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ʉʇʀʉʆʂ ʀʉʇʆʃʔɿʋɽʄʓʍ ʉʆʂʈɸʑɽʅʀʁ 

 

CVD ï ʤʝʪʦʜ ʭʠʤʠʯʝʩʢʦʛʦ ʦʩʘʞʜʝʥʠʷ ʧʘʨʦʚ 

DOS ï ʧʣʦʪʥʦʩʪ ɹʬʦʥʦʥʥʳʭ ʩʦʩʪʦʷʥʠʡ 

ɻɿ ï ʛʨʘʥʠʮʳ ʟʝʨʝʥ 

ɻʎʂ (ʨʝʰʝʪʢʘ) ï ʛʨʘʥʝʮʝʥʪʨʠʨʦʚʘʥʥʘʷ ʢʫʙʠʯʝʩʢʘʷ (ʨʝʰʝʪʢʘ) 

ɻʇʋ (ʨʝʰʝʪʢʘ) ï ʛʝʢʩʘʛʦʥʘʣʴʥʘʷ ʧʣʦʪʥʦʫʧʘʢʦʚʘʥʥʘʷ (ʨʝʰʝʪʢʘ) 

ʄɼ ï ʤʦʣʝʢʫʣʷʨʥʘʷ ʜʠʥʘʤʠʢʘ 

ʈʉʋ ï ʨʝʰʝʪʢʘ ʩʦʚʧʘʜʘʶʱʠʭ ʫʟʣʦʚ 

ʉʊʋ (ʜʝʬʝʢʪ) ï ʉʪʦʫʥʘ-ʊʨʦʫʵʨʘ-ʋʵʡʣʩʘ (ʜʝʬʝʢʪ) 

ʊʋɼ ï ʪʝʭʥʦʣʦʛʠʷ ʫʧʨʫʛʠʭ ʜʝʬʦʨʤʘʮʠʡ 

ʋʅʊ ï ʫʛʣʝʨʦʜʥʘ ̫ʥʘʥʦʪʨʫʙʢʘ 

ʋʅʊ-ʟ ï ʫʛʣʝʨʦʜʥʘʷ ʥʘʥʦʪʨʫʙʢʘ ʦʨʠʝʥʪʘʮʠʠ ʟʠʛʟʘʛ 

ʋʅʊ-ʢ ï ʫʛʣʝʨʦʜʥʘʷ ʥʘʥʦʪʨʫʙʢʘ ʦʨʠʝʥʪʘʮʠʠ ʢʨʝʩʣʦ 
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ɺɺɽɼɽʅʀɽ 

 

ɺ ʧʦʩʣʝʜʥʠʝ ʜʚʘ ʜʝʩʷʪʠʣʝʪʠʷ ʘʢʪʠʚʥʦ ʨʘʟʚʠʚʘʶʪʩʷ ʠʩʩʣʝʜʦʚʘʥʠ ̫

ʥʘʥʦʤʘʪʝʨʠʘʣʦʚ. ɺʘʞʥʦʩʪʴ ʵʪʠʭ ʤʘʪʝʨʠʘʣʦʚ ʜʣʷ ʥʘʥʦʪʝʭʥʦʣʦʛʠʡ 

ʙʫʜʝʪ ʚʦʟʨʘʩʪʘʪʴ ʧʦ ʤʝʨʝ ʪʦʛʦ, ʢʘʢ ʤʠʥʠʘʪʶʨʠʟʘʮʠʷ ʫʩʪʨʦʡʩʪʚ ʜʣʷ 

ʢʦʤʧʴʶʪʝʨʦʚ, ʩʝʥʩʦʨʦʚ, ʙʠʦʤʝʜʠʮʠʥʳ ʠ ʜʨʫʛʠʭ ʦʙʣʘʩʪʝʡ ʙʫʜʝʪ 

ʩʪʘʥʦʚʠʪʴʩʷ ʚʩʝ ʚʘʞʥʝʝ. ʈʘʟʚʠʪʠʝ ʵʪʠʭ ʜʠʩʮʠʧʣʠʥ ʩʠʣʴʥʦ ʟʘʚʠʩʠʪ ʦʪ 

ʚʦʟʤʦʞʥʦʩʪʠ ʩʦʟʜʘʚʘʪʴ ʥʘʥʦʤʘʪʝʨʠʘʣʳ ʨʘʟʣʠʯʥʦʡ ʬʦʨʤʳ ʠ ʨʘʟʤʝʨʘ, 

ʘ ʪʘʢʞʝ ʚʦʟʤʦʞʥʦʩʪʠ ʧʨʠʤʝʥʷʪʴ ʠʭ ʚ ʢʦʤʧʣʝʢʩʝ ʜʨʫʛ ʩ ʜʨʫʛʦʤ.  

ʄʥʦʛʠʝ ʧʝʨʩʧʝʢʪʠʚ r ʩʦʚʨʝʤʝʥʥʦʡ ʥʘʥʦʪʝʭʥʦʣʦʛʠʠ ʩʚʷʟʘʥ r ʩ 

ʫʛʣʝʨʦʜʥʳʤʠ ʥʘʥʦʤʘʪʝʨʠʘʣʘʤʠ. ʋʛʣʝʨʦʜ, ʢʦʪʦʨʳʡ ʷʚʣʷʝʪʩʷ ʰʠʨʦʢʦ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʤ ʵʣʝʤʝʥʪʦʤ ʟʝʤʥʦʡ ʢʦʨʳ, ʧʨʦʷʚʣʷʝʪ ʫʥʠʢʘʣʴʥʦʝ 

ʩʚʦʡʩʪʚʦ ʧʦʣʠʤʦʨʬʠʟʤʘ, ʩʦʟʜʘʚʘ ̫ ʢʦʣʦʩʩʘʣʴʥʦʝ ʨʘʟʥʦʦʙʨʘʟʠʝ 

ʩʪʨʫʢʪʫʨ ʩ ʥʝʦʙʳʯʥʳʤʠ ʬʠʟʠʯʝʩʢʠʤʠ ʩʚʦʡʩʪʚʘʤʠ. ɽʛʦ 

ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʝ ʬʘʟʳ, ʪʘʢʠʝ ʢʘʢ ʘʣʤʘʟ ʠ ʛʨʘʬʠʪ, ʙʳʣʠ ʠʟʚʝʩʪʥʳ 

ʦʯʝʥʴ ʜʘʚʥʦ, ʘ ʩʪʨʝʤʠʪʝʣʴʥʦʝ ʨʘʟʚʠʪʠʝ ʥʘʫʢʠ ʦ ʥʘʥʦʤʘʪʝʨʠʘʣʘʭ 

ʧʨʠʚʝʣʦ ʢ ʦʪʢʨʳʪʠʶ ʥʦʚʳʭ ʥʘʥʦʩʪʨʫʢʪʫʨ, ʦʩʥʦʚʥʳʤʠ ʠʟ ʢʦʪʦʨʳʭ 

ʷʚʣʷʶʪʩʷ ʬʫʣʣʝʨʝʥ,r ʫʛʣʝʨʦʜʥʳʝ ʥʘʥʦʪʨʫʙʢʠ ʠ ʛʨʘʬʝʥ. ʕʪʠ 

ʥʘʥʦʧʦʣʠʤʦʨʬʳ ʫʛʣʝʨʦʜʘ ʦʙʣʘʜʘʶʪ ʫʥʠʢʘʣʴʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ ʧʦ 

ʩʨʘʚʥʝʥʠʶ ʩ ʪʨʘʜʠʮʠʦʥʥʳʤʠ ʤʘʪʝʨʠʘʣʘʤʠ. ʐʠʨʦʢʠʝ ʧʝʨʩʧʝʢʪʠʚʳ 

ʧʨʠʤʝʥʝʥʠʷ ʫʛʣʝʨʦʜʥʳʭ ʥʘʥʦʤʘʪʝʨʠʘʣʦʚ ʚ ʥʘʥʦʵʣʝʢʪʨʦʥʠʢʝ, 

ʙʠʦʣʦʛʠʠ, ʤʝʜʠʮʠʥʝ ʠ ʪ.ʜ. ʦʧʨʝʜʝʣʷʶʪ ʥʝʦʙʭʦʜʠʤʦʩʪ ɹ ʛʣʫʙʦʢʦʛʦ 

ʠʟʫʯʝʥʠʷ ʠʭ ʧʨʠʨʦʜʳ ʠ ʩʚʦʡʩʪʚ.  

ʅʝʩʤʦʪʨʷ ʥʘ ʪʦ, ʯʪʦ ʙʫʤ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʧʦʩʚʷʱʝʥʥʳʭ ʫʛʣʝʨʦʜʥʳʤ 

ʥʘʥʦʩʪʨʫʢʪʫʨʘʤ, ʚ ʦʩʥʦʚʥʦʤ ʩʚʷʟʘʥ ʚ ʧʦʩʣʝʜʥʠʝ ʜʝʩʷʪʠʣʝʪʠʷ ʩ 

ʛʨʘʬʝʥʦʤ ʠ ʫʛʣʝʨʦʜʥʳʤʠ ʥʘʥʦʪʨʫʙʢʘʤʠ, ʜʨʫʛʠʝ ʬʦʨʤʳ ʫʛʣʝʨʦʜʥʳʭ 

ʥʘʥʦʤʘʪʝʨʠʘʣʦʚ ʪʘʢʞʝ ʧʨʠʚʣʝʢʘʶʪ ʚʥʠʤʘʥʠʝ ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ. 

ʀʟʫʯʝʥʠʶ ʤʝʪʦʜʦʚ ʧʦʣʫʯʝʥʠʷ, ʚʦʟʤʦʞʥʦʩʪʝʡ ʧʨʠʤʝʥʝʥʠʷ ʠ, ʢʦʥʝʯʥʦ 

ʞʝ, ʩʚʦʡʩʪʚ ʨʘʟʣʠʯʥʳʭ ʧʦʣʠʤʦʨʬʦʚ ʫʛʣʝʨʦʜʘ ʠ ʥʘʥʦʤʘʪʝʨʠʘʣʦʚ ʥʘ ʠʭ 

ʦʩʥʦʚʝ ʘʢʪʠʚʥʦ ʟʘʥʠʤʘʶʪʩʷ ʠʩʩʣʝʜʦʚʘʪʝʣʠ ʢʘʢ ʚ ʈʦʩʩʠʠ, ʪʘʢ ʠ ʟʘ 

ʨʫʙʝʞʦʤ. ʅʘʧʨʠʤʝʨ, ʚ ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ ʩʠʥʪʝʟʠʨʦʚʘʥʦ ʠ ʧʨʝʜʩʢʘʟʘʥʦ 

ʦʛʨʦʤʥʦʝ ʨʘʟʥʦʦʙʨʘʟʠʝ ʥʦʚʳʭ ʥʘʥʦʬʦʨʤ ʫʛʣʝʨʦʜʘ, ʦʙʲʝʤʥʳʭ 

ʫʛʣʝʨʦʜʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʠ ʪʘʢ ʥʘʟʳʚʘʝʤʳʭ ʫʛʣʝʨʦʜ-ʫʛʣʝʨʦʜʥʳʭ 

ʥʘʥʦʢʦʤʧʦʟʠʪʦʚ. 

ʃʠʜʠʨʫʶʱʝʝ ʤʝʩʪʦ ʚ ʤʠʨʦʚʦʡ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʦʡ ʧʨʘʢʪʠʢʝ 

ʧʦʩʣʝʜʥʠʭ ʣʝʪ ʟʘʥʠʤʘʶʪ ʢʘʨʢʘʩʥʳʝ ʛʨʘʬʠʪʦʧʦʜʦʙʥʳʝ ʩʪʨʫʢʪʫʨr , 

ʬʫʣʣʝʨʝʥʳ ʠ ʥʘʥʦʪʨʫʙʢʠ, ʘ ʪʘʢʞʝ ʠʭ ʤʥʦʛʦʯʠʩʣʝʥʥʳʝ ʧʨʦʠʟʚʦʜʥʳʝ ʠ 
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ʛʨʘʬʝʥ. ʂ ʩʝʛʦʜʥʷʰʥʝʤʫ ʜʥʶ ʭʦʨʦʰʦ ʠʟʫʯʝʥʳ ʘʪʦʤʥʦʝ ʩʪʨʦʝʥʠʝ ʠ 

ʩʚʦʡʩʪʚʘ ʫʛʣʝʨʦʜʥʳʭ ʥʘʥʦʤʘʪʝʨʠʘʣʦʚ, ʧʨʝʜʣʦʞʝʥ ʠ ʯʘʩʪʠʯʥʦ 

ʨʝʘʣʠʟʦʚʘʥ ʨʷʜ ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʧʨʦʝʢʪʦʚ ʠʭ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ 

ʧʨʠʤʝʥʝʥʠʷ ʜʣʷ ʩʦʟʜʘʥʠʷ ʥʘʥʦʵʣʝʢʪʨʦʥʥʳʭ ʠ ʥʘʥʦʤʝʭʘʥʠʯʝʩʢʠʭ 

ʫʩʪʨʦʡʩʪʚ. ʆʜʥʘʢʦ, ʥʝʩʤʦʪʨʷ ʥʘ ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʧʨʦʚʦʜʠʤʳʭ 

ʠʩʩʣʝʜʦʚʘʥʠʡ, ʦʩʪʘʝʪʩʷ ʤʥʦʛʦ ʦʪʢʨʳʪʳʭ ʚʦʧʨʦʩʦʚ, ʩʚʷʟʘʥʥʳʭ ʩ 

ʩʠʥʪʝʟʦʤ ʠ ʧʨʠʤʝʥʝʥʠʝʤ ʪʘʢʠʭ ʥʘʥʦʤʘʪʝʨʠʘʣʦʚ.  

ʆʩʥʦʚʥʦʡ ʮʝʣʴʶ ʜʘʥʥʦʛʦ ʫʯʝʙʥʦʛʦ ʧʦʩʦʙʠʷ ʷʚʣʷʝʪʩʷ 

ʦʟʥʘʢʦʤʣʝʥʠʝ ʯʠʪʘʪʝʣʝʡ ʩ hʠʨʦʢʠʤ ʤʥʦʛʦʦʙʨʘʟʠʝʤ ʩʫʱʝʩʪʚʫʶʱʠʭ 

ʥʘʥʦʧʦʣʠʤʦʨʬʦʚ ʫʛʣʝʨʦʜʘ, ʠʭ ʩʚʦʡʩʪʚʘʤʠ ʠ ʧʝʨʩʧʝʢʪʠʚʘʤʠ 

ʧʨʠʤʝʥʝʥʠʷ. ʋʯʝʙʥʦʝ ʧʦʩʦʙʠʝ ʦʩʥʦʚʘʥʦ ʥʘ ʠʟʚʝʩʪʥʳʭ ʣʠʪʝʨʘʪʫʨʥʳʭ 

ʠʩʪʦʯʥʠʢʘʭ, ʘ ʪʘʢʞʝ ʥʘ ʦʨʠʛʠʥʘʣʴʥʳʭ ʨʝʟʫʣʴʪʘʪʘʭ ʘʚʪʦʨʦʚ. ʉʧʠʩʦʢ 

ʨʝʢʦʤʝʥʜʫʝʤʦʡ ʣʠʪʝʨʘʪʫʨʳ, ʧʨʠʚʝʜʝʥʥʳʡ ʚ ʢʦʥʮʝ ʫʯʝʙʥʦʛʦ ʧʦʩʦʙʠʷ, 

ʧʦʟʚʦʣʠʪ ʟʘʠʥʪʝʨʝʩʦʚʘʥʥʦʤʫ ʯʠʪʘʪʝʣʶ ʧʦʣʫʯʠʪʴ ʜʦʧʦʣʥʠʪʝʣʴʥʫʶ 

ʠʥʬʦʨʤʘʮʠʶ ʧʦ ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʤ ʚʦʧʨʦʩʘʤ. 
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ɻʃɸɺɸ 1. ʋɻʃɽʈʆɼʅʓɽ ʅɸʅʆʄɸʊɽʈʀɸʃʓ: 

ʇʆʃʋʏɽʅʀɽ, ʉʊʈʋʂʊʋʈɸ, ʌʀɿʀʏɽʉʂʀɽ ʉɺʆʁʉʊɺɸ 

 

1.1 ʇʦʣʠʤʦʨʬʳ ʫʛʣʝʨʦʜʘ: ʢʣʘʩʩʠʬʠʢʘʮʠʷ 

 

ʋʛʣʝʨʦʜ ʷʚʣʷʝʪʩʷ ʜʦʩʪʘʪʦʯʥʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʤ ʵʣʝʤʝʥʪʦʤ 

ʟʝʤʥʦʡ ʢʦʨʳ ʠ ʩʫʱʝʩʪʚʫʝʪ ʚ ʥʝʩʢʦʣʴʢʠʭ ʘʣʣʦʪʨʦʧʥʳʭ ʬʦʨʤʘʭ, 

ʬʠʟʠʯʝʩʢʠʝ ʠ ʭʠʤʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʢʦʪʦʨʳʭ ʤʝʥʷʶʪʩʷ ʚ ʰʠʨʦʢʦʤ 

ʜʠʘʧʘʟʦʥʝ. ʆʙʱʘʷ ʢʣʘʩʩʠʬʠʢʘʮʠʷ ʘʣʣʦʪʨʦʧʥʳʭ ʬʦʨʤ ʫʛʣʝʨʦʜʘ 

ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩ. 1. ɺ ʪʚʝʨʜʦʤ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʤ ʩʦʩʪʦʷʥʠʠ ʚ 

ʧʨʠʨʦʜʝ ʦʥ ʧʨʠʩʫʪʩʪʚʫʝʪ ʚ ʚʠʜʝ ʛʨʘʬʠʪʘ ʠ ʘʣʤʘʟʘ. ɸʣʤʘʟ, ʛʨʘʬʠʪ ʠ 

ʘʤʦʨʬʥʳʝ ʫʛʣʝʨʦʜʥʳʝ ʩʪʨʫʢʪʫʨʳ, ʪʘʢʠʝ ʢʘʢ ʫʛʦʣʴ, ʢʦʢʩ, 

ʩʪʝʢʣʦʫʛʣʝʨʦʜ ʠ ʪ.ʜ., ʜʦʣʛʦʝ ʚʨʝʤʷ ʙʳʣʠ ʠʟʚʝʩʪʥʳ ʢʘʢ ʝʜʠʥʩʪʚʝʥʥʳʝ 

ʘʣʣʦʪʨʦʧʳ ʫʛʣʝʨʦʜʘ. ʅʦʚʘʷ ʵʨʘ ʚ ʠʟʫʯʝʥʠʠ ʤʘʪʝʨʠʘʣʦʚ ʥʘ ʦʩʥʦʚʝ 

ʫʛʣʝʨʦʜʘ ʥʘʯʘʣʘʩʴ ʧʦʩʣʝ ʦʪʢʨʳʪʠʷ ʪʘʢʠʭ ʥʘʥʦʨʘʟʤʝʨʥʳʭ ʧʦʣʠʤʦʨʬʦʚ 

ʫʛʣʝʨʦʜʘ ʢʘʢ ʛʨʘʬʝʥ, ʫʛʣʝʨʦʜʥʳʝ ʥʘʥʦʪʨʫʙʢʠ (ʋʅʊ) ʠ ʬʫʣʣʝʨʝʥʳ 

(ʩʤ. ʨʠʩ. 2), ʢʦʪʦʨʳʝ ʧʦʢʘʟʳʚʘʶʪ ʚʳʩʦʢʫʶ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʴ, 

ʵʣʝʢʪʨʦʧʨʦʚʦʜʥʦʩʪʴ, ʫʥʠʢʘʣʴʥʳʝ ʤʝʭʘʥʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ. 

ʀʩʢʫʩʩʪʚʝʥʥʦ ʙʳʣʠ ʩʦʟʜʘʥʳ ʪʘʢʞʝ ʪʘʢʠʝ ʤʦʜʠʬʠʢʘʮʠʠ ʫʛʣʝʨʦʜʘ, ʢʘʢ 

ʢʘʨʙʠʥ, ʣʦʥʩʜʝʡʣʠʪ, ʨʘʟʣʠʯʥʳʝ ʚʠʜʳ ʥʘʥʦʘʣʤʘʟʦʚ ʠ ʪ.ʜ. ɺ 

ʙʦʣʴʰʠʥʩʪʚʝ ʩʣʫʯʘʝʚ, ʘʪʦʤʳ ʫʛʣʝʨʦʜʘ ʠʤʝʶʪ ʪʨʠ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʝ 

ʩʚʷʟʠ (ʧʦʜʦʙʥʦ ʬʨʘʛʤʝʥʪʘʤ ʨʝʰʝʪʢʠ ʛʨʘʬʠʪʘ), ʜʣʠʥʘ ʠ ʫʛʣʳ ʤʝʞʜʫ 

ʢʦʪʦʨʳʤʠ ʪʘʢʞʝ ʭʘʨʘʢʪʝʨʥʳ ʜʣʷ ʩʪʨʫʢʪʫʨʳ ʛʨʘʬʠʪʘ. ʀʟ ʨʠʩ. 2 ʚʠʜʥʦ, 

ʯʪʦ ʚ ʵʪʠʭ ʩʪʨʫʢʪʫʨʘʭ ʢʘʞʜʳʡ ʘʪʦʤ ʫʛʣʝʨʦʜʘ ʩʚʷʟʘʥ ʩ ʪʨʝʤʷ ʜʨʫʛʠʤʠ 

ʘʪʦʤʘʤʠ, ʘ ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʦʜʥʘ ʩʚʷʟʴ ʯʝʪʳʨʝʭʚʘʣʝʥʪʥʦʛʦ ʫʛʣʝʨʦʜʘ 

ʷʚʣʷʝʪʩʷ ʩʚʦʙʦʜʥʦʡ, ʠ ʝʝ ʨʘʩʧʦʣʦʞʝʥʠʝ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ ʟʘʚʠʩʠʪ ʦʪ 

ʪʦʛʦ, ʢʘʢʦʡ ʧʦʣʠʤʦʨʬ ʫʛʣʝʨʦʜʘ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ. 

ʉʧʦʩʦʙʥʦʩʪʴ ʫʛʣʝʨʦʜʘ ʩʦʝʜʠʥʷʪʴʩʷ ʩ ʩʘʤʠʤ ʩʦʙʦʡ ʠ ʩ ʜʨʫʛʠʤʠ 

ʘʪʦʤʘʤʠ ʚ ʨʘʟʣʠʯʥʳʝ ʢʦʤʙʠʥʘʮʠʠ ʮʝʧʦʯʝʢ ʠ ʘʥʩʘʤʙʣʝʡ ʷʚʣʷʝʪʩʷ 

ʦʩʥʦʚʦʡ ʜʣʷ ʩʦʟʜʘʥʠʷ ʙʦʣʴʰʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʤʦʜʠʬʠʢʘʮʠʡ 

ʫʛʣʝʨʦʜʥʳʭ ʥʘʥʦʩʪʨʫʢʪʫʨ. ʋʛʣʝʨʦʜ ʚ ʧʝʨʠʦʜʠʯʝʩʢʦʡ ʩʠʩʪʝʤʝ 

ʵʣʝʤʝʥʪʦʚ ɼ.ʀ. ʄʝʥʜʝʣʝʝʚʘ ʥʘʭʦʜʠʪʩʷ ʚ ʯʝʪʚʝʨʪʦʡ ʛʨʫʧʧʝ ʠ ʤʦʞʝʪ 

ʦʙʨʘʟʦʚʳʚʘʪʴ ʯʝʪʳʨʝ ʩʚʷʟʠ ʩ ʩʦʩʝʜʥʠʤʠ ʘʪʦʤʘʤʠ. ɺ ʫʛʣʝʨʦʜʥʳʭ 

ʤʘʪʝʨʠʘʣʘʭ ʤʦʛʫʪ ʙʳʪʴ ʨʝʘʣʠʟʦʚʘʥʳ ʜʚʘ ʦʩʥʦʚʥʳʭ ʪʠʧʘ ʩʚʷʟʝʡ: ů ʠ ́. 

ʇʝʨʚʳʝ ʦʙʨʘʟʫʶʪʩʷ ʟʘ ʩʯʝʪ ʧʝʨʝʢʨʳʪʠʷ ʵʣʝʢʪʨʦʥʥʳʭ ʦʙʣʘʢʦʚ ʚ 

ʥʘʧʨʘʚʣʝʥʠʠ ʩʚʷʟʝʡ. ʉʚʷʟʴ, ʦʙʨʘʟʫʶʱʘʷʩʷ ʟʘ ʩʯʝʪ ʙʦʢʦʚʦʛʦ 
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ʧʝʨʝʢʨʳʪʠʷ p-ʦʨʙʠʪʘʣʝʡ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦ ʣʠʥʠʠ ʩʚʷʟʝʡ, ʥʘʟʳʚʘʝʪʩʷ 

-́ʩʚʷʟʴ. ʆʥʘ ʤʝʥʝʝ ʧʨʦʯʥʘ, ʯʝʤ ů-ʩʚʷʟʴ, ʧʦʩʢʦʣʴʢʫ ʧʝʨʝʢʨʳʪʠʝ 

ʵʣʝʢʪʨʦʥʥʳʭ ʦʨʙʠʪʘʣʝʡ ʧʨʠ -́ʩʚʷʟʠ ʩʣʘʙʝʝ. ʀʤʝʥʥʦ ʧʦʵʪʦʤʫ ʩʚʷʟʴ 

ʉ=ʉ ʧʨʦʯʥʝʝ ʩʚʷʟʠ ʉïʉ ʥʝ ʚ ʜʚʘ ʨʘʟʘ, ʘ ʯʫʪʴ ʤʝʥʴʰʝ. 

ʋ ʘʪʦʤʘ ʫʛʣʝʨʦʜʘ ʩʫʱʝʩʪʚʫʝʪ ʥʝʩʢʦʣʴʢʦ ʚʘʣʝʥʪʥʳʭ ʩʦʩʪʦʷʥʠʡ, ʦʪ 

ʢʦʪʦʨʳʭ ʟʘʚʠʩʠʪ ʭʘʨʘʢʪʝʨ ʭʠʤʠʯʝʩʢʦʡ ʩʚʷʟʠ ʤʝʞʜʫ ʘʪʦʤʘʤʠ 

ʫʛʣʝʨʦʜʘ. ɺ ʦʩʥʦʚʥʦʤ, ʚ ʫʛʣʝʨʦʜʥʳʭ ʤʘʪʝʨʠʘʣʘʭ ʥʝʪ ʠʟʦʣʠʨʦʚʘʥʥʳʭ 

ʘʪʦʤʦʚ ʫʛʣʝʨʦʜʘ. ʇʦʩʣʝʜʥʠʝ ʥʝ ʪʦʣʴʢʦ ʩʚʷʟʘʥʳ ʤʝʞʜʫ ʩʦʙʦʡ, ʥʦ ʠ 

ʦʢʘʟʳʚʘʶʪ ʚʣʠʷʥʠʝ ʥʘ ʩʚʷʟʠ, ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʥʝ ʧʨʠʤʳʢʘʶʱʠʝ ʢ 

ʥʠʤ. ɺ ʪʝʪʨʘʵʜʨʠʯʝʩʢʦʡ ʤʦʜʝʣʠ, ʢʦʪʦʨʘʷ ʨʝʘʣʠʟʫʝʪʩʷ ʜʣʷ ʘʣʤʘʟʘ, 

ʯʝʪʳʨʝ ʩʚʷʟʠ ʤʝʞʜʫ ʘʪʦʤʘʤʠ ʫʛʣʝʨʦʜʘ ʨʘʚʥʦʮʝʥʥʳ, ʠ ʫʛʣʳ ʤʝʞʜʫ 

ʥʘʧʨʘʚʣʝʥʥʳʤʠ ʚʘʣʝʥʪʥʳʤʠ ʩʚʷʟʷʤʠ ʪʦʞʝ ʦʜʠʥʘʢʦʚʳ. ɸʪʦʤ ʫʛʣʝʨʦʜʘ 

ʚ ʵʪʦʤ ʩʣʫʯʘʝ ʨʘʩʧʦʣʦʞʝʥ ʚ ʮʝʥʪʨʝ ʪʝʪʨʘʵʜʨʘ, ʚ ʚʝʨʰʠʥʘʭ ʢʦʪʦʨʦʛʦ 

ʪʘʢʞʝ ʨʘʩʧʦʣʦʞʝʥʳ ʘʪʦʤʳ ʫʛʣʝʨʦʜʘ (ʩʤ. ʨʠʩ. 1). ʏʝʪʳʨʝ 

ʵʢʚʠʚʘʣʝʥʪʥʳʝ ʩʚʷʟʠ ʧʦʣʫʯʘʶʪʩʷ ʧʨʠ ʩʤʝʰʝʥʠʠ ʦʜʥʦʛʦ s-ʵʣʝʢʪʨʦʥʘ ʠ 

ʪʨʝʭ p-ʵʣʝʢʪʨʦʥʦʚ, ʯʪʦ ʧʦʣʫʯʠʣʦ ʥʘʟʚʘʥʠʝ sp
3
-ʛʠʙʨʠʜʠʟʘʮʠʠ. ɺ 

ʩʣʫʯʘʝ ʛʠʙʨʠʜʠʟʘʮʠʠ ʦʪʩʫʪʩʪʚʫʝʪ ʯʝʪʢʦʝ ʧʦʜʨʘʟʜʝʣʝʥʠʝ ʥʘ s- ʠ p-

ʵʣʝʢʪʨʦʥʳ. ʉʤʝʰʝʥʠʝ ʵʣʝʢʪʨʦʥʥʳʭ ʦʙʣʘʢʦʚ ʧʨʠʚʦʜʠʪ ʢ ʥʦʚʦʤʫ 

ʛʠʙʨʠʜʥʦʤʫ ʵʣʝʢʪʨʦʥʥʦʤʫ ʩʦʩʪʦʷʥʠ ʁ ʘʪʦʤʘ. ɺ ʘʣʤʘʟʝ ʯʝʪʳʨʝ 

ʦʜʠʥʘʢʦʚʳʭ ʵʣʝʢʪʨʦʥʥʳʭ ʦʙʣʘʢʘ ʢʘʞʜʦʛʦ ʘʪʦʤʘ ʫʛʣʝʨʦʜʘ ʚʳʪʷʥʫʪʳ ʚ 

ʥʘʧʨʘʚʣʝʥʠʠ ʫʛʣʦʚ ʪʝʪʨʘʵʜʨʘ (ʨʠʩ. 1). ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚʩʝ ʘʪʦʤʳ 

ʫʛʣʝʨʦʜʘ ʚ ʢʨʠʩʪʘʣʣʝ ʘʣʤʘʟʘ ʦʙʨʘʟʫʶʪ ʯʝʪʳʨʝ ʵʢʚʠʚʘʣʝʥʪʥʳʝ ů-ʩʚʷʟʠ 

ʩ ʩʦʩʝʜʥʠʤʠ ʘʪʦʤʘʤʠ. ʋʛʦʣ ʤʝʞʜʫ ʣʶʙʦʡ ʧʘʨʦʡ ʚʘʣʝʥʪʥʳʭ ʩʚʷʟʝʡ 

ʩʦʩʪʘʚʣʷʝʪ 109,47Á.  

ɺ ʛʨʘʬʠʪʝ, ʛʨʘʬʝʥʝ, ʋʅʊ ʠ ʬʫʣʣʝʨʝʥʘʭ ʘʪʦʤʳ ʫʛʣʝʨʦʜʘ ʥʘʭʦʜʷʪʩʷ 

ʚ ʜʨʫʛʦʤ ʚʘʣʝʥʪʥʦʤ ʩʦʩʪʦʷʥʠʠ, ʚ ʢʦʪʦʨʦʤ ʘʪʦʤ ʫʛʣʝʨʦʜʘ ʠʤʝʝʪ 

ʪʦʣʴʢʦ ʪʨʠ ʨʘʚʥʦʮʝʥʥʳʝ ʚʘʣʝʥʪʥʳʝ ʩʚʷʟʠ, ʨʘʩʧʦʣʦʞʝʥʥʳʝ 

(ʧʨʘʢʪʠʯʝʩʢʠ) ʚ ʦʜʥʦʡ ʧʣʦʩʢʦʩʪʠ ʠ ʥʘʧʨʘʚʣʝʥʥʳʝ ʧʦʜ ʫʛʣʦʤ 120Á 

ʜʨʫʛ ʢ ʜʨʫʛʫ. ʊʨʠ ʨʘʚʥʦʮʝʥʥʳʝ ʚʘʣʝʥʪʥʦʩʪʠ ʦʙʨʘʟʫʶʪʩʷ ʦʪ ʩʤʝʰʝʥʠʷ 

ʜʚʫʭ p-ʵʣʝʢʪʨʦʥʦʚ ʠ ʦʜʥʦʛʦ s-ʵʣʝʢʪʨʦʥʘ ï sp
2
-ʛʠʙʨʠʜʠʟʘʮʠʷ (ʨʠʩ. 1). 

ʂʘʞʜʳʡ ʘʪʦʤ ʫʛʣʝʨʦʜʘ ʚ ʵʪʦʤ ʩʣʫʯʘʝ ʩʦʝʜʠʥʝʥ ʧʨʦʯʥʳʤʠ 

ʢʦʚʘʣʝʥʪʥʳʤʠ ʩʚʷʟʷʤʠ ʩ ʪʨʝʤʷ ʩʦʩʝʜʷʤʠ, ʦʙʨʘʟʫʷ ʪʨʠ ů-ʩʚʷʟʠ. 

ɺʘʣʝʥʪʥʳʝ ʜʝʣʦʢʘʣʠʟʦʚʘʥʥʳʝ -́ʵʣʝʢʪʨʦʥʳ ʢʘʞʜʦʛʦ ʘʪʦʤʘ ʫʛʣʝʨʦʜʘ, 

ʧʝʨʝʢʨʳʚʘʷʩʴ, ʦʙʨʘʟʫʶʪ ʜʦʧʦʣʥʠʪʝʣʴʥʫʶ -́ʩʚʷʟʴ. ɼʝʣʦʢʘʣʠʟʘʮʠʷ -́

ʵʣʝʢʪʨʦʥʦʚ ʚ ʛʨʘʬʝʥʝ ʚʦ ʤʥʦʛʦʤ ʦʧʨʝʜʝʣʷʝʪ ʝʛʦ ʫʥʠʢʘʣʴʥʫʶ ʪʝʧʣʦ- ʠ 

ʵʣʝʢʪʨʦʧʨʦʚʦʜʥʦʩʪʴ. ɺ ʛʨʘʬʠʪʝ ʩʣʦʠ ʩʚʷʟʘʥʳ ʤʝʞʜʫ ʩʦʙʦʡ ʩʣʘʙʳʤʠ 

ʩʠʣʘʤʠ ɺʘʥ-ʜʝʨ-ɺʘʘʣʴʩʘ, ʧʦʵʪʦʤʫ ʯʝʪʚʝʨʪʘʷ ʚʘʣʝʥʪʥʘʷ ʩʚʷʟʴ ʪʘʢʞʝ 

ʦʩʪʘʝʪʩʷ ʥʝʟʘʜʝʡʩʪʚʦʚʘʥʥʦʡ. 
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ɺ ʤʦʣʝʢʫʣʘʭ ʥʝʢʦʪʦʨʳʭ ʚʝʱʝʩʪʚ, ʥʘʧʨʠʤʝʨ, ʚ ʢʘʨʙʠʥʝ, ʫʛʣʝʨʦʜ 

ʤʦʞʝʪ ʥʘʭʦʜʠʪʴʩʷ ʚ ʪʨʝʪʴʝʤ ʚʘʣʝʥʪʥʦʤ ʩʦʩʪʦʷʥʠʠ ʩ sp-

ʛʠʙʨʠʜʠʟʘʮʠʝʡ (ʨʠʩ. 1). 

 

 
ʈʠʩ. 1. ʂʣʘʩʩʠʬʠʢʘʮʠʷ ʘʣʣʦʪʨʦʧʥʳʭ ʬʦʨʤ ʫʛʣʝʨʦʜʘ 

 

ʈʘʩʩʤʦʪʨʠʤ ʙʦʣʝʝ ʧʦʜʨʦʙʥʦ ʨʘʟʣʠʯʥʳʝ ʧʦʣʠʤʦʨʬʳ ʫʛʣʝʨʦʜʘ ʩ 

sp
2
-ʛʠʙʨʠʜʠʟʘʮʠʝʡ (ʩʨʘʚʥʝʥʠʝ ʠʭ ʩʚʦʡʩʪʚ ʧʨʝʜʩʪʘʚʣʝʥʦ ʚ ʪʘʙʣ. 1). 

ɻʨʘʬʝʥ ï ʵʪʦ ʜʚʫʤʝʨʥʳʡ ʤʘʪʝʨʠʘʣ, ʢʦʪʦʨʳʡ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ 

ʤʦʥʦʩʣʦʡ ʘʪʦʤʦʚ ʫʛʣʝʨʦʜʘ, ʨʘʟʤʝʱʝʥʥʳʭ ʚ ʫʟʣʘʭ ʛʝʢʩʘʛʦʥʘʣʴʥʦʡ 

ʨʝʰʝʪʢʠ. ʉʚʦʨʘʯʠʚʘʥʠʝʤ ʣʠʩʪʘ ʛʨʘʬʝʥʘ ʤʦʞʝʪ ʙʳʪʴ ʦʙʨʘʟʦʚʘʥʘ ʋʅʊ, 

ʧʨʝʜʩʪʘʚʣʷʶʱʘʷ ʩʦʙʦʡ ʚʳʪʷʥʫʪʳʡ ʮʠʣʠʥʜʨ ʩ ʦʪʢʨʳʪʳʤʠ ʠʣʠ 

ʟʘʢʨʳʪʳʤʠ ʢʦʥʮʘʤʠ. ɺ ʙʝʟʜʝʬʝʢʪʥʳʭ ʋʅʊ ʚʩʝ ʘʪʦʤʳ ʫʛʣʝʨʦʜʘ 

ʥʘʭʦʜʷʪʩʷ ʚ ʫʟʣʘʭ ʛʝʢʩʘʛʦʥʘʣʴʥʦʡ ʨʝʰʝʪʢʠ, ʠʩʢʣʶʯʘʷ ʘʪʦʤʳ ʥʘ 

ʢʦʥʮʘʭ ʥʘʥʦʪʨʫʙʢʠ. ɼʠʘʤʝʪʨ ʦʜʥʦʩʣʦʡʥʳʭ ʥʘʥʦʪʨʫʙʦʢ ʦʙʳʯʥʦ 

ʩʦʩʪʘʚʣʷʝʪ ʦʪ 0,8 ʜʦ 2 ʥʤ. ɼʣʠʥʘ ʋʅʊ ʤʦʞʝʪ ʠʟʤʝʥʷʪʴʩʷ ʦʪ 

ʥʝʩʢʦʣʴʢʠʭ ʜʝʩʷʪʢʦʚ ʥʘʥʦʤʝʪʨʦʚ ʜʦ ʥʝʩʢʦʣʴʢʠʭ ʢʠʣʦʤʝʪʨʦʚ, ʜʦʩʪʠʛʘʷ 

ʤʦʣʝʢʫʣʷʨʥʳʭ ʠʣʠ ʤʘʢʨʦʩʢʦʧʠʯʝʩʢʠʭ ʚʝʣʠʯʠʥ.  
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ʈʠʩ. 2. ʇʦʣʠʤʦʨʬʳ ʫʛʣʝʨʦʜʘ: (ʘ) ʛʨʘʬʝʥ, (ʙ) ʛʨʘʬʠʪ, (ʚ) ʫʛʣʝʨʦʜʥʘʷ 

ʥʘʥʦʪʨʫʙʢʘ, (ʛ) ʬʫʣʣʝʨʝʥ ʉ240 

 

ʊʘʙʣʠʮʘ 1 

ʉʨʘʚʥʝʥʠʝ ʩʚʦʡʩʪʚ ʫʛʣʝʨʦʜʥʳʭ ʩʪʨʫʢʪʫʨ 

 

 ʛʨʘʬʝʥ ʋʅʊ ʬʫʣʣʝʨʝʥ ʛʨʘʬʠʪ 

ʨʘʟʤʝʨʥʦʩʪʴ 2 1 0 3 

ʛʠʙʨʠʜʠʟʘʮʠʷ sp
2
 ʚ ʦʩʥʦʚʥʦʤ 

sp
2
 

ʚ ʦʩʥʦʚʥʦʤ 

sp
2
 

sp
2
 

ʪʚʝʨʜʦʩʪʴ ʥʘʠʙʦʣʴʰʘʷ ʚʳʩʦʢʘʷ ʚʳʩʦʢʘʷ ʚʳʩʦʢʘʷ 

ʧʨʦʯʥʦʩʪʴ ɻʠʙʢʠʡ, 

ʫʧʨʫʛʠʡ 

ɻʠʙʢʠʡ, 

ʫʧʨʫʛʠʡ 

ʫʧʨʫʛʠʡ ɻʠʙʢʠʡ,  

ʭʨʫʧʢʠʡ 

ʧʣʦʱʘʜʴ 

ʧʦʚʝʨʭʥʦʩʪʠ, 

ʤ
2
Țʛ

-1
 

-1,5 -1,3 80-90 -10-20 

ʵʣʝʢʪʨʦʧʨʦʚʦʜ

ʥʦʩʪʴ, ʉʤȚʩʤ
-1
 

-2,0 ɿʘʚʠʩʠʪ ʦʪ 

ʭʠʨʘʣʴʥʦʩʪ

ʠ 

10
-10

 ɸʥʠʟʦʪʨʦʧʥʳ

ʡ: 23ʭ10
4
 (ʚ 

ʧʣʦʩʢʦʩʪʠ)  

6 

(ʧʝʨʧʝʥʜʠʢʫʣ

ʷʨʥʦ 

ʨʘʩʧʦʣʦʞʝʥʠ

ʶ ʩʣʦʝʚ 

ʛʨʘʬʝʥʘ) 

ʊʝʧʣʦʧʨʦʚʦʜʥ

ʦʩʪʴ, ɺʪȚʤ
-1
Țʂ

-1
 

4,84-5,3 3,5 0,4 ɸʥʠʟʦʪʨʦʧʥʳ

ʡ: 1,5-2,0 (ʚ 

ʧʣʦʩʢʦʩʪʠ)  

5-10 

(ʧʝʨʧʝʥʜʠʢʫʣ

ʷʨʥʦ 

ʨʘʩʧʦʣʦʞʝʥʠ

ʶ ʩʣʦʝʚ 

ʛʨʘʬʝʥʘ) 
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ʌʫʣʣʝʨʝʥʳ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʟʘʤʢʥʫʪʳʝ ʤʦʣʝʢʫʣʳ ʫʛʣʝʨʦʜʘ, ʚ 

ʢʦʪʦʨʳʭ ʚʩʝ ʘʪʦʤʳ ʨʘʩʧʦʣʦʞʝʥʳ ʚ ʚʝʨʰʠʥʘʭ ʧʨʘʚʠʣʴʥʳʭ 

ʰʝʩʪʠʫʛʦʣʴʥʠʢʦʚ ʠʣʠ ʧʷʪʠʫʛʦʣʴʥʠʢʦʚ, ʧʦʢʨʳʚʘʶʱʠʭ ʧʦʚʝʨʭʥʦʩʪʴ 

ʩʬʝʨʳ ʠʣʠ ʩʬʝʨʦʠʜʘ. ʅʘʟʚʘʥʠʝ ʬʫʣʣʝʨʝʥʦʚ ʩʚʷʟʘʥʦ ʩ ʠʤʝʥʝʤ 

ʠʟʚʝʩʪʥʦʛʦ ʘʤʝʨʠʢʘʥʩʢʦʛʦ ʘʨʭʠʪʝʢʪʦʨʘ ʠ ʤʘʪʝʤʘʪʠʢʘ ʌʫʣʣʝʨʘ. ʂʘʢ 

ʘʨʭʠʪʝʢʪʦʨ ʦʥ ʧʨʝʜʣʦʞʠʣ ʩʪʨʦʠʪʝʣʴʥʳʝ ʢʦʥʩʪʨʫʢʮʠʠ ʚ ʚʠʜʝ 

ʤʥʦʛʦʛʨʘʥʥʳʭ ʩʬʝʨʦʠʜʦʚ, ʧʨʝʜʥʘʟʥʘʯʝʥʥʳʝ ʜʣʷ  ʧʝʨʝʢʨʳʪʠʷ 

ʧʦʤʝʱʝʥʠʡ ʙʦʣʴʰʦʡ ʧʣʦʱʘʜʠ, ʘ ʢʘʢ ʤʘʪʝʤʘʪʠʢ ï ʠʩʧʦʣʴʟʦʚʘʣ 

ʩʠʩʪʝʤʥʳʡ ʧʦʜʭʦʜ ʢ ʘʥʘʣʠʟʫ ʩʪʨʫʢʪʫʨ ʨʘʟʣʠʯʥʦʛʦ ʧʨʦʠʩʭʦʞʜʝʥʠʷ ʠ 

ʧʦʢʘʟʘʣ, ʯʪʦ ʩʪʨʫʢʪʫʨʘ ʷʚʣʷʝʪʩʷ ʩʘʤʦʩʪʘʙʠʣʠʟʠʨʫʶʱʝʡʩʷ ʩʠʩʪʝʤʦʡ. 

ʌʫʣʣʝʨʝʥʳ ʦʪʣʠʯʘʶʪʩʷ ʥʝʦʙʳʯʥʦʡ ʢʨʠʩʪʘʣʣʦʛʨʘʬʠʯʝʩʢʦʡ 

ʩʠʤʤʝʪʨʠʝʡ ʠ ʫʥʠʢʘʣʴʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ. ɺʩʝ ʢʦʚʘʣʝʥʪʥʳʝ ʩʚʷʟʠ ʫ 

ʥʠʭ ʥʘʩʳʱʝʥʳ, ʧʦʵʪʦʤʫ ʦʪʜʝʣʴʥʳʝ ʤʦʣʝʢʫʣʳ ʤʝʞʜʫ ʩʦʙʦʡ ʤʦʛʫʪ 

ʚʟʘʠʤʦʜʝʡʩʪʚʦʚʘʪʴ ʪʦʣʴʢʦ ʧʦʩʨʝʜʩʪʚʦʤ ʩʣʘʙʳʭ ʩʠʣ ɺʘʥ-ʜʝʨ-ɺʘʘʣʴʩʘ. 

ʆʜʥʘʢʦ ʧʦʩʣʝʜʥʠʭ ʭʚʘʪʘʝʪ, ʯʪʦ ʙʳ ʧʦʩʪʨʦʠʪʴ ʠʟ ʩʬʝʨʠʯʝʩʢʠʭ 

ʤʦʣʝʢʫʣ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʝ ʩʪʨʫʢʪʫʨʳ. ʊʘʢʠʝ ʤʘʪʝʨʠʘʣʳ ʥʘʟʳʚʘʶʪʩʷ 

ʬʫʣʣʝʨʠʪʘʤʠ. ʇʦʜʦʙʥʳʝ ʦʙʲʝʤʥʳʝ ʥʘʥʦʤʘʪʝʨʠʘʣʳ ʪʘʢʞʝ ʤʦʛʫʪ ʙʳʪʴ 

ʩʬʦʨʤʠʨʦʚʘʥʳ ʠʟ ʋʅʊ ʠʣʠ ʯʝʰʫʝʢ ʛʨʘʬʝʥʘ, ʩʚʷʟʘʥʥʳʭ ʩʠʣʘʤʠ ɺʘʥ-

ʜʝʨ-ɺʘʘʣʴʩʘ. ʇʦʣʠʤʦʨʬʳ ʫʛʣʝʨʦʜʘ ʦʙʣʘʜʘʶʪ ʫʥʠʢʘʣʴʥʳʤʠ ʠ ʯʘʩʪʦ 

ʦʪʣʠʯʥʳʤʠ ʜʨʫʛ ʦʪ ʜʨʫʛʘ ʩʚʦʡʩʪʚʘʤʠ.  

 

1.2 ʌʫʣʣʝʨʝʥ 

 

1.2.1 ʆʩʥʦʚʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ʍʦʪʷ ʚʦʟʤʦʞʥʦʩʪʴ ʩʫʱʝʩʪʚʦʚʘʥʠʷ ʚʳʩʦʢʦʩʠʤʤʝʪʨʠʯʥʳʭ ʤʦʣʝʢʫʣ 

ʫʛʣʝʨʦʜʘ ʧʨʝʜʩʢʘʟʳʚʘʣʘʩʴ ʜʘʚʥʦ, ʥʦ ʪʦʣʴʢʦ ʚ 1985 ʛ. ʫʯʝʥʳʤ 

(ʈ. ʂʝʨʣ, ʈ. ʉʤʦʣʣʠ, ɻ. ʂʨʦʪʦ) ʫʜʘʣʦʩʴ ʩʠʥʪʝʟʠʨʦʚʘʪʴ ʤʦʣʝʢʫʣʫ 

ʬʫʣʣʝʨʝʥʘ ʉ60. ʇʝʨʚʦʦʪʢʨʳʚʘʪʝʣʷʤ ʬʫʣʣʝʨʝʥʦʚ ʚ 1996 ʛ. ʙʳʣʘ 

ʧʨʠʩʫʞʜʝʥʘ ʅʦʙʝʣʝʚʩʢʘʷ ʧʨʝʤʠʷ. ʉʚʦʝ ʥʘʟʚʘʥʠʝ ʤʦʣʝʢʫʣʘ ʬʫʣʣʝʨʝʥʘ 

ʧʦʣʫʯʠʣʘ ʧʦ ʬʘʤʠʣʠʠ ɹʘʢʤʠʥʩʪʝʨʘ ʌʫʣʣʝʨʘ, ʠʩʧʦʣʴʟʦʚʘʚʰʝʛʦ ʚ 

ʘʨʭʠʪʝʢʪʫʨʝ ʧʦʣʫʩʬʝʨʳ ʠʟ ʧʝʥʪʘʛʦʥʦʚ ʠ ʛʝʢʩʘʛʦʥʦʚ. ʉʣʝʜʫʶʱʠʡ 

ʨʝʰʘʶʱʠʡ ʰʘʛ ʚ ʠʩʩʣʝʜʦʚʘʥʠʠ ʬʫʣʣʝʨʝʥʦʚ ʙʳʣ ʩʜʝʣʘʥ ʚ 1990 ʛ., 

ʢʦʛʜʘ ʛʨʫʧʧʝ ʫʯʝʥʳʭ ʧʦʜ ʨʫʢʦʚʦʜʩʪʚʦʤ ɺ. ʂʨʝʪʯʤʝʨʘ ʠ ɼ. ʍʦʬʬʤʘʥʘ 

ʫʜʘʣʦʩʴ ʩʠʥʪʝʟʠʨʦʚʘʪʴ ʪʚʝʨʜʳʡ ʬʫʣʣʝʨʝʥ ʚ ʤʘʢʨʦʢʦʣʠʯʝʩʪʚʘʭ. 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʧʦʥʷʪʠʝ çʬʫʣʣʝʨʝʥʳè ʧʨʠʤʝʥʷʝʪʩʷ ʢ 

ʰʠʨʦʢʦʤʫ ʢʣʘʩʩʫ ʤʥʦʛʦʘʪʦʤʥʳʭ ʤʦʣʝʢʫʣ ʫʛʣʝʨʦʜʘ ʩ ʦʙʱʝʡ 
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ʬʦʨʤʫʣʦʡ Cn (n ï ʯʝʪʥʦʝ ʮʝʣʦʝ ʯʠʩʣʦ), ʠʤʝʶʱʠʭ ʬʦʨʤʫ ʟʘʤʢʥʫʪʦʛʦ 

ʧʦʣʦʛʦ ʤʥʦʛʦʛʨʘʥʥʠʢʘ. ʅʘʠʙʦʣʝʝ ʠʟʚʝʩʪʥʳʝ ʬʫʣʣʝʨʝʥʳ ï ʉ60 ʠ ʉ70 

(ʨʠʩ. 3). ʇʦ ʤʝʨʝ ʨʘʟʚʠʪʠʷ ʠʩʩʣʝʜʦʚʘʥʠʡ ʚ ʵʪʦʤ ʥʘʧʨʘʚʣʝʥʠʠ ʙʳʣʠ 

ʩʠʥʪʝʟʠʨʦʚʘʥʳ ʠ ʠʟʫʯʝʥʳ ʠ ʜʨʫʛʠʝ ʤʦʣʝʢʫʣʳ ʬʫʣʣʝʨʝʥʦʚ, 

ʩʦʜʝʨʞʘʱʠʭ ʨʘʟʣʠʯʥʦʝ ʯʠʩʣʦ ʘʪʦʤʦʚ ʫʛʣʝʨʦʜʘ ï ʦʪ 36 ʜʦ 540 ʠ ʙʦʣʝʝ. 

ʄʦʣʝʢʫʣʘ ʉ60 ï ʩʘʤʘʷ ʩʠʤʤʝʪʨʠʯʥʘʷ ʠʟ ʚʩʝʭ ʠʟʚʝʩʪʥʳʭ ʜʦ ʩʠʭ ʧʦʨ ʠ 

ʩʦʩʪʦʠʪ ʠʟ ʰʝʩʪʠʜʝʩʷʪʠ ʘʪʦʤʦʚ ʫʛʣʝʨʦʜʘ, ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʥʘ 

ʩʬʝʨʠʯʝʩʢʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʜʠʘʤʝʪʨʦʤ ʦʢʦʣʦ 1 ʥʤ (ʨʠʩ. 3).  

 

 

ʈʠʩ. 3. ʄʦʣʝʢʫʣʳ ʬʫʣʣʝʨʝʥʦʚ ʉ20, ʉ60 ʠ ʉ70 

 

ɸʪʦʤʳ ʫʛʣʝʨʦʜʘ ʚ ʬʫʣʣʝʨʝʥʘʭ ʨʘʩʧʦʣʘʛʘʶʪʩʷ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ 

ʩʬʝʨʳ ʚ ʚʝʨʰʠʥʘʭ ʧʷʪʠʫʛʦʣʴʥʠʢʦʚ (ʧʝʥʪʘʛʦʥʦʚ) ʠ ʰʝʩʪʠʫʛʦʣʴʥʠʢʦʚ 

(ʛʝʢʩʘʛʦʥʦʚ). ʄʦʣʝʢʫʣʘ ʉ60 ʚ ʪʦʯʥʦʩʪʠ ʧʦʚʪʦʨʷʝʪ ʬʦʨʤʫ ʬʫʪʙʦʣʴʥʦʛʦ 

ʤʷʯʘ, ʠʤʝʶʱʝʛʦ 12 ʯʝʨʥʳʭ ʧʝʥʪʘʛʦʥʦʚ ʠ 20 ʙʝʣʳʭ ʛʝʢʩʘʛʦʥʦʚ. 

ʅʘʠʤʝʥʴʰʠʡ ʠʟ ʚʦʟʤʦʞʥʳʭ ʬʫʣʣʝʨʝʥʦʚ ʉ20 ʮʝʣʠʢʦʤ ʩʦʩʪʦʠʪ ʠʟ 

ʧʝʥʪʘʛʦʥʦʚ. 

ɺ ʤʦʣʝʢʫʣʝ ʬʫʣʣʝʨʝʥʘ ʘʪʦʤʳ ʫʛʣʝʨʦʜʘ ʩʚʷʟʘʥʳ ʤʝʞʜʫ ʩʦʙʦʡ 

ʢʦʚʘʣʝʥʪʥʦʡ ʩʚʷʟʴʶ. ʌʘʢʪʠʯʝʩʢʠ ʤʦʣʝʢʫʣʘ ʬʫʣʣʝʨʝʥʘ ʷʚʣʷʝʪʩʷ 

ʦʨʛʘʥʠʯʝʩʢʦʡ ʤʦʣʝʢʫʣʦʡ, ʘ ʩʘʤ ʬʫʣʣʝʨʝʥ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ 

ʤʦʣʝʢʫʣʷʨʥʳʡ ʢʨʠʩʪʘʣʣ, ʷʚʣʷʶʱʠʡʩʷ ʩʚʷʟʫʶʱʠʤ ʟʚʝʥʦʤ ʤʝʞʜʫ 

ʦʨʛʘʥʠʯʝʩʢʦʡ ʠ ʥʝʦʨʛʘʥʠʯʝʩʢʦʡ ʤʘʪʝʨʠʝʡ.  

 

1.2.2 ʄʝʪʦʜʳ ʩʠʥʪʝʟʘ 

ʇʨʦʮʝʩʩ ʩʠʥʪʝʟʘ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʛʦ ʬʫʣʣʝʨʝʥʘ ʦʢʘʟʘʣʩʷ ʜʦʚʦʣʴʥʦ 

ʧʨʦʩʪʳʤ. ɺ ʜʫʛʦʚʦʤ ʨʘʟʨʷʜʝ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʛʨʘʬʠʪʦʚʳʭ ʵʣʝʢʪʨʦʜʦʚ ʚ 

ʘʪʤʦʩʬʝʨʝ ʛʝʣʠʷ ʬʦʨʤʠʨʫʝʪʩʷ ʩʘʞʘ, ʢʦʪʦʨʫʶ ʟʘʪʝʤ ʨʘʩʪʚʦʨʷʶʪ ʚ 

ʙʝʥʟʦʣʝ ʠʣʠ ʪʦʣʫʦʣʝ. ʀʟ ʧʦʣʫʯʝʥʥʦʛʦ ʨʘʩʪʚʦʨʘ ʚʳʜʝʣʷʶʪ ʚ ʯʠʩʪʦʤ 
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ʚʠʜʝ ʛʨʘʤʤʦʚʳʝ ʢʦʣʠʯʝʩʪʚʘ ʤʦʣʝʢʫʣ ʉ60 ʠ ʉ70 ʚ ʩʦʦʪʥʦʰʝʥʠʠ 3:1 ʠ 

~2% ʙʦʣʝʝ ʪʷʞʝʣʳʭ ʬʫʣʣʝʨʝʥʦʚ. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʬʫʣʣʝʨʝʥʳ ʉ60 

ʷʚʣʷʶʪʩʷ ʚʧʦʣʥʝ ʜʦʩʪʫʧʥʳʤ ʤʘʪʝʨʠʘʣʦʤ.  

ʆʩʥʦʚʦʡ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʬʫʣʣʝʨʝʥʦʚ ʷʚʣʷʶʪʩʷ 

ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʳʝ ʧʘʨʳ ʫʛʣʝʨʦʜʘ. ʉʫʱʝʩʪʚʫʝʪ ʤʥʦʞʝʩʪʚʦ 

ʩʧʦʩʦʙʦʚ ʠʭ ʧʦʣʫʯʝʥʠʷ: ʥʘʛʨʝʚʘʥʠʝ ʛʨʘʬʠʪʦʚʳʭ ʩʪʝʨʞʥʝʡ 

ʵʣʝʢʪʨʠʯʝʩʢʠʤ ʪʦʢʦʤ ʚ ʚʘʢʫʫʤʝ, ʵʣʝʢʪʨʦʜʫʛʦʚʦʡ ʨʘʟʨʷʜ ʤʝʞʜʫ 

ʛʨʘʬʠʪʦʚʳʤʠ ʵʣʝʢʪʨʦʜʘʤʠ ʚ ʘʪʤʦʩʬʝʨʝ ʛʝʣʠʷ, ʩʞʠʛʘʥʠʝ ʫʛʣʝʨʦʜʦʚ, 

ʚʦʜʦʨʦʜʦʚ ʠ ʥʘʬʪʘʣʠʥʘ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʩʠʥʪʝʟʘ ʦʙʨʘʟʫʝʪʩʷ ʩʣʦʞʥʘʷ 

ʩʤʝʩʴ, ʩʦʜʝʨʞʘʱʘʷ ʫʛʣʝʨʦʜʥʫʶ ʩʘʞʫ, ʩʤʝʩʴ ʬʫʣʣʝʨʝʥʦʚ ʨʘʟʣʠʯʥʦʛʦ 

ʩʦʩʪʘʚʘ ʠ ʤʦʣʝʢʫʣʳ ʧʨʠʤʝʩʝʡ, ʢʘʢ ʧʨʘʚʠʣʦ, ʧʦʣʠʘʨʦʤʘʪʠʯʝʩʢʦʛʦ 

ʩʦʩʪʘʚʘ. ɺʳʜʝʣʝʥʠʝ ʬʫʣʣʝʨʝʥʦʚ ʧʨʦʚʦʜʷʪ ʵʢʩʪʨʘʢʮʠʝʡ 

ʦʨʛʘʥʠʯʝʩʢʠʤʠ ʨʘʩʪʚʦʨʠʪʝʣʷʤʠ ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʨʘʟʜʝʣʝʥʠʝʤ ʥʘ 

ʠʥʜʠʚʠʜʫʘʣʴʥʳʝ ʧʨʦʜʫʢʪʳ. ʄʝʪʦʜʳ ʩʠʥʪʝʟʘ, ʨʘʟʜʝʣʝʥʠʷ ʠ ʦʯʠʩʪʢʠ 

ʧʦʩʪʦʷʥʥʦ ʩʦʚʝʨʰʝʥʩʪʚʫʶʪʩʷ.  

ʃʘʟʝʨʥʦʝ ʠʩʧʘʨʝʥʠʝ ʛʨʘʬʠʪʘ ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʘʪʴ 

ʤʠʢʨʦʩʢʦʧʠʯʝʩʢʠʝ ʢʦʣʠʯʝʩʪʚʘ ʢʦʥʝʯʥʳʭ ʧʨʦʜʫʢʪʦʚ, ʦʙʥʘʨʫʞʠʚʘʝʤʳʝ 

ʪʦʣʴʢʦ ʥʘ ʤʘʩʩ-ʩʧʝʢʪʨʘʣʴʥʦʡ ʘʧʧʘʨʘʪʫʨʝ. ʀʤʧʫʣʴʩʥʳʡ ʥʝʦʜʠʤʦʚʳʡ 

ʣʘʟʝʨ, ʨʘʙʦʪʘʶʱʠʡ ʥʘ ʜʣʠʥʝ ʚʦʣʥʳ 532 ʥʤ, ʚ ʜʘʥʥʦʤ ʩʣʫʯʘʝ 

ʠʩʧʦʣʴʟʫʝʪʩʷ ʢʘʢ ʠʩʪʦʯʥʠʢ ʠʟʣʫʯʝʥʠʷ. ʃʫʯ ʥʘʧʨʘʚʣʷʝʪʩʷ ʥʘ 

ʛʨʘʬʠʪʦʚʫʶ ʤʠʰʝʥʴ ʚ ʬʦʨʤʝ ʜʠʩʢʘ, ʢʦʪʦʨʘʷ ʥʘʭʦʜʠʪʩʷ ʚ ʧʝʯʠ ʧʨʠ 

ʪʝʤʧʝʨʘʪʫʨʝ 1200 Áʉ. ʆʙʨʘʟʫʶʱʠʝʩʷ ʧʘʨʳ ʫʛʣʝʨʦʜʘ ʠ ʬʫʣʣʝʨʝʥʦʚ 

ʫʥʦʩʷʪʩʷ ʧʦʪʦʢʦʤ ʛʝʣʠʷ ʠ ʦʩʘʞʜʘʶʪʩʷ ʥʘ ʩʪʝʥʢʘʭ ʢʘʤʝʨʳ. 

ʉʫʱʝʩʪʚʝʥʥʳʡ ʥʝʜʦʩʪʘʪʦʢ ʫʩʪʘʥʦʚʢʠ - ʥʠʟʢʠʡ ʚʳʭʦʜ ʢʦʥʝʯʥʦʛʦ 

ʧʨʦʜʫʢʪʘ. 

ɹʳʣʦ ʦʙʥʘʨʫʞʝʥʦ, ʯʪʦ ʫʛʣʝʨʦʜʥʳʝ ʵʣʝʢʪʨʦʜʳ, ʥʘʛʨʝʚʘʝʤʳʝ 

ʵʣʝʢʪʨʠʯʝʩʢʠʤ ʪʦʢʦʤ ʚ ʘʪʤʦʩʬʝʨʝ ʛʝʣʠʷ, ʤʦʛʫʪ ʜʘʪʴ ʛʨʘʤʤʦʚʳʝ 

ʢʦʣʠʯʝʩʪʚʘ ʬʫʣʣʝʨʝʥʦʚ, ʚʢʣʶʯʝʥʥʳʭ ʚ ʦʙʨʘʟʫʶʱʫʶʩʷ ʩʘʞʫ. ʇʝʨʚʘʷ 

ʪʘʢʘʷ ʫʩʪʘʥʦʚʢʘ ʧʨʝʜʩʪʘʚʣʷʣʘ ʩʦʙʦʡ ʩʪʝʢʣʷʥʥʳʡ ʢʦʣʧʘʢ ʩ 

ʫʩʪʨʦʡʩʪʚʦʤ ʜʣʷ ʦʪʢʘʯʢʠ ʠ ʥʘʧʫʩʢʘ ʛʘʟʦʚ. ɺʥʫʪʨʠ ʥʘʭʦʜʠʣʠʩʴ ʜʚʘ 

ʛʨʘʬʠʪʦʚʳʭ ʩʪʝʨʞʥʷ: ʪʦʥʢʠʡ ʠ ʟʘʦʩʪʨʝʥʥʳʡ, ʚʳʧʦʣʥʷʚʰʠʡ ʨʦʣʴ 

ʠʩʧʘʨʷʝʤʦʛʦ ʘʥʦʜʘ, ʜʨʫʛʦʡ ï ʙʦʣʴʰʝʛʦ ʜʠʘʤʝʪʨʘ ʠ ʧʣʦʩʢʦʡ ʬʦʨʤʳ ï 

ʩʣʫʞʠʣ ʢʘʪʦʜʦʤ. ʋʩʪʘʥʦʚʢʘ ʩʥʘʯʘʣʘ ʚʘʢʫʫʤʠʨʫʝʪʩʷ, ʘ ʟʘʪʝʤ 

ʟʘʧʦʣʥʷʝʪʩʷ ʛʝʣʠʝʤ. ʇʨʠ ʧʦʜʘʯʝ ʪʦʢʘ ʤʝʞʜʫ ʵʣʝʢʪʨʦʜʘʤʠ ʚʦʟʥʠʢʘʝʪ 

ʵʣʝʢʪʨʠʯʝʩʢʘʷ ʜʫʛʘ ʩ ʪʝʤʧʝʨʘʪʫʨʦʡ 2500-3000 Áʉ. ʋʛʣʝʨʦʜʥʘʷ ʩʘʞʘ ʩ 

ʤʦʣʝʢʫʣʘʤʠ ʬʫʣʣʝʨʝʥʦʚ ʦʩʝʜʘʝʪ ʥʘ ʭʦʣʦʜʥʳʭ ʩʪʝʥʢʘʭ ʢʦʣʧʘʢʘ ʠ ʥʘ 

ʣʦʚʫʰʢʝ, ʧʨʠ ʵʪʦʤ ʚʳʭʦʜ ʬʫʣʣʝʨʝʥʦʚ ʜʦʩʪʠʛʘʝʪ 10% ʦʪ ʚʝʩʘ 

ʠʩʭʦʜʥʦʡ ʛʨʘʬʠʪʦʚʦʡ ʩʘʞʠ.  
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ʈʘʟʨʘʙʦʪʘʥ ʪʘʢʞʝ ʧʣʘʟʤʦʭʠʤʠʯʝʩʢʠʡ ʨʝʘʢʪʦʨ ʥʘ ʦʩʥʦʚʝ 

ʚʳʩʦʢʦʯʘʩʪʦʪʥʦʡ ʧʣʘʟʤʝʥʥʦʡ ʩʪʨʫʠ ʫʛʣʝʨʦʜʘ, ʧʦʟʚʦʣʷʶʱʠʡ 

ʩʠʥʪʝʟʠʨʦʚʘʪʴ ʬʫʣʣʝʨʝʥʳ ʧʨʠ ʘʪʤʦʩʬʝʨʥʦʤ ʜʘʚʣʝʥʠʠ. ʉʠʥʪʝʟ 

ʬʫʣʣʝʨʝʥʦʚ ʧʨʦʠʩʭʦʜʠʪ ʚʦ ʚʩʝʤ ʦʙʲʝʤʝ ʧʦʪʦʢʘ ʫʛʣʝʨʦʜʥʦʡ ʧʣʘʟʤʳ, 

ʩʦʚʤʝʱʝʥʥʦʡ ʩ ʧʦʪʦʢʦʤ ʛʝʣʠʷ. ɹʦʣʴʰʘʷ ʯʘʩʪʴ ʧʨʦʜʫʢʪʦʚ ʩʠʥʪʝʟʘ 

ʦʩʝʜʘʝʪ ʥʘ ʚʦʜʦʦʭʣʘʞʜʘʝʤʳʭ ʩʪʝʥʢʘʭ ʢʘʤʝʨʳ ʠ ʥʘ ʜʦʧʦʣʥʠʪʝʣʴʥʦ 

ʚʚʝʜʝʥʥʦʡ ʜʣʷ ʦʭʣʘʞʜʝʥʠʷ ʜʚʦʡʥʦʡ ʤʝʜʥʦʡ ʩʧʠʨʘʣʠ. ʇʨʦʠʟʚʦʜʩʪʚʦ 

ʵʥʜʦʵʜʨʘʣʴʥʳʭ ʬʫʣʣʝʨʝʥʦʚ ʤʦʞʥʦ ʚʳʧʦʣʥʠʪʴ ʤʝʪʦʜʦʤ ʜʫʛʦʚʦʛʦ 

ʩʠʥʪʝʟʘ, ʥʘʧʨʠʤʝʨ, ʤʝʪʦʜʦʤ ʧʣʘʟʤʝʥʥʦʛʦ ʩʠʥʪʝʟʘ ʧʨʠ ʘʪʤʦʩʬʝʨʥʦʤ 

ʜʘʚʣʝʥʠʠ.  

 

1.2.3 ʆʙʱʠʝ ʩʚʦʡʩʪʚʘ 

ʆʯʝʥʴ ʙʦʣʴʰʘʷ ʪʚʝʨʜʦʩʪʴ ʬʫʣʣʝʨʝʥʦʚ ʧʦʟʚʦʣʷʝʪ ʧʨʦʠʟʚʦʜʠʪʴ ʠʟ 

ʥʠʭ ʬʫʣʣʝʨʠʪʦʚʳʝ ʤʠʢʨʦ- ʠ ʥʘʥʦʠʥʩʪʨʫʤʝʥʪʳ ʜʣʷ ʦʙʨʘʙʦʪʢʠ ʠ 

ʠʩʧʳʪʘʥʠʡ ʩʚʝʨʭʪʚʝʨʜʳʭ ʤʘʪʝʨʠʘʣʦʚ, ʚ ʪʦʤ ʯʠʩʣʝ ʠ ʘʣʤʘʟʦʚ. 

ʅʘʧʨʠʤʝʨ, ʬʫʣʣʝʨʠʪʦʚʳʝ ʧʠʨʘʤʠʜʢʠ ʠʟ ʉ60 ʠʩʧʦʣʴʟʫʶʪʩʷ ʚ ʘʪʦʤʥʦ-

ʩʠʣʦʚʳʭ ʟʦʥʜʦʚʳʭ ʤʠʢʨʦʩʢʦʧʘʭ ʜʣʷ ʠʟʤʝʨʝʥʠʷ ʪʚʝʨʜʦʩʪʠ ʘʣʤʘʟʦʚ ʠ 

ʘʣʤʘʟʥʳʭ ʧʣʝʥʦʢ. ʌʫʣʣʝʨʝʥʳ ʪʘʢʞʝ ʰʠʨʦʢʦ ʠʩʩʣʝʜʫʶʪʩʷ ʢʘʢ 

ʤʘʪʝʨʠʘʣʳ ʜʣʷ ʵʣʝʢʪʨʦʥʥʦ-ʦʧʪʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ. ʌʫʣʣʝʨʝʥʳ ʠ 

ʩʦʝʜʠʥʝʥʠʷ ʥʘ ʠʭ ʦʩʥʦʚʝ ʷʚʣʷʶʪʩʷ ʧʝʨʩʧʝʢʪʠʚʥʳʤʠ ʤʘʪʝʨʠʘʣʘʤʠ ʜʣʷ 

ʩʦʟʜʘʥʠʷ ʥʘʥʦʩʪʨʫʢʪʫʨ. ʅʘʧʨʠʤʝʨ, ʬʫʣʣʝʨʝʥʦʚʳʝ ʧʣʸʥʢʠ ʤʦʛʫʪ ʙʳʪʴ 

ʠʩʧʦʣʴʟʦʚʘʥʳ ʜʣʷ ʩʦʟʜʘʥʠʷ ʜʚʫʤʝʨʥʳʭ ʬʦʪʦʥʥʳʭ ʢʨʠʩʪʘʣʣʦʚ, 

ʧʨʠʯʝʤ, ʦʧʪʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʬʫʣʣʝʨʝʥʦʚʳʭ ʧʣʝʥʦʢ ʤʦʞʥʦ ʠʟʤʝʥʷʪʴ 

ʟʘ ʩʯʝʪ ʚʚʝʜʝʥʠʷ ʚ ʥʠʭ ʜʦʙʘʚʦʢ ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚʳʭ ʤʘʪʝʨʠʘʣʦʚ, 

ʥʘʧʨʠʤʝʨ, CdSe ʠ CdTe. ʏʠʩʪʳʡ ʬʫʣʣʝʨʝʥ ʧʨʠ ʢʦʤʥʘʪʥʦʡ 

ʪʝʤʧʝʨʘʪʫʨʝ ʷʚʣʷʝʪʩʷ ʠʟʦʣʷʪʦʨʦʤ ʩ ʚʝʣʠʯʠʥʦʡ ʟʘʧʨʝʱʝʥʥʦʡ ʟʦʥʳ 

ʙʦʣʝʝ 2 ʵɺ ʠʣʠ ʩʦʙʩʪʚʝʥʥʳʤ ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʤ ʩ ʦʯʝʥʴ ʥʠʟʢʦʡ 

ʧʨʦʚʦʜʠʤʦʩʪʴʶ. 

ɺʳʩʦʢʘʷ ʵʥʝʨʛʠʷ ʩʚʷʟʠ ʘʪʦʤʦʚ ʫʛʣʝʨʦʜʘ ʚ ʤʦʣʝʢʫʣʘʭ ʬʫʣʣʝʨʝʥʦʚ 

ʠ ʩʚʦʡʩʪʚʘ ʩʠʤʤʝʪʨʠʠ ʵʪʠʭ ʤʦʣʝʢʫʣ ʦʧʨʝʜʝʣʷʶʪ ʠʭ ʘʥʦʤʘʣʴʥʦ 

ʚʳʩʦʢʫʶ ʪʝʨʤʠʯʝʩʢʫʶ ʩʪʘʙʠʣʴʥʦʩʪʴ. ʊʘʢ, ʙʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ 

ʤʦʣʝʢʫʣʳ ʬʫʣʣʝʨʝʥʘ ʉ60 ʪʝʨʷʶʪ ʩʚʦʶ ʭʠʤʠʯʝʩʢʫʶ ʩʪʨʫʢʪʫʨʫ ʣʠʰʴ 

ʧʨʠ ʥʘʛʨʝʚʝ ʜʦ ʪʝʤʧʝʨʘʪʫʨʳ ʚʳʰʝ 3000 ʂ. ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʧʨʦʮʝʩʩʦʚ ʩ ʫʯʘʩʪʠʝʤ ʉ60 ʠ ʜʨʫʛʠʭ ʬʫʣʣʝʨʝʥʦʚ ʪʘʢʞʝ 

ʩʚʠʜʝʪʝʣʴʩʪʚʫ ʪʁ ʦʙ ʘʥʦʤʘʣʴʥʦ ʚʳʩʦʢʦʡ ʫʩʪʦʡʯʠʚʦʩʪʠ ʵʪʠʭ 

ʩʦʝʜʠʥʝʥʠʡ ʫʛʣʝʨʦʜʘ. ʀʩʩʣʝʜʦʚʘʥʠʝ ʤʦʥʦʤʦʣʝʢʫʣʷʨʥʦʛʦ ʨʘʩʧʘʜʘ 

ʢʣʘʩʪʝʨʦʚ ʫʛʣʝʨʦʜʘ ʩ nÓ30 ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʫʩʪʦʡʯʠʚʦʩʪʴ ʢʣʘʩʪʝʨʦʚ ʩ 
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ʯʝʪʥʳʤʠ ʟʥʘʯʝʥʠʷʤʠ n ʟʥʘʯʠʪʝʣʴʥʦ ʧʨʝʚʳʰʘʝʪ ʫʩʪʦʡʯʠʚʦʩʪʴ 

ʢʣʘʩʪʝʨʦʚ ʩ ʥʝʯʝʪʥʳʤʠ ʟʥʘʯʝʥʠʷʤʠ.  

ɹʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʬʫʣʣʝʨʝʥʳ ʪʘʢʞʝ ʷʚʣʷʶʪʩʷ ʦʯʝʥʴ 

ʫʩʪʦʡʯʠʚʳʤʠ ʢ ʩʦʫʜʘʨʝʥʠʷʤ. ʅʘʧʨʠʤʝʨ, ʩʪʦʣʢʥʦʚʝʥʠʝ ʟʘʨʷʞʝʥʥʳʭ 

ʬʫʣʣʝʨʝʥʦʚ ʉ60, ʉ70 ʠ ʉ84 ʩ ʧʦʚʝʨʭʥʦʩʪʷʤʠ ʦʯʠʱʝʥʥʦʛʦ ʛʨʘʬʠʪʘ ʠ 

ʢʨʝʤʥʠʷ ʧʨʠ ʵʥʝʨʛʠʠ, ʠʟʤʝʥʷʶʱʝʡʩʷ ʚ ʜʠʘʧʘʟʦʥʝ ʜʦ 200 ʵɺ, 

ʧʨʠʚʦʜʠʪ ʢ ʧʦʪʝʨʝ ʟʥʘʯʠʪʝʣʴʥʦʡ ʯʘʩʪʠ ʢʠʥʝʪʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ, ʦʜʥʘʢʦ 

ʥʝ ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʨʘʟʨʫʰʝʥʠʝʤ ʬʫʣʣʝʨʝʥʦʚ. 

ʆʜʥʘ ʠʟ ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʧʨʦʙʣʝʤ ʭʠʤʠʠ ʬʫʣʣʝʨʝʥʦʚ ʦʪʥʦʩʠʪʩʷ ʢ 

ʩʠʥʪʝʟʫ ʚʦʜʦʨʘʩʪʚʦʨʠʤʳʭ ʩʦʝʜʠʥʝʥʠʡ ʵʪʠʭ ʤʦʣʝʢʫʣ. ʈʝʰʝʥʠʝ ʵʪʦʡ 

ʧʨʦʙʣʝʤʳ ʧʦʟʚʦʣʠʪ ʩʦʟʜʘʪʴ ʥʦʚʳʡ ʢʣʘʩʩ ʙʠʦʣʦʛʠʯʝʩʢʠ ʘʢʪʠʚʥʳʭ 

ʚʝʱʝʩʪʚ ʜʣʷ ʬʘʨʤʘʢʦʣʦʛʠʠ. ʄʥʦʛʦʦʙʝʱʘʶʱʝʡ ʷʚʣʷʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴ 

ʩʠʥʪʝʟʘ ʧʦʣʠʤʝʨʦʚ ʥʘ ʦʩʥʦʚʝ ʬʫʣʣʝʨʝʥʦʚ. ʇʨʠ ʵʪʦʤ ʤʦʣʝʢʫʣʳ 

ʬʫʣʣʝʨʝʥʘ ʤʦʛʫʪ ʠʛʨʘʪʴ ʜʚʦʷʢʫʶ ʨʦʣʴ ï ʣʠʙʦ ʦʩʥʦʚʳ ʧʦʣʠʤʝʨʥʦʡ 

ʮʝʧʦʯʢʠ, ʣʠʙʦ ʩʦʝʜʠʥʠʪʝʣʴʥʦʛʦ ʵʣʝʤʝʥʪʘ. 

ʅʝʦʙʳʯʥʳʝ ʩʚʦʡʩʪʚʘ ʧʨʦʷʚʣʷʝʪ ʬʫʣʣʝʨʝʥ ʧʨʠ ʠʟʫʯʝʥʠʠ ʝʛʦ 

ʧʦʚʝʜʝʥʠʷ ʚ ʨʘʩʪʚʦʨʘʭ. ʌʫʣʣʝʨʝʥ ʉ60 ʧʨʘʢʪʠʯʝʩʢʠ ʥʝʨʘʩʪʚʦʨʠʤ ʚ 

ʧʦʣʷʨʥʳʭ ʨʘʩʪʚʦʨʠʪʝʣʷʭ ʪʠʧʘ ʩʧʠʨʪʦʚ, ʚ ʘʮʝʪʦʥʝ, ʪʝʪʨʘʛʠʜʨʦʬʫʨʘʥʝ 

ʠ ʪ.ʧ. ʆʥ ʩʣʘʙʦ ʨʘʩʪʚʦʨʠʤ ʚ ʘʣʢʘʥʘʭ ʪʠʧʘ ʧʝʥʪʘʥʘ, ʛʝʢʩʘʥʘ ʠ ʜʝʢʘʥʘ, 

ʧʨʠʯʝʤ, ʩ ʨʦʩʪʦʤ ʯʠʩʣʘ ʘʪʦʤʦʚ ʫʛʣʝʨʦʜʘ ʨʘʩʪʚʦʨʠʤʦʩʪʴ ʚ ʘʣʢʘʥʘʭ 

ʚʦʟʨʘʩʪʘʝʪ. ʂʘʢ ʧʦʢʘʟʳʚʘʝʪ ʘʥʘʣʠʟ ʨʝʟʫʣʪɹʘʪʦʚ, ʬʫʣʣʝʨʝʥʳ ʣʫʯʰʝ 

ʚʩʝʛʦ ʨʘʩʪʚʦʨʷʶʪʩʷ ʚ ʪʘʢʠʭ ʨʘʩʪʚʦʨʠʪʝʣʷʭ, ʜʣʷ ʢʦʪʦʨʳʭ ʟʥʘʯʝʥʠʝ 

ʫʜʝʣʴʥʦʡ ʵʥʪʘʣʴʧʠʠ ʠʩʧʘʨʝʥʠʷ, ʦʪʥʝʩʝʥʥʦʝ ʢ ʫʜʝʣʴʥʦʤʫ ʦʙʲʝʤʫ 

ʤʦʣʝʢʫʣʳ ʨʘʩʪʚʦʨʠʪʝʣʷ, ʙʣʠʟʢʦ ʢ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʤʫ ʟʥʘʯʝʥʠʶ ʜʣʷ 

ʤʦʣʝʢʫʣʳ ʉ60. 

 

 
ʈʠʩ. 4. ʄʦʜʠʬʠʮʠʨʦʚʘʥʥʳʝ ʬʫʣʣʝʨʝʥʳ ʉ60 

 

ʀʦʥʳ ʤʝʪʘʣʣʦʚ ʤʦʛʫʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ ʜʣʷ ʬʫʥʢʮʠʦʥʘʣʠʟʘʮʠʠ 

ʬʫʣʣʝʨʝʥʘ (ʪ.ʝ. ʠʟʤʝʥʝʥʠʷ ʝʛʦ ʩʚʦʡʩʪʚ), ʬʦʨʤʠʨʫʷ ʧʨʠʥʮʠʧʠʘʣʴʥʦ 
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ʠʥʫʶ ʩʠʩʪʝʤʫ. ʅʘʧʨʠʤʝʨ, ʱʝʣʦʯʥʳʝ ʵʣʝʤʝʥʪʳ (Na, K, Rb, Cs) 

ʷʚʣʷʶʪʩʷ ʩʪʘʥʜʘʨʪʥrʤʠ ʜʦʥʦʨʘʤʠ ʵʣʝʢʪʨʦʥʦʚ, ʠ ʙʦʣʴʰʠʥʩʪʚʦ ʨʘʙʦʪ 

ʧʦ ʣʝʛʠʨʦʚʘʥʠʶ ʬʫʣʣʝʨʝʥʦʚ ʧʦʩʚʷʱʝʥʦ ʠʩʧʦʣʴʟʦʚʘʥʠʶ ʵʪʠʭ 

ʤʝʪʘʣʣʦʚ. ʊʘʢʞʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʤʠ ʤʝʪʦʜʘʤʠ ʫʣʫʯʰʝʥʠʷ ʩʚʦʡʩʪʚ 

ʬʫʣʣʝʨʝʥʦʚ ʷʚʣʷʝʪʩʷ ʜʦʙʘʚʣʝʥʠʝ ʟʘʤʝʱʘʶʱʠʭ ʘʪʦʤʦʚ ʠʣʠ 

ʟʘʢʣʶʯʝʥʠʝ ʘʪʦʤʘ ʜʨʫʛʦʛʦ ʵʣʝʤʝʥʪʘ ʚʥʫʪʨʴ ʬʫʣʣʝʨʝʥʘ (ʩʤ. ʨʠʩ. 4). 

 

1.3 ʋʛʣʝʨʦʜʥʳʝ ʥʘʥʦʪʨʫʙʢʠ 

 

1.3.1 ʆʩʥʦʚʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ɺʩʣʝʜ ʟʘ ʦʪʢʨʳʪʠʝʤ ʬʫʣʣʝʨʝʥʦʚ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʤ ʧʫʪʝʤ ʙʳʣ 

ʦʙʥʘʨʫʞʝʥ ʥʦʚʳʡ ʢʣʘʩʩ ʫʛʣʝʨʦʜʥʳʭ ʦʙʨʘʟʦʚʘʥʠʡ ï ʋʅʊ. ɺ 1991 ʛ. 

ʷʧʦʥʩʢʠʤ ʫʯʝʥʳʤ ʉ. ʀʜʞʠʤʦʡ ʧʨʠ ʠʟʫʯʝʥʠʠ ʦʩʘʜʢʘ ʩʘʞʠ, 

ʦʙʨʘʟʫʶʱʝʡʩʷ ʧʨʠ ʨʘʩʧʳʣʝʥʠʠ ʛʨʘʬʠʪʘ ʚ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʜʫʛʝ, ʙʳʣʠ 

ʦʙʥʘʨʫʞʝʥʳ ʋʅʊ, ʢʦʪʦʨʳʝ ʦʙʨʘʟʫʶʪʩʷ ʚ ʨʝʟʫʣʴʪʘʪʝ ʭʠʤʠʯʝʩʢʠʭ 

ʧʨʝʚʨʘʱʝʥʠʡ ʫʛʣʝʨʦʜʘ ʧʨʠ ʚʳʩʦʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ. 

ʋʛʣʝʨʦʜʥʳʝ ʥʘʥʦʪʨʫʙʢʠ ï ʵʪʦ ʧʨʦʪʷʞʝʥʥʳʝ ʩʪʨʫʢʪʫʨʳ ʚ ʚʠʜʝ 

ʧʦʣʦʛʦ ʮʠʣʠʥʜʨʘ, ʩʦʩʪʦʷʱʠʝ ʠʟ ʦʜʥʦʛʦ ʠʣʠ ʥʝʩʢʦʣʴʢʠʭ ʩʚʝʨʥʫʪʳʭ ʚ 

ʪʨʫʙʢʫ ʛʨʘʬʠʪʦʚʳʭ ʩʣʦʝʚ ʩ ʛʝʢʩʘʛʦʥʘʣʴʥʦʡ ʦʨʛʘʥʠʟʘʮʠʝʡ ʫʛʣʝʨʦʜʥʳʭ 

ʘʪʦʤʦʚ (ʨʠʩ. 5, ʘ). ɼʠʘʤʝʪʨ ʋʅʊ ʢʦʣʝʙʣʝʪʩʷ ʦʪ ʦʜʥʦʛʦ ʜʦ ʥʝʩʢʦʣʴʢʠʭ 

ʜʝʩʷʪʢʦʚ ʥʘʥʦʤʝʪʨʦʚ, ʘ ʜʣʠʥʘ ʠʟʤʝʨʷʝʪʩʷ ʜʝʩʷʪʢʘʤʠ ʤʠʢʨʦʥ ʠ 

ʧʦʩʪʦʷʥʥʦ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʧʦ ʤʝʨʝ ʫʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʷ ʪʝʭʥʦʣʦʛʠʠ 

ʠʭ ʧʦʣʫʯʝʥʠʷ. ʀʟ-ʟʘ ʤʘʣʳʭ ʧʦʧʝʨʝʯʥʳʭ ʨʘʟʤʝʨʦʚ ʧʦʜʦʙʥʳʝ 

ʦʙʨʘʟʦʚʘʥʠʷ ʧʦʣʫʯʠʣʠ ʥʘʟʚʘʥʠʝ ʥʘʥʦʪʨʫʙʦʢ.  

ʇʦ ʚʥʝʰʥʝʤʫ ʚʠʜʫ ʧʦʧʝʨʝʯʥʦʛʦ ʩʨʝʟʘ, ʥʘʥʦʪʨʫʙʢʠ (m, 0) 

ʥʘʟʳʚʘʶʪ ʥʘʥʦʪʨʫʙʢʘʤʠ ʪʠʧʘ ʟʠʛʟʘʛ (ʋʅʊ-ʟ), ʘ ʥʘʥʦʪʨʫʙʢʠ (m, m) 

ʥʘʥʦʪʨʫʙʢʘʤʠ ʪʠʧʘ ʢʨʝʩʣʦ (ʋʅʊ-ʢ) (ʩʤ. ʨʠʩ. 5, ʙ). ʅʘʥʦʪʨʫʙʢʠ 

ʙʳʚʘʶʪ ʦʪʢʨʳʪʳʤʠ ʠ ʟʘʢʨʳʪʳʤʠ ʩ ʦʜʥʦʛʦ ʠʣʠ ʜʚʫʭ ʢʦʥʮʦʚ. ɺ 

ʟʘʢʨʳʪʳʭ ʥʘʥʦʪʨʫʙʢʘʭ ʢʦʥʮʳ ʪʨʫʙʦʯʝʢ ʟʘʢʘʥʯʠʚʘʶʪʩʷ 

ʧʦʣʫʩʬʝʨʠʯʝʩʢʠʤʠ ʢʨʳʰʝʯʢʘʤʠ, ʩʦʩʪʘʚʣʝʥʥʳʤʠ ʠʟ ʰʝʩʪʠʫʛʦʣʴʥʠʢʦʚ 

ʠ ʧʷʪʠʫʛʦʣʴʥʠʢʦʚ, ʥʘʧʦʤʠʥʘʶʱʠʭ ʩʪʨʫʢʪʫʨʫ ʧʦʣʦʚʠʥʢʠ ʤʦʣʝʢʫʣʳ 

ʬʫʣʣʝʨʝʥʘ. ʅʘʣʠʯʠʝ ʢʨʳʰʝʯʝʢ ʥʘ ʢʦʥʮʘʭ ʋʅʊ ʧʦʟʚʦʣʷʝʪ 

ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʥʘʥʦʪʨʫʙʢʠ ʢʘʢ ʧʨʝʜʝʣʴʥʳʡ ʩʣʫʯʘʡ ʤʦʣʝʢʫʣ 

ʬʫʣʣʝʨʝʥʦʚ, ʜʣʠʥʘ ʧʨʦʜʦʣʴʥʦʡ ʦʩʠ ʢʦʪʦʨʳʭ ʟʥʘʯʠʪʝʣʴʥʦ ʧʨʝʚʳʰʘʝʪ 

ʜʠʘʤʝʪʨ. ʉʚʦʡʩʪʚʘʤʠ ʪʘʢʠʭ ʪʨʫʙʦʢ ʤʦʞʥʦ ʚ ʦʧʨʝʜʝʣʝʥʥʦʡ ʤʝʨʝ 

ʫʧʨʘʚʣʷʪʴ ʧʫʪʝʤ ʠʟʤʝʥʝʥʠʷ ʠʭ ʭʠʨʘʣʴʥʦʩʪʠ, ʪ.ʝ. ʥʘʧʨʘʚʣʝʥʠʷ 



 18 

ʟʘʢʨʫʯʠʚʘʥʠʷ ʠʭ ʨʝʰʝʪʢʠ ʦʪʥʦʩʠʪʝʣʴʥʦ ʧʨʦʜʦʣʴʥʦʡ ʦʩʠ. ʇʦʣʫʯʘʶʪ 

ʋʅʊ ʢʘʢ ʩ ʤʝʪʘʣʣʠʯʝʩʢʠʤ ʪʠʧʦʤ ʧʨʦʚʦʜʠʤʦʩʪʠ, ʪʘʢ ʠ ʩ ʟʘʜʘʥʥʦʡ 

ʟʘʧʨʝʱʝʥʥʦʡ ʟʦʥʦʡ. ʉʦʝʜʠʥʝʥʠʝ ʜʚʫʭ ʪʘʢʠʭ ʪʨʫʙʦʢ ʙʫʜʝʪ 

ʦʙʨʘʟʦʚʳʚʘʪʴ ʜʠʦʜ, ʘ ʪʨʫʙʢʘ, ʣʝʞʘʱʘʷ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʦʢʠʩʣʝʥʥʦʡ 

ʢʨʝʤʥʠʝʚʦʡ ʧʣʘʩʪʠʥʳ ï ʢʘʥʘʣ ʧʦʣʝʚʦʛʦ ʪʨʘʥʟʠʩʪʦʨʘ. ʅʘʙʦʨ 

ʥʘʥʦʪʨʫʙʦʢ ʩ ʟʘʜʘʥʥʳʤ ʚʥʫʪʨʝʥʥʠʤ ʜʠʘʤʝʪʨʦʤ ʤʦʞʝʪ ʩʣʫʞʠʪʴ 

ʦʩʥʦʚʦʡ ʜʣʷ ʩʦʟʜʘʥʠʷ ʤʦʣʝʢʫʣʷʨʥʳʭ ʩʠʪ ʚʳʩʦʢʦʡ ʩʝʣʝʢʪʠʚʥʦʩʪʠ ʠ 

ʛʘʟʦʧʨʦʥʠʮʘʝʤʦʩʪʠ. ʂʦʤʧʦʟʠʮʠʦʥʥʳʝ ʤʘʪʝʨʠʘʣʳ ʥʘ ʦʩʥʦʚʝ ʋʅʊ 

ʠʤʝʁʪ ʚʘʞʥʦʝ ʟʥʘʯʝʥʠʝ ʢʘʢ ʟʘʱʠʪʥʳʝ ʵʢʨʘʥ rʦʪ ʠʟʣʫʯʝʥʠʷ, ʘ ʪʘʢʞʝ 

ʜʣʷ ʩʦʟʜʘʥʠʷ ʢʦʥʩʪʨʫʢʮʠʦʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʦʪʚʝʪʩʪʚʝʥʥʦʛʦ 

ʥʘʟʥʘʯʝʥʠʷ. 

ɺ ʧʦʩʣʝʜʥʝʝ ʚʨʝʤʷ ʥʘʫʯʠʣʠʩʴ ʚʳʨʘʱʠʚʘʪʴ ʦʜʥʦʩʣʦʡʥʳʝ ʠ 

ʤʥʦʛʦʩʣʦʡʥʳʝ ʫʛʣʝʨʦʜʥʳʝ ʥʘʥʦʪʨʫʙʢʠ (ʨʠʩ. 6). ʄʥʦʛʦʩʣʦʡʥʳʝ 

ʥʘʥʦʪʨʫʙʢʠ ʤʦʛʫʪ ʠʤʝʪʴ ʦʪ ʥʝʩʢʦʣʴʢʠʭ ʜʦ ʜʝʩʷʪʢʦʚ ʦʜʥʦʩʣʦʡʥʳʭ 

ʥʘʥʦʪʨʫʙʦʢ. ʈʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʩʪʝʥʢʘʤʠ ʧʨʠʙʣʠʞʘʝʪʩʷ ʢ 

ʤʝʞʩʣʦʡʥʦʤʫ ʨʘʩʩʪʦʷʥʠ ʁ ʚ ʛʨʘʬʠʪʝ (0,34 ʥʤ). ʇʦ ʵʪʦʡ ʧʨʠʯʠʥʝ 

ʤʠʥʠʤʘʣʴʥʳʡ ʜʠʘʤʝʪʨ ʦʜʥʦʩʣʦʡʥʦʡ ʥʘʥʦʪʨʫʙʢʠ ʩʦʩʪʘʚʣʷʝʪ 0,7 ʥʤ, ʘ 

ʧʦʩʣʝʜʫʶʱʠʝ ʜʠʘʤʝʪʨʳ ʦʧʨʝʜʝʣʷʶʪʩʷ ʵʪʦʡ ʤʠʥʠʤʘʣʴʥʦʡ ʚʝʣʠʯʠʥʦʡ. 

ɺ ʨʝʟʫʣʴʪʘʪʝ, ʚʥʫʪʨʝʥʥʠʡ ʠ ʚʥʝʰʥʠʡ ʜʠʘʤʝʪʨʳ ʤʥʦʛʦʩʣʦʡʥʦʡ 

ʥʘʥʦʪʨʫʙʢʠ ʠʤʝʶʪ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʚʝʣʠʯʠʥʳ 0,7-4 ʥʤ ʠ 5-40 ʥʤ.  

 

 
ʈʠʩ. 5. (ʘ) ʉʚʦʨʘʯʠʚʘʥʠʝ ʋʅʊ ʠʟ ʣʠʩʪʘ ʛʨʘʬʝʥʘ. (ʙ) ʋʅʊ 

ʨʘʟʣʠʯʥʦʡ ʭʠʨʘʣʴʥʦʩʪʠ 

 



 19 

ʀʥʜʝʢʩʳ ʭʠʨʘʣʴʥʦʩʪʠ ʥʘʥʦʪʨʫʙʢʠ (m, n) ʦʜʥʦʟʥʘʯʥʳʤ ʦʙʨʘʟʦʤ 

ʦʧʨʝʜʝʣʷʶʪ ʝʝ ʩʪʨʫʢʪʫʨʫ, ʚ ʯʘʩʪʥʦʩʪʠ, ʝʝ ʜʠʘʤʝʪʨ D. ʕʪʘ ʩʚʷʟʴ 

ʦʯʝʚʠʜʥʘ ʠ ʠʤʝʝʪ ʩʣʝʜʫʶʱʠʡ ʚʠʜ:  

( )2 203d
D m n mn

p
= + +                                (1) 

ʛʜʝ d0 = 0,142 ʥʤ - ʨʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʩʦʩʝʜʥʠʤʠ ʘʪʦʤʘʤʠ ʫʛʣʝʨʦʜʘ ʚ 

ʛʨʘʬʠʪʦʚʦʡ ʧʣʦʩʢʦʩʪʠ. 

ʀʥʜʝʢʩʳ (m, n) ʦʧʨʝʜʝʣʷʶʪʩʷ ʩʪʨʦʝʥʠʝʤ ʛʝʢʩʘʛʦʥʘʣʴʥʦʡ ʩʝʪʢʠ, 

ʚʳʨʝʟʘʝʤʦʡ ʠʟ ʛʨʘʬʝʥʦʚʦʛʦ ʣʠʩʪʘ ʧʝʨʝʜ ʩʚʦʨʘʯʠʚʘʥʠʝʤ; m ʠ n 

ʷʚʣʷʶʪʩʷ ʢʦʵʬʬʠʮʠʝʥʪʘʤʠ ʨʘʟʣʦʞʝʥʠʷ ʧʦ ʙʘʟʠʩʥʳʤ ʚʝʢʪʦʨʘʤ 

ʦʪʨʝʟʢʘ, ʩʦʝʜʠʥʷʶʱʝʛʦ ʜʚʘ ʘʪʦʤʘ ʥʘ ʧʨʦʪʠʚʦʧʦʣʦʞʥʳʭ ʩʪʦʨʦʥʘʭ 

ʣʝʥʪʳ (ʨʠʩ. 5, ʘ). ʇʨʠ ʩʚʦʨʘʯʠʚʘʥʠʠ ʵʪʠ ʘʪʦʤʳ ʥʘʢʣʘʜʳʚʘʶʪʩʷ. ɽʩʣʠ 

ʧʨʠ ʩʚʦʨʘʯʠʚʘʥʠʠ ʛʨʘʬʝʥʦʚʦʡ ʣʝʥʪʳ ʢʘʞʜʘʷ ʧʘʨʘ ʩʪʦʨʦʥ 

ʰʝʩʪʠʫʛʦʣʴʥʠʢʦʚ ʨʘʩʧʦʣʦʞʝʥʘ ʢ ʦʩʠ ʪʨʫʙʢʠ ʧʦʜ ʫʛʣʦʤ, ʦʪʣʠʯʥʳʤ ʦʪ 

0 ʠʣʠ 90Á, ʪʦ ʪʘʢʠʝ ʥʘʥʦʪʨʫʙʢʠ ʥʘʟʳʚʘʶʪʩʷ ʭʠʨʘʣʴʥʳʤʠ. ɽʩʣʠ ʜʚʝ 

ʩʪʦʨʦʥʳ ʢʘʞʜʦʛʦ ʰʝʩʪʠʫʛʦʣʴʥʠʢʘ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʳ ʢ ʦʩʠ ʪʨʫʙʢʠ, ʪʦ 

ʵʪʦ ʋʅʊ-ʢ. ʋ ʪʨʫʙʦʢ ʪʠʧʘ ʟʠʛʟʘʛ ʜʚʝ ʩʪʦʨʦʥʳ ʢʘʞʜʦʛʦ 

ʰʝʩʪʠʫʛʦʣʴʥʠʢʘ ʧʘʨʘʣʣʝʣʴʥʳ ʦʩʠ ʪʨʫʙʢʠ. ʍʠʨʘʣʴʥʳʡ ʫʛʦʣ 

ʭʘʨʘʢʪʝʨʠʟʫʝʪ ʦʪʢʣʦʥʝʥʠʝ ʦʪ ʢʦʥʬʠʛʫʨʘʮʠʠ ʟʠʛʟʘʛ, ʠʟʤʝʥʷʝʪʩʷ ʦʪ 0 

ʜʦ 30Á ʠ ʚʳʯʠʩʣʷʝʪʩʷ ʢʘʢ 

 
( )3 / 2arctg m n mq è ø= - +

ê ú 
ʠʣʠ 

( )3 / 2arctg n m nq è ø= - +
ê ú. 

 

 
ʈʠʩ. 6. ʆʜʥʦʩʣʦʡʥʘʷ ʠ ʤʥʦʛʦʩʣʦʡʥʘ ̫ʋʅʊ 
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ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʣʶʙʘʷ ʤʦʣʝʢʫʣʘ ʦʙʣʘʜʘʝʪ ʩʧʝʮʠʬʠʯʝʩʢʠʤ 

ʥʘʙʦʨʦʤ ʢʦʣʝʙʘʪʝʣʴʥʳʭ ʜʚʠʞʝʥʠʡ, ʥʘʟʳʚʘʝʤʳʭ ʥʦʨʤʘʣʴʥʳʤʠ 

ʢʦʣʝʙʘʪʝʣʴʥʳʤʠ ʤʦʜʘʤʠ, ʢʦʪʦʨʳʝ ʦʧʨʝʜʝʣʷʶʪʩʷ ʩʠʤʤʝʪʨʠʝʡ 

ʤʦʣʝʢʫʣʳ. ʋʅʊ ʠʤʝʶʪ ʩʚʦʠ ʥʦʨʤʘʣʴʥʳʝ ʢʦʣʝʙʘʪʝʣʴʥʳʝ ʤʦʜʳ, ʩʨʝʜʠ 

ʢʦʪʦʨʳʭ ʤʦʞʥʦ ʚʳʜʝʣʠʪʴ ʤʦʜʳ, ʩʦʩʪʦʷʱʠʝ ʚ ʦʩʮʠʣʣʷʮʠʠ ʜʠʘʤʝʪʨʘ 

ʪʨʫʙʢʠ ʠʣʠ ʚ ʝʝ ʩʧʣʶʱʠʚʘʥʠʠ. 

 

1.3.2 ʄʝʪʦʜʳ ʩʠʥʪʝʟʘ 

ʆʩʥʦʚʥʦʝ ʦʪʣʠʯʠʝ ʤʝʪʦʜʦʚ ʩʠʥʪʝʟʘ ʦʜʥʦʩʣʦʡʥʳʭ ʠ ʤʥʦʛʦʩʣʦʡʥʳʭ 

ʋʅʊ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʪʦʤ, ʯʪʦ ʚ ʧʝʨʚʦʤ ʩʣʫʯʘʝ ʪʨʝʙʫʝʪʩʷ ʧʨʠʩʫʪʩʪʚʠʝ 

ʤʝʪʘʣʣʠʯʝʩʢʦʛʦ ʢʘʪʘʣʠʟʘʪʦʨʘ. ʆʜʥʦʩʣʦʡʥʳʝ ʋʅʊ ʧʦʣʫʯʘʶʪʩʷ 

ʠʩʧʘʨʝʥʠʝʤ ʤʝʪʘʣʣ-ʛʨʘʬʠʪʦʚʳʭ ʩʪʝʨʞʥʝʡ ʩ ʧʦʤʦʱʴʶ ʣʘʟʝʨʦʚ, 

ʠʩʧʘʨʝʥʠʝʤ ʤʝʪʘʣʣ-ʛʨʘʬʠʪʦʚʳʭ ʵʣʝʢʪʨʦʜʦʚ ʚ ʵʣʝʢʪʨʦʜʫʛʦʚʦʤ 

ʨʘʟʨʷʜʝ, ʧʠʨʦʣʠʟʦʤ ʫʛʣʝʨʦʚʦʜʦʨʦʜʦʚ ʠ ʨʘʟʣʦʞʝʥʠʝʤ ʦʢʩʠʜʘ ʫʛʣʝʨʦʜʘ 

ʥʘ ʤʝʪʘʣʣʠʯʝʩʢʠʭ ʢʘʪʘʣʠʟʘʪʦʨʘʭ. ʄʥʦʛʦʩʣʦʡʥʳʝ ʋʅʊ ʧʦʣʫʯʘʶʪ 

ʠʩʧʘʨʝʥʠʝʤ ʛʨʘʬʠʪʦʚʳʭ ʩʪʝʨʞʥʝʡ ʩ ʧʦʤʦʱʴʶ ʣʘʟʝʨʦʚ, ʠʩʧʘʨʝʥʠʝʤ 

ʛʨʘʬʠʪʦʚʳʭ ʵʣʝʢʪʨʦʜʦʚ ʚ ʵʣʝʢʪʨʦʜʫʛʦʚʦʤ ʨʘʟʨʷʜʝ, ʧʠʨʦʣʠʟʦʤ 

ʫʛʣʝʚʦʜʦʨʦʜʦʚ. ʆʙʩʫʜʠʤ ʵʪʠ ʤʝʪʦʜʳ ʙʦʣʝʝ ʧʦʜʨʦʙʥʦ. 

ʅʘʠʙʦʣʝʝ ʰʠʨʦʢʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʡ ʤʝʪʦʜ ʧʦʣʫʯʝʥʠʷ ʋʅʊ 

ʠʩʧʦʣʴʟʫʝʪ ʪʝʨʤʠʯʝʩʢʦʝ ʨʘʩʧʳʣʝʥʠʝ ʛʨʘʬʠʪʦʚʦʛʦ ʵʣʝʢʪʨʦʜʘ ʚ ʧʣʘʟʤʝ 

ʜʫʛʦʚʦʛʦ ʨʘʟʨʷʜʘ, ʛʦʨʷʱʝʡ ʚ ʘʪʤʦʩʬʝʨʝ ʅʝ. ʕʪʦʪ ʤʝʪʦʜ ʧʦʟʚʦʣʷʝʪ 

ʧʦʣʫʯʘʪʴ ʋʅʊ ʚ ʢʦʣʠʯʝʩʪʚʝ, ʜʦʩʪʘʪʦʯʥʦʤ ʜʣʷ ʜʝʪʘʣʴʥʦʛʦ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʠʭ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ. ɺ ʜʫʛʦʚʦʤ ʨʘʟʨʷʜʝ 

ʧʦʩʪʦʷʥʥʦʛʦ ʪʦʢʘ ʩ ʛʨʘʬʠʪʦʚʳʤʠ ʵʣʝʢʪʨʦʜʘʤʠ ʧʨʠ ʥʘʧʨʷʞʝʥʠʠ  

15-25 ɺ, ʚ ʪʦʢʝ ʚ ʥʝʩʢʦʣʴʢʦ ʜʝʩʷʪʢʦʚ ʘʤʧʝʨ, ʤʝʞʵʣʝʢʪʨʦʜʥʦʤ 

ʨʘʩʩʪʦʷʥʠʠ ʚ ʥʝʩʢʦʣʴʢʦ ʤʠʣʣʠʤʝʪʨʦʚ ʠ ʜʘʚʣʝʥʠʠ ʛʝʣʠʷ ʚ ʥʝʩʢʦʣʴʢʦ 

ʩʦʪ ʊʦʨʨ, ʧʨʦʠʩʭʦʜʠʪ ʠʥʪʝʥʩʠʚʥʦʝ ʪʝʨʤʠʯʝʩʢʦʝ ʨʘʩʧʳʣʝʥʠʝ 

ʤʘʪʝʨʠʘʣʘ ʘʥʦʜʘ. ʇʨʦʜʫʢʪʳ ʨʘʩʧʳʣʝʥʠʷ, ʩʦʜʝʨʞʘʱʠʝ, ʥʘʨʷʜʫ ʩ 

ʯʘʩʪʠʮʘʤʠ ʛʨʘʬʠʪʘ, ʪʘʢʞʝ ʥʝʢʦʪʦʨʦʝ ʢʦʣʠʯʝʩʪʚʦ ʬʫʣʣʝʨʝʥʦʚ, 

ʦʩʘʞʜʘʶʪʩʷ ʥʘ ʦʭʣʘʞʜʘʝʤʳʭ ʩʪʝʥʢʘʭ ʨʘʟʨʷʜʥʦʡ ʢʘʤʝʨʳ, ʘ ʪʘʢʞʝ ʥʘ 

ʧʦʚʝʨʭʥʦʩʪʠ ʢʘʪʦʜʘ, ʙʦʣʝʝ ʭʦʣʦʜʥʦʛʦ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʘʥʦʜʦʤ. ɺ ʵʪʦʤ 

ʢʘʪʦʜʥʦʤ ʦʩʘʜʢʝ ʠ ʙʳʣʠ ʚʧʝʨʚʳʝ ʦʙʥʘʨʫʞʝʥʳ ʋʅʊ. ʇʨʠ ʵʪʦʤ 

ʦʪʥʦʩʠʪʝʣʴʥʦʝ ʩʦʜʝʨʞʘʥʠʝ ʋʅʊ ʚ ʢʘʪʦʜʥʦʤ ʦʩʘʜʢʝ ʥʝ ʧʨʝʚʳʰʘʝʪ 

ʥʝʩʢʦʣʴʢʠʭ ʧʨʦʮʝʥʪʦʚ, ʠ, ʧʦʩʢʦʣʴʢʫ ʪʨʫʙʢʠ, ʪʘʢ ʞʝ, ʢʘʢ ʠ ʜʨʫʛʠʝ 

ʫʛʣʝʨʦʜʥʳʝ ʯʘʩʪʠʮʳ, ʧʨʠʩʫʪʩʪʚʫʶʱʠʝ ʚ ʢʘʪʦʜʥʦʤ ʦʩʘʜʢʝ, 

ʥʝʨʘʩʪʚʦʨʠʤʳ ʚ ʦʨʛʘʥʠʯʝʩʢʠʭ ʨʘʩʪʚʦʨʠʪʝʣʷʭ, ʟʘʜʘʯʘ ʠʭ ʚʳʜʝʣʝʥʠʷ ʠʟ 

ʦʩʘʜʢʘ ʩʦʧʨʷʞʝʥʘ ʩ ʨʷʜʦʤ ʩʣʦʞʥʦʩʪʝʡ, ʧʦʵʪʦʤʫ ʧʝʨʚʦʥʘʯʘʣʴʥʦ 
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ʧʨʠʤʝʥʷʝʤʳʝ ʤʝʪʦʜʳ ʪʨʝʙʦʚʘʣʠ ʤʦʜʠʬʠʢʘʮʠʠ. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ 

ʩʫʱʝʩʪʚʫʶʪ ʩʧʝʮʠʘʣʴʥʳʝ ʤʝʪʦʜʳ ʚʳʜʝʣʝʥʠʷ ʋʅʊ ʠʟ ʦʩʘʜʢʘ. 

ʇʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʜʫʛʠ ʦʙʨʘʟʫʶʪʩʷ 

ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʤʥʦʛʦʩʣʦʡʥʳʝ ʥʘʥʦʪʨʫʙʢʠ, ʜʠʘʤʝʪʨ ʢʦʪʦʨʳʭ 

ʠʟʤʝʥʷʝʪʩʷ ʚ ʜʠʘʧʘʟʦʥʝ ʦʪ ʦʜʥʦʛʦ ʜʦ ʥʝʩʢʦʣʴʢʠʭ ʜʝʩʷʪʢʦʚ 

ʥʘʥʦʤʝʪʨʦʚ. ʂʨʦʤʝ ʪʦʛʦ, ʪʘʢʠʝ ʥʘʥʦʪʨʫʙʢʠ ʦʪʣʠʯʘʶʪʩʷ 

ʭʠʨʘʣʴʥʦʩʪʴʶ, ʯʪʦ ʦʧʨʝʜʝʣʷʝʪ ʨʘʟʣʠʯʠʝ ʠʭ ʵʣʝʢʪʨʦʥʥʦʡ ʩʪʨʫʢʪʫʨʳ ʠ 

ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ. ʈʘʩʧʨʝʜʝʣʝʥʠ ̫ ʥʘʥʦʪʨʫʙʦʢ ʧʦ 

ʨʘʟʤʝʨʘʤ ʠ ʫʛʣʫ ʭʠʨʘʣʴʥʦʩʪʠ ʢʨʠʪʠʯʝʩʢʠʤ ʦʙʨʘʟʦʤ ʟʘʚʠʩʷʪ ʦʪ 

ʫʩʣʦʚʠʡ ʛʦʨʝʥʠʷ ʜʫʛʠ ʠ ʥʝ ʚʦʩʧʨʦʠʟʚʦʜʷʪʩʷ ʦʪ ʦʜʥʦʛʦ ʵʢʩʧʝʨʠʤʝʥʪʘ ʢ 

ʜʨʫʛʦʤʫ. ʏʘʩʪʠʯʥʦʝ ʧʨʝʦʜʦʣʝʥʠʝ ʫʢʘʟʘʥʥʦʡ ʧʨʦʙʣʝʤʳ ʩʪʘʣʦ 

ʚʦʟʤʦʞʥʳʤ ʙʣʘʛʦʜʘʨʷ ʠʩʧʦʣʴʟʦʚʘʥʠʶ ʧʨʦʮʝʜʫʨʳ ʦʙʨʘʙʦʪʢʠ ʜʘʥʥʦʛʦ 

ʤʘʪʝʨʠʘʣʘ ʩʠʣʴʥʳʤʠ ʦʢʠʩʣʠʪʝʣʷʤʠ.  

ʋʅʊ, ʧʦʣʫʯʘʝʤʳʝ ʚ ʜʫʛʦʚʦʤ ʨʘʟʨʷʜʝ, ʦʙʳʯʥʦ ʠʤʝʶʪ 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʝʙʦʣʴʰʫʶ ʜʣʠʥʫ (ʤʝʥʝʝ 1 ʤʢʤ). ʕʪʦ ʦʙʩʪʦʷʪʝʣʴʩʪʚʦ, ʘ 

ʪʘʢʞʝ ʦʪʥʦʩʠʪʝʣʴʥʦ ʚʳʩʦʢʘʷ ʩʪʦʠʤʦʩʪʴ ʜʘʥʥʦʛʦ ʤʘʪʝʨʠʘʣʘ, 

ʦʙʫʩʣʦʚʣʝʥʥʘʷ ʥʠʟʢʦʡ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴʶ ʝʛʦ ʩʠʥʪʝʟʘ, ʟʘʪʨʫʜʥʷʝʪ 

ʧʨʘʢʪʠʯʝʩʢʦʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʥʘʥʦʪʨʫʙʦʢ. ʋʢʘʟʘʥʥʳʝ ʥʝʜʦʩʪʘʪʢʠ 

ʥʘʥʦʪʨʫʙʦʢ ʫʜʘʝʪʩʷ ʚ ʟʥʘʯʠʪʝʣʴʥʦʡ ʩʪʝʧʝʥʠ ʧʨʝʦʜʦʣʝʪʴ ʚ ʨʘʤʢʘʭ 

ʜʘʣʴʥʝʡʰʝʛʦ ʨʘʟʚʠʪʠʷ ʪʝʭʥʦʣʦʛʠʠ ʧʦʣʫʯʝʥʠ ̫ʋʅʊ ʚ ʜʫʛʦʚʦʤ ʨʘʟʨʷʜʝ, 

ʢʦʪʦʨʦʝ ʩʚʷʟʘʥʦ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʢʘʪʘʣʠʟʘʪʦʨʦʚ, ʥʘʧʨʠʤʝʨ, ʤʝʪʘʣʣʦʚ 

ʧʣʘʪʠʥʦʚʦʡ ʛʨʫʧʧʳ. ʅʘʣʠʯʠʝ ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʧʨʠʚʦʜʠʪ ʢ 

ʟʥʘʯʠʪʝʣʴʥʦʤʫ ʨʘʩʰʠʨʝʥʠʶ ʨʘʟʥʦʦʙʨʘʟʠʷ ʪʠʧʦʚ ʯʘʩʪʠʮ, 

ʥʘʙʣʶʜʘʝʤʳʭ ʚ ʢʘʪʦʜʥʦʤ ʦʩʘʜʢʝ. ʅʘʨʷʜʫ ʩ ʥʘʥʦʪʨʫʙʢʘʤʠ ʟʜʝʩʴ ʪʘʢʞʝ 

ʥʘʭʦʜʷʪʩʷ ʯʘʩʪʠʮʳ ʤʝʪʘʣʣʘ ʠ ʝʛʦ ʫʛʣʝʨʦʜʥʳʭ ʩʦʝʜʠʥʝʥʠʡ, 

ʟʘʢʣʶʯʝʥʥʳʝ ʚ ʦʜʥʦʩʣʦʡʥʫʶ ʠʣʠ ʤʥʦʛʦʩʣʦʡʥʫʶ ʛʨʘʬʠʪʦʚʫʶ 

ʦʙʦʣʦʯʢʫ. ʇʘʨʘʤʝʪʨʳ ʥʘʥʦʪʨʫʙʦʢ ʦʧʨʝʜʝʣʷʶʪʩʷ ʪʠʧʦʤ ʤʝʪʘʣʣʘ, 

ʠʩʧʦʣʴʟʫʝʤʦʛʦ ʚ ʢʘʯʝʩʪʚʝ ʢʘʪʘʣʠʟʘʪʦʨʘ, ʘ ʪʘʢʞʝ ʧʘʨʘʤʝʪʨʘʤʠ 

ʜʫʛʦʚʦʛʦ ʨʘʟʨʷʜʘ. ʊʘʢ, ʤʝʪʘʣʣʳ ʛʨʫʧʧʳ ʞʝʣʝʟʘ ʚ ʢʘʯʝʩʪʚʝ 

ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʩʧʦʩʦʙʩʪʚʫʶʪ ʧʦʣʫʯʝʥʠʶ ʦʜʥʦʩʣʦʡʥʳʭ ʥʘʥʦʪʨʫʙʦʢ. 

ʂʘʢ ʠ ʬʫʣʣʝʨʝʥʳ, ʋʅʊ ʧʦʣʫʯʘʶʪ ʚ ʨʝʟʫʣʴʪʘʪʝ ʪʝʨʤʠʯʝʩʢʦʛʦ 

ʨʘʩʧʳʣʝʥʠʷ ʛʨʘʬʠʪʘ. ʇʨʠ ʩʠʥʪʝʟʝ ʋʅʊ ʚ ʨʝʟʫʣʴʪʘʪʝ ʪʝʨʤʠʯʝʩʢʦʛʦ 

ʚʦʟʜʝʡʩʪʚʠʷ ʣʘʟʝʨʥʦʛʦ ʠʟʣʫʯʝʥʠʷ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʤʝʪʘʣʣʠʯʝʩʢʠʭ 

ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʧʨʠʚʦʜʠʪ ʢ ʪʘʢʦʤʫ ʞʝ ʢʘʯʝʩʪʚʝʥʥʦʤʫ ʵʬʬʝʢʪʫ, ʢʘʢ ʚ 

ʨʘʩʩʤʦʪʨʝʥʥʦʤ ʚʳʰʝ ʩʣʫʯʘʝ ʵʣʝʢʪʨʦʜʫʛʦʚʦʛʦ ʩʠʥʪʝʟʘ. ʉʦʜʝʨʞʘʥʠʝ 

ʥʘʥʦʪʨʫʙʦʢ ʚ ʩʘʞʝ ʨʝʟʢʦ ʚʦʟʨʘʩʪʘʝʪ, ʘ ʠʭ ʢʘʯʝʩʪʚʦ ʩʫʱʝʩʪʚʝʥʥʦ 

ʫʣʫʯʰʘʝʪʩʷ. ʇʨʠ ʵʪʦʤ ʚʤʝʩʪʦ ʤʥʦʛʦʩʣʦʡʥʳʭ ʋʅʊ, 

ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʭʩʷ ʟʥʘʯʠʪʝʣʴʥʳʤ ʨʘʟʙʨʦʩʦʤ ʚ ʜʠʘʤʝʪʨʝ, ʦʙʨʘʟʫʶʪʩʷ 
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ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʦʜʥʦʩʣʦʡʥʳʝ ʥʘʥʦʪʨʫʙʢʠ, ʜʠʘʤʝʪʨ ʢʦʪʦʨʳʭ 

ʠʟʤʝʥʷʝʪʩʷ ʚ ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʝʙʦʣʴʰʦʤ ʠʥʪʝʨʚʘʣʝ. 

ɹʦʣʴʰʦʡ ʠʥʪʝʨʝʩ ʧʨʝʜʩʪʘʚʣʷʝʪ ʵʣʝʢʪʨʦʣʠʪʠʯʝʩʢʠʡ ʩʠʥʪʝʟ ʋʅʊ. 

ʇʨʠ ʵʪʦʤ, ʩʨʝʜʠ ʧʨʦʜʫʢʪʦʚ ʵʣʝʢʪʨʦʣʠʟʘ ʙʳʣʠ ʦʙʥʘʨʫʞʝʥʳ ʋʅʊ 

ʨʘʟʣʠʯʥʦʡ ʤʦʨʬʦʣʦʛʠʠ, ʘ ʪʘʢʞʝ ʜʨʫʛʠʝ ʫʛʣʝʨʦʜʥʳʝ ʬʘʟʳ, ʥʘʧʨʠʤʝʨ, 

ʩʧʠʨʘʣʴʥʳʝ ʠʣʠ ʟʘʢʨʫʛʣʝʥʥʳʝ ʩʪʨʫʢʪʫʨʳ. 

 

1.3.3 ʆʙʱʠʝ ʩʚʦʡʩʪʚʘ 

ɺ ʧʦʩʣʝʜʥʝʝ ʚʨʝʤʷ ʥʘʙʣʶʜʘʝʪʩʷ ʧʦʜʣʠʥʥʳʡ ʙʫʤ ʠʩʩʣʝʜʦʚʘʥʠʡ, 

ʥʘʧʨʘʚʣʝʥʥʳʭ ʥʘ ʚʳʷʩʥʝʥʠʝ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 

ʥʘʥʦʪʨʫʙʦʢ. ʄʦʞʥʦ ʫʢʘʟʘʪʴ ʥʘ ʜʚʘ ʦʩʥʦʚʥʳʭ ʩʪʠʤʫʣʘ, 

ʤʦʪʠʚʠʨʫʶʱʠʭ ʨʘʟʚʠʪʠʝ ʪʘʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ. ʉ ʦʜʥʦʡ ʩʪʦʨʦʥʳ, ʵʪʦ 

ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʡ ʘʩʧʝʢʪ, ʦʙʫʩʣʦʚʣʝʥʥʳʡ ʤʠʥʠʘʪʶʨʥʳʤʠ ʨʘʟʤʝʨʘʤʠ 

ʠ ʫʥʠʢʘʣʴʥʳʤʠ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʥʘʥʦʪʨʫʙʦʢ. 

ʉ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ ï ʟʥʘʯʠʪʝʣʴʥʳʡ ʧʨʠʢʣʘʜʥʦʡ ʧʦʪʝʥʮʠʘʣ 

ʥʘʥʦʪʨʫʙʦʢ. ʈʘʩʰʠʨʝʥʠʝ ʧʦʜʦʙʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʩʚʷʟʘʥʦ ʝʱʝ ʠ ʩ 

ʪʝʤ, ʯʪʦ ʤʥʦʛʠʝ ʩʚʦʡʩʪʚʘ ʥʘʥʦʪʨʫʙʦʢ ʟʘʚʠʩʷʪ ʦʪ ʠʭ ʛʝʦʤʝʪʨʠʠ. ʅʘ 

ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʥʘʠʙʦʣʝʝ ʚʧʝʯʘʪʣʷʶʱʠʤʠ ʠ ʠʟʫʯʝʥʥʳʤʠ 

ʩʚʦʡʩʪʚʘʤʠ ʥʘʥʦʪʨʫʙʦʢ ʷʚʣʷʶʪʩʷ ʠʭ ʵʣʝʢʪʨʦʧʨʦʧʨʦʚʦʜʥʳʝ, 

ʵʤʠʩʩʠʦʥʥʳʝ ʠ ʤʝʭʘʥʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ. 

ʇʝʨʚʳʝ ʨʘʙʦʪʳ ʧʦ ʠʩʩʣʝʜʦʚʘʥʠʶ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʋʅʊ 

ʧʦʢʘʟʘʣʠ, ʯʪʦ ʦʥʠ ʤʦʛʫʪ ʦʙʣʘʜʘʪʴ ʢʘʢ ʤʝʪʘʣʣʠʯʝʩʢʠʤʠ, ʪʘʢ ʠ 

ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚʳʤʠ ʩʚʦʡʩʪʚʘʤʠ, ʦʜʥʘʢʦ ʚ ʧʠʦʥʝʨʩʢʠʭ 

ʠʩʩʣʝʜʦʚʘʥʠʷʭ ʝʱʝ ʥʝ ʙʳʣʘ ʦʪʢʨʳʪʘ ʚʦʟʤʦʞʥʦʩʪʴ ʫʧʨʘʚʣʝʥʠʷ ʪʘʢʠʤʠ 

ʩʚʦʡʩʪʚʘʤʠ. ɸʥʘʣʠʟ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʜʘʥʥʳʭ ʧʦʜʪʚʝʨʜʠʣ 

ʪʝʦʨʝʪʠʯʝʩʢʠʝ ʩʦʦʙʨʘʞʝʥʠʷ ʦ ʟʘʚʠʩʠʤʦʩʪʠ ʪʠʧʘ ʧʨʦʚʦʜʠʤʦʩʪʠ ʦʪ 

ʛʝʦʤʝʪʨʠʠ ʥʘʥʦʪʨʫʙʦʢ. ɺ ʧʦʣʥʦʤ ʩʦʛʣʘʩʠʠ ʩ ʜʘʥʥʳʤʠ ʢʚʘʥʪʦʚʦʡ 

ʭʠʤʠʠ, ʥʘʥʦʪʨʫʙʢʠ, ʜʣʷ ʢʦʪʦʨʳʭ ʨʘʟʥʦʩʪʴ n-m ʢʨʘʪʥʘ ʪʨʝʤ, ʦʢʘʟʘʣʠʩʴ 

ʤʝʪʘʣʣʠʯʝʩʢʠʤʠ, ʘ ʦʩʪʘʣʴʥʳʝ - ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚʳʤʠ. ɺ 

ʤʝʪʘʣʣʠʯʝʩʢʦʤ ʩʦʩʪʦʷʥʠʠ ʧʨʦʚʦʜʠʤʦʩʪʴ ʥʘʥʦʪʨʫʙʢʠ ʦʯʝʥʴ ʚʳʩʦʢʘ. 

ʇʦ ʦʮʝʥʢʘʤ, ʦʥʠ ʤʦʛʫʪ ʧʨʦʧʫʩʢʘʪʴ ʧʣʦʪʥʦʩʪʴ ʪʦʢʘ ʧʨʠʙʣʠʟʠʪʝʣʴʥʦ 

109 ɸ/ʩʤ
2
, ʚ ʪʦ ʚʨʝʤʷ, ʢʘʢ ʤʝʜʥʳʡ ʧʨʦʚʦʜ ʚʳʭʦʜʠʪ ʠʟ ʩʪʨʦʷ ʫʞʝ ʧʨʠ 

ʧʣʦʪʥʦʩʪʠ ʪʦʢʘ ʦʢʦʣʦ 106 ɸ/ʩʤ
2
. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʙʳʣʘ ʫʩʪʘʥʦʚʣʝʥʘ 

ʦʜʥʦʟʥʘʯʥʘʷ ʩʚʷʟʴ ʤʝʞʜʫ ʩʪʨʫʢʪʫʨʦʡ ʋʅʊ ʠ ʠʭ ʧʨʦʚʦʜʷʱʠʤʠ 

ʩʚʦʡʩʪʚʘʤʠ.  

ʊʘʢʠʝ ʚʘʞʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʵʣʝʢʪʨʦʥʥʳʭ ʩʚʦʡʩʪʚ 

ʧʦʣʫʧʨʦʚʦʜʷʱʝʡ ʥʘʥʦʪʨʫʙʢʠ, ʢʘʢ ʰʠʨʠʥʘ ʟʘʧʨʝʱʝʥʥʦʡ ʟʦʥʳ, 
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ʵʣʝʢʪʨʦʩʦʧʨʦʪʠʚʣʝʥʠʝ, ʢʦʥʮʝʥʪʨʘʮʠʷ ʠ ʧʦʜʚʠʞʥʦʩʪʴ ʥʦʩʠʪʝʣʝʡ 

ʟʘʨʷʜʘ, ʦʧʨʝʜʝʣʷʶʪʩʷ ʝʝ ʛʝʦʤʝʪʨʠʯʝʩʢʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ ï ʜʠʘʤʝʪʨʦʤ 

ʠ ʭʠʨʘʣʴʥʦʩʪʴʶ, ʪ.ʝ. ʫʛʣʦʤ ʦʨʠʝʥʪʘʮʠʠ ʛʨʘʬʠʪʦʚʦʡ ʧʦʚʝʨʭʥʦʩʪʠ 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʦʩʠ ʪʨʫʙʢʠ. ʂʦʣʠʯʝʩʪʚʝʥʥʦʝ ʩʦʦʪʥʦʰʝʥʠʝ, 

ʩʚʷʟʳʚʘʶʱʝʝ ʤʝʞʜʫ ʩʦʙʦʡ ʠʥʜʝʢʩʳ ʭʠʨʘʣʴʥʦʩʪʠ ʋʅʊ, ʝʝ ʨʘʜʠʫʩ ʠ 

ʰʠʨʠʥʫ ʟʘʧʨʝʱʝʥʥʦʡ ʟʦʥʳ, ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩ. 7. ʐʠʨʠʥʘ ʟʘʧʨʝʱʝʥʥʦʡ 

ʟʦʥʳ ʟʜʝʩʴ ʚʳʨʘʞʝʥʘ ʚ ʝʜʠʥʠʮʘʭ ʵʥʝʨʛʠʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʜʚʫʭ p-

ʵʣʝʢʪʨʦʥʦʚ, ʧʨʠʥʘʜʣʝʞʘʱʠʭ ʩʦʩʝʜʥʠʤ ʘʪʦʤʘʤ ʫʛʣʝʨʦʜʘ ʚ ʛʨʘʬʠʪʦʚʦʡ 

ʨʝʰʝʪʢʝ, ʢʦʪʦʨʦʝ ʧʨʠʚʦʜʠʪ ʢ ʦʙʨʘʟʦʚʘʥʠʶ -́ʩʚʷʟʠ. ʀʟ ʛʨʘʬʠʢʘ ʚʠʜʥʘ 

ʦʙʨʘʪʥʦ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ʰʠʨʠʥʳ ʟʘʧʨʝʱʝʥʥʦʡ ʟʦʥʳ 

ʦʪ ʨʘʜʠʫʩʘ ʥʘʥʦʪʨʫʙʢʠ, ʘ ʪʘʢʞʝ ʧʦʜʪʚʝʨʞʜʝʥʠʝ ʦ ʤʝʪʘʣʣʠʯʝʩʢʦʤ 

ʭʘʨʘʢʪʝʨʝ ʵʣʝʢʪʨʦʥʥʦʡ ʧʨʦʚʦʜʠʤʦʩʪʠ ʋʅʊ ʩ k=0, ʛʜʝ k =(m-2n). 

 

 
ʈʠʩ. 7. ɿʘʚʠʩʠʤʦʩʪʴ ʰʠʨʠʥʳ ʟʘʧʨʝʱʝʥʥʦʡ ʟʦʥʳ ʦʜʥʦʩʣʦʡʥʦʡ ʋʅʊ ʦʪ 

ʧʨʠʚʝʜʝʥʥʦʛʦ ʨʘʜʠʫʩʘ ʜʣʷ ʨʘʟʣʠʯʥʳʭ ʟʥʘʯʝʥʠʡ ʭʠʨʘʣʴʥʦʩʪʠ 

 

ʕʣʝʢʪʨʠʯʝʩʢʦʝ ʧʦʣʝ ʚʙʣʠʟʠ ʥʘʥʦʪʨʫʙʢʠ ʚ ʩʦʪʥʠ ʨʘʟ ʧʨʝʚʳʰʘʝʪ 

ʩʨʝʜʥʝʝ ʧʦ ʦʙʲʝʤʫ ʟʥʘʯʝʥʠʝ ʧʦʣʷ, ʩʦʟʜʘʚʘʝʤʦʛʦ ʚʥʝʰʥʠʤ 

ʠʩʪʦʯʥʠʢʦʤ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʘʚʪʦʵʤʠʩʩʠʷ ʜʣʷ ʥʘʥʦʪʨʫʙʦʢ ʧʨʦʷʚʣʷʝʪʩʷ 

ʧʨʠ ʙʦʣʝʝ ʥʠʟʢʠʭ ʥʘʧʨʷʞʝʥʠʷʭ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʢʘʪʦʜʘʤʠ ʥʘ ʦʩʥʦʚʝ 

ʤʘʢʨʦʩʢʦʧʠʯʝʩʢʦʛʦ ʤʝʪʘʣʣʠʯʝʩʢʦʛʦ ʦʩʪʨʠʷ. ʕʪʦ, ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ, 

ʧʨʠʚʦʜʠʪ ʢ ʘʥʦʤʘʣʴʥʦ ʚʳʩʦʢʦʤʫ ʟʥʘʯʝʥʠʶ ʪʦʢʘ ʵʤʠʩʩʠʠ ʧʨʠ 

ʩʨʘʚʥʠʪʝʣʴʥʦ ʥʠʟʢʦʤ ʥʘʧʨʷʞʝʥʠʠ, ʧʨʠʣʦʞʝʥʥʦʤ ʢ ʋʅʊ. 
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ʆʜʥʦʡ ʠʟ ʧʨʠʯʠʥ ʚʳʩʦʢʦʡ ʧʨʦʚʦʜʠʤʦʩʪʠ ʋʅʊ ʷʚʣʷʝʪʩʷ ʦʯʝʥʴ 

ʤʘʣʦʝ ʢʦʣʠʯʝʩʪʚʦ ʜʝʬʝʢʪʦʚ, ʚʳʟʳʚʘʶʱʠʭ ʨʘʩʩʝʷʥʠʝ ʵʣʝʢʪʨʦʥʦʚ, ʯʪʦ 

ʠ ʦʙʝʩʧʝʯʠʚʘʝʪ ʠʭ ʥʠʟʢʦʝ ʵʣʝʢʪʨʦʩʦʧʨʦʪʠʚʣʝʥʠʝ. ʕʪʦʤʫ ʩʧʦʩʦʙʩʪʚʫʝʪ 

ʪʘʢʞʝ ʚʳʩʦʢʘʷ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʴ ʥʘʥʦʪʨʫʙʦʢ. ʆʥʘ ʧʦʯʪʠ ʚʜʚʦʝ 

ʧʨʝʚʳʰʘʝʪ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʴ ʘʣʤʘʟʘ. ʊʝʤʧʝʨʘʪʫʨʥʳʝ ʟʘʚʠʩʠʤʦʩʪʠ 

ʧʨʦʚʦʜʠʤʦʩʪʠ ʧʦʢʘʟʘʥʳ ʥʘ ʨʠʩ. 8. ʇʨʠ ʊÓ1 ʂ ʧʨʦʚʦʜʠʤʦʩʪʴ ʷʚʣʷʝʪʩʷ 

ʣʠʥʝʡʥʦʡ ʬʫʥʢʮʠʝʡ ʣʦʛʘʨʠʬʤʘ ʪʝʤʧʝʨʘʪʫʨʳ ʠ ʚʳʭʦʜʠʪ ʥʘ 

ʥʘʩʳʱʝʥʠʝ ʧʨʠ ʤʝʥʴʰʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ.  

ʄʝʭʘʥʠʯʝʩʢʠʝ ʚʦʟʜʝʡʩʪʚʠʷ ʤʦʛʫʪ ʦʢʘʟʳʚʘʪʴ ʙʦʣʴʰʦʝ ʚʣʠʷʥʠʝ ʥʘ 

ʧʨʦʚʦʜʠʤʦʩʪʴ ʋʅʊ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʜʝʬʦʨʤʘʮʠʠ ʠʟʤʝʥʷʶʪʩʷ ʰʠʨʠʥʘ 

ʟʘʧʨʝʱʝʥʥʦʡ ʟʦʥʳ, ʢʦʥʮʝʥʪʨʘʮʠʷ ʥʦʩʠʪʝʣʝʡ, ʬʦʥʦʥʥʳʡ ʩʧʝʢʪʨ ʠ ʪ.ʜ. 

ʊʘʢ, ʠʟʛʠʙ ʥʘʥʦʪʨʫʙʢʠ ʥʘ ʫʛʦʣ 105Á ʧʨʠʚʦʜʠʪ ʢ ʫʤʝʥʴʰʝʥʠʶ ʝʝ 

ʧʨʦʚʦʜʠʤʦʩʪʠ ʚ 100 ʨʘʟ. ʕʪʦ ʩʚʦʡʩʪʚʦ ʥʘʥʦʪʨʫʙʢʠ ʤʦʞʝʪ ʙʳʪʴ 

ʧʦʣʦʞʝʥʦ ʚ ʦʩʥʦʚʫ ʪʘʢʦʛʦ ʥʘʥʦʫʩʪʨʦʡʩʪʚʘ, ʢʘʢ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣ ɹ

ʤʝʭʘʥʠʯʝʩʢʦʛʦ ʩʠʛʥʘʣʘ ʚ ʵʣʝʢʪʨʠʯʝʩʢʠʡ ʠ ʦʙʨʘʪʥʦ. ʇʦ ʦʮʝʥʢʘʤ 

ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʋʅʊ ʧʨʠʤʝʨʥʦ ʥʘ 2-3 ʧʦʨʷʜʢʘ ʤʝʥʴʰʝ, ʯʝʤ ʫ ʤʝʜʠ. 

 

 
ʈʠʩ. 8. ʊʝʤʧʝʨʘʪʫʨʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ʧʨʦʚʦʜʠʤʦʩʪʠ ʤʥʦʛʦʩʣʦʡʥʦʡ 

ʋʅʊ ʜʣʠʥʦʡ 200 ʥʤ ʠ ʜʠʘʤʝʪʨʦʤ 20 ʥʤ ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʟʥʘʯʝʥʠʷʭ 

ʥʘʧʨʷʞʝʥʥʦʩʪʠ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ 
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ʋʅʊ ʜʝʤʦʥʩʪʨʠʨʫʶʪ ʫʥʠʢʘʣʴʥʫʶ ʧʨʦʯʥʦʩʪʴ. ɼʣʷ ʦʮʝʥʢʠ 

ʞʝʩʪʢʦʩʪʠ ʠ ʫʧʨʫʛʦʩʪʠ ʤʘʪʝʨʠʘʣʘ ʠʩʧʦʣʴʟʫʝʪʩʷ ʤʦʜʫʣʴ ʖʥʛʘ. 

ʄʦʜʫʣʴ ʖʥʛʘ ʭʘʨʘʢʪʝʨʠʟʫʝʪ ʫʧʨʫʛʠʝ ʩʚʦʡʩʪʚʘ ʤʘʪʝʨʠʘʣʘ ʧʨʠ ʤʘʣʳʭ 

ʜʝʬʦʨʤʘʮʠʷʭ ʠ ʜʣʷ ʋʅʊ ʢʦʣʝʙʣʝʪʩʷ ʦʪ 1,28 ʜʦ 1,8 ʊʇʘ, ʯʪʦ ʧʦʯʪʠ ʚ 

ʜʝʩʷʪʴ ʨʘʟ ʧʨʝʚʳʰʘʝʪ ʪʝ ʞʝ ʧʦʢʘʟʘʪʝʣʠ ʜʣʷ ʩʪʘʣʠ. ʂʨʦʤʝ ʵʪʦʛʦ, 

ʥʘʥʦʪʨʫʙʢʠ ʥʝ ʨʘʟʨʫʰʘʶʪʩʷ, ʘ ʦʙʨʘʪʠʤʦ ʩʢʣʘʜʳʚʘʶʪʩʷ ʧʨʠ ʠʟʛʠʙʝ. 

ʂʘʢ ʧʦʢʘʟʘʣʠ ʠʟʤʝʨʝʥʠʷ, ʧʨʠ ʠʟʛʠʙʝ ʦʜʥʦʩʣʦʡʥʦʡ ʥʘʥʦʪʨʫʙʢʠ ʥʘ 180Á 

ʝʝ ʧʦʧʝʨʝʯʥʦʝ ʩʝʯʝʥʠʝ ʩʪʘʥʦʚʠʪʩʷ ʦʚʘʣʴʥʳʤ. ɺʦʟʥʠʢʘʶʱʝʝ ʧʨʠ ʵʪʦʤ 

ʤʝʭʘʥʠʯʝʩʢʦʝ ʥʘʧʨʷʞʝʥʠʝ ʩʪʨʝʤʠʪʩʷ ʚʝʨʥʫʪʴ ʪʨʫʙʢʫ ʚ ʠʩʭʦʜʥʦʝ 

ʩʦʩʪʦʷʥʠʝ. ʇʨʠʤʝʨ ʪʘʢʦʡ ʠʟʦʛʥʫʪʦʡ ʋʅʊ ʧʦʢʘʟʘʥ ʥʘ ʨʠʩ. 9. 

ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʜʝʬʦʨʤʘʮʠʷ ʋʅʊ ʧʨʠʚʦʜʠʪ ʢ ʠʟʤʝʥʝʥʠʶ 

ʝʝ ʵʣʝʢʪʨʦʥʥʦʡ ʩʪʨʫʢʪʫʨʳ, ʯʪʦ ʩʧʦʩʦʙʩʪʚʫʝʪ ʧʦʷʚʣʝʥʠʶ ʥʦʚʳʭ 

ʩʚʦʡʩʪʚ ʠ ʥʦʚʳʭ ʬʠʟʠʯʝʩʢʠʭ ʵʬʬʝʢʪʦʚ. ɺʳʩʦʢʠʝ ʤʝʭʘʥʠʯʝʩʢʠʝ 

ʩʚʦʡʩʪʚʘ ʋʅʊ ʚ ʩʦʯʝʪʘʥʠʠ ʩ ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʠʟʢʠʤ ʫʜʝʣʴʥʳʤ ʚʝʩʦʤ 

ʟʘʩʪʘʚʣʷʶʪ ʦʪʥʦʩʠʪʴʩʷ ʢ ʜʘʥʥʦʤʫ ʦʙʲʝʢʪʫ ʢʘʢ ʢ ʦʩʥʦʚʝ ʙʫʜʫʱʠʭ 

ʤʘʪʝʨʠʘʣʦʚ ʩ ʫʥʠʢʘʣʴʥʳʤʠ ʤʝʭʘʥʠʯʝʩʢʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ. 

ɽʱʝ ʦʜʥʦ ʚʘʞʥʦʝ ʩʚʦʡʩʪʚʦ ʋʅʊ ʦʙʫʩʣʦʚʣʝʥʦ ʫʥʠʢʘʣʴʥʳʤʠ 

ʩʦʨʙʮʠʦʥʥʳʤʠ ʩʧʦʩʦʙʥʦʩʪʷʤʠ. ʇʦʩʢʦʣʴʢʫ ʋʅʊ ʷʚʣʷʝʪʩʷ 

ʧʦʚʝʨʭʥʦʩʪʥʦʡ ʩʪʨʫʢʪʫʨʦʡ, ʪʦ ʚʩʷ ʝʝ ʤʘʩʩʘ ʟʘʢʣʶʯʝʥʘ ʚ ʧʦʚʝʨʭʥʦʩʪʠ. 

ɿʥʘʯʝʥʠʝ ʫʜʝʣʴʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʥʘʥʦʪʨʫʙʦʢ ʜʦʩʪʠʛʘʝʪ ʨʝʢʦʨʜʥʦʡ 

ʚʝʣʠʯʠʥʳ 2600 ʩʤ
2
Öʛ

-1
. ɹʣʘʛʦʜʘʨʷ ʵʪʦʤʫ, ʘ ʪʘʢʞʝ ʚ ʩʠʣʫ ʥʘʣʠʯʠʷ 

ʚʥʫʪʨʠ ʋʅʊ ʝʩʪʝʩʪʚʝʥʥʦʡ ʧʦʣʦʩʪʠ, ʥʘʥʦʪʨʫʙʢʘ ʩʧʦʩʦʙʥʘ ʧʦʛʣʦʱʘʪʴ 

ʛʘʟʦʦʙʨʘʟʥʳʝ ʠ ʞʠʜʢʠʝ ʚʝʱʝʩʪʚʘ. ʇʦʩʢʦʣʴʢʫ ʜʠʘʤʝʪʨ ʚʥʫʪʨʝʥʥʝʛʦ 

ʢʘʥʘʣʘ ʋʅʊ ʣʠʰʴ ʚ 2-3 ʨʘʟʘ ʧʨʝʚʳʰʘʝʪ ʭʘʨʘʢʪʝʨʥʳʝ ʨʘʟʤʝʨʳ 

ʤʦʣʝʢʫʣʳ, ʢʘʧʠʣʣʷʨʥʳʝ ʩʚʦʡʩʪʚʘ ʥʘʥʦʪʨʫʙʢʠ ʧʨʦʷʚʣʷʶʪʩʷ ʥʘ 

ʥʘʥʦʤʝʪʨʦʚʦʤ ʤʘʩʰʪʘʙʝ. 

 

 
ʈʠʩ. 9. ʀʟʛʠʙ ʋʅʊ 
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1.4 ɻʨʘʬʝʥ 

 

1.4.1 ʆʙʱʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ɻʨʘʬʝʥ - ʵʪʦ ʜʚʫʤʝʨʥʳʡ ʤʘʪʝʨʠʘʣ, ʧʨʝʜʩʪʘʚʣʷʶʱʠʡ ʩʦʙʦʡ 

ʤʦʥʦʩʣʦʡ ʘʪʦʤʦʚ ʫʛʣʝʨʦʜʘ ʠ ʦʙʣʘʜʘʶʱʠʡ ʫʥʠʢʘʣʴʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ. 

ɻʨʘʬʝʥ ʙʳʣ ʠʟʚʝʩʪʝʥ ʝʱʝ ʩ 17-ʛʦ ʚʝʢʘ, ʦʜʥʘʢʦ ʪʦʣʴʢʦ ʩʝʡʯʘʩ ʤʳ 

ʧʦʣʫʯʠʣʠ ʚʦʟʤʦʞʥʦʩʪʴ ʜʝʪʘʣʴʥʦ ʠʩʩʣʝʜʦʚʘʪʴ ʝʛʦ ʩʚʦʡʩʪʚʘ ʙʣʘʛʦʜʘʨʷ 

ʨʘʟʚʠʪʠʶ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʠ ʥʘʫʯʥʦ-ʪʝʭʥʠʯʝʩʢʦʡ ʙʘʟʳ. ɿʘ 

ʥʝʩʢʦʣʴʢʦ ʣʝʪ, ʧʨʦʰʝʜʰʠʭ ʩ ʧʝʨʚʦʡ ʧʫʙʣʠʢʘʮʠʠ ʦ ʧʦʣʫʯʝʥʠʠ ʠ 

ʠʩʩʣʝʜʦʚʘʥʠʠ ʠʥʜʠʚʠʜʫʘʣʴʥʳʭ ʯʝʰʫʝʢ ʛʨʘʬʝʥʘ, ʙʳʣʦ ʨʘʟʨʘʙʦʪʘʥʦ 

ʪʘʢ ʤʥʦʛʦ ʨʘʟʥʳʭ ʧʦʜʭʦʜʦʚ ʢ ʩʠʥʪʝʟʫ ʵʪʦʛʦ ʤʘʪʝʨʠʘʣʘ, ʯʪʦ 

ʧʨʠʭʦʜʠʪʩʷ ʫʜʠʚʣʷʪʴʩʷ ʪʦʤʫ, ʯʪʦ ʛʨʘʬʝʥ ʥʝ ʙʳʣ ʦʙʥʘʨʫʞʝʥ ʥʘ ʤʥʦʛʦ 

ʜʝʩʷʪʠʣʝʪʠʡ ʨʘʥʴʰʝ. ɺ ʢʘʯʝʩʪʚʝ ʦʙʲʷʩʥʝʥʠʷ ʵʪʦʡ ʟʘʛʘʜʢʠ ʤʦʞʥʦ 

ʦʪʤʝʪʠʪʴ, ʯʪʦ ʧʨʠ ʧʦʣʫʯʝʥʠʠ ʛʨʘʬʝʥʘ ʥʘʠʙʦʣʝʝ ʪʨʫʜʥʦʡ ʩʪʘʜʠʝʡ 

ʷʚʣʷʝʪʩʷ ʥʝ ʩʪʦʣʴʢʦ ʩʠʥʪʝʟ ʦʙʨʘʟʮʦʚ, ʩʢʦʣʴʢʦ ʠʜʝʥʪʠʬʠʢʘʮʠʷ ʠ 

ʫʩʪʘʥʦʚʣʝʥʠʝ ʠʭ ʦʩʥʦʚʥʳʭ ʧʘʨʘʤʝʪʨʦʚ (ʨʘʟʤʝʨʳ, ʯʠʩʣʦ ʩʣʦʝʚ). 

ɺʳʜʝʣʷʶʪ ʜʚʘ ʚʳʩʦʢʦʩʠʤʤʝʪʨʠʯʥʳʭ ʥʘʧʨʘʚʣʝʥʠʷ, ʪɻʦ ʢʨʝʩʣʦ ʠ 

ʟʠʛʟʘʛ (ʩʤ. ʨʠʩ. 10, ʘ, ʙ), ʚʜʦʣʴ ʢʦʪʦʨʳʭ ʩʚʦʡʩʪʚʘ ʛʨʘʬʝʥʘ ʤʦʛʫʪ 

ʩʠʣʴʥʦ ʦʪʣʠʯʘʪʴʩʷ. ʆʪʤʝʪʠʤ, ʯʪʦ ʧʨʠ ʨʘʩʩʤʦʪʨʝʥʠʠ ʘʪʦʤʥʦʡ 

ʩʪʨʫʢʪʫʨʳ ʛʨʘʬʝʥʘ ʝʛʦ ʨʝʰʝʪʢʘ ʧʦʜʨʘʟʜʝʣʷʝʪʩʷ ʥʘ ʜʚʝ ʪʨʝʫʛʦʣʴʥʳʝ 

ʧʦʜʨʝʰʝʪʢʠ (ʩʤ. ʨʠʩ. 10, ʚ). 

ʏʘʩʪʦ ʥʘ ʧʨʘʢʪʠʢʝ ʧʦʣʫʯʘʶʪ ʥʝ ʪʦʣʴʢʦ ʤʦʥʦʩʣʦʠ ʛʨʘʬʝʥʘ, ʥʦ 

ʪʘʢʞʝ ʠ ʜʚʫʩʣʦʡʥʳʡ ʛʨʘʬʝʥ, ʢʦʪʦʨʳʡ ʧʦ ʩʚʦʠʤ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤ 

ʩʠʣʴʥʦ ʦʪʣʠʯʘʝʪʩʷ ʦʪ ʦʜʥʦʩʣʦʡʥʦʛʦ ʛʨʘʬʝʥʘ ʠ ʜʣʷ ʥʝʢʦʪʦʨʳʭ 

ʧʨʠʤʝʥʝʥʠʡ ʜʝʤʦʥʩʪʨʠʨʫʝʪ ʣʫʯʰʠʝ ʩʚʦʡʩʪʚʘ. ɼʚʘ ʩʣʦʷ ʛʨʘʬʝʥʘ, 

ʩʣʦʞʝʥʥʳʝ ʚʤʝʩʪʝ, ʥʝ ʩʪʨʝʤʷʪʩʷ ʨʘʩʧʦʣʦʞʠʪʴʩʷ ʪʦʯʥʦ ʦʜʠʥ ʥʘʜ 

ʜʨʫʛʠʤ ʪʘʢ, ʯʪʦʙʳ ʢʘʞʜʳʡ ʘʪʦʤ ʫʛʣʝʨʦʜʘ ʠʤʝʣ ʧʘʨʪʥʝʨʘ ʚ ʩʦʩʝʜʥʝʤ 

ʩʣʦʝ. ɺʤʝʩʪʦ ʵʪʦʛʦ ʜʚʫʩʣʦʡʥʳʡ ʛʨʘʬʝʥ ʚ ʦʩʥʦʚʥʦʤ ʦʢʘʟʳʚʘʝʪʩʷ ʚ 

ʩʦʩʪʦʷʥʠʠ ʪʘʢ ʥʘʟʳʚʘʝʤʦʡ ʙʝʨʥʘʣʦʚʩʢʦʡ ʫʢʣʘʜʢʠ ɸ-ɺ ʚ ʚʠʜʝ ʧʣʦʪʥʦʡ 

ʫʧʘʢʦʚʢʠ: ʯʘʩʪʴ ʘʪʦʤʦʚ ʚʝʨʭʥʝʛʦ ʩʣʦʷ ʧʨʦʝʮʠʨʫʶʪʩʷ ʧʨʷʤʦ ʚ ʮʝʥʪʨʳ 

ʛʝʢʩʘʛʦʥʦʚ ʥʠʞʥʝʛʦ ʩʣʦʷ (ʨʠʩ. 11). ʊʦʯʥʦ ʪʘʢ ʞʝ ʣʠʩʪʳ ʛʨʘʬʝʥʘ 

ʫʣʦʞʝʥʳ ʚ ʛʨʘʬʠʪʝ. ʂʚʘʥʪʦʚʳʝ ʧʝʨʝʩʢʦʢʠ ʵʣʝʢʪʨʦʥʦʚ ʤʝʞʜʫ 

ʚʟʘʠʤʦʜʝʡʩʪʚʫʶʱʠʤʠ ʘʪʦʤʘʤʠ ʨʘʟʥʳʭ ʩʣʦʝʚ ʬʦʨʤʠʨʫʶʪ ʧʘʨʫ 

ʚʳʩʦʢʦʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʵʣʝʢʪʨʦʥʥʳʭ ʧʦʜʟʦʥ. ʀʭ ʦʪʢʣʦʥʝʥʠʝ ʦʪ 

ʥʫʣʝʚʦʡ ʵʥʝʨʛʠʠ (ʧʦʣʦʞʝʥʠʝ ʫʨʦʚʥʷ ʌʝʨʤʠ ʚ ʥʝʜʦʧʠʨʦʚʘʥʥʦʤ 

ʜʚʫʭʩʣʦʡʥʦʤ ʛʨʘʬʝʥʝ) ʚ ʪʦʯʥʦʩʪʠ ʨʘʚʥʦ ʠʥʪʝʛʨʘʣʘʤ ʧʝʨʝʩʢʦʢʘ 

(300 ʤʵɺ), ʧʦʵʪʦʤʫ ʵʪʠ ʧʦʜʟʦʥʳ ʥʝ ʜʘʶʪ ʚʢʣʘʜʘ ʚ ʵʣʝʢʪʨʦʥʥʳʡ 
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ʪʨʘʥʩʧʦʨʪ ʜʦ ʪʝʭ ʧʦʨ, ʧʦʢʘ ʥʝ ʜʦʩʪʠʛʘʶʪʩʷ ʦʯʝʥʴ ʚʳʩʦʢʠʝ ʫʨʦʚʥʠ 

ʜʦʧʠʨʦʚʘʥʠʷ. 

 

 
ʈʠʩ. 10. ɼʚʝ ʚʳʩʦʢʦʩʠʤʤʝʪʨʠʯʥʳʝ ʦʨʠʝʥʪʘʮʠʠ ʛʨʘʬʝʥʘ: (ʘ) ʢʨʝʩʣʦ ʠ 

(ʙ) ʟʠʛʟʘʛ. (ʚ) ɼʚʝ ʧʦʜʨʝʰʝʪʢʠ ʛʨʘʬʝʥʘ ʧʦʢʘʟʘʥʳ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ 

ʪʝʤʥʳʤ ʠ ʩʝʨʳʤ ʮʚʝʪʦʤ  

 

ʅʝʚʟʘʠʤʦʜʝʡʩʪʚʫʶʱʠʝ ʘʪʦʤʳ ʨʘʟʥʳʭ ʩʣʦʝʚ ʜʘʶʪ ʥʘʯʘʣʦ 

ʥʠʟʢʦʵʥʝʨʛʝʪʠʯʝʩʢʠʤ ʟʦʥʘʤ, ʚʩʝ ʝʱʝ ʧʝʨʝʩʝʢʘʶʱʠʤʩʷ ʧʨʠ ʥʫʣʝʚʦʡ 

ʵʥʝʨʛʠʠ (ʢʘʢ ʠ ʚ ʦʜʥʦʩʣʦʡʥʦʤ ʛʨʘʬʝʥʝ), ʥʦ ʠʤʝʶʱʠʤ 

ʧʘʨʘʙʦʣʠʯʝʩʢʫʶ ʬʦʨʤʫ. ʉʠʤʤʝʪʨʠʷ ʤʝʞʜʫ ʩʣʦʷʤʠ ʷʚʣʷʝʪʩʷ ʟʜʝʩʴ 

ʘʥʘʣʦʛʦʤ ʩʠʤʤʝʪʨʠʠ ʧʦʜʨʝʰʝʪʦʢ ʚ ʦʜʥʦʩʣʦʡʥʦʤ ʛʨʘʬʝʥʝ ʠ 

ʦʙʝʩʧʝʯʠʚʘʝʪ ʩʠʤʤʝʪʨʠʶ ʤʝʞʜʫ ʜʳʨʢʘʤʠ ʠ ʵʣʝʢʪʨʦʥʘʤʠ. ʊʘʢʠʤ 

ʦʙʨʘʟʦʤ, ʤʳ ʧʦʣʫʯʘʝʤ ʢʚʘʟʠʯʘʩʪʠʮʳ ʥʦʚʦʛʦ ʪʠʧʘ ʚ ʛʨʘʬʝʥʝ ï 

ʤʘʩʩʠʚʥʳʝ ʢʠʨʘʣʴʥʳʝ (ʭʠʨʘʣʴʥʳʝ) ʬʝʨʤʠʦʥʳ, ʥʝ ʠʤʝʶʱʠʝ ʘʥʘʣʦʛʦʚ 

ʚ ʢʚʘʥʪʦʚʦʡ ʵʣʝʢʪʨʦʜʠʥʘʤʠʢʝ. ʂʠʨʘʣʴʥʘʷ ʩʠʤʤʝʪʨʠʷ ʦʜʥʦʩʣʦʡʥʦʛʦ ʠ 

ʜʚʫʭʩʣʦʡʥʦʛʦ ʛʨʘʬʝʥʘ ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ ʩʠʤʤʝʪʨʠʝʡ ʤʝʞʜʫ 

ʧʦʜʨʝʰʝʪʢʘʤʠ. ɺ ʩʣʫʯʘʝ ʦʜʥʦʩʣʦʡʥʦʛʦ ʛʨʘʬʝʥʘ ʥʘʨʫʰʠʪʴ ʪʘʢʫʶ 

ʩʠʤʤʝʪʨʠʶ ʚʝʩʴʤʘ ʪʨʫʜʥʦ ï ʜʣʷ ʵʪʦʛʦ ʥʫʞʥʦ ʧʨʠʢʣʘʜʳʚʘʪʴ ʢʘʢʦʡ-

ʣʠʙʦ ʧʦʪʝʥʮʠʘʣ ʢ ʘʪʦʤʘʤ ʦʜʥʦʡ ʧʦʜʨʝʰʝʪʢʠ, ʧʨʠʢʣʘʜʳʚʘʷ ʚ ʪʦ ʞʝ 

ʚʨʝʤʷ ʢ ʜʨʫʛʦʡ ʧʦʜʨʝʰʝʪʢʝ ʜʨʫʛʦʡ ʧʦʪʝʥʮʠʘʣ. ʅʦ ʵʪʦ ʤʦʞʥʦ ʩʜʝʣʘʪʴ 

ʚ ʜʚʫʭʩʣʦʡʥʦʤ ʛʨʘʬʝʥʝ. ʇʨʠʢʣʘʜʳʚʘʷ ʟʘʪʚʦʨʥʦʝ ʥʘʧʨʷʞʝʥʠʝ ʠʣʠ 

ʭʠʤʠʯʝʩʢʠ ʣʝʛʠʨʫʷ ʛʨʘʬʝʥ ʪʦʣʴʢʦ ʩ ʦʜʥʦʡ ʩʪʦʨʦʥʳ, ʤʦʞʥʦ ʥʘʨʫʰʠʪʴ 

ʩʠʤʤʝʪʨʠʶ ʤʝʞʜʫ ʩʣʦʷʤʠ ʠ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʤʝʞʜʫ ʧʦʜʨʝʰʝʪʢʘʤʠ 

(ʥʘʨʫʰʠʚ ʩʠʤʤʝʪʨʠʶ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʠʥʚʝʨʩʠʠ). 
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ʕʪʦ ʧʨʠʚʦʜʠʪ ʢ ʩʥʷʪʠʶ ʢʠʨʘʣʴʥʦʡ ʩʠʤʤʝʪʨʠʠ ʠ ʦʪʢʨʳʪʠʶ ʱʝʣʠ ʚ 

ʩʧʝʢʪʨʝ. ʆʙʘ ʩʧʦʩʦʙʘ ʨʝʘʣʠʟʦʚʘʥʳ ʚ ʵʢʩʧʝʨʠʤʝʥʪʘʭ ʠ ʜʘʶʪ 

ʟʘʤʝʯʘʪʝʣʴʥʳʡ ʨʝʟʫʣʴʪʘʪ: ʤʦʞʥʦ ʦʪʢʨʳʪʴ ʱʝʣʴ ʜʦ 0,5 ʵɺ. 

ɼʚʫʩʣʦʡʥʳʡ ʛʨʘʬʝʥ, ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʨʝʜʢʠʡ 

ʧʨʠʤʝʨ ʤʘʪʝʨʠʘʣʘ, ʚ ʢʦʪʦʨʦʤ ʟʘʧʨʝʱʝʥʥʦʡ ʟʦʥʦʡ ʤʦʞʥʦ ʫʧʨʘʚʣʷʪʴ 

ʧʦʩʨʝʜʩʪʚʦʤ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣ̫, ʧʨʠʣʦʞʝʥʥʦʛʦ ʧʦʧʝʨʝʢ ʩʣʦʝʚ 

(ʧʨʠʯʝʤ, ʰʠʨʠʥʘ ʟʘʧʨʝʱʝʥʥʦʡ ʟʦʥʳ ʧʨʷʤʦ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʘ 

ʚʝʣʠʯʠʥʝ ʧʦʣʷ). ʊʘʢʞʝ ʜʣʷ ʜʚʫʩʣʦʡʥʦʛʦ ʛʨʘʬʝʥʘ ʦʞʠʜʘʶʪʩʷ ʪʘʢʠʝ 

ʵʬʬʝʢʪʳ, ʢʘʢ ʪʦʧʦʣʦʛʠʯʝʩʢʠʝ ʧʝʨʝʭʦʜʳ ʧʨʠ ʥʠʟʢʦʡ ʵʣʝʢʪʨʦʥʥʦʡ 

ʧʣʦʪʥʦʩʪʠ, ʵʢʩʠʪʦʥʥʳʝ ʵʬʬʝʢʪʳ ʠ ʪʦʧʦʣʦʛʠʯʝʩʢʠʝ ʦʜʥʦʤʝʨʥʳʝ 

ʩʦʩʪʦʷʥʠʷ. 

 

 
ʈʠʩ. 11. ʈʘʩʧʦʣʦʞʝʥʠʝ ʩʣʦʝʚ ʚ ʜʚʫʩʣʦʡʥʦʤ ʛʨʘʬʝʥʝ 

 

1.4.2 ʄʝʪʦʜʳ ʩʠʥʪʝʟʘ 

ʇʨʦʠʟʚʦʜʩʪʚʦ ʛʨʘʬʝʥʘ ʧʫʪʝʤ ʤʠʢʨʦʤʝʭʘʥʠʯʝʩʢʦʛʦ ʨʘʩʩʣʦʝʥʠʷ - 

ʵʪʦ ʧʨʦʩʪʦʡ ʧʨʦʮʝʩʩ ʨʘʩʱʝʧʣʝʥʠʷ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʛʦ ʛʨʘʬʠʪʘ. 

ʉʦʛʣʘʩʥʦ ʵʪʦʤʫ ʧʦʜʭʦʜʫ ʛʨʘʬʝʥʦʚʳʝ ʣʠʩʪʳ ʦʪʜʝʣʷʶʪʩʷ ʦʪ 

ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʛʦ ʛʨʘʬʠʪʘ ʣʠʙʦ ʚ ʨʝʟʫʣʴʪʘʪʝ ʪʨʝʥʠʷ ʥʝʙʦʣʴʰʠʭ 

ʢʨʠʩʪʘʣʣʠʢʦʚ ʛʨʘʬʠʪʘ ʜʨʫʛ ʦ ʜʨʫʛʘ, ʣʠʙʦ ʩ ʧʦʤʦʱʴʶ ʣʠʧʢʦʡ ʣʝʥʪʳ. 

ʇʨʠ ʵʪʦʤ ʚʝʨʭʥʠʡ ʩʣʦʡ ʚʳʩʦʢʦʢʘʯʝʩʪʚʝʥʥʦʛʦ ʛʨʘʬʠʪʘ ʩʥʠʤʘʝʪʩʷ ʧʨʠ 

ʧʦʤʦʱʠ ʬʨʘʛʤʝʥʪʘ ʢʣʝʡʢʦʡ ʣʝʥʪʳ, ʢʦʪʦʨʘʷ, ʚʤʝʩʪʝ ʩ ʢʨʠʩʪʘʣʣʠʢʘʤʠ 

ʛʨʘʬʠʪʘ, ʧʨʠʞʠʤʘʝʪʩʷ ʟʘʪʝʤ ʢ ʚʳʙʨʘʥʥʦʡ ʧʦʜʣʦʞʢʝ ʣʠʙʦ 

ʨʘʩʱʝʧʣʷʝʪʩʷ ʢʠʩʣʦʪʦʡ. ɽʩʣʠ ʩʮʝʧʣʝʥʠʝ ʥʠʞʥʝʛʦ ʩʣʦʷ ʛʨʘʬʝʥʘ ʩ 

ʧʦʜʣʦʞʢʦʡ ʧʨʝʚʳʰʘʝʪ ʩʮʝʧʣʝʥʠʝ ʩʣʦʝʚ ʛʨʘʬʝʥʘ ʤʝʞʜʫ ʩʦʙʦʡ, ʪʦ 

ʩʣʦʡ ʛʨʘʬʝʥʘ ʤʦʞʝʪ ʧʝʨʝʤʝʩʪʠʪʴʩʷ ʥʘ ʧʦʚʝʨʭʥʦʩʪʴ ʧʦʜʣʦʞʢʠ. ɺ 

ʨʝʟʫʣʴʪʘʪʝ, ʧʨʠ ʧʦʤʦʱʠ ʪʘʢʦʡ ʫʜʠʚʠʪʝʣʴʥʦ ʧʨʦʩʪʦʡ ʧʨʦʮʝʜʫʨʳ ʤʳ 
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ʧʦʣʫʯʘʝʤ ʢʨʠʩʪʘʣʣʠʢʠ ʛʨʘʬʝʥʘ ʦʯʝʥʴ ʚʳʩʦʢʦʛʦ ʢʘʯʝʩʪʚʘ. ɼʘʥʥʳʡ 

ʤʝʪʦʜ ʨʘʙʦʪʘʝʪ ʧʨʘʢʪʠʯʝʩʢʠ ʩ ʣʶʙʦʡ ʧʦʚʝʨʭʥʦʩʪʴʶ, 

ʜʝʤʦʥʩʪʨʠʨʫʶʱʝʡ ʜʦʩʪʘʪʦʯʥʦ ʭʦʨʦʰʝʝ ʩʮʝʧʣʝʥʠʝ ʩ ʛʨʘʬʝʥʦʤ. 

ʈʘʟʨʘʙʦʪʢʘ ʥʦʚʘʪʦʨʩʢʠʭ ʤʝʪʦʜʦʚ ʧʦʣʫʯʝʥʠʷ ʛʨʘʬʝʥʘ ʠ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʝʛʦ ʫʥʠʢʘʣʴʥʳʭ ʩʚʦʡʩʪʚ ɸ. ɻʝʡʤʦʤ ʠ ʂ. ʅʦʚʦʩʝʣʦʚʳʤ ʩ ʩʦʘʚʪʦʨʘʤʠ 

ʙʳʣʠ ʫʜʦʩʪʦʝʥʳ ʅʦʙʝʣʝʚʩʢʦʡ ʧʨʝʤʠʠ ʚ 2010 ʛ. 

ɺ ʧʝʨʚʳʭ ʪʘʢʠʭ ʵʢʩʧʝʨʠʤʝʥʪʘʭ ʧʦʣʝʟʥʳʡ ʚʳʭʦʜ ʧʨʦʮʝʩʩʘ 

ʤʝʭʘʥʠʯʝʩʢʦʛʦ ʨʘʩʩʣʦʝʥʠʷ ʙʳʣ ʯʨʝʟʚʳʯʘʡʥʦ ʥʠʟʦʢ ʠ, ʜʣʷ ʪʦʛʦ, ʯʪʦʙʳ 

ʥʘʡʪʠ ʯʝʰʫʡʢʫ ʛʨʘʬʝʥʘ ʤʠʢʨʦʥʥʦʛʦ ʨʘʟʤʝʨʘ, ʧʨʠʭʦʜʠʣʦʩʴ 

ʦʙʩʣʝʜʦʚʘʪʴ ʙʦʣʴʰʠʝ ʧʣʦʱʘʜʠ ʧʦʚʝʨʭʥʦʩʪʠ. ʆʯʝʚʠʜʥʦ, ʪʘʢʦʡ ʧʦʠʩʢ 

ʧʨʠ ʧʦʤʦʱʠ ʪʨʘʜʠʮʠʦʥʥʳʭ ʤʝʪʦʜʦʚ ʤʠʢʨʦʩʢʦʧʠʠ, ʪʘʢʠʭ ʢʘʢ ʘʪʦʤʥʦ-

ʩʠʣʦʚʘʷ ʠʣʠ ʩʢʘʥʠʨʫʶʱʘʷ ʵʣʝʢʪʨʦʥʥʘʷ ʤʠʢʨʦʩʢʦʧʠʷ, ʷʚʣʷʝʪʩʷ ʧʦʯʪʠ 

ʥʝʦʩʫʱʝʩʪʚʠʤʦʡ ʟʘʜʘʯʝʡ; ʥʘ ʧʨʘʢʪʠʢʝ ʝʝ ʨʝʘʣʠʟʘʮʠʷ ʜʦʩʪʫʧʥʘ ʪʦʣʴʢʦ 

ʧʦʩʨʝʜʩʪʚʦʤ ʦʧʪʠʯʝʩʢʦʡ ʵʣʝʢʪʨʦʥʥʦʡ ʤʠʢʨʦʩʢʦʧʠʠ. ʀʩʩʣʝʜʦʚʘʥʠʷ 

ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʧʦʜʦʙʥʳʡ ʧʦʜʭʦʜ ʧʦʟʚʦʣʷʝʪ ʚʳʜʝʣʷʪʴ ʦʜʥʦʩʣʦʡʥʳʝ 

ʣʠʩʪʳ ʛʨʘʬʝʥʘ, ʦʙʣʘʜʘʶʱʠʝ ʫʧʦʨʷʜʦʯʝʥʥʦʡ ʩʪʨʫʢʪʫʨʦʡ ʠ ʠʤʝʶʱʠʝ 

ʧʦʨʷʜʢʘ 10 ʤʢʤ ʚ ʰʠʨʠʥʫ ʠ ʧʦʨʷʜʢʘ 100 ʤʢʤ ʚ ʜʣʠʥʫ. ʆʯʝʚʠʜʥʦ, ʯʪʦ 

ʧʦʣʫʯʝʥʠʝ ʛʨʘʬʝʥʘ ʧʫʪʝʤ ʤʝʭʘʥʠʯʝʩʢʦʛʦ ʨʘʩʩʣʦʝʥʠʷ ʛʨʘʬʠʪʘ 

(ʥʘʧʨʠʤʝʨ, ʩ ʧʦʤʦʱʴʶ ʩʢʦʪʯʘ) ʧʨʝʜʩʪʘʚʣʷʝʪ ʟʥʘʯʠʪʝʣʴʥʳʝ ʪʨʫʜʥʦʩʪʠ 

ʜʣʷ ʝʛʦ ʤʘʩʩʦʚʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ, ʠ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʧʝʨʚʦʩʪʝʧʝʥʥʦʡ 

ʟʘʜʘʯʝʡ ʷʚʣʷʝʪʩʷ ʨʘʟʚʠʪʠʝ ʥʦʚʳʭ ʤʝʪʦʜʦʚ ʝʛʦ ʧʦʣʫʯʝʥʠʷ.  

ʆʩʥʦʚʥʘʷ ʧʨʦʙʣʝʤʘ, ʚʦʟʥʠʢʘʶʱʘʷ ʧʨʠ ʧʦʣʫʯʝʥʠʠ ʣʠʩʪʦʚ ʛʨʘʬʝʥʘ 

ʤʠʢʨʦʤʝʭʘʥʠʯʝʩʢʠʤʠ ʤʝʪʦʜʘʤʠ, ʩʚʷʟʘʥʘ ʩ ʪʨʫʜʥʦʩʪʴʶ ʠʭ 

ʠʜʝʥʪʠʬʠʢʘʮʠʠ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʤʠʢʨʦʤʝʭʘʥʠʯʝʩʢʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ 

ʦʙʨʘʟʫʝʪʩʷ ʟʥʘʯʠʪʝʣʴʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʬʨʘʛʤʝʥʪʦʚ, ʧʨʝʜʩʪʘʚʣʷʶʱʠʭ 

ʩʦʙʦʡ ʦʙʨʘʟʮʳ ʛʨʘʬʝʥʘ ʩ ʨʘʟʣʠʯʥʳʤ ʯʠʩʣʦʤ ʩʣʦʝʚ (ʦʪ ʦʜʥʦʛʦ ʜʦ 

ʩʦʪʥʠ). ɼʦʣʷ ʦʜʥʦʩʣʦʡʥʳʭ ʦʙʨʘʟʮʦʚ ʚ ʵʪʦʤ ʢʦʥʛʣʦʤʝʨʘʪʝ 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʝʚʝʣʠʢʘ, ʪʘʢ ʯʪʦ ʦʩʥʦʚʥʘ̫  ʪʨʫʜʥʦʩʪʴ ʩʚʷʟʘʥʘ ʩ 

ʦʙʥʘʨʫʞʝʥʠʝʤ ʪʘʢʠʭ ʦʜʥʦʩʣʦʡʥʳʭ ʦʙʨʘʟʮʦʚ. ɼʣʷ ʠʭ ʠʜʝʥʪʠʬʠʢʘʮʠʠ 

ʯʘʱʝ ʚʩʝʛʦ ʠʩʧʦʣʴʟʫʶʪ ʤʝʪʦʜʳ ʦʧʪʠʯʝʩʢʦʡ ʤʠʢʨʦʩʢʦʧʠʠ.  

ʅʘ ʜʘʥʥʳʡ ʤʦʤʝʥʪ ʩʫʱʝʩʪʚʫʝʪ ʤʥʦʛʦ ʜʨʫʛʠʭ ʩʧʦʩʦʙʦʚ ʧʦʣʫʯʝʥʠʷ 

ʛʨʘʬʝʥʘ. ʅʘʧʨʠʤʝʨ, ʚʳʨʘʱʠʚʘʥʠʝ ʛʨʘʬʝʥʘ ʠʟ SiC ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ 

ʤʥʦʛʦʦʙʝʱʘʶʱʠʭ ʧʫʪʝʡ ʧʨʦʠʟʚʦʜʩʪʚʘ ʣʠʩʪʦʚ ʛʨʘʬʝʥʘ ʙʦʣʴʰʦʡ 

ʧʣʦʱʘʜʠ ʜʣʷ ʧʨʠʤʝʥʝʥʠʷ ʚ ʵʣʝʢʪʨʦʥʠʢʝ. ɼʨʫʛʠʤ ʵʬʬʝʢʪʠʚʥʳʤ 

ʧʦʜʭʦʜʦʤ ʢ ʧʨʦʙʣʝʤʝ ʨʘʟʜʝʣʝʥʠʷ ʛʨʘʬʠʪʦʚʳʭ ʩʣʦʝʚ ʷʚʣʷʝʪʩʷ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʭʠʤʠʯʝʩʢʠʭ ʦʢʠʩʣʠʪʝʣʝʡ. ʉʦʛʣʘʩʥʦ ʵʪʦʤʫ ʧʦʜʭʦʜʫ, 

ʧʨʠ ʚʦʟʜʝʡʩʪʚʠʠ ʥʘ ʛʨʘʬʠʪ ʩʠʣʴʥʳʭ ʛʘʟʦʦʙʨʘʟʥʳʭ ʦʢʠʩʣʠʪʝʣʝʡ, ʢ 

ʢʦʪʦʨʳʤ ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ ʦʪʥʦʩʷʪʩʷ ʢʠʩʣʦʨʦʜ ʠ ʛʘʣʦʛʝʥʳ, 
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ʧʨʦʠʩʭʦʜʠʪ ʦʢʠʩʣʝʥʠʝ ʚʥʫʪʨʝʥʥʠʭ ʩʣʦʝʚ ʛʨʘʬʠʪʘ. ʕʪʦ 

ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʫʚʝʣʠʯʝʥʠʝʤ ʤʝʞʩʣʦʡʥʦʛʦ ʨʘʩʩʪʦʷʥʠʷ ʚ ʢʨʠʩʪʘʣʣʝ ʠ, 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʩʥʠʞʝʥʠʝʤ ʵʥʝʨʛʠʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʤʝʞʜʫ ʩʣʦʷʤʠ. 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʦʙʣʝʛʯʘʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴ ʨʘʟʜʝʣʝʥʠʷ ʛʨʘʬʠʪʦʚʳʭ ʩʣʦʝʚ 

ʚ ʞʠʜʢʦʡ ʬʘʟʝ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʩʠʥʪʝʟʠʨʦʚʘʪʴ ʦʙʨʘʟʮʳ ʦʢʩʠʜʘ ʛʨʘʬʝʥʘ 

ʩ ʧʦʧʝʨʝʯʥʳʤ ʨʘʟʤʝʨʦʤ ʧʦʨʷʜʢʘ ʩʦʪʝʥ ʤʠʢʨʦʤʝʪʨʦʚ. ʇʦʩʣʝʜʫʶʱʝʝ 

ʚʦʩʩʪʘʥʦʚʣʝʥʠʝ ʛʨʘʬʝʥʘ ʠʟ ʦʢʩʠʜʘ ʪʘʢʞʝ ʧʨʦʠʩʭʦʜʠʪ ʩ ʧʦʤʦʱʴʶ 

ʭʠʤʠʯʝʩʢʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ. ʅʘʧʨʠʤʝʨ, ʣʠʩʪʳ ʦʢʩʠʜʘ ʛʨʘʬʝʥʘ, 

ʧʦʣʫʯʝʥʥʳʝ ʚ ʨʝʟʫʣʴʪʘʪʝ ʦʢʠʩʣʝʥʠʷ ʛʨʘʬʠʪʘ ʚ ʘʪʤʦʩʬʝʨʝ ʢʠʩʣʦʨʦʜʘ, 

ʤʦʛʫʪ ʙʳʪʴ ʚʦʩʩʪʘʥʦʚʣʝʥʳ ʚ ʨʝʟʫʣʴʪʘʪʝ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʪʘʢʠʭ 

ʚʦʩʩʪʘʥʦʚʠʪʝʣʝʡ ʢʘʢ ʛʠʜʨʘʟʠʥ, ʚʦʜʦʨʦʜ ʠ ʪ.ʧ. 

ʇʨʦʩʪʝʡʰʠʡ ʩʧʦʩʦʙ ʨʘʩʩʣʦʝʥʠʷ ʛʨʘʬʠʪʘ ʥʘ ʦʪʜʝʣʴʥʳʝ 

ʛʨʘʬʝʥʦʚʳʝ ʣʠʩʪʳ ʦʩʥʦʚʘʥ ʥʘ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʧʦʚʝʨʭʥʦʩʪʥʦ-ʘʢʪʠʚʥʳʭ 

ʦʨʛʘʥʠʯʝʩʢʠʭ ʞʠʜʢʦʩʪʝʡ. ʇʦʜʦʙʥʳʡ ʧʦʜʭʦʜ ʦʩʥʦʚʘʥ ʥʘ ʪʦʤ, ʯʪʦ 

ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʡ ʛʨʘʬʠʪ ʠʤʝʝʪ ʩʣʦʠʩʪʫʶ ʩʪʨʫʢʪʫʨʫ, ʙʣʘʛʦʜʘʨʷ 

ʢʦʪʦʨʦʡ ʚʦʟʤʦʞʥʦ ʧʨʦʥʠʢʥʦʚʝʥʠʝ ʘʪʦʤʦʚ ʠʣʠ ʤʦʣʝʢʫʣ ʨʘʟʣʠʯʥʦʡ 

ʧʨʠʨʦʜʳ ʚ ʧʨʦʩʪʨʘʥʩʪʚʦ ʤʝʞʜʫ ʩʣʦʷʤʠ. ʈʘʟʤʝʱʝʥʠʝ ʧʦʩʪʦʨʦʥʥʠʭ 

ʘʪʦʤʦʚ ʧʨʠʚʦʜʠʪ ʢ ʫʚʝʣʠʯʝʥʠ ʁ ʨʘʩʩʪʦʷʥʠʷ ʤʝʞʜʫ ʩʣʦʷʤʠ ʠ, 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʢ ʩʥʠʞʝʥʠʶ ʵʥʝʨʛʠʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʤʝʞʜʫ ʥʠʤʠ. ɺ 

ʨʝʟʫʣʴʪʘʪʝ ʦʢʘʟʳʚʘʝʪʩʷ ʚʦʟʤʦʞʥʳʤ ʨʘʩʩʣʦʝʥʠʝ ʛʨʘʬʠʪʦʚʳʭ ʩʣʦʝʚ 

ʧʨʠ ʤʝʭʘʥʠʯʝʩʢʦʤ ʚʦʟʜʝʡʩʪʚʠʠ ʥʘ ʥʠʭ. ɼʣʠʪʝʣʴʥʘʷ ʫʣʴʪʨʘʟʚʫʢʦʚʘʷ 

ʦʙʨʘʙʦʪʢʘ ʤʝʣʢʦʜʠʩʧʝʨʩʥʦʛʦ ʛʨʘʬʠʪʘ ʠ ʧʦʚʝʨʭʥʦʩʪʥʦ-ʘʢʪʠʚʥʦʡ 

ʞʠʜʢʦʩʪʠ ʧʨʠʚʦʜʠʪ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʩʫʩʧʝʥʟʠʠ, ʩʦʜʝʨʞʘʝɦʡ 

ʦʜʥʦʩʣʦʡʥʳʝ ʣʠʩʪʳ ʛʨʘʬʝʥʘ, ʘ ʪʘʢʞʝ ʦʙʨʘʟʮʳ ʛʨʘʬʝʥʘ, ʩʦʩʪʦʷʱʠʝ ʠʟ 

ʥʝʙʦʣʴʰʦʛʦ ʯʠʩʣʘ ʩʣʦʝʚ. ʃʠʩʪʳ ʛʨʘʬʝʥʘ, ʢʦʪʦʨʳʝ ʩʦʜʝʨʞʘʪʩʷ ʚ 

ʩʫʩʧʝʥʟʠʷʭ, ʧʦʣʫʯʝʥʥʳʭ ʚʳʰʝʦʧʠʩʘʥʥʳʤ ʩʧʦʩʦʙʦʤ, ʠʩʩʣʝʜʦʚʘʣʠʩʴ ʩ 

ʧʦʤʦʱʴʶ ʧʨʦʩʚʝʯʠʚʘʶʱʝʛʦ ʵʣʝʢʪʨʦʥʥʦʛʦ ʤʠʢʨʦʩʢʦʧʘ. ʅʘʙʣʶʜʝʥʠʷ 

ʧʦʢʘʟʳʚʘʶʪ ʥʘʣʠʯʠʝ ʪʨʝʭ ʦʙʲʝʢʪʦʚ: ʧʣʦʩʢʠʭ ʦʜʥʦʩʣʦʡʥʳʭ 

ʛʨʘʬʝʥʦʚʳʭ ʣʠʩʪʦʚ, ʠʟʦʛʥʫʪʳʭ ʛʨʘʬʝʥʦʚʳʭ ʣʠʩʪʦʚ, ʘ ʪʘʢʞʝ 

ʜʚʫʩʣʦʡʥʳʭ ʠ ʤʥʦʛʦʩʣʦʡʥʭr ʛʨʘʬʝʥʦʚʳʭ ʣʠʩʪʦʚ. 

ʏʘʱʝ ʚʩʝʛʦ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʛʨʘʬʝʥʘ ʠʩʧʦʣʴʟʫʝʪʩʷ ʤʝʪʦʜ 

ʭʠʤʠʯʝʩʢʦʛʦ ʦʩʘʞʜʝʥʠʷ ʧʘʨʦʚ (CVD), ʢʦʪʦʨʳʡ ʩʪʘʣ ʦʯʝʥʴ 

ʧʦʧʫʣʷʨʥʳʤ ʠʟ-ʟʘ ʩʚʦʝʡ ʧʨʦʩʪʦʪʳ ʠ ʜʦʩʪʘʪʦʯʥʦ ʥʠʟʢʦʡ ʩʪʦʠʤʦʩʪʠ. ɺ 

ʦʩʥʦʚʝ ʜʘʥʥʦʛʦ ʤʝʪʦʜʘ ʣʝʞʠʪ ʚʦʟʤʦʞʥʦʩʪʴ ʢʘʪʘʣʠʪʠʯʝʩʢʦʛʦ 

ʨʘʟʣʦʞʝʥʠʷ ʛʘʟʦʦʙʨʘʟʥʳʭ ʫʛʣʝʚʦʜʦʨʦʜʦʚ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʥʝʢʦʪʦʨʳʭ 

ʤʝʪʘʣʣʦʚ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʨʘʟʣʠʯʥʳʭ ʥʘʥʦʫʛʣʝʨʦʜʥʳʭ ʩʪʨʫʢʪʫʨ. ɺ 

ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʩ ʧʦʤʦʱʴʶ CVD ʥʘʫʯʠʣʠʩʴ ʧʦʣʫʯʘʪʴ ʙʦʣʴʰʠʝ 

ʣʠʩʪʳ ʛʨʘʬʝʥʘ ʩ ʜʦʩʪʘʪʦʯʥʦʡ ʧʦʜʚʠʞʥʦʩʪʴʶ ʵʣʝʢʪʨʦʥʦʚ 
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), ʘ ʵʪʦ ʦʟʥʘʯʘʝʪ, ʯʪʦ ʙʘʨʴʝʨ ʧʨʦʤʳʰʣʝʥʥʦʛʦ 

ʧʨʦʠʟʚʦʜʩʪʚʘ ʛʨʘʬʝʥʘ ʚ ʩʢʦʨʦʤ ʚʨʝʤʝʥʠ ʤʦʞʥʦ ʙʫʜʝʪ ʧʨʝʦʜʦʣʝʪʴ. 

ʇʨʠʤʝʨʦʤ ʫʜʘʯʥʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʤʝʪʦʜʘ CVD ʜʣʷ ʩʠʥʪʝʟʘ ʛʨʘʬʝʥʘ 

ʷʚʣ̫ʝʪʩʷ ʨʘʙʦʪʘ, ʛʜʝ ʚ ʢʘʯʝʩʪʚʝ ʧʦʜʣʦʞʢʠ, ʠʛʨʘʶʱʝʡ ʨʦʣʴ 

ʢʘʪʘʣʠʟʘʪʦʨʘ, ʧʨʠʤʝʥʷʣʘʩʴ ʥʠʢʝʣʝʚʘʷ ʧʣʝʥʢʘ ʪʦʣʱʠʥʦʡ ʤʝʥʝʝ 

300 ʥʤ. ʇʣʝʥʢʘ ʥʘʥʦʩʠʣʘʩʴ ʵʣʝʢʪʨʦʥʥʦ-ʣʫʯʝʚʳʤ ʥʘʧʳʣʝʥʠʝʤ ʥʘ 

ʧʦʜʣʦʞʢʫ SiO2/Si. ʉʠʥʪʝʟ ʛʨʘʬʝʥʘ ʧʨʦʚʦʜʠʣʩʷ ʚ ʢʚʘʨʮʝʚʦʡ ʪʨʫʙʢʝ, 

ʯʝʨʝʟ ʢʦʪʦʨʫʶ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 1000 Áʉ ʧʨʦʢʘʯʠʚʘʣʘʩʴ ʩʤʝʩʴ 

CH4:H2:Ar ʚ ʦʪʥʦʰʝʥʠʠ 50:65:200. ʇʦ ʟʘʚʝʨʰʝʥʠʠ ʨʝʘʢʮʠʠ ʩʠʥʪʝʟʘ 

ʦʙʨʘʟʮʳ ʦʭʣʘʞʜʘʣʠʩʴ ʚ ʧʦʪʦʢʝ ʘʨʛʦʥʘ ʩʦ ʩʢʦʨʦʩʪʴʶ ʦʢʦʣʦ 10 Áʉ ʩ
-1
 ʜʦ 

ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʳ. ʂʘʢ ʧʦʢʘʟʳʚʘʝʪ ʦʧʳʪ, ʩʪʦʣʴ ʙʳʩʪʨʦʝ 

ʦʭʣʘʞʜʝʥʠʝ ʷʚʣʷʝʪʩʷ ʚʘʞʥʳʤ ʬʘʢʪʦʨʦʤ, ʧʨʝʧʷʪʩʪʚʫʶʱʠʤ 

ʘʛʣʦʤʝʨʘʮʠʠ ʛʨʘʬʝʥʦʚʳʭ ʣʠʩʪʦʚ ʚ ʤʥʦʛʦʩʣʦʡʥʳʝ ʩʪʨʫʢʪʫʨʳ ʠ 

ʩʧʦʩʦʙʩʪʚʫʶʱʠʤ ʦʪʜʝʣʝʥʠʶ ʵʪʠʭ ʣʠʩʪʦʚ ʦʪ ʧʦʜʣʦʞʢʠ ʜʣʷ 

ʜʘʣʴʥʝʡʰʝʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ. ʅʘ ʦʙʨʘʟʮʘʭ, ʥʘʙʣʶʜʘʝʤʳʭ ʩ ʧʦʤʦʱʴʶ 

ʩʢʘʥʠʨʫʶʱʝʛʦ ʵʣʝʢʪʨʦʥʥʦʛʦ ʤʠʢʨʦʩʢʦʧʘ, ʷʩʥʦ ʚʠʜʥʳ ʣʠʩʪʳ ʛʨʘʬʝʥʘ 

ʩ ʨʘʟʣʠʯʥʳʤ ʯʠʩʣʦʤ ʩʣʦʝʚ. ʅʘʙʣʶʜʝʥʠʷ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʩʨʝʜʥʝʝ ʯʠʩʣʦ 

ʛʨʘʬʝʥʦʚʳʭ ʩʣʦʝʚ ʠ ʩʪʝʧʝʥʴ ʧʦʢʨʳʪʠʷ ʧʦʜʣʦʞʢʠ ʦʧʨʝʜʝʣʷʶʪʩʷ 

ʪʦʣʱʠʥʦʡ ʥʠʢʝʣʝʚʦʡ ʧʣʝʥʢʠ ʠ ʜʣʠʪʝʣʴʥʦʩʪʴʶ ʧʨʦʮʝʩʩʘ ʨʦʩʪʘ.  

ʂʘʢ ʠʟʚʝʩʪʥʦ, ʜʫʛʦʚʦʡ ʨʘʟʨʷʜ ʩ ʛʨʘʬʠʪʦʚʳʤʠ ʵʣʝʢʪʨʦʜʘʤʠ, 

ʧʨʦʠʩʭʦʜʷʱʠʡ ʚ ʘʪʤʦʩʬʝʨʝ ʠʥʝʨʪʥʦʛʦ ʛʘʟʘ, ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ 

ʥʘʠʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʳʭ ʩʧʦʩʦʙʦʚ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʛʦ 

ʛʨʘʬʠʪʘ ʚ ʧʦʚʝʨʭʥʦʩʪʥʳʝ ʫʛʣʝʨʦʜʥʳʝ ʩʪʨʫʢʪʫʨʳ. ʅʘ ʦʩʥʦʚʝ ʪʘʢʦʛʦ 

ʧʦʜʭʦʜʘ ʙʳʣʠ ʨʘʟʨʘʙʦʪʘʥʳ ʤʝʪʦʜʳ ʧʦʣʫʯʝʥʠʷ ʬʫʣʣʝʨʝʥʦʚ ʠ ʋʅʊ ʚ 

ʤʘʢʨʦʩʢʦʧʠʯʝʩʢʠʭ ʢʦʣʠʯʝʩʪʚʘʭ, ʯʪʦ ʩʜʝʣʘʣʦ ʵʪʠ ʩʪʨʫʢʪʫʨr  

ʜʦʩʪʫʧʥʳʤʠ ʜʣʷ ʰʠʨʦʢʦʛʦ ʢʨʫʛʘ ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ. ʇʨʠ ʧʨʠʤʝʥʝʥʠʠ ʚ 

ʜʘʥʥʦʤ ʤʝʪʦʜʝ ʦʢʩʠʜʘ ʛʨʘʬʝʥʘ, ʧʦʢʘʟʘʥʦ, ʯʪʦ ʚ ʨʝʟʫʣʴʪʘʪʝ ʦʢʠʩʣʝʥʠʷ 

ʛʨʘʬʠʪʘ ʨʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʩʣʦʷʤʠ ʚʦʟʨʘʩʪʘʝʪ. ɿʘʞʠʛʘʥʠʝ ʜʫʛʦʚʦʛʦ 

ʨʘʟʨʷʜʘ ʚʳʟʳʚʘʝʪ ʙʳʩʪʨʳʡ ʨʦʩʪ ʪʝʤʧʝʨʘʪʫʨʳ ʦʙʨʘʟʮʘ (ʤʝʥʝʝ ʯʝʤ ʟʘ 

20 ʩ ʪʝʤʧʝʨʘʪʫʨʘ ʧʦʜʥʠʤʘʝʪʩʷ ʚʳʰʝ 2000 Áʉ). ʕʪʦ ʧʨʠʚʦʜʠʪ ʢ 

ʪʝʨʤʠʯʝʩʢʦʤʫ ʦʪʜʝʣʝʥʠʶ ʢʠʩʣʦʨʦʜʦʩʦʜʝʨʞʘʱʠʭ ʛʨʫʧʧ, 

ʧʨʠʩʦʝʜʠʥʝʥʥʳʭ ʢ ʚʥʫʪʨʝʥʥʠʤ ʩʣʦʷʤ ʛʨʘʬʠʪʘ, ʢʦʪʦʨʦʝ 

ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʨʝʟʢʠʤ ʧʦʚʳʰʝʥʠʝʤ ʚʥʫʪʨʝʥʥʝʛʦ ʜʘʚʣʝʥʠʷ, 

ʩʧʦʩʦʙʥʦʛʦ ʧʨʝʦʜʦʣʝʪʴ ɺʘʥ-ʜʝʨ-ɺʘʘʣʴʩʦʚʦ ʧʨʠʪʷʞʝʥʠʝ ʛʨʘʬʝʥʦʚʳʭ 

ʩʣʦʝʚ. ɸʥʘʣʠʟ ʩʪʨʫʢʪʫʨʳ ʧʦʢʘʟʘʣ, ʯʪʦ ʣʠʩʪʳ ʛʨʘʬʝʥʘ ʦʙʣʘʜʘʶʪ 

ʩʤʦʨʱʝʥʥʦʡ ʧʦʚʝʨʭʥʦʩʪʴʶ. ɼʘʣʴʥʝʡʰʝʝ ʨʘʟʜʝʣʝʥʠʝ ʛʨʘʬʝʥʦʚʳʭ 

ʩʣʦʝʚ ʧʨʦʠʟʚʦʜʠʪʩʷ ʩʪʘʥʜʘʨʪʥʳʤʠ ʤʝʪʦʜʘʤʠ ʮʝʥʪʨʠʬʫʛʠʨʦʚʘʥʠʷ ʠʣʠ 

ʫʣʴʪʨʘʟʚʫʢʦʚʦʡ ʦʙʨʘʙʦʪʢʠ. ʆʮʝʥʢʠ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʵʣʝʢʪʨʦʜʫʛʦʚʦʡ 
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ʤʝʪʦʜ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʧʨʝʚʨʘʱʝʥʠʝʤ ʛʨʘʬʠʪʘ ʚ ʦʜʥʦʩʣʦʡʥʳʝ 

ʛʨʘʬʝʥʦʚʳʝ ʣʠʩʪʳ ʥʘ 18% (ʧʦ ʤʘʩʩʝ).  

ʊʝʨʤʠʯʝʩʢʦʝ ʨʘʟʣʦʞʝʥʠʝ ʢʘʨʙʠʜʘ ʢʨʝʤʥʠʷ ʪʘʢʞʝ ʷʚʣʷʝʪʩʷ 

ʬɻʬʝʢʪʠʚʥʳʤ ʩʧʦʩʦʙʦʤ ʧʦʣʫʯʝʥʠʷ ʛʨʘʬʝʥʘ. ʇʨʝʠʤʫʱʝʩʪʚʘ 

ʧʦʜʦʙʥʦʛʦ ʧʦʜʭʦʜʘ ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ ʩʚʷʟʘʥʳ ʩ ʪʝʤ, ʯʪʦ ʨʘʟʤʝʨ 

ʩʠʥʪʝʟʠʨʫʝʤʦʛʦ ʦʙʨʘʟʮʘ ʧʨʠ ʭʦʨʦʰʝʤ ʢʘʯʝʩʪʚʝ ʠʩʭʦʜʥʦʛʦ ʢʨʠʩʪʘʣʣʘ 

Siʉ ʤʦʞʝʪ ʙʳʪʴ ʩʦʧʦʩʪʘʚʠʤ ʩ ʨʘʟʤʝʨʦʤ ʢʨʠʩʪʘʣʣʘ. ʂʨʦʤʝ ʪʦʛʦ, ʜʣʷ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʛʨʘʬʝʥʘ ʝʛʦ ʩʣʝʜʫʝʪ 

ʨʘʩʧʦʣʘʛʘʪʴ ʥʘ ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʡ ʧʦʜʣʦʞʢʝ, ʧʦʵʪʦʤʫ ʚ ʜʘʥʥʦʤ ʩʣʫʯʘʝ 

ʙʣʘʛʦʜʘʨʷ ʜʠʵʣʝʢʪʨʠʯʝʩʢʠʤ ʩʚʦʡʩʪʚʘʤ Siʉ ʥʝ ʚʦʟʥʠʢʘʝʪ ʪʝʭʥʠʯʝʩʢʠʭ 

ʧʨʦʙʣʝʤ, ʩʚʷʟʘʥʥʳʭ ʩ ʥʝʦʙʭʦʜʠʤʦʩʪʴʶ ʧʝʨʝʥʦʩʘ ʦʙʨʘʟʮʘ ʩ 

ʤʝʪʘʣʣʠʯʝʩʢʦʡ ʧʦʜʣʦʞʢʠ ʥʘ ʜʠʵʣʝʢʪʨʠʯʝʩʢʫʶ. ʈʝʟʫʣʴʪʘʪʳ ʧʦ 

ʧʦʣʫʯʝʥʠʶ ʛʨʘʬʝʥʘ ʤʝʪʦʜʦʤ ʪʝʨʤʠʯʝʩʢʦʛʦ ʨʘʟʣʦʞʝʥʠʷ Siʉ 

ʫʢʘʟʳʚʘʶʪ ʥʘ ʚʳʩʦʢʫʶ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ ʢʘʯʝʩʪʚʘ ʩʠʥʪʝʟʠʨʫʝʤʳʭ 

ʦʙʨʘʟʮʦʚ ʢ ʩʪʝʧʝʥʠ ʩʦʚʝʨʰʝʥʩʪʚʘ ʩʪʨʫʢʪʫʨʳ ʠʩʭʦʜʥʦʛʦ ʢʨʠʩʪʘʣʣʘ. 

ʇʦʧʝʨʝʯʥʳʝ ʨʘʟʤʝʨʳ ʪʘʢʠʭ ʦʙʨʘʟʮʦʚ ʥʝ ʧʨʝʚʳʰʘʣʠ ʥʝʩʢʦʣʴʢʠʭ ʩʦʪʝʥ 

ʥʘʥʦʤʝʪʨʦʚ, ʯʪʦ ʩʚʷʟʘʥʦ ʩ ʧʦʣʠʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʦʡ 

ʠʩʭʦʜʥʳʭ ʢʨʠʩʪʘʣʣʦʚ.  

ʅʘʨʷʜʫ ʩ ʤʦʥʦʢʨʠʩʪʘʣʣʘʤʠ Siʉ ʚ ʢʘʯʝʩʪʚʝ ʧʦʜʣʦʞʢʠ ʜʣʷ 

ʵʧʠʪʘʢʩʠʘʣʴʥʦʛʦ ʨʦʩʪʘ ʛʨʘʬʝʥʘ ʫʩʧʝʰʥʦ ʠʩʧʦʣʴʟʫʶʪʩʷ ʪʘʢʞʝ 

ʧʦʚʝʨʭʥʦʩʪʠ ʤʝʪʘʣʣʦʚ ʩ ʭʦʨʦʰʦ ʫʧʦʨʷʜʦʯʝʥʥʦʡ ʤʝʪʘʣʣʠʯʝʩʢʦʡ 

ʩʪʨʫʢʪʫʨʦʡ, ʥʘʧʨʠʤʝʨ, Ru(0001). ɺ ʦʩʥʦʚʝ ʧʦʜʭʦʜʘ ʢ ʧʦʩʣʦʡʥʦʤʫ 

ʨʦʩʪʫ ʛʨʘʬʝʥʘ ʙʦʣʴʰʦʡ ʧʣʦʱʘʜʠ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ Ru(0001) ʣʝʞʠʪ 

ʚʦʟʨʘʩʪʘʶʱʘʷ ʪʝʤʧʝʨʘʪʫʨʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ʨʘʩʪʚʦʨʠʤʦʩʪʠ ʫʛʣʝʨʦʜʘ ʚ 

ʧʝʨʝʭʦʜʥʳʭ ʤʝʪʘʣʣʘʭ. ʇʨʠ ʚʳʩʦʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ (~1150 Áʉ), ʢʦʛʜʘ 

ʨʘʩʪʚʦʨʠʤʦʩʪʴ ʫʛʣʝʨʦʜʘ ʚʳʩʦʢʘ, ʤʝʪʘʣʣʠʯʝʩʢʠʡ ʦʙʨʘʟʝʮ ʥʘʩʳʱʘʝʪʩʷ 

ʧʦ ʦʙʲʝʤʫ ʫʛʣʝʨʦʜʦʤ. ʄʝʜʣʝʥʥʦʝ ʦʭʣʘʞʜʝʥʠʝ ʦʙʨʘʟʮʘ 

ʧʨʠʙʣʠʟʠʪʝʣʴʥʦ ʜʦ 825 Áʉ ʧʨʠʚʦʜʠʪ ʧʨʠʤʝʨʥʦ ʢ ʰʝʩʪʠʢʨʘʪʥʦʤʫ 

ʩʥʠʞʝʥʠʶ ʨʘʩʪʚʦʨʠʤʦʩʪʠ, ʚ ʨʝʟʫʣʪɹʘʪʝ ʯʝʛʦ ʧʨʦʠʩʭʦʜʠʪ ʚʳʜʝʣʝʥʠʝ 

ʠʟʙʳʪʦʯʥʦʛʦ ʫʛʣʝʨʦʜʘ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʤʝʪʘʣʣʘ, ʠ ʧʦʚʝʨʭʥʦʩʪʴ 

ʧʦʢʨʳʚʘʝʪʩʷ ʦʙʰʠʨʥʳʤʠ ʦʩʪʨʦʚʢʘʤʠ ʫʛʣʝʨʦʜʥʦʡ ʧʣʝʥʢʠ. 

ʅʘʙʣʶʜʝʥʠʷ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʧʣʝʥʢʘ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ 

ʦʜʥʦʩʣʦʡʥʳʝ ʵʧʠʪʘʢʩʠʘʣʴʥʳʝ ʛʨʘʬʝʥʦʚʳʝ ʣʠʩʪʳ, ʠʤʝʶʱʠʝ 

ʤʫʘʨʦʚʫʶ ʩʪʨʫʢʪʫʨʫ.  

ʇʨʠʚʝʜʝʥʥʳʝ ʤʝʪʦʜʳ ʷʚʣʷʶʪʩʷ ʥʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʤʠ, ʠ 

ʢʘʞʜʳʡ ʠʤʝʝʪ ʩʚʦʠ ʜʦʩʪʦʠʥʩʪʚʘ ʠ ʥʝʜʦʩʪʘʪʢʠ. ʅʘʧʨʠʤʝʨ, ʩʠʣʴʥʦʝ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʩ ʧʦʜʣʦʞʢʦʡ ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ ʟʥʘʯʠʪʝʣʴʥʦʤʫ 

ʧʝʨʝʨʘʩʧʨʝʜʝʣʝʥʠʶ ʟʘʨʷʜʦʚ ʤʝʞʜʫ ʤʘʪʝʨʠʘʣʘʤʠ; ʤʝʭʘʥʠʯʝʩʢʘʷ 
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ʥʝʫʩʪʦʡʯʠʚʦʩʪʴ ʚ ʧʨʦʮʝʩʩʝ ʧʝʨʝʥʦʩʘ ʥʘ ʧʣʘʩʪʠʢ (ʜʣʷ ʛʠʙʢʦʡ 

ʵʣʝʢʪʨʦʥʠʢʠ) ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ ʨʘʟʨʫʰʝʥʠʶ ʩʪʨʫʢʪʫʨʳ; 

ʬʦʨʤʠʨʦʚʘʥʠʝ ʚʥʝʰʥʠʭ ʜʝʬʝʢʪʦʚ ʠʟ-ʟʘ ʛʝʪʝʨʦʛʝʥʥʦʛʦ ʨʦʩʪʘ ʤʦʞʝʪ 

ʫʤʝʥʴʰʘʪʴ ʧʦʜʚʠʞʥʦʩʪʴ ʵʣʝʢʪʨʦʥʦʚ.  

 

1.4.3 ʆʩʥʦʚʥʳʝ ʩʚʦʡʩʪʚʘ 

ɺʟʘʠʤʦʜʝʡʩʪʚʠʝ ʤʝʞʜʫ ʘʪʦʤʘʤʠ ʫʛʣʝʨʦʜʘ ʚ ʨʝʰʝʪʢʝ ʛʨʘʬʝʥʘ 

ʧʨʦʠʩʭʦʜʠʪ ʧʦʩʨʝʜʩʪʚʦʤ ʩʠʣʴʥʦʡ ʩʠʛʤʘ ʩʚʷʟʠ ʯʝʨʝʟ ʧʝʨʝʢʨʳʪʠʝ sp
2
 

ʦʨʙʠʪʘʣʝʡ ʚ ʧʣʦʩʢʦʩʪʠ. ʊʘʢ ʢʘʢ ʩʠʛʤʘ ʩʚʷʟʠ ʷʚʣʷʶʪʩʷ ʥʘʩʳʱʝʥʥʳʤʠ 

ʠ ʥʘʧʨʘʚʣʝʥʥʳʤʠ, ʘ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʚʟʘʠʤʦʜʝʡʩʪʚʫʶʪ 

ʩ ʧʦʩʪʦʨʦʥʥʠʤʠ ʘʪʦʤʘʤʠ, ʧʨʠʨʦʜʥʳʡ ʛʨʘʬʝʥ (ʚ ʚʠʜʝ ʛʨʘʬʠʪʘ) 

ʷʚʣʷʝʪʩʷ ʤʘʪʝʨʠʘʣʦʤ ʙʝʟ ʦʩʦʙʳʭ ʥʘʨʫʰʝʥʠʡ ʩʪʨʫʢʪʫʨʳ. ɹʦʣʴʰʠʥʩʪʚʦ 

ʥʘʨʫʰʝʥʠʡ ʩʪʨʫʢʪʫʨʳ ʥʘʡʜʝʥʳ ʚ ʛʨʘʬʝʥʝ, ʧʦʣʫʯʝʥʥʦʤ ʤʝʭʘʥʠʯʝʩʢʠʤ 

ʩʧʦʩʦʙʦʤ, ʠ ʧʨʠʯʠʥʦʡ ʥʝʩʦʚʝʨʰʝʥʩʪʚ ʷʚʣʷʶʪʩʷ ʤʦʣʝʢʫʣʳ ʠʣʠ ʘʪʦʤʳ, 

ʦʩʘʞʜʝʥʥʳʝ ʥʘ ʝʛʦ ʧʦʚʝʨʭʥʦʩʪʠ, ʘ ʪʘʢʞʝ ʩʪʨʫʢʪʫʨʥʳʝ ʜʝʬʦʨʤʘʮʠʠ 

(ʤʦʨʱʠʥʳ, ʩʢʣʘʜʢʠ ʠ ʪ.ʜ.).  

ʇʦʜʚʠʞʥʦʩʪʴ ʵʣʝʢʪʨʦʥʦʚ ʚ ʛʨʘʬʝʥʝ ʩʦʩʪʘʚʣʷʝʪ ʚʝʣʠʯʠʥʫ ʙʦʣʝʝ 

10
5
 ʩʤ

2
 ɺ
ī1

 ʩ
ī1

 ʧʨʠ 300 K, ʯʪʦ ʟʥʘʯʠʪʝʣʴʥʦ ʧʨʝʚʳʰʘʝʪ ʪʦʪ ʞʝ 

ʧʘʨʘʤʝʪʨ ʜʣʷ ʢʨʝʤʥʠʷ (Si) (~1500 ʩʤ
2 
ɺ
ī1

 ʩ
ī1
), ʠʣʠ ʪʘʢʠʭ 

ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚ, ʢʘʢ AlGaAs/InGaAs (~8500 ʩʤ
2
 ɺ
ī1

 ʩ
ī1

). 

ʄʘʢʩʠʤʘʣʴʥʳʝ ʯʘʩʪʦʪʳ ʦʧʪʠʯʝʩʢʦʛʦ ʬʦʥʦʥʥʦʛʦ ʩʧʝʢʪʨʘ (~1600 ʩʤ
-1
) 

ʷʚʣʷʶʪʩʷ ʪʘʢʞʝ ʦʜʥʠʤʠ ʠʟ ʩʘʤʳʭ ʚʳʩʦʢʠʭ ʩʨʝʜʠ ʠʟʚʝʩʪʥʳʭ 

ʤʘʪʝʨʠʘʣʦʚ, ʚʩʣʝʜʩʪʚʠʝ ʯʝʛʦ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʴ ʛʨʘʬʝʥʘ ʩʨʘʚʥʠʤʘ ʩ 

ʪʝʤ ʞʝ ʧʘʨʘʤʝʪʨʦʤ ʫ ʘʣʤʘʟʘ, ʠ ʥʘ ʦʜʠʥ ʧʦʨʷʜʦʢ ʙʦʣʴʰʝ, ʯʝʤ ʫ 

ʦʙʳʯʥʳʭ ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚ, ʥʘʧʨʠʤʝʨ, ʫ ʢʨʝʤʥʠʷ.  

ʏʨʝʟʚʳʯʘʡʥʦ ʧʨʠʚʣʝʢʘʪʝʣʴʥʳʤʠ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʧʨʘʢʪʠʯʝʩʢʦʛʦ 

ʧʨʠʤʝʥʝʥʠʷ ʷʚʣʷʶʪʩʷ ʵʣʝʢʪʨʦʥʥʳʝ ʩʚʦʡʩʪʚʘ ʛʨʘʬʝʥʘ. ʀʟʚʝʩʪʥʦ, ʯʪʦ 

ʵʣʝʢʪʨʦʥʳ ʚ ʛʨʘʬʝʥʝ ʚʝʜʫʪ ʩʝʙʷ ʢʘʢ ʨʝʣʷʪʠʚʠʩʪʩʢʠʝ ʯʘʩʪʠʮʳ, ʥʝ 

ʠʤʝʶʱʠʝ ʤʘʩʩʳ (ʬʝʨʤʠʦʥʳ ɼʠʨʘʢʘ). ʇʨʠ ʥʠʟʢʠʭ ʵʥʝʨʛʠʷʭ ʠ 

ʙʦʣʴʰʠʭ ʜʣʠʥʘʭ ʚʦʣʥ, ʵʣʝʢʪʨʦʥʳ ʚ ʛʨʘʬʝʥʝ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʥʝ 

ʤʘʩʩʦʡ, ʘ ʩʢʦʨʦʩʪʴʶ ʠʭ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ, ʪʘʢ ʥʘʟʳʚʘʝʤʦʡ ʩʢʦʨʦʩʪʴʶ 

ʌʝʨʤʠ-ɼʠʨʘʢʘ, ʢʦʪʦʨʘʷ ʩʦʩʪʘʚʣʷʝʪ ʚʝʣʠʯʠʥʫ ʧʦʨʷʜʢʘ 10
6
 ʤʩ

ī1
 (ʯʪʦ 

ʧʨʠʤʝʨʥʦ ʚ 300 ʨʘʟ ʤʝʥʴʰʝ ʩʢʦʨʦʩʪʠ ʩʚʝʪʘ). ʇʨʠ ʵʪʦʤ ʵʣʝʢʪʨʦʥʳ ʚ 

ʛʨʘʬʝʥʝ ʧʦʜʯʠʥʷʶʪʩʷ ʨʝʣʷʪʠʚʠʩʪʩʢʠʤ ʚʦʣʥʦʚʳʤ ʫʨʘʚʥʝʥʠʷʤ ʠ 

ʨʘʩʧʨʦʩʪʨʘʥʷʶʪʩʷ ʚ ʜʚʫʭ ʠʟʤʝʨʝʥʠʷʭ.  

ɼʨʫʛʦʡ ʚʘʞʥʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʦʡ ʦʜʥʦʩʣʦʡʥʦʛʦ ʛʨʘʬʝʥʘ ʷʚʣʷʝʪʩʷ 

ʝʛʦ ʘʤʙʠʧʦʣʷʨʥʦʝ ʵʣʝʢʪʨʠʯʝʩʢʦʝ ʧʦʣʝ ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ, 
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ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʥʦʩʠʪʝʣʷʤ ʟʘʨʷʜʘ ʥʘʭʦʜʠʪʩɹʷ ʚ ʧʨʦʤʝʞʫʪʦʯʥʦʤ 

ʩʦʩʪʦʷʥʠʠ ʤʝʞʜʫ ʵʣʝʢʪʨʦʥʘʤʠ ʠ ʜʳʨʢʘʤʠ ʧʨʠ ʧʨʠʣʦʞʝʥʠʠ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ ʥʘʧʨʷʞʝʥʠʷ. ʊʘʢʞʝ ʛʨʘʬʝʥ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ 

ʥʘʣʠʯʠʝʤ ʧʣʘʪʦ ʥʘ ʟʘʚʠʩʠʤʦʩʪʠ ʧʨʦʚʦʜʠʤʦʩʪʠ ʍʦʣʣʘ ʦʪ 

ʢʦʥʮʝʥʪʨʘʮʠʠ ʟʘʨʷʜʦʚ ʧʨʠ ʧʨʠʣʦʞʝʥʠʠ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ. 

ʇʨʝʠʤʫʱʝʩʪʚʦ ʢʚʘʥʪʦʚʦʛʦ ʵʬʬʝʢʪʘ ʍʦʣʣʘ ʚ ʛʨʘʬʝʥʝ ʚ ʪʦʤ, ʯʪʦ ʦʥ 

ʥʘʙʣʶʜʘʝʪʩʷ ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ (ʚ ʤʘʛʥʠʪʥʳʭ ʧʦʣʷʭ ʩʚʳʰʝ 

20 ʊ). ʀʟ ʨʠʩ. 12 ʚʠʜʥʦ, ʯʪʦ ʥʘ ʢʨʠʚʦʡ ʭʦʣʣʦʚʩʢʦʡ ʧʨʦʚʦʜʠʤʦʩʪʠ 

ʩʫʱʝʩʪʚʫʝʪ ʜʚʘ ʧʣʘʪʦ, ʢʘʢ ʜʣʷ ʵʣʝʢʪʨʦʥʦʚ, ʪʘʢ ʠ ʜʣʷ ʜʳʨʦʢ, ʧʨʠ ʵʪʦʤ 

ʧʨʦʜʦʣʴʥʘʷ ʧʨʦʚʦʜʠʤʦʩʪʴ ʧʨʠ ʵʪʠʭ ʟʥʘʯʝʥʠʷ ʭʦʣʣʦʚʩʢʦʛʦ 

ʥʘʧʨʷʞʝʥʠʷ ʦʙʨʘʱʘʝʪʩʷ ʚ ʥʦʣʴ. ʊʘʢʦʝ ʩʦʭʨʘʥʝʥʠʝ ʢʚʘʥʪʦʚʦʛʦ 

ʵʬʬʝʢʪʘ ʍʦʣʣʘ ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʷʚʣʷʝʪʩʷ ʫʥʠʢʘʣʴʥʳʤ 

ʩʚʦʡʩʪʚʦʤ ʛʨʘʬʝʥʘ. 

 

 
ʈʠʩ. 12. ʍʦʣʣʦʚʩʢʘʷ ʧʨʦʚʦʜʠʤʦʩʪʴ ůxy (ʧʫʥʢʪʠʨʥʘʷ ʣʠʥʠʷ) ʠ 

ʧʨʦʜʦʣʴʥʘʷ ʧʨʦʚʦʜʠʤʦʩʪʴ ɟʭʭ (ʩʧʣʦʰʥʘʷ ʣʠʥʠʷ) ʢʘʢ ʬʫʥʢʮʠʷ 

ʭʦʣʣʦʚʩʢʦʛʦ ʥʘʧʨʷʞʝʥʠʷ Vg ʚ ʤʘʛʥʠʪʥʦʤ ʧʦʣʝ ʚʝʣʠʯʠʥʦʡ 29 ʊ ʧʨʠ 

300 ʂ. ʇʦʣʦʞʠʪʝʣʴʥʳʝ ʟʥʘʯʝʥʠʷ ʜʣʷ ʵʣʝʢʪʨʦʥʦʚ ʠ ʦʪʨʠʮʘʪʝʣʴʥʳʝ ʜʣʷ 

ʜʳʨʦʢ 

 

ɹʦʣʴʰʦʡ ʠʥʪʝʨʝʩ ʧʨʝʝʜʩʪʘʚʣʷʶʪ ʠ ʦʧʪʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʛʨʘʬʝʥʘ. 

ɺ ʣʠʪʝʨʘʪʫʨʝ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʦʜʥʦʩʣʦʡʥʳʡ ʛʨʘʬʝʥ ʧʦʛʣʦʱʘʝʪ ʚʩʝʛʦ 

ʣʠʰʴ 2,3% ʧʘʜʘʶʱʝʛʦ ʩʚʝʪʘ. ɼʨʫʛʠʤ ʠʥʪʝʨʝʩʥʳʤ ʩʚʦʡʩʪʚʦʤ ʷʚʣʷʝʪʩʷ 

ʬʦʪʦʣʶʤʠʥʠʩʮʝʥʪʥʦʩʪʴ ʛʨʘʬʝʥʘ - ʝʛʦ ʤʦʞʥʦ ʩʜʝʣʘʪʴ 

ʣʶʤʠʥʝʩʮʝʥʪʥʳʤ, ʩʦʟʜʘʚʘʷ ʧʦʜʭʦʜʷʱʫʶ ʱʝʣʴ ʚ ʵʣʝʢʪʨʦʥʥʦʤ 

https://ru.wikipedia.org/wiki/%D0%A2%D0%B5%D1%81%D0%BB%D0%B0_(%D0%B5%D0%B4%D0%B8%D0%BD%D0%B8%D1%86%D0%B0_%D0%B8%D0%B7%D0%BC%D0%B5%D1%80%D0%B5%D0%BD%D0%B8%D1%8F)
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ʩʧʝʢʪʨʝ. ʂʦʤʙʠʥʘʮʠʷ ʥʝʦʙʳʯʥʳʭ ʵʣʝʢʪʨʦʥʥʳʭ ʠ ʦʧʪʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ 

ʦʪʢʨʳʚʘʝʪ ʚʦʟʤʦʞʥʦʩʪʠ ʜʣʷ ʧʨʠʤʝʥʝʥʠʷ ʛʨʘʬʝʥʘ ʚ ʦʧʪʦʵʣʝʢʪʨʦʥʠʢʝ, 

ʬʦʪʦʥʠʢʝ ʠ ʩʧʠʥʪʨʦʥʠʢʝ.  

ʊʝʧʣʦʬʠʟʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʛʨʘʬʝʥʘ (ʪʝʧʣʦʝʤʢʦʩʪʴ, ʢʦʵʬʬʠʮʠʝʥʪ 

ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʠ, ʢʦʵʬʬʠʮʠʝʥʪ ʪʝʨʤʠʯʝʩʢʦʛʦ ʨʘʩʰʠʨʝʥʠʷ (ʂʊʈ)) 

ʦʧʨʝʜʝʣʷʶʪʩʷ ʬʦʥʦʥʘʤʠ. ʆʩʦʙʝʥʥʦʩʪʠ ʬʦʥʦʥʥʦʛʦ ʩʧʝʢʪʨʘ ʛʨʘʬʝʥʘ ʠ 

ʤʘʪʝʨʠʘʣʦʚ ʥʘ ʦʩʥʦʚʝ ʛʨʘʬʝʥʘ ʩʚʷʟʘʥʳ ʩ ʜʚʫʤʝʨʥʦʡ ʩʪʨʫʢʪʫʨʦʡ ʣʠʩʪʘ 

ʛʨʘʬʝʥʘ. ʇʨʠʤʠʪʠʚʥʘʷ ʷʯʝʡʢʘ ʛʨʘʬʝʥʘ, ʦʧʨʝʜʝʣʷʝʤʘʷ ʚʝʢʪʦʨʘʤʠ 

ʪʨʘʥʩʣʷʮʠʠ ʘ1, ʘ2, ʩʦʜʝʨʞʠʪ ʜʚʘ ʘʪʦʤʘ, ʢʘʞʜʳʡ ʠʟ ʢʦʪʦʨʳʭ ʠʤʝʝʪ ʪʨʠ 

ʩʪʝʧʝʥʠ ʩʚʦʙʦʜʳ ï ʢʦʤʧʦʥʝʥʪʳ ʚʝʢʪʦʨʘ ʧʝʨʝʤʝʱʝʥʠʷ (ʩʤ. ʨʠʩ. 13, ʘ, 

ʚʚʝʨʭʫ). ʆʩʴ ʭ ʩʦʚʧʘʜʘʝʪ ʩ ʥʘʧʨʘʚʣʝʥʠʝʤ ʟʠʛʟʘʛ, ʘ ʦʩʴ ʫ - ʩ 

ʥʘʧʨʘʚʣʝʥʠʝʤ ʢʨʝʩʣʦ. ʆʙʨʘʪʥʦʝ ʧʨʦʩʪʨʘʥʩʪʚʦ ʨʝʰʝʪʢʠ ʛʨʘʬʝʥʘ 

ʧʨʝʜʩʪʘʚʣʝʥʦ ʥʘ ʨʠʩ. 13, ʘ (ʚʥʠʟʫ). ɻʝʢʩʘʛʦʥʘʣʴʥʘʷ ʩʪʨʫʢʪʫʨʘ ʛʨʘʬʝʥʘ 

ʩ ʜʚʫʤʷ ʘʪʦʤʘʤʠ ʫʛʣʝʨʦʜʘ ʚ ʢʘʞʜʦʡ ʷʯʝʡʢʝ ʦʙʫʩʣʘʚʣʠʚʘʝʪ ʥʘʣʠʯʠʝ 

ʰʝʩʪʠ ʬʦʥʦʥʥʳʭ ʚʝʪʚʝʡ ʚ ʩʧʝʢʪʨʝ ʜʠʩʧʝʨʩʠʠ ï ʪʨʝʭ ʦʧʪʠʯʝʩʢʠʭ (LO, 

TO, ZO) ʠ ʪʨʝʭ ʘʢʫʩʪʠʯʝʩʢʠʭ (LA, TA, ZA). ɼʠʩʧʝʨʩʠʦʥʥʳʝ ʢʨʠʚʳʝ 

ʥʝʜʝʬʦʨʤʠʨʦʚʘʥʥʦʛʦ ʛʨʘʬʝʥʘ ʜʣʷ ʪʦʯʝʢ ʟʦʥʳ ɹʨʠʣʣʶʵʥʘ, 

ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʥʘ ʦʪʨʝʟʢʘʭ Ɇ, ʊô ʠ ʊ, ʩʦʝʜʠʥʷʶʱʠʭ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ 

ʪʦʯʢʠ ɻŸʄŸʂŸɻ, ʧʦʢʘʟʘʥʳ ʥʘ ʨʠʩ. 13, ʙ. ʅʘʠʙʦʣʝʝ 

ʚʳʩʦʢʦʯʘʩʪʦʪʥʘʷ LA ʠ ʧʨʦʤʝʞʫʪʦʯʥʘʷ ʧʦ ʯʘʩʪʦʪʘʤ TA ʘʢʫʩʪʠʯʝʩʢʠʝ 

ʚʝʪʚʠ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʧʨʦʜʦʣʴʥʳʤ ʠ ʧʦʧʝʨʝʯʥʳʤ ʢʦʣʝʙʘʥʠʷʤ ʘʪʦʤʦʚ 

ʚ ʧʣʦʩʢʦʩʪʠ ʣʠʩʪʘ ʛʨʘʬʝʥʘ, ʘ ʩʘʤʘʷ ʥʠʟʢʦʯʘʩʪʦʪʥʘʷ ʚʝʪʚʴ ZA ï 

ʧʦʧʝʨʝʯʥʳʤ ʢʦʣʝʙʘʥʠʷʤ ʘʪʦʤʦʚ ʠʟ ʧʣʦʩʢʦʩʪʠ ʛʨʘʬʝʥʘ. ʄʦʞʥʦ ʩʪʨʦʛʦ 

ʧʦʢʘʟʘʪʴ, ʯʪʦ ʚ ʩʠʣʫ ʩʠʤʤʝʪʨʠʠ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʨʝʰʝʪʢʠ ʛʨʘʬʝʥʘ, 

ʚʝʪʚʠ LA ʠ TO ʧʝʨʝʩʝʢʘʶʪʩʷ ʚ ʪʦʯʢʝ K ʟʦʥʳ ɹʠʣʣʶʵʥʘ, ʠ, 

ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʛʨʘʬʝʥ ʥʝ ʠʤʝʝʪ ʱʝʣʠ ʚ ʬʦʥʦʥʥʦʤ ʩʧʝʢʪʨʝ. ʅʘ (ʚ) 

ʩʧʣʦʰʥʦʡ ʣʠʥʠʝʡ ʧʨʝʜʩʪʘʚʣʝʥʘ ʧʣʦʪʥʦʩʪʴ ʬʦʥʦʥʥʳʭ ʩʦʩʪʦʷʥʠʡ 

(DOS) ʥʝʜʝʬʦʨʤʠʨʦʚʘʥʥʦʛʦ ʛʨʘʬʝʥʘ. ɿʜʝʩʴ ʞʝ ʰʪʨʠʭʦʚʢʦʡ ʧʦʢʘʟʘʥʘ 

ʧʣʦʪʥʦʩʪʴ ʬʦʥʦʥʥʳʭ ʩʦʩʪʦʷʥʠʡ ʙʝʟ ʫʯʝʪʘ ʚʦʣʥ, ʛʜʝ ʘʪʦʤʳ 

ʢʦʣʝʙʣʶʪʩʷ ʪʦʣʴʢʦ ʧʦ ʥʘʧʨʘʚʣʝʥʠʶ ʥʦʨʤʘʣʠ ʢ ʧʣʦʩʢʦʩʪʠ ʛʨʘʬʝʥʘ. ʀʟ 

ʨʠʩʫʥʢʘ ʚʠʜʥʦ, ʯʪʦ ʚ ʥʝʜʝʬʦʨʤʠʨʦʚʘʥʥʦʤ ʛʨʘʬʝʥʝ, ʜʝʡʩʪʚʠʪʝʣʴʥʦ, 

ʥʝʪ ʱʝʣʠ ʚ ʬʦʥʦʥʥʦʤ ʩʧʝʢʪʨʝ. ʉʢʦʨʦʩʪʠ ʟʚʫʢʘ ʥʝʜʝʬʦʨʤʠʨʦʚʘʥʥʦʛʦ 

ʛʨʘʬʝʥʘ ʥʝ ʟʘʚʠʩʷʪ ʦʪ ʥʘʧʨʘʚʣʝʥʠʷ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʚʦʣʥʳ ʠ ʨʘʚʥʳ 

19,7 ʢʤ/ʩ ʜʣʷ ʬʦʥʦʥʥʦʡ ʚʝʪʚʠ LA ʠ 10,7 ʢʤ/ʩ ʜʣʷ ʬʦʥʦʥʥʦʡ ʚʝʪʚʠ ʊA. 

ɺʦʣʥʘ ZA ʠʤʝʝʪ ʥʫʣʝʚʫʶ ʩʢʦʨʦʩʪʴ ʟʚʫʢʘ, ʧʦʩʢʦʣʴʢʫ ʠʟʛʠʙʥʘʷ 

ʞʝʩʪʢʦʩʪʴ ʥʝʜʝʬʦʨʤʠʨʦʚʘʥʥʦʛʦ ʛʨʘʬʝʥʘ ʨʘʚʥʘ ʥʫʣʶ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, 

ʛʨʘʬʝʥ ʷʚʣʷʝʪʩʷ ʫʧʨʫʛʦ ʠʟʦʪʨʦʧʥʳʤ ʤʘʪʝʨʠʘʣʦʤ. 
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ʅʘ ʨʠʩ. 14 ʧʦʢʘʟʘʥʳ ʧʦʣʫʯʝʥʥʳʝ ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʪʝʤʧʝʨʘʪʫʨʘʭ 

ʟʥʘʯʝʥʠʷ ʢʦʵʬʬʠʮʠʝʥʪʘ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʠ ʛʨʘʬʝʥʘ, ʧʦʜʚʝʰʝʥʥʦʛʦ 

ʥʘʜ ʦʪʚʝʨʩʪʠʝʤ ʚ ʤʝʤʙʨʘʥʝ, ʚ ʩʨʘʚʥʝʥʠʠ ʩ ʨʝʟʫʣʴʪʘʪʘʤʠ ʜʣʷ 

ʧʠʨʦʣʠʪʠʯʝʩʢʦʛʦ ʛʨʘʬʠʪʘ. ʉʦʛʣʘʩʥʦ ʠʟʤʝʨʝʥʠʷʤ, ʢʦʵʬʬʠʮʠʝʥʪ 

ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʠ ʛʨʘʬʝʥʘ ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʩʦʩʪʘʚʣʷʝʪ 

2550 ɺʪ ʤ
-1
 ʂ

-1
. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʟʥʘʯʝʥʠʷ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʠ ʛʨʘʬʝʥʘ 

ʧʨʝʚʳʰʘʶʪ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʜʘʥʥʳʝ ʜʣʷ ʛʨʘʬʠʪʘ ʚʦ ʚʩʝʤ 

ʠʩʩʣʝʜʦʚʘʥʥʦʤ ʜʠʘʧʘʟʦʥʝ ʪʝʤʧʝʨʘʪʫʨ. ʅʘʙʣʶʜʘʝʤʳʡ ʵʬʬʝʢʪ 

ʩʥʠʞʝʥʠʷ ʢʦʵʬʬʠʮʠʝʥʪʘ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʠ ʛʨʘʬʝʥʘ ʩ ʨʦʩʪʦʤ 

ʪʝʤʧʝʨʘʪʫʨʳ ʦʙʲʷʩʥʷʝʪʩʷ ʫʤʝʥʴʰʝʥʠʝʤ ʩʨʝʜʥʝʡ ʜʣʠʥʳ ʩʚʦʙʦʜʥʦʛʦ 

ʧʨʦʙʝʛʘ ʬʦʥʦʥʘ ʦʪʥʦʩʠʪʝʣʴʥʦ ʬʦʥʦʥ-ʬʦʥʦʥʥʦʛʦ ʨʘʩʩʝʷʥʠʷ, ʯʪʦ, ʚ 

ʩʚʦʶ ʦʯʝʨʝʜʴ, ʩʚʷʟʘʥʦ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʧʣʦʪʥʦʩʪʠ ʬʦʥʦʥʦʚ ʠ 

ʚʦʟʨʘʩʪʘʥʠʝʤ ʚʣʠʷʥʠʷ ʘʥʛʘʨʤʦʥʠʟʤʘ ʥʘ ʬʦʥʦʥ-ʬʦʥʦʥʥʦʝ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ. 

 

 
ʈʠʩ. 13. (ʘ) ʈʝʰʝʪʢʘ ʛʨʘʬʝʥʘ ʚ ʧʨʷʤʦʤ (ʚʝʨʭ) ʠ ʦʙʨʘʪʥʦʤ (ʥʠʟ) 

ʧʨʦʩʪʨʘʥʩʪʚʝ. (ʙ) ɼʠʩʧʝʨʩʠʦʥʥʳʝ ʢʨʠʚʳʝ ʛʨʘʬʝʥʘ. (ʚ) ʇʣʦʪʥʦʩʪʴ 

ʬʦʥʦʥʥʳʭ ʩʦʩʪʦʷʥʠʡ ʛʨʘʬʝʥʘ 

 

ʅʘʣʠʯʠʝ ʦʩʦʙʦʡ ʤʝʤʙʨʘʥʥʦʡ ʩʪʨʫʢʪʫʨʳ ʛʨʘʬʝʥʘ ʠ ʩʠʛʤʘ ʩʚʷʟʝʡ 

ʤʝʞʜʫ ʘʪʦʤʘʤʠ ʚ ʧʣʦʩʢʦʩʪʠ ʧʨʠʚʦʜʠʪ ʢ ʪʦʤʫ, ʯʪʦ ʛʨʘʬʝʥ ʠʤʝʝʪ 

ʦʪʨʠʮʘʪʝʣʴʥʳʡ ʢʦʵʬʬʠʮʠʝʥʪ ʪʝʨʤʠʯʝʩʢʦʛʦ ʨʘʩʰʠʨʝʥʠʷ (ʪʦ ʝʩʪʴ, 

ʛʨʘʬʝʥ ʩʞʠʤʘʝʪʩʷ ʧʨʠ ʥʘʛʨʝʚʝ ʠ ʨʘʩʰʠʨʷʝʪʩʷ ʧʨʠ ʦʭʣʘʞʜʝʥʠʠ). 

ʂʦʛʜʘ ʛʨʘʬʝʥ ʥʘʭʦʜʠʪʩʷ ʚ ʢʦʥʪʘʢʪʝ ʩ ʤʘʪʝʨʠʘʣʦʤ, ʠʤʝʶʱʠʤ 

ʧʦʣʦʞʠʪʝʣʴʥʳʡ ʢʦʵʬʬʠʮʠʝʥʪ ʪʝʨʤʠʯʝʩʢʦʛʦ ʨʘʩʰʠʨʝʥʠʷ (ʯʪʦ 

ʩʧʨʘʚʝʜʣʠʚʦ ʜʣʷ ʙʦʣʴʰʠʥʩʪʚʘ ʪʚʝʨʜʳʭ ʪʝʣ), ʤʦʛʫʪ ʙʳʪʴ ʧʦʣʫʯʝʥʳ 
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ʨʘʟʣʠʯʥʳʝ ʠʥʪʝʨʝʩʥʳʝ ʵʬʬʝʢʪʳ, ʚʳʟʚʘʥʥʳʝ ʠʟʤʝʥʝʥʠʝʤ 

ʪʝʤʧʝʨʘʪʫʨʳ ʚ ʦʙʣʘʩʪʠ ʢʦʥʪʘʢʪʘ.  

ʆʜʥʠʤ ʠʟ ʤʥʦʛʦʦʙʝʱʘʶʱʠʭ ʧʨʠʣʦʞʝʥʠʡ ʛʨʘʬʝʥʘ ʷʚʣʷʝʪʩʷ ʝʛʦ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʚ ʵʣʝʢʪʨʦʥʥʳʭ ʫʩʪʨʦʡʩʪʚʘʭ, ʛʜʝ ʪʝʧʣʦʚʳʝ ʩʚʦʡʩʪʚʘ 

ʠʛʨʘʶʪ ʦʯʝʥʴ ʚʘʞʥʫʶ ʨʦʣʴ. ɺ ʧʨʦʮʝʩʩʝ ʨʘʙʦʪʳ ʵʪʠʭ ʫʩʪʨʦʡʩʪʚ 

ʚʳʨʘʙʘʪʳʚʘʝʪʩʷ ʟʥʘʯʠʪʝʣʴʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʪʝʧʣʘ, ʢʦʪʦʨʦʝ ʥʝʦʙʭʦʜʠʤʦ 

ʦʪʚʦʜʠʪʴ ʚʦ ʠʟʙʝʞʘʥʠʝ ʨʘʟʨʫʰʝʥʠʷ ʠʭ ʩʪʨʫʢʪʫʨʳ ʪʝʧʣʦʚʳʤʠ 

ʢʦʣʝʙʘʥʠʷʤʠ. ɺʘʞʥʳʤ ʩʚʦʡʩʪʚʦʤ ʛʨʘʬʝʥʘ ʷʚʣʷʝʪʩʷ ʝʛʦ ʛʠʙʢʦʩʪʴ. 

ʇʦʩʢʦʣʴʢʫ ʤʘʪʝʨʠʘʣ ʚ ʪʦʣʱʠʥʫ ʠʤʝʝʪ ʚʩʝʛʦ ʦʜʠʥ ʘʪʦʤʘʨʥʳʡ ʩʣʦʡ, ʦʥ 

ʤʦʞʝʪ ʙʳʪʴ ʣʝʛʢʦ ʜʝʬʦʨʤʠʨʦʚʘʥ ʚ ʥʘʧʨʘʚʣʝʥʠʠ ʥʦʨʤʘʣʠ ʢ ʝʛʦ 

ʧʦʚʝʨʭʥʦʩʪʠ. ɺ ʦʪʩʫʪʩʪʚʠʝ ʣʶʙʳʭ ʚʥʝʰʥʠʭ ʦʛʨʘʥʠʯʝʥʠʡ (ʪʘʢʠʭ, ʢʘʢ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʩ ʧʦʜʣʦʞʢʦʡ ʠʣʠ ʧʨʠʤʝʩʥʳʤʠ ʘʪʦʤʘʤʠ) ʛʨʘʬʝʥ 

ʧʦʜʜʝʨʞʠʚʘʝʪ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʠʟʛʠʙʥʳʭ ʬʦʥʦʥʥʳʭ ʤʦʜ.  

 

 
ʈʠʩ. 14. ʉʨʘʚʥʝʥʠʝ ʨʝʟʫʣʴʪʘʪʦʚ ʠʟʤʝʨʝʥʠʡ ʢʦʵʬʬʠʮʠʝʥʪʘ 

ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʠ ʛʨʘʬʝʥʘ ʩ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤʠ ʜʘʥʥʳʤʠ ʜʣʷ 

ʧʠʨʦʣʠʪʠʯʝʩʢʦʛʦ ʛʨʘʬʠʪʘ 

 

1.5 ʆʙʲʝʤʥʳʝ ʫʛʣʝʨʦʜʥʳʝ ʥʘʥʦʤʘʪʝʨʠʘʣʳ 

 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʘʢʪʠʚʥʦ ʨʘʟʚʠʚʘʝʪʩʷ ʪʝʭʥʦʣʦʛʠʷ ʩʦʟʜʘʥʠʷ 

ʥʦʚʳʭ ʦʙʲʝʤʥʳʭ ʫʛʣʝʨʦʜʥʳʭ ʥʘʥʦʤʘʪʝʨʠʘʣʦʚ, ʩʦʩʪʦʷʱʠʭ ʠʟ ʤʦʣʝʢʫʣ 

ʬʫʣʣʝʨʝʥʘ (ʬʫʣʣʝʨʠʪʳ, ʬʫʣʣʝʨʠʜʳ), ʢʣʫʙʢʦʚ ʋʅʊ, ʩʤʷʪʳʭ ʯʝʰʫʝʢ 

ʛʨʘʬʝʥʘ ʠ ʜʨ. (ʩʤ. ʨʠʩ. 15). ʂʘʢ ʫʞʝ ʫʧʦʤʠʥʘʣʦʩʴ, ʛʨʘʬʠʪ, ʘ ʪʘʢʞʝ 

ʦʙʲʝʤʥʳʝ ʫʛʣʝʨʦʜʥʳʝ ʥʘʥʦʤʘʪʝʨʠʘʣʳ ʥʘ ʦʩʥʦʚʝ ʬʫʣʣʝʨʝʥʘ, ʋʅʊ ʠ 
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ʯʝʰʫʝʢ ʛʨʘʬʝʥʘ, ʦʙʨʘʟʦʚʘʥʳ ʜʝʡʩʪʚʠʝʤ ʩʣʘʙʳʭ ʤʝʞʘʪʦʤʥʳʭ ʩʠʣ ɺʘʥ-

ʜʝʨ-ɺʘʘʣʴʩʘ, ʩʦʝʜʠʥʷʶʱʠʭ ʩʪʨʫʢʪʫʨʥʳʝ ʵʣʝʤʝʥʪʳ, ʚ ʢʦʪʦʨʳʭ ʘʪʦʤ r

ʫʛʣʝʨʦʜʘ ʩʚʷʟʘʥʳ ʢʦʚʘʣʝʥʪʥʳʤʠ ʩʚʷʟʷʤʠ. ʊʝʦʨʝʪʠʯʝʩʢʠ ʙʳʣʘ 

ʧʦʢʘʟʘʥʘ ʚʦʟʤʦʞʥʦʩʪʴ ʩʫʱʝʩʪʚʦʚʘʥʠʷ ʚʳʩʦʢʦʧʨʦʯʥʳʭ ʪʨʝʭʤʝʨʥʳʭ 

ʫʛʣʝʨʦʜʥʳʭ ʬʦʨʤ, ʧʦʩʪʨʦʝʥʥʳʭ ʥʘ ʦʩʥʦʚʝ ʪʦʣʴʢʦ ʢʦʚʘʣʝʥʪʥʳʭ 

ʩʚʷʟʝʡ, ʪʘʢʠʭ ʢʘʢ ʰʚʘʨʮʠhʪʳ, ʧʦʣʠʙʝʥʟʝʥʳ, ʧʦʨʠʩʪʳʝ ʛʨʘʬʝʥʳ. ʕʪʠ 

ʤʘʪʝʨʠʘʣʳ ʤʦʛʫʪ ʙʳʪʴ ʢʣʘʩʩʠʬʠʮʠʨʦʚʘʥʳ, ʦʩʥʦʚʳʚʘʷʩʴ ʥʘ ʪʠʧʝ 

ʭʠʤʠʯʝʩʢʦʡ ʩʚʷʟʠ, ʘ ʪʘʢʞʝ ʥʘ ʢʦʣʠʯʝʩʪʚʝ ʙʣʠʞʘʡʰʠʭ ʩʦʩʝʜʝʡ, ʩ 

ʢʦʪʦʨʳʤʠ ʢʘʞʜʳʡ ʘʪʦʤ ʦʙʨʘʟʫʝʪ ʢʦʚʘʣʝʥʪʥʫʶ ʩʚʷʟʴ. 

 

 
ʈʠʩ. 15. ʈʘʟʣʠʯʥʳʝ ʚʠʜʳ ʦʙʲʝʤʥʳʭ ʫʛʣʝʨʦʜʥʳʭ ʤʘʪʝʨʠʘʣʦʚ 

(ʘ) ʩʤʷʪʳʡ ʛʨʘʬʝʥ, (ʙ) ʩʠʩʪʝʤʘ ʢʦʨʦʪʢʠʭ ʋʅʊ, (ʚ) ʬʫʣʣʝʨʠʪ 

 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʫʞʝ ʨʘʟʨʘʙʦʪʘʥ ʧʨʦʩʪʦʡ ʩʧʦʩʦʙ ʩʠʥʪʝʟʘ 

ʦʙʲʝʤʥʦʛʦ ʥʘʥʦʤʘʪʝʨʠʘʣʘ, ʧʦʩʪʨʦʝʥʥʦʛʦ ʠʟ ʩʢʦʤʢʘʥʥʳʭ ʯʝʰʫʝʢ 

ʛʨʘʬʝʥʘ, ʦʙʣʘʜʘʶʱʝʛʦ ʩʚʝʨʭʚʳʩʦʢʦʡ ʫʜʝʣʴʥʦʡ ʧʦʚʝʨʭʥʦʩʪʴʶ 

(3523 ʤ
2
/ʛ) ʠ ʚʳʩʦʢʦʡ ʧʨʦʚʦʜʠʤʦʩʪʴʶ. ʇʝʨʚʦʥʘʯʘʣʴʥʦ ʠʜʝʷ ʩʦʟʜʘʥʠʷ 

ʪʘʢʦʛʦ ʪʨʝʭʤʝʨʥʦʛʦ ʫʛʣʝʨʦʜʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʙʳʣʘ ʧʨʦʚʝʨʝʥʘ ʥʘ ʩʤʝʩʠ 

ʚʦʜʥʦʛʦ ʨʘʩʪʚʦʨʘ, ʩʘʭʘʨʦʟʳ ʠ ʦʢʩʠʜʘ ʛʨʘʬʝʥʘ. ɹʳʣʘ ʩʦʟʜʘʥʘ ʮʝʣʘʷ 

ʩʝʨʠʷ ʩʪʨʫʢʪʫʨ, ʦʪʣʠʯʘʶʱʠʭʩʷ ʧʦ ʩʦʦʪʥʦh ʝʥʠʶ ʩʘʭʘʨʦʟʳ ʠ ʦʢʩʠʜʘ 

ʛʨʘʬʝʥʘ, ʩʨʝʜʠ ʢʦʪʦʨʳʭ ʙʳʣʠ ʚʳʙʨʘʥʳ ʪʝ, ʯʪʦ ʦʙʣʘʜʘʣʠ ʥʘʠʣʫʯʰʠʤʠ 

ʧʦʢʘʟʘʪʝʣʷʤʠ. ʅʘʧʨʠʤʝʨ, ʩʪʨʫʢʪʫʨʳ, ʩʦʟʜʘʥʥʳʝ ʠʟ ʯʠʩʪʦʡ ʩʘʭʘʨʦʟʳ ʠ 

ʦʢʩʠʜʘ ʛʨʘʬʝʥʘ, ʧʦʢʘʟʳʚʘʣʠ ʟʥʘʯʠʪʝʣʴʥʦ ʤʝʥʴʰʫʶ ʧʣʦʱʘʜʴ 

ʧʦʚʝʨʭʥʦʩʪʠ, ʢʦʪʦʨʘʷ ʷʚʣʷʝʪʩʷ ʚ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʚʘʞʥʳʤ ʧʘʨʘʤʝʪʨʦʤ. 

ʇʣʦʱʘʜʴ ʧʦʚʝʨʭʥʦʩʪʠ ʦʧʪʠʤʠʟʠʨʦʚʘʥʥʦʡ ʩʪʨʫʢʪʫʨʳ ʩʦʩʪʘʚʠʣʘ 

1739 ʤ
2
/ʛ. ʇʨʦʚʦʜʠʤʦʩʪʴ ʤʘʪʝʨʠʘʣʦʚ, ʢʘʢ ʠ ʦʞʠʜʘʣʦʩʴ, ʚʦʟʨʘʩʪʘʣʘ 

ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ ʢʦʣʠʯʝʩʪʚʘ ʦʢʩʠʜʘ ʛʨʘʬʝʥʘ, ʯʪʦ ʦʪʨʘʞʘʝʪ ʚʘʞʥʫʶ 

ʨʦʣʴ ʛʨʘʬʝʥʘ ʚ ʫʣʫʯʰʝʥʠʠ ʧʨʦʚʦʜʠʤʦʩʪʠ ʤʘʪʝʨʠʘʣʦʚ. ɸʥʘʣʠʟ 

ʩʪʨʫʢʪʫʨʳ ʧʦʢʘʟʘʣ, ʯʪʦ ʪʘʢʦʡ ʤʘʪʝʨʠʘʣ ʩʦʩʪʦʠʪ ʠʟ ʤʥʦʞʝʩʪʚʘ 

ʜʝʬʝʢʪʥʳʭ/ʩʤʷʪʳʭ ʣʠʩʪʦʚ ʛʨʘʬʝʥʘ ʨʘʟʤʝʨʦʤ ʚ ʥʝʩʢʦʣʴʢʦ 
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ʥʘʥʦʤʝʪʨʦʚ. ɺ ʜʘʥʥʦʡ ʩʪʨʫʢʪʫʨʝ ʧʨʝʦʙʣʘʜʘʶʪ ʘʪʦʤʳ ʫʛʣʝʨʦʜʘ ʩ sp
2
-

ʛʠʙʨʠʜʠʟʘʮʠʝʡ, ʪʦ ʚʨʝʤʷ ʢʘʢ sp
3
- ʠʣʠ sp-ʛʠʙʨʠʜʠʟʘʮʠʷ ʧʨʝʜʩʪʘʚʣʝʥʘ 

ʤʘʣʦ. ʆʜʥʘʢʦ, ʤʘʪʝʨʠʘʣ, ʩʦʟʜʘʥʥʳʡ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʪʘʢʦʛʦ 

ʧʦʜʭʦʜʘ, ʧʦʤʠʤʦ ʩʤʷʪʳʭ ʯʝʰʫʝʢ ʛʨʘʬʝʥʘ ʤʦʞʝʪ ʚʢʣʶʯʘʪʴ ʠ ʜʨʫʛʠʝ 

ʥʘʥʦ-ʧʦʣʠʤʦʨʬʳ ʫʛʣʝʨʦʜʘ, ʪʘʢʠʝ ʢʘʢ ʬʫʣʣʝʨʝʥʳ ʠʣʠ ʋʅʊ, ʘ ʪʘʢʞʝ 

ʠʥʳʝ ʘʣʣʦʪʨʦʧʳ ʫʛʣʝʨʦʜʘ.  

ɼʦʩʪʘʪʦʯʥʦ ʧʦʜʨʦʙʥʦ ʢ ʥʘʩʪʦʷʱʝʤʫ ʚʨʝʤʝʥʠ ʙʳʣʠ ʠʟʫʯʝʥʳ 

ʢʨʠʩʪʘʣʣʳ ʬʫʣʣʝʨʠʪʘ (ʨʠʩ. 16, ʘ). ʇʨʠ ʦʧʨʝʜʝʣʝʥʥʳʭ ʫʩʣʦʚʠʷʭ 

ʤʦʣʝʢʫʣʳ ʬʫʣʣʝʨʝʥʘ, ʥʘʧʨʠʤʝʨ ʉ60, ʫʧʦʨʷʜʦʯʠʚʘʶʪʩʷ ʚ 

ʧʨʦʩʪʨʘʥʩʪʚʝ, ʨʘʩʧʦʣʘʛʘʷʩʴ ʚ ʫʟʣʘʭ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʨʝʰʝʪʢʠ. ʕʪʘ 

ʩʠʩʪʝʤʘ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʪʠʧʠʯʥʳʡ ʤʦʣʝʢʫʣʷʨʥʳʡ ʢʨʠʩʪʘʣʣ, ʚ 

ʢʦʪʦʨʦʤ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʤʝʞʜʫ ʘʪʦʤʘʤʠ ʫʛʣʝʨʦʜʘ ʚʥʫʪʨʠ ʤʦʣʝʢʫʣʳ 

ʉ60 ʩʫʱʝʩʪʚʝʥʥʦ ʩʠʣʴʥʝʝ, ʯʝʤ ʤʝʞʜʫ ʘʪʦʤʘʤʠ ʩʦʩʝʜʥʠʭ ʤʦʣʝʢʫʣ. 

ʆʪʜʝʣʴʥʳʝ ʤʦʣʝʢʫʣʳ ʉ60 ʩʣʝʜʫʝʪ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʢʘʢ ʠʥʝʨʪʥʳʝ 

ʤʦʣʝʢʫʣʳ, ʩʦʭʨʘʥʷʶʱʠʝ ʩʚʦʶ ʠʥʜʠʚʠʜʫʘʣʴʥʦʩʪʴ ʚʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷʭ 

ʩ ʜʨʫʛʠʤʠ ʧʦʜʦʙʥʳʤʠ ʤʦʣʝʢʫʣʘʤʠ.  

ʂʨʠʩʪʘʣʣ ʬʫʣʣʝʨʠʪʘ ʉ60 ʦʙʣʘʜʘʝʪ ʢʫʙʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʦʡ ʩ 

ʛʨʘʥʝʮʝʥʪʨʠʨʦʚʘʥʥʦʡ ʢʫʙʠʯʝʩʢʦʡ (ɻʎʂ) ʨʝʰʝʪʢʦʡ, ʠʤʝʶʱʝʡ 

ʧʦʩʪʦʷʥʥʫʶ ʨʝʰʝʪʢʠ 14,2 ¡ ʠ ʧʣʦʪʥʦʩʪʴ 1,65°0,03 ʛ/ʩʤ
3
. ʇʨʠ 

ʪʝʤʧʝʨʘʪʫʨʘʭ ʧʦʨʷʜʢʘ ʢʦʤʥʘʪʥʦʡ ʥʘʙʣʶʜʘʝʪʩʷ ʠ ʛʝʢʩʘʛʦʥʘʣʴʥʘʷ 

(ɻʇʋ) ʫʧʘʢʦʚʢʘ ʤʦʣʝʢʫʣ, ʭʦʪʷ ɻʎʂ ʫʢʣʘʜʢʘ ʷʚʣʷʝʪʩʷ 

ʧʨʝʜʧʦʯʪʠʪʝʣʴʥʦʡ. ɺʝʱʝʩʪʚʦ ʫʩʪʦʡʯʠʚʦ ʥʘ ʚʦʟʜʫʭʝ, ʥʝ ʧʣʘʚʠʪʩʷ ʠ ʥʝ 

ʨʘʟʣʘʛʘʝʪʩʷ ʜʦ 360 Áʉ, ʘ ʚʳʰʝ ʵʪʦʡ ʪʝʤʧʝʨʘʪʫʨʳ ʥʘʯʠʥʘʝʪ 

ʩʫʙʣʠʤʠʨʦʚʘʪʴ. ʇʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʮʝʥʪʨʳ ʤʦʣʝʢʫʣ 

ʦʙʨʘʟʫʶʪ ʨʝʛʫʣʷʨʥʫʶ ɻʎʂ ʢʨʠʩʪʘʣʣʠʯʝʩʢʫʶ ʨʝʰʝʪʢʫ, ʥʦ ʩʘʤʠ 

ʤʦʣʝʢʫʣʳ ʧʨʠ ʵʪʦʤ ʩʚʦʙʦʜʥʦ ʚʨʘʱʘʶʪʩʷ ʚʦʢʨʫʛ ʩʚʦʠʭ ʮʝʥʪʨʦʚ. ʇʨʠ 

ʧʦʥʠʞʝʥʠʠ ʪʝʤʧʝʨʘʪʫʨʳ ʜʦ 250-260  ʂ ʧʨʦʠʩʭʦʜʠʪ ʬʘʟʦʚʳʡ ʧʝʨʝʭʦʜ 

ʧʝʨʚʦʛʦ ʨʦʜʘ: ʩʚʦʙʦʜʥʦʝ ʚʨʘʱʝʥʠʝ ʤʦʣʝʢʫʣ ʧʨʝʢʨʘʱʘʝʪʩʷ, ʦʥʠ 

ʦʧʨʝʜʝʣʝʥʥʳʤ ʦʙʨʘʟʦʤ ʦʨʠʝʥʪʠʨʫʶʪʩʷ ʜʨʫʛ ʦʪʥʦʩʠʪʝʣʴʥʦ ʜʨʫʛʘ, ʠ ʠʭ 

ʮʝʥʪʨʳ ʥʝʩʢʦʣʴʢʦ ʩʤʝʱʘʶʪʩʷ ʠʟ ʧʦʣʦʞʝʥʠʡ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ 

ʠʜʝʘʣʴʥʦʤʫ ʢʫʙʠʯʝʩʢʦʤʫ ʨʘʩʧʦʣʦʞʝʥʠʶ. ʇʨʦʠʩʭʦʜʠʪ ʠʟʤʝʥʝʥʠʝ 

ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʳ ʬʫʣʣʝʨʠʪʘ. ʅʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʘʷ ʬʘʟʘ 

(ʊ<260  ʂ) ʠʤʝʝʪ ʧʨʠʤʠʪʠʚʥʫʶ ʢʫʙʠʯʝʩʢʫʶ ʨʝʰʝʪʢʫ. 

ʂʨʠʩʪʘʣʣʠʯʝʩʢʦʝ ʩʪʨʦʝʥʠʝ ʪʚʝʨʜʦʛʦ ʉ70 ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʘʭ ʦʢʦʣʦ 

ʢʦʤʥʘʪʥʦʡ, ʢʘʢ ʠ ʜʣʷ ʉ60, ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʦʜʥʦʡ ʠʟ ʩʪʨʫʢʪʫʨ ʧʣʦʪʥʦʡ 

ʫʧʘʢʦʚʢʠ. ʉʦʩʫʱʝʩʪʚʦʚʘʥʠʝ ɻʇʋ ʠ ɻʎʂ ʬʘʟ ʚ ʢʨʠʩʪʘʣʣʝ ʉ70 ʟʘʚʠʩʠʪ 

ʦʪ ʪʠʧʘ ʧʦʜʣʦʞʢʠ, ʭʘʨʘʢʪʝʨʘ ʧʨʦʮʝʩʩʘ ʬʦʨʤʠʨʦʚʘʥʠʷ ʢʨʠʩʪʘʣʣʘ ʠ 

ʯʠʩʪʦʪʳ ʠʩʧʦʣʴʟʫʝʤʦʛʦ ʠʩʭʦʜʥʦʛʦ ʤʘʪʝʨʠʘʣʘ. ʈʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ 
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ʙʣʠʞʘʡʰʠʤʠ ʩʦʩʝʜʷʤʠ ʩʦʩʪʘʚʣʷʝʪ 10,6 ¡, ʯʪʦ ʥʝʩʢʦʣʴʢʦ ʧʨʝʚʳʰʘʝʪ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʫʶ ʚʝʣʠʯʠʥʫ ʜʣʷ ʢʨʠʩʪʘʣʣʘ ʉ60. ɺ ʩʤʝʰʘʥʥʦʤ ʉ60-ʉ70-

ʢʨʠʩʪʘʣʣʝ ʩʨʝʜʥʝʝ ʨʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʩʦʩʝʜʥʠʤʠ ʤʦʣʝʢʫʣʘʤʠ 

ʩʦʩʪʘʚʣʷʝʪ 10,4 ¡. 

ʂʘʢ ʠ ʚ ʩʣʫʯʘʝ ʢʨʠʩʪʘʣʣʘ ʉ60, ʧʨʠ ʚʳʩʦʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ 

ʤʦʣʝʢʫʣʳ ʉ70 ʚ ʢʨʠʩʪʘʣʣʝ ʤʦʛʫʪ ʙʦʣʝʝ ʠʣʠ ʤʝʥʝʝ ʩʚʦʙʦʜʥʦ ʤʝʥʷʪʴ 

ʩʚʦʶ ʦʨʠʝʥʪʘʮʠʶ, ʪʦʛʜʘ ʢʘʢ ʧʨʠ ʥʠʟʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ 

ʫʩʪʘʥʘʚʣʠʚʘʝʪʩʷ ʦʧʨʝʜʝʣʝʥʥʘʷ ʦʨʠʝʥʪʘʮʠʷ ʚʨʘʱʘʶʱʠʭʩʷ ʤʦʣʝʢʫʣ. 

ʌʘʟʦʚʳʡ ʧʝʨʝʭʦʜ ʦʪ ʦʜʥʦʡ ʚʟʘʠʤʥʦʡ ʦʨʠʝʥʪʘʮʠʠ ʤʦʣʝʢʫʣ ʢ ʜʨʫʛʦʡ 

ʧʨʦʠʩʭʦʜʠʪ ʧʨʠ 280 ʂ. ʇʨʠ ʥʠʟʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ ʦʨʠʝʥʪʘʮʠʷ 

ʤʦʣʝʢʫʣ ʉ70 ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʨʦʤʙʦʵʜʨʠʯʝʩʢʦʡ ʤʦʥʦʢʣʠʥʥʦʡ ʩʪʨʫʢʪʫʨʝ. 

ʈʘʩʩʤʦʪʨʠʤ ʬʦʨʤʠʨʦʚʘʥʠʝ ʬʫʣʣʝʨʠʜʦʚ, ʠʣʠ ʬʫʣʣʝʨʠʪʦʚ ʩ 

ʚʥʝʜʨʝʥʥʳʤʠ ʘʪʦʤʘʤʠ ʤʝʪʘʣʣʦʚ. ʕʣʝʤʝʥʪʘʨʥʘʷ ʷʯʝʡʢʘ ɻʎʂ-ʨʝʰʝʪʢʠ 

ʬʫʣʣʝʨʠʪʘ ʩʦʜʝʨʞʠʪ 8 ʪʝʪʨʘʵʜʨʠʯʝʩʢʠʭ ʠ 4 ʦʢʪʘʵʜʨʠʯʝʩʢʠʭ ʧʫʩʪʦʪ 

(ʤʝʞʜʦʫʟʣʠʷ), ʪ.ʝ. ʥʘ ʤʝʞʜʦʫʟʣʠʷ ʧʨʠʭʦʜʠʪʩʷ 26% ʦʙʲʝʤʘ 

ʵʣʝʤʝʥʪʘʨʥʦʡ ʷʯʝʡʢʠ, ʪʘʢ ʯʪʦ ʘʪʦʤʳ ʤʝʪʘʣʣʦʚ, ʧʨʝʞʜʝ ʚʩʝʛʦ 

ʱʝʣʦʯʥʳʭ ʠ ʱʝʣʦʯʥʦʟʝʤʝʣʴʥʳʭ ʩ ʤʘʣʳʤ ʘʪʦʤʥʳʤ ʨʘʜʠʫʩʦʤ, ʤʦʛʫʪ 

ʣʝʛʢʦ ʨʘʟʤʝʩʪʠʪʴʩʷ ʚ ʤʝʞʜʦʫʟʣʠʷʭ ʤʝʞʜʫ ʩʬʝʨʠʯʝʩʢʠʤʠ ʤʦʣʝʢʫʣʘʤʠ 

ʚʝʱʝʩʪʚʘ. ɺ ʧʨʦʮʝʩʩʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʤʝʪʘʣʣʦʚ ʩ ʬʫʣʣʝʨʠʪʘʤʠ ʘʪʦʤʳ 

ʤʝʪʘʣʣʦʚ ʟʘʥʠʤʘʶʪ ʦʢʪʘʵʜʨʠʯʝʩʢʠʝ ʠ ʪʝʪʨʘʵʜʨʠʯʝʩʢʠʝ ʧʫʩʪʦʪʳ. ɽʩʣʠ 

ʟʘʧʦʣʥʝʥʳ ʪʦʣʴʢʦ ʦʢʪʘʵʜʨʠʯʝʩʢʠʝ ʧʫʩʪʦʪʳ, ʪʦ ʦʙʨʘʟʫʝʪʩʷ ʥʦʚʳʡ 

ʧʦʣʠʤʝʨʥʳʡ ʤʘʪʝʨʠʘʣ ʩʦʩʪʘʚʘ ʄ1ʉ60 (ʄ ï ʘʪʦʤ ʤʝʪʘʣʣʘ). ɽʩʣʠ ʞʝ 

ʟʘʧʦʣʥʷʶʪʩʷ ʚʩʝ ʧʫʩʪʦʪʳ, ʚʢʣʶʯʘʷ ʪʝʪʨʘʵʜʨʠʯʝʩʢʠʝ, ʪʦ ʩʦʩʪʘʚ 

ʜʦʣʞʝʥ ʩʦʦʪʚʝʪʩʪʚʦʚʘʪʴ ʬʦʨʤʫʣʝ ʄ3ʉ60. ɼʘʣʴʥʝʡʰʝʝ ʫʚʝʣʠʯʝʥʠʝ 

ʢʦʣʠʯʝʩʪʚʘ ʘʪʦʤʦʚ ʤʝʪʘʣʣʘ ʧʨʠʚʦʜʠʪ ʢ ʧʝʨʝʩʪʨʦʡʢʝ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ 

ʩʪʨʫʢʪʫʨʳ, ʠ ʫʩʪʦʡʯʠʚʳʤ ʩʦʝʜʠʥʝʥʠʝʤ ʧʨʠ ʵʪʦʤ ʷʚʣʷʝʪʩʷ ʄ6ʉ60. ɺ 

ʯʘʩʪʥʦʩʪʠ, ʬʫʣʣʝʨʠʜʳ ʬʠʢʩʠʨʫʶʪʩʷ ʢʘʢ ʫʩʪʦʡʯʠʚʳʝ ʢʦʤʧʣʝʢʩʳ ʄʉ60 

(ʄ = Na, K, Cs, Sr, Ba, La, Li ʠ ʜʨ.). ɸʪʦʤ ʤʝʪʘʣʣʘ ʧʨʠ ʵʪʦʤ ʤʦʞʝʪ 

ʥʘʭʦʜʠʪʴʩʷ ʚʥʫʪʨʠ ʬʫʣʣʝʨʝʥʘ ʠ ʚʥʝ ʝʛʦ, ʘ ʪʘʢʞʝ ʤʦʞʝʪ ʙʳʪʴ ʚʩʪʨʦʝʥ 

ʚ ʩʪʨʫʢʪʫʨʫ ʫʛʣʝʨʦʜʥʦʛʦ ʢʘʨʢʘʩʘ. 

ɹʦʣʴʰʦʡ ʠʥʪʝʨʝʩ ʧʨʝʜʩʪʘʚʣʷʶʪ ʪʘʢʠʝ ʩʚʦʡʩʪʚʘ ʦʙʲʝʤʥʳʭ 

ʫʛʣʝʨʦʜʥʳʭ ʤʘʪʝʨʠʘʣʦʚ, ʢʘʢ ʩʚʝʨʭʧʨʦʚʦʜʠʤʦʩʪʴ, ʧʦʣʝʚʘʷ ʵʤʠʩʩʠʷ, 

ʥʝʩʤʘʯʠʚʘʝʤʦʩʪʴ ʧʦʚʝʨʭʥʦʩʪʠ, ʫʣʴʪʨʘʚʳʩʦʢʘʷ ʫʜʝʣʴʥʘʷ ʧʦʚʝʨʭʥʦʩʪʴ 

ʚ ʩʦʯʝʪʘʥʠʠ ʩ ʵʣʝʢʪʨʦʧʨʦʚʦʜʠʤʦʩʪʴʶ. ʈʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʚʦʟʤʦʞʥʦʩʪʠ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʜʘʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʜʣʷ ʩʦʟʜʘʥʠʷ ʩʫʧʝʨʢʦʥʜʝʥʩʘʪʦʨʦʚ 

ʠʣʠ ʵʣʝʢʪʨʦʜʦʚ ʚ ʫʩʪʨʦʡʩʪʚʘʭ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʵʥʝʨʛʠʠ. 

ʈʘʟʨʘʙʘʪʳʚʘʶʪʩʷ ʜʦʩʪʘʪʦʯʥʦ ʵʢʦʥʦʤʠʯʥʳʝ ʠ ʵʢʦʣʦʛʠʯʝʩʢʠ ʯʠʩʪʳʝ 

ʩʧʦʩʦʙʳ ʧʦʣʫʯʝʥʠʷ ʧʦʜʦʙʥʳʭ ʤʘʪʝʨʠʘʣʦʚ. 



 41 

ʌʫʣʣʝʨʠʪʳ ʷʚʣʷʶʪʩʷ ʧʦʣʫʧʨʦʚʦʜʥʠʢʘʤʠ ʩ ʰʠʨʠʥʦʡ ʟʘʧʨʝʱʝʥʥʦʡ 

ʟʦʥʳ ʦʪ 1,5 ʜʦ 1,95 ʵɺ. ʇʦʩʢʦʣʴʢʫ ʬʫʣʣʝʨʠʪʳ - ʜʦʩʪʘʪʦʯʥʦ ʨʳʭʣʳʝ 

ʩʪʨʫʢʪʫʨʳ, ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ ʠʟʫʯʘʣʦʩʴ ʠʟʤʝʥʝʥʠʝ ʫʜʝʣʴʥʦʛʦ 

ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʧʦʜ ʜʘʚʣʝʥʠʝʤ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ 

ʦʙʨʘʟʮʳ ʯʠʩʪʦʛʦ ʉ60 ʨʘʟʤʝʨʦʤ 0,3³0,7³0,04 ʤʤ
3
 ʧʦʤʝʱʘʣʠʩʴ ʚ ʷʯʝʡʢʫ 

ʜʠʘʤʝʪʨʦʤ 1 ʤʤ, ʘ ʟʘʪʝʤ ʧʦʜʚʝʨʛʘʣʠʩʴ ʜʘʚʣʝʥʠʶ ʧʨʠ ʨʘʟʣʠʯʥʳʭ 

ʪʝʤʧʝʨʘʪʫʨʘʭ. ʈʝʟʫʣʴʪʘʪʳ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʵʣʝʢʪʨʠʯʝʩʢʦʝ 

ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʫʤʝʥʴʰʘʝʪʩʷ ʧʦʯʪʠ ʚ 10 ʨʘʟ ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ ʜʘʚʣʝʥʠʷ 

ʜʦ 105 ʘʪʤ. ʌʫʣʣʝʨʠʪʳ ʦʙʣʘʜʘʶʪ ʬʦʪʦʧʨʦʚʦʜʠʤʦʩʪʴʶ ʧʨʠ 

ʦʧʪʠʯʝʩʢʦʤ ʦʙʣʫʯʝʥʠʠ. ʌʫʣʣʝʨʝʥʳ ʚ ʢʨʠʩʪʘʣʣʘʭ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʝʚʳʩʦʢʠʤʠ ʵʥʝʨʛʠʷʤʠ ʩʚʷʟʠ, ʧʦʵʪʦʤʫ ʚ ʪʘʢʠʭ 

ʢʨʠʩʪʘʣʣʘʭ ʫʞʝ ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʥʘʙʣʶʜʘʶʪʩʷ ʬʘʟʦʚʳʝ 

ʧʝʨʝʭʦʜʳ, ʧʨʠʚʦʜʷʱʝʤʫ ʢ ʦʨʠʝʥʪʘʮʠʦʥʥʦʤʫ ʨʘʟʫʧʦʨʷʜʦʯʝʥʠʶ ʠ 

ʨʘʟʤʦʨʘʞʠʚʘʥʠʶ ʚʨʘʱʝʥʠʷ ʤʦʣʝʢʫʣ ʬʫʣʣʝʨʝʥʦʚ. ʂʨʠʩʪʘʣʣʳ ʉ60, 

ʣʝʛʠʨʦʚʘʥʥʳʝ ʘʪʦʤʘʤʠ ʱʝʣʦʯʥʳʭ ʤʝʪʘʣʣʦʚ, ʧʝʨʝʭʦʜʷʪ ʚ 

ʩʚʝʨʭʧʨʦʚʦʜʷʱʝʝ ʩʦʩʪʦʷʥʠʝ ʚ ʜʠʘʧʘʟʦʥʝ ʦʪ 19 ʜʦ 55 ʂ (ʨʝʢʦʨʜʥʳʡ 

ʜʠʘʧʘʟʦʥ ʪʝʤʧʝʨʘʪʫʨʳ ʜʣʷ ʤʦʣʝʢʫʣʷʨʥʳʭ ʩʚʝʨʭʧʨʦʚʦʜʥʠʢʦʚ). 

 

 
ʈʠʩ. 16. (ʘ) ʌʫʣʣʝʨʠʪ, (ʙ) ʬʫʣʣʝʨʠʜ (ʪʝʤʥʳʤ ʮʚʝʪʦʤ ʧʦʢʘʟʘʥʳ ʘʪʦʤʳ 

ʤʝʪʘʣʣʘ) 

 

ɺʩʣʝʜʩʪʚʠʝ ʣʝʛʠʨʦʚʘʥʠʷ ʬʫʣʣʝʨʠʪʳ ʉ60 ʤʦʛʫʪ ʦʙʣʘʜʘʪʴ ʣʠʙʦ 

ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚʳʤʠ (ʢʘʢ n-, ʪʘʢ ʠ p-ʪʠʧʘ), ʣʠʙʦ ʤʝʪʘʣʣʠʯʝʩʢʠʤʠ 

ʩʚʦʡʩʪʚʘʤʠ. ʌʫʣʣʝʨʠʜʳ ʱʝʣʦʯʥʳʭ ʤʝʪʘʣʣʦʚ, ʠʤʝʶʱʠʭ ʩʦʩʪʘʚ ʄ3ʉ60 

(ʄ = ʂ, Rb, Cs) ʦʙʣʘʜʘʶʪ ʥʝ ʪʦʣʴʢʦ ʤʝʪʘʣʣʠʯʝʩʢʠʤʠ, ʥʦ ʠ 

ʩʚʝʨʭʧʨʦʚʦʜʷʱʠʤʠ ʩʚʦʡʩʪʚʘʤʠ, ʫʥʠʢʘʣʴʥʳʤʠ ʜʣʷ ʪʨʝʭʤʝʨʥʳʭ 

ʦʨʛʘʥʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ.  










































































































































































































































