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ɺɺɽɼɽʅʀɽ 

ɸʢʪʫʘʣʴʥʦʩʪʴ ʪʝʤʳ. 

ʆʧʪʠʯʝʩʢʘʷ ʘʢʪʠʚʥʦʩʪʴ (ʛʠʨʦʪʨʦʧʠʷ) ʟʘʥʠʤʘʝʪ ʦʩʦʙʦʝ ʤʝʩʪʦ ʩʨʝʜʠ 

ʬʠʟʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʚʝʱʝʩʪʚ ʠ ʢʘʢ ʪʝʦʨʝʪʠʯʝʩʢʦʝ, ʪʘʢ ʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʝ 

ʠʩʩʣʝʜʦʚʘʥʠʝ ʦʩʦʙʝʥʥʦʩʪʝʡ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʩʚʝʪʘ ʚ ʛʠʨʦʪʨʦʧʥʳʭ ʢʨʠʩʪʘʣʣʘʭ 

ʧʨʝʜʩʪʘʚʣʷʝʪ ʙʦʣʴʰʦʡ ʠʥʪʝʨʝʩ. 

ʆʧʨʝʜʝʣʝʥʠʝ ʚʢʣʘʜʘ ʛʠʨʦʪʨʦʧʠʠ ʚ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʦʪʨʘʞʝʥʥʦʛʦ ʠ 

ʧʨʦʰʝʜʰʝʛʦ ʩʚʝʪʘ, ʦʩʦʙʝʥʥʦ ʧʨʠ ʢʦʩʦʤ ʩʨʝʟʝ ʧʣʘʩʪʠʥʢʠ ʠ ʥʘʢʣʦʥʥʦʤ ʧʘʜʝʥʠʠ 

ʩʚʝʪʦʚʦʡ ʚʦʣʥʳ, ʥʝʦʙʭʦʜʠʤʦ ʧʨʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʷʭ ʦʧʪʠʯʝʩʢʠʭ 

ʩʚʦʡʩʪʚ. ʇʨʠ ʵʪʦʤ ʧʨʦʷʚʣʝʥʠʝ ʦʧʪʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʠ ʥʝ ʠʟʫʯʝʥʦ ʧʦʣʥʦʩʪʴʶ ʜʘʞʝ 

ʜʣʷ ʦʜʥʦʦʩʥʳʭ ʢʨʠʩʪʘʣʣʦʚ. ɽʱʝ ʙʦʣʝʝ ʩʣʦʞʥʳʤ ʷʚʣʷʝʪʩʷ ʠʟʫʯʝʥʠʝ 

ʥʠʟʢʦʩʠʤʤʝʪʨʠʯʥʳʭ ʢʨʠʩʪʘʣʣʦʚ, ʦʙʣʘʜʘʶʱʠʭ ʠ ʦʧʪʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʴʶ, ʠ 

ʧʦʛʣʦʱʝʥʠʝʤ. ɺ ʪʘʢʠʭ ʢʨʠʩʪʘʣʣʘʭ ʚʦʟʤʦʞʥʦ ʨʘʟʥʦʝ ʨʘʩʧʦʣʦʞʝʥʠʝ ʦʧʪʠʯʝʩʢʠʭ 

ʦʩʝʡ, ʠ ʦʧʪʠʯʝʩʢʘʷ ʘʢʪʠʚʥʦʩʪʴ ʧʨʠ ʵʪʦʤ ʧʨʦʷʚʣʷʝʪʩʷ ʧʦ-ʨʘʟʥʦʤʫ. ʇʨʘʚʠʣʴʥʳʡ 

ʫʯʝʪ ʚʢʣʘʜʘ ʦʧʪʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʠ ʥʝʦʙʭʦʜʠʤ, ʥʘʧʨʠʤʝʨ, ʜʣʷ ʩʦʟʜʘʥʠʷ 

ʤʥʦʛʦʩʣʦʡʥʳʭ ʪʦʥʢʦʧʣʝʥʦʯʥʳʭ ʩʪʨʫʢʪʫʨ ʩ ʢʦʥʪʨʦʣʠʨʫʝʤʦʡ ʦʧʪʠʯʝʩʢʦʡ 

ʘʢʪʠʚʥʦʩʪʴʶ, ʜʣʷ ʢʦʥʩʪʨʫʠʨʦʚʘʥʠʷ ʤʝʪʘʤʘʪʝʨʠʘʣʦʚ, ʧʨʠ ʠʟʫʯʝʥʠʠ ʬʘʟʦʚʳʭ 

ʧʝʨʝʭʦʜʦʚ ʠ ʚʦ ʤʥʦʛʠʭ ʜʨʫʛʠʭ ʩʣʫʯʘʷʭ. ʂʨʦʤʝ ʪʦʛʦ, ʤʥʦʛʠʝ ʚʳʚʦʜʳ, ʧʦʣʫʯʝʥʥʳʝ 

ʧʨʠ ʠʟʫʯʝʥʠʠ ʛʠʨʦʪʨʦʧʠʠ ʢʨʠʩʪʘʣʣʦʚ, ʤʦʛʫʪ ʦʢʘʟʘʪʴʩʷ ʧʨʠʤʝʥʠʤʳʤʠ ʠ ʧʨʠ 

ʠʩʩʣʝʜʦʚʘʥʠʠ ʚʩʝʭ ʜʨʫʛʠʭ ʛʠʨʦʪʨʦʧʥʳʭ ʦʙʲʝʢʪʦʚ, ʚ ʪʦʤ ʯʠʩʣʝ ʙʠʦʣʦʛʠʯʝʩʢʠʭ 

ʩʪʨʫʢʪʫʨ. 

ʅʘʩʪʦʷʱʫʶ ʨʘʙʦʪʫ ʤʦʞʥʦ ʨʘʟʜʝʣʠʪʴ ʥʘ ʜʚʝ ʯʘʩʪʠ. ʇʝʨʚʘʷ ʯʘʩʪʴ ʧʦʩʚʷʱʝʥʘ 

ʝʱʝ ʥʝʨʝʰʝʥʥʳʤ ʪʝʦʨʝʪʠʯʝʩʢʠʤ ʚʦʧʨʦʩʘʤ, ʩʚʷʟʘʥʥʳʤ ʩ ʦʧʪʠʯʝʩʢʠ ʘʢʪʠʚʥʳʤʠ 

ʢʨʠʩʪʘʣʣʘʤʠ. ɺʪʦʨʘʷ ʯʘʩʪʴ ʧʦʩʚʷʱʝʥʘ ʠʟʫʯʝʥʠʶ ʢʦʥʢʨʝʪʥʳʭ ʢʨʠʩʪʘʣʣʦʚ, ʚ 

ʯʘʩʪʥʦʩʪʠ ʦʮʝʥʢʝ ʚʝʣʠʯʠʥʳ ʦʧʪʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʠ ʠʟ ʩʪʨʫʢʪʫʨʥʳʭ ʜʘʥʥʳʭ. 

 ʆʜʥʠʤ ʠʟ ʪʝʦʨʝʪʠʯʝʩʢʠʭ ʚʦʧʨʦʩʦʚ ʷʚʣʷʝʪʩʷ ʨʘʟʣʠʯʠʝ ʚ ʧʨʦʷʚʣʝʥʠʠ 

ʦʧʪʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʠ ʚ ʧʨʠʤʠʪʠʚʥʳʭ, ʘʢʩʠʘʣʴʥʳʭ ʠ ʧʣʘʥʘʣʴʥʳʭ ʦʜʥʦʦʩʥʳʭ 

ʢʨʠʩʪʘʣʣʘʭ, ʩʚʷʟʘʥʥʦʝ ʩ ʥʘʣʠʯʠʝʤ ʘʥʪʠʩʠʤʤʝʪʨʠʯʥʦʡ ʯʘʩʪʠ ʪʝʥʟʦʨʘ ʛʠʨʘʮʠʠ. 

ʈʘʟʣʠʯʠʝ ʤʝʞʜʫ ʧʨʦʷʚʣʝʥʠʝʤ ʦʧʪʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʠ ʚ ʧʨʠʤʠʪʠʚʥʳʭ ʢʨʠʩʪʘʣʣʘʭ, 
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ʜʣʷ ʢʦʪʦʨʳʭ ʪʝʥʟʦʨ ʛʠʨʘʮʠʠ ʠʤʝʝʪ ʠ ʩʠʤʤʝʪʨʠʯʥʫʶ, ʠ ʘʥʪʠʩʠʤʤʝʪʨʠʯʥʫʶ ʯʘʩʪʠ, 

ʠ ʚ ʘʢʩʠʘʣʴʥʳʭ ʢʨʠʩʪʘʣʣʘʭ, ʜʣʷ ʢʦʪʦʨʳʭ ʪʝʥʟʦʨ ʛʠʨʘʮʠʠ ʩʠʤʤʝʪʨʠʯʝʥ, ʥʠʛʜʝ ʥʝ 

ʨʘʩʩʤʘʪʨʠʚʘʣʦʩʴ. ʇʨʠ ʵʪʦʤ ʧʨʠ ʥʘʢʣʦʥʥʦʤ ʧʘʜʝʥʠʠ ʩʚʝʪʘ ʘʥʪʠʩʠʤʤʝʪʨʠʯʥʘʷ 

ʯʘʩʪʴ ʪʝʥʟʦʨʘ ʛʠʨʘʮʠʠ ʦʢʘʟʳʚʘʝʪ ʚʣʠʷʥʠʝ ʥʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʦʪʨʘʞʝʥʥʦʛʦ ʠ 

ʧʨʦʰʝʜʰʝʛʦ ʩʚʝʪʘ, ʧʦʵʪʦʤʫ ʝʝ ʥʝʦʙʭʦʜʠʤʦ ʫʯʠʪʳʚʘʪʴ ʜʣʷ ʧʨʘʚʠʣʴʥʦʡ ʦʮʝʥʢʠ 

ʫʢʘʟʘʥʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ. 

 ɺ ʛʠʨʦʪʨʦʧʥʳʭ ʦʜʥʦʦʩʥʳʭ ʢʨʠʩʪʘʣʣʘʭ ʠʥʚʝʨʩʠʦʥʥʦ-ʧʨʠʤʠʪʠʚʥʦʛʦ ʠ 

ʠʥʚʝʨʩʠʦʥʥʦ-ʧʣʘʥʘʣʴʥʦʛʦ ʢʣʘʩʩʦʚ ʚʩʣʝʜʩʪʚʠʝ ʥʝʦʙʳʯʥʦʛʦ ʚʠʜʘ ʪʝʥʟʦʨʘ ʛʠʨʘʮʠʠ 

ʦʧʪʠʯʝʩʢʘʷ ʘʢʪʠʚʥʦʩʪʴ ʪʘʢʞʝ ʧʨʦʷʚʣʷʝʪʩʷ ʥʝʦʙʳʯʥʦ. ʊʘʢʠʝ ʢʨʠʩʪʘʣʣʳ ʠʤʝʶʪ 

ʠʥʪʝʨʝʩʥʦʝ ʩʚʦʡʩʪʚʦ ï ʘʟʠʤʫʪʳ ʧʦʣʷʨʠʟʘʮʠʠ ʠ ʵʣʣʠʧʪʠʯʥʦʩʪʠ ʦʪʨʘʞʝʥʥʦʛʦ ʠ 

ʧʨʦʰʝʜʰʝʛʦ ʩʚʝʪʘ, ʨʘʩʩʯʠʪʘʥʥʳʝ ʧʨʠ ʧʦʣʦʞʠʪʝʣʴʥʳʭ ʠ ʦʪʨʠʮʘʪʝʣʴʥʳʭ ʫʛʣʘʭ 

ʧʘʜʝʥʠʷ, ʚ ʦʙʱʝʤ ʩʣʫʯʘʝ ʨʘʟʣʠʯʥʳ.  

ɼʣʷ ʪʦʛʦ ʯʪʦʙʳ ʠʩʩʣʝʜʦʚʘʪʴ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʩʚʝʪʘ ʯʝʨʝʟ ʦʧʪʠʯʝʩʢʠ 

ʘʢʪʠʚʥʳʝ ʧʦʛʣʦʱʘʶʱʠʝ ʥʠʟʢʦʩʠʤʤʝʪʨʠʯʥʳʝ ʢʨʠʩʪʘʣʣʳ, ʥʝʦʙʭʦʜʠʤʦ ʩʥʘʯʘʣʘ 

ʨʘʩʩʤʦʪʨʝʪʴ ʝʛʦ ʦʩʦʙʝʥʥʦʩʪʠ, ʩʚʷʟʘʥʥʳʝ ʪʦʣʴʢʦ ʩ ʧʦʛʣʦʱʝʥʠʝʤ. ɺ ʯʘʩʪʥʦʩʪʠ, 

ʥʝʦʙʭʦʜʠʤʦ ʟʥʘʪʴ ʢʦʣʠʯʝʩʪʚʦ ʠ ʨʘʩʧʦʣʦʞʝʥʠʝ ʦʧʪʠʯʝʩʢʠʭ ʦʩʝʡ. ʆʙʳʯʥʦ ʚ 

ʧʦʛʣʦʱʘʶʱʝʤ ʥʠʟʢʦʩʠʤʤʝʪʨʠʯʥʦʤ ʢʨʠʩʪʘʣʣʝ ʩʫʱʝʩʪʚʫʶʪ ʯʝʪʳʨʝ ʦʧʪʠʯʝʩʢʠʝ 

ʦʩʠ, ʥʦ ʧʨʠ ʦʧʨʝʜʝʣʝʥʥʳʭ ʫʩʣʦʚʠʷʭ ʤʦʞʝʪ ʙʳʪʴ ʜʨʫʛʦʝ ʯʠʩʣʦ ʦʧʪʠʯʝʩʢʠʭ ʦʩʝʡ. 

ʊʘʢ ʢʘʢ ʧʦʢʘʟʘʪʝʣʠ ʧʨʝʣʦʤʣʝʥʠʷ ʠ ʢʦʵʬʬʠʮʠʝʥʪʳ ʧʦʛʣʦʱʝʥʠʷ ʢʨʠʩʪʘʣʣʘ 

ʤʝʥʷʶʪʩʷ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʨʘʟʣʠʯʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʠ ʚʥʝʰʥʠʭ ʚʦʟʜʝʡʩʪʚʠʡ, ʤʦʞʥʦ 

ʧʨʝʜʧʦʣʦʞʠʪʴ, ʯʪʦ ʤʘʪʝʨʠʘʣʳ ʩ ʪʘʢʠʤʠ ʥʝʩʪʘʥʜʘʨʪʥʳʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʤʦʛʫʪ 

ʩʫʱʝʩʪʚʦʚʘʪʴ ʠʣʠ ʤʦʛʫʪ ʙʳʪʴ ʩʧʝʮʠʘʣʴʥʦ ʩʦʟʜʘʥʳ, ʧʦʵʪʦʤʫ ʧʨʝʜʩʪʘʚʣʷʝʪ ʠʥʪʝʨʝʩ 

ʠʟʫʯʝʥʠʝ ʦʩʦʙʝʥʥʦʩʪʝʡ ʠʭ ʦʧʪʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ. 

ɺ ʧʨʦʟʨʘʯʥʳʭ ʜʚʫʦʩʥʳʭ ʢʨʠʩʪʘʣʣʘʭ ʢʣʘʩʩʦʚ 2, m, mm2 ʦʧʪʠʯʝʩʢʘʷ 

ʘʢʪʠʚʥʦʩʪʴ ʧʨʦʷʚʣʷʝʪʩʷ ʧʦ-ʨʘʟʥʦʤʫ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʨʘʩʧʦʣʦʞʝʥʠʷ ʧʣʦʩʢʦʩʪʠ 

ʦʧʪʠʯʝʩʢʠʭ ʦʩʝʡ, ʠ ʵʪʠʤ ʦʥʠ ʦʪʣʠʯʘʶʪʩʷ ʦʪ ʨʦʤʙʠʯʝʩʢʠʭ ʢʨʠʩʪʘʣʣʦʚ ʢʣʘʩʩʘ 222. 

ɽʩʣʠ ʢʨʠʩʪʘʣʣ ʧʦʛʣʦʱʘʶʱʠʡ, ʚ ʦʙʱʝʤ ʩʣʫʯʘʝ ʢʘʞʜʘʷ ʦʧʪʠʯʝʩʢʘʷ ʦʩʴ 

«ʨʘʩʱʝʧʣʷʝʪʩʷ» ʥʘ ʜʚʝ, ʧʨʠ ʵʪʦʤ ʦʧʪʠʯʝʩʢʠʝ ʦʩʠ ʨʘʩʧʦʣʦʞʝʥʳ ʚʙʣʠʟʠ ʪʦʡ 

ʧʣʦʩʢʦʩʪʠ, ʚ ʢʦʪʦʨʦʡ ʥʘʭʦʜʠʣʠʩʴ ʦʧʪʠʯʝʩʢʠʝ ʦʩʠ ʧʨʦʟʨʘʯʥʦʛʦ ʢʨʠʩʪʘʣʣʘ. 



8 

 

ʈʘʟʣʠʯʠʝ ʚ ʧʨʦʷʚʣʝʥʠʠ ʦʧʪʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʠ ʚ ʧʦʛʣʦʱʘʶʱʠʭ 

ʥʠʟʢʦʩʠʤʤʝʪʨʠʯʥʳʭ ʢʨʠʩʪʘʣʣʘʭ, ʩʚʷʟʘʥʥʦʝ ʩ ʨʘʟʥʳʤʠ ʩʣʫʯʘʷʤʠ ʨʘʩʧʦʣʦʞʝʥʠʷ 

ʦʧʪʠʯʝʩʢʠʭ ʦʩʝʡ, ʧʦʜʨʦʙʥʦ ʜʦ ʩʠʭ ʧʦʨ ʥʝ ʨʘʩʩʤʘʪʨʠʚʘʣʦʩʴ; ʧʨʠ ʵʪʦʤ ʫʯʝʪ 

ʠʤʝʶʱʠʭʩʷ ʦʩʦʙʝʥʥʦʩʪʝʡ ʥʝʦʙʭʦʜʠʤ ʜʣʷ ʧʨʘʚʠʣʴʥʦʛʦ ʦʧʨʝʜʝʣʝʥʠʷ ʦʧʪʠʯʝʩʢʠʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʦʪʨʘʞʝʥʥʦʛʦ ʠ ʧʨʦʰʝʜʰʝʛʦ ʯʝʨʝʟ ʢʨʠʩʪʘʣʣ ʩʚʝʪʘ. 

ɺʪʦʨʘʷ ʯʘʩʪʴ ʨʘʙʦʪʳ ʧʦʩʚʷʱʝʥʘ ʠʟʫʯʝʥʠʶ ʦʧʪʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʠ 

ʢʦʥʢʨʝʪʥʳʭ ʢʨʠʩʪʘʣʣʦʚ. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʙʦʣʴʰʦʝ ʚʥʠʤʘʥʠʝ ʫʜʝʣʷʝʪʩʷ 

ʩʦʦʪʥʦʰʝʥʠʶ ʤʝʞʜʫ ʩʪʨʫʢʪʫʨʦʡ ʠ ʬʠʟʠʯʝʩʢʠʤʠ ʩʚʦʡʩʪʚʘʤʠ ʢʨʠʩʪʘʣʣʦʚ. 

ʆʩʦʙʝʥʥʦ ʠʥʪʝʨʝʩʝʥ ʚʦʧʨʦʩ ʦʮʝʥʢʠ ʦʧʪʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʠʟ ʩʪʨʫʢʪʫʨʥʳʭ ʜʘʥʥʳʭ 

ʜʣʷ ʛʨʫʧʧ ʢʨʠʩʪʘʣʣʦʚ, ʠʤʝʶʱʠʭ ʩʭʦʜʥʫʶ ʩʪʨʫʢʪʫʨʫ. ʊʘʢʠʤʠ ʢʨʠʩʪʘʣʣʘʤʠ 

ʷʚʣʷʶʪʩʷ ʢʨʠʩʪʘʣʣʳ ʩʝʤʝʡʩʪʚʘ ʣʘʥʛʘʩʠʪʘ (ʢʣʘʩʩ 32). ʅʝʦʩʣʘʙʝʚʘʶʱʠʡ ʠʥʪʝʨʝʩ ʢ 

ʢʨʠʩʪʘʣʣʘʤ ʩʝʤʝʡʩʪʚʘ ʣʘʥʛʘʩʠʪʘ ʚʳʟʚʘʥ ʧʨʠʩʫʱʠʤ ʠʤ ʫʥʠʢʘʣʴʥʳʤ ʥʘʙʦʨʦʤ 

ʬʠʟʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʩʠʥʪʝʟʠʨʦʚʘʥʦ ʙʦʣʝʝ 200 ʩʦʝʜʠʥʝʥʠʡ 

ʩʝʤʝʡʩʪʚʘ ʣʘʥʛʘʩʠʪʘ, ʯʘʩʪʴ ʠʟ ʥʠʭ ʚʳʨʘʱʝʥʘ ʚ ʚʠʜʝ ʤʦʥʦʢʨʠʩʪʘʣʣʦʚ. ʇʦʩʢʦʣʴʢʫ 

ʩʪʨʫʢʪʫʨʳ ʵʪʠʭ ʢʨʠʩʪʘʣʣʦʚ ʠʤʝʶʪ ʦʜʠʥʘʢʦʚʫʶ ʩʠʤʤʝʪʨʠʶ ʠ ʩʭʦʜʥʳʝ 

ʦʩʦʙʝʥʥʦʩʪʠ ʩʪʨʦʝʥʠʷ, ʤʦʞʥʦ ʧʨʦʚʝʩʪʠ ʦʮʝʥʢʫ ʠʭ ʦʧʪʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ, ʚ ʪʦʤ 

ʯʠʩʣʝ ʚʝʣʠʯʠʥʳ ʦʧʪʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʠ, ʠʩʭʦʜʷ ʠʟ ʟʥʘʥʠʷ ʩʦʩʪʘʚʘ ʠ ʩʪʨʫʢʪʫʨʳ 

ʢʨʠʩʪʘʣʣʦʚ.  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʥʝʩʤʦʪʨʷ ʥʘ ʪʦ, ʯʪʦ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʩʫʱʝʩʪʚʫʝʪ ʤʥʦʛʦ 

ʨʘʙʦʪ, ʧʦʩʚʷʱʝʥʥʳʭ ʪʝʦʨʝʪʠʯʝʩʢʠʤ ʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʤ ʠʩʩʣʝʜʦʚʘʥʠʷʤ 

ʦʧʪʠʯʝʩʢʠ ʘʢʪʠʚʥʳʭ ʢʨʠʩʪʘʣʣʦʚ, ʠʟʫʯʝʥʠʝ ʪʘʢʠʭ ʢʨʠʩʪʘʣʣʦʚ ʜʦ ʩʠʭ ʧʦʨ ʷʚʣʷʝʪʩʷ 

ʘʢʪʫʘʣʴʥʳʤ. 

 

ʎʝʣʠ ʠ ʟʘʜʘʯʠ ʨʘʙʦʪʳ 

ʎʝʣʠ ʨʘʙʦʪʳ: 

ʎʝʣʴʶ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʠʟʫʯʝʥʠʝ ʦʩʦʙʝʥʥʦʩʪʝʡ ʦʧʪʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ 

ʨʘʟʣʠʯʥʳʭ ʦʧʪʠʯʝʩʢʠ ʘʢʪʠʚʥʳʭ ʠ ʧʦʛʣʦʱʘʶʱʠʭ ʢʨʠʩʪʘʣʣʦʚ: 

1. ɸʥʘʣʠʟ ʚʣʠʷʥʠʷ ʚʠʜʘ ʪʝʥʟʦʨʘ ʛʠʨʘʮʠʠ ʩ ʫʯʝʪʦʤ ʝʛʦ ʩʠʤʤʝʪʨʠʯʥʦʡ ʠ 

ʘʥʪʠʩʠʤʤʝʪʨʠʯʥʦʡ ʯʘʩʪʝʡ ʥʘ ʧʘʨʘʤʝʪʨʳ ʧʦʣʷʨʠʟʘʮʠʠ ʦʪʨʘʞʝʥʥʦʛʦ ʠ 
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ʧʨʦʰʝʜʰʝʛʦ ʩʚʝʪʘ ʧʨʠ ʥʘʢʣʦʥʥʦʤ ʧʘʜʝʥʠʠ ʜʣʷ ʦʜʥʦʦʩʥʳʭ ʢʨʠʩʪʘʣʣʦʚ 

ʨʘʟʣʠʯʥʳʭ ʢʣʘʩʩʦʚ ʩʠʤʤʝʪʨʠʠ. 

2. ʀʟʫʯʝʥʠʝ ʦʩʦʙʳʭ ʩʣʫʯʘʝʚ ʧʦʛʣʦʱʘʶʱʠʭ ʥʠʟʢʦʩʠʤʤʝʪʨʠʯʥʳʭ ʢʨʠʩʪʘʣʣʦʚ, 

ʠʤʝʶʱʠʭ ʤʝʥʴʰʝ ʯʝʪʳʨʝʭ ʦʧʪʠʯʝʩʢʠʭ ʦʩʝʡ. ʈʘʩʯʝʪ ʧʘʨʘʤʝʪʨʦʚ ʧʦʣʷʨʠʟʘʮʠʠ 

ʩʦʙʩʪʚʝʥʥʳʭ ʚʦʣʥ ʠ ʧʨʦʰʝʜʰʝʛʦ ʩʚʝʪʘ ʜʣʷ ʪʘʢʠʭ ʢʨʠʩʪʘʣʣʦʚ. 

3. ʀʟʫʯʝʥʠʝ ʨʘʟʣʠʯʠʷ ʚ ʧʨʦʷʚʣʝʥʠʠ ʦʧʪʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʠ ʚ ʧʨʦʟʨʘʯʥʳʭ ʠ 

ʧʦʛʣʦʱʘʶʱʠʭ ʥʠʟʢʦʩʠʤʤʝʪʨʠʯʥʳʭ ʢʨʠʩʪʘʣʣʘʭ ʨʘʟʥʳʭ ʢʣʘʩʩʦʚ ʩʠʤʤʝʪʨʠʠ. 

4. ʇʦʠʩʢ ʚʦʟʤʦʞʥʦʩʪʝʡ ʦʮʝʥʢʠ ʧʦʢʘʟʘʪʝʣʝʡ ʧʨʝʣʦʤʣʝʥʠʷ ʠ ʚʝʣʠʯʠʥʳ 

ʦʧʪʠʯʝʩʢʦʛʦ ʚʨʘʱʝʥʠʷ ʠʟ ʩʪʨʫʢʪʫʨʥʳʭ ʜʘʥʥʳʭ ʜʣʷ ʢʨʠʩʪʘʣʣʦʚ ʩʝʤʝʡʩʪʚʘ 

ʣʘʥʛʘʩʠʪʘ. 

5. ʆʮʝʥʢʘ ʧʦʢʘʟʘʪʝʣʝʡ ʧʨʝʣʦʤʣʝʥʠʷ ʠ ʚʝʣʠʯʠʥʳ ʦʧʪʠʯʝʩʢʦʛʦ ʚʨʘʱʝʥʠʷ ʠʟ 

ʩʪʨʫʢʪʫʨʥʳʭ ʜʘʥʥʳʭ ʜʣʷ ʧʨʦʟʨʘʯʥʦʛʦ ʜʚʫʦʩʥʦʛʦ ʢʨʠʩʪʘʣʣʘ Ŭ-HIO3. 

ɺ ʨʘʙʦʪʝ ʨʝʰʘʣʠʩʴ ʩʣʝʜʫʶʱʠʝ ʟʘʜʘʯʠ: 

1. ʇʦʣʫʯʝʥʠʝ ʠ ʘʥʘʣʠʟ ʘʥʘʣʠʪʠʯʝʩʢʠʭ ʚʳʨʘʞʝʥʠʡ ʩ ʫʯʝʪʦʤ ʩʠʤʤʝʪʨʠʯʥʦʡ ʠ 

ʘʥʪʠʩʠʤʤʝʪʨʠʯʥʦʡ ʯʘʩʪʝʡ ʪʝʥʟʦʨʘ ʛʠʨʘʮʠʠ ʜʣʷ ʧʘʨʘʤʝʪʨʦʚ ʧʦʣʷʨʠʟʘʮʠʠ 

ʦʪʨʘʞʝʥʥʦʛʦ ʠ ʧʨʦʰʝʜʰʝʛʦ ʩʚʝʪʘ ʧʨʠ ʥʘʢʣʦʥʥʦʤ ʧʘʜʝʥʠʠ ʚ ʨʘʟʣʠʯʥʳʭ 

ʦʜʥʦʦʩʥʳʭ ʢʨʠʩʪʘʣʣʘʭ. 

2. ʇʦʣʫʯʝʥʠʝ ʘʥʘʣʠʪʠʯʝʩʢʠʭ ʚʳʨʘʞʝʥʠʡ ʜʣʷ ʢʦʤʧʦʥʝʥʪ ʪʝʥʟʦʨʘ ʛʠʨʘʮʠʠ ʜʣʷ 

ʧʦʛʣʦʱʘʶʱʠʭ ʥʠʟʢʦʩʠʤʤʝʪʨʠʯʥʳʭ ʢʨʠʩʪʘʣʣʦʚ c ʨʘʟʥʳʤ ʯʠʩʣʦʤ ʦʧʪʠʯʝʩʢʠʭ 

ʦʩʝʡ. ʈʘʩʯʝʪ ʧʘʨʘʤʝʪʨʦʚ ʧʦʣʷʨʠʟʘʮʠʠ ʩʦʙʩʪʚʝʥʥʳʭ ʚʦʣʥ ʚ ʪʘʢʠʭ ʢʨʠʩʪʘʣʣʘʭ, ʘ 

ʪʘʢʞʝ ʧʘʨʘʤʝʪʨʦʚ ʧʦʣʷʨʠʟʘʮʠʠ ʩʚʝʪʘ, ʧʨʦʰʝʜʰʝʛʦ ʯʝʨʝʟ ʢʨʠʩʪʘʣʣ. 

3. ʀʟʫʯʝʥʠʝ ʨʘʟʣʠʯʠʷ ʚ ʧʨʦʷʚʣʝʥʠʠ ʦʧʪʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʠ ʚ ʧʨʦʟʨʘʯʥʳʭ ʠ 

ʧʦʛʣʦʱʘʶʱʠʭ ʥʠʟʢʦʩʠʤʤʝʪʨʠʯʥʳʭ ʢʨʠʩʪʘʣʣʘʭ ʜʣʷ ʜʚʫʭ ʪʠʧʦʚ ʦʨʠʝʥʪʘʮʠʠ 

ʦʧʪʠʯʝʩʢʠʭ ʦʩʝʡ ʦʪʥʦʩʠʪʝʣʴʥʦ ʵʣʝʤʝʥʪʦʚ ʩʠʤʤʝʪʨʠʠ ʢʨʠʩʪʘʣʣʘ. 

4. ʆʮʝʥʢʘ ʧʦʢʘʟʘʪʝʣʝʡ ʧʨʝʣʦʤʣʝʥʠʷ ʠ ʫʜʝʣʴʥʦʛʦ ʚʨʘʱʝʥʠʷ ʧʣʦʩʢʦʩʪʠ 

ʧʦʣʷʨʠʟʘʮʠʠ ʩʚʝʪʘ ʜʣʷ ʢʨʠʩʪʘʣʣʦʚ ʩʝʤʝʡʩʪʚʘ ʣʘʥʛʘʩʠʪʘ ʥʘ ʦʩʥʦʚʝ ʩʪʨʫʢʪʫʨʥʳʭ 

ʜʘʥʥʳʭ ʠ ʩʦʩʪʘʚʘ ʢʨʠʩʪʘʣʣʦʚ. 

5. ʈʘʩʯʝʪ ʚʝʣʠʯʠʥ ʧʦʢʘʟʘʪʝʣʝʡ ʧʨʝʣʦʤʣʝʥʠʷ ʠ ʫʜʝʣʴʥʦʛʦ ʚʨʘʱʝʥʠʷ ʧʣʦʩʢʦʩʪʠ 

ʧʦʣʷʨʠʟʘʮʠʠ ʩʚʝʪʘ ʠʟ ʩʪʨʫʢʪʫʨʥʳʭ ʜʘʥʥʳʭ ʜʣʷ ʢʨʠʩʪʘʣʣʘ Ŭ-HIO3. 
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ʅʘʫʯʥʘʷ ʥʦʚʠʟʥʘ: 

1. ɺʧʝʨʚʳʝ ʨʘʩʩʤʦʪʨʝʥʦ ʚʣʠʷʥʠʝ ʫʯʝʪʘ ʘʥʪʠʩʠʤʤʝʪʨʠʯʥʦʡ ʯʘʩʪʠ ʪʝʥʟʦʨʘ ʛʠʨʘʮʠʠ 

ʥʘ ʧʘʨʘʤʝʪʨʳ ʧʦʣʷʨʠʟʘʮʠʠ ʦʪʨʘʞʝʥʥʦʛʦ ʠ ʧʨʦʰʝʜʰʝʛʦ ʩʚʝʪʘ ʚ ʦʧʪʠʯʝʩʢʠ 

ʘʢʪʠʚʥʳʭ ʦʜʥʦʦʩʥʳʭ ʢʨʠʩʪʘʣʣʘʭ ʢʣʘʩʩʦʚ 3, 4, 6, 32, 422, 622, 3m, 4mm, 6mm. 

2. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʚ ʢʨʠʩʪʘʣʣʘʭ ʢʣʘʩʩʦʚ 4  ʠ m24  ʧʨʠ ʥʘʢʣʦʥʥʦʤ ʧʘʜʝʥʠʠ ʩʚʝʪʘ 

ʘʟʠʤʫʪʳ ʧʦʣʷʨʠʟʘʮʠʠ ʠ ʵʣʣʠʧʪʠʯʥʦʩʪʠ ʦʪʨʘʞʝʥʥʦʛʦ ʠ ʧʨʦʰʝʜʰʝʛʦ ʩʚʝʪʘ ʚ 

ʦʙʱʝʤ ʩʣʫʯʘʝ ʦʪʣʠʯʘʶʪʩʷ ʧʨʠ ʧʦʣʦʞʠʪʝʣʴʥʳʭ ʠ ʦʪʨʠʮʘʪʝʣʴʥʳʭ ʫʛʣʘʭ 

ʧʘʜʝʥʠʷ. 

3. ʇʦʣʫʯʝʥʳ ʘʥʘʣʠʪʠʯʝʩʢʠʝ ʚʳʨʘʞʝʥʠʷ ʜʣʷ ʢʦʤʧʦʥʝʥʪ ʢʦʤʧʣʝʢʩʥʦʛʦ ʪʝʥʟʦʨʘ 

ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʡ ʧʨʦʥʠʮʘʝʤʦʩʪʠ ʜʣʷ ʥʠʟʢʦʩʠʤʤʝʪʨʠʯʥʳʭ ʧʦʛʣʦʱʘʶʱʠʭ 

ʢʨʠʩʪʘʣʣʦʚ ʩ ʨʘʟʥʳʤ ʢʦʣʠʯʝʩʪʚʦʤ ʦʧʪʠʯʝʩʢʠʭ ʦʩʝʡ. ʀʟʫʯʝʥʘ ʧʦʣʷʨʠʟʘʮʠʷ 

ʩʦʙʩʪʚʝʥʥʳʭ ʚʦʣʥ ʚ ʪʘʢʠʭ ʢʨʠʩʪʘʣʣʘʭ, ʧʦʣʫʯʝʥʳ ʘʥʘʣʠʪʠʯʝʩʢʠʝ ʚʳʨʘʞʝʥʠʷ ʜʣʷ 

ʵʣʣʠʧʪʠʯʥʦʩʪʝʡ ʩʦʙʩʪʚʝʥʥʳʭ ʚʦʣʥ. 

4. ʈʘʩʩʤʦʪʨʝʥʦ ʨʘʟʣʠʯʠʝ ʚ ʧʨʦʷʚʣʝʥʠʠ ʦʧʪʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʠ ʚ ʧʨʦʟʨʘʯʥʳʭ ʠ 

ʧʦʛʣʦʱʘʶʱʠʭ ʥʠʟʢʦʩʠʤʤʝʪʨʠʯʥʳʭ ʢʨʠʩʪʘʣʣʘʭ ʩ ʨʘʟʥʦʡ ʦʨʠʝʥʪʘʮʠʝʡ 

ʦʧʪʠʯʝʩʢʠʭ ʦʩʝʡ ʦʪʥʦʩʠʪʝʣʴʥʦ ʵʣʝʤʝʥʪʦʚ ʩʠʤʤʝʪʨʠʠ ʢʨʠʩʪʘʣʣʘ. 

5. ʇʨʝʜʣʦʞʝʥ ʤʝʪʦʜ ʧʨʦʛʥʦʟʘ ʚʝʣʠʯʠʥ ʧʦʢʘʟʘʪʝʣʝʡ ʧʨʝʣʦʤʣʝʥʠʷ ʠ ʫʜʝʣʴʥʦʛʦ 

ʚʨʘʱʝʥʠʷ ʧʣʦʩʢʦʩʪʠ ʧʦʣʷʨʠʟʘʮʠʠ ʩʚʝʪʘ ʚ ʢʨʠʩʪʘʣʣʘʭ ʩʝʤʝʡʩʪʚʘ ʣʘʥʛʘʩʠʪʘ 

ʠʩʭʦʜʷ ʠʟ ʧʘʨʘʤʝʪʨʦʚ ʩʪʨʫʢʪʫʨʳ. 

ʇʨʘʢʪʠʯʝʩʢʘʷ ʟʥʘʯʠʤʦʩʪʴ:  

ʆʧʪʠʯʝʩʢʘʷ ʘʢʪʠʚʥʦʩʪʴ ʟʘʥʠʤʘʝʪ ʦʩʦʙʦʝ ʤʝʩʪʦ ʩʨʝʜʠ ʬʠʟʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ 

ʚʝʱʝʩʪʚ ʠ ʢʘʢ ʪʝʦʨʝʪʠʯʝʩʢʦʝ, ʪʘʢ ʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʝ ʠʟʫʯʝʥʠʝ ʦʩʦʙʝʥʥʦʩʪʝʡ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʩʚʝʪʘ ʚ ʦʧʪʠʯʝʩʢʠ ʘʢʪʠʚʥʳʭ ʢʨʠʩʪʘʣʣʘʭ ʦʩʪʘʝʪʩʷ ʘʢʪʫʘʣʴʥʳʤ. ɺ 

ʯʘʩʪʥʦʩʪʠ, ʧʨʝʜʩʪʘʚʣʷʝʪ ʠʥʪʝʨʝʩ ʚʦʧʨʦʩ ʦ ʧʨʠʥʮʠʧʠʘʣʴʥʳʭ ʨʘʟʣʠʯʠʷʭ ʚ 

ʧʨʦʷʚʣʝʥʠʠ ʦʧʪʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʠ ʚ ʢʨʠʩʪʘʣʣʘʭ ʨʘʟʥr ʭ ʢʣʘʩʩʦʚ ʩʠʤʤʝʪʨʠʠ.  

ʅʠʟʢʦʩʠʤʤʝʪʨʠʯʥʳʝ ʢʨʠʩʪʘʣʣʳ, ʦʩʦʙʝʥʥʦ ʧʦʛʣʦʱʘʶʱʠʝ, ʤʘʣʦ ʠʟʫʯʝʥʳ, 

ʭʦʪʷ ʪʘʢʠʭ ʢʨʠʩʪʘʣʣʦʚ ʚ ʧʨʠʨʦʜʝ ʙʦʣʴʰʠʥʩʪʚʦ, ʧʦʵʪʦʤʫ ʠʭ ʠʩʩʣʝʜʦʚʘʥʠʝ ʷʚʣʷʝʪʩʷ 

ʧʝʨʩʧʝʢʪʠʚʥʳʤ ʜʣʷ ʠʟʫʯʝʥʠʷ ʨʘʟʣʠʯʥʳʭ ʦʧʪʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ. ʂ ʪʦʤʫ ʞʝ, ʪʘʢ ʢʘʢ 

ʩʫʱʝʩʪʚʫʝʪ ʤʥʦʛʦ ʠʩʢʫʩʩʪʚʝʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ, ʥʝ ʠʩʢʣʶʯʝʥʦ, ʯʪʦ ʥʝʢʦʪʦʨʳʝ ʠʟ 
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ʥʠʭ ʙʫʜʫʪ ʦʙʣʘʜʘʪʴ ʥʝʦʙʳʯʥʳʤʠ ʦʧʪʠʯʝʩʢʠʤʠ ʩʚʦʡʩʪʚʘʤʠ. ʇʦʵʪʦʤʫ ʠʩʩʣʝʜʦʚʘʥʠʝ 

ʦʩʦʙʝʥʥʦʩʪʝʡ ʪʘʢʠʭ ʢʨʠʩʪʘʣʣʦʚ ʧʨʝʜʩʪʘʚʣʷʝʪ ʠʥʪʝʨʝʩ, ʘ ʧʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ 

ʤʦʛʫʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ ʧʨʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʷʭ ʢʨʠʩʪʘʣʣʦʚ ʩ 

ʣʶʙʳʤ ʥʘʙʦʨʦʤ ʦʧʪʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ. 

ɼʨʫʛʠʤ ʚʘʞʥʳʤ ʚʦʧʨʦʩʦʤ ʷʚʣʷʝʪʩʷ ʟʘʜʘʯʘ ʨʘʩʯʝʪʘ ʧʘʨʘʤʝʪʨʦʚ ʦʧʪʠʯʝʩʢʦʡ 

ʘʢʪʠʚʥʦʩʪʠ, ʠʩʭʦʜʷ ʠʟ ʟʥʘʥʠʷ ʩʦʩʪʘʚʘ ʠ ʩʪʨʫʢʪʫʨʥʳʭ ʜʘʥʥʳʭ ʢʨʠʩʪʘʣʣʘ. ʇʨʦʙʣʝʤʘ 

ʦʮʝʥʢʠ ʦʧʪʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʢʨʠʩʪʘʣʣʦʚ ʩʝʤʝʡʩʪʚʘ ʣʘʥʛʘʩʠʪʘ, ʚ ʪʦʤ ʯʠʩʣʝ 

ʧʦʢʘʟʘʪʝʣʝʡ ʧʨʝʣʦʤʣʝʥʠʷ ʠ ʚʨʘʱʝʥʠʷ ʧʣʦʩʢʦʩʪʠ ʧʦʣʷʨʠʟʘʮʠʠ ʩʚʝʪʘ, ʧʦ ʜʘʥʥʳʤ ʦʙ 

ʠʭ ʩʪʨʫʢʪʫʨʝ ʠ ʭʠʤʠʯʝʩʢʦʤ ʩʦʩʪʘʚʝ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʚʝʩʴʤʘ ʘʢʪʫʘʣʴʥʦʡ. 

ʅʘ ʟʘʱʠʪʫ ʚʳʥʦʩʷʪʩʷ ʩʣʝʜʫʶʱʠʝ ʦʩʥʦʚʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʠ ʧʦʣʦʞʝʥʠʷ: 

1. ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠ ̫ʚʣʠʷʥʠʷ ʘʥʪʠʩʠʤʤʝʪʨʠʯʥʦʡ ʯʘʩʪʠ ʪʝʥʟʦʨʘ ʛʠʨʘʮʠʠ 

ʥʘ ʧʘʨʘʤʝʪʨʳ ʧʦʣʷʨʠʟʘʮʠʠ ʦʪʨʘʞʝʥʥʦʛʦ ʠ ʧʨʦʰʝʜʰʝʛʦ ʩʚʝʪʘ ʧʨʠ ʥʘʢʣʦʥʥʦʤ 

ʧʘʜʝʥʠʠ ʜʣʷ ʦʜʥʦʦʩʥʳʭ ʢʨʠʩʪʘʣʣʦʚ ʢʣʘʩʩʦʚ 3, 4, 6, 32, 422, 622, 3m, 4mm, 6mm. 

2. ʈʝʟʫʣʴʪʘʪʳ ʠʟʫʯʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ ʧʦʣʷʨʠʟʘʮʠʠ ʦʪʨʘʞʝʥʥʦʛʦ ʠ ʧʨʦʰʝʜʰʝʛʦ 

ʩʚʝʪʘ ʜʣʷ ʦʧʪʠʯʝʩʢʠ ʘʢʪʠʚʥʳʭ ʢʨʠʩʪʘʣʣʦʚ ʢʣʘʩʩʦʚ 4  ʠ m24  ʧʨʠ ʥʘʢʣʦʥʥʦʤ 

ʧʘʜʝʥʠʠ. ʇʦʣʫʯʝʥʥʳʝ ʚʝʣʠʯʠʥʳ ʚ ʦʙʱʝʤ ʩʣʫʯʘʝ ʦʪʣʠʯʘʶʪʩʷ ʧʨʠ 

ʧʦʣʦʞʠʪʝʣʴʥʳʭ ʠ ʦʪʨʠʮʘʪʝʣʴʥʳʭ ʫʛʣʘʭ ʧʘʜʝʥʠʷ ʩʚʝʪʘ, ʠ ʵʪʦ ʨʘʟʣʠʯʠʝ 

ʦʙʫʩʣʦʚʣʝʥʦ ʥʝʦʙʳʯʥʳʤ ʚʠʜʦʤ ʪʝʥʟʦʨʘ ʛʠʨʘʮʠʠ.  

3. ʉʦʦʪʥʦʰʝʥʠʷ ʤʝʞʜʫ ʢʦʤʧʦʥʝʥʪʘʤʠ ʢʦʤʧʣʝʢʩʥʦʛʦ ʪʝʥʟʦʨʘ ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʡ 

ʧʨʦʥʠʮʘʝʤʦʩʪʠ ʜʣʷ ʥʠʟʢʦʩʠʤʤʝʪʨʠʯʥʳʭ ʧʦʛʣʦʱʘʶʱʠʭ ʢʨʠʩʪʘʣʣʦʚ ʩ ʨʘʟʥʳʤ 

ʢʦʣʠʯʝʩʪʚʦʤ ʠ ʪʠʧʦʤ ʦʧʪʠʯʝʩʢʠʭ ʦʩʝʡ. ʈʘʩʯʝʪ ʵʣʣʠʧʪʠʯʥʦʩʪʝʡ ʩʦʙʩʪʚʝʥʥʳʭ 

ʚʦʣʥ ʚ ʪʘʢʠʭ ʢʨʠʩʪʘʣʣʘʭ. 

4. ʈʘʟʣʠʯʠʝ ʚ ʧʨʦʷʚʣʝʥʠʠ ʦʧʪʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʠ ʚ ʧʨʦʟʨʘʯʥʳʭ ʠ ʧʦʛʣʦʱʘʶʱʠʭ 

ʥʠʟʢʦʩʠʤʤʝʪʨʠʯʥʳʭ ʢʨʠʩʪʘʣʣʘʭ ʜʣʷ ʜʚʫʭ ʩʣʫʯʘʝʚ ʦʨʠʝʥʪʘʮʠʠ ʦʧʪʠʯʝʩʢʠʭ ʦʩʝʡ 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʵʣʝʤʝʥʪʦʚ ʩʠʤʤʝʪʨʠʠ ʢʨʠʩʪʘʣʣʘ. 

5. ʆʮʝʥʢʘ ʧʦʢʘʟʘʪʝʣʝʡ ʧʨʝʣʦʤʣʝʥʠʷ ʠ ʫʜʝʣʴʥʦʛʦ ʚʨʘʱʝʥʠʷ ʧʣʦʩʢʦʩʪʠ 

ʧʦʣʷʨʠʟʘʮʠʠ ʩʚʝʪʘ ʚ ʥʝʢʦʪʦʨʳʭ ʢʨʠʩʪʘʣʣʘʭ ʩʝʤʝʡʩʪʚʘ ʣʘʥʛʘʩʠʪʘ ʥʘ ʦʩʥʦʚʝ 

ʩʪʨʫʢʪʫʨʥʳʭ ʜʘʥʥʳʭ. 

ʃʠʯʥʳʡ ʚʢʣʘʜ ʘʚʪʦʨʘ: 
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ɼʠʩʩʝʨʪʘʮʠʦʥʥʘʷ ʨʘʙʦʪʘ ʷʚʣʷʝʪʩʷ ʨʝʟʫʣʴʪʘʪʦʤ ʨʘʙʦʪʳ ʘʚʪʦʨʘ ʚ ʀʥʩʪʠʪʫʪʝ 

ʢʨʠʩʪʘʣʣʦʛʨʘʬʠʠ ʠʤ. ɸ.ɺ. ʐʫʙʥʠʢʦʚʘ ʌʅʀʎ «ʂʨʠʩʪʘʣʣʦʛʨʘʬʠʷ ʠ ʬʦʪʦʥʠʢʘ» 

ʈɸʅ. ʀʩʧʦʣʴʟʦʚʘʥʥʳʝ ʚ ʜʠʩʩʝʨʪʘʮʠʠ ʨʝʟʫʣʴʪʘʪʳ ʧʦʣʫʯʝʥʳ ʧʨʠ ʣʠʯʥʦʤ ʫʯʘʩʪʠʠ 

ʘʚʪʦʨʘ. ɸʚʪʦʨʦʤ ʧʨʦʚʝʜʝʥʳ ʚʩʝ ʘʥʘʣʠʪʠʯʝʩʢʠʝ ʠ ʯʠʩʣʝʥʥʳʝ ʨʘʩʯʝʪʳ, 

ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʝ ʚ ʨʘʙʦʪʝ. 

ɸʧʨʦʙʘʮʠʷ ʨʝʟʫʣʴʪʘʪʦʚ ʨʘʙʦʪʳ: 

ʆʩʥʦʚʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʨʘʙʦʪʳ ʙʳʣʠ ʜʦʣʦʞʝʥʳ ʥʘ ʄʦʣʦʜʝʞʥʳʭ ʢʦʥʢʫʨʩʘʭ 

ʥʘʫʯʥʳʭ ʨʘʙʦʪ ʀʂ ʈɸʅ ʚ 2012, 2014 ʠ 2015 ʛʛ., ʨʘʙʦʪʘ 2015 ʛ. ʙʳʣʘ ʫʜʦʩʪʦʝʥʘ 

ʧʝʨʚʦʡ ʧʨʝʤʠʠ. 

ʇʦ ʪʝʤʝ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʡ ʨʘʙʦʪʳ ʦʧʫʙʣʠʢʦʚʘʥʦ 13 ʩʪʘʪʝʡ ʚ ʞʫʨʥʘʣʘʭ 

"ʂʨʠʩʪʘʣʣʦʛʨʘʬʠʷ" ʠ "ʇʨʦʙʣʝʤʳ ʬʠʟʠʢʠ, ʤʘʪʝʤʘʪʠʢʠ ʠ ʪʝʭʥʠʢʠ" (ɹʝʣʘʨʫʩʴ). 

ʈʝʟʫʣʴʪʘʪʳ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ 15 ʨʘʟʣʠʯʥʳʭ ʢʦʥʬʝʨʝʥʮʠʷʭ: 

VI I ʅʘʮʠʦʥʘʣʴʥʘʷ ʢʦʥʬʝʨʝʥʮʠʷ çʈʝʥʪʛʝʥʦʚʩʢʦʝ, ʩʠʥʭʨʦʪʨʦʥʥʦʝ ʠʟʣʫʯʝʥʠʷ, 

ʥʝʡʪʨʦʥʳ ʠ ʵʣʝʢʪʨʦʥʳ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʥʘʥʦʩʠʩʪʝʤ ʠ ʤʘʪʝʨʠʘʣʦʚ. ʅʘʥʦ-ɹʠʦ-

ʀʥʬʦ-ʂʦʛʥʠʪʠʚʥʳʝ ʪʝʭʥʦʣʦʛʠʠ" (ʈʉʅʕ-ʅɹʀʂ 2009). ʄʦʩʢʚʘ, 2009 ʛ.; 

VIII  ʅʘʮʠʦʥʘʣʴʥʘʷ ʢʦʥʬʝʨʝʥʮʠʷ çʈʝʥʪʛʝʥʦʚʩʢʦʝ, ʩʠʥʭʨʦʪʨʦʥʥʦʝ ʠʟʣʫʯʝʥʠʷ, 

ʥʝʡʪʨʦʥʳ ʠ ʵʣʝʢʪʨʦʥʳ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʥʘʥʦʩʠʩʪʝʤ ʠ ʤʘʪʝʨʠʘʣʦʚ. ʅʘʥʦ-ɹʠʦ-

ʀʥʬʦ-ʂʦʛʥʠʪʠʚʥʳʝ ʪʝʭʥʦʣʦʛʠʠ" (ʈʉʅʕ-ʅɹʀʂ 2011). ʄʦʩʢʚʘ, 2011 ʛ.; 

XXX , XXXIII  ʥʘʫʯʥʳʝ ʯʪʝʥʠʷ ʠʤʝʥʠ ʘʢʘʜʝʤʠʢʘ ʅʠʢʦʣʘʷ ɺʘʩʠʣʴʝʚʠʯʘ ɹʝʣʦʚʘ, 

ʅʠʞʥʠʡ ʅʦʚʛʦʨʦʜ, 2011, 2014 ʛʛ.; 

XV, XVI , XVII , XVIII , XIX  ʄʝʞʜʫʥʘʨʦʜʥʳʡ ʩʠʤʧʦʟʠʫʤ "ʇʦʨʷʜʦʢ, ʙʝʩʧʦʨʷʜʦʢ ʠ 

ʩʚʦʡʩʪʚʘ ʦʢʩʠʜʦʚ (ʆDPO), ʃʦʦ, 2012 ʛ., ʊʫʘʧʩʝ, 2013, 2014, 2015, 2016 ʛʛ.; 

ʄʝʞʜʫʥʘʨʦʜʥʳʡ ʩʠʤʧʦʟʠʫʤ "ʌʠʟʠʢʘ ʢʨʠʩʪʘʣʣʦʚ 2013", ʄʦʩʢʚʘ, 2013 ʛ.; 

II ʄʝʞʜʫʥʘʨʦʜʥʘʷ ʥʘʫʯʥʘʷ ʀʥʪʝʨʥʝʪ-ʢʦʥʬʝʨʝʥʮʠʷ çʅʘ ʩʪʳʢʝ ʥʘʫʢ. ʌʠʟʠʢʦ-

ʭʠʤʠʯʝʩʢʘʷ ʩʝʨʠʷ», ʂʘʟʘʥʴ, 2014; 

International scientific conference "Optics of crystals", Mozyr, Belarus, 2014; 

ʄʝʞʜʫʥʘʨʦʜʥʘʷ ʢʦʥʬʝʨʝʥʮʠʷ çʂʨʠʩʪʘʣʣʦʬʠʟʠʢʘ ʠ ʜʝʬʦʨʤʘʮʠʦʥʥʦʝ ʧʦʚʝʜʝʥʠʝ 

ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʤʘʪʝʨʠʘʣʦʚè, ʄʦʩʢʚʘ, 2015 ʛ.; 
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IV ʄʝʞʜʫʥʘʨʦʜʥʘʷ ʥʘʫʯʥʘʷ ʢʦʥʬʝʨʝʥʮʠʷ "ʇʨʦʙʣʝʤʳ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʠʟʣʫʯʝʥʠʷ ʩ 

ʚʝʱʝʩʪʚʦʤ", ɻʦʤʝʣʴ, ɹʝʣʘʨʫʩʴ, 2016 ʛ.; 

ʇʝʨʚʳʡ ʈʦʩʩʠʡʩʢʠʡ ʢʨʠʩʪʘʣʣʦʛʨʘʬʠʯʝʩʢʠʡ ʢʦʥʛʨʝʩʩ, ʄʦʩʢʚʘ, 2016 ʛ. 

ʆʩʥʦʚʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʨʘʙʦʪʳ ʦʪʨʘʞʝʥʳ ʚ ʩʣʝʜʫʶʱʠʭ ʧʫʙʣʠʢʘʮʠʷʭ: 

1. ʃʶʙʠʤʦʚ ɺ.ʅ., ɸʣʴʰʠʮ ɺ.ʀ., ɻʦʣʦʚʠʥʘ ʊ.ɻ., ʂʦʥʩʪʘʥʪʠʥʦʚʘ ɸ.ʌ.,     

ɽʚʜʠʱʝʥʢʦ ɽ.ɸ. ʈʝʟʦʥʘʥʩʥʳʝ ʠ ʢʦʥʚʝʨʩʠʦʥʥʳʝ ʦʪʨʘʞʝʥʠʷ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʭ 

ʚʦʣʥ ʦʪ ʛʨʘʥʠʮʳ ʢʨʠʩʪʘʣʣʘ ʩ ʤʝʪʘʣʣʦʤ. // ʂʨʠʩʪʘʣʣʦʛʨʘʬʠʷ. 2010. ʊ. 55. ˉ 6. 

ʉ. 968ï974. 

2. ʂʦʥʩʪʘʥʪʠʥʦʚʘ ɸ.ʌ., ɻʦʣʦʚʠʥʘ ʊ.ɻ., ʅʘʙʘʪʦʚ ɹ.ɺ., ɽʚʜʠʱʝʥʢʦ ɽ.ɸ., 

ʂʦʥʩʪʘʥʪʠʥʦʚ ʂ.ʂ. ʆʩʦʙʝʥʥʦʩʪʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʩʚʝʪʘ ʚ ʦʧʪʠʯʝʩʢʠ ʘʢʪʠʚʥʳʭ 

ʧʦʛʣʦʱʘʶʱʠʭ ʢʨʠʩʪʘʣʣʘʭ ʨʦʤʙʠʯʝʩʢʦʡ ʩʠʥʛʦʥʠʠ. // ʂʨʠʩʪʘʣʣʦʛʨʘʬʠʷ. 2011. 

ʊ. 56. ˉ 3. ʉ. 412ï417. 

3. ʂʦʥʩʪʘʥʪʠʥʦʚʘ ɸ.ʌ., ɻʦʣʦʚʠʥʘ ʊ.ɻ., ʅʘʙʘʪʦʚ ɹ.ɺ., ɽʚʜʠʱʝʥʢʦ ɽ.ɸ., 

ʂʦʥʩʪʘʥʪʠʥʦʚ ʂ.ʂ. ʇʦʛʣʦʱʘʶʱʠʝ ʦʧʪʠʯʝʩʢʠ ʘʢʪʠʚʥʳʝ ʢʨʠʩʪʘʣʣʳ 

ʤʦʥʦʢʣʠʥʥʦʛʦ ʢʣʘʩʩʘ 2. // ʇʨʦʙʣʝʤʳ ʬʠʟʠʢʠ, ʤʘʪʝʤʘʪʠʢʠ ʠ ʪʝʭʥʠʢʠ. 2011. ˉ 4 

(9). ʉ. 38ï44. 

4. ʂʦʥʩʪʘʥʪʠʥʦʚʘ ɸ.ʌ., ɻʦʣʦʚʠʥʘ ʊ.ɻ., ɽʚʜʠʱʝʥʢʦ ɽ.ɸ., ʅʘʙʘʪʦʚ ɹ.ɺ., 

ʂʦʥʩʪʘʥʪʠʥʦʚ ʂ.ʂ. ɻʠʨʦʪʨʦʧʥʳʝ ʧʦʛʣʦʱʘʶʱʠʝ ʢʨʠʩʪʘʣʣʳ ʥʠʟʰʠʭ ʩʠʥʛʦʥʠʡ. 

// ʂʨʠʩʪʘʣʣʦʛʨʘʬʠʷ. 2012. ʊ. 57. ˉ 3. ʉ. 455ï465. 

5. ɻʦʣʦʚʠʥʘ ʊ.ɻ., ʂʦʥʩʪʘʥʪʠʥʦʚʘ ɸ.ʌ., ɽʚʜʠʱʝʥʢʦ ɽ.ɸ., ʅʘʙʘʪʦʚ ɹ.ɺ., 

ʂʦʥʩʪʘʥʪʠʥʦʚ ʂ.ʂ. ʆʧʪʠʯʝʩʢʠʝ ʦʩʠ ʚ ʨʘʟʣʠʯʥʳʭ ʧʦʛʣʦʱʘʶʱʠʭ ʢʨʠʩʪʘʣʣʘʭ. // 

ʂʨʠʩʪʘʣʣʦʛʨʘʬʠʷ. 2012. ʊ. 57. ˉ. 6. ʉ. 886ï896. 

6. ʂʦʥʩʪʘʥʪʠʥʦʚʘ ɸ.ʌ., ɻʦʣʦʚʠʥʘ ʊ.ɻ., ɽʚʜʠʱʝʥʢʦ ɽ.ɸ., ʅʘʙʘʪʦʚ ɹ.ɺ., 

ʂʦʥʩʪʘʥʪʠʥʦʚ ʂ.ʂ. ʆʩʦʙʳʝ ʩʣʫʯʘʠ ʥʠʟʢʦʩʠʤʤʝʪʨʠʯʥʳʭ ʧʦʛʣʦʱʘʶʱʠʭ 

ʢʨʠʩʪʘʣʣʦʚ. // ʇʨʦʙʣʝʤʳ ʬʠʟʠʢʠ, ʤʘʪʝʤʘʪʠʢʠ ʠ ʪʝʭʥʠʢʠ. 2012. ˉ 4. ʉ. 15ï20.  

7. ɻʦʣʦʚʠʥʘ ʊ.ɻ., ʂʦʥʩʪʘʥʪʠʥʦʚʘ ɸ.ʌ., ʂʦʥʩʪʘʥʪʠʥʦʚ ʂ.ʂ., ɽʚʜʠʱʝʥʢʦ ɽ.ɸ. 

ʂʦʣʠʯʝʩʪʚʦ ʦʧʪʠʯʝʩʢʠʭ ʦʩʝʡ ʚ ʪʨʠʢʣʠʥʥʳʭ ʧʦʛʣʦʱʘʶʱʠʭ ʢʨʠʩʪʘʣʣʘʭ. // 

ʂʨʠʩʪʘʣʣʦʛʨʘʬʠʷ. 2013. ʊ. 58. ˉ 6. ʉ. 878ï883. 
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8. ʂʦʥʩʪʘʥʪʠʥʦʚʘ ɸ.ʌ., ɻʦʣʦʚʠʥʘ ʊ.ɻ., ʂʦʥʩʪʘʥʪʠʥʦʚ ʂ.ʂ. ʇʨʦʷʚʣʝʥʠʝ 

ʦʧʪʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʠ ʚ ʨʘʟʣʠʯʥʳʭ ʚʝʱʝʩʪʚʘʭ. // ʂʨʠʩʪʘʣʣʦʛʨʘʬʠʷ. 2014. ʊ. 

59. ˉ 4. ʉ. 509ï528. 

9. ɼʫʜʢʘ ɸ.ʇ., ʂʦʥʩʪʘʥʪʠʥʦʚʘ ɸ.ʌ., ɻʦʣʦʚʠʥʘ ʊ.ɻ. ʂ ʚʦʧʨʦʩʫ ʦ ʩʪʨʫʢʪʫʨʥʦʡ 

ʦʩʥʦʚʝ ʥʘʣʠʯʠʷ ʜʚʫʭ ʦʧʪʠʯʝʩʢʠʭ ʦʩʝʡ ʚ ʢʨʠʩʪʘʣʣʝ Ŭ-HIO3. // ʂʨʠʩʪʘʣʣʦʛʨʘʬʠʷ. 

2014. ʊ. 59. ˉ 6. ʉ. 973ï980. 

10. ʂʦʥʩʪʘʥʪʠʥʦʚʘ ɸ.ʌ., ɻʦʣʦʚʠʥʘ ʊ.ɻ., ʅʘʙʘʪʦʚ ɹ.ɺ., ɼʫʜʢʘ ɸ.ʇ., ʄʠʣʣʴ ɹ.ɺ. 

ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʝ ʠ ʪʝʦʨʝʪʠʯʝʩʢʦʝ ʦʧʨʝʜʝʣʝʥʠʝ ʚʝʣʠʯʠʥʳ ʚʨʘʱʝʥʠʷ 

ʧʣʦʩʢʦʩʪʠ ʧʦʣʷʨʠʟʘʮʠʠ ʩʚʝʪʘ ʚ ʢʨʠʩʪʘʣʣʘʭ ʩʝʤʝʡʩʪʚʘ ʣʘʥʛʘʩʠʪʘ. // 

ʂʨʠʩʪʘʣʣʦʛʨʘʬʠʷ. 2015. ʊ. 60. ˉ 6. ʉ. 950ï957.  

11. ɻʦʣʦʚʠʥʘ ʊ.ɻ., ʂʦʥʩʪʘʥʪʠʥʦʚʘ ɸ.ʌ., ɽʚʜʠʱʝʥʢʦ ɽ.ɸ., ʂʦʥʩʪʘʥʪʠʥʦʚ ʂ.ʂ. 

ʆʩʦʙʝʥʥʦʩʪʠ ʧʨʦʷʚʣʝʥʠʷ ʦʧʪʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʠ ʚ ʨʘʟʣʠʯʥʳʭ ʦʜʥʦʦʩʥʳʭ 

ʢʨʠʩʪʘʣʣʘʭ. // ʂʨʠʩʪʘʣʣʦʛʨʘʬʠʷ. 2016. ʊ. 61. ˉ 4. ʉ. 588ï595. 

12. ʂʦʥʩʪʘʥʪʠʥʦʚʘ ɸ.ʌ., ɻʦʣʦʚʠʥʘ ʊ.ɻ., ɽʚʜʠʱʝʥʢʦ ɽ.ɸ., ʂʦʥʩʪʘʥʪʠʥʦʚ ʂ.ʂ. 

ɺʣʠʷʥʠʝ ʘʥʪʠʩʠʤʤʝʪʨʠʯʥʦʡ ʯʘʩʪʠ ʧʩʝʚʜʦʪʝʥʟʦʨʘ ʛʠʨʘʮʠʠ ʥʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ʧʨʦʰʝʜʰʝʛʦ ʩʚʝʪʘ ʚ ʜʚʫʦʩʥʳʭ ʢʨʠʩʪʘʣʣʘʭ. // ʂʨʠʩʪʘʣʣʦʛʨʘʬʠʷ. 2016. ʊ. 61. ˉ 

4. ʉ. 596ï600. 

13. ɻʦʣʦʚʠʥʘ ʊ.ɻ., ʂʦʥʩʪʘʥʪʠʥʦʚʘ ɸ.ʌ., ʂʦʥʩʪʘʥʪʠʥʦʚ ʂ.ʂ. ʇʨʦʷʚʣʝʥʠʝ 

ʦʧʪʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʠ ʧʨʠ ʥʘʢʣʦʥʥʦʤ ʧʘʜʝʥʠʠ ʩʚʝʪʘ ʚ ʢʨʠʩʪʘʣʣʘʭ ʢʣʘʩʩʦʚ 

42ά ʠ 4. // ʂʨʠʩʪʘʣʣʦʛʨʘʬʠʷ. 2017. ʊ. 62. ˉ 3. ʉ. 422ï432. 

ʊʝʟʠʩʳ ʜʦʢʣʘʜʦʚ ʥʘ ʢʦʥʬʝʨʝʥʮʠʷʭ: 

1. ɻʦʣʦʚʠʥʘ ʊ.ɻ., ʃʶʙʠʤʦʚ ɺ.ʅ., ɽʚʜʠʱʝʥʢʦ ɽ.ɸ., ʂʦʥʩʪʘʥʪʠʥʦʚʘ ɸ.ʌ. 

ʈʝʟʦʥʘʥʩʥʦʝ ʚʦʟʙʫʞʜʝʥʠʝ ʠ ʢʦʥʚʝʨʩʠʷ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʭ ʚʦʣʥ ʫ ʛʨʘʥʠʮʳ 

ʦʧʪʠʯʝʩʢʠ ʦʜʥʦʦʩʥʦʛʦ ʢʨʠʩʪʘʣʣʘ ʩ ʤʝʪʘʣʣʦʤ. // VII  ʅʘʮʠʦʥʘʣʴʥʘʷ 

ʢʦʥʬʝʨʝʥʮʠʷ çʈʝʥʪʛʝʥʦʚʩʢʦʝ, ʩʠʥʭʨʦʪʨʦʥʥʦʝ ʠʟʣʫʯʝʥʠʷ, ʥʝʡʪʨʦʥʳ ʠ 

ʵʣʝʢʪʨʦʥʳ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʥʘʥʦʩʠʩʪʝʤ ʠ ʤʘʪʝʨʠʘʣʦʚ. ʅʘʥʦ-ɹʠʦ-ʀʥʬʦ-

ʂʦʛʥʠʪʠʚʥʳʝ ʪʝʭʥʦʣʦʛʠʠ" (ʈʉʅʕ-ʅɹʀʂ 2009). ʄʦʩʢʚʘ, 14ï18 ʥʦʷʙʨʷ 2009 ʛ. 

ʊʝʟʠʩʳ ʜʦʢʣʘʜʦʚ. C. 451. 
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2. ʂʦʥʩʪʘʥʪʠʥʦʚʘ ɸ.ʌ., ɻʦʣʦʚʠʥʘ ʊ.ɻ., ɽʚʜʠʱʝʥʢʦ ɽ.ɸ., ʅʘʙʘʪʦʚ ɹ.ɺ. 

ʆʩʦʙʝʥʥʦʩʪʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʩʚʝʪʘ ʚ ʦʧʪʠʯʝʩʢʠ ʘʢʪʠʚʥʳʭ ʧʦʛʣʦʱʘʶʱʠʭ 

ʢʨʠʩʪʘʣʣʘʭ 222 ʠ 2. // VIII  ʅʘʮʠʦʥʘʣʴʥʘʷ ʢʦʥʬʝʨʝʥʮʠʷ çʈʝʥʪʛʝʥʦʚʩʢʦʝ, 

ʩʠʥʭʨʦʪʨʦʥʥʦʝ ʠʟʣʫʯʝʥʠʷ, ʥʝʡʪʨʦʥʳ ʠ ʵʣʝʢʪʨʦʥʳ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʥʘʥʦʩʠʩʪʝʤ ʠ ʤʘʪʝʨʠʘʣʦʚ. ʅʘʥʦ-ɹʠʦ-ʀʥʬʦ-ʂʦʛʥʠʪʠʚʥʳʝ ʪʝʭʥʦʣʦʛʠʠ" (ʈʉʅʕ-

ʅɹʀʂ 2011). ʄʦʩʢʚʘ, 14ï18 ʥʦʷʙʨʷ 2011 ʛ. ʊʝʟʠʩʳ ʜʦʢʣʘʜʦʚ. C. 451. 

3. ʂʦʥʩʪʘʥʪʠʥʦʚʘ ɸ.ʌ., ɻʦʣʦʚʠʥʘ ʊ.ɻ., ɽʚʜʠʱʝʥʢʦ ɽ.ɸ., ʅʘʙʘʪʦʚ ɹ.ɺ. 

ɻʠʨʦʪʨʦʧʠʷ ʠʣʠ ʦʧʪʠʯʝʩʢʘʷ ʘʢʪʠʚʥʦʩʪʴ ʚ ʨʘʟʣʠʯʥʳʭ ʚʝʱʝʩʪʚʘʭ. // XXX  

ʥʘʫʯʥʳʝ ʯʪʝʥʠʷ ʠʤʝʥʠ ʘʢʘʜʝʤʠʢʘ ʅʠʢʦʣʘʷ ɺʘʩʠʣʴʝʚʠʯʘ ɹʝʣʦʚʘ, 20ï21 ʜʝʢʘʙʨʷ 

2011. ʅʠʞʝʛʦʨʦʜʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤ. ʅ.ʀ. ʃʦʙʘʯʝʚʩʢʦʛʦ, 

ʅ.ʅʦʚʛʦʨʦʜ. ʉ. 125ï126. 

4. ɻʦʣʦʚʠʥʘ ʊ.ɻ., ʂʦʥʩʪʘʥʪʠʥʦʚʘ ɸ.ʌ., ɽʚʜʠʱʝʥʢʦ ɽ.ɸ., ʅʘʙʘʪʦʚ ɹ.ɺ., 

ʂʦʥʩʪʘʥʪʠʥʦʚ ʂ.ʂ. ʅʝʦʙʳʯʥʳʝ ʚʘʨʠʘʥʪʳ ʧʦʛʣʦʱʘʶʱʠʭ ʤʦʥʦʢʣʠʥʥʳʭ 

ʢʨʠʩʪʘʣʣʦʚ. // ʊʨʫʜʳ XV ʄʝʞʜʫʥʘʨʦʜʥʦʛʦ ʩʠʤʧʦʟʠʫʤʘ "ʇʦʨʷʜʦʢ, ʙʝʩʧʦʨʷʜʦʢ 

ʠ ʩʚʦʡʩʪʚʘ ʦʢʩʠʜʦʚ (ʆDPO-15)", 7ï12 ʩʝʥʪʷʙʨʷ 2012 ʛ., ʛ. ʈʦʩʪʦʚ-ʥʘ-ɼʦʥʫ ï ʧ. 

ʃʦʦ. ʉ. 88ï91. 

5. ʂʦʥʩʪʘʥʪʠʥʦʚʘ ɸ.ʌ., ɻʦʣʦʚʠʥʘ ʊ.ɻ. ʂʦʥʩʪʘʥʪʠʥʦʚ ʂ.ʂ. ʇʨʦʷʚʣʝʥʠʝ 

ʦʧʪʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʠ ʚ ʨʘʟʣʠʯʥʳʭ ʚʝʱʝʩʪʚʘʭ. // ʊʨʫʜʳ XVI  

ʄʝʞʜʫʥʘʨʦʜʥʦʛʦ ʩʠʤʧʦʟʠʫʤʘ "ʇʦʨʷʜʦʢ, ʙʝʩʧʦʨʷʜʦʢ ʠ ʩʚʦʡʩʪʚʘ ʦʢʩʠʜʦʚ 

(ʆDPO-16)", 7ï12 ʩʝʥʪʷʙʨʷ 2013 ʛ., ʛ. ʈʦʩʪʦʚ-ʥʘ-ɼʦʥʫ ï ʧ. ʖʞʥʳʡ. ʉ. 196ï

199. 

6. ʂʦʥʩʪʘʥʪʠʥʦʚʘ ɸ.ʌ., ɻʦʣʦʚʠʥʘ ʊ.ɻ., ʂʦʥʩʪʘʥʪʠʥʦʚ ʂ.ʂ. ʆʧʪʠʯʝʩʢʘʷ 

ʘʢʪʠʚʥʦʩʪʴ ʚ ʢʨʠʩʪʘʣʣʘʭ ʠ ʞʠʚʦʡ ʧʨʠʨʦʜʝ. // ʄʝʞʜʫʥʘʨʦʜʥʳʡ ʩʠʤʧʦʟʠʫʤ 

"ʌʠʟʠʢʘ ʢʨʠʩʪʘʣʣʦʚ 2013", ʄʦʩʢʚʘ, 28 ʦʢʪʷʙʨʷ ï 2 ʥʦʷʙʨʷ 2013 ʛ. ʊʝʟʠʩʳ 

ʜʦʢʣʘʜʦʚ. ʉ. 122. 
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ʉʪʨʫʢʪʫʨʘ ʠ ʦʙʲʝʤ ʜʠʩʩʝʨʪʘʮʠʠ 

ɼʠʩʩʝʨʪʘʮʠʷ ʩʦʩʪʦʠʪ ʠʟ ʚʚʝʜʝʥʠʷ, 5 ʛʣʘʚ, ʚʳʚʦʜʦʚ ʠ ʩʧʠʩʢʘ ʮʠʪʠʨʫʝʤʦʡ 

ʣʠʪʝʨʘʪʫʨʳ. ʆʙʲʝʤ ʜʠʩʩʝʨʪʘʮʠʠ ʩʦʩʪʘʚʣʷʝʪ 178 ʩʪʨʘʥʠʮ, ʚʢʣʶʯʘʷ 50 ʨʠʩʫʥʢʦʚ, 12 

ʪʘʙʣʠʮ ʠ ʩʧʠʩʦʢ ʣʠʪʝʨʘʪʫʨʳ ʠʟ 188 ʥʘʠʤʝʥʦʚʘʥʠʡ. 

ɺ ʛʣʘʚʝ 1 ʢʨʘʪʢʦ ʦʧʠʩʘʥʳ ʤʝʪʦʜʳ ʨʘʩʯʝʪʘ, ʠʩʧʦʣʴʟʫʝʤʳʝ ʚ ʜʘʥʥʦʡ ʨʘʙʦʪʝ, ʠ 

ʧʨʠʚʝʜʝʥʳ ʥʝʦʙʭʦʜʠʤʳʝ ʣʠʪʝʨʘʪʫʨʥʳʝ ʜʘʥʥʳʝ. 

ɺ ʛʣʘʚʝ 2 ʧʦʢʘʟʘʥʳ ʥʝʢʦʪʦʨʳʝ ʦʩʦʙʝʥʥʦʩʪʠ ʧʨʦʷʚʣʝʥʠʷ ʦʧʪʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʠ ʚ 

ʦʜʥʦʦʩʥʳʭ ʢʨʠʩʪʘʣʣʘʭ. ʇʦʣʫʯʝʥʳ ʠ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥʳ ʘʥʘʣʠʪʠʯʝʩʢʠʝ ʚʳʨʘʞʝʥʠʷ 

ʜʣʷ ʘʟʠʤʫʪʦʚ ʧʦʣʷʨʠʟʘʮʠʠ ʠ ʵʣʣʠʧʪʠʯʥʦʩʪʝʡ ʦʪʨʘʞʝʥʥʦʛʦ ʠ ʧʨʦʰʝʜʰʝʛʦ ʩʚʝʪʘ 

ʧʨʠ ʥʘʢʣʦʥʥʦʤ ʧʘʜʝʥʠʠ ʩ ʫʯʝʪʦʤ ʘʥʪʠʩʠʤʤʝʪʨʠʯʥʦʡ ʯʘʩʪʠ ʪʝʥʟʦʨʘ ʛʠʨʘʮʠʠ.  

ɺ ʛʣʘʚʝ 3 ʨʘʩʩʤʦʪʨʝʥʳ ʨʘʟʥʳʝ ʩʣʫʯʘʠ ʢʦʣʠʯʝʩʪʚʘ ʠ ʪʠʧʘ ʦʧʪʠʯʝʩʢʠʭ ʦʩʝʡ ʚ 

ʧʦʛʣʦʱʘʶʱʠʭ ʨʦʤʙʠʯʝʩʢʠʭ, ʤʦʥʦʢʣʠʥʥʳʭ ʠ ʪʨʠʢʣʠʥʥʳʭ ʢʨʠʩʪʘʣʣʘʭ. ʀʟʫʯʝʥʘ 

ʧʦʣʷʨʠʟʘʮʠʷ ʩʦʙʩʪʚʝʥʥʳʭ ʚʦʣʥ ʚ ʪʘʢʠʭ ʢʨʠʩʪʘʣʣʘʭ, ʘ ʪʘʢʞʝ ʧʦʣʷʨʠʟʘʮʠʷ ʩʚʝʪʘ, 

ʧʨʦʰʝʜʰʝʛʦ ʯʝʨʝʟ ʢʨʠʩʪʘʣʣ. 

ɺ ʛʣʘʚʝ 4 ʠʟʫʯʝʥʦ ʨʘʟʣʠʯʠʝ ʚ ʧʨʦʷʚʣʝʥʠʠ ʦʧʪʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʠ ʚ ʧʨʦʟʨʘʯʥʳʭ ʠ 

ʧʦʛʣʦʱʘʶʱʠʭ ʢʨʠʩʪʘʣʣʘʭ ʢʣʘʩʩʦʚ 1, 2, m, 222, mm2. ʇʨʠʚʝʜʝʥʳ ʠ 
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ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥʳ ʨʝʟʫʣʴʪʘʪʳ ʨʘʩʯʝʪʘ ʵʣʣʠʧʪʠʯʥʦʩʪʝʡ ʩʦʙʩʪʚʝʥʥʳʭ ʚʦʣʥ ʚ ʪʘʢʠʭ 

ʢʨʠʩʪʘʣʣʘʭ ʠ ʘʟʠʤʫʪʦʚ ʧʦʣʷʨʠʟʘʮʠʠ ʩʚʝʪʘ, ʧʨʦʰʝʜʰʝʛʦ ʯʝʨʝʟ ʢʨʠʩʪʘʣʣ. 

ɺ ʛʣʘʚʝ 5 ʠʩʩʣʝʜʦʚʘʥʘ ʩʚʷʟʴ ʤʝʞʜʫ ʦʧʪʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʴʶ ʢʨʠʩʪʘʣʣʘ ʠ ʝʛʦ 

ʩʪʨʫʢʪʫʨʦʡ. ʈʘʩʩʤʦʪʨʝʥ ʚʦʧʨʦʩ ʦʮʝʥʢʠ ʧʦʢʘʟʘʪʝʣʝʡ ʧʨʝʣʦʤʣʝʥʠʷ ʠ ʫʜʝʣʴʥʦʛʦ 

ʚʨʘʱʝʥʠʷ ʧʣʦʩʢʦʩʪʠ ʧʦʣʷʨʠʟʘʮʠʠ ʩʚʝʪʘ ʜʣʷ ʢʨʠʩʪʘʣʣʦʚ ʩʝʤʝʡʩʪʚʘ ʣʘʥʛʘʩʠʪʘ, 

ʠʩʭʦʜʷ ʠʟ ʟʥʘʥʠʷ ʩʦʩʪʘʚʘ ʢʨʠʩʪʘʣʣʘ. ɼʣʷ ʧʨʦʚʝʨʢʠ ʨʘʩʯʝʪʦʚ ʠʟʤʝʨʝʥ rʫʜʝʣʴʥʳʝ 

ʚʨʘʱʝʥʠʷ ʧʣʦʩʢʦʩʪʠ ʧʦʣʷʨʠʟʘʮʠʠ ʩʚʝʪʘ ʜʣʷ ʥʝʢʦʪʦʨʳʭ ʢʨʠʩʪʘʣʣʦʚ, ʠ ʧʨʦʚʝʜʝʥʦ 

ʩʨʘʚʥʝʥʠʝ ʨʘʩʩʯʠʪʘʥʥʳʭ ʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʜʘʥʥʳʭ. ʂʨʦʤʝ ʪʦʛʦ, ʧʨʦʚʝʜʝʥ 

ʨʘʩʯʝʪ ʧʦʢʘʟʘʪʝʣʝʡ ʧʨʝʣʦʤʣʝʥʠʷ ʠ ʧʘʨʘʤʝʪʨʦʚ ʦʧʪʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʠ ʠʟ 

ʩʪʨʫʢʪʫʨʥʳʭ ʜʘʥʥʳʭ ʜʣʷ ʜʚʫʦʩʥʦʛʦ ʢʨʠʩʪʘʣʣʘ Ŭ-HIO3, ʜʣʷ ʢʦʪʦʨʦʛʦ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʚʝʣʠʯʠʥʳ ʠʟʚʝʩʪʥʳ. 
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ɻʃɸɺɸ 1 

ʂʈɸʊʂʆɽ ʆʇʀʉɸʅʀɽ ʈɸʉʉʄɸʊʈʀɺɸɽʄʓʍ ɿɸɼɸʏ 

 ʂʨʠʩʪʘʣʣʦʦʧʪʠʢʦʡ ʟʘʥʠʤʘʶʪʩʷ ʩ ʪʝʭ ʧʦʨ, ʢʘʢ ɹʘʨʪʦʣʠʥ ʚ 1669 ʛ. ʦʪʢʨʳʣ 

ʜʚʫʧʨʝʣʦʤʣʝʥʠʝ ʚ ʢʨʠʩʪʘʣʣʘʭ ʢʘʣʴʮʠʪʘ. ʂ ʥʘʩʪʦʷʱʝʤʫ ʚʨʝʤʝʥʠ ʧʦ 

ʢʨʠʩʪʘʣʣʦʦʧʪʠʢʝ ʥʘʧʠʩʘʥʦ ʤʥʦʛʦ ʢʥʠʛ (ʥʘʧʨʠʤʝʨ, [1ï26]). ʅʝʩʤʦʪʨʷ ʥʘ ʪʦ, ʯʪʦ ʚ 

ʢʨʠʩʪʘʣʣʦʦʧʪʠʢʝ, ʢʘʟʘʣʦʩʴ ʙʳ, ʚʩʝ ʜʘʚʥʦ ʠʟʚʝʩʪʥʦ, ʥʝʢʦʪʦʨʳʝ ʚʦʧʨʦʩʳ ʦʩʪʘʣʠʩʴ 

ʥʝʨʝʰʝʥʥʳʤʠ, ʧʨʠʯʝʤ ʵʪʦ ʢʘʩʘʝʪʩʷ ʠ ʦʜʥʦʦʩʥʳʭ, ʠ ʜʚʫʦʩʥʳʭ ʢʨʠʩʪʘʣʣʦʚ. 

ʅʝʢʦʪʦʨʳʝ ʠʟ ʵʪʠʭ ʚʦʧʨʦʩʦʚ ʧʨʝʜʩʪʘʚʣʷʶʪ ʠʥʪʝʨʝʩ ʠ ʠʭ ʨʝʰʝʥʠʝ ʤʦʞʝʪ 

ʧʨʠʛʦʜʠʪʴʩʷ, ʥʘʧʨʠʤʝʨ, ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʤʝʪʘʤʘʪʝʨʠʘʣʦʚ, ʥʝʦʜʥʦʨʦʜʥʳʭ ʩʨʝʜ ʠ 

ʜʨ. ʇʦʩʢʦʣʴʢʫ ʚ ʦʨʛʘʥʠʢʝ (ʠ ʚ ʧʨʠʨʦʜʝ) ʧʨʠʩʫʪʩʪʚʫʝʪ ʤʥʦʛʦ ʚʝʱʝʩʪʚ, ʦʙʣʘʜʘʶʱʠʭ 

ʠ ʜʚʫʧʨʝʣʦʤʣʝʥʠʝʤ, ʠ ʧʦʛʣʦʱʝʥʠʝʤ, ʠ ʦʧʪʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʴʶ, ʟʥʘʥʠʝ ʦʙʱʠʭ 

ʚʦʧʨʦʩʦʚ, ʦʪʥʦʩʷʱʠʭʩʷ ʢ ʢʨʠʩʪʘʣʣʦʦʧʪʠʢʝ, ʢʦʪʦʨʳʝ ʜʦ ʩʠʭ ʧʦʨ ʥʝ ʨʝʰʝʥʳ, 

ʷʚʣʷʝʪʩʷ ʥʝʦʙʭʦʜʠʤʳʤ. 

ʅʘʩʪʦʷʱʘʷ ʨʘʙʦʪʘ ʩʦʩʪʦʠʪ ʠʟ ʥʝʩʢʦʣʴʢʠʭ ʨʘʟʜʝʣʦʚ, ʧʦʩʚʷʱʝʥʥʳʭ ʚʦʧʨʦʩʘʤ, 

ʥʘ ʢʦʪʦʨʳʝ ʜʦ ʩʠʭ ʧʦʨ ʦʙʨʘʱʘʣʠ ʤʘʣʦ ʚʥʠʤʘʥʠʷ. ʕʪʦ ʙʳʣʦ ʩʚʷʟʘʥʦ ʩ ʪʝʤ, ʯʪʦ 

ʤʥʦʛʠʝ ʨʘʩʯʝʪʳ ʪʨʫʜʥʦ ʧʨʦʚʝʩʪʠ ʘʥʘʣʠʪʠʯʝʩʢʠ. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʩʫʱʝʩʪʚʫʝʪ 

ʤʥʦʛʦ ʩʠʩʪʝʤʥʳʭ ʧʨʦʛʨʘʤʤ, ʩ ʧʦʤʦʱʴʶ ʢʦʪʦʨʳʭ ʤʦʞʥʦ ʦʩʫʱʝʩʪʚʣʷʪʴ ʩʣʦʞʥʳʝ 

ʨʘʩʯʝʪʳ, ʥʘʧʨʠʤʝʨ ʩʠʩʪʝʤʘ Wolfram Mathematica. ʀʤʝʥʥʦ ʧʦʵʪʦʤʫ ʩʝʡʯʘʩ ʝʩʪʴ 

ʚʦʟʤʦʞʥʦʩʪʴ ʨʝʰʠʪʴ ʵʪʠ ʚʦʧʨʦʩʳ.  

ʂʨʦʤʝ ʯʠʩʪʦ ʪʝʦʨʝʪʠʯʝʩʢʠʭ ʚʦʧʨʦʩʦʚ, ʩʫʱʝʩʪʚʫʝʪ ʤʥʦʛʦ ʟʘʜʘʯ, ʩʚʷʟʘʥʥʳʭ ʩ 

ʵʢʩʧʝʨʠʤʝʥʪʦʤ. ɺ ʯʘʩʪʥʦʩʪʠ, ʧʨʝʜʩʪʘʚʣʷʝʪ ʠʥʪʝʨʝʩ ʚʦʧʨʦʩ ʩʚʷʟʠ ʦʧʪʠʯʝʩʢʦʡ 

ʘʢʪʠʚʥʦʩʪʠ ʢʨʠʩʪʘʣʣʘ ʩ ʝʛʦ ʩʪʨʫʢʪʫʨʦʡ. ʊʘʢʠʝ ʨʘʩʯʝʪʳ ʧʨʦʚʝʜʝʥʳ ʜʣʷ ʢʨʠʩʪʘʣʣʦʚ 

ʩʝʤʝʡʩʪʚʘ ʣʘʥʛʘʩʠʪʘ, ʧʨʝʜʩʪʘʚʣʷʶʱʠʭ ʙʦʣʴʰʦʡ ʧʨʘʢʪʠʯʝʩʢʠʡ ʠʥʪʝʨʝʩ. ʕʪʠʤ 

ʢʨʠʩʪʘʣʣʘʤ ʧʦʩʚʷʱʝʥʦ ʜʦʩʪʘʪʦʯʥʦ ʤʥʦʛʦ ʨʘʙʦʪ [27ï31 ʠ ʜʨ.]. ʈʘʩʩʤʘʪʨʠʚʘʝʪʩʷ 

ʩʚʷʟʴ ʚʨʘʱʝʥʠʷ ʧʣʦʩʢʦʩʪʠ ʧʦʣʷʨʠʟʘʮʠʠ ʩʚʝʪʘ ʠ ʧʦʢʘʟʘʪʝʣʝʡ ʧʨʝʣʦʤʣʝʥʠʷ 

ʢʨʠʩʪʘʣʣʦʚ ʩʝʤʝʡʩʪʚʘ ʣʘʥʛʘʩʠʪʘ ʩ ʠʭ ʩʦʩʪʘʚʦʤ, ʘ ʪʘʢʞʝ ʚʦʟʤʦʞʥʦʩʪʴ 

ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʵʪʠʭ ʚʝʣʠʯʠʥ ʧʦ ʩʦʩʪʘʚʫ ʢʨʠʩʪʘʣʣʘ.  

 ʂʨʘʪʢʦ ʦʧʠʰʝʤ ʤʝʪʦʜʳ, ʢʦʪʦʨʳʝ ʙʫʜʫʪ ʠʩʧʦʣʴʟʦʚʘʥʳ ʧʨʠ ʜʘʣʴʥʝʡʰʠʭ 

ʨʘʩʯʝʪʘʭ.  
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1.1. ʋʨʘʚʥʝʥʠʷ ʄʘʢʩʚʝʣʣʘ ʠ ʫʨʘʚʥʝʥʠʷ ʩʚʷʟʠ 

ʈʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʭ ʚʦʣʥ ʚ ʥʝʧʦʜʚʠʞʥʦʡ ʦʜʥʦʨʦʜʥʦʡ ʩʨʝʜʝ 

ʦʧʠʩʳʚʘʝʪʩʷ ʩʠʩʪʝʤʦʡ ʯʝʪʳʨʝʭ ʫʨʘʚʥʝʥʠʡ: 

                           rot E + (1/c)µB/µt = 0,             div B = 0, 

rot H - (1/c)µD/µt = (4p/c) j ,  div D = 4pÂ.                                    (1.1) 

ɿʜʝʩʴ E, H ï ʚʝʢʪʦʨʳ ʥʘʧʨʷʞʝʥʥʦʩʪʠ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʠ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʝʡ, D, B - 

ʚʝʢʪʦʨʳ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʠ ʤʘʛʥʠʪʥʦʡ ʠʥʜʫʢʮʠʡ, j  - ʚʝʢʪʦʨ ʧʣʦʪʥʦʩʪʠ 

ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʪʦʢʘ ʧʨʦʚʦʜʠʤʦʩʪʠ, Â - ʧʣʦʪʥʦʩʪʴ ʩʚʦʙʦʜʥʳʭ ʵʣʝʢʪʨʠʯʝʩʢʠʭ 

ʟʘʨʷʜʦʚ, c ï ʩʢʦʨʦʩʪʴ ʩʚʝʪʘ ʚ ʚʘʢʫʫʤʝ. ɺ ʧʨʦʟʨʘʯʥʦʡ ʩʨʝʜʝ ʚʝʣʠʯʠʥʳ j  ʠ Â ʨʘʚʥʳ 

ʥʫʣʶ. ʋʨʘʚʥʝʥʠʷ (1.1), ʠʤʝʥʫʝʤʳʝ ʫʨʘʚʥʝʥʠʷʤʠ ʄʘʢʩʚʝʣʣʘ, ʷʚʣʷʶʪʩʷ 

ʦʩʥʦʚʦʧʦʣʘʛʘʶʱʠʤʠ ʫʨʘʚʥʝʥʠʷʤʠ ʤʘʢʨʦʩʢʦʧʠʯʝʩʢʦʡ ʵʣʝʢʪʨʦʜʠʥʘʤʠʢʠ ʠ 

ʩʧʨʘʚʝʜʣʠʚʳ ʜʣʷ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʭ ʧʦʣʝʡ ʚ ʣʶʙʳʭ ʩʨʝʜʘʭ. ʕʪʠ ʫʨʘʚʥʝʥʠʷ 

ʧʨʠʚʝʜʝʥʳ ʚʦ ʤʥʦʞʝʩʪʚʝ ʨʘʙʦʪ, ʥʘʧʨʠʤʝʨ [1ï10]. 

ɺ ʢʦʚʘʨʠʘʥʪʥʦʡ ʬʦʨʤʝ ʫʨʘʚʥʝʥʠʷ ʄʘʢʩʚʝʣʣʘ ʟʘʧʠʩʳʚʘʶʪʩʷ ʚ ʚʠʜʝ [6, 7]: 

D = ï[mH] = ïm
x
H,   B = [mE] = m

x
E,   j  = s E,                     (1.2) 

ʛʜʝ m ï ʚʝʢʪʦʨ ʨʝʬʨʘʢʮʠʠ (ʜʣʷ ʦʜʥʦʨʦʜʥʳʭ ʚʦʣʥ m = n n, n ï ʧʦʢʘʟʘʪʝʣʴ 

ʧʨʝʣʦʤʣʝʥʠʷ, n ï ʝʜʠʥʠʯʥʳʡ ʚʝʢʪʦʨ ʚʦʣʥʦʚʦʡ ʥʦʨʤʘʣʠ), ů ï ʪʝʥʟʦʨ 

ʵʣʝʢʪʨʦʧʨʦʚʦʜʥʦʩʪʠ, m
x
 ï ʘʥʪʠʩʠʤʤʝʪʨʠʯʥʳʡ ʪʝʥʟʦʨ, ʜʫʘʣʴʥʳʡ ʚʝʢʪʦʨʫ m ʠ 

ʦʙʨʘʟʦʚʘʥʥʳʡ ʠʟ ʝʛʦ ʢʦʤʧʦʥʝʥʪ [6, 7]: 

m
x
 = 

ö
ö
ö

÷

õ

æ
æ
æ

ç

å

-

-

-

0

0

0

12

13

23

mm

mm

mm

,                                                   (1.3) 

ʛʜʝ mi ï ʥʘʧʨʘʚʣʷʶʱʠʝ ʢʦʩʠʥʫʩʳ m. ɺ ʬʦʨʤʝ (1.2) ʫʨʘʚʥʝʥʠʷ ʄʘʢʩʚʝʣʣʘ 

ʠʥʚʘʨʠʘʥʪʥʳ ʦʪʥʦʩʠʪʝʣʴʥʦ ʩʠʩʪʝʤʳ ʢʦʦʨʜʠʥʘʪ. 

ʇʦʩʢʦʣʴʢʫ ʜʣʷ ʨʝʰʝʥʠʷ ʢʦʥʢʨʝʪʥʳʭ ʟʘʜʘʯ ʫʨʘʚʥʝʥʠʡ ʄʘʢʩʚʝʣʣʘ 

ʥʝʜʦʩʪʘʪʦʯʥʦ, ʥʝʦʙʭʦʜʠʤʦ ʜʦʙʘʚʠʪʴ ʢ ʥʠʤ ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʩʦʦʪʥʦʰʝʥʠʷ, 

ʩʚʷʟʳʚʘʶʱʠʝ ʤʝʞʜʫ ʩʦʙʦʡ ʚʝʢʪʦʨʳ E ʠ D, H ʠ B, ʪʘʢ ʥʘʟʳʚʘʝʤʳʝ ʤʘʪʝʨʠʘʣʴʥʳʝ 

ʫʨʘʚʥʝʥʠʷ ʠʣʠ ʫʨʘʚʥʝʥʠʷ ʩʚʷʟʠ. ɺ ʪʝʦʨʝʪʠʯʝʩʢʠʭ ʨʘʙʦʪʘʭ ʠʭ ʥʘʟʳʚʘʶʪ 

ʫʨʘʚʥʝʥʠʷʤʠ ʂʦʥʜʦʥʘïʌʝʜʦʨʦʚʘ [7, 32ï34]: 
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Dj = ejk Ek + i ajk Hk,   Bj = mjkHk ï i jkŬ
~

 Ek,     (1.4) 

ʠʣʠ ʚ ʙʝʩʢʦʦʨʜʠʥʘʪʥʦʡ ʬʦʨʤʝ [7]: 

D = e E + i a H,      B = m H ï i ɻ E,                                         (1.5) 

ʛʜʝ e, m ï ʪʝʥʟʦʨʳ ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʡ ʠ ʤʘʛʥʠʪʥʦʡ ʧʨʦʥʠʮʘʝʤʦʩʪʠ, a ï ʧʩʝʚʜʦʪʝʥʟʦʨ 

ʛʠʨʘʮʠʠ (ʜʘʣʝʝ ʧʨʠʩʪʘʚʢʫ çʧʩʝʚʜʦè ʦʧʫʩʢʘʝʤ), ʟʥʘʢ "~" ʦʟʥʘʯʘʝʪ 

ʪʨʘʥʩʧʦʥʠʨʦʚʘʥʠʝ. 

ʗʚʣʝʥʠʝ ʦʧʪʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʠ ʤʦʞʥʦ ʦʧʠʩʘʪʴ ʩ ʫʯʝʪʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ 

ʜʠʩʧʝʨʩʠʠ, ʪ.ʝ. ʝʩʣʠ ʚ ʫʨʘʚʥʝʥʠʷ ʩʚʷʟʠ ʤʝʞʜʫ ʚʝʢʪʦʨʘʤʠ ʠʥʜʫʢʮʠʡ ʠ ʚʝʢʪʦʨʘʤʠ 

ʥʘʧʨʷʞʝʥʥʦʩʪʝʡ ʧʦʣʝʡ ʚʢʣʶʯʠʪʴ ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʯʣʝʥʳ, ʣʠʥʝʡʥʦ ʟʘʚʠʩʷʱʠʝ ʦʪ 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʭ ʧʨʦʠʟʚʦʜʥʳʭ ʧʦʣʝʡ. ʇʨʠ ʨʘʩʩʤʦʪʨʝʥʠʠ ʙʦʣʴʰʠʥʩʪʚʘ 

ʧʨʘʢʪʠʯʝʩʢʠ ʚʘʞʥʳʭ ʟʘʜʘʯ ʤʦʞʥʦ ʦʛʨʘʥʠʯʠʪʴʩʷ ʪʦʣʴʢʦ ʜʚʫʤʷïʪʨʝʤʷ ʧʝʨʚʳʤʠ 

ʯʣʝʥʘʤʠ ʨʘʟʣʦʞʝʥʠʷ ʧʦ ʩʪʝʧʝʥʷʤ ʚʦʣʥʦʚʦʛʦ ʚʝʢʪʦʨʘ k. ʇʨʠ ʪʘʢʦʤ ʧʦʜʭʦʜʝ 

ʫʨʘʚʥʝʥʠʷ ʩʚʷʟʠ ʥʘʟʳʚʘʶʪʩʷ ʧʨʠʙʣʠʞʝʥʥʳʤʠ (ʫʨʘʚʥʝʥʠʷ ɹʦʨʥʘïʃʘʥʜʘʫ) [5, 8, 10] 

ʠ ʠʩʧʦʣʴʟʫʶʪʩʷ ʚ ʙʦʣʴʰʠʥʩʪʚʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʨʘʙʦʪ:  

Dj = (ejk + i ejkl glm nm) Ek ,   Bj = mjkHk,      (1.6) 

ʛʜʝ ejkl ï ʪʝʥʟʦʨ ʃʝʚʠ-ʏʠʚʠʪʳ, glm ï ʪʝʥʟʦʨ ʛʠʨʘʮʠʠ, nm ï ʥʘʧʨʘʚʣʷʶʱʠʝ ʢʦʩʠʥʫʩʳ 

ʚʦʣʥʦʚʦʡ ʥʦʨʤʘʣʠ.  

ʂʘʢ ʧʨʘʚʠʣʦ, ʧʨʠ ʦʧʠʩʘʥʠʠ ʦʧʪʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʠ ʚ ʪʝʦʨʝʪʠʯʝʩʢʠʭ ʨʘʙʦʪʘʭ 

ʠʩʧʦʣʴʟʫʝʪʩʷ ʪʝʥʟʦʨ ʛʠʨʘʮʠʠ Ŭ, ʘ ʚ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ï ʪʝʥʟʦʨ ʛʠʨʘʮʠʠ g. 

1.2. ʂʦʚʘʨʠʘʥʪʥʳʡ ʤʝʪʦʜ ʌ.ʀ. ʌʝʜʦʨʦʚʘ 

 ʌ.ʀ. ʌʝʜʦʨʦʚ ʚʧʝʨʚʳʝ ʧʨʠʤʝʥʠʣ ʢʦʚʘʨʠʘʥʪʥʳʝ ʤʝʪʦʜʳ ʜʣʷ ʦʧʠʩʘʥʠʷ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʭ ʚʦʣʥ ʚ ʩʨʝʜʝ. ɼʦ ʵʪʦʛʦ ʚ ʪʝʦʨʝʪʠʯʝʩʢʦʡ 

ʦʧʪʠʢʝ ʧʨʠʤʝʥʷʣʠ ʛʣʘʚʥʳʤ ʦʙʨʘʟʦʤ ʢʦʦʨʜʠʥʘʪʥʳʡ ʤʝʪʦʜ, ʘ ʠʩʧʦʣʴʟʦʚʘʥʠʝ 

ʚʝʢʪʦʨʥʳʭ ʠ ʪʝʥʟʦʨʥʳʭ ʤʝʪʦʜʦʚ ʙʳʣʦ ʚʝʩʴʤʘ ʦʛʨʘʥʠʯʝʥʥʳʤ. ɺ ʚʝʢʪʦʨʥʦʤ ʚʠʜʝ 

ʟʘʧʠʩʳʚʘʣʠ ʦʙʳʯʥʦ ʪʦʣʴʢʦ ʫʨʘʚʥʝʥʠʷ ʄʘʢʩʚʝʣʣʘ, ʘ ʨʝʰʝʥʠʝ ʢʦʥʢʨʝʪʥʳʭ ʟʘʜʘʯ 

ʧʨʦʚʦʜʠʣʦʩʴ ʚ ʢʘʢʦʡ-ʣʠʙʦ ʯʘʩʪʥʦʡ ʩʠʩʪʝʤʝ ʢʦʦʨʜʠʥʘʪ. ɺ ʦʧʪʠʢʝ ʧʨʦʟʨʘʯʥʳʭ 

ʥʝʤʘʛʥʠʪʥʳʭ ʢʨʠʩʪʘʣʣʦʚ ʯʘʱʝ ʚʩʝʛʦ ʠʩʧʦʣʴʟʦʚʘʣʘʩʴ ʩʠʩʪʝʤʘ ʛʣʘʚʥʳʭ ʦʩʝʡ 

ʪʝʥʟʦʨʘ Ů. ʕʪʦʪ ʤʝʪʦʜ ʙʳʣ ʧʝʨʝʥʝʩʝʥ ʠ ʚ ʦʧʪʠʢʫ ʧʦʛʣʦʱʘʶʱʠʭ ʢʨʠʩʪʘʣʣʦʚ [3, 35]. 
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ʅʦ ʢʦʦʨʜʠʥʘʪʥʳʡ ʤʝʪʦʜ ʥʝ ʷʚʣʷʝʪʩʷ ʥʘʠʙʦʣʝʝ ʫʜʦʙʥʳʤ. ʇʨʝʞʜʝ ʚʩʝʛʦ, 

ʚʳʯʠʩʣʝʥʠʷ ʩ ʝʛʦ ʧʦʤʦʱʴʶ ʷʚʣʷʶʪʩʷ ʛʨʦʤʦʟʜʢʠʤʠ, ʪʘʢ ʢʘʢ ʧʨʠʭʦʜʠʪʩʷ 

ʚʳʧʠʩʳʚʘʪʴ ʚʩʝ ʫʨʘʚʥʝʥʠʷ ʜʣʷ ʧʨʦʝʢʮʠʡ ʬʠʟʠʯʝʩʢʠʭ ʚʝʣʠʯʠʥ ʥʘ ʢʦʦʨʜʠʥʘʪʥʳʝ 

ʦʩʠ. ʇʨʠ ʵʪʦʤ ʦʢʦʥʯʘʪʝʣʴʥʳʝ ʩʦʦʪʥʦʰʝʥʠʷ ʟʘʚʠʩʷʪ ʦʪ ʚʳʙʦʨʘ ʩʠʩʪʝʤʳ ʢʦʦʨʜʠʥʘʪ. 

ʂʨʦʤʝ ʪʦʛʦ, ʜʣʷ ʧʦʛʣʦʱʘʶʱʠʭ ʢʨʠʩʪʘʣʣʦʚ ʢʦʦʨʜʠʥʘʪʥʳʡ ʤʝʪʦʜ ʥʝ ʚʩʝʛʜʘ 

ʧʨʠʤʝʥʠʤ. ɼʣʷ ʤʦʥʦʢʣʠʥʥʳʭ ʠ ʪʨʠʢʣʠʥʥʳʭ ʧʦʛʣʦʱʘʶʱʠʭ ʢʨʠʩʪʘʣʣʦʚ ʚ ʦʙʱʝʤ 

ʩʣʫʯʘʝ çʥʘʧʨʘʚʣʝʥʠʷ ʛʣʘʚʥʳʭ ʦʩʝʡè ʢʦʤʧʣʝʢʩʥʦʛʦ ʩʠʤʤʝʪʨʠʯʥʦʛʦ ʪʝʥʟʦʨʘ 

ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʡ ʧʨʦʥʠʮʘʝʤʦʩʪʠ Ů ʷʚʣʷʶʪʩʷ ʢʦʤʧʣʝʢʩʥʳʤʠ ʠ ʥʝ ʠʤʝʶʪ ʧʨʷʤʦʛʦ 

ʛʝʦʤʝʪʨʠʯʝʩʢʦʛʦ ʠ ʬʠʟʠʯʝʩʢʦʛʦ ʩʤʳʩʣʘ. ʂʨʦʤʝ ʪʦʛʦ, ʢʦʤʧʣʝʢʩʥʘʷ ʩʠʤʤʝʪʨʠʯʥʘʷ 

ʤʘʪʨʠʮʘ Ů ʚ ʦʪʣʠʯʠʝ ʦʪ ʚʝʱʝʩʪʚʝʥʥʳʭ ʩʠʤʤʝʪʨʠʯʥʳʭ ʤʘʪʨʠʮ ʤʦʞʝʪ ʙʳʪʴ 

ʥʝʧʨʠʚʦʜʠʤʘ ʢ ʜʠʘʛʦʥʘʣʴʥʦʤʫ ʚʠʜʫ [36]. ʕʪʦ ʦʟʥʘʯʘʝʪ, ʯʪʦ ʚ ʦʙʱʝʤ ʩʣʫʯʘʝ ʪʝʥʟʦʨ 

Ů ʥʝ ʠʤʝʝʪ ʪʨʝʭ ʥʝʟʘʚʠʩʠʤʳʭ ʩʦʙʩʪʚʝʥʥʳʭ ʚʝʢʪʦʨʦʚ, ʜʘʞʝ ʢʦʤʧʣʝʢʩʥʳʭ, ʠ 

ʥʠʢʘʢʦʡ ʩʠʩʪʝʤʳ "ʛʣʘʚʥʳʭ ʦʩʝʡ" ʥʝ ʩʫʱʝʩʪʚʫʝʪ. ʇʦʵʪʦʤʫ ʢʦʦʨʜʠʥʘʪʥʳʡ ʤʝʪʦʜ, 

ʦʩʥʦʚʘʥʥʳʡ ʥʘ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʵʪʦʡ ʩʠʩʪʝʤʳ, ʥʝ ʦʭʚʘʪʳʚʘʝʪ ʚʩʝʛʦ ʤʥʦʛʦʦʙʨʘʟʠʷ 

ʧʦʛʣʦʱʘʶʱʠʭ ʢʨʠʩʪʘʣʣʦʚ. 

 ʕʪʠʭ ʥʝʜʦʩʪʘʪʢʦʚ ʣʠʰʝʥ ʠʥʚʘʨʠʘʥʪʥʳʡ ʚʝʢʪʦʨʥʦ-ʪʝʥʟʦʨʥʳʡ ʤʝʪʦʜ 

(ʢʦʚʘʨʠʘʥʪʥʳʡ ʤʝʪʦʜ), ʨʘʟʚʠʪʳʡ ʧʨʠʤʝʥʠʪʝʣʴʥʦ ʢ ʦʧʪʠʢʝ ʘʥʠʟʦʪʨʦʧʥʳʭ ʩʨʝʜ 

ʌ.ʀ. ʌʝʜʦʨʦʚʳʤ [6, 7]. ɼʘʥʥʳʡ ʤʝʪʦʜ ʧʦʟʚʦʣʷʝʪ ʚ ʢʦʤʧʘʢʪʥʦʡ ʬʦʨʤʝ ʨʝʰʘʪʴ 

ʩʣʦʞʥʳʝ ʟʘʜʘʯʠ. ʉ ʧʦʤʦʱʴʶ ʢʦʚʘʨʠʘʥʪʥʦʛʦ ʤʝʪʦʜʘ ʌ.ʀ. ʌʝʜʦʨʦʚʳʤ ʧʦʩʪʨʦʝʥʘ 

ʦʙʱʘʷ ʪʝʦʨʠʷ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʩʚʝʪʘ ʚ ʢʨʠʩʪʘʣʣʘʭ [6, 7].  

 ʉ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʢʦʚʘʨʠʘʥʪʥʦʛʦ ʤʝʪʦʜʘ ʤʥʦʛʠʤʠ ʫʯʝʥʠʢʘʤʠ ʠ 

ʧʦʩʣʝʜʦʚʘʪʝʣʷʤʠ ʌ.ʀ. ʌʝʜʦʨʦʚʘ ʨʝʰʝʥʳ ʦʩʥʦʚʥʳʝ ʟʘʜʘʯʠ ʢʨʠʩʪʘʣʣʦʧʪʠʢʠ [37ï

53]. ʂʨʦʤʝ ʪʦʛʦ, ʢʦʚʘʨʠʘʥʪʥʳʡ ʤʝʪʦʜ ʌ.ʀ. ʌʝʜʦʨʦʚʘ ʠʩʧʦʣʴʟʫʝʪʩʷ ʚ ʘʢʫʩʪʠʢʝ 

[54]. 

1.3. ʄʝʪʦʜ ɹʝʨʨʝʤʘʥʘ ʠ ʝʛʦ ʨʝʘʣʠʟʘʮʠʷ ʩ ʧʦʤʦʱʴʶ ʧʨʦʛʨʘʤʤʥʦʛʦ ʧʘʢʝʪʘ 

Wolfram  Mathematica 

ʆʩʥʦʚʥʳʝ ʨʝʟʫʣʴʪʘʪʳ, ʧʨʠʚʝʜʝʥʥʳʝ ʚ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ, ʧʦʣʫʯʝʥʳ ʩ 

ʧʦʤʦʱʴʶ ʤʘʪʨʠʯʥʦʛʦ ʤʝʪʦʜʘ ɼ. ɹʝʨʨʝʤʘʥʘ [55, 56]. 
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ɺ ʜʝʢʘʨʪʦʚʦʡ ʩʠʩʪʝʤʝ ʢʦʦʨʜʠʥʘʪ ʫʨʘʚʥʝʥʠʷ ʄʘʢʩʚʝʣʣʘ (1.1) ʜʣʷ ʧʦʣʝʡ ʚ 

ʩʨʝʜʝ ʤʦʞʥʦ ʟʘʧʠʩʘʪʴ ʚ ʚʠʜʝ ʦʜʥʦʛʦ ʤʘʪʨʠʯʥʦʛʦ ʫʨʘʚʥʝʥʠʷ 
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ɺ ʢʨʘʪʢʦʡ ʬʦʨʤʝ ʦʥʦ ʠʤʝʝʪ ʚʠʜ 

ʆ F = (1/c) µC/µt,       (1.8) 

ʛʜʝ ʆ ï ʙʣʦʯʥʳʡ 6x6 ʤʘʪʨʠʯʥʳʡ ʦʧʝʨʘʪʦʨ 

ʆ = öö
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õ
ææ
ç

å

- 0rot

rot0
,        (1.9) 

ʛʜʝ 0 ï 3x3 ʥʫʣʝʚʘʷ ʤʘʪʨʠʮʘ, rot ï ʦʧʝʨʘʪʦʨ ʨʦʪʦʨʘ, F ʠ ʉ ï ʦʙʦʙʱʝʥʥʳʝ 6x1 

ʚʝʢʪʦʨʳ-ʩʪʦʣʙʮʳ, F = [Ex, Ey, Ez, Hx, Hy, Hz],  C = [Dx, Dy, Dz, Bx, By, Bz]: 
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,       (1.10) 

E, H ï ʚʝʢʪʦʨʳ ʥʘʧʨʷʞʝʥʥʦʩʪʠ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʠ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʝʡ, D, B ï 

ʚʝʢʪʦʨʳ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʠ ʤʘʛʥʠʪʥʦʡ ʠʥʜʫʢʮʠʠ. 

ɼʣʷ ʚʚʝʜʝʥʥʳʭ ʚʝʢʪʦʨʦʚ F ʠ C ʤʦʞʥʦ ʟʘʧʠʩʘʪʴ 

C = ʄ F ʠʣʠ ù
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,       (1.11) 

ʛʜʝ ʙʣʦʯʥʘʷ 6x6 ʤʘʪʨʠʮʘ ʄ ʥʘʟʳʚʘʝʪʩʷ ʦʧʪʠʯʝʩʢʦʡ ʤʘʪʨʠʮʝʡ ʠ ʥʝʩʝʪ ʚʩʶ 

ʠʥʬʦʨʤʘʮʠʶ ʦʙ ʘʥʠʟʦʪʨʦʧʥʳʭ ʦʧʪʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚʘʭ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʡ ʩʨʝʜʳ. 

ɺʠʜ ʤʘʪʨʠʮʳ ʄ ʟʘʚʠʩʠʪ ʦʪ ʫʨʘʚʥʝʥʠʡ ʩʚʷʟʠ. ɼʣʷ ʫʨʘʚʥʝʥʠʡ ʩʚʷʟʠ ʂʦʥʜʦʥʘï

ʌʝʜʦʨʦʚʘ (1.5) ʤʘʪʨʠʮʘ ʄ ʠʤʝʝʪ ʚʠʜ: 
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ɽʩʣʠ ʩʯʠʪʘʪʴ, ʯʪʦ ʚʨʝʤʝʥʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ʢʦʤʧʦʥʝʥʪʦʚ ʧʦʣʝʡ ʠʤʝʝʪ ʚʠʜ 

exp(ïiwt), ʪʦ ʤʦʞʥʦ ʟʘʧʠʩʘʪʴ F = ʝ
ïiwt 
ɻ, ʛʜʝ ɻ ʟʘʚʠʩʠʪ ʪʦʣʴʢʦ ʦʪ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʭ 

ʢʦʦʨʜʠʥʘʪ. ʊʦʛʜʘ ʠʟ (1.2) ʠ (1.5) ʧʦʣʫʯʘʝʪʩʷ: 

ʆ ɻ = (ïiw/c)ʄɻ.       (1.13) 

ʈʘʚʝʥʩʪʚʦ (1.13) ï ʵʪʦ ʢʨʘʪʢʘʷ ʤʘʪʨʠʯʥʘʷ ʟʘʧʠʩʴ ʫʨʘʚʥʝʥʠʡ (1.7). 

ɺ ʜʘʣʴʥʝʡʰʝʤ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʪʦʣʴʢʦ ʩʣʫʯʘʡ ʦʜʥʦʨʦʜʥʳʭ ʧʣʦʩʢʠʭ ʚʦʣʥ 

ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ. ʇʦʩʢʦʣʴʢʫ ʧʣʦʩʢʦʩʪʴ ʧʘʜʝʥʠʷ ʩʚʝʪʘ ʩʦʚʧʘʜʘʝʪ ʩ 

ʧʣʦʩʢʦʩʪʴʶ XOZ, y-ʢʦʤʧʦʥʝʥʪʘ ʚʦʣʥʦʚʦʛʦ ʚʝʢʪʦʨʘ ʧʘʜʘʶʱʝʡ ʚʦʣʥʳ ky = 0, ʠ 

ʚʩʷʢʠʝ ʠʟʤʝʥʝʥʠʷ ʢʦʤʧʦʥʝʥʪ ʧʦʣʝʡ ʚ ʥʘʧʨʘʚʣʝʥʠʠ Y ʦʪʩʫʪʩʪʚʫʶʪ, ʪ.ʝ. µ/µy = 0. 

ɿʘʚʠʩʠʤʦʩʪʴ ʢʦʤʧʦʥʝʥʪ ʧʦʣʝʡ ʦʪ x ʠʤʝʝʪ ʚʠʜ exp(ikxx), ʧʦʵʪʦʤʫ µ/µx = i kx, ʛʜʝ kx ï 

x-ʢʦʤʧʦʥʝʥʪʘ ʚʦʣʥʦʚʦʛʦ ʚʝʢʪʦʨʘ ʧʘʜʘʶʱʝʡ ʚʦʣʥʳ (kx = wx/c = 2px/l, x = ni sinű, ű 

ï ʫʛʦʣ ʧʘʜʝʥʠʷ ʩʚʝʪʘ). ʊʦʛʜʘ ʦʧʝʨʘʪʦʨ ʨʦʪʦʨʘ ʫʧʨʦʱʘʝʪʩʷ: 
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ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʩʠʩʪʝʤʘ ʫʨʘʚʥʝʥʠʡ (1.13) ʩʦʜʝʨʞʠʪ ʜʚʘ ʣʠʥʝʡʥʳʭ 

ʦʜʥʦʨʦʜʥʳʭ ʘʣʛʝʙʨʘʠʯʝʩʢʠʭ ʠ ʯʝʪʳʨʝ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʭ ʫʨʘʚʥʝʥʠʷ. ʈʘʟʨʝʰʠʚ 

ʘʣʛʝʙʨʘʠʯʝʩʢʠʝ ʫʨʘʚʥʝʥʠʷ ʦʪʥʦʩʠʪʝʣʴʥʦ ʢʦʤʧʦʥʝʥʪ ʧʦʣʷ Ez ʠ Hz ʠ ʧʦʜʩʪʘʚʠʚ 

ʧʦʣʫʯʝʥʥʳʝ ʚʳʨʘʞʝʥʠʷ ʚ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʝ ʫʨʘʚʥʝʥʠʷ, ʧʦʣʫʯʠʤ ʩʠʩʪʝʤʫ 

ʯʝʪʳʨʝʭ ʣʠʥʝʡʥʳʭ ʦʜʥʦʨʦʜʥʳʭ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʭ ʫʨʘʚʥʝʥʠʡ ʧʝʨʚʦʛʦ ʧʦʨʷʜʢʘ 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʝʠʟʚʝʩʪʥʳʭ ʢʦʤʧʦʥʝʥʪ ʧʦʣʝʡ Ex, Ey, Hx, Hy: 

zµ

µ
y = (i w/c)Dy,        (1.15) 

ʛʜʝ y = [Ex, Hy, Ey, ïHx] ï ʦʙʦʙʱʝʥʥʳʡ 4x1 ʚʝʢʪʦʨ-ʩʪʦʣʙʝʮ ʧʦʣʷ, D ï 

ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʘʷ 4ʭ4 ʤʘʪʨʠʮʘ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʜʣʷ ʜʘʥʥʦʡ ʩʨʝʜʳ. 

ʄʘʪʨʠʮʘ D ʧʨʝʜʩʪʘʚʣʷʝʪ ʠʥʪʝʨʝʩ; ʪ.ʢ. ʝʝ ʢʦʤʧʦʥʝʥʪʳ ʟʘʚʠʩʷʪ ʦʪ ʢʦʤʧʦʥʝʥʪ 

ʪʝʥʟʦʨʦʚ Ů, ɛ, Ŭ, ʦʧʠʩʳʚʘʶʱʠʭ ʦʧʪʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʢʨʠʩʪʘʣʣʘ, ʠ ʦʨʠʝʥʪʘʮʠʠ 

ʛʣʘʚʥʳʭ ʥʘʧʨʘʚʣʝʥʠʡ ʪʝʥʟʦʨʦʚ ʚ ʣʘʙʦʨʘʪʦʨʥʦʡ ʩʠʩʪʝʤʝ ʢʦʦʨʜʠʥʘʪ. 

ʍʘʨʘʢʪʝʨʠʩʪʠʯʝʩʢʦʝ ʫʨʘʚʥʝʥʠʝ ʤʘʪʨʠʮʳ ȹ ʦʧʨʝʜʝʣʷʝʪ ʧʨʠ ʥʦʨʤʘʣʴʥʦʤ ʧʘʜʝʥʠʠ 
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ʩʚʝʪʘ ʧʦʢʘʟʘʪʝʣʠ ʧʨʝʣʦʤʣʝʥʠʷ n1, n2 ʨʘʩʧʨʦʩʪʨʘʥʷʶʱʠʭʩʷ ʚ ʢʨʠʩʪʘʣʣʝ 

ʩʦʙʩʪʚʝʥʥʳʭ ʚʦʣʥ, ʘ ʧʨʠ ʥʘʢʣʦʥʥʦʤ ʧʘʜʝʥʠʠ ï ʧʨʦʝʢʮʠʠ ʚʝʢʪʦʨʦʚ ʨʝʬʨʘʢʮʠʠ ʵʪʠʭ 

ʚʦʣʥ ʥʘ ʦʩʴ z (ʥʘʧʨʘʚʣʝʥʠʝ ʥʦʨʤʘʣʠ ʢ ʧʣʘʩʪʠʥʢʝ). ʉʦʙʩʪʚʝʥʥʳʝ ʚʝʢʪʦʨʳ {Ex, Hy, 

Ey, ïHx} ʤʘʪʨʠʮʳ ȹ ʷʚʣʷʶʪʩʷ ʦʙʦʙʱʝʥʥʳʤʠ ʚʝʢʪʦʨʘʤʠ ʧʦʣʝʡ ʩʦʙʩʪʚʝʥʥʳʭ ʚʦʣʥ, 

ʨʘʩʧʨʦʩʪʨʘʥʷʶʱʠʭʩʷ ʚʥʫʪʨʠ ʢʨʠʩʪʘʣʣʘ (ʧʨʝʣʦʤʣʝʥʥʳʭ ʠ ʦʪʨʘʞʝʥʥʳʭ). 

ʆʪʥʦʰʝʥʠʷ Ey/Ex ʠ ʅy/ʅx ʦʧʨʝʜʝʣʷʶʪ ʩʦʩʪʦʷʥʠʷ ʧʦʣʷʨʠʟʘʮʠʠ E ʠ H-ʧʦʣʝʡ 

ʩʦʙʩʪʚʝʥʥʳʭ ʚʦʣʥ.  

ɺ [55] ʧʨʝʜʣʘʛʘʝʪʩʷ ʠʥʪʝʛʨʠʨʦʚʘʪʴ (1.15), ʨʘʟʙʠʚ ʘʥʠʟʦʪʨʦʧʥʫʶ ʩʨʝʜʫ 

ʪʦʣʱʠʥʳ d ʥʘ ʩʣʦʠ ʤʘʣʦʡ ʪʦʣʱʠʥʳ, ʚ ʧʨʝʜʝʣʘʭ ʢʘʞʜʦʛʦ ʠʟ ʢʦʪʦʨʳʭ ʵʣʝʤʝʥʪʳ 

ʤʘʪʨʠʮʳ D ʥʝ ʟʘʚʠʩʷʪ ʦʪ z. ɺ ʨʝʟʫʣʴʪʘʪʝ ʜʣʷ ʩʣʦʷ ʪʦʣʱʠʥʳ h ʧʦʣʫʯʘʝʪʩʷ ʨʝʰʝʥʠʝ 

ʚʠʜʘ: 

y (z + h) = exp(iwhD/c)y(z) = L (h)y(z).      (1.16) 

ʄʘʪʨʠʮʫ L (h) = exp(iwhD/c), ʦʧʠʩʳʚʘʶʱʫʶ ʧʨʝʦʙʨʘʟʦʚʘʥʠʝ ʧʦʣʷ ʧʘʜʘʶʱʝʡ 

ʩʚʝʪʦʚʦʡ ʚʦʣʥʳ y(z) ʧʨʠ ʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʠ ʯʝʨʝʟ ʧʣʘʩʪʠʥʢʫ, ʥʘʟʳʚʘʶʪ ʤʘʪʨʠʮʝʡ 

ʩʣʦʷ. ʇʨʦʙʣʝʤʘ ʜʘʣʴʥʝʡʰʝʛʦ ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ ʩʦʩʪʦʠʪ ʚ ʥʘʭʦʞʜʝʥʠʠ ʤʘʪʨʠʮʳ ʩʣʦʷ 

L (h). ɺ [55] ʧʨʝʜʣʘʛʘʝʪʩʷ ʨʘʩʢʣʘʜʳʚʘʪʴ ʬʫʥʢʮʠʶ L (h) ʚ ʨʷʜ ʧʦ ʩʪʝʧʝʥʷʤ D. 

ʆʯʝʚʠʜʥʦ, ʯʪʦ ʪʘʢʦʝ ʨʘʟʣʦʞʝʥʠʝ ʥʝ ʷʚʣʷʝʪʩʷ ʪʦʯʥʳʤ. ɺ [57] ʧʨʝʜʣʦʞʝʥ ʤʝʪʦʜ 

ʪʦʯʥʦʛʦ ʚʳʯʠʩʣʝʥʠʷ ʤʘʪʨʠʮʳ ʩʣʦʷ L (h) ʩ ʧʦʤʦʱʴʶ ʪʝʦʨʝʤʳ ʉʠʣʴʚʝʩʪʨʘ. 

ʇʦʩʣʝ ʪʦʛʦ ʢʘʢ ʠʟʚʝʩʪʥʘ ʤʘʪʨʠʮʘ ʩʣʦʷ, ʧʝʨʝʭʦʜʷʪ ʢ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʤʫ 

ʨʝʰʝʥʠʶ ʛʨʘʥʠʯʥʦʡ ʟʘʜʘʯʠ ʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʠ ʩʚʝʪʘ ʯʝʨʝʟ ʩʣʦʠʩʪʫʶ ʩʠʩʪʝʤʫ. 

ʈʝʰʝʥʠʝ ʜʘʥʥʦʡ ʟʘʜʘʯʠ ʩ ʧʦʤʦʱʴʶ ʧʨʦʛʨʘʤʤʥʦʛʦ ʧʘʢʝʪʘ Wolfram Mathematica 

ʧʦʜʨʦʙʥʦ ʦʧʠʩʘʥʦ ʚ [58, 59]. 

1.3.1. ʇʦʣʷʨʠʟʘʮʠʷ ʩʦʙʩʪʚʝʥʥʳʭ ʚʦʣʥ ʚ ʢʨʠʩʪʘʣʣʘʭ 

ʀʩʧʦʣʴʟʫʷ ʤʝʪʦʜ ɹʝʨʨʝʤʘʥʘ, ʤʦʞʥʦ ʦʧʨʝʜʝʣʠʪʴ ʧʦʣʷʨʠʟʘʮʠ ʁʩʦʙʩʪʚʝʥʥʳʭ 

ʚʦʣʥ, ʨʘʩʧʨʦʩʪʨʘʥʷʶʱʠʭʩʷ ʚ ʢʨʠʩʪʘʣʣʝ. ʉʦʙʩʪʚʝʥʥʳʝ ʚʦʣʥʳ ʚ ʢʨʠʩʪʘʣʣʝ ï ʚʦʣʥʳ, 

ʢʦʪʦʨʳʝ ʧʨʦʭʦʜʷʪ ʯʝʨʝʟ ʢʨʠʩʪʘʣʣ ʙʝʟ ʠʟʤʝʥʝʥʠʷ ʩʦʩʪʦʷʥʠʷ ʧʦʣʷʨʠʟʘʮʠʠ. 

ɺʧʝʨʚʳʝ ʵʣʣʠʧʪʠʯʥʦʩʪʴ ʩʦʙʩʪʚʝʥʥʳʭ ʚʦʣʥ ʦʧʨʝʜʝʣʝʥʘ ʌʦʭʪʦʤ [1, 2] ʜʣʷ 

ʢʨʠʩʪʘʣʣʦʚ ʢʚʘʨʮʘ ʧʨʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʠ ʩʚʝʪʘ ʚ ʥʘʧʨʘʚʣʝʥʠʠ, ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦʤ 
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ʢ ʦʧʪʠʯʝʩʢʦʡ ʦʩʠ. ɺ ʜʘʣʴʥʝʡʰʝʤ ʵʣʣʠʧʪʠʯʥʦʩʪʴ ʩʦʙʩʪʚʝʥʥʳʭ ʚʦʣʥ ʚ ʢʨʠʩʪʘʣʣʘʭ 

ʢʚʘʨʮʘ ʠʩʩʣʝʜʦʚʘʣʘʩʴ ʤʥʦʛʠʤʠ ʘʚʪʦʨʘʤʠ, ʥʘʧʨʠʤʝʨ [60ï63]. ɺʳʨʘʞʝʥʠʷ ʜʣʷ 

ʵʣʣʠʧʪʠʯʥʦʩʪʝʡ ʩʦʙʩʪʚʝʥʥʳʭ ʚʦʣʥ ʚ ʦʜʥʦʦʩʥʦʤ ʦʧʪʠʯʝʩʢʠ ʘʢʪʠʚʥʦʤ ʢʨʠʩʪʘʣʣʝ 

ʧʨʠ ʧʨʦʠʟʚʦʣʴʥʦʡ ʦʨʠʝʥʪʘʮʠʠ ʦʧʪʠʯʝʩʢʦʡ ʦʩʠ ʧʨʠʚʝʜʝʥʳ ʚ [64]. ʇʦʣʷʨʠʟʘʮʠʷ 

ʩʦʙʩʪʚʝʥʥʳʭ ʚʦʣʥ ʚ ʦʙʱʝʤ ʩʣʫʯʘʝ ʧʨʦʟʨʘʯʥʦʛʦ ʦʧʪʠʯʝʩʢʠ ʘʢʪʠʚʥʦʛʦ ʢʨʠʩʪʘʣʣʘ 

ʠʟʫʯʝʥʘ ʚ [37], ʧʦʛʣʦʱʘʶʱʠʝ ʦʧʪʠʯʝʩʢʠ ʘʢʪʠʚʥʳʝ ʦʜʥʦʦʩʥʳʝ ʢʨʠʩʪʘʣʣ r

ʨʘʩʩʤʦʪʨʝʥ,r ʥʘʧʨʠʤʝʨ, ʚ [65, 66].  

ʕʣʣʠʧʪʠʯʥʦʩʪʴ ʩʦʙʩʪʚʝʥʥʳʭ ʚʦʣʥ ʜʣʷ ʧʦʛʣʦʱʘʶʱʠʭ ʜʚʫʦʩʥʳʭ ʢʨʠʩʪʘʣʣʦʚ 

ʠʩʩʣʝʜʦʚʘʣʘʩʴ ʛʦʨʘʟʜʦ ʨʝʞʝ, ʚ ʦʩʥʦʚʥʦʤ ʠʟʫʯʘʣʠʩʴ ʢʨʠʩʪʘʣʣʳ ʢʣʘʩʩʘ 222 [67ï69]. 

ʇʦʣʷʨʠʟʘʮʠʶ ʩʦʙʩʪʚʝʥʥʳʭ ʚʦʣʥ ʤʦʞʥʦ ʥʘʡʪʠ, ʠʩʧʦʣʴʟʫʷ 

ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʫʶ ʤʘʪʨʠʮʫ æ, ʬʠʛʫʨʠʨʫʶʱʫʶ ʚ ʤʝʪʦʜʝ ɹʝʨʨʝʤʘʥʘ. 

ʉʦʙʩʪʚʝʥʥʳʝ ʚʝʢʪʦʨʳ ʤʘʪʨʠʮʳ ȹ ʟʘʧʠʩʳʚʘʶʪʩʷ ʚ ʚʠʜʝ: 

ui = {Exi, Hyi, Eyi, ïHxi},  i = 1, 2, 3, 4,                                             (1.17) 

ʛʜʝ Exi, Eyi, Hxi, Hyi ï ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʢʦʤʧʦʥʝʥʪʳ ʚʝʢʪʦʨʦʚ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʠ 

ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʝʡ ʩʦʙʩʪʚʝʥʥʳʭ ʚʦʣʥ. ʇʨʠ ʥʦʨʤʘʣʴʥʦʤ ʧʘʜʝʥʠʠ ʩʚʝʪʘ 

ʵʣʣʠʧʪʠʯʥʦʩʪʴ ʩʦʙʩʪʚʝʥʥʳʭ ʚʦʣʥ ʤʦʞʥʦ ʨʘʩʩʯʠʪʘʪʴ ʧʦ ʬʦʨʤʫʣʝ: 

]2/))|| 1/(Im2[arcsin(tg 2

iii ŰŰk += , xiyii EEŰ /=  ʠʣʠ xiyii HHŰ /= .            (1.18) 

ʇʨʠ ʢʦʩʦʤ ʧʘʜʝʥʠʠ ʩʚʝʪʘ ʥʘ ʢʨʠʩʪʘʣʣ ʬʦʨʤʫʣʘ (1.18) ʭʘʨʘʢʪʝʨʠʟʫʝʪ ʥʝ 

ʵʣʣʠʧʪʠʯʥʦʩʪʴ ʩʦʙʩʪʚʝʥʥʳʭ ʚʦʣʥ, ʘ ʵʣʣʠʧʪʠʯʥʦʩʪʴ ʧʨʦʝʢʮʠʡ ʠʭ ʵʣʣʠʧʩʦʚ 

ʧʦʣʷʨʠʟʘʮʠʠ ʥʘ ʧʣʦʩʢʦʩʪʴ XOY. ɼʣʷ ʨʘʩʯʝʪʘ ʵʣʣʠʧʪʠʯʥʦʩʪʝʡ ʩʦʙʩʪʚʝʥʥʳʭ ʚʦʣʥ 

ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʦʙʱʫʶ ʬʦʨʤʫʣʫ, ʫʯʠʪʳʚʘʶʱʫʶ ʥʝ ʪʦʣʴʢʦ Ex, Ey ʠʣʠ Hx, Hy, 

ʥʦ ʠ Ez, Hz (Ez ʠ Hz ʤʦʞʥʦ ʥʘʡʪʠ, ʠʩʧʦʣʴʟʫʷ ʩʠʩʪʝʤʫ ʫʨʘʚʥʝʥʠʡ (1.13)): 

||||

||||
22

22

EE

EE

+

-
=k  ʠʣʠ 

||||

||||
22

22

HH

HH

+

-
=k .                                         (1.19) 

ɺ ʩʣʫʯʘʝ ʧʨʦʟʨʘʯʥʦʛʦ ʥʝʘʢʪʠʚʥʦʛʦ ʢʨʠʩʪʘʣʣʘ ʩʦʙʩʪʚʝʥʥʳʝ ʚʦʣʥʳ ʣʠʥʝʡʥʦ 

ʧʦʣʷʨʠʟʦʚʘʥʳ ʠ ʦʨʪʦʛʦʥʘʣʴʥʳ. ʊʦ ʞʝ ʩʘʤʦʝ ʠʤʝʝʪ ʤʝʩʪʦ ʚ ʩʣʫʯʘʝ ʧʦʛʣʦʱʘʶʱʝʛʦ 

ʦʧʪʠʯʝʩʢʠ ʥʝʘʢʪʠʚʥʦʛʦ ʦʜʥʦʦʩʥʦʛʦ ʢʨʠʩʪʘʣʣʘ.  

ɺ ʧʨʦʟʨʘʯʥʦʤ ʦʧʪʠʯʝʩʢʠ ʘʢʪʠʚʥʦʤ ʢʨʠʩʪʘʣʣʝ ʩʦʙʩʪʚʝʥʥʳʝ ʚʦʣʥʳ 

ʧʦʣʷʨʠʟʦʚʘʥʳ ʵʣʣʠʧʪʠʯʝʩʢʠ, ʟʘ ʠʩʢʣʶʯʝʥʠʝʤ ʩʣʫʯʘʷ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʚʜʦʣʴ 
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ʦʧʪʠʯʝʩʢʦʡ ʦʩʠ, ʛʜʝ ʠʤʝʝʪ ʤʝʩʪʦ ʢʨʫʛʦʚʘʷ ʧʦʣʷʨʠʟʘʮʠʷ. ʕʣʣʠʧʩʳ ʧʦʣʷʨʠʟʘʮʠʠ 

ʩʦʙʩʪʚʝʥʥʳʭ ʚʦʣʥ ʦʨʪʦʛʦʥʘʣʴʥʳ ʠ ʦʙʭʦʜʷʪʩʷ ʚ ʨʘʟʥʳʭ ʥʘʧʨʘʚʣʝʥʠʷʭ; 

ʵʣʣʠʧʪʠʯʥʦʩʪʠ ʩʦʙʩʪʚʝʥʥʳʭ ʚʦʣʥ ʚ ʧʝʨʚʦʤ ʧʨʠʙʣʠʞʝʥʠʠ ʨʘʚʥʳ ʧʦ ʤʦʜʫʣʶ (ʩ 

ʪʦʯʥʦʩʪʴʶ ʜʦ ʯʣʝʥʦʚ ʧʦʨʷʜʢʘ ʧʨʦʠʟʚʝʜʝʥʠʷ ʘʥʠʟʦʪʨʦʧʠʠ ʥʘ ʢʦʤʧʦʥʝʥʪʳ ʪʝʥʟʦʨʘ 

ʛʠʨʘʮʠʠ) ʠ ʧʨʦʪʠʚʦʧʦʣʦʞʥʳ ʧʦ ʟʥʘʢʫ.  

ɺ ʧʦʛʣʦʱʘʶʱʝʤ ʦʧʪʠʯʝʩʢʠ ʥʝʘʢʪʠʚʥʦʤ ʥʠʟʢʦʩʠʤʤʝʪʨʠʯʥʦʤ ʢʨʠʩʪʘʣʣʝ 

ʩʦʙʩʪʚʝʥʥʳʝ ʚʦʣʥʳ ʪʘʢʞʝ ʧʦʣʷʨʠʟʦʚʘʥʳ ʵʣʣʠʧʪʠʯʝʩʢʠ (ʚ ʥʘʧʨʘʚʣʝʥʠʠ 

ʦʧʪʠʯʝʩʢʠʭ ʦʩʝʡ ʠʤʝʝʪ ʤʝʩʪʦ ʢʨʫʛʦʚʘʷ ʧʦʣʷʨʠʟʘʮʠʷ). ʕʣʣʠʧʩʳ ʧʦʣʷʨʠʟʘʮʠʠ 

ʦʨʪʦʛʦʥʘʣʴʥʳ ʠ ʦʙʭʦʜʷʪʩʷ ʚ ʦʜʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ; ʵʣʣʠʧʪʠʯʥʦʩʪʠ ʩʦʙʩʪʚʝʥʥʳʭ 

ʚʦʣʥ ʨʘʚʥʳ ʠ ʧʦ ʤʦʜʫʣʶ, ʠ ʧʦ ʟʥʘʢʫ.  

ɺ ʧʦʛʣʦʱʘʶʱʠʭ ʦʧʪʠʯʝʩʢʠ ʘʢʪʠʚʥʳʭ ʥʠʟʢʦʩʠʤʤʝʪʨʠʯʥʳʭ ʢʨʠʩʪʘʣʣʘʭ ʚ 

ʦʙʱʝʤ ʩʣʫʯʘʝ ʩʦʙʩʪʚʝʥʥʳʝ ʚʦʣʥʳ ʥʝ ʦʨʪʦʛʦʥʘʣʴʥʳ, ʥʝ ʧʦʜʦʙʥʳ, ʠʤʝʶʪ 

ʨʘʟʣʠʯʥʫʶ ʵʣʣʠʧʪʠʯʥʦʩʪʴ, ʠ ʦʙʨʘʱʝʥʠʝ ʧʦ ʵʣʣʠʧʩʘʤ ʤʦʞʝʪ ʙʳʪʴ ʠ ʦʜʠʥʘʢʦʚʳʤ, ʠ 

ʨʘʟʥʳʤ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʩʦʦʪʥʦʰʝʥʠʷ ʚʝʣʠʯʠʥ ʦʧʪʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʠ ʠ 

ʧʦʛʣʦʱʝʥʠʷ [67ï69].  

1.4. ʆʩʦʙʝʥʥʦʩʪʠ ʦʧʪʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʨʘʟʣʠʯʥʳʭ ʢʨʠʩʪʘʣʣʦʚ 

ɺʩʝ ʥʝʦʙʭʦʜʠʤʳʝ ʜʘʥʥʳʝ ʧʨʠʚʝʜʝʥʳ ʚ ʢʘʞʜʦʡ ʛʣʘʚʝ ʧʦ ʦʪʜʝʣʴʥʦʩʪʠ ʜʣʷ 

ʣʫʯʰʝʛʦ ʠʟʣʦʞʝʥʠʷ ʚʩʝʛʦ ʤʘʪʝʨʠʘʣʘ. ɿʜʝʩʴ ʢʨʘʪʢʦ ʦʩʪʘʥʦʚʠʤʩʷ ʥʘ ʪʝʭ ʚʦʧʨʦʩʘʭ, 

ʢʦʪʦʨʳʝ ʙʫʜʫʪ ʨʘʩʩʤʘʪʨʠʚʘʪʴʩʷ. 

1.4.1. ʆʩʦʙʝʥʥʦʩʪʠ ʧʨʦʷʚʣʝʥʠʷ ʦʧʪʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʠ ʚ ʨʘʟʣʠʯʥʳʭ 

ʦʜʥʦʦʩʥʳʭ ʢʨʠʩʪʘʣʣʘʭ 

ʆʧʪʠʯʝʩʢʘʷ ʘʢʪʠʚʥʦʩʪʴ ʚʧʝʨʚʳʝ ʦʙʥʘʨʫʞʝʥʘ ʚ 1811 ʛ. ɸʨʘʛʦ ʧʨʠ 

ʠʩʩʣʝʜʦʚʘʥʠʠ ʢʨʠʩʪʘʣʣʦʚ ʢʚʘʨʮʘ, ʠ ʢ ʥʘʩʪʦʷʱʝʤʫ ʚʨʝʤʝʥʠ ʠʟʚʝʩʪʥʦ ʤʥʦʛʦ 

ʦʨʛʘʥʠʯʝʩʢʠʭ ʠ ʥʝʦʨʛʘʥʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ, ʦʙʣʘʜʘʶʱʠʭ ʦʧʪʠʯʝʩʢʦʡ 

ʘʢʪʠʚʥʦʩʪʴʶ. ʆʧʪʠʯʝʩʢʘʷ ʘʢʪʠʚʥʦʩʪʴ ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ ʧʨʦʷʚʣʷʝʪʩʷ ʚ ʪʦʤ, ʯʪʦ 

ʧʨʠ ʧʨʦʭʦʞʜʝʥʠʠ ʣʠʥʝʡʥʦ ʧʦʣʷʨʠʟʦʚʘʥʥʦʛʦ ʩʚʝʪʘ ʯʝʨʝʟ ʚʝʱʝʩʪʚʦ ʧʣʦʩʢʦʩʪʴ 

ʧʦʣʷʨʠʟʘʮʠʠ ʧʨʦʰʝʜʰʝʛʦ ʩʚʝʪʘ ʧʨʠʦʙʨʝʪʘʝʪ ʜʦʧʦʣʥʠʪʝʣʴʥʳʡ ʧʨʘʚʳʡ ʠʣʠ ʣʝʚʳʡ 

ʧʦʚʦʨʦʪ. ɺʝʱʝʩʪʚʘ, ʠʤʝʶʱʠʝ ʢʘʢ ʣʝʚʦʚʨʘʱʘʶʱʠʝ, ʪʘʢ ʠ ʧʨʘʚʦʚʨʘʱʘʶʱʠʝ 
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ʤʦʜʠʬʠʢʘʮʠʠ, ʥʘʟʳʚʘʶʪʩʷ ʭʠʨʘʣʴʥʳʤʠ ʠʣʠ ʵʥʘʥʪʠʦʤʦʨʬʥʳʤʠ (ʚ ʦʙʝʠʭ 

ʤʦʜʠʬʠʢʘʮʠʷʭ ʦʧʪʠʯʝʩʢʠʝ ʚʨʘʱʝʥʠʷ ʨʘʟʣʠʯʘʶʪʩʷ ʪʦʣʴʢʦ ʟʥʘʢʦʤ). ɺ 1824 ʛ. 

ʌʨʝʥʝʣʴ [13] ʧʨʝʜʣʦʞʠʣ ʧʝʨʚʫʶ ʪʝʦʨʠʶ ʦʧʪʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʠ ʚ ʧʨʦʟʨʘʯʥʳʭ 

ʢʨʠʩʪʘʣʣʘʭ. ʆʥ ʦʙʲʷʩʥʠʣ ʧʦʚʦʨʦʪ ʧʣʦʩʢʦʩʪʠ ʧʦʣʷʨʠʟʘʮʠʠ ʨʘʟʣʠʯʠʝʤ ʧʦʢʘʟʘʪʝʣʝʡ 

ʧʨʝʣʦʤʣʝʥʠʷ ʜʚʫʭ ʮʠʨʢʫʣʷʨʥʦ ʧʦʣʷʨʠʟʦʚʘʥʥʳʭ ʚʦʣʥ, ʨʘʩʧʨʦʩʪʨʘʥʷʶʱʠʭʩʷ ʚ 

ʢʨʠʩʪʘʣʣʝ ʚ ʥʘʧʨʘʚʣʝʥʠʠ ʦʧʪʠʯʝʩʢʦʡ ʦʩʠ. 

ʇʦʤʠʤʦ ʚʨʘʱʝʥʠʷ ʧʣʦʩʢʦʩʪʠ ʧʦʣʷʨʠʟʘʮʠʠ ʚ ʧʦʛʣʦʱʘʶʱʠʭ ʦʧʪʠʯʝʩʢʠ 

ʘʢʪʠʚʥʳʭ ʢʨʠʩʪʘʣʣʘʭ ʧʨʠʩʫʪʩʪʚʫʝʪ ʮʠʨʢʫʣʷʨʥʳʡ ʜʠʭʨʦʠʟʤ. ʕʪʦʪ ʵʬʬʝʢʪ ʙʳʣ 

ʚʧʝʨʚʳʝ ʦʙʥʘʨʫʞʝʥ ʚ 1847 ʛ. ʍʘʡʜʠʥʛʝʨʦʤ. ɺ 1896 ʛ. ʂʦʪʪʦʥ ʦʙʥʘʨʫʞʠʣ 

ʘʥʦʤʘʣʴʥʳʡ ʭʦʜ ʢʨʠʚʦʡ ʜʠʩʧʝʨʩʠʠ ʦʧʪʠʯʝʩʢʦʛʦ ʚʨʘʱʝʥʠʷ ʚʙʣʠʟʠ ʧʦʣʦʩ 

ʧʦʛʣʦʱʝʥʠʷ ʠ ʩʚʷʟʴ ʤʝʞʜʫ ʩʧʝʢʪʨʘʤʠ ʧʦʛʣʦʱʝʥʠʷ ʠ ʮʠʨʢʫʣʷʨʥʦʛʦ ʜʠʭʨʦʠʟʤʘ 

[12]. ʉʫʱʝʩʪʚʫʝʪ ʤʥʦʛʦ ʨʘʙʦʪ, ʧʦʩʚʷʱʝʥʥʳʭ ʮʠʨʢʫʣʷʨʥʦʤʫ ʜʠʭʨʦʠʟʤʫ ʚ 

ʨʘʟʣʠʯʥʳʭ ʢʨʠʩʪʘʣʣʘʭ [25, 70ï74]. ɺ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ ʵʪʦʪ ʚʦʧʨʦʩ ʥʝ 

ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ. 

ʌʦʭʪ [1, 2] ʚ 1903ï1905 ʛʛ. ʦʜʥʠʤ ʠʟ ʧʝʨʚʳʭ ʟʘʧʠʩʘʣ ʫʨʘʚʥʝʥʠʷ ʩʚʷʟʠ ʜʣʷ 

ʦʧʪʠʯʝʩʢʠʭ ʘʢʪʠʚʥʳʭ ʢʨʠʩʪʘʣʣʦʚ ʠ ʧʨʠʚʝʣ ʢʦʤʧʦʥʝʥʪʳ ʪʝʥʟʦʨʘ ʛʠʨʘʮʠʠ ʜʣʷ 18 

ʢʣʘʩʩʦʚ ʩʠʤʤʝʪʨʠʠ ʢʨʠʩʪʘʣʣʦʚ ʠʟ 32 ʩʫʱʝʩʪʚʫʶʱʠʭ, ʧʨʠʯʝʤ ʵʪʦʪ ʪʝʥʟʦʨ ʤʦʛ 

ʠʤʝʪʴ ʩʠʤʤʝʪʨʠʯʥʫʶ, ʥʝʩʠʤʤʝʪʨʠʯʥʫʶ ʯʘʩʪʠ ʠʣʠ ʙʳʪʴ ʧʦʣʥʦʩʪʴʶ 

ʘʥʪʠʩʠʤʤʝʪʨʠʯʥʳʤ. ʅʦ, ʥʝʩʤʦʪʨʷ ʥʘ ʨʘʙʦʪʳ ʌʦʭʪʘ, ʚʩʣʝʜ ʟʘ ɼʨʫʜʝ [35] ʠ ɹʦʨʥʦʤ 

[5] ʦʧʪʠʯʝʩʢʫʶ ʘʢʪʠʚʥʦʩʪʴ ʦʧʠʩʳʚʘʣʠ ʪʦʣʴʢʦ ʩʠʤʤʝʪʨʠʯʥʳʤ ʪʝʥʟʦʨʦʤ ʛʠʨʘʮʠʠ. 

ɺʩʣʝʜʩʪʚʠʝ ʵʪʦʛʦ ʧʦʣʥʦʩʪʴʶ ʧʝʨʝʩʪʘʣʠ ʫʯʠʪʳʚʘʪʴ ʘʥʪʠʩʠʤʤʝʪʨʠʯʥʳʝ ʪʝʥʟʦʨʳ 

ʛʠʨʘʮʠʠ (ʢʨʠʩʪʘʣʣʳ ʢʣʘʩʩʦʚ 3m, 4mm, 6mm), ʠ ʦʧʪʠʯʝʩʢʠ ʘʢʪʠʚʥʳʤʠ ʩʪʘʣʠ 

ʩʯʠʪʘʪʴʩʷ ʢʨʠʩʪʘʣʣʳ ʪʦʣʴʢʦ 15 ʢʣʘʩʩʦʚ ʩʠʤʤʝʪʨʠʠ. ʆʪʤʝʪʠʤ, ʯʪʦ ʥʝʢʦʪʦʨʳʝ 

ʫʯʝʥʳʝ ʦʪʨʠʮʘʣʠ ʩʫʱʝʩʪʚʦʚʘʥʠʝ ʦʧʪʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʠ ʪʘʢʞʝ ʠ ʚ ʧʣʘʥʘʣʴʥʳʭ 

ʢʨʠʩʪʘʣʣʘʭ m, mm2 [75]. ʊʦʣʴʢʦ ʩ ʧʦʷʚʣʝʥʠʝʤ ʨʘʙʦʪ ʌʝʜʦʨʦʚʘ [7], ʢʦʪʦʨʳʡ 

ʠʩʧʦʣʴʟʦʚʘʣ ʫʨʘʚʥʝʥʠʷ ʩʚʷʟʠ ʠ ʚʠʜ ʪʝʥʟʦʨʦʚ ʛʠʨʘʮʠʠ, ʘʥʘʣʦʛʠʯʥʳʡ ʚʠʜʫ, 

ʟʘʧʠʩʘʥʥʦʤʫ ʌʦʭʪʦʤ, ʢʨʠʩʪʘʣʣʳ ʢʣʘʩʩʦʚ 3m, 4mm, 6mm ʩʪʘʣʠ ʩʯʠʪʘʪʴʩʷ 

ʦʧʪʠʯʝʩʢʠ ʘʢʪʠʚʥʳʤʠ. ʅʝʩʤʦʪʨʷ ʥʘ ʵʪʦ, ʚ ʥʝʢʦʪʦʨʳʭ ʨʘʙʦʪʘʭ, ʚ ʪʦʤ ʯʠʩʣʝ ʠ 
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ʩʦʚʨʝʤʝʥʥʳʭ, ʘʥʪʠʩʠʤʤʝʪʨʠʯʥʘʷ ʯʘʩʪʴ ʪʝʥʟʦʨʘ ʛʠʨʘʮʠʠ ʥʝ ʫʯʠʪʳʚʘʝʪʩʷ [8, 9, 16, 

26].  

ɺ ʢʨʠʩʪʘʣʣʘʭ ʢʣʘʩʩʦʚ 3m, 4mm, 6mm (ʠʭ ʥʘʟʳʚʘʶʪ çʩʣʘʙʦʛʠʨʦʪʨʦʧʥʳʤʠè) 

ʚʨʘʱʝʥʠʝ ʧʣʦʩʢʦʩʪʠ ʧʦʣʷʨʠʟʘʮʠʠ ʚ ʥʘʧʨʘʚʣʝʥʠʠ ʦʧʪʠʯʝʩʢʦʡ ʦʩʠ ʦʪʩʫʪʩʪʚʫʝʪ, ʠ 

ʦʧʪʠʯʝʩʢʘʷ ʘʢʪʠʚʥʦʩʪʴ ʧʨʦʷʚʣʷʝʪʩʷ ʪʦʣʴʢʦ ʧʨʠ ʥʘʢʣʦʥʥʦʤ ʧʘʜʝʥʠʠ ʩʚʝʪʘ [7, 22, 

24, 76ï78]. ʇʨʠ ʵʪʦʤ ʥʝ ʨʘʩʩʤʘʪʨʠʚʘʣʦʩʴ ʨʘʟʣʠʯʠʝ ʚ ʧʨʦʷʚʣʝʥʠʠ ʦʧʪʠʯʝʩʢʦʡ 

ʘʢʪʠʚʥʦʩʪʠ ʚ ʢʨʠʩʪʘʣʣʘʭ ʢʣʘʩʩʦʚ 3, 4, 6 ʠ 32, 422, 622, ʩʚʷʟʘʥʥʦʝ ʩ 

ʘʥʪʠʩʠʤʤʝʪʨʠʯʥʦʡ ʯʘʩʪʴʶ ʪʝʥʟʦʨʘ ʛʠʨʘʮʠʠ. ʊʘʢ ʢʘʢ ʢʨʠʩʪʘʣʣʳ ʢʣʘʩʩʦʚ 3, 4, 6 

ʚʩʪʨʝʯʘʶʪʩʷ ʜʦʩʪʘʪʦʯʥʦ ʯʘʩʪʦ, ʵʪʦ ʨʘʟʣʠʯʠʝ ʧʨʝʜʩʪʘʚʣʷʝʪ ʠʥʪʝʨʝʩ. ɼʘʥʥʳʡ 

ʚʦʧʨʦʩ ʧʦʜʨʦʙʥʦ ʦʙʩʫʞʜʘʝʪʩʷ ʚ ʛʣʘʚʝ 2. 

ʊʘʢʞʝ ʧʨʝʜʩʪʘʚʣʷʶʪ ʠʥʪʝʨʝʩ ʢʨʠʩʪʘʣʣʳ ʢʣʘʩʩʦʚ 4 ʠ 42ά, ʚ ʢʦʪʦʨʳʭ ʪʝʥʟʦʨ 

ʛʠʨʘʮʠʠ ʩʠʤʤʝʪʨʠʯʝʥ, ʥʦ ʠʤʝʝʪ ʥʝʦʙʳʯʥʳʡ ʚʠʜ. ɺ ʵʪʠʭ ʢʨʠʩʪʘʣʣʘʭ ʚʨʘʱʝʥʠʝ 

ʧʣʦʩʢʦʩʪʠ ʧʦʣʷʨʠʟʘʮʠʠ ʚ ʥʘʧʨʘʚʣʝʥʠʠ ʦʧʪʠʯʝʩʢʦʡ ʦʩʠ ʦʪʩʫʪʩʪʚʫʝʪ. ʆʧʪʠʯʝʩʢʘʷ 

ʘʢʪʠʚʥʦʩʪʴ ʪʘʢʠʭ ʢʨʠʩʪʘʣʣʦʚ ʧʨʠ ʥʦʨʤʘʣʴʥʦʤ ʧʘʜʝʥʠʠ ʩʚʝʪʘ ʜʦʩʪʘʪʦʯʥʦ ʭʦʨʦʰʦ 

ʠʩʩʣʝʜʦʚʘʥʘ [45, 79ï85]. ʇʨʠ ʥʘʢʣʦʥʥʦʤ ʧʘʜʝʥʠʠ ʩʚʝʪʘ ʵʪʠ ʢʨʠʩʪʘʣʣʳ 

ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʠʟʫʯʘʣʠʩʴ. ɺ ʛʣʘʚʝ 2 ʦʧʠʩʘʥʦ ʘʥʘʣʠʪʠʯʝʩʢʦʝ ʠ ʯʠʩʣʝʥʥʦʝ 

ʠʩʩʣʝʜʦʚʘʥʠʝ ʧʦʣʷʨʠʟʘʮʠʠ ʦʪʨʘʞʝʥʥʦʛʦ ʠ ʧʨʦʰʝʜʰʝʛʦ ʩʚʝʪʘ ʚ ʵʪʠʭ ʢʨʠʩʪʘʣʣʘʭ 

ʧʨʠ ʥʘʢʣʦʥʥʦʤ ʧʘʜʝʥʠʠ ʩʚʝʪʘ. 

1.4.2. ʆʧʪʠʯʝʩʢʠʝ ʦʩʠ ʚ ʧʦʛʣʦʱʘʶʱʠʭ ʥʠʟʢʦʩʠʤʤʝʪʨʠʯʥʳʭ ʢʨʠʩʪʘʣʣʘʭ 

ʅʝ ʤʝʥʝʝ ʠʥʪʝʨʝʩʥʳʤʠ ʦʢʘʟʘʣʠʩʴ ʟʘʜʘʯʠ, ʩʚʷʟʘʥʥʳʝ ʩ ʜʚʫʦʩʥʳʤʠ 

ʢʨʠʩʪʘʣʣʘʤʠ. ʉʥʘʯʘʣʘ ʨʘʩʩʤʦʪʨʠʤ ʥʝʢʦʪʦʨʳʝ ʦʩʦʙʝʥʥʦʩʪʠ, ʩʚʦʡʩʪʚʝʥʥʳʝ 

ʦʧʪʠʯʝʩʢʠ ʥʝʘʢʪʠʚʥʳʤ ʧʦʛʣʦʱʘʶʱʠʤ ʥʠʟʢʦʩʠʤʤʝʪʨʠʯʥʳʤ ʢʨʠʩʪʘʣʣʘʤ. 

ʊʝʥʟʦʨ ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʡ ʧʨʦʥʠʮʘʝʤʦʩʪʠ ʧʦʛʣʦʱʘʶʱʝʛʦ ʢʨʠʩʪʘʣʣʘ ʠʤʝʝʪ 

ʜʝʡʩʪʚʠʪʝʣʴʥʫʶ ʠ ʤʥʠʤʫʶ ʯʘʩʪʠ 

ŮŮŮ ¡¡Ö+¡= i .                                                            (1.20) 

ɼʣʷ ʦʜʥʦʨʦʜʥʳʭ ʧʣʦʩʢʠʭ ʚʦʣʥ ʚʝʢʪʦʨ ʨʝʬʨʘʢʮʠʠ m ʟʘʧʠʩʳʚʘʝʪʩʷ ʚ ʚʠʜʝ: 

m = (n + i ס)n = N n; N = n + i (1.21)                                         ,ס 

n ï ʧʦʢʘʟʘʪʝʣʴ ʧʨʝʣʦʤʣʝʥʠʷ, ס ï ʢʦʵʬʬʠʮʠʝʥʪ ʧʦʛʣʦʱʝʥʠʷ, n ï ʝʜʠʥʠʯʥʳʡ ʚʝʢʪʦʨ 

ʚʦʣʥʦʚʦʡ ʥʦʨʤʘʣʠ. 
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 ʀʥʪʝʥʩʠʚʥʦʩʪʴ ʩʚʝʪʘ ʚ ʧʦʛʣʦʱʘʶʱʝʤ ʢʨʠʩʪʘʣʣʝ ʫʙʳʚʘʝʪ ʧʦ 

ʵʢʩʧʦʥʝʥʮʠʘʣʴʥʦʤʫ ʟʘʢʦʥʫ, ʥʘʟʳʚʘʝʤʦʤʫ ʟʘʢʦʥʦʤ ɹʫʛʝʨʘ [5, 8, 20, 24]: 

Ὅ= Ὅ0Ὡ
4ʌ

ʇ0
Ὠס

= Ὅ0Ὡ
Ὧ0Ὠ,                                                   (1.22) 

k0 ï ʧʦʢʘʟʘʪʝʣʴ ʧʦʛʣʦʱʝʥʠʷ, d ï ʜʣʠʥʘ ʧʫʪʠ ʩʚʝʪʦʚʦʡ ʚʦʣʥʳ ʚ ʩʨʝʜʝ, ɚ0 ï ʜʣʠʥʘ 

ʚʦʣʥʳ ʩʚʝʪʘ ʚ ʚʘʢʫʫʤʝ. ʇʦʢʘʟʘʪʝʣʴ ʧʦʛʣʦʱʝʥʠʷ k0 ʩʚʷʟʘʥ ʩ ʢʦʵʬʬʠʮʠʝʥʪʦʤ 

ʧʦʛʣʦʱʝʥʠʷ ס ʧʨʦʩʪʳʤ ʩʦʦʪʥʦʰʝʥʠʝʤ 

Ὧ0 =
4ʌ

ʇ0
 (1.23)                                                                 .ס

ʊʝʦʨʠʷ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʩʚʝʪʘ ʚ ʧʦʛʣʦʱʘʶʱʠʭ ʦʜʥʦʦʩʥʳʭ ʢʨʠʩʪʘʣʣʘʭ 

ʨʘʟʚʠʪʘ ʜʦʩʪʘʪʦʯʥʦ ʜʘʚʥʦ, ʥʘʧʨʠʤʝʨ ʚ [23]. ʆʩʥʦʚʳ ʪʝʦʨʠʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʩʚʝʪʘ 

ʚ ʧʦʛʣʦʱʘʶʱʠʭ ʨʦʤʙʠʯʝʩʢʠʭ ʢʨʠʩʪʘʣʣʘʭ ʟʘʣʦʞʝʥʳ ɺ. ʌʦʭʪʦʤ ʠ ʇ. ɼʨʫʜʝ [3, 35]. 

ʊʝʦʨʠʷ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʩʚʝʪʘ ʚ ʧʦʛʣʦʱʘʶʱʠʭ ʢʨʠʩʪʘʣʣʘʭ ʩ ʧʦʤʦʱʴʶ 

ʢʦʚʘʨʠʘʥʪʥʳʭ ʤʝʪʦʜʦʚ ʚʧʝʨʚʳʝ ʦʧʠʩʘʥʘ ʌ.ʀ. ʌʝʜʦʨʦʚʳʤ [6]. ɺ ʨʘʙʦʪʘʭ          

ʌ.ʀ. ʌʝʜʦʨʦʚʘ [6, 7] ʧʨʝʜʩʢʘʟʘʥʦ, ʯʪʦ ʧʦʛʣʦʱʘʶʱʠʝ ʥʠʟʢʦʩʠʤʤʝʪʨʠʯʥʳʝ 

ʢʨʠʩʪʘʣʣʳ ʤʦʛʫʪ ʠʤʝʪʴ ʨʘʟʥʦʝ ʯʠʩʣʦ ʠ ʪʠʧ ʦʧʪʠʯʝʩʢʠʭ ʦʩʝʡ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʚʠʜʘ 

ʪʝʥʟʦʨʘ ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʡ ʧʨʦʥʠʮʘʝʤʦʩʪʠ. ʀʩʩʣʝʜʦʚʘʥʠʷ ʪʘʢʠʭ ʢʨʠʩʪʘʣʣʦʚ ʙʳʣʠ 

ʧʨʦʜʦʣʞʝʥʳ ɸ.ʄ. ɻʦʥʯʘʨʝʥʢʦ [38ï40]. 

ʀʩʧʦʣʴʟʫʷ ʤʝʪʦʜʳ, ʧʨʝʜʣʦʞʝʥʥʳʝ ʌ.ʀ. ʌʝʜʦʨʦʚʳʤ, ʤʦʞʥʦ ʙʦʣʝʝ ʧʦʜʨʦʙʥʦ 

ʠʟʫʯʠʪʴ ʧʦʛʣʦʱʘʶʱʠʝ ʥʠʟʢʦʩʠʤʤʝʪʨʠʯʥʳʝ ʢʨʠʩʪʘʣʣʳ ʩ ʨʘʟʣʠʯʥʳʤ ʢʦʣʠʯʝʩʪʚʦʤ 

ʦʧʪʠʯʝʩʢʠʭ ʦʩʝʡ, ʧʦʢʘʟʘʪʴ ʥʝʢʦʪʦʨʳʝ ʦʩʦʙʝʥʥʦʩʪʠ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʧʦʷʚʠʪʴʩʷ ʚ 

ʪʘʢʠʭ ʢʨʠʩʪʘʣʣʘʭ, ʠ ʨʘʟʣʠʯʠʝ ʤʝʞʜʫ ʥʠʤʠ. ʕʪʦʤʫ ʚʦʧʨʦʩʫ ʧʦʩʚʷʱʝʥʘ ʛʣʘʚʘ 3. 

1.4.3. ʆʩʦʙʝʥʥʦʩʪʠ ʧʨʦʷʚʣʝʥʠʷ ʦʧʪʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʠ ʚ ʧʦʛʣʦʱʘʶʱʠʭ 

ʥʠʟʢʦʩʠʤʤʝʪʨʠʯʥʳʭ ʢʨʠʩʪʘʣʣʘʭ 

 ʆʧʪʠʯʝʩʢʠ ʘʢʪʠʚʥʳʝ ʥʠʟʢʦʩʠʤʤʝʪʨʠʯʥʳʝ ʢʨʠʩʪʘʣʣʳ ʠʟʫʯʝʥʳ ʤʘʣʦ, ʠ ʚ 

ʦʩʥʦʚʥʦʤ ʫʜʝʣʝʥʦ ʚʥʠʤʘʥʠʝ ʨʦʤʙʠʯʝʩʢʠʤ ʢʨʠʩʪʘʣʣʘʤ. ɺ [67ï69] ʠʟʫʯʝʥʳ 

ʧʦʣʦʞʝʥʠʝ ʦʧʪʠʯʝʩʢʠʭ ʦʩʝʡ ʠ ʠʟʤʝʥʝʥʠʝ ʵʣʣʠʧʪʠʯʥʦʩʪʝʡ ʩʦʙʩʪʚʝʥʥʳʭ ʚʦʣʥ ʚ ʠʭ 

ʦʢʨʝʩʪʥʦʩʪʠ ʜʣʷ ʧʦʛʣʦʱʘʶʱʠʭ ʨʦʤʙʠʯʝʩʢʠʭ ʢʨʠʩʪʘʣʣʦʚ ʢʣʘʩʩʘ 222. 

ɹʝʟʫʩʣʦʚʥʦ, ʠʥʪʝʨʝʩʥʦ ʨʘʩʩʤʦʪʨʝʪʴ ʥʠʟʢʦʩʠʤʤʝʪʨʠʯʥʳʝ ʢʨʠʩʪʘʣʣʳ ʜʨʫʛʠʭ 

ʢʣʘʩʩʦʚ (1, 2, m, mm2), ʢʦʪʦʨʳʝ ʪʘʢʞʝ ʷʚʣʷʶʪʩʷ ʦʜʥʦʚʨʝʤʝʥʥʦ ʧʦʛʣʦʱʘʶʱʠʤʠ ʠ 
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ʦʧʪʠʯʝʩʢʠ ʘʢʪʠʚʥʳʤʠ, ʧʦʩʢʦʣʴʢʫ ʠʩʩʣʝʜʦʚʘʥʠʷ ʢʨʠʩʪʘʣʣʦʚ ʪʘʢʦʛʦ ʪʠʧʘ ʨʘʥʝʝ ʥʝ 

ʧʨʦʚʦʜʠʣʠʩʴ. ʀʟʚʝʩʪʥʦ, ʯʪʦ ʚ ʧʨʦʟʨʘʯʥʳʭ ʜʚʫʦʩʥʳʭ ʢʨʠʩʪʘʣʣʘʭ ʢʣʘʩʩʦʚ 2, m, mm2 

ʚʦʟʤʦʞʥʳ ʜʚʘ ʩʣʫʯʘʷ ʦʨʠʝʥʪʘʮʠʠ ʦʧʪʠʯʝʩʢʠʭ ʦʩʝʡ ʦʪʥʦʩʠʪʝʣʴʥʦ ʵʣʝʤʝʥʪʦʚ 

ʩʠʤʤʝʪʨʠʠ ʢʨʠʩʪʘʣʣʘ, ʠ ʦʧʪʠʯʝʩʢʘʷ ʘʢʪʠʚʥʦʩʪʴ ʚ ʵʪʠʭ ʩʣʫʯʘʷʭ ʧʨʦʷʚʣʷʝʪʩʷ ʧʦ-

ʨʘʟʥʦʤʫ [22]. ɺ ʧʦʛʣʦʱʘʶʱʠʭ ʢʨʠʩʪʘʣʣʘʭ ʢʘʞʜʘʷ ʦʧʪʠʯʝʩʢʘʷ ʦʩʴ çʨʘʩʱʝʧʣʷʝʪʩʷè 

ʥʘ ʜʚʝ, ʥʦ ʝʩʣʠ ʧʦʛʣʦʱʝʥʠʝ ʥʝʙʦʣʴʰʦʝ, ʚʩʝ ʯʝʪʳʨʝ ʦʧʪʠʯʝʩʢʠʝ ʦʩʠ ʨʘʩʧʦʣʦʞʝʥʳ 

ʚʙʣʠʟʠ ʧʣʦʩʢʦʩʪʠ ʦʧʪʠʯʝʩʢʠʭ ʦʩʝʡ ʧʨʦʟʨʘʯʥʦʛʦ ʢʨʠʩʪʘʣʣʘ. ʀʥʪʝʨʝʩʥʦ 

ʨʘʩʩʤʦʪʨʝʪʴ ʨʘʟʣʠʯʠʝ ʚ ʧʨʦʷʚʣʝʥʠʠ ʦʧʪʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʠ ʚ ʵʪʠʭ ʩʣʫʯʘʷʭ. ʕʪʦʤʫ 

ʚʦʧʨʦʩʫ ʧʦʩʚʷʱʝʥʘ ʛʣʘʚʘ 4, ʛʜʝ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʵʣʣʠʧʪʠʯʥʦʩʪʠ ʩʦʙʩʪʚʝʥʥʳʭ 

ʚʦʣʥ ʚ ʪʘʢʠʭ ʢʨʠʩʪʘʣʣʘʭ ʠ ʘʟʠʤʫʪʳ ʧʦʣʷʨʠʟʘʮʠʠ ʩʚʝʪʘ, ʧʨʦʰʝʜʰʝʛʦ ʯʝʨʝʟ 

ʢʨʠʩʪʘʣʣ.  

1.4.4. ʆʮʝʥʢʘ ʧʦʢʘʟʘʪʝʣʝʡ ʧʨʝʣʦʤʣʝʥʠʷ ʠ ʚʨʘʱʝʥʠʷ ʧʣʦʩʢʦʩʪʠ ʧʦʣʷʨʠʟʘʮʠʠ 

ʧʦ ʩʪʨʫʢʪʫʨʥʳʤ ʜʘʥʥʳʤ 

ɺʪʦʨʘʷ, ʪʨʝʪʴʷ ʠ ʯʝʪʚʝʨʪʘʷ ʛʣʘʚʳ ʧʦʩʚʷʱʝʥʳ ʚ ʦʩʥʦʚʥʦʤ ʪʝʦʨʝʪʠʯʝʩʢʠʤ 

ʚʦʧʨʦʩʘʤ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʙʳʪʴ ʚ ʜʘʣʴʥʝʡʰʝʤ ʠʩʧʦʣʴʟʦʚʘʥʳ ʧʨʠ ʨʝʰʝʥʠʠ 

ʨʘʟʣʠʯʥʳʭ ʟʘʜʘʯ ʢʨʠʩʪʘʣʣʦʦʧʪʠʢʠ.  

ʅʦ ʠʥʪʝʨʝʩʥʦ ʨʘʩʩʤʦʪʨʝʪʴ ʢʘʢʠʝ-ʪʦ ʢʦʥʢʨʝʪʥʳʝ ʢʨʠʩʪʘʣʣʳ. ɺ ʛʣʘʚʝ 5 

ʨʘʩʩʤʦʪʨʝʥ ʚʦʧʨʦʩ ʦʮʝʥʢʠ ʧʦʢʘʟʘʪʝʣʝʡ ʧʨʝʣʦʤʣʝʥʠʷ ʠ ʚʨʘʱʝʥʠʷ ʧʣʦʩʢʦʩʪʠ 

ʧʦʣʷʨʠʟʘʮʠʠ ʚ ʢʨʠʩʪʘʣʣʘʭ ʩʝʤʝʡʩʪʚʘ ʣʘʥʛʘʩʠʪʘ. 

ʊʘʢ ʢʘʢ ʢʨʠʩʪʘʣʣʳ ʩʝʤʝʡʩʪʚʘ ʣʘʥʛʘʩʠʪʘ ʠʤʝʶʪ ʩʭʦʜʥʫʶ ʩʠʤʤʝʪʨʠʶ ʠ 

ʦʩʦʙʝʥʥʦʩʪʠ ʩʪʨʦʝʥʠʷ, ʤʦʞʥʦ ʧʦʧʨʦʙʦʚʘʪʴ ʦʮʝʥʠʪʴ ʠʭ ʦʧʪʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ, 

ʠʩʭʦʜʷ ʠʟ ʟʥʘʥʠʷ ʪʦʣʴʢʦ ʩʦʩʪʘʚʘ ʢʨʠʩʪʘʣʣʦʚ ʠ ʠʟʚʝʩʪʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ 

ʜʘʥʥʳʭ. ʅʘʧʨʠʤʝʨ, ʟʥʘʷ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʧʦʢʘʟʘʪʝʣʠ ʧʨʝʣʦʤʣʝʥʠʷ ʥʝʢʦʪʦʨʳʭ 

ʢʨʠʩʪʘʣʣʦʚ ʩʝʤʝʡʩʪʚʘ ʣʘʥʛʘʩʠʪʘ, ʤʦʞʥʦ ʧʦʧʨʦʙʦʚʘʪʴ ʦʮʝʥʠʪʴ ʧʦʢʘʟʘʪʝʣʠ 

ʧʨʝʣʦʤʣʝʥʠʷ ʜʣʷ ʜʨʫʛʠʭ ʢʨʠʩʪʘʣʣʦʚ ʵʪʦʛʦ ʩʝʤʝʡʩʪʚʘ ʤʝʪʦʜʦʤ ʤʦʣʝʢʫʣʷʨʥʳʭ 

ʨʝʬʨʘʢʮʠʡ [42, 86]. 

ʉʫʱʝʩʪʚʫʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʚʳʯʠʩʣʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ ʦʧʪʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʠ, 

ʠʩʧʦʣʴʟʫʷ ʩʪʨʫʢʪʫʨʥʫʶ ʤʦʜʝʣʴ ʜʘʥʥʦʛʦ ʢʨʠʩʪʘʣʣʘ ʠ ʠʥʬʦʨʤʘʮʠʶ ʦʙ ʵʣʝʢʪʨʦʥʥʳʭ 
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ʧʦʣʷʨʠʟʫʝʤʦʩʪʷʭ ʦʪʜʝʣʴʥʳʭ ʠʦʥʦʚ. ɿʥʘʯʠʪʝʣʴʥʘʷ ʯʘʩʪʴ ʨʘʙʦʪ ʧʦ ʵʪʦʤʫ ʚʦʧʨʦʩʫ 

ʦʩʥʦʚʘʥʘ ʥʘ ʨʘʟʚʠʪʠʠ ʤʝʪʦʜʘ ʈʘʤʘʯʘʥʜʨʘʥʘ [87ï89].  

ɻʣʘʚʥʦʝ ʧʨʝʧʷʪʩʪʚʠʝ ʚ ʧʨʠʤʝʥʝʥʠʠ ʪʝʦʨʠʠ ʦʧʪʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʠ ʢ 

ʨʝʘʣʴʥʳʤ ʚʝʱʝʩʪʚʘʤ ï ʪʨʫʜʥʦʩʪʴ ʦʧʨʝʜʝʣʝʥʠʷ ʠʩʪʠʥʥʦʡ ʭʠʨʘʣʴʥʦʩʪʠ ʦʪʜʝʣʴʥʦʛʦ 

ʢʨʠʩʪʘʣʣʘ. ʇʦʜ ʘʙʩʦʣʶʪʥʦʡ ʢʦʥʬʠʛʫʨʘʮʠʝʡ (ʘʙʩʦʣʶʪʥʦʡ ʩʪʨʫʢʪʫʨʦʡ) ʧʦʥʠʤʘʶʪ 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʝ ʨʘʩʧʦʣʦʞʝʥʠʝ ʘʪʦʤʦʚ ʚ ʧʨʘʚʦʡ ʠʣʠ ʣʝʚʦʡ ʬʦʨʤʝ ʭʠʨʘʣʴʥʦʡ 

ʤʦʣʝʢʫʣʳ (ʩʪʨʫʢʪʫʨʳ). ɺ ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʦʤ ʘʥʘʣʠʟʝ ʘʙʩʦʣʶʪʥʫʶ 

ʢʦʥʬʠʛʫʨʘʮʠʶ ʦʧʨʝʜʝʣʷʶʪ, ʧʦʣʴʟʫʷʩʴ ʵʬʬʝʢʪʦʤ ʘʥʦʤʘʣʴʥʦʛʦ ʨʘʩʩʝʷʥʠʷ 

ʨʝʥʪʛʝʥʦʚʩʢʠʭ ʣʫʯʝʡ. ɺʧʝʨʚʳʝ ʵʪʦʪ ʩʧʦʩʦʙ ʠʩʧʦʣʴʟʦʚʘʣʠ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ 

ʘʙʩʦʣʶʪʥʦʡ ʢʦʥʬʠʛʫʨʘʮʠʠ ʘʥʠʦʥʘ d-ʚʠʥʥʦʡ ʢʠʩʣʦʪʳ ʚ ʢʨʠʩʪʘʣʣʝ ʥʘʪʨʠʡ-

ʨʫʙʠʜʠʝʚʦʡ ʩʦʣʠ [90]. ɸʙʩʦʣʶʪʥʘʷ ʢʦʥʬʠʛʫʨʘʮʠʷ ʤʦʣʝʢʫʣ ʠ ʘʙʩʦʣʶʪʥʘʷ 

ʩʪʨʫʢʪʫʨʘ ʢʨʠʩʪʘʣʣʦʚ ʨʘʩʩʤʘʪʨʠʚʘʣʠʩʴ ʚ [91, 92]. ɺ [93] ʦʧʨʝʜʝʣʝʥʘ ʘʙʩʦʣʶʪʥʘʷ 

ʩʪʨʫʢʪʫʨʘ (ʭʠʨʘʣʴʥʦʩʪʴ) ʢʨʠʩʪʘʣʣʦʚ ʩʝʤʝʡʩʪʚʘ ʣʘʥʛʘʩʠʪʘ Sr3Ga2Ge4O14 ʠ 

La3Nb0.5Ga5.5O14. 

ɻʣʵʡʟʝʨ ʠ ʉʪʘʜʥʠʯʢʘ ʩʬʦʨʤʫʣʠʨʦʚʘʣʠ ʥʘʙʦʨ ʧʨʠʥʮʠʧʦʚ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ 

ʚʝʣʠʯʠʥʳ ʠ ʟʥʘʢʘ ʦʧʪʠʯʝʩʢʦʛʦ ʚʨʘʱʝʥʠʷ ʜʣʷ ʦʪʜʝʣʴʥʦʡ ʭʠʨʘʣʴʥʦʡ ʩʪʨʫʢʪʫʨʳ, 

ʠʩʧʦʣʴʟʫʷ ʨʝʟʫʣʴʪʘʪʳ, ʧʦʣʫʯʝʥʥʳʝ ʠʟ ʪʝʦʨʠʠ ʈʘʤʘʯʘʥʜʨʘʥʘ, ʠ ʧʨʠʥʠʤʘʷ ʚʦ 

ʚʥʠʤʘʥʠʝ ʪʦ, ʯʪʦ ʜʘʞʝ ʩʦʩʝʜʥʠʝ ʘʪʦʤʳ ʩ ʠʟʦʪʨʦʧʥʳʤʠ ʧʦʣʷʨʠʟʫʝʤʦʩʪʷʤʠ ʜʘʶʪ 

ʚʢʣʘʜ ʚ ʦʧʪʠʯʝʩʢʦʝ ʚʨʘʱʝʥʠʝ [94]. ɺ [94] ʨʘʩʩʤʘʪʨʠʚʘʣʦʩʴ ʚʨʘʱʝʥʠʝ ʧʣʦʩʢʦʩʪʠ 

ʧʦʣʷʨʠʟʘʮʠʠ ʦʜʥʦʦʩʥʳʤʠ ʢʨʠʩʪʘʣʣʘʤʠ ʚ ʥʘʧʨʘʚʣʝʥʠʠ ʦʧʪʠʯʝʩʢʦʡ ʦʩʠ. ɼʣʷ 

ʧʨʦʚʝʨʢʠ ʨʘʩʯʝʪʦʚ ʠʩʧʦʣʴʟʦʚʘʣʠʩ ɹ ʨʘʟʣʠʯʥʳʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʨʝʟʫʣʴʪʘʪʳ. 

ɼʝʚʘʨʘʡʘʥ ʠ ɻʣʝʡʟʝʨ [95] ʧʦʢʘʟʘʣʠ, ʯʪʦ ʜʣʷ ʢʨʠʩʪʘʣʣʦʚ ʩ ʠʟʚʝʩʪʥʦʡ ʘʪʦʤʥʦʡ 

ʩʪʨʫʢʪʫʨʦʡ ʠ ʠʟʚʝʩʪʥʦʡ ʘʙʩʦʣʶʪʥʦʡ ʢʦʥʬʠʛʫʨʘʮʠʝʡ ʤʦʞʥʦ ʦʧʨʝʜʝʣʠʪʴ 

ʦʧʪʠʯʝʩʢʫʶ ʘʢʪʠʚʥʦʩʪʴ. ɼʣʷ ʨʘʩʯʝʪʦʚ ʦʧʠʩʘʥʥʳʤ ʠʤʠ ʤʝʪʦʜʦʤ ʙʳʣʘ ʧʨʝʜʣʦʞʝʥʘ 

ʧʨʦʛʨʘʤʤʘ WinOptAct [96]. 

ʊʘʢʞʝ ʠʥʪʝʨʝʩʥʦ ʧʨʦʚʝʩʪʠ ʨʘʩʯʝʪ ʧʦʢʘʟʘʪʝʣʝʡ ʧʨʝʣʦʤʣʝʥʠʷ ʠ ʚʨʘʱʝʥʠʷ 

ʧʣʦʩʢʦʩʪʠ ʧʦʣʷʨʠʟʘʮʠʠ ʩʚʝʪʘ ʠʟ ʩʪʨʫʢʪʫʨʥʳʭ ʜʘʥʥʳʭ ʜʣʷ ʜʚʫʦʩʥʦʛʦ ʢʨʠʩʪʘʣʣʘ. 

ɼʣʷ ʵʪʦʛʦ ʙʳʣ ʚʳʙʨʘʥ ʢʨʠʩʪʘʣʣ Ŭ-HIO3, ʜʣʷ ʢʦʪʦʨʦʛʦ ʠʟʚʝʩʪʥʳ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʜʘʥʥʳʝ [97ï99].  
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ɻʃɸɺɸ 2 

ʅɽʂʆʊʆʈʓɽ ʆʉʆɹɽʅʅʆʉʊʀ ʇʈʆʗɺʃɽʅʀʗ ʆʇʊʀʏɽʉʂʆʁ 

ɸʂʊʀɺʅʆʉʊʀ ɺ ʇʈʆɿʈɸʏʅʓʍ ʀ ʇʆɻʃʆʑɸʖʑʀʍ ʆɼʅʆʆʉʅʓʍ 

ʂʈʀʉʊɸʃʃɸʍ 

ʉʫʱʝʩʪʚʫʝʪ ʤʥʦʛʦ ʨʘʙʦʪ, ʧʦʩʚʷʱʝʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʶ ʦʧʪʠʯʝʩʢʦʡ 

ʘʢʪʠʚʥʦʩʪʠ ʦʜʥʦʦʩʥʳʭ ʢʨʠʩʪʘʣʣʦʚ [5, 7, 15, 16, 22, 24, 25, 100, 101]. ʅʝʩʤʦʪʨʷ ʥʘ 

ʪɻʦ, ʦʩʪʘʶʪʩʷ ʥʝʨʝʰʝʥʥʳʝ ʚʦʧʨʦʩʳ. 

ʇʝʨʚʳʤ ʚʦʧʨʦʩʦʤ, ʨʘʩʩʤʦʪʨʝʥʥʳʤ ʚ ʜʘʥʥʦʡ ʛʣʘʚʝ, ʷʚʣʷʝʪʩʷ ʨʘʟʣʠʯʠʝ ʚ 

ʧʨʦʷʚʣʝʥʠʠ ʦʧʪʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʠ ʚ ʧʨʠʤʠʪʠʚʥʳʭ (ʢʣʘʩʩʳ 3, 4, 6), ʘʢʩʠʘʣʴʥʳʭ 

(32, 422, 622) ʠ ʧʣʘʥʘʣʴʥʳʭ (3m, 4mm, 6mm) ʦʜʥʦʦʩʥʳʭ ʢʨʠʩʪʘʣʣʘʭ, ʩʚʷʟʘʥʥʦʝ ʩ 

ʥʘʣʠʯʠʝʤ ʘʥʪʠʩʠʤʤʝʪʨʠʯʥʦʡ ʯʘʩʪʠ ʪʝʥʟʦʨʘ ʛʠʨʘʮʠʠ. ɺʠʜ ʪʝʥʟʦʨʘ ʛʠʨʘʮʠʠ Ŭ ʜʣʷ 

ʦʜʥʦʦʩʥʳʭ ʢʨʠʩʪʘʣʣʦʚ ʧʨʠʚʝʜʝʥ ʚ ʪʘʙʣ. 2.1 ʚ ʩʠʩʪʝʤʝ ʢʦʦʨʜʠʥʘʪ, ʩʦʚʧʘʜʘʶʱʝʡ ʩ 

ʛʣʘʚʥʳʤʠ ʦʩʷʤʠ ʪʝʥʟʦʨʘ ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʡ ʧʨʦʥʠʮʘʝʤʦʩʪʠ Ů. 

 

ʊʘʙʣʠʮʘ 2.1. ɺʠʜ ʪʝʥʟʦʨʘ ʛʠʨʘʮʠʠ Ŭ ʜʣʷ ʦʜʥʦʦʩʥʳʭ ʢʨʠʩʪʘʣʣʦʚ 

32, 422, 622 [7, 8, 10, 

15, 16, 20, 22, 24, 26] 

 3, 4, 6 [7, 10, 22, 24] 3m, 4mm, 6mm [7, 10, 

22, 24] 
4 , m24  [7, 8, 10, 15, 

16, 20, 22, 24, 26]*  
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*ɺ ʢʣʘʩʩʝ m24  ʚʝʣʠʯʠʥʘ Ŭ12 = 0. 

 

ʇʨʠ ʦʧʠʩʘʥʠʠ ʦʧʪʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʠ ʚ ʪʝʦʨʝʪʠʯʝʩʢʠʭ ʨʘʙʦʪʘʭ 

ʠʩʧʦʣʴʟʫʝʪʩʷ ʪʝʥʟʦʨ ʛʠʨʘʮʠʠ Ŭ, ʘ ʚ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ï ʪʝʥʟʦʨ ʛʠʨʘʮʠʠ g. 

ʊʝʥʟʦʨ g ʜʣʷ ʢʨʠʩʪʘʣʣʦʚ ʨʘʟʥʳʭ ʢʣʘʩʩʦʚ ʟʘʧʠʩʳʚʘʝʪʩʷ ʪʘʢ ʞʝ, ʢʘʢ ʠ ʪʝʥʟʦʨ Ŭ 

(ʪʘʙʣ. 2.1), ʩʚʷʟʴ ʤʝʞʜʫ ʠʭ ʢʦʤʧʦʥʝʥʪʘʤʠ ʠʤʝʝʪ ʚʠʜ [24]: 

g11 = (Ŭ11 + Ŭ33)ὲ, 

g33 = 2Ŭ11ὲ ʜʣʷ ʢʣʘʩʩʦʚ 3, 4, 6, 32, 422, 622,  g33 = 0 ʜʣʷ ʢʣʘʩʩʦʚ 42ά ʠ 4,           (2.1) 

g12 = Ŭ12ὲ, 
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ὲ ï ʩʨʝʜʥʠʡ ʧʦʢʘʟʘʪʝʣʴ ʧʨʝʣʦʤʣʝʥʠʷ. 

ɼʣʷ ʣʶʙʦʛʦ ʢʨʠʩʪʘʣʣʘ ʪʝʥʟʦʨ ʛʠʨʘʮʠʠ a ʤʦʞʥʦ ʟʘʧʠʩʘʪʴ ʚ ʚʠʜʝ ʩʫʤʤʳ ʜʚʫʭ 

ʩʣʘʛʘʝʤʳʭ, ʥʘʟʳʚʘʝʤʳʭ ʩʠʤʤʝʪʨʠʯʥʦʡ Ŭ' ʠ ʘʥʪʠʩʠʤʤʝʪʨʠʯʥʦʡ Ŭ" ʯʘʩʪʴʶ ʪʝʥʟʦʨʘ, 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ: 
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.           (2.2) 

ʀʟʚʝʩʪʥʦ, ʯʪʦ ʜʣʷ ʧʣʘʥʘʣʴʥʳʭ ʦʜʥʦʦʩʥʳʭ ʢʨʠʩʪʘʣʣʦʚ ʪʝʥʟʦʨ ʛʠʨʘʮʠʠ 

ʘʥʪʠʩʠʤʤʝʪʨʠʯʝʥ (ʪʘʙʣ. 2.1); ʚ ʪʘʢʠʭ ʢʨʠʩʪʘʣʣʘʭ ʚʨʘʱʝʥʠʝ ʧʣʦʩʢʦʩʪʠ 

ʧʦʣʷʨʠʟʘʮʠʠ ʚ ʥʘʧʨʘʚʣʝʥʠʠ ʦʧʪʠʯʝʩʢʦʡ ʦʩʠ ʦʪʩʫʪʩʪʚʫʝʪ, ʠ ʦʧʪʠʯʝʩʢʘʷ ʘʢʪʠʚʥʦʩʪʴ 

ʧʨʦʷʚʣʷʝʪʩʷ ʪʦʣʴʢʦ ʧʨʠ ʥʘʢʣʦʥʥʦʤ ʧʘʜʝʥʠʠ ʩʚʝʪʘ (ʪʘʢʠʝ ʢʨʠʩʪʘʣʣʳ ʥʘʟʳʚʘʶʪ 

çʩʣʘʙʦʛʠʨʦʪʨʦʧʥʳʤʠè) [7, 22, 24, 76ï78]. ʇʨʠ ʵʪʦʤ ʚ ʥʝʢʦʪʦʨʳʭ ʠʩʪʦʯʥʠʢʘʭ [9, 

16, 26] ʧʨʝʜʧʦʣʘʛʘʝʪʩʷ, ʯʪʦ ʪʝʥʟʦʨ ʛʠʨʘʮʠʠ ʤʦʞʝʪ ʙʳʪʴ ʪʦʣʴʢʦ ʩʠʤʤʝʪʨʠʯʥʳʤ (Ŭ12 

= 0). ʇʨʠ ʪʘʢʦʤ ʧʦʜʭʦʜʝ ʧʣʘʥʘʣʴʥʳʝ ʢʨʠʩʪʘʣʣʳ ʦʢʘʟʳʚʘʶʪʩʷ ʦʧʪʠʯʝʩʢʠ 

ʥʝʘʢʪʠʚʥʳʤʠ, ʘ ʚ ʧʨʠʤʠʪʠʚʥʳʭ ʠ ʘʢʩʠʘʣʴʥʳʭ ʢʨʠʩʪʘʣʣʘʭ ʪʝʥʟʦʨ ʛʠʨʘʮʠʠ 

ʟʘʧʠʩʳʚʘʝʪʩʷ ʦʜʠʥʘʢʦʚʦ.  

ʊʘʢʞʝ ʚ ʥʘʩʪʦʷʱʝʡ ʛʣʘʚʝ ʠʟʫʯʝʥʦ ʧʨʦʷʚʣʝʥʠʝ ʦʧʪʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʠ ʚ 

ʢʨʠʩʪʘʣʣʘʭ ʠʥʚʝʨʩʠʦʥʥʦ-ʧʨʠʤʠʪʠʚʥʦʛʦ (4) ʠ ʠʥʚʝʨʩʠʦʥʥʦ-ʧʣʘʥʘʣʴʥʦʛʦ (42ά) 

ʢʣʘʩʩʦʚ. ɺ ʵʪʠʭ ʢʨʠʩʪʘʣʣʘʭ ʪʝʥʟʦʨ ʛʠʨʘʮʠʠ ʠʤʝʝʪ ʥʝʦʙʳʯʥʳʡ ʚʠʜ (ʪʘʙʣ. 2.1), ʘ 

ʚʨʘʱʝʥʠʝ ʧʣʦʩʢʦʩʪʠ ʧʦʣʷʨʠʟʘʮʠʠ ʚ ʥʘʧʨʘʚʣʝʥʠʠ ʦʧʪʠʯʝʩʢʦʡ ʦʩʠ ʦʪʩʫʪʩʪʚʫʝʪ.  

2.1. ʈʘʩʯʝʪ ʧʘʨʘʤʝʪʨʦʚ ʧʦʣʷʨʠʟʘʮʠʠ ʦʪʨʘʞʝʥʥʦʛʦ ʠ ʧʨʦʰʝʜʰʝʛʦ ʩʚʝʪʘ ʚ 

ʦʜʥʦʦʩʥʳʭ ʢʨʠʩʪʘʣʣʘʭ 

ʇʨʦʚʝʜʝʤ ʨʘʩʯʝʪ ʘʟʠʤʫʪʦʚ ʧʦʣʷʨʠʟʘʮʠʠ ɢr,t ʠ ʵʣʣʠʧʪʠʯʥʦʩʪʝʡ Kr,t 

ʦʪʨʘʞʝʥʥʦʛʦ (r) ʠ ʧʨʦʰʝʜʰʝʛʦ (t) ʩʚʝʪʘ ʧʨʠ p- ʠ s-ʧʦʣʷʨʠʟʘʮʠʷʭ ʧʘʜʘʶʱʝʛʦ ʩʚʝʪʘ. 

ɼʣʷ ʪʦʛʦ ʯʪʦʙʳ ʨʘʩʩʯʠʪʘʪʴ ʵʪʠ ʚʝʣʠʯʠʥʳ, ʥʝʦʙʭʦʜʠʤʦ ʟʥʘʪʴ ʢʦʤʧʦʥʝʥʪʳ 

ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ ʦʪʨʘʞʝʥʥʦʡ ʠ ʧʨʦʰʝʜʰʝʡ ʚʦʣʥʳ, ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʢʦʪʦʨʳʭ 

ʥʫʞʥʦ ʧʨʦʚʝʩʪʠ ʨʝʰʝʥʠʝ ʛʨʘʥʠʯʥʦʡ ʟʘʜʘʯʠ ʦʪʨʘʞʝʥʠʷ ʠ ʧʨʦʭʦʞʜʝʥʠʷ ʩʚʝʪʘ ʯʝʨʝʟ 

ʢʨʠʩʪʘʣʣʠʯʝʩʢʫʶ ʧʣʘʩʪʠʥʢʫ. ʅʝʦʙʭʦʜʠʤʦ ʟʘʧʠʩʘʪʴ ʫʨʘʚʥʝʥʠʷ ʄʘʢʩʚʝʣʣʘ, 

ʫʨʘʚʥʝʥʠʷ ʩʚʷʟʠ ʠ ʛʨʘʥʠʯʥʳʝ ʫʩʣʦʚʠʷ. ʊʦʯʥʳʝ ʨʝʰʝʥʠʷ ʛʨʘʥʠʯʥʦʡ ʟʘʜʘʯʠ 
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ʧʦʣʫʯʝʥʳ ʤʝʪʦʜʦʤ ɹʝʨʨʝʤʘʥʘ [55ï59] ʩ ʧʦʤʦʱʴʶ ʧʨʦʛʨʘʤʤʥʦʛʦ ʧʘʢʝʪʘ Wolfram 

Mathematica 7.0. ʅʦ ʪʦʯʥʳʝ ʨʝʰʝʥʠʷ ʩʣʠʰʢʦʤ ʩʣʦʞʥʳ ʠ ʥʝ ʤʦʛʫʪ ʙʳʪʴ ʟʘʧʠʩʘʥʳ 

ʚ ʷʚʥʦʤ ʚʠʜʝ. ɼʣʷ ʧʦʣʫʯʝʥʠʷ ʙʦʣʝʝ ʧʨʦʩʪʳʭ ʟʘʚʠʩʠʤʦʩʪʝʡ ʥʝʦʙʭʦʜʠʤʦ ʧʨʦʚʝʩʪʠ 

ʨʝʰʝʥʠʝ ʙʝʟ ʫʯʝʪʘ ʤʥʦʛʦʢʨʘʪʥʳʭ ʦʪʨʘʞʝʥʠʡ ʩʚʝʪʘ ʚ ʧʣʘʩʪʠʥʢʝ. 

ʈʝʰʝʥʠʝ ʛʨʘʥʠʯʥʦʡ ʟʘʜʘʯʠ ʦʪʨʘʞʝʥʠʷ ʩʚʝʪʘ ʦʪ ʧʦʣʫʙʝʩʢʦʥʝʯʥʦʡ ʩʨʝʜʳ ʜʣʷ 

ʢʨʠʩʪʘʣʣʦʚ ʢʣʘʩʩʦʚ 3, 4, 6 ʦʧʠʩʘʥʦ ʚ [102]. ʉʦʦʪʚʝʪʩʪʚʫʶʱʝʝ ʨʝʰʝʥʠʝ ʜʣʷ 

ʧʨʦʰʝʜʰʝʛʦ ʩʚʝʪʘ ʙʝʟ ʫʯʝʪʘ ʤʥʦʛʦʢʨʘʪʥʳʭ ʦʪʨʘʞʝʥʠʡ ʧʨʠʚʝʜʝʥʦ ʚ [102] ʪʦʣʴʢʦ 

ʜʣʷ ʢʣʘʩʩʦʚ 3m, 4mm, 6mm. ɼʣʷ ʢʨʠʩʪʘʣʣʦʚ 42ά ʠ 4 ʨʝʰʝʥʠʝ ʥʝ ʧʨʦʚʦʜʠʣʦʩʴ. 

ʇʨʠʚʝʜʝʤ ʢʨʘʪʢʦ ʭʦʜ ʨʝʰʝʥʠʷ ʛʨʘʥʠʯʥʦʡ ʟʘʜʘʯʠ, ʧʦʜʨʦʙʥʦ ʦʧʠʩʘʥʥʳʡ ʚ 

[102]. ʆʙʦʟʥʘʯʠʤ q ʝʜʠʥʠʯʥʳʡ ʚʝʢʪʦʨ ʥʦʨʤʘʣʠ ʢ ʧʦʚʝʨʭʥʦʩʪʠ ʧʣʘʩʪʠʥʢʠ (q 

ʥʘʧʨʘʚʣʝʥ ʚʥʫʪʨʴ ʧʣʘʩʪʠʥʢʠ). ʊʦʛʜʘ ʤʦʞʥʦ ʚʚʝʩʪʠ ʝʜʠʥʠʯʥʳʝ ʚʝʢʪʦʨʳ a, b: 

a = [niq],   b = [qa],                                                   (2.3) 

ʛʜʝ ni ï ʝʜʠʥʠʯʥʳʡ ʚʝʢʪʦʨ, ʧʘʨʘʣʣʝʣʴʥʳʡ ʚʦʣʥʦʚʦʤʫ ʚʝʢʪʦʨʫ ʧʘʜʘʶʱʝʡ ʚʦʣʥʳ. 

ɺʝʢʪʦʨʳ a, b ʠ q ʦʙʨʘʟʫʶʪ ʧʨʘʚʫʶ ʪʨʦʡʢʫ ʜʝʢʘʨʪʦʚʦʡ ʩʠʩʪʝʤʳ ʢʦʦʨʜʠʥʘʪ. 

ɺʝʢʪʦʨʳ ʨʝʬʨʘʢʮʠʠ ʚʩʝʭ ʚʦʣʥ ï ʦʪʨʘʞʝʥʥʳʭ, ʧʨʝʣʦʤʣʝʥʥʳʭ ʠ ʧʨʦʰʝʜʰʠʭ ï 

ʣʝʞʘʪ ʚ ʦʜʥʦʡ ʧʣʦʩʢʦʩʪʠ [6, 7] ʠ ʟʘʧʠʩʳʚʘʶʪʩʷ ʚ ʚʠʜʝ 

mj = nj nj = x b + hj q,                                                     (2.4) 

ʛʜʝ ɝ = ni sinű, ű ï ʫʛʦʣ ʧʘʜʝʥʠʷ ʩʚʝʪʘ, nj ï ʧʦʢʘʟʘʪʝʣʴ ʧʨʝʣʦʤʣʝʥʠʷ j-ʡ ʚʦʣʥʳ, 

ʠʥʜʝʢʩ j = i, r, 1, 2, t ʜʣʷ ʧʘʜʘʶʱʝʡ, ʦʪʨʘʞʝʥʥʦʡ, ʧʨʝʣʦʤʣʝʥʥʳʭ ʠ ʧʨʦʰʝʜʰʝʡ 

ʚʦʣʥ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. 

ɼʣʷ ʨʝʰʝʥʠʷ ʛʨʘʥʠʯʥʦʡ ʟʘʜʘʯʠ ʟʘʧʠʰʝʤ ʚʳʨʘʞʝʥʠʷ ʜʣʷ ʧʦʣʝʡ Ei ʠ ʅi 

ʧʘʜʘʶʱʝʡ, Er ʠ ʅr ʦʪʨʘʞʝʥʥʦʡ ʦʪ ʚʝʨʭʥʝʡ ʛʨʘʥʠ ʧʣʘʩʪʠʥʢʠ ʠ Et, ʅt ʧʨʦʰʝʜʰʝʡ 

ʚʦʣʥ ʩ ʫʯʝʪʦʤ ʬʘʟʦʚʦʛʦ ʤʥʦʞʠʪʝʣʷ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ [6, 7, 102]: 

 Ei = Eis a + Eip [ni a],    ʅi =   Eis [mi a] ï Eip ni a, 

 Er = Ers a + Erp [nr a],    ʅr =  Ers [mr a] ï Erp ni a,            (2.5) 

 Et = (Ets a + Etp [nt a])Qt,   H t = (Ets [mt a] ï Etp nt a)Qt , 

ʛʜʝ Eip ʠ Eis ï ʢʦʤʧʦʥʝʥʪʳ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ ʧʘʜʘʶʱʝʡ ʚʦʣʥʳ, ʧʦʣʷʨʠʟʦʚʘʥʥʳʝ 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʧʘʨʘʣʣʝʣʴʥʦ (p-ʧʦʣʷʨʠʟʘʮʠʷ) ʠ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦ (s-ʧʦʣʷʨʠʟʘʮʠʷ) 
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ʧʣʦʩʢʦʩʪʠ ʧʘʜʝʥʠʷ; Erp, Ers, Etp ʠ Ets ï ʘʤʧʣʠʪʫʜʳ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʦʪʨʘʞʝʥʥʦʡ ʦʪ 

ʧʣʘʩʪʠʥʢʠ ʠ ʧʨʦʰʝʜʰʝʡ ʚʦʣʥ; Qt = exp(ïi 2pdht/l) ï ʬʘʟʦʚʳʡ ʤʥʦʞʠʪʝʣʴ. 

ɺr ʨʘʞʝʥʠʷ ʜʣʷ ʚʝʢʪʦʨʦʚ E1, E2, H1, H2 ʧʨʝʣʦʤʣʝʥʥʳʭ ʚʦʣʥ, 

ʨʘʩʧʨʦʩʪʨʘʥʷʶʱʠʭʩʷ ʚ ʢʨʠʩʪʘʣʣʝ, ʤʦʞʥʦ ʟʘʧʠʩʘʪʴ, ʠʩʧʦʣʴʟʫʷ ʫʨʘʚʥʝʥʠʷ 

ʄaʢʩʚʝʣʣa ʚ ʬʦʨʤʝ (1.2) ʠ ʫʨʘʚʥʝʥʠʷ ʩʚʷʟʠ (1.5) [7]. 

ʀʩʢʣʶʯʘʷ ʅ ʠʟ (1.2) ʠ (1.5) ʠ ʫʯʠʪʳʚʘʷ, ʯʪʦ m
x2

 = mÖm ï m
2
, ʧʦʣʫʯʘʝʤ: 

(e ï a ɻ ï m2
 + mÖm + i G

x
) E = 0,                                (2.6) 

mG )Ŭ~Ŭ( -= c  ï ʚʝʢʪʦʨ ʛʠʨʘʮʠʠ. 

ʉʢʘʣʷʨʥʦ ʫʤʥʦʞʘʷ (2.6) ʥʘ ʚʝʢʪʦʨʳ ʩ ʠ m, ʧʦʣʫʯʠʤ ʚʳʨʘʞʝʥʠʷ: 

                             A1E = 0, A2E = 0, 

A1 = (Ůe ï m
2
 ï a ɻ)c + (mc)m + i [cG],                                         (2.7) 

                             A2 = (Ůo ï a ɻ)m + (Ůe ï Ůo)(mc)c + i [mG]. 

ʀʟ ʚʳʨʘʞʝʥʠʡ (2.7) ʚʠʜʥʦ, ʯʪʦ E ~ [A1A2]. ʉʯʠʪʘʷ m = m1 = xb + h1q, ʟʘʧʠʰʝʤ 

E1 = E01 [A1A2],                                                            (2.8) 

ʛʜʝ ɝ = ni sinű, ʂ1 = ὲ1
2 ʊ2, n1 ï ʧʦʢʘʟʘʪʝʣʴ ʧʨʝʣʦʤʣʝʥʠʷ ʦʙʳʢʥʦʚʝʥʥʦʡ ʚʦʣʥʳ 

(ʩ ʫʯʝʪʦʤ ʦʧʪʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʠ), ű ï ʫʛʦʣ ʧʘʜʝʥʠʷ ʩʚʝʪʘ. ɺʳʨʘʞʝʥʠʝ ʜʣʷ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʚʦʣʥʳ E3, ʦʪʨʘʞʝʥʥʦʡ ʦʪ ʥʠʞʥʝʡ ʛʨʘʥʠ ʦʙʨʘʪʥʦ ʚ ʢʨʠʩʪʘʣʣ, 

ʠʤʝʝʪ ʘʥʘʣʦʛʠʯʥʳʡ ʚʠʜ ʩ ʟʘʤʝʥʦʡ m1 ʥʘ m3 = xb ï h1q. 

 ʏʪʦʙʳ ʥʘʡʪʠ ʚʳʨʘʞʝʥʠʝ ʜʣʷ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ ʚʪʦʨʦʡ ʚʦʣʥʳ, ʫʤʥʦʞʠʤ 

(2.6) ʥʘ [mc]; ʧʦʣʫʯʠʤ ʚʳʨʘʞʝʥʠʝ 

A3E = 0, A3 = (Ůo ï m
2
 ï a ɻ)[mc] + i ((mG)G ï (cG)m).                            (2.9) 

ʇʨʠʥʠʤʘʷ m = m2 = xb + h2q, ʂ2 = ὲ2
2 ʊ2, n2 ï ʧʦʢʘʟʘʪʝʣʴ ʧʨʝʣʦʤʣʝʥʠʷ 

ʥʝʦʙʳʢʥʦʚʝʥʥʦʡ ʚʦʣʥʳ, ʟʘʧʠʰʝʤ 

E2 = E03 [A2A3].                                                           (2.10) 

ɺʳʨʘʞʝʥʠʝ E4 ʜʣʷ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʚʦʣʥʳ, ʦʪʨʘʞʝʥʥʦʡ ʦʙʨʘʪʥʦ ʚ ʢʨʠʩʪʘʣʣ, 

ʧʦʣʫʯʘʝʪʩʷ ʧʦ ʘʥʘʣʦʛʠʯʥʦʡ (2.10) ʬʦʨʤʫʣʝ ʩ ʟʘʤʝʥʦʡ m2 ʥʘ m4 = xb ï h2q. 

ɺʝʣʠʯʠʥʳ ʧʦʣʝʡ H i, i = 1, 2, 3, 4, ʧʦʣʫʯʘʶʪʩʷ ʠʟ ʚʳʨʘʞʝʥʠʡ ʜʣʷ Ei 

ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ (ʩʯʠʪʘʝʤ ʢʨʠʩʪʘʣʣ ʥʝʤʘʛʥʠʪʥʳʤ, ʧʦʵʪʦʤʫ m = 1) : 
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H = (m
x
 + i ɻ) E.                                                     (2.11) 

ʇʦʜʩʪʘʚʣʷʷ ʚ ʬʦʨʤʫʣʳ (2.7)ï(2.11) ʚʠʜ ʪʝʥʟʦʨʘ Ŭ, ʧʦʣʫʯʠʤ ʚʝʣʠʯʠʥʳ Ei ʠ H i ʜʣʷ 

ʚʩʝʭ ʢʣʘʩʩʦʚ ʦʧʪʠʯʝʩʢʠ ʘʢʪʠʚʥʳʭ ʦʜʥʦʦʩʥʳʭ ʢʨʠʩʪʘʣʣʦʚ. ɺ ʦʙʱʝʤ ʩʣʫʯʘʝ ʦʥʠ 

ʠʤʝʶʪ ʚʠʜ: 

                         H j = Ej (a1j a + a2j b + b1j q), 

Ej = Ej (a3j a + a4j b + b2j q),                                                   (2.12) 

ʛʜʝ j = 1 é 4, ʚ ʦʪʩʫʪʩʪʚʠʠ ʦʧʪʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʠ ʚʦʣʥʳ ʩ ʠʥʜʝʢʩaʤʠ 1, 3 

ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʦʙʳʢʥʦʚʝʥʥʳʤ ʚʦʣʥaʤ, ʩ ʠʥʜʝʢʩaʤʠ 2, 4 ï ʥʝʦʙʳʢʥʦʚʝʥʥʳʤ; Ej ï 

ʢʦʤʧʣʝʢʩʥʳʝ ʘʤʧʣʠʪʫʜʳ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʚʦʣʥ. 

ɻʨʘʥʠʯʥʳʝ ʫʩʣʦʚʠʷ ʜʣʷ ʥʝʤʘʛʥʠʪʥʳʭ ʩʨʝʜ: 

[EI ï EII, q] = 0,   [H I ï H II, q] = 0,                                     (2.13) 

ʛʜʝ ʠʥʜʝʢʩʳ I ʠ II  ʦʙʦʟʥʘʯʘʶʪ ʧʦʣʷ ʚ ʧʝʨʚʦʡ ʠ ʚʦ ʚʪʦʨʦʡ ʩʨʝʜʘʭ. 

ʅa ʚʝʨʭʥʝʡ ʛʨʘʥʠ ʧʣʘʩʪʠʥʢʠ ʛʨʘʥʠʯʥʳʝ ʫʩʣʦʚʠʷ (2.13) ʠʤʝʶʪ ʚʠʜ: 

[E1 + E3 + E2 + E4 ï Ei ï Er, q] = 0,                                   (2.14ʘ) 

                                   [H1 + H3 + H2 + H4 ï H i ï Hr, q] = 0, 

ʥa ʥʠʞʥʝʡ ʛʨʘʥʠ ʧʣʘʩʪʠʥʢʠ 

[E1 + E3 + E2 + E4 ï Et, q] = 0,                                          (2.14ʙ) 

                                   [H1 + H3 + H2 + H4 ï H t, q] = 0. 

ʋʤʥʦʞʘʷ ʢʘʞʜʦʝ ʠʟ ʧʦʣʫʯʝʥʥʳʭ ʫʨʘʚʥʝʥʠʡ ʥʘ a ʠ b, ʧʦʣʫʯʠʤ ʩʠʩʪʝʤʫ ʠʟ ʚʦʩʴʤʠ 

ʣʠʥʝʡʥʳʭ ʫʨʘʚʥʝʥʠʡ: 

a11 E1 + a12 E2 + a13 E3 + a14 E4 + Erp ni = ï Eip ni, 

a21 E1 + a22 E2 + a23 E3 + a24 E4 + Ers hi = Eis hi, 

a31 E1 + a32 E2 + a33 E3 + a34 E4 ï Ers = Eis, 

a41 E1 + a42 E2 + a43 E3 + a44 E4 + Erp hi/ni = Eip hi/ni,                                      (2.15) 

a11 Q1 E1 + a12 Q2 E2 + a13 Q3 E3 + a14 Q4 E4 + Etp Qt nt = 0, 

a21 Q1 E1 + a22 Q2 E2 + a23 Q3 E3 + a24 Q4 E4 ï Ets Qt ht = 0, 

a31 Q1 E1 + a32 Q2 E2 + a33 Q3 E3 + a34 Q4 E4 ï Ets Qt = 0, 

a41 Q1 E1 + a42 Q2 E2 + a43 Q3 E3 + a44 Q4 E4 ï Etp Qt ht/nt = 0, 

ʛʜʝ Qj = exp(ïi 2pdhj/l) ï ʬʘʟʦʚʳʝ ʤʥʦʞʠʪʝʣʠ. 
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 ʈʘʩʩʤʦʪʨʠʤ ʨʝʰʝʥʠʝ ʙʝʟ ʫʯʝʪʘ ʤʥʦʛʦʢʨʘʪʥʳʭ ʦʪʨʘʞʝʥʠʡ. ʇʦʵʪʦʤʫ ʥʘ 

ʚʝʨʭʥʝʡ ʛʨʘʥʠʮʝ ʟʘʧʠʰʝʤ ʩʠʩʪʝʤʫ ʫʨʘʚʥʝʥʠʡ ʜʣʷ ʧʦʣʫʙʝʩʢʦʥʝʯʥʦʡ ʩʨʝʜʳ: 

                          a11 E1 + a12 E2 + Erp ni = ï Eip ni, 

a21 E1 + a22 E2 + Ers hi = Eis hi,                                             (2.16) 

                          a31 E1 + a32 E2 ï Ers = Eis, 

                                    a41 E1 + a42 E2 + Erp hi/ni = Eip hi/ni. 

ʀʟ ʨʝʰʝʥʠʷ ʩʠʩʪʝʤʳ ʫʨʘʚʥʝʥʠʡ (2.16) ʧʦʣʫʯʠʤ ʢʦʤʧʦʥʝʥʪʳ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ 

ʦʪʨʘʞʝʥʥʦʡ ʚʦʣʥʳ. 

 ɼʣʷ ʧʦʣʫʯʝʥʠʷ ʘʤʧʣʠʪʫʜ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ ʧʨʦʰʝʜʰʝʛʦ ʩʚʝʪʘ ʧʦʜʩʪʘʚʠʤ 

ʚʝʣʠʯʠʥʳ E1 ʠ E2, ʧʦʣʫʯʝʥʥʳʝ ʠʟ ʨʝʰʝʥʠʷ ʩʠʩʪʝʤʳ ʫʨʘʚʥʝʥʠʡ (2.16), ʚ ʧʦʩʣʝʜʥʠʝ 

ʯʝʪʳʨʝ ʫʨʘʚʥʝʥʠʷ ʩʠʩʪʝʤʳ (2.15). ʀʟ ʧʦʣʫʯʠʚʰʝʡʩʷ ʩʠʩʪʝʤʳ ʫʨʘʚʥʝʥʠʡ ʥʘʭʦʜʠʤ 

ʚʝʣʠʯʠʥʳ Etp, Ets. 

ɸʟʠʤʫʪʳ ʧʦʣʷʨʠʟʘʮʠʠ ɢr ʠ ʵʣʣʠʧʪʠʯʥʦʩʪʠ Kr ʦʪʨʘʞʝʥʥʦʛʦ ʩʚʝʪʘ 

ʟʘʧʠʩʳʚʘʶʪʩʷ ʚ ʚʠʜʝ [7]: 

(ὑὶ)ὴ,ί= tg(ɾὶὴ,ὶί), sin2ɾὶὴ,ὶί=
2Imʆὶὴ,ὶί

1+ |ʆὶὴ,ὶί|
2
,    tg2(ʔὶ)ὴ,ί=

2Reʆὶὴ,ὶί

1 |ʆὶὴ,ὶί|
2
.        (2.17) 

         ʆὶὴ=
Ὁὶ(ὴί)

Ὁὶ(ὴὴ)
,ʆὶί=

Ὁὶ(ίὴ)

Ὁὶ(ίί)
. 

ɿʜʝʩʴ Er(pp), Er(ps) ʠ Er(sp), Er(ss) ï ʢʦʤʧʦʥʝʥʪʳ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ ʦʪʨʘʞʝʥʥʦʡ 

ʚʦʣʥʳ, ʧʝʨʚʳʝ ʠʥʜʝʢʩʳ p- ʠ s- ʦʟʥʘʯʘʶʪ ʧʦʣʷʨʠʟʘʮʠʶ ʧʘʜʘʶʱʝʡ ʚʦʣʥʳ, ʚʪʦʨʳʝ ï 

ʧʦʣʷʨʠʟʘʮʠʶ ʦʪʨʘʞʝʥʥʦʡ ʚʦʣʥʳ. 

ɺʳʨʘʞʝʥʠʷ ʜʣʷ ʘʟʠʤʫʪʦʚ ʧʦʣʷʨʠʟʘʮʠʠ ɢt ʠ ʵʣʣʠʧʪʠʯʥʦʩʪʝʡ Kt ʧʨʦʰʝʜʰʝʛʦ 

ʩʚʝʪʘ ʧʦʣʫʯʘʶʪʩʷ ʧʦ ʬʦʨʤʫʣʘʤ (2.17) ʩ ʟʘʤʝʥʦʡ ʠʥʜʝʢʩʦʚ r ʥʘ t ʠ ʢʦʤʧʦʥʝʥʪ 

ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ ʦʪʨʘʞʝʥʥʦʡ ʚʦʣʥʳ ʥʘ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʢʦʤʧʦʥʝʥʪʳ ʜʣʷ 

ʧʨʦʰʝʜʰʝʡ ʚʦʣʥʳ. 

2.2. ʇʦʣʷʨʠʟʘʮʠʷ ʦʪʨʘʞʝʥʥʦʛʦ ʠ ʧʨʦʰʝʜʰʝʛʦ ʩʚʝʪʘ ʜʣʷ ʢʨʠʩʪʘʣʣʦʚ 

ʧʨʠʤʠʪʠʚʥʳʭ, ʘʢʩʠʘʣʴʥʳʭ ʠ ʧʣʘʥʘʣʴʥʳʭ ʢʣʘʩʩʦʚ. ɺʣʠʷʥʠʝ 

ʘʥʪʠʩʠʤʤʝʪʨʠʯʥʦʡ ʯʘʩʪʠ ʪʝʥʟʦʨʘ ʛʠʨʘʮʠʠ 

ʈʘʟʣʠʯʠʝ ʤʝʞʜʫ ʧʨʠʤʠʪʠʚʥʳʤʠ ʢʨʠʩʪʘʣʣʘʤʠ, ʜʣʷ ʢʦʪʦʨʳʭ ʪʝʥʟʦʨ ʛʠʨʘʮʠʠ 

ʠʤʝʝʪ ʠ ʩʠʤʤʝʪʨʠʯʥʫʶ, ʠ ʘʥʪʠʩʠʤʤʝʪʨʠʯʥʫʶ ʯʘʩʪʠ, ʠ ʘʢʩʠʘʣʴʥʳʤʠ ʢʨʠʩʪʘʣʣʘʤʠ, 
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ʜʣʷ ʢʦʪʦʨʳʭ ʪʝʥʟʦʨ ʛʠʨʘʮʠʠ ʩʠʤʤʝʪʨʠʯʝʥ, ʧʦʜʨʦʙʥʦ ʥʠʛʜʝ ʥʝ ʨʘʩʩʤʘʪʨʠʚʘʣʦʩʴ. 

ɺʤʝʩʪʝ ʩ ʪʝʤ ʧʨʠ ʥʘʢʣʦʥʥʦʤ ʧʘʜʝʥʠʠ ʩʚʝʪʘ ʘʥʪʠʩʠʤʤʝʪʨʠʯʥʘʷ ʯʘʩʪʴ ʪʝʥʟʦʨʘ 

ʛʠʨʘʮʠʠ ʤʦʞʝʪ ʚʥʝʩʪʠ ʟʘʤʝʪʥʳʡ ʚʢʣʘʜ ʚ ʟʥʘʯʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ ʧʦʣʷʨʠʟʘʮʠʠ 

ʦʪʨʘʞʝʥʥʦʛʦ ʠ ʧʨʦʰʝʜʰʝʛʦ ʩʚʝʪʘ. ɼʣʷ ʧʨʘʚʠʣʴʥʦʡ ʦʮʝʥʢʠ ʫʢʘʟʘʥʥʳʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʝʸ ʥʝʦʙʭʦʜʠʤʦ ʫʯʠʪʳʚʘʪʴ. ɿʥʘʯʠʪʝʣʴʥʦ ʦʙʣʝʛʯʠʪʴ ʟʘʜʘʯʫ ʤʦʞʝʪ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʘʥʘʣʠʪʠʯʝʩʢʠʭ ʚʳʨʘʞʝʥʠʡ ʜʣʷ ʘʟʠʤʫʪʦʚ ʧʦʣʷʨʠʟʘʮʠʠ ʠ 

ʵʣʣʠʧʪʠʯʥʦʩʪʝʡ ʦʪʨʘʞʝʥʥʦʛʦ ʠ ʧʨʦʰʝʜʰʝʛʦ ʩʚʝʪʘ. ʍʦʪʷ ʨʝʰʝʥʠʝ ʛʨʘʥʠʯʥʦʡ 

ʟʘʜʘʯʠ ʜʣʷ ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʭ ʢʨʠʩʪʘʣʣʦʚ ʧʨʠʚʝʜʝʥʦ ʚ [102], ʧʦʣʷʨʠʟʘʮʠʷ 

ʦʪʨʘʞʝʥʥʦʛʦ ʠ ʧʨʦʰʝʜʰʝʛʦ ʩʚʝʪʘ ʙʳʣʘ ʠʩʩʣʝʜʦʚʘʥʘ ʪʦʣʴʢʦ ʜʣʷ ʢʨʠʩʪʘʣʣʦʚ 

ʧʣʘʥʘʣʴʥʳʭ ʢʣʘʩʩʦʚ. ʈʘʩʩʤʦʪʨʠʤ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʚʝʣʠʯʠʥʳ ʜʣʷ ʜʨʫʛʠʭ ʢʣʘʩʩʦʚ 

ʠ ʠʟʫʯʠʤ, ʢʘʢ ʚʣʠʷʶʪ ʥʘ ʥʠʭ ʨʘʟʥʳʝ ʢʦʤʧʦʥʝʥʪʳ ʪʝʥʟʦʨʘ ʛʠʨʘʮʠʠ. 

ʇʨʝʜʩʪʘʚʣʝʥʥʳʝ ʚ ʜʘʥʥʦʤ ʨʘʟʜʝʣʝ ʨʝʟʫʣʴʪʘʪʳ ʦʧʫʙʣʠʢʦʚʘʥʳ ʚ [103ï107]. 

ʈʘʩʩʤʦʪʨʠʤ ʧʦʣʷʨʠʟʘʮʠʶ ʦʪʨʘʞʝʥʥʦʛʦ ʠ ʧʨʦʰʝʜʰʝʛʦ ʩʚʝʪʘ ʜʣʷ ʢʨʠʩʪʘʣʣʦʚ 

ʧʨʠʤʠʪʠʚʥʳʭ (3, 4, 6), ʘʢʩʠʘʣʴʥʳʭ (32, 422, 622) ʠ ʧʣʘʥʘʣʴʥʳʭ (3m, 4mm, 6mm) 

ʢʣʘʩʩʦʚ ʩ ʫʯʝʪʦʤ ʠ ʩʠʤʤʝʪʨʠʯʥʦʡ, ʠ ʘʥʪʠʩʠʤʤʝʪʨʠʯʥʦʡ ʯʘʩʪʝʡ ʪʝʥʟʦʨʘ ʛʠʨʘʮʠʠ. 

2.2.1. ʇʦʣʷʨʠʟʘʮʠʷ ʦʪʨʘʞʝʥʥʦʛʦ ʩʚʝʪʘ ʜʣʷ ʢʨʠʩʪʘʣʣʦʚ ʧʨʠʤʠʪʠʚʥʳʭ, 

ʘʢʩʠʘʣʴʥʳʭ ʠ ʧʣʘʥʘʣʴʥʳʭ ʢʣʘʩʩʦʚ 

ʆʧʪʠʯʝʩʢʘʷ ʦʩʴ ʢʨʠʩʪʘʣʣʘ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʘ ʧʣʦʩʢʦʩʪʠ ʧʣʘʩʪʠʥʢʠ 

ʀʟʚʝʩʪʥʦ, ʯʪʦ ʚ ʢʨʠʩʪʘʣʣʘʭ ʢʣʘʩʩʦʚ 3m, 4mm, 6mm (ʯʠʩʪʦ ʘʥʪʠʩʠʤʤʝʪʨʠʯʥʳʡ 

ʪʝʥʟʦʨ ʛʠʨʘʮʠʠ Ŭ11 = Ŭ33 = 0, Ŭ12 = ïŬ21) ʧʨʠ ʪʘʢʦʡ ʦʨʠʝʥʪʘʮʠʠ ʦʧʪʠʯʝʩʢʘʷ 

ʘʢʪʠʚʥʦʩʪʴ ʥʝ ʧʨʦʷʚʣʷʝʪʩʷ [7, 76, 77]. ʅʦ ʧʨʠ ʵʪʦʤ ʥʝ ʨʘʩʩʤʘʪʨʠʚʘʣʦʩʴ, ʤʦʞʝʪ ʣʠ 

ʚʣʠʷʪʴ ʘʥʪʠʩʠʤʤʝʪʨʠʯʥʘʷ ʯʘʩʪʴ ʪʝʥʟʦʨʘ ʛʠʨʘʮʠʠ ʥʘ ʧʨʦʷʚʣʝʥʠʝ ʦʧʪʠʯʝʩʢʦʡ 

ʘʢʪʠʚʥʦʩʪʠ ʚ ʢʨʠʩʪʘʣʣʘʭ ʢʣʘʩʩʦʚ 3, 4, 6. ʀʥʪʝʨʝʩʥʦ ʨʘʩʩʤʦʪʨʝʪʴ ʥʝʢʦʪʦʨʳʝ 

ʦʩʦʙʝʥʥʦʩʪʠ ʵʪʠʭ ʢʨʠʩʪʘʣʣʦʚ ʠ ʩʨʘʚʥʠʪʴ ʠʭ ʩ ʢʨʠʩʪʘʣʣʘʤʠ ʢʣʘʩʩʦʚ 32, 422, 622. 

ɼʣʷ ʢʨʠʩʪʘʣʣʦʚ ʢʣʘʩʩʦʚ 3, 4, 6 ʧʨʠʚʝʜʝʤ ʚʳʨʘʞʝʥʠʷ ʜʣʷ ʧʦʢʘʟʘʪʝʣʝʡ 

ʧʨʝʣʦʤʣʝʥʠʷ n1, n2 ʚ ʩʣʫʯʘʝ ʥʦʨʤʘʣʴʥʦʛʦ ʧʘʜʝʥʠʷ ʩʚʝʪʘ ʚ ʥʘʧʨʘʚʣʝʥʠʠ ʦʧʪʠʯʝʩʢʦʡ 

ʦʩʠ [7]: 

n1 = (Ůo ï Ŭ12
2
)
1/2

 ï Ŭ11, n2 = (Ůo ï Ŭ12
2
)
1/2

 + Ŭ11.                                  (2.18) 
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ɺ (2.18) ʧʨʠʩʫʪʩʪʚʫʝʪ ʚʝʣʠʯʠʥʘ Ŭ12, ʧʨʠʯʝʤ ʦʥʘ ʚʭʦʜʠʪ ʚ ʬʦʨʤʫʣʫ ʚ ʢʚʘʜʨʘʪʝ, ʚ 

ʦʪʣʠʯʠʝ ʦʪ ʚʝʣʠʯʠʥʳ Ŭ11. ʊʘʢ ʢʘʢ Ŭ11 ʠ Ŭ12 ʚʝʣʠʯʠʥʳ ʦʜʥʦʛʦ ʧʦʨʷʜʢʘ ʠ Ŭ11, Ŭ12 << 1, 

ʚʣʠʷʥʠʝ Ŭ12
2
 ʤʘʣʦ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ Ŭ11. ɼʣʷ ʢʨʠʩʪʘʣʣʦʚ ʢʣʘʩʩʦʚ 3m, 4mm, 6mm ʚ 

ʚʳʨʘʞʝʥʠʠ (2.18) Ŭ11 = 0. 

ʋʜʝʣʴʥʦʝ ʚʨʘʱʝʥʠʝ ʧʣʦʩʢʦʩʪʠ ʧʦʣʷʨʠʟʘʮʠʠ ʧʨʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʠ ʩʚʝʪʘ ʚ 

ʥʘʧʨʘʚʣʝʥʠʠ ʦʧʪʠʯʝʩʢʦʡ ʦʩʠ ʠʤʝʝʪ ʚʠʜ [16]: 

)(
ɚ

ˊ
ɟ 12 nn -= ,                                                      (2.19) 

ʛʜʝ ɚ ï ʜʣʠʥʘ ʚʦʣʥʳ ʧʘʜʘʶʱʝʛʦ ʩʚʝʪʘ. ʀʟ (2.19) ʚʠʜʥʦ, ʯʪʦ ʚ ʵʪʦʤ ʩʣʫʯʘʝ ɟ 

ʦʧʨʝʜʝʣʷʝʪʩʷ ʪʦʣʴʢʦ ʚʝʣʠʯʠʥʦʡ Ŭ11. 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʨʝʰʝʥʠʷ ʛʨʘʥʠʯʥʦʡ ʟʘʜʘʯʠ ʦʪʨʘʞʝʥʠʷ ʩʚʝʪʘ ʦʪ 

ʧʦʣʫʙʝʩʢʦʥʝʯʥʦʡ ʩʨʝʜʳ ʠʟ ʩʠʩʪʝʤ rʫʨʘʚʥʝʥʠʡ (2.16), ʦʩʪʘʚʣʷʷ ʪʦʣʴʢʦ ʯʣʝʥʳ 

ʧʝʨʚʦʡ ʩʪʝʧʝʥʠ ʧʦ Ŭij (ʟʘ ʠʩʢʣʶʯʝʥʠʝʤ ʚʝʣʠʯʠʥ Er(ps) ʠ Er(sp), ʛʜʝ ʫʜʘʣʝʥʠʝ Ŭ12
2
 ʠʟ 

ʟʥʘʤʝʥʘʪʝʣʷ ʠʩʢʘʞʘʝʪ ʜʘʣʴʥʝʡʰʠʝ ʨʝʟʫʣʴʪʘʪʳ), ʧʦʣʫʯʝʥʳ ʚʳʨʘʞʝʥʠʷ ʜʣʷ 

ʢʦʤʧʦʥʝʥʪ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ ʦʪʨʘʞʝʥʥʦʡ ʚʦʣʥʳ: 

Ὁὶ(ὴὴ) = ὉὭὴ
ʀὩὲὭ

2ʂ2 ʀέʂὭ Ὥɻ12 (ʀὩʂ2ʂὭ+ὲὭ
2ʊ2)

ʀὩὲὭ
2ʂ2+ʀέʂὭ+Ὥɻ12 ʀὩʂ2ʂὭὲὭ

2ʊ2
, 

Ὁὶ(ὴί) = ὉὭὴ
2ὭὲὭʂὭ(ɻ11ʀὩ(ʀέ ʂ1ʂ2)+ɻ33ʀέʊ

2)

(ʂ1+ʂ2)(ʂ1+ʂὭ+Ὥɻ12 )(ʀὩὲὭ
2ʂ2+ʀέʂὭ+Ὥɻ12 ʀὩʂ2ʂὭὲὭ

2ʊ2 )
,                            (2.20) 

Ὁὶ(ίί) = ὉὭί
ʂ1 ʂὭ +Ὥɻ12

ʂ1+ʂὭ +Ὥɻ12
, 

Ὁὶ(ίὴ) = ὉὭί
2ὭὲὭʂὭ[ɻ11 (2ʀὩʀέ ʊ

2(ʀέʂ1 ʀὩʂ2)/ (ʂ1 ʂ2))+ɻ33ʀέʊ
2]

(ʂ1+ʂ2)(ʂ1+ʂὭ+Ὥɻ12 )(ʀὩὲὭ
2ʂ2+ʀέʂὭ+Ὥɻ12 ʀὩʂ2ʂὭὲὭ

2ʊ2 )
, 

ɝ = ni sinű, ɖi = ni cosű, ʂ1 = ʀέ ʊ2, ʂ2 = ʀέ ʊ2ʀέ/ʀὩ, Ůo = no
2
, Ůe = ne

2
. ɿʜʝʩʴ 

no, ne ï ʛʣʘʚʥʳʝ ʧʦʢʘʟʘʪʝʣʠ ʧʨʝʣʦʤʣʝʥʠʷ ʢʨʠʩʪʘʣʣʘ, ni ï ʧʦʢʘʟʘʪʝʣʴ ʧʨʝʣʦʤʣʝʥʠʷ 

ʚʥʝʰʥʝʡ ʩʨʝʜʳ, ű ï ʫʛʦʣ ʧʘʜʝʥʠʷ ʩʚʝʪʘ, Eip, Eis ï ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʢʦʤʧʦʥʝʥʪʳ 

ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ ʧʘʜʘʶʱʝʡ ʚʦʣʥʳ ʜʣʷ p- ʠ s-ʧʦʣʷʨʠʟʘʮʠʡ. 

ʀʩʧʦʣʴʟʫʷ ʚʳʯʠʩʣʝʥʥʳʝ ʚʝʣʠʯʠʥʳ Er(pp), Er(ps) ʠ Er(sp), Er(ss) ʠ ʦʩʪʘʚʣʷʷ ʚ 

ʟʥʘʤʝʥʘʪʝʣʝ ʪʦʣʴʢʦ ʧʝʨʚʫʶ ʩʪʝʧʝʥʴ Ŭ12, ʤʦʞʥʦ ʟʘʧʠʩʘʪʴ ərp, ərs ʚ ʚʠʜʝ: 

ʆὶὴ=
2ὭὲὭ ʂὭ(ɻ11ʀὩ(ʀέ ʂ1ʂ2)+ɻ33ʀέʊ

2)

(ʂ1+ʂ2)(ʀὩ(ʂ1+ʂὭ)(ὲὭ
2ʂ2 ʀέʂὭ)+Ὥɻ12 (ʀὩ(ὲὭ

2ʂ2 ʀέʂὭ) (ʂ1+ʂὭ)(ʀὩʂ2ʂὭ+ὲὭ
2ʊ2)))

,           (2.21) 



41 

 

ʆὶί=
2ὭὲὭ ʂὭ[ɻ11 (2ʀὩʀέ ʊ

2(ʀέʂ1 ʀὩʂ2)/ (ʂ1 ʂ2))+ɻ33ʀέʊ
2]

ʂ1+ʂ2 [ʀὩʂ1 ʂὭ ὲὭ
2ʂ2+ʀέʂὭ+Ὥɻ12 ʀὩὲὭ

2ʂ2+ʀέʂὭ+ ʂ1 ʂὭ ʀὩʂ2ʂὭὲὭ
2ʊ2 ]

. 

ɺʝʣʠʯʠʥʳ ɢr ʠ Kr ʤʦʞʥʦ ʨʘʩʩʯʠʪʘʪʴ, ʠʩʧʦʣʴʟʫʷ (2.21), ʧʦ ʬʦʨʤʫʣʝ (2.17). ɺʠʜʥʦ, 

ʯʪʦ ʜʣʷ ʢʨʠʩʪʘʣʣʦʚ ʧʣʘʥʘʣʴʥʳʭ ʢʣʘʩʩʦʚ ʆὶὴ= 0, ʆὶί= 0 ʠ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ɢr(ű) 

= 0 ʠ Kr(ű) = 0. ɺʝʣʠʯʠʥʘ ɢr ʜʣʷ ʧʨʦʟʨʘʯʥʦʛʦ ʢʨʠʩʪʘʣʣʘ ʦʪʣʠʯʥʘ ʦʪ ʥʫʣʷ ʪʦʣʴʢʦ 

ʧʨʠ Ŭ12 Í 0 ʠʣʠ ʝʩʣʠ |ni sinű| > no,e. 

ʈʘʩʩʤʦʪʨʠʤ ʟʘʚʠʩʠʤʦʩʪʠ ʘʟʠʤʫʪʘ ɢr ʠ ʵʣʣʠʧʪʠʯʥʦʩʪʠ Kr ʦʪʨʘʞʝʥʥʦʛʦ ʩʚʝʪʘ ʦʪ 

ʫʛʣʘ ʧʘʜʝʥʠʷ ű ʜʣʷ p-ʧʦʣʷʨʠʟʘʮʠʠ ʧʘʜʘʶʱʝʛʦ ʩʚʝʪʘ ʜʣʷ ʧʨʦʟʨʘʯʥʳʭ (ʨʠʩ. 2.1ʘï

2.1ʛ) ʠ ʧʦʛʣʦʱʘʶʱʠʭ (ʨʠʩ. 2.1ʜ, 2.1ʝ) ʦʜʥʦʦʩʥʳʭ ʢʨʠʩʪʘʣʣʦʚ.  
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ʉʚʝʪ ʧʘʜʘʝʪ ʠʟ ʚʦʟʜʫʭʘ, p-ʧʦʣʷʨʠʟʘʮʠʷ ʧʘʜʘʶʱʝʛʦ ʩʚʝʪʘ 

ʇʨʦʟʨʘʯʥʳʡ ʢʨʠʩʪʘʣʣ 

  

  

ʇʦʛʣʦʱʘʶʱʠʡ ʢʨʠʩʪʘʣʣ 

           
ʈʠʩ. 2.1. ɿʘʚʠʩʠʤʦʩʪʠ ʘʟʠʤʫʪʦʚ ʧʦʣʷʨʠʟʘʮʠʠ ɢr (ʘ, ʚ, ʜ) ʠ ʵʣʣʠʧʪʠʯʥʦʩʪʝʡ Kr (ʙ, ʛ, ʝ) 

ʦʪʨʘʞʝʥʥʦʛʦ ʩʚʝʪʘ ʦʪ ʫʛʣʘ ʧʘʜʝʥʠʷ ű. ʆʧʪʠʯʝʩʢʘʷ ʦʩʴ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʢʨʠʩʪʘʣʣʘ, 

ʜʣʠʥʘ ʚʦʣʥʳ ɚ = 0.633 ʤʢʤ. ʇʦʢʘʟʘʪʝʣʠ ʧʨʝʣʦʤʣʝʥʠʷ ʧʨʦʟʨʘʯʥʦʛʦ ʢʨʠʩʪʘʣʣʘ: no = 2.2597,          

ne = 2.4125, ʧʦʛʣʦʱʘʶʱʝʛʦ ï no = 2.2597 + i 0.001, ne = 2.4125 + i 0.0012. 

1 ï ʧʣʘʥʘʣʴʥʳʝ ʢʨʠʩʪʘʣʣʳ (Ŭ11 = Ŭ33 = 0, Ŭ12 Í 0); 2 ï ʘʢʩʠʘʣʴʥʳʝ (Ŭ11, Ŭ33 Í 0, Ŭ12 = 0);                   

3 ï ʧʨʠʤʠʪʠʚʥʳʝ (Ŭ11, Ŭ33, Ŭ12 Í 0).  

Ŭ11 = 1.9 10
ï3

 + i 10
ï6

, Ŭ33 = ï5.7 10
ï3

 ï i 1.5 10
ï6

, Ŭ12 = ï3.5 10
ï3

 ï i 2 10
ï6

.  

ɼʣʷ ʧʨʦʟʨʘʯʥʦʛʦ ʢʨʠʩʪʘʣʣʘ ʤʥʠʤʳʝ ʯʘʩʪʠ ʚʝʣʠʯʠʥ Ŭij ʨʘʚʥʳ ʥʫʣʶ. 

 

ʀʟ ʨʠʩ. 2.1ʘï2.1ʛ ʚʠʜʥʦ, ʯʪʦ ʧʨʠ ʥʘʣʠʯʠʠ ʪʦʣʴʢʦ ʘʥʪʠʩʠʤʤʝʪʨʠʯʥʦʡ ʯʘʩʪʠ Ŭ12 

ʪʝʥʟʦʨʘ Ŭ (ʢʨʠʚʳʝ 1, ʢʨʠʩʪʘʣʣʳ ʢʣʘʩʩʦʚ 3m, 4mm, 6mm) ʠ ʘʟʠʤʫʪ ʧʦʣʷʨʠʟʘʮʠʠ ɢr, ʠ 

ʵʣʣʠʧʪʠʯʥʦʩʪʴ ʦʪʨʘʞʝʥʥʦʛʦ ʩʚʝʪʘ Kr ʨʘʚʥʳ ʥʫʣʶ. ɼʣʷ ʩʠʤʤʝʪʨʠʯʥʦʛʦ ʪʝʥʟʦʨʘ Ŭ 

(ʢʨʠʚʳʝ 2, ʢʣʘʩʩʳ 32, 422, 622) ʘʟʠʤʫʪ ʦʪʨʘʞʝʥʥʦʛʦ ʩʚʝʪʘ ʨʘʚʝʥ ʥʫʣʶ, ʘ 

ʵʣʣʠʧʪʠʯʥʦʩʪʴ ʥʝ ʨʘʚʥʘ ʥʫʣʶ. ʇʨʠ ʥʘʣʠʯʠʠ ʠ ʩʠʤʤʝʪʨʠʯʥʦʡ, ʠ 

ʘʥʪʠʩʠʤʤʝʪʨʠʯʥʦʡ ʯʘʩʪʝʡ ʪʝʥʟʦʨʘ ʛʠʨʘʮʠʠ (ʢʨʠʚʳʝ 3, ʢʣʘʩʩʳ 3, 4, 6) ʚʝʣʠʯʠʥʳ ɢr 

ʠ Kr ʦʪʣʠʯʥʳ ʦʪ ʥʫʣʷ. ɺʠʜʥʦ, ʯʪʦ ʠ ʘʟʠʤʫʪʳ ʧʦʣʷʨʠʟʘʮʠʠ ɢr, ʠ ʵʣʣʠʧʪʠʯʥʦʩʪʠ 

(ʘ) (ʙ) 

(ʚ) 

(ʛ) 

(ʜ) (ʝ) 
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ʦʪʨʘʞʝʥʥʦʛʦ ʩʚʝʪʘ Kr ʜʣʷ ʢʨʠʩʪʘʣʣʦʚ ʢʣʘʩʩʦʚ 3, 4, 6 ʠ 32, 422, 622 ʩʫʱʝʩʪʚʝʥʥʦ 

ʦʪʣʠʯʘʶʪʩʷ. 

ʅʘ ʨʠʩ. 2.1ʘ, 2.1ʙ ʚʠʜʥʦ, ʯʪʦ ʟʘʚʠʩʠʤʦʩʪʠ ɢr(ű) ʠ Kr(ű) ʠʤʝʶʪ ʜʚʘ ʫʟʢʠʭ ʧʠʢʘ. 

ʅʘ ʨʠʩ. 2.1ʚ, 2.1ʛ ʜʣʷ ʥʘʛʣʷʜʥʦʩʪʠ ʧʦʢʘʟʘʥʳ ʜʘʥʥʳʝ ʟʘʚʠʩʠʤʦʩʪʠ ʚ ʫʟʢʦʤ 

ʠʥʪʝʨʚʘʣʝ ʫʛʣʦʚ ű. ɺʝʣʠʯʠʥʳ Kr(ű) ʜʦʭʦʜʷʪ ʜʦ Ñ1; ʥʘ ʨʠʩ. 2.1ʙ, 2.1ʛ ʧʦʢʘʟʘʥʘ 

ʪʦʣʴʢʦ ʯʘʩʪʴ ʟʘʚʠʩʠʤʦʩʪʝʡ. ʀʟ ʬʦʨʤʫʣ (2.21) ʚʠʜʥʦ, ʯʪʦ ʤʠʥʠʤʫʤʳ ʚʝʣʠʯʠʥʳ ɢr, ʘ 

ʪʘʢʞʝ ʧʝʨʝʭʦʜ ʟʘʚʠʩʠʤʦʩʪʝʡ Kr(ű) ʯʝʨʝʟ ʥʦʣʴ ʨʘʩʧʦʣʘʛʘʶʪʩʷ ʧʨʠ ʫʛʣʝ ɹʨʶʩʪʝʨʘ, 

ʦʧʨʝʜʝʣʷʝʤʦʤ ʧʨʠ ʜʘʥʥʦʡ ʦʨʠʝʥʪʘʮʠʠ ʧʣʘʩʪʠʥʢʠ ʧʦ ʬʦʨʤʫʣʝ [6, 44]: 

)(

)(
űtg

222

222

ɹ

2

iei

ioe

nnn

nnn

-

-
= ,                                                       (2.22) 

ʛʜʝ ni ï ʧʦʢʘʟʘʪʝʣʴ ʧʨʝʣʦʤʣʝʥʠʷ ʩʨʝʜʳ, ʠʟ ʢʦʪʦʨʦʡ ʧʘʜʘʝʪ ʩʚʝʪ. ɺ ʜʘʥʥʦʤ ʩʣʫʯʘʝ 

űɹ = 65.815°. 

ʅʘ ʨʠʩ. 2.1ʜ, 2.1ʝ ʧʦʢʘʟʘʥʳ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʟʘʚʠʩʠʤʦʩʪʠ ʜʣʷ ʧʦʛʣʦʱʘʶʱʠʭ 

ʢʨʠʩʪʘʣʣʦʚ. ɻʣʘʚʥʦʝ ʦʪʣʠʯʠʝ ʦʪ ʧʨʦʟʨʘʯʥʳʭ ʢʨʠʩʪʘʣʣʦʚ ʩʦʩʪʦʠʪ ʚ ʪʦʤ, ʯʪʦ ʜʣʷ 

ʢʣʘʩʩʦʚ 32, 422, 622 ʧʦʣʫʯʘʝʤ ɢr Í 0 (ʨʠʩ. 2.1ʜ), ʘ ʤʘʢʩʠʤʫʤ ʠ ʤʠʥʠʤʫʤ Kr(ű) ʥʝ 

ʜʦʭʦʜʷʪ ʜʦ Ñ1 (ʨʠʩ. 2.1ʝ). 

ɼʣʷ s-ʧʦʣʷʨʠʟʘʮʠʠ ʧʘʜʘʶʱʝʛʦ ʩʚʝʪʘ ʧʦʣʫʯʘʝʤʳʝ ʚʝʣʠʯʠʥʳ ɢr ʠ Kr ʦʯʝʥʴ 

ʤʘʣʳ, ʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʟʘʚʠʩʠʤʦʩʪʠ ʥʝ ʧʨʠʚʦʜʷʪʩʷ. 

ʇʨʠ ʟʘʜʘʥʥʦʡ ʦʨʠʝʥʪʘʮʠʠ ʦʧʪʠʯʝʩʢʦʡ ʦʩʠ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ Ŭ12 ʣʫʯʰʝ ʚʩʝʛʦ 

ʠʟʤʝʨʷʪʴ ɢr(ű) ʧʨʠ p-ʧʦʣʷʨʠʟʘʮʠʠ ʧʘʜʘʶʱʝʛʦ ʩʚʝʪʘ ʠ ʫʛʣʘʭ ű, ʙʣʠʟʢʠʭ ʢ ʫʛʣʫ 

ɹʨʶʩʪʝʨʘ. ɼʣʷ ʧʨʦʟʨʘʯʥʳʭ ʢʨʠʩʪʘʣʣʦʚ ʧʨʠʤʠʪʠʚʥʳʭ ʢʣʘʩʩʦʚ ɢr(ű) Í 0 ʦʟʥʘʯʘʝʪ Ŭ12 

Í 0. ɼʣʷ ʧʦʛʣʦʱʘʶʱʠʭ ʢʨʠʩʪʘʣʣʦʚ ɢr(ű) Í 0 ʠ ʜʣʷ ʧʨʠʤʠʪʠʚʥʳʭ, ʠ ʜʣʷ ʘʢʩʠʘʣʴʥʳʭ 

ʢʣʘʩʩʦʚ; ʚ ʵʪʦʤ ʩʣʫʯʘʝ ʦʮʝʥʠʪʴ Ŭ12 ʪʨʫʜʥʦ. 

ʏʪʦʙʳ ʧʦʣʫʯʠʪʴ ʙʦʣʝʝ ʥʘʛʣʷʜʥʳʝ ʟʘʚʠʩʠʤʦʩʪʠ, ʩʪʦʠʪ ʨʘʩʩʤʦʪʨʝʪʴ ʩʣʫʯʘʡ 

ʧʘʜʝʥʠʷ ʩʚʝʪʘ ʥʝ ʠʟ ʚʦʟʜʫʭʘ, ʘ ʠʟ ʩʨʝʜʳ, ʧʦʢʘʟʘʪʝʣʴ ʧʨʝʣʦʤʣʝʥʠʷ ʢʦʪʦʨʦʡ ʙʣʠʟʦʢ 

ʢ ʧʦʢʘʟʘʪʝʣʷʤ ʧʨʝʣʦʤʣʝʥʠʷ ʠʩʩʣʝʜʫʝʤʦʛʦ ʢʨʠʩʪʘʣʣʘ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʚʝʣʠʯʠʥʳ ɢr ʠ 

Kr ʩʪʘʥʦʚʷʪʩʷ ʙʦʣʴʰʝ [76, 77]. ʊʘʢʠʝ ʟʘʚʠʩʠʤʦʩʪʠ ʧʨʠʚʝʜʝʥʳ ʥʘ ʨʠʩ. 2.2 ʜʣʷ p- ʠ 

s-ʧʦʣʷʨʠʟʘʮʠʡ ʧʘʜʘʶʱʝʛʦ ʩʚʝʪʘ.   
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ʉʚʝʪ ʧʘʜʘʝʪ ʠʟ ʩʨʝʜʳ ʩ ʧʦʢʘʟʘʪʝʣʝʤ ʧʨʝʣʦʤʣʝʥʠʷ ni = 2.265 

p-ʧʦʣʷʨʠʟʘʮʠʷ ʧʘʜʘʶʱʝʛʦ ʩʚʝʪʘ 

ʇʨʦʟʨʘʯʥʳʡ ʢʨʠʩʪʘʣʣ 

  

ʇʦʛʣʦʱʘʶʱʠʡ ʢʨʠʩʪʘʣʣ 

  

ʉʚʝʪ ʧʘʜʘʝʪ ʠʟ ʩʨʝʜʳ ʩ ʧʦʢʘʟʘʪʝʣʝʤ ʧʨʝʣʦʤʣʝʥʠʷ ni = 2.265 

s-ʧʦʣʷʨʠʟʘʮʠʷ ʧʘʜʘʶʱʝʛʦ ʩʚʝʪʘ 

ʇʨʦʟʨʘʯʥʳʡ ʢʨʠʩʪʘʣʣ 

  

ʇʦʛʣʦʱʘʶʱʠʡ ʢʨʠʩʪʘʣʣ 

  
ʈʠʩ. 2.2. ɿʘʚʠʩʠʤʦʩʪʠ ʘʟʠʤʫʪʦʚ ʧʦʣʷʨʠʟʘʮʠʠ ɢr (ʩʣʝʚʘ) ʠ ʵʣʣʠʧʪʠʯʥʦʩʪʝʡ Kr (ʩʧʨʘʚʘ) 

ʦʪʨʘʞʝʥʥʦʛʦ ʩʚʝʪʘ ʦʪ ʫʛʣʘ ʧʘʜʝʥʠʷ ű. ʉʚʝʪ ʧʘʜʘʝʪ ʠʟ ʩʨʝʜʳ ʩ ʧʦʢʘʟʘʪʝʣʝʤ ʧʨʝʣʦʤʣʝʥʠʷ             

ni = 2.265. ʆʩʪʘʣʴʥʳʝ ʧʘʨʘʤʝʪʨʳ ʪʘʢʠʝ ʞʝ, ʢʘʢ ʥʘ ʨʠʩ. 2.1. 

 

(ʘ) (ʙ) 

(ʚ) (ʛ) 

(ʜ) 
(ʝ) 

(ʞ) (ʟ) 

 
Kr 

 
Kr 
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ʊʘʢ ʞʝ, ʢʘʢ ʧʨʠ ʧʘʜʝʥʠʠ ʩʚʝʪʘ ʠʟ ʚʦʟʜʫʭʘ, ʜʣʷ ʢʨʠʩʪʘʣʣʦʚ ʢʣʘʩʩʦʚ 3m, 4mm, 

6mm ʚʝʣʠʯʠʥʳ ɢr ʠ Kr ʨʘʚʥʳ ʥʫʣʶ (ʨʠʩ. 2.2, ʢʨʠʚʳʝ 1). ɼʣʷ ʢʨʠʩʪʘʣʣʦʚ ʢʣʘʩʩʦʚ 3, 

4, 6 ʧʨʠ Ŭ12 Í 0 ʘʟʠʤʫʪ ʦʪʨʘʞʝʥʥʦʛʦ ʩʚʝʪʘ ɢr ʦʪʣʠʯʝʥ ʦʪ ʥʫʣʷ (ʢʨʠʚʳʝ 3 ʥʘ ʨʠʩ. 

2.2ʘ, 2.2ʚ, 2.2ʜ, 2.2ʞ). ɼʣʷ ʧʨʦʟʨʘʯʥʳʭ ʢʨʠʩʪʘʣʣʦʚ ʢʣʘʩʩʦʚ 32, 422, 622 ʚʩʝʛʜʘ 

ɢr(ű) = 0 (ʢʨʠʚʳʝ 2 ʥʘ ʨʠʩ. 2.2ʘ, 2.2ʜ); ʧʨʠ ʵʪʦʤ ʜʣʷ ʧʦʛʣʦʱʘʶʱʠʭ ʢʨʠʩʪʘʣʣʦʚ ʪʝʭ 

ʞʝ ʢʣʘʩʩʦʚ ɢr(ű) Í 0 (ʢʨʠʚʳʝ 2 ʥʘ ʨʠʩ. 2.2ʚ, 2.2ʞ). ʇʨʠ ʵʪʦʤ ʵʣʣʠʧʪʠʯʥʦʩʪʠ 

ʦʪʨʘʞʝʥʥʦʛʦ ʩʚʝʪʘ Kr ʜʣʷ ʢʨʠʩʪʘʣʣʦʚ ʢʣʘʩʩʦʚ 32, 422, 622 ʠ 3, 4, 6 ʦʪʣʠʯʘʶʪʩʷ 

ʤʘʣʦ ʧʨʠ ʣʶʙʳʭ ʫʛʣʘʭ ʧʘʜʝʥʠʷ (ʢʨʠʚʳʝ 2 ʠ 3 ʥʘ ʨʠʩ. 2.2ʙ, 2.2ʛ, 2.2ʝ, 2.2ʟ). 

ʆʧʪʠʯʝʩʢʘʷ ʦʩʴ ʢʨʠʩʪʘʣʣʘ ʧʘʨʘʣʣʝʣʴʥʘ ʧʣʦʩʢʦʩʪʠ ʧʣʘʩʪʠʥʢʠ 

ʠ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʘ ʧʣʦʩʢʦʩʪʠ ʧʘʜʝʥʠʷ ʩʚʝʪʘ 

ʇʨʦʚʝʜʝʤ ʨʘʩʯʝʪ ʘʟʠʤʫʪʘ ʧʦʣʷʨʠʟʘʮʠʠ ɢr ʠ ʵʣʣʠʧʪʠʯʥʦʩʪʠ Kr ʦʪʨʘʞʝʥʥʦʛʦ 

ʩʚʝʪʘ ʠ ʩʨʘʚʥʠʤ ʧʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʜʣʷ ʢʨʠʩʪʘʣʣʦʚ ʧʨʠʤʠʪʠʚʥʳʭ, 

ʘʢʩʠʘʣʴʥʳʭ ʠ ʧʣʘʥʘʣʴʥʳʭ ʢʣʘʩʩʦʚ.  

ɿʘʧʠʰʝʤ ʧʦʢʘʟʘʪʝʣʠ ʧʨʝʣʦʤʣʝʥʠʷ ʜʣʷ ʢʨʠʩʪʘʣʣʦʚ ʢʣʘʩʩʦʚ 3, 4, 6 (ʧʨʠ 

ʚʳʙʨʘʥʥʦʡ ʦʨʠʝʥʪʘʮʠʠ ʦʧʪʠʯʝʩʢʦʡ ʦʩʠ ʧʦʢʘʟʘʪʝʣʠ ʧʨʝʣʦʤʣʝʥʠʷ ʥʝ ʟʘʚʠʩʷʪ ʦʪ 

ʫʛʣʘ ʧʘʜʝʥʠʷ ʩʚʝʪʘ) [7]: 

)ŬŬ)ŮŮ(4ŬŮ4ŬŮ4)ŮŮ(ŬŬ2ŮŮ(
)ŬŮ(2

)ŬŬŮ(
3311

2
33

2
11

2
33112

11

2
12

2
112

2,1 eooeoeeo

o

on ++++-++
-

--
= @ .   (2.23) 

ɼʣʷ ʢʨʠʩʪʘʣʣʦʚ ʢʣʘʩʩʦʚ 3m, 4mm, 6mm (Ŭ11 = Ŭ33 = 0) ʠʟ (2.23) ʧʦʣʫʯʘʝʤ: 

n1
2
 = Ůo ï Ŭ12

2
,        n2

2
 = (Ůo ï Ŭ12

2
)Ůe/Ůo.                                    (2.24) 

ɺʠʜʥʦ, ʯʪʦ ʚ ʧʦʢʘʟʘʪʝʣʠ ʧʨʝʣʦʤʣʝʥʠʷ ʚʭʦʜʠʪ ʚʝʣʠʯʠʥʘ Ŭ12. 

ʀʟ ʨʝʰʝʥʠʷ ʛʨʘʥʠʯʥʦʡ ʟʘʜʘʯʠ ʦʪʨʘʞʝʥʠʷ ʩʚʝʪʘ ʦʪ ʧʦʣʫʙʝʩʢʦʥʝʯʥʦʡ ʩʨʝʜʳ 

(ʩʠʩʪʝʤʘ ʫʨʘʚʥʝʥʠʡ (2.16)) ʚ ʧʝʨʚʦʤ ʧʦʨʷʜʢʝ ʧʦ Ŭij ʧʦʣʫʯʝʥʳ ʚʳʨʘʞʝʥʠʷ ʜʣʷ 

ʢʦʤʧʦʥʝʥʪ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ ʦʪʨʘʞʝʥʥʦʡ ʚʦʣʥʳ Er(pp), Er(ps) ʠ Er(sp), Er(ss): 

Ὁὶ(ὴὴ) = ὉὭὴ
ʀέʂὭὲὭ

2ʂ1

ʀέʂὭ+ὲὭ
2ʂ1

, Ὁὶ(ὴί) = ὉὭὴ
2ὭὲὭʂὭ(ɻ33ʀέ+ɻ11 (ʀὩʂ1 ʀέʂ2)/ (ʂ1 ʂ2) ɻ12 (ʂ1+ʂ2)ὲὭsinʒ)

(ʂ1+ʂ2)(ʂ2+ʂὭ)(ʀέʂὭ+ὲὭ
2ʂ1)

, 

Ὁὶ(ίί) = ὉὭί
ʂ2 ʂὭ

ʂ2+ʂὭ
,    Ὁὶ(ίὴ) = ὉὭί

2ὭὲὭʂὭ(ɻ33ʀέ+ɻ11 (ʀὩʂ1 ʀέʂ2)/ (ʂ1 ʂ2)+ɻ12 (ʂ1+ʂ2)ὲὭsinʒ)

(ʂ1+ʂ2)(ʂ2+ʂὭ)(ʀέʂὭ+ὲὭ
2ʂ1)

, 

                     ʂ1,2 = ʀέ,Ὡ ʊ2,                                                                                 (2.25) 

ʦʩʪʘʣʴʥʳʝ ʧʘʨʘʤʝʪʨʳ ʪʘʢʠʝ ʞʝ, ʢʘʢ ʚ ʬʦʨʤʫʣʝ (2.20). 
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ʀʩʧʦʣʴʟʫʷ ʧʦʣʫʯʝʥʥʳʝ ʢʦʤʧʦʥʝʥʪʳ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ ʦʪʨʘʞʝʥʥʦʡ 

ʚʦʣʥʳ, ʚʳʯʠʩʣʝʥʳ ʚʝʣʠʯʠʥʳ krp ʠ krs: 

ʆὶὴ=
Ὁὶ(ὴί)

Ὁὶ(ὴὴ)
=

2ὭὲὭʂὭ(ɻ33ʀέ+ɻ11 (ʀὩʂ1 ʀέʂ2)/ (ʂ1 ʂ2) ɻ12 (ʂ1+ʂ2)ὲὭsinʒ)

(ʂ1+ʂ2)(ʂ2+ʂὭ)(ʀέʂὭὲὭ
2ʂ1)

,                         (2.26) 

ʆὶί=
Ὁὶ(ίὴ)

Ὁὶ(ίί)
=

2ὭὲὭʂὭ(ɻ33ʀέ+ɻ11 (ʀὩʂ1 ʀέʂ2)/ (ʂ1 ʂ2)+ɻ12 (ʂ1+ʂ2)ὲὭsinʒ)

(ʂ1+ʂ2)(ʂ2 ʂὭ)(ʀέʂὭ+ὲὭ
2ʂ1)

. 

ʌʦʨʤʫʣʳ (2.25), (2.26) ʧʨʠʤʝʥʠʤʳ ʠ ʜʣʷ ʧʨʦʟʨʘʯʥʳʭ, ʠ ʜʣʷ ʧʦʛʣʦʱʘʶʱʠʭ 

ʢʨʠʩʪʘʣʣʦʚ. 

ɸʟʠʤʫʪ ʧʦʣʷʨʠʟʘʮʠʠ ɢr ʠ ʵʣʣʠʧʪʠʯʥʦʩʪʴ Kr ʦʪʨʘʞʝʥʥʦʛʦ ʩʚʝʪʘ 

ʨʘʩʩʯʠʪʳʚʘʶʪʩʷ ʧʦ ʬʦʨʤʫʣʝ (2.17). ɼʣʷ ʧʨʦʟʨʘʯʥʦʛʦ ʢʨʠʩʪʘʣʣʘ, ʝʩʣʠ |ni sinű| Ò 

no,e, ʚʝʣʠʯʠʥʳ ərp,rs ʯʠʩʪʦ ʤʥʠʤʳʝ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʤʦʞʥʦ ʟʘʧʠʩʘʪʴ 

                                            tg2(ɢr)p,s = 0, 

(Kr)p,s = ïiəp,s, ʝʩʣʠ |əp,s| Ò 1, ʠʣʠ (Kr)p,s = i/əp,s, ʝʩʣʠ |əp,s| > 1.                (2.27) 

ʉʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʬʦʨʤʫʣʳ ʜʣʷ ʧʣʘʥʘʣʴʥʳʭ ʢʨʠʩʪʘʣʣʦʚ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʚ [76, 

77]. ʀʟ (2.27) ʚʠʜʥʦ, ʯʪʦ ʜʣʷ ʢʨʠʩʪʘʣʣʦʚ ʧʨʠʤʠʪʠʚʥʳʭ ʢʣʘʩʩʦʚ ʚʩʝ ʢʦʤʧʦʥʝʥʪʳ 

ʪʝʥʟʦʨʘ ʛʠʨʘʮʠʠ (Ŭ11, Ŭ33, Ŭ12) ʚʭʦʜʷʪ ʚ ʚʳʨʘʞʝʥʠʷ ʜʣʷ ʚʝʣʠʯʠʥ ɢr ʠ Kr ʚ ʧʝʨʚʦʡ 

ʩʪʝʧʝʥʠ ʠ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʦʢʘʟʳʚʘʶʪ ʚʣʠʷʥʠʝ ʥʘ ʨʝʟʫʣʴʪʘʪ, ʟʘ ʠʩʢʣʶʯʝʥʠʝʤ 

ʩʣʫʯʘʷ ʥʦʨʤʘʣʴʥʦʛʦ ʧʘʜʝʥʠʷ ʩʚʝʪʘ (ű = 0), ʢʦʛʜʘ ʚʢʣʘʜ Ŭ12 ʠʩʯʝʟʘʝʪ.  

 ɼʣʷ ʧʨʦʟʨʘʯʥʦʛʦ ʢʨʠʩʪʘʣʣʘ ʤʦʞʥʦ ʥʘʡʪʠ ʚʝʣʠʯʠʥʫ Ŭ12 ʧʦ ʬʦʨʤʫʣʘʤ 

(ʧʨʝʜʧʦʣʘʛʘʝʪʩʷ, ʯʪʦ |ərp,rs| Ò 1):  

ὑὶὴʒ ὑὶὴɀʒ =
4ὲὭ

2 ʂὭɻ12sinʒ

(ʂ2+ʂὭ)(ʀέʂὭὲὭ
2ʂ1)

, ὑὶίʒ ὑὶίɀʒ =
4ὲὭ

2 ʂὭɻ12sinʒ

(ʂ2 ʂὭ)(ʀέʂὭ+ὲὭ
2ʂ1)

 (2.28) 

ʊʘʢ ʢʘʢ ʚʝʣʠʯʠʥʳ ɢr ʠ Kr ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʳ Ŭij, ʚ ʙʦʣʴʰʠʥʩʪʚʝ ʩʣʫʯʘʝʚ |ɢr| << 

1, |Kr| << 1. ʅʦ ʚʝʣʠʯʠʥʳ ɢr ʠ Kr ʤʦʛʫʪ ʧʨʠʥʠʤʘʪʴ ʙʦʣʴʰʠʝ ʟʥʘʯʝʥʠʷ, ʝʩʣʠ 

ʟʥʘʤʝʥʘʪʝʣʴ (2.26) ʙʣʠʟʦʢ ʢ ʥʫʣʶ. ʕʪʦ ʚʦʟʤʦʞʥʦ ʧʨʠ p-ʧʦʣʷʨʠʟʘʮʠʠ ʧʘʜʘʶʱʝʛʦ 

ʩʚʝʪʘ, ʝʩʣʠ ʫʛʦʣ ʧʘʜʝʥʠʷ ʙʣʠʟʦʢ ʢ ʫʛʣʫ ɹʨʶʩʪʝʨʘ űɹ (tg
2
űɹ = Ůo/ni

2
). ʊʘʢ ʞʝ 

ʟʥʘʤʝʥʘʪʝʣʴ (2.26) ʤʦʞʝʪ ʙʳʪʴ ʤʘʣʳʤ ʧʨʠ ʣʶʙʦʤ ű, ʝʩʣʠ ʧʦʢʘʟʘʪʝʣʴ ʧʨʝʣʦʤʣʝʥʠʷ 

ʚʥʝʰʥʝʡ ʩʨʝʜʳ ni ʙʣʠʟʦʢ ʢ ʧʦʢʘʟʘʪʝʣʷʤ ʧʨʝʣʦʤʣʝʥʠʷ ʢʨʠʩʪʘʣʣʘ.  

ʅʘ ʨʠʩ. 2.3 ʧʦʢʘʟʘʥʳ ʟʘʚʠʩʠʤʦʩʪʠ ɢr(ű) ʠ Kr(ű) ʧʨʠ p- ʠ s-ʧʦʣʷʨʠʟʘʮʠʷʭ 

ʧʘʜʘʶʱʝʛʦ ʩʚʝʪʘ.   



47 

 

ʉʚʝʪ ʧʘʜʘʝʪ ʠʟ ʚʦʟʜʫʭʘ, p-ʧʦʣʷʨʠʟʘʮʠʷ ʧʘʜʘʶʱʝʛʦ ʩʚʝʪʘ 

ʇʨʦʟʨʘʯʥʳʡ ʢʨʠʩʪʘʣʣ 

 

 

   
ʇʦʛʣʦʱʘʶʱʠʡ ʢʨʠʩʪʘʣʣ 

  

  
ʉʚʝʪ ʧʘʜʘʝʪ ʠʟ ʚʦʟʜʫʭʘ, s-ʧʦʣʷʨʠʟʘʮʠʷ ʧʘʜʘʶʱʝʛʦ ʩʚʝʪʘ 

ʇʨʦʟʨʘʯʥʳʡ ʢʨʠʩʪʘʣʣ 

  
ʇʦʛʣʦʱʘʶʱʠʡ ʢʨʠʩʪʘʣʣ 

  
ʈʠʩ. 2.3. ɿʘʚʠʩʠʤʦʩʪʠ ʘʟʠʤʫʪʦʚ ʧʦʣʷʨʠʟʘʮʠʠ ɢr ʠ ɻʣʣʠʧʪʠʯʥʦʩʪʝʡ Kr ʦʪʨʘʞʝʥʥʦʛʦ ʩʚʝʪʘ ʦʪ ʫʛʣʘ 

ʧʘʜʝʥʠʷ ű. ʆʧʪʠʯʝʩʢʘʷ ʦʩʴ ʧʘʨʘʣʣʝʣʴʥʘ ʧʣʦʩʢʦʩʪʠ ʧʣʘʩʪʠʥʢʠ ʠ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʘ ʧʣʦʩʢʦʩʪʠ 

ʧʘʜʝʥʠʷ ʩʚʝʪʘ. ʆʩʪʘʣʴʥʳʝ ʧʘʨʘʤʝʪʨʳ ʪʘʢʠʝ ʞʝ, ʢʘʢ ʥʘ ʨʠʩ. 2.1. 

(ʘ) 

(ʙ) 

(ʙ') (ʙ") 

(ʚ') (ʚ") 

(ʛ") (ʛ') 

(ʜ) 
(ʝ) 

(ʞ) (ʟ) 
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ɼʣʷ ʧʨʦʟʨʘʯʥʦʛʦ ʢʨʠʩʪʘʣʣʘ ɢr(ű) = 0 (ʨʠʩ. 2.3ʘ, 2.3ʜ), ʜʣʷ ʧʦʛʣʦʱʘʶʱʝʛʦ 

ɢr(ű) Í 0 (ʨʠʩ. 2.3ʚ', 2.3ʚ", 2.3ʞ). ʇʨʠ ʵʪʦʤ ʠ ʜʣʷ ʚʝʣʠʯʠʥ ɢr(ű), ʝʩʣʠ ʦʥʠ ʥʝ ʨʘʚʥʳ 

ʥʫʣʶ, ʠ ʜʣʷ ʚʝʣʠʯʠʥ Kr(ű) ʚʳʧʦʣʥʷʶʪʩʷ ʦʧʨʝʜʝʣʝʥʥʳʝ ʩʦʦʪʥʦʰʝʥʠʷ. ʀʟ ʨʠʩ. 2.3 

ʚʠʜʥʦ, ʯʪʦ ʜʣʷ ʘʢʩʠʘʣʴʥʳʭ ʢʨʠʩʪʘʣʣʦʚ (ʢʨʠʚʳʝ 2) ʟʘʚʠʩʠʤʦʩʪʠ Kr(ű) ʠ ɢr(ű) 

ʩʠʤʤʝʪʨʠʯʥʳ (ɢr(ïű) = ɢr(ű), Kr(ïű) = Kr(ű)), ʜʣʷ ʧʣʘʥʘʣʴʥʳʭ (ʢʨʠʚʳʝ 1) ï 

ʘʥʪʠʩʠʤʤʝʪʨʠʯʥʳ (ɢr(ïű) = ïɢr(ű), Kr(ïű) = ïKr(ű)). ɼʣʷ ʢʨʠʩʪʘʣʣʦʚ ʧʨʠʤʠʪʠʚʥʳʭ 

ʢʣʘʩʩʦʚ (ʢʨʠʚʳʝ 3) ʟʘʚʠʩʠʤʦʩʪʠ Kr(ű) ʠ ɢr(ű) ʥʝʩʠʤʤʝʪʨʠʯʥʳ. ʕʪʦ ʪʘʢʞʝ ʚʠʜʥʦ ʠʟ 

ʬʦʨʤʫʣ (2.25), (2.26): ʝʩʣʠ Ŭ12 = 0, ʧʨʠ ʟʘʤʝʥʝ ű ʥʘ ïű ʚʝʣʠʯʠʥʳ ɢr(ű) ʠ Kr(ű) ʥʝ 

ʤʝʥʷʶʪʩʷ (ʘʢʩʠʘʣʴʥʳʝ ʢʣʘʩʩʳ); ʝʩʣʠ Ŭ11 = Ŭ33 = 0, ʪʦ ɢr(ïű) = ïɢr(ű), Kr(ïű) = ï

Kr(ű) (ʧʣʘʥʘʣʴʥʳʝ); ʝʩʣʠ ʞʝ ʚʩʝ Ŭij ʦʪʣʠʯʥʳ ʦʪ ʥʫʣʷ, ʪʦ |ɢr(ïű)| Í |ɢr(ű)|, |Kr(ïű)| Í 

|Kr(ű)| (ʧʨʠʤʠʪʠʚʥʳʝ). 

ɼʣʷ ʧʨʦʟʨʘʯʥʦʛʦ ʢʨʠʩʪʘʣʣʘ ʧʨʠ p-ʧʦʣʷʨʠʟʘʮʠʠ ʧʘʜʘʶʱʝʛʦ ʩʚʝʪʘ 

ʟʘʚʠʩʠʤʦʩʪʠ Kr(ű) ʠʤʝʶʪ ʜʚʘ ʫʟʢʠʭ ʧʠʢʘ, ʜʦʭʦʜʷʱʠʭ ʜʦ Ñ1 ʚ ʦʢʨʝʩʪʥʦʩʪʷʭ ʪʦʯʝʢ ű 

= Ñűɹ (ʨʠʩ. 2.3ʙ); ʧʨʠ ʵʪʦʤ Kr(Ñűɹ) = 0. ɼʣʷ ʧʦʛʣʦʱʘʶʱʝʛʦ ʢʨʠʩʪʘʣʣʘ ʤʘʢʩʠʤʫʤʳ 

ʠ ʤʠʥʠʤʫʤʳ Kr(ű) ʫʞʝ ʥʝ ʜʦʭʦʜʷʪ ʜʦ Ñ1 (ʨʠʩ. 2.3ʛ', 2.3ʛ"); ʚʝʣʠʯʠʥʳ ɢr(ű) ʠʤʝʶʪ 

ʜʦʩʪʘʪʦʯʥʦ ʙʦʣʴʰʦʝ ʟʥʘʯʝʥʠʝ ʚ ʦʢʨʝʩʪʥʦʩʪʷʭ ʫʛʣʦʚ Ñűɹ, ʠʭ ʤʘʢʩʠʤʫʤʳ ʠ 

ʤʠʥʠʤʫʤʳ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ű = Ñűɹ (ʨʠʩ. 2.3ʚ', 2.3ʚ"). 

ɼʣʷ s-ʧʦʣʷʨʠʟʘʮʠʠ ʧʘʜʘʶʱʝʛʦ ʩʚʝʪʘ ʚʳʧʦʣʥʷʶʪʩʷ ʪʝ ʞʝ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ, ʥʦ 

ʧʨʠ ʵʪʦʤ ʟʥʘʯʝʥʠʷ ɢr(ű) ʠ Kr(ű) ʤʘʣʳ ʧʨʠ ʣʶʙʳʭ ʫʛʣʘʭ ʧʘʜʝʥʠʷ (ʨʠʩ. 2.3ʜï2.3ʟ). 

ɼʣʷ ʥʘʭʦʞʜʝʥʠʷ ʚʝʣʠʯʠʥʳ Ŭ12 ʥʝʦʙʭʦʜʠʤʦ ʠʟʤʝʨʠʪʴ Kr(Ñű) (ʜʣʷ 

ʧʦʛʣʦʱʘʶʱʝʛʦ ʢʨʠʩʪʘʣʣʘ ʠ ɢr(Ñű)) ʧʨʠ p-ʧʦʣʷʨʠʟʘʮʠʠ ʧʘʜʘʶʱʝʛʦ ʩʚʝʪʘ ʠ ʫʛʣʘʭ 

ʧʘʜʝʥʠʷ, ʙʣʠʟʢʠʭ ʢ ʫʛʣʫ ɹʨʶʩʪʝʨʘ. ɽʩʣʠ ɢr(ïű) Í ɢr(ű) ʠ Kr(ïű) Í Kr(ű), ʪʦ Ŭ12 Í 0. 

ɺʝʣʠʯʠʥʫ Ŭ12 ʤʦʞʥʦ ʦʮʝʥʠʪʴ ʠʟ ʬʦʨʤʫʣʳ (2.27). 

ʀʟ (2.26), (2.27) ʩʣʝʜʫʝʪ, ʯʪʦ ʝʩʣʠ ʧʦʢʘʟʘʪʝʣʴ ʧʨʝʣʦʤʣʝʥʠʷ ni ʩʨʝʜʳ, ʠʟ 

ʢʦʪʦʨʦʡ ʧʘʜʘʝʪ ʩʚʝʪ, ʙʣʠʟʦʢ ʢ ʧʦʢʘʟʘʪʝʣʷʤ ʧʨʝʣʦʤʣʝʥʠʷ ʢʨʠʩʪʘʣʣʘ, 

ʵʣʣʠʧʪʠʯʥʦʩʪʴ ʦʪʨʘʞʝʥʥʦʛʦ ʩʚʝʪʘ ʟʘʤʝʪʥʦ ʫʚʝʣʠʯʠʚʘʝʪʩʷ. ʅʘ ʨʠʩ. 2.4 ʧʦʢʘʟʘʥ 

ʩʣʫʯʘʡ, ʢʦʛʜʘ ʚʝʣʠʯʠʥʘ ni ʙʣʠʟʢʘ ʢ ʧʦʢʘʟʘʪʝʣʶ ʧʨʝʣʦʤʣʝʥʠʷ ʦʙʳʢʥʦʚʝʥʥʦʡ 

ʚʦʣʥʳ.  
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ʉʚʝʪ ʧʘʜʘʝʪ ʠʟ ʩʨʝʜʳ ʩ ʧʦʢʘʟʘʪʝʣʝʤ ʧʨʝʣʦʤʣʝʥʠʷ ni = 2.265 

p-ʧʦʣʷʨʠʟʘʮʠʷ ʧʘʜʘʶʱʝʛʦ ʩʚʝʪʘ 

ʇʨʦʟʨʘʯʥʳʡ ʢʨʠʩʪʘʣʣ 

  

ʇʦʛʣʦʱʘʶʱʠʡ ʢʨʠʩʪʘʣʣ 

  

ʉʚʝʪ ʧʘʜʘʝʪ ʠʟ ʩʨʝʜʳ ʩ ʧʦʢʘʟʘʪʝʣʝʤ ʧʨʝʣʦʤʣʝʥʠʷ ni = 2.265 

s-ʧʦʣʷʨʠʟʘʮʠʷ ʧʘʜʘʶʱʝʛʦ ʩʚʝʪʘ 

ʇʨʦʟʨʘʯʥʳʡ ʢʨʠʩʪʘʣʣ 

  

ʇʦʛʣʦʱʘʶʱʠʡ ʢʨʠʩʪʘʣʣ 

  
ʈʠʩ. 2.4. ɿʘʚʠʩʠʤʦʩʪʠ ʘʟʠʤʫʪʦʚ ʧʦʣʷʨʠʟʘʮʠʠ ɢr (ʩʣʝʚʘ) ʠ ʵʣʣʠʧʪʠʯʥʦʩʪʝʡ Kr (ʩʧʨʘʚʘ) 

ʦʪʨʘʞʝʥʥʦʛʦ ʩʚʝʪʘ ʦʪ ʫʛʣʘ ʧʘʜʝʥʠʷ ű. ʆʧʪʠʯʝʩʢʘʷ ʦʩʴ ʧʘʨʘʣʣʝʣʴʥʘ ʧʣʦʩʢʦʩʪʠ ʧʣʘʩʪʠʥʢʠ ʠ 

ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʘ ʧʣʦʩʢʦʩʪʠ ʧʘʜʝʥʠʷ ʩʚʝʪʘ. ʆʩʪʘʣʴʥʳʝ ʧʘʨʘʤʝʪʨʳ ʪʘʢʠʝ ʞʝ, ʢʘʢ ʥʘ ʨʠʩ. 2.1. 

 

 

(ʘ) (ʙ) 

(ʚ) (ʛ) 

(ʜ) (ʝ) 

(ʞ) (ʟ) 
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ʀʟ ʨʠʩ. 2.4 ʚʠʜʥʦ, ʯʪʦ ʠ ʜʣʷ p-, ʠ ʜʣʷ s-ʧʦʣʷʨʠʟʘʮʠʡ ʚʝʣʠʯʠʥʳ Kr ʨʝʟʢʦ 

ʫʚʝʣʠʯʠʚʘʶʪʩʷ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩʦ ʩʣʫʯʘʝʤ ʧʘʜʝʥʠʷ ʩʚʝʪʘ ʠʟ ʚʦʟʜʫʭʘ. ɼʣʷ 

ʧʨʦʟʨʘʯʥʦʛʦ ʢʨʠʩʪʘʣʣʘ ʧʦ-ʧʨʝʞʥʝʤʫ ɢr(ű) = 0 (ʨʠʩ. 2.4ʘ, 2.4ʜ), ʜʣʷ ʧʦʛʣʦʱʘʶʱʝʛʦ 

ɢr(ű) Í 0 (ʨʠʩ. 2.4ʚ, 2.4ʞ). ɿʘʚʠʩʠʤʦʩʪʠ Kr ʦʪ ű ʥʘ ʨʠʩ. 2.4ʙ, 2.4ʛ ʧʨʦʭʦʜʷʪ ʯʝʨʝʟ 

ʥʦʣʴ ʧʨʠ ʫʛʣʝ ɹʨʶʩʪʝʨʘ. ɼʣʷ ʧʣʘʥʘʣʴʥʳʭ ʢʨʠʩʪʘʣʣʦʚ (ʨʠʩ. 2.4, ʢʨʠʚʳʝ 1) 

ʚʝʣʠʯʠʥʳ ɢr ʠ Kr ʧʨʦʪʠʚʦʧʦʣʦʞʥʳ, ʜʣʷ ʘʢʩʠʘʣʴʥʳʭ ʢʨʠʩʪʘʣʣʦʚ (ʨʠʩ. 2.4, ʢʨʠʚʳʝ 

2) ʦʜʠʥʘʢʦʚʳ ʧʨʠ ʧʦʣʦʞʠʪʝʣʴʥʳʭ ʠ ʦʪʨʠʮʘʪʝʣʴʥʳʭ ʫʛʣʘʭ ʧʘʜʝʥʠʷ; ʜʣʷ 

ʧʨʠʤʠʪʠʚʥʳʭ ʢʨʠʩʪʘʣʣʦʚ ɢr ʠ Kr ʦʪʣʠʯʘʶʪʩʷ ʧʦ ʤʦʜʫʣʶ ʧʨʠ ʩʤʝʥʝ ʟʥʘʢʘ ʫʛʣʘ 

ʧʘʜʝʥʠʷ (ʨʠʩ. 2.4, ʢʨʠʚʳʝ 3). 

2.2.2. ʇʦʣʷʨʠʟʘʮʠʷ ʧʨʦʰʝʜʰʝʛʦ ʩʚʝʪʘ ʜʣʷ ʢʨʠʩʪʘʣʣʦʚ ʧʨʠʤʠʪʠʚʥʳʭ, 

ʘʢʩʠʘʣʴʥʳʭ ʠ ʧʣʘʥʘʣʴʥʳʭ ʢʣʘʩʩʦʚ 

ʆʧʪʠʯʝʩʢʘʷ ʦʩʴ ʢʨʠʩʪʘʣʣʘ ʧʘʨʘʣʣʝʣʴʥʘ ʧʣʦʩʢʦʩʪʠ ʧʣʘʩʪʠʥʢʠ ʠ 

ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʘ ʧʣʦʩʢʦʩʪʠ ʧʘʜʝʥʠʷ ʩʚʝʪʘ 

ʀʟ ʨʝʰʝʥʠʷ ʛʨʘʥʠʯʥʦʡ ʟʘʜʘʯʠ ʧʨʦʭʦʞʜʝʥʠʷ ʩʚʝʪʘ ʯʝʨʝʟ ʢʨʠʩʪʘʣʣʠʯʝʩʢʫʶ 

ʧʣʘʩʪʠʥʢʫ ʙʝʟ ʫʯʝʪʘ ʤʥʦʛʦʢʨʘʪʥʳʭ ʦʪʨʘʞʝʥʠʡ ʧʦʣʫʯʝʥʳ ʚʳʨʘʞʝʥʠʷ ʜʣʷ 

ʢʦʤʧʦʥʝʥʪ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ ʧʨʦʰʝʜʰʝʡ ʚʦʣʥʳ (ʦʩʪʘʚʣʝʥʳ ʯʣʝʥʳ ʪʦʣʴʢʦ 

ʧʝʨʚʦʛʦ ʧʦʨʷʜʢʘ ʧʦ Ŭij): 

Ὁὸ(ὴὴ) = ὉὭὴ
4ὲὭʂὭʂ1ὲὸʀέe

2ὭʌὨʂ1/ʇ

ὲὭ
2ʂ1+ʀέʂὭ ὲὸ

2ʂ1+ʀέʂt
,  

Ὁὸ(ὴί) = ὉὭὴ
4ὭὲὭʂὭ(ὦ1e Ὥɝ+ὦ2)e 2ὭʌὨʂ1/ʇ

(ʀὩ ʀέ)(ʂ2+ʂὭ)(ʂ2+ʂt ) ὲὭ
2ʂ1+ʀέʂὭ ὲὸ

2ʂ1+ʀέʂὸ
,                                            (2.29) 

ὦ1 = ʂ2 ὲὸ
2ʂ1 + ʀέʂt ɻ11 ʀὩʂ1 + ʀέʂὭ + ɻ33ʀέʂ1 + ʂὭ + ɻ12 ʀὩ ʀέʊ, 

ὦ2 = ʂ1 ʂ2 + ʂὭ[ɻ11ʀέὲὸ
2ʂ2 + ʀὩʂὸ + ɻ33ʀέὲὸ

2ʂ2 + ʀέʂὸ + ɻ12 ʀὩ ʀέὲὸ
2ʊ], 

 

Ὁὸ(ίί) = ὉὭί
4ʂὭʂ2e 2ὭʌὨʂ2/ʇ

(ʂ2+ʂὭ)(ʂ2+ʂt )
, Ὁὸ(ίὴ) = ὉὭί

4ὭʂὭ(ὦ3eὭɝ+ὦ4)e 2ὭʌὨʂ2/ʇ

(ʀὩ ʀέ)(ʂ2+ʂὭ)(ʂ2+ʂὸ) ὲὭ
2ʂ1+ʀέʂὭ ὲὸ

2ʂ1+ʀέʂὸ
. (2.30) 

ὦ3 = ὲὸʂ1 ʂ2 + ʂὸ[ɻ11ʀέὲὭ
2ʂ2 + ʀὩʂὭ + ɻ33ʀέὲὭ

2ʂ2 + ʀέʂὭ + ɻ12 ʀὩ ʀέὲὭ
2ʊ], 

ὦ4 = ὲὸʂ2 ὲὭ
2ʂ1 + ʀέʂὭ[ɻ11 ʀὩʂ1 + ʀέʂὸ + ɻ33ʀέʂ1 + ʂὸ + ɻ12 ʀὩ ʀέʊ], 

ʊ= ὲὭsinʒ, ʂὸ= ὲὸ
2 ʊ2, ɝ=

2ʌὨ

ʇ
(ʂ2 ʂ1),  
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nt ï ʧʦʢʘʟʘʪʝʣʴ ʧʨʝʣʦʤʣʝʥʠʷ ʥʠʞʥʝʡ ʩʨʝʜʳ, ʦʩʪʘʣʴʥʳʝ ʧʘʨʘʤʝʪʨʳ ʪʘʢʠʝ ʞʝ, ʢʘʢ ʚ 

ʬʦʨʤʫʣʘʭ (2.25), (2.26). ʇʝʨʚʳʝ ʠʥʜʝʢʩʳ p- ʠ s- ʦʟʥʘʯʘʶʪ ʧʦʣʷʨʠʟʘʮʠʶ ʧʘʜʘʶʱʝʡ 

ʚʦʣʥʳ, ʚʪʦʨʳʝ ï ʧʦʣʷʨʠʟʘʮʠʶ ʧʨʦʰʝʜʰʝʡ ʚʦʣʥʳ; Eip, Eis ï ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ 

ʢʦʤʧʦʥʝʥʪʳ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ ʧʘʜʘʶʱʝʡ ʚʦʣʥʳ. 

 ʀʩʧʦʣʴʟʫʷ ʨʘʩʩʯʠʪʘʥʥʳʝ ʚʝʣʠʯʠʥʳ ʢʦʤʧʦʥʝʥʪ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ 

ʧʨʦʰʝʜʰʝʡ ʚʦʣʥʳ ʠ ʫʯʠʪʳʚʘʷ, ʯʪʦ ʘʟʠʤʫʪ ʧʦʣʷʨʠʟʘʮʠʠ ʠ ʵʣʣʠʧʪʠʯʥʦʩʪʴ 

ʧʨʦʰʝʜʰʝʛʦ ʩʚʝʪʘ ʷʚʣʷʶʪʩʷ ʤʘʣʳʤʠ ʚʝʣʠʯʠʥʘʤʠ, ʜʣʷ ʧʨʦʟʨʘʯʥʦʛʦ ʢʨʠʩʪʘʣʣʘ 

ʧʦʣʫʯʠʤ (ʠʥʜʝʢʩʳ p ʠ s ʩʦʦʪʚʝʪʩʪʚʫʶʪ p- ʠ s-ʧʦʣʷʨʠʟʘʮʠʷʤ): 

ʔὸὴ=
ὦ1sinɝ

ʀέʂ1ὲὸ(ʀὩ ʀέ)(ʂ2+ʂὭ)(ʂ2+ʂt )
,         ὑὸὴ=

ὦ1cosɝ+ὦ2

ʀέʂ1ὲὸ(ʀὩ ʀέ)(ʂ2+ʂὭ)(ʂ2+ʂt )
,                 (2.31) 

ʔὸί=
ὦ3sinɝ

ʂ2(ʀὩ ʀέ) ὲὭ
2ʂ1+ʀέʂὭ ὲὸ

2ʂ1+ʀέʂt
,   ὑὸί=

ὦ3cosɝ+ὦ4

ʂ2(ʀὩ ʀέ) ὲὭ
2ʂ1+ʀέʂὭ ὲὸ

2ʂ1+ʀέʂt
.          (2.32) 

ʊʘʢ ʢʘʢ ʚ ʧʦʣʫʯʝʥʥʳʭ ʬʦʨʤʫʣʘʭ ʢʦʤʧʦʥʝʥʪʘ Ŭ12 ʫʤʥʦʞʘʝʪʩʷ ʥʘ ʜʚʫʧʨʝʣʦʤʣʝʥʠʝ, 

ʚʢʣʘʜ Ŭ12 ʟʥʘʯʠʪʝʣʴʥʦ ʤʝʥʴʰʝ, ʯʝʤ ʚʢʣʘʜ ʚʝʣʠʯʠʥ Ŭ11 ʠ Ŭ33. ʇʨʠ ʵʪʦʤ ʚʢʣʘʜ Ŭ12 

ʧʨʦʪʠʚʦʧʦʣʦʞʝʥ ʧʨʠ ʧʦʣʦʞʠʪʝʣʴʥʳʭ ʠ ʦʪʨʠʮʘʪʝʣʴʥʳʭ ʫʛʣʘʭ ʧʘʜʝʥʠʷ. 

ʅʘ ʨʠʩ. 2.5 ʧʦʢʘʟʘʥʳ ʟʘʚʠʩʠʤʦʩʪʠ ʘʟʠʤʫʪʘ ɢt ʠ ʵʣʣʠʧʪʠʯʥʦʩʪʠ Kt 

ʧʨʦʰʝʜʰʝʛʦ ʩʚʝʪʘ ʦʪ ʫʛʣʘ ʧʘʜʝʥʠʷ ű ʧʨʠ p-ʧʦʣʷʨʠʟʘʮʠʠ ʧʘʜʘʶʱʝʛʦ ʩʚʝʪʘ.  

 

                

                 

ʈʠʩ. 2.5. ɿʘʚʠʩʠʤʦʩʪʠ ʘʟʠʤʫʪʦʚ ʧʦʣʷʨʠʟʘʮʠʠ ɢt (ʘ, ʚ) ʠ ʵʣʣʠʧʪʠʯʥʦʩʪʝʡ Kt (ʙ, ʛ) ʧʨʦʰʝʜʰʝʛʦ 

ʩʚʝʪʘ ʦʪ ʫʛʣʘ ʧʘʜʝʥʠʷ ű ʧʨʠ p-ʧʦʣʷʨʠʟʘʮʠʠ ʧʘʜʘʶʱʝʛʦ ʩʚʝʪʘ. ʊʦʣʱʠʥʘ ʢʨʠʩʪʘʣʣʘ d = 0.2 ʤʤ, 

ʧʦʢʘʟʘʪʝʣʠ ʧʨʝʣʦʤʣʝʥʠʷ ʧʦʜʣʦʞʢʠ ʠ ʚʥʝʰʥʝʡ ʩʨʝʜʳ nt = 1 ʠ ni = 1 ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʆʩʪʘʣʴʥʳʝ 

ʧʘʨʘʤʝʪʨʳ ʪʘʢʠʝ ʞʝ, ʢʘʢ ʥʘ ʨʠʩ. 2.2. 

(

ʘ) 

(

ʙ) 

(

ʚ) 
(

ʛ) 

(ʘ) 
(ʙ) 

(ʚ) (ʛ) 

Kt 

Kt 
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ɺʝʣʠʯʠʥʳ ɢt ʠ Kt ʜʣʷ ʢʨʠʩʪʘʣʣʦʚ ʢʣʘʩʩʦʚ 32, 422, 622 ʠ 3, 4, 6 ʧʨʘʢʪʠʯʝʩʢʠ 

ʩʦʚʧʘʜʘʶʪ (ʢʨʠʚʳʝ 2 ʠ 3 ʥʘ ʨʠʩ. 2.5ʘ, 2.5ʙ). ʇʨʠ ʵʪʦʤ ʜʣʷ ʢʣʘʩʩʦʚ 32, 422, 622 ʠʟ 

ʬʦʨʤʫʣ (2.29), (2.31) ʧʦʣʫʯʠʤ, ʯʪʦ ʚʝʣʠʯʠʥʳ ɢt(ű) ʠ Kt(ű) ʧʨʠ ʧʦʣʦʞʠʪʝʣʴʥʳʭ ʠ 

ʦʪʨʠʮʘʪʝʣʴʥʳʭ ʫʛʣʘʭ ʧʘʜʝʥʠʷ ʦʜʠʥʘʢʦʚʳ; ʜʣʷ ʢʣʘʩʩʦʚ 3, 4, 6 ʵʪʠ ʚʝʣʠʯʠʥʳ 

ʨʘʟʣʠʯʘʶʪʩʷ, ʥʦ ʨʘʟʥʠʮʘ ʤʝʞʜʫ ʥʠʤʠ ʤʘʣʘ. ɺʝʣʠʯʠʥʳ ɢt(ű) ʠ Kt(ű) ʜʣʷ ʢʨʠʩʪʘʣʣʦʚ 

ʢʣʘʩʩʦʚ 3m, 4mm, 6mm ʟʥʘʯʠʪʝʣʴʥʦ ʤʝʥʴʰʝ ʧʦ ʤʦʜʫʣʶ, ʯʝʤ ʜʣʷ ʜʨʫʛʠʭ ʢʣʘʩʩʦʚ, ʠ 

ʧʨʦʪʠʚʦʧʦʣʦʞʥʳ ʧʦ ʟʥʘʢʫ ʧʨʠ ʧʦʣʦʞʠʪʝʣʴʥʳʭ ʠ ʦʪʨʠʮʘʪʝʣʴʥʳʭ ʫʛʣʘʭ ʧʘʜʝʥʠʷ 

(ʨʠʩ. 2.5ʘ, 2.5ʙ, ʢʨʠʚʳʝ 1); ʜʣʷ ʥʘʛʣʷʜʥʦʩʪʠ ʦʥʠ ʧʦʢʘʟʘʥʳ ʦʪʜʝʣʴʥʦ ʥʘ ʨʠʩ. 2.5ʚ, 

2.5ʛ. ɽʩʣʠ ʚʳʯʝʩʪʴ ʠʟ ʢʨʠʚʦʡ 3 ʢʨʠʚʫʶ 2, ʧʦʣʫʯʠʤ ʢʨʠʚʫʶ 1; ʵʪʦ ʚʠʜʥʦ ʠʟ ʬʦʨʤʫʣ 

(2.29) ʠ (2.31), ʛʜʝ ʯʣʝʥʳ, ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʳʝ Ŭ11, Ŭ33 ʠ Ŭ12, ʩʫʤʤʠʨʫʶʪʩʷ. ɼʣʷ s-

ʧʦʣʷʨʠʟʘʮʠʠ ʧʘʜʘʶʱʝʛʦ ʩʚʝʪʘ ʟʘʚʠʩʠʤʦʩʪʠ ʠʤʝʶʪ ʘʥʘʣʦʛʠʯʥʳʡ ʚʠʜ ʠ ʥʝ 

ʧʨʠʚʦʜʷʪʩʷ. 

ʇʨʠ ʥʦʨʤʘʣʴʥʦʤ ʧʘʜʝʥʠʠ ʩʚʝʪʘ ʤʦʞʥʦ ʨʘʩʩʯʠʪʘʪʴ Ŭ11 ʠ Ŭ33, ʠʩʧʦʣʴʟʫʷ 

ʧʨʠʙʣʠʞʝʥʥʳʝ ʬʦʨʤʫʣʳ ʜʣʷ ɢt ʠ Kt [24]: 

ɢt = ïk sinȹ, Kt = ïk(1 ï cosȹ),  

ȹ = 2ˊd(ne ï no)/ɚ, 
)2(

ŬŬ 3311

oe nn
k

-

+
= ,                                                                   (2.33) 

k ï ʵʣʣʠʧʪʠʯʥʦʩʪʴ ʩʦʙʩʪʚʝʥʥʳʭ ʚʦʣʥ. 

ɺʠʜʥʦ, ʯʪʦ ʧʨʠ ʥʦʨʤʘʣʴʥʦʤ ʧʘʜʝʥʠʠ ʩʚʝʪʘ ʦʧʨʝʜʝʣʠʪʴ ʢʦʤʧʦʥʝʥʪʫ Ŭ12 

ʥʝʣʴʟʷ. ʏʪʦʙʳ ʥʘʡʪʠ Ŭ12, ʥʝʦʙʭʦʜʠʤʦ ʨʘʩʩʤʦʪʨʝʪʴ ɢt ʠ Kt ʧʨʠ ʥʘʢʣʦʥʥʦʤ ʧʘʜʝʥʠʠ 

ʩʚʝʪʘ ʧʨʠ ʧʦʣʦʞʠʪʝʣʴʥʳʭ ʠ ʦʪʨʠʮʘʪʝʣʴʥʳʭ ʫʛʣʘʭ ʧʘʜʝʥʠʷ. ɽʩʣʠ ɢt(ïű) Í ɢt(ű), Kt(ï

ű) Í Kt(ű), ʪʦ Ŭ12 Í 0. ɺʝʣʠʯʠʥʫ Ŭ12 ʤʦʞʥʦ ʚʳʯʠʩʣʠʪʴ ʧʦ ʬʦʨʤʫʣʘʤ (2.29)ï(2.32). 

ʇʨʦʷʚʣʝʥʠʝ ʦʧʪʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʠ ʧʨʠ ʥʘʣʠʯʠʠ ʠʟʦʪʨʦʧʥʦʡ ʪʦʯʢʠ 

ʈʘʩʩʤʦʪʨʠʤ ʘʟʠʤʫʪʳ ʧʦʣʷʨʠʟʘʮʠʠ ɢt ʧʨʦʰʝʜʰʝʛʦ ʩʚʝʪʘ ʚ ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʭ 

ʢʨʠʩʪʘʣʣʘʭ ʧʨʠ ʥʘʣʠʯʠʠ ʠʟʦʪʨʦʧʥʦʡ ʪʦʯʢʠ. ʀʩʧʦʣʴʟʫʝʤʳʝ ʜʣʷ ʨʘʩʯʝʪʦʚ 

ʜʠʩʧʝʨʩʠʠ ʧʦʢʘʟʘʪʝʣʝʡ ʧʨʝʣʦʤʣʝʥʠʷ (ʦʥʠ ʷʚʣʷʶʪʩʷ ʫʩʣʦʚʥʳʤʠ ʠ ʥʝ ʦʪʥʦʩʷʪʩʷ ʥʠ 

ʢ ʢʘʢʦʤʫ ʢʦʥʢʨʝʪʥʦʤʫ ʢʨʠʩʪʘʣʣʫ): 

   no
2
 ï 1 = 1.44335 ɚ

2
/(ɚ

2
 ï 0.21876

2
), ne

2
 ï 1 = 1.55808 ɚ

2
/(ɚ

2
 ï 0.16164

2
). 
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ɺʠʜ ʟʘʚʠʩʠʤʦʩʪʝʡ no(ɚ) ʠ ne(ɚ) ʧʦʢʘʟʘʥ ʥʘ ʨʠʩ. 2.6. ʀʟʦʪʨʦʧʥʘʷ ʪʦʯʢʘ ʚ ʵʪʦʤ 

ʩʣʫʯʘʝ ʥʘʭʦʜʠʪʩʷ ʥʘ ʜʣʠʥʝ ʚʦʣʥʳ ɚ = 0.5668 ʤʢʤ. 

 

ʈʠʩ. 2.6. ɼʠʩʧʝʨʩʠʷ ʧʦʢʘʟʘʪʝʣʝʡ ʧʨʝʣʦʤʣʝʥʠʷ ʧʨʠ ʥʘʣʠʯʠʠ ʠʟʦʪʨʦʧʥʦʡ ʪʦʯʢʠ. 

 

ʅʘ ʨʠʩ. 2.7 ʧʦʢʘʟʘʥʳ ʟʘʚʠʩʠʤʦʩʪʠ ɢt(ɚ) ʜʣʷ ʧʦʢʘʟʘʪʝʣʝʡ ʧʨʝʣʦʤʣʝʥʠʷ, 

ʧʦʢʘʟʘʥʥʳʭ ʥʘ ʨʠʩ. 2.6. ɼʣʷ ʢʨʠʩʪʘʣʣʦʚ ʢʣʘʩʩʦʚ 3, 4, 6 ʠ 32, 422, 622 ʚ ʠʟʦʪʨʦʧʥʦʡ 

ʪʦʯʢʝ ʚʠʜʥʦ ʚʨʘʱʝʥʠʝ ʧʣʦʩʢʦʩʪʠ ʧʦʣʷʨʠʟʘʮʠʠ (ʨʠʩ. 2.7ʘ). ʇʨʠ ʵʪʦʤ ʚ ʢʨʠʩʪʘʣʣʘʭ 

3m, 4mm, 6mm ʚʨʘʱʝʥʠʝ ʧʣʦʩʢʦʩʪʠ ʧʦʣʷʨʠʟʘʮʠʠ ʦʪʩʫʪʩʪʚʫʝʪ (ʨʠʩ. 2.7ʙ), ʘ ʚ ʩʘʤʦʡ 

ʠʟʦʪʨʦʧʥʦʡ ʪʦʯʢʝ ɢt(ɚ) = 0, ʯʪʦ ʚʠʜʥʦ ʠʟ ʬʦʨʤʫʣ (2.29)ï(2.32). 

 

   

ʈʠʩ. 2.7. ɿʘʚʠʩʠʤʦʩʪʠ ʘʟʠʤʫʪʘ ʧʦʣʷʨʠʟʘʮʠʠ ʧʨʦʰʝʜʰʝʛʦ ʩʚʝʪʘ ɢt ʦʪ ʜʣʠʥʳ ʚʦʣʥʳ ɚ ʧʨʠ ʥʘʣʠʯʠʠ 

ʠʟʦʪʨʦʧʥʦʡ ʪʦʯʢʠ; ʘ ï ʢʣʘʩʩʳ 3, 4, 6 ʠ 32, 422, 622; ʙ ï ʢʣʘʩʩʳ 3m, 4mm, 6mm. ʉʚʝʪ ʧʘʜʘʝʪ ʧʦʜ 

ʫʛʣʦʤ ű = 30Á; d = 0.1 ʤʤ, nt = 1, ni = 1. ʀʩʧʦʣʴʟʫʝʤʳʝ ʟʥʘʯʝʥʠʷ Ŭij:  

Ŭ11 = 1.9 10
ï4
, Ŭ33 = ï5.7 10

ï4
, Ŭ12 = ï3.5 10

ï4
. 

 

2.3. ʆʩʦʙʝʥʥʦʩʪʠ ʧʨʦʷʚʣʝʥʠʷ ʦʧʪʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʠ ʚ ʢʨʠʩʪʘʣʣʘʭ ʢʣʘʩʩʦʚ 

□ ʠ   

ʀʩʩʣʝʜʦʚʘʥʠʷ ʢʨʠʩʪʘʣʣʦʚ 42ά ʠ 4 ʧʨʦʚʦʜʠʣʠʩʴ, ʢʘʢ ʧʨʘʚʠʣʦ, ʧʨʠ 

ʥʦʨʤʘʣʴʥʦʤ ʧʘʜʝʥʠʠ ʩʚʝʪʘ ʥʘ ʢʨʠʩʪʘʣʣ. ɺʧʝʨʚʳʝ ʦʧʪʠʯʝʩʢʘʷ ʘʢʪʠʚʥʦʩʪʴ ʚ ʵʪʠʭ 

(ʘ) (ʙ) 
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ʢʣʘʩʩʘʭ ʦʙʥʘʨʫʞʝʥʘ ʚ ʢʨʠʩʪʘʣʣʘʭ AgGaS2 (ʢʣʘʩʩ 42ά) ʠ CdGa2S4 (ʢʣʘʩʩ 4), 

ʠʤʝʶʱʠʭ ʠʟʦʪʨʦʧʥʫʶ ʪʦʯʢʫ [79, 80]. ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʧʨʠ ʦʧʨʝʜʝʣʝʥʥʦʡ ʜʣʠʥʝ 

ʚʦʣʥʳ ʧʦʢʘʟʘʪʝʣʠ ʧʨʝʣʦʤʣʝʥʠʷ ʦʙʳʢʥʦʚʝʥʥʦʡ ʠ ʥʝʦʙʳʢʥʦʚʝʥʥʦʡ ʚʦʣʥ 

ʩʦʚʧʘʜʘʶʪ, ʠ ʤʦʞʥʦ ʥʘʙʣʶʜʘʪʴ ʚʨʘʱʝʥʠʝ ʧʣʦʩʢʦʩʪʠ ʧʦʣʷʨʠʟʘʮʠʠ ʚ ʥʘʧʨʘʚʣʝʥʠʷʭ, 

ʦʪʣʠʯʥʳʭ ʦʪ ʦʧʪʠʯʝʩʢʦʡ ʦʩʠ. ʇʦʟʞʝ ʙʳʣ ʧʨʝʜʣʦʞʝʥ ʥʦʚʳʡ ʤʝʪʦʜ ʦʧʨʝʜʝʣʝʥʠʷ 

ʢʦʤʧʦʥʝʥʪ ʪʝʥʟʦʨʘ ʛʠʨʘʮʠʠ, ʢʦʪʦʨʳʡ ʤʦʞʥʦ ʧʨʠʤʝʥʷʪʴ ʜʣʷ ʢʨʠʩʪʘʣʣʦʚ ʙʝʟ 

ʠʟʦʪʨʦʧʥʦʡ ʪʦʯʢʠ [81, 82, 108, 109]. ʊʝʦʨʝʪʠʯʝʩʢʠ ʧʨʦʷʚʣʝʥʠʝ ʦʧʪʠʯʝʩʢʦʡ 

ʘʢʪʠʚʥʦʩʪʠ ʚ ʢʨʠʩʪʘʣʣʘʭ ʢʣʘʩʩʦʚ 42ά ʠ 4 ʧʨʠ ʥʦʨʤʘʣʴʥʦʤ ʧʘʜʝʥʠʠ ʩʚʝʪʘ 

ʧʦʜʨʦʙʥʦ ʦʧʠʩʘʥʦ ʚ [45, 83, 84]. ɼʣʷ ʢʨʠʩʪʘʣʣʦʚ AgGaS2 ʠ CdGa2S4 ʠʟʤʝʨʝʥʳ 

ʜʠʩʧʝʨʩʠʦʥʥʳʝ ʟʘʚʠʩʠʤʦʩʪʠ ʢʦʤʧʦʥʝʥʪ ʪʝʥʟʦʨʘ ʛʠʨʘʮʠʠ [85]. 

ɸʥʘʣʠʪʠʯʝʩʢʦʝ ʨʝʰʝʥʠʝ ʛʨʘʥʠʯʥʦʡ ʟʘʜʘʯʠ ʧʨʠ ʥʘʢʣʦʥʥʦʤ ʧʘʜʝʥʠʠ ʩʚʝʪʘ 

ʜʣʷ ʪʘʢʠʭ ʢʨʠʩʪʘʣʣʦʚ ʦʧʠʩʘʥʦ ʚ [37]. ɺ ʜʘʥʥʦʡ ʛʣʘʚʝ ʧʨʦʚʝʜʝʥʦ ʧʦʜʨʦʙʥʦʝ 

ʠʟʫʯʝʥʠʝ ʧʦʣʷʨʠʟʘʮʠʠ ʦʪʨʘʞʝʥʥʦʛʦ ʠ ʧʨʦʰʝʜʰʝʛʦ ʩʚʝʪʘ ʜʣʷ ʪʘʢʠʭ ʢʨʠʩʪʘʣʣʦʚ 

ʧʨʠ ʥʘʢʣʦʥʥʦʤ ʧʘʜʝʥʠʠ ʠ ʨʘʟʥʳʭ ʦʨʠʝʥʪʘʮʠʷʭ ʧʣʘʩʪʠʥʢʠ. ʇʨʝʜʩʪʘʚʣʝʥʥʳʝ 

ʨʝʟʫʣʴʪʘʪʳ ʦʧʫʙʣʠʢʦʚʘʥʳ ʚ [104, 110]. 

ʇʨʦʘʥʘʣʠʟʠʨʫʝʤ ʜʣʷ ʢʨʠʩʪʘʣʣʦʚ ʫʢʘʟʘʥʥʳʭ ʚʳʰʝ ʢʣʘʩʩʦʚ ʠʟʤʝʥʝʥʠʝ 

ʘʟʠʤʫʪʦʚ ʧʦʣʷʨʠʟʘʮʠʠ ʠ ʵʣʣʠʧʪʠʯʥʦʩʪʝʡ ʦʪʨʘʞʝʥʥʦʛʦ ʠ ʧʨʦʰʝʜʰʝʛʦ ʩʚʝʪʘ ʧʨʠ 

ʥʘʢʣʦʥʥʦʤ ʧʘʜʝʥʠʠ. 

ʊʝʥʟʦʨ ʛʠʨʘʮʠʠ ʚ ʢʨʠʩʪʘʣʣʘʭ 42ά ʠ 4 

ɺ ʢʨʠʩʪʘʣʣʘʭ ʢʣʘʩʩʦʚ 42ά ʠ 4 ʢʦʤʧʦʥʝʥʪʳ ʪʝʥʟʦʨʘ ʛʠʨʘʮʠʠ ʫʜʦʚʣʝʪʚʦʨʷʶʪ 

ʩʦʦʪʥʦʰʝʥʠʷʤ [7]: Ŭ11 = ïŬ22, Ŭ33 = 0, Ŭ12 = Ŭ21 (ʪʘʙʣ. 2.1). ɺ ʦʪʣʠʯʠʝ ʦʪ ʜʨʫʛʠʭ 

ʦʜʥʦʦʩʥʳʭ ʢʨʠʩʪʘʣʣʦʚ, ʜʣʷ ʢʣʘʩʩʦʚ 42ά ʠ 4 ʪʝʥʟʦʨ ʛʠʨʘʮʠʠ ʤʝʥʷʝʪʩʷ ʧʨʠ 

ʧʦʚʦʨʦʪʝ ʩʠʩʪʝʤʳ ʢʦʦʨʜʠʥʘʪ ʚʦʢʨʫʛ ʦʧʪʠʯʝʩʢʦʡ ʦʩʠ. ɼʣʷ ʢʣʘʩʩʘ 42ά ʧʦʣʫʯʠʤ Ŭ12 

= 0, ʝʩʣʠ ʦʩʠ ʢʦʦʨʜʠʥʘʪ X, Y ʥʘʧʨʘʚʣʝʥʳ ʚʜʦʣʴ ʦʩʝʡ ʩʠʤʤʝʪʨʠʠ 2-ʛʦ ʧʦʨʷʜʢʘ, 

ʧʘʨʘʣʣʝʣʴʥʳʭ ʢʨʠʩʪʘʣʣʦʛʨʘʬʠʯʝʩʢʠʤ ʥʘʧʨʘʚʣʝʥʠʷʤ [100] ʠ [010]. ɽʩʣʠ X, Y 

ʚʳʙʨʘʥʳ ʢʘʢ ʧʝʨʧʝʥʜʠʢʫʣʷʨʳ ʢ ʧʣʦʩʢʦʩʪʷʤ ʩʠʤʤʝʪʨʠʠ, ʧʦʣʫʯʠʤ Ŭ11 = 0, Ŭ12 Í 0. 

ʕʣʝʤʝʥʪʳ ʩʠʤʤʝʪʨʠʠ ʪʘʢʦʛʦ ʢʨʠʩʪʘʣʣʘ, ʘ ʪʘʢʞʝ ʩʝʯʝʥʠʝ ʧʦʚʝʨʭʥʦʩʪʠ ʛʠʨʘʮʠʠ 

ʧʣʦʩʢʦʩʪʴʶ, ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦʡ ʦʩʠ 4, ʧʦʢʘʟʘʥʳ ʥʘ ʨʠʩ. 2.8ʘ [16, 20]. 
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ʈʠʩ. 2.8. ʉʝʯʝʥʠʝ ʧʦʚʝʨʭʥʦʩʪʠ ʛʠʨʘʮʠʠ ʠ ʵʣʝʤʝʥʪʳ ʩʠʤʤʝʪʨʠʠ ʢʨʠʩʪʘʣʣʦʚ ʢʣʘʩʩʦʚ 42ά (ʘ) ʠ 4 

(ʙ). ʆʩʴ 4 (ʦʧʪʠʯʝʩʢʘʷ ʦʩʴ) ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʘ ʧʣʦʩʢʦʩʪʠ ʨʠʩʫʥʢʘ. ɼʣʷ ʢʨʠʩʪʘʣʣʘ ʢʣʘʩʩʘ 4 

ʦʩʪʘʝʪʩʷ ʪʦʣʴʢʦ ʦʩʴ 4, ʘ ʥʘʧʨʘʚʣʝʥʠʷ [100] ʠ [010] ʩʤʝʱʝʥʳ ʦʪʥʦʩʠʪʝʣʴʥʦ ʤʘʢʩʠʤʫʤʦʚ ʩʝʯʝʥʠʷ 
ʧʦʚʝʨʭʥʦʩʪʠ ʛʠʨʘʮʠʠ ʥʘ ʫʛʦʣ ɣmax. 

 

ɺ ʢʨʠʩʪʘʣʣʝ ʢʣʘʩʩʘ 4 ʝʩʪʴ ʪʦʣʴʢʦ ʦʩʴ ʩʠʤʤʝʪʨʠʠ 4. ʇʦʚʝʨʭʥʦʩʪʴ ʛʠʨʘʮʠʠ 

ʠʤʝʝʪ ʪʘʢʦʡ ʞʝ ʚʠʜ, ʢʘʢ ʜʣʷ ʢʨʠʩʪʘʣʣʘ ʢʣʘʩʩʘ 42ά, ʥʦ ʜʣʷ ʢʣʘʩʩʘ 4 ʦʩʠ ʩʠʤʤʝʪʨʠʠ 

ʧʦʚʝʨʭʥʦʩʪʠ ʛʠʨʘʮʠʠ ʥʝ ʩʦʚʧʘʜʘʶʪ ʩ ʢʨʠʩʪʘʣʣʦʛʨʘʬʠʯʝʩʢʠʤʠ ʥʘʧʨʘʚʣʝʥʠʷʤʠ 

[100] ʠ [010] (ʨʠʩ. 2.8ʙ). ʊʝʥʟʦʨ ʛʠʨʘʮʠʠ ʧʨʠʥʠʤʘʝʪ ʜʠʘʛʦʥʘʣʴʥʳʡ ʚʠʜ (Ŭ12 = 0) 

ʧʦʩʣʝ ʧʦʚʦʨʦʪʘ ʚʦʢʨʫʛ ʦʩʠ Z ʥʘ ʫʛʦʣ, ʦʧʨʝʜʝʣʷʝʤʳʡ ʫʩʣʦʚʠʝʤ tg2ɣmax = ïŬ12/Ŭ11; 

ʧʨʠ ʵʪʦʤ ʝʛʦ ʜʠʘʛʦʥʘʣʴʥʳʝ ʵʣʝʤʝʥʪʳ ʨʘʚʥʳ ± ɻ11
2 + ɻ12

2 . ʆʯʝʚʠʜʥʦ, ʯʪʦ ʦʩʠ X, Y 

ʧʦʣʫʯʝʥʥʦʡ ʩʠʩʪʝʤʳ ʢʦʦʨʜʠʥʘʪ ʩʦʚʧʘʜʫʪ ʩ ʦʩʷʤʠ ʩʠʤʤʝʪʨʠʠ ʧʦʚʝʨʭʥʦʩʪʠ 

ʛʠʨʘʮʠʠ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʥʘʧʨʘʚʣʝʥʠʷ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʤʘʢʩʠʤʫʤʘʤ ʩʝʯʝʥʠʷ 

ʧʦʚʝʨʭʥʦʩʪʠ ʛʠʨʘʮʠʠ, ʦʪʢʣʦʥʷʶʪʩʷ ʦʪ ʥʘʧʨʘʚʣʝʥʠʡ [100] ʠ [010] ʥʘ ʫʛʦʣ ɣmax. 

2.3.1. ʆʩʦʙʝʥʥʦʩʪʠ ʧʦʣʷʨʠʟʘʮʠʠ ʦʪʨʘʞʝʥʥʦʛʦ ʩʚʝʪʘ ʚ ʦʧʪʠʯʝʩʢʠ ʘʢʪʠʚʥʳʭ 

ʢʨʠʩʪʘʣʣʘʭ ʢʣʘʩʩʦʚ □ ʠ  

ʇʨʦʚʝʜʝʤ ʨʘʩʯʝʪ ʘʟʠʤʫʪʦʚ ʧʦʣʷʨʠʟʘʮʠʠ ɢr ʠ ʵʣʣʠʧʪʠʯʥʦʩʪʝʡ Kr ʦʪʨʘʞʝʥʥʦʛʦ 

ʩʚʝʪʘ ʧʨʠ p- ʠ s-ʧʦʣʷʨʠʟʘʮʠʷʭ ʧʘʜʘʶʱʝʛʦ ʩʚʝʪʘ. ɼʣʷ ʪʦʛʦ ʯʪʦʙʳ ʨʘʩʩʯʠʪʘʪʴ 

ʚʝʣʠʯʠʥʳ ɢr ʠ Kr, ʥʝʦʙʭʦʜʠʤʦ ʟʥʘʪʴ ʢʦʤʧʦʥʝʥʪʳ Er ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ 

ʦʪʨʘʞʝʥʥʦʡ ʚʦʣʥʳ. ɼʣʷ ʚʳʯʠʩʣʝʥʠʷ ʵʪʠʭ ʚʝʣʠʯʠʥ ʧʨʦʚʝʜʝʥʦ ʨʝʰʝʥʠʝ ʛʨʘʥʠʯʥʦʡ 

ʟʘʜʘʯʠ ʦʪʨʘʞʝʥʠʷ ʩʚʝʪʘ ʦʪ ʧʦʣʫʙʝʩʢʦʥʝʯʥʦʡ ʩʨʝʜʳ ʜʣʷ ʢʨʠʩʪʘʣʣʦʚ 42ά ʠ 4. 

ʆʧʪʠʯʝʩʢʘʷ ʦʩʴ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʧʣʘʩʪʠʥʢʠ 

(ʘ) (ʙ) 


