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ˏˏ˒ˑ˒˚˕˒ 
ɸʢʪʫʘʣʴʥʦʩʪʴ ʨʘʙʦʪʳ. ʉʨʝʜʠ ʨʘʟʣʠʯʥʳʭ ʢʣʘʩʩʦʚ ʦʨʛʘʥʠʯʝʩʢʠʭ 

ʩʦʧʨʷʞʝʥʥʳʭ ʤʦʣʝʢʫʣ ʣʠʥʝʡʥʳʝ ʦʣʠʛʦʤʝʨʳ ʧʨʝʜʩʪʘʚʣʷʶʪ ʙʦʣʴʰʦʡ ʠʥʪʝʨʝʩ 

ʜʣʷ ʦʨʛʘʥʠʯʝʩʢʦʡ ʵʣʝʢʪʨʦʥʠʢʠ ʠ ʬʦʪʦʥʠʢʠ ʢʘʢ ʤʘʪʝʨʠʘʣʳ, ʥʘ ʦʩʥʦʚʝ ʢʦʪʦʨʳʭ 

ʤʝʪʦʜʘʤʠ ʨʦʩʪʘ ʠʟ ʨʘʩʪʚʦʨʦʚ ʠʣʠ ʠʟ ʧʘʨʘ ʤʦʞʥʦ ʧʦʣʫʯʠʪʴ ʤʘʩʰʪʘʙʥʳʝ 

ʤʦʥʦʢʨʠʩʪʘʣʣʳ ʩ ʥʠʟʢʠʤ ʩʦʜʝʨʞʘʥʠʝʤ ʜʝʬʝʢʪʦʚ ʠ ʧʨʠʤʝʩʝʡ [1,2]. ɼʣʷ 

ʚʩʝʩʪʦʨʦʥʥʝʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʩʚʦʡʩʪʚ ʠ ʨʘʟʨʘʙʦʪʢʠ ʥʘ ʠʭ ʦʩʥʦʚʝ 

ʦʧʪʦʵʣʝʢʪʨʦʥʥʳʭ ʫʩʪʨʦʡʩʪʚ ʩ ʚʳʩʦʢʠʤʠ ʨʘʙʦʯʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ 

ʥʝʦʙʭʦʜʠʤʳ ʢʘʯʝʩʪʚʝʥʥʳʝ ʢʨʠʩʪʘʣʣ rʨʘʟʤʝʨʦʤ ʧʦʨʷʜʢʘ 1 ʩʤ (0.2õ2 ʩʤ).  

ɼʣʷ ʧʦʣʫʯʝʥʠʷ ʤʦʥʦʢʨʠʩʪʘʣʣʦʚ ʥʘʠʙʦʣʝʝ ʧʨʠʚʣʝʢʘʪʝʣʴʥʳʤʠ ʩ ʪʦʯʢʠ 

ʟʨʝʥʠʷ ʧʨʦʩʪʦʪʳ ʨʝʘʣʠʟʘʮʠʠ ʠ ʤʘʣʦʡ ʟʘʪʨʘʪʥʦʩʪʠ ʷʚʣʷʶʪʩʷ ʤʝʪʦʜʳ 

ʚʳʨʘʱʠʚʘʥʠʷ ʠʟ ʨʘʩʪʚʦʨʦʚ, ʜʣʷ ʢʦʪʦʨʳʭ ʨʝʰʘʶʱʠʤ ʬʘʢʪʦʨʦʤ ʚʳʩʪʫʧʘʝʪ 

ʨʘʩʪʚʦʨʠʤʦʩʪʴ ʦʣʠʛʦʤʝʨʘ ʚ ʫʩʣʦʚʠʷʭ ʨʦʩʪʘ. ʆʜʥʘʢʦ ʧʦ ʤʝʨʝ ʫʚʝʣʠʯʝʥʠʷ 

ʢʦʣʠʯʝʩʪʚʘ n ʩʦʧʨʷʞʝʥʥʳʭ ʟʚʝʥʴʝʚ ʚ ʤʦʣʝʢʫʣʝ ʨʘʩʪʚʦʨʠʤʦʩʪʴ ʩʪʨʝʤʠʪʝʣʴʥʦ 

ʩʥʠʞʘʝʪʩʷ, ʯʪʦ ʷʚʣʷʝʪʩʷ ʩʝʨʴʝʟʥʳʤ ʧʨʝʧʷʪʩʪʚʠʝʤ ʜʣʷ ʧʨʠʤʝʥʝʥʠʷ ʨʘʩʪʚʦʨʥʳʭ 

ʤʝʪʦʜʦʚ ʚʳʨʘʱʠʚʘʥʠʷ ʢʨʠʩʪʘʣʣʦʚ. ɼʣʷ ʧʦʣʫʯʝʥʠʷ ʤʘʩʰʪʘʙʥʳʭ 

ʤʦʥʦʢʨʠʩʪʘʣʣʦʚ ʧʣʦʭʦ ʨʘʩʪʚʦʨʠʤʳʭ ʩʦʧʨʷʞʝʥʥʳʭ ʦʣʠʛʦʤʝʨʦʚ ʤʦʞʥʦ 

ʠʩʧʦʣʴʟʦʚʘʪʴ ʤʝʪʦʜʳ ʚʳʨʘʱʠʚʘʥʠʷ ʚ ʫʩʣʦʚʠʷʭ ʧʘʨʦʚʦʛʦ ʬʠʟʠʯʝʩʢʦʛʦ 

ʪʨʘʥʩʧʦʨʪʘ (ʇʌʊ). ɺ ʩʨʘʚʥʝʥʠʠ ʩ ʨʘʩʪʚʦʨʥʳʤʠ ʤʝʪʦʜʘʤʠ, ʚ ʫʩʣʦʚʠʷʭ ʇʌʊ 

ʢʨʠʩʪʘʣʣʳ ʬʦʨʤʠʨʫʶʪʩʷ ʙʳʩʪʨʝʝ ʠ ʩ ʩʫʱʝʩʪʚʝʥʥʦ ʙʦʣʝʝ ʥʠʟʢʠʤ ʩʦʜʝʨʞʘʥʠʝʤ 

ʧʨʠʤʝʩʝʡ. ʇʨʠ ʵʪʦʤ ʧʘʨʦʚʳʝ ʤʝʪʦʜʳ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʩʚʦʠʤ ʥʘʙʦʨʦʤ 

ʪʨʝʙʦʚʘʥʠʡ: ʫʩʪʦʡʯʠʚʦʩʪʴ ʩʦʝʜʠʥʝʥʠ ̫ʢ ʚʳʩʦʢʦʡ ʪʝʤʧʝʨʘʪʫʨʝ, ʥʝʦʙʭʦʜʠʤʳʡ 

ʜʣʷ ʨʦʩʪʘ ʢʨʠʩʪʘʣʣʦʚ ʫʨʦʚʝʥʴ ʜʘʚʣʝʥʠʷ ʥʘʩʳʱʝʥʥʳʭ ʧʘʨʦʚ ʠ ʜʨ. ɺ ʮʝʣʦʤ, 

ʦʩʦʙʝʥʥʦʩʪʠ ʟʘʨʦʞʜʝʥʠʷ ʠ ʨʦʩʪʘ ʢʨʠʩʪʘʣʣʦʚ ʣʠʥʝʡʥʳʭ ʩʦʧʨʷʞʝʥʥʳʭ 

ʦʣʠʛʦʤʝʨʦʚ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʤʦʣʝʢʫʣʷʨʥʦʛʦ ʩʪʨʦʝʥʠʷ ʠ ʫʩʣʦʚʠʡ ʨʦʩʪʦʚʦʡ 

ʩʨʝʜʳ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʝʱʝ ʤʘʣʦ ʠʟʫʯʝʥʳ.  

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʜʣʷ ʦʨʛʘʥʠʯʝʩʢʦʡ ʵʣʝʢʪʨʦʥʠʢʠ ʩʠʥʪʝʟʠʨʦʚʘʥ ʮʝʣʳʡ ʨʷʜ 

ʩʦʝʜʠʥʝʥʠʡ ʥʘ ʦʩʥʦʚʝ ʨʘʟʣʠʯʥʳʭ ʩʝʤʝʡʩʪʚ ʣʠʥʝʡʥʳʭ ʩʦʧʨʷʞʝʥʥʳʭ ʤʦʣʝʢʫʣ, 

ʩʦʩʪʦʷʱʠʭ ʠʟ ʦʜʥʦʛʦ ʠʣʠ ʥʝʩʢʦʣʴʢʠʭ ʚʠʜʦʚ ʩʪʨʦʠʪʝʣʴʥʳʭ ʙʣʦʢʦʚ, ʩʚʷʟʘʥʥʳʭ 

ʤʝʞʜʫ ʩʦʙʦʡ ʞʝʩʪʢʠʤ ʠʣʠ ʛʠʙʢʠʤ ʩʧʦʩʦʙʦʤ. ʇʨʠ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʢʘʞʜʦʛʦ 
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ʢʦʥʢʨʝʪʥʦʛʦ ʩʦʝʜʠʥʝʥʠʷ ʧʨʦʷʚʣʷʶʪʩʷ ʦʙʱʠʝ ʠ ʠʥʜʠʚʠʜʫʘʣʴʥʳʝ ʦʩʦʙʝʥʥʦʩʪʠ 

ʤʦʣʝʢʫʣʷʨʥʦʡ ʩʠʩʪʝʤʳ. ʆʜʥʘʢʦ ʚʣʠʷʥʠʝ ʬʦʨʤʳ ʤʦʣʝʢʫʣʳ ʠ ʝʸ 

ʢʦʥʬʦʨʤʘʮʠʦʥʥʦʡ ʛʠʙʢʦʩʪʠ ʥʘ ʦʩʦʙʝʥʥʦʩʪʠ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʠ ʩʧʦʩʦʙʥʦʩʪ ɹʢ 

ʬʦʨʤʠʨʦʚʘʥʠʶ ʤʘʩʰʪʘʙʥʳʭ ʤʦʥʦʢʨʠʩʪʘʣʣʦʚ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʝʱʸ ʤʘʣʦ 

ʠʟʫʯʝʥʦ. ʆʯʝʚʠʜʥʦ, ʯʪʦ ʚ ʦʩʥʦʚʫ ʨʝʰʝʥʠʷ ʜʘʥʥʦʡ ʧʨʦʙʣʝʤʳ ʥʝʦʙʭʦʜʠʤʦ 

ʧʦʣʘʛʘʪʴ ʩʝʤʝʡʩʪʚʘ ʤʦʣʝʢʫʣ ʩ ʥʘʠʙʦʣʝʝ ʧʨʦʩʪʦʡ ʩʠʤʤʝʪʨʠʯʥʦʡ ʬʦʨʤʦʡ.  

ɼʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʙʳʣʠ ʚʳʙʨʘʥʳ ʜʚʝ ʛʨʫʧʧʳ ʣʠʥʝʡʥʳʭ ʤʦʣʝʢʫʣ ʠʟ 

ʛʦʤʦʣʦʛʠʯʝʩʢʠʭ ʩʝʤʝʡʩʪʚ ʘʮʝʥʦʚ ʠ ʦʣʠʛʦʬʝʥʠʣʝʥʦʚ: 

I) ʘʮʝʥʳ ï ʧʦʣʠʮʠʢʣʠʯʝʩʢʠʝ ʘʨʦʤʘʪʠʯʝʩʢʠʝ ʫʛʣʝʚʦʜʦʨʦʜʳ ʥʘ ʦʩʥʦʚʝ 

ʢʨʘʪʥʦʛʦ ʩʦʧʨʷʞʝʥʠʷ ʙʝʥʟʦʣʴʥʳʭ ʢʦʣʝʮ ʩ ʦʙʱʠʤ ʯʣʝʥʦʤ ʨʷʜʘ C4n+2H2n+4; 

II) ʦʣʠʛʦʬʝʥʠʣʝʥʳ ï ʧʦʣʠʮʠʢʣʠʯʝʩʢʠʝ ʘʨʦʤʘʪʠʯʝʩʢʠʝ ʫʛʣʝʚʦʜʦʨʦʜʳ ʥʘ 

ʦʩʥʦʚʝ ʢʨʘʪʥʦʛʦ ʩʦʧʨʷʞʝʥʠʷ ʬʝʥʠʣʴʥʳʭ ʛʨʫʧʧ ʚ ʧʘʨʘ-ʧʦʣʦʞʝʥʠʠ ʩ ʦʙʱʠʤ 

ʯʣʝʥʦʤ ʨʷʜʘ C6nH4n+2. 

ɺ ʦʪʥʦʰʝʥʠʠ ʤʦʣʝʢʫʣʷʨʥʦʛʦ ʩʪʨʦʝʥʠʷ ʣʠʥʝʡʥʳʝ ʘʮʝʥʳ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ 

ʥʘʣʠʯʠʝʤ ʞʝʩʪʢʦʡ ʬʦʨʤʳ ʩ ʨʦʤʙʠʯʝʩʢʦʡ ʩʠʤʤʝʪʨʠʝʡ D2h, ʘ ʦʣʠʛʦʬʝʥʠʣʝʥʳ ï 

ʛʠʙʢʦʡ ʢʦʥʬʦʨʤʘʮʠʦʥʥʦʡ ʩʪʨʫʢʪʫʨʦʡ, ʜʦʧʫʩʢʘʶʱʝʡ ʚʨʘʱʝʥʠʝ ʩʦʧʨʷʞʝʥʥʳʭ 

ʬʝʥʠʣʴʥʳʭ ʛʨʫʧʧ ʦʪʥʦʩʠʪʝʣʴʥʦ ʜʨʫʛʫ ʜʨʫʛʘ, ʧʨʠ ʵʪʦʤ ʪʦʣʴʢʦ ʧʣʦʩʢʘʷ 

ʢʦʥʬʠʛʫʨʘʮʠ ̫ ʦʣʠʛʦʬʝʥʠʣʝʥʦʚ ʠʤʝʝʪ ʩʠʤʤʝʪʨʠ ʁ D2h, ʘ ʚ ʦʙʱʝʤ ʩʣʫʯʘʝ 

ʤʦʣʝʢʫʣʳ ʙʫʜʫʪ ʠʤʝʪʴ ʙʦʣʝʝ ʥʠʟʢʫʶ ʩʠʤʤʝʪʨʠʶ ʚʧʣʦʪʴ ʜʦ ʘʩʩʠʤʝʪʨʠʯʥʦʛʦ 

ʩʦʩʪʦʷʥʠʷ (ʉ1). ʈʦʣʴ ʢʦʥʬʦʨʤʘʮʠʠ ʤʦʣʝʢʫʣ ʧʨʠ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʜʣʷ ʩʝʤʝʡʩʪʚʘ 

ʦʣʠʛʦʬʝʥʠʣʝʥʦʚ ʝʱʸ ʥʝ ʠʟʫʯʝʥʘ ʠ ʧʦ ʵʪʦʡ ʧʨʠʯʠʥʝ ʠʭ ʚʳʙʦʨ ʢʘʢ ʨʦʜʩʪʚʝʥʥʦʡ 

ʛʨʫʧʧʳ ʜʣʷ ʩʨʘʚʥʝʥʠʷ ʩ ʞʝʩʪʢʠʤʠ ʙʝʟʢʦʥʬʦʨʤʘʮʠʦʥʥʳʤʠ ʘʮʝʥʘʤʠ 

ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʦʙʦʩʥʦʚʘʥʥʳʤ ʜʣʷ ʘʥʘʣʠʟʘ ʚʟʘʠʤʦʩʚʷʟʠ çʩʪʨʫʢʪʫʨʘ ʤʦʣʝʢʫʣʳ ï 

ʨʦʩʪ ʠ ʩʪʨʫʢʪʫʨʘ ʢʨʠʩʪʘʣʣʦʚè. 

ɺ ʩʚʷʟʠ ʩ ʚʳʰʝʠʟʣʦʞʝʥʥʳʤ ʥʘʩʪʦʷʱʘʷ ʨʘʙʦʪʘ ʧʦʩʚʷʱʝʥʘ ʨʘʟʨʘʙʦʪʢʝ ʠ 

ʨʘʟʚʠʪʠʶ ʵʬʬʝʢʪʠʚʥʳʭ ʤʝʪʦʜʦʚ ʧʦʣʫʯʝʥʠʷ ʢʨʠʩʪʘʣʣʦʚ ʣʠʥʝʡʥʳʭ ʩʦʧʨʷʞʝʥʥʳʭ 

ʦʣʠʛʦʤʝʨʦʚ ʥʘ ʧʨʠʤʝʨʝ ʘʮʝʥʦʚ ʠ ʦʣʠʛʦʬʝʥʠʣʝʥʦʚ ʜʣʷ ʦʨʛʘʥʠʯʝʩʢʦʡ 

ʵʣʝʢʪʨʦʥʠʢʠ ʠ ʬʦʪʦʥʠʢʠ, ʘ ʪʘʢʞʝ ʚʳʷʚʣʝʥʠʶ ʚʟʘʠʤʦʩʚʷʟʠ ʤʝʞʜʫ 

ʤʦʣʝʢʫʣʷʨʥʳʤ ʩʪʨʦʝʥʠʝʤ, ʦʩʦʙʝʥʥʦʩʪʷʤʠ ʨʦʩʪʘ ʠ ʩʪʨʫʢʪʫʨʦʡ ʢʨʠʩʪʘʣʣʦʚ. 
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ʎʝʣʴ ʨʘʙʦʪʳ: ɺʳʷʚʣʝʥʠʝ ʟʘʢʦʥʦʤʝʨʥʦʩʪʝʡ ʚʣʠʷʥʠʷ ʤʦʣʝʢʫʣʷʨʥʦʛʦ 

ʩʪʨʦʝʥʠʷ ʣʠʥʝʡʥʳʭ ʩʦʧʨʷʞʝʥʥʳʭ ʤʦʣʝʢʫʣ ʠʟ ʛʦʤʦʣʦʛʠʯʝʩʢʠʭ ʩʝʤʝʡʩʪʚ ʘʮʝʥʦʚ 

ʠ ʦʣʠʛʦʬʝʥʠʣʝʥʦʚ ʥʘ ʨʦʩʪ ʢʨʠʩʪʘʣʣʦʚ ʜʣʷ ʨʝʰʝʥʠʷ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʭ ʠ 

ʧʨʠʢʣʘʜʥʳʭ ʟʘʜʘʯ ʵʣʝʢʪʨʦʥʠʢʠ ʠ ʬʦʪʦʥʠʢʠ. 

ɼʣʷ ʜʦʩʪʠʞʝʥʠʷ ʮʝʣʠ ʨʘʙʦʪʳ ʙʳʣʠ ʧʦʩʪʘʚʣʝʥʳ ʩʣʝʜʫʶʱʠʝ ʟʘʜʘʯʠ: 

- ʠʩʩʣʝʜʦʚʘʪʴ ʪʝʨʤʠʯʝʩʢʫʶ ʩʪʘʙʠʣʴʥʦʩʪʴ ʠ ʫʪʦʯʥʠʪʴ ʧʘʨʘʤʝʪʨʳ ʬʘʟʦʚʳʭ 

ʧʝʨʝʭʦʜʦʚ ʠʩʩʣʝʜʫʝʤʳʭ ʚʝʱʝʩʪʚ; 

- ʦʧʨʝʜʝʣʠʪʴ ʤʝʪʦʜʳ ʠ ʫʩʣʦʚʠʷ ʧʦʣʫʯʝʥʠʷ ʤʦʥʦʢʨʠʩʪʘʣʣʦʚ;  

- ʫʪʦʯʥʠʪʴ ʧʘʨʘʤʝʪʨʳ ʩʪʨʫʢʪʫʨʳ ʢʨʠʩʪʘʣʣʦʚ; 

- ʠʩʩʣʝʜʦʚʘʪʴ ʧʦʚʝʨʭʥʦʩʪʥʳʝ ʩʚʦʡʩʪʚʘ ʨʘʩʪʚʦʨʦʚ ʠ ʢʨʠʩʪʘʣʣʦʚ; 

- ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʪʴ ʫʩʣʦʚʠʷ ʟʘʨʦʜʳʰʝʦʙʨʘʟʦʚʘʥʠʷ ʢʨʠʩʪʘʣʣʦʚ ʩ ʫʯʝʪʦʤ 

ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʛʦ ʩʪʨʦʝʥʠʷ ʠ ʘʥʠʟʦʪʨʦʧʠʠ ʧʦʚʝʨʭʥʦʩʪʥʦʡ ʵʥʝʨʛʠʠ; 

- ʚʳʷʚʠʪʴ ʚʟʘʠʤʦʩʚʷʟʴ ʤʝʞʜʫ ʤʦʣʝʢʫʣʷʨʥʳʤ ʩʪʨʦʝʥʠʝʤ, ʦʩʦʙʝʥʥʦʩʪʷʤʠ ʨʦʩʪʘ ʠ 

ʩʪʨʫʢʪʫʨʦʡ ʢʨʠʩʪʘʣʣʦʚ.  

ʅʘʫʯʥʘʷ ʥʦʚʠʟʥʘ  

1. ɺʧʝʨʚʳʝ ʜʣʷ ʠʩʩʣʝʜʫʝʤʳʭ ʚʳʩʰʠʭ ʣʠʥʝʡʥʳʭ ʦʣʠʛʦʬʝʥʠʣʝʥʦʚ ʠ 

ʘʮʝʥʦʚ ʦʧʨʝʜʝʣʝʥʳ ʠ ʦʪʨʘʙʦʪʘʥʳ ʵʬʬʝʢʪʠʚʥʳʝ ʤʝʪʦʜʳ ʚʳʨʘʱʠʚʘʥʠʷ ʠʟ 

ʨʘʩʪʚʦʨʦʚ ʠ ʧʘʨʘ ʧʣʦʩʢʠʭ ʤʦʥʦʢʨʠʩʪʘʣʣʦʚ ʩʘʥʪʠʤʝʪʨʦʚʦʛʦ ʤʘʩʰʪʘʙʘ.  

2. ɺʧʝʨʚʳʝ ʜʣʷ ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʭ ʛʨʫʧʧ ʣʠʥʝʡʥʳʭ ʤʦʣʝʢʫʣ ʧʨʦʚʝʜʝʥʦ 

ʩʨʘʚʥʠʪʝʣʴʥʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʟʘʨʦʞʜʝʥʠʷ ʠ ʨʦʩʪʘ ʢʨʠʩʪʘʣʣʦʚ ʚ ʫʩʣʦʚʠʷʭ ʇʌʊ ʚ 

ʢʣʘʩʩʠʯʝʩʢʦʤ ʠʩʧʦʣʥʝʥʠʠ (ʛʨʘʜʠʝʥʪʥʦʝ ʪʝʤʧʝʨʘʪʫʨʥʦʝ ʧʦʣʝ) ʠ ʩ ʜʚʫʤʷ 

ʪʝʤʧʝʨʘʪʫʨʥʳʤʠ ʟʦʥʘʤʠ. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʜʚʫʟʦʥʥʳʡ ʤʝʪʦʜ ʧʦʟʚʦʣʷʝʪ ʪʦʯʥʝʝ 

ʫʧʨʘʚʣʷʪʴ ʧʘʨʘʤʝʪʨʘʤʠ ʨʦʩʪʘ ʠ ʟʥʘʯʠʪʝʣʴʥʦ ʧʨʝʚʦʩʭʦʜʠʪ ʧʦ ʢʘʯʝʩʪʚʫ 

ʧʦʣʫʯʘʝʤʳʭ ʢʨʠʩʪʘʣʣʦʚ ʢʣʘʩʩʠʯʝʩʢʠʡ ʛʨʘʜʠʝʥʪʥʳʡ ʩʧʦʩʦʙ. 

3. ɺ ʭʦʜʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʦʩʦʙʝʥʥʦʩʪʝʡ ʨʦʩʪʘ ʢʨʠʩʪʘʣʣʦʚ ʧʝʥʪʘʮʝʥʘ ʚ 

ʫʩʣʦʚʠʷʭ ʧʘʨʦʚʦʛʦ ʬʠʟʠʯʝʩʢʦʛʦ ʪʨʘʥʩʧʦʨʪʘ ʙʳʣʠ ʚʳʜʝʣʝʥʳ ʠ ʚʧʝʨʚʳʝ 

ʠʩʩʣʝʜʦʚʘʥʳ ʤʝʪʦʜʦʤ ʈʉɸ ʠʛʦʣʴʯʘʪʳʝ ʢʨʠʩʪʘʣʣʳ ʩʘʥʪʠʤʝʪʨʦʚʦʛʦ ʤʘʩʰʪʘʙʘ 

ʧʨʦʠʟʚʦʜʥʦʛʦ ʧʝʥʪʘʮʝʥʘ - 5,14-ʜʠʤʝʪʠʣʝʥ-5,14-ʜʠʛʠʜʨʦʧʝʥʪʘʮʝʥʘ. 

4. ɺʧʝʨʚʳʝ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʧʨʠ ʚʳʨʘʱʠʚʘʥʠʠ ʠʟ ʧʘʨʘ ʚ 

ʧʨʠʙʣʠʟʠʪʝʣʴʥʦ ʦʜʠʥʘʢʦʚʳʭ ʫʩʣʦʚʠʷʭ ʨʦʩʪʘ ʤʦʨʬʦʣʦʛʠʯʝʩʢʦʝ ʢʘʯʝʩʪʚʦ 
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ʢʨʠʩʪʘʣʣʦʚ ʣʠʥʝʡʥʳʭ ʘʮʝʥʦʚ ʚʳʰʝ, ʯʝʤ ʫ ʢʨʠʩʪʘʣʣʦʚ ʣʠʥʝʡʥʳʭ 

ʦʣʠʛʦʬʝʥʠʣʝʥʦʚ. 

5. ʇʨʝʜʣʦʞʝʥ ʥʦʚʳʡ ʪʝʨʤʦʛʨʘʚʠʤʝʪʨʠʯʝʩʢʠʡ ʩʧʦʩʦʙ ʦʧʨʝʜʝʣʝʥʠʷ 

ʵʥʪʘʣʴʧʠʠ ʩʫʙʣʠʤʘʮʠʠ ʚ ʧʨʦʮʝʩʩʝ ʨʦʩʪʘ ʢʨʠʩʪʘʣʣʦʚ ʚ ʫʩʣʦʚʠʷʭ ʤʝʪʦʜʘ ʇʌʊ. 

ɽʛʦ ʩʦʩʪʦʷʪʝʣʴʥʦʩʪʴ ʧʦʜʪʚʝʨʞʜʝʥʘ ʭʦʨʦʰʠʤ ʩʦʛʣʘʩʠʝʤ ʧʦʣʫʯʝʥʥʳʭ 

ʨʝʟʫʣʴʪʘʪʦʚ ʜʣʷ ʥʘʬʪʘʣʠʥʘ, ʘʥʪʨʘʮʝʥʘ ʠ ʪʝʪʨʘʮʝʥʘ ʩ ʣʠʪʝʨʘʪʫʨʥʳʤʠ 

ʩʚʝʜʝʥʠʷʤʠ. 

6. ɺʧʝʨʚʳʝ ʧʦʣʫʯʝʥʳ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʟʥʘʯʝʥʠʷ ʧʦʚʝʨʭʥʦʩʪʥʦʡ 

ʵʥʝʨʛʠʠ ʨʘʟʚʠʪʦʡ ʛʨʘʥʠ (001) ʚʳʨʘʱʝʥʥʳʭ ʢʨʠʩʪʘʣʣʦʚ ʠʩʩʣʝʜʫʝʤʳʭ ʚʝʱʝʩʪʚ 

ʤʝʪʦʜʦʤ ʢʦʥʪʘʢʪʥʦʛʦ ʫʛʣʘ ʩʤʘʯʠʚʘʥʠʷ.  

7. ʅʘ ʦʩʥʦʚʝ ʢʣʘʩʩʠʯʝʩʢʦʡ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʦʡ ʪʝʦʨʠʠ 

ʟʘʨʦʜʳʰʝʦʙʨʘʟʦʚʘʥʠʷ ʩ ʫʯʝʪʦʤ ʧʦʚʝʨʭʥʦʩʪʥʦʡ ʵʥʝʨʛʠʠ ʛʨʘʥʝʡ (100), (010), 

(110), (001), ʨʘʩʩʯʠʪʘʥʥʦʡ ʚ ʧʨʠʙʣʠʞʝʥʠʠ ʤʝʪʦʜʘ ʘʪʦʤʥʦʛʦ ʩʠʣʦʚʦʛʦ ʧʦʣʷ 

OPLS (Optimized Potentials for Liquid Simulations), ʠ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʛʦ ʩʪʨʦʝʥʠʷ 

ʚʧʝʨʚʳʝ ʦʧʨʝʜʝʣʝʥʳ ʢʨʠʪʠʯʝʩʢʠʝ ʨʘʟʤʝʨʳ ʟʘʨʦʜʳʰʝʡ ʢʨʠʩʪʘʣʣʦʚ ʣʠʥʝʡʥʳʭ 

ʦʣʠʛʦʬʝʥʠʣʝʥʦʚ ʠ ʘʮʝʥʦʚ ʧʨʠ ʦʙʨʘʟʦʚʘʥʠʠ ʠʟ ʨʘʩʪʚʦʨʦʚ ʠ ʧʘʨʦʚʦʡ ʬʘʟʳ ʠ 

ʦʧʨʝʜʝʣʝʥʳ ʛʨʘʥʠʯʥʳʝ ʫʩʣʦʚʠʷ ʜʣʷ ʦʙʨʘʟʦʚʘʥʠʷ ʤʦʥʦʩʣʦʡʥʳʭ 

ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʘʛʨʝʛʘʪʦʚ.  

ʇʨʘʢʪʠʯʝʩʢʘʷ ʟʥʘʯʠʤʦʩʪʴ ʨʘʙʦʪʳ  

1. ʈʘʟʚʠʪʳ ʵʬʬʝʢʪʠʚʥʳʝ ʤʝʪʦʜʳ ʚʳʨʘʱʠʚʘʥʠʷ ʢʨʠʩʪʘʣʣʦʚ ʣʠʥʝʡʥʳʭ 

ʘʮʝʥʦʚ ʠ ʦʣʠʛʦʬʝʥʠʣʝʥʦʚ ʠʟ ʨʘʩʪʚʦʨʦʚ ʠ ʧʘʨʦʚʦʡ ʬʘʟʳ, ʧʦʟʚʦʣʷʶʱʠʝ ʧʦʣʫʯʘʪʴ 

ʤʦʥʦʢʨʠʩʪʘʣʣʠʯʝʩʢʠʝ ʦʙʨʘʟʮʳ ʚ ʤʘʩʰʪʘʙʝ ~ 1 ʩʤ ʜʣʷ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʭ ʠ 

ʧʨʠʢʣʘʜʥʳʭ ʟʘʜʘʯ ʵʣʝʢʪʨʦʥʠʢʠ ʠ ʬʦʪʦʥʠʢʠ. 

2. ʇʨʝʜʣʦʞʝʥʥʳʡ ʥʦʚʳʡ ʪʝʨʤʦʛʨʘʚʠʤʝʪʨʠʯʝʩʢʠʡ ʤʝʪʦʜ ʦʧʨʝʜʝʣʝʥʠʷ 

ʵʥʪʘʣʴʧʠʠ ʩʫʙʣʠʤʘʮʠʠ ʚ ʫʩʣʦʚʠʷʭ ʚʳʨʘʱʠʚʘʥʠʷ ʢʨʠʩʪʘʣʣʦʚ ʤʝʪʦʜʦʤ ʇʌʊ 

ʧʫʪʝʤ ʠʟʤʝʨʝʥʠʷ ʧʦʪʝʨʠ ʤʘʩʩʳ ʥʘʚʝʩʢʠ, ʪʝʤʧʝʨʘʪʫʨʳ ʚ ʦʢʨʝʩʪʥʦʩʪʠ ʠʩʪʦʯʥʠʢʘ 

ʚʝʱʝʩʪʚʘ ʠ ʜʣʠʪʝʣʴʥʦʩʪʠ ʧʨʦʮʝʩʩʘ, ʟʘ ʩʯʝʪ ʩʚʦʝʡ ʧʨʦʩʪʦʪʳ ʠ ʜʦʩʪʫʧʥʦʩʪʠ 

ʤʦʞʝʪ ʙʳʪʴ ʧʨʠʤʝʥʝʥ ʜʣʷ ʠʟʫʯʝʥʠʷ ʧʨʦʮʝʩʩʦʚ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʥʦʚʳʭ ʠ 

ʤʘʣʦʠʟʫʯʝʥʥʳʭ ʦʨʛʘʥʠʯʝʩʢʠʭ ʤʦʣʝʢʫʣ. 
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3. ʇʦʣʫʯʝʥʥʳʝ ʫʩʣʦʚʠʷ ʟʘʨʦʜʳʰʝʦʙʨʘʟʦʚʘʥʠʷ ʢʨʠʩʪʘʣʣʦʚ 

ʧʨʝʜʩʪʘʚʣʷʶʪ ʠʥʪʝʨʝʩ ʜʣʷ ʨʘʟʚʠʪʠʷ ʤʝʪʦʜʦʚ ʬʦʨʤʠʨʦʚʘʥʠʷ ʠʟ ʨʘʩʪʚʦʨʦʚ ʠ 

ʧʘʨʦʚʦʡ ʬʘʟʳ ʫʣʴʪʨʘʪʦʥʢʠʭ (ʚ ʧʨʝʜʝʣʝ ʦʜʠʥ ʤʦʥʦʩʣʦʡ) ʤʦʥʦʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ 

ʧʣʝʥʦʢ ʦʨʛʘʥʠʯʝʩʢʠʭ ʤʦʣʝʢʫʣ, ʦʙʣʘʜʘʶʱʠʭ ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚʳʤʠ ʩʚʦʡʩʪʚʘʤʠ, 

ʧʨʠ ʨʘʟʨʘʙʦʪʢʝ ʦʧʪʦʵʣʝʢʪʨʦʥʥʳʭ ʫʩʪʨʦʡʩʪʚ. 

ʃʠʯʥʳʡ ʚʢʣʘʜ ʩʦʠʩʢʘʪʝʣʷ 

ɸʚʪʦʨʦʤ ʩʦʙʨʘʥʳ ʠ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥʳ ʣʠʪʝʨʘʪʫʨʥʳʝ ʜʘʥʥʳʝ ʧʦ ʪʝʤʝ 

ʜʠʩʩʝʨʪʘʮʠʠ. ʀʟʫʯʝʥʘ ʨʘʩʪʚʦʨʠʤʦʩʪʴ ʩʦʝʜʠʥʝʥʠʡ. ʉʢʦʥʩʪʨʫʠʨʦʚʘʥʳ ʠ 

ʠʟʛʦʪʦʚʣʝʥʳ ʨʦʩʪʦʚʳʝ ʫʩʪʘʥʦʚʢʠ. ʇʨʦʚʝʜʝʥʳ ʨʦʩʪʦʚʳʝ ʵʢʩʧʝʨʠʤʝʥʪʳ ʠ 

ʧʦʣʫʯʝʥʳ ʤʦʥʦʢʨʠʩʪʘʣʣʳ. ʇʨʦʚʝʜʝʥʳ ʠʩʩʣʝʜʦʚʘʥʠ ̫ ʤʦʨʬʦʣʦʛʠʠ ʢʨʠʩʪʘʣʣʦʚ 

ʤʝʪʦʜʘʤʠ ʦʧʪʠʯʝʩʢʦʡ ʠ ʢʦʥʬʦʢʘʣʴʥʦʡ ʤʠʢʨʦʩʢʦʧʠʠ, ʠʟʫʯʝʥʳ ʧʦʚʝʨʭʥʦʩʪʥʳʝ 

ʩʚʦʡʩʪʚʘ ʨʘʩʪʚʦʨʦʚ ʠ ʚʳʨʘʱʝʥʥʳʭ ʢʨʠʩʪʘʣʣʦʚ, ʚʳʧʦʣʥʝʥʳ ʩʪʨʫʢʪʫʨʥʳʝ 

ʠʩʩʣʝʜʦʚʘʥʠ ̫ ʥʘ ʨʝʥʪʛʝʥʦʚʩʢʦʤ ʜʠʬʨʘʢʪʦʤʝʪʨʝ Miniflex 600. ʇʨʠ ʣʠʯʥʦʤ 

ʫʯʘʩʪʠʠ ʘʚʪʦʨʘ ʧʨʦʚʝʜʝʥʳ ʪʝʨʤʦʘʥʘʣʠʪʠʯʝʩʢʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʤʝʪʦʜʘʤʠ ɼʉʂ ʠ 

ʊɻɸ, ʚʳʧʦʣʥʝʥʳ ʤʦʥʦʢʨʠʩʪʘʣʴʥʳʝ ʨʝʥʪʛʝʥʦʜʠʬʨʘʢʮʠʦʥʥʳʝ ʵʢʩʧʝʨʠʤʝʥʪʳ, 

ʧʨʦʚʝʜʝʥʘ ʦʙʨʘʙʦʪʢʘ ʠ ʘʥʘʣʠʟ ʩʪʨʫʢʪʫʨʥʳʭ ʜʘʥʥʳʭ ʩ ʧʦʤʦʱʴʶ ʧʨʦʛʨʘʤʤʥʦʛʦ 

ʧʘʢʝʪʘ Mercury, ʨʘʩʩʯʠʪʘʥʘ ʧʦʚʝʨʭʥʦʩʪʥʘʷ ʵʥʝʨʛʠʷ ʠ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥʳ 

ʫʩʣʦʚʠʷ ʟʘʨʦʜʳʰʝʦʙʨʘʟʦʚʘʥʠʷ ʢʨʠʩʪʘʣʣʦʚ. 

ʆʩʥʦʚʥʳʝ ʧʦʣʦʞʝʥʠʷ, ʚʳʥʦʩʠʤʳʝ ʥʘ ʟʘʱʠʪʫ: 

1. C ʧʦʤʦʱʴʶ ʤʝʪʦʜʦʚ ʚʳʨʘʱʠʚʘʥʠʷ ʠʟ ʨʘʩʪʚʦʨʦʚ ʚʦʟʤʦʞʥʦ ʧʦʣʫʯʝʥʠʝ 

ʤʦʥʦʢʨʠʩʪʘʣʣʦʚ ʣʠʥʝʡʥʳʭ ʘʮʝʥʦʚ (n Ò 4) ʠ ʦʣʠʛʦʬʝʥʠʣʝʥʦʚ (n Ò 5) 

ʩʘʥʪʠʤʝʪʨʦʚʦʛʦ ʤʘʩʰʪʘʙʘ. 

2. ʄʝʪʦʜʦʤ ʇʌʊ ʤʦʞʥʦ ʧʦʣʫʯʘʪʴ ʤʦʥʦʢʨʠʩʪʘʣʣʳ ʣʠʥʝʡʥʳʭ 

ʦʣʠʛʦʬʝʥʠʣʝʥʦʚ (n Ò 6) ʩʘʥʪʠʤʝʪʨʦʚʦʛʦ ʤʘʩʰʪʘʙʘ.  

3. ɼʣʷ ʫʩʣʦʚʠʡ ʨʦʩʪʘ ʢʨʠʩʪʘʣʣʦʚ ʤʝʪʦʜʦʤ ʇʌʊ ʚ ʢʚʘʟʠʩʪʘʮʠʦʥʘʨʥʦʤ 

ʧʨʠʙʣʠʞʝʥʠʠ ʜʣʷ ʤʘʣʳʭ ʪʝʤʧʝʨʘʪʫʨʥʳʭ ʠʥʪʝʨʚʘʣʦʚ ʵʥʪʘʣʴʧʠʶ ʩʫʙʣʠʤʘʮʠʠ ʩ 

ʤʘʣʦʡ ʧʦʧʨʘʚʢʦʡ ʤʦʞʥʦ ʦʧʨʝʜʝʣʠʪʴ ʧʦ ʣʦʛʘʨʠʬʤʠʯʝʩʢʦʡ ʟʘʚʠʩʠʤʦʩʪʠ 

ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʧʦʪʝʨʠ ʤʘʩʩʳ ʥʘʚʝʩʢʠ ʦʪ ʦʙʨʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʳ. 

4. ʇʦ ʭʘʨʘʢʪʝʨʫ ʦʩʘʞʜʝʥʠʷ ʢʨʠʩʪʘʣʣʦʚ ʠʟ ʧʘʨʘ ʚ ʛʨʘʜʠʝʥʪʥʦʤ ʪʝʧʣʦʚʦʤ 

ʧʦʣʝ ʤʦʞʥʦ ʫʩʪʘʥʦʚʠʪʴ ʰʠʨʠʥʫ ʦʙʣʘʩʪʠ ʤʝʪʘʩʪʘʙʠʣʴʥʦʩʪʠ ʧʝʨʝʩʳʱʝʥʥʦʛʦ 
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ʧʘʨʘ ʦʪʥʦʩʠʪʝʣʴʥʦ ʨʘʚʥʦʚʝʩʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ ʠʩʪʦʯʥʠʢʘ ʜʣʷ 

ʦʧʨʝʜʝʣʝʥʠʷ ʫʩʣʦʚʠʡ ʨʦʩʪʘ ʢʨʠʩʪʘʣʣʦʚ ʚ ʜʚʫʟʦʥʥʦʤ ʪʝʧʣʦʚʦʤ ʧʦʣʝ. 

5. ʇʨʝʜʣʦʞʝʥʥʳʡ ʜʚʫʟʦʥʥʳʡ ʤʝʪʦʜ ʨʦʩʪʘ ʢʨʠʩʪʘʣʣʦʚ ʚ ʫʩʣʦʚʠʷʭ ʇʌʊ 

ʷʚʣʷʝʪʩʷ ʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʳʤ ʚ ʩʨʘʚʥʝʥʠʠ ʩ ʢʣʘʩʩʠʯʝʩʢʠʤ ʛʨʘʜʠʝʥʪʥʳʤ 

ʩʧʦʩʦʙʦʤ. 

6. ɹʝʩʢʦʥʬʦʨʤʘʮʠʦʥʥʳʝ ʤʦʣʝʢʫʣʳ, ʘʮʝʥʳ, ʧʨʠ ʚʳʨʘʱʠʚʘʥʠʠ ʜʘʶʪ ʙʦʣʝʝ 

ʢʨʫʧʥʳʝ ʠ ʤʦʨʬʦʣʦʛʠʯʝʩʢʠ ʢʘʯʝʩʪʚʝʥʥʳʝ ʧʣʦʩʢʠʝ ʤʦʥʦʢʨʠʩʪʘʣʣʳ ʚ ʩʨʘʚʥʝʥʠʠ 

ʩ ʢʦʥʬʦʨʤʘʮʠʦʥʥʦ ʛʠʙʢʠʤʠ ʦʣʠʛʦʬʝʥʠʣʝʥʘʤʠ.  

ɸʧʨʦʙʘʮʠʷ ʨʝʟʫʣʴʪʘʪʦʚ 

ʆʩʥʦʚʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʨʘʙʦʪʳ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʢʘʯʝʩʪʚʝ ʫʩʪʥʳʭ ʠ ʩʪʝʥʜʦʚʳʭ 

ʜʦʢʣʘʜʦʚ ʥʘ ʤʝʞʜʫʥʘʨʦʜʥʳʭ ʠ ʨʦʩʩʠʡʩʢʠʭ ʢʦʥʬʝʨʝʥʮʠʷʭ: ʉʝʜʴʤʘʷ (2017) ʠ 

ɺʦʩʴʤʘʷ (2019) ʄʝʞʜʫʥʘʨʦʜʥʘʷ ʢʦʥʬʝʨʝʥʮʠʷ çʂʨʠʩʪʘʣʣʦʬʠʟʠʢʘ ʠ 

ʜʝʬʦʨʤʘʮʠʦʥʥʦʝ ʧʦʚʝʜʝʥʠʝ ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʤʘʪʝʨʠʘʣʦʚè, ʄʦʩʢʚʘ, ʅʀʊʋ 

"ʄʀʉʠʉ"; ʏʝʪʚʝʨʪʳʡ ʤʝʞʜʠʩʮʠʧʣʠʥʘʨʥʳʡ ʥʘʫʯʥʳʡ ʬʦʨʫʤ ʩ ʤʝʞʜʫʥʘʨʦʜʥʳʤ 

ʫʯʘʩʪʠʝʤ "ʅʦʚʳʝ ʤʘʪʝʨʠʘʣʳ ʠ ʧʝʨʩʧʝʢʪʠʚʥʳʝ ʪʝʭʥʦʣʦʛʠʠ", 2018 ʛ., ʛ. ʄʦʩʢʚʘ; 

12 ʝʞʝʛʦʜʥʦʝ ʟʘʩʝʜʘʥʠʝ ʅʘʫʯʥʦʛʦ ʉʦʚʝʪʘ ʈɸʅ ʧʦ ʬʠʟʠʢʝ ʢʦʥʜʝʥʩʠʨʦʚʘʥʥʦʛʦ 

ʩʦʩʪʦʷʥʠʷ, 29-30 ʦʢʪʷʙʨʷ 2019, ʏʝʨʥʦʛʦʣʦʚʢʘ; LII  (2018), LIII  (2019) ʠ LIV 

(2020) ʰʢʦʣʘ ʇʀʗʌ ʧʦ ʬʠʟʠʢʝ ʢʦʥʜʝʥʩʠʨʦʚʘʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ, ʉ.-ʇʝʪʝʨʙʫʨʛ; 

ɼʝʚʷʪʳʡ ʤʝʞʜʫʥʘʨʦʜʥʳʡ ʥʘʫʯʥʳʡ ʩʝʤʠʥʘʨ çʉʦʚʨʝʤʝʥʥʳʝ ʤʝʪʦʜʳ ʘʥʘʣʠʟʘ 

ʜʠʬʨʘʢʮʠʦʥʥʳʭ ʜʘʥʥʳʝ ʠ ʘʢʪʫʘʣʴʥʳʝ ʧʨʦʙʣʝʤʳ ʨʝʥʪʛʝʥʦʚʩʢʦʡ ʦʧʪʠʢʠè, 1-11 

ʠʶʣʷ 2020, ʄʦʩʢʚʘ ï ʉ.-ʇʝʪʝʨʙʫʨʛ; VIII ʄʝʞʜʫʥʘʨʦʜʥʘʷ ʢʦʥʬʝʨʝʥʮʠʷ ʩ 

ʵʣʝʤʝʥʪʘʤʠ ʥʘʫʯʥʦʡ ʰʢʦʣʳ ʜʣʷ ʤʦʣʦʜʝʞʠ çʌʫʥʢʮʠʦʥʘʣʴʥʳʝ ʥʘʥʦʤʘʪʝʨʠʘʣʳ ʠ 

ʚʳʩʦʢʦʯʠʩʪʳʝ ʚʝʱʝʩʪʚʘè, 5-9 ʦʢʪʷʙʨʷ 2020, ʛ ʉʫʟʜʘʣʴ; X (2018) ʠ XI (2021) 

ʄʝʞʜʫʥʘʨʦʜʥʳʝ ʥʘʫʯʥʳʝ ʢʦʥʬʝʨʝʥʮʠʠ "ʂʠʥʝʪʠʢʘ ʠ ʤʝʭʘʥʠʟʤ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ. 

ʂʨʠʩʪʘʣʣʠʟʘʮʠʷ ʠ ʤʘʪʝʨʠʘʣʳ ʥʦʚʦʛʦ ʧʦʢʦʣʝʥʠʷ", ʉʫʟʜʘʣʴ (2018), ʀʚʘʥʦʚʦ 

(2021); International conference ñMechanisms and non-linear problems of a 

nucleation and growth of crystals and thin filmsò (MGCTFô19), 1-5 July 2019, Saint 

Petersburg; ʈʦʩʩʠʡʩʢʘʷ ʥʘʫʯʥʦ-ʪʝʭʥʠʯʝʩʢʘʷ ʢʦʥʬʝʨʝʥʮʠʷ ʩ ʤʝʞʜʫʥʘʨʦʜʥʳʤ 

ʫʯʘʩʪʠʝʤ çʀʥʥʦʚʘʮʠʦʥʥʳʝ ʪʝʭʥʦʣʦʛʠʠ ʚ ʵʣʝʢʪʨʦʥʠʢʝ ʠ ʧʨʠʙʦʨʦʩʪʨʦʝʥʠʠ 
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(çʈʅʊʂ ʌʊʀ - 2020è)è, 16-17 ʘʧʨʝʣʷ 2020, ʄʦʩʢʚʘ; The 2
nd

 International Online 

Conference on Crystals, 10-20 November, 2020, MDPI. 

ʇʫʙʣʠʢʘʮʠʠ 

ʇʦ ʤʘʪʝʨʠʘʣʘʤ ʜʠʩʩʝʨʪʘʮʠʠ ʦʧʫʙʣʠʢʦʚʘʥʦ 10 ʩʪʘʪʝʡ ʚ ʨʝʮʝʥʟʠʨʫʝʤʳʭ 

ʞʫʨʥʘʣʘʭ, ʚʭʦʜʷʱʠʭ ʚ ʩʧʠʩʦʢ ɺɸʂ, ʠ ʪʝʟʠʩʳ 21 ʜʦʢʣʘʜʘ ʥʘ ʨʦʩʩʠʡʩʢʠʭ ʠ 

ʤʝʞʜʫʥʘʨʦʜʥʳʭ ʥʘʫʯʥʳʭ ʢʦʥʬʝʨʝʥʮʠʷʭ. 

ʉʪʨʫʢʪʫʨʘ ʠ ʦʙʲʝʤ ʜʠʩʩʝʨʪʘʮʠʠ  

ɼʠʩʩʝʨʪʘʮʠʦʥʥʘʷ ʨʘʙʦʪʘ ʩʦʩʪʦʠʪ ʠʟ ʚʚʝʜʝʥʠʷ, ʯʝʪʳʨʝʭ ʛʣʘʚ, ʟʘʢʣʶʯʝʥʠʷ ʠ 

ʦʩʥʦʚʥʳʭ ʚʳʚʦʜʦʚ, ʩʧʠʩʢʘ ʣʠʪʝʨʘʪʫʨʳ ʠ ʧʨʠʣʦʞʝʥʠʷ. ʆʙʱʠʡ ʦʙʲʝʤ ʨʘʙʦʪʳ 221 

ʩʪʨʘʥʠʮ. ɼʠʩʩʝʨʪʘʮʠʷ ʩʦʜʝʨʞʠʪ 98 ʨʠʩʫʥʢʦʚ ʠ 28 ʪʘʙʣʠʮ. ʉʧʠʩʦʢ ʮʠʪʠʨʫʝʤʦʡ 

ʣʠʪʝʨʘʪʫʨʳ ʚʢʣʶʯʘʝʪ 263 ʥʘʠʤʝʥʦʚʘʥʠʷ. 
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ɻʃɸɺɸ 1. ʃʀʊɽʈɸʊʋʈʅʓʁ ʆɹɿʆʈ 

1.1. ʂʨʠʩʪʘʣʣʳ ʣʠʥʝʡʥʳʭ ʩʦʧʨʷʞʝʥʥʳʭ ʦʣʠʛʦʤʝʨʦʚ ʜʣʷ ʦʨʛʘʥʠʯʝʩʢʦʡ 

ʵʣʝʢʪʨʦʥʠʢʠ ʠ ʬʦʪʦʥʠʢʠ 

ʇʦʣʫʯʝʥʠʝ ʩʦʧʨʷʞʝʥʥʳʭ ʦʨʛʘʥʠʯʝʩʢʠʭ ʧʦʣʠʤʝʨʦʚ (ʨʠʩʫʥʦʢ 1.1, ʘ), 

ʦʙʣʘʜʘʶʱʠʭ ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚʳʤ ʩʚʦʡʩʪʚʘʤʠ, ʧʦʩʣʫʞʠʣʦ ʤʦʱʥʳʤ ʩʪʠʤʫʣʦʤ 

ʜʣʷ ʨʘʟʚʠʪʠʷ ʥʦʚʦʛʦ ʤʝʞʜʠʩʮʠʧʣʠʥʘʨʥʦʛʦ ʥʘʧʨʘʚʣʝʥʠʷ ï ʦʨʛʘʥʠʯʝʩʢʘʷ 

ʵʣʝʢʪʨʦʥʠʢʘ [3ï6]. ʂʦʛʜʘ ʧʦʣʠʤʝʨʳ ʩʦʩʪʦʷʪ ʠʟ ʙʦʣʴʰʦʛʦ ʢʦʣʠʯʝʩʪʚʘ 

ʩʪʨʦʠʪʝʣʴʥʳʭ ʙʣʦʢʦʚ, ʩʚʷʟʘʥʥʳʭ ʧʦʚʪʦʨʷʶʱʠʤʩʷ ʦʙʨʘʟʦʤ, ʦʣʠʛʦʤʝʨʳ ʠʣʠ 

ʢʦʨʦʪʢʠʝ ʤʦʣʝʢʫʣʳ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʠʭ ʥʠʟʰʠʝ ʛʦʤʦʣʦʛʠ, ʧʦʩʢʦʣʴʢʫ ʦʥʠ 

ʙʫʜʫʪ ʩʦʜʝʨʞʘʪʴ ʪʦʣʴʢʦ ʦʜʥʦ ʠʣʠ ʥʝʩʢʦʣʴʢʦ ʪʘʢʠʭ ʟʚʝʥʴʝʚ. ʅʝʪ ʩʤʳʩʣʘ 

ʦʧʨʝʜʝʣʷʪʴ ʛʨʘʥʠʮʫ ʤʝʞʜʫ ʦʣʠʛʦʤʝʨʘʤʠ ʠ ʧʦʣʠʤʝʨʘʤʠ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʠʭ 

ʤʦʣʝʢʫʣʷʨʥʦʡ ʤʘʩʩʳ, ʥʦ ʢʣʶʯʝʚʦʡ ʦʩʦʙʝʥʥʦʩʪʴʶ, ʙʝʟʫʩʣʦʚʥʦ, ʷʚʣʷʝʪʩʷ ʪʦ, ʯʪʦ 

ʫʚʝʣʠʯʝʥʠʝ ʨʘʟʤʝʨʘ ʦʣʠʛʦʤʝʨʘ ʠʟʤʝʥʷʝʪ ʝʛʦ ʬʠʟʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʜʦ ʪʝʭ ʧʦʨ, 

ʧʦʢʘ ʥʝ ʙʫʜʝʪ ʜʦʩʪʠʛʥʫʪʦ ʥʝʢʦʪʦʨʦʝ ʧʨʝʜʝʣʴʥʦʝ ʟʥʘʯʝʥʠʝ [7].  

ʉʪʨʫʢʪʫʨʥʦ ʧʦʣʠʤʝʨʳ ʷʚʣʷʶʪʩʷ ʘʤʦʨʬʥʳʤʠ ʠʣʠ ʯʘʩʪʥʦ-

ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʤʠ ʤʘʪʝʨʠʘʣʘʤʠ ʩ ʚʳʩʦʢʦʡ ʜʦʣʝʡ ʙʝʩʧʦʨʷʜʦʯʥʦʡ ʬʘʟʳ ʠ 

ʨʘʟʣʠʯʥʳʭ ʧʨʠʤʝʩʝʡ (ʨʠʩʫʥʦʢ 1.1, ʙ). ʅʘ ʦʩʥʦʚʝ ʞʝ ʦʣʠʛʦʤʝʨʦʚ ʤʦʛʫʪ 

ʬʦʨʤʠʨʦʚʘʪʴʩʷ ʢʨʠʩʪʘʣʣʳ ʩ ʥʘʣʠʯʠʝʤ ʜʘʣʴʥʝʛʦ ʧʦʨʷʜʢʘ, ʘ ʚ ʥʝʢʦʪʦʨʳʭ ʩʣʫʯʘʷʭ 

ʩʪʝʧʝʥʴ ʩʪʨʫʢʪʫʨʥʦʛʦ ʩʦʚʝʨʰʝʥʩʪʚʘ ʤʦʞʝʪ ʙʳʪʴ ʩʪʦʣʴ ʚʳʩʦʢʘ, ʯʪʦ ʨʘʟʤʝʨʳ 

ʤʦʥʦʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʦʙʨʘʟʮʦʚ ʩ ʥʘʣʠʯʠʝʤ ʯʝʪʢʦʡ ʦʛʨʘʥʢʠ ʤʦʛʫʪ ʜʦʩʪʠʛʘʪʴ 

ʩʘʥʪʠʤʝʪʨʦʚʳʭ ʤʘʩʰʪʘʙʦʚ. ʇʦ ʵʪʦʡ ʧʨʠʯʠʥʝ ʚ ʨʘʟʚʠʪʠʠ ʦʨʛʘʥʠʯʝʩʢʦʡ 

ʵʣʝʢʪʨʦʥʠʢʠ ʣʠʥʝʡʥʳʝ ʦʣʠʛʦʤʝʨʳ ʠʛʨʘʶʪ ʚʘʞʥʫʶ ʨʦʣʴ, ʧʦʩʢʦʣʴʢʫ ʥʘ ʠʭ 

ʦʩʥʦʚʝ, ʚ ʦʪʣʠʯʠʝ ʦʪ ʩʦʧʨʷʞʝʥʥʳʭ ʧʦʣʠʤʝʨʦʚ, ʤʦʞʥʦ ʬʦʨʤʠʨʦʚʘʪʴ ʤʝʪʦʜʘʤʠ 

ʨʦʩʪʘ ʠʟ ʨʘʩʪʚʦʨʦʚ ʠ ʧʘʨʘ ʢʘʯʝʩʪʚʝʥʥʳʝ ʢʨʠʩʪʘʣʣʳ ʩ ʥʠʟʢʠʤ ʩʦʜʝʨʞʘʥʠʝʤ 

ʩʪʨʫʢʪʫʨʥʳʭ ʜʝʬʝʢʪʦʚ ʠ ʧʨʠʤʝʩʝʡ [8ï10]. ɺʳʩʦʢʦʝ ʩʪʨʫʢʪʫʨʥʦʝ ʩʦʚʝʨʰʝʥʩʪʚʦ 

ʢʨʠʩʪʘʣʣʦʚ ʥʝʦʙʭʦʜʠʤʦ ʩ ʦʜʥʦʡ ʩʪʦʨʦʥʳ ʜʣʷ ʜʦʩʪʠʞʝʥʠʷ ʤʘʢʩʠʤʘʣʴʥʦ ʚʳʩʦʢʠʭ 

ʧʦʢʘʟʘʪʝʣʝʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʦʧʪʦʵʣʝʢʪʨʦʥʥʳʭ ʩʚʦʡʩʪʚ (ʥʘʧʨʠʤʝʨ, ʧʦʜʚʠʞʥʦʩʪʴ 

ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʟʘʨʷʜʦʚ), ʘ ʩ ʜʨʫʛʦʡ ï ʜʣʷ ʪʱʘʪʝʣʴʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʩʪʨʦʝʥʠʷ 

ʩʦʧʨʷʞʝʥʥʦʡ ʤʦʣʝʢʫʣʳ ʠ ʭʘʨʘʢʪʝʨʘ ʝʸ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩ ʙʣʠʞʘʡʰʠʤ 
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ʦʢʨʫʞʝʥʠʝʤ ʤʝʪʦʜʘʤʠ ʤʦʥʦʢʨʠʩʪʘʣʴʥʦʡ ʨʝʥʪʛʝʥʦʚʩʢʦʡ ʜʠʬʨʘʢʮʠʠ. ʀʟ ʵʪʦʛʦ 

ʩʣʝʜʫʝʪ, ʯʪʦ ʚʘʞʥʳʤ ʤʦʪʠʚʦʤ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʦʣʠʛʦʤʝʨʦʚ ʷʚʣʷʝʪʩʷ 

ʫʩʪʘʥʦʚʣʝʥʠʝ ʚʟʘʠʤʦʩʚʷʟʠ ʤʝʞʜʫ ʭʠʤʠʯʝʩʢʦʡ ʧʨʠʨʦʜʦʡ ʩʪʨʦʠʪʝʣʴʥʦʡ ʝʜʠʥʠʮʳ 

ʠ ʜʣʠʥʦʡ ʮʝʧʠ ʩ ʦʜʥʦʡ ʩʪʦʨʦʥʳ, ʠ ʦʩʦʙʝʥʥʦʩʪʷʤʠ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ, 

ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʦʡ ʠ ʬʠʟʠʯʝʩʢʠʤʠ ʩʚʦʡʩʪʚʘʤʠ, ʩ ʜʨʫʛʦʡ. 

ʇʨʦʩʪʝʡʰʠʤ ʩʦʧʨʷʞʝʥʥʳʤ ʦʣʠʛʦʤʝʨʦʤ ʷʚʣʷʝʪʩʷ ʦʣʠʛʦʝʥ ʠʣʠ 

ʦʣʠʛʦʘʮʝʪʠʣʝʥ, ʩʦʩʪʦʷʱʠʡ ʠʟ ʯʝʨʝʜʫʶʱʝʡʩʷ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʜʚʦʡʥʳʭ ʠ 

ʦʜʥʦʢʨʘʪʥʳʭ ʩʚʷʟʝʡ ʩ ́-  ́ʚʟʘʠʤʦʜʝʡʩʪʚʠʝʤ, ʧʨʦʩʪʠʨʘʶʱʠʤʩʷ ʧʦ ʚʩʝʡ ʤʦʣʝʢʫʣʝ 

(ʨʠʩʫʥʦʢ 1.1, ʘ). ɼʨʫʛʠʝ ʧʨʠʤʝʨʳ ʚʢʣʶʯʘʶʪ ʩʦʧʨʷʞʝʥʥʳʝ ʤʝʞʜʫ ʩʦʙʦʡ 

ʘʨʦʤʘʪʠʯʝʩʢʠʝ ʩʪʨʦʠʪʝʣʴʥʳʝ ʙʣʦʢʠ, ʪʘʢʠʝ ʢʘʢ ʙʝʥʟʦʣ, ʪʠʦʬʝʥ, ʧʠʨʦʣʣ ʠʣʠ 

ʛʠʙʨʠʜʥʳʝ ʢʦʥʩʪʨʫʢʮʠʠ, ʥʘʧʨʠʤʝʨ, ʥʘ ʦʩʥʦʚʝ ʦʣʝʬʠʥʦʚʳʭ ʠ ʘʨʦʤʘʪʠʯʝʩʢʠʭ 

ʛʨʫʧʧ, ʪʘʢʠʭ ʢʘʢ ʩʪʠʣʴʙʝʥ ʠ ʚʳʩʰʠʝ ʬʝʥʠʣʝʥʚʝʥʠʣʝʥʳ (ʨʠʩʫʥʦʢ 1.1, ʘ).  

 

ʈʠʩʫʥʦʢ 1.1 -  ʍʠʤʠʯʝʩʢʠʝ ʬʦʨʤʫʣʳ ʨʷʜʘ ʩʦʧʨʷʞʝʥʥʳʭ ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚʳʭ ʧʦʣʠʤʝʨʦʚ 

(ʘ) ʠ ʩʭʝʤʘʪʠʯʝʩʢʦʝ ʠʟʦʙʨʘʞʝʥʠʝ ʪʠʧʠʯʥʳʭ ʧʦʣʠʤʝʨʥʳʭ ʩʪʨʫʢʪʫʨ (ʙ) 

ʃʠʥʝʡʥʘʷ ʬʦʨʤʘ ʤʦʣʝʢʫʣ ʦʙʫʩʣʘʚʣʠʚʘʝʪ ʜʚʘ ʦʩʥʦʚʥʳʭ ʪʠʧʘ ʫʧʘʢʦʚʢʠ ʚ 

ʢʨʠʩʪʘʣʣʘʭ: ʩʣʦʠʩʪʳʡ - ʚ ʚʠʜʝ ʩʪʦʧʢʠ ʧʘʨʘʣʣʝʣʴʥʳʭ ʤʦʥʦʩʣʦʝʚ (ʨʠʩʫʥʦʢ 1.2, ʘ) 

ʠ ʚ ʚʠʜʝ ʢʠʨʧʠʯʥʦʡ ʢʣʘʜʢʠ (ʨʠʩʫʥʦʢ 1.2, ʙ) [11]. ɺ ʧʝʨʚʦʤ ʩʣʫʯʘʝ ʠʤʝʝʪ ʤʝʩʪʦ 

2D ʘʥʠʟʦʪʨʦʧʥʳʡ ʭʘʨʘʢʪʝʨ ʨʦʩʪʘ, ʧʨʠʚʦʜʷʱʠʡ ʢ ʬʦʨʤʘʤ ʢʨʠʩʪʘʣʣʦʚ ʚ ʚʠʜʝ 



14 

 

ʧʣʝʥʦʢ ʠ ʧʣʘʩʪʠʥ, ʚʦ ʚʪʦʨʦʤ ʩʣʫʯʘʝ ï ʦʜʥʦʤʝʨʥʘʷ ʘʥʠʟʦʪʨʦʧʠʷ ʨʦʩʪʘ ʩʣʫʞʠʪ 

ʧʨʠʯʠʥʦʡ ʬʦʨʤʠʨʦʚʘʥʠʷ ʣʠʥʝʡʥʦʡ ʬʦʨʤʳ ʢʨʠʩʪʘʣʣʦʚ ʚ ʚʠʜʝ ʠʛʣ ʠ ʩʪʝʨʞʥʝʡ. 

ʕʪʦ ʦʜʥʘ ʠʟ ʥʘʠʙʦʣʝʝ ʚʘʞʥʳʭ ʦʩʦʙʝʥʥʦʩʪʝʡ ʤʦʥʦʢʨʠʩʪʘʣʣʦʚ ʥʘ ʦʩʥʦʚʝ 

ʣʠʥʝʡʥʳʭ ʩʦʧʨʷʞʝʥʥʳʭ ʦʣʠʛʦʤʝʨʦʚ, ʘ ʝʸ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʠʤʝʝʪ ʨʝʰʘʶʱʝʝ 

ʟʥʘʯʝʥʠʝ ʜʣʷ ʩʦʟʜʘʥʠʷ ʚʳʩʦʢʦʧʨʦʠʟʚʦʜʠʪʝʣʴʥʳʭ ʫʩʪʨʦʡʩʪʚ ʠ ʠʟʫʯʝʥʠʷ 

ʤʝʭʘʥʠʟʤʦʚ ʧʝʨʝʥʦʩʘ ʟʘʨʷʜʘ. ʊʘʢʘʷ ʩʪʨʫʢʪʫʨʥʘʷ ʘʥʠʟʦʪʨʦʧʠʷ ʧʨʠʚʦʜʠʪ ʢ 

ʘʥʠʟʦʪʨʦʧʠʠ ʬʠʟʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʢʨʠʩʪʘʣʣʦʚ. 

 
ʈʠʩʫʥʦʢ 1.2 - ʄʦʪʠʚʳ ʫʧʘʢʦʚʢʠ ʣʠʥʝʡʥʳʭ ʤʦʣʝʢʫʣ ʚ ʢʨʠʩʪʘʣʣʘʭ: ʘ ï ʩʣʦʠʩʪʳʡ, ʙ ï ʧʦ ʪʠʧʫ 

ʢʠʨʧʠʯʥʦʡ ʢʣʘʜʢʠ  

1.2. ʄʝʪʦʜʳ ʚʳʨʘʱʠʚʘʥʠʷ ʦʨʛʘʥʠʯʝʩʢʠʭ ʢʨʠʩʪʘʣʣʦʚ 

ɼʣʷ ʧʦʣʫʯʝʥʠʷ ʢʨʠʩʪʘʣʣʦʚ ʩʦʧʨʷʞʝʥʥʳʭ ʣʠʥʝʡʥʳʭ ʤʦʣʝʢʫʣ ʚ ʦʩʥʦʚʥʦʤ 

ʧʨʠʤʝʥʷʶʪʩʷ ʤʝʪʦʜʳ ʨʦʩʪʘ ʠʟ ʨʘʩʪʚʦʨʦʚ ʠ ʧʘʨʦʚʦʡ ʬʘʟʳ, ʨʘʩʧʣʘʚʥʳʝ ʞʝ 

ʤʝʪʦʜʠʢʠ ʧʨʠʤʝʥʷʶʪʩʷ ʨʝʞʝ ʠ ʚ ʦʩʥʦʚʥʦʤ ʜʣʷ ʢʦʨʦʪʢʠʭ ʤʦʣʝʢʫʣ, ʙʣʘʛʦʜʘʨʷ ʠʭ 

ʥʠʟʢʦʡ ʪʝʤʧʝʨʘʪʫʨʳ ʧʣʘʚʣʝʥʠʷ. ʅʠʞʝ ʨʘʩʩʤʦʪʨʝʥʳ ʦʩʥʦʚʥʳʝ, ʠʟʚʝʩʪʥʳʝ ʚ 

ʣʠʪʝʨʘʪʫʨʝ, ʤʝʪʦʜʳ ʚʳʨʘʱʠʚʘʥʠʷ ʦʨʛʘʥʠʯʝʩʢʠʭ ʢʨʠʩʪʘʣʣʦʚ. 

1.2.1. ʈʦʩʪ ʠʟ ʨʘʩʪʚʦʨʦʚ 

ʄʝʪʦʜ ʤʝʜʣʝʥʥʦʛʦ ʠʟʦʪʝʨʤʠʯʝʩʢʦʛʦ ʠʩʧʘʨʝʥʠʷ ʨʘʩʪʚʦʨʠʪʝʣʷ. ɼʘʥʥʳʡ 

ʤʝʪʦʜ ʷʚʣʷʝʪʩʷ ʥʘʠʙʦʣʝʝ ʧʨʦʩʪʳʤ ʠ ʧʦʵʪʦʤʫ, ʢʘʢ ʧʨʘʚʠʣʦ, ʥʘʠʙʦʣʝʝ ʯʘʩʪʦ 

ʧʨʠʤʝʥʠʤ ʜʣʷ ʚʳʨʘʱʠʚʘʥʠʷ ʤʦʥʦʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʦʙʨʘʟʮʦʚ ʜʘʞʝ ʚ 

ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʭ ʛʨʫʧʧʘʭ ʥʝ ʩʧʝʮʠʘʣʠʟʠʨʫʶʱʠʭʩʷ ʥʘ ʠʩʩʣʝʜʦʚʘʥʠʷʭ 

ʧʨʦʮʝʩʩʦʚ ʨʦʩʪʘ ʢʨʠʩʪʘʣʣʦʚ [12,13]. ɹʦʣʴʰʠʥʩʪʚʦ ʢʨʠʩʪʘʣʣʦʚ ʥʦʚʳʭ 

ʦʨʛʘʥʠʯʝʩʢʠʭ ʚʝʱʝʩʪʚ ʧʦʣʫʯʝʥʳ ʠʤʝʥʥʦ ʵʪʠʤ ʤʝʪʦʜʦʤ ʩ ʮʝʣʴʶ ʨʘʩʰʠʬʨʦʚʢʠ 

ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʳ ʤʝʪʦʜʦʤ ʤʦʥʦʢʨʠʩʪʘʣʴʥʦʛʦ 

ʨʝʥʪʛʝʥʦʜʠʬʨʘʢʮʠʦʥʥʦʛʦ ʘʥʘʣʠʟʘ [14]. ɺ ʜʘʥʥʦʤ ʤʝʪʦʜʝ ʠʩʧʦʣʴʟʫʶʪʩʷ ʣʝʪʫʯʠʝ 
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ʦʨʛʘʥʠʯʝʩʢʠʝ ʨʘʩʪʚʦʨʠʪʝʣʠ, ʢʦʪʦʨʳʝ ʚ ʧʨʦʮʝʩʩʝ ʨʦʩʪʘ ʧʨʠ ʧʦʩʪʦʷʥʥʦʡ 

ʪʝʤʧʝʨʘʪʫʨʝ ʤʝʜʣʝʥʥʦ ʠʩʧʘʨʷʶʪʩʷ ʠ ʪʝʤ ʩʘʤʳʤ ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ ʧʝʨʝʩʳʱʝʥʠʝ 

ʨʘʩʪʚʦʨʘ ï ʜʚʠʞʫʱʘʷ ʩʠʣʘ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ. ɺ ʜʘʥʥʳʭ ʫʩʣʦʚʠʷʭ ʟʘʨʦʜʳʰʠ 

ʦʙʨʘʟʫʶʪʩʷ ʩʧʦʥʪʘʥʥʦ, ʚʳʨʘʩʪʘʷ ʟʘʪʝʤ ʚ ʢʨʠʩʪʘʣʣʳ, ʨʘʟʤʝʨʳ ʢʦʪʦʨʳʭ 

ʜʦʩʪʘʪʦʯʥʳ ʜʣʷ ʨʝʥʪʛʝʥʦʜʠʬʨʘʢʮʠʦʥʥʦʛʦ ʵʢʩʧʝʨʠʤʝʥʪʘ. ʄʝʪʦʜ ʰʠʨʦʢʦ 

ʧʨʠʤʝʥʷʝʪʩʷ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʤʦʥʦʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʧʣʝʥʦʢ ʩ ʮʝʣʴʁ  

ʠʟʛʦʪʦʚʣʝʥʠʷ ʥʘ ʠʭ ʦʩʥʦʚʝ ʧʦʣʝʚʳʭ ʪʨʘʥʟʠʩʪʦʨʦʚ [15,16]. ʂ ʤʠʥʫʩʘʤ ʜʘʥʥʦʡ 

ʤʝʪʦʜʠʢʠ ʤʦʞʥʦ ʦʪʥʝʩʪʠ ʜʣʠʪʝʣʴʥʳʡ ʩʨʦʢ ʨʦʩʪʘ ʢʨʠʩʪʘʣʣʦʚ (20-30 ʩʫʪʦʢ), ʘ 

ʪʘʢʞʝ ʥʝʚʳʩʦʢʫʶ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʧʦʣʫʯʝʥʠʷ ʦʙʨʘʟʮʦʚ ʤʦʥʦʢʨʠʩʪʘʣʣʦʚ 

ʩʘʥʪʠʤʝʪʨʦʚʦʛʦ ʤʘʩʰʪʘʙʘ ʧʦ ʧʨʠʯʠʥʝ ʦʙʨʘʟʦʚʘʥʠʷ ʙʦʣʴʰʦʛʦ ʢʦʣʠʯʝʩʪʚʘ 

ʢʦʥʢʫʨʠʨʫʶʱʠʭ ʮʝʥʪʨʦʚ ʨʦʩʪʘ. 

ʄʝʪʦʜ ʤʝʜʣʝʥʥʦʛʦ ʠʟʦʭʦʨʥʦʛʦ ʦʭʣʘʞʜʝʥʠʷ. ʄʝʪʦʜ ʧʦʜʭʦʜʠʪ ʜʣʷ 

ʦʨʛʘʥʠʯʝʩʢʠʭ ʚʝʱʝʩʪʚ ʩ ʥʠʟʢʦʡ ʨʘʩʪʚʦʨʠʤʦʩʪʴʶ ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ 

[17,18]. ɼʣʷ ʙʦʣʴʰʠʥʩʪʚʘ ʚʝʱʝʩʪʚ ʧʦ ʤʝʨʝ ʧʦʚʳʰʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ 

ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʨʘʩʪʚʦʨʠʤʦʩʪʴ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʜʣʷ ʧʣʦʭʦ ʨʘʩʪʚʦʨʠʤʦʛʦ 

ʩʦʝʜʠʥʝʥʠʷ ʧʨʠ ʦʧʨʝʜʝʣʝʥʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʜʦʩʪʠʯʴ ʫʜʦʚʣʝʪʚʦʨʠʪʝʣʴʥʦʛʦ 

ʟʥʘʯʝʥʠʷ ʜʘʥʥʦʛʦ ʧʘʨʘʤʝʪʨʘ. ɿʘʪʝʤ ʧʦʜʛʦʪʦʚʣʝʥʥʳʡ ʛʦʤʦʛʝʥʥʳʡ ʨʘʩʪʚʦʨ ʚ 

ʧʨʦʮʝʩʩʝ ʤʝʜʣʝʥʥʦʛʦ ʦʭʣʘʞʜʝʥʠʷ ʚ ʟʘʤʢʥʫʪʦʤ ʦʙʲʝʤʝ ʜʦʩʪʠʛʘʝʪ 

ʧʝʨʝʩʳʱʝʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ, ʧʨʠ ʢʦʪʦʨʦʤ ʩʧʦʥʪʘʥʥʦ ʦʙʨʘʟʫʶʪʩʷ ʟʘʨʦʜʳʰʠ 

ʢʨʠʩʪʘʣʣʦʚ, ʘ ʜʘʣʝʝ ʧʦ ʤʝʨʝ ʦʭʣʘʞʜʝʥʠʷ ʨʘʩʪʚʦʨʘ ʠʟ ʥʠʭ ʬʦʨʤʠʨʫʶʪʩʷ 

ʢʨʠʩʪʘʣʣʳ [12,19,20] (ʨʠʩʫʥʦʢ 1.3, ʘ). ɺ ʜʘʥʥʦʤ ʤʝʪʦʜʝ ʚ ʧʦʜʛʦʪʦʚʣʝʥʥʳʡ ʧʨʠ 

ʚʳʩʦʢʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʨʘʩʪʚʦʨ ʤʦʞʥʦ ʚʚʦʜʠʪʴ ʟʘʪʨʘʚʢʫ ʢʨʠʩʪʘʣʣʘ, ʢʦʪʦʨʘʷ ʧʦ 

ʤʝʨʝ ʦʭʣʘʞʜʝʥʠʷ ʨʘʩʪʚʦʨʘ ʨʘʟʨʘʩʪʘʝʪʩʷ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ ʙʳʣʠ ʚʳʨʘʱʝʥ 

ʢʨʠʩʪʘʣʣ ʩʘʥʪʠʤʝʪʨʦʚʦʛʦ ʤʘʩʰʪʘʙʘ ʪʠʦʬʝʥ ï ʬʝʥʠʣʝʥʦʚʦʛʦ ʦʣʠʛʦʤʝʨʘ [2] 

(ʨʠʩʫʥʦʢ 1.3, ʙ). ʇʦʩʢʦʣʴʢʫ ʩʢʦʨʦʩʪʴ ʦʭʣʘʞʜʝʥʠʷ ʨʘʩʪʚʦʨʘ ʚ ʜʘʥʥʦʤ ʤʝʪʦʜʝ, ʢʘʢ 

ʧʨʘʚʠʣʦ, ʥʝʚʳʩʦʢʘʷ (~ 0.1 K/ʯ), ʪʦ ʧʝʨʠʦʜ ʨʦʩʪʦʚʦʛʦ ʮʠʢʣʘ ʪʦʞʝ ʜʦʩʪʘʪʦʯʥʦ 

ʙʦʣʴʰʦʡ (20 ï 30 ʩʫʪʦʢ). ɹʦʣʴʦhʡ ʧʨʦʙʣʝʤʦʡ ʜʘʥʥʦʛʦ ʤʝʪʦʜʘ ʷʚʣʷʝʪʩʷ 

ʬʠʣʴʪʨʘʮʠ ̫ ʦʪ ʤʝʭʘʥʠʯʝʩʢʠʭ ʧʨʠʤʝʩʝʡ ʥʘʛʨʝʪʦʛʦ ʜʦ ʚʳʩʦʢʦʡ ʪʝʤʧʝʨʘʪʫʨʳ 

ʥʘʩʳʱʝʥʥʦʛʦ ʨʘʩʪʚʦʨʘ. 
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 (ʘ)  (ʙ) 

ʈʠʩʫʥʦʢ 1.3 - ʂʨʠʩʪʘʣʣ r ʪʠʦʬʝʥ ï ʬʝʥʠʣʝʥʦʚʳʭ ʦʣʠʛʦʤʝʨʦʚ, ʚʳʨʘʱʝʥʥʳʭ ʤʝʪʦʜʦʤ 

ʤʝʜʣʝʥʥʦʛʦ ʠʟʦʭʦʨʥʦʛʦ ʦʭʣʘʞʜʝʥʠʷ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʝ ʚ ʨʘʙʦʪʘʭ [12] (ʘ) ʠ [2] (ʙ) 

ʄʝʪʦʜ çʨʘʩʪʚʦʨʠʪʝʣʴïʦʩʘʜʠʪʝʣʴè. ɺ ʜʘʥʥʦʤ ʤʝʪʦʜʝ ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ ʫʩʣʦʚʠʝ 

ʤʝʜʣʝʥʥʦʡ ʜʠʬʬʫʟʠʠ ʧʘʨʦʚ ʦʩʘʜʠʪʝʣʷ ʚ ʨʘʩʪʚʦʨ ʧʨʠ ʧʦʩʪʦʷʥʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ. 

ɺ ʢʘʯʝʩʪʚʝ ʦʩʘʜʠʪʝʣʷ ʚʳʙʠʨʘʝʪʩʷ ʩʦʣʴʚʘʪʦʬʦʙʥʳʡ ʨʘʩʪʚʦʨʠʪʝʣʴ, ʪ. ʝ. ʪʘʢʦʡ, ʚ 

ʢʦʪʦʨʦʤ ʠʩʩʣʝʜʫʝʤʦʝ ʦʨʛʘʥʠʯʝʩʢʦʝ ʚʝʱʝʩʪʚʦ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʨʘʩʪʚʦʨʷʝʪʩʷ. ʊ. ʦ. 

ʧʝʨʝʩʳʱʝʥʠʝ ʨʘʩʪʚʦʨʘ ʧʨʦʠʩʭʦʜʠʪ ʧʦʩʪʝʧʝʥʥʦ, ʧʨʠʯʝʤ ʜʚʠʞʫʱʘʷ ʩʠʣʘ 

ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʤʘʢʩʠʤʘʣʴʥʘ ʥʘ ʤʝʞʬʘʟʥʦʡ ʛʨʘʥʠʮʝ ʞʠʜʢʦʩʪʴ ï ʧʘʨ. ʇʦ ʵʪʦʡ 

ʧʨʠʯʠʥʝ ʚʳʩʦʢʘ ʚʝʨʦʷʪʥʦʩʪʴ ʦʙʨʘʟʦʚʘʥʠʷ ʠ ʨʦʩʪʘ ʢʨʠʩʪʘʣʣʦʚ ʥʘ ʜʘʥʥʦʡ 

ʤʝʞʬʘʟʥʦʡ ʛʨʘʥʠʮʝ. ʂʨʦʤʝ ʪʦʛʦ, ʜʦʧʦʣʥʠʪʝʣʴʥʳʤ ʩʪʘʙʠʣʠʟʠʨʫʶʱʠʤ ʬʘʢʪʦʨʦʤ 

ʜʣʷ ʬʣʦʪʘʮʠʠ ʙʦʣʝʝ ʧʣʦʪʥʳʭ, ʯʝʤ ʨʘʩʪʚʦʨ, ʢʨʠʩʪʘʣʣʦʚ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʨʘʩʪʚʦʨʘ 

ʷʚʣʷʝʪʩʷ ʠʟʙʳʪʦʢ ʦʩʘʜʠʪʝʣʷ ʚ ʧʨʠʧʦʚʝʨʭʥʦʩʪʥʦʤ ʩʣʦʝ, ʯʪʦ, ʚʠʜʠʤʦ, ʧʨʠʚʦʜʠʪ ʢ 

ʩʥʠʞʝʥʠʶ ʩʤʘʯʠʚʘʝʤʦʩʪʠ ʧʦʚʝʨʭʥʦʩʪʠ ʢʨʠʩʪʘʣʣʘ ʨʘʩʪʚʦʨʦʤ. ʂʘʢ ʧʨʘʚʠʣʦ, 

ʬʦʨʤʠʨʫʶʱʠʝʩʷ ʥʘ ʛʨʘʥʠʮʝ ʨʘʟʜʝʣʘ ʬʘʟ ʢʨʠʩʪʘʣʣʳ ʨʘʟʨʘʩʪʘʶʪʩʷ ʚ ʬʦʨʤʝ 

ʰʠʨʦʢʠʭ ʧʣʝʥʦʢ ʠʣʠ ʧʣʘʩʪʠʥʦʢ ʟʘʯʘʩʪʫʶ ʩ ʛʣʘʜʢʦʡ ʧʦʚʝʨʭʥʦʩʪʴʶ [12,21,22]. 

ʊʘʢʞʝ ʩ ʧʦʤʦʱʴʶ ʜʘʥʥʦʛʦ ʤʝʪʦʜʘ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʠʛʦʣʴʯʘʪʳʝ ʢʨʠʩʪʘʣʣʳ 

ʩʘʥʪʠʤʝʪʨʦʚʦʛʦ ʤʘʩʰʪʘʙʘ ʥʦʚʳʭ ʩʦʧʨʷʞʝʥʥʳʭ ʣʠʥʝʡʥʳʭ ʦʣʠʛʦʤʝʨʦʚ [13,23]. 

ɼʣʷ ʧʦʣʫʯʝʥʠʷ ʢʨʠʩʪʘʣʣʦʚ ʩʘʥʪʠʤʝʪʨʦʚʦʛʦ ʤʘʩʰʪʘʙʘ ʧʝʨʠʦʜ ʨʦʩʪʘ ʟʥʘʯʠʪʝʣʴʥʦ 

ʤʝʥʴʰʝ, ʯʝʤ ʫ ʚʳʰʝʧʝʨʝʯʠʩʣʝʥʥʳʭ ʤʝʪʦʜʦʚ. ʆʜʥʘʢʦ ʤʝʪʦʜ ʚʳʨʘʱʠʚʘʥʠʷ ʥʝ 

ʵʬʬʝʢʪʠʚʝʥ ʜʣʷ ʚʝʱʝʩʪʚ ʩ ʥʠʟʢʦʡ ʨʘʩʪʚʦʨʠʤʦʩʪʴʶ ʚ ʦʩʥʦʚʥʦʤ ʨʘʩʪʚʦʨʠʪʝʣʝ. 

1.2.2. ʈʦʩʪ ʠʟ ʧʘʨʦʚʦʡ ʬʘʟʳ 

ʂʨʠʩʪʘʣʣʳ ʦʨʛʘʥʠʯʝʩʢʠʭ ʣʠʥʝʡʥʳʭ ʩʦʧʨʷʞʝʥʥʳʭ ʤʦʣʝʢʫʣ ʠʤʝʶʪ ʙʦʣʝʝ 

ʥʠʟʢʠʝ ʪʝʤʧʝʨʘʪʫʨr ʧʣʘʚʣʝʥʠʷ, ʯʝʤ ʥʝʦʨʛʘʥʠʯʝʩʢʠʝ ʚʝʱʝʩʪʚʘ ʠ ʚ ʙʦʣʴʰʠʥʩʪʚʝ 

ʩʣʫʯʘʝʚ ʥʘʯʠʥʘʶʪ ʚʦʟʛʦʥʷʪʴʩʷ ʩ ʪʦʡ ʠʣʠ ʠʥʦʡ ʠʥʪʝʥʩʠʚʥʦʩʪʴʶ ʟʘ 50 ï 100 

ʛʨʘʜʫʩʦʚ ʜʦ ʪʦʯʢʠ ʧʣʘʚʣʝʥʠʷ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʧʘʨʦʚʳʝ ʤʝʪʦʜʳ ʨʦʩʪʘ 
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ʧʨʝʜʩʪʘʚʣʷʶʪ ʙʦʣʴʰʦʡ ʠʥʪʝʨʝʩ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʦʨʛʘʥʠʯʝʩʢʠʭ ʢʨʠʩʪʘʣʣʦʚ. ʂʘʢ 

ʚʠʜʥʦ ʥʘ ʩʭʝʤʘʪʠʯʝʩʢʦʡ ʬʘʟʦʚʦʡ ʜʠʘʛʨʘʤʤʝ (ʨʠʩʫʥʦʢ 1.4), ʧʨʷʤʦʡ ʧʝʨʝʭʦʜ 

ʪʚʝʨʜʦʝ ʪʝʣʦ - ʧʘʨ ʧʨʦʠʩʭʦʜʠʪ ʧʨʠ ʙʦʣʝʝ ʥʠʟʢʦʡ ʪʝʤʧʝʨʘʪʫʨʝ, ʯʝʤ ʧʝʨʝʭʦʜ 

ʞʠʜʢʦʩʪʴ - ʧʘʨ, ʯʪʦ ʦʙʝʩʧʝʯʠʚʘʝʪ ʙʦʣʝʝ ʥʠʟʢʦʝ ʜʘʚʣʝʥʠʝ ʥʘʩʳʱʝʥʥʳʭ ʧʘʨʦʚ. 

ʇʦʵʪʦʤʫ, ʝʩʣʠ ʜʘʚʣʝʥʠʝ ʚ ʩʠʩʪʝʤʝ ʧʦʥʠʟʠʪʴ, ʪʦ ʤʦʞʥʦ ʧʝʨʝʚʝʩʪʠ ʪʚʝʨʜʦʝ 

ʚʝʱʝʩʪʚʦ ʚ ʛʘʟʦʦʙʨʘʟʥʦʝ ʩʦʩʪʦʷʥʠʝ ʧʨʠ ʙʦʣʝʝ ʥʠʟʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ, ʯʝʤ ʪʦʯʢʘ 

ʧʣʘʚʣʝʥʠʷ [24,25]. ɽʩʣʠ ʚ ʟʦʥʝ ʚʦʟʛʦʥʢʠ ʠ ʩʫʙʣʠʤʘʮʠʠ ʚʝʱʝʩʪʚʘ ʠʩʧʦʣʴʟʦʚʘʪʴ 

ʛʨʘʜʠʝʥʪʥʦʝ ʪʝʤʧʝʨʘʪʫʨʥʦʝ ʧʦʣʝ, ʪʦ ʜʘʚʣʝʥʠʝ ʥʘʩʳʱʝʥʥʦʛʦ ʧʘʨʘ ʩ ʧʦʥʠʞʝʥʠʝʤ 

ʪʝʤʧʝʨʘʪʫʨʳ ʪʘʢʞʝ ʩʥʠʞʘʝʪʩʷ (ʨʠʩʫʥʦʢ 1.4). ʇʦ ʵʪʦʡ ʧʨʠʯʠʥʝ ʥʘʩʳʱʝʥʥʳʡ 

ʧʘʨ, ʧʦʧʘʜʘʷ ʚ ʙʦʣʝʝ ʭʦʣʦʜʥʫʶ ʦʙʣʘʩʪʴ, ʩʪʘʥʦʚʠʪʩʷ ʧʝʨʝʩʳʱʝʥʥʳʤ ʠ 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʚʦʟʥʠʢʘʶʪ ʫʩʣʦʚʠʷ ʜʣʷ ʦʙʨʘʟʦʚʘʥʠʷ ʠ ʨʦʩʪʘ ʢʨʠʩʪʘʣʣʦʚ. 

 
ʈʠʩʫʥʦʢ 1.4 - ʉʭʝʤʘʪʠʯʝʩʢʘʷ ʬʘʟʦʚʘʷ P-T ʜʠʘʛʨʘʤʤʘ 

ʇʘʨʦʚʳʡ ʤʝʪʦʜ ɹʨʠʜʞʤʝʥʘ ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ ʧʝʨʚʳʭ ʧʘʨʦʚʳʭ ʤʝʪʦʜʦʚ 

ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʢʨʫʧʥʳʭ ʦʙʨʘʟʮʦʚ ʦʨʛʘʥʠʯʝʩʢʠʭ ʢʨʠʩʪʘʣʣʦʚ [26]. ɺ ʜʘʥʥʦʤ 

ʤʝʪʦʜʝ (ʚ ʦʨʠʛʠʥʘʣʝ ñvapor-Bridgman growthò) ʦʙʨʘʟʝʮ ʚ ʚʘʢʫʫʤʠʨʦʚʘʥʥʦʡ 

ʩʪʝʢʣʷʥʥʦʡ ʘʤʧʫʣʝ ʧʦʤʝʱʘʝʪʩʷ ʚ ʧʝʯʴ ʩ ʛʨʘʜʠʝʥʪʦʤ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʧʦʣʷ 

[27,28]. ʇʨʠ ʥʘʛʨʝʚʝ ʧʨʦʠʩʭʦʜʠʪ ʠʩʧʘʨʝʥʠʝ ʚʝʱʝʩʪʚʘ ʠ ʧʦʩʣʝʜʫʶʱʘʷ 

ʢʨʠʩʪʘʣʣʠʟʘʮʠʷ ʚ ʙʦʣʝʝ ʭʦʣʦʜʥʦʡ ʯʘʩʪʠ ʘʤʧʫʣʳ. ʉ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʜʘʥʥʦʛʦ 

ʤʝʪʦʜʘ ʙʳʣ ʚʳʨʘʱʝʥ ʦʙʲʝʤʥʳʡ ʤʦʥʦʢʨʠʩʪʘʣʣ ʪʝʪʨʘʮʝʥʘ (ʨʠʩʫʥʦʢ 1.5) [29]. ɺ 

ʧʦʣʫʯʝʥʥʦʤ ʦʙʨʘʟʮʝ ʥʘʙʣʶʜʘʣʦʩʴ ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʜʝʬʝʢʪʦʚ ï ʪʨʝʱʠʥ, 

ʦʨʠʝʥʪʠʨʦʚʘʥʥʳʭ ʚ ʥʘʧʨʘʚʣʝʥʠʠ [100], ʢʦʪʦʨʦʝ ʧʨʠʙʣʠʟʠʪʝʣʴʥʦ 

ʩʦʦʪʚʝʪʩʪʚʦʚʘʣʦ ʢʦʥʠʯʝʩʢʦʡ ʦʩʠ ʢʨʠʩʪʘʣʣʘ (ʨʠʩʫʥʦʢ 1.5).  
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ʈʠʩʫʥʦʢ 1.5 - ʉʭʝʤʘ ʚʳʨʘʱʠʚʘʥʠʷ ʢʨʠʩʪʘʣʣʘ ʪʝʪʨʘʮʝʥʘ ʧʘʨʦʚʳʤ ʤʝʪʦʜʦʤ ɹʨʠʜʞʤʝʥʘ ʠ 

ʧʦʣʫʯʝʥʥʳʡ ʦʙʨʘʟʝʮ ʤʦʥʦʢʨʠʩʪʘʣʣʘ (ʩʧʨʘʚʘ) [29] 

ʄʝʪʦʜ ʧʘʨʦʚʦʛʦ ʬʠʟʠʯʝʩʢʦʛʦ ʪʨʘʥʩʧʦʨʪʘ (ʇʌʊ) ʚʧʝʨʚʳʝ ʙʳʣ ʧʨʠʤʝʥʝʥ 

ʚ ʨʘʙʦʪʘʭ ʂʣʦʢʘ ʠ ʜʨ. ʚ 1990-ʭ ʛʦʜʘʭ ʜʣʷ ʚʳʨʘʱʠʚʘʥʠʷ ʦʨʛʘʥʠʯʝʩʢʠʭ 

ʤʦʥʦʢʨʠʩʪʘʣʣʦʚ ʥʘ ʦʩʥʦʚʝ ʣʠʥʝʡʥʳʭ ʩʦʧʨʷʞʸʥʥʳʭ ʤʦʣʝʢʫʣ [1,30]. 

ɺʧʦʩʣʝʜʩʪʚʠʠ ʜʘʥʥʳʡ ʤʝʪʦʜ ʩʪʘʣ ʦʜʥʠʤ ʠʟ ʩʘʤʳʭ ʧʦʧʫʣʷʨʥʳʭ ʜʣʷ ʧʦʣʫʯʝʥʠʷ 

ʦʨʛʘʥʠʯʝʩʢʠʭ ʢʨʠʩʪʘʣʣʦʚ ʧʣʦʭʦ ʨʘʩʪʚʦʨʠʤʳʭ ʤʦʣʝʢʫʣ [10,31ï36]. ʂʘʢ ʚʠʜʥʦ ʥʘ 

ʨʠʩʫʥʢʝ 1.6, ʫʩʪʘʥʦʚʢʘ ʇʌʊ ʩʦʩʪʦʠʪ ʠʟ ʮʠʣʠʥʜʨʠʯʝʩʢʦʡ ʧʝʯʠ (ʢʚʘʨʮʝʚʘʷ ʪʨʫʙʘ) 

ʩ ʥʝʦʜʥʦʨʦʜʥʦʡ ʥʘʤʦʪʢʦʡ ʥʘʛʨʝʚʘʪʝʣʴʥʦʡ ʩʧʠʨʘʣʠ ʠ ʨʘʟʤʝʱʘʝʤʦʡ ʚʥʫʪʨʠ 

ʨʦʩʪʦʚʦʡ ʢʚʘʨʮʝʚʦʡ ʪʨʫʙʢʠ ʩ ʦʪʢʨʳʪʳʤʠ ʢʦʥʮʘʤʠ. ʀʩʭʦʜʥʳʡ ʤʘʪʝʨʠʘʣ 

ʨʘʟʤʝʱʘʝʪʩʷ ʚ ʦʙʣʘʩʪʠ ʩ ʤʘʢʩʠʤʘʣʴʥʦʡ ʪʝʤʧʝʨʘʪʫʨʦʡ ʜʣʷ ʚʦʟʛʦʥʢʠ ʚʝʱʝʩʪʚʘ, 

ʧʘʨʦʚʘʷ ʬʘʟʘ ʢʦʪʦʨʦʛʦ ʟʘʪʝʤ ʪʨʘʥʩʧʦʨʪʠʨʫʶʪʩʷ ʛʘʟʦʤ-ʥʦʩʠʪʝʣʝʤ ʚ 

ʥʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʫʶ ʦʙʣʘʩʪʴ, ʛʜʝ ʧʨʦʠʩʭʦʜʠʪ ʦʙʨʘʟʦʚʘʥʠʝ ʠ ʨʦʩʪ ʢʨʠʩʪʘʣʣʦʚ. 

ɼʣʷ ʧʦʣʫʯʝʥʠʷ ʤʦʥʦʢʨʠʩʪʘʣʣʦʚ ʚʳʩʦʢʦʛʦ ʢʘʯʝʩʪʚʘ ʦʙʳʯʥʦ ʠʩʧʦʣʴʟʫʶʪ ʛʘʟ-

ʥʦʩʠʪʝʣʴ, ʪʘʢʦʡ ʢʘʢ Ar, N2, He, H2 [37]. ʊʝʤʧʝʨʘʪʫʨʘ ʥʘʠʙʦʣʝʝ ʛʦʨʷʯʝʡ ʦʙʣʘʩʪʠ, 

ʛʜʝ ʨʘʩʧʦʣʦʞʝʥ ʠʩʪʦʯʥʠʢ ʩ ʚʝʱʝʩʪʚʦʤ, ʚʣʠʷʝʪ ʥʘ ʩʢʦʨʦʩʪʴ ʚʦʟʛʦʥʢʠ ʠ ʪʝʤ 

ʩʘʤʳʤ ʷʚʣʷʝʪʩʷ ʫʧʨʘʚʣʷʶʱʠʤ ʧʘʨʘʤʝʪʨʦʤ ʧʨʠ ʚʳʨʘʱʠʚʘʥʠʠ ʢʨʠʩʪʘʣʣʦʚ. 

ʂʦʛʜʘ ʪʝʤʧʝʨʘʪʫʨʘ ʠʩʪʦʯʥʠʢʘ ʩ ʚʝʱʝʩʪʚʦʤ ʥʝʤʥʦʛʦ ʚʳʰʝ ʪʦʯʢʠ ʩʫʙʣʠʤʘʮʠʠ, 

ʪʦʛʜʘ ʧʨʦʮʝʩʩ ʨʦʩʪʘ ʙʫʜʝʪ ʤʝʜʣʝʥʥʳʤ, ʯʪʦ ʩʧʦʩʦʙʩʪʚʫʝʪ ʦʙʨʘʟʦʚʘʥʠʶ ʢʨʫʧʥʳʭ 

ʢʨʠʩʪʘʣʣʦʚ ʩ ʚʳʩʦʢʠʤ ʩʪʨʫʢʪʫʨʥʳʤ ʩʦʚʝʨʰʝʥʩʪʚʦʤ [8,38]. ʀʟʤʝʥʝʥʠʝ 

ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʧʨʦʬʠʣʷ ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ ʠʟʤʝʥʝʥʠʶ ʤʦʨʬʦʣʦʛʠʠ ʢʨʠʩʪʘʣʣʦʚ 

ʠʣʠ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʳ ʚ ʩʣʫʯʘʝ ʧʦʣʠʤʦʨʬʠʟʤʘ [39].  
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ʈʠʩʫʥʦʢ 1.6 - ʉʭʝʤʘ ʫʩʪʘʥʦʚʢʠ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʢʨʠʩʪʘʣʣʦʚ ʤʝʪʦʜʦʤ ʧʘʨʦʚʦʛʦ ʬʠʟʠʯʝʩʢʦʛʦ 

ʪʨʘʥʩʧʦʨʪʘ [30] 

ʀʟ-ʟʘ ʨʘʟʣʠʯʥʦʛʦ ʬʘʟʦʚʦʛʦ ʧʦʚʝʜʝʥʠ ̫ʦʩʥʦʚʥʦʛʦ ʚʝʱʝʩʪʚʘ ʠ ʥʘʭʦʜʷʱʠʭʩʷ 

ʚ ʥʝʤ ʧʨʠʤʝʩʥʳʭ ʬʨʘʢʮʠʡ ʚ ʫʩʣʦʚʠʷʭ ʇʌʊ ʦʪʜʝʣʴʥʳʝ ʢʦʤʧʦʥʝʥʪʳ ʙʫʜʫʪ 

ʢʨʠʩʪʘʣʣʠʟʦʚʘʪʴʩʷ ʚ ʨʘʟʥʳʭ ʪʝʤʧʝʨʘʪʫʨʥʳʭ ʦʙʣʘʩʪʷʭ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʘʪʴ 

ʢʨʠʩʪʘʣʣʳ ʩ ʢʨʘʡʥʝ ʥʠʟʢʠʤ ʜʣʷ ʨʦʩʪʦʚʳʭ ʤʝʪʦʜʦʚ ʩʦʜʝʨʞʘʥʠʝʤ ʧʨʠʤʝʩʝʡ 

[33,40,41]. ʊʘʢ ʞʝ, ʫʯʠʪʳʚʘʷ ʜʘʥʥʫʶ ʦʩʦʙʝʥʥʦʩʪʴ ʤʝʪʦʜʘ, ʤʦʞʥʦ ʧʨʦʚʦʜʠʪʴ 

ʣʝʛʠʨʦʚʘʥʠʝ ʢʨʠʩʪʘʣʣʦʚ ʠʣʠ ʩʦʢʨʠʩʪʘʣʣʠʟʘʮʠʶ [42,43].  

1.2.3. ʈʦʩʪ ʠʟ ʨʘʩʧʣʘʚʦʚ 

ʈʘʩʧʣʘʚʥʳʝ ʤʝʪʦʜʳ ʨʦʩʪʘ ʢʨʠʩʪʘʣʣʦʚ ʧʨʠʤʝʥʠʤʳ ʜʣʷ ʚʝʱʝʩʪʚ, ʩʪʘʙʠʣʴʥʳʭ 

ʚ ʞʠʜʢʦʤ ʩʦʩʪʦʷʥʠʠ ʚʳʰʝ ʪʝʤʧʝʨʘʪʫʨʳ ʧʣʘʚʣʝʥʠʷ. ɼʣʷ ʥʝʢʦʪʦʨʳʭ 

ʦʨʛʘʥʠʯʝʩʢʠʭ ʚʝʱʝʩʪʚ (ʥʘʬʪʘʣʠʥ, ʜʠʬʝʥʠʣ, ʘʥʪʨʘʮʝʥ, ʧʘʨʘ-ʪʝʨʬʝʥʠʣ) ʜʘʥʥʳʝ 

ʤʝʪʦʜʳ ʧʦʟʚʦʣʷʶʪ ʧʦʣʫʯʘʪʴ ʦʙʲʝʤʥʳʝ ʤʦʥʦʢʨʠʩʪʘʣʣʳ ʨʘʟʤʝʨʦʤ ʜʦ 10 ʩʤ 

[44,45]. ʇʦʵʪʦʤʫ ʨʘʩʧʣʘʚʥʳʝ ʤʝʪʦʜʳ, ʢʘʢ ʧʨʘʚʠʣʦ, ʧʨʠʤʝʥʷʶʪʩʷ ʜʣʷ ʧʦʣʫʯʝʥʠʷ 

ʩʮʠʥʪʠʣʣʷʮʠʦʥʥʳʭ ʢʨʠʩʪʘʣʣʦʚ, ʠʩʧʦʣʴʟʫʝʤʳʭ ʜʣʷ ʠʟʛʦʪʦʚʣʝʥʠʷ ʜʝʪʝʢʪʦʨʦʚ 

ʢʦʨʦʪʢʦʧʨʦʙʝʞʥʳʭ ʠʦʥʠʟʠʨʫʶʱʠʭ ʠʟʣʫʯʝʥʠʡ [46]. ʆʪʣʠʯʠʪʝʣʴʥʘʷ ʦʩʦʙʝʥʥʦʩʪʴ 

ʧʦʣʫʯʘʝʤʳʭ ʢʨʠʩʪʘʣʣʦʚ ï ʦʪʩʫʪʩʪʚʠʝ ʦʛʨʘʥʢʠ ʠ ʥʘʣʠʯʠʝ ʙʦʣʴʰʦʛʦ ʢʦʣʠʯʝʩʪʚʘ 

ʜʝʬʝʢʪʦʚ. ʊʘʢʞʝ ʩʪʦʠʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʵʪʠ ʤʝʪʦʜʳ ʪʨʝʙʫʶʪ ʙʦʣʴʰʦʛʦ ʢʦʣʠʯʝʩʪʚʘ 

ʩʳʨʴʷ, ʪʱʘʪʝʣʴʥʦʡ ʝʛʦ ʦʯʠʩʪʢʠ, ʚʘʢʫʫʤʠʨʦʚʘʥʠʷ ʠ ʛʝʨʤʝʪʠʟʘʮʠʠ ʘʤʧʫʣ ʩ 

ʚʝʱʝʩʪʚʦʤ, ʘ ʪʘʢʞʝ ʩʨʘʚʥʠʪʝʣʴʥʦ ʜʦʨʦʛʦʛʦ ʠ ʩʣʦʞʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ [47ï49]. 

ʈʘʟʫʤʝʝʪʩʷ, ʜʘʥʥʳʝ ʪʨʝʙʦʚʘʥʠʷ ʥʝ ʧʨʦʩʪʦ ʫʜʦʚʣʝʪʚʦʨʠʪʴ ʜʣʷ ʜʦʨʦʛʦʩʪʦʷʱʠʭ 

ʚʝʱʝʩʪʚ ʩ ʯʠʩʣʦʤ ʩʦʧʨʷʞʝʥʥʳʭ ʟʚʝʥʴʝʚ ʚ ʤʦʣʝʢʫʣʝ n Ó 4 ʠ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʩ 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʚʳʩʦʢʦʡ ʪʝʤʧʝʨʘʪʫʨʦʡ ʧʣʘʚʣʝʥʠʷ. ʇʦʵʪʦʤʫ ʨʘʩʧʣʘʚʥʳʝ ʤʝʪʦʜʳ 
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ʨʦʩʪʘ ʚ ʦʩʥʦʚʥʦʤ ʠʩʧʦʣʴʟʫʶʪʩʷ ʜʣʷ ʢʦʤʤʝʨʯʝʩʢʠ ʜʦʩʪʫʧʥʳʭ ʠ ʩʨʘʚʥʠʪʝʣʴʥʦ 

ʥʝʜʦʨʦʛʠʭ ʤʦʣʝʢʫʣ ʩ ʯʠʩʣʦʤ ʩʦʧʨʷʞʝʥʥʳʭ ʛʨʫʧʧ n = 2 õ 3, ʪʘʢʠʭ ʢʘʢ ʥʘʬʪʘʣʠʥ, 

ʜʠʬʝʥʠʣ, ʘʥʪʨʘʮʝʥ, ʧʘʨʘ-ʪʝʨʬʝʥʠʣ, ʪʨʘʥʩ-ʩʪʠʣʴʙʝʥ ʠ ʜʨ. 

ɿʦʥʥʘʷ ʧʣʘʚʢʘ - ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʡ ʤʝʪʦʜ ʚʳʨʘʱʠʚʘʥʠʷ ʠ ʦʯʠʩʪʢʠ 

ʢʨʠʩʪʘʣʣʦʚ ʦʨʛʘʥʠʯʝʩʢʠʭ ʚʝʱʝʩʪʚ [50]. ʈʦʩʪʦʚʘʷ ʩʠʩʪʝʤʘ ʧʦʜʜʝʨʞʠʚʘʝʪʩʷ ʚ 

ʘʪʤʦʩʬʝʨʝ ʠʥʝʨʪʥʦʛʦ ʛʘʟʘ, ʢʦʪʦʨʳʡ ʟʘʱʠʱʘʝʪ ʤʘʪʝʨʠʘʣ ʦʪ ʘʛʨʝʩʩʠʚʥʦʛʦ 

ʚʦʟʜʝʡʩʪʚʠʷ ʩʨʝʜʳ ʧʨʠ ʚʳʩʦʢʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʚʦʟʜʫʭʘ. ʋʩʪʘʥʦʚʢʘ ʟʦʥʥʦʡ ʧʣʘʚʢʠ 

ʩʦʩʪʦʠʪ ʠʟ ʥʝʩʢʦʣʴʢʠʭ ʙʣʠʟʢʦ ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʥʘʛʨʝʚʘʪʝʣʝʡ ʜʣʷ ʩʦʟʜʘʥʠʷ ʫʟʢʦʡ 

ʟʦʥʳ ʨʘʩʧʣʘʚʘ [37,51]. ʄʝʪʦʜ ʟʦʥʥʦʡ ʧʣʘʚʢʠ ʩʯʠʪʘʝʪʩʷ ʦʜʥʠʤ ʠʟ ʥʘʠʙʦʣʝʝ 

ʵʬʬʝʢʪʠʚʥʳʭ ʤʝʪʦʜʦʚ ʧʦʣʫʯʝʥʠʷ ʩʚʝʨʭʯʠʩʪʳʭ ʤʦʥʦʢʨʠʩʪʘʣʣʦʚ [47,52]. ʊʘʢʞʝ 

ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʢʨʫʧʥʳʭ ʦʙʨʘʟʮʦʚ ʦʨʛʘʥʠʯʝʩʢʠʭ ʤʦʥʦʢʨʠʩʪʘʣʣʦʚ ʧʨʠʤʝʥʷʶʪʩʷ 

ʤʝʪʦʜʳ ɹʨʠʜʞʤʝʥʘ [48] ʠ ʏʦʭʨʘʣʴʩʢʦʛʦ [49,53]. 

ʄʦʣʝʢʫʣʷʨʥʳʝ ʢʨʠʩʪʘʣʣʳ ʥʘ ʦʩʥʦʚʝ ʤʦʣʝʢʫʣ ʠʟ ʩʝʤʝʡʩʪʚ ʣʠʥʝʡʥʳʭ ʘʮʝʥʦʚ 

ʠ ʦʣʠʛʦʬʝʥʠʣʝʥʦʚ ʚ ʦʨʛʘʥʠʯʝʩʢʦʡ ʵʣʝʢʪʨʦʥʠʢʝ ʭʦʨʦʰʦ ʠʟʚʝʩʪʥʳ ʠ 

ʧʨʝʜʩʪʘʚʣʷʶʪ ʙʦʣʴʰʦʡ ʠʥʪʝʨʝʩ, ʙʣʘʛʦʜʘʨʷ ʪʦʤʫ, ʯʪʦ ʧʝʨʚʳʝ ʦʙʣʘʜʘʶʪ 

ʭʦʨʦʰʠʤʠ ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚʳʤʠ ʠ ʬʦʪʦʧʨʦʚʦʜʷʱʠʤʠ ʩʚʦʡʩʪʚʘʤʠ, ʘ ʚʪʦʨʳʝ 

ʷʚʣʷʶʪʩʷ ʚʳʩʦʢʦʩʪʘʙʠʣʴʥʳʤʠ ʩʠʥʠʤʠ ʠʟʣʫʯʘʪʝʣʷʤʠ ʩ ʚʳʩʦʢʠʤ ʚʥʝʰʥʠʤ 

ʢʚʘʥʪʦʚʳʤ ʚʳʭʦʜʦʤ ʣʶʤʠʥʝʩʮʝʥʮʠʠ. ʈʘʩʩʤʦʪʨʠʤ ʧʦʜʨʦʙʥʝʝ ʬʠʟʠʢʦ-

ʭʠʤʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʩʦʝʜʠʥʝʥʠʡ ʜʘʥʥʳʭ ʛʦʤʦʣʦʛʠʯʝʩʢʠʭ ʩʝʤʝʡʩʪʚ. 

1.3. ʉʚʦʡʩʪʚʘ ʣʠʥʝʡʥʳʭ ʦʣʠʛʦʬʝʥʠʣʝʥʦʚ 

ʉʨʝʜʠ ʨʘʟʣʠʯʥʳʭ ʩʝʤʝʡʩʪʚ ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚʳʭ ʦʨʛʘʥʠʯʝʩʢʠʭ ʤʦʣʝʢʫʣ 

ʣʠʥʝʡʥʳʝ ʦʣʠʛʦʬʝʥʠʣʝʥʳ (nP) ʠʟʚʝʩʪʥʳ ʢʘʢ ʚʳʩʦʢʦʩʪʘʙʠʣʴʥʳʝ ʩʦʝʜʠʥʝʥʠʷ, 

ʩʦʭʨʘʥʷʶʱʠʝ ʫʩʪʦʡʯʠʚʦʩʪʴ ʚ ʨʘʩʧʣʘʚʝ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʘʭ ʚʳʰʝ ʪʦʯʢʠ 

ʧʣʘʚʣʝʥʠʷ [54]. ʉʦʝʜʠʥʝʥʠʷ ʩ ʜʚʫʤʷ (ʜʠʬʝʥʠʣ) ʠ ʪʨʝʤʷ (ʧʘʨʘ-ʪʝʨʬʝʥʠʣ) 

ʬʝʥʠʣʴʥʳʤʠ ʛʨʫʧʧʘʤʠ ʧʨʝʜʩʪʘʚʣʷʶʪ ʙʦʣʴʰʦʡ ʠʥʪʝʨʝʩ ʚ ʢʘʯʝʩʪʚʝ ʢʨʠʩʪʘʣʣʦʚ 

ʢʘʢ ʵʬʬʝʢʪʠʚʥʳʝ ʦʨʛʘʥʠʯʝʩʢʠʝ ʩʮʠʥʪʠʣʣʷʪʦʨʳ [17,46,55,56], ʘ ʚʝʱʝʩʪʚʘ ʩ 

ʯʠʩʣʦʤ ʬʝʥʠʣʴʥʳʭ ʢʦʣʝʮ ʚ ʩʪʨʫʢʪʫʨʝ ʤʦʣʝʢʫʣʳ n Ó 4 ï ʵʬʬʝʢʪʠʚʥʳʝ 

ʦʧʪʠʯʝʩʢʠʝ ʩʠʥʠʝ ʠʟʣʫʯʘʪʝʣʠ, ʦʙʣʘʜʘʶʱʠʝ ʚʳʩʦʢʠʤ ʢʚʘʥʪʦʚʳʤ ʚʳʭʦʜʦʤ 

ʬʦʪʦʣʶʤʠʥʝʩʮʝʥʮʠʠ [57,58]. 
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ɺ ʪʘʙʣʠʮʝ 1.1 ʧʨʝʜʩʪʘʚʣʝʥʳ ʧʘʨʘʤʝʪʨʳ ʬʘʟʦʚʳʭ ʧʝʨʝʭʦʜʦʚ ʣʠʥʝʡʥʳʭ 

ʦʣʠʛʦʬʝʥʠʣʝʥʦʚ. ʂʘʢ ʚʠʜʥʦ, ʜʣʷ ʚʳʩʰʠʭ ʦʣʠʛʦʬʝʥʠʣʝʥʦʚ, 5P ʠ 6P, 

ʥʘʙʣʶʜʘʝʪʩʷ ʥʘʣʠʯʠʝ ʤʝʟʦʤʦʨʬʥʦʛʦ ʞʠʜʢʦʢʨʠʩʪʘʣʣʠʯʝʩʢʦʛʦ ʩʦʩʪʦʷʥʠʷ, 

ʩʫʱʝʩʪʚʫʶʱʝʛʦ ʚ ʠʥʪʝʨʚʘʣʝ ʦʢʦʣʦ 30 ʛʨʘʜʫʩʦʚ ʚʳʰʝ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ 

ʪʝʤʧʝʨʘʪʫʨʳ ʧʣʘʚʣʝʥʠʷ. ʊʘʢʞʝ ʠʥʪʝʨʝʩʥʦʡ ʦʩʦʙʝʥʥʦʩʪʴʶ ʣʠʥʝʡʥʳʭ 

ʦʣʠʛʦʬʝʥʠʣʝʥʦʚ ʷʚʣʷʝʪʩʷ ʥʘʣʠʯʠʝ ʥʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʳʭ ʧʦʣʠʤʦʨʬʥʳʭ 

ʧʝʨʝʭʦʜʦʚ, ʢʦʪʦʨʳʝ ʜʣʷ 5P ʠ 6P, ʧʦ-ʚʠʜʠʤʦʤʫ, ʝʱʸ ʦʩʪʘʶʪʩʷ ʥʝ 

ʠʩʩʣʝʜʦʚʘʥʥʳʤʠ.  

ʊʘʙʣʠʮʘ 1.1 - ʇʘʨʘʤʝʪʨʳ ʬʘʟʦʚʳʭ ʧʝʨʝʭʦʜʦʚ ʣʠʥʝʡʥʳʭ ʦʣʠʛʦʬʝʥʠʣʝʥʦʚ 

nP 
ʄ, 

ʛ/ʤʦʣʴ 

Tm / ȹHm , 

C / ʢɼʞ/ʤʦʣʴ 

Ttr / ȹHtr, 

C / ʢɼʞ/ʤʦʣʴ 

Tlq / ȹHlq, 

 C / ʢɼʞ/ʤʦʣʴ 

2P 154.2 

69.0 /18.756 [59] 

69.2 / 19.7 [60] 

68.4 / 18.66 [61] 

(II -I) 232.7 / 0.005 [62] 

(II -III) 256.3 / 15E-3 

[63] 

- 

3P 230.3 

209.2 / 35.3 [64] 

213.9 / 35.3 [65] 

213.2 / 35.5Ñ1.3 [66] 

(II -I) 79.6 / 0.304 [67] 

(II -I) 79.8 / 0.095 [68] 
- 

4P 306.4 

313.6 / 57.6 [69] 

314.1 / 37.8 [66] 

314.1 / 37.8 [70] 

(II -I) 40.1 / 0.414 [70] 

- 

5P 382.5 386.5 / 42.3 [66] 
- (Nm-Is) 415 / 0.922 

[66] 

6P 458.6 434 / 32.26 [71]  
- (Sm-Is) 464 / 4.6 

[71] 
ʇʨʠʤʝʯʘʥʠʝ: ʄ ï ʤʦʣʷʨʥʘʷ ʤʘʩʩʘ; Tm ʠ ȹHm ï ʪʝʤʧʝʨʘʪʫʨʘ ʠ ʤʦʣʷʨʥʘʷ ʵʥʪʘʣʴʧʠʷ ʧʣʘʚʣʝʥʠʷ; 

Ttr ʠ ȹHtr ï ʪʝʤʧʝʨʘʪʫʨʘ ʠ ʤʦʣʷʨʥʘʷ ʵʥʪʘʣʴʧʠʷ ʧʦʣʠʤʦʨʬʥʦʛʦ ʧʝʨʝʭʦʜʘ; Tlq ʠ ȹHlq ï 

ʪʝʤʧʝʨʘʪʫʨʘ ʠ ʤʦʣʷʨʥʘʷ ʵʥʪʘʣʴʧʠʷ ɾʂ ʤʝʟʦʤʦʨʬʥʦʛʦ ʧʝʨʝʭʦʜʘ. 

ɺ ʪʘʙʣʠʮʝ 1.2 ʧʨʝʜʩʪʘʚʣʝʥʳ ʣʠʪʝʨʘʪʫʨʥʳʝ ʜʘʥʥʳʝ ʨʘʩʪʚʦʨʠʤʦʩʪʠ ʚ 

ʪʦʣʫʦʣʝ ʉ0, ʵʥʪʘʣʴʧʠʠ ʩʫʙʣʠʤʘʮʠʠ ȹHs ʠ ʦʧʪʠʯʝʩʢʠʤ ʩʚʦʡʩʪʚʘʤ ʠʩʩʣʝʜʫʝʤʳʭ 

ʣʠʥʝʡʥʳʭ ʦʣʠʛʦʬʝʥʠʣʝʥʦʚ. ʅʘ ʨʠʩʫʥʢʝ 1.7, ʘ ʥʘ ʦʩʥʦʚʝ ʟʥʘʯʝʥʠʡ, ʚʟʷʪʳʭ ʠʟ 

ʪʘʙʣʠʮʳ 1.1, ʧʨʝʜʩʪʘʚʣʝʥ ʛʨʘʬʠʢ ʟʘʚʠʩʠʤʦʩʪʠ ʨʘʩʪʚʦʨʠʤʦʩʪʠ C0 ʣʠʥʝʡʥʳʭ 

ʦʣʠʛʦʬʝʥʠʣʝʥʦʚ ʚ ʪʦʣʫʦʣʝ ʧʨʠ 20ÁC ʦʪ ʯʠʩʣʘ n ʬʝʥʠʣʴʥʳʭ ʢʦʣʝʮ ʚ ʩʦʩʪʘʚʝ 

ʤʦʣʝʢʫʣʳ ʚ ʧʦʣʫʣʦʛʘʨʠʬʤʠʯʝʩʢʠʭ ʢʦʦʨʜʠʥʘʪʘʭ [54]. ʂʘʢ ʚʠʜʥʦ, ʩ ʨʦʩʪʦʤ n 

ʧʘʜʝʥʠʝ ʨʘʩʪʚʦʨʠʤʦʩʪʠ ʦʣʠʛʦʬʝʥʠʣʝʥʦʚ ʥʦʩʠʪ ʵʢʩʧʦʥʝʥʮʠʘʣʴʥʳʡ ʭʘʨʘʢʪʝʨ. 
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ʅʘ ʨʠʩʫʥʢʝ 1.7, ʙ ʧʨʝʜʩʪʘʚʣʝʥʳ ʜʘʥʥʳʝ ʧʦ ʵʥʪʘʣʴʧʠʠ ʩʫʙʣʠʤʘʮʠʠ ȹHs, 

ʚʟʷʪʳʝ ʠʟ ʪʘʙʣʠʮʳ 1.2, ʚ ʚʠʜʝ ʛʨʘʬʠʢʘ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʯʠʩʣʘ n ʬʝʥʠʣʴʥʳʭ 

ʢʦʣʝʮ. ɼʣʷ 5P ʠ 6P ʣʠʪʝʨʘʪʫʨʥʳʝ ʩʚʝʜʝʥʠʷ ʧʦ ʵʥʪʘʣʴʧʠʠ ʩʫʙʣʠʤʘʮʠʠ ʥʝ 

ʦʙʥʘʨʫʞʝʥʳ ʠ ʧʦʵʪʦʤʫ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʟʥʘʯʝʥʠʷ ʙʳʣʠ ʦʮʝʥʝʥʳ ʧʦ 

ʵʢʩʪʨʘʧʦʣʷʮʠʠ ʟʘʚʠʩʠʤʦʩʪʠ ȹHs ʦʪ ʯʠʩʣʘ ʩʦʧʨʷʞʝʥʥʳʭ ʢʦʣʝʮ n ʧʦ ʠʤʝʶʱʠʤʩʷ 

ʣʠʪʝʨʘʪʫʨʥʳʤ ʩʚʝʜʝʥʠʷʤ, ʢʦʪʦʨʳʝ ʭʦʨʦʰʦ ʫʢʣʘʜʳʚʘʶʪʩʷ ʥʘ ʣʠʥʝʡʥʫʶ 

ʟʘʚʠʩʠʤʦʩʪʴ: ȹHs = ī17.31 + (46 Ñ 2)Ŀn ʢɼʞ/ʤʦʣʴ (R
2
=0.99628). 

ʊʘʙʣʠʮʘ 1.2 - ʉʚʦʡʩʪʚʘ ʣʠʥʝʡʥʳʭ ʦʣʠʛʦʬʝʥʠʣʝʥʦʚ 

nP 

ʉ
 
0, 

 ʛ/ʣ  

ȹHs, 

ʢɼʞ/ʤʦʣʴ 

ʆʧʪʠʯ. 

ʧʦʛʣʦʱʝʥʠʝ 

ʃʶʤʠʥʝʩʮʝʥʮʠʷ 

ɚʤʘʢʩ,  

ʥʤ 

Ůʤʘʢʩ ʭ 10
-3
, 

ʣĀʤʦʣʴ
-

1
Āʩʤ

-1 

ɚʣʶʤ, 

ʥʤ 

ūF, % ʀʩʪ. 

2P 440 77Ñ5 [72,73]
 

251.5 18.3 304/316  18  [74] 

3P 8.5 118 Ñ 4 [64,75]
 

280.0 25.0 325/338  93  [74] 

4P 0.22 163 Ñ 5 [76,77]
 

300.0 39.0 348/365  89  [74] 

5P < 0.1 213 Ñ 10
*
 310.0 62.5 360/387  89  [78] 

6P < 0.01 259 Ñ 12
*
 317.5 >56.0 383/394  93  [78] 

ʇʨʠʤʝʯʘʥʠʝ: ʉ0 ï ʨʘʩʪʚʦʨʠʤʦʩʪʴ ʚ ʪʦʣʫʦʣʝ ʧʨʠ 20Áʉ [54]; ȹHs ï ʵʥʪʘʣʴʧʠʷ ʩʫʙʣʠʤʘʮʠʠ; ɚʤʘʢʩ 
ï ʤʘʢʩʠʤʫʤ ʚ ʩʧʝʢʪʨʝ ʧʦʛʣʦʱʝʥʠʷ ʠ Ůʤʘʢʩ ï ʢʦʵʬʬʠʮʠʝʥʪ ʵʢʩʪʠʥʢʮʠʠ ʜʣʷ ʨʘʩʪʚʦʨʦʚ 

ʭʣʦʨʦʬʦʨʤʘ [54]; ɚʣʶʤ ʠ ūF ï ʤʘʢʩʠʤʫʤʳ ʚ ʩʧʝʢʪʨʝ ʣʶʤʠʥʝʩʮʝʥʮʠʠ ʠ ʢʚʘʥʪʦʚʳʡ ʚʳʭʦʜ ʜʣʷ 

ʨʘʩʪʚʦʨʦʚ ʮʠʢʣʦʛʝʢʩʘʥʘ. 
* 
- ʵʢʩʪʨʘʧʦʣʷʮʠʷ ʣʠʪʝʨʘʪʫʨʥʳʭ ʜʘʥʥʳʭ ʧʦ ʣʠʥʝʡʥʦʡ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʯʠʩʣʘ ʢʦʣʝʮ n (ʨʠʩʫʥʦʢ 

1.7, ʙ) 

ʅʘ ʨʠʩʫʥʢʝ 1.7, ʛ ʧʨʝʜʩʪʘʚʣʝʥʳ ʛʨʘʬʠʢʠ ʟʘʚʠʩʠʤʦʩʪʠ ʧʦʣʦʞʝʥʠʷ 

ʤʘʢʩʠʤʫʤʘ ʚ ʩʧʝʢʪʨʝ ʧʦʛʣʦʱʝʥʠʷ ɚʧʦʛʣ, ʢʦʨʦʪʢʦʚʦʣʥʦʚʦʛʦ ʤʘʢʩʠʤʫʤʘ (ɚʣʶʤ,1) ʚ 

ʩʧʝʢʪʨʝ ʣʶʤʠʥʝʩʮʝʥʮʠʠ (ʯʝʨʥʳʝ ʪʦʯʢʠ) ʠ 0-0 ʧʝʨʝʭʦʜʘ (ɚ0-0) ʜʣʷ ʨʘʩʪʚʦʨʦʚ 

ʮʠʢʣʦʛʝʢʩʘʥʘ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʜʣʠʥʳ ʤʦʣʝʢʫʣʳ. ɿʘʚʠʩʠʤʦʩʪʴ ɚʧʦʛʣ = f(n) 

ʥʝʣʠʥʝʡʥʘʷ ʠ ʙʣʠʟʢʘ ʢ ʣʦʛʘʨʠʬʤʠʯʝʩʢʦʡ: ɚʤʘʢʩ = 258.9 -37.9Āln(n-1.182) ʥʤ 

(R
2
=0.9951). ʂʘʢ ʚʠʜʥʦ, ʜʣʠʥʘ ʚʦʣʥʳ ɚʣʶʤ,1 ʩ ʨʦʩʪʦʤ ʯʠʩʣʘ ʬʝʥʠʣʴʥʳʭ ʢʦʣʝʮ ʜʣʷ 

ʠʩʩʣʝʜʫʝʤʳʭ ʤʦʣʝʢʫʣ ʠʟʤʝʥʷʝʪʩʷ ʧʨʘʢʪʠʯʝʩʢʠ ʣʠʥʝʡʥʦ (ɚʣʶʤ,1 = (267 Ñ 4) + 

(19.3 Ñ 1.0)Ān ʥʤ, R
2
 = 0.9897), ʘ ʧʦʣʦʞʝʥʠʝ ɚ0-0 ʠʟʤʝʥʷʝʪʩʷ ʥʝʣʠʥʝʡʥʦ ʧʦ ʟʘʢʦʥʫ, 

ʢʦʪʦʨʳʡ ʭʦʨʦʰʦ ʵʢʩʪʨʘʧʦʣʠʨʫʝʪʩʷ ʣʦʛʘʨʠʬʤʠʯʝʩʢʦʡ ʟʘʚʠʩʠʤʦʩʪʴʶ: ɚ0-0 = 277 ï 

45.12Āln(n - 0.704) ʥʤ (R
2
=0.9946). 



23 

 

ʂʘʢ ʚʠʜʥʦ ʠʟ ʪʘʙʣʠʮʳ 1.2, ʧʦ ʤʝʨʝ ʫʚʝʣʠʯʝʥʠʷ ʜʣʠʥʳ ʤʦʣʝʢʫʣʳ ʨʘʩʪʝʪ 

ʢʚʘʥʪʦʚʳʡ ʚʳʭʦʜ ʣʶʤʠʥʝʩʮʝʥʮʠʠ ūF ʣʠʥʝʡʥʳʭ ʦʣʠʛʦʬʝʥʠʣʝʥʦʚ ʚ ʨʘʩʪʚʦʨʘʭ, 

ʧʨʠʙʣʠʞʘʷʩʴ ʢ 100% ʜʣʷ 6P. ʉʦʛʣʘʩʥʦ [58] ʜʣʷ ʪʦʥʢʠʭ ʧʦʣʠʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ 

ʧʣʝʥʦʢ 6P ʚʝʣʠʯʠʥʘ ūF ʜʦʩʪʠʛʘʝʪ 30% ʧʨʠ ʚʨʝʤʝʥʠ ʨʘʩʧʘʜʘ ʣʶʤʠʥʝʩʮʝʥʮʠʠ ï 

400 ʧʩ. ʅʝʜʘʚʥʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʦʧʪʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ 5P ʧʦʢʘʟʘʣʠ, ʯʪʦ ʜʣʷ 

ʦʪʜʝʣʴʥʦ ʩʪʦʷʱʝʡ ʤʦʥʦʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʧʣʝʥʢʠ ʚʝʣʠʯʠʥʘ ūF ʜʦʩʪʠʛʘʝʪ ʧʦʯʪʠ 

100% [A5]. 

 

ʈʠʩʫʥʦʢ 1.7 - ɻʨʘʬʠʢʠ ʟʘʚʠʩʠʤʦʩʪʠ ʥʝʢʦʪʦʨʳʭ ʩʚʦʡʩʪʚ ʣʠʥʝʡʥʳʭ ʦʣʠʛʦʬʝʥʠʣʝʥʦʚ ʦʪ 

ʜʣʠʥʳ ʤʦʣʝʢʫʣʳ (ʯʠʩʣʘ ʬʝʥʠʣʴʥʳʭ ʢʦʣʝʮ n): ʘ - ʨʘʩʪʚʦʨʠʤʦʩʪ ɹʚ ʪʦʣʫʦʣʝ ʧʨʠ 20ÁC; ʙ - 

ʢɻʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʟʥʘʯʝʥʠʷ ʵʥʪʘʣʴʧʠʠ ʩʫʙʣʠʤʘʮʠʠ (ʙʝʣʳʝ ʪʦʯʢʠ ï ʵʢʩʪʨʘʧʦʣʷʮʠʦʥʥʳʝ 

ʟʥʘʯʝʥʠʷ ʜʣʷ 5P ʠ 6P ʧʦ ʣʠʥʝʡʥʦʡ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʟʘʚʠʩʠʤʦʩʪʠ); ʚ ï ʧʦʣʦʞʝʥʠ ̫

ʤʘʢʩʠʤʫʤʘ ɚʧʦʛʣ ʚ ʩʧʝʢʪʨʝ ʧʦʛʣʦʱʝʥʠʷ, ʢʦʨʦʪʢʦʚʦʣʥʦʚʦʛʦ ʤʘʢʩʠʤʫʤʘ ɚʣʶʤ,1 ʚ ʩʧʝʢʪʨʝ 

ʣʶʤʠʥʝʩʮʝʥʮʠʠ ʠ 0-0 ʧʝʨʝʭʦʜʘ (ɚ0-0) ʚ ʨʘʩʪʚʦʨʘʭ ʮʠʢʣʦʛʝʢʩʘʥʘ [74,78]; ʛ - ʢʚʘʥʪʦʚʳʡ 

ʚʳʭʦʜ ʣʶʤʠʥʝʩʮʝʥʮʠʠ ʚ ʨʘʩʪʚʦʨʘʭ ʮʠʢʣʦʛʝʢʩʘʥʘ [74,78] 
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ʕʣʝʢʪʨʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʪʦʥʢʠʭ ʧʦʣʠʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʩʣʦʝʚ 4P, 5P ʠ 6P 

(<50 ʥʤ), ʥʘʧʳʣʝʥʥʳʭ ʤʝʪʦʜʦʤ ʚʘʢʫʫʤʥʦʛʦ ʪʝʨʤʠʯʝʩʢʦʛʦ ʦʩʘʞʜʝʥʠʷ (ɺʊʆ), 

ʙʳʣʠ ʠʩʩʣʝʜʦʚʘʥʳ ʚ ʨʘʙʦʪʝ [79] ʤʝʪʦʜʦʤ ʧʦʣʝʚʦʛʦ ʪʨʘʥʟʠʩʪʦʨʘ. ʉʦʦʙʱʘʝʪʩʷ, 

ʯʪʦ ʜʳʨʦʯʥʘʷ ʧʦʜʚʠʞʥʦʩʪʴ ʜʦʩʪʠʛʘʣʘ ʟʥʘʯʝʥʠʡ 10
-2
 ï 10

-1 
ʩʤ

2
ɺ

-1
ʩ

-1
. ɼʣʷ 

ʧʦʣʠʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʩʣʦʝʚ 3P ʠ 4P ʪʦʣʱʠʥʦʶ 17-20 ʤʢʤ ʪʘʢʞʝ ʙʳʣʠ 

ʧʨʦʚʝʜʝʥʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʜʚʠʞʥʦʩʪʠ ʚʨʝʤʷ-ʧʨʦʣʝʪʥʳʤ ʤʝʪʦʜʦʤ [80], ʚ 

ʨʝʟʫʣʴʪʘʪʝ ʢʦʪʦʨʳʭ ʙʳʣʠ ʫʩʪʘʥʦʚʣʝʥʳ ʧʦʜʚʠʞʥʦʩʪʠ ʜʚʫʭ ʪʠʧʦʚ: ʜʳʨʦʯʥʘʷ ï 

2.4Ā10
-5
 (3P) ʠ 2.0Ā10

-5 
(4P)

 
ʠ ʵʣʝʢʪʨʦʥʥʘʷ - 1.1Ā10

-5
 (3P) ʠ 1.0Ā10

-5
 (4P) ʩʤ

2
ɺ

-1
ʩ

-1
.  

1.4. ʉʚʦʡʩʪʚʘ ʣʠʥʝʡʥʳʭ ʘʮʝʥʦʚ 

ʃʠʪʝʨʘʪʫʨʥʳʝ ʩʚʝʜʝʥʠʷ ʦ ʧʘʨʘʤʝʪʨʘʭ ʬʘʟʦʚʳʭ ʧʝʨʝʭʦʜʦʚ ʚ ʢʨʠʩʪʘʣʣʘʭ 

ʠʩʩʣʝʜʫʝʤʳʭ ʩʦʝʜʠʥʝʥʠʡ ʧʨʠʚʝʜʝʥʳ ʚ ʪʘʙʣʠʮʝ 1.3. ɺ ʩʨʘʚʥʝʥʠʠ ʩ 

ʦʣʠʛʦʬʝʥʠʣʝʥʘʤʠ ʫ ʣʠʥʝʡʥʳʭ ʘʮʝʥʦʚ ʥʝ ʥʘʙʣʶʜʘʝʪʩʷ ʥʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʳʝ 

ʬʘʟʦʚʳʝ ʧʝʨʝʭʦʜʳ, ʥʦ ʜʣʷ ʪʝʪʨʘʮʝʥʘ ʠʤʝʝʪ ʤʝʩʪʦ ʧʦʣʠʤʦʨʬʥʳʡ ʧʝʨʝʭʦʜ ʚ 

ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʫʶ ʢʨʠʩʪʘʣʣʠʯʝʩʢʫʶ ʬʘʟʫ, ʩʪʨʫʢʪʫʨʘ ʢʦʪʦʨʦʡ ʚ ʣʠʪʝʨʘʪʫʨʝ 

ʝʱʸ ʥʝ ʦʧʠʩʘʥʘ. ʅʝʩʤʦʪʨʷ ʥʘ ʙʦʣʝʝ ʥʠʟʢʫʶ ʤʦʣʷʨʥʫʶ ʤʘʩʩʫ ʘʮʝʥʦʚ ʚ 

ʩʨʘʚʥʝʥʠʠ ʩ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤʠ ʛʦʤʦʣʦʛʘʤʠ ʚ ʩʝʤʝʡʩʪʚʝ ʦʣʠʛʦʬʝʥʠʣʝʥʦʚ (2A -

2P, 3A ï 3P, 4A ï 4P), ʫ ʧʝʨʚʳʭ ʥʘʙʣʶʜʘʝʪʩʷ ʦʪʥʦʩʠʪʝʣʴʥʦ ʙʦʣʝʝ ʚʳʩʦʢʘʷ 

ʪʝʤʧʝʨʘʪʫʨʘ ʧʣʘʚʣʝʥʠʷ, ʦʩʦʙʝʥʥʦ ʜʣʷ ʪʝʪʨʘʮʝʥʘ. 

ʊʘʙʣʠʮʘ 1.3 - ʇʘʨʘʤʝʪʨʳ ʬʘʟʦʚʳʭ ʧʝʨʝʭʦʜʦʚ ʠʩʩʣʝʜʫʝʤʳʭ ʘʮʝʥʦʚ  

nA 
ʄ, 

ʛ/ʤʦʣʴ 

Tm /ȹHm  

C / ʢɼʞ/ʤʦʣʴ 

Ttr /ȹHtr 

C / ʢɼʞ/ʤʦʣʴ 

2A 128.2 

80.4 / 19.1 [81] 

81.6 / 19.55 [60] 

80.3 / 19.0 [82] 
- 

3A 178.2 

219.9 / 29.8 [83] 

218.9 / 31.5 [84] 

216.3 / 28.8 [85] 

- 

4A 228.3 
353 / 36.8 [86] 

350 / 35.9 [87] 

308.7 / 1.2 [86] 

308.2 / 1.0 [87] 

5A 278.4 - - 

ʇʨʠʤʝʯʘʥʠʝ: ʄ ï ʤʦʣʷʨʥʘʷ ʤʘʩʩʘ; Tm ʠ ȹHm ï ʪʝʤʧʝʨʘʪʫʨʘ ʠ ʤʦʣʷʨʥʘʷ ʵʥʪʘʣʴʧʠʷ ʧʣʘʚʣʝʥʠʷ; 

Ttr ʠ ȹHtr ï ʪʝʤʧʝʨʘʪʫʨʘ ʠ ʤʦʣʷʨʥʘʷ ʵʥʪʘʣʴʧʠʷ ʧʦʣʠʤʦʨʬʥʦʛʦ ʧʝʨʝʭʦʜʘ. 
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ʉʦʛʣʘʩʥʦ [86], ʧʨʠ ʧʣʘʚʣʝʥʠʠ ʪʝʪʨʘʮʝʥ ʥʘʯʠʥʘʝʪ ʨʘʟʣʘʛʘʪʴʩʷ, ʘ ʚʝʣʠʯʠʥʘ 

ʵʥʪʘʣʴʧʠʠ ʧʣʘʚʣʝʥʠʷ ʦʧʨʝʜʝʣʝʥʘ, ʧʦ ʚʩʝʡ ʚʠʜʠʤʦʩʪʠ, ʩ ʥʝʢʦʪʦʨʦʡ ʦʰʠʙʢʦʡ ʚ 

ʩʚʷʟʠ ʩ ʜʝʛʨʘʜʘʮʠʝʡ ʤʘʪʝʨʠʘʣʘ. ɼʣʷ ʧʝʥʪʘʮʝʥʘ ʧʨʠ ʥʘʛʨʝʚʝ ʜʦ ~350Áʉ 

ʧʨʦʠʩʭʦʜʠʪ ʩʪʨʝʤʠʪʝʣʴʥʦʝ ʨʘʟʣʦʞʝʥʠʝ, ʠʟ-ʟʘ ʯʝʛʦ ʧʘʨʘʤʝʪʨʳ ʧʣʘʚʣʝʥʠʷ ʜʣʷ 

ʜʘʥʥʦʛʦ ʩʦʝʜʠʥʝʥʠʷ ʚ ʣʠʪʝʨʘʪʫʨʝ ʥʝ ʦʧʨʝʜʝʣʝʥʳ. 

ɺ ʪʘʙʣʠʮʝ 1.4 ʧʨʝʜʩʪʘʚʣʝʥʳ ʩʚʝʜʝʥʠʷ ʧʦ ʵʥʪʘʣʴʧʠʠ ʩʫʙʣʠʤʘʮʠʠ ʣʠʥʝʡʥʳʭ 

ʘʮʝʥʦʚ. ɺʝʣʠʯʠʥʳ ʵʥʪʘʣʴʧʠʠ ʩʫʙʣʠʤʘʮʠʠ ȹHs ʣʠʥʝʡʥʳʭ ʘʮʝʥʦʚ ʚ ʟʘʚʠʩʠʤʦʩʪʠ 

ʦʪ ʯʠʩʣʘ ʩʦʧʨʷʞʝʥʥʳʭ ʢʦʣʝʮ n ʭʦʨʦʰʦ ʘʧʧʨʦʢʩʠʤʠʨʫʶʪʩʷ ʣʠʥʝʡʥʦʡ ʬʫʥʢʮʠʝʡ: 

ȹHs = (17.12 Ñ 2.1) + (27.5 Ñ 0.6)Ŀn ʢɼʞ/ʤʦʣʴ, R
2
=0.99284 (ʨʠʩʫʥʦʢ 1.8, ʘ). 

ʊʘʙʣʠʮʘ 1.4 - ʕʥʪʘʣʴʧʠʠ ʩʫʙʣʠʤʘʮʠʠ ȹHS ʠʩʩʣʝʜʫʝʤʳʭ ʣʠʥʝʡʥʳʭ ʘʮʝʥʦʚ 

nA ʊʝʤʧʝʨʘʪʫʨʘ T, K 

ʕʥʪʘʣʴʧʠʷ 

ʧʣʘʚʣʝʥʠʷ ȹHS, 

ʢɼʞ/ʤʦʣʴ 

ʀʩʪʦʯʥʠʢ 

2ɸ 

328 ï 398 

298.15 

263 ï 343 

270 ï 353 

293 ï 331 

327 

333 

76 Ñ 2 

71 Ñ 4 

72.5 Ñ 0.3 

72.5 Ñ 0.1 

72.3 Ñ 0.8 

72.8 

71.7 

[88] 

[89] 

[90] 

[91] 

[92] 

[93] 

[94] 

3ɸ 

396 ï 421 

353 ï 432 

353 ï 399 

423 ï 488 

340 ï 360 

339 ï 399 

320 - 355 

98 Ñ 2 

101.0 Ñ 0.5 

94.3 

94.5 

98.8 Ñ 0.4 

97.6 Ñ 1.3 

97.9 Ñ 0.6 

[95] 

[96] 

[97] 

[98] 

[99] 

[100] 

[101] 

4ɸ 

433 - 483 

433 ï 493 

377 ï 477 

313 ï 453 

386 ï 472 

399 - 430 

132.7 Ñ 2.5 

128.9 

125 Ñ 4 

126.5 

126 Ñ 9 

125 Ñ 3 

[102] 

[103] 

[75] 

[94] 

[104] 

[101] 

5ɸ 
443-483 

495-530 

156.9 Ñ 13.6 

154  Ñ 5  

[104] 

[105] 

ɺ ʪʘʙʣʠʮʝ 1.5 ʧʨʠʚʝʜʝʥʳ ʜʘʥʥʳʝ ʦ ʨʘʩʪʚʦʨʠʤʦʩʪʠ ʣʠʥʝʡʥʳʭ ʘʮʝʥʦʚ ʚ 

ʨʘʩʪʚʦʨʘʭ ʪʦʣʫʦʣʘ ʠ ʦʧʪʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʨʘʩʪʚʦʨʦʚ ʠ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʧʣʝʥʦʢ. 
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ʅʘʠʙʦʣʝʝ ʠʟʫʯʝʥʥʳʤʠ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʨʘʩʪʚʦʨʠʤʦʩʪʠ ʚ ʩʝʤʝʡʩʪʚʝ ʣʠʥʝʡʥʳʭ 

ʘʮʝʥʦʚ ʷʚʣʷʶʪʩʷ ʥʘʬʪʘʣʠʥ ʠ ʘʥʪʨʘʮʝʥ [106,107]. ʉʚʝʜʝʥʠʡ ʧʦ ʨʘʩʪʚʦʨʠʤʦʩʪʠ 

ʪʝʪʨʘʮʝʥʘ (ʧʨʠ 20 ʉ̄) ʚ ʪʘʢʠʭ ʨʘʩʪʚʦʨʠʪʝʣʷʭ, ʢʘʢ ʙʝʥʟʦʣ ʠ ʪʦʣʫʦʣ ʚʝʩʴʤʘ 

ʥʝʤʥʦʛʦ [18,108], ʘ ʜʣʷ ʧʝʥʪʘʮʝʥʘ ʜʘʥʥʳʝ ʥʝ ʦʙʥʘʨʫʞʝʥʳ. 

ʊʘʙʣʠʮʘ 1.5 - ʈʘʩʪʚʦʨʠʤʦʩʪʴ ʠ ʦʧʪʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʣʠʥʝʡʥʳʭ ʘʮʝʥʦʚ 

nA 

ʉ0, 

 ʛ/ʣ  

ʆʧʪʠʯ. ʧʦʛʣʦʱʝʥʠʝ ʃʶʤʠʥʝʩʮʝʥʮʠʷ 

ʩʨʝʜʘ ɚʤʘʢʩ, ʥʤ
 

ɚʣʶʤ, ʥʤ ūF,  

% 
ŰF, 
ʥʩ 

ʠʩʪ. 

2A 413 [106] 
ʠʟʦʦʢʪʘʥ 

ʮʠʢʣʦʛʝʢʩ. 

265 / 275/ 285 

- 

- 

324/ 336/ 350 

- 

23 

- 

70 

[109] 

[110] 

3A 12 [107] ʮʠʢʣʦʛʝʢʩ. 341/ 357/ 376 378/ 400/ 425
 

36  12.5 [74] 

4A 0.16 [18] 
ʙʝʥʟʦʣ 

ʢʨʠʩʪʘʣʣ 

418/ 446/ 475 

475/ 516 [111] 

481/ 512/ 552 

565 / 610 [112] 

- 

- 

22.6 

- 

[74] 

- 

5A - 

ʮʠʢʣʦʛʝʢʩ.

ʢʨʠʩʪʘʣʣ 

ʢʨʠʩʪʘʣʣ 

508/ 549 /587  

584/ 662 [111] 

580/ 680 [113] 

594/ 648/ 690 

- 

775 

8 

- 

- 

- 

- 

- 

[114] 

- 

[115] 

ʇʨʠʤʝʯʘʥʠʝ: ʉ0 - ʨʘʩʪʚʦʨʠʤʦʩʪʴ ʚ ʪʦʣʫʦʣʝ ʧʨʠ 20 Áʉ; ɚʤʘʢʩ ï ʤʘʢʩʠʤʫʤʳ ʚ ʩʧʝʢʪʨʝ 

ʧʦʛʣʦʱʝʥʠʷ; ɚʣʶʤ, ūF ʠ ŰF ï ʩʧʝʢʪʨʘʣʴʥʳʝ ʤʘʢʩʠʤʫʤʳ, ʢʚʘʥʪʦʚʳʡ ʚʳʭʦʜ ʠ ʚʨʝʤʷ ʞʠʟʥʠ 
ʣʶʤʠʥʝʩʮʝʥʮʠʠ.  

ɺ ʦʪʣʠʯʠʝ ʦʪ ʦʣʠʛʦʬʝʥʠʣʝʥʦʚ, ʦʧʪʠʯʝʩʢʠʝ ʩʧʝʢʪʨʳ ʣʠʥʝʡʥʳʭ ʘʮʝʥʦʚ ʚ 

ʨʘʩʪʚʦʨʘʭ ʠʤʝʶʪ ʚʳʨʘʞʝʥʥʫʶ ʢʦʣʝʙʘʪʝʣʴʥʫʶ ʩʪʨʫʢʪʫʨʫ, ʩʦʩʪʦʷʱʫʶ ʠʟ ʩʝʨʠʠ 

ʧʦʣʦʩ, ʧʨʠʯʝʤ ʜʣʠʥʥʦʚʦʣʥʦʚʳʡ ʤʘʢʩʠʤʫʤ ʚ ʩʧʝʢʪʨʝ ʧʦʛʣʦʱʝʥʠʷ ʩʠʣʴʥʦ 

ʧʝʨʝʢʨʳʚʘʝʪʩʷ ʩ ʢʦʨʦʪʢʦʚʦʣʥʦʚʳʤ ʤʘʢʩʠʤʫʤʦʤ ʚ ʩʧʝʢʪʨʝ ʣʶʤʠʥʝʩʮʝʥʮʠʠ [74]. 

ɼʣʷ ʨʘʩʪʚʦʨʦʚ ʧʨʠʚʝʜʝʥʳ ʜʘʥʥʳʝ ʜʣʷ ʪʨʝʭ ʥʘʠʙʦʣʝʝ ʠʥʪʝʥʩʠʚʥʳʭ ʤʘʢʩʠʤʫʤʦʚ.  

ɽʩʣʠ ʜʣʷ ʣʠʥʝʡʥʳʭ ʦʣʠʛʦʬʝʥʠʣʝʥʦʚ ʧʦ ʤʝʨʝ ʫʜʣʠʥʝʥʠʷ ʤʦʣʝʢʫʣʳ 

ʢʚʘʥʪʦʚʳʡ ʚʳʭʦʜ ʣʶʤʠʥʝʩʮʝʥʮʠʠ ūF ʚʦʟʨʘʩʪʘʝʪ ʧʦʯʪʠ ʜʦ 100% ʜʣʷ 6P, ʪʦ ʜʣʷ 

ʘʮʝʥʦʚ ʥʘʙʣʶʜʘʝʪʩʷ ʠʥʘʷ ʢʘʨʪʠʥʘ. ʅʘ ʨʠʩʫʥʢʝ 1.8, ʙ ʧʨʝʜʩʪʘʚʣʝʥʳ ʜʘʥʥʳʝ ʦ ūF 

ʩʦʝʜʠʥʝʥʠʡ ʦʪ ʙʝʥʟʦʣʘ (n=1) ʜʦ ʩʝʢʩʪʠʮʝʥʘ (n=6) ʚ ʨʘʩʪʚʦʨʘʭ ʮʠʢʣʦʛʝʢʩʘʥʘ 

[114]. ɿʘʚʠʩʠʤʦʩʪʴ ūF(n) ʠʤʝʝʪ ʤʘʢʩʠʤʫʤ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʡ ʘʥʪʨʘʮʝʥʫ, ʘ ʧʨʠ 

ʫʚʝʣʠʯʝʥʠʠ n ʚʝʣʠʯʠʥʘ ūF ʩʪʨʝʤʠʪʝʣʴʥʦ ʩʥʠʞʘʝʪʩʷ ʢ ʥʫʣʶ.  

ʊʘʢʞʝ, ʢʘʢ ʠ ʥʠʟʰʠʝ ʣʠʥʝʡʥʳʝ ʦʣʠʛʦʬʝʥʠʣʝʥʳ, ʜʠʬʝʥʠʣ ʠ ʧʘʨʘ-ʪʝʨʬʝʥʠʣ, 

ʥʠʟʰʠʝ ʘʮʝʥʳ, ʥʘʬʪʘʣʠʥ ʠ ʘʥʪʨʘʮʝʥ, ʧʨʝʜʩʪʘʚʣʷʶʪ ʙʦʣʴʰʦʡ ʠʥʪʝʨʝʩ ʚ ʢʘʯʝʩʪʚʝ 

ʨʘʩʪʚʦʨʦʚ ʠ ʢʨʠʩʪʘʣʣʦʚ ʢʘʢ ʩʮʠʥʪʠʣʣʷʮʠʦʥʥʳʝ ʜʝʪʝʢʪʦʨʳ [17,55]. 
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(ʘ) (ʙ) 
ʈʠʩʫʥʦʢ 1.8 ï ɿʘʚʠʩʠʤʦʩʪʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʟʥʘʯʝʥʠʡ ʵʥʪʘʣʴʧʠʠ ʩʫʙʣʠʤʘʮʠʠ DHS (ʘ) ʠ 

ʢʚʘʥʪʦʚʦʛʦ ʚʳʭʦʜʘ ʣʶʤʠʥʝʩʮʝʥʮʠʠ FF ʚ ʨʘʩʪʚʦʨʘʭ ʮʠʢʣʦʛʝʢʩʘʥʘ (ʙ) ʦʪ ʜʣʠʥʳ ʤʦʣʝʢʫʣʳ 

(ʯʠʩʣʘ ʘʨʦʤʘʪʠʯʝʩʢʠʭ ʢʦʣʝʮ n) ʣʠʥʝʡʥʳʭ ʘʮʝʥʦʚ [116] 

ʂʨʠʩʪʘʣʣʳ ʪʝʪʨʘʮʝʥʘ ʷʚʣʷʶʪʩʷ ʵʬʬʝʢʪʠʚʥʳʤʠ ʦʨʛʘʥʠʯʝʩʢʠʤʠ 

ʧʦʣʫʧʨʦʚʦʜʥʠʢʘʤʠ ʜʳʨʦʯʥʦʛʦ ʪʠʧʘ, ʠʟʫʯʝʥʠʝ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʢʦʪʦʨʳʭ 

ʚʝʜʸʪʩʷ ʜʦ ʥʘʩʪʦʷʱʝʛʦ ʚʨʝʤʝʥʠ ʥʘ ʧʨʦʪʷʞʝʥʠʠ ʚʦʪ ʫʞʝ ʙʦʣʝʝ 50 ʣʝʪ [116,117]. 

ɺ ʢʘʯʝʩʪʚʝ ʘʢʪʠʚʥʦʛʦ ʩʣʦʷ ʢʨʠʩʪʘʣʣʳ ʪʝʪʨʘʮʝʥʘ ʧʨʠʤʝʥʷʶʪʩʷ ʧʨʠ ʨʘʟʨʘʙʦʪʢʝ 

ʦʧʪʦʵʣʝʢʪʨʦʥʥʳʭ ʫʩʪʨʦʡʩʪʚ (ʧʦʣʝʚʳʝ ʠ ʩʚʝʪʦʠʟʣʫʯʘʶʱʠʝ ʪʨʘʥʟʠʩʪʦʨʳ ) [118ï

123]. ɺʳʨʘʱʝʥʥʳʝ ʤʝʪʦʜʦʤ ʇʌʊ ʧʣʦʩʢʠʝ ʤʦʥʦʢʨʠʩʪʘʣʣʳ ʪʝʪʨʘʮʝʥʘ, ʙʣʘʛʦʜʘʨʷ 

ʚʳʩʦʢʦʤʫ ʩʪʨʫʢʪʫʨʥʦʤʫ ʩʦʚʝʨʰʝʥʩʪʚʫ ʠ ʤʠʥʠʤʘʣʴʥʦʤʫ ʢʦʣʠʯʝʩʪʚʫ 

ʩʪʨʫʢʪʫʨʥʳʭ ʜʝʬʝʢʪʦʚ, ʚ ʩʦʩʪʘʚʝ ʧʦʣʝʚʳʭ ʪʨʘʥʟʠʩʪʦʨʦʚ ʧʨʦʷʚʣʷʶʪ ʥʘʠʣʫʯʰʠʝ 

ʵʣʝʢʪʨʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʩ ʤʘʢʩʠʤʘʣʴʥʦʡ ʧʦʜʚʠʞʥʦʩʪʴʶ ʜʳʨʦʯʥʦʛʦ ʪʨʘʥʩʧʦʨʪʘ, 

ʜʦʩʪʠʛʘʶʱʝʡ 1.0 ʩʤ
2
Ŀɺ

-1
Ŀʩ

-1 
ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ [119,120,124ï126].  

ʇʝʥʪʘʮʝʥ ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ ʥʘʠʙʦʣʝʝ ʠʟʚʝʩʪʥʳʭ ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚʳʭ 

ʩʦʝʜʠʥʝʥʠʡ ʩ ʚʳʩʦʢʠʤʠ ʵʣʝʢʪʨʠʯʝʩʢʠʤʠ ʩʚʦʡʩʪʚʘʤʠ, ʙʣʘʛʦʜʘʨʷ ʯʝʤʫ ʝʤʫ 

ʧʦʩʚʷʱʝʥʦ ʤʥʦʞʝʩʪʚʦ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʦ ʨʘʟʨʘʙʦʪʢʝ ʦʧʪʦʵʣʝʢʪʨʦʥʥʳʭ 

ʫʩʪʨʦʡʩʪʚ. ɺ ʧʦʣʝʚʳʭ ʪʨʘʥʟʠʩʪʦʨʘʭ ʧʦʜʚʠʞʥʦʩʪʴ ɛh ʜʳʨʦʯʥʦʛʦ ʪʨʘʥʩʧʦʨʪʘ ʚ 

ʪʦʥʢʠʭ ʧʦʣʠʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʩʣʦʷʭ, ʥʘʥʝʩʝʥʥʳʭ ʤʝʪʦʤ ɺʊʆ ʜʦʩʪʠʛʘʝʪ 

0.4 ʩʤ
2
Ŀɺ

-1
Ŀʩ

-1
 [127,128], ʘ ʚ ʧʦʣʫʯʝʥʥʳʭ ʤʝʪʦʜʦʤ ʇʌʊ ʤʦʥʦʢʨʠʩʪʘʣʣʘʭ ʩʨʝʜʥʝʝ 

ʟʥʘʯʝʥʠʝ ɛh ʩʦʩʪʘʚʣʷʝʪ 2 ʩʤ
2
Ŀɺ

-1
Ŀʩ

-1
 [36,129,130]. ʂ ʩʦʞʘʣʝʥʠʶ, ʧʝʥʪʘʮʝʥ ʤʝʥʝʝ 

ʫʩʪʦʡʯʠʚ ʢ ʜʝʛʨʘʜʘʮʠʠ ʥʘ ʚʦʟʜʫʭʝ ʠ ʩʢʣʦʥʝʥ ʢ ʦʢʠʩʣʝʥʠʶ ʠʣʠ ʧʦʪʝʨʠ 

ʘʨʦʤʘʪʠʯʥʦʩʪʠ ʚʥʫʪʨʝʥʥʠʭ ʢʦʣʝʮ ʧʨʠ ʭʨʘʥʝʥʠʠ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ 6,13-

ʜʠʛʠʜʨʦʧʝʥʪʘʮʝʥʘ [36,131ï133]. ʊʝʤ ʥʝ ʤʝʥʝʝ, ʧʝʥʪʘʮʝʥ ʫʚʝʨʝʥʥʦ ʟʘʥʠʤʘʝʪ 
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ʩʚʦʝ ʜʦʩʪʦʡʥʦʝ ʤʝʩʪʦ ʚ ʦʨʛʘʥʠʯʝʩʢʦʡ ʵʣʝʢʪʨʦʥʠʢʝ ʠ ʥʝ ʪʝʨʷʝʪ ʩʚʦʝʡ 

ʧʦʧʫʣʷʨʥʦʩʪʠ ʩʨʝʜʠ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʭ ʛʨʫʧʧ ʢʘʢ ʫʜʦʙʥʳʡ ʜʣʷ ʦʪʨʘʙʦʪʢʠ 

ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʭ ʤʝʪʦʜʠʢ ʤʘʪʝʨʠʘʣ [127,134], ʤʦʜʝʣʴʥʳʡ ʦʙʲʝʢʪ [135], ʘ 

ʪʘʢʞʝ ʦʩʥʦʚʥʦʡ ʠʣʠ ʣʝʛʠʨʫʶʱʠʡ ʢʦʤʧʦʥʝʥʪ ʚ ʨʘʟʨʘʙʦʪʢʝ ʦʧʪʦʵʣʝʢʪʨʦʥʥʳʭ 

ʫʩʪʨʦʡʩʪʚ [115,136]. 

1.5. ʈʦʩʪ ʠ ʩʪʨʫʢʪʫʨʘ ʢʨʠʩʪʘʣʣʦʚ ʣʠʥʝʡʥʳʭ ʘʮʝʥʦʚ 

ʈʦʩʪ ʢʨʠʩʪʘʣʣʦʚ. ʈʦʩʪ ʠʟ ʨʘʩʧʣʘʚʘ ʢʨʫʧʥʳʭ ʢʨʠʩʪʘʣʣʦʚ ʥʘʬʪʘʣʠʥʘ ʚʧʝʨʚʳʝ 

ʦʧʠʩʘʥ ʚ ʨʘʙʦʪʝ [137] ʚ 1957 ʛ. ʂʨʠʩʪʘʣʣʳ ʧʦʣʫʯʘʣʠ ʤʝʪʦʜʦʤ ɹʨʠʜʞʤʝʥʘ, 

ʧʦʜʙʠʨʘʷ ʦʧʪʠʤʘʣʴʥʳʝ ʬʦʨʤʫ ʠ ʨʘʟʤʝʨ ʢʨʠʩʪʘʣʣʠʟʘʮʠʦʥʥʦʡ ʘʤʧʫʣʳ. 

ɹʣʘʛʦʜʘʨʷ ʥʠʟʢʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʧʣʘʚʣʝʥʠʷ (ʪʘʙʣʠʮʘ1.3), ʢʨʫʧʥʳʝ ʢʨʠʩʪʘʣʣʳ 

ʥʘʬʪʘʣʠʥʘ ʚ ʦʩʥʦʚʥʦʤ ʧʦʣʫʯʘʣʠ ʨʘʩʧʣʘʚʥʳʤʠ ʤʝʪʦʜʘʤʠ [44,138]. ɿʘ ʩʯʝʪ 

ʚʳʩʦʢʦʡ ʨʘʩʪʚʦʨʠʤʦʩʪʠ ʚ ʨʘʟʣʠʯʥʳʭ ʦʨʛʘʥʠʯʝʩʢʠʭ ʨʘʩʪʚʦʨʠʪʝʣʷʭ ʚ ʪʦʤ ʯʠʩʣʝ ʠ 

ʚ ʩʧʠʨʪʘʭ, ʢʨʠʩʪʘʣʣʳ ʥʘʬʪʘʣʠʥʘ ʤʦʞʥʦ ʚʳʨʘʱʠʚʘʪʴ ʠʟ ʨʘʩʪʚʦʨʘ [139], ʦʜʥʘʢʦ 

ʩʚʝʜʝʥʠʷ ʦ ʧʦʣʫʯʝʥʠʠ ʢʨʠʩʪʘʣʣʦʚ ʩʘʥʪʠʤʝʪʨʦʚʦʛʦ ʤʘʩʰʪʘʙʘ ʚ ʣʠʪʝʨʘʪʫʨʝ 

ʧʨʘʢʪʠʯʝʩʢʠ ʦʪʩʫʪʩʪʚʫʶʪ [140,141]. ʇʦ ʧʨʠʯʠʥʝ ʥʝʚʳʩʦʢʦʡ ʩʪʦʠʤʦʩʪʠ ʠ 

ʭʦʨʦʰʝʡ ʨʘʩʪʚʦʨʠʤʦʩʪʠ ʥʘʬʪʘʣʠʥ ʷʚʣʷʝʪʩʷ ʫʜʦʙʥʳʤ ʤʦʜʝʣʴʥʳʤ ʦʙʲʝʢʪʦʤ ʜʣʷ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʢʠʥʝʪʠʢʠ ʨʦʩʪʘ ʠ ʤʘʩʩʦʚʦʡ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ [140ï143].  

ʂʨʠʩʪʘʣʣʳ ʘʥʪʨʘʮʝʥʘ ʧʦʣʫʯʘʣʠ ʨʘʟʥʳʤʠ ʤʝʪʦʜʘʤʠ, ʪʘʢʠʤʠ ʢʘʢ ʨʦʩʪ ʠʟ 

ʨʘʩʪʚʦʨʦʚ, ʩʫʙʣʠʤʘʮʠʷ ʠʟ ʧʘʨʘ ʠ ʨʦʩʪ ʠʟ ʨʘʩʧʣʘʚʘ ʧʦ ɹʨʠʜʞʤʝʥʫ [144]. 

ɸʥʪʨʘʮʝʥ ʦʙʣʘʜʘʝʪ ʫʜʦʚʣʝʪʚʦʨʠʪʝʣʴʥʦʡ ʨʘʩʪʚʦʨʠʤʦʩʪʴʶ ʚ ʨʷʜʝ ʦʨʛʘʥʠʯʝʩʢʠʭ 

ʨʘʩʪʚʦʨʠʪʝʣʝʡ, ʥʦ ʧʣʦʭʦ ʨʘʩʪʚʦʨʠʤ ʚ ʩʧʠʨʪʘʭ. ʀʩʩʣʝʜʦʚʘʥʠʷ ʚʣʠʷʥʠʷ ʪʠʧʘ 

ʨʘʩʪʚʦʨʠʪʝʣʷ ʥʘ ʨʦʩʪ ʠ ʬʦʨʤʫ ʢʨʠʩʪʘʣʣʦʚ ʘʥʪʨʘʮʝʥʘ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ [145ï148]. 

ɺ ʨʘʙʦʪʝ [147] ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʥʘ ʚʦʟʤʦʞʥʦʩʪʴ ʚʳʨʘʱʠʚʘʥʠʷ ʦʛʨʘʥʝʥʥʳʭ 

ʢʨʠʩʪʘʣʣʦʚ ʨʘʟʤʝʨʦʤ ʜʦ 2 ʩʤ ʤʝʪʦʜʦʤ ʙʳʩʪʨʦʛʦ ʦʭʣʘʞʜʝʥʠʷ ʨʘʩʪʚʦʨʘ; ʜʣʷ 

ʧʦʣʫʯʝʥʥʳʭ ʢʨʠʩʪʘʣʣʦʚ ʙʳʣʠ ʠʩʩʣʝʜʦʚʘʥʳ ʵʣʝʢʪʨʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʤʝʪʦʜʦʤ 

ʧʦʣʝʚʦʛʦ ʪʨʘʥʟʠʩʪʦʨʘ.  

ʎʝʣʳʡ ʨʷʜ ʨʘʙʦʪ ʧʦʩʚʷʱʝʥ ʠʩʩʣʝʜʦʚʘʥʠʷʤ ʨʦʩʪʘ ʢʨʠʩʪʘʣʣʦʚ ʘʥʪʨʘʮʝʥʘ ʠʟ 

ʧʘʨʦʚʦʡ ʬʘʟʳ (ʇʌʊ) [30,33,144,149ï151]. ʇʨʠ ʵʪʦʤ ʦʩʦʙʦʝ ʚʥʠʤʘʥʠʝ ʫʜʝʣʷʣʦʩʴ 
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ʧʦʣʫʯʝʥʠʶ ʢʨʠʩʪʘʣʣʦʚ ʚʳʩʦʢʦʛʦ ʩʪʨʫʢʪʫʨʥʦʛʦ ʩʦʚʝʨʰʝʥʩʪʚʘ ʠ ʩ ʤʠʥʠʤʘʣʴʥʦ 

ʚʦʟʤʦʞʥʳʤ ʢʦʣʠʯʝʩʪʚʦʤ ʧʨʠʤʝʩʝʡ.  

ʆʙʲʝʤʥʳʝ ʢʨʠʩʪʘʣʣʳ ʘʥʪʨʘʮʝʥʘ ʜʣʷ ʩʮʠʥʪʠʣʣʷʮʠʦʥʥʦʡ ʪʝʭʥʠʢʠ ʧʦʣʫʯʘʣʠ 

ʤʝʪʦʜʦʤ ɹʨʠʜʞʤʝʥʘ [137,152,153]. ʊʘʢ ʞʝ ʜʣʷ ʚʳʨʘʱʠʚʘʥʠʷ ʦʙʲʝʤʥʳʭ 

ʢʨʠʩʪʘʣʣʦʚ ʘʥʪʨʘʮʝʥʘ ʜʣʠʥʥʦʡ ʜʦ 10 ʩʤ ʠʩʧʦʣʴʟʦʚʘʣʠ ʤʝʪʦʜ ʟʦʥʥʦʡ ʧʣʘʚʢʠ 

[47]. ʇʦʣʫʯʝʥʥʳʝ ʪʘʢʠʤ ʦʙʨʘʟʦʤ ʢʨʠʩʪʘʣʣʳ ʩ ʧʦʤʦʱʴʶ ʜʘʥʥʦʛʦ ʤʝʪʦʜʘ ʙʳʣʠ 

ʦʯʠʱʝʥʳ ʧʫʪʝʤ ʤʥʦʛʦʢʨʘʪʥʦʡ ʧʝʨʝʢʨʠʩʪʘʣʣʠʟʘʮʠʠ. ʀʤʝʶʪʩʷ ʩʚʝʜʝʥʠʷ ʦ 

ʚʳʨʘʱʠʚʘʥʠʷ ʦʜʥʦʥʘʧʨʘʚʣʝʥʥʳʭ ʢʨʠʩʪʘʣʣʦʚ ʘʥʪʨʘʮʝʥʘ ʜʣʠʥʦʡ 1-2 ʤʤ ʚ 

ʩʚʝʨʭʢʨʠʪʠʯʝʩʢʦʤ ʬʣʶʠʜʝ, ʜʣʷ ʦʧʪʦʵʣʝʢʪʨʦʥʥʳʭ ʧʨʠʣʦʞʝʥʠʡ [154]. ʂʘʢ ʠ 

ʥʘʬʪʘʣʠʥ, ʘʥʪʨʘʮʝʥ ʷʚʣʷʝʪʩʷ ʫʜʦʙʥʳʤ ʤʦʜʝʣʴʥʳʤ ʦʙʲʝʢʪʦʤ (ʙʣʘʛʦʜʘʨʷ 

ʜʦʩʪʫʧʥʦʩʪʠ ʠ ʩʪʘʙʠʣʴʥʦʩʪʠ ʤʘʪʝʨʠʘʣʘ) ʜʣʷ ʠʟʫʯʝʥʠʷ ʟʘʢʦʥʦʤʝʨʥʦʩʪʝʡ 

ʦʙʨʘʟʦʚʘʥʠ ̫ʠ ʨʦʩʪʘ ʢʨʠʩʪʘʣʣʦʚ ʦʨʛʘʥʠʯʝʩʢʠʭ ʣʠʥʝʡʥʳʭ ʦʣʠʛʦʤʝʨʦʚ [21]. 

ʆʜʠʥ ʠʟ ʥʘʠʙʦʣʝʝ ʧʨʦʩʪʳʭ ʩʧʦʩʦʙʦʚ ʧʦʣʫʯʝʥʠʷ ʪʦʥʢʠʭ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ 

ʧʣʝʥʦʢ ʪʝʪʨʘʮʝʥʘ ʚ ʩʦʩʪʘʚʝ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʧʦʣʝʚʦʛʦ ʪʨʘʥʟʠʩʪʦʨʘ (ʆʇʊ) ʜʣʷ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ - ʵʪʦ ʤʝʪʦʜ ʚʘʢʫʫʤʥʦʛʦ ʪʝʨʤʠʯʝʩʢʦʛʦ 

ʦʩʘʞʜʝʥʠʷ (ɺʊʆ) [155,156]. ʂʨʠʩʪʘʣʣʠʯʝʩʢʠʝ ʧʣʝʥʢʠ, ʧʦʣʫʯʘʝʤʳʝ ʜʘʥʥʳʤ 

ʩʧʦʩʦʙʦʤ, ʦʜʥʦʨʦʜʥʳ ʧʦ ʪʦʣʱʠʥʝ, ʦʜʥʘʢʦ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʥʝʚʳʩʦʢʠʤ 

ʩʪʨʫʢʪʫʨʥʳʤ ʩʦʚʝʨʰʝʥʩʪʚʦʤ ʧʦ ʧʨʠʯʠʥʝ ʧʦʣʠʢʨʠʩʪʘʣʣʠʯʝʩʢʦʛʦ ʩʪʨʦʝʥʠʷ ʩ 

ʭʘʨʘʢʪʝʨʥʳʤ ʩʨʝʜʥʠʤ ʨʘʟʤʝʨʦʤ ʟʝʨʝʥ ʧʦʨʷʜʢʘ ʩʦʪʝʥ ʥʘʥʦʤʝʪʨʦʚ.  

ʀʟ-ʟʘ ʥʠʟʢʦʡ ʨʘʩʪʚʦʨʠʤʦʩʪʠ ʥʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʦʩʥʦʚʥʳʤ ʩʧʦʩʦʙʦʤ 

ʧʦʣʫʯʝʥʠʷ ʤʦʥʦʢʨʠʩʪʘʣʣʦʚ ʪʝʪʨʘʮʝʥʘ ʩʘʥʪʠʤʝʪʨʦʚʦʛʦ ʤʘʩʰʪʘʙʘ (0.2 õ 2 ʩʤ) 

ʷʚʣʷʝʪʩʷ ʤʝʪʦʜ ʧʘʨʦʚʦʛʦ ʬʠʟʠʯʝʩʢʦʛʦ ʪʨʘʥʩʧʦʨʪʘ [1,30,33,38]. ʂʨʠʩʪʘʣʣʳ, 

ʚʳʨʘʱʝʥʥʳʝ ʵʪʠʤ ʩʧʦʩʦʙʦʤ, ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʰʠʨʦʢʠʝ ʧʣʝʥʢʠ ʠʣʠ 

ʧʣʘʩʪʠʥʳ, ʨʘʟʚʠʪʘʷ ʛʨʘʥʴ ʢʦʪʦʨʳʭ ʦʨʠʝʥʪʠʨʦʚʘʥʘ ʚ ʧʣʦʩʢʦʩʪʠ (001). ɼʣʷ ʪʘʢʠʭ 

ʢʨʠʩʪʘʣʣʦʚ ʧʦʢʘʟʘʪʝʣʴ ʘʥʠʟʦʪʨʦʧʠʠ ʬʦʨʤʳ, ʦʧʨʝʜʝʣʷʝʤʳʡ ʢʘʢ ʦʪʥʦʰʝʥʠʝ 

ʪʦʣʱʠʥʳ ʢ ʜʣʠʥʝ, ʥʘʭʦʜʠʪʩʷ ʚ ʠʥʪʝʨʚʘʣʝ 10
-3
õ10

-5
. 

ʂʘʢ ʨʘʥʝʝ ʫʞʝ ʙʳʣʦ ʩʢʘʟʘʥʦ, ʦʙʲʝʤʥʳʡ ʤʦʥʦʢʨʠʩʪʘʣʣ ʪʝʪʨʘʮʝʥʘ 

ʢʦʥʠʯʝʩʢʦʡ ʬʦʨʤʳ ʜʣʠʥʦʡ 2 ʩʤ ʙʳʣ ʚʳʨʘʱʝʥ ʧʘʨʦʚʳʤ ʤʝʪʦʜʦʤ ɹʨʠʜʞʤʝʥʘ 

(ʨʠʩʫʥʦʢ 1.5) [29].  
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ɺ ʣʠʪʝʨʘʪʫʨʝ ʚʝʩʴʤʘ ʤʘʣʦ ʩʚʝʜʝʥʠʡ ʦ ʨʦʩʪʝ ʢʨʠʩʪʘʣʣʦʚ ʪʝʪʨʘʮʝʥʘ ʠʟ 

ʨʘʩʪʚʦʨʦʚ, ʠ ʩʦʚʩʝʤ ʥʝʪ ʠʥʬʦʨʤʘʮʠʠ ʦ ʚʳʨʘʱʠʚʘʥʠʠ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʦʙʨʘʟʮʦʚ 

ʩʘʥʪʠʤʝʪʨʦʚʦʛʦ ʤʘʩʰʪʘʙʘ. ɼʘʥʥʳʝ ʦ ʨʘʩʪʚʦʨʠʤʦʩʪʠ ʪʝʪʨʘʮʝʥʘ ʚ ʣʠʪʝʨʘʪʫʨʝ 

ʪʘʢʞʝ ʧʨʘʢʪʠʯʝʩʢʠ ʦʪʩʫʪʩʪʚʫʶʪ [18,108]. ʉʪʦʠʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʚ ʧʝʨʚʳʭ ʨʘʙʦʪʘʭ 

ʧʦ ʨʘʩʰʠʬʨʦʚʢʝ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʳ ʪʝʪʨʘʮʝʥʘ ʙʳʣʠ ʠʩʧʦʣʴʟʦʚʘʥʳ 

ʢʨʠʩʪʘʣʣʳ, ʚʳʨʘʱʝʥʥʳʝ ʠʟ ʨʘʩʪʚʦʨʘ ʢʩʠʣʦʣʘ ʧʫʪʝʤ ʤʝʜʣʝʥʥʦʛʦ ʠʩʧʘʨʝʥʠʷ 

ʨʘʩʪʚʦʨʠʪʝʣʷ [14,157]. ɺ ʫʢʘʟʘʥʥʳʭ ʨʘʙʦʪʘʭ ʩʦʦʙʱʘʝʪʩʷ ʦ ʧʦʣʫʯʝʥʠʠ ʪʦʥʢʠʭ 

ʢʨʠʩʪʘʣʣʦʚ ʩ ʨʘʟʚʠʪʦʡ ʛʨʘʥʴʶ (001), ʥʦ ʩʚʝʜʝʥʠʷ ʦ ʤʦʨʬʦʣʦʛʠʯʝʩʢʦʤ ʢʘʯʝʩʪʚʝ 

ʚʳʨʘʱʝʥʥʳʭ ʦʙʨʘʟʮʦʚ ʥʝ ʧʨʝʜʩʪʘʚʣʝʥʳ. ɼʣʷ ʪʝʪʨʘʮʝʥʘ ʥʝ ʠʩʧʦʣʴʟʫʶʪʩʷ 

ʤʝʪʦʜʳ ʨʦʩʪʘ ʠʟ ʨʘʩʧʣʘʚʘ, ʪʘʢ ʢʘʢ ʦʥ ʨʘʟʣʘʛʘʝʪʩʷ ʧʨʠ ʧʣʘʚʣʝʥʠʠ [86].  

ʂʨʠʩʪʘʣʣʳ ʧʝʥʪʘʮʝʥʘ ʯʘʱʝ ʚʩʝʛʦ ʧʦʣʫʯʘʣʠ ʚ ʚʠʜʝ ʪʦʥʢʠʭ 

ʧʦʣʠʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʧʣʝʥʦʢ ʤʝʪʦʜʦʤ ɺʊʆ ʥʘ ʢʨʝʤʥʠʝʚʳʝ ʧʦʜʣʦʞʢʠ ʜʣʷ 

ʠʟʛʦʪʦʚʣʝʥʠʷ ʆʇʊ [158ï161]. ʇʦʣʫʯʝʥʠʝ ʢʨʫʧʥʳʭ ʦʙʨʘʟʮʦʚ ʢʨʠʩʪʘʣʣʦʚ 

ʧʝʥʪʘʮʝʥʘ ʠʟ ʨʘʩʪʚʦʨʘ ʢʨʘʡʥʝ ʦʩʣʦʞʥʝʥʦ ʝʛʦ ʥʠʟʢʦʡ ʨʘʩʪʚʦʨʠʤʦʩʪʠ [133,162]. 

ʊʘʢ ʞʝ ʢʘʢ ʠ ʪʝʪʨʘʮʝʥ, ʧʝʥʪʘʮʝʥ ʥʝʩʪʘʙʠʣʝʥ ʧʨʠ ʧʣʘʚʣʝʥʠʠ, ʠʟ-ʟʘ ʯʝʛʦ 

ʥʝʚʦʟʤʦʞʥʦ ʚʳʨʘʱʠʚʘʥʠʝ ʢʨʠʩʪʘʣʣʦʚ ʠʟ ʨʘʩʧʣʘʚʘ [86]. ʇʨʘʢʪʠʯʝʩʢʠ 

ʝʜʠʥʩʪʚʝʥʥʳʤ ʜʦʩʪʫʧʥʳʤ ʩʧʦʩʦʙʦʤ ʧʦʣʫʯʝʥʠʷ ʤʦʥʦʢʨʠʩʪʘʣʣʦʚ ʧʝʥʪʘʮʝʥʘ 

ʩʘʥʪʠʤʝʪʨʦʚʦʛʦ ʤʘʩʰʪʘʙʘ ʷʚʣʷʝʪʩʷ ʨʦʩʪ ʠʟ ʧʘʨʦʚʦʡ ʬʘʟʳ. ʆʩʦʙʝʥʥʦʩʪʠ ʨʦʩʪʘ ʚ 

ʫʩʣʦʚʠʷʭ ʇʌʊ ʠ ʬʦʨʤʘ ʢʨʠʩʪʘʣʣʦʚ ʧʝʥʪʘʮʝʥʘ ʙʳʣʠ ʠʩʩʣʝʜʦʚʘʥʳ ʚ ʨʷʜʝ ʨʘʙʦʪ 

[163,164]. ɺ ʯʘʩʪʥʦʩʪʠ, ʙʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ ʥʘʣʠʯʠʝ ʥʝʩʢʦʣʴʢʠʭ ʬʦʨʤ 

(ʠʛʦʣʴʯʘʪʳʝ, ʜʝʥʜʨʠʪʥʳʝ, ʧʣʘʩʪʠʥʯʘʪʳʝ) ʢʨʠʩʪʘʣʣʦʚ ʧʝʥʪʘʮʝʥʘ ʠ ʧʨʝʜʣʦʞʝʥʘ 

ʩʭʝʤʘ ʵʚʦʣʶʮʠʠ ʦʪ ʦʜʥʦʡ ʬʦʨʤʳ ʢ ʜʨʫʛʦʡ ʚ ʧʨʦʮʝʩʩʝ ʨʦʩʪʘ. ʆʩʦʙʝʥʥʦʩʪʠ ʨʦʩʪʘ 

ʥʘ ʧʦʜʣʦʞʢʘʭ ʚ ʫʩʣʦʚʠʷʭ ʇʌʊ ʧʣʘʩʪʠʥʯʘʪʦʡ ʠ ʠʛʦʣʴʯʘʪʦʡ ʬʦʨʤ ʢʨʠʩʪʘʣʣʦʚ 

ʧʝʥʪʘʮʝʥʘ ʙʳʣʠ ʠʩʩʣʝʜʦʚʘʥʳ ʚ ʨʘʙʦʪʘʭ [36,165]. ɺ [36] ʠʛʦʣʴʯʘʪʘʷ ʬʦʨʤʘ 

ʢʨʠʩʪʘʣʣʦʚ ʙʳʣʘ ʠʜʝʥʪʠʬʠʮʠʨʦʚʘʥʘ ʢʘʢ ʩʤʝʰʘʥʥʳʡ ʢʨʠʩʪʘʣʣ ʧʝʥʪʘʮʝʥʘ ʩ 

ʧʨʠʤʝʩʴʶ ʤʦʣʝʢʫʣ ʜʠʛʠʜʨʦʧʝʥʪʘʮʝʥʘ, ʢʦʪʦʨʳʝ ʦʙʨʘʟʫʝʪʩʷ ʠʟ ʧʝʥʪʘʮʝʥʘ ʚ 

ʧʨʦʮʝʩʩʝ ʭʨʘʥʝʥʠʷ ʚʝʱʝʩʪʚʘ ʥʘ ʚʦʟʜʫʭʝ ʟʘ ʩʯʝʪ ʧʦʪʝʨʠ ʘʨʦʤʘʪʠʯʥʦʩʪʠ 

ʚʥʫʪʨʝʥʥʠʭ ʢʦʣʝʮ. 
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ʉʪʨʫʢʪʫʨʘ ʢʨʠʩʪʘʣʣʦʚ ʣʠʥʝʡʥʳʭ ʘʮʝʥʦʚ. ʃʠʪʝʨʘʪʫʨʥʳʝ ʩʚʝʜʝʥʠʷ ʦ 

ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʤ ʩʪʨʦʝʥʠʠ ʢʨʠʩʪʘʣʣʦʚ ʠʩʩʣʝʜʫʝʤʳʭ ʣʠʥʝʡʥʳʭ ʘʮʝʥʦʚ 

ʧʨʠʚʝʜʝʥʳ ʚ ʪʘʙʣʠʮʝ 1.6.  

ʊʘʙʣʠʮʘ - 1.6. ʃʠʪʝʨʘʪʫʨʥʳʝ ʩʚʝʜʝʥʠʷ ʦ ʧʘʨʘʤʝʪʨʘʭ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʳ ʠ ʜʣʠʥʝ 

ʤʦʣʝʢʫʣ ln ʣʠʥʝʡʥʳʭ ʘʮʝʥʦʚ ʧʨʠ ʢʦʤʥʘʪʥʳʭ ʪʝʤʧʝʨʘʪʫʨʘʭ 

nA ʃʠʪ. ʇʨ. 

ʛʨ. 

a, 

¡ 

b, 

¡ 

c, 

¡ 

Ŭ, 

ʛʨʘʜ 

ɓ, 

ʛʨʘʜ 

ɔ, 

ʛʨʘʜ
 

Z V0, 

¡
3
 

D, 

ʛ/ʩʤ
3
 

h001, 

¡ 

ln, 

¡ 

2A 
 
[166] 

[167] 

[168] 

[169] 

[170] 

P21/a 8.235 

8.010 

8.2128 

8.0348 

8.256 

6.003 

5.884 

5.9727 

5.8899 

5.983 

8.658 

8.536 

8.6745 

8.565 

8.677 

90 

90 

90 

90 

90 

122.92 

123.45 

123.388 

123.59 

122.729 

90 

90 

90 

90 

90 

2 359.281 

335.673 

355.282 

337.648 

360.559 

1.183 

1.268 

1.198 

1.261 

1.181 

7.3 

7.1 

7.2 

7.1 

7.3 

- 

6.7 

6.5 

6.5 

6.7 

3A  [171] 

[172] 

[173] 

P21/a 8.562 

8.561 

8.552 

6.038 

6.036 

6.0158 

11.184 

11.163 

11.1720 

90 

90 

90.00 

124.70 

124.70 

124.596 

90 

90 

90.00 

2 475.35 

474.245 

473.168 

1.245 

1.248 

1.250 

9.2 

9.2 

9.2 

9.1 

- 

9.0 

4A  

[174] 

[175] 

[14] 

[157] 

Pρ 

5.930 

6.056 

7.98(2) 

7.900 

7.560 

7.837 

6.14(2) 

6.030 

13.170 

13.010 

13.57(4) 

13.530 

79.80 

77.127 

101.3(5) 

100.30 

86.80 

72.118 

113.2(5) 

113.20 

90.10 

85.792 

87.5(5) 

86.30 

 

2 

 

580.144 

572.968 

598.863 

582.85 

1.305 

1.323 

1.266 

1.301 

12.9 

12.1 

12.2 

12.3 

11.7 

11.4 

11.6 

11.5 

5A  

[176] 

[157] 

[175] 

[177] 

[178] 

[179] 

Pρ 

5.959 

6.060 

6.275 

6.265 

6.266 

7.93(2) 

7.596 

7.900 

7.7138 

7.786 

7.775 

6.14(2) 

15.6096 

16.010 

14.442 

14.511 

14.530 

16.03(5) 

81.25 

112.60 

76.752 

76.65(2) 

76.475 

101.9 

86.56 

101.90 

88.011 

87.50(2) 

87.682 

112.6 

89.8 

85.80 

84.524 

84.61(2) 

84.684 

85.8 

2 

697.069 

692.384 

677.335 

685.488 

685.155 

705.068 

1.325 

1.335 

1.365 

1.349 

1.349 

1.311 

15.4 

14.5 

14.1 

14.1 

14.1 

14.5 

13.8 

14.1 

13.9 

14.0 

13.8 

14.1 

ʇʦʣʠʤʦʨʬʥʳʝ ʬʦʨʤʳ  

[180]/ 

498 ʂ 

Pρ/ 

P. I 

6.1239 

 

8.078 

 

15.134 

 

80.802 

 

76.71(2) 

 

86.04(2) 

 

2 

 

718.836 

 

1.286 

 

14.6 

 

13.9 

 
[181]/ 

414 K 

Pρ/ 

P. II 

6.2749 7.8882 14.7095 76.014 87.233 84.996 2 703.53 1.314 14.3 - 

 
[181]/ 

120 K 

Pρ/ 

P. II 

6.292 7.6901 14.4103 76.861 88.16(2) 84.36(2) 2 675.684 1.368 14.0 - 

 
[182]/ 

123 K 

Pρ/ 

P. II 

6.2381 7.6790 14.4292 76.933 87.893 84.539 2 670.157 1.379 14.0 13.8 

ʇʨʠʤʝʯʘʥʠʷ: V0 - ʦʙʲʝʤ ʵʣʝʤʝʥʪʘʨʥʦʡ ʷʯʝʡʢʠ; D ï ʨʝʥʪʛʝʥʦʛʨʘʬʠʯʝʩʢʘʷ ʧʣʦʪʥʦʩʪʴ 

ʢʨʠʩʪʘʣʣʦʚ; h001 ï ʪʦʣʱʠʥʘ ʤʦʥʦʩʣʦʷ ʚ ʦʨʠʝʥʪʘʮʠʠ (001). 

ʇʦ ʤʝʨʝ ʫʚʝʣʠʯʝʥʠʷ ʜʣʠʥʳ ʩʦʧʨʷʞʝʥʥʳʭ ʤʦʣʝʢʫʣ ʣʠʥʝʡʥʳʭ ʘʮʝʥʦʚ 

ʧʦʩʪʝʧʝʥʥʦ ʚʦʟʨʘʩʪʘʝʪ ʧʣʦʪʥʦʩʪʴ ʢʨʠʩʪʘʣʣʦʚ D (ʪʘʙʣʠʮʘ 1.6). ɺ ʨʷʜʫ 

ʠʩʩʣʝʜʫʝʤʳʭ ʤʦʣʝʢʫʣ ʤʳ ʚʠʜʠʤ ʧʦʜʦʙʠʝ ʩʪʨʫʢʪʫʨ ʚ ʧʘʨʘʭ çʥʘʬʪʘʣʠʥ ï 
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ʘʥʪʨʘʮʝʥè ʠ çʪʝʪʨʘʮʝʥ ï ʧʝʥʪʘʮʝʥè, ʢʦʪʦʨʳʝ ʦʪʥʦʩʷʪʩʷ ʢ ʤʦʥʦʢʣʠʥʥʦʡ ʠ 

ʪʨʠʢʣʠʥʥʦʡ ʩʠʥʛʦʥʠʠ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʄʦʣʝʢʫʣʳ ʥʘʬʪʘʣʠʥʘ (ʘ), ʘʥʪʨʘʮʝʥʘ 

(ʙ), ʪʝʪʨʘʮʝʥʘ (ʚ) ʠ ʧʝʥʪʘʮʝʥʘ (ʛ) ʚ ʢʨʠʩʪʘʣʣʝ ʫʧʘʢʦʚʘʥʳ ʝʜʠʥʦʦʙʨʘʟʥʦ 

(ʨʠʩʫʥʦʢ 1.9): ʚ ʚʠʜʝ ʩʪʦʧʢʠ ʵʢʚʠʚʘʣʝʥʪʥʳʭ ʤʦʥʦʤʦʣʝʢʫʣʷʨʥʳʭ ʩʣʦʝʚ (ʚ 

ʜʘʣʴʥʝʡʰʝʤ çʤʦʥʦʩʣʦʝʚè) ʚ ʦʨʠʝʥʪʘʮʠʠ (001), ʚʥʫʪʨʠ ʢʦʪʦʨʳʭ ʤʦʣʝʢʫʣʳ 

ʩʢʣʘʜʳʚʘʶʪʩʷ ʚ çʧʘʨʢʝʪʥʦ-ʸʣʦʯʥʦʤè ʧʦʨʷʜʢʝ. 

 

ʈʠʩʫʥʦʢ 1.9 -  ʇʨʦʝʢʮʠʠ ʩʪʨʫʢʪʫʨʳ ʢʨʠʩʪʘʣʣʦʚ ʣʠʥʝʡʥʳʭ ʘʮʝʥʦʚ ʧʨʠ ʢʦʤʥʘʪʥʳʭ 

ʪʝʤʧʝʨʘʪʫʨʘʭ: ʘ - ʥʘʬʪʘʣʠʥʘ ʥʘ ʧʣʦʩʢʦʩʪʴ (010) [166]; ʙ ï ʘʥʪʨʘʮʝʥʘ ʥʘ ʧʣʦʩʢʦʩʪʴ (010) 

[173]; ʚ ï ʪʝʪʨʘʮʝʥʘ ʥʘ ʧʣʦʩʢʦʩʪʴ (100) [175]; ʛ ï ʧʝʥʪʘʮʝʥʘ ʥʘ ʧʣʦʩʢʦʩʪʴ (010) [177] 

ɺ ʢʨʠʩʪʘʣʣʘʭ 2A ʠ 3A [166,173] ʤʦʣʝʢʫʣʳ ʥʘʢʣʦʥʝʥʳ ʢ ʧʣʦʩʢʦʩʪʠ 

ʤʦʥʦʩʣʦʷ (001) ʧʦʜ ʫʛʣʦʤ ɢ ~ 60  (ʨʠʩʫʥʦʢ 1.9, ʘ, ʙ), ʘ ʚ ʢʨʠʩʪʘʣʣʘʭ 4A ʠ 5A, 

ʩʦʛʣʘʩʥʦ ʠʩʩʣʝʜʦʚʘʥʠʷʤ [174,176] ʤʦʣʝʢʫʣʳ ʩʚʦʝʡ ʜʣʠʥʥʦʡ ʦʩʴʶ 

ʦʨʠʝʥʪʠʨʦʚʘʥʳ ʧʦʯʪʠ ʚʝʨʪʠʢʘʣʴʥʦ ʢ ʧʣʦʩʢʦʩʪʠ ʤʦʥʦʩʣʦʷ (001). ʉʦʛʣʘʩʥʦ 
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ʜʘʥʥʳʤ ʨʘʙʦʪ [175,177,181,182], ʥʘʢʣʦʥ ʜʣʠʥʥʦʡ ʦʩʠ ʤʦʣʝʢʫʣ ʪʝʪʨʘʮʝʥʘ ʠ 

ʧʝʥʪʘʮʝʥʘ ʢ ʧʣʦʩʢʦʩʪʠ ʪʦʛʦ ʞʝ ʤʦʥʦʩʣʦʷ ʦʢʦʣʦ 70Á(ʨʠʩʫʥʦʢ 1.9, ʚ, ʛ). 

ʅʘʢʣʦʥ ʤʦʣʝʢʫʣʳ ʢ ʧʣʦʩʢʦʩʪʠ (001) ʚʣʠʷʝʪ ʥʘ ʪʦʣʱʠʥʫ h001 ʤʦʥʦʩʣʦʷ 

(ʪʘʙʣʠʮʘ 1.6, ʨʠʩʫʥʦʢ 1.9), ʦʨʠʝʥʪʠʨʦʚʘʥʥʦʛʦ ʧʘʨʘʣʣʝʣʴʥʦ ʜʘʥʥʦʡ ʧʣʦʩʢʦʩʪʠ: 

ʯʝʤ ʙʦʣʴʰʝ ʥʘʢʣʦʥ, ʪʝʤ ʤʝʥʴʰʝ ʚʝʣʠʯʠʥʘ h001. ʂʘʢ ʚʠʜʥʦ ʠʟ ʪʘʙʣʠʮʳ 1.6, 

ʨʘʟʙʨʦʩ ʚ ʚʝʣʠʯʠʥʝ h001 ʜʣʷ ʥʘʬʪʘʣʠʥʘ ʠ ʘʥʪʨʘʮʝʥʘ ʩʦʛʣʘʩʥʦ ʠʤʝʶʱʠʤʩʷ 

ʜʘʥʥʳʤ, ʥʝʟʥʘʯʠʪʝʣʝʥ. ɼʣʷ ʪʝʪʨʘʮʝʥʘ ʠ ʧʝʥʪʘʮʝʥʘ ʨʘʟʙʨʦʩ ʚ ʚʝʣʠʯʠʥʝ h001 

ʥʘʭʦʜʠʪʴʩʷ ʚ ʧʨʝʜʝʣʘʭ 3 ʠ 5 % ʦʪʥʦʩʠʪʝʣʴʥʦ ʩʨʝʜʥʝʛʦ ʟʥʘʯʝʥʠʷ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, 

ʯʪʦ ʚ ʢʦʥʝʯʥʦʤ ʩʯʝʪʝ ʤʦʞʝʪ ʦʪʨʘʞʘʪʴʩʷ ʥʘ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚʘʭ 

ʢʨʠʩʪʘʣʣʦʚ. 

1.6. ʈʦʩʪ ʠ ʩʪʨʫʢʪʫʨʘ ʢʨʠʩʪʘʣʣʦʚ ʣʠʥʝʡʥʳʭ ʦʣʠʛʦʬʝʥʠʣʝʥʦʚ 

ʈʦʩʪ ʢʨʠʩʪʘʣʣʦʚ. ʆʜʥʘ ʠʟ ʧʝʨʚʳʭ ʨʘʙʦʪ, ʚ ʢʦʪʦʨʦʡ ʩʦʦʙʱʘʝʪʩʷ ʦ ʚʳʨʘʱʠʚʘʥʠʠ 

ʢʨʠʩʪʘʣʣʦʚ ʜʠʬʝʥʠʣʘ, ʙʳʣʘ ʧʦʩʚʷʱʝʥʘ ʠʩʩʣʝʜʦʚʘʥʠʶ ʩʪʨʫʢʪʫʨʳ ʝʛʦ ʢʨʠʩʪʘʣʣʦʚ 

[183]. ʂʨʠʩʪʘʣʣʳ ʚʳʨʘʱʠʚʘʣʠ ʠʟ ʨʘʩʪʚʦʨʘ ʚ ʤʝʪʘʥʦʣʝ ʤʝʪʦʜʦʤ ʤʝʜʣʝʥʥʦʛʦ 

ʦʭʣʘʞʜʝʥʠʷ ʚ ʪʝʯʝʥʠʝ ʜʚʫʭ ʜʥʝʡ. ʊʘʢʞʝ ʜʣʷ ʩʪʨʫʢʪʫʨʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ 

ʢʨʠʩʪʘʣʣʳ ʜʠʬʝʥʠʣʘ ʚʳʨʘʱʠʚʘʣʠ ʠʟ ʨʘʩʪʚʦʨʘ ʚ ʤʝʪʘʥʦʣʝ ʤʝʪʦʜʦʤ ʤʝʜʣʝʥʥʦʛʦ 

ʠʩʧʘʨʝʥʠʷ ʨʘʩʪʚʦʨʠʪʝʣʷ [184]. ɺ [185] ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠ ̫

ʢʠʥʝʪʠʢʠ ʠ ʤʝʭʘʥʠʟʤʘ ʨʦʩʪʘ ʢʨʠʩʪʘʣʣʦʚ ʜʠʬʝʥʠʣʘ, ʚʳʨʘʱʝʥʥʳʭ ʠʟ ʨʘʩʪʚʦʨʦʚ ʚ 

ʤʝʪʘʥʦʣʝ ʠ ʪʦʣʫʦʣʝ. ʉʪʦʠʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʜʠʬʝʥʠʣ ʭʦʨʦʰʦ ʨʘʩʪʚʦʨʠʤ ʚ 

ʦʨʛʘʥʠʯʝʩʢʠʭ ʨʘʩʪʚʦʨʠʪʝʣʷʭ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʜʦʩʪʘʪʦʯʥʦ ʣʝʛʢʦ ʧʦʣʫʯʘʪʴ ʝʛʦ 

ʢʨʫʧʥʳʝ ʢʨʠʩʪʘʣʣʳ [141]. ʊʝʤ ʥʝ ʤʝʥʝʝ, ʚ ʣʠʪʝʨʘʪʫʨʝ ʧʦʯʪʠ ʥʝʪ ʨʘʙʦʪ, 

ʧʦʩʚʷʱʝʥʥʳʭ ʨʦʩʪʫ ʠʟ ʨʘʩʪʚʦʨʦʚ ʢʨʠʩʪʘʣʣʦʚ ʜʠʬʝʥʠʣʘ ʩʘʥʪʠʤʝʪʨʦʚʦʛʦ 

ʤʘʩʰʪʘʙʘ.  

ʉʨʘʚʥʠʪʝʣʴʥʦ ʥʠʟʢʘ ̫ʪʝʤʧʝʨʘʪʫʨʘ ʧʣʘʚʣʝʥʠʷ (ʪʘʙʣʠʮʘ 1.1) ʩʧʦʩʦʙʩʪʚʫʝʪ 

ʚʳʨʘʱʠʚʘʥʠʶ ʢʨʠʩʪʘʣʣʦʚ ʜʠʬʝʥʠʣʘ ʠʟ ʨʘʩʧʣʘʚʘ [185]. ɼʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʥʠʟʢʦʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʤʘʛʥʠʪʥʳʭ ʠ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʜʠʧʦʣʴʥʳʭ ʧʝʨʝʭʦʜʦʚ ʙʳʣʠ 

ʠʩʧʦʣʴʟʦʚʘʥʳ ʢʨʠʩʪʘʣʣ rʜʠʬʝʥʠʣʘ, ʧʦʣʫʯʝʥʥrʝ ʤʝʪʦʜʦʤ ɹʨʠʜʞʤʝʥʘ [186], ʘ 

ʚ [187] ʙʳʣʠ ʠʩʩʣʝʜʦʚʘʥʳ ʘʥʠʟʦʪʨʦʧʥʳʝ ʵʣʝʢʪʨʠʯʝʩʢʠʝ ʠ ʦʧʪʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ 

ʤʦʥʦʢʨʠʩʪʘʣʣʘ ʜʠʬʝʥʠʣʘ, ʚʳʨʘʱʝʥʥʦʛʦ ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʤ ʤʝʪʦʜʦʤ 

ʏʦʭʨʘʣʴʩʢʦʛʦ.  
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ɼʣʷ ʚʳʨʘʱʠʚʘʥʠʷ ʢʨʫʧʥʳʭ ʤʦʥʦʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʦʙʨʘʟʮʦʚ ʧʘʨʘ-

ʪʝʨʬʝʥʠʣʘ (ʜʦ 12 ʩʤ ʚ ʜʠʘʤʝʪʨʝ) ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʧʨʠʤʝʥʷʝʪʩʷ ʨʘʩʧʣʘʚʥʳʡ 

ʤʝʪʦʜ ʨʦʩʪʘ ʧʦ ɹʨʠʜʞʤʝʥʫ [44,56,188]. ɺ ʨʘʙʦʪʝ [189] ʙʳʣ ʧʨʝʜʣʦʞʝʥ ʩʧʦʩʦʙ 

ʧʦʣʫʯʝʥʠʷ ʤʦʥʦʢʨʠʩʪʘʣʣʦʚ ʙʝʟ ʦʛʨʘʥʢʠ ʜʣʠʥʦʡ ʜʦ 2 ʩʤ ʤʝʪʦʜʦʤ ʙʳʩʪʨʦʛʦ 

ʦʭʣʘʞʜʝʥʠʷ ʨʘʩʧʣʘʚʘ. ʇʘʨʘ-ʪʝʨʬʝʥʠʣ ʭʦʨʦʰʦ ʨʘʩʪʚʦʨʠʤ ʚ ʨʷʜʝ ʦʨʛʘʥʠʯʝʩʢʠʭ 

ʨʘʩʪʚʦʨʠʪʝʣʝʡ, ʠ ʧʦʵʪʦʤʫ ʝʛʦ ʢʨʠʩʪʘʣʣʳ ʤʦʞʥʦ ʚʳʨʘʱʠʚʘʪʴ ʠʟ ʨʘʩʪʚʦʨʦʚ. 

ʆʜʥʘʢʦ ʨʘʙʦʪ ʧʦ ʨʦʩʪʫ ʠʟ ʨʘʩʪʚʦʨʦʚ ʢʨʠʩʪʘʣʣʦʚ ʧʘʨʘ-ʪʝʨʬʝʥʠʣʘ ʚ ʣʠʪʝʨʘʪʫʨʝ 

ʥʝʤʥʦʛʦ. ɺ ʩʪʘʪʴʷʭ ɹʦʨʝʢʘ ʩ ʩʦʘʚʪʦʨʘʤʠ ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʨʘʩʪʚʦʨʠʤʦʩʪʠ ʚ ʨʷʜʝ ʦʨʛʘʥʠʯʝʩʢʠʭ ʨʘʩʪʚʦʨʠʪʝʣʝʡ, ʦʩʦʙʝʥʥʦʩʪʝʡ 

ʨʦʩʪʘ ʠ ʤʦʨʬʦʣʦʛʠʠ ʢʨʠʩʪʘʣʣʦʚ [190,191]. ʉʦʦʙʱʘʝʪʩʷ ʦ ʧʦʣʫʯʝʥʠʠ ʪʦʥʢʠʭ 

ʧʣʘʩʪʠʥʦʢ ʚ ʦʨʠʝʥʪʘʮʠʠ (001), ʤʘʢʩʠʤʘʣʴʥʳʡ ʨʘʟʤʝʨ ʢʦʪʦʨʳʭ 1Ĭ1 ʩʤ [191]. ɼʣʷ 

ʠʩʩʣʝʜʦʚʘʥʠ ̫ ʜʝʬʝʢʪʥʦʡ ʩʪʨʫʢʪʫʨʳ ʤʝʪʦʜʘʤʠ ʩʠʥʭʨʦʪʨʦʥʥʦʡ ʨʝʥʪʛʝʥʦʚʩʢʦʡ 

ʪʦʧʦʛʨʘʬʠʠ ʠ ɻʣʝʢʪʨʦʥʥʦʡ ʤʠʢʨʦʩʢʦʧʠʠ ʙʳʣʠ ʠʩʧʦʣʴʟʦʚʘʥʳ ʚʳʨʘʱʝʥʥʳʝ ʠʟ 

ʨʘʩʪʚʦʨʘ ʢʨʠʩʪʘʣʣ rʧʘʨʘ-ʪʝʨʬʝʥʠʣʘ ʩʘʥʪʠʤʝʪʨʦʚʦʛʦ ʤʘʩʰʪʘʙʘ [192,193].  

ʆʩʥʦʚʥʘʷ ʤʘʩʩʘ ʨʘʙʦʪ, ʩʚʷʟʘʥʥʘʷ ʩ ʠʟʫʯʝʥʠʝʤ ʩʪʨʫʢʪʫʨʳ ʠ 

ʦʧʪʦʵʣʝʢʪʨʦʥʥʳʭ ʩʚʦʡʩʪʚ ʢʨʠʩʪʘʣʣʦʚ ʧʘʨʘ-ʢʚʘʪʝʨʬʝʥʠʣʘ ʧʦʩʚʷʱʝʥʘ 

ʠʩʩʣʝʜʦʚʘʥʠʷʤ ʪʦʥʢʠʭ ʧʦʣʠʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʧʣʝʥʦʢ, ʧʦʣʫʯʝʥʥʳʭ ʤʝʪʦʜʦʤ 

ɺʊʆ [118,194ï196]. ʅʠʟʢʘʷ ʨʘʩʪʚʦʨʠʤʦʩʪʴ ʧʘʨʘ-ʢʚʘʪʝʨʬʝʥʠʣʘ ʦʩʣʦʞʥʷʝʪ ʝʛʦ 

ʨʦʩʪ ʠʟ ʨʘʩʪʚʦʨʦʚ, ʠ ʣʠʪʝʨʘʪʫʨʥʳʭ ʜʘʥʥʳʭ ʦ ʪʘʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʷʭ ʧʨʘʢʪʠʯʝʩʢʠ 

ʥʝʪ. ʈʦʩʪ ʪʦʥʢʠʭ ʤʦʥʦʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʧʣʘʩʪʠʥ ʧʘʨʘ-ʢʚʘʪʝʨʬʝʥʠʣʘ 

ʩʘʥʪʠʤʝʪʨʦʚʦʛʦ ʤʘʩʰʪʘʙʘ ʩ ʧʦʤʦʱʴʶ ʤʝʪʦʜʘ çʨʘʩʪʚʦʨʠʪʝʣʴ - ʦʩʘʜʠʪʝʣʴè ʠ 

ʩʪʨʫʢʪʫʨʘ ʚʳʨʘʱʝʥʥʳʭ ʢʨʠʩʪʘʣʣʦʚ ʧʦʜʨʦʙʥʦ ʦʧʠʩʘʥʳ ʚ ʨʘʙʦʪʝ [22]. 

ʂʨʘʡʥʝ ʥʠʟʢʘʷ ʨʘʩʪʚʦʨʠʤʦʩʪʴ ʧʘʨʘ-ʢʚʠʥʢʠʬʝʥʠʣʘ ʷʚʣʷʝʪʩʷ ʩʝʨʴʝʟʥʳʤ 

ʧʨʝʧʷʪʩʪʚʠʝʤ ʜʣʷ ʚʳʨʘʱʠʚʘʥʠʷ ʝʛʦ ʢʨʠʩʪʘʣʣʦʚ ʠʟ ʨʘʩʪʚʦʨʦʚ. ɺ ʣʠʪʝʨʘʪʫʨʝ 

ʠʤʝʶʪʩʷ ʩʚʝʜʝʥʠʷ ʦ ʨʦʩʪʝ, ʩʪʨʫʢʪʫʨʝ ʠ ʩʚʦʡʩʪʚʘʭ ʪʦʥʢʠʭ ʧʦʣʠʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ 

ʩʣʦʝʚ ʧʘʨʘ-ʢʚʠʥʢʠʬʝʥʠʣʘ, ʚʳʨʘʱʝʥʥʳʭ ʥʘ ʧʦʜʣʦʞʢʘʭ ʤʝʪʦʜʦʤ ɺʊʆ [118,197ï

199]. ʉʚʝʜʝʥʠʷ ʦ ʧʦʣʫʯʝʥʠʠ ʤʦʥʦʢʨʠʩʪʘʣʣʦʚ ʩʘʥʪʠʤʝʪʨʦʚʦʛʦ ʤʘʩʰʪʘʙʘ ʚ 

ʣʠʪʝʨʘʪʫʨʝ ʦʪʩʫʪʩʪʚʫʶʪ.  

ʂʨʠʩʪʘʣʣʳ ʧʘʨʘ-ʩʝʢʩʠʬʝʥʠʣʘ ʪʘʢʞʝ, ʢʘʢ ʧʨʘʚʠʣʦ, ʧʦʣʫʯʘʶʪ ʤʝʪʦʜʦʤ ɺʊʆ 

ʚ ʚʠʜʝ ʪʦʥʢʠʭ ʧʣʸʥʦʢ ʥʘ ʧʦʜʣʦʞʢʘʭ [79,200ï203]. ɼʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʦʧʪʠʯʝʩʢʠʭ 
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ʩʚʦʡʩʪʚ ʚ ʨʘʙʦʪʝ [19] ʙʳʣ ʠʩʧʦʣʴʟʦʚʘʥ ʤʦʥʦʢʨʠʩʪʘʣʣ ʧʘʨʘ-ʩʝʢʩʠʬʝʥʠʣʘ 

ʨʦʤʙʠʯʝʩʢʦʡ ʬʦʨʤʳ ʜʣʠʥʦʡ 400 ʤʢʤ, ʧʦʣʫʯʝʥʥʳʡ ʤʝʪʦʜʦʤ ʦʭʣʘʞʜʝʥʠʷ 

ʨʘʩʪʚʦʨʘ. ɼʘʥʥʳʝ ʦ ʨʦʩʪʝ ʤʦʥʦʢʨʠʩʪʘʣʣʦʚ ʩʘʥʪʠʤʝʪʨʦʚʦʛʦ ʤʘʩʰʪʘʙʘ ʚ 

ʣʠʪʝʨʘʪʫʨʝ ʪʘʢʞʝ ʦʪʩʫʪʩʪʚʫʶʪ.  

ʉʪʨʫʢʪʫʨʘ ʢʨʠʩʪʘʣʣʦʚ. ʃʠʪʝʨʘʪʫʨʥʳʝ ʩʚʝʜʝʥʠʷ ʦ ʩʪʨʫʢʪʫʨʝ ʢʨʠʩʪʘʣʣʦʚ ʠ 

ʜʣʠʥʝ ʤʦʣʝʢʫʣ ln ʠʩʩʣʝʜʫʝʤʳʭ ʣʠʥʝʡʥʳʭ ʦʣʠʦʛʦʬʝʥʠʣʝʥʦʚ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ 

ʪʘʙʣʠʮʝ 1.7.  

ʊʘʙʣʠʮʘ 1.7 -  ʃʠʪʝʨʘʪʫʨʥʳʝ ʩʚʝʜʝʥʠʷ ʦ ʧʘʨʘʤʝʪʨʘʭ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʳ ʠ ʜʣʠʥʝ 

ʤʦʣʝʢʫʣ ln ʣʠʥʝʡʥʳʭ ʦʣʠʛʦʬʝʥʠʣʝʥʦʚ 

nP ʃʠʪ. ʊ, ʂ ʉʠʥʛʦʥʠʷ. 

ʇʨ. ʛʨ. 

Z 

a, ¡ 

b, ¡ 

c, ¡ 

Ŭ, ʛʨʘʜ 

ɓ, ʛʨʘʜ 

ɔ, ʛʨʘʜ 

V0, ¡
3 

D, ʛ/ʩʤ
3 

h001, ¡
 

ln, 

¡ 

2P 

[204] 295 

ʄʦʥ. 

P 21/a 

2 

8.120 

5.640 

9.470 

90.00 

95.40 

90.00 

431.771 

1.170 

9.4 

9.1 

[184] 295  

ʄʦʥ. 

P 21/a 

2 

8.120 

5.630 

9.510 

90.0 

95.1 

90.0 

433.03 

1.1823 

9.5 

9.1 

[205] 20 

ʄʦʥ. 

P a 

2 

7.77(2) 

5.57(1) 

9.44(2) 

90 

93.7 

90 

407.701 

1.337 

9.4 

9.3 

[206] 100 

ʄʦʥ. 

P 21/a
*
 

2 

7.8441 

5.5793 

9.4441 

90.0 

94.081 

90.0 

412.269 

1.242 

9.4 

9.3 

3P 

[207] 283-303  ʄʦʥ. 

P 21/a 

2 

8.106(4) 

5.613(2) 

13.613(6) 

90.0 

92.02 

90.0 

618.993 

1.236 

13.6 

13.5 

[208] 113 ʊʨʠʢ. 

Cρ 
8 

16.01(3) 

11.09(3) 

13.53(3) 

90.0 

92.02 

90.0 

2400.8 

1.274 

13.5 

13.5 

[209] 200 ʄʦʥ. 

P 21/a 

2 

8.019(2) 

5.576(2) 

13.578(2) 

90.0 

92.10 

90.0 

606.718 

1.261 

13.6 

13.5 

[210] 283-303 ʄʦʥ. 

P 21/a 

2 

8.0985(5) 

5.6067(3) 

13.6041(8) 

90.0 

92.0329 

90.0 

617.317 

1.239 

13.6 

13.3 

[210] 100 ʊʨʠʢ. 

Cρ 
8 

15.9750(13) 

11.0451(9) 

13.5426(11) 

89.9966(11) 

92.3329(11) 

89.9982(11) 

2387.55 

1.281 

13.5 

13.4 

4P 

[211] 283-303 ʄʦʥ. 

P 21/a 

2 

8.110(6) 

5.610(4) 

17.910(10) 

90.0 

95.806 

90.0 

810.682 

1.255 

17.8 

18.1 

[212] 110 ʊʨʠʢ. 

Pρ 
9.74(2) 

9.74(2) 

85.40(10) 

94.60(10) 

1569.22 

1.297 
17.8 
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4 17.70(3) 110.11(10) 17.6 

[22] 295 ʄʦʥ. 

P 21/a 

2 

8.071 

5.580 

17.770 

90.00 

95.73 

90.00 

796.3 

1.2775 

17.7 

17.4 

 

5P 

[213] 283-303 ʄʦʥ. 

P 21/a
* 

2 

8.040 

5.485 

21.990 

90 

95.73 

90 

969.155 

1.311 

21.9 

- 

[214] 283-303 ʄʦʥ. 

P 21/a
* 

2 

8.070 

5.581 

22.056 

90 

97.91 

90 

983.921 

1.291 

21.8 

22.0 

6P 

[213] 283-303 ʄʦʥ. 

P 21/a
* 

2 

8.09 

5.60 

26.24 

90 

91.80 

90 

1188.19 

1.282 

26.2 

- 

[214] 295  ʄʦʥ. 

P 21/a 

2 

8.091 

5.568 

26.241 

90.0 

98.17(2) 

90.0 

1170.2 

1.3011 

26.0 

26.3 

ʇʨʠʤʝʯʘʥʠ:̫ h001 ï ʨʘʩʯʝʪʥʦʝ ʤʝʞʧʣʦʩʢʦʩʪʥʦʝ ʨʘʩʩʪʦʷʥʠʝ ʜʣʷ ʩʝʤʝʡʩʪʚʘ ʧʣʦʩʢʦʩʪʝʡ (00l) 

(h001=ʩĿsin ɓ ʜʣʷ ʤʦʥʦʢʣ. ʨʝʰʝʪʢʠ); 
*
 - ʜʣʷ ʧʨʠʚʝʜʝʥʠ ̫ʢ ʝʜʠʥʦʦʙʨʘʟʠʶ ʧʘʨʘʤʝʪʨʦʚ ʩʪʨʫʢʪʫʨʳ ʚ ʦʪʤʝʯʝʥʥʳʭ ʨʘʙʦʪʘʭ ʠʟʤʝʥʝʥ 

ʧʦʨʷʜʦʢ ʚ ʢʨʠʩʪʘʣʣʦʛʨʘʬʠʯʝʩʢʠʭ ʦʩʷʭ: ʦʩʠ c ʠ a ʧʦʤʝʥʷʥʳ ʤʝʩʪʘʤʠ. 

ʂʘʢ ʚʠʜʥʦ, ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʜʘʥʥʳʝ ʩʦʝʜʠʥʝʥʠʷ ʠʤʝʶʪ 

ʦʜʥʦʪʠʧʥʦʝ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʝ ʩʪʨʦʝʥʠʝ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʝʝʩʷ ʤʦʥʦʢʣʠʥʥʦʡ 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʛʨʫʧʧʦʡ P21/a ʩ ʜʚʫʤʷ ʤʦʣʝʢʫʣʘʤʠ ʚ ʵʣʝʤʝʥʪʘʨʥʦʡ ʷʯʝʡʢʝ. 

ʇʦʜʦʙʠʝ ʩʪʨʫʢʪʫʨ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʜʨʫʛ ʜʨʫʛʫ ʧʘʨʘʤʝʪʨʦʚ ʷʯʝʡʢʠ a 

ʠ b ʚ ʧʨʝʜʝʣʘʭ 1.5%, ʠ ʠʟʤʝʥʝʥʠʠ ʧʘʨʘʤʝʪʨʘ c ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦ ʜʣʠʥʝ 

ʤʦʣʝʢʫʣʳ (ʦʩʴ ʤʦʣʝʢʫʣʳ ʩʦ-ʥʘʧʨʘʚʣʝʥʘ ʩ ʦʩʴʁ c) (ʨʠʩʫʥʦʢ 1.10). ɿʘʚʠʩʠʤʦʩʪʴ 

ʧʣʦʪʥʦʩʪʠ ʢʨʠʩʪʘʣʣʦʚ D ʦʪ ʯʠʩʣʘ ʢʦʣʝʮ ʚ ʩʪʨʫʢʪʫʨʝ ʤʦʣʝʢʫʣʳ ʠʟʤʝʥʷʝʪʩʷ 

ʥʝʣʠʥʝʡʥʦ (ʨʠʩʫʥʦʢ 1.10). 

 
ʈʠʩʫʥʦʢ 1.10 -  ʀʟʤʝʥʝʥʠ ̫ ʜʣʠʥʳ ʤʦʣʝʢʫʣʳ ln, ʧʘʨʘʤʝʪʨʘ ʨʝʰʝʪʢʠ c ʠ ʧʣʦʪʥʦʩʪʠ 

ʢʨʠʩʪʘʣʣʦʚ D ʣʠʥʝʡʥʳʭ ʦʣʠʛʦʬʝʥʠʣʝʥʦʚ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʯʠʩʣʘ ʬʝʥʠʣʴʥʳʭ ʢʦʣʝʮ n 
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ʈʘʩʩʤʦʪʨʠʤ ʧʨʝʜʩʪʘʚʣʝʥʥʳʝ ʥʘ ʨʠʩʫʥʢʝ 1.11 ʩʭʝʤʘʪʠʯʝʩʢʠʝ ʧʨʦʝʢʮʠʠ 

ʩʪʨʫʢʪʫʨ ʢʨʠʩʪʘʣʣʦʚ nP. ʂʘʢ ʠ ʢʨʠʩʪʘʣʣʳ ʣʠʥʝʡʥʳʭ ʘʮʝʥʦʚ, ʢʨʠʩʪʘʣʣʳ 

ʣʠʥʝʡʥʳʭ ʦʣʠʛʦʬʝʥʠʣʝʥʦʚ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʩʪʦʧʢʠ ʵʢʚʠʚʘʣʝʥʪʥʳʭ ʧʦ 

ʪʨʘʥʩʣʷʮʠʦʥʥʦʡ ʩʠʤʤʝʪʨʠʠ ʚʜʦʣʴ ʦʩʠ c ʤʦʥʦʩʣʦʝʚ, ʧʘʨʘʣʣʝʣʴʥʳʭ ʧʣʦʩʢʦʩʪʠ 

(001) (ʨʠʩʫʥʦʢ 1.11, ʘ). ʂ ʧʣʦʩʢʦʩʪʠ ʤʦʥʦʩʣʦʷ ʤʦʣʝʢʫʣʳ ʥʝʩʢʦʣʴʢʦ ʥʘʢʣʦʥʝʥʳ 

ʧʦʜ ʫʛʣʦʤ ɢ, ʠʟʤʝʥʷʶʱʠʤʩʷ ʚ ʧʨʝʜʝʣʘʭ 70 õ 73 ʦʪ ʩʦʝʜʠʥʝʥʠʷ ʢ ʩʦʝʜʠʥʝʥʠʶ 

(ʨʠʩʫʥʦʢ 1.11, ʘ). ʂʘʢ ʠ ʢʨʠʩʪʘʣʣʳ ʣʠʥʝʡʥʳʭ ʘʮʝʥʦʚ, ʚʥʫʪʨʠ ʤʦʥʦʩʣʦʷ (001) 

ʤʦʣʝʢʫʣʳ ʫʧʘʢʦʚʘʥʳ ʚ çʧʘʨʢʝʪʥʦ-ʸʣʦʯʥʦʤè ʧʦʨʷʜʢʝ ʩ ʫʛʣʦʤ ʫʢʣʘʜʢʠ ʨʷʜʦʚ ű 

(ʘʥʛʣ. çherringbone angleè) (ʨʠʩʫʥʦʢ 1.11, ʙ).  

 
ʈʠʩʫʥʦʢ 1.11 - ʂʨʠʩʪʘʣʣʠʯʝʩʢʘʷ ʩʪʨʫʢʪʫʨʘ ʣʠʥʝʡʥʳʭ ʦʣʠʛʦʬʝʥʠʣʝʥʦʚ ʧʨʠ ʢʦʤʥʘʪʥʦʡ 

ʪʝʤʧʝʨʘʪʫʨʝ: ʘ - ʚʠʜ ʵʣʝʤʝʥʪʘʨʥʳʭ ʷʯʝʝʢ ʚ ʧʨʦʝʢʮʠʠ ʥʘ ʧʣʦʩʢʦʩʪʴ (010); ʙ ï ʧʨʦʝʢʮʠʠ 

ʩʪʨʫʢʪʫʨʳ ʜʠʬʝʥʠʣʘ ʠ ʧʘʨʘ-ʩʝʢʩʠʬʝʥʠʣʘ ʥʘ ʧʣʦʩʢʦʩʪʴ (001); ʚ ï ʢʦʥʬʦʨʤʘʮʠʷ ʤʦʣʝʢʫʣ ʚ 

ʢʨʠʩʪʘʣʣʘʭ ʩ ʫʢʘʟʘʥʠʝʤ ʟʥʘʯʝʥʠʡ ʪʦʨʩʠʦʥʥʳʭ ʫʛʣʦʚ ʤʝʞʜʫ ʬʝʥʠʣʴʥʳʤʠ ʛʨʫʧʧʘʤʠ 

ɺ ʦʪʣʠʯʠʝ ʦʪ ʘʮʝʥʦʚ, ʤʦʣʝʢʫʣʳ ʦʣʠʛʦʬʝʥʠʣʝʥʦʚ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʛʠʙʢʦʡ 

ʢʦʥʬʦʨʤʘʮʠʝʡ ʠʟ-ʟʘ ʥʘʣʠʯʠʷ ʚʨʘʱʘʪʝʣʴʥʳʭ ʩʪʝʧʝʥʝʡ ʩʚʦʙʦʜʳ ʦʪʥʦʩʠʪʝʣʴʥʦ -C-

C- ʩʚʷʟʝʡ ʤʝʞʜʫ ʬʝʥʠʣʴʥʳʤʠ ʛʨʫʧʧʘʤʠ. ʉʦʛʣʘʩʥʦ ʩʪʨʫʢʪʫʨʥʳʤ ʩʚʝʜʝʥʠʷʤ, ʧʨʠ 



38 

 

ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʬʝʥʠʣʴʥʳʝ ʛʨʫʧʧʳ ʤʦʣʝʢʫʣ ʩʣʝʛʢʘ ʨʘʟʦʨʠʝʥʪʠʨʦʚʘʥʳ 

ʜʨʫʛ ʦʪʥʦʩʠʪʝʣʴʥʦ ʜʨʫʛʘ, ʥʦ ʚ ʮʝʣʦʤ ʢʦʥʬʦʨʤʘʮʠʷ ʙʣʠʟʢʘ ʢ ʧʣʦʩʢʦʡ (ʨʠʩʫʥʦʢ 

1.11, ʚ). ʇʨʠ ʥʠʟʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ ʠʤʝʶʪ ʤʝʩʪʦ ʩʪʨʫʢʪʫʨʥʳʝ ʬʘʟʦʚʳʝ ʧʝʨʝʭʦʜʳ 

ʚ ʥʠʟʢʦʩʠʤʤʝʪʨʠʯʥʫʶ ʪʨʠʢʣʠʥʥʫʶ ʬʦʨʤʫ (ʪʘʙʣʠʮʘ 1.7), ʧʨʠ ʵʪʦʤ ʢʦʥʬʦʨʤʘʮʠʷ 

ʤʦʣʝʢʫʣʳ ʧʝʨʝʩʪʘʝʪ ʙʳʪʴ ʧʣʦʩʢʦʡ ʠ ʪʦʨʩʠʦʥʥʳʝ ʫʛʣʳ ʤʝʞʜʫ ʩʦʩʝʜʥʠʤʠ 

ʬʝʥʠʣʴʥʳʤʠ ʛʨʫʧʧʘʤʠ ʜʦʩʪʠʛʘʶʪ ʟʥʘʯʝʥʠʡ ʙʦʣʝʝ 20Á [212]. 

ɸʥʘʣʠʟ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʳ ʚʳʩʰʠʭ ʦʣʠʛʦʬʝʥʠʣʝʥʦʚ (5P, 6P, 7P) 

ʧʨʠ ʥʠʟʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ ʤʝʪʦʜʦʤ ʨʝʥʪʛʝʥʦʚʩʢʦʡ ʜʠʬʨʘʢʮʠʠ [214] ʧʦʢʘʟʘʣ 

ʥʘʣʠʯʠʝ ʧʦʣʠʤʦʨʬʥʦʛʦ ʧʝʨʝʭʦʜʘ ʚ ʠʥʪʝʨʚʘʣʝ ʪʝʤʧʝʨʘʪʫʨ 110 ï 140 ʂ, ʦʜʥʘʢʦ 

ʜʝʪʘʣʴʥʦ ʤʦʣʝʢʫʣʷʨʥʳʝ ʩʪʨʫʢʪʫʨʳ ʥʝ ʨʘʟʨʝʰʝʥʳ ʠʟ-ʟʘ ʥʝʚʳʩʦʢʦʛʦ ʢʘʯʝʩʪʚʘ 

ʧʦʣʫʯʝʥʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʜʘʥʥʳʭ, ʧʨʠ ʵʪʦʤ ʥʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʳʝ 

ʤʦʜʠʬʠʢʘʮʠʠ ʜʘʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʠʜʝʥʪʠʬʠʮʠʨʦʚʘʥʳ ʢʘʢ ʤʦʥʦʢʣʠʥʥʳʝ, ʥʦ ʩ 

ʫʚʝʣʠʯʝʥʠʝʤ ʦʙʲʝʤʘ ʵʣʝʤʝʥʪʘʨʥʦʡ ʷʯʝʡʢʠ.  

ʀʩʩʣʝʜʦʚʘʥʠʝ ʚʣʠʷʥʠʷ ʚʥʝʰʥʝʛʦ ʜʘʚʣʝʥʠʷ ʥʘ ʧʘʨʘʤʝʪʨʳ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ 

ʩʪʨʫʢʪʫʨʳ ʣʠʥʝʡʥʳʭ ʦʣʠʛʦʬʝʥʠʣʝʥʦʚ ʦʪ ʜʠʬʝʥʠʣʘ ʜʦ ʧʘʨʘ-ʩʝʢʩʠʬʝʥʠʣʘ 

ʧʨʝʜʩʪʘʚʣʝʥʦ ʚ ʨʘʙʦʪʝ [215]. ʋʩʪʘʥʦʚʣʝʥʘ ʣʠʥʝʡʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ʧʣʦʪʥʦʩʪʠ 

ʢʨʠʩʪʘʣʣʦʚ ʠ ʤʦʜʫʣʷ ʚʩʝʩʪʦʨʦʥʥʝʛʦ ʩʞʘʪʠʷ ʦʪ ʚʝʣʠʯʠʥʳ, ʦʙʨʘʪʥʦʡ ʢʦʣʠʯʝʩʪʚʫ 

ʬʝʥʠʣʴʥʳʭ ʢʦʣʝʮ ʚ ʤʦʣʝʢʫʣʝ ï 1/n. ʀʩʩʣʝʜʦʚʘʥ ʭʘʨʘʢʪʝʨ ʫʤʝʥʴʰʝʥʠʷ 

ʧʘʨʘʤʝʪʨʦʚ ʵʣʝʤʝʥʪʘʨʥʦʡ ʷʯʝʡʢʠ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʚʥʝʰʥʝʛʦ ʜʘʚʣʝʥʠʷ ʜʦ 60 ʢɹʘʨ, 

ʧʨʠ ʵʪʦʤ ʧʦʚʝʜʝʥʠʝ ʢʦʥʬʦʨʤʘʮʠʠ ʤʦʣʝʢʫʣ ʥʝ ʨʘʩʩʤʘʪʨʠʚʘʣʦʩʴ, ʧʦʩʢʦʣʴʢʫ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʨʦʚʦʜʠʣʠʩʴ ʥʘ ʧʦʣʠʢʨʠʩʪʘʣʣʠʯʝʩʢʦʤ ʤʘʪʝʨʠʘʣʝ ʤʝʪʦʜʦʤ 

ʧʦʨʦʰʢʦʚʦʡ ʨʝʥʪʛʝʥʦʚʩʢʦʡ ʜʠʬʨʘʢʮʠʠ. ʅʘʜʦ ʩʢʘʟʘʪʴ, ʯʪʦ ʠʩʩʣʝʜʦʚʘʥʠʝ 

ʧʦʚʝʜʝʥʠʷ ʢʨʠʩʪʘʣʣʦʚ ʣʠʥʝʡʥʳʭ ʦʣʠʛʦʬʝʥʠʣʝʥʦʚ ʧʦʜ ʚʦʟʜʝʡʩʪʚʠʝʤ ʚʥʝʰʥʝʛʦ 

ʜʘʚʣʝʥʠʷ ʧʨʝʜʩʪʘʚʣʷʝʪ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʡ ʠʥʪʝʨʝʩ, ʧʦʩʢʦʣʴʢʫ ʩ ʫʤʝʥʴʰʝʥʠʝʤ 

ʧʘʨʘʤʝʪʨʦʚ ʵʣʝʤʝʥʪʘʨʥʦʡ ʷʯʝʡʢʠ ʧʨʦʠʩʭʦʜʠʪ ʙʦʣʝʝ ʩʠʣʴʥʦʝ ʧʝʨʝʢʨʳʪʠʝ 

ʚʦʣʥʦʚʳʭ ʬʫʥʢʮʠʡ ʩʦʩʝʜʥʠʭ ʤʦʣʝʢʫʣ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʩʥʠʞʝʥʠʶ ʙʘʨʴʝʨʘ ʜʣʷ 

ʧʨʳʞʢʦʚʦʡ ʧʨʦʚʦʜʠʤʦʩʪʠ [216] ʠ ʪʝʤ ʩʘʤʳʤ ʩʧʦʩʦʙʩʪʚʫʝʪ ʫʣʫʯʰʝʥʠʶ 

ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚʳʭ ʩʚʦʡʩʪʚ. 

ʂʘʢ ʧʦʢʘʟʳʚʘʶʪ ʢʚʘʥʪʦʚʦ-ʭʠʤʠʯʝʩʢʠʝ ʨʘʩʯʝʪʳ [214], ʧʨʠ ʥʠʟʢʦʡ 

ʪʝʤʧʝʨʘʪʫʨʝ ʜʣʷ ʤʦʣʝʢʫʣ ʵʥʝʨʛʝʪʠʯʝʩʢʠ ʚʳʛʦʜʥʘ ʥʝʧʣʦʩʢʘʷ ʢʦʥʬʦʨʤʘʮʠʷ, 
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ʦʜʥʘʢʦ ʧʦʚʝʜʝʥʠʝ ʤʦʣʝʢʫʣʷʨʥʦʡ ʩʠʩʪʝʤʳ ʚ ʢʨʠʩʪʘʣʣʘʭ ʧʨʠ ʥʠʟʢʦʡ ʪʝʤʧʝʨʘʪʫʨʝ 

ʚ ʩʚʷʟʠ ʩ ʚʥʫʪʨʠ- ʠ ʤʝʞʤʦʣʝʢʫʣʷʨʥʳʤ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝʤ ʝʱʸ ʤʘʣʦ ʠʩʩʣʝʜʦʚʘʥʦ 

ʠ ʥʘʜʦ ʧʦʣʘʛʘʪʴ, ʯʪʦ ʩ ʵʪʠʤ ʩʚʷʟʘʥʦ ʥʘʣʠʯʠʝ ʧʦʣʠʤʦʨʬʥʳʭ ʬʘʟʦʚʳʭ ʧʝʨʝʭʦʜʦʚ 

[217]. 

1.7. ʇʦʚʝʨʭʥʦʩʪʥʳʝ ʩʚʦʡʩʪʚʘ ʢʨʠʩʪʘʣʣʦʚ ʠ ʟʘʨʦʜʳʰʝʦʙʨʘʟʦʚʘʥʠʝ 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʩʚʦʡʩʪʚ ʢʨʠʩʪʘʣʣʦʚ ʚʦ ʤʥʦʛʦʤ ʩʚʷʟʘʥʦ ʩ 

ʟʘʜʘʯʝʡ ʦʧʨʝʜʝʣʝʥʠʷ ʨʘʚʥʦʚʝʩʥʦʡ ʬʦʨʤʳ ʢʨʠʩʪʘʣʣʘ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʧʨʠʥʮʠʧʘ ɻʠʙʙʩʘ ï ʂʶʨʠ ï ɺʫʣʴʬʘ [218]. ɺ ʣʠʪʝʨʘʪʫʨʝ ʦʙʥʘʨʫʞʝʥ ʥʝʙʦʣʴʰʦʡ 

ʨʷʜ ʨʘʙʦʪ ʧʦ ʪʝʦʨʝʪʠʯʝʩʢʦʤʫ ʤʦʜʝʣʠʨʦʚʘʥʠʶ ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʩʚʦʡʩʪʚ 

ʢʨʠʩʪʘʣʣʦʚ ʣʠʥʝʡʥʳʭ ʘʮʝʥʦʚ [219͂ 225], ʘ ʧʦ ʢʨʠʩʪʘʣʣʘʤ ʣʠʥʝʡʥʳʭ 

ʦʣʠʛʦʬʝʥʠʣʝʥʦʚ (ʢʨʦʤʝ 5P) ʦʙʥʘʨʫʞʝʥʳ ʪʦʣʴʢʦ ʣʠʰʴ ʨʘʙʦʪʳ ʅʘʙʦʢʘ ʩ 

ʩʦʘʚʪʦʨʘʤʠ [219,220] (ʨʠʩʫʥʦʢ 1.12). ʇʨʝʜʩʪʘʚʣʝʥʥʳʝ ʚ ʜʘʥʥʳʭ ʨʘʙʦʪʘʭ 

ʪʝʦʨʝʪʠʯʝʩʢʠʝ ʦʮʝʥʢʠ ʧʦʚʝʨʭʥʦʩʪʥʦʡ ʵʥʝʨʛʠʠ ʥʝʢʦʪʦʨʳʭ ʥʠʟʢʦʠʥʜʝʢʩʥʳʭ 

ʛʨʘʥʝʡ ʧʨʠʚʝʜʝʥʳ ʚ ʪʘʙʣʠʮʝ 1.8.  

ʊʘʙʣʠʮʘ 1.8 - ʃʠʪʝʨʘʪʫʨʥʳʝ ʩʚʝʜʝʥʠʷ ʦ ʧʦʚʝʨʭʥʦʩʪʥʦʡ ʵʥʝʨʛʠʠ ʢʨʠʩʪʘʣʣʦʚ ʣʠʥʝʡʥʳʭ ʘʮʝʥʦʚ 

ʠ ʦʣʠʛʦʬʝʥʠʣʝʥʦʚ, ʧʦʣʫʯʝʥʥʳʝ ʩ ʧʦʤʦʱʴʶ ʪʝʦʨʝʪʠʯʝʩʢʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ 

ɺʝʱʝʩʪʚʦ ʃʠʪ. 
ʇʦʚʝʨʭʥʦʩʪʥʘʷ ʵʥʝʨʛʠʷ, ʤɼʞ/ʤ

2
 

(100) (010) (110) (001) 

2A 
[219,220] 102 107  108  90  

[221] 100.6 ï 114.2 119.8 ï 141.8 105.4 ï 115.7 81 - 96.5 

3A 

[219,220] 100  115  108  81 

[221] 107.8 ï 119.7 129.2 ï 150.6 108.4 ï 118.6 81.5 ï 96.9 

[222] 65.6  91.2 - 52.8 

[223] 88 117.5 90.3 75.7 

4A 
[219,220] 109  124  106 84  

[224] 145.4 ï 171.3 126.3 ï 143.1 132.5 ï 151.9 72 ï 83.3 

5A 

[219,220] 107  130 113 82 

[221] 147.9 ï 170.5 132.8 ï 150.5 135.9 ï 155.9 70 ï 82.7 

[222] 76.8 102.4 75.2 49.6 

[225] - 140 150 76 

2P [219,220] 122 129
 

118 97 

3P [219,220] 124 136 123 99 

4P [219,220] 124 140 124 96 

5P - - - - - 

6P [219,220] 142 142 135 107 
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ʈʠʩʫʥʦʢ 1.12 - ʇʨʝʜʩʢʘʟʘʥʥʳʝ ʨʘʚʥʦʚʝʩʥʳʝ ʬʦʨʤʳ ʢʨʠʩʪʘʣʣʦʚ ʧʝʥʪʘʮʝʥʘ ʠ ʧʘʨʘ-

ʩʝʢʩʠʬʝʥʠʣʘ [220] 

ɺ ʥʘʠʙʦʣʝʝ ʨʘʥʥʝʡ ʨʘʙʦʪʝ ʂʠʪʘʡʛʦʨʦʜʩʢʦʛʦ ʠ ɸʭʤʝʜʘ [223] ʨʘʩʯʝʪ 

ʨʘʚʥʦʚʝʩʥʦʡ ʬʦʨʤʳ ʢʨʠʩʪʘʣʣʘ ʘʥʪʨʘʮʝʥʘ (ʨʠʩʫʥʦʢ 1.13, ʘ) ʙʳʣ ʚʳʧʦʣʥʝʥ 

ʤʝʪʦʜʦʤ ʘʪʦʤ ï ʘʪʦʤʥʦʛʦ ʧʦʪʝʥʮʠʘʣʘ ʜʣʷ ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʵʥʝʨʛʠʡ ʚʩʝʭ 

ʧʣʦʩʢʦʩʪʝʡ, ʠʤʝʶʱʠʭ ʧʨʦʩʪʳʝ ʠʥʜʝʢʩʳ, ʠʩʧʦʣʴʟʫʷ ʧʦʩʪʨʦʝʥʠʝ ʜʠʘʛʨʘʤʤʳ 

ɺʫʣʴʬʘ (ʨʠʩʫʥʦʢ 1.13, ʙ). 

 (ʘ)  (ʙ) 
ʈʠʩʫʥʦʢ 1.13 - ʈʘʩʩʯʠʪʘʥʥʘʷ ʬʦʨʤʘ ʢʨʠʩʪʘʣʣʘ ʘʥʪʨʘʮʝʥʘ (ʘ) ʠ ʧʨʦʝʢʮʠʷ ʥʘ ʧʣʦʩʢʦʩʪʴ (010) 

ʜʠʘʛʨʘʤʤʳ ɺʫʣʴʬʘ (ʙ) [223] 

ʄʘʩʩʘʨʦ ʠ ʜʨ. [221,224] ʠʩʩʣʝʜʦʚʘʣʠ ʨʘʚʥʦʚʝʩʥʫʶ ʠ ʨʦʩʪʦʚʳʝ ʬʦʨʤʳ 

ʢʨʠʩʪʘʣʣʦʚ ʣʠʥʝʡʥʳʭ ʘʮʝʥʦʚ ʩ ʧʦʤʦʱʴʶ ʵʤʧʠʨʠʯʝʩʢʠʭ ʘʪʦʤ-ʘʪʦʤʥʳʭ 

ʧʦʪʝʥʮʠʘʣʦʚ (UNI, UFF ʠ MM3 ʩʠʣʦʚʳʝ ʧʦʣʷ). ʀʩʧʦʣʴʟʫʝʤʳʝ ʧʦʪʝʥʮʠʘʣʳ 

ʩʠʣʦʚʦʛʦ ʧʦʣʷ ʜʘʶʪ ʨʘʟʙʨʦʩ ʟʥʘʯʝʥʠʡ ʧʦʚʝʨʭʥʦʩʪʥʦʡ ʵʥʝʨʛʠʠ ʚ ʧʨʝʜʝʣʘʭ 10% 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʩʝʨʝʜʠʥʳ ʠʥʪʝʨʚʘʣʘ ʟʥʘʯʝʥʠʡ (ʪʘʙʣʠʮʘ 1.8). ʂʨʦʤʝ ʵʪʦʛʦ ʙʳʣʠ 

ʦʧʨʝʜʝʣʝʥʳ ʟʥʘʯʝʥʠʷ ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʵʥʝʨʛʠʡ ʮʝʣʦʛʦ ʨʷʜʘ ʛʨʘʥʝʡ ʩ ʠʥʜʝʢʩʘʤʠ 

(hkl) ʦʪ 0 ʜʦ 3. ʅʘ ʨʠʩʫʥʢʝ 1.14 ʧʨʝʜʩʪʘʚʣʝʥʳ ʠʟʦʙʨʘʞʝʥʠʷ ʨʘʚʥʦʚʝʩʥʳʭ ʠ 

ʨʦʩʪʦʚʳʭ ʬʦʨʤ ʢʨʠʩʪʘʣʣʦʚ ʥʘʬʪʘʣʠʥʘ, ʘʥʪʨʘʮʝʥʘ ʠ ʧʝʥʪʘʮʝʥʘ, ʧʦʣʫʯʝʥʥʳʝ ʚ 

ʧʨʠʙʣʠʞʝʥʠʠ ʘʣʛʦʨʠʪʤʘ UFF ʧʦʪʝʥʮʠʘʣʦʚ, ʚʭʦʜʷʱʝʛʦ ʚ ʧʘʢʝʪ GULP 3.4 

(General Utility Lattice Program) [221,224]. ʉʪʦʠʪ ʟʘʤʝʪʠʪʴ, ʯʪʦ ʚ ʫʢʘʟʘʥʥʳʭ 



41 

 

ʨʘʙʦʪʘʭ ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʘʩʯʝʪʥʳʝ ʨʘʚʥʦʚʝʩʥʳʝ ʬʦʨʤʳ ʢʨʠʩʪʘʣʣʦʚ, ʘ ʪʘʢʞʝ 

ʨʦʩʪʦʚʳʝ ʬʦʨʤʳ ʢʨʠʩʪʘʣʣʦʚ, ʚ ʢʦʪʦʨʳʭ ʠʤʝʝʪ ʤʝʩʪʦ ʜʦʤʠʥʠʨʦʚʘʥʠʝ ʛʨʘʥʠ 

(001) (ʨʠʩʫʥʦʢ 1.14).  

 
ʈʠʩʫʥʦʢ 1.14 - ʈʘʚʥʦʚʝʩʥʳʝ (ʚʝʨʭʫ) ʠ ʨʦʩʪʦʚʳʝ (ʚʥʠʟʫ) ʬʦʨʤʳ ʨʦʩʪʘ ʢʨʠʩʪʘʣʣʦʚ ʣʠʥʝʡʥʳʭ 

ʘʮʝʥʦʚ, ʨʘʩʩʯʠʪʘʥʥʳʝ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ UFF ʤʦʣʝʢʫʣʷʨʥʳʭ ʧʦʪʝʥʮʠʘʣʦʚ ʩ ʧʦʚʝʨʭʥʦʩʪʥʦʡ 

ʨʝʣʘʢʩʘʮʠʝʡ [221] 

ʊʝʦʨʝʪʠʯʝʩʢʠʝ ʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʤʦʨʬʦʣʦʛʠʠ ʢʨʠʩʪʘʣʣʦʚ 

ʥʘʬʪʘʣʠʥʘ ʠ ʘʥʪʨʘʮʝʥʘ ʧʨʝʜʩʪʘʚʣʝʥʳ ɻʨʠʤʙʝʨʛʝʥʦʤ ʠ ʩʦʘʚʪʦʨʘʤʠ ʚ ʨʘʙʦʪʝ 

[226]. ɸʚʪʦʨʳ ʠʩʧʦʣʴʟʦʚʘʣʠ ʠʥʦʡ ʪʝʦʨʝʪʠʯʝʩʢʠʡ ʧʦʜʭʦʜ - ʪʝʦʨʠʷ ʍʘʨʪʤʘʥʘ - 

ʇʝʨʜʦʢʘ ʚ ʩʦʯʝʪʘʥʠʠ ʩ ʪʝʦʨʠʝʡ ʧʝʨʝʭʦʜʦʚ ʰʝʨʦʭʦʚʘʪʦʩʪʠ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ 

ʩʚʷʟʘʥʥʳʤ ʩʝʪʢʘʤ [227]. ʇʦʤʠʤʦ ʪʝʦʨʝʪʠʯʝʩʢʦʛʦ ʧʨʝʜʩʢʘʟʘʥʠʷ ʨʘʚʥʦʚʝʩʥʦʡ 

ʬʦʨʤʳ ʢʨʠʩʪʘʣʣʦʚ (ʨʠʩʫʥʦʢ 1.15, ʘ), ʥʘ ʦʩʥʦʚʘʥʠʠ ʚʳʧʦʣʥʝʥʥʦʛʦ ʢʦʤʧʣʝʢʩʘ 

ʨʦʩʪʦʚʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʨʝʜʩʪʘʚʣʝʥʳ ʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʤʦʨʬʦʣʦʛʠʠ 

ʢʨʠʩʪʘʣʣʦʚ, ʨʘʩʪʫʱʠʭ ʠʟ ʨʘʩʪʚʦʨʦʚ ʠ ʧʘʨʦʚʦʡ ʬʘʟʳ ʚ ʨʘʟʣʠʯʥʳʭ ʫʩʣʦʚʠʷʭ 

(ʨʠʩʫʥʦʢ 1.15, ʙ). 

ɺ ʨʘʙʦʪʝ [225] ʙʳʣ ʠʩʩʣʝʜʦʚʘʥ ʨʦʩʪ ʢʨʠʩʪʘʣʣʦʚ ʧʝʥʪʘʮʝʥʘ ʚ ʫʩʣʦʚʠʷʭ 

ʦʩʘʞʜʝʥʠʷ ʠʟ ʧʘʨʦʚʦʡ ʬʘʟʳ. ʄʦʜʝʣʠʨʦʚʘʥʠʝ ʧʦʚʝʨʭʥʦʩʪʥʦʡ ʵʥʝʨʛʠʠ 

ʥʠʟʢʦʠʥʜʝʢʩʥʳʭ ʛʨʘʥʝʡ ʙʳʣʦ ʚʳʧʦʣʥʝʥʦ ʤʝʪʦʜʦʤ ʘʪʦʤʥʦʛʦ ʩʠʣʦʚʦʛʦ ʧʦʣʷ ʩ 

ʫʯʝʪʦʤ ʠʟʦʙʨʘʞʝʥʠʡ ʦʩʘʞʜʝʥʥʳʭ ʢʨʠʩʪʘʣʣʦʚ, ʧʦʣʫʯʝʥʥʳʭ ʤʝʪʦʜʦʤ 

ʩʢʘʥʠʨʫʶʱʝʡ ʵʣʝʢʪʨʦʥʥʦʡ ʤʠʢʨʦʩʢʦʧʠʠ (ʨʠʩʫʥʦʢ 1.15, ʘ).  
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ʈʠʩʫʥʦʢ 1.15 - ʘ ï ʨʘʩʩʯʠʪʘʥʥʳʝ ʤʦʨʬʦʣʦʛʠʠ ʢʨʠʩʪʘʣʣʦʚ ʥʘʬʪʘʣʠʥʘ ʠ ʘʥʪʨʘʮʝʥʘ. ʙ ï 

ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʤʦʨʬʦʣʦʛʠʠ ʢʨʠʩʪʘʣʣʦʚ: (I) ʥʠʟʢʘʷ ʜʚʠʞʫʱʘʷ ʩʠʣʘ; (II) ʚʳʩʦʢʘʷ 

ʜʚʠʞʫʱʘʷ ʩʠʣʘ; (ɸ) ʥʘʬʪʘʣʠʥ ï ʧʘʨ; (B) ʥʘʬʪʘʣʠʥ - ʵʪʘʥʦʣ (ʉ) ʥʘʬʪʘʣʠʥ ï ʮʠʢʣʦʛʝʢʩʘʥ; (D) 

ʘʥʪʨʘʮʝʥ ï ʧʘʨ [226] 

 (ʘ)  (ʙ) 
ʈʠʩʫʥʦʢ 1.16 - ʉʕʄ-ʠʟʦʙʨʘʞʝʥʠʝ (ʘ) ʠ ʩʤʦʜʝʣʠʨʦʚʘʥʥʘʷ ʤʦʨʬʦʣʦʛʠʷ (ʙ) ʢʨʠʩʪʘʣʣʘ 

ʧʝʥʪʘʮʝʥʘ [225] 

ʅʝʜʘʚʥʦ ʙʳʣʘ ʧʨʝʜʩʪʘʚʣʝʥʘ ʨʘʙʦʪʘ, ʧʦʩʚʷʱʝʥʥʘʷ ʧʨʝʜʩʢʘʟʘʥʠʶ 

ʩʪʘʮʠʦʥʘʨʥʦʡ ʬʦʨʤʳ ʚʳʨʘʱʝʥʥʦʛʦ ʠʟ ʨʘʩʪʚʦʨʘ ʢʨʠʩʪʘʣʣʘ ʥʘʬʪʘʣʠʥʘ ʤʝʪʦʜʦʤ 

ʤʦʣʝʢʫʣʷʨʥʦʡ ʜʠʥʘʤʠʢʠ [228]. ʇʨʝʜʩʢʘʟʘʥʥʘʷ ʬʦʨʤʘ ʢʨʠʩʪʘʣʣʘ ʚ ʜʘʥʥʦʤ 

ʩʣʫʯʘʝ ï ʪʦʥʢʘʷ ʧʣʘʩʪʠʥʢʘ ʚ ʬʦʨʤʝ ʨʦʤʙʠʯʝʩʢʦʡ ʧʨʠʟʤʳ ʩ ʨʘʟʚʠʪʦʡ ʛʨʘʥʴʶ 

(001) ʠ ʙʦʢʦʚʳʤʠ ʛʨʘʥʷʤʠ (110) ʠ (ρρπ).  

ʂʘʢ ʚʠʜʥʦ ʠʟ ʪʘʙʣʠʮʳ 1.8, ʧʨʝʜʩʪʘʚʣʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʡ 

ʧʦʚʝʨʭʥʦʩʪʥʦʡ ʵʥʝʨʛʠʠ ʛʨʘʥʝʡ ʢʨʠʩʪʘʣʣʦʚ ʣʠʥʝʡʥʳʭ ʘʮʝʥʦʚ ʫ ʨʘʟʥʳʭ ʘʚʪʦʨʦʚ 
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ʟʘʤʝʪʥʦ ʦʪʣʠʯʘʶʪʩʷ, ʯʪʦ ʩʚʷʟʘʥʦ ʩ ʧʦʛʨʝʰʥʦʩʪʴʶ ʠʩʧʦʣʴʟʫʝʤʳʭ ʤʦʜʝʣʝʡ ʚ 

ʩʠʣʫ ʟʘʣʦʞʝʥʥʳʭ ʚ ʥʠʭ ʪʝʭ ʠʣʠ ʠʥʳʭ ʜʦʧʫʱʝʥʠʡ. ʆʜʥʘʢʦ ʜʣʷ ʧʨʝʜʩʪʘʚʣʝʥʥʦʛʦ 

ʧʝʨʝʯʥʷ ʛʨʘʥʝʡ ʧʦʣʫʯʝʥʥʳʝ ʩ ʧʦʤʦʱʴʶ ʨʘʟʣʠʯʥʳʭ ʤʦʜʝʣʴʥʳʭ ʧʦʜʭʦʜʦʚ 

ʚʝʣʠʯʠʥʳ ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʵʥʝʨʛʠʡ ʢʦʨʨʝʣʠʨʫʶʪ ʜʣʷ ʢʨʠʩʪʘʣʣʦʚ ʥʘʬʪʘʣʠʥʘ ʠ 

ʘʥʪʨʘʮʝʥʘ: ʥʘʠʤʝʥʴʰʠʤ ʟʥʘʯʝʥʠʝʤ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʛʨʘʥʴ (001), ʘ ʥʘʠʙʦʣʴʰʠʤ 

ï ʛʨʘʥʴ (010). ɼʣʷ ʪʝʪʨʘʮʝʥʘ ʠ ʧʝʥʪʘʮʝʥʘ ʚʦ ʚʩʝʭ ʨʘʙʦʪʘʭ ʤʠʥʠʤʫʤ 

ʧʦʚʝʨʭʥʦʩʪʥʦʡ ʵʥʝʨʛʠʠ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʛʨʘʥʠ (001), ʘ ʚʦʪ ʤʘʢʩʠʤʫʤ ï ʣʠʙʦ ʛʨʘʥʠ 

(100), ʣʠʙʦ (010) (ʪʘʙʣʠʮʘ 1.8). ɼʣʷ ʣʠʥʝʡʥʳʭ ʦʣʠʛʦʬʝʥʠʣʝʥʦʚ ʨʝʟʫʣʴʪʘʪʳ 

ʤʦʜʝʣʠʨʦʚʘʥʠʷ [219,220] ʪʘʢʞʝ ʧʨʝʜʩʢʘʟʳʚʘʶʪ ʤʠʥʠʤʫʤ ʧʦʚʝʨʭʥʦʩʪʥʦʡ 

ʵʥʝʨʛʠʠ ʜʣʷ ʛʨʘʥʠ (001), ʘ ʤʘʢʩʠʤʫʤ ï ʜʣʷ ʛʨʘʥʠ (010), ʘ ʨʘʩʩʯʠʪʘʥʥʳʝ 

ʨʘʚʥʦʚʝʩʥʳʝ ʬʦʨʤʳ ʢʨʠʩʪʘʣʣʦʚ ʧʦʭʦʞʠ ʜʨʫʛ ʥʘ ʜʨʫʛʘ, ʯʪʦ, ʧʦ ʚʩʝʡ ʚʠʜʠʤʦʩʪʠ, 

ʷʚʣʷʝʪʩʷ ʧʨʦʷʚʣʝʥʠʝʤ ʧʦʜʦʙʠʷ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʛʦ ʩʪʨʦʝʥʠʷ ʜʘʥʥʳʭ ʚʝʱʝʩʪʚ 

(ʪʘʙʣʠʮʘ 1.8, ʨʠʩʫʥʦʢ 1.12). 

ɽʱʸ ʤʝʥʴʰʝ ʠʤʝʝʪʩʷ ʩʚʝʜʝʥʠʡ ʚ ʣʠʪʝʨʘʪʫʨʝ ʦʪʥʦʩʠʪʝʣʴʥʦ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʩʚʦʡʩʪʚ ʢʨʠʩʪʘʣʣʦʚ 

ʠʩʩʣʝʜʫʝʤʳʭ ʣʠʥʝʡʥʳʭ ʤʦʣʝʢʫʣ ʠʟ ʩʝʤʝʡʩʪʚ ʘʮʝʥʦʚ ʠ ʦʣʠʛʦʬʝʥʠʣʝʥʦʚ. ʇʨʝʞʜʝ 

ʚʩʝʛʦ, ʩʪʦʠʪ ʦʪʤʝʪʠʪʴ ʨʷʜ ʨʘʙʦʪ ʦʪʝʯʝʩʪʚʝʥʥʳʭ ʢʦʨʠʬʝʝʚ ʚ ʦʙʣʘʩʪʠ 

ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʩʚʦʡʩʪʚ ʤʘʪʝʨʠʘʣʦʚ ʠ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʦʡ ʤʝʭʘʥʠʢʠ - ʇ. ɸ. 

ʈʝʙʠʥʜʝʨʘ ʠ ɽ. ɼ. ʑʫʢʠʥʘ, ʧʦʩʚʷʱʝʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʷʤ ʤʝʭʘʥʠʯʝʩʢʠʭ ʠ 

ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʩʚʦʡʩʪʚ ʥʝʢʦʪʦʨʳʭ ʦʨʛʘʥʠʯʝʩʢʠʭ ʤʦʥʦʢʨʠʩʪʘʣʣʦʚ, ʚ ʪ. ʯ. 

ʥʘʬʪʘʣʠʥʘ ʠ ʘʥʪʨʘʮʝʥʘ, ʩʩʳʣʢʠ ʥʘ ʢʦʪʦʨʳʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʦʙʟʦʨʝ [229]. ʇʦ 

ʧʦʚʦʜʫ ʤʦʥʦʢʨʠʩʪʘʣʣʦʚ ʥʘʬʪʘʣʠʥʘ ʩʦʦʙʱʘʝʪʩʷ, ʯʪʦ çʚ ʦʙʳʯʥʳʭ ʫʩʣʦʚʠʷʭ ʦʥʠ 

ʦʯʝʥʴ ʧʣʘʩʪʠʯʥʳ; ʧʨʠ ʙʣʘʛʦʧʨʠʷʪʥʦʡ ʠʩʭʦʜʥʦʡ ʦʨʠʝʥʪʠʨʦʚʢʝ ʦʙʨʘʟʮʳ 

ʚʳʪʷʛʠʚʘʶʪʩʷ ʚ ʪʦʥʢʫʶ ʣʝʥʪʫ ʠ, ʦʙʥʘʨʫʞʠʚʘʷ, ʟʘʤʝʪʥʦʝ ʫʧʨʦʯʥʝʥʠʝ, 

ʨʘʟʨʫʰʘʶʪʩʷ ʧʦʩʣʝ ʦʯʝʥʴ ʙʦʣʴʰʠʭ ʫʜʣʠʥʝʥʠʡ (ʜʦ 1000% ʠ ʙʦʣʝʝ!). ɺ 

ʧʨʠʩʫʪʩʪʚʠʠ ʞʝ ʢʘʧʣʠ ʙʝʥʟʦʣʘ ʠʣʠ ʛʝʧʪʘʥʘ, ʥʘʩʳʱʝʥʥʳʭ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ 

ʥʘʬʪʘʣʠʥʦʤ, ʠʣʠ ʞʝ ʚ ʧʘʨʘʭ ʙʝʥʟʦʣʘ (ʧʦʩʣʝ ʥʝʢʦʪʦʨʦʡ ʚʳʜʝʨʞʢʠ) ʪʘʢʠʝ ʞʝ 

ʤʦʥʦʢʨʠʩʪʘʣʣʳ ʦʢʘʟʳʚʘʶʪʩʷ ʭʨʫʧʢʠʤʠ ʠ ʨʘʟʨʳʚʘʶʪʩʷ ʧʦ ʧʣʦʩʢʦʩʪʠ ʩʧʘʡʥʦʩʪʠ 

ʧʨʠ ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʝʙʦʣʴʰʦʡ ʧʨʝʜʝʣʴʥʦʡ ʜʝʬʦʨʤʘʮʠʠè [229]. 
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ɼʣʷ ʧʨʷʤʳʭ ʠʟʤʝʨʝʥʠʡ ʧʦʚʝʨʭʥʦʩʪʥʦʡ ʵʥʝʨʛʠʠ ʥʘʬʪʘʣʠʥʘ ʙʳʣ 

ʠʩʧʦʣʴʟʦʚʘʥ ʤʝʪʦʜ ʀ. ɺ. ʆʙʨʝʠʤʦʚʘ ï ʨʘʩʱʝʧʣʝʥʠʝ ʤʦʥʦʢʨʠʩʪʘʣʣʘ ʧʦ 

ʧʣʦʩʢʦʩʪʠ ʩʧʘʡʥʦʩʪʠ [229]. ʆʧʨʝʜʝʣʝʥʥʘʷ ʪʘʢʠʤ ʩʧʦʩʦʙʦʤ ʥʘ ʚʦʟʜʫʭʝ, ʘ ʪʘʢʞʝ ʚ 

ʚʦʜʝ (ʠʥʘʢʪʠʚʥʘʷ ʩʨʝʜʘ), ʩʚʦʙʦʜʥʘʷ ʧʦʚʝʨʭʥʦʩʪʥʘʷ ʵʥʝʨʛʠʷ ʛʨʘʥʠ (001) 

ʦʢʘʟʘʣʘʩʴ ʦʜʠʥʘʢʦʚʦʡ ʠ ʥʘʠʙʦʣʴʰʝʡ: ů001 = 60 ʤɼʞ/ʤ
2
. ɺ ʨʘʩʪʚʦʨʝ ʙʝʥʟʦʣʘ 

(ʨʦʜʩʪʚʝʥʥʘʷ ʧʦ ʭʠʤʠʯʝʩʢʦʤʫ ʩʪʨʦʝʥʠʶ ʠ ʩʦʩʪʘʚʫ ʞʠʜʢʘʷ ʩʨʝʜʘ) ʥʘʙʣʶʜʘʣʦʩʴ 

ʥʘʠʤʝʥʴʰʝʝ ʟʥʘʯʝʥʠʝ ʤʝʞʬʘʟʥʦʡ ʵʥʝʨʛʠʠ ů å 10 ʤɼʞ/ʤ
2
 [229]. 

ɽʩʣʠ ʨʦʩʪ ʢʨʠʩʪʘʣʣʦʚ ʠ ʤʘʩʩʦʚʘʷ ʢʨʠʩʪʘʣʣʠʟʘʮʠʷ ʠʩʩʣʝʜʦʚʘʥʳ ʜʦʚʦʣʴʥʦ 

ʦʩʥʦʚʘʪʝʣʴʥʦ, ʪʦ ʠʟʫʯʝʥʠʝ ʥʘʯʘʣʴʥʦʡ ʩʪʘʜʠʠ ʧʦʷʚʣʝʥʠʷ ʮʝʥʪʨʦʚ 

ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʟʥʘʯʠʪʝʣʴʥʦ ʦʪʩʪʘʝʪ. ʕʪʦ ʩʚʷʟʘʥʦ, ʚʦ-ʧʝʨʚʳʭ, ʩ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʤʠ ʪʨʫʜʥʦʩʪʷʤʠ ʥʘʙʣʶʜʝʥʠʷ ʟʘ ʟʘʨʦʜʳʰʘʤʠ (ʠʭ ʯʠʩʣʦʤ, 

ʤʦʨʬʦʣʦʛʠʝʡ ʠ ʪʝʢʩʪʫʨʦʡ, ʩʢʦʨʦʩʪʴʶ ʧʦʷʚʣʝʥʠʷ ʠ ʪ.ʜ.). ʀʟ-ʟʘ ʩʢʫʜʥʦʩʪʠ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʜʘʥʥʳʭ ʪʝʦʨʠʷ ʟʘʨʦʜʳʰʝʦʙʨʘʟʦʚʘʥʠʷ ʨʘʟʚʠʚʘʝʪʩʷ, ʚ 

ʦʩʥʦʚʥʦʤ, ʥʘ ʢʣʘʩʩʠʯʝʩʢʠʭ ʧʨʝʜʩʪʘʚʣʝʥʠʷʭ, ʚ ʦʩʥʦʚʝ ʢʦʪʦʨʳʭ ʣʝʞʠʪ 

ʬʣʫʢʪʫʘʮʠʦʥʥʘʷ ʤʦʜʝʣʴ ʠ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʠʜʝʘʣʴʥʳʡ ʟʘʨʦʜʳʰ [230,231]. 

ʇʦʣʥʦʝ ʠʟʤʝʥʝʥʠʝ ʩʚʦʙʦʜʥʦʡ ʵʥʝʨʛʠʠ ɻʠʙʙʩʘ ʧʨʠ ʦʙʨʘʟʦʚʘʥʠʠ N 

ʟʘʨʦʜʳʰʝʡ ʤʦʞʥʦ ʧʨʝʜʩʪʘʚʠʪʴ ʚ ʚʠʜʝ 

ȹGN = NȹG1,      (1.1) 

ʛʜʝ ȹG1 - ʠʟʤʝʥʝʥʠʝ ʵʥʝʨʛʠʠ ɻʠʙʙʩʘ ʧʨʠ ʬʦʨʤʠʨʦʚʘʥʠʠ ʦʜʥʦʛʦ ʟʘʨʦʜʳʰʘ. 

ɺ ʣʠʪʝʨʘʪʫʨʝ ʦʙʳʯʥʦ ʘʥʘʣʠʟʠʨʫʝʪʩʷ ʠʟʤʝʥʝʥʠʝ ʵʥʝʨʛʠʠ ɻʠʙʙʩʘ ʜʣʷ ʦʜʥʦʛʦ 

ʟʘʨʦʜʳʰʘ, ʪ.ʝ. ȹG1, ʩʦʩʪʦʷʱʝʝ ʠʟ ʦʙʲʝʤʥʦʡ ȹGV ʠ ʧʦʚʝʨʭʥʦʩʪʥʦʡ ȹGS 

ʩʦʩʪʘʚʣʷʶʱʠʭ: 

ȹG1 = ȹGV  + ȹGS,     (1.2) 

ʛʜʝ ȹGV = (V/ɋ)ȹɛ, ȹGS = В„Ὓ; ȹɛ ï ʜʚʠʞʫʱʘʷ ʩʠʣʘ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ, V ï 

ʦʙʲʝʤ ʟʘʨʦʜʳʰʘ, ɋ ï ʤʦʣʷʨʥʳʡ ʦʙʲʝʤ, ůi  ʠ Si ï ʧʦʚʝʨʭʥʦʩʪʥʘʷ ʵʥʝʨʛʠʷ ʠ 

ʧʣʦʱʘʜʴ i-ʡ ʛʨʘʥʠ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ [232]. 

ʇʨʠ ʦʙʨʘʟʦʚʘʥʠʠ ʟʘʨʦʜʳʰʝʡ ʢʨʠʩʪʘʣʣʦʚ ʠʭ ʧʦʚʝʨʭʥʦʩʪʥʳʝ ʩʚʦʡʩʪʚʘ 

ʠʛʨʘʶʪ ʨʝʰʘʶʱʫʶ ʨʦʣʴ. ʆʜʥʘʢʦ ʜʣʷ ʙʦʣʴʰʠʥʩʪʚʘ ʤʘʪʝʨʠʘʣʦʚ, ʚ ʯʘʩʪʥʦʩʪʠ ʜʣʷ 

ʦʨʛʘʥʠʯʝʩʢʠʭ ʢʨʠʩʪʘʣʣʦʚ, ʜʘʥʥʳʝ ʦ ʧʦʚʝʨʭʥʦʩʪʥʦʡ ʵʥʝʨʛʠʠ ʛʨʘʥʝʡ ʢʨʠʩʪʘʣʣʦʚ, 
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ʢʘʢ ʧʨʘʚʠʣʦ, ʦʪʩʫʪʩʪʚʫʶʪ. ʂʨʦʤʝ ʪʦʛʦ, ʩʠʪʫʘʮʠʷ ʟʥʘʯʠʪʝʣʴʥʦ ʦʩʣʦʞʥʷʝʪʩʷ 

ʥʘʣʠʯʠʝʤ ʩʫʱʝʩʪʚʝʥʥʦʡ ʘʥʠʟʦʪʨʦʧʠʠ ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʩʚʦʡʩʪʚ ʢʨʠʩʪʘʣʣʦʚ 

ʣʠʥʝʡʥʳʭ ʩʦʧʨʷʞʝʥʥʳʭ ʦʨʛʘʥʠʯʝʩʢʠʭ ʤʦʣʝʢʫʣ.  

ʀʩʩʣʝʜʦʚʘʥʠʷʤ ʟʘʨʦʞʜʝʥʠʷ ʠ ʨʦʩʪʘ ʧʣʘʩʪʠʥʯʘʪʳʭ ʢʨʠʩʪʘʣʣʦʚ ʥʘʬʪʘʣʠʥʘ ʠ 

ʘʥʪʨʘʮʝʥʘ ʧʦʩʚʷʱʝʥʘ ʨʘʙʦʪʘ [140], ʚ ʢʦʪʦʨʦʡ ʥʘ ʧʨʠʤʝʨʝ ʘʥʪʨʘʮʝʥʘ ʧʨʝʜʣʦʞʝʥʘ 

ʤʦʜʝʣʴ ʦʙʨʘʟʦʚʘʥʠʷ ʧʣʦʩʢʦʛʦ ʟʘʨʦʜʳʰʘ ʢʨʠʩʪʘʣʣʘ ʥʘ ʤʝʞʬʘʟʥʦʡ ʛʨʘʥʠʮʝ 

ʞʠʜʢʠʡ ʨʘʩʪʚʦʨ ï ʚʦʟʜʫʭ. ɺ ʤʦʜʝʣʠ ʙʳʣʘ ʫʯʪʝʥʘ ʧʦʚʝʨʭʥʦʩʪʥʘ ̫ ʵʥʝʨʛʠʷ 

ʥʝʩʤʘʯʠʚʘʝʤʦʡ ʛʨʘʥʠ ʠ ʤʝʞʬʘʟʥʦʛʦ ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʥʘʪʷʞʝʥʠʷ ʥʘ ʛʨʘʥʠʮʝ 

ʞʠʜʢʦʩʪʴ ï ʚʦʟʜʫʭ, ʦʜʥʘʢʦ ʜʣʷ ʨʘʩʯʝʪʘ ʧʘʨʘʤʝʪʨʦʚ ʟʘʨʦʜʳʰʝʦʙʨʘʟʦʚʘʥʠʷ, ʢ 

ʩʦʞʘʣʝʥʠʶ, ʙʳʣʠ ʠʩʧʦʣʴʟʦʚʘʥʳ ʪʦʣʴʢʦ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʜʘʥʥʳʝ ʦ 

ʧʦʚʝʨʭʥʦʩʪʥʦʡ ʵʥʝʨʛʠʠ ʛʨʘʥʠ (001) ʥʘʬʪʘʣʠʥʘ [229], ʪʘʢ ʯʪʦ ʘʥʠʟʦʪʨʦʧʠʷ 

ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʩʚʦʡʩʪʚ ʥʝ ʙʳʣʘ ʫʯʪʝʥʘ. 

ɺ [228] ʙʳʣʠ ʠʩʩʣʝʜʦʚʘʥʳ ʤʝʭʘʥʠʟʤʳ ʦʙʨʘʟʦʚʘʥʠʷ ʢʨʠʩʪʘʣʣʦʚ ʥʘʬʪʘʣʠʥʘ 

ʠʟ ʨʘʩʪʚʦʨʘ ʵʪʘʥʦʣʘ. ɹʳʣʠ ʦʧʨʝʜʝʣʝʥʳ ʜʚʘ ʨʘʟʣʠʯʥʳʭ ʤʝʭʘʥʠʟʤʘ ʨʦʩʪʘ 

ʢʨʠʩʪʘʣʣʦʚ: ʥʘ ʛʨʘʥʠ (ππρ) ʥʘʙʣʶʜʘʣʘʩʴ ʜʚʫʭʩʪʫʧʝʥʯʘʪʘʷ ʥʫʢʣʝʘʮʠʷ, ʜʣʷ 

ʢʦʪʦʨʦʡ ʘʤʦʨʬʥʳʡ ʘʛʣʦʤʝʨʘʪ ʤʦʣʝʢʫʣ ʥʘʬʪʘʣʠʥʘ ʜʦʣʞʝʥ ʦʙʨʘʟʦʚʚrʘʪʴʩʷ ʜʦ 

ʪʦʛʦ, ʢʘʢ ʤʦʣʝʢʫʣʳ ʦʨʛʘʥʠʟʫʶʪʩʷ ʚ ʢʨʠʩʪʘʣʣʠʯʝʩʢʫʶ ʨʝʰʝʪʢʫ; ʥʘ ʛʨʘʥʷʭ (ρρπ) 

ʠ (ςπρ) ʨʦʩʪ ʧʨʦʠʩʭʦʜʠʣ ʩ ʩʦʛʣʘʩʦʚʘʥʥʦʡ ʘʛʣʦʤʝʨʘʮʠʝʡ ʠ ʦʨʠʝʥʪʘʮʠʝʡ ʤʦʣʝʢʫʣ 

ʥʘʬʪʘʣʠʥʘ ʚ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʤ 2D ʟʘʨʦʜʳʰʝ.  

ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʚʝʨʭʥʦʩʪʥʦʡ ʥʝʩʪʘʙʠʣʴʥʦʩʪʠ 2D-

ʠʥʜʫʮʠʨʦʚʘʥʥʦʡ ʛʝʪʝʨʦʛʝʥʥʦʡ ʥʫʢʣʝʘʮʠʠ ʢʨʠʩʪʘʣʣʦʚ ʥʘʬʪʘʣʠʥʘ ʧʨʠ 

ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʠʟ ʨʘʩʧʣʘʚʘ ʙʳʣʠ ʧʨʦʚʝʜʝʥʳ ʚ ʨʘʙʦʪʝ [233].  

ʈʦʩʪ ʠʟ ʨʘʩʪʚʦʨʦʚ ʢʨʠʩʪʘʣʣʦʚ ʘʥʪʨʘʮʝʥʘ, ʨʘʩʪʚʦʨʠʤʦʩʪʴ, ʰʠʨʠʥʘ ʟʦʥʳ 

ʤʝʪʘʩʪʘʙʠʣʴʥʦʩʪʠ ʨʘʩʪʚʦʨʦʚ, ʘ ʪʘʢʞʝ ʧʘʨʘʤʝʪʨʳ ʟʘʨʦʜʳʰʝʦʙʨʘʟʦʚʘʥʠʷ 

ʠʩʩʣʝʜʦʚʘʥʳ ʚ ʨʘʙʦʪʝ [234]. ʆʧʨʝʜʝʣʝʥʳ ʟʥʘʯʝʥʠʷ ʤʝʞʬʘʟʥʦʛʦ ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ 

ʥʘʪʷʞʝʥʠʷ ʢʨʠʩʪʘʣʣʦʚ ʥʘ ʛʨʘʥʠʮʝ ʩ ʥʘʩʳʱʝʥʥʳʤʠ ʨʘʩʪʚʦʨʘʤʠ (CS2, CHCl3 ʠ 

CCl4), ʧʘʨʘʤʝʪʨʦʚ ʟʘʨʦʜʳʰʝʦʙʨʘʟʦʚʘʥʠʷ ʢʨʠʩʪʘʣʣʦʚ ʧʨʠ ʥʝʢʦʪʦʨʳʭ ʟʥʘʯʝʥʠʷʭ 

ʧʝʨʝʩʳʱʝʥʠʷ ʨʘʩʪʚʦʨʦʚ ʠ ʪʝʤʧʝʨʘʪʫʨʳ. ʊʝʤ ʥʝ ʤʝʥʝʝ, ʘʥʠʟʦʪʨʦʧʠʷ ʬʦʨʤʳ 

ʟʘʨʦʜʳʰʝʡ ʢʨʠʩʪʘʣʣʦʚ ʪʘʢʞʝ ʥʝ ʙʳʣʘ ʫʯʪʝʥʘ.  



46 

 

ʂʠʥʝʪʠʢʘ ʥʫʢʣʝʘʮʠʠ ʠʟ ʧʘʨʦʚʦʡ ʬʘʟʳ ʢʨʠʩʪʘʣʣʦʚ ʥʘʬʪʘʣʠʥʘ ʥʘ 

ʧʦʚʝʨʭʥʦʩʪʠ ʢʨʠʩʪʘʣʣʦʚ ʘʥʪʨʘʮʝʥʘ ʠʩʩʣʝʜʦʚʘʥʘ ʚ ʨʘʙʦʪʝ [235]. ʇʦʚʝʨʭʥʦʩʪʥʳʝ 

ʩʚʦʡʩʪʚʘ ʩʨʝʜʳ ʠ ʦʙʨʘʟʫʶʱʠʭʩʷ ʢʨʠʩʪʘʣʣʦʚ ʥʝ ʨʘʩʩʤʘʪʨʠʚʘʣʠʩʴ. 

ɺ ʨʘʙʦʪʝ [236] ʧʨʝʜʩʪʘʚʣʝʥʳ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʟʘʨʦʞʜʝʥʠʷ ʠ ʨʦʩʪʘ ʢʨʠʩʪʘʣʣʦʚ ʪʝʪʨʘʮʝʥʘ ʚ ʪʦʥʢʦʡ ʞʠʜʢʦʡ ʧʣʝʥʢʝ, ʢʦʪʦʨʘʷ 

ʥʝʧʨʝʨʳʚʥʦ ʧʝʨʝʩʳʱʘʝʪʩʷ ʟʘ ʩʯʝʪ ʦʩʘʞʜʝʥʠʷ ʥʘ ʥʝʸ ʤʦʣʝʢʫʣ ʠʟ ʧʘʨʦʚʦʡ ʬʘʟʳ. 

ɸʚʪʦʨʘʤʠ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʥʘ ʧʝʨʚʦʤ ʵʪʘʧʝ ʧʨʦʠʩʭʦʜʠʪ ʟʘʨʦʞʜʝʥʠʝ ʠ ʙʳʩʪʨʳʡ 

ʘʥʠʟʦʪʨʦʧʥʳʡ ʜʚʫʤʝʨʥʳʡ ʨʦʩʪ ʜʝʥʜʨʠʪʦʚ, ʘ ʥʘ ʚʪʦʨʦʤ ʵʪʘʧʝ ʜʝʥʜʨʠʪʳ 

ʫʢʨʫʧʥʷʶʪʩʷ ʚ ʢʨʠʩʪʘʣʣʳ ʚ ʬʦʨʤʝ ʦʛʨʘʥʝʥʥʳʭ ʧʣʘʩʪʠʥʦʢ. ɺ ʧʨʦʮʝʩʩʝ ʨʦʩʪʘ 

ʢʨʠʩʪʘʣʣʳ ʦʨʠʝʥʪʠʨʦʚʘʥʳ ʨʘʟʚʠʪʦʡ ʛʨʘʥʴʶ ʦʪʥʦʩʠʪʝʣʴʥʦ ʧʦʚʝʨʭʥʦʩʪʠ ʧʦ 

ʦʪʥʦʰʝʥʠʶ ʢ ʧʣʦʩʢʦʩʪʠ ʧʣʝʥʢʠ ʞʠʜʢʦʩʪʠ ʠ ʜʦʩʪʠʛʘʶʪ ʧʦʧʝʨʝʯʥʳʭ ʨʘʟʤʝʨʦʚ ʚ 

ʥʝʩʢʦʣʴʢʦ ʩʦʪʝʥ ʤʢʤ. ɼʚʫʤʝʨʥʳʡ ʨʝʞʠʤ ʨʦʩʪʘ ʦʙʲʷʩʥʷʝʪʩʷ ʦʛʨʘʥʠʯʝʥʥʦʡ 

ʛʝʦʤʝʪʨʠʝʡ ʦʙʣʘʩʪʠ ʨʦʩʪʘ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʞʠʜʢʦʩʪʠ ʚ ʩʦʯʝʪʘʥʠʠ ʩ 

ʘʥʠʟʦʪʨʦʧʠʝʡ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʳ.  

ɺ [135] ʥʘ ʧʨʠʤʝʨʝ ʧʝʥʪʘʮʝʥʘ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʤʦʜʝʣʠ ʦʙʨʘʟʦʚʘʥʠʷ ʠ 

ʨʦʩʪʘ ʪʦʥʢʠʭ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʧʣʝʥʦʢ ʠ ʦʙʩʫʞʜʘʝʪʩʷ ʬʘʢʪʦʨ ʜʠʩʣʦʢʘʮʠʡ. 

ʇʨʦʚʝʜʝʥ ʘʥʘʣʠʟ ʚʣʠʷʥʠ ̫ʥʘ ʩʪʨʫʢʪʫʨʫ ʠ ʤʦʨʬʦʣʦʛʠʶ ʧʣʝʥʦʢ ʪʘʢʠʭ ʫʩʣʦʚʠʡ 

ʨʦʩʪʘ, ʢʘʢ ʧʨʠʨʦʜʘ ʠ ʪʝʤʧʝʨʘʪʫʨʘ ʧʦʜʣʦʞʢʠ, ʩʢʦʨʦʩʪʴ ʦʩʘʞʜʝʥʠʷ ʠ 

ʢʠʥʝʪʠʯʝʩʢʘʷ ʵʥʝʨʛʠʷ ʤʦʣʝʢʫʣʷʨʥʦʛʦ ʧʫʯʢʘ. ɿʘʩʣʫʞʠʚʘʝʪ ʚʥʠʤʘʥʠʷ 

ʧʨʠʚʝʜʸʥʥʘʷ ʚ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʜʠʘʛʨʘʤʤʘ ʚ ʢʦʦʨʜʠʥʘʪʘʭ çʪʝʤʧʝʨʘʪʫʨʘ ï 

ʩʢʦʨʦʩʪʴ ʦʩʘʞʜʝʥʠʷè, ʥʘ ʬʘʟʦʚʦʡ ʧʣʦʩʢʦʩʪʠ ʢʦʪʦʨʦʡ ʦʧʨʝʜʝʣʝʥʳ ʦʙʣʘʩʪʠ 

ʩʫʱʝʩʪʚʦʚʘʥʠʷ ʘʤʦʨʬʥʦʡ ʬʘʟʳ, ʦʜʥʦʬʘʟʥʦʛʦ ʧʦʩʣʦʡʥʦʛʦ ʨʦʩʪʘ 

ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʧʣʝʥʦʢ ʠ ʨʦʩʪʘ ʦʙʲʝʤʥʦʡ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʬʘʟʳ. 

ɸʜʘʧʪʘʮʠʷ ʢʣʘʩʩʠʯʝʩʢʦʡ ʤʠʢʨʦʩʢʦʧʠʯʝʩʢʦʡ ʪʝʦʨʠʠ ʟʘʨʦʜʳʰʝʦʙʨʘʟʦʚʘʥʠʷ 

ʜʣʷ ʵʧʠʪʘʢʩʠʘʣʴʥʦʛʦ ʨʦʩʪʘ ʥʝʦʨʛʘʥʠʯʝʩʢʠʭ ʤʘʪʝʨʠʘʣʦʚ ʙʳʣʘ ʧʨʦʚʝʜʝʥʘ ʚ 

ʨʘʙʦʪʝ [237] ʜʣʷ ʨʷʜʘ ʦʨʛʘʥʠʯʝʩʢʠʭ ʩʦʧʨʷʞʝʥʥʳʭ ʤʦʣʝʢʫʣ, ʩʨʝʜʠ ʢʦʪʦʨʳʭ 

ʪʝʪʨʘʮʝʥ ʠ ʧʝʥʪʘʮʝʥ, ʧʨʠ ʠʭ ʥʫʢʣʝʘʮʠʠ ʥʘ ʠʥʝʨʪʥʦʡ ʧʦʜʣʦʞʢʝ. ʇʘʨʘʤʝʪʨʳ, 

ʥʝʦʙʭʦʜʠʤʳʝ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʤʦʜʝʣʠ, ʙʳʣʠ ʨʘʩʩʯʠʪʘʥʳ ʩʦ ʩʪʘʥʜʘʨʪʥʳʤ 

ʩʠʣʦʚʳʤ ʧʦʣʝʤ MM3, ʘ ʪʘʢʞʝ ʚʢʣʶʯʘʶʪ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʦʧʨʝʜʝʣʝʥʥʳʝ 

ʜʘʥʥʳʝ ʦ ʜʘʚʣʝʥʠʠ ʧʘʨʦʚ ʠ ʨʦʩʪʝ ʧʣʝʥʢʠ. ʇʨʠ ʘʥʘʣʠʟʝ ʙʳʣʘ ʫʯʪʝʥʘ 



47 

 

ʘʥʠʟʦʪʨʦʧʥʘʷ ʬʦʨʤʘ ʧʣʦʩʢʦʛʦ ʟʘʨʦʜʳʰʘ ʢʨʠʩʪʘʣʣʘ, ʧʦʜʦʙʥʦʛʦ ʧʨʝʜʩʪʘʚʣʝʥʥʳʤ 

ʥʘ ʨʠʩʫʥʢʝ 1.12. ʉ ʪʦʯʢʠ ʟʨʝʥʠʷ ʧʨʝʜʣʦʞʝʥʥʦʡ ʪʝʦʨʠʠ ʙʳʣ ʠʟʫʯʝʥ ʨʦʩʪ 

ʧʝʥʪʘʮʝʥʘ ʠ ʪʝʪʨʘʮʝʥʘ ʥʘ ʠʥʝʨʪʥʳʭ ʧʦʜʣʦʞʢʘʭ, ʠ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥ ʧʝʨʝʭʦʜ ʦʪ 

ʜʚʫʤʝʨʥʦʛʦ ʢ ʪʨʝʭʤʝʨʥʦʤʫ ʟʘʨʦʜʳʰʝʦʙʨʘʟʦʚʘʥʠʶ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʚʥʝʰʥʠʭ 

ʫʩʣʦʚʠʡ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʪʨʝʭʤʝʨʥʦʝ ʟʘʨʦʜʳʰʝʦʙʨʘʟʦʚʘʥʠʝ ʧʨʠʚʦʜʠʪ ʢ ʧʣʦʭʦ 

ʩʚʷʟʘʥʥʳʤ ʟʝʨʥʘʤ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʧʨʠ ʜʚʫʤʝʨʥʦʤ ʟʘʨʦʜʳʰʝʦʙʨʘʟʦʚʘʥʠʠ ʟʝʨʥʘ 

ʦʙʨʘʟʫʶʪ ʩʧʣʦʰʥʳʝ ʧʣʝʥʢʠ, ʧʨʠʛʦʜʥʳʝ ʜʣʷ ʧʝʨʝʥʦʩʘ ʟʘʨʷʜʘ. ʀʩʩʣʝʜʦʚʘʥʦ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʤʦʣʝʢʫʣ ʚ ʙʣʠʞʘʡʰʠʭ ʩʣʦʷʭ ʠ ʤʘʪʝʨʠʘʣʦʤ ʧʦʜʣʦʞʢʠ, ʘ ʪʘʢʞʝ 

ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥʦ ʚʣʠʷʥʠʝ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʬʘʢʪʦʨʘ ʠ ʩʢʦʨʦʩʪʠ ʦʩʘʞʜʝʥʠʷ, ʚ 

ʨʝʟʫʣʴʪʘʪʝ ʯʝʛʦ ʙʳʣʠ ʩʜʝʣʘʥʳ ʚʳʚʦʜʳ ʦʙ ʫʩʣʦʚʠʷʭ ʬʦʨʤʠʨʦʚʘʥʠʷ ʜʚʫʤʝʨʥʳʭ 

ʟʝʨʝʥ. 

ʇʨʝʜʩʪʘʚʣʝʥʥʳʝ ʚ ʦʙʟʦʨʝ ʨʘʙʦʪʳ ʚ ʦʩʥʦʚʥʦʤ ʧʦʩʚʷʱʝʥʳ ʠʩʩʣʝʜʦʚʘʥʠʷʤ 

ʥʘʠʙʦʣʝʝ ʜʦʩʪʫʧʥʳʭ ʠ ʥʝʜʦʨʦʛʠʭ ʤʘʪʝʨʠʘʣʦʚ ï ʥʘʬʪʘʣʠʥʘ ʠ ʘʥʪʨʘʮʝʥʘ. ɼʣʷ 

ʜʠʬʝʥʠʣʘ ʠ ʧʘʨʘ-ʪʝʨʬʝʥʠʣʘ, ʪʘʢʞʝ ʥʘʠʙʦʣʝʝ ʜʦʩʪʫʧʥʳʭ ʚʝʱʝʩʪʚ ʠʟ ʨʷʜʘ 

ʦʣʠʛʦʬʝʥʠʣʝʥʦʚ, ʨʘʙʦʪ ʧʦ ʥʫʢʣʝʘʮʠʠ, ʢ ʩʦʞʘʣʝʥʠʶ, ʥʝ ʦʙʥʘʨʫʞʝʥʦ.  

ɼʣʷ ʪʝʪʨʘʮʝʥʘ, ʧʝʥʪʘʮʝʥʘ ʠ ʧʘʨʘ-ʩʝʢʩʠʬʝʥʠʣʘ, ʧʨʝʜʩʪʘʚʣʷʶʱʠʭ ʠʥʪʝʨʝʩ ʩ 

ʪʦʯʢʠ ʟʨʝʥʠʷ ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚʳʭ ʠ ʣʶʤʠʥʝʩʮʝʥʪʥʳʭ ʩʚʦʡʩʪʚ, ʠʤʝʝʪʩʷ ʨʷʜ 

ʨʘʙʦʪ ʧʦ ʠʩʩʣʝʜʦʚʘʥʠʶ ʦʙʨʘʟʦʚʘʥʠʷ ʠ ʨʦʩʪʘ ʢʨʠʩʪʘʣʣʦʚ ʥʘ ʧʦʜʣʦʞʢʘʭ ʧʨʠ 

ʦʩʘʞʜʝʥʠʠ ʠʟ ʧʘʨʦʚʦʡ ʬʘʟʳ [135,237ï240] ʚ ʩʚʷʟʠ ʩ ʟʘʜʘʯʘʤʠ ʨʘʟʨʘʙʦʪʢʠ 

ʦʧʪʦʵʣʝʢʪʨʦʥʥʳʭ ʫʩʪʨʦʡʩʪʚ ï ʩʚʝʪʦʜʠʦʜʦʚ, ʧʦʣʝʚʳʭ ʠ ʩʚʝʪʦʠʟʣʫʯʘʶʱʠʭ 

ʪʨʘʥʟʠʩʪʦʨʦʚ. 

ɺʳʚʦʜʳ ʢ ʛʣʘʚʝ 1 

ɸʥʘʣʠʟ ʣʠʪʝʨʘʪʫʨʥʳʭ ʜʘʥʥʳʭ ʧʦʢʘʟʘʣ, ʯʪʦ ʨʦʩʪ ʢʨʠʩʪʘʣʣʦʚ ʠʟ ʨʘʩʪʚʦʨʦʚ 

ʥʠʟʰʠʭ ʛʦʤʦʣʦʛʦʚ ʘʮʝʥʦʚ ʠ ʦʣʠʛʦʬʝʥʠʣʝʥʦʚ (n=2õ3) ʝʱʸ ʩʣʘʙʦ ʠʟʫʯʝʥ, ʘ ʜʣʷ 

ʚʳʩʰʠʭ ʛʦʤʦʣʦʛʦʚ (n Ó 4) ʠ ʚʦʚʩʝ ʥʝ ʠʩʩʣʝʜʦʚʘʥ. ʄʦʞʥʦ ʦʪʤʝʪʠʪʴ ʥʝʢʦʪʦʨʦʝ 

ʢʦʣʠʯʝʩʪʚʦ ʧʫʙʣʠʢʘʮʠʡ ʦ ʚʳʨʘʱʠʚʘʥʠʠ ʤʝʪʦʜʦʤ ʧʘʨʦʚʦʛʦ ʬʠʟʠʯʝʩʢʦʛʦ 

ʪʨʘʥʩʧʦʨʪʘ ʤʦʥʦʢʨʠʩʪʘʣʣʦʚ ʣʠʥʝʡʥʳʭ ʘʮʝʥʦʚ (ʘʥʪʨʘʮʝʥ, ʪʝʪʨʘʮʝʥ, ʧʝʥʪʘʮʝʥ), 

ʦʜʥʘʢʦ ʜʣʷ ʦʣʠʛʦʬʝʥʠʣʝʥʦʚ ʧʦʜʦʙʥʳʝ ʩʚʝʜʝʥʠʷ ʥʝ ʦʙʥʘʨʫʞʝʥʳ. 

ʄʦʥʦʢʨʠʩʪʘʣʣʳ ʥʠʟʰʠʭ ʛʦʤʦʣʦʛʦʚ ʷʚʣʷʶʪʩʷ ʵʬʬʝʢʪʠʚʥʳʤʠ 

ʩʮʠʥʪʠʣʣʷʪʦʨʘʤʠ (ʦʩʦʙʝʥʥʦ ʧʘʨʘ-ʪʝʨʬʝʥʠʣ ʠ ʘʥʪʨʘʮʝʥ). ʋʯʠʪʳʚʘʷ ʠʭ ʭʦʨʦʰʫʶ 
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ʨʘʩʪʚʦʨʠʤʦʩʪʴ ʚ ʩʪʘʥʜʘʨʪʥʳʭ ʦʨʛʘʥʠʯʝʩʢʠʭ ʨʘʩʪʚʦʨʠʪʝʣʷʭ (ʪʦʣʫʦʣ, ʢʩʠʣʦʣʳ ʠ 

ʜʨ.), ʜʦʩʪʫʧʥʦʩʪʴ ʧʦ ʩʪʦʠʤʦʩʪʠ ʠ ʪʨʝʙʫʝʤʦʤʫ ʦʙʲʝʤʫ, ʠʩʩʣʝʜʦʚʘʥʠʝ ʨʦʩʪʘ 

ʢʨʠʩʪʘʣʣʦʚ ʠʟ ʨʘʩʪʚʦʨʦʚ ʧʨʝʜʩʪʘʚʣʷʝʪ ʙʦʣʴʰʦʡ ʠʥʪʝʨʝʩ, ʧʦʩʢʦʣʴʢʫ 

ʬʦʨʤʠʨʫʝʤʳʝ ʠʟ ʨʘʩʪʚʦʨʘ ʢʨʠʩʪʘʣʣʳ, ʚ ʩʨʘʚʥʝʥʠʠ ʩ ʚʳʨʘʱʝʥʥʳʤʠ 

ʨʘʩʧʣʘʚʥʳʤʠ ʩʧʦʩʦʙʘʤ, ʦʙʣʘʜʘʶʪ ʙʦʣʴʰʝʡ ʧʨʦʟʨʘʯʥʦʩʪʴʶ ʢ ʩʦʙʩʪʚʝʥʥʦʤʫ 

ʠʟʣʫʯʝʥʠʶ ʠ ʠʤʝʶʪ ʦʛʨʘʥʢʫ, ʙʣʘʛʦʜʘʨʷ ʢʦʪʦʨʦʡ ʠʭ ʤʦʞʥʦ ʣʝʛʢʦ 

ʩʦʨʠʝʥʪʠʨʦʚʘʪʴ ʧʨʠ ʨʘʟʨʘʙʦʪʢʝ ʩʮʠʥʪʠʣʣʷʮʠʦʥʥʳʭ ʜʝʪʝʢʪʦʨʦʚ. 

ʈʘʟʚʠʪʠʝ ʧʘʨʦʚʳʭ ʤʝʪʦʜʦʚ ʚʳʨʘʱʠʚʘʥʠʷ ʤʦʥʦʢʨʠʩʪʘʣʣʦʚ ʩʘʥʪʠʤʝʪʨʦʚʦʛʦ 

ʤʘʩʰʪʘʙʘ ʷʚʣʷʝʪʩʷ ʘʢʪʫʘʣʴʥʦʡ ʟʘʜʘʯʝʡ ʜʣʷ ʧʣʦʭʦ ʨʘʩʪʚʦʨʠʤʳʭ ʚʝʱʝʩʪʚ, ʢ 

ʢʦʪʦʨʳʤ ʦʪʥʦʩʷʪʩʷ ʚʳʩʰʠʝ ʛʦʤʦʣʦʛʠ ʠʩʩʣʝʜʫʝʤʳʭ ʩʦʝʜʠʥʝʥʠʡ (n Ó 4) ʧʦ 

ʧʨʠʯʠʥʝ ʠʭ ʫʥʠʢʘʣʴʥʦʩʪʠ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚʳʭ (ʘʮʝʥʳ) ʠ 

ʩʧʝʢʪʨʘʣʴʥʦ-ʣʶʤʠʥʝʩʮʝʥʪʥʳʭ ʩʚʦʡʩʪʚ (ʦʣʠʛʦʬʝʥʠʣʝʥʳ). ʆʩʦʙʳʡ ʠʥʪʝʨʝʩ 

ʧʨʝʜʩʪʘʚʣʷʶʪ ʢʨʠʩʪʘʣʣʳ ʚʳʩʰʠʭ ʦʣʠʛʦʬʝʥʠʣʝʥʦʚ, ʢʘʢ ʚʳʩʦʢʦʩʪʘʙʠʣʴʥʳʝ 

ʩʠʥʠʝ ʠʟʣʫʯʘʪʝʣʠ ʩ ʚʳʩʦʢʦʡ ʚʥʝʰʥʝʡ ʢʚʘʥʪʦʚʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʴʶ ʠ ʥʘʣʠʯʠʝʤ 

ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚʳʭ ʩʚʦʡʩʪʚ, ʚʤʝʩʪʝ ʩ ʪʝʤ ʦʥʠ ʥʝʜʦʩʪʘʪʦʯʥʦ ʠʟʫʯʝʥʳ ʚ ʩʚʷʟʠ ʩ 

ʪʨʫʜʥʦʩʪʴʶ ʧʦʣʫʯʝʥʠʷ ʤʦʥʦʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʦʙʨʘʟʮʦʚ. 

ʉʪʦʠʪ ʫʢʘʟʘʪʴ ʥʘ ʩʣʘʙʦʠʟʫʯʝʥʥʳʡ ʘʩʧʝʢʪ ʚʟʘʠʤʦʩʚʷʟʠ ʤʝʞʜʫ 

ʢʦʥʬʦʨʤʘʮʠʦʥʥʦʡ ʛʠʙʢʦʩʪʴʶ ʤʦʣʝʢʫʣ ʣʠʥʝʡʥʳʭ ʦʣʠʛʦʬʝʥʠʣʝʥʦʚ ʠ ʥʘʣʠʯʠʝʤ 

ʥʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʧʦʣʠʤʦʨʬʠʟʤʘ ʚ ʩʚʷʟʠ ʩ ʥʝʜʦʩʪʘʪʢʦʤ ʜʦʩʪʦʚʝʨʥʳʭ 

ʩʪʨʫʢʪʫʨʥʳʭ ʜʘʥʥʳʭ. ʇʨʠ ʵʪʦʤ ʦʪʤʝʪʠʤ, ʯʪʦ ʜʣʷ ʘʮʝʥʦʚ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʭʩʷ 

ʞʝʩʪʢʦʡ ʤʦʣʝʢʫʣʷʨʥʦʡ ʬʦʨʤʦʡ, ʧʨʠ ʥʠʟʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ ʧʦʣʠʤʦʨʬʥʳʝ 

ʧʝʨʝʭʦʜʳ ʥʝ ʥʘʙʣʶʜʘʶʪʩʷ. 

ʄʦʣʝʢʫʣʳ ʣʠʥʝʡʥʳʭ ʘʮʝʥʦʚ ʠ ʦʣʠʛʦʬʝʥʠʣʝʥʦʚ ʦʙʣʘʜʘʶʪ ʩʨʘʚʥʠʪʝʣʴʥʦ 

ʧʨʦʩʪʦʡ ʩʠʤʤʝʪʨʠʯʥʦʡ ʬʦʨʤʦʡ (D2h) ʠ ʧʨʝʜʩʪʘʚʣʷʶʪ ʠʥʪʝʨʝʩ ʜʣʷ 

ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʢʘʢ ʧʘʨʥʳʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ ʦʪʜʝʣʴʥʳʭ ʤʦʣʝʢʫʣ, ʪʘʢ ʠ 

ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʩʚʦʡʩʪʚ ʢʨʠʩʪʘʣʣʦʚ. ɺ ʵʪʦʡ ʩʚʷʟʠ ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʝ ʚʝʱʝʩʪʚʘ 

ʷʚʣʷʶʪʩʷ ʫʜʦʙʥʳʤʠ ʦʙʲʝʢʪʘʤʠ ʠʩʩʣʝʜʦʚʘʥʠʷ ʠ ʧʨʝʜʩʪʘʚʣʷʶʪ ʙʦʣʴʰʦʡ ʠʥʪʝʨʝʩ 

ʜʣʷ ʨʘʟʚʠʪʠʷ ʧʨʝʜʩʪʘʚʣʝʥʠʡ ʦ ʥʘʯʘʣʴʥʦʤ ʵʪʘʧʝ ʬʦʨʤʠʨʦʚʘʥʠʷ ʢʨʠʩʪʘʣʣʦʚ - 

ʟʘʨʦʜʳʰʝʦʙʨʘʟʦʚʘʥʠʠ.  
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ɻʃɸɺɸ 2. ʄɸʊɽʈʀɸʃʓ ʀ ʄɽʊʆɼʓ ʀʉʉʃɽɼʆɺɸʅʀʗ 

2.1. ʄʘʪʝʨʠʘʣʳ 

ʃʠʥʝʡʥʳʝ ʘʮʝʥʳ ʠ ʦʣʠʛʦʬʝʥʠʣʝʥʳ. ɺ ʪʘʙʣʠʮʝ 2.1 ʧʨʝʜʩʪʘʚʣʝʥʳ ʭʠʤʠʯʝʩʢʠʝ 

ʩʪʨʫʢʪʫʨʥʳʝ ʬʦʨʤʫʣʳ ʠʩʩʣʝʜʫʝʤʳʭ ʩʦʝʜʠʥʝʥʠʡ, ʘ ʥʠʞʝ ʠʭ ʦʙʱʝʧʨʠʥʷʪʳʝ 

ʥʘʟʚʘʥʠʷ ʥʘ ʨʫʩʩʢʦʤ ʠ ʘʥʛʣʠʡʩʢʦʤ ʷʟʳʢʘʭ, ʭʠʤʠʯʝʩʢʠʝ ʬʦʨʤʫʣʳ, ʢʚʘʣʠʬʠʢʘʮʠʷ 

ʠ ʠʩʪʦʯʥʠʢʠ ʧʦʩʪʘʚʢʠ. 

ʊʘʙʣʠʮʘ 2.1 - ʍʠʤʠʯʝʩʢʠʝ ʩʪʨʫʢʪʫʨʥʳʝ ʬʦʨʤʫʣʳ ʠʩʩʣʝʜʫʝʤʳʭ ʣʠʥʝʡʥʳʭ ʤʦʣʝʢʫʣ ʠ ʠʭ 

ʩʦʢʨʘʱʝʥʥʳʝ ʦʙʦʟʥʘʯʝʥʠʷ 

n ɸʮʝʥʳ (nA),  

ʤʦʣʷʨʥʳʡ ʚʝʩ (ʛ/ʤʦʣʴ) 

ʆʣʠʛʦʬʝʥʠʣʝʥʳ (nP),  

ʤʦʣʷʨʥʳʡ ʚʝʩ (ʛ/ʤʦʣʴ) 

2 ʥʘʬʪʘʣʠʥ (2A), 128,17 

 

ʜʠʬʝʥʠʣ (2P), 154,21 

 

3 ʘʥʪʨʘʮʝʥ (3A), 178,23 

 

ʧʘʨʘ-ʪʝʨʬʝʥʠʣ (3P), 230,31 

 
4 ʪʝʪʨʘʮʝʥ (4A), 228,29 

 

ʧʘʨʘ-ʢʚʘʪʝʨʬʝʥʠʣ (4P), 306,41 

 
5 ʧʝʥʪʘʮʝʥ (5A), 278,35 

 

ʧʘʨʘ-ʢʚʠʥʢʠʬʝʥʠʣ (5P), 382,51 

 
6 

- 
ʧʘʨʘ-ʩʝʢʩʠʬʝʥʠʣ (6P), 458,60 

 
ʉʠʤʤʝʪʨʠʷ 

ʤʦʣʝʢʫʣʳ 
D2h D2h  ʠ C1 

ʅʘʬʪʘʣʠʥ (2ɸ) - C10H8, naphthalene (CAS Number 91-20-3), 99% (Sigma-Aldrich, 

ʉʐɸ). 

ɸʥʪʨʘʮʝʥ (3ɸ) - C14H10, anthracene (CAS Number 120-12-7) REAGENTPLUS, 

99% (Sigma-Aldrich, ʉʐɸ). 

ʊʝʪʨʘʮʝʥ (4ɸ) - C18H12, 2,3-benzanthracene (CAS Number 92-24-0), 98% (Sigma-

Aldrich, ʉʐɸ);  

ʇʝʥʪʘʮʝʥ (5ɸ) - C22H14, pentacene (CAS Number 135-48-8), triple-sublimed grade 

Ó 99.995% trace metals basis, (Sigma-Aldrich, ʉʐɸ). 



50 

 

ɼʠʬʝʥʠʣ (2P) - C12H10 (CAS Number 92-52-4), Ó99%, (Sigma-Aldrich, ʉʐɸ). 

ʧʘʨʘ-ʊʝʨʬʝʥʠʣ (3P) - C18H14, (CAS Number 92-94-4), Ó99%, (Sigma-Aldrich, 

ʉʐɸ). 

ʧʘʨʘ-ʂʚʘʪʝʨʬʝʥʠʣ (4P) - C24H18, (CAS Number 135-70-6), ʩʠʥʪʝʟ ʠ ʥʘʨʘʙʦʪʢʘ 

ʦʩʫʱʝʩʪʚʣʝʥʳ ʚ ʀʉʇʄ ʈɸʅ [22]. 

ʧʘʨʘ-ʂʚʠʥʢʠʬʝʥʠʣ (5P) - C30H22, (CAS Number 3073-05-0), ʩʠʥʪʝʟ ʠ ʥʘʨʘʙʦʪʢʘ 

ʦʩʫʱʝʩʪʚʣʝʥʳ ʚ ʀʉʇʄ ʈɸʅ [A5]. 

ʧʘʨʘ-ʉʝʢʩʠʬʝʥʠʣ (6P) - C36H26, (CAS Number 4499-83-6), ʩʠʥʪʝʟ ʠ ʥʘʨʘʙʦʪʢʘ 

ʦʩʫʱʝʩʪʚʣʝʥʳ ʚ ʀʉʇʄ ʈɸʅ [A6]. 

ʈʘʩʪʚʦʨʠʪʝʣʠ. ɼʣʷ ʚʳʨʘʱʠʚʘʥʠʷ ʢʨʠʩʪʘʣʣʦʚ ʠʩʧʦʣʴʟʦʚʘʥʳ ʩʣʝʜʫʶʱʠʝ 

ʨʘʩʪʚʦʨʠʪʝʣʠ: 

ʘʮʝʪʦʥ - C3H6O, ʏɼɸ (CAS Number 67-64-1) (ʕʂʆʉ-1, ʈʦʩʩʠʷ); 

ʙʝʥʟʠʣʦʚʳʡ ʩʧʠʨʪ - C7H8O (ʏɼɸ) (CAS Number 100-51-6) (ʕʂʆʉ-1, ʈʦʩʩʠʷ); 

ʙʝʥʟʦʣ - C6H6, ʏɼɸ (CAS Number 71-43-2) (ʕʂʆʉ-1, ʈʦʩʩʠʷ); 

ʪʦʣʫʦʣ - ʉ7ʅ8, ʆʉʏ (CAS Number 108-88-3) (ʕʂʆʉ-1, ʈʦʩʩʠʷ); 

1,2,4-ʪʨʠʭʣʦʨʙʝʥʟʦʣ (3ʍɹ) - ʉ6H3Cl3, ʯʠʩʪʳʡ 99%, (CAS Number 120-8-1) (Acros 

Organics, ʂʠʪʘʡ); 

ʥ-ʛʝʢʩʘʥ - C6H14, ʆʉʏ (CAS Number 110-54-3) (ʕʂʆʉ-1, ʈʦʩʩʠʷ); 

ʭʣʦʨʙʝʥʟʦʣ (ʍɹ) - ʉ6H5Cl, ʆʉʏ (CAS Number 110-54-3) (ʕʂʆʉ-1, ʈʦʩʩʠʷ); 

ʤʝʪʘʥʦʣ - ʉʅ3OH, ʆʉʏ (CAS Number 67-56-1) (ʍʠʤʤʝʜ, ʈʦʩʩʠʷ); 

ʪɻʘʥʦʣ - ʉ2ʅ5OH, ʪɻʠʣʦʚʳʡ ʩʧʠʨʪ ʏɼɸ (CAS Number 64-17-5) (ʍʠʤʤʝʜ, 

ʈʦʩʩʠʷ); 

ʠʟʦʧʨʦʧʘʥʦʣ - ʉ3ʅ7OH, ʠʟʦʧʨʦʧʠʣʦʚʳʡ ʩʧʠʨʪ ʆʉʏ (CAS Number 67-63-0) 

(ʕʂʆʉ-1, ʈʦʩʩʠʷ); 

ʙʫʪʘʥʦʣ 1 - ʉ4ʅ9OH, ʥ-ʙʫʪʠʣʦʚʳʡ ʩʧʠʨʪ ʏɼɸ (CAS Number 71-36-3) (ʕʂʆʉ-1, 

ʈʦʩʩʠʷ); 

ʃʠʪʝʨʘʪʫʨʥʳʝ ʩʚʝʜʝʥʠʷ ʧʦ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʤ ʩʚʦʡʩʪʚʘʤ ʠʩʧʦʣʴʟʫʝʤʳʭ 

ʨʘʩʪʚʦʨʠʪʝʣʝʡ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʘʙʠʮʝ. ɸ1 ʚ ʇʨʠʣʦʞʝʥʠʠ. 
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ɻʘʟʳ. ɼʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʨʦʮʝʩʩʦʚ ʨʦʩʪʘ ʤʝʪʦʜʘʤʠ ʧʘʨʦʚʦʛʦ ʬʠʟʠʯʝʩʢʦʛʦ 

ʪʨʘʥʩʧʦʨʪʘ ʚ ʢʘʯʝʩʪʚʝ ʛʘʟʦʚ-ʥʦʩʠʪʝʣʝʡ, ʠʥʝʨʪʥʳʭ ʢ ʢʨʠʩʪʘʣʣʠʟʫʝʤʦʤʫ 

ʚʝʱʝʩʪʚʫ, ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʩʣʝʜʫʶʱʠʝ: 

- ʘʟʦʪ (N2) ʚʳʩʦʢʦʡ ʯʠʩʪʦʪʳ ʤʘʨʢʠ 6.0, ʦʙʲʸʤʥʘʷ ʜʦʣʷ ʥʝ ʤʝʥʝʝ 99,9999%, (ʅʀʀ 

ʂʄ, ʈʦʩʩʠʷ); 

- ʘʨʛʦʥ (Ar) ʛʘʟʦʦʙʨʘʟʥʳʡ ʚʳʩʦʢʦʡ ʯʠʩʪʦʪʳ ʤʘʨʢʠ 5.5, ʦʙʲʸʤʥʘʷ ʜʦʣʷ ʥʝ ʤʝʥʝʝ 

99,9995%, (ʅʀʀ ʂʄ, ʈʦʩʩʠʷ); 

- ʛʘʟʦʚʘʷ ʩʤʝʩʴ çʘʨʛʦʥ (ʤʘʨʢʠ 5.5) + 5% ʚʦʜʦʨʦʜʘ (ʤʘʨʢʠ 6)è, (ʅʀʀ ʂʄ, 

ʈʦʩʩʠʷ). 

2.2. ɼʠʬʬʝʨʝʥʮʠʘʣʴʥʦ-ʩʢʘʥʠʨʫʶʱʘʷ ʢʘʣʦʨʠʤʝʪʨʠʷ ʠ 

ʪʝʨʤʦʛʨʘʚʠʤʝʪʨʠʷ 

ʊʝʧʣʦʚʳʝ ʩʚʦʡʩʪʚʘ ʚʝʱʝʩʪʚ ʠʩʩʣʝʜʦʚʘʣʠ ʤʝʪʦʜʘʤʠ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦ-

ʩʢʘʥʠʨʫʶʱʝʡ ʢʘʣʦʨʠʤʝʪʨʠʠ (ɼʉʂ) ʠ ʪʝʨʤʦʛʨʘʚʠʤʝʪʨʠʠ (ʊɻɸ) ʚ ʨʝʞʠʤʝ 

ʩʠʥʭʨʦʥʥʦʛʦ ʪʝʨʤʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ ʥʘ ʪʝʨʤʦ-ʘʥʘʣʠʪʠʯʝʩʢʦʤ ʢʦʤʧʣʝʢʩʝ Jupiter 

STA 449 F1 (Netzsch, ɻʝʨʤʘʥʠʷ). ʆʜʥʦʚʨʝʤʝʥʥʦ ʠʟʤʝʨʷʣʠ ʪʝʧʣʦʚʦʡ ʧʦʪʦʢ 

(ɼʉʂ) ʠ ʧʦʪʝʨʶ ʤʘʩʩʳ (ʊɻɸ). ʕʢʩʧʝʨʠʤʝʥʪʳ ʧʨʦʚʦʜʠʣʠ ʥʘ ʦʙʨʘʟʮʘʭ 

ʧʦʣʠʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʧʦʨʦʰʢʦʚ ʚ ʧʦʪʦʢʝ ʩʫʭʦʛʦ ʘʨʛʦʥʘ ʠʣʠ ʘʟʦʪʘ (70 ʤʣ/ʤʠʥ). 

ɺ ʭʦʜʝ ʠʟʫʯʝʥʠʷ ʪʝʧʣʦʚʳʭ ʩʚʦʡʩʪʚ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʪʝʤʧʝʨʘʪʫʨʥʳʝ ʧʨʦʛʨʘʤʤʳ ʩ 

ʨʘʟʣʠʯʥʳʤʠ ʩʢʦʨʦʩʪʷʤʠ ʥʘʛʨʝʚʘ/ʦʭʣʘʞʜʝʥʠʷ ʦʙʨʘʟʮʘ. ʂʘʣʠʙʨʦʚʢʘ 

ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ ʧʦ ʪʝʧʣʦʪʝ ʧʨʦʚʝʜʝʥʘ ʠʟʤʝʨʝʥʠʝʤ ʦʙʨʘʟʮʘ 

ʤʦʥʦʢʨʠʩʪʘʣʣʠʯʝʩʢʦʛʦ ʩʘʧʬʠʨʘ ʠ ʧʦʩʣʝʜʫʶʱʝʛʦ ʨʘʩʯʝʪʘ ʢʨʠʚʦʡ 

ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ ʩʠʩʪʝʤʳ. ɼʣʷ ʧʨʝʜʦʪʚʨʘʱʝʥʠʷ ʠʥʪʝʥʩʠʚʥʦʡ ʚʦʟʛʦʥʢʠ 

ʦʙʨʘʟʮʳ ʥʘʢʨʳʚʘʣʠ ʩʘʧʬʠʨʦʚʳʤ ʩʪʝʢʣʦʤ, ʯʪʦ ʫʤʝʥʴʰʘʣʦ ʧʦʪʝʨʶ ʤʘʩʩʳ ʟʘ ʩʯʸʪ 

ʚʦʟʛʦʥʢʠ ʚ ʧʨʦʮʝʩʩʝ ʧʣʘʚʣʝʥʠʷ ʜʦ 1-3%. ʉ ʮʝʣʴʶ ʫʩʪʨʘʥʝʥʠʷ ʧʦʪʝʨʠ ʤʘʩʩ r

ʚʝʱʝʩʪʚʘ ʧʨʠ ʪʝʨʤʦʮʠʢʣʠʨʦʚʘʥʠʠ ʪʘʢʞʝ ʠʩʧʦʣʴʟʦʚʘʣʠ ʢʦʤʤʝʨʯʝʩʢʠʝ 

ʛʝʨʤʝʪʠʯʥʳʝ ʘʣʶʤʠʥʠʝʚʳʝ ʪʠʛʣʠ (Netzsch, ɻʝʨʤʘʥʠʷ). ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ 

ʜʘʥʥʳʝ ʦʙʨʘʙʘʪʳʚʘʣʠ ʩ ʧʦʤʦʱʴʶ ʧʘʢʝʪʘ ʘʥʘʣʠʟʘ NETZSCH Proteus Thermal 

Analysis. 
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2.3. ʆʧʨʝʜʝʣʝʥʠʝ ʨʘʩʪʚʦʨʠʤʦʩʪʠ ʣʠʥʝʡʥʳʭ ʦʣʠʛʦʤʝʨʦʚ 

ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʨʘʩʪʚʦʨʠʤʦʩʪʴ ʚ ʙʝʥʟʦʣʝ ʠ ʪʦʣʫʦʣʝ ʧʨʠ 20Áʉ ʜʣʷ 

ʘʥʪʨʘʮʝʥʘ ʠ ʪʝʪʨʘʮʝʥʘ ʙʳʣʘ ʦʧʨʝʜʝʣʝʥʘ ʤʝʪʦʜʦʤ ʦʧʨʝʜʝʣʝʥʠʷ ʜʦʣʠ ʩʫʭʦʛʦ 

ʦʩʘʜʢʘ ʧʨʠ ʦʩʫʰʝʥʠʠ ʥʘʩʳʱʝʥʥʦʛʦ ʨʘʩʪʚʦʨʘ. ɺʝʩ ʨʘʩʪʚʦʨʦʚ ʠ ʩʫʭʦʛʦ ʦʩʪʘʪʢʘ 

ʦʧʨʝʜʝʣʷʣʠ ʥʘ ʘʥʘʣʠʪʠʯʝʩʢʠʭ ʚʝʩʘʭ AUW-220D (çShimadzuè, ʗʧʦʥʠʷ) ʩ 

ʧʨʝʜʝʣʦʤ ʜʦʧʫʩʪʠʤʦʡ ʧʦʛʨʝʰʥʦʩʪʠ Ñ0.1 ʤʛ (ʢʣʘʩʩ ʪʦʯʥʦʩʪʠ ʧʦ ɻʆʉʊ 24104 - I). 

ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʢʦʥʮʝʥʪʨʘʮʠʠ ʥʘʩʳʱʝʥʥʦʛʦ ʨʘʩʪʚʦʨʘ ʧʘʨʘ-ʢʚʘʪʝʨʬʝʥʠʣʘ 

ʚ ʪʦʣʫʦʣʝ ʙʳʣ ʧʨʠʤʝʥʝʥ ʤʝʪʦʜ ʩʨʘʚʥʝʥʠʷ ʦʧʪʠʯʝʩʢʠʭ ʧʣʦʪʥʦʩʪʝʡ ʵʪʘʣʦʥʥʳʭ ʠ 

ʠʩʩʣʝʜʫʝʤʳʭ ʨʘʩʪʚʦʨʦʚ [A2]. ʉʧʝʢʪʨʳ ʧʦʛʣʦʱʝʥʠʷ ʨʘʩʪʚʦʨʦʚ 4P ʚ ʪʦʣʫʦʣʝ 

ʠʟʤʝʨʷʣʠ ʥʘ ʘʚʪʦʤʘʪʠʯʝʩʢʦʤ ʜʚʫʣʫʯʝʚʦʤ ʩʧʝʢʪʨʦʬʦʪʦʤʝʪʨʝ Cary 300 UV-Vis ʚ 

ʜʠʘʧʘʟʦʥʝ ʜʣʠʥ ʚʦʣʥ 250ï450 ʥʤ ʩʦ ʩʢʦʨʦʩʪʴʶ 300 ʥʤ/ʤʠʥ. ʇʨʠ ʠʟʤʝʨʝʥʠʠ 

ʩʧʝʢʪʨʦʚ ʨʘʩʪʚʦʨʦʚ ʪʦʣʫʦʣʘ ʠʩʧʦʣʴʟʦʚʘʣʠ ʩʪʘʥʜʘʨʪʥʳʝ ʢʚʘʨʮʝʚʳʝ ʢʶʚʝʪʳ ʩ 

ʚʥʫʪʨʝʥʥʝʡ ʰʠʨʠʥʦʡ 1 ʤʤ ʚʜʦʣʴ ʭʦʜʘ ʣʫʯʘ ʩʧʝʢʪʨʦʬʦʪʦʤʝʪʨʘ. ɺʟʚʝʰʠʚʘʥʠʝ 

ʥʘʚʝʩʦʢ ʜʣʷ ʨʘʩʪʚʦʨʦʚ ʧʨʦʠʟʚʦʜʠʣʠ ʥʘ ʘʥʘʣʠʪʠʯʝʩʢʠʭ ʚʝʩʘʭ AUW-220D. 

ʈʘʩʪʚʦʨʳ ʛʦʪʦʚʠʣʠ ʚ ʩʪʝʢʣʷʥʥʳʭ ʬʣʘʢʦʥʘʭ ʩ ʟʘʜʘʥʥʦʡ ʢʦʥʮʝʥʪʨʘʮʠʝʡ ʚ 

ʧʝʨʝʨʘʩʯʝʪʝ ʥʘ 40 ʤʣ ʪʦʣʫʦʣʘ ʩ ʧʦʤʦʱʴʶ ʫʣʴʪʨʘʟʚʫʢʦʚʦʡ ʚʘʥʥʳ ʇʉɹ-2835-05, 

ʧʦʩʣʝ ʯʝʛʦ ʠʭ ʚʳʜʝʨʞʠʚʘʣʠ ʚ ʪʝʯʝʥʠʝ ʩʫʪʦʢ ʚ ʪʝʨʤʦʩʪʘʪʝ ʧʨʠ 25Áʉ. ɼʣʷ 4ʈ 

ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʨʘʩʪʚʦʨʳ ʩʣʝʜʫʶʱʠʭ ʢʦʥʮʝʥʪʨʘʮʠʡ (ʤʛ/ʣ): 50; 75; 100; 125; 

150; 175; 200; 250 (ʥʘʙʣʶʜʘʣʦʩʴ ʚʳʧʘʜʝʥʠʝ ʦʩʘʜʢʘ).  

ʆʩʥʦʚʦʡ ʪʝʦʨʝʪʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʬʘʟʦʚʳʭ ʨʘʚʥʦʚʝʩʠʡ ʪʚʝʨʜʦʝ ʪʝʣʦ ï 

ʞʠʜʢʦʩʪʴ ʷʚʣʷʝʪʩʷ ʘʥʘʣʠʟ ʠʟʤʝʥʝʥʠʷ ʩʚʦʙʦʜʥʦʡ ʵʥʝʨʛʠʠ ɻʠʙʙʩʘ ȹG. ɼʣʷ 

ʜʚʫʭʢʦʤʧʦʥʝʥʪʥʳʭ ʩʠʩʪʝʤ: 

1 1 2 2G X G X GD = D + D,     (2.1) 

ʛʜʝ ȹG1 ʠ ȹG2, X1 ʠ X2 - ʧʘʨʮʠʘʣʴʥʳʝ ʠʟʤʝʥʝʥʠʷ ʵʥʝʨʛʠʠ ɻʠʙʙʩʘ ʨʘʩʪʚʦʨʠʪʝʣʷ ʠ 

ʨʘʩʪʚʦʨʠʤʦʛʦ ʠ ʠʭ ʤʦʣʷʨʥʳʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ (X2 = 1- X1 = X). 

ʇʘʨʮʠʘʣʴʥʦʝ ʠʟʤʝʥʝʥʠʝ ȹGi ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʢʦʥʮʝʥʪʨʘʮʠʠ ʠ ʪʝʤʧʝʨʘʪʫʨʳ 

ʤʦʞʥʦ ʟʘʧʠʩʘʪʴ ʚ ʩʣʝʜʫʶʱʝʤ ʚʠʜʝ [241]: 

, ,

, ,

1 ln( ɔ ) 1 ln( )ex

i m i i i m i i i

m i m i

ʊ ʊ
G H RT X H RT X G

ʊ ʊ

å õ å õ
D =D - + =D - + +æ ö æ öæ ö æ ö

ç ÷ ç ÷
, (2.2) 
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ʛʜʝ ȹHm,i ʠ Tm,i ï ʵʥʪʘʣʴʧʠʷ ʠ ʪʝʤʧʝʨʘʪʫʨʘ ʧʣʘʚʣʝʥʠʷ ʠʥʜʠʚʠʜʫʘʣʴʥʦʛʦ 

ʢʦʤʧʦʥʝʥʪʘ, R ï ʫʥʠʚʝʨʩʘʣʴʥʘʷ ʛʘʟʦʚʘʷ ʧʦʩʪʦʷʥʥʘʷ, ɔi - ʢʦʵʬʬʠʮʠʝʥʪ 

ʘʢʪʠʚʥʦʩʪʠ i-ʛʦ ʢʦʤʧʦʥʝʥʪʘ; ln(ɔ )ex

i iG RT= - ʧʘʨʮʠʘʣʴʥʘʷ ʠʟʙʳʪʦʯʥʘʷ 

ʵʥʝʨʛʠʷ ɻʠʙʙʩʘ i-ʛʦ ʢʦʤʧʦʥʝʥʪʘ. 

ʂʨʠʚʘʷ ʨʘʩʪʚʦʨʠʤʦʩʪʠ ʠʣʠ ʪʝʤʧʝʨʘʪʫʨʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ʥʘʩʳʱʝʥʥʦʛʦ 

ʨʘʩʪʚʦʨʘ ʦʪ ʢʦʥʮʝʥʪʨʘʮʠʠ ʠʩʩʣʝʜʫʝʤʦʛʦ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʩʦʝʜʠʥʝʥʠʷ Ts(X) 

ʦʧʨʝʜʝʣʷʝʪʩʷ ʠʟ ʫʩʣʦʚʠʷ ʬʘʟʦʚʦʛʦ ʨʘʚʥʦʚʝʩʠʷ ȹG2=0: 

,2 2

,2 ,2

( )
/ ln( )

ex

m

s

m m

H G
T X

H T R X

D +
=
D -

.     (2.3) 

ɺ ʧʨʠʙʣʠʞʝʥʠʠ ʠʜʝʘʣʴʥʳʭ ʨʘʩʪʚʦʨʦʚ 
2 0exG =  ʧʦʣʫʯʘʝʤ ʫʨʘʚʥʝʥʠʝ 

ʐʨʝʜʝʨʘ ï ʚʘʥ ʃʘʘʨʘ [241]. ɺ ʧʨʠʙʣʠʞʝʥʠʠ ʨʝʛʫʣʷʨʥʳʭ ʨʘʩʪʚʦʨʦʚ ʠʟʙʳʪʦʯʥʫʶ 

ʵʥʝʨʛʠʶ ɻʠʙʙʩʘ ʨʘʩʪʚʦʨʠʤʦʛʦ ʚʝʱʝʩʪʚʘ ʤʦʞʥʦ ʦʧʨʝʜʝʣʠʪʴ ʩ ʧʦʤʦʱʴʶ 

ʫʨʘʚʥʝʥʠʷ ʉʢʝʪʯʘʨʜʘ ï ɻʠʣʴʜʝʙʨʘʥʜʘ [241]: 

2 2 2

2 ,2 1 1 2 ,2 1ű (ŭ ŭ ) űex

m mG V V A= - = ,   (2.4) 

ʛʜʝ ű1 = (X1ĿVm,1)/(X1ĿVm,1 + X2ĿVm,2) ï ʦʙʲʝʤʥʘʷ ʜʦʣʷ ʨʘʩʪʚʦʨʠʪʝʣʷ, Vm,1 ʠ Vm,2 ï 

ʤʦʣʷʨʥʳʡ ʦʙʲʝʤ ʨʘʩʪʚʦʨʠʪʝʣʷ ʠ ʨʘʩʪʚʦʨʠʤʦʛʦ, ŭi = (Wi/Vm,i)
1/2 
ï ʢʦʵʬʬʠʮʠʝʥʪ 

ʨʘʩʪʚʦʨʠʤʦʩʪʠ ʠʣʠ çʧʘʨʘʤʝʪʨ ʨʘʩʪʚʦʨʠʤʦʩʪʠ ʢʦʤʧʦʥʝʥʪʘè, Wi/Vm,i ï ʧʣʦʪʥʦʩʪʴ 

ʵʥʝʨʛʠʠ ʢʦʛʝʟʠʠ ʢʦʤʧʦʥʝʥʪʘ [242]. ɺ ʜʦʧʫʱʝʥʠʠ ŭ1 - ŭ2 = A = const ʧʨʠ 

ʠʟʚʝʩʪʥʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ ʥʘʩʳʱʝʥʥʦʛʦ ʨʘʩʪʚʦʨʘ ʧʨʠ T0 ʠ ʧʘʨʘʤʝʪʨʘʭ ʧʣʘʚʣʝʥʠʷ 

ʯʠʩʪʳʭ ʢʦʤʧʦʥʝʥʪ ʠʟ (2.3) ʤʦʞʥʦ ʦʧʨʝʜʝʣʠʪʴ ʢʦʥʩʪʘʥʪʫ A ʚ ʚʳʨʘʞʝʥʠʠ ʜʣʷ 

ʠʟʙʳʪʦʯʥʦʡ ʵʥʝʨʛʠʠ 2

exG , ʫʩʪʘʥʦʚʠʪʴ ʢʦʥʮʝʥʪʨʘʮʠʦʥʥʫʶ ʠ ʪʝʤʧʝʨʘʪʫʨʥʫʶ 

ʟʘʚʠʩʠʤʦʩʪʴ ʢʦʵʬʬʠʮʠʝʥʪʘ ʘʢʪʠʚʥʦʩʪʠ ɔ2 ʠ, ʚ ʢʦʥʮʝ ʢʦʥʮʦʚ, ʧʦʩʪʨʦʠʪʴ ʢʨʠʚʫʶ 

ʨʘʩʪʚʦʨʠʤʦʩʪʠ ʚ ʧʨʠʙʣʠʞʝʥʠʠ ʫʨʘʚʥʝʥʠʷ ʉʢʝʪʯʘʨʜʘ ï ɻʠʣʴʜʝʙʨʘʥʜʘ. 

ʇʝʨʝʚʦʜ ʤʦʣʷʨʥʦʡ ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ Xi ʚ ʦʪʥʦʩʠʪʝʣʴʥʫʶ 

ʤʘʩʩʦʚʫʶ xi ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʩ ʧʦʤʦʱʴʶ ʩʣʝʜʫʶʱʠʭ ʚʳʨʘʞʝʥʠʡ: 

1 1

1 2
1 2 2 1

2 1 1 2

1 1
1 1 , 1 1 , 1

M M
X X x x x

M x M x

- -

å õ å õè ø è ø
= - - = - - = - =æ ö æ öé ù é ù

ê ú ê úç ÷ ç ÷
, (2.5) 
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ʛʜʝ M1 ʠ M2 ï ʤʦʣʷʨʥʳʝ ʤʘʩʩʳ ʨʘʩʪʚʦʨʠʪʝʣʷ ʠ ʨʘʩʪʚʦʨʝʥʥʦʛʦ ʚʝʱʝʩʪʚʘ 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʅʘ ʧʨʘʢʪʠʢʝ ʨʘʩʪʚʦʨʠʤʦʩʪʴ ʠʩʩʣʝʜʫʝʤʦʛʦ ʚʝʱʝʩʪʚʘ C0 ʫʜʦʙʥʦ 

ʦʧʨʝʜʝʣʷʪʴ ʚ ʝʜʠʥʠʮʘʭ ʛ/ʣ. ʇʝʨʝʚʦʜ ʚʝʣʠʯʠʥʳ C0 ʚ ʤʦʣʷʨʥʫʶ ʢʦʥʮʝʥʪʨʘʮʠʶ X 

ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʩ ʧʦʤʦʱʴʶ ʫʨʘʚʥʝʥʠʷ: 

1

2 1

1 0

ɟ
1

M
X

M C

-

å õè ø
= +æ öé ùæ ö

ê úç ÷
,      (2.6) 

ʛʜʝ ɟ1 ï ʧʣʦʪʥʦʩʪʴ ʨʘʩʪʚʦʨʠʪʝʣʷ. 

2.4. ʈʦʩʪ ʢʨʠʩʪʘʣʣʦʚ ʠʟ ʨʘʩʪʚʦʨʦʚ 

ʄʝʪʦʜ ʤʝʜʣʝʥʥʦʛʦ ʠʟʦʪʝʨʤʠʯʝʩʢʦʛʦ ʠʩʧʘʨʝʥʠʷ ʨʘʩʪʚʦʨʠʪʝʣʷ. ɺ 

ʜʘʥʥʦʤ ʤʝʪʦʜʝ ʧʝʨʝʩʳʱʝʥʠʝ ʨʘʩʪʚʦʨʘ ʜʦʩʪʠʛʘʝʪʩʷ ʟʘ ʩʯʝʪ ʠʩʧʘʨʝʥʠʷ ʠʟ ʥʝʛʦ 

ʨʘʩʪʚʦʨʠʪʝʣʷ ʚ ʠʟʦʪʝʨʤʠʯʝʩʢʠʭ ʫʩʣʦʚʠʷʭ (ʨʠʩʫʥʦʢ 2.1, ʘ). ɺ ʢʘʯʝʩʪʚʝ 

ʨʘʩʪʚʦʨʠʪʝʣʝʡ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʣʝʛʢʦʣʝʪʫʯʠʝ ʨʘʩʪʚʦʨʠʪʝʣʠ: ʘʮʝʪʦʥ, ʥ-ʛʝʢʩʘʥ ʠ 

ʠʟʦʧʨʦʧʠʣʦʚʳʡ ʩʧʠʨʪ. ɺ ʥʝʢʦʪʦʨʳʭ ʩʣʫʯʘʷʭ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʙʝʥʟʦʣ ʠ ʪʦʣʫʦʣ. 

ʀʩʩʣʝʜʫʝʤʦʝ ʩʦʝʜʠʥʝʥʠʝ ʧʦʤʝʱʘʣʦʩʴ ʚ ʩʪʝʢʣʷʥʥʫʶ ʚʠʘʣʫ ʠ ʨʘʩʪʚʦʨʷʣʦʩɹ ʚ 

ʦʜʥʦʤ ʠʟ ʚʳʰʝ ʧʝʨʝʯʠʩʣʝʥʥʳʭ ʨʘʩʪʚʦʨʠʪʝʣʝʡ. ɼʣʷ ʧʦʣʥʦʛʦ ʨʘʩʪʚʦʨʝʥʠʷ 

ʚʝʱʝʩʪʚʘ ʧʨʠʤʝʥʷʣʠ ʦʙʨʘʙʦʪʢʫ ʨʘʩʪʚʦʨʦʚ ʚ ʫʣʴʪʨʘʟʚʫʢʦʚʦʡ ʚʘʥʥʝ ʇʉɹ-2835-

05. ʇʦʩʣʝ ʦʭʣʘʞʜʝʥʠʷ ʜʦ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʳ ʨʘʩʪʚʦʨ ʚʳʜʝʨʞʠʚʘʣʩʷ ʚ 

ʟʘʢʨʳʪʦʡ ʚʠʘʣʝ ʚ ʪʝʯʝʥʠʝ ʩʫʪʦʢ ʜʣʷ ʧʝʨʝʭʦʜʘ ʚ ʨʘʚʥʦʚʝʩʥʦʝ ʩʦʩʪʦʷʥʠʝ. ɼʘʣʝʝ 

ʨʘʩʪʚʦʨ ʬʠʣʴʪʨʦʚʘʣʠ ʩ ʧʦʤʦʱʴʶ ʦʜʥʦʨʘʟʦʚʦʛʦ ʇʊʌʕ-ʬʠʣʴʪʨʘ (ʇʊʌʕ ï 

ʧʦʣʠʪʝʪʨʘʬʪʦʨʵʪʠʣʝʥ) ʩ ʧʦʨʘʤʠ ʜʠʘʤʝʪʨʦʤ 0.45 ʤʢʤ ʠ ʟʘʣʠʚʘʣʠ ʚ ʯʠʩʪʫʶ 

ʩʪʝʢʣʷʥʥʫʶ ʚʠʘʣʫ ʦʙʲʝʤʦʤ 20 ʤʣ. ɺʠʘʣʫ ʟʘʢʨʳʚʘʣʠ ʢʨʳʰʢʦʡ ʩ ʪʦʥʢʠʤ 

ʦʪʚʝʨʩʪʠʝʤ (~1 ʤʤ) ʠ ʧʦʤʝʱʘʣʠ ʚ ʪʝʨʤʦʩʪʘʪ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 20Áʉ. ʇʝʨʠʦʜ 

ʨʦʩʪʘ ʟʘʥʠʤʘʣ ʦʪ 2 ʜʦ 45 ʜʥʝʡ. ɺ ʧʨʦʮʝʩʩʝ ʨʦʩʪʘ ʥʘ ʩʪʝʥʢʘʭ ʩʦʩʫʜʘ ʠ ʥʘ ʜʥʝ 

ʦʪʤʝʯʘʣʦʩʴ ʦʙʨʘʟʦʚʘʥʠʝ ʙʦʣʴʰʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʤʝʣʢʠʭ ʢʨʠʩʪʘʣʣʦʚ.  

ʄʝʪʦʜ çʨʘʩʪʚʦʨʠʪʝʣʴ ï ʦʩʘʜʠʪʝʣʴè. ɺ ʜʘʥʥʦʤ ʤʝʪʦʜʝ ʧʝʨʝʩʳʱʝʥʠʝ 

ʨʘʩʪʚʦʨʘ ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ ʟʘ ʩʯʝʪ ʤʝʜʣʝʥʥʦʡ ʜʠʬʬʫʟʠʠ ʦʩʘʜʠʪʝʣʷ ʠʟ ʧʘʨʦʚʦʡ 

ʬʘʟʳ ʯʝʨʝʟ ʛʨʘʥʠʮʫ ʨʘʟʜʝʣʘ ʬʘʟ ʚ ʨʘʩʪʚʦʨ [12,21] (ʨʠʩʫʥʦʢ 2.1, ʙ). ɺ ʨʦʣʠ 

ʦʩʘʜʠʪʝʣʷ ʚʳʩʪʫʧʘʣʠ ʩʦʣʴʚʘʪʦʬʦʙʥʳʝ ʨʘʩʪʚʦʨʠʪʝʣʠ - ʩʧʠʨʪʳ ʠʣʠ, ʚ ʩʣʫʯʘʝ 
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ʚʳʨʘʱʠʚʘʥʠʷ ʢʨʠʩʪʘʣʣʦʚ ʥʘʬʪʘʣʠʥʘ ʠ ʜʠʬʝʥʠʣʘ - ʚʦʜʘ [141]. ʈʦʩʪ ʢʨʠʩʪʘʣʣʦʚ 

ʧʨʦʠʩʭʦʜʠʣ ʢʘʢ ʥʘ ʤʝʞʬʘʟʥʦʡ ʛʨʘʥʠʮʝ ʞʠʜʢʦʩʪʴïʚʦʟʜʫʭ, ʪʘʢ ʠ ʥʘ ʜʥʝ ʩʦʩʫʜʘ. 

ɼʣʷ ʧʦʣʥʦʛʦ ʨʘʩʪʚʦʨʝʥʠʷ ʚʝʱʝʩʪʚʘ ʧʨʠʤʝʥʷʣʠ ʦʙʨʘʙʦʪʢʫ ʨʘʩʪʚʦʨʦʚ ʚ 

ʫʣʴʪʨʘʟʚʫʢʦʚʦʡ ʚʘʥʥʝ. ʇʦʩʣʝ ʦʭʣʘʞʜʝʥʠʷ ʜʦ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʳ ʨʘʩʪʚʦʨ 

ʬʠʣʴʪʨʦʚʘʣʠ ʩ ʧʦʤʦʱʴʶ ʦʜʥʦʨʘʟʦʚʦʛʦ ʇʊʌʕ-ʬʠʣʴʪʨʘ ʠ ʟʘʣʠʚʘʣʠ ʚ ʩʪʝʢʣʷʥʥʳʡ 

ʤʝʨʥʳʡ ʩʪʘʢʘʥ ʦʙʲʝʤʦʤ 50 ʤʣ, ʢʦʪʦʨʳʡ ʜʘʣʝʝ ʨʘʟʤʝʱʘʣʠ ʚʥʫʪʨʠ ʛʝʨʤʝʪʠʯʥʦʡ 

ʩʪʝʢʣʷʥʥʦʡ ʨʦʩʪʦʚʦʡ ʢʘʤʝʨʳ ʩ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʥʘʣʠʪʳʤ ʥʘ ʜʥʦ ʦʩʘʜʠʪʝʣʝʤ. 

ɿʘʪʝʤ ʢʘʤʝʨʫ ʩ ʨʘʩʪʚʦʨʦʤ ʚʳʜʝʨʞʠʚʘʣʠ ʚ ʪʝʨʤʦʩʪʘʪʝ ʧʨʠ 20Áʉ ʠ ʧʦ ʦʢʦʥʯʘʥʠʠ 

ʨʦʩʪʦʚʦʛʦ ʧʝʨʠʦʜʘ ʚ ʦʙʲʝʤʝ ʨʘʩʪʚʦʨʘ ʠ/ʠʣʠ ʥʘ ʝʛʦ ʧʦʚʝʨʭʥʦʩʪʠ ʦʙʥʘʨʫʞʠʚʘʣʠ 

ʥʝʩʢʦʣʴʢʦ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʦʙʨʘʟʮʦʚ. 

 
ʈʠʩʫʥʦʢ 2.1 - ʉʭʝʤʳ ʚʳʨʘʱʠʚʘʥʠʷ ʢʨʠʩʪʘʣʣʦʚ ʤʝʪʦʜʘʤʠ ʤʝʜʣʝʥʥʦʛʦ ʠʟʦʪʝʨʤʠʯʝʩʢʦʛʦ 

ʠʩʧʘʨʝʥʠʷ ʨʘʩʪʚʦʨʠʪʝʣʷ (ʘ) ʠ çʨʘʩʪʚʦʨʠʪʝʣʴ - ʦʩʘʜʠʪʝʣʴè (ʙ) 

ʄʝʪʦʜ ʤʝʜʣʝʥʥʦʛʦ ʠʟʦʭʦʨʥʦʛʦ ʦʭʣʘʞʜʝʥʠʷ. ɼʣʷ ʦʣʠʛʦʤʝʨʦʚ ʩ ʥʠʟʢʦʡ 

ʨʘʩʪʚʦʨʠʤʦʩʪʴʶ ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ (5P, 6P) ʨʦʩʪ ʢʨʠʩʪʘʣʣʦʚ ʢʨʘʡʥʝ 

ʟʘʪʨʫʜʥʝʥ. ʉʫʱʝʩʪʚʝʥʥʦʛʦ ʧʦʚʳʰʝʥʠʷ ʨʘʩʪʚʦʨʠʤʦʩʪʠ ʤʦʞʥʦ ʜʦʙʠʪʴʩʷ ʧʫʪʝʤ 

ʥʘʛʨʝʚʘ ʨʘʩʪʚʦʨʘ ʜʦ ʦʧʨʝʜʝʣʝʥʥʦʡ ʪʝʤʧʝʨʘʪʫʨʳ ʠ ʜʘʣʝʝ ʧʨʠ ʤʝʜʣʝʥʥʦʤ 

ʦʭʣʘʞʜʝʥʠʠ ʚʦʟʤʦʞʥʦ ʠʥʠʮʠʠʨʦʚʘʪʴ ʨʦʩʪ ʢʨʠʩʪʘʣʣʦʚ. ɺ ʢʘʯʝʩʪʚʝ 

ʨʘʩʪʚʦʨʠʪʝʣʝʡ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʞʠʜʢʦʩʪʠ ʩ ʦʪʥʦʩʠʪʝʣʴʥʦ ʚʳʩʦʢʦʡ ʪʝʤʧʝʨʘʪʫʨʦʡ 

ʢʠʧʝʥʠʷ: ʭʣʦʨʙʝʥʟʦʣ ʠ 1,2,4-ʪʨʠʭʣʦʨʙʝʥʟʦʣ. ʇʨʝʜʚʘʨʠʪʝʣʴʥʦ ʨʘʩʪʚʦʨ ʩ 

ʦʣʠʛʦʤʝʨʦʤ ʛʦʪʦʚʠʣʠ ʚ ʩʪʝʢʣʷʥʥʳʭ ʚʠʘʣʘʭ ʦʙʲʝʤʦʤ 20 ʤʣ ʚ ʪʝʯʝʥʠʝ 2 ʯʘʩʦʚ 

ʧʨʠ 50-60 Áʉ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʫʣʴʪʨʘʟʚʫʢʦʚʦʡ ʚʘʥʥʳ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʪʘʢʦʡ 

ʦʙʨʘʙʦʪʢʠ ʚʝʱʝʩʪʚʦ ʜʦ ʢʦʥʮʘ ʥʝ ʨʘʩʪʚʦʨʷʣʦʩɹ. ɿʘʪʝʤ ʨʘʩʪʚʦʨ ʥʘʛʨʝʚʘʣʠ ʜʦ 

ʚʳʩʦʢʠʭ ʪʝʤʧʝʨʘʪʫʨ: 110 ÁC (ʍɹ) ʠʣʠ 170 ÁC (3ʍɹ) ʠ ʚʳʜʝʨʞʠʚʘʣʠ ʧʨʠ ʵʪʦʡ 
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ʪʝʤʧʝʨʘʪʫʨʝ ʦʢʦʣʦ 2 ʯʘʩʦʚ ʜʦ ʪʝʭ ʧʦʨ, ʧʦʢʘ ʤʝʣʢʦʜʠʩʧʝʨʩʥʳʡ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʡ 

ʦʩʘʜʦʢ ʥʘ ʜʥʝ ʚʠʟʫʘʣʴʥʦ ʧʦʣʥʦʩʪʴʶ ʥʝ ʠʩʯʝʟʘʣ. ɼʘʣʝʝ ʨʘʩʪʚʦʨ ʤʝʜʣʝʥʥʦ 

ʦʭʣʘʞʜʘʣʠ ʧʦ ʣʠʥʝʡʥʦʤʫ ʟʘʢʦʥʫ ʩʦ ʩʢʦʨʦʩʪʴʶ 0.1 ʂ/ʯ ʜʦ 40 ÁC. ʅʘʛʨʝʚ, 

ʚʳʜʝʨʞʢʫ ʠ ʤʝʜʣʝʥʥʦʝ ʦʭʣʘʞʜʝʥʠʝ ʨʘʩʪʚʦʨʘ ʧʨʦʚʦʜʠʣʠ ʚ ʨʦʩʪʦʚʦʡ ʧʝʯʠ 

ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʪʝʨʤʦʨʝʛʫʣʷʪʦʨʘ ʊʝʨʤʦʜʘʪ-16K6. ɼʣʷ 

ʩʪʘʙʠʣʠʟʘʮʠʠ ʪʝʤʧʝʨʘʪʫʨʳ ʨʘʩʪʚʦʨʘ ʚʥʫʪʨʠ ʧʝʯʠ ʙʳʣ ʠʟʛʦʪʦʚʣʝʥ ʣʘʪʫʥʥʳʡ 

ʧʦʜʩʪʘʢʘʥʥʠʢ ʩ ʪʦʣʱʠʥʦʡ ʙʦʢʦʚʦʡ ʩʪʝʥʢʠ 2 ʤʤ ʠ ʪʦʣʱʠʥʦʡ ʜʥʘ 5.5 ʤʤ. ɺ 

ʥʠʞʥʝʡ ʯʘʩʪʠ ʧʦʜʩʪʘʢʘʥʥʠʢʘ ʙʳʣʦ ʩʜʝʣʘʥʦ ʤʘʣʝʥʴʢʦʝ ʦʢʦʰʢʦ ʜʣʷ ʥʘʙʣʶʜʝʥʠʷ 

ʟʘ ʩʪʝʧʝʥʴʶ ʨʘʩʪʚʦʨʝʥʠʷ ʣʶʤʠʥʦʬʦʨʘ ʚ ʋʌ ʧʦʜʩʚʝʪʢʝ ʥʘ ʜʥʝ ʬʣʘʢʦʥʘ. 

ʈʦʩʪ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʧʣʝʥʦʢ ʠʟ ʢʘʧʝʣʴ ʨʘʩʪʚʦʨʘ ʥʘ ʧʦʜʣʦʞʢʝ. ɼʣʷ 

ʨʦʩʪʦʚʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʙʳʣ ʠʩʧʦʣʴʟʦʚʘʥ ʧʘʨʘ-ʢʚʘʪʝʨʬʝʥʠʣ. ʈʘʩʪʚʦʨʳ ʚʝʱʝʩʪʚʘ 

ʚ ʪʦʣʫʦʣʝ ʩ ʥʘʯʘʣʴʥʦʡ ʢʦʥʮʝʥʪʨʘʮʠʝʡ 0.18 ʛ/ʣ ʛʦʪʦʚʠʣʠ ʚ ʩʪʝʢʣʷʥʥʳʭ ʬʣʘʢʦʥʘʭ 

ʦʙʲʝʤʦʤ 10 ʤʣ ʩ ʧʦʤʦʱʴʶ ʫʣʴʪʨʘʟʚʫʢʦʚʦʡ ʚʘʥʥ  r ʧʨʠ 50 ÁC ʜʦ ʧʦʣʥʦʛʦ 

ʠʩʯʝʟʥʦʚʝʥʠʷ ʦʩʘʜʢʘ. ʇʦʩʣʝ ʦʭʣʘʞʜʝʥʠʷ ʜʦ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʳ ʨʘʩʪʚʦʨʳ 

ʬʠʣʴʪʨʦʚʘʣʠ ʩ ʧʦʤʦʱʴʶ ʦʜʥʦʨʘʟʦʚʳʭ ʥʝʡʣʦʥʦʚʳʭ ʬʠʣʴʪʨʦʚ ʩ ʜʠʘʤʝʪʨʦʤ ʧʦʨ 

0.16 ʤʢʤ. ʇʦ ʦʜʥʦʡ ʢʘʧʣʝ ʦʪʬʠʣʴʪʨʦʚʘʥʥʳʡ ʨʘʩʪʚʦʨʘ 4P ʦʙʲʝʤʦʤ 15 ʤʢʣ 

ʥʘʥʦʩʠʣʠ ʥʘ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʦʯʠʱʝʥʥʳʝ ʠʟʦʧʨʦʧʘʥʦʣʦʤ ʧʨʝʜʤʝʪʥʳʝ ʩʪʝʢʣʘ 

(ñʉʪʝʢʣʦʧʨʠʙʦʨò, ʈʦʩʩʠʷ) ʠ ʚʳʩʫʰʠʚʘʣʠ ʧʦʜ ʢʦʣʧʘʢʦʤ ʚ ʪʝʨʤʦʩʪʘʪʠʨʫʝʤʳʭ 

ʫʩʣʦʚʠʷʭ ʧʨʠ ʬʠʢʩʠʨʦʚʘʥʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ.  

2.5. ʈʦʩʪ ʚ ʫʩʣʦʚʠʷʭ ʧʘʨʦʚʦʛʦ ʬʠʟʠʯʝʩʢʦʛʦ ʪʨʘʥʩʧʦʨʪʘ 

ɼʣʷ ʧʦʣʫʯʝʥʠʷ ʢʨʠʩʪʘʣʣʦʚ ʚʳʩʦʢʦʛʦ ʩʪʨʫʢʪʫʨʥʦʛʦ ʩʦʚʝʨʰʝʥʩʪʚʘ ʠ ʩ 

ʤʠʥʠʤʘʣʴʥʳʤ ʢʦʣʠʯʝʩʪʚʦʤ ʧʨʠʤʝʩʝʡ ʥʘʠʙʦʣʝʝ ʙʣʘʛʦʧʨʠʷʪʥʳʤʠ ʷʚʣʷʶʪʩʷ 

ʤʝʪʦʜʳ ʧʘʨʦʚʦʛʦ ʬʠʟʠʯʝʩʢʦʛʦ ʪʨʘʥʩʧʦʨʪʘ (ʇʌʊ). ɼʘʥʥʳʝ ʤʝʪʦʜʳ ʚʝʩʴʤʘ 

ʵʬʬʝʢʪʠʚʥʳ ʜʣʷ ʚʳʨʘʱʠʚʘʥʠʷ ʢʨʠʩʪʘʣʣʦʚ ʦʣʠʛʦʤʝʨʦʚ ʩ ʥʠʟʢʦʡ 

ʨʘʩʪʚʦʨʠʤʦʩʪʴʶ (4A, 5A, 4P, 5P, 6P). ʉʭʝʤʘ ʨʦʩʪʦʚʦʡ ʫʩʪʘʥʦʚʢʠ ʚ ʚʠʜʝ 

ʮʠʣʠʥʜʨʠʯʝʩʢʦʡ ʢʚʘʨʮʝʚʦʡ ʪʨʫʙʳ ʩ ʥʝʦʜʥʦʨʦʜʥʦʡ ʦʙʤʦʪʢʦʡ ʥʘʛʨʝʚʘʪʝʣʴʥʦʡ 

ʥʠʪʠ ʷʚʣʷʝʪʩʷ ʢʣʘʩʩʠʯʝʩʢʦʡ ʠ ʥʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʦʡ. ɺʘʨʠʘʥʪʳ ʨʦʩʪʦʚʳʭ 

ʫʩʪʘʥʦʚʦʢ ʩ ʥʝʩʢʦʣʴʢʠʤʠ ʪʝʤʧʝʨʘʪʫʨʥʳʤʠ ʟʦʥʘʤʠ, ʬʦʨʤʠʨʫʶʱʠʤʠ 

ʩʪʫʧʝʥʯʘʪʳʡ ʧʨʦʬʠʣʴ ʪʝʧʣʦʚʦʛʦ ʧʦʣʷ ʜʣʷ ʚʳʨʘʱʠʚʘʥʠʷ ʦʨʛʘʥʠʯʝʩʢʠʭ 
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ʢʨʠʩʪʘʣʣʦʚ, ʚʩʪʨʝʯʘʪʁʩʷ ʚ ʥʘʫʯʥʦʡ ʣʠʪʝʨʘʪʫʨʝ ʢʨʘʡʥʝ ʨʝʜʢʦ. ɼʣʷ ʚʳʨʘʱʠʚʘʥʠʷ 

ʢʨʠʩʪʘʣʣʦʚ ʩʦʧʨʷʞʸʥʥʳʭ ʣʠʥʝʡʥʳʭ ʦʣʠʛʦʤʝʨʦʚ ʙʳʣʠ ʨʘʟʨʘʙʦʪʘʥʳ ʨʦʩʪʦʚʳʝ 

ʫʩʪʘʥʦʚʢʠ ʩ ʛʨʘʜʠʝʥʪʥʳʤ ʠ ʜʚʫʟʦʥʥʳʤ ʪʝʤʧʝʨʘʪʫʨʥʳʤʠ ʧʦʣʷʤʠ. 

ʋʩʪʘʥʦʚʢʘ ʇʌʊ ʩ ʛʨʘʜʠʝʥʪʥʳʤ ʪʝʤʧʝʨʘʪʫʨʥʳʤ ʧʦʣʝʤ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ 

ʧʝʯʴ ʩʦʧʨʦʪʠʚʣʝʥʠʷ, ʢʦʪʦʨʘʷ ʫʧʨʘʚʣʷʝʪʩʷ ʪʝʨʤʦʢʦʥʪʨʦʣʣʝʨʦʤ. ɺ ʢʘʯʝʩʪʚʝ ʛʘʟʘ - 

ʥʦʩʠʪʝʣʷ ʜʣʷ ʧʨʦʜʫʚʢʠ ʨʦʩʪʦʚʦʡ ʟʦʥʳ ʠʩʧʦʣʴʟʦʚʘʣʠ ʫʢʘʟʘʥʥʳʝ ʚʳʰʝ ʛʘʟʳ. 

ʂʣʶʯʝʚʳʝ ʵʣʝʤʝʥʪʳ ʜʘʥʥʦʡ ʫʩʪʘʥʦʚʢʠ (ʨʠʩʫʥʦʢ 2.2, ʘ): 

1 ï ʨʦʩʪʦʚʘʷ ʢʚʘʨʮʝʚʘʷ ʧʝʯʴ; 

2 ï ʠʩʪʦʯʥʠʢ ʚʝʱʝʩʪʚʘ ʚ ʨʦʩʪʦʚʦʡ ʢʚʘʨʮʝʚʦʡ ʪʨʫʙʢʠ, ʨʘʩʧʦʣʦʞʝʥʥʦʡ ʚʥʫʪʨʠ 

ʧʝʯʠ ʢʦʘʢʩʠʘʣʴʥʦ; 

3 ï ʟʦʥʘ ʨʦʩʪʘ ʢʨʠʩʪʘʣʣʦʚ; 

4 ï ʇʀɼ-ʨʝʛʫʣʷʪʦʨ ʪʝʤʧʝʨʘʪʫʨʳ çʊʝʨʤʦʜʘʪ 16ɽ6è ʜʣʷ ʩʦʟʜʘʥʠʷ ʩʪʘʮʠʦʥʘʨʥʦʛʦ 

ʪʝʧʣʦʚʦʛʦ ʧʦʣʷ ʚʥʫʪʨʠ ʟʦʥʳ ʠʩʧʘʨʝʥʠʷ ʠ ʨʦʩʪʘ ʢʨʠʩʪʘʣʣʦʚ; 

5 ï ʍɸ-ʪʝʨʤʦʧʘʨʘ, ʨʘʩʧʦʣʦʞʝʥʥʘʷ ʤʝʞʜʫ ʚʥʝʰʥʝʡ ʧʝʯʴʶ ʠ ʨʦʩʪʦʚʦʡ ʪʨʫʙʢʦʡ 

ʥʘʜ ʠʩʪʦʯʥʠʢʦʤ ʚʝʱʝʩʪʚʘ; 

6 ï ʢʦʥʪʨʦʣʣʝʨ-ʨʘʩʭʦʜʦʤʝʨ ʈʈɻ-12 ʩ ʚʥʝʰʥʠʤ ʠʥʪʝʨʬʝʡʩʦʤ ʫʧʨʘʚʣʝʥʠʷ ʈʈɻ-ʂ 

(ʕʣʪʦʯʧʨʠʙʦʨ, ɿʝʣʝʥʦʛʨʘʜ) ʜʣʷ ʧʨʦʜʫʚʢʠ ʨʦʩʪʦʚʦʡ ʪʨʫʙʢʠ ʠʥʝʨʪʥʳʤʠ ʛʘʟʘʤʠ ʚ 

ʥʠʟʢʦʠʥʪʝʥʩʠʚʥʦʤ ʨʝʞʠʤʝ (0.001-0.1 ʩʤ
3
/ʩ). 

 
ʈʠʩʫʥʦʢ 2.2 - ʘ - ʉʭʝʤʘ ʫʩʪʘʥʦʚʢʠ ʇʌʊ ʩ ʛʨʘʜʠʝʥʪʥʳʤ ʪʝʤʧʝʨʘʪʫʨʥʳʤ ʧʦʣʝʤ; ʙ - 

ʪʝʤʧʝʨʘʪʫʨʥʳʡ ʧʨʦʬʠʣʠ ʚʥʫʪʨʠ ʨʦʩʪʦʚʦʡ ʪʨʫʙʢʠ 

ʅʘ ʨʠʩʫʥʢʝ 2.2, ʙ ʧʨʝʜʩʪʘʚʣʝʥ ʧʨʦʬʠʣʴ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʧʦʣʷ ʚʥʫʪʨʠ 

ʨʦʩʪʦʚʦʡ ʪʨʫʙʳ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ ʠʩʪʦʯʥʠʢʘ 305Áʉ. ʀʩʪʦʯʥʠʢ ʚʝʱʝʩʪʚʘ 
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ʨʘʩʧʦʣʘʛʘʣʠ ʧʨʘʚʝʝ ʧʦ ʧʦʪʦʢʫ ʛʘʟʘ ʦʪ ʥʘʠʙʦʣʝʝ ʛʦʨʷʯʝʡ ʪʦʯʢʠ ʧʝʯʠ ʩ ʮʝʣʴʶ 

ʩʥʠʞʝʥʠʷ ʦʙʨʘʪʥʦʛʦ ʧʦʪʦʢʘ ʚʝʱʝʩʪʚʘ. 

ʌʦʪʦʛʨʘʬʠʷ ʫʩʪʘʥʦʚʢʠ ʧʦ ʨʦʩʪʫ ʢʨʠʩʪʘʣʣʦʚ ʩ ʜʚʫʤʷ ʪʝʤʧʝʨʘʪʫʨʥʳʤʠ 

ʟʦʥʘʤʠ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩʫʥʢʝ 2.3. ʇʨʠʥʮʠʧʠʘʣʴʥʘʷ ʩʭʝʤʘ ʜʘʥʥʦʡ 

ʨʘʟʥʦʚʠʜʥʦʩʪʠ ʫʩʪʘʥʦʚʢʠ ʟʘ ʥʝʢʦʪʦʨʳʤʠ ʠʩʢʣʶʯʝʥʠʷʤʠ ʘʥʘʣʦʛʠʯʥʘ ʚʳʰʝ 

ʧʨʠʚʝʜʝʥʥʦʡ ʩʭʝʤʝ ʫʩʪʘʥʦʚʢʠ ʩ ʛʨʘʜʠʝʥʪʥʳʤ ʪʝʤʧʝʨʘʪʫʨʥʳʤ ʧʦʣʝʤ, ʪʦʣʴʢʦ ʚ 

ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʪʝʧʣʦʚʦʝ ʧʨʦʩʪʨʘʥʩʪʚʦ ʧʝʯʠ ʨʘʟʜʝʣʝʥʦ ʥʘ ʜʚʝ ʟʦʥʳ: 1 ï ʛʦʨʷʯʘʷ 

ʟʦʥʘ ʜʣʷ ʚʦʟʛʦʥʢʠ ʚʝʱʝʩʪʚʘ; 2 ï ʭʦʣʦʜʥʘʷ ʟʦʥʘ ʜʣʷ ʦʩʘʞʜʝʥʠʷ ʠ ʨʦʩʪʘ 

ʢʨʠʩʪʘʣʣʦʚ. ɼʣʷ ʢʘʞʜʦʡ ʟʦʥʳ ʙʳʣʘ ʠʩʧʦʣʴʟʦʚʘʥʘ ʦʪʜʝʣʴʥʘʷ ʧʝʯʴ 

ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʩ ʥʝʟʘʚʠʩʠʤʳʤ ʫʧʨʘʚʣʝʥʠʝʤ ʧʦ ʪʝʤʧʝʨʘʪʫʨʝ. ʂʣʶʯʝʚʳʝ 

ʵʣʝʤʝʥʪʳ ʜʘʥʥʦʡ ʫʩʪʘʥʦʚʢʠ:  

1 ï ʨʦʩʪʦʚʘʷ ʢʚʘʨʮʝʚʘʷ ʧʝʯʴ ʩ ʜʚʫʤʷ ʦʜʥʦʨʦʜʥʳʤʠ ʥʘʤʦʪʢʘʤʠ ʥʠʭʨʦʤʦʚʦʡ 

ʧʨʦʚʦʣʦʢʠ; 

2 ï ʢʦʘʢʩʠʘʣʴʥʦ ʨʘʩʧʦʣʦʞʝʥʥʘʷ ʚʥʫʪʨʠ ʧʝʯʠ ʢʚʘʨʮʝʚʘʷ ʨʦʩʪʦʚʘʷ ʪʨʫʙʢʘ ʩ 

ʠʩʪʦʯʥʠʢʦʤ ʚʝʱʝʩʪʚʘ;  

3 ï 2-ʭ ʢʘʥʘʣʴʥʳʡ ʢʦʥʪʨʦʣʣʝʨ ʪʝʤʧʝʨʘʪʫʨʳ çʊʝʨʤʦʜʘʪ 17ɽ6è ʜʣʷ ʩʦʟʜʘʥʠʷ 

ʩʪʘʮʠʦʥʘʨʥʦʛʦ ʪʝʧʣʦʚʦʛʦ ʧʦʣʷ;  

4 ï ʜʚʝ ʍɸ-ʪʝʨʤʦʧʘʨʳ, ʨʘʩʧʦʣʦʞʝʥʥʳʝ ʚ ʧʨʦʤʝʞʫʪʢʝ ʤʝʞʜʫ ʧʝʯʴʶ ʠ ʨʦʩʪʦʚʦʡ 

ʪʨʫʙʦʡ ʚ ʮʝʥʪʨʘʭ ʛʦʨʷʯʝʡ ʠ ʭʦʣʦʜʥʦʡ ʟʦʥ;  

5 ï ʢʦʥʪʨʦʣʣʝʨ-ʨʘʩʭʦʜʦʤʝʨ ʜʣʷ ʫʧʨʘʚʣʝʥʠʷ ʧʦʪʦʢʦʤ ʠʥʝʨʪʥʦʛʦ ʛʘʟʘ ʚ 

ʥʠʟʢʦʠʥʪʝʥʩʠʚʥʦʤ ʨʝʞʠʤʝ (0.001-0.1 ʩʤ
3
 /ʩ), ʧʨʦʜʫʚʘʝʤʦʛʦ ʯʝʨʝʟ ʨʦʩʪʦʚʫʶ 

ʪʨʫʙʫ ʚ ʧʨʦʮʝʩʩʝ ʚʳʨʘʱʠʚʘʥʠʷ ʢʨʠʩʪʘʣʣʦʚ.  

ɼʣʷ ʨʦʩʪʦʚʦʡ ʫʩʪʘʥʦʚʢʠ ʜʘʥʥʦʛʦ ʪʠʧʘ ʙʳʣ ʟʘʜʝʡʩʪʚʦʚʘʥ ʙʦʣʝʝ ʪʦʯʥʳʡ 

ʢʦʥʪʨʦʣʣʝʨ ï ʨʘʩʭʦʜʦʤʝʨ EL-FLOW Prestige FG-200CV (Bronkhorst, 

ʅʠʜʝʨʣʘʥʜʳ). ʅʘ ʨʠʩʫʥʢʝ 2.3, ʙ ʧʨʠʚʝʜʝʥʳ ʧʨʦʬʠʣʠ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʧʦʣʷ ʧʨʠ 

ʬʠʢʩʠʨʦʚʘʥʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʛʦʨʷʯʝʡ ʟʦʥʳ T1 = 170 Áʉ ʠ ʨʘʟʣʠʯʥʳʭ 

ʪʝʤʧʝʨʘʪʫʨʘʭ ʭʦʣʦʜʥʦʡ ʟʦʥʳ T2. ʂʘʢ ʚʠʜʥʦ, ʪʝʤʧʝʨʘʪʫʨʥʦʝ ʧʦʣʝ ʚ ʭʦʣʦʜʥʦʡ 

ʟʦʥʝ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʩʣʘʙʳʤ ʛʨʘʜʠʝʥʪʦʤ (Ò 1 Áʉ/ʩʤ), ʘ ʚ ʧʨʦʤʝʞʫʪʢʝ ʤʝʞʜʫ 

ʛʦʨʷʯʝʡ ʠ ʭʦʣʦʜʥʦʡ ʟʦʥʦʡ ʠʤʝʝʪ ʤʝʩʪʦ ʨʝʟʢʠʡ ʧʝʨʝʧʘʜ ʩ ʛʨʘʜʠʝʥʪʦʤ 20-

30 Áʉ /ʩʤ. 
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ʇʨʠʤʝʥʝʥʠʝ ʜʚʫʟʦʥʥʦʡ ʩʭʝʤʳ ʧʦʟʚʦʣʷʝʪ ʙʦʣʝʝ ʯʝʪʢʦ ʟʘʜʘʚʘʪʴ 

ʪʝʤʧʝʨʘʪʫʨʥʦʝ ʧʦʣʝ ʚʥʫʪʨʠ ʨʦʩʪʦʚʦʡ ʪʨʫʙʢʠ, ʯʪʦ ʷʚʣʷʝʪʩʷ ʧʨʝʠʤʫʱʝʩʪʚʦʤ 

ʧʝʨʝʜ ʛʨʘʜʠʝʥʪʥʳʤ ʩʧʦʩʦʙʦʤ. 

 
ʈʠʩʫʥʦʢ 2.3 - ʘ - ʋʩʪʘʥʦʚʢʘ ʧʦ ʨʦʩʪʫ ʦʨʛʘʥʠʯʝʩʢʠʭ ʢʨʠʩʪʘʣʣʦʚ ʤʝʪʦʜʦʤ ʇʌʊ ʩ ʜʚʫʤʷ 

ʪʝʤʧʝʨʘʪʫʨʥʳʤʠ ʟʦʥʘʤʠ; ʙ - ʪʝʤʧʝʨʘʪʫʨʥʳʝ ʧʨʦʬʠʣʠ ʚʥʫʪʨʠ ʨʦʩʪʦʚʦʡ ʪʨʫʙʳ ʧʨʠ ʨʘʟʥʳʭ 

ʪʝʤʧʝʨʘʪʫʨʘʭ ʭʦʣʦʜʥʦʡ ʟʦʥʳ 

ɺ ʭʦʜʝ ʨʦʩʪʦʚʳʭ ʦʧʳʪʦʚ ʠʩʧʦʣʴʟʦʚʘʣʠ ʜʚʘ ʪʠʧʘ ʣʦʜʦʯʝʢ ʜʣʷ ʠʩʪʦʯʥʠʢʦʚ 

ʚʝʱʝʩʪʚʘ: ʦʪʢʨʳʪʳʡ ʠ ʟʘʢʨʳʪʳʡ. ɺ ʢʘʯʝʩʪʚʝ ʦʪʢʨʳʪʦʛʦ ʠʩʪʦʯʥʠʢʘ ʚʝʱʝʩʪʚʘ 

(ʨʠʩʫʥʦʢ 2.4, ʘ) ʠʩʧʦʣʴʟʦʚʘʣʠ ʧʨʦʜʦʣʴʥʦ ʩʨʝʟʘʥʥʫ  ʁʢʦʤʤʝʨʯʝʩʢʫ  ʁʩʪʝʢʣʷʥʥʫ  ʁ

ʚʠʘʣʫ ʦʙʲʝʤʦʤ 4 ʤʣ ʩ ʨʘʟʤʝʨʘʤʠ 15 Ĭ 45 ʤʤ (4ML-13-V1001C, ALWSCI). 

ɿʘʢʨʳʪʳʡ ʠʩʪʦʯʥʠʢ ʚʝʱʝʩʪʚʘ (ʨʠʩʫʥʦʢ 2.4, ʙ) ʧʨʝʜʩʪʘʚʣʷʣ ʩʦʙʦʡ ʢʦʤʤʝʨʯʝʩʢʫʶ 

ʩʪʝʢʣʷʥʥʫʶ ʚʠʘʣʫ ʦʙʲʝʤʦʤ 2 ʤʣ, ʩ ʧʣʦʩʢʠʤ ʜʥʦʤ, ʩ ʨʘʟʤʝʨʘʤʠ 12 x 32 ʤʤ ʠ 

ʜʠʘʤʝʪʨʦʤ ʚʳʭʦʜʥʦʛʦ ʢʨʫʛʣʦʛʦ ʦʪʚʝʨʩʪʠʷ 5.9 ʤʤ (2ML-9-V1001, ALWSCI). 

ʇʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʦʪʢʨʳʪʦʛʦ ʠʩʪʦʯʥʠʢʘ ʟʥʘʯʠʪʝʣʴʥʦ ʫʚʝʣʠʯʠʚʘʣʘʩʴ 

ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʚʦʟʛʦʥʢʠ ʚʝʱʝʩʪʚʘ, ʯʪʦ ʦʙʝʩʧʝʯʠʚʘʣʦ ʙʦʣʝʝ ʙʳʩʪʨʳʡ ʨʦʩʪ 

ʢʨʠʩʪʘʣʣʦʚ. 

ɺ ʢʘʯʝʩʪʚʝ ʨʦʩʪʦʚʦʡ ʧʦʜʣʦʞʢʠ ʠʩʧʦʣʴʟʦʚʘʣʠ ʘʣʶʤʠʥʠʝʚʫ  ʁ ʧʠʱʝʚʫ  ʁ

ʬʦʣʴʛʫ (20 ʤʢʤ) ʜʣʷ ʫʜʦʙʩʪʚʘ ʠʟʲʷʪʠʷ ʢʨʠʩʪʘʣʣʦʚ ʠʟ ʨʦʩʪʦʚʦʡ ʪʨʫʙ.r ʊʘʢʞʝ 

ʦʩʘʞʜʝʥʠʝ ʠ ʨʦʩʪ ʢʨʠʩʪʘʣʣʦʚ ʜʣʷ ʚʥʝʰʥʝʛʦ ʚʠʟʫʘʣʴʥʦʛʦ ʢʦʥʪʨʦʣʷ 
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ʦʩʫʱʝʩʪʚʣʷʣʦʩʴ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʥʘ ʧʦʚʝʨʭʥʦʩʪʴ ʢʚʘʨʮʝʚʦʡ ʨʦʩʪʦʚʦʡ ʪʨʫʙʳ ʚ 

ʦʪʩʫʪʩʪʚʠʠ ʢʘʢʦʛʦ-ʣʠʙʦ ʙʫʬʝʨʥʦʛʦ ʤʘʪʝʨʠʘʣʘ. 

(ʘ) (ʙ) 
ʈʠʩʫʥʦʢ 2.4 - ʌʦʪʦʛʨʘʬʠʠ ʦʪʢʨʳʪʦʛʦ (ʘ) ʠ ʟʘʢʨʳʪʦʛʦ (ʙ) ʠʩʪʦʯʥʠʢʦʚ ʚʝʱʝʩʪʚʘ 

2.6. ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʝ ʦʧʨʝʜʝʣʝʥʠʝ ʵʥʪʘʣʴʧʠʠ ʩʫʙʣʠʤʘʮʠʠ 

ɺʳʚʦʜ ʦʩʥʦʚʥʦʛʦ ʫʨʘʚʥʝʥʠʷ ʜʣʷ ʨʘʩʯʝʪʘ ʵʥʪʘʣʴʧʠʠ ʩʫʙʣʠʤʘʮʠʠ ʚ ʫʩʣʦʚʠʷʭ 

ʇʌʊ ʧʨʝʜʩʪʘʚʣʝʥ ʚ [A10]. 

ʈʘʩʩʤʦʪʨʠʤ ʪʚʝʨʜʦʝ ʪʝʣʦ, ʤʘʪʝʨʠʘʣ ʢʦʪʦʨʦʛʦ ʧʨʠ ʜʘʥʥʦʤ ʜʘʚʣʝʥʠʠ ʠ 

ʪʝʤʧʝʨʘʪʫʨʝ, ʥʝ ʦʙʨʘʟʫʷ ʞʠʜʢʦʩʪʠ, ʤʦʞʝʪ ʠʤʝʪʴ ʨʘʚʥʦʚʝʩʠʝ ʪʦʣʴʢʦ ʩ 

ʩʦʙʩʪʚʝʥʥʳʤ ʥʘʩʳʱʝʥʥʳʤ ʧʘʨʦʤ. ʇʫʩʪʴ ʜʘʥʥʦʝ ʪʝʣʦ ʧʦʤʝʱʝʥʦ ʚ ʛʘʟʦʚʫʶ 

ʩʨʝʜʫ ʧʨʠ ʫʩʣʦʚʠʷʭ, ʙʣʠʟʢʠʭ ʢ ʥʦʨʤʘʣʴʥʳʤ, ʠ ʧʫʩʪʴ ʧʨʠ ʵʪʦʤ ʜʘʚʣʝʥʠʝ 

ʥʘʩʳʱʝʥʥʳʭ ʧʘʨʦʚ ʜʘʥʥʦʛʦ ʚʝʱʝʩʪʚʘ ʤʥʦʛʦ ʤʝʥʴʰʝ ʜʘʚʣʝʥʠʷ ʥʝʩʫʱʝʛʦ 

ʠʥʝʨʪʥʦʛʦ ʛʘʟʘ. ʊʦʛʜʘ, ʝʩʣʠ ʚ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʝ ʧʘʨʮʠʘʣʴʥʦʝ ʜʘʚʣʝʥʠʝ ʜʘʥʥʦʛʦ 

ʤʘʪʝʨʠʘʣʘ ʤʝʥʴʰʝ ʥʘʩʳʱʝʥʥʦʛʦ, ʩ ʧʦʚʝʨʭʥʦʩʪʠ ʪʝʣʘ ʧʨʦʠʩʭʦʜʠʪ ʚʦʟʛʦʥʢʘ ʧʘʨʘ. 

ɽʩʣʠ ʜʘʚʣʝʥʠʝ ʧʘʨʘ ʚ ʩʨʝʜʝ ʙʦʣʴʰʝ ʥʘʩʳʱʝʥʥʦʛʦ, ʧʨʦʠʩʭʦʜʠʪ ʩʫʙʣʠʤʘʮʠʷ 

ʚʝʱʝʩʪʚʘ ʠʟ ʧʘʨʘ - ʦʙʨʘʟʦʚʘʥʠʝ ʠ ʨʦʩʪ ʢʨʠʩʪʘʣʣʦʚ.  

ɺ ʢʚʘʟʠʩʪʘʮʠʦʥʘʨʥʦʤ ʧʨʠʙʣʠʞʝʥʠʠ ʪʝʢʫʱʝʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʦʙʲʝʤʥʦʡ 

ʢʦʥʮʝʥʪʨʘʮʠʠ ʧʘʨʘ n(x, y, z) ʦʧʠʩʳʚʘʝʪʩʷ ʫʨʘʚʥʝʥʠʝʤ ʃʘʧʣʘʩʘ ᶯn = 0, ʘ 

ʧʣʦʪʥʦʩʪʴ ʧʦʪʦʢʘ ʠʩʧʘʨʝʥʠʷ ï ʟʘʢʦʥʦʤ ʌʠʢʘ j  = -D nɳ, ʛʜʝ D ï ʢʦʵʬʬʠʮʠʝʥʪ 

ʜʠʬʬʫʟʠʠ ʧʘʨʘ ʚ ʛʘʟʦʚʦʡ ʩʨʝʜʝ. ɻʨʘʥʠʯʥʳʝ ʫʩʣʦʚʠʷ, ʫʩʪʘʥʦʚʣʝʥʥʳʝ 

ʄʘʢʩʚʝʣʣʦʤ, ʪʘʢʦʚʳ: ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʪʝʣʘ S ʢʦʥʮʝʥʪʨʘʮʠʷ ʧʘʨʘ ʨʘʚʥʘ 

ʢʦʥʮʝʥʪʨʘʮʠʠ ʥʘʩʳʱʝʥʥʦʛʦ ʧʘʨʘ ns, ʘ ʥʘ ʙʦʣʴʰʦʤ ʫʜʘʣʝʥʠʠ ʦʪ ʪʝʣʘ ï 

ʥʝʢʦʪʦʨʦʤʫ ʟʥʘʯʝʥʠʶ nÐ. ʂʦʣʠʯʝʩʪʚʦ ʤʦʣʝʢʫʣ, ʠʩʧʘʨʝʥʥʦʝ ʩ ʧʦʚʝʨʭʥʦʩʪʠ ʚ 

ʝʜʠʥʠʮʫ ʚʨʝʤʝʥʠ, ʜʘʝʪʩʷ ʠʥʪʝʛʨʘʣʦʤ ʧʣʦʪʥʦʩʪʠ ʧʦʪʦʢʘ ʧʦ ʧʦʚʝʨʭʥʦʩʪʠ ʪʝʣʘ 

,    (2.7) 

)()( SFnnDdI S

S

¤-==ññSj
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ʛʜʝ F(S) - ʥʝʢʦʪʦʨʘʷ ʬʫʥʢʮʠʷ, ʦʧʨʝʜʝʣʷʝʤʘʷ ʪʦʣʴʢʦ ʛʝʦʤʝʪʨʠʝʡ ʪʚʝʨʜʦʛʦ ʪʝʣʘ. 

ʊʘʢ, ʚ ʩʣʫʯʘʝ, ʝʩʣʠ ʪʚʝʨʜʦʝ ʪʝʣʦ ʠʤʝʝʪ ʚʠʜ ʧʦʣʫʩʬʝʨʳ, ʣʝʞʘʱʝʡ ʩʚʦʝʡ ʧʣʦʩʢʦʡ 

ʩʪʦʨʦʥʦʡ ʥʘ ʧʣʦʩʢʦʡ ʧʦʜʣʦʞʢʝ, ʪʦ F=2Ŕ, ʛʜʝ R - ʨʘʜʠʫʩ ʧʦʣʫʩʬʝʨʳ ([243], ʩ. 

375). 

ʉʦʛʣʘʩʥʦ ʤʦʣʝʢʫʣʷʨʥʦ-ʢʠʥʝʪʠʯʝʩʢʦʡ ʪʝʦʨʠʠ ʛʘʟʦʚ ʚʳʨʘʞʝʥʠʝ ʜʣʷ 

ʢʦʵʬʬʠʮʠʝʥʪʘ ʜʠʬʬʫʟʠʠ ʤʘʣʦʡ ʧʨʠʤʝʩʠ ʛʘʟʘ, ʩʦʩʪʦʷʱʝʛʦ ʠʟ ʦʜʥʦʛʦ ʩʦʨʪʘ 

ʤʦʣʝʢʫʣ, ʠʤʝʝʪ ʚʠʜ ([244], ʩ. 145): 

,      (2.8) 

ʛʜʝ - ʩʨʝʜʥʷʷ ʦʪʥʦʩʠʪʝʣʴʥʘʷ ʩʢʦʨʦʩʪʴ ʩʦʫʜʘʨʝʥʠʷ ʤʦʣʝʢʫʣ 

ʧʨʠʤʝʩʠ ʠ ʥʝʩʫʱʝʛʦ ʛʘʟʘ (ʚʥʝʰʥʝʡ ʘʪʤʦʩʬʝʨʳ), ɛ - ʧʨʠʚʝʜʝʥʥʘʷ ʤʘʩʩʘ 

ʩʪʘʣʢʠʚʘʶʱʠʭʩʷ ʯʘʩʪʠʮ, kB - ʧʦʩʪʦʷʥʥʘʷ ɹʦʣʴʮʤʘʥʘ, ὰ ρ ὲʎϳ  - ʩʨʝʜʥʷʷ 

ʜʣʠʥʘ ʩʚʦʙʦʜʥʦʛʦ ʧʨʦʙʝʛʘ ʤʦʣʝʢʫʣ ʧʘʨʘ ʚ ʥʝʩʫʱʝʤ ʛʘʟʝ (ʧʨʝʜʧʦʣʘʛʘʝʪʩʷ, ʯʪʦ 

ʢʦʥʮʝʥʪʨʘʮʠʷ ʧʘʨʘ ʤʥʦʛʦ ʤʝʥʴʰʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʥʝʩʫʱʝʛʦ ʠʥʝʨʪʥʦʛʦ ʛʘʟʘ, ns<< 

n0), ů - ʩʝʯʝʥʠʝ ʩʪʦʣʢʥʦʚʝʥʠʷ ʤʦʣʝʢʫʣʳ ʧʘʨʘ ʩ ʤʦʣʝʢʫʣʘʤʠ ʥʝʩʫʱʝʛʦ ʛʘʟʘ. ʊ. ʢ. 

ʧʦʩʪʦʷʥʥʦʝ ʜʘʚʣʝʥʠʝ ʥʝʩʫʱʝʛʦ ʛʘʟʘ p = n0 kB T, ʪʦ ʪʝʤʧʝʨʘʪʫʨʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ 

ʜʣʠʥʳ ʩʚʦʙʦʜʥʦʛʦ ʧʨʦʙʝʛʘ ʦʧʨʝʜʝʣʷʝʪʩʷ ʬʦʨʤʫʣʦʡ ὰ
ὯὝ

ὴʎ, ʧʨʠ ʵʪʦʤ 

ʧʨʝʜʧʦʣʘʛʘʝʤ, ʯʪʦ ʩʝʯʝʥʠʝ ʩʪʦʣʢʥʦʚʝʥʠʡ ʧʨʝʥʝʙʨʝʞʠʤʦ ʤʘʣʦ ʟʘʚʠʩʠʪ ʦʪ 

ʪʝʤʧʝʨʘʪʫʨʳ. ɺ ʵʪʦʤ ʧʨʠʙʣʠʞʝʥʠʠ 

.       (2.9) 

ɼʘʚʣʝʥʠʝ ʥʘʩʳʱʝʥʥʦʛʦ ʧʘʨʘ ʥʘʜ ʧʦʚʝʨʭʥʦʩʪʴʶ ʠʩʪʦʯʥʠʢʘ ʚʝʱʝʩʪʚʘ ʢʘʢ 

ʬʫʥʢʮʠʷ ʪʝʤʧʝʨʘʪʫʨʳ ʦʧʨʝʜʝʣʷʝʪʩʷ ʬʦʨʤʫʣʦʡ ([245], ʩ. 295): 

,    (2.10) 

ʛʜʝ ɸ ï ʧʦʩʪʦʷʥʥʘʷ, cp - ʠʟʦʙʘʨʥʘʷ ʤʦʣʷʨʥʘʷ ʪʝʧʣʦʝʤʢʦʩʪʴ ʧʘʨʘ, ʩ - 

ʪʝʧʣʦʝʤʢʦʩʪʴ ʪʚʝʨʜʦʛʦ ʪʝʣʘ, ȹHS,0 ï ʵʥʪʘʣʴʧʠʷ ʚʦʟʛʦʥʢʠ ʠʣʠ ʩʫʙʣʠʤʘʮʠʠ ʧʨʠ 

ʪʝʤʧʝʨʘʪʫʨʝ 0 ʂ. ʕʥʪʘʣʴʧʠʷ ʩʫʙʣʠʤʘʮʠʠ ʧʨʠ ʧʨʦʠʟʚʦʣʴʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ T ʧʨʠ 

ʵʪʦʤ ʜʘʝʪʩʷ ʬʦʨʤʫʣʦʡ (ʪʘʤ ʞʝ): 
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.      (2.11) 

ɼʦʧʫʩʪʠʤ, ʯʪʦ ʚ ʫʩʣʦʚʠʷʭ ʵʢʩʧʝʨʠʤʝʥʪʘ ns >> nÐ, ʪʘʢ ʯʪʦ ʚ ʬʦʨʤʫʣʝ (2.7) 

ʢʦʥʮʝʥʪʨʘʮʠʝʡ ʧʘʨʘ ʥʘ ʫʜʘʣʝʥʠʠ ʦʪ ʠʩʧʘʨʷʶʱʝʛʦʩʷ ʪʝʣʘ ʤʦʞʥʦ ʧʨʝʥʝʙʨʝʯʴ. 

ʇʦʜʩʪʘʚʣʷʷ (2.9) ʠ (2.10) ʚ (2.7), ʧʦʣʫʯʘʝʤ ʩʢʦʨʦʩʪʴ ʠʩʧʘʨʝʥʠʷ ʪʚʝʨʜʦʛʦ ʪʝʣʘ 

ʢʘʢ ʬʫʥʢʮʠʶ ʪʝʤʧʝʨʘʪʫʨʳ: 

,   (2.12) 

ɽʩʣʠ ʢʦʥʩʪʘʥʪʫ ʵʢʩʧʝʨʠʤʝʥʪʘ ʦʙʦʟʥʘʯʠʪʴ ʢʘʢ 

,      (2.13) 

ʪʦ ʚʳʨʘʞʝʥʠʝ (2.12) ʧʨʠʥʠʤʘʝʪ ʚʠʜ 

.   (2.14) 

ʉ ʫʯʝʪʦʤ ʪʦʛʦ, ʯʪʦ ʢʦʣʠʯʝʩʪʚʦ ʤʦʣʝʢʫʣ, ʠʩʧʘʨʝʥʥʦʝ ʚ ʝʜʠʥʠʮʫ ʚʨʝʤʝʥʠ, 

ʨʘʚʥʦ I = ȹm/(MĀŰ) (ȹm ï ʚʝʣʠʯʠʥʘ ʧʦʪʝʨʠ ʤʘʩʩʳ ʥʘʚʝʩʢʠ, Ű ï ʜʣʠʪʝʣʴʥʦʩʪʴ 

ʦʧʳʪʘ), ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʝ ʠʟʤʝʨʝʥʠʝ I(T) ʧʦʟʚʦʣʷʝʪ ʥʘʡʪʠ ʵʥʪʘʣʴʧʠʶ 

ʩʫʙʣʠʤʘʮʠʠ ʧʨʠ ʥʫʣʝʚʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʧʦ ʪʝʤʧʝʨʘʪʫʨʥʦʡ ʟʘʚʠʩʠʤʦʩʪʠ (2.14) ʠ 

ʧʝʨʝʩʯʠʪʘʪʴ ʝʝ ʜʣʷ ʪʝʤʧʝʨʘʪʫʨ rʵʢʩʧʝʨʠʤʝʥʪʘ ʧʦ ʬʦʨʤʫʣʝ (2.11).  

ɼʣʷ ʦʙʨʘʙʦʪʢʠ ʜʘʥʥʳʭ ʫʜʦʙʥʝʝ ʧʨʝʦʙʨʘʟʦʚʘʪʴ (2.14) ʢ ʚʠʜʫ 

.   (2.15) 

ʇʝʨʝʡʜʝʤ ʚ ʫʨʘʚʥʝʥʠʠ (2.15) ʢ ʢʦʦʨʜʠʥʘʪʝ x=T
-1
. ʊʦʛʜʘ 

.   (2.16) 

ɽʩʣʠ ʠʟʤʝʨʝʥʠʷ ʧʨʦʠʟʚʦʜʷʪʩʷ ʚ ʫʟʢʦʤ ʜʠʘʧʘʟʦʥʝ ʪʝʤʧʝʨʘʪʫʨ [T0, T0 + ȹT], 

ʪʘʢ ʯʪʦ ȹT << T, ʘ ʪʘʢʞʝ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, |ȹx| << |x|, ʣʦʛʘʨʠʬʤ ʤʦʞʥʦ ʨʘʟʣʦʞʠʪʴ 

ʚ ʨʷʜ ʊʝʡʣʦʨʘ, ʦʛʨʘʥʠʯʠʚʰʠʩʴ ʣʠʥʝʡʥʳʤ ʯʣʝʥʦʤ ʧʦ ʧʨʠʨʘʱʝʥʠʶ x:  

. 
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ʊʦʛʜʘ 

. (2.17) 

ɼʘʣʝʝ, ʩ ʫʯʝʪʦʤ (2.11) ʟʘʤʝʯʘʝʤ, ʯʪʦ ʵʥʪʘʣʴʧʠʷ ʩʫʙʣʠʤʘʮʠʠ ʧʨʠ 

ʪʝʤʧʝʨʘʪʫʨʝ T0 ʜʘʝʪʩʷ ʬʦʨʤʫʣʦʡ 

,     (2.18) 

ʦʪʢʫʜʘ 

.  (2.19) 

ɺʳʨʘʞʝʥʠʝ (2.19) ʤʦʞʥʦ ʧʝʨʝʧʠʩʘʪʴ ʚ ʚʠʜʝ 

,   (2.20) 

ʛʜʝ 

.   (2.21) 

ʊ. ʦ., ʧʦʩʪʨʦʠʚ ʛʨʘʬʠʢ ʟʘʚʠʩʠʤʦʩʪʠ ln I ʦʪ T
-1
, ʢʦʪʦʨʳʡ ʚ ʤʘʣʦʤ ʜʠʘʧʘʟʦʥʝ 

ʪʝʤʧʝʨʘʪʫʨ [T0, T0 +ȹT] ʙʫʜʝʪ ʙʣʠʟʦʢ ʢ ʧʨʷʤʦʡ, ʤʦʞʥʦ ʥʘʡʪʠ ʵʥʪʘʣʴʧʠʶ 

ʩʫʙʣʠʤʘʮʠʠ ʚ ʥʘʯʘʣʝ ʠʥʪʝʨʚʘʣʘ ʪʝʤʧʝʨʘʪʫʨ ȹHs (T0) ʧʦ ʬʦʨʤʫʣʝ (2.20). 

ʀʥʪʝʥʩʠʚʥʦʩʪʴ ʚʦʟʛʦʥʢʠ I ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ ʙʳʣʘ ʠʩʩʣʝʜʦʚʘʥʘ 

ʥʘ ʫʩʪʘʥʦʚʢʝ ʇʌʊ ʚ ʛʨʘʜʠʝʥʪʥʦʤ ʪʝʤʧʝʨʘʪʫʨʥʦʤ ʧʦʣʝ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʚʳʨʘʞʝʥʠʷ (2.20). ɺ ʭʦʜʝ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʨʦʩʪʦʚʫ  ʁʪʨʫʙʫ ʧʨʦʜʫʚʘʣʠ ʘʟʦʪʦʤ ʚ 

ʥʠʟʢʦʠʥʪʝʥʩʠʚʥʦʤ ʨʝʞʠʤʝ ʧʨʠ ʬʠʢʩʠʨʦʚʘʥʥʦʤ ʨʘʩʭʦʜʝ 0.2 ʣ/ʯ. ɼʘʚʣʝʥʠʝ 

ʚʥʫʪʨʠ ʨʦʩʪʦʚʦʡ ʪʨʫʙʳ, ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʙʳʣʦ ʩʣʝʛʢʘ ʠʟʙʳʪʦʯʥʳʤ ʦʪʥʦʩʠʪʝʣʴʥʦ 

ʚʥʝʰʥʝʛʦ ʘʪʤʦʩʬʝʨʥʦʛʦ. ɺ ʢʘʯʝʩʪʚʝ ʠʩʪʦʯʥʠʢʘ ʚʝʱʝʩʪʚʘ ʠʩʧʦʣʴʟʦʚʘʣʠ 

ʟʘʢʨʳʪʳʝ ʣʦʜʦʯʢʠ. ʎʝʥʪʨ ʚʠʘʣʳ, ʦʨʠʝʥʪʠʨʦʚʘʥʥʦʡ ʦʪʚʝʨʩʪʠʝʤ ʚ ʩʪʦʨʦʥʫ 

ʧʦʪʦʢʘ ʛʘʟʘ, ʨʘʩʧʦʣʘʛʘʣʠ ʚ ʪʦʯʢʝ ʢʦʥʪʨʦʣʷ ʪʝʤʧʝʨʘʪʫʨʳ. ɺʝʩ ʠʩʪʦʯʥʠʢʘ ʩ 

ʚʝʱʝʩʪʚʦʤ ʧʝʨʝʜ ʥʘʯʘʣʦʤ ʠ ʧʦ ʦʢʦʥʯʘʥʠʠ ʵʢʩʧʝʨʠʤʝʥʪʘ ʦʧʨʝʜʝʣʷʣʠ ʥʘ 

ʘʥʘʣʠʪʠʯʝʩʢʠʭ ʚʝʩʘʭ AUW-220D. ɼʣʠʪʝʣʴʥʦʩʪʴ ʦʧʳʪʘ ʜʣʷ ʢʘʞʜʦʛʦ ʚʝʱʝʩʪʚʘ 

ʙʳʣʘ ʦʜʠʥʘʢʦʚʦʡ. ʆʪʨʘʙʦʪʢʘ ʤʝʪʦʜʠʢʠ ʧʨʦʚʝʜʝʥʘ ʜʣʷ ʥʘʬʪʘʣʠʥʘ, ʘʥʪʨʘʮʝʥʘ ʠ 
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ʪʝʪʨʘʮʝʥʘ, ʜʣʷ ʢʦʪʦʨʳʭ ʠʤʝʝʪʩʷ ʜʦʩʪʘʪʦʯʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʣʠʪʝʨʘʪʫʨʥʳʭ ʜʘʥʥʳʭ 

(ʪʘʙʣʠʮʘ 1.4) ʜʣʷ ʩʨʘʚʥʝʥʠʷ ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ. 

2.7. ʄʠʢʨʦʩʢʦʧʠʷ 

ʆʙʨʘʟʮʳ ʢʨʠʩʪʘʣʣʦʚ ʠʟʫʯʘʣʠ ʩ ʧʦʤʦʱʴʶ ʦʧʪʠʯʝʩʢʦʛʦ ʤʠʢʨʦʩʢʦʧʘ BX61 

(Olympus, ʗʧʦʥʠʷ) ʠ ʣʘʟʝʨʥʦʛʦ ʩʢʘʥʠʨʫʶʱʝʛʦ ʢʦʥʬʦʢʘʣʴʥʦʛʦ ʤʠʢʨʦʩʢʦʧʘ 

LEXT OLS 3100 (Olympus, ʗʧʦʥʠʷ). ʊʦʣʱʠʥʫ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʧʣʝʥʦʢ ʠ 

ʧʣʘʩʪʠʥ ʦʧʨʝʜʝʣʷʣʠ ʩ ʧʦʤʦʱʴʶ ʤʠʢʨʦʩʢʦʧʘ LEXT OLS 3100 ʚ ʨʝʞʠʤʝ 

ʢʦʥʬʦʢʘʣʴʥʦʛʦ ʩʢʘʥʠʨʦʚʘʥʠʷ. ɼʣʷ ʧʦʣʫʯʝʥʠʷ ʦʧʪʠʯʝʩʢʠʭ ʠʟʦʙʨʘʞʝʥʠʡ ʩ 

ʚʳʩʦʢʠʤ ʨʘʟʨʝʰʝʥʠʝʤ ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʥʝʦʜʥʦʨʦʜʥʦʩʪʝʡ ʧʨʠʤʝʥʷʣʠ ʨʝʞʠʤ 

ʩʲʝʤʢʠ ʚ ʫʩʣʦʚʠʷʭ ʛʣʫʙʦʢʦʛʦ ʬʘʟʦʚʦʛʦ ʢʦʥʪʨʘʩʪʘ, ʦʙʝʩʧʝʯʠʚʘʝʤʦʛʦ DIC-

ʧʨʠʟʤʦʡ ʅʦʤʘʨʩʢʦʛʦ, ʚʭʦʜʷʱʝʡ ʚ ʢʦʤʧʣʝʢʪʘʮʠʶ ʤʠʢʨʦʩʢʦʧʦʚ BX61 ʠ LEXT 

OLS 3100. ʀʩʩʣʝʜʦʚʘʥʠʝ ʦʙʨʘʟʮʦʚ ʢʨʠʩʪʘʣʣʦʚ ʚ ʩʢʨʝʱʝʥʥʳʭ ʧʦʣʷʨʠʟʘʪʦʨʘʭ ʚ 

ʧʨʦʭʦʜʷʱʠʭ ʣʫʯʘʭ ʧʨʦʚʦʜʠʣʠ ʥʘ ʧʦʣʷʨʠʟʘʮʠʦʥʥʦʤ ʤʠʢʨʦʩʢʦʧʝ Jenavert (Carl 

Zeiss, ɻʝʨʤʘʥʠʷ). ɸʥʘʣʠʟ ʧʦʚʝʨʭʥʦʩʪʠ ʧʦʜʣʦʞʝʢ ʧʦʩʣʝ ʚʳʩʳʭʘʥʠʷ ʢʘʧʣʠ ʩ 

ʨʘʩʪʚʦʨʦʤ 4ʈ ʚ ʪʦʣʫʦʣʝ ʧʨʦʚʝʜʝʥ ʥʘ ʣʶʤʠʥʝʩʮʝʥʪʥʦʤ ʤʠʢʨʦʩʢʦʧʝ Olympus 

IX81 (ʗʧʦʥʠʷ). 

ʄʦʨʬʦʣʦʛʠʶ ʧʦʚʝʨʭʥʦʩʪʠ ʧʦʣʫʯʝʥʥʳʭ ʧʣʝʥʦʢ ʠʩʩʣʝʜʦʚʘʣʠ ʩ ʧʦʤʦʱʴʶ 

ʘʪʦʤʥʦ-ʩʠʣʦʚʦʛʦ ʤʠʢʨʦʩʢʦʧʘ (ɸʉʄ) Ntegra (NT-MDT, ʈʦʩʩʠʷ) ʚ ʨʝʞʠʤʝ 

ʧʦʣʫʢʦʥʪʘʢʪʥʦʛʦ ʤʝʪʦʜʘ (ʟʦʥʜʳ ʩʝʨʠʠ NSG01 ʩ ʞʝʩʪʢʦʩʪʴʶ ʢʘʥʪʠʣʝʚʝʨʘ 5.1 

ʅ/ʤ, ʨʝʟʦʥʘʥʩʥʦʡ ʯʘʩʪʦʪʦʡ 103 ʢɻʮ, ʨʘʜʠʫʩʦʤ ʟʘʢʨʫʛʣʝʥʠʷ ʠʛʣʳ - ʥʝ ʙʦʣʝʝ 10 

ʥʤ), ʦʪʢʘʣʠʙʨʦʚʘʥʥʦʛʦ ʚ ʛʦʨʠʟʦʥʪʘʣʴʥʦʡ ʧʣʦʩʢʦʩʪʠ ʧʦ ʦʙʨʘʟʮʫ TGZ1 (NT-

MDT). ʂʘʣʠʙʨʦʚʢʫ ʠʟʤʝʨʝʥʠʡ ʧʦ z-ʢʦʦʨʜʠʥʘʪʝ ʚʳʧʦʣʥʷʣʠ ʧʦ ʵʣʝʤʝʥʪʘʨʥʳʤ 

ʩʪʫʧʝʥʷʤ ʥʘ ʙʘʟʘʣʴʥʦʡ ʛʨʘʥʠ ʢʨʠʩʪʘʣʣʘ ʢʘʣʠʝʚʦʡ ʩʣʶʜʳ, ʩʬʦʨʤʠʨʦʚʘʥʥʳʤ ʩ 

ʧʦʤʦʱʴʶ ʦʙʨʘʙʦʪʢʠ ʝʛʦ çʩʚʝʞʝʛʦè ʩʢʦʣʘ ʚ 50% ʚʦʜʥʦʤ ʨʘʩʪʚʦʨʝ ʧʣʘʚʠʢʦʚʦʡ 

ʢʠʩʣʦʪ r [246]. ʇʦʣʫʯʝʥʥʳʝ ʪʦʧʦʛʨʘʤʤʳ ʦʙʨʘʙʘʪʳʚʘʣʠ ʠ ʘʥʘʣʠʟʠʨʦʚʘʣʠ ʩ 

ʧʦʤʦʱʴʶ ʧʨʦʛʨʘʤʤʳ Gwyddion [247].  

2.8. ʈʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʳʡ ʘʥʘʣʠʟ (ʈʉɸ) 

ʈʝʥʪʛʝʥʦʚʩʢʠʝ ʜʠʬʨʘʢʮʠʦʥʥʳʝ ʵʢʩʧʝʨʠʤʝʥʪ rʜʣʷ ʤʦʥʦʢʨʠʩʪʘʣʣʦʚ ʙʳʣʠ 

ʧʨʦʚʝʜʝʥ rʧʨʠ 295 ʠ 85 ʂ ʥʘ ʜʠʬʨʘʢʪʦʤʝʪʨʘʭ: Xcalibur  S (Oxford Diffraction), 

ʦʙʦʨʫʜʦʚʘʥʥʦʤ ʜʚʫʭʢʦʦʨʜʠʥʘʪʥʳʤ ʉʉD-ʜʝʪʝʢʪʦʨʦʤ; XtaLAB Synergy R, DW 
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system, HyPix-Arc 150 (Rigaku Oxford Diffraction). ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʜʘʥʥʳʝ 

ʦʙʨʘʙʦʪʘʥʳ ʩ ʧʦʤʦʱʴʶ ʧʨʦʛʨʘʤʤʳ CrysAlisPro [248]. ʇʨʦʛʨʘʤʤʘ JANA2006 

[249] ʠʩʧʦʣʴʟʦʚʘʥʘ ʜʣʷ ʧʦʠʩʢʘ ʠ ʫʪʦʯʥʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ ʩʪʨʫʢʪʫʨʥʦʡ ʤʦʜʝʣʠ 

(ʚʚʦʜ ʧʦʧʨʘʚʢʠ ʥʘ ʘʥʦʤʘʣʴʥʦʝ ʨʘʩʩʝʷʥʠʝ, ʫʯʝʪ ʧʦʛʣʦʱʝʥʠʷ, ʫʩʨʝʜʥʝʥʠʝ 

ʵʢʚʠʚʘʣʝʥʪʥʳʭ ʧʦ ʩʠʤʤʝʪʨʠʠ ʦʪʨʘʞʝʥʠʡ). ʂʦʦʨʜʠʥʘʪ rʘʪʦʤʦʚ ʫʛʣʝʨʦʜʘ ʙʳʣʠ 

ʥʘʡʜʝʥʳ ʤʝʪʦʜʦʤ charge flipping ʧʦ ʧʨʦʛʨʘʤʤʝ Superflip [250] ʠ ʫʪʦʯʥʝʥʳ 

ʤʝʪʦʜʦʤ ʥʘʠʤʝʥʴʰʠʭ ʢʚʘʜʨʘʪʦʚ ʚ ʧʦʣʥʦʤʘʪʨʠʯʥʦʤ ʚʘʨʠʘʥʪʝ. ʂʦʦʨʜʠʥʘʪʳ 

ʘʪʦʤʦʚ ʚʦʜʦʨʦʜʘ ʥʘʡʜʝʥʳ ʠʟ ʘʥʘʣʠʟʘ ʨʘʟʥʦʩʪʥʳʭ ʩʠʥʪʝʟʦʚ ʵʣʝʢʪʨʦʥʥʦʡ 

ʧʣʦʪʥʦʩʪʠ, ʧʦʩʪʨʦʝʥʥʳʭ ʥʘ ʟʘʢʣʶʯʠʪʝʣʴʥʦʤ ʵʪʘʧʝ ʫʪʦʯʥʝʥʠʷ ʩʪʨʫʢʪʫʨʥʳʭ 

ʧʘʨʘʤʝʪʨʦʚ ʘʪʦʤʦʚ ʫʛʣʝʨʦʜʘ ʠʣʠ ʙʳʣʠ ʟʘʬʠʢʩʠʨʦʚʘʥʳ ʛʝʦʤʝʪʨʠʯʝʩʢʠ. 

ɼʣʷ ɻʢʩʧʨʝʩʩ-ʘʥʘʣʠʟʘ ʩʪʨʫʢʪʫʨʳ ʤʦʥʦʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʧʣʘʩʪʠʥʦʢ 

ʜʠʬʨʘʢʮʠʦʥʥʳʝ ʵʢʩʧʝʨʠʤʝʥʪʳ ʧʨʦʚʦʜʠʣʠ ʥʘ ʨʝʥʪʛʝʥʦʚʩʢʦʤ ʜʠʬʨʘʢʪʦʤʝʪʨʝ 

RigakuMiniflex 600 (Rigaku, ʗʧʦʥʠʷ), ʠʟʣʫʯʝʥʠʝ CuKŬ (Ni-ʬʠʣʴʪʨ), ɚ = 1.54178 

¡. ʉʢʦʨʦʩʪʴ ʟʘʧʠʩʠ 2 ʛʨʘʜ/ʤʠʥ. ʇʨʝʜʚʘʨʠʪʝʣʴʥʦ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʝ ʦʙʨʘʟʮʳ 

ʙʳʣʠ ʧʨʠʢʣʝʝʥʳ ʥʘ ʢʚʘʨʮʝʚʫʶ ʧʦʜʣʦʞʢʫ, ʠ ʨʝʥʪʛʝʥʦ-ʜʠʬʨʘʢʮʠʦʥʥʦʝ 

ʦʪʨʘʞʝʥʠʝ ʬʠʢʩʠʨʦʚʘʣʦʩʴ ʦʪ ʨʘʟʚʠʪʦʡ ʛʨʘʥʠ ʧʣʦʩʢʠʭ ʢʨʠʩʪʘʣʣʦʚ. 

ɺʠʟʫʘʣʠʟʘʮʠʷ ʩʪʨʫʢʪʫʨʥʳʭ ʜʘʥʥʳʭ ʠ ʘʥʘʣʠʟ ʤʝʞʤʦʣʝʢʫʣʷʨʥʳʭ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ ʚ ʢʨʠʩʪʘʣʣʘʭ ʚʳʧʦʣʥʝʥʳ ʩ ʧʦʤʦʱʴʶ ʧʨʦʛʨʘʤʤʥʦʛʦ ʧʘʢʝʪʘ 

Mercury [251]. 

2.9. ʀʩʩʣʝʜʦʚʘʥʠʝ ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʩʚʦʡʩʪʚ 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʥʘʪʷʞʝʥʠʷ ʨʘʩʪʚʦʨʦʚ ʠ ʢʨʘʝʚʦʛʦ ʫʛʣʘ 

ʩʤʘʯʠʚʘʥʠʷ ʧʨʦʚʝʜʝʥʳ ʥʘ ʦʧʪʠʯʝʩʢʦʤ ʧʨʠʙʦʨʝ OCA 15EC (Dataphysics, 

ɻʝʨʤʘʥʠʷ) ʧʨʠ 22 õ 24Áʉ. ʇʦʚʝʨʭʥʦʩʪʥʦʝ ʥʘʪʷʞʝʥʠʝ ʥʘʩʳʱʝʥʥʳʭ ʨʘʩʪʚʦʨʦʚ ʚ 

ʪʦʣʫʦʣʝ ʦʧʨʝʜʝʣʷʣʠ ʧʦ ʤʝʪʦʜʫ ʚʠʩʷʯʝʡ ʢʘʧʣʠ. ɺʦ ʠʟʙʝʞʘʥʠʝ ʠʩʧʘʨʝʥʠʷ ʢʘʧʣʷ 

ʨʘʩʪʚʦʨʘ ʚʳʜʘʚʣʠʚʘʣʘʩʴ ʚʥʫʪʨʴ ʥʝʙʦʣʴʰʦʡ ʛʝʨʤʝʪʠʯʥʦʡ ʢʚʘʨʮʝʚʦʡ ʢʶʚʝʪʳ ʩ 

ʧʨʦʟʨʘʯʥʳʤʠ ʩʪʝʥʢʘʤʠ. ʇʦʚʝʨʭʥʦʩʪʥʦʝ ʥʘʪʷʞʝʥʠʝ ʢʘʧʣʠ ʥʘʩʳʱʝʥʥʦʛʦ 

ʨʘʩʪʚʦʨʘ ʙʳʣʦ ʪʘʢʞʝ ʦʧʨʝʜʝʣʝʥʦ ʚ ʫʩʣʦʚʠʷʭ ʘʪʤʦʩʬʝʨʳ ʥʘʩʳʱʝʥʥʦʡ ʧʘʨʘʤʠ 

ʠʟʦʧʨʦʧʠʣʦʚʦʛʦ ʩʧʠʨʪʘ, ʢʦʪʦʨʳʡ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʥʘʣʠʚʘʣʠ ʥʘ ʜʥʦ ʢʚʘʨʮʝʚʦʡ 

ʢʶʚʝʪʳ. ʆʧʨʝʜʝʣʝʥʠʝ ʧʦʚʝʨʭʥʦʩʪʥʦʡ ʵʥʝʨʛʠʠ ůὠ
001 ʙʳʣʦ ʧʨʦʚʝʜʝʥʦ ʪʦʣʴʢʦ ʜʣʷ 

ʨʘʟʚʠʪʦʡ ʛʨʘʥʠ (001) ʩ ʧʦʤʦʱʴʶ ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʦʛʦ ʫʨʘʚʥʝʥʠʷ ʖʥʛʘ ʩ 
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ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʠʟʤʝʨʝʥʥʳʭ ʟʥʘʯʝʥʠʡ ʢʨʘʝʚʦʛʦ ʫʛʣʘ 

ʩʤʘʯʠʚʘʥʠʷ ɗ001 ʪʨʠʜʠʩʪʠʣʣʠʨʦʚʘʥʥʦʡ ʚʦʜʦʡ [252]: 

cos ɗ001 = ī1+2(ůὠ
001Āů

d
W)

1/2
/ůW,    (2.22) 

ʛʜʝ ůW=72.8 ʤɼʞ/ʤ
2
 ʠ ů

d
W =21.8 ʤɼʞ/ʤ

2
 [253] ï ʧʦʚʝʨʭʥʦʩʪʥʦʝ ʥʘʪʷʞʝʥʠʝ ʚʦʜʳ 

ʠ ʚʢʣʘʜ ʜʠʩʧʝʨʩʠʦʥʥʳʭ ʩʠʣ ʚ ʜʘʥʥʫʶ ʚʝʣʠʯʠʥʫ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. 

2.10. ʈʘʩʯʝʪ ʧʦʚʝʨʭʥʦʩʪʥʦʡ ʵʥʝʨʛʠʠ ʛʨʘʥʝʡ ʢʨʠʩʪʘʣʣʦʚ 

ʇʦʚʝʨʭʥʦʩʪʥʘʷ ʵʥʝʨʛʠʷ ʛʨʘʥʝʡ ʢʨʠʩʪʘʣʣʦʚ ʙʳʣʘ ʨʘʩʩʯʠʪʘʥʘ ʤʝʪʦʜʦʤ 

ʘʪʦʤʥʦʛʦ ʩʠʣʦʚʦʛʦ ʧʦʣʷ OPLS [254]. ɺ ʨʘʩʯʝʪʘʭ ʙʳʣʠ ʠʩʧʦʣʴʟʦʚʘʥʳ 

ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʳʝ ʜʘʥʥʳʝ ʦ ʚʟʘʠʤʥʦʤ ʨʘʩʧʦʣʦʞʝʥʠʠ ʤʦʣʝʢʫʣ ʚ ʢʨʠʩʪʘʣʣʝ, ʘ 

ʪʘʢʞʝ ï ʦ ʧʦʣʦʞʝʥʠʠ ʘʪʦʤʦʚ ʚ ʤʦʣʝʢʫʣʝ, ʥʘ ʦʩʥʦʚʝ ʯʝʛʦ ʙʳʣʠ ʧʦʩʪʨʦʝʥʳ 

ʧʘʨʘʣʣʝʣʴʥʳʝ ʤʦʣʝʢʫʣʷʨʥʳʝ ʙʠʩʣʦʠ (ʢʣʘʩʪʝʨʳ), ʣʝʞʘʱʠʝ ʚ ʦʜʥʦʡ ʠʟ ʪʨʝʭ 

ʢʨʠʩʪʘʣʣʦʛʨʘʬʠʯʝʩʢʠʭ ʧʣʦʩʢʦʩʪʝʡ (001), (010), (110) ʠʣʠ (100), ʩʦʜʝʨʞʘʱʠʝ 78 

ʤʦʣʝʢʫʣ ʚ ʩʣʫʯʘʝ ʨʘʩʯʝʪʘ ʵʥʝʨʛʠʠ ʧʣʦʩʢʦʩʪʠ (001) ʠ ʧʦ 54 ʤʦʣʝʢʫʣʳ ʚ ʪʨʝʭ 

ʦʩʪʘʣʴʥʳʭ ʫʢʘʟʘʥʥʳʭ ʦʨʠʝʥʪʘʮʠʷʭ ʧʣʦʩʢʦʩʪʝʡ. ʆʧʨʝʜʝʣʷʣʘʩʴ ʧʦʣʥʘʷ ʚʘʥ-ʜʝʨ-

ʚʘʘʣʴʩʦʚʘ ʵʥʝʨʛʠʷ ʦʨʠʝʥʪʠʨʦʚʘʥʥʦʛʦ ʙʠʩʣʦʷ Uhkl. ɼʘʣʝʝ ʘʥʘʣʦʛʠʯʥʦ 

ʚʳʯʠʩʣʷʣʘʩʴ ʵʥʝʨʛʠʷ ʠʜʝʥʪʠʯʥʳʭ ʤʦʥʦʩʣʦʝʚ, ʩʦʩʪʘʚʣʷʶʱʠʭ ʙʠʩʣʦʡ, U1hkl. 

ʕʥʝʨʛʠʷ ʩʚʷʟʠ ʙʠʩʣʦʝʚ ʨʘʚʥʘ ȹUhkl = Uhkl ï 2U1hkl. ɺ ʤʦʜʝʣʠ ʧʨʠʥʷʪʦ, ʯʪʦ 

ʧʦʣʦʞʠʪʝʣʴʥʦ ʦʧʨʝʜʝʣʝʥʥʘʷ ʵʥʝʨʛʠʷ ʢʦʛʝʟʠʠ ʨʘʚʥʘ ïȹUhkl, ʘ ʧʦʚʝʨʭʥʦʩʪʥʘʷ 

ʵʥʝʨʛʠʷ ʨʘʚʥʘ ʦʪʥʦʰʝʥʠʶ ʵʥʝʨʛʠʠ ʢʦʛʝʟʠʠ ʢ ʫʜʚʦʝʥʥʦʡ ʧʣʦʱʘʜʠ ʤʦʥʦʩʣʦʷ: 

ůhkl= ïȹUhkl/(2ĿS1hkl) [252,253].  

2.11. ʉʧʝʢʪʨʳ ʧʦʛʣʦʱʝʥʠʷ ʠ ʬʦʪʦʣʶʤʠʥʝʩʮʝʥʮʠʠ 

ʉʧʝʢʪʨʳ ʧʦʛʣʦʱʝʥʠʷ ʠ ʣʶʤʠʥʝʩʮʝʥʮʠʠ ʨʘʩʪʚʦʨʦʚ ʚ ʪʦʣʫʦʣʝ ʠʟʤʝʨʷʣʠ ʚ 

ʢʚʘʨʮʝʚʦʡ ʢʶʚʝʪʝ (ʦʧʪʠʯʝʩʢʠʡ ʧʫʪʴ 1 ʩʤ) ʩ ʧʦʤʦʱʴʶ ʩʧʝʢʪʨʦʬʦʪʦʤʝʪʨʦʚ 

Shimadzu UV-3101PC, Cary 300 UV-Vis ʠ ʩʧʝʢʪʨʦʬʣʫʦʨʠʤʝʪʨʘ Shimadzu RF-

5301PC. ʈʝʛʠʩʪʨʘʮʠ ʁ ʩʧʝʢʪʨʦʚ ʣʶʤʠʥʝʩʮʝʥʮʠʠ ʨʘʩʪʚʦʨʦʚ ʧʨʦʚʦʜʠʣʠ ʚ 

ʧʦʣʦʞʝʥʠʠ ʢʶʚʝʪʳ ʧʦʜ 45Á ʢ ʚʦʟʙʫʞʜʘʶʱʝʤʫ ʣʫʯʫ ʜʣʷ ʤʠʥʠʤʠʟʘʮʠʠ ʵʬʬʝʢʪʘ 

ʧʝʨʝʧʦʛʣʦʱʝʥʠʷ. ɺʦʟʙʫʞʜʝʥʠʝ ʣʶʤʠʥʝʩʮʝʥʮʠʠ ʚ ʨʘʩʪʚʦʨʘʭ ʪʝʪʨʘʮʝʥʘ 

ʧʨʦʚʦʜʠʣʠ ʧʨʠ ɚex = 395 ʥʤ.  
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ɻʃɸɺɸ 3. ʊɽʈʄʀʏɽʉʂɸʗ ʉʊɸɹʀʃʔʅʆʉʊʔ, ʈʆʉʊ ʀ 

ʉʊʈʋʂʊʋʈɸ ʂʈʀʉʊɸʃʃʆɺ ʀʉʉʃɽɼʋɽʄʓʍ ʉʆɽɼʀʅɽʅʀʁ 

3.1. ʃʠʥʝʡʥʳʝ ʘʮʝʥʳ 

3.1.1. ʋʪʦʯʥʝʥʠʝ ʧʘʨʘʤʝʪʨʦʚ ʬʘʟʦʚʳʭ ʧʝʨʝʭʦʜʦʚ ʠ ʠʩʩʣʝʜʦʚʘʥʠʝ 

ʪʝʨʤʠʯʝʩʢʦʡ ʩʪʘʙʠʣʴʥʦʩʪʠ ʤʝʪʦʜʘʤʠ ɼʉʂ ʠ ʊɻɸ 

ʂʨʠʚʘʷ ɼʉʂ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʘʷ ʪʝʧʣʦʚʦʝ ʧʦʚʝʜʝʥʠʝ ʦʙʨʘʟʮʘ ʪʝʪʨʘʮʝʥʘ ʚ 

ʛʝʨʤʝʪʠʯʥʦʤ ʪʠʛʣʝ, ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩʫʥʢʝ 3.1, ʘ. ʋʩʪʘʥʦʚʣʝʥʥʳʝ ʧʘʨʘʤʝʪʨʳ 

ʬʘʟʦʚʳʭ ʧʝʨʝʭʦʜʦʚ ʧʨʠʚʝʜʝʥʳ ʚ ʪʘʙʣʠʮʝ 3.1. ʇʨʠ ʥʘʛʨʝʚʘʥʠʠ ʦʙʨʘʟʮʦʚ 

ʪʝʪʨʘʮʝʥʘ ʚʳʷʚʣʷʶʪʩʷ ʜʚʘ ʵʥʜʦʪʝʨʤʠʯʝʩʢʠʭ ʧʠʢʘ: ʤʘʣʳʡ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ Ttr = 

310.0 Ñ 0.1 C̄ ʩ ʵʥʪʘʣʴʧʠʝʡ DHtr = 0.9 Ñ 0.1 ʢɼʞ/ʤʦʣʴ (Cr1 ï Cr2) ʠ ʙʦʣʴʰʦʡ ʧʨʠ 

ʪʝʤʧʝʨʘʪʫʨʝ Tm = 343.0 Ñ 0.1 ÁC ʩ ʵʥʪʘʣʴʧʠʝʡ DHm = 35.6 Ñ 0.5 ʢɼʞ/ʤʦʣʴ (Cr2 ï 

L), ʩʚʷʟʘʥʥʳʝ ʩ ʧʦʣʠʤʦʨʬʥʳʤ ʬʘʟʦʚʳʤ ʧʝʨʝʭʦʜʦʤ ʠ ʧʣʘʚʣʝʥʠʝʤ 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʇʨʠ ʦʭʣʘʞʜʝʥʠʠ ʨʘʩʧʣʘʚ ʪʝʪʨʘʮʝʥʘ ʢʨʠʩʪʘʣʣʠʟʫʝʪʩʷ 

ʟʥʘʯʠʪʝʣʴʥʦ ʥʠʞʝ ʪʝʤʧʝʨʘʪʫʨʳ ʧʣʘʚʣʝʥʠʷ Tm (L - Cr2ᾳ) ʩ ʧʝʨʝʦʭʣʘʞʜʝʥʠʝʤ 

ȹTm= 50 ï 60 C̄. ʅʝʙʦʣʴʰʦʡ ʵʢʟʦʪʝʨʤʠʯʝʩʢʠʡ ʧʝʨʝʭʦʜ ʥʘʙʣʶʜʘʝʪʩʷ ʧʨʠ 

ʪʝʤʧʝʨʘʪʫʨʝ 137 C̄ (Cr2ᾳ ï Cr1ᾳ). ʆʜʥʘʢʦ, ʝʩʣʠ ʚ ʧʝʨʚʦʤ ʮʠʢʣʝ ʦʙʨʘʟʝʮ ʥʝ 

ʥʘʛʨʝʚʘʪʴ ʜʦ ʪʝʤʧʝʨʘʪʫʨʳ ʧʣʘʚʣʝʥʠʷ Tm, ʪʦ ʧʨʠ ʦʭʣʘʞʜʝʥʠʠ ʥʘʙʣʶʜʘʝʪʩʷ 

ʦʙʨʘʪʥʳʡ ʵʢʟʦʪʝʨʤʠʯʝʩʢʠʡ ʧʝʨʝʭʦʜ ʠʟ ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʦʡ ʚ 

ʥʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʫʶ ʢʨʠʩʪʘʣʣʠʯʝʩʢʫʶ ʬʘʟʫ ʩ ʪʝʤʧʝʨʘʪʫʨʥʳʤ ʛʠʩʪʝʨʝʟʠʩʦʤ 

ʦʢʦʣʦ 0.5 ʉ̄.  

ʉʦʛʣʘʩʥʦ ʧʨʝʜʩʪʘʚʣʝʥʥʳʤ ʚ ʪʘʙʣʠʮʝ 1.3 ʣʠʪʝʨʘʪʫʨʥʳʤ ʜʘʥʥʳʤ [86,87], 

ʧʦʣʠʤʦʨʬʥʳʡ ʧʝʨʝʭʦʜ ʚ ʪʝʪʨʘʮʝʥʝ ʥʘʙʣʶʜʘʣʩʷ ʚ ʨʘʡʦʥʝ 308-309 C̄, ʘ 

ʧʣʘʚʣʝʥʠʝ ʥʘ 7-10 C̄ ʚʳʰʝ, ʯʝʤ ʦʧʨʝʜʝʣʝʥʦ ʚ ʥʘʰʠʭ ʫʩʣʦʚʠʷʭ (ʪʘʙʣʠʮʘ 3.1). 

ʅʝʩʦʦʪʚʝʪʩʪʚʠʝ ʚ ʪʝʤʧʝʨʘʪʫʨʘʭ ʧʣʘʚʣʝʥʠʷ ʚʦʟʤʦʞʥʦ ʩʚʷʟʘʥʦ ʩ ʨʘʟʣʠʯʠʝʤ 

ʩʦʩʪʘʚʘ ʠʥʝʨʪʥʦʡ ʘʪʤʦʩʬʝʨʳ, ʚ ʢʦʪʦʨʦʡ ʚʳʧʦʣʥʷʣʘʩʴ ʛʝʨʤʝʪʠʟʘʮʠʷ ʪʠʛʣʝʡ. ɺ 

ʨʘʙʦʪʝ [86] ʫʢʘʟʳʚʘʝʪʩʷ, ʯʪʦ ʧʨʠ ʧʣʘʚʣʝʥʠʠ ʧʨʦʠʩʭʦʜʠʪ ʨʘʟʣʦʞʝʥʠʝ ʪʝʪʨʘʮʝʥʘ, 

ʯʪʦ ʚʣʠʷʝʪ ʥʘ ʪʦʯʥʦʩʪʴ ʦʧʨʝʜʝʣʝʥʠʷ ʚʝʣʠʯʠʥʳ ʵʥʪʘʣʴʧʠʠ ʧʣʘʚʣʝʥʠʷ DHm.  
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(ʘ) 

(ʙ) 

ʈʠʩʫʥʦʢ 3.1 - ʂʨʠʚʳʝ ɼʉʂ ʪʝʪʨʘʮʝʥʘ (ʘ) ʠ ʧʝʥʪʘʮʝʥʘ (ʙ). ɼʣʷ ʧʝʥʪʘʮʝʥʘ (ʙ): 1 ï ʢʨʠʚʘʷ 

ʥʘʛʨʝʚʘʥʠʷ ʦʙʨʘʟʮʘ ʚ ʦʪʢʨʳʪʦʤ ʪʠʛʣʝ, 10 Áʉ/ʤʠʥ; 2 ʠ 3 ï ʢʨʠʚʳʝ ʥʘʛʨʝʚʘʥʠʷ ʦʙʨʘʟʮʦʚ ʚ 

ʟʘʢʨʳʪʳʭ ʪʠʛʣʝ ʩʦ ʩʢʦʨʦʩʪʷʤʠ 10 ʠ 50 Áʉ/ʤʠʥ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ  

ɺ ʥʘʰʠʭ ʵʢʩʧʝʨʠʤʝʥʪʘʭ ʪʘʢʞʝ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʚ ʧʨʦʮʝʩʩʝ ʧʣʘʚʣʝʥʠʷ 

ʪʝʪʨʘʮʝʥ ʧʦʜʚʝʨʛʘʝʪʩʷ ʯʘʩʪʠʯʥʦʡ ʭʠʤʠʯʝʩʢʦʡ ʜʝʛʨʘʜʘʮʠʠ, ʥʘ ʯʪʦ ʫʢʘʟʳʚʘʪʁ 

ʢʘʢ ʥʝʚʦʩʧʨʦʠʟʚʦʜʠʤʦʩʪʴ ʨʝʟʫʣʴʪʘʪʦʚ ʧʨʠ ʚʪʦʨʦʤ ʠ ʧʦʩʣʝʜʫʶʱʠʭ ʮʠʢʣʘʭ 

ʥʘʛʨʝʚʘʥʠʷ, ʪʘʢ ʠ ʨʝʟʫʣʴʪʘʪʳ ʩʨʘʚʥʝʥʠʷ ʩʧʝʢʪʨʦʚ ʧʦʛʣʦʱʝʥʠʷ ʨʘʩʪʚʦʨʦʚ 

ʠʩʭʦʜʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʠ ʦʙʨʘʟʮʦʚ, ʥʘʛʨʝʪʳʭ ʜʦ ʪʝʤʧʝʨʘʪʫʨ ʥʠʞʝ ʠ ʚʳʰʝ Tm, 

ʧʨʝʜʩʪʘʚʣʝʥʥʳʝ ʥʠʞʝ. ʉʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʚ ɻʥʜʦʪʝʨʤʠʯʝʩʢʠʡ ʧʠʢ, ʦʪʚʝʯʘʶʱʠʡ 

ʧʣʘʚʣʝʥʠʶ ʦʙʨʘʟʮʘ, ʪʘʢʞʝ ʚʥʦʩʠʪ ʚʢʣʘʜ ʧʨʦʮʝʩʩ ʜʝʛʨʘʜʘʮʠʠ ʪʝʪʨʘʮʝʥʘ. 

ʈʘʟʜʝʣʠʪʴ ʵʪʠ ʚʢʣʘʜʳ ʠ ʚʳʜʝʣʠʪʴ ʚʢʣʘʜ ʧʣʘʚʣʝʥʠʷ ʚ ʥʘʩʪʦʷʱʠʭ ʵʢʩʧʝʨʠʤʝʥʪʘʭ 
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ʥʝ ʫʜʘʣʦʩʴ. ʇʦʵʪʦʤʫ ʦʧʨʝʜʝʣʝʥʥʘʷ ʦʰʠʙʢʘ ʜʣʷ ʪʝʧʣʦʪʳ ʧʣʘʚʣʝʥʠʷ ʩʚʷʟʘʥʘ 

ʣʠʰʴ ʩ ʧʦʛʨʝʰʥʦʩʪʴʶ ʦʧʨʝʜʝʣʝʥʠʷ ʧʣʦʱʘʜʠ ʧʠʢʘ ʜʣʷ ʩʝʨʠʠ ʵʢʩʧʝʨʠʤʝʥʪʦʚ, ʘ 

ʠʩʪʠʥʥʘʷ ʵʥʪʘʣʴʧʠʷ ʧʣʘʚʣʝʥʠʷ ʜʘʥʥʦʛʦ ʩʦʝʜʠʥʝʥʠʷ ʠʤʝʝʪ ʤʝʥʴʰʝʝ ʟʥʘʯʝʥʠʝ. 

ʊʘʙʣʠʮʘ 3.1 - ʇʘʨʘʤʝʪʨʳ ʬʘʟʦʚʳʭ ʧʝʨʝʭʦʜʦʚ ʢʨʠʩʪʘʣʣʦʚ ʪʝʪʨʘʮʝʥʘ ʠ ʧʝʥʪʘʮʝʥʘ  

ʢʨʠʩʪʘʣʣ II  Ÿ ʢʨʠʩʪʘʣʣ I ʢʨʠʩʪʘʣʣ I Ÿ ʞʠʜʢʦʩʪʴ 

Ttr, 

Áʉ 
DHtr, 

ʢɼʞ/ʤʦʣʴ 

Tm, 

Áʉ 
DHm, 

ʢɼʞ/ʤʦʣʴ 

ʪʝʪʨʘʮʝʥ 

310.0 Ñ 0.1 0.9 Ñ 0.1 343.0 Ñ 0.1  35.6 Ñ 0.5 

ʧʝʥʪʘʮʝʥ 

- - 390 ï 415 - 

ʅʘ ʨʠʩʫʥʢʝ 3.1, ʙ ʧʨʝʜʩʪʘʚʣʝʥʘ ʩʝʨʠʷ ʢʨʠʚʳʭ ɼʉʂ ʚ ʬʘʟʝ ʥʘʛʨʝʚʘ ʜʣʷ 

ʦʙʨʘʟʮʦʚ ʧʝʥʪʘʮʝʥʘ ʠʟ ʠʩʭʦʜʥʦʛʦ ʢʦʤʤʝʨʯʝʩʢʦʛʦ ʤʘʪʝʨʠʘʣʘ. ʂʨʠʚʘʷ 1 

ʭʘʨʘʢʪʝʨʠʟʫʝʪ ʥʘʛʨʝʚ ʦʙʨʘʟʮʘ ʤʘʩʩʦʡ 0.8 ʤʛ ʚ ʦʪʢʨʳʪʦʤ ʪʠʛʣʝ ʩʦ ʩʢʦʨʦʩʪʴʶ 

10 Áʉ/ʤʠʥ. ʇʨʠ ʥʘʛʨʝʚʝ ʜʦ 425 Áʉ ʧʦʪʝʨʷ ʤʘʩʩʳ ʜʘʥʥʳʤ ʦʙʨʘʟʮʦʤ ʩʦʩʪʘʚʠʣʘ 

ʦʢʦʣʦ 80%. ɺ ʦʙʣʘʩʪʠ ʪʝʤʧʝʨʘʪʫʨ 365 ï 375Áʉ ʠʤʝʶʪ ʤʝʩʪʦ ʥʝʢʦʪʦʨʳʝ 

ʠʟʤʝʥʝʥʠʷ, ʩʦʧʨʦʚʦʞʜʘʶʱʠʝʩʷ ʧʦʛʣʦʱʝʥʠʝʤ ʪʝʧʣʘ (ʦʪʤʝʯʝʥʦ ʤʘʣʦʡ ʯʝʨʥʦʡ 

ʩʪʨʝʣʢʦʡ). ɼʘʣʝʝ, ʢʘʢ ʚʠʜʥʦ, ʥʘʙʣʶʜʘʝʪʩʷ ʙʦʣʴʰʦʡ ʨʘʟʤʳʪʳʡ ʵʥʜʦʪʝʨʤʠʯʝʩʢʠʡ 

ʧʠʢ, ʤʘʢʩʠʤʫʤ ʢʦʪʦʨʦʛʦ ʧʨʠʭʦʜʠʪʩʷ ʥʘ 401Áʉ (ʦʪʤʝʯʝʥ ʙʦʣʴʰʦʡ ʯʝʨʥʦʡ 

ʩʪʨʝʣʢʦʡ).  

ʂʨʠʚʘʷ 2 ʭʘʨʘʢʪʝʨʠʟʫʝʪ ʥʘʛʨʝʚ ʦʙʨʘʟʮʘ ʧʝʥʪʘʮʝʥʘ ʤʘʩʩʦʡ 0.8 ʤʛ ʚ 

ʟʘʢʨʳʪʦʤ ʪʠʛʣʝ ʩʦ ʩʢʦʨʦʩʪʴʶ 10 Áʉ/ʤʠʥ. ɺ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʚ ʦʙʣʘʩʪʠ ʪʝʤʧʝʨʘʪʫʨ 

365 ï 375 Áʉ ʦʩʦʙʝʥʥʦʩʪʠ ʵʥʜʦʪʝʨʤʠʯʝʩʢʠʭ ʠʟʤʝʥʝʥʠʡ ʙʦʣʝʝ ʚʳʨʘʞʝʥʳ 

(ʦʙʣʘʩʪʴ ʦʪʤʝʯʝʥʘ ʯʝʨʥʦʡ ʩʪʨʝʣʢʦʡ), ʦʜʥʘʢʦ ʜʘʣʝʝ ʦʙʨʘʟʝʮ ʚʝʜʝʪ ʩʝʙʷ ʠʥʘʯʝ, 

ʯʝʤ ʚ ʧʝʨʚʦʤ ʩʣʫʯʘʝ. ʇʨʠ ʥʘʛʨʝʚʝ ʦʙʨʘʟʮʘ ʧʝʥʪʘʮʝʥʘ ʤʘʩʩʦʡ 1.6 ʤʛ ʚ ʟʘʢʨʳʪʦʤ 

ʪʠʛʣʝ ʩʦ ʩʢʦʨʦʩʪʴʶ 50 Áʉ/ʤʠʥ (ʢʨʠʚʘʷ 3) ʥʘʙʣʶʜʘʝʪʩʷ ʧʦʚʪʦʨʝʥʠʝ ʧʨʝʜʳʜʫʱʝʛʦ 

ʩʣʫʯʘʷ ʚ ʧʦʚʝʜʝʥʠʠ ʤʘʪʝʨʠʘʣʘ ʧʨʠ 365 ï 375Á (ʦʙʣʘʩʪʴ ʦʪʤʝʯʝʥʘ ʯʝʨʥʦʡ 

ʩʪʨʝʣʢʦʡ), ʦʜʥʘʢʦ ʜʘʣʝʝ ʦʙʨʘʟʝʮ ʚʝʜʝʪ ʩʝʙʷ ʧʦʜʦʙʥʦ ʢʘʢ ʚ ʧʝʨʚʦʤ ʩʣʫʯʘʝ 

(ʢʨʠʚʘʷ 1), ʨʘʟʚʝ ʯʪʦ ʤʘʢʩʠʤʫʤ ʵʥʜʦʪʝʨʤʠʯʝʩʢʦʡ ʨʝʘʢʮʠʠ ʩʤʝʱʘʝʪʩʷ ʢ 409 Áʉ. 

ʇʨʠ ʧʦʚʪʦʨʥʦʤ ʪʝʨʤʦʮʠʢʣʠʨʦʚʘʥʠʠ ʦʩʦʙʝʥʥʦʩʪʠ, ʥʘʙʣʶʜʘʝʤʳʝ ʚ ʧʝʨʚʦʤ 

ʪʝʨʤʦʮʠʢʣʝ, ʥʝ ʚʦʩʧʨʦʠʟʚʦʜʷʪʩʷ.  
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ʉʦʛʣʘʩʥʦ ʣʠʪʝʨʘʪʫʨʥʳʤ ʩʚʝʜʝʥʠʷʤ [86], ʧʝʥʪʘʮʝʥ ʩʪʘʥʦʚʠʪʩʷ 

ʥʝʩʪʘʙʠʣʴʥʳʤ ʚ ʨʘʡʦʥʝ 330 Áʉ, ʘ ʧʨʠʙʣʠʟʠʪʝʣʴʥʦ ʧʨʠ 360 Áʉ ʧʨʦʠʩʭʦʜʠʪ ʝʛʦ 

ʪʝʨʤʠʯʝʩʢʦʝ ʨʘʟʣʦʞʝʥʠʝ. ʂʘʢ ʠ ʚ ʩʣʫʯʘʝ ʩ ʪʝʪʨʘʮʝʥʦʤ, ʧʨʦʮʝʩʩʫ ʧʣʘʚʣʝʥʠʷ 

ʚʝʱʝʩʪʚʘ, ʧʦ-ʚʠʜʠʤʦʤʫ, ʩʦʧʫʪʩʪʚʫʝʪ ʨʝʘʢʮʠʷ ʨʘʟʣʦʞʝʥʠʷ, ʚ ʩʚʷʟʠ ʩ ʯʝʤ ʧʦ 

ʧʦʣʫʯʝʥʥʳʤ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʤ ʜʘʥʥʳʤ ʤʦʞʥʦ ʣʠʰʴ ʧʨʝʜʧʦʣʦʞʠʪʴ, ʯʪʦ 

ʪʝʤʧʝʨʘʪʫʨʘ ʧʣʘʚʣʝʥʠʷ ʧʝʥʪʘʮʝʥʘ ʥʘʭʦʜʠʪʩʷ ʚ ʠʥʪʝʨʚʘʣʝ 390 ï 415 Áʉ. 

ʅʘ ʨʠʩʫʥʢʝ 3.2 ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʦʨʤʠʨʦʚʘʥʥʳʝ ʩʧʝʢʪʨʳ ʧʦʛʣʦʱʝʥʠʷ 

(ʩʧʣʦʰʥʳʝ ʢʨʠʚʳʝ) ʠ ʣʶʤʠʥʝʩʮʝʥʮʠʠ (ʧʫʥʢʪʠʨʥʳʝ ʢʨʠʚʳʝ) ʨʘʩʪʚʦʨʦʚ ʚ 

ʪʦʣʫʦʣʝ ʦʜʥʦʢʨʘʪʥʦ ʧʝʨʝʢʨʠʩʪʘʣʣʠʟʦʚʘʥʥʦʛʦ ʪʝʪʨʘʮʝʥʘ (ʢʨʠʚʳʝ 1) ʠ ʦʙʨʘʟʮʦʚ, 

ʧʦʜʚʝʨʛʰʠʭʩʷ ʥʘʛʨʝʚʫ ʥʝʤʥʦʛʦ ʚʳʰʝ ʧʦʣʠʤʦʨʬʥʦʛʦ ʧʝʨʝʭʦʜʘ ʜʦ 325 Áʉ 

(ʢʨʠʚʳʝ 2) ʠ ʧʝʨʝʛʨʝʪʦʛʦ ʚʳʰʝ ʪʝʤʧʝʨʘʪʫʨʳ ʧʣʘʚʣʝʥʠʷ Tm (ʢʨʠʚʳʝ 3). ʀʟ 

ʨʠʩʫʥʢʘ 3.2 ʚʠʜʥʦ, ʯʪʦ ʩʧʝʢʪʨʳ ʧʦʛʣʦʱʝʥʠʷ ʠ ʣʶʤʠʥʝʩʮʝʥʮʠʠ ʨʘʩʪʚʦʨʘ 

ʠʩʭʦʜʥʦʛʦ ʪʝʪʨʘʮʝʥʘ (ʢʨʠʚʘʷ 1) ʩʦʚʧʘʜʘʶʪ ʧʦ ʬʦʨʤʝ ʩ ʠʟʚʝʩʪʥʳʤʠ ʠʟ 

ʣʠʪʝʨʘʪʫʨʳ [74,122]. ʉʧʝʢʪʨʳ ʪʝʪʨʘʮʝʥʘ (ʢʨʠʚʘʷ 2), ʥʘʛʨʝʪʦʛʦ ʜʦ ʪʝʤʧʝʨʘʪʫʨʳ 

325 Áʉ ʩʦʚʧʘʜʘʶʪ ʩʦ ʩʧʝʢʪʨʘʤʠ ʯʠʩʪʦʛʦ ʪʝʪʨʘʮʝʥʘ ʚ ʚʠʜʠʤʦʡ ʦʙʣʘʩʪʠ ʠ 

ʥʝʩʢʦʣʴʢʦ ʨʘʩʭʦʜʷʪʩʷ ʚ ʦʙʣʘʩʪʠ ʋʌ. ʈʘʟʥʦʩʪʴ ʩʧʝʢʪʨʦʚ ʧʦʛʣʦʱʝʥʠʷ ʨʘʩʪʚʦʨʦʚ 

ʯʠʩʪʦʛʦ ʪʝʪʨʘʮʝʥʘ ʠ ʥʘʛʨʝʪʦʛʦ ʜʦ ʪʝʤʧʝʨʘʪʫʨʳ 325 C̄ (ʢʨʠʚʘʷ ŭ12) ʫʙʳʚʘʝʪ ʩ 

ʫʚʝʣʠʯʝʥʠʝʤ ʜʣʠʥʳ ʚʦʣʥʳ ʧʦ ʟʘʢʦʥʫ, ʭʘʨʘʢʪʝʨʥʦʤʫ ʜʣʷ ʩʧʝʢʪʨʘ ʨʘʩʩʝʷʥʠʷ 

ʈʵʣʝʷ. ʕʪʦ ʫʢʘʟʳʚʘʝʪ ʥʘ ʥʘʣʠʯʠʝ ʚ ʨʘʩʪʚʦʨʝ ʜʘʥʥʦʛʦ ʦʙʨʘʟʮʘ, ʧʦʤʠʤʦ ʤʦʥʦʤʝʨʘ 

ʪʝʪʨʘʮʝʥʘ, ʥʝʢʠʭ ʨʘʩʩʝʠʚʘʶʱʠʭ ʯʘʩʪʠʮ, ʧʦʷʚʣʝʥʠʝ ʢʦʪʦʨʳʭ, ʚʝʨʦʷʪʥʦ, ʩʚʷʟʘʥʦ 

ʩ ʯʘʩʪʠʯʥʦʡ ʜʝʛʨʘʜʘʮʠʝʡ ʚʝʱʝʩʪʚʘ.  

ʉʧʝʢʪʨ ʧʦʛʣʦʱʝʥʠʷ ʨʘʩʪʚʦʨʘ ʦʙʨʘʟʮʘ ʪʝʪʨʘʮʝʥʘ (ʢʨʠʚʘʷ 3), ʧʝʨʝʛʨʝʪʦʛʦ 

ʚʳʰʝ Tm, ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʩʪʨʫʢʪʫʨʠʨʦʚʘʥ ʠ ʪʘʢʞʝ, ʢʘʢ ʠ ʦʧʠʩʘʥʥʘʷ ʚʳʰʝ 

ʨʘʟʥʦʩʪʴ ʩʧʝʢʪʨʦʚ ŭ12, ʠʤʝʝʪ ʭʘʨʘʢʪʝʨʥʫʶ ʜʣʷ ʩʧʝʢʪʨʘ ʨʵʣʝʝʚʩʢʦʛʦ ʨʘʩʩʝʷʥʠʷ 

ʬʦʨʤʫ. ʇʨʠ ʵʪʦʤ ʧʨʦʩʤʘʪʨʠʚʘʝʪʩʷ ʩʣʘʙʦʚʳʨʘʞʝʥʥʘʷ ʢʦʣʝʙʘʪʝʣʴʥʘʷ ʩʪʨʫʢʪʫʨʘ 

ʩʧʝʢʪʨʘ ʤʦʥʦʤʝʨʘ. ɿʘʨʝʛʠʩʪʨʠʨʦʚʘʥʥʳʡ ʩʧʝʢʪʨ ʵʤʠʩʩʠʠ ʵʪʦʛʦ ʨʘʩʪʚʦʨʘ 

ʩʫʱʝʩʪʚʝʥʥʦ ʦʪʣʠʯʘʝʪʩʷ ʦʪ ʩʧʝʢʪʨʘ ʤʦʥʦʤʝʨʘ ʪʝʪʨʘʮʝʥʘ, ʠ ʩʦʜʝʨʞʠʪ ʚ ʩʝʙʝ 

ʘʨʪʝʬʘʢʪʳ, ʩʚʷʟʘʥʥʳʝ ʩ ʨʘʩʩʝʷʥʠʝʤ ʚʦʟʙʫʞʜʘʶʱʝʛʦ ʩʚʝʪʘ. ʆʧʠʩʘʥʥʳʝ 

ʩʧʝʢʪʨʘʣʴʥʳʝ ʠʟʤʝʨʝʥʠʷ ʫʢʘʟʳʚʘʝʪ ʥʘ ʟʥʘʯʠʪʝʣʴʥʳʝ ʭʠʤʠʯʝʩʢʠʝ ʠʟʤʝʥʝʥʠʷ ʚ 
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ʩʦʩʪʘʚʝ ʦʙʨʘʟʘ ʪʝʪʨʘʮʝʥʘ, ʧʦʜʚʝʨʛʥʫʪʦʛʦ ʨʘʩʧʣʘʚʣʝʥʠʶ, ʪʝʤ ʩʘʤʳʤ 

ʧʦʜʪʚʝʨʞʜʘʶʪ ʵʬʬʝʢʪ ʜʝʛʨʘʜʘʮʠʠ ʚʝʱʝʩʪʚʘ. 

 
ʈʠʩʫʥʦʢ 3.2 - ʅʦʨʤʠʨʦʚʘʥʥʳʝ ʩʧʝʢʪʨʳ ʧʦʛʣʦʱʝʥʠʷ (ʩʧʣʦʰʥʳʝ ʢʨʠʚʳʝ) ʠ ʣʶʤʠʥʝʩʮʝʥʮʠʠ 

(ʧʫʥʢʪʠʨʥʳʝ ʢʨʠʚʳʝ) ʨʘʩʪʚʦʨʦʚ ʚ ʪʦʣʫʦʣʝ ʦʙʨʘʟʮʦʚ ʪʝʪʨʘʮʝʥʘ: ʦʜʥʦʢʨʘʪʥʦ 

ʧʝʨʝʢʨʠʩʪʘʣʣʠʟʦʚʘʥʥʦʛʦ (1), ʧʦʩʣʝ ʥʘʛʨʝʚʘʥʠʷ ʜʦ 325 C̄ (2) ʠ ʚʳʰʝ ʪʝʤʧʝʨʘʪʫʨʳ ʧʣʘʚʣʝʥʠʷ 

(3); (ŭ12) ï ʥʦʨʤʠʨʦʚʘʥʥʘʷ ʨʘʟʥʦʩʪʴ ʩʧʝʢʪʨʦʚ ʧʦʛʣʦʱʝʥʠʷ (1) ʠ (2). ʅʘ ʚʨʝʟʢʝ ʧʨʠʚʝʜʝʥʳ 

ʠʟʦʙʨʘʞʝʥʠʷ ʧʨʦʙʠʨʦʢ ʩ ʢʦʥʮʝʥʪʨʠʨʦʚʘʥʥʳʤʠ ʨʘʩʪʚʦʨʘʤʠ (1) ʠ (3)  

 

3.1.2. ʈʘʩʪʚʦʨʠʤʦʩʪʴ ʘʥʪʨʘʮʝʥʘ ʠ ʪʝʪʨʘʮʝʥʘ 

ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʫʩʪʘʥʦʚʣʝʥʘ ʨʘʩʪʚʦʨʠʤʦʩʪʴ C0 ʪʝʪʨʘʮʝʥʘ ʧʨʠ 20 ʉ̄ ʚ 

ʙʝʥʟʦʣʝ ʠ ʪʦʣʫʦʣʝ ʤʝʪʦʜʦʤ ʦʧʨʝʜʝʣʝʥʠʷ ʜʦʣʠ ʩʫʭʦʛʦ ʦʩʘʜʢʘ ʧʨʠ ʦʩʫʰʝʥʠʠ 

ʥʘʩʳʱʝʥʥʦʛʦ ʨʘʩʪʚʦʨʘ ʚ ʦʙʲʝʤʝ 20 ʤʣ: ʚ ʙʝʥʟʦʣʝ - C0 = 0.6 Ñ 0.1 ʛ/ʣ, ʚ ʪʦʣʫʦʣʝ - 

C0 = 0.5 Ñ 0.1 ʛ/ʣ. ʂʨʦʤʝ ʪʦʛʦ ʙʳʣʘ ʦʧʨʝʜʝʣʝʥʘ ʨʘʩʪʚʦʨʠʤʦʩʪʴ ʚ ʪʦʣʫʦʣʝ ʧʨʠ 

50 ʉ̄ ʤʝʪʦʜʦʤ ʢʦʥʪʨʦʣʷ ʥʝʨʘʩʪʚʦʨʝʥʥʦʛʦ ʦʩʘʜʢʘ ʚ ʪʝʯʝʥʠʝ ʜʣʠʪʝʣʴʥʦʡ 

ʠʟʦʪʝʨʤʠʯʝʩʢʦʡ ʚʳʜʝʨʞʢʠ ʨʘʩʪʚʦʨʘ: C0 = 2.0 Ñ 0.2 ʛ/ʣ.  

ɼʘʥʥʳʝ ʧʦ ʨʘʩʪʚʦʨʠʤʦʩʪʠ C0 ʣʠʥʝʡʥʳʭ ʘʮʝʥʦʚ ʚ ʪʦʣʫʦʣʝ ʧʨʠ 20 ʉ̄ ʩ 

ʫʯʝʪʦʤ ʧʦʣʫʯʝʥʥʦʛʦ ʟʥʘʯʝʥʠ ̫ ʜʣʷ ʪʝʪʨʘʮʝʥʘ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʚʠʜʝ 
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ʧʦʣʫʣʦʛʘʨʠʬʤʠʯʝʩʢʦʡ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʯʠʩʣʘ n ʘʨʦʤʘʪʠʯʝʩʢʠʭ ʢʦʣʝʮ ʥʘ ʨʠʩʫʥʢʝ 

3.3.  

 

ʈʠʩʫʥʦʢ 3.3 - ʈʘʩʪʚʦʨʠʤʦʩʪʴ ʣʠʥʝʡʥʳʭ ʘʮʝʥʦʚ ʚ ʪʦʣʫʦʣʝ ʧʨʠ 20 ʉ̄ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ 

ʢʦʣʠʯʝʩʪʚʘ n ʩʦʧʨʷʞʝʥʥʳʭ ʢʦʣʝʮ (+ - ʣʠʪʝʨʘʪʫʨʥʳʝ ʜʘʥʥʳʝ, ǒ ï ʵʢʩʧʝʨʠʤʝʥʪ, ƺ ï 

ʘʧʧʨʦʢʩʠʤʘʮʠʷ) 

ʂʘʢ ʚʠʜʥʦ, ʟʘʚʠʩʠʤʦʩʪʴ ʨʘʩʪʚʦʨʠʤʦʩʪʠ ʤʦʣʝʢʫʣ ʣʠʥʝʡʥʳʭ ʘʮʝʥʦʚ ʦʪ ʯʠʩʣʘ 

ʩʦʧʨʷʞʝʥʥʳʭ ʢʦʣʝʮ n ʯʝʪʢʦ ʦʧʠʩʳʚʘʝʪʩʷ ʵʢʩʧʦʥʝʥʮʠʘʣʴʥʦʡ ʬʫʥʢʮʠʝʡ:  

ʉ0 = a1Ŀexp(-a2Ŀn),     (3.1) 

ʛʜʝ a1 = (488 Ñ 12)Ā10
3
, a2 = 3.538 Ñ 0.013 (R

2
=1). ʕʢʩʪʨʘʧʦʣʠʨʫʷ ʜʘʥʥʫʶ 

ʟʘʚʠʩʠʤʦʩʪʴ ʜʦ n = 5, ʤʦʞʥʦ ʦʮʝʥʠʪʴ ʟʥʘʯʝʥʠʝ ʚʝʣʠʯʠʥʳ ʨʘʩʪʚʦʨʠʤʦʩʪʠ ʚ 

ʪʦʣʫʦʣʝ ʜʣʷ ʧʝʥʪʘʮʝʥʘ: C0 = 0.01 ʛ/ʣ (ʧʦʣʘʷ ʪʦʯʢʘ ʥʘ ʨʠʩʫʥʢʝ 3.2).  

ɺ ʧʨʠʙʣʠʞʝʥʠʠ ʨʝʛʫʣʷʨʥʳʭ ʨʘʩʪʚʦʨʦʚ ʥʘ ʦʩʥʦʚʝ ʤʦʜʝʣʠ ʉʢʵʪʯʘʨʜʘ ï 

ɻʠʣʴʜʝʙʨʘʥʜʘ ((2.3), (2.4)) ʜʣʷ ʘʥʪʨʘʮʝʥʘ ʠ ʪʝʪʨʘʮʝʥʘ ʧʦʩʪʨʦʝʥʳ ʢʨʠʚʳʝ 

ʨʘʩʪʚʦʨʠʤʦʩʪʠ ʚ ʪʦʣʫʦʣʝ, ʢʦʪʦʨʳʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʨʠʩʫʥʢʝ 3.4. ɼʣʷ ʨʘʩʯʝʪʘ 

ʙʳʣʠ ʠʩʧʦʣʴʟʦʚʘʥʳ ʩʣʝʜʫʶʱʠʝ ʧʘʨʘʤʝʪʨʳ: ʪʝʤʧʝʨʘʪʫʨʘ ʠ ʵʥʪʘʣʴʧʠʷ ʧʣʘʚʣʝʥʠʷ 

ʜʣʷ ʘʥʪʨʘʮʝʥʘ - Tm,2 = 491 ʂ ʠ DHm,2 = 29.8 ʢɼʞ/ʤʦʣʴ (ʫʩʨʝʜʥʝʥʠʝ ʧʦ ʜʘʥʥʳʤ 

[61,83ï85]), ʘ ʜʣʷ ʪʝʪʨʘʮʝʥʘ ʠʩʧʦʣʴʟʦʚʘʥʳ ʫʩʪʘʥʦʚʣʝʥʥʳʝ ʥʘʤʠ ʟʥʘʯʝʥʠʷ 

(ʪʘʙʣʠʮʘ 3.1); ʤʦʣʷʨʥʳʝ ʦʙʲʝʤʳ Vm,i = Mi/ɟi (ɟi ï ʧʣʦʪʥʦʩʪʴ) ʜʣʷ ʪʦʣʫʦʣʘ - 

106.3Ŀ10
-6
, ʘʥʪʨʘʮʝʥʘ ï 142.4Ŀ10

-6
 ʠ ʪʝʪʨʘʮʝʥʘ - 172.6 10

-6
 ʤ

3
Ŀʤʦʣʴ

-1
. ʇʘʨʘʤʝʪʨ ɸ 
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ʚ ʠʟʙʳʪʦʯʥʦʡ ʵʥʝʨʛʠʠ ɻʠʙʙʩʘ ʚ (2.4) ʦʧʨʝʜʝʣʝʥ ʯʝʨʝʟ ʠʟʚʝʩʪʥʫʶ ʢʦʥʮʝʥʪʨʘʮʠʶ 

ʥʘʩʳʱʝʥʥʦʛʦ ʨʘʩʪʚʦʨʘ: ʜʣʷ ʘʥʪʨʘʮʝʥʘ ʉ0 (16.5 ʉ̄) = 8 ʛ/ʣ [107], ɸ= 8.28Ŀ10
6
 

ɼʞ/ʤ
3
, ʜʣʷ ʪʝʪʨʘʮʝʥʘ ʉ0 (20 ʉ̄) = 0.5 ʛ/ʣ, ɸ= 4.60Ŀ10

6
 ɼʞ/ʤ

3
.  

 

ʈʠʩʫʥʦʢ 3.4 - ʂʨʠʚʳʝ ʨʘʩʪʚʦʨʠʤʦʩʪʠ ʘʥʪʨʘʮʝʥʘ (ʘ) ʠ ʪʝʪʨʘʮʝʥʘ (ʙ) ʚ ʪʦʣʫʦʣʝ, ʧʦʩʪʨʦʝʥʥʳʝ 

ʚ ʧʨʠʙʣʠʞʝʥʠʷʭ ʨʝʛʫʣʷʨʥʳʭ (ʩʧʣʦʰʥʘʷ ʣʠʥʠʷ) ʠ ʠʜʝʘʣʴʥʳʭ (ʧʫʥʢʪʠʨʥʘʷ ʣʠʥʠʷ) 

ʨʘʩʪʚʦʨʦʚ. ʊʦʯʢʘʤʠ ʦʪʤʝʯʝʥʳ ʣʠʪʝʨʘʪʫʨʥʳʝ ʜʘʥʥʳʝ (ʘʥʪʨʘʮʝʥ) ʠ ʫʩʪʘʥʦʚʣʝʥʥʳʝ ʚ ʜʘʥʥʦʡ 

ʨʘʙʦʪʝ (ʪʝʪʨʘʮʝʥ) ʟʥʘʯʝʥʠʷ 

ʂʘʢ ʚʠʜʥʦ ʠʟ ʨʠʩʫʥʢʘ 3.4, ʘ, ʧʦʩʪʨʦʝʥʥʘʷ ʚ ʧʨʠʙʣʠʞʝʥʠʠ ʨʝʛʫʣʷʨʥʳʭ 

ʨʘʩʪʚʦʨʦʚ ʢʨʠʚʘʷ ʨʘʩʪʚʦʨʠʤʦʩʪʠ ʘʥʪʨʘʮʝʥʘ ʫʜʦʚʣʝʪʚʦʨʠʪʝʣʴʥʦ ʩʦʛʣʘʩʫʝʪʩʷ ʩ 

ʣʠʪʝʨʘʪʫʨʥʳʤʠ ʜʘʥʥʳʤʠ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʤʠ ʥʘ ʛʨʘʬʠʢʝ ʚ ʚʠʜʝ ʯʝʨʥʳʭ ʪʦʯʝʢ 

[107]. ʇʦʩʪʨʦʝʥʥʘʷ ʢʨʠʚʘʷ ʜʣʷ ʪʝʪʨʘʮʝʥʘ ʚ ʧʨʝʜʝʣʘʭ ʧʦʛʨʝʰʥʦʩʪʠ ʭʦʨʦʰʦ 

ʩʦʛʣʘʩʫʝʪʩʷ ʩ ʫʩʪʘʥʦʚʣʝʥʥʳʤ ʟʥʘʯʝʥʠʝʤ ʜʣʷ 50 ʉ̄ (ʨʠʩʫʥʦʢ 3.4, ʙ). ɼʣʷ 

ʩʨʘʚʥʝʥʠʷ ʥʘ ʛʨʘʬʠʢʘʭ ʨʠʩʫʥʢʘ 3.4 ʚ ʚʠʜʝ ʧʫʥʢʪʠʨʥʳʭ ʣʠʥʠʡ ʧʨʠʚʝʜʝʥ r

ʨʘʩʯʝʪʥʳʝ ʢʨʠʚʳʝ ʨʘʩʪʚʦʨʠʤʦʩʪʠ ʚ ʧʨʠʙʣʠʞʝʥʠʠ ʠʜʝʘʣʴʥʳʭ ʨʘʩʪʚʦʨʦʚ ʧʨʠ ɸ = 

0 (ʤʦʜʝʣʴ ʐʨʝʜʝʨʘ ï ʚʘʥ ʃʘʘʨʘ). ʂʘʢ ʚʠʜʥʦ, ʜʣʷ ʪʝʪʨʘʮʝʥʘ ʦʪʢʣʦʥʝʥʠʝ 

ʠʜʝʘʣʴʥʦʡ ʢʨʠʚʦʡ ʨʘʩʪʚʦʨʠʤʦʩʪʠ ʦʪ ʦʧʳʪʥʳʭ ʪʦʯʝʢ ʙʦʣʝʝ ʩʫʱʝʩʪʚʝʥʥʦʝ, ʯʝʤ 

ʜʣʷ ʘʥʪʨʘʮʝʥʘ, ʯʪʦ ʤʦʞʝʪ ʩʚʠʜʝʪʝʣʴʩʪʚʦʚʘʪʴ ʦ ʥʘʣʠʯʠʝ ʫ ʧʝʨʚʦʛʦ ʙʦʣʝʝ 

ʚʳʨʘʞʝʥʥʳʭ ʩʧʝʮʠʬʠʯʝʩʢʠʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ ʚ ʨʘʩʪʚʦʨʘʭ ʚ ʚʠʜʝ ʘʛʨʝʛʘʮʠʠ 

ʤʦʣʝʢʫʣ. 
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3.1.3. ʈʦʩʪ ʢʨʠʩʪʘʣʣʦʚ ʠʟ ʨʘʩʪʚʦʨʦʚ 

ʅʘʬʪʘʣʠʥ ʫʜʦʚʣʝʪʚʦʨʠʪʝʣʴʥʦ ʨʘʩʪʚʦʨʷʝʪʩʷ ʚ ʵʪʘʥʦʣʝ ʧʨʠ ʢʦʤʥʘʪʥʦʡ 

ʪʝʤʧʝʨʘʪʫʨʝ (ʉ0 > 10 ʛ/ʣ). ʀʟ ʥʘʩʳʱʝʥʥʦʛʦ ʨʘʩʪʚʦʨʘ ʥʘʬʪʘʣʠʥʘ ʚ ʪʦʣʫʦʣʝ, 

ʠʩʧʦʣʴʟʫʷ ʚ ʢʘʯʝʩʪʚʝ ʦʩʘʜʠʪʝʣʷ ʚʦʜʫ, ʥʘ ʛʨʘʥʠʮʝ ʨʘʟʜʝʣʘ ʞʠʜʢʦʩʪʴ - ʚʦʟʜʫʭ ʚ 

ʪʝʯʝʥʠʝ ʩʫʪʦʢ ʬʦʨʤʠʨʫʶʪʩʷ ʤʦʥʦʢʨʠʩʪʘʣʣʠʯʝʩʢʠʝ ʧʣʘʩʪʠʥʳ ʩʘʥʪʠʤʝʪʨʦʚʦʛʦ 

ʤʘʩʪhʘʙʘ ʪʦʣʱʠʥʦʡ ʜʦ 1 ʤʤ (ʨʠʩʫʥʦʢ 3.5). ʆʜʥʘʢʦ ʩʫʱʝʩʪʚʝʥʥʳʤ ʥʝʜʦʩʪʘʪʢʦʤ 

ʥʘʬʪʘʣʠʥʘ ʷʚʣʷʝʪʩʷ ʝʛʦ ʚʳʩʦʢʘʷ ʣʝʪʫʯʝʩʪʴ ʚ ʪʚʝʨʜʦʤ ʩʦʩʪʦʷʥʠʠ ʧʨʠ ʢʦʤʥʘʪʥʦʡ 

ʪʝʤʧʝʨʘʪʫʨʝ, ʯʪʦ ʥʘʣʘʛʘʝʪ ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʪʨʝʙʦʚʘʥʠʷ ʢ ʭʨʘʥʝʥʠʶ ʦʙʨʘʟʮʦʚ 

(ʛʝʨʤʝʪʠʟʘʮʠ ̫ʠʣʠ ʢʘʧʩʫʣʠʨʦʚʘʥʠʝ). 

 

ʈʠʩʫʥʦʢ 3.5 - ʄʦʥʦʢʨʠʩʪʘʣʣʠʯʝʩʢʘ ̫ʧʣʘʩʪʠʥʘ ʥʘʬʪʘʣʠʥʘ, ʚʳʨʘʱʝʥʥʘ ̫ʠʟ ʨʘʩʪʚʦʨʘ ʵʪʘʥʦʣʘ 

ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʦʩʦʙʝʥʥʦʩʪʝʡ ʨʦʩʪʘ ʢʨʠʩʪʘʣʣʦʚ ʘʥʪʨʘʮʝʥʘ ʠʟ 

ʨʘʩʪʚʦʨʦʚ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʨʘʙʦʪʝ [A8]. ʇʨʦʚʝʜʝʥʘ ʩʝʨʠʷ ʦʧʳʪʦʚ ʧʦ 

ʚʳʨʘʱʠʚʘʥʠʶ ʢʨʠʩʪʘʣʣʦʚ 3A ʠʟ ʨʘʩʪʚʦʨʦʚ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʨʷʜʘ 

ʨʘʩʪʚʦʨʠʪʝʣʝʡ ʠ ʦʩʘʜʠʪʝʣʝʡ. ʈʦʩʪʦʚʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʢʨʠʩʪʘʣʣʦʚ 

ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣʠʮʝ 3.2.  

ʇʨʠ ʚʳʨʘʱʠʚʘʥʠʠ ʠʟ ʨʘʩʪʚʦʨʦʚ ʪʦʣʫʦʣʘ ʠ ʙʝʥʟʦʣʘ ʨʦʩʪ ʢʨʠʩʪʘʣʣʦʚ 

ʧʨʦʭʦʜʠʣ ʥʘ ʛʨʘʥʠʮʝ ʨʘʟʜʝʣʘ ʞʠʜʢʦʩʪʴ ï ʚʦʟʜʫʭ. ʇʦ ʤʝʨʝ ʫʚʝʣʠʯʝʥʠʷ ʚ ʭʦʜʝ 

ʨʦʩʪʘ ʨʘʟʤʝʨʦʚ ʢʨʠʩʪʘʣʣʳ ʠʟ-ʟʘ ʙʦʣʝʝ ʚʳʩʦʢʦʡ ʧʣʦʪʥʦʩʪʠ ʦʩʝʜʘʣʠ ʥʘ ʜʥʦ 

ʨʦʩʪʦʚʦʛʦ ʩʦʩʫʜʘ.  

ʉʨʝʜʥʷʷ ʩʢʦʨʦʩʪʴ ʨʦʩʪʘ, ʢʘʢ ʧʨʘʚʠʣʦ, ʙʳʣʘ ʥʘʠʙʦʣʴʰʝʡ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ 

ʥʠʟʢʦ ʢʠʧʷʱʠʭ ʦʩʘʜʠʪʝʣʝʡ ï ʤʝʪʘʥʦʣʘ ʠ ʵʪʘʥʦʣʘ (ʪʘʙʣʠʮʘ 3.2), ʦʜʥʘʢʦ 

ʤʦʨʬʦʣʦʛʠʯʝʩʢʦʝ ʢʘʯʝʩʪʚʦ ʫ ʪʘʢʠʭ ʢʨʠʩʪʘʣʣʦʚ ʙʳʣʦ ʥʝʚʳʩʦʢʦ: ʦʢʨʫʛʣʝʥʥʘʷ 

ʬʦʨʤʘ ʛʨʘʥʝʡ ʠ ʤʥʦʞʝʩʪʚʦ ʧʘʨʘʟʠʪʥʳʭ ʢʨʠʩʪʘʣʣʦʚ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ, 
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ʢʦʥʪʘʢʪʠʨʫʶʱʝʡ ʚ ʧʨʦʮʝʩʩʝ ʨʦʩʪʘ ʩ ʨʘʩʪʚʦʨʦʤ. ʂʨʠʩʪʘʣʣʳ ʘʥʪʨʘʮʝʥʘ 

ʥʘʠʣʫʯʰʝʛʦ ʢʘʯʝʩʪʚʘ (ʛʣʘʜʢʘʷ ʧʦʚʝʨʭʥʦʩʪʴ, ʦʪʩʫʪʩʪʚʠʝ ʤʝʣʢʠʭ ʢʨʠʩʪʘʣʣʠʢʦʚ ï 

ʧʘʨʘʟʠʪʦʚ, ʥʘʣʠʯʠʝ ʦʛʨʘʥʢʠ) ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʠʟ ʨʘʩʪʚʦʨʦʚ ʪʦʣʫʦʣʘ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʦʩʘʜʠʪʝʣʝʡ ʠʟʦʧʨʦʧʘʥʦʣʘ ʠ ʙʫʪʘʥʦʣʘ-1.  

ʊʘʙʣʠʮʘ 3.2 - ʇʘʨʘʤʝʪʨʳ ʨʦʩʪʘ ʠʟ ʨʘʩʪʚʦʨʦʚ (20 ʉ̄) ʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʢʨʠʩʪʘʣʣʦʚ ʘʥʪʨʘʮʝʥʘ 

ʈʘʩʪʚʦ-

ʨʠʪʝʣʴ 

ʆʩʘʜʠʪʝʣʴ T, 

ʩʫʪʢʠ 

ʉʅ, 

 ʛ/ʣ 

Lm, 

ʤʤ 

Hm, 

ʤʢʤ 
ʇ 

VL, 

ʤʢʤ/ʯ 

ɗS, 

ʛʨʘʜ 

ʪʦʣʫʦʣ 

ʤʝʪʘʥʦʣ 1 10 12 60 1 500 - 

ʵʪʘʥʦʣ 2 10 17 150 1 

350 99.4 Ñ 

0.4 

ʠʟʦʧʨʦʧʘʥʦʣ 9 10 29 600 0 

135 89.7Ñ 

0.3 

ʠʟʦʧʨʦʧʘʥʦʣ 26 9 45 600 0 72 - 

ʙʫʪʘʥʦʣ-1 2 10 10 130 1 210 - 

ʠʩʧʘʨʝʥʠʝ 

ʨʘʩʪʚʦʨʠʪʝʣʷ 10 12 5 - 0 21 - 

ʙʝʥʟʦʣ 

 

ʤʝʪʘʥʦʣ 2 10 8 190 1 

170 98.5 Ñ 

0.2 

ʵʪʘʥʦʣ 2 10 22 230 1 460 100 Ñ 1 

ʙʫʪʘʥʦʣ-1 2 10 7 125 1 150 97.4 Ñ 

0.2 

ʥ-ʛʝʢʩʘʥ 
ʵʪʘʥʦʣ 1 1 2 10 0 85 - 

ʙʫʪʘʥʦʣ-1 1 1 0,5 6 0 21 - 

ʇʨʠʤʝʯʘʥʠʝ: ʊ ï ʧʝʨʠʦʜ ʨʦʩʪʘ; ʉʅ ï ʥʘʯʘʣʴʥʘʷ ʢʦʥʮʝʥʪʨʘʮʠʷ ʚ ʨʘʩʪʚʦʨʠʪʝʣʝ; Lm ʠ Hm ï 

ʤʘʢʩʠʤʘʣʴʥʳʝ ʜʣʠʥʘ ʠ ʪʦʣʱʠʥʘ ʢʨʠʩʪʘʣʣʦʚ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ; VL ï ʩʨʝʜʥʷʷ ʣʠʥʝʡʥʘʷ ʩʢʦʨʦʩʪʴ 

ʨʦʩʪʘ; ʇ ï ʦʙʣʘʩʪʴ ʨʦʩʪʘ (1 ï ʛʨʘʥʠʮʘ ʨʘʟʜʝʣʘ ʞʠʜʢʦʩʪʴ ï ʚʦʟʜʫʭ, 0 ï ʥʘ ʜʥʝ); ɗS - ʢʨʘʝʚʦʡ 

ʫʛʦʣ ʩʤʘʯʠʚʘʥʠʷ ʨʘʟʚʠʪʦʡ ʛʨʘʥʠ ʢʨʠʩʪʘʣʣʘ. 

ʅʘ ʨʠʩʫʥʢʝ 3.6, ʘ ʧʨʝʜʩʪʘʚʣʝʥʳ ʦʙʨʘʟʮʳ ʧʣʘʩʪʠʥʯʘʪʳʭ ʢʨʠʩʪʘʣʣʦʚ 3ɸ, 

ʚʳʨʘʱʝʥʥʳʭ ʠʟ ʪʦʣʫʦʣʘ ʚ ʧʘʨʘʭ ʠʟʦʧʨʦʧʘʥʦʣʘ ʟʘ 9 ʩʫʪʦʢ. ɺ ʜʘʥʥʦʤ ʩʣʫʯʘʝ 

ʨʘʟʤʝʨʳ ʥʘʠʙʦʣʝʝ ʢʨʫʧʥʳʭ ʢʨʠʩʪʘʣʣʦʚ ʩʦʠʟʤʝʨʠʤʳ ʩ ʨʘʟʤʝʨʦʤ ʨʦʩʪʦʚʦʛʦ 

ʩʦʩʫʜʘ (ʭʠʤʠʯʝʩʢʠʡ ʩʪʘʢʘʥ ï 100 ʤʣ, ʥʘʯʘʣʴʥʳʡ ʦʙʲʝʤ ʨʘʩʪʚʦʨʘ ï 20 ʤʣ). 

ɺʦʟʥʠʢʘʝʪ ʟʘʢʦʥʦʤʝʨʥʳʡ ʚʦʧʨʦʩ: ʤʦʞʥʦ ʣʠ ʧʦʣʫʯʠʪʴ ʢʨʠʩʪʘʣʣʳ ʙʦʣʴʰʠʭ 

ʨʘʟʤʝʨʦʚ, ʠʩʧʦʣʴʟʫʷ ʙʦʣʴʰʠʡ ʦʙʲʝʤ ʨʦʩʪʦʚʦʡ ʩʨʝʜʳ? ɺ ʵʪʦʡ ʩʚʷʟʠ ʙʳʣ 

ʧʨʦʚʝʜʝʥ ʦʧʳʪ ʩ ʙʦʣʴʰʠʤ ʤʘʩʰʪʘʙʦʤ ʨʦʩʪʦʚʦʡ ʩʨʝʜʳ: ʠʩʭʦʜʥʳʡ ʦʙʲʝʤ 

ʨʘʩʪʚʦʨʘ ʘʥʪʨʘʮʝʥʘ ʚ ʪʦʣʫʦʣʝ ï 100 ʤʣ, ʚ ʢʘʯʝʩʪʚʝ ʨʦʩʪʦʚʦʛʦ ʩʦʩʫʜʘ 

ʠʩʧʦʣʴʟʦʚʘʣʠ ʭʠʤʠʯʝʩʢʠʡ ʩʪʘʢʘʥ ʦʙʲʝʤʦʤ 200 ʤʣ. ʉ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʦʩʘʜʠʪʝʣʷ 
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ï ʠʟʦʧʨʦʧʘʥʦʣʘ ʟʘ 26 ʩʫʪʦʢ ʜʝʡʩʪʚʠʪʝʣʴʥʦ ʙʳʣʠ ʚʳʨʘʱʝʥʳ ʙʦʣʝʝ ʢʨʫʧʥʳʝ 

ʦʙʨʘʟʮʳ ʢʨʠʩʪʘʣʣʦʚ ʜʣʠʥʦʡ ʜʦ 45 ʤʤ (ʨʠʩʫʥʦʢ 3.6, ʙ).  

 
ʈʠʩʫʥʦʢ 3.6 - ʂʨʠʩʪʘʣʣʳ ʘʥʪʨʘʮʝʥʘ ʧʦʜ ʋʌ ʦʩʚʝʱʝʥʠʝʤ, ʚʳʨʘʱʝʥʥʳʝ ʠʟ ʨʘʩʪʚʦʨʘ ʪʦʣʫʦʣʘ 

ʚ ʪʝʯʝʥʠʝ 9 ʩʫʪʦʢ (ʘ) ʠ 26 ʩʫʪʦʢ (ʙ); (ʚ-ʜ) ʢʦʥʬʦʢʘʣʴʥʳʝ ʤʠʢʨʦʠʟʦʙʨʘʞʝʥʠʷ ʧʦʚʝʨʭʥʦʩʪʠ 

ʢʨʠʩʪʘʣʣʦʚ ʥʘ ʨʠʩʫʥʢʝ (ʘ): (ʚ) ï ʫʯʘʩʪʦʢ ʢʨʘʷ ʢʨʠʩʪʘʣʣʘ ʩ ʛʣʘʜʢʦʡ ʧʦʚʝʨʭʥʦʩʪʥʦʡ 

ʤʦʨʬʦʣʦʛʠʝʡ; (ʛ) ï ʷʤʢʠ ʪʨʘʚʣʝʥʠʷ ʥʘ ʫʯʘʩʪʢʝ ʢʨʘʷ ʢʨʠʩʪʘʣʣʘ; (ʜ) ï ʨʦʩʪʦʚʦʡ ʭʦʣʤʠʢ 

ʢʦʥʠʯʝʩʢʦʡ ʬʦʨʤʳ. ʂʨʠʩʪʘʣʣʳ ʥʘ ʨʠʩʫʥʢʝ (ʙ) ʨʘʩʧʦʣʦʞʝʥʳ ʥʘ ʤʠʣʣʠʤʝʪʨʦʚʦʡ ʙʫʤʘʛʝ 

ʂʘʢ ʚʠʜʥʦ ʠʟ ʨʠʩʫʥʢʘ 3.6, ʘ ʠ ʙ, ʢʨʠʩʪʘʣʣʳ ʘʥʪʨʘʮʝʥʘ ʠʤʝʶʪ ʦʛʨʘʥʢʫ. 

ʏʘʩʪʦ ʥʘʙʣʶʜʘʶʪʩʷ ʦʙʨʘʟʮʳ, ʜʣʷ ʢʦʪʦʨʳʭ ʟʥʘʯʝʥʠʷ ʚʥʫʪʨʝʥʥʠʭ ʫʛʣʦʚ ʤʝʞʜʫ 

ʙʦʢʦʚʳʤʠ ʛʨʘʥʷʤʠ ʢʨʠʩʪʘʣʣʘʤ ʩʦʩʪʘʚʣʷʶʪ ʧʨʠʙʣʠʟʠʪʝʣʴʥʦ 110 ʠ 125 ʛʨʘʜʫʩʦʚ. 

ɼʣʷ ʨʷʜʘ ʢʨʠʩʪʘʣʣʦʚ ʭʘʨʘʢʪʝʨʥʦ ʥʘʣʠʯʠʝ ʛʣʘʜʢʦʡ ʧʦʚʝʨʭʥʦʩʪʠ, ʢʘʢ, ʥʘʧʨʠʤʝʨ, 

ʤʦʞʥʦ ʚʠʜʝʪʴ ʥʘ ʢʦʥʬʦʢʘʣʴʥʦʤ ʠʟʦʙʨʘʞʝʥʠʠ ʥʘ ʨʠʩʫʥʢʝ 3.5, ʚ. ʆʜʥʘʢʦ ʥʘ 

ʦʧʨʝʜʝʣʸʥʥʳʭ ʫʯʘʩʪʢʘʭ ʧʦʚʝʨʭʥʦʩʪʠ ʨʘʟʚʠʪʦʡ ʛʨʘʥʠ ʤʦʞʥʦ ʙʳʣʦ ʥʘʙʣʶʜʘʪ ɹ

ʩʠʩʪʝʤʫ ʷʤʦʢ ʪʨʘʚʣʝʥʠʷ, ʧʣʦʪʥʦʩʪʴ ʢʦʪʦʨʳʭ ʧʨʠ ʧʝʨʝʭʦʜʝ ʦʪ ʢʨʘʷ ʢʨʠʩʪʘʣʣʘ ʢ 

ʮʝʥʪʨʘʣʴʥʦʡ ʯʘʩʪʠ ʩʪʨʝʤʠʪʝʣʴʥʦ ʩʥʠʞʘʝʪʩʷ. ɺ ʢʘʯʝʩʪʚʝ ʧʨʠʤʝʨʘ ʥʘ ʨʠʩʫʥʢʝ 

3.6, ʛ ʧʨʝʜʩʪʘʚʣʝʥʦ ʢʦʥʬʦʢʘʣʴʥʦʝ ʠʟʦʙʨʘʞʝʥʠʝ ʫʯʘʩʪʢʘ ʢʨʘʷ ʢʨʠʩʪʘʣʣʘ, ʥʘ 

ʢʦʪʦʨʦʤ ʚ ʦʙʣʘʩʪʠ ʫ ʢʨʘʷ (ʧʫʥʢʪʠʨʥʳʡ ʢʚʘʜʨʘʪ ç1è) ʧʣʦʪʥʦʩʪʴ ʷʤʦʢ nD ~ 1Ŀ10
9
 

ʤ
-2
, ʘ ʚ ʦʙʣʘʩʪʠ, ʚʳʜʝʣʝʥʥʦʡ ʧʫʥʢʪʠʨʥʳʤ ʢʚʘʜʨʘʪʦʤ ç2è nD ~ 0.3Ŀ10

9 
ʤ

-2
. 

ʅʘʣʠʯʠʝ ʷʤʦʢ ʪʨʘʚʣʝʥʠʷ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʢʨʠʩʪʘʣʣʦʚ, ʧʦ-ʚʠʜʠʤʦʤʫ, ʩʚʷʟʘʥʦ, ʢʘʢ 

ʩʢʘʟʘʥʦ ʚʳʰʝ, ʩ ʦʩʝʜʘʥʠʝʤ ʢʨʠʩʪʘʣʣʘ ʥʘ ʦʧʨʝʜʝʣʸʥʥʦʤ ʵʪʘʧʝ ʝʛʦ ʨʘʟʚʠʪʠʷ ʩ 
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ʧʦʚʝʨʭʥʦʩʪʠ ʨʘʟʜʝʣʘ ʬʘʟ ʥʘ ʜʥʦ ʚ ʩʣʦʡ ʤʝʥʝʝ ʥʘʩʳʱʝʥʥʦʛʦ ʨʘʩʪʚʦʨʘ ʚ ʪʝʢʫʱʠʡ 

ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ. ʄʦʞʥʦ ʦʪʤʝʪʠʪʴ ʪʘʢʞʝ ʥʘʣʠʯʠʝ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʢʨʠʩʪʘʣʣʦʚ 

ʢʨʫʧʥʳʭ ʝʜʠʥʠʯʥʳʭ ʭʦʣʤʠʢʦʚ ʨʦʩʪʘ ʢʦʥʠʯʝʩʢʦʡ ʬʦʨʤʳ, ʚ ʦʢʨʝʩʪʥʦʩʪʷʭ 

ʢʦʪʦʨʳʭ ʧʦʚʝʨʭʥʦʩʪʥʘʷ ʤʦʨʬʦʣʦʛʠʷ ʤʝʥʝʝ ʦʜʥʦʨʦʜʥʘʷ (ʨʠʩʫʥʦʢ 3.6, ʜ). 

ʀʟ ʨʘʩʪʚʦʨʘ ʥ-ʛʝʢʩʘʥʘ ʦʙʨʘʟʦʚʘʥʠʝ ʢʨʠʩʪʘʣʣʦʚ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʨʘʟʜʝʣʘ ʬʘʟ 

ʥʝ ʥʘʙʣʶʜʘʣʦʩʴ. ɺ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʤʝʣʢʠʝ ʢʨʠʩʪʘʣʣʳ ʥʠʟʢʦʛʦ ʢʘʯʝʩʪʚʘ ʚ 

ʟʥʘʯʠʪʝʣʴʥʦʤ ʢʦʣʠʯʝʩʪʚʝ ʬʦʨʤʠʨʦʚʘʣʠʩʴ ʥʘ ʜʥʝ ʨʘʩʪʚʦʨʘ. 

ʊʘʢʞʝ ʜʣʷ ʩʨʘʚʥʝʥʠʷ ʙʳʣʠ ʧʨʦʚʝʜʝʥʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʨʦʩʪʘ ʢʨʠʩʪʘʣʣʦʚ ʠʟ 

ʨʘʩʪʚʦʨʘ ʪʦʣʫʦʣʘ ʤʝʪʦʜʦʤ ʤʝʜʣʝʥʥʦʛʦ ʠʟʦʪʝʨʤʠʯʝʩʢʦʛʦ ʠʩʧʘʨʝʥʠʷ 

ʨʘʩʪʚʦʨʠʪʝʣʷ. ʉʨʝʜʥʷʷ ʩʢʦʨʦʩʪʴ ʨʦʩʪʘ ʢʨʫʧʥʳʭ ʢʨʠʩʪʘʣʣʦʚ ʚ ʜʘʥʥʦʤ ʩʣʫʯʘʝ, 

ʢʘʢ ʚʠʜʥʦ ʠʟ ʪʘʙʣʠʮʳ 3.2, ʙʳʣʘ ʦʜʥʦʡ ʠʟ ʥʘʠʤʝʥʴʰʠʭ. ʂʨʠʩʪʘʣʣʠʯʝʩʢʠʝ 

ʦʙʨʘʟʮʳ ʠʤʝʣʠ ʦʛʨʘʥʢʫ, ʦʜʥʘʢʦ ʥʘ ʠʭ ʧʦʚʝʨʭʥʦʩʪʠ ʥʘʙʣʶʜʘʣʦʩʴ ʙʦʣʴʰʦʝ 

ʢʦʣʠʯʝʩʪʚʦ ʤʝʣʢʠʭ ʧʘʨʘʟʠʪʥʳʭ ʢʨʠʩʪʘʣʣʠʢʦʚ. 

ʀʪʘʢ, ʤʦʨʬʦʣʦʛʠʯʝʩʢʠ ʥʘʠʙʦʣʝʝ ʢʘʯʝʩʪʚʝʥʥʳʝ ʢʨʠʩʪʘʣʣʳ ʬʦʨʤʠʨʫʶʪʩʷ ʚ 

ʫʩʣʦʚʠʷʭ ʨʦʩʪʘ ʠʟ ʨʘʩʪʚʦʨʦʚ ʪʦʣʫʦʣʘ ʚ ʥʘʩʳʱʝʥʥʳʭ ʧʘʨʘʭ ʠʟʦʧʨʦʧʘʥʦʣʘ ʠ 

ʙʫʪʘʥʦʣʘ ï 1. ʇʦ-ʚʠʜʠʤʦʤʫ, ʵʪʦ ʤʦʞʝʪ ʙʳʪʴ ʩʚʷʟʘʥʦ ʩ ʙʦʣʝʝ ʥʠʟʢʦʡ ʩʢʦʨʦʩʪʴʶ 

ʜʠʬʬʫʟʠʦʥʥʳʭ ʧʨʦʮʝʩʩʦʚ ʧʘʨʦʚ ʜʘʥʥʳʭ ʚʝʱʝʩʪʚ, ʚ ʩʨʘʚʥʝʥʠʠ ʩ ʦʩʪʘʣʴʥʳʤʠ 

ʙʦʣʝʝ ʥʠʟʢʦʢʠʧʷʱʠʤʠ ʨʘʩʪʚʦʨʠʪʝʣʷʤʠ (ʙʝʥʟʦʣ, ʥ-ʛʝʢʩʘʥ) ʠ ʦʩʘʜʠʪʝʣʷʤʠ 

(ʤʝʪʘʥʦʣ, ʵʪʘʥʦʣ), ʯʪʦ ʦʙʝʩʧʝʯʠʚʘʝʪ ʙʦʣʝʝ ʤʝʜʣʝʥʥʦʝ ʧʝʨʝʩʳʱʝʥʠʝ ʨʘʩʪʚʦʨʘ ʠ 

ʪʝʤ ʩʘʤʳʤ ʩʧʦʩʦʙʩʪʚʫʝʪ ʬʦʨʤʠʨʦʚʘʥʠʶ ʫ ʢʨʠʩʪʘʣʣʘ ʙʦʣʝʝ ʩʦʚʝʨʰʝʥʥʦʡ 

ʬʦʨʤʳ. 

ɼʘʥʥʳʝ ʦ ʨʦʩʪʝ ʢʨʠʩʪʘʣʣʦʚ ʪʝʪʨʘʮʝʥʘ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣʠʮʝ 3.3. 

ʇʨʠʤʝʨʳ ʦʙʨʘʟʮʦʚ ʢʨʠʩʪʘʣʣʦʚ ʧʨʠʚʝʜʝʥʳ ʥʘ ʨʠʩʫʥʢʝ 3.7.  

ʊʘʙʣʠʮʘ 3.3 - ʇʘʨʘʤʝʪʨʳ ʨʦʩʪʘ ʢʨʠʩʪʘʣʣʦʚ ʪʝʪʨʘʮʝʥʘ ʠʟ ʨʘʩʪʚʦʨʦʚ (20ʉ̄) 

ʈʘʩʪʚʦʨʠʪʝʣʴ 
ʉ0,  

ʛ/ʣ 
ʆʩʘʜʠʪʝʣʴ 

T,  

ʩʫʪʢʠ 

ʉʅ,  

ʛ/ʣ 

Lm,  

ʤʤ 

Hm,  

ʤʢʤ 

VL, 

ʤʢʤ/ʯ 

ʙʝʥʟʦʣ 
0.6 Ñ 0.1 

2.2 [108] 

ʠʟʦʧʨʦʧʘʥʦʣ 7 0.2 8 50 48 

ʙʫʪʘʥʦʣ-1 4 0.25 1.5 19 16 

ʪʦʣʫʦʣ 
0.5 Ñ 0.1 

0.16 [18] 
ʠʟʦʧʨʦʧʘʥʦʣ 7 0.2 4 10 

24 

ʇʨʠʤʝʯʘʥʠʝ. ʉ0 ï ʢʦʥʮʝʥʪʨʘʮʠʷ ʥʘʩʳʱʝʥʥʦʛʦ ʨʘʩʪʚʦʨʘ, ʊ ï ʧʝʨʠʦʜ ʨʦʩʪʘ, ʉʅ ï ʥʘʯʘʣʴʥʘʷ 

ʢʦʥʮʝʥʪʨʘʮʠʷ ʨʘʩʪʚʦʨʘ, Lm ʠ Hm ï ʤʘʢʩʠʤʘʣʴʥʳʝ ʜʣʠʥʘ ʠ ʪʦʣʱʠʥʘ ʢʨʠʩʪʘʣʣʦʚ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, VL ï 

ʩʨʝʜʥʷʷ ʣʠʥʝʡʥʘʷ ʩʢʦʨʦʩʪʴ ʨʦʩʪʘ ʥʘʠʙʦʣʝʝ ʢʨʫʧʥʳʭ ʢʨʠʩʪʘʣʣʦʚ. 
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ʈʠʩʫʥʦʢ 3.7 - ʂʨʠʩʪʘʣʣʳ ʪʝʪʨʘʮʝʥʘ, ʚʳʨʘʱʝʥʥʳʝ ʠʟ ʨʘʩʪʚʦʨʦʚ ʙʝʥʟʦʣʘ (ʘ, ʚ) ʠ ʪʦʣʫʦʣʘ (ʙ, 

ʛ) 

ʃʫʯʰʠʝ ʨʦʩʪʦʚʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʥʘʙʣʶʜʘʣʠʩʴ ʧʨʠ ʚʳʨʘʱʠʚʘʥʠʠ ʠʟ 

ʨʘʩʪʚʦʨʘ ʙʝʥʟʦʣʘ ʚ ʘʪʤʦʩʬʝʨʝ, ʥʘʩʳʱʝʥʥʦʡ ʧʘʨʘʤʠ ʠʟʦʧʨʦʧʘʥʦʣʘ. 

ɺʳʨʘʱʝʥʥʳʡ ʚ ʜʘʥʥʳʭ ʫʩʣʦʚʠʷʭ ʥʘʠʙʦʣʝʝ ʢʨʫʧʥʳʡ ʦʙʨʘʟʝʮ ʢʨʠʩʪʘʣʣʘ 

ʪʝʪʨʘʮʝʥʘ ʜʦʩʪʠʛʘʣ ʚ ʜʣʠʥʫ 8 ʤʤ ʧʨʠ ʪʦʣʱʠʥʝ ʦʢʦʣʦ 50 ʤʢʤ (ʨʠʩʫʥʦʢ 3.7, ʘ). 

ʈʦʩʪ ʢʨʠʩʪʘʣʣʦʚ ʚ ʨʘʩʪʚʦʨʘʭ ʪʦʣʫʦʣʘ ʧʨʦʠʩʭʦʜʠʣ ʙʦʣʝʝ ʤʝʜʣʝʥʥʦ. ɺ 

ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʢʨʫʧʥʳʝ ʢʨʠʩʪʘʣʣʳ, ʢʘʢ ʧʨʘʚʠʣʦ, ʬʦʨʤʠʨʦʚʘʣʠʩʴ ʚ ʬʦʨʤʝ ʠʛʣ 

(ʨʠʩʫʥʦʢ 3.7, ʙ). ɹʦʢʦʚʳʝ ʩʪʦʨʦʥʳ ʧʣʦʩʢʠʭ ʢʨʠʩʪʘʣʣʦʚ ʠʤʝʶʪ ʦʛʨʘʥʢʫ. ʄʝʞʜʫ 

ʙʦʢʦʚʳʤʠ ʛʨʘʥʷʤʠ ʦʪʤʝʯʘʝʪʩʷ ʥʘʣʠʯʠʝ ʭʘʨʘʢʪʝʨʥʳʭ ʫʛʣʦʚ: 104, 125, 130 ʠ 135 

ʛʨʘʜʫʩʦʚ (ʨʠʩʫʥʦʢ 3.7, ʚ, ʛ). 

ʈʘʟʚʠʪʘʷ ʛʨʘʥʴ ʢʨʠʩʪʘʣʣʦʚ ʪʝʪʨʘʮʝʥʘ, ʢʘʢ ʧʨʘʚʠʣʦ, ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ 

ʥʘʣʠʯʠʝʤ ʨʦʩʪʦʚʳʭ ʤʘʢʨʦʩʪʫʧʝʥʝʡ ʠ ʥʝʢʦʪʦʨʦʡ ʪʝʢʩʪʫʨʳ (ʨʠʩʫʥʦʢ 3.7, ʚ). 

ʅʘʙʣʶʜʘʶʪʩʷ ʪʘʢʞʝ ʢʨʠʩʪʘʣʣʳ ʩ ʛʣʘʜʢʦʡ ʧʦʚʝʨʭʥʦʩʪʴʶ (ʨʠʩʫʥʦʢ 3.7, ʛ). ʅʘ 

ʨʠʩʫʥʢʝ 3.8 ʧʨʠʚʝʜʝʥʘ ɸʉʄ ʪʦʧʦʛʨʘʤʤʘ ʫʯʘʩʪʢʘ ʨʘʟʚʠʪʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʦʜʥʦʛʦ 

ʠʟ ʪʘʢʠʭ ʢʨʠʩʪʘʣʣʦʚ. ʅʘ ʧʨʝʜʩʪʘʚʣʝʥʥʦʤ ʠʟʦʙʨʘʞʝʥʠʠ ʥʘʙʣʶʜʘʶʪʩʷ 
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ʵʣʝʤʝʥʪʘʨʥʳʝ ʩʪʫʧʝʥʠ ʨʦʩʪʘ ʚʳʩʦʪʦʶ h0 = 1.3 Ñ 0.1 ʥʤ (ʩʤ. ʧʨʦʬʠʣʴ ʩʝʯʝʥʠʷ ʥʘ 

ʨʠʩʫʥʢʝ 3.8). ʋʩʪʘʥʦʚʣʝʥʥʦʝ ʟʥʘʯʝʥʠʝ h0 ʩʦʛʣʘʩʫʝʪʩʷ ʩ ʨʝʟʫʣʴʪʘʪʦʤ, 

ʧʨʝʜʩʪʘʚʣʝʥʥʳʤ ʚ ʨʘʙʦʪʝ [255] ʜʣʷ ʢʨʠʩʪʘʣʣʘ, ʚʳʨʘʱʝʥʥʦʛʦ ʠʟ ʧʘʨʦʚʦʡ ʬʘʟʳ. 

 

ʈʠʩʫʥʦʢ 3.8 - ʊʦʧʦʛʨʘʬʠʯʝʩʢʦʝ (ɸʉʄ) ʠʟʦʙʨʘʞʝʥʠʝ ʫʯʘʩʪʢʘ ʧʦʚʝʨʭʥʦʩʪʠ ʛʨʘʥʠ (001) 

ʢʨʠʩʪʘʣʣʘ ʪʝʪʨʘʮʝʥʘ ʩ ʧʨʦʬʠʣʝʤ ʩʝʯʝʥʠʷ ʧʦ ʛʦʨʠʟʦʥʪʘʣʠ (ʙʝʣʘʷ ʣʠʥʠʷ) 

3.1.4. ʈʦʩʪ ʢʨʠʩʪʘʣʣʦʚ ʠ ʦʧʨʝʜʝʣʝʥʠʝ ʵʥʪʘʣʴʧʠʠ ʩʫʙʣʠʤʘʮʠʠ ʚ ʫʩʣʦʚʠʷʭ 

ʧʘʨʦʚʦʛʦ ʬʠʟʠʯʝʩʢʦʛʦ ʪʨʘʥʩʧʦʨʪʘ 

ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʝ ʦʧʨʝʜʝʣʝʥʠʝ ʵʥʪʘʣʴʧʠʠ ʩʫʙʣʠʤʘʮʠʠ. ʅʘ ʧʨʠʤʝʨʝ 

ʥʘʬʪʘʣʠʥʘ, ʘʥʪʨʘʮʝʥʘ ʠ ʪʝʪʨʘʮʝʥʘ ʧʨʦʚʝʜʝʥʘ ʩʝʨʠʷ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʧʦ 

ʦʧʨʝʜʝʣʝʥʠ ʁ ʵʥʪʘʣʴʧʠʠ ʩʫʙʣʠʤʘʮʠʠ ȹHs ʩ ʧʦʤʦʱʴʶ ʧʨʝʜʣʦʞʝʥʥʦʛʦ 

ʦʨʠʛʠʥʘʣʴʥʦʛʦ ʪʝʨʤʦʛʨʘʚʠʤʝʪʨʠʯʝʩʢʦʛʦ ʤʝʪʦʜʘ [A10]. ɺʨʝʤʷ ʢʘʞʜʦʛʦ 

ʨʦʩʪʦʚʦʛʦ ʵʢʩʧʝʨʠʤʝʥʪʘ ʙʳʣʦ ʬʠʢʩʠʨʦʚʘʥʥʳʤ: 4 ʯ ʜʣʷ ʥʘʬʪʘʣʠʥʘ ʠ 5 ʯ ʜʣʷ 

ʘʥʪʨʘʮʝʥʘ ʠ ʪʝʪʨʘʮʝʥʘ. ʇʨʠ ʢʘʞʜʦʡ ʪʝʤʧʝʨʘʪʫʨʝ, ʟʘʜʘʚʘʝʤʦʡ ʚ ʤʝʩʪʝ 

ʥʘʭʦʞʜʝʥʠʷ ʠʩʪʦʯʥʠʢʘ ʚʝʱʝʩʪʚʘ, ʙʳʣʦ ʧʨʦʚʝʜʝʥʦ ʧʦ 3 ʦʧʳʪʘ. 

ɻʨʘʬʠʢʠ ʟʘʚʠʩʠʤʦʩʪʠ ʣʦʛʘʨʠʬʤʘ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʧʦʪʝʨʠ ʤʘʩʩʳ ʠʩʪʦʯʥʠʢʘ 

ʚʝʱʝʩʪʚʘ ʦʪ ʦʙʨʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʳ ʜʣʷ ʠʩʩʣʝʜʫʝʤʳʭ ʣʠʥʝʡʥʳʭ ʘʮʝʥʦʚ 

ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʨʠʩʫʥʢʝ 3.9. ʉʪʨʝʣʢʘʤʠ ʥʘ ʛʨʘʬʠʢʘʭ ʥʘʬʪʘʣʠʥʘ ʠ ʘʥʪʨʘʮʝʥʘ 

ʦʪʤʝʯʝʥʳ ʧʦʣʦʞʝʥʠʷ ʪʦʯʝʢ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ ʧʣʘʚʣʝʥʠ:̫ 353 ʠ 491 K 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ.  

ʂʘʢ ʚʠʜʥʦ, ʜʣʷ ʥʘʬʪʘʣʠʥʘ ʚ ʠʥʪʝʨʚʘʣʝ 328 ï 353 ʂ ʟʘʚʠʩʠʤʦʩʪʴ ln(I) = f(T
-1
) 

ʥʘʠʙʦʣʝʝ ʙʣʠʟʢʘ ʢ ʣʠʥʝʡʥʦʡ (R
2 
= 0.996), ʘ ʚʳʰʝ ʪʝʤʧʝʨʘʪʫʨʳ ʧʣʘʚʣʝʥʠʷ ʜʣʷ 

ʞʠʜʢʦʡ ʬʘʟʳ ʪʦʯʢʠ ʩʣʝʜʫʶʪ ʙʦʣʝʝ ʢʨʫʪʦ ʚʚʝʨʭ ʧʦ ʥʝʣʠʥʝʡʥʦʡ ʪʨʘʝʢʪʦʨʠʠ.  
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ʈʠʩʫʥʦʢ 3.9 -. ɿʘʚʠʩʠʤʦʩʪʴ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʧʦʪʝʨʠ ʤʘʩʩʳ ʠʩʪʦʯʥʠʢʘ ʚʝʱʝʩʪʚʘ ʦʪ ʦʙʨʘʪʥʦʡ 

ʪʝʤʧʝʨʘʪʫʨʳ ʜʣʷ ʥʘʬʪʘʣʠʥʘ, ʘʥʪʨʘʮʝʥʘ ʠ ʪʝʪʨʘʮʝʥʘ 

ɼʣʷ ʘʥʪʨʘʮʝʥʘ ʚ ʠʩʩʣʝʜʦʚʘʥʥʦʡ ʦʙʣʘʩʪʠ ʪʝʤʧʝʨʘʪʫʨ ʥʘʠʣʫʯʰʘʷ 

ʩʭʦʜʠʤʦʩʪʴ ʪʦʯʝʢ ʢ ʣʠʥʝʡʥʦʡ ʟʘʚʠʩʠʤʦʩʪʠ ʜʦʩʪʠʛʘʝʪʩʷ ʥʘ ʠʥʪʝʨʚʘʣʝ 423 ï 

458 ʂ (R
2 

= 0.995). ʇʨʠ ʙʦʣʝʝ ʚʳʩʦʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ ʪʚʝʨʜʦʡ ʬʘʟʳ ʘʥʪʨʘʮʝʥʘ 

ʚʧʣʦʪʴ ʜʦ ʪʦʯʢʠ ʧʣʘʚʣʝʥʠʷ, ʢʘʢ ʚʠʜʥʦ, ʪʨʘʝʢʪʦʨʠʷ ln(I) = f(T
-1
) ʟʥʘʯʠʪʝʣʴʥʦ 

ʚʳʧʦʣʘʞʠʚʘʝʪʩʷ, ʘ ʧʨʠ ʧʝʨʝʛʨʝʚʝ ʚ ʨʘʩʧʣʘʚʣʝʥʥʦʝ ʩʦʩʪʦʷʥʠʝ ʪʘʢʞʝ ʢʨʫʪʦ 

ʫʭʦʜʠʪ ʚʚʝʨʭ. ɺʳʧʦʣʘʞʠʚʘʥʠʝ ʟʘʚʠʩʠʤʦʩʪʠ ʚʙʣʠʟʠ ʪʝʤʧʝʨʘʪʫʨʳ ʧʣʘʚʣʝʥʠʷ 

ʚʦʟʤʦʞʥʦ ʩʚʷʟʘʥʦ ʩʦ ʩʧʝʢʘʥʠʝʤ ʧʦʨʦʰʢʦʦʙʨʘʟʥʦʛʦ ʤʘʪʝʨʠʘʣʘ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ 

ʩʥʠʞʝʥʠʶ ʫʜʝʣʴʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʪʚʝʨʜʦʡ ʬʘʟʳ ʠ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʫʤʝʥʴʰʝʥʠʶ 

ʧʦʪʦʢʘ ʠʩʧʘʨʷʶʱʠʭʩʷ ʤʦʣʝʢʫʣ. 

ɼʣʷ ʪʝʪʨʘʮʝʥʘ ʚ ʠʩʩʣʝʜʦʚʘʥʥʦʡ ʦʙʣʘʩʪʠ ʪʝʤʧʝʨʘʪʫʨ ʥʘʠʣʫʯʰʝʝ 

ʧʨʠʙʣʠʞʝʥʠʝ ʢ ʣʠʥʝʡʥʦʡ ʟʘʚʠʩʠʤʦʩʪʠ ʜʦʩʪʠʛʘʝʪʩʷ ʥʘ ʠʥʪʝʨʚʘʣʝ 513 ï 573 ʂ 

(R
2
=0.992). 

ʈʝʟʫʣʴʪʘʪʳ ʠʥʪʝʨʧʦʣʷʮʠʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʜʘʥʥʳʭ ʧʦ ʬʦʨʤʫʣʝ (2.20) ʠ 

ʦʧʨʝʜʝʣʸʥʥʳʝ ʟʥʘʯʝʥʠʷ ʚʝʣʠʯʠʥʳ ʵʥʪʘʣʴʧʠʠ ʩʫʙʣʠʤʘʮʠʠ ȹHS,T ʜʣʷ ʥʘʬʪʘʣʠʥʘ, 

ʘʥʪʨʘʮʝʥʘ ʠ ʪʝʪʨʘʮʝʥʘ ʚ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʪʝʤʧʝʨʘʪʫʨʥʳʭ ʠʥʪʝʨʚʘʣʘʭ ʩ 

ʥʘʠʣʫʯʰʝʡ ʩʭʦʜʠʤʦʩʪʴʶ ʢ ʣʠʥʝʡʥʦʡ ʟʘʚʠʩʠʤʦʩʪʠ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣʠʮʝ 3.4.  
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ʊʘʙʣʠʮʘ 3.4 - ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʜʘʥʥʳʝ ʧʦ ʵʥʪʘʣʴʧʠʠ ʩʫʙʣʠʤʘʮʠʠ ȹHS ʠʩʩʣʝʜʫʝʤʳʭ 

ʣʠʥʝʡʥʳʭ ʘʮʝʥʦʚ  

nA A B T, K ȹHS,T / ȹHS,298, ʢɼʞ/ʤʦʣʴ 

2ɸ 19.4 Ñ 0.7 8700 Ñ 200 328 - 353 71 Ñ 2 / 70 Ñ 2 

3ɸ 20.5 Ñ 0.7 11700 Ñ 300 423 - 458 96 Ñ 3 / 92 Ñ 3 

4ɸ 22 Ñ 3 15000 Ñ 1000 513 - 573 124 Ñ 10 / 121 Ñ 10 

ɼʣʷ ʧʝʨʝʩʯʝʪʘ ʚʝʣʠʯʠʥ ʵʥʪʘʣʴʧʠʠ ʩʫʙʣʠʤʘʮʠʠ ʧʨʠ 298 ʂ ʙʳʣʠ 

ʠʩʧʦʣʴʟʦʚʘʥʳ ʣʠʪʝʨʘʪʫʨʥʳʝ ʜʘʥʥʳʝ ʦ ʪʝʤʧʝʨʘʪʫʨʥʦʡ ʟʘʚʠʩʠʤʦʩʪʠ ʠʟʦʙʘʨʥʦʡ 

ʤʦʣʷʨʥʦʡ ʪʝʧʣʦʝʤʢʦʩʪʠ ʜʣʷ ʥʘʬʪʘʣʠʥʘ [82], ʘʥʪʨʘʮʝʥʘ [256] ʠ ʪʝʪʨʘʮʝʥʘ [86]. 

ʇʦʣʫʯʝʥʥʳʝ ʟʥʘʯʝʥʠʷ ȹHS,298 ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣʠʮʝ 3.4. ʇʦʣʫʯʝʥʥʳʝ ʥʘʤʠ 

ʨʝʟʫʣʴʪʘʪʳ ʭʦʨʦʰʦ ʩʦʛʣʘʩʫʶʪʩʷ ʩ ʣʠʪʝʨʘʪʫʨʥʳʤʠ ʜʘʥʥʳʤʠ ʜʣʷ ʠʩʩʣʝʜʫʝʤʳʭ 

ʣʠʥʝʡʥʳʭ ʘʮʝʥʦʚ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʤʠ ʚ ʪʘʙʣʠʮʝ 1.4. 

ʈʦʩʪ ʢʨʠʩʪʘʣʣʦʚ ʥʘʬʪʘʣʠʥʘ. ʂʨʠʩʪʘʣʣʳ ʥʘʬʪʘʣʠʥʘ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʝ ʥʘ 

ʨʠʩʫʥʢʝ 3.10, ʘ, ʙʳʣʠ ʩʬʦʨʤʠʨʦʚʘʥʳ ʝʩʪʝʩʪʚʝʥʥʳʤ ʦʙʨʘʟʦʤ ʥʘ ʩʪʝʥʢʘʭ 

ʧʣʘʩʪʤʘʩʩʦʚʦʛʦ ʩʦʩʫʜʘ ʩ ʚʝʱʝʩʪʚʦʤ ʧʨʠ 0 Áʉ. ʂʘʢ ʚʠʜʥʦ, ʢʨʠʩʪʘʣʣʳ ʧʦ ʬʦʨʤʝ 

ʚʳʧʫʢʣʳʝ, ʜʣʠʥʦʡ ʜʦ 5 ʤʤ ʩ ʥʘʣʠʯʠʝʤ ʦʪʜʝʣʴʥʳʭ ʛʨʘʥʝʡ. ʇʨʠ 

ʪʝʨʤʦʩʪʘʪʠʨʦʚʘʥʠʠ ʧʨʠ 45 Áʉ ʟʘʢʫʧʦʨʝʥʥʦʡ ʩʪʝʢʣʷʥʥʦʡ ʚʠʘʣʝ ʩ 

ʤʝʣʢʦʢʨʠʩʪʘʣʣʠʯʝʩʢʠʤ ʚʝʱʝʩʪʚʦʤ ʥʘ ʜʥʝ ʚ ʪʝʯʝʥʠʝ 10 ʯʘʩʦʚ ʥʘ ʧʦʜʚʝʰʝʥʥʦʡ 

ʧʦʜ ʢʨʳʰʢʦʡ ʥʠʪʢʝ ʙʳʣʠ ʚʳʨʘʱʝʥʳ ʧʣʘʩʪʠʥʯʘʪʳʝ ʦʛʨʘʥʝʥʥʳʝ ʢʨʠʩʪʘʣʣʳ 

ʥʘʬʪʘʣʠʥʘ ʜʣʠʥʦʡ ʜʦ 10 ʤʤ ʠ ʪʦʣʱʠʥʦʡ ʜʦ 1 ʤʤ (ʨʠʩʫʥʦʢ 3.10, ʙ). 

 
ʈʠʩʫʥʦʢ 3.10 - ʂʨʠʩʪʘʣʣʳ ʥʘʬʪʘʣʠʥʘ, ʚʳʨʘʱʝʥʥʳʝ ʠʟ ʧʘʨʦʚʦʡ ʬʘʟʳ ʧʨʠ 0 Áʉ (ʘ) ʠ ʧʨʠ 

45 Áʉ (ʙ) 
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ʈʦʩʪ ʢʨʠʩʪʘʣʣʦʚ ʘʥʪʨʘʮʝʥʘ. ʅʘ ʧʝʨʚʦʤ ʵʪʘʧʝ ʠʩʩʣʝʜʦʚʘʥʠ ̫ʧʨʦʮʝʩʩʦʚ 

ʨʦʩʪʘ ʢʨʠʩʪʘʣʣʦʚ ʘʥʪʨʘʮʝʥʘ ʤʝʪʦʜʦʤ ʇʌʊ ʙʳʣ ʧʨʦʚʝʜʝʥ ʨʷʜ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʚ 

ʫʩʪʘʥʦʚʢʝ ʩ ʛʨʘʜʠʝʥʪʥʳʤ ʪʝʤʧʝʨʘʪʫʨʥʳʤ ʧʦʣʝʤ. ɺ ʭʦʜʝ ʦʧʳʪʦʚ ʨʦʩʪ 

ʦʩʫʱʝʩʪʚʣʷʣʩʷ ʠʟ ʟʘʢʨʳʪʦʛʦ ʠʩʪʦʯʥʠʢʘ ʩ ʤʘʩʩʦʡ ʥʘʚʝʩʢʠ ~ 100 ʤʛ. ɺ ʢʘʯʝʩʪʚʝ 

ʨʦʩʪʦʚʦʡ ʧʦʜʣʦʞʢʠ ʠʩʧʦʣʴʟʦʚʘʣʘʩʴ ʬʦʣʴʛʘ. ʈʘʩʭʦʜ ʛʘʟʘ ʥʦʩʠʪʝʣʷ (ʘʟʦʪ) 

ʩʦʩʪʘʚʣʷʣʘ 0.2 ʣ/ʯ, ʧʝʨʠʦʜ ʨʦʩʪʘ ʚʦ ʚʩʝʭ ʵʢʩʧʝʨʠʤʝʥʪʘʭ ʙʳʣ ʦʜʠʥʘʢʦʚʳʤ ʠ 

ʩʦʩʪʘʚʣʷʣ 5 ʯʘʩʦʚ. ɹʳʣ ʧʨʦʚʝʜʝʥ ʨʷʜ ʦʧʳʪʦʚ ʧʨʠ ʨʘʟʥʳʭ ʪʝʤʧʝʨʘʪʫʨʘʭ 

ʠʩʪʦʯʥʠʢʘ ʚ ʠʥʪʝʨʚʘʣʝ 403 ï 443 K ʩ ʰʘʛʦʤ ʚ 5 K. ʇʨʠ ʢʘʞʜʦʡ ʪʝʤʧʝʨʘʪʫʨʝ 

ʧʨʦʚʦʜʠʣʠ ʧʦ ʪʨʠ ʵʢʩʧʝʨʠʤʝʥʪʘ. ʇʦʩʣʝ ʟʘʚʝʨʰʝʥʠʷ ʢʘʞʜʦʛʦ ʨʦʩʪʦʚʦʛʦ 

ʵʢʩʧʝʨʠʤʝʥʪʘ ʠʩʪʦʯʥʠʢ ʚʟʚʝʰʠʚʘʣʠ ʥʘ ʘʥʘʣʠʪʠʯʝʩʢʠʭ ʚʝʩʘʭ ʠ ʧʨʦʚʦʜʠʣʠ 

ʘʥʘʣʠʟ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʢʨʠʩʪʘʣʣʦʚ ʥʘ ʨʦʩʪʦʚʦʡ ʧʦʜʣʦʞʢʝ. 

ʀʩʩʣʝʜʦʚʘʥʦ ʪʝʤʧʝʨʘʪʫʨʥʦʝ ʧʦʣʝ ʚʥʫʪʨʠ ʨʦʩʪʦʚʦʡ ʪʨʫʙʳ ʜʣʷ 

ʠʩʧʦʣʴʟʫʝʤʦʛʦ ʜʠʘʧʘʟʦʥʘ ʪʝʤʧʝʨʘʪʫʨ ʠʩʪʦʯʥʠʢʘ TS. ʅʘ ʨʠʩʫʥʢʝ 3.11 

ʧʨʝʜʩʪʘʚʣʝʥʳ ʧʨʦʬʠʣʠ ʪʝʤʧʝʨʘʪʫʨʳ ʚʥʫʪʨʠ ʨʦʩʪʦʚʦʡ ʪʨʫʙʳ ʧʨʠ ʨʘʟʣʠʯʥʳʭ 

ʪʝʤʧʝʨʘʪʫʨʘʭ TS (ʥʘʯʘʣʦ ʢʦʦʨʜʠʥʘʪ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʧʦʣʦʞʝʥʠʶ ʠʩʪʦʯʥʠʢʘ 

ʚʝʱʝʩʪʚʘ). ʇʫʥʢʪʠʨʦʤ ʦʙʦʟʥʘʯʝʥʘ ʛʨʘʥʠʮʘ ʟʦʥʳ ʦʩʘʞʜʝʥʠʷ ʢʨʠʩʪʘʣʣʦʚ 

ʘʥʪʨʘʮʝʥʘ ʥʘ ʧʦʜʣʦʞʢʫ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ ʠʩʪʦʯʥʠʢʘ. ʇʨʠ 

ʤʠʥʠʤʘʣʴʥʦʤ ʟʥʘʯʝʥʠʠ TS = 403 ʂ ʛʨʘʥʠʮʘ ʥʘʯʘʣʘ ʦʩʘʞʜʝʥʠʷ ʢʨʠʩʪʘʣʣʦʚ 

ʥʘʭʦʜʠʣʘʩʴ ʥʘ ʨʘʩʩʪʦʷʥʠʠ 10 ʩʤ ʦʪ ʠʩʪʦʯʥʠʢʘ, ʘ ʧʨʠ ʧʦʚʳʰʝʥʠʠ TS, ʢʘʢ ʚʠʜʥʦ 

ʠʟ ʨʠʩʫʥʢʘ, ʛʨʘʥʠʮʘ ʟʦʥʳ ʦʩʘʞʜʝʥʠʷ ʦʪʦʜʚʠʛʘʝʪʩʷ ʦʪ ʠʩʪʦʯʥʠʢʘ. 

 

ʈʠʩʫʥʦʢ 3.11 - ʇʨʦʬʠʣʠ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʧʦʣʷ ʚʥʫʪʨʠ ʢʚʘʨʮʝʚʦʡ ʨʦʩʪʦʚʦʡ ʪʨʫʙʳ ʧʨʠ 

ʨʘʟʣʠʯʥʳʭ ʪʝʤʧʝʨʘʪʫʨʘʭ ʚ ʪʦʯʢʝ ʠʩʪʦʯʥʠʢʘ 
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ʅʘ ʨʠʩʫʥʢʝ 3.12 ʧʨʠʚʝʜʝʥʳ ʬʦʪʦʛʨʘʬʠʠ ʢʨʠʩʪʘʣʣʦʚ, ʩʬʦʨʤʠʨʦʚʘʚʰʠʭʩʷ ʥʘ 

ʧʦʜʣʦʞʢʝ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʘʭ ʠʩʪʦʯʥʠʢʘ ʊS ʦʪ 403 ʜʦ 443 ʂ. ʂʘʢ ʚʠʜʥʦ, ʩ ʨʦʩʪʦʤ 

ʊS ʫʚʝʣʠʯʠʚʘʶʪʩʷ ʩʨʝʜʥʠʝ ʣʠʥʝʡʥʳʝ ʨʘʟʤʝʨʳ ʢʨʠʩʪʘʣʣʦʚ ʠ, ʚ ʪʦ ʞʝ ʚʨʝʤʷ, 

ʩʥʠʞʘʝʪʩʷ ʠʭ ʧʣʦʪʥʦʩʪʴ ʚ ʟʦʥʝ ʨʦʩʪʘ. ʅʘ ʨʠʩʫʥʢʝ 3.12, ʛ ʧʦʢʘʟʘʥʳ ʥʘʠʙʦʣʝʝ 

ʢʨʫʧʥʳʝ ʢʨʠʩʪʘʣʣʳ, ʚʳʨʘʱʝʥʥʳʝ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ ʠʩʪʦʯʥʠʢʘ 443 K.  

 
ʈʠʩʫʥʦʢ 3.12 - ʂʨʠʩʪʘʣʣʳ ʘʥʪʨʘʮʝʥʘ ʥʘ ʧʦʜʣʦʞʢʘʭ, ʦʩʘʞʜʝʥʥʳʝ ʧʨʠ ʨʘʟʥʳʭ ʪʝʤʧʝʨʘʪʫʨʘʭ 

ʠʩʪʦʯʥʠʢʘ (ʩʲʝʤʢʘ ʧʨʠ ʋʌ ʦʩʚʝʱʝʥʠʠ): 403 ʂ (ʘ), 413 ʂ (ʙ), 433 ʂ (ʚ) ʠ 443 ʂ (ʛ)  

ɺ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ ʠʩʪʦʯʥʠʢʘ ʠʟʤʝʥʷʝʪʩʷ ʭʘʨʘʢʪʝʨ ʦʩʘʞʜʝʥʠʷ 

ʢʨʠʩʪʘʣʣʦʚ ʘʥʪʨʘʮʝʥʘ ʥʘ ʧʦʜʣʦʞʢʫ. ʅʘ ʨʠʩʫʥʢʝ 3.13, ʘ ʧʨʠʚʝʜʝʥʳ ʛʨʘʬʠʢʠ 

ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʩʨʝʜʥʝʡ ʧʣʦʪʥʦʩʪʠ <ns> ʦʩʘʞʜʝʥʥʳʭ ʥʘ ʧʦʜʣʦʞʢʫ ʢʨʠʩʪʘʣʣʦʚ ʧʦ 

ʪʝʤʧʝʨʘʪʫʨʝ ʚ ʟʦʥʝ ʦʩʘʞʜʝʥʠʷ ʧʨʠ ʨʘʟʥʳʭ ʟʥʘʯʝʥʠʷʭ Ts. ɺʝʣʠʯʠʥʘ <ns> ʚ 

ʢʘʞʜʦʤ ʦʧʳʪʝ ʦʮʝʥʠʚʘʣʘʩʴ ʧʫʪʝʤ ʧʦʜʩʯʝʪʘ ʢʨʠʩʪʘʣʣʦʚ ʥʘ ʫʯʘʩʪʢʝ, 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʤ ʦʧʨʝʜʝʣʝʥʥʦʤʫ ʪʝʤʧʝʨʘʪʫʨʥʦʤʫ ʩʝʢʪʦʨʫ, ʘ ʟʘʪʝʤ ʧʦʣʫʯʝʥʥʳʝ 

ʟʥʘʯʝʥʠʷ ʜʣʷ ʢʘʞʜʦʡ ʪʝʤʧʝʨʘʪʫʨʳ ʫʩʨʝʜʥʷʣʠʩʴ ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ 3-ʭ ʦʧʳʪʦʚ. ʂʘʢ 

ʚʠʜʥʦ, ʚ ʟʦʥʝ ʨʦʩʪʘ ʜʣʷ ʚʝʣʠʯʠʥ r <ns> ʦʧʨʝʜʝʣʷʶʪʩʷ ʜʚʘ ʚʳʨʘʞʝʥʥʳʭ 

ʤʘʢʩʠʤʫʤʘ, ʢʦʪʦʨʳʝ ʩʣʝʛʢʘ ʩʤʝʱʘʝʪʩʷ ʚ ʩʪʦʨʦʥʫ ʙʦʣʝʝ ʚʳʩʦʢʦʡ ʪʝʤʧʝʨʘʪʫʨʳ 

ʧʦ ʤʝʨʝ ʫʚʝʣʠʯʝʥʠʷ Ts. ʇʨʠ ʪʝʤʧʝʨʘʪʫʨʝ ʠʩʪʦʯʥʠʢʘ 443 ʂ ʧʣʦʪʥʦʩʪʴ ʢʨʠʩʪʘʣʣʦʚ 

ʚ ʟʦʥʝ ʨʦʩʪʘ ʙʳʣʘ ʥʘʠʤʝʥʴʰʝʡ. 



84 

 

 

ʈʠʩʫʥʦʢ 3.13 - ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʩʨʝʜʥʝʡ ʧʣʦʪʥʦʩʪʠ ʢʨʠʩʪʘʣʣʦʚ ʘʥʪʨʘʮʝʥʘ (ʘ) ʠ ʪʝʪʨʘʮʝʥʘ (ʙ) 

ʚ ʪʝʧʣʦʚʦʤ ʧʦʣʝ ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʪʝʤʧʝʨʘʪʫʨʘʭ ʠʩʪʦʯʥʠʢʘ (ʟʥʘʯʝʥʠ ̫TS ʚ ʧʨʷʤʦʫʛʦʣʴʥʳʭ 

ʨʘʤʢʘʭ). 1 ï ʤʘʢʩʠʤʫʤ ʧʣʦʪʥʦʩʪʠ ʢʨʫʧʥʳʭ ʢʨʠʩʪʘʣʣʦʚ, 2 ï ʤʘʢʩʠʤʫʤ ʧʣʦʪʥʦʩʪʠ ʤʝʣʢʠʭ 

ʢʨʠʩʪʘʣʣʦʚ. ʉʪʨʝʣʢʘʤʠ ʫʢʘʟʘʥʦ ʥʘʧʨʘʚʣʝʥʠʝ ʧʦʪʦʢʘ ʚʝʱʝʩʪʚʘ 

ʇʦʩʢʦʣʴʢʫ, ʚ ʧʨʦʮʝʩʩʝ ʨʦʩʪʘ ʥʘʙʣʶʜʘʣʩʷ ʟʥʘʯʠʪʝʣʴʥʳʡ ʨʘʟʙʨʦʩ 

ʢʨʠʩʪʘʣʣʦʚ ʧʦ ʣʠʥʝʡʥʳʤ ʨʘʟʤʝʨʘʤ, ʪʦ ʜʣʷ ʩʪʘʪʠʩʪʠʯʝʩʢʠʭ ʦʮʝʥʦʢ ʚ ʢʘʞʜʦʤ 

ʦʧʳʪʝ ʚʳʙʠʨʘʣʠ ʧʪ̫ʴ ʥʘʠʙʦʣʝʝ ʢʨʫʧʥʳʭ ʢʨʠʩʪʘʣʣʦʚ ʠ ʧʦ ʥʠʤ ʧʨʦʚʦʜʠʣʠ 

ʫʩʨʝʜʥʝʥʠʝ ʜʣʠʥʳ L ʠ ʪʦʣʱʠʥʳ h. ʅʘ ʨʠʩʫʥʢʝ 3.14 ʧʨʝʜʩʪʘʚʣʝʥ ʛʨʘʬʠʢ 

ʟʘʚʠʩʠʤʦʩʪʠ ʚʝʣʠʯʠʥʳ ʩʨʝʜʥʝʡ ʜʣʠʥʳ <L> ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʦʙʨʘʟʮʦʚ 

ʘʥʪʨʘʮʝʥʘ ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ ʠʩʪʦʯʥʠʢʘ. ʂʘʢ ʚʠʜʥʦ, ʥʘ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ 

ʟʘʚʠʩʠʤʦʩʪʠ ʥʘʙʣʶʜʘʝʪʩʷ ʤʘʢʩʠʤʫʤ ʜʣʷ Ts å 449 ʂ. ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʜʘʥʥʳʝ 

ʭʦʨʦʰʦ ʘʧʧʨʦʢʩʠʤʠʨʫʶʪʩʷ ʬʫʥʢʮʠʝʡ ɻʘʫʩʩʘ:  

<L> = 2.26Ŀexp{ -0.5((Ts-449)/28.8)
2
}  ʤʤ (R

2
=0,96039). 

ʇʦʩʢʦʣʴʢʫ ʩʨʝʜʥʠʡ ʨʘʟʤʝʨ ʢʨʠʩʪʘʣʣʘ ʣʠʥʝʡʥʦ ʩʚʷʟʘʥ ʩʦ ʩʨʝʜʥʝʡ 

ʩʢʦʨʦʩʪʴʶ ʝʛʦ ʨʦʩʪʘ <V> (<V> = <L> / Ű, Ű = 5 ʯ ï ʧʝʨʠʦʜ ʨʦʩʪʘ), ʥʘ ʨʠʩʫʥʢʝ 3.14 

ʧʨʠʚʝʜʝʥʘ ʧʨʘʚʘʷ ʦʩʴ ʦʨʜʠʥʘʪ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʘʷ ʟʘʚʠʩʠʤʦʩʪʠ <V>(Ts).  
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ʈʠʩʫʥʦʢ 3.14 - ɿʘʚʠʩʠʤʦʩʪʴ ʩʨʝʜʥʝʡ ʜʣʠʥʳ <L> ʠ ʣʠʥʝʡʥʦʡ ʩʢʦʨʦʩʪʠ ʨʦʩʪʘ <V> ʢʨʫʧʥʳʭ 

ʢʨʠʩʪʘʣʣʦʚ ʘʥʪʨʘʮʝʥʘ ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ ʠʩʪʦʯʥʠʢʘ 

ɼʣʷ ʧʦʣʫʯʝʥʠʷ ʙʦʣʝʝ ʥʘʛʣʷʜʥʦʡ ʢʘʨʪʠʥʳ ʦʩʘʞʜʝʥʠʷ ʠʟ ʧʘʨʘ ʙʳʣʠ 

ʧʨʦʚʝʜʝʥʳ ʦʧʳʪʳ ʧʦ ʚʳʨʘʱʠʚʘʥʠʶ ʢʨʠʩʪʘʣʣʦʚ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʥʘ 

ʧʦʚʝʨʭʥʦʩʪʠ ʨʦʩʪʦʚʦʡ ʢʚʘʨʮʝʚʦʡ ʪʨʫʙʳ. ɺ ʜʘʥʥʳʭ ʦʧʳʪʘʭ ʙʳʣ ʠʩʧʦʣʴʟʦʚʘʥ 

ʦʪʢʨʳʪʳʡ ʠʩʪʦʯʥʠʢ ʚʝʱʝʩʪʚʘ. ʊʝʤʧʝʨʘʪʫʨʘ ʠʩʪʦʯʥʠʢʘ ʩʦʩʪʘʚʣʷʣʘ 433 K, ʯʪʦ 

ʥʝʩʢʦʣʴʢʦ ʥʠʞʝ ʪʝʤʧʝʨʘʪʫʨʳ, ʧʨʠ ʢʦʪʦʨʦʡ ʥʘʙʣʶʜʘʣʩʷ ʨʦʩʪ ʥʘʠʙʦʣʝʝ ʢʨʫʧʥʳʭ 

ʢʨʠʩʪʘʣʣʦʚ ʩ ʤʠʥʠʤʘʣʴʥʦʡ ʠʭ ʧʣʦʪʥʦʩʪʴʶ ʚ ʟʦʥʝ ʨʦʩʪʘ. ʈʘʩʭʦʜ ʛʘʟʘ ʥʦʩʠʪʝʣʷ 

ʩʦʩʪʘʚʣʷʣ 0.5 ʣ/ʯ, ʘ ʧʝʨʠʦʜ ʨʦʩʪʘ - 15 ʯʘʩʦʚ. ʈʷʜʦʤ ʩ ʠʩʪʦʯʥʠʢʦʤ ʚʝʱʝʩʪʚʘ ʚ 

ʠʥʪʝʨʚʘʣʝ 4-5 ʩʤ ʥʘʙʣʶʜʘʝʪʩʷ ʨʦʩʪ ʥʘʠʙʦʣʝʝ ʢʨʫʧʥʳʭ ʢʨʠʩʪʘʣʣʦʚ ʩ 

ʥʘʠʤʝʥʴʰʝʡ ʧʣʦʪʥʦʩʪʴʶ ʦʩʘʞʜʝʥʠʷ (ʨʠʩʫʥʦʢ 3.15, ʘ). ɺ ʜʘʥʥʦʡ ʨʦʩʪʦʚʦʡ 

ʦʙʣʘʩʪʠ ʬʦʨʤʠʨʫʶʪʩʷ ʦʛʨʘʥʝʥʥʳʝ ʢʨʠʩʪʘʣʣʳ ʜʣʠʥʦʡ ʜʦ 5 ʤʤ (ʨʠʩʫʥʦʢ 3.15, ʙ). 

ɽʱʝ ʧʨʘʚʝʝ, ʚ ʦʙʣʘʩʪʠ ʙʦʣʝʝ ʥʠʟʢʦʡ ʪʝʤʧʝʨʘʪʫʨʳ, ʧʣʦʪʥʦʩʪʴ ʦʩʘʞʜʝʥʥʳʭ 

ʢʨʠʩʪʘʣʣʦʚ ʟʥʘʯʠʪʝʣʴʥʦ ʫʚʝʣʠʯʠʚʘʝʪʩʷ, ʘ ʣʠʥʝʡʥʳʝ ʨʘʟʤʝʨʳ ʫʤʝʥʴʰʘʶʪʩʷ. 

ʅʘʙʣʶʜʘʝʤʘʷ ʢʘʨʪʠʥʘ ʩʫʱʝʩʪʚʝʥʥʦ ʦʪʣʠʯʘʝʪʩʷ ʦʪ ʢʘʨʪʠʥʳ ʦʩʘʞʜʝʥʠʷ 

ʢʨʠʩʪʘʣʣʦʚ ʥʘ ʧʦʜʣʦʞʢʫ ʠʟ ʘʣʶʤʠʥʠʝʚʦʡ ʬʦʣʴʛʠ, ʯʪʦ, ʩʢʦʨʝʝ ʚʩʝʛʦ, 

ʦʙʲʷʩʥʷʝʪʩʷ ʙʦʣʝʝ ʚʳʩʦʢʦʡ ʵʥʝʨʛʠʝʡ ʘʜʛʝʟʠʠ ʢʚʘʨʮʝʚʦʡ ʪʨʫʙʳ ʩ ʢʨʠʩʪʘʣʣʘʤʠ 

ʘʥʪʨʘʮʝʥʘ. 
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ʈʠʩʫʥʦʢ 3.15 - (ʘ) ï ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʦʩʘʞʜʝʥʥʳʭ ʢʨʠʩʪʘʣʣʦʚ ʘʥʪʨʘʮʝʥʘ ʚ ʨʦʩʪʦʚʦʡ ʪʨʫʙʝ 

ʧʦʩʣʝ ʨʦʩʪʦʚʦʛʦ ʮʠʢʣʘ; (ʙ) ï ʫʚʝʣʠʯʝʥʥʦʝ ʠʟʦʙʨʘʞʝʥʠʝ ʫʯʘʩʪʢʘ ʨʦʩʪʦʚʦʡ ʪʨʫʙʳ ʚʙʣʠʟʠ 

ʠʩʪʦʯʥʠʢʘ ʚʝʱʝʩʪʚʘ. ʌʦʪʦʛʨʘʬʠʠ ʩʜʝʣʘʥʳ ʧʨʠ ʋʌ ʧʦʜʩʚʝʪʢʝ 

ʅʘ ʩʣʝʜʫʶʱʝʤ ʵʪʘʧʝ ʙʳʣʘ ʧʨʦʚʝʜʝʥʘ ʩʝʨʠʷ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʧʦ 

ʚʳʨʘʱʠʚʘʥʠʶ ʢʨʠʩʪʘʣʣʦʚ ʘʥʪʨʘʮʝʥʘ ʚ ʫʩʪʘʥʦʚʢʝ ʩ ʜʚʫʤʷ ʪʝʤʧʝʨʘʪʫʨʥʳʤʠ 

ʟʦʥʘʤʠ (ʨʠʩʫʥʦʢ 2.2). ɺ ʭʦʜʝ ʦʧʳʪʦʚ ʪʝʤʧʝʨʘʪʫʨʘ ʟʦʥʳ 1 (T1) ʙʳʣʘ ʥʝʠʟʤʝʥʥʘ ʠ 

ʩʦʩʪʘʚʣʷʣʘ 433 K, ʘ ʪʝʤʧʝʨʘʪʫʨʘ ʟʦʥʳ 2 (T2) ʠʟʤʝʥʷʣʘʩʴ ʚ ʠʥʪʝʨʚʘʣʝ ʦʪ 373 ʜʦ 

403 K ʩ ʰʘʛʦʤ ʚ 10 K. ʇʝʨʠʦʜ ʨʦʩʪʘ ʢʨʠʩʪʘʣʣʦʚ ʚʦ ʚʩʝʭ ʦʧʳʪʘʭ ï 15 ʯ. ʈʘʩʭʦʜ 

ʛʘʟʘ ʥʦʩʠʪʝʣʷ ʚʦ ʚʩʝʭ ʦʧʳʪʘʭ ʙʳʣ 0.5 ʣ/ʯ. ɺ ʜʘʥʥʳʭ ʫʩʣʦʚʠʷʭ ʭʘʨʘʢʪʝʨ 

ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʩʫʱʝʩʪʚʝʥʥʦ ʦʪʣʠʯʘʝʪʩʷ: ʠʥʪʝʥʩʠʚʥʳʡ ʨʦʩʪ ʢʨʠʩʪʘʣʣʦʚ 

ʥʘʙʣʶʜʘʝʪʩʷ ʥʘ ʫʯʘʩʪʢʘʭ ʧʝʨʝʤʝʥʥʦʛʦ ʪʝʧʣʦʚʦʛʦ ʨʝʞʠʤʘ: ʤʝʞʜʫ ʟʦʥʘʤʠ 1 ʠ 2 ʠ 

ʟʘ ʠʭ ʚʥʝʰʥʠʤʠ ʧʨʝʜʝʣʘʤʠ (ʨʠʩʫʥʦʢ 3.16). 

ʂʨʫʧʥʳʝ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʝ ʦʙʨʘʟʮʳ ʬʦʨʤʠʨʫʶʪʩʷ ʥʘ ʫʯʘʩʪʢʝ ʤʝʞʜʫ ʟʦʥʘʤʠ 

1 ʠ 2 (ʧʨʦʤʝʞʫʪʦʯʥʘʷ ʦʙʣʘʩʪʴ). ʉ ʠʟʤʝʥʝʥʠʝʤ ʪʝʤʧʝʨʘʪʫʨʳ ʭʦʣʦʜʥʦʡ ʟʦʥʳ 

ʠʟʤʝʥʷʶʪʩʷ ʩʨʝʜʥʠʝ ʨʘʟʤʝʨ r ʢʨʠʩʪʘʣʣʦʚ (ʦʧʨʝʜʝʣʝʥʥʳʝ ʧʦ ʧʷʪʠ ʥʘʠʙʦʣʝʝ 

ʢʨʫʧʥʳʤ ʦʙʨʘʟʮʘʤ), ʦʩʘʞʜʝʥʥʳʭ ʚ ʧʨʦʤʝʞʫʪʦʯʥʦʡ ʦʙʣʘʩʪʠ ʟʘ ʨʘʚʥʳʝ ʧʝʨʠʦʜʳ 

ʨʦʩʪʘ.  

 

ʈʠʩʫʥʦʢ 3.16 - ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʢʨʠʩʪʘʣʣʦʚ ʚ ʨʦʩʪʦʚʦʡ ʢʚʘʨʮʝʚʦʡ ʪʨʫʙʝ ʧʦʩʣʝ ʵʢʩʧʝʨʠʤʝʥʪʘ 

ʚ ʜʚʫʟʦʥʥʦʡ ʫʩʪʘʥʦʚʢʝ (T2 = 373 K). ʌʦʪʦʛʨʘʬʠʷ ʩʜʝʣʘʥʘ ʧʨʠ ʋʌ ʧʦʜʩʚʝʪʢʝ 
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ʅʘ ʨʠʩʫʥʢʝ 3.17 ʧʨʝʜʩʪʘʚʣʝʥʘ ʟʘʚʠʩʠʤʦʩʪʴ ʩʨʝʜʥʝʡ ʪʦʣʱʠʥʳ <h> ʠ ʜʣʠʥʳ 

<L> ʥʘʠʙʦʣʝʝ ʢʨʫʧʥʳʭ ʦʙʨʘʟʮʦʚ ʦʪ ʨʘʟʥʠʮʳ ʪʝʤʧʝʨʘʪʫʨ ȹT1,2. ɺ ʠʩʩʣʝʜʫʝʤʦʤ 

ʜʠʘʧʘʟʦʥʝ ʪʝʤʧʝʨʘʪʫʨ ʚʝʣʠʯʠʥʘ <h> ʫʙʳʚʘʝʪ ʣʠʥʝʡʥʦ ʩ ʨʦʩʪʦʤ ȹT1,2, ʘ ʜʣʷ 

ʚʝʣʠʯʠʥʳ <L> ʥʘʙʣʶʜʘʝʪʩʷ ʤʘʢʩʠʤʫʤ ʧʨʠ ȹT1,2= 50 K. 

ʇʨʠ ʥʠʟʢʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʭʦʣʦʜʥʦʡ ʟʦʥʳ (T2=373 K) ʚ ʧʨʦʤʝʞʫʪʦʯʥʦʡ 

ʦʙʣʘʩʪʠ, ʚ ʦʩʥʦʚʥʦʤ, ʦʙʨʘʟʫʶʪʩʷ ʚʳʪʷʥʫʪʳʝ ʢʨʠʩʪʘʣʣʳ ʧʨʷʤʦʫʛʦʣʴʥʦʡ ʬʦʨʤʳ 

(ʨʠʩʫʥʦʢ 3.18, ʘ). ʉ ʨʦʩʪʦʤ ʪʝʤʧʝʨʘʪʫʨʳ T2 ʫ ʢʨʠʩʪʘʣʣʦʚ ʙʦʣʝʝ ʯʝʪʢʦ 

ʧʨʦʷʚʣʷʝʪʩʷ ʦʛʨʘʥʢʘ ʙʦʢʦʚʳʭ ʩʪʦʨʦʥ (ʨʠʩʫʥʦʢ 3.18, ʙ). ʈʦʩʪ ʥʘʠʙʦʣʝʝ ʢʨʫʧʥʳʭ 

ʢʨʠʩʪʘʣʣʦʚ, ʨʘʟʤʝʨ ʢʦʪʦʨʳʭ ʚ ʜʣʠʥʫ ʧʨʝʚʳʰʘʣ 20 ʤʤ, ʥʘʙʣʶʜʘʣʩʷ ʧʨʠ 

ʊ2=383 ʂ (ʨʠʩʫʥʦʢ 3.18, ʙ). ʇʨʠ ʪʝʤʧʝʨʘʪʫʨʝ ʭʦʣʦʜʥʦʡ ʟʦʥʳ T2= 393 K 

ʥʘʙʣʶʜʘʝʪʩʷ ʪʝʥʜʝʥʮʠʷ ʢ ʬʦʨʤʠʨʦʚʘʥʠʶ ʢʨʠʩʪʘʣʣʦʚ ʙʦʣʝʝ ʧʨʘʚʠʣʴʥʦʡ ʬʦʨʤʳ 

ʧʨʠ ʪʦʣʱʠʥʝ ʜʦ 100 ʤʢʤ (ʨʠʩʫʥʦʢ 3.18, ʚ). ʇʨʠ ʪʝʤʧʝʨʘʪʫʨʝ T2 = 403 ʂ (ȹT1,2= 

30 ʂ) ʢʨʠʩʪʘʣʣʳ ʘʥʪʨʘʮʝʥʘ ʦʙʨʘʟʫʝʪʩʷ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʟʘ ʠʩʪʦʯʥʠʢʦʤ 

ʚʝʱʝʩʪʚʘ ʩ ʥʘʠʙʦʣʝʝ ʚʳʩʦʢʦʡ ʧʣʦʪʥʦʩʪʴʶ ʦʩʘʞʜʝʥʠʷ ʠ ʩ ʤʝʥʴʰʠʤʠ ʣʠʥʝʡʥʳʤʠ 

ʨʘʟʤʝʨʘʤʠ (ʨʠʩʫʥʦʢ 3.18, ʛ). ɺʥʫʪʨʝʥʥʠʝ ʫʛʣʳ ʤʝʞʜʫ ʙʦʢʦʚʳʤʠ ʛʨʘʥʷʤʠ 

ʢʨʠʩʪʘʣʣʦʚ ʚ ʦʩʥʦʚʥʦʤ ʠʤʝʶʪ ʟʥʘʯʝʥʠʷ ~110Á ʠ ~126Á, ʯʪʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ 

ʢʨʠʩʪʘʣʣʦʛʨʘʬʠʯʝʩʢʦʡ ʦʨʠʝʥʪʘʮʠʠ ʙʦʢʦʚʳʭ ʛʨʘʥʝʡ ʩ ʠʥʜʝʢʩʘʤʠ (100), (110), 

(ρ10), (ρ00), (ρρ0) ʠ (1ρ0) [A8]. 

 

ʈʠʩʫʥʦʢ 3.17 - ɿʘʚʠʩʠʤʦʩʪʴ ʩʨʝʜʥʝʡ ʪʦʣʱʠʥʳ <h> ʠ ʩʨʝʜʥʝʡ ʜʣʠʥʳ <L> ʢʨʠʩʪʘʣʣʦʚ 

ʘʥʪʨʘʮʝʥʘ ʦʪ ʧʝʨʝʧʘʜʘ ʪʝʤʧʝʨʘʪʫʨ ȹT1,2 ʤʝʞʜʫ ʟʦʥʘʤʠ 
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ʈʠʩʫʥʦʢ 3.18 - ʂʨʠʩʪʘʣʣ,r ʚʳʨʘʱʝʥʥʳʝ ʧʨʠ ʨʘʟʥʳʭ ʪʝʤʧʝʨʘʪʫʨʘʭ ʭʦʣʦʜʥʦʡ ʟʦʥʳ: 373 K 

(a), 383 K (ʙ), 393 K (ʚ), 403 K (ʛ). ʂʨʠʩʪʘʣʣʳ ʨʘʩʧʦʣʦʞʝʥʳ ʥʘ ʤʠʣʣʠʤʝʪʨʦʚʦʡ ʙʫʤʘʛʝ 

ʈʦʩʪ ʢʨʠʩʪʘʣʣʦʚ ʪʝʪʨʘʮʝʥʘ. ʅʘ ʧʝʨʚʦʤ ʵʪʘʧʝ ʙʳʣ ʧʨʦʚʝʜʝʥ ʨʷʜ 

ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʧʦ ʚʳʨʘʱʠʚʘʥʠʶ ʢʨʠʩʪʘʣʣʦʚ ʪʝʪʨʘʮʝʥʘ ʚ ʫʩʪʘʥʦʚʢʝ ʩ 

ʛʨʘʜʠʝʥʪʥʳʤ ʪʝʤʧʝʨʘʪʫʨʥʳʤ ʧʦʣʝʤ. ʀʩʭʦʜʥʦʝ ʚʝʱʝʩʪʚʦ ʥʘʭʦʜʠʣʦʩʴ ʚ 

ʟʘʢʨʳʪʦʤ ʠʩʪʦʯʥʠʢʝ (ʤʘʩʩʘ ʥʘʚʝʩʢʠ ~ 100 ʤʛ). ɺ ʢʘʯʝʩʪʚʝ ʨʦʩʪʦʚʦʡ ʧʦʜʣʦʞʢʠ ʚ 

ʦʩʥʦʚʥʦʤ ʠʩʧʦʣʴʟʦʚʘʣʘʩʴ ʘʣʶʤʠʥʠʝʚʘʷ ʬʦʣʴʛʘ. ʈʘʩʭʦʜ ʛʘʟʘ ʥʦʩʠʪʝʣʷ (ʘʟʦʪ), 

ʧʨʦʜʫʚʘʝʤʦʛʦ ʯʝʨʝʟ ʨʦʩʪʦʚʫʶ ʪʨʫʙʫ, ʩʦʩʪʘʚʣʷʣʘ 0.2 ʣ/ʯ, ʧʝʨʠʦʜ ʨʦʩʪʘ ʚʦ ʚʩʝʭ 

ʵʢʩʧʝʨʠʤʝʥʪʘʭ ʙʳʣ ʦʜʠʥʘʢʦʚʳʤ ʠ ʩʦʩʪʘʚʣʷʣ 5 ʯʘʩʦʚ. ʇʨʦʚʝʜʝʥ ʨʷʜ ʦʧʳʪʦʚ ʧʨʠ 

ʨʘʟʥʳʭ ʪʝʤʧʝʨʘʪʫʨʘʭ ʠʩʪʦʯʥʠʢʘ ʚ ʠʥʪʝʨʚʘʣʝ 493 ï 573 K ʩ ʰʘʛʦʤ ʚ 20 K. ʇʨʠ 

ʢʘʞʜʦʡ ʪʝʤʧʝʨʘʪʫʨʝ TS ʧʨʦʚʦʜʠʣʠ ʧʦ ʪʨʠ ʵʢʩʧʝʨʠʤʝʥʪʘ. ʇʦʩʣʝ ʟʘʚʝʨʰʝʥʠʷ 

ʢʘʞʜʦʛʦ ʨʦʩʪʦʚʦʛʦ ʵʢʩʧʝʨʠʤʝʥʪʘ ʚʟʚʝʰʠʚʘʣʠ ʠʩʪʦʯʥʠʢ ʥʘ ʘʥʘʣʠʪʠʯʝʩʢʠʭ ʚʝʩʘʭ 

ʠ ʧʨʦʚʦʜʠʣʠ ʘʥʘʣʠʟ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʢʨʠʩʪʘʣʣʦʚ ʥʘ ʨʦʩʪʦʚʦʡ ʧʦʜʣʦʞʢʝ. 

ʇʨʠ ʠʟʤʝʥʝʥʠʠ ʪʝʤʧʝʨʘʪʫʨʳ ʠʩʪʦʯʥʠʢʘ ʢʘʨʪʠʥʘ ʦʩʘʞʜʝʥʠʷ ʥʘ ʧʦʜʣʦʞʢʫ 

ʢʨʠʩʪʘʣʣʦʚ ʪʘʢʞʝ ʠʟʤʝʥʷʣʘʩʴ. ɻʨʘʬʠʢʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʩʨʝʜʥʝʡ ʧʣʦʪʥʦʩʪʠ 

ʢʨʠʩʪʘʣʣʦʚ <ns> ʧʦ ʪʝʤʧʝʨʘʪʫʨʝ ʚ ʨʦʩʪʦʚʦʡ ʟʦʥʝ ʧʨʠ ʨʘʟʥʳʭ ʪʝʤʧʝʨʘʪʫʨʘʭ 

ʠʩʪʦʯʥʠʢʘ Ts ʧʨʝʜʩʪʘʚʣʝʥ rʥʘ ʨʠʩʫʥʢʝ 3.13, ʙ. ʂʘʢ ʚʠʜʥʦ, ʚ ʨʘʩʧʨʝʜʝʣʝʥʠʠ 

ʩʨʝʜʥʝʡ ʧʣʦʪʥʦʩʪʠ ʢʨʠʩʪʘʣʣʦʚ ʪʘʢʞʝ ʥʘʙʣʶʜʘʶʪʩʷ ʜʚʘ ʤʘʢʩʠʤʫʤʘ ʧʦ 
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ʪʝʤʧʝʨʘʪʫʨʝ. ʈʘʟʥʠʮʘ ʪʝʤʧʝʨʘʪʫʨ ʤʝʞʜʫ ʤʘʢʩʠʤʫʤʘʤʠ ʦʪ 10 ʜʦ 35 K. ɺ ʨʘʡʦʥʝ 

ʧʝʨʚʦʛʦ (ʛʦʨʷʯʝʛʦ) ʤʘʢʩʠʤʫʤʘ ʧʣʦʪʥʦʩʪʴ ʮʝʥʪʨʦʚ ʨʦʩʪʘ ʩʦʩʪʘʚʠʣʘ 40 õ 60 ʩʤ
-2
 

ʜʣʷ ʚʩʝʭ ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʭ ʪʝʤʧʝʨʘʪʫʨ ʠʩʪʦʯʥʠʢʘ. ʀʟʤʝʥʝʥʠʝ ʚʝʣʠʯʠʥʳ <ns> ʚʦ 

ʚʪʦʨʦʤ ʤʘʢʩʠʤʫʤʝ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ Ts ʙʦʣʝʝ ʟʥʘʯʠʪʝʣʴʥʦ (30 õ 120 ʩʤ
-2
), ʥʦ ʥʝ 

ʨʝʛʫʣʷʨʥʦ. ɺ ʨʘʡʦʥʝ ʧʝʨʚʦʛʦ ʤʘʢʩʠʤʫʤʘ ʢʨʠʩʪʘʣʣʳ ʙʳʣʠ ʟʥʘʯʠʪʝʣʴʥʦ ʢʨʫʧʥʝʝ. 

ʅʘ ʨʠʩʫʥʢʝ 3.19 ʧʨʝʜʩʪʘʚʣʝʥʘ ʟʘʚʠʩʠʤʦʩʪ ɹʩʨʝʜʥʝʡ ʜʣʠʥʳ <L> ʥʘʠʙʦʣʝʝ 

ʢʨʫʧʥʳʭ ʢʨʠʩʪʘʣʣʦʚ, ʧʦʣʫʯʝʥʥʳʭ ʚ ʧʝʨʚʦʤ (ʢʨʘʩʥʳʝ ʪʦʯʢʠ) ʠ ʚʦ ʚʪʦʨʦʤ (ʩʠʥʠʝ 

ʪʦʯʢʠ) ʤʘʢʩʠʤʫʤʘʭ ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ Ts ʠʩʪʦʯʥʠʢʘ. ɺ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʫʩʨʝʜʥʝʥʠʝ 

ʧʨʦʚʝʜʝʥʦ ʧʦ ʧʷʪʠ ʥʘʠʙʦʣʝʝ ʢʨʫʧʥʳʤ ʦʙʨʘʟʮʘʤ ʢʨʠʩʪʘʣʣʦʚ. ʂʘʢ ʚʠʜʥʦ, ʩ 

ʨʦʩʪʦʤ Ts ʧʨʦʠʩʭʦʜʠʪ ʤʦʥʦʪʦʥʥʦʝ ʫʚʝʣʠʯʝʥʠʝ <L>, ʧʨʠʯʝʤ ʩʨʝʜʥʠʝ ʨʘʟʤʝʨʳ 

ʢʨʠʩʪʘʣʣʦʚ ʚ çʛʦʨʷʯʝʤè ʤʘʢʩʠʤʫʤʝ ʧʨʘʢʪʠʯʝʩʢʠ ʥʘ ʧʦʨʷʜʦʢ ʧʨʝʚʦʩʭʦʜʷʪ 

ʨʘʟʤʝʨʳ ʢʨʠʩʪʘʣʣʦʚ ʚ çʭʦʣʦʜʥʦʤè. ɺ ʧʦʣʫʣʦʛʘʨʠʬʤʠʯʝʩʢʠʭ ʢʦʦʨʜʠʥʘʪʘʭ 

ʟʘʚʠʩʠʤʦʩʪʴ <L> = f(Ts) ʜʣʷ ʜʚʫʭ ʩʝʨʠʡ ʪʦʯʝʢ ʙʣʠʟʢʘ ʢ ʣʠʥʝʡʥʦʡ. 

 
ʈʠʩʫʥʦʢ 3.19 - ɿʘʚʠʩʠʤʦʩʪʴ ʩʨʝʜʥʝʡ ʜʣʠʥʳ <L> ʥʘʠʙʦʣʝʝ ʢʨʫʧʥʳʭ ʢʨʠʩʪʘʣʣʦʚ ʪʝʪʨʘʮʝʥʘ ʚ 

ʦʙʣʘʩʪʷʭ ʜʚʫʭ ʤʘʢʩʠʤʫʤʦʚ ʧʣʦʪʥʦʩʪʠ ʮʝʥʪʨʦʚ ʨʦʩʪʘ ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ ʠʩʪʦʯʥʠʢʘ: ǒ ï ʚ ʧʝʨʚʦʤ 

(çʛʦʨʷʯʝʤè),ǒ ï ʚʦ ʚʪʦʨʦʤ (çʭʦʣʦʜʥʦʤè) 

ɺ ʢʘʯʝʩʪʚʝ ʧʨʠʤʝʨʘ ʥʘ ʨʠʩʫʥʢʝ 3.20 ʧʨʠʚʝʜʝʥʳ ʠʟʦʙʨʘʞʝʥʠʷ ʢʨʠʩʪʘʣʣʦʚ 

ʪʝʪʨʘʮʝʥʘ ʚ ʛʦʨʷʯʝʤ (ç-1è) ʠ ʭʦʣʦʜʥʦʤ (ç-2è) ʤʘʢʩʠʤʫʤʘʭ ʧʨʠ ʨʘʟʥʳʭ 

ʪʝʤʧʝʨʘʪʫʨʘʭ ʠʩʪʦʯʥʠʢʘ. ʂʘʢ ʚʠʜʥʦ, ʮʝʥʪʨʳ ʨʦʩʪʘ, ʢʘʢ ʧʨʘʚʠʣʦ, ʧʨʝʜʩʪʘʚʣʷʶʪ 

ʩʦʙʦʡ ʚʳʧʫʢʣʳʝ ʘʛʨʝʛʘʪʳ, ʠʟ ʢʦʪʦʨʳʭ ʚʳʨʘʩʪʘʶʪ ʥʝʩʢʦʣʴʢʦ ʢʨʫʧʥʳʭ 

ʤʦʥʦʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʧʣʝʥʦʢ. ʉʪʦʠʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʧʨʠ ʥʘʠʙʦʣʝʝ ʚʳʩʦʢʦʡ 
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ʪʝʤʧʝʨʘʪʫʨʝ ʠʩʪʦʯʥʠʢʘ ʧʦʤʠʤʦ ʧʣʦʩʢʠʭ ʢʨʠʩʪʘʣʣʦʚ ʪʘʢʞʝ ʥʘʙʣʶʜʘʣʩʷ ʨʦʩʪ 

ʠʛʦʣʴʯʘʪʳʭ ʢʨʠʩʪʘʣʣʦʚ, ʜʣʠʥʦʡ ʜʦ 1 ʤʤ (ʨʠʩʫʥʦʢ 3.20, ʚ-2). 

ʇʨʦʚʝʜʝʥʳ ʦʧʳʪʳ ʧʦ ʚʳʨʘʱʠʚʘʥʠʶ ʢʨʠʩʪʘʣʣʦʚ ʥʘ ʦʪʢʨʳʪʦʡ ʧʦʚʝʨʭʥʦʩʪʠ 

ʢʚʘʨʮʝʚʦʡ ʨʦʩʪʦʚʦʡ ʪʨʫʙʢʠ (ʨʠʩʫʥʦʢ 3.21, ʘ). ɺ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʠʩʧʦʣʴʟʦʚʘʣʩʷ 

ʦʪʢʨʳʪʳʡ ʠʩʪʦʯʥʠʢ, ʥʘʭʦʜʷʱʠʡʩʷ ʧʨʠ ʬʠʢʩʠʨʦʚʘʥʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ï 533 K. 

ʇʝʨʠʦʜ ʨʦʩʪʘ ʩʦʩʪʘʚʣʷʣ 15 ʯʘʩʦʚ. ʂʘʢ ʚʠʜʥʦ, ʢʘʨʪʠʥʘ ʨʘʩʧʨʝʜʝʣʝʥʠʷ 

ʢʨʠʩʪʘʣʣʦʚ ʪʝʪʨʘʮʝʥʘ, ʢʘʢ ʠ ʜʣʷ ʨʘʥʝʝ ʦʧʠʩʘʥʥʳʭ ʦʧʳʪʦʚ ʜʣʷ ʘʥʪʨʘʮʝʥʘ, 

ʦʪʣʠʯʘʝʪʩʷ ʦʪ ʢʘʨʪʠʥʳ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʦʩʘʞʜʝʥʥʳʭ ʢʨʠʩʪʘʣʣʦʚ ʥʘ ʬʦʣʴʛʝ. 

ʅʘʠʙʦʣʝʝ ʠʥʪʝʥʩʠʚʥʦʝ ʦʩʘʞʜʝʥʠʝ ʠ ʨʦʩʪ ʢʨʠʩʪʘʣʣʦʚ ʦʪʤʝʯʘʝʪʩʷ ʚ 

ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʡ ʙʣʠʟʦʩʪʠ ʢ ʠʩʪʦʯʥʠʢʫ (ʨʠʩʫʥʦʢ 3.21, ʙ), ʯʪʦ, ʚʠʜʠʤʦ, 

ʫʢʘʟʳʚʘʝʪ ʥʘ ʙʦʣʝʝ ʩʠʣʴʥʦʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʦʨʛʘʥʠʯʝʩʢʠʭ ʤʦʣʝʢʫʣ ʩ ʢʚʘʨʮʝʚʦʡ 

ʧʦʚʝʨʭʥʦʩʪʴʶ.  

 
ʈʠʩʫʥʦʢ 3.20 - ʀʟʦʙʨʘʞʝʥʠʷ ʢʨʠʩʪʘʣʣʦʚ ʪʝʪʨʘʮʝʥʘ, ʩʬʦʨʤʠʨʦʚʘʥʥʳʭ ʚ çʛʦʨʷʯʝʤè (-1) ʠ 

çʭʦʣʦʜʥʦʤè (-2) ʤʘʢʩʠʤʫʤʘʭ ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʪʝʤʧʝʨʘʪʫʨʘʭ ʠʩʪʦʯʥʠʢʘ: (ʘ) ï 513 K; (ʙ) ï 

553 K; (ʚ) ï 573 K 
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ʈʠʩʫʥʦʢ 3.21 - ʂʨʠʩʪʘʣʣ rʪʝʪʨʘʮʝʥʘ, ʚʳʨʘʱʝʥʥʳʝ ʚ ʛʨʘʜʠʝʥʪʥʦʤ ʪʝʧʣʦʚʦʤ ʧʦʣʝ: (ʘ) ï ʦʙʱʠʡ 

ʚʠʜ ʨʦʩʪʦʚʦʡ ʪʨʫʙʢʠ; (ʙ) - ʫʚʝʣʠʯʝʥʥʦʝ ʠʟʦʙʨʘʞʝʥʠʝ ʫʯʘʩʪʢʘ ʨʦʩʪʦʚʦʡ ʦʙʣʘʩʪʠ ʚʙʣʠʟʠ 

ʠʩʪʦʯʥʠʢʘ ʩ ʚʝʱʝʩʪʚʦʤ 

ʅʘʣʠʯʠʝ ʥʝʩʢʦʣʴʢʠʭ ʤʘʢʩʠʤʫʤʦʚ ʧʣʦʪʥʦʩʪʠ ʦʩʘʞʜʝʥʥʳʭ ʢʨʠʩʪʘʣʣʦʚ, ʢʘʢ 

ʘʥʪʨʘʮʝʥʘ, ʪʘʢ ʠ ʪʝʪʨʘʮʝʥʘ ʚ ʛʨʘʜʠʝʥʪʥʦʤ ʧʦʣʝ ʪʝʤʧʝʨʘʪʫʨʳ (ʨʠʩʫʥʦʢ 3.13) 

ʤʦʞʥʦ ʦʙʲʷʩʥʠʪʴ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ. ʈʘʩʩʤʦʪʨʠʤ ʧʫʪʴ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ 

ʚʝʱʝʩʪʚʘ ʠʟ ʧʘʨʦʚʦʡ ʬʘʟʳ ʥʘ ʩʭʝʤʘʪʠʯʝʩʢʦʡ PT-ʜʠʘʛʨʘʤʤʝ ʩ ʣʠʥʠʝʡ ʬʘʟʦʚʦʛʦ 

ʨʘʚʥʦʚʝʩʠʷ ʢʨʠʩʪʘʣʣ ï ʧʘʨ (ʨʠʩʫʥʦʢ 3.22, ʘ). ʀʩʪʦʯʥʠʢ ʩ ʚʝʱʝʩʪʚʦʤ ʥʘʭʦʜʠʪʩʷ ʚ 

ʪʦʯʢʝ 1 ʥʘ ʣʠʥʠʠ ʬʘʟʦʚʦʛʦ ʨʘʚʥʦʚʝʩʠʷ. ʉʤʝʱʝʥʠʝ ʥʘʩʳʱʝʥʥʦʛʦ ʧʘʨʘ ʦʪ 

ʠʩʪʦʯʥʠʢʘ ʚʥʠʟ ʧʦ ʪʝʤʧʝʨʘʪʫʨʝ ʧʨʦʠʩʭʦʜʠʪ ʠʟʦʙʘʨʥʦ, ʧʨʠ ʵʪʦʤ ʧʘʨʦʚʘʷ ʬʘʟʘ 

ʧʦʩʪʝʧʝʥʥʦ ʧʝʨʝʩʳʱʘʝʪʩʷ. ʇʝʨʝʦʭʣʘʞʜʘʷʩʴ ʜʦ ʥʝʢʦʪʦʨʦʡ ʪʝʤʧʝʨʘʪʫʨʳ Tm,1 

(ʪʦʯʢʘ 2 ʥʘ ʜʠʘʛʨʘʤʤʝ) ʧʝʨʝʩʳʱʝʥʠʝ ʧʘʨʘ ʜʦʩʪʠʛʘʝʪ ʥʝʢʦʪʦʨʦʛʦ ʛʨʘʥʠʯʥʦʛʦ 

ʟʥʘʯʝʥʠʷ, ʧʨʠ ʢʦʪʦʨʦʤ ʧʨʦʠʩʭʦʜʠʪ ʤʘʩʩʦʚʦʝ ʦʙʨʘʟʦʚʘʥʠʝ ʮʝʥʪʨʦʚ 

ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ, ʘ ʜʘʚʣʝʥʠʝ ʧʘʨʦʚ ʧʨʠʙʣʠʞʘʝʪʩʷ ʢ ʨʘʚʥʦʚʝʩʥʦʤʫ ʜʣʷ ʜʘʥʥʦʡ 

ʪʝʤʧʝʨʘʪʫʨʳ ʟʥʘʯʝʥʠʶ (ʪʦʯʢʘ 3 ʥʘ ʜʠʘʛʨʘʤʤʝ). ʇʨʠ ʵʪʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʚ ʦʙʣʘʩʪʠ 

ʦʩʘʞʜʝʥʠʷ ʥʘʙʣʶʜʘʝʪʩʷ ʧʝʨʚʳʡ ʤʘʢʩʠʤʫʤ ʧʣʦʪʥʦʩʪʠ ns ʢʨʠʩʪʘʣʣʦʚ (ʩʠʥʷ ̫

ʢʨʠʚʘʷ ʥʘ ʨʠʩʫʥʢʝ 3.22, ʘ). ɼʘʣʝʝ ʩʠʪʫʘʮʠʷ ʧʦʚʪʦʨʷʝʪʩʷ: ʧʨʠ ʧʝʨʝʭʦʜʝ ʦʪ ʪʦʯʢʠ 

3 ʢ ʪʦʯʢʝ 4 ʧʦ ʠʟʦʙʘʨʝ ʧʘʨ, ʧʝʨʝʩʳʱʘʷʩʴ, ʚʥʦʚʴ ʜʦʩʪʠʛʘʝʪ ʛʨʘʥʠʮʳ 

ʤʝʪʘʩʪʘʙʠʣʴʥʦʩʪʠ ʦʪʥʦʩʠʪʝʣʴʥʦ ʨʘʚʥʦʚʝʩʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ Tm,2, 

ʧʨʠ ʢʦʪʦʨʦʡ ʥʘʙʣʶʜʘʝʪʩʷ ʚʪʦʨʦʡ ʤʘʢʩʠʤʫʤ ʧʣʦʪʥʦʩʪʠ ʦʩʘʞʜʝʥʥʳʭ ʢʨʠʩʪʘʣʣʦʚ, 

ʘ ʜʘʚʣʝʥʠʝ ʩʥʠʞʘʝʪʩʷ ʜʦ ʦʯʝʨʝʜʥʦʛʦ ʨʘʚʥʦʚʝʩʥʦʛʦ ʟʥʘʯʝʥʠ ̫(ʪʦʯʢʘ 5). 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʦʧʨʝʜʝʣʷʷ ʪʝʤʧʝʨʘʪʫʨʫ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʫʶ ʧʝʨʚʦʤʫ 

ʤʘʢʩʠʤʫʤʫ ʧʣʦʪʥʦʩʪʠ ʦʩʘʞʜʝʥʥʳʭ ʥʘ ʧʦʜʣʦʞʢʫ ʢʨʠʩʪʘʣʣʦʚ ʤʦʞʥʦ ʫʩʪʘʥʦʚʠʪʴ 

ʛʨʘʥʠʮʳ ʤʝʪʘʩʪʘʙʠʣʴʥʦʩʪʠ ʧʝʨʝʩʳʱʝʥʥʦʛʦ ʧʘʨʘ, ʧʝʨʝʦʭʣʘʞʜʝʥʥʦʛʦ 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʨʘʚʥʦʚʝʩʥʦʡ ʪʝʤʧʝʨʘʪʫʨʳ ʚ ʨʘʡʦʥʝ ʠʩʪʦʯʥʠʢʘ ʩ 

ʚʝʱʝʩʪʚʦʤ, ʘ ʪʘʢʞʝ ʦʧʨʝʜʝʣʠʪʴ ʙʣʘʛʦʧʨʠʷʪʥʳʝ ʫʩʣʦʚʠʷ ʜʣʷ ʚʳʨʘʱʠʚʘʥʠʷ 
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ʥʘʠʙʦʣʝʝ ʢʨʫʧʥʳʭ ʢʨʠʩʪʘʣʣʦʚ. ʅʘ ʨʠʩʫʥʢʝ 3.22, ʙ, ʚ ʧʨʠʚʝʜʝʥʳ ʛʨʘʥʠʯʥʳʝ 

ʧʝʨʝʦʭʣʘʞʜʝʥʠʷ ʧʝʨʝʩʳʱʝʥʥʦʛʦ ʧʘʨʘ ʘʥʪʨʘʮʝʥʘ (ʙ) ʠ ʪʝʪʨʘʮʝʥʘ (ʚ), 

ʫʩʪʘʥʦʚʣʝʥʥʳʝ ʧʦ ʜʘʥʥʳʤ, ʧʦʣʫʯʝʥʥʳʤ ʧʨʠ ʚʳʨʘʱʠʚʘʥʠʠ ʢʨʠʩʪʘʣʣʦʚ ʤʝʪʦʜʦʤ 

ʇʌʊ ʚ ʛʨʘʜʠʝʥʪʥʦʤ ʪʝʧʣʦʚʦʤ ʧʦʣʝ (ʨʠʩʫʥʦʢ 3.13). ɺ ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ 

ʪʝʤʧʝʨʘʪʫʨʥʳʭ ʜʠʘʧʘʟʦʥʘʭ ʜʣʷ ʘʥʪʨʘʮʝʥʘ ʠʤʝʝʪ ʤʝʩʪʦ ʚʦʟʨʘʩʪʘʥʠʝ, ʘ ʜʣʷ 

ʪʝʪʨʘʮʝʥʘ ʩʥʠʞʝʥʠʝ ʛʨʘʥʠʯʥʳʭ ʧʝʨʝʦʭʣʘʞʜʝʥʠʡ ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ ʪʝʤʧʝʨʘʪʫʨʳ 

ʠʩʪʦʯʥʠʢʘ Ts. 

(ʘ) 

 
(ʙ) (ʚ) 

ʈʠʩʫʥʦʢ 3.22 - ʘ ï ʉʭʝʤʘʪʠʯʝʩʢʘʷ PT-ʜʠʘʛʨʘʤʤʘ ʩ ʣʠʥʠʝʡ ʨʘʚʥʦʚʝʩʠʷ ʢʨʠʩʪʘʣʣ ï ʧʘʨ ʠ 

ʫʢʘʟʘʥʠʝʤ ʧʫʪʠ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ; ʛʨʘʥʠʯʥʳʝ ʧʝʨʝʦʭʣʘʞʜʝʥʠʷ ʧʝʨʝʩʳʱʝʥʥʦʛʦ ʧʘʨʘ, 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʨʘʚʥʦʚʝʩʥʦʡ ʪʝʤʧʝʨʘʪʫʨʳ Ts ʜʣʷ ʘʥʪʨʘʮʝʥʘ (ʙ) ʠ ʪʝʪʨʘʮʝʥʘ (ʚ) 

ʅʘ ʩʣʝʜʫʶʱʝʤ ʵʪʘʧʝ ʚʳʧʦʣʥʝʥʘ ʩʝʨʠʷ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʧʦ ʚʳʨʘʱʠʚʘʥʠʶ 

ʢʨʠʩʪʘʣʣʦʚ ʪʝʪʨʘʮʝʥʘ ʚ ʜʚʫʟʦʥʥʦʤ ʪʝʧʣʦʚʦʤ ʧʦʣʝ. ɺ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʙʳʣ 

ʠʩʧʦʣʴʟʦʚʘʥ ʦʪʢʨʳʪʳʡ ʠʩʪʦʯʥʠʢ, ʥʘʭʦʜʷʱʠʡʩʷ ʧʨʠ ʬʠʢʩʠʨʦʚʘʥʥʦʡ 
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ʪʝʤʧʝʨʘʪʫʨʝ ï 533 K. ʀʥʪʝʥʩʠʚʥʦʩʪʴ ʧʦʪʦʢʘ ʠʥʝʨʪʥʦʛʦ ʛʘʟʘ ʩʦʩʪʘʚʣʷʣʘ 0.2 ʣ/ʯ. 

ʇʝʨʠʦʜ ʨʦʩʪʘ ʢʨʠʩʪʘʣʣʦʚ - 15 ʯ. ʊʝʤʧʝʨʘʪʫʨʫ ʭʦʣʦʜʥʦʡ ʟʦʥʳ ʠʟʤʝʥʷʣʠ ʦʪ 453 

ʜʦ 473 K ʩ ʰʘʛʦʤ 10 ʂ. ʅʘ ʨʠʩʫʥʢʝ 3.23, ʘ ʧʨʝʜʩʪʘʚʣʝʥ r ʨʝʟʫʣʴʪʘʪʳ 

ʵʢʩʧʝʨʠʤʝʥʪʘ ʧʨʠ T2 = 463 K.  

 
ʈʠʩʫʥʦʢ 3.23. (ʘ) - ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʢʨʠʩʪʘʣʣʦʚ ʪʝʪʨʘʮʝʥʘ ʚ ʨʦʩʪʦʚʦʡ ʪʨʫʙʝ ʧʦʩʣʝ 

ʵʢʩʧʝʨʠʤʝʥʪʘ ʚ ʜʚʫʟʦʥʥʦʤ ʪʝʧʣʦʚʦʤ ʧʦʣʝ (T2=463 ʂ); (ʙ), (ʚ) - ʫʚʝʣʠʯʝʥʥʳʝ ʠʟʦʙʨʘʞʝʥʠʷ 

ʫʯʘʩʪʢʦʚ ʨʦʩʪʦʚʦʡ ʪʨʫʙʳ ʚ ʦʢʨʝʩʪʥʦʩʪʷʭ, ʦʪʤʝʯʝʥʥʳʭ ʩʪʨʝʣʢʘʤʠ I ʠ II ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʥʘ 

ʚʝʨʭʥʝʡ ʬʦʪʦʛʨʘʬʠʠ; (ʛ) ï ʥʘʠʙʦʣʝʝ ʢʨʫʧʥʳʡ ʠʟ ʧʦʣʫʯʝʥʥʳʭ ʢʨʠʩʪʘʣʣʦʚ ʪʝʪʨʘʮʝʥʘ; (ʜ) ï 

ʫʚʝʣʠʯʝʥʥʦʝ ʠʟʦʙʨʘʞʝʥʠʝ ʫʯʘʩʪʢʘ ʢʨʘʷ ʢʨʠʩʪʘʣʣʘ, ʧʨʝʜʩʪʘʚʣʝʥʥʦʛʦ ʥʘ ʨʠʩʫʥʢʝ (ʛ) 

ʂʘʨʪʠʥʘ ʦʩʘʞʜʝʥʠʷ ʢʨʠʩʪʘʣʣʦʚ ʪʝʪʨʘʮʝʥʘ ʪʘʢʘʷ ʞʝ, ʢʘʢ ʠ ʚ ʦʧʳʪʘʭ ʩ 

ʘʥʪʨʘʮʝʥʦʤ. ʂʨʫʧʥʳʝ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʝ ʦʙʨʘʟʮʳ ʬʦʨʤʠʨʫʶʪʩʷ ʚ 

ʧʨʦʤʝʞʫʪʦʯʥʦʡ ʦʙʣʘʩʪʠ ʤʝʞʜʫ ʟʦʥʘʤʠ, ʚ ʤʝʩʪʝ ʨʝʟʢʦʛʦ ʧʝʨʝʧʘʜʘ ʪʝʤʧʝʨʘʪʫʨʳ. 

ʊ. ʝ. ʚ ʧʨʦʤʝʞʫʪʢʝ ʤʝʞʜʫ ʜʚʫʤʷ ʟʦʥʘʤʠ ʧʝʨʝʩʳʱʝʥʥʳʡ ʧʘʨ, ʧʦ-ʚʠʜʠʤʦʤʫ, 

ʜʦʩʪʠʛʘʝʪ ʛʨʘʥʠʮʳ ʤʝʪʘʩʪʘʙʠʣʴʥʦʩʪʠ. ɿʘ ʚʥʝʰʥʠʤʠ ʛʨʘʥʠʮʘʤʠ ʜʚʫʭ ʪʝʧʣʦʚʳʭ 

ʟʦʥ ʬʦʨʤʠʨʫʶʪʩʷ ʙʦʣʝʝ ʤʝʣʢʠʝ ʢʨʠʩʪʘʣʣʳ ʩ ʚʳʩʦʢʦʡ ʧʣʦʪʥʦʩʪʴʶ ʦʩʘʞʜʝʥʠʷ 

(ʨʠʩʫʥʦʢ 3.23, ʚ). ʅʘʠʙʦʣʝʝ ʢʨʫʧʥʳʡ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʡ ʦʙʨʘʟʝʮ ʩ ʦʛʨʘʥʢʦʡ 

ʙʦʢʦʚʳʭ ʩʪʦʨʦʥ ʜʣʠʥʦʡ 4,5 ʤʤ ʠ ʪʦʣʱʠʥʦʡ ~ 70 ʤʢʤ ʙʳʣ ʧʦʣʫʯʝʥ ʧʨʠ 

ʪʝʤʧʝʨʘʪʫʨʝ T2 = 463 K (ʨʠʩʫʥʦʢ 3.23, ʛ). ʆʩʦʙʳʭ ʠʟʤʝʥʝʥʠʡ ʧʨʠ ʚʳʨʘʱʠʚʘʥʠʠ 

ʢʨʠʩʪʘʣʣʦʚ ʚ ʠʥʪʝʨʚʘʣʝ ʪʝʤʧʝʨʘʪʫʨ ʭʦʣʦʜʥʦʡ ʟʦʥʳ 453õ473 ʂ ʥʝ ʥʘʙʣʶʜʘʣʦʩʴ. 

ʈʦʩʪ ʢʨʠʩʪʘʣʣʦʚ ʧʝʥʪʘʮʝʥʘ. ɺr ʨʘʱʠʚʘʥʠʝ ʢʨʠʩʪʘʣʣʦʚ ʧʝʥʪʘʮʝʥʘ ʤʝʪʦʜʦʤ 

ʇʌʊ ʧʨʦʠʟʚʦʜʠʣʠ ʚ ʫʩʣʦʚʠʷʭ ʛʨʘʜʠʝʥʪʥʦʛʦ ʠ ʜʚʫʟʦʥʥʦʛʦ ʪʝʤʧʝʨʘʪʫʨʥʳʭ 



94 

 

ʧʦʣʝʡ. ʇʨʦʚʝʜʝʥ ʨʷʜ ʨʦʩʪʦʚʳʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʧʨʠ ʨʘʟʥʳʭ ʪʝʤʧʝʨʘʪʫʨʥʳʭ 

ʫʩʣʦʚʠʷʭ, ʩ ʨʘʟʥʳʤʠ ʠʥʝʨʪʥʳʤʠ ʛʘʟʘʤʠ-ʥʦʩʠʪʝʣʷʤʠ ʠ ʧʦʜʣʦʞʢʘʤʠ. ʇʘʨʘʤʝʪʨʳ 

ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʧʦ ʚʳʨʘʱʠʚʘʥʠʶ ʢʨʠʩʪʘʣʣʦʚ ʠ ʧʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ 

ʧʨʠʚʝʜʝʥʳ ʚ ʪʘʙʣʠʮʝ 3.5. 

ʅʘ ʧʝʨʚʦʤ ʵʪʘʧʝ ʠʩʩʣʝʜʦʚʘʥʠʡ ʚ ʢʘʯʝʩʪʚʝ ʠʥʝʨʪʥʦʛʦ ʛʘʟʘ-ʥʦʩʠʪʝʣʷ ʜʣʷ 

ʧʝʨʝʥʦʩʘ ʚʝʱʝʩʪʚʘ ʚ ʧʨʦʮʝʩʩʝ ʨʦʩʪʘ ʢʨʠʩʪʘʣʣʦʚ ʙʳʣ ʠʩʧʦʣʴʟʦʚʘʥ ʘʟʦʪ. ʆʜʥʘʢʦ 

ʧʦ ʦʢʦʥʯʘʥʠʠ ʵʢʩʧʝʨʠʤʝʥʪʘ ʙʳʣʦ ʦʙʥʘʨʫʞʝʥʦ ʠʟʤʝʥʝʥʠʝ ʮʚʝʪʘ ʠʩʭʦʜʥʦʛʦ 

ʧʦʨʦʰʢʦʚʦʛʦ ʤʘʪʝʨʠʘʣʘ ʚ ʠʩʪʦʯʥʠʢʝ ʩ ʪʝʤʥʦ ʬʠʦʣʝʪʦʚʦʛʦ ʜʦ ʩʝʨʦ-ʙʫʨʦʛʦ, ʯʪʦ, 

ʤʦʞʝʪ ʙʳʪʴ ʩʚʷʟʘʥʦ ʩ ʜʝʛʨʘʜʘʮʠʝʡ ʚʝʱʝʩʪʚʘ ʚ ʧʨʦʮʝʩʩʝ ʚʳʜʝʨʞʢʠ ʧʨʠ ʚʳʩʦʢʦʡ 

ʪʝʤʧʝʨʘʪʫʨʝ. ʇʦʵʪʦʤʫ ʚ ʜʘʣʴʥʝʡʰʝʤ ʚ ʢʘʯʝʩʪʚʝ ʠʥʝʨʪʥʦʛʦ ʛʘʟʘ-ʥʦʩʠʪʝʣʷ 

ʠʩʧʦʣʴʟʦʚʘʣʘʩʴ ʨʝʛʝʥʝʨʘʮʠʦʥʥʘʷ ʩʤʝʩʴ ʘʨʛʦʥʘ ʩ 5% ʚʦʜʦʨʦʜʘ. ʇʦ ʤʥʝʥʠʶ 

ʘʚʪʦʨʦʚ ʨʘʙʦʪʳ [36], ʥʘʣʠʯʠʝ ʚʦʜʦʨʦʜʘ ʚ ʩʦʩʪʘʚʝ ʩʤʝʩʠ ʷʚʣʷʝʪʩʷ 

ʙʣʘʛʦʧʨʠʷʪʥʳʤ ʬʘʢʪʦʨʦʤ ʜʣʷ ʨʦʩʪʘ ʯʠʩʪʳʭ ʢʨʠʩʪʘʣʣʦʚ ʧʝʥʪʘʮʝʥʘ, ʧʦʩʢʦʣʴʢʫ 

ʩʧʦʩʦʙʩʪʚʫʶʪ ʣʫʯʰʝʤʫ ʨʘʟʜʝʣʝʥʠʶ ʤʦʣʝʢʫʣ ʧʝʥʪʘʮʝʥʘ ʠ ʧʨʠʤʝʩʝʡ ʚ ʧʘʨʦʚʦʤ 

ʪʨʘʥʩʧʦʨʪʝ ʚ ʟʦʥʝ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ. 

ʊʘʙʣʠʮʘ 3.5 - ʋʩʣʦʚʠʷ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʠ ʧʘʨʘʤʝʪʨʳ ʨʦʩʪʘ ʢʨʠʩʪʘʣʣʦʚ ʧʝʥʪʘʮʝʥʘ ʤʝʪʦʜʦʤ 

ʇʌʊ 

 ̄ Z ʛʘʟ VG, ʣ/ʯ T,Áʉ Sub Ű, ʯ S L, ʤʤ <ns>, ʤʤ
-2

 

1 1 N2 0.1 240 ʬ 48 - - - 

2 1 N2 0.1 250 ʬ 48 - - - 

3 1 N2 0.1 260 ʬ 48 + 1 3 

4 1 N2 0.1 290 ʬ 48 + 1 5 

5 1 N2 0.2 290 ʬ 48 + 1 5 

6 1 Ar/H2 0.2 290 ʬ 48 + 1 5 

7 1 Ar/H2 0.2 250 ʬ 48 + 1 7 

8 1 Ar/H2 0.25 250 ʬ 48 + 1 7 

9 1 Ar/H2 0.5 290 ʢ 72 + 3 3 

10 1 Ar/H2 0.5 300 ʢ 72 + 3 3 

11 2 Ar/H2 0.5 290/250 ʢ 72 + 5 18/2 

12 2 Ar/H2 0.5 290/240 ʢ 72 + 5 15/5 

13 2 Ar/H2 0.5 290/240 ʢ 72 + 5 14/6 

14 2 Ar/H2 0.5 290/230 ʢ 72 + 7 10/18 

15 2 Ar/H2 0.5 290/220 ʢ 72 + 12 8/20 

ʇʨʠʤʝʯʘʥʠʷ. Z - ʢʦʣʠʯʝʩʪʚʦ ʟʦʥ; VG - ʨʘʩʭʦʜ ʛʘʟʘ; T - ʪʝʤʧʝʨʘʪʫʨʘ ʛʦʨʷʯʝʡ/ʭʦʣʦʜʥʦʡ ʟʦʥ; 

Sub - ʤʘʪʝʨʠʘʣ ʧʦʚʝʨʭʥʦʩʪʠ (ʬ ï ʬʦʣʴʛʘ, ʢ ï ʢʚʘʨʮʝʚʘ ̫ʪʨʫʙʳ); Ű - ʧʝʨʠʦʜ ʨʦʩʪʘ; S - ʪʠʧ 

ʠʩʪʦʯʥʠʢʘ ("+" - ʦʪʢʨʳʪʳʡ, " -" - ʟʘʢʨʳʪʳʡ); L - ʩʨʝʜʥʷʷ ʜʣʠʥʘ ʥʘʠʙʦʣʝʝ ʢʨʫʧʥʳʭ 

ʢʨʠʩʪʘʣʣʦʚ; <ns> - ʩʨʝʜʥʷʷ ʧʣʦʪʥʦʩʪʴ ʢʨʠʩʪʘʣʣʦʚ ʧʝʥʪʘʮʝʥʘ ʚ ʟʦʥʝ ʨʦʩʪʘ.  
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ʇʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʟʘʢʨʳʪʦʛʦ ʠʩʪʦʯʥʠʢʘ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʚʦʟʛʦʥʢʠ 

ʚʝʱʝʩʪʚʘ ʙʳʣʘ ʢʨʘʡʥʝ ʥʠʟʢʦʡ ʠ ʨʦʩʪ ʢʨʠʩʪʘʣʣʦʚ ʥʝ ʥʘʙʣʶʜʘʣʩʷ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ 

ʜʣʷ ʫʚʝʣʠʯʝʥʠʷ ʩʪʝʧʝʥʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʧʦʪʦʢʘ ʠʥʝʨʪʥʦʛʦ ʛʘʟʘ ʩ ʧʦʚʝʨʭʥʦʩʪʴʶ 

ʧʦʨʦʰʢʦʦʙʨʘʟʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʜʘʣʝʝ ʠʩʧʦʣʴʟʦʚʘʣʠ ʪʦʣʴʢʦ ʦʪʢʨʳʪʳʡ ʠʩʪʦʯʥʠʢ 

(ʨʠʩʫʥʦʢ 3.24, ʘ). ɺ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʠʩʧʘʨʝʥʠʷ ʚʝʱʝʩʪʚʘ ʚ 

ʠʩʪʦʯʥʠʢʝ ʟʥʘʯʠʪʝʣʴʥʦ ʚʦʟʨʦʩʣʘ, ʯʪʦ ʧʨʠʚʝʣʦ ʢ ʨʦʩʪʫ ʪʝʤʥʦ-ʩʠʥʠʭ ʢʨʠʩʪʘʣʣʦʚ 

ʧʝʥʪʘʮʝʥʘ ʚ ʟʦʥʝ ʦʩʘʞʜʝʥʠʷ ʚʝʱʝʩʪʚʘ (ʨʠʩʫʥʦʢ 3.24, ʙ).  

ʇʦʚʳʰʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʠʩʪʦʯʥʠʢʘ ʩ 260 ʜʦ 290 Áʉ ʧʨʠʚʝʣʦ ʢ ʫʚʝʣʠʯʝʥʠʶ 

ʩʨʝʜʥʝʡ ʧʣʦʪʥʦʩʪʠ <ns> ʢʨʠʩʪʘʣʣʦʚ ʧʝʥʪʘʮʝʥʘ ʚ ʟʦʥʝ ʨʦʩʪʘ ʧʦʯʪʠ ʚ ʜʚʘ ʨʘʟʘ ʟʘ 

ʩʯʝʪ ʠʥʪʝʥʩʠʬʠʢʘʮʠʠ ʧʨʦʮʝʩʩʘ ʠʩʧʘʨʝʥʠʷ ʚʝʱʝʩʪʚʘ ʚ ʠʩʪʦʯʥʠʢʝ (ʪʘʙʣʠʮʝ 3.5).  

ʉʤʝʥʘ ʛʘʟʘ ʩ ʘʟʦʪʘ ʥʘ ʨʝʛʝʥʝʨʘʮʠʦʥʥʫʶ ʩʤʝʩʴ ʚʠʜʠʤʳʤ ʦʙʨʘʟʦʤ ʥʝ ʚʥʝʩʣʦ 

ʠʟʤʝʥʝʥʠʡ ʚ ʢʘʨʪʠʥʫ ʦʩʘʞʜʝʥʠʷ ʠ ʨʦʩʪʘ ʢʨʠʩʪʘʣʣʦʚ. ʂʘʢ ʚ ʧʝʨʚʦʤ, ʪʘʢ ʠ ʚʦ 

ʚʪʦʨʦʤ ʩʣʫʯʘʷʭ ʦʙʨʘʟʦʚʳʚʘʣʠʩʴ ʪʦʥʢʠʝ ʧʣʦʩʢʠʝ ʢʨʠʩʪʘʣʣʳ ʜʣʠʥʥʦʡ ʜʦ ʦʜʥʦʛʦ 

ʤʠʣʣʠʤʝʪʨʘ ʠ ʪʦʣʱʠʥʦʡ ʜʦ 10 ʤʢʤ, ʦʜʥʘʢʦ ʠʩʪʦʯʥʠʢ ʚʝʱʝʩʪʚʘ ʧʝʨʝʩʪʘʣ ʤʝʥʷʪʴ 

ʦʢʨʘʩʢʫ ʚ ʭʦʜʝ ʨʦʩʪʦʚʳʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ.  

ʋʚʝʣʠʯʝʥʠʝ ʨʘʩʭʦʜʘ ʠʥʝʨʪʥʦʛʦ ʛʘʟʘ ʩ 0.10 ʜʦ 0.25 ʣ/ʯ ʥʝ ʧʦʚʣʠʷʣʦ 

ʟʘʤʝʪʥʳʤ ʦʙʨʘʟʦʤ ʥʘ ʭʘʨʘʢʪʝʨ ʨʦʩʪʘ ʢʨʠʩʪʘʣʣʦʚ ʥʘ ʧʦʜʣʦʞʢʝ ʚ ʟʦʥʝ ʦʩʘʞʜʝʥʠʷ. 

ʅʘ ʨʠʩʫʥʢʝ 3.24, ʚ ʧʨʝʜʩʪʘʚʣʝʥ ʥʘʠʙʦʣʝʝ ʢʨʫʧʥʳʡ ʠʟ ʧʦʣʫʯʝʥʥʳʭ ʚ ʜʘʥʥʳʭ 

ʫʩʣʦʚʠʷʭ ʦʙʨʘʟʝʮ ʢʨʠʩʪʘʣʣʘ ʧʝʥʪʘʮʝʥʘ, ʚʳʨʘʱʝʥʥʳʡ ʥʘ ʬʦʣʴʛʝ ʧʨʠ ʧʨʦʜʫʚʢʝ 

ʨʝʛʝʥʝʨʘʮʠʦʥʥʦʡ ʛʘʟʦʚʦʡ ʩʤʝʩʴʶ. ʂʘʢ ʚʠʜʥʦ, ʧʣʦʩʢʠʡ ʢʨʠʩʪʘʣʣ ʪʝʤʥʦ ʩʠʥʝʛʦ 

ʮʚʝʪʘ ʠʤʝʝʪ ʙʦʢʦʚʫʶ ʦʛʨʘʥʢʫ. ʋʛʣʳ ʤʝʞʜʫ ʙʦʢʦʚʳʤʠ ʛʨʘʥʷʤʠ ʢʨʠʩʪʘʣʣʦʚ, ʢʘʢ 

ʧʨʘʚʠʣʦ, ʠʤʝʶʪ ʟʥʘʯʝʥʠʷ ʦʢʦʣʦ 102, 125 ʠ 130 ʛʨʘʜʫʩʦʚ (ʨʠʩʫʥʦʢ 3.24, ʜ). 

ʇʦʚʝʨʭʥʦʩʪʴ ʚʝʨʭʥʝʡ ʛʨʘʥʠ ʢʨʠʩʪʘʣʣʘ ʛʣʘʜʢʘʷ (ʨʠʩʫʥʦʢ 3.24, ʝ). 

ʊʘʢʞʝ ʙʳʣʠ ʧʨʦʚʝʜʝʥʳ ʦʧʳʪʳ ʧʦ ʨʦʩʪʫ ʢʨʠʩʪʘʣʣʦʚ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʥʘ 

ʧʦʚʝʨʭʥʦʩʪʠ ʢʚʘʨʮʝʚʦʡ ʨʦʩʪʦʚʦʡ ʪʨʫʙʳ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ ʠʩʪʦʯʥʠʢʘ 290Áʉ. 

ʈʝʟʫʣʴʪʘʪʳ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʚ ʧʦʜʦʙʥʳʭ ʫʩʣʦʚʠʷʭ, ʟʘ ʠʩʢʣʶʯʝʥʠʝ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 

ʙʦʣʝʝ ʚʳʩʦʢʦʛʦ ʨʘʩʭʦʜʘ ʘʨʛʦʥʘ (3 ʣ/ʯ), ʧʨʝʜʩʪʘʚʣʝʥʳ Jo ʠ ʩʦʘʚʪʦʨʘʤʠ ʚ ʨʘʙʦʪʝ 

[164]. ʅʘ ʨʘʥʥʝʡ ʩʪʘʜʠʠ ʨʦʩʪʘ ʠ ʚ ʜʘʣʴʥʝʡʰʝʤ ʘʚʪʦʨʳ ʥʘʙʣʶʜʘʣʠ ʨʦʩʪ 

ʠʛʦʣʴʯʘʪʳʭ ʢʨʠʩʪʘʣʣʦʚ ʟʦʣʦʪʠʩʪʦʛʦ ʮʚʝʪʘ, ʠʟ ʢʦʪʦʨʳʭ ʚ ʧʨʦʮʝʩʩʝ ʨʦʩʪʘ, ʧʦ ʠʭ 

ʤʥʝʥʠʶ, ʚ ʜʘʣʴʥʝʡʰʝʤ ʬʦʨʤʠʨʦʚʘʣʠʩʴ ʧʣʘʩʪʠʥʯʘʪʳʝ ʢʨʠʩʪʘʣʣʳ ʧʝʥʪʘʮʝʥʘ 
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ʪʝʤʥʦ-ʩʠʥʝʛʦ ʮʚʝʪʘ ʜʦ 2 ʤʤ ʚ ʪʝʯʝʥʠʝ 116 ʯʘʩʦʚ. ʇʦʣʫʯʝʥʥʳʝ ʥʘʤʠ ʨʝʟʫʣʴʪʘʪʳ 

ʦʪʣʠʯʘʶʪʩʷ ʦʪ ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʚ ʜʘʥʥʦʡ ʨʘʙʦʪʝ: ʨʦʩʪ ʧʣʦʩʢʠʭ ʢʨʠʩʪʘʣʣʦʚ ʥʝ 

ʥʘʙʣʶʜʘʣʩʷ, ʧʨʠ ʵʪʦʤ ʚ ʪʝʯʝʥʠʝ 72 ʯʘʩʦʚ ʬʦʨʤʠʨʦʚʘʣʠʩʴ ʢʨʠʩʪʘʣʣʳ ʠʛʦʣʴʯʘʪʦʡ 

ʬʦʨʤʳ ʩʚʝʪʣʦ-ʢʦʨʠʯʥʝʚʦʛʦ ʮʚʝʪʘ ʜʣʠʥʦʶ ʜʦ 0.5 ʤʤ ʚ ʦʙʣʘʩʪʠ II  ʩ ʙʦʣʝʝ ʥʠʟʢʦʡ 

ʪʝʤʧʝʨʘʪʫʨʦʡ (ʨʠʩʫʥʦʢ 3.24, ʘ, ʛ). 

 
ʈʠʩʫʥʦʢ 3.24 - ʂʨʠʩʪʘʣʣʳ ʧʝʥʪʘʮʝʥʘ, ʚʳʨʘʱʝʥʥʳʝ ʚ ʛʨʘʜʠʝʥʪʥʦʤ ʪʝʤʧʝʨʘʪʫʨʥʦʤ ʧʦʣʝ: a - 

ʧʦʣʦʞʝʥʠʝ ʠʩʪʦʯʥʠʢʘ ʚʝʱʝʩʪʚʘ ʠ ʦʙʣʘʩʪʝʡ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦʛʦ ʦʩʘʞʜʝʥʠʷ ʪʝʤʥʦ-ʩʠʥʠʭ 

ʧʣʘʩʪʠʥʯʘʪʳʭ (I) ʠ ʠʛʦʣʴʯʘʪʳʭ ʩʚʝʪʣʦ-ʢʦʨʠʯʥʝʚʳʭ (II) ʢʨʠʩʪʘʣʣʦʚ ʩ ʫʢʘʟʘʥʠʝʤ ʛʨʘʜʠʝʥʪʘ 

ʪʝʤʧʝʨʘʪʫʨ ʚ ʨʦʩʪʦʚʦʤ ʵʢʩʧʝʨʠʤʝʥʪʝ; ʙ - ʦʙʣʘʩʪ ɹI; ʚ - ʢʨʫʧʥʳʡ ʢʨʠʩʪʘʣʣ ʧʝʥʪʘʮʝʥʘ ʠʟ 

ʦʙʣʘʩʪʠ I; ʛ - ʦʙʣʘʩʪʴ II; ʜ - ʦʧʪʠʯʝʩʢʠʝ ʠʟʦʙʨʘʞʝʥʠʝ (ʚ ʦʪʨʘʞʝʥʥʳʭ ʣʫʯʘʭ) ʢʨʠʩʪʘʣʣʘ 

ʧʝʥʪʘʮʝʥʘ ʠ ʫʚʝʣʠʯʝʥʥʦʝ ʠʟʦʙʨʘʞʝʥʠʝ ʢʨʘʷ ʢʨʠʩʪʘʣʣʘ (ʝ) 
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ʅʘ ʩʣʝʜʫʶʱʝʤ ʵʪʘʧʝ ʙʳʣʘ ʧʨʦʚʝʜʝʥʘ ʩʝʨʠʷ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʧʦ 

ʚr ʨʘʱʠʚʘʥʠʶ ʢʨʠʩʪʘʣʣʦʚ ʧʝʥʪʘʮʝʥʘ ʚ ʫʩʪʘʥʦʚʢʝ ʩ ʜʚʫʤʷ ʪʝʤʧʝʨʘʪʫʨʥʳʤʠ 

ʟʦʥʘʤʠ. ɺ ʭʦʜʝ ʦʧʳʪʦʚ ʪʝʤʧʝʨʘʪʫʨʘ ʛʦʨʷʯʝʡ ʟʦʥʳ ʙʳʣʘ ʧʦʩʪʦʷʥʥʘ ï 290 Áʉ, ʘ 

ʪʝʤʧʝʨʘʪʫʨʫ ʭʦʣʦʜʥʦʡ ʟʦʥʳ ʠʟʤʝʥʷʣʠ ʚ ʠʥʪʝʨʚʘʣʝ ʦʪ 220õ250 ÁC ʩ ʰʘʛʦʤ ʚ 10 

ʛʨʘʜʫʩʦʚ (ʨʠʩʫʥʦʢ 3.25, ʘ). ʈʘʩʭʦʜ ʛʘʟʘ-ʥʦʩʠʪʝʣʷ ʙʳʣ 0.5 ʣ/ʯ ʚʦ ʚʩʝʭ 

ʵʢʩʧʝʨʠʤʝʥʪʘʭ.  

 
ʈʠʩʫʥʦʢ 3.25 - ʂʨʠʩʪʘʣʣʳ ʧʝʥʪʘʮʝʥʘ, ʚʳʨʘʱʝʥʥʳʝ ʚ ʜʚʫʟʦʥʥʦʤ ʪʝʤʧʝʨʘʪʫʨʥʦʤ ʧʦʣʝ: a - 

ʨʘʩʧʦʣʦʞʝʥʠʝ ʠʩʪʦʯʥʠʢʘ ʚʝʱʝʩʪʚʘ ʠ ʦʙʣʘʩʪʝʡ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦʛʦ ʦʩʘʞʜʝʥʠʷ ʪʝʤʥʦ-

ʩʠʥʠʭ ʧʣʘʩʪʠʥʯʘʪʳʭ (I) ʠ ʠʛʦʣʴʯʘʪʳʭ ʩʚʝʪʣʦ-ʢʦʨʠʯʥʝʚʳʭ (II) ʢʨʠʩʪʘʣʣʦʚ; ʙ - ʫʚʝʣʠʯʝʥʥʦʝ 

ʠʟʦʙʨʘʞʝʥʠʝ ʦʙʣʘʩʪʠ II; ʚ ï ʩʚʝʪʣʦ-ʢʦʨʠʯʥʝʚʳʡ ʠʛʦʣʴʯʘʪʳʡ ʢʨʠʩʪʘʣʣ ʩ ʥʘʨʦʩʪʘʤʠ ʪʝʤʥʦ-

ʩʠʥʠʭ ʧʣʘʩʪʠʥʯʘʪʳʭ ʢʨʠʩʪʘʣʣʦʚ; ʛ - ʫʚʝʣʠʯʝʥʥʦʝ ʠʟʦʙʨʘʞʝʥʠʝ ʠʛʦʣʴʯʘʪʦʛʦ ʢʨʠʩʪʘʣʣʘ; ʜ - 

ʤʦʥʦʢʨʠʩʪʘʣʣʳ ʧʝʥʪʘʮʝʥʘ, ʚʳʨʘʱʝʥʥʳʝ ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʪʝʤʧʝʨʘʪʫʨʘʭ ʚʪʦʨʦʡ ʟʦʥʳ (ʥʘ 

ʤʠʣʣʠʤʝʪʨʦʚʦʡ ʙʫʤʘʛʝ) 
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ɺ ʜʘʥʥʳʭ ʫʩʣʦʚʠʷʭ ʥʘʙʣʶʜʘʣʦʩʴ ʢʘʨʜʠʥʘʣʴʥʦʝ ʠʟʤʝʥʝʥʠʝ ʨʦʩʪʦʚʦʡ 

ʢʘʨʪʠʥʳ. ʊʘʢ ʞʝ, ʢʘʢ ʜʣʷ ʘʥʪʨʘʮʝʥʘ ʠ ʪʝʪʨʘʮʝʥʘ, ʦʪʤʝʯʘʣʩʷ ʠʥʪʝʥʩʠʚʥʳʡ ʨʦʩʪ 

ʢʨʠʩʪʘʣʣʦʚ ʥʘ ʛʨʘʥʠʮʘʭ ʩʤʝʥʳ ʪʝʧʣʦʚʦʛʦ ʨʝʞʠʤʘ, ʚ ʦʩʦʙʝʥʥʦʩʪʠ ʥʘ ʫʯʘʩʪʢʝ 

ʧʝʨʝʭʦʜʘ ʤʝʞʜʫ ʟʦʥʘʤʠ (ʨʠʩʫʥʦʢ 3.25, ʘ). ɺ ʦʙʣʘʩʪʠ I ʬʦʨʤʠʨʦʚʘʣʠʩʴ ʥʘʠʙʦʣʝʝ 

ʢʨʫʧʥʳʝ ʧʣʦʩʢʠʝ ʢʨʠʩʪʘʣʣʳ ʪʝʤʥʦ-ʩʠʥʝʛʦ ʮʚʝʪʘ.  

ʆʪʤʝʪʠʤ, ʯʪʦ ʨʦʩʪ ʢʨʠʩʪʘʣʣʦʚ ʚ ʭʦʣʦʜʥʦʡ ʟʦʥʝ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ 

ʥʘʙʣʶʜʘʣʩʷ. ʉʧʨʘʚʘ ʦʪ ʭʦʣʦʜʥʦʡ ʟʦʥʳ (ʦʙʣʘʩʪʴ II) ʦʙʨʘʟʦʚʘʣʘʩ ɹ ʢʦʣʦʥʠ ̫

ʢʨʫʧʥʳʭ ʠʛʦʣʴʯʘʪʳʭ ʢʨʠʩʪʘʣʣʦʚ ʩʚʝʪʣʦ-ʢʦʨʠʯʥʝʚʦʛʦ ʦʪʪʝʥʢʘ (ʨʠʩʫʥʦʢ 3.25, ʘ, 

ʙ). ɼʣʠʥʘ ʥʘʠʙʦʣʝʝ ʢʨʫʧʥʳʭ ʦʙʨʘʟʮʦʚ ʧʨʝʚʳʰʘʣʘ 10 ʤʤ (ʨʠʩʫʥʦʢ 3.25, ʙ). ʅʘ 

ʠʛʦʣʴʯʘʪʳʭ ʢʨʠʩʪʘʣʣʘʭ ʥʝʨʝʜʢʦ ʥʘʙʣʶʜʘʣʠʩʴ ʧʨʠʨʦʩʰʠʝ ʧʣʘʩʪʠʥʯʘʪʳʝ 

ʢʨʠʩʪʘʣʣʳ ʪʝʤʥʦ-ʩʠʥʝʛʦ ʮʚʝʪʘ (ʨʠʩʫʥʦʢ 3.25, ʚ). ʀʛʦʣʴʯʘʪʳʝ ʢʨʠʩʪʘʣʣʳ ʠʤʝʶʪ 

ʦʛʨʘʥʢʫ (ʨʠʩʫʥʦʢ 3.25, ʛ). ʀʭ ʧʦʚʝʨʭʥʦʩʪʴ ʚʳʩʪʫʧʘʝʪ ʚ ʢʘʯʝʩʪʚʝ ʛʝʪʝʨʦʛʝʥʥʦʡ 

ʦʩʥʦʚʳ ʜʣʷ ʦʙʨʘʟʦʚʘʥʠʷ ʠ ʨʦʩʪʘ ʧʣʘʩʪʠʥʯʘʪʳʭ ʪʝʤʥʦ-ʩʠʥʠʭ ʢʨʠʩʪʘʣʣʦʚ. ʉʪʦʠʪ 

ʦʪʤʝʪʠʪʴ ʩʫʱʝʩʪʚʝʥʥʫʶ ʨʘʟʥʠʮʫ ʤʝʞʜʫ ʚʥʝʰʥʠʤ ʚʠʜʦʤ ʥʘʙʣʶʜʘʝʤʳʭ 

ʧʣʘʩʪʠʥʯʘʪʳʭ ʠ ʠʛʦʣʴʯʘʪʳʭ ʢʨʠʩʪʘʣʣʦʚ, ʘ ʪʘʢʞʝ ʨʘʟʣʠʯʠʝ ʚ ʦʢʨʘʩʢʝ, ʯʪʦ ʤʦʞʝʪ 

ʫʢʘʟʳʚʘʪʴ ʣʠʙʦ ʥʘ ʨʘʟʥʳʝ ʧʦʣʠʤʦʨʬʥʳʝ ʤʦʜʠʬʠʢʘʮʠʠ ʩʦʝʜʠʥʝʥʠʷ, ʣʠʙʦ 

ʨʘʟʥʳʡ ʭʠʤʠʯʝʩʢʠʡ ʩʦʩʪʘʚ ʢʨʠʩʪʘʣʣʦʚ. 

ʉ ʠʟʤʝʥʝʥʠʝʤ ʪʝʤʧʝʨʘʪʫʨʳ ʭʦʣʦʜʥʦʡ ʟʦʥʳ ʧʨʠ ʦʜʠʥʘʢʦʚʦʤ ʚʨʝʤʝʥʠ ʨʦʩʪʘ 

t ʥʘʙʣʶʜʘʣʦʩʴ ʠʟʤʝʥʝʥʠʝ ʬʦʨʤʳ ʠ ʪʦʣʱʠʥʳ h ʢʨʠʩʪʘʣʣʦʚ. ʅʘ ʨʠʩʫʥʢʝ 3.26 

ʧʨʝʜʩʪʘʚʣʝʥʘ ʟʘʚʠʩʠʤʦʩʪʴ ʩʨʝʜʥʝʡ ʪʦʣʱʠʥʳ h (ʦʧʨʝʜʝʣʝʥʘ ʧʦ ʧʷʪʠ ʥʘʠʙʦʣʝʝ 

ʢʨʫʧʥʳʤ ʦʙʨʘʟʮʘʤ) ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ ʭʦʣʦʜʥʦʡ ʟʦʥʳ. ɿʘʚʠʩʠʤʦʩʪʴ h = f(T) 

ʠʥʪʝʨʧʦʣʠʨʫʝʪʩʷ ʣʠʥʝʡʥʦʡ ʬʫʥʢʮʠʝʡ: h ~ (3.8Ñ0.3)ĿT (ʤʢʤ), R
2
=0.9928. 

ʂʘʢ ʚʠʜʥʦ ʠʟ ʪʘʙʣʠʮʳ 3.5, ʩ ʨʦʩʪʦʤ ʪʝʤʧʝʨʘʪʫʨʳ ʭʦʣʦʜʥʦʡ ʟʦʥʳ 

ʧʨʦʠʩʭʦʜʠʪ ʩʥʠʞʝʥʠʝ ʩʨʝʜʥʝʡ ʜʣʠʥʳ <L> ʥʘʠʙʦʣʝʝ ʢʨʫʧʥʳʭ ʢʨʠʩʪʘʣʣʦʚ ʧʦʯʪʠ 

ʚ ʜʚʘ ʨʘʟʘ (ʚʝʣʠʯʠʥʘ <L> ʦʧʨʝʜʝʣʝʥʘ ʧʦ ʧʷʪʠ ʩʘʤʳʤ ʢʨʫʧʥʳʤ ʦʙʨʘʟʮʘʤ). ʇʨʠ 

ʥʠʟʢʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʭʦʣʦʜʥʦʡ ʟʦʥʳ ʚ ʦʩʥʦʚʥʦʤ ʦʙʨʘʟʫʶʪʩʷ ʦʙʰʠʨʥʳʝ 

ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʝ ʧʣʝʥʢʠ ʥʝʧʨʘʚʠʣʴʥʦʡ ʬʦʨʤʳ (ʨʠʩʫʥʦʢ 3.25, ʜ, T2= 220ÁC). ʉ 

ʨʦʩʪʦʤ ʪʝʤʧʝʨʘʪʫʨʳ ʭʦʣʦʜʥʦʡ ʟʦʥʳ ʫ ʙʦʢʦʚʳʭ ʩʪʦʨʦʥ ʢʨʠʩʪʘʣʣʦʚ ʧʨʦʷʚʣʷʝʪʩʷ 

ʦʛʨʘʥʢʘ (ʨʠʩʫʥʦʢ 3.25, ʜ, T2=220õ240ÁC). ʇʨʠ ʪʝʤʧʝʨʘʪʫʨʝ T2=250ÁC ʢʨʠʩʪʘʣʣʳ 
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ʧʝʥʪʘʮʝʥʘ ʫʜʣʠʥʷʶʪʩʷ, ʧʨʠ ʵʪʦʤ ʠʭ ʪʦʣʱʠʥʘ ʚ ʩʨʝʜʥʝʤ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʜʦ 250 

ʤʢʤ.  

 

ʈʠʩʫʥʦʢ 3.27 - ɿʘʚʠʩʠʤʦʩʪʴ ʩʨʝʜʥʝʡ ʪʦʣʱʠʥʳ ʢʨʠʩʪʘʣʣʦʚ ʧʝʥʪʘʮʝʥʘ ʚ ʟʦʥʝ ʨʦʩʪʘ I ʦʪ 
ʪʝʤʧʝʨʘʪʫʨʳ ʭʦʣʦʜʥʦʡ ʟʦʥʳ 

ʇʨʠ ʚʨʘʱʝʥʠʠ ʢʨʠʩʪʘʣʣʦʚ ʚ ʩʢʨʝʱʝʥʥʳʭ ʧʦʣʷʨʠʟʘʪʦʨʘʭ ʥʘʙʣʶʜʘʝʪʩʷ 

ʧʦʛʘʩʘʥʠʝ ʩ ʧʝʨʠʦʜʦʤ 90Á, ʯʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʥʘʣʠʯʠʠ ʩʚʦʡʩʪʚʝʥʥʦʛʦ ʜʣʷ 

ʥʠʟʰʝʡ ʢʘʪʝʛʦʨʠʠ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʩʠʤʤʝʪʨʠʠ ʜʚʫʣʫʯʝʧʨʠʣʦʤʣʝʥʠʷ (ʨʠʩʫʥʦʢ 

3.27). 

 
ʈʠʩʫʥʦʢ 3.27 - ʆʧʪʠʯʝʩʢʠʝ ʠʟʦʙʨʘʞʝʥʠʷ ʢʨʠʩʪʘʣʣʦʚ ʧʝʥʪʘʮʝʥʘ ʠʛʦʣʴʯʘʪʦʡ (ʘ) ʠ 

ʧʣʘʩʪʠʥʯʘʪʦʡ (ʙ) ʬʦʨʤ ʧʨʠ ʚʨʘʱʝʥʠʠ ʚ ʩʢʨʝʱʝʥʥʳʭ ʧʦʣʷʨʠʟʘʪʦʨʘʭ 

ʅʘ ʨʠʩʫʥʢʝ 3.28 ʧʨʝʜʩʪʘʚʣʝʥʳ ɸʉʄ ʪʦʧʦʛʨʘʤʤʳ ʧʦʚʝʨʭʥʦʩʪʝʡ ʩʠʥʝʛʦ 

ʧʣʘʩʪʠʥʯʘʪʦʛʦ ʢʨʠʩʪʘʣʣʘ ʧʝʥʪʘʮʝʥʘ (ʘ) ʠ ʩʚʝʪʣʦ-ʢʦʨʠʯʥʝʚʦʛʦ ʠʛʦʣʴʯʘʪʦʛʦ (ʙ). 

ʅʘ ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʠʟʦʙʨʘʞʝʥʠʷʭ, ʩʫʜʷ ʧʦ ʚʩʝʤʫ, ʥʘʙʣʶʜʘʶʪʩʷ ʵʣʝʤʝʥʪʘʨʥʳʝ 
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ʩʪʫʧʝʥʠ ʨʦʩʪʘ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʪʦʣʱʠʥʝ ʤʦʥʦʩʣʦʷ ʚ ʦʨʠʝʥʪʘʮʠʠ 

ʧʘʨʘʣʣʝʣʴʥʦʡ ʧʣʦʩʢʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʢʨʠʩʪʘʣʣʘ. ʊʘʢ, ʜʣʷ ʪʝʤʥʦ-ʩʠʥʠʭ 

ʢʨʠʩʪʘʣʣʦʚ ʧʝʥʪʘʮʝʥʘ, ʚʳʩʦʪʘ ʩʪʫʧʝʥʠ ʚ ʧʨʝʜʝʣʘʭ ʦʙʣʘʩʪʠ ʠʟʦʙʨʘʞʝʥʠʷ ~ 1.5 

ʥʤ, ʯʪʦ ʧʨʠʙʣʠʟʠʪʝʣʴʥʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʪʦʣʱʠʥʝ ʤʦʥʦʩʣʦʷ, ʦʨʠʝʥʪʠʨʦʚʘʥʥʦʛʦ 

ʧʘʨʘʣʣʝʣʴʥʦ ʧʣʦʩʢʦʩʪʠ (001) [157,176].  

ʅʘ ʧʦʚʝʨʭʥʦʩʪʠ ʛʣʘʜʢʦʡ ʛʨʘʥʠ ʩʚʝʪʣʦ-ʢʦʨʠʯʥʝʚʦʛʦ ʠʛʦʣʴʯʘʪʦʛʦ ʢʨʠʩʪʘʣʣʘ 

ʪʘʢʞʝ ʥʘʙʣʶʜʘʝʪʩʷ ʩʝʨʠʷ ʵʣʝʤʝʥʪʘʨʥʳʭ ʩʪʫʧʝʥʝʡ ʨʦʩʪʘ. ʀʛʦʣʴʯʘʪʳʡ ʢʨʠʩʪʘʣʣ 

ʦʨʠʝʥʪʠʨʦʚʘʥ ʛʦʨʠʟʦʥʪʘʣʴʥʦ ʦʪʥʦʩʠʪʝʣʴʥʦ ʠʟʦʙʨʘʞʝʥʠʷ ʥʘ ʨʠʩʫʥʢʝ 3.28, ʙ. ʅʘ 

ʧʨʝʜʩʪʘʚʣʝʥʥʦʡ ɸʉʄ ʪʦʧʦʛʨʘʤʤʝ, ʚ ʥʠʞʥʝʡ ʯʘʩʪʠ ʠʟʦʙʨʘʞʝʥʠʷ ʥʘʙʣʶʜʘʝʪʩʷ 

ʧʘʨʘʣʣʝʣʴʥʳʡ ʨʷʜ ʩʪʫʧʝʥʝʡ ʨʦʩʪʘ ʚʳʩʦʪʦʡ 1.6 ʥʤ ʩ ʧʨʠʙʣʠʟʠʪʝʣʴʥʦ ʦʜʠʥʘʢʦʚʦʡ 

ʜʣʠʥʦʡ ʪʝʨʨʘʩʳ ~ 1 ʤʢʤ. ʂʘʢ ʚʠʜʥʦ, ʩʪʫʧʝʥʠ ʨʦʩʪʘ ʚ ʚʝʨʭʥʝʡ ʯʘʩʪʠ 

ʠʟʦʙʨʘʞʝʥʠʷ ʠʟʣʘʤʳʚʘʝʪʩʷ ʧʦʜ ʫʛʣʦʤ 120 ï 125 ʛʨʘʜʫʩʦʚ ʠ ʰʠʨʠʥʘ ʪʝʨʨʘʩʳ ʜʣʷ 

ʥʠʭ ʫʰʠʨʷʝʪʩʷ ʧʦʯʪʠ ʚ ʜʚʘ ʨʘʟʘ. ɺ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʥʘʙʣʶʜʘʝʪʩʷ ʦʩʦʙʝʥʥʦʩʪʴ: 

ʧʦʷʚʣʷʝʪʩʷ ʚʪʦʨʦʡ ʧʨʦʤʝʞʫʪʦʯʥʳʡ ʨʷʜ ʩʪʫʧʝʥʝʡ, ʚʳʩʦʪʘ ʢʦʪʦʨʳʭ ʚ ʜʚʘ ʨʘʟʘ 

ʤʝʥʴʰʝ. ʂʘʢ ʚʠʜʥʦ, ʣʠʥʠʷ ʬʨʦʥʪʘ ʫʩʣʦʚʥʦ ʯʝʪʥʳʭ ʩʪʫʧʝʥʝʡ ʙʣʠʟʢʘ ʢ ʧʨʷʤʦʡ, ʘ 

ʫ ʧʨʦʤʝʞʫʪʦʯʥʳʭ (ʥʝʯʝʪʥʳʭ) ʣʠʥʠʷ ʬʨʦʥʪʘ ʦʢʨʫʛʣʘʷ. ʉʫʜʷ ʧʦ ʚʩʝʤʫ, ʚ ʜʘʥʥʦʤ 

ʩʣʫʯʘʝ ʧʨʦʷʚʣʷʶʪʩʷ ʦʧʨʝʜʝʣʸʥʥʳʝ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ ʧʦʩʣʦʡʥʦʛʦ ʨʦʩʪʘ, 

ʦʧʨʝʜʝʣʷʶʱʠʝ ʧʨʦʜʚʠʞʝʥʠʝ ʥʘ ʬʨʦʥʪʝ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʣʠʙʦ ʤʦʥʦʩʣʦʝʚ, ʣʠʙʦ 

ʙʠʩʣʦʝʚ ʤʦʣʝʢʫʣ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʢʨʠʩʪʘʣʣʦʛʨʘʬʠʯʝʩʢʦʡ ʦʨʠʝʥʪʘʮʠʠ ʠ 

ʫʩʣʦʚʠʡ ʨʦʩʪʘ. 

 
(ʘ) (ʙ) 

ʈʠʩʫʥʦʢ 3.28 - ʊʦʧʦʛʨʘʬʠʯʝʩʢʠʝ ɸʉʄ-ʠʟʦʙʨʘʞʝʥʠʷ ʫʯʘʩʪʢʦʚ ʧʦʚʝʨʭʥʦʩʪʝʡ 

ʧʣʘʩʪʠʥʯʘʪʦʛʦ ʪʝʤʥʦ-ʩʠʥʝʛʦ ʢʨʠʩʪʘʣʣʘ ʧʝʥʪʘʮʝʥʘ (ʘ) ʠ ʩʚʝʪʣʦ-ʢʦʨʠʯʥʝʚʦʛʦ ʠʛʦʣʴʯʘʪʦʛʦ 

ʢʨʠʩʪʘʣʣʘ (ʙ) 
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ɼʣʷ ʦʙʦʙʱʝʥʠʷ ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʜʘʥʥʳʝ ʦ ʧʘʨʘʤʝʪʨʘʭ ʨʦʩʪʘ 

ʢʨʠʩʪʘʣʣʦʚ ʠʩʩʣʝʜʫʝʤʳʭ ʣʠʥʝʡʥʳʭ ʘʮʝʥʦʚ ʠʟ ʧʘʨʘ ʚ ʫʩʣʦʚʠʷʭ ʜʚʫʭ 

ʪʝʤʧʝʨʘʪʫʨʥʳʭ ʟʦʥ ʩʦʙʨʘʥʳ ʚ ʪʘʙʣʠʮʝ 3.6. ʇʨʠʚʝʜʝʥʳ ʫʩʣʦʚʠʷ, ʧʨʠ ʢʦʪʦʨʳʭ 

ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʥʘʠʙʦʣʝʝ ʢʨʫʧʥʳʝ ʦʙʨʘʟʮʳ ʢʨʠʩʪʘʣʣʦʚ ʠʩʩʣʝʜʫʝʤʳʭ ʚʝʱʝʩʪʚ. 

ɼʣʷ ʘʥʪʨʘʮʝʥʘ ʠ ʪʝʪʨʘʮʝʥʘ ʟʥʘʯʝʥʠʷ ʧʝʨʝʧʘʜʘ ʪʝʤʧʝʨʘʪʫʨ ȹT1,2 ʤʝʞʜʫ 

ʪʝʧʣʦʚʳʤʠ ʟʦʥʘʤʠ ʜʦʩʪʘʪʦʯʥʦ ʙʣʠʟʢʠ, ʢ ʧʨʝʜʩʪʘʚʣʝʥʥʳʤ ʥʘ ʨʠʩʫʥʢʝ 3.22 

ʛʨʘʥʠʯʥʳʤ ʧʝʨʝʦʭʣʘʞʜʝʥʠʷʤ ʧʝʨʝʩʳʱʝʥʥʦʛʦ ʧʘʨʘ. 

ʊʘʙʣʠʮʘ 3.6 - ʇʘʨʘʤʝʪʨʳ ʨʦʩʪʘ ʢʨʠʩʪʘʣʣʦʚ ʣʠʥʝʡʥʳʭ ʘʮʝʥʦʚ ʚ ʫʩʣʦʚʠʷʭ ʇʌʊ ʩ ʜʚʫʟʦʥʥʳʤ 

ʪʝʧʣʦʚʳʤ ʧʦʣʝʤ  

nA ʊ1, ʂ ȹT1,2, K Ű, ʯ Lm, ʤʤ Hm, ʤʢʤ VL, ʤʢʤ/ʯ ɕ Ĭ10
4
 Ŭ ɗS, ʛʨʘʜ 

3A 433 50 15 23 125 1533 54 27 95.5 

4A 533 70 15 4.5 70 300 155 28 93.1 

5A 563 70 72 12 65 167 54 32 78.3 
ʇʨʠʤʝʯʘʥʠʝ. ʊ1 ï ʪʝʤʧʝʨʘʪʫʨʘ ʛʦʨʷʯʝʡ ʟʦʥʳ, ȹT1,2 ï ʨʘʟʥʠʮʘ ʪʝʤʧʝʨʘʪʫʨ ʤʝʞʜʫ ʛʦʨʷʯʝʡ ʠ 

ʭʦʣʦʜʥʦʡ ʟʦʥʘʤʠ; Ű ï ʧʝʨʠʦʜ ʨʦʩʪʘ, Lm ʠ Hm ï ʜʣʠʥʘ ʠ ʪʦʣʱʠʥʘ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʥʘʠʙʦʣʝʝ 

ʢʨʫʧʥʦʛʦ ʢʨʠʩʪʘʣʣʘ ʚ ʦʧʳʪʝ, VLï ʩʨʝʜʥʷʷ ʣʠʥʝʡʥʘʷ ʩʢʦʨʦʩʪʴ ʨʦʩʪʘ ʥʘʠʙʦʣʝʝ ʢʨʫʧʥʦʛʦ ʚ 

ʦʧʳʪʝ ʢʨʠʩʪʘʣʣʘ (VL=Lm/Ű), ɕ ï ʢʦʵʬʬʠʮʠʝʥʪ ʘʥʠʟʦʪʨʦʧʠʠ ʨʦʩʪʘ ʥʘʠʙʦʣʝʝ ʢʨʫʧʥʳʭ 

ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʦʙʨʘʟʮʦʚ (ɕ = Hm/Lm), Ŭ ï ʢʨʠʪʝʨʠʡ ɼʞʝʢʩʦʥʘ; ɗS - ʢʨʘʝʚʦʡ ʫʛʦʣ ʩʤʘʯʠʚʘʥʠʷ 

ʧʦʚʝʨʭʥʦʩʪʠ ʧʣʝʥʢʠ ʚʦʜʦʡ ʧʨʠ 22Áʉ. 

 

3.1.5. ʋʪʦʯʥʝʥʠʝ ʩʪʨʫʢʪʫʨʳ ʢʨʠʩʪʘʣʣʦʚ ʤʝʪʦʜʦʤ ʈʉɸ. ɸʥʘʣʠʟ 

ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʛʦ ʩʪʨʦʝʥʠʷ 

ʈʝʥʪʛʝʥʦʚʩʢʠʝ ʜʠʬʨʘʢʪʦʛʨʘʤʤʳ ʚʳʨʘʱʝʥʥʳʭ ʠʟ ʧʘʨʦʚʦʡ ʬʘʟʳ ʧʣʦʩʢʠʭ 

ʤʦʥʦʢʨʠʩʪʘʣʣʦʚ ʥʘʬʪʘʣʠʥʘ, ʘʥʪʨʘʮʝʥʘ, ʪʝʪʨʘʮʝʥʘ ʠ ʧʝʥʪʘʮʝʥʘ (5ɸ), 

ʧʦʣʫʯʝʥʥʳʝ ʧʨʠ ʦʪʨʘʞʝʥʠʠ ʦʪ ʨʘʟʚʠʪʦʡ ʛʨʘʥʠ ʢʨʠʩʪʘʣʣʘ, ʧʨʠʚʝʜʝʥʳ ʥʘ ʨʠʩʫʥʢʝ 

3.29 (ʚʳʩʦʪʘ ʣʠʥʠʡ ʥʦʨʤʠʨʦʚʘʥʘ ʧʦ ʧʝʨʚʦʤʫ ʤʘʢʩʠʤʫʤʫ) [A10]. ʊʘʢʞʝ ʙʳʣʠ 

ʧʦʣʫʯʝʥʳ ʜʠʬʨʘʢʪʦʛʨʘʤʤʳ ʤʦʥʦʢʨʠʩʪʘʣʣʦʚ ʘʥʪʨʘʮʝʥʘ ʠ ʪʝʪʨʘʮʝʥʘ, 

ʚʳʨʘʱʝʥʥʳʭ ʠʟ ʨʘʩʪʚʦʨʦʚ [A8], ʜʣʷ ʢʦʪʦʨʳʭ ʧʦʣʦʞʝʥʠʝ ʜʠʬʨʘʢʮʠʦʥʥʳʭ 

ʤʘʢʩʠʤʫʤʦʚ ʦʢʘʟʘʣʦʩʴ ʚ ʮʝʣʦʤ ʘʥʘʣʦʛʠʯʥʳʤ ʧʨʝʜʩʪʘʚʣʝʥʥʳʤ ʥʘ ʨʠʩʫʥʢt 3.29. 

ɺ ʪʘʙʣʠʮʝ 3.7 ʧʨʠʚʝʜʝʥ ʨʘʩʯʝʪ ʤʝʞʧʣʦʩʢʦʩʪʥʳʭ ʨʘʩʩʪʦʷʥʠʡ h001
i
 ʧʦ ʫʨʘʚʥʝʥʠʶ 

ɺʫʣʴʬʘïɹʨʵʛʛʘ ʜʣʷ ʧʝʨʚʳʭ ʧʷʪʠ ʤʘʢʩʠʤʫʤʦʚ ʧʨʠ 2ɗi. 
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ʈʠʩʫʥʦʢ 3.29 - ʈʝʥʪʛʝʥʦʚʩʢʠʝ ʜʠʬʨʘʢʪʦʛʨʘʤʤʳ ʧʣʦʩʢʠʭ ʤʦʥʦʢʨʠʩʪʘʣʣʦʚ ʣʠʥʝʡʥʳʭ 

ʘʮʝʥʦʚ, ʚʳʨʘʱʝʥʥʳʭ ʠʟ ʧʘʨʦʚʦʡ ʬʘʟʳ 

ʊʘʙʣʠʮʘ 3.7 - ʇʘʨʘʤʝʪʨʳ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʳ ʤʦʥʦʢʨʠʩʪʘʣʣʦʚ ʣʠʥʝʡʥʳʭ ʘʮʝʥʦʚ 

nA 
2ɗ1, 

ʛʨʘʜ 

h001
1
, 

¡ 

2ɗ2, 

ʛʨʘʜ 

h002
2
, 

¡ 

2ɗ3, 

ʛʨʘʜ 

h003
3
, 

¡ 

2ɗ4, 

ʛʨʘʜ 

h004
4
, 

¡ 

2ɗ5, 

ʛʨʘʜ 

h005
5
, 

¡ 

ln, 

¡ 

h001
*
, 

¡ 

D,  

ʛ/ʩʤ
3
 

ʨʦʩʪ ʠʟ ʧʘʨʘ 

2A 12.12 7.3 24.34 7.3 36.86 7.3 49.96 7.3 - - 6.6 7.3 1.183 

3A  9.62 9.2 19.32 9.2 29.12 9.2 39.16 9.2 49.60 9.2 9.0 9.2 1.250 

4A  7.26 12.2 14.52 12.2 21.86 12.2 29.28 12.2 36.82 12.2 11.7 12.2 1.305 

5A  6.28 14.1 12.54 14.1 18.84 14.1 25.22 14.1 31.68 14.1 13.8 14.1 1.365 

ʨʦʩʪ ʠʟ ʨʘʩʪʚʦʨʦʚ 

3A 9.62 9.2 19.30 9.2 29.12 9.2 39.16 9.2 49.52 9.2 9.0 9.2 1.250 

4A 7.28 12.1 14.57 12.2 21.94 12.2 29.39 12.2 36.97 12.2 11.7 12.2 1.305 

ʇʨʠʤʝʯʘʥʠʝ. 2ɗi ï ʫʛʣʳ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʧʦʣʦʞʝʥʠʶ ʤʘʢʩʠʤʫʤʦʚ ʚ ʩʧʝʢʪʨʝ 

ʨʝʥʪʛʝʥʦʜʠʬʨʘʢʮʠʦʥʥʳʭ ʦʪʨʘʞʝʥʠʡ; h001
i
 ï ʤʝʞʧʣʦʩʢʦʩʪʥʦʝ ʨʘʩʩʪʦʷʥʠʝ ʜʣʷ ʩʝʤʝʡʩʪʚʘ 

ʧʣʦʩʢʦʩʪʝʡ (001), ʦʧʨʝʜʝʣʸʥʥʳʝ ʧʦ ʫʨʘʚʥʝʥʠʶ ɺʫʣʴʬʘ-ɹʨʵʛʛʘ ʜʣʷ ʫʛʣʦʚ 2ɗi; ʣʠʪʝʨʘʪʫʨʥʳʝ 

ʩʚʝʜʝʥʠʷ: ln ï ʜʣʠʥʘ ʤʦʣʝʢʫʣʳ ʧʦ ʥʘʠʙʦʣʴʰʝʡ ʦʩʠ, h001
*
 ï ʤʝʞʧʣʦʩʢʦʩʪʥʦʝ ʨʘʩʩʪʦʷʥʠʝ ʜʣʷ 

ʩʝʤʝʡʩʪʚʘ ʧʣʦʩʢʦʩʪʝʡ (00i) ʠ D ï ʨʝʥʪʛʝʥʦʛʨʘʬʠʯʝʩʢʘʷ ʧʣʦʪʥʦʩʪʴ ʢʨʠʩʪʘʣʣʦʚ 

[12,166,173,175]. 

ʉʧʝʢʪʨ ʜʠʬʨʘʢʮʠʦʥʥʳʭ ʨʝʬʣʝʢʩʦʚ ʠʩʩʣʝʜʫʝʤʳʭ ʚʝʱʝʩʪʚ (ʨʠʩʫʥʦʢ 3.29) 

ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʥʘʙʦʨ ʫʟʢʠʭ ʧʠʢʦʚ, ʧʦʣʦʞʝʥʠʝ ʢʦʪʦʨʳʭ ʧʨʠʙʣʠʟʠʪʝʣʴʥʦ 

ʢʨʘʪʥʦ ʧʦʣʦʞʝʥʠʶ ʧʝʨʚʦʛʦ ʤʘʢʩʠʤʫʤʘ ʧʨʠ 2ɗ1 ʜʣʷ ʢʘʞʜʦʛʦ ʩʦʝʜʠʥʝʥʠʷ 



103 

 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ (ʪʘʙʣʠʮʘ 3.7). ʉʦʛʣʘʩʥʦ ʣʠʪʝʨʘʪʫʨʥʳʤ ʩʚʝʜʝʥʠʷʤ (ʪʘʙʣʠʮʘ 1.6), 

ʥʘʙʣʶʜʘʝʤʘʷ ʜʠʬʨʘʢʮʠʦʥʥʘʷ ʢʘʨʪʠʥʘ ʜʘʥʥʳʭ ʚʝʱʝʩʪʚ ʩʦʦʪʚʝʪʩʪʚʫʝʪ 

ʦʪʨʘʞʝʥʠʶ ʦʪ ʩʝʤʝʡʩʪʚʘ ʧʣʦʩʢʦʩʪʝʡ (001). ʆʧʨʝʜʝʣʝʥʥʳʝ ʚ ʥʘʰʠʭ ʫʩʣʦʚʠʷʭ 

ʤʝʞʧʣʦʩʢʦʩʪʥʳʝ ʨʘʩʩʪʦʷʥʠʷ h001 ʜʣʷ ʢʨʠʩʪʘʣʣʦʚ ʥʘʬʪʘʣʠʥʘ, ʘʥʪʨʘʮʝʥʘ ʠ 

ʪʝʪʨʘʮʝʥʘ ʭʦʨʦʰʦ ʩʦʛʣʘʩʫʪʁʩʷ ʩ ʧʨʝʜʩʪʘʚʣʝʥʥʳʤʠ ʚ ʨʘʙʦʪʘʭ [14,166,173] 

ʟʥʘʯʝʥʠʷʤʠ. ɼʣʷ ʢʨʠʩʪʘʣʣʦʚ ʧʝʥʪʘʮʝʥʘ ʧʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʩʦʦʪʚʝʪʩʪʚʫʶʪ 

ʜʘʥʥʳʤ [175,177,178].  

ʇʦʣʫʯʝʥʥʳʝ ʥʘʤʠ ʠʟ ʨʘʩʪʚʦʨʦʚ ʧʣʦʩʢʠʝ ʢʨʠʩʪʘʣʣʳ ʘʥʪʨʘʮʝʥʘ ʠ ʪʝʪʨʘʮʝʥʘ 

(ʨʠʩʫʥʢʠ 3.6 ʠ 3.7), ʢʘʢ ʧʨʘʚʠʣʦ, ʠʤʝʶʪ ʙʦʣʝʝ ʯʝʪʢʫʶ ʦʛʨʘʥʢʫ ʙʦʢʦʚʳʭ ʩʪʦʨʦʥ, 

ʯʝʤ ʢʨʠʩʪʘʣʣʳ, ʚʳʨʘʱʝʥʥʳʝ ʠʟ ʧʘʨʦʚʦʡ ʬʘʟʳ. ʈʝʥʪʛʝʥʦʚʩʢʠʝ ʜʠʬʨʘʢʪʦʛʨʘʤʤʳ, 

ʧʦʣʫʯʝʥʥʳʝ ʜʣʷ ʦʪʨʘʞʝʥʠʡ ʦʪ ʨʘʟʚʠʪʦʡ ʛʨʘʥʠ ʤʦʥʦʢʨʠʩʪʘʣʣʦʚ ʘʥʪʨʘʮʝʥʘ ʠ 

ʪʝʪʨʘʮʝʥʘ, ʧʨʠʚʝʜʝʥʳ ʥʘ ʨʠʩʫʥʢʝ 3.30. ɼʣʷ ʩʨʘʚʥʝʥʠʷ ʥʠʞʝ ʧʨʠʚʝʜʝʥʳ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʨʘʩʯʝʪʥʳʝ ʧʦʨʦʰʢʦʚʳʝ ʜʠʬʨʘʢʪʦʛʨʘʤʤʳ [173,175].  

 
ʈʠʩʫʥʦʢ 3.30 - ʈʝʥʪʛʝʥʦʚʩʢʠʝ ʜʠʬʨʘʢʪʦʛʨʘʤʤʳ ʤʦʥʦʢʨʠʩʪʘʣʣʦʚ ʘʥʪʨʘʮʝʥʘ (ʘ) ʠ ʪʝʪʨʘʮʝʥʘ 

(ʙ), ʚʳʨʘʱʝʥʥʳʭ ʠʟ ʨʘʩʪʚʦʨʘ. ʈʘʩʯʝʪʥʳʝ ʧʦʨʦʰʢʦʚʳʝ ʜʠʬʨʘʢʪʦʛʨʘʤʤʳ [173,175] (ʢʨʘʩʥʳʝ 

ʢʨʠʚʳʝ) 

ʂʘʢ ʚʠʜʥʦ ʠʟ ʨʠʩʫʥʢʘ 3.30, ʘ, ʜʣʷ ʢʨʠʩʪʘʣʣʘ ʘʥʪʨʘʮʝʥʘ ʜʠʬʨʘʢʮʠʦʥʥʘʷ 

ʢʘʨʪʠʥʘ ʧʦʜʦʙʥʘ ʧʨʠʚʝʜʝʥʥʦʡ ʥʠʞʝ ʥʘ ʨʠʩʫʥʢʝ 3.29 ʜʣʷ ʢʨʠʩʪʘʣʣʘ, 

ʚʳʨʘʱʝʥʥʦʛʦ ʤʝʪʦʜʦʤ ʇʌʊ. 

ʈʝʥʪʛʝʥʦʚʩʢʘʷ ʜʠʬʨʘʢʪʦʛʨʘʤʤʘ ʚʳʨʘʱʝʥʥʦʛʦ ʠʟ ʨʘʩʪʚʦʨʘ ʤʦʥʦʢʨʠʩʪʘʣʣʘ 

ʪʝʪʨʘʮʝʥʘ (ʨʠʩʫʥʦʢ 3.30, ʙ) ʪʘʢʞʝ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʥʘʙʦʨ ʫʟʢʠʭ ʧʠʢʦʚ, 

ʧʦʣʦʞʝʥʠʝ ʢʦʪʦʨʳʭ ʚ ʦʩʥʦʚʥʦʤ ʧʨʠʙʣʠʟʠʪʝʣʴʥʦ ʢʨʘʪʥʦ ʧʦʣʦʞʝʥʠʶ ʧʝʨʚʦʛʦ 
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ʤʘʢʩʠʤʫʤʘ ʧʨʠ 2ɗ1 = 7.28Á ʠ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʦʪʨʘʞʝʥʠʶ ʦʪ ʩʝʤʝʡʩʪʚʘ ʧʣʦʩʢʦʩʪʝʡ 

(001). ʆʜʥʘʢʦ ʚ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʢʨʦʤʝ ʪʦʛʦ ʥʘʙʣʶʜʘʝʪʩʷ ʥʝʙʦʣʴʰʦʡ ʨʝʬʣʝʢʩ ʜʣʷ 

2ɗ = 23.09Á, ʠʜʝʥʪʠʬʠʮʠʨʦʚʘʥʥʳʡ ʥʘʤʠ, ʩʦʛʣʘʩʥʦ ʜʘʥʥʳʤ [175], ʢʘʢ ʦʪʨʘʞʝʥʠʝ 

ʦʪ ʧʣʦʩʢʦʩʪʠ (020).  

ʄʝʪʦʜʦʤ ʤʦʥʦʢʨʠʩʪʘʣʴʥʦʡ ʨʝʥʪʛʝʥʦʚʩʢʦʡ ʜʠʬʨʘʢʮʠʠ ʫʪʦʯʥʝʥʘ 

ʢʨʠʩʪʘʣʣʠʯʝʩʢʘʷ ʩʪʨʫʢʪʫʨʘ ʠʩʩʣʝʜʫʝʤʳʭ ʣʠʥʝʡʥʳʭ ʘʮʝʥʦʚ ʧʨʠ 85 ʠ 293 ʂ ʥʘ 

ʨʝʥʪʛʝʥʦʚʩʢʦʤ ʜʠʬʨʘʢʪʦʤʝʪʨʝ XtaLAB Synergy R, DW system, HyPix-Arc 150. 

ɼʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʙʳʣʠ ʠʩʧʦʣʴʟʦʚʘʥʳ ʢʨʠʩʪʘʣʣʳ ʥʘʬʪʘʣʠʥʘ ʠ ʧʝʥʪʘʮʝʥʘ, 

ʚʳʨʘʱʝʥʥʳʝ ʠʟ ʧʘʨʘ, ʘ ʢʨʠʩʪʘʣʣʳ ʘʥʪʨʘʮʝʥʘ ʠ ʪʝʪʨʘʮʝʥʘ ï ʠʟ ʨʘʩʪʚʦʨʘ. 

ʂʦʦʨʜʠʥʘʪʳ ʘʪʦʤʦʚ ʚʦʜʦʨʦʜʘ ʙʳʣʠ ʥʘʡʜʝʥʳ ʠʟ ʘʥʘʣʠʟʘ ʨʘʟʥʦʩʪʥʳʭ ʩʠʥʪʝʟʦʚ 

ʵʣʝʢʪʨʦʥʥʦʡ ʧʣʦʪʥʦʩʪʠ, ʧʦʩʪʨʦʝʥʥʳʭ ʥʘ ʟʘʢʣʶʯʠʪʝʣʴʥʦʤ ʵʪʘʧʝ ʫʪʦʯʥʝʥʠʷ 

ʩʪʨʫʢʪʫʨʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʘʪʦʤʦʚ ʫʛʣʝʨʦʜʘ. ʈʝʟʫʣʴʪʘʪʳ ʫʪʦʯʥʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ 

ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʳ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣʠʮʝ 3.8. ʇʨʠ ʥʠʟʢʦʡ 

ʪʝʤʧʝʨʘʪʫʨʝ ʫ ʘʮʝʥʦʚ ʧʦʣʠʤʦʨʬʠʟʤ ʥʝ ʥʘʙʣʶʜʘʝʪʩʷ.  

ʇʘʨʘʤʝʪʨʳ ʵʣʝʤʝʥʪʘʨʥʦʡ ʷʯʝʡʢʠ ʢʨʠʩʪʘʣʣʘ ʥʘʬʪʘʣʠʥʘ ʧʨʠ 85 ʂ ʥʘʭʦʜʷʪʩʷ 

ʚ ʭʦʨʦʰʝʤ ʩʦʛʣʘʩʠʠ ʩ ʨʝʟʫʣʴʪʘʪʘʤʠ ʜʣʷ 100 ʂ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʤʠ ʚ [257]. ɼʣʷ 

ʘʥʪʨʘʮʝʥʘ ʨʝʟʫʣʴʪʘʪʳ ʥʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʭʦʨʦʰʦ ʩʦʛʣʘʩʫʶʪʩʷ 

ʩ ʜʘʥʥʳʤʠ [258,259]. ɼʣʷ ʪʝʪʨʘʮʝʥʘ ʧʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʭʦʨʦʰʦ 

ʩʦʛʣʘʩʫʶʪʩʷ ʩ ʜʘʥʥʳʤʠ [177], ʧʦʣʫʯʝʥʥʳʤʠ ʧʨʠ 175 ʂ. ʋʪʦʯʥʝʥʥʳʝ ʧʘʨʘʤʝʪʨʳ 

ʵʣʝʤʝʥʪʘʨʥʦʡ ʷʯʝʡʢʠ ʪʝʤʥʦ-ʩʠʥʠʭ ʧʣʘʩʪʠʥʯʘʪʳʭ ʢʨʠʩʪʘʣʣʦʚ ʧʝʥʪʘʮʝʥʘ (I) ʚ 

ʥʘʰʠʭ ʫʩʣʦʚʠʷʭ ʭʦʨʦʰʦ ʩʦʛʣʘʩʫʝʪʩʷ ʩ ʨʝʟʫʣʴʪʘʪʘʤʠ ʥʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʳʭ 

ʠʩʩʣʝʜʦʚʘʥʠʡ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʚ ʨʘʙʦʪʘʭ [181,182]. 

ɺ ʪʘʙʣʠʮʝ 3.8 ʪʘʢ ʞʝ ʧʨʠʚʝʜʝʥʳ ʟʥʘʯʝʥʠʷ ʫʛʣʘ ʥʘʢʣʦʥʘ ɢ ʜʣʠʥʥʦʡ ʦʩʠ 

ʤʦʣʝʢʫʣʳ ʢ ʧʣʦʩʢʦʩʪʠ (001) ʠ ʫʛʣʘ ű çʧʘʨʢʝʪʥʦ-ʝʣʦʯʥʦʡè ʫʢʣʘʜʢʠ ʙʣʠʞʘʡʰʠʭ 

ʤʦʣʝʢʫʣʷʨʥʳʭ ʨʷʜʦʚ ʚʥʫʪʨʠ ʤʦʥʦʩʣʦʷ ʚ ʦʨʠʝʥʪʘʮʠʠ (001). ɺ ʢʨʠʩʪʘʣʣʘʭ 

ʚʝʣʠʯʠʥʘ ű ʦʧʨʝʜʝʣʷʝʪ ʫʛʦʣ ʤʝʞʜʫ ʜʚʫʤʷ ʩʠʩʪʝʤʘʤʠ ʧʣʦʩʢʦʩʪʝʡ, ʢ ʦʜʥʦʡ ʠʣʠ 

ʜʨʫʛʦʡ ʠʟ ʢʦʪʦʨʳʭ ʤʦʣʝʢʫʣʳ ʦʨʠʝʥʪʠʨʦʚʘʥ rʧʘʨʘʣʣʝʣʴʥʦ. ʅʘʧʨʠʤʝʨ, ʜʣʷ 2ɸ ï 

ʵʪʦ ʧʣʦʩʢʦʩʪʠ (υςφ) ʠ (υςφ), ʘ ʜʣʷ 3ɸ ï (φσψ) ʠ (φσψ). 
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ʊʘʙʣʠʮʘ 3.8 - ʂʨʠʩʪʘʣʣʦʛʨʘʬʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ, ʜʘʥʥʳʝ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʠ ʨʝʟʫʣʴʪʘʪʳ 

ʫʪʦʯʥʝʥʠʷ ʩʪʨʫʢʪʫʨ ʢʨʠʩʪʘʣʣʦʚ ʣʠʥʝʡʥʳʭ ʘʮʝʥʦʚ ʠ ʜʠʤʝʪʠʣʝʥʦʚʦʛʦ ʧʨʦʠʟʚʦʜʥʦʛʦ ʧʝʥʪʘʮʝʥʘ 

(DMPc) 

nA ʊ, 

ʂ 

ʉʠʥʛʦʥʠʷ 

ʇʨ. ʛʨ. 

Z 

a, ¡ 

b, ¡ 

c, ¡ 

Ŭ, Á 

ɓ, Á 

ɔ, Á 

V0, ¡
3 

D, ʛ/ʩʤ
3 

h001, ¡
 

ln, 

¡ 

ɢ, 

ű, 

ʛʨʘʜ 

N/ Ni/ Nr 

R/ wR/ S  

ȹɟmin/ȹɟmax, ɻ /¡
3
 

2A 85 

ʄʦʥʦʢʣʠʥʥʘʷ 

P 21/a 

2 

7.8182(3) 

5.9354(2) 

8.1050(2) 

90.000 

114.262(3) 

90.000 

342.89(2) 

1.2414 

7.1 

6.5 
65.7 

135.6 

26337/ 617/ 503  

0.036/ 0.042/ 2.72 

-0.37/0.39 

3A 

293  

ʄʦʥʦʢʣʠʥʥʘʷ 

P 21/a 

2 

8.5425(3) 

6.0143(2) 

9.4510(3) 

90.000 

103.471(3) 

90.000 

472.21(3) 

1.2535 

9.2 
8.9 

68.0 

128.3 

32842/ 1358/ 1151 

0.041/ 0.058/3.70 

-0.15/ 0.22 

85  

ʄʦʥʦʢʣʠʥʥʘʷ 

P 21/a 

2 

9.2730(1) 

5.9916(1) 

8.4102(2) 

90.000  

102.454(2) 

90.000 

456.28(2) 

1.2973 

9.0 

67.2 

129.15 

34691/ 1430/ 12630 

026/ 0.032/ 2.25 

-0.15/ 0.2 

4A 

293  

ʊʨʠʢʣʠʥʥʘʷ 

ὖρ 
2 

6.0642(2) 

7.9132(2) 

12.6192(4) 

101.777(2) 

99.264(2) 

94.056(2) 

581.71(3) 

1.3034 

12.1 

11.4 

70.4 

126.1 

38311/ 4800/ 2080 

0.0450/ 0.0456/ 

2.01 

-0.49 / 0.33 

85 

ʊʨʠʢʣʠʥʥʘʷ 

ὖρ 
2 

6.0386(4) 

7.7799(2) 

12.5051(5) 

100.966(2) 

99.632(4) 

94.344(3) 

565.10(5) 

1.4009 

12.1 

69.8 

126.7 

38311/ 4800/ 2080 

0.043/ 0.047 /2.37 

-0.49/0.33 

5A (I) 

293  

ʊʨʠʢʣʠʥʥʘʷ 

ὖρ 
2 

6.2638(1) 

7.7731(2) 

14.5258(3) 

76.479 

87.658 

84.691 

684.56(3) 

1.3504 

14.1 
13.9 

68.0 

124.9 

45633/ 4751/ 2844 

0.043/ 0.058/2.74 

-0.22/ 0.29 

85  

ʊʨʠʢʣʠʥʥʘʷ 

ὖρ 
2 

6.2818(1) 

7.6478(1) 

14.3514(2) 

76.958 

88.278 

84.339 

668.39(2) 

1.383 

14.0 

67.4 

125.6 

57330 / 6730/ 5282 

0.024/ 0.031/ 1.83 

-0.19/0.25 

DMPc 

(II)  
85 

ʈʦʤʙʠʯʝʩʢʘʷ 

ʈ212121  

4 

3.8883(1) 

12.3752(3) 

29.0069(4) 

90 

90 

90 

1395.66(4) 

1.449 

29.0 

13.9 - 

119887/3681/2197 

0.057/ 0.052/ 1.94 

-0.21/ 0.42 

ʇʨʠʤʝʯʘʥʠʷ. h001 ï ʨʘʩʯʝʪʥʦʝ ʤʝʞʧʣʦʩʢʦʩʪʥʦʝ ʨʘʩʩʪʦʷʥʠʝ ʜʣʷ ʩʝʤʝʡʩʪʚʘ ʧʣʦʩʢʦʩʪʝʡ (001) 

(h001=ʩĿsin(ɓ) ʜʣʷ ʤʦʥʦʢʣʠʥʥʦʡ ʨʝʰʝʪʢʠ); D ï ʨʝʥʪʛʝʥʦʛʨʘʬʠʯʝʩʢʘʷ ʧʣʦʪʥʦʩʪʴ ʢʨʠʩʪʘʣʣʦʚ; ln ï ʜʣʠʥʘ 

ʤʦʣʝʢʫʣʳ; ɢ ï ʫʛʦʣ ʥʘʢʣʦʥʘ ʤʦʣʝʢʫʣ ʢ ʧʣʦʩʢʦʩʪʠ ʤʦʥʦʩʣʦʷ (001); ű ï ʫʛʦʣ çʧʘʨʢʝʪʥʦ-ʝʣʦʯʥʦʡè 

ʫʢʣʘʜʢʠ ʤʦʣʝʢʫʣ ʚʥʫʪʨʠ ʤʦʥʦʩʣʦʷ (001); ʯʠʩʣʦ ʦʪʨʘʞʝʥʠʡ: N ï ʠʟʤʝʨʝʥʥʳʭ / Ni ï ʥʝʟʘʚʠʩʠʤʳʭ / 

Nr - ʩ I>3ů(I). 

ʇʨʦʩʪʦʡ ʘʥʘʣʠʟ ʦʩʦʙʝʥʥʦʩʪʠ ʫʧʘʢʦʚʢʠ ʤʦʣʝʢʫʣ ʚ ʤʦʥʦʩʣʦʝ ʩ ʦʨʠʝʥʪʘʮʠʝʡ 

(001), ʧʨʦʚʝʜʝʥʥʳʡ ʚ ʧʨʦʛʨʘʤʤʥʦʤ ʧʘʢʝʪʝ Mercury, ʧʦʟʚʦʣʷʝʪ ʦʧʨʝʜʝʣʠʪʴ 

ʠʥʜʝʢʩʳ ʥʝʢʦʪʦʨʳʭ ʙʦʢʦʚʳʭ ʛʨʘʥʝʡ ʧʣʦʩʢʠʭ ʢʨʠʩʪʘʣʣʦʚ ʧʨʠ ʩʦʧʦʩʪʘʚʣʝʥʠʠ 

ʫʛʣʦʚ ʤʝʞʜʫ ʠʭ ʛʨʘʥʷʤʠ. ʈʘʩʩʤʦʪʨʠʤ, ʥʘʧʨʠʤʝʨ, ʩʪʨʫʢʪʫʨʫ ʢʨʠʩʪʘʣʣʘ 

ʘʥʪʨʘʮʝʥʘ. ɺʳʜʝʣʠʤ ʚʥʫʪʨʠ ʤʦʥʦʩʣʦʷ (001) ʢʦʤʧʘʢʪʥʳʡ ʰʝʩʪʠʫʛʦʣʴʥʳʡ 

ʢʣʘʩʪʝʨ ʤʦʣʝʢʫʣ, ʦʛʨʘʥʠʯʝʥʥʳʡ ʧʣʦʩʢʦʩʪʷʤʠ (100), (110), (ρ10), (ρ00), (ρρ0) ʠ 
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(1ρ0) (ʨʠʩʫʥʦʢ 3.31, ʘ) [A8]. ɺʥʫʪʨʝʥʥʠʝ ʫʛʣʳ ʤʝʞʜʫ ʙʦʢʦʚʳʤʠ ʩʪʦʨʦʥʘʤʠ 

ʦʙʨʘʟʦʚʘʥʥʦʛʦ ʪʘʢʠʤ ʦʙʨʘʟʦʤ ʰʝʩʪʠʫʛʦʣʴʥʠʢʘ ʠʤʝʶʪ ʟʥʘʯʝʥʠʷ 125.9Á ʠ 108.2Á. 

ɼʘʣʝʝ, ʦʧʠʨʘʷʩʴ ʥʘ ʩʭʝʤʘʪʠʯʝʩʢʫʶ ʩʪʨʫʢʪʫʨʥʫʶ ʤʦʜʝʣʴ ʥʘ ʨʠʩʫʥʢʝ 3.31, ʘ, ʧʦ 

ʠʟʚʝʩʪʥʳʤ ʚʥʫʪʨʝʥʥʠʤ ʫʛʣʘʤ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʦʙʨʘʟʮʦʚ ʤʦʞʥʦ ʫʩʪʘʥʦʚʠʪʴ 

ʢʨʠʩʪʘʣʣʦʛʨʘʬʠʯʝʩʢʫʶ ʦʨʠʝʥʪʘʮʠʶ ʙʦʢʦʚʳʭ ʛʨʘʥʝʡ ʢʨʠʩʪʘʣʣʘ (ʨʠʩʫʥʦʢ 3.31, 

ʙ). 

 
ʈʠʩʫʥʦʢ 3.31 - ʉʭʝʤʘʪʠʯʝʩʢʘʷ ʩʪʨʫʢʪʫʨʥʘʷ ʤʦʜʝʣʴ ʰʝʩʪʠʫʛʦʣʴʥʦʛʦ ʢʣʘʩʪʝʨʘ ʤʦʣʝʢʫʣ 

ʘʥʪʨʘʮʝʥʘ ʚ ʢʨʠʩʪʘʣʣʝ ʚʥʫʪʨʠ ʤʦʥʦʩʣʦʷ ʩ ʦʨʠʝʥʪʘʮʠʝʡ (001) (ʘ) ʠ ʦʧʪʠʯʝʩʢʦʝ 

ʠʟʦʙʨʘʞʝʥʠʝ ʬʨʘʛʤʝʥʪʘ ʢʨʠʩʪʘʣʣʘ ʘʥʪʨʘʮʝʥʘ ʩ ʫʢʘʟʘʥʠʝʤ ʠʥʜʝʢʩʦʚ ʙʦʢʦʚʳʭ ʛʨʘʥʝʡ (ʙ) 

ɺʠʜ ʵʣʝʤʝʥʪʘʨʥʦʡ ʷʯʝʡʢʠ ʢʨʠʩʪʘʣʣʘ ʪʝʪʨʘʮʝʥʘ ʧʨʠʚʝʜʝʥ ʥʘ ʨʠʩʫʥʢʝ 

3.32, ʘ. ʄʦʥʦʩʣʦʠ ʚ ʦʨʠʝʥʪʘʮʠʠ (001) ʪʦʣʱʠʥʦʶ h001 = 1.21 ʥʤ (ʨʠʩʫʥʦʢ 3.32, ʘ). 

ʂ ʧʣʦʩʢʦʩʪʠ (001) ʜʣʠʥʥʘʷ ʦʩʴ ʤʦʣʝʢʫʣ ʥʘʢʣʦʥʝʥʘ ʧʦʜ ʫʛʣʦʤ ɢ = 70Á (ʨʠʩʫʥʦʢ 

3.32, ʘ). ʂʨʘʪʯʘʡʰʘʷ ʩʚʷʟʴ ʤʝʞʜʫ ʤʦʣʝʢʫʣʘʤʠ ʨʝʘʣʠʟʫʝʪʩʷ ʚ ʥʘʧʨʘʚʣʝʥʠʠ [110], 

ʘ ʥʘʠʙʦʣʝʝ ʧʣʦʪʥʳʝ ʨʷʜʳ ʤʦʣʝʢʫʣ ʦʨʠʝʥʪʠʨʦʚʘʥʳ ʚ ʥʘʧʨʘʚʣʝʥʠʠ [100] 

(ʨʠʩʫʥʦʢ. 3.32, ʙ). ɺ ʢʨʠʩʪʘʣʣʝ ʧʣʦʩʢʠʝ ʤʦʣʝʢʫʣʳ ʪʝʪʨʘʮʝʥʘ ʦʨʠʝʥʪʠʨʦʚʘʥʳ 

ʧʘʨʘʣʣʝʣʴʥʦ ʣʠʙʦ ʧʣʦʩʢʦʩʪʠ (25τ), ʣʠʙʦ ʧʣʦʩʢʦʩʪʠ (2υ4) ʩ ʫʛʣʦʤ ʫʢʣʘʜʢʠ ű = 

126Á (ʨʠʩʫʥʦʢ 3.33, ʙ).  

ɺʥʫʪʨʠ ʤʦʥʦʩʣʦʷ (001) ʢʦʤʧʘʢʪʥʳʡ ʰʝʩʪʠʫʛʦʣʴʥʳʡ ʢʣʘʩʪʝʨ ʤʦʣʝʢʫʣ 

ʪʝʪʨʘʮʝʥʘ, ʦʛʨʘʥʠʯʝʥʥʳʡ ʧʣʦʩʢʦʩʪʷʤʠ (100), (110), (ρ10), (ρ00), (ρρ0) ʠ (1ρ0), 

ʠʤʝʝʪ ʚʠʜ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʡ ʥʘ ʨʠʩʫʥʢʝ 3.32, ʚ. ʅʠʞʝ ʥʘ ʨʠʩʫʥʢʝ 3.32, ʛ 

ʧʨʝʜʩʪʘʚʣʝʥʦ ʠʟʦʙʨʘʞʝʥʠʝ ʚʳʨʘʱʝʥʥʦʛʦ ʠʟ ʨʘʩʪʚʦʨʘ ʪʦʣʫʦʣʘ ʫʜʣʠʥʝʥʥʦʛʦ 

ʢʨʠʩʪʘʣʣʘ ʩ ʦʛʨʘʥʢʦʡ (ʨʠʩʫʥʦʢ 3.7, ʚ). ʇʨʠ ʩʦʧʦʩʪʘʚʣʝʥʠʠ ʩʭʝʤʘʪʠʯʝʩʢʦʡ ʩʭʝʤʳ 

(ʨʠʩʫʥʦʢ 3.32, ʚ) ʩ ʠʟʦʙʨʘʞʝʥʠʝʤ ʨʝʘʣʴʥʦʛʦ ʢʨʠʩʪʘʣʣʘ (ʨʠʩʫʥʦʢ 3.32, ʛ) 
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ʜʦʩʪʘʪʦʯʥʦ ʣʝʛʢʦ ʦʧʨʝʜʝʣʠʪʴ ʩʠʤʚʦʣʳ ʛʨʘʥʝʡ ʫ ʧʦʩʣʝʜʥʝʛʦ. ʂʘʢ ʚʠʜʥʦ ʠʟ 

ʨʠʩʫʥʢʘ 3.32, ʛ, ʥʘʧʨʘʚʣʝʥʠʝ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦʛʦ ʨʦʩʪʘ ʢʨʠʩʪʘʣʣʘ - [100]. 

 

ʈʠʩʫʥʦʢ 3.32 - ʂʨʠʩʪʘʣʣʠʯʝʩʢʘʷ ʩʪʨʫʢʪʫʨʘ ʪʝʪʨʘʮʝʥʘ ʧʨʠ 20 ʉ̄: ʘ ï ʚʠʜ ʵʣʝʤʝʥʪʘʨʥʦʡ 

ʷʯʝʡʢʠ; ʙ ï ʩʭʝʤʘ ʫʧʘʢʦʚʢʠ ʤʦʣʝʢʫʣ ʚʥʫʪʨʠ ʤʦʥʦʩʣʦʷ (001); ʚ - ʵʣʝʤʝʥʪ ʤʦʥʦʩʣʦʷ (001), 

ʦʛʨʘʥʠʯʝʥʥʳʡ ʥʝʢʦʪʦʨʳʤʠ ʥʠʟʢʦʠʥʜʝʢʩʥʳʤʠ ʧʣʦʩʢʦʩʪʷʤʠ; ʛ ï ʦʧʪʠʯʝʩʢʦʝ ʠʟʦʙʨʘʞʝʥʠʝ 

ʢʨʠʩʪʘʣʣʘ ʩ ʩʠʤʚʦʣʘʤʠ ʛʨʘʥʝʡ 

ɼʣʷ ʪʦʛʦ ʯʪʦʙʳ ʚʳʷʩʥʠʪʴ ʧʨʠʯʠʥʫ ʥʘʠʙʦʣʝʝ ʙʳʩʪʨʦʛʦ ʨʦʩʪʘ ʢʨʠʩʪʘʣʣʦʚ 

ʪʝʪʨʘʮʝʥʘ ʚ ʥʘʧʨʘʚʣʝʥʠʠ [100], ʨʘʩʩʤʦʪʨʠʤ ʤʦʜʝʣʴ ʧʘʨʥʳʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ 

ʤʝʞʜʫ ʙʣʠʞʘʡʰʠʤʠ ʤʦʣʝʢʫʣʘʤʠ ʚ ʤʦʥʦʩʣʦʝ (001), ʠʩʧʦʣʴʟʫʷ ʚʩʪʨʦʝʥʥʳʡ ʚ 

ʧʘʢʝʪ Mercury ʘʣʛʦʨʠʪʤ UNI Intermolecular Potentials [251]. ʉʭʝʤʘ 
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ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʮʝʥʪʨʘʣʴʥʦʡ ʤʦʣʝʢʫʣʳ (0) ʩ ʝʸ ʙʣʠʞʘʡʰʠʤʠ ʩʦʩʝʜʷʤʠ (1-6) 

ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩʫʥʢʝ 3.33. ʀʩʧʦʣʴʟʫʝʤʳʡ ʘʣʛʦʨʠʪʤ ʥʘ ʦʩʥʦʚʝ ʩʪʨʫʢʪʫʨʥʳʭ 

ʜʘʥʥʳʭ ʧʦʟʚʦʣʷʝʪ ʦʧʨʝʜʝʣʠʪʴ ʧʦʪʝʥʮʠʘʣʳ ʧʘʨʥʳʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ (ʩʠʥʠʝ 

ʮʠʬʨʳ, [ʢɼʞ/ʤʦʣʴ]) ʠ ʨʘʩʩʪʦʷʥʠʷ ʤʝʞʜʫ ʮʝʥʪʨʘʤʠ (ʯʝʨʥʳʝ ʮʠʬʨʳ, [¡]) 

ʫʢʘʟʘʥʥʳʭ ʤʦʣʝʢʫʣ (ʨʠʩʫʥʦʢ 3.33). ʈʘʩʩʤʦʪʨʠʤ ʜʚʫʤʝʨʥʫʶ (ʙʦʢʦʚʳʝ ʩʚʷʟʠ 

ʤʝʞʜʫ ʤʦʣʝʢʫʣʘʤʠ ʚ ʧʣʦʩʢʦʩʪʠ (001)) ʤʠʢʨʦʩʢʦʧʠʯʝʩʢʫʶ ʤʦʜʝʣʴ ʩʠʣʦʚʦʛʦ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʮʝʥʪʨʘʣʴʥʦʡ ʤʦʣʝʢʫʣʳ, ʥʘʭʦʜʷʱʝʡʩʷ ʚ ʦʧʨʝʜʝʣʸʥʥʦʡ ʣʠʥʝʡʥʦʡ 

ʤʦʣʝʢʫʣʷʨʥʦʡ ʮʝʧʠ, ʩ ʙʣʠʞʘʡʰʠʤ ʦʢʨʫʞʝʥʠʝʤ ʚʥʝ ʜʘʥʥʦʡ ʮʝʧʠ. ɿʝʣʸʥʳʤʠ 

ʮʠʬʨʘʤʠ ʥʘ ʩʭʝʤʝ ʫʢʘʟʘʥʳ ʫʛʣʳ ʤʝʞʜʫ ʮʝʥʪʨʘʣʴʥʦʡ ʤʦʣʝʢʫʣʦʡ (0) ʠ ʨʷʜʦʤ 

ʠʥʪʝʨʝʩʫʶʱʠʭ ʥʘʩ ʥʘʧʨʘʚʣʝʥʠʡ. 

ɺ ʥʘʧʨʘʚʣʝʥʠʠ [1ρ0] ʨʝʟʫʣʴʪʠʨʫʶʱʘʷ ʩʠʣʘ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʮʝʥʪʨʘʣʴʥʦʡ 

ʤʦʣʝʢʫʣʳ ʩ ʤʦʣʝʢʫʣʘʤʠ (1), (2) ʠ (6): 

01 06 02
[1 10]

01 06 02

(601) (102)
U U U

F cos cos
r r r

-

è ø
=- + +é ù
ê ú

,   (3.2) 

ʛʜʝ U0i ʠ r0i ï ʧʘʨʥʳʡ ʧʦʪʝʥʮʠʘʣ ʠ ʨʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʮʝʥʪʨʘʤʠ ʮʝʥʪʨʘʣʴʥʦʡ ʠ i-

ʡ ʤʦʣʝʢʫʣ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, φπρ ʠ - ρπς ʫʛʣʳ ʤʝʞʜʫ ʮʝʥʪʨʘʤʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ 

ʤʦʣʝʢʫʣ. ʊʘʢʠʤ ʞʝ ʦʙʨʘʟʦʤ ʦʧʨʝʜʝʣʠʤ ʨʝʟʫʣʴʪʠʨʫʶʱʠʝ ʩʠʣʳ ʩʚʷʟʠ 

ʮʝʥʪʨʘʣʴʥʦʡ ʤʦʣʝʢʫʣʳ (0) ʩ ʙʣʠʞʘʡʰʠʤʠ ʩʦʩʝʜʷʤʠ ʚ ʥʘʧʨʘʚʣʝʥʠʷʭ [100], [010] 

ʠ [110]: 

02 01 03
[100]

02 01 03

(102) (203)
U U U

F cos cos
r r r

è ø
=- + +é ù
ê ú

,   (3.3) 

03 04
[010]

03 04

(30 ) (40 )
U U

F cos b cos b
r r

è ø
=- +é ù
ê ú

,   (3.4) 

03 02 04
[110]

03 02 04

(203) (403)
U U U

F cos cos
r r r

è ø
=- + +é ù
ê ú

.   (3.5) 

ʇʦʩʣʝ ʧʦʜʩʪʘʥʦʚʢʠ ʚ ʚʳʨʘʞʝʥʠʷ (3.2) - (3.5) ʯʠʩʣʝʥʥʳʭ ʟʥʘʯʝʥʠʡ 

ʧʘʨʘʤʝʪʨʦʚ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʥʘ ʩʭʝʤʝ ʨʠʩʫʥʢʘ 3.33, ʧʦʣʫʯʠʤ ʥʘʠʙʦʣʴʰʫʶ 

ʨʝʟʫʣʴʪʠʨʫʶʱʫʶ ʩʠʣʫ ʚ ʥʘʧʨʘʚʣʝʥʠʠ [100] - F[100] ʚ ʩʦʦʪʥʦʰʝʥʠʠ ʩ ʩʠʣʘʤʠ ʚ 

ʦʩʪʘʣʴʥʳʭ ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʭ ʥʘʧʨʘʚʣʝʥʠʷʭ: 
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[100]

[010]

1.163
F

F
= , [100]

[110]

1.210
F

F
= , [100]

[1 10]

1.095
F

F -

= . 

 
ʈʠʩʫʥʦʢ 3.33 - ʉʭʝʤʘ ʧʘʨʥʳʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ ʤʝʞʜʫ ʙʣʠʞʘʡʰʠʤʠ ʤʦʣʝʢʫʣʘʤʠ ʪʝʪʨʘʮʝʥʘ 

ʚ ʤʦʥʦʩʣʦʝ (001). ʏʝʨʥʳʤʠ ʠ ʩʠʥʠʤʠ ʮʠʬʨʘʤʠ ʦʙʦʟʥʘʯʝʥʳ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʨʘʩʩʪʦʷʥʠʷ 

ʤʝʞʜʫ ʮʝʥʪʨʘʤʠ ʩʦʩʝʜʥʠʭ ʤʦʣʝʢʫʣ ʚ ᴠ ʠ ʧʦʪʝʥʮʠʘʣʳ ʧʘʨʥʳʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ ʚ ʢɼʞ/ʤʦʣʴ; 

ʫʛʣʳ ʤʝʞʜʫ ʥʘʧʨʘʚʣʝʥʠʷʤʠ ʦʙʦʟʥʘʯʝʥʳ ʟʝʣʝʥʳʤʠ ʮʠʬʨʘʤʠ 

ʀʪʘʢ, ʧʨʦʩʪʘʷ ʤʦʜʝʣʴʥʘʷ ʦʮʝʥʢʘ ʥʘ ʦʩʥʦʚʝ ʜʘʥʥʳʭ ʦ ʧʦʪʝʥʮʠʘʣʘʭ ʧʘʨʥʳʭ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ ʫʢʘʟʳʚʘʝʪ ʥʘ ʥʘʣʠʯʠʝ ʚ ʥʘʧʨʘʚʣʝʥʠʠ [100] ʥʘʠʙʦʣʝʝ ʩʠʣʴʥʦʛʦ 

ʨʝʟʫʣʴʪʠʨʫʶʱʝʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʤʝʞʜʫ ʙʣʠʞʘʡʰʠʤʠ ʤʦʣʝʢʫʣʘʤʠ, ʯʪʦ, ʧʦ-

ʚʠʜʠʤʦʤʫ, ʠ ʦʙʫʩʣʘʚʣʠʚʘʝʪ ʘʥʠʟʦʪʨʦʧʠʶ ʩʢʦʨʦʩʪʠ ʨʦʩʪʘ ʢʨʠʩʪʘʣʣʦʚ ʪʝʪʨʘʮʝʥʘ 

ʚ ʜʘʥʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ.  

ʄʝʪʦʜʦʤ ʤʦʥʦʢʨʠʩʪʘʣʴʥʦʡ ʨʝʥʪʛʝʥʦʚʩʢʦʡ ʜʠʬʨʘʢʮʠʠ ʠʩʩʣʝʜʦʚʘʥʘ 

ʩʪʨʫʢʪʫʨʘ ʪʝʤʥʦ-ʩʠʥʠʭ ʧʣʘʩʪʠʥʯʘʪʳʭ ʤʦʥʦʢʨʠʩʪʘʣʣʦʚ ʧʝʥʪʘʮʝʥʘ (I, ʨʠʩʫʥʢʠ 

3.24, ʚ, ʜ ʠ 3.25, ʜ) ʠ ʩʦʧʫʪʩʪʚʫʶʱʠʭ ʚ ʧʨʦʮʝʩʩʝ ʨʦʩʪʘ ʠʛʦʣʴʯʘʪʳʭ ʩʚʝʪʣʦ-

ʢʦʨʠʯʥʝʚʳʭ ʤʦʥʦʢʨʠʩʪʘʣʣʦʚ (II , ʨʠʩʫʥʦʢ 3.24, ʛ ʠ 3.25, ʘ, ʙ, ʛ). ʇʨʠ ʧʦʥʠʞʝʥʠʠ 

ʪʝʤʧʝʨʘʪʫʨʳ ʜʦ 85 K ʩʪʨʫʢʪʫʨʥʳʡ ʬʘʟʦʚʳʡ ʧʝʨʝʭʦʜ ʚ ʠʩʩʣʝʜʫʝʤʳʭ ʦʙʨʘʟʮʘʭ ʥʝ 

ʚʳʷʚʣʝʥ. ʇʦʠʩʢ ʵʣʝʤʝʥʪʘʨʥʳʭ ʷʯʝʝʢ ʚ ʜʚʫʭ ʤʦʥʦʢʨʠʩʪʘʣʣʘʭ ʟʘʚʝʨʰʠʣʩʷ 

ʚʳʙʦʨʦʤ ʪʨʠʢʣʠʥʥʦʡ ʷʯʝʡʢʠ ʜʣʷ ʪʝʤʥʦ-ʩʠʥʝʛʦ ʧʣʘʩʪʠʥʯʘʪʦʛʦ ʢʨʠʩʪʘʣʣʘ 

ʧʝʥʪʘʮʝʥʘ (ʉ22H14) ʠ ʨʦʤʙʠʯʝʩʢʦʡ ʷʯʝʡʢʠ ʜʣʷ ʠʛʦʣʴʯʘʪʦʛʦ ʩʚʝʪʣʦ-ʢʦʨʠʯʥʝʚʦʛʦ 

ʢʨʠʩʪʘʣʣʘ (C24H16) ʩ ʧʘʨʘʤʝʪʨʘʤʠ, ʫʢʘʟʘʥʥʳʤʠ ʚ ʪʘʙʣʠʮʝ 3.8.  
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ɺʠʜ ʵʣʝʤʝʥʪʘʨʥʦʡ ʷʯʝʡʢʠ ʢʨʠʩʪʘʣʣʘ ʧʝʥʪʘʮʝʥʘ ʠ ʧʣʦʩʢʘʷ 

ʢʦʥʬʦʨʤʘʮʠʦʥʥʘʷ ʩʪʨʫʢʪʫʨʘ ʤʦʣʝʢʫʣʳ ʚ ʢʨʠʩʪʘʣʣʝ ʚ ʧʨʝʜʩʪʘʚʣʝʥʠʠ ORTEP 

ʧʨʠʚʝʜʝʥʳ ʥʘ ʨʠʩʫʥʢʝ 3.34. ʆʪʥʦʩʠʪʝʣʴʥʦ ʧʣʦʩʢʦʩʪʠ (001) ʤʦʣʝʢʫʣʳ 

ʥʘʢʣʦʥʝʥʳ ʧʦʜ ʫʛʣʦʤ ɢ=68Á. ʋʛʦʣ çʧʘʨʢʝʪʥʦ-ʝʣʦʯʥʦʡè ʫʧʘʢʦʚʢʠ ű =125Á 

ʦʧʨʝʜʝʣʷʝʪʩʷ ʫʛʣʦʤ ʤʝʞʜʫ ʧʣʦʩʢʦʩʪʷʤʠ (υ ρς ρυ) ʠ (ρπ ςτ ρυ). 

 

ʈʠʩʫʥʦʢ 3.34 - ʂʨʠʩʪʘʣʣʠʯʝʩʢʘʷ ʩʪʨʫʢʪʫʨʘ ʧʝʥʪʘʮʝʥʘ ʧʨʠ 85 ʂ: (a) - ʚʠʜ ʵʣʝʤʝʥʪʘʨʥʦʡ 

ʷʯʝʡʢʠ; (ʙ) - ʢʦʥʬʦʨʤʘʮʠʷ ʤʦʣʝʢʫʣʳ ʚ ORTEP ʧʨʝʜʩʪʘʚʣʝʥʠʠ 

ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʩʚʝʪʣʦ-ʢʦʨʠʯʥʝʚʦʛʦ ʠʛʦʣʴʯʘʪʦʛʦ ʢʨʠʩʪʘʣʣʘ 

ʧʦʢʘʟʘʣʠ, ʯʪʦ ʦʥ ʩʬʦʨʤʠʨʦʚʘʥ ʥʘ ʦʩʥʦʚʝ ʧʨʦʠʟʚʦʜʥʦʛʦ ʧʝʥʪʘʮʝʥʘ C24H16 - 5,14-

ʜʠʤʝʪʠʣʝʥ-5,14-ʜʠʛʠʜʨʦʧʝʥʪʘʮʝʥʘ (DMPc). ʂʨʠʩʪʘʣʣ ʦʪʥʦʩʠʪʩʷ ʢ ʨʦʤʙʠʯʝʩʢʦʡ 

ʩʠʥʛʦʥʠʠ, ʧʨ. ʛʨ. ʈ212121. ɺʠʜ ʵʣʝʤʝʥʪʘʨʥʦʡ ʷʯʝʡʢʠ ʢʨʠʩʪʘʣʣʘ ʠ ʩʪʨʫʢʪʫʨʥʘʷ 

ʭʠʤʠʯʝʩʢʘʷ ʬʦʨʤʫʣʘ ʜʘʥʥʦʛʦ ʩʦʝʜʠʥʝʥʠʷ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʨʠʩʫʥʦʢ 3.35, ʘ, ʙ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʩʚʝʪʣʦ-ʢʦʨʠʯʥʝʚʳʝ ʢʨʠʩʪʘʣʣʳ ʷʚʣʷʶʪʩʷ ʨʝʟʫʣʴʪʘʪʦʤ 

ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʧʨʠʤʝʩʥʳʭ ʤʦʣʝʢʫʣ DMPc, ʥʘʭʦʜʷʱʠʭʩʷ ʚ ʠʩʭʦʜʥʦʤ 

ʢʦʤʤʝʨʯʝʩʢʦʤ ʨʝʘʢʪʠʚʝ. ʂʨʠʩʪʘʣʣʳ ʜʠʤʝʪʠʣʝʥʦʚʦʛʦ ʧʨʦʠʟʚʦʜʥʦʛʦ ʧʝʥʪʘʮʝʥʘ 

DMPc ʠ ʠʭ ʩʪʨʦʝʥʠʝ ʚ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ ʧʦʣʫʯʝʥʳ ʠ ʠʩʩʣʝʜʦʚʘʥʳ ʚʧʝʨʚʳʝ. 

ʉʚʝʜʝʥʠʷ ʦ ʩʠʥʪʝʟʝ DMPc ʚ ʣʠʪʝʨʘʪʫʨʝ ʥʝ ʥʘʡʜʝʥʳ ʠ ʧʦʵʪʦʤʫ ʦ ʧʨʠʯʠʥʘʭ ʝʛʦ 

ʧʨʠʩʫʪʩʪʚʠʷ ʚ ʠʩʭʦʜʥʦʤ ʨʝʘʢʪʠʚʝ ʧʝʥʪʘʮʝʥʘ ʧʦʢʘ ʩʣʦʞʥʦ ʯʪʦ-ʣʠʙʦ ʩʢʘʟʘʪʴ. 
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ʈʠʩʫʥʦʢ3.35 - ʂʨʠʩʪʘʣʣʠʯʝʩʢʘʷ ʩʪʨʫʢʪʫʨʘ DMPc ʧʨʠ 85 K: a ï ʚʠʜ ʵʣʝʤʝʥʪʘʨʥʦʡ ʷʯʝʡʢʠ; ʙ ï 

ʭʠʤʠʯʝʩʢʘʷ ʩʪʨʫʢʪʫʨʥʘʷ ʬʦʨʤʫʣʘ ʩʦʝʜʠʥʝʥʠʷ; ʚ - ʢʦʥʬʦʨʤʘʮʠʷ ʤʦʣʝʢʫʣʳ ʚ ORTEP 

ʧʨʝʜʩʪʘʚʣʝʥʠʠ; ʛ, ʜ ï ʧʨʦʝʢʮʠʠ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʳ ʥʘ ʧʣʦʩʢʦʩʪʠ (010) ʠ (100) 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ 

ʈʘʩʩʤʦʪʨʠʤ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʝ ʩʪʨʦʝʥʠʝ DMPc. ɺ ʢʨʠʩʪʘʣʣʝ ʤʦʣʝʢʫʣʳ 

ʜʠʤʝʪʠʣʝʥʦʚʦʛʦ ʧʨʦʠʟʚʦʜʥʦʛʦ ʧʝʥʪʘʮʝʥʘ ʪʘʢ ʞʝ, ʢʘʢ ʠ ʤʦʣʝʢʫʣʳ ʧʝʥʪʘʮʝʥʘ, 

ʠʤʝʶʪ ʧʣʦʩʢʫʶ ʢʦʥʬʦʨʤʘʮʠʦʥʥʫʶ ʩʪʨʫʢʪʫʨʫ (ʨʠʩʫʥʦʢ 3.35ʚ). ʅʘʠʙʦʣʝʝ 

ʧʣʦʪʥʳʝ ʨʷʜʳ ʤʦʣʝʢʫʣ ʨʘʩʧʦʣʦʞʝʥʳ ʚ ʥʘʧʨʘʚʣʝʥʠʠ [100]. ɺ ɻ ʪʠʭ ʨʷʜʘʭ 

ʤʦʣʝʢʫʣʳ ʨʘʩʧʦʣʦʞʝʥʳ ʚ ʚʠʜʝ ʧʘʨʘʣʣʝʣʴʥʳʭ ʩʪʦʧʦʢ, ʯʪʦ ʦʙʝʩʧʝʯʠʚʘʝʪ 

ʥʘʠʙʦʣʝʝ ʩʠʣʴʥʦʝ ʤʝʞʤʦʣʝʢʫʣʷʨʥʦʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʩʦʧʨʷʞʝʥʥʳʭ 
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ʘʨʦʤʘʪʠʯʝʩʢʠʭ ʩʠʩʪʝʤ (ˊ-ˊ ʩʪʵʢʠʥʛ). ɺ ʢʨʠʩʪʘʣʣʝ ʦʩʴ ʤʦʣʝʢʫʣ ʧʘʨʘʣʣʝʣʴʥʘ ʣʠʙʦ 

ʧʣʦʩʢʦʩʪʠ (103), ʣʠʙʦ ʧʣʦʩʢʦʩʪʠ (ρ03) (ʨʠʩʫʥʦʢ 3.35, ʛ). ɺ ʧʨʦʝʢʮʠʠ ʥʘ 

ʧʣʦʩʢʦʩʪʴ (010) ʤʦʣʝʢʫʣʳ DMPc ʦʙʨʘʟʫʶʪ ʟʠʛʟʘʛʦʦʙʨʘʟʥʳʝ ʮʝʧʦʯʢʠ ʚ 

ʥʘʧʨʘʚʣʝʥʠʠ [001], ʘ ʫʛʦʣ 136.2
ƺ
 ʤʝʞʜʫ ʟʚʝʥʴʷʤʠ ʮʝʧʦʯʢʠ ʦʧʨʝʜʝʣʷʝʪʩʷ ʢʘʢ 

ʫʛʦʣ ʤʝʞʜʫ ʧʣʦʩʢʦʩʪʷʤʠ (103) ʠ (ρ03) (ʨʠʩʫʥʦʢ 3.35, ʛ). ɺ ʧʨʦʝʢʮʠʠ ʩʪʨʫʢʪʫʨʳ 

ʥʘ ʧʣʦʩʢʦʩʪʴ (100) ʤʦʣʝʢʫʣʷʨʥʳʝ ʨʷʜʳ DMPc ʚʳʩʪʨʦʝʥʳ ʚ ʬʦʨʤʝ ʢʠʨʧʠʯʥʦʡ 

ʢʣʘʜʢʠ (ʨʠʩʫʥʦʢ 3.36, ʜ). 

ʏʪʦʙʳ ʚʳʷʩʥʠʪʴ ʧʨʠʯʠʥʳ 2D ʠ 1D ʘʥʠʟʦʪʨʦʧʠʠ ʨʦʩʪʘ ʢʨʠʩʪʘʣʣʦʚ 

ʧʝʥʪʘʮʝʥʘ ʠ DMPc, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʩʨʘʚʥʠʤ ʨʘʩʧʦʣʦʞʝʥʠʝ ʠ ʭʘʨʘʢʪʝʨ ʩʚʷʟʝʡ 

ʙʣʠʞʘʡʰʠʭ ʤʦʣʝʢʫʣ ʚ ʢʨʠʩʪʘʣʣʘʭ ɻʪʠʭ ʩʦʝʜʠʥʝʥʠʡ. ʅʘ ʨʠʩʫʥʢʝ 3.36, ʘ 

ʧʨʝʜʩʪʘʚʣʝʥʘ ʩʭʝʤʘ ʨʘʩʧʦʣʦʞʝʥʠʷ ʙʣʠʞʘʡʰʠʭ ʤʦʣʝʢʫʣ ʧʝʥʪʘʮʝʥʘ ʚʥʫʪʨʠ 

ʤʦʥʦʩʣʦʝʚ (001). ʏʝʨʥʳʤʠ ʮʠʬʨʘʤʠ ʫʢʘʟʘʥʳ ʢʨʘʪʯʘʡʰʠʝ ʨʘʩʩʪʦʷʥʠʷ ʤʝʞʜʫ 

ʮʝʥʪʨʘʤʠ ʙʣʠʞʘʡʰʠʭ ʩʦʩʝʜʝʡ ʚ ¡, ʘ ʢʨʘʩʥʳʤʠ ï ʨʘʩʯʝʪʥʳʝ ʧʦʪʝʥʮʠʘʣʳ 

ʧʘʨʥʦʛʦ ʤʝʞʤʦʣʝʢʫʣʷʨʥʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʚ ʢɼʞ/ʤʦʣʴ (ʘʣʛʦʨʠʪʤ UNI 

Intermolecular Potentials). ʂʨʘʪʯʘʡʰʝʝ ʨʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʤʦʣʝʢʫʣʘʤʠ (4.7 ¡) ʠ 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʥʘʠʙʦʣʝʝ ʩʠʣʴʥʦʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ (-53.1 ʢɼʞ/ʤʦʣʴ) ʨʝʘʣʠʟʫʝʪʩʷ 

ʚ ʥʘʧʨʘʚʣʝʥʠʠ [ρ10]. ɺ ʥʘʧʨʘʚʣʝʥʠʠ [110] ʢʨʘʪʯʘʡʰʝʝ ʨʘʩʩʪʦʷʥʠʠ ʤʝʞʜʫ 

ʮʝʥʪʨʘʤʠ ʤʦʣʝʢʫʣ ʧʦʯʪʠ ʥʘ 10% ʙʦʣʴʰʝ, ʘ ʧʦʪʝʥʮʠʘʣ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʥʘ 6.5% 

ʥʠʞʝ. ʊ. ʦ., ʚ ʧʨʦʮʝʩʩʝ ʫʢʣʘʜʢʠ ʤʦʣʝʢʫʣ ʚʥʫʪʨʠ ʤʦʥʦʩʣʦʝʚ ʚ ʧʣʦʩʢʦʩʪʠ (001) 

ʚʦʟʤʦʞʥʘ ʣʝʛʢʘʷ ʘʥʠʟʦʪʨʦʧʠʷ, ʢʦʪʦʨʘʷ, ʧʦ-ʚʠʜʠʤʦʤʫ, ʚ ʥʝʢʦʪʦʨʳʭ ʨʦʩʪʦʚʳʭ 

ʫʩʣʦʚʠʷʭ ʤʦʞʝʪ ʧʨʠʚʦʜʠʪʴ ʢ ʚʳʪʷʥʫʪʦʡ ʬʦʨʤʝ ʧʣʦʩʢʠʭ ʢʨʠʩʪʘʣʣʦʚ ʧʝʥʪʘʮʝʥʘ, 

ʢʘʢ ʥʘʙʣʶʜʘʝʪʩʷ ʥʘ ʧʨʘʢʪʠʢʝ (ʨʠʩʫʥʦʢ 3.25, ʜ). 

ɺ ʢʨʠʩʪʘʣʣʘʭ ʜʠʤʝʪʠʣʝʥʦʚʦʛʦ ʧʨʦʠʟʚʦʜʥʦʛʦ ʧʝʥʪʘʮʝʥʘ ʤʝʞʜʫ ʤʦʣʝʢʫʣʘʤʠ 

ʚʥʫʪʨʠ ʧʣʦʪʥʦ ʫʧʘʢʦʚʘʥʥʳʭ ʨʷʜʦʚ ʚ ʥʘʧʨʘʚʣʝʥʠʠ [100] ʢʨʘʪʯʘʡʰʝʝ ʨʘʩʩʪʦʷʥʠʝ 

3.8 ¡ ʩ ʧʘʨʥʳʤ ʤʝʞʤʦʣʝʢʫʣʷʨʥʳʤ ʧʦʪʝʥʮʠʘʣʦʤ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ï 93.9 

ʢɼʞ/ʤʦʣʴ (ʨʠʩʫʥʦʢ 3.36, ʙ). ʎʝʥʪʨʳ ʙʣʠʞʘʡʰʠʭ ʤʦʣʝʢʫʣ ʚ ʩʦʩʝʜʥʠʭ ʨʷʜʘʭ 

ʥʘʭʦʜʷʪʩʷ ʥʘ ʨʘʩʩʪʦʷʥʠʠ ʧʦʯʪʠ ʚ 2.5 ʨʘʟʘ ʙʦʣʴʰʝʤ (9.16 ¡) ʩ ʧʦʪʝʥʮʠʘʣʦʤ 

ʧʘʨʥʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ -19.5 ʢɼʞ/ʤʦʣʴ. ʇʨʠ ʵʪʦʤ ʤʦʣʝʢʫʣʳ ʚ ʩʤʝʞʥʳʭ ʨʷʜʘʭ 

ʩʤʝʱʝʥʳ ʜʨʫʛ ʦʪʥʦʩʠʪʝʣʴʥʦ ʜʨʫʛʘ ʧʨʠʙʣʠʟʠʪʝʣʴʥʦ ʥʘ 40% ʩʚʦʝʡ ʜʣʠʥʳ. ɺ 

ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʤʳ ʠʤʝʝʤ ʜʝʣʦ ʩ ʙʦʣʝʝ ʩʠʣʴʥʦʡ ʘʥʠʟʦʪʨʦʧʠʝʡ ʤʝʞʤʦʣʝʢʫʣʷʨʥʦʡ 
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ʩʚʷʟʠ ʤʝʞʜʫ ʙʣʠʞʘʡʰʠʤʠ ʤʦʣʝʢʫʣʘʤʠ, ʯʪʦ, ʥʘʜʦ ʧʦʣʘʛʘʪʴ, ʠ ʦʧʨʝʜʝʣʷʝʪ 1D 

ʘʥʠʟʦʪʨʦʧʠʶ ʨʦʩʪʘ ʢʨʠʩʪʘʣʣʦʚ ʜʘʥʥʦʛʦ ʚʝʱʝʩʪʚʘ. 

(ʘ) (ʙ) 
ʈʠʩʫʥʦʢ 3.36. ʉʭʝʤʳ ʨʘʩʧʦʣʦʞʝʥʠʷ ʚ ʢʨʠʩʪʘʣʣʝ ʙʣʠʞʘʡʰʠʭ ʤʦʣʝʢʫʣ ʧʝʥʪʘʮʝʥʘ (ʘ) ʠ DMPc 

(ʙ) (ʯʝʨʥʳʝ ʠ ʢʨʘʩʥʳʝ ʮʠʬʨʳ ï ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʨʘʩʩʪʦʷʥʠʷ ʤʝʞʜʫ ʮʝʥʪʨʘʤʠ ʤʦʣʝʢʫʣ ʚ ¡ ʠ 

ʧʦʪʝʥʮʠʘʣʳ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʚ ʢɼʞ/ʤʦʣʴ) 
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3.2. ʃʠʥʝʡʥʳʝ ʦʣʠʛʦʬʝʥʠʣʝʥʳ 

3.2.1. ʋʪʦʯʥʝʥʠʝ ʧʘʨʘʤʝʪʨʦʚ ʬʘʟʦʚʳʭ ʧʝʨʝʭʦʜʦʚ ʠ ʠʩʩʣʝʜʦʚʘʥʠʝ 

ʪʝʨʤʠʯʝʩʢʦʡ ʩʪʘʙʠʣʴʥʦʩʪʠ ʤʝʪʦʜʘʤʠ ɼʉʂ ʠ ʊɻɸ 

ɼʉʂ ʠ ʊɻɸ. ʀʩʩʣʝʜʦʚʘʥʠʝ ʦʩʦʙʝʥʥʦʩʪʝʡ ʪʝʧʣʦʚʦʛʦ ʧʦʚʝʜʝʥʠʷ 

ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʬʘʟʳ ʠ ʫʪʦʯʥʝʥʠʝ ʧʘʨʘʤʝʪʨʦʚ ʧʣʘʚʣʝʥʠʷ ʙʳʣʠ ʧʨʦʚʝʜʝʥʳ ʜʣʷ 

3P, 4P ʠ 5P. ʂʨʠʚʳʝ ɼʉʂ ʠ ʊɻɸ ʠʩʩʣʝʜʫʝʤʳʭ ʚʝʱʝʩʪʚ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʨʠʩʫʥʢʝ 

3.37 ʠ 3.38, ʘ ʫʩʪʘʥʦʚʣʝʥʥʳʝ ʚ ʥʘʰʠʭ ʫʩʣʦʚʠʷʭ ʠʭ ʪʝʤʧʝʨʘʪʫʨʳ ʧʣʘʚʣʝʥʠʷ Tm ʠ 

ʤʦʣʷʨʥʳʝ ʪʝʧʣʦʪʳ ȹHm ʧʣʘʚʣʝʥʠʷ ʧʨʠʚʝʜʝʥʳ ʚ ʪʘʙʣʠʮʝ 3.9. 

ɼʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʬʘʟʦʚʳʭ ʧʝʨʝʭʦʜʦʚ ʧʘʨʘ-ʪʝʨʬʝʥʠʣʘ ʧʨʠ ʥʘʛʨʝʚʝ 

ʚʝʱʝʩʪʚʘ ʠʩʧʦʣʴʟʦʚʘʣʠ ʧʝʨʝʢʨʠʩʪʘʣʣʠʟʦʚʘʥʥʳʡ ʠʟ ʪʦʣʫʦʣʘ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʡ 

ʦʩʘʜʦʢ. ʅʘ ʨʠʩʫʥʢʝ 3.37, ʘ ʧʨʠʚʝʜʝʥʳ ʢʨʠʚʳʝ ɼʉʂ ʠ ʊɻɸ 

ʤʦʥʦʢʨʠʩʪʘʣʣʠʯʝʩʢʦʛʦ ʦʙʨʘʟʮʘ ʩ ʥʘʯʘʣʴʥʦʡ ʤʘʩʩʦʡ 9.4 ʤʛ. ʕʥʜʦʪʝʨʤʠʯʝʩʢʠʡ 

ʧʠʢ ʥʘ ʢʨʠʚʦʡ ɼʉʂ ʚ ʬʘʟʝ ʥʘʛʨʝʚʘ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʧʨʦʮʝʩʩʫ ʧʣʘʚʣʝʥʠʷ ʧʨʠ 

ʪʝʤʧʝʨʘʪʫʨʝ Tm = 212.3
Á
ʉ, ʯʪʦ ʥʘʭʦʜʠʪʩʷ ʚ ʧʨʝʜʝʣʘʭ ʟʥʘʯʝʥʠʡ, ʫʩʪʘʥʦʚʣʝʥʥʳʭ ʚ 

[64ï66]. ʂʘʢ ʚʠʜʥʦ ʠʟ ʛʨʘʬʠʢʘ ʢʨʠʚʦʡ ʊɻɸ, ʧʦʩʣʝ ʨʘʩʧʣʘʚʣʝʥʠʷ ʦʙʨʘʟʮʘ ʠ ʝʛʦ 

ʧʝʨʝʛʨʝʚʝ ʥʘ 100 ʛʨʘʜʫʩʦʚ ʚʳʰʝ Tm ʧʨʦʠʩʭʦʜʠʪ ʧʨʘʢʪʠʯʝʩʢʠ ʧʦʣʥʘʷ ʧʦʪʝʨʷ ʝʛʦ 

ʤʘʩʩʳ.  

ɼʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʬʘʟʦʚʳʭ ʧʝʨʝʭʦʜʦʚ ʧʨʠ ʥʘʛʨʝʚʘʥʠʠ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ 

ʬʘʟʳ ʧʘʨʘïʢʚʘʪʝʨʬʝʥʠʣʘ ʪʘʢʞʝ ʠʩʧʦʣʴʟʦʚʘʣʠ ʧʝʨʝʢʨʠʩʪʘʣʣʠʟʦʚʘʥʥʳʡ ʠʟ 

ʪʦʣʫʦʣʘ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʡ ʦʩʘʜʦʢ. ʅʘ ʨʠʩʫʥʢʝ 3.37, ʙ ʧʨʠʚʝʜʝʥʳ ʢʨʠʚʳʝ ɼʉʂ ʠ 

ʊɻɸ ʜʣʷ ʦʙʨʘʟʮʘ ʩ ʥʘʯʘʣʴʥʦʡ ʤʘʩʩʦʡ 4.7 ʤʛ. ɹʦʣʴʰʦʡ ʧʠʢ ʥʘ ʜʘʥʥʦʡ ʢʨʠʚʦʡ 

ʭʘʨʘʢʪʝʨʠʟʫʝʪ ʧʨʦʮʝʩʩ ʧʣʘʚʣʝʥʠʷ ʜʘʥʥʦʛʦ ʚʝʱʝʩʪʚʘ ʧʨʠ Tm å 314.1
Á
ʉ ʩ 

ʵʥʪʘʣʴʧʠʝʡ ȹHm = 60.8 ʢɼʞ/ʤʦʣʴ. ʂʘʢ ʚʠʜʥʦ, ʧʨʠ ʥʘʛʨʝʚʝ ʚʝʱʝʩʪʚʘ ʚ ʦʪʢʨʳʪʦʤ 

ʪʠʛʣʝ ʚʳʰʝ ʪʝʤʧʝʨʘʪʫʨʳ ʧʣʘʚʣʝʥʠʷ ʜʦ 380 Áʉ ʧʦʪʝʨʷ ʤʘʩʩʳ ʦʙʨʘʟʮʘ ʥʘ 

ʠʩʧʘʨʝʥʠʷ ʧʨʝʚʳʰʘʝʪ 50%. ʋʩʪʘʥʦʚʣʝʥʥʦʝ ʚ ʥʘʰʠʭ ʫʩʣʦʚʠʷʭ ʟʥʘʯʝʥʠʝ 

ʪʝʤʧʝʨʘʪʫʨʳ ʧʣʘʚʣʝʥʠʷ ʜʣʷ 4P ʙʣʠʟʢʦ ʢ ʧʨʝʜʩʪʘʚʣʝʥʥʳʤ ʚ [66,69]. ʆʮʝʥʢʘ 

ʵʥʪʘʣʴʧʠʠ ʧʣʘʚʣʝʥʠʷ ʧʦ ʧʣʦʱʘʜʠ ʧʠʢʘ ʵʥʜʦʪʝʨʤʠʯʝʩʢʦʛʦ ʵʬʬʝʢʪʘ, ʜʘʣʘ 

ʨʝʟʫʣʴʪʘʪ, ʙʣʠʟʢʠʡ ʢ ʟʥʘʯʝʥʠʶ, ʧʨʝʜʩʪʘʚʣʝʥʥʦʤ ʚ [69], ʧʨʠ ʵʪʦʤ, ʢʘʢ ʚʠʜʥʦ ʠʟ 
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ʪʘʙʣʠʮʳ 3.9, ʧʦʣʫʯʝʥʥʳʡ ʚ ʨʘʙʦʪʝ [66] ʨʝʟʫʣʴʪʘʪ ʜʣʷ ȹHm ʙʦʣʝʝ ʥʠʟʢʠʡ ʚ 

ʩʨʘʚʥʝʥʠʠ ʩ ʥʘʰʠʤ.  

ɺ ʧʨʦʮʝʩʩʝ ʧʣʘʚʣʝʥʠʷ ʧʨʦʠʩʭʦʜʠʪ ʦʱʫʪʠʤʘʷ ʧʦʪʝʨʷ ʤʘʩʩʳ ʟʘ ʩʯʝʪ 

ʠʩʧʘʨʝʥʠʷ: ʜʣʷ 3ʈ ~ 5%, ʘ ʜʣʷ 4ʈ ~ 10% (ʨʠʩʫʥʦʢ 3.37, ʘ, ʙ,), ʯʪʦ ʚʥʦʩʠʪ 

ʚʝʩʦʤʳʡ ʚʢʣʘʜ ʚ ʧʦʛʨʝʰʥʦʩʪʴ ʧʨʠ ʦʧʨʝʜʝʣʝʥʠʠ ʵʥʪʘʣʴʧʠʠ ʧʣʘʚʣʝʥʠʷ.  

 

ʈʠʩʫʥʦʢ 3.37 - ʂʨʠʚʳʝ ɼʉʂ ʠ ʊɻɸ ʜʣʷ ʦʙʨʘʟʮʦʚ 3P (ʘ, ʚ) ʠ 4P (ʙ, ʛ), ʧʦʣʫʯʝʥʥʳʝ ʚ ʦʪʢʨʳʪʳʭ 

(ʘ,ʙ) ʠ ʛʝʨʤʝʪʠʯʥʳʭ (ʚ,ʛ) ʪʠʛʣʷʭ 

ɼʣʷ ʪʦʛʦ ʯʪʦʙʳ ʪʦʯʥʝʝ ʦʮʝʥʠʪʴ ʚʝʣʠʯʠʥʫ ȹHm ʥʘ ʩʣʝʜʫʶʱʝʤ ʵʪʘʧʝ ʤʝʪʦʜʦʤ 

ɼʉʂ ʙʳʣ ʧʨʦʚʝʜʝʥ ʘʥʘʣʠʟ ʬʘʟʦʚʳʭ ʧʝʨʝʭʦʜʦʚ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʦʙʨʘʟʮʦʚ ʚ 

ʛʝʨʤʝʪʠʯʥʳʭ ʘʣʶʤʠʥʠʝʚʳʭ ʪʠʛʣʷʭ ʚ ʘʪʤʦʩʬʝʨʝ ʘʟʦʪʘ. ʅʘ ʨʠʩʫʥʢʝ 3.37, ʚ ʠ ʛ 

ʧʨʝʜʩʪʘʚʣʝʥʳ ʢʨʠʚʳʝ ɼʉʂ ʜʣʷ ʦʙʨʘʟʮʦʚ 3ʈ (4.0 ʤʛ) ʠ 4ʈ (1.3 ʤʛ), 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʧʨʠ ʥʘʛʨʝʚʝ ʜʦ 390 Áʉ. ʅʘ ʢʨʠʚʳʭ ɼʉʂ ʚʠʜʥʳ ʯʝʪʢʠʝ ʧʠʢʠ, 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʧʣʘʚʣʝʥʠʶ ʠ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ, ʢʦʪʦʨʳʝ ʭʦʨʦʰʦ 

ʚʦʩʧʨʦʠʟʚʦʜʷʪʩʷ ʚ ʧʦʩʣʝʜʫʶʱʠʭ ʮʠʢʣʘʭ ʥʘʛʨʝʚʘ ʠ ʦʭʣʘʞʜʝʥʠʷ. ʋʪʦʯʥʝʥʥʳʝ 

ʧʘʨʘʤʝʪʨʳ ʧʣʘʚʣʝʥʠʷ ʜʘʥʥʳʭ ʚʝʱʝʩʪʚ ʧʨʠʚʝʜʝʥʳ ʚ ʪʘʙʣʠʮʝ 3.9. ʇʨʠ ʧʣʘʚʣʝʥʠʠ 
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ʚ ʟʘʢʨʳʪʦʤ ʪʠʛʣʝ ʪʝʤʧʝʨʘʪʫʨʘ ʧʣʘʚʣʝʥʠʷ 3ʈ ʥʝ ʠʟʤʝʥʠʣʘʩʴ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ 

ʜʘʥʥʳʤʠ ʵʢʩʧʝʨʠʤʝʥʪʘ ʚ ʦʪʢʨʳʪʦʤ ʪʠʛʣʝ, ʘ ʚʦʪ ʵʥʪʘʣʴʧʠʷ ʧʣʘʚʣʝʥʠʷ ʦʢʘʟʘʣʘʩʴ 

ʧʦʯʪʠ ʥʘ 10% ʥʠʞʝ ʚ ʩʨʘʚʥʝʥʠʠ ʩ ʣʠʪʝʨʘʪʫʨʥʳʤʠ ʜʘʥʥʳʤʠ [64ï66]. ɼʣʷ 4ʈ 

ʪʝʤʧʝʨʘʪʫʨʘ ʧʣʘʚʣʝʥʠʷ ʦʙʨʘʟʮʘ ʚ ʟʘʢʨʳʪʦʤ ʪʠʛʣʝ ʪʘʢʞʝ ʧʦʯʪʠ ʥʝ ʠʟʤʝʥʠʣʘʩʴ, ʠ 

ʵʥʪʘʣʴʧʠʷ ʧʣʘʚʣʝʥʠʷ ʪʘʢʞʝ ʫʤʝʥʴʰʠʣʘʩʴ ʜʦ ʟʥʘʯʝʥʠʷ, ʙʣʠʟʢʦʛʦ ʢ ʨʝʟʫʣʴʪʘʪʫ 

ʨʘʙʦʪʳ [70]. ʕʪʦ ʦʙʲʷʩʥʷʝʪʩʷ ʪʝʤ, ʯʪʦ ʧʨʠ ʧʣʘʚʣʝʥʠʠ ʚ ʦʪʢʨʳʪʦʤ ʪʠʛʣʝ 

ʜʦʧʦʣʥʠʪʝʣʴʥʳʡ ʦʱʫʪʠʤʳʡ ʚʢʣʘʜ ʚ ʧʣʦʱʘʜʴ ʵʥʜʦʪʝʨʤʠʯʝʩʢʦʛʦ ʧʠʢʘ ʪʘʢʞʝ 

ʜʘʝʪ ʵʥʪʘʣʴʧʠʷ ʠʩʧʘʨʝʥʠʷ ʫʣʝʪʫʯʝʥʥʦʡ ʯʘʩʪʠ ʦʙʨʘʟʮʘ. 

ʅʘ ʨʠʩʫʥʢʝ 3.38 ʧʨʠʚʝʜʝʥʳ ʢʨʠʚʳʝ ɼʉʂ ʜʚʫʭ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʭ 

ʪʝʨʤʦʮʠʢʣʦʚ ʥʘʛʨʝʚʘ (ʢʨʠʚʳʝ 1 ʠ 2 ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ) ʜʦ 430 ÁC ʠ ʦʭʣʘʞʜʝʥʠʷ ʜʦ 

ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʳ ʦʙʨʘʟʮʘ ʧʘʨʘ-ʢʚʠʥʢʠʬʝʥʠʣʘ ʤʘʩʩʦʡ 0.6 ʤʛ, 

ʧʝʨʝʢʨʠʩʪʘʣʣʠʟʦʚʘʥʥʦʛʦ ʯʝʨʝʟ ʧʘʨʦʚʫʶ ʬʘʟʫ. ʇʠʢʠ ʧʣʘʚʣʝʥʠʷ ʚ ʧʝʨʚʦʤ ʠ 

ʚʪʦʨʦʤ ʮʠʢʣʘʭ ʧʨʘʢʪʠʯʝʩʢʠ ʩʦʚʧʘʜʘʶʪ ʠ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʩʨʝʜʥʝʡ ʪʝʤʧʝʨʘʪʫʨʝ 

ʧʣʘʚʣʝʥʠʷ Tm = 387.7 Ñ 0.6 Áʉ, ʯʪʦ ʙʣʠʟʢʦ ʢ ʜʘʥʥʳʤ [66]. ʇʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 

ʦʢʦʣʦ 419 Áʉ ʥʘʙʣʶʜʘʝʪʩʷ ʤʘʣʳʡ ʵʥʜʦʪʝʨʤʠʯʝʩʢʠʡ ʧʠʢ ʩ ʵʥʪʘʣʴʧʠʝʡ 1.5 

ʢɼʞ/ʤʦʣʴ, ʩʫʜʷ ʧʦ ʚʩʝʤʫ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʡ ʧʝʨʝʭʦʜʫ ʠʟ ʞʠʜʢʦ-

ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʛʦ ʤʝʟʦʤʦʨʬʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʚ ʠʟʦʪʨʦʧʥʦʝ ʞʠʜʢʦʝ, ʯʪʦ 

ʩʦʛʣʘʩʫʝʪʩʷ ʩ ʨʝʟʫʣʴʪʘʪʘʤʠ [66]. ʇʨʠ ʦʭʣʘʞʜʝʥʠʠ ʠʟ ʞʠʜʢʦʛʦ ʩʦʩʪʦʷʥʠʷ 

ʢʨʠʩʪʘʣʣʠʟʘʮʠʷ ʚ ʜʚʫʭ ʮʠʢʣʘʭ ʧʨʦʠʩʭʦʜʠʪ ʩ ʥʝʟʥʘʯʠʪʝʣʴʥʳʤ ʧʝʨʝʦʭʣʘʞʜʝʥʠʝʤ, 

ʦʜʥʘʢʦ ʜʘʣʝʝ ʠ ʚ ʧʝʨʚʦʤ, ʠ ʚʦ ʚʪʦʨʦʤ ʮʠʢʣʘʭ ʥʘʙʣʶʜʘʝʪʩʷ ʝʱʝ ʦʜʠʥ 

ʵʢʟʦʪʝʨʤʠʯʝʩʢʠʡ ʧʠʢ. ʇʨʠʯʝʤ ʧʨʠ ʥʘʛʨʝʚʝ ʚʦ ʚʪʦʨʦʤ ʮʠʢʣʝ ʧʝʨʝʜ ʧʣʘʚʣʝʥʠʝʤ 

ʧʨʠ 380.4 Áʉ ʨʘʟʨʝʰʘʝʪʩʷ ʤʘʣʳʡ ʵʥʜʦʪʝʨʤʠʯʝʩʢʠʡ ʧʠʢ, ʯʪʦ ʧʨʝʜʧʦʣʦʞʠʪʝʣʴʥʦ 

ʤʦʞʝʪ ʙʳʪʴ ʩʚʷʟʘʥʦ ʩ ʥʘʣʠʯʠʝʤ ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʧʦʣʠʤʦʨʬʥʦʛʦ 

ʧʝʨʝʭʦʜʘ, ʨʘʥʝʝ ʝʱʸ ʥʝ ʦʧʠʩʘʥʥʦʛʦ ʚ ʣʠʪʝʨʘʪʫʨʝ. ʇʦʣʫʯʝʥʥʳʝ ʥʘʤʠ ʟʥʘʯʝʥʠʷ 

ʪʝʤʧʝʨʘʪʫʨ ʧʣʘʚʣʝʥʠʷ ʠ ʞʠʜʢʦ-ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʛʦ ʧʝʨʝʭʦʜʘ ʚ ʠʟʦʪʨʦʧʥʦʝ 

ʩʦʩʪʦʷʥʠʝ (Tlq) ʥʘ 1-2 ʛʨʘʜʫʩʘ ʚʳʰʝ, ʘ ʫʩʪʘʥʦʚʣʝʥʥʳʝ ʤʦʣʷʨʥʳʝ ʵʥʪʘʣʴʧʠʠ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʧʝʨʝʭʦʜʦʚ ʟʥʘʯʠʪʝʣʴʥʦ ʙʦʣʴʰʝ, ʯʝʤ ʚ [66]. ʋʯʠʪʳʚʘʷ, ʯʪʦ 

ʘʚʪʦʨʳ ʫʢʘʟʘʥʥʦʡ ʨʘʙʦʪʳ ʠʩʧʦʣʴʟʦʚʘʣʠ ʥʝʦʯʠʱʝʥʥʳʡ ʤʘʪʝʨʠʘʣ ʠ ʦʪʢʨʳʪʳʝ 

ʪʠʛʣʠ, ʤʦʞʥʦ ʟʘʢʣʶʯʠʪʴ, ʯʪʦ ʚ ʥʘʰʝʤ ʩʣʫʯʘʝ ʧʦʣʫʯʝʥʦ ʙʦʣʝʝ ʪʦʯʥʦʝ ʟʥʘʯʝʥʠʝ 

ʜʣʷ ȹHm. 
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ʈʠʩʫʥʦʢ 3.38 - ʂʨʠʚʳʝ ɼʉʂ ʜʣʷ ʦʙʨʘʟʮʘ 5P, ʧʦʣʫʯʝʥʥʳʝ ʚ ʛʝʨʤʝʪʠʯʥʳʭ ʪʠʛʣʷʭ 

ʊʘʙʣʠʮʘ 3.9 - ʈʝʟʫʣʴʪʘʪʳ ʫʪʦʯʥʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ ʬʘʟʦʚʳʭ ʧʝʨʝʭʦʜʦʚ ʣʠʥʝʡʥʳʭ 

ʦʣʠʛʦʬʝʥʠʣʝʥʦʚ 

nP 
ʄ, 

ʛ/ʤʦʣʴ 

Tm, ЈC ȹHm, ʢɼʞ/ʤʦʣʴ 
Tlq, 

ЈC 

ȹHlq, 

ʢɼʞ/ʤʦʣʴ 
ʦʪʢʨʳʪʳʡ 

ʪʠʛʝʣʴ 

ʟʘʢʨʳʪʳʡ 

ʪʠʛʝʣʴ 

ʦʪʢʨʳʪʳʡ 

ʪʠʛʝʣʴ 

ʟʘʢʨʳʪʳʡ 

ʪʠʛʝʣʴ 

3P 230.3 212.2 212.2 -  31 - - 

4P 306.4 314.1 314.3 60.8 43.5 - - 

5P 382.5 - 
387.7 Ñ 

0.6 
53.8  418.6 1.5 

ʇʨʠʤʝʯʘʥʠʝ: ʄ ï ʤʦʣʷʨʥʘʷ ʤʘʩʩʘ; Tm ʠ ȹHm ï ʪʝʤʧʝʨʘʪʫʨʘ ʠ ʤʦʣʷʨʥʘʷ ʵʥʪʘʣʴʧʠʷ ʧʣʘʚʣʝʥʠʷ; 

Tlq ʠ ȹHlq ï ʪʝʤʧʝʨʘʪʫʨʘ ʠ ʤʦʣʷʨʥʘʷ ʵʥʪʘʣʴʧʠʷ ɾʂ ʤʝʟʦʤʦʨʬʥʦʛʦ ʧʝʨʝʭʦʜʘ. 

3.2.2. ʈʦʩʪ ʢʨʠʩʪʘʣʣʦʚ ʠʟ ʨʘʩʪʚʦʨʦʚ 

ɹʣʘʛʦʜʘʨʷ ʚʳʩʦʢʦʡ ʨʘʩʪʚʦʨʠʤʦʩʪʠ ʜʠʬʝʥʠʣ, ʢʘʢ ʠ ʥʘʬʪʘʣʠʥ, ʭʦʨʦʰʦ 

ʢʨʠʩʪʘʣʣʠʟʫʝʪʩʷ ʠʟ ʨʘʩʪʚʦʨʦʚ. ʂʨʠʩʪʘʣʣʳ ʜʠʬʝʥʠʣʘ ʙʳʣʠ ʚʳʨʘʱʝʥʳ ʠʟ 

ʨʘʩʪʚʦʨʘ ʠʟʦʧʨʦʧʠʣʦʚʦʛʦ ʩʧʠʨʪʘ ʩ ʥʘʯʘʣʴʥʦʡ ʢʦʥʮʝʥʪʨʘʮʠʝʡ ʨʘʩʪʚʦʨʝʥʥʦʛʦ 

ʚʝʱʝʩʪʚʘ 9 ʛ/ʣ ʚ ʫʩʣʦʚʠʷʭ ʜʠʬʬʫʟʠʠ ʚʦʜʷʥʳʭ ʧʘʨʦʚ ʚ ʦʙʲʝʤ ʞʠʜʢʦʡ ʬʘʟʳ ʚ 

ʪʝʯʝʥʠʝ ʩʫʪʦʢ ʥʘ ʛʨʘʥʠʮʝ ʞʠʜʢʦʩʪʴ ï ʚʦʟʜʫʭ (ʨʠʩʫʥʦʢ 3.39). ʇʨʠ ʪʘʢʠʭ 

ʫʩʣʦʚʠʷʭ ʬʦʨʤʠʨʫʶʪʩʷ ʤʦʥʦʢʨʠʩʪʘʣʣʠʯʝʩʢʠʝ ʧʣʘʩʪʠʥʳ ʜʠʬʝʥʠʣʘ ʨʘʟʤʝʨʦʤ, 

ʩʨʘʚʥʠʤʳʤ ʩ ʜʠʘʤʝʪʨʦʤ ʨʦʩʪʦʚʦʛʦ ʩʦʩʫʜʘ - 4 ʩʤ ʠ ʪʦʣʱʠʥʦʡ ʦʢʦʣʦ 1 ʤʤ 

(ʨʠʩʫʥʦʢ 3.39, ʘ) [141]. ɺ ʫʩʣʦʚʠʷʭ ʤʝʜʣʝʥʥʦʛʦ ʠʟʦʪʝʨʤʠʯʝʩʢʦʛʦ ʠʩʧʘʨʝʥʠʷ 

ʨʘʩʪʚʦʨʠʪʝʣʷ (ʠʟʦʧʨʦʧʘʥʦʣ) ʚ ʦʙʲʝʤʝ ʨʘʩʪʚʦʨʘ (ʥʘ ʜʥʝ ʨʦʩʪʦʚʦʛʦ ʩʦʩʫʜʘ) 
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ʦʛʨʘʥʸʥʥʳʝ ʢʨʠʩʪʘʣʣʳ ʜʠʬʝʥʠʣʘ ʜʦ 1 ʩʤ ʚ ʜʣʠʥʫ ʠ ʪʦʣʱʠʥʦʡ ʦʢʦʣʦ 1 ʤʤ 

ʚʳʨʘʩʪʘʶʪ ʚ ʪʝʯʝʥʠʝ 7 ï 10 ʩʫʪʦʢ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʢʨʠʩʪʘʣʣʳ ʦʙʳʯʥʦ ʨʘʩʪʫʪ ʚ 

ʬʦʨʤʝ ʧʘʨʘʣʣʝʣʦʛʨʘʤʤʘ ʩ ʚʥʫʪʨʝʥʥʠʤʠ ʫʛʣʘʤʠ 69-70Ü 
 
ʠ 110-111Ü (ʨʠʩʫʥʦʢ 3.39, 

ʙ). 

ɼʠʬʝʥʠʣ ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʚ ʢʘʯʝʩʪʚʝ ʤʦʜʝʣʴʥʦʛʦ ʦʙʲʝʢʪʘ ʜʣʷ 

ʠʩʩʣʝʜʦʚʘʥʠʡ ʢʠʥʝʪʠʢʠ ʨʦʩʪʘ. ʂ ʩʦʞʘʣʝʥʠʶ, ʥʝʜʦʩʪʘʪʢʦʤ ʢʨʠʩʪʘʣʣʦʚ ʜʠʬʝʥʠʣʘ 

ʷʚʣʷʝʪʩʷ ʠʭ ʚʳʩʦʢʘʷ ʣʝʪʫʯʝʩʪʴ, ʯʪʦ ʷʚʣʷʝʪʩʷ ʧʨʠʯʠʥʦʡ ʥʝʩʪʘʙʠʣʴʥʦʩʪʠ 

ʤʘʪʝʨʠʘʣʘ ʥʘ ʚʦʟʜʫʭʝ. ʊʝʤ ʥʝ ʤʝʥʝʝ, ʢʨʠʩʪʘʣʣʳ ʜʠʬʝʥʠʣʘ ʧʨʝʜʩʪʘʚʣʷʶʪ 

ʠʥʪʝʨʝʩ ʢʘʢ ʩʮʠʥʪʠʣʣʷʪʦʨʳ. ʇʨʦʙʣʝʤʫ ʣʝʪʫʯʝʩʪʠ ʚʝʱʝʩʪʚʘ ʚ ʪʚʝʨʜʦʤ 

ʩʦʩʪʦʷʥʠʠ ʤʦʞʥʦ ʨʝʰʘʪʴ ʩ ʧʦʤʦʱʴʶ ʨʘʟʣʠʯʥʳʭ ʚʘʨʠʘʥʪʦʚ ʢʘʧʩʫʣʷʮʠʠ 

ʢʨʠʩʪʘʣʣʦʚ. 

(ʘ) (ʙ) 

ʈʠʩʫʥʦʢ 3.39 - ʂʨʠʩʪʘʣʣʳ ʜʠʬʝʥʠʣʘ, ʚʳʨʘʱʝʥʥʳʝ ʠʟ ʨʘʩʪʚʦʨʘ ʠʟʦʧʨʦʧʠʣʦʚʦʛʦ ʩʧʠʨʪʘ: ʘ ï ʥʘ 

ʛʨʘʥʠʮʝ ʨʘʟʜʝʣʘ ʞʠʜʢʦʩʪʴ ï ʚʦʟʜʫʭ; ʙ ï ʚ ʦʙʲʝʤʝ ʨʘʩʪʚʦʨʘ (ʢʨʠʩʪʘʣʣ ʥʘ ʤʠʣʣʠʤʝʪʨʦʚʢʝ) 

ʇʨʦʮʝʩʩ ʨʦʩʪʘ ʢʨʠʩʪʘʣʣʦʚ ʜʠʬʝʥʠʣʘ ʠʟ ʦʪʢʨʳʪʦʡ ʢʘʧʣʠ ʨʘʩʪʚʦʨʘ 

ʠʟʦʧʨʦʧʘʥʦʣʘ ʧʨʠ ʠʩʧʘʨʝʥʠʠ ʨʘʩʪʚʦʨʠʪʝʣʷ ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ 

ʨʝʛʠʩʪʨʠʨʦʚʘʣʠ ʚʦ ʚʨʝʤʷ ʥʘʙʣʶʜʝʥʠʷ ʯʝʨʝʟ ʤʠʢʨʦʩʢʦʧ LEXT ʚ ʢʦʥʬʦʢʘʣʴʥʦʤ 

ʨʝʞʠʤʝ (ʨʠʩʫʥʦʢ 3.40, ʘ). ɺʨʝʤʝʥʥʳʝ ʧʘʨʘʤʝʪʨʳ ʫʢʘʟʘʥʳ ʚ ʣʝʚʦʤ ʚʝʨʭʥʝʤ ʫʛʣʫ 

ʢʘʞʜʦʛʦ ʠʟʦʙʨʘʞʝʥʠʷ. ʈʦʩʪ ʢʨʠʩʪʘʣʣʦʚ ʚ ʦʪʢʨʳʪʦʡ ʢʘʧʣʝ ʧʨʦʠʩʭʦʜʠʪ ʜʦʚʦʣʴʥʦ 

ʙʳʩʪʨʦ, ʯʪʦ ʤʦʞʥʦ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʢʘʢ ʙʣʘʛʦʧʨʠʷʪʥʳʡ ʬʘʢʪʦʨ ʜʣʷ in situ 

ʠʩʩʣʝʜʦʚʘʥʠʡ ʢʠʥʝʪʠʢʠ ʨʦʩʪʘ. ɹʳʣʘ ʧʦʩʪʨʦʝʥʘ ʟʘʚʠʩʠʤʦʩʪʴ ʠʟʤʝʥʝʥʠʷ ʚʦ 

ʚʨʝʤʝʥʠ ʜʣʠʥʳ L ʚʝʨʭʥʝʡ ʩʪʦʨʦʥʳ ʢʨʠʩʪʘʣʣʘ. ʂʘʢ ʚʠʜʥʦ, ʟʘʚʠʩʠʤʦʩʪʴ L(Ű) 

ʣʠʥʝʡʥʘʷ (ʨʠʩʫʥʦʢ 3.40, ʙ). ʅʘ ʦʩʥʦʚʝ ʵʪʦʡ ʟʘʚʠʩʠʤʦʩʪʠ ʦʧʨʝʜʝʣʝʥʘ ʥʦʨʤʘʣʴʥʘʷ 
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ʩʢʦʨʦʩʪʴ ʨʦʩʪʘ ʙʦʢʦʚʦʡ ʛʨʘʥʠ ʢʨʠʩʪʘʣʣʘ V = 44 Ñ 1 ʤʢʤ/ʤʠʥ (ʨʠʩʫʥʦʢ 3.40, ʘ, 90 

ʩ).  

ɿʘʤʝʪʠʤ, ʯʪʦ ʩʨʝʜʥʷʷ ʩʢʦʨʦʩʪʴ ʨʦʩʪʘ ʦʪʜʝʣʴʥʳʭ ʢʨʠʩʪʘʣʣʦʚ ʤʦʞʝʪ ʟʘʤʝʪʥʦ 

ʨʘʟʣʠʯʘʪʴʩʷ ʚ ʦʜʠʥʘʢʦʚʳʭ ʫʩʣʦʚʠʷʭ ʨʦʩʪʘ. ʅʘʧʨʠʤʝʨ, ʝʩʣʠ ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʡ 

ʢʨʫʧʥʳʡ ʢʨʠʩʪʘʣʣ ʟʘ 204 ʩ ʫʚʝʣʠʯʠʣʩʷ ʚ ʨʘʟʤʝʨʝ ʚ 2.75 ʨʘʟʘ, ʪʦ ʦʪʤʝʯʝʥʥʳʡ 

ʙʝʣʦʡ ʩʪʨʝʣʢʦʡ ʥʘ ʵʪʠʭ ʞʝ ʨʠʩʫʥʢʘʭ ʤʘʣʝʥʴʢʠʡ ʢʨʠʩʪʘʣʣ ʜʠʬʝʥʠʣʘ ʧʦʜʦʙʥʦʡ 

ʬʦʨʤʳ (ʧʘʨʘʣʣʝʣʦʛʨʘʤʤ) ʟʘ ʫʢʘʟʘʥʥʳʡ ʧʝʨʠʦʜ ʚʨʝʤʝʥʠ ʫʚʝʣʠʯʠʣʩʷ ʚ ʨʘʟʤʝʨʝ 

ʚʩʝʛʦ ʚ 2.25 ʨʘʟʘ. 

(ʘ) 

(ʙ) 
ʈʠʩʫʥʦʢ - 3.40. ʘ ï ʇʦʩʣʝʜʦʚʘʪʝʣʴʥʳʡ ʨʷʜ ʠʟʦʙʨʘʞʝʥʠʡ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʡ ʨʦʩʪ ʢʨʠʩʪʘʣʣʦʚ 

ʜʠʬʝʥʠʣʘ ʠʟ ʢʘʧʣʠ ʨʘʩʪʚʦʨʘ ʠʟʦʧʨʦʧʘʥʦʣʘ (ʤʘʩʰʪʘʙ 500 ʤʢʤ); ʙ ï ʠʟʤʝʥʝʥʠʝ ʜʣʠʥʳ 

ʢʨʫʧʥʦʛʦ ʢʨʠʩʪʘʣʣʘ ʚʦ ʚʨʝʤʷ ʨʦʩʪʘ 

ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʦʩʦʙʝʥʥʦʩʪʝʡ ʨʦʩʪʘ ʢʨʠʩʪʘʣʣʦʚ ʧʘʨʘ-ʪʝʨʬʝʥʠʣʘ 

ʠʟ ʨʘʩʪʚʦʨʦʚ ʦʧʫʙʣʠʢʦʚʘʥʳ ʚ ʨʘʙʦʪʝ [A1]. ʇʘʨʘʤʝʪʨʳ ʨʦʩʪʘ ʢʨʠʩʪʘʣʣʦʚ 3ʈ 
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ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣʠʮʝ 3.10. ʆʧʪʠʯʝʩʢʠʝ ʠʟʦʙʨʘʞʝʥʠʷ ʥʝʢʦʪʦʨʳʭ ʥʘʠʙʦʣʝʝ 

ʢʨʫʧʥʳʭ ʦʙʨʘʟʮʦʚ ʢʨʠʩʪʘʣʣʦʚ ʧʨʠʚʝʜʝʥʳ ʥʘ ʨʠʩʫʥʢʝ 3.41. 

ʊʘʙʣʠʮʘ 3.10 -  ʇʘʨʘʤʝʪʨʳ ʨʦʩʪʘ ʢʨʠʩʪʘʣʣʦʚ 3P ʠʟ ʨʘʩʪʚʦʨʦʚ 

ʈʘʩʪʚʦʨʠʪʝʣʴ ʆʩʘʜʠʪʝʣʴ 
ʉʅ,  

ʛ/ʣ 

ʊ,  

ʩʫʪʢʠ 

L,  

ʤʤ 

H, 

ʤʢʤ 

VL, 

ʤʢʤ/ʯ 

ʪʦʣʫʦʣ ʠʟʦʧʨʦʧʘʥʦʣ 6 7 26 110 155 

ʪʦʣʫʦʣ ʙʫʪʘʥʦʣ-1 6 5 21 65 175 

ʪʦʣʫʦʣ/ʥ-ʛʝʢʩʘʥ (1:1) ʠʟʦʧʨʦʧʘʥʦʣ 2,5 5 12 95 100 

ʙʝʥʟʦʣ / ʙʝʥʟʠʣʦʚʳʡ 

ʩʧʠʨʪ (1:1) 
ʙʫʪʘʥʦʣ-1 3,0 7 10 250 

60 

ʇʨʠʤʝʯʘʥʠʝ. ʉʅ ï ʥʘʯʘʣʴʥʘʷ ʢʦʥʮʝʥʪʨʘʮʠʷ ʨʘʩʪʚʦʨʘ; ʊ ï ʧʝʨʠʦʜ ʨʦʩʪʘ; L - ʤʘʢʩʠʤʘʣʴʥʳʡ 

ʣʠʥʝʡʥʳʡ ʨʘʟʤʝʨ ʦʙʨʘʟʮʦʚ; H ï ʤʘʢʩʠʤʘʣʴʥʘʷ ʪʦʣʱʠʥʘ ʢʨʠʩʪʘʣʣʘ, VL=L/T ï ʩʨʝʜʥʷʷ 

ʣʠʥʝʡʥʘʷ ʩʢʦʨʦʩʪʴ ʨʦʩʪʘ. 

ʇʨʦʚʝʜʝʥʘ ʩʝʨʠʷ ʨʦʩʪʦʚʳʭ ʦʧʳʪʦʚ ʤʝʪʦʜʦʤ çʨʘʩʪʚʦʨʠʪʝʣʴ - ʦʩʘʜʠʪʝʣʴè 

(ʪʘʙʣʠʮʘ 3.10). ʇʦ ʦʢʦʥʯʘʥʠʠ ʵʢʩʧʝʨʠʤʝʥʪʘ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʝ ʧʣʘʩʪʠʥʢʠ 

ʥʘʙʣʶʜʘʣʠʩʴ ʢʘʢ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʨʘʩʪʚʦʨʘ, ʪʘʢ ʠ ʥʘ ʜʥʝ ʩʦʩʫʜʘ. ɺ ʧʦʩʣʝʜʥʝʤ 

ʩʣʫʯʘʝ ʢʨʠʩʪʘʣʣʳ, ʢʘʢ ʧʨʘʚʠʣʦ, ʠʤʝʣʠ ʙʦʣʴʰʠʝ ʣʠʥʝʡʥʳʝ ʨʘʟʤʝʨʳ ʠ ʪʦʣʱʠʥʫ. 

ʇʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʢʦʤʙʠʥʘʮʠʠ ʨʘʩʪʚʦʨʠʪʝʣʝʡ ʪʦʣʫʦʣʘ ʠ ʥ-ʛʝʢʩʘʥʘ ʚ 

ʩʦʦʪʥʦʰʝʥʠʠ 1:1 ʢʨʠʩʪʘʣʣʳ ʚ ʢʦʥʮʝ ʦʧʳʪʘ ʥʘʭʦʜʠʣʠʩʴ ʪʦʣʴʢʦ ʥʘ ʜʥʝ ʨʘʩʪʚʦʨʘ ʠ 

ʦʪʣʠʯʘʣʠʩʴ ʥʠʟʢʠʤ ʢʘʯʝʩʪʚʦʤ.  

ʅʘʠʙʦʣʴʰʠʡ ʢʨʠʩʪʘʣʣ ʧʘʨʘ-ʪʝʨʬʝʥʠʣʘ ʜʣʠʥʦʡ L = 26 ʤʤ ʠ ʪʦʣʱʠʥʦʡ H = 

110 Ñ 5 ʤʢʤ ʫʜʘʣʦʩʴ ʚʳʨʘʩʪʠʪʴ ʠʟ ʨʘʩʪʚʦʨʘ ʚ ʪʦʣʫʦʣʝ ʚ ʪʝʯʝʥʠʝ 7 ʩʫʪʦʢ ʚ 

ʥʘʩʳʱʝʥʥʳʭ ʧʘʨʘʭ ʠʟʦʧʨʦʧʘʥʦʣʘ (ʪʘʙʣʠʮʘ 3.10, ʨʠʩʫʥʦʢ 3.41, ʘ). ʅʘ ʨʠʩʫʥʢʝ 

3.41, ʙ ʧʨʝʜʩʪʘʚʣʝʥ ʜʨʫʛʦʡ ʢʨʠʩʪʘʣʣ ʠʟ ʵʪʦʛʦ ʞʝ ʦʧʳʪʘ ʚ ʬʦʨʤʝ 

ʧʘʨʘʣʣʝʣʦʛʨʘʤʤʘ ʩ ʚʥʫʪʨʝʥʥʠʤʠ ʫʛʣʘʤʠ P = 69 Ñ 1Ü ʠ Q = 111 Ñ 1Ü. ʆʪʤʝʪʠʤ, 

ʯʪʦ ʜʣʷ ʧʣʦʩʢʠʭ ʢʨʠʩʪʘʣʣʦʚ ʜʘʥʥʦʛʦ ʚʝʱʝʩʪʚʘ, ʦʩʦʙʝʥʥʦ ʜʣʷ ʤʘʣʝʥʴʢʠʭ 

ʦʙʨʘʟʮʦʚ ʨʘʟʤʝʨʦʚ L<<1 ʤʤ, ʪʠʧʠʯʥʦʡ ʬʦʨʤʦʡ ʷʚʣʷʝʪʩʷ ʧʘʨʘʣʣʝʣʦʛʨʘʤʤ.  

ʅʘ ʨʠʩʫʥʢʝ 3.41, ʚ ʧʨʝʜʩʪʘʚʣʝʥ ʥʘʠʙʦʣʴʰʠʡ ʧʣʦʩʢʠʡ ʢʨʠʩʪʘʣʣ, 

ʧʦʣʫʯʝʥʥʳʡ ʚ ʦʧʳʪʝ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʩʤʝʩʠ ʨʘʩʪʚʦʨʠʪʝʣʝʡ ʙʝʥʟʦʣʘ ʠ 

ʙʝʥʟʠʣʦʚʦʛʦ ʩʧʠʨʪʘ ʚ ʨʘʚʥʳʭ ʧʨʦʧʦʨʮʠʷʭ. ʂʨʠʩʪʘʣʣʳ, ʚʳʨʘʱʝʥʥʳʝ ʚ ʜʘʥʥʳʭ 

ʫʩʣʦʚʠʷʭ, ʚ ʮʝʣʦʤ ʭʘʨʘʢʪʝʨʠʟʦʚʘʣʠʩʴ ʙʦʣʴʰʝʡ ʪʦʣʱʠʥʦʡ, ʯʝʤ ʚ ʧʦʣʫʯʝʥʥʳʝ ʚ 

ʦʩʪʘʣʴʥʳʭ ʦʧʳʪʘʭ. ʆʧʪʠʯʝʩʢʠʝ ʤʠʢʨʦʠʟʦʙʨʘʞʝʥʠʷ ʫʛʣʦʚʳʭ ʬʨʘʛʤʝʥʪʦʚ 

ʜʘʥʥʦʛʦ ʢʨʠʩʪʘʣʣʘ ʚ ʩʢʨʝʱʝʥʥʳʭ ʧʦʣʷʨʠʟʘʪʦʨʘʭ ʚ ʧʨʦʭʦʜʷʱʠʭ ʠ ʦʪʨʘʞʝʥʥʳʭ 
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ʣʫʯʘʭ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʨʠʩʫʥʢʝ 3.41, ʛ ʠ ʜ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʅʘ ʧʦʚʝʨʭʥʦʩʪʠ 

ʥʝʢʦʪʦʨʳʭ ʢʨʠʩʪʘʣʣʦʚ ʩʘʥʪʠʤʝʪʨʦʚʦʛʦ ʤʘʩʰʪʘʙʘ, ʩʬʦʨʤʠʨʦʚʘʥʥʳʭ ʚ ʨʘʩʪʚʦʨʝ 

ʠʟ ʩʤʝʩʠ ʙʝʥʟʦʣʘ ʠ ʙʝʥʟʠʣʦʚʦʛʦ ʩʧʠʨʪʘ, ʙʳʣʘ ʦʪʤʝʯʝʥʘ ʦʩʦʙʝʥʥʦʩʪʴ ï ʥʘʣʠʯʠʝ 

ʩʠʩʪʝʤʳ ʥʘʨʦʩʪʦʚ ʚʳʩʦʪʦʡ ʜʦ 2 ʤʢʤ ʚ ʚʠʜʝ ʢʨʝʩʪʦʦʙʨʘʟʥʳʭ ʜʝʥʜʨʠʪʦʚ, ʢʦʪʦʨʳʝ 

ʯʝʪʢʦ ʧʨʦʷʚʣʷʶʪʩʷ ʧʨʠ ʢʦʥʬʦʢʘʣʴʥʦʤ ʨʝʞʠʤʝ ʩʲʝʤʢʠ (ʨʠʩʫʥʦʢ 3.41, ʝ), 

ʥʘʨʦʩʪʳ ʠʤʝʶʪ ʚʳʪʷʥʫʪʫʶ ʬʦʨʤʫ. 

 

ʈʠʩʫʥʦʢ 3.41 -  ʇʣʦʩʢʠʝ ʢʨʠʩʪʘʣʣʳ 3P, ʚʳʨʘʱʝʥʥʳʝ ʤʝʪʦʜʦʤ çʨʘʩʪʚʦʨʠʪʝʣʴ - ʦʩʘʜʠʪʝʣʴè: 

ʘ, ʙ, ʚ ï ʠʟʦʙʨʘʞʝʥʠʷ ʢʨʫʧʥʳʭ ʢʨʠʩʪʘʣʣʦʚ; ʛ - ʠʟʦʙʨʘʞʝʥʠʝ ʫʛʣʦʚʦʛʦ ʬʨʘʛʤʝʥʪʘ ʢʨʠʩʪʘʣʣʘ 

ʚ ʧʨʦʭʦʜʷʱʠʭ ʣʫʯʘʭ ʠ ʩʢʨʝʱʝʥʥʳʭ ʧʦʣʷʨʠʟʘʪʦʨʘʭ; ʜ - ʠʟʦʙʨʘʞʝʥʠʝ ʫʛʣʦʚʦʛʦ ʬʨʘʛʤʝʥʪʘ 

ʢʨʠʩʪʘʣʣʘ ʚ ʦʪʨʘʞʝʥʥʳʭ ʣʫʯʘʭ ʠ ʩʢʨʝʱʝʥʥʳʭ ʧʦʣʷʨʠʟʘʪʦʨʘʭ; ʝ ï ʢʦʥʬʦʢʘʣʴʥʦʝ 

ʠʟʦʙʨʘʞʝʥʠʝ ʧʦʚʝʨʭʥʦʩʪʠ ʢʨʠʩʪʘʣʣʘ ʩ ʩʠʩʪʝʤʦʡ ʜʝʥʜʨʠʪʥʳʭ ʥʘʨʦʩʪʦʚ 

ʈʘʩʪʚʦʨʠʤʦʩʪʴ ʧʘʨʘ-ʢʚʘʪʝʨʬʝʥʠʣʘ ʚ ʪʦʣʫʦʣʝ ʧʨʠ 20 Áʉ ʙʳʣʘ ʫʪʦʯʥʝʥʘ 

ʤʝʪʦʜʦʤ ʩʨʘʚʥʝʥʠʷ ʦʧʪʠʯʝʩʢʠʭ ʧʣʦʪʥʦʩʪʝʡ ʨʘʩʪʚʦʨʦʚ ʚ ʨʘʙʦʪʝ [A2]: ʉ
 
0 = 0.21 

ʛ/ʣ, ʯʪʦ ʭʦʨʦʰʦ ʩʦʛʣʘʩʫʝʪʩʷ ʩ ʣʠʪʝʨʘʪʫʨʥʳʤʠ ʜʘʥʥʳʤʠ [54]. 
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ɺ ʧʨʠʙʣʠʞʝʥʠʠ ʨʝʛʫʣʷʨʥʳʭ ʨʘʩʪʚʦʨʦʚ ʜʣʷ 4P ʧʨʦʚʝʜʝʥ ʘʥʘʣʠʟ 

ʨʘʩʪʚʦʨʠʤʦʩʪʠ ʚ ʰʠʨʦʢʦʤ ʪʝʤʧʝʨʘʪʫʨʥʦʤ ʠʥʪʝʨʚʘʣʝ. ʅʘ ʦʩʥʦʚʝ ʫʨʘʚʥʝʥʠʷ 

ʉʢʵʪʯʘʨʜʘ ï ɻʠʣʴʜʝʙʨʘʥʜʪʘ ʙʳʣʘ ʨʘʩʩʯʠʪʘʥʘ ʢʨʠʚʘʷ ʨʘʩʪʚʦʨʠʤʦʩʪʠ ʚ ʪʦʣʫʦʣʝ ʚ 

ʧʨʠʙʣʠʞʝʥʠʠ ʨʝʛʫʣʷʨʥʳʭ ʨʘʩʪʚʦʨʦʚ (ʨʠʩʫʥʦʢ 3.42). ɼʣʷ ʧʦʩʪʨʦʝʥʠʷ ʢʨʠʚʦʡ 

ʠʩʧʦʣʴʟʦʚʘʥʦ ʟʥʘʯʝʥʠʝ ʧʘʨʘʤʝʪʨʘ ɸ = 5.82 ʄɼʞ/ʤ
3 
ʚ (2.4) ʠ ʦʧʨʝʜʝʣʝʥʥʦʝ ʉ0 = 

0.21 ʛ/ʣ ʧʨʠ 20 Áʉ. ʇʫʥʢʪʠʨʥʘʷ ʢʨʠʚʘʷ ʥʘ ʨʠʩʫʥʢʝ 3.42 ï ʨʘʩʪʚʦʨʠʤʦʩʪʴ ʚ 

ʧʨʠʙʣʠʞʝʥʠʠ ʠʜʝʘʣʴʥʦʛʦ ʨʘʩʪʚʦʨʘ, ʢʦʪʦʨʘʷ, ʢʘʢ ʚʠʜʥʦ, ʟʥʘʯʠʪʝʣʴʥʦ 

ʦʪʢʣʦʥʷʝʪʩʷ ʦʪ ʧʦʩʪʨʦʝʥʥʦʡ ʟʘʚʠʩʠʤʦʩʪʠ. ɺ ʩʨʘʚʥʝʥʠʠ ʩ ʪʝʪʨʘʮʝʥʦʤ (ʨʠʩʫʥʦʢ 

3.4, ʙ), ʪʘʢ ʞʝ ʩʦʜʝʨʞʘʱʠʤ ʯʝʪʳʨʝ ʩʦʧʨʷʞʝʥʥʳʭ ʘʨʦʤʘʪʠʯʝʩʢʠʭ ʢʦʣʴʮʘ, 

ʨʘʩʪʚʦʨʠʤʦʩʪʴ ʧʘʨʘ-ʢʚʘʪʝʨʬʝʥʠʣʘ ʚ ʪʦʣʫʦʣʝ ʧʨʠ 20 ÁC ʙʦʣʝʝ, ʯʝʤ 2 ʨʘʟʘ ʥʠʞʝ. 

 

ʈʠʩʫʥʦʢ 3.42 - ʂʨʠʚʘʷ ʨʘʩʪʚʦʨʠʤʦʩʪʠ 4P (ʩʧʣʦʰʥʘʷ ʣʠʥʷʷ), ʨʘʩʩʯʠʪʘʥʥʘʷ ʚ ʧʨʠʙʣʠʞʝʥʠʠ 

ʨʝʛʫʣʷʨʥʳʭ ʨʘʩʪʚʦʨʦʚ (ʧʦʣʘʷ ʪʦʯʢʘ ʥʘ ʢʨʠʚʦʡ ï ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ); ʧʫʥʢʪʠʨʥʘʷ 

ʢʨʠʚʘʷ ï ʨʘʩʪʚʦʨʠʤʦʩʪʴ ʚ ʠʜʝʘʣʴʥʦʤ ʨʘʩʪʚʦʨʝ 

ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʦʩʦʙʝʥʥʦʩʪʝʡ ʨʦʩʪʘ ʢʨʠʩʪʘʣʣʦʚ ʧʘʨʘ-

ʢʚʘʪʝʨʬʝʥʠʣʘ ʠʟ ʨʘʩʪʚʦʨʦʚ ʪʘʢʞʝ ʙʳʣʠ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʨʘʙʦʪʝ [A2]. 

ʍʘʨʘʢʪʝʨʠʩʪʠʢʠ ʨʦʩʪʘ ʢʨʠʩʪʘʣʣʦʚ ʜʘʥʥʦʛʦ ʩʦʝʜʠʥʝʥʠʷ ʧʨʠʚʝʜʝʥʳ ʚ ʪʘʙʣʠʮʝ 

3.11. ʅʘ ʨʠʩʫʥʢʝ 3.43, ʘ ʧʨʝʜʩʪʘʚʣʝʥʘ ʬʦʪʦʛʨʘʬʠʷ ʛʨʫʧʧʳ ʢʨʠʩʪʘʣʣʦʚ ʥʘ 

ʧʦʢʨʦʚʥʦʤ ʩʪʝʢʣʝ ʧʦʜ ʋʌ ʦʩʚʝʱʝʥʠʝʤ, ʚʳʨʘʱʝʥʥʳʭ ʠʟ ʨʘʩʪʚʦʨʘ ʪʦʣʫʦʣʘ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʦʩʘʜʠʪʝʣʷ ï ʠʟʦʧʨʦʧʘʥʦʣʘ ʚ ʪʝʯʝʥʠʝ 25 ʩʫʪʦʢ. 

ʄʦʥʦʢʨʠʩʪʘʣʣʠʯʝʩʢʠʝ ʧʣʝʥʢʠ, ʜʦʩʪʠʛʘʶʱʠʝ ʥʘʠʙʦʣʴʰʠʭ ʨʘʟʤʝʨʦʚ Lmax ʚ ʭʦʜʝ 

ʨʦʩʪʘ ʥʘ ʛʨʘʥʠʮʝ ʨʘʟʜʝʣʘ ʬʘʟ, ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʚʳʩʦʢʦʡ ʘʥʠʟʦʪʨʦʧʠʝʡ: ʠʭ 

ʪʦʣʱʠʥʘ Hmax ~ 10
-3 
õ 10

-4 
Lmax. ʂʘʢ ʧʨʘʚʠʣʦ, ʜʘʥʥʳʝ ʧʣʝʥʢʠ ʦʙʣʘʜʘʶʪ ʛʣʘʜʢʦʡ 
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ʧʦʚʝʨʭʥʦʩʪʴʶ ʩ ʥʘʣʠʯʠʝʤ ʦʙʣʘʩʪʝʡ ʩ ʰʝʨʦʭʦʚʘʪʦʩʪʴʶ ʥʘ ʫʨʦʚʥʝ ʥʝʩʢʦʣʴʢʠʭ 

ʤʦʥʦʤʦʣʝʢʫʣʷʨʥʳʭ ʩʣʦʝʚ (ʨʠʩʫʥʦʢ 3.43, ʙ). ʅʘʠʙʦʣʝʝ ʪʦʣʩʪʳʝ 

ʤʦʥʦʢʨʠʩʪʘʣʣʠʯʝʩʢʠʝ ʧʣʘʩʪʠʥʳ 4ʈ ʠʤʝʶʪ ʙʦʣʝʝ ʛʨʫʙʫʶ ʧʦʚʝʨʭʥʦʩʪʴ, 

ʭʘʨʘʢʪʝʨʠʟʫʝʤʫʶ ʥʘʣʠʯʠʝʤ ʩʨʦʩʪʢʦʚ, ʤʘʢʨʦʩʪʫʧʝʥʝʡ ʨʦʩʪʘ ʠ ʜʠʩʣʦʢʘʮʠʦʥʥʳʭ 

ʭʦʣʤʠʢʦʚ. ʍʘʨʘʢʪʝʨʥʦʝ ʩʦʦʪʥʦʰʝʥʠʝ ʪʦʣʱʠʥʳ ʠ ʜʣʠʥʳ ʪʘʢʠʭ ʢʨʠʩʪʘʣʣʦʚ ɕ = 

Hmax /Lmax ~ 10
-2
 (ʪʘʙʣʠʮʘ 3.11).  

ʊʘʙʣʠʮʘ 3.11. ʍʘʨʘʢʪʝʨʠʩʪʠʢʠ ʨʦʩʪʘ ʢʨʠʩʪʘʣʣʦʚ 4P ʠʟ ʨʘʩʪʚʦʨʦʚ 

ʈʘʩʪʚʦʨʠʪʝʣʴ ʆʩʘʜʠʪʝʣʴ 
ʉʥ,  

ʛ/ʣ 

ʊ,  

ʩʫʪʢʠ 

Lmax,  

ʤʤ 

Hmax, 

ʤʢʤ 

Ʉ ɕĬ10
4 

ʪʦʣʫʦʣ ʠʟʦʧʨʦʧʘʥʦʣ 0.17 20 5 5 1 1
 
õ 10 

ʪʦʣʫʦʣ ʠʟʦʧʨʦʧʘʥʦʣ 0.17 25 8 50 0 62 

ʪʦʣʫʦʣ ʙʫʪʘʥʦʣ-1 0.16 5 1.5 25 1 170 

ʪʦʣʫʦʣ ʤʝʜʣʝʥʥʦʝ 

ʦʭʣʘʞʜ. 

1.0 14 3.5 70 0 200 

ʇʨʠʤʝʯʘʥʠʝ. ʉʥ ï ʥʘʯʘʣʴʥʘʷ ʢʦʥʮʝʥʪʨʘʮʠʷ ʨʘʩʪʚʦʨʘ; ʊ ï ʧʝʨʠʦʜ ʨʦʩʪʘ; Lm, Hm ï 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʤʘʢʩʠʤʘʣʴʥʘʷ ʜʣʠʥʘ ʠ ʪʦʣʱʠʥʘ ʢʨʠʩʪʘʣʣʦʚ ʚ ʦʧʳʪʝ; Ʉ ï ʦʙʣʘʩʪʴ ʨʦʩʪʘ (1 ï 

ʛʨʘʥʠʮʘ ʨʘʟʜʝʣʘ ʞʠʜʢʦʩʪʴ ï ʚʦʟʜʫʭ, 0 ï ʥʘ ʜʥʝ). 

 

ʈʠʩʫʥʦʢ 3.43 -  ʂʨʠʩʪʘʣʣʳ 4ʈ: ʘ ï ʛʨʫʧʧʘ ʢʨʠʩʪʘʣʣʦʚ ʧʦʜ ʋʌ ʦʩʚʝʱʝʥʠʝʤ, ʚʳʨʘʱʝʥʥʳʭ 

ʤʝʪʦʜʦʤ çʨʘʩʪʚʦʨʠʪʝʣʴ-ʦʩʘʜʠʪʝʣʴè; ʙ ï ɸʉʄ-ʪʦʧʦʛʨʘʤʤʘ ʨʘʟʚʠʪʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʢʨʠʩʪʘʣʣʘ 

ʚʳʨʘʱʝʥʥʦʛʦ ʥʘ ʛʨʘʥʠʮʝ ʨʘʟʜʝʣʘ ʬʘʟ; ʚ - ʦʧʪʠʯʝʩʢʦʝ ʤʠʢʨʦʠʟʦʙʨʘʞʝʥʠʝ (ʚ ʦʪʨʘʞʝʥʥʳʭ 

ʣʫʯʘʭ) ʢʨʠʩʪʘʣʣʘ, ʚʳʨʘʱʝʥʥʦʛʦ ʤʝʪʦʜʦʤ ʤʝʜʣʝʥʥʦʛʦ ʦʭʣʘʞʜʝʥʠʷ ʥʘʛʨʝʪʦʛʦ ʨʘʩʪʚʦʨʘ; ʛï 

ʜʝʥʜʨʠʪʥʳʝ ʥʘʨʦʩʪʳ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʢʨʠʩʪʘʣʣʘ ʚʳʨʘʱʝʥʥʦʛʦ ʥʘ ʜʥʝ (ʢʦʥʬʦʢʘʣʴʥʳʡ 

ʨʝʞʠʤ) 
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ʇʨʠ ʚʳʨʘʱʠʚʘʥʠʠ ʢʨʠʩʪʘʣʣʦʚ ʤʝʪʦʜʦʤ ʤʝʜʣʝʥʥʦʛʦ ʦʭʣʘʞʜʝʥʠʷ ʨʘʩʪʚʦʨʘ 

ʦʪ 60 ʜʦ 25 Áʉ ʩʦ ʩʢʦʨʦʩʪʴʶ 0.1 Áʉ /ʯ ʟʘ (ʪʘʙʣʠʮʘ 3.11) ʥʘ ʜʥʝ ʨʦʩʪʦʚʦʛʦ ʩʦʩʫʜʘ 

ʙʳʣʠ ʚʳʨʘʱʝʥʳ ʢʨʠʩʪʘʣʣʳ ʜʣʠʥʦʡ ʜʦ 5 ʤʤ (ʨʠʩʫʥʦʢ 3.43, ʚ). ʂʨʠʩʪʘʣʣ ʚ ʚʠʜʝ 

ʧʣʘʩʪʠʥʳ ʪʦʣʱʠʥʦʡ ʦʢʦʣʦ 70 ʤʢʤ, ʠʤʝʝʪ ʬʦʨʤʫ ʧʘʨʘʣʣʝʣʦʛʨʘʤʤʘ ʜʣʠʥʦʡ 3.5 

ʤʤ ʧʦ ʥʘʠʙʦʣʴʰʝʡ ʜʠʘʛʦʥʘʣʠ ʩ ʚʥʫʪʨʝʥʥʠʤʠ ʫʛʣʘʤʠ 70 ʠ 110 ʛʨʘʜʫʩʦʚ 

(ʨʠʩʫʥʦʢ 3.43, ʚ).  

ʅʘ ʧʦʚʝʨʭʥʦʩʪʠ ʥʝʢʦʪʦʨʳʭ ʢʨʠʩʪʘʣʣʦʚ 4ʈ, ʩʬʦʨʤʠʨʦʚʘʥʥʳʭ ʥʘ ʜʥʝ 

ʨʘʩʪʚʦʨʘ, ʥʘʙʣʶʜʘʝʪʩʷ ʥʘʣʠʯʠʝ ʩʝʪʠ ʢʨʝʩʪʦʚʠʜʥʳʭ ʜʝʥʜʨʠʪʥʳʭ ʥʘʨʦʩʪʦʚ 

ʚʳʩʦʪʦʡ ʥʝʩʢʦʣʴʢʦ ʤʠʢʨʦʤʝʪʨʦʚ (ʨʠʩʫʥʦʢ 3.43, ʛ). ʅʘʨʦʩʪʳ, ʢʘʢ ʠ ʚ ʩʣʫʯʘʝ 

ʢʨʠʩʪʘʣʣʦʚ 3ʈ, ʠʤʝʶʪ ʚʳʪʷʥʫʪʫʶ ʣʠʥʝʡʥʫʶ ʬʦʨʤʫ. 

ɹʳʣʠ ʠʩʩʣʝʜʦʚʘʥʳ ʦʩʦʙʝʥʥʦʩʪʠ ʟʘʨʦʞʜʝʥʠʷ ʠ ʨʦʩʪʘ ʢʨʠʩʪʘʣʣʦʚ ʧʘʨʘ-

ʢʚʘʪʝʨʬʝʥʠʣʘ ʠʟ ʢʘʧʝʣʴ ʨʘʩʪʚʦʨʘ ʥʘ ʩʪʝʢʣʷʥʥʳʭ ʧʦʜʣʦʞʢʘʭ ʧʨʠ 

ʠʟʦʪʝʨʤʠʯʝʩʢʦʤ ʠʩʧʘʨʝʥʠʠ ʨʘʩʪʚʦʨʠʪʝʣʷ ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʚ 

ʫʩʣʦʚʠʷʭ ʯʘʩʪʠʯʥʦ ʟʘʢʨʳʪʦʡ ʢʘʧʣʠ [A7].  

ʀʩʩʣʝʜʦʚʘʥʠʝ ʧʨʦʮʝʩʩʦʚ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʠ ʥʘʧʨʘʚʣʝʥʥʦʛʦ ʨʦʩʪʘ 

ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʧʣʝʥʦʢ ʦʨʛʘʥʠʯʝʩʢʠʭ ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚʳʭ ʣʶʤʠʥʦʬʦʨʦʚ ʥʘ 

ʧʦʜʣʦʞʢʘʭ ʧʨʝʜʩʪʘʚʣʷʝʪ ʙʦʣʴʰʦʡ ʠʥʪʝʨʝʩ ʜʣʷ ʦʨʛʘʥʠʯʝʩʢʦʡ ʵʣʝʢʪʨʦʥʠʢʠ ʠ 

ʬʦʪʦʥʠʢʠ. ʇʦʤʠʤʦ ʧʨʦʯʝʛʦ, ʚ ʪʘʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʷʭ 4ʈ ʪʘʢʞʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʠ 

ʢʘʢ ʤʦʜʝʣʴʥʳʡ ʦʙʲʝʢʪ ʜʣʷ ʠʟʫʯʝʥʠʷ ʦʩʦʙʝʥʥʦʩʪʝʡ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʠʟ ʨʘʩʪʚʦʨʦʚ 

ʣʠʥʝʡʥʳʭ ʩʦʧʨʷʞʝʥʥʳʭ ʤʦʣʝʢʫʣ ʩ ʛʠʙʢʦʡ ʢʦʥʬʦʨʤʘʮʠʦʥʥʦʡ ʩʪʨʫʢʪʫʨʦʡ. 

ʇʨʠ ʚʳʩʳʭʘʥʠʠ ʥʘ ʩʪʝʢʣʷʥʥʳʭ ʧʦʜʣʦʞʢʘʭ ʢʘʧʝʣʴ ʨʘʩʪʚʦʨʘ 4ʈ ʚ ʪʦʣʫʦʣʝ 

ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʥʘʙʣʶʜʘʝʪʩʷ ʬʦʨʤʠʨʦʚʘʥʠʝ ʦʩʘʞʜʝʥʥʳʭ 

ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʩʪʨʫʢʪʫʨ ʪʠʧʘ çʢʦʬʝʡʥʳʭ ʢʦʣʝʮè, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʢʦʥʪʫʨʫ 

ʩʢʘʯʢʦʦʙʨʘʟʥʦ ʩʞʠʤʘʶʱʝʡʩʷ ʢʘʧʣʠ [260]. ʇʨʠ ʵʪʦʤ ʢʦʣʴʮʝʚʘʷ ʩʪʨʫʢʪʫʨʘ ʧʦ 

ʧʝʨʠʤʝʪʨʫ ʢʘʧʣʠ ʬʦʨʤʠʨʫʝʪʩʷ ʧʨʠ ʟʘʢʨʝʧʣʝʥʠʠ (ʧʠʥʥʠʥʛʝ) ʢʦʥʪʘʢʪʥʦʡ ʣʠʥʠʠ 

ʥʘ ʧʦʜʣʦʞʢʝ ʠ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʬʦʨʤʠʨʫʝʪʩʷ ʧʨʠ ʝʝ ʧʝʨʝʤʝʱʝʥʠʠ. ɺ ʢʘʯʝʩʪʚʝ 

ʧʨʠʤʝʨʘ ʥʘ ʨʠʩʫʥʢʝ 3.44, ʘ ʧʨʝʜʩʪʘʚʣʝʥʦ ʢʦʥʬʦʢʘʣʴʥʦʝ ʤʠʢʨʦʠʟʦʙʨʘʞʝʥʠʝ 

ʫʯʘʩʪʢʘ ʦʩʫʰʝʥʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʧʦʜʣʦʞʢʠ ʩ ʜʚʫʤʷ ʢʦʥʪʫʨʘʤʠ (ʩʪʨʝʣʢʘʤʠ 

ʫʢʘʟʘʥʦ ʥʘʧʨʘʚʣʝʥʠʝ ʜʚʠʞʝʥʠʷ ʢʘʧʣʠ), ʩʬʦʨʤʠʨʦʚʘʥʥʳʤʠ ʠʟ ʤʝʣʢʦʜʠʩʧʝʨʩʥʦʛʦ 

ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʛʦ ʦʩʘʜʢʘ ʠ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʧʣʝʥʦʢ ʜʣʠʥʦʡ ʥʝʩʢʦʣʴʢʦ ʩʦʪ 
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ʤʠʢʨʦʤʝʪʨʦʚ ʠ ʪʦʣʱʠʥʦʡ 30-50 ʥʤ (ʨʠʩʫʥʦʢ 3.44, ʙ). ɺ ʨʝʜʢʠʭ ʩʣʫʯʘʷʭ 

ʥʘʙʣʶʜʘʝʪʩʷ ʦʙʨʘʟʦʚʘʥʠʝ ʢʨʫʧʥʳʭ ʤʦʥʦʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʧʣʝʥʦʢ ʜʣʠʥʦʡ ʜʦ 

3 ʤʤ (ʨʠʩʫʥʦʢ 3.44, ʚ), ʢʦʪʦʨʳʝ ʠʟ-ʟʘ ʯʨʝʟʚʳʯʘʡʥʦ ʥʠʟʢʦʡ ʪʦʣʱʠʥʳ ʭʦʨʦʰʦ 

ʨʘʟʣʠʯʠʤʳ ʪʦʣʴʢʦ ʚ ʦʪʨʘʞʝʥʥʳʭ ʣʫʯʘʭ ʚ ʫʩʣʦʚʠʷʭ ʬʘʟʦʚʦʛʦ ʢʦʥʪʨʘʩʪʘ ʧʨʠ 

ʠʩʧʦʣʴʟʦʚʘʥʠʠ DIC-ʧʨʠʟʤʳ ʅʦʤʘʨʩʢʦʛʦ. ɼʣʷ ʩʪʨʫʢʪʫʨʳ ʪʘʢʠʭ ʧʣʝʥʦʢ 

ʭʘʨʘʢʪʝʨʥʦ ʥʘʣʠʯʠʝ ʧʫʩʪʳʭ ʷʯʝʝʢ ʨʘʟʤʝʨʦʤ ʚ ʥʝʩʢʦʣʴʢʦ ʤʠʢʨʦʤʝʪʨʦʚ (ʨʠʩʫʥʦʢ 

3.44, ʛ). 

 

ʈʠʩʫʥʦʢ 3.44 - ʂʦʥʬʦʢʘʣʴʥʳʝ ʤʠʢʨʦʠʟʦʙʨʘʞʝʥʠʷ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʧʣʝʥʦʢ ʧʘʨʘ-

ʢʚʘʪʝʨʬʝʥʠʣʘ ʥʘ ʩʪʝʢʣʷʥʥʳʭ ʧʦʜʣʦʞʢʘʭ: (ʘ) ï ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʝ ʧʣʝʥʢʠ, ʩʛʨʫʧʧʠʨʦʚʘʥʥʳʝ ʚ 

ʚʠʜʝ ʢʦʣʴʮʝʚʳʭ ʩʪʨʫʢʪʫʨ; (ʙ) ï ʫʚʝʣʠʯʝʥʥʦʝ ʠʟʦʙʨʘʞʝʥʠʝ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʧʣʝʥʦʢ ʥʘ 

ʨʠʩʫʥʢʝ (ʘ); (ʚ) ï ʢʦʥʬʦʢʘʣʴʥʦʝ ʠʟʦʙʨʘʞʝʥʠʝ ʚ ʫʩʣʦʚʠʷʭ ʬʘʟʦʚʦʛʦ ʢʦʥʪʨʘʩʪʘ ʫʣʴʪʨʘʪʦʥʢʠʭ 

ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʧʣʝʥʦʢ; (ʛ) ï ʫʚʝʣʠʯʝʥʥʦʝ ʢʦʥʬʦʢʘʣʴʥʦʝ ʠʟʦʙʨʘʞʝʥʠʝ ʢʨʘʷ ʧʣʝʥʢʠ ʥʘ 

ʨʠʩʫʥʢʝ (ʚ) 

ʇʦʚʝʨʭʥʦʩʪʥʘʷ ʤʠʢʨʦ-ʤʦʨʬʦʣʦʛʠʷ ʠ ʪʦʣʱʠʥʘ ʫʣʴʪʨʘʪʦʥʢʠʭ 

ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʧʣʝʥʦʢ 4P (ʨʠʩʫʥʦʢ 3.44, ʚ ʠ ʛ) ʙʳʣʘ ʠʩʩʣʝʜʦʚʘʥʘ ʤʝʪʦʜʦʤ 

ʘʪʦʤʥʦ-ʩʠʣʦʚʦʡ ʤʠʢʨʦʩʢʦʧʠʠ. ʅʘ ʨʠʩʫʥʢʝ 3.45, ʘ ʧʨʝʜʩʪʘʚʣʝʥʘ ɸʉʄ-

ʪʦʧʦʛʨʘʤʤʘ ʫʯʘʩʪʢʘ ʧʣʝʥʢʠ ʩʦ ʩʢʦʧʣʝʥʠʝʤ ʧʦʣʳʭ ʷʯʝʝʢ (ʪʝʤʥʳʝ ʧʷʪʥʘ). ʂʘʢ 

ʚʠʜʥʦ ʠʟ ʧʨʠʚʝʜʝʥʥʦʛʦ ʩʧʨʘʚʘ ʥʘ ʜʘʥʥʦʤ ʨʠʩʫʥʢʝ ʧʨʦʬʠʣʷ ʧʦʧʝʨʝʯʥʦʛʦ 

ʩʝʯʝʥʠʷ ʚʳʜʝʣʝʥʥʦʡ ʥʘ ɸʉʄ-ʪʦʧʦʛʨʘʤʤʝ ʷʯʝʡʢʠ, ʪʦʣʱʠʥʘ ʧʣʝʥʢʠ ʥʘ ʜʘʥʥʦʤ 
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ʫʯʘʩʪʢʝ ʩʦʩʪʘʚʣʷʝʪ ʦʢʦʣʦ 10 ʥʤ. ʅʘ ʨʠʩʫʥʢʝ 3.45, ʙ ʧʨʠʚʝʜʝʥʘ ɸʉʄ-

ʪʦʧʦʛʨʘʤʤʘ ʢʨʘʷ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʧʣʝʥʢʠ, ʪʦʣʱʠʥʘ ʢʦʪʦʨʦʡ 18 ʥʤ.  

ʉʦʛʣʘʩʥʦ ʩʪʨʫʢʪʫʨʥʳʤ ʜʘʥʥʳʤ (ʪʘʙʣʠʮʘ 1.7, ʨʠʩʫʥʦʢ 1.10), 

ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʝ ʧʣʝʥʢʠ 4ʈ ʦʨʠʝʥʪʠʨʦʚʘʥʳ ʧʘʨʘʣʣʝʣʴʥʦ ʧʣʦʩʢʦʩʪʠ (001). 

ʊʦʣʱʠʥʘ ʤʦʥʦʩʣʦʝʚ ʚ ʜʘʥʥʦʡ ʦʨʠʝʥʪʘʮʠʠ h001å1,8 ʥʤ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʪʦʣʱʠʥʘ 

ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʧʣʝʥʦʢ ʥʘ ʨʠʩʫʥʢʝ 3.45, ʘ ʠ ʙ ʩʦʩʪʘʚʣʷʝʪ ʦʢʦʣʦ 5 ʠ 10 

ʤʦʥʦʩʣʦʝʚ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. 

 

ʈʠʩʫʥʦʢ 3.45 -  ɸʪʦʤʥʦ-ʩʠʣʦʚʳʝ ʪʦʧʦʛʨʘʤʤʳ ʧʦʚʝʨʭʥʦʩʪʠ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʧʣʝʥʦʢ ʧʘʨʘ-

ʢʚʘʪʝʨʬʝʥʠʣʘ ʩ ʥʘʣʠʯʠʝʤ ʧʫʩʪʦʪ (ʘ) ʠ ʢʨʘʝʚʦʡ ʦʙʣʘʩʪʠ (ʙ) ʩ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤʠ ʠʤ 

ʧʨʦʬʠʣʷʤʠ ʪʦʣʱʠʥʳ ʚʜʦʣʴ ʚʳʜʝʣʝʥʥʳʭ ʥʘ ʠʟʦʙʨʘʞʝʥʠʷʭ ʦʪʨʝʟʢʦʚ 

ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʫʩʣʦʚʠʡ, ʩʧʦʩʦʙʩʪʚʫʶʱʠʭ ʬʦʨʤʠʨʦʚʘʥʠʶ ʢʨʫʧʥʳʭ 

ʤʦʥʦʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʧʣʝʥʦʢ 4ʈ ʧʨʠ ʚʳʩʳʭʘʥʠʠ ʢʘʧʣʠ ʨʘʩʪʚʦʨʘ ʥʘ ʧʦʜʣʦʞʢʝ, 

ʧʨʦʚʝʜʝʥʳ ʩʠʩʪʝʤʘʪʠʯʝʩʢʠʝ ʨʦʩʪʦʚʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʨʠ ʨʘʟʣʠʯʥʳʭ 

ʪʝʤʧʝʨʘʪʫʨʘʭ ʦʪʞʠʛʘ ʦʙʨʘʟʮʦʚ. ʇʦʣʫʯʝʥʥʳʝ ʜʘʥʥʳʝ ʦ ʨʦʩʪʝ ʢʨʠʩʪʘʣʣʦʚ ʠʟ 

ʢʘʧʝʣʴ ʨʘʩʪʚʦʨʘ ʪʦʣʫʦʣʘ ʚʳʷʚʠʣʠ ʟʥʘʯʠʪʝʣʴʥʦʝ ʚʣʠʷʥʠʝ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ 

ʬʘʢʪʦʨʘ ʥʘ ʭʘʨʘʢʪʝʨ ʠʭ ʦʩʘʞʜʝʥʠʷ ʠ ʩʨʝʜʥʠʝ ʨʘʟʤʝʨʳ (ʨʠʩʫʥʦʢ 3.46). 

ʈʘʩʩʤʦʪʨʠʤ ʩʝʨʠʶ ʣʶʤʠʥʝʩʮʝʥʪʥʳʭ ʤʠʢʨʦʠʟʦʙʨʘʞʝʥʠʡ ʧʦʚʝʨʭʥʦʩʪʠ 

ʩʪʝʢʣʷʥʥʳʭ ʧʦʜʣʦʞʝʢ ʧʦʩʣʝ ʚʳʩʳʭʘʥʠʷ ʢʘʧʝʣʴ ʨʘʩʪʚʦʨʘ ʪʦʣʫʦʣʘ ʧʨʠ 
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ʨʘʟʣʠʯʥʳʭ ʪʝʤʧʝʨʘʪʫʨʘʭ. ʇʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 25 Áʉ (ʨʠʩʫʥʦʢ 3.46, ʘ) ʥʘ ʚʩʝʡ 

ʧʣʦʱʘʜʠ ʧʷʪʥʘ ʢʘʧʣʠ ʚʳʧʘʜʘʝʪ ʦʙʠʣʴʥʳʡ ʤʝʣʢʦʢʨʠʩʪʘʣʣʠʯʝʩʢʠʡ ʦʩʘʜʦʢ, 

ʬʦʨʤʠʨʫʶʱʠʡ ʩʣʘʙʦʚʳʨʘʞʝʥʥʳʝ ʢʦʣʴʮʝʚʳʝ ʩʪʨʫʢʪʫʨʳ ʧʦ ʛʨʘʥʠʮʘʤ ʢʘʧʣʠ ʚ 

ʧʝʨʠʦʜʳ ʩʪʦʷʥʠʷ (ʧʠʥʥʠʥʛʘ) ʝʝ ʢʦʥʪʘʢʪʥʦʡ ʣʠʥʠʠ.  

 

ʈʠʩʫʥʦʢ 3.46 - ʃʶʤʠʥʝʩʮʝʥʪʥʳʝ ʤʠʢʨʦʠʟʦʙʨʘʞʝʥʠʷ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʧʣʝʥʦʢ, 

ʩʬʦʨʤʠʨʦʚʘʥʥʳʭ ʚ ʨʝʟʫʣʴʪʘʪʝ ʚʳʩʳʭʘʥʠʷ ʢʘʧʝʣʴ ʨʘʩʪʚʦʨʦʚ 4P ʚ ʪʦʣʫʦʣʝ ʧʨʠ 25Áʉ (ʘ), 

35Áʉ (ʙ), 45Áʉ (ʚ) ʠ 55Áʉ (ʛ); ʫʚʝʣʠʯʝʥʥʳʝ ʣʶʤʠʥʝʩʮʝʥʪʥʳʝ ʤʠʢʨʦʠʟʦʙʨʘʞʝʥʠʷ 

ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʧʣʝʥʦʢ 4ʈ ʥʘ ʧʝʨʠʬʝʨʠʠ (ʜ) ʠ ʚʥʫʪʨʠ (ʝ) ʧʷʪʥʘ ʦʩʫʰʝʥʥʦʡ ʢʘʧʣʠ (35ÁC) 

ʇʨʠ ʪʝʤʧʝʨʘʪʫʨʘʭ 35 Áʉ (ʨʠʩʫʥʦʢ 3.46, ʙ) ʠ 45 Áʉ (ʨʠʩʫʥʦʢ 3.46, ʚ) ʩʨʝʜʥʠʡ 

ʨʘʟʤʝʨ ʢʨʠʩʪʘʣʣʦʚ ʟʘʤʝʪʥʦ ʫʚʝʣʠʯʠʚʘʝʪʩʷ, ʘ ʦʢʨʫʛʣʘʷ ʬʦʨʤʘ ʧʷʪʥʘ ʢʘʧʣʠ 

ʩʪʘʥʦʚʠʪʩʷ ʙʦʣʝʝ ʯʝʪʢʦ ʚʳʨʘʞʝʥʥʦʡ. ʇʦ ʭʘʨʘʢʪʝʨʫ ʤʦʨʬʦʣʦʛʠʠ ʤʦʞʥʦ 

ʚʳʜʝʣʠʪʴ ʜʚʘ ʪʠʧʘ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʧʣʝʥʦʢ: 1 ï ʩʦʩʨʝʜʦʪʦʯʝʥʥʳʝ ʥʘ ʚʥʝʰʥʝʤ 
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ʢʦʥʪʫʨʝ ʧʷʪʥʘ, ʙʦʣʝʝ ʪʦʣʩʪʳʝ (ʪʦʣʱʠʥʘ ʜʦ 2 ʤʢʤ) ʩ ʯʝʪʢʦʡ ʙʦʢʦʚʦʡ ʦʛʨʘʥʢʦʡ 

(ʨʠʩʫʥʦʢ 3.46, ʜ); 2 ï ʨʘʩʧʦʣʦʞʝʥʥʳʝ ʚʦ ʚʥʫʪʨʝʥʥʝʡ ʦʙʣʘʩʪʠ ʧʷʪʥʘ ʢʘʧʣʠ ʙʦʣʝʝ 

ʪʦʥʢʠʝ (ʜʦ 100 ʥʤ) ʩ ʦʢʨʫʛʣʦʡ ʬʦʨʤʦʡ, ʚʳʪʷʥʫʪʳʝ ʚ ʥʘʧʨʘʚʣʝʥʠʠ ʜʚʠʞʝʥʠʷ 

ʢʦʥʪʘʢʪʥʦʡ ʣʠʥʠʠ ʢʘʧʣʠ (ʨʠʩʫʥʦʢ 3.46, ʝ). ɼʣʷ ʚʪʦʨʦʛʦ ʪʠʧʘ ʧʣʝʥʦʢ ʭʘʨʘʢʪʝʨʥʦ 

ʥʘʣʠʯʠʝ ʜʝʥʜʨʠʪʥʳʭ ʦʪʚʝʪʚʣʝʥʠʡ (ʨʠʩʫʥʦʢ 3.46, ʝ).  

ʅʘ ʨʠʩʫʥʢʝ 3.47, ʘ ʧʨʝʜʩʪʘʚʣʝʥʘ ɸʉʄ-ʪʦʧʦʛʨʘʤʤʘ ʢʨʘʷ ʢʨʠʩʪʘʣʣʘ ʚʪʦʨʦʛʦ 

ʪʠʧʘ (ʙʝʣʳʡ ʢʚʘʜʨʘʪ ʥʘ ʨʠʩʫʥʢʝ 3.46, ʝ). ʊʦʣʱʠʥʘ ʧʣʝʥʢʠ ʦʢʦʣʦ 19 ʥʤ, ʯʪʦ 

ʩʦʩʪʘʚʣʷʝʪ 10-11 ʤʦʥʦʩʣʦʝʚ (ʨʠʩʫʥʦʢ 3.47, ʙ). ʅʘ ʧʦʜʦʞʢʝ ʨʷʜʦʤ ʩ ʢʨʠʩʪʘʣʣʦʤ 

ʚʪʦʨʦʡ ʢʘʪʝʛʦʨʠʠ ʧʨʠʩʫʪʩʪʚʫʝʪ ʩʝʪʴ ʜʝʥʜʨʠʪʦʚ (ʨʠʩʫʥʦʢ 3.47, ʘ) ʪʦʣʱʠʥʦʡ ʚ 1-2 

ʤʦʥʦʩʣʦʷ (ʚʝʨʭʥʠʡ ʧʨʦʬʠʣʴ ʩʝʯʝʥʠʷ ʥʘ ʨʠʩʫʥʢʝ 3.47, ʙ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʡ 

ʦʪʨʝʟʢʫ 1 ʥʘ ʨʠʩʫʥʢʝ 3.47, ʘ). 

 

ʈʠʩʫʥʦʢ 3.47 - ͊ - ɸʪʦʤʥʦ-ʩʠʣʦʚʘʷ ʪʦʧʦʛʨʘʤʤʘ ʚʳʜʝʣʝʥʥʦʛʦ ʥʘ ʨʠʩʫʥʢʝ 3.46, ʝ ʫʯʘʩʪʢʘ 

(ʙʝʣʳʡ ʢʚʘʜʨʘʪ); ʙ - ʧʨʦʬʠʣʠ ʩʝʯʝʥʠʡ ʚʜʦʣʴ ʦʪʨʝʟʢʦʚ 1 ʠ 2 ʥʘ ʠʟʦʙʨʘʞʝʥʠʠ (ʘ)  

ʇʨʠ 55 Áʉ ʬʦʨʤʠʨʦʚʘʥʠʝ ʢʨʠʩʪʘʣʣʦʚ ʚ ʦʩʥʦʚʥʦʤ ʧʨʦʠʩʭʦʜʠʪ ʥʘ ʧʝʨʠʬʝʨʠʠ 

ʧʷʪʥʘ ʢʘʧʣʠ, ʘ ʚʦ ʚʥʫʪʨʝʥʥʝʡ ʦʙʣʘʩʪʠ ʢʦʥʮʝʥʪʨʘʮʠʷ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʛʦ ʦʩʘʜʢʘ 

ʥʝʟʥʘʯʠʪʝʣʴʥʘ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʯʝʛʦ ʥʘ ʧʦʜʣʦʞʢʝ ʥʘʙʣʶʜʘʝʪʩʷ ʢʨʫʛʣʳʡ ʢʦʣʴʮʝʚʦʡ 

ʢʦʥʪʫʨ, ʩʬʦʨʤʠʨʦʚʘʥʥʳʡ ʠʟ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʛʦ ʦʩʘʜʢʘ (ʨʠʩʫʥʦʢ 3.46, ʛ). ɺ 

ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʩʨʝʜʥʠʝ ʨʘʟʤʝʨʳ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʧʣʝʥʦʢ ʟʥʘʯʠʪʝʣʴʥʦ ʤʝʥʴʰʝ, 

ʯʝʤ ʜʣʷ ʪʝʤʧʝʨʘʪʫʨ 35 ʠ 45 Áʉ. ʇʨʠ 70 Áʉ ʟʘ ʩʯʝʪ ʙʳʩʪʨʦʛʦ ʠʩʧʘʨʝʥʠʷ ʪʦʣʫʦʣʘ 

ʚʳʧʘʜʝʥʠʝ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʛʦ ʦʩʘʜʢʘ ʧʨʦʠʩʭʦʜʠʣʦ ʝʱʝ ʜʦ ʪʦʛʦ, ʢʘʢ ʢʘʧʣʷ 

ʧʨʠʥʷʣʘ ʨʘʚʥʦʚʝʩʥʫʶ ʬʦʨʤʫ ʧʦʩʣʝ ʥʘʥʝʩʝʥʠʷ, ʠʟ-ʟʘ ʯʝʛʦ ʨʝʟʫʣʴʪʘʪʳ ʦʢʘʟʘʣʠʩʴ 

ʧʣʦʭʦ ʚʦʩʧʨʦʠʟʚʦʜʠʤʳʤʠ. 
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ʏʪʦʙʳ ʦʮʝʥʠʪʴ ʚʣʠʷʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʥʘ ʨʘʟʤʝʨʳ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʧʣʝʥʦʢ, ʚ 

ʢʘʞʜʦʤ ʦʧʳʪʝ ʙʳʣʦ ʚʳʜʝʣʝʥʦ ʧʦ 5 ʥʘʠʙʦʣʝʝ ʢʨʫʧʥʳʭ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʧʣʝʥʦʢ 

ʠ ʦʧʨʝʜʝʣʝʥʦ ʩʨʝʜʥʝʝ ʟʥʘʯʝʥʠʝ ʠʭ ʧʣʦʱʘʜʠ. ʇʦʩʪʨʦʝʥ ʛʨʘʬʠʢ ʟʘʚʠʩʠʤʦʩʪʠ 

ʩʨʝʜʥʝʡ ʧʣʦʱʘʜʠ S ʥʘʠʙʦʣʝʝ ʢʨʫʧʥʳʭ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʧʣʝʥʦʢ 4ʈ, ʦʩʘʞʜʝʥʥʳʭ 

ʠʟ ʢʘʧʣʠ ʨʘʩʪʚʦʨʘ ʪʦʣʫʦʣʘ ʥʘ ʧʦʜʣʦʞʢʫ, ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ (ʨʠʩʫʥʦʢ 3.48). ʅʘ 

ʟʘʚʠʩʠʤʦʩʪʠ S = f(T) ʥʘʙʣʶʜʘʝʪʩʷ ʤʘʢʩʠʤʫʤ ʧʨʠ 45ÁC. 

 

ʈʠʩʫʥʦʢ 3.48 - ʊʝʤʧʝʨʘʪʫʨʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ʩʨʝʜʥʝʡ (ʯʝʨʥʳʝ ʪʦʯʢʠ) ʠ ʤʘʢʩʠʤʘʣʴʥʦʡ (ʧʦʣʳʝ 

ʪʦʯʢʠ) ʧʣʦʱʘʜʠ S ʥʘʠʙʦʣʝʝ ʢʨʫʧʥʳʭ ʤʦʥʦʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʧʣʝʥʦʢ 4ʈ, ʚʳʨʘʱʝʥʥʳʭ ʥʘ 

ʩʪʝʢʣʷʥʥʳʭ ʧʦʜʣʦʞʢʘʭ ʠʟ ʢʘʧʝʣʴ ʨʘʩʪʚʦʨʘ ʪʦʣʫʦʣʘ 

ɺ ʩʚʷʟʠ ʩ ʪʝʤ, ʯʪʦ ʨʘʩʪʚʦʨʠʤʦʩʪʴ ʣʠʥʝʡʥʳʭ ʦʣʠʛʦʬʝʥʠʣʝʥʦʚ ʩ ʨʦʩʪʦʤ 

ʯʠʩʣʘ ʩʦʧʨʷʞʝʥʥʳʭ ʟʚʝʥʴʝʚ ʩʪʨʝʤʠʪʝʣʴʥʦ ʩʥʠʞʘʝʪʩʷ ʧʦ ʵʢʩʧʦʥʝʥʮʠʘʣʴʥʦʤʫ 

ʟʘʢʦʥʫ (ʨʠʩʫʥʦʢ 1.6, ʘ), ʩʢʦʨʦʩʪʴ ʨʦʩʪʘ ʢʨʠʩʪʘʣʣʦʚ ʠʟ ʨʘʩʪʚʦʨʦʚ ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ 

ʜʣʠʥʳ ʤʦʣʝʢʫʣʳ ʪʘʢʞʝ ʩʫʱʝʩʪʚʝʥʥʦ ʟʘʤʝʜʣʷʝʪʩʷ. ɼʣʷ ʠʣʣʶʩʪʨʘʮʠʠ ʵʪʦʛʦ ʥʘ 

ʨʠʩʫʥʢʝ 3.49 ʧʨʝʜʩʪʘʚʣʝʥʳ ʢʘʜʨʳ ʠʟ ʚʠʜʝʦʩʲʝʤʢʠ (Olympus LEXT OLS 3100) 

ʨʦʩʪʘ ʠʟ ʢʘʧʝʣʴ ʨʘʩʪʚʦʨʦʚ ʭʣʦʨʙʝʥʟʦʣʘ ʢʨʠʩʪʘʣʣʦʚ 3P (ʘ) ʠ 4P (ʙ) ʚ ʦʜʠʥʘʢʦʚʳʭ 

ʫʩʣʦʚʠʷʭ (ʤʝʜʣʝʥʥʦʝ ʠʟʦʪʝʨʤʠʯʝʩʢʦʝ ʠʩʧʘʨʝʥʠʝ ʨʘʩʪʚʦʨʠʪʝʣʷ ʩ ʧʦʚʝʨʭʥʦʩʪʠ 

ʯʘʩʪʠʯʥʦ ʟʘʢʨʳʪʦʡ ʢʘʧʣʠ ʨʘʩʪʚʦʨʘ ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ). ɺ ʧʦʣʝ ʟʨʝʥʠʷ 

ʥʘ ʢʘʜʨʘʭ ʨʠʩʫʥʢʘ 3.49, ʘ ʫʛʣʦʚʦʡ ʬʨʘʛʤʝʥʪ ʢʨʠʩʪʘʣʣʘ 3ʈ. ʅʘ ʨʠʩʫʥʢʝ 3.49, ʙ 

ʢʨʠʩʪʘʣʣ 4ʈ ʚ ʬʦʨʤʝ ʧʘʨʘʣʣʝʣʦʛʨʘʤʤʘ, ʧʣʘʚʘʶʱʠʡ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʨʘʩʪʚʦʨʘ, 

ʚʳʜʝʣʝʥ ʙʝʣʳʤ ʧʫʥʢʪʠʨʥʳʤ ʢʨʫʛʦʤ. ɺʨʝʤʷ, ʦʪʩʯʠʪʳʚʘʝʤʦʝ ʦʪ ʧʝʨʚʦʛʦ ʢʘʜʨʘ, 

ʫʢʘʟʘʥʦ ʚ ʣʝʚʦʤ ʚʝʨʭʥʝʤ ʫʛʣʫ. ʅʘ ʨʠʩʫʥʢʝ 3.49, ʚ ʠ ʛ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚʨʝʤʝʥʥʳʝ 

ʟʘʚʠʩʠʤʦʩʪʠ ʧʨʠʨʘʱʝʥʠʷ ʜʣʠʥʳ ȹL ʙʦʢʦʚʳʭ ʛʨʘʥʝʡ ʢʨʠʩʪʘʣʣʘ 3P (ʚ) ʠ ʜʣʠʥʳ L 

ʩʪʦʨʦʥʳ ʢʨʠʩʪʘʣʣʘ 4P (ʛ) ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ.  
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(ʘ) 

(ʙ) 

(ʚ) (ʛ) 
ʈʠʩʫʥʦʢ 3.49 - ʇʦʩʣʝʜʦʚʘʪʝʣʴʥʳʡ ʨʷʜ ʠʟʦʙʨʘʞʝʥʠʡ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʭ ʨʦʩʪ ʢʨʠʩʪʘʣʣʦʚ ʧʘʨʘ-

ʪʝʨʬʝʥʠʣʘ (ʘ) ʠ ʧʘʨʘ-ʢʚʘʪʝʨʬʝʥʠʣʘ (ʙ) ʠʟ ʢʘʧʣʠ ʨʘʩʪʚʦʨʘ ʭʣʦʨʙʝʥʟʦʣʘ ʧʨʠ 25Áʉ (ʤʦʤʝʥʪʳ 

ʚʨʝʤʝʥʠ ʫʢʘʟʘʥʳ ʚ ʣʝʚʦʤ ʚʝʨʭʥʝʤ ʫʛʣʫ ʠʟʦʙʨʘʞʝʥʠʡ); ʛʨʘʬʠʢʠ ʟʘʚʠʩʠʤʦʩʪʠ ʚʝʣʠʯʠʥʳ 

ʫʜʣʠʥʝʥʠʷ ʛʨʘʥʠ ʢʨʠʩʪʘʣʣʘ DL ʜʣʷ ʧʘʨʘ-ʪʝʨʬʝʥʠʣʘ (ʚ) ʠ ʜʣʠʥʳ ʢʨʠʩʪʘʣʣʘ ʧʘʨʘ-ʢʚʘʪʝʨʬʝʥʠʣʘ 

(ʛ) ʦʪ ʚʨʝʤʝʥʠ ʚ ʧʨʦʮʝʩʩʝ ʨʦʩʪʘ 

ʋʜʣʠʥʝʥʠʝ ʙʦʢʦʚʳʭ ʛʨʘʥʝʡ ʢʨʠʩʪʘʣʣʘ 3P ʚ ʪʝʯʝʥʠʝ ʚʳʜʝʣʝʥʥʦʛʦ 

ʚʨʝʤʝʥʥʦʛʦ ʠʥʪʝʨʚʘʣʘ (60 ʩ) ʧʨʦʠʩʭʦʜʠʪ ʣʠʥʝʡʥʦ ʩʦ ʩʨʝʜʥʝʡ ʩʢʦʨʦʩʪʴʶ VL = 

34.5 Ñ 0.5 ʤʢʤ/ʤʠʥ (ʨʠʩʫʥʦʢ 3.49, ʚ).  

ʈʦʩʪ ʢʨʠʩʪʘʣʣʘ 4P ʥʦʨʤʘʣʴʥʦ ʙʦʢʦʚʳʤ ʛʨʘʥʷʤ ʚ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʤ 

ʚʨʝʤʝʥʥʦʤ ʠʥʪʝʨʚʘʣʝ ʧʨʦʠʩʭʦʜʠʪ ʧʨʠʙʣʠʟʠʪʝʣʴʥʦ ʧʦ ʣʠʥʝʡʥʦʤʫ ʟʘʢʦʥʫ ʩ 

ʥʝʢʦʪʦʨʳʤʠ ʦʩʮʠʣʣʷʮʠʷʤʠ ʦʪʥʦʩʠʪʝʣʴʥʦ ʩʨʝʜʥʝʡ ʣʠʥʠʠ, ʩʚʷʟʘʥʥʳʤʠ, ʧʦ-
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ʚʠʜʠʤʦʤʫ, ʩ ʢʦʣʝʙʘʪʝʣʴʥʳʤ ʭʘʨʘʢʪʝʨʦʤ ʜʠʥʘʤʠʢʠ ʚʳʩʳʭʘʶʱʝʡ ʢʘʧʣʠ 

ʨʘʩʪʚʦʨʘ. ɺ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʩʨʝʜʥʷʷ ʩʢʦʨʦʩʪʴ ʥʦʨʤʘʣʴʥʦʛʦ ʨʦʩʪʘ ʙʦʢʦʚʳʭ ʛʨʘʥʝʡ 

VL = 0.60 ʤʢʤ/ʤʠʥ, ʯʪʦ ʧʦʯʪʠ ʚ 60 ʨʘʟ ʥʠʞʝ, ʯʝʤ ʜʣʷ ʢʨʠʩʪʘʣʣʦʚ ʧʘʨʘ-ʪʝʨʬʝʥʠʣʘ 

ʚ ʪʝʭ ʞʝ ʫʩʣʦʚʠʷʭ (ʟʘ ʠʩʢʣʶʯʝʥʠʝʤ ʢʦʥʮʝʥʪʨʘʮʠʠ ʨʘʩʪʚʦʨʘ). ʇʨʠ ʵʪʦʤ ʦʪʤʝʪʠʤ, 

ʯʪʦ ʢʦʥʮʝʥʪʨʘʮʠʷ ʥʘʩʳʱʝʥʥʦʛʦ ʨʘʩʪʚʦʨʘ 4P ʧʦʯʪʠ ʚ 50 ʨʘʟ ʥʠʞʝ, ʯʝʤ ʜʣʷ 3P. 

ʀʩʧʦʣʴʟʦʚʘʥʠʝ DIC-ʧʨʠʟʤʳ ʅʦʤʘʨʩʢʦʛʦ ʚ ʨʝʞʠʤʝ ʩʲʝʤʢʠ ʧʦʟʚʦʣʠʣʦ 

ʪʘʢʞʝ ʥʘʙʣʶʜʘʪʴ ʚ ʨʝʞʠʤʝ ʨʝʘʣʴʥʦʛʦ ʚʨʝʤʝʥʠ ʨʦʩʪʦʚʫʶ ʘʢʪʠʚʥʦʩʪʴ ʥʘ ʚʝʨʭʥʝʡ 

ʛʨʘʥʠ ʢʨʠʩʪʘʣʣʘ 3P (ʨʠʩʫʥʦʢ 3.49, ʘ). ʅʘ ʚʝʨʭʥʝʡ ʛʨʘʥʠ ʢʨʠʩʪʘʣʣʘ ʦʪʤʝʯʝʥʳ 

ʤʘʢʨʦʩʪʫʧʝʥʠ ʨʦʩʪʘ S1, S2 ʠ S3, ʪʘʥʛʝʥʮʠʘʣʴʥʦʝ ʜʚʠʞʝʥʠʝ ʢʦʪʦʨʳʭ ʧʦ 

ʧʦʚʝʨʭʥʦʩʪʠ ʢʨʠʩʪʘʣʣʘ ʚ ʥʘʙʣʶʜʘʝʤʦʤ ʠʥʪʝʨʚʘʣʝ ʚʨʝʤʝʥʠ ʧʨʦʠʩʭʦʜʠʪ ʩʦ 

ʩʨʝʜʥʝʡ ʩʢʦʨʦʩʪʴʶ vŰ = 240 ʤʢʤ/ʤʠʥ, ʪ. ʝ. ʙʦʣʝʝ ʯʝʤ ʚ 7 ʨʘʟ ʧʨʝʚʳʰʘʶʱʝʡ 

ʥʦʨʤʘʣʴʥʫʶ ʩʢʦʨʦʩʪʴ ʨʦʩʪʘ ʙʦʢʦʚʳʭ ʛʨʘʥʝʡ. 

ʀʩʧʦʣʴʟʫʷ ʧʦʣʫʯʝʥʥʳʝ ʚ ʭʦʜʝ in situ ʠʩʩʣʝʜʦʚʘʥʠʷ ʨʦʩʪʦʚʳʝ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʢʨʠʩʪʘʣʣʘ 3ʈ (ʨʠʩʫʥʦʢ 3.49, ʘ,ʚ), ʧʨʦʚʝʜʝʤ ʦʮʝʥʢʫ ʥʦʨʤʘʣʴʥʦʡ 

ʩʢʦʨʦʩʪʠ ʨʦʩʪʘ ʨʘʟʚʠʪʦʡ ʛʨʘʥʠ (001), ʘ ʪʘʢʞʝ ʜʠʘʧʘʟʦʥʘ ʚʳʩʦʪʳ h 

ʤʘʢʨʦʩʪʫʧʝʥʝʡ ʥʘ ʥʝʡ. ɼʣʷ ʘʥʘʣʠʟʘ ʫʯʪʝʤ, ʯʪʦ ʧʦʢʘʟʘʪʝʣʴ ʘʥʠʟʦʪʨʦʧʠʠ ʨʦʩʪʘ ɕ 

ʠʟ ʨʘʩʪʚʦʨʦʚ ʢʨʠʩʪʘʣʣʦʚ 3ʈ, ʦʧʨʝʜʝʣʷʝʤʳʡ ʢʘʢ ʦʪʥʦʰʝʥʠʝ ʪʦʣʱʠʥʳ ʢʨʠʩʪʘʣʣʘ 

H ʢ ʝʛʦ ʜʣʠʥʝ L ʠʣʠ ʩʢʦʨʦʩʪʝʡ ʨʦʩʪʘ ʚ ʧʣʦʩʢʦʩʪʠ (001) - VL ʠ ʥʦʨʤʘʣʴʥʦ ʢ ʥʝʡ - 

VH, ʩʫʜʷ ʧʦ ʧʨʦʚʝʜʝʥʥʦʡ ʩʝʨʠʠ ʨʦʩʪʦʚʳʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ (ʪʘʙʣ. 3.10), ʥʘʭʦʜʠʪʩʷ 

ʚ ʜʠʘʧʘʟʦʥʝ: 

H

L

VH

L V
z= = =10

-3 
õ 10

-2
.  

ʅʦʨʤʘʣʴʥʫʶ ʩʢʦʨʦʩʪʴ ʨʦʩʪʘ ʛʨʘʥʠ (001) ʢʨʠʩʪʘʣʣʘ 3P ʦʧʨʝʜʝʣʠʤ ʩ 

ʧʦʤʦʱʴʶ ʚʳʨʘʞʝʥʠʷ  

VH å hĀvŰ /ȿ,      (3.6) 

ʛʜʝ ȿ å 100 ʤʢʤ ï ʨʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʤʠ ʩʪʫʧʝʥʷʤʠ ʨʦʩʪʘ ({Si}, 

ʨʠʩʫʥʦʢ 3.49, ʘ) [232]. ʇʨʝʜʩʪʘʚʠʤ ʚʳʩʦʪʫ ʤʘʢʨʦʩʪʫʧʝʥʠ ʨʦʩʪʘ ʚ ʚʠʜʝ h = 

h001ĀN001, ʛʜʝ h001 = 1.36 ʥʤ [207] ï ʚʳʩʦʪʘ ʵʣʝʤʝʥʪʘʨʥʦʡ ʩʪʫʧʝʥʠ ʠʣʠ ʤʦʥʦʩʣʦʷ, 

N001 ï ʢʦʣʠʯʝʩʪʚʦ ʤʦʥʦʩʣʦʝʚ, ʩʦʩʪʘʚʣʷʶʱʠʭ ʚʳʩʦʪʫ ʤʘʢʨʦʩʪʫʧʝʥʠ. ʊʦʛʜʘ 
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Ö
.     (3.7) 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʜʣʷ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʟʥʘʯʝʥʠʷ ɕ = 10
-2
 ʠʤʝʝʤ N001 = 105 

ʤʦʥʦʩʣʦʝʚ ʠʣʠ h = 144 ʥʤ, ʘ ʜʣʷ ʤʠʥʠʤʘʣʴʥʦʛʦ ʟʥʘʯʝʥʠʷ ɕ = 10
-3
 ï N001 å 10 

ʤʦʥʦʩʣʦʝʚ ʠʣʠ h = 14.4 ʥʤ. ɺ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʤ ʜʠʘʧʘʟʦʥʝ ʢʦʵʬʬʠʮʠʝʥʪʘ 

ʘʥʠʟʦʪʨʦʧʠʠ ʨʦʩʪʘ ʩʢʦʨʦʩʪʴ ʥʘʨʘʱʠʚʘʥʠʷ ʪʦʣʱʠʥʳ ʢʨʠʩʪʘʣʣʦʚ ʤʦʞʝʪ 

ʠʟʤʝʥʷʪʴʩ ̫ʚ ʧʨʝʜʝʣʘʭ ʦʪ 34 ʜʦ 340 ʥʤ/ʤʠʥ. ɽʩʣʠ ʚʳʩʦʪʘ ʩʪʫʧʝʥʠ ʨʦʩʪʘ ʥʘ 

ʧʦʚʝʨʭʥʦʩʪʠ ʨʘʟʚʠʪʦʡ ʛʨʘʥʠ (001) ʢʨʠʩʪʘʣʣʘ 3P ʙʫʜʝʪ ʩʦʦʪʚʝʪʩʪʚʦʚʘʪʴ ʦʜʥʦʤʫ 

ʤʦʥʦʩʣʦʶ (N001 = 1), ʪʦ ʦʮʝʥʢʘ ʧʦʢʘʟʘʪʝʣʷ ʘʥʠʟʦʪʨʦʧʠʠ ʨʦʩʪʘ, ʚʳʧʦʣʥʝʥʥʘʷ ʩ 

ʧʦʤʦʱʴʶ (3.7), ʜʘʩʪ ʟʥʘʯʝʥʠʝ ɕ ~ 10
-4
. 

ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʦʩʦʙʝʥʥʦʩʪʝʡ ʨʦʩʪʘ ʢʨʠʩʪʘʣʣʦʚ ʧʘʨʘ- 

ʢʚʠʥʢʠʬʝʥʠʣʘ ʠʟ ʨʘʩʪʚʦʨʦʚ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ [A5]. ɼʘʥʥʦʝ ʩʦʝʜʠʥʝʥʠʝ ʚ 

ʥʦʨʤʘʣʴʥʳʭ ʫʩʣʦʚʠʷʭ ʠʤʝʝʪ ʨʘʩʪʚʦʨʠʤʦʩʪʴ ʤʝʥʝʝ 0.1 ʛ/ʣ, ʯʪʦ ʩʫʱʝʩʪʚʝʥʥʦ 

ʟʘʪʨʫʜʥʷʝʪ ʧʦʣʫʯʝʥʠʝ ʢʨʠʩʪʘʣʣʦʚ ʩʘʥʪʠʤʝʪʨʦʚʦʛʦ ʤʘʩʰʪʘʙʘ. ɼʣʷ ʜʦʩʪʠʞʝʥʠʷ 

ʫʜʦʚʣʝʪʚʦʨʠʪʝʣʴʥʦʡ ʨʘʩʪʚʦʨʠʤʦʩʪʠ ʩʦʝʜʠʥʝʥʠʷ, ʧʦʟʚʦʣʷʶʱʝʡ ʚʳʨʘʱʠʚʘʪʴ 

ʢʨʠʩʪʘʣʣʳ ʪʨʝʙʫʝʤʦʛʦ ʨʘʟʤʝʨʘ, ʥʝʦʙʭʦʜʠʤʦ ʥʘʛʨʝʚʘʪʴ ʨʘʩʪʚʦʨ ʟʥʘʯʠʪʝʣʴʥʦ 

ʚʳʰʝ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʳ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʙʳʣ ʧʨʠʤʝʥʝʥ ʤʝʪʦʜ ʤʝʜʣʝʥʥʦʛʦ 

ʠʟʦʭʦʨʥʦʛʦ ʦʭʣʘʞʜʝʥʠʷ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʥʘʛʨʝʪʦʛʦ ʨʘʩʪʚʦʨʘ. ɺ ʢʘʯʝʩʪʚʝ 

ʨʘʩʪʚʦʨʠʪʝʣʷ ʙʳʣ ʠʩʧʦʣʴʟʦʚʘʥ ʭʣʦʨʙʝʥʟʦʣ ʩ ʪʝʤʧʝʨʘʪʫʨʦʡ ʢʠʧʝʥʠʷ 130Áʉ. 

ʇʨʝʜʚʘʨʠʪʝʣʴʥʦ ʨʘʩʪʚʦʨ ʦʣʠʛʦʤʝʨʘ ʩ ʥʘʯʘʣʴʥʦʡ ʢʦʥʮʝʥʪʨʘʮʠʝʡ 0.4 ʛ/ʣ 

ʛʦʪʦʚʠʣʠ ʚ ʩʪʝʢʣʷʥʥʦʡ ʚʠʘʣʝ ʦʙʲʝʤʦʤ 20 ʤʣ ʚ ʪʝʯʝʥʠʝ 2 ʯʘʩʦʚ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 

50õ60Áʉ ʚ ʫʣʴʪʨʘʟʚʫʢʦʚʦʡ ʚʘʥʥʝ PCB-2835-05. ɺ ʨʝʟʫʣʴʪʘʪʝ ʚʩʝ ʚʝʱʝʩʪʚʦ 

ʧʦʣʥʦʩʪʴʶ ʥʝ ʨʘʩʪʚʦʨʷʣʦʩʴ, ʥʦ ʧʨʠ ʵʪʦʤ ʙr ʣʦ ʤʝʣʢʦ ʜʠʩʧʝʨʛʠʨʦʚʘʥʦ. ɿʘʪʝʤ 

ʨʘʩʪʚʦʨ ʧʨʦʛʨʝʚʘʣʠ ʜʦ 120 Áʉ ʠ ʚʳʜʝʨʞʠʚʘʣʠ ʚ ʪʝʯʝʥʠʝ ʜʚʫʭ ʯʘʩʦʚ, ʧʦʢʘ 

ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʡ ʦʩʘʜʦʢ ʥʘ ʜʥʝ ʨʦʩʪʦʚʦʛʦ ʩʦʩʫʜʘ ʧʦʣʥʦʩʪʴʶ ʥʝ ʨʘʩʪʚʦʨʷʣʩʷ. 

ʇʦʩʣʝ ʵʪʦʛʦ ʩʪʝʢʣʷʥʥʳʡ ʩʦʩʫʜ ʩ ʨʘʩʪʚʦʨʦʤ 5P ʤʝʜʣʝʥʥʦ ʦʩʪʳʚʘʣ ʚʥʫʪʨʠ 

ʨʦʩʪʦʚʦʡ ʧʝʯʠ ʩʦ ʩʢʦʨʦʩʪʴʶ 0.1 Áʉ/ʯ ʚ ʪʝʯʝʥʠʝ 30 ʩʫʪʦʢ. ɹʳʣʦ ʧʨʦʚʝʜʝʥʦ 

ʥʝʩʢʦʣʴʢʦ ʨʦʩʪʦʚʳʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʢʦʪʦʨʳʭ ʥʘ ʜʥʝ ʨʦʩʪʦʚʦʛʦ 

ʩʦʩʫʜʘ ʙʳʣʠ ʦʙʥʘʨʫʞʝʥʳ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʝ ʧʣʝʥʢʠ 5P ʩʘʥʪʠʤʝʪʨʦʚʦʛʦ 
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ʤʘʩʰʪʘʙʘ. ʈʘʟʤʝʨʳ ʥʘʠʙʦʣʝʝ ʢʨʫʧʥʳʭ ʦʙʨʘʟʮʦʚ ʢʨʠʩʪʘʣʣʦʚ ʙʳʣʠ ʦʛʨʘʥʠʯʝʥʳ 

ʜʠʘʤʝʪʨʦʤ ʚʠʘʣʳ 22 ʤʤ (ʨʠʩʫʥʦʢ 3.50).  

 

ʈʠʩʫʥʦʢ 3.50 - ʂʨʠʩʪʘʣʣʠʯʝʩʢʠʝ ʧʣʝʥʢʠ 5P ʥʘ ʜʥʝ ʩʪʝʢʣʷʥʥʦʛʦ ʩʦʩʫʜʘ ʩ ʨʘʩʪʚʦʨʦʤ 

ʭʣʦʨʙʝʥʟʦʣʘ ʧʦʩʣʝ ʨʦʩʪʦʚʦʛʦ ʮʠʢʣʘ (ʋʌ ʦʩʚʝʱʝʥʠʝ) 

ʋʚʝʣʠʯʝʥʥʳʝ ʠʟʦʙʨʘʞʝʥʠʷ ʢʨʠʩʪʘʣʣʦʚ 5ʈ ʠ ʦʩʦʙʝʥʥʦʩʪʠ ʤʦʨʬʦʣʦʛʠʠ ʠʭ 

ʧʦʚʝʨʭʥʦʩʪʠ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʨʠʩʫʥʢʝ 3.51. ʅʘ ʨʠʩʫʥʢʝ 3.51, ʘ ʧʨʝʜʩʪʘʚʣʝʥ ʨʷʜ 

ʢʨʫʧʥʳʭ ʩʨʦʩʪʢʦʚ ʢʨʠʩʪʘʣʣʦʚ ʧʨʠ ʋʌ ʦʩʚʝʱʝʥʠʠ. ʆʪʜʝʣʴʥʳʝ ʤʦʥʦʢʨʠʩʪʘʣʣʳ 

ʠʤʝʣʠ ʬʦʨʤʫ ʧʘʨʘʣʣʝʣʦʛʨʘʤʤʘ ʩ ʚʥʫʪʨʝʥʥʠʤʠ ʫʛʣʘʤʠ å 69,5Á ʠ å 110,5Á 

(ʨʠʩʫʥʦʢ 3.51, ʙ, ʚ). ʇʦʣʫʯʝʥʦ ʦʧʪʠʯʝʩʢʦʝ ʤʠʢʨʦʠʟʦʙʨʘʞʝʥʠʝ ʚ ʧʨʦʭʦʜʷʱʠʭ 

ʣʫʯʘʭ ʧʨʠ ʩʢʨʝʱʝʥʥʳʭ ʧʦʣʷʨʠʟʘʪʦʨʘʭ ʤʦʥʦʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʧʣʝʥʢʠ ʜʣʠʥʦʡ 

435 ʤʢʤ ʠ ʪʦʣʱʠʥʦʡ ʦʢʦʣʦ 6.5 ʤʢʤ, ʜʝʤʦʥʩʪʨʠʨʫʶʱʝʝ ʦʜʥʦʨʦʜʥʫʶ ʠ ʛʣʘʜʢʫʶ 

ʧʦʚʝʨʭʥʦʩʪʴ ʧʣʝʥʢʠ (ʨʠʩʫʥʦʢ 3.51, ʙ). ʅʘ ʥʝʢʦʪʦʨʳʭ ʤʦʥʦʢʨʠʩʪʘʣʣʘʭ 

ʥʘʙʣʶʜʘʣʠʩʴ ʷʨʢʦ ʚʳʨʘʞʝʥʥʳʭ ʜʠʩʣʦʢʘʮʠʦʥʥʳʝ ʨʦʩʪʦʚʳʝ ʭʦʣʤʠʢʠ. ʊʘʢʦʡ 

ʢʨʠʩʪʘʣʣ ʧʨʝʜʩʪʘʚʣʝʥ ʥʘ ʨʠʩʫʥʢʘʭ 3.51, ʚ-ʜ. ɼʣʠʥʘ ʝʛʦ ʥʘʠʙʦʣʴʰʝʡ ʩʪʦʨʦʥʳ 

1.65 ʤʤ, ʩʨʝʜʥʷʷ ʪʦʣʱʠʥʘ ʦʢʦʣʦ 120 ʤʢʤ. ʅʘ ʛʨʘʥʠ (001) ʵʪʦʛʦ ʢʨʠʩʪʘʣʣʘ 

ʥʘʙʣʶʜʘʶʪʩʷ ʭʦʣʤʠʢʠ ʚʳʩʦʪʦʡ ʜʦ 9 ʤʢʤ, ʚ ʟʥʘʯʠʪʝʣʴʥʦʡ ʩʪʝʧʝʥʠ ʚʳʪʷʥʫʪʳʝ 

ʚʜʦʣʴ ʢʨʠʩʪʘʣʣʦʛʨʘʬʠʯʝʩʢʠʭ ʥʘʧʨʘʚʣʝʥʠʡ ʨʦʩʪʘ (ʨʠʩʫʥʦʢ 3.51, ʛ), ʢʦʪʦʨʳʝ 

ʠʥʦʛʜʘ ʩʦʩʝʜʩʪʚʫʶʪ ʩ ʜʝʥʜʨʠʪʥʳʤʠ ʦʙʨʘʟʦʚʘʥʠʷʤʠ (ʨʠʩʫʥʦʢ 3.51, ʜ). 



134 

 

 

ʈʠʩʫʥʦʢ 3.51 - ʂʨʠʩʪʘʣʣʳ ʧʘʨʘ-ʢʚʠʥʢʠʬʝʥʠʣʘ, ʚʳʨʘʱʝʥʥʳʝ ʠʟ ʨʘʩʪʚʦʨʘ: a - ʛʨʫʧʧʘ 

ʢʨʠʩʪʘʣʣʦʚ ʧʦʜ ʋʌ ʦʩʚʝʱʝʥʠʝʤ; ʙ - ʦʧʪʠʯʝʩʢʦʝ ʤʠʢʨʦʠʟʦʙʨʘʞʝʥʠʝ ʪʦʥʢʦʛʦ ʤʦʥʦʢʨʠʩʪʘʣʣʘ 

ʚ ʧʨʦʭʦʜʷʱʝʤ ʩʚʝʪʝ ʧʨʠ ʩʢʨʝʱʝʥʥʳʭ ʧʦʣʷʨʠʟʘʪʦʨʘʭ; ʚ - ʦʧʪʠʯʝʩʢʦʝ ʤʠʢʨʦʠʟʦʙʨʘʞʝʥʠʝ 

ʫʪʦʣʱʝʥʥʦʛʦ ʤʦʥʦʢʨʠʩʪʘʣʣʘ ʚ ʦʪʨʘʞʝʥʥʦʤ ʩʚʝʪʝ; ʛ, ʜ - ʫʚʝʣʠʯʝʥʥʳʝ ʢʦʥʬʦʢʘʣʴʥʳʝ 

ʤʠʢʨʦʠʟʦʙʨʘʞʝʥʠʷ ʫʯʘʩʪʢʦʚ ʢʨʠʩʪʘʣʣʘ, ʦʪʤʝʯʝʥʥʳʭ ʩʪʨʝʣʢʘʤʠ ç1è (ʛ) ʠ ç2è (ʜ) ʥʘ 

ʠʟʦʙʨʘʞʝʥʠʠ (ʚ); ʝ - ʦʧʪʠʯʝʩʢʦʝ ʤʠʢʨʦʠʟʦʙʨʘʞʝʥʠʝ ʚ ʦʪʨʘʞʝʥʥʦʤ ʩʚʝʪʝ (ʬʘʟʦʚʳʡ ʢʦʥʪʨʘʩʪ) 

ʧʦʚʝʨʭʥʦʩʪʠ ʢʨʠʩʪʘʣʣʘ ʩ ʩʝʪʴʶ ʜʝʥʜʨʠʪʥʳʭ ʥʘʨʦʩʪʦʚ 

ʂʘʢ ʠ ʜʣʷ ʚʳʨʘʱʝʥʥʳʭ ʠʟ ʨʘʩʪʚʦʨʦʚ ʢʨʠʩʪʘʣʣʦʚ 3P (ʨʠʩʫʥʦʢ 3.41, ʝ) ʠ 4P 

(ʨʠʩʫʥʦʢ 3.43, ʚ), ʫʜʣʠʥʝʥʥʳʝ ʢʨʝʩʪʦʚʠʜʥʳʝ ʥʘʨʦʩʪʳ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ 

ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʧʣʝʥʦʢ 5P ʩʘʥʪʠʤʝʪʨʦʚʦʛʦ ʤʘʩʰʪʘʙʘ ʚ ʥʝʢʦʪʦʨʳʭ ʩʣʫʯʘʷʭ 

ʦʙʨʘʟʫʶʪ ʨʘʟʚʝʪʚʣʝʥʥʫʶ ʜʝʥʜʨʠʪʥʫʶ ʩʝʪʴ (ʨʠʩʫʥʦʢ 3.51, ʝ).  

ʇʨʦʚʝʜʝʥ ʨʷʜ ʦʧʳʪʦʚ ʧʦ ʚʳʨʘʱʠʚʘʥʠʶ ʢʨʠʩʪʘʣʣʦʚ 6P ʠʟ ʨʘʩʪʚʦʨʦʚ 3ʍɹ 

ʤʝʪʦʜʦʤ ʤʝʜʣʝʥʥʦʛʦ ʠʟʦʭʦʨʠʯʝʩʢʦʛʦ ʦʭʣʘʞʜʝʥʠʷ. ʈʘʩʪʚʦʨʳ ʩ ʢʦʥʮʝʥʪʨʘʮʠʝʡ 

ʚʝʱʝʩʪʚʘ 0.5 ʛ/ʣ ʩʧʝʨʚʘ ʚʳʜʝʨʞʠʚʘʣʠ ʚ ʪʝʯʝʥʠʝ ʥʝʩʢʦʣʴʢʠʭ ʯʘʩʦʚ ʧʨʠ 

ʪʝʤʧʝʨʘʪʫʨʝ 170 Áʉ ʧʦʢʘ ʤʝʣʢʦʢʨʠʩʪʘʣʣʠʯʝʩʢʠʡ ʦʩʘʜʦʢ ʧʦʣʥʦʩʪʴʶ ʥʝ 
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ʨʘʩʪʚʦʨʠʣʩʷ. ɿʘʪʝʤ ʨʘʩʪʚʦʨ ʦʭʣʘʞʜʘʣʠ ʩʦ ʩʢʦʨʦʩʪʴʶ 0.1 Áʉ/ʯ. ʂ ʩʦʞʘʣʝʥʠʶ, 

ʧʦʧʳʪʢʠ ʚʳʨʘʩʪʠʪʴ ʢʨʠʩʪʘʣʣʳ 6P ʨʘʟʤʝʨʦʤ ʙʦʣʝʝ 1 ʤʤ ʧʦʢʘ ʥʝ ʫʚʝʥʯʘʣʠʩʴ 

ʫʩʧʝʭʦʤ ʠʟ-ʟʘ ʥʝʩʪʘʙʠʣʴʥʦʩʪʠ ʨʘʩʪʚʦʨʦʚ: ʧʨʠ ʦʭʣʘʞʜʝʥʠʠ ʜʦ 120 õ 150Áʉ ʚ 

ʦʙʲʝʤʝ ʨʘʩʪʚʦʨʘ ʥʘʙʣʶʜʘʣʦʩʴ ʤʘʩʩʦʚʦʝ ʚʳʧʘʜʝʥʠʝ ʤʝʣʢʠʭ ʢʨʠʩʪʘʣʣʦʚ (ʨʠʩʫʥʦʢ 

3.52, ʘ).  

 

ʈʠʩʫʥʦʢ 3.52 - ʂʨʠʩʪʘʣʣʳ ʧʘʨʘ-ʩʝʢʩʠʬʝʥʠʣʘ, ʚʳʨʘʱʝʥʥʳʝ ʠʟ ʨʘʩʪʚʦʨʘ: ʦʧʪʠʯʝʩʢʠʝ 

ʠʟʦʙʨʘʞʝʥʠʷ (ʚ ʦʪʨʘʞʝʥʥʳʭ ʣʫʯʘʭ) ʩʢʦʧʣʝʥʠʷ ʢʨʠʩʪʘʣʣʦʚ, ʠʟʚʣʝʯʝʥʥʳʭ ʠʟ ʦʙʲʝʤʘ ʨʘʩʪʚʦʨʘ 

(ʘ) ʠ ʦʪʜʝʣʴʥʦʛʦ ʧʣʦʩʢʦʛʦ ʢʨʠʩʪʘʣʣʘ (ʙ); ʢʦʥʬʦʢʘʣʴʥʳʝ ʠʟʦʙʨʘʞʝʥʠʷ ʢʨʠʩʪʘʣʣʦʚ ʪʦʣʱʠʥʦʡ 

70 ʥʤ (ʚ) ʠ 1.1 ʤʢʤ (ʛ)  

ʅʘ ʨʠʩʫʥʢʝ 3.52 ʧʨʝʜʩʪʘʚʣʝʥʳ ʢʨʠʩʪʘʣʣʳ 6P, ʠʟʚʣʝʯʝʥʥʳʝ ʠʟ ʨʘʩʪʚʦʨʘ ʥʘ 

ʧʦʢʨʦʚʥʦʝ ʩʪʝʢʣʦ. ʄʥʦʛʠʝ ʠʟ ʥʠʭ ʠʤʝʶʪ ʬʦʨʤʫ ʧʘʨʘʣʣʝʣʦʛʨʘʤʤʘ ʩ 

ʚʥʫʪʨʝʥʥʠʤʠ ʫʛʣʘʤʠ å 69,5Á ʠ å 110,5Á (ʨʠʩʫʥʦʢ 3.52, ʙ,ʚ). ʉʘʤʳʝ ʙʦʣʴʰʠʝ 

ʢʨʠʩʪʘʣʣʳ ʠʤʝʣʠ ʜʣʠʥʫ L =  200 ʤʢʤ. ʄʝʣʢʠʝ ʧʣʦʩʢʠʝ ʢʨʠʩʪʘʣʣʳ ʩ ʛʣʘʜʢʦʡ 

ʧʦʚʝʨʭʥʦʩʪʴʶ (ʨʠʩʫʥʦʢ 3.52, ʙ ʠ ʚ) ʙʳʣʠ ʥʝ ʪʦʣʱʝ 100 ʥʤ. ɼʣʷ ʥʠʭ 

ʢʦʵʬʬʠʮʠʝʥʪ ʘʥʠʟʦʪʨʦʧʠʠ ʬʦʨʤʳ ɕ = (H/L) ~ 10
-4
. ʅʘ ʧʦʚʝʨʭʥʦʩʪʠ ʥʝʢʦʪʦʨʳʭ 

ʢʨʠʩʪʘʣʣʦʚ ʥʘʙʣʶʜʘʣʠʩʴ ʭʦʣʤʠʢʠ ʨʦʩʪʘ (ʨʠʩʫʥʦʢ 3.52, ʛ). ʊʦʣʱʠʥʘ ʪʘʢʠʭ 

ʢʨʠʩʪʘʣʣʦʚ ʜʦʩʪʠʛʘʣʘ 1-2 ʤʢʤ, ʘ ʠʭ ʢʦʵʬʬʠʮʠʝʥʪ ʘʥʠʟʦʪʨʦʧʠʠ ʬʦʨʤʳ ɕ~ 10
-2
. 
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3.2.3. ɺʳʨʘʱʠʚʘʥʠʝ ʢʨʠʩʪʘʣʣʦʚ ʤʝʪʦʜʦʤ ʇʌʊ ʚ ʛʨʘʜʠʝʥʪʥʦʤ 

ʪʝʤʧʝʨʘʪʫʨʥʦʤ ʧʦʣʝ 

ʉʚʝʜʝʥʠʷ ʧʦ ʚʳʨʘʱʠʚʘʥʠʶ ʥʘʠʙʦʣʝʝ ʢʨʫʧʥʳʭ ʦʙʨʘʟʮʦʚ ʢʨʠʩʪʘʣʣʦʚ 

ʣʠʥʝʡʥʳʭ ʦʣʠʛʦʬʝʥʠʣʝʥʦʚ ʚ ʫʩʣʦʚʠʷʭ ʛʨʘʜʠʝʥʪʥʦʛʦ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʧʦʣʷ (ʟʘ 

ʠʩʢʣʶʯʝʥʠʝʤ ʜʠʬʝʥʠʣʘ) ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣʠʮʝ 3.12. 

ɺ ʨʷʜʫ ʣʠʥʝʡʥʳʭ ʦʣʠʛʦʬʝʥʠʣʝʥʦʚ ʧʦʣʫʯʝʥʠʝ ʢʨʠʩʪʘʣʣʦʚ ʜʠʬʝʥʠʣʘ 

ʩʘʥʪʠʤʝʪʨʦʚʦʛʦ ʤʘʩʰʪʘʙʘ ʥʘʠʙʦʣʝʝ ʣʝʛʢʦ ʦʩʫʱʝʩʪʚʠʤʦ. ʈʦʩʪ ʢʨʠʩʪʘʣʣʦʚ 

ʜʘʥʥʦʛʦ ʚʝʱʝʩʪʚʘ ʤʦʞʝʪ ʧʨʦʠʩʭʦʜʠʪʴ ʝʩʪʝʩʪʚʝʥʥʳʤ ʦʙʨʘʟʦʤ ʧʨʠ ʢʦʤʥʘʪʥʦʡ 

ʪʝʤʧʝʨʘʪʫʨʝ ʚʥʫʪʨʠ ʛʝʨʤʝʪʠʯʥʦʡ ʝʤʢʦʩʪʠ ʟʘ ʩʯʝʪ ʚʦʟʛʦʥʢʠ ʠʟ 

ʧʦʣʠʢʨʠʩʪʘʣʣʠʯʝʩʢʦʛʦ ʧʦʨʦʰʢʘ ʠ ʧʦʩʣʝʜʫʶʱʝʛʦ ʦʩʘʞʜʝʥʠʷ ʥʘ ʙʦʢʦʚʳʭ 

ʩʪʝʥʢʘʭ ʠ ʢʨʳʰʢʝ ʩʦʩʫʜʘ. ʅʘʧʨʠʤʝʨ, ʥʘ ʨʠʩʫʥʢʝ 3.53, ʘ ʧʨʠʚʝʜʝʥʳ ʦʙʨʘʟʮʳ 

ʤʦʥʦʢʨʠʩʪʘʣʣʦʚ ʜʠʬʝʥʠʣʘ, ʩʬʦʨʤʠʨʦʚʘʥʥʳʭ ʧʨʠ 0C ʚ ʪʝʯʝʥʠʝ ʧʨʠʤʝʨʥʦ 

ʦʜʥʦʛʦ ʤʝʩʷʮʘ ʥʘ ʩʪʝʥʢʘʭ ʩʦʩʫʜʘ ʩ ʭʨʘʥʷʱʠʤʩʷ ʚ ʥʝʤ ʚʝʱʝʩʪʚʦʤ. ʂʨʠʩʪʘʣʣʳ 

ʠʤʝʶʪ ʦʛʨʘʥʢʫ, ʜʦʩʪʠʛʘʶʪ ʚ ʜʣʠʥʫ 5 ʤʤ ʠ 1 ʤʤ ʧʦ ʪʦʣʱʠʥʝ. ʅʘ ʦʪʢʨʳʪʦʤ 

ʚʦʟʜʫʭʝ ʢʨʠʩʪʘʣʣʳ 2P ʜʦʩʪʘʪʦʯʥʦ ʙʳʩʪʨʦ ʠʩʧʘʨʷʶʪʩʷ. ʇʨʠ ʙʦʣʝʝ ʚʳʩʦʢʦʡ 

ʪʝʤʧʝʨʘʪʫʨʝ ʢʨʠʩʪʘʣʣʳ ʜʠʬʝʥʠʣʘ ʘʥʘʣʦʛʠʯʥʦʛʦ ʨʘʟʤʝʨʘ ʬʦʨʤʠʨʫʶʪʩʷ ʙʳʩʪʨʝʝ. 

ʅʘʧʨʠʤʝʨ, ʧʨʠ ʚʦʟʛʦʥʢʝ ʚʝʱʝʩʪʚʘ ʚʥʫʪʨʠ ʩʪʝʢʣʷʥʥʦʡ ʚʠʘʣʳ, 

ʪʝʨʤʦʩʪʘʪʠʨʦʚʘʥʥʦʡ ʧʨʠ 45 ÁC ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʝ ʧʣʘʩʪʠʥʢʠ ʪʦʣʱʠʥʦʡ ʜʦ 200 

ʤʢʤ ʠ ʚ ʜʣʠʥʫ ʩʦʠʟʤʝʨʠʤʳʝ ʩ ʜʠʘʤʝʪʨʦʤ ʚʠʘʣʳ (22 ʤʤ) ʚʳʨʘʩʪʘʶʪ ʚ ʪʝʯʝʥʠʝ 

ʩʫʪʦʢ (ʨʠʩʫʥʦʢ 3.53, ʙ).  

ʊʘʙʣʠʮʘ 3.12 - ʇʘʨʘʤʝʪʨʳ ʨʦʩʪʘ ʢʨʠʩʪʘʣʣʦʚ ʣʠʥʝʡʥʳʭ ʦʣʠʛʦʬʝʥʠʣʝʥʦʚ ʚ ʫʩʣʦʚʠʷʭ ʇʌʊ ʚ 

ʛʨʘʜʠʝʥʪʥʦʤ ʪʝʤʧʝʨʘʪʫʨʥʦʤ ʧʦʣʝ: ʊsï ʪʝʤʧʝʨʘʪʫʨʘ ʠʩʪʦʯʥʠʢʘ ʚʝʱʝʩʪʚʘ, Ű ï ʧʝʨʠʦʜ ʨʦʩʪʘ, Lm 

ʠ Hm ï ʜʣʠʥʘ ʠ ʪʦʣʱʠʥʘ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʥʘʠʙʦʣʝʝ ʢʨʫʧʥʦʛʦ ʢʨʠʩʪʘʣʣʘ ʚ ʦʧʳʪʝ, VLï ʩʨʝʜʥʷʷ 

ʣʠʥʝʡʥʘʷ ʩʢʦʨʦʩʪʴ ʨʦʩʪʘ ʥʘʠʙʦʣʝʝ ʢʨʫʧʥʦʛʦ ʚ ʦʧʳʪʝ ʢʨʠʩʪʘʣʣʘ (VL=Lm/Ű), ɕ ï ʢʦʵʬʬʠʮʠʝʥʪ 

ʘʥʠʟʦʪʨʦʧʠʠ ʨʦʩʪʘ ʢʨʠʩʪʘʣʣʦʚ (ɕ = Hm/Lm), Ŭ ï ʢʨʠʪʝʨʠʡ ɼʞʝʢʩʦʥʘ 

nP ʊs, ʂ Ű, ʯ Lm, ʤʤ Hm, ʤʢʤ VL, ʤʢʤ/ʯ ɕĬ10
4
 Ŭ ɗS, ʛʨʘʜ 

2P 318 48 22 205 458 92 29 76 

3P 438 22 18 43 818 24
 

32 79 

4P 523 48 10 20 208 20 37 81 

5P 583 64 8 15 125 19
 

44 84 

6P 618 144 3 8 21 26
 

50 - 

ʇʨʠʤʝʯʘʥʠʝ. ɗS - ʢʨʘʝʚʦʡ ʫʛʦʣ ʩʤʘʯʠʚʘʥʠʷ ʧʦʚʝʨʭʥʦʩʪʠ ʧʣʝʥʢʠ ʚʦʜʦʡ ʧʨʠ 22Áʉ. 
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ʈʠʩʫʥʦʢ 3.53 - ʂʨʠʩʪʘʣʣʳ ʣʠʥʝʡʥʳʭ ʦʣʠʛʦʬʝʥʠʣʝʥʦʚ, ʚʳʨʘʱʝʥʥʳʝ ʠʟ ʧʘʨʘ: ʘ - ʢʨʠʩʪʘʣʣʳ 

ʜʠʬʝʥʠʣʘ, ʦʙʨʘʟʦʚʘʥʥʳʝ ʧʨʠ 0 ʉ; ʙ - ʢʨʠʩʪʘʣʣʠʯʝʩʢʘʷ ʧʣʝʥʢʘ ʜʠʬʝʥʠʣʘ, ʩʬʦʨʤʠʨʦʚʘʥʥʘʷ 

ʧʨʠ 45 ʉ; ʚ - ʢʨʠʩʪʘʣʣʠʯʝʩʢʘʷ ʧʣʝʥʢʘ 3P, ʛ - ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʝ ʧʣʝʥʢʠ 4P ʧʦʜ ʋʌ ʦʩʚʝʱʝʥʠʝʤ, 

ʜ ï ʢʨʠʩʪʘʣʣʠʯʝʩʢʘʷ ʧʣʝʥʢʘ 5P, ʣʘʤʠʥʠʨʦʚʘʥʥʘʷ ʥʘ ʧʣʘʩʪʠʢʦʚʫʶ ʧʦʜʣʦʞʢʫ; ʝ - ʢʨʠʩʪʘʣʣʳ 6P 

ʧʦʜ ʋʌ ʦʩʚʝʱʝʥʠʝʤ 

ʂʨʠʩʪʘʣʣʠʯʝʩʢʠʝ ʧʣʝʥʢʠ 3P, 4P, 5P ʠ 6P, ʚʳʨʘʱʝʥʥʳʝ ʤʝʪʦʜʦʤ ʇʌʊ ʚ 

ʛʨʘʜʠʝʥʪʥʦʤ ʪʝʧʣʦʚʦʤ ʧʦʣʝ, ʠʟʦʛʥʫʪʳ ʠ ʠʤʝʶʪ ʦʢʨʫʛʣʫʶ ʙʦʢʦʚʫʶ 

ʧʦʚʝʨʭʥʦʩʪʴ. (ʨʠʩʫʥʦʢ 3.53, ʚ-ʝ) C ʨʦʩʪʦʤ ʯʠʩʣʘ ʬʝʥʠʣʴʥʳʭ ʢʦʣʝʮ ʚ ʩʪʨʫʢʪʫʨʝ 

ʤʦʣʝʢʫʣʳ ʩʫʱʝʩʪʚʝʥʥʦ ʚʦʟʨʘʩʪʘʝʪ ʨʝʩʫʨʩʦʝʤʢʦʩʪʴ ʢʨʠʩʪʘʣʣʠʟʘʮʠʦʥʥʦʛʦ 

ʧʨʦʮʝʩʩʘ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʢʨʠʩʪʘʣʣʦʚ ʩʘʥʪʠʤʝʪʨʦʚʦʛʦ ʤʘʩʰʪʘʙʘ, ʘ ʨʘʟʤʝʨʳ 

ʤʦʥʦʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʧʣʝʥʦʢ, ʢʦʪʦʨʳʝ ʫʜʘʝʪʩʷ ʚʳʨʘʩʪʠʪʴ ʤʝʪʦʜʦʤ ʇʌʊ, 

ʫʤʝʥʴʰʘʶʪʩʷ (ʪʘʙʣʠʮʘ 3.12). ʂʨʠʩʪʘʣʣʳ ʣʠʥʝʡʥʳʭ ʦʣʠʛʦʬʝʥʠʣʝʥʦʚ 

ʧʨʦʟʨʘʯʥʳʝ. ʇʨʠ ʋʌ ʦʩʚʝʱʝʥʠʠ ʢʨʠʩʪʘʣʣʳ 4ʈ, 5ʈ ʠ 6ʈ ʭʦʨʦʰʦ 

ʣʶʤʠʥʝʩʮʠʨʫʶʪ (ʦʩʦʙʝʥʥʦ 5P ʠ 6P) ʚ ʩʠʥʝʤ ʜʠʘʧʘʟʦʥʝ ʩʧʝʢʪʨʘ (ʨʠʩʫʥʦʢ 3.53, 

ʜ,ʝ). ʂʦʵʬʬʠʮʠʝʥʪ ʘʥʠʟʦʪʨʦʧʠʠ ʨʦʩʪʘ ɕ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʧʣʝʥʦʢ ʥʘʭʦʜʠʪʩʷ ʚ 

ʠʥʪʝʨʚʘʣʝ ʟʥʘʯʝʥʠʡ 10
-3
õ10

-4 
(ʪʘʙʣʠʮʘ 3.12). 

ɺ ʪʘʙʣʠʮʝ 3.12 ʧʨʠʚʝʜʝʥʳ ʦʮʝʥʦʯʥʳʝ ʟʥʘʯʝʥʠʷ ʢʨʠʪʝʨʠʷ ɼʞʝʢʩʦʥʘ Ŭ = 

ȹHs/RT (ȹHs ï ʤʦʣʷʨʥʘʷ ʵʥʪʘʣʴʧʠʷ ʩʫʙʣʠʤʘʮʠʠ (ʪʘʙʣʠʮʘ 1.2, ʨʠʩʫʥʦʢ 1.6, ʙ), R 










































































































































































