

ʤʦʜʝʡʩʪʚʠʝʤ ʩʚʝʪ-ʤʘʪʝʨʠʘʣ. ɸʚʪʦʨʘʤʠ [105] ʠʟʫʯʝʥʘ ʩʪʨʫʢʪʫʨʘ ʦʧʪʠʯʝʩʢʦʛʦ 

ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʚʦʣʥʦʚʦʜʘ ʩ ʪʦʥʢʦʡ ʤʝʪʘʣʣʠʯʝʩʢʦʡ ʦʙʦʣʦʯʢʦʡ. ʇʦʢʘʟʘʥʦ, ʯʪʦ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʢʚʘʟʠʘʥʪʠʩʠʤʤʝʪʨʠʯʥʦʡ ʤʦʜʳ HE1 ʧʦʟʚʦʣʷʝʪ ʧʦʩʪʨʦʠʪʴ ʣʠʥʠʶ 

ʧʝʨʝʜʘʯʠ ʩ ʩʫʙʚʦʣʥʦʚʳʤ ʧʦʧʝʨʝʯʥʳʤ ʩʝʯʝʥʠʝʤ ʠ ʜʦʩʪʘʪʦʯʥʦ ʙʦʣʴʰʦʡ ʜʣʠʥʦʡ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ 4,2 ʤʢʤ. ɺ ʨʘʙʦʪʝ [106] ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥʳ ʦʩʦʙʝʥʥʦʩʪʠ ʨʘʩ-

ʧʨʦʩʪʨʘʥʝʥʠʷ ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʊɻʮ ʚʦʣʥ TM ʧʦʣʷʨʠʟʘʮʠʠ ʚ ʢʦʘʢʩʠʘʣʴʥʦʡ ʚʦʣ-

ʥʦʚʦʜʥʦʡ ʩʪʨʫʢʪʫʨʝ, ʩʦʩʪʦʷʱʝʡ ʠʟ ʮʝʥʪʨʘʣʴʥʦʛʦ ʧʨʦʚʦʜʥʠʢʘ, ʚʳʧʦʣʥʝʥʥʦʛʦ ʠʟ 
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ʤʝʪʘʣʣʘ ʠʣʠ ʧʦʣʫʧʨʦʚʦʜʥʠʢʘ, ʧʨʦʤʝʞʫʪʦʯʥʦʛʦ ʩʣʦʷ ʜʠʵʣʝʢʪʨʠʢʘ ʠ ʥʘʥʝʩʝʥʥʦʛʦ 

ʥʘ ʝʛʦ ʚʥʝʰʥʶʶ ʧʦʚʝʨʭʥʦʩʪʴ ʤʦʥʦʩʣʦʷ ʛʨʘʬʝʥʘ.  

ɸʚʪʦʨʳ ʨʘʙʦʪʳ [107] ʩʦʦʙʱʠʣʠ ʦ ʧʝʨʚʦʡ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʨʝʘʣʠʟʘʮʠʠ 

1D-ʧʣʘʟʤʦʥʥʦʡ ʥʘʥʦʧʦʣʦʩʪʠ, ʩʦʩʪʦʷʱʝʡ ʠʟ ʩʝʨʝʙʨʷʥʥʦʡ ʥʘʥʦʧʨʦʚʦʣʦʢʠ, ʧʦ-

ʢʨʳʪʦʡ ʪʦʥʢʠʤ ʩʣʦʝʤ SiO2, ʠ ʬʫʥʢʮʠʦʥʘʣʠʟʠʨʦʚʘʥʥʦʡ ʂʊ CdSe ʥʘ ʝʝ ʧʦʚʝʨʭʥʦ-

ʩʪʠ. ɸʚʪʦʨʳ ʩʯʠʪʘʶʪ, ʯʪʦ ʠʟʫʯʘʝʤʘʷ ʠʤʠ ʩʠʩʪʝʤʘ ʷʚʣʷʝʪʩʷ ʠʥʪʝʨʝʩʥʳʤ ʢʘʥʜʠ-

ʜʘʪʦʤ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʡ ʢʦʣʣʝʢʪʠʚʥʦʛʦ ʩʧʦʥʪʘʥʥʦʛʦ ʠʟʣʫʯʝʥʠ ̫ʚ ʦʜʠʥʦʯʥʫʶ 

ʧʣʘʟʤʦʥʥʫʶ ʤʦʜʫ (ʩʚʝʨʭʠʟʣʫʯʝʥʠʝ), ʩʪʘʪʠʩʪʠʢʠ ʬʦʪʦʥʦʚ ʠ ʩʚʦʡʩʪʚ ʚʨʝʤʝʥʥʦʡ 

ʢʦʛʝʨʝʥʪʥʦʩʪʠ ʠʟʣʫʯʝʥʠʷ ʚ ʩʣʘʙʦʩʚʷʟʘʥʥʳʭ ʵʢʩʠʪʦʥ-ʧʣʘʟʤʦʥʥʳʭ ʩʠʩʪʝʤʘʭ.  

ɺ ʨʘʙʦʪʝ [108] ʘʚʪʦʨʘʤʠ ʧʦʢʘʟʘʥʦ, ʯʪʦ, ʠʩʧʦʣʴʟʫʷ ʅʏ ʜʠʘʤʝʪʨʦʤ 44 ʥʤ ʩ 

ʟʦʣʦʪʳʤ ʷʜʨʦʤ ʠ ʣʝʛʠʨʦʚʘʥʥʦʡ ʢʨʘʩʠʪʝʣʝʤ ʢʨʝʤʥʠʝʚʦʡ ʦʙʦʣʦʯʢʦʡ, ʤʦʞʥʦ ʧʦʣ-

ʥʦʩʪʴʶ ʧʨʝʦʜʦʣʝʪʴ ʧʦʪʝʨʶ ʣʦʢʘʣʠʟʦʚʘʥʥʳʭ ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʧʣʘʟʤʦʥʦʚ ʟʘ ʩʯʝʪ 

ʫʩʠʣʝʥʠʷ ʠ ʨʝʘʣʠʟʦʚʘʪʴ ʩʧʘʟʝʨ. ʉʧʘʟʠʨʦʚʘʥʠʝ ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʧʣʘʟʤʦʥʥʳʭ ʧʦ-

ʣʷʨʠʟʦʥʦʚ ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʥʘ ʜʣʠʥʝ ʚʦʣʥʳ 1,46 ʤʢʤ ʙʳʣʦ ʧʨʦʜʝ-

ʤʦʥʩʪʨʠʨʦʚʘʥʦ ʘʚʪʦʨʘʤʠ ʨʘʙʦʪʳ [109] ʧʫʪʝʤ ʨʘʟʤʝʱʝʥʠʷ ʂʊ InGaAs, ʚʦʢʨʫʛ 

ʧʣʘʟʤʦʥʥʦʛʦ ʚʦʣʥʦʚʦʜʘ ʩ ʟʦʣʦʪʦʡ ʧʣʝʥʢʦʡ. ʇʨʦʭʦʜʷʱʠʡ ʩʠʛʥʘʣ ʧʨʠʦʙʨʝʪʘʝʪ 

ʩʫʞʝʥʠʝ, ʦʞʠʜʘʝʤʫʶ ʧʦʧʝʨʝʯʥʦ-ʤʘʛʥʠʪʥʫʶ ʧʦʣʷʨʠʟʘʮʠʶ ʠ ʟʝʨʢʘʣʴʥʫʶ ʦʙʨʘʪ-

ʥʫʶ ʩʚʷʟʴ, ʢʘʢ ʚʠʜʥʦ ʠʟ ʨʠʩʫʥʢʘ 1.19.  

ɸʚʪʦʨʳ [110] ʩʦʦʙʱʘʶʪ ʦ ʧʝʨʚʦʡ 

ʜʝʤʦʥʩʪʨʘʮʠʠ ʰʠʨʦʢʦʧʦʣʦʩʥʳʭ 

ʥʘʩʪʨʘʠʚʘʝʤʳʭ ʦʜʥʦʤʦʜʦʚʳʭ ʧʣʘʟʤʦʥ-

ʥʳʭ ʥʘʥʦʣʘʟʝʨʦʚ, ʠʟʣʫʯʘʶʱʠʭ ʧʦʣʥʳʡ 

ʚʠʜʠʤʳʡ ʩʧʝʢʪʨ. ʕʪʠ ʥʘʥʦʣʘʟʝʨʳ ʦʩʥʦ-

ʚʘʥʳ ʥʘ ʦʜʥʦʡ ʤʝʪʘʣʣʦʦʢʩʠʜʥʦ-

ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚʦʡ ʥʘʥʦʩʪʨʫʢʪʫʨʥʦʡ 

ʧʣʘʪʬʦʨʤʝ, ʩʦʩʪʦʷʱʝʡ ʠʟ ʧʦʣʫʧʨʦʚʦʜ-

ʥʠʢʦʚʳʭ ʥʘʥʦʩʪʝʨʞʥʝʡ InGaN/GaN, ʟʘ-

ʢʨʝʧʣʝʥʥʳʭ ʥʘ ʵʧʠʪʘʢʩʠʘʣʴʥʦʡ Ag 

ʧʣʝʥʢʝ, ʧʦʢʨʳʪʦʡ Al2O3. ɺ ʯʘʩʪʥʦʩʪʠ, ʧʦʣʥʦʩʪʴʶ ʮʚʝʪʥʦʝ ʣʘʟʠʨʦʚʘʥʠʝ ʚ ʩʫʙʜʠ-

ʬʨʘʢʮʠʦʥʥʳʭ ʧʣʘʟʤʦʥʥʳʭ ʨʝʟʦʥʘʪʦʨʘʭ ʜʦʩʪʠʛʘʝʪʩʷ ʩ ʧʦʤʦʱʴʶ ʥʦʚʦʛʦ ʤʝʭʘ-

 

ʈʠʩʫʥʦʢ 1.19 - ʉʧʝʢʪʨ ʠʟʣʫʯʝʥʠʷ ʂʊ ʧʨʠ 

ʨʘʟʣʠʯʥʳʭ ʠʥʪʝʥʩʠʚʥʦʩʪʷʭ ʥʘʢʘʯʢʠ. ʅʘ 

ʚʩʪʘʚʢʝ ʧʨʠʚʝʜʝʥ ʩʧʝʢʪʨ ʧʨʠ ʠʥʪʝʥʩʠʚʥʦ-

ʩʪʠ ʥʘʢʘʯʢʠ 118 ʢɺʪ/ʩʤ
2 
[109] 
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ʥʠʟʤʘ, ʦʩʥʦʚʘʥʥʦʛʦ ʥʘ ʩʚʦʡʩʪʚʝ ʩʣʘʙʦʡ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʨʘʟʤʝʨʘ, ʧʨʠʩʫʱʝʡ ʩʧʘ-

ʟʝʨʘʤ. ʂʨʦʤʝ ʪʦʛʦ, ʘʚʪʦʨʳ ʫʩʧʝʰʥʦ ʩʥʠʟʠʣʠ ʧʦʨʦʛʠ ʛʝʥʝʨʘʮʠʠ ʚ ʨʝʞʠʤʝ ʥʝʧʨʝ-

ʨʳʚʥʦʡ ʚʦʣʥʳ ʜʦ ʩʚʝʨʭʤʘʣʳʭ ʟʥʘʯʝʥʠʡ ʜʣʷ ʚʩʝʭ ʪʨʝʭ ʦʩʥʦʚʥʳʭ ʮʚʝʪʦʚ ʠ ʯʝʪʢʦ 

ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʣʠ ʚʦʟʤʦʞʥʦʩʪʴ çʙʝʩʧʦʨʦʛʦʚʦʛʦè ʣʘʟʠʥʛʘ ʜʣʷ ʩʠʥʝʛʦ ʧʣʘʟ-

ʤʦʥʥʦʛʦ ʥʘʥʦʣʘʟʝʨʘ. 

 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʥʘ ʦʩʥʦʚʝ ʧʨʦʜʝʣʘʥʥʦʛʦ ʘʥʘʣʠʟʘ ʣʠʪʝʨʘʪʫʨʥʳʭ ʜʘʥʥʳʭ 

ʤʦʞʥʦ ʦʧʨʝʜʝʣʠʪʴ ʢʨʫʛ ʥʝʨʝʰʝʥʥʳʭ ʪʝʦʨʝʪʠʯʝʩʢʠʭ ʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʟʘ-

ʜʘʯ, ʢʘʩʘʶʱʠʭʩʷ ʧʣʘʟʤʦʥ-ʵʢʩʠʪʦʥʥʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʚ ʩʠʩʪʝʤʝ çʢʚʘʥʪʦʚʳʡ 

ʠʟʣʫʯʘʪʝʣʴ - ʩʣʦʠʩʪʘʷ ʅʏè, ʚʣʠʷʥʠʷ ʧʣʘʟʤʦʥʥʳʭ ʅʏ ʥʘ ʩʧʝʢʪʨʘʣʴʥʦ-

ʣʶʤʠʥʝʩʮʝʥʪʥʳʝ ʠ ʛʝʥʝʨʘʮʠʦʥʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʤʦʣʝʢʫʣ ʢʨʘʩʠʪʝʣʷ, ʛʝʥʝʨʘ-

ʮʠʠ ʧʣʘʟʤʦʥʦʚ ʚ ʩʣʦʠʩʪʦʡ ʮʠʣʠʥʜʨʠʯʝʩʢʦʡ ʥʘʥʦʧʨʦʚʦʣʦʢʝ ʠ ɻɺɻ ʦʙʦʣʦʯʝʯʥʳ-

ʤʠ ʅʏ. ʈʝʰʝʥʠʶ ʵʪʠʭ ʟʘʜʘʯ ʠ ʧʦʩʚʷʱʝʥʘ ʜʘʥʥʘʷ ʜʠʩʩʝʨʪʘʮʠʦʥʥʘʷ ʨʘʙʦʪʘ. 
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2 ʆʧʪʠʯʝʩʢʠʝ ʧʨʦʮʝʩʩʳ ʩ ʫʯʘʩʪʠʝʤ ʚʦʟʙʫʞʜʝʥʥʳʭ ʤʦʣʝʢʫʣ ʠ 

ʢʚʘʥʪʦʚʳʭ ʪʦʯʝʢ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʩʬʝʨʠʯʝʩʢʠʭ ʥʘʥʦʯʘʩʪʠʮ ʩ ʜʠ-

ʵʣʝʢʪʨʠʯʝʩʢʠʤ ʷʜʨʦʤ ʠ ʧʣʘʟʤʦʥʥʦʡ ʦʙʦʣʦʯʢʦʡ 

 

 

2.1 ʃʦʢʘʣʠʟʦʚʘʥʥʳʝ ʧʣʘʟʤʦʥʳ ʚ ʤʝʪʘʣʣʠʯʝʩʢʦʡ ʩʬʝʨʠʯʝʩʢʦʡ ʦʙʦ-

ʣʦʯʢʝ  

 

ʇʦʪʝʥʮʠʘʣ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ, ʚʦʟʥʠʢʘʶʱʝʛʦ ʧʨʠ ʢʦʣʝʙʘʥʠʷʭ ʵʣʝʢ-

ʪʨʦʥʥʦʛʦ ʛʘʟʘ ʤʝʪʘʣʣʠʯʝʩʢʦʡ ʩʬʝʨʠʯʝʩʢʦʡ ʦʙʦʣʦʯʢʠ (ʨʠʩʫʥʦʢ 2.1), ʚ ʢʚʘʟʠʩʪʘ-

ʪʠʯʝʩʢʦʤ ʧʨʠʙʣʠʞʝʥʠʠ ʫʜʦʚʣʝʪʚʦʨʷʝʪ ʫʨʘʚʥʝʥʠʶ ʃʘʧʣʘʩʘ, ʢʦʪʦʨʦʝ ʠʤʝʝʪ ʩʣʝ-

ʜʫʶʱʝʝ ʨʝʰʝʥʠʝ: 
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 (2.1) 

 

ʛʜʝ 1R  ï ʚʥʫʪʨʝʥʥʠʡ ʨʘʜʠʫʩ ʦʙʦʣʦʯʢʠ ʯʘʩʪʠʮʳ; 2R  ï ʚʥʝh-

ʥʠʡ ʨʘʜʠʫʩ ʦʙʦʣʦʯʢʠ ʯʘʩʪʠʮʳ, ( )aq,LMɈ ï ʩʬʝʨʠʯʝʩʢʘʷ 

ʬʫʥʢʮʠʷ. 

ʅʘ ʚʥʫʪʨʝʥʥʝʡ ʠ ʚʥʝʰʥʝʡ ʧʦʚʝʨʭʥʦʩʪʷʭ ʦʙʦʣʦʯʢʠ ʧʦ-

ʪʝʥʮʠʘʣ ʠ ʥʦʨʤʘʣʴʥʘʷ ʩʦʩʪʘʚʣʷʶʱʘʷ ʚʝʢʪʦʨʘ ʵʣʝʢʪʨʠʯʝʩʢʦʡ 

ʠʥʜʫʢʮʠʠ ʧʦʣʷ ʜʦʣʞʥʳ ʙʳʪʴ ʥʝʧʨʝʨʳʚʥʳʤʠ, ʪ. ʝ.  
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ʛʜʝ e1 ï ʜʠʵʣʝʢʪʨʠʯʝʩʢʘʷ ʧʦʩʪʦʷʥʥʘʷ ʷʜʨʘ ʯʘʩʪʠʮʳ; ()we2 ï ʜʠʵʣʝʢʪʨʠʯʝʩʢʘʷ 

ʬʫʥʢʮʠʷ ʤʝʪʘʣʣʠʯʝʩʢʦʡ ʦʙʦʣʦʯʢʠ; e3 ï ʜʠʵʣʝʢʪʨʠʯʝʩʢʘʷ ʧʦʩʪʦʷʥʥʘʷ ʩʨʝʜʳ, 

ʦʢʨʫʞʘʶʱʝʡ ʯʘʩʪʠʮʫ. 

 

ʈʠʩʫʥʦʢ 2.1 - ʉʭʝ-

ʤʘʪʠʯʝʩʢʘʷ ʩʪʨʫʢ-

ʪʫʨʘ ʩʣʦʠʩʪʦʡ ʅʏ 
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ʇʦʜʩʪʘʚʠʤ ʧʦʪʝʥʮʠʘʣ (2.1) ʚ ʫʩʣʦʚʠʷ ʥʝʧʨʝʨʳʚʥʦʩʪʠ (2.2), ʧʦʣʫʯʠʤ ʩʠ-

ʩʪʝʤʫ ʦʜʥʦʨʦʜʥʳʭ ʣʠʥʝʡʥʳʭ ʫʨʘʚʥʝʥʠʡ ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʝʠʟʚʝʩʪʥʳʭ ʢʦʵʬʬʠʮʠ-

ʝʥʪʦʚ LMa , LMb , LMc , LMd : 
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ʉʠʩʪʝʤʘ (2.3) ʠʤʝʝʪ ʨʝʰʝʥʠʷ, ʢʦʛʜʘ ʦʧʨʝʜʝʣʠʪʝʣʴ, ʩʦʩʪʘʚʣʝʥʥʳʡ ʠʟ ʢʦ-
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ʈʝʰʝʥʠʝ ʧʦʣʫʯʝʥʥʦʛʦ ʫʨʘʚʥʝʥʠʷ ʤʦʞʝʪ ʙʳʪʴ ʟʘʧʠʩʘʥʦ ʚ ʚʠʜʝ [111]:  
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ɿʘʤʝʪʠʤ, ʯʪʦ ʧʨʠ 01­R  ʢʦʨʝʥʴ 

( )( )13
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+e+ew=w ¤- LLLpL  ʩʦʦʪʚʝʪʩʪʚʫʝʪ 

ʯʘʩʪʦʪʝ ʣʦʢʘʣʠʟʦʚʘʥʥʳʭ ʧʣʘʟʤʦʥʦʚ ʚ ʦʜ-

ʥʦʨʦʜʥʦʡ ʩʬʝʨʠʯʝʩʢʦʡ ʯʘʩʪʠʮʝ.  

ʅʘ ʨʠʩʫʥʢʝ 2.2 ʠʟʦʙʨʘʞʝʥʳ ʟʘʚʠʩʠ-

ʤʦʩʪʠ ʯʘʩʪʦʪ ʣʦʢʘʣʠʟʦʚʘʥʥʳʭ ʧʣʘʟʤʦʥʦʚ 

ʦʪ ʨʘʜʠʫʩʘ ʷʜʨʘ ʥʘʥʦʯʘʩʪʠʮʳ, ʨʘʩʩʯʠʪʘʥ-

ʥʳʝ ʧʦ ʬʦʨʤʫʣʝ (2.4). ɺʥʝʰʥʠʡ ʨʘʜʠʫʩ ʅʏ 

ʙʳʣ ʨʘʚʝʥ 10 ʥʤ ʠ 1e= 3e=2. ʆʙʦʣʦʯʢʘ ʥʘ-

ʥʦʯʘʩʪʠʮʳ ʧʨʝʜʧʦʣʘʛʘʣʘʩʴ ʩʝʨʝʙʨʷʥʦʡ. ʉʧʣʦʰʥʳʝ ʢʨʠʚʳʝ ʩʦʦʪʚʝʪʩʪʚʫʶʪ -wL  

(ʥʠʟʢʦʯʘʩʪʦʪʥʳʝ ʧʣʘʟʤʦʥʳ), ʧʫʥʢʪʠʨʥʳʝ ï +wL  (ʚʳʩʦʢʦʯʘʩʪʦʪʥʳʝ ʧʣʘʟʤʦʥʳ). 

ɼʣʷ ʢʘʞʜʦʡ ʯʘʩʪʦʪʳ (2.4) ʚʳʨʘʟʠʤ ʢʦʵʬʬʠʮʠʝʥʪʳ LMjb , LMjc , LMjd  ʯʝʨʝʟ LMja : 
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ʈʠʩʫʥʦʢ 2.2 - ɿʘʚʠʩʠʤʦʩʪʴ ʩʦʙʩʪʚʝʥʥʳʭ 

ʯʘʩʪʦʪ ʣʦʢʘʣʠʟʦʚʘʥʥʳʭ ʧʣʘʟʤʦʥʦʚ ʧʨʠ 

L=1, 2, 3 ʦʪ ʨʘʜʠʫʩʘ ʷʜʨʘ ʅʏ  
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ʏʪʦʙʳ ʧʦʣʫʯʠʪʴ ʥʘʧʨʷʞʝʥʥʦʩʪʴ ʧʦʣʷ ʧʣʘʟʤʦʥʘ ʚ ʬʦʨʤʘʣʠʟʤʝ ʚʪʦʨʠʯʥʦʛʦ 

ʢʚʘʥʪʦʚʘʥʠʷ ʜʣʷ ʩʦʩʪʦʷʥʠʷ ʩ ʦʧʨʝʜʝʣʝʥʥʳʤʠ ʟʥʘʯʝʥʠʷʤʠ L, M, j ʚʳʯʠʩʣʠʤ 

ʫʩʨʝʜʥʝʥʥʫʶ ʧʦ ʚʨʝʤʝʥʠ ʵʥʝʨʛʠʶ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʧʦ ʬʦʨʤʫʣʝ [112]: 
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ʛʜʝ ʥʘʧʨʷʞʝʥʥʦʩʪʴ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ ʠʤʝʝʪ ʚʠʜ: 
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ɺ ʨʝʟʫʣʴʪʘʪʝ ʚʳʯʠʩʣʝʥʠʷ ʠʥʪʝʛʨʘʣʦʚ, ʚʭʦʜʷʱʠʭ ʚ ʚʳʨʘʞʝʥʠʝ (2.5), ʧʦʣʫ-

ʯʠʤ: 
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ʇʨʠʨʘʚʥʷʝʤ ʩʨʝʜʥʶʶ ʵʥʝʨʛʠʶ ʣʦʢʘʣʠʟʦʚʘʥʥʦʛʦ ʧʣʘʟʤʦʥʘ ʩ ʭʘʨʘʢʪʝʨʠ-

ʩʪʠʢʘʤʠ L, M, j (2.6) ʢ ʵʥʝʨʛʠʠ ʛʘʨʤʦʥʠʯʝʩʢʦʛʦ ʦʩʮʠʣʣʷʪʦʨʘ ʩ ʯʘʩʪʦʪʦʡ 
Ljw  

[112]:  
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ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚʳʨʘʞʝʥʠʝ ʜʣʷ ʦʧʝʨʘʪʦʨʘ ʥʘʧʨʷʞʝʥʥʦʩʪʠ ʧʦʣʷ ʧʣʘʟʤʦʥʘ 

ʚ ʬʦʨʤʘʣʠʟʤʝ ʚʪʦʨʠʯʥʦʛʦ ʢʚʘʥʪʦʚʘʥʠʷ ʟʘʧʠʰʝʪʩʷ ʚ ʚʠʜʝ [112-114]: 
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2.2 ʇʣʘʟʤʦʥ-ʵʢʩʠʪʦʥʥʦʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʚ ʩʠʩʪʝʤʝ çʥʘʥʦʯʘʩʪʠʮʘ ï 

ʢʚʘʥʪʦʚʘʷ ʪʦʯʢʘè 

 

ʀʩʧʦʣʴʟʫʷ ʦʧʝʨʘʪʦʨ ʥʘʧʨʷʞʝʥʥʦʩʪʠ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ ʩʣʦʠʩʪʦʡ ʅʏ 

(2.7), ʤʦʞʥʦ ʚʳʯʠʩʣʠʪʴ ʦʧʝʨʘʪʦʨ, ʦʧʠʩʳʚʘʶʱʠʡ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʵʣʝʢʪʨʦʥʘ ʚ 

ʂʊ ʩ ʵʣʝʢʪʨʠʯʝʩʢʠʤ ʧʦʣʝʤ ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʧʣʘʟʤʦʥʘ [13,115]: 
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ʛʜʝ r  ï ʨʘʜʠʫʩ-ʚʝʢʪʦʨ, ʦʧʨʝʜʝʣʷʶʱʠʡ ʧʦʣʦʞʝʥʠʝ ʵʣʝʢ-

ʪʨʦʥʘ ʚ ʂʊ, e ï ʟʘʨʷʜ ʵʣʝʢʪʨʦʥʘ, ()rE ¡ï ʥʘʧʨʷʞʝʥʥʦʩʪʴ 

ʧʦʣʷ ʧʣʘʟʤʦʥʘ ʅʏ ʚ ʤʝʩʪʝ ʨʘʩʧʦʣʦʞʝʥʠʷ ʵʣʝʢʪʨʦʥʘ. ʂʘʢ 

ʚʠʜʥʦ ʠʟ ʨʠʩʫʥʢʘ 2.3, ʢʦʦʨʜʠʥʘʪʳ ʵʣʝʢʪʨʦʥʘ ʂʊ ʚ ʩʠʩʪʝʤʝ 

ʩ ʥʘʯʘʣʦʤ ʢʦʦʨʜʠʥʘʪ ʚ ʮʝʥʪʨʝ ʅʏ ʩʚʷʟʘʥʳ ʩ ʢʦʦʨʜʠʥʘʪʘ-

ʤʠ ʵʣʝʢʪʨʦʥʘ ʚ ʩʠʩʪʝʤʝ ʩ ʥʘʯʘʣʦʤ ʚ ʮʝʥʪʨʝ ʂʊ ʧʨʦʩʪʳʤʠ 

ʩʦʦʪʥʦʰʝʥʠʷʤʠ: ,cos2
22

q++=¡ rddrr  

q++q=q¡ cos2sinsin
22

rddrr , a=a¡ . 

ʕʣʝʢʪʨʦʥʳ ʚ ʂʊ ʤʦʛʫʪ ʧʝʨʝʭʦʜʠʪʴ ʤʝʞʜʫ ʵʥʝʨʛʝʪʠʯʝʩʢʠʤʠ ʫʨʦʚʥʷʤʠ 

ʚʥʫʪʨʠ ʟʦʥʳ ʠʣʠ ʤʝʞʜʫ ʨʘʟʣʠʯʥʳʤʠ ʟʦʥʘʤʠ. ʕʥʝʨʛʠʷ ʧʝʨʝʭʦʜʘ ʤʦʞʝʪ ʙʝʟʳʟʣʫ-

ʯʘʪʝʣʴʥʦ ʧʝʨʝʥʦʩʠʪʴʩʷ ʥʘ ʅʏ, ʚ ʢʦʪʦʨʦʡ ʚʦʟʥʠʢʘʶʪ ʣʦʢʘʣʠʟʦʚʘʥʥʳʝ ʧʣʘʟʤʦʥʳ. 

ʊʘʢʞʝ ʵʪʘ ʵʥʝʨʛʠʷ ʤʦʞʝʪ ʧʝʨʝʜʘʚʘʪʴʩʷ ʬʦʥʦʥʘʤ ʂʊ. ʇʦʩʢʦʣʴʢʫ ʵʥʝʨʛʠʷ ʚʥʫʪ-

ʨʠʟʦʥʥʦʛʦ ʧʝʨʝʭʦʜʘ ʩʫʱʝʩʪʚʝʥʥʦ ʦʪʣʠʯʘʝʪʩʷ ʦʪ ʵʥʝʨʛʠʠ ʧʣʘʟʤʦʥʥʳʭ ʤʦʜ, ʚʝʨʦ-

ʷʪʥʦʩʪʴ ʧʝʨʝʭʦʜʦʚ, ʩʦʧʨʦʚʦʞʜʘʶʱʠʭʩʷ ʨʦʞʜʝʥʠʝʤ ʧʣʘʟʤʦʥʘ, ʤʘʣʘ. ʇʦʵʪʦʤʫ 

ʚʥʫʪʨʠʟʦʥʥʳʝ ʧʝʨʝʭʦʜʳ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʧʨʦʠʩʭʦʜʷʪ ʠʟ-ʟʘ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ 

ʵʣʝʢʪʨʦʥʦʚ ʩ ʬʦʥʦʥʘʤʠ (ʢʚʘʥʪʘʤʠ ʢʦʣʝʙʘʥʠʡ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʨʝʰʝʪʢʠ). ʕʣʝʢ-

ʪʨʦʥʳ, ʦʢʘʟʘʚʰʠʝʩʷ ʚ ʚʳʩʦʢʦʚʦʟʙʫʞʜʝʥʥʦʤ ʩʦʩʪʦʷʥʠʠ ʚ ʂʊ, ʙʳʩʪʨʦ ʨʝʣʘʢʩʠ-

ʨʫʶʪ ʜʦ ʥʠʞʥʝʛʦ ʚʦʟʙʫʞʜʝʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ 1s. ʂʦʛʜʘ ʵʥʝʨʛʠʷ ʧʝʨʝʭʦʜʘ ʵʣʝʢ-

ʪʨʦʥʘ ʤʝʞʜʫ ʟʦʥʦʡ ʧʨʦʚʦʜʠʤʦʩʪʠ ʠ ʚʘʣʝʥʪʥʦʡ ʟʦʥʦʡ ʚ ʂʊ ʩʦʚʧʘʜʘʝʪ ʩ ʵʥʝʨʛʠʝʡ 

ʣʦʢʘʣʠʟʦʚʘʥʥʦʛʦ ʧʣʘʟʤʦʥʘ, ʚʝʨʦʷʪʥʦʩʪʴ ʧʝʨʝʜʘʯʠ ʵʥʝʨʛʠʠ ʦʪ ʂʊ ʢ ʅʏ ʤʦʞʝʪ 

ʧʨʝʚʦʩʭʦʜʠʪʴ ʚʝʨʦʷʪʥʦʩʪʠ ʜʨʫʛʠʭ ʙʝʟʳʟʣʫʯʘʪʝʣʴʥʳʭ ʧʨʦʮʝʩʩʦʚ. ʂʘʢ ʚʠʜʥʦ ʠʟ 

 

ʈʠʩʫʥʦʢ 2.3 - ʂʚʘʥʪʦ-

ʚʘʷ ʪʦʯʢʘ ʚʙʣʠʟʠ ʥʘ-

ʥʦʯʘʩʪʠʮ  r
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ʨʠʩʫʥʢʘ 2.2, ʚ ʦʙʣʘʩʪʠ ʦʧʪʠʯʝʩʢʠʭ ʯʘʩʪʦʪ ʵʪʦ ʠʤʝʝʪ ʤʝʩʪʦ ʜʣʷ ʥʠʟʢʦʯʘʩʪʦʪʥʦʛʦ 

ʧʣʘʟʤʦʥʘ ʧʨʠ ʦʧʨʝʜʝʣʝʥʥʳʭ ʨʘʜʠʫʩʘʭ ʷʜʨʘ ʅʏ. ʇʦʵʪʦʤʫ ʜʘʣʴʥʝʡʰʠʝ ʨʘʩʯʝʪʳ 

ʙʫʜʫʪ ʧʨʦʚʦʜʠʪʴʩʷ ʜʣʷ ʥʠʟʢʦʯʘʩʪʦʪʥʳʭ ʣʦʢʘʣʠʟʦʚʘʥʥʳʭ ʧʣʘʟʤʦʥʦʚ ʙʝʟ ʠʩʧʦʣʴ-

ʟʦʚʘʥʠʷ ʠʥʜʝʢʩʘ "j" ʚ ʬʦʨʤʫʣʘʭ, ʵʪʦ ʤʦʞʝʪ ʫʧʨʦʩʪʠʪʴ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʠ ʘʥʘʣʠʟ 

ʧʨʦʮʝʩʩʦʚ, ʩʚʷʟʘʥʥʳʭ ʩ ʣʦʢʘʣʠʟʦʚʘʥʥʳʤʠ ʧʣʘʟʤʦʥʘʤʠ.  

ɼʣʷ ʧʝʨʝʭʦʜʘ ʩʠʩʪʝʤʳ "ʂʊ+ʅʏ" ʠʟ ʥʘʯʘʣʴʥʦʛʦ ʩʦʩʪʦʷʥʠʷ () ,0Ɋ LM

ʩ
i r=

 

ʛʜʝ ʵʣʝʢʪʨʦʥ ʥʘʭʦʜʠʪʩʷ ʚ ʟʦʥʝ ʧʨʦʚʦʜʠʤʦʩʪʠ ʠ ʥʝʪ ʧʣʘʟʤʦʥʘ, ʚ ʢʦʥʝʯʥʦʝ ʩʦʩʪʦ-

ʷʥʠʝ () ,1Ɋ LM

v
f r=  ʛʜʝ ʵʣʝʢʪʨʦʥ ʥʘʭʦʜʠʪʩʷ ʚ ʚʘʣʝʥʪʥʦʡ ʟʦʥʝ ʠ ʦʙʨʘʟʫʝʪʩʷ 

ʣʦʢʘʣʠʟʦʚʘʥʥʳʡ ʧʣʘʟʤʦʥ ʩ ʦʧʨʝʜʝʣʝʥʥʳʤʠ ʢʚʘʥʪʦʚʳʤʠ ʯʠʩʣʘʤʠ L ʠ M, ʤʘʪ-

ʨʠʯʥʳʡ ʵʣʝʤʝʥʪ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ (2.8) ʤʦʞʥʦ ʧʨʝʜʩʪʘʚʠʪʴ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ  

 

 

( ) () () ()rrrErr deLMV
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sLMvc

V
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fi
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*

1 y¡Öyb-= ñ , (2.9) 

 

ʛʜʝ er vc ï ʜʠʧʦʣʴʥʳʡ ʤʘʪʨʠʯʥʳʡ ʵʣʝʤʝʥʪ ʧʝʨʝʭʦʜʘ ʵʣʝʢʪʨʦʥʘ ʠʟ ʟʦʥʳ ʧʨʦʚʦʜʠ-

ʤʦʩʪʠ ʚ ʚʘʣʝʥʪʥʫʶ ʟʦʥʫ, ()rE ¡
*

LM  ï ʢʦʤʧʦʥʝʥʪʘ ʥʘʧʨʷʞʝʥʥʦʩʪʠ ʥʠʟʢʦʯʘʩʪʦʪʥʦ-

ʛʦ ʧʣʘʟʤʦʥʥʦʛʦ ʧʦʣʷ (2.7) ʚ ʦʙʣʘʩʪʠ 2Rr >¡ , ʩʦʦʪʚʝʪʩʪʚʫʶʱʘʷ ʢʚʘʥʪʦʚʳʤ ʯʠʩ-

ʣʘʤ L ʠ M, b ï ʤʥʦʞʠʪʝʣʴ, ʫʯʠʪʳʚʘʶʱʠʡ ʦʪʣʠʯʠʝ ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʡ ʧʨʦʥʠʮʘʝ-

ʤʦʩʪʠ ʂʊ ʦʪ ʧʨʦʥʠʮʘʝʤʦʩʪʠ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ. ɺ ʢʘʯʝʩʪʚʝ ʦʛʠʙʘʶʱʝʡ ʬʫʥʢ-

ʮʠʠ 
()c
s

n
y1  ʤʦʞʝʪ ʙʳʪʴ ʚʳʙʨʘʥʘ ʚʦʣʥʦʚʘʷ ʬʫʥʢʮʠʷ ʵʣʝʢʪʨʦʥʘ ʚ ʮʝʥʪʨʘʣʴʥʦ-

ʩʠʤʤʝʪʨʠʯʥʦʡ ʧʨʷʤʦʫʛʦʣʴʥʦʡ ʷʤʝ ʩ ʙʝʩʢʦʥʝʯʥʦ ʚʳʩʦʢʠʤʠ ʩʪʝʥʢʘʤʠ [113]  
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R
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ʛʜʝ ()xj l  ï ʩʬʝʨʠʯʝʩʢʘʷ ʬʫʥʢʮʠʷ ɹʝʩʩʝʣʷ, 0R  ï ʨʘʜʠʫʩ ʂʊ.  

ɺ ʨʝʞʠʤʝ ʩʣʘʙʦʛʦ ʢʦʥʬʘʡʥʤʝʥʪʘ ʚ ʢʚʘʥʪʦʚʦʡ ʪʦʯʢʝ ʚʦʟʤʦʞʥʦ ʦʙʨʘʟʦʚʘ-

ʥʠʝ ʵʢʩʠʪʦʥʦʚ ɺʘʥʴʝ-ʄʦʪʪʘ. ʇʨʠ ʵʪʦʤ ʚ ʨʝʟʫʣʴʪʘʪʝ ʧʝʨʝʭʦʜʘ ʂʊ ʠʟ ʵʢʩʠʪʦʥʥʦʛʦ 

ʩʦʩʪʦʷʥʠʷ ʚ ʦʩʥʦʚʥʦʝ ʤʦʞʝʪ ʚʦʟʥʠʢʥʫʪʴ ʣʦʢʘʣʠʟʦʚʘʥʥʳʡ ʧʣʘʟʤʦʥ, ʠ ʤʘʪʨʠʯ-

ʥʳʡ ʵʣʝʤʝʥʪ ʦʧʝʨʘʪʦʨʘ (2.8) ʚ ʵʪʦʤ ʩʣʫʯʘʝ ʟʘʧʠʩʳʚʘʝʪʩʷ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: 
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( ) () () ()rrErr deLMV

QDV

LMvcss

ex

fi ñ ¡Öyb-=
*

11 0ū ,   (2.10) 

ʛʜʝ () 3

1 10ū exs Rp=  ï ʚʦʜʦʨʦʜʦʧʦʜʦʙʥʘʷ ʬʫʥʢʮʠʷ, ʚʳʯʠʩʣʝʥʥʘʷ ʚ ʥʘʯʘʣʝ ʢʦʦʨ-

ʜʠʥʘʪ ʠ ʦʧʠʩʳʚʘʶʱʘʷ ʦʪʥʦʩʠʪʝʣʴʥʦʝ ʜʚʠʞʝʥʠʝ ʵʣʝʢʪʨʦʥʘ ʠ ʜʳʨʢʠ, exR ï ʨʘʜʠʫʩ 

ʵʢʩʠʪʦʥʘ, ()rs1y  ï ʦʛʠʙʘʶʱʘʷ ʬʫʥʢʮʠʷ, ʦʧʠʩʳʚʘʶʱʘʷ ʜʚʠʞʝʥʠʝ ʵʢʩʠʪʦʥʘ, ʢʘʢ 

ʮʝʣʦʛʦ.  

ɿʥʘʯʝʥʠʷ ʠʥʪʝʛʨʘʣʦʚ ʚ (2.8) ʠ (2.9) ʦʢʘʟʳʚʘʶʪʩʷ ʪʘʢʠʤʠ ʞʝ, ʢʘʢ ʚ ʩʣʫʯʘʝ 

ʥʘʭʦʞʜʝʥʠʷ ʂʊ ʚ ʦʜʥʦʨʦʜʥʦʤ ʧʦʣʝ, ʚʝʣʠʯʠʥʘ ʢʦʪʦʨʦʛʦ ʨʘʚʥʘ ʧʦʣʶ ʥʘʥʦʯʘʩʪʠ-

ʮʳ ʚ ʮʝʥʪʨʝ ʂʊ. ɺ ʩʠʣʫ ʵʪʦʛʦ ʢʦʵʬʬʠʮʠʝʥʪ, ʫʯʠʪʳʚʘʶʱʠʡ ʠʟʤʝʥʝʥʠʝ ʦʜʥʦʨʦʜ-

ʥʦʛʦ ʚʥʝʰʥʝʛʦ ʧʦʣʷ ʚʥʫʪʨʠ ʂʊ, ʤʦʞʝʪ ʙʳʪʴ ʚʟʷʪ ʚ ʚʠʜʝ ( )
303 23 e+ee=b . ʉʪʦʠʪ 

ʪʘʢ ʞʝ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʵʪʦ ʩʧʨʘʚʝʜʣʠʚʦ ʣʠʰʴ ʜʣʷ ʦʛʠʙʘʶʱʠʭ ʬʫʥʢʮʠʡ s-

ʩʦʩʪʦʷʥʠʷ.  

ɽʩʣʠ ʵʥʝʨʛʠʷ ʣʦʢʘʣʠʟʦʚʘʥʥʦʛʦ ʧʣʘʟʤʦʥʘ ʧʨʠʙʣʠʟʠʪʝʣʴʥʦ ʨʘʚʥʘ ʵʥʝʨʛʠʠ 

ʵʣʝʢʪʨʦʥʥʦʛʦ ʧʝʨʝʭʦʜʘ ʂʊ, ʪʦ ʚʦʟʤʦʞʥʦ ʩʤʝʰʠʚʘʥʠʝ ʵʢʩʠʪʦʥʥʦʛʦ ʠ ʧʣʘʟʤʦʥ-

ʥʦʛʦ ʩʦʩʪʦʷʥʠʡ, ʠ ʚʦʣʥʦʚʘʷ ʬʫʥʢʮʠʷ ʪʘʢʦʛʦ ʛʠʙʨʠʜʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʠʤʝʝʪ ʩʣʝ-

ʜʫʶʱʠʡ ʚʠʜ: LMLMLMLM DC 10 01 y+y=Y , ʛʜʝ 0y  ʠ 1y  ï ʚʦʣʥʦʚʳʝ ʬʫʥʢʮʠʠ 

ʦʩʥʦʚʥʦʛʦ ʠ ʧʝʨʚʦʛʦ ʚʦʟʙʫʞʜʝʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʂʊ, CLM ʠ DLM ï ʢʦʵʬʬʠʮʠʝʥʪʳ, 

ʦʧʨʝʜʝʣʷʶʱʠʝ ʚʢʣʘʜ ʵʢʩʠʪʦʥʘ ʠ ʧʣʘʟʤʦʥʘ ʚ ʛʠʙʨʠʜʥʦʝ ʩʦʩʪʦʷʥʠʝ: 
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ʇʫʪʝʤ ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ ʥʘ ʩʦʙʩʪʚʝʥʥʳʝ ʟʥʘʯʝʥʠʷ ʦʧʝʨʘʪʦʨʘ ɻʘʤʠʣʴʪʦʥʘ ʚ 

ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʧʦʣʫʯʘʝʪʩʷ ʠʟʚʝʩʪʥʦʝ ʚʳʨʘʞʝʥʠʝ ʜʣʷ ʵʥʝʨʛʠʠ ʛʠʙʨʠʜʥʦʛʦ ʩʦʩʪʦ-

ʷʥʠʷ [111]: 
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ʛʜʝ 
vc(ex)E  ï ʵʥʝʨʛʠʷ ʧʝʨʚʦʛʦ ʚʦʟʙʫʞʜʝʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʂʊ ʚ ʨʝʞʠʤʝ ʩʠʣʴʥʦʛʦ 

(vc) ʠ ʩʣʘʙʦʛʦ (ʝʭ) ʢʦʥʬʘʡʥʤʝʥʪʘ.  

ʈʘʩʯʝʪʳ ʚʳʧʦʣʥʷʣʠʩʴ ʧʨʠ ʩʣʝʜʫʶʱʠʭ ʧʘʨʘʤʝʪʨʘʭ ʤʦʜʝʣʠ: ʨʘʜʠʫʩ ʅʏ 

102 =R  ʥʤ, ʵʥʝʨʛʠʷ ʦʙʲʝʤʥʦʛʦ ʧʣʘʟʤʦʥʘ ʩʝʨʝʙʨʘ 0.9=wplZ ʵɺ, ʚʳʩʦʢʦʯʘʩʪʦʪ-

ʥʘʷ ʜʠʵʣʝʢʪʨʠʯʝʩʢʘʷ ʧʨʦʥʠʮʘʝʤʦʩʪʴ 7.3=e¤ . ɼʣʷ ʂʊ ʚ ʨʝʞʠʤʝ ʩʠʣʴʥʦʛʦ ʢʦʥ-

ʬʘʡʥʤʝʥʪʘ ʚ ʨʘʩʯʝʪʘʭ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʦʙʲʝʤʥʦʛʦ ʧʦʣʫʧʨʦʚʦʜ-

ʥʠʢʘ, ʙʣʠʟʢʠʝ ʢ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤ CdSe: ʰʠʨʠʥʘ ʟʘʧʨʝʱʝʥʥʦʡ ʟʦʥʳ 7.1=gE  ʵɺ, 

ʵʬʬʝʢʪʠʚʥʳʝ ʤʘʩʩʳ ʵʣʝʢʪʨʦʥʘ ʠ ʜʳʨʢʠ 013.0 mme=  ʠ 045.0 mmh = , ʛʜʝ m0 ï 

ʤʘʩʩʘ ʩʚʦʙʦʜʥʦʛʦ ʵʣʝʢʪʨʦʥʘ, ʜʠʵʣʝʢʪʨʠʯʝʩʢʘʷ ʧʦʩʪʦʷʥʥʘ 60 =e , ʧʝʨʝʭʦʜʥʳʡ 

ʤʘʪʨʠʯʥʳʡ ʵʣʝʤʝʥʪ 6.0=vcr  ʥʤ. ʇʦʩʢʦʣʴʢʫ ʨʘʜʠʫʩ ʵʢʩʠʪʦʥʦʚ ɺʘʥʴʝ-ʄʦʪʪʘ ʚ 

ʦʙʲʝʤʥʦʤ ʧʦʣʫʧʨʦʚʦʜʥʠʢʝ CdSe ʩʦʩʪʘʚʣʷʝʪ ~ 6 ʥʤ, ʪʦ ʚ ʂʊ ʩ ʨʘʜʠʫʩʦʤ, ʤʝʥʴ-

ʰʠʤ ʨʘʜʠʫʩʘ ʵʢʩʠʪʦʥʘ, ʨʝʘʣʠʟʫʝʪʩʷ ʨʝʞʠʤ ʩʠʣʴʥʦʛʦ ʢʦʥʬʘʡʥʤʝʥʪʘ. ɺ ʨʝʞʠʤʝ 

ʩʣʘʙʦʛʦ ʢʦʥʬʘʡʥʤʝʥʪʘ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʧʘʨʘʤʝʪʨʳ CuCl: ʨʘʜʠʫʩ ʵʢʩʠʪʦʥʘ ɺʘ-

ʥʴʝ-ʄʦʪʪʘ 7.0=exR ʥʤ, 3.3=gE  ʵɺ, 05.0 mme=  ʠ 06.1 mmh = , 95.50 =e  [115].   

ʊ. ʢ. ʚʝʣʠʯʠʥʘ ʧʝʨʝʭʦʜʥʦʛʦ ʤʘʪʨʠʯʥʦʛʦ 

ʵʣʝʤʝʥʪʘ ʦʙʨʘʪʥʦ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʘ 

ʰʠʨʠʥʝ ʟʘʧʨʝʱʝʥʥʦʡ ʟʦʥʳ [116], ʪʦ ʜʣʷ 

ʵʪʦʛʦ ʩʣʫʯʘʷ 3.0=vcr ʥʤ. ʈʘʜʠʫʩ ʂʊ ʚ 

ʦʙʦʠʭ ʩʣʫʯʘʷʭ ʩʦʩʪʘʚʣʷʣ 30 =R ʥʤ. ɼʠ-

ʵʣʝʢʪʨʠʯʝʩʢʘʷ ʧʦʩʪʦʷʥʥʘʷ ʩʨʝʜʳ, 

ʦʢʨʫʞʘʶʱʝʡ ʩʠʩʪʝʤʫ, 23=e . ɺ ʨʘʩʯʝ-

ʪʘʭ ʧʨʝʜʧʦʣʘʛʘʣʦʩʴ, ʯʪʦ ʚʝʢʪʦʨ ʜʠ-

ʧʦʣʴʥʦʛʦ ʤʦʤʝʥʪʘ ʧʝʨʝʭʦʜʘ er vc 

ʥʘʧʨʘʚʣʝʥ ʚʜʦʣʴ ʦʩʠ z, ʩʦʝʜʠʥʷʶʱʝʡ 

ʮʝʥʪʨʳ ʂʊ ʠ ʅʏ. 

 ʅʘ ʨʠʩʫʥʢʝ 2.4 ʛʦʨʠʟʦʥʪʘʣʴʥʳʝ ʧʨʷʤʳʝ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʯʘʩʪʦʪʝ vcw  ʧʝʨʝ-

ʭʦʜʘ ʵʣʝʢʪʨʦʥʘ ʠʟ ʟʦʥʳ ʧʨʦʚʦʜʠʤʦʩʪʠ ʚ ʚʘʣʝʥʪʥʫʶ ʟʦʥʫ ʜʣʷ ʂʊ ʚ ʨʝʞʠʤʝ ʩʠʣɹ-

 

ʈʠʩʫʥʦʢ 2.4 - ɿʘʚʠʩʠʤʦʩʪʠ ʯʘʩʪʦʪ ʣʦʢʘʣʠ-

ʟʦʚʘʥʥʳʭ ʧʣʘʟʤʦʥʦʚ ʦʪ ʨʘʜʠʫʩʘ ʷʜʨʘ ʅʏ 

ʧʨʠ ʨʘʟʥʳʭ ʟʥʘʯʝʥʠʷʭ L = 1(1), 2(2), 3(3), ʠ 

e1 = 2  
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ʥʦʛʦ ʢʦʥʬʘʡʥʤʝʥʪʘ ʠ ʯʘʩʪʦʪʝ exw  ʧʝʨʝʭʦʜʘ ʂʊ ʠʟ ʵʢʩʠʪʦʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʚ ʦʩ-

ʥʦʚʥʦʝ ʚ ʨʝʞʠʤʝ ʩʣʘʙʦʛʦ ʢʦʥʬʘʡʥʤʝʥʪʘ. ʂʘʢ ʚʠʜʥʦ ʠʟ ʨʠʩʫʥʢʘ, ʯʘʩʪʦʪʘ +wL  

ʧʨʝʚʦʩʭʦʜʠʪ ʯʘʩʪʦʪʳ vcw  ʠ exw , ʧʦʵʪʦʤʫ ʧʨʦʮʝʩʩʳ, ʦʙʫʩʣʦʚʣʝʥʥʳʝ ʚʟʘʠʤʦʜʝʡ-

ʩʪʚʠʝʤ ʵʣʝʢʪʨʦʥʘ ʂʊ ʩ ʚʳʩʦʢʦʯʘʩʪʦʪʥʳʤ ʧʣʘʟʤʦʥʦʤ, ʤʘʣʦʚʝʨʦʷʪʥʳ. ʇʨʠ ʥʝʢʦ-

ʪʦʨʳʭ ʟʥʘʯʝʥʠʷʭ R1 ʯʘʩʪʦʪʳ vcw  ʠ exw  ʩʦʚʧʘʜʘʶʪ ʩ ʯʘʩʪʦʪʘʤʠ -wL  ʣʦʢʘʣʠʟʦ-

ʚʘʥʥʳʭ ʧʣʘʟʤʦʥʦʚ ʥʠʟʢʦʯʘʩʪʦʪʥʦʡ ʚʝʪʚʠ. ʇʦʵʪʦʤʫ ʵʪʠ ʧʣʘʟʤʦʥʳ ʠ ʙʫʜʫʪ ʜʘʚʘʪʴ 

ʦʩʥʦʚʥʦʡ ʚʢʣʘʜ ʚ ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʝ ʚ ʜʘʣʴʥʝʡʰʝʤ ʠʟʣʫʯʘʪʝʣʴʥʳʡ ʠ ʙʝʟʳʟʣʫʯʘ-

ʪʝʣʴʥʳʡ ʧʨʦʮʝʩʩʳ. ɺ ʩʠʣʫ ʵʪʦʛʦ, ʟʥʘʯʝʥʠʷ ʵʥʝʨʛʠʠ 
°

LME  ʛʠʙʨʠʜʥʳʭ ʩʦʩʪʦʷʥʠʡ, 

ʵʥʝʨʛʠʠ ʣʦʢʘʣʠʟʦʚʘʥʥʦʛʦ ʧʣʘʟʤʦʥʘ LwZ ʩʯʠʪʘʣʠʩʴ ʧʨʠ L = 1 ʠ M = 0. 

ʅʘ ʨʠʩʫʥʢʘʭ 2.5 ʧʨʝʜʩʪʘʚʣʝʥʳ ʛʨʘʬʠʢʠ ʟʘʚʠʩʠʤʦʩʪʝʡ ʦʪ ʨʘʜʠʫʩʘ ʷʜʨʘ ʅʏ 

ʩʣʝʜʫʶʱʠʭ ʚʝʣʠʯʠʥ: ʵʥʝʨʛʠʠ ʣʦʢʘʣʠʟʦʚʘʥʥʦʛʦ ʧʣʘʟʤʦʥʘ 1wZ , ʵʥʝʨʛʠʠ ʵʢʩʠʪʦʥ-

ʥʦʛʦ ʧʝʨʝʭʦʜʘ exE  (ʨʠʩʫʥʦʢ 2.5 ʘ), ʤʝʞʟʦʥʥʦʛʦ ʧʝʨʝʭʦʜʘ vcE  (ʨʠʩʫʥʦʢ 2.5 ʙ), ʠ 

ʵʥʝʨʛʠʡ 
°

10E  ʛʠʙʨʠʜʥʳʭ ʩʦʩʪʦʷʥʠʡ. 

ɺʝʣʠʯʠʥʘ ( )LMVg
vc(ex)

fi2= , ʚʳʯʠʩʣʝʥʥʘʷ ʧʨʠ ʨʘʜʠʫʩʝ ʷʜʨʘ ʅʏ RR=1 , 

ʫʜʦʚʣʝʪʚʦʨʷʶʱʝʤ ʨʘʚʝʥʩʪʚʫ () ( )exvcER =w1Z , ʝʩʪʴ ʨʘʩʱʝʧʣʝʥʠʝ ʈʘʙʠ. ɽʩʣʠ ʚʝ-

ʣʠʯʠʥʘ ʨʘʩʱʝʧʣʝʥʠʷ ʈʘʙʠ g ~ 10 meV, ʪʦ ʧʣʘʟʤʦʥ-ʵʢʩʠʪʦʥʥʦʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ 

  
(ʘ) (ʙ) 

ʈʠʩʫʥʦʢ 2.5 - ɿʘʚʠʩʠʤʦʩʪʴ ʵʥʝʨʛʠʡ ʛʠʙʨʠʜʥʳʭ ʩʦʩʪʦʷʥʠʡ ʚ ʩʣʫʯʘʝ ʩʣʘʙʦʛʦ (ʘ) ʠ ʩʠʣʴʥʦʛʦ 

(ʙ) ʢʦʥʬʘʡʤʝʥʪʘ ʦʪ ʨʘʜʠʫʩʘ ʷʜʨʘ ʅʏ ʧʨʠ e1=2; 3; 4 (ʢʨʘʩʥʳʝ, ʟʝʣʝʥʳʝ ʠ ʩʠʥʠʝ ʢʨʠʚʳʝ, 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ); ʨʘʜʠʫʩ ʂʊ R0 = 3 ʥʤ, d=15 ʥʤ 
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ʩʯʠʪʘʝʪʩʷ ʩʣʘʙʳʤ (ʵʬʬʝʢʪ ʇʘʨʩʝʣʘ), ʧʨʠ g ~ 100 meV ʚʳʜʝʣʷʶʪ ʩʣʫʯʘʡ ʧʨʦʤʝ-

ʞʫʪʦʯʥʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ, ʩʣʫʯʘʡ g > 200 meV ʦʪʥʦʩʷʪ ʢ ʩʠʣʴʥʦʤʫ ʧʣʘʟʤʦʥ-

ʵʢʩʠʪʦʥʥʦʤʫ ʚʟʘʠʤʦʜʝʡʩʪʚʠʶ [117].  

ʅʘ ʨʠʩʫʥʢʝ 2.6 ʠʟʦʙʨʘʞʝʥʳ ʟʘʚʠ-

ʩʠʤʦʩʪʠ ʨʘʩʱʝʧʣʝʥʠʷ ʈʘʙʠ ʦʪ ʨʘʜʠʫʩʘ 

R0 ʂʊ ʧʨʠ ʨʘʟʥʳʭ ʟʥʘʯʝʥʠʷʭ ʜʠʵʣʝʢʪʨʠ-

ʯʝʩʢʦʡ ʧʨʦʥʠʮʘʝʤʦʩʪʠ ʷʜʨʘ ʅʏ e1. ʀʟ 

ʨʠʩʫʥʢʘ ʚʠʜʥʦ, ʯʪʦ ʨʘʩʱʝʧʣʝʥʠʝ ʈʘʙʠ ʥʝ 

ʩʠʣʴʥʦ ʟʘʚʠʩʠʪ ʦʪ ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʡ ʧʦ-

ʩʪʦʷʥʥʦʡ ʷʜʨʘ ʯʘʩʪʠʮʳ. ʇʨʠ ʚʳʙʨʘʥʥʳʭ 

ʧʘʨʘʤʝʪʨʘʭ ʤʦʜʝʣʠ ʧʣʘʟʤʦʥ-ʵʢʩʠʪʦʥʥʦʝ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʤʦʞʥʦ ʩʯʠʪʘʪʴ ʩʣʘʙʳʤ 

ʢʘʢ ʚ ʩʣʫʯʘʝ ʩʠʣʴʥʦʛʦ, ʪʘʢ ʠ ʩʣʘʙʦʛʦ 

ʢʦʥʬʘʡʥʤʝʥʪʘ. 

ʅʘ ʨʠʩʫʥʢʝ 2.7 ʧʨʠʚʝʜʝʥʳ ʜʠʩʪʘʥʮʠʦʥʥʳʝ ʟʘʚʠʩʠʤʦʩʪʠ ʚʝʣʠʯʠʥʳ ʨʘʩ-

ʱʝʧʣʝʥʠʷ ʈʘʙʠ 
vc(ex)g , ʨʘʩʩʯʠʪʘʥʥʳʝ 

ʜʣʷ ʨʘʟʥʳʭ ʟʥʘʯʝʥʠʡ ʜʠʵʣʝʢʪʨʠʯʝ-

ʩʢʦʡ ʧʦʩʪʦʷʥʥʦʡ ʷʜʨʘ ʯʘʩʪʠʮʳ. ʅʘ 

ʚʨʝʟʢʝ ʢʘʯʝʩʪʚʝʥʥʦ ʧʦʢʘʟʘʥʳ ʟʘʚʠ-

ʩʠʤʦʩʪʠ ʵʥʝʨʛʠʡ 
°

-10E  ʛʠʙʨʠʜʥʳʭ ʩʦ-

ʩʪʦʷʥʠʡ, ʵʥʝʨʛʠʠ ʥʠʟʢʦʯʘʩʪʦʪʥʦʛʦ 

ʣʦʢʘʣʠʟʦʚʘʥʥʦʛʦ ʧʣʘʟʤʦʥʘ -w1Z  ʠ 

ʵʥʝʨʛʠʠ ʤʝʞʟʦʥʥʦʛʦ ʠʣʠ ʵʢʩʠʪʦʥʥʦ-

ʛʦ ʧʝʨʝʭʦʜʘ ex)vcE (  ʦʪ ʨʘʜʠʫʩʘ ʷʜʨʘ 

ʅʏ, ʠ ʦʪʤʝʯʝʥʦ ʨʘʩʱʝʧʣʝʥʠʝ ʈʘʙʠ. 

ʂʘʢ ʚʠʜʥʦ ʠʟ ʨʠʩʫʥʢʘ, ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʨʘʩʩʪʦʷʥʠʷ d ʤʝʞʜʫ ʮʝʥʪʨʘʤʠ ʅʏ ʠ ʂʊ ʦʪ 

15 ʜʦ 25 ʥʤ ʨʘʩʱʝʧʣʝʥʠʝ ʈʘʙʠ ʫʤʝʥʴʰʘʝʪʩʷ ʧʨʠʤʝʨʥʦ ʚ 4.5 ʨʘʟʘ, ʘ ʠʟʤʝʥʝʥʠʝ 

ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʡ ʧʨʦʥʠʮʘʝʤʦʩʪʠ ʷʜʨʘ ʅʏ ʥʝʟʥʘʯʠʪʝʣʴʥʦ ʚʣʠʷʝʪ ʥʘ ʚʝʣʠʯʠʥʫ 

 
 

ʈʠʩʫʥʦʢ 2.6 - ɿʘʚʠʩʠʤʦʩʪʴ ʨʘʩʱʝʧʣʝʥʠʷ 

ʈʘʙʠ ʦʪ ʨʘʜʠʫʩʘ ʂʊ ʚ ʨʝʞʠʤʝ ʩʠʣʴʥʦʛʦ 

(ʧʫʥʢʪʠʨʥʳʝ ʣʠʥʠʠ) ʠ ʩʣʘʙʦʛʦ (ʩʧʣʦʰʥʳʝ 

ʣʠʥʠʠ) ʢʦʥʬʘʡʥʤʝʥʪʘ. ʎʚʝʪʦʚʘʷ ʭʘʨʘʢʪʝ-

ʨʠʩʪʠʢʘ ʪʘʢʘʷ ʞʝ, ʢʘʢ ʥʘ ʨʠʩʫʥʢʝ 2.5  

 

ʈʠʩʫʥʦʢ 2.7 - ɿʘʚʠʩʠʤʦʩʪʠ ʚʝʣʠʯʠʥʳ ʨʘʩʱʝʧ-

ʣʝʥʠʷ ʈʘʙʠ ʦʪ ʨʘʩʩʪʦʷʥʠʷ ʤʝʞʜʫ ʮʝʥʪʨʘʤʠ ʅʏ 

ʠ ʂʊ. ʅʘ ʚʨʝʟʢʝ ʢʘʯʝʩʪʚʝʥʥʦ ʧʦʢʘʟʘʥʦ ʨʘʩʱʝʧ-

ʣʝʥʠʝ ʈʘʙʠ. ʎʚʝʪʦʚʘʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʪʘʢʘʷ 

ʞʝ, ʢʘʢ ʥʘ ʨʠʩʫʥʢʝ 2.6  
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ʨʘʩʱʝʧʣʝʥʠʷ. ɺ ʫʢʘʟʘʥʥʦʤ ʜʠʘʧʘʟʦʥʝ ʨʘʩʩʪʦʷʥʠʡ d ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʅʏ ʩ ʂʊ ʚ 

ʨʝʞʠʤʝ ʩʠʣʴʥʦʛʦ ʢʦʥʬʘʡʥʤʝʥʪʘ ʷʚʣʷʝʪʩʷ ʩʣʘʙʳʤ, ʪʦʛʜʘ ʢʘʢ ʜʣʷ ʂʊ ʚ ʨʝʞʠʤʝ 

ʩʣʘʙʦʛʦ ʢʦʥʬʘʡʥʤʝʥʪʘ ʧʣʘʟʤʦʥ-ʵʢʩʠʪʦʥʥʦʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʤʦʞʥʦ ʩʯʠʪʘʪʴ 

ʩʣʘʙʳʤ ʧʨʠ d > 20 ʥʤ. ʂʨʦʤʝ ʪʦʛʦ, ʩʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ vcg  ʥʝ ʟʘʚʠʩʠʪ ʦʪ ʨʘ-

ʜʠʫʩʘ ʂʊ, ʪʦʛʜʘ ʢʘʢ exg  ʨʘʩʪʝʪ ʩ ʨʦʩʪʦʤ ʨʘʜʠʫʩʘ ʂʊ. 

ʇʨʠ ʚʳʙʨʘʥʥʳʭ ʧʘʨʘʤʝʪʨʘʭ ʤʦʜʝʣʠ ʦʢʘʟʳʚʘʝʪʩʷ, ʯʪʦ ʜʣʷ ʂʊ ʚ ʨʝʞʠʤʝ 

ʩʠʣʴʥʦʛʦ ʢʦʥʬʘʡʤʝʥʪʘ ʧʣʘʟʤʦʥ-ʵʢʩʠʪʦʥʥʦʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʩʣʘʙʦʝ, ʘ ʜʣʷ ʩʣʘ-

ʙʦʛʦ ʢʦʥʬʘʡʤʝʥʪʘ ʤʦʞʝʪ ʙʳʪʴ ʧʨʦʤʝʞʫʪʦʯʥʳʤ ʠ ʜʘʞʝ ʩʠʣʴʥʳʤ [118].  

 

 

2.3 ɺʣʠʷʥʠʝ ʣʦʢʘʣʠʟʦʚʘʥʥʳʭ ʧʣʘʟʤʦʥʦʚ ʥʘ ʠʟʣʫʯʘʪʝʣʴʥʳʝ  

ʠ ʙʝʟʳʟʣʫʯʘʪʝʣʴʥʳʝ ʧʨʦʮʝʩʩʳ ʚ ʂʊ 

 

ɽʩʣʠ ʧʣʘʟʤʦʥ-ʵʢʩʠʪʦʥʥʦʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʩʣʘʙʦʝ, ʪʦ ʩʢʦʨʦʩʪʠ ʠʟʣʫʯʘ-

ʪʝʣʴʥʳʭ ʠ ʙʝʟʳʟʣʫʯʘʪʝʣʴʥʳʭ ʧʨʦʮʝʩʩʦʚ ʚ ʩʠʩʪʝʤʝ "ʂʊ+ʅʏ" ʤʦʞʥʦ ʨʘʩʩʯʠʪʳ-

ʚʘʪʴ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʟʦʣʦʪʦʛʦ ʧʨʘʚʠʣʘ ʌʝʨʤʠ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʩʢʦʨʦʩʪʴ 

ʙʝʟʳʟʣʫʯʘʪʝʣʴʥʦʛʦ ʧʝʨʝʥʦʩʘ ʵʥʝʨʛʠʠ ʦʪ ʚʦʟʙʫʞʜʝʥʥʦʡ ʂʊ ʢ ʅʏ ʦʧʨʝʜʝʣʷʝʪʩʷ 

ʩʣʝʜʫʶʱʠʤ ʚʳʨʘʞʝʥʠʝʤ: 

 

( )
( )( ) ( )( )ä n

n

n -wd
p

=
LM

excL

exc

fiexc ELMVU Z
Z

22
 

 

ʛʜʝ ( )( )
excL En-wdZ  ï ʜʝʣʴʪʘ-ʬʫʥʢʮʠʷ, ʢʦʪʦʨʘʷ ʚʳʨʘʞʘʝʪ ʟʘʢʦʥ ʩʦʭʨʘʥʝʥʠʷ ʵʥʝʨ-

ʛʠʠ ʠ ʚ ʨʘʩʯʝʪʘʭ ʟʘʤʝʥʷʝʪʩʷ ʣʦʨʝʥʮʠʘʥʦʤ.  

ʅʘ ʨʠʩʫʥʢʝ 2.8 ʧʨʝʜʩʪʘʚʣʝʥʳ ʟʘʚʠʩʠʤʦʩʪʠ ʩʢʦʨʦʩʪʝʡ ( )exvcU  ʦʪ ʨʘʜʠʫʩʘ 

ʷʜʨʘ ʅʏ. ʉʧʣʦʰʥʳʝ ʢʨʠʚʳʝ ï ʂʊ ʩ ʨʘʜʠʫʩʦʤ R0 = 3 ʥʤ ʚ ʨʝʞʠʤʝ ʩʣʘʙʦʛʦ, 

ʰʪʨʠʭʦʚʳʝ ï ʩʠʣʴʥʦʛʦ ʢʦʥʬʘʡʥʤʝʥʪʘ. ʆʙʦʟʥʘʯʝʥʠʝ ʮʚʝʪʦʤ ʪʘʢʦʝ ʞʝ, ʢʘʢ ʥʘ ʨʠ-

ʩʫʥʢʝ 2.7. ʇʦʣʦʞʝʥʠʷ ʧʠʢʦʚ ʥʘ ʨʠʩʫʥʢʝ 2.8 ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʪʦʯʢʘʤ ʧʝʨʝʩʝʯʝʥʠʷ 

ʯʘʩʪʦʪ ex)vc(w  ʩ ʯʘʩʪʦʪʘʤʠ ʣʦʢʘʣʠʟʦʚʘʥʥʳʭ ʧʣʘʟʤʦʥʦʚ ʨʘʟʥʦʡ ʤʫʣʴʪʠʧʦʣʴʥʦʩʪʠ, 

ʢʘʢ ʚʠʜʥʦ ʠʟ ʨʠʩʫʥʢʘ 2.4. ʉ ʨʦʩʪʦʤ ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʡ ʧʦʩʪʦʷʥʥʦʡ ʷʜʨʘ ʅʏ ʩʢʦ-
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ʨʦʩʪʴ ʧʝʨʝʥʦʩʘ ʵʥʝʨʛʠʠ ʫʤʝʥʴʰʘʝʪʩʷ ʥʝʟʥʘʯʠʪʝʣʴʥʦ, ʘ ʝʝ ʤʘʢʩʠʤʘʣʴʥʦʝ ʟʥʘʯʝ-

ʥʠʝ ʩʜʚʠʛʘʝʪʩʷ ʚ ʩʪʦʨʦʥʫ ʤʝʥʴʰʠʭ R1. 

ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʩʢʦʨʦʩʪʠ ʠʟ-

ʣʫʯʘʪʝʣʴʥʦʛʦ ʧʝʨʝʭʦʜʘ ʚ ʩʠʩʪʝʤʝ 

çʂʊ+ʅʏè ʥʝʦʙʭʦʜʠʤʦ ʚʳʯʠʩʣʠʪʴ 

ʤʘʪʨʠʯʥʳʡ ʵʣʝʤʝʥʪ ʦʧʝʨʘʪʦʨʘ ʜʠ-

ʧʦʣʴʥʦʛʦ ʤʦʤʝʥʪʘ ʵʪʦʡ ʩʠʩʪʝʤʳ 

ʤʝʞʜʫ ʩʦʩʪʦʷʥʠʷʤʠ ʩ ʚʦʣʥʦʚʦʡ 

ʬʫʥʢʮʠʝʡ 

MMMM DCi 101111 10 y+y=  ʠ 

ʬʫʥʢʮʠʝʡ ʥʝʚʦʟʙʫʞʜʝʥʥʦʛʦ ʩʦʩʪʦʷ-

ʥʠʷ LM00y . ʊ. ʢ. ʦʧʝʨʘʪʦʨ ʜʠʧʦʣʴ-

ʥʦʛʦ ʤʦʤʝʥʪʘ ʩʠʩʪʝʤʳ ʩʢʣʘʜʳʚʘʝʪʩʷ ʠʟ ʦʧʝʨʘʪʦʨʦʚ ʜʠʧʦʣʴʥʳʭ ʤʦʤʝʥʪʦʚ ʅʏ ʠ 

ʂʊ 
QDNP

ppp ĔĔĔ += , ʪʦ ʜʣʷ ʤʘʪʨʠʯʥʦʛʦ ʵʣʝʤʝʥʪʘ ʩʧʨʘʚʝʜʣʠʚʦ ʚʳʨʘʞʝʥʠʝ 

NP

fiM

QD

fiMfi DC ppp 11 += .  

ɼʣʷ ʂʊ ʚ ʨʝʞʠʤʝ ʩʠʣʴʥʦʛʦ ʢʦʥʬʘʡʥʤʝʥʪʘ ʤʘʪʨʠʯʥʳʡ ʵʣʝʤʝʥʪ ʜʠʧʦʣʴʥʦʛʦ 

ʤʦʤʝʥʪʘ ʤʝʞʟʦʥʥʦʛʦ ʧʝʨʝʭʦʜʘ ʵʣʝʢʪʨʦʥʘ ʦʧʨʝʜʝʣʷʝʪʩʷ ʬʦʨʤʫʣʦʡ 

( )
303 23 e+ee= vc

QD

fi erp . ɼʣʷ ʂʊ ʚ ʨʝʞʠʤʝ ʩʣʘʙʦʛʦ ʢʦʥʬʘʡʥʤʝʥʪʘ ʤʘʪʨʠʯʥʳʡ 

ʵʣʝʤʝʥʪ ʜʠʧʦʣʴʥʦʛʦ ʤʦʤʝʥʪʘ ʵʢʩʠʪʦʥʥʦʛʦ ʧʝʨʝʭʦʜʘ ʨʘʚʝʥ: 

( )
30

323

03 226 e+epe= exvc

QD

fi RRerp  [119]. 

ɺʥʝ ʅʏ ʧʦʪʝʥʮʠʘʣ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ ʧʣʘʟʤʦʥʘ ʧʨʠ L = 1 ʩʦʚʧʘʜʘʝʪ ʩ 

ʧʦʪʝʥʮʠʘʣʦʤ ʧʦʣʷ ʜʠʧʦʣʷ, ʦʧʝʨʘʪʦʨ ʜʠʧʦʣʴʥʦʛʦ ʤʦʤʝʥʪʘ ʢʦʪʦʨʦʛʦ ʚ ʬʦʨʤʘ-

ʣʠʟʤʝ ʚʪʦʨʠʯʥʦʛʦ ʢʚʘʥʪʦʚʘʥʠʷ ʠʤʝʝʪ ʚʠʜ: 

() () ()( )ä +
w

e=
M

MÀ

1MM1MNP tAtAG
F

tp ee ĔĔ3
Ĕ

1

1

1
3

Z
, 

 

ʛʜʝ Me  ʠ 
M

e  - ʢʦʚʘʨʠʘʥʪʥʳʡ ʠ ʢʦʥʪʨʘʚʘʨʠʘʥʪʥʳʡ ʮʠʢʣʠʯʝʩʢʠʝ ʦʨʪʳ. ʊʦʛʜʘ 

ʤʘʪʨʠʯʥʳʡ ʵʣʝʤʝʥʪ ʜʠʧʦʣʴʥʦʛʦ ʤʦʤʝʥʪʘ ʧʝʨʝʭʦʜʘ ʅʏ ʠʟ ʩʦʩʪʦʷʥʠʷ ʩ ʦʜʥʠʤ 

 

ʈʠʩʫʥʦʢ 2.8 - ʉʢʦʨʦʩʪʠ ʧʝʨʝʥʦʩʘ ʵʥʝʨʛʠʠ ʦʪ 

ʚʦʟʙʫʞʜʝʥʥʦʡ ʂʊ ʢ ʅʏ ʜʣʷ ʨʘʟʥʳʭ ʟʥʘʯʝʥʠʡ 

e1 = 2(1), 3(2), 4(3) 
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ʣʦʢʘʣʠʟʦʚʘʥʥʳʤ ʧʣʘʟʤʦʥʦʤ ʚ ʩʦʩʪʦʷʥʠʝ ʙʝʟ ʧʣʘʟʤʦʥʦʚ ʠʤʝʝʪ ʚʠʜ 

M

NP

fi GF ep 1113 3 we= Z . 

ʀʟ ʨʠʩʫʥʢʦʚ 2.5 ʚʠʜʥʦ, ʯʪʦ ʧʨʠ ʨʘʜʠʫʩʝ ʷʜʨʘ ʯʘʩʪʠʮʳ RR <1  ʵʥʝʨʛʠʷ 

-

ME1  ʛʠʙʨʠʜʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʙʣʠʟʢʘ ʢ ʵʥʝʨʛʠʠ ʵʣʝʢʪʨʦʥʥʦʛʦ ʧʝʨʝʭʦʜʘ ʚ ʂʊ, ʘ ʧʨʠ 

RR >1  ʢ ʥʝʡ ʙʣʠʟʢʘ ʵʥʝʨʛʠʷ 
+

ME1  

ʚʪʦʨʦʛʦ ʛʠʙʨʠʜʥʦʛʦ ʩʦʩʪʦʷʥʠʷ. 

ʇʦʵʪʦʤʫ ʧʨʠ ʚʳʯʠʩʣʝʥʠʠ ʤʘʪ-

ʨʠʯʥʦʛʦ ʵʣʝʤʝʥʪʘ 
fip  ʜʠʧʦʣʴʥʦʛʦ 

ʤʦʤʝʥʪʘ ʩʠʩʪʝʤʳ ʚ ʦʙʣʘʩʪʠ 

RR <1  ʥʝʦʙʭʦʜʠʤʦ ʠʩʧʦʣʴʟʦʚʘʪʴ 

ʢʦʵʬʬʠʮʠʝʥʪʳ 
-

MC1  ʠ 
-

MD1 , ʪʦʛʜʘ 

ʢʘʢ ʚ ʦʙʣʘʩʪʠ RR >1  ï ʢʦʵʬʬʠ-

ʮʠʝʥʪʳ 
+

MC1  ʠ 
+

MD1 . ʊʝʤ ʩʘʤʳʤ 

ʙʫʜʝʪ ʫʯʪʝʥʦ ʠʟʤʝʥʝʥʠʝ ʧʝʨʝʭʦʜ-

ʥʦʛʦ ʜʠʧʦʣʴʥʦʛʦ ʤʦʤʝʥʪʘ ʂʊ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʅʏ. ʂʨʦʤʝ ʪʦʛʦ, ʩʣʝʜʫʷ ʨʘʙʦʪʘʤ 

[13, 111], ʧʨʠ ʨʘʩʯʝʪʝ ʧʝʨʝʭʦʜʥʦʛʦ ʜʠʧʦʣʴʥʦʛʦ ʤʦʤʝʥʪʘ ʩʠʩʪʝʤʳ ʥʝʦʙʭʦʜʠʤʦ 

ʚʚʝʩʪʠ ʤʥʠʤʫʶ ʯʘʩʪʴ ʚ ʯʘʩʪʦʪʫ ʧʣʘʟʤʦʥʘ pLL i t-w­w , ʯʪʦʙʳ ʫʯʝʩʪʴ ʜʠʩʩʠ-

ʧʘʮʠʶ ʵʥʝʨʛʠʠ ʚ ʤʝʪʘʣʣʝ. 

ɿʥʘʥʠʝ fip  ʧʦʟʚʦʣʷʝʪ ʦʧʨʝʜʝʣʠʪʴ ʩʢʦʨʦʩʪʠ ʦʧʪʠʯʝʩʢʠʭ ʧʝʨʝʭʦʜʦʚ ʚ ʩʠ-

ʩʪʝʤʝ çʂʊ+ ʅʏè. ʆʜʥʘʢʦ, ʯʪʦʙʳ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʪʴ ʚʣʠʷʥʠʝ ʅʏ ʥʘ ʩʢʦʨʦʩʪʴ 

ʩʧʦʥʪʘʥʥʦʛʦ ʠʟʣʫʯʝʥʠʷ ʂʊ, ʜʦʩʪʘʪʦʯʥʦ ʨʘʩʩʤʦʪʨʝʪʴ ʬʘʢʪʦʨ 
22 QD

fifif pp= . 

ʅʘ ʨʠʩʫʥʢʝ 2.9 ʠʟʦʙʨʘʞʝʥʳ ʟʘʚʠʩʠʤʦʩʪʠ ʬʘʢʪʦʨʘ f ʦʪ ʨʘʜʠʫʩʘ ʷʜʨʘ ʅʏ ʜʣʷ ʂʊ ʚ 

ʨʝʞʠʤʝ ʩʣʘʙʦʛʦ ʠ ʩʠʣʴʥʦʛʦ ʢʦʥʬʘʡʥʤʝʥʪʘ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʟʥʘʯʝʥʠʷ ʚʨʝʤʝ-

ʥʠ ʞʠʟʥʠ ʣʦʢʘʣʠʟʦʚʘʥʥʦʛʦ ʧʣʘʟʤʦʥʘ 25=tp  ʬʩ [2]. ʂʘʢ ʩʣʝʜʫʝʪ ʠʟ ʨʠʩʫʥʢʘ 2.9, 

ʩʢʦʨʦʩʪʴ ʩʧʦʥʪʘʥʥʦʛʦ ʠʟʣʫʯʝʥʠʷ ʂʊ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʅʏ ʤʦʞʝʪ ʚʦʟʨʘʩʪʘʪʴ ʚ ʜʝ-

ʩʷʪʢʠ ʨʘʟ. 

 

ʈʠʩʫʥʦʢ 2.9 - ɿʘʚʠʩʠʤʦʩʪʴ ʬʘʢʪʦʨʘ f ʦʪ ʨʘʜʠʫʩʘ 

ʷʜʨʘ ʅʏ ʜʣʷ ʨʘʟʥʳʭ ʟʥʘʯʝʥʠʡ e1. ʆʙʦʟʥʘʯʝʥʠʷ 

ʢʨʠʚʳʭ, ʪʘʢʠʝ ʞʝ, ʢʘʢ ʥʘ ʈʠʩʫʥʦʢ 2.8 
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2.4 ʂʠʥʝʪʠʢʘ ʵʥʝʨʛʦʦʙʤʝʥʘ ʤʝʞʜʫ ʢʚʘʥʪʦʚʦʡ ʪʦʯʢʦʡ ʠ ʩʬʝʨʠʯʝʩʢʦʡ 

ʥʘʥʦʯʘʩʪʠʮʝʡ ʩ ʧʣʘʟʤʦʥʥʦʡ ʦʙʦʣʦʯʢʦʡ 

 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʜʠʥʘʤʠʢʠ ʦʙʤʝʥʘ ʵʥʝʨʛʠʝʡ ʤʝʞʜʫ ʂʊ ʠ ʥʠʟʢʦʯʘʩʪʦʪʥʳʤʠ 

ʧʣʘʟʤʦʥʘʤʠ ʦʙʦʣʦʯʝʯʥʦʡ ʅʏ ʥʝʦʙʭʦʜʠʤʦ ʧʨʦʚʦʜʠʪʴ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʢʚʘʥʪʦ-

ʚʦʤʝʭʘʥʠʯʝʩʢʦʛʦ ʬʦʨʤʘʣʠʟʤʘ ʤʘʪʨʠʮʳ ʧʣʦʪʥʦʩʪʠ. ɼʘʥʥʳʡ ʧʦʜʭʦʜ ʫʯʠʪʳʚʘʝʪ 

ʨʝʣʘʢʩʘʮʠʦʥʥʳʝ ʧʨʦʮʝʩʩʳ, ʚʦʟʥʠʢʘʶʱʠʝ ʠʟ-ʟʘ ʩʣʫʯʘʡʥʳʭ ʧʝʨʝʭʦʜʦʚ ʚ ʩʠʩʪʝʤʝ 

ʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩʠʩʪʝʤʳ ʩ ʪʝʨʤʦʩʪʘʪʦʤ. ʇʨʠ ʨʘʩʩʤʦʪʨʝʥʠʠ ʩʠʩʪʝʤʳ çʂʊ + 

ʅʏè ʚʦʟʤʦʞʥʳ ʩʣʝʜʫʶʱʠʝ ʩʦʩʪʦʷʥʠʷ ʦʙʲʝʜʠʥʝʥʥʦʡ ʩʠʩʪʝʤʳ: M10 11 y=  ï 

ʥʝʚʦʟʙʫʞʜʝʥʥʘʷ ʂʊ ʠ ʦʜʠʥ ʜʠʧʦʣʴʥʳʡ ʧʣʘʟʤʦʥ, M11 02 y=  ï ʚʦʟʙʫʞʜʝʥʥʘʷ 

ʂʊ ʠ ʦʪʩʫʪʩʪʚʠʝ ʧʣʘʟʤʦʥʘ, M10 03 y=  ï ʥʝʚʦʟʙʫʞʜʝʥʥʳʝ ʂʊ ʠ ʅʏ [119]. ɺ 

ʬʦʨʤʘʣʠʟʤʝ ʤʘʪʨʠʮʳ ʧʣʦʪʥʦʩʪʠ ʝʝ ʜʠʘʛʦʥʘʣʴʥʳʝ ʵʣʝʤʝʥʪʳ ʦʧʨʝʜʝʣʷʶʪ ʦʪʥʦ-

ʩʠʪʝʣʴʥʫʶ ʥʘʩʝʣʝʥʥʦʩʪʴ ʩʦʩʪʦʷʥʠʡ, ʥʝʜʠʘʛʦʥʘʣʴʥʳʝ ʵʣʝʤʝʥʪʳ ʟʘʜʘʶʪ ʩʚʷʟʴ 

ʤʝʞʜʫ ʩʦʩʪʦʷʥʠʷʤʠ. ʊʨʝʪʴʝ ʩʦʩʪʦʷʥʠʝ ʚʚʦʜʠʪʩʷ ʜʣʷ ʩʦʭʨʘʥʝʥʠʷ ʥʦʨʤʠʨʦʚʢʠ 

ʤʘʪʨʠʮʳ ʧʣʦʪʥʦʩʪʠ 1332211 =r+r+r . ʂʦʛʜʘ ʵʥʝʨʛʠʠ ʚʦʟʙʫʞʜʝʥʠʷ ʂʊ ʠ ʅʏ 

ʧʨʝʚʦʩʭʦʜʷʪ ʪʝʧʣʦʚʫʶ ʵʥʝʨʛʠʶ, ʨʘʚʥʦʚʝʩʥʳʝ ʟʥʘʯʝʥʠʷ ʜʠʘʛʦʥʘʣʴʥʳʭ ʵʣʝʤʝʥ-

ʪʦʚ ʤʘʪʨʠʮʳ ʧʣʦʪʥʦʩʪʠ ʨʘʚʥʳ 011=r
e

, 022 =r
e

 ʠ 133=r
e

. ʉʠʩʪʝʤʘ ʫʨʘʚʥʝʥʠʡ 

ʜʣʷ ʵʣʝʤʝʥʪʦʚ ʤʘʪʨʠʮʳ ʧʣʦʪʥʦʩʪʠ ʦʙʲʝʜʠʥʝʥʥʦʡ ʩʠʩʪʝʤʳ çʂʊ+ʅʏè ʤʦʞʝʪ 

ʙʳʪɹ ʟʘʧʠʩʘʥʘ ʚ ʚʝʢʪʦʨʥʦʡ ʬʦʨʤʝ [26] 
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ʛʜʝ ɟ ï ʚʝʢʪʦʨ-ʩʪʦʣʙʝʮ ʩ ʢʦʤʧʦʥʝʥʪʘʤʠ ( )
21122211 ,,, rrrr , ʟʘʚʠʩʷʱʠʤʠ ʦʪ ʚʨʝ-

ʤʝʥʠ, A ï ʤʘʪʨʠʮʘ, ʵʣʝʤʝʥʪʳ ʢʦʪʦʨʦʡ ʦʧʨʝʜʝʣʷʶʪ ʩʢʦʨʦʩʪʠ ʦʙʤʝʥʘ ʵʥʝʨʛʠʝʡ 

ʤʝʞʜʫ ʂʊ ʠ ʅʏ ʠ ʩʢʦʨʦʩʪʠ ʨʝʣʘʢʩʘʮʠʦʥʥʳʭ ʧʨʦʮʝʩʩʦʚ ʚ ʩʠʩʪʝʤʝ: 
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ɿʜʝʩʴ 
pt  ï ʚʨʝʤʷ ʞʠʟʥʠ ʣʦʢʘʣʠʟʦʚʘʥʥʦʛʦ ʧʣʘʟʤʦʥʘ, ext  ï ʚʨʝʤʷ ʞʠʟʥʠ 

ʚʦʟʙʫʞʜʝʥʥʦʡ ʂʊ, ʊ2 ï ʚʨʝʤʷ ʧʦʧʝʨʝʯʥʦʡ ʨʝʣʘʢʩʘʮʠʠ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʝʝ ʙʳʩʪ-

ʨʦʪʫ ʟʘʪʫʭʘʥʠʷ ʥʝʜʠʘʛʦʥʘʣʴʥʳʭ ʵʣʝʤʝʥʪʦʚ ʤʘʪʨʠʮʳ ʧʣʦʪʥʦʩʪʠ, 

vc(ex)EE -w=D 1Z  ï ʨʘʟʥʦʩʪʴ ʵʥʝʨʛʠʠ ʣʦʢʘʣʠʟʦʚʘʥʥʦʛʦ ʧʣʘʟʤʦʥʘ ʠ ʵʥʝʨʛʠʠ ʚʦʟ-

ʙʫʞʜʝʥʠʷ ʂʊ. ʄʘʪʨʠʯʥʳʡ ʵʣʝʤʝʥʪʠ 
*

2112 VV =  ʦʪʚʝʯʘʝʪ ʧʝʨʝʭʦʜʫ ʵʥʝʨʛʠʠ ʦʪ ʂʊ 

ʢ ʅʏ ʠ ʦʧʨʝʜʝʣʷʝʪʩʷ ʬʦʨʤʫʣʦʡ (2.9) ʠʣʠ (2.10).  

ʈʝʰʝʥʠʝ ʚʝʢʪʦʨʥʦʛʦ ʫʨʘʚʥʝʥʠʷ (2.12) ʤʦʞʥʦ ʧʦʣʫʯʠʪʴ ʩ ʧʦʤʦʱʴʶ ʪʝʦʨʝ-

ʤʳ ʉʠʣʴʚʝʩʪʨʘ [26] 
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ʛʜʝ jl  ï ʩʦʙʩʪʚʝʥʥʳʝ ʟʥʘʯʝʥʠʷ ʤʘʪʨʠʮʳ ɸ, I  ï ʝʜʠʥʠʯʥʘʷ ʤʘʪʨʠʮʘ, ʠʥʜʝʢʩʳ i ʠ j 

ʧʨʦʙʝʛʘʶʪ ʟʥʘʯʝʥʠʷ ʦʪ 1 ʜʦ 4. ʇʦʩʢʦʣʴʢʫ ʚʨʝʤʷ ʞʠʟʥʠ ʣʦʢʘʣʠʟʦʚʘʥʥʦʛʦ ʧʣʘʟ-

ʤʦʥʘ ʤʥʦʛʦ ʤʝʥʴʰʝ ʚʨʝʤʝʥʠ ʞʠʟʥʠ ʚʦʟʙʫʞʜʝʥʥʦʡ ʂʊ, ʪʦ ʧʨʠ ʠʤʧʫʣʴʩʥʦʤ ʚʦʟ-

ʙʫʞʜʝʥʠʠ ʩʠʩʪʝʤʳ ʥʘʯʘʣʴʥʳʤ ʩʦʩʪʦʷʥʠʝʤ ʤʦʞʥʦ ʩʯʠʪʘʪʴ ʩʦʩʪʦʷʥʠʝ 2  ʩ ʚʦʟ-

ʙʫʞʜʝʥʥʦʡ ʂʊ, ʪʦʛʜʘ () ( )0,0,1,00 =ɟ . ɺ ʨʘʙʦʪʘʭ [26, 118] ʧʦʜʨʦʙʥʦ ʘʥʘʣʠʟʠʨʦ-

ʚʘʣʠʩʴ ʨʝʰʝʥʠʷ (2.13) ʜʣʷ ʨʷʜʘ ʯʘʩʪʥʳʭ ʩʣʫʯʘʝʚ, ʦʪʚʝʯʘʶʱʠʭ ʨʘʟʣʠʯʥʳʤ ʩʦʦʪ-

ʥʦʰʝʥʠʷʤ ʤʝʞʜʫ ʚʨʝʤʝʥʘʤʠ ʨʝʣʘʢʩʘʮʠʠ. ɺ ʨʘʙʦʪʝ [26] ʥʘ ʦʩʥʦʚʝ ʤʦʜʠʬʠʮʠʨʦ-

ʚʘʥʥʦʛʦ ʫʨʘʚʥʝʥʠʷ ɼʞʦʥʩʦʥʘ-ʄʝʨʨʠʬʠʣʴʜʘ ʙʳʣ ʚʳʧʦʣʥʝʥ ʘʥʘʣʠʟ ʢʠʥʝʪʠʢʠ 

ʥʘʩʝʣʝʥʥʦʩʪʝʡ ʩʦʩʪʦʷʥʠʡ 1  ʠ 2  ʧʨʠ ʧʨʦʠʟʚʦʣʴʥʳʭ ʩʦʦʪʥʦʰʝʥʠʷʭ ʤʝʞʜʫ 

ʚʨʝʤʝʥʘʤʠ ʨʝʣʘʢʩʘʮʠʠ ʠ ʥʝʥʫʣʝʚʦʡ ʦʪʩʪʨʦʡʢʝ ED . ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʧʨʦʚʝʜʝʥ 
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ʯʠʩʣʝʥʥʳʡ ʘʥʘʣʠʟ ʨʝʰʝʥʠʷ (2.13) ʜʣʷ ʨʘʟʣʠʯʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʩʠʩʪʝʤʳ 

çʂʊ+ʅʏè. 

ʅʘ ʨʠʩʫʥʢʝ 2.10 ʠʟʦʙʨʘʞʝʥʳ ʚʨʝ-

ʤʝʥʥʳʝ ʟʘʚʠʩʠʤʦʩʪʠ ʥʘʩʝʣʝʥʥʦʩʪʝʡ ʵʢ-

ʩʠʪʦʥʥʦʛʦ (ʰʪʨʠʭʦʚʳʝ ʢʨʠʚʳʝ) ʠ ʧʣʘʟ-

ʤʦʥʥʦʛʦ (ʩʧʣʦʰʥʳʝ ʢʨʠʚʳʝ) ʩʦʩʪʦʷʥʠʡ 

ʜʣʷ ʂʊ ʚ ʨʝʞʠʤʝ ʩʣʘʙʦʛʦ (ʢʨʠʚʳʝ 1, 2) ʠ 

ʩʠʣʴʥʦʛʦ (ʢʨʠʚʳʝ 3, 4) ʢʦʥʬʘʡʥʤʝʥʪʘ. 

ʂʨʠʚʳʝ ʧʦʣʫʯʝʥʳ ʧʨʠ ʪʝʭ ʞʝ ʧʘʨʘʤʝʪ-

ʨʘʭ ʤʦʜʝʣʠ, ʢʘʢ ʥʘ ʨʠʩʫʥʢʝ 2.9 ʧʨʠ ʥʫ-

ʣʝʚʦʡ ʦʪʩʪʨʦʡʢʝ ʦʪ ʨʝʟʦʥʘʥʩʘ 0=DE . 

ɺʨʝʤʷ ʞʠʟʥʠ ext  ʚʦʟʙʫʞʜʝʥʥʦʡ ʂʊ 

ʧʨʠʥʠʤʘʣʦʩʴ ʨʘʚʥʳʤ 1 ʥʩ ʜʣʷ ʂʊ ʚ ʨʝʞʠʤʝ ʩʠʣʴʥʦʛʦ ʢʦʥʬʘʡʥʤʝʥʪʘ ʠ 10 ʧʩ ï 

ʜʣʷ ʂʊ ʚ ʨʝʞʠʤʝ ʩʣʘʙʦʛʦ ʢʦʥʬʘʡʥʤʝʥʪʘ. ʇʦʩʢʦʣʴʢʫ ʚʨʝʤʷ ʧʦʧʝʨʝʯʥʦʡ ʨʝʣʘʢʩʘ-

ʮʠʠ, ʢʘʢ ʧʨʘʚʠʣʦ, ʤʘʣʦ expT tt< ,2  [120], ʚ ʨʘʩʯʝʪʘʭ ʠʩʧʦʣʴʟʦʚʘʣʦʩʴ  102 =T ʬʩ. 

ʈʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʮʝʥʪʨʘʤʠ ʅʏ ʠ ʂʊ ʧʨʠʥʠʤʘʣʦʩʴ ʨʘʚʥʳʤ 13 ʥʤ.  

ʅʘ ʨʠʩʫʥʢʝ 2.11 ʧʨʠʚʝʜʝʥʳ 

ʢʠʥʝʪʠʢʠ ʥʘʩʝʣʝʥʥʦʩʪʝʡ ʵʢʩʠʪʦʥʥʦʡ 

(ʩʧʣʦʥhʳʝ ʢʨʠʚʳʝ) ʠ ʧʣʘʟʤʦʥʥʦʡ 

(ʰʪʨʠʭʦʚʳʝ ʢʨʠʚʳʝ) ʧʦʜʩʠʩʪʝʤ ʜʣʷ 

ʂʊ ʚ ʨʝʞʠʤʝ ʩʣʘʙʦʛʦ ʢʦʥʬʘʡʥʤʝʥʪʘ. 

ʂʊ, ʠʤʝʶʱʠʝ ʨʘʟʥʳʡ ʨʘʜʠʫʩ, ʨʘʩ-

ʧʦʣʦʞʝʥʳ ʚ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʤ ʢʦʥ-

ʪʘʢʪʝ ʩ ʧʦʚʝʨʭʥʦʩʪʴʶ ʅʏ. ʉʪʦʠʪ 

ʦʪʤʝʪʠʪʴ, ʯʪʦ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʨʘʜʠʫ-

ʩʘ ʂʊ ʨʘʩʪʝʪ ʧʣʘʟʤʦʥ ʵʢʩʠʪʦʥʥʦʝ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ, ʠ ʢʠʥʝʪʠʢʘ ʥʘʩʝ-

ʣʝʥʥʦʩʪʠ ʵʢʩʠʪʦʥʥʦʡ ʧʦʜʩʠʩʪʝʤʳ 

ʤʝʥʷʝʪʩʷ ʩ ʯʠʩʪʦ ʨʝʣʘʢʩʘʮʠʦʥʥʦʡ ʥʘ ʦʩʮʠʣʣʷʮʠʦʥʥʦ-ʨʝʣʘʢʩʘʮʠʦʥʥʫʶ.  

 

ʈʠʩʫʥʦʢ 2.10 - ʂʠʥʝʪʠʢʘ ʥʘʩʝʣʝʥʥʦʩʪʝʡ 

ʵʢʩʠʪʦʥʥʦʡ (1, 4) ʠ ʧʣʘʟʤʦʥʥʦʡ (2, 3) ʧʦʜ-

ʩʠʩʪʝʤ ʜʣʷ ʂʊ ʚ ʨʝʞʠʤʝ  ʩʣʘʙʦʛʦ (1,2) ʠ  

ʩʠʣʴʥʦʛʦ (3,4) ʢʦʥʬʘʡʥʤʝʥʪʘ 

 
ʈʠʩʫʥʦʢ 2.11 - ʂʠʥʝʪʠʢʘ ʥʘʩʝʣʝʥʥʦʩʪʝʡ ʵʢʩʠ-

ʪʦʥʥʦʡ (ʩʧʣʦʰʥʳʝ ʢʨʠʚʳʝ) ʠ ʧʣʘʟʤʦʥʥʦʡ 

(ʰʪʨʠʭʦʚʳʝ ʢʨʠʚʳʝ) ʧʦʜʩʠʩʪʝʤ ʜʣʷ ʂʊ ʨʘʟʥʳʭ 

ʨʘʜʠʫʩʦʚ ʚ ʨʝʞʠʤʝ ʩʣʘʙʦʛʦ ʢʦʥʬʘʡʥʤʝʥʪʘ  
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2.5 ʄʝʞʤʦʣʝʢʫʣʷʨʥʳʡ ʙʝʟʳʟʣʫʯʘʪʝʣʴʥʳʡ ʧʝʨʝʥʦʩ ʵʥʝʨʛʠʠ ʚ ʜʦʥʦʨ-

ʥʦ-ʘʢʮʝʧʪʦʨʥʦʡ ʧʘʨʝ ʤʦʣʝʢʫʣ ʚʙʣʠʟʠ ʦʙʦʣʦʯʝʯʥʦʡ ʥʘʥʦʯʘʩʪʠʮʳ 

 

ɼʣʷ ʨʘʩʯʝʪʘ ʩʢʦʨʦʩʪʠ ʧʝʨʝʜʘʯʠ ʵʥʝʨʛʠʠ ʦʪ ʜʦʥʦʨʘ ʢ ʘʢʮʝʧʪʦʨʫ ʧʨʝʜʣʦʞʝ-

ʥʘ ʤʦʜʝʣʴ, ʢʦʪʦʨʘʷ ʠʩʧʦʣʴʟʫʝʪ ʬʦʨʤʘʣʠʟʤ ʚʪʦʨʠʯʥʦʛʦ ʢʚʘʥʪʦʚʘʥʠʷ ʜʣʷ ʦʧʠʩʘ-

ʥʠʷ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ ʣʦʢʘʣʠʟʦʚʘʥʥʦʛʦ ʧʣʘʟʤʦʥʘ ʚ ʧʨʦʚʦʜʷʱʝʡ ʦʙʦʣʦʯʢʝ 

ʅʏ, ʘ ʪʘʢʞʝ ʚʪʦʨʦʡ ʧʦʨʷʜʦʢ ʪʝʦʨʠʠ ʚʦʟʤʫʱʝʥʠʡ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʩʢʦʨʦʩʪʠ ʧʝ-

ʨʝʜʘʯʠ ʵʥʝʨʛʠʠ ʤʝʞʜʫ ʜʦʥʦʨʦʤ ʠ ʘʢʮʝʧʪʦʨʦʤ.  

ʉʢʦʨʦʩʪʴ ʧʝʨʝʜʘʯʠ ʵʥʝʨʛʠʠ ʦʪ ʤʦʣʝʢʫʣʳ-ʜʦʥʦʨʘ ʢ ʤʦʣʝʢʫʣʝ-ʘʢʮʝʧʪʦʨʫ ʚ 

ʧʨʠʩʫʪʩʪʚʠʠ ʧʣʘʟʤʦʥʥʦʡ ʅʏ ʤʦʞʝʪ ʙʳʪʴ ʦʧʨʝʜʝʣʝʥʘ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʦʙʦʙ-

ʱʝʥʥʦʡ ʪʝʦʨʠʠ ʌʨyʩʪʝʨʘ. ɺ ʵʪʦʡ ʪʝʦʨʠʠ ʫʯʠʪʳʚʘʶʪʩʷ ʜʚʘ ʤʝʭʘʥʠʟʤʘ ʧʝʨʝʜʘʯʠ 

ʵʥʝʨʛʠʠ: ʧʨʷʤʦʡ ʜʠʧʦʣʴ-ʜʠʧʦʣʴʥʳʡ ʠ ʦʧʦʩʨʝʜʦʚʘʥʥʳʡ ʯʝʨʝʟ ʣʦʢʘʣʠʟʦʚʘʥʥʳʝ 

ʧʣʘʟʤʦʥʳ [121, 122]. 

 

 
() () ()wwww+

p
= ñ -- dGGVVU ADANPDDADA
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Z
, (2.14) 

 

ʛʜʝ ()wDG  ʠ ()wAG  ï ʬʫʥʢʮʠʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʧʦ ʯʘʩʪʦʪʘʤ ʚ ʩʧʝʢʪʨʘʭ ʠʩʧʫʩʢʘ-

ʥʠʷ ʜʦʥʦʨʘ ʠ ʧʦʛʣʦʱʝʥʠʷ ʘʢʮʝʧʪʦʨʘ, 1001
Ĕ

DAddDADA VV yyyy= -  ï ʤʘʪʨʠʯʥʳʡ 

ʵʣʝʤʝʥʪ ʦʧʝʨʘʪʦʨʘ ddV -
Ĕ  ʵʥʝʨʛʠʠ ʜʠʧʦʣʴ-ʜʠʧʦʣʴʥʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʤʦʣʝʢʫʣ 

[120], 0Dy , 0Ay  ï ʚʦʣʥʦʚʳʝ ʬʫʥʢʮʠʠ ʥʝʚʦʟʙʫʞʜʝʥʥʳʭ ʵʣʝʢʪʨʦʥʥʳʭ ʩʦʩʪʦʷʥʠʡ 

ʤʦʣʝʢʫʣ ʜʦʥʦʨʘ ʠ ʘʢʮʝʧʪʦʨʘ, 1Dy ,
 1Ay  ï ʚʦʣʥʦʚʳʝ ʬʫʥʢʮʠʠ ʧʝʨʚʳʭ ʚʦʟʙʫʞ-

ʜʝʥʥʳʭ ʩʦʩʪʦʷʥʠʡ. ʉʦʩʪʘʚʥʦʡ ʤʘʪʨʠʯʥʳʡ ʵʣʝʤʝʥʪ ()w-- ANPDV , ʦʧʨʝʜʝʣʷʝʪʩʷ 

ʬʦʨʤʫʣʦʡ 
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ʚ ʢʦʪʦʨʫʶ ʚʭʦʜʷʪ ʤʘʪʨʠʯʥʳʝ ʵʣʝʤʝʥʪʳ ʦʧʝʨʘʪʦʨʦʚ ʵʥʝʨʛʠʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ 

ʜʠʧʦʣʴʥʦʛʦ ʤʦʤʝʥʪʘ 
D

p  ʜʦʥʦʨʘ Ep
D

NPDV -=-
Ĕ  ʠ ʜʠʧʦʣʴʥʦʛʦ ʤʦʤʝʥʪʘ 

A
p  ʘʢ-
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ʮʝʧʪʦʨʘ Ep
A

NPAV -=-
Ĕ  ʩ ʵʣʝʢʪʨʠʯʝʩʢʠʤ ʧʦʣʝʤ ɽ ʣʦʢʘʣʠʟʦʚʘʥʥʦʛʦ ʧʣʘʟʤʦʥʘ. ɺ 

(2.15) ʠʩʧʦʣʴʟʦʚʘʥʳ ʩʣʝʜʫʶʱʠʝ ʦʙʦʟʥʘʯʝʥʠʷ: LMj1  ʠ LMj0  ï ʚʦʣʥʦʚʳʝ ʬʫʥʢ-

ʮʠʠ ʩʦʩʪʦʷʥʠʡ ʩ ʦʜʥʠʤ ʣʦʢʘʣʠʟʦʚʘʥʥʳʤ ʧʣʘʟʤʦʥʦʤ ʠ ʙʝʟ ʧʣʘʟʤʦʥʘ, 
Ljw  ʠ 

pt  ï 

ʯʘʩʪʦʪʘ ʠ ʚʨʝʤʷ ʞʠʟʥʠ ʣʦʢʘʣʠʟʦʚʘʥʥʦʛʦ ʧʣʘʟʤʦʥʘ. ɽʩʣʠ ʜʠʵʣʝʢʪʨʠʯʝʩʢʘʷ ʬʫʥʢ-

ʮʠʷ ʤʝʪʘʣʣʘ ʟʘʜʘʝʪʩʷ ʚ ʨʘʤʢʘʭ ʦʙʦʙʱʝʥʥʦʡ ʤʦʜʝʣʠ ɼʨʫʜʝ () 22

2 ww-e=we ¤ p , 

ʛʜʝ 
pw  ï ʧʣʘʟʤʝʥʥʘʷ ʯʘʩʪʦʪʘ ʠ ¤e  ï ʚʳʩʦʢʦʯʘʩʪʦʪʥʘʷ ʜʠʵʣʝʢʪʨʠʯʝʩʢʘʷ ʧʨʦʥʠ-

ʮʘʝʤʦʩʪʴ ʤʝʪʘʣʣʘ, ʪʦ ʜʣʷ ʯʘʩʪʦʪ ʣʦʢʘʣʠʟʦʚʘʥʥʳʭ ʧʣʘʟʤʦʥʦʚ ʚ ʢʚʘʟʠʩʪʘʪʠʯʝʩʢʦʤ 

ʧʨʠʙʣʠʞʝʥʠʠ ʩʧʨʘʚʝʜʣʠʚʦ ʚʳʨʘʞʝʥʠʝ (2.4). ʉʫʤʤʠʨʦʚʘʥʠʝ ʚ (2.15) ʚʝʜʝʪʩʷ ʧʦ 

ʢʚʘʥʪʦʚʳʤ ʯʠʩʣʘʤ L ʠ M, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʤ ʧʣʘʟʤʦʥ, ʠ ʧʦ ʠʥʜʝʢʩʫ j, ʫʢʘʟʳʚʘ-

ʶʱʝʤʫ ʝʛʦ ʪʠʧ ʥʠʟʢʦ- ʠʣʠ ʚʳʩʦʢʦʯʘʩʪʦʪʥʳʡ.  

ʄʘʪʨʠʯʥʳʝ ʵʣʝʤʝʥʪʳ ʚ ʬʦʨʤʫʣʝ (2.15) ʙʳʣʠ 

ʚʳʯʠʩʣʝʥʳ ʜʣʷ ʛʝʦʤʝʪʨʠʠ, ʠʟʦʙʨʘʞʝʥʥʦʡ ʥʘ ʨʠʩʫʥʢʝ 

2.12. ɼʦʥʦʨ ʨʘʩʧʦʣʦʞʝʥ ʥʘ ʦʩʠ z ʥʘ ʨʘʩʩʪʦʷʥʠʠ Dr  ʦʪ 

ʥʘʯʘʣʘ ʢʦʦʨʜʠʥʘʪ, ʠ ʝʛʦ ʜʠʧʦʣʴʥʳʡ ʤʦʤʝʥʪ 
D

p  ʧʘ-

ʨʘʣʣʝʣʝʥ ʦʩʠ z. ʇʦʣʷʨʥʳʡ ʫʛʦʣ Dq , ʦʧʨʝʜʝʣʷʶʱʠʡ 

ʧʦʣʦʞʝʥʠʝ ʜʦʥʦʨʘ, ʨʘʚʝʥ ʥʫʣʶ, ʘ ʘʟʠʤʫʪʘʣʴʥʳʡ ʫʛʦʣ 

Da  ʥʝ ʦʧʨʝʜʝʣʝʥ. ʇʦʣʦʞʝʥʠʝ ʘʢʮʝʧʪʦʨʘ ʟʘʜʘʝʪʩʷ 

ʨʘʩʩʪʦʷʥʠʝʤ Ar , ʧʦʣʷʨʥʳʤ q ʠ ʘʟʠʤʫʪʘʣʴʥʳʤ a ʫʛ-

ʣʘʤʠ. ʆʨʠʝʥʪʘʮʠʷ ʚʝʢʪʦʨʘ 
A

p  ʦʧʨʝʜʝʣʷʝʪʩʷ ʫʛʣʘʤʠ 

Aq  ʠ Aa . ʇʨʠ ʪʘʢʦʡ ʛʝʦʤʝʪʨʠʠ ʤʘʪʨʠʯʥʳʡ ʵʣʝʤʝʥʪ DAV  ʦʧʝʨʘʪʦʨʘ ʵʥʝʨʛʠʠ ʜʠ-

ʧʦʣʴ-ʜʠʧʦʣʴʥʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʜʦʥʦʨʘ ʠ ʘʢʮʝʧʪʦʨʘ ʟʘʧʠʩʳʚʘʝʪʩʷ ʚ ʚʠʜʝ 
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ʘʢʮʝʧʪʦʨʥʘʷ ʧʘʨʘ ʚʙʣʠʟʠ 
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ʛʜʝ DAr  ï ʨʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʤʦʣʝʢʫʣʘʤʠ, 
D

p01 ʠ 
A

p10  ï ʤʘʪʨʠʯʥʳʝ ʵʣʝʤʝʥʪʳ ʦʧʝ-

ʨʘʪʦʨʘ ʜʠʧʦʣʴʥʦʛʦ ʤʦʤʝʥʪʘ ʧʝʨʝʭʦʜʘ ʚ ʤʦʣʝʢʫʣʘʭ ʜʦʥʦʨʘ ʠ ʘʢʮʝʧʪʦʨʘ.  

ʉʢʘʣʷʨʥʦʝ ʧʨʦʠʟʚʝʜʝʥʠʝ ( )D

L

LM

D
a

+
,0

*1
Yp , ʚʦʟʥʠʢʘʶʱʝʝ ʚ ʤʘʪʨʠʯʥʦʤ ʵʣʝ-

ʤʝʥʪʝ LMjDNPDDLMj V 0Ĕ1 10 yy - , ʚʭʦʜʷʱʝʤ ʚ (2.15), ʠʤʝʝʪ ʧʨʦʩʪʦʡ ʚʠʜ 

( )
0,

*1

4

1
,0 M

D

D

L

LM

D L
p d

p

+
-=a

+
Yp , ʛʜʝ 

D
p  ï ʤʦʜʫʣʴ ʚʝʢʪʦʨʘ 

D
p , 

0,Md  ï ʩʠʤʚʦʣ 

ʂʨʦʥʝʢʢʝʨʘ, ʧʦʷʚʣʝʥʠʝ ʢʦʪʦʨʦʛʦ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʚ ʨʝʟʫʣʴʪʘʪʝ ʜʝʟʘʢʪʠʚʘʮʠʠ ʜʦ-

ʥʦʨʘ ʨʦʞʜʘʝʪʩʷ ʣʦʢʘʣʠʟʦʚʘʥʥʳʡ ʧʣʘʟʤʦʥ ʩ ʢʚʘʥʪʦʚʳʤ ʯʠʩʣʦʤ ʄ = 0. ʇʦʵʪʦʤʫ 

ʤʘʪʨʠʯʥʳʡ ʵʣʝʤʝʥʪ LMjANPAALMj V 1Ĕ0 01 yy -  ʪʘʢʞʝ ʩʣʝʜʫʝʪ ʚʳʯʠʩʣʷʪʴ ʧʨʠ 

ʄ = 0. ʀʩʧʦʣʴʟʫʷ ʮʠʢʣʠʯʝʩʢʠʝ ʢʦʤʧʦʥʝʥʪʳ ʚʝʢʪʦʨʘ 
A

p  ʠ ʰʘʨʦʚʦʛʦ ʚʝʢʪʦʨʘ 

( )aq+
,

1

0

L

LY , ʜʣʷ ʩʦʩʪʘʚʥʦʛʦ ʤʘʪʨʠʯʥʦʛʦ ʵʣʝʤʝʥʪʘ (2.14) ʧʦʣʫʯʠʤ 
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ɺ ʯʘʩʪʥʦʤ ʩʣʫʯʘʝ ʨʘʜʠʘʣʴʥʦ ʦʨʠʝʥʪʠʨʦʚʘʥʥʦʛʦ ʚʝʢʪʦʨʘ 
A

p  ʚʳʨʘʞʝʥʠʝ 

ʜʣʷ ʩʦʩʪʘʚʥʦʛʦ ʤʘʪʨʠʯʥʦʛʦ ʵʣʝʤʝʥʪʘ ʫʧʨʦʱʘʝʪʩʷ 
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ʛʜʝ ( )qcosLP  ï ʧʦʣʠʥʦʤ ʃʝʞʘʥʜʨʘ. 

ʇʨʠ ʧʨʦʚʝʜʝʥʠʠ ʨʘʩʯʝʪʦʚ ʧʘʨʘʤʝʪʨʳ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʝ ʅʏ, ʙʳʣʠ ʪʘʢʠʤʠ 

ʞʝ, ʢʘʢ ʥʘ ʨʠʩʫʥʢʝ 2.11. ʈʘʜʠʫʩ ʠ ʜʠʵʣʝʢʪʨʠʯʝʩʢʘʷ ʧʦʩʪʦʷʥʥʘʷ ʷʜʨʘ ʅʏ ʚʘʨʴʠ-

ʨʦʚʘʣʠʩʴ ʚ ʩʣʝʜʫʶʱʠʭ ʧʨʝʜʝʣʘʭ: 73 1¢¢R ʥʤ, 42 1¢e¢ . ɼʠʵʣʝʢʪʨʠʯʝʩʢʘʷ 

ʧʨʦʥʠʮʘʝʤʦʩʪʴ ʩʨʝʜʳ, ʦʢʨʫʞʘʶʱʝʡ ʅʏ, ʩʦʩʪʘʚʣʷʣʘ 2=ed .  

ɼʣʷ ʘʥʘʣʠʟʘ ʚʢʣʘʜʘ ʧʣʘʟʤʦʥʥʦʛʦ ʤʝʭʘʥʠʟʤʘ ʚ ʧʨʦʮʝʩʩ ʧʝʨʝʜʘʯʠ ʵʥʝʨʛʠʠ 

ʚʳʯʠʩʣʷʣʘʩʴ ʬʫʥʢʮʠʷ ()wf , ʧʨʝʜʩʪʘʚʣʷʶʱʘʷ ʩʦʙʦʡ ʦʪʥʦʰʝʥʠʝ ʢʚʘʜʨʘʪʘ ʤʦʜʫʣʷ 
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ʤʘʪʨʠʯʥʦʛʦ ʵʣʝʤʝʥʪʘ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʤʝʞʜʫ ʤʦʣʝʢʫʣʘʤʠ ʜʦʥʦʨʘ ʠ ʘʢʮʝʧʪʦʨʘ ʚ 

ʧʨʠʩʫʪʩʪʚʠʠ ʅʏ ʢ ʢʚʘʜʨʘʪʫ ʤʘʪʨʠʯʥʦʛʦ ʵʣʝʤʝʥʪʘ ʪʦʣʴʢʦ ʜʠʧʦʣʴ-ʜʠʧʦʣʴʥʦʛʦ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ () ()
22

DAANPDDA VVVf w+=w -- . 

ʅʘ ʨʠʩʫʥʢʝ 2.13 ʧʦʢʘʟʘʥʘ ʯʘʩʪʦʪʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ʫʩʨʝʜʥʝʥʥʦʛʦ ʧʦ 

ʥʘʧʨʘʚʣʝʥʠʷʤ 
A

p  ʬʘʢʪʦʨʘ ()wf  ʧʨʠ ʨʘʟʥʳʭ ʨʘʜʠʫʩʘʭ 1R  ʷʜʨʘ ʅʏ. ʈʘʩʩʪʦʷʥʠʷ 

ʦʪ ʤʦʣʝʢʫʣ ʜʦʥʦʨʘ ʠ ʘʢʮʝʧʪʦʨʘ ʜʦ ʮʝʥʪʨʘ ʅʏ ʙʳʣʠ ʨʘʚʥʳ 15== AD rr  ʥʤ, ʫʛʦʣ, 

ʦʧʨʝʜʝʣʷʶʱʠʡ ʧʦʣʦʞʝʥʠʝ ʘʢʮʝʧʪʦʨʘ, 4p=q , ʜʠʵʣʝʢʪʨʠʯʝʩʢʘʷ ʧʦʩʪʦʷʥʥʘʷ ʷʜ-

ʨʘ ʅʏ 21=e . ʂʘʞʜʘʷ ʢʨʠʚʘʷ ʥʘ ʨʠʩʫʥʢʝ 2.12 ʠʤʝʝʪ ʥʝʩʢʦʣʴʢʦ ʤʘʢʩʠʤʫʤʦʚ. ʊʘʢ, 

ʥʘʧʨʠʤʝʨ, ʥʘ ʢʨʠʚʦʡ 1 ʤʘʢʩʠʤʫʤ ʥʘ ʯʘʩʪʦʪʝ 8,4ºw ʬʩ
-1
 ʦʙʫʩʣʦʚʣʝʥ ʚʢʣʘʜʦʤ  

ʜʠʧʦʣʴʥʦʛʦ ʥʠʟʢʦʯʘʩʪʦʪʥʦʛʦ ʣʦʢʘ-

ʣʠʟʦʚʘʥʥʦʛʦ ʧʣʘʟʤʦʥʘ, ʯʘʩʪʦʪʘ ʢʦ-

ʪʦʨʦʛʦ ʟʘʜʘʝʪʩʷ ʬʦʨʤʫʣʦʡ (2.4) ʧʨʠ 

""-=j . ɺ ʤʘʢʩʠʤʫʤʳ ʚ ʜʠʘʧʘʟʦʥʝ 

5,50,5 - ʬʩ
-1
 ʜʘʶʪ ʚʢʣʘʜ ʥʠʟʢʦʯʘ-

ʩʪʦʪʥʳʝ ʧʣʘʟʤʦʥʳ ʙʦʣʝʝ ʚʳʩʦʢʦʡ 

ʤʫʣʴʪʠʧʦʣʴʥʦʩʪʠ.  

ʄʘʢʩʠʤʫʤʳ ʚ ʜʠʘʧʘʟʦʥʝ 

7,60,6 - ʬʩ
-1
, ʦʙʫʩʣʦʚʣʝʥʥʳʝ ʚʳʩʦ-

ʢʦʯʘʩʪʦʪʥʳʤʠ ʧʣʘʟʤʦʥʘʤʠ (""+=j ), 

ʥʘ ʜʚʘ ʧʦʨʷʜʢʘ ʤʝʥʴʰʝ, ʧʨʠʯʝʤ ʜʠʧʦʣʴʥʦʤʫ ʧʣʘʟʤʦʥʫ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʥʘʠʙʦʣʴ-

ʰʘʷ ʯʘʩʪʦʪʘ. ʀʟ ʨʠʩʫʥʢʘ ʚʠʜʥʦ, ʯʪʦ ʩ ʨʦʩʪʦʤ 1R  ʤʘʢʩʠʤʫʤʳ, ʦʙʫʩʣʦʚʣʝʥʥʳʝ 

ʥʠʟʢʦʯʘʩʪʦʪʥʳʤʠ ʧʣʘʟʤʦʥʘʤʠ, ʩʜʚʠʛʘʶʪʩʷ ʚ ʩʪʦʨʦʥʫ ʥʠʟʢʠʭ ʯʘʩʪʦʪ, ʠ ʠʭ ʚʝʣʠ-

ʯʠʥʘ ʫʤʝʥʴʰʘʝʪʩʷ, ʤʘʢʩʠʤʫʤʳ, ʦʙʫʩʣʦʚʣʝʥʥʳʝ ʚʳʩʦʢʦʯʘʩʪʦʪʥʳʤʠ ʧʣʘʟʤʦʥʘ-

ʤʠ, ʥʘʦʙʦʨʦʪ, ʩʜʚʠʛʘʶʪʩʷ ʚ ʩʪʦʨʦʥʫ ʙʦʣʝʝ ʚʳʩʦʢʠʭ ʯʘʩʪʦʪ, ʠ ʠʭ ʚʝʣʠʯʠʥʘ ʫʚʝ-

ʣʠʯʠʚʘʝʪʩʷ. ʊʘʢʦʝ ʧʦʚʝʜʝʥʠʝ ʩʚʷʟʘʥʦ ʩ ʟʘʚʠʩʠʤʦʩʪʴʶ ʧʣʘʟʤʦʥʥʦʡ ʯʘʩʪʦʪʳ Ljw  

(2.4) ʦʪ 1R. ʉ ʨʦʩʪʦʤ 1R  ʯʘʩʪʦʪʘ ʥʠʟʢʦʯʘʩʪʦʪʥʦʡ ʧʣʘʟʤʦʥʥʦʡ ʚʝʪʚʠ ʫʤʝʥʴʰʘʝʪ-

ʩʷ, ʘ ʚʳʩʦʢʦʯʘʩʪʦʪʥʦʡ ʨʘʩʪʝʪ. 

 
ʈʠʩʫʥʦʢ 2.13 - ʏʘʩʪʦʪʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ʫʩʨʝʜ-

ʥʝʥʥʦʛʦ ʬʘʢʪʦʨʘ à f ð ʧʨʠ ʨʘʜʠʫʩʘʭ ʷʜʨʘ ʅʏ 

R1 = 3 (1), 5 (2), 7 (3) ʥʤ 
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ʂʨʦʤʝ ʪʦʛʦ, ʧʨʦʚʝʜʝʥʥʳʝ ʨʘʩ-

ʯʝʪʳ ʟʘʚʠʩʠʤʦʩʪʠ ʬʘʢʪʦʨʘ ()wf  ʦʪ 

1e ʷʜʨʘ ʅʏ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʫʚʝʣʠ-

ʯʝʥʠʝ 1e ʦʪ 2 ʜʦ 4 ʧʨʠʚʦʜʠʪ ʢ ʩʜʚʠʛʫ 

ʚʩʝʭ ʤʘʢʩʠʤʫʤʦʚ ʚ ʩʪʦʨʦʥʫ ʤʝʥʴ-

ʰʠʭ ʯʘʩʪʦʪ, ʧʨʠ ʵʪʦʤ ʚʝʣʠʯʠʥʘ ʥʠʟ-

ʢʦʯʘʩʪʦʪʥʳʭ ʤʘʢʩʠʤʫʤʦʚ ʫʤʝʥʴʰʘ-

ʝʪʩʷ, ʘ ʚʳʩʦʢʦʯʘʩʪʦʪʥʳʭ ʨʘʩʪʝʪ. 

ʅʘ ʨʠʩʫʥʢʝ 2.14 ʧʨʝʜʩʪʘʚʣʝʥʘ 

ʯʘʩʪʦʪʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ()wf  ʧʨʠ 

ʨʘʟʥʳʭ ʨʘʩʩʪʦʷʥʠʷʭ ɸD rr =  ʦʪ ʜʦʥʦʨʥʦ-ʘʢʮʝʧʪʦʨʥʦʡ ʧʘʨʳ ʜʦ ʧʦʚʝʨʭʥʦʩʪʠ ʅʏ ʠ 

ʥʝʠʟʤʝʥʥʦʤ ʨʘʩʩʪʦʷʥʠʠ ʤʝʞʜʫ ʤʦʣʝʢʫʣʘʤʠ ʚ ʧʘʨʝ 10=Dɸr  ʥʤ. ʈʘʜʠʫʩ ʷʜʨʘ ʥʘ-

ʥʦʯʘʩʪʠʮʳ 51=R  ʥʤ, ʝʛʦ ʜʠʵʣʝʢʪʨʠʯʝʩʢʘʷ ʧʨʦʥʠʮʘʝʤʦʩʪʴ 21=e . ʀʟ ʨʠʩʫʥʢʘ 

ʤʦʞʥʦ ʫʚʠʜʝʪʴ, ʯʪʦ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʨʘʩʩʪʦʷʥʠʷ ʦʪ ʤʦʣʝʢʫʣʳ ʜʦ ʅʏ ʚʢʣʘʜ ʧʣʘʟ-

ʤʦʥʥʦʛʦ ʤʝʭʘʥʠʟʤʘ ʚ ʧʝʨʝʥʦʩ ʵʥʝʨʛʠʠ ʫʤʝʥʴʰʘʝʪʩʷ. ʇʨʠ ʤʘʣʳʭ ʨʘʩʩʪʦʷʥʠʷʭ 

ʚʢʣʘʜ ʧʣʘʟʤʦʥʦʚ ʩ ʚʳʩʦʢʠʤʠ ʤʫʣʴʪʠʧʦʣʴʥʦʩʪʷʤʠ ʚ ʩʢʦʨʦʩʪʴ ʧʝʨʝʥʦʩʘ ʵʥʝʨʛʠʠ 

ʩʪʘʥʦʚʠʪʩʷ ʩʨʘʚʥʠʤʳʤ ʩ ʚʢʣʘʜʦʤ ʜʠʧʦʣʴʥʦʛʦ ʧʣʘʟʤʦʥʘ, ʦ ʯʝʤ ʙʳʣʦ ʦʪʤʝʯʝʥʦ ʚ 

ʨʘʙʦʪʝ [48]. 

ɼʣʷ ʜʦʩʪʠʞʝʥʠʷ ʤʘʢʩʠʤʘʣʴʥʦʡ ʩʢʦʨʦʩʪʠ ʧʝʨʝʜʘʯʠ ʵʥʝʨʛʠʠ ʧʦ ʧʣʘʟʤʦʥ-

ʥʦʤʫ ʢʘʥʘʣʫ ʥʝʦʙʭʦʜʠʤʦ, ʯʪʦʙʳ ʯʘʩʪʦʪʘ, ʥʘ ʢʦʪʦʨʫʶ ʧʨʠʭʦʜʠʪʩʷ ʥʘʠʙʦʣʴʰʝʝ 

ʧʝʨʝʢʨʳʪʠʝ ʩʧʝʢʪʨʦʚ ʠʩʧʫʩʢʘʥʠʷ ʜʦʥʦʨʘ ʠ ʧʦʛʣʦʱʝʥʠʷ ʘʢʮʝʧʪʦʨʘ, ʙʳʣʘ ʙʣʠʟʢʘ 

ʢ ʯʘʩʪʦʪʝ, ʥʘ ʢʦʪʦʨʦʡ ʬʘʢʪʦʨ ()wf  ʠʤʝʝʪ ʥʘʠʙʦʣʴʰʝʝ ʟʥʘʯʝʥʠʝ. ʅʘʧʨʠʤʝʨ, 

ʩʦʛʣʘʩʥʦ ʨʠʩʫʥʢʫ 2.12, ʵʪʦ ʫʩʣʦʚʠʝ ʚʳʧʦʣʥʷʝʪʩʷ, ʢʦʛʜʘ ʤʘʢʩʠʤʘʣʴʥʦʝ ʧʝʨʝʢʨʳ-

ʪʠʝ ʧʨʠʭʦʜʠʪʩʷ ʥʘ ʯʘʩʪʦʪʫ ʦʢʦʣʦ 4,5 ʬʩ
-1
, ʧʨʠ ʫʩʣʦʚʠʠ, ʯʪʦ ʨʘʜʠʫʩ ʷʜʨʘ ʅʏ ʨʘ-

ʚʝʥ 51=R  ʥʤ. ʇʨʠ ʨʘʩʯʝʪʝ ʩʢʦʨʦʩʪʠ ʧʝʨʝʥʦʩʘ ʵʥʝʨʛʠʠ (2.14) ʧʨʝʜʧʦʣʘʛʘʝʪʩʷ, 

ʯʪʦ ʬʫʥʢʮʠʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʧʦ ʯʘʩʪʦʪʘʤ ʚ ʩʧʝʢʪʨʘʭ ʠʩʧʫʩʢʘʥʠʷ ʜʦʥʦʨʘ ()wDG  

ʠ ʧʦʛʣʦʱʝʥʠʷ ʘʢʮʝʧʪʦʨʘ ()wɸG  ʠʤʝʶʪ ʣʦʨʝʥʮʝʚʫ ʬʦʨʤʫ, ʘ ʧʦʣʫʰʠʨʠʥʘ ʦʧʨʝʜʝ-

 
ʈʠʩʫʥʦʢ 2.14 - ʏʘʩʪʦʪʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ʫʩʨʝʜ-

ʥʝʥʥʦʛʦ ʬʘʢʪʦʨʘ à f ð ʧʨʠ ʨʘʩʩʪʦʷʥʠʷʭ ʦʪ D-A 

ʧʘʨʳ ʜʦ ʮʝʥʪʘ ʅʏ rD = rɸ = 15 (1), 14 (2), 13 (3) 

ʥʤ 
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ʣʷʝʪʩʷ ʧʘʨʘʤʝʪʨʦʤ 2.0=g=g AD  ʬʩ
-1
. ʄʘʢʩʠʤʫʤ ʬʫʥʢʮʠʠ ()wDG  ʧʨʠʭʦʜʠʪʩʷ 

ʥʘ ʯʘʩʪʦʪʫ 7.4=wD  ʬʩ
-1
 ( ºl 400 ʥʤ), ʘ ʤʘʢʩʠʤʫʤ ()wɸG  ï ʥʘ ʯʘʩʪʦʪʫ     

2.4=wɸ  ʬʩ
-1
      ( ºl 450 ʥʤ). ʇʨʠʤʝʨʦʤ ʜʦʥʦʨʘ ʤʦʞʝʪ ʩʣʫʞʠʪʴ ʘʥʪʨʘʮʝʥ, ʘʢ-

ʮʝʧʪʦʨʘ ï ʨʠʙʦʬʣʘʚʠʥ [123]. ʄʘʪʨʠʯʥʳʝ ʤʦʤʝʥʪʳ ʜʠʧʦʣʴʥʳʭ ʤʦʤʝʥʪʦʚ ʧʝʨʝ-

ʭʦʜʘ ʙʳʣʠ ʚʟʷʪʳ ʨʘʚʥʳʤʠ 
18

0101 105
-

Öº=
AD

pp ʉɻʉʕĿʩʤ. 

ʅʘ ʨʠʩʫʥʢʝ 2.15 ʠʟʦʙʨʘ-

ʞʝʥʘ ʟʘʚʠʩʠʤʦʩʪʴ ʫʩʨʝʜʥʝʥʥʦʡ 

ʧʦ ʥʘʧʨʘʚʣʝʥʠʷʤ 
A

p  ʩʢʦʨʦʩʪʠ 

ʧʝʨʝʥʦʩʘ ʵʥʝʨʛʠʠ (2.15) ʦʪ ʤʝ-

ʩʪʦʧʦʣʦʞʝʥʠʷ ʘʢʮʝʧʪʦʨʘ, ʝʩʣʠ 

ʜʦʥʦʨ ʨʘʩʧʦʣʘʛʘʝʪʩʷ ʥʘ ʨʘʩʩʪʦ-

ʥ̫ʠʠ 12=Dr ʥʤ. ɿʝʣʝʥʘʷ ʦʙ-

ʣʘʩʪʴ ʚʦʢʨʫʛ ʪʦʯʝʯʥʦʛʦ ʜʦʥʦʨʘ, 

ʚ ʢʦʪʦʨʦʡ ʢʨʦʤʝ ʜʠʧʦʣʴï

ʜʠʧʦʣʴʥʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ 

ʤʝʞʜʫ ʤʦʣʝʢʫʣʘʤʠ ʤʦʛʫʪ ʠʛ-

ʨʘʪʴ ʨʦʣʴ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʙʦʣʝʝ ʚʳʩʦʢʠʭ ʤʫʣʴʪʠʧʦʣʝʡ ʠ ʦʙʤʝʥʥʦʝ ʚʟʘʠʤʦʜʝʡ-

ʩʪʚʠʝ, ʠʟ ʨʘʩʯʝʪʦʚ ʠʩʢʣʶʯʘʣʘʩʴ. ʀʟʦʙʨʘʞʝʥʠʝ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʥʘʠʙʦʣʴʰʘʷ ʩʢʦ-

ʨʦʩʪʴ ʧʝʨʝʥʦʩʘ ʥʘʙʣʶʜʘʝʪʩʷ ʚ ʦʙʣʘʩʪʷʭ, ʙʣʠʟʢʠʭ ʢ ʜʦʥʦʨʫ (ʛʜʝ ʧʨʝʦʙʣʘʜʘʝʪ ʜʠ-

ʧʦʣʴ-ʜʠʧʦʣʴʥʳʡ ʤʝʭʘʥʠʟʤ), ʘ ʪʘʢʞʝ ʚʙʣʠʟʠ ʧʦʚʝʨʭʥʦʩʪʠ ʅʏ (ʛʜʝ ʧʨʝʦʙʣʘʜʘʝʪ 

ʧʣʘʟʤʦʥʥʳʡ ʤʝʭʘʥʠʟʤ). 

 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚ ʜʘʥʥʦʡ ʛʣʘʚʝ ʙʳʣʦ ʧʨʦʚʝʜʝʥʦ ʪʝʦʨʝʪʠʯʝʩʢʦʝ ʠʩʩʣʝʜʦʚʘ-

ʥʠʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʧʣʘʟʤʦʥʦʚ ʠ ʵʢʩʠʪʦʥʦʚ ʚ ʦʙʲʝʜʠʥʝʥʥʦʡ ʩʠʩʪʝʤʝ, ʩʦʩʪʦʷ-

ʱʝʡ ʠʟ ʢʚʘʥʪʦʚʦʡ ʪʦʯʢʠ ʠ ʩʬʝʨʠʯʝʩʢʦʡ ʥʘʥʦʯʘʩʪʠʮʳ ʩ ʧʣʘʟʤʦʥʥʦʡ ʦʙʦʣʦʯʢʦʡ. 

ʈʘʩʯʝʪʳ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʧʨʠ ʩʠʣʴʥʦʤ ʢʦʥʬʘʡʥʤʝʥʪʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʷʚʣʷʝʪʩʷ 

ʩʣʘʙʳʤ, ʥʦ ʧʨʠ ʩʣʘʙʦʤ ʢʦʥʬʘʡʥʤʝʥʪʝ ʠʟʤʝʥʝʥʠʝ ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠ-

ʩʪʠʢ ʩʠʩʪʝʤʳ ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ ʧʨʦʤʝʞʫʪʦʯʥʦʤʫ ʚʟʘʠʤʦʜʝʡʩʪʚʠʶ. ʇʨʠ ʦʧʨʝ-

 
ʈʠʩʫʥʦʢ 2.15 - ʉʢʦʨʦʩʪʴ ʙʝʟʳʟʣʫʯʘʪʝʣʴʥʦʛʦ ʧʝʨʝʥʦʩʘ 
ʵʥʝʨʛʠʠ ʟʘʚʠʩʠʪ ʦʪ ʤʝʩʪʦʧʦʣʦʞʝʥʠʷ ʘʢʮʝʧʪʦʨʘ 
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ʜʝʣʝʥʥʳʭ ʨʘʜʠʫʩʘʭ ʷʜʨʘ ʅʏ ʥʘʙʣʶʜʘʝʪʩʷ ʨʝʟʢʦʝ ʫʚʝʣʠʯʝʥʠʝ ʩʢʦʨʦʩʪʝʡ ʧʝʨʝʜʘ-

ʯʠ ʵʥʝʨʛʠʠ ʦʪ ʂʊ ʢ ʅʏ ʠ ʩʧʦʥʪʘʥʥʦʛʦ ʠʟʣʫʯʝʥʠʷ ʂʊ. ʕʪʦ ʧʨʦʠʩʭʦʜʠʪ ʙʣʘʛʦʜʘʨʷ 

ʨʘʚʝʥʩʪʚʫ ʯʘʩʪʦʪ ʧʣʘʟʤʦʥʘ ʠ ʵʣʝʢʪʨʦʥʥʦʛʦ ʧʝʨʝʭʦʜʘ ʚ ʂʊ. 

ʇʨʦʚʝʜʝʥʥʦʝ ʪʝʦʨʝʪʠʯʝʩʢʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʤʝʞʤʦʣʝʢʫʣʷʨʥʦʛʦ ʙʝʟʳʟʣʫʯʘ-

ʪʝʣʴʥʦʛʦ ʧʝʨʝʥʦʩʘ ʵʥʝʨʛʠʠ ʧʦʢʘʟʘʣʦ, ʯʪʦ ʚʘʨʠʘʮʠʷ ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ ʠ ʵʣʝʢʪʨʦ-

ʜʠʥʘʤʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʅʏ ʧʦʟʚʦʣʷʝʪ ʜʦʙʠʚʘʪʴʩʷ ʦʧʪʠʤʘʣʴʥʳʭ ʫʩʣʦʚʠʡ, 

ʦʙʝʩʧʝʯʠʚʘʶʱʠʭ ʵʬʬʝʢʪʠʚʥʳʡ ʧʝʨʝʥʦʩ ʵʥʝʨʛʠʠ ʚ ʜʦʥʦʨʥʦ-ʘʢʮʝʧʪʦʨʥʦʡ ʧʘʨʝ 

ʤʦʣʝʢʫʣ ʠʣʠ ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚʳʭ ʢʚʘʥʪʦʚʳʭ ʪʦʯʝʢ, ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʚʙʣʠʟʠ ʅʏ.  

ɺʳʧʦʣʥʝʥʥʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʙʝʟʳʟʣʫʯʘʪʝʣʴʥʳʭ ʠ ʠʟʣʫʯʘʪʝʣʴʥʳʭ ʧʨʦʮʝʩ-

ʩʦʚ ʚ ʤʦʣʝʢʫʣʘʭ ʠ ʢʚʘʥʪʦʚʳʭ ʪʦʯʢʘʭ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʅʏ ʩ ʜʠʵʣʝʢʪʨʠʯʝʩʢʠʤ ʷʜ-

ʨʦʤ ʠ ʧʣʘʟʤʦʥʥʦʡ ʦʙʦʣʦʯʢʦʡ, ʘ ʪʘʢʞʝ ʚʨʝʤʝʥʥʦʛʦ ʧʦʚʝʜʝʥʠʷ ʥʘʩʝʣʝʥʥʦʩʪʝʡ ʵʢ-

ʩʠʪʦʥʥʳʭ ʩʦʩʪʦʷʥʠʡ ʤʦʞʝʪ ʙʳʪʴ ʧʦʣʝʟʥʳʤ ʩ ʧʨʘʢʪʠʯʝʩʢʦʡ ʪʦʯʢʠ ʟʨʝʥʠʷ. ʇʦʣʫ-

ʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʤʦʛʫʪ ʙʳʪʴ ʚʦʩʪʨʝʙʦʚʘʥʳ, ʥʘʧʨʠʤʝʨ, ʧʨʠ ʘʥʘʣʠʟʝ ʨʘʙʦʪʳ 

ʬʦʪʦʵʣʝʢʪʨʦʥʥʳʭ ʫʩʪʨʦʡʩʪʚ, ʩʦʜʝʨʞʘʱʠʭ ʂʊ ʠ ʧʣʘʟʤʦʥʥʳʝ ʅʏ, ʠʣʠ ʧʨʠ ʨʘʟʨʘ-

ʙʦʪʢʝ ʬʦʪʦʵʣʝʢʪʨʦʥʥʳʭ ʫʩʪʨʦʡʩʪʚ, ʧʨʠʥʮʠʧ ʨʘʙʦʪʳ ʢʦʪʦʨʳʭ ʙʘʟʠʨʫʝʪʩʷ ʥʘ 

ʧʣʘʟʤʦʥ-ʫʩʢʦʨʝʥʥʦʤ ʧʝʨʝʥʦʩʝ ʵʥʝʨʛʠʠ ʤʝʞʜʫ ʢʦʤʧʦʥʝʥʪʘʤʠ ʬʫʥʢʮʠʦʥʘʣʴʥʦʡ 

ʥʘʥʦʩʠʩʪʝʤʳ. 
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3 ɺʣʠʷʥʠʝ ʥʘʥʦʯʘʩʪʠʮ ʟʦʣʦʪʘ ʠ ʩʝʨʝʙʨʘ ʥʘ ʦʧʪʠʯʝʩʢʠʝ ʩʚʦʡ-

ʩʪʚʘ ʦʨʛʘʥʠʯʝʩʢʠʭ ʢʨʘʩʠʪʝʣʝʡ 

 

 

3.1 ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʣʶʤʠʥʝʩʮʝʥʮʠʠ ʦʢʨʘʰʝʥʥʳʭ 

ʵʨʠʪʨʦʟʠʥʦʤ ʧʦʣʠʤʝʨʥʳʭ ʧʣʝʥʦʢ ʩ ʧʣʘʟʤʦʥʥʳʤʠ ʥʘʥʦʯʘʩʪʠʮʘʤʠ 

 

ʉ ʨʘʟʚʠʪʠʝʤ ʤʦʣʝʢʫʣʷʨʥʦʡ ʵʣʝʢʪʨʦʥʠʢʠ ʠ ʬʦʪʦʥʠʢʠ ʦʩʦʙʝʥʥʦ ʚʘʞʥʳʤʠ 

ʩʪʘʥʦʚʷʪʩʷ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʥʘʧʨʘʚʣʝʥʥʳʝ ʥʘ ʠʟʫʯʝʥʠʝ ʦʧʪʠʯʝʩʢʦʛʦ ʦʪʢʣʠʢʘ ʤʦ-

ʣʝʢʫʣ ʦʨʛʘʥʠʯʝʩʢʠʭ ʢʨʘʩʠʪʝʣʝʡ ʚʙʣʠʟʠ ʧʣʘʟʤʦʥʥʳʭ ʥʘʥʦʯʘʩʪʠʮ. ʕʪʦ ʩʚʷʟʘʥʦ ʩ 

ʚʦʟʤʦʞʥʳʤ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʥʘʥʦʩʪʨʫʢʪʫʨ, ʩʦʜʝʨʞʘʱʠʭ ʥʘʥʦʯʘʩʪʠʮʳ ʠ ʤʦʣʝ-

ʢʫʣʳ ʣʶʤʠʥʦʬʦʨʘ, ʚ ʢʘʯʝʩʪʚʝ ʢʣʶʯʝʚʳʭ ʢʦʤʧʦʥʝʥʪʦʚ ʬʦʪʦʜʠʦʜʦʚ, ʣʘʟʝʨʦʚ, 

ʩʧʘʟʝʨʦʚ, ʨʘʟʣʠʯʥʳʭ ʩʝʥʩʦʨʦʚ ʠ ʜʘʪʯʠʢʦʚ. 

 ɺ ʜʘʥʥʦʡ ʛʣʘʚʝ ʠʩʩʣʝʜʫʶʪʩʷ ʦʩʦʙʝʥʥʦʩʪʠ ʚʣʠʷʥʠʷ ʅʏ ʟʦʣʦʪʘ ʠ ʩʝʨʝʙʨʘ 

ʥʘ ʦʧʪʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʦʢʨʘʰʝʥʥʳʭ ʵʨʠʪʨʦʟʠʥʦʤ ʧʣʝʥʦʢ ʧʦʣʠʚʠʥʠʣʦʚʦʛʦ 

ʩʧʠʨʪʘ (ʇɺʉ) ʠ ʛʝʥʝʨʘʮʠʦʥʥʳʝ ʩʚʦʡʩʪʚʘ ʨʦʜʘʤʠʥʘ 6G ʚ ʚʦʜʥʳʭ ʨʘʩʪʚʦʨʘʭ. 

 ʉʠʥʪʝʟ ʥʘʥʦʯʘʩʪʠʮ ʙʳʣ ʦʩʫʱʝʩʪʚʣʝʥ ʤʝʪʦ-

ʜʦʤ ʮʠʪʨʘʪʥʦʛʦ ʚʦʩʪʘʥʦʚʣʝʥʠʷ ʊʫʨʢʝʚʠʯʘ-

ʌʨʝʥʩʘ, ʢʦʪʦʨʳʡ ʠʟʥʘʯʘʣʴʥʦ ʙʳʣ ʨʘʟʨʘʙʦʪʘʥ ʜʣʷ 

ʧʦʣʫʯʝʥʠʷ ʟʦʣʦʪʳʭ ʅʏ [124], ʘ ʟʘʪʝʤ ʩʪʘʣ ʧʨʠʤʝ-

ʥʷʪʴʩʷ ʜʣʷ ʩʠʥʪʝʟʘ ʩʝʨʝʙʨʷʥʳʭ ʅʏ [125]. ɺʦʜʥʳʡ 

ʨʘʩʪʚʦʨ ʮʠʪʨʘʪʘ ʥʘʪʨʠʷ (Na3C6H5O7 5,5H2O) ʩ 

ʢʦʥʮʝʥʪʨʘʮʠʝʡ 80 ʤʄ ʙʳʣ ʠʩʧʦʣʴʟʦʚʘʥ ʚ ʢʘʯʝ-

ʩʪʚʝ ʚʦʩʩʪʘʥʦʚʠʪʝʣʷ ʠ ʩʪʘʙʠʣʠʟʘʪʦʨʘ ʧʦʚʝʨʭʥʦʩʪʠ 

ʤʝʪʘʣʣʘ. ʀʩʪʦʯʥʠʢ ʘʪʦʤʦʚ ʩʝʨʝʙʨʘ - ʚʦʜʥʳʡ ʨʘʩ-

ʪʚʦʨ ʥʠʪʨʘʪʘ ʩʝʨʝʙʨʘ (AgNO3 3H2O)  ʩ ʢʦʥʮʝʥ-

ʪʨʘʮʠʝʡ 50 ʤʄ, ʘ ʘʪʦʤʦʚ ʟʦʣʦʪʘ - ʚʦʜʥʳʡ ʨʘʩʪʚʦʨ ʪʝʪʨʘʭʣʦʨʘʫʨʘʪʘ ʥʘʪʨʠʷ 

(HAuCl4 3H2O) ʩ ʪʘʢʦʡ ʞʝ ʢʦʥʮʝʥʪʨʘʮʠʝʡ. ʉʠʥʪʝʟ ʦʩʫʱʝʩʪʚʣʷʣʩʷ ʚ ʩʪʝʢʣʷʥʥʦʡ 

ʢʦʣʙʝ (ʨʠʩʫʥʦʢ 3.1) ʧʨʠ ʨʝʞʠʤʝ ʪʝʨʤʦʩʪʘʪʠʨʦʚʘʥʠʷ (t=100
o
) ʥʘ ʤʘʛʥʠʪʥʦʡ ʤʝ-

ʰʘʣʢʝ MR Hei-Standard.  

 

ʈʠʩʫʥʦʢ 3.1 - ʉʠʥʪʝʟ ʅʏ ʮʠʪ-

ʨʘʪʥʳʤ  ʤʝʪʦʜʦʤ 
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ʈʠʩʫʥʦʢ 3.2 - ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʅʏ ʟʦʣʦʪʘ (1) 

ʠ ʩʝʨʝʙʨʘ (2) ʧʦ ʨʘʜʠʫʩʘʤ 

ʈʠʩʫʥʦʢ 3.3 - ɸʉʄ ʠʟʦʙʨʘʞʝʥʠʝ ʠ ʧʨʦʬʠʣʴ 

ʧʦʧʝʨʝʯʥʦʛʦ ʩʝʯʝʥʠʷ ʩʝʨʝʙʨʷʥʳʭ ʥʘʥʦʯʘʩʪʠʮ 

ʥʘ ʩʣʶʜʷʥʦʡ ʧʦʜʣʦʞʢʝ 

 

ʀʟʤʝʨʝʥʠʝ ʨʘʟʤʝʨʦʚ ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʭ ʟʦʣʦʪʳʭ ʠ ʩʝʨʝʙʨʷʥʳʭ ʅʏ ʦʩʫ-

ʱʝʩʪʚʣʷʣʠʩʴ ʤʝʪʦʜʦʤ ʜʠʥʘʤʠʯʝʩʢʦʛʦ ʨʘʩʩʝʷʥʠʷ ʩʚʝʪʘ. ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʅʏ ʧʦ 

ʨʘʟʤʝʨʘʤ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩʫʥʢʝ 3.2. ʀʟ ʨʠʩʫʥʢʘ ʚʠʜʥʦ, ʯʪʦ ʥʘʠʙʦʣʴʰʝʝ ʯʠʩʣʦ ʅʏ 

ʧʦʧʘʜʘʝʪ ʚ ʜʠʘʧʘʟʦʥ ʨʘʜʠʫʩʦʚ ʦʪ 20 ʜʦ 30 ʥʤ. ɼʘʥʥʳʝ ʨʘʟʤʝʨʳ ʙʳʣʠ ʧʦʜʪʚʝʨ-

ʞʜʝʥʳ ʩ ʧʦʤʦʱʴʶ ʘʪʦʤʥʦ-ʩʠʣʦʚʦʡ ʤʠʢ-

ʨʦʩʢʦʧʠʠ (ɸʉʄ), ʢʘʢ ʩʣʝʜʫʝʪ ʠʟ ʈʠʩʫ-

ʥʦʢ 3.3, ʥʘ ʢʦʪʦʨʦʤ ʧʨʠʚʝʜʝʥʳ ʤʠʢʨʦ-

ʬʦʪʦʛʨʘʬʠʷ ʩʝʨʝʙʨʷʥʳʭ ʅʏ ʥʘ ʩʣʶʜʷ-

ʥʦʡ ʧʦʜʣʦʞʢʝ ʠ ʧʨʦʬʠʣʴ ʧʦʧʝʨʝʯʥʦʛʦ 

ʩʝʯʝʥʠʷ ʅʏ [126].  

ɺ ʩʧʝʢʪʨʘʭ ʧʦʛʣʦʱʝʥʠʷ ʨʘʩʪʚʦʨʦʚ 

ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʭ ʅʏ ʟʦʣʦʪʘ (1) ʠ ʩʝʨʝʙ-

ʨʘ (2), ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʥʘ ʨʠʩʫʥʢʝ 3.4, 

ʥʘʙʣʶʜʘʶʪʩʷ ʤʘʢʩʠʤʫʤʳ ʥʘ ʜʣʠʥʘʭ ʚʦʣʥ 525 ʥʤ ʠ 420 ʥʤ ʜʣʷ ʅʏ ʟʦʣʦʪʘ ʠ ʅʏ 

ʩʝʨʝʙʨʘ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʕʪʠ ʤʘʢʩʠʤʫʤʳ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʧʣʘʟʤʦʥʥʳʤ ʨʝʟʦʥʘʥ-

ʩʘʤ ʚ ʅʏ.  

ɹʳʣʠ ʠʩʩʣʝʜʦʚʘʥʳ ʦʢʨʘʰʝʥʥʳʝ ʵʨʠʪʨʦʟʠʥʦʤ ʧʣʝʥʢʠ ʇɺʉ, ʩʦʜʝʨʞʘʱʠʝ 

ʟʦʣʦʪʳʝ ʠʣʠ ʩʝʨʝʙʨʷʥʳʝ ʅʏ. ʕʨʠʪʨʦʟʠʥ ʦʙʣʘʜʘʝʪ ʚʳʩʦʢʠʤ ʢʚʘʥʪʦʚʳʤ ʚʳʭʦʜʦʤ 

ʚ ʪʨʠʧʣʝʪʥʦʝ ʩʦʩʪʦʷʥʠʝ ʠ ʠʜʝʘʣʴʥʦ ʧʦʜʭʦʜʠʪ ʜʣʷ ʠʟʫʯʝʥʠʷ ʬʦʩʬʦʨʝʩʮʝʥʮʠʠ. 

ʆʜʥʘʢʦ ʚʦʟʙʫʞʜʝʥʥʦʝ ʪʨʠʧʣʝʪʥʦʝ ʩʦʩʪʦʷʥʠʝ ʤʦʣʝʢʫʣʳ ʤʦʞʝʪ ʙʳʪʴ ʵʬʬʝʢʪʠʚʥʦ 

 

ʈʠʩʫʥʦʢ 3.4 - ʉʧʝʢʪʨʳ ʧʦʛʣʦʱʝʥʠʷ ʚʦʜ-

ʥʳʭ ʨʘʩʪʚʦʨʦʚ ʅʏ ʟʦʣʦʪʘ (1) ʠ ʩʝʨʝʙʨʘ (2)  
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ʧʦʜʘʚʣʝʥʦ ʢʠʩʣʦʨʦʜʦʤ. ʇʦʵʪʦʤʫ ʜʣʷ ʥʘʙʣʶʜʝʥʠʷ ʬʦʩʬʦʨʝʩʮʝʥʮʠʠ ʙʳʣʠ ʠʩ-

ʧʦʣʴʟʦʚʘʥʳ ʢʠʩʣʦʨʦʜʦʥʝʧʨʦʥʠʮʘʝʤʳʝ ʧʣʝʥʢʠ ʇɺʉ. 

ʇʦʜʛʦʪʦʚʢʘ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʦʙʨʘʟʮʦʚ ʚʢʣʶʯʘʣʘ ʚ ʩʝʙʷ ʧʨʠʛʦʪʦʚʣʝʥʠʝ 

ʙʘʟʦʚʦʛʦ ʨʘʩʪʚʦʨʘ ʦʙʲʝʤʦʤ 2 ʤʣ. ɿʘʪʝʤ ʵʪʦʪ ʨʘʩʪʚʦʨ ʙʳʣ ʚʳʣʠʪ ʥʘ ʧʦʜʛʦʪʦʚ-

ʣʝʥʥʫʶ ʩʪʝʢʣʷʥʥʫʶ ʧʦʜʣʦʞʢʫ ʠ ʧʦʜʚʝʨʛʘʣʩʷ ʚʳʜʝʨʞʠʚʘʥʠʶ ʧʨʠ ʢʦʤʥʘʪʥʦʡ 

ʪʝʤʧʝʨʘʪʫʨʝ ʚ ʪʝʯʝʥʠʝ 2-3 ʩʫʪʦʢ. ɺ ʙʘʟʦʚʦʤ ʨʘʩʪʚʦʨʝ ʦʙʲʝʤʥʦʝ ʩʦʜʝʨʞʘʥʠʝ 

ʵʨʠʪʨʦʟʠʥʘ ʢʦʥʮʝʥʪʨʘʮʠʠ 10
-5
 ʄ ʩʦʩʪʘʚʣʷʣʦ 5%, ʘ ʩʦʜʝʨʞʘʥʠʝ 4%-ʛʦ ʧʦ ʤʘʩʩʝ 

ʚʦʜʥʦʛʦ ʨʘʩʪʚʦʨʘ ʇɺʉ - 80%. ɺ ʦʩʪʘʚʰʠʝʩʷ 15% ʚʭʦʜʠʣʠ ʨʘʩʪʚʦʨ ʩʠʥʪʝʟʠʨʦ-

ʚʘʥʥʳʭ ʅʏ ʠ ʜʠʩʪʠʣʣʠʨʦʚʘʥʥʘʷ ʚʦʜʘ ʚ ʨʘʟʣʠʯʥʳʭ ʧʨʦʧʦʨʮʠʷʭ, ʩʦʦʪʚʝʪʩʪʚʫʶ-

ʱʠʭ ʪʘʙʣʠʮʝ 3.1. ʊʝʤ ʩʘʤʳʤ ʙʳʣʦ ʩʦʙʣʶʜʝʥʦ ʨʘʚʝʥʩʪʚʦ ʢʦʥʮʝʥʪʨʘʮʠʠ ʧʦʣʠʤʝ-

ʨʘ ʠ ʢʨʘʩʠʪʝʣʷ ʚʦ ʚʩʝʭ ʦʙʨʘʟʮʘʭ, ʯʪʦ ʧʦʟʚʦʣʠʣʦ ʠʟʤʝʥʷʪʴ ʪʦʣʴʢʦ ʩʦʜʝʨʞʘʥʠʝ 

ʅʏ, ʚʘʨʴʠʨʫʷ ʜʦʣʶ ʚʦʜʳ. ʆʙʨʘʟʝʮ 1 ʥʝ ʩʦʜʝʨʞʘʣ ʅʏ, ʚ ʦʙʨʘʟʮʘʭ 2-7 ʦʙʲʝʤʥʦʝ 

ʩʦʜʝʨʞʘʥʠʝ ʚʦʜʳ ʫʤʝʥʴʰʘʣʦʩʴ, ʘ ʦʙʲʝʤʥʦʝ ʩʦʜʝʨʞʘʥʠʝ ʨʘʩʪʚʦʨʘ ʅʏ ʩʦʦʪʚʝʪ-

ʩʪʚʝʥʥʦ ʫʚʝʣʠʯʠʚʘʣʦʩʴ ʦʪ 2.5% ʜʦ 15% ʩ ʰʘʛʦʤ 2.5%. ɺ ʨʝʟʫʣʴʪʘʪʝ ʚʳʜʝʨʞʠʚʘ-

ʥʠʷ ʦʙʨʘʟʮʦʚ ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʥʘʙʣʶʜʘʣʩʷ ʨʦʩʪ ʢʦʥʮʝʥʪʨʘʮʠʠ ʢʘʢ 

ʢʨʘʩʠʪʝʣʷ, ʪʘʢ ʠ ʅʏ ʧʨʠʤʝʨʥʦ ʚ 30 ʨʘʟ, ʚʩʣʝʜʩʪʚʠʝ ʫʩʳʭʘʥʠʷ ʧʦ ʦʙʲʝʤʫ ʧʦʣʠ-

ʤʝʨʥʦʡ ʧʣʝʥʢʠ. 

 

ʊʘʙʣʠʮʘ 3.1 - ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʦʙʨʘʟʮʳ 

ʈʘʩʪʚʦʨ ʆʙʨ.1 ʆʙʨ.2 ʆʙʨ.3 ʆʙʨ.4 ʆʙʨ.5 ʆʙʨ.6 ʆʙʨ.7 

ɸ) ʇɺʉ, c = 4% (ʧʦ ʤʘʩʩʝ), ʤʣ 1,6 

ɹ) ʕʨʠʪʨʦʟʠʥ, ʩ = 10
-5 
ʄ, ʤʣ 0.1 

ɺ) ʅʏ, ʩ = 6Ā10
-9

 ʄ, ʤʣ - 0.05 0.1 0.15 0.2 0.25 0.3 

ɼʝʠʦʥʠʟʠʨʦʚʘʥʥʘʷ ʚʦʜʘ, ʤʣ 0.3 0.25 0.2 0.15 0.1 0.05 0 

 

ʉʧʝʢʪʨʳ ʦʧʪʠʯʝʩʢʦʛʦ ʧʦʛʣʦʱʝʥʠʷ ʦʙʨʘʟʮʦʚ ʚ ʚʠʜʠʤʦʤ ʜʠʘʧʘʟʦʥʝ ʙʳʣʠ 

ʧʦʣʫʯʝʥʳ ʥʘ ʩʧʝʢʪʨʦʬʦʪʦʤʝʪʨʝ T70. ʅʘ ʨʠʩʫʥʢʝ 3.5 ʧʨʝʜʩʪʘʚʣʝʥʳ ʩʧʝʢʪʨʳ ʦʧ-

ʪʠʯʝʩʢʦʛʦ ʧʦʛʣʦʱʝʥʠʷ ʦʙʨʘʟʮʦʚ, ʩʦʜʝʨʞʘʱʠʭ ʟʦʣʦʪʳʝ (ʘ) ʠ ʩʝʨʝʙʨʷʥʳʝ (ʙ) ʅʏ 

[126]. ʆʪʤʝʯʘʝʪʩʷ ʟʘʤʝʪʥʦʝ ʫʚʝʣʠʯʝʥʠʝ ʧʦʛʣʦʱʝʥʠʷ ʩʠʩʪʝʤʳ ʚ ʮʝʣʦʤ ʧʨʠ ʜʦ-
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ʙʘʚʣʝʥʠʠ ʅʏ ʚ ʦʢʨʘʰʝʥʥʫʶ ʧʣʝʥʢʫ ʇɺʉ. ʄʘʢʩʠʤʫʤʳ, ʧʨʠʭʦʜʷʱʠʝʩʷ ʥʘ ʦʙʣʘ-

ʩʪʠ 530 ʥʤ, ʚ ʩʧʝʢʪʨʘʭ ʧʦʛʣʦʱʝʥʠʷ ʚʳʨʘʞʝʥʳ ʷʨʯʝ ʠ ʦʭʚʘʪʳʚʘʶʪ ʙʦʣʴʰʫʶ 

ʩʧʝʢʪʨʘʣʴʥʫʶ ʦʙʣʘʩʪʴ ʜʣʷ ʦʙʨʘʟʮʦʚ ʩ ʟʦʣʦʪʳʤʠ ʅʏ, ʧʦ ʧʨʠʯʠʥʝ ʙʣʠʟʢʦʛʦ ʨʘʩ-

ʧʦʣʦʞʝʥʠʷ ʧʦʣʦʩ ʧʦʛʣʦʱʝʥʠʷ ʟʦʣʦʪʳʭ ʅʏ ʠ ʵʨʠʪʨʦʟʠʥʘ. 

 

 

ɼʣʷ ʨʝʛʠʩʪʨʘʮʠʠ ʩʧʝʢʪʨʦʚ ʣʶʤʠʥʝʩ-

ʮʝʥʮʠʠ ʦʙʨʘʟʮʦʚ ʙʳʣʘ ʨʝʘʣʠʟʦʚʘʥʘ ʩʧʝʢʪʨʦ-

ʬʣʫʦʨʦʤʝʪʨʠʯʝʩʢʘʷ ʫʩʪʘʥʦʚʢʘ, ʩʭʝʤʘ ʢʦʪʦ-

ʨʦʡ ʠʟʦʙʨʘʞʝʥʘ ʥʘ ʨʠʩʫʥʢʝ 3.6. ʀʩʪʦʯʥʠʢʦʤ 

ʘʢʪʠʚʘʮʠʠ ʩʚʝʯʝʥʠʷ ʤʦʣʝʢʫʣ ʢʨʘʩʠʪʝʣʷ ʩʣʫ-

ʞʠʣ ʪʚʝʨʜʦʪʝʣʴʥʳʡ ʣʘʟʝʨ YAG:Nd3+, ʨʘʙʦ-

ʪʘʶʱʠʡ ʥʘ ʜʣʠʥʝ ʚʦʣʥʳ 532 ʥʤ, ʩʠʛʥʘʣ ʣʶ-

ʤʠʥʝʩʮʝʥʮʠʠ ʩʥʠʤʘʣʩʷ CCD ʩʧʝʢʪʨʦʤʝʪʨʦʤ 

BIM-6002, ʫʩʪʘʥʦʚʣʝʥʥʳʤ ʚʙʣʠʟʠ ʙʦʢʦʚʦʡ 

ʛʨʘʥʠ ʧʣʝʥʢʠ.   

ʅʘ ʨʠʩʫʥʢʝ 3.7 ʧʨʠʚʝʜʝʥʳ ʠʟʤʝʨʝʥʥʳʝ ʩʧʝʢʪʨʳ ʣʶʤʠʥʝʩʮʝʥʮʠʠ ʧʣʝʥʦʢ 

ʇɺʉ, ʦʢʨʘʰʝʥʥʳʭ ʦʨʛʘʥʠʯʝʩʢʠʤ ʢʨʘʩʠʪʝʣʝʤ, ʩ ʜʦʙʘʚʣʝʥʠʝʤ ʟʦʣʦʪʳʭ ʠ ʩʝʨʝʙ-

ʨʷʥʳʭ ʅʏ. ɿʘʚʠʩʠʤʦʩʪʴ ʦʪʥʦʩʠʪʝʣʴʥʦʛʦ ʠʟʤʝʥʝʥʠʷ ʢʚʘʥʪʦʚʳʭ ʚʳʭʦʜʦʚ ʬʣʫʦ-

  

(ʘ) (ʙ) 

ʈʠʩʫʥʦʢ 3.5 - ʉʧʝʢʪʨʳ ʦʧʪʠʯʝʩʢʦʛʦ ʧʦʛʣʦʱʝʥʠʷ ʵʨʠʪʨʦʟʠʥʘ ʚ ʧʣʝʥʢʝ ʇɺʉ ʧʨʠ ʦʪʩʫʪʩʪʚʠʠ 

(1) ʠ ʥʘʣʠʯʠʠ (2 - 4) ʥʘʥʦʯʘʩʪʠʮ ʟʦʣʦʪʘ (ʘ) ʠ ʩʝʨʝʙʨʘ (ʙ). ʆʙʲʝʤʥʘʷ ʜʦʣʷ ʨʘʩʪʚʦʨʘ ʥʘʥʦʯʘ-

ʩʪʠʮ ʚ ʙʘʟʦʚʦʤ ʨʘʩʪʚʦʨʝ ʜʣʷ ʧʨʠʛʦʪʦʚʣʝʥʠʷ ʦʙʨʘʟʮʦʚ ʩʦʩʪʘʚʣʷʣʘ 2.5% (2), 7.5% (3) ʠ 12.5% 

(4) 

 

ʈʠʩʫʥʦʢ 3.6 - ʉʭʝʤʘ ʩʧʝʢʪʨʦʬʣʫʦʨʦ-

ʤʝʪʨʠʯʝʩʢʦʡ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ 

ʫʩʪʘʥʦʚʢʠ 
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ʨʝʩʮʝʥʮʠʠ ʠ ʬʦʩʬʦʨʝʩʮʝʥʮʠʠ ʵʨʠʪʨʦʟʠʥʘ ʦʪ ʦʙʲʝʤʥʦʛʦ ʩʦʜʝʨʞʘʥʠʷ ʅʏ ʚ ʙʘʟʦ-

ʚʦʤ ʨʘʩʪʚʦʨʝ ʜʣʷ ʧʨʠʛʦʪʦʚʣʝʥʠʷ ʦʙʨʘʟʮʦʚ ʠʟʦʙʨʘʞʝʥʘ ʥʘ ʨʠʩʫʥʢʝ 3.8. 

 

  

(ʘ) (ʙ) 

ʈʠʩʫʥʦʢ 3.7 - ʉʧʝʢʪʨʳ ʣʶʤʠʥʝʩʮʝʥʮʠʠ ʵʨʠʪʨʦʟʠʥʘ ʚ ʧʣʝʥʢʝ ʇɺʉ ʧʨʠ ʦʪʩʫʪʩʪʚʠʠ (1) ʠ 

ʥʘʣʠʯʠʠ (2-7) ʥʘʥʦʯʘʩʪʠʮ ʟʦʣʦʪʘ (ʘ) ʠ ʩʝʨʝʙʨʘ (ʙ). ʅʫʤʝʨʘʮʠʷ ʢʨʠʚʳʭ ʩʦʦʪʚʝʪʩʚʫʝʪ ʥʦ-

ʤʝʨʘʤ ʦʙʨʘʟʮʦʚ ʚ ʪʘʙʣʠʮʝ 3.1 

 

ʂʘʢ ʚʠʜʥʦ ʠʟ ʨʠʩʫʥʢʘ 3.7, ʠʥ-

ʪʝʥʩʠʚʥʦʩʪʴ ʣʶʤʠʥʝʩʮʝʥʮʠʠ ʥʝʤʦ-

ʥʦʪʦʥʥʦ ʤʝʥʷʝʪʩʷ ʩ ʨʦʩʪʦʤ ʢʦʥʮʝʥ-

ʪʨʘʮʠʠ ʅʏ ʚ ʧʣʝʥʢʝ. ʉ ʫʚʝʣʠʯʝʥʠʝʤ 

ʢʦʥʮʝʥʪʨʘʮʠʠ ʅʏ ʚ ʦʙʨʘʟʮʘʭ ʩʥʘʯʘ-

ʣʘ ʥʘʙʣʶʜʘʝʪʩʷ ʨʦʩʪ, ʘ ʟʘʪʝʤ ʩʥʠʞʝ-

ʥʠʝ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʩʠʛʥʘʣʦʚ ʬʦʩʬʦ-

ʨʝʩʮʝʥʮʠʠ ʠ ʬʣʫʦʨʝʩʮʝʥʮʠʠ [126, 

127]. ʄʘʢʩʠʤʘʣʴʥʦʝ ʫʚʝʣʠʯʝʥʠʝ ʠʥ-

ʪʝʥʩʠʚʥʦʩʪʠ ʜʦʩʪʠʛʘʝʪ ~1.7 ʨʘʟʘ. 

ɺʙʣʠʟʠ ʅʏ ʧʦʤʠʤʦ ʫʚʝʣʠʯʝʥʠʷ ʩʢʦ-

ʨʦʩʪʠ ʩʧʦʥʪʘʥʥʦʛʦ ʠʟʣʫʯʝʥʠʷ ʤʦʣʝ-

ʢʫʣʳ ʢʨʘʩʠʪʝʣʷ ʧʦʷʚʣʷʝʪʩʷ ʜʦʧʦʣʥʠʪʝʣʴʥʳʡ ʢʘʥʘʣ ʜʝʟʘʢʪʠʚʘʮʠʠ ʚʦʟʙʫʞʜʝʥʠʷ 

ʤʦʣʝʢʫʣʳ - ʙʝʟʳʟʣʫʯʘʪʝʣʴʥʳʡ ʧʝʨʝʥʦʩ ʵʥʝʨʛʠʠ ʦʪ ʚʦʟʙʫʞʜʝʥʥʦʡ ʤʦʣʝʢʫʣʳ ʢ 

ʅʏ. ʇʨʠ ʤʘʣʳʭ ʨʘʩʩʪʦʷʥʠʷʭ ʤʝʞʜʫ ʤʦʣʝʢʫʣʦʡ ʠ ʧʦʚʝʨʭʥʦʩʪʴʶ ʅʏ ʜʦʤʠʥʠʨʫʝʪ 

ʙʝʟʳʟʣʫʯʘʪʝʣʴʥʳʡ ʧʝʨʝʥʦʩ ʵʥʝʨʛʠʠ ʚʦʟʙʫʞʜʝʥʠʷ ʤʦʣʝʢʫʣʳ ʥʘ ʅʏ. ʉ ʨʦʩʪʦʤ 

ʨʘʩʩʪʦʷʥʠʷ ʤʝʞʜʫ ʤʦʣʝʢʫʣʦʡ ʠ ʅʏ ʩʢʦʨʦʩʪʴ ʩʧʦʥʪʘʥʥʦʛʦ ʠʟʣʫʯʝʥʠʷ ʥʘʯʠʥʘʝʪ 

 

ʈʠʩʫʥʦʢ 3.8 - ɿʘʚʠʩʠʤʦʩʪʴ ʦʪʥʦʩʠʪʝʣʴʥʦʛʦ ʠʟ-

ʤʝʥʝʥʠʷ ʢʚʘʥʪʦʚʦʛʦ ʚʳʭʦʜʘ ʬʣʫʦʨʝʩʮʝʥʮʠʠ (1, 

3) ʠ ʬʦʩʬʦʨʝʩʮʝʥʮʠʠ (2, 4) ʵʨʠʪʨʦʟʠʥʘ ʚ ʧʣʝʥ-

ʢʝ ʇɺʉ ʦʪ ʦʙʲʝʤʥʦʡ ʜʦʣʠ ʨʘʩʪʚʦʨʘ ʥʘʥʦʯʘ-

ʩʪʠʮ ʟʦʣʦʪʘ (1, 2) ʠ ʩʝʨʝʙʨʘ (3, 4) ʚ ʙʘʟʦʚʦʤ 

ʨʘʩʪʚʦʨʝ ʜʣʷ ʧʨʠʛʦʪʦʚʣʝʥʠʷ ʦʙʨʘʟʮʦʚ 
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ʧʨʝʚʦʩʭʦʜʠʪʴ ʩʢʦʨʦʩʪʴ ʪʫʰʝʥʠʷ. ʇʦʵʪʦʤʫ ʧʨʠ ʥʝʢʦʪʦʨʳʭ ʢʦʥʮʝʥʪʨʘʮʠʷʭ ʅʏ ʚ 

ʧʣʝʥʢʝ ʤʝʞʜʫ ʅʏ ʠ ʤʦʣʝʢʫʣʘʤʠ ʫʩʪʘʥʘʚʣʠʚʘʶʪʩʷ ʦʧʪʠʤʘʣʴʥʳʝ ʨʘʩʩʪʦʷʥʠʷ, ʯʪʦ 

ʧʨʠʚʦʜʠʪ ʢ ʨʦʩʪʫ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʬʣʫʦʨʝʩʮʝʥʮʠʠ. ʀʟ-ʟʘ ʨʦʩʪʘ ʩʢʦʨʦʩʪʠ ʜʠʧʦʣʴ-

ʥʳʭ ʧʝʨʝʭʦʜʦʚ S1­S0 ʢʚʘʥʪʦʚʳʡ ʚʳʭʦʜ ʤʦʣʝʢʫʣʳ ʚ ʪʨʠʧʣʝʪʥʦʝ ʩʦʩʪʦʷʥʠʝ ʩʥʠ-

ʞʘʝʪʩʷ. ʆʜʥʘʢʦ ʙʣʘʛʦʜʘʨʷ ʫʚʝʣʠʯʝʥʠʶ ʩʢʦʨʦʩʪʠ ʩʧʦʥʪʘʥʥʦʛʦ ʠʟʣʫʯʝʥʠʷ ʧʨʠ 

ʧʝʨʝʭʦʜʝ ʤʦʣʝʢʫʣʳ ʠʟ ʪʨʠʧʣʝʪʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʚ ʦʩʥʦʚʥʦʝ ʫʩʠʣʝʥʠʝ ʬʦʩʬʦʨʝʩ-

ʮʝʥʮʠʠ ʪʘʢʞʝ ʥʘʙʣʶʜʘʝʪʩʷ. 

ʅʘ ʨʠʩʫʥʢʝ 3.9 ʠʟʦʙʨʘʞʝʥʘ ʩʧʝʢʪʨʦ-

ʭʨʦʥʦʛʨʘʬʠʯʝʩʢʘʷ ʫʩʪʘʥʦʚʢʘ, ʧʦʟʚʦʣʷʶʱʘʷ 

ʨʝʛʠʩʪʨʠʨʦʚʘʣʘʩʴ ʢʠʥʝʪʠʢʫ ʟʘʪʫʭʘʥʠʷ ʬʦʩ-

ʬʦʨʝʩʮʝʥʮʠʠ. ʏʪʦʙʳ ʠʟʙʝʞʘʪʴ ʬʦʪʦʜʝ-

ʩʪʨʫʢʮʠʠ ʢʨʘʩʠʪʝʣʷ, ʙʳʣʘ ʠʩʧʦʣʴʟʦʚʘʥʘ ʩʠ-

ʩʪʝʤʘ ʣʠʥʟ, ʧʦʟʚʦʣʷʶʱʘʷ ʨʘʩʰʠʨʠʪʴ ʣʘʟʝʨ-

ʥʳʡ ʧʫʯʦʢ ʠ ʫʤʝʥʴʰʠʪʴ ʝʛʦ ʠʥʪʝʥʩʠʚʥʦʩʪʴ. 

ɼʣʷ ʨʝʛʠʩʪʨʘʮʠʠ ʢʠʥʝʪʠʢʠ ʥʝʦʙʭʦʜʠʤ ʠʩ-

ʪʦʯʥʠʢ, ʨʘʙʦʪʘʶʱʠʡ ʚ ʠʤʧʫʣʴʩʥʦʤ ʨʝʞʠʤʝ. 

ɼʣʷ ʚʦʟʙʫʞʜʝʥʠʷ ʤʦʣʝʢʫʣ ʢʨʘʩʠʪʝʣʷ ʠʩ-

ʧʦʣʴʟʦʚʘʣʘʩʴ ʚʪʦʨʘʷ ʛʘʨʤʦʥʠʢʘ (532 ʥʤ) 

ʠʤʧʫʣʴʩʥʦʛʦ YAG :Nd3+ ï ʣʘʟʝʨʘ ʩ ʯʘʩʪʦ-

ʪʦʡ ʩʣʝʜʦʚʘʥʠʷ ʠʤʧʫʣʴʩʦʚ 1 ɻʮ. ʄʦʥʦʭʨʦʤʘʪʦʨ ʄɼʈ-206 ʙʳʣ ʥʘʩʪʨʦʝʥ ʥʘ ʫʟ-

ʢʠʡ ʜʠʘʧʘʟʦʥ ʜʣʠʥ ʚʦʣʥ, ʯʪʦ ʧʦʟʚʦʣʠʣʦ ʚʳʜʝʣʠʪʴ ʫʟʢʠʡ ʫʯʘʩʪʦʢ ʩʧʝʢʪʨʘ, ʩʦʦʪ-

ʚʝʪʩʪʚʫʶʱʠʡ ʤʘʢʩʠʤʫʤʫ ʧʦʣʦʩʳ ʬʦʩʬʦʨʝʩʮʝʥʮʠʠ ʦʙʨʘʟʮʦʚ ~ 670 ʥʤ. ɼʘʣʝʝ 

ʩʠʛʥʘʣ ʧʦʩʪʫʧʘʣ ʥʘ ʌʕʋ-79, ʧʦʩʣʝ ʯʝʛʦ ʨʝʛʠʩʪʨʠʨʦʚʘʣʩʷ ʦʩʮʠʣʣʦʛʨʘʬʦʤ GDS-

840ʉ ʠ ʧʝʨʝʜʘʚʘʣʩʷ ʥʘ ʢʦʤʧʴʶʪʝʨ. 

ɺʣʠʷʥʠʝ ʥʘʥʦʯʘʩʪʠʮ ʥʘ ʚʨʝʤʷ ʞʠʟʥʠ ʬʦʩʬʦʨʝʩʮʝʥʮʠʠ ʧʨʦʜʝʤʦʥʩʪʨʠʨʠ-

ʨʦʚʘʥʥʦ ʥʘ ʨʠʩʫʥʢʝ 3.10. ʂʠʥʝʪʠʯʝʩʢʠʝ ʢʨʠʚʳʝ ʜʣʷ ʚʩʝʭ ʦʙʨʘʟʮʦʚ ʧʦʩʪʨʦʝʥʳ ʥʘ 

ʣʝʚʳʭ ʨʠʩʫʥʢʘʭ. ʅʘ ʢʘʞʜʦʤ ʠʟ ʧʨʘʚʳʭ ʨʠʩʫʥʢʦʚ ʧʨʠʚʝʜʝʥʳ ʜʚʝ ʢʠʥʝʪʠʯʝʩʢʠʝ 

ʢʨʠʚʳʝ ʚ ʧʦʣʫʣʦʛʘʨʠʬʤʠʯʝʩʢʦʤ ʤʘʩʰʪʘʙʝ. ʇʝʨʚʘʷ ʢʨʠʚʘʷ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʦʙʨʘʟ-

 

ʈʠʩʫʥʦʢ 3.9 - ʉʭʝʤʘ ʩʧʝʢʪʨʦʭʨʦʥʦ-

ʛʨʘʬʠʯʝʩʢʦʡ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ 

ʫʩʪʘʥʦʚʢʠ 
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ʮʫ ʙʝʟ ʅʏ, ʘ ʚʪʦʨʘʷ ʦʙʨʘʟʮʫ, ʧʦʢʘʟʳʚʘʶʱʝʤʫ ʥʘʠʙʦʣʴʰʝʝ ʫʚʝʣʠʯʝʥʠʝ ʠʥʪʝʥ-

ʩʠʚʥʦʩʪʠ ʩʠʛʥʘʣʘ ʬʦʩʬʦʨʝʩʮʝʥʮʠʠ.  

 

  
ʘ 

  
ʙ 

  
ʩ 

ʈʠʩʫʥʦʢ 3.10 - ʂʠʥʝʪʠʢʘ ʟʘʪʫʭʘʥʠʷ ʬʦʩʬʦʨʝʩʮʝʥʮʠʠ ʵʨʠʪʨʦʟʠʥʘ ʚ ʧʣʝʥʢʝ ʇɺʉ ʧʨʠ ʦʪ-

ʩʫʪʩʪʚʠʠ ʠ ʥʘʣʠʯʠʠ ʅʏ ʟʦʣʦʪʘ (ʘ) ʠ ʩʝʨʝʙʨʘ (ʙ ʠ c) ʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʵʪʠʤ ʢʨʠʚʳʤ ʩʠʛ-

ʥʘʣʳ ʬʦʩʬʦʨʝʩʮʝʥʮʠʠ ʢʨʘʩʠʪʝʣʷ ʚ ʧʦʣʫʣʦʛʘʨʠʬʤʠʯʝʩʢʦʤ ʤʘʩʰʪʘʙʝ.  
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ʂʘʢ ʚʠʜʥʦ ʠʟ ʨʠʩʫʥʢʦʚ 3.10, ʢʠʥʝʪʠʢʘ ʟʘʪʫʭʘʥʠʷ ʬʦʩʬʦʨʝʩʮʝʥʮʠʠ ʷʚʣʷʝʪ-

ʩʷ ʧʨʘʢʪʠʯʝʩʢʠ ʵʢʩʧʦʥʝʥʮʠʘʣʴʥʦʡ. ɺʨʝʤʝʥʘ ʞʠʟʥʠ ʪʨʠʧʣʝʪʥʦʛʦ ʩʦʩʪʦʷʥʠʷ 

ʵʨʠʪʨʦʟʠʥʘ ʦʧʨʝʜʝʣʷʣʠʩʴ ʧʦ ʧʨʷʤʦʣʠʥʝʡʥʳʤ ʫʯʘʩʪʢʘʤ ʢʠʥʝʪʠʯʝʩʢʠʭ ʢʨʠʚʳʭ, 

ʥʘʭʦʜʷʱʠʭʩʷ ʚ ʜʠʘʧʘʟʦʥʝ ʦʪ 1.5 ʜʦ 2.5 ʤʩ. ɺʨʝʤʷ ʞʠʟʥʠ ʪʨʠʧʣʝʪʥʦʛʦ ʩʦʩʪʦʷʥʠʷ 

ʵʨʠʪʨʦʟʠʥʘ ʚ ʧʣʝʥʢʝ ʇɺʉ ʙʝʟ ʅʏ, ʥʘʡʜʝʥʥʦʝ ʧʦ ʢʨʠʚʦʡ 1 ʩʦʩʪʘʚʣʷʝʪ 0ʈt  ~ 

1080°60 ʤʢʩ, ʘ ʧʨʠ ʦʧʪʠʤʘʣʴʥʳʭ ʢʦʥʮʝʥʪʨʘʮʠʷʭ ʅʏ (ʢʨʠʚʘʷ 4 ʥʘ ʈʠʩʫʥʦʢ 3.10ʘ 

ʠ ʢʨʠʚʘʷ 6 ʥʘ ʈʠʩʫʥʦʢ 3.10ʙ ʠ 3.10c) ʦʥʦ ʩʦʢʨʘʱʘʝʪʩʷ ʜʦ ʈt  ~ 990°50 ʤʢʩ (Au) 

ʠ 950°50 ʤʢʩ (Ag). 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚ ʭʦʜʝ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʙʳʣʠ ʠʟʫʯʝʥʳ ʦʧʪʠʯʝʩʢʦʝ ʧʦʛʣʦ-

ʱʝʥʠʝ, ʩʧʝʢʪʨʳ ʣʶʤʠʥʝʩʮʝʥʮʠʠ ʠ ʢʠʥʝʪʠʢʘ ʟʘʪʫʭʘʥʠʷ ʬʦʩʬʦʨʝʩʮʝʥʮʠʠ ʤʦʣʝ-

ʢʫʣ ʵʨʠʪʨʦʟʠʥʘ ʚ ʧʣʝʥʢʝ ʇɺʉ ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʢʦʥʮʝʥʪʨʘʮʠʷʭ ʅʏ. ʈʝʟʫʣʴʪʘʪʳ 

ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʢʦʥʮʝʥʪʨʘʮʠʠ ʅʏ ʚʨʝʤʷ ʞʠʟʥʠ ʬʦʩʬʦʨʝʩʮʝʥ-

ʮʠʠ ʫʤʝʥʴʰʘʝʪʩʷ, ʦʧʪʠʯʝʩʢʦʝ ʧʦʛʣʦʱʝʥʠʝ ʫʚʝʣʠʯʠʚʘʝʪʩʷ, ʘ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʣʶ-

ʤʠʥʝʩʮʝʥʮʠʠ ʩʥʘʯʘʣʘ ʚʦʟʨʘʩʪʘʝʪ, ʜʦʩʪʠʛʘʝʪ ʤʘʢʩʠʤʫʤʘ ʧʨʠ ʦʧʨʝʜʝʣʝʥʥʦʡ ʢʦʥ-

ʮʝʥʪʨʘʮʠʠ ʅʏ, ʘ ʟʘʪʝʤ ʫʤʝʥʴʰʘʝʪʩʷ. ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʧʦʣʫʯʝʥʥʳʝ ʵʢʩʧʝ-

ʨʠʤʝʥʪʘʣʴʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʚʣʠʷʥʠʷ ʧʣʘʟʤʦʥʥʳʭ ʅʏ ʥʘ ʣʶʤʠʥʝʩʮʝʥʮʠʶ ʢʨʘʩʠ-

ʪʝʣʷ ʢʘʯʝʩʪʚʝʥʥʦ ʩʦʛʣʘʩʫʶʪʩʷ ʩ ʨʝʟʫʣʴʪʘʪʘʤʠ ʜʨʫʛʠʭ ʘʚʪʦʨʦʚ [4, 41]. 

 

 

3.2 ʂʚʘʥʪʦʚʦʤʝʭʘʥʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʚʣʠʷʥʠʷ ʧʣʘʟʤʦʥʥʳʭ ʥʘʥʦʯʘʩʪʠʮ 

ʥʘ ʣʶʤʠʥʝʩʮʝʥʮʠʶ ʤʦʣʝʢʫʣ ʢʨʘʩʠʪʝʣʷ  

 

ɺ ʜʘʥʥʦʤ ʨʘʟʜʝʣʝ ʧʨʠʚʝʜʝʥʳ ʪʝʦʨʝʪʠʯʝʩʢʠʝ ʨʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʚʣʠʷʥʠʷ ʧʣʘʟʤʦʥʥʳʭ ʅʏ ʥʘ ʬʣʫʦʨʝʩʮʝʥʮʠʶ ʠ ʬʦʩʬʦʨʝʩʮʝʥʮʠʶ ʤʦʣʝʢʫʣ 

ʵʨʠʪʨʦʟʠʥʘ. ɺʳʧʦʣʥʝʥʳ ʢʚʘʥʪʦʚʦʤʝʭʘʥʠʯʝʩʢʠʝ ʨʘʩʯʝʪʳ ʩʢʦʨʦʩʪʝʡ ʩʧʦʥʪʘʥʥʦʛʦ 

ʠʟʣʫʯʝʥʠʷ ʤʦʣʝʢʫʣʳ ʠ ʧʦʛʣʦʱʝʥʠʷ ʩʚʝʪʘ ʤʦʣʝʢʫʣʦʡ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʧʣʘʟʤʦʥʥʦʡ 

ʅʏ, ʘ ʪʘʢʞʝ ʙʝʟʳʟʣʫʯʘʪʝʣʴʥʦʛʦ ʧʝʨʝʥʦʩʘ ʵʥʝʨʛʠʠ ʦʪ ʚʦʟʙʫʞʜʝʥʥʦʡ ʤʦʣʝʢʫʣʳ ʢ 

ʅʏ.  

ʉʥʘʯʘʣʘ ʨʘʩʩʤʦʪʨʠʤ ʵʣʝʢʪʨʠʯʝʩʢʠʝ ʜʠʧʦʣʴʥʳʝ ʧʝʨʝʭʦʜʳ ʤʝʞʜʫ ʩʠʥʛʣʝʪ-

ʥʳʤʠ ʩʦʩʪʦʷʥʠʷʤʠ ʤʦʣʝʢʫʣʳ S1 ʠ S0.  ʊʦʛʜʘ ʚʳʨʘʞʝʥʠʝ ʜʣʷ ʦʧʝʨʘʪʦʨʘ ʵʥʝʨʛʠʠ 
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ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʤʦʣʝʢʫʣʳ ʩ ʵʣʝʢʪʨʠʯʝʩʢʠʤ ʧʦʣʝʤ ʣʦʢʘʣʠʟʦʚʘʥʥʦʛʦ ʧʣʘʟʤʦʥʘ 

ʅʏ ʧʨʠʥʠʤʘʝʪ ʚʠʜ:  

 ( )äÖ-=
i

iteV rrE ,ĔĔ , (3.1) 

 

ʛʜʝ ( )t,ĔrE  ï ʦʧʝʨʘʪʦʨ ʥʘʧʨʷʞʝʥʥʦʩʪʠ ʧʦʣʷ ʣʦʢʘʣʠʟʦʚʘʥʥʦʛʦ ʧʣʘʟʤʦʥʘ ʚ ʤʝʩʪʝ 

ʨʘʩʧʦʣʦʞʝʥʠʷ ʤʦʣʝʢʫʣʳ, r i ï ʨʘʜʠʫʩ-ʚʝʢʪʦʨ, ʦʧʨʝʜʝʣʷʶʱʠʡ ʧʦʣʦʞʝʥʠʝ i-ʦʛʦ 

ʵʣʝʢʪʨʦʥʘ ʤʦʣʝʢʫʣʳ, e ï ʟʘʨʷʜ ʵʣʝʢʪʨʦʥʘ. ɺʳʨʘʞʝʥʠʝ ʜʣʷ ʦʧʝʨʘʪʦʨʘ ( )t,ĔrE  ʚ 

ʢʚʘʟʠʩʪʘʪʠʯʝʩʢʦʤ ʧʨʠʙʣʠʞʝʥʠʠ ʚ ʨʘʤʢʘʭ ʬʦʨʤʘʣʠʟʤʘ ʚʪʦʨʠʯʥʦʛʦ ʢʚʘʥʪʦʚʘʥʠʷ 

ʧʨʠʦʙʨʝʪʘʝʪ ʚʠʜ 
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=ĔĔ  ï ʦʧʝʨʘʪʦʨʳ ʫʥʠʯʪʦʞʝʥʠʷ ʠ ʨʦʞʜʝʥʠʷ ʣʦ-

ʢʘʣʠʟʦʚʘʥʥʦʛʦ ʧʣʘʟʤʦʥʘ ʅʏ, R ï ʨʘʜʠʫʩ ʅʏ, ( )aq+ ,
1l

lmY  ï ʰʘʨʦʚʦʡ ʚʝʢʪʦʨ. ɽʩʣʠ 

ʜʠʵʣʝʢʪʨʠʯʝʩʢʘʷ ʬʫʥʢʮʠʷ ʤʝʪʘʣʣʘ ʟʘʜʘʝʪʩʷ ʚ ʨʘʤʢʘʭ ʦʙʦʙʱʝʥʥʦʡ ʤʦʜʝʣʠ ɼʨʫʜʝ 

ʙʝʟ ʫʯʝʪʘ ʯʘʩʪʦʪʳ ʩʪʦʣʢʥʦʚʝʥʠʡ ʵʣʝʢʪʨʦʥʦʚ  
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ww-e=we ¤ pm ,  (3.2) 

 

ʛʜʝ ʨw  ʠ ¤e  ï ʧʣʘʟʤʝʥʥʘʷ ʯʘʩʪʦʪʘ ʠ ʚʳʩʦʢʦʯʘʩʪʦʪʥʘʷ ʜʠʵʣʝʢʪʨʠʯʝʩʢʘʷ ʧʨʦʥʠ-

ʮʘʝʤʦʩʪʴ ʤʝʪʘʣʣʘ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʪʦ ʯʘʩʪʦʪʘ ʣʦʢʘʣʠʟʦʚʘʥʥʦʛʦ ʧʣʘʟʤʦʥʘ l-

ʤʫʣʴʪʠʧʦʣʴʥʦʩʪʠ ʜʘʝʪʩʷ ʬʦʨʤʫʣʦʡ  

 

 
( )( )1+e+ew=w ¤ lll dpl , (3.3) 

 

ʚ ʢʦʪʦʨʦʡ de  ï ʜʠʵʣʝʢʪʨʠʯʝʩʢʘʷ ʧʦʩʪʦʷʥʥʘʷ ʩʨʝʜʳ, ʦʢʨʫʞʘʶʱʝʡ ʅʏ. 

ɿʥʘʥʠʝ ʤʘʪʨʠʯʥʦʛʦ ʵʣʝʤʝʥʪʘ ʦʧʝʨʘʪʦʨʘ VĔ, ʟʘʜʘʚʘʝʤʦʛʦ ʬʦʨʤʫʣʦʡ (3.1), 

ʧʦʟʚʦʣʷʝʪ ʚʳʯʠʩʣʠʪʴ ʚʝʨʦʷʪʥʦʩʪʠ ʨʘʟʨʝʰʝʥʥʳʭ ʢʚʘʥʪʦʚʳʭ ʧʝʨʝʭʦʜʦʚ ʚ ʤʦʣʝ-
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ʢʫʣʝ ʤʝʞʜʫ ʩʦʩʪʦʷʥʠʷʤʠ lmS 11 0=  ʠ lmS 02 1= , ʥʘ ʢʦʪʦʨʳʝ ʚʣʠʷʝʪ ʧʨʠ-

ʩʫʪʩʪʚʠʝ ʅʏ. ʉʦʩʪʦʷʥʠʝ 1  - ʵʪʦ ʩʦʩʪʦʷʥʠʝ, ʚ ʢʦʪʦʨʦʤ ʤʦʣʝʢʫʣʘ ʥʝ ʚʦʟʙʫʞʜʝʥʘ 

0S , ʘ ʚ ʅʏ ʩʫʱʝʩʪʚʫʝʪ ʦʜʠʥ ʧʣʘʟʤʦʥ, ʭʘʨʘʢʪʝʨʠʟʫʝʤʳʡ ʢʚʘʥʪʦʚʳʤʠ ʯʠʩʣʘʤʠ l 

ʠ m. ɺ ʩʦʩʪʦʷʥʠʠ 2  ʤʦʣʝʢʫʣʘ ʥʘʭʦʜʠʪʩʷ ʚ ʧʝʨʚʦʤ ʚʦʟʙʫʞʜʝʥʥʦʤ ʩʠʥʛʣʝʪʥʦʤ 

ʩʦʩʪʦʷʥʠʠ 1S , ʠ ʥʝʪ ʧʣʘʟʤʦʥʦʚ ʚ ʅʏ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʚʳʯʠʩʣʝʥʠʷ ʜʣʷ ʤʘʪʨʠʯʥʦ-

ʛʦ ʵʣʝʤʝʥʪʘ ʧʦʣʫʯʘʝʪʩʷ ʚʳʨʘʞʝʥʠʝ [128] 
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ʛʜʝ 1001 SeS
i

iä= rd  ï ʜʠʧʦʣʴʥʳʡ ʤʦʤʝʥʪ ʧʝʨʝʭʦʜʘ ʤʦʣʝʢʫʣʳ S1­S0, ʚʝʨʭʥʠʡ 

ʠʥʜʝʢʩ çSè ʦʙʦʟʥʘʯʘʝʪ ʚʦʟʙʫʞʜʝʥʥʦʝ ʩʠʥʛʣʝʪʥʦʝ ʩʦʩʪʦʷʥʠʝ ʤʦʣʝʢʫʣʳ.  

ɺʝʨʦʷʪʥʦʩʪʴ ʚ ʝʜʠʥʠʮʫ ʚʨʝʤʝʥʠ 
S

NPW  ʙʝʟʳʟʣʫʯʘʪʝʣʴʥʦʛʦ ʧʝʨʝʥʦʩʘ ʵʥʝʨ-

ʛʠʠ ʦʪ ʚʦʟʙʫʞʜʝʥʥʦʡ ʤʦʣʝʢʫʣʳ ʢ ʧʣʘʟʤʦʥʥʦʡ ʅʏ ʚ ʨʘʤʢʘʭ ʢʚʘʥʪʦʚʦʤʝʭʘʥʠʯʝ-

ʩʢʦʡ ʪʝʦʨʠʠ ʚʦʟʤʫʱʝʥʠʡ ʦʧʨʝʜʝʣʷʝʪʩʷ ʟʦʣʦʪʳʤ ʧʨʘʚʠʣʦʤ ʌʝʨʤʠ, ʧʦʜʩʪʘʥʦʚʢʘ 

ʚ ʢʦʪʦʨʦʝ ʤʘʪʨʠʯʥʦʛʦ ʵʣʝʤʝʥʪʘ (3.4) ʧʨʠʚʦʜʠʪ ʢ ʩʣʝʜʫʶʱʝʤʫ ʚʳʨʘʞʝʥʠʶ [128] 
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ɼʝʣʴʪʘ-ʬʫʥʢʮʠʷ ʚ ʬʦʨʤʫʣʝ (3.5) ʚʳʨʘʞʘʝʪ ʟʘʢʦʥ ʩʦʭʨʘʥʝʥʠʷ ʵʥʝʨʛʠʠ ʧʨʠ 

ʢʚʘʥʪʦʚʦʤ ʧʝʨʝʭʦʜʝ ʠ ʚ ʨʘʩʯʝʪʘʭ, ʢʘʢ ʧʨʘʚʠʣʦ, ʟʘʤʝʥʷʝʪʩʷ ʣʦʨʝʥʮʠʘʥʦʤ 
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p
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Z
Z , ʛʜʝ 

1Sg  ʠ pg  ï ʦʙʨʘʪʥʳʝ ʚʨʝʤʝʥʘ ʞʠʟ-

ʥʠ ʚʦʟʙʫʞʜʝʥʥʳʭ ʩʦʩʪʦʷʥʠʡ ʤʦʣʝʢʫʣʳ ʠ ʣʦʢʘʣʠʟʦʚʘʥʥʦʛʦ ʧʣʘʟʤʦʥʘ, ʩʦʦʪʚʝʪ-

ʩʪʚʝʥʥʦ, 
1SE  ï ʵʥʝʨʛʠʷ ʚʦʟʙʫʞʜʝʥʥʦʛʦ S1-ʩʦʩʪʦʷʥʠʷ ʤʦʣʝʢʫʣʳ. 

ɺʚʝʜʝʥʠʝ ʛʠʙʨʠʜʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʦʙʲʝʜʠʥʝʥʥʦʡ ʩʠʩʪʝʤʳ çʤʦʣʝʢʫʣʘ + ʅʏè 

ʠ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʢʚʘʥʪʦʚʦʤʝʭʘʥʠʯʝʩʢʦʡ ʪʝʦʨʠʠ ʚʦʟʤʫʱʝʥʠʡ ʧʨʠ ʥʘʣʠʯʠʠ ʜʚʫʭ 
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ʙʣʠʟʢʠʭ ʫʨʦʚʥʝʡ ʵʥʝʨʛʠʠ ʧʦʟʚʦʣʷʝʪ ʨʘʩʩʯʠʪʘʪʴ ʩʢʦʨʦʩʪʠ ʩʧʦʥʪʘʥʥʦʛʦ ʠʟʣʫʯʝ-

ʥʠ̫ ʤʦʣʝʢʫʣʳ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʥʘʥʦʯʘʩʪʠʮʳ [111]. ɺ ʪʘʢʦʤ ʩʣʫʯʘʝ ʛʠʙʨʠʜʥʦʝ ʩʦ-

ʩʪʦʷʥʠʝ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʩʫʧʝʨʧʦʟʠʮʠʶ ʜʚʫʭ ʩʦʩʪʦʷʥʠʡ .21 lmlm DC +=Y

ʊʦʛʜʘ ʨʝʰʝʥʠʝ ʟʘʜʘʯʠ ʥʘ ʩʦʙʩʪʚʝʥʥʳʝ ʟʥʘʯʝʥʠʷ ʦʧʝʨʘʪʦʨʘ ɻʘʤʠʣʴʪʦʥʘ ʦʙʲʝʜʠ-

ʥʝʥʥʦʡ ʩʠʩʪʝʤʳ çʤʦʣʝʢʫʣʘ + ʅʏè ʧʨʠʚʦʜʠʪ ʢ ʜʚʫʤ ʟʥʘʯʝʥʠʷʤ ʵʥʝʨʛʠʠ ʛʠʙʨʠʜ-

ʥʦʛʦ ʩʦʩʪʦʷʥʠʷ  
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ʂʦʵʬʬʠʮʠʝʥʪʳ lmC  ʠ lmD  ʦʧʨʝʜʝʣʷʶʪ ʚʢʣʘʜ ʤʦʣʝʢʫʣʷʨʥʦʛʦ ʚʦʟʙʫʞʜʝʥʠʷ 

ʠ ʣʦʢʘʣʠʟʦʚʘʥʥʦʛʦ ʧʣʘʟʤʦʥʘ ʚ ʛʠʙʨʠʜʥʦʝ ʩʦʩʪʦʷʥʠʝ ʩʠʩʪʝʤʳ çʤʦʣʝʢʫʣʘ + ʅʏè, 

ʠ ʜʣʷ ʥʠʭ ʩʧʨʘʚʝʜʣʠʚʳ ʩʣʝʜʫʶʱʠʝ ʚʳʨʘʞʝʥʠʷ  

 

( )
( )

( )
( ),,

,

,,
,, 12 q

w-q

aq
=aq

°

°

°
rD

rE

rlmV
rC

S

lm

l

S

lm

S
S

lm
Z

( )
( )

( )( )
.

,

,,
1,

21

2

2

12

-

°

°

ö
ö
ö

÷

õ

æ
æ
æ

ç

å

w-q

aq
+=q

l

S

lm

S

S

lm

rE

rlmV
rD

Z
 (3.7) 

 

ɺʳʯʠʩʣʝʥʠʝ ʤʘʪʨʠʯʥʦʛʦ ʵʣʝʤʝʥʪʘ ʦʧʝʨʘʪʦʨʘ ʜʠʧʦʣʴʥʦʛʦ ʤʦʤʝʥʪʘ ʦʙʲ-

ʝʜʠʥʝʥʥʦʡ ʩʠʩʪʝʤʳ ä+=
i

i

NP
e rpp ĔĔ , ʷʚʣʷʶʱʝʛʦʩʷ ʩʫʤʤʦʡ ʦʧʝʨʘʪʦʨʦʚ ʜʠʧʦʣʴ-

ʥʳʭ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʤʦʤʝʥʪʦʚ ʅʏ ʠ ʤʦʣʝʢʫʣʳ, ʧʦʟʚʦʣʷʝʪ ʦʧʨʝʜʝʣʠʪʴ ʩʢʦʨʦʩʪʠ 

ʩʧʦʥʪʘʥʥʦʛʦ ʠʟʣʫʯʝʥʠʷ ʩʠʩʪʝʤʳ çʤʦʣʝʢʫʣʘ + ʅʏè. ɺʝʣʠʯʠʥʘ ʤʘʪʨʠʯʥʦʛʦ ʵʣʝ-

ʤʝʥʪʘ ʤʝʞʜʫ ʥʘʯʘʣʴʥʳʤ Y=i  (l = 1) ʛʠʙʨʠʜʥʳʤ ʩʦʩʪʦʷʥʠʝʤ ʠ ʢʦʥʝʯʥʳʤ 

lmSf 00=  ʦʩʥʦʚʥʳʤ ʩʦʩʪʦʷʥʠʝʤ ʩʠʩʪʝʤʳ ʧʨʠʚʦʜʠʪ ʢ ʚʳʨʘʞʝʥʠʶ 

( ) ( ) ( )
011011 ,,,,, dpp q+aq=aq rDrCr

S

m

NPS

m

S

fi  [111, 114]. ʆʜʥʘʢʦ, ʠʟ ʜʚʫʭ ʛʠʙʨʠʜʥʳʭ 

ʩʦʩʪʦʷʥʠʡ ʚʳʙʠʨʘʝʪʩʷ ʪʘʢʦʝ, ʵʥʝʨʛʠʷ (3.6) ʢʦʪʦʨʦʛʦ ʙʣʠʟʢʘ ʢ ʵʥʝʨʛʠʠ ʵʣʝʢʪʨʦʥ-

ʥʦʛʦ ʧʝʨʝʭʦʜʘ ʚ ʤʦʣʝʢʫʣʝ. ʊʝʤ ʩʘʤʳʤ ʫʯʠʪʳʚʘʝʪʩʷ ʠʟʤʝʥʝʥʠʝ ʧʝʨʝʭʦʜʥʦʛʦ ʜʠ-

ʧʦʣʴʥʦʛʦ ʤʦʤʝʥʪʘ ʤʦʣʝʢʫʣʳ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʅʏ.  
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ɺ ʬʦʨʤʘʣʠʟʤʝ ʚʪʦʨʠʯʥʦʛʦ ʢʚʘʥʪʦʚʘʥʠʷ ʦʧʝʨʘʪʦʨ ʜʠʧʦʣʴʥʦʛʦ ʤʦʤʝʥʪʘ ʅʏ 

ʟʘʧʠʩʳʚʘʝʪʩʷ ʚ ʚʠʜʝ [21, 128] 

 () () ()( )ä
+

+
w

w
e=

m

m

mmm

p

dNP tCtC
R

t eep 112

33

1 ĔĔ

2

3
Ĕ

Z
, (3.8) 

ʛʜʝ me  ʠ 
m

e  ï ʢʦʚʘʨʠʘʥʪʥʳʡ ʠ ʢʦʥʪʨʘʚʘʨʠʘʥʪʥʳʡ ʮʠʢʣʠʯʝʩʢʠʝ ʦʨʪʳ, m ʧʨʠʥʠ-

ʤʘʝʪ ʟʥʘʯʝʥʠʷ 0 ʠ °1. ʉʧʨʘʚʝʜʣʠʚʦʩʪʴ ʬʦʨʤʫʣʳ (3.8) ʩʣʝʜʫʝʪ ʠʟ ʚʳʨʘʞʝʥʠʷ ʜʣʷ 

ʧʦʪʝʥʮʠʘʣʘ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ ʜʠʧʦʣʷ ( ) ( )3Ĕ,Ĕ rt d

NP
eÖ=j rpr , ʚʳʯʠʩʣʝʥʠʝ ʩʢʘ-

ʣʷʨʥʦʛʦ ʧʨʦʠʟʚʝʜʝʥʠʷ ʚʝʢʪʦʨʦʚ ( )ä
¡

¡

¡ aqp=
m

m

mYr er ,34 1  ʠ ()tNP
pĔ

 ʚ ʢʦʪʦʨʦʤ 

ʧʨʠʚʦʜʠʪ ʢ ʦʧʝʨʘʪʦʨʫ ʧʦʪʝʥʮʠʘʣʘ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ ʜʠʧʦʣʴʥʦʛʦ (l = 1) ʧʣʘʟ-

ʤʦʥʘ ʚʥʝ ʅʏ, ʟʘʧʠʩʘʥʥʦʤʫ ʚʦ ʚʪʦʨʠʯʥʦʤ ʢʚʘʥʪʦʚʘʥʠʠ [111, 128] 
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ʊʝʤ ʩʘʤʳʤ ʤʘʪʨʠʯʥʳʡ ʵʣʝʤʝʥʪ ʜʠʧʦʣʴʥʦʛʦ ʤʦʤʝʥʪʘ ʧʝʨʝʭʦʜʘ ʅʏ ʠʟ ʩʦ-

ʩʪʦʷʥʠʷ ʩ ʦʜʥʠʤ ʣʦʢʘʣʠʟʦʚʘʥʥʳʤ ʜʠʧʦʣʴʥʳʤ ʧʣʘʟʤʦʥʦʤ, ʭʘʨʘʢʪʝʨʠʟʫʝʤʳʤ 

ʢʚʘʥʪʦʚʳʤ ʯʠʩʣʦʤ m, ʚ ʩʦʩʪʦʷʥʠʝ ʙʝʟ ʧʣʘʟʤʦʥʦʚ ʠʤʝʝʪ ʚʠʜ 

mpd

NP
R ep

233

101 23 wwe= Z .  

ɿʥʘʥʠʝ ʤʘʪʨʠʯʥʦʛʦ ʵʣʝʤʝʥʪʘ 
S

fip  ʩʫʤʤʘʨʥʦʛʦ ʜʠʧʦʣʴʥʦʛʦ ʤʦʤʝʥʪʘ ʧʦʟʚʦ-

ʣʷʝʪ ʦʧʨʝʜʝʣʠʪʴ ʚʝʨʦʷʪʥʦʩʪʴ ʚ ʝʜʠʥʠʮʫ ʚʨʝʤʝʥʠ ( )aq,,rW
S

sp  ʩʧʦʥʪʘʥʥʦʛʦ ʠʟʣʫ-

ʯʝʥʠʷ ʤʦʣʝʢʫʣʳ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʅʏ  

 ( ) ( )
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3

3
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4
,, aq

ew
=aq r

c
rW

S

fi

dfiS

sp p
Z

, (3.9) 

ʛʜʝ fiw  ï ʯʘʩʪʦʪʘ ʧʝʨʝʭʦʜʘ ʩʠʩʪʝʤʳ ʠʟ ʛʠʙʨʠʜʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʚ ʦʩʥʦʚʥʦʝ, ʩ ï 

ʩʢʦʨʦʩʪʴ ʩʚʝʪʘ ʚ ʚʘʢʫʫʤʝ. ʂʨʦʤʝ ʪʦʛʦ, ʟʥʘʥʠʝ 
S

ifp  ʧʦʟʚʦʣʷʝʪ ʨʘʩʩʯʠʪʘʪʴ ʩʢʦ-

ʨʦʩʪʴ ( )aq,,rWabs  ʧʦʛʣʦʱʝʥʠʷ ʩʚʝʪʘ ʤʦʣʝʢʫʣʦʡ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʅʏ [129] 
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ʛʜʝ I ï ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʚʦʟʙʫʞʜʘʶʱʝʛʦ ʩʚʝʪʘ, w ï ʝʛʦ ʯʘʩʪʦʪʘ. 

ʊʝʧʝʨʴ ʨʘʩʩʤʦʪʨʠʤ ʚʣʠʷʥʠʝ ʅʏ ʥʘ ʧʝʨʝʭʦʜʳ ʤʦʣʝʢʫʣʳ ʠʟ ʪʨʠʧʣʝʪʥʦʛʦ 

ʩʦʩʪʦʷʥʠʷ ʊ1 ʚ ʦʩʥʦʚʥʦʝ ʩʦʩʪʦʷʥʠʝ S0. ʀʟ-ʟʘ ʩʧʠʥ-ʦʨʙʠʪʘʣʴʥʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ 

ʚ ʤʦʣʝʢʫʣʝ ʢ ʪʨʠʧʣʝʪʥʦʤʫ ʩʦʩʪʦʷʥʠʶ ʧʦʜʤʝʰʠʚʘʶʪʩʷ ʩʠʥʛʣʝʪʥʳʝ ʩʦʩʪʦʷʥʠʷ. 

ɽʩʣʠ ʜʦʧʫʩʪʠʪʴ ʩʤʝʰʝʥʠʝ ʩʦʩʪʦʷʥʠʷ ʊ1 ʪʦʣʴʢʦ ʩ ʦʜʥʠʤ ʩʠʥʛʣʝʪʥʳʤ ʩʦʩʪʦʷʥʠʝʤ 

S1 ʠ ʥʝ ʫʯʠʪʳʚʘʪʴ ʚʝʨʭʥʠʭ ʢʦʤʧʦʥʝʥʪ ʪʨʠʧʣʝʪʘ, ʢʦʪʦʨʳʝ, ʢʘʢ ʫʢʘʟʳʚʘʝʪʩʷ ʚ 

[130], ʥʝ ʥʘʙʣʶʜʘʶʪʩʷ, ʪʦ ʚ ʧʝʨʚʦʤ ʧʦʨʷʜʢʝ ʪʝʦʨʠʠ ʚʦʟʤʫʱʝʥʠʡ ʚʦʣʥʦʚʘʷ 

ʬʫʥʢʮʠʷ ʤʦʣʝʢʫʣʳ ʚ ʩʦʩʪʦʷʥʠʠ ʩʦʩʪʦʷʥʠʷ ʊ1 ʙʫʜʝʪ ʠʤʝʪʴ ʚʠʜ 
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ʛʜʝ 
1ʊ

E  ï ʵʥʝʨʛʠʷ ʚʦʟʙʫʞʜʝʥʠʷ ʊ1-ʩʦʩʪʦʷʥʠʷ ʤʦʣʝʢʫʣʳ, 1T  ï ʚʦʣʥʦʚʘʷ ʬʫʥʢʮʠʷ 

ʤʦʣʝʢʫʣʳ ʚ ʊ1-ʩʦʩʪʦʷʥʠʠ ʙʝʟ ʫʯʝʪʘ ʩʧʠʥ-ʦʨʙʠʪʘʣʴʥʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ, 

11 THS SO  ï ʤʘʪʨʠʯʥʳʡ ʵʣʝʤʝʥʪ ʦʧʝʨʘʪʦʨʘ ʩʧʠʥ-ʦʨʙʠʪʘʣʴʥʦʛʦ ʚʟʘʠʤʦʜʝʡ-

ʩʪʚʠʷ.  

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʬʫʥʢʮʠʠ (3.11) ʧʨʠ ʚʳʯʠʩʣʝʥʠʠ ʜʠʧʦʣʴʥʦʛʦ ʤʦʤʝʥʪʘ ʧʝ-

ʨʝʭʦʜʘ ʊ1­S0 ʜʘʝʪ 
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ʇʦʵʪʦʤʫ, ʯʪʦʙʳ ʨʘʩʩʯʠʪʘʪʴ ʩʢʦʨʦʩʪʠ ʠʟʣʫʯʘʪʝʣʴʥʦʛʦ ʠ ʙʝʟʳʟʣʫʯʘʪʝʣʴʥʦ-

ʛʦ ʧʝʨʝʭʦʜʦʚ ʤʦʣʝʢʫʣʳ ʠʟ ʪʨʠʧʣʝʪʥʦʛʦ ʚ ʦʩʥʦʚʥʦʝ ʩʠʥʛʣʝʪʥʦʝ ʩʦʩʪʦʷʥʠʝ ʚ ʧʨʠ-

ʩʫʪʩʪʚʠʠ ʅʏ, ʤʦʞʥʦ ʚʦʩʧʦʣʴʟʦʚʘʪʴʩʷ ʬʦʨʤʫʣʘʤʠ (3.4) ï (3.9), ʚ ʢʦʪʦʨʳʭ ʩʣʝʜʫ-

ʝʪ ʟʘʤʝʥʠʪʴ ʜʠʧʦʣʴʥʳʡ ʤʦʤʝʥʪ d01 ʧʝʨʝʭʦʜʘ S1­S0 ʥʘ 10 TeS
i

i
¡är  ʠ ʵʥʝʨʛʠʶ 

1SE  ʥʘ 
1ʊ

E . ɺ ʨʝʟʫʣʴʪʘʪʝ ʪʘʢʦʡ ʟʘʤʝʥʳ ʤʘʪʨʠʯʥʳʡ ʵʣʝʤʝʥʪ ʦʧʝʨʘʪʦʨʘ ʚʟʘʠʤʦ-



 

78 

 

ʜʝʡʩʪʚʠʷ ʪʨʠʧʣʝʪ-ʚʦʟʙʫʞʜʝʥʥʦʡ ʤʦʣʝʢʫʣʳ ʩ ʵʣʝʢʪʨʠʯʝʩʢʠʤ ʧʦʣʝʤ ʧʣʘʟʤʦʥʘ 

ʙʫʜʝʪ ʨʘʚʝʥ [128] 

 ( ) ( )aq=aq ,,,, 1212 rlmVArlmV
S

TS

ʊ
,   ʛʜʝ 
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SO
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EE

THS
A

-
= . (3.12) 

 

ʌʦʨʤʫʣʘ ʩʢʦʨʦʩʪʠ ( )q,rW
T

NP  ʙʝʟʳʟʣʫʯʘʪʝʣʴʥʦʛʦ ʧʝʨʝʥʦʩʘ ʵʥʝʨʛʠʠ ʦʪ ʤʦ-

ʣʝʢʫʣʳ ʚ ʩʦʩʪʦʷʥʠʠ ʊ1 ʢ ʅʏ ʙʫʜʝʪ ʦʪʣʠʯʘʪʴʩʷ ʦʪ ʬʦʨʤʫʣʳ (3.5) ʪʦʣʴʢʦ ʜʦʧʦʣ-

ʥʠʪʝʣʴʥʳʤ ʤʥʦʞʠʪʝʣʝʤ 
2

TSA  ʠ ʵʥʝʨʛʠʝʡ 
1ʊ

E  ʚ ʘʨʛʫʤʝʥʪʝ ʜʝʣʴʪʘ-ʬʫʥʢʮʠʠ. 

ʊʘʢʞʝ ʧʨʠ ʨʘʩʯʝʪʝ ʩʢʦʨʦʩʪʠ ( )aq,,rW
T

sp  ʩʧʦʥʪʘʥʥʦʛʦ ʠʟʣʫʯʝʥʠʷ ʪʨʠʧʣʝʪ-

ʚʦʟʙʫʞʜʝʥʥʦʡ ʤʦʣʝʢʫʣʳ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʅʏ ʚ ʬʦʨʤʫʣʝ (3.9) ʩʣʝʜʫʝʪ ʜʦʙʘʚʠʪʴ 

ʤʥʦʞʠʪʝʣʴ 
2

TSA  ʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤ ʦʙʨʘʟʦʤ ʠʟʤʝʥʠʪʴ ʯʘʩʪʦʪʫ ʧʝʨʝʭʦʜʘ ʩʠ-

ʩʪʝʤʳ çʤʦʣʝʢʫʣʘ + ʅʏè ʠʟ ʛʠʙʨʠʜʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʚ ʦʩʥʦʚʥʦʝ. 

ʄʘʪʨʠʯʥʳʡ ʵʣʝʤʝʥʪ ʦʧʝʨʘʪʦʨʘ ʩʧʠʥ-ʦʨʙʠʪʘʣʴʥʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ 

11 THS SO  ʤʦʞʝʪ ʙʳʪʴ ʟʘʧʠʩʘʥ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ [130] 

 

 KsKrKSO ccTHS nmmnz=
*

11
2

1
, 

 

ʛʜʝ 
Krc m  ʠ Ksc n  ï ʢʦʵʬʬʠʮʠʝʥʪʳ ʨʘʟʣʦʞʝʥʠʷ r ʠ s ʤʦʣʝʢʫʣʷʨʥʳʭ ʦʨʙʠʪʘʣʝʡ, 

ʦʪʦʞʜʝʩʪʚʣʷʝʤʳʭ ʩ ʚʦʣʥʦʚʳʤʠ ʬʫʥʢʮʠʷʤʠ S1 ʠ ʊ1 ʩʦʩʪʦʷʥʠʡ, ʧʦ ʘʪʦʤʥʳʤ ʦʨ-

ʙʠʪʘʣʷʤ m ʠ n, ʣʦʢʘʣʠʟʦʚʘʥʥʳʤ ʥʘ ʪʷʞʝʣʦʤ ʷʜʨʝ K, ʜʘʶʱʝʤ ʥʘʠʙʦʣʴʰʠʡ ʚʢʣʘʜ 

ʚ ʩʧʠʥ-ʦʨʙʠʪʘʣʴʥʦʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ; Kmnz  ï ʬʘʢʪʦʨ ʩʧʠʥ-ʦʨʙʠʪʘʣʴʥʦʡ ʩʚʷʟʠ. 

ɺʝʣʠʯʠʥʳ Krc m , Ksc n  ʠ Kmnz  ʤʦʞʥʦ ʨʘʩʩʯʠʪʘʪʴ ʤʝʪʦʜʘʤʠ ʢʚʘʥʪʦʚʦʡ ʭʠʤʠʠ, ʠ 

ʪʝʤ ʩʘʤʳʤ ʦʧʨʝʜʝʣʠʪʴ ʤʘʪʨʠʯʥʳʡ ʵʣʝʤʝʥʪ 11 THS SO  ʠ ʢʦʵʬʬʠʮʠʝʥʪ ɸTS ʚ 

ʬʦʨʤʫʣʝ (3.12). 

ʉ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ ʢʚʘʜʨʘʪ ʤʦʜʫʣʷ ʢʦʵʬʬʠʮʠʝʥʪʘ ɸTS ʤʦʞʥʦ ʥʘʡʪʠ ʠʟ 

ʬʦʨʤʫʣʳ, ʩʚʷʟʳʚʘʶʱʝʡ ʠʟʣʫʯʘʪʝʣʴʥʳʝ ʩʢʦʨʦʩʪʠ ʜʝʟʘʢʪʠʚʘʮʠʠ ʩʠʥʛʣʝʪʥʦʛʦ 

S

spW 0  ʠ ʪʨʠʧʣʝʪʥʦʛʦ 
T

spW 0  ʩʦʩʪʦʷʥʠʡ ʤʦʣʝʢʫʣʳ ʚ ʦʪʩʫʪʩʪʚʠʝ ʅʏ [130] 
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ʛʜʝ wP ʠ wF ï ʯʘʩʪʦʪʳ ʤʘʢʩʠʤʫʤʦʚ ʬʨʘʥʢ-ʢʦʥʜʦʥʦʚʩʢʠʭ ʬʘʢʪʦʨʦʚ ʜʣʷ ʧʝʨʝʭʦ-

ʜʦʚ T1 ­ S0 ʠ S1 ­ S0, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ɺ ʜʘʥʥʦʡ ʤʦʜʝʣʠ ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʠʤʝʥʥʦ 

ʵʪʦʪ ʧʦʜʭʦʜ. 

ʇʨʠ ʨʘʩʯʝʪʝ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʬʣʫʦʨʝʩʮʝʥʮʠʠ ʠ ʬʦʩʬʦʨʝʩʮʝʥʮʠʠ ʤʦʣʝʢʫʣʳ 

ʤʦʞʥʦ ʚʦʩʧʦʣʴʟʦʚʘʪʴʩʷ ʫʧʨʦʱʝʥʥʦʡ ʪʨʝʭʫʨʦʚʥʝʚʦʡ ʩʭʝʤʦʡ ʗʙʣʦʥʩʢʦʛʦ, ʩʦ-

ʜʝʨʞʘʱʝʡ ʵʥʝʨʛʠʶ ʦʩʥʦʚʥʦʛʦ ʩʠʥʛʣʝʪʥʦʛʦ ʩʦʩʪʦʷʥʠʷ (ʫʨʦʚʝʥʴ 1), ʵʥʝʨʛʠʶ ʧʝʨ-

ʚʦʛʦ ʚʦʟʙʫʞʜʝʥʥʦʛʦ ʩʠʥʛʣʝʪʥʦʛʦ ʩʦʩʪʦʷʥʠʷ (ʫʨʦʚʝʥʴ 2) ʠ ʵʥʝʨʛʠʶ ʧʝʨʚʦʛʦ ʚʦʟ-

ʙʫʞʜʝʥʥʦʛʦ ʪʨʠʧʣʝʪʥʦʛʦ ʩʦʩʪʦʷʥʠʷ (ʫʨʦʚʝʥʴ 3). ʅʘʩʝʣʝʥʥʦʩʪʠ ʵʪʠʭ ʫʨʦʚʥʝʡ ʷʚ-

ʣʷʶʪʩʷ ʨʝʰʝʥʠʷʤʠ ʩʠʩʪʝʤʳ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʭ ʫʨʘʚʥʝʥʠʡ [131] 

 

 

î
î

í

î
î

ì

ë

=++

-=

--=

++-=

.1

,

,

,

321

3312233

2232211122

3312211121

NNN

NkNkN

NkNkNkN

NkNkNkN

"

"

"

 (3.13) 

 

ɺ ʩʠʩʪʝʤʝ (3.13) ʚʚʝʜʝʥʳ ʦʙʦʟʥʘʯʝʥʠʷ: absWk =12  ï ʩʢʦʨʦʩʪʴ ʚʦʟʙʫʞʜʝ-

ʥʠʷ, 
nrS

NP

S

sp kWWk 2121 ++=  ï ʩʢʦʨʦʩʪʴ ʧʝʨʝʭʦʜʘ S1­ S0, 
nr

k21  ï ʩʢʦʨʦʩʪʴ ʙʝʟʳʟʣʫ-

ʯʘʪʝʣʴʥʳʭ ʧʝʨʝʭʦʜʦʚ ʩ ʫʨʦʚʥʷ S1, ʥʘ ʢʦʪʦʨʳʝ ʥʝ ʚʣʠʷʝʪ ʧʨʠʩʫʪʩʪʚʠʝ ʅʏ, 23k  ï 

ʩʢʦʨʦʩʪʴ ʠʥʪʝʨʢʦʤʙʠʥʘʮʠʦʥʥʦʡ ʢʦʥʚʝʨʩʠʠ, 
nrT

NP

T

sp kWWk 3131 ++=  ï ʩʢʦʨʦʩʪʴ ʧʝ-

ʨʝʭʦʜʘ ʊ1­ S0, 
nr

k31  ï ʩʢʦʨʦʩʪʴ ʥʝʦʧʪʠʯʝʩʢʠʭ ʧʝʨʝʭʦʜʦʚ ʩ ʫʨʦʚʥʷ ʊ1, ʥʝ ʟʘʚʠʩʷ-

ʘɦʷ ʦʪ ʥʘʣʠʯʠʷ ʠʣʠ ʦʪʩʫʪʩʪʚʠʷ ʅʏ. ɺ ʦʪʩʫʪʩʪʚʠʠ ʅʏ ʠʟ ʩʢʦʨʦʩʪʝʡ k21 ʠ k31 ʠʩ-

ʯʝʟʘʶʪ ʩʢʦʨʦʩʪʠ ʙʝʟʳʟʣʫʯʘʪʝʣʴʥʦʛʦ ʧʝʨʝʥʦʩʘ ʵʥʝʨʛʠʠ ʦʪ ʤʦʣʝʢʫʣʳ ʢ ʅʏ 
S

NPW  ʠ 

T

NPW . 
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ɺ ʩʪʘʮʠʦʥʘʨʥʦʤ ʩʦʩʪʦʷʥʠʠ ʥʘʩʝʣʝʥʥʦʩʪʠ ʫʨʦʚʥʝʡ ʧʦʩʪʦʷʥʥʳ, ʠ ʩʠʩʪʝʤʘ 

(3.13) ʩʪʘʥʦʚʠʪʩʷ ʩʠʩʪʝʤʦʡ ʘʣʛʝʙʨʘʠʯʝʩʢʠʭ ʫʨʘʚʥʝʥʠʡ, ʢʦʪʦʨʘʷ ʠʤʝʝʪ ʩʣʝʜʫʶ-

ʱʝʝ ʨʝʰʝʥʠʝ [128] 
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ʅʘʩʝʣʝʥʥʦʩʪʷʤ N2 ʠ N3 ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʳ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʬʣʫʦʨʝʩʮʝʥʮʠʠ 

ʠ ʬʦʩʬʦʨʝʩʮʝʥʮʠʠ  

 

 2NWI
S

spFF w=Z , 3NWI
T

spPP w=Z  (3.14) 

 

ʈʘʩʯʝʪʳ ʧʦ ʧʨʝʜʩʪʘʚʣʝʥʥʦʡ ʪʝʦʨʝʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʙʳʣʠ ʧʨʦʚʝʜʝʥʳ ʜʣʷ 

ʩʝʨʝʙʨʷʥʳʭ ʅʏ ʨʘʜʠʫʩʦʤ 20 ʥʤ [128]. ɺ ʨʘʩʯʝʪʘʭ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʧʘʨʘʤʝʪʨʳ 

ɼʨʫʜʝ ʥʘ ʦʧʪʠʯʝʩʢʠʭ ʯʘʩʪʦʪʘʭ: ʵʥʝʨʛʠʷ ʦʙʲʝʤʥʦʛʦ ʧʣʘʟʤʦʥʘ 0,9=wplZ ʵɺ, ʚʳ-

ʩʦʢʦʯʘʩʪʦʪʥʘʷ ʜʠʵʣʝʢʪʨʠʯʝʩʢʘʷ ʧʨʦʥʠʮʘʝʤʦʩʪʴ ( ) 45,4=e¤ Ag , ʚʨʝʤʷ ʞʠʟʥʠ ʣʦ-

ʢʘʣʠʟʦʚʘʥʥʦʛʦ ʧʣʘʟʤʦʥʘ 40=tp
ʬʩ [2]. ʍʘʨʘʢʪʝʨʠʩʪʠʢʠ ʤʦʣʝʢʫʣʳ ʢʨʘʩʠʪʝʣʷ 

ʙʳʣʠ ʙʣʠʟʢʠʤʠ ʢ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤ ʵʨʠʪʨʦʟʠʥʘ: 
15

1036,3 Ö=wF  c
-1
, 

15
1079,2 Ö=wP  c

-1
 ʠ 3,601=d ɼ.  

ʇʨʠ ʧʨʦʚʝʜʝʥʠʠ ʨʘʩʯʝʪʦʚ ʧʨʝʜʧʦʣʘʛʘʣʦʩʴ, ʯʪʦ ʜʠʧʦʣʴʥʳʡ ʤʦʤʝʥʪ ʧʝʨʝ-

ʭʦʜʘ ʚ ʤʦʣʝʢʫʣʝ d01 ʧʘʨʘʣʣʝʣʝʥ ʦʩʠ z ʩʬʝʨʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ ʢʦʦʨʜʠʥʘʪ ʩ ʥʘʯʘ-

ʣʦʤ ʚ ʮʝʥʪʨʝ ʅʏ. ʅʘʧʨʷʞʝʥʥʦʩʪʴ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʚʦʟʙʫʞʜʘʶʱʝʛʦ ʧʦʣʷ ʪʘʢʞʝ 

ʧʘʨʘʣʣʝʣʴʥʘ ʦʩʠ z. ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʤʦʞʥʦ ʩʯʠʪʘʪʴ, ʯʪʦ ʚ ʧʦʛʣʦʱʝʥʠʠ ʢʚʘʥʪʘ ʩʚʝ-

ʪʘ ʠ ʩʧʦʥʪʘʥʥʦʤ ʠʟʣʫʯʝʥʠʠ ʦʙʲʝʜʠʥʝʥʥʦʡ ʩʠʩʪʝʤʳ çʤʦʣʝʢʫʣʘ + ʅʏè ʫʯʘʩʪʚʫʶʪ 

ʜʠʧʦʣʴʥʳʝ ʣʦʢʘʣʠʟʦʚʘʥʥʳʝ ʧʣʘʟʤʦʥʳ ʩ ʤʘʛʥʠʪʥʳʤ ʢʚʘʥʪʦʚʳʤ ʯʠʩʣʦʤ m = 0.  
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 ʅʘ ʨʠʩʫʥʢʝ 3.11. ʠʟʦʙʨʘʞʝʥʳ ʨʝ-

ʟʫʣʴʪʘʪʳ ʨʘʩʯʝʪʦʚ ʧʦ ʬʦʨʤʫʣʘʤ (3.5) ʠ 

(3.9) ʜʠʩʪʘʥʮʠʦʥʥʳʭ ʟʘʚʠʩʠʤʦʩʪʝʡ 

ʩʢʦʨʦʩʪʠ ʙʝʟʳʟʣʫʯʘʪʝʣʴʥʦʛʦ ʧʝʨʝʥʦʩʘ 

ʵʥʝʨʛʠʠ ),( qrW
S

NP  ʦʪ ʤʦʣʝʢʫʣʳ ʢ ʅʏ ʠ 

ʩʢʦʨʦʩʪʠ ʩʧʦʥʪʘʥʥʦʛʦ ʠʟʣʫʯʝʥʠʷ 

),( qrW
S

sp  ʤʦʣʝʢʫʣʳ ʧʨʠ ʨʘʜʠʘʣʴʥʦʡ       

(q = 0, ʈʠʩʫʥʦʢ3.12 ʘ)
 
ʠ ʪʘʥʛʝʥʮʠʘʣʴ-

ʥʦʡ    (q = p/2, ʈʠʩʫʥʦʢ3.12 ʙ) ʦʨʠʝʥʪʘ-

ʮʠʠ ʧʝʨʝʭʦʜʥʦʛʦ ʜʠʧʦʣʴʥʦʛʦ ʤʦʤʝʥʪʘ 

d01 ʦʪʥʦʩʠʪʝʣʴʥʦ ʧʦʚʝʨʭʥʦʩʪʠ ʅʏ 

[128]. ɻʦʨʠʟʦʥʪʘʣʴʥʦʡ ʧʨʷʤʦʡ ʧʦʢʘʟʘʥʘ ʩʢʦʨʦʩʪʴ ʩʧʦʥʪʘʥʥʦʛʦ ʠʟʣʫʯʝʥʠʷ ʤʦʣʝ-

ʢʫʣʳ 
S

spW 0  ʚ ʦʪʩʫʪʩʪʚʠʝ ʅʏ.  

 ʀʟ ʨʠʩʫʥʢʘ 3.11 ʚʠʜʥʦ, ʯʪʦ ʧʨʠ ʨʘʜʠ-

ʘʣʴʥʦʡ ʦʨʠʝʥʪʘʮʠʠ d01 ʩʢʦʨʦʩʪʴ ʩʧʦʥʪʘʥʥʦ-

ʛʦ ʠʟʣʫʯʝʥʠʷ ʚʙʣʠʟʠ ʅʏ (ʢʨʠʚʘʷ 1) ʧʨʝʚʦʩ-

ʭʦʜʠʪ ʩʢʦʨʦʩʪʴ ʠʟʣʫʯʝʥʠʷ ʚ ʩʨʝʜʝ ʙʝʟ ʅʏ. ɺ 

ʩʣʫʯʘʝ ʪʘʥʛʝʥʮʠʘʣʴʥʦʡ ʦʨʠʝʥʪʘʮʠʠ (ʢʨʠʚʘʷ 

2) ï ʥʘʦʙʦʨʦʪ, ʯʪʦ ʦʙʲʷʩʥʷʝʪʩʷ ʥʘʚʝʜʝʥʠʝʤ ʚ 

ʵʪʦʤ ʩʣʫʯʘʝ ʚ ʅʏ ʜʠʧʦʣʴʥʦʛʦ ʤʦʤʝʥʪʘ, ʧʨʦ-

ʪʠʚʦʧʦʣʦʞʥʦʛʦ ʧʦ ʥʘʧʨʘʚʣʝʥʠʶ ʤʦʤʝʥʪʫ d01 

(ʨʠʩʫʥʦʢ 3.12) [10, 11]. ʇʨʠ ʤʘʣʳʭ ʨʘʩʩʪʦʷʥʠʷʭ Dr º 1 ï 2 ʥʤ ʤʝʞʜʫ ʤʦʣʝʢʫʣʦʡ 

ʠ ʧʦʚʝʨʭʥʦʩʪʴʶ ʅʏ ʩʢʦʨʦʩʪʴ ʙʝʟʳʟʣʫʯʘʪʝʣʴʥʦʛʦ ʧʝʨʝʥʦʩʘ ʵʥʝʨʛʠʠ ( )0,rW
S

NP  ʦʪ 

ʤʦʣʝʢʫʣʳ ʢ ʅʏ ʥʘ ʥʝʩʢʦʣʴʢʦ ʧʦʨʷʜʢʦʚ ʧʨʝʚʦʩʭʦʜʠʪ ʩʢʦʨʦʩʪʴ ʩʧʦʥʪʘʥʥʦʛʦ ʠʟ-

ʣʫʯʝʥʠʷ ( )0,rW
S

sp . ʆʜʥʘʢʦ ʧʨʠ  Dr º 7 ʥʤ ʠʤʝʝʪ ʤʝʩʪʦ ʧʝʨʝʩʝʯʝʥʠʝ ʢʨʠʚʳʭ 1 ʠ 4, 

ʪ. ʝ. ʩʢʦʨʦʩʪʴ ʩʧʦʥʪʘʥʥʦʛʦ ʠʟʣʫʯʝʥʠʷ ʩʨʘʚʥʠʚʘʝʪʩʷ ʩʦ ʩʢʦʨʦʩʪʴʶ ʪʫʰʝʥʠʷ. ʇʨʠ 

ʜʘʣʴʥʝʡʰʝʤ ʫʚʝʣʠʯʝʥʠʠ Dr  ʩʢʦʨʦʩʪʴ ʩʧʦʥʪʘʥʥʦʛʦ ʠʟʣʫʯʝʥʠʷ ʧʨʝʚʦʩʭʦʜʠʪ ʩʢʦ-

 
ʈʠʩʫʥʦʢ 3.11 - ɿʘʚʠʩʠʤʦʩʪʠ ʩʢʦʨʦʩʪʠ ʩʧʦʥ-

ʪʘʥʥʦʛʦ ʠʟʣʫʯʝʥʠʷ ʤʦʣʝʢʫʣʳ ʚ ʧʨʠʩʫʪʩʪʚʠʠ 

ʅʏ  ( )0,rW
S

sp  (1) ʠ  ( )2,prW
S

sp  (3) ʠ ʩʢʦ-

ʨʦʩʪʠ ʧʝʨʝʥʦʩʘ ʵʥʝʨʛʠʠ ʦʪ ʤʦʣʝʢʫʣʳ ʢ ʅʏ  

( )0,rW
S

NP  (2) ʠ  ( )2,prW
S

NP  (4) ʦʪ ʨʘʩʩʪʦ-

ʷʥʠʷ ʤʝʞʜʫ ʤʦʣʝʢʫʣʦʡ ʠ ʮʝʥʪʨʦʤ ʅʏ 

 

ʈʠʩʫʥʦʢ 3.12 - ʈʘʜʠʘʣʴʥʘʷ (ʘ) ʠ ʢʘʩʘ-

ʪʝʣʴʥʘʷ (ʙ) ʦʨʠʝʥʪʘʮʠʠ ʜʠʧʦʣʴʥʦʛʦ 

ʤʦʤʝʥʪʘ ʧʝʨʝʭʦʜʘ ʤʦʣʝʢʫʣʳ (ʩʠʥʠʡ 

ʚʝʢʪʦʨ) ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʅʏ ʠ ʜʠ-

ʧʦʣʴ-ʠʟʦʙʨʘʞʝʥʠʝ (ʟʝʣʝʥʳʡ ʚʝʢʪʦʨ) 

╔ᴆȟ ◑ 
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ʨʦʩʪʴ ʪʫʰʝʥʠʷ.  ʇʦʵʪʦʤʫ, ʢʘʢ ʨʘʥʝʝ ʦʪʤʝʯʘʣʦʩʴ ʚ ʨʘʙʦʪʝ [21], ʚ ʠʟʤʝʥʝʥʠʠ ʠʥ-

ʪʝʥʩʠʚʥʦʩʪʠ ʬʣʫʦʨʝʩʮʝʥʮʠʠ ʤʦʣʝʢʫʣʳ ʚʙʣʠʟʠ ʅʏ ʢʣʶʯʝʚʫʶ ʨʦʣʴ ʠʛʨʘʶʪ ʦʨʠ-

ʝʥʪʘʮʠʷ ʧʝʨʝʭʦʜʥʦʛʦ ʜʠʧʦʣʴʥʦʛʦ ʤʦʤʝʥʪʘ ʠ ʨʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʤʦʣʝʢʫʣʦʡ ʠ 

ʅʏ. ɼʣʷ ʩʢʦʨʦʩʪʝʡ ʩʧʦʥʪʘʥʥʦʛʦ ʠʟʣʫʯʝʥʠʷ ),( qrW
T

sp  ʪʨʠʧʣʝʪ-ʚʦʟʙʫʞʜʝʥʥʦʡ ʤʦ-

ʣʝʢʫʣʳ ʠ ʪʫʰʝʥʠʷ ),( qrW
T

NP  ʪʨʠʧʣʝʪʥʦʛʦ ʚʦʟʙʫʞʜʝʥʠʷ ʥʘʥʦʯʘʩʪʠʮʝʡ ʜʠʩʪʘʥʮʠ-

ʦʥʥʳʝ ʟʘʚʠʩʠʤʦʩʪʠ ʷʚʣʷʶʪʩʷ ʘʥʘʣʦʛʠʯʥʳʤʠ. 

ʇʨʠ ʚʳʯʠʩʣʝʥʠʠ ʠʥʪʝʥʩʠʚʥʦʩʪʝʡ ʬʣʫʦʨʝʩʮʝʥʮʠʠ ʠ ʬʦʩʬʦʨʝʩʮʝʥʮʠʠ ʤʦ-

ʣʝʢʫʣʳ ʚ ʦʪʩʫʪʩʪʚʠʝ ʅʏ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʩʣʝʜʫʶʱʠʝ ʟʥʘʯʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ 

3

0 10=absW c
-1
, 

80

23 108Ö=k c
-1
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8

0 10=
S

spW c
-1
, 600 =

T

spW c
-1
, 

6

21 10=
nr

k c
-1
, 

3

31 101.1 Ö=
nr

k c
-1
. ʇʨʠ ʪʘʢʠʭ ʟʥʘʯʝʥʠʷʭ ʢʚʘʥʪʦʚʳʝ ʚʳʭʦʜʳ ʬʣʫʦʨʝʩʮʝʥʮʠʠ 

11.0=hF , ʬʦʩʬʦʨʝʩʮʝʥʮʠʠ 046.0=hP  ʠ ʠʥʪʝʨʢʦʤʙʠʥʘʮʠʦʥʥʦʡ ʢʦʥʚʝʨʩʠʠ 

89.0=hST . ɿʥʘʯʝʥʠʷ ʢʚʘʥʪʦʚʳʭ ʚʳʭʦʜʦʚ ʩʦʛʣʘʩʫʶʪʩʷ ʩʦ ʟʥʘʯʝʥʠʷʤʠ, ʧʨʠʚʝ-

ʜʝʥʥʳʤʠ ʚ ʨʘʙʦʪʝ [132] ʜʣʷ ʵʨʠʪʨʦʟʠʥʘ ʚ ʨʘʟʣʠʯʥʦʤ ʧʦʣʠʤʝʨʥʦʤ ʦʢʨʫʞʝʥʠʠ. 

ʅʘ ʨʠʩʫʥʢʝ 3.13 ʧʨʝʜʩʪʘʚʣʝʥʳ ʦʪʥʦʰʝʥʠʷ ʢʚʘʥʪʦʚʳʭ ʚʳʭʦʜʦʚ ʤʦʣʝʢʫ-

ʣʷʨʥʦʡ ʣʶʤʠʥʝʩʮʝʥʮʠʠ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʅʏ ( )nrS

NP

S

sp

S

spF kWWW 21++=h  ʠ 

( )nrT

NP

T

spST

T

spP kWWW 31++h=h  ʢ ʢʚʘʥʪʦʚʳʤ ʚʳʭʦʜʘʤ ʚ ʦʪʩʫʪʩʪʚʠʝ ʅʏ 0Fh  ʠ 

0ʈh  [133].  

  
ʈʠʩʫʥʦʢ 3.13 - ɿʘʚʠʩʠʤʦʩʪʠ ʢʚʘʥʪʦʚʳʭ ʚʳʭʦʜʦʚ ʬʣʫʦʨʝʩʮʝʥʮʠʠ (ʘ) ʠ ʬʦʩʬʦʨʝʩʮʝʥʮʠʠ 

(ʙ) ʦʪ ʨʘʩʩʪʦʷʥʠʷ ʤʝʞʜʫ ʤʦʣʝʢʫʣʦʡ ʠ ʧʦʚʝʨʭʥʦʩʪʴʶ ʅʏ ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʧʦʣʷʨʥʳʭ ʫʛ-

ʣʘʭ, ʦʧʨʝʜʝʣʷʶʱʠʭ ʤʝʩʪʦʧʦʣʦʞʝʥʠʝ ʤʦʣʝʢʫʣʳ q = 0 (1), pȾς (2), ʠ ʫʩʨʝʜʥʝʥʠʠ ʧʦ ʪʝ-

ʣʝʩʥʦʤʫ ʫʛʣʫ (3).  
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ʀʟ ʨʠʩʫʥʢʘ 3.13 ʚʠʜʥʦ, ʯʪʦ ʥʘʠʙʦʣʴʰʝʝ ʫʚʝʣʠʯʝʥʠʝ ʢʚʘʥʪʦʚʦʛʦ ʚʳʭʦʜʘ 

ʬʣʫʦʨʝʩʮʝʥʮʠʠ ʥʘʙʣʶʜʘʝʪʩʷ ʜʣʷ ʨʘʜʠʘʣʴʥʦ ʦʨʠʝʥʪʠʨʦʚʘʥʥʳʭ d01 ʚ ʤʦʣʝʢʫʣʝ, 

ʦʪʩʪʦʷʱʝʡ ʦʪ ʧʦʚʝʨʭʥʦʩʪʠ ʅʏ ʥʘ Dr ~ 10 ʥʤ, ʘ ʥʝʟʥʘʯʠʪʝʣʴʥʳʡ ʨʦʩʪ ʢʚʘʥʪʦʚʦʛʦ 

ʚʳʭʦʜʘ ʬʦʩʬʦʨʝʩʮʝʥʮʠʠ ʧʨʠʭʦʜʠʪʩʷ ʥʘ Dr ~ 20 ʥʤ. 

 ʅʘ ʨʠʩʫʥʢʝ 3.14 ʧʨʠʚʝʜʝʥʳ ʨʘʩʩʯʠʪʘʥʥʳʝ ʧʦ ʬʦʨʤʫʣʘʤ (3.12) ʜʠʩʪʘʥʮʠ-

ʦʥʥʳʝ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪʥʦʰʝʥʠʷ ʠʥʪʝʥʩʠʚʥʦʩʪʝʡ ʬʣʫʦʨʝʩʮʝʥʮʠʠ ( )q,rI F  ʠ ʬʦʩ-

ʬʦʨʝʩʮʝʥʮʠʠ ( )q,rI P  ʤʦʣʝʢʫʣʳ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʩʝʨʝʙʨʷʥʦʡ ʅʏ ʢ ʩʦʦʪʚʝʪʩʪʚʫʶ-

ʱʠʤ ʠʥʪʝʥʩʠʚʥʦʩʪʷʤ IF0 ʠ IP0 ʚ ʦʜʥʦʨʦʜʥʦʡ ʩʨʝʜʝ ʙʝʟ ʅʏ [128].  

ʀʟ ʨʠʩʫʥʢʘ 3.14ʘ ʚʠʜʥʦ, ʯʪʦ ʤʘʢʩʠʤʘʣʴʥʦʝ ʫʩʠʣʝʥʠʝ ʬʣʫʦʨʝʩʮʝʥʮʠʠ ʠʤʝ-

ʝʪ ʤʝʩʪʦ ʧʨʠ ʨʘʜʠʘʣʴʥʦʡ ʦʨʠʝʥʪʘʮʠʠ ʧʝʨʝʭʦʜʥʦʛʦ ʜʠʧʦʣʴʥʦʛʦ ʤʦʤʝʥʪʘ ʤʦʣʝʢʫ-

ʣʳ ʠ ʨʘʩʩʪʦʷʥʠʠ Dr º 4 ʥʤ ʦʪ ʧʦʚʝʨʭʥʦʩʪʠ ʅʏ (ʢʨʠʚʘʷ 1). ʇʨʠ ʢʘʩʘʪʝʣʴʥʦʡ ʦʨʠ-

ʝʥʪʘʮʠʠ ʜʠʧʦʣʴʥʦʛʦ ʤʦʤʝʥʪʘ (ʢʨʠʚʘʷ 2) ʥʘʙʣʶʜʘʝʪʩʷ ʪʫʰʝʥʠʝ ʬʣʫʦʨʝʩʮʝʥʮʠʠ. 

ʇʨʠ ʫʩʨʝʜʥʝʥʠʠ ʧʦ ʧʦʣʷʨʥʦʤʫ ʫʛʣʫ (ʢʨʠʚʘʷ 3) ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʬʣʫʦʨʝʩʮʝʥʮʠʠ 

ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʜʦ 2 ʨʘʟ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩʦ ʩʣʫʯʘʝʤ ʦʪʩʫʪʩʪʚʠʷ ʅʏ.
 
 

ʀʟ ʨʠʩʫʥʢʘ 3.14ʙ ʩʣʝʜʫʝʪ, ʯʪʦ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʬʣʫʦʨʝʩʮʝʥʮʠʝʡ ʠʥʪʝʥʩʠʚ-

ʥʦʩʪʴ ʬʦʩʬʦʨʝʩʮʝʥʮʠʠ ʚʦʟʨʘʩʪʘʝʪ ʤʝʥʴʰʝ, ʠ ʤʘʢʩʠʤʫʤ ʫʚʝʣʠʯʝʥʠʷ ʠʥʪʝʥʩʠʚ-

ʥʦʩʪʠ ʧʨʠʭʦʜʠʪʩʷ ʥʘ ʨʘʩʩʪʦʷʥʠʝ Dr º 7-8 ʥʤ ʦʪ ʧʦʚʝʨʭʥʦʩʪʠ ʅʏ ʜʣʷ ʢʨʠʚʦʡ 3.  

  
ʘ ʙ 

ʈʠʩʫʥʦʢ 3.14 - ɿʘʚʠʩʠʤʦʩʪʠ ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʬʣʫʦʨʝʩʮʝʥʮʠʠ  ( )
0, FF IrI q  ʠ 

ʬʦʩʬʦʨʝʩʮʝʥʮʠʠ  ( )
0, PP IrI q  ʤʦʣʝʢʫʣʳ ʦʪ ʨʘʩʩʪʦʷʥʠʷ ʤʝʞʜʫ ʤʦʣʝʢʫʣʦʡ ʠ ʮʝʥʪʨʦʤ ʅʏ 

ʧʨʠ q = 0 (1), p/2 (2) ʠ ʫʩʨʝʜʥʝʥʠʠ ʧʦ ʫʛʣʫ q (3) 

 

1 

2 

3 

1 

2 

3 
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ɺʳʧʦʣʥʝʥʥʦʝ ʪʝʦʨʝʪʠʯʝʩʢʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ [128] ʧʦʟʚʦʣʠʣʦ ʚʳʷʚʠʪʴ ʦʧ-

ʪʠʤʘʣʴʥʳʝ ʜʣʷ ʫʚʝʣʠʯʝʥʠʷ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʣʶʤʠʥʝʩʮʝʥʮʠʠ ʨʘʩʩʪʦʷʥʠʷ ʤʝʞʜʫ 

ʤʦʣʝʢʫʣʦʡ ʠ ʅʏ. ʈʝʟʫʣʴʪʘʪʳ ʪʝʦʨʝʪʠʯʝʩʢʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʢʘʯʝʩʪʚʝʥʥʦ ʦʙʲʷʩ-

ʥʷʶʪ ʥʘʙʣʶʜʘʝʤʳʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʠʟʤʝʥʝʥʠʷ ʩʧʝʢʪʨʦʚ ʣʶʤʠʥʝʩʮʝʥʮʠʠ ʠ 

ʚʨʝʤʷʨʘʟʨʝʰʝʥʥʳʭ ʩʠʛʥʘʣʦʚ ʬʦʩʬʦʨʝʩʮʝʥʮʠʠ ʵʨʠʪʨʦʟʠʥʘ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʧʣʘʟ-

ʤʦʥʥʳʭ ʅʏ. 

 

 

3.3 ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʛʝʥʝʨʘʮʠʦʥʥʳʭ ʩʚʦʡʩʪʚ ʨʦʜʘ-

ʤʠʥʘ 6ɾ ʚ ʚʦʜʥʳʭ ʨʘʩʪʚʦʨʘʭ ʩ ʧʣʘʟʤʦʥʥʳʤʠ ʥʘʥʦʯʘʩʪʠʮʘʤʠ 

 

ɺ ʨʘʙʦʪʘʭ [89-90, 134] ʩʦʦʙʱʘ-

ʝʪʩʷ, ʯʪʦ ʥʘʣʠʯʠʝ ʅʏ ʙʣʘʛʦʨʦʜʥʳʭ 

ʤʝʪʘʣʣʦʚ ʚ ʘʢʪʠʚʥʦʡ ʩʨʝʜʝ ʣʘʟʝʨʘ ʥʘ 

ʢʨʘʩʠʪʝʣʷʭ ʧʨʠʚʦʜʠʪ ʢ ʠʟʤʝʥʝʥʠʶ 

ʧʦʨʦʛʘ ʠ ʫʣʫʯʰʝʥʠʶ ʢʘʯʝʩʪʚʘ ʛʝʥʝʨʘ-

ʮʠʠ ʣʘʟʝʨʥʦʛʦ ʠʟʣʫʯʝʥʠʷ. ɺ ʜʘʥʥʦʤ 

ʧʘʨʘʛʨʘʬʝ ʧʨʠʚʝʜʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚʣʠʷʥʠʷ 

ʅʏ ʟʦʣʦʪʘ ʠ ʩʝʨʝʙʨʘ ʥʘ ʚʳʥʫʞʜʝʥʥʦʝ ʠʟʣʫʯʝʥʠʝ ʤʦʣʝʢʫʣ ʨʦʜʘʤʠʥʘ 6ɾ (ʈ6ɾ) ʚ 

ʚʦʜʥʳʭ ʨʘʩʪʚʦʨʘʭ [135]. 

 ʅʏ ʟʦʣʦʪʘ ʠ ʩʝʨʝʙʨʘ ʙʳʣʠ ʩʠʥʪʝʟʠʨʦʚʘʥʳ ʧʦ ʤʝʪʦʜʠʢʝ, ʦʧʠʩʘʥʥʦʡ ʚ 

ʧʫʥʢʪʝ 3.1. ɼʣʷ ʠʟʫʯʝʥʠʷ ʚʣʠʷʥʠʷ ʧʣʘʟʤʦʥʥʳʭ ʅʏ ʥʘ ʩʧʦʥʪʘʥʥʦʝ ʠ ʚʳʥʫʞʜʝʥ-

ʥʦʝ ʠʟʣʫʯʝʥʠʝ ʈ6ɾ ʙʳʣʠ ʧʦʜʛʦʪʦʚʣʝʥʳ ʦʙʨʘʟʮʳ ʚʦʜʥʳʭ ʨʘʩʪʚʦʨʦʚ ʦʙʲʝʤʦʤ 2 

ʤʣ ʢʘʞʜʳʡ. ʏʝʪʚʝʨʪʘʷ ʯʘʩʪʴ ʵʪʦʛʦ ʦʙʲʝʤʘ ʧʨʠʭʦʜʠʣʘʩʴ ʥʘ ʚʦʜʥʳʡ ʨʘʩʪʚʦʨ ʢʨʘ-

ʩʠʪʝʣʷ ʢʦʥʮʝʥʪʨʘʮʠʠ 1 ʤʄ. ɺ ʦʩʪʘʣʴʥʫʶ ʯʘʩʪʴ ʦʙʲʝʤʘ ʦʙʨʘʟʮʘ ʚʦʜʘ ʠ ʚʦʜʥʳʡ 

ʨʘʩʪʚʦʨ ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʭ ʅʏ ʚʭʦʜʠʣʠ ʚ ʨʘʟʥʳʭ ʧʨʦʧʦʨʮʠʷʭ, ʧʨʠʚʝʜʝʥʥʳʭ ʚ 

ʪʘʙʣʠʮʝ 3.2. 

ʊʘʙʣʠʮʘ 3.2. ʆʙʨʘʟʮʳ ʚʦʜʥʳʭ ʨʘʩʪʚʦʨʦʚ ʈ6ɾ 

ˉ 
H2O, 

ʤʣ 

ʅʏ Au/Ag, 

ʤʣ 

ʈ6ɾ, 

(C=1ʤʄ) 

ʤʣ 

1 1.5 0 

0.5 

2 1.25 0.25 

3 1 0.5 

4 0.75 0.75 

5 0.5 1 
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ʈʝʛʠʩʪʨʘʮʠʷ ʠʟʣʫʯʝʥʠʷ ʦʙʨʘʟʮʦʚ ʦʩʫ-

ʱʝʩʪʚʣʷʣʘʩʴ ʧʦʩʨʝʜʩʪʚʦʤ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ 

ʫʩʪʘʥʦʚʢʠ, ʩʭʝʤʘ ʢʦʪʦʨʦʡ ʠʟʦʙʨʘʞʝʥʘ ʥʘ ʨʠʩʫʥ-

ʢʝ 3.15. ɼʣʷ ʚʦʟʙʫʞʜʝʥʠʷ ʤʦʣʝʢʫʣ ʢʨʘʩʠʪʝʣʷ 

ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʠʤʧʫʣʴʩʥʳʡ ʪʚʝʨʜʦʪʝʣʴʥʳʡ ʣʘ-

ʟʝʨ YAG:Nd3+, ʨʘʙʦʪʘʶʱʠʡ ʥʘ ʜʣʠʥʝ ʚʦʣʥʳ 

532 ʥʤ ʠ ʛʝʥʝʨʠʨʫʶʱʠʡ ʠʤʧʫʣʴʩʳ ʜʣʠʪʝʣʴʥʦ-

ʩʪʴʶ 10 ʥʩ. ʀʥʪʝʥʩʠʚʥʦʩʪʴ ʠʟʣʫʯʝʥʠʷ ʣʘʟʝʨʘ ʚʘ-

ʨʴʠʨʦʚʘʣʘʩʴ ʩ ʧʦʤʦʱʴʶ ʜʣʠʪʝʣʴʥʦʩʪʠ ʥʘʢʘʯʢʠ, 

ʢʦʪʦʨʘʷ ʠʟʤʝʥʷʣʘʩʴ ʦʪ 90 ʜʦ 200 ʤʢʩ ʩ ʰʘʛʦʤ 10 ʤʢʩ. ʉʦʦʪʚʝʪʩʚʠʝ ʤʝʞʜʫ ʜʣʠ-

ʪʝʣʴʥʦʩʪʴʶ ʥʘʢʘʯʢʠ ʠ ʠʥʪʝʥʩʠʚʥʦʩʪʴʶ ʣʘʟʝʨʥʦʛʦ ʠʟʣʫʯʝʥʠʷ ʜʘʥʦ ʚ ʪʘʙʣʠʮʝ 3.3. 

ʊʘʙʣʠʮʘ 3.3 ɿʥʘʯʝʥʠʷ ʧʣʦʪʥʦʩʪʠ ʵʥʝʨʛʠʠ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʦʧʨʝʜʝʣʝʥʥʦʡ ʚʝʣʠʯʠʥʝ ʜʣʠ-

ʪʝʣʴʥʦʩʪʠ ʠʤʧʫʣʴʩʘ ʣʘʟʝʨʘ YAG:Nd3+ 

t, ʤʢʩ 90 100 110 120 130 140 150 160 170 180 190 200 

P, ʄɺʪ/ʩʤ
2
 20,0 42,0 80,0 123,5 164,6 205,8 249,3 289,3 323,4 346,9 358,7 364,6 

 

ʈʘʩʪʚʦʨ ʢʨʘʩʠʪʝʣʷ ʧʦʤʝʱʘʣʩʷ ʚ ʩʪʝʢʣʷʥʥʫʶ ʢʶʚʝʪʫ ʦʙʲʝʤʦʤ 2.5 ʤʣ. ʂʶ-

ʚʝʪʘ, ʦʜʥʘ ʙʦʣʴʰʘʷ ʛʨʘʥʴ ʢʦʪʦʨʦʡ ʨʘʩʧʦʣʘʛʘʣʘʩʴ ʚʙʣʠʟʠ ʛʣʫʭʦʛʦ ʟʝʨʢʘʣʘ, ʩʣʫ-

ʞʠʣʘ ʨʝʟʦʥʘʪʦʨʦʤ. ʃʘʟʝʨʥʳʡ ʣʫʯ ʧʦʧʘʜʘʣ ʚ ʢʶʚʝʪʫ ʯʝʨʝʟ ʙʦʢʦʚʫʶ ʛʨʘʥʴ.  

 ʉʠʛʥʘʣ ʩʚʝʯʝʥʠʷ ʢʨʘʩʠʪʝʣʷ ʩʦʙʠʨʘʣʩʷ ʣʠʥʟʦʡ ʠ ʧʦʩʣʝ ʧʨʦʭʦʞʜʝʥʠʷ ʩʧʝʢ-

ʪʨʘʣʴʥʦ-ʥʝʡʪʨʘʣʴʥʦʛʦ ʬʠʣʴʪʨʘ ʧʦʧʘʜʘʣ ʚ ʇɿʉ ʩʧʝʢʪʨʦʤʝʪʨʘ BIM-6002.  

ʅʘ ʨʠʩʫʥʢʝ 3.16 ʧʨʝʜʩʪʘʚʣʝʥʳ ʩʧʝʢʪʨʳ ʠʟʣʫʯʝʥʠʷ ʦʙʨʘʟʮʦʚ ʧʨʠ ʧʦʩʪʦʷʥ-

ʥʦʡ ʤʦʱʥʦʩʪʠ ʥʘʢʘʯʢʠ, ʨʘʚʥʦʡ 210 ʄɺʪ/ʩʤ
2
. ɹʝʟ ʅʏ ʚ ʨʘʩʪʚʦʨʝ (ʢʨʠʚʘʷ 1) 

ʥʘʙʣʶʜʘʝʪʩʷ ʬʣʫʦʨʝʩʮʝʥʮʠʷ ʢʨʘʩʠʪʝʣʷ. ʅʘʣʠʯʠʝ ʅʏ ʟʦʣʦʪʘ ʚ ʨʘʩʪʚʦʨʝ ʧʨʠʚʦ-

ʜʠʪ ʢ ʧʦʷʚʣʝʥʠʶ ʚ ʩʧʝʢʪʨʝ ʫʟʢʦʛʦ ʧʠʢʘ (ʢʨʠʚʘʷ 3), ʢʦʪʦʨʳʡ ʩ ʨʦʩʪʦʤ ʦʙʲʝʤʥʦʡ 

ʜʦʣʠ ʅʏ ʚ ʨʘʩʪʚʦʨʝ ʩʥʘʯʘʣʘ ʨʘʩʪʝʪ (ʢʨʠʚʘʷ 4), ʘ ʟʘʪʝʤ ʫʤʝʥʴʰʘʝʪʩʷ (ʢʨʠʚʘʷ 5). 

ʅʘ ʨʠʩʫʥʢʝ 3.17 ʧʦʢʘʟʘʥʳ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʧʣʦʪʥʦʩʪʠ ʤʦʱʥʦʩʪʠ ʥʘʢʘʯʢʠ ʤʘʢʩʠ-

ʤʫʤʦʚ ʠʥʪʝʥʩʠʚʥʦʩʪʝʡ ʠ ʧʦʣʫʰʠʨʠʥ ʣʠʥʠʡ ʠʟʣʫʯʝʥʠʷ ʦʙʨʘʟʮʦʚ. ɼʣʷ ʚʩʝʭ ʦʙ-

ʨʘʟʮʦʚ ʥʘʙʣʶʜʘʝʪʩʷ ʩʫʞʝʥʠʝ ʧʦʣʦʩʳ ʠʟʣʫʯʝʥʠʷ ʩ ʨʦʩʪʦʤ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʚʦʟ-

ʙʫʞʜʘʶʱʝʛʦ ʣʘʟʝʨʥʦʛʦ ʠʤʧʫʣʴʩʘ [135].  

 
ʈʠʩʫʥʦʢ 3.15 - ʕʢʩʧʝʨʠʤʝʥʪʘʣʴ-

ʥʘʷ ʩʭʝʤʘ ʨʝʛʠʩʪʨʘʮʠʠ ʠʟʣʫʯʝʥʠʷ 

ʦʙʨʘʟʮʦʚ  
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ʈʠʩʫʥʦʢ 3.16 - ʉʧʝʢʪʨʳ ʠʟʣʫʯʝʥʠʷ ʈ6ɾ ʚ 

ʧʨʠʩʫʪʩʪʚʠʠ ʅʏ ʟʦʣʦʪʘ ʚ ʨʘʩʪʚʦʨʝ ʧʨʠ 

ʤʦʱʥʦʩʪʠ ʥʘʢʘʯʢʠ 210 ʄɺʪ/ʩʤ
2
. ʅʦʤʝʨ 

ʢʨʠʚʦʡ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʥʦʤʝʨʫ ʦʙʨʘʟʮʘ ʚ 

ʪʘʙʣʠʮʝ 1. 

ʈʠʩʫʥʦʢ 3.17 - ɿʘʚʠʩʠʤʦʩʪʠ ʤʘʢʩʠʤʫʤʘ ʠʥ-

ʪʝʥʩʠʚʥʦʩʪʠ (ʩʧʣʦʰʥʳʝ ʢʨʠʚʳʝ) ʠ ʧʦʣʫʰʠ-

ʨʠʥʳ ʣʠʥʠʠ (ʧʫʥʢʪʠʨʥʳʝ ʢʨʠʚʳʝ) ʠʟʣʫʯʝʥʠʷ 

ʈ6ɾ ʦʪ ʧʣʦʪʥʦʩʪʠ ʤʦʱʥʦʩʪʠ ʥʘʢʘʯʢʠ ʜʣʷ 

ʨʘʟʣʠʯʥʳʭ ʦʙʲʝʤʥʳʭ ʜʦʣʝʡ ʅʏ ʟʦʣʦʪʘ ʚ ʦʙ-

ʨʘʟʮʝ 

 

ɸʥʘʣʦʛʠʯʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʜʣʷ ʚʦʜʥʳʭ ʨʘʩʪʚʦʨʦʚ ʈ6ɾ, ʩʦ-

ʜʝʨʞʘʱʠʭ ʅʏ ʩʝʨʝʙʨʘ, ʢʘʢ ʚʠʜʥʦ ʠʟ ʨʠʩʫʥʢʦʚ 3.18, 3.19. ʆʙʨʘʟʝʮ 2 ʜʝʤʦʥʩʪʨʠ-

ʨʫʝʪ ʨʝʞʠʤ ʛʝʥʝʨʘʮʠʠ ʩ ʧʦʣʫʰʠʨʠʥʦʡ ʣʠʥʠʠ 5 ʥʤ, ʪʦʛʜʘ, ʢʘʢ ʜʣʷ ʦʙʨʘʟʮʘ 1 

ʥʘʙʣʶʜʘʝʪʩʷ ʣʶʤʠʥʝʩʮʝʥʮʠʷ ʩ ʧʦʣʫʰʠʨʠʥʦʡ ʣʠʥʠʠ 20 ʥʤ ʧʨʠ ʧʣʦʪʥʦʩʪʠ ʤʦʱ-

ʥʦʩʪʠ ʥʘʢʘʯʢʠ 120 ʄɺʪ/ʩʤ
2
 [135]. 

  
ʈʠʩʫʥʦʢ 3.18 - ʉʧʝʢʪʨʳ ʠʟʣʫʯʝʥʠʷ ʈ6ɾ ʚ 

ʧʨʠʩʫʪʩʪʚʠʠ ʅʏ ʩʝʨʝʙʨʘ ʚ ʨʘʩʪʚʦʨʝ ʧʨʠ 

ʧʣʦʪʥʦʩʪʠ ʤʦʱʥʦʩʪʠ ʥʘʢʘʯʢʠ 120 

ʄɺʪ/ʩʤ
2
.  

ʈʠʩʫʥʦʢ 3.19 - ɿʘʚʠʩʠʤʦʩʪʠ ʤʘʢʩʠʤʫʤʘ ʠʥʪʝʥ-

ʩʠʚʥʦʩʪʠ (ʩʧʣʦʰʥʳʝ ʢʨʠʚʳʝ) ʠ ʰʠʨʠʥʳ ʣʠʥʠʠ 

(ʧʫʥʢʪʠʨʥʳʝ ʢʨʠʚʳʝ) ʠʟʣʫʯʝʥʠʷ ʈ6ɾ ʦʪ ʧʣʦʪ-

ʥʦʩʪʠ ʤʦʱʥʦʩʪʠ ʥʘʢʘʯʢʠ ʜʣʷ ʨʘʟʣʠʯʥʳʭ ʦʙʲ-

ʝʤʥrʭ ʜʦʣʝʡ ʅʏ ʩʝʨʝʙʨʘ ʚ ʦʙʨʘʟʮʝ 

 

ʇʦ ʟʘʚʠʩʠʤʦʩʪʷʤ ʤʘʢʩʠʤʫʤʦʚ ʠʥʪʝʥʩʠʚʥʦʩʪʝʡ ʠʟʣʫʯʝʥʠʷ ʦʪ ʧʣʦʪʥʦʩʪʠ 

ʤʦʱʥʦʩʪʠ ʥʘʢʘʯʢʠ ʙʳʣʠ ʦʧʨʝʜʝʣʝʥʳ ʧʦʨʦʛʠ ʛʝʥʝʨʘʮʠʠ ʜʣʷ ʨʘʟʥʳʭ ʦʙʨʘʟʮʦʚ. 

ʀʟ ʨʠʩʫʥʢʘ 3.20 ʚʠʜʥʦ, ʯʪʦ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʦʙʲʝʤʥʦʡ ʜʦʣʠ ʨʘʩʪʚʦʨʘ ʅʏ ʚ ʦʙ-

ʨʘʟʮʝ ʧʦʨʦʛ ʛʝʥʝʨʘʮʠʠ ʚʝʜʝʪ ʩʝʙʷ ʥʝ ʤʦʥʦʪʦʥʥʦ: ʩʥʘʯʘʣʘ ʫʤʝʥʴʰʘʝʪʩʷ, ʘ ʟʘʪʝʤ 
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ʫʚʝʣʠʯʠʚʘʝʪʩʷ, ʧʨʠʯʝʤ ʙʦʣʴʰʝʡ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʠʟʣʫʯʝʥʠʷ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʤʝʥʴ-

ʰʠʡ ʧʦʨʦʛ ʛʝʥʝʨʘʮʠʠ. ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʩʦʛʣʘʩʫʶʪʩʷ ʩ ʨʝʟʫʣʴʪʘʪʘʤʠ ʘʚ-

ʪʦʨʦʚ ʨʘʙʦʪʳ [136]. 

 

  
ʘ ʙ 

ʈʠʩʫʥʦʢ 3.20 - ɿʘʚʠʩʠʤʦʩʪʴ ʧʦʨʦʛʘ ʛʝʥʝʨʘʮʠʠ ʦʪ ʦʙʲʝʤʥʦʡ ʜʦʣʠ ʅʏ ʩʝʨʝʙʨʘ (ʘ) ʠ ʟʦʣʦʪʘ 

(ʙ) 

  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʧʨʦʚʝʜʝʥʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʙʳʣʦ ʚʳʷʚʣʝʥʦ 

ʚʣʠʷʥʠʝ ʧʣʘʟʤʦʥʥʳʭ ʅʏ ʥʘ ʭʘʨʘʢʪʝʨ ʠʟʣʫʯʝʥʠʷ ʚʦʜʥʳʭ ʨʘʩʪʚʦʨʦʚ ʈ6ɾ [134]. 

ʅʘʣʠʯʠʝ ʅʏ ʚ ʨʘʩʪʚʦʨʝ ʧʦʟʚʦʣʷʝʪ ʩʠʩʪʝʤʝ ʧʝʨʝʡʪʠ ʚ ʨʝʞʠʤ ʛʝʥʝʨʘʮʠʠ ʧʨʠ ʪʘ-

ʢʠʭ ʠʥʪʝʥʩʠʚʥʦʩʪʷʭ ʥʘʢʘʯʢʠ, ʧʨʠ ʢʦʪʦʨʳʭ ʚ ʨʘʩʪʚʦʨʘʭ ʙʝʟ ʅʏ ʛʝʥʝʨʘʮʠʷ ʥʝ 

ʥʘʙʣʶʜʘʝʪʩʷ. ʉʪʠʤʫʣʠʨʫʶʱʘʷ ʨʦʣʴ ʅʏ ʟʦʣʦʪʘ ʠ ʩʝʨʝʙʨʘ ʩʚʷʟʘʥʘ ʩ ʠʟʤʝʥʝʥʠʝʤ 

ʩʢʦʨʦʩʪʠ ʧʦʛʣʦʱʝʥʠʷ ʩʚʝʪʘ ʤʦʣʝʢʫʣʦʡ ʢʨʘʩʠʪʝʣʷ, ʘ ʪʘʢʞʝ ʠʟʤʝʥʝʥʠʝʤ ʩʢʦʨʦ-

ʩʪʝʡ ʩʧʦʥʪʘʥʥʦʛʦ ʠ ʚʳʥʫʞʜʝʥʥʦʛʦ ʠʟʣʫʯʝʥʠʷ ʤʦʣʝʢʫʣʳ ʚʙʣʠʟʠ ʅʏ [89-90, 134].  

 

 

3.4 ʊʝʦʨʝʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʚʣʠʷʥʠʷ ʧʣʘʟʤʦʥʥʳʭ ʥʘʥʦʯʘʩʪʠʮ ʥʘ ʧʦʨʦʛ 

ʛʝʥʝʨʘʮʠʠ ʩʚʝʪʘ ʤʦʣʝʢʫʣʘʤʠ ʢʨʘʩʠʪʝʣʷ 

 

ɺ ʜʘʥʥʦʤ ʨʘʟʜʝʣʝ ʠʟʣʦʞʝʥʘ ʪʝʦʨʝʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ, ʦʧʠʩʳʚʘʶʱʘʷ ʚʣʠʷʥʠʝ 

ʤʝʪʘʣʣʠʯʝʩʢʠʭ ʅʏ ʥʘ ʧʦʨʦʛ ʛʝʥʝʨʘʮʠʠ ʩʚʝʪʘ ʤʦʣʝʢʫʣʘʤʠ ʢʨʘʩʠʪʝʣʷ. ʇʦʢʘʟʘʥʦ, 

ʯʪʦ ʩ ʫʤʝʥʴʰʝʥʠʝʤ ʨʘʩʩʪʦʷʥʠʷ ʤʝʞʜʫ ʤʦʣʝʢʫʣʦʡ ʢʨʘʩʠʪʝʣʷ ʠ ʧʦʚʝʨʭʥʦʩʪʴʶ ʅʏ 

ʧʦʨʦʛ ʛʝʥʝʨʘʮʠʠ ʩʥʘʯʘʣʘ ʫʤʝʥʴʰʘʝʪʩʷ, ʘ ʟʘʪʝʤ ʨʘʩʪʝʪ. 

ɺ ʦʩʥʦʚʝ ʤʦʜʝʣʠ ʣʝʞʘʪ ʩʢʦʨʦʩʪʥʳʝ ʫʨʘʚʥʝʥʠʷ ʣʘʟʝʨʘ ʩ ʜʚʫʭʫʨʦʚʥʝʚʦʡ ʘʢ-

ʪʠʚʥʦʡ ʩʨʝʜʦʡ [129] 
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ʉʪʘʮʠʦʥʘʨʥʦʝ ʨʝʰʝʥʠʝ ʫʨʘʚʥʝʥʠʡ (3.15) ʟʘʧʠʩʳʚʘʝʪʩʷ ʚ ʩʣʝʜʫʶʱʝʤ ʚʠʜʝ 

[129] 
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ʛʜʝ n0 ï ʢʦʥʮʝʥʪʨʘʮʠʷ ʤʦʣʝʢʫʣ, n21 ï ʢʦʥʮʝʥʪʨʘʮʠʷ ʠʥʚʝʨʩʠʠ ʥʘʩʝʣʝʥʥʦʩʪʝʡ, nph 

ï ʯʠʩʣʦ ʬʦʪʦʥʦʚ ʚ ʨʝʟʦʥʘʪʦʨʝ, Vʘ ï ʦʙʲʝʤ ʤʦʜʳ ʨʝʟʦʥʘʪʦʨʘ, 
r

k21 ï ʩʢʦʨʦʩʪʴ 

ʩʧʦʥʪʘʥʥʦʛʦ ʠʟʣʫʯʝʥʠʷ ʬʦʪʦʥʘ, 
nr

k21  ï ʩʢʦʨʦʩʪʴ ʙʝʟʳʟʣʫʯʘʪʝʣʴʥʦʡ ʨʝʣʘʢʩʘʮʠʠ, 

kph ï ʩʢʦʨʦʩʪʴ ʟʘʪʫʭʘʥʠʷ ʬʦʪʦʥʦʚ ʚ ʨʝʟʦʥʘʪʦʨʝ, g ï ʩʢʦʨʦʩʪʴ ʥʘʢʘʯʢʠ, B ï ʢʦʬɻ-

ʬʠʮʠʝʥʪ, ʦʪʚʝʪʩʪʚʝʥʥʳʡ ʟʘ ʚʳʥʫʞʜʝʥʥʦʝ ʠʟʣʫʯʝʥʠʝ ʬʦʪʦʥʘ. 

ʉʦʛʣʘʩʥʦ [129] ʩʢʦʨʦʩʪʴ ʥʘʢʘʯʢʠ ʦʧʨʝʜʝʣʷʝʪʩʷ ʬʦʨʤʫʣʦʡ 
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ʛʜʝ ʨ12 ï ʜʠʧʦʣʴʥʳʡ ʤʦʤʝʥʪ ʧʝʨʝʭʦʜʘ ʤʦʣʝʢʫʣʳ ʠʟ ʚʦʟʙʫʞʜʝʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʚ 

ʦʩʥʦʚʥʦʝ, w0 ï ʯʘʩʪʦʪʘ ʧʝʨʝʭʦʜʘ, I ï ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʚʦʟʙʫʞʜʘʶʱʝʛʦ ʩʚʝʪʘ, w ï 

ʝʛʦ ʯʘʩʪʦʪʘ, ʩ ï ʩʢʦʨʦʩʪʴ ʩʚʝʪʘ ʚ ʚʘʢʫʫʤʝ, ()xd  ï ʜʝʣʴʪʘ ʬʫʥʢʮʠʷ, ʢʦʪʦʨʘʷ ʚ ʨʘʩ-

ʯʝʪʘʭ ʟʘʤʝʥʷʝʪʩʷ ʬʫʥʢʮʠʝʡ ʃʦʨʝʥʮʘ, e ï ʜʠʵʣʝʢʪʨʠʯʝʩʢʘʷ ʧʨʦʥʠʮʘʝʤʦʩʪʴ ʘʢ-

ʪʠʚʥʦʡ ʩʨʝʜʳ, b ï ʫʛʦʣ ʤʝʞʜʫ ʜʠʧʦʣʴʥʳʤ ʤʦʤʝʥʪʦʤ ʧʝʨʝʭʦʜʘ ʠ ʥʘʧʨʷʞʝʥʥʦ-

ʩʪʴʶ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ ʧʘʜʘʶʱʝʡ ʚʦʣʥʳ. 

ʉʢʦʨʦʩʪʴ ʩʧʦʥʪʘʥʥʦʛʦ ʠʟʣʫʯʝʥʠʷ ʜʘʝʪʩʷ ʚʳʨʘʞʝʥʠʝʤ [129] 
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ɺʝʣʠʯʠʥʘ B ʨʘʩʩʯʠʪʳʚʘʝʪʩʷ ʧʦ ʬʦʨʤʫʣʝ VcB s=  [129], ʛʜʝ s ï ʩʝʯʝʥʠʝ 

ʧʦʛʣʦʱʝʥʠʷ ʬʦʪʦʥʘ ʤʦʣʝʢʫʣʦʡ, ʢʦʪʦʨʦʝ ʧʦʣʫʯʘʝʪʩʷ ʠʟ ʬʦʨʤʫʣʳ (3.17) ʜʝʣʝʥʠ-

ʝʤ ʥʘ ʧʣʦʪʥʦʩʪʴ ʧʦʪʦʢʘ ʬʦʪʦʥʦʚ ʧʘʜʘʶʱʝʡ ʚʦʣʥʳ, ʪ. ʝ. ʥʘ wZI . 

ʇʦʣʘʛʘʷ ʯʠʩʣʦ ʬʦʪʦʥʦʚ ʚ ʬʦʨʤʫʣʝ (3.16) ʨʘʚʥʳʤ ʥʫʣʶ, ʜʣʷ ʧʦʨʦʛʘ ʛʝʥʝ-

ʨʘʮʠʠ ʤʦʞʥʦ ʧʦʣʫʯʠʪʴ ʬʦʨʤʫʣʫ 
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ʂʦʛʜʘ ʤʦʣʝʢʫʣʘ ʥʘʭʦʜʠʪʩʷ ʚʙʣʠʟʠ ʅʏ ʠʟʣʫʯʝʥʠʝ ʠ ʧʦʛʣʦʱʝʥʠʝ ʩʚʝʪʘ ʧʨʦ-

ʠʟʚʦʜʠʪʩʷ ʦʙʲʝʜʠʥʝʥʥʦʡ ʩʠʩʪʝʤʦʡ, ʜʠʧʦʣʴʥʳʡ ʤʦʤʝʥʪ ʧʝʨʝʭʦʜʘ ʢʦʪʦʨʦʡ ʚ 

ʢʚʘʥʪʦʚʦʤ ʧʦʜʭʦʜʝ ʤʦʞʝʪ ʙʳʪʴ ʟʘʧʠʩʘʥ ʚ ʚʠʜʝ [111, 128] 

 

 
() () ()

mm

NP

mmmtot pDpCp ,1211, rrr += ,  (3.20) 

 

ʛʜʝ m = 0, °1 ï ʠʥʜʝʢʩʳ ʦʨʪʦʚ ʮʠʢʣʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ ʢʦʦʨʜʠʥʘʪ, 

233

1 23 pd

NP

m Rp wwe= Z  ï ʤʘʪʨʠʯʥʳʡ ʵʣʝʤʝʥʪ ʜʠʧʦʣʴʥʦʛʦ ʤʦʤʝʥʪʘ ʅʏ, 
mp ,12

 ï 

ʮʠʢʣʠʯʝʩʢʠʝ ʢʦʤʧʦʥʝʥʪʳ ʜʠʧʦʣʴʥʦʛʦ ʤʦʤʝʥʪʘ ʧʝʨʝʭʦʜʘ ʤʦʣʝʢʫʣʳ. ʂʦʵʬʬʠʮʠ-

ʝʥʪʳ ()rmC1  ʠ ()rmD1  ʚ (3.20) ʨʘʩʩʯʠʪʳʚʘʶʪʩʷ ʧʦ ʬʦʨʤʫʣʘʤ (3.7). ʏʘʩʪʦʪʘ ʣʦ-

ʢʘʣʠʟʦʚʘʥʥʦʛʦ ʧʣʘʟʤʦʥʘ ʜʘʝʪʩʷ ʬʦʨʤʫʣʦʡ (3.3) ʜʣʷ ʩʣʫʯʘʷ ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʡ 

ʬʫʥʢʮʠʠ ʤʝʪʘʣʣʘ ʚ ʦʙʦʙʱʝʥʥʦʡ ʤʦʜʝʣʠ ɼʨʫʜʝ (3.2).  

ʏʪʦʙʳ ʦʧʨʝʜʝʣʠʪʴ ʩʢʦʨʦʩʪʠ ʧʦʛʣʦʱʝʥʠʷ, ʩʧʦʥʪʘʥʥʦʛʦ ʠ ʚʳʥʫʞʜʝʥʥʦʛʦ 

ʠʟʣʫʯʝʥʠʡ ʤʦʣʝʢʫʣʳ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʅʏ, ʥʫʞʥʦ ʚ ʬʦʨʤʫʣʳ (3.17) ʠ (3.18) ʚʤʝʩʪʦ 

ʜʠʧʦʣʴʥʦʛʦ ʤʦʤʝʥʪʘ ʧʝʨʝʭʦʜʘ ʚ ʤʦʣʝʢʫʣʝ ʨ12 ʧʦʜʩʪʘʚʠʪʴ ʜʠʧʦʣʴʥʳʡ ʤʦʤʝʥʪ 

ʧʝʨʝʭʦʜʘ ptot (3.20) ʚ ʦʙʲʝʜʠʥʝʥʥʦʡ ʩʠʩʪʝʤʝ çʤʦʣʝʢʫʣʘ ï ʅʏè. 
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ʇʨʠ ʧʨʦʚʝʜʝʥʠʠ ʨʘʩʯʝʪʦʚ ʚʝʣʠʯʠʥ, ʦʧʨʝʜʝʣʷʝʤʳʭ ʬʦʨʤʫʣʘʤʠ (3.15), 

(3.16) ʠ (3.19), ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʅʏ ʢ ʩʢʦʨʦ-

ʩʪʠ 
nr

k21  ʥʝʦʙʭʦʜʠʤʦ ʜʦʙʘʚʠʪʴ ʩʢʦʨʦʩʪʴ 

ʙʝʟʳʟʣʫʯʘʪʝʣʴʥʦʛʦ ʧʝʨʝʥʦʩʘ ʵʥʝʨʛʠʠ ʦʪ 

ʤʦʣʝʢʫʣʳ ʢ ʅʏ, ʢʦʪʦʨʘʷ ʚ ʢʚʘʥʪʦʚʦʤʝʭʘ-

ʥʠʯʝʩʢʦʤ ʧʦʜʭʦʜʝ ʦʧʨʝʜʝʣʷʝʪʩʷ ʚʳʨʘʞʝ-

ʥʠʝʤ (3.5) [137]. 

ʅʘ ʨʠʩʫʥʢʝ 3.21 ʠʟʦʙʨʘʞʝʥʳ ʟʘʚʠ-

ʩʠʤʦʩʪʠ ʢʚʘʜʨʘʪʘ ʤʦʜʫʣʷ ʦʪʥʦʰʝʥʠʷ 

2

12pptot  ʦʪ ʨʘʩʩʪʦʷʥʠʷ ʤʝʞʜʫ ʤʦʣʝʢʫ-

ʣʦʡ ʠ ʧʦʚʝʨʭʥʦʩʪʴʶ ʩʝʨʝʙʨʷʥʦʡ ʅʏ ʜʣʷ 

ʨʘʜʠʘʣʴʥʦʡ ʠ ʢʘʩʘʪʝʣʴʥʦʡ ʦʨʠʝʥʪʘʮʠʠ 

ʜʠʧʦʣʴʥʦʛʦ ʤʦʤʝʥʪʘ ʧʝʨʝʭʦʜʘ ʤʦʣʝʢʫʣʳ, 

ʢʘʢ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩʫʥʢʝ 3.12.  

ʅʘ ʨʠʩʫʥʢʝ 3.22 ʧʦʢʘʟʘʥʳ ʜʠʩʪʘʥʮʠʦʥʥʳʝ ʟʘʚʠʩʠʤʦʩʪʠ ʩʢʦʨʦʩʪʠ ʙʝʟʳʟ-

ʣʫʯʘʪʝʣʴʥʦʛʦ ʧʝʨʝʥʦʩʘ ʵʥʝʨʛʠʠ ʦʪ ʤʦʣʝʢʫ-

ʣʳ ʥʘ ʅʏ ʜʣʷ ʨʘʜʠʘʣʴʥʦʡ ʠ ʢʘʩʘʪʝʣʥɹʦʡ 

ʦʨʠʝʥʪʘʮʠʠ ʜʠʧʦʣʴʥʦʛʦ ʤʦʤʝʥʪʘ ʧʝʨʝʭʦʜʘ 

ʤʦʣʝʢʫʣʳ.  

ɼʠʩʪʘʥʮʠʦʥʥʳʝ ʟʘʚʠʩʠʤʦʩʪʠ ʫʩʨʝʜ-

ʥʝʥʥʳʭ ʧʦ ʫʛʣʦʚʦʤʫ ʤʝʩʪʦʧʦʣʦʞʝʥʠʶ ʤʦ-

ʣʝʢʫʣʳ, ʜʠʧʦʣʴʥʳʡ ʤʦʤʝʥʪ ʢʦʪʦʨʦʡ 

ʥʘʧʨʘʚʣʝʥ ʚʜʦʣʴ ʦʩʠ z, ʩʢʦʨʦʩʪʝʡ ʩʧʦʥʪʘʥ-

ʥʦʛʦ ʠʟʣʫʯʝʥʠʷ (3.19) ʠ ʙʝʟʳʟʣʫʯʘʪʝʣʴʥʦʛʦ 

ʧʝʨʝʥʦʩʘ ʵʥʝʨʛʠʠ (3.5) ʧʨʠʚʝʜʝʥʳ ʥʘ ʨʠ-

ʩʫʥʢʝ 3.23. ʂʘʢ ʩʣʝʜʫʝʪ ʠʟ ʨʠʩʫʥʢʘ, ʝʩʣʠ 

ʨʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʤʦʣʝʢʫʣʦʡ ʠ ʅʏ ʧʨʝʚʦʩʭʦʜʠʪ 7.5 ʥʤ, ʩʢʦʨʦʩʪʴ ʩʧʦʥʪʘʥʥʦʛʦ 

ʠʟʣʫʯʝʥʠʷ ʩʪʘʥʦʚʠʪʩʷ ʙʦʣʴʰʝ ʩʢʦʨʦʩʪʠ ʙʝʟʳʟʣʫʯʘʪʝʣʴʥʦʡ ʨʝʣʘʢʩʘʮʠʠ ʤʦʣʝʢʫ-

ʣʷʨʥʦʛʦ ʚʦʟʙʫʞʜʝʥʠʷ [137]. 

 

ʈʠʩʫʥʦʢ 3.21 - ɼʠʩʪʘʥʮʠʦʥʥʳʝ ʟʘʚʠʩʠ-

ʤʦʩʪʠ ʢʚʘʜʨʘʪʘ ʤʦʜʫʣʷ ʦʪʥʦʰʝʥʠʷ ʜʠ-

ʧʦʣʴʥʦʛʦ ʤʦʤʝʥʪʘ ʧʝʨʝʭʦʜʘ ʦʙʲʝʜʠʥʝʥ-

ʥʦʡ ʩʠʩʪʝʤʳ ʢ ʜʠʧʦʣʴʥʦʤʫ ʤʦʤʝʥʪʫ ʧʝ-

ʨʝʭʦʜʘ ʚ ʤʦʣʝʢʫʣʝ 1 - (q = 0), 2 - (q = p/2) 

 
ʈʠʩʫʥʦʢ 3.22 - ɼʠʩʪʘʥʮʠʦʥʥʳʝ ʟʘʚʠʩʠ-

ʤʦʩʪʠ ʩʢʦʨʦʩʪʠ ʙʝʟʳʟʣʫʯʘʪʝʣʴʥʦʛʦ ʧʝ-

ʨʝʥʦʩʘ ʵʥʝʨʛʠʠ ʚʦʟʙʫʞʜʝʥʠʷ ʤʦʣʝʢʫʣʳ 

ʥʘ ʅʏ 1 - (q = 0), 2 - (q = p/2) 
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ʅʘ ʨʠʩʫʥʢʝ 3.24 ʧʦʢʘʟʘʥʳ ʜʠʩʪʘʥʮʠʦʥʥʳʝ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪʥʦʰʝʥʠʡ ʠʥʚʝʨ-

ʩʠʠ ʥʘʩʝʣʝʥʥʦʩʪʝʡ (ʢʨʠʚʘʷ 1), ʯʠʩʣʘ ʛʝʥʝʨʠʨʫʝʤʳʭ ʬʦʪʦʥʦʚ (ʢʨʠʚʘʷ 2) ʠ ʧʦʨʦʛʘ 

ʛʝʥʝʨʘʮʠʠ (ʢʨʠʚʘʷ 3) ʢ ʠʭ ʟʥʘʯʝʥʠʷʤ ʚ ʦʪʩʫʪʩʪʚʠʠ ʅʏ. ɺ ʨʘʩʯʝʪʘʭ ʠʩʧʦʣʴʟʦʚʘ-

ʣʠʩʴ ʫʩʨʝʜʥʝʥʥʳʝ ʧʦ ʫʛʣʦʚʦʤʫ ʤʝʩʪʦʧʦʣʦʞʝʥʠʶ ʤʦʣʝʢʫʣʳ ʩʢʦʨʦʩʪʠ  

ʠʟʣʫʯʘʪʝʣʴʥʳʭ ʠ ʙʝʟʳʟʣʫʯʘʪʝʣʴʥʳʭ ʧʨʦʮʝʩʩʦʚ ʠ ʩʣʝʜʫʶʱʠʝ ʧʘʨʘʤʝʪʨʳ ʤʦʜʝʣʠ: 
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k c
-1
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2=ed , 3.612=p ɼ, 
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100.1 Ö=I ʵʨʛ/(cȚʩʤ
2
). ʀʟ ʨʠʩʫʥʢʘ ʚʠʜʥʦ, ʯʪʦ ʩ ʫʤʝʥʴʰʝʥʠ-

ʝʤ ʨʘʩʩʪʦʷʥʠʷ ʤʝʞʜʫ ʤʦʣʝʢʫʣʦʡ ʠ ʧʦʚʝʨʭʥʦʩʪʴʶ ʅʏ ʠʥʚʝʨʩʠʷ ʥʘʩʝʣʝʥʥʦʩʪʝʡ 

ʫʤʝʥʴʰʘʝʪʩʷ, ʘ ʯʠʩʣʦ ʛʝʥʝʨʠʨʫʝʤʳʭ ʬʦʪʦʥʦʚ ʠ ʧʦʨʦʛ ʛʝʥʝʨʘʮʠʠ ʚʝʜʫʪ ʩʝʙʷ ʥʝ-

ʤʦʥʦʪʦʥʥʦ. ʇʦʨʦʛ ʛʝʥʝʨʘʮʠʠ ʩʥʘʯʘʣʘ ʩʥʠʞʘʝʪʩʷ, ʘ ʟʘʪʝʤ ʨʝʟʢʦ ʨʘʩʪʝʪ. ʏʠʩʣʦ 

ʛʝʥʝʨʠʨʫʝʤʳʭ ʧʣʘʟʤʦʥʦʚ ʩʥʘʯʘʣʘ ʨʘʩʪʝʪ, ʘ ʟʘʪʝʤ ʧʘʜʘʝʪ, ʯʪʦ ʩʚʷʟʘʥʦ ʩ ʨʦʩʪʦʤ 

ʩʢʦʨʦʩʪʝʡ ʚʩʝʭ ʫʢʘʟʘʥʥʳʭ ʧʨʦʮʝʩʩʦʚ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʅʏ ʠ ʠʭ ʢʦʥʢʫʨʝʥʮʠʝʡ. 

  

ʈʠʩʫʥʦʢ 3.23 - ɼʠʩʪʘʥʮʠʦʥʥʳʝ ʟʘʚʠʩʠʤʦ-

ʩʪʠ ʩʢʦʨʦʩʪʝʡ ʩʧʦʥʪʘʥʥʦʛʦ ʠʟʣʫʯʝʥʠʷ ʠ 

ʙʝʟʳʟʣʫʯʘʪʝʣʴʥʦʛʦ ʧʝʨʝʥʦʩʘ ʵʥʝʨʛʠʠ ʦʪ 

ʤʦʣʝʢʫʣʳ ʢ ʅʏ, ʫʩʨʝʜʥʝʥʥʳʝ ʧʦ ʫʛʣʦʚʦʤʫ 

ʤʝʩʪʦʧʦʣʦʞʝʥʠʶ ʤʦʣʝʢʫʣʳ 1 ï W, 2 - 
r

k21  

ʈʠʩʫʥʦʢ 3.24 - ɼʠʩʪʘʥʮʠʦʥʥʳʝ ʟʘʚʠʩʠʤʦʩʪʠ 

ʦʪʥʦʰʝʥʠʡ ʠʥʚʝʨʩʠʠ ʥʘʩʝʣʝʥʥʦʩʪʝʡ (ʢʨʠʚʘʷ 

1), ʯʠʩʣʘ ʛʝʥʝʨʠʨʫʝʤʳʭ ʬʦʪʦʥʦʚ (ʢʨʠʚʘʷ 2) ʠ 

ʧʦʨʦʛʘ ʛʝʥʝʨʘʮʠʠ (ʢʨʠʚʘʷ 3) ʢ ʠʭ ʟʥʘʯʝʥʠʷʤ ʚ 

ʦʪʩʫʪʩʪʚʠʠ ʅʏ 
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ʅʘ ʨʠʩʫʥʢʘʭ 3.25 ʧʨʠʚʝʜʝʥʳ ʨʝʰʝʥʠʷ 

ʩʢʦʨʦʩʪʥʳʭ ʫʨʘʚʥʝʥʠʡ ʣʘʟʝʨʘ (3.15) ʜʣʷ ʢʠ-

ʥʝʪʠʢʠ ʯʠʩʣʘ ʬʦʪʦʥʦʚ 3.25ʘ ʠ  ʢʦʥʮʝʥʪʨʘʮʠʠ 

ʠʥʚʝʨʩʠʠ ʥʘʩʝʣʝʥʥʦʩʪʝʡ 3.25ʙ ʚ ʨʝʟʦʥʘʪʦʨʝ. 

ʂʘʢ ʚʠʜʥʦ ʠʟ ʨʠʩʫʥʢʦʚ, ʥʘʣʠʯʠʝ ʅʏ ʧʨʠʚʦ-

ʜʠʪ ʢ ʫʤʝʥʴʰʝʥʠʶ ʚʨʝʤʝʥʠ ʚʳʭʦʜʘ ʢʠʥʝʪʠ-

ʯʝʩʢʠʭ ʢʨʠʚʳʭ ʥʘ ʩʪʘʮʠʦʥʘʨʥʦʝ ʟʥʘʯʝʥʠʝ ʥʘ 

ʦʜʠʥ ʧʦʨʷʜʦʢ. ʂʨʦʤʝ ʪʦʛʦ ʩ ʨʦʩʪʦʤ ʨʘʩʩʪʦʷ-

ʥʠʷ ʥʝʤʦʥʦʪʦʥʥʦ ʤʝʥʷʝʪʩʷ ʩʪʘʮʠʦʥʘʨʥʳʝ 

ʟʥʘʯʝʥʠʷ n21 ʠ nph, ʘ ʪʘʢʞʝ ʚʨʝʤʝʥʘ ʚʳʭʦʜʘ ʥʘ 

ʫʩʪʘʥʦʚʠʚʰʠʝʩʷ ʟʥʘʯʝʥʠʷ n21 ʠ nph. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʦʚʝʜʝʥʥʦʝ ʪʝʦʨʝʪʠ-

ʯʝʩʢʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʥʘʙʣʶ-

ʜʘʶʱʝʝʩʷ ʚ ʵʢʩʧʝʨʠʤʝʥʪʝ [89, 90] ʩʥʠʞʝʥʠʝ 

ʧʦʨʦʛʘ ʛʝʥʝʨʘʮʠʠ ʧʨʠ ʜʦʙʘʚʣʝʥʠʠ ʚ ʨʘʩʪʚʦʨ 

ʣʘʟʝʨʥʦʛʦ ʢʨʘʩʠʪʝʣʷ ʧʣʘʟʤʦʥʥʳʭ ʅʏ ʤʦʞʥʦ 

ʦʙʲʷʩʥʠʪʴ ʫʩʪʘʥʦʚʣʝʥʠʝʤ ʦʧʪʠʤʘʣʴʥʦʛʦ 

ʩʨʝʜʥʝʛʦ ʨʘʩʩʪʦʷʥʠʷ ʤʝʞʜʫ ʤʦʣʝʢʫʣʘʤʠ ʠ 

ʅʏ.  

 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚ ʭʦʜʝ ʧʨʦʚʝʜʝʥʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ 

ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʥʘʣʠʯʠʝ ʧʣʘʟʤʦʥʥʳʭ ʥʘʥʦʯʘʩʪʠʮ ʚ ʦʢʨʘʰʝʥʥʦʡ ʧʦʣʠʤʝʨʥʦʡ 

ʧʣʝʥʢʝ ʠʣʠ ʦʢʨʘʰʝʥʥʦʤ ʚʦʜʥʦʤ ʨʘʩʪʚʦʨʝ ʧʨʠʚʦʜʠʪ ʢ ʫʚʝʣʠʯʝʥʠʶ ʧʦʛʣʦʱʝʥʠʷ 

ʩʚʝʪʘ ʤʦʣʝʢʫʣʘʤʠ, ʥʝʤʦʥʦʪʦʥʥʳʤ ʠʟʤʝʥʝʥʠʷʤ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʣʶʤʠʥʝʩʮʝʥʮʠʠ 

ʠ ʧʦʨʦʛʘ ʛʝʥʝʨʘʮʠʠ ʠʟʣʫʯʝʥʠʷ. ʇʦ ʤʝʨʝ ʨʦʩʪʘ ʢʦʥʮʝʥʪʨʘʮʠʠ ʥʘʥʦʯʘʩʪʠʮ ʩʥʘʯʘ-

ʣʘ ʥʘʙʣʶʜʘʝʪʩʷ ʫʚʝʣʠʯʝʥʠʝ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʣʶʤʠʥʝʩʮʝʥʮʠʠ, ʢʦʪʦʨʦʝ ʧʦʩʣʝ ʜʦ-

ʩʪʠʞʝʥʠʷ ʤʘʢʩʠʤʫʤʘ ʩʤʝʥʷʝʪʩʷ ʫʤʝʥʴʰʝʥʠʝʤ. ɼʣʷ ʧʦʨʦʛʘ ʛʝʥʝʨʘʮʠʠ ʥʘʦʙʦʨʦʪ, 

ʩʥʘʯʘʣʘ ʥʘʙʣʶʜʘʝʪʩʷ ʝʛʦ ʩʥʠʞʝʥʠʝ, ʘ ʧʦʩʣʝ ʜʦʩʪʠʞʝʥʠʷ ʤʠʥʠʤʫʤʘ - ʨʦʩʪ. 

ʇʨʝʜʣʦʞʝʥʥʳʝ ʪʝʦʨʝʪʠʯʝʩʢʠʝ ʤʦʜʝʣʠ ʚʣʠʷʥʠʷ ʅʏ ʥʘ ʩʧʝʢʪʨʘʣʴʥʦ-

ʣʶʤʠʥʝʩʮʝʥʪʥʳʝ ʠ ʛʝʥʝʨʘʮʠʦʥʥʳʝ ʩʚʦʡʩʪʚʘ ʦʨʛʘʥʠʯʝʩʢʠʭ ʤʦʣʝʢʫʣ ʢʘʯʝʩʪʚʝʥʥʦ 

 
ʘ 

 
ʙ 

ʈʠʩʫʥʦʢ 3.25 - ʂʠʥʝʪʠʢʘ ʯʠʩʣʘ ʬʦʪʦ-

ʥʦʚ (ʘ) ʠ  ʢʦʥʮʝʥʪʨʘʮʠʠ ʠʥʚʝʨʩʠʠ 

ʥʘʩʝʣʝʥʥʦʩʪʝʡ (ʙ) ʚ ʨʝʟʦʥʘʪʦʨʝ ʙʝʟ 

ʅʏ (1), ʥʘ ʨʘʩʩʪʦʷʥʠʠ ʦʪ ʧʦʚʝʨʭʥʦ-

ʩʪʠ ʅʏ 1 ʥʤ (2), 2 ʥʤ (3), 5 ʥʤ (4), 8 

ʥʤ (5) 
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ʦʙʲʷʩʥʷʶʪ ʥʘʙʣʶʜʘʝʤʳʝ ʚ ʵʢʩʧʝʨʠʤʝʥʪʘʭ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ. ʅʘ ʨʘʩʩʪʦʷʥʠʷʭ 4-

10 ʥʤ ʤʝʞʜʫ ʤʦʣʝʢʫʣʦʡ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʢʨʘʩʠʪʝʣʷ ʠ ʧʦʚʝʨʭʥʦʩʪʴʶ ʧʣʘʟʤʦʥʥʦʡ 

ʥʘʥʦʯʘʩʪʠʮʳ ʩʢʦʨʦʩʪʴ ʩʧʦʥʪʘʥʥʦʛʦ ʠʟʣʫʯʝʥʠʷ ʤʦʣʝʢʫʣʳ ʠ ʩʢʦʨʦʩʪʴ ʙʝʟʳʟʣʫʯʘ-

ʪʝʣʴʥʦʛʦ ʧʝʨʝʥʦʩʘ ʵʥʝʨʛʠʠ ʵʣʝʢʪʨʦʥʥʦʛʦ ʚʦʟʙʫʞʜʝʥʠʷ ʦʪ ʤʦʣʝʢʫʣʳ ʢ ʅʏ ʷʚʣ̫-

ʶʪʩʷ ʚʝʣʠʯʠʥʘʤʠ ʦʜʥʦʛʦ ʧʦʨʷʜʢʘ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʤʘʢʩʠʤʘʣʴʥʦʤʫ ʫʩʠʣʝʥʠʶ 

ʣʶʤʠʥʝʩʮʝʥʮʠʠ ʠ ʩʥʠʞʝʥʠʶ ʧʦʨʦʛʘ ʛʝʥʝʨʘʮʠʠ. ɼʘʥʥʳʝ ʨʘʩʩʪʦʷʥʠʷ ʤʝʞʜʫ ʤʦ-

ʣʝʢʫʣʘʤʠ ʠ ʅʏ ʦʙʝʩʧʝʯʠʚʘʶʪʩʷ ʦʧʨʝʜʝʣʝʥʥʳʤʠ ʢʦʥʮʝʥʪʨʘʮʠʷʤʠ ʅʏ ʚ ʦʢʨʘ-

ʰʝʥʥʳʭ ʧʦʣʠʤʝʨʥʳʭ ʧʣʝʥʢʘʭ ʠʣʠ ʨʘʩʪʚʦʨʘʭ. 
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4 ɻʝʥʝʨʘʮʠʷ ʚʪʦʨʦʡ ʛʘʨʤʦʥʠʢʠ ʤʦʥʦʩʣʦʝʤ ʩʬʝʨʠʯʝʩʢʠʭ 

ʧʣʘʟʤʦʥʥʳʭ ʥʘʥʦʯʘʩʪʠʮ ʩʪʨʫʢʪʫʨʳ çʷʜʨʦ-ʦʙʦʣʦʯʢʘè 

 

 

4.1 ʉʣʦʠʩʪʘʷ ʯʘʩʪʠʮʘ ʚ ʵʣʝʢʪʨʠʯʝʩʢʦʤ ʧʦʣʝ ʧʣʦʩʢʦʡ ʚʦʣʥʳ 

 

ɺ ʜʘʥʥʦʤ ʧʘʨʘʛʨʘʬʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʥʘʥʦʯʘʩʪʠʮʘ ʩ ʜʠʵʣʝʢʪʨʠʯʝʩʢʠʤ ʷʜ-

ʨʦʤ ʠ ʧʣʘʟʤʦʥʥʦʡ ʦʙʦʣʦʯʢʦʡ, ʥʘʭʦʜʷʱʘʷʩʷ ʚ ʧʦʣʝ ʧʣʦʩʢʦʡ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʡ 

ʚʦʣʥʳ. ʉʭʝʤʘʪʠʯʝʩʢʦʝ ʠʟʦʙʨʘʞʝʥʠʝ ʥʘʥʦʯʘʩʪʠʮʳ ʧʨʝʜʩʪʘʚʣʝʥʦ ʥʘ ʨʠʩʫʥʢʝ 4.1.
 
 

ʕʣʝʢʪʨʠʯʝʩʢʦʝ ʧʦʣʝ ʤʦʞʥʦ ʧʨʝʜʩʪʘʚʠʪʴ ʚ ʚʠʜʝ 

ʜʚʫʭ ʩʣʘʛʘʝʤʳʭ [137]: 

 

 ww += ŮeEeE
iky

0z

ddd

0  
(4.1) 

 

ʛʜʝ 
iky

0z eEe
d

ï ʫʨʘʚʥʝʥʠʝ ʧʘʜʘʶʱʝʡ ʧʣʦʩʢʦʡ ʚʦʣʥʳ; wŮ
d

 ï 

ʩʣʘʛʘʝʤʦʝ, ʫʯʠʪʳʚʘʶʱʝʝ ʦʪʢʣʠʢ ʰʘʨʘ. 

ʇʘʜʘʶʱʝʝ ʧʦʣʝ ʤʦʞʥʦ ʨʘʟʣʦʞʠʪʴ ʚ ʨʷʜ:  

 

 
...++= 0z0z

iky

0z EeikyEeeEe
ddd

 (4.2) 

 

ʉʣʘʛʘʝʤʦʝ, ʫʯʠʪʳʚʘʶʱʝʝ ʦʪʢʣʠʢ ʰʘʨʘ, ʪʘʢ ʞʝ ʤʦʞʝʪ ʙʳʪʴ ʨʘʟʣʦʞʝʥʦ ʚ 

ʨʷʜ: 
() ()

...
10

00
++= www ŮŮŮ

ddd
 

ʉ ʫʯʝʪʦʤ ʨʘʟʣʦʞʝʥʠʷ ʧʦʣʫʯʠʤ ʩʣʝʜʫʶʱʠʡ ʚʠʜ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ, ʩʦ-

ʜʝʨʞʘʱʠʡ ʩʣʘʛʘʝʤʳʝ ʥʫʣʝʚʦʛʦ ʠ ʧʝʨʚʦʛʦ ʧʦʨʷʜʢʘ [137]:  

 

 

() ()10

000 www +++º ŮŮEeikyEeE 0z0z

ddddd
. (4.3) 

 

ɼʣʷ ʫʜʦʙʩʪʚʘ ʨʘʩʯʝʪʦʚ, ʧʦʣʝ ʦʪʢʣʠʢʘ ʰʘʨʘ ʤʦʞʥʦ ʦʧʨʝʜʝʣʠʪʴ ʯʝʨʝʟ ʛʨʘ-

ʜʠʝʥʪ ʧʦʪʝʥʮʠʘʣʘ FÐ-=w

dd(i)
0
Ů . 

 

ʈʠʩʫʥʦʢ 4.1 - ʉʭʝʤʘʪʠ-

ʯʝʩʢʘʷ ʩʪʨʫʢʪʫʨʘ ʩʣʦʠ-

ʩʪʦʡ ʅʏ 
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ɺ ʩʠʣʫ ʮʝʥʪʨʘʣʴʥʦʡ ʩʠʤʤʝʪʨʠʠ ʟʘʜʘʯʠ ʫʜʦʙʥʝʝ ʧʝʨʝʡʪʠ ʦʪ ʜʝʢʘʨʪʦʚʦʡ 

ʩʠʩʪʝʤʳ ʢʦʦʨʜʠʥʘʪ (ɼʉʂ), ʢ ʩʬʝʨʠʯʝʩʢʦʡ:  

î
î

í

îî

ì

ë

q=

jq=

jq=

.cos

,sinsin

,cossin

rz

ry

rx

 

ʉʚʷʟʴ ʝʜʠʥʠʯʥʳʭ ʚʝʢʪʦʨʦʚ ɼʉʂ { }
zyx eee
ddd

,,
 
c ʝʜʠʥʠʯʥʳʤʠ ʚʝʢʪʦʨʘʤʠ ʩʬʝ-

ʨʠʯʝʩʢʦʡ ʉʂ { }
qje,eer

ddd
, : 

 

{ } { }qj
=

ä= ,,,

3

1

,,, rk

k

knzyxn eDe
dd

, 

 

ʛʜʝ ʤʘʪʨʠʮʘ knD , ʠʤʝʝʪ ʚʠʜ: 
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jj-
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cossinsincossin

knD . (4.4) 

 

ʀʟ (4.4) ʧʦʣʫʯʠʤ ʚʳʨʘʞʝʥʠʝ ʜʣʷ ʝʜʠʥʠʯʥʦʛʦ ʚʝʢʪʦʨʘ ze
d

: 

 

q-q= qsincos eee rz

ddd
. 

 

ʀ ʬʦʨʤʫʣʘ (4.3) ʧʨʠʤʝʪ ʚʠʜ: 
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sincossinsinsincos wwqqw ++q-qjq+q-qº ŮŮEeerikEeeE 0r0r
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ɺ ʢʚʘʟʠʩʪʘʪʠʯʝʩʢʦʤ ʧʨʠʙʣʠʞʝʥʠʠ ʚʳʨʘʞʝʥʠʷ ʜʣʷ ʧʦʪʝʥʮʠʘʣʦʚ ʥʫʣʝʚʦʛʦ 

ʧʦʨʷʜʢʘ ʠʤʝʶʪ ʩʣʝʜʫʶʱʠʡ ʚʠʜ: 
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ʛʜʝ R1 - ʨʘʜʠʫʩ ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʷʜʨʘ ʯʘʩʪʠʮʳ; R2 - ʨʘʜʠʫʩ ʯʘʩʪʠʮʳ. 

ʇʦʪʝʥʮʠʘʣʳ ʧʝʨʚʦʛʦ ʧʦʨʷʜʢʘ, ʫʜʦʚʣʝʪʚʦʨʷʶʱʠʝ ʛʨʘʥʠʯʥʳʤ ʫʩʣʦʚʠʷʤ ʥʘ 

ʧʦʚʝʨʭʥʦʩʪʷʭ ʤʝʪʘʣʣʠʯʝʩʢʦʡ ʦʙʦʣʦʯʢʠ, ʤʦʛʫʪ ʙʳʪʴ ʟʘʧʠʩʘʥʳ ʚ ʚʠʜʝ:  
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ʅʘ ʛʨʘʥʠʮʝ ʨʘʟʜʝʣʘ ʩʨʝʜ ʜʦʣʞʥʳ ʙʳʪʴ ʨʘʚʥʳ ʥʦʨʤʘʣʴʥʳʝ ʩʦʩʪʘʚʣʷʶʱʠʝ 

ʚʝʢʪʦʨʦʚ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʠʥʜʫʢʮʠʠ D
d

 ʠ ʢʘʩʘʪʝʣʴʥʳʝ ʩʦʩʪʘʚʣʷʶʱʠʝ ʚʝʢʪʦʨʦʚ 

ʥʘʧʨʷʞʝʥʥʦʩʪʠ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ E
d
:  
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 (4.7) 

 

ʀʟ (4.7) ʤʦʞʥʦ ʦʧʨʝʜʝʣʠʪʴ ʢʦʵʬʬʠʮʠʝʥʪʳ ,0A  ,1A  ,0B  ,1B  ,0C  ,1C  ,0D  

,1D  [138]. 
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ʛʜʝ  
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; em - ʜʠʵʣʝʢʪʨʠʯʝʩʢʘʷ ʧʨʦʥʠʮʘʝʤʦʩʪʴ ʤʝʪʘʣʣʠʯʝʩʢʦʡ ʦʙʦʣʦʯʢʠ. 
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4.2 ʅʝʣʠʥʝʡʥʘʷ ʧʦʚʝʨʭʥʦʩʪʥʘʷ ʧʦʣʷʨʠʟʘʮʠʷ ʯʘʩʪʠʮʳ 

 

ʅʘ ʚʥʫʪʨʝʥʥʝʡ ʠ ʚʥʝʰʥʝʡ ʧʦʚʝʨʭʥʦʩʪʠ ʤʝʪʘʣʣʠʯʝʩʢʦʡ ʦʙʦʣʦʯʢʠ ʅʏ ʚʦʟ-

ʥʠʢʘʝʪ ʥʝʣʠʥʝʡʥʘʷ ʧʦʣʷʨʠʟʘʮʠʷ [139]. ʂʘʩʘʪʝʣʴʥʘʷ ʩʦʩʪʘʚʣʷʶʱʘʷ ʚʝʢʪʦʨʘ ʧʦ-

ʚʝʨʭʥʦʩʪʥʦʡ ʧʦʣʷʨʠʟʘʮʠʠ ʦʧʨʝʜʝʣʷʝʪʩʷ ʩʣʝʜʫʶʱʝʡ ʬʦʨʤʫʣʦʡ 
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ʅʦʨʤʘʣʴʥʘʷ ʩʦʩʪʘʚʣʷʶʱʘʷ ʚʝʢʪʦʨʘ ʦʙʲʝʤʥʦʡ ʧʦʣʷʨʠʟʘʮʠʠ 
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^ Ðc°= rErEP  (4.12) 

 

ɺ (4.11) ʠ (4.12) 
| || |̂c  - ʢʦʤʧʦʥʝʥʪʘ ʪʝʥʟʦʨʘ ʥʝʣʠʥʝʡʥʦʡ ʧʦʚʝʨʭʥʦʩʪʥʦʡ 

ʚʦʩʧʨʠʠʤʯʠʚʦʩʪʠ ʠ 
()2

bc  - ʥʝʣʠʥʝʡʥʘʷ ʦʙʲʝʤʥʘʷ ʚʦʩʧʨʠʠʤʯʠʚʦʩʪʴ, ʚʳʯʠʩʣʝʥ-

ʥʳʝ ʥʘ ʛʨʘʥʠʮʘʭ ʦʙʦʣʦʯʢʠ, ʦʧʨʝʜʝʣʷʶʪ ʥʝʣʠʥʝʡʥʫʶ ʧʦʚʝʨʭʥʦʩʪʥʫʶ ʧʣʦʪʥʦʩʪʴ 

ʟʘʨʷʜʘ [61] 
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ʛʜʝ 
| |Ð  ï ʦʧʝʨʘʪʦʨ ʛʨʘʜʠʝʥʪʘ ʢʘʩʘʪʝʣʴʥʳʡ ʢ ʧʦʚʝʨʭʥʦʩʪʠ. 

ʅʦʨʤʘʣʴʥʘʷ ʢ ʧʦʚʝʨʭʥʦʩʪʷʤ ʩʬʝʨʠʯʝʩʢʦʡ ʦʙʦʣʦʯʢʠ ʩʦʩʪʘʚʣʷʶʱʘʷ ʚʝʢʪʦ-

ʨʘ ʧʦʚʝʨʭʥʦʩʪʥʦʡ ʧʦʣʷʨʠʟʘʮʠʠ ʦʧʨʝʜʝʣʷʝʪʩʷ ʢʚʘʜʨʘʪʦʤ ʨʘʜʠʘʣʴʥʦʡ ʩʦʩʪʘʚʣʷ-

ʶʱʝʡ () ()rr
w
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w
=EEr  ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ ʚʥʫʪʨʠ ʦʙʦʣʦʯʢʠ (4.10):  
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ɺʝʨʭʥʠʡ ʟʥʘʢ ʚ ʬʦʨʤʫʣʘʭ (4.11) - (4.14) ʦʪʥʦʩʠʪʩʷ ʢ ʚʥʝʰʥʝʡ ʧʦʚʝʨʭʥʦʩʪʠ 

ʦʙʦʣʦʯʢʠ, ʥʠʞʥʠʡ - ʢ ʚʥʫʪʨʝʥʥʝʡ ʧʦʚʝʨʭʥʦʩʪʠ. 
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ʅʝʣʠʥʝʡʥʳʝ ʧʦʚʝʨʭʥʦʩʪʥʳʝ ʧʣʦʪʥʦʩʪʠ ʟʘʨʷʜʘ (4.13) ʥʘ ʧʦʚʝʨʭʥʦʩʪʷʭ 

ʦʙʦʣʦʯʢʠ ʥʘʥʦʯʘʩʪʠʮʳ, ʚʳʯʠʩʣʝʥʥʳʝ ʩ ʨʝʟʫʣʴʪʠʨʫʶʱʠʤ ʧʦʣʝʤ ()rE
w

 ʚʥʫʪʨʠ 

ʦʙʦʣʦʯʢʠ, ʩʦʜʝʨʞʘʪ ʩʣʘʛʘʝʤʳʝ ʩ ʨʘʟʥʳʤʠ ʫʛʣʦʚʳʤʠ ʟʘʚʠʩʠʤʦʩʪʷʤʠ:  
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ʛʜʝ q ʠ j - ʧʦʣʷʨʥʳʡ ʠ ʘʟʠʤʫʪʘʣʴʥʳʡ ʫʛʣʳ ʚ ʩʠʩʪʝʤʝ ʢʦʦʨʜʠʥʘʪ, ʩʚʷʟʘʥʥʦʡ ʩ 

ʯʘʩʪʠʮʝʡ, ʦʩʴ z ʢʦʪʦʨʦʡ ʩʦʥʘʧʨʘʚʣʝʥʘ ʩ ʚʝʢʪʦʨʦʤ ʥʘʧʨʷʞʝʥʥʦʩʪʠ ɽ0 (ʨʠʩʫʥʦʢ 

4.1).  

ɼʣʷ ʢʦʵʬʬʠʮʠʝʥʪʦʚ F0, F1, F2 ʧʦʣʫʯʘʶʪʩʷ ʩʣʝʜʫʶʱʠʝ ʚʳʨʘʞʝʥʠʷ: 
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ɿʥʘʢ ç+è ʩʦʦʪʚʝʪʩʪʚʫʝʪ R1, ʟʥʘʢ ç-è ï R2. ʂʦʵʬʬʠʮʠʝʥʪʳ (ɺ0, ʉ0, ɺ1, ʉ1) 

ʟʘʜʘʶʪʩʷ ʬʦʨʤʫʣʘʤʠ (4.8) ʠ (4.9).  
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ɸʥʘʣʦʛʠʯʥʳʝ ʫʛʣʦʚʳʝ ʟʘʚʠʩʠʤʦʩʪʠ ʧʦʣʫʯʘʶʪʩʷ ʠ ʜʣʷ ʥʦʨʤʘʣʴʥʳʭ ʩʦ-

ʩʪʘʚʣʷʶʱʠʭ ʚʝʢʪʦʨʦʚ ʧʦʚʝʨʭʥʦʩʪʥʦʡ ʧʦʣʷʨʠʟʘʮʠʠ (4.14) ʥʘ ʛʨʘʥʠʮʘʭ ʦʙʦʣʦʯʢʠ: 
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ɿʜʝʩʴ ʟʥʘʢ ç+è ʩʦʦʪʚʝʪʩʪʚʫʝʪ R2, ʟʥʘʢ ç-è ï R1. 

ʉʣʘʛʘʝʤʳʝ ʚ ʬʦʨʤʫʣʘʭ (4.15) ʠ (4.16), ʩʦʜʝʨʞʘʱʠʝ jÖqsinsin , ʷʚʣʷʶʪʩʷ 

ʠʩʪʦʯʥʠʢʘʤʠ ʜʠʧʦʣʴʥʳʭ ʢʦʣʝʙʘʥʠʡ ʫʜʚʦʝʥʥʦʡ ʯʘʩʪʦʪʳ. ʕʣʝʢʪʨʠʯʝʩʢʦʝ ʧʦʣʝ 

ʫʜʚʦʝʥʥʦʡ ʯʘʩʪʦʪʳ ʤʦʞʥʦ ʪʘʢʞʝ ʦʧʨʝʜʝʣʠʪʴ ʚ ʢʚʘʟʠʩʪʘʪʠʯʝʩʢʦʤ ʧʨʠʙʣʠʞʝʥʠʠ, 

ʨʝʰʘʷ ʫʨʘʚʥʝʥʠʝ ʃʘʧʣʘʩʘ ʜʣʷ ʩʬʝʨʠʯʝʩʢʦʡ ʦʙʦʣʦʯʝʯʥʦʡ ʯʘʩʪʠʮʳ. ɺʳʨʘʞʝʥʠʝ 

ʜʣʷ ʧʦʪʝʥʮʠʘʣʘ ʧʦʣʷ ʜʠʧʦʣʷ, ʢʦʣʝʙʣʶʱʝʛʦʩʷ ʥʘ ʫʜʚʦʝʥʥʦʡ ʯʘʩʪʦʪʝ ʚʜʦʣʴ ʦʩʠ y, 

ʟʘʜʘʝʪʩʷ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: 
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 (4.17) 

 

ʉʣʘʛʘʝʤʳʝ ʚ ʬʦʨʤʫʣʘʭ (4.15) ʠ (4.16), ʩʦʜʝʨʞʘʱʠʝ 1cos3
2
-q , ʷʚʣʷʶʪʩʷ 

ʠʩʪʦʯʥʠʢʘʤʠ ʢʚʘʜʨʫʧʦʣʴʥʳʭ ʢʦʣʝʙʘʥʠʡ ʫʜʚʦʝʥʥʦʡ ʯʘʩʪʦʪʳ. ɺʳʨʘʞʝʥʠʝ ʜʣʷ 
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ʧʦʪʝʥʮʠʘʣʘ ʧʦʣʷ ʢʚʘʜʨʫʧʦʣʷ ʩ ʜʠʘʛʦʥʘʣʴʥʳʤ ʪʝʥʟʦʨʦʤ ʢʚʘʜʨʫʧʦʣʴʥʦʛʦ ʤʦʤʝʥ-

ʪʘ, ʢʦʣʝʙʣʶʱʝʛʦʩʷ ʥʘ ʫʜʚʦʝʥʥʦʡ ʯʘʩʪʦʪʝ, ʠʤʝʝʪ ʚʠʜ: 
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 (4.18) 

 

ʅʘ ʛʨʘʥʠʮʘʭ ʦʙʦʣʦʯʢʠ ʯʘʩʪʠʮʳ ʧʦʪʝʥʮʠʘʣ ʧʦʣʷ ʠʩʧʳʪʳʚʘʝʪ ʩʢʘʯʦʢ ʠʟ-ʟʘ 

ʥʘʣʠʯʠʷ ʥʦʨʤʘʣʴʥʦʡ ʩʦʩʪʘʚʣʷʶʱʝʡ ʚʝʢʪʦʨʘ ʧʦʚʝʨʭʥʦʩʪʥʦʡ ʧʦʣʷʨʠʟʘʮʠʠ 

()( )
21

2
RPs

w

^ . ʆʜʥʦʚʨʝʤʝʥʥʦ ʥʦʨʤʘʣʴʥʘʷ ʩʦʩʪʘʚʣʷʶʱʘʷ ʚʝʢʪʦʨʘ ʵʣʝʢʪʨʠʯʝʩʢʦʡ 

ʠʥʜʫʢʮʠʠ ʧʨʝʪʝʨʧʝʚʘʝʪ ʨʘʟʨʳʚ, ʦʙʫʩʣʦʚʣʝʥʥʳʡ ʧʦʚʝʨʭʥʦʩʪʥʦʡ ʧʣʦʪʥʦʩʪʴʶ ʟʘ-

ʨʷʜʘ ()( )
21

2
Rs

w
s  [61, 138]. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʛʨʘʥʠʯʥʳʝ ʫʩʣʦʚʠʷ ʜʣʷ ʧʦʪʝʥʮʠʘʣʘ ʟʘ-

ʧʠʩʳʚʘʶʪʩʷ ʚ ʚʠʜʝ: 
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 (4.19) 

 

ʈʝʰʘʷ ʩʠʩʪʝʤʫ (4.19), ʧʦʣʫʯʘʝʤ ʚʳʨʘʞʝʥʠʷ ʜʣʷ 
( )w2
1D  ʠ 

( )w2
0D : 
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ʛʜʝ 
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ʠ 
() ( )( ) ( )( ) ( )( ) ( )( )5

12

5

22

0

2 226322232 RRZ mdmmmd we-ee-we+e+wewe+e=w . 

ɺʳʨʘʞʝʥʠʝ (4.20) ʦʧʨʝʜʝʣʷʪ ʜʠʧʦʣʴʥʳʡ ʤʦʤʝʥʪ, ʢʦʣʝʙʣʶʱʝʛʦʩʷ ʚʜʦʣʴ y 

ʥʘ ʫʜʚʦʝʥʥʦʡ ʯʘʩʪʦʪʝ ʜʠʧʦʣʷ 
( ) ( )ww

e=
2

12

2
Dd . ɺʳʨʘʞʝʥʠʝ (4.21) ʦʧʨʝʜʝʣʷʝʪ ʜʠʘ-

ʛʦʥʘʣʴʥʳʝ ʵʣʝʤʝʥʪʳ ʪʝʥʟʦʨʘ ʢʚʘʜʨʫʧʦʣʴʥʦʛʦ ʤʦʤʝʥʪʘ 

( ) ( ) ( ) ( )
.322

2

02

222 wwww
e-=-== DQQQ zzyyxx  

 

 

4.3. ʅʝʣʠʥʝʡʥʘʷ ʧʦʣʷʨʠʟʘʮʠʷ ʤʦʥʦʩʣʦʷ ʩʣʦʠʩʪʳʭ ʥʘʥʦʯʘʩʪʠʮ 

 

ɺ ʜʘʥʥʦʤ ʨʘʟʜʝʣʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ 

ʥʝʫʧʦʨʷʜʦʯʝʥʥʳʡ ʤʦʥʦʩʣʦʡ ʩʬʝʨʠʯʝʩʢʠʭ 

ʤʝʪʘʣʣʠʯʝʩʢʠʭ ʥʘʥʦʯʘʩʪʠʮ, ʨʘʩʧʦʣʦʞʝʥ-

ʥʳʡ ʚʙʣʠʟʠ ʧʣʦʩʢʦʡ ʛʨʘʥʠʮʳ ʜʚʫʭ ʦʧʪʠ-

ʯʝʩʢʠ ʧʨʦʟʨʘʯʥʳʭ ʩʨʝʜ ʩ ʜʠʵʣʝʢʪʨʠʯʝʩʢʠ-

ʤʠ ʧʨʦʥʠʮʘʝʤʦʩʪʷʤʠ e1 ʠ e2. ʉʠʩʪʝʤʘ ʢʦ-

ʦʨʜʠʥʘʪ, ʩʚʷʟʘʥʥʘʷ ʩ ʯʘʩʪʠʮʝʡ, ʙʫʜʝʪ 

ʰʪʨʠʭʦʚʘʥʥʦʡ, ʘ ʯʘʩʪʠʮʘ ʙʫʜʝʪ  

ʥʘʭʦʜʠʪʴʩʷ ʚ ʧʦʣʝ ʧʨʝʣʦʤʣʝʥʥʦʡ ʚʦʣʥʳ. 

ʉʭʝʤʘʪʠʯʝʩʢʦʝ ʠʟʦʙʨʘʞʝʥʠʝ ʤʦʥʦʩʣʦʷ 

ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩʫʥʢʝ 4.2. ʂʘʢ ʚʠʜʥʦ ʠʟ ʨʠ-

ʩʫʥʢʘ, ʯʘʩʪʠʮʳ ʥʘʭʦʜʷʪʩʷ ʚ ʧʦʣʝ ʧʨʝʣʦʤʣʝʥʥʦʡ ʚʦʣʥʳ.  

ʅʝʣʠʥʝʡʥʫʶ ʧʦʣʷʨʠʟʘʮʠʶ ʛʨʘʥʠʮʳ ʨʘʟʜʝʣʘ, ʚʦʟʥʠʢʰʫʶ ʟʘ ʩʯʝʪ ʥʘʚʝʜʝ-

ʥʠʷ ʜʠʧʦʣʴʥʳʭ ʠ ʢʚʘʜʨʫʧʦʣʴʥʳʭ ʤʦʤʝʥʪʦʚ ʚ ʥʘʥʦʯʘʩʪʠʮʘʭ, ʟʘʜʘʶʪ ʩʣʝʜʫʶʱʝʡ 

 

ʈʠʩʫʥʦʢ 4.2 - ʇʘʜʝʥʠʝ ʨ-ʧʦʣʷʨʠʟʦʚʘʥʥʦʡ 

ʚʦʣʥʳ ʥʘ ʧʦʚʝʨʭʥʦʩʪʴ ʩʨʝʜʳ ʩ ʤʦʥʦʩʣʦ-

ʝʤ ʥʘʥʦʯʘʩʪʠʮ 
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ʬʦʨʤʫʣʦʡ [68]: ( ) ( )tyki

iszlkjijklkjijkis
y

ePEEEEP
w-w

=
=Ðc-c=

22

02222
, ʛʜʝ 

ijkc ï ʪʝʥ-

ʟʦʨ ʥʝʣʠʥʝʡʥʦʡ ʧʦʚʝʨʭʥʦʩʪʥʦʡ ʜʠʧʦʣʴʥʦʡ ʚʦʩʧʨʠʠʤʯʠʚʦʩʪʠ; 
ijklc  ï ʪʝʥʟʦʨ ʥʝ-

ʣʠʥʝʡʥʦʡ ʧʦʚʝʨʭʥʦʩʪʥʦʡ ʢʚʘʜʨʫʧʦʣʴʥʦʡ ʚʦʩʧʨʠʠʤʯʠʚʦʩʪʠ 

ʊʝʥʟʦʨʳ ijkc  ʠ ijklc  ʩʚʷʟʘʥʳ ʩ ʪʝʥʟʦʨʘʤʠ ʥʝʣʠʥʝʡʥʳʭ ʜʠʧʦʣʴʥʦʡ ʠ ʢʚʘʜ-

ʨʫʧʦʣʴʥʦʡ ʧʦʣʷʨʠʟʫʝʤʦʩʪʝʡ ʥʘʥʦʯʘʩʪʠʮʳ ʧʨʘʚʠʣʦʤ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʪʝʥʟʦʨʦʚ 

ʧʨʠ ʧʦʚʦʨʦʪʘʭ ʩʠʩʪʝʤʳ ʢʦʦʨʜʠʥʘʪ. ɼʣʷ ʚʦʣʥʳ, ʧʦʣʷʨʠʟʦʚʘʥʥʦʡ ʚ ʧʣʦʩʢʦʩʪʠ ʧʘ-

ʜʝʥʠʷ, ʧʝʨʝʭʦʜ ʦʪ ʩʠʩʪʝʤʳ ʢʦʦʨʜʠʥʘʪ x¡y¡z¡, ʩʚʷʟʘʥʥʦʡ ʩ ʥʘʥʦʯʘʩʪʠʮʝʡ, ʢ ʣʘʙʦ-

ʨʘʪʦʨʥʦʡ ʩʠʩʪʝʤʝ xyz (ʨʠʩʫʥʦʢ 4.3) ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʧʦʚʦʨʦʪ ʧʨʦʪʠʚ ʯʘʩʦʚʦʡ 

ʩʪʨʝʣʢʠ ʚʦʢʨʫʛ ʦʩʠ ʭ ʥʘ ʫʛʦʣ, ʨʘʚʥʳʡ 22 j-p , ʛʜʝ 2j  - ʫʛʦʣ ʧʨʝʣʦʤʣʝʥʠʷ, ʢʘʢ 

ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩʫʥʢʝ 4.3ɸ.  

ɺʚʠʜʫ ʵʪʦʛʦ, ʚʳʨʘʞʝʥʠʝ ʜʣʷ ʢʦʤʧʦʥʝʥʪ ʪʝʥʟʦʨʘ ʥʝʣʠʥʝʡʥʦʡ ʜʠʧʦʣʴʥʦʡ 

ʚʦʩʧʨʠʠʤʯʠʚʦʩʪʠ ijkc , ʧʨʠʥʠʤʘʝʪ ʚʠʜ: 

 

( )( )( )
''''''2 zzyzkzjyiSijk n ae=c eeeeee ,   (4.22) 

 

 
(ɸ) (ɹ) 

ʈʠʩʫʥʦʢ 4.3 - ɺʟʘʠʤʥʦʝ ʨʘʩʧʦʣʦʞʝʥʠʝ ʜʚʫʭ ʩʠʩʪʝʤ ʢʦʦʨʜʠʥʘʪ: ʣʘʙʦʨʘʪʦʨʥʦʡ ὼȟώȟᾀ ʠ ʩʠ-

ʩʪʝʤʳ ʩʚʷʟʘʥʥʦʡ ʩ ʥʘʥʦʯʘʩʪʠʮʝʡ ὼᴂȟώᴂȟᾀᴂ,  ʜʣʷ ʜʚʫʭ ʦʨʠʝʥʪʘʮʠʡ ʚʝʢʪʦʨʘ ʥʘʧʨʷʞʝʥʥʦʩʪʠ 
ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ: (ɸ) p-ʧʦʣ̫ʨʠʟʦʚʘʥʥʳʡ; (ɹ) s-ʧʦʣʷʨʠʟʦʚʘʥʥʳʡ  
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ʛʜʝ ʚ ʩʢʦʙʢʘʭ ʩʪʦʠʪ ʩʢʘʣʷʨʥʦʝ ʧʨʦʠʟʚʝʜʝʥʠʝ ʦʨʪʦʚ ʣʘʙʦʨʘʪʦʨʥʦʡ ʩʠʩʪʝʤʳ ʢʦʦʨ-

ʜʠʥʘʪ ʥʘ ʦʨʪʳ ʚʝʢʪʦʨʳ ʰʪʨʠʭʦʚʘʥʥʦʡ ʩʠʩʪʝʤʳ ʢʦʦʨʜʠʥʘʪ, ʠ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦ-

ʙʦʡ ʧʨʝʦʙʨʘʟʦʚʘʥʠʝ ʪʝʥʟʦʨʘ ʠʟ ʦʜʥʦʡ ʩʠʩʪʝʤʳ ʢʦʦʨʜʠʥʘʪ ʚ ʜʨʫʛʫʶ. ɺ ʬʦʨʤʫʣʝ 

(4.22) ʚʚʝʜʝʥʳ ʩʣʝʜʫʶʱʠʝ ʦʙʦʟʥʘʯʝʥʠʷ: Sn  ï ʧʦʚʝʨʭʥʦʩʪʥʘʷ ʢʦʥʮʝʥʪʨʘʮʠʷ ʥʘ-

ʥʦʯʘʩʪʠʮ, zzy ¡¡¡a  - ʝʜʠʥʩʪʚʝʥʥʘʷ ʥʝʥʫʣʝʚʘʷ ʢʦʤʧʦʥʝʥʪʘ ʪʝʥʟʦʨʘ ʥʝʣʠʥʝʡʥʦʡ ʜʠ-

ʧʦʣʴʥʦʡ ʧʦʣʷʨʠʟʫʝʤʦʩʪʠ ʥʘʥʦʯʘʩʪʠʮʳ. ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩʦ ʩʢʘʟʘʥʥʳʤ ʚ ʧʫʥʢʪʝ 

4.2, ʜʠʧʦʣʴʥʳʡ ʤʦʤʝʥʪ ʅʏ, ʢʦʣʝʙʣʶʱʠʡʩʷ ʚʜʦʣʴ y¡ ʥʘ ʫʜʚʦʝʥʥʦʡ ʯʘʩʪʦʪʝ, ʤʦ-

ʞʝʪ ʙʳʪʴ ʧʨʝʜʩʪʘʚʣʝʥ ʚ ʚʠʜʝ 
2

22

2

zzzyy Ed ¡¡¡¡

w

¡ ae= , ʛʜʝ 
( )( )2

2

2

1 EDzzy

w

¡¡¡ =a . ʇʨʠ ʵʪʦʤ 

ʚ ʬʦʨʤʫʣʘʭ, ʦʧʨʝʜʝʣʷʶʱʠʭ ʢʦʵʬʬʠʮʠʝʥʪʳ, ʚʭʦʜʷʱʠʝ ʚ 
( )w2
1D , ʧʦʜ ʥʘʧʨʷʞʝʥ-

ʥʦʩʪʴʶ ʧʦʣʷ, ʧʘʜʘʶʱʝʛʦ ʥʘ ʯʘʩʪʠʮʫ, ʧʦʜʨʘʟʫʤʝʚʘʝʪʩʷ ʥʘʧʨʷʞʝʥʥʦʩʪʴ ʧʦʣʷ 

ʧʨʝʣʦʤʣʝʥʥʦʡ ʚʦʣʥʳ ʩ ʘʤʧʣʠʪʫʜʦʡ ɽ2. 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʚʳʧʦʣʥʝʥʠʷ ʧʨʝʦʙʨʘʟʦʚʘʥʠʡ ʧʦ ʬʦʨʤʫʣʝ (4.22), ʜʣʷ ʪʝʥʟʦʨʘ 

ʥʝʣʠʥʝʡʥʦʡ ʜʠʧʦʣʴʥʦʡ ʚʦʩʧʨʠʠʤʯʠʚʦʩʪʠ ʧʦʣʫʯʘʶʪʩʷ 8 ʥʝʥʫʣʝʚʳʭ ʢʦʤʧʦʥʝʥʪ 

[139]: 

 

zzysyyy n ¡¡¡ajje=c 2

2

22 cossin , 

zzysyyzyzy n ¡¡¡ajje=c=c 22

2

2 cossin , 

zzysyzz n ¡¡¡aje=c 2

3

2 sin , 

zzyszzyzyz n ¡¡¡ajje-=c=c 2

2

22 cossin , 

zzyszzz n ¡¡¡ajje-=c 22

2

2 cossin , 

zzyszyy n ¡¡¡aje-=c 2

3

2 cos . 

 

ʂʦʤʧʦʥʝʥʪʳ ʪʝʥʟʦʨʘ ʥʝʣʠʥʝʡʥʦʡ ʢʚʘʜʨʫʧʦʣʴʥʦʡ ʧʦʚʝʨʭʥʦʩʪʥʦʡ ʚʦʩʧʨʠ-

ʠʤʯʠʚʦʩʪʠ ijklc  ʦʧʨʝʜʝʣʷʶʪʩʷ ʬʦʨʤʫʣʦʡ: 

( )( )( )( )[
( )( )( )( )

( )( )( )( ) ],

2

zzzzzlzkzjzi

zzyyzlzkyjyi

zzxxzlzkxjxisijkl n

¡¡¡¡¡¡¡¡

¡¡¡¡¡¡¡¡

¡¡¡¡¡¡¡¡

a

+a

+ae=c

eeeeeeee

eeeeeeee

eeeeeeee

   (4.23) 
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ʚ ʢʦʪʦʨʦʡ zzxx ¡¡¡¡a , zzyy ¡¡¡¡a , zzzz ¡¡¡¡a  - ʢʦʤʧʦʥʝʥʪʳ ʪʝʥʟʦʨʘ ʥʝʣʠʥʝʡʥʦʡ ʢʚʘʜʨʫʧʦʣʴ-

ʥʦʡ ʧʦʣʷʨʠʟʫʝʤʦʩʪʠ ʥʘʥʦʯʘʩʪʠʮʳ ʨʘʚʥʳʝ 
( )( )2

2

2

0 32 EDzzyyzzxx

w

¡¡¡¡¡¡¡¡ -=a=a , 

.2 zzxxzzzz ¡¡¡¡¡¡¡¡ a-=a  

ʀʟ (4.23) ʩʣʝʜʫʶʪ ʚʳʨʘʞʝʥʠʷ ʜʣʷ 20-ʪʠ ʥʝʥʫʣʝʚʳʭ ʢʦʤʧʦʥʝʥʪ [139]: 

 

zzxxsxxzz n ¡¡¡¡aje=c 2

2

2 sin , 

zzxxsxxyy n ¡¡¡¡aje=c 2

2

2 cos , 

zzxxsxxzyxxyz n ¡¡¡¡ajje=c=c 222 cossin , 

[ ]
zzzzzzyysyyyy n ¡¡¡¡¡¡¡¡ aj+ajje=c 2

4

2

2

2

2

2 coscossin , 

[ ]
zzzzzzyysyyzyyyyz n ¡¡¡¡¡¡¡¡ ajj+ajje=c=c 2

3

222

3

2 cossincossin , 

[ ]
zzzzzzyyszyyyyzyy n ¡¡¡¡¡¡¡¡ ajj+ajj-e=c=c 2

3

22

3

22 cossincossin , 

[ ]
zzzzzzyysyyzz n ¡¡¡¡¡¡¡¡ ajj+aje=c 2

2

2

2

2

4

2 cossinsin , 

[ ]
zzzzzzyyszzyy n ¡¡¡¡¡¡¡¡ ajj+aje=c 2

2

2

2

2

4

2 cossincos , 

[ ],cossincossin 2

2

2

2

2

2

2

2

2 zzzzzzyys

yzzyzyyzzyzyyzyz

n ¡¡¡¡¡¡¡¡ ajj+ajj-e

=c=c=c=c

 

[ ]
zzzzzzyyszzzz n ¡¡¡¡¡¡¡¡ aj+ajje=c 2

4

2

2

2

2

2 sincossin , 

[ ]
zzzzzzyyszzyzzzzy n ¡¡¡¡¡¡¡¡ ajj+ajje=c=c 22

3

2

3

22 cossincossin , 

[ ]
zzzzzzyysyzzzzyzz n ¡¡¡¡¡¡¡¡ ajj+ajj-e=c=c 22

3

22

3

2 cossincossin . 

 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚʝʢʪʦʨ ʥʝʣʠʥʝʡʥʦʡ ʧʦʚʝʨʭʥʦʩʪʥʦʡ ʧʦʣʷʨʠʟʘʮʠʠ ʙʫʜʝʪ 

ʠʤʝʪʴ ʜʚʝ ʩʦʩʪʘʚʣʷʶʱʠʝ 

 

( )

( )( ),2
2

222

2

2

2

222

2

2

2

zyyzzzyyyyzyyzyyyyyyy

zyzzzyyyzyzyyyyyys

EEEEik

EEEEP

c+c+c+c-

-c+c+c+c=
w

  (4.24) 

ʠ 

 

( )

( )( ),2
2

222

2

2

2

222

2

2

2

zzyzzzyzyyzzyzyyzyyyy

zzzzzyzzyzyzyzyyzs

EEEEik

EEEEP

c+c+c+c-

-c+c+c+c=
w

   (4.25) 
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ʛʜʝ E2y ʠ E2z ï y- ʠ z-ʧʨʦʝʢʮʠʠ ʘʤʧʣʠʪʫʜʳ ʧʨʝʣʦʤʣʝʥʥʦʡ ʨ-ʚʦʣʥʳ 

0

0221

01
2

coscos

cos2
EE

je+je

je
= , ɽ0 ï ʘʤʧʣʠʪʫʜʘ ʧʘʜʘʶʱʝʡ ʚʦʣʥʳ, j0 ï ʫʛʦʣ ʧʘ-

ʜʝʥʠʷ. 

ɼʣʷ ʚʦʣʥʳ, ʧʦʣʷʨʠʟʦʚʘʥʥʦʡ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦ ʧʣʦʩʢʦʩʪʠ ʧʘʜʝʥʠʷ (s-

ʚʦʣʥʳ), ʧʝʨʝʭʦʜ ʦʪ x¡y¡z¡ ʢ xyz ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʜʚʘ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʭ ʧʦʚʦ-

ʨʦʪʘ ʧʨʦʪʠʚ ʯʘʩʦʚʦʡ ʩʪʨʝʣʢʠ: ʩʥʘʯʘʣʘ ʧʦʚʦʨʦʪ ʚʦʢʨʫʛ ʦʩʠ z ʥʘ ʫʛʦʣ, ʨʘʚʥʳʡ 

22 j-p , ʟʘʪʝʤ ʚʦʢʨʫʛ ʦʩʠ y ʥʘ 3p/2 (ʨʠʩʫʥʦʢ 4.3ɹ). ɺ ʨʝʟʫʣʴʪʘʪʝ ʫ ʪʝʥʟʦʨʘ ʥʝ-

ʣʠʥʝʡʥʦʡ ʜʠʧʦʣʴʥʦʡ ʧʦʚʝʨʭʥʦʩʪʥʦʡ ʚʦʩʧʨʠʠʤʯʠʚʦʩʪʠ ʙʫʜʝʪ ʜʚʝ ʦʪʣʠʯʥʳʝ ʦʪ 

ʥʫʣʷ ʢʦʤʧʦʥʝʥʪʳ: 

zzyszxx n ¡¡¡aje-=c 22 cos , 

zzysyxx n ¡¡¡aje=c 22 sin . 

ʅʝʥʫʣʝʚʳʭ ʢʦʤʧʦʥʝʥʪ ʪʝʥʟʦʨʘ ʥʝʣʠʥʝʡʥʦʡ ʢʚʘʜʨʫʧʦʣʴʥʦʡ ʧʦʚʝʨʭʥʦʩʪ-

ʥʦʡ ʚʦʩʧʨʠʠʤʯʠʚʦʩʪʠ ʪʨʠ: 

zzzzsxxxx n ¡¡¡¡ae=c 2 ,
 

zzxxszzxx n ¡¡¡¡ae=c 2 , 

zzyysyyxx n ¡¡¡¡ae=c 2 . 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʚʝʢʪʦʨ ʥʝʣʠʥʝʡʥʦʡ ʧʦʚʝʨʭʥʦʩʪʥʦʡ ʧʦʣʷʨʠʟʘʮʠʠ ʪʘʢʞʝ ʙʫʜʝʪ 

ʠʤʝʪʴ y- ʠ z-ʢʦʤʧʦʥʝʥʪʳ: 

 

( )2

2

2
2 xyyxxyyxxys EikP c-c=

w
, (4.26) 

2

2

2

xzxxzs EP c=
w

, (4.27) 

 

ʛʜʝ 
0

2201

01
2

coscos

cos2
ɽE x

je+je

je
=  - ʘʤʧʣʠʪʫʜʘ ʧʨʝʣʦʤʣʝʥʥʦʡ s-ʚʦʣʥʳ. 

ʅʝʣʠʥʝʡʥʘʷ ʧʦʚʝʨʭʥʦʩʪʥʘʷ ʧʦʣʷʨʠʟʘʮʠʷ, ʦʧʨʝʜʝʣʷʝʤʘʷ ʬʦʨʤʫʣʘʤʠ (4.24), 

(4.25) ʜʣʷ ʧʘʜʘʶʱʝʡ ʨïʚʦʣʥʳ ʠ (4.26), (4.27) ʜʣʷ s-ʚʦʣʥʳ, ʷʚʣʷʝʪʩʷ ʠʩʪʦʯʥʠʢʦʤ 

ʧʣʦʩʢʠʭ ʚʦʣʥ ʩ ʯʘʩʪʦʪʦʡ 2w [60], ʫʭʦʜʷʱʠʭ ʦʪ ʛʨʘʥʠʮʳ ʨʘʟʜʝʣʘ ʩʨʝʜ. ʕʪʠ ʚʦʣʥʳ 

ʧʦʣʷʨʠʟʦʚʘʥʳ ʚ ʧʣʦʩʢʦʩʪʠ ʧʘʜʝʥʠʷ. ʉʦʛʣʘʩʥʦ ʨʘʙʦʪʝ [60] ʘʤʧʣʠʪʫʜʘ ʦʪʨʘʞʝʥ-
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ʥʦʡ ʚʪʦʨʦʡ ʛʘʨʤʦʥʠʢʠ ʨʘʚʥʘ: ( )www
-

e+e

p
=

22

2

1221

12 4
zs

s

yys

s

zs

z

s

z

s

PkPk
kk

ik
E , ʛʜʝ 

ck
s

11 2 ew=  ï ʚʦʣʥʦʚʦʝ ʯʠʩʣʦ ʚ ʚʝʨʭʥʝʤ ʜʠʵʣʝʢʪʨʠʢʝ, ʩ ï ʩʢʦʨʦʩʪʴ ʩʚʝʪʘ ʚ ʚʘ-

ʢʫʫʤʝ, ( )
01 sin2 jew= ck

s

y , ( ) ()2
1

2

1 2
s

y

s

z kck -ew= , ( ) ()2
2

2

2 2
s

y

s

z kck -ew=  - 

ʢʦʤʧʦʥʝʥʪʳ ʚʦʣʥʦʚʦʛʦ ʚʝʢʪʦʨʘ ʚʪʦʨʦʡ ʛʘʨʤʦʥʠʢʠ ʚ ʚʝʨʭʥʝʤ ʠ ʥʠʞʥʝʤ ʜʠʵʣʝʢ-

ʪʨʠʢʝ. ʀʥʪʝʥʩʠʚʥʦʩʪʴ ʚʪʦʨʦʡ ʛʘʨʤʦʥʠʢʠ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʘ ʢʚʘʜʨʘʪʫ ʤʦʜʫʣʷ 

ʘʤʧʣʠʪʫʜʳ. 

 

 

4.4 ɻʝʥʝʨʠʨʫʝʤʘʷ ʤʦʥʦʩʣʦʝʤ ʩʣʦʠʩʪʳʭ ʥʘʥʦʯʘʩʪʠʮ ʚʪʦʨʘʷ ʛʘʨʤʦʥʠʢʘ 

 

ʇʨʠ ʚʳʧʦʣʥʝʥʠʠ ʨʘʩʯʝʪʦʚ ʠʩʧʦʣʴʟʦʚʘʣʘʩʴ ʫʥʠʚʝʨʩʘʣʴʥʘʷ ʤʦʜʝʣʴ ɼʨʫʜʝ 

ʜʣʷ ʦʧʠʩʘʥʠʷ ʯʘʩʪʦʪʥʦʡ ʟʘʚʠʩʠʤʦʩʪʠ ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʡ ʧʨʦʥʠʮʘʝʤʦʩʪʠ ʤʘʪʝʨʠ-

ʘʣʦʚ ʦʙʦʣʦʯʝʢ ʯʘʩʪʠʮ () ( )gw+ww-e=we ¤ iplm

22
. ɿʜʝʩʴ ¤e  ʦʙʦʟʥʘʯʘʝʪ ʚʳʩʦʢʦ-

ʯʘʩʪʦʪʥʫʶ ʜʠʵʣʝʢʪʨʠʯʝʩʢʫʶ ʧʨʦʥʠʮʘʝʤʦʩʪʴ, ʫʯʠʪʳʚʘʶʱʫʶ ʚʣʠʷʥʠʝ ʠʦʥʥʦʡ 

ʨʝʰʝʪʢʠ, 
plw  ʠ g ῐ ʧʨʝʜʩʪʘʚʣʷʶʪ ʧʣʘʟʤʝʥʥʫʶ ʯʘʩʪʦʪʫ ʠ ʢʦʵʬʬʠʮʠʝʥʪ ʨʘʩʩʝʷ-

ʥʠʷ, ʢʦʪʦʨʳʡ ʦʧʨʝʜʝʣʷʝʪ ʪʝʧʣʦʧʦʪʝʨʠ ʤʝʪʘʣʣʘ. ɼʠʵʣʝʢʪʨʠʯʝʩʢʘʷ ʧʨʦʥʠʮʘʝ-

ʤʦʩʪʴ ʷʜʨʘ ʯʘʩʪʠʮʳ ed ʠʟʤʝʥʷʣʘʩʴ ʚ ʜʠʘʧʘʟʦʥʝ ʦʪ 2 ʜʦ 3. ʇʘʨʘʤʝʪʨʳ ʙʣʘʛʦʨʦʜ-

ʥʦʛʦ ʤʝʪʘʣʣʘ ʙʳʣʠ ʚʳʙʨʘʥʳ ʘʥʘʣʦʛʠʯʥʳʤʠ ʩʝʨʝʙʨʫ: 1.9=wplZ ʵɺ,          

0.027=gZ  ʵɺ, 45.4=e¤  [2]. ɺʥʝʰʥʠʡ ʨʘʜʠʫʩ ʯʘʩʪʠʮʳ R2 ʩʦʩʪʘʚʣʷʣ 5 ʥʤ. ʈʘʜʠ-

ʫʩ ʷʜʨʘ ʯʘʩʪʠʮʳ ʠʟʤʝʥʷʣʩʷ ʦʪ 0 ʜʦ 3 nm. ʅʘʧʨʷʞʝʥʥʦʩʪʴ ʧʦʣʷ ʚ ʧʘʜʘʶʱʝʡ 

ʚʦʣʥʝ ʙʳʣʘ ʨʘʚʥʘ 
6

103Ö  ɺ/ʩʤ. ɼʣʷ ʦʧʪʠʯʝʩʢʠ ʧʨʦʟʨʘʯʥʳʭ ʩʨʝʜ ʙʳʣʠ ʧʨʠʥʷʪʳ 

ʟʥʘʯʝʥʠʷ ʜʠʵʣʝʢʪʨʠʯʝʩʢʠʭ ʧʨʦʥʠʮʘʝʤʦʩʪʝʡ 11=e , 22 =e . ʇʦʚʝʨʭʥʦʩʪʥʘʷ ʢʦʥ-

ʮʝʥʪʨʘʮʠʷ ʥʘʥʦʯʘʩʪʠʮ ʩʦʩʪʘʚʣʷʣʘ 10
11

 ʩʤ
-2
. ɺʳʨʘʞʝʥʠʷ ʜʣʷ ʢʦʤʧʦʥʝʥʪ ʪʝʥʟʦʨʘ 

ʥʝʣʠʥʝʡʥʦʡ ʧʦʚʝʨʭʥʦʩʪʥʦʡ ʠ ʦʙʲʝʤʥʦʡ ʚʦʩʧʨʠʠʤʯʠʚʦʩʪʠ ʤʝʪʘʣʣʦʚ 

()( ),1
16

2
-we

wp
=ĉ ^^ m

m

ea
 ()( ),1

16
2||| | -we
wp

=c^ m
m

eb

 

() ()( ),1
16

2

2
-we

wp
=c mb

m

ed

 

ʛʜʝ m ʠ e ï ʤʘʩʩʘ ʠ ʟʘʨʷʜ ʵʣʝʢʪʨʦʥʘ, a , b , d  ï ʢʦʵʬʬʠʮʠʝʥʪʳ ʈʫʜʥʠʢʘ ʠ ʐʪʝʨ-
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ʥʘ [66]. ɺ ʨʘʤʢʘʭ ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʜʣʷ ʵʪʠʭ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʧʦʣʫʯʝ-

ʥʳ ʩʣʝʜʫʶʱʠʝ ʟʥʘʯʝʥʠʷ a = 1, b = ï1, d = 1 [58,59]. ʆʜʥʘʢʦ ʩʨʘʚʥʝʥʠʝ ʨʝʟʫʣʴʪʘ-

ʪʦʚ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʛʝʥʝʨʘʮʠʠ ʚʪʦʨʦʡ ʛʘʨʤʦʥʠʢʠ ʦʪ ʤʝʪʘʣʣʠ-

ʯʝʩʢʠʭ ʧʣʝʥʦʢ ʩ ʪʝʦʨʠʝʡ ʧʦʢʘʟʘʣʦ, ʯʪʦ ʢʦʵʬʬʠʮʠʝʥʪʳ ʈʫʜʥʠʢʘ ʠ ʐʪʝʨʥʘ ʦʪʣʠ-

ʯʘʶʪʩʷ ʦʪ ʧʨʝʜʩʢʘʟʘʥʥʳʭ ʪʝʦʨʝʪʠʯʝʩʢʠ. ɺ ʜʘʥʥʦʤ ʨʘʟʜʝʣʝ ʧʨʠ ʧʨʦʚʝʜʝʥʠʠ ʨʘʩ-

ʯʝʪʦʚ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʟʥʘʯʝʥʠʷ ʠʟ [66]: a = 7, b = ï0.3, d = 0.07.  

ʈʝʟʫʣʴʪʘʪʳ ʨʘʩʯʝʪʦʚ ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʠʥʪʝʥʩʠʚʥʦʩʪʠ 0

2
II

w
, ʛʜʝ 
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~
ww

EI  ʠ 
2

00 ~ EI , ʦʪʨʘʞʝʥʥʦʡ ʚʦʣʥʳ ʫʜʚʦʝʥʥʦʡ ʯʘʩʪʦʪʳ ʚ ʟʘʚʠʩʠʤʦʩʪʠ 

ʦʪ ʜʣʠʥʳ ʧʘʜʘʶʱʝʡ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʡ ʚʦʣʥʳ ʨ-ʧʦʣʷʨʠʟʘʮʠʠ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ 

ʨʠʩʫʥʢʘʭ 4.4 ï 4.6. 

ʅʘ ʨʠʩʫʥʢʝ 4.4 ʧʦʢʘʟʘʥʳ ʛʨʘʬʠʢʠ ʩʧʝʢʪʨʘʣʴʥʳʭ ʟʘʚʠʩʠʤʦʩʪʝʡ ʦʪʥʦʩʠ-

ʪʝʣʴʥʦʡ ʠʥʪʝʥʩʠʚʥʦʩʪʠ 0

2
II

w
 ɺɻ ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʨʘʜʠʫʩʘʭ R1 ʷʜʨʘ ʯʘʩʪʠʮʳ. 

ɼʠʵʣʝʢʪʨʠʯʝʩʢʘʷ ʧʦʩʪʦʷʥʥʘʷ ed ʷʜʨʘ ʯʘʩʪʠʮʳ ʨʘʚʥʷʣʘʩʴ 2, ʘ ʫʛʦʣ ʧʘʜʝʥʠʷ j0 

ʙʳʣ ʨʘʚʝʥ 30 .̄ ʉʠʥʷʷ ʢʨʠʚʘʷ (1) ʥʘ ʨʠʩʫʥʢʝ 4.4ʘ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʦʜʥʦʨʦʜʥʦʡ ʩʝ-

ʨʝʙʨʷʥʦʡ ʯʘʩʪʠʮʝ (R1 = 0). ɺ ʜʠʘʧʘʟʦʥʝ ʜʣʠʥ ʧʘʜʘʶʱʝʡ ʚʦʣʥʳ ʦʪ 700 ʜʦ 900 ʥʤ 

ʥʘ ʩʧʝʢʪʨʘʣʴʥʦʡ ʟʘʚʠʩʠʤʦʩʪʠ ʥʘʙʣʶʜʘʶʪʩʷ ʜʚʘ ʧʠʢʘ. ʇʨʘʚʳʡ ʧʠʢ ʦʪʚʝʯʘʝʪ ʜʠ-

ʧʦʣʴʥʦʤʫ ʧʣʘʟʤʦʥʥʦʤʫ ʨʝʟʦʥʘʥʩʫ ʚ ʥʘʥʦʯʘʩʪʠʮʘʭ ʥʘ ʫʜʚʦʝʥʥʦʡ ʯʘʩʪʦʪʝ, ʢʦʪʦ-

ʨʳʡ ʚʦʟʥʠʢʘʝʪ ʧʨʠ ʚʳʧʦʣʥʝʥʠʠ ʨʘʚʝʥʩʪʚʘ
 

( )[ ]
224Re e-=lpe cm , ʯʪʦ ʩʣʝʜʫʝʪ ʠʟ 

  
a ʙ 

ʈʠʩʫʥʦʢ 4.4 - ʉʧʝʢʪʨʘʣʴʥʳʝ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ɺɻ ʧʨʠ ʨʘʟʥʳʭ ʨʘ-

ʜʠʫʩʘʭ ʷʜʨʘ ʯʘʩʪʠʮʳ R1 = 0 (1), 2 (2), 3 (3) ʥʤ ʚ ʜʠʘʧʘʟʦʥʘʭ ʜʣʠʥ ʚʦʣʥ 700-1000ʥʤ (ʘ) ʠ 600-

700 ʥʤ (ʙ) 
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ʟʥʘʤʝʥʘʪʝʣʷ ʚ ʚʳʨʘʞʝʥʠʠ ʢʦʤʧʦʥʝʥʪʳ ʪʝʥʟʦʨʘ ʥʝʣʠʥʝʡʥʦʡ ʜʠʧʦʣʴʥʦʡ ʧʦʣʷʨʠ-

ʟʫʝʤʦʩʪʠ
 zzy ¡¡¡a , ʟʘʧʠʩʘʥʥʦʡ ʚ ʩʣʫʯʘʝ ʦʜʥʦʨʦʜʥʦʡ ʤʝʪʘʣʣʠʯʝʩʢʦʡ ʥʘʥʦʯʘʩʪʠʮʳ. 

ʃʝʚʳʡ ʧʠʢ ʦʙʫʩʣʦʚʣʝʥ ʢʚʘʜʨʫʧʦʣʴʥʳʤ ʧʣʘʟʤʦʥʥʳʤ ʨʝʟʦʥʘʥʩʦʤ, ʠ ʝʛʦ ʧʦʣʦʞʝ-

ʥʠʝ ʦʧʨʝʜʝʣʷʝʪʩʷ ʨʘʚʝʥʩʪʚʦʤ
 

( )[ ] 234Re 2e-=lpe cm , ʢʘʢ ʚʠʜʥʦ ʠʟ ʟʥʘʤʝʥʘʪʝʣʷ 

ʚ ʬʦʨʤʫʣʘʭ ʜʣʷ ʢʦʤʧʦʥʝʥʪ ʪʝʥʟʦʨʘ ʥʝʣʠʥʝʡʥʦʡ ʢʚʘʜʨʫʧʦʣʴʥʦʡ ʧʦʣʷʨʠʟʫʝʤʦʩʪʠ 

ʦʜʥʦʨʦʜʥʦʡ ʤʝʪʘʣʣʠʯʝʩʢʦʡ ʥʘʥʦʯʘʩʪʠʮʳ
 zzzzzzyyzzxx ¡¡¡¡¡¡¡¡¡¡¡¡ a-=a=a 21 . ʇʦʷʚʣʝ-

ʥʠʝ ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʷʜʨʘ ʫ ʯʘʩʪʠʮʳ ʧʨʠʚʦʜʠʪ ʢ ʩʤʝʱʝʥʠʶ ʵʪʠʭ ʧʠʢʦʚ ʚ ʩʪʦ-

ʨʦʥʫ ʙʦʣʴʰʠʭ ʜʣʠʥ ʚʦʣʥ ʠ ʢ ʫʤʝʥʴʰʝʥʠʶ ʠʭ ʚʳʩʦʪʳ ï ʢʨʘʩʥʘʷ (2) ʠ ʟʝʣʝʥʘʷ (3) 

ʢʨʠʚʳʝ ʥʘ ʨʠʩʫʥʢʝ 4.4ʘ. ʂʨʦʤʝ ʪʦʛʦ, ʚ ʜʠʘʧʘʟʦʥʝ ʜʣʠʥ ʚʦʣʥ ʦʪ 600 ʜʦ 700 ʥʤ 

ʧʦʷʚʣʷʶʪʩʷ ʩʣʘʙʳʝ ʧʠʢʠ, ʦʙʫʩʣʦʚʣʝʥʥʳʝ ʥʘʣʠʯʠʝʤ ʚʥʫʪʨʝʥʥʝʡ ʛʨʘʥʠʮʳ çʜʠ-

ʵʣʝʢʪʨʠʢ ï ʤʝʪʘʣʣè, ʢʘʢ ʚʠʜʥʦ ʠʟ ʨʠʩʫʥʢʘ 4.4ʙ. ɺ ʵʪʦʡ ʩʧʝʢʪʨʘʣʴʥʦʡ ʦʙʣʘʩʪʠ 

ʧʨʘʚʳʡ ʧʠʢ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʢʚʘʜʨʫʧʦʣʴʥʦʤʫ, ʘ ʣʝʚʳʡ ʧʠʢ ï ʜʠʧʦʣʴʥʦʤʫ ʧʣʘʟ-

ʤʦʥʥʳʤ ʨʝʟʦʥʘʥʩʘʤ ʥʘ ʫʜʚʦʝʥʥʦʡ ʯʘʩʪʦʪʝ ʚ ʥʘʥʦʯʘʩʪʠʮʘʭ. ʇʨʠ ʫʚʝʣʠʯʝʥʠʠ ʷʜ-

ʨʘ ʯʘʩʪʠʮʳ ʵʪʠ ʧʠʢʠ ʩʤʝʱʘʶʪʩʷ ʚ ʩʪʦʨʦʥʫ ʙʦʣʴʰʠʭ ʯʘʩʪʦʪ ʠ ʠʭ ʚʳʩʦʪʘ ʫʚʝʣʠ-

ʯʠʚʘʝʪʩʷ. ʇʦʣʦʞʝʥʠʷ ʧʠʢʦʚ ʢʨʠʚʳʭ (2) ʠ (3) ʥʘ ʨʠʩʫʥʢʝ 4.4 ʦʧʨʝʜʝʣʷʶʪʩʷ ʤʠ-

ʥʠʤʫʤʘʤʠ ʟʥʘʤʝʥʘʪʝʣʝʡ 
()0

2wZ  ʠ 
()1
2wZ  ʚ ʬʦʨʤʫʣʘʭ (4.20) ʠ (4.21).  

  
ʘ ʙ 

ʈʠʩʫʥʦʢ 4.5 - ʉʧʝʢʪʨʘʣʴʥʳʝ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ɺɻ ʧʨʠ ʨʘʟʥʳʭ 

ʜʠʵʣʝʢʪʨʠʯʝʩʢʠʭ ʧʦʩʪʦʷʥʥʳʭ ʷʜʨʘ ʯʘʩʪʠʮʳ ed = 2(1), 2.5 (2), 3 (3) ʚ ʜʠʘʧʘʟʦʥʘʭ ʜʣʠʥ ʚʦʣʥ 

700-900 ʥʤ (ʘ) ʠ 600-700 ʥʤ (ʙ) 
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ʅʘ ʨʠʩʫʥʢʝ 4.5 ʠʟʦʙʨʘʞʝʥʳ ʩʧʝʢʪʨʘʣʴʥʳʝ ʟʘʚʠʩʠʤʦʩʪʠ 0

2
II

w
 ʧʨʠ ʨʘʟ-

ʥʳʭ ʟʥʘʯʝʥʠʷʭ ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʡ ʧʦʩʪʦʷʥʥʦʡ ed ʷʜʨʘ ʯʘʩʪʠʮʳ. ʏʝʨʥʘʷ ʢʨʠʚʘʷ (1) 

ʩʦʦʪʚʝʪʩʪʚʫʝʪ ed = 2, ʢʨʘʩʥʘʷ (2) ï 2.5, ʟʝʣʝʥʘʷ (3) ï 3. ʈʘʜʠʫʩ R1 ʷʜʨʘ ʯʘʩʪʠʮʳ 

ʩʦʩʪʘʚʣʷʣ 2 ʥʤ.  

ʋʛʦʣ ʧʘʜʝʥʠʷ j0 ʙʳʣ ʨʘʚʝʥ 30 .̄ ʂʘʢ ʚʠʜʥʦ ʠʟ ʨʠʩʫʥʢʘ, ʫʚʝʣʠʯʝʥʠʝ ed ʧʨʠ-

ʚʦʜʠʪ ʢ ʩʤʝʱʝʥʠʶ ʨʝʟʦʥʘʥʩʦʚ ɺɻ ʚ ʩʪʦʨʦʥʫ ʙʦʣʴʰʠʭ ʜʣʠʥ ʚʦʣʥ. ʇʨʠ ʵʪʦʤ ʚʳ-

ʩʦʪʘ ʧʠʢʦʚ, ʦʙʫʩʣʦʚʣʝʥʥʳʭ 

ʧʣʘʟʤʦʥʥʳʤ ʨʝʟʦʥʘʥʩʦʤ ʥʘ 

ʚʥʝʰʥʝʡ ʛʨʘʥʠʮʝ ʦʙʦʣʦʯʢʠ, 

ʫʤʝʥʴʰʘʝʪʩʷ (ʈʠʩʫʥʦʢ 4.5ʘ), ʘ 

ʧʠʢʦʚ, ʦʙʫʩʣʦʚʣʝʥʥʳʭ ʥʘʣʠʯʠ-

ʝʤ ʚʥʫʪʨʝʥʥʝʡ ʛʨʘʥʠʮʳ ʦʙʦ-

ʣʦʯʢʠ, ʫʚʝʣʠʯʠʚʘʝʪʩʷ (ʈʠʩʫʥʦʢ 

4.5ʙ).   

ʂʘʢ ʧʦʢʘʟʳʚʘʶʪ ʨʘʩʯʝʪʳ, 

ʟʘʚʠʩʠʤʦʩʪʴ 0

2
II

w
 ʦʪ ʫʛʣʘ 

ʧʘʜʝʥʠʷ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʡ 

ʚʦʣʥʳ ʷʚʣʷʝʪʩʷ ʛʣʘʜʢʦʡ, ʝʩʣʠ 

ʜʣʠʥʘ ʧʘʜʘʶʱʝʡ ʚʦʣʥʳ ʩʦ-

ʩʪʘʚʣʷʝʪ 800 ʥʤ. 0

2
II

w
 ʚʦʟ-

ʨʘʩʪʘʝʪ ʦʪ ʥʫʣʷ ʧʨʠ j0 = 0 ,̄ 

ʜʦʩʪʠʛʘʝʪ ʤʘʢʩʠʤʫʤʘ ʧʨʠ 

j0 º 60̄ , ʘ ʟʘʪʝʤ ʫʙʳʚʘʝʪ ʜʦ 

ʥʫʣʷ ʧʨʠ j0 = 90̄ .  

ʇʨʠ ʠʟʤʝʥʝʥʠʠ ʜʣʠʥʳ 

ʧʘʜʘʶʱʝʡ ʚʦʣʥʳ ʧʨʠ ʨʘʟʣʠʯ-

 
ʘ 

 
ʙ 

ʈʠʩʫʥʦʢ 4.6 - ʉʧʝʢʪʨʘʣʴʥʘʷ ʠ ʫʛʣʦʚʘʷ ʟʘʚʠʩʠʤʦʩʪʠ 

ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʚʪʦʨʦʡ ʛʘʨʤʦʥʠʢʠ 
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ʥʳʭ ʨʘʜʠʫʩʘʭ ʠ ʜʠʵʣʝʢʪʨʠʯʝʩʢʠʭ ʧʨʦʥʠʮʘʝʤʦʩʪʷʭ ʷʜʨʘ ʯʘʩʪʠʮʳ ʟʘʚʠʩʠʤʦʩʪʠ 
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 ʧʨʠ ʧʘʜʝʥʠʠ ʚʦʣʥʳ s-ʧʦʣʷʨʠʟʘʮʠʠ ʧʦʜʦʙʥʳ ʪʝʤ, ʯʪʦ ʨʘʩʩʤʘʪʨʠʚʘʣʠʩʴ 

ʚʳʰʝ ʜʣʷ ʚʦʣʥʳ ʨ-ʧʦʣʷʨʠʟʘʮʠʠ, ʩ ʥʝʙʦʣʴʰʠʤʠ ʢʦʣʠʯʝʩʪʚʝʥʥʳʤʠ ʨʘʟʣʠʯʠʷʤʠ. 

ʅʘ ʨʠʩʫʥʢʝ 4.6 ʧʨʠʚʝʜʝʥʳ ʩʧʝʢʪʨʘʣʴʥʘʷ (ʚʝʨʭʥʠʡ ʛʨʘʬʠʢ) ʠ ʫʛʣʦʚʘʷ 

(ʧʨʘʚʳʡ ʛʨʘʬʠʢ) ʟʘʚʠʩʠʤʦʩʪʠ ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʦʪʨʘʞʝʥʥʦʡ 

ʚʪʦʨʦʡ ʛʘʨʤʦʥʠʢʠ ʦʪ ʤʦʥʦʩʣʦʷ ʩʧʣʦʰʥʳʭ ʩʬʝʨʠʯʝʩʢʠʭ ʤʝʪʘʣʣʠʯʝʩʢʠʭ ʥʘʥʦʯʘ-

ʩʪʠʮ (R1 = 0 ʥʤ, R2 = 5 ʥʤ), ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʥʘ ʛʨʘʥʠʮʝ ʜʚʫʭ ʜʠʵʣʝʢʪʨʠʢʦʚ. I0 ï 

ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʧʘʜʘʶʱʝʡ ʚʦʣʥʳ ʨ - ʧʦʣʷʨʠʟʘʮʠʠ. ʅʘ ʨʠʩʫʥʢʝ 4.6ʘ ʩʧʝʢʪʨʘʣʴ-

ʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʫʛʣʫ ʧʘʜʝʥʠʷ, ʧʨʠ ʢʦʪʦʨʦʤ ʥʘʙʣʶʜʘʝʪʩʷ ʤʘʢ-

ʩʠʤʫʤ ʜʠʧʦʣʴʥʦʛʦ ʧʣʘʟʤʦʥʥʦʛʦ ʨʝʟʦʥʘʥʩʘ (ʧʨʘʚʳʡ ʧʠʢ) ʚ ʥʘʥʦʯʘʩʪʠʮʘʭ ʥʘ 

ʫʜʚʦʝʥʥʦʡ ʯʘʩʪʦʪʝ, ʥʘ ʨʠʩʫʥʢʝ 4.6ʙ - ʤʘʢʩʠʤʫʤ ʢʚʘʜʨʫʧʦʣʴʥʦʛʦ ʧʣʘʟʤʦʥʥʦʛʦ 

ʨʝʟʦʥʘʥʩʘ (ʣʝʚʳʡ ʧʠʢ). ɺ ʩʣʫʯʘʝ s- ʧʦʣʷʨʠʟʦʚʘʥʥʦʡ ʧʘʜʘʶʱʝʡ ʚʦʣʥʳ ʥʘʙʣʶʜʘ-

ʝʪʩʷ ʘʥʘʣʦʛʠʯʥʘʷ ʢʘʨʪʠʥʘ. 

 

 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʪʝʦʨʝʪʠʯʝʩʢʠʝ ʨʝʟʫʣʴʪʘʪʳ, ʧʦʣʫʯʝʥʥʳʝ ʚ ʵʪʦʡ ʛʣʘʚʝ, ʧʦ-

ʢʘʟʳʚʘʶʪ, ʯʪʦ ʜʠʵʣʝʢʪʨʠʯʝʩʢʘʷ ʧʨʦʥʠʮʘʝʤʦʩʪʴ ʷʜʨʘ ʯʘʩʪʠʮʳ, ʝʝ ʨʘʟʤʝʨ ʠ ʫʛʦʣ 

ʧʘʜʝʥʠʷ ʚʦʣʥʳ ʚʦʟʙʫʞʜʝʥʠʷ ʩʫʱʝʩʪʚʝʥʥʦ ʚʣʠʷʶʪ ʥʘ ʩʧʝʢʪʨʘʣʴʥʦʝ ʧʦʣʦʞʝʥʠʝ 

ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʟʥʘʯʝʥʠʷ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʠʟʣʫʯʝʥʠʷ ʫʜʚʦʝʥʥʦʡ ʯʘʩʪʦʪʳ, ʛʝʥʝʨʠ-

ʨʫʝʤʦʛʦ ʤʦʥʦʩʣʦʝʤ ʧʣʘʟʤʦʥʥʳʭ ʥʘʥʦʯʘʩʪʠʮ, ʨʘʩʧʦʣʦʞʝʥʥʦʛʦ ʥʘ ʧʣʦʩʢʦʡ ʛʨʘ-

ʥʠʮʝ ʜʚʫʭ ʦʧʪʠʯʝʩʢʠ ʧʨʦʟʨʘʯʥʳʭ ʩʨʝʜ. ʀʟʤʝʥʝʥʠʝ ʵʪʠʭ ʧʘʨʘʤʝʪʨʦʚ ʧʦʟʚʦʣʷʝʪ 

ʵʬʬʝʢʪʠʚʥʦ ʫʧʨʘʚʣʷʪʴ ʛʝʥʝʨʘʮʠʝʡ ʚʪʦʨʦʡ ʛʘʨʤʦʥʠʢʠ ʚ ʪʨʝʙʫʝʤʦʤ ʩʧʝʢʪʨʘʣʴ-

ʥʦʤ ʜʠʘʧʘʟʦʥʝ. ʕʪʦ ʠʤʝʝʪ ʧʦʪʝʥʮʠʘʣʴʥʦʝ ʧʨʘʢʪʠʯʝʩʢʦʝ ʟʥʘʯʝʥʠʝ, ʥʘʧʨʠʤʝʨ, 

ʧʨʠ ʨʘʟʨʘʙʦʪʢʝ ʥʦʚʳʭ ʠʩʪʦʯʥʠʢʦʚ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʛʦ ʠʟʣʫʯʝʥʠʷ, ʚʢʣʶʯʘʶʱʠʭ 

ʚ ʩʚʦʶ ʩʪʨʫʢʪʫʨʫ ʘʥʩʘʤʙʣʠ ʜʚʫʭʩʣʦʡʥʳʭ ʧʣʘʟʤʦʥʥʳʭ ʥʘʥʦʯʘʩʪʠʮ.  
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5 ʉʧʘʟʝʨ ʥʘ ʦʩʥʦʚʝ ʩʣʦʠʩʪʦʛʦ ʮʠʣʠʥʜʨʘ 

 

5.1 ʇʦʚʝʨʭʥʦʩʪʥʳʝ ʧʣʘʟʤʦʥ-ʧʦʣʷʨʠʪʦʥʳ ʚ ʤʝʪʘʣʣʠʯʝʩʢʦʤ ʮʠʣʠʥʜʨʝ 

ʩ ʜʠʵʣʝʢʪʨʠʯʝʩʢʠʤ ʩʝʨʜʝʯʥʠʢʦʤ 

 

 

ɺ ʜʘʥʥʦʤ ʧʘʨʘʛʨʘʬʝ ʠʩʩʣʝʜʦʚʘʥʳ ʦʜ-

ʥʦʤʝʨʥʳʝ ʧʦʚʝʨʭʥʦʩʪʥʳʝ ʧʣʘʟʤʦʥ-

ʧʦʣʷʨʠʪʦʥʳ ʚ ʮʠʣʠʥʜʨʠʯʝʩʢʦʡ ʥʘʥʦʧʨʦʚʦ-

ʣʦʢʝ, ʩʦʩʪʦʷʱʝʡ ʠʟ ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʩʝʨ-

ʜʝʯʥʠʢʘ ʨʘʜʠʫʩʦʤ R1 ʠ ʤʝʪʘʣʣʠʯʝʩʢʦʡ ʦʙʦ-

ʣʦʯʢʠ ʩ ʚʥʝʰʥʠʤ ʨʘʜʠʫʩʦʤ R2 (ʈʠʩʫʥʦʢ 5.1). 

ʇʦʣʫʯʝʥʳ ʟʘʢʦʥʳ ʜʠʩʧʝʨʩʠʠ ʧʦʚʝʨʭʥʦʩʪ-

ʥʳʭ ʧʣʘʟʤʦʥʦʚ ʠ ʧʨʦʚʝʜʝʥʦ ʠʭ ʩʨʘʚʥʝʥʠʝ 

ʟʘʢʦʥʘʤʠ ʜʠʩʧʝʨʩʠʠ ʚ ʢʚʘʟʠʩʪʘʪʠʯʝʩʢʦʤ ʧʨʠʙʣʠʞʝʥʠʠ.  

ʂʦʤʧʦʥʝʥʪʳ ʥʘʧʨʷʞʝʥʥʦʩʪʠ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʠ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʝʡ ʦʜʥʦ-

ʤʝʨʥʦʛʦ ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʧʣʘʟʤʦʥ-ʧʦʣʷʨʠʪʦʥʘ ʚ ʮʠʣʠʥʜʨʠʯʝʩʢʦʡ ʥʘʥʦʧʨʦʚʦʣʦʢʝ 

ʩ ʜʠʵʣʝʢʪʨʠʯʝʩʢʠʤ ʤʦʛʫʪ ʙʳʪʴ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʩʣʝʜʫʶʱʝʤ ʚʠʜʝ [141]: 

ɺʥʫʪʨʠ ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʩʝʨʜʝʯʥʠʢʘ r < R1 
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ʈʠʩʫʥʦʢ 5.1 - ʉʣʦʠʩʪʘʷ ʥʘʥʦʧʨʦʚʦʣʦʢʘ  
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ʛʜʝ In(x) ï ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʘʷ ʬʫʥʢʮʠʷ ɹʝʩʩʝʣʷ n-ʛʦ ʧʦʨʷʜʢʘ,
 
()xI n
¡  ï ʧʨʦʠʟʚʦʜ-

ʥʘʷ ʧʦ ʭ, 
22

1

2

1 ckq z we-= ï ʢʦʵʬʬʠʮʠʝʥʪ, ʦʧʨʝʜʝʣʷʶʱʠʡ ʙʳʩʪʨʦʪʫ ʩʧʘʜʘʥʠʷ 

ʧʦʣʷ ʧʣʘʟʤʦʥʘ ʧʦ ʤʝʨʝ ʫʜʘʣʝʥʠʷ ʦʪ ʛʨʘʥʠʮʳ ʨʘʟʜʝʣʘ ʩʨʝʜ, kz ï ʧʨʦʜʦʣʴʥʦʝ ʚʦʣ-

ʥʦʚʦʝ ʯʠʩʣʦ, w ï ʯʘʩʪʦʪʘ ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʧʣʘʟʤʦʥ-ʧʦʣʷʨʠʪʦʥʘ, ʩ ï ʩʢʦʨʦʩʪʴ 

ʩʚʝʪʘ, 1eï ʜʠʵʣʝʢʪʨʠʯʝʩʢʘʷ ʧʦʩʪʦʷʥʥʘʷ ʩʝʨʜʝʯʥʠʢʘ.  

ɺʥʫʪʨʠ ʮʠʣʠʥʜʨʠʯʝʩʢʦʡ ʦʙʦʣʦʯʢʠ R1 < r < R2  
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ʛʜʝ Kn(x) ï ʬʫʥʢʮʠʷ ʄʘʢʜʦʥʘʣʴʜʘ, ()xKn
¡  ï ʧʨʦʠʟʚʦʜʥʘʷ ʧʦ ʭ, 

() 22

2

2

2 ckq z wwe-= , ()we2  ï ʜʠʵʣʝʢʪʨʠʯʝʩʢʘʷ ʬʫʥʢʮʠʷ ʤʝʪʘʣʣʘ. 

ɺʥʝ ʥʘʥʦʧʨʦʚʦʣʦʢʠ r > R2  
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ʛʜʝ 
22

3

2

3 ckq z we-= , 3e ï ʜʠʵʣʝʢʪʨʠʯʝʩʢʘʷ ʧʦʩʪʦʷʥʥʘʷ ʦʧʪʠʯʝʩʢʠ ʧʨʦʟʨʘʯ-

ʥʦʡ ʩʨʝʜʳ, ʦʢʨʫʞʘʶʱʝʡ ʥʘʥʦʧʨʦʚʦʣʦʢʫ. 

ʅʘ ʛʨʘʥʠʮʘʭ ʨʘʟʜʝʣʘ ʩʨʝʜ ʩ ʨʘʟʥʳʤʠ ʜʠʵʣʝʢʪʨʠʯʝʩʢʠʤʠ ʧʨʦʥʠʮʘʝʤʦʩʪʷʤʠ 

a- ʠ z-ʩʦʩʪʘʚʣʷʶʱʠʝ ʥʘʧʨʷʞʝʥʥʦʩʪʝʡ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʠ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʝʡ 

ʜʦʣʞʥʳ ʙʳʪʴ ʥʝʧʨʝʨʳʚʥʳʤʠ. ʀʟ ʫʩʣʦʚʠʡ ʥʝʧʨʝʨʳʚʥʦʩʪʠ ʤʦʞʥʦ ʧʦʣʫʯʠʪʴ 

ʫʨʘʚʥʝʥʠʝ, ʢʦʪʦʨʦʝ ʦʧʨʝʜʝʣʷʝʪ ʟʘʢʦʥʳ ʜʠʩʧʝʨʩʠʠ ʧʣʘʟʤʦʥʥʳʭ ʤʦʜ 
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ɺ ʬʦʨʤʫʣʝ (5.1) ʠʩʧʦʣʴʟʦʚʘʥʳ ʩʣʝʜʫʶʱʠʝ ʦʙʦʟʥʘʯʝʥʠʷ  
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ʂʦʛʜʘ n = 0 ʵʣʝʢʪʨʠʯʝʩʢʦʝ ʠ ʤʘʛʥʠʪʥʦʝ ʧʦʣʷ ʥʝ ʟʘʚʠʩʷʪ ʦʪ ʫʛʣʘ a ʠ ʦʙʣʘ-

ʜʘʶʪ ʦʩʝʚʦʡ ʩʠʤʤʝʪʨʠʝʡ. ɼʣʷ ʦʩʝʩʠʤʤʝʪʨʠʯʥʳʭ ʧʣʘʟʤʦʥʦʚ ʢʦʵʬʬʠʮʠʝʥʪʳ 11x , 

13x , 22x , 24x , 31x , 33x , 42x , 44x  ʦʙʨʘʱʘʶʪʩʷ ʚ ʥʦʣʴ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʜʠʩʧʝʨʩʠʦʥ-

ʥʦʝ ʫʨʘʚʥʝʥʠʝ (5.1) ʩʫʱʝʩʪʚʝʥʥʦ ʫʧʨʦʱʘʝʪʩʷ 

 

 ( )( ) 04321412334123214 =-- xxxxxxxx .  (5.2) 

 

ɽʩʣʠ ʚ ʫʨʘʚʥʝʥʠʠ (5.2) ʨʘʚʥʦ ʥʫʣʶ ʚʳʨʘʞʝʥʠʝ, ʩʪʦʷʱʝʝ ʚ ʧʝʨʚʦʡ ʩʢʦʙʢʝ, 

ʪʦ ʵʪʦ ʨʘʚʝʥʩʪʚʦ 034123214 =- xxxx  ʟʘʜʘʝʪ ʟʘʢʦʥ ʜʠʩʧʝʨʩʠʠ ʜʣʷ ʧʦʧʝʨʝʯʥʦʡ 

ʵʣʝʢʪʨʠʯʝʩʢʦʡ (TE0) ʚʦʣʥʳ, ʚ ʢʦʪʦʨʦʡ z-ʩʦʩʪʘʚʣʷʶʱʠʝ ʥʘʧʨʷʞʝʥʥʦʩʪʠ ʵʣʝʢ-

ʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ ʨʘʚʥʳ ʥʫʣʶ: 
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ʇʦʩʢʦʣʴʢʫ ʯʘʩʪʦʪʳ ʪʘʢʦʡ ʚʦʣʥʳ ʣʝʞʘʪ ʚʳʰʝ ʧʣʘʟʤʦʥʥʦʡ ʯʘʩʪʦʪʳ ʤʝʪʘʣ-

ʣʘ, ʵʪʘ ʚʦʣʥʘ ʚ ʟʘʜʘʯʘʭ ʧʣʘʟʤʦʥʠʢʠ ʠʥʪʝʨʝʩʘ ʥʝ ʧʨʝʜʩʪʘʚʣʷʝʪ. ɽʩʣʠ ʚ ʫʨʘʚʥʝʥʠʠ 

(5.2) ʨʘʚʥʦ ʥʫʣʶ ʚʳʨʘʞʝʥʠʝ, ʩʪʦʷʱʝʝ ʚʦ ʚʪʦʨʦʡ ʩʢʦʙʢʝ, ʪʦ ʵʪʦ ʨʘʚʝʥʩʪʚʦ 

043214123 =- xxxx  ʜʘʝʪ ʟʘʢʦʥ ʜʠʩʧʝʨʩʠʠ ʜʣʷ ʧʦʧʝʨʝʯʥʦʡ ʤʘʛʥʠʪʥʦʡ (ʊʄ0) ʚʦʣ-

ʥʳ, ʚ ʢʦʪʦʨʦʡ z-ʩʦʩʪʘʚʣʷʶʱʠʝ ʥʘʧʨʷʞʝʥʥʦʩʪʠ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʦʙʨʘʱʘʶʪʩʷ ʚ 

ʥʦʣʴ [2] 
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(5.3) 

 

ʇʦʩʣʝʜʥʝʝ ʫʨʘʚʥʝʥʠʝ ʠʤʝʝʪ ʜʚʘ ʨʝʰʝʥʠʷ ʠʟ-ʟʘ ʥʘʣʠʯʠʷ ʜʚʫʭ ʛʨʘʥʠʮ ʤʝ-

ʪʘʣʣʘ ʩ ʜʠʵʣʝʢʪʨʠʢʦʤ. ʕʪʠ ʜʚʘ ʨʝʰʝʥʠʷ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʥʠʟʢʦ- ʠ ʚʳʩʦʢʦʯʘʩʪʦʪ-

ʥʳʤ ʧʣʘʟʤʦʥ-ʧʦʣʷʨʠʪʦʥʘʤ. 

ʈʘʩʯʝʪʳ ʟʘʢʦʥʦʚ ʜʠʩʧʝʨʩʠʠ ʙʳʣʠ ʚʳʧʦʣʥʝʥʳ ʜʣʷ ʥʘʥʦʧʨʦʚʦʣʦʢʠ ʩ ʩʝʨʝʙ-

ʨʷʥʦʡ ʮʠʣʠʥʜʨʠʯʝʩʢʦʡ ʦʙʦʣʦʯʢʦʡ. ɺʥʝʰʥʠʡ ʨʘʜʠʫʩ ʦʙʦʣʦʯʢʠ ʙʳʣ ʧʦʩʪʦʷʥʥʳʤ 

R2 = 20 ʥʤ, ʘ ʚʥʫʪʨʝʥʥʠʡ ʨʘʜʠʫʩ R1 ʠʟʤʝʥʷʣʩʷ ʚ ʧʨʝʜʝʣʘʭ ʦʪ 5 ʜʦ 15 ʥʤ. ɼʠʵʣʝʢ-

ʪʨʠʯʝʩʢʘʷ ʬʫʥʢʮʠʷ ʤʝʪʘʣʣʘ ʟʘʧʠʩʳʚʘʣʘʩʴ ʚ ʦʙʦʙʱʝʥʥʦʡ ʤʦʜʝʣʠ ɼʨʫʜʝ 

() 22

2 ww-e=we ¤ p ʙʝʟ ʫʯʝʪʘ ʚʨʝʤʝʥʠ ʨʝʣʘʢʩʘʮʠʠ ʩʚʦʙʦʜʥʦʛʦ ʵʣʝʢʪʨʦʥʥʦʛʦ ʛʘ-

ʟʘ. ʇʘʨʘʤʝʪʨʳ ɼʨʫʜʝ ʥʘ ʦʧʪʠʯʝʩʢʠʭ ʯʘʩʪʦʪʘʭ ʜʣʷ ʩʝʨʝʙʨʘ ʙʨʘʣʠʩʴ ʠʟ ʤʦʥʦʛʨʘ-

ʬʠʠ [2]: ʵʥʝʨʛʠʷ ʦʙʲʝʤʥʦʛʦ ʧʣʘʟʤʦʥʘ 0,9=wpZ  ʵɺ, ʚʳʩʦʢʦʯʘʩʪʦʪʥʘʷ ʜʠʵʣʝʢ-

ʪʨʠʯʝʩʢʘʷ ʧʨʦʥʠʮʘʝʤʦʩʪʴ e¤ = 3,7. ɼʠʵʣʝʢʪʨʠʯʝʩʢʠʝ ʧʦʩʪʦʷʥʥʳʝ ʩʝʨʜʝʯʥʠʢʘ e1 

ʠ ʦʢʨʫʞʘʶʱʝʡ ʥʘʥʦʧʨʦʚʦʣʦʢʫ ʩʨʝʜʳ e3, ʠʟʤʝʥʷʣʠʩʴ ʦʪ 1 ʜʦ 3.  

ʅʘ ʨʠʩʫʥʢʝ 5.2 ʧʦʢʘʟʘʥʳ ʟʘʢʦʥʳ ʜʠʩʧʝʨʩʠʠ ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʧʣʘʟʤʦʥʦʚ ʚ 

ʮʠʣʠʥʜʨʠʯʝʩʢʦʡ ʦʙʦʣʦʯʢʝ. ʈʘʩʯʝʪʳ ʧʨʦʚʦʜʠʣʠʩʴ ʩ ʫʯʝʪʦʤ ʟʘʧʘʟʜʳʚʘʥʠʷ ʜʣʷ 

ʩʣʫʯʘʝʚ n = 0 (ʬʦʨʤʫʣʘ 5.3) ʠ n = 1 (ʬʦʨʤʫʣʘ 5.1) ʧʨʠ ʨʘʟʥʳʭ ʨʘʜʠʫʩʘʭ R1 ʩʝʨ-

ʜʝʯʥʠʢʘ ʥʘʥʦʧʨʦʚʦʣʦʢʠ. ɼʠʵʣʝʢʪʨʠʯʝʩʢʠʝ ʧʦʩʪʦʷʥʥʳʝ Ů1 ʠ Ů3 ʙʳʣʠ ʚʳʙʨʘʥʳ 
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ʨʘʚʥʳʤʠ 2. ɺ ʢʚʘʟʠʩʪʘʪʠʯʝʩʢʦʤ ʧʨʠʙʣʠʞʝʥʠʠ, ʩʯʠʪʘʝʪʩʷ ʩ­¤ ʠ ʚʩʝ ʚʦʣʥʦʚʳʝ 

ʯʠʩʣʘ zkqqq === 321 ,  ʨʘʩʯʝʪʳ ʚʳʧʦʣʥʷʣʠʩʴ ʧʦ ʬʦʨʤʫʣʘʤ ʠʟ ʨʘʙʦʪʳ [142]:  
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ʛʜʝ ʠʥʜʝʢʩʘʤʠ ç+è ʠ çïè ʦʙʦʟʥʘʯʝʥʳ ʚʳʩʦʢʦʯʘʩʪʦʪʥʘʷ ʠ ʥʠʟʢʦʯʘʩʪʦʪʥʘʷ ʧʣʘʟ-

ʤʦʥʥʳʝ ʤʦʜʳ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʠ ʚʚʝʜʝʥʳ ʩʣʝʜʫʶʱʠʝ ʦʙʦʟʥʘʯʝʥʠʷ 
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 ʀʟ ʨʠʩʫʥʢʘ 5.2ʘ ʚʠʜʥʦ, ʯʪʦ ʜʣʷ ʦʩʝʩʠʤʤʝʪʨʠʯʥʳʭ (n = 0) ʧʣʘʟʤʦʥʦʚ ʜʠʩ-

ʧʝʨʩʠʦʥʥʳʝ ʢʨʠʚʳʝ ʚ ʢʚʘʟʠʩʪʘʪʠʯʝʩʢʦʤ ʧʨʠʙʣʠʞʝʥʠʠ ʧʨʘʢʪʠʯʝʩʢʠ ʩʦʚʧʘʜʘʶʪ ʩ 

  
ʘ ʙ 

ʈʠʩʫʥʦʢ 5.2 - ɿʘʢʦʥʳ ʜʠʩʧʝʨʩʠʠ ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʧʣʘʟʤʦʥʦʚ ʚ ʩʝʨʝʙʨʷʥʦʡ ʮʠʣʠʥʜʨʠʯʝʩʢʦʡ 

ʦʙʦʣʦʯʢʝ ʩ ʚʥʫʪʨʝʥʥʠʤ ʨʘʜʠʫʩʦʤ R1 = 5(1), 10(2), 15(3) ʥʤ ʜʣʷ n = 0 (ʘ) ʠ n = 1 (ʙ) ʩ ʫʯʝ-

ʪʦʤ ʟʘʧʘʟʜʳʚʘʥʠʷ (ʩʧʣʦʰʥʳʝ ʢʨʠʚʳʝ) ʠ ʚ ʢʚʘʟʠʩʪʘʪʠʯʝʩʢʦʤ ʧʨʠʙʣʠʞʝʥʠʠ (ʰʪʨʠʭʦʚʳʝ 

ʢʨʠʚʳʝ). ʇʨʷʤʘʷ 4 ï ʟʘʢʦʥ ʜʠʩʧʝʨʩʠʠ ʬʦʪʦʥʦʚ ʚ ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʡ ʩʨʝʜʝ [141] 
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ʜʠʩʧʝʨʩʠʦʥʥʳʤʠ ʢʨʠʚʳʤʠ ʩ ʫʯʝʪʦʤ ʟʘʧʘʟʜʳʚʘʥʠʷ. ʕʪʦ ʩʦʚʧʘʜʝʥʠʝ ʪʝʤ ʣʫʯʰʝ, 

ʯʝʤ ʙʦʣʴʰʝ ʚʥʫʪʨʝʥʥʠʡ ʨʘʜʠʫʩ R1. ʇʨʠ ʫʤʝʥʴʰʝʥʠʠ  R1 ʜʠʩʧʝʨʩʠʦʥʥʳʝ ʢʨʠʚʳʝ 

ʥʠʟʢʦʯʘʩʪʦʪʥʦʛʦ ʧʣʘʟʤʦʥʘ ʩʪʘʥʦʚʷʪʩʷ ʙʦʣʝʝ ʢʨʫʪʳʤʠ ʠ ʧʨʠʙʣʠʞʘʶʪʩʷ ʢ ʟʘʢʦʥʫ 

ʜʠʩʧʝʨʩʠʠ ʧʣʘʟʤʦʥʥʳʭ ʢʦʣʝʙʘʥʠʡ ʚ ʦʜʥʦʨʦʜʥʦʡ ʥʘʥʦʧʨʦʚʦʣʦʢʝ. ɺ ʩʣʫʯʘʝ n = 1 

(ʈʠʩʫʥʦʢ5.3ʙ)  ʨʘʟʣʠʯʠʝ ʤʝʞʜʫ ʟʘʢʦʥʘʤʠ ʜʠʩʧʝʨʩʠʠ ʩ ʫʯʝʪʦʤ ʟʘʧʘʟʜʳʚʘʥʠʷ ʠ ʚ 

ʢʚʘʟʠʩʪʘʪʠʯʝʩʢʦʤ ʧʨʠʙʣʠʞʝʥʠʠ ʙʦʣʝʝ ʚʳʨʘʞʝʥʦ, ʦʩʦʙʝʥʥʦ ʜʣʷ ʥʠʟʢʦʯʘʩʪʦʪʥʦʡ 

ʚʝʪʚʠ ʧʨʠ ʤʘʣʳʭ ʚʦʣʥʦʚʳʭ ʯʠʩʣʘʭ. 

  
ʘ ʙ 

ʈʠʩʫʥʦʢ 5.3 - ɿʘʢʦʥʳ ʜʠʩʧʝʨʩʠʠ ʦʩʝʩʠʤʤʝʪʨʠʯʥʳʭ ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʧʣʘʟʤʦʥʦʚ ʚ ʩʝʨʝʙʨʷ-

ʥʦʡ ʮʠʣʠʥʜʨʠʯʝʩʢʦʡ ʦʙʦʣʦʯʢʝ ʩ ʚʥʫʪʨʝʥʥʠʤ ʨʘʜʠʫʩʦʤ R1 = 15 ʥʤ ʧʨʠ e1 =1(1), 2(2), 3(3) 

ʜʣʷ n = 0 (ʘ) ʠ n = 1 (ʙ) ʩ ʫʯʝʪʦʤ ʟʘʧʘʟʜʳʚʘʥʠʷ (ʩʧʣʦʰʥʳʝ ʢʨʠʚʳʝ) ʠ ʚ ʢʚʘʟʠʩʪʘʪʠʯʝʩʢʦʤ 

ʧʨʠʙʣʠʞʝʥʠʠ (ʰʪʨʠʭʦʚʳʝ ʢʨʠʚʳʝ). ʇʨʷʤʳʤʠ ʣʠʥʠʷʤʠ ʧʦʢʘʟʘʥʳ ʟʘʢʦʥʳ ʜʠʩʧʝʨʩʠʠ ʬʦ-

ʪʦʥʦʚ ʚ ʩʨʝʜʝ ʩ ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʡ ʧʨʦʥʠʮʘʝʤʦʩʪʴʶ e =1(4), 2(5), 3(6)  [141] 

 

 ʅʘ ʨʠʩʫʥʢʝ 5.3 ʠʟʦʙʨʘʞʝʥʳ ʟʘʢʦʥʳ ʜʠʩʧʝʨʩʠʠ ʦʩʝʩʠʤʤʝʪʨʠʯʥʳʭ ʧʦʚʝʨʭ-

ʥʦʩʪʥʳʭ ʧʣʘʟʤʦʥʦʚ, ʨʘʩʩʯʠʪʘʥʥʳʝ ʧʨʠ ʨʘʟʥʳʭ ʜʠʵʣʝʢʪʨʠʯʝʩʢʠʭ ʧʦʩʪʦʷʥʥʳʭ 

ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʩʝʨʜʝʯʥʠʢʘ ʥʘʥʦʧʨʦʚʦʣʦʢʠ ʠ ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʡ ʧʦʩʪʦʷʥʥʦʡ 

ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ e3 = 1. ʇʨʷʤʳʤʠ ʣʠʥʠʷʤʠ ʠʟʦʙʨʘʞʘʶʪʩʷ ʟʘʢʦʥʳ ʜʠʩʧʝʨʩʠʠ 

ʬʦʪʦʥʦʚ ʚ ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʤ ʩʝʨʜʝʯʥʠʢʝ. ʀʟ ʨʠʩʫʥʢʘ ʚʠʜʥʦ, ʯʪʦ ʩ ʫʚʝʣʠʯʝʥʠʝʤ 

ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʡ ʧʨʦʥʠʮʘʝʤʦʩʪʠ ʩʝʨʜʝʯʥʠʢʘ ʯʘʩʪʦʪʳ ʠ ʥʠʟʢʦ- ʠ ʚʳʩʦʢʦʯʘʩʪʦʪ-

ʥʳʭ ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʧʣʘʟʤʦʥʦʚ ʫʤʝʥʴʰʘʶʪʩʷ. 

ʅʘ ʨʠʩʫʥʢʝ 5.4 ʠʟʦʙʨʘʞʝʥʳ ʨʘʜʠʘʣʴʥʳʝ ʟʘʚʠʩʠʤʦʩʪʠ ʘʤʧʣʠʪʫʜ z-

ʢʦʤʧʦʥʝʥʪ ʚʝʢʪʦʨʘ ʥʘʧʨʷʞʝʥʥʦʩʪʠ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ ʦʩʝʩʠʤʤʝʪʨʠʯʥʦʛʦ 

ʥʠʟʢʦʯʘʩʪʦʪʥʦʛʦ (ʘ) ʠ ʚʳʩʦʢʦʯʘʩʪʦʪʥʦʛʦ (ʙ) ʧʣʘʟʤʦʥʦʚ ʮʠʣʠʥʜʨʠʯʝʩʢʦʡ ʦʙʦ-
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ʣʦʯʢʠ ʧʨʠ ʨʘʟʥʳʭ ʚʥʫʪʨʝʥʥʠʭ ʨʘʜʠʫʩʘʭ R1 ʠ ʧʦʩʪʦʷʥʥʦʤ ʟʥʘʯʝʥʠʠ ʧʨʦʜʦʣʴʥʦʛʦ 

ʚʦʣʥʦʚʦʛʦ ʯʠʩʣʘ kz = 0,6Ö10
6
 ʩʤ

-1
. ɼʠʵʣʝʢʪʨʠʯʝʩʢʠʝ ʧʦʩʪʦʷʥʥʳʝ e1 ʠ e3  ʨʘʚʥʳ 2.  

 

ʂʘʢ ʩʣʝʜʫʝʪ ʠʟ ʨʠʩʫʥʢʘ, ʥʘʠʙʦʣʴʰʝʝ ʨʘʟʣʠʯʠʝ ʤʝʞʜʫ ʢʚʘʟʠʩʪʘʪʠʯʝʩʢʠʤ 

ʧʨʠʙʣʠʞʝʥʠʝʤ ʠ ʫʯʝʪʦʤ ʟʘʧʘʟʜʳʚʘʥʠʷ ʥʘʙʣʶʜʘʝʪʩʷ ʚʦ ʚʥʫʪʨʝʥʥʠʭ ʦʙʣʘʩʪʷʭ 

ʥʘʥʦʧʨʦʚʦʣʦʢʠ ʧʨʠ ʤʘʣʦʤ ʚʥʫʪʨʝʥʥʝʤ ʨʘʜʠʫʩʝ ʦʙʦʣʦʯʢʠ. z-ʢʦʤʧʦʥʝʥʪʘ ʥʘʧʨʷ-

ʞʝʥʥʦʩʪʠ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ ʥʠʟʢʦʯʘʩʪʦʪʥʦʛʦ ʧʣʘʟʤʦʥʘ ʠʤʝʝʪ ʦʜʠʥʘʢʦʚʳʡ 

ʟʥʘʢ ʚʦ ʚʩʝʭ ʦʙʣʘʩʪʷʭ ʥʘʥʦʧʨʦʚʦʣʦʢʠ (ʈʠʩʫʥʦʢ 5.4ʘ). ʋ ʚʳʩʦʢʦʯʘʩʪʦʪʥʦʛʦ 

ʧʣʘʟʤʦʥʘ ʚ ʦʙʣʘʩʪʠ ʦʙʦʣʦʯʢʠ ʧʨʦʠʩʭʦʜʠʪ ʩʤʝʥʘ ʟʥʘʢʘ z-ʢʦʤʧʦʥʝʥʪʳ ʥʘʧʨʷʞʝʥ-

ʥʦʩʪʠ (ʈʠʩʫʥʦʢ 5.4ʙ). 

 

 

ʅʘ ʨʠʩʫʥʢʝ 5.5 ʧʦʢʘʟʘʥʳ ʨʝʟʫʣʴʪʘʪʳ ʨʘʩʯʝʪʦʚ ʨʘʜʠʘʣʴʥʳʭ ʟʘʚʠʩʠʤʦʩʪʝʡ 

r-ʢʦʤʧʦʥʝʥʪ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʠʥʜʫʢʮʠʠ ʧʣʘʟʤʦʥʥʦʛʦ ʧʦʣʷ. ʈʘʟʣʠʯʠʝ r-ʢʦʤʧʦʥʝʥʪ 

  

ʈʠʩʫʥʦʢ 5.4 - ʈʘʜʠʘʣʴʥʳʝ ʟʘʚʠʩʠʤʦʩʪʠ ʘʤʧʣʠʪʫʜ z-ʢʦʤʧʦʥʝʥʪ ʚʝʢʪʦʨʘ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ 

ʦʩʝʩʠʤʤʝʪʨʠʯʥʦʛʦ ʥʠʟʢʦʯʘʩʪʦʪʥʦʛʦ (ʘ) ʠ ʚʳʩʦʢʦʯʘʩʪʦʪʥʦʛʦ (ʙ) ʧʣʘʟʤʦʥʦʚ ʮʠʣʠʥʜʨʠʯʝʩʢʦʡ 

ʦʙʦʣʦʯʢʠ ʩ ʚʥʫʪʨʝʥʥʠʤ ʨʘʜʠʫʩʦʤ R1 =  5(1), 10(2), 15(3) ʥʤ ʩ ʫʯʝʪʦʤ ʟʘʧʘʟʜʳʚʘʥʠʷ (ʩʧʣʦʰ-

ʥʳʝ ʢʨʠʚʳʝ) ʠ ʚ ʢʚʘʟʠʩʪʘʪʠʯʝʩʢʦʤ ʧʨʠʙʣʠʞʝʥʠʠ (ʰʪʨʠʭʦʚʳʝ ʢʨʠʚʳʝ) [141] 

  

ʈʠʩʫʥʦʢ 5.5 - ʈʘʜʠʘʣʴʥʳʝ ʟʘʚʠʩʠʤʦʩʪʠ ʘʤʧʣʠʪʫʜ r-ʢʦʤʧʦʥʝʥʪ ʚʝʢʪʦʨʘ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʠʥ-

ʜʫʢʮʠʠ ʧʦʣʷ ʦʩʝʩʠʤʤʝʪʨʠʯʥʦʛʦ ʥʠʟʢʦʯʘʩʪʦʪʥʦʛʦ (ʘ) ʠ ʚʳʩʦʢʦʯʘʩʪʦʪʥʦʛʦ (ʙ) ʧʣʘʟʤʦʥʦʚ ʮʠ-

ʣʠʥʜʨʠʯʝʩʢʦʡ ʦʙʦʣʦʯʢʠ. ʆʙʦʟʥʘʯʝʥʠʷ ʢʨʠʚʳʭ ʪʘʢʠʝ ʞʝ, ʢʘʢ ʥʘ ʨʠʩʫʥʢʝ 5.4 [141] 

ʘ ʙ 
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ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʠʥʜʫʢʮʠʠ ʧʦʣʷ ʦʩʝʩʠʤʤʝʪʨʠʯʥʦʛʦ ʥʠʟʢʦʯʘʩʪʦʪʥʦʛʦ (ʘ) ʠ ʚʳʩʦ-

ʢʦʯʘʩʪʦʪʥʦʛʦ (ʙ) ʧʣʘʟʤʦʥʦʚ ʥʝʟʥʘʯʠʪʝʣʴʥʦ ʠ ʧʨʦʷʚʣʷʝʪʩʷ ʚ ʦʩʥʦʚʥʦʤ ʚʙʣʠʟʠ 

ʚʥʝʰʥʝʡ ʧʦʚʝʨʭʥʦʩʪʠ ʥʘʥʦʦʙʦʣʦʯʢʠ.  

ʅʘ ʨʠʩʫʥʢʝ 5.6 ʧʦʢʘʟʘʥʳ ʨʝʟʫʣʴʪʘʪʳ ʨʘʩʯʝʪʦʚ ʨʘʜʠʘʣʴʥʳʭ ʟʘʚʠʩʠʤʦʩʪʝʡ 

a-ʢʦʤʧʦʥʝʥʪ ʚʝʢʪʦʨʘ ʥʘʧʨʷʞʝʥʥʦʩʪʠ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʦʩʝʩʠʤʤʝʪʨʠʯʥʦʛʦ ʧʣʘʟ-

ʤʦʥ-ʧʦʣʷʨʠʪʦʥʘ ʧʨʠ ʪʝʭ ʞʝ ʧʘʨʘʤʝʪʨʘʭ, ʯʪʦ ʠ ʥʘ ʨʠʩʫʥʢʝ 5.4. ʅʘ ʨʠʩʫʥʢʝ ʦʪ-

ʩʫʪʩʪʚʫʶʪ ʢʨʠʚʳʝ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʢʚʘʟʠʩʪʘʪʠʯʝʩʢʦʤʫ ʧʨʠʙʣʠʞʝʥʠʶ, ʪ. ʢ. ʚ 

ʥʝʤ ʧʣʘʟʤʦʥ ʥʝ ʠʤʝʝʪ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ. 

 

 

 

5.2 ɻʝʥʝʨʘʪʦʨ ʦʜʥʦʤʝʨʥʳʭ ʦʩʝʩʠʤʤʝʪʨʠʯʥʳʭ ʧʦʚʝʨʭʥʦʩʪʥʳʭ  

ʧʣʘʟʤʦʥ-ʧʦʣʷʨʠʪʦʥʦʚ ʩ ʪʨʝʭʫʨʦʚʥʝʚʦʡ ʘʢʪʠʚʥʦʡ ʩʨʝʜʦʡ 

 

ɺ ʜʘʥʥʦʤ ʨʘʟʜʝʣʝ ʠʟʫʯʝʥʘ ʜʠʥʘʤʠʢʘ ʩʧʘʟʝʨʘ, ʩʭʝʤʘʪʠʯʝʩʢʠ ʠʟʦʙʨʘʞʝʥʥʦ-

ʛʦ ʥʘ ʨʠʩʫʥʢʝ 5.7ʘ. ʀʩʩʣʝʜʦʚʘʥʠʝ ʚʳʧʦʣʥʝʥʦ ʚ ʢʚʘʥʪʦʚʦʤʝʭʘʥʠʯʝʩʢʦʤ ʧʦʜʭʦʜʝ 

[93], ʚ ʢʦʪʦʨʦʤ ʠʩʧʦʣʴʟʫʶʪʩʷ ʢʚʘʥʪʦʚʘʥʠʝ ʧʦʣʷ ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʧʣʘʟʤʦʥ-

ʧʦʣʷʨʠʪʦʥʘ (ʇʇʇ) ʠ ʫʨʘʚʥʝʥʠʝ ɻʝʡʟʝʥʙʝʨʛʘ ʜʣʷ ʦʧʝʨʘʪʦʨʘ ʫʥʠʯʪʦʞʝʥʠʷ ʧʣʘʟ-

ʤʦʥʘ. ʏʘʩʪʠʮʳ ʫʩʠʣʠʚʘʶʱʝʡ ʩʨʝʜʳ ʩʯʠʪʘʶʪʩʷ ʪʨʝʭʫʨʦʚʥʝʚʳʤʠ ʩʠʩʪʝʤʘʤʠ 

(ʊʋʉ), ʩʭʝʤʘʪʠʯʝʩʢʦʝ ʠʟʦʙʨʘʞʝʥʠʝ ʢʦʪʦʨʳʭ ʧʨʝʜʩʪʘʚʣʝʥʦ ʥʘ ʨʠʩʫʥʢʝ 5.7ʙ. 

ɼʠʥʘʤʠʢʘ ʩʧʘʟʝʨʘ ʙʳʣʘ ʠʩʩʣʝʜʦʚʘʥʘ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʦʣʫʢʣʘʩʩʠʯʝʩʢʦ-

ʛʦ ʧʦʜʭʦʜʘ ʪʝʦʨʠʠ ʣʘʟʝʨʦʚ, ʚ ʢʦʪʦʨʦʤ ʠʛʥʦʨʠʨʫʶʪʩʷ ʬʣʫʢʪʫʘʮʠʠ ʧʦʣʝʡ ʠ ʘʢ-

  

ʈʠʩʫʥʦʢ 5.6 - ʈʘʜʠʘʣʴʥʳʝ ʟʘʚʠʩʠʤʦʩʪʠ ʘʤʧʣʠʪʫʜ a-ʢʦʤʧʦʥʝʥʪ ʚʝʢʪʦʨʘ ʥʘʧʨʷʞʝʥʥʦʩʪʠ ʤʘʛ-

ʥʠʪʥʦʛʦ ʧʦʣʷ ʦʩʝʩʠʤʤʝʪʨʠʯʥʦʛʦ ʥʠʟʢʦʯʘʩʪʦʪʥʦʛʦ (ʘ) ʠ ʚʳʩʦʢʦʯʘʩʪʦʪʥʦʛʦ (ʙ) ʧʣʘʟʤʦʥʦʚ ʮʠ-

ʣʠʥʜʨʠʯʝʩʢʦʡ ʦʙʦʣʦʯʢʠ. ʆʙʦʟʥʘʯʝʥʠʷ ʢʨʠʚʳʭ ʪʘʢʠʝ ʞʝ, ʢʘʢ ʥʘ ʨʠʩʫʥʢʝ 5.5 [141] 
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ʪʠʚʥʦʡ ʩʨʝʜʳ. ʊʋʉ, ʧʨʝʜʩʪʘʚʣʷʶʱʘʷ ʩʦʙʦʡ ʢʚʘʥʪʦʚʳʡ ʠʟʣʫʯʘʪʝʣʴ ʘʢʪʠʚʥʦʡ 

ʩʨʝʜʳ, ʦʧʠʩʳʚʘʝʪʩʷ ʩ ʧʦʤʦʱʴʶ ʤʘʪʨʠʮʳ ʧʣʦʪʥʦʩʪʠ ʨʘʟʤʝʨʦʤ 3Ĭ3: 
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ʫʨʦʚʥʷʤʠ ʊʋʉ, 
*

baab r=r  ï ʤʝʜʣʝʥʥʦ ʤʝʥʷʶʱʠʝ-

ʩʷ ʬʫʥʢʮʠʠ. 

ʅʝʜʠʘʛʦʥʘʣʴʥʳʝ ʵʣʝʤʝʥʪʳ ʤʘʪʨʠʮʳ ʧʣʦʪ-

ʥʦʩʪʠ ʦʧʨʝʜʝʣʷʶʪ ʩʨʝʜʥʠʡ ʜʠʧʦʣʴʥʳʡ ʤʦʤʝʥʪ 

ʊʋʉ, ʘ ʜʠʘʛʦʥʘʣʴʥʳʝ ʵʣʝʤʝʥʪʳ ʠʤʝʶʪ ʩʤʳʩʣ 

ʥʘʩʝʣʝʥʥʦʩʪʝʡ ʩʦʩʪʦʷʥʠʡ ʊʋʉ. ʋʨʘʚʥʝʥʠʝ ʃʠ-

ʫʚʠʣʣʷ, ʢʦʪʦʨʦʝ ʙʝʟ ʫʯʝʪʘ ʨʝʣʘʢʩʘʮʠʠ ʠ ʥʘʢʘʯʢʠ 

ʠʤʝʝʪ ʚʠʜ [ ],Ĕ,ĔĔ ɟɟ Hi ="Z ʟʘʜʘʝʪ ʵʚʦʣʶʮʠʶ ʤʘʪʨʠʮʳ 

ʧʣʦʪʥʦʩʪʠ. ɽʩʣʠ ʩʯʠʪʘʪʴ ʜʠʧʦʣʴʥʳʝ ʤʦʤʝʥʪʳ ʧʝ-

ʨʝʭʦʜʦʚ ʤʝʞʜʫ ʩʦʩʪʦʷʥʠʷʤʠ ʊʋʉ ʚʝʱʝʩʪʚʝʥʥʳ-

ʤʠ, ʪ. ʝ. dab = dba, ʠ d23 = 0, ʪʦ ʦʧʝʨʘʪʦʨ ɻʘʤʠʣʴʪʦʥʘ ʥʝʢʦʪʦʨʦʡ ʢʦʥʢʨʝʪʥʦʡ 

ʊʋʉ, ʚʟʘʠʤʦʜʝʡʩʪʚʫʶʱʝʡ ʩ ʇʇʇ, ʟʘʧʠʩʳʚʘʝʪʩʷ ʚ ʚʠʜʝ ʤʘʪʨʠʮʳ 
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ɺ ʬʦʨʤʘʣʠʟʤʝ ʚʪʦʨʠʯʥʦʛʦ ʢʚʘʥʪʦʚʘʥʠʷ [143] ʜʣʷ ʦʧʝʨʘʪʦʨʦʚ ʢʦʤʧʦʥʝʥʪ 

ʥʘʧʨʷʞʝʥʥʦʩʪʠ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ ʦʩʝʩʠʤʤʝʪʨʠʯʥʦʛʦ ʇʇʇ ʚʥʫʪʨʠ ʜʠʵʣʝʢ-

ʪʨʠʯʝʩʢʦʛʦ ʩʝʨʜʝʯʥʠʢʘ ʧʦʣʫʯʘʝʪʩʷ ʚʳʨʘʞʝʥʠʝ 
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ʈʠʩʫʥʦʢ 5.7 -  ʉʧʘʟʝʨ: ʥʘʥʦʧʨʦ-

ʚʦʣʦʢʘ, ʦʢʨʫʞʝʥʥʘʷ ʢʚʘʥʪʦʚʳ-

ʤʠ ʠʟʣʫʯʘʪʝʣʷʤʠ (ʘ); ʩʭʝʤʘ 

ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʫʨʦʚʥʝʡ ʯʘʩʪʠ-

ʮʳ ʘʢʪʠʚʥʦʡ ʩʨʝʜʳ (ʙ) 
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Ĕ  ï ʦʧʝʨʘʪʦʨʳ ʫʥʠʯʪʦʞʝʥʠʷ ʠ ʨʦʞʜʝʥʠʷ ʇʇʇ. 
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ʉʢʦʨʦʩʪʴ ʜʠʩʩʠʧʘʪʠʚʥʦʛʦ ʟʘʪʫʭʘʥʠʷ ʇʇʇ ʨʘʩʩʯʠʪʳʚʘʝʪʩʷ ʧʦ ʬʦʨʤʫʣʝ 

[99, 144]: 
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ʛʜʝ ()we¡¡2  ï ʤʥʠʤʘʷ ʯʘʩʪʴ ʜʠ-

ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʧʨʦʥʠʮʘʝʤʦʩʪʠ 

ʤʝʪʘʣʣʘ. 

ʍʘʨʘʢʪʝʨʥʘʷ ʜʣʠʥʘ ʧʨʦʙʝʛʘ ʇʇʇ ʤʦʞʝʪ ʙʳʪʴ ʦʮʝʥʝʥʘ ʢʘʢ ʦʪʥʦʰʝʥʠʝ 

ʛʨʫʧʧʦʚʦʡ ʩʢʦʨʦʩʪʠ dkdg w=u  ʇʇʇ ʢ ʩʢʦʨʦʩʪʠ ʟʘʪʫʭʘʥʠʷ gp, ʪ. ʝ. pgpl guº  

[145]. ɺ ʪʘʙʣʠʮʝ 5.1 ʧʨʠʚʝʜʝʥʳ ʜʣʠʥʳ ʧʨʦʙʝʛʘ lp ʠ ʩʢʦʨʦʩʪʠ ʟʘʪʫʭʘʥʠʷ gp ʦʩʝ-

ʩʠʤʤʝʪʨʠʯʥʦʛʦ ʥʠʟʢʦʯʘʩʪʦʪʥʦʛʦ ʇʇʇ, ʚʳʯʠʩʣʝʥʥʳʝ ʧʨʠ ʪʝʭ ʞʝ ʧʘʨʘʤʝʪʨʘʭ ʩʠ-

ʩʪʝʤʳ, ʢʦʪʦʨʳʝ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʧʨʠ ʧʦʣʫʯʝʥʠʠ ʢʨʠʚʳʭ ʥʘ ʨʠʩʫʥʢʝ 5.2ʘ. ʂʘʢ 

ʚʠʜʥʦ ʠʟ ʪʘʙʣʠʮʳ, ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʯʘʩʪʦʪʳ ʇʇʇ ʩʢʦʨʦʩʪʴ ʜʠʩʩʠʧʘʮʠʠ ʚʦʟʨʘʩʪʘ-

ʝʪ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʜʣʠʥʘ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʫʤʝʥʴʰʘʝʪʩʷ. ɺ ʩʨʝʜʥʝʤ, ʧʨʠ ʚʳ-

ʙʨʘʥʥʳʭ ʯʘʩʪʦʪʘʭ ʜʣʠʥʘ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʩʦʩʪʘʚʣʷʝʪ ʥʝʩʢʦʣʴʢʦ ʤʠʢʨʦʤʝʪʨʦʚ. 

ʋʯʠʪʳʚʘʷ, ʯʪʦ ʧʨʦʚʦʜʠʤʦʩʪʴ ʤʝʪʘʣʣʘ ʠ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʤʥʠʤʘʷ ʯʘʩʪʴ ʜʠʵʣʝʢ-

ʪʨʠʯʝʩʢʦʡ ʧʨʦʥʠʮʘʝʤʦʩʪʠ ʟʘʚʠʩʷʪ ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ, ʜʣʠʥʫ ʧʨʦʙʝʛʘ ʤʦʞʥʦ ʨʝʛʫ-

ʣʠʨʦʚʘʪʴ ʠʟʤʝʥʝʥʠʝʤ ʪʝʤʧʝʨʘʪʫʨʳ ʩʠʩʪʝʤʳ. ʂʨʦʤʝ ʪʦʛʦ, ʥʘʢʣʦʥ ʜʠʩʧʝʨʩʠʦʥ-

ʥʦʡ ʢʨʠʚʦʡ (ʨʠʩʫʥʦʢ 5.2ʘ) ʪʘʢʞʝ ʟʘʚʠʩʠʪ ʦʪ ʚʥʫʪʨʝʥʥʝʛʦ ʨʘʜʠʫʩʘ ʦʙʦʣʦʯʢʠ, ʯʪʦ 

ʚʣʠʷʝʪ ʥʘ ʛʨʫʧʧʦʚʫʶ ʩʢʦʨʦʩʪʴ ʠ ʜʣʠʥʫ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʧʣʘʟʤʦʥʘ. 

ʊʘʙʣʠʮʘ 5.1. ɼʠʩʩʠʧʘʪʠʚʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʦʩʝʩʠʤ-

ʤʝʪʨʠʯʥʦʛʦ ʥʠʟʢʦʯʘʩʪʦʪʥʦʛʦ ʇʇʇ ʚ ʩʝʨʝʙʨʷʥʦʡ ʮʠ-

ʣʠʥʜʨʠʯʝʩʢʦʡ ʦʙʦʣʦʯʢʝ 

w, ʬʩ
-1

 ()we¡¡2  gp, ʧʩ
-1
 lp, ʤʢʤ d, ʥʤ 

2.5 0.30 20.19 3.45 23.0 

3.0 0.18 21.44 2.56 19.5 

3.5 0.11 22.52 1.84 16.2 

4.0 0.07 23.41 1.22 13.1 

4.5 0.05 24.10 0.72 10.0 
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ɼʣʷ ʧʦʜʪʚʝʨʞʜʝʥʠʷ ʪʦʛʦ ʬʘʢʪʘ, ʯʪʦ ʙʦʣʴʰʝʡ ʣʦʢʘʣʠʟʘʮʠʠ ʧʣʘʟʤʦʥʦʚ ʩʦ-

ʦʪʚʝʪʩʪʚʫʝʪ ʤʝʥʴʰʘʷ ʜʣʠʥʘ ʝʛʦ ʧʨʦʙʝʛʘ, ʚ ʪʘʙʣʠʮʝ 5.1 ʧʨʠʚʝʜʝʥʘ ʦʮʝʥʢʘ ʦʙʣʘ-

ʩʪʠ ʣʦʢʘʣʠʟʘʮʠʠ ʧʣʘʟʤʦʥʦʚ d ʚ ʜʠʵʣʝʢʪʨʠʢʝ, ʦʢʨʫʞʘʶʱʝʤ ʥʘʥʦʧʨʦʚʦʣʢʫ. d 

ʦʧʨʝʜʝʣʝʥʘ ʢʘʢ ʨʘʩʩʪʦʷʥʠʝ ʦʪ ʧʦʚʝʨʭʥʦʩʪʠ ʧʨʦʚʦʣʦʢʠ, ʥʘ ʢʦʪʦʨʦʤ ʥʘʧʨʷʞʝʥ-

ʥʦʩʪʴ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ ʧʣʘʟʤʦʥʘ ʫʙʳʚʘʝʪ ʚ ʝ ʨʘʟ.  

ɺ ʦʧʝʨʘʪʦʨʝ ʥʘʧʨʷʞʝʥʥʦʩʪʠ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ ʇʇʇ ʜʣʷ ʚʳʯʠʩʣʝʥʠʷ 

ʥʝʜʠʘʛʦʥʘʣʴʥʳʭ ʵʣʝʤʝʥʪʦʚ ʛʘʤʠʣʴʪʦʥʠʘʥʘ ʦʧʝʨʘʪʦʨ ʫʥʠʯʪʦʞʝʥʠʷ ʧʣʘʟʤʦʥʘ 

()tak
Ĕ , ʠʤʝʶʱʠʡ ʚʨʝʤʝʥʥʫʶ ʟʘʚʠʩʠʤʦʩʪʴ, ʟʘʤʝʥʷʝʪʩʷ ʢʣʘʩʩʠʯʝʩʢʦʡ ʚʝʣʠʯʠʥʦʡ 
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( )tki
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w-

= 0
, ʛʜʝ 

zka0  ï ʤʝʜʣʝʥʥʦ ʤʝʥʷʶʱʘʷʩʷ ʘʤʧʣʠʪʫʜʘ, ʦʧʨʝʜʝʣʷʶʱʘʷ 

ʯʠʩʣʦ ʧʣʘʟʤʦʥʦʚ 
2

0 zkp aN =  [93], ʪʦʛʜʘ 
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0, rArAdrEd , 

ʛʜʝ j = 1, 3, 
()()rA

j

kz
ï ʘʤʧʣʠʪʫʜʘ ʥʘʧʨʷʞʝʥʥʦʩʪʠ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ ʇʇʇ. 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʚʳʯʠʩʣʝʥʠʷ ʢʦʤʤʫʪʘʪʦʨʘ ʦʧʝʨʘʪʦʨʘ ɻʘʤʠʣʴʪʦʥʘ ʩ ʤʘʪʨʠʮʝʡ 

ʧʣʦʪʥʦʩʪʠ ʚ ʫʨʘʚʥʝʥʠʠ ʃʠʫʚʠʣʣʷ ʧʦʣʫʯʘʝʪʩʷ ʩʠʩʪʝʤʘ ʫʨʘʚʥʝʥʠʡ ʜʣʷ ʵʣʝʤʝʥʪʦʚ 

ʤʘʪʨʠʮʳ ʧʣʦʪʥʦʩʪʠ. ʇʨʠ ʫʩʣʦʚʠʠ ʤʝʜʣʝʥʥʦ ʠʟʤʝʥʷʶʱʠʭʩʷ ʘʤʧʣʠʪʫʜ ʧʦ ʧʨʦ-

ʜʦʣʴʥʳʤ ʚʦʣʥʦʚʳʤ ʯʠʩʣʘʤ ʥʝʦʙʭʦʜʠʤʦ ʫʯʠʪʳʚʘʪʴ ʣʠʰʴ ʪʝ ʩʣʘʛʘʝʤʳʝ, ʢʦʪʦʨʳʝ 

ʥʝ ʩʦʜʝʨʞʘʪ ʦʩʮʠʣʣʷʮʠʦʥʥʳʭ ʤʥʦʞʠʪʝʣʝʡ. ʊʝʤ ʩʘʤʳʤ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʫʤʥʦʞʝʥʠʷ 
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r  ʦʩʪʘʝʪʩʷ ʦʜʥʦ ʩʣʘʛʘʝʤʦʝ 

()()
120 11
r

zz k

j

k arA ,
 
ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʝ ʯʘʩʪʦʪʝ ʧʣʘʟʤʦʥʘ ( )

211 w=w zk , ʘ ʧʨʠ ʫʤʥʦʞʝ-

ʥʠʠ ʥʘ 
ti

e 31

13

w
r  ʦʩʪʘʝʪʩʷ ʩʣʘʛʘʝʤʦʝ 

()()
130 22
r

zz k

j

k arA , ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʝ ( )
312 w=w zk .  

ʀʟ ʫʨʘʚʥʝʥʠʷ ɻʝʡʟʝʥʙʝʨʛʘ [ ]totkk Haai
zz

Ĕ,ĔĔ ="Z  ʩʣʝʜʫʶʪ ʫʨʘʚʥʝʥʠʷ ʜʣʷ ʘʤʧʣʠ-

ʪʫʜ ʧʣʘʟʤʦʥʥʦʛʦ ʧʦʣʷ. ɺ ʫʨʘʚʥʝʥʠʠ ɻʝʡʟʝʥʙʝʨʛʘ ʧʦʣʥʳʡ ʛʘʤʠʣʴʪʦʥʠʘʥ ʩʠʩʪʝ-

ʤʳ ʟʘʧʠʩʳʚʘʝʪʩʷ ʚ ʚʠʜʝ [93]: 
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ʛʜʝ ( ) ( )titititi
eeee 31312121

311313211212

w-ww-w
r+r+r+r= ddd  ï ʩʨʝʜʥʠʡ ʜʠʧʦʣʴʥʳʡ ʤʦ-

ʤʝʥʪ ʊʋʉ [146], 
gH ï ʛʘʤʠʣʴʪʦʥʠʘʥ ʫʩʠʣʠʚʘʶʱʝʡ ʩʨʝʜʳ, ʩʦʜʝʨʞʘʱʝʡ N0 ʢʚʘʥ-

ʪʦʚʳʭ ʠʟʣʫʯʘʪʝʣʝʡ.  

ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʦʣʫʯʘʝʪʩʷ ʩʠʩʪʝʤʘ ʥʝʣʠʥʝʡʥʳʭ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʭ ʫʨʘʚ-

ʥʝʥʠʡ ʧʝʨʚʦʛʦ ʧʦʨʷʜʢʘ ʜʣʷ ʤʝʜʣʝʥʥʦ ʠʟʤʝʥʷʶʱʠʭʩʷ ʵʣʝʤʝʥʪʦʚ ʤʘʪʨʠʮʳ ʧʣʦʪ-

ʥʦʩʪʠ ʦʧʨʝʜʝʣʝʥʥʦʡ ʊʋʉ ʠ ʘʤʧʣʠʪʫʜ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ ʇʇʇ ʩ ʯʘʩʪʦʪʘʤʠ w1 

ʠ w2. ʋʯʠʪʳʚʘʷ ʨʝʣʘʢʩʘʮʠʶ ʠ ʥʘʢʘʯʢʫ, ʩʠʩʪʝʤʫ ʫʨʘʚʥʝʥʠʡ, ʦʧʠʩʳʚʘʶʱʫʶ ʜʠ-

ʥʘʤʠʢʫ ʩʧʘʟʝʨʘ, ʤʦʞʥʦ ʟʘʧʠʩʘʪʴ ʚ ʩʣʝʜʫʶʱʝʤ ʚʠʜʝ:  
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(5.5) 

() () ()( ) () ()( )

() ()( ) ()( ) () ()( )

() () ()( ),21
3

2

21
3

1
1

3

1

Im4Im2

312131

312121233121

130131201231 21

tntn

tntntntng

tatatn

j

j

k

j

k

j

zz

+-g-

--+g-g+--+

+rW-rW-="

 (5.6) 
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12122112 1
W+rG-=r" , (5.7) 
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13133113 2
W+rG-=r" , (5.8) 

() () () ()tiNtata
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*

120010 11
rW+g-=" , (5.9) 

() () () ()tiNtata
j

kpk z

*

13

*

130020 22
rW+g-=" . (5.10) 

ɿʜʝʩʴ () () ()tttn 112221 r-r=  ʠ () () ()tttn 113331 r-r=  ï ʩʨʝʜʥʠʝ ʟʥʘʯʝʥʠʷ ʠʥ-

ʚʝʨʩʠʡ ʥʘʩʝʣʝʥʥʦʩʪʝʡ ʊʋʉ, () () () 1332211 =r+r+r ttt , 
()j
21g  ʠ 

()j
31g  ï ʩʨʝʜʥʠʝ ʟʥʘʯʝ-

ʥʠʷ ʩʢʦʨʦʩʪʝʡ ʙʝʟʳʟʣʫʯʘʪʝʣʴʥʦʛʦ ʧʝʨʝʥʦʩʘ ʵʥʝʨʛʠʠ ʦʪ ʊʋʉ ʢ ʥʘʥʦʧʨʦʚʦʣʦʢʝ, 

ʢʦʪʦʨʳʡ ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʨʦʞʜʝʥʠʝʤ ʇʇʇ, 23g  ï ʩʢʦʨʦʩʪʴ ʥʝ ʩʦʧʨʦʚʦʞʜʘʶʱʝ-
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ʛʦʩʷ ʨʦʞʜʝʥʠʝʤ ʇʇʇ ʧʝʨʝʭʦʜʘ ʊʋʉ ʠʟ ʩʦʩʪʦʷʥʠʷ ç2è ʚ ʩʦʩʪʦʷʥʠʝ ç3è, 21G  ʠ 

31G  ï ʩʢʦʨʦʩʪʠ ʨʝʣʘʢʩʘʮʠʠ ʥʝʜʠʘʛʦʥʘʣʴʥʳʭ ʵʣʝʤʝʥʪʦʚ ʤʘʪʨʠʮʳ ʧʣʦʪʥʦʩʪʠ, g ï 

ʩʢʦʨʦʩʪʴ ʥʘʢʘʯʢʠ. ʏʝʨʝʟ ()
()

() ()

()()Zj

j

k

j

z
rAd

21312312 Ö=W
 
ʦʙʦʟʥʘʯʝʥʳ ʯʘʩʪʦʪʳ ʈʘʙʠ.  

ɿʘʤʝʪʠʤ, ʯʪʦ ʠʟ ʩʠʩʪʝʤʳ (5.5) ï (5.10) ʠʩʢʣʶʯʝʥʦ ʫʨʘʚʥʝʥʠʝ ʜʣʷ ()t23r , 

ʧʦʩʢʦʣʴʢʫ ʦʥʦ ʥʝ ʩʚʷʟʘʥʦ ʩ ʦʩʪʘʣʴʥʳʤʠ ʫʨʘʚʥʝʥʠʷʤʠ ʩʠʩʪʝʤʳ. 

ɺ ʫʨʘʚʥʝʥʠʷʭ (5.5) ʠ (5.6) ʫʯʠʪʳʚʘʶʪʩʷ ʪʦʣʴʢʦ ʩʢʦʨʦʩʪʠ ʙʝʟʳʟʣʫʯʘʪʝʣʴ-

ʥʦʛʦ ʧʝʨʝʥʦʩʘ ʵʥʝʨʛʠʠ ʦʪ ʊʋʉ ʢ ʥʘʥʦʧʨʦʚʦʣʦʢʝ 
()j
21g  ʠ 

()j
31g , ʧʦʩʢʦʣʴʢʫ ʧʨʠ ʙʣʠʟ-

ʢʦʤ ʨʘʩʧʦʣʦʞʝʥʠʠ ʊʋʉ ʦʪ ʧʦʚʝʨʭʥʦʩʪʠ ʥʘʥʦʧʨʦʚʦʣʦʢʠ ʵʪʠ ʩʢʦʨʦʩʪʠ ʧʨʝʚʦʩʭʦ-

ʜʷʪ ʩʢʦʨʦʩʪʠ ʩʧʦʥʪʘʥʥʦʛʦ ʠʟʣʫʯʝʥʠʷ. ʂʨʦʤʝ ʪʦʛʦ, ʝʩʣʠ ʜʠʧʦʣʴʥʳʝ ʤʦʤʝʥʪʳ ʧʝ-

ʨʝʭʦʜʘ ʚ ʊʋʉ ʧʘʨʘʣʣʝʣʴʥʳ ʧʦʚʝʨʭʥʦʩʪʠ ʥʘʥʦʧʨʦʚʦʣʦʢʠ (ʦʩʠ z), ʪʦ ʩʢʦʨʦʩʪʴ 

ʩʧʦʥʪʘʥʥʦʛʦ ʠʟʣʫʯʝʥʠʷ ʤʝʥʴʰʝ ʩʢʦʨʦʩʪʠ ʠʟʣʫʯʝʥʠʷ ʚ ʚʘʢʫʫʤʝ, ʢʘʢ ʧʦʢʘʟʘʥʦ ʚ 

ʨʘʙʦʪʘʭ [147-149]. ʇʦʵʪʦʤʫ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʊʋʉ ʩ ʬʦʪʦʥʥʳʤʠ ʤʦʜʘʤʠ ʥʝ ʧʨʠ-

ʥʠʤʘʣʦʩʴ ʚʦ ʚʥʠʤʘʥʠʝ. ɼʣʷ ʨʘʩʯʝʪʘ ʩʢʦʨʦʩʪʝʡ 
()j
21g  ʠ 

()j
31g  ʠʩʧʦʣʴʟʦʚʘʣʘʩʴ ʢʚʘʥ-

ʪʦʚʦʤʝʭʘʥʠʯʝʩʢʘʷ ʪʝʦʨʠʷ ʚʦʟʤʫʱʝʥʠʡ 

 

()
()

()
() ( ) ()( )

132

2

3122132 01
2

w-wdÖ
p

=g ä z

k

k

j

k

j
k

z

zz
Ed

Z
, 

 

ʛʜʝ
 zk0  ʠ 

zk1  - ʚʦʣʥʦʚʳʝ ʬʫʥʢʮʠʠ ʩʦʩʪʦʷʥʠʡ ʙʝʟ ʧʣʘʟʤʦʥʦʚ ʠ ʩ ʦʜʥʠʤ ʥʠʟʢʦ-

ʯʘʩʪʦʪʥʳʤ ʦʩʝʩʠʤʤʝʪʨʠʯʥʳʤ ʧʣʘʟʤʦʥʦʤ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. 

ʇʨʠ ʢʘʩʘʪʝʣʴʥʦʡ ʢ ʧʦʚʝʨʭʥʦʩʪʠ ʥʘʥʦʧʨʦʚʦʣʦʢʠ ʦʨʠʝʥʪʘʮʠʠ ʜʠʧʦʣʴʥʦʛʦ 

ʤʦʤʝʥʪʘ ʊʋʉ, ʨʘʩʧʦʣʦʞʝʥʥʦʡ ʚʥʝ ʥʘʥʦʧʨʦʚʦʣʦʢʠ, ʜʣʷ ʩʢʦʨʦʩʪʠ ʧʝʨʝʥʦʩʘ ʧʦ-

ʣʫʯʘʝʪʩʷ ʚʳʨʘʞʝʥʠʝ ()
() () ()

()
( )( ) () ()( )

13223

2

0

2

2

3123

132

4
w-wdD+

wp
=g ä z

k z

z kRRqKZ
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ʛʜʝ DR ï ʨʘʩʩʪʦʷʥʠʝ ʦʪ ʊʋʉ ʜʦ ʧʦʚʝʨʭʥʦʩʪʠ ʮʠʣʠʥʜʨʠʯʝʩʢʦʡ ʦʙʦʣʦʯʢʠ. ʇʦʣʫ-

ʯʝʥʥʘʷ ʬʦʨʤʫʣʘ ʧʦʩʣʝ ʨʘʟʣʦʞʝʥʠʷ ʘʨʛʫʤʝʥʪʘ ʜʝʣʴʪʘ-ʬʫʥʢʮʠʠ ʚ ʨʷʜ 



 

127 

 

() ()( )
()

()( )
21

1

132
21

zzkkz kkdkdk
zz

-dwºw-wd
-

=
 ʠ ʟʘʤʝʥʳ ʩʫʤʤʠʨʦʚʘʥʠʷ ʧʦ ʚʦʣʥʦʚʳʤ 

ʯʠʩʣʘʤ ʠʥʪʝʛʨʠʨʦʚʘʥʠʝʤ ʧʨʠʚʦʜʠʪʩʷ ʢ ʚʠʜʫ: 
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ʏʪʦʙʳ ʥʘʡʪʠ ()
()1

132g  ʜʣʷ ʊʋʉ, ʨʘʩʧʦʣʦʞʝʥʥʦʡ ʚʦ ʚʥʫʪʨʝʥʥʝʡ ʦʙʣʘʩʪʠ ʥʘʥʦ-

ʧʨʦʚʦʣʦʢʠ, ʥʫʞʥʦ ʚ ʧʦʣʫʯʝʥʥʦʡ ʬʦʨʤʫʣʝ ʟʘʤʝʥʠʪʴ ( )( )RRqKZ D+23

2

0

2
 ʥʘ 

( )( )RRqI D-11

2

0 .  

ʉʠʩʪʝʤʘ (5.5) ï (5.10) ʠʤʝʝʪ ʯʝʪʳʨʝ ʩʪʘʮʠʦʥʘʨʥʳʭ ʨʝʰʝʥʠʷ. ɺ ʧʝʨʚʦʤ 

ʨʝʰʝʥʠʠ ʯʠʩʣʘ ʧʣʘʟʤʦʥʦʚ ʦʙʝʠʭ ʯʘʩʪʦʪ 
2

01
1z

kp aN =  ʠ 
2

02
2zkp aN =  ʦʪʣʠʯʥʳ ʦʪ 

ʥʫʣʷ  

( ) ()
ö
÷

õ
æ
ç

å
WGg= 0

2

1221121 Nn
j

ps
, (5.11) 

( ) ()
ö
÷

õ
æ
ç

å
WGg= 0

2

1331231 Nn
j

ps
, (5.12) 

( )
()

( ) ()( )( )( )
312123213121

21

2

12

21
1 211

6

nnnng

n

N
j

jsp -+g+g---

W

G
= , (5.13) 

( )
()

( ) ()( )( )
312131312123

31

2

13

31
2 2121

6

nnnn

n

N
j

jsp +-g--+g

W

G
= . (5.14) 

ɺʦ ʚʪʦʨʦʤ ʨʝʰʝʥʠʠ ( ) 01 =
splN , ʪʦʛʜʘ ( )

sn21  ʦʧʨʝʜʝʣʷʝʪʩʷ ʬʦʨʤʫʣʦʡ 

( ) ()( )( ) ()( )( )jj

s
gngn 212331212321 21 g+g+-g-g-= , (5.15) 

ʘ ʜʣʷ ( )
s

n31
 ʠ ( )

spN 2  ʩʧʨʘʚʝʜʣʠʚʳ ʬʦʨʤʫʣʳ (5.13) ʠ (5.15), ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. 

ɽʩʣʠ ( ) 02 =
spN , ʪʦ  

( ) () ( ) ()( )( ) ()( )jj

s

j

s
nn 3123312321312331 22 g+gg+g+g-g= ,  (5.16) 
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ʘ ( )
s

n21
 ʠ ( )

spN 1  ʟʘʜʘʶʪʩʷ ʚʳʨʘʞʝʥʠʷʤʠ (5.11) ʠ (5.12). ʊʘʢʞʝ ʩʫʱʝʩʪʚʫʝʪ ʪʨʠ-

ʚʠʘʣʴʥʦʝ ʨʝʰʝʥʠʝ, ʢʦʛʜʘ ( ) 01 =
spN  ʠ ( ) 02 =

spN , ʢʦʪʦʨʦʝ ʥʝ ʧʨʝʜʩʪʘʚʣʷʝʪ ʠʥʪʝ-

ʨʝʩʘ, ʧʦʩʢʦʣʴʢʫ ʥʝ ʦʧʠʩʳʚʘʝʪ ʛʝʥʝʨʘʮʠʶ ʧʣʘʟʤʦʥʦʚ. ɺ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʩʢʦʨʦ-

ʩʪʝʡ ʨʝʣʘʢʩʘʮʠʠ ʫʩʪʦʡʯʠʚʳʤ ʦʢʘʟʳʚʘʝʪʩʷ ʦʜʥʦ ʠʟ ʨʝʰʝʥʠʡ. ʇʨʠ ʵʪʦʤ ʯʠʩʣʘ 

ʧʣʘʟʤʦʥʦʚ ʥʝ ʜʦʣʞʥʳ ʙʳʪʴ ʦʪʨʠʮʘʪʝʣʴʥʳʤʠ, ʘ ʩʫʤʤʘ ʠʥʚʝʨʩʠʡ ʥʘʩʝʣʝʥʥʦʩʪʝʡ 

ʥʝ ʜʦʣʞʥʘ ʧʨʝʚʦʩʭʦʜʠʪʴ 1. ɽʩʣʠ ʫʩʪʦʡʯʠʚʳʤ ʦʢʘʟʳʚʘʝʪʩʷ ʧʝʨʚʦʝ ʨʝʰʝʥʠʝ, ʪʦ ʚ 

ʩʠʩʪʝʤʝ ʧʨʦʠʩʭʦʜʠʪ ʛʝʥʝʨʘʮʠʷ ʧʣʘʟʤʦʥʦʚ ʥʘ ʜʚʫʭ ʯʘʩʪʦʪʘʭ 21w  ʠ 31w , ʧʨʠʯʝʤ 

ʯʠʩʣʦ ʧʣʘʟʤʦʥʦʚ ʩ ʯʘʩʪʦʪʦʡ 21w  ʣʠʥʝʡʥʦ ʨʘʩʪʝʪ ʩ ʨʦʩʪʦʤ ʩʢʦʨʦʩʪʠ ʥʘʢʘʯʢʠ g, 

ʪʦʛʜʘ ʢʘʢ ʯʠʩʣʦ ʧʣʘʟʤʦʥʦʚ ʩ ʯʘʩʪʦʪʦʡ 31w  ʥʝ ʟʘʚʠʩʠʪ ʦʪ g. ʇʦʨʦʛ ʛʝʥʝʨʘʮʠʠ ʚ 

ʵʪʦʤ ʩʣʫʯʘʝ ʤʦʞʝʪ ʙʳʪʴ ʥʘʡʜʝʥ ʠʟ ʬʦʨʤʫʣʳ (5.14) ʧʨʠ ( ) 01 =
spN   

()( ) ( ) ( )( ) ( ) ( )( )
ssss

j

th nnnng 3121312123211 121 ---+g+g= . (5.17) 

ʂʦʛʜʘ ʫʩʪʦʡʯʠʚʦ ʚʪʦʨʦʝ ʨʝʰʝʥʠʝ, ʛʝʥʝʨʠʨʫʶʪʩʷ ʧʣʘʟʤʦʥʳ ʩ ʯʘʩʪʦʪʦʡ ,31w  

ʠ ʠʭ ʢʦʣʠʯʝʩʪʚʦ ʥʝʣʠʥʝʡʥʦ ʨʘʩʪʝʪ ʩ ʨʦʩʪʦʤ g [95]. ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʧʦʨʦʛ ʛʝʥʝʨʘ-

ʮʠʠ ʦʧʨʝʜʝʣʷʝʪʩʷ ʠʟ ʬʦʨʤʫʣ (5.14) ʠ (5.15) 

() ()( ) ( )( ) ()( )( )( )
s

j

s

jj

th nng 31233123312321312 1 g+g-g+g+gg= . 

ɽʩʣʠ ʫʩʪʦʡʯʠʚʦ ʪʨʝʪʴʝ ʨʝʰʝʥʠʝ, ʪʦ ʛʝʥʝʨʠʨʫʶʪʩʷ ʧʣʘʟʤʦʥʳ ʩ ʯʘʩʪʦʪʦʡ 

21w , ʢʦʣʠʯʝʩʪʚʦ ʢʦʪʦʨʳʭ ʣʠʥʝʡʥʦ ʚʦʟʨʘʩʪʘʝʪ ʩ ʨʦʩʪʦʤ g. ʇʦʨʦʛ ʛʝʥʝʨʘʮʠʠ ʟʘʜʘ-

ʝʪʩʷ ʬʦʨʤʫʣʦʡ (5.17) ʩ ʫʯʝʪʦʤ (5.16). 

 

 

5.3 ʈʘʩʯʝʪʳ ʜʠʥʘʤʠʢʠ ʩʧʘʟʝʨʘ 

 

ɺ ʨʘʩʯʝʪʘʭ ʜʠʥʘʤʠʢʠ ʩʧʘʟʝʨʘ ʩʯʠʪʘʣʦʩʴ, ʯʪʦ ʚʩʝ ʤʦʣʝʢʫʣʳ ʦʪʩʪʦʷʪ ʥʘ 

ʦʜʠʥʘʢʦʚʦʤ ʨʘʩʩʪʦʷʥʠʠ æR ʦʪ ʧʦʚʝʨʭʥʦʩʪʠ ʥʘʥʦʧʨʦʚʦʣʦʢʠ. ɼʣʠʥʘ ʥʘʥʦʧʨʦʚʦ-

ʣʦʢʠ ʙʳʣʘ ʚʳʙʨʘʥʘ ʨʘʚʥʦʡ L= 1 ʤʢʤ, ʯʪʦ ʩʨʘʚʥʠʤʦ ʩ ʜʣʠʥʦʡ ʧʨʦʙʝʛʘ ʇʇʇ ʧʨʠ 

ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ, ʢʘʢ ʩʣʝʜʫʝʪ ʠʟ ʪʘʙʣʠʮʳ 5.1. ʏʘʩʪʦʪʘ ʈʘʙʠ ()
()j

312W  ʩʯʠʪʘ-

ʣʘʩʴ ʜʝʡʩʪʚʠʪʝʣʴʥʦʡ ʠ ʨʘʚʥʦʡ ()
() 2

312

j
W . ɼʣʷ ʫʣʫʯʰʝʥʠʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʥʘʥʦ-
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ʧʨʦʚʦʣʦʢʠ ʢʘʢ ʨʝʟʦʥʘʪʦʨʘ ʥʝʦʙʭʦʜʠʤʦ ʜʦʙʠʪʴʩʷ ʫʚʝʣʠʯʝʥʠʷ ʜʣʠʥʳ ʧʨʦʙʝʛʘ 

ʵʣʝʢʪʨʦʥʘ, ʯʪʦ ʜʦʩʪʠʛʘʝʪʩʷ ʧʫʪʝʤ ʩʥʠʞʝʥʠʝʤ ʪʝʤʧʝʨʘʪʫʨʳ. ʊʘʢ, ʧʨʠ ʪʝʤʧʝʨʘʪʫ-

ʨʝ ~ 150 K [91] ʯʘʩʪʦʪʘ ʵʣʝʢʪʨʦʥ-ʬʦʥʦʥʥʳʭ ʩʪʦʣʢʥʦʚʝʥʠʡ ʫʤʝʥʴʰʘʝʪʩʷ ʚ 2 ʨʘʟʘ, 

ʠ ʚʤʝʩʪʝ ʩ ʪʝʤ ʫʤʝʥʴʰʘʝʪʩʷ ʠ ʩʢʦʨʦʩʪʴ ʟʘʪʫʭʘʥʠʷ ʇʇʇ. ɺʳʨʘʞʝʥʠʷ ʜʣʷ ʩʪʘʮʠ-

ʦʥʘʨʥʳʭ ʨʝʰʝʥʠʡ (5.11) ï (5.16) ʧʦʟʚʦʣʷʶʪ ʫʩʪʘʥʦʚʠʪʴ ʚʟʘʠʤʦʩʚʷʟʴ ʤʝʞʜʫ ʩʢʦ-

ʨʦʩʪʴʶ ʟʘʪʫʭʘʥʠʷ ʠ ʠʥʚʝʨʩʠʝʡ ʥʘʩʝʣʝʥʥʦʩʪʝʡ, ʩ ʫʤʝʥʴʰʝʥʠʝʤ ʦʜʥʦʡ ʚʝʣʠʯʠʥʳ 

ʚʪʦʨʘʷ ʪʦʞʝ ʩʥʠʞʘʝʪʩʷ, ʯʪʦ ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ ʧʨʠʚʦʜʠʪ ʢ ʙʦʣʴʰʝʤʫ ʯʠʩʣʫ ʛʝʥʝʨʠ-

ʨʫʝʤʳʭ ʧʣʘʟʤʦʥʦʚ. ʏʘʩʪʦʪʳ ʧʝʨʝʭʦʜʦʚ 21w  
ʠ 31w  ʚ ʊʋʉ ʚʳʙʠʨʘʣʠʩʴ ʨʘʚʥʳʤʠ 

ʩʦʙʩʪʚʝʥʥʳʤ ʯʘʩʪʦʪʘʤ ʇʇʇ. ʊʘʢ, ʧʨʦʜʦʣʴʥʦʤʫ ʚʦʣʥʦʚʦʤʫ ʯʠʩʣʫ k1 = 14p/L ʦʪ-

ʚʝʯʘʝʪ ʯʘʩʪʦʪʘ 56.321=w  ʬʩ
-1
, ʘ ʯʠʩʣʫ k2 = 10p/L ï ʯʘʩʪʦʪʘ 97.231=w  ʬʩ

-1
 ʧʨʠ 

ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ ʠ ʵʣʝʢʪʨʦʜʠʥʘʤʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʘʭ ʥʘʥʦʧʨʦʚʦʣʦʢʠ, ʠʩʧʦʣʴʟʦ-

ʚʘʥʥʳʭ ʧʨʠ ʧʦʣʫʯʝʥʠʠ ʟʘʢʦʥʦʚ ʜʠʩʧʝʨʩʠʠ ʥʘ ʨʠʩʫʥʢʝ 5.2ʙ. ʉʦʦʪʚʝʪʩʪʚʫʶʱʠʝ 

ʵʪʠʤ ʯʘʩʪʦʪʘʤ ʩʢʦʨʦʩʪʠ ʟʘʪʫʭʘʥʠʷ ʇʇʇ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 150 K ʨʘʚʥʳ        

32.111=gp  
ʧʩ

-1
 ʠ 07.102 =gp

 ʧʩ
-1
. ɼʦʙʨʦʪʥʦʩʪʴ ʥʘʥʦʧʨʦʚʦʣʦʢʠ-ʨʝʟʦʥʘʪʦʨʘ, 

ʦʧʨʝʜʝʣʷʝʤʘʷ ʢʘʢ ʦʪʥʦʰʝʥʠʝ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʡ ʵʥʝʨʛʠʠ, ʩʦʩʨʝʜʦʪʦʯʝʥʥʦʡ ʚ 

ʦʙʣʘʩʪʠ ʩʝʨʝʙʨʷʥʦʡ ʦʙʦʣʦʯʢʠ, ʢ ʵʥʝʨʛʠʠ, ʨʘʩʩʝʠʚʘʝʤʦʡ ʟʘ ʧʝʨʠʦʜ ʢʦʣʝʙʘʥʠʡ 

ʧʦʣʷ, ʩʦʩʪʘʚʠʣʘ Q1 º 180 ʥʘ ʯʘʩʪʦʪʝ 21w  ʠ Q2 º 240 ʥʘ ʯʘʩʪʦʪʝ 31w  ʧʨʠ ʚʳʙʨʘʥ-

ʥʳʭ ʧʘʨʘʤʝʪʨʘʭ ʤʦʜʝʣʠ. ʆʜʥʘʢʦ ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʵʪʠ ʟʥʘʯʝʥʠʷ ʚ 

ʧʨʠʙʣʠʟʠʪʝʣʴʥʦ ʜʚʘ ʨʘʟʘ ʤʝʥʴʰʝ. ɺ ʨʘʩʯʝʪʘʭ ʧʨʝʜʧʦʣʘʛʘʣʦʩʴ, ʯʪʦ ʊʋʉ ʨʘʩʧʦ-

ʣʦʞʝʥʳ ʭʘʦʪʠʯʥʦ ʩʥʘʨʫʞʠ ʥʘʥʦʧʨʦʚʦʣʦʢʠ, ʘ ʜʠʧʦʣʴʥʳʝ ʤʦʤʝʥʪʳ ʧʝʨʝʭʦʜʦʚ 

ʦʨʠʝʥʪʠʨʦʚʘʥʳ ʧʘʨʘʣʣʝʣʴʥʦ ʦʩʠ ʥʘʥʦʧʨʦʚʦʣʦʢʠ. ʊʘʢʘʷ ʩʠʪʫʘʮʠʷ ʤʦʞʝʪ ʚʦʟ-

ʥʠʢʥʫʪʴ, ʝʩʣʠ ʥʘʢʘʯʢʘ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʩ ʧʦʤʦʱʴʶ ʣʠʥʝʡʥʦ ʧʦʣʷʨʠʟʦʚʘʥʥʦʛʦ 

ʩʚʝʪʘ, ʢʦʪʦʨʳʡ ʨʘʩʧʨʦʩʪʨʘʥʷʝʪʩʷ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦ ʦʩʠ ʥʘʥʦʧʨʦʚʦʣʦʢʠ, ʧʨʠ 

ʵʪʦʤ ʚʝʢʪʦʨ ʥʘʧʨʷʞʝʥʥʦʩʪʠ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ ʧʘʨʘʣʣʝʣʝʥ ʵʪʦʡ ʦʩʠ. ɺ ʨʝ-

ʟʫʣʴʪʘʪʝ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʚʦʟʙʫʞʜʘʶʪʩʷ ʢʚʘʥʪʦʚʳʝ ʠʟʣʫʯʘʪʝʣʠ ʩ ʫʢʘʟʘʥʥʳʤ 

ʥʘʧʨʘʚʣʝʥʠʝʤ ʜʠʧʦʣʴʥʦʛʦ ʤʦʤʝʥʪʘ ʧʝʨʝʭʦʜʘ. ɼʣʷ ʊʋʉ ʚʳʙʠʨʘʣʠʩʴ ʩʣʝʜʫʶʱʠʝ 

ʟʥʘʯʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ: 503121 =G=G  ʧʩ
-1
, 201312 ==dd  ɼ. ʂʦʛʜʘ ʨʘʩʩʪʦʷʥʠʝ ʦʪ 

ʊʋʉ ʜʦ ʚʥʝʰʥʝʡ ʧʦʚʝʨʭʥʦʩʪʠ ʥʘʥʦʧʨʦʚʦʣʦʢʠ 3=DR ʥʤ, ʜʣʷ ʩʢʦʨʦʩʪʝʡ ʧʝʨʝʥʦ-
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ʩʘ ʵʥʝʨʛʠʠ ʦʪ ʊʋʉ ʢ ʥʘʥʦʧʨʦʚʦʣʦʢʝ ʠ ʯʘʩʪʦʪ ʈʘʙʠ ʧʦʣʫʯʘʶʪʩʷ ʩʣʝʜʫʶʱʠʝ 

ʫʩʨʝʜʥʝʥʥʳʝ ʟʥʘʯʝʥʠʷ: 
()

11.21
3

21 =g ʥʩ
-1
, 

()
75.8

3

31 =g ʥʩ
-1
, 

()
65.0

3

12 =W ʧʩ
-1
 ʠ 

()
50.0

3

13 =W ʧʩ
-1
. ʂʦʣʠʯʝʩʪʚʦ ʊʋʉ, ʦʢʨʫʞʘʶʱʠʭ ʨʝʟʦʥʘʪʦʨ ʩʦʩʪʘʚʣʷʣʦ N0 = 5000. 

 

ʅʘ ʨʠʩʫʥʢʝ 5.8 ʧʨʝʜʩʪʘʚʣʝʥʘ ʜʠʥʘʤʠʢʘ ʩʧʘʟʝʨʘ ʧʨʠ ʨʘʟʥʳʭ ʟʥʘʯʝʥʠʷʭ 

ʩʢʦʨʦʩʪʠ 23g . ʉʠʩʪʝʤʘ ʫʨʘʚʥʝʥʠʡ (5.5) ï (5.10) ʨʝʰʘʣʘʩʴ ʯʠʩʣʝʥʥʦ ʧʨʠ ʩʣʝʜʫ-

ʶʱʠʭ ʥʘʯʘʣʴʥʳʭ ʫʩʣʦʚʠʷʭ: 13121 -==nn , i1.01312 =r=r , 001.0
21 00 ==

zz kk aa . 

ʀʟ ʨʠʩʫʥʢʘ ʚʠʜʥʦ, ʯʪʦ ʩ ʨʦʩʪʦʤ 23g  ʩʪʘʮʠʦʥʘʨʥʦʝ ʯʠʩʣʦ ʧʣʘʟʤʦʥʦʚ ʯʘʩʪʦʪʳ 21w  

ʫʤʝʥʴʰʘʝʪʩʷ, ʘ ʯʘʩʪʦʪʳ 31w  ʨʘʩʪʝʪ. ɽʩʣʠ g23 ¢ 
()3
21g , ʪʦ ʥʘʙʣʶʜʘʝʪʩʷ ʛʝʥʝʨʘʮʠʷ 

  

  
ʈʠʩʫʥʦʢ 5.8 - ɺʨʝʤʝʥʥʳʝ ʟʘʚʠʩʠʤʦʩʪʠ ʠʥʚʝʨʩʠʠ ʥʘʩʝʣʝʥʥʦʩʪʝʡ  21n  (ʘ),  31n  (ʙ), ʯʠʩʣʘ 

ʧʣʘʟʤʦʥʦʚ  1pN  (ʚ) ʠ  2pN  (ʛ) ʧʨʠ g = 5 ʧʩ
-1

 ʠ g23 = 0.01 (1), 0.1 (2), 0.5 (3), 1 (4), 5 (5) ʧʩ
-1 

[150]
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ʇʇʇ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʥʘ ʯʘʩʪʦʪʝ 21w , ʧʨʠʯʝʤ, ʯʝʤ ʤʝʥʴʰʝ g23, ʪʝʤ ʣʫʯʰʝ ʛʝ-

ʥʝʨʘʮʠʷ ʪʘʢʠʭ ʧʣʘʟʤʦʥʦʚ. ɽʩʣʠ g23 >> 
()3
21g , ʪʦ ʛʝʥʝʨʘʮʠʷ ʠʜʝʪ ʥʘ ʯʘʩʪʦʪʝ w31, ʪ.ʝ. 

ʚ ʧʨʝʜʝʣʝ ʤʘʣʦʛʦ ʠ ʙʦʣʴʰʦʛʦ ʟʥʘʯʝʥʠʷ 23g  ʧʦʚʝʜʝʥʠʝ ʪʨʝʭʫʨʦʚʥʝʚʦʛʦ ʩʧʘʟʝʨʘ 

ʩʚʦʜʠʪʩʷ ʢ ʧʦʚʝʜʝʥʠʶ ʜʚʫʭʫʨʦʚʥʝʚʦʛʦ. ʂʨʦʤʝ ʪʦʛʦ, ʚʝʣʠʯʠʥʘ 23g  ʚʣʠʷʝʪ ʥʘ ʜʠ-

ʥʘʤʠʢʫ ʠʥʚʝʨʩʠʡ ʥʘʩʝʣʝʥʥʦʩʪʝʡ ʠ ʯʠʩʝʣ ʧʣʘʟʤʦʥʦʚ: ʯʝʤ ʤʝʥʴʰʝ 23g , ʪʝʤ ʤʝʜ-

ʣʝʥʥʝʝ ʩʠʩʪʝʤʘ ʧʝʨʝʭʦʜʠʪ ʚ ʩʪʘʮʠʦʥʘʨʥʳʡ ʨʝʞʠʤ.  

ɿʘʚʠʩʠʤʦʩʪʴ ʦʪ ʩʢʦʨʦʩʪʠ ʥʘʢʘʯʢʠ g ʩʪʘʮʠʦʥʘʨʥʳʭ ʟʥʘʯʝʥʠʡ ʯʠʩʝʣ ʧʣʘʟ-

ʤʦʥʦʚ ( )
spN 1  ʠ ( )

spN 2  ʧʨʠ ʨʘʟʥʳʭ ʟʥʘʯʝʥʠʷʭ ʩʢʦʨʦʩʪʠ 23g  ʧʨʠʚʝʜʝʥʘ ʥʘ ʨʠʩʫʥʢʝ 

5.9. ʂʘʢ ʚʠʜʥʦ ʠʟ ʨʠʩʫʥʢʘ, ʧʦʨʦʛ ʛʝʥʝʨʘʮʠʠ ʧʣʘʟʤʦʥʦʚ ʩ ʯʘʩʪʦʪʦʡ 31w  ʤʝʥʴʰʝ 

ʧʦʨʦʛʘ ʛʝʥʝʨʘʮʠʠ ʧʣʘʟʤʦʥʦʚ ʩ ʯʘʩʪʦʪʦʡ 21w , ʢʦʪʦʨʳʡ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʩ ʨʦʩʪʦʤ 

ʩʢʦʨʦʩʪʠ ʨʝʣʘʢʩʘʮʠʠ 23g  ʤʝʞʜʫ ʚʦʟʙʫʞʜʝʥʥʳʤʠ ʩʦʩʪʦʷʥʠʷʤʠ ʊʋʉ. ʇʨʠ ʟʥʘʯʝ-

ʥʠʷʭ g, ʢʦʛʜʘ ʛʝʥʝʨʠʨʫʶʪʩʷ ʧʣʘʟʤʦʥʳ ʦʙʝʠʭ ʯʘʩʪʦʪ, ʟʘʚʠʩʠʤʦʩʪʴ ( )
spN 1  ʦʪ g 

ʣʠʥʝʡʥʘʷ, ʪʦʛʜʘ ʢʘʢ ( )
spN 2  ʥʝ ʟʘʚʠʩʠʪ ʦʪ g. ʇʨʠ g ʤʝʥʴʰʠʭ ʧʦʨʦʛʘ ʛʝʥʝʨʘʮʠʠ 

ʧʣʘʟʤʦʥʦʚ ʯʘʩʪʦʪʳ 21w  ʟʘʚʠʩʠʤʦʩʪʴ ( )
spN 2  ʦʪ g ʩʪʘʥʦʚʠʪʩʷ ʥʝʣʠʥʝʡʥʦʡ. ʊʘʢʞʝ 

  
ʈʠʩʫʥʦʢ 5.9 - ɿʘʚʠʩʠʤʦʩʪʴ ʯʠʩʣʘ ʛʝʥʝʨʠʨʫ-

ʝʤʳʭ ʧʣʘʟʤʦʥʦʚ  ( )
spN 1  (ʩʧʣʦʰʥʳʝ ʣʠʥʠʠ) 

ʠ  ( )
spN 2  (ʰʪʨʠʭʦʚʳʝ ʣʠʥʠʠ) ʦʪ ʩʢʦʨʦʩʪʠ 

ʥʘʢʘʯʢʠ. ʆʙʦʟʥʘʯʝʥʠʝ ʢʨʠʚʳʭ ʪʘʢʦʝ ʞʝ, ʢʘʢ 

ʥʘ ʈʠʩʫʥʦʢ 5.8. [150] 

ʈʠʩʫʥʦʢ 5.10 - ɿʘʚʠʩʠʤʦʩʪʴ ʯʠʩʣʘ ʛʝʥʝʨʠʨʫʝ-

ʤʳʭ ʧʣʘʟʤʦʥʦʚ  ( )
spN 1  (ʩʧʣʦʰʥʳʝ ʣʠʥʠʠ) ʠ  

( )
spN 2  (ʰʪʨʠʭʦʚʳʝ ʣʠʥʠʠ) ʦʪ ʚʥʫʪʨʝʥʥʝʛʦ ʨʘ-

ʜʠʫʩʘ ʮʠʣʠʥʜʨʠʯʝʩʢʦʡ ʦʙʦʣʦʯʢʠ ʧʨʠ            g = 

5 ʧʩ
-1

 ʠ g23 = 0.1 (1), 0.5 (2), 1 (3) ʧʩ
-1 

[150] 
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ʥʝʣʠʥʝʡʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ( )
spN 2  ʦʪ ʩʢʦʨʦʩʪʠ ʥʘʢʘʯʢʠ ʥʘʙʣʶʜʘʝʪʩʷ ʧʨʠ ʙʦʣʴʰʠʭ 

23g , ʢʦʛʜʘ ʧʣʘʟʤʦʥʳ ʩ ʯʘʩʪʦʪʦʡ 21w  ʥʝ ʚʦʟʥʠʢʘʶʪ. 

ʅʘ ʨʠʩʫʥʢʝ 5.10 ʠʟʦʙʨʘʞʝʥʘ ʟʘʚʠʩʠʤʦʩʪʴ ʩʪʘʮʠʦʥʘʨʥʳʭ ʟʥʘʯʝʥʠʡ ʯʠʩʝʣ 

ʧʣʘʟʤʦʥʦʚ ( )
spN 1  ʠ ( )

spN 2  ʦʪ ʚʥʫʪʨʝʥʥʝʛʦ ʨʘʜʠʫʩʘ R1 ʮʠʣʠʥʜʨʠʯʝʩʢʦʡ ʦʙʦʣʦʯʢʠ 

ʧʨʠ ʟʥʘʯʝʥʠʷʭ ʩʢʦʨʦʩʪʠ ʥʘʢʘʯʢʠ ʠ ʩʢʦʨʦʩʪʠ ʨʝʣʘʢʩʘʮʠʠ 23g , ʦʙʝʩʧʝʯʠʚʘʶʱʠʭ 

ʛʝʥʝʨʘʮʠʶ ʧʣʘʟʤʦʥʦʚ ʦʙʝʠʭ ʯʘʩʪʦʪ. ʂʘʢ ʩʣʝʜʫʝʪ ʠʟ ʨʠʩʫʥʢʘ, ʯʠʩʣʦ ʧʣʘʟʤʦʥʦʚ 

ʙʦʣʴʰʝʡ ʯʘʩʪʦʪʳ ʨʘʩʪʝʪ ʩ ʫʚʝʣʠʯʝʥʠʝʤ R1, ʪʦʛʜʘ ʢʘʢ ʯʠʩʣʦ ʧʣʘʟʤʦʥʦʚ ʤʝʥʴʰʝʡ 

ʯʘʩʪʦʪʳ, ʥʘʦʙʦʨʦʪ, ʥʝʟʥʘʯʠʪʝʣʴʥʦ ʩʥʠʞʘʝʪʩʷ, ʠ ʧʨʠ ʥʝʢʦʪʦʨʳʭ ʟʥʘʯʝʥʠʷʭ R1 ʠʭ 

ʢʦʣʠʯʝʩʪʚʦ ʩʨʘʚʥʠʚʘʝʪʩʷ. ʆʜʥʘʢʦ, ʢʘʢ ʧʦʢʘʟʳʚʘʶʪ ʨʘʩʯʝʪʳ, ʧʨʠ ʟʥʘʯʝʥʠʠ       

g23 = 5 ʧʩ
-1
, ʢʦʛʜʘ ʛʝʥʝʨʠʨʫʶʪʩʷ ʧʣʘʟʤʦʥʳ ʪʦʣʴʢʦ ʩ ʤʝʥʴʰʝʡ ʯʘʩʪʦʪʦʡ, ʠʭ ʢʦʣʠ-

ʯʝʩʪʚʦ ʨʘʩʪʝʪ ʩ ʨʦʩʪʦʤ R1, ʢʘʢ ʜʣʷ ʜʚʫʭʫʨʦʚʥʝʚʦʡ ʩʠʩʪʝʤʳ. 

 

ɺ ʜʘʥʥʦʤ ʨʘʟʜʝʣʝ ʪʝʦʨʝʪʠʯʝʩʢʠ ʠʩʩʣʝʜʦʚʘʥʘ ʜʠʥʘʤʠʢʘ ʩʧʘʟʝʨʘ ʩ ʪʨʝʭ-

ʫʨʦʚʥʝʚʦʡ ʫʩʠʣʠʚʘʶʱʝʡ ʩʨʝʜʦʡ, ʢʦʪʦʨʳʡ ʛʝʥʝʨʠʨʫʝʪ ʥʠʟʢʦʯʘʩʪʦʪʥʳʝ ʇʇʇ ʚ 

ʧʦʣʦʤ ʩʝʨʝʙʨʷʥʦʤ ʮʠʣʠʥʜʨʝ ʥʘʥʦʤʝʪʨʦʚʦʛʦ ʨʘʜʠʫʩʘ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʧʨʠ ʠʩʧʦʣʴ-

ʟʦʚʘʥʠʠ ʊʋʉ ʚ ʢʘʯʝʩʪʚʝ ʫʩʠʣʠʚʘʶʱʝʡ ʩʨʝʜʳ ʚʦʟʤʦʞʥʘ ʛʝʥʝʨʘʮʠʷ ʇʇʇ ʩ ʜʚʫʤʷ 

ʨʘʟʣʠʯʥʳʤʠ ʯʘʩʪʦʪʘʤʠ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤʠ ʧʝʨʝʭʦʜʘʤ ʤʝʞʜʫ ʚʦʟʙʫʞʜʝʥʥʳʤʠ 

ʠ ʦʩʥʦʚʥʳʤ ʩʦʩʪʦʷʥʠʷʤʠ ʊʋʉ. ʇʨʠ ʵʪʦʤ ʩʢʦʨʦʩʪʴ ʨʝʣʘʢʩʘʮʠʠ ʤʝʞʜʫ ʚʦʟʙʫʞ-

ʜʝʥʥʳʤʠ ʩʦʩʪʦʷʥʠʷʤʠ ʊʋʉ ʟʥʘʯʠʪʝʣʴʥʦ ʚʣʠʷʝʪ ʥʘ ʢʦʣʠʯʝʩʪʚʦ ʛʝʥʝʨʠʨʫʝʤʳʭ 

ʧʣʘʟʤʦʥʦʚ ʥʘ ʦʙʝʠʭ ʯʘʩʪʦʪʘʭ. ʆʙʥʘʨʫʞʝʥʘ ʨʘʟʣʠʯʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ʯʠʩʣʘ ʇʇʇ ʩ 

ʚʳʩʦʢʦʡ ʠ ʥʠʟʢʦʡ ʯʘʩʪʦʪʦʡ ʦʪ ʩʢʦʨʦʩʪʠ ʥʘʢʘʯʢʠ. ʊʘʢʞʝ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʠʟʤʝʥʝ-

ʥʠʝ ʚʥʫʪʨʝʥʥʝʛʦ ʨʘʜʠʫʩʘ ʧʦʣʦʛʦ ʮʠʣʠʥʜʨʘ ʧʦ-ʨʘʟʥʦʤʫ ʩʢʘʟʳʚʘʝʪʩʷ ʥʘ ʢʦʣʠʯʝ-

ʩʪʚʝ ʛʝʥʝʨʠʨʫʝʤʳʭ ʧʣʘʟʤʦʥʦʚ ʩ ʚʳʩʦʢʦʡ ʠ ʥʠʟʢʦʡ ʯʘʩʪʦʪʦʡ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, 

ʠʟʤʝʥʷʷ ʧʘʨʘʤʝʪʨʳ ʊʋʉ ʠ ʨʝʟʦʥʘʪʦʨʘ, ʤʦʞʥʦ ʜʦʙʠʪʴʩʷ ʥʝʦʙʭʦʜʠʤʳʭ ʭʘʨʘʢʪʝ-

ʨʠʩʪʠʢ ʩʧʘʟʝʨʘ. ʈʝʟʫʣʴʪʘʪʳ ʜʘʥʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʤʦʛʫʪ ʙʳʪʴ ʧʦʣʝʟʥʳ ʧʨʠ ʨʘʟ-

ʨʘʙʦʪʢʝ ʩʧʘʟʝʨʦʚ ʥʘ ʦʩʥʦʚʝ ʮʠʣʠʥʜʨʠʯʝʩʢʠʭ ʥʘʥʦʧʨʦʚʦʣʦʢ.  
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ɿʘʢʣʶʯʝʥʠʝ 

 

ɺ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʡ ʨʘʙʦʪʝ ʜʝʪʘʣʴʥʦ ʠʩʩʣʝʜʦʚʘʥʦ ʧʣʘʟʤʦʥ-ʵʢʩʠʪʦʥʥʦʝ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʚ ʩʠʩʪʝʤʝ çʢʚʘʥʪʦʚʳʡ ʠʟʣʫʯʘʪʝʣʴ - ʩʣʦʠʩʪʘʷ ʥʘʥʦʯʘʩʪʠʮʘè, 

ʚʣʠʷʥʠʝ ʧʣʘʟʤʦʥʥʳʭ ʥʘʥʦʯʘʩʪʠʮ ʥʘ ʩʧʝʢʪʨʘʣʴʥʦ-ʣʶʤʠʥʝʩʮʝʥʪʥʳʝ ʠ ʛʝʥʝʨʘʮʠ-

ʦʥʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʤʦʣʝʢʫʣ ʢʨʘʩʠʪʝʣʷ, ʛʝʥʝʨʘʮʠ ̫ʚʪʦʨʦʡ ʛʘʨʤʦʥʠʢʠ ʦʙʦʣʦ-

ʯʝʯʥʳʤʠ ʥʘʥʦʯʘʩʪʠʮʘʤʠ ʠ ʛʝʥʝʨʘʮʠ ̫ʧʣʘʟʤʦʥʦʚ ʚ ʩʣʦʠʩʪʦʡ ʮʠʣʠʥʜʨʠʯʝʩʢʦʡ 

ʥʘʥʦʧʨʦʚʦʣʦʢʝ. ʆʩʥʦʚʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʨʘʙʦʪʳ ʤʦʞʥʦ ʩʬʦʨʤʫʣʠʨʦʚʘʪʴ ʩʣʝʜʫʶ-

ʱʠʤ ʦʙʨʘʟʦʤ:  

1. ʇʨʠ ʦʧʨʝʜʝʣʝʥʥʦʤ ʨʘʜʠʫʩʝ ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʷʜʨʘ ʩʬʝʨʠʯʝʩʢʦʡ ʥʘʥʦ-

ʯʘʩʪʠʮʳ ʩ ʧʣʘʟʤʦʥʥʦʡ ʦʙʦʣʦʯʢʦʡ ʜʦʩʪʠʛʘʝʪʩʷ ʨʘʚʝʥʩʪʚʦ ʯʘʩʪʦʪ ʣʦʢʘʣʠʟʦʚʘʥʥʦ-

ʛʦ ʧʣʘʟʤʦʥʘ ʠ ʵʣʝʢʪʨʦʥʥʦʛʦ ʧʝʨʝʭʦʜʘ ʚ ʢʚʘʥʪʦʚʦʡ ʪʦʯʢʝ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʫʚʝʣʠ-

ʯʝʥʠʶ ʚ ʜʝʩʷʪʢʠ ʨʘʟ ʩʢʦʨʦʩʪʝʡ ʨʘʜʠʘʮʠʦʥʥʳʭ ʠ ʙʝʟʳʟʣʫʯʘʪʝʣʴʥʳʭ ʧʝʨʝʭʦʜʦʚ ʚ 

ʢʚʘʥʪʦʚʳʭ ʪʦʯʢʘʭ, ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʚʙʣʠʟʠ ʥʘʥʦʯʘʩʪʠʮʳ. ʀʟʫʯʝʥʘ ʢʠʥʝʪʠʢʘ ʦʙ-

ʤʝʥʘ ʵʥʝʨʛʠʝʡ ʵʣʝʢʪʨʦʥʥʦʛʦ ʚʦʟʙʫʞʜʝʥʠʷ ʤʝʞʜʫ ʥʘʥʦʯʘʩʪʠʮʝʡ ʩ ʩʝʨʝʙʨʷʥʦʡ 

ʦʙʦʣʦʯʢʦʡ ʠ ʢʚʘʥʪʦʚʦʡ ʪʦʯʢʦʡ CuCl, ʠ ʫʩʪʘʥʦʚʣʝʥʳ ʟʥʘʯʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ ʨʘʩ-

ʩʤʘʪʨʠʚʘʝʤʦʡ ʩʠʩʪʝʤʳ, ʧʨʠ ʢʦʪʦʨʳʭ ʢʠʥʝʪʠʢʘ ʠʤʝʝʪ ʭʘʨʘʢʪʝʨ ʟʘʪʫʭʘʶʱʠʭ ʢʦ-

ʣʝʙʘʥʠʡ: ʨʘʩʩʪʦʷʥʠʝ ʦʪ ʮʝʥʪʨʘ ʢʚʘʥʪʦʚʦʡ ʪʦʯʢʠ ʜʦ ʧʦʚʝʨʭʥʦʩʪʠ ʥʘʥʦʯʘʩʪʠʮʳ    

6 ʥʤ, ʨʘʜʠʫʩ ʢʚʘʥʪʦʚʦʡ ʪʦʯʢʠ ²4 ʥʤ. ɺ ʨʘʤʢʘʭ ʨʘʟʨʘʙʦʪʘʥʥʦʡ ʢʚʘʥʪʦʚʦʤʝʭʘʥʠ-

ʯʝʩʢʦʡ ʤʦʜʝʣʠ ʨʘʩʩʯʠʪʘʥʘ ʩʢʦʨʦʩʪʴ ʙʝʟʳʟʣʫʯʘʪʝʣʴʥʦʛʦ ʧʝʨʝʥʦʩʘ ʵʥʝʨʛʠʠ ʚ ʜʦ-

ʥʦʨʥʦ-ʘʢʮʝʧʪʦʨʥʦʡ ʧʘʨʝ ʤʦʣʝʢʫʣ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʥʘʥʦʯʘʩʪʠʮʳ ʩ ʜʠʵʣʝʢʪʨʠʯʝ-

ʩʢʠʤ ʷʜʨʦʤ ʠ ʧʣʘʟʤʦʥʥʦʡ ʦʙʦʣʦʯʢʦʡ. ʆʧʨʝʜʝʣʝʥʳ ʧʘʨʘʤʝʪʨʳ ʩʠʩʪʝʤʳ, ʦʙʝʩʧʝ-

ʯʠʚʘʶʱʠʝ ʥʘʠʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʳʡ ʧʝʨʝʥʦʩ ʵʥʝʨʛʠʠ ʤʝʞʜʫ ʤʦʣʝʢʫʣʘʤʠ. ʇʦʢʘ-

ʟʘʥʦ, ʯʪʦ ʚ ʨʝʟʦʥʘʥʩʥʳʭ ʫʩʣʦʚʠʷʭ ʩʢʦʨʦʩʪʴ ʧʝʨʝʜʘʯʠ ʵʥʝʨʛʠʠ ʩ ʜʦʥʦʨʘ ʥʘ ʘʢ-

ʮʝʧʪʦʨ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʥʘʥʦʯʘʩʪʠʮʳ ʚʦʟʨʘʩʪʘʝʪ ʜʦ ʪʨʝʭ ʧʦʨʷʜʢʦʚ ʧʦ ʩʨʘʚʥʝʥʠʶ 

ʩʦ ʩʢʦʨʦʩʪʴʶ ʚ ʦʜʥʦʨʦʜʥʦʡ ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʡ ʩʨʝʜʝ ʙʝʟ ʥʘʥʦʯʘʩʪʠʮ. 

2. ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʥʦ, ʯʪʦ ʥʘʣʠʯʠʝ ʧʣʘʟʤʦʥʥʳʭ ʥʘ-

ʥʦʯʘʩʪʠʮ ʚ ʧʣʝʥʢʝ ʧʦʣʠʚʠʥʠʣʦʚʦʛʦ ʩʧʠʨʪʘ, ʦʢʨʘʰʝʥʥʦʡ ʵʨʠʪʨʦʟʠʥʦʤ, ʧʨʠʚʦʜʠʪ 

ʢ ʫʚʝʣʠʯʝʥʠʶ ʧʦʛʣʦʱʝʥʠʷ ʩʚʝʪʘ ʤʦʣʝʢʫʣʘʤʠ, ʩʦʢʨʘʱʝʥʠʶ ʚʨʝʤʝʥʠ ʞʠʟʥʠ 
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ʬʦʩʬʦʨʝʩʮʝʥʮʠʠ ʠ ʥʝʤʦʥʦʪʦʥʥʦʤʫ ʠʟʤʝʥʝʥʠʶ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʬʣʫʦʨʝʩʮʝʥʮʠʠ 

ʠ ʬʦʩʬʦʨʝʩʮʝʥʮʠʠ ʤʦʣʝʢʫʣ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʢʦʥʮʝʥʪʨʘʮʠʠ ʅʏ. ʇʦ ʤʝʨʝ ʨʦʩʪʘ 

ʢʦʥʮʝʥʪʨʘʮʠʠ ʅʏ ʚ ʧʣʝʥʢʝ ʩʥʘʯʘʣʘ ʥʘʙʣʶʜʘʝʪʩʷ ʫʚʝʣʠʯʝʥʠʝ ʠʥʪʝʥʩʠʚʥʦʩʪʠ 

ʣʶʤʠʥʝʩʮʝʥʮʠʠ, ʢʦʪʦʨʦʝ ʧʦʩʣʝ ʜʦʩʪʠʞʝʥʠʷ ʤʘʢʩʠʤʫʤʘ ʩʤʝʥʷʝʪʩʷ ʫʤʝʥʴʰʝʥʠ-

ʝʤ. ɺ ʨʘʤʢʘʭ ʨʘʟʨʘʙʦʪʘʥʥʦʡ ʪʝʦʨʝʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ, ʫʯʠʪʳʚʘʶʱʝʡ ʙʝʟʳʟʣʫʯʘ-

ʪʝʣʴʥʳʡ ʧʝʨʝʥʦʩ ʵʥʝʨʛʠʠ ʚʦʟʙʫʞʜʝʥʠʷ ʦʪ ʤʦʣʝʢʫʣʳ ʢ ʥʘʥʦʯʘʩʪʠʮʝ ʠ ʠʟʤʝʥʝʥʠʝ 

ʩʢʦʨʦʩʪʝʡ ʩʧʦʥʪʘʥʥʦʛʦ ʠʟʣʫʯʝʥʠʷ ʤʦʣʝʢʫʣʳ ʠ ʧʦʛʣʦʱʝʥʠʷ ʩʚʝʪʘ ʤʦʣʝʢʫʣʦʡ 

ʚʙʣʠʟʠ ʥʘʥʦʯʘʩʪʠʮʳ, ʨʘʩʩʯʠʪʘʥʘ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʣʶʤʠʥʝʩʮʝʥʮʠʠ ʤʦʣʝʢʫʣʳ. 

ʇʦʢʘʟʘʥʦ, ʯʪʦ ʥʘ ʨʘʩʩʪʦʷʥʠʷʭ 4-8 ʥʤ ʤʝʞʜʫ ʤʦʣʝʢʫʣʦʡ ʠ ʧʦʚʝʨʭʥʦʩʪʴʶ ʩʝʨʝʙ-

ʨʷʥʦʡ ʥʘʥʦʯʘʩʪʠʮʳ ʥʘʙʣʶʜʘʝʪʩʷ ʥʘʠʙʦʣʴʰʝʝ ʫʩʠʣʝʥʠʝ ʣʶʤʠʥʝʩʮʝʥʮʠʠ. 

ʅʘʙʣʶʜʘʝʤʳʝ ʚ ʵʢʩʧʝʨʠʤʝʥʪʝ ʠʟʤʝʥʝʥʠʷ ʩʧʝʢʪʨʦʚ ʣʶʤʠʥʝʩʮʝʥʮʠʠ ʠ ʩʦʢʨʘʱʝ-

ʥʠʝ ʚʨʝʤʝʥʠ ʞʠʟʥʠ ʪʨʠʧʣʝʪʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʵʨʠʪʨʦʟʠʥʘ ʚ ʧʣʝʥʢʘʭ ʧʦʣʠʚʠʥʠʣʦ-

ʚʦʛʦ ʩʧʠʨʪʘ, ʜʦʧʠʨʦʚʘʥʥʳʭ ʩʝʨʝʙʨʷʥʳʤʠ ʥʘʥʦʯʘʩʪʠʮʘʤʠ, ʦʙʲʷʩʥʷʶʪʩʷ ʥʘ ʦʩʥʦ-

ʚʝ ʧʨʝʜʣʦʞʝʥʥʦʡ ʤʦʜʝʣʠ. ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʦʙʥʘʨʫʞʝʥʘ ʥʝʤʦʥʦʪʦʥʥʘʷ ʟʘʚʠ-

ʩʠʤʦʩʪʴ ʧʦʨʦʛʘ ʛʝʥʝʨʘʮʠʠ ʚʦʜʥʦʛʦ ʨʘʩʪʚʦʨʘ ʨʦʜʘʤʠʥʘ 6G ʦʪ ʢʦʥʮʝʥʪʨʘʮʠʠ ʥʘ-

ʥʦʯʘʩʪʠʮ ʟʦʣʦʪʘ ʠ ʩʝʨʝʙʨʘ ʚ ʨʘʩʪʚʦʨʝ. ʇʨʝʜʣʦʞʝʥʥʘʷ ʪʝʦʨʝʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ, 

ʫʯʠʪʳʚʘʶʱʘʷ ʠʟʤʝʥʝʥʠʝ ʩʢʦʨʦʩʪʝʡ ʩʧʦʥʪʘʥʥʦʛʦ ʠ ʚʳʥʫʞʜʝʥʥʦʛʦ ʠʟʣʫʯʝʥʠʷ 

ʤʦʣʝʢʫʣʳ, ʙʝʟʳʟʣʫʯʘʪʝʣʴʥʦʡ ʨʝʣʘʢʩʘʮʠʠ ʤʦʣʝʢʫʣʳ ʠ ʧʦʛʣʦʱʝʥʠʷ ʩʚʝʪʘ ʤʦʣʝ-

ʢʫʣʦʡ ʚʙʣʠʟʠ ʥʘʥʦʯʘʩʪʠʮʳ ʚ ʩʢʦʨʦʩʪʥʳʭ ʫʨʘʚʥʝʥʠʷʭ ʪʨʝʭʫʨʦʚʥʝʚʦʛʦ ʣʘʟʝʨʘ, 

ʢʘʯʝʩʪʚʝʥʥʦ ʦʙʲʷʩʥʷʝʪ ʥʘʙʣʶʜʘʝʤʳʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʠʟʤʝʥʝʥʠʷ ʧʦʨʦʛʘ ʛʝ-

ʥʝʨʘʮʠʠ ʚʳʥʫʞʜʝʥʥʦʛʦ ʠʟʣʫʯʝʥʠʷ ʨʦʜʘʤʠʥʘ 6G ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʥʘʥʦʯʘʩʪʠʮ. 

3. ʇʦ ʨʘʟʨʘʙʦʪʘʥʥʦʡ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʚʳʧʦʣʥʝʥʳ ʨʘʩʯʝʪʳ ʠʥʪʝʥ-

ʩʠʚʥʦʩʪʠ ʚʪʦʨʦʡ ʛʘʨʤʦʥʠʢʠ, ʧʦʨʦʞʜʘʝʤʦʡ ʥʝʫʧʦʨʷʜʦʯʝʥʥʳʤ ʤʦʥʦʩʣʦʝʤ ʩʬʝ-

ʨʠʯʝʩʢʠʭ ʥʘʥʦʯʘʩʪʠʮ ʩʦ ʩʪʨʫʢʪʫʨʦʡ çʜʠʵʣʝʢʪʨʠʯʝʩʢʦʝ ʷʜʨʦ - ʩʝʨʝʙʨʷʥʘʷ ʦʙʦ-

ʣʦʯʢʘè, ʨʘʩʧʦʣʦʞʝʥʥʳʤ ʥʘ ʛʨʘʥʠʮʝ ʜʚʫʭ ʜʠʵʣʝʢʪʨʠʢʦʚ. ʆʙʥʘʨʫʞʝʥʦ ʫʚʝʣʠʯʝ-

ʥʠʝ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʦʪʨʘʞʝʥʥʦʡ ʚʪʦʨʦʡ ʛʘʨʤʦʥʠʢʠ, ʚʳʟʚʘʥʥʦʝ ʜʠʧʦʣʴʥʳʤ ʠ 

ʢʚʘʜʨʫʧʦʣʴʥʳʤ ʧʣʘʟʤʦʥʥʳʤʠ ʨʝʟʦʥʘʥʩʘʤʠ ʚ ʥʘʥʦʯʘʩʪʠʮʘʭ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʩ ʨʦ-

ʩʪʦʤ ʨʘʜʠʫʩʘ ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʷʜʨʘ ʯʘʩʪʠʮʳ ʤʘʢʩʠʤʫʤʳ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʚʪʦ-

ʨʦʡ ʛʘʨʤʦʥʠʢʠ ʩʜʚʠʛʘʶʪʩʷ ʚ ʩʪʦʨʦʥʫ ʙʦʣʴʰʠʭ ʜʣʠʥ ʚʦʣʥ, ʝʩʣʠ ʜʣʠʥʘ ʧʘʜʘʶʱʝʡ 

ʚʦʣʥʳ ʩʦʩʪʘʚʣʷʝʪ 750-950 ʥʤ ʠ ʚ ʩʪʦʨʦʥʫ ʤʝʥʴʰʠʭ ʜʣʠʥ ʚʦʣʥ, ʝʩʣʠ 600-650 ʥʤ. 
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ʉ ʨʦʩʪʦʤ ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʡ ʧʨʦʥʠʮʘʝʤʦʩʪʠ ʷʜʨʘ ʯʘʩʪʠʮʳ ʧʦʣʦʞʝʥʠʷ ʤʘʢʩʠʤʫ-

ʤʦʚ ʠʥʪʝʥʩʠʥʦʩʪʠ ʚʪʦʨʦʡ ʛʘʨʤʦʥʠʢʠ ʩʜʚʠʛʘʶʪʩʷ ʚ ʩʪʦʨʦʥʫ ʙʦʣʴʰʠʭ ʜʣʠʥ ʚʦʣʥ. 

4. ɺ ʨʘʤʢʘʭ ʢʚʘʥʪʦʚʦʛʦ ʧʦʜʭʦʜʘ ʢ ʦʧʠʩʘʥʠʶ ʪʨʝʭʫʨʦʚʥʝʚʦʡ ʩʠʩʪʝʤʳ ʠ 

ʧʣʘʟʤʦʥ-ʧʦʣʷʨʠʪʦʥʘ ʚʳʚʝʜʝʥʳ ʫʨʘʚʥʝʥʠʷ ʜʠʥʘʤʠʢʠ ʩʧʘʟʝʨʘ ʥʘ ʦʩʥʦʚʝ ʮʠʣʠʥ-

ʜʨʘ ʩ ʩʝʨʝʙʨʷʥʦʡ ʦʙʦʣʦʯʢʦʡ ʠ ʨʘʩʩʯʠʪʘʥʳ ʠʭ ʥʝʢʦʪʦʨʳʝ ʧʘʨʘʤʝʪʨʳ: ʩʢʦʨʦʩʪʴ 

ʟʘʪʫʭʘʥʠʷ ʧʣʘʟʤʦʥʘ ~10 ʧʩ
-1
, ʩʢʦʨʦʩʪʴ ʙʝʟʳʟʣʫʯʘʪʝʣʴʥʦʛʦ ʧʝʨʝʥʦʩʘ ʵʥʝʨʛʠʠ ʦʪ 

ʚʦʟʙʫʞʜʝʥʥʦʛʦ ʢʚʘʥʪʦʚʦʛʦ ʠʟʣʫʯʘʪʝʣʷ ʢ ʥʘʥʦʧʨʦʚʦʣʦʢʝ ~10 ʥʩ
-1
, ʯʘʩʪʦʪʘ ʈʘʙʠ ~ 

0.5 ʧʩ
-1
. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʚʝʣʠʯʠʥʳ ʩʢʦʨʦʩʪʠ ʙʝʟʳʟʣʫʯʘʪʝʣʴʥʦʛʦ 

ʧʝʨʝʭʦʜʘ ʩ ʚʝʨʭʥʝʛʦ ʫʨʦʚʥʷ ʪʨʝʭʫʨʦʚʥʝʚʦʡ ʩʠʩʪʝʤʳ ʥʘ ʩʨʝʜʥʠʡ ʫʨʦʚʝʥʴ ʩʧʘʟʝʨ 

ʤʦʞʝʪ ʛʝʥʝʨʠʨʦʚʘʪʴ ʦʜʥʦʤʝʨʥʳʝ ʦʩʝʩʠʤʤʝʪʨʠʯʥʳʝ ʧʦʚʝʨʭʥʦʩʪʥʳʝ ʧʣʘʟʤʦʥ-

ʧʦʣʷʨʠʪʦʥʳ ʣʠʙʦ ʩ ʦʜʥʦʡ ʯʘʩʪʦʪʦʡ, ʣʠʙʦ ʩ ʜʚʫʤʷ ʨʘʟʣʠʯʥʳʤʠ ʯʘʩʪʦʪʘʤʠ ʦʜʥʦ-

ʚʨʝʤʝʥʥʦ. 

ʈʝʢʦʤʝʥʜʘʮʠʠ ʠ ʧʝʨʩʧʝʢʪʠʚʳ ʜʘʣʴʥʝʡʰʝʡ ʨʘʟʨʘʙʦʪʢʠ ʜʘʥʥʦʡ ʪʝʤʳ ʠʩʩʣʝ-

ʜʦʚʘʥʠʷ: 

1. ʅʝʦʙʭʦʜʠʤʦ ʨʘʟʨʘʙʦʪʘʪʴ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʝ ʢʦʤʧʴʶʪʝʨʥʳʝ ʧʨʦʛʨʘʤ-

ʤʳ ʜʣʷ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʡ ʦʙʨʘʙʦʪʢʠ ʩʧʝʢʪʨʦʚ ʧʦʛʣʦʱʝʥʠʷ ʠ ʣʶʤʠʥʝʩʮʝʥʮʠʠ  

ʠ ʩʦʧʦʩʪʘʚʣʝʥʠʷ ʠʭ ʩ ʨʝʟʫʣʴʪʘʪʘʤʠ ʪʝʦʨʝʪʠʯʝʩʢʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ. 

2. ʊʨʝʙʫʝʪʩʷ  ʧʨʦʚʝʩʪʠ ʘʧʨʦʙʘʮʠʶ ʨʘʟʨʘʙʦʪʘʥʥʳʭ ʪʝʦʨʝʪʠʯʝʩʢʠʭ ʤʦʜʝʣʝʡ 

ʥʘ ʙʦʣʝʝ ʰʠʨʦʢʦʤ ʢʣʘʩʩʝ ʛʠʙʨʠʜʥʳʭ ʩʪʨʫʢʪʫʨ ʩ ʢʚʘʥʪʦʚʳʤʠ ʠʟʣʫʯʘʪʝʣʷʤʠ ʠ 

ʧʣʘʟʤʦʥʥʳʤʠ ʩʦʩʪʘʚʣʷʶʱʠʤʠ.  

3. ʈʝʢʦʤʝʥʜʫʝʪʩʷ ʧʨʦʜʦʣʞʠʪʴ ʪʝʦʨʝʪʠʯʝʩʢʠʝ ʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʠʩʩʣʝ-

ʜʦʚʘʥʠʷ  ʦʧʪʠʯʝʩʢʠʭ ʠ ʥʝʣʠʝʡʥʦ-ʦʧʪʠʯʝʩʢʠʭ ʵʬʬʝʢʪʦʚ ʥʘʙʣʶʜʘʶʱʠʭʩʷ ʚ ʧʨʠ-

ʩʫʪʩʚʠʠ ʧʣʘʟʤʦʥʥʳʭ ʥʘʥʦʩʪʨʫʢʪʫʨ ʩ ʮʝʣʴʶ ʧʦʣʫʯʝʥʠʷ ʥʦʚʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʠ ʠʭ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚ ʧʨʘʢʪʠʯʝʩʢʠʭ ʧʨʠʣʦʞʝʥʠʷʭ. 
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