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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. 
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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: 

VII 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
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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
ú

ø
é
ê

è

B

D
 = ʄ ù

ú

ø
é
ê

è

H

E
,       (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 



35 

 

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 r ʫʨʘʚʥʝʥʠʡ (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) 
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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). 



46 

 

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.   
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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) 



54 

 

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) 
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ɺʝʣʠʯʠʥʳ ʢʦʤʧʦʥʝʥʪ Er ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ ʦʪʨʘʞʝʥʥʦʡ ʚʦʣʥʳ ʠʤʝʶʪ ʚʠʜ: 

ʧʨʠ p-ʧʦʣʷʨʠʟʘʮʠʠ ʧʘʜʘʶʱʝʛʦ ʩʚʝʪʘ: 

Ὁὶ(ὴὴ) = ὉὭὴ
ʀὩʀέʂὭὲὭ

2ʂ2 Ὥɻ12 (ʀὩʂὭʂ2+ὲὭ
2ʊ2)

ʀὩ(ʀέʂὭ+ὲὭ
2ʂ2) Ὥɻ12 (ʀὩʂὭʂ2 ὲὭ

2ʊ2)
,                                                      (2.34) 

        Ὁὶ(ὴί) = ὉὭὴ
2ὭὲὭʂὭɻ11ʀὩ(ʀὩʂ2 ʀέʂ1)

ʀὩ ʀέ (ʂ1+ʂὭ+Ὥɻ12 )(ʀὩ(ʀέʂὭ+ὲὭ
2ʂ2) Ὥɻ12 (ʀὩʂὭʂ2 ὲὭ

2ʊ2))
. 

ʧʨʠ s-ʧʦʣʷʨʠʟʘʮʠʠ ʧʘʜʘʶʱʝʛʦ ʩʚʝʪʘ: 

Ὁὶ(ίὴ) = ὉὭί
2Ὥ ὲὭʂὭɻ11ʀὩ(ʀὩʂ2 ʀέʂ1)

ʀὩ ʀέ (ʂ1+ʂὭ+Ὥɻ12 )(ʀὩʀέʂὭ +  ὲὭ
2ʂ2 Ὥɻ12 ʀὩʂὭʂ2 ὲὭ

2ʊ2 )
,                      (2.35) 

        Ὁὶ(ίί) = ὉὭί
ʂ1 ʂὭ+Ὥɻ12

ʂ1+ʂὭ+Ὥɻ12
. 

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. ɺʠʜʥʦ, ʯʪʦ ʧʦʤʠʤʦ 

ʦʪʨʘʞʝʥʥʦʡ ʚʦʣʥʳ ʪʦʡ ʞʝ ʧʦʣʷʨʠʟʘʮʠʠ, ʯʪʦ ʠ ʧʘʜʘʶʱʘʷ (Er(pp) ʠ Er(ss)), ʧʦʷʚʣʷʝʪʩʷ 

ʦʪʨʘʞʝʥʥʘʷ ʚʦʣʥʘ ʜʨʫʛʦʡ ʧʦʣʷʨʠʟʘʮʠʠ (Er(ps), Er(sp)), ʥʦ ʝʝ ʘʤʧʣʠʪʫʜʘ ʤʘʣʘ 

(ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʘ Ŭ11). 

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

(2.17), ʤʦʞʥʦ ʟʘʧʠʩʘʪʴ ərp, ərs ʚ ʚʠʜʝ: 

ʆὶὴ=
2ὭὲὭʂὭɻ11ʀὩ(ʀὩʂ2 ʀέʂ1)

ʀὩ ʀέ [ʀὩʂ1+ʂὭ ʀέʂὭὲὭ
2ʂ2 +Ὥɻ12 ʂ1+ʂὭ ʀὩ ʂὭ ʂ2+ὲὭ

2ʊ2 ʀὩʀέʂὭὲὭ
2ʂ2 ]

,             (2.36) 

ʆὶί=
2ὭὲὭʂὭɻ11ʀὩ(ʀὩʂ2 ʀέʂ1)

ʀὩ ʀέ [ʀὩʂ1 ʂὭ ʀέʂὭ +  ὲὭ
2ʂ2 Ὥɻ12 ʂ1 ʂὭ ʀὩʂὭʂ2 ὲὭ

2ʊ2 ʀὩʀέʂὭ +  ὲὭ
2ʂ2 ]

, 

ɺʝʣʠʯʠʥʳ ɢr ʠ Kr ʦʧʨʝʜʝʣʷʶʪʩʷ ʬʦʨʤʫʣʦʡ (2.17). ʀʟ (2.17) ʠ (2.36) ʧʨʠ Ŭ11 = 0 

ʧʦʣʫʯʘʝʤ ɢr = 0, Kr = 0, ʧʨʠ Ŭ12 = 0 ʧʦʣʫʯʠʤ ɢr = 0, Kr Í 0. ʇʨʠ ʪʘʢʦʡ ʦʨʠʝʥʪʘʮʠʠ 

ʚʩʝʛʜʘ ɢr(ïű) = ɢr(ű), Kr(ïű) = Kr(ű). 

ʈʘʩʩʤʦʪʨʠʤ ʢʨʠʩʪʘʣʣ ʢʣʘʩʩʘ 42ά. ʉʯʠʪʘʝʤ, ʯʪʦ ʩʚʝʪ ʧʘʜʘʝʪ ʚ ʧʣʦʩʢʦʩʪʠ 

XOZ. ɽʩʣʠ ʦʩʴ X ʚʳʙʨʘʪʴ ʧʘʨʘʣʣʝʣʴʥʦ ʦʩʠ [100], ʘ Y ʧʘʨʘʣʣʝʣʴʥʦ ʦʩʠ [010] (ʨʠʩ. 

2.8ʘ), ʪʦ ʪʝʥʟʦʨ Ŭ ʠʤʝʝʪ ʜʠʘʛʦʥʘʣʴʥʳʡ ʚʠʜ (Ŭ12 = 0). ɽʩʣʠ ʦʩʠ X ʠ Y ʦʪʢʣʦʥʝʥʳ ʦʪ 

ʥʘʧʨʘʚʣʝʥʠʡ [100] ʠ [010] ʥʘ ʫʛʦʣ ɣ, ʪʦ ʜʣʷ ʪʝʥʟʦʨʘ Ŭ ʚ ʩʠʩʪʝʤʝ ʢʦʦʨʜʠʥʘʪ XYZ 

ʧʦʣʫʯʘʝʤ  
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ɻᴂ11 = ɻ11cos2ʕ,    ɻᴂ12 = ɻ11sin2ʕ.                                          (2.37) 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʯʪʦʙʳ ʧʦʣʫʯʠʪʴ ʬʦʨʤʫʣʫ (2.36) ʜʣʷ ʢʨʠʩʪʘʣʣʘ ʢʣʘʩʩʘ 42ά, ʚ 

ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ (2.37) ʤʦʞʥʦ ʟʘʤʝʥʠʪʴ Ŭ11 ʠ Ŭ12 ʥʘ Ŭ11cos2ɣ ʠ Ŭ11sin2ɣ 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ.  

ɼʣʷ ʢʨʠʩʪʘʣʣʘ ʢʣʘʩʩʘ 4, ʝʩʣʠ ʦʩʠ X ʠ Y ʩʦʩʪʘʚʣʷʶʪ ʩ ʥʘʧʨʘʚʣʝʥʠʷʤʠ [100] ʠ 

[010] ʫʛʦʣ ɣ, ʜʣʷ ʢʦʤʧʦʥʝʥʪ ʪʝʥʟʦʨʘ Ŭ ʚ ʩʠʩʪʝʤʝ ʢʦʦʨʜʠʥʘʪ XYZ ʧʦʣʫʯʠʤ: 

ɻᴂ11 = ɻ11cos2ʕ ɻ12sin2ʕ, ɻᴂ12 = ɻ11sin2ʕ+ ɻ12cos2ʕ.             (2.38) 

ʀʟ (2.17) ʠ (2.36) ʧʦʣʫʯʠʤ Kr ~ Ŭ11, ɢr ~ Ŭ11Ŭ12, ʧʦʵʪʦʤʫ ʚ ʙʦʣʴʰʠʥʩʪʚʝ 

ʩʣʫʯʘʝʚ ʚʝʣʠʯʠʥʳ ɢr ʠ Kr ʦʯʝʥʴ ʤʘʣʳ. ʏʪʦʙʳ ɢr ʠ Kr ʠʤʝʣʠ ʜʦʩʪʘʪʦʯʥʦ ʙʦʣʴʰʠʝ 

ʟʥʘʯʝʥʠʷ, ʥʫʞʥʦ ʨʘʩʩʤʦʪʨʝʪʴ ʧʘʜʝʥʠʝ ʩʚʝʪʘ ʥʝ ʠʟ ʚʦʟʜʫʭʘ, ʘ ʠʟ ʩʨʝʜʳ ʩ 

ʧʦʢʘʟʘʪʝʣʝʤ, ʙʣʠʟʢʠʤ ʢ ʧʦʢʘʟʘʪʝʣʷʤ ʧʨʝʣʦʤʣʝʥʠʷ ʢʨʠʩʪʘʣʣʘ. ɹʦʣʴʰʠʝ ʚʝʣʠʯʠʥʳ 

ɢr ʠ Kr ʠʤʝʶʪ ʤʝʩʪʦ ʪʦʣʴʢʦ ʧʨʠ p-ʧʦʣʷʨʠʟʘʮʠʠ ʧʘʜʘʶʱʝʛʦ ʩʚʝʪʘ ʠ ʫʛʣʘʭ ʧʘʜʝʥʠʷ, 

ʙʣʠʟʢʠʭ ʢ ʫʛʣʫ ɹʨʶʩʪʝʨʘ, ʢʦʪʦʨʳʡ ʧʨʠ ʜʘʥʥʦʡ ʦʨʠʝʥʪʘʮʠʠ ʦʧʨʝʜʝʣʷʝʪʩʷ 

ʬʦʨʤʫʣʦʡ (2.22). 

ʇʨʠʤʝʨ ʟʘʚʠʩʠʤʦʩʪʝʡ ɢr(ű) ʠ Kr(ű) ʜʣʷ ʢʨʠʩʪʘʣʣʘ KH2PO4 ʧʦʢʘʟʘʥ ʥʘ ʨʠʩ. 

2.9.  

 

 

ʈʠʩ. 2.9. ɿʘʚʠʩʠʤʦʩʪʠ ʘʟʠʤʫʪʘ ɢr (ʘ) ʠ ʵʣʣʠʧʪʠʯʥʦʩʪʠ Kr (ʙ) ʦʪʨʘʞʝʥʥʦʛʦ ʩʚʝʪʘ ʧʨʠ p-

ʧʦʣʷʨʠʟʘʮʠʠ ʧʘʜʘʶʱʝʛʦ ʩʚʝʪʘ ʦʪ ʫʛʣʘ ʧʘʜʝʥʠʷ ʚ ʦʢʨʝʩʪʥʦʩʪʠ ʫʛʣʘ ɹʨʶʩʪʝʨʘ ʜʣʷ ʢʨʠʩʪʘʣʣʘ 

KH2PO4 (ʢʣʘʩʩ 42ά); 1 ï ɣ = 0, Ŭ'11 = 1.48 × 10
ï4
, Ŭ'12 = 0 [81], 2 ï ɣ = 30Ü, Ŭ'11 = 0.74 × 10

ï4
,      

Ŭ'12 = 1.28 × 10
ï4
. ʇʦʢʘʟʘʪʝʣʠ ʧʨʝʣʦʤʣʝʥʠʷ ʢʨʠʩʪʘʣʣʘ no = 1.5095, ne = 1.4684 [111], ʩʚʝʪ ʧʘʜʘʝʪ 

ʠʟ ʩʨʝʜʳ ʩ ʧʦʢʘʟʘʪʝʣʝʤ ʧʨʝʣʦʤʣʝʥʠʷ ni = 1.467, ʜʣʠʥʘ ʚʦʣʥʳ ɚ = 0.589 ʤʢʤ. 

 

ʇʦʣʫʯʝʥʥʳʝ ʚʝʣʠʯʠʥʳ ʩʫʱʝʩʪʚʝʥʥʦ ʦʪʣʠʯʘʶʪʩʷ ʦʪ ʥʫʣʷ ʪʦʣʴʢʦ ʧʨʠ ʫʛʣʘʭ 

ʧʘʜʝʥʠʷ, ʙʣʠʟʢʠʭ ʢ ʫʛʣʫ ɹʨʶʩʪʝʨʘ (űɹ = 79.8º). ʇʨʠ ɣ = 0Ü (Ŭ'12 = 0) ʧʣʦʩʢʦʩʪʴ 

(ʘ) (ʙ) 
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ʧʘʜʝʥʠʷ ʩʚʝʪʘ ʩʦʜʝʨʞʠʪ ʦʧʪʠʯʝʩʢʫʶ ʦʩʴ ʠ ʦʜʥʫ ʠʟ ʦʩʝʡ ʩʠʤʤʝʪʨʠʠ 2-ʛʦ ʧʦʨʷʜʢʘ; ʚ 

ʵʪʦʤ ʩʣʫʯʘʝ ʧʦʣʫʯʠʤ ɢr(ű) = 0, Kr(ű) ʜʦʭʦʜʠʪ ʜʦ Ñ1 ʚ ʦʢʨʝʩʪʥʦʩʪʠ űɹ, ʧʨʠ ʵʪʦʤ 

Kr(űɹ) = 0 (ʨʠʩ. 2.9ʘ, 2.9ʙ, ʢʨʠʚʳʝ 1). ʇʨʠ ű = űɹ ʠ ɣ Í 0 ʚʝʣʠʯʠʥʘ ɢr ʤʘʢʩʠʤʘʣʴʥʘ 

(ʨʠʩ. 2.9ʘ, ʢʨʠʚʘʷ 2). ʄʘʢʩʠʤʫʤʳ Kr(ű) ʧʨʠ ɣ Í 0 ʫʞʝ ʥʝ ʨʘʚʥʳ Ñ1 (ʨʠʩ. 2.9ʙ, 

ʢʨʠʚʘʷ 2). ɺ ʦʢʨʝʩʪʥʦʩʪʠ ʫʛʣʘ ű = ïűɹ ʟʘʚʠʩʠʤʦʩʪʠ ɢr(ű) ʠ Kr(ű) ʠʤʝʶʪ ʪʘʢʦʡ ʞʝ 

ʚʠʜ. ʇʨʠ s-ʧʦʣʷʨʠʟʘʮʠʠ ʧʘʜʘʶʱʝʛʦ ʩʚʝʪʘ ʧʦʣʫʯʘʝʤʳʝ ʟʥʘʯʝʥʠʷ ʤʘʣʳ ʧʨʠ ʣʶʙʳʭ 

ʫʛʣʘʭ ʧʘʜʝʥʠʷ. ɽʩʣʠ ʧʣʦʩʢʦʩʪʴ ʧʘʜʝʥʠʷ ʩʚʝʪʘ ʩʦʚʧʘʜʘʝʪ ʩ ʦʜʥʦʡ ʠʟ ʧʣʦʩʢʦʩʪʝʡ 

ʩʠʤʤʝʪʨʠʠ, ʪʦ ɢr(ű) = 0 ʠ Kr(ű) = 0. 

ɼʣʷ ʢʨʠʩʪʘʣʣʘ ʢʣʘʩʩʘ 4 ʧʨʠ ɣ = ɣmax = arctg(ïŬ12/Ŭ11)/2 ʧʦʣʫʯʠʤ Ŭ'12 = 0, ɢr(ű) 

= 0, Kr(ű) Í 0 ʠ ʚʙʣʠʟʠ ʫʛʣʘ ɹʨʶʩʪʝʨʘ ʠʤʝʝʪ ʚʠʜ, ʘʥʘʣʦʛʠʯʥʳʡ ʟʘʚʠʩʠʤʦʩʪʠ, 

ʧʨʠʚʝʜʝʥʥʦʡ ʥʘ ʨʠʩ. 2.9ʙ (1). ʇʨʠ ɣ = ɣ0 = arctg(Ŭ11/Ŭ12)/2 ʧʦʣʫʯʠʤ Ŭ'11 = 0 ʠ, 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ɢr(ű) = 0 ʠ Kr(ű) = 0. ɺ ʦʙʱʝʤ ʩʣʫʯʘʝ ʨʘʩʧʦʣʦʞʝʥʠʷ ʧʣʦʩʢʦʩʪʠ 

ʧʘʜʝʥʠʷ ʩʚʝʪʘ, ʧʨʠ ɣ Í ɣmax Ñ ˊl/2 ʠ ɣ Í ɣ0 Ñ ˊl/2, l ï ʮʝʣʦʝ ʯʠʩʣʦ, ʧʦʣʫʯʠʤ 

ʟʘʚʠʩʠʤʦʩʪʠ ɢr(ű) ʠ Kr(ű), ʘʥʘʣʦʛʠʯʥʳʝ ʧʨʠʚʝʜʝʥʥʳʤ ʥʘ ʨʠʩ. 2.9 (ʢʨʠʚʳʝ 2). 

ʆʧʪʠʯʝʩʢʘʷ ʦʩʴ ʢʨʠʩʪʘʣʣʘ ʧʘʨʘʣʣʝʣʴʥʘ ʧʦʚʝʨʭʥʦʩʪʠ  

ʠ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʘ ʧʣʦʩʢʦʩʪʠ ʧʘʜʝʥʠʷ ʩʚʝʪʘ 

ʇʣʘʩʪʠʥʢʫ, ʧʘʨʘʣʣʝʣʴʥʫʶ ʦʧʪʠʯʝʩʢʦʡ ʦʩʠ, ʤʦʞʥʦ ʚʳʨʝʟʘʪʴ ʧʦ-ʨʘʟʥʦʤʫ 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʢʨʠʩʪʘʣʣʦʛʨʘʬʠʯʝʩʢʠʭ ʥʘʧʨʘʚʣʝʥʠʡ [100] ʠ [010]. ʇʫʩʪʴ ɣ' ï ʫʛʦʣ 

ʤʝʞʜʫ ʥʘʧʨʘʚʣʝʥʠʝʤ [100] ʠ ʧʦʚʝʨʭʥʦʩʪʴʶ ʢʨʠʩʪʘʣʣʘ. ʅʘ ʨʠʩ. 2.10 ʧʦʢʘʟʘʥʦ 

ʨʘʩʧʦʣʦʞʝʥʠʝ ʵʣʝʤʝʥʪʦʚ ʩʠʤʤʝʪʨʠʠ ʢʨʠʩʪʘʣʣʘ 42ά ʚ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʡ 

ʦʨʠʝʥʪʘʮʠʠ. ɼʣʷ ʢʨʠʩʪʘʣʣʦʚ ʢʣʘʩʩʘ 42ά ʥʘʧʨʘʚʣʝʥʠʷ [100] ʠ [010] ʩʦʚʧʘʜʘʶʪ ʩ 

ʦʩʷʤʠ 2-ʛʦ ʧʦʨʷʜʢʘ (ʨʠʩ. 2.10). ɼʣʷ ʢʨʠʩʪʘʣʣʘ ʢʣʘʩʩʘ 4 ʦʩʪʘʝʪʩʷ ʪʦʣʴʢʦ ʦʩʴ 

ʩʠʤʤʝʪʨʠʠ 4. 
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ʈʠʩ. 2.10. ʆʨʠʝʥʪʘʮʠʷ ʧʣʘʩʪʠʥʢʠ ʠʟ ʢʨʠʩʪʘʣʣʘ ʢʣʘʩʩʘ 42ά, ʚʳʨʝʟʘʥʥʦʡ ʧʘʨʘʣʣʝʣʴʥʦ 

ʦʧʪʠʯʝʩʢʦʡ ʦʩʠ. 

 

ʀʟ ʨʝʰʝʥʠʷ ʛʨʘʥʠʯʥʦʡ ʟʘʜʘʯʠ ʦʪʨʘʞʝʥʠʷ ʩʚʝʪʘ ʚʳʯʠʩʣʝʥʳ ʚʝʣʠʯʠʥʳ 

ʢʦʤʧʦʥʝʥʪ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ ʦʪʨʘʞʝʥʥʦʡ ʚʦʣʥʳ ʧʨʠ p- ʠ s-ʧʦʣʷʨʠʟʘʮʠʷʭ 

ʧʘʜʘʶʱʝʛʦ ʩʚʝʪʘ: 

Ὁὶ(ὴὴ) = ὉὭὴ
ʀέ ʂὭ  ὲὭ

2ʂ1

ʀέʂὭ +  ὲὭ
2ʂ1

, Ὁὶ(ὴί) = ὉὭὴ
2ὭὲὭʂὭ[ɻ12 ʂ1 ʂ2 ὲὭsinʒ +  ɻ11 ʂ1ʂ2 +  ὲὭ

2sin 2ʒ ]

ʂ1+ʂ2 ʂ2+ʂὭ(ʀέ ʂὭ+  ὲὭ
2ʂ1)

, 

Ὁὶ(ίί) = ὉὭί
ʂ2 ʂὭ

ʂ2+ʂὭ
,          Ὁὶ(ίὴ) = ὉὭί

2ὭὲὭʂὭ[ɻ12 ʂ1 ʂ2 ὲὭsinʒ  ɻ11 (ʂ1ʂ2 +  ὲὭ
2sin 2ʒ)]

ʂ1+ʂ2 ʂ2+ʂὭ(ʀέ ʂὭ+  ὲὭ
2ʂ1)

,    (2.39) 

ʂ1,2 = ʀέ,Ὡ ʊ2. 

ɸʟʠʤʫʪ ʧʦʣʷʨʠʟʘʮʠʠ ɢr ʠ ʵʣʣʠʧʪʠʯʥʦʩʪʴ Kr ʦʪʨʘʞʝʥʥʦʛʦ ʩʚʝʪʘ ʚʳʯʠʩʣʷʶʪʩʷ 

ʧʦ ʬʦʨʤʫʣʝ (2.17). ʀʩʧʦʣʴʟʫʷ ʨʘʩʩʯʠʪʘʥʥʳʝ ʚʝʣʠʯʠʥʳ ʢʦʤʧʦʥʝʥʪ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ 

ʧʦʣʷ, ʜʣʷ ʧʨʦʟʨʘʯʥʦʛʦ ʢʨʠʩʪʘʣʣʘ ʧʦʣʫʯʠʤ ʚʳʨʘʞʝʥʠʷ: 

           ʆὶὴ=
2ὭὲὭʂὭ[ɻ12 ʂ1 ʂ2 ὲὭsinʒ +  ɻ11 ʂ1ʂ2 +  ὲὭ

2sin 2ʒ ]

ʂ1+ʂ2 ʂ2+ʂὭ ʀέ ʂὭ  ὲὭ
2ʂ1

, 

ʆὶί=
2ὭὲὭʂὭ[ɻ12 ʂ1 ʂ2 ὲὭsinʒ  ɻ11 (ʂ1ʂ2 +  ὲὭ

2sin 2ʒ)]

ʂ1+ʂ2 ʂ2 ʂὭ ʀέʂὭ +  ὲὭ
2ʂ1

,                                           (2.40) 

           (ʔὶ)ὴ,ί= 0, 

           (Kr)p,s = ïiərp,rs, ʝʩʣʠ |ərp,rs| Ò 1, ʠʣʠ (Kr)p,s = i/ərp,rs, ʝʩʣʠ |ərp,rs| > 1. 

ʇʨʠ ɣ' Í 0 ʠʩʧʦʣʴʟʫʝʤʳʝ ʚ (2.40) ʢʦʤʧʦʥʝʥʪʳ ʪʝʥʟʦʨʘ ʛʠʨʘʮʠʠ ʜʣʷ ʢʨʠʩʪʘʣʣʘ 

ʢʣʘʩʩʘ 42ά ʚʳʯʠʩʣʷʶʪʩʷ ʧʦ ʬʦʨʤʫʣʝ (2.37) ʩ ʟʘʤʝʥʦʡ ɣ ʥʘ ɣ', ʘ ʜʣʷ ʢʨʠʩʪʘʣʣʘ 

ʢʣʘʩʩʘ 4 ï ʧʦ ʬʦʨʤʫʣʝ (2.38). 
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ʀʟ (2.40) ʚʠʜʥʦ, ʯʪʦ ʚʢʣʘʜ ʚʝʣʠʯʠʥʳ Ŭ12 ʧʨʦʪʠʚʦʧʦʣʦʞʝʥ ʧʨʠ 

ʧʦʣʦʞʠʪʝʣʴʥʳʭ ʠ ʦʪʨʠʮʘʪʝʣʴʥʳʭ ʫʛʣʘʭ ʧʘʜʝʥʠʷ, ʧʦʵʪʦʤʫ ʧʨʠ Ŭ12 Í 0 ʧʦʣʫʯʠʤ 

|Kr(ïű)| Í |Kr(ű)|. ʂʦʤʧʦʥʝʥʪʘ Ŭ12 ʚʣʠʷʝʪ ʥʘ ʨʝʟʫʣʴʪʘʪ ʤʝʥʴʰʝ, ʯʝʤ Ŭ11, ʪʘʢ ʢʘʢ 

ʫʤʥʦʞʘʝʪʩʷ ʥʘ ʚʝʣʠʯʠʥʫ ɖ1 ï ɖ2, ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʫʶ ʜʚʫʧʨʝʣʦʤʣʝʥʠʶ. ɽʩʣʠ 

ʧʦʢʘʟʘʪʝʣʠ ʧʨʝʣʦʤʣʝʥʠʷ ʨʘʚʥʳ (ʠʟʦʪʨʦʧʥʘʷ ʪʦʯʢʘ), ʪʦ Ŭ12 ʥʝ ʚʣʠʷʝʪ ʥʘ ʚʝʣʠʯʠʥʫ 

Kr(ű). ʅʘ ʨʠʩ. 2.11ʘ, 2.11ʙ ʧʦʢʘʟʘʥʳ ʟʘʚʠʩʠʤʦʩʪʠ Kr(ű) ʜʣʷ ʢʨʠʩʪʘʣʣʘ KH2PO4 

(ʢʣʘʩʩ 42ά) ʧʨʠ p-ʧʦʣʷʨʠʟʘʮʠʠ ʧʘʜʘʶʱʝʛʦ ʩʚʝʪʘ ʠ ʫʛʣʘʭ ű, ʙʣʠʟʢʠʭ ʢ ʫʛʣʫ 

ɹʨʶʩʪʝʨʘ (tg
2
űɹ = Ůo/ni

2
).  

 

 

ʈʠʩ. 2.11. ɿʘʚʠʩʠʤʦʩʪʠ Kr(ű) ʜʣʷ ʢʨʠʩʪʘʣʣʘ KH2PO4 (ʢʣʘʩʩ 42ά) ʧʨʠ p-ʧʦʣʷʨʠʟʘʮʠʠ ʧʘʜʘʶʱʝʛʦ 

ʩʚʝʪʘ ʠ ʫʛʣʘʭ ʧʘʜʝʥʠʷ, ʙʣʠʟʢʠʭ ʢ ʫʛʣʫ ɹʨʶʩʪʝʨʘ űɹ (ʘ, ʙ); ʟʘʚʠʩʠʤʦʩʪʠ Kr(ű) ʧʨʠ s-ʧʦʣʷʨʠʟʘʮʠʠ 

ʧʘʜʘʶʱʝʛʦ ʩʚʝʪʘ (ʚ). 1 ï ɣ' = 45Ü, Ŭ'11 = 0, Ŭ'12 = 1.48 × 10
ï4

, 2 ï ɣ' = 30Ü, Ŭ'11 = 0.74 × 10
ï4

,          

Ŭ'12 = 1.28 × 10
ï4

; no = 1.5095, ne = 1.4684 [111], ni = 1.467, ɚ = 0.589 ʤʢʤ. 

 

ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʟʘʚʠʩʠʤʦʩʪʠ Kr(ű) ʠʤʝʶʪ ʜʚʘ ʫʟʢʠʭ ʧʠʢʘ ʚ ʦʢʨʝʩʪʥʦʩʪʷʭ ʫʛʣʘ 

ɹʨʶʩʪʝʨʘ ʩ ʤʘʢʩʠʤʘʣʴʥʳʤʠ ʟʥʘʯʝʥʠʷʤʠ, ʨʘʚʥʳʤʠ Ñ1. ɼʣʷ ʧʣʘʩʪʠʥʢʠ, ʚʳʨʝʟʘʥʥʦʡ 

ʧʘʨʘʣʣʝʣʴʥʦ ʦʜʥʦʡ ʠʟ ʧʣʦʩʢʦʩʪʝʡ ʩʠʤʤʝʪʨʠʠ (ɣ' = 45º, Ŭ'11 = 0), ʧʦʣʫʯʘʝʤ Kr(ïű) = 

ïKr(ű), ʧʨʠ ʵʪʦʤ ʧʠʢʠ ʦʯʝʥʴ ʫʟʢʠʝ (ʨʠʩ. 2.11ʘ, 2.11ʙ, ʢʨʠʚʳʝ 1). ɽʩʣʠ ʧʣʘʩʪʠʥʢʘ 

ʚʳʨʝʟʘʥʘ ʧʘʨʘʣʣʝʣʴʥʦ ʦʜʥʦʡ ʠʟ ʦʩʝʡ ʩʠʤʤʝʪʨʠʠ 2-ʛʦ ʧʦʨʷʜʢʘ (ɣ' = 0, Ŭ'12 = 0), 

ʧʦʣʫʯʠʤ Kr(ïű) = Kr(ű). ʇʨʠ ɣ' = 30Ü ʧʦʣʫʯʘʝʤ |Kr(ïű)| Í |Kr(ű)|, ʥʦ ʨʘʟʣʠʯʠʝ ʤʝʞʜʫ 

ʚʝʣʠʯʠʥʘʤʠ Kr(ïű) ʠ Kr(ű) ʦʯʝʥʴ ʤʘʣʦ ʠ ʥʘ ʨʠʩʫʥʢʝ ʥʝʟʘʤʝʪʥʦ (ʨʠʩ. 2.11ʘ, 2.11ʙ, 

ʢʨʠʚʳʝ 2). ʉʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʟʘʚʠʩʠʤʦʩʪʠ ʧʨʠ s-ʧʦʣʷʨʠʟʘʮʠʠ ʧʨʠʚʝʜʝʥʳ ʥʘ ʨʠʩ. 

2.11ʚ. ʂʘʢ ʠ ʜʣʷ p-ʧʦʣʷʨʠʟʘʮʠʠ, ʧʨʠ Ŭ'11 = 0 (ɣ' = 45Ü) ʟʘʚʠʩʠʤʦʩʪʠ Kr(ű) 

ʘʥʪʠʩʠʤʤʝʪʨʠʯʥʳ (Kr(ïű) = ïKr(ű), ʢʨʠʚʘʷ 1 ʥʘ ʨʠʩ. 2.11ʚ), ʘ ʧʨʠ ɣ' = 30Ü ʫʞʝ |Kr(ï

ű)| Í |Kr(ű)| (ʨʠʩ. 2.11ʚ, ʢʨʠʚʘʷ 2). ɿʥʘʯʝʥʠʷ, ʧʦʣʫʯʝʥʥʳʝ ʧʨʠ Ŭ'11 = 0, ʥʘʤʥʦʛʦ 

ʤʝʥʴʰʝ, ʯʝʤ ʟʥʘʯʝʥʠʷ ʧʨʠ ʥʘʣʠʯʠʠ ʦʙʝʠʭ ʢʦʤʧʦʥʝʥʪ ʪʝʥʟʦʨʘ ʛʠʨʘʮʠʠ. 

(ʘ) (ʙ) (ʚ) 
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ɼʣʷ ʢʨʠʩʪʘʣʣʘ ʢʣʘʩʩʘ 4 ʧʦʣʫʯʠʤ ʘʥʪʠʩʠʤʤʝʪʨʠʯʥʳʝ ʟʘʚʠʩʠʤʦʩʪʠ Kr(ű) (ʨʠʩ. 

2.11, ʢʨʠʚʳʝ 1) ʧʨʠ Ŭ'11 = 0 ʠ ɣ' = ɣ0 = arctg(Ŭ11/Ŭ12)/2. ʇʨʠ ɣ' = ɣmax = arctg(ï

Ŭ12/Ŭ11)/2 ʧʦʣʫʯʠʤ Ŭ'12 = 0 ʠ Kr(ïű) = Kr(ű). ɺ ʦʙʱʝʤ ʩʣʫʯʘʝ ʚʝʣʠʯʠʥʳ Kr(ïű) ʠ 

Kr(ű) ʦʪʣʠʯʘʶʪʩʷ ʧʦ ʤʦʜʫʣʶ, ʥʦ ʵʪʦ ʦʪʣʠʯʠʝ ʥʝʚʝʣʠʢʦ (ʨʠʩ. 2.11, ʢʨʠʚʳʝ 2). 

2.3.2. ʇʦʢʘʟʘʪʝʣʠ ʧʨʝʣʦʤʣʝʥʠʷ ʠ ʦʩʦʙʝʥʥʦʩʪʠ ʧʦʣʷʨʠʟʘʮʠʠ ʧʨʦʰʝʜʰʝʛʦ ʩʚʝʪʘ 

ʚ ʦʧʪʠʯʝʩʢʠ ʘʢʪʠʚʥʳʭ ʢʨʠʩʪʘʣʣʘʭ ʢʣʘʩʩʦʚ □ ʠ  

ʆʧʪʠʯʝʩʢʘʷ ʦʩʴ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʧʣʘʩʪʠʥʢʠ 

ɼʣʷ ʚʳʯʠʩʣʝʥʠʷ ʘʟʠʤʫʪʦʚ ɢt ʠ ʵʣʣʠʧʪʠʯʥʦʩʪʝʡ Kt ʧʨʦʰʝʜʰʝʛʦ ʩʚʝʪʘ 

ʨʘʩʩʯʠʪʘʥʳ ʚʝʣʠʯʠʥʳ ʢʦʤʧʦʥʝʥʪ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ ʧʨʦʰʝʜʰʝʡ ʚʦʣʥʳ Et(pp), 

Et(ps) ʠ Et(sp), Et(ss) (ʧʝʨʚʳʝ ʠʥʜʝʢʩʳ p- ʠ s- ʦʟʥʘʯʘʶʪ ʧʦʣʷʨʠʟʘʮʠʶ ʧʘʜʘʶʱʝʡ ʚʦʣʥʳ, 

ʚʪʦʨʳʝ ï ʧʦʣʷʨʠʟʘʮʠʶ ʧʨʦʰʝʜʰʝʡ ʚʦʣʥʳ), ʚʳʨʘʞʝʥʠʷ ʜʣʷ ʢʦʪʦʨʳʭ ʠʤʝʶʪ ʚʠʜ: 

      Ὁὸ(ὴὴ) = ὉὭὴ
4ʀέʀὩὲὭὲὸʂ2ʂὭe

2ὭʌὨʂ2/ʇ

ʀὩ(ὲὭ
2ʂ2+ʀέʂὭ)(ὲὸ

2ʂ2+ʀέʂὸ) Ὥɻ12ʀέʀὩ(ὲὸ
2ʂὭὲὭ

2ʂὸ)
, 

      Ὁὸὴί = ὉὭὴ
4ὭὲὭʂὭɻ11e 2ὭʌὨʂ2/ʇ[ʂ1 ʀὩʂ2+ʀέʂὭ ὲὸ

2ʂ2+ʀέʂὸeὭЎ ʀέʂ2 ʂ1+ʂὭ ὲὸ
2ʂ1+ʀὩʂὸ]

(ʀὩ ʀέ)(ʂ1+ʂὭ)(ʂ1+ʂὸ)(ὲὭ
2ʂ2+ʀέʂὭ)(ὲὸ

2ʂ2+ʀέʂὸ)
, 

Ὁὸ(ίί) = ὉὭί
4ʂ1ʂὭe

2ὭʌὨʂ1/ʇ

(ʂ1+ʂὭ+Ὥɻ12 )(ʂ1+ʂὸ Ὥɻ12 )
,                                                                     (2.41) 

     Ὁὸ(ίὴ) = ὉὭί
4Ὥɻ11ʂὭὲὸe

2ὭʌὨʂ1/ʇ[ʀέʂ2 ὲὭ
2ʂ1+ʀὩʂὭ ʂ1+ʂὸe ὭЎ ʂ1 ὲὭ

2ʂ2+ʀέʂὭ ʀὩʂ2+ʀέʂὸ]

(ʀὩ ʀέ)(ʂ1+ʂὭ)(ʂ1+ʂὸ)(ὲὭ
2ʂ2+ʀέʂὭ)(ὲὸ

2ʂ2+ʀέʂὸ)
, 

ʂὸ= ὲὸ
2 ʊ2, ɝ=

2ʌὨ

ʇ
(ʂ2 ʂ1), ʂ1 = ʀέ ʊ2, ʂ2 = ʀέ ʊ2ʀέ/ ʀὩ,  

nt ï ʧʦʢʘʟʘʪʝʣʴ ʧʨʝʣʦʤʣʝʥʠʷ ʥʠʞʥʝʡ ʩʨʝʜʳ. 

ɺʝʣʠʯʠʥʳ ɢt ʠ Kt ʤʦʞʥʦ ʨʘʩʩʯʠʪʘʪʴ ʧʦ ʬʦʨʤʫʣʘʤ (2.17). ʆʩʪʘʚʣʷʷ ʪʦʣʴʢʦ 

ʧʝʨʚʫʶ ʩʪʝʧʝʥʴ Ŭij, ʜʣʷ ʧʨʦʟʨʘʯʥʳʭ ʢʨʠʩʪʘʣʣʦʚ ʢʣʘʩʩʦʚ 4, 42ά ʧʨʠ p- ʠ s-

ʧʦʣʷʨʠʟʘʮʠʷʭ ʧʘʜʘʶʱʝʛʦ ʩʚʝʪʘ ʧʦʣʫʯʠʤ ʚʳʨʘʞʝʥʠʷ: 

         ʔὸὴ=
ɻ11ʂ1(ʀὩʂ2+ʀέʂὭ)(ὲὸ

2ʂ2+ʀέʂὸ)sinɝ

ʀέʂ2ὲὸ(ʀὩ ʀέ)(ʂ1+ʂὭ)(ʂ1+ʂὸ)
, 

ὑὸὴ=
ɻ11 [ʂ1 ʀὩʂ2+ʀέʂὭ ὲὸ

2ʂ2+ʀέʂὸcosɝ ʀέʂ2 ʂ1+ʂὭ ὲὸ
2ʂ1+ʀὩʂὸ]

ʀέʂ2ὲὸ(ʀὩ ʀέ)(ʂ1+ʂὭ)(ʂ1+ʂὸ)
,                (2.42) 

         ʔὸί=
ɻ11ὲὸʀέʂ2(ὲὭ

2ʂ1+ʀὩʂὭ)(ʂ1+ʂὸ)sinɝ

ʂ1(ʀὩ ʀέ)(ὲὭ
2ʂ2+ʀέʂὭ)(ὲὸ

2ʂ2+ʀέʂὸ)
, 

         ὑὸί=
ɻ11ὲὸ[ʀέʂ2 ὲὭ

2ʂ1+ʀὩʂi ʂ1+ʂὸcosɝ ʂ1 ὲὭ
2ʂ2+ʀέʂi ʀὩʂ2+ʀέʂὸ]

ʂ1(ʀὩ ʀέ)(ὲὭ
2ʂ2+ʀέʂὭ)(ὲὸ

2ʂ2+ʀέʂὸ)
. 
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ɺʠʜʥʦ, ʯʪʦ ʚ ʚʳʨʘʞʝʥʠʷ (2.42) ʚʭʦʜʠʪ ʚʝʣʠʯʠʥʘ Ŭ11, ʥʦ ʥʝ ʚʭʦʜʠʪ Ŭ12. ɺʝʣʠʯʠʥʳ ɢt 

ʠ Kt ʠʤʝʶʪ ʨʘʟʥʳʝ ʟʥʘʢʠ ʜʣʷ p- ʠ s-ʧʦʣʷʨʠʟʘʮʠʡ. ɺʠʜʥʦ, ʯʪʦ ʧʨʠ ʪʘʢʦʡ 

ʦʨʠʝʥʪʘʮʠʠ ʚʩʝʛʜʘ ɢt(ïű) = ɢt(ű), Kt(ïű) = Kt(ű). 

ɼʣʷ ʢʨʠʩʪʘʣʣʘ ʢʣʘʩʩʘ 42ά ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ (2.37) ʟʘʤʝʥʠʤ Ŭ11 ʥʘ Ŭ11cos2ɣ, 

ʛʜʝ ɣ ï ʫʛʦʣ ʤʝʞʜʫ ʥʘʧʨʘʚʣʝʥʠʝʤ [100] ʠ ʦʩʴʶ X. ʇʨʠ ɣ = 0 ʧʣʦʩʢʦʩʪʴ ʧʘʜʝʥʠʷ 

ʩʚʝʪʘ ʧʘʨʘʣʣʝʣʴʥʘ ʦʜʥʦʡ ʠʟ ʦʩʝʡ ʩʠʤʤʝʪʨʠʠ 2-ʛʦ ʧʦʨʷʜʢʘ ʠ ʥʘʧʨʘʚʣʝʥʠʶ [100]. ɺ 

ʵʪʦʤ ʩʣʫʯʘʝ, ʢʘʢ ʚʠʜʥʦ ʠʟ ʚʳʨʘʞʝʥʠʡ (2.37), (2.42) ʠ ʚʠʜʘ ʧʦʚʝʨʭʥʦʩʪʠ ʛʠʨʘʮʠʠ 

(ʨʠʩ. 2.8), ʚʝʣʠʯʠʥʳ ɢt(ű) ʠ Kt(ű) (ʨʠʩ. 2.12ʘ, 2.12ʙ) ʠʟʤʝʥʷʶʪʩʷ ʚ ʤʘʢʩʠʤʘʣʴʥʳʭ 

ʧʨʝʜʝʣʘʭ.  

 

     

 

       

ʈʠʩ. 2.12. ɿʘʚʠʩʠʤʦʩʪʠ ʘʟʠʤʫʪʘ ɢt ʠ ʵʣʣʠʧʪʠʯʥʦʩʪʠ Kt ʧʨʦʰʝʜʰʝʛʦ ʩʚʝʪʘ ʦʪ ʫʛʣʘ ʧʘʜʝʥʠʷ ű ʧʨʠ 

p-ʧʦʣʷʨʠʟʘʮʠʠ ʧʘʜʘʶʱʝʛʦ ʩʚʝʪʘ ʜʣʷ ʢʨʠʩʪʘʣʣʘ KH2PO4 (ʢʣʘʩʩ 42ά); no = 1.5095, ne = 1.4684,    

ni = 1, nt = 1, Ŭ11 = 1.48 × 10
ï4
, Ŭ12 = 0, d = 200 ʤʢʤ, ɚ = 0.589 ʤʢʤ. ʘ, ʙ ï ʧʣʦʩʢʦʩʪʴ ʧʘʜʝʥʠʷ ʩʚʝʪʘ 

ʧʘʨʘʣʣʝʣʴʥʘ ʦʜʥʦʡ ʠʟ ʦʩʝʡ ʩʠʤʤʝʪʨʠʠ 2-ʛʦ ʧʦʨʷʜʢʘ (ɣ = 0, Ŭ'11 = Ŭ11, Ŭ'12 = 0); ʚ, ʛ ï ʧʣʦʩʢʦʩʪʴ 

ʧʘʜʝʥʠʷ ʩʚʝʪʘ ʧʘʨʘʣʣʝʣʴʥʘ ʦʜʥʦʡ ʠʟ ʧʣʦʩʢʦʩʪʝʡ ʩʠʤʤʝʪʨʠʠ (ɣ = 45Ü, Ŭ'11 = 0, Ŭ'12 = Ŭ11).  

 

ɺʠʜʥʦ, ʯʪʦ ʧʦʣʫʯʝʥʥʳʝ ʟʘʚʠʩʠʤʦʩʪʠ ɢt(ű) ʠ Kt(ű) ʩʠʤʤʝʪʨʠʯʥʳ 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʦʩʠ ű = 0. ʇʨʠ ʥʦʨʤʘʣʴʥʦʤ ʧʘʜʝʥʠʠ ʩʚʝʪʘ ɢt = 0 ʠ Kt = 0. ʇʨʠ ɣ = 90Ü 

(ʘ) (ʙ) 

(ʚ) (ʛ) 
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ʧʣʦʩʢʦʩʪʴ ʧʘʜʝʥʠʷ ʩʚʝʪʘ ʧʘʨʘʣʣʝʣʴʥʘ ʜʨʫʛʦʡ ʦʩʠ 2-ʛʦ ʧʦʨʷʜʢʘ ʠ ʥʘʧʨʘʚʣʝʥʠʶ 

[010]. ɺ ʵʪʦʤ ʩʣʫʯʘʝ ɢt(ű) ʠ Kt(ű) ʪʘʢʞʝ ʜʦʩʪʠʛʘʶʪ ʤʘʢʩʠʤʘʣʴʥʳʭ ʟʥʘʯʝʥʠʡ, ʥʦ ʧʦ 

ʟʥʘʢʫ ʧʨʦʪʠʚʦʧʦʣʦʞʥʳ ʚʝʣʠʯʠʥʘʤ, ʧʦʣʫʯʘʝʤʳʤ ʧʨʠ ɣ = 0. ʕʪʦ ʚʠʜʥʦ ʠʟ ʬʦʨʤʫʣ 

(2.37), (2.42) ʠ ʠʟ ʩʝʯʝʥʠʷ ʧʦʚʝʨʭʥʦʩʪʠ ʛʠʨʘʮʠʠ ʥʘ ʨʠʩ. 2.8ʘ. ɽʩʣʠ ɣ = 45Ü, ʪʦ 

ʧʣʦʩʢʦʩʪʴ ʧʘʜʝʥʠʷ ʩʚʝʪʘ ʧʘʨʘʣʣʝʣʴʥʘ ʦʜʥʦʡ ʠʟ ʧʣʦʩʢʦʩʪʝʡ ʩʠʤʤʝʪʨʠʠ, ʪʦʛʜʘ ɢt(ű) 

= Kt(ű) = 0 (ʨʠʩ. 2.12ʚ, 2.12ʛ). 

ɼʣʷ ʧʨʦʟʨʘʯʥʦʛʦ ʢʨʠʩʪʘʣʣʘ ʢʣʘʩʩʘ 4 ʟʘʚʠʩʠʤʦʩʪʠ ɢt(ű) ʠ Kt(ű) 

ʧʨʠʥʮʠʧʠʘʣʴʥʦ ʥʝ ʤʝʥʷʶʪʩʷ. ʇʨʠ ʧʘʜʝʥʠʠ ʩʚʝʪʘ ʚ ʧʣʦʩʢʦʩʪʷʭ, ʧʘʨʘʣʣʝʣʴʥʳʭ 

ʥʘʧʨʘʚʣʝʥʠʷʤ [100] ʠ [010], ʚʝʣʠʯʠʥʳ ɢt(ű) ʠ Kt(ű) ʫʞʝ ʥʝ ʙʫʜʫʪ ʤʘʢʩʠʤʘʣʴʥʳ 

(ʨʠʩ. 2.8ʙ). ʀʟ ʚʠʜʘ ʧʦʚʝʨʭʥʦʩʪʠ ʛʠʨʘʮʠʠ ʩʣʝʜʫʝʪ, ʯʪʦ ʤʦʞʥʦ ʚʳʙʨʘʪʴ ʧʣʦʩʢʦʩʪʴ 

ʧʘʜʝʥʠʷ ʩʚʝʪʘ, ʚ ʢʦʪʦʨʦʡ ʦʧʪʠʯʝʩʢʘʷ ʘʢʪʠʚʥʦʩʪʴ ʥʝ ʧʨʦʷʚʣʷʝʪʩʷ ʠ ɢt(ű) = Kt(ű) = 0. 

ʊʘʢʠʝ ʧʣʦʩʢʦʩʪʠ ʧʘʜʝʥʠʷ ʩʦʩʪʘʚʣʷʶʪ ʩ ʥʘʧʨʘʚʣʝʥʠʝʤ [100] ʫʛʣʳ ɣ01 = 

arctg(Ŭ11/Ŭ12)/2 ʠ ɣ02 = arctg(Ŭ11/Ŭ12)/2 + 90º. ʇʨʠ ʧʘʜʝʥʠʠ ʩʚʝʪʘ ʚ ʧʣʦʩʢʦʩʪʷʭ, 

ʧʦʚʝʨʥʫʪʳʭ ʥʘ 45Ü ʦʪʥʦʩʠʪʝʣʴʥʦ ʧʣʦʩʢʦʩʪʝʡ, ʚ ʢʦʪʦʨʳʭ ɢt(ű) = Kt(ű) = 0, ʚʝʣʠʯʠʥʳ 

ɢt(ű) ʠ Kt(ű) ʙʫʜʫʪ ʤʘʢʩʠʤʘʣʴʥʳ (ʧʨʠ ʦʜʠʥʘʢʦʚʦʤ ʟʥʘʯʝʥʠʠ ȹ). ʕʪʠ ʧʣʦʩʢʦʩʪʠ 

ʩʦʩʪʘʚʣʷʶʪ ʩ ʥʘʧʨʘʚʣʝʥʠʝʤ [100] ʫʛʣʳ ɣmax1 = arctg(ïŬ12/Ŭ11)/2 ʠ ɣmax2 = arctg(ï

Ŭ12/Ŭ11)/2 + 90º. 

ʆʧʪʠʯʝʩʢʘʷ ʦʩʴ ʢʨʠʩʪʘʣʣʘ ʧʘʨʘʣʣʝʣʴʥʘ ʧʦʚʝʨʭʥʦʩʪʠ 

ʠ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʘ ʧʣʦʩʢʦʩʪʠ ʧʘʜʝʥʠʷ ʩʚʝʪʘ 

ʇʦʢʘʟʘʪʝʣʠ ʧʨʝʣʦʤʣʝʥʠʷ. ʈʘʩʩʯʠʪʘʝʤ ʧʦʢʘʟʘʪʝʣʠ ʧʨʝʣʦʤʣʝʥʠʷ ʚʦʣʥ, 

ʨʘʩʧʨʦʩʪʨʘʥʷʶʱʠʭʩʷ ʚ ʢʨʠʩʪʘʣʣʝ, ʜʣʷ ʢʨʠʩʪʘʣʣʦʚ ʢʣʘʩʩʦʚ 4 ʠ 42ά ʧʨʠ 

ʦʨʠʝʥʪʘʮʠʠ, ʧʦʢʘʟʘʥʥʦʡ ʥʘ ʨʠʩ. 2.10. ʀʩʧʦʣʴʟʫʷ ʫʨʘʚʥʝʥʠʝ ʥʦʨʤʘʣʝʡ ʜʣʷ 

ʦʧʪʠʯʝʩʢʠ ʘʢʪʠʚʥʳʭ ʢʨʠʩʪʘʣʣʦʚ [7], ʧʨʠ ʧʨʦʠʟʚʦʣʴʥʦʤ ʫʛʣʝ ʧʘʜʝʥʠʷ ʩʚʝʪʘ 

ʧʦʣʫʯʠʤ ʫʨʘʚʥʝʥʠʝ ʯʝʪʚʝʨʪʦʡ ʩʪʝʧʝʥʠ ʦʪʥʦʩʠʪʝʣʴʥʦ ʚʝʣʠʯʠʥʳ ʭ = ɖ = 

ὲ2 sin2ʒ, n ï ʧʦʢʘʟʘʪʝʣʴ ʧʨʝʣʦʤʣʝʥʠʷ, ʢʦʪʦʨʦʝ ʧʨʠ ni = nt = 1 ʠʤʝʝʪ ʚʠʜ:  

ὃὼ4 + ὄὼ3 + ὅὼ2 + Ὀὼ+ Ὁ= 0,                                             (2.43) 

ὃ= ὲέ
2 ɻ11

2 , ὄ= 4ɻ11ɻ12sinʒ,  

ὅ= ὲὩ
2 + ὲέ

2 ὲέ
2 ɻ11

2 ɻ12
2 + 2 ὲέ

2 + ɻ11
2 2ɻ12

2 sin2ʒ,  

Ὀ= 4ɻ11ɻ12sin3ʒ,  
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Ὁ= ὲὩ
2 ὲέ

2 ɻ11
2 ɻ12

2 2 ὲὩ
2 + ὲέ

2 ὲέ
2 ɻ11

2 ɻ12
2 sin2ʒ+

+ ὲέ
2 ɻ11

2 sin4ʒ. 

ʇʦʣʫʯʝʥʥʦʝ ʫʨʘʚʥʝʥʠʝ ʠʤʝʝʪ ʯʝʪʳʨʝ ʢʦʨʥʷ. ɺ ʙʦʣʴʰʠʥʩʪʚʝ ʩʣʫʯʘʝʚ 

ʫʨʘʚʥʝʥʠʝ ʥʦʨʤʘʣʝʡ ʙʠʢʚʘʜʨʘʪʥʦʝ [7]. ʅʦ ʫʨʘʚʥʝʥʠʝ (2.43) ʙʠʢʚʘʜʨʘʪʥʳʤ ʥʝ 

ʷʚʣʷʝʪʩʷ, ʪʘʢ ʢʘʢ ʢʦʵʬʬʠʮʠʝʥʪʳ B ʠ D ʧʨʠ x ʠ x
3
 ʥʝ ʨʘʚʥʳ ʥʫʣʶ. ʇʨʠ ʵʪʦʤ B ʠ D 

ʷʚʣʷʶʪʩʷ ʤʘʣʳʤʠ ʚʝʣʠʯʠʥʘʤʠ, ʪʘʢ ʢʘʢ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʳ ʧʨʦʠʟʚʝʜʝʥʠʶ Ŭ11Ŭ12. 

ʇʦʣʦʞʠʪʝʣʴʥʳʝ ʨʝʰʝʥʠʷ ʫʨʘʚʥʝʥʠʷ (2.43) ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʧʨʝʣʦʤʣʝʥʥʳʤ ʚʦʣʥʘʤ, 

ʦʪʨʠʮʘʪʝʣʴʥʳʝ ï ʚʦʣʥʘʤ, ʦʪʨʘʞʝʥʥʳʤ ʦʪ ʚʪʦʨʦʡ ʛʨʘʥʠ ʧʣʘʩʪʠʥʢʠ ʦʙʨʘʪʥʦ ʚ 

ʢʨʠʩʪʘʣʣ. 

ɼʣʷ ʦʧʪʠʯʝʩʢʠ ʥʝʘʢʪʠʚʥʦʛʦ ʢʨʠʩʪʘʣʣʘ (Ŭ11 = Ŭ12 = 0) ʫʨʘʚʥʝʥʠʝ ʥʦʨʤʘʣʝʡ 

ʠʤʝʝʪ ʢʦʨʥʠ: 

ὼ01± = ʂ1± = ± ὲέ
2 sin2ʒ,     ὼ02± = ʂ2± = ± ὲὩ

2 sin2ʒ. 

ʇʨʠ ʥʘʣʠʯʠʠ ʦʧʪʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʠ ʧʦʣʫʯʘʝʤ x1,2 = x01,02 + ŭx1,2, ŭx1,2 ~ Ŭij
2
, 

ʧʦʢʘʟʘʪʝʣʠ ʧʨʝʣʦʤʣʝʥʠʷ ʠʤʝʶʪ ʚʠʜ:  n1,2
2
 = (x01,02)

2
 + 2 x01,02 ŭx1,2 + sin

2
ű. 

ɺʳʨʘʞʝʥʠʷ ʜʣʷ ʧʦʢʘʟʘʪʝʣʝʡ ʧʨʝʣʦʤʣʝʥʠʷ ʠʤʝʶʪ ʚʠʜ: 

ὲ1±
2 = ὲέ

2
1

ὲέ
2 ὲὩ

2 ὲέ
2

{ɻ11
2 ὲὩ

2 ὲέ
2 4ὲέ

2sin2ʒ+ 4sin4ʒ +  

+ɻ12
2 [ ὲέ

2 2sin2ʒ 2 ὲέ
2ὲὩ

2] ± 4ɻ11ɻ12 ὲέ
2 2sin2ʒ ὲέ

2 sin2ʒ sinʒ},       (2.44) 

ὲ2±
2 = ὲὩ

2 +
1

ὲέ
2 ὲὩ

2 ὲέ
2

{ɻ11
2 ὲὩ

2 ὲέ
2 4ὲὩ

2sin2ʒ+ 4sin4ʒ  

ɻ12
2 [ ὲὩ

2 2sin2ʒ 2 ὲέ
2ὲὩ

2] ᶸ4ɻ11ɻ12 ὲὩ
2 2sin2ʒ ὲὩ

2 sin2ʒ sinʒ}. 

ɿʥʘʢ ç+è ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʧʨʝʣʦʤʣʝʥʥʳʤ ʚʦʣʥʘʤ, ʟʥʘʢ çï» ï ʚʦʣʥʘʤ, 

ʦʪʨʘʞʝʥʥʳʤ ʦʪ ʚʪʦʨʦʡ ʛʨʘʥʠ. ʀʟ ʧʦʣʫʯʝʥʥʳʭ ʚʳʨʘʞʝʥʠʡ ʚʠʜʥʦ, ʯʪʦ ʢʦʤʧʦʥʝʥʪʘ 

ʧʦʢʘʟʘʪʝʣʝʡ ʧʨʝʣʦʤʣʝʥʠʷ, ʩʦʜʝʨʞʘʱʘʷ Ŭ11Ŭ12, ʧʨʦʪʠʚʦʧʦʣʦʞʥʘ ʜʣʷ ʧʨʝʣʦʤʣʝʥʥʳʭ 

ʚʦʣʥ ʠ ʚʦʣʥ, ʦʪʨʘʞʝʥʥʳʭ ʦʪ ʚʪʦʨʦʡ ʛʨʘʥʠ. ʊʘʢʞʝ ʚʠʜʥʦ, ʯʪʦ ʧʨʠ ʟʘʤʝʥʝ ű ʥʘ ïű 

ʧʦʢʘʟʘʪʝʣʠ ʧʨʝʣʦʤʣʝʥʠʷ n1,2+ ʠ n1,2ï çʤʝʥʷʶʪʩʷ ʤʝʩʪʘʤʠè. 

ɼʣʷ ʢʨʠʩʪʘʣʣʘ ʢʣʘʩʩʘ 42ά ʚ ʬʦʨʤʫʣʝ (2.44) ʤʦʞʥʦ ʟʘʤʝʥʠʪʴ Ŭ11 ʥʘ 

Ŭ11cos2ɣ', Ŭ12 ʥʘ Ŭ11sin2ɣ', ɣ' ï ʫʛʦʣ ʦʪʢʣʦʥʝʥʠʷ ʦʩʠ 2-ʛʦ ʧʦʨʷʜʢʘ, ʧʘʨʘʣʣʝʣʴʥʦʡ 
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ʥʘʧʨʘʚʣʝʥʠʶ [100], ʦʪ ʧʦʚʝʨʭʥʦʩʪʠ (ʨʠʩ. 2.10), ʧʨʠ ʵʪʦʤ ɣ' ʠ ʧʦʣʦʞʠʪʝʣʴʥʳʝ 

ʟʥʘʯʝʥʠʷ ʫʛʣʘ ű ʦʪʩʯʠʪʳʚʘʶʪʩʷ ʚ ʦʜʥʦʡ ʯʝʪʚʝʨʪʠ.  

ʅʘ ʨʠʩ. 2.13 ʧʦʢʘʟʘʥʳ ʧʦʢʘʟʘʪʝʣʠ ʧʨʝʣʦʤʣʝʥʠʷ ʜʣʷ ʧʨʝʣʦʤʣʝʥʥʳʭ ʚʦʣʥ ʚ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʫʛʣʘ ʧʘʜʝʥʠʷ. ʊʘʢ ʢʘʢ ʦʪʣʠʯʠʝ ʧʦʢʘʟʘʪʝʣʝʡ ʦʪ no ʠ ne, 

ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦʝ Ŭij
2
, ʦʯʝʥʴ ʤʘʣʦ, ʦʥʦ ʠʤʝʝʪ ʟʥʘʯʝʥʠʝ ʪʦʣʴʢʦ ʧʨʠ ʙʦʣʴʰʠʭ 

ʚʝʣʠʯʠʥʘʭ Ŭ11 ʠ Ŭ12. ɼʣʷ ʧʨʠʤʝʨʘ ʥʘ ʨʠʩ. 2.13 ʚʟʷʪʳ ʟʥʘʯʝʥʠʷ Ŭ11 = 0.95 × 10
ï2
, Ŭ12 

= 1.65 × 10
ï2
, ʦʥʠ ʛʦʨʘʟʜʦ ʙʦʣʴʰʝ, ʯʝʤ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʚʝʣʠʯʠʥʳ ʜʣʷ KH2PO4 

(Ŭ11 = 1.48 × 10
ï4
, Ŭ12 = 0). 

 

    

ʈʠʩ. 2.13. ɿʘʚʠʩʠʤʦʩʪʠ ʧʦʢʘʟʘʪʝʣʝʡ ʧʨʝʣʦʤʣʝʥʠʷ n1+ (ʘ) ʠ n2+ (ʙ) ʧʨʝʣʦʤʣʝʥʥʳʭ ʚʦʣʥ ʦʪ ʫʛʣʘ 

ʧʘʜʝʥʠʷ ű, no = 1.5095, ne = 1.4684, Ŭ11 = 0.95 × 10
ï2
, Ŭ12 = 1.65 × 10

ï2
. 

 

ɸʟʠʤʫʪʳ ʧʦʣʷʨʠʟʘʮʠʠ ʠ ʵʣʣʠʧʪʠʯʥʦʩʪʠ ʧʨʦʰʝʜʰʝʛʦ ʩʚʝʪʘ. ʀʟ ʨʝʰʝʥʠʷ 

ʛʨʘʥʠʯʥʦʡ ʟʘʜʘʯʠ ʙʝʟ ʫʯʝʪʘ ʤʥʦʛʦʢʨʘʪʥʳʭ ʦʪʨʘʞʝʥʠʡ ʧʦʣʫʯʝʥʳ ʢʦʤʧʦʥʝʥʪʳ 

ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ ʧʨʦʰʝʜʰʝʡ ʚʦʣʥʳ ʧʨʠ p- ʠ s-ʧʦʣʷʨʠʟʘʮʠʷʭ ʧʘʜʘʶʱʝʡ 

ʚʦʣʥʳ: 

Ὁὸ(ὴὴ) = ὉὭὴ
4ὲὭὲὸʀέʂ1ʂὭe

2ὭʌὨʂ1/ʇ

(ὲὭ
2ʂ1+ʀέʂὭ)(ὲὸ

2ʂ1+ʀέʂὸ)
, 

Ὁὸ(ὴί) = ὉὭὴe 2ὭʌὨʂ1/ ʇ 4ὭὲὭʂὭ[ɻ11 ὴ1e Ὥɝ+ὴ3 +ɻ12 ὴ2e Ὥɝ+ὴ4 sinʒ]

(ʀὩ ʀέ)(ʂ2+ʂὭ)(ʂ2+ʂὸ)(ὲὭ
2ʂ1+ʀέʂὭ)(ὲὸ

2ʂ1+ʀέʂὸ)
,                  (2.45) 

ὴ1 = ʂ2(ὲὸ
2ʂ1 + ʀέʂὸ)[ʂ1 ʀὩ+ ʂ1ʂὭ 2ʂ1 + ʂὭὲὭ

2sin2ʒ], 

ὴ2 = ὲὭʂ2(ὲὸ
2ʂ1 + ʀέʂὸ)(ʂ1

2 + ʂ2
2 + 2ʂ1ʂὭ), 

ὴ3 = ʂ1 ʂ2 + ʂὭ[ʂ2 ὲὸ
2ʂ1

2 + ʀέʂ2ʂὸ (ὲὸ
2ʂ2 + ʀέʂὸ)ὲὭ

2sin2ʒ], 

ὴ4 = ὲὭʂ1 ʂ2 + ʂὭ[ὲὸ
2(ʂ1

2 + ʂ2
2) + 2ʀέʂ2ʂὸ]. 

 

(ʘ) (ʙ) 
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Ὁὸ(ίί) = ὉὭί
4ʂ2ʂὭe

2ὭʌὨʂ2/ʇ

(ʂ2+ʂὭ)(ʂ2+ʂὸ)
, 

Ὁὸ(ίὴ) = ὉὭίe
2ὭʌὨʂ2/ ʇ 4ὭʂὭ[ɻ11 ή1eὭɝ+ή3 +ɻ12 ή2eὭɝ+ή4 sinʒ]

(ʀὩ ʀέ)(ʂ2+ʂὭ)(ʂ2+ʂὸ)(ὲὭ
2ʂ1+ʀέʂὭ)(ὲὸ

2ʂ1+ʀέʂὸ)
,                  (2.46) 

ή1 = ὲὸʂ1(ʂ2 + ʂὸ)[ʂ2 ὲὭ
2ʂ1

2 + ʀέʂ2ʂὭ ὲὭ
2ʂ2 + ʀέʂὭὲὭ

2sin2ʒ], 

ή2 = ὲὭὲὸʂ1(ʂ2 + ʂὸ)[ὲὭ
2 ʂ1

2 + ʂ2
2 + 2ʀέʂ2ʂὭ], 

ή3 = ὲὸʂ2 ὲὭ
2ʂ1 + ʀέʂὭ[ʂ1 ʀὩ+ ʂ1ʂὸ 2ʂ1 + ʂὸὲὭ

2sin2ʒ], 

ή4 = ὲὭὲὸʂ2 ὲὭ
2ʂ1 + ʀέʂὭ ʂ1

2 + ʂ2
2 + 2ʂ1ʂὸ, 

ʂ1,2 = ʀέ,Ὡ ʊ2. 

ɺʝʣʠʯʠʥʳ ʘʟʠʤʫʪʘ ʧʦʣʷʨʠʟʘʮʠʠ ɢt ʠ ʵʣʣʠʧʪʠʯʥʦʩʪʠ Kt ʧʨʦʰʝʜʰʝʛʦ ʩʚʝʪʘ 

ʜʣʷ ʢʨʠʩʪʘʣʣʦʚ ʢʣʘʩʩʦʚ 42ά ʠ 4 ʨʘʩʩʯʠʪʳʚʘʶʪʩʷ ʧʦ ʬʦʨʤʫʣʘʤ (2.17) ʠ ʚ ʧʝʨʚʦʤ 

ʧʦʨʷʜʢʝ ʧʦ Ŭij ʠʤʝʶʪ ʚʠʜ: 

ʔὸὴ=
(ɻ11ὴ1+ɻ12ὴ2sinʒ)sinɝ

(ʀὩ ʀέ)ὲὸ ʀέ ʂ1(ʂ2+ʂὭ)(ʂ2+ʂὸ)
,   ὑὸὴ=

ɻ11 ὴ1cosɝ+ὴ3 +ɻ12 ὴ2cosɝ+ὴ4 sinʒ

(ʀὩ ʀέ)ὲὸ ʀέ ʂ1(ʂ2+ʂὭ)(ʂ2+ʂὸ)
,     (2.47) 

ʔὸί=
(ɻ11ή1+ɻ12ή2sinʒ)sinɝ

(ʀὩ ʀέ)ʂ2(ὲὭ
2ʂ1+ʀέʂὭ)(ὲὸ

2ʂ1+ʀέʂὸ)
, ὑὸί=

ɻ11 ή1cosɝ+ή3 +ɻ12 ή2cosɝ+ή4 sinʒ

(ʀὩ ʀέ)ʂ2(ὲὭ
2ʂ1+ʀέʂὭ)(ὲὸ

2ʂ1+ʀέʂὸ)
    (2.48) 

ʇʨʠ ʥʦʨʤʘʣʴʥʦʤ ʧʘʜʝʥʠʠ ʩʚʝʪʘ ʚʝʣʠʯʠʥʳ ɢt ʠ Kt ʠʤʝʶʪ ʨʘʟʥʳʝ ʟʥʘʢʠ ʧʨʠ p- ʠ s-

ʧʦʣʷʨʠʟʘʮʠʷʭ ʧʘʜʘʶʱʝʛʦ ʩʚʝʪʘ (ʧʨʠ ű = 0 ʧʦʣʫʯʘʝʤ p1, p4 > 0, p2, p3 < 0, q1, q4 < 0, 

q2, q3 > 0). ɽʩʣʠ ni = nt = 1, ʪʦ p1 = q3, p2 = q4, p3 = q1, p4 = q2. 

ʏʪʦʙʳ ʦʧʨʝʜʝʣʠʪʴ ʚʝʣʠʯʠʥʫ Ŭ11 ʚ ʢʨʠʩʪʘʣʣʝ ʢʣʘʩʩʘ 42ά ʧʨʠ ʥʦʨʤʘʣʴʥʦʤ 

ʧʘʜʝʥʠʠ ʩʚʝʪʘ, ʥʫʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʧʣʘʩʪʠʥʢʫ, ʚʳʨʝʟʘʥʥʫʶ ʧʘʨʘʣʣʝʣʴʥʦ 

ʥʘʧʨʘʚʣʝʥʠʶ [010] (ɣ' = 90Ü), ʧʨʠ ʵʪʦʤ ʩʚʝʪ ʧʘʜʘʝʪ ʚ ʥʘʧʨʘʚʣʝʥʠʠ [100]. ʊʦʛʜʘ ʠʟ 

ʚʝʣʠʯʠʥ ɢt ʠ Kt ʧʨʠ ű = 0 ʤʦʞʥʦ ʧʦʣʫʯʠʪʴ Ŭ11, ʠʩʧʦʣʴʟʫʷ ʧʨʠʙʣʠʞʝʥʥʳʝ ʬʦʨʤʫʣʳ 

ʜʣʷ ɢt ʠ Kt [24]: 

       tg2ɢt = ï2k sinȹ, sin2ɔ = ï2k(1 ï cosȹ), Kt = tgɔ,  

ȹ = 2ˊd(ne ï no)/ɚ, 
)2(

Ŭ11

oe nn
k

-
= ,                                                              (2.49) 

ʛʜʝ k ï ʵʣʣʠʧʪʠʯʥʦʩʪʴ ʩʦʙʩʪʚʝʥʥʳʭ ʚʦʣʥ. ʇʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʧʣʘʩʪʠʥʢʠ, 

ʚʳʨʝʟʘʥʥʦʡ ʧʘʨʘʣʣʝʣʴʥʦ [100] (ɣ' = 0), ʧʦʣʫʯʠʤ ïŬ11. 
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ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʢʦʤʧʦʥʝʥʪ ʪʝʥʟʦʨʘ ʛʠʨʘʮʠʠ ʚ ʢʨʠʩʪʘʣʣʝ ʢʣʘʩʩʘ 4 

ʥʝʦʙʭʦʜʠʤʦ ʜʚʝ ʧʣʘʩʪʠʥʢʠ. ʀʩʧʦʣʴʟʫʷ ʧʣʘʩʪʠʥʢʫ, ʧʘʨʘʣʣʝʣʴʥʫʶ [010], ʧʦ 

ʬʦʨʤʫʣʝ (2.49) ʧʦʣʫʯʠʤ Ŭ11, ʘ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ Ŭ12 ʥʫʞʥʦ ʚʟʷʪʴ ʧʣʘʩʪʠʥʢʫ, 

ʚʳʨʝʟʘʥʥʫʶ ʧʦʜ ʫʛʣʦʤ 45Ü ʢ [100] (ɣ' = 45Ü). 

ʅʘ ʨʠʩ. 2.14 ʧʦʢʘʟʘʥʳ ʟʘʚʠʩʠʤʦʩʪʠ ɢt ʠ Kt ʦʪ ʫʛʣʦʚ ű ʠ ɣ' ʜʣʷ ʢʨʠʩʪʘʣʣʘ 

KH2PO4 ʢʣʘʩʩʘ 42ά, ʘ ʥʘ ʨʠʩ. 2.15 ï ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʟʘʚʠʩʠʤʦʩʪʠ ɢt(ű) ʠ Kt(ű) 

ʧʨʠ ʨʘʟʥʳʭ ʟʥʘʯʝʥʠʷʭ ʫʛʣʘ ɣ'.   
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ʈʠʩ. 2.14. ɿʘʚʠʩʠʤʦʩʪʠ ʘʟʠʤʫʪʘ ʧʦʣʷʨʠʟʘʮʠʠ ɢt (ʘ) ʠ ʵʣʣʠʧʪʠʯʥʦʩʪʠ Kt (ʙ) ʧʨʦʰʝʜʰʝʛʦ ʩʚʝʪʘ ʜʣʷ 

ʢʨʠʩʪʘʣʣʘ KH2PO4 (ʢʣʘʩʩ 42ά) ʧʨʠ p-ʧʦʣʷʨʠʟʘʮʠʠ ʧʘʜʘʶʱʝʛʦ ʩʚʝʪʘ ʦʪ ʫʛʣʘ ʧʘʜʝʥʠʷ ű ʠ ʫʛʣʘ ɣ' 

ʤʝʞʜʫ ʥʘʧʨʘʚʣʝʥʠʝʤ [100] ʠ ʧʦʚʝʨʭʥʦʩʪʴʶ ʧʣʘʩʪʠʥʢʠ; d = 268.7 ʤʢʤ, ɚ = 0.589 ʤʢʤ, no = 1.5095, 

ne = 1.4684, ni = 1, nt = 1, Ŭ11 = 1.48 × 10
ï4
, Ŭ12 = 0.  

 

  

  

  
ʈʠʩ. 2.15. ɿʘʚʠʩʠʤʦʩʪʠ ɢt(ű) (ʩʣʝʚʘ) ʠ Kt(ű) (ʩʧʨʘʚʘ) ʜʣʷ ʢʨʠʩʪʘʣʣʘ KH2PO4 ʧʨʠ p-ʧʦʣʷʨʠʟʘʮʠʠ 

ʧʘʜʘʶʱʝʛʦ ʩʚʝʪʘ ʠ ʨʘʟʥʳʭ ʟʥʘʯʝʥʠʷʭ ɣ'; ʘ, ʙ ï ʧʣʘʩʪʠʥʢʘ ʧʘʨʘʣʣʝʣʴʥʘ ʦʜʥʦʡ ʠʟ ʦʩʝʡ ʩʠʤʤʝʪʨʠʠ 

2-ʛʦ ʧʦʨʷʜʢʘ (ɣ' = 0, Ŭ'11 = 1.48 × 10
ï4
, Ŭ'12 = 0); ʚ, ʛ ï ʧʣʘʩʪʠʥʢʘ ʧʘʨʘʣʣʝʣʴʥʘ ʦʜʥʦʡ ʠʟ 

ʧʣʦʩʢʦʩʪʝʡ ʩʠʤʤʝʪʨʠʠ (ɣ' = 45º, Ŭ'11 = 0, Ŭ'12 = 1.48 × 10
ï4

); ʜ, ʝ ï ɣ' = 20º, Ŭ'11 = 1.13 × 10
ï4

,      

Ŭ'12 = 0.95 × 10
ï4

; ʦʩʪʘʣʴʥʳʝ ʧʘʨʘʤʝʪʨʳ ʪʘʢʠʝ ʞʝ, ʢʘʢ ʥʘ ʨʠʩ. 2.14. 

(ʘ) (ʙ) 

(ʘ) (ʙ) 

(ʚ) (ʛ) 

(ʜ) (ʝ) 
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ɺʠʜʥʦ, ʯʪʦ ʧʨʝʜʩʪʘʚʣʝʥʥʳʝ ʥʘ ʨʠʩ. 2.14 ʧʦʚʝʨʭʥʦʩʪʠ ʥʝ ʷʚʣʷʶʪʩʷ 

ʩʠʤʤʝʪʨʠʯʥʳʤʠ ʦʪʥʦʩʠʪʝʣʴʥʦ ʧʣʦʩʢʦʩʪʠ ű = 0. ɽʩʣʠ ʧʣʘʩʪʠʥʢʘ ʚʳʨʝʟʘʥʘ 

ʧʘʨʘʣʣʝʣʴʥʦ ʦʜʥʦʡ ʠʟ ʦʩʝʡ 2-ʛʦ ʧʦʨʷʜʢʘ (ɣ' = 0 ʠʣʠ ɣ' = 90Ü), ʪʦ ʚʝʣʠʯʠʥʳ ɢt ʠ Kt 

ʦʜʠʥʘʢʦʚʳ ʧʨʠ ʧʦʣʦʞʠʪʝʣʴʥʳʭ ʠ ʦʪʨʠʮʘʪʝʣʴʥʳʭ ʫʛʣʘʭ ʧʘʜʝʥʠʷ: ɢt(ïű) = ɢt(ű), Kt(ï

ű) = Kt(ű) (ʨʠʩ. 2.15ʘ, 2.15ʙ). ʇʨʠ ɣ' = 90Ü ʚʝʣʠʯʠʥʳ ɢt ʠ Kt ʙʫʜʫʪ ʨʘʚʥʳ ʧʦ ʤʦʜʫʣʶ 

ʠ ʧʨʦʪʠʚʦʧʦʣʦʞʥʳ ʧʦ ʟʥʘʢʫ ʚʝʣʠʯʠʥʘʤ, ʨʘʩʩʯʠʪʘʥʥʳʤ ʧʨʠ ɣ' = 0. ɽʩʣʠ ʧʣʘʩʪʠʥʢʘ 

ʚʳʨʝʟʘʥʘ ʧʘʨʘʣʣʝʣʴʥʦ ʦʜʥʦʡ ʠʟ ʧʣʦʩʢʦʩʪʝʡ ʩʠʤʤʝʪʨʠʠ (ɣ' = Ñ45Ü, ʚʪʦʨʘʷ 

ʧʣʦʩʢʦʩʪʴ ʩʠʤʤʝʪʨʠʠ ʧʨʠ ʵʪʦʤ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʘ ʠ ʧʦʚʝʨʭʥʦʩʪʠ, ʠ ʧʣʦʩʢʦʩʪʠ 

ʧʘʜʝʥʠʷ ʩʚʝʪʘ), ʪʦ ʟʥʘʯʝʥʠʷ ɢt ʠ Kt ʧʨʠ ʧʦʣʦʞʠʪʝʣʴʥʳʭ ʠ ʦʪʨʠʮʘʪʝʣʴʥʳʭ ʫʛʣʘʭ 

ʧʘʜʝʥʠʷ ʧʨʦʪʠʚʦʧʦʣʦʞʥʳ: ɢt(ïű) = ïɢt(ű), Kt(ïű) = ïKt(ű) (ʨʠʩ. 2.15ʚ, 2.15ʛ). ɺ 

ʩʣʫʯʘʝ, ʢʦʛʜʘ ʧʣʘʩʪʠʥʢʘ ʥʝ ʧʘʨʘʣʣʝʣʴʥʘ ʥʠ ʦʜʥʦʡ ʠʟ ʦʩʝʡ 2-ʛʦ ʧʦʨʷʜʢʘ ʠ ʥʠ ʦʜʥʦʡ 

ʠʟ ʧʣʦʩʢʦʩʪʝʡ ʩʠʤʤʝʪʨʠʠ, ʚʝʣʠʯʠʥʳ ɢt ʠ Kt ʤʝʥʷʶʪʩʷ ʧʦ ʤʦʜʫʣʶ ʧʨʠ ʩʤʝʥʝ ʟʥʘʢʘ 

ʫʛʣʘ ʧʘʜʝʥʠʷ: |ɢt(ïű)| Í |ɢt(ű)|, |Kt(ïű)| Í |Kt(ű)| (ʨʠʩ. 2.15ʜ, 2.15ʝ). 

ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʚ ʨʘʙʦʪʘʭ ʂʦʙʘʷʰʠ [81, 82] ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʧʨʦʚʦʜʠʣʠʩʴ ʪʦʣʴʢʦ ʧʨʠ ʥʦʨʤʘʣʴʥʦʤ ʧʘʜʝʥʠʠ ʩʚʝʪʘ (ű = 0). 

ɺ ʦʪʣʠʯʠʝ ʦʪ ʢʨʠʩʪʘʣʣʘ ʢʣʘʩʩʘ 42ά, ʫ ʢʦʪʦʨʦʛʦ ʧʨʠ ɣ' = 0 ʚʝʣʠʯʠʥʳ ɢt ʠ Kt 

ʧʨʠ ʧʦʣʦʞʠʪʝʣʴʥʳʭ ʠ ʦʪʨʠʮʘʪʝʣʴʥʳʭ ʫʛʣʘʭ ʧʘʜʝʥʠʷ ʦʜʠʥʘʢʦʚʳ, ʘ ʧʨʠ ɣ' = 45Ü ï 

ʧʨʦʪʠʚʦʧʦʣʦʞʥʳ, ʜʣʷ ʢʣʘʩʩʘ 4 ʠ ʧʨʠ ɣ' = 0, ʠ ʧʨʠ ɣ' = 45Ü ʧʦʣʫʯʠʤ ʨʘʟʥʳʝ ʧʦ 

ʤʦʜʫʣʶ ʚʝʣʠʯʠʥʳ ɢt ʠ Kt ʜʣʷ ű ʠ ïű, ʯʪʦ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩ. 2.16 ʜʣʷ ʢʨʠʩʪʘʣʣʘ 

CdGa2S4 (ʧʦʢʘʟʘʪʝʣʠ ʧʨʝʣʦʤʣʝʥʠʷ ʠ ʚʝʣʠʯʠʥʳ Ŭ11, Ŭ12 ʚʟʷʪʳ ʠʟ [85]). 

 

    

ʈʠʩ. 2.16. ɿʘʚʠʩʠʤʦʩʪʠ ɢt(ű) (ʘ) ʠ Kt(ű) (ʙ) ʜʣʷ ʢʨʠʩʪʘʣʣʘ CdGa2S4 (ʢʣʘʩʩ 4) ʧʨʠ ɚ = 0.589 ʤʢʤ;   

1 ï ɣ' = 0, 2 ï ɣ' = 45Ü. ʊʦʣʱʠʥʘ ʧʣʘʩʪʠʥʢʠ d = 5617.3 ʤʢʤ; no = 2.4643, ne = 2.4616,  

Ŭ11 = 2.36 × 10
ï5

, Ŭ12 = 1.33 × 10
ï5

 [85], ni = 1, nt = 1. 

(ʘ) (ʙ) 
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ɼʣʷ ʢʨʠʩʪʘʣʣʘ ʢʣʘʩʩʘ 4 ʧʦʣʫʯʘʝʤ ʩʠʤʤʝʪʨʠʯʥʳʝ ʟʘʚʠʩʠʤʦʩʪʠ ɢt(ű) ʠ Kt(ű), 

ʪʦ ʝʩʪʴ ɢt(ïű) = ɢt(ű) ʠ Kt(ïű) = Kt(ű), ʧʨʠ ɣ' = ɣmax = arctg(ïŬ12/Ŭ11)/2, 

ʘʥʪʠʩʠʤʤʝʪʨʠʯʥʳʝ ɢt(ïű) = ïɢt(ű) ʠ Kt(ïű) = ïKt(ű) ï ʧʨʠ ɣ' = ɣ0 = arctg(Ŭ11/Ŭ12)/2. 

ɽʩʣʠ ʧʣʘʩʪʠʥʢʘ ʚʳʨʝʟʘʥʘ ʧʘʨʘʣʣʝʣʴʥʦ [100] (ɣ' = 0), ʪʦ ʤʦʞʥʦ ʨʘʩʩʯʠʪʘʪʴ 

ʚʝʣʠʯʠʥʳ Ŭ11 ʠ Ŭ12 ʧʦ ʬʦʨʤʫʣʘʤ (p-ʧʦʣʷʨʠʟʘʮʠʷ): 

ʔὸὴ ʒ ʔὸὴʒ =
2ɻ12ὴ2sinʒsinɝ

(ʀὩ ʀέ)ὲὸ ʀέ ʂ1(ʂ2+ʂὭ)(ʂ2+ʂὸ)
,                                           (2.50) 

ʔὸὴ ʒ + ʔὸὴʒ =
2ɻ11ὴ1sinɝ

(ʀὩ ʀέ)ὲὸ ʀέ ʂ1(ʂ2+ʂὭ)(ʂ2+ʂὸ)
. 

ɼʣʷ s-ʧʦʣʷʨʠʟʘʮʠʠ ʤʦʞʥʦ ʟʘʧʠʩʘʪʴ ʘʥʘʣʦʛʠʯʥʳʝ ʚʳʨʘʞʝʥʠʷ, ʠʩʧʦʣʴʟʫʷ (2.48).  

ɼʣʷ ʢʨʠʩʪʘʣʣʘ ʢʣʘʩʩʘ 42ά ʝʩʪʴ ʪʦʣʴʢʦ ʦʜʥʘ ʥʝʟʘʚʠʩʠʤʘʷ ʢʦʤʧʦʥʝʥʪʘ 

ʪʝʥʟʦʨʘ ʛʠʨʘʮʠʠ, ʧʨʠ ɣ' = 0 ʧʦʣʫʯʘʝʤ Ŭ12 = 0, ʘ Ŭ11 ʤʦʞʥʦ ʚʳʯʠʩʣʠʪʴ ʧʦ ʬʦʨʤʫʣʘʤ 

(2.47), (2.48). 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʦʣʫʯʝʥʦ, ʯʪʦ ʚ ʢʨʠʩʪʘʣʣʘʭ ʢʣʘʩʩʦʚ 42ά (ʨʠʩ. 2.14, 2.15) ʠ 4 

(ʨʠʩ. 2.16) ʘʟʠʤʫʪʳ ʧʦʣʷʨʠʟʘʮʠʠ ʠ ʵʣʣʠʧʪʠʯʥʦʩʪʠ ʧʨʦʰʝʜʰʝʛʦ ʩʚʝʪʘ ʚ ʦʙʱʝʤ 

ʩʣʫʯʘʝ ʨʘʟʣʠʯʥʳ ʧʨʠ ʧʦʣʦʞʠʪʝʣʴʥʳʭ ʠ ʦʪʨʠʮʘʪʝʣʴʥʳʭ ʫʛʣʘʭ ʧʘʜʝʥʠʷ. 

ʇʨʦʷʚʣʝʥʠʝ ʦʧʪʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʠ ʚ ʨʘʡʦʥʝ ʠʟʦʪʨʦʧʥʦʡ ʪʦʯʢʠ. ɺ 

ʥʝʢʦʪʦʨʳʭ ʢʨʠʩʪʘʣʣʘʭ ʤʦʞʝʪ ʧʨʠʩʫʪʩʪʚʦʚʘʪʴ ʠʟʦʪʨʦʧʥʘʷ ʪʦʯʢʘ: ʧʨʠ 

ʦʧʨʝʜʝʣʝʥʥʦʡ ʜʣʠʥʝ ʚʦʣʥʳ ʧʦʢʘʟʘʪʝʣʠ ʧʨʝʣʦʤʣʝʥʠʷ ʦʙʳʢʥʦʚʝʥʥʦʡ ʠ 

ʥʝʦʙʳʢʥʦʚʝʥʥʦʡ ʚʦʣʥ ʩʦʚʧʘʜʘʶʪ. ʀʤʝʥʥʦ ʚ ʪʘʢʠʭ ʢʨʠʩʪʘʣʣʘʭ ʍʦʙʜʝʥ ʦʙʥʘʨʫʞʠʣ 

ʦʧʪʠʯʝʩʢʫʶ ʘʢʪʠʚʥʦʩʪʴ ʜʣʷ ʢʣʘʩʩʦʚ 42ά (AgGaS2, [79]) ʠ 4 (CdGa2S4, [80]). 

ʊʝʦʨʝʪʠʯʝʩʢʠ ʦʧʪʠʯʝʩʢʠ ʘʢʪʠʚʥʳʝ ʢʨʠʩʪʘʣʣʳ ʩ ʠʟʦʪʨʦʧʥʦʡ ʪʦʯʢʦʡ ʧʦʜʨʦʙʥʦ 

ʨʘʩʩʤʦʪʨʝʥʳ ʚ ʨʘʙʦʪʘʭ ʉʝʨʜʶʢʦʚʘ [45, 83, 84]. 

ʈʘʩʩʤʦʪʨʠʤ ʘʟʠʤʫʪʳ ʧʦʣʷʨʠʟʘʮʠʠ ɢt ʧʨʦʰʝʜʰʝʛʦ ʩʚʝʪʘ ʚ ʢʨʠʩʪʘʣʣʘʭ 

ʢʣʘʩʩʦʚ 42ά ʠ 4 ʧʨʠ ʥʘʣʠʯʠʠ ʠʟʦʪʨʦʧʥʦʡ ʪʦʯʢʠ. ʅʘ ʨʠʩ. 2.17ʘ ʧʦʢʘʟʘʥʘ 

ʟʘʚʠʩʠʤʦʩʪʴ ɢt(ű, ɚ) ʜʣʷ ʢʨʠʩʪʘʣʣʘ CdGa2S4 ʢʣʘʩʩʘ 4 ʜʣʷ ʧʣʘʩʪʠʥʢʠ, ʚʳʨʝʟʘʥʥʦʡ 

ʧʘʨʘʣʣʝʣʴʥʦ ʥʘʧʨʘʚʣʝʥʠʶ [010] (ɣ' = 90Ü), ʥʘ ʨʠʩ. 2.17ʙ ï ʟʘʚʠʩʠʤʦʩʪʠ ɢt(ű) ʚ 

ʠʟʦʪʨʦʧʥʦʡ ʪʦʯʢʝ (ɚ = 0.4907 ʤʢʤ) ʧʨʠ ɣ' = 90Ü ʠ ɣ' = 45Ü. ʀʩʧʦʣʴʟʫʝʤʳʝ ʧʨʠ 

ʨʘʩʯʝʪʘʭ ʜʠʩʧʝʨʩʠʠ ʧʦʢʘʟʘʪʝʣʝʡ ʧʨʝʣʦʤʣʝʥʠʷ ʠ ʚʝʣʠʯʠʥ Ŭ11, Ŭ12 ʢʨʠʩʪʘʣʣʘ 
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CdGa2S4 ʚʟʷʪʳ ʠʟ [85]. ɺʨʘʱʝʥʠʝ ʧʣʦʩʢʦʩʪʠ ʧʦʣʷʨʠʟʘʮʠʠ ʩʚʝʪʘ ʚ ʠʟʦʪʨʦʧʥʦʡ 

ʪʦʯʢʝ ɟ = 13.11 ʛʨʘʜ/ʤʤ ʧʨʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʠ ʩʚʝʪʘ ʚ ʥʘʧʨʘʚʣʝʥʠʠ [100] ʠ ɟ = 8.60 

ʛʨʘʜ/ʤʤ ʧʨʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʠ ʩʚʝʪʘ ʚ ʥʘʧʨʘʚʣʝʥʠʠ [110] [80, 85]. ɺʝʣʠʯʠʥʘ ɢt(ű) ʚ 

ʠʟʦʪʨʦʧʥʦʡ ʪʦʯʢʝ ʜʦʩʪʘʪʦʯʥʦ ʚʝʣʠʢʘ, ʧʨʠ ʵʪʦʤ Kt(ű) ʩʪʨʝʤʠʪʩʷ ʢ ʥʫʣʶ. 

ɿʘʚʠʩʠʤʦʩʪʠ ɢt(ɚ) (ʨʠʩ. 2.18) ʠʤʝʶʪ ʧʠʢ ʚ ʦʢʨʝʩʪʥʦʩʪʠ ʠʟʦʪʨʦʧʥʦʡ ʪʦʯʢʠ, ʥʦ 

ʚʳʩʦʪʘ ʵʪʦʛʦ ʧʠʢʘ ʦʪʣʠʯʘʝʪʩʷ ʜʣʷ ʧʦʣʦʞʠʪʝʣʴʥʳʭ ʠ ʦʪʨʠʮʘʪʝʣʴʥʳʭ ʫʛʣʦʚ ʧʘʜʝʥʠʷ 

ʩʚʝʪʘ (ʨʠʩ. 2.18ʘ, 2.18ʙ).  

 

    

 

ʈʠʩ. 2.17. ɿʘʚʠʩʠʤʦʩʪʴ ɢt(ű, ɚ) ʜʣʷ ʢʨʠʩʪʘʣʣʘ CdGa2S4 ʢʣʘʩʩʘ 4, ʠʤʝʶʱʝʛʦ ʠʟʦʪʨʦʧʥʫʶ ʪʦʯʢʫ, 

ʜʣʷ ʧʣʘʩʪʠʥʢʠ, ʚʳʨʝʟʘʥʥʦʡ ʧʘʨʘʣʣʝʣʴʥʦ ʥʘʧʨʘʚʣʝʥʠʶ [010] (ɣ' = 90Ü) (ʘ); ʟʘʚʠʩʠʤʦʩʪʴ ɢt(ű) ʚ 

ʠʟʦʪʨʦʧʥʦʡ ʪʦʯʢʝ ɚ = 0.4907 ʤʢʤ ʧʨʠ ɣ' = 90Ü (ʢʨʠʚʘʷ 1) ʠ ɣ' = 45Ü (ʢʨʠʚʘʷ 2) (ʙ); d = 1000 ʤʢʤ, 

ni = 1, nt = 1. 

 

 

ʈʠʩ. 2.18. ɿʘʚʠʩʠʤʦʩʪʠ ɢt(ɚ) ʧʨʠ ʥʘʣʠʯʠʠ ʠʟʦʪʨʦʧʥʦʡ ʪʦʯʢʠ ʜʣʷ ʢʨʠʩʪʘʣʣʘ CdGa2S4 (ʢʣʘʩʩ 4) 

ʧʨʠ ʫʛʣʘʭ ʧʘʜʝʥʠʷ ʩʚʝʪʘ ű = ï30Ü (ʘ) ʠ ű = 30Ü (ʙ). 1 ï ɣ' = 90Ü, 2 ï ɣ' = 45Ü; d = 1000 ʤʢʤ, ni = 1,  

nt = 1. 

 

(ʘ) (ʙ) 

(ʘ) (ʙ) 



72 

 

2.4. ɿʘʢʣʶʯʝʥʠʝ 

ʇʦʣʫʯʝʥʳ ʘʥʘʣʠʪʠʯʝʩʢʠʝ ʚʳʨʘʞʝʥʠʷ ʜʣʷ ʘʟʠʤʫʪʦʚ ʧʦʣʷʨʠʟʘʮʠʠ ɢr,t ʠ 

ʵʣʣʠʧʪʠʯʥʦʩʪʝʡ Kr,t ʦʪʨʘʞʝʥʥʦʛʦ (r) ʠ ʧʨʦʰʝʜʰʝʛʦ (t) ʩʚʝʪʘ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʫʛʣʘ 

ʧʘʜʝʥʠʷ ű ʜʣʷ ʦʧʪʠʯʝʩʢʠ ʘʢʪʠʚʥʳʭ ʦʜʥʦʦʩʥʳʭ ʢʨʠʩʪʘʣʣʦʚ ʩ ʫʯʝʪʦʤ ʠ 

ʩʠʤʤʝʪʨʠʯʥʦʡ, ʠ ʘʥʪʠʩʠʤʤʝʪʨʠʯʥʦʡ ʯʘʩʪʝʡ ʪʝʥʟʦʨʘ ʛʠʨʘʮʠʠ Ŭ.  

ʇʨʦʚʝʜʝʥʦ ʩʨʘʚʥʝʥʠʝ ʚʝʣʠʯʠʥ ɢr,t ʠ Kr,t, ʨʘʩʩʯʠʪʘʥʥʳʭ ʜʣʷ ʢʨʠʩʪʘʣʣʦʚ 

ʢʣʘʩʩʦʚ 3, 4, 6 (ʪʝʥʟʦʨ ʛʠʨʘʮʠʠ ʠʤʝʝʪ ʩʠʤʤʝʪʨʠʯʥʫʶ ʠ ʘʥʪʠʩʠʤʤʝʪʨʠʯʥʫʶ ʯʘʩʪʠ), 

32, 422, 622 (ʪʝʥʟʦʨ ʛʠʨʘʮʠʠ ʩʠʤʤʝʪʨʠʯʝʥ) ʠ 3m, 4mm, 6mm (ʪʝʥʟʦʨ ʛʠʨʘʮʠʠ 

ʘʥʪʠʩʠʤʤʝʪʨʠʯʝʥ). ʇʨʠ p-ʧʦʣʷʨʠʟʘʮʠʠ ʧʘʜʘʶʱʝʛʦ ʩʚʝʪʘ ʠ ʫʛʣʘʭ ʧʘʜʝʥʠʷ, ʙʣʠʟʢʠʭ 

ʢ ʫʛʣʫ ɹʨʶʩʪʝʨʘ, ʘʥʪʠʩʠʤʤʝʪʨʠʯʥʘʷ ʯʘʩʪʴ Ŭ12 ʪʝʥʟʦʨʘ ʛʠʨʘʮʠʠ Ŭ ʚʥʦʩʠʪ ʟʘʤʝʪʥʳʡ 

ʚʢʣʘʜ ʚ ʚʝʣʠʯʠʥʳ ʘʟʠʤʫʪʘ ʧʦʣʷʨʠʟʘʮʠʠ ɢr ʠ ʵʣʣʠʧʪʠʯʥʦʩʪʠ Kr ʦʪʨʘʞʝʥʥʦʛʦ ʩʚʝʪʘ. 

ʊʘʢʞʝ ʚʣʠʷʥʠʝ Ŭ12 ʟʘʤʝʪʥʦ, ʝʩʣʠ ʧʦʢʘʟʘʪʝʣʴ ʧʨʝʣʦʤʣʝʥʠʷ ʚʥʝʰʥʝʡ ʩʨʝʜʳ ʙʣʠʟʦʢ ʢ 

ʧʦʢʘʟʘʪʝʣʷʤ ʧʨʝʣʦʤʣʝʥʠʷ ʢʨʠʩʪʘʣʣʘ. ɼʣʷ ʧʣʘʩʪʠʥʢʠ, ʚʳʨʝʟʘʥʥʦʡ ʧʘʨʘʣʣʝʣʴʥʦ 

ʦʧʪʠʯʝʩʢʦʡ ʦʩʠ, ʧʨʠ ʥʘʣʠʯʠʠ ʘʥʪʠʩʠʤʤʝʪʨʠʯʥʦʡ ʯʘʩʪʠ ʪʝʥʟʦʨʘ ʛʠʨʘʮʠʠ ʘʟʠʤʫʪʳ 

ʧʦʣʷʨʠʟʘʮʠʠ ʠ ʵʣʣʠʧʪʠʯʥʦʩʪʠ ʦʪʨʘʞʝʥʥʦʛʦ ʠ ʧʨʦʰʝʜʰʝʛʦ ʩʚʝʪʘ ʦʪʣʠʯʘʶʪʩʷ ʧʨʠ 

ʧʦʣʦʞʠʪʝʣʴʥʳʭ ʠ ʦʪʨʠʮʘʪʝʣʴʥʳʭ ʫʛʣʘʭ ʧʘʜʝʥʠʷ ʩʚʝʪʘ. 

ʈʘʩʩʯʠʪʘʥʳ ʚʝʣʠʯʠʥʳ ɢr,t ʠ Kr,t ʜʣʷ ʢʨʠʩʪʘʣʣʦʚ ʢʣʘʩʩʦʚ 42ά ʠ 4 (ʪʝʥʟʦʨ 

ʛʠʨʘʮʠʠ ʩʠʤʤʝʪʨʠʯʝʥ, ʥʦ ʠʤʝʝʪ ʥʝʦʙʳʯʥʳʡ ʚʠʜ). ɺ ʩʣʫʯʘʝ ʢʣʘʩʩʘ 42ά 

ʟʘʚʠʩʠʤʦʩʪʠ ɢr,t ʠ Kr,t ʦʪ ʫʛʣʘ ʧʘʜʝʥʠʷ ʜʣʷ ʧʣʘʩʪʠʥʢʠ, ʚʳʨʝʟʘʥʥʦʡ ʧʘʨʘʣʣʝʣʴʥʦ 

ʦʧʪʠʯʝʩʢʦʡ ʦʩʠ, ʠʤʝʶʪ ʧʨʠʥʮʠʧʠʘʣʴʥʦ ʨʘʟʥʳʡ ʚʠʜ ʧʨʠ ʨʘʟʥʦʡ ʦʨʠʝʥʪʘʮʠʠ ʦʩʝʡ 

2-ʛʦ ʧʦʨʷʜʢʘ ʠ ʧʣʦʩʢʦʩʪʝʡ ʩʠʤʤʝʪʨʠʠ ʦʪʥʦʩʠʪʝʣʴʥʦ ʧʦʚʝʨʭʥʦʩʪʠ ʧʣʘʩʪʠʥʢʠ. ɽʩʣʠ 

ʧʣʘʩʪʠʥʢʘ ʚʳʨʝʟʘʥʘ ʧʘʨʘʣʣʝʣʴʥʦ ʦʜʥʦʡ ʠʟ ʦʩʝʡ ʩʠʤʤʝʪʨʠʠ 2-ʛʦ ʧʦʨʷʜʢʘ, ʪʦ 

ʚʝʣʠʯʠʥʳ ɢr,t ʠ Kr,t ʥʝ ʤʝʥʷʶʪʩʷ ʧʨʠ ʩʤʝʥʝ ʟʥʘʢʘ ʫʛʣʘ ʧʘʜʝʥʠʷ. ɽʩʣʠ ʧʣʘʩʪʠʥʢʘ 

ʧʘʨʘʣʣʝʣʴʥʘ ʦʜʥʦʡ ʠʟ ʧʣʦʩʢʦʩʪʝʡ ʩʠʤʤʝʪʨʠʠ, ʪʦ ʟʥʘʯʝʥʠʷ ɢr,t ʠ Kr,t ʧʨʠ 

ʧʦʣʦʞʠʪʝʣʴʥʳʭ ʠ ʦʪʨʠʮʘʪʝʣʴʥʳʭ ʫʛʣʘʭ ʧʘʜʝʥʠʷ ʧʨʦʪʠʚʦʧʦʣʦʞʥʳ. ɺ ʦʩʪʘʣʴʥʳʭ 

ʩʣʫʯʘʷʭ ɢr,t ʠ Kr,t ʨʘʟʣʠʯʘʶʪʩʷ ʧʦ ʤʦʜʫʣʶ ʧʨʠ ʩʤʝʥʝ ʟʥʘʢʘ ʫʛʣʘ ʧʘʜʝʥʠʷ. ɼʣʷ 

ʢʨʠʩʪʘʣʣʘ ʢʣʘʩʩʘ 4 ʚʦʟʤʦʞʥʳ ʚʩʝ ʵʪʠ ʚʘʨʠʘʥʪʳ ʧʨʠ ʨʘʟʥʦʡ ʦʨʠʝʥʪʘʮʠʠ ʧʣʘʩʪʠʥʢʠ 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʢʨʠʩʪʘʣʣʦʛʨʘʬʠʯʝʩʢʠʭ ʥʘʧʨʘʚʣʝʥʠʡ [100] ʠ [010]. ɺ ʠʟʦʪʨʦʧʥʦʡ 

ʪʦʯʢʝ ʚʝʣʠʯʠʥʳ ɢt ʨʘʟʣʠʯʥʳ ʧʨʠ ʧʦʣʦʞʠʪʝʣʴʥʳʭ ʠ ʦʪʨʠʮʘʪʝʣʴʥʳʭ ʫʛʣʘʭ ʧʘʜʝʥʠʷ.  
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ɻʃɸɺɸ 3 

ʇʆɻʃʆʑɸʖʑʀɽ ʅʀɿʂʆʉʀʄʄɽʊʈʀʏʅʓɽ ʂʈʀʉʊɸʃʃʓ ʉ ʈɸɿʅʓʄ 

ʂʆʃʀʏɽʉʊɺʆʄ ʆʇʊʀʏɽʉʂʀʍ ʆʉɽʁ 

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

ʥʠʟʢʦʩʠʤʤʝʪʨʠʯʥʳʝ ʢʨʠʩʪʘʣʣʳ ʤʦʛʫʪ ʠʤʝʪʴ ʨʘʟʥʦʝ ʯʠʩʣʦ ʠ ʪʠʧ ʦʧʪʠʯʝʩʢʠʭ ʦʩʝʡ. 

ɺ ʦʙʱʝʤ ʩʣʫʯʘʝ ʪʘʢʦʡ ʢʨʠʩʪʘʣʣ ʠʤʝʝʪ ʯʝʪʳʨʝ ʢʨʫʛʦʚʳʝ ʦʧʪʠʯʝʩʢʠʝ ʦʩʠ, ʘ ʚʩʝ 

ʦʩʪʘʣʴʥʳʝ ʚʘʨʠʘʥʪʳ ʚʦʟʥʠʢʘʶʪ ʧʨʠ ʚʳʧʦʣʥʝʥʠʠ ʦʧʨʝʜʝʣʝʥʥʳʭ ʩʦʦʪʥʦʰʝʥʠʡ 

ʤʝʞʜʫ ʢʦʤʧʦʥʝʥʪʘʤʠ ʢʦʤʧʣʝʢʩʥʦʛʦ ʪʝʥʟʦʨʘ ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʡ ʧʨʦʥʠʮʘʝʤʦʩʪʠ. 

ʕʪʠ ʩʦʦʪʥʦʰʝʥʠʷ ʧʨʠʚʝʜʝʥʳ ʚ [6, 7]; ʘʥʘʣʠʪʠʯʝʩʢʦʝ ʚʳʨʘʞʝʥʠʝ ʜʣʷ ʪʝʥʟʦʨʘ 

ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʡ ʧʨʦʥʠʮʘʝʤʦʩʪʠ ʝʩʪʴ ʪʦʣʴʢʦ ʜʣʷ ʦʜʥʦʛʦ ʠʟ ʨʘʩʩʤʦʪʨʝʥʥʳʭ 

ʚʘʨʠʘʥʪʦʚ. ʀʩʩʣʝʜʦʚʘʥʠʷ ʧʦʛʣʦʱʘʶʱʠʭ ʥʠʟʢʦʩʠʤʤʝʪʨʠʯʥʳʭ ʢʨʠʩʪʘʣʣʦʚ ʩ 

ʨʘʟʥʳʤ ʯʠʩʣʦʤ ʦʧʪʠʯʝʩʢʠʭ ʦʩʝʡ ʙʳʣʠ ʧʨʦʜʦʣʞʝʥʳ ʚ ʨʘʙʦʪʘʭ ɸ.ʄ. ɻʦʥʯʘʨʝʥʢʦ 

[38ï40], ʚ ʢʦʪʦʨʳʭ ʨʘʩʩʤʦʪʨʝʥʳ ʩʝʯʝʥʠʷ ʧʦʚʝʨʭʥʦʩʪʝʡ ʨʝʬʨʘʢʮʠʠ ʠ ʘʙʩʦʨʙʮʠʠ 

ʵʪʠʭ ʢʨʠʩʪʘʣʣʦʚ. 

ɺ ʥʘʩʪʦʷʱʝʡ ʛʣʘʚʝ ʙʫʜʫʪ ʨʘʩʩʤʦʪʨʝʥʳ ʥʝʢʦʪʦʨʳʝ ʨʘʥʝʝ ʥʝ ʠʟʫʯʝʥʥʳʝ 

ʦʩʦʙʝʥʥʦʩʪʠ ʧʦʛʣʦʱʘʶʱʠʭ ʥʠʟʢʦʩʠʤʤʝʪʨʠʯʥʳʭ ʢʨʠʩʪʘʣʣʦʚ ʩ ʨʘʟʥʳʤ 

ʢʦʣʠʯʝʩʪʚʦʤ ʦʧʪʠʯʝʩʢʠʭ ʦʩʝʡ ʠ ʧʦʢʘʟʘʥʦ ʨʘʟʣʠʯʠʝ ʤʝʞʜʫ ʵʪʠʤʠ ʢʨʠʩʪʘʣʣʘʤʠ. 

ʇʨʝʜʩʪʘʚʣʝʥʥʳʝ ʜʘʣʝʝ ʨʝʟʫʣʴʪʘʪʳ ʦʧʫʙʣʠʢʦʚʘʥʳ ʚ ʨʘʙʦʪʘʭ [112ï116]. 

ɼʣʷ ʦʙʦʩʥʦʚʘʥʠʷ ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʧʨʠʚʝʜʝʤ ʢʨʘʪʢʦ ʥʝʦʙʭʦʜʠʤʳʝ 

ʩʚʝʜʝʥʠʷ, ʠʟʣʦʞʝʥʥʳʝ ʚ [6, 38]. 

3.1. ʆʧʪʠʯʝʩʢʠʝ ʦʩʠ ʚ ʧʦʛʣʦʱʘʶʱʠʭ ʢʨʠʩʪʘʣʣʘʭ 

ɺ ʥʠʟʢʦʩʠʤʤʝʪʨʠʯʥʦʤ ʧʦʛʣʦʱʘʶʱʝʤ ʢʨʠʩʪʘʣʣʝ ʦʙʨʘʪʥʳʡ ʪʝʥʟʦʨ 

ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʡ ʧʨʦʥʠʮʘʝʤʦʩʪʠ Ů
ï1

 ʠʤʝʝʪ ʚʠʜ [6, 7]: 

)(Ů1
cccc ¡Ö¡¡+¡¡Ö¡+=- ba , } , ,{  }, , ,{ 321321 cccccc ¡¡¡¡¡¡=¡¡¡¡¡=¡ cc ,                        (3.1) 

ʛʜʝ cc ¡¡Ö¡  ï ʜʠʘʜʘ [6, 36], ʩ', c" ï ʢʦʤʧʣʝʢʩʥʳʝ ʚʝʢʪʦʨʳ, ʦʧʨʝʜʝʣʷʶʱʠʝ ʧʦʣʦʞʝʥʠʷ 

ʦʧʪʠʯʝʩʢʠʭ ʦʩʝʡ ʢʨʠʩʪʘʣʣʘ.  

ʆʙʦʟʥʘʯʠʚ ʢʦʤʧʦʥʝʥʪʳ ʪʝʥʟʦʨʘ Ů
ï1

 ʯʝʨʝʟ ɓij, ʟʘʧʠʰʝʤ ʩʠʩʪʝʤʫ ʫʨʘʚʥʝʥʠʡ 

(3.1) ʚ ʨʘʟʚʝʨʥʫʪʦʤ ʚʠʜʝ 
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ʅʘʧʨʘʚʣʷʶʱʠʝ ʚʝʢʪʦʨʳ n± ʦʧʪʠʯʝʩʢʠʭ ʦʩʝʡ ʥʘʭʦʜʷʪʩʷ ʠʟ ʩʦʦʪʥʦʰʝʥʠʷ: 

||||

*][**)(
22

22

cc

cccccc
n

+

Ö°+
=°

i
.                                                (3.3) 

ʆʧʪʠʯʝʩʢʠʝ ʦʩʠ n°, ʦʪʚʝʯʘʶʱʠʝ ʦʜʥʦʤʫ ʠ ʪʦʤʫ ʞʝ ʚʝʢʪʦʨʫ ʩ (ʩ' ʠʣʠ c''), 

ʥʘʟʳʚʘʶʪʩʷ ʩʦʧʨʷʞʝʥʥʳʤʠ ʦʧʪʠʯʝʩʢʠʤʠ ʦʩʷʤʠ. ʆʨʠʝʥʪʘʮʠʷ ʦʧʪʠʯʝʩʢʠʭ ʦʩʝʡ ʚ 

ʦʙʱʝʤ ʩʣʫʯʘʝ ʧʦʛʣʦʱʘʶʱʝʛʦ ʢʨʠʩʪʘʣʣʘ ʨʘʩʩʤʘʪʨʠʚʘʣʘʩʴ ʚ [117]. 

ɺ ʧʨʦʟʨʘʯʥʦʤ ʥʠʟʢʦʩʠʤʤʝʪʨʠʯʥʦʤ ʢʨʠʩʪʘʣʣʝ ʚʩʝʛʜʘ ʜʚʝ ʦʧʪʠʯʝʩʢʠʝ ʦʩʠ; 

ʚʝʢʪʦʨʳ ʩ', c" ʚʝʱʝʩʪʚʝʥʥʳ ʠ ʩʦʚʧʘʜʘʶʪ ʧʦ ʥʘʧʨʘʚʣʝʥʠʶ ʩ ʦʧʪʠʯʝʩʢʠʤʠ ʦʩʷʤʠ. ɺ 

ʧʦʛʣʦʱʘʶʱʝʤ ʥʠʟʢʦʩʠʤʤʝʪʨʠʯʥʦʤ ʢʨʠʩʪʘʣʣʝ ʚ ʦʙʱʝʤ ʩʣʫʯʘʝ ʢʘʞʜʳʡ ʠʟ 

ʚʝʢʪʦʨʦʚ ʩ', c" ʦʧʨʝʜʝʣʷʝʪ ʜʚʝ ʦʧʪʠʯʝʩʢʠʝ ʦʩʠ; ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʢʨʠʩʪʘʣʣ ʠʤʝʝʪ 

ʯʝʪʳʨʝ ʦʧʪʠʯʝʩʢʠʝ ʦʩʠ, ʚʜʦʣʴ ʢʘʞʜʦʡ ʠʟ ʢʦʪʦʨʳʭ ʨʘʩʧʨʦʩʪʨʘʥʷʶʪʩʷ ʥʝ ʜʚʝ, ʘ ʦʜʥʘ 

ʚʦʣʥʘ ʩ ʢʨʫʛʦʚʦʡ ʧʦʣʷʨʠʟʘʮʠʝʡ. ɺ ʦʪʜʝʣʴʥʳʭ ʩʣʫʯʘʷʭ, ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʭ ʚ ʵʪʦʤ 

ʨʘʟʜʝʣʝ, ʢʦʣʠʯʝʩʪʚʦ ʦʧʪʠʯʝʩʢʠʭ ʦʩʝʡ ʠ ʩʦʩʪʦʷʥʠʝ ʧʦʣʷʨʠʟʘʮʠʠ 

ʨʘʩʧʨʦʩʪʨʘʥʷʶʱʠʭʩʷ ʚʜʦʣʴ ʥʠʭ ʩʦʙʩʪʚʝʥʥʳʭ ʚʦʣʥ ʤʦʞʝʪ ʙʳʪʴ ʜʨʫʛʠʤ, ʦʥʦ 

ʟʘʚʠʩʠʪ ʦʪ ʚʠʜʘ ʢʦʤʧʣʝʢʩʥrʭ ʚʝʢʪʦʨʦʚ ʩ' ʠ c". 

ʆʧʪʠʯʝʩʢʘʷ ʦʩʴ ʥʘʟʳʚʘʝʪʩʷ ʢʨʫʛʦʚʦʡ, ʝʩʣʠ ʧʨʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʠ ʩʚʝʪʘ ʚ 

ʥʘʧʨʘʚʣʝʥʠʠ ʵʪʦʡ ʦʩʠ ʠʤʝʝʪ ʤʝʩʪʦ ʦʧʨʝʜʝʣʝʥʥʘʷ ʢʨʫʛʦʚʘʷ ʧʦʣʷʨʠʟʘʮʠʷ ʚʦʣʥʳ; ʚ 

ʥʘʧʨʘʚʣʝʥʠʠ ʠʟʦʪʨʦʧʥʦʡ ʦʧʪʠʯʝʩʢʦʡ ʦʩʠ ʤʦʞʝʪ ʨʘʩʧʨʦʩʪʨʘʥʷʪʴʩʷ ʚʦʣʥʘ ʣʶʙʦʡ 

ʧʦʣʷʨʠʟʘʮʠʠ. 

ʂʨʫʛʦʚʳʝ ʦʧʪʠʯʝʩʢʠʝ ʦʩʠ ʚ ʧʦʛʣʦʱʘʶʱʠʭ ʢʨʠʩʪʘʣʣʘʭ ʦʪʣʠʯʘʶʪʩʷ ʦʪ ʚʩʝʭ 

ʜʨʫʛʠʭ ʥʘʧʨʘʚʣʝʥʠʡ ʪʝʤ, ʯʪʦ ʠʤ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʝʜʠʥʩʪʚʝʥʥʦʝ ʚʦʟʤʦʞʥʦʝ 

ʩʦʩʪʦʷʥʠʝ ʧʦʣʷʨʠʟʘʮʠʠ. ʇʨʠ ʵʪʦʤ ʚ ʣʶʙʳʭ ʥʘʧʨʘʚʣʝʥʠʷʭ, ʚʢʣʶʯʘʷ ʥʘʧʨʘʚʣʝʥʠʷ 

ʢʨʫʛʦʚʳʭ ʦʧʪʠʯʝʩʢʠʭ ʦʩʝʡ, ʨʘʩʧʨʦʩʪʨʘʥʷʶʪʩʷ ʜʚʝ ʣʠʥʝʡʥʦ ʥʝʟʘʚʠʩʠʤʳʝ ʚʦʣʥʳ. 

ɺʜʦʣʴ ʢʨʫʛʦʚʦʡ ʦʧʪʠʯʝʩʢʦʡ ʦʩʠ, ʧʦʤʠʤʦ ʩʦʙʩʪʚʝʥʥʦʡ ʚʦʣʥʳ ʩ ʢʨʫʛʦʚʦʡ 

ʧʦʣʷʨʠʟʘʮʠʝʡ ʦʧʨʝʜʝʣʝʥʥʦʛʦ ʟʥʘʢʘ, ʪʘʢʞʝ ʨʘʩʧʨʦʩʪʨʘʥʷʝʪʩʷ ʦʩʦʙʘʷ ʚʦʣʥʘ, 

ʥʘʟʳʚʘʝʤʘʷ ʚʦʣʥʦʡ ʌʦʭʪʘ. ʇʦʣʷʨʠʟʘʮʠʷ ʚʦʣʥʳ ʌʦʭʪʘ ʤʝʥʷʝʪʩʷ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ 
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ʛʣʫʙʠʥʳ ʧʨʦʥʠʢʥʦʚʝʥʠʷ ʚ ʢʨʠʩʪʘʣʣ; ʥʘ ʚʝʨʭʥʝʡ ʛʨʘʥʠʮʝ ʝʝ ʧʦʣʷʨʠʟʘʮʠʷ 

ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʧʦʣʷʨʠʟʘʮʠʠ ʧʘʜʘʶʱʝʡ ʚʦʣʥʳ, ʘ ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ ʛʣʫʙʠʥʳ 

ʘʩʠʤʧʪʦʪʠʯʝʩʢʠ ʧʨʠʙʣʠʞʘʝʪʩʷ ʢ ʢʨʫʛʦʚʦʡ ʧʦʣʷʨʠʟʘʮʠʠ ʪʦʛʦ ʞʝ ʟʥʘʢʘ, ʯʪʦ ʠ 

ʧʦʣʷʨʠʟʘʮʠʷ ʩʦʙʩʪʚʝʥʥʦʡ ʚʦʣʥʳ [7, 118]. ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʚʦʣʥʳ ʌʦʭʪʘ 

ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʥʝ ʙʫʜʝʤ. 

ɺʝʢʪʦʨ ɸ ʥʘʟʳʚʘʝʪʩʷ ʣʠʥʝʡʥʳʤ, ʝʩʣʠ [ɸɸ*] = 0; ʢʨʫʛʦʚʳʤ, ʝʩʣʠ ɸ
2
 = 0; 

ʵʣʣʠʧʪʠʯʝʩʢʠʤ, ʝʩʣʠ [ɸɸ*]  ̧0 ʠ ɸ
2
  ̧0 [6]. 

ɺ ʦʙʱʝʤ ʩʣʫʯʘʝ ʚʝʢʪʦʨʳ ʩ', c" ï ʵʣʣʠʧʪʠʯʝʩʢʠʝ ʠ ʢʘʞʜʦʤʫ ʠʟ ʥʠʭ 

ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʜʚʝ ʢʨʫʛʦʚʳʝ ʦʧʪʠʯʝʩʢʠʝ ʦʩʠ. ʀʟ (3.3) ʩʣʝʜʫʝʪ, ʯʪʦ ʢʨʫʛʦʚʦʤʫ 

ʚʝʢʪʦʨʫ ʩ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʪʦʣʴʢʦ ʦʜʥʘ ʢʨʫʛʦʚʘʷ ʦʧʪʠʯʝʩʢʘʷ ʦʩʴ (n+ = ï nï ï ʢʨʫʛʦʚʦʡ 

ʚʝʢʪʦʨ), ʘ ʣʠʥʝʡʥʦʤʫ ʚʝʢʪʦʨʫ ʩ ï ʦʜʥʘ ʠʟʦʪʨʦʧʥʘʷ ʦʧʪʠʯʝʩʢʘʷ ʦʩʴ (n+ = nï ï 

ʠʟʦʪʨʦʧʥʳʡ ʚʝʢʪʦʨ). 

ɺ ʨʦʤʙʠʯʝʩʢʠʭ ʧʦʛʣʦʱʘʶʱʠʭ ʢʨʠʩʪʘʣʣʘʭ ʚʦʟʤʦʞʥʦ ʩʫʱʝʩʪʚʦʚʘʥʠʝ ʠʣʠ 

ʯʝʪʳʨʝʭ ʢʨʫʛʦʚʳʭ, ʠʣʠ ʜʚʫʭ ʠʟʦʪʨʦʧʥʳʭ ʦʧʪʠʯʝʩʢʠʭ ʦʩʝʡ. ɺ ʤʦʥʦʢʣʠʥʥʳʭ ʠ 

ʪʨʠʢʣʠʥʥʳʭ ʧʦʛʣʦʱʘʶʱʠʭ ʢʨʠʩʪʘʣʣʘʭ ʚʦʟʤʦʞʥʦ ʩʫʱʝʩʪʚʦʚʘʥʠʝ ʰʝʩʪʠ ʨʘʟʥʳʭ 

ʩʣʫʯʘʝʚ, ʦʪʣʠʯʘʶʱʠʭʩʷ ʢʦʣʠʯʝʩʪʚʦʤ ʠ ʪʠʧʦʤ ʦʧʪʠʯʝʩʢʠʭ ʦʩʝʡ [6]. ʈʘʩʧʦʣʦʞʝʥʠʝ 

ʦʧʪʠʯʝʩʢʠʭ ʦʩʝʡ ʜʣʷ ʤʦʥʦʢʣʠʥʥʳʭ ʧʦʛʣʦʱʘʶʱʠʭ ʢʨʠʩʪʘʣʣʦʚ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩ. 

3.1. 
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ʏʝʪʳʨʝ ʢʨʫʛʦʚʳʝ 

ʦʧʪʠʯʝʩʢʠʝ ʦʩʠ 

ʆʜʥʘ ʢʨʫʛʦʚʘʷ 

ʦʧʪʠʯʝʩʢʘʷ ʦʩʴ 

ʆʜʥʘ ʢʨʫʛʦʚʘʷ ʠ ʦʜʥʘ 

ʠʟʦʪʨʦʧʥʘʷ ʦʧʪʠʯʝʩʢʠʝ ʦʩʠ 

 

  

ɼʚʝ ʢʨʫʛʦʚʳʝ  

ʦʧʪʠʯʝʩʢʠʝ ʦʩʠ 

ʊʨʠ ʢʨʫʛʦʚʳʝ  

ʦʧʪʠʯʝʩʢʠʝ ʦʩʠ 

ɼʚʝ ʢʨʫʛʦʚʳʝ ʠ ʦʜʥʘ 

ʠʟʦʪʨʦʧʥʘʷ ʦʧʪʠʯʝʩʢʠʝ ʦʩʠ 

   
ʈʠʩ. 3.1. ʈʘʩʧʦʣʦʞʝʥʠʝ ʦʧʪʠʯʝʩʢʠʭ ʦʩʝʡ ʚ ʤʦʥʦʢʣʠʥʥʳʭ ʧʦʛʣʦʱʘʶʱʠʭ ʢʨʠʩʪʘʣʣʘʭ.  

ʆʩʴ 2 (ʠʣʠ ʧʝʨʧʝʥʜʠʢʫʣʷʨ ʢ ʧʣʦʩʢʦʩʪʠ m) ʧʘʨʘʣʣʝʣʴʥʘ ʦʩʠ Z. 

 

3.2. ʇʦʚʝʨʭʥʦʩʪʠ ʨʝʬʨʘʢʮʠʠ ʠ ʘʙʩʦʨʙʮʠʠ ʧʦʛʣʦʱʘʶʱʠʭ ʢʨʠʩʪʘʣʣʦʚ 

ɺ [38ï40] ʠʟʫʯʝʥʳ ʧʦʚʝʨʭʥʦʩʪʠ ʨʝʬʨʘʢʮʠʠ ʠ ʘʙʩʦʨʙʮʠʠ ʧʦʛʣʦʱʘʶʱʠʭ 

ʢʨʠʩʪʘʣʣʦʚ. ɺʝʢʪʦʨʘ ʨʝʬʨʘʢʮʠʠ rn ʠ ʘʙʩʦʨʙʮʠʠ ræ ʚʦʣʥ ʚ ʢʨʠʩʪʘʣʣʝ ʦʧʨʝʜʝʣʷʶʪʩʷ 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʠʟ ʚʳʨʘʞʝʥʠʡ: 

r n = nn,   ræ = æn,                                                     (3.4) 

ʛʜʝ n ï ʧʦʢʘʟʘʪʝʣʴ ʧʨʝʣʦʤʣʝʥʠʷ, Þ ï ʢʦʵʬʬʠʮʠʝʥʪ ʧʦʛʣʦʱʝʥʠʷ, n ï ʚʦʣʥʦʚʘʷ 

ʥʦʨʤʘʣʴ. ʇʨʠ ʠʟʤʝʥʝʥʠʠ ʥʘʧʨʘʚʣʝʥʠʷ ʚʦʣʥʦʚʦʡ ʥʦʨʤʘʣʠ ʢʦʥʮʳ ʚʝʢʪʦʨʦʚ r n ʠ ræ 

ʦʧʠʩʳʚʘʶʪ ʧʦʚʝʨʭʥʦʩʪʠ, ʥʘʟʳʚʘʝʤʳʝ ʧʦʚʝʨʭʥʦʩʪʷʤʠ ʨʝʬʨʘʢʮʠʠ ʠ ʘʙʩʦʨʙʮʠʠ. 

ɼʣʷ ʦʜʥʦʨʦʜʥʳʭ ʧʣʦʩʢʠʭ ʚʦʣʥ (m = Nn, n ï ʜʝʡʩʪʚʠʪʝʣʴʥʳʡ ʚʝʢʪʦʨ, N = n + 

iĿÞ) ʚʳʨʘʞʝʥʠʝ ʜʣʷ ʢʦʤʧʣʝʢʩʥʦʛʦ ʧʦʢʘʟʘʪʝʣʷ ʧʨʝʣʦʤʣʝʥʠʷ N ʟʘʧʠʩʳʚʘʝʪʩʷ ʚ ʚʠʜʝ 

[38]: 

222/1 dddd ¡¡¡°¡¡¡+=° bbaN ,                                             (3.5) 

ʛʜʝ ][  ],[ cndcnd ¡¡=¡¡¡=¡ . 

(ʘ) (ʙ) (ʚ) 

(ʛ) (ʜ) (ʝ) 
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ɽʩʣʠ ʦʙʦʟʥʘʯʠʪʴ )/1Im(  ),/1Re( 22

°° == NqNp , ʪʦ ʧʦʣʫʯʠʤ [38]: 

,
)(2 22

22

2

qp

pqp
n

+

++
=   æ

2
 = .

)(2 22

22

qp

pqp

+

-+
                                           (3.6) 

ʈʘʩʩʤʦʪʨʠʤ ʩʝʯʝʥʠʝ ʧʦʚʝʨʭʥʦʩʪʝʡ ʨʝʬʨʘʢʮʠʠ ʠ ʘʙʩʦʨʙʮʠʠ ʧʣʦʩʢʦʩʪʷʤʠ, 

ʩʦʜʝʨʞʘʱʠʤʠ ʦʧʪʠʯʝʩʢʠʝ ʦʩʠ, ʜʣʷ ʦʙʱʝʛʦ ʩʣʫʯʘʷ ʧʦʛʣʦʱʘʶʱʝʛʦ ʤʦʥʦʢʣʠʥʥʦʛʦ 

ʠʣʠ ʨʦʤʙʠʯʝʩʢʦʛʦ ʢʨʠʩʪʘʣʣʘ ʩ ʯʝʪʳʨʴʤʷ ʢʨʫʛʦʚʳʤʠ ʦʧʪʠʯʝʩʢʠʤʠ ʦʩʷʤʠ. ʀʟ (3.3) 

ʚʠʜʥʦ, ʯʪʦ ʩʦʧʨʷʞʝʥʥʳʝ ʦʧʪʠʯʝʩʢʠʝ ʦʩʠ ʣʝʞʘʪ ʚ ʦʜʥʦʡ ʧʣʦʩʢʦʩʪʠ ʩ ʦʩʴʶ Z. 

ʇʦʵʪʦʤʫ ʚʩʝʛʜʘ ʤʦʞʥʦ ʚʳʙʨʘʪʴ ʩʠʩʪʝʤʫ ʢʦʦʨʜʠʥʘʪ ʪʘʢ, ʯʪʦʙʳ ʦʜʥʘ ʠʟ ʧʘʨ 

ʩʦʧʨʷʞʝʥʥʳʭ ʦʧʪʠʯʝʩʢʠʭ ʦʩʝʡ ʣʝʞʘʣʘ, ʥʘʧʨʠʤʝʨ, ʚ ʧʣʦʩʢʦʩʪʠ XOZ. ʏʪʦʙʳ ʥʘʡʪʠ 

ʩʝʯʝʥʠʝ, ʩʦʜʝʨʞʘʱʝʝ ʜʚʝ ʩʦʧʨʷʞʝʥʥʳʝ ʦʧʪʠʯʝʩʢʠʝ ʦʩʠ, ʧʦʚʦʨʘʯʠʚʘʝʤ ʢʨʠʩʪʘʣʣ 

ʚʦʢʨʫʛ ʦʩʠ Z ʪʘʢ, ʯʪʦʙʳ ʥʫʞʥʘʷ ʧʘʨʘ ʦʩʝʡ ʦʢʘʟʘʣʘʩʴ ʚ ʧʣʦʩʢʦʩʪʠ XOZ, ʠ 

ʨʘʩʩʤʘʪʨʠʚʘʝʤ ʩʝʯʝʥʠʝ ʵʪʦʡ ʧʣʦʩʢʦʩʪʴʶ. ʊʦʛʜʘ, ʦʙʦʟʥʘʯʘʷ 

}űsin  ,0  ,ű{cos=n ,                                                        (3.7) 

ʠ, ʠʩʧʦʣʴʟʫʷ (3.1, 3.5), ʜʣʷ ʧʦʢʘʟʘʪʝʣʝʡ ʧʨʝʣʦʤʣʝʥʠʷ ʧʦʣʫʯʘʝʤ: 

űsinɓ4/]űsin)ɓɓ(ɓɓ[2/űsin)ɓɓ(2/)ɓɓ(/1 22

12

22

33113322

2

33113322

2 +---°-++=°N .   (3.8) 

ʇʦʜʩʪʘʚʣʷʷ ʬʦʨʤʫʣʳ (3.8) ʚ (3.6), ʧʦʣʫʯʠʤ ʚʳʨʘʞʝʥʠʷ ʚ ʧʦʣʷʨʥʳʭ ʢʦʦʨʜʠʥʘʪʘʭ 

ʜʣʷ ʩʝʯʝʥʠʡ ʧʦʚʝʨʭʥʦʩʪʝʡ ʨʝʬʨʘʢʮʠʠ ʠ ʘʙʩʦʨʙʮʠʠ ʧʣʦʩʢʦʩʪʴʶ XOZ. 

3.3. ʆʩʦʙʝʥʥʦʩʪʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʩʚʝʪʘ ʚ ʢʨʠʩʪʘʣʣʘʭ ʩ ʨʘʟʥʳʤ ʯʠʩʣʦʤ 

ʦʧʪʠʯʝʩʢʠʭ ʦʩʝʡ 

 ɺ ʦʙʱʝʤ ʩʣʫʯʘʝ ʤʦʥʦʢʣʠʥʥʳʡ ʠʣʠ ʪʨʠʢʣʠʥʥʳʡ ʧʦʛʣʦʱʘʶʱʠʡ ʢʨʠʩʪʘʣʣ, 

ʪʘʢʞʝ ʢʘʢ ʠ ʨʦʤʙʠʯʝʩʢʠʡ, ʠʤʝʝʪ ʯʝʪʳʨʝ ʢʨʫʛʦʚʳʝ ʦʧʪʠʯʝʩʢʠʝ ʦʩʠ. ʅʦ ʧʨʠ 

ʦʧʨʝʜʝʣʝʥʥʦʤ ʚʠʜʝ ʢʦʤʧʣʝʢʩʥʦʛʦ ʪʝʥʟʦʨʘ ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʡ ʧʨʦʥʠʮʘʝʤʦʩʪʠ Ů 

ʯʠʩʣʦ ʦʧʪʠʯʝʩʢʠʭ ʦʩʝʡ ʤʦʞʝʪ ʙʳʪʴ ʜʨʫʛʠʤ.  

ɺ ʨʦʤʙʠʯʝʩʢʠʭ ʧʦʛʣʦʱʘʶʱʠʭ ʢʨʠʩʪʘʣʣʘʭ ʚʦʟʤʦʞʥʦ ʩʫʱʝʩʪʚʦʚʘʥʠʝ ʣʠʙʦ 

ʯʝʪʳʨʝʭ ʢʨʫʛʦʚʳʭ, ʣʠʙʦ ʜʚʫʭ ʠʟʦʪʨʦʧʥʳʭ ʦʧʪʠʯʝʩʢʠʭ ʦʩʝʡ.  

ɺ ʤʦʥʦʢʣʠʥʥʳʭ ʠ ʪʨʠʢʣʠʥʥʳʭ ʧʦʛʣʦʱʘʶʱʠʭ ʢʨʠʩʪʘʣʣʘʭ ʚʦʟʤʦʞʥʳ ʰʝʩʪʴ 

ʨʘʟʥʳʭ ʩʣʫʯʘʝʚ ʢʦʣʠʯʝʩʪʚʘ ʠ ʪʠʧʘ ʦʧʪʠʯʝʩʢʠʭ ʦʩʝʡ:  

ʯʝʪʳʨʝ ʢʨʫʛʦʚʳʝ ʦʧʪʠʯʝʩʢʠʝ ʦʩʠ;  
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ʦʜʥʘ ʢʨʫʛʦʚʘʷ ʦʧʪʠʯʝʩʢʘʷ ʦʩʴ ʚ ʤʦʥʦʢʣʠʥʥʦʤ ʠ ʦʜʥʘ ʠʟʦʪʨʦʧʥʘʷ ʚ 

ʪʨʠʢʣʠʥʥʦʤ ʢʨʠʩʪʘʣʣʝ;  

ʜʚʝ ʢʨʫʛʦʚʳʝ ʦʧʪʠʯʝʩʢʠʝ ʦʩʠ;  

ʪʨʠ ʢʨʫʛʦʚʳʝ ʦʧʪʠʯʝʩʢʠʝ ʦʩʠ;  

ʦʜʥʘ ʠʟʦʪʨʦʧʥʘʷ ʠ ʦʜʥʘ ʢʨʫʛʦʚʘʷ ʦʧʪʠʯʝʩʢʠʝ ʦʩʠ;  

ʦʜʥʘ ʠʟʦʪʨʦʧʥʘʷ ʠ ʜʚʝ ʢʨʫʛʦʚʳʝ ʦʧʪʠʯʝʩʢʠʝ ʦʩʠ.  

ɺʠʜ ʪʝʥʟʦʨʘ Ů, ʥʝʦʙʭʦʜʠʤʳʡ ʜʣʷ ʨʝʘʣʠʟʘʮʠʠ ʫʢʘʟʘʥʥʳʭ ʯʘʩʪʥʳʭ ʩʣʫʯʘʝʚ 

ʧʦʛʣʦʱʘʶʱʠʭ ʥʠʟʢʦʩʠʤʤʝʪʨʠʯʥʳʭ ʢʨʠʩʪʘʣʣʦʚ, ʠʟʚʝʩʪʝʥ ʪʦʣʴʢʦ ʜʣʷ 

ʨʦʤʙʠʯʝʩʢʦʛʦ ʢʨʠʩʪʘʣʣʘ ʩ ʜʚʫʤʷ ʠʟʦʪʨʦʧʥʳʤʠ ʦʧʪʠʯʝʩʢʠʤʠ ʦʩʷʤʠ ʠ ʜʣʷ 

ʤʦʥʦʢʣʠʥʥʦʛʦ ʢʨʠʩʪʘʣʣʘ ʩ ʦʜʥʦʡ ʢʨʫʛʦʚʦʡ ʦʧʪʠʯʝʩʢʦʡ ʦʩʴʶ [6]. ɺ ʥʘʩʪʦʷʱʝʡ 

ʛʣʘʚʝ ʧʦʣʫʯʝʥʳ ʘʥʘʣʠʪʠʯʝʩʢʠʝ ʚʳʨʘʞʝʥʠʷ ʜʣʷ ʢʦʤʧʦʥʝʥʪ ʪʝʥʟʦʨʦʚ 

ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʡ ʧʨʦʥʠʮʘʝʤʦʩʪʠ ʚ ʪʝʭ ʩʣʫʯʘʷʭ, ʢʦʛʜʘ ʤʦʥʦʢʣʠʥʥʳʡ ʠʣʠ 

ʪʨʠʢʣʠʥʥʳʡ ʧʦʛʣʦʱʘʶʱʠʡ ʢʨʠʩʪʘʣʣ ʠʤʝʪʁ ʤʝʥʴʰʝ ʯʝʪʳʨʝʭ ʦʧʪʠʯʝʩʢʠʭ ʦʩʝʡ. 

 ɼʣʷ ʥʘʭʦʞʜʝʥʠʷ ʚʠʜʘ ʪʝʥʟʦʨʘ Ů ʠʩʧʦʣʴʟʦʚʘʥʘ ʩʠʩʪʝʤʘ ʫʨʘʚʥʝʥʠʡ (3.2) ʠ 

ʚʳʚʝʜʝʥʥʳʝ ʚ [6] ʦʛʨʘʥʠʯʝʥʠʷ ʥʘ ʚʠʜ ʢʦʤʧʣʝʢʩʥʳʭ ʚʝʢʪʦʨʦʚ c', c". ɹʦʣʝʝ 

ʥʘʛʣʷʜʥʳʝ ʩʦʦʪʥʦʰʝʥʠʷ ʧʦʣʫʯʘʶʪʩʷ ʜʣʷ ʦʙʨʘʪʥʦʛʦ ʪʝʥʟʦʨʘ ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʡ 

ʧʨʦʥʠʮʘʝʤʦʩʪʠ (Ů
ï1
). ɺʠʜ ʪʝʥʟʦʨʘ Ů

ï1
 ʜʣʷ ʚʩʝʭ ʩʣʫʯʘʝʚ ʧʨʠʚʝʜʝʥ ʚ ʪʘʙʣ. 3.1 (ʜʣʷ 

ʢʨʠʩʪʘʣʣʘ ʩ ʦʜʥʦʡ ʢʨʫʛʦʚʦʡ ʦʧʪʠʯʝʩʢʦʡ ʦʩʴʶ ʧʨʠʚʝʜʝʥ ʪʝʥʟʦʨ Ů, ʘ Ů
ï1

 

ʟʘʧʠʩʳʚʘʝʪʩʷ ʚ ʘʥʘʣʦʛʠʯʥʦʤ ʚʠʜʝ). 

ɼʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʨʘʟʣʠʯʠʷ ʤʝʞʜʫ ʵʪʠʤʠ ʢʨʠʩʪʘʣʣʘʤʠ ʠʥʪʝʨʝʩʥʦ ʠʟʫʯʠʪʴ 

ʵʣʣʠʧʪʠʯʥʦʩʪʠ ʠʭ ʩʦʙʩʪʚʝʥʥʳʭ ʚʦʣʥ. ʇʦʣʷʨʠʟʘʮʠʷ ʩʦʙʩʪʚʝʥʥʳʭ ʚʦʣʥ ʚ 

ʧʦʛʣʦʱʘʶʱʠʭ ʨʦʤʙʠʯʝʩʢʠʭ ʢʨʠʩʪʘʣʣʘʭ ʧʦʜʨʦʙʥʦ ʠʟʫʯʝʥʘ ʚ [67ï69]; ʜʣʷ 

ʤʦʥʦʢʣʠʥʥʳʭ ʠ ʪʨʠʢʣʠʥʥʳʭ ʢʨʠʩʪʘʣʣʦʚ ʧʦʜʦʙʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʥʝ ʧʨʦʚʦʜʠʣʠʩʴ.  

ʉ ʧʦʤʦʱʴʶ ʤʝʪʦʜʘ ɹʝʨʨʝʤʘʥʘ ʧʦ ʧʨʦʛʨʘʤʤʝ Wolfram Mathematica 7.0 

ʧʨʦʚʝʜʝʥ ʨʘʩʯʝʪ ʚʝʢʪʦʨʦʚ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ ʩʦʙʩʪʚʝʥʥʳʭ ʚʦʣʥ ʜʣʷ ʨʘʟʥʳʭ 

ʩʣʫʯʘʝʚ ʧʦʛʣʦʱʘʶʱʠʭ ʥʠʟʢʦʩʠʤʤʝʪʨʠʯʥʳʭ ʢʨʠʩʪʘʣʣʦʚ. ʇʦ ʬʦʨʤʫʣʝ (1.19) 

ʨʘʩʩʯʠʪʘʥʳ ʵʣʣʠʧʪʠʯʥʦʩʪʠ ʩʦʙʩʪʚʝʥʥʳʭ ʚʦʣʥ ʧʨʠ ʢʦʩʦʤ ʧʘʜʝʥʠʠ ʩʚʝʪʘ ʥʘ 

ʢʨʠʩʪʘʣʣ. ʅʘ ʨʠʩ. 3.2 ʚ ʮʠʣʠʥʜʨʠʯʝʩʢʦʡ ʩʠʩʪʝʤʝ ʢʦʦʨʜʠʥʘʪ ʧʨʠʚʝʜʝʥʳ 

ʟʘʚʠʩʠʤʦʩʪʠ ʵʣʣʠʧʪʠʯʥʦʩʪʝʡ s ʩʦʙʩʪʚʝʥʥʳʭ ʚʦʣʥ ʦʪ ʫʛʣʘ ʧʘʜʝʥʠʷ j ʠ ʫʛʣʘ 
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ʧʦʚʦʨʦʪʘ f ʢʨʠʩʪʘʣʣʘ ʚʦʢʨʫʛ ʦʩʠ Z; ʫʛʦʣ j ʦʪʩʯʠʪʳʚʘʝʪʩʷ ʚʜʦʣʴ ʨʘʜʠʫʩʘ 

ʛʦʨʠʟʦʥʪʘʣʴʥʦʛʦ ʩʝʯʝʥʠʷ ʬʠʛʫʨʳ, ʘ f ï ʢʘʢ ʧʦʚʦʨʦʪ ʵʪʦʛʦ ʨʘʜʠʫʩʘ. ʅʘ ʨʠʩʫʥʢʘʭ 

ʚʠʜʥʳ ʪʦʯʢʠ ʚʳʭʦʜʘ ʦʧʪʠʯʝʩʢʠʭ ʦʩʝʡ: ʚ ʵʪʠʭ ʪʦʯʢʘʭ ʵʣʣʠʧʪʠʯʥʦʩʪʴ ʩʦʙʩʪʚʝʥʥʳʭ 

ʚʦʣʥ ʠʤʝʝʪ ʤʘʢʩʠʤʫʤ ʠʣʠ ʤʠʥʠʤʫʤ ʠ ʨʘʚʥʘ Ñ1. 

ʀʩʧʦʣʴʟʫʷ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʫʶ ʤʘʪʨʠʮʫ æ, ʧʨʠʤʝʥʷʝʤʫʶ ʚ ʤʝʪʦʜʝ 

ɹʝʨʨʝʤʘʥʘ, ʠ ʬʦʨʤʫʣʳ (1.17), (1.18), ʧʦʣʫʯʝʥʳ ʘʥʘʣʠʪʠʯʝʩʢʠʝ ʚʳʨʘʞʝʥʠʷ ʜʣʷ 

ʵʣʣʠʧʪʠʯʥʦʩʪʝʡ ʩʦʙʩʪʚʝʥʥʳʭ ʚʦʣʥ ʧʨʠ ʥʦʨʤʘʣʴʥʦʤ ʧʘʜʝʥʠʠ ʩʚʝʪʘ. ʈʝʟʫʣʴʪʘʪʳ 

ʨʘʩʯʝʪʦʚ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣ. 3.2. 

ʊʘʢʞʝ ʠʥʪʝʨʝʩʥʦ ʨʘʩʩʤʦʪʨʝʪʴ ʥʝʢʦʪʦʨʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʩʚʝʪʘ, 

ʧʨʦʰʝʜʰʝʛʦ ʯʝʨʝʟ ʪʘʢʦʡ ʢʨʠʩʪʘʣʣ. ɺʳʯʠʩʣʝʥʳ ʵʣʣʠʧʪʠʯʥʦʩʪʠ Kt ʧʨʦʰʝʜʰʝʛʦ 

ʩʚʝʪʘ ʧʨʠ ʧʘʜʝʥʠʠ ʥʘ ʢʨʠʩʪʘʣʣ ʚʦʣʥʳ ʧʨʘʚʦʡ ʠʣʠ ʣʝʚʦʡ ʢʨʫʛʦʚʦʡ ʧʦʣʷʨʠʟʘʮʠʠ 

(ʨʠʩ. 3.3).  

 ʇʦ ʬʦʨʤʫʣʝ (3.8) ʚʳʯʠʩʣʝʥʳ ʩʝʯʝʥʠʷ ʧʦʚʝʨʭʥʦʩʪʝʡ ʨʝʬʨʘʢʮʠʠ ʠ ʘʙʩʦʨʙʮʠʠ 

ʧʣʦʩʢʦʩʪʷʤʠ, ʩʦʜʝʨʞʘʱʠʤʠ ʦʧʪʠʯʝʩʢʠʝ ʦʩʠ (ʨʠʩ. 3.4). ɼʣʷ ʥʝʢʦʪʦʨʳʭ ʠʟ 

ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʭ ʩʣʫʯʘʝʚ ʩʝʯʝʥʠʷ ʧʦʚʝʨʭʥʦʩʪʝʡ ʨʝʬʨʘʢʮʠʠ ʠ ʘʙʩʦʨʙʮʠʠ 

ʨʘʩʩʯʠʪʘʥʳ ʚ ʨʘʙʦʪʘʭ ɻʦʥʯʘʨʝʥʢʦ [38ï40]. ʅʘ ʪʘʢʠʭ ʛʨʘʬʠʢʘʭ ʭʦʨʦʰʦ ʚʠʜʥʳ 

ʦʧʪʠʯʝʩʢʠʝ ʦʩʠ, ʧʦʵʪʦʤʫ ʦʥʠ ʧʨʠʚʝʜʝʥʳ ʜʣʷ ʠʣʣʶʩʪʨʘʮʠʠ ʜʣʷ ʚʩʝʭ 

ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʭ ʩʣʫʯʘʝʚ ʤʦʥʦʢʣʠʥʥʳʭ ʠ ʪʨʠʢʣʠʥʥʳʭ ʧʦʛʣʦʱʘʶʱʠʭ ʢʨʠʩʪʘʣʣʦʚ. 

ɼʘʣʝʝ ʨʘʩʩʤʦʪʨʠʤ ʙʦʣʝʝ ʧʦʜʨʦʙʥʦ ʧʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʦʪʜʝʣʴʥʦ ʜʣʷ 

ʨʦʤʙʠʯʝʩʢʠʭ, ʤʦʥʦʢʣʠʥʥʳʭ ʠ ʪʨʠʢʣʠʥʥʳʭ ʢʨʠʩʪʘʣʣʦʚ. 
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ʊʘʙʣʠʮʘ 3.1. ɺʦʟʤʦʞʥʳʝ ʩʣʫʯʘʠ ʢʦʣʠʯʝʩʪʚʘ ʠ ʪʠʧʘ ʦʧʪʠʯʝʩʢʠʭ ʦʩʝʡ ʚ 

ʧʦʛʣʦʱʘʶʱʠʭ ʥʠʟʢʦʩʠʤʤʝʪʨʠʯʥʳʭ ʢʨʠʩʪʘʣʣʘʭ ʠ ʚʠʜ ʪʝʥʟʦʨʘ Ů
ï1

 ʜʣʷ ʵʪʠʭ 

ʢʨʠʩʪʘʣʣʦʚ (Ŭ, ɔ, ɖ, ŭ ï ʚ ʦʙʱʝʤ ʩʣʫʯʘʝ ʢʦʤʧʣʝʢʩʥʳʝ ʯʠʩʣʘ). 
ʈʦʤʙʠʯʝʩʢʠʡ ʢʨʠʩʪʘʣʣ 

ʏʝʪʳʨʝ ʢʨʫʛʦʚʳʝ ʦʧʪʠʯʝʩʢʠʝ ʦʩʠ 

c', c" ï ʵʣʣʠʧʪʠʯʝʩʢʠʝ 
ɼʚʝ ʠʟʦʪʨʦʧʥʳʝ ʦʧʪʠʯʝʩʢʠʝ ʦʩʠ 

c', c" ï ʣʠʥʝʡʥʳʝ 
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ʄʦʥʦʢʣʠʥʥʳʡ ʢʨʠʩʪʘʣʣ 

Z || 2 ʠʣʠ Z  ̂m 
ʊʨʠʢʣʠʥʥʳʡ ʢʨʠʩʪʘʣʣ 

ʏʝʪʳʨʝ ʢʨʫʛʦʚʳʝ ʦʧʪʠʯʝʩʢʠʝ ʦʩʠ 

c', c" ï ʨʘʟʣʠʯʥʳ ʠ ʵʣʣʠʧʪʠʯʝʩʢʠʝ 

Ů ʧʨʠʚʦʜʠʪʩʷ ʢ ʜʠʘʛʦʥʘʣʴʥʦʤʫ ʚʠʜʫ 
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Ů ʠ Ů
ï1

 ʠʤʝʶʪ ʦʙʱʠʡ ʚʠʜ 

ʆʜʥʘ ʢʨʫʛʦʚʘʷ ʦʧʪʠʯʝʩʢʘʷ ʦʩʴ 

c' = c" = c, c ï ʢʨʫʛʦʚʦʡ ʚʝʢʪʦʨ 

ʆʜʥʘ ʠʟʦʪʨʦʧʥʘʷ ʦʧʪʠʯʝʩʢʘʷ ʦʩʴ 

c' ï ʢʨʫʛʦʚʦʡ ʚʝʢʪʦʨ, c" ï ʣʠʥʝʡʥʳʡ, c'c" = 0 

Ů ʥʝ ʧʨʠʚʦʜʠʪʩʷ ʢ ʜʠʘʛʦʥʘʣʴʥʦʤʫ ʚʠʜʫ 

Z || ʢʨʫʛʦʚʦʡ ʦʧʪʠʯʝʩʢʦʡ ʦʩʠ 
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ʊʝʥʟʦʨ Ů
ï1

 ʟʘʧʠʩʳʚʘʝʪʩʷ ʘʥʘʣʦʛʠʯʥʦ. 

Z || ʠʟʦʪʨʦʧʥʦʡ ʦʧʪʠʯʝʩʢʦʡ ʦʩʠ 
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ʆʜʥʘ ʢʨʫʛʦʚʘʷ ʠ ʦʜʥʘ ʠʟʦʪʨʦʧʥʘʷ ʦʧʪʠʯʝʩʢʠʝ ʦʩʠ 

Ů ʥʝ ʧʨʠʚʦʜʠʪʩʷ ʢ ʜʠʘʛʦʥʘʣʴʥʦʤʫ ʚʠʜʫ 

c' ï ʢʨʫʛʦʚʦʡ, c" ï ʣʠʥʝʡʥʳʡ c' ï ʢʨʫʛʦʚʦʡ ʚʝʢʪʦʨ, c" ï ʣʠʥʝʡʥʳʡ, 

ʠʣʠ c" ï ʵʣʣʠʧʪʠʯʝʩʢʠʡ, ʥʦ c'*c" = 0. 

Z || ʢʨʫʛʦʚʦʡ, Y || ʠʟʦʪʨʦʧʥʦʡ ʦʧʪʠʯʝʩʢʦʡ ʦʩʠ 
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Z || ʢʨʫʛʦʚʦʡ ʦʩʠ, ʠʟʦʪʨʦʧʥʘʷ ʦʩʴ || YOZ 
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, ɖ = ɖ* 

ɼʚʝ ʢʨʫʛʦʚʳʝ ʦʧʪʠʯʝʩʢʠʝ ʦʩʠ 

Ů ʧʨʠʚʦʜʠʪʩʷ ʢ ʜʠʘʛʦʥʘʣʴʥʦʤʫ ʚʠʜʫ 

c' = c" = c, c ï ʵʣʣʠʧʪʠʯʝʩʢʠʡ ʚʝʢʪʦʨ 

Ů ʥʝ ʧʨʠʚʦʜʠʪʩʷ ʢ ʜʠʘʛʦʥʘʣʴʥʦʤʫ ʚʠʜʫ 

c' ï ʢʨʫʛʦʚʦʡ, c" ï ʵʣʣʠʧʪʠʯʝʩʢʠʡ, c'c" = 0 

ʆʧʪʠʯʝʩʢʠʝ ʦʩʠ ʨʘʩʧʦʣʦʞʝʥʳ ʚ ʦʜʥʦʡ 

ʧʣʦʩʢʦʩʪʠ ʩ ʦʩʴʶ Z. 
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ʆʧʪʠʯʝʩʢʘʷ ʦʩʴ, ʦʪʚʝʯʘʶʱʘʷ ʢʨʫʛʦʚʦʤʫ 

ʚʝʢʪʦʨʫ c', ʧʘʨʘʣʣʝʣʴʥʘ ʦʩʠ Z. 
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ʊʨʠ ʢʨʫʛʦʚʳʝ ʦʧʪʠʯʝʩʢʠʝ ʦʩʠ 

Ů ʥʝ ʧʨʠʚʦʜʠʪʩʷ ʢ ʜʠʘʛʦʥʘʣʴʥʦʤʫ ʚʠʜʫ 

c' ï ʢʨʫʛʦʚʦʡ, c" ï ʵʣʣʠʧʪʠʯʝʩʢʠʡ c' ï ʢʨʫʛʦʚʦʡ, c" ï ʵʣʣʠʧʪʠʯʝʩʢʠʡ, c'c" Í 0 

ɺʩʝ ʪʨʠ ʦʧʪʠʯʝʩʢʠʝ ʦʩʠ ʚ ʦʜʥʦʡ ʧʣʦʩʢʦʩʪʠ, 

ʦʜʥʘ ʠʟ ʥʠʭ ʧʘʨʘʣʣʝʣʴʥʘ Z. 
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ʆʧʪʠʯʝʩʢʘʷ ʦʩʴ, ʦʪʚʝʯʘʶʱʘʷ ʢʨʫʛʦʚʦʤʫ 

ʚʝʢʪʦʨʫ c', ʧʘʨʘʣʣʝʣʴʥʘ ʦʩʠ Z. 
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,  ɖ Í 1 

ɼʚʝ ʢʨʫʛʦʚʳʝ ʠ ʦʜʥʘ ʠʟʦʪʨʦʧʥʘʷ ʦʧʪʠʯʝʩʢʠʝ ʦʩʠ 

Ů ʧʨʠʚʦʜʠʪʩʷ ʢ ʜʠʘʛʦʥʘʣʴʥʦʤʫ ʚʠʜʫ 

c' ï ʵʣʣʠʧʪʠʯʝʩʢʠʡ, c" ï ʣʠʥʝʡʥʳʡ c' ï ʵʣʣʠʧʪʠʯʝʩʢʠʡ, c" ï ʣʠʥʝʡʥʳʡ, 

ʠʣʠ c', c" ï ʵʣʣʠʧʪʠʯʝʩʢʠʝ ʠ c'c"* = 0. 

Ů
ï1

 ʟʘʧʠʩʳʚʘʝʪʩʷ ʪʘʢ ʞʝ, ʢʘʢ ʜʣʷ ʩʣʫʯʘʷ 

ʯʝʪrʨʝʭ ʦʧʪʠʯʝʩʢʠʭ ʦʩʝʡ 

Z || ʠʟʦʪʨʦʧʥʦʡ ʦʧʪʠʯʝʩʢʦʡ ʦʩʠ 
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ʈʦʤʙʠʯʝʩʢʠʡ ʢʨʠʩʪʘʣʣ 

ʏʝʪʳʨʝ ʢʨʫʛʦʚʳʝ ʦʧʪʠʯʝʩʢʠʝ ʦʩʠ ɼʚʝ ʠʟʦʪʨʦʧʥʳʝ ʦʧʪʠʯʝʩʢʠʝ ʦʩʠ 

 
 

ʄʦʥʦʢʣʠʥʥʳʡ ʢʨʠʩʪʘʣʣ 

ʏʝʪʳʨʝ ʢʨʫʛʦʚʳʝ ʦʧʪʠʯʝʩʢʠʝ ʦʩʠ ʆʜʥʘ ʢʨʫʛʦʚʘʷ ʦʧʪʠʯʝʩʢʘʷ ʦʩʴ 
ʆʜʥʘ ʢʨʫʛʦʚʘʷ ʠ ʦʜʥʘ ʠʟʦʪʨʦʧʥʘʷ 

ʦʧʪʠʯʝʩʢʠʝ ʦʩʠ 

 
 

 

ɼʚʝ ʢʨʫʛʦʚʳʝ ʦʧʪʠʯʝʩʢʠʝ ʦʩʠ ʊʨʠ ʢʨʫʛʦʚʳʝ ʦʧʪʠʯʝʩʢʠʝ ʦʩʠ 
ɼʚʝ ʢʨʫʛʦʚʳʝ ʠ ʦʜʥʘ ʠʟʦʪʨʦʧʥʘʷ 

ʦʧʪʠʯʝʩʢʠʝ ʦʩʠ 

   

ʊʨʠʢʣʠʥʥʳʡ ʢʨʠʩʪʘʣʣ 

ʏʝʪʳʨʝ ʢʨʫʛʦʚʳʝ ʦʧʪʠʯʝʩʢʠʝ ʦʩʠ ʆʜʥʘ ʠʟʦʪʨʦʧʥʘʷ ʦʧʪʠʯʝʩʢʘʷ ʦʩʴ 
ʆʜʥʘ ʢʨʫʛʦʚʘʷ ʠ ʦʜʥʘ ʠʟʦʪʨʦʧʥʘʷ 

ʦʧʪʠʯʝʩʢʠʝ ʦʩʠ 

   

ɼʚʝ ʢʨʫʛʦʚʳʝ ʦʧʪʠʯʝʩʢʠʝ ʦʩʠ ʊʨʠ ʢʨʫʛʦʚʳʝ ʦʧʪʠʯʝʩʢʠʝ ʦʩʠ 
ɼʚʝ ʢʨʫʛʦʚʳʝ ʠ ʦʜʥʘ ʠʟʦʪʨʦʧʥʘʷ 

ʦʧʪʠʯʝʩʢʠʝ ʦʩʠ 

   

ʈʠʩ. 3.2. ɿʘʚʠʩʠʤʦʩʪʴ ʵʣʣʠʧʪʠʯʥʦʩʪʝʡ ʩʦʙʩʪʚʝʥʥʳʭ ʚʦʣʥ s ʦʪ ʫʛʣʘ ʧʘʜʝʥʠʷ j ʠ ʫʛʣʘ ʧʦʚʦʨʦʪʘ f 

ʢʨʠʩʪʘʣʣʘ ʚʦʢʨʫʛ ʦʩʠ Z ʚ ʮʠʣʠʥʜʨʠʯʝʩʢʦʡ ʩʠʩʪʝʤʝ ʢʦʦʨʜʠʥʘʪ. ʋʛʦʣ ű ʦʪʩʯʠʪʳʚʘʝʪʩʷ ʚʜʦʣʴ 

ʨʘʜʠʫʩʘ ʛʦʨʠʟʦʥʪʘʣʴʥʦʛʦ ʩʝʯʝʥʠʷ ʬʠʛʫʨʳ, f ï ʢʘʢ ʧʦʚʦʨʦʪ ʵʪʦʛʦ ʨʘʜʠʫʩʘ. 

(ʘ) (ʙ) (ʚ) 

(ʛ) (ʜ) (ʝ) 

(ʘ') (ʙ') (ʚ') 

(ʛ') (ʜ') (ʝ') 

(ʘ0) (ʙ0) 

ű 
f 

 

s 
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ʈʦʤʙʠʯʝʩʢʠʡ ʢʨʠʩʪʘʣʣ 

ʏʝʪʳʨʝ ʢʨʫʛʦʚʳʝ ʦʧʪʠʯʝʩʢʠʝ ʦʩʠ ɼʚʝ ʠʟʦʪʨʦʧʥʳʝ ʦʧʪʠʯʝʩʢʠʝ ʦʩʠ 

  
ʄʦʥʦʢʣʠʥʥʳʡ ʢʨʠʩʪʘʣʣ 

ʏʝʪʳʨʝ ʢʨʫʛʦʚʳʝ ʦʧʪʠʯʝʩʢʠʝ ʦʩʠ ʆʜʥʘ ʢʨʫʛʦʚʘʷ ʦʧʪʠʯʝʩʢʘʷ ʦʩʴ 
ʆʜʥʘ ʢʨʫʛʦʚʘʷ ʠ ʦʜʥʘ ʠʟʦʪʨʦʧʥʘʷ 

ʦʧʪʠʯʝʩʢʠʝ ʦʩʠ 

   

ɼʚʝ ʢʨʫʛʦʚʳʝ ʦʧʪʠʯʝʩʢʠʝ ʦʩʠ ʊʨʠ ʢʨʫʛʦʚʳʝ ʦʧʪʠʯʝʩʢʠʝ ʦʩʠ 
ɼʚʝ ʢʨʫʛʦʚʳʝ ʠ ʦʜʥʘ ʠʟʦʪʨʦʧʥʘʷ 

ʦʧʪʠʯʝʩʢʠʝ ʦʩʠ 

   

ʊʨʠʢʣʠʥʥʳʡ ʢʨʠʩʪʘʣʣ 

ʏʝʪʳʨʝ ʢʨʫʛʦʚʳʝ ʦʧʪʠʯʝʩʢʠʝ ʦʩʠ ʆʜʥʘ ʠʟʦʪʨʦʧʥʘʷ ʦʧʪʠʯʝʩʢʘʷ ʦʩʴ 
ʆʜʥʘ ʢʨʫʛʦʚʘʷ ʠ ʦʜʥʘ ʠʟʦʪʨʦʧʥʘʷ 

ʦʧʪʠʯʝʩʢʠʝ ʦʩʠ 

   

ɼʚʝ ʢʨʫʛʦʚʳʝ ʦʧʪʠʯʝʩʢʠʝ ʦʩʠ 
ʊʨʠ ʢʨʫʛʦʚʳʝ ʦʧʪʠʯʝʩʢʠʝ ʦʩʠ ɼʚʝ ʢʨʫʛʦʚʳʝ ʠ ʦʜʥʘ ʠʟʦʪʨʦʧʥʘʷ 

ʦʧʪʠʯʝʩʢʠʝ ʦʩʠ 

   
ʈʠʩ. 3.3. ɿʘʚʠʩʠʤʦʩʪʴ ʵʣʣʠʧʪʠʯʥʦʩʪʝʡ ʧʨʦʰʝʜʰʝʛʦ ʩʚʝʪʘ Kt ʧʨʠ ʧʨʘʚʦʡ (ʩʧʣʦʰʥʳʝ ʣʠʥʠʠ) ʠ 

ʣʝʚʦʡ (ʧʫʥʢʪʠʨ) ʢʨʫʛʦʚʦʡ ʧʦʣʷʨʠʟʘʮʠʠ ʧʘʜʘʶʱʝʛʦ ʩʚʝʪʘ ʧʨʠ ʥʦʨʤʘʣʴʥʦʤ ʧʘʜʝʥʠʠ ʦʪ ʫʛʣʘ ɗ 

ʧʦʚʦʨʦʪʘ ʧʣʦʩʢʦʩʪʠ YOZ ʚʦʢʨʫʛ ʦʩʠ X, ʪʦʣʱʠʥʘ ʧʣʘʩʪʠʥʢʠ d = 10 ʤʢʤ, ʜʣʠʥʘ ʚʦʣʥʳ ɚ = 0.6 ʤʢʤ. 

(ʘ) (ʙ) (ʚ) 

(ʛ) (ʜ) (ʝ) 

(ʘ') (ʙ') (ʚ') 

(ʛ') (ʜ') (ʝ') 

(ʘ0) (ʙ0) 
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ʅʘ ʨʠʩ. 3.2 ʠ 3.3 ʠʩʧʦʣʴʟʦʚʘʥʳ ʩʣʝʜʫʶʱʠʝ ʟʥʘʯʝʥʠʷ ʢʦʤʧʦʥʝʥʪ ʪʝʥʟʦʨʘ ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʡ 

ʧʨʦʥʠʮʘʝʤʦʩʪʠ: 

ʜʣʷ ʨʦʤʙʠʯʝʩʢʠʭ ʢʨʠʩʪʘʣʣʦʚ: 

ʘ0 ï Ů11 = 2.372 + i 0.0308, Ů22 = 2.381 + i 0.0401, Ů33 = 2.471 + i 0.0629; 

ʙ0 ï Ů11 = 2.372 + i 0.00308, Ů22 = 2.381 + i 0.00401, Ů33 = 2.471 + i 0.0135; 

ʜʣʷ ʤʦʥʦʢʣʠʥʥʳʭ ʢʨʠʩʪʘʣʣʦʚ: 

ʘ ï Ů11 = 2.372 + i 0.0331, Ů22 = 2.381 + i 0.0378, Ů33 = 2.471 + i 0.06288, Ů12 = i 0.00403; 

ʙ ï Ů11 = 2.47 + i 0.06, Ů22 = 2.53 + i 0.04, Ů33 = 2.5 + i 0.05, Ů12 = 0.01 + i 0.03; 

ʚ ï Ů11 = 3.333 + i 0.0445, Ů22 = 3.31 + i 0.0548, Ů33 = 3.333 + i 0.0444, Ů12 = 0.00519 + i 0.0112; 

ʛ ï Ů11 = 3.325 + i 0.0499, Ů22 = 3.33 + i 0.0299, Ů33 = 3.31 + i 0.04, Ů12 = ï 0.01013 + i 0.01236; 

ʜ ï Ů11 = 2.471 + i 0.0432, Ů22 = 2.465 + i 0.0425, Ů33 = 2.51 + i 0.048, Ů12 = ï 0.000357 + i 0.002945; 

ʝ ï Ů11 = 3.3 + i 0.034, Ů22 = 3.35 + i 0.03, Ů33 = 3.35016 + i 0.029998, Ů12 = ï i 0.023; 

ʜʣʷ ʪʨʠʢʣʠʥʥʳʭ ʢʨʠʩʪʘʣʣʦʚ: 

ʘ' ï Ů11 = 2.372 + i 0.0223, Ů22 = 2.381 + i 0.0268, Ů33 = 2.471 + i 0.0359, Ů12 = ïi 0.00291,  

      Ů13 = i 0.000115, Ů23 = ïi 0.00723; 

ʙ' ï Ů11 = 2.4999 + i 0.0502, Ů22 = 2.5001 + i 0.0498, Ů33 = 2.5 + i 0.05, Ů12 = ï0.00016 ïi 0.00012,  

      Ů13 = 0.01 + i 0.02, Ů23 = ï0.02 + i 0.01; 

ʚ' ï Ů11 = 2.499 + i 0.0501, Ů22 = 2.513 + i 0.0127, Ů33 = 2.499 + i 0.04998, Ů12 = ï0.0187 ï i 0.00701, 

      Ů13 = ï0.0124 ï i 0.00479, Ů23 = 0.00479 ï i 0.0124; 

ʛ' ï Ů11 = 2.493 + i 0.0452, Ů22 = 2.505 + i 0.0547, Ů33 = 2.499 + i 0.04998, Ů12 = ï0.0476 + i 0.00611,  

      Ů13 = ï0.0115 + i 0.0152, Ů23 = 0.0152 + i 0.0115; 

ʜ' ï Ů11 = 2.505 + i 0.0546, Ů22 = 2.507 + i 0.0708, Ů33 = 2.499 + i 0.04998, Ů12 = ï0.0081 + i 0.00102, 

      Ů13 = 0.00466 ï i 0.00606, Ů23 = ï0.00606 ï i 0.00466; 

ʝ' ï Ů11 = 2.4999 + i 0.0502, Ů22 = 2.4998 + i 0.0497, Ů33 = 2.456 + i 0.0603,  

      Ů12 = ï0.000246 ï i 6.042 10
ï6

, Ů13 = 0.00973 + i 0.0197, Ů23 = ï0.0134 + i 0.024. 
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ʊʘʙʣʠʮʘ 3.2. ʉʦʙʩʪʚʝʥʥʳʝ ʚʝʢʪʦʨ rui ʤʘʪʨʠʮʳ ȹ, ʧʦʢʘʟʘʪʝʣʠ ʧʨʝʣʦʤʣʝʥʠʷ n1,2 ʠ 

ʵʣʣʠʧʪʠʯʥʦʩʪʠ ʩʦʙʩʪʚʝʥʥʳʭ ʚʦʣʥ s ʜʣʷ ʥʠʟʢʦʩʠʤʤʝʪʨʠʯʥʳʭ ʧʦʛʣʦʱʘʶʱʠʭ 

ʢʨʠʩʪʘʣʣʦʚ ʩ ʨʘʟʥʳʤ ʯʠʩʣʦʤ ʦʧʪʠʯʝʩʢʠʭ ʦʩʝʡ. ʆʨʠʝʥʪʘʮʠʷ ʢʨʠʩʪʘʣʣʘ ʠ 

ʧʘʨʘʤʝʪʨʳ ʪʘʢʠʝ ʞʝ, ʢʘʢ ʚ ʪʘʙʣ. 3.1; ɗ ï ʫʛʦʣ ʧʦʚʦʨʦʪʘ ʧʣʦʩʢʦʩʪʠ YOZ ʚʦʢʨʫʛ X. 
ʏʝʪʳʨʝ ʢʨʫʛʦʚʳʝ ʦʧʪʠʯʝʩʢʠʝ ʦʩʠ 

ʄʦʥʦʢʣʠʥʥʳʡ ʢʨʠʩʪʘʣʣ: 
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)ɗcos)ɔŬŭɖɖŭ(ŬŭŬ(2

ɗcosɔ4)1ɗcosɖ(ŭ)ɗcosɖ1(ŭŬ2
2222

222222

2,1
-+++

+-++
=

@
n , ]2/)

1|||1|

Im2
[arcsin(tg

22 +++
=

AA

A
s ,   

A = ŭ(1 ï ɖ cos
2
ɗ)/(2ɔ cosɗ). 

ʊʨʠʢʣʠʥʥʳʡ ʢʨʠʩʪʘʣʣ: 

ɸʥʘʣʠʪʠʯʝʩʢʠʝ ʚʳʨʘʞʝʥʠʷ ʩʣʦʞʥʳ ʠ ʥʝ ʧʨʠʚʦʜʷʪʩʷ. 

ʆʜʥʘ ʢʨʫʛʦʚʘʷ ʦʧʪʠʯʝʩʢʘʷ ʦʩʴ (ʤʦʥʦʢʣʠʥʥʳʡ ʢʨʠʩʪʘʣʣ) 

ö
ö
ö
ö
ö
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æ
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ɗ2cosɔɔŬ2

Ŭ2
 ,Ŭ 21

-+
== nn ,   ί=  cᴜosʃ. 

ɿʥʘʢʠ ç+è ʠ çïè ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʟʥʘʢʘʤ ʜʣʷ ʪʝʥʟʦʨʘ Ů ʚ ʪʘʙʣ. 2.1. 

ʆʜʥʘ ʠʟʦʪʨʦʧʥʘʷ ʦʧʪʠʯʝʩʢʘʷ ʦʩʴ (ʪʨʠʢʣʠʥʥʳʡ ʢʨʠʩʪʘʣʣ) 
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ö
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õ

æ
æ
æ
æ
æ

ç

å

+---
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---+

=
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ö
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÷
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æ
æ
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æ

ç

å

1)ɗ(/1ɗsinɗcos)ɗ(/)ɗsinɗcos(

1)ɗ(/1ɗsinɗcos)ɗ(/)ɗsinɗcos(

1)ɗ(/1ɗsinɗcos)ɗ(/)ɗsinɗcos(

1)ɗ(/1ɗsinɗcos)ɗ(/)ɗsinɗcos(
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22

11

11

4
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nini

nini

nini

u

u

u

u

 

ὲ1,2 =
cosʃᴜ Ὥ sinʃ

ɻ cosʃᴜ Ὥ(ɻ±ɿ)sinʃ
,    ί=

cosʃ

1+ |sinʃ|
.  

ʇʨʠ ʨʘʩʯʝʪʘʭ ʠʩʧʦʣʴʟʦʚʘʥ ʪʝʥʟʦʨ Ůï1 ʠʟ ʪʘʙʣ. 2.1 ʩʦ ʟʥʘʢʦʤ ç+è 
ɼʣʷ ʪʝʥʟʦʨʘ Ů

ï1
 ʩʦ ʟʥʘʢʦʤ çï» ɻ ʣʣʠʧʪʠʯʥʦʩʪʴ ʩʦʙʩʪʚʝʥʥʳʭ ʚʦʣʥ ʦʪʣʠʯʘʝʪʩʷ ʟʥʘʢʦʤ.

 ʆʜʥʘ ʢʨʫʛʦʚʘʷ ʠ ʦʜʥʘ ʠʟʦʪʨʦʧʥʘʷ ʦʧʪʠʯʝʩʢʠʝ ʦʩʠ 

ʄʦʥʦʢʣʠʥʥʳʡ ʢʨʠʩʪʘʣʣ: 

ὲ1,2 =
cosʃ ᴜ  Ὥ sinʃ

ɻ+ɾ/ 2 cosʃ ᴜ  Ὥ ɻ sinʃ
. 

ʇʨʠ ʨʘʩʯʝʪʘʭ ʠʩʧʦʣʴʟʦʚʘʥ ʪʝʥʟʦʨ Ů
ï1

 ʠʟ ʪʘʙʣ. 2.1 ʩʦ ʟʥʘʢʦʤ ç+». 

ɺʝʣʠʯʠʥʳ ui ʠ s ʠʤʝʶʪ ʪʦʪ ʞʝ ʚʠʜ, ʯʪʦ ʜʣʷ ʩʣʫʯʘʷ ʦʜʥʦʡ ʠʟʦʪʨʦʧʥʦʡ ʦʧʪʠʯʝʩʢʦʡ ʦʩʠ. 

ʊʨʠʢʣʠʥʥʳʡ ʢʨʠʩʪʘʣʣ: 

ὲ1,2 =
cosʃ ᴜ  Ὥ sinʃ

ɻ+ɾ/ 2 cosʃ ᴜ  Ὥ(ɻ ᴜ  ɿ)sinʃ
,  ŭ = i ɔɖ 

ɺʝʣʠʯʠʥʳ ui ʠ s ʠʤʝʶʪ ʪʦʪ ʞʝ ʚʠʜ, ʯʪʦ ʜʣʷ ʩʣʫʯʘʷ ʦʜʥʦʡ ʠʟʦʪʨʦʧʥʦʡ ʦʧʪʠʯʝʩʢʦʡ ʦʩʠ. 
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ɼʚʝ ʢʨʫʛʦʚʳʝ ʦʧʪʠʯʝʩʢʠʝ ʦʩʠ 

ʄʦʥʦʢʣʠʥʥʳʡ ʢʨʠʩʪʘʣʣ: 

ʈʘʩʩʤʘʪʨʠʚʘʝʤ ɖ = ɖ* ʠ ɖ < ï1, ʪʦʛʜʘ ʦʙʝ ʦʧʪʠʯʝʩʢʠʝ ʦʩʠ ʨʘʩʧʦʣʦʞʝʥʳ ʚ ʧʣʦʩʢʦʩʪʠ YOZ 
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2
21

++
== nn ,    

s = ±A, ʝʩʣʠ A Ò 1, ʠʣʠ s = ±1/A, ʝʩʣʠ A > 1, ὃ=  |ʂ|cosʃ. 

ɿʥʘʢʠ ç+è ʠ çïè ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʟʥʘʢʘʤ ʜʣʷ ʪʝʥʟʦʨʘ Ů ʚ ʪʘʙʣ. 2.1. 

ʇʦʣʦʞʝʥʠʝ ʦʧʪʠʯʝʩʢʠʭ ʦʩʝʡ: )|ɖ|/ 1 arccos(ɗ °=   (k = ±1). 

ʊʨʠʢʣʠʥʥʳʡ ʢʨʠʩʪʘʣʣ: 

Ἵ1
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Ἵ4
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ở

Ở
ờ

ὃJɀ/ ὲ1 ὃJɀ 1/ὲ1 1
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ὃJ+ / ὲ2 ὃJ+ 1/ὲ2 1
ὃJ+ / ὲ2 ὃJ+ 1/ὲ2 1Ợ

ỡ
Ỡ

,  ὃ± =
3+ cos2ʃ± 2sinʃ sinʃ(4ʂcosʃ+ sinʃ 4ʂ2sinʃ) 2ʂsin 2ʃ

4(cosʃ ʂsinʃ)
 

ὲ1,2 =
4ɻ ɀ ɾ +  ɾ cos2ʃ ᴜ  2ɾ sinʃ sinʃ (4ʂcosʃ +  sinʃ  4ʂ2 sinʃ)  2ɾʂ sin 2ʃ

2(2ɻ2  ɻɾ +  ɾ2ʂ2 +  ɾɻ  ɾʂ2 cos2ʃ  2ɻɾʂ sin 2ʃ)
, 

 

ɽʩʣʠ ɖ = ɖ*, ʦʙʝ ʢʨʫʛʦʚʳʝ ʦʧʪʠʯʝʩʢʠʝ ʦʩʠ ʣʝʞʘʪ ʚ ʧʣʦʩʢʦʩʪʠ YOZ, ʪʦʛʜʘ  

s = A+, ʝʩʣʠ A+ Ò 1, ʠʣʠ s = 1/A+, ʝʩʣʠ A+ > 1. 

ʊʨʠ ʢʨʫʛʦʚʳʝ ʦʧʪʠʯʝʩʢʠʝ ʦʩʠ 

ʄʦʥʦʢʣʠʥʥʳʡ ʢʨʠʩʪʘʣʣ: 
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ɗcos)1ɖ(

1ɗcosɖɗsin)1ɗcosɖ( 222

-

-°-
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i
A . 

ɿʥʘʢʠ ç+è ʠ çïè ʚ ʚʳʨʘʞʝʥʠʷʭ ʜʣʷ ui ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʟʥʘʢʘʤ ʜʣʷ ʪʝʥʟʦʨʘ Ů ʚ ʪʘʙʣ. 2.1. 

ɽʩʣʠ ɖ = ɖ* ʠ |ɖ| > 1, ʚʩʝ ʪʨʠ ʦʧʪʠʯʝʩʢʠʝ ʦʩʠ ʢʨʠʩʪʘʣʣʘ ʣʝʞʘʪ ʚ ʧʣʦʩʢʦʩʪʠ YOZ. 
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222

2,1
++++

-++
=

@
n , s = ± tg(arcsin(R)/2), 

 

R = (ɖcos
2
ɗ ï 1)/((ɖ ï 1)cosɗ) ʧʨʠ cosɗ > 1/|ɖ|,    R = ((ɖ ï 1)cosɗ)/(ɖcos

2
ɗ ï 1), ʧʨʠ cosɗ < 1/|ɖ|. 

ʇʦʣʦʞʝʥʠʷ ʢʨʫʛʦʚʳʭ ʦʧʪʠʯʝʩʢʠʭ ʦʩʝʡ:  ɗ = 0, ɗ = Ñ arccos(1/|ɖ|) (k = ±1). 

ʊʨʠʢʣʠʥʥʳʡ ʢʨʠʩʪʘʣʣ: 

ɸʥʘʣʠʪʠʯʝʩʢʠʝ ʚʳʨʘʞʝʥʠʷ ʩʣʦʞʥʳ ʠ ʥʝ ʧʨʠʚʦʜʷʪʩʷ. 

ɼʚʝ ʢʨʫʛʦʚʳʝ ʠ ʦʜʥʘ ʠʟʦʪʨʦʧʥʘʷ ʦʧʪʠʯʝʩʢʠʝ ʦʩʠ 

ʄʦʥʦʢʣʠʥʥʳʡ ʢʨʠʩʪʘʣʣ: 

ɺʝʣʠʯʠʥʳ ui ʠ s ʠʤʝʶʪ ʦʙʱʠʡ ʚʠʜ, ʢʘʢ ʚ ʩʣʫʯʘʝ ʯʝʪʳʨʝʭ ʦʧʪʠʯʝʩʢʠʭ ʦʩʝʡ 

ɽʩʣʠ ɖ ï ʯʠʩʪʦ ʤʥʠʤʘʷ ʚʝʣʠʯʠʥʘ, ʢʨʫʛʦʚʳʝ ʦʩʠ ʨʘʩʧʦʣʦʞʝʥʳ ʚ ʧʣʦʩʢʦʩʪʠ YOZ 

ʊʨʠʢʣʠʥʥʳʡ ʢʨʠʩʪʘʣʣ: 

ɸʥʘʣʠʪʠʯʝʩʢʠʝ ʚʳʨʘʞʝʥʠʷ ʩʣʦʞʥʳ ʠ ʥʝ ʧʨʠʚʦʜʷʪʩʷ 
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ʄʦʥʦʢʣʠʥʥʳʡ ʢʨʠʩʪʘʣʣ 

ʏʝʪʳʨʝ ʢʨʫʛʦʚʳʝ 

ʦʧʪʠʯʝʩʢʠʝ ʦʩʠ 

ʆʜʥʘ ʢʨʫʛʦʚʘʷ  

ʦʧʪʠʯʝʩʢʘʷ ʦʩʴ 

ʆʜʥʘ ʢʨʫʛʦʚʘʷ ʠ ʦʜʥʘ 

ʠʟʦʪʨʦʧʥʘʷ ʦʧʪʠʯʝʩʢʠʝ ʦʩʠ 

   

ɼʚʝ ʢʨʫʛʦʚʳʝ  

ʦʧʪʠʯʝʩʢʠʝ ʦʩʠ 

ʊʨʠ ʢʨʫʛʦʚʳʝ  

ʦʧʪʠʯʝʩʢʠʝ ʦʩʠ 

ɼʚʝ ʢʨʫʛʦʚʳʝ ʠ ʦʜʥʘ 

ʠʟʦʪʨʦʧʥʘʷ ʦʧʪʠʯʝʩʢʠʝ ʦʩʠ 

   

ʊʨʠʢʣʠʥʥʳʡ ʢʨʠʩʪʘʣʣ 

ʏʝʪʳʨʝ ʢʨʫʛʦʚʳʝ 

ʦʧʪʠʯʝʩʢʠʝ ʦʩʠ 

ʆʜʥʘ ʠʟʦʪʨʦʧʥʘʷ  

ʦʧʪʠʯʝʩʢʘʷ ʦʩʴ 

ʆʜʥʘ ʢʨʫʛʦʚʘʷ ʠ ʦʜʥʘ 

ʠʟʦʪʨʦʧʥʘʷ ʦʧʪʠʯʝʩʢʠʝ ʦʩʠ 

   

ɼʚʝ ʢʨʫʛʦʚʳʝ  

ʦʧʪʠʯʝʩʢʠʝ ʦʩʠ 

ʊʨʠ ʢʨʫʛʦʚʳʝ  

ʦʧʪʠʯʝʩʢʠʝ ʦʩʠ 

ɼʚʝ ʢʨʫʛʦʚʳʝ ʠ ʦʜʥʘ 

ʠʟʦʪʨʦʧʥʘʷ ʦʧʪʠʯʝʩʢʠʝ ʦʩʠ 

   
ʈʠʩ. 3.4. ʉʝʯʝʥʠʷ ʧʦʚʝʨʭʥʦʩʪʝʡ ʨʝʬʨʘʢʮʠʠ ʠ ʘʙʩʦʨʙʮʠʠ ʧʣʦʩʢʦʩʪʴʶ, ʩʦʜʝʨʞʘʱʝʡ ʦʧʪʠʯʝʩʢʠʝ 

ʦʩʠ. 

 

  

(ʘ) (ʙ) (ʚ) 

(ʛ) (ʜ) (ʝ) 

(ʘ') (ʙ') (ʚ') 

(ʛ') (ʜ') (ʝ') 
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3.3.1. ʆʧʪʠʯʝʩʢʠʝ ʦʩʠ ʚ ʧʦʛʣʦʱʘʶʱʠʭ ʨʦʤʙʠʯʝʩʢʠʭ ʢʨʠʩʪʘʣʣʘʭ 

ɺ ʨʦʤʙʠʯʝʩʢʦʤ ʢʨʠʩʪʘʣʣʝ ʢʦʤʧʣʝʢʩʥʳʡ ʪʝʥʟʦʨ ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʡ 

ʧʨʦʥʠʮʘʝʤʦʩʪʠ Ů ʚʩʝʛʜʘ ʧʨʠʚʦʜʠʪʩʷ ʢ ʜʠʘʛʦʥʘʣʴʥʦʤʫ ʚʠʜʫ ʚ ʚʝʱʝʩʪʚʝʥʥʦʡ 

ʦʨʪʦʛʦʥʘʣʴʥʦʡ ʩʠʩʪʝʤʝ ʢʦʦʨʜʠʥʘʪ. ɺʝʢʪʦʨʳ c' ʠ c" ʚ ʬʦʨʤʫʣʝ (3.1) ʤʦʞʥʦ ʚʳʙʨʘʪʴ 

ʚ ʣʶʙʦʡ ʢʦʦʨʜʠʥʘʪʥʦʡ ʧʣʦʩʢʦʩʪʠ ʩʠʩʪʝʤʳ ʢʦʦʨʜʠʥʘʪ, ʚ ʢʦʪʦʨʦʡ Ů ʠʤʝʝʪ 

ʜʠʘʛʦʥʘʣʴʥʳʡ ʚʠʜ. ʇʦʜ ʨʘʩʧʦʣʦʞʝʥʠʝʤ ʢʦʤʧʣʝʢʩʥʦʛʦ ʚʝʢʪʦʨʘ c' (ʠʣʠ c") ʚ 

ʧʣʦʩʢʦʩʪʠ ʧʦʜʨʘʟʫʤʝʚʘʝʪʩʷ, ʯʪʦ ʝʛʦ ʜʝʡʩʪʚʠʪʝʣʴʥʘʷ ʠ ʤʥʠʤʘʷ ʯʘʩʪʠ ʥʘʭʦʜʷʪʩʷ ʚ 

ʵʪʦʡ ʧʣʦʩʢʦʩʪʠ. ɽʩʣʠ ʩʯʠʪʘʪʴ, ʯʪʦ c' ʠ c" ʨʘʩʧʦʣʦʞʝʥʳ ʚ ʧʣʦʩʢʦʩʪʠ XOY, ʪʦ c3' = 

c3" = 0 ʠ c1'c2" +  c2'c1" = 0 [6]. ɺʝʢʪʦʨʳ c', c'' ʠʣʠ ʦʙʘ ʵʣʣʠʧʪʠʯʝʩʢʠʝ, ʠʣʠ ʦʙʘ 

ʣʠʥʝʡʥʳʝ. ɺ ʧʝʨʚʦʤ ʩʣʫʯʘʝ ʢʨʠʩʪʘʣʣ ʠʤʝʝʪ ʯʝʪʳʨʝ ʢʨʫʛʦʚʳʝ ʦʧʪʠʯʝʩʢʠʝ ʦʩʠ, ʚʦ 

ʚʪʦʨʦʤ ï ʜʚʝ ʠʟʦʪʨʦʧʥʳʝ (ʪʘʙʣ. 3.1). 

ɽʩʣʠ ʚʳʙʨʘʪʴ ʩʠʩʪʝʤʫ ʢʦʦʨʜʠʥʘʪ, ʚ ʢʦʪʦʨʦʡ ʪʝʥʟʦʨ Ů ʠʤʝʝʪ ʜʠʘʛʦʥʘʣʴʥʳʡ 

ʚʠʜ ʠ ʜʣʷ ʝʛʦ ʜʝʡʩʪʚʠʪʝʣʴʥʦʡ ʯʘʩʪʠ Ů11' < Ů22' < Ů33', ʝʜʠʥʠʯʥʳʝ ʚʝʢʪʦʨʳ 

ʦʧʪʠʯʝʩʢʠʭ ʦʩʝʡ ʤʦʞʥʦ ʟʘʧʠʩʘʪʴ ʚ ʚʠʜʝ: 

c1 = {sinq0cosɣ0, sinq0sinɣ0, cosq0},    c2 = {sinq0cosɣ0, ï sinq0sinɣ0, cosq0},      (3.9) 

    c3 = {ï sinq0cosɣ0, sinq0sinɣ0, cosq0}, c4 = {ï sinq0cosɣ0, ï sinq0sinɣ0, cosq0}.  

ɿʜʝʩʴ q0 ï ʫʛʣʳ ʤʝʞʜʫ ʦʧʪʠʯʝʩʢʠʤʠ ʦʩʷʤʠ ʠ ʦʩʴʶ Z, ʘ ɣ0 ï ʤʘʣʳʝ ʫʛʣʳ ʤʝʞʜʫ 

ʧʨʦʝʢʮʠʷʤʠ ʦʧʪʠʯʝʩʢʠʭ ʦʩʝʡ ʥʘ ʧʣʦʩʢʦʩʪʴ XOY ʠ ʦʩʴʶ X. ɼʣʷ ʢʨʠʩʪʘʣʣʘ ʩ ʜʚʫʤʷ 

ʠʟʦʪʨʦʧʥʳʤʠ ʦʧʪʠʯʝʩʢʠʤʠ ʦʩʷʤʠ ɣ0 = 0. 

 ʅʘ ʨʠʩ. 3.2ʘ0, 3.2ʙ0 ʚ ʮʠʣʠʥʜʨʠʯʝʩʢʦʡ ʩʠʩʪʝʤʝ ʢʦʦʨʜʠʥʘʪ ʧʦʢʘʟʘʥʳ 

ʟʘʚʠʩʠʤʦʩʪʠ ʵʣʣʠʧʪʠʯʥʦʩʪʝʡ ʩʦʙʩʪʚʝʥʥʳʭ ʚʦʣʥ s1 = s2 = s ʦʪ ʫʛʣʘ ʧʘʜʝʥʠʷ ű ʠ ʫʛʣʘ 

f ʧʦʚʦʨʦʪʘ ʢʨʠʩʪʘʣʣʘ ʚʦʢʨʫʛ ʦʩʠ Z. ɼʣʷ ʢʨʠʩʪʘʣʣʘ ʩ ʯʝʪʳʨʴʤʷ ʢʨʫʛʦʚʳʤʠ 

ʦʧʪʠʯʝʩʢʠʤʠ ʦʩʷʤʠ ʚ ʪʦʯʢʘʭ "ʚʳʭʦʜʘ" ʦʧʪʠʯʝʩʢʠʭ ʦʩʝʡ s1 = s2 = ±1 (ʨʠʩ. 3.2ʘ0). 

ʇʨʠ ʵʪʦʤ ʚ ʨʦʤʙʠʯʝʩʢʦʤ ʧʦʛʣʦʱʘʶʱʝʤ ʢʨʠʩʪʘʣʣʝ ʚʩʝʛʜʘ ʜʣʷ ʦʜʥʦʡ ʧʘʨʳ 

ʩʦʧʨʷʞʝʥʥʳʭ ʦʧʪʠʯʝʩʢʠʭ ʦʩʝʡ s1 = s2 = +1, ʘ ʜʣʷ ʜʨʫʛʦʡ ʧʘʨʳ s1 = s2 = ï1. ɼʣʷ 

ʢʨʠʩʪʘʣʣʘ ʩ ʜʚʫʤʷ ʠʟʦʪʨʦʧʥʳʤʠ ʦʧʪʠʯʝʩʢʠʤʠ ʦʩʷʤʠ ʧʨʠ ʣʶʙʳʭ ʫʛʣʘʭ f ʠ ű 

ʧʦʣʫʯʠʤ s1 = s2 = 0 (ʨʠʩ. 3.2ʙ0). 

ʅʘ ʨʠʩ. 3.3ʘ0, 3.3ʙ0 ʧʦʢʘʟʘʥʳ ʟʘʚʠʩʠʤʦʩʪʠ ʵʣʣʠʧʪʠʯʥʦʩʪʝʡ ʧʨʦʰʝʜʰʝʛʦ 

ʩʚʝʪʘ ʧʨʠ ʥʦʨʤʘʣʴʥʦʤ ʧʘʜʝʥʠʠ ʚʦʣʥʳ ʧʨʘʚʦʡ ʠ ʣʝʚʦʡ ʢʨʫʛʦʚʦʡ ʧʦʣʷʨʠʟʘʮʠʠ ʦʪ 
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ʫʛʣʘ ɗ ʧʦʚʦʨʦʪʘ ʧʣʦʩʢʦʩʪʠ YOZ ʚʦʢʨʫʛ ʦʩʠ X. ʇʨʠ ʵʪʦʤ ʩʯʠʪʘʝʤ, ʯʪʦ ʜʚʝ 

ʠʟʦʪʨʦʧʥʳʝ ʦʧʪʠʯʝʩʢʠʝ ʦʩʠ ʠʣʠ ʦʜʥʘ ʠʟ ʧʘʨ ʩʦʧʨʷʞʝʥʥʳʭ ʢʨʫʛʦʚʳʭ ʦʧʪʠʯʝʩʢʠʭ 

ʦʩʝʡ ʨʘʩʧʦʣʦʞʝʥʳ ʚ ʧʣʦʩʢʦʩʪʠ YOZ (ʵʪʦʛʦ ʚʩʝʛʜʘ ʤʦʞʥʦ ʜʦʙʠʪʴʩʷ ʧʦʚʦʨʦʪʦʤ 

ʢʨʠʩʪʘʣʣʘ ʚʦʢʨʫʛ ʦʩʠ Z). ʇʨʠ ʧʘʜʝʥʠʠ ʩʚʝʪʘ ʢʨʫʛʦʚʦʡ ʧʦʣʷʨʠʟʘʮʠʠ ʚ ʥʘʧʨʘʚʣʝʥʠʠ 

ʣʶʙʦʡ ʠʟ ʩʦʧʨʷʞʝʥʥʳʭ ʢʨʫʛʦʚʳʭ ʦʧʪʠʯʝʩʢʠʭ ʦʩʝʡ ʧʨʦʰʝʜʰʠʡ ʩʚʝʪ ʠʤʝʝʪ 

ʢʨʫʛʦʚʫʶ ʧʦʣʷʨʠʟʘʮʠʶ ʪʦʣʴʢʦ ʜʣʷ ʦʜʥʦʛʦ ʟʥʘʢʘ ʧʦʣʷʨʠʟʘʮʠʠ ʧʘʜʘʶʱʝʛʦ ʩʚʝʪʘ: 

ʜʣʷ ʦʜʥʦʡ ʧʘʨʳ ʩʦʧʨʷʞʝʥʥʳʭ ʦʧʪʠʯʝʩʢʠʭ ʦʩʝʡ ʜʣʷ ʧʨʘʚʦʡ ʢʨʫʛʦʚʦʡ ʧʦʣʷʨʠʟʘʮʠʠ 

(ʨʠʩ. 3.3ʘ0), ʘ ʜʣʷ ʜʨʫʛʦʡ ʧʘʨʳ ï ʜʣʷ ʣʝʚʦʡ. ʇʨʠ ʜʨʫʛʦʤ ʟʥʘʢʝ ʢʨʫʛʦʚʦʡ 

ʧʦʣʷʨʠʟʘʮʠʠ ʧʨʦʰʝʜʰʠʡ ʩʚʝʪ ʵʣʣʠʧʪʠʯʝʩʢʠ ʧʦʣʷʨʠʟʦʚʘʥ ʧʨʠ ʣʶʙʦʤ ʫʛʣʝ ɗ (ʨʠʩ. 

3.3ʘ0). ʇʨʠ ʧʘʜʝʥʠʠ ʩʚʝʪʘ ʢʨʫʛʦʚʦʡ ʧʦʣʷʨʠʟʘʮʠʠ ʚ ʥʘʧʨʘʚʣʝʥʠʠ ʣʶʙʦʡ ʠʟ 

ʠʟʦʪʨʦʧʥʳʭ ʦʧʪʠʯʝʩʢʠʭ ʦʩʝʡ ʧʨʦʰʝʜʰʠʡ ʩʚʝʪ ʪʘʢʞʝ ʠʤʝʝʪ ʢʨʫʛʦʚʫʶ 

ʧʦʣʷʨʠʟʘʮʠʶ; ʧʨʠ ʧʘʜʝʥʠʠ ʩʚʝʪʘ ʚ ʜʨʫʛʠʭ ʥʘʧʨʘʚʣʝʥʠʷʭ ʧʨʦʰʝʜʰʠʡ ʩʚʝʪ 

ʵʣʣʠʧʪʠʯʝʩʢʠ ʧʦʣʷʨʠʟʦʚʘʥ (ʨʠʩ. 3.3ʙ0).  

3.3.2. ʆʧʪʠʯʝʩʢʠʝ ʦʩʠ ʚ ʧʦʛʣʦʱʘʶʱʠʭ ʤʦʥʦʢʣʠʥʥʳʭ ʢʨʠʩʪʘʣʣʘʭ 

ʂ ʤʦʥʦʢʣʠʥʥʳʤ ʦʪʥʦʩʷʪʩʷ ʢʨʠʩʪʘʣʣʳ ʢʣʘʩʩʦʚ 2, m, 2/m. ɺʳʙʝʨʝʤ ʩʠʩʪʝʤʫ 

ʢʦʦʨʜʠʥʘʪ ʪʘʢ, ʯʪʦʙʳ ʦʩʴ ʩʠʤʤʝʪʨʠʠ 2 (ʠʣʠ ʧʝʨʧʝʥʜʠʢʫʣʷʨ ʢ ʧʣʦʩʢʦʩʪʠ 

ʩʠʤʤʝʪʨʠʠ m) ʙʳʣʘ ʧʘʨʘʣʣʝʣʴʥʘ ʦʩʠ Z. ʊʦʛʜʘ ʪʝʥʟʦʨ Ů ʟʘʧʠʩʳʚʘʝʪʩʷ ʚ ʚʠʜʝ [6]: 
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ʆʙʨʘʪʥʳʡ ʪʝʥʟʦʨ ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʡ ʧʨʦʥʠʮʘʝʤʦʩʪʠ Ů
-1
 ʦʧʨʝʜʝʣʷʝʪʩʷ 

ʚʳʨʘʞʝʥʠʝʤ (3.1). ʂʦʤʧʣʝʢʩʥʳʝ ʚʝʢʪʦʨʳ c' ʠ c" (ʪ.ʝ. ʠʭ ʜʝʡʩʪʚʠʪʝʣʴʥʳʝ ʠ ʤʥʠʤʳʝ 

ʯʘʩʪʠ) ʣʝʞʘʪ ʚ ʦʩʥʦʚʥʦʡ ʧʣʦʩʢʦʩʪʠ. ʇʦʜ ʦʩʥʦʚʥʦʡ ʧʣʦʩʢʦʩʪʴʶ ʤʦʥʦʢʣʠʥʥʦʛʦ 

ʢʨʠʩʪʘʣʣʘ ʧʦʥʠʤʘʝʪʩʷ ʧʣʦʩʢʦʩʪʴ ʩʠʤʤʝʪʨʠʠ m ʠʣʠ ʧʣʦʩʢʦʩʪʴ, ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʘʷ 

ʢ ʦʩʠ ʩʠʤʤʝʪʨʠʠ ʚʪʦʨʦʛʦ ʧʦʨʷʜʢʘ. ɺ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʤ ʩʣʫʯʘʝ ʦʩʥʦʚʥʘʷ ʧʣʦʩʢʦʩʪʴ 

ʩʦʚʧʘʜʘʝʪ ʩ ʧʣʦʩʢʦʩʪʴʶ XOY, ʧʦʵʪʦʤʫ ʚʝʢʪʦʨʳ c' ʠ c" ʟʘʧʠʩʳʚʘʶʪʩʷ ʚ ʚʠʜʝ: 

}0 , ,{  },0 , ,{ 2121 cccc ¡¡¡¡=¡¡¡¡=¡ cc .                                             (3.11) 

ɺ ʦʙʱʝʤ ʩʣʫʯʘʝ ʚʝʢʪʦʨʳ c' ʠ c" ʨʘʟʣʠʯʥʳ ʠ ʷʚʣʷʶʪʩʷ ʵʣʣʠʧʪʠʯʝʩʢʠʤʠ; ʚ 

ʵʪʦʤ ʩʣʫʯʘʝ ʢʨʠʩʪʘʣʣ ʠʤʝʝʪ ʯʝʪʳʨʝ ʢʨʫʛʦʚʳʝ ʦʧʪʠʯʝʩʢʠʝ ʦʩʠ. ɺ ʜʨʫʛʠʭ ʩʣʫʯʘʷʭ 
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ʢʨʠʩʪʘʣʣ ʠʤʝʝʪ ʤʝʥʴʰʝ ʯʝʪʳʨʝʭ ʦʧʪʠʯʝʩʢʠʭ ʦʩʝʡ [6]. ɺʦʟʤʦʞʥʳʝ ʚʘʨʠʘʥʪʳ ʪʘʢʠʭ 

ʢʨʠʩʪʘʣʣʦʚ ʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʡ ʚʠʜ ʚʝʢʪʦʨʦʚ c' ʠ c" ʧʨʠʚʝʜʝʥʳ ʚ ʪʘʙʣ. 3.1. 

ʈʘʩʧʦʣʦʞʝʥʠʝ ʦʧʪʠʯʝʩʢʠʭ ʦʩʝʡ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩ. 3.1. 

ʀʩʧʦʣʴʟʫʷ ʩʠʩʪʝʤʫ ʫʨʘʚʥʝʥʠʡ (3.2), ʫʯʠʪʳʚʘʷ (3.10), (3.11) ʠ ʦʛʨʘʥʠʯʝʥʠʷ ʥʘ 

ʚʝʢʪʦʨʳ c' ʠ c" ʜʣʷ ʢʘʞʜʦʛʦ ʩʣʫʯʘʷ, ʧʦʣʫʯʠʤ ʚʳʨʘʞʝʥʠʷ ʜʣʷ ʦʙʨʘʪʥʦʛʦ ʪʝʥʟʦʨʘ 

ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʡ ʧʨʦʥʠʮʘʝʤʦʩʪʠ Ů
ï1

 (ʪʘʙʣ. 3.1). ɼʣʷ ʣʠʥʝʡʥʳʭ ʠ ʵʣʣʠʧʪʠʯʝʩʢʠʭ 

ʚʝʢʪʦʨʦʚ ʩ (ʛʜʝ ʩ = c' ʠʣʠ c") ʩʯʠʪʘʝʤ ʜʣʷ ʫʜʦʙʩʪʚʘ c
2
 = 1. 

ɼʣʷ ʨʘʩʯʝʪʘ ʵʣʣʠʧʪʠʯʥʦʩʪʝʡ ʩʦʙʩʪʚʝʥʥʳʭ ʚʦʣʥ ʧʨʠ ʥʦʨʤʘʣʴʥʦʤ ʧʘʜʝʥʠʠ 

ʩʚʝʪʘ ʥʘʡʜʝʤ ʚʳʨʘʞʝʥʠʷ ʜʣʷ ʩʦʙʩʪʚʝʥʥʳʭ ʟʥʘʯʝʥʠʡ ʠ ʩʦʙʩʪʚʝʥʥʳʭ ʚʝʢʪʦʨʦʚ 

ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʡ ʤʘʪʨʠʮʳ ȹ. ʉʦʙʩʪʚʝʥʥʳʝ ʟʥʘʯʝʥʠʷ ʤʘʪʨʠʮʳ æ ʧʨʠ 

ʥʦʨʤʘʣʴʥʦʤ ʧʘʜʝʥʠʠ ʩʚʝʪʘ ʠʤʝʶʪ ʚʠʜ } , , ,{ 2211 nnnnq --= , ʛʜʝ n1,2 ï ʧʦʢʘʟʘʪʝʣʠ 

ʧʨʝʣʦʤʣʝʥʠʷ ʢʨʠʩʪʘʣʣʘ. ʈʘʩʩʯʠʪʘʥʥʳʝ ʧʦʢʘʟʘʪʝʣʠ ʧʨʝʣʦʤʣʝʥʠʷ ʢʨʠʩʪʘʣʣʘ ʠ 

ʩʦʙʩʪʚʝʥʥʳʝ ʚʝʢʪʦʨʳ ui = {Exi, Hyi, Eyi, ï Hxi} ʤʘʪʨʠʮʳ ȹ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ 

ʩʦʙʩʪʚʝʥʥʳʤ ʟʥʘʯʝʥʠʷʤ q, ʧʨʠʚʝʜʝʥʳ ʚ ʪʘʙʣ. 3.2. ɼʣʷ ʧʦʣʦʞʠʪʝʣʴʥʳʭ 

ʩʦʙʩʪʚʝʥʥʳʭ ʟʥʘʯʝʥʠʡ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʡ ʩʦʙʩʪʚʝʥʥʳʡ ʚʝʢʪʦʨ ʦʪʚʝʯʘʝʪ 

ʧʨʝʣʦʤʣʝʥʥʳʤ ʚʦʣʥʘʤ, ʜʣʷ ʦʪʨʠʮʘʪʝʣʴʥʳʭ ï ʚʦʣʥʘʤ, ʦʪʨʘʞʝʥʥʳʤ ʦʙʨʘʪʥʦ ʚ 

ʢʨʠʩʪʘʣʣ ʦʪ ʚʪʦʨʦʡ ʛʨʘʥʠ [55]. ʉʚʝʪ ʧʘʜʘʝʪ ʚ ʧʣʦʩʢʦʩʪʠ YOZ. ʋʛʦʣ ɗ ʩʦʦʪʚʝʪʩʪʚʫʝʪ 

ʧʦʚʦʨʦʪʫ ʧʣʦʩʢʦʩʪʠ YOZ ʚʦʢʨʫʛ ʦʩʠ X; ʟʥʘʯʝʥʠʝ ɗ = 0 ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʩʣʫʯʘʶ, 

ʢʦʛʜʘ ʦʩʴ Z ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʘ ʦʩʥʦʚʥʦʡ ʧʣʦʩʢʦʩʪʠ ʢʨʠʩʪʘʣʣʘ. 

ɼʣʷ ʢʨʠʩʪʘʣʣʦʚ ʩ ʦʜʥʦʡ ʢʨʫʛʦʚʦʡ ʦʧʪʠʯʝʩʢʦʡ ʦʩʴʶ ʠ ʜʚʫʤʷ ʢʨʫʛʦʚʳʤʠ 

ʦʧʪʠʯʝʩʢʠʤʠ ʦʩʷʤʠ ʩʫʱʝʩʪʚʫʶʪ çʦʙʳʢʥʦʚʝʥʥʘʷè (ʧʦʢʘʟʘʪʝʣʴ ʧʨʝʣʦʤʣʝʥʠʷ ʥʝ 

ʟʘʚʠʩʠʪ ʦʪ ʥʘʧʨʘʚʣʝʥʠʷ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʩʚʝʪʘ, ʪʘʙʣ. 3.2) ʠ çʥʝʦʙʳʢʥʦʚʝʥʥʘʷè 

ʚʦʣʥʳ [6]. 

ʕʣʣʠʧʪʠʯʥʦʩʪʠ ʩʦʙʩʪʚʝʥʥʳʭ ʚʦʣʥ s1 = s2 = s ʧʨʠ ʥʦʨʤʘʣʴʥʦʤ ʧʘʜʝʥʠʠ ʩʚʝʪʘ 

ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʫʛʣʘ ɗ ʚʳʯʠʩʣʝʥʳ ʠʟ ʢʦʤʧʦʥʝʥʪ ʩʦʙʩʪʚʝʥʥʳʭ ʚʝʢʪʦʨʦʚ ui ʧʦ 

ʬʦʨʤʫʣʝ (1.18). ʇʦʣʫʯʝʥʥʳʝ ʚʳʨʘʞʝʥʠʷ ʧʨʠʚʝʜʝʥʳ ʚ ʪʘʙʣ. 3.2. ɺ ʥʘʧʨʘʚʣʝʥʠʷʭ 

ʢʨʫʛʦʚʳʭ ʦʧʪʠʯʝʩʢʠʭ ʦʩʝʡ s = ±1. ʀʥʪʝʨʝʩʥʳʤ ʬʘʢʪʦʤ ʷʚʣʷʝʪʩʷ ʪʦ, ʯʪʦ ʜʣʷ 

ʢʨʠʩʪʘʣʣʦʚ ʢʘʢ ʩ ʦʜʥʦʡ ʢʨʫʛʦʚʦʡ ʦʧʪʠʯʝʩʢʦʡ ʦʩʴʶ, ʪʘʢ ʠ ʩ ʦʜʥʦʡ ʢʨʫʛʦʚʦʡ ʠ 

ʦʜʥʦʡ ʠʟʦʪʨʦʧʥʦʡ ʦʧʪʠʯʝʩʢʠʤʠ ʦʩʷʤʠ ʵʣʣʠʧʪʠʯʥʦʩʪʴ ʩʦʙʩʪʚʝʥʥʳʭ ʚʦʣʥ ʥʝ 
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ʟʘʚʠʩʠʪ ʦʪ ʢʦʤʧʦʥʝʥʪ ʪʝʥʟʦʨʘ Ů ʠ ʦʧʨʝʜʝʣʷʝʪʩʷ ʪʦʣʴʢʦ ʦʨʠʝʥʪʘʮʠʝʡ ʚʦʣʥʦʚʦʡ 

ʥʦʨʤʘʣʠ ʦʪʥʦʩʠʪʝʣʴʥʦ ʢʨʫʛʦʚʦʡ ʦʧʪʠʯʝʩʢʦʡ ʦʩʠ (ʪʘʙʣ. 3.2). 

ʇʨʦʚʝʜʝʥ ʨʘʩʯʝʪ ʵʣʣʠʧʪʠʯʥʦʩʪʝʡ ʩʦʙʩʪʚʝʥʥʳʭ ʚʦʣʥ ʧʨʠ ʥʘʢʣʦʥʥʦʤ ʧʘʜʝʥʠʠ 

ʩʚʝʪʘ ʥʘ ʢʨʠʩʪʘʣʣ ʜʣʷ ʚʩʝʭ ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʭ ʩʣʫʯʘʝʚ ʤʦʥʦʢʣʠʥʥʳʭ ʧʦʛʣʦʱʘʶʱʠʭ 

ʢʨʠʩʪʘʣʣʦʚ. ʕʣʣʠʧʪʠʯʥʦʩʪʠ ʩʦʙʩʪʚʝʥʥʳʭ ʚʦʣʥ ʨʘʚʥʳ: s1 = s2 = s. ʅʘ ʨʠʩ. 3.2ʘï3.2ʝ 

ʧʦʢʘʟʘʥʳ ʟʘʚʠʩʠʤʦʩʪʠ ʵʣʣʠʧʪʠʯʥʦʩʪʝʡ ʩʦʙʩʪʚʝʥʥʳʭ ʚʦʣʥ s ʦʪ ʫʛʣʘ ʧʘʜʝʥʠʷ ű ʠ 

ʫʛʣʘ f ʧʦʚʦʨʦʪʘ ʢʨʠʩʪʘʣʣʘ ʚʦʢʨʫʛ ʦʩʠ Z. ʊʦʯʢʠ, ʚ ʢʦʪʦʨʳʭ s = Ñ1, ʩʦʦʪʚʝʪʩʪʚʫʶʪ 

ʚʳʭʦʜʘʤ ʦʧʪʠʯʝʩʢʠʭ ʦʩʝʡ.  

ʈʘʩʩʯʠʪʘʥʳ ʟʘʚʠʩʠʤʦʩʪʠ ʵʣʣʠʧʪʠʯʥʦʩʪʝʡ Kt ʧʨʦʰʝʜʰʝʛʦ ʩʚʝʪʘ ʧʨʠ 

ʥʦʨʤʘʣʴʥʦʤ ʧʘʜʝʥʠʠ ʚʦʣʥʳ ʧʨʘʚʦʡ ʠ ʣʝʚʦʡ ʢʨʫʛʦʚʦʡ ʧʦʣʷʨʠʟʘʮʠʠ (ʨʠʩ. 3.3ʘï3.3ʝ) 

ʜʣʷ ʤʦʥʦʢʣʠʥʥʦʛʦ ʧʦʛʣʦʱʘʶʱʝʛʦ ʢʨʠʩʪʘʣʣʘ ʦʪ ʫʛʣʘ ɗ ʧʦʚʦʨʦʪʘ ʧʣʦʩʢʦʩʪʠ YOZ 

ʚʦʢʨʫʛ ʦʩʠ X. ʉʠʩʪʝʤʘ ʢʦʦʨʜʠʥʘʪ ʚʳʙʨʘʥʘ ʪʘʢ, ʯʪʦ ʧʣʦʩʢʦʩʪʴ YOZ ʩʦʜʝʨʞʠʪ 

ʦʧʪʠʯʝʩʢʫʶ ʦʩʴ ʜʣʷ ʢʨʠʩʪʘʣʣʘ ʩ ʦʜʥʦʡ ʢʨʫʛʦʚʦʡ ʦʧʪʠʯʝʩʢʦʡ ʦʩʴʶ, ʦʙʝ ʦʧʪʠʯʝʩʢʠʝ 

ʦʩʠ ʜʣʷ ʢʨʠʩʪʘʣʣʦʚ ʩ ʦʜʥʦʡ ʢʨʫʛʦʚʦʡ ʠ ʦʜʥʦʡ ʠʟʦʪʨʦʧʥʦʡ ʠ ʜʚʫʤʷ ʢʨʫʛʦʚʳʤʠ 

ʦʩʷʤʠ, ʪʨʠ ʢʨʫʛʦʚʳʝ ʦʩʠ ʜʣʷ ʢʨʠʩʪʘʣʣʘ ʩ ʪʨʝʤʷ ʢʨʫʛʦʚʳʤʠ ʦʩʷʤʠ, ʦʙʝ ʢʨʫʛʦʚʳʝ 

ʦʧʪʠʯʝʩʢʠʝ ʦʩʠ ʜʣʷ ʢʨʠʩʪʘʣʣʘ ʩ ʜʚʫʤʷ ʢʨʫʛʦʚʳʤʠ ʠ ʦʜʥʦʡ ʠʟʦʪʨʦʧʥʦʡ ʦʩʷʤʠ ʠ 

ʜʚʝ ʠʟ ʯʝʪʳʨʝʭ ʦʧʪʠʯʝʩʢʠʭ ʦʩʝʡ ʜʣʷ ʢʨʠʩʪʘʣʣʘ ʩ ʯʝʪʳʨʴʤʷ ʢʨʫʛʦʚʳʤʠ 

ʦʧʪʠʯʝʩʢʠʤʠ ʦʩʷʤʠ. ʇʨʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʠ ʩʚʝʪʘ ʚ ʥʘʧʨʘʚʣʝʥʠʠ ʢʨʫʛʦʚʦʡ 

ʦʧʪʠʯʝʩʢʦʡ ʦʩʠ ʜʣʷ ʦʜʥʦʛʦ ʟʥʘʢʘ ʢʨʫʛʦʚʦʡ ʧʦʣʷʨʠʟʘʮʠʠ ʧʘʜʘʶʱʝʛʦ ʩʚʝʪʘ 

ʧʨʦʰʝʜʰʠʡ ʩʚʝʪ ʠʤʝʝʪ ʢʨʫʛʦʚʫʶ ʧʦʣʷʨʠʟʘʮʠʶ ʪʦʛʦ ʞʝ ʟʥʘʢʘ (Kt = Ñ1), ʜʣʷ 

ʜʨʫʛʦʛʦ ʟʥʘʢʘ ʧʨʦʰʝʜʰʠʡ ʩʚʝʪ ʵʣʣʠʧʪʠʯʝʩʢʠ ʧʦʣʷʨʠʟʦʚʘʥ ʧʨʠ ʣʶʙʳʭ ʫʛʣʘʭ ɗ 

(ʨʠʩ. 3.3ʘï3.3ʝ). ʇʨʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʠ ʩʚʝʪʘ ʚ ʥʘʧʨʘʚʣʝʥʠʠ ʠʟʦʪʨʦʧʥʦʡ 

ʦʧʪʠʯʝʩʢʦʡ ʦʩʠ ʧʨʦʰʝʜʰʠʡ ʩʚʝʪ ʠʤʝʝʪ ʢʨʫʛʦʚʫʶ ʧʦʣʷʨʠʟʘʮʠʶ ʪʦʛʦ ʞʝ ʟʥʘʢʘ, ʯʪʦ 

ʠ ʧʦʣʷʨʠʟʘʮʠʷ ʧʘʜʘʶʱʝʡ ʚʦʣʥʳ (ʨʠʩ. 3.3ʚ). 

ʈʘʩʩʯʠʪʘʥʳ ʬʦʨʤʳ ʧʦʚʝʨʭʥʦʩʪʝʡ ʨʝʬʨʘʢʮʠʠ ʠ ʘʙʩʦʨʙʮʠʠ ʜʣʷ ʵʪʠʭ 

ʢʨʠʩʪʘʣʣʦʚ. ɼʣʷ ʥʘʛʣʷʜʥʦʩʪʠ ʧʨʠ ʨʘʩʯʝʪʘʭ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʙʦʣʴʰʠʝ ʚʝʣʠʯʠʥʳ 

ʧʦʛʣʦʱʝʥʠʷ. ʏʠʩʣʝʥʥʳʝ ʟʥʘʯʝʥʠʷ Ůij ʥʝ ʧʨʠʚʦʜʠʤ, ʪʘʢ ʢʘʢ ʦʥʠ ʥʝ ʚʣʠʷʶʪ ʥʘ 

ʦʙʱʠʡ ʚʠʜ ʧʦʚʝʨʭʥʦʩʪʝʡ ʨʝʬʨʘʢʮʠʠ ʠ ʘʙʩʦʨʙʮʠʠ. ʅʘ ʨʠʩ. 3.4ʘï3.4ʝ ʧʦʢʘʟʘʥʳ 

ʩʝʯʝʥʠʷ ʧʦʚʝʨʭʥʦʩʪʝʡ ʨʝʬʨʘʢʮʠʠ ʠ ʘʙʩʦʨʙʮʠʠ ʜʣʷ ʤʦʥʦʢʣʠʥʥʦʛʦ ʧʦʛʣʦʱʘʶʱʝʛʦ 
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ʢʨʠʩʪʘʣʣʘ ʧʣʦʩʢʦʩʪʴʶ YOZ (ʜʘʥʥʘʷ ʧʣʦʩʢʦʩʪʴ ʚʳʙʨʘʥʘ ʪʘʢ ʞʝ, ʢʘʢ ʥʘ ʨʠʩ. 3.3ʘï

3.3ʝ). ʅʘ ʨʠʩʫʥʢʘʭ ʚʠʜʥʳ ʧʦʣʦʞʝʥʠʷ ʦʧʪʠʯʝʩʢʠʭ ʦʩʝʡ. 

3.3.3. ʆʧʪʠʯʝʩʢʠʝ ʦʩʠ ʚ ʧʦʛʣʦʱʘʶʱʠʭ ʪʨʠʢʣʠʥʥʳʭ ʢʨʠʩʪʘʣʣʘʭ 

ɼʣʷ ʧʦʛʣʦʱʘʶʱʠʭ ʪʨʠʢʣʠʥʥʳʭ ʢʨʠʩʪʘʣʣʦʚ (ʢʣʘʩʩʳ 1, 1) ʢʦʤʧʣʝʢʩʥʳʡ 

ʪʝʥʟʦʨ ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʡ ʧʨʦʥʠʮʘʝʤʦʩʪʠ ʟʘʧʠʩʳʚʘʝʪʩʷ ʚ ʦʙʱʝʤ ʚʠʜʝ [6]. ɺ ʦʙʱʝʤ 

ʩʣʫʯʘʝ ʚ ʪʨʠʢʣʠʥʥʦʤ ʧʦʛʣʦʱʘʶʱʝʤ ʢʨʠʩʪʘʣʣʝ, ʢʘʢ ʠ ʚ ʤʦʥʦʢʣʠʥʥʦʤ ʠ 

ʨʦʤʙʠʯʝʩʢʦʤ, ʠʤʝʝʪʩʷ ʯʝʪʳʨʝ ʢʨʫʛʦʚʳʝ ʦʧʪʠʯʝʩʢʠʝ ʦʩʠ. ʅʦ ʪʘʢʞʝ ʚʦʟʤʦʞʥʦ 

ʩʫʱʝʩʪʚʦʚʘʥʠʝ ʢʨʠʩʪʘʣʣʦʚ ʩ ʦʜʥʦʡ ʠʟʦʪʨʦʧʥʦʡ ʦʧʪʠʯʝʩʢʦʡ ʦʩʴʶ, ʜʚʫʤʷ ʠʣʠ 

ʪʨʝʤʷ ʢʨʫʛʦʚʳʤʠ ʦʧʪʠʯʝʩʢʠʤʠ ʦʩʷʤʠ, ʠʣʠ ʦʜʥʦʚʨʝʤʝʥʥʦ ʩ ʦʜʥʦʡ ʠʟʦʪʨʦʧʥʦʡ ʠ 

ʦʜʥʦʡ ʠʣʠ ʜʚʫʤʷ ʢʨʫʛʦʚʳʤʠ ʦʧʪʠʯʝʩʢʠʤʠ ʦʩʷʤʠ [6]. ɺ ʦʪʣʠʯʠʝ ʦʪ ʤʦʥʦʢʣʠʥʥʦʛʦ 

ʢʨʠʩʪʘʣʣʘ, ʚ ʪʨʠʢʣʠʥʥʦʤ ʥʝʪ ʥʠʢʘʢʦʡ ʩʠʤʤʝʪʨʠʠ ʚ ʨʘʩʧʦʣʦʞʝʥʠʠ ʦʧʪʠʯʝʩʢʠʭ 

ʦʩʝʡ. 

ʀʟ ʩʠʩʪʝʤʳ ʫʨʘʚʥʝʥʠʡ (3.2), ʠʩʧʦʣʴʟʫʷ ʦʛʨʘʥʠʯʝʥʠʷ ʥʘ ʚʝʢʪʦʨʳ c' ʠ c" ʜʣʷ 

ʢʘʞʜʦʛʦ ʩʣʫʯʘʷ, ʧʦʣʫʯʠʤ ʚʳʨʘʞʝʥʠʷ ʜʣʷ ʦʙʨʘʪʥʦʛʦ ʪʝʥʟʦʨʘ ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʡ 

ʧʨʦʥʠʮʘʝʤʦʩʪʠ Ů
ï1

 (ʪʘʙʣ. 3.1).  

ʇʨʠ ʥʦʨʤʘʣʴʥʦʤ ʧʘʜʝʥʠʠ ʩʚʝʪʘ ʨʘʩʩʯʠʪʘʥʳ ʩʦʙʩʪʚʝʥʥʳʝ ʟʥʘʯʝʥʠʷ ʤʘʪʨʠʮʳ 

æ, ʢʦʪʦʨʳʝ ʠʤʝʶʪ ʚʠʜ } , , ,{ 2211 nnnnq --= , ʛʜʝ n1,2 ï ʧʦʢʘʟʘʪʝʣʠ ʧʨʝʣʦʤʣʝʥʠʷ 

ʢʨʠʩʪʘʣʣʘ, ʘ ʪʘʢʞʝ ʩʦʙʩʪʚʝʥʥʳʝ ʚʝʢʪʦʨʳ ʤʘʪʨʠʮʳ æ (ui = {Exi, Hyi, Eyi, ï Hxi}) ʚ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʫʛʣʘ ɗ ʧʦʚʦʨʦʪʘ ʧʣʦʩʢʦʩʪʠ YOZ ʚʦʢʨʫʛ ʦʩʠ X; ʧʦ ʬʦʨʤʫʣʝ (1.18) 

ʚʳʯʠʩʣʝʥʳ ʵʣʣʠʧʪʠʯʥʦʩʪʠ ʩʦʙʩʪʚʝʥʥʳʭ ʚʦʣʥ s (ʪʘʙʣ. 3.2). ɿʥʘʯʝʥʠʷ ɗ = 0 

ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʧʦʣʦʞʝʥʠʷʤ ʦʩʠ Z, ʧʨʠʚʝʜʝʥʥʳʤ ʚ ʪʘʙʣ. 3.1. ɺ ʥʘʧʨʘʚʣʝʥʠʷʭ 

ʢʨʫʛʦʚʳʭ ʦʧʪʠʯʝʩʢʠʭ ʦʩʝʡ s = ±1.  

ʉʣʫʯʘʡ ʦʜʥʦʡ ʢʨʫʛʦʚʦʡ ʠ ʦʜʥʦʡ ʠʟʦʪʨʦʧʥʦʡ ʦʧʪʠʯʝʩʢʠʭ ʦʩʝʡ ʜʣʷ 

ʪʨʠʢʣʠʥʥʦʛʦ ʢʨʠʩʪʘʣʣʘ ʦʪʣʠʯʘʝʪʩʷ ʦʪ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ ʩʣʫʯʘʷ ʜʣʷ 

ʤʦʥʦʢʣʠʥʥʦʛʦ ʢʨʠʩʪʘʣʣʘ ʪʝʤ, ʯʪʦ ʢʨʫʛʦʚʘʷ ʠ ʠʟʦʪʨʦʧʥʘʷ ʦʧʪʠʯʝʩʢʠʝ ʦʩʠ ʥʝ 

ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʳ ʜʨʫʛ ʜʨʫʛʫ. ɽʩʣʠ ʞʝ ʵʪʠ ʦʩʠ ʩʦʚʧʘʜʫʪ ʧʦ ʥʘʧʨʘʚʣʝʥʠʶ, 

ʧʦʣʫʯʠʪʩʷ ʢʨʠʩʪʘʣʣ ʩ ʦʜʥʦʡ ʠʟʦʪʨʦʧʥʦʡ ʦʧʪʠʯʝʩʢʦʡ ʦʩʴʶ. ʀʟ ʪʘʙʣ. 3.2 ʚʠʜʥʦ, ʯʪʦ 

ʵʣʣʠʧʪʠʯʥʦʩʪʠ ʩʦʙʩʪʚʝʥʥʳʭ ʚʦʣʥ ʜʣʷ ʵʪʠʭ ʪʨʝʭ ʩʣʫʯʘʝʚ ʟʘʧʠʩʳʚʘʶʪʩʷ ʦʜʠʥʘʢʦʚʦ 

ʠ ʥʝ ʟʘʚʠʩʷʪ ʦʪ ʢʦʤʧʦʥʝʥʪ ʪʝʥʟʦʨʘ Ů. 
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ʇʨʦʚʝʜʝʥ ʨʘʩʯʝʪ ʵʣʣʠʧʪʠʯʥʦʩʪʝʡ ʩʦʙʩʪʚʝʥʥʳʭ ʚʦʣʥ ʧʨʠ ʥʘʢʣʦʥʥʦʤ ʧʘʜʝʥʠʠ 

ʩʚʝʪʘ ʥʘ ʢʨʠʩʪʘʣʣ ʜʣʷ ʚʩʝʭ ʩʣʫʯʘʝʚ ʪʨʠʢʣʠʥʥʳʭ ʧʦʛʣʦʱʘʶʱʠʭ ʢʨʠʩʪʘʣʣʦʚ (ʨʠʩ. 

3.2ʘ'ï3.2ʝ'). ʊʦʯʢʠ, ʚ ʢʦʪʦʨʳʭ s = ±1, ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʚʳʭʦʜʘʤ ʢʨʫʛʦʚʳʭ 

ʦʧʪʠʯʝʩʢʠʭ ʦʩʝʡ. ʀʟʦʪʨʦʧʥʘʷ ʦʧʪʠʯʝʩʢʘʷ ʦʩʴ ʚʠʜʥʘ ʪʦʣʴʢʦ ʥʘ ʨʠʩ. 3.2ʙ' (ʚ ʥʘʯʘʣʝ 

ʢʦʦʨʜʠʥʘʪ); ʥʘ ʨʠʩ. 3.2ʚ' ʠ 3.2ʝ' ʠʟʦʪʨʦʧʥʳʝ ʦʩʠ ʥʝ ʚʠʜʥʳ. ɺʠʜʥʦ, ʯʪʦ ʟʘʚʠʩʠʤʦʩʪʠ 

s(f, ű), ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʩʣʫʯʘʷʤ ʢʘʢ ʦʜʥʦʡ ʠʟʦʪʨʦʧʥʦʡ ʦʧʪʠʯʝʩʢʦʡ ʦʩʠ, ʪʘʢ ʠ 

ʦʜʥʦʡ ʢʨʫʛʦʚʦʡ ʠ ʦʜʥʦʡ ʠʟʦʪʨʦʧʥʦʡ ʦʧʪʠʯʝʩʢʦʡ ʦʩʠ, ʧʦʣʥʦʩʪʴʶ ʘʥʘʣʦʛʠʯʥʳ 

ʟʘʚʠʩʠʤʦʩʪʷʤ s(f, ű) ʜʣʷ ʤʦʥʦʢʣʠʥʥʦʛʦ ʢʨʠʩʪʘʣʣʘ ʩ ʦʜʥʦʡ ʢʨʫʛʦʚʦʡ ʠ ʦʜʥʦʡ 

ʠʟʦʪʨʦʧʥʦʡ ʦʧʪʠʯʝʩʢʠʤʠ ʦʩʷʤʠ (ʨʠʩ. 3.2ʙ', 3.2ʚ, 3.2ʚ'). ɼʣʷ ʪʨʠʢʣʠʥʥʦʛʦ 

ʢʨʠʩʪʘʣʣʘ ʚʠʜ ʟʘʚʠʩʠʤʦʩʪʝʡ s(f, ű) ʚ ʦʢʨʝʩʪʥʦʩʪʠ ʨʘʟʥʳʭ ʦʧʪʠʯʝʩʢʠʭ ʦʩʝʡ ʤʦʞʝʪ 

ʟʘʤʝʪʥʦ ʨʘʟʣʠʯʘʪʴʩʷ (ʨʠʩ. 3.2ʛ', 3.2ʜ'). 

ʅʘ ʨʠʩ. 3.3ʘ'ï3.3ʝ' ʧʦʢʘʟʘʥʳ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʫʛʣʘ ɗ ʵʣʣʠʧʪʠʯʥʦʩʪʝʡ Kt 

ʧʨʦʰʝʜʰʝʛʦ ʩʚʝʪʘ ʧʨʠ ʥʦʨʤʘʣʴʥʦʤ ʧʘʜʝʥʠʠ ʧʨʠ ʧʨʘʚʦʡ ʠ ʣʝʚʦʡ ʢʨʫʛʦʚʦʡ 

ʧʦʣʷʨʠʟʘʮʠʠ ʧʘʜʘʶʱʝʛʦ ʩʚʝʪʘ. ʉʠʩʪʝʤʘ ʢʦʦʨʜʠʥʘʪ ʚʳʙʨʘʥʘ ʪʘʢ, ʯʪʦ ʧʣʦʩʢʦʩʪʴ 

YOZ ʩʦʜʝʨʞʠʪ ʭʦʪʷ ʙʳ ʦʜʥʫ ʦʧʪʠʯʝʩʢʫʶ ʦʩʴ (ʜʣʷ ʩʣʫʯʘʝʚ ʦʜʥʦʡ ʢʨʫʛʦʚʦʡ ʠ ʦʜʥʦʡ 

ʠʟʦʪʨʦʧʥʦʡ, ʘ ʪʘʢʞʝ ʜʚʫʭ ʢʨʫʛʦʚʳʭ ʦʧʪʠʯʝʩʢʠʭ ʦʩʝʡ ʜʘʥʥʘʷ ʧʣʦʩʢʦʩʪʴ ʩʦʜʝʨʞʠʪ 

ʦʙʝ ʦʧʪʠʯʝʩʢʠʝ ʦʩʠ). ʇʨʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʠ ʩʚʝʪʘ ʚ ʥʘʧʨʘʚʣʝʥʠʠ ʢʨʫʛʦʚʦʡ 

ʦʧʪʠʯʝʩʢʦʡ ʦʩʠ ʧʨʦʰʝʜʰʠʡ ʩʚʝʪ ʠʤʝʝʪ ʢʨʫʛʦʚʫʶ ʧʦʣʷʨʠʟʘʮʠʶ ʜʣʷ ʦʜʥʦʛʦ ʟʥʘʢʘ 

ʢʨʫʛʦʚʦʡ ʧʦʣʷʨʠʟʘʮʠʠ ʧʘʜʘʶʱʝʛʦ ʩʚʝʪʘ ʠ ʵʣʣʠʧʪʠʯʝʩʢʫʶ ʜʣʷ ʜʨʫʛʦʛʦ ʟʥʘʢʘ (ʨʠʩ. 

3.3ʘ', 3.3ʚ'ï3.3ʜ'). ʇʨʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʠ ʩʚʝʪʘ ʚ ʥʘʧʨʘʚʣʝʥʠʠ ʠʟʦʪʨʦʧʥʦʡ 

ʦʧʪʠʯʝʩʢʦʡ ʦʩʠ ʧʨʦʰʝʜʰʠʡ ʩʚʝʪ ʠʤʝʝʪ ʢʨʫʛʦʚʫʶ ʧʦʣʷʨʠʟʘʮʠʶ ʪʦʛʦ ʞʝ ʟʥʘʢʘ, ʯʪʦ 

ʠ ʧʦʣʷʨʠʟʘʮʠʷ ʧʘʜʘʶʱʝʡ ʚʦʣʥʳ (ʨʠʩ. 3.3ʙ', 3.3ʚ', 3.3ʝ'). 

ʅʘ ʨʠʩ. 3.4ʘ'ï3.4ʝ' ʧʦʢʘʟʘʥʳ ʩʝʯʝʥʠʷ ʧʦʚʝʨʭʥʦʩʪʝʡ ʨʝʬʨʘʢʮʠʠ ʠ ʘʙʩʦʨʙʮʠʠ 

ʜʣʷ ʪʨʠʢʣʠʥʥʦʛʦ ʧʦʛʣʦʱʘʶʱʝʛʦ ʢʨʠʩʪʘʣʣʘ ʧʣʦʩʢʦʩʪʴʶ YOZ. ʅʘ ʨʠʩʫʥʢʘʭ ʚʠʜʥʳ 

ʧʦʣʦʞʝʥʠʷ ʦʧʪʠʯʝʩʢʠʭ ʦʩʝʡ; ʦʥʠ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʣʠʥʠʷʤ, ʥʘ ʢʦʪʦʨʳʭ 

ʧʝʨʝʩʝʢʘʶʪʩʷ ʦʙʝ ʧʘʨʳ ʢʨʠʚʳʭ. 
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3.3.4. ʇʝʨʝʭʦʜ ʦʪ ʩʣʫʯʘʷ ʦʜʥʦʡ ʦʧʪʠʯʝʩʢʦʡ ʦʩʠ ʚ ʥʠʟʢʦʩʠʤʤʝʪʨʠʯʥʦʤ 

ʢʨʠʩʪʘʣʣʝ ʢ ʜʨʫʛʠʤ ʩʣʫʯʘʷʤ 

ʄʦʥʦʢʣʠʥʥʳʡ ʢʨʠʩʪʘʣʣ. ɼʣʷ ʨʝʘʣʠʟʘʮʠʠ ʢʘʞʜʦʛʦ ʠʟ ʯʘʩʪʥʳʭ ʩʣʫʯʘʝʚ, ʢʦʛʜʘ 

ʚ ʢʨʠʩʪʘʣʣʝ ʤʝʥʴʰʝ ʯʝʪʳʨʝʭ ʦʧʪʠʯʝʩʢʠʭ ʦʩʝʡ, ʥʝʦʙʭʦʜʠʤʦ ʚʳʧʦʣʥʝʥʠʝ 

ʜʦʩʪʘʪʦʯʥʦ ʩʪʨʦʛʠʭ ʦʛʨʘʥʠʯʝʥʠʡ ʥʘ ʢʦʤʧʦʥʝʥʪʳ ʪʝʥʟʦʨʘ ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʡ 

ʧʨʦʥʠʮʘʝʤʦʩʪʠ ʢʨʠʩʪʘʣʣʘ Ů. ʇʨʠ ʠʟʤʝʥʝʥʠʠ ʢʘʢʦʡ-ʣʠʙʦ ʠʟ ʵʪʠʭ ʢʦʤʧʦʥʝʥʪ 

ʤʝʥʷʝʪʩʷ ʠ ʢʦʣʠʯʝʩʪʚʦ ʦʧʪʠʯʝʩʢʠʭ ʦʩʝʡ. ʅʘ ʨʠʩ. 3.5 ʧʦʢʘʟʘʥʦ, ʢʘʢ ʤʝʥʷʶʪʩʷ 

ʵʣʣʠʧʪʠʯʥʦʩʪʠ ʩʦʙʩʪʚʝʥʥʳʭ ʚʦʣʥ ʧʨʠ ʠʟʤʝʥʝʥʠʠ ʢʦʤʧʦʥʝʥʪ ʪʝʥʟʦʨʘ Ů. ʅʘ ʨʠʩ. 

3.5ʘ, 3.5ʘ' ʧʨʠʚʝʜʝʥ ʩʣʫʯʘʡ ʦʜʥʦʡ ʢʨʫʛʦʚʦʡ ʦʧʪʠʯʝʩʢʦʡ ʦʩʠ. ɽʩʣʠ ʥʝʤʥʦʛʦ 

ʠʟʤʝʥʠʪʴ ʢʦʤʧʦʥʝʥʪʫ Ů33, ʦʜʥʘ ʢʨʫʛʦʚʘʷ ʦʧʪʠʯʝʩʢʘʷ ʦʩʴ çʨʘʩʱʝʧʣʷʝʪʩʷè ʥʘ ʪʨʠ 

(ʨʠʩ. 3.5ʙ, 3.5ʙ'). ʇʨʠ ʠʟʤʝʥʝʥʠʠ ʣʶʙʦʡ ʜʨʫʛʦʡ ʢʦʤʧʦʥʝʥʪʳ ʪʝʥʟʦʨʘ Ů ʧʦʣʫʯʘʶʪʩʷ 

ʯʝʪʳʨʝ ʢʨʫʛʦʚʳʝ ʦʧʪʠʯʝʩʢʠʝ ʦʩʠ (ʨʠʩ. 3.5ʚ, 3.5ʚ'). ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʚʦ ʚʩʝʭ 

ʩʣʫʯʘʷʭ, ʢʦʛʜʘ ʪʝʥʟʦʨ Ů ʙʣʠʟʦʢ ʢ ʪʝʥʟʦʨʫ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʤʫ ʦʜʥʦʡ ʢʨʫʛʦʚʦʡ 

ʦʧʪʠʯʝʩʢʦʡ ʦʩʠ, ʵʣʣʠʧʪʠʯʥʦʩʪʠ ʩʦʙʩʪʚʝʥʥʳʭ ʚʦʣʥ ʚ ʥʘʧʨʘʚʣʝʥʠʠ ʚʩʝʭ ʦʧʪʠʯʝʩʢʠʭ 

ʦʩʝʡ ʠʤʝʶʪ ʦʜʠʥ ʟʥʘʢ (ʨʠʩ. 3.5ʙ, 3.5ʚ). 

 

ʆʜʥʘ ʢʨʫʛʦʚʘʷ ʦʧʪʠʯʝʩʢʘʷ ʦʩʴ ʊʨʠ ʢʨʫʛʦʚʳʝ ʦʧʪʠʯʝʩʢʠʝ ʦʩʠ 
ʏʝʪʳʨʝ ʢʨʫʛʦʚʳʝ ʦʧʪʠʯʝʩʢʠʝ 

ʦʩʠ 

   
ʈʠʩ. 3.5. ʀʟʤʝʥʝʥʠʝ ʵʣʣʠʧʪʠʯʥʦʩʪʝʡ ʩʦʙʩʪʚʝʥʥʳʭ ʚʦʣʥ ʧʨʠ ʧʝʨʝʭʦʜʝ ʦʪ ʩʣʫʯʘʷ ʦʜʥʦʡ ʢʨʫʛʦʚʦʡ 

ʦʧʪʠʯʝʩʢʦʡ ʦʩʠ ʢ ʪʨʝʤ ʠ ʯʝʪʳʨʝʤ ʢʨʫʛʦʚʳʤ ʦʧʪʠʯʝʩʢʠʤ ʦʩʷʤ. 

 

ʊʨʠʢʣʠʥʥʳʡ ʢʨʠʩʪʘʣʣ. ʅʘ ʨʠʩ. 3.6 ʭʦʨʦʰʦ ʚʠʜʥʦ, ʢʘʢ ʤʝʥʷʝʪʩʷ 

ʵʣʣʠʧʪʠʯʥʦʩʪʴ ʩʦʙʩʪʚʝʥʥʳʭ ʚʦʣʥ ʧʨʠ ʠʟʤʝʥʝʥʠʠ ʢʦʤʧʦʥʝʥʪ ʪʝʥʟʦʨʘ Ů. ʅʘ ʨʠʩ. 

3.6ʘ ʧʦʢʘʟʘʥʘ ʵʣʣʠʧʪʠʯʥʦʩʪʴ ʩʦʙʩʪʚʝʥʥʳʭ ʚʦʣʥ ʜʣʷ ʢʨʠʩʪʘʣʣʘ ʩ ʦʜʥʦʡ ʠʟʦʪʨʦʧʥʦʡ 

ʦʧʪʠʯʝʩʢʦʡ ʦʩʴʶ. ɽʩʣʠ ʥʝʤʥʦʛʦ ʠʟʤʝʥʠʪʴ ʚʝʣʠʯʠʥʫ Ů33, ʧʦʣʫʯʠʤ ʢʨʠʩʪʘʣʣ, 

ʠʤʝʶʱʠʡ ʜʚʝ ʢʨʫʛʦʚʳʝ ʦʧʪʠʯʝʩʢʠʝ ʦʩʠ (ʨʠʩ. 3.6ʙ). ɽʩʣʠ ʞʝ ʠʟʤʝʥʠʪʴ ʣʶʙʫʶ 

(a) (ʙ) (ʚ) 

s 
s 

s 

f 

 

ű 
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ʜʨʫʛʫʶ ʢʦʤʧʦʥʝʥʪʫ Ů, ʧʦʣʫʯʘʝʪʩʷ ʦʙʱʠʡ ʩʣʫʯʘʡ ʯʝʪʳʨʝʭ ʢʨʫʛʦʚʳʭ ʦʧʪʠʯʝʩʢʠʭ 

ʦʩʝʡ (ʨʠʩ. 3.6ʚ). 

 

ʆʜʥʘ ʢʨʫʛʦʚʘʷ ʦʧʪʠʯʝʩʢʘʷ ʦʩʴ ɼʚʝ ʢʨʫʛʦʚʳʝ ʦʧʪʠʯʝʩʢʠʝ ʦʩʠ 
ʏʝʪʳʨʝ ʢʨʫʛʦʚʳʝ ʦʧʪʠʯʝʩʢʠʝ 

ʦʩʠ 

   

ʈʠʩ. 3.6. ʇʝʨʝʭʦʜ ʦʪ ʩʣʫʯʘʷ ʦʜʥʦʡ ʠʟʦʪʨʦʧʥʦʡ ʦʧʪʠʯʝʩʢʦʡ ʦʩʠ ʢ ʩʣʫʯʘʷʤ ʜʚʫʭ ʠʣʠ ʯʝʪʳʨʝʭ 

ʢʨʫʛʦʚʳʭ ʦʧʪʠʯʝʩʢʠʭ ʦʩʝʡ: ʘ ï ʦʜʥʘ ʠʟʦʪʨʦʧʥʘʷ ʦʧʪʠʯʝʩʢʘʷ ʦʩʴ, ʙ ï ʧʦʷʚʣʝʥʠʝ ʜʚʫʭ ʢʨʫʛʦʚʳʭ 

ʦʧʪʠʯʝʩʢʠʭ ʦʩʝʡ ʧʨʠ ʠʟʤʝʥʝʥʠʠ Ů33, ʚ ï ʧʦʷʚʣʝʥʠʝ ʯʝʪʳʨʝʭ ʢʨʫʛʦʚʳʭ ʦʧʪʠʯʝʩʢʠʭ ʦʩʝʡ ʧʨʠ 

ʠʟʤʝʥʝʥʠʠ ʣʶʙʦʡ ʢʦʤʧʦʥʝʥʪʳ Ů, ʢʨʦʤʝ Ů33. 

 

3.3.5. ʉʨʘʚʥʝʥʠʝ ʨʦʤʙʠʯʝʩʢʠʭ, ʤʦʥʦʢʣʠʥʥʳʭ ʠ ʪʨʠʢʣʠʥʥʳʭ ʧʦʛʣʦʱʘʶʱʠʭ 

ʢʨʠʩʪʘʣʣʦʚ ʩ ʯʝʪʳʨʴʤʷ ʢʨʫʛʦʚʳʤʠ ʦʧʪʠʯʝʩʢʠʤʠ ʦʩʷʤʠ 

 ʇʨʦʚʝʜʝʤ ʩʨʘʚʥʝʥʠʝ ʵʣʣʠʧʪʠʯʥʦʩʪʝʡ ʩʦʙʩʪʚʝʥʥʳʭ ʚʦʣʥ, ʚʳʯʠʩʣʝʥʥʳʭ ʜʣʷ 

ʨʦʤʙʠʯʝʩʢʠʭ, ʤʦʥʦʢʣʠʥʥʳʭ ʠ ʪʨʠʢʣʠʥʥʳʭ ʧʦʛʣʦʱʘʶʱʠʭ ʢʨʠʩʪʘʣʣʦʚ ʩ ʯʝʪʳʨʴʤʷ 

ʢʨʫʛʦʚʳʤʠ ʦʧʪʠʯʝʩʢʠʤʠ ʦʩʷʤʠ (ʨʠʩ. 3.7). 
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ʈʦʤʙʠʯʝʩʢʠʡ ʄʦʥʦʢʣʠʥʥʳʡ ʊʨʠʢʣʠʥʥʳʡ 

   

 

 

 

 

 

 

 

 

 

ʈʠʩ. 3.7. ʘ, ʙ, ʚ ï ɿʘʚʠʩʠʤʦʩʪʠ ʵʣʣʠʧʪʠʯʥʦʩʪʝʡ ʩʦʙʩʪʚʝʥʥʳʭ ʚʦʣʥ s ʦʪ ʫʛʣʘ ʧʘʜʝʥʠʷ j ʠ ʫʛʣʘ 

ʧʦʚʦʨʦʪʘ ʢʨʠʩʪʘʣʣʘ f ʚʦʢʨʫʛ ʦʩʠ Z ʚ ʮʠʣʠʥʜʨʠʯʝʩʢʦʡ ʩʠʩʪʝʤʝ ʢʦʦʨʜʠʥʘʪ; ʫʛʦʣ j ʦʪʩʯʠʪʳʚʘʝʪʩʷ 

ʚʜʦʣʴ ʨʘʜʠʫʩʘ ʛʦʨʠʟʦʥʪʘʣʴʥʦʛʦ ʩʝʯʝʥʠʷ ʬʠʛʫʨʳ, ʘ f ï ʢʘʢ ʫʛʦʣ ʧʦʚʦʨʦʪʘ ʵʪʦʛʦ ʨʘʜʠʫʩʘ;  

ʘ', ʙ', ʚ', ʘ", ʙ", ʚ" ï ʟʘʚʠʩʠʤʦʩʪʴ ʵʣʣʠʧʪʠʯʥʦʩʪʝʡ ʩʦʙʩʪʚʝʥʥʳʭ ʚʦʣʥ s ʦʪ ʫʛʣʘ ɗ ʚ ʧʣʦʩʢʦʩʪʷʭ, 

ʩʦʜʝʨʞʘʱʠʭ ʦʧʪʠʯʝʩʢʠʝ ʦʩʠ; ʘ', ʙ', ʚ' ï ʜʣʷ çʧʦʣʦʞʠʪʝʣʴʥʳʭè,  ʘ", ʙ", ʚ" ï ʜʣʷ çʦʪʨʠʮʘʪʝʣʴʥʳʭè 

ʦʧʪʠʯʝʩʢʠʭ ʦʩʝʡ. 

 

 ʅʘ ʨʠʩ. 3.7ʘ, 3.7ʙ, 3.7ʚ ʧʨʠʚʝʜʝʥʳ ʟʘʚʠʩʠʤʦʩʪʠ s(f, ű) ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʜʣʷ 

ʨʦʤʙʠʯʝʩʢʦʛʦ, ʤʦʥʦʢʣʠʥʥʦʛʦ ʠ ʪʨʠʢʣʠʥʥʦʛʦ ʧʦʛʣʦʱʘʶʱʠʭ ʢʨʠʩʪʘʣʣʦʚ. 

ʄʘʢʩʠʤʫʤʳ ʠ ʤʠʥʠʤʫʤʳ s(f, ű) ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʧʦʣʦʞʝʥʠʷʤ ʦʧʪʠʯʝʩʢʠʭ ʦʩʝʡ. ɺ 

ʨʦʤʙʠʯʝʩʢʦʤ ʢʨʠʩʪʘʣʣʝ ʦʧʪʠʯʝʩʢʠʝ ʦʩʠ ʦʪʢʣʦʥʝʥʳ ʥʘ ʦʜʠʥʘʢʦʚʳʝ ʫʛʣʳ ʦʪ ʦʩʠ Z. 

ɺ ʤʦʥʦʢʣʠʥʥʦʤ ʢʨʠʩʪʘʣʣʝ ʩʦʧʨʷʞʝʥʥʳʝ ʦʧʪʠʯʝʩʢʠʝ ʦʩʠ ʦʪʢʣʦʥʝʥʳ ʥʘ 

ʦʜʠʥʘʢʦʚʳʝ ʫʛʣʳ ʦʪ ʦʩʠ Z, ʥʦ ʜʣʷ ʨʘʟʥʳʭ ʧʘʨ ʩʦʧʨʷʞʝʥʥʳʭ ʦʩʝʡ ʵʪʠ ʫʛʣʳ ʨʘʟʥʳʝ. 

ɺ ʪʨʠʢʣʠʥʥʦʤ ʢʨʠʩʪʘʣʣʝ ʥʝʪ ʩʠʤʤʝʪʨʠʠ ʚ ʨʘʩʧʦʣʦʞʝʥʠʠ ʦʧʪʠʯʝʩʢʠʭ ʦʩʝʡ. 

 ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʚ ʨʦʤʙʠʯʝʩʢʦʤ ʢʨʠʩʪʘʣʣʝ ʧʨʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʠ ʩʚʝʪʘ 

ʚ ʥʘʧʨʘʚʣʝʥʠʠ ʦʧʪʠʯʝʩʢʠʭ ʦʩʝʡ ʜʣʷ ʦʜʥʦʡ ʧʘʨʳ ʩʦʧʨʷʞʝʥʥʳʭ ʦʧʪʠʯʝʩʢʠʭ ʦʩʝʡ s = 

(ʘ) 

(ʘ') 

(ʘ") 

(ʙ) (ʚ) 

(ʙ') 

(ʙ") 

(ʚ') 

(ʚ") 

s s 

s 
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+1, ʘ ʜʣʷ ʜʨʫʛʦʡ ʧʘʨʳ s = ï1. ɽʩʣʠ ʥʘʟʚʘʪʴ ʟʥʘʢ ʚʝʣʠʯʠʥʳ s çʟʥʘʢʦʤè ʦʧʪʠʯʝʩʢʦʡ 

ʦʩʠ, ʪʦ ʤʦʞʥʦ ʩʢʘʟʘʪʴ, ʯʪʦ ʚ ʨʦʤʙʠʯʝʩʢʦʤ ʢʨʠʩʪʘʣʣʝ ʜʚʝ çʧʦʣʦʞʠʪʝʣʴʥʳʝè ʠ ʜʚʝ 

çʦʪʨʠʮʘʪʝʣʴʥʳʝè ʦʧʪʠʯʝʩʢʠʝ ʦʩʠ. ɺ ʤʦʥʦʢʣʠʥʥʦʤ ʢʨʠʩʪʘʣʣʝ ʪʘʢʞʝ ʚʦʟʤʦʞʥʳ ʜʚʝ 

çʧʦʣʦʞʠʪʝʣʴʥʳʝè ʠ ʜʚʝ çʦʪʨʠʮʘʪʝʣʴʥʳʝè ʦʧʪʠʯʝʩʢʠʝ ʦʩʠ, ʥʦ ʚʦʟʤʦʞʥʳ ʠ ʯʝʪʳʨʝ 

ʦʩʠ ʦʜʥʦʛʦ çʟʥʘʢʘè (ʨʠʩ. 3.5ʚ); ʧʨʠ ʵʪʦʤ çʟʥʘʢè ʩʦʧʨʷʞʝʥʥʳʭ ʦʧʪʠʯʝʩʢʠʭ ʦʩʝʡ 

ʚʩʝʛʜʘ ʦʜʠʥʘʢʦʚʳʡ. ɺ ʪʨʠʢʣʠʥʥʦʤ ʢʨʠʩʪʘʣʣʝ çʟʥʘʢʠè ʦʧʪʠʯʝʩʢʠʭ ʦʩʝʡ ʤʦʛʫʪ ʙʳʪʴ 

ʣʶʙʳʤʠ; ʥʘʧʨʠʤʝʨ, ʚʦʟʤʦʞʥʳ ʪʨʠ çʧʦʣʦʞʠʪʝʣʴʥʳʝè ʠ ʦʜʥʘ çʦʪʨʠʮʘʪʝʣʴʥʘʷè 

ʦʧʪʠʯʝʩʢʠʝ ʦʩʠ (ʨʠʩ. 3.6ʚ). 

ʅʘ ʨʠʩ. 3.7ʘ', 3.7ʘ", 3.7ʙ', 3.7ʙ" ʧʦʢʘʟʘʥʳ ʜʣʷ ʨʦʤʙʠʯʝʩʢʦʛʦ ʠ ʤʦʥʦʢʣʠʥʥʦʛʦ 

ʢʨʠʩʪʘʣʣʦʚ ʟʘʚʠʩʠʤʦʩʪʠ s(ɗ) ʚ ʜʚʫʭ ʧʣʦʩʢʦʩʪʷʭ, ʩʦʜʝʨʞʘʱʠʭ ʩʦʧʨʷʞʝʥʥʳʝ 

ʦʧʪʠʯʝʩʢʠʝ ʦʩʠ. ɼʣʷ ʨʦʤʙʠʯʝʩʢʦʛʦ ʢʨʠʩʪʘʣʣʘ ʵʪʠ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪʣʠʯʘʶʪʩʷ ʪʦʣʴʢʦ 

ʟʥʘʢʦʤ (ʨʠʩ. 3.7ʘ', 3.7ʘ"); ʜʣʷ ʤʦʥʦʢʣʠʥʥʦʛʦ ʢʨʠʩʪʘʣʣʘ ʚʠʜ ʢʨʠʚʳʭ ʨʘʟʥʳʡ (ʨʠʩ. 

3.7ʙ', 3.7ʙ"). ʅʘ ʨʠʩ. 3.7ʚ', 3.7ʚ" ʧʨʠʚʝʜʝʥʳ ʟʘʚʠʩʠʤʦʩʪʠ s(ɗ) ʜʣʷ ʪʨʠʢʣʠʥʥʦʛʦ 

ʢʨʠʩʪʘʣʣʘ. ʅʘ ʵʪʠʭ ʨʠʩʫʥʢʘʭ ʚʠʜʥʘ ʪʦʣʴʢʦ ʦʜʥʘ ʦʧʪʠʯʝʩʢʘʷ ʦʩʴ, ʪʘʢ ʢʘʢ ʜʣʷ 

ʪʨʠʢʣʠʥʥʦʛʦ ʢʨʠʩʪʘʣʣʘ ʩʦʧʨʷʞʝʥʥʳʝ ʦʧʪʠʯʝʩʢʠʝ ʦʩʠ ʥʝ ʣʝʞʘʪ ʚ ʦʜʥʦʡ ʧʣʦʩʢʦʩʪʠ 

ʩ ʦʩʴʶ Z. ɼʣʷ ʪʨʠʢʣʠʥʥʦʛʦ ʢʨʠʩʪʘʣʣʘ ʚʠʜ ʟʘʚʠʩʠʤʦʩʪʝʡ s(ɗ) ʚ ʦʢʨʝʩʪʥʦʩʪʠ 

ʦʧʪʠʯʝʩʢʠʭ ʦʩʝʡ ʙʫʜʝʪ ʨʘʟʥʳʤ ʜʣʷ ʚʩʝʭ ʯʝʪʳʨʝʭ ʦʩʝʡ. 

3.3.6. ʅʠʟʢʦʩʠʤʤʝʪʨʠʯʥʳʝ ʧʦʛʣʦʱʘʶʱʠʝ ʢʨʠʩʪʘʣʣʳ ʩ ʦʜʥʦʡ ʦʧʪʠʯʝʩʢʦʡ 

ʦʩʴʶ ʠ ʠʭ ʩʨʘʚʥʝʥʠʝ ʩ ʦʙʳʯʥʳʤ ʦʜʥʦʦʩʥʳʤ ʧʦʛʣʦʱʘʶʱʠʤ ʢʨʠʩʪʘʣʣʦʤ 

ʇʨʦʚʝʜʝʥʦ ʩʨʘʚʥʝʥʠʝ ʥʝʢʦʪʦʨʳʭ ʦʧʪʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ, ʚʳʯʠʩʣʝʥʥʳʭ 

ʜʣʷ ʦʜʥʦʦʩʥʦʛʦ ʧʦʛʣʦʱʘʶʱʝʛʦ ʢʨʠʩʪʘʣʣʘ ʠ ʧʦʛʣʦʱʘʶʱʝʛʦ ʤʦʥʦʢʣʠʥʥʦʛʦ ʠ 

ʪʨʠʢʣʠʥʥʦʛʦ ʢʨʠʩʪʘʣʣʦʚ, ʠʤʝʶʱʠʭ ʪʦʣʴʢʦ ʦʜʥʫ ʦʧʪʠʯʝʩʢʫʶ ʦʩʴ (ʨʠʩ. 3.8).  
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ʆʜʥʦʦʩʥʳʡ ʧʦʛʣʦʱʘʶʱʠʡ ʢʨʠʩʪʘʣʣ 

   

ʄʦʥʦʢʣʠʥʥʳʡ ʧʦʛʣʦʱʘʶʱʠʡ ʢʨʠʩʪʘʣʣ ʩ ʦʜʥʦʡ ʢʨʫʛʦʚʦʡ ʦʧʪʠʯʝʩʢʦʡ ʦʩʴʶ 

   

ʊʨʠʢʣʠʥʥʳʡ ʧʦʛʣʦʱʘʶʱʠʡ ʢʨʠʩʪʘʣʣ ʩ ʦʜʥʦʡ ʠʟʦʪʨʦʧʥʦʡ ʦʧʪʠʯʝʩʢʦʡ ʦʩʴʶ 

   
ʈʠʩ. 3.8. ɿʘʚʠʩʠʤʦʩʪʴ ʵʣʣʠʧʪʠʯʥʦʩʪʝʡ ʩʦʙʩʪʚʝʥʥʳʭ ʚʦʣʥ s ʦʪ ʫʛʣʘ ʧʘʜʝʥʠʷ ű; ʟʘʚʠʩʠʤʦʩʪʠ 

ʵʣʣʠʧʪʠʯʥʦʩʪʠ Kt ʠ ʠʥʪʝʥʩʠʚʥʦʩʪʠ T ʧʨʦʰʝʜʰʝʛʦ ʩʚʝʪʘ ʦʪ ʫʛʣʘ ʧʘʜʝʥʠʷ ű ʧʨʠ ʧʨʘʚʦʡ 

(ʩʧʣʦʰʥʳʝ ʣʠʥʠʠ) ʠ ʣʝʚʦʡ (ʧʫʥʢʪʠʨ) ʢʨʫʛʦʚʦʡ ʧʦʣʷʨʠʟʘʮʠʠ ʧʘʜʘʶʱʝʛʦ ʩʚʝʪʘ. ʆʧʪʠʯʝʩʢʘʷ ʦʩʴ 

ʧʘʨʘʣʣʝʣʴʥʘʷ ʦʩʠ Z. 
 

ɺ ʦʜʥʦʦʩʥʦʤ ʢʨʠʩʪʘʣʣʝ ʚʜʦʣʴ ʦʧʪʠʯʝʩʢʦʡ ʦʩʠ ʨʘʩʧʨʦʩʪʨʘʥʷʝʪʩʷ ʦʜʥʘ 

ʩʦʙʩʪʚʝʥʥʘʷ ʚʦʣʥʘ ʩ ʣʠʥʝʡʥʦʡ ʧʦʣʷʨʠʟʘʮʠʝʡ, ʘ ʵʣʣʠʧʪʠʯʥʦʩʪʴ ʩʦʙʩʪʚʝʥʥʳʭ ʚʦʣʥ 

ʚʩʝʛʜʘ ʨʘʚʥʘ ʥʫʣʶ. ʕʣʣʠʧʪʠʯʥʦʩʪʠ ʧʨʦʰʝʜʰʝʛʦ ʩʚʝʪʘ ʧʨʠ ʧʨʘʚʦʡ ʠ ʣʝʚʦʡ 

ʢʨʫʛʦʚʦʡ ʧʦʣʷʨʠʟʘʮʠʠ ʧʘʜʘʶʱʝʛʦ ʩʚʝʪʘ ʦʜʠʥʘʢʦʚʳ ʧʦ ʤʦʜʫʣʶ ʠ 

ʧʨʦʪʠʚʦʧʦʣʦʞʥʳ ʧʦ ʟʥʘʢʫ, ʘ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʧʨʦʰʝʜʰʝʛʦ ʩʚʝʪʘ ʨʘʚʥʳ (ʨʠʩ. 3.8, 

ʧʝʨʚʘʷ ʩʪʨʦʢʘ). ɼʣʷ ʤʦʥʦʢʣʠʥʥʦʛʦ ʠ ʪʨʠʢʣʠʥʥʦʛʦ ʢʨʠʩʪʘʣʣʦʚ ʩ ʦʜʥʦʡ ʦʧʪʠʯʝʩʢʦʡ 

ʦʩʴʶ ʵʣʣʠʧʪʠʯʥʦʩʪʠ ʩʦʙʩʪʚʝʥʥʳʭ ʚʦʣʥ ʨʘʚʥʳ ʤʝʞʜʫ ʩʦʙʦʡ, ʥʦ ʥʝ ʨʘʚʥʳ ʥʫʣʶ ʠ 

ʨʘʚʥʳ +1 ʠʣʠ ï1 ʧʨʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʠ ʩʚʝʪʘ ʚ ʥʘʧʨʘʚʣʝʥʠʠ ʦʧʪʠʯʝʩʢʦʡ ʦʩʠ (ű = 

0). ʇʨʠ ʧʘʜʝʥʠʠ ʥʘ ʤʦʥʦʢʣʠʥʥʳʡ ʢʨʠʩʪʘʣʣ ʩ ʦʜʥʦʡ ʢʨʫʛʦʚʦʡ ʦʧʪʠʯʝʩʢʦʡ ʦʩʴʶ ʚ 

ʥʘʧʨʘʚʣʝʥʠʠ ʦʧʪʠʯʝʩʢʦʡ ʦʩʠ (ű = 0) ʩʚʝʪʘ ʧʨʘʚʦʡ ʠ ʣʝʚʦʡ ʢʨʫʛʦʚʦʡ ʧʦʣʷʨʠʟʘʮʠʠ 

ʧʨʦʰʝʜʰʠʡ ʩʚʝʪ ʠʤʝʝʪ ʢʨʫʛʦʚʫʶ ʧʦʣʷʨʠʟʘʮʠʶ ʪʦʣʴʢʦ ʜʣʷ ʦʜʥʦʡ ʠʟ ʧʦʣʷʨʠʟʘʮʠʡ 

ʧʘʜʘʶʱʝʛʦ ʩʚʝʪʘ (ʥʘ ʨʠʩ. 3.8 ï ʜʣʷ ʣʝʚʦʡ). ɼʣʷ ʜʨʫʛʦʡ ʢʨʫʛʦʚʦʡ ʧʦʣʷʨʠʟʘʮʠʠ 
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ʧʨʦʰʝʜʰʠʡ ʩʚʝʪ ʵʣʣʠʧʪʠʯʝʩʢʠ ʧʦʣʷʨʠʟʦʚʘʥ ʧʨʠ ʣʶʙʦʤ ʫʛʣʝ ʧʘʜʝʥʠʷ ű. 

ʀʥʪʝʥʩʠʚʥʦʩʪʠ ʧʨʦʰʝʜʰʝʛʦ ʩʚʝʪʘ ʧʨʠ ʧʘʜʝʥʠʠ ʥʘ ʢʨʠʩʪʘʣʣ ʚʦʣʥʳ ʧʨʘʚʦʡ ʠ ʣʝʚʦʡ 

ʢʨʫʛʦʚʦʡ ʧʦʣʷʨʠʟʘʮʠʠ (ʠ ʦʜʥʦʡ ʠʥʪʝʥʩʠʚʥʦʩʪʠ) ʟʘʤʝʪʥʦ ʨʘʟʣʠʯʘʶʪʩʷ (ʨʠʩ. 3.8, 

ʚʪʦʨʘʷ ʩʪʨʦʢʘ). ɼʣʷ ʪʨʠʢʣʠʥʥʦʛʦ ʢʨʠʩʪʘʣʣʘ ʩ ʦʜʥʦʡ ʠʟʦʪʨʦʧʥʦʡ ʦʧʪʠʯʝʩʢʦʡ ʦʩʴʶ 

ʧʨʠ ʧʘʜʝʥʠʠ ʩʚʝʪʘ ʢʨʫʛʦʚʦʡ ʧʦʣʷʨʠʟʘʮʠʠ ʚ ʥʘʧʨʘʚʣʝʥʠʠ ʦʧʪʠʯʝʩʢʦʡ ʦʩʠ (ű = 0) 

ʧʨʦʰʝʜʰʠʡ ʩʚʝʪ ʩʦʭʨʘʥʷʝʪ ʧʦʣʷʨʠʟʘʮʠʶ. ʇʨʠ ű Í 0 ʧʨʦʰʝʜʰʠʡ ʩʚʝʪ 

ʵʣʣʠʧʪʠʯʝʩʢʠ ʧʦʣʷʨʠʟʦʚʘʥ, ʥʦ, ʚ ʦʪʣʠʯʠʝ ʦʪ ʦʜʥʦʦʩʥʦʛʦ ʢʨʠʩʪʘʣʣʘ, ʭʦʜ ʢʨʠʚʳʭ 

ʨʘʟʥʳʡ. ʀʥʪʝʥʩʠʚʥʦʩʪʠ ʧʨʦʰʝʜʰʝʛʦ ʩʚʝʪʘ ʧʨʠ ʧʨʘʚʦʡ ʠ ʣʝʚʦʡ ʢʨʫʛʦʚʦʡ 

ʧʦʣʷʨʠʟʘʮʠʠ ʧʘʜʘʶʱʝʛʦ ʩʚʝʪʘ ʨʘʚʥʳ ʧʨʠ ʥʦʨʤʘʣʴʥʦʤ ʧʘʜʝʥʠʠ ʠ ʟʘʤʝʪʥʦ 

ʨʘʟʣʠʯʘʶʪʩʷ ʜʣʷ ʜʨʫʛʠʭ ʥʘʧʨʘʚʣʝʥʠʡ ʧʘʜʘʶʱʝʛʦ ʩʚʝʪʘ (ʨʠʩ. 3.8, ʪʨʝʪʴʷ ʩʪʨʦʢʘ). 

3.4. ɿʘʢʣʶʯʝʥʠʝ 

ʇʨʦʚʝʜʝʥʦ ʠʩʩʣʝʜʦʚʘʥʠʝ ʧʦʛʣʦʱʘʶʱʠʭ ʥʠʟʢʦʩʠʤʤʝʪʨʠʯʥʳʭ ʢʨʠʩʪʘʣʣʦʚ ʩ 

ʨʘʟʥʳʤ ʢʦʣʠʯʝʩʪʚʦʤ ʦʧʪʠʯʝʩʢʠʭ ʦʩʝʡ. ɺ ʪʨʠʢʣʠʥʥʳʭ ʠ ʤʦʥʦʢʣʠʥʥʳʭ ʢʨʠʩʪʘʣʣʘʭ 

ʚʦʟʤʦʞʥʦ ʩʫʱʝʩʪʚʦʚʘʥʠʝ ʰʝʩʪʠ ʨʘʟʣʠʯʥʳʭ ʩʣʫʯʘʝʚ ʯʠʩʣʘ ʠ ʪʠʧʘ ʦʧʪʠʯʝʩʢʠʭ 

ʦʩʝʡ; ʚ ʨʦʤʙʠʯʝʩʢʠʭ ʧʦʛʣʦʱʘʶʱʠʭ ʢʨʠʩʪʘʣʣʘʭ ʚʦʟʤʦʞʥʦ ʪʦʣʴʢʦ ʜʚʘ ʚʘʨʠʘʥʪʘ: 

ʣʠʙʦ ʜʚʝ ʠʟʦʪʨʦʧʥʳʝ, ʣʠʙʦ ʯʝʪʳʨʝ ʢʨʫʛʦʚʳʝ ʦʧʪʠʯʝʩʢʠʝ ʦʩʠ.  

ʅʘʡʜʝʥʳ ʘʥʘʣʠʪʠʯʝʩʢʠʝ ʚʳʨʘʞʝʥʠʷ ʜʣʷ ʢʦʤʧʦʥʝʥʪ ʢʦʤʧʣʝʢʩʥʦʛʦ ʪʝʥʟʦʨʘ 

ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʡ ʧʨʦʥʠʮʘʝʤʦʩʪʠ, ʘ ʪʘʢʞʝ ʜʣʷ ʵʣʣʠʧʪʠʯʥʦʩʪʝʡ ʩʦʙʩʪʚʝʥʥʳʭ ʚʦʣʥ 

ʧʨʠ ʥʦʨʤʘʣʴʥʦʤ ʧʘʜʝʥʠʠ ʩʚʝʪʘ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʢʦʣʠʯʝʩʪʚʘ ʦʧʪʠʯʝʩʢʠʭ ʦʩʝʡ, 

ʩʫʱʝʩʪʚʫʶʱʠʭ ʚ ʧʦʛʣʦʱʘʶʱʝʤ ʤʦʥʦʢʣʠʥʥʦʤ ʠʣʠ ʪʨʠʢʣʠʥʥʦʤ ʢʨʠʩʪʘʣʣʝ. 

ʈʘʩʩʯʠʪʘʥʳ ʵʣʣʠʧʪʠʯʥʦʩʪʠ ʩʚʝʪʘ, ʧʨʦʰʝʜʰʝʛʦ ʯʝʨʝʟ ʧʣʘʩʪʠʥʢʫ, ʧʨʠ ʧʨʘʚʦʡ ʠ 

ʣʝʚʦʡ ʢʨʫʛʦʚʦʡ ʧʦʣʷʨʠʟʘʮʠʠ ʧʘʜʘʶʱʝʛʦ ʩʚʝʪʘ.  

 ʇʨʦʚʝʜʝʥʦ ʩʨʘʚʥʝʥʠʝ ʵʣʣʠʧʪʠʯʥʦʩʪʝʡ ʩʦʙʩʪʚʝʥʥʳʭ ʚʦʣʥ, ʘ ʪʘʢʞʝ 

ʵʣʣʠʧʪʠʯʥʦʩʪʝʡ ʠ ʠʥʪʝʥʩʠʚʥʦʩʪʝʡ ʧʨʦʰʝʜʰʝʛʦ ʩʚʝʪʘ, ʨʘʩʩʯʠʪʘʥʥʳʭ ʜʣʷ 

ʤʦʥʦʢʣʠʥʥʦʛʦ ʧʦʛʣʦʱʘʶʱʝʛʦ ʢʨʠʩʪʘʣʣʘ ʩ ʦʜʥʦʡ ʢʨʫʛʦʚʦʡ ʦʧʪʠʯʝʩʢʦʡ ʦʩʴʶ, 

ʪʨʠʢʣʠʥʥʦʛʦ ʢʨʠʩʪʘʣʣʘ ʩ ʦʜʥʦʡ ʠʟʦʪʨʦʧʥʦʡ ʦʧʪʠʯʝʩʢʦʡ ʦʩʴʶ ʠ ʦʜʥʦʦʩʥʦʛʦ 

ʧʦʛʣʦʱʘʶʱʝʛʦ ʢʨʠʩʪʘʣʣʘ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʨʘʩʩʤʦʪʨʝʥʳ ʨʘʟʣʠʯʥʳʝ ʚʘʨʠʘʥʪʳ ʧʦʛʣʦʱʘʶʱʠʭ 

ʥʠʟʢʦʩʠʤʤʝʪʨʠʯʥʳʭ ʢʨʠʩʪʘʣʣʦʚ, ʚ ʢʦʪʦʨʳʭ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʚʠʜʘ ʢʦʤʧʣʝʢʩʥʦʛʦ 
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ʪʝʥʟʦʨʘ ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʡ ʧʨʦʥʠʮʘʝʤʦʩʪʠ ʚʦʟʤʦʞʥʦ ʩʫʱʝʩʪʚʦʚʘʥʠʝ ʨʘʟʥʦʛʦ 

ʢʦʣʠʯʝʩʪʚʘ ʦʧʪʠʯʝʩʢʠʭ ʦʩʝʡ. ɺ ʙʦʣʴʰʠʥʩʪʚʝ ʪʘʢʠʭ ʢʨʠʩʪʘʣʣʦʚ ʠʤʝʝʪʩʷ ʯʝʪʳʨʝ 

ʢʨʫʛʦʚʳʝ ʦʧʪʠʯʝʩʢʠʝ ʦʩʠ. ʉʫʱʝʩʪʚʦʚʘʥʠʝ ʜʨʫʛʠʭ ʩʣʫʯʘʝʚ ʢʘʞʝʪʩʷ 

ʤʘʣʦʚʝʨʦʷʪʥʳʤ, ʪʘʢ ʢʘʢ ʜʣʷ ʠʭ ʨʝʘʣʠʟʘʮʠʠ ʥʝʦʙʭʦʜʠʤʳ ʦʧʨʝʜʝʣʝʥʥʳʝ (ʠ 

ʜʦʩʪʘʪʦʯʥʦ ʞʝʩʪʢʠʝ) ʩʦʦʪʥʦʰʝʥʠʷ ʤʝʞʜʫ ʢʦʤʧʦʥʝʥʪʘʤʠ ʢʦʤʧʣʝʢʩʥʦʛʦ ʪʝʥʟʦʨʘ 

ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʡ ʧʨʦʥʠʮʘʝʤʦʩʪʠ. ʅʦ, ʪʘʢ ʢʘʢ ʩʫʱʝʩʪʚʫʝʪ ʤʥʦʛʦ ʢʦʤʧʦʟʠʪʥʳʭ 

ʤʘʪʝʨʠʘʣʦʚ, ʠ ʪʘʢ 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. 

ɺʦʟʤʦʞʥʦ, ʯʪʦ ʪʘʢʠʝ ʢʨʠʩʪʘʣʣʳ ʤʦʛʫʪ ʧʦʷʚʠʪʴʩʷ ʧʨʠ ʬʘʟʦʚʳʭ ʧʝʨʝʭʦʜʘʭ, 

ʤʘʛʥʠʪʥʳʭ ʠ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʷʚʣʝʥʠʷʭ, ʧʨʠ ʥʘʣʠʯʠʠ ʨʘʟʣʠʯʥʳʭ ʧʨʠʤʝʩʝʡ ʠ ʚ 

ʜʨʫʛʠʭ ʩʠʪʫʘʮʠʷʭ, ʠ ʵʪʦ ʥʘʜʦ ʫʯʠʪʳʚʘʪʴ ʧʨʠ ʠʩʩʣʝʜʦʚʘʥʠʠ ʥʠʟʢʦʩʠʤʤʝʪʨʠʯʥʳʭ 

ʧʦʛʣʦʱʘʶʱʠʭ ʢʨʠʩʪʘʣʣʦʚ. ʇʦʵʪʦʤʫ ʨʘʩʩʤʦʪʨʝʥʠʝ ʪʘʢʠʭ ʵʢʟʦʪʠʯʝʩʢʠʭ, ʥʘ ʧʝʨʚʳʡ 

ʚʟʛʣʷʜ, ʩʣʫʯʘʝʚ ʚ ʧʦʜʦʙʥʳʭ ʤʘʪʝʨʠʘʣʘʭ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʚʝʩʴʤʘ ʘʢʪʫʘʣʴʥʳʤ ʠ 

ʷʚʣʷʝʪʩʷ ʥʝʦʙʭʦʜʠʤʦʡ ʩʦʩʪʘʚʣʷʶʱʝʡ ʦʧʪʠʢʠ ʧʦʛʣʦʱʘʶʱʠʭ ʘʥʠʟʦʪʨʦʧʥʳʭ 

ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʩʨʝʜ.   
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ɻʃɸɺɸ 4 

ʆʉʆɹɽʅʅʆʉʊʀ ʇʈʆʗɺʃɽʅʀʗ ʆʇʊʀʏɽʉʂʆʁ ɸʂʊʀɺʅʆʉʊʀ ɺ 

ʇʈʆɿʈɸʏʅʓʍ ʀ ʇʆɻʃʆʑɸʖʑʀʍ ʅʀɿʂʆʉʀʄʄɽʊʈʀʏʅʓʍ 

ʂʈʀʉʊɸʃʃɸʍ 

ɼʦ ʩʠʭ ʧʦʨ ʥʠʟʢʦʩʠʤʤʝʪʨʠʯʥʳʝ (ʧʨʦʟʨʘʯʥʳʝ ʠ ʧʦʛʣʦʱʘʶʱʠʝ) ʦʧʪʠʯʝʩʢʠ 

ʘʢʪʠʚʥʳʝ ʢʨʠʩʪʘʣʣʳ ʚ ʦʩʥʦʚʥʦʤ ʠʟʫʯʘʣʠʩʴ ʚ ʢʣʘʩʩʝ 222. ʇʨʦʟʨʘʯʥʳʝ ʜʚʫʦʩʥʳʝ 

ʦʧʪʠʯʝʩʢʠ ʘʢʪʠʚʥʳʝ ʢʨʠʩʪʘʣʣʳ ʠʟʫʯʘʣʠʩʴ ʚʦ ʤʥʦʛʠʭ ʨʘʙʦʪʘʭ, ʥʘʧʨʠʤʝʨ [22, 37, 

45, 119]. ɺ [120] ʠʩʩʣʝʜʦʚʘʥʦ ʧʦʚʝʜʝʥʠʝ ʧʦʢʘʟʘʪʝʣʝʡ ʧʨʝʣʦʤʣʝʥʠʷ ʚ ʧʨʦʟʨʘʯʥʳʭ 

ʦʧʪʠʯʝʩʢʠ ʘʢʪʠʚʥʳʭ ʢʨʠʩʪʘʣʣʘʭ ʚ ʠʟʦʪʨʦʧʥʦʡ ʪʦʯʢʝ, ʢʦʛʜʘ ʚʩʝ ʛʣʘʚʥʳʝ ʟʥʘʯʝʥʠʷ 

ʪʝʥʟʦʨʘ ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʡ ʧʨʦʥʠʮʘʝʤʦʩʪʠ Ů ʩʦʚʧʘʜʘʶʪ. ʇʦʛʣʦʱʘʶʱʠʝ 

ʥʠʟʢʦʩʠʤʤʝʪʨʠʯʥʳʝ ʢʨʠʩʪʘʣʣʳ ʠʟʫʯʘʣʠʩʴ ʛʦʨʘʟʜʦ ʤʝʥʴʰʝ. ɺ [67ï69] ʧʦʜʨʦʙʥʦ 

ʠʟʫʯʝʥʳ ʵʣʣʠʧʪʠʯʥʦʩʪʠ ʩʦʙʩʪʚʝʥʥʳʭ ʚʦʣʥ, ʨʘʩʧʦʣʦʞʝʥʠʝ ʠʭ ʵʣʣʠʧʩʦʚ 

ʧʦʣʷʨʠʟʘʮʠʠ, ʘ ʪʘʢʞʝ ʘʟʠʤʫʪʳ ʧʦʣʷʨʠʟʘʮʠʠ ʧʨʦʰʝʜʰʝʛʦ ʩʚʝʪʘ ʜʣʷ ʧʦʛʣʦʱʘʶʱʠʭ 

ʦʧʪʠʯʝʩʢʠ ʘʢʪʠʚʥʳʭ ʢʨʠʩʪʘʣʣʦʚ ʢʣʘʩʩʘ 222. ʀʥʪʝʥʩʠʚʥʦʩʪʠ ʧʨʦʰʝʜʰʝʛʦ ʩʚʝʪʘ 

ʜʣʷ ʥʠʟʢʦʩʠʤʤʝʪʨʠʯʥʳʭ ʧʦʛʣʦʱʘʶʱʠʭ ʦʧʪʠʯʝʩʢʠ ʘʢʪʠʚʥʳʭ ʢʨʠʩʪʘʣʣʦʚ 

ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʚʦ ʤʥʦʛʠʭ ʨʘʙʦʪʘʭ, ʥʘʧʨʠʤʝʨ [66, 121ï125].  

ʇʦʛʣʦʱʘʶʱʠʝ ʦʧʪʠʯʝʩʢʠ ʘʢʪʠʚʥʳʝ ʢʨʠʩʪʘʣʣʳ ʢʣʘʩʩʦʚ mm2, 2, m 

ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʠʩʩʣʝʜʦʚʘʣʠʩʴ.  

ɼʣʷ ʪʦʛʦ ʯʪʦʙʳ ʙʳʣʦ ʙʦʣʝʝ ʧʦʥʷʪʥʦ ʜʘʣʴʥʝʡʰʝʝ, ʦʧʠʰʝʤ ʨʘʟʥʠʮʫ ʤʝʞʜʫ 

ʵʣʣʠʧʪʠʯʥʦʩʪʷʤʠ ʩʦʙʩʪʚʝʥʥʳʭ ʚʦʣʥ, ʨʘʩʧʨʦʩʪʨʘʥʷʶʱʠʭʩʷ ʚ ʧʨʦʟʨʘʯʥʳʭ 

ʦʧʪʠʯʝʩʢʠ ʘʢʪʠʚʥʳʭ, ʧʦʛʣʦʱʘʶʱʠʭ ʠ ʧʦʛʣʦʱʘʶʱʠʭ ʦʧʪʠʯʝʩʢʠ ʘʢʪʠʚʥʳʭ 

ʨʦʤʙʠʯʝʩʢʠʭ ʢʨʠʩʪʘʣʣʘʭ ʢʣʘʩʩʘ 222 [67ï69]. 

ʆʙʦʟʥʘʯʠʤ ʵʣʣʠʧʪʠʯʥʦʩʪʠ ʩʦʙʩʪʚʝʥʥʳʭ ʚʦʣʥ ʚ ʧʨʦʟʨʘʯʥʦʤ ʦʧʪʠʯʝʩʢʠ 

ʘʢʪʠʚʥʦʤ ʢʨʠʩʪʘʣʣʝ Ñk, ʚ ʧʦʛʣʦʱʘʶʱʝʤ s, ʚ ʦʧʪʠʯʝʩʢʠ ʘʢʪʠʚʥʦʤ ʧʦʛʣʦʱʘʶʱʝʤ 

k1, k2. ʅʘ ʨʠʩ. 4.1 ʧʦʢʘʟʘʥʦ, ʢʘʢ ʠʟʤʝʥʷʶʪʩʷ ʵʣʣʠʧʪʠʯʥʦʩʪʠ ʩʦʙʩʪʚʝʥʥʳʭ ʚʦʣʥ ʚ 

ʦʢʨʝʩʪʥʦʩʪʠ ʦʧʪʠʯʝʩʢʠʭ ʦʩʝʡ ʢʨʠʩʪʘʣʣʦʚ ʢʣʘʩʩʘ 222. ɿʥʘʯʝʥʠʝ ɣ = 0 

ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʧʦʣʦʞʝʥʠʶ ʦʧʪʠʯʝʩʢʦʡ ʦʩʠ ʧʨʦʟʨʘʯʥʦʛʦ ʢʨʠʩʪʘʣʣʘ; ʫʛʦʣ ɣ 

ʦʪʩʯʠʪʳʚʘʝʪʩʷ ʚ ʧʣʦʩʢʦʩʪʠ, ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦʡ ʧʣʦʩʢʦʩʪʠ ʦʧʪʠʯʝʩʢʠʭ ʦʩʝʡ 

ʧʨʦʟʨʘʯʥʦʛʦ ʢʨʠʩʪʘʣʣʘ. 
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ʈʠʩ. 4.1. ʕʣʣʠʧʪʠʯʥʦʩʪʠ ʩʦʙʩʪʚʝʥʥʳʭ ʚʦʣʥ ʚ ʦʢʨʝʩʪʥʦʩʪʠ ʦʧʪʠʯʝʩʢʠʭ ʦʩʝʡ ʜʣʷ ʧʨʦʟʨʘʯʥʦʛʦ 

ʦʧʪʠʯʝʩʢʠ ʘʢʪʠʚʥʦʛʦ (ʘ), ʧʦʛʣʦʱʘʶʱʝʛʦ ʦʧʪʠʯʝʩʢʠ ʥʝʘʢʪʠʚʥʦʛʦ (ʙ) ʠ ʧʦʛʣʦʱʘʶʱʝʛʦ ʦʧʪʠʯʝʩʢʠ 

ʘʢʪʠʚʥʦʛʦ (ʚ) ʢʨʠʩʪʘʣʣʦʚ ʢʣʘʩʩʘ 222 [67ï69]. 

 

 ɺʠʜʥʦ, ʯʪʦ ʚ ʧʨʦʟʨʘʯʥʳʭ ʦʧʪʠʯʝʩʢʠ ʘʢʪʠʚʥʳʭ ʢʨʠʩʪʘʣʣʘʭ ʵʣʣʠʧʪʠʯʥʦʩʪʠ 

ʩʦʙʩʪʚʝʥʥʳʭ ʚʦʣʥ ʦʜʠʥʘʢʦʚʳ ʧʦ ʚʝʣʠʯʠʥʝ ʠ ʧʨʦʪʠʚʦʧʦʣʦʞʥʳ ʧʦ ʟʥʘʢʫ (ʨʠʩ. 4.1ʘ). 

ɺ ʧʦʛʣʦʱʘʶʱʠʭ ʥʝʘʢʪʠʚʥʳʭ ʢʨʠʩʪʘʣʣʘʭ ʵʣʣʠʧʪʠʯʥʦʩʪʠ ʩʦʙʩʪʚʝʥʥʳʭ ʚʦʣʥ ʨʘʚʥʳ 

ʠ ʧʦ ʚʝʣʠʯʠʥʝ, ʠ ʧʦ ʟʥʘʢʫ (ʨʠʩ. 4.1ʙ). ʂʘʞʜʘʷ ʠʟ ʦʧʪʠʯʝʩʢʠʭ ʦʩʝʡ ʧʨʦʟʨʘʯʥʦʛʦ 

ʢʨʠʩʪʘʣʣʘ ʚ ʧʦʛʣʦʱʘʶʱʝʤ ʢʨʠʩʪʘʣʣʝ çʨʘʩʱʝʧʣʷʝʪʩʷè ʥʘ ʜʚʝ; ʵʣʣʠʧʪʠʯʥʦʩʪʴ 

ʩʦʙʩʪʚʝʥʥʳʭ ʚʦʣʥ ʧʨʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʠ ʚ ʥʘʧʨʘʚʣʝʥʠʠ ʦʜʥʦʡ ʦʧʪʠʯʝʩʢʦʡ ʦʩʠ 

ʨʘʚʥʘ +1, ʘ ʜʣʷ ʜʨʫʛʦʡ ʦʩʠ ï1 (ʨʠʩ. 4.1ʙ). ɺ ʧʦʛʣʦʱʘʶʱʠʭ ʦʧʪʠʯʝʩʢʠ ʘʢʪʠʚʥʳʭ 

ʢʨʠʩʪʘʣʣʘʭ ʩʦʙʩʪʚʝʥʥʳʝ ʚʦʣʥʳ ʠʤʝʶʪ ʨʘʟʥʳʝ ʵʣʣʠʧʪʠʯʥʦʩʪʠ; ʚ ʥʘʧʨʘʚʣʝʥʠʷʭ 

ʦʧʪʠʯʝʩʢʠʭ ʦʩʝʡ ʪʦʣʴʢʦ ʜʣʷ ʦʜʥʦʡ ʠʟ ʩʦʙʩʪʚʝʥʥʳʭ ʚʦʣʥ ʵʣʣʠʧʪʠʯʥʦʩʪʴ ʨʘʚʥʘ 1 

(ʨʠʩ. 4.1ʚ). 

 ɺ ʥʘʧʨʘʚʣʝʥʠʷʭ, ʫʜʘʣʝʥʥʳʭ ʦʪ ʦʧʪʠʯʝʩʢʠʭ ʦʩʝʡ, ʵʣʣʠʧʪʠʯʥʦʩʪʠ 

ʩʦʙʩʪʚʝʥʥʳʭ ʚʦʣʥ k1, k2 ʧʦʛʣʦʱʘʶʱʝʛʦ ʦʧʪʠʯʝʩʢʠ ʘʢʪʠʚʥʦʛʦ ʢʨʠʩʪʘʣʣʘ ʤʦʞʥʦ 

ʚr ʯʠʩʣʠʪʴ ʢʘʢ ʩʫʤʤʫ ʠ ʨʘʟʥʦʩʪʴ ʵʣʣʠʧʪʠʯʥʦʩʪʠ s, ʩʚʷʟʘʥʥʦʡ ʪʦʣʴʢʦ ʩ 

ʧʦʛʣʦʱʝʥʠʝʤ, ʠ ʵʣʣʠʧʪʠʯʥʦʩʪʠ k, ʩʚʷʟʘʥʥʦʡ ʪʦʣʴʢʦ ʩ ʦʧʪʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʴʶ 

[69]: 

k1 = s + k,  k2 = s ï k.                                                           (4.1) 

 ɺ ʥʘʩʪʦʷʱʝʡ ʛʣʘʚʝ ʙʫʜʫʪ ʠʟʫʯʝʥʳ ʵʣʣʠʧʪʠʯʥʦʩʪʠ ʩʦʙʩʪʚʝʥʥʳʭ ʚʦʣʥ ʠ 

ʘʟʠʤʫʪ r ʧʦʣʷʨʠʟʘʮʠʠ ʧʨʦʰʝʜʰʝʛʦ ʩʚʝʪʘ ʚ ʧʨʦʟʨʘʯʥʳʭ ʠ ʧʦʛʣʦʱʘʶʱʠʭ 

ʦʧʪʠʯʝʩʢʠ ʘʢʪʠʚʥʳʭ ʥʠʟʢʦʩʠʤʤʝʪʨʠʯʥʳʭ ʢʨʠʩʪʘʣʣʘʭ. ʇʨʝʜʩʪʘʚʣʝʥʥʳʝ 

ʨʝʟʫʣʴʪʘʪʳ ʦʧʫʙʣʠʢʦʚʘʥʳ ʚ [126ï134]. 

(ʘ) (ʚ) (ʙ) 
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4.1. ʈʘʩʧʦʣʦʞʝʥʠʝ ʧʣʦʩʢʦʩʪʠ ʦʧʪʠʯʝʩʢʠʭ ʦʩʝʡ ʦʪʥʦʩʠʪʝʣʴʥʦ ʵʣʝʤʝʥʪʦʚ 

ʩʠʤʤʝʪʨʠʠ ʢʨʠʩʪʘʣʣʘ 

ɺ ʧʨʦʟʨʘʯʥʳʭ ʜʚʫʦʩʥʳʭ ʢʨʠʩʪʘʣʣʘʭ ʢʣʘʩʩʦʚ 2, m ʠ mm2 ʚʦʟʤʦʞʥʳ ʜʚʘ 

ʚʘʨʠʘʥʪʘ ʨʘʩʧʦʣʦʞʝʥʠʷ ʧʣʦʩʢʦʩʪʠ ʦʧʪʠʯʝʩʢʠʭ ʦʩʝʡ ʦʪʥʦʩʠʪʝʣʴʥʦ ʦʩʝʡ ʚʪʦʨʦʛʦ 

ʧʦʨʷʜʢʘ ʠʣʠ ʧʣʦʩʢʦʩʪʝʡ ʩʠʤʤʝʪʨʠʠ ʢʨʠʩʪʘʣʣʘ [22]. ʕʪʠ ʚʘʨʠʘʥʪʳ ʦʙʦʟʥʘʯʝʥʳ ʜʣʷ 

ʢʘʞʜʦʛʦ ʢʣʘʩʩʘ ʢʘʢ I ʠ II ʩʣʫʯʘʠ (ʪʘʙʣ. 4.1). ʊʝʥʟʦʨʳ ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʡ 

ʧʨʦʥʠʮʘʝʤʦʩʪʠ Ů ʠ ʛʠʨʘʮʠʠ Ŭ ʜʣʷ ʜʚʫʦʩʥʳʭ ʢʨʠʩʪʘʣʣʦʚ ʨʘʟʣʠʯʥʳʭ ʢʣʘʩʩʦʚ 

ʧʨʠʚʝʜʝʥʳ ʚ ʪʘʙʣ. 4.1. ʉʠʩʪʝʤʘ ʢʦʦʨʜʠʥʘʪ ʚʳʙʠʨʘʝʪʩʷ ʪʘʢ, ʯʪʦ ʧʦʩʣʝ ʧʨʠʚʝʜʝʥʠʷ 

ʪʝʥʟʦʨʘ Ů ʢ ʜʠʘʛʦʥʘʣʴʥʦʤʫ ʚʠʜʫ ʥʘʧʨʘʚʣʝʥʠʝ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʝ ʤʘʢʩʠʤʘʣʴʥʦʤʫ 

ʛʣʘʚʥʦʤʫ ʟʥʘʯʝʥʠʶ Ů, ʩʦʚʧʘʜʘʝʪ ʩ ʦʩʴʶ Z, ʘ ʥʘʧʨʘʚʣʝʥʠʝ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʝ 

ʤʠʥʠʤʘʣʴʥʦʤʫ ʛʣʘʚʥʦʤʫ ʟʥʘʯʝʥʠʶ ï ʩ ʦʩʴʶ X.  
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ʊʘʙʣʠʮʘ 4.1. ʆʙʱʠʡ ʚʠʜ ʪʝʥʟʦʨʦʚ ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʡ ʧʨʦʥʠʮʘʝʤʦʩʪʠ Ů ʠ ʛʠʨʘʮʠʠ Ŭ 

ʜʣʷ ʜʚʫʦʩʥʳʭ ʢʨʠʩʪʘʣʣʦʚ [22] 

ʂʣʘʩʩ 

ʇʦʣʦʞʝʥʠʝ ʦʧʪʠʯʝʩʢʠʭ 

ʦʩʝʡ ʦʪʥʦʩʠʪʝʣʴʥʦ 

ʵʣʝʤʝʥʪʦʚ ʩʠʤʤʝʪʨʠʠ 

ʊʝʥʟʦʨ ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʡ 

ʧʨʦʥʠʮʘʝʤʦʩʪʠ Ů ʊʝʥʟʦʨ ʛʠʨʘʮʠʠ Ŭ 

222 

ʇʣʦʩʢʦʩʪʴ ʦʧʪʠʯʝʩʢʠʭ 

ʦʩʝʡ ʩʦʚʧʘʜʘʝʪ ʩ 
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I . ʇʣʦʩʢʦʩʪʴ ʦʧʪʠʯʝʩʢʠʭ 

ʦʩʝʡ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʘ 
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II . ʇʣʦʩʢʦʩʪʴ ʦʧʪʠʯʝʩʢʠʭ 

ʦʩʝʡ ʧʘʨʘʣʣʝʣʴʥʘ ʦʜʥʦʡ 
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I . ʇʣʦʩʢʦʩʪʴ ʦʧʪʠʯʝʩʢʠʭ 

ʦʩʝʡ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʘ 
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4.2. ɺʨʘʱʝʥʠʝ ʧʣʦʩʢʦʩʪʠ ʧʦʣʷʨʠʟʘʮʠʠ ʩʚʝʪʘ ʚ ʧʨʦʟʨʘʯʥʳʭ ʜʚʫʦʩʥʳʭ 

ʢʨʠʩʪʘʣʣʘʭ 

ɼʣʷ ʨʘʩʯʝʪʦʚ ʚʳʙʨʘʥʘ ʩʠʩʪʝʤʘ ʢʦʦʨʜʠʥʘʪ, ʦʩʠ ʢʦʪʦʨʦʡ ʩʦʚʧʘʜʘʶʪ ʩ 

ʥʘʧʨʘʚʣʝʥʠʷʤʠ ʛʣʘʚʥʳʭ ʦʩʝʡ ʪʝʥʟʦʨʘ ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʡ ʧʨʦʥʠʮʘʝʤʦʩʪʠ Ů 

ʢʨʠʩʪʘʣʣʘ. ɺ ʪʘʢʦʤ ʩʣʫʯʘʝ Ů ʠʤʝʝʪ ʜʠʘʛʦʥʘʣʴʥʳʡ ʚʠʜ. ʉʯʠʪʘʝʤ, ʯʪʦ Ů11 < Ů22 < Ů33; 

ʚ ʵʪʦʤ ʩʣʫʯʘʝ ʦʧʪʠʯʝʩʢʠʝ ʦʩʠ ʢʨʠʩʪʘʣʣʘ ʨʘʩʧʦʣʦʞʝʥʳ ʚ ʧʣʦʩʢʦʩʪʠ XOZ. ɺʠʜ 

ʪʝʥʟʦʨʦʚ Ŭ ʧʨʠʚʝʜʝʥ ʚ ʪʘʙʣ. 4.1. 

ʋʜʝʣʴʥʦʝ ʚʨʘʱʝʥʠʝ ʧʣʦʩʢʦʩʪʠ ʧʦʣʷʨʠʟʘʮʠʠ r ʧʨʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʠ ʩʚʝʪʘ ʚ 

ʥʘʧʨʘʚʣʝʥʠʠ ʦʧʪʠʯʝʩʢʦʡ ʦʩʠ ʟʘʧʠʩʳʚʘʝʪʩʷ ʚ ʚʠʜʝ [16]: 

)(
ɚ

ˊ
ɟ -+-= nn ,                                                     (4.2) 

ʛʜʝ n+, nï ï ʧʦʢʘʟʘʪʝʣʠ ʧʨʝʣʦʤʣʝʥʠʷ ʩʦʙʩʪʚʝʥʥʳʭ ʚʦʣʥ, l ï ʜʣʠʥʘ ʚʦʣʥʳ. 

ɺ ʧʝʨʚʦʤ ʧʨʠʙʣʠʞʝʥʠʠ ʧʦ Ŭij: 

n

G

ɚ

ˊ
ɟ= ,                                                                 (4.3) 

G ï ʩʢʘʣʷʨʥʳʡ ʧʘʨʘʤʝʪʨ ʛʠʨʘʮʠʠ [16, 20, 24], n  ï ʩʨʝʜʥʠʡ ʧʦʢʘʟʘʪʝʣʴ 

ʧʨʝʣʦʤʣʝʥʠʷ. ʇʨʠ ʟʘʧʠʩʠ ʯʝʨʝʟ ʢʦʤʧʦʥʝʥʪʳ ʪʝʥʟʦʨʘ Ŭ, ʠʩʧʦʣʴʟʫʷ ʫʨʘʚʥʝʥʠʷ ʩʚʷʟʠ 

(1.4) [7], ʚʝʣʠʯʠʥʘ G ʧʨʠʥʠʤʘʝʪ ʚʠʜ: 

]ɗɗ)ŬŬ(ɗɗ)ŬŬ(ɗɗ)ŬŬ(

ɗ)ŬŬ(ɗ)ŬŬ(ɗ)ŬŬ[(

323223313113212112

2

32211

2

23311

2

13322

ÖÖ+-ÖÖ+-ÖÖ+-

-Ö++Ö++Ö+=nG
,                      (4.4ʘ) 

ʧʨʠ ʟʘʧʠʩʠ ʯʝʨʝʟ ʢʦʤʧʦʥʝʥʪʳ ʪʝʥʟʦʨʘ g (ʫʨʘʚʥʝʥʠʷ ʩʚʷʟʠ (1.6) [8]): 

323223313113212112

2

333

2

222

2

111

ɗɗ)(ɗɗ)(ɗɗ)(

ɗɗɗ

ÖÖ++ÖÖ++ÖÖ++

+Ö+Ö+Ö=

gggggg

gggG
,                       (4.4ʙ) 

ʛʜʝ ɗ1, ɗ2, ɗ3 ï ʥʘʧʨʘʚʣʷʶʱʠʝ ʢʦʩʠʥʫʩʳ ʚʦʣʥʦʚʦʡ ʥʦʨʤʘʣʠ. 

ɺ ʥʘʧʨʘʚʣʝʥʠʠ ʦʧʪʠʯʝʩʢʠʭ ʦʩʝʡ ʚʳʨʘʞʝʥʠʝ ʜʣʷ G ʠʤʝʝʪ ʚʠʜ: 

]cossin)ŬŬ(cos)ŬŬ(sin)ŬŬ[( 3113

2

2211

2

3322 VVVVnG +°+++=                        (4.5ʘ) 

ʠʣʠ  

VVggVgVgG cossin)(cossin 3113

2

33

2

11 +°+=
                                       (4.5ʙ) 

ʛʜʝ V ï ʫʛʦʣ ʦʪʢʣʦʥʝʥʠʷ ʢʘʞʜʦʡ ʠʟ ʦʧʪʠʯʝʩʢʠʭ ʦʩʝʡ ʦʪ ʦʩʠ Z: 
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)ŮŮ(Ů

)ŮŮ(Ů
arctg

223311

112233

-

-
=V .                                                    (4.6) 

ɺ (4.5) ʚʝʣʠʯʠʥʳ Ŭ12, Ŭ21, Ŭ23, Ŭ32 (ʢʘʢ ʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʢʦʤʧʦʥʝʥʪʳ gij) ʥʝ 

ʚʭʦʜʷʪ, ʠ, ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʥʘ ʚʝʣʠʯʠʥʫ ɟ ʚ ʥʘʧʨʘʚʣʝʥʠʠ ʦʧʪʠʯʝʩʢʠʭ ʦʩʝʡ ʚʣʠʷʶʪ 

ʪʦʣʴʢʦ ʜʠʘʛʦʥʘʣʴʥʳʝ ʵʣʝʤʝʥʪʳ ʪʝʥʟʦʨʘ ʛʠʨʘʮʠʠ Ŭii ʠ ʢʦʤʧʦʥʝʥʪʳ Ŭ13, Ŭ31.  

ʀʟ (4.5ʘ, 4.5ʙ) ʠ ʪʘʙʣ. 4.1 ʩʣʝʜʫʝʪ, ʯʪʦ ʜʣʷ ʢʨʠʩʪʘʣʣʦʚ ʢʣʘʩʩʘ 2 ʚ I ʩʣʫʯʘʝ 

ʚʝʣʠʯʠʥʳ ʫʜʝʣʴʥʦʛʦ ʚʨʘʱʝʥʠʷ ʧʣʦʩʢʦʩʪʠ ʧʦʣʷʨʠʟʘʮʠʠ ɟ ʧʨʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʠ 

ʩʚʝʪʘ ʚ ʥʘʧʨʘʚʣʝʥʠʠ ʨʘʟʥʳʭ ʦʧʪʠʯʝʩʢʠʭ ʦʩʝʡ ʦʜʠʥʘʢʦʚʳ, ʘ ʚʦ II ʩʣʫʯʘʝ ï 

ʨʘʟʣʠʯʥʳ. ɼʣʷ ʢʨʠʩʪʘʣʣʦʚ ʢʣʘʩʩʦʚ m ʠ mm2 ʚ I ʩʣʫʯʘʝ ʚʝʣʠʯʠʥʳ ɟ ʧʨʠ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʠ ʩʚʝʪʘ ʚ ʥʘʧʨʘʚʣʝʥʠʠ ʨʘʟʥʳʭ ʦʧʪʠʯʝʩʢʠʭ ʦʩʝʡ ʦʜʠʥʘʢʦʚʳ ʧʦ 

ʤʦʜʫʣʶ ʠ ʧʨʦʪʠʚʦʧʦʣʦʞʥʳ ʧʦ ʟʥʘʢʫ; ʚʦ II ʩʣʫʯʘʝ ʚʨʘʱʝʥʠʝ ʧʣʦʩʢʦʩʪʠ 

ʧʦʣʷʨʠʟʘʮʠʠ ʚ ʥʘʧʨʘʚʣʝʥʠʠ ʦʧʪʠʯʝʩʢʠʭ ʦʩʝʡ ʦʪʩʫʪʩʪʚʫʝʪ [22]. 

4.2.1. ɻʠʨʘʮʠʦʥʥʳʝ ʧʦʚʝʨʭʥʦʩʪʠ ʜʚʫʦʩʥʳʭ ʢʨʠʩʪʘʣʣʦʚ 

ɺʩʝʛʜʘ ʤʦʞʥʦ ʚʳʙʨʘʪʴ ʩʠʩʪʝʤʫ ʢʦʦʨʜʠʥʘʪ, ʠʤʝʥʫʝʤʫʶ ʛʣʘʚʥʦʡ ʩʠʩʪʝʤʦʡ 

ʪʝʥʟʦʨʘ Ŭ (ʠʣʠ g), ʚ ʢʦʪʦʨʦʡ ʚʝʣʠʯʠʥʫ ɟ, ʨʘʩʩʯʠʪʘʥʥʫʶ ʚ ʧʨʦʠʟʚʦʣʴʥʦʤ 

ʥʘʧʨʘʚʣʝʥʠʠ ʧʦ ʬʦʨʤʫʣʘʤ (4.3, 4.4), ʤʦʞʥʦ ʟʘʧʠʩʘʪʴ ʚ ʚʠʜʝ 

2

3

0

3

2

2

0

2

2

1

0

1 ɟɟɟɟ vvv Ö+Ö+Ö= ,                                           (4.7) 

ʛʜʝ ɟi
0
 ï ʟʥʘʯʝʥʠʷ ɟ, ʚʳʯʠʩʣʝʥʥʳʝ ʧʦ ʬʦʨʤʫʣʝ (4.3) ʚ ʥʘʧʨʘʚʣʝʥʠʷʭ ʢʦʦʨʜʠʥʘʪʥʳʭ 

ʦʩʝʡ ʛʣʘʚʥʦʡ ʩʠʩʪʝʤʳ ʢʦʦʨʜʠʥʘʪ ʪʝʥʟʦʨʘ Ŭ, ɜi ï ʥʘʧʨʘʚʣʷʶʱʠʝ ʢʦʩʠʥʫʩʳ 

ʚʦʣʥʦʚʦʡ ʥʦʨʤʘʣʠ. 

ʅʘ ʦʩʥʦʚʘʥʠʠ (4.7), ʢʘʢ ʧʨʝʜʣʘʛʘʣ ɸ.ɺ. ʐʫʙʥʠʢʦʚ [15, 16], ʧʦʩʪʨʦʝʥʳ 

ʛʠʨʘʮʠʦʥʥʳʝ ʧʦʚʝʨʭʥʦʩʪʠ ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʭ ʢʨʠʩʪʘʣʣʦʚ ï ʧʦʚʝʨʭʥʦʩʪʠ, ʨʘʜʠʫʩ-

ʚʝʢʪʦʨʳ ʢʦʪʦʨʳʭ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʳ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤ ʟʥʘʯʝʥʠʷʤ ʚʝʣʠʯʠʥʳ ɟ. 

ʇʦʩʢʦʣʴʢʫ ʩʘʤʠ ʨʘʜʠʫʩ-ʚʝʢʪʦʨʳ ʤʦʛʫʪ ʙʳʪʴ ʢʘʢ ʧʦʣʦʞʠʪʝʣʴʥʳʤʠ, ʪʘʢ ʠ 

ʦʪʨʠʮʘʪʝʣʴʥʳʤʠ, ʫʩʣʦʚʠʤʩʷ ʪʝ ʫʯʘʩʪʢʠ ʛʠʨʘʮʠʦʥʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ, ʢʦʪʦʨʳʤ 

ʦʪʚʝʯʘʶʪ ʧʦʣʦʞʠʪʝʣʴʥʳʝ ʨʘʜʠʫʩ-ʚʝʢʪʦʨʳ, ʠʟʦʙʨʘʞʘʪʴ ʙʝʣʳʤʠ, ʘ ʪʝ, ʢʦʪʦʨʳʤ 

ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʦʪʨʠʮʘʪʝʣʴʥʳʝ ʨʘʜʠʫʩ-ʚʝʢʪʦʨʳ, ʢʨʘʩʥʳʤʠ. ʇʨʠ ʵʪʦʤ ɟ ʚ 

ʥʘʧʨʘʚʣʝʥʠʷʭ, ʦʪʣʠʯʥʳʭ ʦʪ ʦʧʪʠʯʝʩʢʦʡ ʦʩʠ, ʧʦʢʘʟʳʚʘʝʪ, ʢʘʢʠʤ ʙʳʣʦ ʙʳ ʚʨʘʱʝʥʠʝ 

ʧʣʦʩʢʦʩʪʠ ʧʦʣʷʨʠʟʘʮʠʠ ʚ ʦʪʩʫʪʩʪʚʠʝ ʜʚʫʧʨʝʣʦʤʣʝʥʠʷ. 
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ʅʠʟʢʦʩʠʤʤʝʪʨʠʯʥʳʝ ʛʠʨʦʪʨʦʧʥʳʝ ʢʨʠʩʪʘʣʣʳ ʧʨʠʤʠʪʠʚʥʳʭ ʠ ʘʢʩʠʘʣʴʥʳʭ 

ʢʣʘʩʩʦʚ (1, 2, 222) ʷʚʣʷʶʪʩʷ ʵʥʘʥʪʠʦʤʦʨʬʥʳʤʠ, ʪ.ʝ. ʤʦʛʫʪ ʠʤʝʪʴ ʧʨʘʚʳʝ ʠʣʠ 

ʣʝʚʳʝ ʤʦʜʠʬʠʢʘʮʠʠ. ʅʘ ʨʠʩ. 4.2 ʧʨʝʜʩʪʘʚʣʝʥʳ ʛʠʨʘʮʠʦʥʥʳʝ ʧʦʚʝʨʭʥʦʩʪʠ ʵʪʠʭ 

ʢʨʠʩʪʘʣʣʦʚ [16]. ʅʘ ʨʠʩ. 4.2ʘ, 4.2ʙ ʧʨʝʜʩʪʘʚʣʝʥ ʩʣʫʯʘʡ, ʢʦʛʜʘ ʚʩʝ ʢʦʤʧʦʥʝʥʪʳ ɟi
0
 

ʦʜʥʦʛʦ ʟʥʘʢʘ, ʘ ʥʘ ʨʠʩ. 4.2ʚ, 4.2ʛ ʦʜʥʘ ʠʟ ʢʦʤʧʦʥʝʥʪ ʠʤʝʝʪ ʜʨʫʛʦʡ ʟʥʘʢ. ɺʠʜʥʦ, ʯʪʦ 

ʪʝʤʥʳʝ ʠ ʩʚʝʪʣʳʝ ʦʙʣʘʩʪʠ ʧʨʠ ʩʤʝʥʝ ʟʥʘʢʘ ʧʦʤʝʥʷʣʠʩʴ ʤʝʩʪʘʤʠ. 

ʅʠʟʢʦʩʠʤʤʝʪʨʠʯʥʳʝ ʛʠʨʦʪʨʦʧʥʳʝ ʢʨʠʩʪʘʣʣʳ ʧʣʘʥʘʣʴʥʳʭ ʢʣʘʩʩʦʚ mm2, m 

ʥʝʵʥʘʥʪʠʦʤʦʨʬʥʳ. ʅʘ ʨʠʩ. 4.3ʘ ʧʨʝʜʩʪʘʚʣʝʥʘ ʠʭ ʛʠʨʘʮʠʦʥʥʘʷ ʧʦʚʝʨʭʥʦʩʪʴ [16]. ɺ 

ʦʪʣʠʯʠʝ ʦʪ ʧʨʠʤʠʪʠʚʥʳʭ ʠ ʘʢʩʠʘʣʴʥʳʭ ʜʣʷ ʧʣʘʥʘʣʴʥʳʭ ʢʨʠʩʪʘʣʣʦʚ ʧʨʠ ʧʝʨʝʤʝʥʝ 

ʟʥʘʢʦʚ ʢʦʤʧʦʥʝʥʪ ɟi
0
 ʚʠʜ ʛʠʨʘʮʠʦʥʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʥʝ ʤʝʥʷʝʪʩʷ. ʀʤʝʥʥʦ ʵʪʦ 

ʛʦʚʦʨʠʪ ʦ ʪʦʤ, ʯʪʦ ʧʣʘʥʘʣʴʥʳʝ ʛʠʨʦʪʨʦʧʥʳʝ ʢʨʠʩʪʘʣʣʳ ʥʝ ʷʚʣʷʶʪʩʷ 

ʵʥʘʥʪʠʦʤʦʨʬʥʳʤʠ. ʕʪʦ ʠʣʣʶʩʪʨʠʨʫʝʪ ʨʠʩ. 4.3ʙ, ʛʜʝ ʧʨʠʚʝʜʝʥʳ ʜʚʘ "ʚʠʭʨʷ" ʜʣʷ 

ʢʨʠʩʪʘʣʣʘ ʢʣʘʩʩʘ m [26]. ʇʨʠ ʪʘʢʦʡ ʦʨʠʝʥʪʘʮʠʠ ʦʧʪʠʯʝʩʢʠʭ ʦʩʝʡ, ʢʘʢ ʥʘ ʨʠʩ. 4.3ʙ, 

ʚʜʦʣʴ ʦʜʥʦʡ ʠʟ ʦʩʝʡ ʠʤʝʝʪ ʤʝʩʪʦ ʧʨʘʚʦʝ ʚʨʘʱʝʥʠʝ, ʘ ʚʜʦʣʴ ʜʨʫʛʦʡ ï ʣʝʚʦʝ. 

 

                                                

ʈʠʩ. 4.2. ɻʠʨʘʮʠʦʥʥʳʝ ʧʦʚʝʨʭʥʦʩʪʠ ʜʚʫʦʩʥʳʭ ʧʨʠʤʠʪʠʚʥʳʭ ʠ ʘʢʩʠʘʣʴʥʳʭ ʢʨʠʩʪʘʣʣʦʚ: 

|ɟ1
0
| < |ɟ2

0
| < |ɟ3

0
|;     (ʘ) ï ʣʝʚʘʷ, ɟ1

0
 > 0, ɟ2

0
 > 0, ɟ3

0
 > 0;     (ʙ) ï ʧʨʘʚʘʷ, ɟ1

0
 < 0, ɟ2

0
 < 0, ɟ3

0
 < 0,  

(ʚ) ï ɟ1
0
 < 0, ɟ2

0
 < 0, ɟ3

0
 > 0, ʧʦ ʚʝʨʪʠʢʘʣʠ ʣʝʚʦʝ ʚʨʘʱʝʥʠʝ, ʧʦ ʛʦʨʠʟʦʥʪʘʣʷʤ ï ʧʨʘʚʦʝ,  

(ʛ) ï ɟ1
0
 > 0, ɟ2

0
 > 0, ɟ3

0
 < 0, ʧʦ ʚʝʨʪʠʢʘʣʠ ʧʨʘʚʦʝ ʚʨʘʱʝʥʠʝ, ʧʦ ʛʦʨʠʟʦʥʪʘʣʠ ï ʣʝʚʦʝ. 

 

                  

ʈʠʩ. 4.3. ɻʠʨʘʮʠʦʥʥʘʷ ʧʦʚʝʨʭʥʦʩʪʴ ʜʣʷ ʧʣʘʥʘʣʴʥʳʭ ʢʨʠʩʪʘʣʣʦʚ (ʘ), ʧʣʦʩʢʦʩʪʴ ʩʠʤʤʝʪʨʠʠ m 

ʧʨʝʚʨʘʱʘʝʪ ʧʨʘʚʫʶ ʚʠʥʪʦʚʫʶ ʣʠʥʠʶ ʚ ʣʝʚʫʶ (ʙ). 

 

(ʘ) (ʙ) 
(ʚ) (ʛ) 

(ʘ) (ʙ) 
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ɺʧʝʨʚʳʝ ʦʧʪʠʯʝʩʢʘʷ ʘʢʪʠʚʥʦʩʪʴ ʚ ʢʨʠʩʪʘʣʣʝ ʢʣʘʩʩʘ m ʥʘʙʣʶʜʘʣʘʩʴ ʚ 

ʩʝʛʥʝʪʦʵʣʝʢʪʨʠʢʝ LiH 3(SeO3)2 [135]. ɺ [136] ʧʨʠʚʝʜʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʠʟʤʝʨʝʥʠʷ 

ʫʜʝʣʴʥʦʛʦ ʚʨʘʱʝʥʠʷ ʧʣʦʩʢʦʩʪʠ ʧʦʣʷʨʠʟʘʮʠʠ ʩʚʝʪʘ ʚ ʢʨʠʩʪʘʣʣʝ ʢʣʘʩʩʘ m 

(Na2ZnGeO4). 

4.2.2. ʕʣʣʠʧʪʠʯʥʦʩʪʠ ʩʦʙʩʪʚʝʥʥʳʭ ʚʦʣʥ ʠ ʘʟʠʤʫʪʳ ʧʦʣʷʨʠʟʘʮʠʠ ʧʨʦʰʝʜʰʝʛʦ 

ʩʚʝʪʘ ʚ ʧʨʦʟʨʘʯʥʳʭ ʜʚʫʦʩʥʳʭ ʢʨʠʩʪʘʣʣʘʭ 

ʇʨʦʚʝʜʝʤ ʨʘʩʯʝʪ ʵʣʣʠʧʪʠʯʥʦʩʪʝʡ ʩʦʙʩʪʚʝʥʥʳʭ ʚʦʣʥ ±k ʠ ʘʟʠʤʫʪʦʚ 

ʧʦʣʷʨʠʟʘʮʠʠ ʧʨʦʰʝʜʰʝʛʦ ʩʚʝʪʘ ɢt ʚ ʧʨʦʟʨʘʯʥʳʭ ʜʚʫʦʩʥʳʭ ʢʨʠʩʪʘʣʣʘʭ ʨʘʟʣʠʯʥʳʭ 

ʢʣʘʩʩʦʚ. 

ʋʛʦʣ ʧʦʚʦʨʦʪʘ ʧʣʦʩʢʦʩʪʠ ʧʦʣʷʨʠʟʘʮʠʠ ɟd ʧʨʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʠ ʩʚʝʪʘ ʚ 

ʥʘʧʨʘʚʣʝʥʠʠ ʦʧʪʠʯʝʩʢʦʡ ʦʩʠ ʟʘʧʠʩʳʚʘʝʪʩʷ ʚ ʚʠʜʝ: 

rd º ïɢt max = ́ Gd/(ɚn ).                                                        (4.8) 

ʅʘ ʨʠʩ. 4.4 ʧʦʢʘʟʘʥʳ ʟʘʚʠʩʠʤʦʩʪʠ ʵʣʣʠʧʪʠʯʥʦʩʪʝʡ ʩʦʙʩʪʚʝʥʥʳʭ ʚʦʣʥ Ñk ʠ 

ʘʟʠʤʫʪʦʚ ʧʦʣʷʨʠʟʘʮʠʠ ʧʨʦʰʝʜʰʝʛʦ ʩʚʝʪʘ ɢt ʦʪ ʫʛʣʘ ɗ ʧʦʚʦʨʦʪʘ ʧʣʦʩʢʦʩʪʠ 

ʦʧʪʠʯʝʩʢʠʭ ʦʩʝʡ ʚʦʢʨʫʛ ʦʩʠ Y. 

  



109 

 

ʉʣʫ- 

ʯʘʡ 
ʕʣʣʠʧʪʠʯʥʦʩʪʴ ʩʦʙʩʪʚʝʥʥʳʭ ʚʦʣʥ 

 ʂʣʘʩʩ 222 ʂʣʘʩʩ 2 ʂʣʘʩʩ m ʠ mm2 

I 

 

  

II  

  

 ɸʟʠʤʫʪ ʧʨʦʰʝʜʰʝʛʦ ʩʚʝʪʘ 

I 

 

  

II  

  
ʈʠʩ. 4.4. ɿʘʚʠʩʠʤʦʩʪʴ ʵʣʣʠʧʪʠʯʥʦʩʪʝʡ ʩʦʙʩʪʚʝʥʥʳʭ ʚʦʣʥ ±k ʠ ʘʟʠʤʫʪʘ ʧʦʣʷʨʠʟʘʮʠʠ ɢt ʩʚʝʪʘ, 

ʧʨʦʰʝʜʰʝʛʦ ʯʝʨʝʟ ʧʣʘʩʪʠʥʢʫ ʪʦʣʱʠʥʦʡ d = 100 ʤʢʤ, ʚ ʧʨʦʟʨʘʯʥʦʤ ʛʠʨʦʪʨʦʧʥʦʤ ʢʨʠʩʪʘʣʣʝ ʦʪ 

ʫʛʣʘ ɗ ʧʦʚʦʨʦʪʘ ʧʣʦʩʢʦʩʪʠ ʦʧʪʠʯʝʩʢʠʭ ʦʩʝʡ ʚʦʢʨʫʛ ʦʩʠ Y; n1 = 1.54, n2 = 1.543, n3 = 1.572. 

ɼʣʷ ʢʨʠʩʪʘʣʣʘ ʢʣʘʩʩʘ 222: Ŭ11 = 2.13Ā10
-3

, Ŭ22 = ï3.04Ā10
-3

, Ŭ33 = 6.37Ā10
-3
; 

ɼʣʷ ʢʨʠʩʪʘʣʣʘ 2: I ï Ŭ11 = 1.675Ā10
-3
, Ŭ22 = ï2.585Ā10

-3
, Ŭ33 = 6.37Ā10

-3
, Ŭ12 = 1.46Ā10

-3
, Ŭ21 = Ŭ12; 

                             II  ï Ŭ11 = 2.5Ā10
-3

, Ŭ22 = ï 3.4Ā10
-3

, Ŭ33 = 6Ā10
-3

, Ŭ13 = 1.2Ā10
-3

, Ŭ31 = Ŭ13. 

ɼʣʷ ʢʨʠʩʪʘʣʣʘ ʢʣʘʩʩʘ m: I ï Ŭ13 = 1.6Ā10
-3

, Ŭ23 = 2.65Ā10
-3
, Ŭ31 = Ŭ13, Ŭ32 = Ŭ23;  

                                         II  ï Ŭ12 = 1.6Ā10
-3
, Ŭ23 = 2.65Ā10

-3
, Ŭ21 = Ŭ12, Ŭ32 = Ŭ23. 

ɼʣʷ ʢʨʠʩʪʘʣʣʘ ʢʣʘʩʩʘ mm2: I ï Ŭ13 = 1.6Ā10
-3
, Ŭ31 = Ŭ13; II  ï Ŭ12 = 1.6Ā10

-3
, Ŭ21 = Ŭ12. 

 

ʀʟ ʨʠʩ. 4.4 ʚʠʜʥʦ, ʯʪʦ ʜʣʷ ʢʨʠʩʪʘʣʣʦʚ ʢʣʘʩʩʘ 222, ʘ ʪʘʢʞʝ ʢʣʘʩʩʘ 2 ʚ I ʩʣʫʯʘʝ 

ʚʝʣʠʯʠʥʳ k ʠ ɢt ʚ ʦʢʨʝʩʪʥʦʩʪʠ ʨʘʟʥʳʭ ʦʧʪʠʯʝʩʢʠʭ ʦʩʝʡ ʦʜʠʥʘʢʦʚʳ. ɼʣʷ 

ʢʨʠʩʪʘʣʣʦʚ ʢʣʘʩʩʘ 2 ʚʦ II ʩʣʫʯʘʝ ʜʘʥʥʳʝ ʚʝʣʠʯʠʥʳ ʨʘʟʣʠʯʥʳ. ɼʣʷ ʢʨʠʩʪʘʣʣʦʚ 

ʢʣʘʩʩʦʚ m ʠ mm2 ʚ I ʩʣʫʯʘʝ ʚʝʣʠʯʠʥʳ k ʠ ɢt ʘʥʪʠʩʠʤʤʝʪʨʠʯʥʳ ʦʪʥʦʩʠʪʝʣʴʥʦ ʦʩʠ ɗ 

= 0, ʘ ʚʦ II ʩʣʫʯʘʝ ʦʥʠ ʨʘʚʥʳ ʥʫʣʶ ʧʨʠ ʣʶʙʳʭ ʫʛʣʘʭ ɗ. 



110 

 

4.3. ɺʣʠʷʥʠʝ ʘʥʪʠʩʠʤʤʝʪʨʠʯʥʦʡ ʯʘʩʪʠ ʪʝʥʟʦʨʘ ʛʠʨʘʮʠʠ ʥʘ ʚʨʘʱʝʥʠʝ 

ʧʣʦʩʢʦʩʪʠ ʧʦʣʷʨʠʟʘʮʠʠ ʩʚʝʪʘ ʚ ʜʚʫʦʩʥʳʭ ʢʨʠʩʪʘʣʣʘʭ 

ɼʣʷ ʣʶʙʦʛʦ ʢʨʠʩʪʘʣʣʘ ʪʝʥʟʦʨ ʛʠʨʘʮʠʠ a ʤʦʞʥʦ ʟʘʧʠʩʘʪʴ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ 

ʬʦʨʤʫʣʦʡ (2.2) ʚ ʚʠʜʝ ʩʫʤʤʳ ʩʠʤʤʝʪʨʠʯʥʦʡ Ŭ' ʠ ʘʥʪʠʩʠʤʤʝʪʨʠʯʥʦʡ Ŭ" ʯʘʩʪʝʡ. ʀʟ 

ʪʘʙʣ. 4.1 ʚʠʜʥʦ, ʯʪʦ ʚ ʢʨʠʩʪʘʣʣʘʭ ʢʣʘʩʩʦʚ 1, 2, m, mm2 ʪʝʥʟʦʨ Ŭ ʠʤʝʝʪ 

ʥʝʜʠʘʛʦʥʘʣʴʥʳʝ ʵʣʝʤʝʥʪʳ, ʠ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʤʦʞʝʪ ʠʤʝʪʴ ʘʥʪʠʩʠʤʤʝʪʨʠʯʥʫʶ 

ʯʘʩʪʴ. ʄʦʞʥʦ ʧʨʝʜʧʦʣʦʞʠʪʴ, ʯʪʦ ʚ ʜʚʫʦʩʥʳʭ ʢʨʠʩʪʘʣʣʘʭ, ʚ ʦʪʣʠʯʠʝ ʦʪ ʦʜʥʦʦʩʥʳʭ, 

ʘʥʪʠʩʠʤʤʝʪʨʠʯʥʘʷ ʯʘʩʪʴ ʪʝʥʟʦʨʘ ʛʠʨʘʮʠʠ Ŭ" ʙʫʜʝʪ ʚʣʠʷʪʴ ʥʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ʧʨʦʰʝʜʰʝʛʦ ʩʚʝʪʘ ʚ ʥʘʧʨʘʚʣʝʥʠʠ ʦʧʪʠʯʝʩʢʠʭ ʦʩʝʡ. 

ɺ ʬʦʨʤʫʣʳ (4.4), (4.5) ʥʝʜʠʘʛʦʥʘʣʴʥʳʝ ʵʣʝʤʝʥʪʳ ʪʝʥʟʦʨʘ ʛʠʨʘʮʠʠ ʚʭʦʜʷʪ 

ʪʦʣʴʢʦ ʚ ʚʠʜʝ ʩʫʤʤ ï ʚ ʪʘʢʦʤ ʧʨʠʙʣʠʞʝʥʠʠ ʘʥʪʠʩʠʤʤʝʪʨʠʯʥʘʷ ʯʘʩʪʴ ʪʝʥʟʦʨʘ 

ʛʠʨʘʮʠʠ ʥʘ ʨʝʟʫʣʴʪʘʪ ʥʝ ʚʣʠʷʝʪ. ʏʪʦʙʳ ʫʯʝʩʪʴ ʝʝ ʚʣʠʷʥʠʝ, ʟʘʧʠʰʝʤ ʚʝʣʠʯʠʥʫ (n+ ï 

nï) ʚ ʚʳʨʘʞʝʥʠʠ (4.2), ʠʩʧʦʣʴʟʫʷ ʫʨʘʚʥʝʥʠʷ ʩʚʷʟʠ [7] ʠ ʫʯʠʪʳʚʘʷ ʯʣʝʥʳ ʧʦʨʷʜʢʘ 

ʧʨʦʠʟʚʝʜʝʥʠʷ ʜʚʫʧʨʝʣʦʤʣʝʥʠʷ ʥʘ ʢʦʤʧʦʥʝʥʪʳ ʪʝʥʟʦʨʘ ʛʠʨʘʮʠʠ. ʆʩʪʘʚʣʷʷ ʚ 

ʨʝʰʝʥʠʠ ʫʨʘʚʥʝʥʠʷ ʥʦʨʤʘʣʝʡ ʪʦʣʴʢʦ ʧʝʨʚʳʝ ʩʪʝʧʝʥʠ Ŭij, ʚ ʥʘʧʨʘʚʣʝʥʠʠ 

ʦʧʪʠʯʝʩʢʦʡ ʦʩʠ ʧʦʣʫʯʠʤ: 

)]ŬŮŬŮ(cossincos)ŬŬ(Ůsin)ŬŬ(Ů[
ŮŮ

Ů
31111333

2

221133

2

332211

3311

22 +°+++=- -+ VVVVnn . 

(4.9ʘ) 

ʇʨʠ ʚʳʙʦʨʝ ʫʨʘʚʥʝʥʠʡ ʩʚʷʟʠ [8] ʩʦʦʪʥʦʰʝʥʠʷ ʜʣʷ ʪʝʭ ʞʝ ʚʝʣʠʯʠʥ ʚʳʛʣʷʜʷʪ 

ʥʝʩʢʦʣʴʢʦ ʠʥʘʯʝ: 

)]ŮŮ(cossincosŮsinŮ[
ŮŮ

31331311

2

3333

2

1111

3311

2 ggVVVgVg
n

nn +°+=- -+ .          (4.9ʙ) 

ɺ ʥʝʘʢʪʠʚʥʳʭ ʢʨʠʩʪʘʣʣʘʭ ʧʨʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʠ ʩʚʝʪʘ ʚ ʥʘʧʨʘʚʣʝʥʠʠ 

ʦʧʪʠʯʝʩʢʦʡ ʦʩʠ ʧʦʢʘʟʘʪʝʣʠ ʧʨʝʣʦʤʣʝʥʠʷ ʦʜʠʥʘʢʦʚʳ ʠ ʨʘʚʥʳ 222 Ů=== -+ nnn . 

ɺʨʘʱʝʥʠʝ ʧʣʦʩʢʦʩʪʠ ʧʦʣʷʨʠʟʘʮʠʠ ɟ ʨʘʩʩʯʠʪʳʚʘʝʪʩʷ ʧʦ ʬʦʨʤʫʣʝ (4.2). 

ʉʨʘʚʥʠʚʘʷ ʚʳʨʘʞʝʥʠʷ (4.9ʘ) ʠ (4.9ʙ), ʧʦʣʫʯʠʤ ʩʦʦʪʥʦʰʝʥʠʷ ʤʝʞʜʫ ʢʦʤʧʦʥʝʥʪʘʤʠ 

ʪʝʥʟʦʨʦʚ Ŭ ʠ g: 
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.Ŭ   ,Ŭ

),ŬŬ(   ),ŬŬ(

1323131213

22112333322211

ngng

ngng

==

+=+=
                                       (4.10) 

ʀʟ (4.9ʘ), (4.9ʙ) ʚʠʜʥʦ, ʯʪʦ ʠ ʚ ʵʪʦʤ ʧʨʠʙʣʠʞʝʥʠʠ ʠʟ ʥʝʜʠʘʛʦʥʘʣʴʥʳʭ 

ʵʣʝʤʝʥʪʦʚ ʪʝʥʟʦʨʘ Ŭ ʥʘ ʚʝʣʠʯʠʥʫ (n+ ï nï) ʚʣʠʷʶʪ ʪʦʣʴʢʦ Ŭ13 ʠ Ŭ31. 

ɽʩʣʠ ʨʘʟʜʝʣʠʪʴ Ŭ13 ʠ Ŭ31 ʥʘ ʩʠʤʤʝʪʨʠʯʥʫʶ ʠ ʘʥʪʠʩʠʤʤʝʪʨʠʯʥʫʶ ʯʘʩʪʠ: 

Ŭ13 = Ŭ'13 + Ŭ"13, Ŭ31 = Ŭ'13 ï Ŭ"13,                                    (4.11) 

ʧʦʣʫʯʠʤ ʬʦʨʤʫʣʫ: 

)]Ŭ)ŮŮ(Ŭ)ŮŮ((cossin

cos)ŬŬ(Ůsin)ŬŬ(Ů[
ŮŮ

Ů

131133131133

2

221133

2

332211

3311

22

¡¡-+¡+°

°+++=- -+

VV

VVnn
.                    (4.12) 

ʀʟ ʬʦʨʤʫʣʳ (4.12) ʚʠʜʥʦ, ʯʪʦ, ʭʦʪʷ ʘʥʪʠʩʠʤʤʝʪʨʠʯʥʘʷ ʯʘʩʪʴ ʪʝʥʟʦʨʘ ʛʠʨʘʮʠʠ Ŭ" 

ʦʢʘʟʳʚʘʝʪ ʚʣʠʷʥʠʝ ʥʘ ʨʝʟʫʣʴʪʘʪ (ʜʘʝʪ ʤʘʣʫʶ ʧʦʧʨʘʚʢʫ ʢ ʚʝʣʠʯʠʥʝ ɟ, 

ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʫʶ ʧʨʦʠʟʚʝʜʝʥʠʶ ʚʝʣʠʯʠʥʳ Ŭ13" ʥʘ ʘʥʠʟʦʪʨʦʧʠʶ), ʢʦʤʧʦʥʝʥʪʳ 

Ŭ'13 ʠ Ŭ"13 ʧʨʠʩʫʪʩʪʚʫʝʪ ʪʦʣʴʢʦ ʚ ʩʫʤʤʝ ʠ ʠʭ ʥʝʣʴʟʷ ʨʘʟʜʝʣʠʪʴ.  

 ʈʘʩʩʤʦʪʨʠʤ ʚ ʢʘʯʝʩʪʚʝ ʧʨʠʤʝʨʘ ʚʣʠʷʥʠʝ ʘʥʪʠʩʠʤʤʝʪʨʠʯʥʦʡ ʯʘʩʪʠ ʪʝʥʟʦʨʘ 

ʛʠʨʘʮʠʠ ʥʘ ʘʟʠʤʫʪ ʧʦʣʷʨʠʟʘʮʠʠ ɢt ʠ ʵʣʣʠʧʪʠʯʥʦʩʪʴ Kt ʧʨʦʰʝʜʰʝʛʦ ʩʚʝʪʘ ʜʣʷ 

ʢʨʠʩʪʘʣʣʘ ʢʣʘʩʩʘ mm2 (ʨʠʩ. 4.5).  

 

   

ʈʠʩ. 4.5. ɿʘʚʠʩʠʤʦʩʪʠ ʘʟʠʤʫʪʘ ʧʦʣʷʨʠʟʘʮʠʠ ɢt (ʘ) ʠ ʵʣʣʠʧʪʠʯʥʦʩʪʠ Kt (ʙ) ʧʨʦʰʝʜʰʝʛʦ ʩʚʝʪʘ ʦʪ 

ʫʛʣʘ ʧʘʜʝʥʠʷ ű ʜʣʷ ʢʨʠʩʪʘʣʣʘ ʢʣʘʩʩʘ mm2 ʚ ʦʢʨʝʩʪʥʦʩʪʠ ʦʜʥʦʡ ʠʟ ʦʧʪʠʯʝʩʢʠʭ ʦʩʝʡ. ʇʦʢʘʟʘʪʝʣʠ 

ʧʨʝʣʦʤʣʝʥʠʷ ʢʨʠʩʪʘʣʣʘ n1 = 1.340, n2 = 1.425, n3 = 1.655, ʪʦʣʱʠʥʘ ʧʣʘʩʪʠʥʢʠ d = 100 ʤʢʤ, ʜʣʠʥʘ 

ʚʦʣʥʳ ɚ = 0.633 ʤʢʤ. ʂʨʠʚʳʝ 1 ï Ŭ13,31 = ±4Ā10
ï5

, 2 ï Ŭ13,31 = 6.2Ā10
ï5

, 3 ï Ŭ13,31 = 6.2Ā10
ï5

 ± 4Ā10
ï5

.  

 

ʅʘ ʨʠʩ. 4.5 ʧʦʢʘʟʘʥʳ ʟʘʚʠʩʠʤʦʩʪʠ ɢt ʠ Kt ʦʪ ʫʛʣʘ ʧʘʜʝʥʠʷ ű ʚ ʦʢʨʝʩʪʥʦʩʪʠ 

ʦʜʥʦʡ ʠʟ ʦʧʪʠʯʝʩʢʠʭ ʦʩʝʡ. ʉʚʝʪ ʧʘʜʘʝʪ ʚ ʧʣʦʩʢʦʩʪʠ XOZ. ʇʦʣʦʞʝʥʠʝ ʦʧʪʠʯʝʩʢʦʡ 

ʦʩʠ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ű = 55.7Á; ʚ ʵʪʦʡ ʪʦʯʢʝ ʚʝʣʠʯʠʥʘ ɢt ʤʘʢʩʠʤʘʣʴʥʘ, ʘ Kt = 0. ɽʩʣʠ 

(ʘ) (ʙ) 

Kt 
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ʢʦʤʧʦʥʝʥʪʘ Ŭ13 ʘʥʪʠʩʠʤʤʝʪʨʠʯʥʘ (Ŭ13,31 = ÑŬ13", ʢʨʠʚʳʝ 1), ʧʦʣʫʯʘʝʤʳʝ ʚʝʣʠʯʠʥʳ 

ɢt ʠ Kt ʟʥʘʯʠʪʝʣʴʥʦ ʤʝʥʴʰʝ, ʯʝʤ ʚ ʩʣʫʯʘʷʭ, ʢʦʛʜʘ ʧʨʠʩʫʪʩʪʚʫʝʪ ʪʦʣʴʢʦ ʝʝ 

ʩʠʤʤʝʪʨʠʯʥʘʷ ʯʘʩʪʴ Ŭ13' (ʢʨʠʚʳʝ 2), ʠʣʠ Ŭ13' ʠ Ŭ13" ʦʜʥʦʛʦ ʧʦʨʷʜʢʘ (ʢʨʠʚʳʝ 3). ʀʟ 

ʨʠʩ. 4.5 ʚʠʜʥʦ, ʯʪʦ ʢʨʠʚʳʝ 2 ʠ 3 ʦʪʣʠʯʘʶʪʩʷ ʤʘʣʦ; ʥʘʠʙʦʣʴʰʝʝ ʦʪʣʠʯʠʝ ʤʝʞʜʫ 

ʥʠʤʠ ʥʘʙʣʶʜʘʝʪʩʷ ʚʙʣʠʟʠ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʟʥʘʯʝʥʠʷ ɢt (ʨʠʩ. 4.5ʘ), ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʠ 

ʤʠʥʠʤʘʣʴʥʦʛʦ ʟʥʘʯʝʥʠʡ kt (ʨʠʩ. 4.5ʙ). ʇʨʠ ʵʪʦʤ ʦʙʱʠʡ ʚʠʜ ʢʨʠʚʳʭ ʦʜʠʥʘʢʦʚʳʡ, 

ʪʦ ʝʩʪʴ ʚ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʠʤʝʝʪ ʟʥʘʯʝʥʠʝ ʥʝ ʥʘʣʠʯʠʝ ʘʥʪʠʩʠʤʤʝʪʨʠʯʥʦʡ ʯʘʩʪʠ, ʘ 

ʚʝʣʠʯʠʥʘ ʤʘʢʩʠʤʫʤʘ ʘʟʠʤʫʪʘ ʧʨʦʰʝʜʰʝʛʦ ʩʚʝʪʘ ɢt, ʦʧʨʝʜʝʣʷʝʤʘʷ ʬʦʨʤʫʣʦʡ rd º ï

ɢmax. ɺ ʦʢʨʝʩʪʥʦʩʪʠ ʚʪʦʨʦʡ ʦʧʪʠʯʝʩʢʦʡ ʦʩʠ (ű = ï55.7Á) ʚʝʣʠʯʠʥʳ ɢt(ű) ʠ kt(ű) 

ʦʪʣʠʯʘʶʪʩʷ ʪʦʣʴʢʦ ʟʥʘʢʦʤ. 

4.4. ʅʝʢʦʪʦʨʳʝ ʦʩʦʙʝʥʥʦʩʪʠ ʧʨʦʷʚʣʝʥʠʷ ʦʧʪʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʠ ʚ 

ʧʦʛʣʦʱʘʶʱʠʭ ʜʚʫʦʩʥʳʭ ʢʨʠʩʪʘʣʣʘʭ 

 ʈʘʩʩʤʦʪʨʠʤ ʨʘʟʣʠʯʠʝ ʚ ʧʨʦʷʚʣʝʥʠʠ ʦʧʪʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʠ ʚ ʧʦʛʣʦʱʘʶʱʠʭ 

ʦʧʪʠʯʝʩʢʠ ʘʢʪʠʚʥʳʭ ʢʨʠʩʪʘʣʣʘʭ ʜʣʷ I ʠ II ʩʣʫʯʘʝʚ ʨʘʩʧʦʣʦʞʝʥʠʷ ʦʧʪʠʯʝʩʢʠʭ ʦʩʝʡ 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʵʣʝʤʝʥʪʦʚ ʩʠʤʤʝʪʨʠʠ ʢʨʠʩʪʘʣʣʘ. 

4.4.1. ʇʦʣʦʞʝʥʠʝ ʦʧʪʠʯʝʩʢʠʭ ʦʩʝʡ ʚ ʧʦʛʣʦʱʘʶʱʠʭ ʢʨʠʩʪʘʣʣʘʭ ʚ I ʠ II ʩʣʫʯʘʷʭ 

ʈʘʩʩʤʦʪʨʠʤ, ʢʘʢ ʠʟʤʝʥʠʪʩʷ ʧʦʣʦʞʝʥʠʝ ʦʧʪʠʯʝʩʢʠʭ ʦʩʝʡ ʚ I ʠ II ʩʣʫʯʘʷʭ ʜʣʷ 

ʢʨʠʩʪʘʣʣʦʚ ʢʣʘʩʩʦʚ 2, m, mm2 ʧʨʠ ʥʘʣʠʯʠʠ ʧʦʛʣʦʱʝʥʠʷ. ʆʙʨʘʪʥʳʡ ʪʝʥʟʦʨ 

ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʡ ʧʨʦʥʠʮʘʝʤʦʩʪʠ Ů
ï1

 ʚ ʢʦʚʘʨʠʘʥʪʥʦʡ ʬʦʨʤʝ ʟʘʧʠʩʳʚʘʝʪʩʷ ʚ ʚʠʜʝ 

(3.1), ʥʘʧʨʘʚʣʷʶʱʠʝ ʚʝʢʪʦʨʳ n± ʦʧʪʠʯʝʩʢʠʭ ʦʩʝʡ ʢʨʠʩʪʘʣʣʘ ï ʚ ʚʠʜʝ (3.2) [6].  

ɺ ʩʘʤʦʤ ʦʙʱʝʤ ʩʣʫʯʘʝ ʧʦʛʣʦʱʘʶʱʝʛʦ ʨʦʤʙʠʯʝʩʢʦʛʦ ʠʣʠ ʤʦʥʦʢʣʠʥʥʦʛʦ 

ʢʨʠʩʪʘʣʣʘ [ʩc* ]  ̧0 ʠ c
2
  ̧0, ʪ.ʝ. ʚʝʢʪʦʨʳ ʩ' ʠ c'' ï ʵʣʣʠʧʪʠʯʝʩʢʠʝ, ʠ ʢʘʞʜʘʷ ʠʟ 

ʦʧʪʠʯʝʩʢʠʭ ʦʩʝʡ, ʭʘʨʘʢʪʝʨʥʳʭ ʜʣʷ ʥʝʧʦʛʣʦʱʘʶʱʝʛʦ ʢʨʠʩʪʘʣʣʘ, ʚ ʧʦʛʣʦʱʘʶʱʝʤ 

ñʨʘʩʱʝʧʣʷʝʪʩʷò ʥʘ ʜʚʝ ʦʩʠ. ɺ ʥʘʧʨʘʚʣʝʥʠʠ ʢʘʞʜʦʡ ʠʟ ʥʠʭ ʨʘʩʧʨʦʩʪʨʘʥʷʝʪʩʷ 

ʪʦʣʴʢʦ ʦʜʥʘ ʩʦʙʩʪʚʝʥʥʘʷ ʚʦʣʥʘ ʩ ʢʨʫʛʦʚʦʡ ʧʦʣʷʨʠʟʘʮʠʝʡ. ʊʘʢʠʝ ʦʩʠ ʥʘʟʳʚʘʶʪʩʷ 

ʢʨʫʛʦʚʳʤʠ [6]. 

ɺ ʤʦʥʦʢʣʠʥʥʳʭ ʧʦʛʣʦʱʘʶʱʠʭ ʢʨʠʩʪʘʣʣʘʭ ʢʣʘʩʩʦʚ 2, m ʜʝʡʩʪʚʠʪʝʣʴʥʘʷ 

ʯʘʩʪʴ Ů' ʢʦʤʧʣʝʢʩʥʦʛʦ ʪʝʥʟʦʨʘ ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʡ ʧʨʦʥʠʮʘʝʤʦʩʪʠ Ů ʧʨʠʚʦʜʠʪʩʷ ʢ 
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ʜʠʘʛʦʥʘʣʴʥʦʤʫ ʚʠʜʫ ʚ ʩʠʩʪʝʤʝ ʩʚʦʠʭ ʛʣʘʚʥʳʭ ʦʩʝʡ. ʇʫʩʪʴ Ů'11 < Ů'22 < Ů'33, ʪʦʛʜʘ ʚ 

ʫʢʘʟʘʥʥʦʡ ʩʠʩʪʝʤʝ ʢʦʦʨʜʠʥʘʪ ʢʦʤʧʣʝʢʩʥʳʡ ʪʝʥʟʦʨ Ů = Ů' + iŮ'' ʩʦʜʝʨʞʠʪ ʯʠʩʪʦ 

ʤʥʠʤʳʝ ʥʝʜʠʘʛʦʥʘʣʴʥʳʝ ʢʦʤʧʦʥʝʥʪʳ Ů12 = Ů21 = i Ů12'' ʚ I ʩʣʫʯʘʝ ʠ Ů13 = Ů31 = i Ů13'' ʚʦ 

II  ʩʣʫʯʘʝ. 

ʀʩʧʦʣʴʟʫʷ ʩʠʩʪʝʤʫ ʫʨʘʚʥʝʥʠʡ (3.2), ʜʣʷ I ʩʣʫʯʘʷ ʧʦʣʫʯʘʝʤ (Ů
ï1

 = ɓ): 

                         }0 , ,{c  },0 , ,{c   ,ɓ 212133 cccca ¡¡¡¡=¡¡¡¡=¡= . 

ʇʨʠʨʘʚʥʠʚʘʷ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʢʦʤʧʦʥʝʥʪʳ ʦʙʝʠʭ ʯʘʩʪʝʡ (3.2) ʠ ʫʯʠʪʳʚʘʷ, ʯʪʦ 

1 2 =¡c  ʠ 12=¡¡c , ʧʦʣʫʯʠʤ ʩʠʩʪʝʤʫ ʫʨʘʚʥʝʥʠʡ ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʝʠʟʚʝʩʪʥʳʭ ʚʝʣʠʯʠʥʳ 

b ʠ ʢʦʤʧʦʥʝʥʪ c' ʠ c": 

.1    ,1    ,2 ɓ  ɓ  ,2 ɓ  ɓ  ),(  ɓ 22

223322113311212112 =¡¡=¡¡¡¡=-¡¡¡=-¡¡¡+¡¡¡= ccccbccbccccb      (4.13) 

ʀʟ ʩʠʩʪʝʤʳ ʫʨʘʚʥʝʥʠʡ (4.13) ʥʘʭʦʜʷʪʩʷ c¡ ʠ c¡¡ (ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʣʶʙʦʝ ʠʟ 

ʧʦʣʫʯʘʝʤʳʭ ʨʝʰʝʥʠʡ). 

ɸʥʘʣʦʛʠʯʥʦ ʜʣʷ II  ʩʣʫʯʘʷ ʧʦʣʫʯʘʝʤ 

                            } ,0 ,{c  }, ,0 ,{c   ,ɓ 313122 cccca ¡¡¡¡=¡¡¡¡=¡= ; 

.1    ,1    ,2ɓ  ɓ  ,2ɓ  ɓ  ),(  ɓ 22

332233112211313113 =¡¡=¡¡¡¡=-¡¡¡=-¡¡¡+¡¡¡= ccccbccbccccb    (4.14) 

ɺ ʥʝʧʦʛʣʦʱʘʶʱʝʤ ʢʨʠʩʪʘʣʣʝ ʦʧʪʠʯʝʩʢʠʝ ʦʩʠ ʨʘʩʧʦʣʦʞʝʥʳ ʚ ʧʣʦʩʢʦʩʪʠ 

XOZ. ʇʨʠ ʥʘʣʠʯʠʠ ʧʦʛʣʦʱʝʥʠʷ ʚ ʚʳʙʨʘʥʥʦʡ ʩʠʩʪʝʤʝ ʢʦʦʨʜʠʥʘʪ ʤʦʞʥʦ ʟʘʧʠʩʘʪʴ 

ʝʜʠʥʠʯʥʳʝ ʚʝʢʪʦʨʳ ʦʧʪʠʯʝʩʢʠʭ ʦʩʝʡ ʜʣʷ ʢʨʠʩʪʘʣʣʦʚ ʢʣʘʩʩʦʚ 2 ʠ m ʚ ʚʠʜʝ: 

I ʩʣʫʯʘʡ: 

c1 = {sinj1cosɣ1, sinj1sinɣ1, cosj1},     c2 = {sinj2cosɣ2, ï sinj2sinɣ2, cosj2},  

c3 = {ï sinj2cosɣ2, sinj2sinɣ2, cosj2}, c4 = {ï sinj1cosɣ1, ï sinj1sinɣ1, cosj1}.  

(4.15) 

II ʩʣʫʯʘʡ: 

c1 = {sinj1cosɣ1, sinj1sinɣ1, cosj1},     c2 = {sinj1cosɣ1, ï sinj1sinɣ1, cosj1},  

c3 = {ï sinj2cosɣ2, sinj2sinɣ2, cosj2}, c4 = {ï sinj2cosɣ2, ï sinj2sinɣ2, cosj2}  

(4.16) 

ɿʜʝʩʴ űi ï ʫʛʣʳ ʤʝʞʜʫ ʦʧʪʠʯʝʩʢʠʤʠ ʦʩʷʤʠ ʠ ʦʩʴʶ Z, ʘ ɣi ï ʤʘʣʳʝ ʫʛʣʳ ʤʝʞʜʫ 

ʧʨʦʝʢʮʠʷʤʠ ʦʧʪʠʯʝʩʢʠʭ ʦʩʝʡ ʧʦʛʣʦʱʘʶʱʝʛʦ ʢʨʠʩʪʘʣʣʘ ʥʘ ʧʣʦʩʢʦʩʪʴ XOY ʠ ʦʩʴʶ 
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X. ʇʨʦʝʢʮʠʠ ʝʜʠʥʠʯʥʳʭ ʚʝʢʪʦʨʦʚ ʦʧʪʠʯʝʩʢʠʭ ʦʩʝʡ ʥʘ ʧʣʦʩʢʦʩʪʴ XOY ʧʦʢʘʟʘʥʳ ʥʘ 

ʨʠʩ. 4.6.  

 

 

 

 

 

 

ʈʠʩ. 4.6. ʇʨʦʝʢʮʠʠ ʦʨʪʦʚ ʦʧʪʠʯʝʩʢʠʭ ʦʩʝʡ ʧʦʛʣʦʱʘʶʱʝʛʦ ʤʦʥʦʢʣʠʥʥʦʛʦ ʢʨʠʩʪʘʣʣʘ (ʢʣʘʩʩʳ 2, 

m) ʥʘ ʧʣʦʩʢʦʩʪʴ XOY.  

(ʘ) ï I ʩʣʫʯʘʡ (ʦʩʴ 2 (ʢʣʘʩʩ 2) ʠʣʠ ʧʝʨʧʝʥʜʠʢʫʣʷʨ ʢ ʧʣʦʩʢʦʩʪʠ m (ʢʣʘʩʩ m) || Z),  

(ʙ) ï II  ʩʣʫʯʘʡ (ʦʩʴ 2 (ʢʣʘʩʩ 2) ʠʣʠ ʧʝʨʧʝʥʜʠʢʫʣʷʨ ʢ ʧʣʦʩʢʦʩʪʠ m (ʢʣʘʩʩ m) || Y). 

 

ɺ ʧʦʛʣʦʱʘʶʱʠʭ ʨʦʤʙʠʯʝʩʢʠʭ ʢʨʠʩʪʘʣʣʘʭ ʢʣʘʩʩʦʚ 222 ʠ mm2 ű1 =  ű2, ɣ1 = 

ɣ2, ʪ.ʝ. «ʥʦʚʳʝ» ʦʩʠ ʨʘʩʧʦʣʦʞʝʥʳ ʩʠʤʤʝʪʨʠʯʥʦ ʦʪʥʦʩʠʪʝʣʴʥʦ ʧʣʦʩʢʦʩʪʠ, 

ʩʦʜʝʨʞʘʱʝʡ ʦʧʪʠʯʝʩʢʠʝ ʦʩʠ ʧʨʦʟʨʘʯʥʦʛʦ ʢʨʠʩʪʘʣʣʘ, ʠ ʦʪʢʣʦʥʷʶʪʩʷ ʦʪ ʥʝʝ ʥʘ 

ʦʜʠʥʘʢʦʚʳʝ ʫʛʣʳ [6]. ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʚʳʨʘʞʝʥʠʷ (4.15) ʠ (4.16) ʩʦʚʧʘʜʘʶʪ. 

ɺ ʧʦʛʣʦʱʘʶʱʠʭ ʤʦʥʦʢʣʠʥʥʳʭ ʢʨʠʩʪʘʣʣʘʭ ʢʣʘʩʩʦʚ 2, m ʠ ʚ I ʩʣʫʯʘʝ, ʠ ʚʦ II  

ʩʣʫʯʘʝ ű1  ̧ű2, ɣ1  ̧ɣ2. 

4.4.2. ʈʘʩʯʝʪ ʵʣʣʠʧʪʠʯʥʦʩʪʝʡ ʩʦʙʩʪʚʝʥʥʳʭ ʚʦʣʥ ʠ ʘʟʠʤʫʪʦʚ ʧʦʣʷʨʠʟʘʮʠʠ 

ʧʨʦʰʝʜʰʝʛʦ ʩʚʝʪʘ ʜʣʷ ʧʦʛʣʦʱʘʶʱʠʭ ʦʧʪʠʯʝʩʢʠ ʘʢʪʠʚʥʳʭ ʜʚʫʦʩʥʳʭ 

ʢʨʠʩʪʘʣʣʦʚ 

ʉ ʧʦʤʦʱʴʶ ʤʝʪʦʜʘ ɹʝʨʨʝʤʘʥʘ ʠ ʧʨʦʛʨʘʤʤʥʦʛʦ ʧʘʢʝʪʘ Wolfram Mathematica 

7.0 ʧʨʦʚʝʜʝʥ ʨʘʩʯʝʪ ʵʣʣʠʧʪʠʯʥʦʩʪʝʡ ʩʦʙʩʪʚʝʥʥʳʭ ʚʦʣʥ k1, k2 (ʧʦ ʬʦʨʤʫʣʝ (1.19)) ʠ 

ʘʟʠʤʫʪʦʚ ʧʦʣʷʨʠʟʘʮʠʠ ʧʨʦʰʝʜʰʝʛʦ ʩʚʝʪʘ ɢt ʜʣʷ ʧʦʛʣʦʱʘʶʱʠʭ ʠ ʧʦʛʣʦʱʘʶʱʠʭ 

ʦʧʪʠʯʝʩʢʠ ʘʢʪʠʚʥʳʭ ʜʚʫʦʩʥʳʭ ʢʨʠʩʪʘʣʣʦʚ ʚ ʦʢʨʝʩʪʥʦʩʪʠ ʦʧʪʠʯʝʩʢʠʭ ʦʩʝʡ ʧʨʠ 

ʥʦʨʤʘʣʴʥʦʤ ʧʘʜʝʥʠʠ ʩʚʝʪʘ ʥʘ ʢʨʠʩʪʘʣʣ. 

ɼʣʷ ʪʦʛʦ ʯʪʦʙʳ ʠʟʫʯʠʪʴ ʠʟʤʝʥʝʥʠʷ ʚʝʣʠʯʠʥ k1, k2 ʠ ɢt ʚʙʣʠʟʠ ʦʧʪʠʯʝʩʢʠʭ 

ʦʩʝʡ ʨʦʤʙʠʯʝʩʢʠʭ ʠ ʤʦʥʦʢʣʠʥʥʳʭ ʢʨʠʩʪʘʣʣʦʚ, ʧʨʦʚʦʜʠʣʠʩʴ ʨʘʩʯʝʪʳ ʧʨʠ ʨʘʟʥʳʭ 

ʫʛʣʘʭ ʧʦʚʦʨʦʪʘ ʧʣʦʩʢʦʩʪʝʡ, ʩʦʜʝʨʞʘʱʠʭ ʦʧʪʠʯʝʩʢʠʝ ʦʩʠ, ʚʦʢʨʫʛ ʦʜʥʠʭ ʠ ʪʝʭ ʞʝ 

ʦʩʝʡ ʚʨʘʱʝʥʠʷ (ʦʜʥʦʡ ʠʟ ʦʩʝʡ ʢʦʦʨʜʠʥʘʪ). 

(ʘ) 

X 

Y 

ɣ2 

ɣ1 ɣ1 

(ʙ) 

X 

Y 

ɣ2 
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ʈʦʤʙʠʯʝʩʢʠʝ ʢʨʠʩʪʘʣʣʳ ʢʣʘʩʩʦʚ 222 ʠ mm2 

ʅʘ ʨʠʩ. 4.7 ʧʨʠʚʝʜʝʥʳ ʚʝʣʠʯʠʥʳ k1, k2 ʠ ɢt ʜʣʷ ʧʦʛʣʦʱʘʶʱʠʭ ʠ 

ʧʦʛʣʦʱʘʶʱʠʭ ʦʧʪʠʯʝʩʢʠ ʘʢʪʠʚʥʳʭ ʨʦʤʙʠʯʝʩʢʠʭ ʢʨʠʩʪʘʣʣʦʚ ʢʣʘʩʩʦʚ 222 ʠ mm2.  

 

ʉʣʫ-

ʯʘʡ 
ʆʧʪʠʯʝʩʢʠ ʥʝʘʢʪʠʚʥʳʡ ʧʦʛʣʦʱʘʶʱʠʡ ʨʦʤʙʠʯʝʩʢʠʡ ʢʨʠʩʪʘʣʣ 222, mm2 

I, II  

   

 ʆʧʪʠʯʝʩʢʠ ʘʢʪʠʚʥʳʡ ʠ ʧʦʛʣʦʱʘʶʱʠʡ ʨʦʤʙʠʯʝʩʢʠʡ ʢʨʠʩʪʘʣʣ 222  

 

   

 ʆʧʪʠʯʝʩʢʠ ʘʢʪʠʚʥʳʡ ʠ ʧʦʛʣʦʱʘʶʱʠʡ ʨʦʤʙʠʯʝʩʢʠʡ ʢʨʠʩʪʘʣʣ mm2  

I 

   

II  

   
ʈʠʩ. 4.7. ʕʣʣʠʧʪʠʯʥʦʩʪʴ ʩʦʙʩʪʚʝʥʥʳʭ ʚʦʣʥ s, k1, k2 ʠ ʘʟʠʤʫʪ ct ʧʦʣʷʨʠʟʘʮʠʠ ʩʚʝʪʘ, ʧʨʦʰʝʜʰʝʛʦ 

ʯʝʨʝʟ ʧʣʘʩʪʠʥʢʫ ʪʦʣʱʠʥʦʡ d = 100 ʤʢʤ, ʜʣʷ ʧʦʛʣʦʱʘʶʱʠʭ ʠ ʧʦʛʣʦʱʘʶʱʠʭ ʦʧʪʠʯʝʩʢʠ 

ʘʢʪʠʚʥʳʭ ʨʦʤʙʠʯʝʩʢʠʭ ʢʨʠʩʪʘʣʣʦʚ ʢʣʘʩʩʦʚ 222 ʠ mm2. 

ʇʦʢʘʟʘʪʝʣʠ ʧʨʝʣʦʤʣʝʥʠʷ: N1 = 1.54 + iĀ10
-3

, N2 = 1.543 + iĀ1.3Ā10
-3

, N3 = 1.572 + iĀ2Ā10
-3

. 

ʊʝʥʟʦʨʳ ʛʠʨʘʮʠʠ:  

ʢʣʘʩʩ 222: Ŭ11 = 2.13Ā10
-3

 + i·0.55·10
-5

, Ŭ22 = ï3.04Ā10
-3

 ï i·1.15·10
-5

, Ŭ33 = 6.37Ā10
-3

 + i·2.4 10
-5

; 

ʢʣʘʩʩ mm2: Ŭ13 = Ŭ31 =1.6Ā10
-3

 + i·1.05·10
-5

 (I ʩʣʫʯʘʡ)  

                    Ŭ12 = Ŭ21 =1.6Ā10
-3

 + i·1.05·10
-5

 (II  ʩʣʫʯʘʡ). 

 

ɿʘʚʠʩʠʤʦʩʪʠ ʦʪ ʫʛʣʘ ɣ (ʨʠʩ. 4.7ʘ'ï4.7a''') ʧʨʠʚʝʜʝʥʳ ʚ ʧʣʦʩʢʦʩʪʠ, 

ʩʦʜʝʨʞʘʱʝʡ ʜʚʝ "ʨʘʩʱʝʧʣʝʥʥʳʝ" ʦʧʪʠʯʝʩʢʠʝ ʦʩʠ, "ʦʙʨʘʟʦʚʘʚʰʠʝʩʷ" ʠʟ ʦʜʥʦʡ ʠ 

ʪʦʡ ʞʝ ʦʧʪʠʯʝʩʢʦʡ ʦʩʠ ʧʨʦʟʨʘʯʥʦʛʦ ʢʨʠʩʪʘʣʣʘ. ʊʦʯʢʘ ɣ = 0 ʩʦʦʪʚʝʪʩʪʚʫʝʪ 

ʧʦʣʦʞʝʥʠʶ ʦʧʪʠʯʝʩʢʦʡ ʦʩʠ ʧʨʦʟʨʘʯʥʦʛʦ ʢʨʠʩʪʘʣʣʘ. ɿʘʚʠʩʠʤʦʩʪʠ ʦʪ ʫʛʣʘ ɗ (ʨʠʩ. 

(ʘ) (ʙ) (ʚ) 

(ʘ') 
(ʙ') 

(ʚ') 

(ʚ") (ʙ") (ʘ") 

(ʘ'") (ʙ'") 
(ʚ'") 
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4.7ʙ'ï4.7ʙ''', ʨʠʩ. 4.7ʚ'ï4.7ʚ''') ʧʨʠʚʝʜʝʥʳ ʚ ʧʣʦʩʢʦʩʪʠ, ʩʦʜʝʨʞʘʱʝʡ ʜʚʝ ʦʧʪʠʯʝʩʢʠʝ 

ʦʩʠ ʠ ʢʦʦʨʜʠʥʘʪʥʫʶ ʦʩʴ Z. ɺʩʝ ʪʦʯʢʠ, ʚ ʢʦʪʦʨʳʭ s = ±1, k1 = Ñ1 ʠʣʠ k2 = ±1, 

ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʧʦʣʦʞʝʥʠʷʤ ʦʧʪʠʯʝʩʢʠʭ ʦʩʝʡ. ɺ ʧʦʛʣʦʱʘʶʱʝʤ ʥʝʘʢʪʠʚʥʦʤ 

ʢʨʠʩʪʘʣʣʝ s1 = s2 = s (ʨʠʩ. 4.7ʘ, 4.7ʙ); ʚ ʥʘʧʨʘʚʣʝʥʠʠ ʢʘʞʜʦʡ ʠʟ ʢʨʫʛʦʚʳʭ 

ʦʧʪʠʯʝʩʢʠʭ ʦʩʝʡ ʨʘʩʧʨʦʩʪʨʘʥʷʝʪʩʷ ʦʜʥʘ ʩʦʙʩʪʚʝʥʥʘʷ ʚʦʣʥʘ ʩ ʢʨʫʛʦʚʦʡ 

ʧʦʣʷʨʠʟʘʮʠʝʡ (s = 1 ʠʣʠ s = ï1). ʇʨʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʠ ʩʚʝʪʘ ʚ ʧʣʦʩʢʦʩʪʠ, 

ʩʦʜʝʨʞʘʱʝʡ ʦʧʪʠʯʝʩʢʠʝ ʦʩʠ, ʘʟʠʤʫʪ ʧʨʦʰʝʜʰʝʛʦ ʩʚʝʪʘ ɢt ʦʪʣʠʯʝʥ ʦʪ ʥʫʣʷ (ʨʠʩ. 

4.7ʚ), ʚ ʦʪʣʠʯʠʝ ʦʪ ʧʨʦʟʨʘʯʥʦʛʦ ʥʝʘʢʪʠʚʥʦʛʦ ʢʨʠʩʪʘʣʣʘ. ʇʨʠ ʵʪʦʤ ʚ ʧʣʦʩʢʦʩʪʠ, ʚ 

ʢʦʪʦʨʦʡ ʥʘʭʦʜʠʣʠʩʴ ʙʳ ʦʧʪʠʯʝʩʢʠʝ ʦʩʠ ʧʨʠ ʦʪʩʫʪʩʪʚʠʠ ʧʦʛʣʦʱʝʥʠʷ, ʧʦ-ʧʨʝʞʥʝʤʫ 

ɢt = 0; ʪʘʢʞʝ ʚ ʵʪʦʡ ʧʣʦʩʢʦʩʪʠ s = 0.  

ʇʨʠ ʨʘʩʯʝʪʘʭ ʜʣʷ ʦʧʪʠʯʝʩʢʠ ʘʢʪʠʚʥʳʭ ʧʦʛʣʦʱʘʶʱʠʭ ʢʨʠʩʪʘʣʣʦʚ 

ʠʩʧʦʣʴʟʦʚʘʥʳ ʪʘʢʠʝ ʞʝ ʟʥʘʯʝʥʠʷ Ů, ʯʪʦ ʠ ʜʣʷ ʥʝʘʢʪʠʚʥʳʭ ʢʨʠʩʪʘʣʣʦʚ. ʕʪʦ ʫʜʦʙʥʦ 

ʜʣʷ ʩʨʘʚʥʝʥʠʷ ʟʘʚʠʩʠʤʦʩʪʝʡ ʚ ʦʢʨʝʩʪʥʦʩʪʠ ʦʧʪʠʯʝʩʢʠʭ ʦʩʝʡ, ʪʘʢ ʢʘʢ ʦʧʪʠʯʝʩʢʘʷ 

ʘʢʪʠʚʥʦʩʪʴ ʥʘ ʠʭ ʨʘʩʧʦʣʦʞʝʥʠʝ ʥʝ ʚʣʠʷʝʪ. ɺ ʧʦʛʣʦʱʘʶʱʝʤ ʦʧʪʠʯʝʩʢʠ ʘʢʪʠʚʥʦʤ 

ʢʨʠʩʪʘʣʣʝ ʨʘʩʧʨʦʩʪʨʘʥʷʶʪʩʷ ʜʚʝ ʩʦʙʩʪʚʝʥʥʳʝ ʚʦʣʥʳ, ʢʘʢ ʠ ʚ ʧʨʦʟʨʘʯʥʦʤ 

ʦʧʪʠʯʝʩʢʠ ʘʢʪʠʚʥʦʤ, ʘ ʥʝ ʦʜʥʘ, ʢʘʢ ʚ ʧʦʛʣʦʱʘʶʱʝʤ ʥʝʘʢʪʠʚʥʦʤ ʢʨʠʩʪʘʣʣʝ. ɺ 

ʦʪʣʠʯʠʝ ʦʪ ʩʠʪʫʘʮʠʠ, ʨʝʘʣʠʟʫʝʤʦʡ ʜʣʷ ʧʨʦʟʨʘʯʥʦʛʦ ʦʧʪʠʯʝʩʢʠ ʘʢʪʠʚʥʦʛʦ 

ʢʨʠʩʪʘʣʣʘ, ʵʣʣʠʧʪʠʯʥʦʩʪʠ ʩʦʙʩʪʚʝʥʥʳʭ ʚʦʣʥ k1, k2, ʨʘʩʧʨʦʩʪʨʘʥʷʶʱʠʭʩʷ ʚ 

ʥʘʧʨʘʚʣʝʥʠʠ ʦʧʪʠʯʝʩʢʠʭ ʦʩʝʡ, ʨʘʟʣʠʯʥʳ. ʆʜʥʘ ʠʟ ʩʦʙʩʪʚʝʥʥʳʭ ʚʦʣʥ ʠʤʝʝʪ 

ʢʨʫʛʦʚʫʶ ʧʦʣʷʨʠʟʘʮʠʶ, ʘ ʜʨʫʛʘʷ ï ʵʣʣʠʧʪʠʯʝʩʢʫʶ (ʨʠʩ. 4.7ʘ'ï4.7a''', 4.7ʙ'ï4.7ʙ'''). 

ɿʘʚʠʩʠʤʦʩʪʠ ʘʟʠʤʫʪʦʚ ʧʨʦʰʝʜʰʝʛʦ ʩʚʝʪʘ ɢt ʦʪ ʫʛʣʘ ɗ (ʨʠʩ. 4.7ʚ'ï4.7ʚ''') 

ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʥʝʯʪʦ ʩʨʝʜʥʝʝ ʤʝʞʜʫ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤʠ ʟʘʚʠʩʠʤʦʩʪʷʤʠ ʜʣʷ 

ʧʦʛʣʦʱʘʶʱʝʛʦ ʥʝʘʢʪʠʚʥʦʛʦ ʢʨʠʩʪʘʣʣʘ (ʨʠʩ. 4.7ʚ) ʠ ʧʨʦʟʨʘʯʥʦʛʦ ʦʧʪʠʯʝʩʢʠ 

ʘʢʪʠʚʥʦʛʦ ʢʨʠʩʪʘʣʣʘ (ʨʠʩ. 4.4). ɼʣʷ ʢʨʠʩʪʘʣʣʘ ʢʣʘʩʩʘ 222 ʧʦʣʫʯʘʝʤ k1,2(ïɗ) = k1,2(ɗ) 

ʠ ɢt(ïɗ) = ɢt(ɗ) (ʨʠʩ. 4.7ʙ', 4.7ʚ'); ʜʣʷ ʢʨʠʩʪʘʣʣʘ ʢʣʘʩʩʘ mm2 k1,2(ïɗ) Í k1,2(ɗ) ʠ ɢt(ïɗ) 

Í ɢt(ɗ) (ʨʠʩ. 4.7ʙ'', 4.7ʚ'', 4.7ʙ''', 4.7ʚ'''). ɺʠʜʥʦ, ʯʪʦ ʚ ʧʦʛʣʦʱʘʶʱʝʤ ʢʨʠʩʪʘʣʣʝ 

ʢʣʘʩʩʘ mm2 ʚ I ʩʣʫʯʘʝ ʧʨʦʷʚʣʝʥʠʝ ʦʧʪʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʠ ʛʦʨʘʟʜʦ ʙʦʣʝʝ ʟʘʤʝʪʥʦ, 

ʯʝʤ ʚʦ II ʩʣʫʯʘʝ. ʇʨʠ ʵʪʦʤ ʜʣʷ ʧʨʦʟʨʘʯʥʦʛʦ ʦʧʪʠʯʝʩʢʠ ʘʢʪʠʚʥʦʛʦ ʢʨʠʩʪʘʣʣʘ ʢʣʘʩʩʘ 



117 

 

mm2 ʚʦ II ʩʣʫʯʘʝ ʦʧʪʠʯʝʩʢʘʷ ʘʢʪʠʚʥʦʩʪʴ ʚ ʥʘʧʨʘʚʣʝʥʠʠ ʦʧʪʠʯʝʩʢʠʭ ʦʩʝʡ ʚʦʦʙʱʝ 

ʥʝ ʧʨʦʷʚʣʷʝʪʩʷ (ʨʠʩ. 4.4). 

ʄʦʥʦʢʣʠʥʥʳʝ ʧʦʛʣʦʱʘʶʱʠʝ ʢʨʠʩʪʘʣʣʳ ʢʣʘʩʩʦʚ 2 ʠ m 

ʅʘ ʨʠʩ. 4.8 ʧʦʢʘʟʘʥʳ ʵʣʣʠʧʪʠʯʥʦʩʪʠ ʩʦʙʩʪʚʝʥʥʳʭ ʚʦʣʥ k1, k2 ʠ ʘʟʠʤʫʪʳ 

ʧʦʣʷʨʠʟʘʮʠʠ ʧʨʦʰʝʜʰʝʛʦ ʩʚʝʪʘ ɢt ʜʣʷ ʧʦʛʣʦʱʘʶʱʠʭ ʠ ʧʦʛʣʦʱʘʶʱʠʭ ʦʧʪʠʯʝʩʢʠ 

ʘʢʪʠʚʥʳʭ ʤʦʥʦʢʣʠʥʥʳʭ ʢʨʠʩʪʘʣʣʦʚ ʢʣʘʩʩʦʚ 2, m.  
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ʄʦʥʦʢʣʠʥʥʳʡ ʧʦʛʣʦʱʘʶʱʠʡ ʥʝʘʢʪʠʚʥʳʡ ʢʨʠʩʪʘʣʣ 

I 

   

II  

   
ʄʦʥʦʢʣʠʥʥʳʡ ʧʦʛʣʦʱʘʶʱʠʡ ʦʧʪʠʯʝʩʢʠ ʘʢʪʠʚʥʳʡ ʢʨʠʩʪʘʣʣ ʢʣʘʩʩʘ 2 

I 

   

II  

   

ʄʦʥʦʢʣʠʥʥʳʡ ʧʦʛʣʦʱʘʶʱʠʡ ʦʧʪʠʯʝʩʢʠ ʘʢʪʠʚʥʳʡ ʢʨʠʩʪʘʣʣ ʢʣʘʩʩʘ m 

I 

   

II  

   

ʈʠʩ. 4.8. ʕʣʣʠʧʪʠʯʥʦʩʪʠ s, k1, k2 ʩʦʙʩʪʚʝʥʥʳʭ ʚʦʣʥ ʠ ʘʟʠʤʫʪ ct ʧʦʣʷʨʠʟʘʮʠʠ ʩʚʝʪʘ, ʧʨʦʰʝʜʰʝʛʦ 

ʯʝʨʝʟ ʧʣʘʩʪʠʥʢʫ ʪʦʣʱʠʥʦʡ d = 100 ʤʢʤ, ʜʣʷ ʧʦʛʣʦʱʘʶʱʠʭ ʠ ʧʦʛʣʦʱʘʶʱʠʭ ʦʧʪʠʯʝʩʢʠ 

ʘʢʪʠʚʥʳʭ ʤʦʥʦʢʣʠʥʥʳʭ ʢʨʠʩʪʘʣʣʦʚ ʢʣʘʩʩʦʚ 2 ʠ m. 

I ʩʣʫʯʘʡ: N1 = 1.54 + i·1.08·10
-3

, N2 = 1.543 +i·1.22·10
-3

, N3 =1.572 + i·2·10
-3

,  

               (Ů12)
1/2 
= 1.42Ā10

-2
 + iĀ1.42Ā10

-2
;  

               ʪʝʥʟʦʨʳ ʛʠʨʘʮʠʠ: ʜʣʷ ʢʣʘʩʩʘ 2: Ŭ11 = 1.675Ā10
-3

 + i·0.4·10
-5
, Ŭ22 = ï2.585Ā10

-3
 ï i·10

-5
,  

                                                Ŭ33 = 6.37Ā10
-3

 + i·2.4·10
-5
, Ŭ12 = Ŭ21 =1.46Ā10

-3
 + i·0.48·10

-5
; 

                         ʜʣʷ ʢʣʘʩʩʘ m: Ŭ13 = Ŭ31 = 1.6Ā10
-3

 + i·1.05·10
-5

,  Ŭ23 = Ŭ32 =2.65Ā10
-3

 + i·1.65·10
-5

;  

II ʩʣʫʯʘʡ: N1 = 1.54+ i·1.19·10
-3

, N2 = 1.543 + i·1.3·10
-3

; N3 = 1.572 + i·1.82·10
-3

, 

                (Ů13)
1/2 
= 2.48Ā10

-2
 + iĀ2.48Ā10

-2
; 

              ʪʝʥʟʦʨʳ ʛʠʨʘʮʠʠ: ʜʣʷ ʢʣʘʩʩʘ 2: Ŭ11 = 2.5Ā10
-3

+ i·0.71·10
-5

, Ŭ22 = ï 3.4Ā10
-3
ï i·1.15·10

-5
,  

                                                Ŭ33 = 6Ā10
-3

 + i·2.4·10
-5

, Ŭ13 = Ŭ31 = 1.2Ā10
-3

 + i·0.525·10
-5

; 

                         ʜʣʷ ʢʣʘʩʩʘ m: Ŭ12 = Ŭ21 = 1.6Ā10
-3
 + i·1.05·10

-5
, Ŭ23 = Ŭ32 = 2.65Ā10

-3
 + i·1.65·10

-5
. 

(ʘ) (ʙ) (ʚ) 

(ʛ) (ʜ) (ʝ) 

(ʘ') (ʙ') (ʚ') 

(ʛ') (ʜ') (ʝ') 

(ʘ'') (ʙ'') (ʚ'') 

(ʛ'') (ʜ'') 
(ʝ'') 
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ɺ ʦʪʣʠʯʠʝ ʦʪ ʨʦʤʙʠʯʝʩʢʦʛʦ ʧʦʛʣʦʱʘʶʱʝʛʦ ʢʨʠʩʪʘʣʣʘ, ʛʜʝ ʤʦʞʥʦ ʜʚʫʤʷ 

ʢʦʤʙʠʥʘʮʠʷʤʠ ʧʦʚʦʨʦʪʦʚ ʜʦʙʠʪʴʩʷ ʪʦʛʦ, ʯʪʦʙʳ ʜʚʝ ʠʟ ʯʝʪʳʨʝʭ ʦʧʪʠʯʝʩʢʠʭ ʦʩʝʡ 

ʦʢʘʟʘʣʠʩʴ ʚ ʧʣʦʩʢʦʩʪʠ ʧʘʜʝʥʠʷ ʩʚʝʪʘ, ʚ ʤʦʥʦʢʣʠʥʥʦʤ ʧʦʛʣʦʱʘʶʱʝʤ ʢʨʠʩʪʘʣʣʝ 

ʩʫʱʝʩʪʚʫʝʪ ʪʦʣʴʢʦ ʦʜʥʘ ʪʘʢʘʷ ʢʦʤʙʠʥʘʮʠʷ. ɼʣʷ I ʩʣʫʯʘʷ ʥʘ ʟʘʚʠʩʠʤʦʩʪʷʭ ʦʪ ɣ 

(ʨʠʩ. 4.8, ʧʝʨʚʳʡ ʩʪʦʣʙʝʮ) ʚʠʜʥʘ ʪʦʣʴʢʦ ʦʜʥʘ ʦʧʪʠʯʝʩʢʘ ̫ʦʩʴ, ʥʘ ʟʘʚʠʩʠʤʦʩʪʷʭ ʦʪ ɗ 

(ʨʠʩ. 4.8, ʚʪʦʨʦʡ ʠ ʪʨʝʪʠʡ ʩʪʦʣʙʮʳ) ï ʜʚʝ ʦʧʪʠʯʝʩʢʠʝ ʦʩʠ. ɼʣʷ II ʩʣʫʯʘʷ ʥʘ 

ʟʘʚʠʩʠʤʦʩʪʷʭ ʦʪ ɣ ʚʠʜʥʳ ʜʚʝ ʦʧʪʠʯʝʩʢʠʝ ʦʩʠ, ʘ ʥʘ ʟʘʚʠʩʠʤʦʩʪʷʭ ʦʪ ɗ ï ʦʜʥʘ 

ʦʧʪʠʯʝʩʢʘ ̫ ʦʩʴ. ʊʦʯʢʘ ɣ = 0 ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʧʦʣʦʞʝʥʠʶ ʦʧʪʠʯʝʩʢʦʡ ʦʩʠ 

ʧʨʦʟʨʘʯʥʦʛʦ ʢʨʠʩʪʘʣʣʘ. ʊʦʯʢʠ, ʚ ʢʦʪʦʨʳʭ s = ±1, k1 = Ñ1 ʠʣʠ k2 = ±1, 

ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʧʦʣʦʞʝʥʠʷʤ ʦʧʪʠʯʝʩʢʠʭ ʦʩʝʡ. ɺ ʧʦʛʣʦʱʘʶʱʝʤ ʥʝʘʢʪʠʚʥʦʤ 

ʤʦʥʦʢʣʠʥʥʦʤ ʢʨʠʩʪʘʣʣʝ, ʢʘʢ ʠ ʚ ʨʦʤʙʠʯʝʩʢʦʤ, ʵʣʣʠʧʪʠʯʥʦʩʪʠ ʩʦʙʩʪʚʝʥʥʳʭ ʚʦʣʥ 

ʦʜʥʦʛʦ ʟʥʘʢʘ ʠ ʨʘʚʥʳ (s1 = s2 = s). ɺ ʥʘʧʨʘʚʣʝʥʠʠ ʣʶʙʦʡ ʠʟ ʢʨʫʛʦʚʳʭ ʦʧʪʠʯʝʩʢʠʭ 

ʦʩʝʡ ʨʘʩʧʨʦʩʪʨʘʥʷʝʪʩʷ ʦʜʥʘ ʩʦʙʩʪʚʝʥʥʘʷ ʚʦʣʥʘ ʩ ʢʨʫʛʦʚʦʡ ʧʦʣʷʨʠʟʘʮʠʝʡ (ʨʠʩ. 

4.8ʘ, 4.8ʙ, 4.8ʛ, 4.8ʜ). ʇʨʠ ɣ = 0 ʚ I ʩʣʫʯʘʝ s Í 0 (ʨʠʩ. 4.8ʘ), ʚʦ II  ʩʣʫʯʘʝ s = 0 (ʨʠʩ. 

4.8ʛ). ɸʟʠʤʫʪʳ ʧʦʣʷʨʠʟʘʮʠʠ ɢt ʧʨʦʰʝʜʰʝʛʦ ʩʚʝʪʘ ʜʣʷ I ʠ II  ʩʣʫʯʘʝʚ ʦʪʣʠʯʘʶʪʩʷ 

ʪʝʤ, ʯʪʦ ʚ I ʩʣʫʯʘʝ ɢt(ïɗ) = ɢt(ɗ) (ʨʠʩ. 4.8ʚ), ʘ ʚʦ II  ʩʣʫʯʘʝ ɢt(ïɗ) Í ɢt(ɗ) (ʨʠʩ. 4.8ʝ). 

ɺ ʧʦʛʣʦʱʘʶʱʝʤ ʦʧʪʠʯʝʩʢʠ ʘʢʪʠʚʥʦʤ ʢʨʠʩʪʘʣʣʝ ʧʨʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʠ ʩʚʝʪʘ 

ʚ ʥʘʧʨʘʚʣʝʥʠʠ ʦʜʥʦʡ ʠʟ ʦʧʪʠʯʝʩʢʠʭ ʦʩʝʡ ʦʜʥʘ ʠʟ ʩʦʙʩʪʚʝʥʥʳʭ ʚʦʣʥ ʠʤʝʝʪ 

ʢʨʫʛʦʚʫʶ ʧʦʣʷʨʠʟʘʮʠʶ (k1 = Ñ1 ʠʣʠ k2 = Ñ1), ʘ ʜʨʫʛʘʷ ʧʦʣʷʨʠʟʦʚʘʥʘ ʵʣʣʠʧʪʠʯʝʩʢʠ 

(ʨʠʩ. 4.8). ɼʣʷ ʤʦʥʦʢʣʠʥʥʦʛʦ ʢʨʠʩʪʘʣʣʘ ʢʣʘʩʩʘ 2 ʚ I ʩʣʫʯʘʝ k1,2(ïɗ) = k1,2(ɗ) ʠ ɢt(ïɗ) 

= ɢt(ɗ) (ʨʠʩ. 4.8ʙ', 4.8ʚ'), ʠ ʚ ʵʪʦʤ ʪʘʢʦʡ ʢʨʠʩʪʘʣʣ ʧʦʭʦʞ ʥʘ ʨʦʤʙʠʯʝʩʢʠʡ ʢʨʠʩʪʘʣʣ 

ʢʣʘʩʩʘ 222. ɼʣʷ ʢʨʠʩʪʘʣʣʘ ʢʣʘʩʩʘ 2 ʚʦ II  ʩʣʫʯʘʝ, ʘ ʪʘʢʞʝ ʜʣʷ ʢʨʠʩʪʘʣʣʘ ʢʣʘʩʩʘ m ʠ 

ʚ I ʠ ʚʦ II  ʩʣʫʯʘʝ k1,2(ïɗ) Í k1,2(ɗ) ʠ ɢt(ïɗ) Í ɢt(ɗ). ɿʘʚʠʩʠʤʦʩʪʠ k1,2(ɗ) ʠ ɢt(ɗ) ʜʣʷ 

ʧʦʛʣʦʱʘʶʱʝʛʦ ʦʧʪʠʯʝʩʢʠ ʘʢʪʠʚʥʦʛʦ ʢʨʠʩʪʘʣʣʘ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʥʝʯʪʦ 

ʩʨʝʜʥʝʝ ʤʝʞʜʫ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤʠ ʟʘʚʠʩʠʤʦʩʪʷʤʠ ʜʣʷ ʧʦʛʣʦʱʘʶʱʝʛʦ 

ʥʝʘʢʪʠʚʥʦʛʦ ʢʨʠʩʪʘʣʣʘ (ʨʠʩ. 4.8ʙ, 4.8ʚ, 4.8ʜ, 4.8ʝ) ʠ ʧʨʦʟʨʘʯʥʦʛʦ ʦʧʪʠʯʝʩʢʠ 

ʘʢʪʠʚʥʦʛʦ ʢʨʠʩʪʘʣʣʘ (ʨʠʩ. 4.4). ɼʣʷ ʢʨʠʩʪʘʣʣʘ ʢʣʘʩʩʘ m ʚ I ʩʣʫʯʘʝ (ʨʠʩ. 4.8ʙ", 

4.8ʚ") ʧʨʦʷʚʣʝʥʠʝ ʦʧʪʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʠ ʥʘʤʥʦʛʦ ʙʦʣʝʝ ʟʘʤʝʪʥʦ, ʯʝʤ ʚʦ II  ʩʣʫʯʘʝ 
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(ʨʠʩ. 4.8ʜ", 4.8ʝ"). ʇʨʠ ʵʪʦʤ ʚ ʧʨʦʟʨʘʯʥʦʤ ʦʧʪʠʯʝʩʢʠ ʘʢʪʠʚʥʦʤ ʢʨʠʩʪʘʣʣʝ ʢʣʘʩʩʘ 

m, ʢʘʢ ʠ ʚ ʢʨʠʩʪʘʣʣʝ ʢʣʘʩʩʘ mm2, ʚʦ II  ʩʣʫʯʘʝ ʦʧʪʠʯʝʩʢʘʷ ʘʢʪʠʚʥʦʩʪʴ ʚ 

ʥʘʧʨʘʚʣʝʥʠʠ ʦʧʪʠʯʝʩʢʠʭ ʦʩʝʡ ʥʝ ʧʨʦʷʚʣʷʝʪʩʷ (ʨʠʩ. 4.4). 

ʄʦʥʦʢʣʠʥʥʳʝ ʧʦʛʣʦʱʘʶʱʠʝ ʢʨʠʩʪʘʣʣʳ ʢʣʘʩʩʦʚ 2 ʠ m  

ʩ ʨʘʟʥʳʤ ʯʠʩʣʦʤ ʦʧʪʠʯʝʩʢʠʭ ʦʩʝʡ 

 ʉʨʘʚʥʠʤ ʵʣʣʠʧʪʠʯʥʦʩʪʠ ʩʦʙʩʪʚʝʥʥʳʭ ʚʦʣʥ, ʚʳʯʠʩʣʝʥʥʳʝ ʜʣʷ 

ʧʦʛʣʦʱʘʶʱʝʛʦ ʦʧʪʠʯʝʩʢʠ ʘʢʪʠʚʥʦʛʦ ʢʨʠʩʪʘʣʣʘ ʩ ʯʝʪʳʨʴʤʷ ʢʨʫʛʦʚʳʤʠ 

ʦʧʪʠʯʝʩʢʠʤʠ ʦʩʷʤʠ, ʩ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤʠ ʚʝʣʠʯʠʥʘʤʠ ʜʣʷ ʢʨʠʩʪʘʣʣʦʚ ʩ ʜʨʫʛʠʤ 

ʯʠʩʣʦʤ ʦʧʪʠʯʝʩʢʠʭ ʦʩʝʡ (ʨʠʩ. 4.9).  

ʏʝʪʳʨʝ ʢʨʫʛʦʚʳʝ ʦʧʪʠʯʝʩʢʠʝ 

ʦʩʠ 
ʆʜʥʘ ʢʨʫʛʦʚʘʷ ʦʧʪʠʯʝʩʢʘʷ ʦʩʴ ʊʨʠ ʢʨʫʛʦʚʳʝ ʦʧʪʠʯʝʩʢʠʝ ʦʩʠ 

ʅʝʘʢʪʠʚʥʳʡ ʧʦʛʣʦʱʘʶʱʠʡ ʢʨʠʩʪʘʣʣ 

   
ʇʦʛʣʦʱʘʶʱʠʡ ʦʧʪʠʯʝʩʢʠ ʘʢʪʠʚʥʳʡ ʢʨʠʩʪʘʣʣ ʢʣʘʩʩʘ 2 

   
ʈʠʩ. 4.9. ʕʣʣʠʧʪʠʯʥʦʩʪʠ ʩʦʙʩʪʚʝʥʥʳʭ ʚʦʣʥ ʜʣʷ ʧʦʛʣʦʱʘʶʱʠʭ ʠ ʧʦʛʣʦʱʘʶʱʠʭ ʦʧʪʠʯʝʩʢʠ 

ʘʢʪʠʚʥʳʭ ʢʨʠʩʪʘʣʣʦʚ ʩ ʨʘʟʥʳʤ ʯʠʩʣʦʤ ʦʧʪʠʯʝʩʢʠʭ ʦʩʝʡ. 

 

ɼʣʷ ʧʦʛʣʦʱʘʶʱʝʛʦ ʦʧʪʠʯʝʩʢʠ ʥʝʘʢʪʠʚʥʦʛʦ ʢʨʠʩʪʘʣʣʘ, ʢʘʢ ʫʞʝ 

ʫʧʦʤʠʥʘʣʦʩʴ, ʩʦʙʩʪʚʝʥʥʳʝ ʚʦʣʥʳ ʠʤʝʶʪ ʦʜʠʥʘʢʦʚʫʶ ʵʣʣʠʧʪʠʯʥʦʩʪʴ (ʨʠʩ. 4.9ʘï

4.9ʚ). ʕʣʣʠʧʪʠʯʥʦʩʪʴ ʩʦʙʩʪʚʝʥʥʳʭ ʚʦʣʥ ʨʘʚʥʘ Ñ1 ʪʦʣʴʢʦ ʚ ʥʘʧʨʘʚʣʝʥʠʠ 

ʦʧʪʠʯʝʩʢʠʭ ʦʩʝʡ. ɼʣʷ ʧʦʛʣʦʱʘʶʱʠʭ ʦʧʪʠʯʝʩʢʠ ʘʢʪʠʚʥʳʭ ʢʨʠʩʪʘʣʣʦʚ ʩ ʨʘʟʥʳʤ 

ʯʠʩʣʦʤ ʦʧʪʠʯʝʩʢʠʭ ʦʩʝʡ ʵʣʣʠʧʪʠʯʥʦʩʪʠ ʩʦʙʩʪʚʝʥʥʳʭ ʚʦʣʥ ʨʘʟʣʠʯʥʳ, ʢʘʢ ʠ ʜʣʷ 

ʢʨʠʩʪʘʣʣʘ ʩ ʯʝʪʳʨʴʤʷ ʦʧʪʠʯʝʩʢʠʤʠ ʦʩʷʤʠ. ɺ ʥʘʧʨʘʚʣʝʥʠʠ ʦʧʪʠʯʝʩʢʠʭ ʦʩʝʡ ʜʣʷ 

(ʘ) 

(ʙ) 

(ʚ) 

(ʘ') 
(ʙ') 

(ʚ') 
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ʦʜʥʦʡ ʠʟ ʩʦʙʩʪʚʝʥʥʳʭ ʚʦʣʥ ʵʣʣʠʧʪʠʯʥʦʩʪʴ ʨʘʚʥʘ Ñ1, ʜʨʫʛʘʷ ʩʦʙʩʪʚʝʥʥʘʷ ʚʦʣʥʘ 

ʧʦʣʷʨʠʟʦʚʘʥʘ ʵʣʣʠʧʪʠʯʝʩʢʠ. 

4.5. ɿʘʢʣʶʯʝʥʠʝ 

ʈʘʩʩʤʦʪʨʝʥʳ ʦʩʦʙʝʥʥʦʩʪʠ ʧʨʦʷʚʣʝʥʠʷ ʦʧʪʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʠ ʚ ʧʨʦʟʨʘʯʥʳʭ 

ʠ ʧʦʛʣʦʱʘʶʱʠʭ ʥʠʟʢʦʩʠʤʤʝʪʨʠʯʥʳʭ ʢʨʠʩʪʘʣʣʘʭ ʢʣʘʩʩʦʚ 222, 2, m, mm2 ʜʣʷ ʜʚʫʭ 

ʩʣʫʯʘʝʚ ʦʨʠʝʥʪʘʮʠʠ ʦʧʪʠʯʝʩʢʠʭ ʦʩʝʡ ʦʪʥʦʩʠʪʝʣʴʥʦ ʵʣʝʤʝʥʪʦʚ ʩʠʤʤʝʪʨʠʠ 

ʢʨʠʩʪʘʣʣʘ. 

ʀʟʫʯʝʥʳ ʦʩʦʙʝʥʥʦʩʪʠ ʧʦʣʷʨʠʟʘʮʠʠ ʩʦʙʩʪʚʝʥʥʳʭ ʚʦʣʥ ʚ ʧʨʦʟʨʘʯʥʳʭ 

ʛʠʨʦʪʨʦʧʥʳʭ, ʧʦʛʣʦʱʘʶʱʠʭ ʠ ʚ ʛʠʨʦʪʨʦʧʥʳʭ ʧʦʛʣʦʱʘʶʱʠʭ ʢʨʠʩʪʘʣʣʘʭ ʢʣʘʩʩʦʚ 

222, 2, 1, m, mm2. ɼʣʷ ʵʪʠʭ ʢʨʠʩʪʘʣʣʦʚ ʨʘʩʩʯʠʪʘʥʳ ʟʘʚʠʩʠʤʦʩʪʠ ʵʣʣʠʧʪʠʯʥʦʩʪʝʡ 

ʩʦʙʩʪʚʝʥʥʳʭ ʚʦʣʥ ʠ ʘʟʠʤʫʪʘ ʧʦʣʷʨʠʟʘʮʠʠ ʩʚʝʪʘ, ʧʨʦʰʝʜʰʝʛʦ ʧʨʠ ʥʦʨʤʘʣʴʥʦʤ 

ʧʘʜʝʥʠʠ ʯʝʨʝʟ ʢʨʠʩʪʘʣʣʠʯʝʩʢʫʶ ʧʣʘʩʪʠʥʢʫ, ʦʪ ʨʘʩʧʦʣʦʞʝʥʠʷ ʧʣʦʩʢʦʩʪʠ 

ʦʧʪʠʯʝʩʢʠʭ ʦʩʝʡ ʧʣʘʩʪʠʥʢʠ ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʦʨʤʘʣʠ ʢ ʧʦʚʝʨʭʥʦʩʪʠ. ʇʨʦʚʝʜʝʥʦ 

ʩʨʘʚʥʝʥʠʝ ʫʢʘʟʘʥʥʳʭ ʚʳʰʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʜʣʷ ʢʨʠʩʪʘʣʣʦʚ ʘʢʩʠʘʣʴʥʳʭ ʠ 

ʧʣʘʥʘʣʴʥʳʭ ʢʣʘʩʩʦʚ ʧʨʠ ʜʚʫʭ ʨʘʟʣʠʯʥʳʭ ʦʨʠʝʥʪʘʮʠʷʭ ʧʣʦʩʢʦʩʪʠ ʦʧʪʠʯʝʩʢʠʭ ʦʩʝʡ 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʵʣʝʤʝʥʪʦʚ ʩʠʤʤʝʪʨʠʠ ʢʨʠʩʪʘʣʣʘ. 

ɺʦ ʚʩʝʭ ʠʩʩʣʝʜʦʚʘʥʥʳʭ ʧʨʦʟʨʘʯʥʳʭ ʠ ʧʦʛʣʦʱʘʶʱʠʭ ʛʠʨʦʪʨʦʧʥʳʭ 

ʢʨʠʩʪʘʣʣʘʭ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʢʣʘʩʩʘ ʢʨʠʩʪʘʣʣʘ ʠ ʦʨʠʝʥʪʘʮʠʠ ʦʧʪʠʯʝʩʢʠʭ ʦʩʝʡ 

ʚʦʟʤʦʞʥʳ ʨʘʟʣʠʯʥʳʝ ʚʘʨʠʘʥʪʳ, ʩʚʷʟʘʥʥʳʝ ʩ ʚʝʣʠʯʠʥʦʡ ʛʠʨʦʪʨʦʧʠʠ ʠ 

ʧʦʛʣʦʱʝʥʠʷ. ʈʘʩʩʤʦʪʨʝʥʥʳʝ ʩʣʫʯʘʠ ʧʦʟʚʦʣʷʶʪ ʫʯʠʪʳʚʘʪʴ ʚʣʠʷʥʠʝ ʦʨʠʝʥʪʠʨʦʚʢʠ 

ʩʨʝʟʘ ʢʨʠʩʪʘʣʣʘ ʠ ʝʛʦ ʘʥʠʟʦʪʨʦʧʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʥʘ ʧʘʨʘʤʝʪʨʳ ʧʨʦʰʝʜʰʝʛʦ 

ʩʚʝʪʘ ʧʨʠ ʨʘʩʯʝʪʘʭ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʩʚʝʪʦʚʳʭ ʚʦʣʥ ʠ ʧʨʦʚʝʜʝʥʠʠ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʩ 

ʥʠʟʢʦʩʠʤʤʝʪʨʠʯʥʳʤʠ ʢʨʠʩʪʘʣʣʘʤʠ, ʦʙʣʘʜʘʶʱʠʤʠ ʢʘʢ ʧʦʛʣʦʱʝʥʠʝʤ, ʪʘʢ ʠ 

ʛʠʨʦʪʨʦʧʠʝʡ, ʪʝʤ ʩʘʤʳʤ ʦʪʢʨʳʚʘʷ ʜʣʷ ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ ʧʨʠʤʝʥʝʥʠʝ ʛʦʨʘʟʜʦ ʙʦʣʝʝ 

ʰʠʨʦʢʦʛʦ ʨʷʜʘ ʘʥʠʟʦʪʨʦʧʥʳʭ ʢʨʠʩʪʘʣʣʦʚ. 
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ɻʃɸɺɸ 5 

ʈɸʉʏɽʊ ʇɸʈɸʄɽʊʈʆɺ ʆʇʊʀʏɽʉʂʆʁ ɸʂʊʀɺʅʆʉʊʀ ʇʆ 

ʉʊʈʋʂʊʋʈʅʓʄ ɼɸʅʅʓʄ 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʦʩʦʙʦʝ ʚʥʠʤʘʥʠʝ ʫʜʝʣʷʝʪʩʷ ʩʚʷʟʠ ʤʝʞʜʫ ʩʪʨʫʢʪʫʨʦʡ ʠ 

ʨʘʟʣʠʯʥʳʤʠ ʬʠʟʠʯʝʩʢʠʤʠ ʩʚʦʡʩʪʚʘʤʠ ʢʨʠʩʪʘʣʣʦʚ, ʪʘʢʠʤʠ ʢʘʢ ʜʚʫʧʨʝʣʦʤʣʝʥʠʝ, 

ʧʦʛʣʦʱʝʥʠʝ, ʧʴʝʟʦʵʬʬʝʢʪ, ʩʝʛʥʝʪʦʵʣʝʢʪʨʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ, ʦʧʪʠʯʝʩʢʘʷ 

ʘʢʪʠʚʥʦʩʪʴ. ʇʦʩʢʦʣʴʢʫ ʥʘʩʪʦʷʱʘʷ ʨʘʙʦʪʘ ʚ ʦʩʥʦʚʥʦʤ ʧʦʩʚʷʱʝʥʘ ʦʧʪʠʯʝʩʢʦʡ 

ʘʢʪʠʚʥʦʩʪʠ ʢʨʠʩʪʘʣʣʦʚ, ʟʜʝʩʴ ʙʫʜʝʪ ʨʘʩʩʤʘʪʨʠʚʘʪʴʩʷ ʩʚʷʟʴ ʩʪʨʫʢʪʫʨʳ ʢʨʠʩʪʘʣʣʦʚ 

ʠ ʦʧʪʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʠ. ɼʣʷ ʵʪʦʡ ʮʝʣʠ ʚʳʙʨʘʥʳ ʢʨʠʩʪʘʣʣ rʩʝʤʝʡʩʪʚʘ ʣʘʥʛʘʩʠʪʘ, 

ʧʨʝʜʩʪʘʚʣʷʶʱʠʝ ʙʦʣʴʰʦʡ ʧʨʘʢʪʠʯʝʩʢʠʡ ʠʥʪʝʨʝʩ.  

ʂʨʦʤʝ ʪʦʛʦ, ʨʘʩʩʤʦʪʨʝʥʘ ʩʚʷʟʴ ʫʜʝʣʴʥʦʛʦ ʚʨʘʱʝʥʠʷ ʧʣʦʩʢʦʩʪʠ ʧʦʣʷʨʠʟʘʮʠʠ 

ʩʚʝʪʘ ʧʨʠ ʝʛʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʠ ʚʜʦʣʴ ʦʧʪʠʯʝʩʢʦʡ ʦʩʠ ʠ ʧʦʢʘʟʘʪʝʣʝʡ ʧʨʝʣʦʤʣʝʥʠʷ 

ʢʨʠʩʪʘʣʣʦʚ ʩʝʤʝʡʩʪʚʘ ʣʘʥʛʘʩʠʪʘ ʩ ʠʭ ʩʦʩʪʘʚʦʤ, ʘ ʪʘʢʞʝ ʚʦʟʤʦʞʥʦʩʪʴ 

ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʵʪʠʭ ʚʝʣʠʯʠʥ ʧʦ ʠʟʚʝʩʪʥʦʤʫ ʩʦʩʪʘʚʫ ʢʨʠʩʪʘʣʣʘ.  

ɼʣʷ ʜʚʫʦʩʥʦʛʦ ʢʨʠʩʪʘʣʣʘ ʧʨʦʚʝʜʝʥ ʨʘʩʯʝʪ ʧʦʢʘʟʘʪʝʣʝʡ ʧʨʝʣʦʤʣʝʥʠʷ ʠ 

ʚʝʣʠʯʠʥʳ ʚʨʘʱʝʥʠʷ ʧʣʦʩʢʦʩʪʠ ʧʦʣʷʨʠʟʘʮʠʠ ʩʚʝʪʘ ʠʟ ʩʪʨʫʢʪʫʨʥʳʭ ʜʘʥʥʳʭ ʥʘ 

ʧʨʠʤʝʨʝ ʢʨʠʩʪʘʣʣʘ Ŭ-HIO3. 

5.1. ʈʘʩʯʝʪ ʫʜʝʣʴʥʦʛʦ ʚʨʘʱʝʥʠʷ ʧʣʦʩʢʦʩʪʠ ʧʦʣʷʨʠʟʘʮʠʠ ʩʚʝʪʘ ʧʦ 

ʩʪʨʫʢʪʫʨʥʳʤ ʜʘʥʥʳʤ 

ʉʫʱʝʩʪʚʫʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʚʳʯʠʩʣʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ ʦʧʪʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʠ, 

ʠʩʧʦʣʴʟʫʷ ʩʪʨʫʢʪʫʨʥʫʶ ʤʦʜʝʣʴ ʜʘʥʥʦʛʦ ʢʨʠʩʪʘʣʣʘ ʠ ʠʥʬʦʨʤʘʮʠʶ ʦʙ ʵʣʝʢʪʨʦʥʥʳʭ 

ʧʦʣʷʨʠʟʫʝʤʦʩʪʷʭ ʦʪʜʝʣʴʥʳʭ ʠʦʥʦʚ. ɿʥʘʯʠʪʝʣʴʥʘʷ ʯʘʩʪʴ ʨʘʙʦʪ ʧʦ ʵʪʦʤʫ ʚʦʧʨʦʩʫ 

ʦʩʥʦʚʘʥʘ ʥʘ ʨʘʟʚʠʪʠʠ ʤʝʪʦʜʘ ʈʘʤʘʯʘʥʜʨʘʥʘ [87, 88]. ɺ ʨʘʙʦʪʘʭ ɻʣʝʡʟʝʨʘ ʠ 

ʉʪʘʜʥʠʯʢʘ [94] ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʩʚʷʟʴ ʫʜʝʣʴʥʦʛʦ ʚʨʘʱʝʥʠ ̫ ʧʣʦʩʢʦʩʪʠ 

ʧʦʣʷʨʠʟʘʮʠʠ ʩʚʝʪʘ ʚ ʦʜʥʦʦʩʥʳʭ ʢʨʠʩʪʘʣʣʘʭ ʩʦ ʩʪʨʫʢʪʫʨʦʡ ʢʨʠʩʪʘʣʣʘ. ɼʝʚʘʨʘʡʘʥ ʠ 

ɻʣʝʡʟʝʨ [95], ʠʩʧʦʣʴʟʫʷ [94, 137], ʧʦʢʘʟʘʣʠ, ʯʪʦ ʜʣʷ ʢʨʠʩʪʘʣʣʦʚ ʩ ʠʟʚʝʩʪʥʦʡ 

ʘʪʦʤʥʦʡ ʩʪʨʫʢʪʫʨʦʡ ʠ ʠʟʚʝʩʪʥʦʡ ʘʙʩʦʣʶʪʥʦʡ ʢʦʥʬʠʛʫʨʘʮʠʝʡ ʤʦʞʥʦ ʦʧʨʝʜʝʣʠʪʴ 

ʧʘʨʘʤʝʪʨʳ ʦʧʪʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʠ. ɼʣʷ ʨʘʩʯʝʪʦʚ ʤʝʪʦʜʦʤ, ʦʧʠʩʘʥʥʳʤ ʚ [95], 

ʙʳʣʘ ʧʨʝʜʣʦʞʝʥʘ ʧʨʦʛʨʘʤʤʘ WinOptAct [96], ʜʣʷ ʨʘʩʯʝʪʘ ʧʦ ʢʦʪʦʨʦʡ 
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ʠʩʧʦʣʴʟʫʶʪʩʷ ʩʪʨʫʢʪʫʨʥʘʷ ʤʦʜʝʣʴ ʢʨʠʩʪʘʣʣʘ (ʧʘʨʘʤʝʪʨʳ ʨʝʰʝʪʢʠ, ʢʦʦʨʜʠʥʘʪʳ 

ʘʪʦʤʦʚ, ʘʥʠʟʦʪʨʦʧʥʳʝ ʧʘʨʘʤʝʪʨʳ ʘʪʦʤʥʳʭ ʩʤʝʱʝʥʠʡ), ʩʨʝʜʥʠʡ ʧʦʢʘʟʘʪʝʣʴ 

ʧʨʝʣʦʤʣʝʥʠʷ ʧʨʠ ʜʘʥʥʦʡ ʜʣʠʥʝ ʚʦʣʥʳ ʧʘʜʘʶʱʝʛʦ ʩʚʝʪʘ ʠ ʚʝʣʠʯʠʥʳ 

ʧʦʣʷʨʠʟʫʝʤʦʩʪʝʡ ʚʩʝʭ ʠʦʥʦʚ. ʇʦ ɻʪʦʡ ʧʨʦʛʨʘʤʤʝ ʤʦʞʥʦ ʨʘʩʩʯʠʪʘʪʴ ʧʦʢʘʟʘʪʝʣʠ 

ʧʨʝʣʦʤʣʝʥʠʷ, ʘ ʪʘʢʞʝ ʚʝʣʠʯʠʥʫ ʚʨʘʱʝʥʠʷ ʧʣʦʩʢʦʩʪʠ ʧʦʣʷʨʠʟʘʮʠʠ ʩʚʝʪʘ ɟ. 

ʇʦʣʷʨʠʟʫʝʤʦʩʪʴ ʘʪʦʤʦʚ, ʠʦʥʦʚ, ʤʦʣʝʢʫʣ ʦʧʨʝʜʝʣʷʝʪ ʩʧʦʩʦʙʥʦʩʪʴ ʵʪʠʭ 

ʯʘʩʪʠʮ ʧʨʠʦʙʨʝʪʘʪʴ ʜʠʧʦʣʴʥʳʡ ʤʦʤʝʥʪ ɛ ʚ ʵʣʝʢʪʨʠʯʝʩʢʦʤ ʧʦʣʝ [86]:  

ɛ = ŬeE,                                                               (5.1) 

Ŭe ï ʵʣʝʢʪʨʦʥʥʘʷ ʧʦʣʷʨʠʟʫʝʤʦʩʪʴ. ɺ ʦʙʱʝʤ ʩʣʫʯʘʝ Ŭe ï ʪʝʥʟʦʨʥʘʷ ʚʝʣʠʯʠʥʘ.  

ʇʦʣʷʨʠʟʫʝʤʦʩʪʴ ʤʦʣʝʢʫʣʳ ʤʦʞʥʦ ʧʨʠʙʣʠʟʠʪʝʣʴʥʦ ʦʮʝʥʠʪʴ ʧʦ ʬʦʨʤʫʣʝ 

ʂʣʘʫʟʠʫʩʘïʄʦʩʩʦʪʪʠ [86, 138, 139]:  

(5.2) 

 

ʛʜʝ n ï ʩʨʝʜʥʠʡ ʧʦʢʘʟʘʪʝʣʴ ʧʨʝʣʦʤʣʝʥʠʷ, D ï ʧʣʦʪʥʦʩʪʴ ʚʝʱʝʩʪʚʘ, M ï ʤʦʣʷʨʥʘʷ 

ʤʘʩʩʘ, Ŭ ï ʧʦʣʷʨʠʟʫʝʤʦʩʪʴ ʤʦʣʝʢʫʣʳ, NA = 6.022 × 10
23

 ʤʦʣʝʢʫʣ/ʤʦʣʴ ï ʯʠʩʣʦ 

ɸʚʦʛʘʜʨʦ. 

 ʇʨʠʙʣʠʞʝʥʥʦ ʧʦʣʷʨʠʟʫʝʤʦʩʪʴ ʤʦʣʝʢʫʣʳ ʤʦʞʥʦ ʚʳʯʠʩʣʠʪʴ ʢʘʢ ʩʫʤʤʫ 

ʧʦʣʷʨʠʟʫʝʤʦʩʪʝʡ ʩʦʩʪʘʚʣʷʶʱʠʭ ʝʝ ʠʦʥʦʚ [139]. 

5.2. ʂʨʠʩʪʘʣʣ rʩʝʤʝʡʩʪʚʘ ʣʘʥʛʘʩʠʪʘ 

ɼʣʷ ʠʟʫʯʝʥʠʷ ʩʚʷʟʠ ʦʧʪʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʢʨʠʩʪʘʣʣʦʚ ʩʦ ʩʪʨʫʢʪʫʨʥʳʤʠ 

ʜʘʥʥʳʤʠ ʞʝʣʘʪʝʣʴʥʦ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʛʨʫʧʧʫ ʢʨʠʩʪʘʣʣʦʚ, ʙʣʠʟʢʠʭ ʧʦ ʩʪʨʦʝʥʠʶ. 

ʊʘʢʠʤʠ ʢʨʠʩʪʘʣʣʘʤʠ ʷʚʣʷʶʪʩʷ ʢʨʠʩʪʘʣʣʳ ʩʝʤʝʡʩʪʚʘ ʣʘʥʛʘʩʠʪʘ, ʢʦʪʦʨʳʭ 

ʚʳʨʘʱʝʥʦ ʤʥʦʛʦ, ʠ ʚʩʝ ʦʥʠ ʠʤʝʶʪ ʩʭʦʜʥʫʶ ʩʪʨʫʢʪʫʨʫ. 

ʈʦʜʦʥʘʯʘʣʴʥʠʢʦʤ ʩʝʤʝʡʩʪʚʘ ʢʨʠʩʪʘʣʣʦʚ, ʚʧʦʩʣʝʜʩʪʚʠʠ ʥʘʟʚʘʥʥʦʛʦ 

ʩʝʤʝʡʩʪʚʦʤ ʣʘʥʛʘʩʠʪʘ (La3Ga5SiO14), ʷʚʣʷʝʪʩʷ ʢʘʣʴʮʠʝʚʳʡ ʛʘʣʣʦʛʝʨʤʘʥʘʪ 

ʉa3Ga2Ge4O14, ʚʧʝʨʚʳʝ ʚʳʨʘʱʝʥʥʳʡ ʄʠʣʣʝʤ ʠ ɹʫʪʘʰʠʥʳʤ ʚ 1979 ʛ. [27]. ʇʦ 

ʨʝʟʫʣʴʪʘʪʘʤ ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʩʦʝʜʠʥʝʥʠʝ ʢʨʠʩʪʘʣʣʠʟʫʝʪʩʷ ʚ 

ʧʨ. ʛʨ. ʈ321, Z = 1 [28]. ʅʝʦʩʣʘʙʝʚʘʶʱʠʡ ʠʥʪʝʨʝʩ ʢ ʢʨʠʩʪʘʣʣʘʤ ʩʝʤʝʡʩʪʚʘ 

ʣʘʥʛʘʩʠʪʘ ʚʳʟʚʘʥ ʧʨʠʩʫʱʠʤ ʠʤ ʫʥʠʢʘʣʴʥʳʤ ʥʘʙʦʨʦʤ ʬʠʟʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ: 
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ʣʘʟʝʨʥʳʭ ʠ ʣʶʤʠʥʝʩʮʝʥʪʥʳʭ [30], ʦʧʪʠʯʝʩʢʠʭ [140], ʫʧʨʫʛʠʭ ʠ 

ʧʴʝʟʦʵʣʝʢʪʨʠʯʝʩʢʠʭ [141]. ɺ ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ ʙʳʣʦ ʦʙʥʘʨʫʞʝʥʦ, ʯʪʦ ʩʦʝʜʠʥʝʥʠʷ ʩ 

ʤʘʛʥʠʪʥʳʤʠ ʢʘʪʠʦʥʘʤʠ ʧʨʠ ʥʠʟʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ ʷʚʣʷʶʪʩʷ ʤʫʣʴʪʠʬʝʨʨʦʠʢʘʤʠ 

[142ï146]. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʩʠʥʪʝʟʠʨʦʚʘʥʦ ʙʦʣʝʝ 200 ʩʦʝʜʠʥʝʥʠʡ ʩʝʤʝʡʩʪʚʘ 

ʣʘʥʛʘʩʠʪʘ, ʯʘʩʪʴ ʠʟ ʥʠʭ ʚʳʨʘʱʝʥʘ ʚ ʚʠʜʝ ʤʦʥʦʢʨʠʩʪʘʣʣʦʚ, ʚ ʦʩʥʦʚʥʦʤ ʤʝʪʦʜʦʤ 

ʏʦʭʨʘʣʴʩʢʦʛʦ. ɺ ʧʦʩʣʝʜʥʠʝ ʜʝʩʷʪʠʣʝʪʠʷ ʚʝʜʫʪʩʷ ʨʘʙʦʪʳ ʚ ʦʙʣʘʩʪʠ ʧʦʣʫʯʝʥʠʷ 

ʥʦʚʳʭ ʢʨʠʩʪʘʣʣʦʚ ʩʝʤʝʡʩʪʚʘ ʣʘʥʛʘʩʠʪʘ, ʘ ʪʘʢʞʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʠʭ ʩʪʨʦʝʥʠʷ ʠ 

ʩʚʦʡʩʪʚ. 

ʈʦʩʪ ʢʨʠʩʪʘʣʣʦʚ ʩʝʤʝʡʩʪʚʘ ʣʘʥʛʘʩʠʪʘ 

ʆʧʠʰʝʤ ʨʦʩʪ ʢʨʠʩʪʘʣʣʦʚ ʩʝʤʝʡʩʪʚʘ ʣʘʥʛʘʩʠʪʘ ʥʘ ʧʨʠʤʝʨʝ LTGS, LZGS ʠ 

LTZG, ʜʣʷ ʢʦʪʦʨʳʭ ʧʨʦʚʦʜʠʣʠʩʴ ʠʟʤʝʨʝʥʠʷ. 

ʇʨʦʟʨʘʯʥʳʡ ʤʦʥʦʢʨʠʩʪʘʣʣ LTGS ʦʨʠʝʥʪʘʮʠʠ <001>, ʜʠʘʤʝʪʨʦʤ 27 ʤʤ ʠ 

ʤʘʩʩʦʡ 255 ʛ. ʚʳʨʘʱʝʥ ʠʟ Pt-ʪʠʛʣʷ 43 Ĭ 43 ʤʤ, ʩʦʜʝʨʞʘʚʰʝʛʦ 260 ʛ ʨʘʩʧʣʘʚʘ 

ʩʪʝʭʠʦʤʝʪʨʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ, ʚ ʘʪʤʦʩʬʝʨʝ N2ïʆ2 ʩ ʩʦʜʝʨʞʘʥʠʝʤ O2 10% ʚ ʥʘʯʘʣʝ 

ʚʳʪʷʛʠʚʘʥʠʷ ʠ 3% ʧʦʩʣʝ ʦʢʦʥʯʘʥʠʷ ʨʘʩʰʠʨʝʥʠʷ ʢʨʠʩʪʘʣʣʘ. ʉʢʦʨʦʩʪʴ ʚʳʪʷʛʠʚʘʥʠʷ 

ï 2 ʤʤ/ʯ, ʚʨʘʱʝʥʠʷ ï 40 ʦʙ/ʤʠʥ [141]. ɹʦʢʦʚʘʷ ʧʦʚʝʨʭʥʦʩʪʴ ʢʨʠʩʪʘʣʣʘ ʦʙʨʘʟʦʚʘʥʘ 

ʭʦʨʦʰʦ ʨʘʟʚʠʪʳʤʠ ʛʨʘʥʷʤʠ (110), ʥʘ ʬʨʦʥʪʝ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʭʦʨʦʰʦ ʨʘʟʚʠʪʘ 

ʛʨʘʥʴ (001). LTGS ʷʚʣʷʝʪʩʷ ʪʚʝʨʜʳʤ ʨʘʩʪʚʦʨʦʤ 1 : 1 ʚ ʩʠʩʪʝʤʝ La3Ga5SiO14ï

La3Ta0.5Ga5.5O14, ʠ ʝʛʦ ʩʚʦʡʩʪʚʘ ʷʚʣʷʶʪʩʷ ʧʨʦʤʝʞʫʪʦʯʥʳʤʠ ʤʝʞʜʫ ʩʚʦʡʩʪʚʘʤʠ 

ʢʨʘʡʥʠʭ ʯʣʝʥʦʚ ʨʷʜʘ. ɸʢʫʩʪʠʯʝʩʢʠʝ ʠ ʧʴʝʟʦʵʣʝʢʪʨʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʢʨʠʩʪʘʣʣʦʚ 

LTGS ʦʧʠʩʘʥʳ ʚ [147]. 

ɺʳʨʘʱʠʚʘʥʠʝ ʢʨʠʩʪʘʣʣʘ LZGS ʩʦʧʨʦʚʦʞʜʘʣʦʩʴ ʩʣʦʞʥʦʩʪʷʤʠ [148], ʪʘʢ ʢʘʢ 

La3Ga5ZrO14 (ʥʝʦʙʭʦʜʠʤʳʡ ʢʦʤʧʦʥʝʥʪ ʜʣʷ ʬʦʨʤʠʨʦʚʘʥʠʷ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ 

ʪʚʝʨʜʦʛʦ ʨʘʩʪʚʦʨʘ) ʧʣʘʚʠʪʩʷ ʠʥʢʦʥʛʨʫʵʥʪʥʦ, ʠ ʝʛʦ ʢʨʠʩʪʘʣʣʳ ʥʝ ʤʦʛʫʪ ʙʳʪʴ 

ʧʦʣʫʯʝʥʳ ʤʝʪʦʜʦʤ ʏʦʭʨʘʣʴʩʢʦʛʦ. ʀʟʫʯʝʥʠʝ ʧʨʦʮʝʩʩʦʚ ʧʣʘʚʣʝʥʠʷ ʠ 

ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʪʚʝʨʜʦʛʦ ʨʘʩʪʚʦʨʘ ʩʦʩʪʘʚʘ 1 : 1 ʚ ʩʠʩʪʝʤʝ La3Ga5SiO14ï

La3Ga5ZrO14 ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʣʦ ʢʦʥʛʨʫʵʥʪʥʳʡ ʭʘʨʘʢʪʝʨ ʠ ʙʣʠʟʦʩʪʴ ʪʝʤʧʝʨʘʪʫʨ 

ʧʣʘʚʣʝʥʠʷ ʪʚʝʨʜʦʛʦ ʨʘʩʪʚʦʨʘ ʠ La3Ga5SiO14. ʕʪʦ ʧʦʟʚʦʣʠʣʦ ʚʳʨʘʩʪʠʪʴ ʠʟ ʨʘʩʧʣʘʚʘ 
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ʩʦʩʪʘʚʘ La3Zr0.5Ga5Si0.5O14 ʤʦʥʦʢʨʠʩʪʘʣʣʳ ʜʦʩʪʘʪʦʯʥʦ ʙʦʣʴʰʦʛʦ ʨʘʟʤʝʨʘ. 

ɺʳʨʘʱʠʚʘʥʠʝ ʦʩʫʱʝʩʪʚʣʷʣʠ ʚ ʫʩʣʦʚʠʷʭ, ʘʥʘʣʦʛʠʯʥʳʭ ʨʦʩʪʫ LTGS.  

ɺ ʪʝʭ ʞʝ ʫʩʣʦʚʠʷʭ ʙʳʣʠ ʚʳʨʘʱʝʥʳ ʧʨʦʟʨʘʯʥʳʝ ʦʛʨʘʥʝʥʥʳʝ ʤʦʥʦʢʨʠʩʪʘʣʣʳ 

LTZG [149].  

ʈʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʳʡ ʘʥʘʣʠʟ ʢʨʠʩʪʘʣʣʦʚ ʩʝʤʝʡʩʪʚʘ ʣʘʥʛʘʩʠʪʘ ʧʨʦʚʝʜʝʥ ʧʦ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʤ ʜʘʥʥʳʤ, ʠʟʤʝʨʝʥʥʳʤ ʥʘ ʜʠʬʨʘʢʪʦʤʝʪʨʝ Xcalibur S (Oxford 

Diffraction) ʩ ʜʚʫʤʝʨʥʳʤ CCD-ʜʝʪʝʢʪʦʨʦʤ [150]. ʉʪʨʫʢʪʫʨʥʳʝ ʨʘʩʯʝʪʳ ʧʨʦʚʝʜʝʥʳ 

ʧʦ ʧʨʦʛʨʘʤʤʝ ASTRA [151] ʠ ʦʧʫʙʣʠʢʦʚʘʥʳ ʚ [149, 152, 153]. ɼʣʷ ʥʝʢʦʪʦʨʳʭ 

ʩʦʝʜʠʥʝʥʠʡ ʥʝʦʙʭʦʜʠʤʳʝ ʜʣʷ ʦʧʪʠʯʝʩʢʠʭ ʨʘʩʯʝʪʦʚ ʩʪʨʫʢʪʫʨʥʳʝ ʜʘʥʥʳʝ ʙʳʣʠ 

ʚʟʷʪʳ ʠʟ [148, 154ï158]. 

ʉʪʨʫʢʪʫʨʘ ʢʨʠʩʪʘʣʣʦʚ ʩʝʤʝʡʩʪʚʘ ʣʘʥʛʘʩʠʪʘ 

ɺ ʩʪʨʫʢʪʫʨʝ ʢʨʠʩʪʘʣʣʦʚ ʩʝʤʝʡʩʪʚʘ ʣʘʥʛʘʩʠʪʘ ʠʤʝʝʪʩʷ ʯʝʪʳʨʝ ʚʠʜʘ 

ʧʦʣʠʵʜʨʦʚ, ʫʧʘʢʦʚʘʥʥʳʭ ʚ ʜʚʘ ʩʣʦʷ [28], ʧʨʠʯʝʤ ʚʩʝ ʯʝʪʳʨʝ ʢʘʪʠʦʥʥʳʝ ʧʦʟʠʮʠʠ 

ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʠʟʦʤʦʨʬʠʟʤʦʤ. ʅʘ ʨʠʩ. 5.1 ʧʦʢʘʟʘʥʘ ʩʪʨʫʢʪʫʨʘ ʢʨʠʩʪʘʣʣʘ 

ʣʘʥʛʘʩʠʪʘ. ʂʨʫʧʥʳʡ ʢʘʪʠʦʥ ʚ ʧʦʟʠʮʠʠ 3e (ʦʥ ʦʙʳʯʥʦ ʫʢʘʟʳʚʘʝʪʩʷ ʧʝʨʚʳʤ ʚ 

ʭʠʤʠʯʝʩʢʦʡ ʬʦʨʤʫʣʝ) ʦʢʨʫʞʝʥ ʚʦʩʝʤʴʶ ʘʪʦʤʘʤʠ ʢʠʩʣʦʨʦʜʘ ʠ ʥʘʭʦʜʠʪʩʷ ʥʘ ʦʩʠ 2. 

ʂʘʪʠʦʥ ʚ ʧʦʟʠʮʠʠ 1a ʨʘʩʧʦʣʦʞʝʥ ʚ ʦʢʪʘʵʜʨʝ ʥʘ ʧʝʨʝʩʝʯʝʥʠʠ ʜʚʦʡʥʦʡ ʠ ʪʨʦʡʥʦʡ 

ʦʩʝʡ ʩʠʤʤʝʪʨʠʠ. ʂʘʪʠʦʥ ʚ ʧʦʟʠʮʠʠ 3f ʥʘʭʦʜʠʪʩʷ ʚ ʪʝʪʨʘʵʜʨʝ ʥʘ ʜʚʦʡʥʦʡ ʦʩʠ, ʘ 

ʢʘʪʠʦʥ ʚ ʧʦʟʠʮʠʠ 2d ï ʚ ʪʝʪʨʘʵʜʨʝ ʥʘ ʪʨʦʡʥʦʡ ʦʩʠ ʩʠʤʤʝʪʨʠʠ. 

ʆʧʝʨʘʮʠʠ, ʦʧʠʩʳʚʘʶʱʠʝ ʩʠʤʤʝʪʨʠʶ ʢʨʠʩʪʘʣʣʦʚ ʩʝʤʝʡʩʪʚʘ ʣʘʥʛʘʩʠʪʘ, ʥʝ 

ʩʦʜʝʨʞʘʪ ʚʠʥʪʦʚʳʭ ʦʩʝʡ, ʧʦʵʪʦʤʫ ʜʦ ʥʝʜʘʚʥʝʛʦ ʚʨʝʤʝʥʠ ʧʨʠʨʦʜʘ ʦʧʪʠʯʝʩʢʦʡ 

ʘʢʪʠʚʥʦʩʪʠ ʵʪʠʭ ʢʨʠʩʪʘʣʣʦʚ ʦʩʪʘʚʘʣʘʩʴ ʥʝʷʩʥʦʡ. ɺ [159, 160] ʧʦʢʘʟʘʥʦ, ʯʪʦ 

ʩʪʨʫʢʪʫʨʥʦʡ ʦʩʥʦʚʦʡ ʜʣʷ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʭʠʨʘʣʴʥʦʩʪʠ ʠ ʦʧʪʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʠ ʚ 

ʣʘʥʛʘʩʠʪʘʭ ʷʚʣʷʶʪʩʷ ʩʧʠʨʘʣʴʥʳʝ ʦʙʨʘʟʦʚʘʥʠʷ ʵʣʝʢʪʨʦʥʥʦʡ ʧʣʦʪʥʦʩʪʠ, 

ʠʤʠʪʠʨʫʶʱʠʝ ʪʨʦʡʥʫʶ ʚʠʥʪʦʚʫʶ ʦʩʴ ʩʠʤʤʝʪʨʠʠ. ɺ ʩʪʨʫʢʪʫʨʝ ʣʘʥʛʘʩʠʪʘ 

ʬʦʨʤʠʨʫʶʪʩʷ ʢʦʥʬʠʛʫʨʘʮʠʠ ʠʟ ʵʣʝʢʪʨʦʥʥʦʡ ʧʣʦʪʥʦʩʪʠ ʯʝʨʝʜʫʶʱʠʭʩʷ ʢʘʪʠʦʥʦʚ ʚ 

ʧʦʟʠʮʠʠ 3f ʠ ʘʥʠʦʥʦʚ O3 ʚ ʦʙʱʝʡ ʧʦʟʠʮʠʠ 6g, ʦʙʨʘʟʫʶʱʠʝ ʧʨʘʚʫʶ ʪʨʝʭʟʘʭʦʜʥʫʶ 

ʧʩʝʚʜʦʩʧʠʨʘʣʴ ʚʜʦʣʴ ʦʩʠ 3 (ʨʠʩ. 5.2). ʍʠʨʘʣʴʥʦʩʪʴ ʦʙʫʩʣʦʚʣʝʥʘ ʩʪʨʫʢʪʫʨʥʦ ʠ 

ʭʠʤʠʯʝʩʢʠ ʨʘʟʣʠʯʥʳʤʠ ʘʪʦʤʘʤʠ, ʤʝʞʜʫ ʢʦʪʦʨʳʤʠ ʧʝʨʝʜʘʝʪʩʷ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ, 



126 

 

ʠʥʜʫʮʠʨʦʚʘʥʥʦʝ, ʥʘʧʨʠʤʝʨ, ʧʘʜʘʶʱʝʡ ʩʚʝʪʦʚʦʡ ʚʦʣʥʦʡ, ʯʪʦ ʠ ʧʨʠʚʦʜʠʪ ʢ 

ʚʨʘʱʝʥʠʶ ʝʝ ʧʣʦʩʢʦʩʪʠ ʧʦʣʷʨʠʟʘʮʠʠ. 

 

       

 

ʈʠʩ. 5.1. ʉʪʨʫʢʪʫʨʘ ʢʨʠʩʪʘʣʣʘ ʣʘʥʛʘʩʠʪʘ La3Ga5SiO14, ʩʦʩʪʦʷʱʘʷ ʠʟ ʯʝʨʝʜʫʶʱʠʭʩʷ ʩʣʦʝʚ ʜʚʫʭ 

ʪʠʧʦʚ:  

(ʘ) ï ʚ ʧʝʨʚʦʤ ʩʣʦʝ 1a-ʦʢʪʘʵʜʨʳ [GaO6] ʠ ʢʨʫʧʥʳʝ ʢʘʪʠʦʥʳ La(3e); ʚʦ ʚʪʦʨʦʤ ʩʣʦʝ 3f-ʪʝʪʨʘʵʜʨʳ 

[GaO4] ʠ 2d-ʪʝʪʨʘʵʜʨʳ [(Ga,Si)O4],  

(ʙ) ï ʚʠʜ ʚʜʦʣʴ ʦʩʠ ʩ ʥʘ ʩʣʦʡ ʠʟ 1a-ʦʢʪʘʵʜʨʦʚ [GaO6] ʠ 3e-ʚʦʩʴʤʠʚʝʨʰʠʥʥʠʢʦʚ ʘʪʦʤʦʚ La,  

(ʚ) ï ʚʠʜ ʚʜʦʣʴ ʦʩʠ ʩ ʥʘ ʩʣʦʡ ʠʟ 3f-ʪʝʪʨʘʵʜʨʦʚ [GaO4] ʠ 2d-ʪʝʪʨʘʵʜʨʦʚ [(Ga,Si)O4]. 

 

 

ʈʠʩ. 5.2. ʂʦʥʬʠʛʫʨʘʮʠʷ ʠʟ ʘʪʦʤʦʚ Ga(3f) ʠ O3(6g) ʚ ʩʦʩʝʜʥʠʭ ʷʯʝʡʢʘʭ, ʬʦʨʤʠʨʫʶʱʘʷ 

ʪʨʝʭʟʘʭʦʜʥʫʶ ʩʧʠʨʘʣʴ ʚ ʢʨʠʩʪʘʣʣʝ ʣʘʥʛʘʩʠʪʘ La3Ga5SiO14. ɺ ʥʘʯʘʣʝ ʢʦʦʨʜʠʥʘʪ ʥʘʭʦʜʠʪʩʷ ʘʪʦʤ 

Ga(1a). 

 

5.3. ʀʩʩʣʝʜʦʚʘʥʠʝ ʦʧʪʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʢʨʠʩʪʘʣʣʦʚ ʩʝʤʝʡʩʪʚʘ ʣʘʥʛʘʩʠʪʘ 

ʈʘʙʦʪ, ʧʦʩʚʷʱʝʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʶ ʦʧʪʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʢʨʠʩʪʘʣʣʦʚ 

ʩʝʤʝʡʩʪʚʘ ʣʘʥʛʘʩʠʪʘ, ʘ ʪʘʢʞʝ ʠʭ ʩʚʷʟʠ ʩʦ ʩʪʨʫʢʪʫʨʦʡ ʢʨʠʩʪʘʣʣʘ, ʥʝ ʪʘʢ ʤʥʦʛʦ. 

ʇʝʨʚʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʦʧʪʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʵʪʠʭ ʢʨʠʩʪʘʣʣʦʚ, ʚʢʣʶʯʘʷ ʦʧʨʝʜʝʣʝʥʠʝ 

2d 

3f 
3e 

1a 

1ʘ 

3e 

2d 
3f 

(ʘ) 
(ʙ) (ʚ) 
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ʧʦʢʘʟʘʪʝʣʝʡ ʧʨʝʣʦʤʣʝʥʠʷ ʦʙʳʢʥʦʚʝʥʥʦʡ ʠ ʥʝʦʙʳʢʥʦʚʝʥʥʦʡ ʚʦʣʥ (ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ 

no ʠ ne), ʜʚʫʧʨʝʣʦʤʣʝʥʠʷ (ȹn = ne ï no) ʠ ʫʜʝʣʴʥʦʛʦ ʚʨʘʱʝʥʠʷ ʧʣʦʩʢʦʩʪʠ 

ʧʦʣʷʨʠʟʘʮʠʠ ʧʨʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʠ ʩʚʝʪʘ ʚ ʥʘʧʨʘʚʣʝʥʠʠ ʦʧʪʠʯʝʩʢʦʡ ʦʩʠ (ɟz), 

ʧʨʠʚʝʜʝʥʳ ʚ [42, 140], ʘ ʪʘʢʞʝ ʦʧʠʩʘʥʳ ʚ [30]. ɺ [161] ʠʟʫʯʝʥʦ ʠʟʤʝʥʝʥʠʝ 

ʧʦʢʘʟʘʪʝʣʝʡ ʧʨʝʣʦʤʣʝʥʠʷ ʢʨʠʩʪʘʣʣʘ ʣʘʥʛʘʪʘʪʘ La3Ta0.5Ga5.5O14 ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ 

ʫʩʣʦʚʠʡ ʚʳʨʘʱʠʚʘʥʠʷ. ɺ [162, 163] ʧʦʢʘʟʘʥʦ ʨʘʟʣʠʯʠʝ ʚ ʩʧʝʢʪʨʘʭ ʧʨʦʧʫʩʢʘʥʠʷ 

ʢʨʠʩʪʘʣʣʦʚ ʣʘʥʛʘʩʠʪʘ ʠ ʣʘʥʛʘʪʘʪʘ ʧʨʠ ʨʘʟʥʳʭ ʫʩʣʦʚʠʷʭ ʚʳʨʘʱʠʚʘʥʠʷ ʢʨʠʩʪʘʣʣʦʚ. 

ʈʝʟʫʣʴʪʘʪʳ ʠʟʤʝʨʝʥʠʷ ɟz ʚ ʢʨʠʩʪʘʣʣʘʭ ʩʝʤʝʡʩʪʚʘ ʣʘʥʛʘʩʠʪʘ ʧʨʠʚʝʜʝʥʳ ʚ ʨʘʙʦʪʘʭ 

[42, 140, 164ï169], ʘ ʠʟʤʝʨʝʥʠʝ ʚʨʘʱʝʥʠʷ ʧʣʦʩʢʦʩʪʠ ʧʦʣʷʨʠʟʘʮʠʠ ʧʨʠ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʠ ʩʚʝʪʘ ʚ ʥʘʧʨʘʚʣʝʥʠʠ, ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦʤ ʢ ʦʧʪʠʯʝʩʢʦʡ ʦʩʠ (ɟx), 

ʦʧʠʩʘʥʦ ʚ [170]. ʉʚʷʟʴ ʦʧʪʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʠ ʢʨʠʩʪʘʣʣʦʚ ʩʝʤʝʡʩʪʚʘ ʣʘʥʛʘʩʠʪʘ ʩ 

ʠʭ ʩʪʨʫʢʪʫʨʦʡ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʚ [159, 160, 171, 172]. 

ʇʦʩʢʦʣʴʢʫ ʩʪʨʫʢʪʫʨʳ ʢʨʠʩʪʘʣʣʦʚ ʵʪʦʛʦ ʩʝʤʝʡʩʪʚʘ ʠʤʝʶʪ ʦʜʠʥʘʢʦʚʫʶ 

ʩʠʤʤʝʪʨʠʶ ʠ ʩʭʦʜʥʳʝ ʦʩʦʙʝʥʥʦʩʪʠ ʩʪʨʦʝʥʠʷ, ʚʩʪʘʝʪ ʚʦʧʨʦʩ ʦʙ ʦʮʝʥʢʝ ʠʭ 

ʨʘʟʣʠʯʥʳʭ ʬʠʟʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ, ʠʩʭʦʜʷ ʠʟ ʟʥʘʥʠʷ ʪʦʣʴʢʦ ʩʪʨʫʢʪʫʨʥʳʭ ʜʘʥʥʳʭ ʠ 

ʩʦʩʪʘʚʘ ʢʨʠʩʪʘʣʣʦʚ.  

ɺ ʥʘʩʪʦʷʱʝʡ ʛʣʘʚʝ ʧʨʦʚʝʜʝʥʘ ʦʮʝʥʢʘ ʧʦʢʘʟʘʪʝʣʝʡ ʧʨʝʣʦʤʣʝʥʠʷ nʦ, nʝ ʠ 

ʫʜʝʣʴʥʦʛʦ ʚʨʘʱʝʥʠʷ ʧʣʦʩʢʦʩʪʠ ʧʦʣʷʨʠʟʘʮʠʠ ʩʚʝʪʘ ɟz ʜʣʷ ʨʘʟʣʠʯʥʳʭ ʢʨʠʩʪʘʣʣʦʚ 

ʩʝʤʝʡʩʪʚʘ ʣʘʥʛʘʩʠʪʘ. ɼʣʷ ʨʘʩʯʝʪʦʚ ʠʩʧʦʣʴʟʦʚʘʥʳ ʜʘʥʥʳʝ ʜʣʷ 21 ʢʨʠʩʪʘʣʣʘ 

ʩʝʤʝʡʩʪʚʘ ʣʘʥʛʘʩʠʪʘ ʨʘʟʥʦʛʦ ʩʦʩʪʘʚʘ (ʪʘʙʣ. 5.1). ɼʣʷ ʰʝʩʪʠ ʢʨʠʩʪʘʣʣʦʚ (ʦʪʤʝʯʝʥʳ 

ʢʨʘʩʥʳʤ) ʠʟʚʝʩʪʥʳ ʠ ʧʦʢʘʟʘʪʝʣʠ ʧʨʝʣʦʤʣʝʥʠʷ no, ne, ʠ ʚʨʘʱʝʥʠʝ ʧʣʦʩʢʦʩʪʠ 

ʧʦʣʷʨʠʟʘʮʠʠ ʩʚʝʪʘ ɟz [42, 140, 167ï169]; ʜʣʷ ʯʝʪʳʨʝʭ (ʦʪʤʝʯʝʥʳ ʟʝʣʝʥʳʤ) 

ʢʨʠʩʪʘʣʣʦʚ ʠʟʚʝʩʪʥʦ ɟz [164ï166], no, ne ʥʝʠʟʚʝʩʪʥʳ; ʜʣʷ ʪʨʝʭ (ʢʦʨʠʯʥʝʚʳʡ) 

ʢʨʠʩʪʘʣʣʦʚ ɟz ʠʟʤʝʨʝʥʦ [173], no, ne ʥʝʠʟʚʝʩʪʥʳ; ʜʣʷ ʚʦʩʴʤʠ ʢʨʠʩʪʘʣʣʦʚ [141, 154, 

156ï158] ɟz ʠ no, ne ʥʝʠʟʚʝʩʪʥʳ (ʦʪʤʝʯʝʥʳ ʩʠʥʠʤ). ʈʝʟʫʣʴʪʘʪʳ, ʧʨʠʚʝʜʝʥʥʳʝ ʚ 

ʥʘʩʪʦʷʱʝʡ ʛʣʘʚʝ, ʦʧʠʩʘʥʳ ʚ [173ï176]. 
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ʊʘʙʣʠʮʘ 5.1. ʀʩʧʦʣʴʟʫʝʤʳʝ ʚ ʨʘʩʯʝʪʘʭ ʢʨʠʩʪʘʣʣʳ ʩʝʤʝʡʩʪʚʘ ʣʘʥʛʘʩʠʪʘ ʠ ʠʭ 

ʦʙʦʟʥʘʯʝʥʠʷ 
ʉʦʩʪʘʚ ʆʙʦʟʥʘʯʝʥʠʝ ʉʦʩʪʘʚ ʆʙʦʟʥʘʯʝʥʠʝ 

ʀʟʚʝʩʪʥʳ no, ne ʠ ɟz [42, 140, 167ï169] 
ɟz ʠʟʤʝʨʝʥʳ ʚ ʜʘʥʥʦʡ ʨʘʙʦʪʝ, 

no, ne ʨʘʩʩʯʠʪʘʥʳ 

La3Ga5SiO14 LGS La3Ta0.25Ga5.25Si0.5O14 LTGS 

La3Ga5GeO14 LGG La3Ta0.25Zr 0.5Ga5.25O14 LTZG  

Ca3Ga2Ge4O14 CGG La3Zr 0.5Ga5Si0.5O14 LZGS 

Sr3Ga2Ge4O14 SGG ɟz ʠ no, ne ʥʝʠʟʚʝʩʪʥʳ 

La3Nb0.5Ga5.5O14 LNG La3Ga5ZrO14 LGZr 

La3Ta0.5Ga5.5O14 LTG La3Ga5TiO14 LGTi 

ʀʟʚʝʩʪʥʦ ɟz [164ï166], no, ne ʨʘʩʩʯʠʪʘʥʳ 
La3Ga5SnO14 LGSn 

La2.88Sr0.12Ta0.56Ga5.44O14 LSrTG 

Ca3TaGa3Si2O14 CTGS La3SnGa3.1Al 1.9O14 LSnGAl 

Ca3NbGa3Si2O14 CNGS Nd3Ga5SiO14 NGS 

Sr3TaGa3Si2O14 STGS Ba3TaGa3Si2O14 BTGS 

Sr3NbGa3Si2O14 SNGS Ba3Ga2Ge4O14 BGG 

 

5.3.1. ʈʘʩʯʝʪ ʧʦʢʘʟʘʪʝʣʝʡ ʧʨʝʣʦʤʣʝʥʠʷ ʢʨʠʩʪʘʣʣʦʚ ʩʝʤʝʡʩʪʚʘ ʣʘʥʛʘʩʠʪʘ 

ʤʝʪʦʜʦʤ ʤʦʣʝʢʫʣʷʨʥʦʡ ʨʝʬʨʘʢʮʠʠ 

ʀʩʧʦʣʴʟʫʷ ʜʦʩʪʠʞʝʥʠʷ ʩʪʨʫʢʪʫʨʥʦʡ ʨʝʬʨʘʢʪʦʤʝʪʨʠʠ, ʤʦʞʥʦ ʦʮʝʥʠʪʴ no, ne, 

ʠʩʭʦʜʷ ʠʟ ʩʪʨʫʢʪʫʨʥʳʭ ʜʘʥʥʳʭ [86]. ɺ ʩʪʨʫʢʪʫʨʥʦʡ ʨʝʬʨʘʢʪʦʤʝʪʨʠʠ ʚʝʱʝʩʪʚʦ 

ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʤʦʣʝʢʫʣʷʨʥʦʡ ʨʝʬʨʘʢʮʠʝʡ 

Rʦ,ʝ = (nʦ,ʝ
2
 ï 1)/(nʦ,ʝ

2
 + 2)(M/D),                                           (5.3) 

ʛʜʝ M ï ʤʦʣʷʨʥʘʷ ʤʘʩʩʘ ʚʝʱʝʩʪʚʘ, D ï ʧʣʦʪʥʦʩʪʴ, nʦ,ʝ ï ʧʦʢʘʟʘʪʝʣʠ ʧʨʝʣʦʤʣʝʥʠʷ. 

ɺʝʣʠʯʠʥʘ Rʦ,ʝ ʠʟʤʝʨʷʝʪʩʷ ʚ ʩʤ
3
/ʤʦʣʴ. 

ɽʱʝ ʦʜʥʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʦʡ ʢʨʠʩʪʘʣʣʘ ʷʚʣʷʝʪʩʷ ʩʨʝʜʥʷʷ ʧʦʣʷʨʠʟʫʝʤʦʩʪʴ 

ʤʦʣʝʢʫʣʳ, ʚʳʯʠʩʣʷʝʤʘʷ ʧʦ ʬʦʨʤʫʣʝ 

ʩʨ2

2

ʩʨ
ˊ4

3

2

1

ˊ4

3
Ŭ R

Nn

n

DN

M

AA

=
+

-
= ,                                             (5.4) 

ʛʜʝ n = (no + ne)/2. ʇʦʣʷʨʠʟʫʝʤʦʩʪʴ ʦʙʳʯʥʦ ʠʟʤʝʨʷʝʪʩʷ ʚ ¡
3
. 

ɺʝʣʠʯʠʥʫ D ʤʦʞʥʦ ʦʧʨʝʜʝʣʠʪʴ, ʟʥʘʷ ʧʘʨʘʤʝʪʨʳ ʨʝʰʝʪʢʠ a ʠ c, ʧʦ ʬʦʨʤʫʣʝ 

D = M/(NAV),                                                           (5.5) 

ʛʜʝ V = a
2
c sin( /́3) ï ʦʙʲʝʤ ʵʣʝʤʝʥʪʘʨʥʦʡ ʷʯʝʡʢʠ. 

ɺ [86] ʧʨʝʜʣʦʞʝʥ ʤʝʪʦʜ ʨʘʩʯʝʪʘ ʤʦʣʝʢʫʣʷʨʥʳʭ ʨʝʬʨʘʢʮʠʡ, ʠʩʭʦʜʷ ʠʟ 

ʩʦʩʪʘʚʘ ʚʝʱʝʩʪʚʘ ʩ ʫʯʝʪʦʤ ʭʘʨʘʢʪʝʨʘ ʩʚʷʟʠ. ʇʨʠ ʵʪʦʤ ʠʩʧʦʣʴʟʫʝʪʩʷ ʧʨʠʥʮʠʧ 
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ʘʜʜʠʪʠʚʥʦʩʪʠ, ʩʦʛʣʘʩʥʦ ʢʦʪʦʨʦʤʫ ʤʦʣʝʢʫʣʷʨʥʘʷ ʨʝʬʨʘʢʮʠʷ ʚʝʱʝʩʪʚʘ ʨʘʚʥʘ ʩʫʤʤʝ 

ʨʝʬʨʘʢʮʠʡ ʦʪʜʝʣʴʥʳʭ ʩʪʨʫʢʪʫʨʥʳʭ ʝʜʠʥʠʮ. ʂʘʞʜʫʶ ʬʦʨʤʫʣʫ ʚʝʱʝʩʪʚʘ ʤʦʞʥʦ 

«ʨʘʟʙʠʪʴ» ʥʘ ʦʧʨʝʜʝʣʝʥʥʳʝ ʬʦʨʤʫʣʴʥʳʝ «ʬʨʘʛʤʝʥʪʳ». ʋʯʠʪʳʚʘʷ, ʯʪʦ ʚ 

ʢʨʠʩʪʘʣʣʘʭ ʩʝʤʝʡʩʪʚʘ ʣʘʥʛʘʩʠʪʘ ʚʩʝ ʧʦʣʦʞʠʪʝʣʴʥʳʝ ʠʦʥʳ ʩʚʷʟʘʥʳ ʩ ʠʦʥʘʤʠ 

ʢʠʩʣʦʨʦʜʘ, ʤʦʞʥʦ ʟʘʧʠʩʘʪʴ, ʥʘʧʨʠʤʝʨ, La3Ga5SiO14 ʚ ʚʠʜʝ 

3/2(La2O3)5/2(Ga2O3)(SiO2), ʪʦʛʜʘ RLGS = 3/2RLa2O3 + 5/2RGa2O3 + RSiO2. 

ʈʘʩʢʣʘʜʳʚʘʷ ʥʘ çʬʨʘʛʤʝʥʪʳè ʬʦʨʤʫʣʳ ʢʨʠʩʪʘʣʣʦʚ ʩ ʠʟʚʝʩʪʥʳʤʠ no ʠ ne, 

ʧʦʣʫʯʠʤ ʩʠʩʪʝʤʫ ʫʨʘʚʥʝʥʠʡ: 

                    RLGS = 3/2RLa2O3
 + 5/2RGa2O3

 + RSiO2
  

                    RLGG = 3/2RLa2O3
 + 5/2RGa2O3

 + RGeO2  

                    RLNG = 3/2RLa2O3
 + 11/4RGa2O3

 +1/4RNb2O5                                               (5.6) 

                    RLTG = 3/2RLa2O3
 + 11/4RGa2O3

 +1/4RTa2O5  

                    RCGG = 3RCaO + RGa2O3
 +4RGeO2  

                    RSGG = 3RSrO + RGa2O3
 +4RGeO2

 

ʈʝʬʨʘʢʮʠʠ ʰʝʩʪʠ ʢʨʠʩʪʘʣʣʦʚ ʩʝʤʝʡʩʪʚʘ ʣʘʥʛʘʩʠʪʘ ʧʦʣʫʯʘʝʤ ʧʦ ʬʦʨʤʫʣʝ (5.3) 

ʦʪʜʝʣʴʥʦ ʜʣʷ ʦʙʳʢʥʦʚʝʥʥʦʛʦ ʠ ʥʝʦʙʳʢʥʦʚʝʥʥʦʛʦ ʧʦʢʘʟʘʪʝʣʝʡ ʧʨʝʣʦʤʣʝʥʠʷ. ɺ 

ʩʠʩʪʝʤʝ ʫʨʘʚʥʝʥʠʡ (5.6) ʚʦʩʝʤʴ ʥʝʠʟʚʝʩʪʥʳʭ, ʥʦ ʫʨʘʚʥʝʥʠʡ ʰʝʩʪʴ, ʠ ʜʣʷ ʜʚʫʭ 

çʬʨʘʛʤʝʥʪʦʚè ʨʝʬʨʘʢʮʠʠ ʥʝʦʙʭʦʜʠʤʦ ʟʘʜʘʪʴ. ʇʦʵʪʦʤʫ ʜʣʷ CaO ʠ SiO2 ʨʝʬʨʘʢʮʠʠ 

ʚʳʯʠʩʣʝʥʳ ʧʦ ʬʦʨʤʫʣʝ (5.3) ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʟʥʘʯʝʥʠʡ no, ne 

[111]. ʀʟ ʩʠʩʪʝʤʳ ʫʨʘʚʥʝʥʠʡ (5.6) ʚʳʯʠʩʣʝʥʳ ʨʝʬʨʘʢʮʠʠ çʬʨʘʛʤʝʥʪʦʚè SrO, 

La2O3, Ga2O3, Nb2O5, Ta2O5, GeO2 ʜʣʷ ʨʘʟʥʳʭ ʜʣʠʥ ʚʦʣʥ. ɿʥʘʯʝʥʠʷ ʨʝʬʨʘʢʮʠʡ 

ʧʨʠʚʝʜʝʥʳ ʚ ʪʘʙʣ. 5.2. 

ɼʣʷ ʥʘʭʦʞʜʝʥʠʷ ʨʝʬʨʘʢʮʠʡ ʢʨʠʩʪʘʣʣʦʚ ʩʝʤʝʡʩʪʚʘ ʣʘʥʛʘʩʠʪʘ ʩ 

ʥʝʠʟʚʝʩʪʥʳʤʠ no ʠ ne ʧʨʠʤʝʥʷʣʦʩʴ ʪʘʢʦʝ ʞʝ ʨʘʟʣʦʞʝʥʠʝ, ʢʘʢ ʚ (5.6). ɼʣʷ ʪʝʭ 

çʬʨʘʛʤʝʥʪʦʚè, ʢʦʪʦʨʳʝ ʚ (5.6) ʥʝ ʚʩʪʨʝʯʘʶʪʩʷ, ʘ ʠʤʝʥʥʦ BaO, Al 2O3, ZrO2, TiO2, 

SnO2 (ʪʘʙʣ. 5.2), ʨʝʬʨʘʢʮʠʠ ʚʳʯʠʩʣʝʥʳ ʧʦ ʬʦʨʤʫʣʝ (5.3) ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʟʥʘʯʝʥʠʡ no ʠ ne ʠʟ [111]. ɼʘʣʝʝ ʧʦ ʬʦʨʤʫʣʝ (5.3) ʧʨʦʚʝʜʝʥ ʨʘʩʯʝʪ no, ne ʠ ȹn ʜʣʷ 

15 ʢʨʠʩʪʘʣʣʦʚ. ɺʳʯʠʩʣʝʥʘ ʜʠʩʧʝʨʩʠʷ ʧʦʢʘʟʘʪʝʣʝʡ ʧʨʝʣʦʤʣʝʥʠʷ ʧʦ ʬʦʨʤʫʣʝ  
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nʦ,ʝ
2
 ï 1 = K ɚ

2
/(ɚ

2
 ï ɚ0

2
),                                                  (5.7) 

ʛʜʝ K ï ʢʦʥʩʪʘʥʪʘ, ɚ0 ï ʭʘʨʘʢʪʝʨʠʩʪʠʯʝʩʢʘʷ ʜʣʠʥʘ ʚʦʣʥʳ. ʇʦʣʫʯʝʥʥʳʝ ʚʝʣʠʯʠʥʳ K 

ʠ ɚ0 ʧʨʠʚʝʜʝʥʳ ʚ ʪʘʙʣ. 5.3. ʅʘ ʨʠʩ. 5.3 ʧʦʢʘʟʘʥʳ ʜʠʩʧʝʨʩʠʦʥʥʳʝ ʟʘʚʠʩʠʤʦʩʪʠ 

ʧʦʢʘʟʘʪʝʣʝʡ ʧʨʝʣʦʤʣʝʥʠʷ no, ne ʜʣʷ ʥʝʢʦʪʦʨʳʭ ʢʨʠʩʪʘʣʣʦʚ. 

 

ʊʘʙʣʠʮʘ 5.2. ʈʘʩʩʯʠʪʘʥʥʳʝ ʨʝʬʨʘʢʮʠʠ çʬʨʘʛʤʝʥʪʦʚè, ʥʘ ʢʦʪʦʨʳʝ ʤʦʞʥʦ 

ʨʘʟʣʦʞʠʪʴ ʬʦʨʤʫʣʳ ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʭ ʢʨʠʩʪʘʣʣʦʚ ʩʝʤʝʡʩʪʚʘ ʣʘʥʛʘʩʠʪʘ 
ʌʦʨʤʫʣʘ 0.436 ʤʢʤ 0.492 ʤʢʤ 0.546 ʤʢʤ 0.589 ʤʢʤ 0.633 ʤʢʤ 

CaO 7.63 7.56 7.51 7.46 7.45 

SrO 9.22 9.13 9.07 9.01 8.99 

BaO 12.22 12.13 12.07 12.01 12.0 

ZrO2 Ro = 12.15  

Re = 12.80 

Ro = 11.99  

Re = 12.63 

Ro = 11.88  

Re = 12.51 

Ro = 11.82 

Re = 12.44 

Ro = 11.77 

Re = 12.39 

SiO2 Ro = 7.26 

Re = 7.36 

Ro = 7.21 

Re = 7.31 

Ro = 7.17 

Re = 7.27 

Ro = 7.15 

Re = 7.25 

Ro = 7.14 

Re = 7.23 

Ga2O3 Ro = 12.08 

Re = 12.53 

Ro = 11.93 

Re = 12.39 

Ro = 11.90 

Re = 12.33 

Ro = 11.83 

Re = 12.26 

Ro = 11.78 

Re = 12.24 

La2O3 Ro = 31.28 

Re = 30.93 

Ro = 30.98 

Re = 30.62 

Ro = 30.65 

Re = 30.34 

Ro = 30.53 

Re = 30.23 

Ro = 30.43 

Re = 30.09 

Nb2O5 Ro = 38.35 

Re = 42.99 

Ro = 37.52 

Re = 42.41 

Ro = 36.95 

Re = 41.61 

Ro = 36.72 

Re = 41.29 

Ro = 36.45 

Re = 40.89 

Ta2O5 Ro = 39.15 

Re = 43.22 

Ro = 38.57 

Re = 42.41 

Ro = 38.19 

Re = 41.85 

Ro = 38.0 

Re = 41.63 

Ro = 37.75 

Re = 41.30 

GeO2 Ro = 9.75 

Re = 9.92 

Ro = 9.64 

Re = 9.82 

Ro = 9.55 

Re = 9.74 

Ro = 9.52 

Re = 9.72 

Ro = 9.48 

Re = 9.67 

Al 2O3 Ro = 10.71 

Re = 10.63 

Ro = 10.65 

Re = 10.56 

Ro = 10.60 

Re = 10.52 

Ro = 10.58 

Re = 10.49 

Ro = 10.56 

Re = 10.47 

TiO2 Ro = 13.21 

Re = 14.20 

Ro = 12.85 

Re = 13.83 

Ro = 12.61 

Re = 13.59 

Ro = 12.47 

Re = 13.44 

Ro = 12.36 

Re = 13.33 

SnO2 Ro = 11.13 

Re = 11.74 

Ro = 10.96 

Re = 11.60 

Ro = 10.85 

Re = 11.50 

Ro = 10.78 

Re = 11.45 

Ro = 10.72 

Re = 11.40 
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ʊʘʙʣʠʮʘ 5.3. ʈʘʩʩʯʠʪʘʥʥʳʝ ʢʦʵʬʬʠʮʠʝʥʪʳ ʚ ʜʠʩʧʝʨʩʠʦʥʥʦʡ ʬʦʨʤʫʣʝ ʜʣʷ 

ʧʦʢʘʟʘʪʝʣʝʡ ʧʨʝʣʦʤʣʝʥʠʷ nʦ,ʝ
2
 ï 1 = K ɚ

2
/(ɚ

2
 ï ɚ0

2
) ʜʣʷ ʥʝʢʦʪʦʨʳʭ ʢʨʠʩʪʘʣʣʦʚ 

ʩʝʤʝʡʩʪʚʘ ʣʘʥʛʘʩʠʪʘ 

ʌʦʨʤʫʣʘ 
no ne 

K ɚ0, ʤʢʤ K ɚ0, ʤʢʤ 

LTGS 2.5846 0.1318 2.6521 0.1326 

LTZG  2.6062 0.1341 2.6879 0.1351 

LZGS 2.5289 0.1293 2.5856 0.1289 

CTGS 2.1659 0.1245 2.2942 0.1321 

CNGS 2.1370 0.1326 2.2980 0.1358 

STGS 2.1378 0.1245 2.2561 0.1316 

SNGS 2.1058 0.1318 2.2537 0.1348 

LGZr 2.5347 0.1329 2.6046 0.1327 

LGTi 2.6817 0.1453 2.7790 0.1451 

LGSn 2.5384 0.1341 2.6163 0.1318 

LSrTG 2.6467 0.1351 2.7458 0.1375 

LSnGAl 2.5582 0.1336 2.6108 0.1303 

NGS 2.5130 0.1304 2.5581 0.1294 

BTGS 2.3064 0.1198 2.4236 0.1270 

BGG 2.2321 0.1205 2.2919 0.1184 

 

    

ʈʠʩ. 5.3. ʈʘʩʩʯʠʪʘʥʥʘʷ ʜʠʩʧʝʨʩʠʷ ʧʦʢʘʟʘʪʝʣʝʡ ʧʨʝʣʦʤʣʝʥʠʷ ʦʙʳʢʥʦʚʝʥʥʦʡ (ʘ) ʠ 

ʥʝʦʙʳʢʥʦʚʝʥʥʦʡ (ʙ) ʚʦʣʥ ʜʣʷ ʥʝʢʦʪʦʨʳʭ ʢʨʠʩʪʘʣʣʦʚ ʩʝʤʝʡʩʪʚʘ ʣʘʥʛʘʩʠʪʘ. 

 

ʈʘʩʩʯʠʪʘʥʳ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʧʘʨʘʤʝʪʨʘ ʨʝʰʝʪʢʠ a ʩʨʝʜʥʝʛʦ ʧʦʢʘʟʘʪʝʣʷ 

ʧʨʝʣʦʤʣʝʥʠʷ ʧʨʠ ʜʣʠʥʝ ʚʦʣʥʳ ɚ = 0.589 ʤʢʤ (ʨʠʩ. 5.4ʘ). ʂʨʫʞʢʘʤʠ ʦʪʤʝʯʝʥʳ 

ʢʨʠʩʪʘʣʣʳ, ʜʣʷ ʢʦʪʦʨʳʭ ʠʤʝʶʪʩʷ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʟʥʘʯʝʥʠʷ ʩʨʝʜʥʝʛʦ 

ʧʦʢʘʟʘʪʝʣʷ ʧʨʝʣʦʤʣʝʥʠʷ n, ʢʚʘʜʨʘʪʘʤʠ ʠ ʨʦʤʙʘʤʠ ï ʢʨʠʩʪʘʣʣʳ ʩ ʚʳʯʠʩʣʝʥʥʳʤʠ n. 

ɺʠʜʥʦ, ʯʪʦ ʯʝʨʝʟ ʧʷʪʴ ʠʟ ʰʝʩʪʠ ʪʦʯʝʢ (ʢʨʦʤʝ SGG), ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʢʨʠʩʪʘʣʣʘʤ 

ʩ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʤ n, ʤʦʞʥʦ ʧʨʦʚʝʩʪʠ ʧʨʷʤʫʶ ʣʠʥʠʶ. ʇʨʠ ʵʪʦʤ ʰʝʩʪʘʷ ʪʦʯʢʘ, 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʘʷ SGG, ʥʝ ʥʘʭʦʜʠʪʩʷ ʥʘ ʜʘʥʥʦʡ ʧʨʷʤʦʡ. ɽʩʣʠ ʫʯʝʩʪʴ ʝʱʝ ʜʚʘ 

ʢʨʠʩʪʘʣʣʘ, ʩʦʜʝʨʞʘʱʠʝ Sr (STGS, SNGS), ʠ ʜʚʘ ʢʨʠʩʪʘʣʣʘ, ʩʦʜʝʨʞʘʱʠʝ Ba (BGG, 

(ʘ) 
(ʙ) 
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BTGS), ʜʣʷ ʢʦʪʦʨʳʭ n ʚʳʯʠʩʣʝʥʦ, ʪʦ ʤʦʞʥʦ ʧʨʦʚʝʩʪʠ ʯʝʨʝʟ ʵʪʠ ʧʷʪʴ ʪʦʯʝʢ ʝʱʝ 

ʦʜʥʫ ʧʨʷʤʫʶ. 

ɸʥʘʣʦʛʠʯʥʫʶ ʟʘʚʠʩʠʤʦʩʪʴ ʤʦʞʥʦ ʧʦʩʪʨʦʠʪʴ ʦʪ ʩʨʝʜʥʝʡ ʧʦʣʷʨʠʟʫʝʤʦʩʪʠ Ŭʩʨ 

(ʨʠʩ. 5.4ʙ). ɿʜʝʩʴ ʪʘʢʞʝ ʤʦʞʥʦ ʧʨʦʚʝʩʪʠ ʧʨʷʤʫʶ ʯʝʨʝʟ ʧʷʪʴ ʪʦʯʝʢ, 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʢʨʠʩʪʘʣʣʘʤ LGS, LGG, LNG, LTG, CGG ʩ ʠʟʚʝʩʪʥʳʤʠ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʤʠ ʧʦʢʘʟʘʪʝʣʷʤʠ ʧʨʝʣʦʤʣʝʥʠʷ. ɼʣʷ ʥʝʢʦʪʦʨʳʭ ʢʨʠʩʪʘʣʣʦʚ ʩ 

ʨʘʩʩʯʠʪʘʥʥʳʤʠ ʧʦʢʘʟʘʪʝʣʷʤʠ ʧʨʝʣʦʤʣʝʥʠʷ ʟʥʘʯʝʥʠʷ ʭʦʨʦʰʦ ʣʦʞʘʪʩʷ ʥʘ ʵʪʫ 

ʧʨʷʤʫʶ. ʇʨʠ ʵʪʦʤ ʟʥʘʯʝʥʠʷ n, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʢʨʠʩʪʘʣʣʘʤ, ʩʦʜʝʨʞʘʱʠʤ Sr, ʥʝ 

ʥʘʭʦʜʷʪʩʷ ʥʘ ʜʘʥʥʦʡ ʧʨʷʤʦʡ. ʏʝʨʝʟ ʧʷʪʴ ʪʦʯʝʢ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ SGG, STGS, 

SNGS, BGG, BTGS, ʤʦʞʥʦ ʧʨʦʚʝʩʪʠ ʜʨʫʛʫʶ ʧʨʷʤʫʶ. 

 

  

ʈʠʩ. 5.4. ɿʘʚʠʩʠʤʦʩʪʠ ʩʨʝʜʥʝʛʦ ʧʦʢʘʟʘʪʝʣʷ ʧʨʝʣʦʤʣʝʥʠʷ nʩʨ ʦʪ ʧʘʨʘʤʝʪʨʘ ʨʝʰʝʪʢʠ ʘ (ʘ) ʠ ʦʪ 

ʩʨʝʜʥʝʡ ʧʦʣʷʨʠʟʫʝʤʦʩʪʠ Ŭʩʨ (ʙ) ʜʣʷ ʢʨʠʩʪʘʣʣʦʚ ʩʝʤʝʡʩʪʚʘ ʣʘʥʛʘʩʠʪʘ; ǒ ï ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ 

ʟʥʘʯʝʥʠʷ nʩʨ, ƴ, ǅ ï ʨʘʩʩʯʠʪʘʥʥʳʝ ʟʥʘʯʝʥʠʷ nʩʨ. 

 

5.3.2. ʀʟʤʝʨʝʥʠʝ ʚʨʘʱʝʥʠʷ ʧʣʦʩʢʦʩʪʠ ʧʦʣʷʨʠʟʘʮʠʠ ʩʚʝʪʘ ʚ ʢʨʠʩʪʘʣʣʘʭ LTGS, 

LTZG, LZGS 

 ʇʦʤʠʤʦ ʪʝʭ ʢʨʠʩʪʘʣʣʦʚ, ʜʣʷ ʢʦʪʦʨʳʭ ʚʨʘʱʝʥʠʝ ʧʣʦʩʢʦʩʪʠ ʧʦʣʷʨʠʟʘʮʠʠ 

ʩʚʝʪʘ ɟz ʠʟʚʝʩʪʥʦ, ʜʣʷ ʮʝʣʝʡ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʳ ʥʝʦʙʭʦʜʠʤʦ ʧʨʦʚʝʩʪʠ ʠʟʤʝʨʝʥʠʝ 

ʜʘʥʥʦʡ ʚʝʣʠʯʠʥʳ ʜʣʷ ʜʨʫʛʠʭ ʢʨʠʩʪʘʣʣʦʚ. 

ʀʟʤʝʨʝʥʠʷ ʧʨʦʚʝʜʝʥʳ ʥʘ ʯʝʪʳʨʝʭ ʦʙʨʘʟʮʘʭ: ʜʚʘ ʦʙʨʘʟʮʘ ʢʨʠʩʪʘʣʣʘ 

La3Ta0.25Ga5.25Si0.5O14 (LTGS) ʩ ʪʦʣʱʠʥʘʤʠ h = 20.97 ʤʤ ʠ h = 2.28 ʤʤ, ʦʙʨʘʟʝʮ 

La3Ta0.25Zr0.5Ga5.25O14 (LTZG) ʩ h = 2.31 ʤʤ ʠ ʦʙʨʘʟʝʮ La3Zr0.5Ga5Si0.5O14 (LZGS) ʩ  

h = 2.27 ʤʤ. ɺʩʝ ʦʙʨʘʟʮʳ ʚʳʨʝʟʘʥʳ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦ ʦʧʪʠʯʝʩʢʦʡ ʦʩʠ. 

(ʘ) (ʙ) 
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ʀʟʤʝʨʝʥʠʝ ɟz ʤʦʞʥʦ ʧʨʦʚʦʜʠʪʴ ʨʘʟʣʠʯʥʳʤʠ ʤʝʪʦʜʘʤʠ [98, 99, 177ï180]. 

ʆʜʠʥ ʠʟ ʥʠʭ ï ʨʘʩʯʝʪ ʧʦ ʠʟʤʝʨʝʥʥʳʤ ʩʧʝʢʪʨʘʤ ʧʨʦʧʫʩʢʘʥʠʷ. 

ʉʧʝʢʪʨʳ ʧʨʦʧʫʩʢʘʥʠʷ ʢʨʠʩʪʘʣʣʦʚ ʟʘʧʠʩʳʚʘʣʠʩ ɹʥʘ ʩʧʝʢʪʨʦʬʦʪʦʤʝʪʨʝ Cary 

5000 UV-Vis-NIR (Varian) ʩ ʰʘʛʦʤ ʩʢʘʥʠʨʦʚʘʥʠʷ ʧʦ ʜʣʠʥʝ ʚʦʣʥʳ 1 ʥʤ. ʀʟʤʝʨʝʥʠʷ 

ʧʨʦʚʦʜʠʣʠʩ ɹ ʚ ʧʦʣʷʨʠʟʦʚʘʥʥʦʤ ʩʚʝʪʝ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʜʚʫʭ ʦʜʠʥʘʢʦʚʳʭ 

ʧʦʣʷʨʠʟʘʪʦʨʦʚ ɻʣʘʥʘïʊʝʡʣʦʨʘ (Harrick). ʉʧʝʢʪʨʳ ʧʨʦʧʫʩʢʘʥʠʷ ʢʨʠʩʪʘʣʣʦʚ ʧʨʠ 

ʧʘʨʘʣʣʝʣʴʥʳʭ ʠ ʩʢʨʝʱʝʥʥʳʭ ʧʦʣʷʨʠʟʘʪʦʨʘʭ ʠ ʧʨʠ ʨʘʟʥʳʭ ʫʛʣʘʭ ɓ ʧʦʚʦʨʦʪʘ 

ʧʣʘʩʪʠʥʢʠ ʧʨʠʚʝʜʝʥʳ ʥʘ ʨʠʩ. 5.5. 

 

 

 

ʈʠʩ. 5.5. ʈʝʟʫʣʴʪʘʪʳ ʠʟʤʝʨʝʥʠʡ ʢʦʵʬʬʠʮʠʝʥʪʘ ʧʨʦʧʫʩʢʘʥʠʷ ʜʣʷ ʢʨʠʩʪʘʣʣʦʚ ʩʝʤʝʡʩʪʚʘ 

ʣʘʥʛʘʩʠʪʘ: (ʘ) ï La3Ta0.25Ga5.25Si0.5O14 (LTGS), h = 20.97 ʤʤ, (ʙ) ï LTGS, h = 2.28 ʤʤ,  

(ʚ) ï La3Ta0.25Zr0.5Ga5.25O14 (LTZG), h = 2.31 ʤʤ, (ʛ) ï La3Zr0.5Ga5Si0.5O14 (LZGS), h = 2.27 ʤʤ.  

ɓ ï ʫʛʦʣ ʧʦʚʦʨʦʪʘ ʧʣʘʩʪʠʥʢʠ ʚʦʢʨʫʛ ʥʦʨʤʘʣʠ ʢ ʧʦʚʝʨʭʥʦʩʪʠ.  

ʏʝʨʥʳʝ ʢʨʠʚʳʝ ï ɓ = 0, ʩʠʥʠʝ ï ɓ = 45Á, ʢʨʘʩʥʳʝ ï ɓ = 90°; 1 ï ʧʨʠ ʧʘʨʘʣʣʝʣʴʥʳʭ ʧʦʣʷʨʠʟʘʪʦʨʘʭ, 

2 ï ʧʨʠ ʩʢʨʝʱʝʥʥʳʭ. 

 

ɺʳʨʘʞʝʥʠʝ ʜʣʷ ʠʥʪʝʥʩʠʚʥʦʩʪʝʡ ʧʨʦʰʝʜʰʝʛʦ ʩʚʝʪʘ ʧʨʠ ʧʘʨʘʣʣʝʣʴʥʳʭ ʠ 

ʩʢʨʝʱʝʥʥʳʭ ʧʦʣʷʨʠʟʘʪʦʨʘʭ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ I || ʠ I ,̂ ʠʤʝʝʪ ʚʠʜ [16]: 

I || = I0cos
2
ɟzh,      I  ̂= I0sin

2
ɟzh,                                                  (5.8) 

(ʘ) (ʙ) 

(ʚ) (ʛ) 
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ʛʜʝ ɟz ï ʫʜʝʣʴʥʦʝ ʚʨʘʱʝʥʠʝ ʧʣʦʩʢʦʩʪʠ ʧʦʣʷʨʠʟʘʮʠʠ ʧʨʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʠ ʩʚʝʪʘ ʚ 

ʥʘʧʨʘʚʣʝʥʠʠ ʦʧʪʠʯʝʩʢʦʡ ʦʩʠ, h ï ʪʦʣʱʠʥʘ ʢʨʠʩʪʘʣʣʘ. ʄʠʥʠʤʫʤʳ I || ʠ ʤʘʢʩʠʤʫʤʳ 

I  ̂ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʚʝʣʠʯʠʥʝ ɟzh = ˊ/2 + ˊk, ʘ ʤʘʢʩʠʤʫʤʳ I || ʠ ʤʠʥʠʤʫʤʳ I  ̂ ï 

ʚʝʣʠʯʠʥʝ ɟzh = ˊ + ˊk, ʛʜʝ k ï ʮʝʣʦʝ ʯʠʩʣʦ. ɽʩʣʠ ʦʙʨʘʟʝʮ ʪʦʣʩʪʳʡ (h > 10 ʤʤ), ʢʘʢ, 

ʥʘʧʨʠʤʝʨ, ʢʨʠʩʪʘʣʣ LTGS (h = 20.97 ʤʤ), ʪʦ ʜʣʷ ʨʘʩʯʝʪʘ ʜʠʩʧʝʨʩʠʦʥʥʦʡ 

ʟʘʚʠʩʠʤʦʩʪʠ ʠʤʝʝʪʩʷ ʜʦʩʪʘʪʦʯʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʤʘʢʩʠʤʫʤʦʚ ʠ ʤʠʥʠʤʫʤʦʚ. ɽʩʣʠ 

ʪʦʣʱʠʥʘ ʦʙʨʘʟʮʘ ʥʝʜʦʩʪʘʪʦʯʥʘ (h < 4 ʤʤ, ʢʨʠʩʪʘʣʣʳ LTGS ʩ h = 2.28 ʤʤ, LTZG ʩ 

h = 2.31 ʤʤ ʠ LZGS ʩ h = 2.27 ʤʤ), ʤʦʞʥʦ ʨʘʩʩʯʠʪʘʪʴ ʚʝʣʠʯʠʥʫ ɟz ʧʨʠ 

ʦʧʨʝʜʝʣʝʥʥʦʡ ʜʣʠʥʝ ʚʦʣʥʳ ʧʦ ʬʦʨʤʫʣʝ ɟzh = arctg[(I /̂I ||)
1/2

]. ʆʪʤʝʪʠʤ, ʯʪʦ 

ʪʦʯʥʦʩʪʴ ʨʘʩʯʝʪʘ ʜʣʷ ʪʦʣʩʪʦʛʦ ʦʙʨʘʟʮʘ ʚʳʰʝ. 

ɼʣʷ ʦʜʥʦʛʦ ʠʟ ʦʙʨʘʟʮʦʚ LTGS (ʨʠʩ. 5.5ʙ) ʚʠʜʥʦ, ʯʪʦ ʦʧʪʠʯʝʩʢʘʷ ʦʩʴ 

ʦʪʢʣʦʥʝʥʘ ʦʪ ʚʝʨʪʠʢʘʣʠ. ɺ ʪʘʢʦʤ ʩʣʫʯʘʝ ʨʘʩʯʝʪ ʥʝʦʙʭʦʜʠʤʦ ʧʨʦʚʦʜʠʪʴ ʧʦ-

ʜʨʫʛʦʤʫ. ɺʳʨʘʞʝʥʠʝ ʜʣʷ ʠʥʪʝʥʩʠʚʥʦʩʪʝʡ ʧʨʦʰʝʜʰʝʛʦ ʩʚʝʪʘ ʠʤʝʝʪ ʚʠʜ [24]: 

}2/ɓ2sin)cos1()1()cos1(2)1{(
)1(

222222

22

0
|| D---D--+

+
= kkk

k

I
I ,      (5.9ʘ) 

]}2/ɓ2sin)1(2)[cos1{(
)1(

2222

22

0 kk
k

I
I -+D-

+
=^ .                                 (5.9ʙ) 

ɺ ʦʙʱʝʤ ʩʣʫʯʘʝ ʜʚʫʧʨʝʣʦʤʣʝʥʠʝ ʤʦʞʥʦ ʟʘʧʠʩʘʪʴ ʚ ʚʠʜʝ [24]: 

ȹn
2
 = ȹnʣ

2
 + ȹnʮ

2
, 

ʛʜʝ ȹnʣ ï ʣʠʥʝʡʥʦʝ ʜʚʫʧʨʝʣʦʤʣʝʥʠʝ, ȹnʮ ï ʮʠʨʢʫʣʷʨʥʦʝ ʜʚʫʧʨʝʣʦʤʣʝʥʠʝ, ʧʨʠ 

ʵʪʦʤ ȹnʣ/ȹnʮ = (1 ï k
2
)/(2k), k ï ʵʣʣʠʧʪʠʯʥʦʩʪʴ ʩʦʙʩʪʚʝʥʥʳʭ ʚʦʣʥ, k Í 0. ʊʦʛʜʘ 

ʤʦʞʥʦ ʟʘʧʠʩʘʪʴ: 

                                 ȹ = 2ɟzh(1 + k
2
)/(2k) 

ɓ = 0 ʠʣʠ ɓ = 90°, ù
ú

ø
é
ê

è +

+
=^

k

k
h

k

k
II z

2

1
ɟsin

)1(

4 2

2

22

2

0 ,                          (5.10ʘ) 

ɓ = 45°, ù
ú

ø
é
ê

è +
=^

k

k
hII z

2

1
ɟsin

2

2
0 , I || = I0 ï I .̂                                 (5.10ʙ) 

ɽʩʣʠ ʚʟʷʪʴ ʦʪʥʦʰʝʥʠʝ ʚʳʨʘʞʝʥʠʡ (5.10ʘ) ʠ (5.10ʙ), ʤʦʞʥʦ ʥʘʡʪʠ ʚʝʣʠʯʠʥʫ k. ʇʨʠ 

ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʚʝʣʠʯʠʥʳ I  ̂ʧʨʠ ɓ = 0 ʧʦʣʫʯʘʝʤ ʧʨʠ ɚ = 0.589 ʤʢʤ k = 0.477, ʘ ʧʨʠ 
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ʧʦʜʩʪʘʥʦʚʢʝ ʚʝʣʠʯʠʥʳ I  ̂ʧʨʠ ɓ = 90Á ʧʦʣʫʯʘʝʤ k = 0.464. ɼʣʷ ʨʘʩʯʝʪʘ ʚʝʣʠʯʠʥʳ ɟz 

ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʬʦʨʤʫʣʳ: 

ɓ = 0 ʠʣʠ ɓ = 90°, 
ɣsin)4/()1(

ɣsin
2222

2

|| -+
=^

kkI

I
,                                 (5.11ʘ) 

ɓ = 45°, 
k

k
d

I

I
z

2

1
ɟɣ     ɣ,tg

2

2

||

+
==^ .                                                  (5.11ʙ) 

ʇʦʜʩʪʘʚʣʷʷ ʚ ʵʪʠ ʬʦʨʤʫʣʳ k = 0.464 ʠ ʚʳʨʘʞʝʥʠʝ I /̂I || ʧʨʠ ɓ = 0, ɓ = 45Á ʠ ɓ = 90°, 

ʧʦʣʫʯʘʝʤ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ |ɟz| = 11.56, |ɟz| = 14.26 ʠ |ɟz| = 11.63 ʛʨʘʜ/ʤʤ. ɺʠʜʥʦ, ʯʪʦ 

ʟʥʘʯʝʥʠʝ, ʚʳʯʠʩʣʝʥʥʦʝ ʧʨʠ ɓ = 45Á, ʚʳʙʠʚʘʝʪʩʷ ʠʟ ʨʷʜʘ. ʊʝʤ ʥʝ ʤʝʥʝʝ, ʩʨʝʜʥʝʝ 

ʟʥʘʯʝʥʠʝ |ɟz| = 12.48 ʛʨʘʜ/ʤʤ ʜʦʩʪʘʪʦʯʥʦ ʙʣʠʟʢʦ ʢ ʟʥʘʯʝʥʠʶ, ʧʦʣʫʯʝʥʥʦʤʫ ʠʟ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʭʦʨʦʰʦ ʚʳʨʝʟʘʥʥʦʛʦ ʦʙʨʘʟʮʘ LTGS (|ɟz| = 11.0 ʛʨʘʜ/ʤʤ). 

ʊʘʢʞʝ ʤʦʞʥʦ ʦʮʝʥʠʪʴ, ʥʘʩʢʦʣʴʢʦ ʦʪʢʣʦʥʠʣʘʩʴ ʦʧʪʠʯʝʩʢʘʷ ʦʩʴ ʦʪ ʥʦʨʤʘʣʠ ʢ 

ʧʣʦʩʢʦʩʪʠ ʧʣʘʩʪʠʥʢʠ. ʃʠʥʝʡʥʦʝ ʜʚʫʧʨʝʣʦʤʣʝʥʠʝ ʚ ʧʝʨʚʦʤ ʧʨʠʙʣʠʞʝʥʠʠ ʤʦʞʥʦ 

ʟʘʧʠʩʘʪʴ ʚ ʚʠʜʝ ȹnʣ = (ne ï no)sin
2
ɗ, ɗ ï ʫʛʦʣ ʦʪʢʣʦʥʝʥʠʷ ʦʧʪʠʯʝʩʢʦʡ ʦʩʠ ʦʪ 

ʚʝʨʪʠʢʘʣʠ; ʮʠʨʢʫʣʷʨʥʦʝ ʜʚʫʧʨʝʣʦʤʣʝʥʠʝ ʠʤʝʝʪ ʚʠʜ ȹnʮ = ɟzɚ/ˊ. ʇʨʠ ʵʪʦʤ ʠʟ [24] 

ȹnʣ = ȹnʮ(1 ï k
2
)/(2k). ʀʩʧʦʣʴʟʫʷ ʜʘʥʥʳʝ ʚʳʨʘʞʝʥʠʷ, ʜʣʷ ʫʛʣʘ ɗ ʧʦʣʫʯʘʝʤ: 

k

k

nn oe

z

2

1

)(́

ɚɟ
ɗsin

2

2
-

-
= .                                                     (5.12) 

ɼʣʷ k = 0.464, ne ï no = 0.0188 (ʨʘʩʩʯʠʪʘʥʥʘʷ ʚʝʣʠʯʠʥʘ), |ɟz| = 12.48 ʛʨʘʜ/ʤʤ ʠ 

ɚ = 0.589 ʤʢʤ ʧʦʣʫʯʘʝʤ ɗ = 2.46Á. 

ʉʣʝʜʫʝʪ ʦʙʨʘʪʠʪʴ ʚʥʠʤʘʥʠʝ, ʯʪʦ ʧʨʠ ʦʧʨʝʜʝʣʝʥʠʠ ɟz ʥʘ ʧʦʣʷʨʠʟʘʮʠʦʥʥʦʤ 

ʤʠʢʨʦʩʢʦʧʝ ʚʠʜʥʦ, ʯʪʦ ʟʥʘʢ ʧʦʚʦʨʦʪʘ ʧʣʦʩʢʦʩʪʠ ʧʦʣʷʨʠʟʘʮʠʠ ʩʚʝʪʘ 

ʦʪʨʠʮʘʪʝʣʴʥʳʡ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʫʢʘʟʘʥʥʳʝ ʢʨʠʩʪʘʣʣʳ ï ʧʨʘʚʳʝ. 

ɺʳʯʠʩʣʝʥʘ ʜʠʩʧʝʨʩʠʷ ɟz ʧʦ ʬʦʨʤʫʣʝ: 

22
0

2

2

)ɚɚ(

ɚ
ɟ

-
-=

S
z .                                                              (5.8) 

ʂʦʵʬʬʠʮʠʝʥʪʳ ʚ ʜʠʩʧʝʨʩʠʦʥʥʦʡ ʬʦʨʤʫʣʝ ʧʨʠʚʝʜʝʥʳ ʚ ʪʘʙʣ. 5.1. ʈʘʩʩʯʠʪʘʥʥʳʝ 

ʜʠʩʧʝʨʩʠʠ ɟz ʧʦʢʘʟʘʥʳ ʥʘ ʨʠʩ. 5.6.  

 



136 

 

ʊʘʙʣʠʮʘ 5.4. ʂʦʵʬʬʠʮʠʝʥʪʳ ʚ ʜʠʩʧʝʨʩʠʦʥʥʦʡ ʬʦʨʤʫʣʝ, ʚʳʯʠʩʣʝʥʥʳʝ ʧʦ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʤ ʟʥʘʯʝʥʠʷʤ ɟz, ʜʣʷ ʢʨʠʩʪʘʣʣʦʚ LTGS, LTZG, LZGS 

ʂʨʠʩʪʘʣʣ S ɚ0 

LTGS 3.5143 0.1185 

LTZG  5.6465 0.1430 

LZGS 3.5327 0.1431 
 

 

 

ʈʠʩ. 5.6. ɼʠʩʧʝʨʩʠʷ ʫʜʝʣʴʥʦʛʦ ʚʨʘʱʝʥʠʷ ʧʣʦʩʢʦʩʪʠ ʧʦʣʷʨʠʟʘʮʠʠ ʧʨʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʠ ʩʚʝʪʘ ʚ 

ʥʘʧʨʘʚʣʝʥʠʠ ʦʧʪʠʯʝʩʢʦʡ ʦʩʠ (ɟz), ʨʘʩʩʯʠʪʘʥʥʘʷ ʧʦ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʤ ʜʘʥʥʳʤ, ʜʣʷ ʢʨʠʩʪʘʣʣʦʚ 

LTGS, LTZG, LZGS. 

 

5.3.3. ʈʘʩʯʝʪ ʚʝʣʠʯʠʥʳ ʚʨʘʱʝʥʠʷ ʧʣʦʩʢʦʩʪʠ ʧʦʣʷʨʠʟʘʮʠʠ ʩʚʝʪʘ ʚ ʢʨʠʩʪʘʣʣʘʭ 

ʩʝʤʝʡʩʪʚʘ ʣʘʥʛʘʩʠʪʘ 

ʇʨʦʚʝʜʝʤ ʦʮʝʥʢʫ ʚʝʣʠʯʠʥʳ ɟz ʚ ʢʨʠʩʪʘʣʣʘʭ ʩʝʤʝʡʩʪʚʘ ʣʘʥʛʘʩʠʪʘ. ɼʣʷ 

ʥʝʢʦʪʦʨʳʭ ʠʟ ʵʪʠʭ ʢʨʠʩʪʘʣʣʦʚ ʟʥʘʯʝʥʠʷ ɟz ʠʟʚʝʩʪʥʳ [42, 140, 164ï169]. ʀʩʧʦʣʴʟʫʷ 

ʵʪʠ ʜʘʥʥʳʝ, ʤʦʞʥʦ ʧʦʧʳʪʘʪʴʩʷ ʨʘʩʩʯʠʪʘʪʴ ɟz ʜʣʷ ʢʨʠʩʪʘʣʣʦʚ ʜʨʫʛʦʛʦ ʩʦʩʪʘʚʘ. 

ʀʩʧʦʣʴʟʫʷ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʟʥʘʯʝʥʠʷ ʚʝʣʠʯʠʥʳ ɟz [42, 140, 164ï169, 

173], ʨʘʩʩʤʦʪʨʠʤ ʟʘʚʠʩʠʤʦʩʪʠ ɟz ʦʪ ʜʨʫʛʠʭ ʧʘʨʘʤʝʪʨʦʚ ʢʨʠʩʪʘʣʣʘ (ʨʠʩ. 5.7).  

 

 

 

 

 

 

ïɟz, ʛʨʘʜ/ʤʤ 
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ʈʠʩ. 5.7. ɿʘʚʠʩʠʤʦʩʪʴ ʚʨʘʱʝʥʠʷ ʧʣʦʩʢʦʩʪʠ ʧʦʣʷʨʠʟʘʮʠʠ ʩʚʝʪʘ ɟz ʚ ʥʘʧʨʘʚʣʝʥʠʠ ʦʧʪʠʯʝʩʢʦʡ ʦʩʠ 

ʧʨʠ ʜʣʠʥʝ ʚʦʣʥʳ ɚ = 0.589 ʤʢʤ ʦʪ ʧʘʨʘʤʝʪʨʘ ʨʝʰʝʪʢʠ ʘ (ʘ), ʨʘʟʥʦʩʪʠ ʧʘʨʘʤʝʪʨʦʚ ʨʝʰʝʪʢʠ ʘ ï ʩ 

(ʙ), ʩʨʝʜʥʝʛʦ ʧʦʢʘʟʘʪʝʣʷ ʧʨʝʣʦʤʣʝʥʠʷ nʩʨ (ʚ) ʠ ʜʚʫʧʨʝʣʦʤʣʝʥʠʷ æn (ʛ) ʜʣʷ ʥʝʢʦʪʦʨʳʭ 

ʢʨʠʩʪʘʣʣʦʚ ʩʝʤʝʡʩʪʚʘ ʣʘʥʛʘʩʠʪʘ. 

ǒ ï ʠʟʤʝʨʝʥʥʳʝ ʟʥʘʯʝʥʠʷ ɟz ʠ nʩʨ, ȹn; ƴ ï ʠʟʤʝʨʝʥʥʳʝ ɟz ʠ ʨʘʩʩʯʠʪʘʥʥʳʝ nʩʨ ʠ ȹn;  

ƶ ï ɟz ʠʟʤʝʨʝʥʳ ʚ ʜʘʥʥʦʡ ʨʘʙʦʪʝ, ʨʘʩʩʯʠʪʘʥʥʳʝ nʩʨ ʠ ȹn. 

 

ɼʣʷ ʧʦʩʪʨʦʝʥʠʷ ʟʘʚʠʩʠʤʦʩʪʝʡ ʥʘ ʨʠʩ. 5.7 ʠʩʧʦʣʴʟʦʚʘʥʳ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ 

ʟʥʘʯʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ ʨʝʰʝʪʢʠ ʘ ʠ ʩ, ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʟʥʘʯʝʥʠʷ nʩʨ ʠ æn ʜʣʷ 

ʰʝʩʪʠ ʢʨʠʩʪʘʣʣʦʚ ʠ ʨʘʩʩʯʠʪʘʥʥʳʝ ʤʝʪʦʜʦʤ ʤʦʣʝʢʫʣʷʨʥʳʭ ʨʝʬʨʘʢʮʠʡ nʩʨ ʠ æn ʜʣʷ 

ʩʝʤʠ ʢʨʠʩʪʘʣʣʦʚ (ʥʘ ʨʠʩ. 5.7ʚ, 5.7ʛ ǒ ï ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʝ nʩʨ ʠ ȹn, ƴ, ƶ ï 

ʨʘʩʩʯʠʪʘʥʥʦʝ nʩʨ ʠ ȹn). ʅʘ ʨʠʩ 5.7ʘ, 5.7ʙ ʥʝ ʧʨʦʩʣʝʞʠʚʘʝʪʩʷ ʥʠʢʘʢʦʡ ʷʚʥʦʡ 

ʟʘʚʠʩʠʤʦʩʪʠ, ʪʦʯʢʠ ʨʘʩʧʦʣʦʞʝʥʳ ʭʘʦʪʠʯʥʦ. ɹʦʣʝʝ ʠʥʪʝʨʝʩʥʳ ʟʘʚʠʩʠʤʦʩʪʠ ɟz ʦʪ 

nʩʨ (ʨʠʩ. 5.7ʚ) ʠ ʦʪ æn (ʨʠʩ. 5.7ʛ). ʅʘ ʨʠʩ. 5.7ʚ ʪʦʯʢʠ ʤʦʞʥʦ ʧʨʠʙʣʠʟʠʪʝʣʴʥʦ 

ʘʧʧʨʦʢʩʠʤʠʨʦʚʘʪʴ ʜʚʫʤʷ ʧʨʷʤʳʤʠ: ʥʘ ʦʜʥʫ ʧʨʷʤʫʶ ʧʦʧʘʜʘʶʪ ʟʥʘʯʝʥʠʷ ɟz ʜʣʷ 

ʢʨʠʩʪʘʣʣʦʚ, ʩʦʜʝʨʞʘʱʠʭ Ca ʠ Sr, ʥʘ ʜʨʫʛʫʶ ï ʟʥʘʯʝʥʠʷ ʜʣʷ ʢʨʠʩʪʘʣʣʦʚ, 

ʩʦʜʝʨʞʘʱʠʭ La. ʅʘ ʨʠʩ. 5.7ʛ ʚʩʝ ʪʦʯʢʠ ʤʦʞʥʦ ʘʧʧʨʦʢʩʠʤʠʨʦʚʘʪʴ ʦʜʥʦʡ ʧʨʷʤʦʡ 

ʣʠʥʠʝʡ. 

(ʘ) (ʙ) 

(ʚ) (ʛ) 
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ʀʩʧʦʣʴʟʫʷ ʪʦ, ʯʪʦ ʟʘʚʠʩʠʤʦʩʪʴ ɟz ʦʪ æn ʤʦʞʥʦ ʘʧʧʨʦʢʩʠʤʠʨʦʚʘʪʴ ʧʨʷʤʦʡ 

ʣʠʥʠʝʡ, ʧʨʦʚʝʜʝʤ ʦʮʝʥʢʫ ʚʝʣʠʯʠʥʳ ɟz ʜʣʷ ʜʨʫʛʠʭ ʢʨʠʩʪʘʣʣʦʚ (ʨʠʩ. 5.8). 

ʇʨʝʜʧʦʣʦʞʠʤ, ʯʪʦ ʜʣʷ ʪʝʭ ʢʨʠʩʪʘʣʣʦʚ, ʜʣʷ ʢʦʪʦʨʳʭ ʥʝʪ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ 

ʜʘʥʥʳʭ, ʟʥʘʯʝʥʠʷ ɟz ʪʘʢʞʝ ʩʦʛʣʘʩʫʶʪʩʷ ʩ ʜʘʥʥʦʡ ʟʘʚʠʩʠʤʦʩʪʴʶ (ʨʠʩ. 5.8, ǅ). 

 

 

ʈʠʩ. 5.8. ɿʘʚʠʩʠʤʦʩʪʴ ɟz ʦʪ ʜʚʫʧʨʝʣʦʤʣʝʥʠʷ ȹn ʜʣʷ ʥʝʢʦʪʦʨʳʭ ʢʨʠʩʪʘʣʣʦʚ ʩʝʤʝʡʩʪʚʘ ʣʘʥʛʘʩʠʪʘ, 

ʜʣʠʥʘ ʚʦʣʥʳ ɚ = 0.589 ʤʢʤ; ǒ ï ʠʟʤʝʨʝʥʳ ɟz ʠ ȹn; ƴ ï ʠʟʤʝʨʝʥʳ ɟz ʠ ʨʘʩʩʯʠʪʘʥʳ ȹn;  

ǅ ï ʨʘʩʩʯʠʪʘʥʥʳʝ ɟz ʠ ȹn; ƶ ï ʨʘʩʩʯʠʪʘʥʥʳʝ ȹn, ʚʝʣʠʯʠʥʳ ɟz ʠʟʤʝʨʝʥʳ ʚ ʜʘʥʥʦʡ ʨʘʙʦʪʝ. 

 

ɼʣʷ ʢʨʠʩʪʘʣʣʦʚ LTGS, LTZG ʠ LZGS ʧʦʣʫʯʝʥʦ (ɟz)ʨʘʩʯ = ï11.57, ï15.60 ʠ      

ï7.95 ʛʨʘʜ/ʤʤ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʇʨʠ ʵʪʦʤ ʚʝʣʠʯʠʥʳ ɟz, ʧʦʣʫʯʝʥʥʳʝ ʠʟ ʠʟʤʝʨʝʥʥʳʭ 

ʜʘʥʥʳʭ, ʜʣʷ LTGS, LTZG ʠ LZGS ʨʘʚʥʳ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ (ɟz)ʵʢʩʧ = ï11.0, ï18.38 ʠ  

ï11.5 ʛʨʘʜ/ʤʤ. ʅʝ ʩʘʤʦʝ ʣʫʯʰʝʝ ʩʦʦʪʚʝʪʩʪʚʠʝ ʨʘʩʯʝʪʥʳʭ ʚʝʣʠʯʠʥ ɟz ʩ 

ʠʟʤʝʨʝʥʥʳʤʠ ʜʣʷ ʢʨʠʩʪʘʣʣʦʚ, ʩʦʜʝʨʞʘʱʠʭ Zr (LTZG ʠ LZGS), ʩʚʷʟʘʥʦ, ʚʦʟʤʦʞʥʦ, 

ʩ ʥʝʪʦʯʥʦʩʪʴʶ ʨʘʩʯʝʪʘ no, ne ʠ ȹn (ʨʝʬʨʘʢʮʠʶ çʬʨʘʛʤʝʥʪʘè ZrO2 ʤʦʞʥʦ 

ʨʘʩʩʯʠʪʘʪʴ ʧʦ-ʨʘʟʥʦʤʫ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʧʦʣʫʯʠʪʩʷ ʨʘʟʥʘʷ ʨʝʬʨʘʢʮʠʷ ʜʣʷ LTZG ʠ 

LZGS). 

5.3.4. ʈʘʩʯʝʪ ʚʝʣʠʯʠʥʳ ʚʨʘʱʝʥʠʷ ʧʣʦʩʢʦʩʪʠ ʧʦʣʷʨʠʟʘʮʠʠ ʩʚʝʪʘ ʚ ʢʨʠʩʪʘʣʣʘʭ 

ʩʝʤʝʡʩʪʚʘ ʣʘʥʛʘʩʠʪʘ ʧʦ ʧʨʦʛʨʘʤʤʝ WinOptAct 

ɺʟʘʠʤʦʩʚʷʟʴ ʤʝʞʜʫ ʩʪʨʫʢʪʫʨʦʡ ʠ ʦʧʪʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʴʶ ʤʦʞʝʪ ʙʳʪʴ 

ʚʳʷʚʣʝʥʘ ʨʘʩʯʝʪʥʳʤ ʧʫʪʝʤ. ɼʣʷ ʵʪʦʛʦ ʙʳʣ ʧʨʦʚʝʜʝʥ ʨʘʩʯʝʪ ɟz ʧʦ ʧʨʦʛʨʘʤʤʝ 

ïɟz, ʛʨʘʜ/ʤʤ 



139 

 

WinOptAct [96]. ʏʪʦʙʳ ʧʨʠʤʝʥʠʪʴ ʜʘʥʥʫʶ ʧʨʦʛʨʘʤʤʫ, ʥʫʞʥʦ ʟʥʘʪʴ ʘʪʦʤʥʫʶ 

ʩʪʨʫʢʪʫʨʫ ʠʩʩʣʝʜʫʝʤʦʛʦ ʢʨʠʩʪʘʣʣʘ (ʩʦʨʪʘ ʘʪʦʤʦʚ, ʠʭ ʢʦʦʨʜʠʥʘʪʳ ʠ ʘʥʠʟʦʪʨʦʧʥʳʝ 

ʧʘʨʘʤʝʪʨʳ ʘʪʦʤʥʳʭ ʩʤʝʱʝʥʠʡ ʜʣʷ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʘʙʩʦʣʶʪʥʦʡ ʢʦʥʬʠʛʫʨʘʮʠʠ). 

ʀʩʧʦʣʴʟʫʷ ʵʪʠ ʜʘʥʥʳʝ ʠ ʚʘʨʴʠʨʫʷ ʧʦʣʷʨʠʟʫʝʤʦʩʪʴ ʠʦʥʦʚ, ʤʦʞʥʦ ʧʨʠʙʣʠʟʠʪʝʣʴʥʦ 

ʨʘʩʩʯʠʪʘʪʴ ʚʝʣʠʯʠʥʫ ɟz. ʇʦʣʷʨʠʟʫʝʤʦʩʪʠ ʧʦʜʙʠʨʘʶʪʩʷ ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʯʪʦʙʳ 

ʚʳʜʘʚʘʝʤʳʝ ʧʨʦʛʨʘʤʤʦʡ ʚʝʣʠʯʠʥʳ no, ne ʙʳʣʠ ʙʣʠʟʢʠ ʢ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʤ 

ʜʘʥʥʳʤ ʠʣʠ ʢ ʚʝʣʠʯʠʥʘʤ, ʚʳʯʠʩʣʝʥʥʳʤ ʩ ʧʦʤʦʱʴʶ ʤʝʪʦʜʘ ʤʦʣʝʢʫʣʷʨʥʳʭ 

ʨʝʬʨʘʢʮʠʡ. ʇʦʣʫʯʝʥʥʳʝ ʪʘʢʠʤ ʩʧʦʩʦʙʦʤ ʚʝʣʠʯʠʥʳ ɟz, ʘ ʪʘʢʞʝ ʧʦʜʦʙʨʘʥʥʳʝ 

ʚʝʣʠʯʠʥʳ ʧʦʣʷʨʠʟʫʝʤʦʩʪʝʡ ʠʦʥʦʚ, ʧʨʠʚʝʜʝʥʳ ʚ ʪʘʙʣ. 5.5. ʉ ʧʦʤʦʱʴʶ ʜʘʥʥʦʡ 

ʧʨʦʛʨʘʤʤʳ ʤʦʞʥʦ ʪʘʢʞʝ ʦʮʝʥʠʪʴ ʚʝʣʠʯʠʥʫ ʚʨʘʱʝʥʠʷ ʧʣʦʩʢʦʩʪʠ ʧʦʣʷʨʠʟʘʮʠʠ 

ʩʚʝʪʘ ʚ ʥʘʧʨʘʚʣʝʥʠʠ, ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦʤ ʢ ʦʧʪʠʯʝʩʢʦʡ ʦʩʠ (ɟx) (ʪʘʙʣ. 5.5). ʇʨʠ 

ʵʪʦʤ ʩʪʦʠʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʚʝʣʠʯʠʥʘ ɟ ʚ ʥʘʧʨʘʚʣʝʥʠʷʭ, ʦʪʣʠʯʥʳʭ ʦʪ ʦʧʪʠʯʝʩʢʦʡ 

ʦʩʠ, ʦʧʨʝʜʝʣʷʝʪ ʚʨʘʱʝʥʠʝ ʧʣʦʩʢʦʩʪʠ ʧʦʣʷʨʠʟʘʮʠʠ, ʢʘʢʠʤ ʦʥʦ ʙʳʣʦ ʙʳ ʧʨʠ 

ʦʪʩʫʪʩʪʚʠʠ ʜʚʫʧʨʝʣʦʤʣʝʥʠʷ. ɼʣʷ ʢʨʠʩʪʘʣʣʘ LGS ʠʟʚʝʩʪʥʦ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʝ 

ʟʥʘʯʝʥʠʝ ʵʪʦʡ ʚʝʣʠʯʠʥʳ [42, 140]: ɟx = 7.17 ʛʨʘʜ/ʤʤ ʧʨʠ ɚ = 0.589 ʤʢʤ. 

ʇʦʣʫʯʝʥʥʦʝ ʧʦ WinOptAct ʨʘʩʯʝʪʥʦʝ ʟʥʘʯʝʥʠʝ ɟx = 7.10 ʛʨʘʜ/ʤʤ ʚʧʦʣʥʝ 

ʩʦʛʣʘʩʫʝʪʩʷ ʩ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʤ.  

 




