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ɺɺɽɼɽʅʀɽ 

ɸʢʪʫʘʣʴʥʦʩʪʴ ʨʘʙʦʪʳ 

ɿʘʨʷʞʝʥʥʳʝ ʧʳʣʝʚʳʝ ʯʘʩʪʠʮʳ ʰʠʨʦʢʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥʳ ʚ ʦʢʨʫʞʘʶʱʝʤ ʥʘʩ 

ʤʠʨʝ ʠ ʚʦʟʥʠʢʘʶʪ ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʘʭ. ʆʥʠ ʧʨʠʩʫʪʩʪʚʫʶʪ ʚ 

ʤʝʟʦʩʬʝʨʝ ɿʝʤʣʠ, ʦʢʦʣʦ ʧʦʚʝʨʭʥʦʩʪʠ ʃʫʥʳ, ʧʣʘʥʝʪʘʨʥʳʭ ʢʦʣʴʮʘʭ, ʭʚʦʩʪʘʭ ʢʦʤʝʪ, 

ʤʝʞʟʚʝʟʜʥʳʭ ʦʙʣʘʢʘʭ. ɿʘʨʷʞʝʥʥʳʝ ʧʳʣʝʚʳʝ ʯʘʩʪʠʮʳ ʦʙʨʘʟʫʶʪʩʷ ʚ ʧʨʦʮʝʩʩʝ 

ʧʣʘʟʤʝʥʥʦʛʦ ʦʩʘʞʜʝʥʠʷ ʠ ʪʨʘʚʣʝʥʠʷ ʚ ʤʠʢʨʦʵʣʝʢʪʨʦʥʠʢʝ, ʧʨʦʠʟʚʦʜʩʪʚʝ ʪʦʥʢʠʭ 

ʧʣʝʥʦʢ. 

ɿʘʨʷʞʝʥʥʳʝ ʧʳʣʝʚʳʝ ʯʘʩʪʠʮʳ ʤʦʛʫʪ ʦʙʨʘʟʦʚʳʚʘʪʴ ʩʠʣʴʥʦʚʟʘʠʤʦʜʝʡʩʪʚʫʶʱʠʝ 

ʢʫʣʦʥʦʚʩʢʠʝ ʩʪʨʫʢʪʫʨʳ. ʕʪʠ ʩʪʨʫʢʪʫʨʳ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʦʪʥʦʰʝʥʠʝʤ 

ʧʦʪʝʥʮʠʘʣʴʥʦʡ ʵʥʝʨʛʠʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʢ ʢʠʥʝʪʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ ʯʘʩʪʠʮ ï ʧʘʨʘʤʝʪʨʦʤ 

ʥʝʠʜʝʘʣʴʥʦʩʪʠ. ɺ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʚʝʣʠʯʠʥʳ ʧʘʨʘʤʝʪʨʘ ʫʧʦʨʷʜʦʯʝʥʥʦʩʪʴ ʯʘʩʪʠʮ ʚ 

ʢʫʣʦʥʦʚʩʢʦʡ ʩʪʨʫʢʪʫʨʝ ʤʦʞʝʪ ʩʦʦʪʚʝʪʩʪʚʦʚʘʪʴ ʛʘʟʦʦʙʨʘʟʥʦʡ, ʞʠʜʢʦʡ ʠʣʠ ʪʚʝʨʜʦʡ 

ʬʘʟʝ. ɺ ʨʝʟʫʣʴʪʘʪʝ, ʢʫʣʦʥʦʚʩʢʠʝ ʩʪʨʫʢʪʫʨʳ ʜʝʤʦʥʩʪʨʠʨʫʶʪ ʪʘʢʠʝ ʧʨʝʜʩʪʘʚʣʷʶʱʠʝ 

ʥʘʫʯʥʳʡ ʠʥʪʝʨʝʩ ʷʚʣʝʥʠʷ ʢʘʢ ʬʘʟʦʚʳʝ ʧʝʨʝʭʦʜʳ: ʛʘʟ ï ʞʠʜʢʦʩʪʴ ʠ ʞʠʜʢʦʩʪʴ ï ʪʚʝʨʜʦʝ 

ʪʝʣʦ, ʘ ʪʘʢʞʝ ʨʘʟʣʠʯʥʳʝ ʚʦʣʥʦʚʳʝ ʧʨʦʮʝʩʩʳ ʠ ʥʝʫʩʪʦʡʯʠʚʦʩʪʠ ʨʘʟʣʠʯʥʦʡ ʧʨʠʨʦʜʳ. 

ʂʫʣʦʥʦʚʩʢʠʝ ʩʪʨʫʢʪʫʨʳ, ʠʟʫʯʘʣʠʩʴ ʪʘʢʞʝ ʚ ʢʦʥʪʝʢʩʪʝ ʧʳʣʝʚʦʡ ʧʣʘʟʤʳ ʠ ʢʦʣʣʦʠʜʥʳʭ 

ʩʫʩʧʝʥʟʠʡ. 

ɺ ʧʣʘʟʤʝʥʥʦʡ ʩʨʝʜʝ ʠʤʝʝʪ ʤʝʩʪʦ ʵʢʨʘʥʠʨʦʚʘʥʠʝ ʟʘʨʷʞʝʥʥʳʭ ʯʘʩʪʠʮ, ʧʦʵʪʦʤʫ 

ʧʦʪʝʥʮʠʘʣ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʟʘʨʷʞʝʥʥʳʭ ʯʘʩʪʠʮ ʚ ʧʣʘʟʤʝ ʩʦʜʝʨʞʠʪ ʫʙʳʚʘʶʱʠʡ 

ʵʢʩʧʦʥʝʥʮʠʘʣʴʥʳʡ ʤʥʦʞʠʪʝʣʴ. ʊʘʢʦʡ ʧʦʪʝʥʮʠʘʣ ʥʦʩʠʪ ʥʘʟʚʘʥʠʝ ʧʦʪʝʥʮʠʘʣʘ ʖʢʘʚʳ. 

ʇʳʣʝʚʳʝ ʢʫʣʦʥʦʚʩʢʠʝ ʩʪʨʫʢʪʫʨʳ ʚ ʧʣʘʟʤʝʥʥʦʡ ʩʨʝʜʝ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʚ ʧʨʠ 

ʧʦʥʠʞʝʥʥʦʤ ʜʘʚʣʝʥʠʠ ʚ ʧʣʘʟʤʝ ʚʳʩʦʢʦʯʘʩʪʦʪʥʦʛʦ ʛʘʟʦʚʦʛʦ ʨʘʟʨʷʜʘ, ʧʣʘʟʤʝ, 

ʠʥʜʫʮʠʨʦʚʘʥʥʦʡ ʋʌ ʠʟʣʫʯʝʥʠʝʤ, ʷʜʝʨʥʦ-ʚʦʟʙʫʞʜʘʝʤʦʡ ʧʣʘʟʤʝ. ʊʘʢʠʝ ʩʪʨʫʢʪʫʨʳ 

ʙʳʣʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʠ ʪʝʦʨʝʪʠʯʝʩʢʠ ʠʩʩʣʝʜʦʚʘʥʳ ʚ ʜʦʩʪʘʪʦʯʥʦ ʧʦʣʥʦʡ ʤʝʨʝ. 

ʃʘʙʦʨʘʪʦʨʥʦʝ ʧʦʣʫʯʝʥʠʝ ʧʳʣʝʚʳʭ ʩʪʨʫʢʪʫʨ, ʚʟʘʠʤʦʜʝʡʩʪʚʫʶʱʠʭ ʧʦʩʨʝʜʩʪʚʦʤ 

ʧʦʪʝʥʮʠʘʣʘ ʖʢʘʚʳ, ʧʨʠ ʘʪʤʦʩʬʝʨʥʦʤ ʜʘʚʣʝʥʠʠ ʚʦʟʤʦʞʥʦ ʚ ʧʣʘʤʝʥʠ ʛʘʟʦʚʦʡ ʛʦʨʝʣʢʠ. 

ʇʦʜʦʙʥʳʝ ʵʢʩʧʝʨʠʤʝʥʪʳ ʙʳʣʠ ʧʨʦʚʝʜʝʥʳ, ʙʳʣʠ ʦʙʥʘʨʫʞʝʥʳ ʩʪʨʫʢʪʫʨʳ ʞʠʜʢʦʩʪʥʦʛʦ 

ʪʠʧʘ.  
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ʀʟʚʝʩʪʥʦ, ʯʪʦ ʟʘʨʷʞʝʥʥʳʝ ʯʘʩʪʠʮʳ ʤʦʞʥʦ ʫʜʝʨʞʠʚʘʪʴ ʚ ʦʧʨʝʜʝʣʝʥʥʦʡ ʪʦʯʢʝ 

ʧʨʦʩʪʨʘʥʩʪʚʘ ʩ ʧʦʤʦʱʴʶ ʧʝʨʝʤʝʥʥʳʭ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʧʦʣʝʡ. ʊʘʢʘʷ ʪʝʭʥʦʣʦʛʠʷ 

ʧʨʠʤʝʥʷʝʪʩʷ, ʥʘʧʨʠʤʝʨ, ʚ ʢʚʘʜʨʫʧʦʣʴʥʳʭ ʤʘʩʩ-ʩʧʝʢʪʨʦʤʝʪʨʘʭ ʠ ʣʦʚʫʰʢʘʭ ʇʘʫʣʷ, 

ʩʧʦʩʦʙʥʳʭ ʫʜʝʨʞʠʚʘʪʴ ʣʝʚʠʪʠʨʫʶʱʠʝ ʟʘʨʷʞʝʥʥʳʝ ʧʳʣʝʚʳʝ ʯʘʩʪʠʮʳ. ʃʦʚʫʰʢʠ 

ʇʘʫʣʷ ʤʦʛʫʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʜʣʷ ʠʟʫʯʝʥʠʷ ʧʳʣʝʚʳʭ ʢʫʣʦʥʦʚʩʢʠʭ ʩʪʨʫʢʪʫʨ ʚ ʰʠʨʦʢʦʤ 

ʜʠʘʧʘʟʦʥʝ ʜʘʚʣʝʥʠʡ. ɺ ʪʘʢʠʭ ʣʦʚʫʰʢʘʭ ʯʘʩʪʠʮʳ ʚʟʘʠʤʦʜʝʡʩʪʚʫʶʪ ʧʦʩʨʝʜʩʪʚʦʤ 

ʢʫʣʦʥʦʚʩʢʦʛʦ ʧʦʪʝʥʮʠʘʣʘ. 

ʃʝʚʠʪʠʨʫʶʱʠʝ ʧʳʣʝʚʳʝ ʢʫʣʦʥʦʚʩʢʠʝ ʩʪʨʫʢʪʫʨʳ ʤʦʛʫʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʜʣʷ 

ʩʦʟʜʘʥʠʷ ʙʘʪʘʨʝʡ, ʧʨʝʦʙʨʘʟʫʶʱʠʭ ʷʜʝʨʥʫʶ ʵʥʝʨʛʠʠ ʚ ʵʣʝʢʪʨʠʯʝʩʢʫʶ. ɺ ʷʜʝʨʥʳʭ 

ʙʘʪʘʨʝʷʭ ʧʨʦʜʫʢʪʳ ʨʘʩʧʘʜʘ ʨʘʜʠʦʘʢʪʠʚʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʠʦʥʠʟʠʨʫʶʪ ʠʥʝʨʪʥʳʡ ʛʘʟ, 

ʥʘʧʨʠʤʝʨ, ʢʩʝʥʦʥ. ɼʠʩʩʦʮʠʘʪʠʚʥʘʷ ʨʝʢʦʤʙʠʥʘʮʠʷ ʦʙʨʘʟʫʶʱʠʭʩʷ ʜʚʫʭʘʪʦʤʥʳʭ ʠʦʥʦʚ 

ʢʩʝʥʦʥʘ ʧʨʠʚʦʜʠʪ ʢ ʵʬʬʝʢʪʠʚʥʦʤʫ ʚʦʟʙʫʞʜʝʥʠʶ ʵʢʩʠʤʝʨʦʚ ʢʩʝʥʦʥʘ, ʢʦʪʦʨʳʝ 

ʠʩʧʫʩʢʘʶʪ ʫʣʴʪʨʘʬʠʦʣʝʪʦʚʳʝ ʬʦʪʦʥʳ ʩ ʜʣʠʥʦʡ ʚʦʣʥʳ ʧʦʨʷʜʢʘ 172 ʥʤ. ʕʪʠ ʬʦʪʦʥʳ 

ʧʦʛʣʦʱʘʶʪʩʷ ʬʦʪʦʵʣʝʢʪʨʠʯʝʩʢʠʤ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʝʤ ʠ ʨʦʞʜʘʶʪ ʵʣʝʢʪʨʦʥʥʦ-

ʜʳʨʦʯʥʳʝ ʧʘʨʳ. ʇʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʪʚʝʨʜʦʛʦ ʜʝʣʷʱʝʛʦʩʷ ʚʝʱʝʩʪʚʘ ʥʘʠʙʦʣʴʰʠʡ 

ʵʥʝʨʛʦʚʢʣʘʜ ʦʩʢʦʣʢʦʚ ʜʝʣʝʥʠʷ ʜʦʩʪʠʛʘʝʪʩʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʤʝʩʠ ʛʘʟʘ ʩ 

ʨʘʜʠʦʘʢʪʠʚʥʳʤʠ ʧʳʣʝʚʳʤʠ ʯʘʩʪʠʮʘʤʠ. ɼʘʚʣʝʥʠʝ ʛʘʟʘ ʜʦʣʞʥʦ ʙʳʪʴ ʧʦʨʷʜʢʘ ʝʜʠʥʠʮ 

ʙʘʨ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʵʥʝʨʛʠʠ ʧʨʦʜʫʢʪʦʚ ʨʘʩʧʘʜʘ ʚ ʋʌ 

ʠʟʣʫʯʝʥʠʝ. ʇʝʨʩʧʝʢʪʠʚʥʳʤ ʷʚʣʷʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʛʘʟʦʚʦ-ʧʳʣʝʚʦʡ ʩʤʝʩʠ ʚ ʣʘʟʝʨʘʭ, 

ʠʩʧʦʣʴʟʫʶʱʠʭ ʧʨʝʦʙʨʘʟʦʚʘʥʠʝ ʵʥʝʨʛʠʠ ʨʘʜʠʦʘʢʪʠʚʥʦʛʦ ʨʘʩʧʘʜʘ ʚ ʦʧʪʠʯʝʩʢʦʝ 

ʠʟʣʫʯʝʥʠʝ, ʢʦʪʦʨʦʝ ʤʦʞʝʪ ʧʦʟʚʦʣʠʪʴ ʫʚʝʣʠʯʠʪʴ ʵʥʝʨʛʦʚʢʣʘʜ ʧʨʦʜʫʢʪʦʚ ʨʘʩʧʘʜʘ ʠ 

ʫʚʝʣʠʯʠʪʴ ʂʇɼ ʫʩʪʨʦʡʩʪʚʘ. 

ɸʢʪʫʘʣʴʥʦʡ ʧʨʦʙʣʝʤʦʡ ʚ ʫʩʣʦʚʠʷʭ ʫʭʫʜʰʝʥʠʷ ʵʢʦʣʦʛʠʯʝʩʢʦʡ ʦʙʩʪʘʥʦʚʢʠ 

ʷʚʣʷʝʪʩʷ ʚʦʟʨʘʩʪʘʶʱʠʝ ʪʨʝʙʦʚʘʥʠʷ ʢ ʬʠʣʴʪʨʘʮʠʠ ʦʪʨʘʙʦʪʘʥʥʦʛʦ ʚʦʟʜʫʭʘ ʚ 

ʫʩʪʨʦʡʩʪʚʘʭ ʷʜʝʨʥʦʡ ʵʥʝʨʛʝʪʠʢʠ, ʤʘʰʠʥʦʩʪʨʦʝʥʠʠ, ʭʠʤʠʯʝʩʢʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʠ 

ʜʨʫʛʠʭ ʧʨʦʠʟʚʦʜʩʪʚʘʭ. ʋʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʝ ʩʪʘʨʳʭ ʠ ʨʘʟʨʘʙʦʪʢʘ ʥʦʚʳʭ ʧʨʠʥʮʠʧʦʚ 

ʬʠʣʴʪʨʘʮʠʠ ʚʦʟʜʫʭʘ ʷʚʣʷʝʪ ʩʦʙʦʡ ʚʘʞʥʫʶ ʟʘʜʘʯʫ. ɺ ʦʪʣʠʯʠʠ ʦʪ ʪʨʘʜʠʮʠʦʥʥʳʭ 

ʤʝʪʦʜʦʚ ʬʠʣʴʪʨʘʮʠʠ, ʦʩʥʦʚʘʥʥʳʭ ʥʘ ʵʣʝʢʪʨʦʩʪʘʪʠʯʝʩʢʠʭ ʣʦʚʫʰʢʘʭ, ʚ ʜʘʥʥʦʡ ʨʘʙʦʪʝ 

ʨʘʩʩʤʦʪʨʝʥʘ ʚʦʟʤʦʞʥʦʩʪʴ ʦʯʠʩʪʢʠ ʚʦʟʜʫʭʘ ʦʪ ʧʳʣʝʚʳʭ ʯʘʩʪʠʮ ʩ ʧʦʤʦʱʴʶ 

ʵʣʝʢʪʨʦʜʠʥʘʤʠʯʝʩʢʠʭ ʣʦʚʫʰʝʢ. ʇʨʝʠʤʫʱʝʩʪʚʦʤ ʵʣʝʢʪʨʦʜʠʥʘʤʠʯʝʩʢʠʭ ʤʝʪʦʜʦʚ 
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ʦʯʠʩʪʢʠ ʚʦʟʜʫʭʘ, ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʠʩʧʦʣʴʟʫʝʤʳʤʠ ʩʝʡʯʘʩ ʵʣʝʢʪʨʦʩʪʘʪʠʯʝʩʢʠʤʠ 

ʤʝʪʦʜʘʤʠ, ʷʚʣʷʝʪʩʷ ʦʪʩʫʪʩʪʚʠʝ ʟʘʛʨʷʟʥʝʥʠʷ ʵʣʝʢʪʨʦʜʦʚ ʠ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʠʭ ʦʯʠʩʪʢʠ. 

ʂʘʢ ʧʦʢʘʟʘʥʦ ʚ ʜʘʥʥʦʡ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʡ ʨʘʙʦʪʝ, ʵʣʝʢʪʨʦʜʠʥʘʤʠʯʝʩʢʠʝ ʣʦʚʫʰʢʝ 

ʩʧʦʩʦʙʥʳ ʟʘʭʚʘʪʳʚʘʪʴ ʠ ʫʜʝʨʞʠʚʘʪʴ ʧʳʣʝʚʳʝ ʯʘʩʪʠʮʳ ʚ ʚʦʟʜʫʰʥʦʤ ʧʦʪʦʢʝ. 

ʎʝʣʴ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʡ ʨʘʙʦʪʳ 

ʎʝʣʴʶ ʷʚʣʷʝʪʩʷ ʠʩʩʣʝʜʦʚʘʥʠʝ ʩʚʦʡʩʪʚ ʢʫʣʦʥʦʚʩʢʠʭ ʩʠʩʪʝʤ ʟʘʨʷʞʝʥʥʳʭ ʯʘʩʪʠʮ 

ʧʨʠ ʘʪʤʦʩʬʝʨʥʦʤ ʜʘʚʣʝʥʠʠ ʚ ʵʣʝʢʪʨʦʜʠʥʘʤʠʯʝʩʢʠʭ ʣʦʚʫʰʢʘʭ ʨʘʟʥʳʭ ʪʠʧʦʚ ʠ 

ʠʩʩʣʝʜʦʚʘʥʠʝ ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ʥʠʭ ʛʘʟʦʚʳʭ ʧʦʪʦʢʦʚ, ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʧʦʣʝʡ ʠ ʧʣʘʟʤʳ. 

ɼʣʷ ʜʦʩʪʠʞʝʥʠʷ ʮʝʣʠ ʨʘʙʦʪʳ ʥʝʦʙʭʦʜʠʤʦ ʧʨʦʚʝʜʝʥʠʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ 

ʠʩʩʣʝʜʦʚʘʥʠʡ ʠ ʯʠʩʣʝʥʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʫʩʣʦʚʠʡ ʫʜʝʨʞʘʥʠʷ ʢʫʣʦʥʦʚʩʢʠʭ 

ʩʪʨʫʢʪʫʨ, ʩʦʜʝʨʞʘʱʠʭ ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʟʘʨʷʞʝʥʥʳʭ ʧʳʣʝʚʳʭ ʯʘʩʪʠʮ ʚ ʚʦʟʜʫʭʝ 

ʧʨʠ ʘʪʤʦʩʬʝʨʥʦʤ ʜʘʚʣʝʥʠʠ ʩ ʧʦʤʦʱʴʶ ʵʣʝʢʪʨʦʜʠʥʘʤʠʯʝʩʢʠʭ ʣʦʚʫʰʝʢ ʩ ʨʘʟʣʠʯʥʦʡ 

ʢʦʥʬʠʛʫʨʘʮʠʝʡ ʵʣʝʢʪʨʦʜʦʚ ʚ ʥʝʧʦʜʚʠʞʥʦʡ ʩʨʝʜʝ ʠ ʛʘʟʦʚʦʤ ʧʦʪʦʢʝ. ʊʘʢʞʝ 

ʥʝʦʙʭʦʜʠʤʘ ʨʘʟʨʘʙʦʪʢʘ ʩʧʦʩʦʙʦʚ ʦʧʨʝʜʝʣʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ ʧʳʣʝʚʳʭ ʯʘʩʪʠʮ, 

ʥʘʭʦʜʷʱʠʭʩʷ ʚ ʵʣʝʢʪʨʦʜʠʥʘʤʠʯʝʩʢʠʭ ʣʦʚʫʰʢʘʭ. 

ʅʘʫʯʥʘʷ ʥʦʚʠʟʥʘ ʨʘʙʦʪʳ ʩʦʩʪʦʠʪ ʚ ʩʣʝʜʫʶʱʝʤ: 

Å ɺʧʝʨʚʳʝ ʙʳʣʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʧʦʣʫʯʝʥʳ ʫʩʪʦʡʯʠʚʳʝ ʢʫʣʦʥʦʚʩʢʠʝ 

ʩʪʨʫʢʪʫʨʳ ʠʟ ʙʦʣʴʰʦʛʦ ʢʦʣʠʯʝʩʪʚʘ (ʥʝʩʢʦʣʴʢʦ ʪʳʩʷʯ) ʟʘʨʷʞʝʥʥʳʭ ʧʳʣʝʚʳʭ 

ʯʘʩʪʠʮ ʧʨʠ ʘʪʤʦʩʬʝʨʥʦʤ ʜʘʚʣʝʥʠʠ ʚ ʣʠʥʝʡʥʳʭ ɻ ʣʝʢʪʨʦʜʠʥʘʤʠʯʝʩʢʠʭ ʣʦʚʫʰʢʘʭ 

ʩ ʨʘʟʣʠʯʥʳʤʠ ʢʦʥʬʠʛʫʨʘʮʠʷʤʠ ʵʣʝʢʪʨʦʜʦʚ. 

Å ɺʧʝʨʚʳʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʥʘ ʚʦʟʤʦʞʥʦʩʪʴ ʫʜʝʨʞʘʥʠʷ 

ʧʳʣʝʚʳʭ ʯʘʩʪʠʮ ʵʣʝʢʪʨʦʜʠʥʘʤʠʯʝʩʢʠʤʠ ʣʦʚʫʰʢʘʤʠ ʚ ʚʦʟʜʫʰʥʳʭ ʧʦʪʦʢʘʭ. 

Å ʆʙʥʘʨʫʞʝʥ ʵʬʬʝʢʪ ʩʘʤʦʚʦʟʙʫʞʜʝʥʠʷ ʫʝʜʠʥʝʥʥʳʭ ʚʦʣʥ ʚ ʢʫʣʦʥʦʚʩʢʦʡ 

ʩʪʨʫʢʪʫʨʝ, ʫʜʝʨʞʠʚʘʝʤʦʡ ʚ ʵʣʝʢʪʨʦʜʠʥʘʤʠʯʝʩʢʦʡ ʣʦʚʫʰʢʝ. 

Å ɺʧʝʨʚʳʝ ʧʦʣʫʯʝʥʳ ʫʩʪʦʡʯʠʚʳʝ ʩʪʨʫʢʪʫʨʳ ʟʘʨʷʞʝʥʥʳʭ ʯʘʩʪʠʮ ʚ ʣʠʥʝʡʥʦʡ 

ʵʣʝʢʪʨʦʜʠʥʘʤʠʯʝʩʢʦʡ ʣʦʚʫʰʢʝ ʚ ʧʣʘʟʤʝ ʢʦʨʦʥʥʦʛʦ ʨʘʟʨʷʜʘ ʧʨʠ ʘʪʤʦʩʬʝʨʥʦʤ 

ʜʘʚʣʝʥʠʠ. 
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Å ʇʨʝʜʣʦʞʝʥ ʤʝʪʦʜ ʠʟʤʝʨʝʥʠʷ ʟʘʨʷʜʘ ʠ ʤʘʩʩʳ ʧʳʣʝʚʦʡ ʯʘʩʪʠʮʳ ʚ ʣʠʥʝʡʥʦʡ 

ʵʣʝʢʪʨʦʜʠʥʘʤʠʯʝʩʢʦʡ ʣʦʚʫʰʢʝ. 

ʅʘʫʯʥʘʷ ʠ ʧʨʘʢʪʠʯʝʩʢʘʷ ʮʝʥʥʦʩʪʴ 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʩʪʨʫʢʪʫʨʳ ʟʘʨʷʞʝʥʥʳʭ ʯʘʩʪʠʮ, ʚ ʢʦʪʦʨʳʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ 

ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʧʦʩʨʝʜʩʪʚʦʤ ʥʝʵʢʨʘʥʠʨʦʚʘʥʥʦʛʦ ʢʫʣʦʥʦʚʩʢʦʛʦ ʧʦʪʝʥʮʠʘʣʘ, ʘ ʪʘʢʞʝ ʚ 

ʧʣʘʟʤʝ ʧʨʠ ʘʪʤʦʩʬʝʨʥʦʤ ʜʘʚʣʝʥʠʠ ʤʘʣʦ ʠʟʫʯʝʥʳ. ʇʦʣʫʯʝʥʥʳʝ ʚ ʨʘʙʦʪʝ ʨʝʟʫʣʴʪʘʪʳ 

ʧʦ ʩʦʟʜʘʥʠʶ ʫʩʪʦʡʯʠʚʳʭ ʩʪʨʫʢʪʫʨ ʠʟ ʙʦʣʴʰʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʯʘʩʪʠʮ (ʥʝʩʢʦʣʴʢʦ ʪʳʩʷʯ) 

ʩ ʧʦʤʦʱʴʶ ʵʣʝʢʪʨʦʜʠʥʘʤʠʯʝʩʢʠʭ ʣʦʚʫʰʝʢ ʤʦʛʫʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ ʜʣʷ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʩʚʦʡʩʪʚ ʢʫʣʦʥʦʚʩʢʠʭ ʩʪʨʫʢʪʫʨ ʙʝʟ ʵʢʨʘʥʠʨʦʚʘʥʥʦʛʦ ʧʦʪʝʥʮʠʘʣʘ, ʜʣʷ 

ʩʦʟʜʘʥʠʷ ʥʦʚʳʭ ʫʩʪʨʦʡʩʪʚ ʬʠʣʴʪʨʘʮʠʠ ʛʘʟʦʚ ʦʪ ʧʳʣʝʚʳʭ ʯʘʩʪʠʮ, ʜʣʷ ʣʦʚʫʰʝʢ ʚ 

ʷʜʝʨʥʦ-ʦʧʪʠʯʝʩʢʠʭ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʷʭ ʵʥʝʨʛʠʠ (ʣʘʟʝʨʳ ʩ ʷʜʝʨʥʦʡ ʥʘʢʘʯʢʦʡ), ʘ ʪʘʢʞʝ 

ʧʨʠ ʩʦʟʜʘʥʠʠ ʠʩʪʦʯʥʠʢʦʚ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ, ʦʩʥʦʚʘʥʥʳʭ ʥʘ ʧʨʷʤʦʤ 

ʧʨʝʦʙʨʘʟʦʚʘʥʠʠ ʵʥʝʨʛʠʠ ʷʜʝʨʥʦʛʦ ʨʘʩʧʘʜʘ ʚ ʵʣʝʢʪʨʠʯʝʩʪʚʦ (ʬʦʪʦʚʦʣʴʪʘʥʠʯʝʩʢʘʷ 

ʙʘʪʘʨʝʷ). 

ɼʦʩʪʦʚʝʨʥʦʩʪʴ ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ 

¶ ɿʘʨʷʜ ʧʳʣʝʚʳʭ ʯʘʩʪʠʮ, ʠʟʤʝʨʝʥʥʳʡ ʦʧʠʩʳʚʘʝʤʳʤ ʚ ʨʘʙʦʪʝ ʤʝʪʦʜʦʤ, 

ʩʨʘʚʥʠʚʘʣʩʷ ʩ ʟʘʨʷʜʦʤ, ʠʟʤʝʨʝʥʥʳʤ ʠʟʚʝʩʪʥʳʤ ʚ ʣʠʪʝʨʘʪʫʨʝ ʤʝʪʦʜʦʤ 

(ʠʟʤʝʨʝʥʠʝ ʟʘʨʷʜʘ ʯʘʩʪʠʮ ʧʦ ʠʭ ʦʪʢʣʦʥʝʥʠʶ ʚ ʧʦʣʝ ʧʣʦʩʢʦʛʦ 

ʢʦʥʜʝʥʩʘʪʦʨʘ). ʉʨʘʚʥʝʥʠʝ ʧʦʢʘʟʘʣʦ ʭʦʨʦʰʝʝ ʩʦʦʪʚʝʪʩʪʚʠʝ. ʂʨʦʤʝ ʪʦʛʦ, 

ʘʜʝʢʚʘʪʥʦʩʪʴ ʚʝʣʠʯʠʥʳ ʟʘʨʷʜʘ ʙʳʣʘ ʧʨʦʚʝʨʝʥʘ ʪʝʦʨʝʪʠʯʝʩʢʠ ʩ ʧʦʤʦʱʴʶ 

ʨʘʩʯʝʪʘ ʟʘʨʷʜʘ, ʧʨʠʦʙʨʝʪʘʝʤʦʛʦ ʯʘʩʪʠʮʝʡ ʧʨʠ ʟʘʨʷʜʢʝ ʠʩʧʦʣʴʟʫʝʤʳʤ ʚ 

ʨʘʙʦʪʝ ʩʧʦʩʦʙʦʤ.  

¶ ɹʳʣʦ ʧʨʦʚʝʜʝʥʦ ʩʨʘʚʥʝʥʠʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʦʧʨʝʜʝʣʝʥʥʦʡ ʦʙʣʘʩʪʠ 

ʫʜʝʨʞʘʥʠʷ ʧʳʣʝʚʳʭ ʯʘʩʪʠʮ ʚ ʵʣʝʢʪʨʦʜʠʥʘʤʠʯʝʩʢʦʡ ʣʦʚʫʰʢʝ ʩ 

ʨʝʟʫʣʴʪʘʪʘʤʠ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʝ. ʉʨʘʚʥʝʥʠʝ ʧʦʢʘʟʘʣʦ 

ʭʦʨʦʰʝʝ ʩʦʛʣʘʩʦʚʘʥʠʝ ʨʝʟʫʣʴʪʘʪʦʚ. 

¶ ɼʦʩʪʦʚʝʨʥʦʩʪʴ ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʠʟʚʝʩʪʥʳʭ ʥʘʜʝʞʥʳʭ ʤʝʪʦʜʠʢ ʠʟʤʝʨʝʥʠʷ, ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʦʚʝʨʝʥʥʦʛʦ 
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ʠʟʤʝʨʠʪʝʣʴʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ʠ ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ ʚʦʩʧʨʦʠʟʚʦʜʠʤʦʩʪʴʶ 

ʨʝʟʫʣʴʪʘʪʦʚ ʠʟʤʝʨʝʥʠʡ. 

ʅʘʫʯʥʳʝ ʧʦʣʦʞʝʥʠʷ, ʚʳʥʦʩʠʤʳʝ ʥʘ ʟʘʱʠʪʫ 

¶ ʋʜʝʨʞʘʥʠʝ ʩʪʘʙʠʣʴʥʳʭ ʢʫʣʦʥʦʚʩʢʠʭ ʩʪʨʫʢʪʫʨ ʠʟ ʙʦʣʴʰʦʛʦ ʢʦʣʠʯʝʩʪʚʘ 

ʧʳʣʝʚʳʭ ʯʘʩʪʠʮ ʚ ʥʝʧʦʜʚʠʞʥʦʡ ʚʦʟʜʫʰʥʦʡ ʩʨʝʜʝ ʧʨʠ ʘʪʤʦʩʬʝʨʥʦʤ 

ʜʘʚʣʝʥʠʠ ʩ ʧʦʤʦʱʴʶ ʵʣʝʢʪʨʦʜʠʥʘʤʠʯʝʩʢʠʭ ʣʦʚʫʰʝʢ ʩ ʨʘʟʣʠʯʥʦʡ 

ʢʦʥʬʠʛʫʨʘʮʠʝʡ ʵʣʝʢʪʨʦʜʦʚ. 

¶ ɿʘʭʚʘʪ ʠ ʫʜʝʨʞʘʥʠʷ ʟʘʨʷʞʝʥʥʳʭ ʧʳʣʝʚʳʭ ʯʘʩʪʠʮ ʚ ʚʦʟʜʫʰʥʦʤ ʧʦʪʦʢʝ ʧʨʠ 

ʘʪʤʦʩʬʝʨʥʦʤ ʜʘʚʣʝʥʠʠ ʣʠʥʝʡʥʦʡ ʢʚʘʜʨʫʧʦʣʴʥʦʡ ʵʣʝʢʪʨʦʜʠʥʘʤʠʯʝʩʢʦʡ 

ʣʦʚʫʰʢʦʡ. 

¶ ʉʦʟʜʘʥʠʝ ʩʪʘʙʠʣʴʥʳʭ ʩʪʨʫʢʪʫʨ ʟʘʨʷʞʝʥʥʳʭ ʯʘʩʪʠʮ ʚ ʧʣʘʟʤʝ ʢʦʨʦʥʥʦʛʦ 

ʨʘʟʨʷʜʘ ʧʨʠ ʘʪʤʦʩʬʝʨʥʦʤ ʜʘʚʣʝʥʠʠ ʚ ʣʠʥʝʡʥʦʡ ʵʣʝʢʪʨʦʜʠʥʘʤʠʯʝʩʢʦʡ 

ʣʦʚʫʰʢʝ. 

¶ ɺʦʟʙʫʞʜʝʥʠʝ ʫʝʜʠʥʝʥʥʳʭ ʚʦʣʥ ʚ ʣʠʥʝʡʥʦʡ ʵʣʝʢʪʨʦʜʠʥʘʤʠʯʝʩʢʦʡ 

ʣʦʚʫʰʢʝ. 

¶ ʄʝʪʦʜ ʠʟʤʝʨʝʥʠʷ ʟʘʨʷʜʘ ʧʳʣʝʚʳʭ ʯʘʩʪʠʮ ʚ ʵʣʝʢʪʨʦʜʠʥʘʤʠʯʝʩʢʦʡ 

ʣʦʚʫʰʢʝ. 

¶ ʈʝʟʫʣʴʪʘʪʳ ʠʟʤʝʨʝʥʠʡ ʟʘʨʷʜʘ ʧʳʣʝʚʳʭ ʯʘʩʪʠʮ, ʟʘʨʷʞʝʥʥʳʭ 

ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʚ ʢʦʨʦʥʥʦʤ ʨʘʟʨʷʜʝ. 

ɸʧʨʦʙʘʮʠʷ ʨʝʟʫʣʴʪʘʪʦʚ ʨʘʙʦʪʳ 

ʈʝʟʫʣʴʪʘʪʳ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʝ ʚ ʜʠʩʩʝʨʪʘʮʠʠ, ʜʦʢʣʘʜʳʚʘʣʠʩʴ ʠ ʦʙʩʫʞʜʘʣʠʩʴ ʥʘ 

VIII  ʈʦʩʩʠʡʩʢʦʡ ʢʦʥʬʝʨʝʥʮʠʠ çʉʦʚʨʝʤʝʥʥʳʝ ʩʨʝʜʩʪʚʘ ʜʠʘʛʥʦʩʪʠʢʠ ʧʣʘʟʤʳ ʠ ʠʭ 

ʧʨʠʤʝʥʝʥʠʝè, ʅʀʗʋ ʄʀʌʀ 2012; XXVIII  International Conference on Interaction of 

Intense Energy Fluxes with Matter, Elbrus 2013; XLI  ʄʝʞʜʫʥʘʨʦʜʥʦʡ ɿʚʝʥʠʛʦʨʦʜʩʢʦʡ 

ʢʦʥʬʝʨʝʥʮʠʠ ʧʦ ʬʠʟʠʢʝ ʧʣʘʟʤʳ ʠ ʫʧʨʘʚʣʷʝʤʦʤʫ ʪʝʨʤʦʷʜʝʨʥʦʤʫ ʩʠʥʪʝʟʫ, ɿʚʝʥʠʛʦʨʦʜ 

2014; ɺʩʝʨʦʩʩʠʡʩʢʦʡ (ʩ ʤʝʞʜʫʥʘʨʦʜʥʳʤ ʫʯʘʩʪʠʝʤ) ʢʦʥʬʝʨʝʥʮʠʠ çʌʠʟʠʢʘ 

ʥʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʦʡ ʧʣʘʟʤʳè ʌʅʊʇ-2014, ʂʘʟʘʥʴ 2014; XXIX  International 

Conference on Equations of state for Matter, Elbrus 2014; Non-Ideal Plasma Physics Annual 
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Moscow Workshop NPP-2015, Moscow 2015; VIII  International Conference Plasma 

Physics and Plasma Technology, Minsk 2015; XXX  International Conference on Interaction 

of Intense Energy Fluxes with Matter, Elbrus 2015; 15th International Conference on the 

Physics of Non-Ideal Plasmas, Almaty 2015; XXXI  International Conference on Equations 

of state for Matter, Elbrus 2016; Interaction of Intense Energy Fluxes with Matter, Elbrus 

2017 

ʇʫʙʣʠʢʘʮʠʠ 

ʈʝʟʫʣʴʪʘʪʳ, ʧʦʣʫʯʝʥʥʳʝ ʚ ʭʦʜʝ ʨʘʙʦʪʳ ʥʘʜ ʜʠʩʩʝʨʪʘʮʠʝʡ, ʦʧʫʙʣʠʢʦʚʘʥʳ ʚ 20 

ʧʝʯʘʪʥʳʭ ʨʘʙʦʪʘʭ, ʚ ʪʦʤ ʯʠʩʣʝ 8 ʩʪʘʪʝʡ ʚ ʨʝʮʝʥʟʠʨʫʝʤʳʭ ʞʫʨʥʘʣʘʭ [1-8], 2 ʘʚʪʦʨʩʢʠʭ 

ʩʚʠʜʝʪʝʣʴʩʪʚʘ [9, 10] ʚʭʦʜʷʱʠʭ ʚ ʩʧʠʩʦʢ ɺɸʂ. 

ʉʪʨʫʢʪʫʨʘ ʠ ʦʙʲʝʤ ʜʠʩʩʝʨʪʘʮʠʠ 

ɼʠʩʩʝʨʪʘʮʠʷ ʩʦʩʪʦʠʪ ʠʟ ʚʚʝʜʝʥʠʷ, 4 ʛʣʘʚ, ʟʘʢʣʶʯʝʥʠʷ, ʩʧʠʩʢʘ ʣʠʪʝʨʘʪʫʨʳ. 

ʉʦʜʝʨʞʘʥʠʝ ʨʘʙʦʪʳ ʠʟʣʦʞʝʥʦ ʥʘ 110 ʩʪʨʘʥʠʮʘʭ, ʚʢʣʶʯʘʷ 81 ʨʠʩʫʥʦʢ. ʉʧʠʩʦʢ 

ʣʠʪʝʨʘʪʫʨʳ ʩʦʩʪʦʠʪ ʠʟ 105 ʥʘʠʤʝʥʦʚʘʥʠʡ 

  



10 

 

ɻʃɸɺɸ 1. ʆɹɿʆʈ ʃʀʊɽʈɸʊʋʈʓ 

1.1 ʂʫʣʦʥʦʚʩʢʠʝ ʩʪʨʫʢʪʫʨʳ 

ʂʫʣʦʥʦʚʩʢʠʝ ʩʠʩʪʝʤʳ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʘʥʩʘʤʙʣʴ ʟʘʨʷʞʝʥʥʳʭ ʯʘʩʪʠʮ, 

ʚʟʘʠʤʦʜʝʡʩʪʚʫʶʱʠʭ ʜʨʫʛ ʩ ʜʨʫʛʦʤ ʧʦʩʨʝʜʩʪʚʦʤ ʩʠʣ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʧʨʠʨʦʜʳ. 

ʅʘʠʙʦʣʴʰʠʡ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʠʥʪʝʨʝʩ ʧʨʝʜʩʪʘʚʣʷʶʪ ʢʫʣʦʥʦʚʩʢʠʝ ʩʠʩʪʝʤʳ, ʚ 

ʢʦʪʦʨʳʭ ʧʦʪʝʥʮʠʘʣʴʥʘʷ ʵʥʝʨʛʠʷ ʢʫʣʦʥʦʚʩʢʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʧʨʝʚʳʰʘʝʪ 

ʢʠʥʝʪʠʯʝʩʢʫʶ ʵʥʝʨʛʠʶ ʯʘʩʪʠʮ. ʊʘʢʠʝ ʩʠʩʪʝʤʳ ʤʦʛʫʪ ʚʝʩʪʠ ʩʝʙʷ ʧʦʜʦʙʥʦ ʞʠʜʢʦʩʪʷʤ 

ʠʣʠ ʢʨʠʩʪʘʣʣʘʤ, ʯʪʦ ʙʳʣʦ ʚ ʧʦʣʥʦʡ ʤʝʨʝ ʠʟʫʯʝʥʦ ʚ ʢʦʥʪʝʢʩʪʝ ʧʳʣʝʚʦʡ ʧʣʘʟʤʳ ʚ 

ʛʘʟʦʚʳʭ ʨʘʟʨʷʜʘʭ [11]. ʉʠʣʴʥʦ ʢʦʨʨʝʣʠʨʦʚʘʥʥʳʝ ʢʫʣʦʥʦʚʩʢʠʝ ʩʠʩʪʝʤʳ 

ʜʝʤʦʥʩʪʨʠʨʫʶʪ ʪʘʢʠʝ ʧʨʝʜʩʪʘʚʣʷʶʱʠʝ ʥʘʫʯʥʳʡ ʠʥʪʝʨʝʩ ʷʚʣʝʥʠʷ, ʢʘʢ ʬʘʟʦʚʳʝ 

ʧʝʨʝʭʦʜʳ, ʚʦʣʥʳ ʠ ʥʝʫʩʪʦʡʯʠʚʦʩʪʠ ʨʘʟʣʠʯʥʦʡ ʧʨʠʨʦʜʳ [12-17] 

ɺʧʝʨʚʳʝ ʟʘʨʷʞʝʥʥʳʝ ʧʳʣʝʚʳʝ ʯʘʩʪʠʮʳ ʚ ʛʘʟʦʚʳʭ ʨʘʟʨʷʜʘʭ ʙʳʣʠ ʦʙʥʘʨʫʞʝʥʳ 

ʃʝʥʛʤʶʨʦʤ [18]. ɺ ʨʘʙʦʪʝ 1986 ʛ [19] ʀʢʝʟʠ ʧʨʝʜʧʦʣʦʞʠʣ, ʯʪʦ ʚ ʧʳʣʝʚʦʡ ʧʣʘʟʤʝ 

ʤʦʞʝʪ ʚʦʟʥʠʢʘʪʴ ʢʫʣʦʥʦʚʩʢʘʷ ʢʨʠʩʪʘʣʣʠʟʘʮʠʷ ʧʨʠ ʪʠʧʠʯʥʳʭ ʜʣʷ ʧʣʘʟʤʳ ʫʩʣʦʚʠʷʭ ʠ 

ʤʠʢʨʦʤʝʪʨʦʚʳʭ ʨʘʟʤʝʨʘʭ ʯʘʩʪʠʮ. ʆʙ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʤ ʧʦʜʪʚʝʨʞʜʝʥʠʠ 

ʩʫʱʝʩʪʚʦʚʘʥʠʷ ʧʣʘʟʤʝʥʥʳʭ ʢʨʠʩʪʘʣʣʦʚ ʚʧʝʨʚʳʝ ʙʳʣʦ ʩʦʦʙʱʝʥʦ ʥʘ ʢʦʥʬʝʨʝʥʮʠʠ 

IGPIG ʚ 1993 ʛ. ʠ ʦʧʫʙʣʠʢʦʚʘʥʦ ʚ ʩʣʝʜʫʶʱʝʤ ʛʦʜʫ ʊʦʤʘʩʦʤ ʠ ʜʨ. [20]. ʇʨʠʤʝʨʥʦ ʚ 

ʵʪʦ ʞʝ ʚʨʝʤʷ ʝʱʝ ʜʚʫʤʷ, ʨʘʙʦʪʘʚʰʠʤʠ ʥʝʟʘʚʠʩʠʤʦ ʜʨʫʛ ʦʪ ʜʨʫʛʘ, ʥʘʫʯʥʳʤʠ ʛʨʫʧʧʘʤʠ 

ʙʳʣʠ ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʘʙʦʪʳ [21, 22], ʚ ʢʦʪʦʨʳʭ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʢʫʣʦʥʦʚʩʢʠʝ 

ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʝ ʩʪʨʫʢʪʫʨʳ ʠʟ ʟʘʨʷʞʝʥʥʳʭ ʤʘʢʨʦʯʘʩʪʠʮ ʨʘʟʤʝʨʦʤ ʦʢʦʣʦ 10 ʤʢʤ ʚ 

ʩʣʘʙʦʠʦʥʠʟʦʚʘʥʥʦʡ ʧʣʘʟʤʝ ʚʳʩʦʢʦʯʘʩʪʦʪʥʦʛʦ ʨʘʟʨʷʜʘ ʧʨʠ ʥʠʟʢʦʤ ʜʘʚʣʝʥʠʠ. ʈʘʟʨʷʜ 

ʬʦʨʤʠʨʦʚʘʣʩʷ ʚ ʘʨʛʦʥʝ ʤʝʞʜʫ ʜʚʫʤʷ ʧʣʦʩʢʠʤʠ, ʛʦʨʠʟʦʥʪʘʣʴʥʦ ʨʘʩʧʦʣʦʞʝʥʥʳʤʠ 

ʵʣʝʢʪʨʦʜʘʤʠ, ʢ ʢʦʪʦʨʳʤ ʧʨʠʢʣʘʜʳʚʘʣʦʩʴ ʥʘʧʨʷʞʝʥʠʝ ʯʘʩʪʦʪʦʡ ʦʢʦʣʦ 14 ʄɻʮ. ʆʙʣʘʢʦ 

ʯʘʩʪʠʮ ʠʤʝʣʦ ʬʦʨʤʫ ʜʠʩʢʘ ʜʠʘʤʝʪʨʦʤ ʚ ʥʝʩʢʦʣʴʢʦ ʩʘʥʪʠʤʝʪʨʦʚ. ɺ ʚʝʨʪʠʢʘʣʴʥʦʤ 

ʥʘʧʨʘʚʣʝʥʠʠ ʯʠʩʣʦ ʩʣʦʝʚ ʯʘʩʪʠʮ, ʧʘʨʘʣʣʝʣʴʥʳʭ ʵʣʝʢʪʨʦʜʫ, ʩʦʩʪʘʚʣʷʣʦ ʥʝʩʢʦʣʴʢʦ 

ʜʝʩʷʪʢʦʚ ʧʨʠ ʩʨʝʜʥʝʤ ʤʝʞʯʘʩʪʠʯʥʦʤ ʨʘʩʩʪʦʷʥʠʠ ʚ ʥʝʩʢʦʣʴʢʦ ʩʦʪʝʥ ʤʠʢʨʦʤʝʪʨʦʚ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʢʫʣʦʥʦʚʩʢʘʷ ʩʪʨʫʢʪʫʨʘ ʠʤʝʣʘ ʜʚʫʤʝʨʥʳʡ ʭʘʨʘʢʪʝʨ. ʉʣʝʜʫʝʪ ʟʘʤʝʪʠʪʴ, 

ʯʪʦ ʚʝʨʪʠʢʘʣʴʥʳʡ ʨʘʟʤʝʨ ʦʛʨʘʥʠʯʠʚʘʣʩʷ ʚʣʠʷʥʠʝʤ ʩʠʣʳ ʪʷʞʝʩʪʠ, ʢʦʪʦʨʦʝ ʫʜʘʣʦʩʴ 

ʩʥʠʟʠʪʴ ʜʦ ʧʨʝʥʝʙʨʝʞʠʤʦ ʤʘʣʦʡ ʚʝʣʠʯʠʥʳ ʧʨʠ ʧʨʦʚʝʜʝʥʠʠ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʚ ʫʩʣʦʚʠʭ 
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ʤʠʢʨʦʛʨʘʚʠʪʘʮʠʠ [23]. ʄʠʢʨʦʛʨʘʚʠʪʘʮʠʷ ʜʦʩʪʠʛʘʣʘʩʴ ʧʫʪʝʤ ʧʨʦʚʝʜʝʥʠʷ 

ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʥʘ ʙʦʨʪʫ ʩʘʤʦʣʝʪʘ, ʩʦʚʝʨʰʘʶʱʝʛʦ ʧʘʨʘʙʦʣʠʯʝʩʢʠʡ ʧʦʣʝʪ. 

ʂʫʣʦʥʦʚʩʢʠʝ ʩʪʨʫʢʪʫʨʳ ʪʘʢʞʝ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʚ ʨʘʟʨʷʜʝ ʧʦʩʪʦʷʥʥʦʛʦ ʪʦʢʘ [24], ʚ 

ʪʝʨʤʠʯʝʩʢʦʡ ʧʣʘʟʤʝ, ʩʦʟʜʘʚʘʝʤʦʡ ʛʘʟʦʚʦʡ ʛʦʨʝʣʢʦʡ [25], ʧʣʘʟʤʝ, ʠʥʜʫʮʠʨʦʚʘʥʥʦʡ ʋʌ 

ʠʟʣʫʯʝʥʠʝʤ [26], ʷʜʝʨʥʦ-ʚʦʟʙʫʞʜʘʝʤʦʡ ʧʣʘʟʤʝ [27]. ʉʫʱʝʩʪʚʫʶʪ ʪʘʢʞʝ ʢʚʘʥʪʦʚʳʝ 

ʩʠʩʪʝʤʳ ʩʠʣʴʥʦʚʟʘʠʤʦʜʝʡʩʪʚʫʶʱʠʭ ʢʫʣʦʥʦʚʩʢʠʭ ʯʘʩʪʠʮ, ʥʘʧʨʠʤʝʨ, ʵʣʝʢʪʨʦʥʳ ʥʘ 

ʧʦʚʝʨʭʥʦʩʪʠ ʞʠʜʢʦʛʦ ʛʝʣʠʷ [28] ʠ ʢʚʘʥʪʦʚʳʝ ʪʦʯʢʠ [29]. 

ɺ ʦʧʠʩʘʥʥʳʭ ʚʳʰʝ ʨʘʙʦʪʘʭ ʢʫʣʦʥʦʚʩʢʠʝ ʩʪʨʫʢʪʫʨʳ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʩ ʧʦʤʦʱʴʶ 

ʢʦʤʙʠʥʘʮʠʠ ʩʠʣ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʠ ʥʝʵʣʝʢʪʨʠʯʝʩʢʦʡ ʧʨʠʨʦʜʳ. ʂʘʢ ʠʟʚʝʩʪʥʦ, ʩʦʛʣʘʩʥʦ 

ʪʝʦʨʝʤʝ ʀʨʥʰʦʫ ʥʝ ʩʫʱʝʩʪʚʫʝʪ ʫʩʪʦʡʯʠʚʦʡ ʢʦʥʬʠʛʫʨʘʮʠʠ ʪʦʯʝʯʥʳʭ ʟʘʨʷʜʦʚ ʚ 

ʵʣʝʢʪʨʦʩʪʘʪʠʯʝʩʢʠʭ ʧʦʣʷʭ, ʩʦʟʜʘʚʘʝʤʳʭ ʥʝʧʦʜʚʠʞʥʳʤʠ ʠʩʪʦʯʥʠʢʘʤʠ. ʆʜʥʘʢʦ 

ʫʜʝʨʞʘʥʠʝ ʟʘʨʷʞʝʥʥʳʭ ʯʘʩʪʠʮ ʚʦʟʤʦʞʥʦ ʠʩʢʣʶʯʠʪʝʣʴʥʦ ʩʠʣʘʤʠ ʵʣʝʢʪʨʠʯʝʩʢʦʡ 

ʧʨʠʨʦʜʳ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʧʝʨʝʤʝʥʥʳʭ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʧʦʣʝʡ. ʆʜʥʦ ʠʟ ʧʝʨʚʳʭ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʥʘʙʣʶʜʝʥʠʡ ʢʫʣʦʥʦʚʩʢʠʭ ʩʪʨʫʢʪʫʨ ʚ ʵʣʝʢʪʨʦʜʠʥʘʤʠʯʝʩʢʠʭ 

ʣʦʚʫʰʢʘʭ ʙʳʣʦ ʧʨʦʚʝʜʝʥʦ ʚ ʢʦʥʮʝ 50-ʭ ʛʦʜʦʚ ʧʨʦʰʣʦʛʦ ʚʝʢʘ [30]. ɺ ʵʪʦʡ ʨʘʙʦʪʝ ʩʤʝʩʴ 

ʞʝʣʝʟʥʳʭ ʠ ʘʣʶʤʠʥʠʝʚʳʭ ʯʘʩʪʠʮ ʤʠʢʨʦʥʥʦʛʦ ʨʘʟʤʝʨʘ ʫʜʝʨʞʠʚʘʣʘʩʴ ʚ ʚʘʢʫʫʤʝ ʩ 

ʧʦʤʦʱʴʶ ʩʧʝʮʠʘʣʴʥʦʡ ʢʦʥʬʠʛʫʨʘʮʠʠ ʧʝʨʝʤʝʥʥʦʛʦ ʠ ʩʪʘʪʠʯʝʩʢʦʛʦ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ 

ʧʦʣʷ, ʩʦʟʜʘʚʘʝʤʦʛʦ ʢʣʘʩʩʠʯʝʩʢʦʡ (ʠʦʥʥʦʡ) ʣʦʚʫʰʢʦʡ ʇʘʫʣʷ [31]. ɺ ʙʦʣʝʝ ʧʦʟʜʥʠʭ 

ʨʘʙʦʪʘʭ ʢʫʣʦʥʦʚʩʢʠʝ ʩʪʨʫʢʪʫʨʳ, ʩʦʩʪʦʷʱʠʝ ʠʟ ʦʭʣʘʞʜʝʥʥʳʭ ʠʦʥʦʚ, ʩʦʟʜʘʚʘʣʠʩʴ ʠ ʩ 

ʧʦʤʦʱʴʶ ʣʦʚʫʰʝʢ ʇʝʥʥʠʥʛʘ [32, 33]. ɺ ʨʘʙʦʪʝ [34] ʦʜʥʦʢʦʤʧʦʥʝʥʪʥʘʷ ʧʣʘʟʤʘ, 

ʩʦʩʪʦʷʱʘʷ ʠʟ ʠʦʥʦʚ 9Be+ (ʠʦʥʥʳʝ ʦʙʣʘʢʘ), ʫʜʝʨʞʠʚʘʣʘʩʴ ʚ ʮʠʣʠʥʜʨʠʯʝʩʢʦʡ ʣʦʚʫʰʢʝ 

ʇʝʥʥʠʥʛʘ. ʆʙʣʘʢʘ ʩʦʜʝʨʞʘʣʠ ʜʦ 15000 ʠʦʥʦʚ, ʦʭʣʘʞʜʝʥʥʳʭ ʜʦ ʪʝʤʧʝʨʘʪʫʨʳ ʧʦʨʷʜʢʘ 

10 ʤʂ. ɺ 1991 ʛ. ɹʳʣʘ ʦʧʫʙʣʠʢʦʚʘʥʘ ʨʘʙʦʪʘ, ʚ ʢʦʪʦʨʦʡ ʢʫʣʦʥʦʚʩʢʘʷ ʩʪʨʫʢʪʫʨʘ ʠʟ 

ʘʥʪʨʘʮʝʥʦʚʳʭ ʤʘʢʨʦʯʘʩʪʠʮ ʫʜʝʨʞʠʚʘʣʠʩʴ ʚ ʢʣʘʩʩʠʯʝʩʢʦʡ ʣʦʚʫʰʢʝ ʇʘʫʣʷ ʧʨʠ 

ʘʪʤʦʩʬʝʨʥʦʤ ʜʘʚʣʝʥʠʠ [35]. ʆʜʠʥʦʯʥʘʷ ʯʘʩʪʠʮʘ ʫʜʝʨʞʠʚʘʣʘʩʴ ʚ ʣʦʚʫʰʢʠ ʥʘ 

ʧʨʦʪʷʞʝʥʠʠ ʜʚʫʭ ʤʝʩʷʮʝʚ. ɸʥʪʨʘʮʝʥ ʙʳʣ ʠʩʧʦʣʴʟʦʚʘʥ ʚ ʢʘʯʝʩʪʚʝ ʤʘʪʝʨʠʣʘ ʜʣʷ ʯʘʩʪʠʮ 

ʠʟ-ʟʘ ʝʛʦ ʬʣʫʦʨʝʩʮʝʥʪʥʳʭ ʩʚʦʡʩʪʚ.  
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1.2 ʕʣʝʢʪʨʦʜʠʥʘʤʠʯʝʩʢʠʝ ʣʦʚʫʰʢʠ 

ɼʚʘ ʦʩʥʦʚʥʳʭ ʪʠʧʘ ʵʣʝʢʪʨʦʜʠʥʘʤʠʯʝʩʢʠʭ ʣʦʚʫʰʝʢ (ʣʦʚʫʰʢʘ ʇʘʫʣʷ ʠ ʣʦʚʫʰʢʘ 

ʇʝʥʥʠʥʛʘ) ʙʳʣʠ ʨʘʟʨʘʙʦʪʘʥʳ ʧʨʠʤʝʨʥʦ ʚ ʦʜʥʦ ʚʨʝʤʷ. ɺʦʣʴʬʛʘʥʛ ʇʘʫʣʴ ʩʦ ʩʚʦʝʡ 

ʛʨʫʧʧʦʡ ʚ ɹʦʥʥʝ ʨʘʟʨʘʙʦʪʘʣʠ ʪʨʝʭʤʝʨʥʫʶ ʣʦʚʫʰʢʫ ʇʫʣʷ ʥʘ ʦʩʥʦʚʝ ʣʠʥʝʡʥʦʛʦ 

ʢʚʘʜʨʫʧʦʣʴʥʦʛʦ ʤʘʩʩ-ʩʧʝʢʪʨʦʤʝʪʨʘ, ʢʦʪʦʨʳʡ ʤʦʞʝʪ ʨʘʩʩʤʘʪʨʠʚʘʪʴʩʷ ʢʘʢ ʜʚʫʤʝʨʥʘʷ 

ʠʦʥʥʘʷ ʣʦʚʫʰʢʘ [36]. ʃʦʚʫʰʢʘ ʇʘʫʣʷ ʩʦʩʪʦʠʪ ʠʟ ʢʦʣʴʮʝʚʦʛʦ ʠ ʜʚʫʭ ʟʘʧʠʨʘʶʱʠʭ 

ʵʣʝʢʪʨʦʜʦʚ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʭ ʥʝʦʙʭʦʜʠʤʦʝ ʜʣʷ ʫʜʝʨʞʠʚʘʥʠʷ, ʵʣʝʢʪʨʠʯʝʩʢʦʝ ʧʦʣʝ. 

ʇʝʨʚʳʝ ʨʘʙʦʪʳ ʩ ʣʦʚʫʰʢʦʡ ʇʘʫʣʷ ʚʢʣʶʯʘʣʠ ʚ ʩʝʙʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚʨʝʤʝʥʠ ʞʠʟʥʠ 

ʠʦʥʦʚ, ʫʜʝʨʞʠʚʘʝʤʳʭ ʚ ʣʦʚʫʰʢʝ, ʠ ʩʧʝʢʪʨʦʩʢʦʧʠʯʝʩʢʠʝ ʠʟʤʝʨʝʥʠʷ ʩʚʝʨʭʪʦʥʢʠʭ 

ʨʘʩʱʝʧʣʝʥʠʡ ʚ ʧʨʦʩʪʳʭ ʠʦʥʘʭ. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʠʦʥʥʳʝ ʣʦʚʫʰʢʠ ʥʘʭʦʜʷʪ ʩʚʦʝ 

ʧʨʠʤʝʥʝʥʠʝ ʚ ʠʟʫʯʝʥʠʠ ʬʠʟʠʢʠ ʬʘʟʦʚʳʭ ʧʝʨʝʭʦʜʦʚ ʚ ʢʫʣʦʥʦʚʩʢʠʭ ʩʠʩʪʝʤʘʭ [37, 38], 

ʤʘʩʩ-ʩʧʝʢʪʨʦʩʢʦʧʠʠ [39, 40], ʢʦʥʪʨʦʣʝ ʢʚʘʥʪʦʚʳʭ ʩʦʩʪʦʷʥʠʡ [41], ʢʚʘʥʪʦʚʳʭ 

ʚʳʯʠʩʣʝʥʠʷʭ [42-44]. 

ɼʨʫʛʘʷ ʥʘʫʯʥʘʷ ʛʨʫʧʧʘ ʠʩʧʦʣʴʟʦʚʘʣʘ ʣʦʚʫʰʢʫ ʇʘʫʣʷ, ʨʘʙʦʪʘʶʱʫʶ ʧʨʠ ʙʦʣʝʝ 

ʥʠʟʢʦʡ ʯʘʩʪʦʪʝ, ʜʣʷ ʫʜʝʨʞʘʥʠʷ ʤʘʢʨʦʩʢʦʧʠʯʝʩʢʠʭ ʯʘʩʪʠʮ [30]. ɺ ʵʪʦʡ ʨʘʙʦʪʝ 

ʘʣʶʤʠʥʠʝʚʳʝ ʯʘʩʪʠʮʳ ʫʜʝʨʞʠʚʘʣʠʩʴ ʚ ʵʣʝʢʪʨʦʜʠʥʘʤʠʯʝʩʢʦʡ ʣʦʚʫʰʢʝ ʚ ʚʘʢʫʫʤʝ. 

ʇʨʠ ʜʦʩʪʘʪʦʯʥʦ ʚʳʩʦʢʠʭ ʯʘʩʪʦʪʘʭ, ʧʦʜʘʚʘʝʤʦʛʦ ʥʘ ʣʦʚʫʰʢʫ ʧʝʨʝʤʝʥʥʦʛʦ 

ʥʘʧʨʷʞʝʥʠʷ, ʯʘʩʪʠʮʳ ʦʩʮʠʣʣʠʨʦʚʘʣʠ ʦʢʦʣʦ ʦʧʨʝʜʝʣʝʥʥʳʭ ʪʦʯʢʫ ʧʨʦʩʪʨʘʥʩʪʚʘ, 

ʬʦʨʤʠʨʫʷ çʢʚʘʟʠʢʨʠʩʪʘʣʣè. ɸʤʧʣʠʪʫʜʘ ʢʦʣʝʙʘʥʠʡ ʯʘʩʪʠʮ ʚʦʟʨʘʩʪʘʣʘ ʧʨʠ ʫʜʘʣʝʥʠʠ 

ʦʪ ʮʝʥʪʨʘ ʣʦʚʫʰʢʠ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʮʝʥʪʨʘʣʴʥʳʝ ʯʘʩʪʠʮʳ ʙʳʣʠ ʧʨʘʢʪʠʯʝʩʢʠ 

ʥʝʧʦʜʚʠʞʥʳ. ɸʚʪʦʨʘʤʠ ʙʳʣʦ ʦʪʤʝʯʝʥʦ, ʯʪʦ ʪʨʘʝʢʪʦʨʠʠ ʜʚʠʞʝʥʠʷ ʯʘʩʪʠʮ ʩʦʚʧʘʜʘʶʪ 

ʩ ʩʠʣʦʚʳʤʠ ʣʠʥʠʷʤʠ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ ʣʦʚʫʰʢʠ. ʇʨʠ ʧʦʥʠʞʝʥʠʠ ʯʘʩʪʦʪʳ ʯʘʩʪʠʮʳ 

ʥʘʯʠʥʘʣʠ ʜʚʠʛʘʪʴʩʷ ʭʘʦʪʠʯʥʦ. ʕʪʦʪ ʧʨʦʮʝʩʩ ʙʳʣ ʦʭʘʨʘʢʪʝʨʠʟʦʚʘʥ ʘʚʪʦʨʘʤʠ ʢʘʢ 

çʧʣʘʚʣʝʥʠʝè. ʇʨʠ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʤ ʧʦʚʳʰʝʥʠʠ ʠ ʧʦʥʠʞʝʥʠʠ ʯʘʩʪʦʪʳ ʮʠʢʣ 

çʧʣʘʚʣʝʥʠʝ-ʢʨʠʩʪʘʣʣʠʟʘʮʠʷè ʧʦʚʪʦʨʷʣʩʷ ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʨʘʟ. 

ɼʘʣʴʥʝʡʰʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦ ʵʣʝʢʪʨʦʜʠʥʘʤʠʯʝʩʢʠʤ ʣʦʚʫʰʢʘʤ ʧʨʠʚʝʜʝʥʳ ʚ 

[45]. ɺ ʵʪʦʡ ʨʘʙʦʪʝ ʨʘʩʩʤʦʪʨʝʥʦ ʜʚʠʞʝʥʠʝ ʯʘʩʪʠʮʳ ʚ ʠʦʥʥʦʡ ʣʦʚʫʰʢʝ, ʚ ʯʘʩʪʥʦʩʪʠ, 

ʧʝʨʝʤʝʱʝʥʠʝ ʯʘʩʪʠʮʳ ʨʘʟʜʝʣʝʥʦ ʥʘ ʜʚʝ ʢʦʤʧʦʥʝʥʪʳ: ʢʨʫʛʦʚʦʝ ʜʚʠʞʝʥʠʝ ʯʘʩʪʠʮʳ, 

ʩʦʚʝʨʰʘʝʤʦʝ ʚ ʩʠʣʫ ʚʨʘʱʝʥʠʷ ʧʦʪʝʥʮʠʘʣʴʥʦʛʦ ʧʦʣʷ ʩ ʟʘʜʘʥʥʦʡ ʯʘʩʪʦʪʦʡ, ʠ 
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ʤʠʢʨʦʜʚʠʞʝʥʠʝ. ʂʨʫʛʦʚʦʝ ʜʚʠʞʝʥʠʝ ʷʚʣʷʝʪʩʷ ʫʩʨʝʜʥʝʥʥʳʤ ʜʚʠʞʝʥʠʝʤ ʯʘʩʪʠʮʳ ʚ 

ʪʝʯʝʥʠʝ ʚʨʝʤʝʥʠ, ʤʥʦʛʦ ʙʦʣʴʰʝʤ, ʯʝʤ ʧʝʨʠʦʜ ʢʦʣʝʙʘʥʠʡ ʧʦʣʷ. ʄʠʢʨʦʜʚʠʞʝʥʠʝ, ʚ 

ʩʚʦʶ ʦʯʝʨʝʜʴ, ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʤʘʣʳʝ ʢʦʣʝʙʘʥʠʷ, ʩʦʚʝʨʰʘʝʤʳʝ ʚ ʧʦʧʝʨʝʯʥʦʤ 

ʥʘʧʨʘʚʣʝʥʠʠ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʦʩʥʦʚʥʦʤʫ ʢʨʫʛʦʚʦʤʫ ʜʚʠʞʝʥʠʶ. ʕʪʠ ʤʠʢʨʦʜʚʠʞʝʥʠʷ 

ʷʚʣʷʶʪʩʷ ʩʣʝʜʩʪʚʠʝʤ ʚʨʘʱʝʥʠʷ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ. ʄʦʜʝʣʠʨʦʚʘʥʠʝ ʤʦʣʝʢʫʣʷʨʥʦʡ 

ʜʠʥʘʤʠʢʠ ʩʦʪʝʥ ʠʦʥʦʚ, ʫʜʝʨʞʠʚʘʝʤʳʭ ʚ ʠʦʥʥʦʡ ʣʦʚʫʰʢʝ, ʙʳʣʦ ʧʨʦʚʝʜʝʥʦ ʚ [46]. ʇʨʠ 

ʤʦʜʝʣʠʨʦʚʘʥʠʠ ʫʯʠʪʳʚʘʣʠʩʴ ʤʠʢʨʦʜʚʠʞʝʥʠʷ ʟʘʭʚʘʯʝʥʥʳʭ ʠʦʥʦʚ ʠ ʤʝʞʯʘʩʪʠʯʥʦʝ 

ʢʫʣʦʥʦʚʩʢʦʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ. ɺ ʩʣʫʯʘʝ ʙʦʣʴʰʦʛʦ ʧʘʨʘʤʝʪʨʘ ʥʝʠʜʝʘʣʴʥʦʩʪʠ, ʠʦʥʳ 

ʬʦʨʤʠʨʫʶʪ ʢʦʥʮʝʥʪʨʠʯʝʩʢʠʝ ʦʙʦʣʦʯʢʠ, ʢʦʪʦʨʳʝ ʦʩʮʠʣʣʠʨʫʶʪ ʧʦʜ ʜʝʡʩʪʚʠʝ 

ʧʝʨʝʤʝʥʥʦʛʦ ʧʦʣʷ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʠʦʥʳ ʚʥʫʪʨʠ ʦʙʦʣʦʯʢʠ ʬʦʨʤʠʨʫʶʪ ʜʚʫʤʝʨʥʫʶ 

ʛʝʢʩʘʛʦʥʘʣʴʥʫʶ ʨʝʰʝʪʢʫ [47]. 

ʄʫʣʴʪʠʧʦʣʴʥʳʝ ʣʦʚʫʰʢʠ ʜʣʷ ʤʦʣʝʢʫʣʷʨʥʳʭ ʠʦʥʦʚ, ʦʭʣʘʞʜʘʝʤʳʭ ʞʠʜʢʠʤ 

ʛʝʣʠʝʤ, ʷʚʣʷʶʪʩʷ ʢʨʘʡʥʝ ʚʦʩʪʨʝʙʦʚʘʥʥʳʤʠ ʢʘʢ ʜʣʷ ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʩʣʦʞʥʳʭ 

ʤʦʣʝʢʫʣʷʨʥʳʭ ʠʦʥʦʚ, ʪʘʢ ʠ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʡ ʭʠʤʠʯʝʩʢʠʭ ʨʝʘʢʮʠʡ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʘʭ 

ʙʣʠʟʢʠʭ ʢ ʘʙʩʦʣʶʪʥʦʤʫ ʥʫʣʶ [48-50]. ʇʨʠ ʵʪʦʤ ʤʘʢʩʠʤʫʤ ʵʬʬʝʢʪʠʚʥʦʩʪʠ 

ʦʭʣʘʞʜʝʥʠʷ ʧʨʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʠʦʥʦʚ ʩ ʙʫʬʝʨʥʳʤ ʛʘʟʦʤ (ʥʘʧʨʠʤʝʨ, ʛʝʣʠʝʤ) 

ʜʦʩʪʠʛʘʝʪʩʷ ʚ ʪʦʡ ʦʙʣʘʩʪʠ ʣʦʚʫʰʢʠ, ʛʜʝ ʚʣʠʷʥʠʝ ʨʘʜʠʦʯʘʩʪʦʪʥʦʛʦ ʧʦʣʷ, 

ʫʜʝʨʞʠʚʘʶʱʝʛʦ ʠʦʥ, ʤʠʥʠʤʘʣʴʥʦ. ʀʤʝʥʥʦ ʧʦ ʵʪʦʡ ʧʨʠʯʠʥʝ ʥʘʠʙʦʣʴʰʠʡ ʠʥʪʝʨʝʩ 

ʟʜʝʩʴ ʧʨʝʜʩʪʘʚʣʷʝʪ 22-ʭ ʵʣʝʢʪʨʦʜʥʘʷ ʣʦʚʫʰʢʘ, ʧʦʩʢʦʣʴʢʫ ʠʟ ʦʙʱʠʭ ʩʦʦʙʨʘʞʝʥʠʡ 

ʩʠʤʤʝʪʨʠʠ ʜʠʥʘʤʠʢʘ ʠʦʥʘ ʚ ʪʘʢʦʡ ʣʦʚʫʰʢʝ ʙʣʠʟʢʘ ʢ ʩʠʪʫʘʮʠʠ "particle-in-a-box" ʪ.ʝ. 

ʟʘʨʷʞʝʥʥʘʷ ʯʘʩʪʠʮʘ ʚʥʫʪʨʠ ʣʦʚʫʰʢʠ ʜʚʠʞʝʪʩʷ ʧʨʘʢʪʠʯʝʩʢʠ ʩʚʦʙʦʜʥʦ ʠ ʪʦʣʴʢʦ ʚʙʣʠʟʠ 

"ʩʪʝʥʦʢ" ʧʦʪʝʥʮʠʘʣ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʨʝʟʢʦ ʚʦʟʨʘʩʪʘʝʪ. 

ʕʣʝʢʪʨʦʜʠʥʘʤʠʯʝʩʢʠʝ ʣʦʚʫʰʢʠ ʠʩʧʦʣʴʟʫʶʪ ʜʣʷ ʜʝʪʘʣʴʥʦʛʦ ʠʟʫʯʝʥʠʷ ʩʚʦʡʩʪʚ 

ʤʘʢʨʦʯʘʩʪʠʮ ʨʘʟʤʝʨʘʤʠ ʦʪ 100 ʥʤ ʜʦ 100 ʤʢʤ. ɺ ʨʘʙʦʪʝ [51] ʠʟʫʯʘʣʩʷ ʧʨʦʮʝʩʩ 

ʟʘʤʝʨʟʘʥʠʷ ʧʝʨʝʦʭʣʘʞʜʝʥʥʦʡ ʚʦʜʳ ʥʘ ʧʨʠʤʝʨʝ ʢʘʧʝʣʴ ʤʠʢʨʦʥʥʦʛʦ ʨʘʟʤʝʨʘ, 

ʫʜʝʨʞʠʚʘʝʤʳʭ ʚ ʣʦʚʫʰʢʝ ʇʘʫʣʷ. ɺ ʨʘʙʦʪʘʭ [52-53], ʠʟʤʝʨʷʣʘʩʴ ʬʣʫʦʨʝʩʮʝʥʪʥʘʷ 

ʵʤʠʩʩʠʷ ʩ ʦʜʠʥʦʯʥʦʡ ʯʘʩʪʠʮʳ ʘʵʨʦʟʦʣʷ. ɺ ʨʘʙʦʪʝ [54] ʙʳʣ ʧʦʣʫʯʝʥ ʤʘʩʩ-ʩʧʝʢʪʨ 

ʘʥʩʘʤʙʣʷ ʧʦʣʠʩʪʠʨʦʣʦʚʳʭ ʤʠʢʨʦʩʬʝʨ ʠ ʥʘʥʦʢʨʠʩʪʘʣʣʦʚ ʘʣʤʘʟʘ ʚ ʣʦʚʫʰʢʝ ʇʘʫʣʷ. 

ʕʣʝʢʪʨʦʜʠʥʘʤʠʯʝʩʢʦʝ ʫʜʝʨʞʘʥʠʝ ʯʘʩʪʠʮ ʥʘʰʣʦ ʧʨʠʤʝʥʝʥʠʝ ʚ ʙʠʦʣʦʛʠʠ ʜʣʷ ʠʟʫʯʝʥʠʷ 
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ʩʚʦʡʩʪʚ ʤʠʢʨʦʦʨʛʘʥʠʟʤʦʚ ʠ ʦʪʜʝʣʴʥʳʭ ʢʣʝʪʦʢ [55-56], ʚ ʠʩʩʣʝʜʦʚʘʥʠʠ ʘʪʤʦʩʬʝʨʥʦʡ 

ʧʳʣʠ [57]. 

ʉʠʣʴʥʦʚʟʘʠʤʦʜʝʡʩʪʚʫʶʱʠʝ ʩʪʨʫʢʪʫʨʳ ʟʘʨʷʞʝʥʥʳʭ ʯʘʩʪʠʮ ʧʨʝʜʦʩʪʘʚʣʷʶʪ 

ʚʦʟʤʦʞʥʦʩʪʴ ʜʣʷ ʠʟʫʯʝʥʠʷ ʩʘʤʦʦʨʛʘʥʠʟʫʶʱʠʭʩʷ ʩʪʨʫʢʪʫʨ [58, 59] ʠ ʚʦʟʥʠʢʘʶʱʠʭ ʚ 

ʥʠʭ ʢʦʣʣʝʢʪʠʚʥʳʭ ʵʬʬʝʢʪʦʚ [60-63]. ɺ ʨʘʙʦʪʝ [64] ʙʳʣʦ ʚʳʧʦʣʥʝʥʦ ʠʩʩʣʝʜʦʚʘʥʠʝ 

ʦʨʛʘʥʠʟʘʮʠʠ ʢʣʘʩʪʝʨʦʚ ʠʟ ʥʝʙʦʣʴʰʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʟʘʨʷʞʝʥʥʳʭ ʢʘʧʝʣʴ ʤʘʩʣʘ, 

ʧʦʣʫʯʝʥʥʳʭ ʤʝʪʦʜʦʤ ʵʣʝʢʪʨʦʨʘʩʧʳʣʝʥʠʷ. 

ʅʘʨʷʜʫ ʩ ʧʝʨʝʤʝʥʥʳʤʠ ʵʣʝʢʪʨʠʯʝʩʢʠʤʠ ʧʦʣʷʤʠ ʜʣʷ ʟʘʭʚʘʪʘ ʠ ʫʜʝʨʞʘʥʠʷ 

ʟʘʨʷʞʝʥʥʳʭ ʯʘʩʪʠʮ ʚʦʟʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʢʦʤʙʠʥʘʮʠʠ ʵʣʝʢʪʨʦʩʪʘʪʠʯʝʩʢʦʛʦ ʠ 

ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʝʡ. ʊʘʢʘʷ ʣʦʚʫʰʢʘ ʙʳʣʘ ʨʘʟʨʘʙʦʪʘʥʘ ʥʝʩʢʦʣʴʢʠʤʠ ʥʘʫʯʥʳʤʠ 

ʛʨʫʧʧʘʤʠ, ʨʘʙʦʪʘʶʱʠʤʠ ʥʝʟʘʚʠʩʠʤʦ: ʛʨʫʧʧʦʡ ʍʘʥʩʘ ɼʝʤʝʣʴʪʘ ʚ ʫʥʠʚʝʨʩʠʪʝʪʝ 

ɺʘʰʠʥʛʪʦʥʘ [65] ʠ ʛʨʫʧʧʘʤʠ ʠʟ ʄʦʩʢʚʳ [66] ʠ ʕʜʠʥʙʫʨʛʘ [67]. ɼʘʥʥʘʷ ʣʦʚʫʰʢʘ ʙʳʣʘ 

ʥʘʟʚʘʥʘ ʣʦʚʫʰʢʦʡ ʇʝʥʥʠʥʛʘ ɼʝʤʝʣʴʪʦʤ ʚ ʟʥʘʢ ʪʦʛʦ, ʯʪʦ ʌʨʘʥʮ ʇʝʥʥʠʥʛ ʚ 1936 ʛ. 

ʩʦʦʙʱʘʣ ʦ ʪʦʤ, ʯʪʦ ʚʦʟʜʝʡʩʪʚʠʝʤ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʥʘ ʵʣʝʢʪʨʠʯʝʩʢʠʡ ʨʘʟʨʷʜ ʤʦʞʥʦ 

ʜʦʙʠʪʴʩʷ ʫʚʝʣʠʯʝʥʠʷ ʚʨʝʤʝʥʠ ʞʠʟʥʠ ʵʣʝʢʪʨʦʥʦʚ [68]. ɺ ʣʦʚʫʰʢʝ ʇʝʥʥʠʥʛʘ ʜʣʷ 

ʫʜʝʨʞʘʥʠʷ ʯʘʩʪʠʮ ʠʩʧʦʣʴʟʫʝʪʩʷ ʩʠʣʴʥʦʝ ʦʜʥʦʨʦʜʥʦʝ ʚʝʨʪʠʢʘʣʴʥʦʝ ʤʘʛʥʠʪʥʦʝ ʧʦʣʝ, 

ʦʛʨʘʥʠʯʠʚʘʶʱʝʝ ʨʘʜʠʘʣʴʥʦʝ ʜʚʠʞʝʥʠʝ ʯʘʩʪʠʮ, ʠ ʢʚʘʜʨʫʧʦʣʴʥʦʝ ʵʣʝʢʪʨʠʯʝʩʢʦʝ ʧʦʣʝ, 

ʦʛʨʘʥʠʯʠʚʘʶʱʝʝ ʚʝʨʪʠʢʘʣʴʥʦʝ ʜʚʠʞʝʥʠʝ ʉʪʘʪʠʯʝʩʢʠʡ ʵʣʝʢʪʨʠʯʝʩʢʠʡ ʧʦʪʝʥʮʠʘʣ 

ʩʦʟʜʘʝʪʩʷ ʩ ʧʦʤʦʱʴʶ ʩʠʩʪʝʤʳ ʠʟ ʪʨʝʭ ʵʣʝʢʪʨʦʜʦʚ: ʢʦʣʴʮʘ ʠ ʜʚʫʭ ʢʨʳʰʝʢ. ʉʦʚʤʝʩʪʥʦ 

ʩ ʵʣʝʢʪʨʠʯʝʩʢʠʤ, ʤʘʛʥʠʪʥʦʝ ʧʦʣʝ ʟʘʩʪʘʚʣʷʝʪ ʠʦʥʳ ʜʚʠʛʘʪʴʩʷ ʚ ʛʦʨʠʟʦʥʪʘʣʴʥʦʡ 

ʧʣʦʩʢʦʩʪʠ ʧʦ ʵʧʠʪʨʦʭʦʠʜʝ. ɼʝʪʘʣʴʥʦʝ ʦʧʠʩʘʥʠʝ ʜʠʥʘʤʠʢʠ ʟʘʨʷʞʝʥʥʦʡ ʯʘʩʪʠʮʳ ʚ 

ʣʦʚʫʰʢʝ ʇʝʥʥʠʥʛʘ ʙʳʣʦ ʧʨʦʠʟʚʝʜʝʥʦ ʚ [69]. 

ʉ ʧʦʤʦʱʴʶ ʣʦʚʫʰʢʠ ʇʝʥʥʠʥʛʘ ʚ 1986 ʛ. ʚ ʎɽʈʅʝ ʙʳʣ ʧʨʦʠʟʚʝʜʝʥ ʧʝʨʚʳʡ ʚ 

ʤʠʨʝ ʟʘʭʚʘʪ ʘʥʪʠʧʨʦʪʦʥʦʚ [70]. ʋʜʝʨʞʘʥʠʝ ʘʥʪʠʧʨʦʪʦʥʦʚ ʧʨʦʜʦʣʞʘʣʦʩʴ ʚ ʪʝʯʝʥʠʠ 

100 ʩ ʠ ʜʦʣʴʰʝ. ɺ ʨʘʙʦʪʝ ʩʦʦʙʱʘʣʦʩʴ ʦ ʧʨʠʤʝʥʝʥʠʠ ʣʦʚʫʰʢʠ ʇʝʥʥʠʥʛʘ ʜʣʷ ʠʟʤʝʨʝʥʠʷ 

ʤʘʩʩʳ ʢʦʨʦʪʢʦʞʠʚʫʱʠʭ ʨʘʜʠʦʘʢʪʠʚʥʳʭ ʠʟʦʪʦʧʦʚ [71]. ʃʦʚʫʰʢʘ ʇʝʥʥʠʥʛʘ 

ʧʨʠʤʝʥʷʝʪʩʷ ʜʣʷ ʠʟʤʝʨʝʥʠʷ ʤʘʛʥʠʪʥʳʭ ʩʚʦʡʩʪʚʘ ʯʘʩʪʠʮ, ʥʘʧʨʠʤʝʨ, ʚ ʵʢʩʧʝʨʠʤʝʥʪʘʭ 

ʧʦ ʩʧʝʢʪʨʦʩʢʦʧʠʠ ɿʝʝʤʘʥʦʚʩʢʠʭ ʧʝʨʝʭʦʜʦʚ ʠʣʠ ʜʣʷ ʠʟʤʝʨʝʥʠʷ ʘʥʦʤʘʣʴʥʦʛʦ 

ʤʘʛʥʠʪʥʦʛʦ ʤʦʤʝʥʪʘ ʵʣʝʢʪʨʦʥʘ [72]. ʋʜʝʨʞʘʥʠʝ ʯʘʩʪʠʮ ʚ ʜʘʥʥʦʡ ʣʦʚʫʰʢʝ ʤʦʞʝʪ ʙʳʪʴ 
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ʜʦʩʪʠʛʥʫʪʦ ʚ ʪʝʯʝʥʠʝ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʛʦ ʚʨʝʤʝʥʠ. ʅʘʧʨʠʤʝʨ, ʚ ʨʘʙʦʪʝ [73] 

ʦʜʠʥʦʯʥʳʡ ʵʣʝʢʪʨʦʥ ʫʜʝʨʞʠʚʘʣʩʷ ʚ ʣʦʚʫʰʢʝ ʚ ʪʝʯʝʥʠʝ ʥʝʩʢʦʣʴʢʠʭ ʤʝʩʷʮʝʚ. 

1.3 ʇʨʠʥʮʠʧʳ ʨʘʙʦʪʳ ʵʣʝʢʪʨʦʜʠʥʘʤʠʯʝʩʢʠʭ ʣʦʚʫʰʝʢ 

ʉʦʛʣʘʩʥʦ ʪʝʦʨʝʤʝ ʀʨʥʰʦʫ [74]. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʵʣʝʢʪʨʦʩʪʘʪʠʯʝʩʢʠʭ ʧʦʣʝʡ ʥʝ 

ʧʦʟʚʦʣʷʝʪ ʩʦʟʜʘʪʴ ʪʦʯʢʫ ʣʦʢʘʣʴʥʦʛʦ ʪʨʝʭʤʝʨʥʦʛʦ ʤʠʥʠʤʫʤʘ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ 

ʧʦʪʝʥʮʠʘʣʘ. ʏʘʩʪʠʮʳ ʦʢʘʟʳʚʘʶʪʩʷ ʟʘʭʚʘʯʝʥʳ ʚ ʥʝʢʦʪʦʨʦʡ ʪʦʯʢʝ ʧʨʦʩʪʨʘʥʩʪʚʘ, ʝʩʣʠ 

ʥʘ ʥʠʭ ʜʝʡʩʪʚʫʝʪ ʩʠʣʘ, ʢʦʪʦʨʘʷ ʣʠʥʝʡʥʦ ʚʦʟʨʘʩʪʘʝʪ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʨʘʩʩʪʦʷʥʠʷ r 

Ὂ ὧὶȢ 

ɼʨʫʛʠʤʠ ʩʣʦʚʘʤʠ, ʝʩʣʠ ʯʘʩʪʠʮʳ ʜʚʠʞʫʪʩʷ ʚ ʧʘʨʘʙʦʣʠʯʝʩʢʦʤ ʧʦʪʝʥʮʠʘʣʝ 

ɮͯ ɻὼ ɼώ ɾᾀ Ȣ 

ɺ ʵʣʝʢʪʨʠʯʝʩʢʦʤ ʢʚʘʜʨʫʧʦʣʴʥʦʤ ʧʦʣʝ ʧʦʪʝʥʮʠʘʣ ʢʚʘʜʨʘʪʠʯʥʦ ʟʘʚʠʩʠʪ ʦʪ 

ʜʝʢʘʨʪʦʚʳʭ ʢʦʦʨʜʠʥʘʪ: 

ɮ
ɮ

ςὶ
ɻὼ ɼώ ɾᾀ ȟ 

ʛʜʝ ὶ ï ʭʘʨʘʢʪʝʨʥʳʡ ʨʘʟʤʝʨ ʣʦʚʫʰʢʠ. 

ʀʟ ʫʨʘʚʥʝʥʠʷ ʃʘʧʣʘʩʘ ɝɮ π ʩʣʝʜʫʝʪ ʫʩʣʦʚʠʝ: ɻ ɼ ɾ π. ʀʤʝʶʪʩʷ ʜʚʘ 

ʧʨʦʩʪʳʭ ʩʧʦʩʦʙʘ ʚʳʧʦʣʥʠʪʴ ʵʪʦ ʫʩʣʦʚʠʝ. 

ʘ) ɻ ɾ ρȟ ɼ ς. ʇʨʠ ʵʪʦʤ ʚʦʟʥʠʢʘʝʪ ʪʨʝʭʤʝʨʥʘʷ ʢʦʥʬʠʛʫʨʘʮʠʷ (ʨʠʩʫʥʦʢ 

1). ɺ ʮʠʣʠʥʜʨʠʯʝʩʢʠʭ ʢʦʦʨʜʠʥʘʪʘʭ 

ɮ
ɮ

ςὶ
ὶ ςᾀ ȟ 

ʙ) ɻ ɾȟ ɼ π. ʕʪʦ ʧʨʠʚʦʜʠʪ ʢ ʜʚʫʤʝʨʥʦʤʫ ʧʦʣʶ (ʨʠʩʫʥʦʢ 1) 

ɮ
ɮ

ςὶ
ὼ ᾀ Ȣ 

1.3.1. ʃʦʚʫʰʢʘ ʇʘʫʣʷ. 

ɼʣʷ ʩʦʟʜʘʥʠʷ ʪʨʝʭʤʝʨʥʦʡ ʢʦʥʬʠʛʫʨʘʮʠʠ ʧʨʠʤʝʥʷʝʪʩʷ ʣʦʚʫʰʢʘ ʇʘʫʣʷ, 

ʠʟʦʙʨʘʞʝʥʥʘʷ ʥʘ ʨʠʩʫʥʢʝ 1. ʃʦʚʫʰʢʘ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ 3 ʵʣʝʢʪʨʦʜʘ: ʜʚʘ ʵʣʝʢʪʨʦʜʘ 

ʩʚʝʨʭʫ ʠ ʩʥʠʟʫ (ʵʣʝʢʪʨʦʜʳ 2), ʧʨʝʜʩʪʘʚʣʷʶʱʠʝ ʩʦʙʦʡ ʜʚʫʧʦʣʦʩʪʥʳʡ ʛʠʧʝʨʙʦʣʦʠʜ 

ʚʨʘʱʝʥʠʷ, ʠ ʦʜʠʥ ʵʣʝʢʪʨʦʜ ʚ ʚʠʜʝ ʦʜʥʦʧʦʣʦʩʪʥʦʛʦ ʛʠʧʝʨʙʦʣʦʠʜʘ ʚʨʘʱʝʥʠʷ (ʵʣʝʢʪʨʦʜ 
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1). ʋʨʘʚʥʝʥʠʷ ʜʚʠʞʝʥʠʷ ʦʧʠʩʳʚʘʶʪʩʷ ʫʨʘʚʥʝʥʠʷʤʠ ʄʘʪʴʝ [75]. ʉʫʱʝʩʪʚʫʶʪ 

ʫʩʪʦʡʯʠʚʳʝ ʨʝʰʝʥʠʷ ʜʣʷ ʦʧʨʝʜʝʣʝʥʥʳʭ ʢʦʤʙʠʥʘʮʠʡ ʘʤʧʣʠʪʫʜʳ ʠ ʯʘʩʪʦʪʳ 

ʧʦʜʘʚʘʝʤʦʛʦ ʥʘ ʵʣʝʢʪʨʦʜʳ ʥʘʧʨʷʞʝʥʠʷ ʧʨʠ ʟʘʜʘʥʥʦʤ ʦʪʥʦʰʝʥʠʠ ʟʘʨʷʜʘ ʢ ʤʘʩʩʝ 

ʯʘʩʪʠʮʳ (e/m). ɼʚʠʞʝʥʠʝʤ ʯʘʩʪʠʮʳ ʚ ʠʪʦʛʝ ʷʚʣʷʝʪʩʷ ʦʩʮʠʣʣʷʮʠʠ ʚ ʵʬʬʝʢʪʠʚʥʦʤ 

ʧʦʪʝʥʮʠʘʣʝ. ʕʪʦʪ ʪʘʢ ʥʘʟʳʚʘʝʤʳʡ ʧʩʝʚʜʦʧʦʪʝʥʮʠʘʣ ʠʤʝʝʪ ʤʠʥʠʤʫʤ ʚ ʮʝʥʪʨʝ 

ʣʦʚʫʰʢʠ ʠ ʦʙʝʩʧʝʯʠʚʘʝʪ ʛʘʨʤʦʥʠʯʝʩʢʠʝ ʢʦʣʝʙʘʥʠʷ ʚ ʣʶʙʦʤ ʥʘʧʨʘʚʣʝʥʠʠ. ɽʩʣʠ ʢ 

ʵʣʝʢʪʨʦʜʘʤ ʧʨʠʣʦʞʝʥ ʧʦʪʝʥʮʠʘʣ ɮ Ὗ ὠὧέί ὸ, ʪʦ ʯʘʩʪʦʪʳ ʢʦʣʝʙʘʥʠʡ 

ʦʧʨʝʜʝʣʷʶʪʩʷ ʚʳʨʘʞʝʥʠʷʤʠ 

‫
 

ς
ὥ

ρ

ς
ή 

‫
 

ς
ὥ

ρ

ς
ήȟ 

ʛʜʝ ʧʘʨʘʤʝʪʨʳ ʩʪʘʙʠʣʴʥʦʩʪʠ a ʠ q ʦʧʨʝʜʝʣʝʥʳ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ 

ὥ ςὥ ρφὩὟȾάɱὶ 

ή ςή ψὩὠȾάɱὶȢ 

ʆʙʳʯʥʦ ʵʪʠ ʧʘʨʘʤʝʪʨʳ ʧʦʜʙʠʨʘʶʪ ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʯʪʦʙʳ ʚʝʣʠʯʠʥʘ ή 

ʩʦʩʪʘʚʣʷʣʘ ʧʨʠʤʝʨʥʦ 0,4, ʘ ὥ ʙʳʣʦ ʤʥʦʛʦ ʤʝʥʴʰʝ ή. ʇʨʠ ʪʘʢʠʭ ʧʘʨʘʤʝʪʨʘʭ 

ʨʘʜʠʘʣʴʥʘʷ ʠ ʘʢʩʠʘʣʴʥʘʷ ʯʘʩʪʦʪʳ ʩʦʩʪʘʚʣʷʶʪ ʦʢʦʣʦ ʦʜʥʦʡ ʜʝʩʷʪʦʡ ʧʨʠʣʦʞʝʥʥʦʡ 

ʯʘʩʪʦʪʳ. ʍʘʨʘʢʪʝʨʥʳʝ ʨʘʟʤʝʨʳ ʣʦʚʫʰʝʢ ʩʦʩʪʘʚʣʷʶʪ ʦʪ ʥʝʩʢʦʣʴʢʠʭ ʤʤ ʜʦ ʥʝʩʢʦʣʴʢʠʭ 

ʩʤ. 

 

ʈʠʩʫʥʦʢ 1. ʕʣʝʢʪʨʦʜʳ ʣʦʚʫʰʢʠ ʇʘʫʣʷ. 
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ʉʣʝʜʩʪʚʠʝʤ ʤʝʭʘʥʠʟʤʘ ʫʜʝʨʞʘʥʠʷ ʠʦʥʦʚ ʚ ʣʦʚʫʰʢʘʭ ʇʘʫʣʷ ʷʚʣʷʝʪʩʷ 

ʦʙʷʟʘʪʝʣʴʥʦʝ ʧʨʠʩʫʪʩʪʚʠʝ ʢʦʣʝʙʘʥʠʡ ʤʘʣʦʡ ʘʤʧʣʠʪʫʜʳ (ʤʠʢʨʦʢʦʣʝʙʘʥʠʡ) ʩ 

ʧʨʠʣʦʞʝʥʥʦʡ ʯʘʩʪʦʪʦʡ ɋ. ɽʜʠʥʩʪʚʝʥʥʳʤ ʠʩʢʣʶʯʝʥʠʝʤ ʷʚʣʷʝʪʩʷ ʩʣʫʯʘʡ, ʢʦʛʜʘ ʠʦʥ 

ʥʘʭʦʜʠʪʩʷ ʪʦʯʥʦ ʚ ʮʝʥʪʨʝ ʣʦʚʫʰʢʠ, ʛʜʝ ʧʦʣʝ ʨʘʚʥʦ ʥʫʣʶ. 

ɺ ʨʘʙʦʪʝ [76] ʙʳʣ ʧʨʦʚʝʜʝʥ ʘʥʘʣʠʟ ʫʨʘʚʥʝʥʠʡ ʄʘʪʴʝ ʧʨʠ ʥʘʣʠʯʠʠ 

ʜʝʤʧʬʠʨʫʶʱʝʡ ʩʠʣʳ, ʪʦ ʝʩʪʴ ʜʣʷ ʜʚʠʞʝʥʠʷ ʯʘʩʪʠʮʳ ʚ ʙʫʬʝʨʥʦʤ ʛʘʟʝ.  

1.3.2 ʃʠʥʝʡʥʘʷ ʢʚʘʜʨʫʧʦʣʴʥʘʷ ʣʦʚʫʰʢʘ 

ɺ ʩʣʫʯʘʝ ʣʠʥʝʡʥʦʡ ʢʚʘʜʨʫʧʦʣʴʥʦʡ ʣʦʚʫʰʢʠ ʵʣʝʢʪʨʦʜʳ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ 

ʯʝʪʳʨʝ ʧʘʨʘʣʣʝʣʴʥʳʭ ʵʣʝʢʪʨʦʜʘ (ʨʠʩʫʥʦʢ 2). ʇʝʨʝʤʝʥʥʦʝ ʥʘʧʨʷʞʝʥʠʝ ɮ Ὗ

ὠÃÏÓɱὸ ʧʨʠʢʣʘʜʳʚʘʝʪʩʷ ʤʝʞʜʫ ʩʪʝʨʞʥʷʤʠ, ʧʨʠʯʝʤ ʧʨʦʪʠʚʦʧʦʣʦʞʥʳʝ ʧʘʨʳ 

ʩʪʝʨʞʥʝʡ ʩʦʝʜʠʥʝʥʳ ʤʝʞʜʫ ʩʦʙʦʡ. ɽʩʣʠ ʥʘʧʨʘʚʠʪʴ ʦʩʴ z ʧʘʨʘʣʣʝʣʴʥʦ ʩʪʝʨʞʥʷʤ, ʪʦ 

ʣʦʚʫʰʢʘ ʦʩʫʱʝʩʪʚʣʷʝʪ ʫʜʝʨʞʘʥʠʝ ʯʘʩʪʠʮ ʚ ʥʘʧʨʘʚʣʝʥʠʷʭ x ʠ y. ɺ ʩʣʫʯʘʝ, ʢʦʛʜʘ 

ʥʝʦʙʭʦʜʠʤʦ ʦʙʝʩʧʝʯʠʪʴ ʫʜʝʨʞʘʥʠʝ ʚ ʘʢʩʠʘʣʴʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ, ʧʨʠʢʣʘʜʳʚʘʶʪ 

ʧʦʩʪʦʷʥʥʳʡ ʧʦʪʝʥʮʠʘʣ ʢ ʜʚʫʤ ʟʘʧʠʨʘʶʱʠʤ ʵʣʝʢʪʨʦʜʘʤ, ʥʘʭʦʜʷʱʠʤʩʷ ʥʘ ʦʩʠ 

ʩʠʤʤʝʪʨʠʠ ʣʦʚʫʰʢʠ. 

 

ʈʠʩʫʥʦʢ 2. ʕʣʝʢʪʨʦʜʳ ʣʠʥʝʡʥʦʡ ʢʚʘʜʨʫʧʦʣʴʥʦʡ ʣʦʚʫʰʢʠ. 
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ʉʠʣʘ, ʫʜʝʨʞʠʚʘʶʱʘʷ ʯʘʩʪʠʮʫ ʚ ʨʘʜʠʘʣʴʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ (ʩʠʣʘ ɻʘʧʦʥʦʚʘ-

ʄʠʣʣʝʨʘ [77]), ʠʤʝʝʪ ʧʨʠʤʝʨʥʦ ʪʫ ʞʝ ʚʝʣʠʯʠʥʫ, ʯʪʦ ʠ ʚ ʦʙʳʯʥʦʡ ʣʦʚʫʰʢʝ ʇʘʫʣʷ. 

ʉʠʣʘ, ʫʜʝʨʞʠʚʘʶʱʘʷ ʯʘʩʪʠʮʫ ʚ ʘʢʩʠʘʣʴʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ, ʟʘʚʠʩʠʪ ʦʪ ʵʬʬʝʢʪʠʚʥʦʛʦ 

ʧʦʪʝʥʮʠʘʣʘ ʚʜʦʣʴ ʦʩʠ z ʠ ʦʙʳʯʥʦ ʠʤʝʝʪ ʤʝʥʴʰʫʶ ʚʝʣʠʯʠʥʫ. 

ʇʨʝʠʤʫʱʝʩʪʚʦʤ ʣʠʥʝʡʥʦʡ ʣʦʚʫʰʢʠ ʷʚʣʷʝʪʩʷ ʪʦ, ʯʪʦ ʯʘʩʪʠʮʳ ʥʘ ʦʩʠ ʩʠʤʤʝʪʨʠʠ 

ʥʝ ʧʦʜʚʝʨʞʝʥʳ ʤʠʢʨʦʢʦʣʝʙʘʥʠʷʤ. ʇʨʠ ʧʨʦʚʝʜʝʥʠʠ ʵʢʩʧʝʨʠʤʝʥʪʦʚ, ʛʜʝ ʦʪʩʫʪʩʪʚʠʝ 

ʤʠʢʨʦʢʦʣʝʙʘʥʠʡ ʷʚʣʷʝʪʩʷ ʥʝʦʙʭʦʜʠʤʳʤ ʫʩʣʦʚʠʝʤ, ʠʩʧʦʣʴʟʫʶʪ ʣʠʥʝʡʥʳʝ ʣʦʚʫʰʢʠ ʩ 

ʨʘʩʩʪʦʷʥʠʝʤ ʤʝʞʜʫ ʵʣʝʢʪʨʦʜʘʤʠ ʧʦʨʷʜʢʘ ʩʦʪʝʥ ʤʢʤ. ʇʨʠ ʵʪʦʤ ʣʦʚʫʰʢʦʡ 

ʫʜʝʨʞʠʚʘʝʪʩʷ ʥʝʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʯʘʩʪʠʮ, ʚʳʩʪʨʘʠʚʘʶʱʠʭʩʷ ʚ ʣʠʥʠʶ ʚʜʦʣʴ ʦʩʠ 

ʩʠʤʤʝʪʨʠʠ. 

ʋʨʘʚʥʝʥʠʷ ʄʘʪʴʝ ʜʣʷ ʯʘʩʪʠʮʳ ʚ ʣʠʥʝʡʥʦʡ ʵʣʝʢʪʨʦʜʠʥʘʤʠʯʝʩʢʦʡ ʣʦʚʫʰʢʝ 

ʠʤʝʶʪ ʚʠʜ: 

Ὠὼ

Ὠ†
ὥ ςήÃÏÓς†ὼ π 

Ὠώ

Ὠ†
ὥ ςήÃÏÓς†ώ πȟ 

ʛʜʝ ὥ ὥ τὩὟȾάɱὶ, ή ή ςὩὠȾάɱὶ, † ɱὸȾς, m ï ʤʘʩʩʘ ʯʘʩʪʠʮʳ. 

ʋʨʘʚʥʝʥʠʷ ʠʤʝʶʪ ʜʚʘ ʪʠʧʘ ʨʝʰʝʥʠʷ. ʇʝʨʚʦʝ - ʫʩʪʦʡʯʠʚʦʝ ʜʚʠʞʝʥʠʝ, ʢʦʛʜʘ ʯʘʩʪʠʮʳ 

ʩʦʚʝʨʰʘʶʪ ʢʦʣʝʙʘʥʠʷ ʦʢʦʣʦ ʮʝʥʪʨʘʣʴʥʦʡ ʧʦʣʦʞʝʥʠʷ ὼ  ώ  π. ɺʪʦʨʦʝ - 

ʥʝʫʩʪʦʡʯʠʚʦʝ ʜʚʠʞʝʥʠʝ, ʢʦʛʜʘ ʘʤʧʣʠʪʫʜʳ ʢʦʣʝʙʘʥʠʡ ʵʢʩʧʦʥʝʥʮʠʘʣʴʥʦ ʚʦʟʨʘʩʪʘʶʪ ʩʦ 

ʚʨʝʤʝʥʝʤ. ʇʨʠ ʵʪʦʤ ʪʠʧ ʨʝʰʝʥʠʷ ʟʘʚʠʩʠʪ ʪʦʣʴʢʦ ʦʪ ʧʘʨʘʤʝʪʨʦʚ ax, ay, qx ʠ qy. ʅʘ 

ʨʠʩʫʥʢʝ 3 ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʥʳ ʦʙʣʘʩʪʠ ʫʩʪʦʡʯʠʚʦʩʪʠ (ʟʘʰʪʨʠʭʦʚʘʥʥʳʝ ʦʙʣʘʩʪʠ) ʠ 

ʥʝʫʩʪʦʡʯʠʚʦʩʪʠ ʚ ʧʣʦʩʢʦʩʪʠ a - q. ʀʟ ʫʨʘʚʥʝʥʠʡ ʄʘʪʴʝ ʜʚʠʞʝʥʠʝ ʯʘʩʪʠʮʳ ʧʦ 

ʥʘʧʨʘʚʣʝʥʠʷʤ x ʠ y ʥʝʟʘʚʠʩʠʤʦ, ʠ ʦʙʣʘʩʪʴ ʫʩʪʦʡʯʠʚʦʩʪʠ, ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʥʝʦʙʭʦʜʠʤʦ 

ʠʩʢʘʪʴ ʪʦʣʴʢʦ ʚ ʪʦʡ ʯʘʩʪʠ, ʛʜʝ ʧʨʦʠʩʭʦʜʠʪ ʧʝʨʝʢʨʳʪʠʝ ʦʙʣʘʩʪʝʡ ʫʩʪʦʡʯʠʚʦʩʪʠ, ʠ 

ʢʦʪʦʨʘʷ ʥʘ ʨʠʩʫʥʢʝ 3 ʚʳʜʝʣʝʥʘ ʪʨʝʫʛʦʣʴʥʠʢʦʤ. 
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ʈʠʩʫʥʦʢ 3. ɼʠʘʛʨʘʤʤʘ ʫʩʪʦʡʯʠʚʦʩʪʠ ʣʠʥʝʡʥʦʡ ʢʚʘʜʨʫʧʦʣʴʥʦʡ ʣʦʚʫʰʢʠ. 

1.4. ʄʝʪʦʜʳ ʠʟʤʝʨʝʥʠʷ ʟʘʨʷʜʘ ʯʘʩʪʠʮ. 

ʀʟʤʝʨʝʥʠʝ ʟʘʨʷʜʘ ʯʘʩʪʠʮ ʥʝʦʙʭʦʜʠʤʦ ʧʨʠ ʠʟʫʯʝʥʠʠ ʢʫʣʦʥʦʚʩʢʠʭ ʩʠʩʪʝʤ ʠ 

ʢʣʘʩʪʝʨʦʚ [78], [79]. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʠʟʚʝʩʪʥʦ ʥʝʩʢʦʣʴʢʦ ʧʦʜʭʦʜʦʚ ʠʟʤʝʨʝʥʠʷ 

ʟʘʨʷʜʘ ʦʪʜʝʣʴʥʦʡ ʯʘʩʪʠʮʳ. ʆʜʠʥ ʠʟ ʥʠʭ ï ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʝ ʠʟʤʝʨʝʥʠʝ ʟʘʨʷʜʘ [80], 

ʦʩʥʦʚʘʥʥʳʡ ʥʘ ʠʟʤʝʨʝʥʠʠ ʟʘʨʷʜʘ ʯʘʩʪʠʮ ʩ ʧʦʤʦʱʴʶ ʵʣʝʢʪʨʦʤʝʪʨʘ. ʆʩʥʦʚʥʳʝ 

ʥʝʜʦʩʪʘʪʢʠ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʛʦ ʠʟʤʝʨʝʥʠʷ ʟʘʨʷʜʘ ʟʘʢʣʶʯʘʶʪʩʷ ʚ ʩʣʦʞʥʦʩʪʠ ʦʪʙʦʨʘ 

ʦʪʜʝʣʴʥʳʭ ʯʘʩʪʠʮ ʠ ʠʟʤʝʨʝʥʠʠ ʤʘʣʳʭ ʟʥʘʯʝʥʠʡ ʟʘʨʷʜʘ. ɼʨʫʛʦʡ ʤʝʪʦʜ ʠʟʤʝʨʝʥʠʷ 

ʟʘʨʷʜʘ ʯʘʩʪʠʮ ï ʠʥʜʫʢʮʠʦʥʥʳʡ ʤʝʪʦʜ [81]. ʂʦʛʜʘ ʟʘʨʞ̫ʝʥʥʘʷ ʯʘʩʪʠʮʘ ʧʨʦʣʝʪʘʝʪ 

ʩʢʚʦʟʴ ʠʥʜʫʢʮʠʦʥʥʦʝ ʢʦʣʴʮʦ, ʚʦʟʥʠʢʘʝʪ ʠʤʧʫʣʴʩ ʪʦʢʘ, ʠʟʤʝʨʷʷ ʢʦʪʦʨʳʡ ʠ 

ʦʧʨʝʜʝʣʷʶʪ ʟʘʨʷʜ ʯʘʩʪʠʮʳ. ʅʘ ʧʨʠʤʝʥʝʥʠʝ ʵʪʦʛʦ ʤʝʪʦʜʘ ʥʘʢʣʘʜʳʚʘʝʪ ʦʛʨʘʥʠʯʝʥʠʝ 

ʪʨʝʙʦʚʘʥʠʝ ʢ ʢʦʥʮʝʥʪʨʘʮʠʠ ʯʘʩʪʠʮ, ʢʦʪʦʨʘʷ ʥʝ ʜʦʣʞʥʘ ʧʨʝʚʳʰʘʪʴ 10-3 ʩʤ-3. 

ʀʥʜʫʢʮʠʦʥʥʳʡ ʤʝʪʦʜ ʧʨʠʤʝʥʷʝʪʩʷ, ʥʘʧʨʠʤʝʨ, ʜʣʷ ʠʟʤʝʨʝʥʠʷ ʟʘʨʷʜʘ ʢʘʧʝʣʴ ʚʦʜʳ ʚ 

ʦʙʣʘʢʘʭ. 
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ʄʝʪʦʜ ʠʟʤʝʨʝʥʠʷ ʟʘʨʷʜʘ, ʦʩʥʦʚʘʥʥʳʡ ʥʘ ʫʨʘʚʥʦʚʝʰʠʚʘʥʠʠ ʚʝʩʘ ʯʘʩʪʠʮʳ 

ʵʣʝʢʪʨʠʯʝʩʢʠʤ ʧʦʣʝʤ ʙʳʣ ʧʨʝʜʣʦʞʝʥ ʄʠʣʣʠʢʝʥʦʤ [82] ʠ ʧʨʠʤʝʥʷʣʩʷ ʜʣʷ 

ʦʧʨʝʜʝʣʝʥʠʷ ʚʝʣʠʯʠʥʳ ʵʣʝʤʝʥʪʘʨʥʦʛʦ ʟʘʨʷʜʘ. ʄʦʜʠʬʠʢʘʮʠʷ ʤʝʪʦʜʘ ʄʠʣʣʠʢʝʥʘ, ʚ 

ʢʦʪʦʨʦʡ ʟʘʨʷʜ ʠ ʨʘʟʤʝʨ ʯʘʩʪʠʮʳ ʦʧʨʝʜʝʣʷʣʩʷ ʠʟ ʘʥʘʣʠʟʘ ʝʝ ʪʨʘʝʢʪʦʨʠʠ ʜʚʠʞʝʥʠʷ ʚʦ 

ʚʟʘʠʤʥʦ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʳʭ ʵʣʝʢʪʨʠʯʝʩʢʦʤ ʠ ʛʨʘʚʠʪʘʮʠʦʥʥʳʭ ʧʦʣʷʭ ʙʳʣ ʧʨʝʜʣʦʞʝʥ 

ʍʦʧʧʝʨʦʤ ʠ ʃʝʙʠ [83] ʠ ʜʘʣʝʝ ʨʘʟʚʠʪ ʚ [84]. ʉʦʚʨʝʤʝʥʥʘʷ ʤʦʜʠʬʠʢʘʮʠʷ ʤʝʪʦʜʘ 

ʦʧʠʩʘʥʘ ʚ [85]. 

ʄʝʪʦʜ ʦʧʨʝʜʝʣʝʥʠʷ ʟʘʨʷʜʘ ʠ ʤʘʩʩʳ ʦʪʜʝʣʴʥʦʡ ʯʘʩʪʠʮʳ ʩ ʧʦʤʦʱʴʶ 

ʵʣʝʢʪʨʦʜʠʥʘʤʠʯʝʩʢʦʡ ʣʦʚʫʰʢʠ ʦʧʠʩʘʥ ʚ [86]. ʀʩʭʦʜʷ ʠʟ ʥʝʦʙʭʦʜʠʤʦʛʦ ʜʣʷ 

ʫʜʝʨʞʘʥʠʷ ʯʘʩʪʠʮʳ ʥʘʧʨʷʞʝʥʠʷ ʦʧʨʝʜʝʣʷʣʦʩʴ ʦʪʥʦʰʝʥʠʝ ʟʘʨʷʜʘ ʢ ʤʘʩʩʝ ʯʘʩʪʠʮʳ. 

ʇʦʩʣʝ ʵʪʦʛʦ ʩ ʯʘʩʪʠʮʳ ʫʜʘʣʷʣʩʷ ʦʜʠʥ ʵʣʝʢʪʨʦʥ ʧʫʪʝʤ ʦʙʣʫʯʝʥʠʷ ʝʝ ʫʣʴʪʨʘʬʠʦʣʝʪʦʤ. 

ɸʙʩʦʣʶʪʥʦʝ ʟʥʘʯʝʥʠʷ ʟʘʨʷʜʘ ʠ ʤʘʩʩʘ ʯʘʩʪʠʮʳ ʦʧʨʝʜʝʣʷʣʦʩʴ ʠʩʭʦʜʷ ʠʟ 

ʙʘʣʘʥʩʠʨʫʶʱʝʛʦ ʥʘʧʨʷʞʝʥʠʷ ʜʦ ʠ ʧʦʩʣʝ ʫʜʘʣʝʥʠʷ ʵʣʝʢʪʨʦʥʘ. 

ʀʟʤʝʨʠʪʴ ʟʘʨʷʜ ʙʦʣʴʰʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʯʘʩʪʠʮ ʦʜʥʦʚʨʝʤʝʥʥʦ ʧʦʟʚʦʣʷʶʪ 

ʘʥʘʣʠʟʘʪʦʨʳ ʧʦʜʚʠʞʥʦʩʪʠ [87], ʧʨʠʥʮʠʧ ʨʘʙʦʪʳ ʢʦʪʦʨʳʭ ʦʩʥʦʚʘʥ ʥʘ 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʤ ʨʘʟʜʝʣʝʥʠʠ ʯʘʩʪʠʮ ʩ ʨʘʟʥʦʡ ʧʦʜʚʠʞʥʦʩʪʴʶ ʚ ʵʣʝʢʪʨʠʯʝʩʢʦʤ ʧʦʣʝ.  

ʊʘʢʞʝ ʩʫʱʝʩʪʚʫʶʪ ʠʟʤʝʨʝʥʠʷ ʩʨʝʜʥʝʛʦ ʟʘʨʷʜʘ ʚ ʩʪʨʫʢʪʫʨʘʭ ʢʫʣʦʥʦʚʩʢʠʭ 

ʯʘʩʪʠʮ ʚ ʥʝʡʪʨʘʣʴʥʳʭ ʠ ʧʣʘʟʤʝʥʥʳʭ ʩʨʝʜʘʭ. ʆʜʠʥ ʠʟ ʥʠʭ ʦʩʥʦʚʘʥ ʥʘ ʚʦʟʙʫʞʜʝʥʠʠ 

ʧʳʣʝʟʚʫʢʦʚʳʭ ʢʦʣʝʙʘʥʠʡ ʠ ʧʦʩʣʝʜʫʶʱʝʤ ʘʥʘʣʠʟʝ ʠʭ ʜʠʩʧʝʨʩʠʦʥʥʦʛʦ ʫʨʘʚʥʝʥʠʷ [88]. 

ɼʨʫʛʦʡ ʤʝʪʦʜ ʦʩʥʦʚʘʥ ʥʘ ʘʥʘʣʠʟʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʧʨʦʙʥʦʡ ʯʘʩʪʠʮʳ ʩ ʙʦʣʝʝ ʤʝʣʢʠʤʠ 

ʣʝʚʠʪʠʨʫʶʱʠʤʠ ʧʳʣʝʚʳʤʠ ʯʘʩʪʠʮʘʤʠ. ʇʨʦʙʥʘʷ ʯʘʩʪʠʮʘ ʧʘʜʘʝʪ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʩʠʣʳ 

ʪʷʞʝʩʪʠ [89]. ɿʘʨʷʜ ʦʜʠʥʦʯʥʦʡ ʧʳʣʝʚʦʡ ʯʘʩʪʠʮʳ ʦʧʨʝʜʝʣʷʶʪ ʤʝʪʦʜʦʤ ʚʝʨʪʠʢʘʣʴʥʦʛʦ 

ʨʝʟʦʥʘʥʩʘ. ɿʥʘʯʝʥʠʝ ʨʝʟʦʥʘʥʩʥʦʡ ʯʘʩʪʦʪʳ ʚʝʨʪʠʢʘʣʴʥʳʭ ʢʦʣʝʙʘʥʠʡ ʯʘʩʪʠʮʳ ʚ 

ʛʘʨʤʦʥʠʯʝʩʢʦʤ ʵʣʝʢʪʨʠʯʝʩʢʦʤ ʧʦʣʝ ʟʘʚʠʩʠʪ ʦʪ Q/m. ʀʟʤʝʨʷʷ ʘʤʧʣʠʪʫʜʫ ʢʦʣʝʙʘʥʠʡ 

ʧʨʠ ʨʘʟʥʳʭ ʟʥʘʯʝʥʠʷʭ ʯʘʩʪʦʪʳ ʤʦʞʥʦ ʦʧʨʝʜʝʣʠʪʴ ʨʝʟʦʥʘʥʩʥʫʶ ʯʘʩʪʦʪʫ ʠ ʦʧʨʝʜʝʣʠʪʴ 

Q/m [90]. ʊʘʢ ʞʝ ʟʘʨʷʜ ʦʜʠʥʦʯʥʦʡ ʯʘʩʪʠʮʳ ʤʦʞʥʦ ʦʧʨʝʜʝʣʠʪʴ ʠʩʭʦʜʷ ʠʟ ʝʝ ʧʦʣʦʞʝʥʠʷ 

ʨʘʚʥʦʚʝʩʠʷ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʩʠʣʳ ʠ ʩʦʙʩʪʚʝʥʥʦʛʦ ʚʝʩʘ [91]. 
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1.5. ʉʧʦʩʦʙʳ ʟʘʨʷʜʢʠ ʯʘʩʪʠʮ 

ɼʣʷ ʩʦʟʜʘʥʠʷ ʢʫʣʦʥʦʚʩʢʠʭ ʩʪʨʫʢʪʫʨ, ʣʝʚʠʪʠʨʫʶʱʠʭ ʚ ʵʣʝʢʪʨʦʜʠʥʘʤʠʯʝʩʢʦʡ 

ʣʦʚʫʰʢʝ, ʯʘʩʪʠʮʳ ʥʫʞʜʘʶʪʩʷ ʚ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʡ ʟʘʨʷʜʢʝ. ɼʣʷ ʟʘʨʷʜʢʠ ʯʘʩʪʠʮ ʯʘʱʝ 

ʚʩʝʛʦ ʠʩʧʦʣʴʟʫʶʪ ʨʘʩʩʤʦʪʨʝʥʥʳʝ ʥʠʞʝ ʤʝʪʦʜʳ. 

1.5.1 ɿʘʨʷʜʢʘ ʚ ʢʦʨʦʥʥʦʤ ʨʘʟʨʷʜʝ 

ɿʘʨʷʜ, ʧʨʠʦʙʨʝʪʘʝʤʳʡ ʯʘʩʪʠʮʝʡ ʚ ʢʦʨʦʥʥʦʤ ʨʘʟʨʷʜʝ, ʟʘʚʠʩʠʪ ʦʪ ʝʝ ʨʘʟʤʝʨʘ, 

ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʡ ʧʨʦʥʠʮʘʝʤʦʩʪʠ, ʥʘʧʨʷʞʝʥʥʦʩʪʠ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ 

ʧʦʣʷ ʠ ʢʦʥʮʝʥʪʨʘʮʠʠ ʠʦʥʦʚ. ʉʫʱʝʩʪʚʫʝʪ ʜʚʘ ʦʩʥʦʚʥʳʭ ʤʝʭʘʥʠʟʤʘ ʟʘʨʷʜʢʠ ʯʘʩʪʠʮ ʚ 

ʢʦʨʦʥʥʦʤ ʨʘʟʨʷʜʝ: ʫʜʘʨʥʘʷ ʟʘʨʷʜʢʘ ʠ ʜʠʬʬʫʟʠʦʥʥʘʷ ʟʘʨʷʜʢʘ. ɼʠʬʬʫʟʠʦʥʥʘʷ ʟʘʨʷʜʢʘ 

ʩʪʘʥʦʚʠʪʩʷ ʧʨʝʥʝʙʨʝʞʠʤʦ ʤʘʣʦʡ ʜʣʷ ʯʘʩʪʠʮ ʙʦʣʴʰʝ 1 ʤʢʤ [92]. 

ʋʜʘʨʥʘʷ ʟʘʨʷʜʢʘ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʙʦʤʙʘʨʜʠʨʦʚʢʫ ʯʘʩʪʠʮʳ ʠʦʥʘʤʠ, 

ʜʚʠʞʫʱʠʤʠʩʷ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ. ɽʩʣʠ ʥʝʟʘʨʷʞʝʥʥʘʷ ʩʬʝʨʠʯʝʩʢʘʷ 

ʯʘʩʪʠʮʘ ʧʦʤʝʱʘʝʪʩʷ ʚ ʦʜʥʦʨʦʜʥʦʝ ʵʣʝʢʪʨʠʯʝʩʢʦʝ ʧʦʣʝ ʥʘʧʨʷʞʸʥʥʦʩʪʴʶ E, ʥʝʢʦʪʦʨʳʝ 

ʩʠʣʦʚʳʝ ʣʠʥʠʠ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ ʧʝʨʝʩʝʢʘʶʪ ʧʦʚʝʨʭʥʦʩʪʴ ʯʘʩʪʠʮʳ. ʀʦʥʳ, 

ʜʚʠʞʫʱʠʝʩʷ ʚʜʦʣʴ ʵʪʠʭ ʩʠʣʦʚʳʭ ʣʠʥʠʡ, ʧʘʜʘʶʪ ʥʘ ʯʘʩʪʠʮʫ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ ʯʘʩʪʠʮʘ 

ʥʘʯʠʥʘʝʪ ʟʘʨʷʞʘʪʴʩʷ. ɿʘʨʷʞʘʷʩʴ, ʯʘʩʪʠʮʘ ʠʩʢʘʞʘʝʪ ʚʥʝʰʥʝʝ ʵʣʝʢʪʨʠʯʝʩʢʦʝ ʧʦʣʝ ʠ 

ʦʙʣʘʩʪʴ ʧʨʦʩʪʨʘʥʩʪʚʘ, ʠʟ ʢʦʪʦʨʦʡ ʠʦʥʳ ʧʦʧʘʜʘʶʪ ʥʘ ʯʘʩʪʠʮʫ ʫʤʝʥʴʰʘʝʪʩʷ ʚʧʣʦʪʴ ʜʦ 

ʧʨʝʢʨʘʱʝʥʠʷ ʟʘʨʷʜʢʠ (ʨʠʩʫʥʦʢ 4). ʄʘʢʩʠʤʘʣʴʥʳʡ ʟʘʨʷʜ ʯʘʩʪʠʮʳ ʦʧʨʝʜʝʣʷʝʪʩʷ 

ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ [93]: 

ή σ“‐ὉὨ ρ ς ȟ     (1.1) 

ʛʜʝ ‐ ï ʵʣʝʢʪʨʠʯʝʩʢʘʷ ʧʦʩʪʦʷʥʥʘʷ, Ὁ ï ʥʘʧʨʷʞʝʥʥʦʩʪʴ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ 

ʢʦʨʦʥʥʦʛʦ ʨʘʟʨʷʜʘ, ‐ ï ʦʪʥʦʩʠʪʝʣʴʥʘʷ ʜʠʵʣʝʢʪʨʠʯʝʩʢʘʷ ʧʨʦʥʠʮʘʝʤʦʩʪʴ ʤʘʪʝʨʠʘʣʘ 

ʯʘʩʪʠʮʳ. 
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ʈʠʩʫʥʦʢ 4. ʕʣʝʢʪʨʠʯʝʩʢʦʝ ʧʦʣʝ ʦʢʦʣʦ ʥʝʟʘʨʷʞʝʥʥʦʡ ʠ ʯʘʩʪʠʯʥʦ ʟʘʨʷʞʝʥʥʦʡ 

ʯʘʩʪʠʮʳ. 

ɼʠʥʘʤʠʢʘ ʟʘʨʷʜʢʠ ʯʘʩʪʠʮʳ ʚʳʨʘʞʘʝʪʩʷ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ 

ή ή ȟ       (1.2) 

ʛʜʝ k ï ʧʦʜʚʠʞʥʦʩʪʴ ʠʦʥʦʚ, e ï ɻ ʣʝʤʝʥʪʘʨʥʳʡ ʟʘʨʷʜ, ni ï ʢʦʥʮʝʥʪʨʘʮʠʷ ʠʦʥʦʚ, t ïʚʨʝʤʷ 

ʟʘʨʷʜʢʠ. ʍʘʨʘʢʪʝʨʥʦʝ ʚʨʝʤ ̫ʟʘʨʷʜʢʠ ʯʘʩʪʠʮ ʩʦʩʪʘʚʣʷʝʪ ʥʝʩʢʦʣʴʢʦ ʤʠʣʣʠʩʝʢʫʥʜ [93]. 

ʈʝʘʣʴʥʳʝ ʧʳʣʝʚʳʝ ʯʘʩʪʠʮʳ ʥʝ ʦʙʷʟʘʥʳ ʠʤʝʪʴ ʛʣʘʜʢʫʶ ʧʦʚʝʨʭʥʦʩʪʴ. ʆʩʪʨʳʝ 

ʛʨʘʥʠ ʯʘʩʪʠʮʳ ʤʦʛʫʪ ʥʘʯʘʪʴ ʢʦʨʦʥʠʨʦʚʘʪʴ, ʯʪʦ ʧʨʠʚʝʜʝʪ ʢ ʧʦʪʝʨʝ ʟʘʨʷʜʘ. ʂʨʦʤʝ ʪʦʛʦ, 

ʯʘʩʪʠʮʘ ʤʦʞʝʪ ʧʦʪʝʨʷʪʴ ʟʘʨʷʜ ʧʨʠ ʩʪʦʣʢʥʦʚʝʥʠʠ ʩ ʯʘʩʪʠʮʘʤʠ, ʟʘʨʷʞʝʥʥʳʤʠ 

ʧʨʦʪʠʚʦʧʦʣʦʞʥʳʤ ʟʘʨʷʜʦʤ. ʕʪʦʪ ʩʣʫʯʘʡ ʤʦʞʝʪ ʨʝʘʣʠʟʦʚʘʪʴʩʷ, ʥʘʧʨʠʤʝʨ, ʧʨʠ ʟʘʨʷʜʢʝ 

ʚ ʙʠʧʦʣʷʨʥʦʤ ʢʦʨʦʥʥʦʤ ʨʘʟʨʷʜʝ [94]. 

1.5.2 ʀʥʜʫʢʮʠʦʥʥʘʷ ʟʘʨʷʜʢʘ 

ɽʩʣʠ ʧʨʦʚʦʜʷʱʘʷ ʯʘʩʪʠʮʘ ʢʦʥʪʘʢʪʠʨʫʝʪ ʩ ʧʨʦʚʦʜʷʱʝʡ ʧʦʚʝʨʭʥʦʩʪʴʶ, ʪʦ 

ʥʦʩʠʪʝʣʠ ʟʘʨʷʜʘ ʧʨʦʪʠʚʦʧʦʣʦʞʥʦʛʦ ʟʥʘʢʘ ʧʨʠʪʷʛʠʚʘʶʪʩʷ ʢ ʧʦʚʝʨʭʥʦʩʪʠ ʠ ʩʪʝʢʘʶʪ ʥʘ 

ʥʝʝ. ʇʦʩʣʝ ʵʪʦʛʦ ʯʘʩʪʠʮʘ, ʢʘʢ ʧʨʘʚʠʣʦ, ʦʪʪʘʣʢʠʚʘʝʪʩʷ ʦʪ ʧʦʚʝʨʭʥʦʩʪʠ, ʧʦʩʢʦʣʴʢʫ 

ʧʨʠʦʙʨʝʪʘʝʪ ʟʘʨʷʜ ʪʦʛʦ ʞʝ ʟʥʘʢʘ, ʯʪʦ ʠ ʧʦʚʝʨʭʥʦʩʪʴ. ʀʥʜʫʢʮʠʦʥʥʘʷ ʟʘʨʷʜʢʘ ʯʘʩʪʠʮʳ 

ʦʧʠʩʳʚʘʝʪʩʷ ʚʳʨʘʞʝʥʠʝʤ [95]. 

ή ὅὠ ρ ÅØÐ ȟ      (1.3) 
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ʛʜʝ ὅ ï ʝʤʢʦʩʪʴ ʯʘʩʪʠʮʳ, ὠ ï ʵʣʝʢʪʨʠʯʝʩʢʠʡ ʧʦʪʝʥʮʠʘʣ, ὸ ï ʚʨʝʤʷ ʟʘʨʷʜʢʠ ʯʘʩʪʠʮʳ, 

ɱ  ï ʵʢʚʠʚʘʣʝʥʪʥʦʝ ʧʦʣʥʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʯʘʩʪʠʮʳ. 

1.5.3 ʊʨʠʙʦʟʘʨʷʜʢʘ 

ʗʚʣʝʥʠʝ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʟʘʨʷʜʦʚ ʧʨʠ ʪʨʝʥʠʠ ʥʦʩʠʪ ʥʘʟʚʘʥʠʝ 

ʪʨʠʙʦʵʣʝʢʪʨʠʯʝʩʪʚʘ. ʊʨʠʙʦʵʣʝʢʪʨʠʯʝʩʪʚʦ ʥʘʙʣʶʜʘʝʪʩʷ ʧʨʠ ʚʟʘʠʤʥʦʤ ʪʨʝʥʠʠ ʜʚʫʭ 

ʜʠʵʣʝʢʪʨʠʢʦʚ, ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚ ʠʣʠ ʤʝʪʘʣʣʦʚ ʨʘʟʣʠʯʥʦʛʦ ʭʠʤʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ ʠʣʠ 

ʦʜʠʥʘʢʦʚʦʛʦ ʩʦʩʪʘʚʘ, ʥʦ ʨʘʟʥʦʡ ʧʣʦʪʥʦʩʪʠ, ʧʨʠ ʪʨʝʥʠʠ ʤʝʪʘʣʣʦʚ ʦ ʜʠʵʣʝʢʪʨʠʢʠ, ʧʨʠ 

ʪʨʝʥʠʠ ʜʚʫʭ ʦʜʠʥʘʢʦʚʳʭ ʜʠʵʣʝʢʪʨʠʢʦʚ, ʧʨʠ ʪʨʝʥʠʠ ʞʠʜʢʠʭ ʜʠʵʣʝʢʪʨʠʢʦʚ ʜʨʫʛ ʦ 

ʜʨʫʛʘ ʠʣʠ ʦ ʧʦʚʝʨʭʥʦʩʪʴ ʪʚʸʨʜʳʭ ʪʝʣ ʠ ʜʨ. ʇʨʠ ʵʪʦʤ ʵʣʝʢʪʨʠʟʫʶʪʩʷ ʦʙʘ ʪʝʣʘ; ʠʭ 

ʟʘʨʷʜʳ ʦʜʠʥʘʢʦʚʳ ʧʦ ʚʝʣʠʯʠʥʝ ʠ ʧʨʦʪʠʚʦʧʦʣʦʞʥʳ ʧʦ ʟʥʘʢʫ. 

ɺ ʩʣʫʯʘʝ ʢʦʥʪʘʢʪʘ ʜʚʫʭ ʧʨʦʚʦʜʥʠʢʦʚ ʟʘʨʷʜ ʧʝʨʝʨʘʩʧʨʝʜʝʣʷʝʪʩʷ ʜʦ ʫʨʘʚʥʠʚʘʥʠʷ 

ʫʨʦʚʥʝʡ ʌʝʨʤʠ. ɺʝʣʠʯʠʥʘ ʟʘʨʷʜʘ ʚ ʵʪʦʤ ʩʣʫʯʘʝ ʦʧʨʝʜʝʣʷʝʪʩʷ ʚʳʨʘʞʝʥʠʝʤ 

ή ὠὅȟ         (1.4) 

ʛʜʝ ὠ ï ʢʦʥʪʘʢʪʥʘʷ ʨʘʟʥʦʩʪʴ ʧʦʪʝʥʮʠʘʣʦʚ, ὅ ï ʢʦʥʪʘʢʪʥʘʷ ʝʤʢʦʩʪʴ, ʟʘʚʠʩʷʱʘʷ ʦʪ 

ʪʦʧʦʛʨʘʬʠʠ ʩʦʧʨʠʢʘʩʘʶʱʠʭʩʷ ʧʦʚʝʨʭʥʦʩʪʝʡ. ʕʪʫ ʝʤʢʦʩʪʴ ʤʦʞʥʦ ʩʯʠʪʘʪʴ ʨʘʚʥʦʡ 

ʝʤʢʦʩʪʠ ʜʚʫʭ ʛʣʘʜʢʠʭ ʧʦʚʝʨʭʥʦʩʪʝʡ, ʨʘʟʥʝʩʝʥʥʳʭ ʥʘ ʨʘʩʩʪʦʷʥʠʝ, ʨʘʚʥʦʝ ʩʨʝʜʥʝʡ 

ʚʳʩʦʪʝ ʤʠʢʨʦʚʳʩʪʫʧʦʚ [96]. 

ɺ ʩʣʫʯʘʝ ʢʦʥʪʘʢʪʘ ʧʨʦʚʦʜʥʠʢʘ ʠ ʜʠʵʣʝʢʪʨʠʢʘ, ʟʘʨʷʜʢʘ ʜʠʵʣʝʢʪʨʠʢʘ ʧʨʦʠʩʭʦʜʠʪ 

ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ. ʇʝʨʝʥʦʩ ʟʘʨʷʜʘ ʧʨʦʠʩʭʦʜʠʪ ʜʦʩʪʘʪʦʯʥʦ ʙʳʩʪʨʦ [97] (ʧʦʨʷʜʢʘ 

ʥʝʩʢʦʣʴʢʠʭ ʤʠʢʨʦʩʝʢʫʥʜ) ʧʦʩʨʝʜʩʪʚʦʤ ʪʫʥʥʝʣʠʨʦʚʘʥʠʷ ʵʣʝʢʪʨʦʥʦʚ ʤʝʞʜʫ 

ʧʨʦʚʦʜʥʠʢʦʤ ʠ ʧʦʚʝʨʭʥʦʩʪʥʳʤʠ ʩʦʩʪʦʷʥʠʷʤʠ ʚ ʜʠʵʣʝʢʪʨʠʢʝ ʚ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʡ 

ʙʣʠʟʦʩʪʠ ʦʪ ʪʦʯʢʠ ʢʦʥʪʘʢʪʘ. ʇʦʚʝʨʭʥʦʩʪʥʳʝ ʩʦʩʪʦʷʥʠʷ ʜʝʡʩʪʚʫʶʪ ʢʘʢ çʣʦʚʫʰʢʠè ʠ 

ʦʙʝʩʧʝʯʠʚʘʶʪ ʥʘʢʦʧʣʝʥʠʝ ʵʣʝʢʪʨʦʥʦʚ [98], [99], [100]. ʆʙʨʘʪʥʦʝ ʪʫʥʥʝʣʠʨʦʚʘʥʠʝ 

ʧʨʝʥʝʙʨʝʞʠʤʦ ʤʘʣʦ, ʝʩʣʠ ʧʦʚʝʨʭʥʦʩʪʴ ʠʤʝʝʪ ʥʝ ʦʯʝʥʴ ʙʦʣʴʰʦʡ ʟʘʨʷʜ [101]. 
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ɻʃɸɺɸ 2. ʕʂʉʇɽʈʀʄɽʅʊɸʃʔʅɸʗ ʋʉʊɸʅʆɺʂɸ 

ɺ ʜʘʥʥʦʡ ʛʣʘʚʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʩʦʟʜʘʥʠʷ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ʩʪʝʥʜʘ 

ʜʣʷ ʨʘʟʨʘʙʦʪʢʠ ʵʣʝʢʪʨʦʜʠʥʘʤʠʯʝʩʢʠʭ ʤʝʪʦʜʦʚ ʟʘʭʚʘʪʘ ʠ ʫʜʝʨʞʘʥʠʷ ʟʘʨʷʞʝʥʥʳʭ 

ʤʘʢʨʦʯʘʩʪʠʮ. 

ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʡ ʩʪʝʥʜ ʧʨʝʜʥʘʟʥʘʯʝʥ ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʦ 

ʟʘʨʷʜʢʝ ʤʘʢʨʦʯʘʩʪʠʮ ʚ ʚʦʟʜʫʰʥʦʡ ʠ ʛʘʟʦʚʦʡ ʩʨʝʜʝ ʘʪʤʦʩʬʝʨʥʦʛʦ ʜʘʚʣʝʥʠʷ, 

ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʝ ʯʘʩʪʠʮ ʚ ʟʦʥʫ ʟʘʭʚʘʪʘ ʵʣʝʢʪʨʦʜʠʥʘʤʠʯʝʩʢʠʭ ʣʦʚʫʰʝʢ ʠ ʫʜʝʨʞʘʥʠʷ 

ʟʘʨʷʞʝʥʥʳʭ ʤʘʢʨʦʯʘʩʪʠʮ ʚ ʧʦʜʚʠʞʥʦʡ ʠʣʠ ʥʝʧʦʜʚʠʞʥʦʡ ʛʘʟʦʚʦʡ ʩʨʝʜʝ ʚ 

ʜʠʥʘʤʠʯʝʩʢʠʭ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʧʦʣʷʭ ʩ ʩʠʣʴʥʳʤ ʢʫʣʦʥʦʚʩʢʠʤ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝʤ. ʉʭʝʤʘ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ʩʪʝʥʜʘ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩʫʥʢʝ 5. 

 

ʈʠʩʫʥʦʢ 5. ʉʭʝʤʘ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ʩʪʝʥʜʘ. 1 ï ʵʣʝʢʪʨʦʜʠʥʘʤʠʯʝʩʢʘʷ 

ʣʦʚʫʰʢʘ, 2 ï ʫʩʪʨʦʡʩʪʚʦ ʟʘʨʷʜʢʠ ʯʘʩʪʠʮ ʚ ʢʦʨʦʥʥʦʤ ʨʘʟʨʷʜʝ, 3 ï ʥʝʟʘʨʷʞʝʥʥʳʝ 

ʯʘʩʪʠʮʳ, 4 ï ʯʘʩʪʠʮʳ, ʟʘʭʚʘʯʝʥʥʳʝ ʣʦʚʫʰʢʦʡ, 5 ï ʣʘʟʝʨ, 6 ï ʚʠʜʝʦʢʘʤʝʨʘ. 

ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʡ ʩʪʝʥʜ ʩʦʩʪʦʠʪ ʠʟ ʫʩʪʨʦʡʩʪʚʘ ʟʘʨʷʜʢʠ ʯʘʩʪʠʮ ʚ ʢʦʨʦʥʥʦʤ 

ʨʘʟʨʷʜʝ, ʵʣʝʢʪʨʦʜʠʥʘʤʠʯʝʩʢʠʭ ʣʦʚʫʰʝʢ ʩ ʨʘʟʣʠʯʥʦʡ ʢʦʥʬʠʛʫʨʘʮʠʝʡ ʵʣʝʢʪʨʦʜʦʚ, 

ʩʠʩʪʝʤʳ ʚʠʟʫʘʣʠʟʘʮʠʠ ʠ ʨʝʛʠʩʪʨʘʮʠʠ ʧʳʣʝʚʳʭ ʯʘʩʪʠʮ ʠ ʩʠʩʪʝʤ ʠʟʤʝʨʝʥʠʷ ʟʘʨʷʜʘ ʥʘ 

ʯʘʩʪʠʮʘʭ.  

ʅʘ ʨʠʩʫʥʢʝ 5 ʧʨʝʜʩʪʘʚʣʝʥ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʡ ʩʪʝʥʜ ʩ ʣʠʥʝʡʥʦʡ 

ʵʣʝʢʪʨʦʜʠʥʘʤʠʯʝʩʢʦʡ ʣʦʚʫʰʢʦʡ, ʢʦʪʦʨʘʷ ʤʦʞʝʪ ʙʳʪʴ ʨʘʩʧʦʣʦʞʝʥʘ ʛʦʨʠʟʦʥʪʘʣʴʥʦ 

ʠʣʠ ʚʝʨʪʠʢʘʣʴʥʦ. ʅʝʟʘʨʷʞʝʥʥʳʝ ʯʘʩʪʠʮʳ ʠʥʞʝʢʪʠʨʫʶʪʩʷ ʧʝʨʝʜ ʫʩʪʨʦʡʩʪʚʦʤ ʟʘʨʷʜʢʠ 

ʠ ʥʘʯʠʥʘʶʪ ʜʚʠʛʘʪʴʩʷ ʩ ʚʦʟʜʫʰʥʳʤ ʧʦʪʦʢʦʤ, ʩʦʟʜʘʚʘʝʤʳʤ ʫʩʪʨʦʡʩʪʚʦʤ ʟʘʨʷʜʢʠ ï ʪʘʢ 

ʥʘʟʳʚʘʝʤʳʤ ʵʣʝʢʪʨʠʯʝʩʢʠʤ ʚʝʪʨʦʤ. ʏʘʩʪʠʮʳ ʟʘʨʷʞʘʶʪʩʷ ʚ ʫʥʠʧʦʣʷʨʥʦʡ ʦʙʣʘʩʪʠ 
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ʢʦʨʦʥʥʦʛʦ ʨʘʟʨʷʜʘ, ʧʦʩʣʝ ʯʝʛʦ ʟʘʭʚʘʪʳʚʘʶʪʩʷ ʵʣʝʢʪʨʦʜʠʥʘʤʠʯʝʩʢʦʡ ʣʦʚʫʰʢʦʡ. ɼʣʷ 

ʨʝʛʠʩʪʨʘʮʠʠ ʜʠʥʘʤʠʢʠ ʯʘʩʪʠʮ ʚ ʣʦʚʫʰʢʝ ʠʩʧʦʣʴʟʫʝʪʩʷ ʮʠʬʨʦʚʘʷ ʚʠʜʝʦʢʘʤʝʨʘ, 

ʧʦʜʩʚʝʪʢʘ ʯʘʩʪʠʮ ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ ʣʘʟʝʨʦʤ. 

2.1 ʋʩʪʨʦʡʩʪʚʦ ʟʘʨʷʜʢʠ ʯʘʩʪʠʮ ʚ ʢʦʨʦʥʥʦʤ ʨʘʟʨʷʜʝ 

ʋʩʪʨʦʡʩʪʚʦ ʟʘʨʷʜʢʠ ʚʳʧʦʣʥʝʥʦ ʚ ʚʠʜʝ ʨʝʰʝʪʢʠ ʢʦʨʦʥʠʨʫʶʱʠʭ ʠ 

ʥʝʢʦʨʦʥʠʨʫʶʱʠʭ ʵʣʝʢʪʨʦʜʦʚ, ʨʘʟʤʝʱʝʥʥʳʭ ʚ ʢʘʥʘʣʝ ʧʨʷʤʦʫʛʦʣʴʥʦʛʦ ʩʝʯʝʥʠʷ 

ʧʦʧʝʨʝʢ ʛʘʟʦʚʦʛʦ ʪʨʘʢʪʘ. ʄʥʦʛʦʵʣʝʢʪʨʦʜʥʘʷ ʩʠʩʪʝʤʘ ʧʨʠʤʝʥʝʥʘ ʜʣʷ ʤʠʥʠʤʠʟʘʮʠʠ 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʥʝʦʜʥʦʨʦʜʥʦʩʪʠ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ ʚ ʦʙʣʘʩʪʠ ʟʘʨʷʜʢʠ 

ʤʠʢʨʦʯʘʩʪʠʮ. ʉʭʝʤʘ ʙʣʦʢʘ ʟʘʨʷʜʢʠ ʯʘʩʪʠʮ ʧʨʠʚʝʜʝʥʘ ʥʘ ʨʠʩʫʥʢʝ 6. ʂʦʨʦʥʠʨʫʶʱʠʝ 

ʵʣʝʢʪʨʦʜʳ ʚʳʧʦʣʥʝʥʳ ʠʟ ʚʦʣʴʬʨʘʤʦʚʦʡ ʧʨʦʚʦʣʦʢʠ, ʜʠʘʤʝʪʨʦʤ dw = 70 ʤʢʤ ʠ 

ʨʘʩʧʦʣʦʞʝʥʳ ʥʘ ʨʘʩʩʪʦʷʥʠʠ 10 ʤʤ ʜʨʫʛ ʦʪ ʜʨʫʛʘ. ʅʘ ʨʝʰʝʪʢʫ ʢʦʨʦʥʠʨʫʶʱʠʭ 

ʵʣʝʢʪʨʦʜʦʚ ʧʦʜʘʝʪʩʷ ʧʦʩʪʦʷʥʥʦʝ ʚʳʩʦʢʦʝ ʥʘʧʨʷʞʝʥʠʝ ʢʘʢ ʧʦʣʦʞʠʪʝʣʴʥʦʡ, ʪʘʢ ʠ 

ʦʪʨʠʮʘʪʝʣʴʥʦʡ ʧʦʣʷʨʥʦʩʪʠ, ʢʦʪʦʨʦʝ ʤʦʞʝʪ ʠʟʤʝʥʷʪʴʩʷ ʚ ʧʨʝʜʝʣʘʭ ɀςπ ςπ ʢɺ. 

ʅʝʢʦʨʦʥʠʨʫʶʱʠʝ ʵʣʝʢʪʨʦʜʳ ʚʳʧʦʣʥʝʥʳ ʠʟ ʤʝʪʘʣʣʠʯʝʩʢʠʭ ʩʪʝʨʞʥʝʡ ʜʠʘʤʝʪʨʦʤ 3 

ʤʤ, ʨʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʦʩʷʤʠ ʵʣʝʢʪʨʦʜʦʚ Lg = 10 ʤʤ. ʕʣʝʢʪʨʦʜʳ ʤʦʥʪʠʨʦʚʘʣʠʩʴ ʚ 

ʢʘʥʘʣʝ ʢʚʘʜʨʘʪʥʦʛʦ ʩʝʯʝʥʠʷ ʩ ʨʘʩʩʪʦʷʥʠʝʤ ʤʝʞʜʫ ʩʪʝʥʢʘʤʠ 6 ʩʤ. ʈʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ 

ʩʝʯʝʥʠʷʤʠ, ʚ ʢʦʪʦʨʳʭ ʨʘʩʧʦʣʘʛʘʣʠʩʴ ʢʦʨʦʥʠʨʫʶʱʠʝ ʠ ʥʝʢʦʨʦʥʠʨʫʶʱʠʝ ʵʣʝʢʪʨʦʜʳ, 

ʩʦʩʪʘʚʣʷʣʦ 13 ʤʤ. ʊʘʢʘʷ ʢʦʥʩʪʨʫʢʮʠʷ ʙʣʦʢʘ ʟʘʨʷʜʢʠ ʧʦʟʚʦʣʷʝʪ ʨʝʛʫʣʠʨʦʚʘʪʴ ʩʢʦʨʦʩʪʴ 

ʠʦʥʥʦʛʦ ʚʝʪʨʘ, ʤʝʥʷʷ ʧʦʪʝʥʮʠʘʣ ʥʝʢʦʨʦʥʠʨʫʶʱʠʭ ʵʣʝʢʪʨʦʜʦʚ. ɺ ʩʣʫʯʘʝ ʦʜʥʦʛʦ ʨʷʜʘ 

ʥʝʢʦʨʦʥʠʨʫʶʱʠʭ ʵʣʝʢʪʨʦʜʦʚ ʩʢʦʨʦʩʪʴ ʠʦʥʥʦʛʦ ʚʝʪʨʘ ʜʦʩʪʠʛʘʣʘ ʥʘ ʦʩʠ ʙʣʦʢʘ 2,5 ʤ/ʩ 

ʧʨʠ ʧʦʪʝʥʮʠʘʣʝ ʢʦʨʦʥʠʨʫʶʱʠʭ ʵʣʝʢʪʨʦʜʦʚ 15 ʢɺ. ʅʘ ʨʠʩʫʥʢʘʭ 7 ʠ 8 ʧʨʝʜʩʪʘʚʣʝʥʳ 

ʚʦʣʴʪ-ʘʤʧʝʨʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʢʦʨʦʥʥʦʛʦ ʨʘʟʨʷʜʘ ʜʣʷ ʦʜʥʦʛʦ ʠ ʜʚʫʭ ʨʷʜʦʚ 

ʟʘʟʝʤʣʝʥʥʳʭ ʵʣʝʢʪʨʦʜʦʚ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʌʦʪʦʛʨʘʬʠʷ ʙʣʦʢʘ ʟʘʨʷʜʢʠ ʯʘʩʪʠʮ 

ʧʨʠʚʝʜʝʥʘ ʥʘ ʨʠʩʫʥʢʝ 9. 
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ʈʠʩʫʥʦʢ 6. ʉʭʝʤʘ ʫʩʪʨʦʡʩʪʚʘ ʜʣʷ ʟʘʨʷʜʢʠ ʯʘʩʪʠʮ ʚ ʢʦʨʦʥʥʦʤ ʨʘʟʨʷʜʝ (ʚʠʜ 

ʩʚʝʨʭʫ); 1 ï ʟʘʟʝʤʣʝʥʥʳʝ ʵʣʝʢʪʨʦʜʳ, 2 ï ʢʦʨʦʥʠʨʫʶʱʠʝ ʵʣʝʢʪʨʦʜʳ, 3 ï ʧʳʣʝʚʳʝ 

ʯʘʩʪʠʮʳ. ʉʪʨʝʣʢʦʡ ʧʦʢʘʟʘʥʦ ʥʘʧʨʘʚʣʝʥʠʝ ʜʚʠʞʝʥʠʷ ʚʦʟʜʫʭʘ. 

 

ʈʠʩʫʥʦʢ 7. ɺʦʣʴʪ-ʘʤʧʝʨʥʘʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʢʦʨʦʥʥʦʛʦ ʨʘʟʨʷʜʘ ʚ ʩʣʫʯʘʝ ʦʜʥʦʛʦ 

ʨʷʜʘ ʟʘʟʝʤʣʝʥʥʳʭ ʵʣʝʢʪʨʦʜʦʚ. 
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ʈʠʩʫʥʦʢ 8. ɺʦʣʴʪ-ʘʤʧʝʨʥʘʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʢʦʨʦʥʥʦʛʦ ʨʘʟʨʷʜʘ ʚ ʩʣʫʯʘʝ ʜʚʫʭ 

ʨʷʜʦʚ ʟʘʟʝʤʣʝʥʥʳʭ ʵʣʝʢʪʨʦʜʦʚ. 

 

ʈʠʩʫʥʦʢ 9. ʌʦʪʦʛʨʘʬʠʷ ʫʩʪʨʦʡʩʪʚʘ ʟʘʨʷʜʢʠ ʯʘʩʪʠʮ. 
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ʂʘʢ ʤʦʞʥʦ ʚʠʜʝʪʴ ʠʟ ʨʠʩʫʥʢʦʚ 7 ʠ 8, ʚ ʦʙʦʠʭ ʩʣʫʯʘʷʭ ʩʠʣʘ ʪʦʢʘ ʦʪʨʠʮʘʪʝʣʴʥʦʛʦ 

ʢʦʨʦʥʥʦʛʦ ʨʘʟʨʷʜʘ ʥʝʩʢʦʣʴʢʦ ʚʳʰʝ ʩʠʣʳ ʪʦʢʘ ʧʦʣʦʞʠʪʝʣʴʥʦʛʦ ʢʦʨʦʥʥʦʛʦ ʨʘʟʨʷʜʘ. 

ʇʨʦʙʦʡ ʧʨʠ ʧʦʣʦʞʠʪʝʣʴʥʦʡ ʢʦʨʦʥʝ ʧʨʦʠʩʭʦʜʠʣ ʧʨʠ ʥʘʧʨʷʞʝʥʠʠ ʨʘʚʥʦʤ 20 ʢɺ. 

ʇʨʦʙʦʡ ʧʨʠ ʦʪʨʠʮʘʪʝʣʴʥʦʡ ʢʦʨʦʥʝ ʧʨʦʠʩʭʦʜʠʣ ʧʨʠ ʥʘʧʨʷʞʝʥʠʠ ʨʘʚʥʦʤ 18,5 ʢɺ ʩ 

ʦʜʥʦʡ ʨʝʰʝʪʢʦʡ ʟʘʟʝʤʣʝʥʥʳʭ ʵʣʝʢʪʨʦʜʦʚ ʠ ʧʨʠ 18 ʢɺ ʩ ʜʚʫʤʷ. ʆʪʤʝʪʠʤ, ʯʪʦ ʧʨʠ 

ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʦʜʥʦʡ ʨʝʰʝʪʢʠ ʟʘʟʝʤʣʝʥʥʳʭ ʵʣʝʢʪʨʦʜʦʚ ʟʘʞʠʛʘʥʠʝ ʢʦʨʦʥʥʦʛʦ ʨʘʟʨʷʜʘ 

ʧʨʦʠʩʭʦʜʠʣʦ ʧʨʠ U å 9 ʢɺ ʜʣʷ ʦʜʥʦʡ ʨʝʰʝʪʢʠ ʟʘʟʝʤʣʝʥʥʳʭ ʵʣʝʢʪʨʦʜʦʚ ʠ ʧʨʠ U å 6 

ʢɺ ʜʣʷ ʜʚʫʭ ʨʝʰʝʪʦʢ ʟʘʟʝʤʣʝʥʥʳʭ ʵʣʝʢʪʨʦʜʦʚ. 

ʄʥʦʛʦʵʣʝʢʪʨʦʜʥʘʷ ʢʦʥʩʪʨʫʢʮʠʷ ʢʦʨʦʥʥʦʛʦ ʨʘʟʨʷʜʘ ʚʳʙʨʘʥʘ ʩ ʮʝʣʴʶ ʩʥʠʞʝʥʠʷ 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʥʝʦʜʥʦʨʦʜʥʦʩʪʠ ʥʘʧʨʷʞʝʥʥʦʩʪʠ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ ʚ 

ʤʝʞʵʣʝʢʪʨʦʜʥʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ. ʇʨʦʚʝʜʝʥʥʳʡ ʨʘʩʯʝʪ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʛʦ 

ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʥʘʧʨʷʞʝʥʥʦʩʪʠ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ ʚ ʤʥʦʛʦʵʣʝʢʪʨʦʜʥʦʤ ʢʦʨʦʥʥʦʤ 

ʨʘʟʨʷʜʝ (ʨʠʩʫʥʦʢ 10) ʧʦʢʘʟʘʣ, ʯʪʦ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʘʷ ʥʝʦʜʥʦʨʦʜʥʦʩʪʴ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ 

ʧʦʣʷ ʥʝ ʧʨʝʚʳʰʘʝʪ 50%. ɼʣʷ ʩʨʘʚʥʝʥʠʷ, ʥʘ ʨʠʩʫʥʢʝ 11 ʧʨʝʜʩʪʘʚʣʝʥʦ ʨʘʩʧʨʝʜʝʣʝʥʠʝ 

ʥʘʧʨʷʞʝʥʥʦʩʪʠ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ ʚ ʩʣʫʯʘʝ ʦʜʠʥʦʯʥʦʛʦ ʢʦʨʦʥʠʨʫʶʱʝʛʦ ʵʣʝʢʪʨʦʜʘ. 

 

ʈʠʩʫʥʦʢ 10. ʇʨʦʩʪʨʘʥʩʪʚʝʥʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʥʘʧʨʷʞʝʥʥʦʩʪʠ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ 

ʧʦʣʷ ʚ ʤʝʞʵʣʝʢʪʨʦʜʥʦʡ ʦʙʣʘʩʪʠ ʤʥʦʛʦʵʣʝʢʪʨʦʜʥʦʛʦ ʢʦʨʦʥʥʦʛʦ ʨʘʟʨʷʜʘ. 
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ʈʠʩʫʥʦʢ 11. ʇʨʦʩʪʨʘʥʩʪʚʝʥʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʥʘʧʨʷʞʝʥʥʦʩʪʠ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ 

ʧʦʣʷ ʚ ʤʝʞʵʣʝʢʪʨʦʜʥʦʡ ʦʙʣʘʩʪʠ ʦʜʥʦʵʣʝʢʪʨʦʜʥʦʛʦ ʢʦʨʦʥʥʦʛʦ ʨʘʟʨʷʜʘ. 

ʇʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʦʜʥʦʡ ʨʝʰʝʪʢʠ ʟʘʟʝʤʣʝʥʥʳʭ ʵʣʝʢʪʨʦʜʦʚ ʚ ʫʩʪʨʦʡʩʪʚʝ 

ʟʘʨʷʜʢʠ ʚʦʟʥʠʢʘʝʪ çʵʣʝʢʪʨʠʯʝʩʢʠʡ ʚʝʪʝʨè ï ʚʦʟʜʫʰʥʳʡ ʧʦʪʦʢ ʦʙʫʩʣʦʚʣʝʥʥʳʡ 

ʫʚʣʝʯʝʥʠʝʤ ʤʦʣʝʢʫʣ ʛʘʟʘ ʠʦʥʘʤʠ, ʜʚʠʛʘʶʱʠʤʠʩʷ ʢ ʟʘʟʝʤʣʝʥʥʦʤʫ ʵʣʝʢʪʨʦʜʫ. ʅʘ 

ʨʠʩʫʥʢʝ 12 ʧʨʝʜʩʪʘʚʣʝʥʦ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʩʢʦʨʦʩʪʠ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʚʝʪʨʘ ʧʦ ʩʝʯʝʥʠʶ 

ʚʦʟʜʫʰʥʦʛʦ ʪʨʘʢʪʘ ʜʣʷ ʦʪʨʠʮʘʪʝʣʴʥʦʛʦ ʢʦʨʦʥʥʦʛʦ ʨʘʟʨʷʜʘ. ʇʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʜʚʫʭ 

ʨʝʰʝʪʦʢ ʟʘʟʝʤʣʝʥʥʳʭ ʵʣʝʢʪʨʦʜʦʚ ʚ ʩʠʣʫ ʩʠʤʤʝʪʨʠʯʥʦʩʪʠ ʢʦʥʩʪʨʫʢʮʠʠ ʚʦʟʜʫʰʥʳʡ 

ʧʦʪʦʢ ʚ ʪʨʘʢʪʝ ʦʪʩʫʪʩʪʚʫʝʪ. 
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ʈʠʩʫʥʦʢ 12. ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʩʢʦʨʦʩʪʠ "ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʚʝʪʨʘ" ʧʦ ʩʝʯʝʥʠʶ 

ʚʦʟʜʫʰʥʦʛʦ ʪʨʘʢʪʘ. 

ɿʘʨʷʜ, ʢʦʪʦʨʳʡ ʯʘʩʪʠʮʘ ʧʨʠʦʙʨʝʪʘʝʪ ʚ ʢʦʨʦʥʥʦʤ ʨʘʟʨʷʜʝ ʤʦʞʝʪ ʙʳʪʴ ʦʮʝʥʝʥ ʧʦ 

ʬʦʨʤʫʣʝ ʇʦʪʝʥʴʝ 

ή σ“‐ὉὨ ρ ς ȟ    (2.1) 

ʛʜʝ ‐ ï ʵʣʝʢʪʨʠʯʝʩʢʘʷ ʧʦʩʪʦʷʥʥʘʷ, Ὁ ï ʥʘʧʨʷʞʝʥʥʦʩʪʴ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ 

ʢʦʨʦʥʥʦʛʦ ʨʘʟʨʷʜʘ, ‐ ï ʜʠʵʣʝʢʪʨʠʯʝʩʢʘʷ ʧʨʦʥʠʮʘʝʤʦʩʪʴ ʤʘʪʝʨʠʘʣʘ ʯʘʩʪʠʮʳ, k ï 

ʢʦʵʬʬʠʮʠʝʥʪ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦʩʪʠ ʚ ʟʘʢʦʥʝ ʂʫʣʦʥʘ, ni ï ʢʦʥʮʝʥʪʨʘʮʠʷ ʠʦʥʦʚ, t ï

ʚʨʝʤʷ ʟʘʨʷʜʢʠ. ɺ ʦʧʠʩʘʥʥʦʤ ʚʳʰʝ ʫʩʪʨʦʡʩʪʚʝ ʟʘʨʷʜʢʠ ʢʦʥʮʝʥʪʨʘʮʠʷ ʠʦʥʦʚ 

ʩʦʩʪʘʚʣʷʝʪ ʧʦʨʷʜʢʘ 10-9 ʩʤ-3, ʪʘʢʠʤ ʦʙʨʘʟʦʤ ʯʘʩʪʠʮʘ ʟʘʨʷʞʘʝʪʩʷ ʜʦ 90% ʦʪ 

ʤʘʢʩʠʤʘʣʴʥʦʡ ʚʝʣʠʯʠʥʳ ʟʘʨʷʜʘ ʟʘ 0,01 ʩ. 

2.2 ʕʣʝʢʪʨʦʜʠʥʘʤʠʯʝʩʢʠʝ ʣʦʚʫʰʢʠ 

ʅʘ ʨʠʩʫʥʢʝ 13 ʧʨʝʜʩʪʘʚʣʝʥʘ ʩʭʝʤʘ ʣʠʥʝʡʥʦʡ ʢʚʘʜʨʫʧʦʣʴʥʦʡ ʣʦʚʫʰʢʠ ʠ 

ʧʨʠʚʝʜʝʥʳ ʦʩʥʦʚʥʳʝ ʛʝʦʤʝʪʨʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ, ʘ ʥʘ ʨʠʩʫʥʢʝ 14 ʧʨʝʜʩʪʘʚʣʝʥʘ ʝʝ 
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ʬʦʪʦʛʨʘʬʠʷ. ʕʣʝʢʪʨʦʜʳ ʣʦʚʫʰʢʠ ʤʦʥʪʠʨʦʚʘʣʠʩʴ ʥʘ ʬʣʘʥʮʘʭ, ʠʟʛʦʪʦʚʣʝʥʥʳʭ ʠʟ 

ʢʘʧʨʦʣʦʥʘ. ɼʣʷ ʵʢʨʘʥʠʨʦʚʢʠ ʦʪ ʚʥʝʰʥʠʭ ʧʦʣʝʡ ʣʦʚʫʰʢʘ ʧʦʤʝʱʘʣʘʩʴ ʚ ʤʝʪʘʣʣʠʯʝʩʢʠʡ 

ʢʦʨʦʙ. ɺ ʙʦʢʦʚʳʭ ʩʪʝʥʢʘʭ ʢʦʨʦʙʘ ʙʳʣʠ ʩʜʝʣʘʥʳ ʢʚʘʜʨʘʪʥʳʝ ʦʢʥʘ, ʪʨʠ ʠʟ ʢʦʪʦʨʳʭ 

ʟʘʢʨʳʚʘʣʠʩʴ ʩʪʝʢʣʷʥʥʳʤʠ ʧʣʘʩʪʠʥʘʤʠ, ʘ ʯʝʪʚʝʨʪʦʝ ʩʪʳʢʦʚʘʣʦʩʴ ʩ ʙʣʦʢʦʤ ʟʘʨʷʜʢʠ 

ʤʠʢʨʦʯʘʩʪʠʮ ʠ ʠʩʧʦʣʴʟʦʚʘʣʦʩʴ ʜʣʷ ʠʥʞʝʢʮʠʠ ʟʘʨʷʞʝʥʥʳʭ ʤʠʢʨʦʯʘʩʪʠʮ ʚ ʦʙʲʝʤ 

ʣʦʚʫʰʢʠ. ɺ ʚʝʨʭʥʝʤ ʢʘʧʨʦʣʦʥʦʚʦʤ ʬʣʘʥʮʝ ʥʘʭʦʜʠʣʦʩʴ ʩʪʝʢʣʷʥʥʦʝ ʦʢʥʦ, 

ʧʨʝʜʥʘʟʥʘʯʝʥʥʦʝ ʜʣʷ ʥʘʙʣʶʜʝʥʠʷ ʧʳʣʝʚʳʭ ʤʠʢʨʦʯʘʩʪʠʮ. ʕʣʝʢʪʨʦʜʳ ʚʳʧʦʣʥʝʥʳ ʠʟ 

ʩʪʘʣʴʥʳʭ ʩʪʝʨʞʥʝʡ ʜʠʘʤʝʪʨʦʤ 4 ʤʤ ʠ ʨʘʟʤʝʰʘʣʠʩʴ ʧʦ ʦʢʨʫʞʥʦʩʪʠ ʜʠʘʤʝʪʨʦʤ 50 ʤʤ. 

ɺ ʵʢʩʧʝʨʠʤʝʥʪʘʭ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʯʝʪʳʨʝʭʵʣʝʢʪʨʦʜʥʘʷ (ʢʚʘʜʨʫʧʦʣʴʥʘʷ) ʠ 

ʚʦʩʴʤʠʵʣʝʢʪʨʦʜʥʘʷ (ʦʢʪʫʧʦʣʴʥʘʷ) ʵʣʝʢʪʨʦʜʠʥʘʤʠʯʝʩʢʠʝ ʣʦʚʫʰʢʠ, ʵʣʝʢʪʨʦʜʳ 

ʢʦʪʦʨʳʭ ʤʦʥʪʠʨʦʚʘʣʠʩʴ ʧʘʨʘʣʣʝʣʴʥʦ ʜʨʫʛ ʜʨʫʛʫ. ʇʨʠ ʚʝʨʪʠʢʘʣʴʥʦ ʨʘʩʧʦʣʦʞʝʥʥʦʡ 

ʣʦʚʫʰʢʝ ʥʘ ʥʠʞʥʝʤ ʬʣʘʥʮʝ ʤʦʥʪʠʨʦʚʘʣʩʷ ʵʣʝʢʪʨʦʜ ʩʦ ʩʬʝʨʦʡ ʜʠʘʤʝʪʨʦʤ 8 ʤʤ ʥʘ 

ʢʦʥʮʝ. ʅʘ ʵʪʦʪ ʵʣʝʢʪʨʦʜ ʧʦʜʘʚʘʣʩʷ ʧʦʩʪʦʷʥʥʳʡ ʵʣʝʢʪʨʠʯʝʩʢʠʡ ʧʦʪʝʥʮʠʘʣ, 

ʫʜʝʨʞʠʚʘʶʱʠʡ ʟʘʭʚʘʯʝʥʥʳʝ ʵʣʝʢʪʨʦʜʠʥʘʤʠʯʝʩʢʦʡ ʣʦʚʫʰʢʦʡ ʯʘʩʪʠʮʳ ʦʪ ʧʘʜʝʥʠʷ ʥʘ 

ʥʠʞʥʠʡ ʬʣʘʥʝʮ. ʊʘʢʞʝ ʠʟʤʝʥʷʷ ʧʦʪʝʥʮʠʘʣ, ʤʝʥʷʣʠ ʧʦʣʦʞʝʥʠʝ ʩʪʨʫʢʪʫʨʳ ʠʟ 

ʤʠʢʨʦʯʘʩʪʠʮ ʚʥʫʪʨʠ ʣʦʚʫʰʢʠ 

 

ʈʠʩʫʥʦʢ 13. ʉʭʝʤʘ ʣʠʥʝʡʥʦʡ ʢʚʘʜʨʫʧʦʣʴʥʦʡ ʵʣʝʢʪʨʦʜʠʥʘʤʠʯʝʩʢʦʡ ʣʦʚʫʰʢʠ 

(ʙʦʢʦʚʦʡ ʨʘʟʨʝʟ ʠ ʚʠʜ ʩʚʝʨʭʫ). 
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ʈʠʩʫʥʦʢ 14. ʌʦʪʦʛʨʘʬʠʠ ʣʠʥʝʡʥʦʡ ʦʢʪʫʧʦʣʴʥʦʡ ʵʣʝʢʪʨʦʜʠʥʘʤʠʯʝʩʢʦʡ 

ʣʦʚʫʰʢʠ (ʚʠʜ ʩʙʦʢʫ ʠ ʚʠʜ ʩʚʝʨʭʫ). 

 

ɼʣʷ ʧʠʪʘʥʠʷ ʵʣʝʢʪʨʦʜʠʥʘʤʠʯʝʩʢʦʡ ʣʦʚʫʰʢʠ ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʛʝʥʝʨʘʪʦʨ ʩʠʛʥʘʣʦʚ 

AFGï72005 ʩ ʫʩʠʣʠʪʝʣʝʤ ʤʦʱʥʦʩʪʠ ɺʄ-2042. ʇʦʚʳʰʝʥʠʝ ʥʘʧʨʷʞʝʥʠʷ ʜʦ 10 ʢɺ 

ʦʙʝʩʧʝʯʠʚʘʝʪ ʥʠʟʢʦʯʘʩʪʦʪʥʳʡ ʪʨʘʥʩʬʦʨʤʘʪʦʨ ʥʘʧʨʷʞʝʥʠʷ ʅʆʄï10ʋʍʃ2. ʅʘ 

ʩʬʝʨʠʯʝʩʢʠʡ ʵʣʝʢʪʨʦʜ ʧʦʜʘʚʘʣʩʷ ʧʦʩʪʦʷʥʥʳʡ ʧʦʪʝʥʮʠʘʣ ʩ ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʦʛʦ 

ʠʩʪʦʯʥʠʢ ʚʳʩʦʢʦʛʦ ʥʘʧʨʷʞʝʥʠʷ Laser Power Supply PS4P. 

ʉʭʝʤʘ ʧʠʪʘʥʠʷ ʢʚʘʜʨʫʧʦʣʴʥʦʡ ʠ ʦʢʪʫʧʦʣʴʥʦʡ ʵʣʝʢʪʨʦʜʠʥʘʤʠʯʝʩʢʠʭ ʣʦʚʫʰʝʢ 

ʧʨʠʚʝʜʝʥʳ ʥʘ ʨʠʩʫʥʢʘʭ 12 ʠ 13. ʅʘ ʵʣʝʢʪʨʦʜʳ ʵʣʝʢʪʨʦʜʠʥʘʤʠʯʝʩʢʦʡ ʣʦʚʫʰʢʠ 

ʧʦʜʘʚʘʣʦʩʴ ʥʘʧʨʷʞʝʥʠʝ ʧʝʨʝʤʝʥʥʦʛʦ ʪʦʢʘ ʩ ʯʘʩʪʦʪʦʡ 20 ï 200 ɻʮ ʠ ʚʝʣʠʯʠʥʦʡ ʦʪ 0,1 

ʜʦ 10 ʢɺ, ʥʘ ʩʬʝʨʠʯʝʩʢʠʡ ʵʣʝʢʪʨʦʜ - ʧʦʩʪʦʷʥʥʦʝ ʥʘʧʨʷʞʝʥʠʝ ʦʪ 0,1 ʜʦ 15,0 ʢɺ.  
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ʈʠʩʫʥʦʢ 15. ʇʨʠʥʮʠʧʠʘʣʴʥʘʷ ʩʭʝʤʘ ʧʠʪʘʥʠʷ ʢʚʘʜʨʫʧʦʣʴʥʦʡ 

ʵʣʝʢʪʨʦʜʠʥʘʤʠʯʝʩʢʦʡ ʣʦʚʫʰʢʠ. 

 

 
ʈʠʩʫʥʦʢ 16. ʇʨʠʥʮʠʧʠʘʣʴʥʘʷ ʩʭʝʤʘ ʧʠʪʘʥʠʷ ʦʢʪʫʧʦʣʴʥʦʡ 

ʵʣʝʢʪʨʦʜʠʥʘʤʠʯʝʩʢʦʡ ʣʦʚʫʰʢʠ. 

 

2.3 ɺʠʟʫʘʣʠʟʘʮʠʷ ʠ ʨʝʛʠʩʪʨʘʮʠʷ ʧʳʣʝʚʳʭ ʯʘʩʪʠʮ 

ɹʣʦʢ ʚʠʟʫʘʣʠʟʘʮʠʠ ʠ ʨʝʛʠʩʪʨʘʮʠʠ ʤʠʢʨʦʯʘʩʪʠʮ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʡ ʥʘ ʨʠʩʫʥʢʝ 17, 

ʦʙʝʩʧʝʯʠʚʘʝʪ ʨʝʛʠʩʪʨʘʮʠʶ ʠʩʩʣʝʜʫʝʤʳʭ ʤʠʢʨʦʯʘʩʪʠʮ ʩ ʧʦʤʦʱʴʶ ʚʠʜʝʦʢʘʤʝʨʳ 

Nikon 1V2 (3) ʩ ʤʘʢʩʠʤʘʣʴʥʳʤ ʨʘʟʨʝʰʝʥʠʝʤ 1920ʭ1080 ʧʠʢʩʝʣʝʡ ʜʣʷ ʤʝʜʣʝʥʥʦ 

ʧʨʦʪʝʢʘʶʱʠʭ ʧʨʦʮʝʩʩʦʚ ʠʣʠ ʩʢʦʨʦʩʪʥʦʡ ʚʠʜʝʦʢʘʤʝʨʳ HiSpec Fastec Imaging (3) ʜʣʷ 

ʙʳʩʪʨʦʧʨʦʪʝʢʘʶʱʠʭ ʧʨʦʮʝʩʩʦʚ ʩ ʤʘʢʩʠʤʘʣʴʥʳʤ ʨʘʟʨʝʰʝʥʠʝʤ 1280ʭ1024 ʧʠʢʩʝʣʝʡ. 

ɼʣʷ ʧʦʚʳʰʝʥʠʷ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ ʚʩʝʡ ʩʠʩʪʝʤʳ ʚʠʟʫʘʣʠʟʘʮʠʠ ʧʨʝʜʫʩʤʦʪʨʝʥʦ 

ʧʨʠʤʝʥʝʥʠʝ ʣʘʟʝʨʘ (2) ʜʣʷ ʧʦʜʩʚʝʪʢʠ ʤʠʢʨʦʯʘʩʪʠʮ ʩ ʜʣʠʥʦʡ ʚʦʣʥʳ 650 ʥʤ ʩ 
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ʤʘʢʩʠʤʘʣʴʥʦʡ ʤʦʱʥʦʩʪʴʶ 100 ʤɺʪ, ʣʠʙʦ ʣʘʟʝʨʘ LDD-10 ʩ ʜʣʠʥʦʡ ʚʦʣʥʳ 532 ʥʤ ʠ 

ʤʘʢʩʠʤʘʣʴʥʦʡ ʤʦʱʥʦʩʪʴʶ 350 ʤɺʪ, ʢʦʪʦʨʳʡ ʧʦʟʚʦʣʷʝʪ ʨʝʛʠʩʪʨʠʨʦʚʘʪʴ ʯʘʩʪʠʮʳ 

ʨʘʟʤʝʨʦʚ ʤʝʥʝʝ 3 ʤʢʤ. ʉʠʩʪʝʤʦʡ ʣʠʥʟ ʬʦʨʤʠʨʦʚʘʣʩʷ ʧʣʦʩʢʠʡ ʣʘʟʝʨʥʳʡ ʣʫʯ. ʊʦʣʱʠʥʘ 

ʣʘʟʝʨʥʦʛʦ ʣʫʯʘ ʟʘʚʠʩʠʪ ʦʪ ʨʘʩʩʪʦʷʥʠʷ ʜʦ ʧʝʨʝʪʷʞʢʠ. ʈʝʟʫʣʴʪʘʪʳ ʚʠʜʝʦ ʨʝʛʠʩʪʨʘʮʠʠ 

ʟʘʧʠʩʳʚʘʶʪʩʷ ʥʘ ʢʦʤʧʴʶʪʝʨ (4) ʠ ʠʩʧʦʣʴʟʫʶʪʩʷ ʜʣʷ ʜʘʣʴʥʝʡʰʝʡ ʦʙʨʘʙʦʪʢʠ. 

 

ʈʠʩʫʥʦʢ 17.ʉʭʝʤʘ ʙʣʦʢʘ ʚʠʟʫʘʣʠʟʘʮʠʠ ʠ ʨʝʛʠʩʪʨʘʮʠʠ  ʤʠʢʨʦʯʘʩʪʠʮ. 1 ï 

ʚʦʟʜʫʰʥʳʡ ʪʨʘʢʪ (ʧʦʧʝʨʝʯʥʦʝ ʩʝʯʝʥʠʝ), 2 ï ʣʘʟʝʨ, 3 ï ʚʠʜʝʦʢʘʤʝʨʘ, 4 ï ʢʦʤʧʴʶʪʝʨ. 

ʄʠʥʠʤʘʣʴʥʘʷ ʪʦʣʱʠʥʘ ʣʘʟʝʨʥʦʛʦ ʣʫʯʘ ʦʧʨʝʜʝʣʷʣʘʩʴ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ. ɺ 

ʦʙʣʘʩʪʴ ʧʝʨʝʪʷʞʢʠ ʧʦʤʝʱʘʣʘʩʴ ʟʘʧʳʣʝʥʥʘʷ ʩʪʝʢʣʷʥʥʘʷ ʧʣʘʩʪʠʥʘ. ʇʣʘʩʪʠʥʘ 

ʬʦʪʦʛʨʘʬʠʨʦʚʘʣʘʩʴ (ʨʠʩʫʥʦʢ 18) ʠ ʧʦʜʩʯʠʪʳʚʘʣʦʩʴ ʢʦʣʠʯʝʩʪʚʦ ʧʠʢʩʝʣʝʡ, 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʝ ʰʠʨʠʥʝ ʦʩʚʝʱʘʝʤʦʡ ʦʙʣʘʩʪʠ. ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʢʦʣʠʯʝʩʪʚʘ ʜʣʠʥʳ, 

ʧʨʠʭʦʜʷʱʝʝʩʷ ʥʘ ʦʜʠʥ ʧʠʢʩʝʣʴ, ʥʘ ʧʣʘʩʪʠʥʫ ʙʳʣʠ ʥʘʥʝʩʝʥʳ ʜʚʝ ʪʦʯʢʠ, ʩ ʠʟʚʝʩʪʥʳʤ 

ʨʘʩʩʪʦʷʥʠʝʤ ʤʝʞʜʫ ʥʠʤʠ. ʊʦʣʱʠʥʘ ʧʝʨʝʪʷʞʢʠ ʩʦʩʪʘʚʠʣʘ 0,25 ʤʤ. 
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ʈʠʩʫʥʦʢ 18. ʀʟʤʝʨʝʥʠʝ ʪʦʣʱʠʥʳ ʣʘʟʝʨʥʦʛʦ ʣʫʯʘ. 

 

2.4 ʇʳʣʝʚʳʝ ʯʘʩʪʠʮʳ 

ɺ ʵʢʩʧʝʨʠʤʝʥʪʘʭ ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʧʦʣʠʜʠʩʧʝʨʩʥʳʡ ʧʦʨʦʰʦʢ Al 2O3 (ɟ=3,99 ʛ/ʩʤ
3), 

ʢʘʣʠʙʨʦʚʘʥʥʳʝ ʤʠʢʨʦʩʬʝʨʳ ʠʟ ʤʝʣʘʤʠʥ ʬʦʨʤʘʣʴʜʝʛʠʜʘ (ɟ=1,57 ʛ/ʩʤ3) ʜʠʘʤʝʪʨʦʤ 10 

ʤʢʤ ʠ ʩʬʝʨʠʯʝʩʢʠʝ ʯʘʩʪʠʮʳ ʠʟ ʩʪʝʢʣʦʫʛʣʝʨʦʜʘ ʜʠʘʤʝʪʨʦʤ ʦʪ 10 ʜʦ 20 ʤʢʤ. 

ʌʦʪʦʛʨʘʬʠʠ ʧʦʨʦʰʢʘ Al 2O3, ʤʝʣʘʤʠʥʦʚʳʭ ʤʠʢʨʦʩʬʝʨ ʠ ʯʘʩʪʠʮ ʠʟ ʩʪʝʢʣʦʫʛʣʝʨʦʜʘ 

ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʨʠʩʫʥʢʘʭ 19, 20 ʠ 21 ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. 

 

ʈʠʩʫʥʦʢ 19. ʌʦʪʦʛʨʘʬʠʷ ʧʦʣʠʜʠʩʧʝʨʩʥʦʛʦ ʧʦʨʦʰʦʢ Al 2O3 
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ʈʠʩʫʥʦʢ 20. ʌʦʪʦʛʨʘʬʠʷ ʢʘʣʠʙʨʦʚʘʥʥʳʭ ʤʝʣʘʤʠʥʦʚʳʭ ʤʠʢʨʦʩʬʝʨ, d = 10 ʤʢʤ. 

 

ʈʠʩʫʥʦʢ 21. ʌʦʪʦʛʨʘʬʠʷ ʯʘʩʪʠʮ ʠʟ ʩʪʝʢʣʦʫʛʣʝʨʦʜʘ, d = 10 õ 20 ʤʢʤ. 

ʉʯʝʪʥʘʷ (f(r)) ʠ ʤʘʩʩʦʚʘʷ(g(r)) ʬʫʥʢʮʠʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʧʦ ʨʘʟʤʝʨʘʤ ʯʘʩʪʠʮ 

ʧʦʨʦʰʢʘ Al 2O3 ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʨʠʩʫʥʢʝ 22. ɽʩʣʠ ʦʙʦʟʥʘʯʠʪʴ ʟʘ df ʜʦʣʶ ʯʘʩʪʠʮ 

ʨʘʜʠʫʩʦʤ ʦʪ r ʜʦ r+dr, ʪʦʛʜʘ ʩʯʝʪʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʤʦʞʥʦ ʚʳʨʘʟʠʪʴ ʩʣʝʜʫʶʱʠʤ 

ʦʙʨʘʟʦʤ: 

ὨὪ ὪὶὨὶ 

ʧʨʠ ʫʩʣʦʚʠʠ 

0

(r)dr 1f

¤

=ñ . 
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ɸʥʘʣʦʛʠʯʥʦ ʤʦʞʥʦ ʚʳʨʘʟʠʪʴ ʬʫʥʢʮʠʶ ʤʘʩʩʦʚʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ, ʦʙʦʟʥʘʯʠʚ ʟʘ 

dg ʤʘʩʩʦʚʫʶ ʜʦʣʶ ʯʘʩʪʠʮ, ʨʘʜʠʫʩʳ ʢʦʪʦʨʳʭ ʣʝʞʘʪ ʚ ʠʥʪʝʨʚʘʣʝ (r, r+dr):  

ὨὫ ὫὶὨὶ 

ʧʨʠ ʫʩʣʦʚʠʠ ʥʦʤʠʨʦʚʢʠ 

0

g(r)dr 1

¤

=ñ . 

ʌʫʥʢʮʠʠ g(r) ʠ f(r) ʩʚʷʟʘʥʳ ʩʦʦʪʥʦʰʝʥʠʝʤ: 

g(r) f(r)rm

m

å õ
=æ ö
ç ÷

, 

ʛʜʝ rm  - ʤʘʩʩʘ ʯʘʩʪʠʮʳ ʨʘʜʠʫʩʘ r, 
0

(r)drrm m f

¤

=ñ  - ʩʨʝʜʥʷʷ ʤʘʩʩʘ ʯʘʩʪʠʮ. 

 

ʈʠʩʫʥʦʢ 22. ʉʯʝʪʥʘʷ ʠ ʤʘʩʩʦʚʘʷ ʬʫʥʢʮʠʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʤʠʢʨʦʯʘʩʪʠʮ. 
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ɻʃɸɺɸ 3. ʀɿʄɽʈɽʅʀɽ ɿɸʈʗɼɸ ʀ ʄɸʉʉʓ ʏɸʉʊʀʎ. 

ʆʇʈɽɼɽʃɽʅʀɽ ʆɹʃɸʉʊʀ ʋɼɽʈɾɸʅʀʗ ʏɸʉʊʀʎ ɺ 

ʃʀʅɽʁʅʆʁ ʂɺɸɼʈʋʇʆʃʔʅʆʁ ʕʃɽʂʊʈʆɼʀʅɸʄʀʏɽʉʂʆʁ 

ʃʆɺʋʐʂɽ 

3.1 ʄʝʪʦʜʠʢʘ ʦʧʨʝʜʝʣʝʥʠʷ ʟʘʨʷʜʘ ʠ ʤʘʩʩʳ ʧʳʣʝʚʦʡ ʯʘʩʪʠʮʳ ʩ ʧʦʤʦʱʴʶ 

ʵʣʝʢʪʨʦʜʠʥʘʤʠʯʝʩʢʦʡ ʣʦʚʫʰʢʠ ʠ ʧʣʦʩʢʦʛʦ ʢʦʥʜʝʥʩʘʪʦʨʘ 

ʏʘʩʪʠʮʳ, ʟʘʨʷʜʠʚʰʠʝʩʷ ʚ ʢʦʨʦʥʥʦʤ ʨʘʟʨʷʜʝ, ʠʥʞʝʢʪʠʨʦʚʘʣʠʩʴ ʚ ʚʝʨʪʠʢʘʣʴʥʦ 

ʦʨʠʝʥʪʠʨʦʚʘʥʥʫʶ ʢʚʘʜʨʫʧʦʣʴʥʫʶ ʣʠʥʝʡʥʫʶ ʵʣʝʢʪʨʦʜʠʥʘʤʠʯʝʩʢʫʶ ʣʦʚʫʰʢʫ. 

ʅʘʧʨʷʞʝʥʠʝ, ʧʦʜʘʚʘʝʤʦʛʦ ʥʘ ʣʦʚʫʰʢʫ ʥʘʧʨʷʞʝʥʠʷ ʩʦʩʪʘʚʣʷʣʦ UA = 4,5 ʢɺ ʧʨʠ ʯʘʩʪʦʪʝ 

f = 50 ɻʮ. ɺʩʝ ʯʘʩʪʠʮʳ ʢʨʦʤʝ ʦʜʥʦʡ ʫʜʘʣʷʣʠʩʴ ʠʟ ʣʦʚʫʰʢʠ ʩ ʧʦʤʦʱʴʶ 

ʥʘʵʣʝʢʪʨʠʟʦʚʘʥʥʦʛʦ ʩʪʝʢʣʷʥʥʦʛʦ ʩʪʝʨʞʥʷ. 

ʄʘʩʩʘ ʯʘʩʪʠʮʳ ʦʧʨʝʜʝʣʷʣʘʩʴ ʠʩʭʦʜʷ ʠʟ ʩʢʦʨʦʩʪʠ ʝʝ ʩʚʦʙʦʜʥʦʛʦ ʧʘʜʝʥʠʷ ʚ 

ʚʦʟʜʫʭʝ. ʅʘ ʰʘʨʦʚʦʡ ʵʣʝʢʪʨʦʜ ʧʦʜʘʚʘʣʩʷ ʵʣʝʢʪʨʠʯʝʩʢʠʡ ʧʦʪʝʥʮʠʘʣ U = 3000 ɺ. ɿʘʪʝʤ 

ʰʘʨ ʟʘʟʝʤʣʷʣʩʷ ʠ ʯʘʩʪʠʮʘ ʥʘʯʠʥʘʣʘ ʧʘʜʘʪʴ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʩʠʣʳ ʪʷʞʝʩʪʠ. ʊʨʘʝʢʪʦʨʠʷ 

ʧʘʜʝʥʠʷ ʯʘʩʪʠʮʳ ʟʘʧʠʩʳʚʘʣʘʩʴ ʩ ʧʦʤʦʱʴʶ ʚʠʜʝʦ ʢʘʤʝʨʳ. ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʩʢʦʨʦʩʪʠ 

ʧʘʜʝʥʠʷ ʯʘʩʪʠʮʳ ʠʟʤʝʨʷʣʦʩʴ ʨʘʩʩʪʦʷʥʠʝ ʦʪ ʯʘʩʪʠʮʳ ʜʦ ʧʦʚʝʨʭʥʦʩʪʠ ʰʘʨʘ ʯʝʨʝʟ 

ʨʘʚʥʳʝ ʧʨʦʤʝʞʫʪʢʠ ʚʨʝʤʝʥʠ t = 15 ʤʩ. ʉʢʦʨʦʩʪʴ ʯʘʩʪʠʮʳ ʥʘ ʢʘʞʜʦʤ ʦʪʨʝʟʢʝ 

ʪʨʘʝʢʪʦʨʠʠ ʙʳʣʘ ʨʘʚʥʘ ὺ Ὑ Ὑ Ⱦὸ, ʛʜʝ Ὑ ï ʨʘʩʩʪʦʷʥʠʝ ʦʪ ʯʘʩʪʠʮʳ ʜʦ ʰʘʨʘ ʚ 

ʥʘʯʘʣʝ ʦʪʨʝʟʢʘ, Ὑ  ï ʨʘʩʩʪʦʷʥʠʝ ʦʪ ʯʘʩʪʠʮʳ ʜʦ ʰʘʨʘ ʚ ʢʦʥʮʝ ʦʪʨʝʟʢʘ. ɺ ʢʘʯʝʩʪʚʝ 

ʧʨʠʤʝʨʘ ʥʘ ʨʠʩʫʥʢʝ 23 ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʠʟʤʝʨʝʥʠʡ ʩʢʦʨʦʩʪʠ ʩʚʦʙʦʜʥʦʛʦ 

ʧʘʜʝʥʠʷ ʯʘʩʪʠʮʳ. 
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ʈʠʩʫʥʦʢ 23. ʈʝʟʫʣʴʪʘʪʳ ʠʟʤʝʨʝʥʠʡ ʩʢʦʨʦʩʪʠ ʩʚʦʙʦʜʥʦʛʦ ʧʘʜʝʥʠʷ ʯʘʩʪʠʮʳ. 

ʐʪʨʠʭʦʚʦʡ ʣʠʥʠʝʡ ʦʙʦʟʥʘʯʝʥ 95% ʜʦʚʝʨʠʪʝʣʴʥʳʡ ʠʥʪʝʨʚʘʣ. 

ɽʩʣʠ ʯʘʩʪʠʮʘ ʧʘʜʘʝʪ ʚ ʚʷʟʢʦʡ ʩʨʝʜʝ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʩʠʣʳ ʪʷʞʝʩʪʠ, 

ʫʩʪʘʥʦʚʠʚʰʘʷʩʷ ʩʢʦʨʦʩʪʴ ʜʦʩʪʠʛʘʝʪʩʷ, ʢʦʛʜʘ ʩʠʣʘ ʪʨʝʥʠʷ ʫʨʘʚʥʦʚʝʰʠʚʘʝʪ ʚʝʩ 

ʯʘʩʪʠʮʳ. ɺ ʜʦʧʫʱʝʥʠʠ, ʯʪʦ ʯʘʩʪʠʮʘ ʠʤʝʝʪ ʩʬʝʨʠʯʝʩʢʫʶ ʬʦʨʤʫ ʚʳʨʘʞʝʥʠʝ ʜʣʷ 

ʫʩʪʘʥʦʚʠʚʰʝʡʩʷ ʩʢʦʨʦʩʪʠ ʠʤʝʝʪ ʚʠʜ 

ὺ
ς

ω

ὶὫ”

–
ȟ 

ʛʜʝ ” ï ʧʣʦʪʥʦʩʪʴ ʯʘʩʪʠʮʳ, r ï ʨʘʜʠʫʩ ʯʘʩʪʠʮʳ, – ï ʜʠʥʘʤʠʯʝʩʢʘʷ ʚʷʟʢʦʩʪʴ ʚʦʟʜʫʭʘ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚʳʨʘʞʝʥʠʝ ʜʣʷ ʨʘʟʤʝʨʘ ʯʘʩʪʠʮʳ ʠʤʝʝʪ ʚʠʜ 

Ὠ ςὶ ς
ω

ς

–ὺ

Ὣ”
Ȣ 

ʅʫʞʥʦ ʟʘʤʝʪʠʪʴ, ʯʪʦ ʚ ʵʢʩʧʝʨʠʤʝʥʪʘʭ ʯʠʩʣʦ ʈʝʡʥʦʣʴʜʩʘ ὙὩ ρ, ʧʦʵʪʦʤʫ ʜʣʷ 

ʦʧʨʝʜʝʣʝʥʠʷ ʩʠʣʳ ʚʷʟʢʦʛʦ ʪʨʝʥʠʷ ʧʨʘʚʦʤʝʨʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʟʘʢʦʥ ʉʪʦʢʩʘ. 

ʇʨʠʥʷʚ ʟʘ ʫʩʪʘʥʦʚʠʚʰʫʶʩʷ ʩʢʦʨʦʩʪʴ ʧʘʜʝʥʠʷ ʩʨʝʜʥʶʶ ʩʢʦʨʦʩʪʴ ʯʘʩʪʠʮʳ ὺ

ρχȟψ ʩʤ/ʩ, ʧʦʣʫʯʠʤ ʜʠʘʤʝʪʨ ʯʘʩʪʠʮʳ Ὠ σψȟφ ʤʢʤ ʠ ʤʘʩʩʫ ʯʘʩʪʠʮʳ ά ρςȟρ ρπ 

ʛ. 

ɼʣʷ ʚʝʨʠʬʠʢʘʮʠʠ ʤʝʪʦʜʘ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʢʘʣʠʙʨʦʚʘʥʥʳʝ ʤʠʢʨʦʩʬʝʨʳ 

ʜʠʘʤʝʪʨʦʤ 10 ʤʢʤ. ʀʟʤʝʨʝʥʠʝ ʚʳʰʝʦʧʠʩʘʥʥʳʤ ʤʝʪʦʜʦʤ ʜʘʣʦ ʜʠʘʤʝʪʨ Ὠ ωȟψ πȟσ 

ʤʢʤ. 

ɿʘʨʷʜ ʯʘʩʪʠʮʳ ʦʧʨʝʜʝʣʷʣʩʷ ʠʩʭʦʜʷ ʠʟ ʝʝ ʧʦʣʦʞʝʥʠʷ ʨʘʚʥʦʚʝʩʠʷ ʚ ʥʝʦʜʥʦʨʦʜʥʦʤ 

ʵʣʝʢʪʨʠʯʝʩʢʦʤ ʧʦʣʝ. ɽʩʣʠ ʯʘʩʪʠʮʘ ʚʝʨʪʠʢʘʣʴʥʦ ʦʨʠʝʥʪʠʨʦʚʘʥʥʦʡ 



40 

 

ʵʣʝʢʪʨʦʜʠʥʘʤʠʯʝʩʢʦʡ ʣʦʚʫʰʢʝ ʣʝʚʠʪʠʨʫʝʪ ʥʘʜ ʟʘʨʷʞʝʥʥʳʤ ʰʘʨʦʤ, ʵʪʦ ʦʟʥʘʯʘʝʪ ʯʪʦ 

ʚʝʩ ʯʘʩʪʠʮʳ ʫʨʘʚʥʦʚʝʰʝʥ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʩʠʣʦʡ 

άὫ ήὉȟ 

ʛʜʝ g ï ʫʩʢʦʨʝʥʠʝ ʩʚʦʙʦʜʥʦʛʦ ʧʘʜʝʥʠʷ, q ï ʟʘʨʷʜ ʯʘʩʪʠʮʳ, E ï ʥʘʧʨʷʞʝʥʥʦʩʪʴ 

ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ. 

ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʟʘʨʷʜʘ ʢʘʞʜʦʡ ʯʘʩʪʠʮ ʧʨʦʚʦʜʠʣʘʩʴ ʩʝʨʠʷ ʠʟ ʜʚʝʥʘʜʮʘʪʠ 

ʵʢʩʧʝʨʠʤʝʥʪʦʚ, ʚ ʢʦʪʦʨʦʡ ʥʘ ʰʘʨ ʧʦʜʘʚʘʣʠʩʴ ʨʘʟʥʳʝ ʟʥʘʯʝʥʠʷ ʧʦʪʝʥʮʠʘʣʘ U ʠ 

ʬʠʢʩʠʨʦʚʘʣʦʩʴ ʨʘʩʩʪʦʷʥʠʝ ʯʘʩʪʠʮʳ ʦʪ ʮʝʥʪʨʘ ʰʘʨʘ. 

ʅʝʩʤʦʪʨʷ ʥʘ ʪʦ, ʯʪʦ ʵʣʝʢʪʨʠʯʝʩʢʦʝ ʧʦʣʝ, ʫʜʝʨʞʠʚʘʶʱʝʝ ʯʘʩʪʠʮʫ ʦʪ ʧʘʜʝʥʠʷ, 

ʩʦʟʜʘʝʪʩʷ ʟʘʨʷʞʝʥʥʳʤ ʰʘʨʦʤ, ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʥʘʧʨʷʞʝʥʥʦʩʪʠ ʧʦʣʷ ʚ ʪʦʯʢʝ 

ʥʘʭʦʞʜʝʥʠʷ ʯʘʩʪʠʮʳ ʥʝʦʙʭʦʜʠʤ ʯʠʩʣʝʥʥʳʡ ʨʘʩʯʝʪ. ʅʝʦʙʭʦʜʠʤʦʩʪʴ ʚ ʵʪʦʤ ʚʦʟʥʠʢʘʝʪ 

ʠʟ-ʟʘ ʟʥʘʯʠʪʝʣʴʥʦʛʦ ʚʣʠʷʥʠʷ ʟʘʨʷʜʘ, ʠʥʜʫʮʠʨʦʚʘʥʥʦʛʦ ʥʘ ʩʪʝʨʞʥʷʭ 

ʵʣʝʢʪʨʦʜʠʥʘʤʠʯʝʩʢʦʡ ʣʦʚʫʰʢʠ. ʈʘʩʯʝʪ ʥʘʧʨʷʞʝʥʥʦʩʪʠ ʧʦ ʠʟʚʝʩʪʥʦʡ ʬʦʨʤʫʣʝ ʜʣʷ 

ʟʘʨʷʞʝʥʥʦʛʦ ʰʘʨʘ ʧʨʠʚʦʜʠʪ ʢ ʙʦʣʴʰʦʡ ʧʦʛʨʝʰʥʦʩʪʠ. ɺ ʢʘʯʝʩʪʚʝ ʧʨʠʤʝʨʘ ʥʘ ʨʠʩʫʥʢʝ 

24 ʧʨʠʚʝʜʝʥʳ ʠʟʤʝʨʝʥʠʷ ʟʘʨʷʜʘ ʯʘʩʪʠʮʳ ʩ ʫʯʝʪʦʤ ʧʣʘʚʘʶʱʝʛʦ ʧʦʪʝʥʮʠʘʣʘ ʠ ʙʝʟ. 
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ʈʠʩʫʥʦʢ 24. ʀʟʤʝʨʝʥʠʝ ʟʘʨʷʜʘ ʯʘʩʪʠʮʳ ʩ ʫʯʝʪʦʤ ʧʣʘʚʘʶʱʝʛʦ ʧʦʪʝʥʮʠʘʣʘ 

(ʢʨʫʞʢʠ) ʠ ʙʝʟ (ʢʚʘʜʨʘʪʠʢʠ). 

ʅʘ ʨʠʩʫʥʢʝ 25 ʧʨʝʜʩʪʘʚʣʝʥʦ ʯʠʩʣʝʥʥʦ ʨʘʩʩʯʠʪʘʥʥʦʝ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʝ 

ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʪʝʥʮʠʘʣʘ ʚ ʣʦʚʫʰʢʝ ʚ ʩʣʫʯʘʝ ʧʦʜʘʯʠ ʥʘ ʰʘʨ 

ʧʦʪʝʥʮʠʘʣʘ U = 1000 ɺ. 
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ʈʠʩʫʥʦʢ 25. ʇʨʦʩʪʨʘʥʩʪʚʝʥʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʪʝʥʮʠʘʣʘ ʚ 

ʵʣʝʢʪʨʦʜʠʥʘʤʠʯʝʩʢʦʡ ʣʦʚʫʰʢʝ. ɺʠʜ ʩʙʦʢʫ. 

ʅʘ ʨʠʩʫʥʢʝ 26 ʧʨʝʜʩʪʘʚʣʝʥʳ ʠʟʤʝʨʝʥʥʳʝ ʟʥʘʯʝʥʠʷ ʟʘʨʷʜʘ ʯʘʩʪʠʮʳ. ʉʨʝʜʥʝʝ 

ʟʥʘʯʝʥʠʝ ʟʘʨʷʜʘ ή ρςȟτ ρπ e. 

 

ʈʠʩʫʥʦʢ 26. ʈʝʟʫʣʴʪʘʪʳ ʠʟʤʝʨʝʥʠʷ ʟʘʨʷʜʘ ʯʘʩʪʠʮʳ. ʐʪʨʠʭʦʚʦʡ ʣʠʥʠʝʡ 

ʦʙʦʟʥʘʯʝʥ 95% ʜʦʚʝʨʠʪʝʣʴʥʳʡ ʠʥʪʝʨʚʘʣ. 

мллл ± 

  

флл 
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нлл 
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л 
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ʏʪʦ ʙʳ ʫʙʝʜʠʪʴʩʷ ʚ ʪʦʤ, ʯʪʦ ʟʘʨʷʜ ʯʘʩʪʠʮʳ ʥʝ ʠʟʤʝʥʷʣʩʷ ʚ ʪʝʯʝʥʠʠ 

ʵʢʩʧʝʨʠʤʝʥʪʘ, ʦʜʠʥʦʯʥʘʷ ʯʘʩʪʠʮʘ ʫʜʝʨʞʠʚʘʣʘʩʴ ʚ ʣʦʚʫʰʢʝ ʥʘ ʧʨʦʪʷʞʝʥʠʠ ʪʨʝʭ ʯʘʩʦʚ. 

ɺ ʪʝʯʝʥʠʠ ʵʪʦʛʦ ʚʨʝʤʝʥʠ ʨʘʩʩʪʦʷʥʠʝ l ʤʝʞʜʫ ʯʘʩʪʠʮʝʡ ʠ ʰʘʨʦʤ ʠʟʤʝʨʷʣʦʩʴ ʢʘʞʜʳʝ 

30 ʤʠʥʫʪ. ʈʝʟʫʣʴʪʘʪ ʠʟʤʝʨʝʥʠʡ ʧʨʝʜʩʪʘʚʣʝʥ ʥʘ ʨʠʩʫʥʢʝ 27. ʇʦʪʝʥʮʠʘʣ ʰʘʨʘ ʙʳʣ 

ʨʘʚʝʥ 3 ʢɺ. 

 

ʈʠʩʫʥʦʢ 27. ʈʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʯʘʩʪʠʮʝʡ ʠ ʰʘʨʦʤ. 

ɸʥʘʣʠʟʘ ʨʠʩʫʥʢʘ 27 ʛʦʚʦʨʠʪ ʦ ʪʦʤ, ʯʪʦ ʩ ʪʝʯʝʥʠʝʤ ʚʨʝʤʝʥʠ ʟʘʨʷʜ ʯʘʩʪʠʮʳ ʥʝ 

ʤʝʥʷʝʪʩʷ ʚ ʧʨʝʜʝʣʘʭ ʧʦʛʨʝʰʥʦʩʪʠ ʠʟʤʝʨʝʥʠʡ. 

ɼʣʷ ʚʝʨʠʬʠʢʘʮʠʠ ʧʨʝʜʣʦʞʝʥʥʦʛʦ ʤʝʪʦʜʘ ʠʟʤʝʨʝʥʠʷ ʟʘʨʷʜʘ ʚ ʜʘʥʥʦʡ ʨʘʙʦʪʝ 

ʙʳʣʦ ʚʳʧʦʣʥʝʥʦ ʠʟʤʝʨʝʥʠʝ ʟʘʨʷʜʘ ʯʘʩʪʠʮ ʩ ʧʦʤʦʱʴʶ ʧʣʦʩʢʦʛʦ ʢʦʥʜʝʥʩʘʪʦʨʘ ʧʦ 

ʩʭʝʤʝ, ʧʨʦʠʣʣʶʩʪʨʠʨʦʚʘʥʥʦʡ ʨʠʩʫʥʢʦʤ 28. ɺ ʩʝʢʮʠʠ ʚʦʟʜʫʰʥʦʛʦ ʪʨʘʢʪʘ ʥʘ ʚʝʨʭʥʝʡ 

ʠ ʥʠʞʥʝʡ ʩʪʝʥʢʝ ʥʘʭʦʜʠʣʠʩʴ ʤʝʪʘʣʣʠʯʝʩʢʠʝ ʧʣʘʩʪʠʥʳ ʪʦʣʱʠʥʦʡ æl å 0,75 ʤʤ ʠ 

ʜʣʠʥʦʡ ï 10 ʩʤ, ʢʦʪʦʨʳʝ ʷʚʣʷʣʠʩʴ ʦʙʢʣʘʜʢʘʤʠ ʢʦʥʜʝʥʩʘʪʦʨʘ. ʈʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ 

ʧʣʘʩʪʠʥʘʤʠ ʩʦʩʪʘʚʣʷʣʦ lcond = 6 ʩʤ. ʅʘ ʚʝʨʭʥʶʶ ʦʙʢʣʘʜʢʫ ʧʦʜʘʚʘʣʩʷ ʵʣʝʢʪʨʠʯʝʩʢʠʡ 

ʧʦʪʝʥʮʠʘʣ, ʩʦʚʧʘʜʘʶʱʠʡ ʧʦ ʟʥʘʢʫ ʩ ʟʘʨʷʜʦʤ ʧʳʣʝʚʳʭ ʯʘʩʪʠʮ Ucond = 10 ʢɺ. ʅʠʞʥʷʷ 

ʦʙʢʣʘʜʢʘ ʙʳʣʘ ʟʘʟʝʤʣʝʥʘ. 
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ʈʠʩʫʥʦʢ 28. ʉʭʝʤʘ ʵʢʩʧʝʨʠʤʝʥʪʘ ʜʣʷ ʠʟʤʝʨʝʥʠʷ ʟʘʨʷʜʘ ʧʳʣʝʚʳʭ ʤʠʢʨʦʯʘʩʪʠʮ ʚ 

ʵʣʝʢʪʨʠʯʝʩʢʦʤ ʧʦʣʝ ʧʣʦʩʢʦʛʦ ʢʦʥʜʝʥʩʘʪʦʨʘ. 1 ï ʟʘʨʷʞʝʥʥʳʝ ʚ ʢʦʨʦʥʥʦʤ ʨʘʟʨʷʜʝ 

ʤʠʢʨʦʯʘʩʪʠʮʳ, 2 ï ʣʘʟʝʨʥʳʡ ʥʦʞ, 3 ï ʧʣʘʩʪʠʥʳ ʢʦʥʜʝʥʩʘʪʦʨʘ, 4 ï ʧʨʝʜʤʝʪʥʦʝ 

ʩʪʝʢʣʳʰʢʦ. 

ɺ ʵʢʩʧʝʨʠʤʝʥʪʝ ʤʠʢʨʦʯʘʩʪʠʮʳ ʧʨʦʣʝʪʘʣʠ ʤʝʞʜʫ ʧʣʘʩʪʠʥʘʤʠ ʧʣʦʩʢʦʛʦ 

ʢʦʥʜʝʥʩʘʪʦʨʘ. ʇʦʜ ʜʝʡʩʪʚʠʝʤ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ ʠʭ ʪʨʘʝʢʪʦʨʠʠ ʦʪʢʣʦʥʷʣʠʩʴ ʚʚʝʨʭ. 

ɺ ʥʘʰʝʤ ʩʣʫʯʘʝ ʥʘ ʨʘʩʩʪʦʷʥʠʷʭ ʙʦʣʴʰʝ 5 ʤʤ ʦʪ ʢʨʦʤʦʢ ʧʣʘʩʪʠʥ ʢʦʥʜʝʥʩʘʪʦʨʘ ʧʦʣʝ 

ʤʦʞʥʦ ʩʯʠʪʘʪʴ ʦʜʥʦʨʦʜʥʳʤ, ʯʪʦ ʩʣʝʜʫʝʪ ʠʟ ʦʮʝʥʢʠ ʥʝʦʜʥʦʨʦʜʥʦʩʪʠ ʧʦʣʷ ʚʙʣʠʟʠ 

ʢʨʦʤʦʢ ʧʣʘʩʪʠʥ ʢʦʥʜʝʥʩʘʪʦʨʘ [102]. ʊʨʝʢʠ ʯʘʩʪʠʮ, ʧʨʦʣʝʪʘʚʰʠʭ ʤʝʞʜʫ ʧʣʘʩʪʠʥʘʤʠ 

ʢʦʥʜʝʥʩʘʪʦʨʘ, ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʨʠʩʫʥʢʝ 29. 

Ucond 
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ʈʠʩʫʥʦʢ 29. ʊʨʝʢʠ ʟʘʨʷʞʝʥʥʳʭ ʤʠʢʨʦʯʘʩʪʠʮ ʚ ʧʦʣʝ ʢʦʥʜʝʥʩʘʪʦʨʘ. ʆʪʤʝʪʢʘʤʠ 

vstart ʠ vend ʦʪʤʝʯʝʥʳ ʟʦʥʳ ʜʣʷ ʦʮʝʥʢʠ ʚʝʨʪʠʢʘʣʴʥʳʭ ʩʦʩʪʘʚʣʷʶʱʠʭ ʩʢʦʨʦʩʪʝʡ ʯʘʩʪʠʮ 

ʚ ʥʘʯʘʣʴʥʳʡ ʠ ʢʦʥʝʯʥʳʡ ʤʦʤʝʥʪʳ ʚʨʝʤʝʥʠ. ʅʘʧʨʷʞʝʥʠʝ ʥʘ ʧʣʘʩʪʠʥʘʭ ʢʦʥʜʝʥʩʘʪʦʨʘ 

Ucond = 10 ʢɺ (ʥʘʧʨʷʞʝʥʥʦʩʪʴ ʧʦʣʷ Econd = 1.57 ʢɺ/ʩʤ). 

ʊʨʘʝʢʪʦʨʠʷ ʤʠʢʨʦʯʘʩʪʠʮʳ ʩʦʩʪʦʠʪ ʠʟ ʪʨʝʢʦʚ ʚ ʚʠʜʝ ʠʩʢʨʠʚʣʝʥʥʳʭ ʩʝʛʤʝʥʪʦʚ, 

ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʥʘ ʨʠʩʫʥʢʝ 29. ʂʘʞʜʳʡ ʪʨʝʢ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʚʨʝʤʝʥʠ ʚʳʜʝʨʞʢʠ 

ʦʜʥʦʛʦ ʢʘʜʨʘ ʚʠʜʝʦʢʘʤʝʨʳ. ɼʣʠʥʘ ʪʨʝʢʘ ʧʦʟʚʦʣʷʝʪ ʦʮʝʥʠʪʴ ʚʝʨʪʠʢʘʣʴʥʫʶ ʠ 

ʛʦʨʠʟʦʥʪʘʣʴʥʫʶ ʩʢʦʨʦʩʪʴ ʤʠʢʨʦʯʘʩʪʠʮʳ. ʋʩʢʦʨʝʥʠʝ ʯʘʩʪʠʮʳ a ʦʮʝʥʠʚʘʣʦʩʴ ʯʝʨʝʟ 

ʨʘʟʥʦʩʪʴ ʢʦʥʝʯʥʦʡ ʩʢʦʨʦʩʪʠ vend ʠ ʥʘʯʘʣʴʥʦʡ ʩʢʦʨʦʩʪʠ ʯʘʩʪʠʮʳ vstart. ʉʢʦʨʦʩʪʴ vstart 

ʦʧʨʝʜʝʣʷʣʘʩʴ ʧʝʨʚʳʤ ʪʨʝʢʦʤ ʯʘʩʪʠʮʳ ʧʨʠ ʧʦʧʘʜʘʥʠʠ ʤʠʢʨʦʯʘʩʪʠʮʳ ʚ ʦʙʣʘʩʪʴ 

ʨʝʛʠʩʪʨʘʮʠʠ. ʂʦʥʝʯʥʘʷ ʩʢʦʨʦʩʪʴ ʯʘʩʪʠʮʳ vend ʦʧʨʝʜʝʣʷʣʘʩʴ ʧʨʝʜʧʦʩʣʝʜʥʠʤ ʪʨʝʢʦʤ 

ʵʪʦʡ ʞʝ ʤʠʢʨʦʯʘʩʪʠʮʳ ʧʝʨʝʜ ʝʝ ʧʦʧʘʜʘʥʠʝʤ ʥʘ ʚʝʨʭʥʶʶ ʧʣʘʩʪʠʥʫ ʢʦʥʜʝʥʩʘʪʦʨʘ. ʇʦ 
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ʯʘʩʪʦʪʝ ʩʲʝʤʢʠ f ʠ ʢʦʣʠʯʝʩʪʚʫ ʢʘʜʨʦʚ Nt ʤʝʞʜʫ ʪʨʝʢʘʤʠ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤʠ vstart ʠ 

vend, ʦʮʝʥʠʚʘʣʦʩʴ ʫʩʢʦʨʝʥʠʝ ʯʘʩʪʠʮʳ ʢʘʢ ὥ ὪÁ
Ȥ

Ў
. 

ʇʦʣʫʯʝʥʥʳʝ ʜʘʥʥʳʝ ʧʦ ʩʢʦʨʦʩʪʷʤ ʠ ʫʩʢʦʨʝʥʠʷʤ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʜʣʷ ʨʘʩʯʝʪʘ 

ʟʘʨʷʜʦʚ ʧʳʣʝʚʳʭ ʯʘʩʪʠʮ. ʈʘʩʩʤʦʪʨʠʤ ʩʠʣʳ, ʜʝʡʩʪʚʫʶʱʠʝ ʥʘ ʯʘʩʪʠʮʳ: ʩʠʣʘ ʪʷʞʝʩʪʠ 

Ὂ άὫ; ʩʠʣʘ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩ ʧʦʣʝʤ ʢʦʥʜʝʥʩʘʪʦʨʘ Ὂ  ʠ ʩʠʣʘ ʚʷʟʢʦʛʦ 

ʪʨʝʥʠʷ Ὂ φ“‘ὶὺ, ʛʜʝ ‘ ï ʜʠʥʘʤʠʯʝʩʢʘʷ ʚʷʟʢʦʩʪʴ ʩʨʝʜʳ, ὶ ï ʨʘʜʠʫʩ ʯʘʩʪʠʮʳ. 

ʀʟ ʟʘʢʦʥʘ ʅʴʶʪʦʥʘ άὥᴆ Ὂᴆ Ὂᴆ Ὂᴆ ʤʦʞʥʦ ʧʦʣʫʯʠʪʴ ʚʳʨʘʞʝʥʠʝ ʜʣʷ 

ʟʘʨʷʜʘ ʯʘʩʪʠʮʳ. ʅʘʩ ʠʥʪʝʨʝʩʦʚʘʣʘ ʪʦʣʴʢʦ ʚʝʨʪʠʢʘʣʴʥʘʷ ʧʨʦʝʢʮʠʷ ʵʪʦʛʦ ʫʨʘʚʥʝʥʠʷ, 

ʪʘʢ ʢʘʢ ʵʣʝʢʪʨʠʯʝʩʢʦʝ ʧʦʣʝ ʚʣʠʷʝʪ ʪʦʣʴʢʦ ʥʘ ʠʟʤʝʥʝʥʠʝ ʜʚʠʞʝʥʠʷ ʤʠʢʨʦʯʘʩʪʠʮ ʚ 

ʚʝʨʪʠʢʘʣʴʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ: 

ή
άὥ άὫ φ“‘ὶὺ

Ὗ
ὰ Ȣ 

ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʟʘʨʷʜʘ ʯʘʩʪʠʮ ʥʝʦʙʭʦʜʠʤʦ ʟʥʘʪʴ ʠʭ ʨʘʟʤʝʨ. ɼʣʷ ʵʪʦʛʦ ʩʨʘʟʫ ʟʘ 

ʢʦʥʜʝʥʩʘʪʦʨʦʤ ʫ ʚʝʨʭʥʝʡ ʝʛʦ ʧʣʘʩʪʠʥʳ ʚ ʦʙʣʘʩʪʠ ʩʘʤʦʡ ʥʠʟʢʦʡ ʩʢʦʨʦʩʪʠ ʛʘʟʦʚʦʛʦ 

ʧʦʪʦʢʘ vflow = 0,25-1,5 ʤ/ʩ ʙʳʣʦ ʨʘʟʤʝʱʝʥʦ ʧʦʧʝʨʝʢ ʧʦʪʦʢʘ ʧʨʝʜʤʝʪʥʦʝ ʩʪʝʢʣʦ 4 

(ʨʠʩʫʥʦʢ 28) ʰʠʨʠʥʦʡ 3.5 ʩʤ, ʥʘ ʢʦʪʦʨʦʝ ʧʦʧʘʜʘʣʠ ʠʩʩʣʝʜʫʝʤʳʝ ʯʘʩʪʠʮʳ. ʀʟʫʯʘʣʠʩʴ 

ʣʠʰʴ ʯʘʩʪʠʮʳ, ʧʦʧʘʚʰʠʝ ʚ ʮʝʥʪʨʘʣʴʥʫʶ ʦʙʣʘʩʪʴ ʩʪʝʢʣʘ, ʪ.ʝ. ʥʘ ʨʘʩʩʪʦʷʥʠʠ 17 ʤʤ ʦʪ 

ʚʝʨʭʥʝʡ ʧʣʘʩʪʠʥʳ ʢʦʥʜʝʥʩʘʪʦʨʘ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʥʘ ʵʪʦ ʩʪʝʢʣʦ ʧʦʧʘʜʘʣʠ ʣʠʰʴ 

ʯʘʩʪʠʮʳ, ʫʚʣʝʯʝʥʥʳʝ ʥʘ ʚʝʨʭʥʶʶ ʧʣʘʩʪʠʥʫ ʢʦʥʜʝʥʩʘʪʦʨʘ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʪʨʘʝʢʪʦʨʠʠ 

ʥʝʡʪʨʘʣʴʥʳʭ ʯʘʩʪʠʮ ʦʢʘʟʳʚʘʣʘʩʴ ʥʠʞʝ ʵʪʦʛʦ ʩʪʝʢʣʘ. ʈʘʟʤʝʨʳ ʯʘʩʪʠʮ ʦʧʨʝʜʝʣʷʣʠʩʴ ʩ 

ʧʦʤʦʱʴʶ ʤʠʢʨʦʩʢʦʧʘ. ɼʣʷ ʦʮʝʥʢʠ ʨʘʟʤʝʨʘ ʤʠʢʨʦʯʘʩʪʠʮ ʩʥʠʤʘʣʠʩʴ ʥʘʠʤʝʥʴʰʠʝ - rmin 

ʠ ʥʘʠʙʦʣʴʰʠʝ - rmax ʨʘʟʤʝʨʳ ʧʳʣʝʚʳʭ ʯʘʩʪʠʮ. ʕʬʬʝʢʪʠʚʥʳʡ ʨʘʜʠʫʩ ʯʘʩʪʠʮʳ 

ʨʘʩʩʯʠʪʳʚʘʣʩʷ ʧʦ ʬʦʨʤʫʣʝ: r = (rmax+ rmin)/2 ɺʤʝʩʪʝ ʩ ʵʪʠʤ ʙʳʣ ʠʟʫʯʝʥ ʠʩʭʦʜʥʳʡ 

ʩʦʩʪʘʚ ʧʦʨʦʰʢʘ. ʈʘʩʧʨʝʜʝʣʝʥʠʷ ʯʘʩʪʠʮ ʧʦ ʨʘʟʤʝʨʘʤ ʧʨʝʜʩʪʘʚʣʝʥʦ ʥʘ ʨʠʩʫʥʢʝ 30. 
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ʈʠʩʫʥʦʢ 30. ʈʘʩʧʨʝʜʝʣʝʥʠʷ ʯʘʩʪʠʮ ʧʦ ʨʘʟʤʝʨʘʤ. ʇʫʥʢʪʠʨʥʦʡ ʣʠʥʠʝʡ 

ʧʨʝʜʩʪʘʚʣʝʥʦ ʠʩʭʦʜʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʧʦ ʨʘʟʤʝʨʘʤ ʤʠʢʨʦʯʘʩʪʠʮ, ʠʥʞʝʢʪʠʨʫʝʤʳʭ ʚ 

ʚʦʟʜʫʰʥʳʡ ʪʨʘʢʪ. ʉʧʣʦʰʥʦʡ ʣʠʥʠʝʡ ï ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʯʘʩʪʠʮ ʧʦʩʣʝ ʟʘʨʷʜʢʠ ʚ 

ʢʦʨʦʥʥʦʤ ʨʘʟʨʷʜʝ. 

ʅʘ ʨʠʩʫʥʢʝ 30 ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʥʦ, ʯʪʦ ʚ ʢʦʨʦʥʥʦʤ ʨʘʟʨʷʜʝ ʦʩʘʞʜʘʣʠʩʴ ʚ 

ʦʩʥʦʚʥʦʤ ʤʝʣʢʠʝ ʠ ʢʨʫʧʥʳʝ ʯʘʩʪʠʮʳ. ʉʨʝʜʥʠʡ ʨʘʟʤʝʨ ʯʘʩʪʠʮ, ʧʨʦʰʝʜʰʠʭ ʯʝʨʝʟ 

ʢʦʨʦʥʥʳʡ ʨʘʟʨʷʜ ʠ ʫʚʣʝʢʘʝʤʳʭ ʥʘ ʚʝʨʭʥʶʶ ʧʣʘʩʪʠʥʫ ʢʦʥʜʝʥʩʘʪʦʨʘ, ʩʦʩʪʘʚʣʷʣ r = 

17,6 ʤʢʤ ʩʦ ʩʨʝʜʥʝʢʚʘʜʨʘʪʠʯʥʳʤ ʦʪʢʣʦʥʝʥʠʝʤ ů = 0,026. ʉʨʝʜʥʠʡ ʬʦʨʤ-ʬʘʢʪʦʨ 

ʧʳʣʝʚʳʭ ʯʘʩʪʠʮ (ʦʪʥʦʰʝʥʠʝ rmax/rmin) ʩʦʩʪʘʚʣʷʣ 1,26. 

ʏʘʩʪʴ ʯʘʩʪʠʮ ʧʦʩʣʝ ʧʨʦʭʦʞʜʝʥʠʷ ʢʦʨʦʥʥʦʛʦ ʨʘʟʨʷʜʘ ʦʢʘʟʳʚʘʣʘʩʴ ʥʝʡʪʨʘʣʴʥʦʡ. 

ɼʣʷ ʧʨʦʚʝʨʢʠ ʪʦʛʦ, ʯʪʦ ʥʘ ʧʨʝʜʤʝʪʥʦʝ ʩʪʝʢʣʦ 4 ʥʝ ʫʚʣʝʢʘʣʠʩʴ ʥʝʡʪʨʘʣʴʥʳʝ ʯʘʩʪʠʮʳ, 

ʨʘʩʩʤʦʪʨʠʤ ʧʘʜʝʥʠʝ ʦʜʠʥʦʯʥʦʡ ʯʘʩʪʠʮʳ ʧʦʜ ʜʝʡʩʪʚʠʷʤʠ ʩʠʣ ʪʷʞʝʩʪʠ ʠ ʩʠʣʳ ʚʷʟʢʦʛʦ 

ʪʨʝʥʠʷ. ʋʩʪʘʥʦʚʠʚʰʘʷʩʷ ʩʢʦʨʦʩʪʴ ʧʘʜʝʥʠʷ ʧʳʣʝʚʦʡ ʯʘʩʪʠʮʳ ʨʘʜʠʫʩʦʤ 17,6 ʤʢʤ 

ʩʦʩʪʘʚʣʷʝʪ 15 ʩʤ/c. ʉʨʝʜʥʝʝ ʚʨʝʤʷ ʧʨʦʣʝʪʘ ʯʘʩʪʠʮ ʚʜʦʣʴ ʢʦʥʜʝʥʩʘʪʦʨʘ ʩʦʩʪʘʚʣʷʣʦ 

0,06 ï0,4 ʩ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʨʘʩʩʪʦʷʥʠʷ ʜʦ ʮʝʥʪʨʘʣʴʥʦʡ ʦʩʠ ʪʨʘʢʪʘ, ʯʪʦ 

ʩʦʦʪʚʝʪʩʪʚʦʚʘʣʦ ʠʭ ʩʤʝʱʝʥʠʶ ʚʥʠʟ ʥʘ 1 ï 6 ʩʤ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʥʝʡʪʨʘʣʴʥʳʝ ʯʘʩʪʠʮʳ, 

ʚʣʝʪʘʶʱʠʝ ʚ ʦʙʣʘʩʪʴ ʢʦʥʜʝʥʩʘʪʦʨʘ ʚʳʰʝ ʦʩʠ ʪʨʘʢʪʘ, ʫʩʧʝʚʘʣʠ ʦʧʫʩʪʠʪʴʩʷ ʥʠʞʝ 

ʧʨʝʜʤʝʪʥʦʛʦ ʩʪʝʢʣʘ.  
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ʀʟ ʧʦʣʫʯʝʥʥʳʭ ʨʘʩʧʨʝʜʝʣʝʥʠʡ ʥʘ ʨʠʩʫʥʢʝ 30 ʜʣʷ ʨʘʩʯʝʪʘ ʟʘʨʷʜʘ ʯʘʩʪʠʮ ʧʦ 

ʬʦʨʤʫʣʝ ʧʨʠʥʷʪ ʨʘʜʠʫʩ ʯʘʩʪʠʮ r = 17,6 ʤʢʤ.  

 

3.2 ʈʝʟʫʣʴʪʘʪʳ ʠʟʤʝʨʝʥʠʡ ʟʘʨʷʜʘ ʠ ʤʘʩʩʳ ʯʘʩʪʠʮʳ 

ʀʟʤʝʨʝʥʠʷ ʟʘʨʷʜʘ ʧʨʦʠʟʚʦʜʠʣʠʩʴ ʚ ʩʣʫʯʘʝ ʟʘʨʷʜʢʠ ʯʘʩʪʠʮ ʚ ʦʪʨʠʮʘʪʝʣʴʥʦʤ ʠ 

ʧʦʣʦʞʠʪʝʣʴʥʦʤ ʢʦʨʦʥʥʦʤ ʨʘʟʨʷʜʝ. ɺ ʦʙʦʠʭ ʩʣʫʯʘʷʭ ʥʘʧʨʷʞʝʥʠʝ ʢʦʨʦʥʥʦʛʦ ʨʘʟʨʷʜʘ 

ʙʳʣʦ ʨʘʚʥʳʤ 18,5 ʢɺ. ʊʦʢ ʨʘʟʨʷʜʘ ʙʳʣ ʨʘʟʣʠʯʥʳʤ ʠ ʩʦʩʪʘʚʣʷʣ 380 ʤʢɸ ʜʣʷ 

ʧʦʣʦʞʠʪʝʣʴʥʦʛʦ ʢʦʨʦʥʥʦʛʦ ʨʘʟʨʷʜʘ ʠ 705 ʤʢɸ ʜʣʷ ʦʪʨʠʮʘʪʝʣʴʥʦʛʦ ʢʦʨʦʥʥʦʛʦ 

ʨʘʟʨʷʜʘ. ʈʝʟʫʣʴʪʘʪʳ ʠʟʤʝʨʝʥʠʡ ʟʘʨʷʜʘ ʠ ʤʘʩʩʳ ʯʘʩʪʠʮ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣʠʮʘʭ 1 ʠ 

2, ʛʜʝ ŭm ï ʦʪʥʦʩʠʪʝʣʴʥʘʷ ʧʦʛʨʝʰʥʦʩʪʴ ʠʟʤʝʨʝʥʠʷ ʤʘʩʩʳ, ŭq ï ʦʪʥʦʩʠʪʝʣʴʥʘʷ 

ʧʦʛʨʝʰʥʦʩʪʴ ʠʟʤʝʨʝʥʠʷ ʟʘʨʷʜʘ. ʈʠʩʫʥʦʢ 31 ʠʣʣʶʩʪʨʠʨʫʝʪ ʧʨʝʜʩʪʘʚʣʝʥʥʳʝ ʚ ʪʘʙʣʠʮʘʭ 

ʜʘʥʥʳʝ. 

ʊʘʙʣʠʮʘ 1. ʈʝʟʫʣʴʪʘʪʳ ʠʟʤʝʨʝʥʠʡ ʟʘʨʷʜʘ ʠ ʤʘʩʩʳ ʯʘʩʪʠʮ ʚ ʩʣʫʯʘʝ ʟʘʨʷʜʢʠ ʚ 

ʧʦʣʦʞʠʪʝʣʴʥʦʤ ʢʦʨʦʥʥʦʤ ʨʘʟʨʷʜʝ. 

d, ʤʢʤ m, 10-8 ʛ ŭm, % q, 105 e ŭq, % q/m, 1013 e/ʛ 

19,3 1,50 4,2 3,53 16 2,35 

21,4 2,05 4,2 3,76 14 1,83 

23,4 2,68 8,0 5,30 16 1,98 

28,6 4,93 4,7 6,28 12 1,27 

38,6 12,1 5,5 12,4 10 1,02 

 1,69 

 

ʊʘʙʣʠʮʘ 2. ʈʝʟʫʣʴʪʘʪʳ ʠʟʤʝʨʝʥʠʡ ʟʘʨʷʜʘ ʠ ʤʘʩʩʳ ʯʘʩʪʠʮ ʚ ʩʣʫʯʘʝ ʟʘʨʷʜʢʠ ʚ 

ʦʪʨʠʮʘʪʝʣʴʥʦʤ ʢʦʨʦʥʥʦʤ ʨʘʟʨʷʜʝ. 

d, ʤʢʤ m, 10-8 ʛ ŭm, % q, 105 e ŭq, % q/m, 1013 e/ʛ 

22,6 2,41 6,2 4,29 13 1,78 

24,2 2,93 4,1 6,61 15 2,26 

29,2 5,15 6,7 4,80 9,5 0,93 
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29,8 5,50 3,6 5,21 7,9 0,95 

35,4 9,19 5,2 7,83 11 0,85 

 1,35 

ʕʬʬʝʢʪʠʚʥʦʩʪʴ ʟʘʨʷʜʢʠ ʚ ʧʦʣʦʞʠʪʝʣʴʥʦʤ ʠ ʦʪʨʠʮʘʪʝʣʴʥʦʤ ʢʦʨʦʥʥʦʤ ʨʘʟʨʷʜʝ 

ʤʦʞʥʦ ʩʨʘʚʥʠʪʴ ʧʦ ʩʨʝʜʥʝʤʫ ʦʪʥʦʰʝʥʠʶ ʟʘʨʷʜʘ ʢ ʤʘʩʩʝ ʯʘʩʪʠʮ, ʢʦʪʦʨʳʝ ʨʘʚʥʳ 

ρȟφωρπ  e/ʛ ʜʣʷ ʧʦʣʦʞʠʪʝʣʴʥʦʡ ʠ ρȟσυρπ  e/ʛ ʜʣʷ ʦʪʨʠʮʘʪʝʣʴʥʦʡ ʢʦʨʦʥʳ. 

ʄʦʞʥʦ ʚʠʜʝʪʴ, ʯʪʦ ʚ ʧʦʣʦʞʠʪʝʣʴʥʦʤ ʢʦʨʦʥʥʦʤ ʨʘʟʨʷʜʝ ʯʘʩʪʠʮʳ ʧʨʝʦʙʨʝʪʘʶʪ 

ʙʦʣʴʰʠʡ ʟʘʨʷʜ. 

ɽʩʣʠ ʯʘʩʪʠʮʘ ʟʘʨʷʞʘʝʪʩʷ ʚ ʫʥʠʧʦʣʷʨʥʦʡ ʩʨʝʜʝ ʢʦʨʦʥʥʦʛʦ ʨʘʟʨʷʜʘ, 

ʤʘʢʩʠʤʘʣʴʥʳʡ ʟʘʨʷʜ, ʢʦʪʦʨʳʡ ʦʥʘ ʤʦʞʝʪ ʧʨʠʦʙʨʝʩʪʠ ʤʦʞʥʦ ʦʮʝʥʠʪʴ ʧʦ ʬʦʨʤʫʣʝ 

(2.1). ʀʟ ʨʠʩʫʥʢʘ 31 ʤʦʞʥʦ ʚʠʜʝʪʴ, ʯʪʦ ʯʘʩʪʠʮʳ ʟʘʨʷʞʘʣʠʩʴ ʚ ʦʙʣʘʩʪʠ ʢʦʨʦʥʥʦʛʦ 

ʨʘʟʨʷʜʘ ʩ ʥʘʧʨʷʞʝʥʥʦʩʪʴʶ ʧʦʣʷ ʦʪ 10 ʜʦ 20 ʢɺ/ʩʤ. ʉʣʝʜʫʝʪ ʟʘʤʝʪʠʪʴ, ʯʪʦ ʩʫʱʝʩʪʚʫʝʪ 

ʤʝʭʘʥʠʟʤ ʟʘʨʷʜʢʠ, ʦʙʫʩʣʦʚʣʝʥʥʳʡ ʜʠʬʬʫʟʠʝʡ ʠʦʥʦʚ, ʥʦ ʠʤ ʤʦʞʥʦ ʧʨʝʥʝʙʨʝʯʴ ʜʣʷ 

ʯʘʩʪʠʮ ʨʘʟʤʝʨʦʤ ʙʦʣʴʰʝ 1 ʤʢʤ. 
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ʈʠʩʫʥʦʢ 31. ʈʝʟʫʣʴʪʘʪʳ ʠʟʤʝʨʝʥʠʡ ʟʘʨʷʜʘ ʠ ʨʘʟʤʝʨʘ (ʤʘʩʩʳ) ʯʘʩʪʠʮ. ʃʠʥʠʠ 

ʦʙʦʟʥʘʯʘʶʪ ʤʘʢʩʠʤʘʣʴʥʳʡ ʟʘʨʷʜ, ʢʦʪʦʨʳʡ ʯʘʩʪʠʮʘ ʤʦʞʝʪ ʧʦʣʫʯʠʪʴ ʚ ʧʦʣʝ 

ʥʘʧʨʷʞʝʥʥʦʩʪʴʶ 10 ʠ 20 ʢɺ/ʩʤ. 

ʈʝʟʫʣʴʪʘʪʳ ʠʟʤʝʨʝʥʠʡ ʟʘʨʷʜʘ ʯʘʩʪʠʮ ʩ ʧʦʤʦʱʴʶ ʢʦʥʜʝʥʩʘʪʦʨʘ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ 

ʪʘʙʣʠʮʝ 3. ʀʟʤʝʨʝʥʠʷ ʧʨʦʠʟʚʦʜʠʣʠʩʴ ʧʨʠ ʪʨʝʭ ʟʥʘʯʝʥʠʷ ʥʘʧʨʷʞʝʥʠʷ ʢʦʨʦʥʳ: 13 ʢɺ, 

15 ʢɺ, ʠ 18 ʢɺ. 

ʊʘʙʣʠʮʘ 3. ɿʘʨʷʜʳ ʯʘʩʪʠʮ Al 2O3, ʠʟʤʝʨʝʥʥʳʝ ʩ ʧʦʤʦʱʴʶ ʢʦʥʜʝʥʩʘʪʦʨʘ. 

ʀʟʤʝʨʝʥʠʝ ˉ qp, 105 e, 

Ucor=13 ʢɺ 

qp, 105 e, 

Ucor=15 ʢɺ 

qp, 105 e, 

Ucor=18,5 ʢɺ 

1 4,42 6,29 8,48 

2 3,18 4,02 7,94 

3 2,33 5,17 3,10 

4 5,51 4,84 3,72 

5 5,54 10,04 5,28 
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6 5,15 4,42 6,73 

7 4,41 3,49 2,63 

8 3,42 5,71 9,06 

9 3,83 5,58 10,11 

10 5,46 5,70 4,92 

11 4,37 5,19 3,49 

12 4,00 7,10 5,46 

13 4,18 4,73 5,74 

14 3,09 6,86 5,13 

ʉʨʝʜʥʠʡ ʟʘʨʷʜ 4,21 5,65 5,84 

ɸʥʘʣʠʟ ʜʘʥʥʳʭ ʠʟ ʪʘʙʣʠʮ 1, 2 ʠ 3 ʧʦʟʚʦʣʷʝʪ ʩʫʜʠʪʴ ʦ ʧʨʠʝʤʣʝʤʦʤ ʩʦʚʧʘʜʝʥʠʠ 

ʟʥʘʯʝʥʠʡ ʟʘʨʷʜʘ ʯʘʩʪʠʮ, ʠʟʤʝʨʝʥʥʳʭ ʦʙʦʠʤʠ ʤʝʪʦʜʘʤʠ. 

3.3 ʆʧʨʝʜʝʣʝʥʠʝ ʦʙʣʘʩʪʠ ʫʜʝʨʞʘʥʠʷ ʧʳʣʝʚʦʡ ʯʘʩʪʠʮʳ ʣʠʥʝʡʥʦʡ 

ʢʚʘʜʨʫʧʦʣʴʥʦʡ ʵʣʝʢʪʨʦʜʠʥʘʤʠʯʝʩʢʦʡ ʣʦʚʫʰʢʝ 

ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʦʙʣʘʩʪʠ ʫʜʝʨʞʘʥʠʷ ʫ ʯʘʩʪʠʮʳ ʧʦ ʦʧʠʩʘʥʥʦʡ ʚʳʰʝ ʤʝʪʦʜʠʢʝ 

ʠʟʤʝʨʷʣʦʩʴ ʦʪʥʦʰʝʥʠʝ ʟʘʨʷʜʘ ʢ ʤʘʩʩʝ. ʇʦʩʣʝ ʯʝʛʦ, ʯʘʩʪʦʪʘ ʥʘʧʨʷʞʝʥʠʷ ʥʘ ʣʦʚʫʰʢʝ 

ʫʚʝʣʠʯʠʚʘʣʘʩʴ ʠʣʠ ʫʤʝʥʴʰʘʣʘʩʴ ʜʦ ʪʝʭ ʧʦʨ, ʧʦʢʘ ʯʘʩʪʠʮʘ ʥʝ ʧʦʢʠʜʘʣʘ ʧʨʝʜʝʣʳ 

ʣʦʚʫʰʢʠ. ʉʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʯʘʩʪʦʪʳ ʦʧʨʝʜʝʣʷʣʠ ʛʨʘʥʠʮʳ ʦʙʣʘʩʪʠ ʫʜʝʨʞʘʥʠʷ.  

ʅʘ ʨʠʩʫʥʢʝ 32 ʧʨʝʜʩʪʘʚʣʝʥʘ ʦʙʣʘʩʪʴ ʫʜʝʨʞʘʥʠʷ ʯʘʩʪʠʮ ʚ ʵʣʝʢʪʨʦʜʠʥʘʤʠʯʝʩʢʦʡ 

ʣʦʚʫʰʢʝ. ɻʨʘʥʠʮʳ ʦʙʣʘʩʪʠ ʫʜʝʨʞʘʥʠʷ ʭʦʨʦʰʦ ʘʧʧʨʦʢʩʠʤʠʨʫʶʪʩʷ ʚʳʭʦʜʷʱʠʤʠ ʠʟ 

ʥʘʯʘʣʘ ʢʦʦʨʜʠʥʘʪ ʧʨʷʤʳʤʠ ʣʠʥʠʷʤʠ. 
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ʈʠʩʫʥʦʢ 32. ʆʙʣʘʩʪʴ ʫʜʝʨʞʘʥʠʷ ʯʘʩʪʠʮ ʚ ʣʠʥʝʡʥʦʡ ʢʚʘʜʨʫʧʦʣʴʥʦʡ 

ʵʣʝʢʪʨʦʜʠʥʘʤʠʯʝʩʢʦʡ ʣʦʚʫʰʢʝ. ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʜʘʥʥʳʝ ʦʙʦʟʥʘʯʝʥʳ ʢʨʫʞʢʘʤʠ 

(ʚʝʨʭʥʷʷ ʛʨʘʥʠʮʘ) ʠ ʟʚʝʟʜʦʯʢʘʤʠ (ʥʠʞʥʷʷ ʛʨʘʥʠʮʘ). 

ɼʠʥʘʤʠʢʘ ʯʘʩʪʠʮʳ ʚ ʵʣʝʢʪʨʦʜʠʥʘʤʠʯʝʩʢʦʡ ʣʦʚʫʰʢʝ ʦʧʠʩʳʚʘʝʪʩʷ 

ʩʪʦʭʘʩʪʠʯʝʩʢʠʤ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʤ ʫʨʘʚʥʝʥʠʝʤ ʃʘʥʞʝʚʝʥʘ. 

ά
Ἲ
ἐ ἐ ἐ ἐȟ     (3.2) 

ʛʜʝ ἐ  ï ʵʣʝʢʪʨʠʯʝʩʢʘʷ ʩʠʣʘ, ʜʝʡʩʪʚʫʶʱʘʷ ʥʘ ʯʘʩʪʠʮʫ ʩʦ ʩʪʦʨʦʥʳ ʣʦʚʫʰʢʠ, ἐ  ï 

ʩʠʣʘ ʚʷʟʢʦʛʦ ʪʨʝʥʠʷ, ἐ ï ʩʪʦʭʘʩʪʠʯʝʩʢʘʷ ʜʝʣʴʪʘ-ʢʦʨʨʝʣʠʨʦʚʘʥʥʘʷ ʩʠʣʘ, 

ʦʙʫʩʣʦʚʣʝʥʥʘʷ ʩʣʫʯʘʡʥʳʤʠ ʩʪʦʣʢʥʦʚʝʥʠʷʤʠ ʩ ʤʦʣʝʢʫʣʘʤʠ ʛʘʟʘ, ἐ ï ʩʠʣʘ ʪʷʞʝʩʪʠ, 

ʜʝʡʩʪʚʫʶʱʘʷ ʥʘ ʯʘʩʪʠʮʫ. ɼʣʷ ʢʦʣʠʯʝʩʪʚʝʥʥʦʛʦ ʦʙʲʷʩʥʝʥʠʷ ʧʦʣʫʯʝʥʥʦʛʦ ʨʝʟʫʣʴʪʘʪʘ 

ʥʝʦʙʭʦʜʠʤʦ ʯʠʩʣʝʥʥʦ ʨʝʰʘʪʴ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʝ ʫʨʘʚʥʝʥʠʝ ʃʘʥʞʝʚʝʥʘ, ʯʪʦ 

ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʜʦʚʦʣʴʥʦ ʩʣʦʞʥʫʶ ʟʘʜʘʯʫ. 
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ɼʣʷ ʢʘʯʝʩʪʚʝʥʥʦʛʦ ʦʙʲʷʩʥʝʥʠʷ ʨʘʩʩʤʦʪʨʠʤ ʯʘʩʪʠʮʫ, ʜʚʠʞʫʱʫʶʩʷ ʚ 

ʧʝʨʝʤʝʥʥʦʤ ʵʣʝʢʪʨʠʯʝʩʢʦʤ ʧʦʣʝ ἏἺȟὸ ἏἺÓÉÎ‫ὸ. ɺ ʪʘʢʦʤ ʧʦʣʝ ʥʘ ʯʘʩʪʠʮʫ 

ʜʝʡʩʪʚʫʝʪ ʪʘʢ ʥʘʟʳʚʘʝʤʘʷ ʩʠʣʘ ɻʘʧʦʥʦʚʘ-ʄʠʣʣʝʨʘ 

ἐ Ἇɳ
ς
Ἲȟ    (3.3) 

ʛʜʝ ‫ ς“Ὢ ï ʫʛʣʦʚʘʷ ʯʘʩʪʦʪʘ. ʉʣʝʜʫʝʪ ʟʘʤʝʪʠʪʴ, ʯʪʦ ʚʳʨʘʞʝʥʠʝ ʜʣʷ ʩʠʣʳ ɻʘʧʦʥʦʚʘ-

ʄʠʣʣʝʨʘ ʚʝʨʥʦ, ʝʩʣʠ ʩʠʣʘ ʚʷʟʢʦʛʦ ʪʨʝʥʠʷ, ʜʝʡʩʪʚʫʶʱʘʷ ʥʘ ʯʘʩʪʠʮʫ, ʣʠʥʝʡʥʦ ʟʘʚʠʩʠʪ 

ʦʪ ʩʢʦʨʦʩʪʠ ʯʘʩʪʠʮʳ (ἐ ά’Ἶ). ɺ ʥʘʰʝʤ ʩʣʫʯʘʝ ʜʣʷ ʯʘʩʪʠʮʳ ʚʳʧʦʣʥʷʝʪʩʷ ʟʘʢʦʥ 

ʉʪʦʢʩʘ (ἐ φ“‘ὶἾ), ʧʦʵʪʦʤʫ ’ φ“‘ὶȾά, ʛʜʝ ‘ ï ʜʠʥʘʤʠʯʝʩʢʘʷ ʚʷʟʢʦʩʪʴ, ὶ ï 

ʨʘʜʠʫʩ ʯʘʩʪʠʮʳ. ʉʠʣʘ ɻʘʧʦʥʦʚʘ-ʄʠʣʣʝʨʘ ʫʤʝʥʴʰʘʝʪʩʷ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʯʘʩʪʦʪʳ ʠ, 

ʥʘʯʠʥʘʷ ʩ ʦʧʨʝʜʝʣʝʥʥʦʛʦ ʟʥʘʯʝʥʠʷ, ʧʝʨʝʩʪʘʝʪ ʫʜʝʨʞʠʚʘʪʴ ʯʘʩʪʠʮʫ ʚ ʣʦʚʫʰʢʝ. ʇʨʠ 

ʫʤʝʥʴʰʝʥʠʠ ʯʘʩʪʦʪʳ ʩʠʣʘ ɻʘʧʦʥʦʚʘ-ʄʠʣʣʝʨʘ ʚʦʟʨʘʩʪʘʝʪ, ʜʦ ʪʝʭ ʧʦʨ, ʧʦʢʘ ʯʘʩʪʠʮʘ ʥʝ 

ʙʫʜʝʪ ʫʩʧʝʚʘʪʴ ʚʳʣʝʪʝʪʴ ʠʟ ʣʦʚʫʰʢʠ ʟʘ ʚʨʝʤʷ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʝ ʧʦʣʦʚʠʥʝ ʧʝʨʠʦʜʘ. 

ʕʪʠ ʧʨʝʜʝʣʴʥʳʝ ʯʘʩʪʦʪʳ ʦʛʨʘʥʠʯʠʚʘʶʪ ʦʙʣʘʩʪʴ ʫʜʝʨʞʘʥʠʷ ʯʘʩʪʠʮ ʚ 

ʵʣʝʢʪʨʦʜʠʥʘʤʠʯʝʩʢʦʡ ʣʦʚʫʰʢʝ. 

3.4 ɺʳʚʦʜʳ 

ɹ ʣr ʧʨʝʜʣʦʞʝʥ ʤʝʪʦʜ ʦʧʨʝʜʝʣʝʥʠʷ ʟʘʨʷʜʘ ʠ ʤʘʩʩʳ ʦʜʠʥʦʯʥʦʡ ʧʳʣʝʚʦʡ ʯʘʩʪʠʮʳ 

ʚ ʵʣʝʢʪʨʦʜʠʥʘʤʠʯʝʩʢʦʡ ʣʦʚʫʰʢʝ 

ʄʝʪʦʜ ʠʟʤʝʨʝʥʠʷ ʨʘʟʤʝʨʘ ʯʘʩʪʠʮ ʦʙʣʘʜʘʝʪ ʭʦʨʦʰʝʡ ʪʦʯʥʦʩʪʴ, ʦ ʯʝʤ ʤʦʞʥʦ 

ʩʫʜʠʪʴ ʠʩʭʦʜʷ ʠʟ ʪʦʛʦ, ʯʪʦ ʠʟʤʝʨʝʥʥʳʡ ʨʘʟʤʝʨ ʢʘʣʠʙʨʦʚʘʥʥʳʭ ʤʠʢʨʦʩʬʝʨ ʩʦʚʧʘʣ ʩ 

ʠʩʪʠʥʥʳʤ ʟʥʘʯʝʥʠʝ ʚ ʧʨʝʜʝʣʘʭ ʧʦʛʨʝʰʥʦʩʪʠ ʠʟʤʝʨʝʥʠʡ. 

ʕʬʬʝʢʪʠʚʥʦʩʪʴ ʟʘʨʷʜʢʠ ʧʳʣʝʚʳʭ ʯʘʩʪʠʮ ʚ ʧʦʣʦʞʠʪʝʣʴʥʦʤ ʢʦʨʦʥʥʦʤ ʨʘʟʨʷʜʝ 

ʙʦʣʴʰʝ, ʯʝʤ ʚ ʦʪʨʠʮʘʪʝʣʴʥʦʤ ʢʦʨʦʥʥʦʤ ʨʘʟʨʷʜʝ.  

ʏʘʩʪʠʮʳ ʟʘʨʷʞʘʣʠʩʴ ʚ ʦʙʣʘʩʪʠ ʢʦʨʦʥʥʦʛʦ ʨʘʟʨʷʜʘ ʩ ʥʘʧʨʷʞʝʥʥʦʩʪʴʶ 

ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ ʦʪ 10 ʜʦ 20 ʢɺ/ʩʤ. 

ʇʦʣʫʯʝʥʦ ʧʨʠʝʤʣʝʤʦʝ ʩʦʚʧʘʜʝʥʠʷ ʟʘʨʷʜʘ ʯʘʩʪʠʮ, ʠʟʤʝʨʝʥʥʦʛʦ ʧʨʝʜʣʦʞʝʥʥʳʤ 

ʚ ʨʘʙʦʪʝ ʩʧʦʩʦʙʦʤ, ʩ ʢʦʥʜʝʥʩʘʪʦʨʥʳʤ ʤʝʪʦʜʦʤ. 



54 

 

ɹʳʣʘ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʦʧʨʝʜʝʣʝʥʘ ʦʙʣʘʩʪʴ ʫʜʝʨʞʘʥʠʷ ʯʘʩʪʠʮ ʚ ʣʠʥʝʡʥʦʡ 

ʚʝʨʪʠʢʘʣʴʥʦ ʦʨʠʝʥʪʠʨʦʚʘʥʥʦʡ ʵʣʝʢʪʨʦʜʠʥʘʤʠʯʝʩʢʦʡ ʣʦʚʫʰʢʝ ʠ ʜʘʥʦ ʢʘʯʝʩʪʚʝʥʥʦʝ 

ʦʙʲʷʩʥʝʥʠʝ ʧʦʣʫʯʝʥʥʦʛʦ ʨʝʟʫʣʴʪʘʪʘ. 
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ɻʃɸɺɸ 4. ʂʋʃʆʅʆɺʉʂʀɽ ʉʊʈʋʂʊʋʈʓ ɺ 

ʕʃɽʂʊʈʆɼʀʅɸʄʀʏɽʉʂʀʍ ʃʆɺʋʐʂɸʍ 

4.1 ʂʫʣʦʥʦʚʩʢʠʝ ʩʪʨʫʢʪʫʨʳ ʚ ʣʠʥʝʡʥʳʭ ʢʚʘʜʨʫʧʦʣʴʥʦʡ ʛʦʨʠʟʦʥʪʘʣʴʥʦ 

ʦʨʠʝʥʪʠʨʦʚʘʥʥʳʭ ʵʣʝʢʪʨʦʜʠʥʘʤʠʯʝʩʢʠʭ ʣʦʚʫʰʢʘʭ 

4.1.2 ʕʢʩʧʝʨʠʤʝʥʪ 

ɺ ʨʘʙʦʪʝ [103] ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʫʧʦʨʷʜʦʯʝʥʥʳʝ ʢʫʣʦʥʦʚʩʢʠʝ ʩʪʨʫʢʪʫʨʳ, 

ʩʦʜʝʨʞʘʱʠʝ ʧʦʨʷʜʢʘ ʩʦʪʝʥ ʧʳʣʝʚʳʭ ʯʘʩʪʠʮ, ʚ ʣʠʥʝʡʥʦʡ ʢʚʘʜʨʫʧʦʣʴʥʦʡ 

ʵʣʝʢʪʨʦʜʠʥʘʤʠʯʝʩʢʦʡ ʣʦʚʫʰʢʝ ʧʨʠ ʘʪʤʦʩʬʝʨʥʦʤ ʜʘʚʣʝʥʠʠ. ɼʣʷ ʧʨʘʢʪʠʯʝʩʢʠʭ 

ʧʨʠʤʝʥʝʥʠʡ ʵʣʝʢʪʨʦʜʠʥʘʤʠʯʝʩʢʠʭ ʣʦʚʫʰʝʢ, ʥʘʧʨʠʤʝʨ, ʩʦʟʜʘʥʠʷ ʷʜʝʨʥʳʭ ʙʘʪʘʨʝʡ, 

ʵʪʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʥʝʜʦʩʪʘʪʦʯʥʦ. ʂʦʣʠʯʝʩʪʚʦ ʯʘʩʪʠʮ, ʟʘʭʚʘʪʳʚʘʝʤʳʭ 

ʵʣʝʢʪʨʦʜʠʥʘʤʠʯʝʩʢʦʡ ʣʦʚʫʰʢʦʡ ʤʦʞʥʦ ʫʚʝʣʠʯʠʪʴ, ʫʚʝʣʠʯʠʚʘʷ ʛʝʦʤʝʪʨʠʯʝʩʢʠʝ 

ʨʘʟʤʝʨʳ ʣʦʚʫʰʢʠ. 

ɹʳʣʠ ʧʨʦʚʝʜʝʥʳ ʵʢʩʧʝʨʠʤʝʥʪʳ ʧʦ ʠʟʫʯʝʥʠʶ ʢʫʣʦʥʦʚʩʢʠʭ ʩʪʨʫʢʪʫʨ ʚ 

ʛʦʨʠʟʦʥʪʘʣʴʥʦ ʦʨʠʝʥʪʠʨʦʚʘʥʥʦʡ ʢʚʘʜʨʫʧʦʣʴʥʦʡ ʣʠʥʝʡʥʦʡ ʵʣʝʢʪʨʦʜʠʥʘʤʠʯʝʩʢʦʡ 

ʣʦʚʫʰʢʝ ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʟʥʘʯʝʥʠʷʭ ʘʤʧʣʠʪʫʜʳ ʧʝʨʝʤʝʥʥʦʛʦ ʥʘʧʨʷʞʝʥʠʷ ʠ ʯʘʩʪʦʪʝ f = 

50 ɻʮ. ʈʝʟʫʣʴʪʘʪ ʧʨʝʜʩʪʘʚʣʝʥ ʥʘ ʨʠʩʫʥʢʘʭ 33 ï 37. ɼʣʠʥʘ ʣʦʚʫʰʢʠ ʩʦʩʪʘʚʣʷʣʘ 30 ʩʤ, 

ʈʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʵʣʝʢʪʨʦʜʘʤʠ ï 2 ʩʤ. ɼʠʘʤʝʪʨ ʵʣʝʢʪʨʦʜʦʚ ʣʦʚʫʰʢʠ ï 4 ʤʤ. 
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ʈʠʩʫʥʦʢ 33. ʇʳʣʝʚʘʷ ʩʪʨʫʢʪʫʨʘ ʚ ʢʚʘʜʨʫʧʦʣʴʥʦʡ ʣʠʥʝʡʥʦʡ 

ʵʣʝʢʪʨʦʜʠʥʘʤʠʯʝʩʢʦʡ ʣʦʚʫʰʢʝ. ɸʤʧʣʠʪʫʜʘ ʧʝʨʝʤʝʥʥʦʛʦ ʥʘʧʨʷʞʝʥʠʷ UA = 1,4 ʢɺ, 

f=50 ɻʮ. 

 

ʈʠʩʫʥʦʢ 34. ʇʳʣʝʚʘʷ ʩʪʨʫʢʪʫʨʘ ʚ ʢʚʘʜʨʫʧʦʣʴʥʦʡ ʣʠʥʝʡʥʦʡ 

ʵʣʝʢʪʨʦʜʠʥʘʤʠʯʝʩʢʦʡ ʣʦʚʫʰʢʝ. ɸʤʧʣʠʪʫʜʘ ʧʝʨʝʤʝʥʥʦʛʦ ʥʘʧʨʷʞʝʥʠʷ UA = 2,85 ʢɺ, 

f=50 ɻʮ. 
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ʈʠʩʫʥʦʢ 35. ʇʳʣʝʚʘʷ ʩʪʨʫʢʪʫʨʘ ʚ ʢʚʘʜʨʫʧʦʣʴʥʦʡ ʣʠʥʝʡʥʦʡ 

ʵʣʝʢʪʨʦʜʠʥʘʤʠʯʝʩʢʦʡ ʣʦʚʫʰʢʝ. ɸʤʧʣʠʪʫʜʘ ʧʝʨʝʤʝʥʥʦʛʦ ʥʘʧʨʷʞʝʥʠʷ UA = 4,25 ʢɺ, 

f=50 ɻʮ. 

 

ʈʠʩʫʥʦʢ 36. ʇʳʣʝʚʘʷ ʩʪʨʫʢʪʫʨʘ ʚ ʢʚʘʜʨʫʧʦʣʴʥʦʡ ʣʠʥʝʡʥʦʡ 

ʵʣʝʢʪʨʦʜʠʥʘʤʠʯʝʩʢʦʡ ʣʦʚʫʰʢʝ. ɸʤʧʣʠʪʫʜʘ ʧʝʨʝʤʝʥʥʦʛʦ ʥʘʧʨʷʞʝʥʠʷ UA = 5,65 ʢɺ, 

f=50 ɻʮ. 
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ʈʠʩʫʥʦʢ 37. ʇʳʣʝʚʘʷ ʩʪʨʫʢʪʫʨʘ ʚ ʢʚʘʜʨʫʧʦʣʴʥʦʡ ʣʠʥʝʡʥʦʡ 

ʵʣʝʢʪʨʦʜʠʥʘʤʠʯʝʩʢʦʡ ʣʦʚʫʰʢʝ. ɸʤʧʣʠʪʫʜʘ ʧʝʨʝʤʝʥʥʦʛʦ ʥʘʧʨʷʞʝʥʠʷ UA = 6,8 ʢɺ, 

f=50 ɻʮ. 

ʇʨʠ ʫʚʝʣʠʯʝʥʠʠ ʘʤʧʣʠʪʫʜʳ ʧʝʨʝʤʝʥʥʦʛʦ ʥʘʧʨʷʞʝʥʠʷ ʫʚʝʣʠʯʠʚʘʝʪʩʷ 

ʢʦʣʠʯʝʩʪʚʦ ʯʘʩʪʠʮ, ʫʜʝʨʞʠʚʘʝʤʳʭ ʣʦʚʫʰʢʦʡ. ʇʨʠ ʟʥʘʯʝʥʠʷʭ UA = 1,4 ʢɺ ʠ UA = 2,85 

ʢɺ ʠʤʝʝʪ ʤʝʩʪʦ ʥʝʫʧʦʨʷʜʦʯʝʥʥʘʷ ʧʳʣʝʚʘʷ ʩʪʨʫʢʪʫʨʘ. ʇʳʣʝʚʳʭ ʯʘʩʪʠʮ ʦʪʥʦʩʠʪʝʣʴʥʦ 

ʤʘʣʦ, ʘ ʤʝʞʯʘʩʪʠʯʥʳʝ ʨʘʩʩʪʦʷʥʠʷ ʚʝʣʠʢʠ. ʇʨʠ ʫʚʝʣʠʯʝʥʠʠ UA ʜʦ 4,25 ʢɺ. ʇʳʣʝʚʘʷ 

ʩʪʨʫʢʪʫʨʘ ʧʨʠʦʙʨʝʪʘʝʪ ʫʧʦʨʷʜʦʯʝʥʥʦʩʪʴ. ʂʦʣʠʯʝʩʪʚʦ ʯʘʩʪʠʮ ʫʚʝʣʠʯʠʚʘʝʪʩʷ, 

ʤʝʞʯʘʩʪʠʯʥʳʝ ʨʘʩʩʪʦʷʥʠʷ ʫʤʝʥʴʰʘʶʪʩʷ. ʇʨʠ UA = 5,65 ʢɺ ʧʳʣʝʚʳʝ ʯʘʩʪʠʮʳ ʚ 

ʚʝʨʭʥʝʡ ʯʘʩʪʠ ʩʪʨʫʢʪʫʨʳ ʥʘʯʠʥʘʶʪ ʧʝʨʝʩʢʘʢʠʚʘʪʴ ʩ ʤʝʩʪʘ ʥʘ ʤʝʩʪʦ. ʋʧʦʨʷʜʦʯʝʥʥʦʩʪʴ 

ʚ ʵʪʦʡ ʦʙʣʘʩʪʠ ʧʝʨʝʩʪʘʝʪ ʥʘʙʣʶʜʘʪʴʩʷ. ʇʨʠ UA = 6,8 ʢɺ ʫʧʦʨʷʜʦʯʝʥʥʦʩʪʴ ʥʘʙʣʶʜʘʝʪʩʷ 

ʪʦʣʴʢʦ ʚ ʩʘʤʦʡ ʥʠʞʥʝʡ ʯʘʩʪʠ ʩʪʨʫʢʪʫʨʳ. 

ɼʣʷ ʢʫʣʦʥʦʚʩʢʦʡ ʩʪʨʫʢʪʫʨʳ ʚ ʛʦʨʠʟʦʥʪʘʣʴʥʦ ʦʨʠʝʥʪʠʨʦʚʘʥʥʦʡ ʣʦʚʫʰʢʝ 

(ʨʠʩʫʥʦʢ 38 ʘ) ʙʳʣʘ ʧʦʩʪʨʦʝʥʘ ʧʘʨʥʘʷ ʢʦʨʨʝʣʷʮʠʦʥʥʘʷ ʬʫʥʢʮʠʷ. ɸʤʧʣʠʪʫʜʘ 

ʧʝʨʝʤʝʥʥʦʛʦ ʥʘʧʨʷʞʝʥʠʷ ʥʘ ʵʣʝʢʪʨʦʜʘʭ ʣʦʚʫʰʢʠ ʩʦʩʪʘʚʣʷʣʘ 2,6 ʢɺ. ʈʘʩʩʪʦʷʥʠʝ 

ʤʝʞʜʫ ʵʣʝʢʪʨʦʜʘʤʠ ʩʦʩʪʘʚʣʷʣʦ 2 ʩʤ. ʉʪʨʫʢʪʫʨʘ ʨʘʩʧʦʣʦʞʝʥʘ ʚ ʦʙʣʘʩʪʠ ʧʝʨʝʪʷʞʢʠ 

ʛʦʨʠʟʦʥʪʘʣʴʥʦ ʦʨʠʝʥʪʠʨʦʚʘʥʥʦʛʦ ʧʣʦʩʢʦʛʦ ʣʘʟʝʨʥʦʛʦ ʣʫʯʘ. ʄʠʥʠʤʘʣʴʥʘʷ ʪʦʣʱʠʥʘ 
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ʣʘʟʝʨʥʦʛʦ ʣʫʯʘ ʩʦʩʪʘʚʣʷʣʘ 0,3 ʩʤ. ɺ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʠʤʝʝʪ ʤʝʩʪʦ ʥʝʦʜʥʦʨʦʜʥʦʩʪʴ 

ʩʪʨʫʢʪʫʨʳ. ɺ ʮʝʥʪʨʘʣʴʥʦʡ ʯʘʩʪʠ ʩʦʩʨʝʜʦʪʦʯʝʥʳ ʙʦʣʝʝ ʢʨʫʧʥʳʝ ʯʘʩʪʠʮʳ, ʢʦʪʦʨʳʝ 

ʩʦʚʝʨʰʘʶʪ ʤʘʣʳʝ ʢʦʣʝʙʘʥʠʷ ʦʢʦʣʦ ʧʦʣʦʞʝʥʠʷ ʨʘʚʥʦʚʝʩʠʷ. ʄʝʥʴʰʠʝ ʧʦ ʨʘʟʤʝʨʫ 

ʯʘʩʪʠʮʳ ʨʘʩʧʦʣʘʛʘʣʠʩʴ ʧʦ ʢʨʘʷʤ ʩʪʨʫʢʪʫʨʳ. ɺ ʵʪʦʡ ʦʙʣʘʩʪʠ ʯʘʩʪʠʮʳ ʧʦʤʠʤʦ 

ʤʠʢʨʦʢʦʣʝʙʘʥʠʡ ʩʦʚʝʨʰʘʣʠ ʭʘʦʪʠʯʝʩʢʦʝ ʜʚʠʞʝʥʠʝ. ʇʘʨʥʘʷ ʢʦʨʨʝʣʷʮʠʦʥʥʘʷ ʬʫʥʢʮʠʷ 

ʙʳʣʘ ʧʦʩʪʨʦʝʥʘ ʠʤʝʥʥʦ ʜʣʷ ʵʪʦʡ ʯʘʩʪʠ ʩʪʨʫʢʪʫʨʳ (ʨʠʩʫʥʦʢ ʨʠʩʫʥʦʢ 38 ʙ). ɼʣʷ 

ʫʚʝʣʠʯʝʥʠʷ ʚʳʙʦʨʢʠ ʠʩʧʦʣʴʟʦʚʘʣʘʩʴ ʚʠʜʝʦʟʘʧʠʩʴ ʜʚʠʞʝʥʠʷ ʯʘʩʪʠʮ ʠʟ ʜʚʫʭʩʦʪ 

ʢʘʜʨʦʚ. ʇʘʨʥʘʷ ʢʦʨʨʝʣʷʮʠʦʥʥʘʷ ʬʫʥʢʮʠʷ ʩʪʨʦʠʣʘʩʴ ʜʣʷ ʢʘʞʜʦʛʦ ʢʘʜʨʘ, ʧʦʩʣʝ ʯʝʛʦ 

ʢʘʞʜʦʝ ʜʠʩʢʨʝʪʥʦʝ ʟʥʘʯʝʥʠʝ ʬʫʥʢʮʠʠ ʫʩʨʝʜʥʷʣʦʩʴ. ʇʘʨʥʘʷ ʢʦʨʨʝʣʷʮʠʦʥʥʘʷ ʬʫʥʢʮʠʷ 

ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩʫʥʢʝ 39. 

 

 

ʈʠʩʫʥʦʢ 38. ʂʫʣʦʥʦʚʩʢʘʷ ʩʪʨʫʢʪʫʨʘ ʠʟ ʯʘʩʪʠʮ ʩʪʝʢʣʦʫʛʣʝʨʦʜʘ. ʘ) ʧʦʣʥʳʡ ʚʠʜ; 

ʙ) ʯʘʩʪʴ, ʠʩʧʦʣʴʟʫʝʤʘʷ ʜʣʷ ʧʦʩʪʨʦʝʥʠʷ ʧʘʨʥʦʡ ʢʦʨʨʝʣʷʮʠʦʥʥʦʡ ʬʫʥʢʮʠʠ. 
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ʈʠʩʫʥʦʢ 39. ʇʘʨʥʘʷ ʢʦʨʨʝʣʷʮʠʦʥʥʘʷ ʬʫʥʢʮʠʷ ʜʣʷ ʯʘʩʪʠʮ ʠʟ ʩʪʝʢʣʦʫʛʣʝʨʦʜʘ ʚ 

ʛʦʨʠʟʦʥʪʘʣʴʥʦ ʦʨʠʝʥʪʠʨʦʚʘʥʥʦʡ ʣʦʚʫʰʢʝ. 

ɼʣʷ ʢʦʨʨʝʢʪʥʦʛʦ ʧʦʩʪʨʦʝʥʠʷ ʢʦʨʨʝʣʷʮʠʦʥʥʦʡ ʬʫʥʢʮʠʠ ʥʝʦʙʭʦʜʠʤʦ, ʯʪʦ ʙʳ 

ʪʦʣʱʠʥʘ ʣʘʟʝʨʥʦʛʦ ʣʫʯʘ ʥʝ ʧʨʝʚʳʰʘʣʘ ʩʨʝʜʥʝʝ ʤʝʞʯʘʩʪʠʯʥʦʝ ʨʘʩʩʪʦʷʥʠʝ. ɺ ʜʘʥʥʦʡ 

ʨʘʙʦʪʝ ʜʣʷ ʩʦʟʜʘʥʠʷ ʧʣʦʩʢʦʛʦ ʣʘʟʝʨʥʦʛʦ ʣʫʯʘ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʜʚʝ ʮʠʣʠʥʜʨʠʯʝʩʢʠʝ 

ʣʠʥʟʳ. ʃʠʥʟʳ ʨʘʩʧʦʣʘʛʘʣʠʩʴ ʪʘʢ, ʯʪʦʙʳ ʧʝʨʝʪʷʞʢʘ ʧʨʠʭʦʜʠʣʘʩʴ ʥʘ ʮʝʥʪʨ 

ʢʫʣʦʥʦʚʩʢʦʡ ʩʪʨʫʢʪʫʨʳ. ʊʦʣʱʠʥʘ ʧʝʨʝʪʷʞʢʠ ʩʦʩʪʘʚʠʣʘ 0,25 ʤʤ. 

ʂʘʢ ʠʟʚʝʩʪʥʦ ʠʟ ʩʪʘʪʠʩʪʠʯʝʩʢʦʡ ʪʝʦʨʠʠ ʞʠʜʢʦʛʦ ʩʦʩʪʦʷʥʠʷ ʚʝʱʝʩʪʚʘ [104], 

ʧʘʨʥʘʷ ʢʦʨʨʝʣʷʮʠʦʥʥʘʷ ʬʫʥʢʮʠʷ ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʠʪʴ ʠʥʬʦʨʤʘʮʠʶ ʦ 

ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʭ ʚʝʣʠʯʠʥʘʭ ʪʘʢʠʭ ʢʘʢ ʚʥʫʪʨʝʥʥʷʷ ʵʥʝʨʛʠʷ ʠ ʜʘʚʣʝʥʠʝ, ʢʦʪʦʨʳʝ 

ʤʦʞʥʦ ʨʘʩʩʯʠʪʘʪʴ ʧʦ ʩʣʝʜʫʶʱʠʤ ʬʦʨʤʫʣʘʤ: 
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ʛʜʝ N ï ʢʦʣʠʯʝʩʪʚʦ ʯʘʩʪʠʮ ʚ ʢʫʣʦʥʦʚʩʢʦʡ ʩʠʩʪʝʤʝ, άὺȾς ï ʩʨʝʜʥʷʷ ʢʠʥʝʪʠʯʝʩʢʘʷ 

ʪʝʤʧʝʨʘʪʫʨʘ ʯʘʩʪʠʮ, k ï ʧʦʩʪʦʷʥʥʘʷ ɹʦʣʴʮʤʘʥʘ, ɾ ï ʦʙʲʝʤ, ʧʨʠʭʦʜʷʱʠʡʩʷ ʥʘ ʦʜʥʫ 

ʯʘʩʪʠʮʫ, ɮ(r)  ï ʵʥʝʨʛʠʷ ʧʘʨʥʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʯʘʩʪʠʮ.  

ɼʣʷ ʦʧʠʩʘʥʥʳʭ ʚʳʰʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʫʩʣʦʚʠʡ ʧʦ ʬʦʨʤʫʣʝ (4.1) ʧʦʣʫʯʠʤ 

ʵʥʝʨʛʠʶ, ʧʨʠʭʦʜʷʱʫʶʩʷ ʥʘ ʦʜʥʫ ʯʘʩʪʠʮ U/N = 3Ā10-15 ɼʞ. 

4.1.1 ʄʦʜʝʣʠʨʦʚʘʥʠʝ 

ɼʣʷ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʜʚʠʞʝʥʠʷ ʯʘʩʪʠʮ ʚ ʵʣʝʢʪʨʦʜʠʥʘʤʠʯʝʩʢʦʡ ʣʦʚʫʰʢʝ, ʜʣʷ 

ʢʘʞʜʦʡ ʯʘʩʪʠʮʳ ʯʠʩʣʝʥʥʦ ʨʝʰʘʣʦʩʴ ʫʨʘʚʥʝʥʠʝ ʃʘʥʞʝʚʝʥʘ: 

ά
Ἲ
ἐ Ἲȟὸ φʌʂ

Ἲ
В Ὧ

Ἲ
άἯ ἐ ὸ  (4.2) 

ʛʜʝ ά  ï ʤʘʩʩʘ i-ʪʦʡ ʯʘʩʪʠʮʳ, Ἲ ï ʨʘʜʠʫʩ ʚʝʢʪʦʨ i-ʪʦʡ ʯʘʩʪʠʮʳ, ἐ Ἲ  ï ʩʠʣʘ, 

ʜʝʡʩʪʚʫʶʱʘʷ ʥʘ ʯʘʩʪʠʮʫ ʩʦ ʩʪʦʨʦʥʳ ʵʣʝʢʪʨʦʜʠʥʘʤʠʯʝʩʢʦʡ ʣʦʚʫʰʢʠ, ʂ ï 

ʜʠʥʘʤʠʯʝʩʢʘʷ ʚʷʟʢʦʩʪʴ ʚʦʟʜʫʭʘ, Ὠ ï ʜʠʘʤʝʪʨ i-ʪʦʡ ʯʘʩʪʠʮʳ, ή ʠ ή ï ʟʘʨʷʜʳ j-ʪʦʡ ʠ i-

ʪʦʡ ʯʘʩʪʠʮʳ, Ἲ ï ʚʝʢʪʦʨ, ʥʘʧʨʘʚʣʝʥʥʳʡ ʦʪ j-ʪʦʡ ʯʘʩʪʠʮʝ ʢ i-ʪʦʡ ʯʘʩʪʠʮʝ, ʤʦʜʫʣʴ 

ʢʦʪʦʨʦʛʦ ʨʘʚʝʥ ʨʘʩʩʪʦʷʥʠʶ ʤʝʞʜʫ ʵʪʠʤʠ ʯʘʩʪʠʮʘʤʠ, Ἧ ï ʫʩʢʦʨʝʥʠʝ ʩʚʦʙʦʜʥʦʛʦ 

ʧʘʜʝʥʠʷ, ἐ ὸ ï ʜʝʣʴʪʘ-ʢʦʨʨʝʣʠʨʦʚʘʥʥʘʷ ʩʣʫʯʘʡʥʘʷ ʩʠʣʘ, ʚʦʟʥʠʢʘʶʱʘʷ ʟʘ ʩʯʝʪ 

ʥʝʧʨʝʨʳʚʥʳʭ ʩʦʫʜʘʨʝʥʠʡ ʯʘʩʪʠʮʳ ʩ ʤʦʣʝʢʫʣʘʤʠ ʛʘʟʘ. 

ʉʠʣʘ, ʜʝʡʩʪʚʫʶʱʘʷ ʥʘ ʧʳʣʝʚʫʶ ʯʘʩʪʠʮʫ, ʩʦ ʩʪʦʨʦʥʳ ʵʣʝʢʪʨʦʜʠʥʘʤʠʯʝʩʢʦʡ 

ʣʦʚʫʰʢʠ ʚʳʯʠʩʣʷʣʘʩʴ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ. ʕʣʝʢʪʨʦʜʳ ʣʦʚʫʰʢʠ ʧʨʝʜʩʪʘʚʣʷʣʠʩʴ 

ʮʝʧʦʯʢʦʡ ʟʘʨʷʞʝʥʥʳʭ ʰʘʨʠʢʦʚ ʩ ʜʠʘʤʝʪʨʦʤ, ʨʘʚʥʳʤ ʜʠʘʤʝʪʨʫ ʵʣʝʢʪʨʦʜʘ. ʉʠʣʘ, 

ʜʝʡʩʪʚʫʶʱʘʷ ʥʘ ʯʘʩʪʠʮʫ ʩʦ ʩʪʦʨʦʥʳ ʣʦʚʫʰʢʠ, ʧʨʠʥʠʤʘʣʘʩʴ ʨʘʚʥʦʡ ʩʫʤʤʝ ʩʠʣ, 

ʜʝʡʩʪʚʫʶʱʠʭ ʥʘ ʯʘʩʪʠʮʫ ʩʦ ʩʪʦʨʦʥʳ ʟʘʨʷʞʝʥʥʳʭ ʰʘʨʠʢʦʚ. 

ɼʣʷ ʯʠʩʣʝʥʥʦʛʦ ʨʝʰʝʥʠʷ ʩʪʦʭʘʩʪʠʯʝʩʢʦʛʦ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʛʦ ʫʨʘʚʥʝʥʠʷ (2.2) 

ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʤʝʪʦʜ, ʦʧʠʩʘʥʥʳʡ ʚ ʨʘʙʦʪʝ [105]. 

ʄʝʪʦʜʘʤʠ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʠʩʩʣʝʜʦʚʘʣʠʩʴ ʢʫʣʦʥʦʚʩʢʠʝ 

ʩʪʨʫʢʪʫʨʳ ʚ ʣʠʥʝʡʥʦʡ ʢʚʘʜʨʫʧʦʣʴʥʦʡ ʵʣʝʢʪʨʦʜʠʥʘʤʠʯʝʩʢʦʡ ʣʦʚʫʰʢʝ, ʩʦʩʪʦʷʱʝʡ ʠʟ 

ʯʝʪʳʨʝʭ ʵʣʝʢʪʨʦʜʦʚ ʨʘʜʠʫʩʦʤ 1,5 ʤʤ, ʠ ʜʣʠʥʦʡ 10 ʩʤ, ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʥʘ ʨʘʩʩʪʦʷʥʠʠ 

2 ʩʤ ʜʨʫʛ ʦʪ ʜʨʫʛʘ, ʥʘ ʢʦʪʦʨʫʶ ʧʦʜʘʚʘʣʦʩʴ ʧʝʨʝʤʝʥʥʦʝ ʥʘʧʨʷʞʝʥʠʝ Utrap = UAsin(ɤt) 

ʩʦ ʩʜʚʠʛʦʤ, ʨʘʚʥʳʤ  ́ʤʝʞʜʫ ʩʦʩʝʜʥʠʤʠ ʵʣʝʢʪʨʦʜʘʤʠ ʩ ʘʤʧʣʠʪʫʜʦʡ UA = 5 ʢɺ, ʠ 
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ʯʘʩʪʦʪʦʡ ɤ = 2ˊĀ50 ʨʘʜ/ʩ. ʇʨʠ ʧʨʦʚʝʜʝʥʠʠ ʯʠʩʣʝʥʥʦʛʦ ʵʢʩʧʝʨʠʤʝʥʪʘ ʤʦʜʝʣʠʨʦʚʘʣʦʩʴ 

ʜʚʠʞʝʥʠʝ 10 000 ʯʘʩʪʠʮ ʜʠʘʤʝʪʨʦʤ 2 ʤʢʤ ʩ ʟʘʨʷʜʦʤ q = 2 500 ʝʜʠʥʠʮ ʵʣʝʤʝʥʪʘʨʥʦʛʦ 

ʟʘʨʷʜʘ ʠ ʧʣʦʪʥʦʩʪʴʶ ʤʘʪʝʨʠʘʣʘ ʯʘʩʪʠʮ ʧʨʠʥʠʤʘʣʘʩʴ 4 ʛ/ʩʤ3. ʅʘ ʨʠʩʫʥʢʝ 40 

ʧʨʝʜʩʪʘʚʣʝʥʘ ʢʫʣʦʥʦʚʩʢʘʷ ʩʪʨʫʢʪʫʨʘ, ʫʜʝʨʞʠʚʘʝʤʘʷ ʚ ʣʦʚʫʰʢʝ. ʅʘ ʨʠʩʫʥʢʝ 41 

ʧʨʝʜʩʪʘʚʣʝʥʘ ʧʘʨʥʘʷ ʢʦʨʨʝʣʷʮʠʦʥʥʘʷ ʬʫʥʢʮʠʷ ʩʧʫʩʪʷ ʜʝʩʷʪʴ ʩʝʢʫʥʜ ʧʦʩʣʝ ʠʥʞʝʢʮʠʠ. 

ɼʣʷ ʫʢʘʟʘʥʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʯʠʩʣʝʥʥʦʛʦ ʵʢʩʧʝʨʠʤʝʥʪʘ ʵʥʝʨʛʠʷ, ʧʨʠʭʦʜʷʱʘʷʩʷ ʥʘ ʦʜʥʫ 

ʯʘʩʪʠʮʫ U/N, ʩʦʩʪʘʚʠʣʘ 4Ā10-13 ɼʞ. 

 

ʈʠʩʫʥʦʢ 40. ʂʫʣʦʥʦʚʩʢʘʷ ʩʪʨʫʢʪʫʨʘ ʠʟ 10 000 ʯʘʩʪʠʮ, ʫʜʝʨʞʠʚʘʝʤʘʷ ʚ ʣʦʚʫʰʢʝ. 

 

ʈʠʩʫʥʦʢ 41. ʇʘʨʥʘʷ ʢʦʨʨʝʣʷʮʠʦʥʥʘʷ ʬʫʥʢʮʠʷ ʯʝʨʝʟ ʜʝʩʷʪʴ ʩʝʢʫʥʜ ʧʦʩʣʝ 

ʠʥʞʝʢʮʠʠ ʯʘʩʪʠʮ; d = 1 ʤʢʤ, q = 2 500 e. 

r, ʤʤ 

g
(r

) 
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ɺ ʩʣʫʯʘʝ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʫʜʝʣʴʥʘʷ ʚʥʫʪʨʝʥʥʷʷ ʵʥʝʨʛʠʷ ʯʘʩʪʠʮ 

ʧʨʝʚʳʰʘʝʪ ʪʘʢʦʚʫʶ ʜʣʷ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʫʩʣʦʚʠʡ, ʦʧʠʩʘʥʥʳʭ ʚ ʨʘʟʜʝʣʝ 4.1.1 ʥʘ 

ʜʚʘ ʧʦʨʷʜʢʘ, ʯʪʦ ʩʦʛʣʘʩʫʝʪʩʷ ʩ ʚʠʜʦʤ ʧʘʨʥʦʡ ʢʦʨʨʝʣʷʮʠʦʥʥʦʡ ʬʫʥʢʮʠʠ, ʫʢʘʟʳʚʘʶʱʝʡ 

ʥʘ ʥʘʣʠʯʠʝ ʙʣʠʞʥʝʛʦ ʧʦʨʷʜʢʘ. 

ʅʘ ʨʠʩʫʥʢʝ 42 ʦʪʦʙʨʘʞʝʥʘ ʜʠʥʘʤʠʢʘ ʵʥʝʨʛʠʠ (ʘ) ʠ ʜʘʚʣʝʥʠʷ (ʙ) ʢʫʣʦʥʦʚʩʢʠʭ 

ʩʠʩʪʝʤ, ʩʦʩʪʦʷʱʠʭ ʠʟ ʯʘʩʪʠʮ ʨʘʟʥʦʛʦ ʨʘʟʤʝʨʘ. ɺʨʝʤʝʥʥʳʝ ʦʩʮʠʣʣʷʮʠʠ ʵʥʝʨʛʠʠ ʠ 

ʜʘʚʣʝʥʠʷ ʥʘ ʷʚʣʷʶʪʩʷ ʩʣʝʜʩʪʚʠʝʤ ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ʩʪʨʫʢʪʫʨʫ ʧʝʨʝʤʝʥʥʦʛʦ 

ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ ʵʣʝʢʪʨʦʜʠʥʘʤʠʯʝʩʢʦʡ ʣʦʚʫʰʢʠ. ʇʦʩʣʝ ʠʥʞʝʢʮʠʠ ʯʘʩʪʠʮ ʚ 

ʧʨʦʮʝʩʩʝ ʚʳʭʦʜʘ ʥʘ ʩʪʘʮʠʦʥʘʨʥʫʶ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʫʶ ʢʦʥʬʠʛʫʨʘʮʠʶ ʩʨʝʜʥʝʝ 

ʨʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʥʠʤʠ ʚʦʟʨʘʩʪʘʝʪ, ʠʟ-ʟʘ ʯʝʛʦ ʵʥʝʨʛʠʷ ʠʭ ʤʝʞʯʘʩʪʠʯʥʦʛʦ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʫʤʝʥʴʰʘʝʪʩʷ. ʕʪʦ ʚʳʟʳʚʘʝʪ ʧʘʜʝʥʠʝ ʧʦʣʥʦʡ ʵʥʝʨʛʠʠ ʩʠʩʪʝʤʳ. 

ʉʦ ʚʨʝʤʝʥʝʤ ʢʫʣʦʥʦʚʩʢʘʷ ʩʠʩʪʝʤʘ ʚ ʩʨʝʜʥʝʤ ʩʪʘʙʠʣʠʟʠʨʫʝʪʩʷ, ʠ ʯʘʩʪʠʮʳ 

ʥʘʯʠʥʘʶʪ ʩʦʚʝʨʰʘʪʴ ʚ ʦʩʥʦʚʥʦʤ ʢʦʣʝʙʘʪʝʣʴʥʳʝ ʜʚʠʞʝʥʠʷ ʦʢʦʣʦ ʧʦʣʦʞʝʥʠʡ 

ʨʘʚʥʦʚʝʩʠʷ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʵʥʝʨʛʠʷ ʠ ʜʘʚʣʝʥʠʝ, ʦʩʮʠʣʣʠʨʫʷ, ʩʪʨʝʤʷʪʩʷ ʢ 

ʘʩʠʤʧʪʦʪʠʯʝʩʢʦʤʫ ʟʥʘʯʝʥʠʶ, ʦʪʥʦʩʠʪʝʣʴʥʦ ʢʦʪʦʨʦʛʦ ʚ ʜʘʣʴʥʝʡʰʝʤ ʩʦʚʝʨʰʘʶʪ 

ʦʩʮʠʣʣʷʮʠʠ. 

ʀʟ ʘʥʘʣʠʟʘ ʨʠʩʫʥʢʘ 42 ʩʣʝʜʫʝʪ ʪʘʢʞʝ, ʯʪʦ ʩ ʨʦʩʪʦʤ ʟʘʨʷʜʘ ʯʘʩʪʠ ʵʥʝʨʛʠʷ 

ʢʫʣʦʥʦʚʩʢʦʡ ʩʪʨʫʢʪʫʨʳ ʠ ʝʝ ʜʘʚʣʝʥʠʝ ʥʘ ʣʦʚʫʰʢʫ ʫʤʝʥʴʰʘʶʪʩʷ ʟʘ ʩʯʝʪ ʫʚʝʣʠʯʝʥʠʷ 

ʩʨʝʜʥʠʭ ʤʝʞʯʘʩʪʠʯʥʳʭ ʨʘʩʩʪʦʷʥʠʡ. 

 

ʈʠʩʫʥʦʢ 42. ɼʠʥʘʤʠʢʘ ʵʥʝʨʛʠʠ (ʘ) ʠ ʜʘʚʣʝʥʠʷ (ʙ) ʢʫʣʦʥʦʚʩʢʠʭ ʩʠʩʪʝʤ, 

ʩʦʩʪʦʷʱʠʭ ʠʟ ʯʘʩʪʠʮ ʨʘʟʥʦʛʦ ʨʘʟʤʝʨʘ. ʆʙʱʠʝ ʧʘʨʘʤʝʪʨʳ: ʢʨʠʚʘʷ 1 ï d = 2 ʤʢʤ, 

ʘ) ʙ) 
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q = 2750 e; 2 ï d = 2 ʤʢʤ, q = 3250 e; 3 ï d = 4 ʤʢʤ, q = 11000 e; 4 ï d = 1 ʤʢʤ, 

q = 13000 e. 

4.2 ʂʫʣʦʥʦʚʩʢʠʝ ʩʪʨʫʢʪʫʨʳ ʚ ʣʠʥʝʡʥʳʭ ʢʚʘʜʨʫʧʦʣʴʥʦʡ ʠ ʦʢʪʫʧʦʣʴʥʦʡ 

ʚʝʨʪʠʢʘʣʴʥʦ ʦʨʠʝʥʪʠʨʦʚʘʥʥʳʭ ʵʣʝʢʪʨʦʜʠʥʘʤʠʯʝʩʢʠʭ ʣʦʚʫʰʢʘʭ 

ɹʳʣʠ ʧʨʦʚʝʜʝʥʳ ʵʢʩʧʝʨʠʤʝʥʪʳ ʧʦ ʠʟʫʯʝʥʠʶ ʢʫʣʦʥʦʚʩʢʠʭ ʩʪʨʫʢʪʫʨ ʚ 

ʚʝʨʪʠʢʘʣʴʥʦ ʦʨʠʝʥʪʠʨʦʚʘʥʥʦʡ ʢʚʘʜʨʫʧʦʣʴʥʦʡ ʣʠʥʝʡʥʦʡ ʵʣʝʢʪʨʦʜʠʥʘʤʠʯʝʩʢʦʡ 

ʣʦʚʫʰʢʝ ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʟʥʘʯʝʥʠʷʭ ʘʤʧʣʠʪʫʜʳ ʧʝʨʝʤʝʥʥʦʛʦ ʥʘʧʨʷʞʝʥʠʷ ʠ ʯʘʩʪʦʪʝ f = 

50 ɻʮ. ʈʝʟʫʣʴʪʘʪ ʧʨʝʜʩʪʘʚʣʝʥ ʥʘ ʨʠʩʫʥʢʘʭ 43 ï 51. 

 

ʈʠʩʫʥʦʢ 43. ʇʳʣʝʚʘʷ ʩʪʨʫʢʪʫʨʘ ʚ ʢʚʘʜʨʫʧʦʣʴʥʦʡ ʣʠʥʝʡʥʦʡ 

ʵʣʝʢʪʨʦʜʠʥʘʤʠʯʝʩʢʦʡ ʣʦʚʫʰʢʝ. ɸʤʧʣʠʪʫʜʘ ʧʝʨʝʤʝʥʥʦʛʦ ʥʘʧʨʷʞʝʥʠʷ UA = 1,15 ʢɺ, 

f=50 ɻʮ. 
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ʈʠʩʫʥʦʢ 44. ʇʳʣʝʚʘʷ ʩʪʨʫʢʪʫʨʘ ʚ ʢʚʘʜʨʫʧʦʣʴʥʦʡ ʣʠʥʝʡʥʦʡ 

ʵʣʝʢʪʨʦʜʠʥʘʤʠʯʝʩʢʦʡ ʣʦʚʫʰʢʝ. ɸʤʧʣʠʪʫʜʘ ʧʝʨʝʤʝʥʥʦʛʦ ʥʘʧʨʷʞʝʥʠʷ UA = 1.7 ʢɺ, 

f=50 ɻʮ. 

 

ʈʠʩʫʥʦʢ 45. ʇʳʣʝʚʘʷ ʩʪʨʫʢʪʫʨʘ ʚ ʢʚʘʜʨʫʧʦʣʴʥʦʡ ʣʠʥʝʡʥʦʡ 

ʵʣʝʢʪʨʦʜʠʥʘʤʠʯʝʩʢʦʡ ʣʦʚʫʰʢʝ. ɸʤʧʣʠʪʫʜʘ ʧʝʨʝʤʝʥʥʦʛʦ ʥʘʧʨʷʞʝʥʠʷ UA = 2,25 ʢɺ, 

f=50 ɻʮ. 
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ʈʠʩʫʥʦʢ 46. ʇʳʣʝʚʘʷ ʩʪʨʫʢʪʫʨʘ ʚ ʢʚʘʜʨʫʧʦʣʴʥʦʡ ʣʠʥʝʡʥʦʡ 

ʵʣʝʢʪʨʦʜʠʥʘʤʠʯʝʩʢʦʡ ʣʦʚʫʰʢʝ. ɸʤʧʣʠʪʫʜʘ ʧʝʨʝʤʝʥʥʦʛʦ ʥʘʧʨʷʞʝʥʠʷ UA = 2,25 ʢɺ, 

f=50 ɻʮ. 

 

ʈʠʩʫʥʦʢ 47. ʇʳʣʝʚʘʷ ʩʪʨʫʢʪʫʨʘ ʚ ʢʚʘʜʨʫʧʦʣʴʥʦʡ ʣʠʥʝʡʥʦʡ 

ʵʣʝʢʪʨʦʜʠʥʘʤʠʯʝʩʢʦʡ ʣʦʚʫʰʢʝ. ɸʤʧʣʠʪʫʜʘ ʧʝʨʝʤʝʥʥʦʛʦ ʥʘʧʨʷʞʝʥʠʷ UA = 2,8 ʢɺ, 

f=50 ɻʮ. 
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ʈʠʩʫʥʦʢ 48. ʇʳʣʝʚʘʷ ʩʪʨʫʢʪʫʨʘ ʚ ʢʚʘʜʨʫʧʦʣʴʥʦʡ ʣʠʥʝʡʥʦʡ 

ʵʣʝʢʪʨʦʜʠʥʘʤʠʯʝʩʢʦʡ ʣʦʚʫʰʢʝ. ɸʤʧʣʠʪʫʜʘ ʧʝʨʝʤʝʥʥʦʛʦ ʥʘʧʨʷʞʝʥʠʷ UA =3.4 ʢɺ, 

f=50 ɻʮ. 

 

ʈʠʩʫʥʦʢ 49. ʇʳʣʝʚʘʷ ʩʪʨʫʢʪʫʨʘ ʚ ʢʚʘʜʨʫʧʦʣʴʥʦʡ ʣʠʥʝʡʥʦʡ 

ʵʣʝʢʪʨʦʜʠʥʘʤʠʯʝʩʢʦʡ ʣʦʚʫʰʢʝ. ɸʤʧʣʠʪʫʜʘ ʧʝʨʝʤʝʥʥʦʛʦ ʥʘʧʨʷʞʝʥʠʷ UA = 4,5 ʢɺ, 

f=50 ɻʮ. 
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ʈʠʩʫʥʦʢ 50. ʇʳʣʝʚʘʷ ʩʪʨʫʢʪʫʨʘ ʚ ʢʚʘʜʨʫʧʦʣʴʥʦʡ ʣʠʥʝʡʥʦʡ 

ʵʣʝʢʪʨʦʜʠʥʘʤʠʯʝʩʢʦʡ ʣʦʚʫʰʢʝ. ɸʤʧʣʠʪʫʜʘ ʧʝʨʝʤʝʥʥʦʛʦ ʥʘʧʨʷʞʝʥʠʷ UA = 5,1 ʢɺ, 

f=50 ɻʮ. 

 

ʈʠʩʫʥʦʢ 51. ʇʳʣʝʚʘʷ ʩʪʨʫʢʪʫʨʘ ʚ ʢʚʘʜʨʫʧʦʣʴʥʦʡ ʣʠʥʝʡʥʦʡ 

ʵʣʝʢʪʨʦʜʠʥʘʤʠʯʝʩʢʦʡ ʣʦʚʫʰʢʝ. ɸʤʧʣʠʪʫʜʘ ʧʝʨʝʤʝʥʥʦʛʦ ʥʘʧʨʷʞʝʥʠʷ UA = 5,65 ʢɺ, 

f=50 ɻʮ. 
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ʇʨʠ ʫʚʝʣʠʯʝʥʠʠ ʘʤʧʣʠʪʫʜʳ ʧʝʨʝʤʝʥʥʦʛʦ ʥʘʧʨʷʞʝʥʠʷ ʣʦʚʫʰʢʠ. ʇʳʣʝʚʘʷ 

ʩʪʨʫʢʪʫʨʘ ʚʳʪʷʛʠʚʘʝʪʩʷ ʚʚʝʨʭ. ʇʳʣʝʚʘʷ ʩʪʨʫʢʪʫʨʘ ʨʘʩʰʠʨʷʝʪʩʷ ʢʥʠʟʫ, ʯʪʦ 

ʦʙʫʩʣʦʚʣʝʥʦ ʚʝʩʦʤ ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʚʳʰʝ ʯʘʩʪʠʮ. ʇʨʠ ʘʤʧʣʠʪʫʜʝ ʥʘʧʨʷʞʝʥʠʷ ʥʝ 

ʧʨʝʚʳʰʘʶʱʝʤ 5 ʢɺ ʠʤʝʝʪ ʤʝʩʪʦ ʫʧʦʨʷʜʦʯʝʥʥʘʷ ʧʳʣʝʚʘʷ ʩʪʨʫʢʪʫʨʘ. ʇʨʠ UA = 5,1 ʢɺ 

ʩʪʨʫʢʪʫʨʘ ʥʘʯʠʥʘʝʪ ʚʨʘʱʘʪʴʩʷ (ʨʠʩʫʥʢʠ 50 ʠ 51). 

ɹʳʣʠ ʧʨʦʚʝʜʝʥʳ ʵʢʩʧʝʨʠʤʝʥʪʳ ʧʦ ʠʟʫʯʝʥʠʶ ʜʠʥʘʤʠʢʠ ʟʘʨʷʞʝʥʥʳʭ 

ʤʠʢʨʦʯʘʩʪʠʮ ʚ ʵʣʝʢʪʨʦʜʠʥʘʤʠʯʝʩʢʠʭ ʢʚʘʜʨʫʧʦʣʴʥʦʡ ʠ ʦʢʪʫʧʦʣʴʥʦʡ ʚʝʨʪʠʢʘʣʴʥʦ 

ʦʨʠʝʥʪʠʨʦʚʘʥʥʳʭ ʣʦʚʫʰʢʘʭ. ʅʘ ʨʠʩʫʥʢʘʭ 52 ï 60 ʧʨʝʜʩʪʘʚʣʝʥʳ ʬʦʪʦʛʨʘʬʠʠ ʧʳʣʝʚʳʭ 

ʩʪʨʫʢʪʫʨ, ʫʜʝʨʞʠʚʘʝʤʳʭ ʣʦʚʫʰʢʘʤʠ ʧʨʠ ʨʘʟʣʠʯʥʦʡ ʯʘʩʪʦʪʝ ʧʝʨʝʤʝʥʥʦʛʦ 

ʥʘʧʨʷʞʝʥʠʷ. ɸʤʧʣʠʪʫʜʘ ʥʘʧʨʷʞʝʥʠʷ ʙʳʣʘ ʬʠʢʩʠʨʦʚʘʥʥʦʡ ʠ ʩʦʩʪʘʚʣʷʣʘ 4,25 ʢɺ. 

ʀʩʩʣʝʜʫʝʤʳʤ ʧʘʨʘʤʝʪʨʦʤ ʷʚʣʷʣʠʩʴ ʩʨʝʜʥʷʷ ʘʤʧʣʠʪʫʜʘ ʢʦʣʝʙʘʥʠʡ ʯʘʩʪʠʮ, 

ʥʘʧʨʘʚʣʝʥʠʝ ʢʦʣʝʙʘʥʠʡ, ʭʘʨʘʢʪʝʨ ʟʘʧʦʣʥʝʥʠʷ ʣʦʚʫʰʢʠ ʧʳʣʝʚʳʤʠ ʯʘʩʪʠʮʘʤʠ. 

 

ʈʠʩʫʥʦʢ 52. ʇʳʣʝʚʘʷ ʩʪʨʫʢʪʫʨʘ ʚ ʢʚʘʜʨʫʧʦʣʴʥʦʡ ʣʠʥʝʡʥʦʡ 

ʵʣʝʢʪʨʦʜʠʥʘʤʠʯʝʩʢʦʡ ʣʦʚʫʰʢʝ. ɸʤʧʣʠʪʫʜʘ ʧʝʨʝʤʝʥʥʦʛʦ ʥʘʧʨʷʞʝʥʠʷ UA =4,25 ʢɺ, 

f=50 ɻʮ. 
































































