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ɺʚʝʜʝʥʠʝ 

ɸʢʪʫʘʣʴʥʦʩʪʴ ʪʝʤʳ  

ʄʠʢʨʦʚʦʣʥʦʚʦʝ ʠʟʣʫʯʝʥʠʝ ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʥʘʛʨʝʚʘ ʠ ʜʠʘʛʥʦʩʪʠʢʠ ʧʣʘʟʤʳ ʚ 

ʠʩʩʣʝʜʦʚʘʥʠʷʭ ʫʧʨʘʚʣʷʝʤʦʛʦ ʪʝʨʤʦʷʜʝʨʥʦʛʦ ʩʠʥʪʝʟʘ (ʋʊʉ). ʕʪʦ ʩʚʷʟʘʥʦ ʩ ʫʩʧʝʭʘʤʠ ʚ ʨʘʟʚʠʪʠʠ 

ʤʦʱʥʳʭ ʠʩʪʦʯʥʠʢʦʚ ʤʠʣʣʠʤʝʪʨʦʚʦʛʦ ʠʟʣʫʯʝʥʠʷ (ʛʠʨʦʪʨʦʥʦʚ) [1-3], ʣʠʥʠʡ ʧʝʨʝʜʘʯʠ ʠʟʣʫʯʝʥʠʷ 

[4], ʘ ʪʘʢʞʝ ʢʚʘʟʠʦʧʪʠʯʝʩʢʠʭ ʩʠʩʪʝʤ ʫʧʨʘʚʣʝʥʠʷ ʠʟʣʫʯʝʥʠʝʤ ʚʥʫʪʨʠ ʚʘʢʫʫʤʥʦʡ ʢʘʤʝʨʳ [5, 6]. 

ʅʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʘʷ ʩʭʝʤʘ ʥʘʛʨʝʚʘ ʠʩʧʦʣʴʟʫʝʪ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʝ ʚʦʣʥʳ, 

ʧʦʛʣʦʱʘʶʱʠʝʩʷ ʚ ʫʩʣʦʚʠʷʭ ʵʣʝʢʪʨʦʥʥʦʛʦ ʮʠʢʣʦʪʨʦʥʥʦʛʦ (ʕʎ) ʨʝʟʦʥʘʥʩʘ [7, 8]. ʆʜʥʘʢʦ ʚ 

ʩʦʚʨʝʤʝʥʥʦʤ ʵʢʩʧʝʨʠʤʝʥʪʝ ʚʩʝ ʯʘʱʝ ʩʪʘʣʠ ʨʝʘʣʠʟʦʚʳʚʘʪʴʩʷ ʨʝʞʠʤʳ ʫʜʝʨʞʘʥʠʷ, ʚ ʢʦʪʦʨʳʭ 

ʧʣʦʪʥʦʩʪʴ ʚ ʮʝʥʪʨʘʣʴʥʳʭ ʦʙʣʘʩʪʷʭ ʧʣʘʟʤʝʥʥʦʛʦ ʰʥʫʨʘ ʧʨʝʚʳʰʘʝʪ ʢʨʠʪʠʯʝʩʢʦʝ ʟʥʘʯʝʥʠʝ ʜʣʷ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʭ ʚʦʣʥ. ɺ ʫʩʪʘʥʦʚʢʘʭ ʩ ʤʘʣʳʤ ʘʩʧʝʢʪʥʳʤ ʦʪʥʦʰʝʥʠʝʤ 

(ʩʬʝʨʠʯʝʩʢʠʭ ʪʦʢʘʤʘʢʘʭ) ʨʝʟʦʥʘʥʩʥʦʝ ʧʦʛʣʦʱʝʥʠʝ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʭ ʚʦʣʥ ʤʦʞʝʪ ʪʘʢʞʝ 

ʦʢʘʟʘʪʴʩʷ ʥʝʵʬʬʝʢʪʠʚʥʳʤ, ʧʦʩʢʦʣʴʢʫ ʠʟ-ʟʘ ʥʠʟʢʦʛʦ ʟʥʘʯʝʥʠʷ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʧʦʛʣʦʱʝʥʠʝ 

ʫʜʘʝʪʩʷ ʨʝʘʣʠʟʦʚʘʪʴ ʪʦʣʴʢʦ ʥʘ ʜʦʩʪʘʪʦʯʥʦ ʚʳʩʦʢʠʭ ʮʠʢʣʦʪʨʦʥʥʳʭ ʛʘʨʤʦʥʠʢʘʭ [9]. ʆʜʥʘ ʠʟ 

ʚʦʟʤʦʞʥʦʩʪʝʡ ʧʦ ʧʨʝʦʜʦʣʝʥʠʶ ʫʢʘʟʘʥʥʳʭ ʪʨʫʜʥʦʩʪʝʡ ʩʚʷʟʘʥʘ ʩ ʣʠʥʝʡʥʦʡ ʪʨʘʥʩʬʦʨʤʘʮʠʝʡ 

ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʭ ʚʦʣʥ ʤʠʣʣʠʤʝʪʨʦʚʦʛʦ ʜʠʘʧʘʟʦʥʘ ʚ ʢʚʘʟʠʵʣʝʢʪʨʦʩʪʘʪʠʯʝʩʢʠʝ 

ʙʝʨʥʰʪʝʡʥʦʚʩʢʠʝ ʚʦʣʥʳ [10], ʢʦʪʦʨʳʝ ʩʚʦʙʦʜʥʦ ʨʘʩʧʨʦʩʪʨʘʥʷʶʪʩʷ ʚ ʟʘʢʨʠʪʠʯʝʩʢʦʡ ʧʣʘʟʤʝ ʠ 

ʵʬʬʝʢʪʠʚʥʦ ʧʦʛʣʦʱʘʶʪʩʷ ʧʣʘʟʤʦʡ ʚ ʰʠʨʦʢʦʤ ʜʠʘʧʘʟʦʥʝ ʮʠʢʣʦʪʨʦʥʥʳʭ ʛʘʨʤʦʥʠʢ. ʇʦʩʢʦʣʴʢʫ 

ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʝ ʢʚʘʟʠʵʣʝʢʪʨʦʩʪʘʪʠʯʝʩʢʠʝ ʢʦʣʝʙʘʥʠʷ ʥʝ ʩʫʱʝʩʪʚʫʶʪ ʚ ʚʘʢʫʫʤʝ, ʚʦʟʥʠʢʘʝʪ 

ʦʪʜʝʣʴʥʘʷ ʧʨʦʙʣʝʤʘ ʚʦʟʙʫʞʜʝʥʠʷ ʵʪʠʭ ʢʦʣʝʙʘʥʠʡ ʚʥʝʰʥʠʤ ʠʟʣʫʯʝʥʠʝʤ. ɺ ʵʣʝʢʪʨʦʥʥʦʤ 

ʮʠʢʣʦʪʨʦʥʥʦʤ (ʕʎ) ʜʠʘʧʘʟʦʥʝ ʯʘʩʪʦʪ ʥʘʠʙʦʣʝʝ ʝʩʪʝʩʪʚʝʥʥʳʤ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʚʚʦʜ ʚʥʝʰʥʝʛʦ 

ʠʟʣʫʯʝʥʠʷ ʚ ʧʣʘʟʤʫ ʚ ʚʠʜʝ ʢʚʘʟʠʦʧʪʠʯʝʩʢʦʛʦ ʧʫʯʢʘ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʭ ʚʦʣʥ, ʧʨʠ ʵʪʦʤ 

ʚʦʟʙʫʞʜʝʥʠʝ ʙʝʨʥʰʪʝʡʥʦʚʩʢʠʭ ʚʦʣʥ ʚʦʟʤʦʞʥʦ ʟʘ ʩʯʝʪ ʣʠʥʝʡʥʦʡ ʪʨʘʥʩʬʦʨʤʘʮʠʠ 

ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʭ ʚʦʣʥ ʚ ʥʝʦʜʥʦʨʦʜʥʦʡ ʧʣʘʟʤʝ [11]. 

ʀʟʚʝʩʪʥʦ ʥʝʩʢʦʣʴʢʦ ʩʧʦʩʦʙʦʚ ʨʝʘʣʠʟʘʮʠʠ ʪʘʢʦʡ ʪʨʘʥʩʬʦʨʤʘʮʠʠ ʚ ʪʦʨʦʠʜʘʣʴʥʦʡ ʧʣʘʟʤʝ. 

ʅʘʠʙʦʣʴʰʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʧʦʣʫʯʠʣʘ ʪʘʢ ʥʘʟʳʚʘʝʤʘʷ ʩʭʝʤʘ O-X-B ʪʨʘʥʩʬʦʨʤʘʮʠʠ. ʉʦʛʣʘʩʥʦ 

ʵʪʦʡ ʩʭʝʤʝ, ʧʨʝʜʣʦʞʝʥʥʦʡ ʚ ʨʘʙʦʪʘʭ [12, 13], ʠʟʣʫʯʝʥʠʝ ʚʚʦʜʠʪʩʷ ʚ ʧʣʘʟʤʫ ʩʦ ʩʪʦʨʦʥʳ ʩʣʘʙʦʛʦ 

ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʚ ʚʠʜʝ ʦʙʳʢʥʦʚʝʥʥʦʡ (O) ʚʦʣʥʳ. ʇʦ ʤʝʨʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʚʛʣʫʙʴ ʧʣʘʟʤʳ 

ʠʟʣʫʯʝʥʠʝ ʜʦʩʪʠʛʘʝʪ ʦʢʨʝʩʪʥʦʩʪʠ ʢʨʠʪʠʯʝʩʢʦʡ ʤʘʛʥʠʪʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ, ʥʘ ʢʦʪʦʨʦʡ ʯʘʩʪʦʪʘ 

ʠʟʣʫʯʝʥʠʷ ʨʘʚʥʘ ʵʣʝʢʪʨʦʥʥʦʡ ʧʣʘʟʤʝʥʥʦʡ ʯʘʩʪʦʪʝ. ʇʨʠ çʫʜʘʯʥʦʤè ʚʳʙʦʨʝ ʫʛʣʘ ʤʝʞʜʫ 

ʚʦʣʥʦʚʳʤ ʚʝʢʪʦʨʦʤ ʠ ʥʘʧʨʘʚʣʝʥʠʝʤ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʠʟʣʫʯʝʥʠʝ ʧʨʦʭʦʜʠʪ ʯʝʨʝʟ ʢʨʠʪʠʯʝʩʢʫʶ 

ʧʦʚʝʨʭʥʦʩʪʴ, ʯʘʩʪʠʯʥʦ ʪʨʘʥʩʬʦʨʤʠʨʫʷʩʴ ʧʨʠ ʵʪʦʤ ʚ ʥʝʦʙʳʢʥʦʚʝʥʥʫʶ (X) ʚʦʣʥʫ [14]. ɼʘʣʝʝ ʍ 

ʚʦʣʥʘ ʨʘʩʧʨʦʩʪʨʘʥʷʝʪʩʷ ʚ ʩʪʦʨʦʥʫ ʫʚʝʣʠʯʝʥʠʷ ʢʦʥʮʝʥʪʨʘʮʠʠ ʧʣʘʟʤʳ. ʇʨʠ ʜʦʩʪʠʞʝʥʠʠ 

ʦʧʨʝʜʝʣʝʥʥʦʛʦ ʟʥʘʯʝʥʠʷ ʧʣʦʪʥʦʩʪʠ ʧʣʘʟʤʳ X ʚʦʣʥʘ ʨʘʟʚʦʨʘʯʠʚʘʝʪʩʷ (ʦʪʨʘʞʘʝʪʩʷ) ʠ 
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ʨʘʩʧʨʦʩʪʨʘʥʷʝʪʩʷ ʚ ʦʙʨʘʪʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ ʚ ʩʪʦʨʦʥʫ ʫʤʝʥʴʰʝʥʠʷ ʧʣʦʪʥʦʩʪʠ ʚʧʣʦʪʴ ʜʦ ʦʙʣʘʩʪʠ 

ʚʝʨʭʥʝʛʦ ʛʠʙʨʠʜʥʦʛʦ ʨʝʟʦʥʘʥʩʘ. ɺ ʵʪʦʡ ʦʙʣʘʩʪʠ ʧʨʦʠʩʭʦʜʠʪ ʚʪʦʨʠʯʥʘʷ ʪʨʘʥʩʬʦʨʤʘʮʠʷ X ʚʦʣʥʳ 

ʚ ʵʣʝʢʪʨʦʥʥʫʶ ʙʝʨʥʰʪʝʡʥʦʚʩʢʫʶ (B) ʚʦʣʥʫ. ʇʦʩʣʝ ʢʦʥʚʝʨʩʠʠ ʚ B ʚʦʣʥʫ ʠʟʣʫʯʝʥʠʝ ʩʚʦʙʦʜʥʦ 

ʨʘʩʧʨʦʩʪʨʘʥʷʝʪʩʷ ʚ ʩʪʦʨʦʥʫ ʫʚʝʣʠʯʝʥʠʷ ʥʘʧʨʷʞʝʥʥʦʩʪʠ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ, ʚ ʪʦʤ ʯʠʩʣʝ ʠ ʚ 

ʦʙʣʘʩʪʠ ʟʘʢʨʠʪʠʯʝʩʢʦʡ ʧʣʘʟʤʳ, ʜʦʭʦʜʷ ʜʦ ʦʙʣʘʩʪʠ ʕʎ ʨʝʟʦʥʘʥʩʘ, ʛʜʝ ʧʨʦʠʩʭʦʜʠʪ ʧʦʛʣʦʱʝʥʠʝ 

ʠʟʣʫʯʝʥʠʷ ʠ ʥʘʛʨʝʚ ʧʣʘʟʤʳ. ʇʦʠʩʢ ʦʧʪʠʤʘʣʴʥʦʛʦ ʫʛʣʘ ʚʚʦʜʘ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʛʦ ʠʟʣʫʯʝʥʠʷ ʜʣʷ 

ʨʝʘʣʴʥʳʭ ʫʩʪʘʥʦʚʦʢ ʚʦʟʤʦʞʝʥ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʛʝʦʤʝʪʨʦʦʧʪʠʯʝʩʢʠʭ ʢʦʜʦʚ ʜʣʷ ʨʘʩʯʝʪʘ 

ʪʨʘʝʢʪʦʨʠʡ ʣʫʯʝʡ, ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʭ ʪʝʤ ʠʣʠ ʠʥʳʤ ʦʙʨʘʟʦʤ ʜʣʷ ʫʯʝʪʘ ʵʬʬʝʢʪʘ ʣʠʥʝʡʥʦʡ 

ʪʨʘʥʩʬʦʨʤʘʮʠʠ ʚʦʣʥ.  

ɼʘʥʥʘʷ ʩʭʝʤʘ ʥʘʛʨʝʚʘ ʧʣʘʟʤʳ ʙʳʣʘ ʨʝʘʣʠʟʦʚʘʥʘ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʥʘ ʪʘʢʠʭ ʫʩʪʘʥʦʚʢʘʭ, 

ʢʘʢ Wendelstein 7-AS [15-17], MAST [9, 18-20], TCV [21, 22], WEGA [23], LHD [24] ʠ ʜʨʫʛʠʭ. 

ʇʨʠ ʵʪʦʤ ʠʟʤʝʨʝʥʥʘʷ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʵʬʬʝʢʪʠʚʥʦʩʪʴ O-X-B ʥʘʛʨʝʚʘ ʚʦ ʚʩʝʭ ʩʣʫʯʘʷʭ 

ʦʢʘʟʘʣʘʩʴ ʟʥʘʯʠʪʝʣʴʥʦ ʥʠʞʝ ʧʨʝʜʩʢʘʟʘʥʥʦʡ, ʠ ʵʪʦ ʜʘʣʦ ʠʤʧʫʣʴʩ ʢ ʙʦʣʝʝ ʜʝʪʘʣʴʥʳʤ 

ʪʝʦʨʝʪʠʯʝʩʢʠʤ ʠʩʩʣʝʜʦʚʘʥʠʷʤ.  

ʕʬʬʝʢʪʠʚʥʦʩʪʴ O-X-B ʢʦʥʚʝʨʩʠʠ ʚ ʟʥʘʯʠʪʝʣʴʥʦʡ ʩʪʝʧʝʥʠ ʦʧʨʝʜʝʣʷʝʪʩʷ ʵʬʬʝʢʪʠʚʥʦʩʪʴʶ 

ʝʛʦ ʧʝʨʚʦʡ ʩʪʘʜʠʠ (O-X ʪʨʘʥʩʬʦʨʤʘʮʠʝʡ), ʧʦʩʢʦʣʴʢʫ ʧʦʩʣʝ ʥʝʸ ʚʦʣʥʘ ʦʢʘʟʳʚʘʝʪʩʷ ʵʬʬʝʢʪʠʚʥʦ 

ʟʘʧʝʨʪʘ ʚ ʧʣʦʪʥʦʡ ʧʣʘʟʤʝ [25] (ʚ ʥʝʢʦʪʦʨʳʭ ʩʣʫʯʘʷʭ ʥʝʙʦʣʴʰʘʷ ʜʦʣʷ ʤʦʱʥʦʩʪʠ ʤʦʞʝʪ ʚʳʭʦʜʠʪʴ 

ʚ ʚʠʜʝ ʥʠʟʢʦʯʘʩʪʦʪʥʦʛʦ ʠʟʣʫʯʝʥʠʷ ʟʘ ʩʯʝʪ ʧʘʨʘʤʝʪʨʠʯʝʩʢʦʛʦ ʨʘʩʧʘʜʘ ʚʙʣʠʟʠ ʚʝʨʭʥʝʛʦ 

ʛʠʙʨʠʜʥʦʛʦ ʨʝʟʦʥʘʥʩʘ [26]). ɺ ʩʘʤʦʡ ʦʙʣʘʩʪʠ O-X ʪʨʘʥʩʬʦʨʤʘʮʠʠ ʚʣʠʷʥʠʝ ʥʝʣʠʥʝʡʥʳʭ 

ʵʬʬʝʢʪʦʚ ʧʨʝʥʝʙʨʝʞʠʤʦ ʤʘʣʦ: ʜʣʷ ʪʠʧʠʯʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʠʟʣʫʯʝʥʠʷ ʤʦʞʥʦ ʧʦʢʘʟʘʪʴ, ʯʪʦ 

ʵʥʝʨʛʠʷ ʦʩʮʠʣʣʷʮʠʡ ʵʣʝʢʪʨʦʥʘ ʚ ʧʦʣʝ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʡ ʚʦʣʥʳ ʩʦʩʪʘʚʠʪ ʧʦʨʷʜʢʘ 0,1 ʵɺ, ʯʪʦ 

ʟʥʘʯʠʪʝʣʴʥʦ ʤʝʥʴʰʝ ʭʘʨʘʢʪʝʨʥʳʭ ʪʝʤʧʝʨʘʪʫʨ ʚ ʪʝʨʤʦʷʜʝʨʥʦʡ ʧʣʘʟʤʝ. ʉʦʦʪʚʝʪʩʪʚʝʥʥʦ O-X 

ʢʦʥʚʝʨʩʠʷ ʠʩʩʣʝʜʦʚʘʣʘʩʴ ʛʣʘʚʥʳʤ ʦʙʨʘʟʦʤ ʢʘʢ ʣʠʥʝʡʥʳʡ ʧʨʦʮʝʩʩ, ʟʘʚʠʩʷʱʠʡ ʦʪ ʨʘʩʧʨʝʜʝʣʝʥʠʷ 

ʫʩʨʝʜʥʝʥʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʣʘʟʤʳ ʠ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ, ʘ ʪʘʢʞʝ ʬʣʫʢʪʫʘʮʠʡ ʧʣʦʪʥʦʩʪʠ ʧʣʘʟʤʳ. 

ʊʨʘʜʠʮʠʦʥʥʦ O-X ʪʨʘʥʩʬʦʨʤʘʮʠʷ ʨʘʩʩʤʘʪʨʠʚʘʣʘʩʴ ʚ ʨʘʤʢʘʭ ʧʣʦʩʢʦʩʣʦʠʩʪʦʛʦ 

ʧʨʠʙʣʠʞʝʥʠʷ, ʚ ʨʘʤʢʘʭ ʢʦʪʦʨʦʛʦ ʩʯʠʪʘʣʦʩʴ, ʯʪʦ ʢʦʥʮʝʥʪʨʘʮʠʷ ʧʣʘʟʤʳ ʠ ʤʘʛʥʠʪʥʦʝ ʧʦʣʝ 

ʜʝʪʝʨʤʠʥʠʨʦʚʘʥʳ ʠ ʤʝʥʷʶʪʩʷ ʪʦʣʴʢʦ ʚʜʦʣʴ ʦʜʥʦʛʦ ʥʘʧʨʘʚʣʝʥʠʷ. ɹʦʣʴʰʠʥʩʪʚʦ ʨʘʙʦʪ ʩʯʠʪʘʣʦ 

ʧʨʠ ʵʪʦʤ ʥʘʧʨʘʚʣʝʥʠʝ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʧʦʩʪʦʷʥʥʳʤ [12-14, 27-31], ʦʜʥʘʢʦ ʚ ʨʘʙʦʪʝ [32] ʪʘʢʞʝ 

ʫʯʠʪʳʚʘʣʦʩʴ ʠ ʝʛʦ ʢʨʫʯʝʥʠʝ, ʠ ʙʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʦʥʦ ʚʥʦʩʠʪ ʜʦʚʦʣʴʥʦ ʥʝʙʦʣʴʰʠʝ ʧʦʧʨʘʚʢʠ. 

ɿʘʪʝʤ ʚ ʨʘʙʦʪʝ [33] ʙʳʣʦ ʟʘʤʝʯʝʥʦ, ʯʪʦ ʚ ʪʦʨʦʠʜʘʣʴʥʳʭ ʣʦʚʫʰʢʘʭ ʛʨʘʜʠʝʥʪʳ ʧʣʦʪʥʦʩʪʠ ʧʣʘʟʤʳ 

ʠ ʤʦʜʫʣʷ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʚ ʦʙʱʝʤ ʩʣʫʯʘʝ ʥʝ ʧʘʨʘʣʣʝʣʴʥʳ, ʠ ʧʦʵʪʦʤʫ ʥʫʞʥʦ ʫʯʠʪʳʚʘʪʴ 

ʜʚʫʤʝʨʥʫʶ ʥʝʦʜʥʦʨʦʜʥʦʩʪʴ ʩʨʝʜʳ. ʕʪʘ ʧʨʦʛʨʘʤʤʘ ʙʳʣʘ ʚʳʧʦʣʥʝʥʘ ʚ ʨʘʙʦʪʘʭ [34-37]. ɹʳʣʦ 

ʦʙʥʘʨʫʞʝʥʦ, ʯʪʦ ʚ ʜʚʫʤʝʨʥʦ ʥʝʦʜʥʦʨʦʜʥʦʡ ʩʨʝʜʝ ʧʨʠ ʣʠʥʝʡʥʦʤ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʚʦʣʥ 

ʧʦʷʚʣʷʶʪʩʷ ʢʘʯʝʩʪʚʝʥʥʦ ʥʦʚʳʝ ʵʬʬʝʢʪʳ, ʥʘʠʙʦʣʝʝ ʚʘʞʥʳʤ ʠʟ ʢʦʪʦʨʳʭ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʧʨʘʢʪʠʢʠ 

ʷʚʣʷʝʪʩʷ ʩʫʱʝʩʪʚʦʚʘʥʠʝ ʧʦʣʥʦʩʪʴʶ ʪʨʘʥʩʬʦʨʤʠʨʫʶʱʝʛʦʩʷ ʧʫʯʢʘ ʩ ʢʦʥʝʯʥʦʡ ʘʧʝʨʪʫʨʦʡ [38]. 
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ʅʦʚʳʝ ʢʘʯʝʩʪʚʝʥʥʳʝ ʩʚʦʡʩʪʚʘ O-X ʪʨʘʥʩʬʦʨʤʘʮʠʠ ʚ ʜʚʫʤʝʨʥʦ-ʥʝʦʜʥʦʨʦʜʥʳʭ ʩʨʝʜʘʭ ʪʘʢʞʝ 

ʙʳʣʠ ʧʦʜʪʚʝʨʞʜʝʥʳ ʧʦʣʥʦʚʦʣʥʦʚʳʤ ʯʠʩʣʝʥʥʳʤ ʤʦʜʝʣʠʨʦʚʘʥʠʝʤ [39]. ʉʦʦʪʚʝʪʩʪʚʝʥʥʦ, 

ʧʦʩʣʝʜʫʶʱʠʝ ʨʘʙʦʪʳ ʧʨʝʜʣʘʛʘʣʠ ʝʱʝ ʙʦʣʝʝ ʘʢʢʫʨʘʪʥʦʝ ʦʧʠʩʘʥʠʝ ʧʣʘʟʤʳ ʠ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ: ʚ 

ʨʘʙʦʪʝ [40] ʫʯʠʪʳʚʘʣʘʩʴ ʥʝʦʜʥʦʨʦʜʥʦʩʪʴ ʤʦʜʫʣʷ ʤʘʛʥʠʪʥʦʛʦ ʚʜʦʣʴ ʤʘʛʥʠʪʥʦʡ ʣʠʥʠʠ, ʘ ʚ 

ʨʘʙʦʪʘʭ [41, 42] ʦʧʠʩʳʚʘʣʘʩʴ ʩʨʝʜʘ ʩ ʧʨʦʠʟʚʦʣʴʥʦʡ ʪʨʝʭʤʝʨʥʦʡ ʥʝʦʜʥʦʨʦʜʥʦʩʪʴʶ ʤʦʜʫʣʷ ʠ 

ʥʘʧʨʘʚʣʝʥʠʷ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ. ʆʜʥʘʢʦ ʚ ʪʦ ʞʝ ʚʨʝʤʷ ʧʨʘʢʪʠʯʝʩʢʠ ʚʦ ʚʩʝʭ ʨʘʙʦʪʘʭ 

ʠʛʥʦʨʠʨʦʚʘʣʘʩʴ ʢʨʠʚʠʟʥʘ ʤʘʛʥʠʪʥʳʭ ʧʦʚʝʨʭʥʦʩʪʝʡ, ʭʦʪʷ ʝʸ ʩʫʱʝʩʪʚʝʥʥʦʝ ʚʣʠʷʥʠʝ ʥʘ 

ʵʬʬʝʢʪʠʚʥʦʩʪʴ O-X ʪʨʘʥʩʬʦʨʤʘʮʠʠ ʙʳʣʦ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʥʦ ʚ ʧʦʣʥʦʚʦʣʥʦʚʦʤ 

ʤʦʜʝʣʠʨʦʚʘʥʠʠ [43].  

ʏʪʦ ʢʘʩʘʝʪʩʷ ʬʣʫʢʪʫʘʮʠʡ, ʪʦ ʧʝʨʚʦʥʘʯʘʣʴʥʦ ʠʭ ʚʣʠʷʥʠʝ ʙʳʣʦ ʦʧʠʩʘʥʦ ʚ ʨʘʙʦʪʝ [15] ʜʣʷ 

ʦʙʲʷʩʥʝʥʠʷ ʥʘʙʣʶʜʘʚʰʝʡʩʷ ʚ ʵʢʩʧʝʨʠʤʝʥʪʝ ʥʠʟʢʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ O-X-B ʥʘʛʨʝʚʘ, ʦʜʥʘʢʦ ʚ 

ʥʝʜʘʚʥʝʡ ʨʘʙʦʪʝ [44] ʚ ʨʘʤʢʘʭ ʙʦʣʝʝ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʛʦ ʧʦʜʭʦʜʘ ʨʦʣʴ ʬʣʫʢʪʫʘʮʠʡ ʙʳʣʘ 

ʧʦʣʥʦʩʪʴʶ ʧʝʨʝʩʤʦʪʨʝʥʘ. ɹʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʨʘʩʩʤʦʪʨʝʥʥʳʡ ʚ [15] ʤʝʭʘʥʠʟʤ ʚʣʠʷʥʠʷ 

ʬʣʫʢʪʫʘʮʠʡ ʧʣʦʪʥʦʩʪʠ ʧʣʘʟʤʳ ʥʘ ʣʠʥʝʡʥʦʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʚʦʣʥ ʥʝ ʤʦʞʝʪ ʩʫʱʝʩʪʚʝʥʥʦ ʤʝʥʷʪʴ 

ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʪʨʘʥʩʬʦʨʤʘʮʠʠ ʚ ʩʦʚʨʝʤʝʥʥʳʭ ʫʩʪʘʥʦʚʢʘʭ, ʥʦ ʚ ʪʦ ʞʝ ʚʨʝʤʷ ʙʳʣʠ ʦʙʦʟʥʘʯʝʥʳ ʠ 

ʥʦʚʳʝ ʤʝʭʘʥʠʟʤʳ, ʨʦʣʴ ʢʦʪʦʨʳʭ ʝʱʝ ʧʨʝʜʩʪʦʠʪ ʚʳʷʩʥʠʪʴ. ɸʥʘʣʦʛʠʯʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʪʘʢʞʝ ʙʳʣʠ 

ʥʝʟʘʚʠʩʠʤʦ ʧʦʣʫʯʝʥʳ ʚ [45]. 

ɺ ʢʦʥʝʯʥʦʤ ʠʪʦʛʝ, ʥʝʩʤʦʪʨʷ ʥʘ ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʨʘʙʦʪ ʧʦ ʪʝʤʝ, ʧʦʣʥʘʷ ʢʦʣʠʯʝʩʪʚʝʥʥʘʷ 

ʪʝʦʨʠʷ, ʦʙʲʷʩʥʷʶʱʘʷ ʧʦʣʫʯʝʥʥʳʝ ʚ ʭʦʜʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʢʘʤʧʘʥʠʡ ʜʘʥʥʳʝ, ʦʪʩʫʪʩʪʚʫʝʪ. 

ʆʪʜʝʣʴʥʳʡ ʠʥʪʝʨʝʩ ʧʨʝʜʩʪʘʚʣʷʝʪ ʪʘʢʞʝ ʧʨʠʤʝʥʝʥʠʝ ʕʎ ʥʘʛʨʝʚʘ ʚ ʦʪʢʨʳʪʳʭ ʤʘʛʥʠʪʥʳʭ 

ʣʦʚʫʰʢʘʭ, ʢʦʪʦʨʦʝ ʜʦ ʥʝʜʘʚʥʝʛʦ ʚʨʝʤʝʥʠ ʙʳʣʦ ʦʛʨʘʥʠʯʝʥʦ ʣʠʙʦ ʦʪʥʦʩʠʪʝʣʴʥʦ ʢʦʤʧʘʢʪʥʳʤʠ 

ʣʘʙʦʨʘʪʦʨʥʳʤʠ ʫʩʪʘʥʦʚʢʘʤʠ, ʪʘʢʠʤʠ ʢʘʢ OGRA-4 [46], SMIS 37 [47-49], A-PHOENIX [50], 

SEISM [51], ʣʠʙʦ ʟʘʜʘʯʘʤʠ ʄɻɼ-ʩʪʘʙʠʣʠʟʘʮʠʠ ʠ ʛʝʥʝʨʘʮʠʠ ʙʳʩʪʨʳʭ ʵʣʝʢʪʨʦʥʦʚ ʚ ʧʣʘʟʤʝ 

ʜʦʩʪʘʪʦʯʥʦ ʥʠʟʢʦʡ ʧʣʦʪʥʦʩʪʠ, ʧʨʝʞʜʝ ʚʩʝʛʦ, ʥʘ ʫʩʪʘʥʦʚʢʝ GAMMA -10 [52-55]. ɽʜʠʥʩʪʚʝʥʥʦʝ 

ʠʩʢʣʶʯʝʥʠʝ ï ʵʪʦ ʧʨʦʚʝʜʝʥʥʘʷ ʚ ʢʦʥʮʝ 1980-ʭ ʩʝʨʠʷ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʥʘ ʫʩʪʘʥʦʚʢʝ TMX-U ʚ 

ʃʠʚʝʨʤʦʨʝ, ʚ ʢʦʪʦʨʦʡ ʕʎ ʥʘʛʨʝʚ ʧʦʟʚʦʣʠʣ ʜʦʩʪʠʯʴ ʥʘʠʙʦʣʴʰʝʡ ʥʘ ʪʦʪ ʤʦʤʝʥʪ ʪʝʤʧʝʨʘʪʫʨʳ 

ʵʣʝʢʪʨʦʥʦʚ 280 ʵɺ ʚ ʦʪʥʦʩʠʪʝʣʴʥʦ ʧʣʦʪʥʦʡ ʧʣʘʟʤʝ [56].  

ɺʤʝʩʪʝ ʩ ʪʝʤ, ʠʤʝʥʥʦ ʜʣʷ ʧʣʦʪʥʦʡ ʧʣʘʟʤʳ ʥʘ ʢʨʫʧʥʦʤʘʩʰʪʘʙʥʦʤ ʧʣʘʟʤʝʥʥʦʤ ʩʪʝʥʜʝ ɻɼʃ 

(ʛʘʟʦʜʠʥʘʤʠʯʝʩʢʘʷ ʣʦʚʫʰʢʘ) ʚ ʀʥʩʪʠʪʫʪʝ ʷʜʝʨʥʦʡ ʬʠʟʠʢʠ ʠʤ. ɻ.ʀ.ɹʫʜʢʝʨʘ ʧʨʷʤʦʡ ʕʎʈ ʥʘʛʨʝʚ 

ʵʣʝʢʪʨʦʥʥʦʡ ʢʦʤʧʦʥʝʥʪʳ ʦʙʝʩʧʝʯʠʣ ʜʦʩʪʠʞʝʥʠʝ ʨʝʢʦʨʜʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʫʜʝʨʞʘʥʠʷ [57]. 

ʋʩʧʝʰʥʳʡ ʵʢʩʧʝʨʠʤʝʥʪ ʧʦ ʢʦʤʙʠʥʠʨʦʚʘʥʥʦʤʫ ʥʘʛʨʝʚʫ ʧʣʘʟʤʳ ʥʝʡʪʨʘʣʴʥʳʤʠ ʧʫʯʢʘʤʠ ʠ ʉɺʏ 

ʠʟʣʫʯʝʥʠʝʤ ʥʘ ʫʩʪʘʥʦʚʢʝ ɻɼʃ ʦʧʠʩʘʥ ʚ ʨʘʙʦʪʘʭ [58-60]. ɺ ʨʝʟʫʣʴʪʘʪʝ ʵʪʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ 

ʚʧʝʨʚʳʝ ʙʳʣʘ ʜʦʩʪʘʪʦʯʥʦ ʫʙʝʜʠʪʝʣʴʥʦ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʥʘ ʧʝʨʩʧʝʢʪʠʚʥʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 

ʤʘʛʥʠʪʥʳʭ ʣʦʚʫʰʝʢ ʦʪʢʨʳʪʦʛʦ ʪʠʧʘ ʩ ʦʩʝʩʠʤʤʝʪʨʠʯʥʦʡ ʢʦʥʬʠʛʫʨʘʮʠʝʡ ʚ ʢʘʯʝʩʪʚʝ ʤʦʱʥʳʭ 

ʥʝʡʪʨʦʥʥʳʭ ʠʩʪʦʯʥʠʢʦʚ ʜʣʷ ʪʝʨʤʦʷʜʝʨʥʳʭ ʧʨʠʣʦʞʝʥʠʡ [61]. 
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ʈʝʘʣʠʟʘʮʠʷ ʵʬʬʝʢʪʠʚʥʦʛʦ ʕʎ ʥʘʛʨʝʚʘ ʧʣʦʪʥʦʡ ʧʣʘʟʤʳ ʚ ʜʦʩʪʘʪʦʯʥʦ ʙʦʣʴʰʦʡ ʦʪʢʨʳʪʦʡ 

ʣʦʚʫʰʢʝ ʪʨʝʙʫʝʪ ʥʝʢʦʪʦʨʦʛʦ ʧʝʨʝʩʤʦʪʨʘ ʩʣʦʞʠʚʰʠʭʩʷ ʧʨʝʜʩʪʘʚʣʝʥʠʡ ʢʘʢ ʦ ʬʠʟʠʢʝ 

ʮʠʢʣʦʪʨʦʥʥʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ, ʪʘʢ ʠ ʦ ʧʦʩʣʝʜʫʶʱʝʤ ʪʨʘʥʩʧʦʨʪʝ ʵʥʝʨʛʠʠ ʠ ʩʪʘʙʠʣʠʟʘʮʠʠ 

ʧʣʘʟʤʝʥʥʦʛʦ ʰʥʫʨʘ, ʧʦʩʢʦʣʴʢʫ ʥʠ ʦʜʥʘ ʠʟ ʠʩʧʦʣʴʟʫʝʤʳʭ ʥʘ ʧʨʘʢʪʠʢʝ ʩʭʝʤ ʥʘʛʨʝʚʘ 

ʪʦʨʦʠʜʘʣʴʥʦʡ ʧʣʘʟʤʳ ʥʝ ʨʘʙʦʪʘʝʪ ʚ ʵʪʦʤ ʩʣʫʯʘʝ [62]. ɺʘʞʥʫʶ ʨʦʣʴ ʧʨʠ ʵʪʦʤ ʠʛʨʘʶʪ ʤʝʪʦʜʳ 

ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʠ ʧʦʛʣʦʱʝʥʠʷ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʭ ʚʦʣʥ ʚ ʥʝʦʜʥʦʨʦʜʥʦʡ ʧʣʘʟʤʝ 

ʣʦʚʫʰʢʠ. ɼʦ ʥʝʜʘʚʥʝʛʦ ʚʨʝʤʝʥʠ ʪʘʢʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʧʨʦʚʦʜʠʣʦʩʴ ʠʩʢʣʶʯʠʪʝʣʴʥʦ ʚ ʨʘʤʢʘʭ 

ʧʨʠʙʣʠʞʝʥʠʷ ʛʝʦʤʝʪʨʠʯʝʩʢʦʡ ʦʧʪʠʢʠ ʤʝʪʦʜʦʤ ʪʨʘʩʩʠʨʦʚʢʠ ʣʫʯʝʡ. ɺ ʯʘʩʪʥʦʩʪʠ, ʠʤʝʥʥʦ ʪʘʢʠʤ 

ʩʧʦʩʦʙʦʤ ʙʳʣʘ ʦʙʦʩʥʦʚʘʥʘ ʦʩʥʦʚʥʘʷ ʩʭʝʤʘ ʕʎ ʥʘʛʨʝʚʘ, ʠʩʧʦʣʴʟʫʝʤʘʷ ʚ ɻɼʃ [62, 63]. ʆʜʥʘʢʦ ʚ 

ʵʪʦʡ ʩʭʝʤʝ ʚʦʟʥʠʢʘʶʪ ʦʙʣʘʩʪʠ ʦʪʨʘʞʝʥʠʷ ʠ ʧʦʛʣʦʱʝʥʠʷ ʚʦʣʥ, ʚ ʢʦʪʦʨʳʭ ʩʨʝʜʘ ʧʝʨʝʩʪʘʝʪ ʙʳʪʴ 

ʧʣʘʚʥʦʥʝʦʜʥʦʨʦʜʥʦʡ, ʧʦʵʪʦʤʫ ʜʝʪʘʣʴʥʦʝ ʧʦʥʠʤʘʥʠʝ ʬʠʟʠʢʠ ʧʨʦʠʩʭʦʜʷʱʠʭ ʧʨʦʮʝʩʩʦʚ ʪʨʝʙʫʝʪ 

ʚʳʭʦʜʘ ʟʘ ʨʘʤʢʠ ʛʝʦʤʝʪʨʦʦʧʪʠʯʝʩʢʦʛʦ ʧʨʠʙʣʠʞʝʥʠʷ. 

ʆʩʥʦʚʥʳʝ ʵʬʬʝʢʪʳ, ʧʨʠʚʦʜʷʱʠʝ ʢ ʥʘʨʫʰʝʥʠʶ ʧʨʠʙʣʠʞʝʥʠʷ ʛʝʦʤʝʪʨʠʯʝʩʢʦʡ ʦʧʪʠʢʠ ï ʵʪʦ 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʘʷ ʜʠʩʧʝʨʩʠʷ ʚ ʩʠʣʴʥʦ ʥʝʦʜʥʦʨʦʜʥʦʡ ʦʙʣʘʩʪʠ ʨʝʟʦʥʘʥʩʥʦʛʦ ʧʦʛʣʦʱʝʥʠʷ, 

ʜʠʬʨʘʢʮʠʦʥʥʦʝ ʨʘʩʧʣʳʚʘʥʠʝ ʚʦʣʥʦʚʦʛʦ ʧʫʯʢʘ ʠ ʬʦʨʤʠʨʦʚʘʥʠʝ ʢʘʫʩʪʠʢ ʚ ʦʢʨʝʩʪʥʦʩʪʠ ʪʦʯʝʢ 

ʧʦʣʥʦʛʦ ʚʥʫʪʨʝʥʥʝʛʦ ʦʪʨʘʞʝʥʠʷ. ʇʨʷʤʦʡ ʫʯʝʪ ʵʪʠʭ ʵʬʬʝʢʪʦʚ ʚ ʨʘʤʢʘʭ ʧʦʣʥʦʡ ʩʠʩʪʝʤʳ 

ʫʨʘʚʥʝʥʠʡ ʄʘʢʩʚʝʣʣʘ ʩʣʦʞʝʥ, ʚ ʯʘʩʪʥʦʩʪʠ, ʠʟ-ʟʘ ʤʘʣʦʡ ʜʣʠʥʳ ʚʦʣʥʳ ʠʟʣʫʯʝʥʠʷ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ 

ʨʘʟʤʝʨʘʤʠ ʫʩʪʘʥʦʚʢʠ. ʍʦʨʦʰʝʡ ʘʣʴʪʝʨʥʘʪʠʚʦʡ ʵʪʦʤʫ ʧʦʜʭʦʜʫ ʷʚʣʷʝʪʩʷ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʡ 

ʢʚʘʟʠʦʧʪʠʯʝʩʢʠʡ ʧʦʜʭʦʜ, ʦʩʥʦʚʘʥʥʳʡ ʥʘ ʘʩʠʤʧʪʦʪʠʯʝʩʢʦʤ ʨʘʟʣʦʞʝʥʠʠ ʫʨʘʚʥʝʥʠʡ ʄʘʢʩʚʝʣʣʘ ʚ 

ʧʘʨʘʢʩʠʘʣʴʥʦʤ ʧʨʠʙʣʠʞʝʥʠʠ ʚ ʦʢʨʝʩʪʥʦʩʪʠ ʚʳʜʝʣʝʥʥʦʡ ɺʂɹ ʤʦʜʳ [64, 65]. ʀʩʧʦʣʴʟʦʚʘʥʠʝ 

ʢʚʘʟʠʦʧʪʠʯʝʩʢʠʭ ʤʝʪʦʜʦʚ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʧʦʟʚʦʣʷʝʪ ʪʦʯʥʝʝ ʧʨʝʜʩʢʘʟʳʚʘʪʴ ʨʘʩʧʨʝʜʝʣʝʥʠʝ 

ʧʦʛʣʦʱʝʥʥʦʡ ʉɺʏ ʤʦʱʥʦʩʪʠ ʠ ʦʧʪʠʤʠʟʠʨʦʚʘʪʴ ʩʮʝʥʘʨʠʠ ʕʎ ʥʘʛʨʝʚʘ ʚ ʦʪʢʨʳʪʳʭ ʤʘʛʥʠʪʥʳʭ 

ʣʦʚʫʰʢʘʭ. 

 

ʎʝʣʴ ʠ ʟʘʜʘʯʠ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʡ ʨʘʙʦʪʳ 

ʎʝʣʴʶ ʥʘʩʪʦʷʱʝʡ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʡ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʠʩʩʣʝʜʦʚʘʥʠʝ ʥʦʚʳʭ ʚʦʟʤʦʞʥʦʩʪʝʡ 

ʜʣʷ ʉɺʏ ʥʘʛʨʝʚʘ ʧʣʦʪʥʦʡ ʧʣʘʟʤʳ ʚ ʩʠʩʪʝʤʘʭ ʩ ʤʘʛʥʠʪʥʳʤ ʫʜʝʨʞʘʥʠʝʤ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʢʚʘʟʠʦʧʪʠʯʝʩʢʠʭ ʚʦʣʥʦʚʳʭ ʧʫʯʢʦʚ ʤʠʣʣʠʤʝʪʨʦʚʦʛʦ ʜʠʘʧʘʟʦʥʘ ʜʣʠʥ ʚʦʣʥ. ʎʝʣʴʶ ʠ 

ʘʢʪʫʘʣʴʥʦʩʪʴʶ ʪʝʤʳ ʦʙʫʩʣʦʚʣʝʥʳ ʩʣʝʜʫʶʱʠʝ ʟʘʜʘʯʠ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʡ ʨʘʙʦʪʳ: 

1. ʇʦʩʪʨʦʝʥʠʝ ʪʝʦʨʠʠ ʣʠʥʝʡʥʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʚʦʣʥʦʚʳʭ ʧʫʯʢʦʚ ʩ ʫʯʝʪʦʤ 

ʦʩʦʙʝʥʥʦʩʪʝʡ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʧʣʘʟʤʳ ʠ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʚ ʪʦʨʦʠʜʘʣʴʥʳʭ ʤʘʛʥʠʪʥʳʭ 

ʣʦʚʫʰʢʘʭ. 

2. ʀʩʩʣʝʜʦʚʘʥʠʝ ʚʣʠʷʥʠʷ ʬʣʫʢʪʫʘʮʠʡ ʧʣʦʪʥʦʩʪʠ ʥʘ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ 

ʚʦʣʥʦʚʳʭ ʧʫʯʢʦʚ ʚ ʤʘʛʥʠʪʦʘʢʪʠʚʥʦʡ ʧʣʘʟʤʝ. 
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3. ʈʘʟʚʠʪʠʝ ʩʨʝʜʩʪʚ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʚʦʣʥʦʚʳʭ ʧʫʯʢʦʚ ʚ ʧʣʦʪʥʦʡ ʧʣʘʟʤʝ 

ʦʪʨʳʪʦʡ ʤʘʛʥʠʪʥʦʡ ʣʦʚʫʰʢʠ, ʧʦʟʚʦʣʷʶʱʠʭ ʢʦʨʨʝʢʪʥʦ ʫʯʠʪʳʚʘʪ ɹʚʣʠʷʥʠʝ ʩʠʣʴʥʦʡ 

ʨʝʬʨʘʢʮʠʠ, ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʜʠʩʧʝʨʩʠʠ ʠ ʨʝʟʦʥʘʥʩʥʦʛʦ ʧʦʛʣʦʱʝʥʠʷ. 

 

ʅʘʫʯʥʘʷ ʥʦʚʠʟʥʘ ʧʨʦʚʝʜʝʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ 

1. ʈʝʰʝʥʘ ʥʦʚʘʷ ʤʦʜʝʣʴʥʘʷ ʟʘʜʘʯʘ ʚ ʪʝʦʨʠʠ ʣʠʥʝʡʥʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʦʙʳʢʥʦʚʝʥʥʦʡ ʠ 

ʥʝʦʙʳʢʥʦʚʝʥʥʦʡ ʚʦʣʥ ʕʎ ʜʠʘʧʘʟʦʥʘ ʯʘʩʪʦʪ ʚ ʥʝʦʜʥʦʨʦʜʥʦʡ ʤʘʛʥʠʪʦʘʢʪʠʚʥʦʡ ʧʣʘʟʤʝ ʚ 

ʦʢʨʝʩʪʥʦʩʪʠ ʧʦʚʝʨʭʥʦʩʪʠ ʢʨʠʪʠʯʝʩʢʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ, ʫʯʠʪʳʚʘʶʱʘʷ ʛʣʦʙʘʣʴʥʫʶ 

ʪʦʨʦʠʜʘʣʴʥʫʶ ʛʝʦʤʝʪʨʠʶ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʠ ʧʣʘʟʤʳ. ʇʦʣʫʯʝʥʘ ʩʠʩʪʝʤʘ ʵʪʘʣʦʥʥʳʭ 

ʫʨʘʚʥʝʥʠʡ ʠ ʝʸ ʨʝʰʝʥʠʝ, ʫʯʠʪʳʚʘʶʱʝʝ ʚʣʠʷʥʠʝ ʭʘʨʘʢʪʝʨʥʦʡ ʜʣʷ ʪʦʢʘʤʘʢʘ 

ʥʝʦʜʥʦʨʦʜʥʦʩʪʠ ʧʣʘʟʤʳ ï ʢʨʠʚʠʟʥʳ ʩʠʣʦʚʳʭ ʣʠʥʠʡ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ, ʥʝʦʜʥʦʨʦʜʥʦʩʪʠ 

ʥʘʧʨʷʞʝʥʥʦʩʪʠ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʠ ʧʦʩʪʦʷʥʩʪʚʘ ʜʘʚʣʝʥʠʷ ʧʣʘʟʤʳ ʥʘ ʤʘʛʥʠʪʥʳʭ 

ʧʦʚʝʨʭʥʦʩʪʷʭ. 

2. ɹʳʣ ʦʙʥʘʨʫʞʝʥ ʥʦʚʳʡ ʵʬʬʝʢʪ, ʩʠʣʴʥʦ ʚʣʠʷʶʱʠʡ ʥʘ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʣʠʥʝʡʥʦʡ 

ʪʨʘʥʩʬʦʨʤʘʮʠʠ ʥʦʨʤʘʣʴʥʳʭ ʚʦʣʥ ʕʎ ʜʠʘʧʘʟʦʥʘ ʯʘʩʪʦʪ ʚ ʥʝʦʜʥʦʨʦʜʥʦʡ 

ʤʘʛʥʠʪʦʘʢʪʠʚʥʦʡ ʧʣʘʟʤʝ. ʕʬʬʝʢʪʠʚʥʦʩʪʴ ʪʨʘʥʩʬʦʨʤʘʮʠʠ ʩʫʱʝʩʪʚʝʥʥʦ ʩʥʠʞʘʝʪʩʷ, 

ʝʩʣʠ ʧʦʚʝʨʭʥʦʩʪʴ ʬʘʟʦʚʦʛʦ ʬʨʦʥʪʘ ʤʝʜʣʝʥʥʦʡ ʦʛʠʙʘʶʱʝʡ ʚʦʣʥʦʚʦʛʦ ʧʫʯʢʘ ʦʪʣʠʯʘʝʪʩʷ 

ʦʪ ʦʧʪʠʤʘʣʴʥʦʡ, ʢʦʪʦʨʘʷ ʚ ʫʩʪʘʥʦʚʢʘʭ ʩ ʙʦʣʴʰʠʤ ʘʩʧʝʢʪʥʳʤ ʦʪʥʦʰʝʥʠʝʤ ʩ ʚʳʩʦʢʦʡ 

ʪʦʯʥʦʩʪʴʶ ʩʦʚʧʘʜʘʝʪ ʩ ʧʦʚʝʨʭʥʦʩʪʴʶ ʢʨʠʪʠʯʝʩʢʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ. ʕʪʦʪ ʵʬʬʝʢʪ ʤʦʞʝʪ 

ʦʙʲʷʩʥʠʪʴ ʥʠʟʢʫʶ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʥʘʛʨʝʚʘ ʟʘʢʨʠʪʠʯʝʩʢʦʡ ʧʣʘʟʤʳ ʚ ʪʦʢʘʤʘʢʘʭ ʠ 

ʩʪʝʣʣʘʨʘʪʦʨʘʭ, ʩʠʩʪʝʤʘʪʠʯʝʩʢʠ ʥʘʙʣʶʜʘʶʱʫʶʩʷ ʚ ʙʦʣʴʰʠʥʩʪʚʝ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʧʦ 

ʣʠʥʝʡʥʦʡ ʢʦʥʚʝʨʩʠʠ ʚʥʝʰʥʝʛʦ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʛʦ ʠʟʣʫʯʝʥʠʷ ʚ 

ʢʚʘʟʠʵʣʝʢʪʨʦʩʪʘʪʠʯʝʩʢʠʝ ʙʝʨʥʰʪʝʡʥʦʚʩʢʠʝ ʚʦʣʥʳ. ɺ ʪʦ ʞʝ ʚʨʝʤʷ, ʵʪʦ ʧʘʜʝʥʠʝ 

ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʤʦʞʝʪ ʙʳʪʴ ʧʦʣʥʦʩʪʴʶ ʩʢʦʤʧʝʥʩʠʨʦʚʘʥʦ ʦʧʪʠʤʘʣʴʥʦʡ ʬʦʢʫʩʠʨʦʚʢʦʡ 

ʚʦʣʥʦʚʦʛʦ ʧʫʯʢʘ. 

3. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʧʦʣʷʨʠʟʘʮʠʦʥʥʦʝ ʚʳʨʦʞʜʝʥʠʝ ʥʦʨʤʘʣʴʥʳʭ ʚʦʣʥ ʚ ʤʘʛʥʠʪʦʘʢʪʠʚʥʦʡ 

ʧʣʘʟʤʝ ʧʦʜʘʚʣʷʝʪ ʠʟʚʝʩʪʥʳʡ ʵʬʬʝʢʪ ʫʩʠʣʝʥʠʷ ʦʙʨʘʪʥʦʛʦ ʙʨʵʛʛʦʚʩʢʦʛʦ ʨʘʩʩʝʷʥʠʷ 

ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʭ ʚʦʣʥ ʥʘ ʬʣʫʢʪʫʘʮʠʷʭ ʧʣʦʪʥʦʩʪʠ ʧʣʘʟʤʳ ʚ ʦʢʨʝʩʪʥʦʩʪʠ ʦʙʣʘʩʪʠ 

ʦʪʩʝʯʢʠ. ɺ ʪʦ ʞʝ ʚʨʝʤʷ, ʩʨʝʜʥʝʢʚʘʜʨʘʪʠʯʥʦʝ ʦʪʢʣʦʥʝʥʠʝ ʩʣʫʯʘʡʥʦʛʦ ʢʦʵʬʬʠʮʠʝʥʪʘ 

ʦʪʨʘʞʝʥʠʷ ʚʩʝʛʜʘ ʦʢʘʟʳʚʘʝʪʩʷ ʤʥʦʛʦ ʙʦʣʴʰʝ ʚʦʟʤʫʱʝʥʠʷ ʝʛʦ ʩʨʝʜʥʝʛʦ ʟʥʘʯʝʥʠʷ, ʯʪʦ 

ʥʝʦʙʭʦʜʠʤʦ ʫʯʠʪʳʚʘʪʴ ʧʨʠ ʜʠʘʛʥʦʩʪʠʢʝ ʪʝʤʧʝʨʘʪʫʨʳ ʧʣʘʟʤʳ, ʦʩʥʦʚʘʥʥʦʡ ʥʘ 

ʨʝʛʠʩʪʨʘʮʠʠ ʠʟʣʫʯʝʥʠʷ ʵʣʝʢʪʨʦʥʥʳʭ ʙʝʨʥʰʪʝʡʥʦʚʩʢʠʭ ʚʦʣʥ. 

4. ʇʦʣʫʯʝʥʦ ʥʦʚʦʝ ʚʳʨʘʞʝʥʠʝ ʜʣʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʪʫʥʥʝʣʠʨʦʚʘʥʠʷ ʚʦʣʥʦʚʦʛʦ ʧʫʯʢʘ ʩʦ 

ʩʣʫʯʘʡʥʦʡ ʬʘʟʦʚʦʡ ʤʦʜʫʣʷʮʠʝʡ ʯʝʨʝʟ ʥʝʦʜʥʦʨʦʜʥʫʶ ʦʙʣʘʩʪʴ ʥʝʧʨʦʟʨʘʯʥʦʩʪʠ ʚ 
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ʦʢʨʝʩʪʥʦʩʪʠ ʧʦʚʝʨʭʥʦʩʪʠ ʧʣʘʟʤʝʥʥʦʡ ʦʪʩʝʯʢʠ ʚ ʪʦʨʦʠʜʘʣʴʥʦʡ ʤʘʛʥʠʪʦʘʢʪʠʚʥʦʡ 

ʧʣʘʟʤʝ.  

5. ʅʘ ʦʩʥʦʚʝ ʫʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʥʦʛʦ ʢʚʘʟʠʦʧʪʠʯʝʩʢʦʛʦ ʧʦʜʭʦʜʘ ʨʘʟʨʘʙʦʪʘʥ 

ʫʥʠʚʝʨʩʘʣʴʥʳʡ ʯʠʩʣʝʥʥʳʡ ʢʦʜ ʜʣʷ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ 

ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʭ ʚʦʣʥʦʚʳʭ ʧʫʯʢʦʚ ʉɺʏ ʜʠʘʧʘʟʦʥʘ ʚ ʦʪʢʨʳʪʳʭ ʤʘʛʥʠʪʥʳʭ ʣʦʚʫʰʢʘʭ. 

ʂʦʜ ʧʦʟʚʦʣʷʝʪ ʦʜʥʦʚʨʝʤʝʥʥʦ ʫʯʠʪʳʚʘʪʴ ʵʬʬʝʢʪʳ ʜʠʬʨʘʢʮʠʠ, ʨʝʟʦʥʘʥʩʥʦʡ ʜʠʩʩʠʧʘʮʠʠ, 

ʩʠʣʴʥʦʡ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʜʠʩʧʝʨʩʠʠ ʠ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʥʝʦʜʥʦʨʦʜʥʦʩʪʠ. 

6. ɺʧʝʨʚʳʝ ʚ ʨʘʤʢʘʭ ʢʚʘʟʠʦʧʪʠʯʝʩʢʦʛʦ ʧʦʜʭʦʜʘ ʙʳʣʦ ʧʨʦʚʝʜʝʥʦ ʠʩʩʣʝʜʦʚʘʥʠʝ 

ʵʬʬʝʢʪʠʚʥʳʭ ʩʧʦʩʦʙʦʚ ʕʎ ʥʘʛʨʝʚʘ ʧʣʘʟʤʳ ʚ ʢʨʫʧʥʦʤʘʩʰʪʘʙʥʦʡ ʦʪʢʨʳʪʦʡ ʣʦʚʫʰʢʝ. 

ʂʚʘʟʠʦʧʪʠʯʝʩʢʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʧʨʦʬʠʣʝʡ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʧʦʛʣʦʱʝʥʥʦʡ ʉɺʏ 

ʤʦʱʥʦʩʪʠ ʜʣʷ ʫʩʪʘʥʦʚʢʠ ɻɼʃ (ʀʗʌ ʉʆ ʈɸʅ, ʅʦʚʦʩʠʙʠʨʩʢ) ʧʦʜʪʚʝʨʜʠʣʦ ʨʝʟʫʣʴʪʘʪʳ, 

ʧʦʣʫʯʝʥʥʳʝ ʨʘʥʝʝ ʩ ʧʦʤʦʱʴʶ ʛʝʦʤʝʪʨʦʦʧʪʠʯʝʩʢʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʜʣʷ ʫʞʝ 

ʨʝʘʣʠʟʦʚʘʥʥʳʭ ʚ ʵʢʩʧʝʨʠʤʝʥʪʝ ʩʮʝʥʘʨʠʝʚ ʕʎ ʥʘʛʨʝʚʘ; ʧʨʝʜʣʦʞʝʥ ʥʦʚʳʡ ʫʣʫʯʰʝʥʥʳʡ 

ʩʮʝʥʘʨʠʡ ʕʎ ʥʘʛʨʝʚʘ, ʚ ʢʦʪʦʨʦʤ ʨʝʘʣʠʟʫʝʪʩʷ ʙʦʣʝʝ ʨʘʚʥʦʤʝʨʥʳʡ ʥʘʛʨʝʚ ʚʩʝʛʦ ʦʙʲʝʤʘ 

ʧʣʘʟʤʳ. 

 

ʄʝʪʦʜʳ ʠ ʧʦʜʭʦʜʳ, ʠʩʧʦʣʴʟʫʝʤʳʝ ʚ ʜʠʩʩʝʨʪʘʮʠʠ 

ɺ ʜʠʩʩʝʨʪʘʮʠʠ ʠʩʧʦʣʴʟʦʚʘʥʳ ʩʦʚʨʝʤʝʥʥʳʝ ʘʥʘʣʠʪʠʯʝʩʢʠʝ ʠ ʯʠʩʣʝʥʥʳʝ ʤʝʪʦʜʳ ʨʝʰʝʥʠʷ 

ʵʣʝʢʪʨʦʜʠʥʘʤʠʯʝʩʢʠʭ ʟʘʜʘʯ: 

¶ ʇʨʦʮʝʜʫʨʘ ʫʢʦʨʦʯʝʥʠ ̫ ʫʨʘʚʥʝʥʠʡ ʄʘʢʩʚʝʣʣʘ ʜʣʷ ʧʣʘʚʥʦ-ʥʝʦʜʥʦʨʦʜʥʦʡ 

ʘʥʠʟʦʪʨʦʧʥʦʡ ʠ ʛʠʨʦʪʨʦʧʥʦʡ ʩʨʝʜʳ ʧʨʠʤʝʥʝʥʘ ʜʣʷ ʧʦʩʪʨʦʝʥʠʷ ʪʝʦʨʠʠ ʣʠʥʝʡʥʦʡ 

ʪʨʘʥʩʬʦʨʤʘʮʠʠ ʥʦʨʤʘʣʴʥʳʭ ʚʦʣʥ ʚʙʣʠʟʠ ʢʨʠʪʠʯʝʩʢʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʚ 

ʤʘʛʥʠʪʦʘʢʪʠʚʥʦʡ ʧʣʘʟʤʝ. 

¶ ɹʦʨʥʦʚʩʢʦʝ ʧʨʠʙʣʠʞʝʥʠʝ ʠʩʧʦʣʴʟʦʚʘʣʦʩʴ ʜʣʷ ʘʥʘʣʠʟʘ ʙʨʵʛʛʦʚʩʢʦʛʦ ʨʘʩʩʝʷʥʠʷ ʥʘ 

ʬʣʫʢʪʫʘʮʠʷʭ ʧʣʦʪʥʦʩʪʠ ʤʘʛʥʠʪʦʘʢʪʠʚʥʦʡ ʧʣʘʟʤʳ ʚ ʦʢʨʝʩʪʥʦʩʪʠ ʧʦʚʝʨʭʥʦʩʪʠ 

ʦʪʩʝʯʢʠ ʚ ʫʩʣʦʚʠʷʭ ʧʦʣʷʨʠʟʘʮʠʦʥʥʦʛʦ ʚʳʨʦʞʜʝʥʠʷ. 

¶ ʏʠʩʣʝʥʥʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʙʨʵʛʛʦʚʩʢʦʛʦ ʨʘʩʩʝʷʥʠʷ ʥʘ ʬʣʫʢʪʫʘʮʠʷʭ ʧʣʦʪʥʦʩʪʠ 

ʧʣʘʟʤʳ ʚ ʦʢʨʝʩʪʥʦʩʪʠ ʧʦʚʝʨʭʥʦʩʪʠ ʦʪʩʝʯʢʠ ʚ ʫʩʣʦʚʠʷʭ ʧʦʣʷʨʠʟʘʮʠʦʥʥʦʛʦ 

ʚʳʨʦʞʜʝʥʠʷ ʚʳʧʦʣʥʷʣʦʩʴ ʧʨʠ ʧʦʤʦʱʠ ʤʝʪʦʜʠʢʠ, ʦʩʥʦʚʘʥʥʦʡ ʥʘ ʬʦʨʤʘʣʠʟʤʝ 

ʦʧʝʨʘʪʦʨʥʦʛʦ ʫʨʘʚʥʝʥʠʷ ʈʠʢʢʘʪʠ ʜʣʷ ʢʦʵʬʬʠʮʠʝʥʪʘ ʩʚʷʟʠ ʤʝʞʜʫ ʥʦʨʤʘʣʴʥʳʤʠ 

ʚʦʣʥʘʤʠ (ʠʤʧʝʜʘʥʩʥʳʡ ʧʦʜʭʦʜ). 

¶ ʄʦʜʝʣʠʨʦʚʘʥʠʝ ʕʎ ʥʘʛʨʝʚʘ ʧʣʘʟʤʳ ʚ ʧʨʷʤʦʡ ʣʦʚʫʰʢʝ ʧʨʦʠʟʚʦʜʠʣʦʩʴ ʧʨʠ ʧʦʤʦʱʠ 

ʥʦʚʦʛʦ ʢʚʘʟʠʦʧʪʠʯʝʩʢʦʛʦ ʧʦʜʭʦʜʘ, ʢʦʪʦʨʳʡ ʧʦʟʚʦʣʷʝʪ ʩʚʝʩʪʠ ʟʘʜʘʯʫ 

ʦʜʥʦʥʘʧʨʘʚʣʝʥʥʦʛʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʚʦʣʥʦʚʦʛʦ ʧʫʯʢʘ ʚ ʥʝʦʜʥʦʨʦʜʥʦʡ ʠ 
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ʜʠʩʩʠʧʘʪʠʚʥʦʡ ʩʨʝʜʝ ʩ ʩʠʣʴʥʦʡ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʜʠʩʧʝʨʩʠʝʡ ʢ ʨʝʰʝʥʠʶ 

ʵʚʦʣʶʮʠʦʥʥʦʛʦ ʦʧʝʨʘʪʦʨʥʦʛʦ ʫʨʘʚʥʝʥʠʷ. 

¶ ɼʣʷ ʯʠʩʣʝʥʥʦʛʦ ʨʝʰʝʥʠʷ ʧʦʣʫʯʝʥʥʦʛʦ ʢʚʘʟʠʦʧʪʠʯʝʩʢʦʛʦ ʫʨʘʚʥʝʥʠʷ ʠʩʧʦʣʴʟʦʚʘʣʩʷ 

ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʡ ʤʝʪʦʜ ʦʧʝʨʘʪʦʨʥʦʡ ʵʢʩʧʦʥʝʥʪʳ. 

 

ʆʩʥʦʚʥʳʝ ʧʦʣʦʞʝʥʠʷ, ʚʳʥʦʩʠʤʳʝ ʥʘ ʟʘʱʠʪʫ 

1. ʕʬʬʝʢʪʠʚʥʦʩʪʴ ʣʠʥʝʡʥʦʡ ʪʨʘʥʩʬʦʨʤʘʮʠʠ ʥʦʨʤʘʣʴʥʳʭ ʚʦʣʥ ʵʣʝʢʪʨʦʥʥʦʛʦ 

ʮʠʢʣʦʪʨʦʥʥʦʛʦ ʜʠʘʧʘʟʦʥʘ ʯʘʩʪʦʪ ʚ ʪʦʨʦʠʜʘʣʴʥʦ-ʥʝʦʜʥʦʨʦʜʥʦʡ ʤʘʛʥʠʪʦʘʢʪʠʚʥʦʡ 

ʧʣʘʟʤʝ ʩʫʱʝʩʪʚʝʥʥʦ ʩʥʠʞʘʝʪʩʷ, ʢʦʛʜʘ ʧʦʚʝʨʭʥʦʩʪʴ ʬʘʟʦʚʦʛʦ ʬʨʦʥʪʘ ʤʝʜʣʝʥʥʦʡ 

ʦʛʠʙʘʶʱʝʡ ʚʦʣʥʦʚʦʛʦ ʧʫʯʢʘ ʦʪʣʠʯʘʝʪʩʷ ʦʪ ʦʧʪʠʤʘʣʴʥʦʡ, ʢʦʪʦʨʘʷ ʚ ʫʩʪʘʥʦʚʢʘʭ ʩ 

ʙʦʣʴʰʠʤ ʘʩʧʝʢʪʥʳʤ ʦʪʥʦʰʝʥʠʝʤ ʩ ʚʳʩʦʢʦʡ ʪʦʯʥʦʩʪʴʶ ʩʦʚʧʘʜʘʝʪ ʩ ʧʦʚʝʨʭʥʦʩʪʴʶ 

ʢʨʠʪʠʯʝʩʢʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ. 

2. ʇʦʣʷʨʠʟʘʮʠʦʥʥʦʝ ʚʳʨʦʞʜʝʥʠʝ ʥʦʨʤʘʣʴʥʳʭ ʚʦʣʥ ʚ ʤʘʛʥʠʪʦʘʢʪʠʚʥʦʡ ʧʣʘʟʤʝ ʧʦʜʘʚʣʷʝʪ 

ʠʟʚʝʩʪʥʳʡ ʵʬʬʝʢʪ ʫʩʠʣʝʥʠʷ ʦʙʨʘʪʥʦʛʦ ʙʨʵʛʛʦʚʩʢʦʛʦ ʨʘʩʩʝʷʥʠʷ ʚ ʦʢʨʝʩʪʥʦʩʪʠ ʦʙʣʘʩʪʠ 

ʦʪʩʝʯʢʠ ʜʣʷ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʭ ʚʦʣʥ ʨʘʩʩʝʠʚʘʶʱʠʭʩʷ ʥʘ ʬʣʫʢʪʫʘʮʠʷʭ ʧʣʦʪʥʦʩʪʠ 

ʧʣʘʟʤʳ. 

3. ʈʘʟʨʘʙʦʪʘʥʥʳʡ ʥʘ ʦʩʥʦʚʝ ʫʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʥʦʛʦ ʢʚʘʟʠʦʧʪʠʯʝʩʢʦʛʦ ʧʦʜʭʦʜʘ 

ʫʥʠʚʝʨʩʘʣʴʥʳʡ ʯʠʩʣʝʥʥʳʡ ʢʦʜ ʧʦʟʚʦʣʷʝʪ ʤʦʜʝʣʠʨʦʚʘʪʴ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ 

ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʭ ʚʦʣʥʦʚʳʭ ʧʫʯʢʦʚ ʉɺʏ ʜʠʘʧʘʟʦʥʘ ʚ ʩʦʚʨʝʤʝʥʥʳʭ ʦʪʢʨʳʪʳʭ 

ʤʘʛʥʠʪʥʳʭ ʣʦʚʫʰʢʘʭ, ʦʜʥʦʚʨʝʤʝʥʥʦ ʫʯʠʪʳʚʘʷ ʵʬʬʝʢʪʳ ʜʠʬʨʘʢʮʠʠ, ʨʝʟʦʥʘʥʩʥʦʡ 

ʜʠʩʩʠʧʘʮʠʠ, ʩʠʣʴʥʦʡ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʜʠʩʧʝʨʩʠʠ ʠ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ 

ʥʝʦʜʥʦʨʦʜʥʦʩʪʠ. 

 

ʅʘʫʯʥʘʷ ʠ ʧʨʘʢʪʠʯʝʩʢʘʷ ʮʝʥʥʦʩʪʴ 

ʅʘʫʯʥʘʷ ʠ ʧʨʘʢʪʠʯʝʩʢʘʷ ʟʥʘʯʠʤʦʩʪʴ ʧʨʦʚʝʜʝʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʦʧʨʝʜʝʣʷʶʪʩʷ ʰʠʨʦʢʠʤ 

ʩʧʝʢʪʨʦʤ ʧʨʠʤʝʥʝʥʠʡ ʤʠʢʨʦʚʦʣʥʦʚʦʛʦ ʠʟʣʫʯʝʥʠʷ ʚ ʥʘʫʯʥʦʤ ʵʢʩʧʝʨʠʤʝʥʪʝ ʠ ʪʝʭʥʦʣʦʛʠʷʭ. 

ʇʦʣʫʯʝʥʥʳʝ ʚ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʡ ʨʘʙʦʪʝ ʨʝʟʫʣʴʪʘʪʳ ʤʦʛʫʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ ʜʣʷ ʧʦʚʳʰʝʥʠʷ 

ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʤʦʱʥʳʭ ʛʝʥʝʨʘʪʦʨʦʚ ʤʠʢʨʦʚʦʣʥʦʚʦʛʦ ʠʟʣʫʯʝʥʠʷ ʚ 

ʪʝʨʤʦʷʜʝʨʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʷʭ. 

ʇʦʩʪʨʦʝʥʥʘʷ ʚ ʨʘʙʦʪʝ ʪʝʦʨʠʷ ʣʠʥʝʡʥʦʡ ʪʨʘʥʩʬʦʨʤʘʮʠʠ ʚʦʣʥʦʚʳʭ ʧʦʟʚʦʣʷʝʪ ʧʦʚʳʩʠʪʴ 

ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʉɺʏ ʥʘʛʨʝʚʘ ʤʘʛʥʠʪʦʘʢʪʠʚʥʦʡ ʧʣʘʟʤʳ ʩ ʧʣʦʪʥʦʩʪʴʶ ʚʳʰʝ ʢʨʠʪʠʯʝʩʢʦʡ ʜʣʷ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʭ ʚʦʣʥ. ʋʩʧʝʰʥʘʷ ʨʝʘʣʠʟʘʮʠʷ O-X-B ʩʭʝʤʳ ʜʘʩʪ 

ʚʦʟʤʦʞʥʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʪʴ ʤʠʢʨʦʚʦʣʥʦʚʦʡ ʥʘʛʨʝʚ ʚ ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʪʝʨʤʦʷʜʝʨʥʳʭ ʫʩʪʘʥʦʚʢʘʭ, 

ʛʜʝ ʨʝʘʣʠʟʫʝʪʩʷ ʚʳʩʦʢʘʷ ʧʣʦʪʥʦʩʪʴ ʧʣʘʟʤʳ (ʊ-15, Wendelstein 7-X, ɻʣʦʙʫʩ-ʄ2, MAST, NSTX). 
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ʂʚʘʟʠʦʧʪʠʯʝʩʢʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʵʣʝʢʪʨʦʥʥʦʛʦ ʮʠʢʣʦʪʨʦʥʥʦʛʦ ʥʘʛʨʝʚʘ ʧʣʘʟʤʳ ʚ ʧʨʷʤʦʡ 

ʤʘʛʥʠʪʥʦʡ ʣʦʚʫʰʢʝ ʫʞʝ ʠʩʧʦʣʴʟʫʝʪʩʷ ʧʨʠ ʧʣʘʥʠʨʦʚʘʥʠʠ ʵʢʩʧʝʨʠʤʝʥʪʘ ʚ ʦʩʝʩʠʤʤʝʪʨʠʯʥʦʡ 

ʛʘʟʦʜʠʥʘʤʠʯʝʩʢʦʡ ʣʦʚʫʰʢʝ ɻɼʃ (ʀʗʌ ʉʆ ʈɸʅ, ʅʦʚʦʩʠʙʠʨʩʢ). ʕʪʦʪ ʧʦʜʭʦʜ ʪʘʢʞʝ ʤʦʞʝʪ ʙʳʪʴ 

ʧʨʠʤʝʥʝʥ ʠ ʜʣʷ ʣʦʚʫʰʝʢ ʙʝʟ ʦʩʝʚʦʡ ʩʠʤʤʝʪʨʠʠ (GAMMA -10, University of Tsukuba) ʠʣʠ ʜʘʞʝ 

ʜʣʷ ʙʦʣʝʝ ʵʢʟʦʪʠʯʝʩʢʠʭ ʢʦʥʬʠʛʫʨʘʮʠʡ ʩ ʦʙʨʘʱʝʥʥʳʤ ʤʘʛʥʠʪʥʳʤ ʧʦʣʝʤ (C3W, TriAlpha Energy). 

 

ʇʫʙʣʠʢʘʮʠʠ, ʘʧʨʦʙʘʮʠʷ ʨʘʙʦʪʳ 

ʈʝʟʫʣʴʪʘʪʳ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʡ ʨʘʙʦʪʳ ʠʟʣʦʞʝʥʳ ʚ ʥʘʫʯʥʳʭ ʩʪʘʪʴʷʭ ʚ ʚʝʜʫʱʠʭ 

ʦʪʝʯʝʩʪʚʝʥʥʳʭ ʠ ʟʘʨʫʙʝʞʥʳʭ ʞʫʨʥʘʣʘʭ: ʌʠʟʠʢʘ ʧʣʘʟʤʳ, ɾʫʨʥʘʣ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʠ 

ʪʝʦʨʝʪʠʯʝʩʢʦʡ ʬʠʟʠʢʠ, ɺʦʧʨʦʩʳ ʘʪʦʤʥʦʡ ʥʘʫʢʠ ʠ ʪʝʭʥʠʢʠ, Plasma Physics and Controlled Fusion, 

Physics of Plasmas. ɺʩʝʛʦ ʧʦ ʪʝʤʝ ʜʠʩʩʝʨʪʘʮʠʠ ʦʧʫʙʣʠʢʦʚʘʥʦ 6 ʩʪʘʪʝʡ ʚ ʨʝʬʝʨʠʨʫʝʤʳʭ 

ʞʫʨʥʘʣʘʭ, 1 ʵʣʝʢʪʨʦʥʥʳʡ ʧʨʝʧʨʠʥʪ, 6 ʩʪʘʪʝʡ ʚ ʩʙʦʨʥʠʢʘʭ ʪʨʫʜʦʚ ʤʝʞʜʫʥʘʨʦʜʥʳʭ ʢʦʥʬʝʨʝʥʮʠʡ 

ʠ 4 ʪʝʟʠʩʘ ʜʦʢʣʘʜʦʚ. ʄʘʪʝʨʠʘʣʳ ʜʠʩʩʝʨʪʘʮʠʠ ʜʦʢʣʘʜʳʚʘʣʠʩʴ ʥʘ ʤʝʞʜʫʥʘʨʦʜʥʳʭ ʢʦʥʬʝʨʝʥʮʠʷʭ, 

ʚ ʪʦʤ ʯʠʩʣʝ European Physical Society Conference on Plasma Physics, European Fusion Theory 

Conference, International Workshop ñStrong Microwaves and Terahertz Waves: Sources and 

Applicationsò, ʄʝʞʜʫʥʘʨʦʜʥʦʡ (ɿʚʝʥʠʛʦʨʦʜʩʢʦʡ) ʢʦʥʬʝʨʝʥʮʠʠ ʧʦ ʬʠʟʠʢʝ ʧʣʘʟʤʳ ʠ ʋʊʉ, 

International Conference and School on Plasma Physics and Controlled Fusion Alushta. 

 

ʉʪʨʫʢʪʫʨʘ ʠ ʦʙʲʝʤ ʜʠʩʩʝʨʪʘʮʠʠ 

ɼʠʩʩʝʨʪʘʮʠʷ ʩʦʩʪʦʠʪ ʠʟ ʚʚʝʜʝʥʠʷ, ʪʨʝʭ ʛʣʘʚ, ʟʘʢʣʶʯʝʥʠʷ, ʩʧʠʩʢʘ ʦʩʥʦʚʥʳʭ ʧʫʙʣʠʢʘʮʠʡ 

ʘʚʪʦʨʘ ʧʦ ʪʝʤʝ ʨʘʙʦʪʳ ʠ ʩʧʠʩʢʘ ʣʠʪʝʨʘʪʫʨʳ. ʆʙʱʠʡ ʦʙʲʝʤ ʜʠʩʩʝʨʪʘʮʠʠ ʩʦʩʪʘʚʣʷʝʪ 118 ʩʪʨʘʥʠʮ, 

ʚʢʣʶʯʘʷ 21 ʨʠʩʫʥʦʢ, 1 ʪʘʙʣʠʮʫ ʠ ʩʧʠʩʦʢ ʣʠʪʝʨʘʪʫʨʳ ʠʟ 106 ʥʘʠʤʝʥʦʚʘʥʠʡ. ʉʧʠʩʦʢ ʦʩʥʦʚʥʳʭ 

ʧʫʙʣʠʢʘʮʠʡ ʘʚʪʦʨʘ ʧʦ ʪʝʤʝ ʜʠʩʩʝʨʪʘʮʠʠ ʩʦʜʝʨʞʠʪ 12 ʥʘʠʤʝʥʦʚʘʥʠʡ. 

 

ʂʨʘʪʢʦʝ ʩʦʜʝʨʞʘʥʠʝ ʨʘʙʦʪʳ 

ɺʦ ʚʚʝʜʝʥʠʠ ʦʙʦʩʥʦʚʘʥʘ ʘʢʪʫʘʣʴʥʦʩʪʴ ʪʝʤʳ, ʦʧʨʝʜʝʣʝʥʳ ʮʝʣʴ ʠ ʟʘʜʘʯʠ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʡ 

ʨʘʙʦʪʳ, ʦʪʤʝʯʝʥʘ ʥʘʫʯʥʘʷ ʥʦʚʠʟʥʘ ʧʨʦʚʝʜʝʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʦʧʠʩʘʥʳ ʠʩʧʦʣʴʟʦʚʘʥʥʳʝ 

ʤʝʪʦʜʳ ʠ ʧʦʜʭʦʜʳ, ʧʨʠʚʝʜʝʥʳ ʦʩʥʦʚʥʳʝ ʧʦʣʦʞʝʥʠʷ, ʚʳʥʦʩʠʤʳʝ ʥʘ ʟʘʱʠʪʫ, ʥʘʫʯʥʘʷ ʠ 

ʧʨʘʢʪʠʯʝʩʢʘʷ ʮʝʥʥʦʩʪʴ, ʘ ʪʘʢʞʝ ʢʨʘʪʢʦ ʠʟʣʦʞʝʥʦ ʩʦʜʝʨʞʘʥʠʝ ʜʠʩʩʝʨʪʘʮʠʠ. 

ɺ ʧʝʨʚʦʡ ʛʣʘʚʝ ʜʠʩʩʝʨʪʘʮʠʠ ʨʘʟʚʠʚʘʝʪʩʷ ʪʝʦʨʠʷ ʣʠʥʝʡʥʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ 

ʦʙʳʢʥʦʚʝʥʥʦʡ ʠ ʥʝʦʙʳʢʥʦʚʝʥʥʦʡ ʚʦʣʥ ʵʣʝʢʪʨʦʥʥʦ-ʮʠʢʣʦʪʨʦʥʥʦʛʦ ʜʠʘʧʘʟʦʥʘ ʚ ʪʦʨʦʠʜʘʣʴʥʳʭ 

ʤʘʛʥʠʪʥʳʭ ʣʦʚʫʰʢʘʭ [1A-6A]
1
. ɺ ʨʘʤʢʘʭ ʜʚʫʭ ʥʝʟʘʚʠʩʠʤʳʭ ʧʦʜʭʦʜʦʚ ʠʩʩʣʝʜʫʝʪʩʷ ʚʣʠʷʥʠʝ 

ʦʩʦʙʝʥʥʦʩʪʝʡ ʛʝʦʤʝʪʨʠʠ ʨʘʚʥʦʚʝʩʥʦʡ ʢʦʥʬʠʛʫʨʘʮʠʠ ʧʣʘʟʤʳ ʥʘ ʵʬʬʝʢʪʠʚʥʦʩʪʴ O-X 

                                                 
1
 ɿʜʝʩʴ ʠ ʜʘʣʝʝ ʩʩʳʣʢʠ ʩ ʠʥʜʝʢʩʦʤ ñAò ʦʪʥʦʩʷʪʩʷ ʢ ʩʧʠʩʢʫ ʧʫʙʣʠʢʘʮʠʡ ʘʚʪʦʨʘ, ʧʨʠʚʝʜʝʥʥʦʤʫ ʥʘ 

ʩʪʨʘʥʠʮʝ 108. 
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ʪʨʘʥʩʬʦʨʤʘʮʠʠ. ʇʝʨʚʳʡ ʧʦʜʭʦʜ ʧʨʝʜʣʘʛʘʝʪ ʫʯʝʪ ʛʣʦʙʘʣʴʥʦʡ ʪʦʨʦʠʜʘʣʴʥʦʡ ʩʪʨʫʢʪʫʨʳ ʦʙʣʘʩʪʠ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʚʦʣʥ ʚ ʤʦʜʝʣʴʥʦʡ ʩʨʝʜʝ, ʚʪʦʨʦʡ, ʥʘʧʨʦʪʠʚ, ʩʪʨʝʤʠʪʩʷ ʢ ʤʘʢʩʠʤʘʣʴʥʦ 

ʧʨʘʚʜʦʧʦʜʦʙʥʦʤʫ ʦʧʠʩʘʥʠʶ ʧʣʘʟʤʳ ʠ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʚ ʤʘʛʥʠʪʥʳʭ ʣʦʚʫʰʢʘʭ, ʧʫʩʪʴ ʠ ʚ 

ʦʛʨʘʥʠʯʝʥʥʦʡ ʦʙʣʘʩʪʠ. 

ɺ ʨʘʟʜʝʣʝ 1.1 ʚʚʦʜʠʪʩʷ ʤʦʜʝʣʴʥʘʷ ʩʨʝʜʘ, ʫʯʠʪʳʚʘʶʱʘʷ ʛʣʦʙʘʣʴʥʫʶ ʪʦʨʦʠʜʘʣʴʥʫʶ 

ʛʝʦʤʝʪʨʠʶ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʠ ʧʣʘʟʤʳ. ʄʦʜʝʣʴ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʢʣʘʩʩʠʯʝʩʢʦʤʫ ʪʦʢʘʤʘʢʫ ʩ 

ʙʦʣʴʰʠʤ ʘʩʧʝʢʪʥʳʤ ʦʪʥʦʰʝʥʠʝʤ ʙʝʟ ʧʦʣʦʠʜʘʣʴʥʦʛʦ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʠ ʰʘʬʨʘʥʦʚʩʢʦʛʦ ʩʜʚʠʛʘ: 

ʚʝʢʪʦʨ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʠʤʝʝʪ ʪʦʣʴʢʦ ʪʦʨʦʠʜʘʣʴʥʫʶ ʢʦʤʧʦʥʝʥʪʫ, ʘ ʧʦʚʝʨʭʥʦʩʪʠ ʧʦʩʪʦʷʥʥʦʛʦ 

ʜʘʚʣʝʥʠʷ ʦʙʨʘʟʫʶʪ ʢʦʥʮʝʥʪʨʠʯʝʩʢʠʝ ʢʨʫʛʦʚʳʝ ʪʦʨʳ. ɼʣʷ ʵʪʦʡ ʩʨʝʜ r ʧʦʣʫʯʝʥʘ ʵʪʘʣʦʥʥʘʷ 

ʩʠʩʪʝʤʘ ʫʢʦʨʦʯʝʥʥʳʭ ʫʨʘʚʥʝʥʠʡ, ʦʧʠʩʳʚʘʶʱʘʷ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ, 

ʦʪʚʝʯʘʶʱʝʝ ʬʠʢʩʠʨʦʚʘʥʥʦʤʫ ʟʥʘʯʝʥʠʶ ʪʦʨʦʠʜʘʣʴʥʦʛʦ ʚʦʣʥʦʚʦʛʦ ʯʠʩʣʘ, ʚ ʦʢʨʝʩʪʥʦʩʪʠ ʦʙʣʘʩʪʠ 

ʪʨʘʥʩʬʦʨʤʘʮʠʠ. ɼʣʷ ʧʦʣʫʯʝʥʥʦʡ ʩʠʩʪʝʤʳ ʥʘʡʜʝʥʦ ʧʦʣʥʦʝ ʘʥʘʣʠʪʠʯʝʩʢʦʝ ʨʝʰʝʥʠʝ ʚ ʚʠʜʝ 

ʨʘʟʣʦʞʝʥʠʷ ʧʦ ʜʠʩʢʨʝʪʥʦʤʫ ʥʘʙʦʨʫ ʦʨʪʦʛʦʥʘʣʴʥʳʭ ʙʘʟʠʩʥʳʭ ʬʫʥʢʮʠʡ. 

ʈʘʟʜʝʣ 1.2 ʩʦʜʝʨʞʠʪ ʢʘʯʝʩʪʚʝʥʥʳʡ ʘʥʘʣʠʟ ʧʦʣʫʯʝʥʥʦʛʦ ʨʝʰʝʥʠʷ. ʆʙʩʫʞʜʘʶʪʩʷ ʵʬʬʝʢʪʳ 

ʜʚʫʤʝʨʥʦʡ ʥʝʦʜʥʦʨʦʜʥʦʩʪʠ: ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦ ʣʦʢʘʣʠʟʦʚʘʥʥʳʡ ʧʫʯʦʢ, ʠʩʧʳʪʳʚʘʶʱʠʡ ʧʦʣʥʫʶ 

ʪʨʘʥʩʬʦʨʤʘʮʠʶ ʠ ʘʩʠʤʤʝʪʨʠ ̫ ʪʨʘʥʩʬʦʨʤʘʮʠʠ ʧʨʠ ʚʚʦʜʝ ʧʫʯʢʘ ʩʚʝʨʭʫ ʠ ʩʥʠʟʫ ʦʪ 

ʵʢʚʘʪʦʨʠʘʣʴʥʦʡ ʧʣʦʩʢʦʩʪʠ. ʇʦʢʘʟʘʥʦ ʢʘʢ ʪʦʨʦʠʜʘʣʴʥʘʷ ʢʨʠʚʠʟʥʘ ʫʩʠʣʠʚʘʝʪ ʵʬʬʝʢʪ ʘʩʠʤʤʝʪʨʠʠ. 

ʀʟʫʯʝʥʳ ʧʨʝʜʝʣʳ ʧʨʠʤʝʥʠʤʦʩʪʠ ʦʜʥʦʤʝʨʥʦʛʦ ʧʨʠʙʣʠʞʝʥʠʷ. 

ɺ ʨʘʟʜʝʣʝ 1.3 ʦʪʜʝʣʴʥʦ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʨʦʣʴ ʢʨʠʚʠʟʥʳ ʤʘʛʥʠʪʥʳʭ ʧʦʚʝʨʭʥʦʩʪʝʡ ʧʨʠ 

ʦʧʨʝʜʝʣʝʥʠʠ ʥʘʯʘʣʴʥʳʭ ʫʩʣʦʚʠʡ ʜʣʷ ʧʦʣʫʯʝʥʥʦʛʦ ʨʝʰʝʥʠʷ. ʆʙʥʘʨʫʞʝʥʦ, ʯʪʦ ʛʝʦʤʝʪʨʠʷ 

ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʠ ʧʣʘʟʤʳ ʟʘʜʘʶʪ ʦʧʪʠʤʘʣʴʥʫʶ ʧʦʚʝʨʭʥʦʩʪʴ, ʙʣʠʟʢʫʶ ʢ ʧʦʚʝʨʭʥʦʩʪʠ 

ʢʨʠʪʠʯʝʩʢʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ ʧʣʘʟʤʳ ʜʣʷ ʫʩʪʘʥʦʚʦʢ ʩ ʙʦʣʴʰʠʤ ʘʩʧʝʢʪʥʳʤ ʦʪʥʦʰʝʥʠʝʤ, 

ʦʪʢʣʦʥʝʥʠʝ ʬʘʟʦʚʦʛʦ ʬʨʦʥʪʘ ʤʝʜʣʝʥʥʦʡ ʦʛʠʙʘʶʱʝʡ ʚʦʣʥʦʚʦʛʦ ʧʫʯʢʘ ʦʪ ʢʦʪʦʨʦʡ ʧʨʠʚʦʜʠʪ ʢ 

ʩʠʣʴʥʦʤʫ ʩʥʠʞʝʥʠʶ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʪʨʘʥʩʬʦʨʤʘʮʠʠ. ʕʪʦʪ ʵʬʬʝʢʪ ʤʦʞʝʪ ʦʙʲʷʩʥʠʪʴ ʥʠʟʢʫʶ 

ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʥʘʛʨʝʚʘ ʟʘʢʨʠʪʠʯʝʩʢʦʡ ʧʣʘʟʤʳ ʚ ʪʦʢʘʤʘʢʘʭ ʠ ʩʪʝʣʣʘʨʘʪʦʨʘʭ, ʩʠʩʪʝʤʘʪʠʯʝʩʢʠ 

ʥʘʙʣʶʜʘʶʱʫʶʩʷ ʚ ʙʦʣʴʰʠʥʩʪʚʝ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʧʦ ʣʠʥʝʡʥʦʡ ʢʦʥʚʝʨʩʠʠ ʚʥʝʰʥʝʛʦ 

ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʛʦ ʠʟʣʫʯʝʥʠʷ ʚ ʢʚʘʟʠʵʣʝʢʪʨʦʩʪʘʪʠʯʝʩʢʠʝ ʙʝʨʥʰʪʝʡʥʦʚʩʢʠʝ ʚʦʣʥʳ. 

ɺ ʨʘʟʜʝʣʝ 1.4 ʧʦʩʪʨʦʝʥʥʘʷ ʪʝʦʨʝʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʨʘʩʯʝʪʘ ʵʬʬʝʢʪʠʚʥʦʩʪʠ 

ʪʨʘʥʩʬʦʨʤʘʮʠʠ ʢʚʘʟʠʦʧʪʠʯʝʩʢʠʭ ʧʫʯʢʦʚ, ʜʦʩʪʫʧʥʳʭ ʚ ʵʢʩʧʝʨʠʤʝʥʪʝ ʥʘ ʪʦʢʘʤʘʢʝ FTU. ʇʝʨʝʩʯʝʪ 

ʚʦʣʥʦʚʦʛʦ ʧʦʣʷ ʦʪ ʚʳʭʦʜʥʦʛʦ ʟʝʨʢʘʣʘ ʜʦ ʦʢʨʝʩʪʥʦʩʪʠ ʧʝʨʝʜ ʦʙʣʘʩʪʴʶ ʪʨʘʥʩʬʦʨʤʘʮʠʠ 

ʚʳʧʦʣʥʷʣʩʷ ʢʚʘʟʠʦʧʪʠʯʝʩʢʠʤ ʢʦʜʦʤ GRAY ʩ ʫʯʝʪʦʤ ʨʝʘʣʴʥʦʡ ʢʦʥʬʠʛʫʨʘʮʠʠ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ 

ʠ ʧʣʘʟʤʳ, ʧʨʠ ʵʪʦʤ ʩʰʠʚʢʘ ʨʝʰʝʥʠʡ ʧʨʦʠʟʚʦʜʠʣʘʩʴ ʚ ʜʚʫʭ ʨʘʟʥʳʭ ʪʦʯʢʘʭ ʥʘ ʪʨʘʝʢʪʦʨʠʠ 

ʢʚʘʟʠʦʧʪʠʯʝʩʢʦʛʦ ʣʫʯʘ ʜʣʷ ʢʦʥʪʨʦʣʷ ʪʦʯʥʦʩʪʠ. ʈʘʩʯʝʪ ʧʦʢʘʟʘʣ, ʯʪʦ ʜʣʷ ʚʩʝʭ ʚʦʟʤʦʞʥʳʭ 

ʧʦʣʦʞʝʥʠʡ ʬʦʢʫʩʠʨʫʶʱʝʛʦ ʟʝʨʢʘʣʘ ʫʨʦʚʝʥʴ ʪʨʘʥʩʬʦʨʤʘʮʠʠ ʥʘʭʦʜʠʪʩʷ ʥʘ ʫʨʦʚʥʝ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʧʦʛʨʝʰʥʦʩʪʠ ʝʛʦ ʦʧʨʝʜʝʣʝʥʠʷ ʠʟ-ʟʘ ʪʦʛʦ, ʯʪʦ ʧʦʚʝʨʭʥʦʩʪʴ ʬʘʟʦʚʦʛʦ ʬʨʦʥʪʘ 
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ʤʝʜʣʝʥʥʦʡ ʦʛʠʙʘʶʱʝʡ ʚʦʣʥʦʚʦʛʦ ʧʫʯʢʘ ʙʳʣʘ ʚʳʛʥʫʪʘ ʚ ʦʙʨʘʪʥʫʶ ʩʪʦʨʦʥʫ ʦʪʥʦʩʠʪʝʣʴʥʦ 

ʤʘʛʥʠʪʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʢʨʠʪʠʯʝʩʢʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ. 

ɺ ʨʘʟʜʝʣʝ 1.5 ʟʘʜʘʯʘ ʣʠʥʝʡʥʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ O-X ʚʦʣʥ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʚ ʨʘʤʢʘʭ 

ʘʣʴʪʝʨʥʘʪʠʚʥʦʛʦ ʧʦʜʭʦʜʘ, ʧʦʟʚʦʣʷʶʱʝʛʦ ʦʧʠʩʳʚʘʪʴ ʧʣʘʟʤʫ ʚ ʤʘʛʥʠʪʥʦʡ ʢʦʥʬʠʛʫʨʘʮʠʠ ʦʙʱʝʛʦ 

ʚʠʜʘ ʩ ʧʨʦʠʟʚʦʣʴʥʳʤʠ ʢʨʠʚʠʟʥʦʡ ʤʘʛʥʠʪʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʠ ʥʝʦʜʥʦʨʦʜʥʦʩʪʴʶ ʤʦʜʫʣʷ ʠ 

ʥʘʧʨʘʚʣʝʥʠʷ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ. ʇʣʦʪʥʦʩʪʴ ʧʣʘʟʤʳ ʠ ʤʘʛʥʠʪʥʦʝ ʧʦʣʝ ʟʘʜʘʶʪʩʷ ʧʨʠ ʧʦʤʦʱʠ 

ʣʦʢʘʣʴʥʳʭ ʨʘʟʣʦʞʝʥʠʡ ʩ ʜʝʚʷʪʴʶ ʥʝʟʘʚʠʩʠʤʳʤʠ ʩʢʘʣʷʨʥʳʤʠ ʧʘʨʘʤʝʪʨʘʤʠ. ɼʣʷ ʵʪʦʡ ʩʨʝʜʳ 

ʧʦʣʫʯʝʥʘ ʩʠʩʪʝʤʘ ʫʢʦʨʦʯʝʥʥʳʭ ʫʨʘʚʥʝʥʠʡ, ʦʧʠʩʳʚʘʶʱʘʷ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ, 

ʟʘʪʝʤ ʧʦʢʘʟʘʥʦ ʢʘʢ ʧʨʠ ʧʦʤʦʱʠ ʬʘʟʦʚʳʭ ʟʘʤʝʥ ʠ ʧʝʨʝʭʦʜʘ ʚ ʢʨʠʚʦʣʠʥʝʡʥʫʶ ʩʠʩʪʝʤʫ ʢʦʦʨʜʠʥʘʪ 

ʝ yʤʦʞʥʦ ʩʚʝʩʪʠ ʢ ʫʧʨʦʱʝʥʥʦʡ ʙʘʟʦʚʦʡ ʩʠʩʪʝʤʝ ʫʨʘʚʥʝʥʠʡ ʪʦʣʴʢʦ ʩ ʪʨʝʤʷ ʫʧʨʘʚʣʷʶʱʠʭ 

ʧʘʨʘʤʝʪʨʘʤʠ. ɼʣʷ ʙʘʟʦʚʦʡ ʩʠʩʪʝʤʳ ʧʦʩʪʨʦʝʥʦ ʥʦʚʦʝ ʧʨʠʙʣʠʞʝʥʥʦʝ ʨʝʰʝʥʠʝ, ʩʚʦʜʷʱʝʝʩʷ ʢ 

ʨʘʥʝʝ ʠʟʚʝʩʪʥʳʤ ʚ ʬʠʟʠʯʝʩʢʠ ʚʘʞʥʳʭ ʧʨʝʜʝʣʴʥʳʭ ʩʣʫʯʘʷʭ. ʇʦʣʫʯʝʥʥʦʝ ʨʝʰʝʥʠʝ ʜʘʝʪ 

ʚʦʟʤʦʞʥʦʩʪʴ ʧʨʝʜʩʢʘʟʳʚʘʪʴ ʵʬʬʝʢʪʠʚʥʦʩʪʴ O-X ʪʨʘʥʩʬʦʨʤʘʮʠʠ ʩ ʫʯʝʪʦʤ ʚʩʝʭ ʠʟʚʝʩʪʥʳʭ 

ʩʫʱʝʩʪʚʝʥʥʳʭ ʵʬʬʝʢʪʦʚ ʠ ʬʦʨʤʠʨʦʚʘʪʴ ʪʨʝʙʦʚʘʥʠʷ ʢ ʬʦʨʤʝ ʦʧʪʠʤʘʣʴʥʳʭ ʧʫʯʢʦʚ. 

ɺʦ ʚʪʦʨʦʡ ʛʣʘʚʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʚʣʠʷʥʠʝ ʬʣʫʢʪʫʘʮʠʡ ʧʣʦʪʥʦʩʪʠ ʧʣʘʟʤʳ ʥʘ 

ʵʬʬʝʢʪʠʚʥʦʩʪʴ O-X ʪʨʘʥʩʬʦʨʤʘʮʠʠ. ʆʪʜʝʣʴʥʦ ʘʥʘʣʠʟʠʨʫʝʪʩʷ ʚʣʠʷʥʠʝ ʦʙʨʘʪʥʦʛʦ ʙʨʵʛʛʦʚʩʢʦʛʦ 

ʨʘʩʩʝʷʥʠʷ ʠ ʤʘʣʦʫʛʣʦʚʦʛʦ ʨʘʩʩʝʷʥʠʷ ʚʦʣʥʦʚʳʭ ʧʫʯʢʦʚ [7A-9A]. 

ɺ ʨʘʟʜʝʣʝ 2.1 ʢʨʘʪʢʦ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʠʟʚʝʩʪʥʳʡ ʤʝʭʘʥʠʟʤ ʫʩʠʣʝʥʠʷ ʙʨʵʛʛʦʚʩʢʦʛʦ 

ʨʘʩʩʝʷʥʠʷ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʭ ʚʦʣʥ ʚ ʦʢʨʝʩʪʥʦʩʪʠ ʧʦʚʝʨʭʥʦʩʪʠ ʦʪʩʝʯʢʠ ʚ ʦʪʩʫʪʩʪʚʠʠ 

ʧʦʣʷʨʠʟʘʮʠʦʥʥʦʛʦ ʚʳʨʦʞʜʝʥʠʷ. 

ɺ ʨʘʟʜʝʣʝ 2.2 ʠʩʩʣʝʜʫʝʪʩʷ ʦʙʨʘʪʥʦʝ ʙʨʵʛʛʦʚʩʢʦʝ ʨʘʩʩʝʷʥʠʝ ʥʘ ʬʣʫʢʪʫʘʮʠʷʭ ʧʣʦʪʥʦʩʪʠ ʚ 

ʦʢʨʝʩʪʥʦʩʪʠ ʧʦʚʝʨʭʥʦʩʪʠ ʦʪʩʝʯʢʠ ʚ ʫʩʣʦʚʠʷʭ ʧʦʣʷʨʠʟʘʮʠʦʥʥʦʛʦ ʚʳʨʦʞʜʝʥʠʷ. ʌʦʨʤʫʣʠʨʫʝʪʩʷ 

ʤʦʜʝʣʴʥʘʷ ʟʘʜʘʯʘ ʥʘ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʚʦʣʥʦʚʦʛʦ ʧʦʣʷ ʚ ʦʙʣʘʩʪʠ ʣʠʥʝʡʥʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʚʦʣʥ ʚ 

ʦʢʨʝʩʪʥʦʩʪʠ ʧʦʚʝʨʭʥʦʩʪʠ ʢʨʠʪʠʯʝʩʢʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ ʚ ʩʨʝʜʝ ʩ ʦʜʥʦʤʝʨʥʳʤ ʨʘʩʧʨʝʜʝʣʝʥʠʝʤ 

ʢʦʥʮʝʥʪʨʘʮʠʠ ʠ ʧʦʩʪʦʷʥʥʳʤ ʤʘʛʥʠʪʥʳʤ ʧʦʣʝʤ. ɺ ʨʘʤʢʘʭ ʵʪʦʡ ʟʘʜʘʯʠ ʧʦʢʘʟʳʚʘʝʪʩʷ, ʯʪʦ 

ʬʣʫʢʪʫʘʮʠʠ ʥʝ ʪʦʣʴʢʦ ʩʘʤʠ ʥʝ ʧʨʠʚʦʜʷʪ ʢ ʨʘʩʩʝʷʥʠʶ ʥʘʟʘʜ, ʥʦ ʠ ʥʝ ʤʦʜʠʬʠʮʠʨʫʶʪ 

ʢʦʵʬʬʠʮʠʝʥʪ ʦʪʨʘʞʝʥʠʷ ʚ ʧʝʨʚʦʤ ʧʦʨʷʜʢʝ ʙʦʨʥʦʚʩʢʦʛʦ ʧʨʠʙʣʠʞʝʥʠʷ. ɼʣʷ ʬʣʫʢʪʫʘʮʠʡ ʩ ʤʘʣʦʡ 

ʘʤʧʣʠʪʫʜʦʡ ʚʦʟʤʫʱʝʥʠʝ ʩʨʝʜʥʝʛʦ ʢʦʵʬʬʠʮʠʝʥʪʘ ʦʪʨʘʞʝʥʠʷ ʚʳʯʠʩʣʝʥʦ ʚʦ ʚʪʦʨʦʤ ʧʦʨʷʜʢʝ 

ʙʦʨʥʦʚʩʢʦʛʦ ʧʨʠʙʣʠʞʝʥʠʷ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʬʣʫʢʪʫʘʮʠʠ ʚ ʩʨʝʜʥʝʤ ʫʤʝʥʴʰʘʶʪ ʢʦʵʬʬʠʮʠʝʥʪ 

ʦʪʨʘʞʝʥʠʷ ʠ ʫʣʫʯʰʘʶʪ ʧʨʦʭʦʞʜʝʥʠʝ ʚʦʣʥ ʯʝʨʝʟ ʦʙʣʘʩʪʴ ʥʝʧʨʦʟʨʘʯʥʦʩʪʠ ʟʘ ʩʯʝʪ ʧʝʨʝʨʘʩʩʝʷʥʠʷ 

ʦʪʨʘʞʝʥʥʦʡ ʚʦʣʥʳ.  

ɺ ʨʘʟʜʝʣʝ 2.3 ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʜʠʩʧʝʨʩʠʷ ʩʣʫʯʘʡʥʦʛʦ ʢʦʵʬʬʠʮʠʝʥʪʘ ʦʪʨʘʞʝʥʠʷ ʚʦʣʥʳ, 

ʨʘʩʩʝʠʚʘʶʱʝʡʩʷ ʥʘ ʬʣʫʢʪʫʘʮʠʷʭ ʧʣʦʪʥʦʩʪʠ ʚ ʦʢʨʝʩʪʥʦʩʪʠ ʧʦʚʝʨʭʥʦʩʪʠ ʦʪʩʝʯʢʠ ʚ ʫʩʣʦʚʠʷʭ 

ʧʦʣʷʨʠʟʘʮʠʦʥʥʦʛʦ ʚʳʨʦʞʜʝʥʠʷ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʵʪʘ ʜʠʩʧʝʨʩʠʷ ʠʤʝʝʪ ʪʦʪ ʞʝ ʧʦʨʷʜʦʢ, ʯʪʦ ʠ 

ʚʦʟʤʫʱʝʥʠʝ ʩʨʝʜʥʝʛʦ ʟʥʘʯʝʥʠʷ ʩʣʫʯʘʡʥʦʛʦ ʢʦʵʬʬʠʮʠʝʥʪʘ ʦʪʨʘʞʝʥʠʷ, ʘ ʩʨʝʜʥʝʢʚʘʜʨʘʪʠʯʥʦʝ 
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ʦʪʢʣʦʥʝʥʠʝ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʚʩʝʛʜʘ ʦʢʘʟʳʚʘʝʪʩʷ ʤʥʦʛʦ ʙʦʣʴʰʝ ʵʪʦʛʦ ʚʦʟʤʫʱʝʥʠʷ. ʆʪʤʝʯʘʝʪʩʷ, 

ʯʪʦ ʵʪʦ ʦʙʩʪʦʷʪʝʣʴʩʪʚʦ ʤʦʞʝʪ ʦʢʘʟʘʪʴʩʷ ʚʘʞʥʳʤ ʚ ʟʘʜʘʯʘʭ, ʩʚʷʟʘʥʥʳʭ ʩ ʤʠʢʨʦʚʦʣʥʦʚʦʡ 

ʜʠʘʛʥʦʩʪʠʢʦʡ ʧʣʦʪʥʦʡ ʧʣʘʟʤʳ. 

ɺ ʨʘʟʜʝʣʝ 2.4 ʘʥʘʣʠʪʠʯʝʩʢʠʝ ʨʝʟʫʣʴʪʘʪʳ, ʧʦʣʫʯʝʥʥʳʝ ʚ ʨʘʟʜʝʣʘʭ 2.2-2.3, ʧʨʦʚʝʨʷʶʪʩʷ ʧʨʠ 

ʧʦʤʦʱʠ ʯʠʩʣʝʥʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ. ɼʣʷ ʤʘʣʳʭ ʟʥʘʯʝʥʠʡ ʘʤʧʣʠʪʫʜ ʬʣʫʢʪʫʘʮʠʡ ʧʦʣʫʯʝʥʦ 

ʭʦʨʦʰʝʝ ʢʘʯʝʩʪʚʝʥʥʦʝ ʩʦʚʧʘʜʝʥʠʝ ʨʝʟʫʣʴʪʘʪʦʚ, ʘ ʜʣʷ ʙʦʣʴʰʠʭ ʟʥʘʯʝʥʠʡ ʚʣʠʷʥʠʝ ʬʣʫʢʪʫʘʮʠʡ 

ʦʢʘʟʳʚʘʝʪʩʷ ʝʱʝ ʤʝʥʴʰʝ ʪʝʦʨʝʪʠʯʝʩʢʠʭ ʦʮʝʥʦʢ. 

ɺ ʨʘʟʜʝʣʝ 2.5 ʧʨʦʚʦʜʠʪʩʷ ʦʙʱʠʡ ʦʙʟʦʨ ʚʣʠʷʥʠʷ ʬʣʫʢʪʫʘʮʠʡ ʧʣʦʪʥʦʩʪʠ ʧʣʘʟʤʳ ʥʘ 

ʵʬʬʝʢʪʠʚʥʦʩʪʴ O-X ʪʨʘʥʩʬʦʨʤʘʮʠʠ. ʆʪʜʝʣʴʥʦ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʚʣʠʷʥʠʝ ʬʣʫʢʪʫʘʮʠʡ ʚʥʫʪʨʠ 

ʦʙʣʘʩʪʠ ʪʨʘʥʩʬʦʨʤʘʮʠʠ ʠ ʥʘ ʧʨʦʭʦʜʝ ʯʝʨʝʟ ʜʦʢʨʠʪʠʯʝʩʢʫʶ ʧʣʘʟʤʫ. ɼʣʷ ʚʦʟʤʫʱʝʥʠʷ ʩʨʝʜʥʝʡ 

ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʟʘ ʩʯʝʪ ʬʣʫʢʪʫʘʮʠʡ ʚʥʫʪʨʠ ʦʙʣʘʩʪʠ ʪʨʘʥʩʬʦʨʤʘʮʠʠ ʧʨʠʚʦʜʠʪʩʷ ʘʥʘʣʠʪʠʯʝʩʢʘʷ 

ʦʮʝʥʢʘ. ɼʣʷ ʬʣʫʢʪʫʘʮʠʡ ʚʥʝ ʦʙʣʘʩʪʠ ʪʨʘʥʩʬʦʨʤʘʮʠʠ ʚʳʜʝʣʷʝʪʩʷ ʤʝʭʘʥʠʟʤ ʤʘʣʦʫʛʣʦʚʦʛʦ 

ʨʘʩʩʝʷʥʠʷ. 

ɺ ʨʘʟʜʝʣʝ 2.6 ʘʥʘʣʠʟʠʨʫʝʪʩʷ ʚʣʠʷʥʠʝ ʤʘʣʦʫʛʣʦʚʦʛʦ ʨʘʩʩʝʷʥʠʷ ʚʦʣʥʦʚʦʛʦ ʧʫʯʢʘ ʥʘ 

ʬʣʫʢʪʫʘʮʠʷʭ ʧʣʦʪʥʦʩʪʠ ʧʣʘʟʤʳ ʥʘ ʵʬʬʝʢʪʠʚʥʦʩʪʴ O-X ʪʨʘʥʩʬʦʨʤʘʮʠʠ. ʅʘʭʦʜʠʪʩʷ 

ʢʦʵʬʬʠʮʠʝʥʪ ʪʨʘʥʩʬʦʨʤʘʮʠʠ ʢʚʘʟʠʦʧʪʠʯʝʩʢʦʛʦ ʧʫʯʢʘ ʩʦ ʩʣʫʯʘʡʥʦʡ ʬʘʟʦʚʦʡ ʤʦʜʫʣʷʮʠʝʡ. 

ʊʨʝʪʴʷ ʛʣʘʚʘ ʧʦʩʚʷʱʝʥʘ ʤʦʜʝʣʠʨʦʚʘʥʠʶ ʨʝʟʦʥʘʥʩʥʦʛʦ ʉɺʏ ʥʘʛʨʝʚʘ ʧʣʘʟʤʳ ʚ 

ʢʨʫʧʥʦʤʘʩʰʪʘʙʥʦʡ ʧʨʷʤʦʡ ʣʦʚʫʰʢʝ ʚ ʨʘʤʢʘʭ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʛʦ ʢʚʘʟʠʦʧʪʠʯʝʩʢʦʛʦ 

ʧʨʠʙʣʠʞʝʥʠʷ ʜʣʷ ʫʨʘʚʥʝʥʠʡ ʄʘʢʩʚʝʣʣʘ. ʊʘʢʦʡ ʧʦʜʭʦʜ ʧʦʟʚʦʣʷʝʪ ʤʦʜʝʣʠʨʦʚʘʪʴ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʭ ʚʦʣʥʦʚʳʭ ʧʫʯʢʦʚ ʉɺʏ ʜʠʘʧʘʟʦʥʘ, ʦʜʥʦʚʨʝʤʝʥʥʦ ʫʯʠʪʳʚʘʷ 

ʵʬʬʝʢʪʳ ʜʠʬʨʘʢʮʠʠ, ʨʝʟʦʥʘʥʩʥʦʡ ʜʠʩʩʠʧʘʮʠʠ, ʩʠʣʴʥʦʡ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʜʠʩʧʝʨʩʠʠ ʠ 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʥʝʦʜʥʦʨʦʜʥʦʩʪʠ  [10A-12A]. 

ɺ ʨʘʟʜʝʣʝ 3.1 ʜʘʝʪʩʷ ʦʙʱʠʡ ʦʙʟʦʨ ʢʚʘʟʠʦʧʪʠʯʝʩʢʦʛʦ ʧʨʠʙʣʠʞʝʥʠʷ, ʦʧʨʝʜʝʣʷʝʪʩʷ ʤʝʪʦʜʠʢʘ 

ʧʝʨʝʭʦʜʘ ʦʪ ʫʨʘʚʥʝʥʠʡ ʄʘʢʩʚʝʣʣʘ ʜʣʷ ʚʝʢʪʦʨʥʳʭ ʧʦʣʝʡ ʢ ʟʘʜʘʯʝ ʥʘ ʩʢʘʣʷʨʥʫʶ ʘʤʧʣʠʪʫʜʫ, 

ʚʳʚʦʜʠʪʩʷ ʦʧʝʨʘʪʦʨʥʦʝ ʵʚʦʣʶʮʠʦʥʥʦʝ ʫʨʘʚʥʝʥʠʝ, ʟʘʜʘʶʱʝʝ ʠʟʤʝʥʝʥʠʝ ʩʢʘʣʷʨʥʦʡ ʘʤʧʣʠʪʫʜʳ 

ʚʦʣʥʦʚʦʛʦ ʧʫʯʢʘ ʚʜʦʣʴ ʦʩʠ ʣʦʚʫʰʢʠ, ʚʚʦʜʠʪʩʷ ʚʳʨʘʞʝʥʠʝ ʜʣʷ ʧʣʦʪʥʦʩʪʠ ʧʦʛʣʦʱʝʥʥʦʡ ʉɺʏ 

ʤʦʱʥʦʩʪʠ, ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʫʩʣʦʚʠʷ ʧʨʠʤʝʥʠʤʦʩʪʠ ʢʚʘʟʠʦʧʪʠʯʝʩʢʦʛʦ ʧʦʜʭʦʜʘ. 

ʈʘʟʜʝʣʳ 3.2 ʠ 3.3 ʧʦʩʚʷʱʝʥʳ ʚʳʙʦʨʫ ʘʜʝʢʚʘʪʥʦʛʦ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʢʚʘʟʠʦʧʪʠʯʝʩʢʦʛʦ 

ʦʧʝʨʘʪʦʨʘ, ʦʧʨʝʜʝʣʷʶʱʝʛʦ ʵʚʦʣʶʮʠʶ ʚʦʣʥʦʚʦʛʦ ʧʫʯʢʘ. ɺ ʨʘʟʜʝʣʝ 3.2 ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ 

ʫʧʨʦʱʝʥʥʦʝ ʧʨʝʜʩʪʘʚʣʝʥʠʝ, ʠʩʧʦʣʴʟʦʚʘʚʰʝʝʩʷ ʨʘʥʝʝ ʜʣʷ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʵʣʝʢʪʨʦʥʥʦʛʦ 

ʮʠʢʣʦʪʦʥʥʦʛʦ ʥʘʛʨʝʚʘ ʠ ʛʝʥʝʨʘʮʠʠ ʪʦʢʘ ʚ ʪʦʨʦʠʜʘʣʴʥʳʭ ʤʘʛʥʠʪʥʳʭ ʣʦʚʫʰʢʘʭ. ʇʦʢʘʟʘʥʦ, ʯʪʦ 

ʩʣʦʞʠʚʰʝʝʩʷ ʫʧʨʦʱʝʥʥʦʝ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʥʝʧʨʠʤʝʥʠʤʦ ʜʣʷ ʧʨʷʤʳʭ ʣʦʚʫʰʝʢ, ʧʦʩʢʦʣʴʢʫ 

ʧʦʟʚʦʣʷʝʪ ʢʦʨʨʝʢʪʥʦ ʫʯʠʪʳʚʘʪʴ ʥʝʦʜʥʦʨʦʜʥʦʩʪʴ ʧʣʘʟʤʳ ʠ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʫʶ ʜʠʩʧʝʨʩʠʶ, 

ʩʚʷʟʘʥʥʫʶ ʩ ʪʝʧʣʦʚʳʤ ʜʚʠʞʝʥʠʝʤ ʯʘʩʪʠʮ ʠ ʨʝʟʦʥʘʥʩʥʳʤ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝʤ ʪʦʣʴʢʦ ʚ ʩʨʝʜʘʭ, 

ʦʪʚʝʯʘʶʱʠʭ ʩʧʝʮʠʬʠʯʝʩʢʠʤ ʫʩʣʦʚʠʷʤ, ʢʦʪʦʨʳʝ ʚ ʧʨʷʤʳʭ ʣʦʚʫʰʢʘʭ ʥʝ ʚʳʧʦʣʥʷʶʪʩʷ. 
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ɺ ʨʘʟʜʝʣʝ 3.3 ʬʦʨʤʫʣʠʨʫʝʪʩʷ ʥʦʚʦʝ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʢʚʘʟʠʦʧʪʠʯʝʩʢʦʛʦ ʦʧʝʨʘʪʦʨʘ, 

ʧʦʟʚʦʣʷʶʱʝʝ ʫʯʠʪʳʚʘʪʴ ʵʬʬʝʢʪʳ ʜʠʬʨʘʢʮʠʠ, ʨʝʟʦʥʘʥʩʥʦʡ ʜʠʩʩʠʧʘʮʠʠ, ʩʠʣʴʥʦʡ 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʜʠʩʧʝʨʩʠʠ ʠ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʥʝʦʜʥʦʨʦʜʥʦʩʪʠ ʜʣʷ ʩʨʝʜʳ ʦʙʱʝʛʦ ʚʠʜʘ. ɼʣʷ 

ʢʚʘʟʠʦʧʪʠʯʝʩʢʦʛʦ ʫʨʘʚʥʝʥʠʷ ʥʘ ʩʢʘʣʷʨʥʫʶ ʘʤʧʣʠʪʫʜʫ ʚʦʣʥʦʚʦʛʦ ʧʫʯʢʘ, ʠʩʧʦʣʴʟʫʶʱʝʛʦ ʥʦʚʦʝ 

ʧʨʝʜʩʪʘʚʣʝʥʠʝ, ʧʨʠʚʦʜʠʪʩʷ ʤʝʪʦʜ ʯʠʩʣʝʥʥʦʛʦ ʨʝʰʝʥʠʷ, ʦʩʥʦʚʘʥʥʳʡ ʥʘ ʤʝʪʦʜʝ ʦʧʝʨʘʪʦʨʥʦʡ 

ʵʢʩʧʦʥʝʥʪʳ. 

ɺ ʨʘʟʜʝʣʝ 3.4 ʦʧʠʩʳʚʘʶʪʩʷ ʧʨʦʮʝʜʫʨʘ ʚʳʯʠʩʣʝʥʠʷ ʷʜʨʘ ʢʚʘʟʠʦʧʪʠʯʝʩʢʦʛʦ ʦʧʝʨʘʪʦʨʘ ʯʝʨʝʟ 

ʨʝʰʝʥʠʝ ʜʠʩʧʝʨʩʠʦʥʥʦʛʦ ʩʦʦʪʥʦʰʝʥʠʷ ʠ ʜʨʫʛʠʝ ʦʩʦʙʝʥʥʦʩʪʠ ʯʠʩʣʝʥʥʦʡ ʩʭʝʤʳ, 

ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʨʝʘʣʠʟʦʚʘʥʥʳʝ ʚ ʯʠʩʣʝʥʥʦʤ ʢʦʜʝ ʜʣʷ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʉɺʏ ʥʘʛʨʝʚʘ ʧʣʘʟʤʳ ʚ 

ʧʨʷʤʦʡ ʣʦʚʫʰʢʝ. 

ɺ ʨʘʟʜʝʣʝ 3.5 ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʧʝʨʚʳʝ ʨʝʟʫʣʴʪʘʪʳ ʯʠʩʣʝʥʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʕʎ ʥʘʛʨʝʚʘ 

ʧʣʘʟʤʳ ʥʘ ʫʩʪʘʥʦʚʢʝ ɻɼʃ. ɼʣʷ ʫʞʝ ʨʝʘʣʠʟʦʚʘʥʥʳʭ ʚ ʵʢʩʧʝʨʠʤʝʥʪʝ ʩʮʝʥʘʨʠʝʚ ʤʦʜʝʣʠʨʦʚʘʥʠʝ 

ʧʨʦʬʠʣʝʡ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʉɺʏ ʤʦʱʥʦʩʪʠ ʧʦʜʪʚʝʨʜʠʣʦ ʨʝʟʫʣʴʪʘʪʳ, ʧʦʣʫʯʝʥʥʳʝ ʨʘʥʝʝ ʩ 

ʧʦʤʦʱʴʶ ʛʝʦʤʝʪʨʦʦʧʪʠʯʝʩʢʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ. ʊʘʢʞʝ ʧʨʝʜʣʦʞʝʥ ʥʦʚʳʡ ʫʣʫʯʰʝʥʥʳʡ 

ʩʮʝʥʘʨʠʡ ʚ ʢʦʪʦʨʦʤ ʨʝʘʣʠʟʫʝʪʩʷ ʙʦʣʝʝ ʨʘʚʥʦʤʝʨʥʳʡ ʥʘʛʨʝʚ ʚʩʝʛʦ ʦʙʲʝʤʘ ʧʣʘʟʤʳ ʚ ʤʘʛʥʠʪʥʦʡ 

ʣʦʚʫʰʢʝ. 

ɺ ʟʘʢʣʶʯʝʥʠʠ ʩʬʦʨʤʫʣʠʨʦʚʘʥʳ ʦʩʥʦʚʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʜʠʩʩʝʨʪʘʮʠʠ. 



 16 

ɻʣʘʚʘ 1. ʃʠʥʝʡʥʘʷ ʪʨʘʥʩʬʦʨʤʘʮʠʷ ʚʦʣʥʦʚʳʭ ʧʫʯʢʦʚ  

ʚ ʧʣʘʟʤʝ ʪʦʨʦʠʜʘʣʴʥʳʭ ʤʘʛʥʠʪʥʳʭ ʣʦʚʫʰʝʢ 

ʀʩʪʦʨʠʯʝʩʢʠ, ʥʘʯʘʣʦ ʠʩʩʣʝʜʦʚʘʥʠʡ ʣʠʥʝʡʥʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʦʙʳʢʥʦʚʝʥʥʦʡ (O) ʚʦʣʥʳ ʠ 

ʥʝʦʙʳʢʥʦʚʝʥʥʦʡ (X) ʚʦʣʥʳ (O-X ʪʨʘʥʩʬʦʨʤʘʮʠʠ) ʚ ʤʘʛʥʠʪʦʘʢʪʠʚʥʦʡ ʧʣʘʟʤʝ ʩʚʷʟʘʥʦ ʩ 

ʠʟʫʯʝʥʠʝʤ ʵʬʬʝʢʪʘ çʫʪʨʘʠʚʘʥʠʷè ʨʘʜʠʦʩʠʛʥʘʣʦʚ ʚ ʠʦʥʦʩʬʝʨʝ [66, 67]. ʉʝʛʦʜʥʷ ʦʩʦʙʳʡ ʠʥʪʝʨʝʩ 

ʧʨʝʜʩʪʘʚʣʷʝʪ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʵʪʦʛʦ ʷʚʣʝʥʠʷ ʚ ʧʨʘʢʪʠʯʝʩʢʠʭ ʧʨʠʣʦʞʝʥʠʷʭ ʧʦ ʦʩʚʦʝʥʠʶ ʋʊʉ, 

ʧʦʩʢʦʣʴʢʫ ʣʠʥʝʡʥʘʷ ʪʨʘʥʩʬʦʨʤʘʮʠʷ ʚʦʣʥ ʧʦʟʚʦʣʷʝʪ ʧʨʦʚʦʜʠʪʴ ʵʬʬʝʢʪʠʚʥʳʡ ʉɺʏ ʥʘʛʨʝʚ ʠ 

ʜʠʘʛʥʦʩʪʠʢʫ ʟʘʢʨʠʪʠʯʝʩʢʦʡ ʧʣʘʟʤʳ ʚ ʪʦʨʦʠʜʘʣʴʥʳʭ ʤʘʛʥʠʪʥʳʭ ʣʦʚʫʰʢʘʭ [11]. 

ʊʨʘʜʠʮʠʦʥʥʦ O-X ʪʨʘʥʩʬʦʨʤʘʮʠʷ ʨʘʩʩʤʘʪʨʠʚʘʣʘʩʴ ʚ ʨʘʤʢʘʭ ʤʦʜʝʣʴʥʦʛʦ ʧʣʦʩʢʦʩʣʦʠʩʪʦʛʦ 

ʧʨʠʙʣʠʞʝʥʠʷ [12-14, 27-31], ʦʜʥʘʢʦ ʚ ʨʘʙʦʪʝ [33] ʙʳʣʦ ʟʘʤʝʯʝʥʦ, ʯʪʦ ʚ ʪʦʨʦʠʜʘʣʴʥʳʭ ʣʦʚʫʰʢʘʭ 

ʛʨʘʜʠʝʥʪʳ ʧʣʦʪʥʦʩʪʠ ʧʣʘʟʤʳ ʠ ʤʦʜʫʣʷ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʚ ʦʙʱʝʤ ʩʣʫʯʘʝ ʥʝ ʧʘʨʘʣʣʝʣʴʥʳ, ʠ 

ʧʦʵʪʦʤʫ ʥʫʞʥʦ ʫʯʠʪʳʚʘʪʴ ʜʚʫʤʝʨʥʫʶ ʥʝʦʜʥʦʨʦʜʥʦʩʪʴ ʩʨʝʜʳ. ʉʦʦʪʚʝʪʩʪʚʫʶʱʘʷ ʜʚʫʤʝʨʥʘʷ 

ʢʦʥʬʠʛʫʨʘʮʠʷ ʙʳʣʘ ʚʧʝʨʚʳʝ ʚʚʝʜʝʥʘ ʠ ʠʟʫʯʝʥʘ ʙʝʟ ʧʦʣʦʠʜʘʣʴʥʦʛʦ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʚ ʨʘʙʦʪʘʭ 

[34-37], ʘ ʟʘʪʝʤ ʙʳʣʠ ʜʦʙʘʚʣʝʥʳ ʵʬʬʝʢʪ ʦʪ ʧʦʣʦʠʜʘʣʴʥʦʛʦ ʧʦʣʷ [38, 40], ʝʛʦ ʰʠʨʘ [41, 42] ʠ 

ʦʙʦʙʱʝʥʠʝ ʥʘ ʩʣʫʯʘʡ ʧʨʦʠʟʚʦʣʴʥʦʡ ʪʨʝʭʤʝʨʥʦʡ ʥʝʦʜʥʦʨʦʜʥʦʩʪʴʶ ʤʦʜʫʣʷ ʠ ʥʘʧʨʘʚʣʝʥʠʷ 

ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ. [41].  

ɺ ʵʪʦʡ ʛʣʘʚʝ ʩʝʨʠʷ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʨʦʜʦʣʞʘʝʪʩʷ, ʧʨʠʯʝʤ ʘʢʮʝʥʪ ʜʝʣʘʝʪʩʷ ʥʘ ʘʥʘʣʠʟʝ ʨʦʣʠ 

ʢʨʠʚʠʟʥʳ ʤʘʛʥʠʪʥʳʭ ʧʦʚʝʨʭʥʦʩʪʝʡ, ʢʦʪʦʨʘʷ ʚʦ ʚʩʝʭ ʫʧʦʤʷʥʫʪʳʭ ʨʘʙʦʪʘʭ ʠʛʥʦʨʠʨʦʚʘʣʘʩʴ. ɺ 

ʨʘʟʜʝʣʘʭ 1.1-1.4 ʚʣʠʷʥʠʝ ʢʨʠʚʠʟʥʳ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʥʘ ʧʨʠʤʝʨʝ ʤʦʜʝʣʴʥʦʡ ʩʨʝʜʳ, 

ʧʨʠʙʣʠʞʝʥʥʦʡ ʢ ʢʣʘʩʩʠʯʝʩʢʦʤʫ ʪʦʢʘʤʘʢʫ, ʩʣʝʜʫʷ ʣʦʛʠʢʝ ʩʪʘʪʴʠ [2A]. ɺ ʨʘʤʢʘʭ ʵʪʦʛʦ ʧʦʜʭʦʜʘ 

ʤʳ ʨʘʩʩʤʘʪʨʠʚʘʝʤ ʚʩʶ ʪʦʨʦʠʜʘʣʴʥʫʶ ʦʙʣʘʩʪʴ ʧʦʣʷʨʠʟʘʮʠʦʥʥʦʛʦ ʚʳʨʦʞʜʝʥʠʷ ʚ ʪʦʢʘʤʘʢʝ 

ʮʝʣʠʢʦʤ, ʥʦ ʧʨʝʥʝʙʨʝʛʘʝʤ ʧʦʣʦʠʜʘʣʴʥʳʤ ʤʘʛʥʠʪʥʳʤ ʧʦʣʝʤ. ɿʘʪʝʤ ʚ ʨʘʟʜʝʣʝ 1.5 ʤʳ, ʥʘʧʨʦʪʠʚ, 

ʨʝʰʘʝʤ ʟʘʜʘʯʫ O-X ʪʨʘʥʩʬʦʨʤʘʮʠʠ ʪʦʣʴʢʦ ʜʣʷ ʤʘʣʦʡ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʨʘʟʤʝʨʘʤʠ ʫʩʪʘʥʦʚʢʠ 

ʦʙʣʘʩʪʠ ʧʣʘʟʤʳ, ʥʦ ʟʘʪʦ ʧʦʤʠʤʦ ʢʨʠʚʠʟʥʳ ʫʯʠʪʳʚʘʝʤ ʪʘʢʞʝ ʥʝʦʜʥʦʨʦʜʥʦʩʪʴ ʤʦʜʫʣʷ ʠ 

ʥʘʧʨʘʚʣʝʥʠʷ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ. 

ʇʨʠ ʵʪʦʤ ʤʳ ʙʫʜʝʤ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʨʝʰʝʥʠ ̫ ʪʦʣʴʢʦ ʚ ʤʘʣʦʡ ʦʢʨʝʩʪʥʦʩʪʠ ʦʙʣʘʩʪʠ 

ʣʠʥʝʡʥʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ. ɺ ʧʨʠʣʦʞʝʥʠʷʭ ʪʘʢʠʝ ʨʝʰʝʥʠʷ ʜʦʣʞʥʳ ʧʦʜʰʠʚʘʪʴʩʷ ʢ ʩʪʘʥʜʘʨʪʥʳʤ 

ʧʨʝʜʩʪʘʚʣʝʥʠʷʤ ʢʚʘʟʠʦʧʪʠʯʝʩʢʠʭ ʚʦʣʥʦʚʳʭ ʧʫʯʢʦʚ [68], ʦʧʠʩʳʚʘʶʱʠʤ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ 

ʠʟʣʫʯʝʥʠʷ ʚ ʜʦʢʨʠʪʠʯʝʩʢʦʡ ʧʣʘʟʤʝ. ʋʧʨʦʱʝʥʥʦ ʵʪʦʪ ʚʦʧʨʦʩ ʙʫʜʝʪ ʨʘʩʩʤʘʪʨʠʚʘʪʴʩʷ ʚ ʨʘʟʜʝʣʝ 

1.4. 

ʅʘʧʦʤʥʠʤ ʢʨʘʪʢʦ ʦʩʥʦʚʥʳʝ ʫʩʣʦʚʠʷ ʥʝʦʙʭʦʜʠʤʳʝ ʜʣʷ ʵʬʬʝʢʪʠʚʥʦʡ ʪʨʘʥʩʬʦʨʤʘʮʠʠ. 

ʕʬʬʝʢʪʠʚʥʘʷ ʪʨʘʥʩʬʦʨʤʘʮʠʷ ʚʦʟʤʦʞʥʘ, ʢʦʛʜʘ ʪʦʯʢʠ ʨʘʟʚʦʨʦʪʘ ʦʙʝʠʭ ʤʦʜ ʦʢʘʟʳʚʘʶʪʩʷ 

ʜʦʩʪʘʪʦʯʥʦ ʙʣʠʟʢʦ ʜʨʫʛ ʢ ʜʨʫʛʫ. ɼʣʷ ʧʣʦʩʢʠʭ ʚʦʣʥ ʚ ʭʦʣʦʜʥʦʡ ʧʣʘʟʤʝ ʵʪʦ ʚʦʟʤʦʞʥʦ ʚ ʦʙʣʘʩʪʠ 

ʪʨʘʥʩʬʦʨʤʘʮʠʠ, ʦʧʨʝʜʝʣʝʥʥʦʡ ʩʣʝʜʫʶʱʠʤ ʫʩʣʦʚʠʷʤ [34] 
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     ||NN <<^ , 1|| || <<e , 1|| 2

|| <<-+ Ne ,   (1.1) 

ʛʜʝ w/^^=ckN  ʠ w/|||| ckN =  ʚʦʣʥʦʚʳʝ ʯʠʩʣʘ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʧʦʧʝʨʝʯʥʦʡ ʠ ʧʨʦʜʦʣʴʥʦʡ 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʢʦʤʧʦʥʝʥʪʝ ʚʦʣʥʦʚʦʛʦ ʚʝʢʪʦʨʘ, ʘ ||e ʠ +e  ʢʦʤʧʦʥʝʥʪʳ ʪʝʥʟʦʨʘ 

ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʡ ʧʨʦʥʠʮʘʝʤʦʩʪʠ ʚ ʩʪʠʢʩʦʚʦʤ ʧʨʝʜʩʪʘʚʣʝʥʠʠ, 

   ( ) ,,,11,1 22

|| wwwwee cepe YXYXX ==+-=-= +   

ʛʜʝ w, cew  ʠ pew  ʯʘʩʪʦʪʘ ʚʦʣʥʳ, ʘ ʪʘʢʞʝ ʵʣʝʢʪʨʦʥʥʘʷ ʮʠʢʣʦʪʨʦʥʥʘʷ ʠ ʣʝʥʛʤʶʨʦʚʩʢʘʷ ʯʘʩʪʦʪʳ 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʇʨʠ ʵʪʠʭ ʫʩʣʦʚʠʷʭ ʤʦʞʥʦ ʧʦʣʫʯʠʪʴ ʧʨʠʙʣʠʞʝʥʥʦʝ ʨʝʰʝʥʠʝ ʜʠʩʧʝʨʩʠʦʥʥʦʛʦ 

ʫʨʘʚʥʝʥʠʷ ʜʣʷ ʣʝʚʦʧʦʣʷʨʠʟʦʚʘʥʥʳʭ ʚʦʣʥ ʚ ʦʢʨʝʩʪʥʦʩʪʠ ʦʙʣʘʩʪʠ ʪʨʘʥʩʬʦʨʤʘʮʠʠ ʢʘʢ 

     ++^ -º eee /)(2 2

||||

2 NN .   

ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʦʙʳʯʥʳʤʠ ʦʙʦʟʥʘʯʝʥʠʷʤʠ, ʵʪʦ ʨʝʰʝʥʠʝ ʦʧʠʩʳʚʘʝʪ O-ʤʦʜʫ ʧʨʠ 0|| >e  ʠ 

2

||N>+e  ʠ X-ʤʦʜʫ ʧʨʠ 0|| <e  ʠ 2

||N<+e . ʆʙʣʘʩʪʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʜʣʷ ʆ- ʠ ʍ-ʚʦʣʥ ʨʘʟʜʝʣʝʥʳ 

ʦʙʣʘʩʪʴʶ ʥʝʧʨʦʟʨʘʯʥʦʩʪʠ, ʦʧʨʝʜʝʣʷʝʤʦʡ ʫʩʣʦʚʠʝʤ 0)( 2

|||| <-+ Nee . ʍʘʨʘʢʪʝʨʥʳʡ ʚʠʜ ʵʪʦʡ 

ʦʙʣʘʩʪʠ ʜʣʷ ʪʦʨʦʠʜʘʣʴʥʦʡ ʤʘʛʥʠʪʥʦʡ ʣʦʚʫʰʢʠ ʧʦʢʘʟʘʥ ʥʘ ʈʠʩʫʥʢʝ 1.1. ʆʙʣʘʩʪʴ ʥʝʧʨʦʟʨʘʯʥʦʩʪʠ 

ʦʙʨʘʟʦʚʘʥʘ ʜʚʫʤʷ ʧʦʚʝʨʭʥʦʩʪʷʤʠ ʦʪʩʝʯʢʠ
1
, 0|| =e  ʠ 02

|| =-+ Ne  ʢʘʞʜʘʷ ʠʟ ʢʦʪʦʨʳʭ ʤʦʞʝʪ ʙʳʪʴ 

ʧʦʚʝʨʭʥʦʩʪʴʶ ʨʘʟʚʦʨʦʪʘ ʢʘʢ ʜʣʷ O-ʤʦʜʳ ʪʘʢ ʠ ʜʣʷ X-ʤʦʜʳ, ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʪʦʛʦ ʢʘʢʘʷ ʠʟ 

ʧʦʚʝʨʭʥʦʩʪʝʡ ʦʢʘʟʳʚʘʝʪʩʷ ʚ ʙʦʣʝʝ ʧʣʦʪʥʦʡ ʧʣʘʟʤʝ.  

ɺ ʪʦʨʦʠʜʘʣʴʥʦʡ ʛʝʦʤʝʪʨʠʠ ʧʣʦʪʥʦʩʪʴ ʧʣʘʟʤʳ ʠ ʚʥʝʰʥʝʝ ʤʘʛʥʠʪʥʦʝ ʧʦʣʝ ʤʝʥʷʶʪʩʷ ʚʜʦʣʴ 

ʨʘʟʥʳʭ ʥʘʧʨʘʚʣʝʥʠʡ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʥʝʩʦʚʧʘʜʝʥʠʶ ʧʦʚʝʨʭʥʦʩʪʝʡ ʦʪʩʝʯʢʠ ʠ ʜʝʣʘʝʪ 

ʦʙʱʝʧʨʠʥʷʪʦʝ ʦʜʥʦʤʝʨʥʦʝ ʨʘʩʩʤʦʪʨʝʥʠʝ ʥʝʜʦʩʪʘʪʦʯʥʳʤ, ʯʪʦʙʳ ʦʧʠʩʘʪʴ O-X ʪʨʘʥʩʬʦʨʤʘʮʠʶ ʚ 

ʦʙʱʝʤ ʩʣʫʯʘʝ. ʇʝʨʚʘʷ ʧʦʚʝʨʭʥʦʩʪʴ, 0|| =e  ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʤʘʛʥʠʪʥʫʶ ʧʦʚʝʨʭʥʦʩʪʴ ʩ 

ʢʨʠʪʠʯʝʩʢʦʡ ʧʣʦʪʥʦʩʪʴʶ ʧʣʘʟʤʳ, ww =pe . ɿʘ ʩʯʝʪ ʠʟʤʝʥʝʥʠʷ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʚʪʦʨʘʷ 

ʧʦʚʝʨʭʥʦʩʪʴ, 02

|| =-+ Ne , ʥʝ ʩʦʚʧʘʜʘʝʪ ʩ ʧʝʨʚʦʡ. ɼʣʷ ʦʧʨʝʜʝʣʝʥʥʦʛʦ ʜʠʘʧʘʟʦʥʘ ||N  ʵʪʠ 

ʧʦʚʝʨʭʥʦʩʪʠ ʤʦʛʫʪ ʧʝʨʝʩʝʢʘʪʴʩʷ (ʈʠʩʫʥʦʢ 1.1, ʩʣʝʚʘ), ʠ ʚ ʵʪʦʤ ʩʣʫʯʘʝ ʪʨʘʥʩʬʦʨʤʘʮʠʷ 

ʧʨʦʠʩʭʦʜʠʪ ʯʝʨʝʟ ʪʫʥʥʝʣʠʨʦʚʘʥʠʝ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʛʦ ʠʟʣʫʯʝʥʠʷ ʩʢʚʦʟʴ ʠʩʪʦʥʯʘʶʱʫʶʩʷ 

                                                 
1
 ʆʙʨʘʪʠʪʝ ʚʥʠʤʘʥʠʝ, ʯʪʦ ʟʜʝʩʴ çʦʪʩʝʯʢʘè ʦʪʥʦʩʠʪʩʷ ʢ ʪʦʯʢʘʤ ʨʘʟʚʦʨʦʪʘ ʥʘ ʜʠʩʧʝʨʩʠʦʥʥʦʡ 

ʧʦʚʝʨʭʥʦʩʪʠ, ʛʜʝ ʪʦʣʴʢʦ ʧʦʧʝʨʝʯʥʘʷ ʩʦʩʪʘʚʣʷʶʱʘʷ ʚʦʣʥʦʚʦʛʦ ʚʝʢʪʦʨʘ ʨʘʚʥʘ ʥʫʣʶ, ʚ ʪʦ ʚʨʝʤʷ 

ʢʘʢ ʧʨʦʜʦʣʴʥʘʷ ʩʦʩʪʘʚʣʷʶʱʘʷ ʦʩʪʘʝʪʩʷ ʧʦʩʪʦʷʥʥʦʡ. ʉʪʨʦʛʦ ʛʦʚʦʨʷ, ʵʪʦ ʥʝ ʩʦʦʪʚʝʪʩʪʚʫʝʪ 

ʩʪʘʥʜʘʨʪʥʦʤʫ ʦʧʨʝʜʝʣʝʥʠʶ ʦʪʩʝʯʢʠ ʚ ʥʝʦʛʨʘʥʠʯʝʥʥʦʡ ʧʣʘʟʤʝ, ʦʪʥʦʩʷʱʝʤʫʩʷ ʢ ʪʝʤ ʪʦʯʢʘʤ, ʛʜʝ 

ʧʦʣʥʳʡ ʚʦʣʥʦʚʦʡ ʚʝʢʪʦʨ ʩʪʨʝʤʠʪʩʷ ʢ ʥʫʣʶ. ʊʝʤ ʥʝ ʤʝʥʝʝ, ʤʳ ʧʨʠʥʠʤʘʝʤ ʵʪʠ ʦʙʦʟʥʘʯʝʥʠʷ 

ʪʠʧʠʯʥʳʤʠ ʜʣʷ ʦʛʨʘʥʠʯʝʥʥʳʭ ʩʠʩʪʝʤ ʨʘʜʠ ʩʦʚʤʝʩʪʠʤʦʩʪʠ ʩ ʙʦʣʴʰʠʤ ʢʦʣʠʯʝʩʪʚʦʤ 

ʧʨʝʜʳʜʫʱʠʭ ʨʘʙʦʪ, ʩʤ., ʥʘʧʨʠʤʝʨ, [34, 36-38, 40-42]. 
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ʦʙʣʘʩʪʴ ʥʝʧʨʦʟʨʘʯʥʦʩʪʠ ʚ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʡ ʙʣʠʟʦʩʪʠ ʦʪ ʣʠʥʠʠ ʧʝʨʝʩʝʯʝʥʠʷ. ʉʠʤʤʝʪʨʠʷ 

ʪʦʢʘʤʘʢʘ ʟʘʜʘʝʪ ʦʜʥʦʨʦʜʥʦʩʪʴ ʩʠʩʪʝʤ rʚ ʪʦʨʦʠʜʘʣʴʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ.  

 

ʈʠʩʫʥʦʢ 1.1: ʆʙʣʘʩʪʴ O-X ʪʨʘʥʩʬʦʨʤʘʮʠʠ ʚ ʪʦʢʘʤʘʢʝ: (a) ʵʬʬʝʢʪʠʚʥʘʷ ʪʨʘʥʩʬʦʨʤʘʮʠʷ 

ʦʢʦʣʦ ʪʦʯʝʢ ʧʝʨʝʩʝʯʝʥʠʷ ʧʦʚʝʨʭʥʦʩʪʝʡ ʦʪʩʝʯʢʠ C  ʠ C¡, (b) ʥʝʵʬʬʝʢʪʠʚʥʘʷ ʪʨʘʥʩʬʦʨʤʘʮʠʷ ʚ 

ʩʣʫʯʘʝ ʥʝʧʝʨʝʩʝʢʘʶʱʠʭʩʷ ʧʦʚʝʨʭʥʦʩʪʝʡ ʦʪʩʝʯʢʠ. ʆʙʣʘʩʪʴ ʥʝʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʜʣʷ ʣʝʚʦ 

ʧʦʣʷʨʠʟʦʚʘʥʥʳʭ ʚʦʣʥ ʦʛʨʘʥʠʯʝʥʥʘʷ ʧʦʚʝʨʭʥʦʩʪʷʤʠ ʦʪʩʝʯʢʠ ʟʘʰʪʨʠʭʦʚʘʥʘ; 1 ï ʢʦʥʪʫʨ 0|| =e , 

ʦʢʨʫʞʥʦʩʪʴ ʩ ʮʝʥʪʨʦʤ ʚ O1, 2 ï ʢʦʥʪʫʨ 0~=r , ʦʢʨʫʞʥʦʩʪʴ ʩ ʮʝʥʪʨʦʤ ʚ O2, ʩʜʚʠʥʫʪʘ ʥʘ 

2/21 rD=OO  ʦʪ O1, 3 ï ʢʦʥʪʫʨ 02

|| =-+ Ne , ʦʢʨʫʞʥʦʩʪʴ ʩ ʮʝʥʪʨʦʤ ʚ O3, ʩʜʚʠʥʫʪʘ ʥʘ 

rD=31OO  ʦʪ O1. ʉʠʤʤʝʪʨʠʷ ʪʦʢʘʤʘʢʘ ʧʦʜʨʘʟʫʤʝʚʘʝʪ, ʯʪʦ ʩʠʩʪʝʤʘ ʦʜʥʦʨʦʜʥʘ ʚ 

ʪʦʨʦʠʜʘʣʴʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ. 

 

ʇʦʩʣʝ ʫʯʝʪʘ ʪʦʨʦʠʜʘʣʴʥʦʡ ʢʨʠʚʠʟʥ,r ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ O- ʠ ʍ-ʚʦʣʥ ʤʦʞʥʦ ʨʘʩʩʤʘʪʨʠʚʘʪʴ 

ʢʘʢ ʜʚʫʤʝʨʥʦ ʥʝʦʜʥʦʨʦʜʥʫʶ ʟʘʜʘʯʫ. ʈʘʥʝʝ ʧʨʦʚʝʜʝʥʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʵʪʦʛʦ ʧʨʦʮʝʩʩʘ 

ʧʨʦʚʦʜʠʣʠʩʴ ʚ ʧʨʝʜʧʦʣʦʞʝʥʠʠ, ʯʪʦ ʦʙʝ ʧʦʚʝʨʭʥʦʩʪʠ ʦʪʩʝʯʢʠ ʷʚʣʷʶʪʩʷ ʧʣʦʩʢʠʤʠ, ʪʘʢ ʢʘʢ ʚʩʷ 

ʦʙʣʘʩʪʴ O-X ʪʨʘʥʩʬʦʨʤʘʮʠʠ ʤʘʣʘ. ʅʠʞʝ ʤʳ ʠʟʫʯʠʤ ʧʦʩʣʝʜʩʪʚʠʷ ʢʘʢ ʧʦʣʦʠʜʘʣʴʥʦʡ, ʪʘʢ ʠ 

ʪʦʨʦʠʜʘʣʴʥʦʡ ʢʨʠʚʠʟʥ, ʩʚʦʡʩʪʚʝʥʥʳʭ ʵʪʦʡ ʧʦʚʝʨʭʥʦʩʪʠ. 

1.1 ʕʪʘʣʦʥʥʳʝ ʚʦʣʥʦʚʳʝ ʫʨʘʚʥʝʥʠʷ ʚ ʪʦʨʦʠʜʘʣʴʥʦʡ ʛʝʦʤʝʪʨʠʠ ʠ ʠʭ ʨʝʰʝʥʠʝ 

ɼʣʷ ʪʦʛʦ, ʯʪʦʙʳ ʧʦʣʫʯʠʪʴ ʵʪʘʣʦʥʥʳʝ ʚʦʣʥʦʚʳʝ ʫʨʘʚʥʝʥʠʷ, ʘʢʢʫʨʘʪʥʦ ʠ ʧʦʣʥʳʤ ʦʙʨʘʟʦʤ 

ʫʯʠʪʳʚʘʶʱʠʝ ʩʧʝʮʠʬʠʢʫ ʪʦʨʦʠʜʘʣʴʥʳʭ ʤʘʛʥʠʪʥʳʭ ʣʦʚʫʰʝʢ, ʧʨʦʚʝʜʝʤ ʚʩʝ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʚ 

ʪʦʨʦʠʜʘʣʴʥʦʡ ʩʠʩʪʝʤʝ ʢʦʦʨʜʠʥʘʪ. ɺʚʝʜʝʤ ʪʦʨʦʠʜʘʣʴʥʳʝ ʢʦʦʨʜʠʥʘʪʳ ( )jq,,r  ʯʝʨʝʟ 

ʩʦʦʪʥʦʰʝʥʠʷ: 
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rz

rRy

rRx

,  

ʛʜʝ ( )zyx ,,  ï ʵʪʦ ʜʝʢʘʨʪʦʚʳʝ ʢʦʦʨʜʠʥʘʪʳ, ʛʜʝ ʦʩʴ z  ʩʦʚʧʘʜʘʝʪ ʩ ʛʣʘʚʥʦʡ ʦʩʴʶ ʪʦʢʘʤʘʢʘ, ʘ 

ʧʣʦʩʢʦʩʪʴ ( )yx,  ʣʝʞʠʪ ʚ ʝʛʦ ʵʢʚʘʪʦʨʠʘʣʴʥʦʡ ʧʣʦʩʢʦʩʪʠ. ʇʨʠ ʵʪʦʤ ʥʘʧʨʘʚʣʝʥʠʝ ʦʩʠ z  

ʦʧʨʝʜʝʣʷʝʪʩʷ ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʯʪʦʙʳ ʚʝʢʪʦʨ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʠ ʦʨʪ ʪʦʨʦʠʜʘʣʴʥʦʡ ʢʦʦʨʜʠʥʘʪʳ je  

ʙʳʣʠ ʩʦʥʘʧʨʘʚʣʝʥʳ. ʉʦʦʪʚʝʪʩʪʚʝʥʥʦ ʧʨʠ ʩʤʝʥʝ ʟʥʘʢʘ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʫ ʥʘʩ ʙʫʜʫʪ ʤʝʥʷʪʴʩʷ 

ʤʝʩʪʘʤʠ çʚʝʨʭè ʠ çʥʠʟè. ʆʧʨʝʜʝʣʠʤ ʬʠʟʠʯʝʩʢʠʡ ʩʤʳʩʣ ʚʚʝʜʝʥʥʳʭ ʧʘʨʘʤʝʪʨʦʚ: R  ï ʙʦʣʴʰʦʡ 

ʨʘʜʠʫʩ ʪʦʢʘʤʘʢʘ, r  ï ʨʘʜʠʘʣʴʥʘʷ ʢʦʦʨʜʠʥʘʪʘ ʚ ʧʦʣʦʠʜʘʣʴʥʦʡ ʧʣʦʩʢʦʩʪʠ, ʘ q  ʠ j  ï 

ʧʦʣʦʠʜʘʣʴʥʳʡ ʠ ʪʦʨʦʠʜʘʣʴʥʳʡ ʫʛʣʳ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ɺ ʵʪʦʡ ʩʠʩʪʝʤʝ ʢʦʦʨʜʠʥʘʪ ʜʦʚʦʣʴʥʦ 

ʧʨʦʩʪʦ ʦʧʨʝʜʝʣʠʪʴ ʚʩʝ ʧʘʨʘʤʝʪʨʳ ʧʣʘʟʤʳ. ʇʦʩʢʦʣʴʢʫ ʚ ʨʘʤʢʘʭ ʠʟʣʘʛʘʝʤʦʛʦ ʧʦʜʭʦʜʘ ʤʳ 

ʧʨʝʥʝʙʨʝʛʘʝʤ ʧʦʣʦʠʜʘʣʴʥʳʤ ʤʘʛʥʠʪʥʳʤ ʧʦʣʝʤ, ʚʝʢʪʦʨ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʙʫʜʝʪ ʠʤʝʪʴ ʪʦʣʴʢʦ 

ʪʦʨʦʠʜʘʣʴʥʫʶ ʢʦʤʧʦʥʝʥʪʫ: jeB Ö=B , ʛʜʝ 0>B . ʂʦʥʮʝʥʪʨʘʮʠʷ ʧʣʘʟʤʳ ʠ ʠʥʜʫʢʮʠʷ ʤʘʛʥʠʪʥʦʛʦ 

ʧʦʣʷ ʙʫʜʫʪ ʦʧʨʝʜʝʣʷʪʴʩʷ ʪʦʣʴʢʦ ʧʦʣʦʠʜʘʣʴʥʳʤʠ ʢʦʦʨʜʠʥʘʪʘʤʠ r  ʠ q.  

ʀʩʧʦʣʴʟʫʷ ʦʜʥʦʨʦʜʥʦʩʪʴ ʩʠʩʪʝʤʳ ʚʜʦʣʴ ʢʦʦʨʜʠʥʘʪʳ j, ʚʦʣʥʦʚʦʝ ʧʦʣʝ ʤʦʞʥʦ ʠʩʢʘʪʴ ʚ 

ʚʠʜʝ ʨʘʟʣʦʞʝʥʠʷ ʧʦ ʧʨʦʜʦʣʴʥʳʤ ʛʘʨʤʦʥʠʢʘʤ:  

   ( ) ( ) 0||0||000||  exp,,,),,,( dNtiNRikNrtr ñ -= wjwqjq FE ,    (1.2) 

ʛʜʝ 0 /k cw=  ʠ ʟʘʪʝʤ ʩʪʘʚʠʪʴ ʟʘʜʘʯʫ ʪʦʣʴʢʦ ʜʣʷ ʦʜʥʦʡ ʛʘʨʤʦʥʠʢʠ:  

    ( ) ( )jqjq 0||000|| exp,,),,( NRikNrr FE = .  

ɺ ʜʘʣʴʥʝʡʰʠʭ ʚʳʢʣʘʜʢʘʭ ʤʳ ʙʫʜʝʤ ʠʩʧʦʣʴʟʦʚʘʪʴ ʠʤʝʥʥʦ ʵʪʦ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ 

ʧʦʣ̫, ʘ ʥʝ (1.2), ʝʩʣʠ ʷʚʥʦ ʥʝ ʙʫʜʝʪ ʫʢʘʟʘʥʦ ʦʙʨʘʪʥʦʛʦ.  

ʆʜʥʘʢʦ, ʧʦʩʢʦʣʴʢʫ ʦʜʥʘ ʠʟ ʮʝʣʝʡ ʵʪʦʡ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʡ ʨʘʙʦʪʳ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʨʘʩʯʝʪʝ 

ʪʨʘʥʩʬʦʨʤʘʮʠʠ ʨʝʘʣʴʥʦʛʦ ʪʨʝʭʤʝʨʥʦʛʦ ʧʫʯʢʘ, ʠʤʝʶʱʝʛʦ ʢʦʥʝʯʥʳʡ ʨʘʟʤʝʨ ʧʦ j, ʤʳ 

ʠʩʧʦʣʴʟʫʝʤ ʥʝʩʢʦʣʴʢʦ ʩʦʦʙʨʘʞʝʥʠʡ, ʢʦʪʦʨʳʝ ʧʦʟʚʦʣʷʪ ʫʧʨʦʩʪʠʪʴ ʚʳʯʠʩʣʝʥʠʝ ʠʥʪʝʛʨʘʣʘ (1.2) 

ʜʣʷ ʧʝʨʝʭʦʜʘ ʦʪ ʤʥʦʞʝʩʪʚʘ ʜʚʫʤʝʨʥʳʭ ʟʘʜʘʯ ʢ ʦʜʥʦʡ ʪʨʝʭʤʝʨʥʦʡ. ʅʘʧʨʠʤʝʨ, ʪ.ʢ. ʜʠʘʧʘʟʦʥ 0||N , 

ʧʦʟʚʦʣʷʶʱʠʡ ʧʨʦʚʦʜʠʪʴ ʵʬʬʝʢʪʠʚʥʫʶ ʪʨʘʥʩʬʦʨʤʘʮʠʶ, ʜʦʚʦʣʴʥʦ ʫʟʦʢ, ʪʦ ʢʘʢʦʚ ʙʳ ʥʠ ʙʳʣ 

ʨʝʘʣʴʥʳʡ ʩʧʝʢʪʨ ( )0||,, Nr qF , ʥʘʤ ʜʣʷ ʨʘʩʯʝʪʘ ʢʦʵʬʬʠʮʠʝʥʪʘ ʪʨʘʥʩʬʦʨʤʘʮʠʠ ʥʫʞʥʦ ʢʦʨʨʝʢʪʥʦ 

ʦʧʠʩʘʪʴ ʣʠʰʴ ʛʘʨʤʦʥʠʢʠ ʩ 0||0|| NN º , ʛʜʝ 0||N  ï ʵʪʦ ʥʝʩʫʱʝʝ ʧʨʦʜʦʣʴʥʦʝ ʚʦʣʥʦʚʦʝ ʯʠʩʣʦ ʜʣʷ 

ʧʦʣʷ ),,( jqrE  ʚ ʧʨʝʜʩʪʘʚʣʝʥʠʠ (1.2) (ʤʳ ʩʯʠʪʘʝʤ, ʯʪʦ ʧʘʜʘʶʱʠʡ ʧʫʯʦʢ ʟʘʜʘʥ ʨʘʟʫʤʥʦ ʠ ʜʣʷ 

0||0|| NN =  ʪʨʘʥʩʬʦʨʤʘʮʠʷ ʵʬʬʝʢʪʠʚʥʘ). ʇʦʵʪʦʤʫ ʤʳ ʤʦʞʝʤ ʠʩʧʦʣʴʟʦʚʘʪʴ 0||N  ʚʤʝʩʪʦ 0||N  ʚ 

ʚʳʨʘʞʝʥʠʷʭ, ʩʣʘʙʦ ʟʘʚʠʩʷʱʠʭ ʦʪ 0||N . ʕʪʦ ʧʦʟʚʦʣʠʪ ʙʝʟ ʫʱʝʨʙʘ ʜʣʷ ʪʦʯʥʦʩʪʠ ʦʧʨʝʜʝʣʝʥʠʷ 
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ʢʦʵʬʬʠʮʠʝʥʪʘ ʪʨʘʥʩʬʦʨʤʘʮʠʠ ʩʜʝʣʘʪʴ ʙʦʣʴʰʠʥʩʪʚʦ ʧʘʨʘʤʝʪʨʦʚ ʦʜʠʥʘʢʦʚʳʤʠ ʚ ʜʚʫʤʝʨʥʳʭ 

ʟʘʜʘʯʘʭ, ʦʪʚʝʯʘʶʱʠʭ ʨʘʟʥʤrʠ 0||N . 

ɿʜʝʩʴ ʪʘʢʞʝ ʩʪʦʠʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʚʝʣʠʯʠʥʘ 0||N  ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʦʧʨʝʜʝʣʝʥʥʦʤʫ ʚ (1.1) ||N  

ʪʦʣʴʢʦ ʥʘ ʮʠʣʠʥʜʨʝ () 0cos RrR =Ö+ q , ʘ ʩʘʤʘ ||N  ʦʢʘʟʳʚʘʝʪʩʷ ʟʘʚʠʩʷʱʝʡ ʦʪ ʧʦʣʦʠʜʘʣʴʥʳʭ 

ʢʦʦʨʜʠʥʘʪ ʧʦ ʟʘʢʦʥʫ: ()( )qcos00|||| Ö+Ö= rRRNN . ʕʪʘ ʟʘʚʠʩʠʤʦʩʪʴ ʚʦʟʥʠʢʘʝʪ ʧʨʠ ʧʝʨʝʭʦʜʝ ʦʪ 

ʮʠʣʠʥʜʨʠʯʝʩʢʦʡ ʛʝʦʤʝʪʨʠʠ, ʛʜʝ constN =|| , ʢ ʪʦʨʦʠʜʘʣʴʥʦʡ, ʛʜʝ constN =j . ʉʣʝʜʦʚʘʪʝʣʴʥʦ, 

ʧʨʠ ʧʝʨʝʭʦʜʝ ʦʪ ʮʠʣʠʥʜʨʠʯʝʩʢʦʡ ʛʝʦʤʝʪʨʠʠ ʢ ʪʦʨʦʠʜʘʣʴʥʦʡ ʤʝʥʷʝʪʩʷ ʧʦʣʦʞʝʥʠʝ ʧʦʚʝʨʭʥʦʩʪʠ 

ʦʪʩʝʯʢʠ 02

|| =-+ Ne , ʠ ʵʪʦ ʦʟʥʘʯʘʝʪ, ʯʪʦ ʮʠʣʠʥʜʨʠʯʝʩʢʘʷ ʠ ʪʦʨʦʠʜʘʣʴʥʘʷ ʛʝʦʤʝʪʨʠʠ ʥʝ 

ʵʢʚʠʚʘʣʝʥʪʥʳ ʜʣʷ ʟʘʜʘʯ O-X ʪʨʘʥʩʬʦʨʤʘʮʠʠ [44].  

ʇʨʦʩʪʨʘʥʩʪʚʝʥʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʤʦʥʦʭʨʦʤʘʪʠʯʝʩʢʦʛʦ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʩ 

ʯʘʩʪʦʪʦʡ w ʦʧʨʝʜʝʣʷʝʪʩʷ ʫʨʘʚʥʝʥʠʝʤ: 

      EE e
%2

0rotrot k= ,  

ʛʜʝ e
%

 ï ʪʝʥʟʦʨ ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʡ ʧʨʦʥʠʮʘʝʤʦʩʪʠ ʧʣʘʟʤʳ. ʈʘʩʩʤʦʪʨʠʤ ʩʥʘʯʘʣʘ ʣʝʚʫʶ ʯʘʩʪʴ 

ʫʨʘʚʥʝʥʠʷ. ʅʘʰʘ ʪʦʨʦʠʜʘʣʴʥʘʷ ʩʠʩʪʝʤʘ ʢʦʦʨʜʠʥʘʪ ʦʨʪʦʛʦʥʘʣʴʥʘ, ʢʦʵʬʬʠʮʠʝʥʪʳ ʃʘʤʝ ʜʣʷ ʥʝʸ 

ʜʘʶʪʩʷ ʚʳʨʘʞʝʥʠʷʤʠ:   

    1=rH , rH =q , ()qj cosÖ+= rRH .  

ʉ ʠʭ ʧʦʤʦʱʴʶ ʤʳ ʣʝʛʢʦ ʤʦʞʝʤ ʚʳʧʠʩʘʪʴ ʷʚʥʳʡ ʚʠʜ ʦʧʝʨʘʪʦʨʘ rot  ʚ ʜʘʥʥʦʡ ʢʨʠʚʦʣʠʥʝʡʥʦʡ 

ʩʠʩʪʝʤʝ ʢʦʦʨʜʠʥʘʪ. ʅʦ ʧʨʝʞʜʝ ʩʪʦʠʪ ʦʮʝʥʠʪʴ ʧʦʨʷʜʦʢ ʚʝʣʠʯʠʥʳ ʩʣʘʛʘʝʤʳʭ, ʢʦʪʦʨʳʝ ʙʫʜʫʪ 

ʫʯʠʪʳʚʘʪʴʩʷ ʚ ʫʧʨʦʱʝʥʥʳʭ ʚʦʣʥʦʚʳʭ ʫʨʘʚʥʝʥʠʷʭ, ʯʪʦʙʳ ʥʝ ʧʨʦʥʦʩʠʪʴ ʯʝʨʝʟ ʚʳʢʣʘʜʢʠ ʣʠʰʥʠʝ 

ʯʣʝʥʳ, ʢʦʪʦʨʳʝ ʚʩʸ ʨʘʚʥʦ ʙʫʜʫʪ ʦʪʙʨʦʰʝʥʳ ʚʧʦʩʣʝʜʩʪʚʠʠ. 

ʇʨʝʜʧʦʣʘʛʘʷ, ʯʪʦ ʧʣʘʟʤʘ ʩʣʘʙʦ ʥʝʦʜʥʦʨʦʜʥʘ ʩ ʭʘʨʘʢʪʝʨʥʳʤ ʤʘʩʰʪʘʙʦʤ ,RL<  

ʫʜʦʚʣʝʪʚʦʨʷʶʱʠʤ ʪʘʢʞʝ ʫʩʣʦʚʠʶ ʛʝʦʤʝʪʨʠʯʝʩʢʦʡ ʦʧʪʠʢʠ ,10 >>Lk  ʤʦʞʥʦ ʧʦʣʫʯʠʪʴ 

ʩʣʝʜʫʶʱʠʝ ʩʦʦʪʥʦʰʝʥʠʷ ʜʣʷ ʦʢʨʝʩʪʥʦʩʪʠ ʦʙʣʘʩʪʠ ʪʨʘʥʩʬʦʨʤʘʮʠʠ, ʟʘʜʘʥʥʦʡ ʫʩʣʦʚʠʷʤʠ (1.1): 
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ɺ ʫʨʘʚʥʝʥʠʷʭ ʦʩʪʘʶʪʩʷ ʪʦʣʴʢʦ ʯʣʝʥʳ ʧʝʨʚʦʛʦ ʧʦʨʷʜʢʘ ʦʪʥʦʩʠʪʝʣʴʥʦ Lk01 , ʧʦʵʪʦʤʫ 

ʧʨʦʠʟʚʦʜʥʳʝ ʦʪ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʃʘʤʝ ʚ ʫʧʨʦʱʝʥʥʳʝ ʫʨʘʚʥʝʥʠʷ ʥʝ ʚʭʦʜʷʪ. ʕʪʦ ʩʦʦʙʨʘʞʝʥʠʝ, ʚʦ-

ʧʝʨʚʳʭ, ʩʫʱʝʩʪʚʝʥʥʦ ʫʧʨʦʱʘʝʪ ʚʳʢʣʘʜʢʠ, ʘ ʚʦ-ʚʪʦʨʳʭ, ʧʦ ʩʫʪʠ, ʷʚʣʷʝʪʩʷ ʤʘʪʝʤʘʪʠʯʝʩʢʠ 

ʚʳʨʘʞʝʥʥʳʤ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʤ ʤʥʝʥʠʝʤ ʦ ʪʦʤ, ʯʪʦ ʢʨʠʚʠʟʥʦʡ ʤʘʛʥʠʪʥʳʭ ʧʦʚʝʨʭʥʦʩʪʝʡ 

ʤʦʞʥʦ ʧʨʝʥʝʙʨʝʯʴ ʪ.ʢ. ʚʩʝ ʨʘʜʠʫʩʳ ʢʨʠʚʠʟʥʳ ʚʩʝ ʨʘʚʥʦ ʤʥʦʛʦ ʙʦʣʴʰʝ ʰʠʨʠʥʳ 

ʢʚʘʟʠʦʧʪʠʯʝʩʢʦʛʦ ʧʫʯʢʘ. ɺ ʜʘʥʥʦʡ ʛʣʘʚʝ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʜʘʞʝ ʥʝʩʤʦʪʨʷ ʥʘ ʵʪʦ ʩʦʦʪʥʦʰʝʥʠʝ 

ʤʘʩʰʪʘʙʦʚ, ʝʩʪʴ ʠ ʜʨʫʛʠʝ ʵʬʬʝʢʪʳ ʢʨʠʚʠʟʥʳ, ʢʦʪʦʨʳʤʠ ʧʨʝʥʝʙʨʝʛʘʪʴ ʥʝʣʴʟʷ. 

ʊʘʢ ʠʣʠ ʠʥʘʯʝ, ʦʩʪʘʚʣʷʷ ʪʦʣʴʢʦ ʯʣʝʥʳ ʧʝʨʚʦʛʦ ʠ ʥʫʣʝʚʦʛʦ ʧʦʨʷʜʢʘ ʦʪʥʦʩʠʪʝʣʴʥʦ Lk01  ʠ 

ʠʩʧʦʣʴʟʫʷ ʚʝʣʠʯʠʥʫ ()( )qcos00|||| Ö+Ö= rRRNN , ʚʳʨʘʞʝʥʠʝ Erotrot  ʤʦʞʥʦ ʟʘʧʠʩʘʪʴ ʚ 

ʤʘʪʨʠʯʥʦʤ ʚʠʜʝ: 
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E  

ʊʝʧʝʨʴ ʟʘʤʝʪʠʤ, ʯʪʦ ʥʝʩʤʦʪʨʷ ʥʘ ʪʦ, ʯʪʦ ʙʘʟʠʩ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ ʥʝ 

ʧʦʩʪʦʷʥʝʥ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ, ʚ ʢʘʞʜʦʡ ʦʪʜʝʣʴʥʦʡ ʪʦʯʢʝ ʦʥ ʦʨʪʦʛʦʥʘʣʝʥ, ʦʙʨʘʟʫʝʪ ʧʨʘʚʫʶ ʪʨʦʡʢʫ, 

ʘ ʧʦʩʣʝʜʥʠʡ ʦʨʪ ʚʩʝʛʜʘ ʩʦʥʘʧʨʘʚʣʝʥ ʩ ʤʘʛʥʠʪʥʳʤ ʧʦʣʝʤ. ʕʪʦ ʟʥʘʯʠʪ, ʯʪʦ ʝʩʣʠ ʤʳ, ʩʣʝʜʫʷ [34], 

ʧʝʨʝʡʜʝʤ ʚ ʩʪʠʢʩʦʚʦʝ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʜʣʷ ʢʦʤʧʦʥʝʥʪ ʧʦʣʷ:  

     qiEEE r °=°2 , jEE =|| ,  

ʪʦ ʪʝʥʟʦʨ ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʡ ʧʨʦʥʠʮʘʝʤʦʩʪʠ e
%

 ʧʨʠʤʝʪ ʜʠʘʛʦʥʘʣʴʥʳʡ ʚʠʜ: 

     ( )|| ||, ,E E Ee e e e+ + - -=E .  

ɼʣʷ ʪʦʛʦ ʯʪʦʙʳ ʧʝʨʝʧʠʩʘʪʴ Erotrot  ʚ ʩʪʠʢʩʦʚʦʤ ʧʨʝʜʩʪʘʚʣʝʥʠʠ, ʠʩʧʦʣʴʟʫʝʤ ʤʘʪʨʠʮʫ 

ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ  
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ɺ ʩʪʠʢʩʦʚʦʤ ʧʨʝʜʩʪʘʚʣʝʥʠʠ Erotrot  ʧʝʨʝʧʠʰʝʪʩʷ ʢʘʢ:  
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ʀʣʠ ʚ ʷʚʥʦʤ ʚʠʜʝ:  
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ʇʦʜʩʪʘʚʣʷʷ ʧʦʣʫʯʝʥʥʳʝ Erotrot  ʠ Ee
%

 ʚ ʫʨʘʚʥʝʥʠʝ EE e
%2

0rotrot k= , ʧʦʣʫʯʘʝʤ 

ʫʢʦʨʦʯʝʥʥʫʶ ʩʠʩʪʝʤʫ ʚʦʣʥʦʚʳʭ ʫʨʘʚʥʝʥʠʡ ʜʣʷ ʧʣʘʚʥʦʥʝʦʜʥʦʨʦʜʥʦʡ ʩʨʝʜʳ ʚ ʦʙʣʘʩʪʠ ʆ-ʍ 

ʪʨʘʥʩʬʦʨʤʘʮʠʠ, ʦʧʨʝʜʝʣʷʝʤʦʡ ʫʩʣʦʚʠʷʤʠ (1.1): 
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ʆʯʝʥʴ ʧʦʭʦʞʠʝ ʫʨʘʚʥʝʥʠʷ ʙʳʣʠ ʧʦʣʫʯʝʥʦ ʚ ʨʘʙʦʪʘʭ [34, 36]. ɺ ʵʪʠ ʫʨʘʚʥʝʥʠʷ ʥʝ ʚʭʦʜʠʪ 

ʢʦʤʧʦʥʝʥʪʘ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ -F , ʦʧʨʝʜʝʣʷʝʤʘʷ ʪʨʝʪʴʠʤ ʫʨʘʚʥʝʥʠʝʤ  
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ʇʦʩʢʦʣʴʢʫ ʚ ʦʙʣʘʩʪʠ ʪʨʘʥʩʬʦʨʤʘʮʠʠ ʚʝʣʠʯʠʥʘ 
2

||N--e  ʥʝ ʷʚʣʷʝʪʩʷ ʤʘʣʦʡ, ʠʟ ʧʦʩʣʝʜʥʝʛʦ 

ʫʨʘʚʥʝʥʠʷ ʩʣʝʜʫʝʪ, ʯʪʦ ( ) +

-

- << FFFLkF ,~ ||||

2/1

0 . ɿʜʝʩʴ ʩʪʦʠʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʧʦ ʩʫʪʠ 

ʝʜʠʥʩʪʚʝʥʥʦʝ, ʚ ʯʝʤ ʧʨʦʷʚʠʣʘʩʴ ʩʧʝʮʠʬʠʢʘ ʢʨʠʚʦʣʠʥʝʡʥʦʡ ʩʠʩʪʝʤʳ ʢʦʦʨʜʠʥʘʪ ï ʵʪʦ ʧʦʷʚʣʝʥʠʝ 

ʤʘʩʰʪʘʙʥʳʭ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʚ ʫʨʘʚʥʝʥʠʠ (1.3), ʘ ʝʜʠʥʩʪʚʝʥʥʦʝ ʫʩʣʦʚʠʝ, ʥʝʦʙʭʦʜʠʤʦʝ ʜʣʷ ʵʪʦʛʦ 

ï ʧʣʘʚʥʦʩʪʴ ʠʟʤʝʥʝʥʠʷ ʤʘʩʰʪʘʙʥʳʭ ʢʦʵʬʬʠʮʠʝʥʪʦʚ. 

ʊʝʧʝʨʴ ʚʳʧʠʰʝʤ ʚʳʨʘʞʝʥʠʷ ( )2

||N-+e  ʠ ||e  ʚ ʷʚʥʦʤ ʚʠʜʝ. ʈʘʩʩʤʦʪʨʠʤ ʧʨʦʩʪʝʡʰʫʶ 

ʤʦʜʝʣʴ ʜʣʷ ʪʦʨʦʠʜʘʣʴʥʦʡ ʤʘʛʥʠʪʥʦʡ ʢʦʥʬʠʛʫʨʘʮʠʠ, ʢʦʛʜʘ ʧʦʚʝʨʭʥʦʩʪʠ ʧʦʩʪʦʷʥʥʦʛʦ ʜʘʚʣʝʥʠʷ 

ʦʙʨʘʟʫʶʪ ʢʦʥʮʝʥʪʨʠʯʝʩʢʠʝ ʢʨʫʛʦʚʳʝ ʪʦʨ.r ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʣʦʪʥʦʩʪʴ ʧʣʘʟʤʳ )(rne  ʟʘʚʠʩʠʪ 

ʪʦʣʴʢʦ ʦʪ ʤʘʣʦʛʦ ʨʘʜʠʫʩʘ r . ɺ ʤʘʣʦʡ ʦʢʨʝʩʪʥʦʩʪʠ ʦʙʣʘʩʪʠ ʪʨʘʥʩʬʦʨʤʘʮʠʠ ʨʘʜʠʘʣʴʥʘʷ 

ʟʘʚʠʩʠʤʦʩʪʴ ʤʦʞʝʪ ʙʳʪʴ ʘʧʧʨʦʢʩʠʤʠʨʦʚʘʥʘ ʣʠʥʝʡʥʦʡ ʬʫʥʢʮʠʝʡ: 
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      )()( 0|||| re -º rgr ,  

ʛʜʝ 0r  "ʤʘʣʳʡ ʨʘʜʠʫʩ" ʦʙʣʘʩʪʠ ʪʨʘʥʩʬʦʨʤʘʮʠʠ, ʘ ( ) ( ) Lnng ee 100|| =¡= rr  ʦʙʨʘʪʥʳʡ ʤʘʩʰʪʘʙ 

ʭʘʨʘʢʪʝʨʥʦʛʦ ʠʟʤʝʥʝʥʠʷ ʧʣʦʪʥʦʩʪʠ. 

ɸʤʧʣʠʪʫʜʘ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʦʙʨʘʪʥʦ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʘ ʨʘʩʩʪʦʷʥʠʶ ʦʪ ʦʩʠ ʩʠʤʤʝʪʨʠʠ, 

]cos[00 qrRRBB += , ʧʨʠʯʝʤ ʟʜʝʩʴ 0R  ʪʦʪ ʞʝ ʨʘʜʠʫʩ, ʯʪʦ ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ 0||N . 

ʅʘʠʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʘ ̫ʪʨʘʥʩʬʦʨʤʘʮʠʷ ʦʞʠʜʘʝʪʩʷ, ʢʦʛʜʘ ʚʦʣʥʦʚʦʝ ʧʦʣʝ ʣʦʢʘʣʠʟʦʚʘʥʦ ʚʙʣʠʟʠ 

ʪʦʯʢʠ ʧʝʨʝʩʝʯʝʥʠʷ ʧʦʚʝʨʭʥʦʩʪʝʡ ʦʪʩʝʯʢʠ ʩ ʢʦʦʨʜʠʥʘʪʘʤʠ ),( 00 qr  ʚ ʧʦʣʦʠʜʘʣʴʥʦʡ ʧʣʦʩʢʦʩʪʠ; 

ʵʪʦ ʪʦʯʢʘ ʉ ʥʘ ʈʠʩʫʥʢʝ 1.1 (ʘ).  

ʇʨʠʙʣʠʞʝʥʥʳʝ ʚʳʨʘʞʝʥʠʷ ʜʣʷ ),( qe r+  ʠ 2

||N  ʤʦʛʫʪ ʙʳʪʴ ʧʦʣʫʯʝʥʳ ʧʫʪʝʤ ʠʭ 

ʣʠʥʝʘʨʠʟʘʮʠʠ ʧʦ 0r-r  ʠ 0coscos qq-  ʚʙʣʠʟʠ ʦʪ ʪʦʯʢʠ ʧʝʨʝʩʝʯʝʥʠʷ. ʅʦ ʟʜʝʩʴ ʥʫʞʥʦ ʝʱʝ ʨʘʟ 

ʚʩʧʦʤʥʠʪʴ ʦ ʩʧʝʮʠʬʠʢʝ ʩʚʷʟʘʥʥʦʡ ʩ ʨʘʩʯʝʪʦʤ ʪʨʘʥʩʬʦʨʤʘʮʠʠ ʪʨʝʭʤʝʨʥʦʛʦ ʧʫʯʢʘ ʚ 

ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ (1.2). ʇʦʩʢʦʣʴʢʫ ʪʦʯʢʘ ʧʝʨʝʩʝʯʝʥʠʷ ʧʦʚʝʨʭʥʦʩʪʝʡ ʦʪʩʝʯʢʠ ʩʜʚʠʛʘʝʪʩʷ ʧʨʠ 

ʠʟʤʝʥʝʥʠʠ 0||N , ʪʦ ʜʣʷ ʪʦʛʦ ʯʪʦʙʳ ʥʝ ʚʚʦʜʠʪʴ ʦʪʜʝʣʴʥʫʶ ʪʦʯʢʫ ʨʘʟʣʦʞʝʥʠʷ ʜʣʷ ʢʘʞʜʦʡ 

ʚʭʦʜʷʱʝʡ ʚ (1.2) ʛʘʨʤʦʥʠʢʠ, ʧʨʦʚʝʜʝʤ ʣʠʥʝʘʨʠʟʘʮʠʶ ʚʙʣʠʟʠ ʪʦʯʢʠ ʧʝʨʝʩʝʯʝʥʠʷ ʦʧʨʝʜʝʣʷʝʤʦʡ 

ʥʝʩʫʱʠʤ ʧʨʦʜʦʣʴʥʳʤ ʚʦʣʥʦʚʳʤ ʯʠʩʣʦʤ 0||N  ʩ ʢʦʦʨʜʠʥʘʪʘʤʠ ( )00 ,qr : 
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ʛʜʝ 000 cosqrÖ+=RR , ʘ ),( 000 qrYY =  ʦʧʨʝʜʝʣʷʝʪʩʷ ʘʤʧʣʠʪʫʜʦʡ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʚ ʪʦʯʢʝ 

ʧʝʨʝʩʝʯʝʥʠʷ, ʘ 0||N  ʚʳʨʘʞʘʝʪʩʷ ʯʝʨʝʟ 0Y  ʢʘʢ ( )000|| 1 YYN += . ʆʪʥʦʩʠʪʝʣʴʥʘʷ ʦʰʠʙʢʘ ʜʘʥʥʦʛʦ 

ʧʨʠʙʣʠʞʝʥʠʷ ʤʦʞʝʪ ʙʳʪʴ ʦʮʝʥʝʥʘ ʢʘʢ ʩʣʝʜʫʶʱʠʡ ʯʣʝʥ ʨʘʟʣʦʞʝʥʠʷ ʧʦ qcos : 
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ʆʯʝʚʠʜʥʦ, ʯʪʦ ʵʪʘ ʦʰʠʙʢʘ ʦʩʪʘʝʪʩʷ ʥʝʙʦʣʴh ʦʡ ʜʣʷ ʚʩʝʭ ʟʥʘʯʝʥʠʡ ʧʦʣʦʠʜʘʣʴʥʦʛʦ ʫʛʣʘ 

pqp <<-  ʜʣʷ ʪʦʢʘʤʘʢʘ ʩ ʙʦʣʴʰʠʤ ʘʩʧʝʢʪʥʳʤ ʦʪʥʦʰʝʥʠʝʤ, ʫ ʢʦʪʦʨʦʛʦ 1/~/ 00 >>rRR r  ʩ r 

ʠ R , ʦʙʦʟʥʘʯʘʶʱʠʤʠ ʤʘʣʳʡ ʠ ʙʦʣʴʰʦʡ ʨʘʜʠʫʩʳ. ʆʜʥʘʢʦ ʵʪʦ ʞʝ ʧʨʠʙʣʠʞʝʥʠʝ ʤʦʞʥʦ 

ʠʩʧʦʣʴʟʦʚʘʪʴ ʠ ʚ ʙʦʣʝʝ ʰʠʨʦʢʦʤ ʜʠʘʧʘʟʦʥʝ ʧʘʨʘʤʝʪʨʦʚ. ɼʝʡʩʪʚʠʪʝʣʴʥʦ, ʥʠʞʝ ʧʦʢʘʟʘʥʦ, ʯʪʦ 

ʦʙʣʘʩʪʴ ʚʙʣʠʟʠ ʵʢʚʘʪʦʨʠʘʣʴʥʦʡ ʧʣʦʩʢʦʩʪʠ ʩʦ ʩʪʦʨʦʥʳ ʩʣʘʙʦʛʦ ʧʦʣʷ, maxmax qqq <<- ʩ 

),1max( 0max qq @ , ʷʚʣʷʝʪʩʷ ʥʘʠʙʦʣʝʝ ʚʘʞʥʦʡ ʩ ʬʠʟʠʯʝʩʢʦʡ ʪʦʯʢʠ ʟʨʝʥʠʷ, ʧʦʪʦʤʫ ʯʪʦ ʟʘ 
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ʧʨʝʜʝʣʘʤʠ ʜʘʥʥʦʛʦ ʨʝʛʠʦʥʘ ʪʦʣʱʠʥʘ ʩʣʦ̫ ʥʝʧʨʦʟʨʘʯʥʦʩʪʠ ʩʣʠʰʢʦʤ ʚʝʣʠʢʘ, ʯʪʦʙʳ ʜʘʪʴ 

ʩʫʱʝʩʪʚʝʥʥʳʡ ʚʢʣʘʜ ʚ O-X ʪʨʘʥʩʬʦʨʤʘʮʠ.ʁ ʄʦʞʥʦ ʥʘʡʪʠ, ʯʪʦ ʜʣʷ max|| qq<  ʦʪʥʦʩʠʪʝʣʴʥʘ ̫

ʧʦʛʨʝʰʥʦʩʪ ɹʤʦʞʝʪ ʙʳʪʴ ʥʝʙʦʣʴʰʦʡ ʠʟ-ʟʘ ʤʘʣʦʩʪʠ ʚʝʣʠʯʠʥʳ 4/~)cos(cos 4

max

2

0 qqq-  ʜʘʞʝ ʜʣʷ 

1~/ 00 rR , ʯʪʦ ʜʝʣʘʝʪ ʫʨʘʚʥʝʥʠʝ (1.4) ʧʨʠʤʝʥʠʤʳʤ ʜʣʷ ʫʩʪʨʦʡʩʪʚ ʩ ʤʝʥʴʰʠʤ ʘʩʧʝʢʪʥʳʤ 

ʦʪʥʦʰʝʥʠʝʤ, ʪʘʢʠʭ ʢʘʢ ʩʬʝʨʠʯʝʩʢʠʝ ʪʦʢʘʤʘʢʠ. ʇʦʜʦʙʥʳʡ ʧʦʜʭʦʜ ʧʨʠʤʝʥʠʤ, ʧʦʪʦʤʫ ʯʪʦ 

ʠʥʪʝʨʝʩʫʶʱʘʷ ʥʘʩ ʦʙʣʘʩʪʴ, ʠʤʝʶʱʘʷ ʤʘʣʫʶ ʪʦʣʱʠʥʫ ʦʙʣʘʩʪʠ ʥʝʧʨʦʟʨʘʯʥʦʩʪʠ, ʩʠʣʴʥʦ 

ʚʳʪʷʥʫʪʘ ʧʦʧʝʨʝʢ ʵʢʚʘʪʦʨʠʘʣʴʥʦʡ ʧʣʦʩʢʦʩʪʠ, ʟʘ ʩʯʝʪ ʯʝʛʦ ʠʟʤʝʥʝʥʠʝ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʠ 

ʧʨʦʜʦʣʴʥʦʛʦ ʚʦʣʥʦʚʦʛʦ ʯʠʩʣʘ ʚ ʥʝʡ ʥʝʚʝʣʠʢʦ ʠ ʭʦʨʦʰʦ ʦʧʠʩʳʚʘʝʪʩʷ ʣʠʥʝʡʥʦʡ ʘʧʧʨʦʢʩʠʤʘʮʠʝʡ.  

ɼʣʷ ʜʘʣʴʥʝʡʰʝʛʦ ʘʥʘʣʠʟʘ ʚʚʝʜʝʤ ʥʦʚʳʝ ʧʘʨʘʤʝʪʨʳ +g  ʠ rD  ʪʘʢʠʝ, ʯʪʦ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʫʨʘʚʥʝʥʠʡ (1.4) ʬʫʥʢʮʠʷ ),(),( 2

|| qqe rNr -+  ʟʘʧʠʰʝʪʩʷ ʚ ʚʠʜʝ: 
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ɿʜʝʩʴ ʩʪʦʠʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʚʭʦʜʷʱʝʝ ʚ ʚʳʨʘʞʝʥʠʝ 0q  ï ʵʪʦ ʢʦʦʨʜʠʥʘʪʘ ʪʦʯʢʠ ʧʝʨʝʩʝʯʝʥʠʷ 

ʧʦʚʝʨʭʥʦʩʪʝʡ ʦʪʩʝʯʢʠ ʜʣʷ ʜʘʥʥʦʛʦ 0||N , ʘ ʥʝ ʜʣʷ 0||N . ʕʪʦ ʣʝʛʢʦ ʫʚʠʜʝʪʴ, ʝʩʣʠ ʧʦʜʩʪʘʚʠʪʴ 0r=r  

ʠ 0qq= . ʆʙʨʘʪʠʪʝ ʚʥʠʤʘʥʠʝ, ʯʪʦ O-X ʪʨʘʥʩʬʦʨʤʘʮʠʷ ʦʙʳʯʥʦ ʧʨʦʠʩʭʦʜʠʪ ʥʘ ʧʝʨʠʬʝʨʠʠ 

ʧʣʘʟʤʳ, ʛʜʝ 1/ 0 <<RL  ʜʘʞʝ ʚ ʪʦʢʘʤʘʢʘʭ ʩ ʤʘʣʳʤ ʘʩʧʝʢʪʥʳʤ ʦʪʥʦʰʝʥʠʝʤ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ 

00 /~/ RLrrD  ʤʦʞʝʪ ʨʘʩʩʤʘʪʨʠʚʘʪʴʩʷ ʢʘʢ ʤʘʣʘʷ ʚʝʣʠʯʠʥʘ.  

ʉ ʫʯʝʪʦʤ ʤʘʣʳʭ ʧʦʨʷʜʢʘ )/( 0rrDO , ʦʙʝ ʧʦʚʝʨʭʥʦʩʪʠ ʦʪʩʝʯʢʠ ʧʨʝʜʩʪʘʚʣʝʥʳ ʜʚʫʤʷ 

ʦʢʨʫʞʥʦʩʪʷʤʠ, ʩ ʮʝʥʪʨʘʤʠ, ʩʜʚʠʥʫʪʳʤʠ ʥʘ rD  ʚ ʛʦʨʠʟʦʥʪʘʣʴʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ ʠ ʨʘʜʠʫʩʘʤʠ, 

ʨʘʟʣʠʯʘʶʱʠʤʠʩʷ ʥʘ 0cosqrD . ʅʘ ʈʠʩʫʥʢʝ 1.1 ʵʪʠ ʦʢʨʫʞʥʦʩʪʠ ʦʪʤʝʯʝʥʳ ʤʝʪʢʘʤʠ 1 ʠ 3, ʘ ʠʭ 

ʮʝʥʪʨ r O1 ʠ O3, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ɹʦʣʝʝ ʪʦʛʦ, ʪʝ ʞʝ ʧʨʠʙʣʠʞʝʥʠ ̫ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʜʘʞʝ 

ʪʦʛʜʘ, ʢʦʛʜʘ ʧʦʚʝʨʭʥʦʩʪʠ ʦʪʩʝʯʢʠ ʥʝ ʧʝʨʝʩʝʢʘʶʪʩʷ, ʢʘʢ ʧʦʢʘʟʘʥʦ ʥʘ ʈʠʩʫʥʢʝ 1.1 (b). ʕʪʦʪ ʩʣʫʯʘʡ 

ʬʦʨʤʘʣʴʥʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ 1cos 0 >q . ʋʯʠʪʳʚʘʷ ʵʪʦ, ʚʝʩɹ ʧʦʩʣʝʜʫʶʱʠʡ ʘʥʘʣʠʟ ʦʩʪʘʝʪʩʷ 

ʩʧʨʘʚʝʜʣʠʚʳʤ ʜʣʷ ʛʝʦʤʝʪʨʠʠ ʙʝʟ ʧʝʨʝʩʝʯʝʥʠʷ (ʧʦ ʢʨʘʡʥʝʡ ʤʝʨʝ, ʜʣʷ ʩʣʫʯʘʷ ʫʩʪʨʦʡʩʪʚ ʩ 

ʙʦʣʴʰʠʤ ʘʩʧʝʢʪʥʳʤ ʦʪʥʦʰʝʥʠʝʤ). 

ʊʝʧʝʨʴ ʤʳ ʤʦʞʝʤ ʙʦʣʝʝ ʜʝʪʘʣʴʥʦ ʨʘʩʩʤʦʪʨʝʪʴ ʵʬʬʝʢʪʳ, ʩʚʷʟʘʥʥʳʝ ʩ ʠʟʤʝʥʝʥʠʝʤ 

ʧʦʣʦʞʝʥʠʷ ʧʦʚʝʨʭʥʦʩʪʠ ʦʪʩʝʯʢʠ 02

|| =-+ Ne  ʧʨʠ ʧʝʨʝʭʦʜʝ ʦʪ ʮʠʣʠʥʜʨʠʯʝʩʢʦʡ ʛʝʦʤʝʪʨʠʠ ʢ 

ʪʦʨʦʠʜʘʣʴʥʦʡ. ʈʘʩʩʤʦʪʨʠʤ ʬʫʥʢʮʠʶ ( ) 2

||, Nr -+ qe  ʚ ʮʠʣʠʥʜʨʠʯʝʩʢʦʡ ʛʝʦʤʝʪʨʠʠ, ʚʟʷʚ ʚʝʣʠʯʠʥʫ 

( )qe ,r+  ʠʟ (1.4), ʘ 
2

0||

2

|| NN = . ʅʝʪʨʫʜʥʦ ʫʚʠʜʝʪʴ, ʯʪʦ ʬʫʥʢʮʠʷ ( ) 2

0||, Nr -+ qe  ʙʫʜʝʪ ʪʘʢʦʡ ʞʝ, ʢʘʢ ʠ 
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ʚ ʪʦʨʦʠʜʘʣʴʥʦʡ ʛʝʦʤʝʪʨʠʠ, ʟʘ ʠʩʢʣʶʯʝʥʠʝʤ ʠʥʦʛʦ ʦʧʨʝʜʝʣʝʥʠʷ ʧʘʨʘʤʝʪʨʘ rD . ɺ 

ʮʠʣʠʥʜʨʠʯʝʩʢʦʡ ʛʝʦʤʝʪʨʠʠ: 3)1()/( 0000 torncyl YYRL rrr D-º+=D .  

ʋʚʝʣʠʯʝʥʠʝ ʧʘʨʘʤʝʪʨʘ rD  ʚ ʪʦʨʦʠʜʘʣʴʥʦʡ ʛʝʦʤʝʪʨʠʠ ʧʨʠʚʦʜʠʪ ʢ ʨʦʩʪʫ ʪʦʣʱʠʥ rʦʙʣʘʩʪʠ 

ʥʝʧʨʦʟʨʘʯʥʦʩʪʠ RD , ʧʦʩʢʦʣʴʢʫ 0coscos qqr -D=DR . ɺ ʦʙʱʝʤ ʩʣʫʯʘʝ ʵʪʦ ʫʭʫʜʰʘʝʪ 

ʪʨʘʥʩʬʦʨʤʘʮʠʶ, ʥʦ ʥʝ ʦʪʤʝʥʷʝʪ ʪʦʛʦ, ʯʪʦ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ [34] ʠʣʠ ʥʘʰʠʤʠ ʜʘʣʴʥʝʡʰʠʤʠ 

ʨʘʩʩʫʞʜʝʥʠʷʤʠ ʚʙʣʠʟʠ ʪʦʯʢʠ ʧʝʨʝʩʝʯʝʥʠʷ ʧʦʚʝʨʭʥʦʩʪʝʡ ʦʪʩʝʯʢʠ ʝʩʪʴ ʠʜʝʘʣʴʥʦ ʧʨʦʭʦʜʷʱʘʷ 

ʤʦʜʘ. ʀʥʪʝʨʝʩʥʦ ʪʘʢʞʝ ʦʪʤʝʪʠʪʴ ʪʦ, ʯʪʦ +=µDµ gNR 12

0|| , ʪ.ʝ. ʧʨʠ ʩʜʚʠʛʝ ʧʨʦʜʦʣʴʥʦʛʦ 

ʚʦʣʥʦʚʦʛʦ ʯʠʩʣʘ ʪʦʣʱʠʥʘ ʦʙʣʘʩʪʠ ʥʝʧʨʦʟʨʘʯʥʦʩʪʠ ʤʝʥʷʝʪʩʷ ʥʝʟʘʚʠʩʠʤʦ ʦʪ rD . ʕʪʦ ʦʟʥʘʯʘʝʪ, 

ʯʪʦ ʰʠʨʠʥʘ ʧʨʦʜʦʣʴʥʦʛʦ ʩʧʝʢʪʨʘ ʵʬʬʝʢʪʠʚʥʦ ʧʨʦʭʦʜʷʱʠʭ ʧʨʦʜʦʣʴʥʳʭ ʛʘʨʤʦʥʠʢ ʠʟ 

ʨʘʟʣʦʞʝʥʠʷ (1.2) ʥʝ ʤʝʥʷʝʪʩʷ ʧʨʠ ʧʝʨʝʭʦʜʝ ʠʟ ʮʠʣʠʥʜʨʠʯʝʩʢʦʡ ʛʝʦʤʝʪʨʠʠ ʚ ʪʦʨʦʠʜʘʣʥɹʫʶ. 

ɼʣʷ ʦʧʠʩʘʥʠʷ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʡ ʛʝʦʤʝʪʨʠʠ ʫʜʦʙʥʦ ʚʚʝʩʪʠ ʥʦʚʳʝ ʧʦʣʷʨʥʳʝ ʢʦʦʨʜʠʥʘʪʳ 

),( fr  ʩ ʥʘʯʘʣʦʤ ʢʦʦʨʜʠʥʘʪ O2 ʪʦʯʥʦ ʤʝʞʜʫ ʮʝʥʪʨʘʤʠ O1 ʠ O3 ʜʚʫʭ ʧʦʚʝʨʭʥʦʩʪʝʡ ʦʪʩʝʯʢʠ, ʢʘʢ 

ʧʦʢʘʟʘʥʦ ʥʘ ʈʠʩʫʥʢʝ 1.1. ʊʘʢʞʝ ʫʜʦʙʥʦ ʚʚʝʩʪʠ ʥʦʚʫʶ ʨʘʜʠʘʣʴʥʫʶ ʢʦʦʨʜʠʥʘʪʫ 

02
1

0 cos~ qrrrr D--=  ʪʘʢ, ʯʪʦʙʳ r~  ʙʳʣʘ ʤʘʣʘ ʚʥʫʪʨʠ ʦʙʣʘʩʪʠ ʆ-ʍ ʪʨʘʥʩʬʦʨʤʘʮʠʠ, 0
~ rr<< , 

ʢʨʫʛ 0~=r  ʧʦʤʝʯʝʥ 2 ʥʘ ʈʠʩʫʥʢʝ 1.1. ʅʘʢʦʥʝʮ ʧʦʣʫʯʘʝʤ: 

    
]2/)cos(cos~[         

]2/)cos(cos~[

0||||

0

2

||

ffrre

ffrre

-D-º

-D+º- ++

g

gN
    (1.5) 

ʛʜʝ 0f ʵʪʦ ʥʦʚʘ ̫ʧʦʣʦʠʜʘʣʴʥʘ ̫ʢʦʦʨʜʠʥʘʪʘ ʧʝʨʝʩʝʯʝʥʠʷ ʧʦʚʝʨʭʥʦʩʪʝʡ ʦʪʩʝʯʢʠ ʦʧʨʝʜʝʣʷʝʪʩʷ ʠʟ 

0000 sin)sin( frqfr D=- . ɼʣʷ ʙʦʣʴʰʦʛʦ ʘʩʧʝʢʪʥʦʛʦ ʦʪʥʦʰʝʥʠʷ ʤʦʞʥʦ ʧʨʠʥʷʪʴ 00 qfº . ʊʘʢʠʤ 

ʦʙʨʘʟʦʤ, ʧʘʨʘʤʝʪʨʳ rD  ʠ 0f ʧʦʣʥʦʩʪʴʶ ʭʘʨʘʢʪʝʨʠʟʫʶʪ ʛʝʦʤʝʪʨʠ ʁʦʙʣʘʩʪʠ ʪʨʘʥʩʬʦʨʤʘʮʠʠ. 

ʇʦʜʩʪʘʚʣʷʷ ʚʳʨʘʞʝʥʠʷ (1.5) ʚ ʵʪʘʣʦʥʥʳʝ ʚʦʣʥʦʚʳʝ ʫʨʘʚʥʝʥʠʷ (1.3), ʧʦʣʫʯʠʤ ʩʣʝʜʫʶʱʠʝ 

ʚʦʣʥʦʚʳʝ ʫʨʘʚʥʝʥʠʷ ʚ ʥʦʚʳʭ ʢʦʦʨʜʠʥʘʪʘʭ [1A, 2A, 4A]: 

   

( )

( )
î
î

í

î
î

ì

ë

-D-=ö
ö
÷

õ
æ
æ
ç

å

µ

µ
+

µ

µ

-D+=ö
ö
÷

õ
æ
æ
ç

å

µ

µ
-

µ

µ

+

+

+

||0

0||0

0||

0||

00

0||

2/)cos(cos~1
~

2

2/)cos(cos~1
~

2

FFi
gk

N

FFi
gk

N

ffrr
frr

ffrr
frr

 

ɿʜʝʩʴ ʤʳ ʦʪʙʨʦʩʠʣʠ ʯʣʝʥʳ ʚʪʦʨʦʛʦ ʧʦʨʷʜʢʘ ʤʘʣʦʩʪʠ: )/()/~( 2

0 frr µµ  ʠ 

( )( )frr µµ°µµÖ- ~ 00|||| iNN . ɺʚʦʜʷ ʥʦʚʳʝ ʧʝʨʝʤʝʥʥʳʝ ʠ ʢʦʦʨʜʠʥʘʪʳ 

     |||||| FgA= , ( ) +++= FgNA  sign 0|| , 

    
Ð

-=
L

r
x

~
, 

Ð

D
=D

L2

r
x , 

0r
k Ð=
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||0
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2 ggk
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Ð= , 
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ʧʝʨʝʧʠʰʝʤ ʵʪʘʣʦʥʥʳʝ ʚʦʣʥʦʚʳʝ ʫʨʘʚʥʝʥʠʷ ʚ ʙʝʟʨʘʟʤʝʨʥʦʤ ʚʠʜʝ  

   
( ) ( )( )
( ) ( )( )í
ì
ë

-D+=µµ-µµ

-D-=µµ+µµ

+

+

||0

0||

coscos

coscos

AAi

AAi

ffxxfkx

ffxxfkx
.    (1.6) 

ʕʪʦ ʦʙʦʙʱʝʥʠʝ ʫʨʘʚʥʝʥʠʡ (4) ʠʟ ʨʘʙʦʪʳ [34] ʥʘ ʩʣʫʯʘʡ ʪʦʨʦʠʜʘʣʴʥʦʡ ʛʝʦʤʝʪʨʠʠ, ʟʜʝʩʴ x 

ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʢʦʦʨʜʠʥʘʪʝ x¡, ʘ f ï ʧʦʣʦʠʜʘʣʴʥʦʡ ʢʦʦʨʜʠʥʘʪʝ y¡ (ʩʤ. ʚʩʪʘʚʢʫ ʥʘ ʨʠʩ 1.1). ɿʜʝʩʴ 

ʤʳ ʪʘʢʞʝ ʫʩʪʨʘʥʠʣʠ ʷʚʥʫʶ ʟʘʚʠʩʠʤʦʩʪʴ ʦʪ ʟʥʘʢʘ 0||N , ʯʪʦ ʦʟʥʘʯʘʝʪ ʦʪʩʫʪʩʪʚʠʝ ʘʩʠʤʤʝʪʨʠʠ ʧʨʠ 

ʚʚʦʜʝ ʧʦ ʠ ʧʨʦʪʠʚ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ. ʅʦ ʧʨʠ ʵʪʦʤ ʥʘʜʦ ʧʦʥʠʤʘʪʴ, ʯʪʦ ʦʪʩʫʪʩʪʚʠʝ ʘʩʠʤʤʝʪʨʠʠ 

ʦʪʥʦʩʠʪʩʷ ʠʤʝʥʥʦ ʢ ʥʘʧʨʘʚʣʝʥʠʶ ʚʚʦʜʘ. ɽʩʣʠ ʤʳ ʤʝʥʷʝʤ ʥʘʧʨʘʚʣʝʥʠʝ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ, ʪʦ 

çʚʝʨʭè ʠ çʥʠʟè ʤʝʥʷʶʪʩʷ ʤʝʩʪʘʤʠ, ʯʪʦ ʫʩʣʦʚʥʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʟʘʤʝʥʝ ff -  ʚ ʥʘʰʠʭ 

ʫʨʘʚʥʝʥʠʷʭ. 

ʂʘʢ ʠ ʚ ʧʨʝʜʳʜʫʱʠʭ ʨʘʙʦʪʘʭ [34, 36, 37], ʧʨʦʠʟʚʦʣʴʥʦʝ ʚʦʣʥʦʚʦʝ ʧʦʣʝ ʤʦʞʝʪ ʙʳʪʴ 

ʧʨʝʜʩʪʘʚʣʝʥʦ ʢʘʢ 

    ,, -+-+

+ -=+= AAAAAA ||  

ʛʜʝ ʢʦʤʧʦʥʝʥʪʳ +A  ʠ -A  ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʚʦʣʥʘʤ, ʢʦʪʦʨʳʝ ʨʘʩʧʨʦʩʪʨʘʥʷʶʪʩʷ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʚ 

ʧʦʣʦʞʠʪʝʣʴʥʦʤ ʠ ʦʪʨʠʮʘʪʝʣʴʥʦʤ ʥʘʧʨʘʚʣʝʥʠʷʭ ʧʦ ʨʘʜʠʘʣʴʥʦʡ ʢʦʦʨʜʠʥʘʪʝ ʚ ʦʙʣʘʩʪʠ ɺʂɹ 

ʧʨʝʜʝʣʘ. ɺ ʥʦʚʳʭ ʧʝʨʝʤʝʥʥʳʭ, ʫʨʘʚʥʝʥʠʷ (1.6) ʧʨʠʥʠʤʘʶʪ ʩʣʝʜʫʶʱʠʡ ʚʠʜ: 

   
( ) ( )( )
( ) ( )( )í
ì
ë

-D-µµ=-µµ

-D+µµ=+µµ
-+

+-

AAi

AAi

0

0

coscos

coscos

ffxfkxx

ffxfkxx
. 

ɹʫʜʝʤ ʠʩʢʘʪʴ ʨʝʰʝʥʠʝ ʵʪʦʡ ʩʠʩʪʝʤʳ ʤʝʪʦʜʦʤ ʨʘʟʜʝʣʝʥʠʷ ʧʝʨʝʤʝʥʥʳʭ. ɺʚʦʜʷ   

    () ()fx fx
--- Ö= AAA , () ()fx fx

+++ Ö= AAA    

ʧʦʣʫʯʠʤ 

   ( ) ++=++ xx lkxx AAidd 2222
,       (1.7) 

   ( ) ++=+-+- ff lfdffdf AAdd sin)cos(cos 2

0

222 ,     (1.8) 

ʛʜʝ 2

0 2 ÐD=D= Lrrkxd .  

ʋʨʘʚʥʝʥʠʝ (1.7) ʧʦʣʥʦʩʪʴʶ ʵʢʚʠʚʘʣʝʥʪʥʦ ʫʨʘʚʥʝʥʠ,ʁ ʧʦʣʫʯʝʥʥʦʤʫ ʜʣʷ ʧʣʦʩʢʠʭ 

ʧʦʚʝʨʭʥʦʩʪʝʡ ʦʪʩʝʯʢʠ, ʝʛʦ ʨʝʰʝʥʠʝ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʚʦʣʥʝ, ʨʘʩʧʨʦʩʪʨʘʥʷʶʱʝʡʩʷ ʚ 

ʧʦʣʦʞʠʪʝʣʴʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ ʠ ʤʦʞʝʪ ʙʳʪʴ ʚʳʨʘʞʝʥʦ ʯʝʨʝʟ ʬʫʥʢʮʠʠ ʧʘʨʘʙʦʣʠʯʝʩʢʦʛʦ 

ʮʠʣʠʥʜʨʘ: 

    ( )xpnx
42 i

i eDA ´+ , 22lkn= . 

ʋʨʘʚʥʝʥʠʝ (1.8), ʢʦʪʦʨʦʝ ʦʧʨʝʜʝʣʷʝʪ ʧʦʣʦʠʜʘʣʴʥʫʁ  ʩʪʨʫʢʪʫʨʫ ʚʦʣʥʦʚʦʛʦ ʧʦʣʷ, ʦʯʝʚʠʜʥʦ, 

ʦʪʣʠʯʘʝʪʩʷ ʦʪ ʩʚʦʝʛʦ ʘʥʘʣʦʛʘ, ʧʦʣʫʯʝʥʥʦʛʦ ʜʣʷ ʧʣʦʩʢʠʭ ʧʦʚʝʨʭʥʦʩʪʝʡ ʦʪʩʝʯʢʠ [34]. ɺ ʪʦ ʚʨʝʤʷ 

ʢʘʢ ʨʝʰʝʥʠʝ ʧʦʩʣʝʜʥʝʛʦ ʤʦʞʝʪ ʙʳʪʴ ʟʘʧʠʩʘʥʦ ʯʝʨʝʟ ʧʦʣʠʥʦʤʳ ʕʨʤʠʪʘ, ʫʨʘʚʥʝʥʠʝ ʥʘ 
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ʧʦʣʦʠʜʘʣʴʥʳʝ ʤʦʜʳ ʜʣʷ ʮʠʣʠʥʜʨʠʯʝʩʢʠʭ ʧʦʚʝʨʭʥʦʩʪʝʡ ʦʪʩʝʯʢʠ ʥʝ ʠʤʝʶʪ ʷʚʥʳʭ ʘʥʘʣʠʪʠʯʝʩʢʠʭ 

ʨʝʰʝʥʠʡ. ʊʝʤ ʥʝ ʤʝʥʝʝ, ʫʨʘʚʥʝʥʠʝ (1.8) ʤʦʞʥʦ ʨʘʩʩʤʦʪʨʝʪʴ ʢʘʢ ʩʪʘʮʠʦʥʘʨʥʦʝ ʫʨʘʚʥʝʥʠʝ 

ʐʨʝʜʠʥʛʝʨʘ ʩ ʧʦʪʝʥʮʠʘʣʦʤ 

    () fdffdf sin)cos(cos 2

0

2 +-=V      (1.9) 

ʠ ʧʝʨʠʦʜʠʯʝʩʢʠʤʠ ʛʨʘʥʠʯʥʳʤʠ ʫʩʣʦʚʠʷʤʠ 

     () ( )pff ff 2+= ++ AA  

ʆʯʝʚʠʜʥʦ, ʯʪʦ ʚʦʣʥʘ ʤʦʞʝʪ ʨʘʩʧʨʦʩʪʨʘʥʷʪʴʩʷ ʚ ʧʦʣʦʠʜʘʣʴʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ ʪʦʣʴʢʦ ʚ ʦʙʣʘʩʪʠ 

ʛʜʝ lf<)(V , ʚ ʦʙʣʘʩʪʠ ʛʜʝ lf>)(V  ʚʦʣʥʘ ʟʘʪʫʭʘʝʪ. ʌʦʨʤʘ ʵʬʬʝʢʪʠʚʥʦʛʦ ʧʦʪʝʥʮʠʘʣʘ (1.9) 

ʦʧʨʝʜʝʣʷʝʪʩʷ d ʠ 0f . ɺ ʩʦʚʨʝʤʝʥʥʦʤ ʵʢʩʧʝʨʠʤʝʥʪʝ 1>>d , ʥʘʧʨʠʤʝʨ, ʜʣʷ ʧʣʘʥʠʨʫʶʱʝʛʦʩʷ 

ʵʢʩʧʝʨʠʤʝʥʪʘ ʧʦ O-X-B ʥʘʛʨʝʚʫ ʥʘ ʪʦʢʘʤʘʢʝ FTU [69] ʤʳ ʧʦʣʫʯʠʤ ʟʥʘʯʝʥʠʝ 38=d . ʈʝʰʝʥʠʷ 

ʫʨʘʚʥʝʥʠʷ. (1.8) ʩ ʧʝʨʠʦʜʠʯʝʩʢʠʤʠ ʛʨʘʥʠʯʥʳʤʠ ʫʩʣʦʚʠʷʤʠ ʦʙʨʘʟʫʶʪ ʧʦʣʥʳʡ ʥʘʙʦʨ 

ʦʨʪʦʛʦʥʘʣʴʥʳʭ ʤʦʜ )(fnF , ʦʪʚʝʯʘʶʱʠʡ ʜʠʩʢʨʝʪʥʦʤʫ ʠ ʜʝʡʩʪʚʠʪʝʣʴʥʦʤʫ ʩʧʝʢʪʨʫ ʩʦʙʩʪʚʝʥʥʳʭ 

ʟʥʘʯʝʥʠʡ nl. ɺ ʦʪʣʠʯʠʝ ʦʪ ʨʘʥʝʝ ʠʟʫʯʝʥʥʦʛʦ ʩʣʫʯʘ ̫ʧʣʦʩʢʠʭ ʧʦʚʝʨʭʥʦʩʪʝʡ ʦʪʩʝʯʢʠ, ʵʪʠ ʤʦʜʳ ʠ 

ʩʧʝʢʪʨ ʥʝ ʤʦʛʫʪ ʙʳʪʴ ʚʳʨʘʞʝʥ rʚ ʢʦʤʧʘʢʪʥʦʤ ʘʥʘʣʠʪʠʯʝʩʢʦʤ ʚʠʜʝ, ʦʜʥʘʢʦ, ʦʥʠ ʤʦʛʫʪ ʙʳʪʴ 

ʣʝʛʢʦ ʥʘʡʜʝʥʳ ʯʠʩʣʝʥʥʦ [1A]. 

ʆʙʱʝʝ ʨʝʰʝʥʠʝ ʜʣʷ ʚʦʣʥʳ, ʨʘʩʧʨʦʩʪʨʘʥʷʶʱʝʡʩʷ ʚʧʝʨʝʜ (ʧʘʜʘʶʱʝʡ ʠ ʧʨʦʰʝʜʰʝʡ), 

ʧʨʠʥʠʤʘʝʪ ʩʣʝʜʫʶʱʠʡ ʚʠʜ [1A, 2A, 4A]: 

   ( ) () ( )ä
¤

=

+ F=
0

42,
n

i

inn eDAA
n

xffx p
n , 22kln nn = ,   (1.10) 

ʛʜʝ nA  ʧʦʩʪʦʷʥʥʳʝ ʢʦʵʬʬʠʮʠʝʥʪʳ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʙʳʪʴ ʦʧʨʝʜʝʣʝʥʳ ʢʘʢ ʧʨʦʝʢʮʠʠ ʚʦʣʥʦʚʦʛʦ 

ʧʦʣʷ ʥʘ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʧʦʣʦʠʜʘʣʴʥʳʝ ʤʦʜʳ )(fnF  ʚ ʥʝʢʦʪʦʨʦʡ ʪʦʯʢʝ x ʧʝʨʝʜ ʦʙʣʘʩʪʴʶ 

ʪʨʘʥʩʬʦʨʤʘʮʠʠ, ʛʜʝ ʠʟʚʝʩʪʥʦ ʧʘʜʘʶʱʝʝ ʧʦʣʝ. ʉʦʦʪʚʝʪʩʪʚʫʶʱʘ ̫ʦʪʨʘʞʝʥʥʘ ̫ʚʦʣʥʘ ( 0-A  ʧʨʠ 

+¤x ) ʟʘʧʠʩʳʚʘʝʪʩʷ ʢʘʢ [1A, 2A]: 

   ( ) ( ) ( )ä
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ʕʪʠ ʜʚʘ ʚʳʨʘʞʝʥʠʷ ʜʘʶʪ ʧʦʣʥʦʝ ʠ ʷʚʥʦʝ ʨʝʰʝʥʠʝ ʟʘʜʘʯʠ, ʪ. ʝ. ʧʦʟʚʦʣʷʶʪ ʨʝʢʦʥʩʪʨʫʠʨʦʚʘʪʴ 

ʚʦʣʥʦʚʳʝ ʧʦʣʷ, ʢʦʪʦʨʳʝ ʧʨʦʭʦʜʷʪ ʩʢʚʦʟʴ ʠ ʦʪʨʘʞʘʶʪʩʷ ʦʪ ʦʙʣʘʩʪʠ ʪʨʘʥʩʬʦʨʤʘʮʠʠ ʜʣʷ ʣʶʙʦʡ 

ʟʘʜʘʥʥʦʡ ʬʦʨʤʳ ʧʘʜʘʶʱʝʛʦ ʧʫʯʢʘ. ɸʩʧʝʢʪʳ ʯʠʩʣʝʥʥʳʭ ʤʝʪʦʜʦʚ, ʠʩʧʦʣʴʟʦʚʘʚʰʠʭʩʷ ʧʨʠ ʨʘʙʦʪʝ 

ʩ ʵʪʠʤʠ ʚʳʨʘʞʝʥʠʷʤʠ, ʚ ʪʦʤ ʯʠʩʣʝ ʨʘʩʯʝʪ ʧʦʣʦʠʜʘʣʴʥʳʭ ʤʦʜ ʠ ʩʧʝʢʪʨʘ, ʦʙʩʫʞʜʘʶʪʩʷ ʚ [1A]. 

ɼʣ̫ ʢʦʥʢʨʝʪʥʳʭ ʧʨʠʤʝʨʦʚ ʚ ʧʦʩʣʝʜʫʶʱʠʭ ʨʘʟʜʝʣʘʭ ʤʳ ʚʳʙʨʘʣʠ ʧʘʨʘʤʝʪʨʳ ʪʠʧʠʯʥʳʝ ʜʣʷ 

ʵʢʩʧʝʨʠʤʝʥʪʘ ʧʦ ʵʣʝʢʪʨʦʥ ʮʠʢʣʦʪʨʦʥʥʦʤʫ O-X-B ʥʘʛʨʝʚʫ, ʢʦʪʦʨʳʡ ʥʘʭʦʜʠʪʩʷ ʚ ʩʪʘʜʠʠ 

ʧʦʜʛʦʪʦʚʢʠ ʥʘ ʪʦʢʘʤʘʢʝ FTU, ʥʘ ʢʦʪʦʨʳʡ ʥʝʜʘʚʥʦ ʙʳʣ ʫʩʪʘʥʦʚʣʝʥʘ ʥʦʚʘʷ ʩʠʩʪʝʤʘ ʚʚʦʜʘ 

ʠʟʣʫʯʝʥʠʷ [69, 70]. ɿʜʝʩʴ ʤʳ ʧʨʦʩʪʦ ʧʝʨʝʯʠʩʣʠʤ ʠʭ, ʘ ʙʦʣʝʝ ʧʦʜʨʦʙʥʦʝ ʦʙʩʫʞʜʝʥʠʝ 
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ʵʢʩʧʝʨʠʤʝʥʪʘ ʥʘ FTU ʙʫʜʝʪ ʧʨʠʚʝʜʝʥʦ ʚ ʨʘʟʜʝʣʝ 1.4. ʉʦʦʪʚʝʪʩʪʚʝʥʥʦ: ʩʤ 14=L , ʩʤ 120 =r , 

ʩʤ 1060 =R , 54.00 =q , 94.00 =Y , -1

0 ʩʤ 30=k  [71]. ʇʝʨʝʯʠʩʣʝʥʥʳʝ ʧʘʨʘʤʝʪʨʳ ʩʦʦʪʚʝʪʩʪʚʫʶʪ 

38=d , 048.0=k . ʍʘʨʘʢʪʝʨʥʳʡ ʤʘʩʰʪʘʙ ʦʙʣʘʩʪʠ ʪʨʘʥʩʬʦʨʤʘʮʠʠ ʩʤ 58.0=ÐL . 

1.2 ʂʘʯʝʩʪʚʝʥʥʳʡ ʘʥʘʣʠʟ ʨʝʰʝʥʠʷ ʠ ʩʦʦʪʚʝʪʩʪʚʠʝ ʩ ʨʘʥʝʝ ʨʘʟʨʘʙʦʪʘʥʥʳʤʠ ʪʝʦʨʠʷʤʠ 

ɺ ʵʪʦʤ ʨʘʟʜʝʣʝ ʧʦʢʘʟʘʥʦ ʩʦʦʪʚʝʪʩʪʚʠʝ ʥʦʚʳʭ ʨʝʰʝʥʠʡ ʨʝʟʫʣʴʪʘʪʘʤ ʨʘʥʝʝ ʨʘʟʨʘʙʦʪʘʥʥʳʭ 

ʦʜʥʦ- ʠ ʜʚʫʤʝʨʥʳʭ ʪʝʦʨʠʡ. ɼʣʷ ʵʪʦʛʦ ʤʦʞʥʦ ʙʦʣʝʝ ʜʝʪʘʣʴʥʦ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʪʴ ʧʦʣʦʠʜʘʣʴʥʳʡ 

ʩʧʝʢʪʨ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʡ ʵʬʬʝʢʪʠʚʥʦʤʫ ʧʦʪʝʥʮʠʘʣʫ )(fV , ʦʧʨʝʜʝʣʷʝʤʦʤʫ ʫʨʘʚʥʝʥʠʝʤ (1.9).  

 

ʈʠʩʫʥʦʢ 1.2: ʕʬʬʝʢʪʠʚʥʳʡ ʧʦʪʝʥʮʠʘʣ ()fV  ʚ ʩʣʫʯʘʝ ʧʝʨʝʩʝʢʘʶʱʠʭʩʷ ʧʦʚʝʨʭʥʦʩʪʝʡ ʦʪʩʝʯʢʠ 

1cos 0 ¢f : (a) ʩʣʫʯʘʡ ʜʚʫʭ ʧʦʪʝʥʮʠʘʣʴʥʳʭ ʷʤ ʧʨʠ )2/(sin/sin 0

4

04
1 ffd> , (b) ʩʣʫʯʘʡ ʧʣʦʩʢʦʛʦ ʜʥʘ 

ʦʜʥʦʡ ʧʦʪʝʥʮʠʘʣʴʥʦʡ ʷʤʳ ʧʨʠ )2/(sin/sin 0

4

04
1 ffd¢  

 

ʅʘ ʈʠʩʫʥʢʝ 1.2 ʵʪʦʪ ʧʦʪʝʥʮʠʘʣ ʧʦʢʘʟʘʥ ʜʣʷ ʜʚʫʭ ʪʠʧʠʯʥʳʭ ʩʣʫʯʘʝʚ. ɺʠʜʥʦ, ʯʪʦ ʦʥ ʤʦʞʝʪ 

ʠʤʝʪʴ ʣʠʙʦ ʜʚʘ, ʣʠʙʦ ʪʦʣʴʢʦ ʦʜʠʥ ʣʦʢʘʣʴʥʳʡ ʤʠʥʠʤʫʤ, ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʪʦʛʦ, ʥʘʩʢʦʣʴʢʦ 

ʙʣʠʟʢʦ ʢ ʵʢʚʘʪʦʨʠʘʣʴʥʦʡ ʧʣʦʩʢʦʩʪʠ ʥʘʭʦʜʠʪʩʷ ʪʦʯʢʘ O-X ʪʨʘʥʩʬʦʨʤʘʮʠʠ 0f. ɼʚʘ ʣʦʢʘʣʴʥʳʭ 

ʤʠʥʠʤʫʤʘ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʜʚʫʤ ʪʦʯʢʘʤ ʥʘʠʣʫʯʰʝʡ ʪʨʘʥʩʬʦʨʤʘʮʠʠ C ʠ C¡ʥʘ ʈʠʩʫʥʢʝ 1.1 (a), 

ʢʦʪʦʨʳʝ ʦʙʨʘʟʦʚʘʥʳ ʧʝʨʝʩʝʯʝʥʠʷʤʠ ʧʦʚʝʨʭʥʦʩʪʝʡ ʦʪʩʝʯʢʠ ʚʳʰʝ ʠ ʥʠʞʝ ʵʢʚʘʪʦʨʠʘʣʴʥʦʡ 

ʧʣʦʩʢʦʩʪʠ.  

ɺ ʨʘʤʢʘʭ ʫʞʝ ʨʘʟʨʘʙʦʪʘʥʥʦʡ ʜʚʫʤʝʨʥʦʡ ʪʝʦʨʠʠ, ʠʩʧʦʣʴʟʫʶʱʝʡ ʧʨʠʙʣʠʞʝʥʠʝ ʧʣʦʩʢʠʭ 

ʧʝʨʝʩʝʢʘʶʱʠʭʩʷ ʧʦʚʝʨʭʥʦʩʪʝʡ ʦʪʩʝʯʢʠ [34-36], ʵʪʠ ʞʝ ʜʚʝ ʪʦʯʢʠ ʙʳʣʠ ʨʘʩʩʤʦʪʨʝʥʳ ʧʦ 

ʦʪʜʝʣʴʥʦʩʪʠ. ʆʯʝʚʠʜʥʦ, ʯʪʦ ʧʦʜʦʙʥʳʡ ʧʦʜʭʦʜ ʙʫʜʝʪ ʩʧʨʘʚʝʜʣʠʚ, ʝʩʣʠ ʪʦʯʢʠ ʜʦʩʪʘʪʦʯʥʦ ʭʦʨʦʰʦ 

ʨʘʟʜʝʣʝʥʳ ʛʦʨʙʦʤ ʧʦʪʝʥʮʠʘʣʘ ʚʙʣʠʟʠ 0=f . ʉ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ, ʦʙʣʘʩʪʠ ʪʨʘʥʩʬʦʨʤʘʮʠʠ ʚʙʣʠʟʠ 
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C ʠ C¡ ʤʦʛʫʪ ʥʘʯʠʥʘʪʴ ʚʟʘʠʤʦʜʝʡʩʪʚʦʚʘʪʴ ʧʨʠ ʧʨʠʙʣʠʞʝʥʠʠ ʵʪʠʭ ʪʦʯʝʢ ʢ ʵʢʚʘʪʦʨʠʘʣʴʥʦʡ 

ʧʣʦʩʢʦʩʪʠ. ʊʘʢ ʧʨʦʠʩʭʦʜʠʪ ʧʝʨʝʭʦʜ ʢ ʩʪʘʥʜʘʨʪʥʦʡ ʦʜʥʦʤʝʨʥʦʡ ʪʝʦʨʠʠ O-X ʪʨʘʥʩʬʦʨʤʘʮʠʠ 

[11, 14], ʢʦʪʦʨʦʡ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʧʣʦʩʢʠʡ ʧʦʪʝʥʮʠʘʣ, ʧʦʢʘʟʘʥʥʳʡ ʥʘ ʈʠʩʫʥʢʝ 1.2 ʩʧʨʘʚʘ.  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʥʦʚʘʷ ʪʝʦʨʠʷ, ʧʦʩʪʨʦʝʥʥʘʷ ʥʘ ʦʩʥʦʚʝ ʙʦʣʝʝ ʨʝʘʣʠʩʪʠʯʥʦʛʦ çʛʣʦʙʘʣʴʥʦʛʦè 

ʧʦʣʦʠʜʘʣʴʥʦʛʦ ʧʦʪʝʥʮʠʘʣʘ (1.9) ʤʦʞʝʪ ʦʧʠʩʘʪʴ ʧʣʘʚʥʳʡ ʧʝʨʝʭʦʜ ʦʪ ʦʜʥʦʤʝʨʥʦʛʦ ʩʣʫʯʘʷ 

ʵʢʚʘʪʦʨʠʘʣʴʥʦʛʦ ʚʚʦʜʘ ʢ ʜʚʫʤʝʨʥʦʤʫ ʩʣʫʯʘʶ, ʦʪʚʝʯʘʶʱʝʤʫ ʚʚʦʜʫ ʧʫʯʢʘ ʧʦʜ ʫʛʣʦʤ ʢ ʵʢʚʘʪʦʨʫ. 

ɹʦʣʝʝ ʪʦʛʦ, ʦʥʦ ʪʘʢʞʝ ʜʘʝʪ ʥʦʚʦʝ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʦ ʬʠʟʠʯʝʩʢʦʤ ʵʬʬʝʢʪʝ, ʦʙʥʘʨʫʞʝʥʥʦʤ ʨʘʥʝʝ ʚ 

ʧʨʠʙʣʠʞʝʥʠʠ ʧʣʦʩʢʠʭ ʧʝʨʝʩʝʢʘʶʱʠʭʩʷ ʧʦʚʝʨʭʥʦʩʪʝʡ ʦʪʩʝʯʢʠ, ʢʦʪʦʨʳʡ ʟʘʢʣʶʯʘʝʪʩʷ ʚ 

ʘʩʠʤʤʝʪʨʠʠ ʪʨʘʥʩʬʦʨʤʘʮʠʠ ʧʨʠ ʚʚʦʜʝ ʧʫʯʢʘ ʩʚʝʨʭʫ ʠ ʩʥʠʟʫ ʦʪ ʵʢʚʘʪʦʨʠʘʣʴʥʦʡ ʧʣʦʩʢʦʩʪʠ (C ʠ 

C¡ ʥʘ ʈʠʩʫʥʢʝ 1.1) [34]. ɼʝʡʩʪʚʠʪʝʣʴʥʦ, ʧʦʪʝʥʮʠʘʣ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʥʝʙʦʣʴʰʦʡ 

ʘʥʪʠʩʠʤʤʝʪʨʠʯʥʳʡ ʯʣʝʥ ,sinfd  ʢʦʪʦʨʳʡ ʧʨʠʚʦʜʠʪ ʢ ʘʩʠʤʤʝʪʨʠʠ ʣʝʚʦʡ ʠ ʧʨʘʚʦʡ 

ʧʦʪʝʥʮʠʘʣʴʥʳʭ ʷʤ ʥʘ ʈʠʩʫʥʢʝ 1.2. ʉʪʦʠʪ ʪʘʢʞʝ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʦʥ ʤʝʥʷʝʪ ʩʚʦʡ ʟʥʘʢ ʠ 

ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʧʨʠ ʧʝʨʝʭʦʜʝ ʦʪ ʮʠʣʠʥʜʨʠʯʝʩʢʦʡ ʢ ʪʦʨʦʠʜʘʣʴʥʦʡ ʛʝʦʤʝʪʨʠʠ, ʠ ʚ ʨʝʟʫʣʴʪʘʪʝ 

ʵʪʦʛʦ ʦʧʪʠʤʘʣʴʥʳʝ ʠ ʥʝʦʧʪʠʤʘʣʴʥʳʝ ʚʘʨʠʘʥʪʳ ʚʚʦʜʘ ʠʟʣʫʯʝʥʠʷ ʤʝʥʷʶʪʩʷ ʤʝʩʪʘʤʠ, ʘ ʨʘʟʥʠʮʘ 

ʤʝʞʜʫ ʠʭ ʢʦʵʬʬʠʮʠʝʥʪʘʤʠ ʪʨʘʥʩʬʦʨʤʘʮʠʠ ʫʚʝʣʠʯʠʚʘʝʪʩʷ, ʢʘʢ ʙʫʜʝʪ ʧʦʢʘʟʘʥʦ ʥʘ ʧʨʠʤʝʨʝ 

ʧʦʟʞʝ. 

ʈʘʩʩʤʦʪʨʠʤ ʩʣʫʯʘʡ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʡ ʧʝʨʚʦʤʫ ʪʠʧʫ ʧʦʪʝʥʮʠʘʣʘ. ʊʘʢ ʢʘʢ ʚ ʪʦʢʘʤʘʢʘʭ 

1>>d , ʚ ʧʦʪʝʥʮʠʘʣʝ (1.9) ʜʦʤʠʥʠʨʫʝʪ ʩʠʤʤʝʪʨʠʯʥʳʡ ʯʣʝʥ. ɺ ʵʪʠʭ ʫʩʣʦʚʠʷʭ ʧʦʣʦʞʝʥʠʝ 

ʣʦʢʘʣʴʥʳʭ ʤʠʥʠʤʫʤʦʚ ʧʦʪʝʥʮʠʘʣʘ ʤʦʞʝʪ ʙʳʪʴ ʦʧʨʝʜʝʣʝʥʦ ʢʘʢ 0ff °º , ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʪʦʯʢʘ 

0ºf  ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʧʦʣʦʞʝʥʠʶ ʤʘʢʩʠʤʫʤʘ ʙʘʨʴʝʨʘ, ʨʘʟʜʝʣʷʶʱʝʛʦ ʜʚʝ ʧʦʪʝʥʮʠʘʣʴʥʳʝ ʷʤʳ. 

ɿʥʘʯʝʥʠʝ ʵʪʦʛʦ ʤʘʢʩʠʤʫʤʘ ʤʦʞʝʪ ʙʳʪʴ ʦʮʝʥʝʥʦ ʢʘʢ 

     2/sin4)0( 0
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cr fdl =ºV .  

ʇʨʠ ʥʠʟʢʠʭ çʵʥʝʨʛʠʷʭè crll<<n , ʧʦʪʝʥʮʠʘʣ ʤʦʞʥʦ ʧʨʝʜʩʪʘʚʠʪʴ ʚ ʚʠʜʝ ʜʚʫʭ ʩʣʘʙʦ 

ʩʚʷʟʘʥʥʳʭ ʧʘʨʘʙʦʣʠʯʝʩʢʠʭ ʷʤ. ɽʩʣʠ ʧʨʝʥʝʙʨʝʯʴ ʪʫʥʥʝʣʠʨʦʚʘʥʠʝʤ ʚʦʣʥ ʤʝʞʜʫ ʷʤʘʤʠ ʠ 

ʚʣʠʷʥʠʝʤ ʪʦʯʥʳʭ ʛʨʘʥʠʯʥʳʭ ʫʩʣʦʚʠʡ, ʪʦ ʩʧʝʢʪʨ ʩʦʙʩʪʚʝʥʥʳʭ ʟʥʘʯʝʥʠʡ ʜʣʷ ʢʘʞʜʦʡ ʷʤʳ ʙʫʜʝʪ 

ʵʢʚʠʜʠʩʪʘʥʪʥʳʤ. ʅʘ ʩʘʤʦʤ ʜʝʣʝ, ʵʪʦ ʙʫʜʝʪ ʩʧʝʢʪʨ ʢʚʘʥʪʦʚʦʛʦ ʛʘʨʤʦʥʠʯʝʩʢʦʛʦ ʦʩʮʠʣʣʷʪʦʨʘ, 

ʧʨʠʯʝʤ ʯʘʩʪʦʪʳ ʙʫʜʫʪ ʦʜʠʥʘʢʦʚʳ ʜʣʷ ʦʙʝʠʭ ʷʤ [72]. ʀʩʧʦʣʴʟʫʷ ʨʘʟʣʦʞʝʥʠʝ ʧʦʪʝʥʮʠʘʣʘ ʚ 

ʦʢʨʝʩʪʥʦʩʪʷʭ 0ff °= , ʧʦʣʫʯʘʝʤ ʩʣʝʜʫʶʱʠʝ ʘʩʠʤʧʪʦʪʠʯʝʩʢʠʝ ʚʳʨʘʞʝʥʠʷ ʜʣʷ ʩʦʙʩʪʚʝʥʥʳʭ 

ʟʥʘʯʝʥʠʡ ʧʨʘʚʦʡ ʠ ʣʝʚʦʡ ʷʤ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ: 

   ...2,1,0,sin2,,)1( 0

leftright ==DD=D+= nnn nn fdlllll .  

ʉʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʩʦʙʩʪʚʝʥʥʳʝ ʬʫʥʢʮʠʠ ʙʫʜʫʪ ʬʫʥʢʮʠʷʤʠ ʕʨʤʠʪʘ, ʣʦʢʘʣʠʟʦʚʘʥʥʳʤʠ ʚʙʣʠʟʠ 

ʤʠʥʠʤʫʤʦʚ ʧʦʪʝʥʮʠʘʣʘ )(fV , 
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ʛʜʝ )(xH n  ï ʧʦʣʠʥʦʤʳ ʕʨʤʠʪʘ. ʕʪʠ ʩʦʙʩʪʚʝʥʥʳʝ ʬʫʥʢʮʠʠ ʠ ʩʧʝʢʪʨ ʩʦʙʩʪʚʝʥʥʳʭ ʟʥʘʯʝʥʠʡ ʚ 

ʪʦʯʥʦʩʪʠ ʩʦʚʧʘʜʘʶʪ ʩ ʨʝʟʫʣʴʪʘʪʘʤʠ, ʧʦʣʫʯʝʥʥʳʤʠ ʚ ʧʨʝʜʧʦʣʦʞʝʥʠʠ ʧʣʦʩʢʠʭ ʠ 

ʧʝʨʝʩʝʢʘʶʱʠʭʩ ̫ ʧʦʚʝʨʭʥʦʩʪʝʡ ʦʪʩʝʯʢʠ [34-42]. ʆʙʨʘʪʠʪʝ ʚʥʠʤʘʥʠʝ, ʯʪʦ ʚʩʝ ʩʦʙʩʪʚʝʥʥʳʝ 

ʟʥʘʯʝʥʠʷ, ʢʨʦʤʝ ʥʘʠʤʝʥʴʰʝʛʦ, ʦʢʘʟʳʚʘʪʁʩʷ ʜʚʘʞʜʳ ʚʳʨʦʞʜʝʥʥʳʤʠ, ʘ ʥʘʠʤʝʥʴʰʝʝ 0left

0 =l  

ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʠʜʝʘʣʴʥʦ ʪʨʘʥʩʬʦʨʤʠʨʫʶʱʝʡʩʷ (ʙʝʟʦʪʨʘʞʘʪʝʣʴʥʦʡ) ʤʦʜʝ, ʢʦʪʦʨʘ ̫ʩʫɦ ʝʩʪʚʫʝʪ 

ʪʦʣʴʢʦ ʜʣʷ ʦʜʥʦʡ ʷʤʳ [38]. 

ʕʪʠ ʩʦʦʙʨʘʞʝʥʠʷ ʧʦʟʚʦʣʷʶʪ ʫʢʘʟʘʪʴ ʧʨʝʜʝʣʳ ʧʨʠʤʝʥʠʤʦʩʪʠ ʧʨʠʙʣʠʞʝʥʠʷ ʧʣʦʩʢʠʭ 

ʧʝʨʝʩʝʢʘʶʱʠʭʩʷ ʧʦʚʝʨʭʥʦʩʪʝʡ ʦʪʩʝʯʢʠ. ɼʦʩʪʘʪʦʯʥʳʤ ʫʩʣʦʚʠʝʤ ʧʨʠʤʝʥʠʤʦʩʪʠ ʧʨʠʙʣʠʞʝʥʠʷ 

ʧʣʦʩʢʠʭ ʧʝʨʝʩʝʢʘʶʱʠʭʩʷ ʧʦʚʝʨʭʥʦʩʪʝʡ ʦʪʩʝʯʢʠ ʷʚʣʷʝʪʩʷ ʫʩʣʦʚʠʝ, ʯʪʦ ʚ ʨʘʟʣʦʞʝʥʠʠ 

ʧʨʦʰʝʜʰʝʛʦ ʧʫʯʢʘ ʥʝʟʥʘʯʠʪʝʣʴʥʦ ʧʨʝʜʩʪʘʚʣʝʥʳ ʤʦʜʳ ʩ crll²n , ʢʦʪʦʨʳʝ ʥʝ ʩʦʦʪʚʝʪʩʪʚʫʶʪ 

ʵʪʦʤʫ ʧʨʠʙʣʠʞʝʥʠʶ. ɽʩʪʴ ʥʝʩʢʦʣʴʢʦ ʩʧʦʩʦʙʦʚ ʫʜʦʚʣʝʪʚʦʨʠʪʴ ʪʘʢʦʤʫ ʫʩʣʦʚʠʶ, ʜʝʪʘʣʴʥʦʝ 

ʨʘʩʩʤʦʪʨʝʥʠʝ ʢʦʪʦʨʳʭ ʤʦʞʥʦ ʥʘʡʪʠ ʚ [1A]. ɿʜʝʩʴ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʥʘʠʙʦʣʝʝ ʚʘʞʥʳʡ ʜʣʷ 

ʪʝʨʤʦʷʜʝʨʥʳʭ ʧʨʠʣʦʞʝʥʠʡ ʩʣʫʯʘʡ, ʚ ʢʦʪʦʨʦʤ ʠʩʭʦʜʥʳʡ ʧʘʜʘʶʱʠʡ ʧʫʯʦʢ ʩʦʩʪʘʚʣʝʥ ʠʟ 

ʧʦʣʦʠʜʘʣʴʥʳʭ ʤʦʜ ʩ crll<n , ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ "ʧʘʨʘʙʦʣʠʯʝʩʢʦʡ" ʷʤʝ, ʘ ʚʢʣʘʜ ʜʨʫʛʠʭ ʤʦʜ ʚ 

ʨʘʟʣʦʞʝʥʠʝ ʧʫʯʢʘ ʧʨʝʥʝʙʨʝʞʠʤʦ ʤʘʣ. ʕʪʦ ʚʦʟʤʦʞʥʦ, ʝʩʣʠ (1) ʧʦʣʦʠʜʘʣʴʥʘ ̫ ʰʠʨʠʥʘ fa  

ʧʘʜʘʶʱʝʛʦ ʧʫʯʢʘ ʤʝʥʴʰʝ, ʯʝʤ ʰʠʨʠʥʘ "ʧʘʨʘʙʦʣʠʯʝʩʢʦʡ" ʷʤʳ 00~ fr , ʠ (2) ʚʩʝ ʤʘʩʰʪʘʙ r

ʥʝʦʜʥʦʨʦʜʥʦʩʪʠ ʧʫʯʢʘ ʙʦʣʴʰʝ ʥʘʠʤʝʥʴʰʝʛʦ ʤʘʩʰʪʘʙʘ ʤʦʜ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʵʢʚʠʜʠʩʪʘʥʪʥʦʤʫ 

ʩʧʝʢʪʨʫ, ʢʦʪʦʨʳʡ ʤʦʞʝʪ ʦʮʝʥʠʚʘʪʩɹʷ ʢʘʢ 00cr0 / frlr << . ʃʶʙʦʡ ʜʦʩʪʘʪʦʯʥʦ ʧʣʘʚʥʳʡ ʧʫʯʦʢ, 

ʫʜʦʚʣʝʪʚʦʨʷʶʱʠʡ ʵʪʠʤ ʫʩʣʦʚʠʷʤ, ʤʦʞʝʪ ʙʳʪʴ ʧʨʝʜʩʪʘʚʣʝʥ ʚ ʚʠʜʝ ʩʫʤʤʳ ʕʨʤʠʪʦʚʳʭ ʤʦʜ (1.12), 

ʝʩʣʠ ʚʥʫʪʨʠ ʷʤʳ ʩʫʝɦʩʪʚʫʝʪ ʜʦʩʪʘʪʦʯʥʦ ʙʦʣʴʰʦʝ ʯʠʩʣʦ ʪʘʢʠʭ ʤʦʜ crll<<D . ʆʙʲʝʜʠʥʠʚ ʚʩʝ 

ʧʨʝʜʳʜʫʱʠʝ ʫʩʣʦʚʠʷ, ʤʦʞʥʦ ʧʦʣʫʯʠʪʴ: 
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ʕʪʠ ʥʝʨʘʚʝʥʩʪʚʘ ʦʙʝʩʧʝʯʠʚʘʶʪ ʥʝʦʙʭʦʜʠʤʳʝ ʫʩʣʦʚʠʷ ʜʣʷ ʩʚʝʜʝʥʠʷ ʚʦʣʥʦʚʳʭ ʫʨʘʚʥʝʥʠʡ (1.6)-

(1.8) ʢ ʫʨʘʚʥʝʥʠʷʤ, ʪʦʯʥʦ ʪʘʢʠʤ ʞʝ, ʢʘʢ ʠ ʪʝ, ʯʪʦ ʠʟʫʯʘʣʠʩʴ ʧʨʠ ʨʘʩʩʤʦʪʨʝʥʠʠ ʧʣʦʩʢʠʭ 

ʧʝʨʝʩʝʢʘʶʱʠʭʩʷ ʧʦʚʝʨʭʥʦʩʪʝʡ ʦʪʩʝʯʢʠ. ɼʣʷ ʨʘʩʩʤʦʪʨʝʥʥʦʛʦ ʚʳʰʝ ʧʨʠʤʝʨʘ FTU ʧʦʣʫʯʘʝʪʩʷ 

ʩʤ7~~ʩʤ2
0
<< fa  ʠ deg 34~0>f . 

ʈʘʩʩʤʦʪʨʠʤ ʪʝʧʝʨʴ ʧʝʨʝʭʦʜ ʢ ʦʜʥʦʤʝʨʥʦʤʫ ʧʨʠʙʣʠʞʝʥʠ.ʁ ɼʣʷ ʧʨʦʩʪʦʪʳ ʦʛʨʘʥʠʯʠʤʩʷ ʝʛʦ 

ʨʘʩʩʤʦʪʨʝʥʠʝʤ ʪʦʣʴʢʦ ʩ ʢʘʯʝʩʪʚʝʥʥʦʡ ʩʪʦʨʦʥʳ. ʉ ʬʠʟʠʯʝʩʢʦʡ ʪʦʯʢʠ ʟʨʝʥʠʷ, ʦʜʥʦʤʝʨʥʦʝ 

ʧʨʠʙʣʠʞʝʥʠʝ ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʚ ʩʣʫʯʘʝ, ʢʦʛʜʘ ʚʩʝ ʟʥʘʯʠʤʳʝ ʛʘʨʤʦʥʠʢʠ ʚ ʧʦʣʦʠʜʘʣʴʥʦʤ 
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ʩʧʝʢʪʨʝ ʙʣʠʟʢʠ ʢ ʛʘʨʤʦʥʠʯʝʩʢʠʤ ʬʫʥʢʮʠʷʤ )exp( ffinn ºF , ʠ ʩʧʝʢʪʨ ʜʦʩʪʘʪʦʯʥʦ ʧʣʦʪʥʳʡ, 

2

0 )/( frl a<<D . ɺ ʥʝʢʦʪʦʨʦʤ ʩʤʳʩʣʝ, ʵʪʦ ʵʢʚʠʚʘʣʝʥʪʥʦ ʢʚʘʟʠʢʣʘʩʩʠʯʝʩʢʦʤʫ ʧʨʝʜʝʣʫ ʚ 

ʢʚʘʥʪʦʚʦʡ ʤʝʭʘʥʠʢʝ [72]. ʕʪʦʪ ʧʝʨʝʭʦʜ ʚʦʟʤʦʞʝʥ ʜʣʷ ʦʙʦʠʭ ʪʠʧʦʚ ʧʦʪʝʥʮʠʘʣʦʚ, ʧʦʢʘʟʘʥʥʳʭ ʥʘ 

ʈʠʩʫʥʢʝ 1.2. ʇʨʦʩʪʝʡʰʠʡ ʩʣʫʯʘʡ ï ʵʪʦ "ʧʨʦʣʝʪʥʳʝ" ʤʦʜʳ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ 

    )()(max pfl VVn =>> 2/cos4 0

42 fdº . 

ʆʜʥʘʢʦ, ʵʪʦʪ ʩʣʫʯʘʡ ʥʝ ʝʜʠʥʩʪʚʝʥʥʳʡ. ʅʘʧʨʠʤʝʨ, ʜʦʩʪʘʪʦʯʥʦ ʚʳʩʦʢʠʝ ( 1>>n ) 

ʣʦʢʘʣʠʟʦʚʘʥʥʳʝ ʕʨʤʠʪʦʚʳ ʤʦʜʳ (1.12) ʜʦʩʪʘʪʦʯʥʦ ʙʣʠʟʢʠ ʢ ʛʘʨʤʦʥʠʯʝʩʢʠʤ ʬʫʥʢʮʠʷʤ. 

ʆʯʝʚʠʜʥʦ, ʯʪʦ ʜʣʷ ʧʣʦʩʢʦʛʦ ʧʦʪʝʥʮʠʘʣʘ, ʧʦʢʘʟʘʥʥʦʛʦ ʥʘ ʈʠʩʫʥʢʝ 1.2 ʩʧʨʘʚʘ, ʠ ʪʠʧʠʯʥʦʛʦ 

ʵʢʚʘʪʦʨʠʘʣʴʥʦʛʦ ʚʚʦʜʘ ʧʨʘʢʪʠʯʝʩʢʠ ʚʩʝ ʧʦʣʦʠʜʘʣʴʥʳʝ ʤʦʜʳ, ʩʦʩʪʘʚʣʷʶʱʠʝ ʧʫʯʦʢ, ʙʫʜʫʪ 

ʙʣʠʟʢʠ ʢ ʛʘʨʤʦʥʠʯʝʩʢʠʤ, ʝʩʣʠ ʩʘʤ ʧʫʯʦʢ ʭʦʨʦʰʦ ʣʦʢʘʣʠʟʦʚʘʥ, 0rf<a . 

ɼʘʣʝʝ, ʯʪʦʙʳ ʧʨʦʠʣʣʶʩʪʨʠʨʦʚʘʪʴ ʧʨʘʢʪʠʯʝʩʢʠʡ ʚʟʛʣʷʜ ʥʘ ʧʨʝʜʝʣʳ ʧʨʠʤʝʥʠʤʦʩʪʠ 

ʨʘʩʩʤʦʪʨʝʥʥʳʭ ʧʨʠʙʣʠʞʝʥʠʡ, ʩʨʘʚʥʠʤ ʨʝʟʫʣʴʪʘʪʳ ʨʝʘʣʴʥʳʭ ʨʘʩʯʝʪʦʚ ʥʘ ʧʨʠʤʝʨʝ FTU. 

ʈʘʩʩʤʦʪʨʠʤ ʢʦʵʬʬʠʮʠʝʥʪ O-X ʪʨʘʥʩʬʦʨʤʘʮʠʠ, ʦʧʨʝʜʝʣʝʥʥʳʡ ʢʘʢ ʦʪʥʦʰʝʥʠʝ ʧʘʜʘʶʱʝʛʦ ʠ 

ʧʨʦʰʝʜʰʝʛʦ ʧʦʪʦʢʦʚ ʤʦʱʥʦʩʪʠ 

    ññ
++= ffff dAdAT OX

22

)()( ,  

ʢʘʢ ʬʫʥʢʮʠʶ ʫʛʣʘ ʚʚʦʜʘ ʧʫʯʢʘ if ʜʣʷ ʦʧʪʠʤʘʣʴʥʦ ʩʬʦʢʫʩʠʨʦʚʘʥʥʦʛʦ ʧʘʜʘʶʱʝʛʦ ʛʘʫʩʩʦʚʦʛʦ 

ʧʫʯʢʘ: 

    () ( )( )22

0

2
2/exp fx

rfff aAA iO --==
-¤

++ .    (1.14) 

ɺ ʪʦʨʦʠʜʘʣʴʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ ʚʦʣʥʦʚʦʡ ʧʫʯʦʢ ʧʨʝʜʩʪʘʚʣʝʥ ʦʜʥʦʡ ʛʘʨʤʦʥʠʢʦʡ ʠʟ 

ʨʘʟʣʦʞʝʥʠʷ (1.2). 

ʅʘ ʈʠʩʫʥʢʝ 1.3 ʢʦʵʬʬʠʮʠʝʥʪ ʪʨʘʥʩʬʦʨʤʘʮʠʠ ʠʟʦʙʨʘʞʝʥ ʥʘ ʛʨʘʬʠʢʝ ʢʘʢ ʬʫʥʢʮʠʷ ʫʛʣʘ 

ʚʚʦʜʘ ʧʫʯʢʘ if ʜʣʷ ʬʠʢʩʠʨʦʚʘʥʥʦʛʦ ʧʦʣʦʠʜʘʣʴʥʦʛʦ ʧʦʣʦʞʝʥʠ ̫ 6/0 pf=  ʪʦʯʢʠ ʧʝʨʝʩʝʯʝʥʠʷ 

ʧʦʚʝʨʭʥʦʩʪʝʡ ʦʪʩʝʯʢʠ. ɼʣʷ ʜʘʥʥʦʛʦ 0f  ʧʦʪʝʥʮʠʘʣ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʚʠʜʫ, ʠʟʦʙʨʘʞʝʥʥʦʤʫ ʥʘ 

ʈʠʩʫʥʢʝ 1.2 ʩʧʨʘʚʘ. ʉʨʘʚʥʠʤ ʪʨʠ ʧʦʜʭʦʜʘ: (1) ʜʚʫʤʝʨʥʳʝ ʨʘʩʯʝʪʳ ʩ ʫʯʝʪʦʤ ʢʨʠʚʠʟʥʳ (ʯʝʨʥʘʷ 

ʣʠʥʠʷ), (2) ʜʚʫʤʝʨʥʳʝ ʨʘʩʯʝʪʳ ʩ ʧʣʦʩʢʠʤʠ ʧʦʚʝʨʭʥʦʩʪʷʤʠ ʦʪʩʝʯʢʠ ʩ ʧʦʪʝʥʮʠʘʣʦʤ, 

ʧʨʝʜʩʪʘʚʣʝʥʥʳʤ ʜʚʫʤʷ ʥʝʟʘʚʠʩʠʤʳʤʠ ʧʘʨʘʙʦʣʠʯʝʩʢʠʤʠ ʷʤʘʤʠ (ʩʠʥʠʝ ʣʠʥʠʠ) (3) ʦʜʥʦʤʝʨʥʳʝ 

ʨʘʩʯʝʪʳ ʩ ʧʣʦʩʢʦʧʘʨʘʣʣʝʣʴʥʳʤʠ ʧʦʚʝʨʭʥʦʩʪʷʤʠ ʦʪʩʝʯʢʠ, ʫʯʠʪʳʚʘʶʱʠʝ ʣʦʢʘʣʴʥʦʝ ʨʘʩʩʪʦʷʥʠʝ 

ʤʝʞʜʫ ʧʦʚʝʨʭʥʦʩʪʷʤʠ ʦʪʩʝʯʢʠ (ʢʨʘʩʥʘʷ ʣʠʥʠʷ) ʠ (4) ʜʚʫʤʝʨʥʳʝ ʨʘʩʯʝʪʳ ʩ ʧʣʦʩʢʠʤʠ 

ʧʦʚʝʨʭʥʦʩʪʷʤʠ ʦʪʩʝʯʢʠ, ʫʯʠʪʳʚʘʶʱʠʝ ʣʦʢʘʣʴʥʳʝ ʨʘʩʩʪʦʷʥʠʝ ʠ ʤʝʞʜʫ ʧʦʚʝʨʭʥʦʩʪʷʤʠ ʦʪʩʝʯʢʠ 

ʠ ʠʭ ʚʟʘʠʤʥʳʡ ʥʘʢʣʦʥ (ʟʝʣʝʥʘʷ ʣʠʥʠʷ). ɼʚʫʤʝʨʥʳʝ ʪʝʦʨʠʠ (1) ʠ (2) ʧʨʝʜʩʢʘʟʳʚʘʶʪ ʜʦʚʦʣʴʥʦ 

ʩʠʣʴʥʦ ʨʘʟʣʠʯʘʶɦ ʠʝʩʷ ʢʦʵʬʬʠʮʠʝʥʪʳ ʪʨʘʥʩʬʦʨʤʘʮʠʠ ʜʣʷ if°  ʠʟ-ʟʘ ʘʩʠʤʤʝʪʨʠʠ 

ʢʦʵʬʬʠʮʠʝʥʪʘ ʪʨʘʥʩʬʦʨʤʘʮʠʠ ʩʚʝʨʭʫ ʠ ʩʥʠʟʫ [34], ʨʝʟʫʣʴʪʘʪʳ ʦʙʝʠʭ ʪʝʦʨʠʡ ʩʦʚʧʘʜʘʶʪ ʚʙʣʠʟʠ 
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ʦʧʪʠʤʘʣʴʥʳʭ ʫʛʣʦʚ ʚʚʦʜʘ 0ff °ºi , ʠ ʪʦʣʴʢʦ (1) ʦʙʝʩʧʝʯʠʚʘʝʪ ʘʜʝʢʚʘʪʥʦʝ ʦʧʠʩʘʥʠʝ ʚ 

ʧʨʦʤʝʞʫʪʦʯʥʦʡ ʦʙʣʘʩʪʠ. ʆʜʥʦʤʝʨʥʘ ̫ʪʝʦʨʠ ̫ (3) ʙʦʣʝʝ ʠʣʠ ʤʝʥʝʝ ʧʨʠʤʝʥʠʤʘ ʚʦ ʚʩʝʡ ʦʙʣʘʩʪʠ 

ʫʛʣʦʚ ʚʚʦʜʘ, ʥʦ ʥʝ ʫʯʠʪʳʚʘʝʪ ʵʬʬʝʢʪʳ ʘʩʠʤʤʝʪʨʠʠ, ʯʪʦ ʜʘʝʪ ʚʝʩʴʤʘ ʟʘʤʝʪʥʫʶ ʦʰʠʙʢʫ ʜʣʷ 

ʧʦʣʦʞʠʪʝʣʴʥʳʭ ʫʛʣʦʚ. ʕʪʦʡ ʦʰʠʙʢʠ ʠʟʙʝʛʘʝʪ ʜʚʫʤʝʨʥʘʷ ʪʝʦʨʠʷ (4), ʫʯʠʪʳʚʘʶʱʘʷ ʣʦʢʘʣʴʥʳʡ 

ʚʟʘʠʤʥʳʡ ʥʘʢʣʦʥ ʧʦʚʝʨʭʥʦʩʪʝʡ ʦʪʩʝʯʢʠ, ʢʦʪʦʨʘʷ ʜʘʸʪ ʨʝʟʫʣʴʪʘʪ, ʥʘʠʙʦʣʝʝ ʙʣʠʟʢʠʡ ʢ 

ʛʣʦʙʘʣʴʥʦʤʫ ʤʦʜʝʣʠʨʦʚʘʥʠʶ (1). ʉʪʦʣʴ ʭʦʨʦʰʠʡ ʨʝʟʫʣʴʪʘʪ ʜʣʷ ʨʘʩʯʝʪʘ, ʫʯʠʪʳʚʘʶʱʝʛʦ ʪʦʣʴʢʦ 

ʣʦʢʘʣʴʥʳʝ ʧʘʨʘʤʝʪʨʳ ʧʦʩʣʫʞʠʣ ʤʦʪʠʚʘʮʠʝʡ ʢ ʨʘʟʚʠʪʠʶ ʪʝʦʨʠʠ O-X ʪʨʘʥʩʬʦʨʤʘʮʠʠ, 

ʦʩʥʦʚʘʥʥʦʡ ʥʘ ʣʦʢʘʣʴʥʳʭ ʨʘʟʣʦʞʝʥʠʷʭ ʧʘʨʘʤʝʪʨʦʚ ʧʣʘʟʤʳ, ʠʟʣʦʞʝʥʥʦʡ ʚ ʨʘʟʜʝʣʝ 1.5. 

  

ʈʠʩʫʥʦʢ 1.3: ʂʦʵʬʬʠʮʠʝʥʪ ʪʨʘʥʩʬʦʨʤʘʮʠʠ T  ʢʘʢ ʬʫʥʢʮʠʷ ʫʛʣʘ ʚʚʦʜʘ ʧʫʯʢʘ if ʜʣʷ ʛʘʫʩʩʦʚʦʛʦ 

ʧʫʯʢʘ (1.14) ʩ 4=fa  cm ʚʳʯʠʩʣʝʥʥʳʡ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʪʨʝʭ ʧʦʜʭʦʜʦʚ: ʜʚʫʤʝʨʥʳʝ ʨʘʩʯʝʪʳ ʩ 

ʫʯʝʪʦʤ ʢʨʠʚʠʟʥʳ (ʯʝʨʥʘʷ ʣʠʥʠʷ), ʜʚʫʤʝʨʥʳʝ ʨʘʩʯʝʪʳ ʩ ʧʣʦʩʢʠʤʠ ʧʝʨʝʩʝʢʘʶʱʠʤʠʩʷ 

ʧʦʚʝʨʭʥʦʩʪʷʤʠ ʦʪʩʝʯʢʠ (ʩʠʥʠʝ ʣʠʥʠʠ), ʦʜʥʦʤʝʨʥʳʝ ʨʘʩʯʝʪʳ, ʫʯʠʪʳʚʘʶʱʠʝ ʣʦʢʘʣʴʥʦʝ 

ʨʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʧʦʚʝʨʭʥʦʩʪʷʤʠ ʦʪʩʝʯʢʠ (ʢʨʘʩʥʘʷ ʣʠʥʠʷ) ʠ (4) ʜʚʫʤʝʨʥʳʝ ʨʘʩʯʝʪʳ ʩ 

ʧʣʦʩʢʠʤʠ ʧʦʚʝʨʭʥʦʩʪʷʤʠ ʦʪʩʝʯʢʠ, ʫʯʠʪʳʚʘʶʱʠʝ ʣʦʢʘʣʴʥʳʝ ʨʘʩʩʪʦʷʥʠʝ ʠ ʤʝʞʜʫ 

ʧʦʚʝʨʭʥʦʩʪʷʤʠ ʦʪʩʝʯʢʠ ʠ ʠʭ ʚʟʘʠʤʥʳʡ ʥʘʢʣʦʥ (ʟʝʣʝʥʘʷ ʣʠʥʠʷ). ʇʘʨʘʤʝʪʨʳ ʪʦʢʘʤʘʢʘ: 

ʩʤ120 =r , 7.0||=N , 38=d , 048.0=k , deg300 =f , ʘ 044.0=a . 

 

ʆʙʥʘʨʫʞʝʥʠʝ ʩʪʦʣʴ ʩʠʣʴʥʦʛʦ ʵʬʬʝʢʪʘ ʘʩʠʤʤʝʪʨʠʠ ʩʪʘʣʦ ʨʝʟʫʣʴʪʘʪʦʤ ʫʯʝʪʘ ʠʟʤʝʥʝʥʠʷ ||N  

ʚ ʦʙʣʘʩʪʠ ʪʨʘʥʩʬʦʨʤʘʮʠʠ ʠʟ-ʟʘ ʪʦʨʦʠʜʘʣʴʥʦʡ ʢʨʠʚʠʟʥʳ. ɽʩʣʠ ʩʝʡʯʘʩ ʘʩʠʤʤʝʪʨʠʷ ʩʥʠʞʘʝʪ 

ʢʦɻ ʬʬʠʮʠʝʥʪ ʪʨʘʥʩʬʦʨʤʘʮʠʠ ʥʘ 25%, ʪʦ ʧʨʝʜʳʜʫʱʠʝ ʦʮʝʥʢʠ, ʠʩʧʦʣʴʟʦʚʘʚʰʠʝ ʨʘʩʩʤʦʪʨʝʥʠʝ 

ʟʘʜʘʯʠ O-X ʪʨʘʥʩʬʦʨʤʘʮʠʠ ʚ ʮʠʣʠʥʜʨʠʯʝʩʢʦʡ ʛʝʦʤʝʪʨʠʠ, ʜʘʚʘʣʠ ʜʣʷ ʵʪʦʛʦ ʧʨʠʤʝʨʘ ʨʘʟʥʠʮʫ 

ʪʦʣʴʢʦ ʚ 10%. ʇʦʞʘʣʫʡ, ʵʪʦ ʥʘʠʙʦʣʝʝ ʩʠʣʴʥʳʡ ʵʬʬʝʢʪ ʚʦʟʥʠʢʘʶʱʠʡ ʠʟ-ʟʘ ʠʟʤʝʥʝʥʠʷ 

T

deg if
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ʧʦʣʦʞʝʥʠʷ ʧʦʚʝʨʭʥʦʩʪʠ ʦʪʩʝʯʢʠ 0|| =-+ Ne  ʧʨʠ ʧʝʨʝʭʦʜʝ ʦʪ ʮʠʣʠʥʜʨʠʯʝʩʢʦʡ ʛʝʦʤʝʪʨʠʠ ʢ 

ʪʦʨʦʠʜʘʣʥɹʦʡ. 

1.3 ʕʬʬʝʢʪ ʢʨʠʚʠʟʥʳ ʬʘʟʦʚʦʛʦ ʬʨʦʥʪʘ 

ʀʟ ʧʨʝʜʳʜʫʱʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʤʳ ʟʥʘʝʤ, ʯʪʦ ʬʘʟʦʚʘ ̫ʤʦʜʫʣʷʮʠ ̫ʚʦʣʥʦʚʦʛʦ ʧʫʯʢʘ ʚ 

ʧʦʣʦʠʜʘʣʴʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ ʤʦʞʝʪ ʩʫʱʝʩʪʚʝʥʥʦ ʫʭʫʜʰʠʪʴ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʪʨʘʥʩʬʦʨʤʘʮʠʠ 

[40, 41]. ʉ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ, ʧʦʣʫʯʝʥʥʳʝ ʨʝʰʝʥʠʷ ʚ ʪʦʨʦʠʜʘʣʴʥʦʡ ʛʝʦʤʝʪʨʠʠ ʧʨʝʜʧʦʣʘʛʘʁ ʪ 

"ʝʩʪʝʩʪʚʝʥʥʳʝ" ʢʦʦʨʜʠʥʘʪʳ ï ʢʘʞʜʘ ̫ʩʦʙʩʪʚʝʥʥʘ ̫ʤʦʜʘ ʨʘʩʧʨʦʩʪʨʘʥʷʝʪʩʷ ʚʜʦʣʴ ʨʘʜʠʘʣʴʥʦʡ ʦʩʠ 

ʠ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʜʦʧʦʣʥʠʪʝʣʴʥʘʷ ʧʦʣʦʠʜʘʣʴʥʘʷ ʬʘʟʦʚʘʷ ʤʦʜʫʣʷʮʠʷ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʧʦʚʝʨʭʥʦʩʪʠ 

const=r  ( const=x ). ɼʝʡʩʪʚʠʪʝʣʴʥʦ, ʢʘʢ ʩʣʝʜʫʝʪ ʠʟ ʩʚʦʡʩʪʚ ʬʫʥʢʮʠʠ ʧʘʨʘʙʦʣʠʯʝʩʢʦʛʦ 

ʮʠʣʠʥʜʨʘ ʚ ʧʨʝʜʝʣʝ 1|| >>x , ʨʝʰʝʥʠʝ (1.10) ʤʦʞʥʦ ʧʝʨʝʧʠʩʘʪʴ ʚ ʚʠʜʝ 

   ( ) () ( )22

0 2/)(exp, Ð

++ --= LiAA rrffr f , () ()ä
¤

=

+ F=
0n

nnAA fff   

ʪ.ʝ. ʚ ɺʂɹ ʦʙʣʘʩʪʠ ʩʪʨʫʢʪʫʨʘ ʧʦʣʷ ʧʦ f ʩʦʭʨʘʥʷʝʪʩʷ. ʉʦʭʨʘʥʝʥʠʝ ʧʦʣʦʠʜʘʣʴʥʦʡ ʩʪʨʫʢʪʫʨʳ 

ʧʨʠʚʦʜʠʪ ʢ ʤʦʜʫʣʷʮʠʠ ʧʦ ʜʝʢʘʨʪʦʚʦʡ ʢʦʦʨʜʠʥʘʪʝ y¡, ʣʝʞʘʱʝʡ ʚ ʧʦʣʦʠʜʘʣʴʥʦʤ ʧʣʦʩʢʦʩʪʠ ʠ 

ʦʨʪʦʛʦʥʘʣʴʥʦʡ ʥʘʧʨʘʚʣʝʥʠʶ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʧʫʯʢʘ. ʆʜʥʘʢʦ, ʠʤʝʥʥʦ ʜʝʢʘʨʪʦʚʳ ʢʦʦʨʜʠʥʘʪʳ 

ʥʘʠʙʦʣʝʝ ʝʩʪʝʩʪʚʝʥʥʳ ʜʣʷ ʟʘʜʘʥʠʷ ʧʘʜʘʶʱʝʛʦ ʧʫʯʢʘ. ʈʘʩʩʤʦʪʨʠʤ ʜʣʷ ʦʧʨʝʜʝʣʝʥʥʦʩʪʠ, 

ʧʘʜʘʶʱʠʡ ʧʫʯʦʢ )(yAy
¡+
, ʟʘʜʘʥʥʳʡ ʥʘ ʧʣʦʩʢʦʩʪʠ, ʢʘʩʘʪʝʣʴʥʦʡ ʢ ʧʦʚʝʨʭʥʦʩʪʠ irr=  ʚ ʪʦʯʢʝ 

iff= . ɼʣʷ ʫʟʢʦʛʦ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ir ʧʫʯʢʘ ʤʦʞʥʦ ʧʦʣʫʯʠʪʴ 0

2 2/ rrr yi
¡º- , 0/rff yi

¡º-  ʠ, 

ʠʩʧʦʣʴʟʫʷ ʵʪʦ, ʚʳʚʝʩʪʠ ʩʦʦʪʥʦʰʝʥʠʝ ʤʝʞʜʫ ʜʝʢʘʨʪʦʚʳʤ )(yAy
¡+

 ʠ ʫʛʣʦʚʳʤ )(ff
+A  

ʧʨʝʜʩʪʘʚʣʝʥʠʝʤ ʚʦʣʥʦʚʦʛʦ ʧʦʣʷ [2A, 5A]: 

   () ( ) ( )2422 8/)(2/)(exp)( iiiiiy iiAA xffcffcrfff fff -+--= ++
 

ʩ Ð= Lii /rxcf  ʠ Ð-= Lii /)( 0rrx . ɿʜʝʩʴ ʜʦʧʦʣʥʠʪʝʣʴʥʘ ̫ʧʦʣʦʠʜʘʣʴʥʘ ̫ʬʘʟʦʚʘ ̫ʤʦʜʫʣʮ̫ʠ̫ 

ʚʳʧʠʩʘʥʘ ʷʚʥʦ. ʅʘʧʨʠʤʝʨ, ʜʣʷ ʛʘʫʩʩʦʚʦʛʦ ʧʘʜʘʶʱʝʛʦ ʧʫʯʢʘ ʩ ʧʦʣʦʠʜʘʣʴʥʦʡ ʰʠʨʠʥʦʡ fa  ʠ 

ʧʣʦʩʢʠʤ ʚʦʣʥʦʚʳʤ ʬʨʦʥʪʦʤ ʚ ʦʢʨʝʩʪʥʦʩʪʠ ʧʦʚʝʨʭʥʦʩʪʠ irr=  ʤʦʞʥʦ ʧʦʣʫʯʠʪʴ 

   ( ) ( ) ( )( )2/2/exp,
2222

iiii iaA ffcrfffr ff -+--º+
.   (1.15) 

ɺ ʵʪʦʤ ʚʳʨʘʞʝʥʠʠ ʦʩʪʘʚʣʝʥʘ ʪʦʣʴʢʦ ʢʚʘʜʨʘʪʠʯʥʘ ̫ ʬʘʟʦʚʘ ̫ ʤʦʜʫʣʷʮʠ ̫ ʚʦʟʥʠʢʘʶʱʘʷ ʚ 

ʨʝʟʫʣʴʪʘʪʝ ʨʘʟʣʠʯʥʳʭ ʢʨʠʚʠʟʥ ʫ ʚʦʣʥʦʚʦʛʦ ʬʨʦʥʪʘ ʠ ʫ ʧʦʚʝʨʭʥʦʩʪʝʡ ʦʪʩʝʯʢʠ. ʕʪʘ ʬʘʟʦʚʘ ̫

ʤʦʜʫʣʷʮʠ ̫ʜʦʙʘʚʣʷʝʪ ʜʦʧʦʣʥʠʪʝʣʴʥʳʡ ʤʘʩʰʪʘʙ ʚ ʧʦʣʦʠʜʘʣʴʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ,  

      ff cr/~
ia = ,  
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ʢʦʪʦʨʳʡ ʤʦʞʝʪ ʙʳʪʴ ʩʨʘʚʥʠʤ ʠʣʠ ʜʘʞʝ ʤʝʥʴʰʝ ʥʘʯʘʣʴʥʦʡ ʰʠʨʠʥʳ ʧʫʯʢʘ fa . ʕʪʦ ʜʘʝʪ 

ʜʦʧʦʣʥʠʪʝʣʴʥʦʝ ʫʩʣʦʚʠʝ 

      ff aa ~<<   

ʜʣʷ ʧʨʝʥʝʙʨʝʞʝʥʠ ̫ʵʬʬʝʢʪʘʤʠ ʢʨʠʚʠʟʥ.r ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʜʣʷ ʧʘʨʘʤʝʪʨʦʚ ʪʦʢʘʤʘʢʘ 

1>>c  ʠ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ ia rf<<
~ , ʢʨʠʚʠʟʥʘ ʤʦʞʝʪ ʙʳʪʴ ʩʫʱʝʩʪʚʝʥʥʦʡ ʜʘʞʝ ʜʣʷ ʫʟʢʠʭ ʧʫʯʢʦʚ ʩ 

ʰʠʨʠʥʦʡ ʤʥʦʛʦ ʤʝʥʴʰʝʡ, ʯʝʤ ʩʘʤ ʨʘʜʠʫʩ ʢʨʠʚʠʟʥ.r ʅʘʧʨʠʤʝʨ, ʜʣʷ FTU ʤʦʞʥʦ ʧʦʣʫʯʠʪʴ 

ʦʮʝʥʢʫ 16070~ -fc , ʥʝʦʧʨʝʜʝʣʝʥʥʦʩʪʴ ʩʚʷʟʘʥʘ ʩ ʥʝʦʧʨʝʜʝʣʝʥʥʦʩʪʴʶ ʚ ʦʧʨʝʜʝʣʝʥʠʠ ʩʪʘʨʪʦʚʦʡ 

ʪʦʯʢʠ ʜʣʷ ʧʫʯʢʘ ir, ʢʦʪʦʨʘ ̫ʜʦʣʞʥʘ ʙʳʪʴ ʚʳʙʨʘʥʘ ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʯʪʦ LL i <<-<<Ð || 0rr  (ʠʣʠ 

63~ -ix ). ʕʪʦ ʜʘʝʪ ʟʥʘʯʝʥʠʝ ʩʤ 2,1/~ º= Ð iiLa xrf , ʯʪʦ ʩʦʧʦʩʪʘʚʠʤʦ ʠʣʠ ʤʝʥʴʰʝ ʨʘʟʤʝʨʘ 

ʧʫʯʢʘ, ʬʦʨʤʠʨʫʝʤʦʛʦ ʥʦʚʦʡ ʩʠʩʪʝʤʦʡ ʚʚʦʜʘ ʥʘ FTU: ʩʤ9.1ʩʤ2.1 << fa  [71]. ɹʦʣʝʝ ʪʦʛʦ, 

ʬɻʬʝʢʪ ʢʨʠʚʠʟʥʳ ʬʘʟʦʚʦʛʦ ʬʨʦʥʪʘ ʜʦʣʞʝʥ ʙʳʪʴ ʝʱʝ ʙʦʣʝʝ ʚʳʨʘʞʝʥʥʳʤ ʚ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʦʤ 

ʩʣʫʯʘʝ, ʝʩʣʠ ʬʦʢʫʩ ʧʫʯʢʘ ʦʢʘʟʳʚʘʝʪʩʷ ʨʘʩʧʦʣʦʞʝʥʥʳʤ ʩʥʘʨʫʞʠ ʧʦʚʝʨʭʥʦʩʪʠ irr=  ʠ ʬʘʟʦʚʳʡ 

ʬʨʦʥʪ ʦʢʘʟʚrʘʝʪʩʷ ʥʝ ʧʣʦʩʢʠʤ, ʘ ʚʳʛʥʫʪʳʤ ʚ ʦʙʨʘʪʥʫʶ ʩʪʦʨʦʥʫ ʦʪʥʦʩʠʪʝʣʴʥʦ ʦʧʪʠʤʘʣʴʥʦʛʦ. 

ʉʠʣʴʥʘ ̫ʬʘʟʦʚʘ ̫ʤʦʜʫʣʷʮʠ ̫ʚ ʧʦʣʦʠʜʘʣʴʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ ʧʨʠʚʦʜʠʪ ʢ ʜʚʫʤ ʦʩʥʦʚʥʳʤ 

ʬɻʬʝʢʪʘʤ [2A, 5A]. ɺʦ-ʧʝʨʚʳʭ, ʵʬʬʝʢʪʠʚʥʦʩʪʴ O-X ʪʨʘʥʩʬʦʨʤʘʮʠʠ ʚʦʣʥʦʚʳʭ ʧʫʯʢʦʚ ʩ 

ʧʣʦʩʢʠʤʠ ʬʘʟʦʚʤrʠ ʬʨʦʥʪʘʤʠ ʩʪʘʥʦʚʠʪʩʷ ʥʘʤʥʦʛʦ ʤʝʥʴʰʝ, ʯʝʤ ʧʨʝʜʩʢʘʟʳʚʘʣʦʩʴ, ʠʩʭʦʜʷ ʠʟ 

ʧʨʝʜʳʜʫʱʝʡ ʪʝʦʨʠʠ, ʦʩʥʦʚʘʥʥʦʡ ʥʘ ʧʨʠʙʣʠʞʝʥʠʠ ʧʣʦʩʢʠʭ ʧʝʨʝʩʝʢʘʶʱʠʭʩʷ ʧʦʚʝʨʭʥʦʩʪʝʡ 

ʦʪʩʝʯʢʠ. ɺʦ-ʚʪʦʨʳʭ, ʦʧʪʠʤʘʣʴʥʘʷ ʰʠʨʠʥʘ ʧʫʯʢʘ, ʧʨʠ ʢʦʪʦʨʦʡ ʪʨʘʥʩʬʦʨʤʘʮʠʷ ʥʘʠʙʦʣʝʝ 

ʵʬʬʝʢʪʠʚʥʘ, ʩʤʝʱʘʝʪʩʷ ʚ ʩʪʦʨʦʥʫ ʤʝʥʴʰʠʭ ʟʥʘʯʝʥʠʡ ʠ ʜʦʚʦʣʴʥʦ ʪʦʯʥʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ fa~ , ʘ ʥʝ 

0a  ʢʘʢ ʧʨʝʜʩʢʘʟʳʚʘʣʠ ʧʨʝʜʜrʫʱʠʝ ʪʝʦʨʠʠ [34, 36-38].  

ʂʦʥʝʯʥʦ, ʵʪʠʭ ʵʬʬʝʢʪʦʚ ʤʦʞʥʦ ʠʟʙʝʞʘʪʴ, ʝʩʣʠ ʚʟʷʪʴ ʧʘʜʘʶʱʠʡ ʧʫʯʦʢ ʩʦ ʩʧʝʮʠʘʣʴʥʦ 

ʧʦʜʦʙʨʘʥʥʳʤ ʬʘʟʦʚʳʤ ʬʨʦʥʪʦʤ, ʩʦʚʧʘʜʘʶʱʠʤ ʩ ʢʨʠʚʦʡ const.=r  ʕʪʦ ʧʨʦʠʣʣʶʩʪʨʠʨʦʚʘʥʦ ʥʘ 

ʈʠʩʫʥʢʝ 1.4, ʢʦʪʦʨʳʡ ʧʦʢʘʟʳʚʘʝʪ ʵʬʬʝʢʪʠʚʥʦʩʪʴ O-X ʪʨʘʥʩʬʦʨʤʘʮʠʠ (ʩʧʣʦʰʥʳʝ ʣʠʥʠʠ) ʚ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʰʠʨʠʥʳ fa  ʜʣʷ ʛʘʫʩʩʦʚʳʭ ʧʘʜʘʶʱʠʭ ʧʫʯʢʦʚ, ʦʧʨʝʜʝʣʷʝʤʳʭ ʬʦʨʤʫʣʦʡ (1.15) ʩ 

ʨʘʟʣʠʯʥʳʤʠ ʬʘʟʦʚʳʤʠ ʤʦʜʫʣʷʮʠʷʤʠ, ʠʟʤʝʥʷʶʱʠʤʠʩʷ ʦʪ ʪʦʯʥʦʛʦ ʩʦʦʪʚʝʪʩʪʚʠʷ ʬʘʟʦʚʦʛʦ 

ʬʨʦʥʪʘ ʠ ʧʦʚʝʨʭʥʦʩʪʠ ʦʪʩʝʯʢʠ (0=fc ) ʜʦ ʧʣʦʩʢʦʛʦ ʬʘʟʦʚʦʛʦ ʬʨʦʥʪʘ (128=fc  ʠʣʠ 

31.1~ =fa ʩʤ) ʠ ʬʘʟʦʚʦʛʦ ʬʨʦʥʪʘ ʩʠʣʴʥʦ ʚʳʛʥʫʪʦʛʦ ʚ ʦʙʨʘʪʥʫʶ ʩʪʦʨʦʥʫ (360=fc  ʠʣʠ 

78.0~ =fa ʩʤ).  

ʈʘʩʯʝʪʳ ʧʨʦʚʦʜʠʣʠʩʴ ʜʣʷ ʧʝʨʝʯʠʩʣʝʥʥʳʭ ʚʳʰʝ ʧʘʨʘʤʝʪʨʦʚ FTU, ʚʩʝ ʧʫʯʢʠ ʙʳʣʠ 

ʧʨʝʜʩʪʘʚʣʝʥʳ ʪʦʣʴʢʦ ʦʜʥʦʡ ʪʦʨʦʠʜʘʣʴʥʦʡ ʛʘʨʤʦʥʠʢʦʡ ʠʟ ʨʘʟʣʦʞʝʥʠʷ (1.2). ɺʠʜʥʦ, ʯʪʦ 
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ʢʨʠʚʠʟʥʘ ʬʘʟʦʚʦʛʦ ʬʨʦʥʪʘ ʚ "ʝʩʪʝʩʪʚʝʥʥʳʭ" ʢʦʦʨʜʠʥʘʪʘʭ ʤʦʞʝʪ ʩʫʱʝʩʪʚʝʥʥʦ ʧʦʚʣʠʷʪʴ ʥʘ 

ʵʬʬʝʢʪʠʚʥʦʩʪʴ O-X-B ʥʘʛʨʝʚʘ ʧʣʘʟʤʳ ʪʦʢʘʤʘʢʘ. 

  

ʈʠʩʫʥʦʢ 1.4: ʂʦʵʬʬʠʮʠʝʥʪ O-X ʪʨʘʥʩʬʦʨʤʘʮʠʠ ʢʘʢ ʬʫʥʢʮʠʷ ʰʠʨʠʥʳ ʧʫʯʢʘ fa  ʜʣʷ ʛʘʫʩʩʦʚʦʛʦ 

ʧʘʜʘʶʱʝʛʦ ʧʫʯʢʘ (1.15) ʩ ʨʘʟʣʠʯʥʳʤʠ ʬʘʟʦʚʳʤʠ ʤʦʜʫʣʷʮʠʷʤʠ 360,128,50,20,0=fc  ʠ 

ʦʧʪʠʤʘʣʴʥʳʤ ʫʛʣʦʤ ʚʚʦʜʘ 0ff -=i , ʧʦʣʫʯʝʥʥʘʷ ʯʠʩʣʝʥʥʦ (ʩʧʣʦʰʥʳʝ ʣʠʥʠʠ) ʠ ʠʟ ʨʘʟʥʳʭ 

ʘʥʘʣʠʪʠʯʝʩʢʠʭ ʚʳʨʘʞʝʥʠʡ (ʧʫʥʢʪʠʨʥʳʝ ʣʠʥʠʠ). ʇʘʨʘʤʝʪʨʳ ʪʦʢʘʤʘʢʘ ʪʘʢʠʝ ʞʝ, ʢʘʢ ʥʘ 

ʈʠʩʫʥʢʝ 1.3, ʘ 5=ix  

 

ʂʘʢ ʫʞʝ ʙʳʣʦ ʧʦʢʘʟʘʥʦ ʚ ʧʨʝʜʳʜʫʱʝʤ ʨʘʟʜʝʣʝ, ʚʙʣʠʟʠ ʪʦʯʢʠ ʧʝʨʝʩʝʯʝʥʠʷ ʧʦʚʝʨʭʥʦʩʪʝʡ 

ʦʪʩʝʯʢʠ ʜʦʚʦʣʴʥʦ ʪʦʯʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʜʘʝʪ ʧʨʠʙʣʠʞʝʥʠʝ ʧʣʦʩʢʠʭ ʧʝʨʝʩʝʢʘʶʱʠʭʩʷ ʧʦʚʝʨʭʥʦʩʪʝʡ 

ʦʪʩʝʯʢʠ. ʄʳ ʤʦʞʝʤ ʠʩʧʦʣʴʟʦʚʘʪʴ ʵʪʫ ʪʝʭʥʠʢʫ, ʦʩʥʦʚʘʥʥʫʶ ʥʘ ʨʘʟʣʦʞʝʥʠʠ ʧʦ ʬʫʥʢʮʠʷʤ 

ʕʨʤʠʪʘ (1.12), ʠ ʜʣʷ ʨʘʩʯʝʪʘ ʚʣʠʷʥʠʷ ʢʨʠʚʠʟʥʳ ʥʘ ʢʦʵʬʬʠʮʠʝʥʪ ʪʨʘʥʩʬʦʨʤʘʮʠʠ. ɼʣʷ ʵʪʦʛʦ 

ʧʨʦʩʪʦ ʜʦʙʘʚʠʤ ʚʦ ʚʭʦʜʷʱʠʡ ʧʫʯʦʢ ʜʦʧʦʣʥʠʪʝʣʴʥʫʶ ʧʦʧʝʨʝʯʥʫʶ ʬʘʟʦʚʫʶ ʤʦʜʫʣʷʮʠʶ. ɼʣʷ 

ʛʘʫʩʩʦʚʘ ʧʫʯʢʘ (1.15), ʥʘʮʝʣʝʥʥʦʛʦ ʪʦʯʥʦ ʥʘ ʦʧʪʠʤʘʣʴʥʫʶ ʪʦʯʢʫ ʪʨʘʥʩʬʦʨʤʘʮʠʠ 0ff -=i  

ʤʦʞʥʦ ʧʦʣʫʯʠʪʴ ʘʥʘʣʠʪʠʯʝʩʢʫʶ ʬʦʨʤʫʣʫ [2A]: 

   
( )
( )( )

21

2

4

0

22

0

2

2

0

2

2

2

0

2
1

tantanh1

tantanh
1

-

ö
ö
ö

÷

õ

æ
æ
æ

ç

å

öö
ö

÷

õ

ææ
æ

ç

å
+

ö
ö

÷

õ

æ
æ

ç

å
-

+
+= f

ff

f

c
rap

ap aa

a

a

a

a
T ,  (1.16) 

ʛʜʝ ]sin)2/[(arctan 00 frra D=  ʧʦʣʦʚʠʥʥʳʡ ʫʛʦʣ ʤʝʞʜʫ ʧʦʚʝʨʭʥʦʩʪʷʤʠ ʦʪʩʝʯʢʠ ʠ 

||sin0 aÐ=La  ʦʧʪʠʤʘʣʴʥʘʷ ʰʠʨʠʥʘ ʧʫʯʢʘ ʜʣʷ 0=fc . ʆʙʝ ʵʪʠ ʚʝʣʠʯʠʥʳ ʙʳʣʠ ʚʚʝʜʝʥʳ ʚ 

[34]. ʈʝʟʫʣʴʪʘʪʳ ʨʘʩʯʝʪʦʚ ʧʦ ʧʨʠʚʝʜʝʥʥʦʡ ʘʥʘʣʠʪʠʯʝʩʢʦʡ ʬʦʨʤʫʣʝ ʧʦʢʘʟʘʥʳ ʥʘ ʈʠʩʫʥʢʝ 1.4 

T

cm fa

128=fc

50=fc

0=fc

20=fc

360=fc



 36 

ʩʠʥʠʤʠ ʰʪʨʠʭʦʚʘʥʥʳʤʠ ʣʠʥʠʷʤʠ. ʍʦʨʦʰʦ ʚʠʜʥʦ ʠʭ ʧʦʣʥʦʝ ʩʦʛʣʘʩʠʝ ʩ ʨʝʟʫʣʴʪʘʪʘʤʠ 

ʯʠʩʣʝʥʥʳʭ ʨʘʩʯʝʪʦʚ, ʢʦʪʦʨʦʝ ʥʘʨʫʰʘʝʪʩʷ ʪʦʣʴʢʦ ʜʣʷ ʦʯʝʥʴ ʰʠʨʦʢʠʭ ʧʫʯʢʦʚ ʧʨʠ 0=fc . 

ɸʥʘʣʠʪʠʯʝʩʢʦʝ ʚʳʨʘʞʝʥʠʝ (1.16) ʫʧʨʦʱʘʝʪʩʷ ʧʨʠ ʫʩʣʦʚʠʠ 1<<a , ʦʙʳʯʥʦ 

ʚʳʧʦʣʥʷʶʱʝʤʩʷ ʚ ʵʢʩʧʝʨʠʤʝʥʪʘʭ ʧʦ ʪʝʨʤʦʷʜʝʨʥʦʤʫ ʩʠʥʪʝʟʫ ʚ ʪʦʨʦʠʜʘʣʴʥʳʭ ʤʘʛʥʠʪʥʳʭ 

ʣʦʚʫʰʢʘʭ. ɼʣʷ ʫʟʢʦʛʦ ʧʫʯʢʘ ʤʦʞʥʦ ʧʦʣʫʯʠʪʴ ʬʦʨʤʫʣʫ: 
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ʩʦʦʪʚʝʪʩʪʚʫʶʱʫʶ ʢʦʵʬʬʠʮʠʝʥʪʫ ʪʨʘʥʩʬʦʨʤʘʮʠʠ ʧʫʯʢʘ (1.15) ʚ ʥʘʠʙʦʣʝʝ ʧʨʦʩʪʦʤ 

ʧʨʠʙʣʠʞʝʥʠʠ ʧʣʦʩʢʠʭ ʩʦʚʧʘʜʘʶʱʠʭ ʧʦʚʝʨʭʥʦʩʪʝʡ ʦʪʩʝʯʢʠ. ʅʘ ʈʠʩʫʥʢʝ 1.4 ʨʝʟʫʣʴʪʘʪ ʨʘʩʯʝʪʘ 

ʧʦ ʵʪʦʡ ʬʦʨʤʫʣʝ ʧʨʝʜʩʪʘʚʣʝʥ ʚ ʚʠʜʝ ʢʨʘʩʥʦʡ ʰʪʨʠʭʦʚʘʥʥʦʡ ʣʠʥʠʠ, ʠ ʭʦʨʦʰʦ ʚʠʜʥʦ, ʯʪʦ, 

ʥʝʩʤʦʪʨʷ ʥʘ ʟʥʘʯʠʪʝʣʥɹʫʶ ʦʰʠʙʢʫ, ʜʘʚʘʝʤʫʶ ʵʪʠʤ ʤʝʪʦʜʦʤ, ʧʦʣʦʞʝʥʠʝ ʤʘʢʩʠʤʫʤʘ 

ʢʦʵʬʬʠʮʠʝʥʪʘ ʪʨʘʥʩʬʦʨʤʘʮʠʠ ʩʦʚʧʘʜʘʝʪ ʦʯʝʥʴ ʪʦʯʥʦ.  

ɺ ʵʪʦʤ ʝʩʪʴ ʧʨʦʩʪʦʡ ʩʤʳʩʣ: ʧʦʩʢʦʣʴʢʫ ʚ ʦʜʥʦʤʝʨʥʦʤ ʧʨʠʙʣʠʞʝʥʠʠ ʢʦʵʬʬʠʮʠʝʥʪ 

ʪʨʘʥʩʬʦʨʤʘʮʠʠ ʫʙʳʚʘʝʪ ʩ ʨʦʩʪʦʤ ʰʠʨʠʥʳ ʌʫʨʴʝ ʩʧʝʢʪʨʘ ʧʫʯʢʘ, ʪʦ ʵʪʦʪ ʤʘʢʩʠʤʫʤ 

ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʤʠʥʠʤʘʣʴʥʦʡ ʰʠʨʠʥʝ ʩʧʝʢʪʨʘ. ɼʝʡʩʪʚʠʪʝʣʴʥʦ ʜʣʷ ʧʫʯʢʘ (1.15) ʰʠʨʠʥʘ ʩʧʝʢʪʨʘ 

422 ~//1 fff aaa +  ʠ ʝʸ ʤʠʥʠʤʫʤ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ff aa ~= . ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʦʷʚʣʝʥʠʝ ʤʘʢʩʠʤʫʤʦʚ 

ʢʦʵʬʬʠʮʠʝʥʪʘ ʪʨʘʥʩʬʦʨʤʘʮʠʠ ʧʨʠ 0=fc  ʠ 1>>fc  ʠʤʝʝʪ ʨʘʟʥʫʶ ʧʨʠʨʦʜʫ. ɽʩʣʠ ʧʨʠ 0=fc  

ʤʘʢʩʠʤʫʤ ʚʦʟʥʠʢʘʝʪ ʠʟ-ʟʘ ʜʚʫʤʝʨʥʦʡ ʥʝʦʜʥʦʨʦʜʥʦʩʪʠ ʩʪʨʫʢʪʫʨʳ ʧʦʚʝʨʭʥʦʩʪʝʡ ʦʪʩʝʯʝʢ, ʪʦ ʧʨʠ 

1>>fc  ʧʨʠʯʠʥʘ ï ʵʪʦ ʧʨʦʩʪʦʝ ʩʚʦʡʩʪʚʦ ʌʫʨʴʝ ʩʧʝʢʪʨʘ ʧʘʜʘʶʱʝʛʦ ʧʫʯʢʘ.  

ʗʚʣʝʥʠʝ, ʢʦʛʜʘ ʟʘ ʩʯʝʪ ʬʘʟʦʚʦʡ ʤʦʜʫʣʷʮʠʠ ʰʠʨʠʥʘ ʩʧʝʢʪʨʘ ʧʫʯʢʘ ʤʦʞʝʪ ʦʢʘʟʘʪʴʩʷ ʤʥʦʛʦ 

ʙʦʣʴʰʝ ʦʞʠʜʘʝʤʦʡ ʦʙʨʘʪʥʦʡ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʰʠʨʠʥʳ fa , ʤʦʞʝʪ ʩʫʱʝʩʪʚʝʥʥʦ ʫʭʫʜʰʠʪʴ 

ʢʦɻ ʬʬʠʮʠʝʥʪ ʪʨʘʥʩʬʦʨʤʘʮʠʠ ʧʫʯʢʘ ʩ ʢʦʥʝʯʥʦʡ ʰʠʨʠʥʦʡ ʧʦ ʪʦʨʦʠʜʘʣʴʥʦʡ ʢʦʦʨʜʠʥʘʪʝ. ɼʝʣʦ ʚ 

ʪʦʤ, ʯʪʦ ʝʩʣʠ ʤʳ ʭʦʪʠʤ ʧʦʣʫʯʠʪʴ ʢʦʵʬʬʠʮʠʝʥʪ ʪʨʘʥʩʬʦʨʤʘʮʠʠ ʪʨʝʭʤʝʨʥʦʛʦ ʧʫʯʢʘ ʙʣʠʟʢʠʤ ʢ 

ʝʜʠʥʠʮʝ, ʥʫʞʥʦ ʦʙʝʩʧʝʯʠʪʴ ʙʣʠʟʢʠʝ ʢ ʝʜʠʥʠʮʝ ʢʦʵʬʬʠʮʠʝʥʪʳ ʧʨʦʭʦʞʜʝʥʠʷ ʜʣʷ ʢʘʞʜʦʡ 

ʜʚʫʤʝʨʥʦʡ ʚʦʣʥʳ, ʦʪʚʝʯʘʶɦ ʝʡ ʟʥʘʯʘʱʝʤʫ 0||N . ʀ ʟʜʝʩʴ ʦʩʥʦʚʥʘʷ ʧʨʦʙʣʝʤʘ ʚ ʪʦʤ, ʯʪʦ ʧʨʠ 

ʠʟʤʝʥʝʥʠʠ 0||N  ʨʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʧʦʚʝʨʭʥʦʩʪʷʤʠ ʦʪʩʝʯʢʠ ʜʦʚʦʣʴʥʦ ʙʳʩʪʨʦ ʚʦʟʨʘʩʪʘʝʪ ʠ 

ʧʨʝʚʳʰʘʝʪ ÐL  ( 00||0|| 1~ kLNN n- ), ʘ ʵʪʦ ʜʝʣʘʝʪ ʵʬʬʝʢʪʠʚʥʫʶ ʪʨʘʥʩʬʦʨʤʘʮʠʶ ʛʘʨʤʦʥʠʢʠ ʩ 

ʜʘʥʥʳʤ 0||N  ʥʝʚʦʟʤʦʞʥʦʡ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʜʣʷ ʦʧʪʠʤʠʟʘʮʠʠ ʢʦʵʬʬʠʮʠʝʥʪʘ ʪʨʘʥʩʬʦʨʤʘʮʠʠ 

ʪʨʝʭʤʝʨʥʦʛʦ ʧʫʯʢʘ ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ ʥʝʦʙʭʦʜʠʤʦ ʫʤʝʥʴʰʘʪʴ ʰʠʨʠʥʫ ʝʛʦ ʩʧʝʢʪʨʘ ʧʦ 0||N . ɸ ʢʘʢ 

ʙʳʣʦ ʧʦʢʘʟʘʥʦ ʚʳʰʝ ʚʦʟʥʠʢʘʶʱʘʷ ʜʦʧʦʣʥʠʪʝʣʴʥʘʷ ʬʘʟʦʚʘʷ ʤʦʜʫʣʷʮʠʷ ʤʦʞʝʪ ʵʬʬʝʢʪʠʚʥʦ 

ʫʰʠʨʷʪʴ ʩʧʝʢʪʨ, ʠ ʧʦʵʪʦʤʫ ʥʝʦʙʭʦʜʠʤʦ ʪʘʢʞʝ ʨʘʩʩʤʦʪʨʝʪʴ ʵʬʬʝʢʪ ʪʦʨʦʠʜʘʣʴʥʦʡ ʢʨʠʚʠʟʥʳ 

ʬʘʟʦʚʦʛʦ ʬʨʦʥʪʘ. 
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ʇʦʩʢʦʣʴʢʫ ʧʦʣʷʨʠʟʘʮʠʷ ʧʘʜʘʶʱʝʡ ʚʦʣʥʳ ʥʝ ʟʘʚʠʩʠʪ ʦʪ 0||N , ʤʳ ʤʦʞʝʤ ʠʩʧʦʣʴʟʦʚʘʪʴ 

ʬʫʨʴʝ-ʨʘʟʣʦʞʝʥʠʝ ʘʥʘʣʦʛʠʯʥʦʝ (1.2), ʯʪʦʙʳ ʧʦʩʪʨʦʠʪʴ ʨʝʰʝʥʠʝ ʜʣʷ ʩʢʘʣʷʨʥʦʡ ʘʤʧʣʠʪʫʜʳ ʧʦʣʷ 

ʚʦʣʥʦʚʦʛʦ ʧʫʯʢʘ ʣʦʢʘʣʠʟʦʚʘʥʥʦʛʦ ʚʜʦʣʴ j. ɼʣʷ ʧʨʦʩʪʦʪʳ ʙʫʜʝʤ ʘʥʘʣʠʟʠʨʦʚʘʪʴ ʪʦʣʴʢʦ ʝʛʦ 

ʤʝʜʣʝʥʥʫʶ ʦʛʠʙʘʶʱʫʶ: 

   ( ) ( ) ( ) 0||0||000||0||3  exp,,,, NdNRikNNAA D DDD+=ñ
++ jfrjfr ,   

ʈʘʩʩʤʦʪʨʠʤ ʩʣʫʯʘʡ, ʢʦʛʜʘ ( ) () ()jfjfrr jf
+++ Ö´= AAA iD ,,3 , ʪ.ʝ. ʢʦʛʜʘ ʢʦʦʨʜʠʥʘʪʳ ʨʘʟʜʝʣʷʁ ʪʩʷ. 

ɺʚʝʜʝʤ ʦʩʴ z¡ ʯʝʨʝʟ ʚʝʢʪʦʨʥʦʝ ʧʨʦʠʟʚʝʜʝʥʠʝ ʫʞʝ ʚʚʝʜʝʥʥʳʭ ʦʨʪ x¡ ʠ y¡, ʠ ʧʦ ʘʥʘʣʦʛʠʠ ʩ 

()ff
+A  ʠ ()yAy

¡+  ʟʘʧʠʰʝʤ:  

    () ( ) ( )2/)(exp)( 2

iiiz iRAA jjcjjj jj --= ++ ,   

ʛʜʝ iii RR frcos+º  ʠ Ð= LR iii /cosfxcj . ʂʦʩʠʥʫʩ ʫʛʣʘ ʚʚʦʜʘ ʧʦʷʚʠʣʩʷ ʚ jc  ʠʟ-ʟʘ ʪʦʛʦ, ʯʪʦ 

ʤʳ ʧʨʦʝʮʠʨʫʝʤ ʥʝʩʫʱʠʡ ʚʦʣʥʦʚʦʡ ʚʝʢʪʦʨ ʥʘ ʚʝʢʪʦʨ ʢʨʠʚʠʟʥʳ ʣʠʥʠʠ irr= , iff= , [ ]pj 2,0Í . 

ʈʘʩʩʤʘʪʨʠʚʘʷ ʛʘʫʩʩʦʚ ʧʫʯʦʢ ʜʣʷ ʧʣʦʩʢʦʛʦ ʚʦʣʥʦʚʦʛʦ ʬʨʦʥʪʘ, ʧʦʣʫʯʠʤ: 

    () ( ) ( )( )2/2/exp
2222

iii iaRA jjcjjj jjj -+--=+  

ʋʩʣʦʚʠʝ ʤʘʣʦʩʪʠ ʵʬʬʝʢʪʘ ʢʨʠʚʠʟʥʳ jj aa ~<< , ʛʜʝ iiii RaRLa rx fj /~/~ == Ð . ʊʘʢʠʤ 

ʦʙʨʘʟʦʤ, ʙʦʣʴʰʦʡ ʨʘʜʠʫʩ ʚʭʦʜʠʪ ʧʦʜ ʢʦʨʥʝʤ ʠ ʜʘʞʝ ʜʣʷ ʢʣʘʩʩʠʯʝʩʢʦʛʦ ʪʦʢʘʤʘʢʘ FTU 

ʦʪʥʦʰʝʥʠʝ ʤʘʩʰʪʘʙʦʚ ʥʘʚʷʟʳʚʘʝʤʳʭ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʪʦʨʦʠʜʘʣʴʥʦʡ ʠ ʧʦʣʦʠʜʘʣʴʥʦʡ 

ʢʨʠʚʠʟʥʘʤʠ ʦʢʘʟʳʚʘʝʪʩʷ 3~~~
fj aa . ʉ ʫʯʝʪʦʤ ʪʦʛʦ, ʯʪʦ ʚ ʧʨʦʜʦʣʴʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ ʧʫʯʦʢ 

ʨʘʩʧʨʦʩʪʨʘʥʷʝʪʩʷ ʧʦʜ ʫʛʣʦʤ, ʠ ʧʷʪʥʦ ʧʫʯʢʘ ʚʳʪʷʛʠʚʘʝʪʩʷ ʚ ʥʘʧʨʘʚʣʝʥʠʠ ,z¡ ʧʦʣʫʯʘʝʪʩʷ, ʯʪʦ ʜʣʷ 

ʧʨʷʤʦʛʦ ʬʘʟʦʚʦʛʦ ʬʨʦʥʪʘ ʫʩʣʦʚʠʝ ʤʘʣʦʩʪʠ ʪʦʨʦʠʜʘʣʴʥʦʡ ʢʨʠʚʠʟʥʳ ʦʢʘʟʳʚʘʝʪʩʷ ʥʝ ʩʣʘʙʝʝ ʯʝʤ 

ʫʩʣʦʚʠʝ ʤʘʣʦʩʪʠ ʧʦʣʦʠʜʘʣʴʥʦʡ, ʥʝʩʤʦʪʨʷ ʥʘ ʢʫʜʘ ʙʦʣʴʰʠʡ ʨʘʜʠʫʩ iR . 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʜʣʷ ʦʧʪʠʤʘʣʴʥʦʡ ʪʨʘʥʩʬʦʨʤʘʮʠʠ ʬʘʟʦʚʳʡ ʬʨʦʥʪ ʤʝʜʣʝʥʥʦʡ ʦʛʠʙʘʶʱʝʡ 

ʚʦʣʥʦʚʦʛʦ ʧʫʯʢʘ ʜʦʣʞʝʥ ʩʦʚʧʘʜʘʪʴ ʩ ʧʦʚʝʨʭʥʦʩʪʴʶ const=r  ʚ ʪʨʝʭʤʝʨʥʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ, ʘ 

ʢʨʠʚʠʟʥʘ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʦʧʨʝʜʝʣʷʝʪ ʛʝʦʤʝʪʨʠʶ ʵʪʦʡ ʧʦʚʝʨʭʥʦʩʪʠ. ʕʪʦ ʧʨʦʠʣʣʶʩʪʨʠʨʦʚʘʥʦ ʥʘ 

ʈʠʩʫʥʢʝ 1.5, ʛʜʝ ʠʟʦʙʨʘʞʝʥ ʢʦʵʬʬʠʮʠʝʥʪ O-X ʪʨʘʥʩʬʦʨʤʘʮʠʠ ʢʘʢ ʬʫʥʢʮʠʷ ʧʦʣʦʠʜʘʣʴʥʦʡ 

(ʛʦʨʠʟʦʥʪʘʣʴʥʘʷ ʦʩʴ) ʠ ʪʦʨʦʠʜʘʣʴʥʦʡ (ʚʝʨʪʠʢʘʣʴʥʘʷ ʦʩʴ) ʰʠʨʠʥʳ ʪʨʝʭʤʝʨʥʦʛʦ ʧʫʯʢʘ ʜʣʷ: a) 

ʠʜʝʘʣʴʥʦ ʩʬʦʢʫʩʠʨʦʚʘʥʥʦʛʦ ʧʫʯʢʘ ʠ b) ʧʫʯʢʘ ʩ ʧʣʦʩʢʠʤ ʬʘʟʦʚʳʤ ʬʨʦʥʪʦʤ. ɺʠʜʥʦ, ʯʪʦ, 

ʥʝʩʤʦʪʨʷ ʥʘ ʙʦʣʴʰʦʝ ʘʩʧʝʢʪʥʦʝ ʦʪʥʦʰʝʥʠʝ ʪʦʢʘʤʘʢʘ FTU, ʢʘʨʪʠʥʘ ʨʘʩʧʨʝʜʝʣʝʥʠʷ 

ʢʦʵʬʬʠʮʠʝʥʪʘ ʪʨʘʥʩʬʦʨʤʘʮʠʠ ʢʘʯʝʩʪʚʝʥʥʦ ʤʝʥʷʝʪʩʷ ʧʨʠ ʧʝʨʝʭʦʜʝ ʦʪ ʠʜʝʘʣʴʥʦʡ 

ʧʘʨʘʙʦʣʠʯʝʩʢʦʡ ʬʦʢʫʩʠʨʦʚʢʠ ʢ ʧʣʦʩʢʦʤʫ ʬʨʦʥʪʫ. 
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ʈʠʩʫʥʦʢ 1.5: ʂʦʵʬʬʠʮʠʝʥʪ O-X ʪʨʘʥʩʬʦʨʤʘʮʠʠ ʢʘʢ ʬʫʥʢʮʠʷ ʧʦʣʦʠʜʘʣʴʥʦʡ (ʛʦʨʠʟʦʥʪʘʣʴʥʘʷ 

ʦʩʴ) ʠ ʪʦʨʦʠʜʘʣʴʥʦʡ (ʚʝʨʪʠʢʘʣʴʥʘʷ ʦʩʴ) ʰʠʨʠʥʳ ʪʨʝʭʤʝʨʥʦʛʦ ʧʫʯʢʘ ʜʣʷ: a) ʠʜʝʘʣʴʥʦ 

ʩʬʦʢʫʩʠʨʦʚʘʥʥʦʛʦ ʧʫʯʢʘ ʠ b) ʧʫʯʢʘ ʩ ʧʣʦʩʢʠʡ ʬʘʟʦʚʳʤ ʬʨʦʥʪʦʤ. ʇʘʨʘʤʝʪʨʳ ʪʘʢʠʝ ʞʝ, ʢʘʢ 

ʜʣʷ ʈʠʩʫʥʢʝ 1.3, ʘ 5.6=ix   

1.4 ʈʘʩʯʝʪ ʵʬʬʝʢʪʠʚʥʦʩʪʠ O-X ʪʨʘʥʩʬʦʨʤʘʮʠʠ ʜʣʷ ʵʢʩʧʝʨʠʤʝʥʪʘ ʥʘ ʪʦʢʘʤʘʢʝ FTU 

ɺ ʵʪʦʤ ʨʘʟʜʝʣʝ ʤʳ ʧʨʠʤʝʥʠʤ ʥʘʰʫ ʪʝʦʨʝʪʠʯʝʩʢʫʶ ʤʦʜʝʣʴ ʜʣʷ ʨʘʩʯʝʪʘ ʨʝʘʣʴʥʳʭ 

ʢʚʘʟʠʦʧʪʠʯʝʩʢʠʭ ʧʫʯʢʦʚ, ʜʦʩʪʫʧʥʳʭ ʚ ʵʢʩʧʝʨʠʤʝʥʪʝ ʧʦ O-X-B ʥʘʛʨʝʚʫ ʧʣʘʟʤʳ ʥʘ ʪʦʢʘʤʘʢʝ FTU. 
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ʈʠʩʫʥʦʢ 1.6 ʇʨʦʬʠʣʴ ʢʦʥʮʝʥʪʨʘʮʠʠ 

ʧʣʘʟʤʳ ʥʘ ʪʦʢʘʤʘʢʝ FTU. ʇʦʢʘʟʘʥʘ 

ʟʘʚʠʩʠʤʦʩʪʴ ʢʦʥʮʝʥʪʨʘʮʠʠ ʧʣʘʟʤʳ ʚ 

ʵʢʚʘʪʦʨʠʘʣʴʥʦʡ ʧʣʦʩʢʦʩʪʠ ʦʪ ʨʘʩʩʪʦʷʥʠʷ 

ʜʦ ʦʩʠ ʩʠʤʤʝʪʨʠʠ ʪʦʢʘʤʘʢʘ. 

ɻʦʨʠʟʦʥʪʘʣʴʥʦʡ ʣʠʥʠʝʡ ʧʦʢʘʟʘʥ ʫʨʦʚʝʥʴ 

ʢʨʠʪʠʯʝʩʢʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ ww =pe . 

 

 

ʈʠʩʫʥʦʢ 1.7 ʂʦʥʪʫʨ ʧʦʚʝʨʭʥʦʩʪʠ ʦʪʩʝʯʢʠ 

ʚ ʧʦʣʦʠʜʘʣʴʥʦʡ ʧʣʦʩʢʦʩʪʠ ʜʣʷ ʪʦʢʘʤʘʢʘ 

FTU. ʇʦ ʚʝʨʪʠʢʘʣʴʥʦʡ ʦʩʠ ʦʪʣʦʞʝʥʦ 

ʨʘʩʩʪʦʥ̫ʠʝ ʜʦ ʵʢʚʘʪʦʨʠʘʣʴʥʦʡ ʧʣʦʩʢʦʩʪʠ, 

ʧʦ ʛʦʨʠʟʦʥʪʘʣʴʥʦʡ ï ʨʘʩʩʪʦʷʥʠʝ ʜʦ ʦʩʠ 

ʩʠʤʤʝʪʨʠʠ. 

 

ɼʣʷ ʥʘʯʘʣʘ ʨʘʩʩʤʦʪʨʠʤ ʥʘʩʢʦʣʴʢʦ ʥʘʰʝ ʦʧʠʩʘʥʠʝ ʧʦʚʝʨʭʥʦʩʪʝʡ ʦʪʩʝʯʢʠ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʠʭ 

ʨʝʘʣʴʥʦʤʫ ʧʦʣʦʞʝʥʠʶ. ʅʘ ʈʠʩʫʥʢʝ 1.6 ʠʟʦʙʨʘʞʝʥ ʧʨʦʬʠʣʴ ʢʦʥʮʝʥʪʨʘʮʠʠ ʧʣʘʟʤʳ ʚ ʨʘʟʨʷʜʝ. 

ɺʠʜʥʦ, ʯʪʦ ʩʥʘʨʫʞʠ ʦʪ ʧʦʚʝʨʭʥʦʩʪʠ 0|| =e  ʢʦʥʮʝʥʪʨʘʮʠʷ ʦʯʝʥʴ ʪʦʯʥʦ ʦʧʠʩʳʚʘʝʪʩʷ ʣʠʥʝʡʥʦʡ 

ʘʧʧʨʦʢʩʠʤʘʮʠʝʡ ʥʘ ʨʘʩʩʪʦʷʥʠʷʭ ʩʨʘʚʥʠʤʳʭ ʩ nL . ʅʘ ʈʠʩʫʥʢʝ 1.7 ʠʟʦʙʨʘʞʝʥʦ ʩʝʯʝʥʠʝ 

ʧʦʚʝʨʭʥʦʩʪʠ ʢʨʠʪʠʯʝʩʢʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ ʧʦʣʦʠʜʘʣʴʥʦʡ ʧʣʦʩʢʦʩʪʴʶ, ʵʪʦ ʦʢʨʫʞʥʦʩʪʴ ʩ 

ʪʦʯʥʦʩʪʴʶ ʜʦ ʨʘʩʩʪʦʷʥʠʡ ʧʦʨʷʜʢʘ ʜʣʠʥʳ ʚʦʣʥʳ. FTU ʷʚʣʷʝʪʩʷ ʢʣʘʩʩʠʯʝʩʢʠʤ ʪʦʢʘʤʘʢʦʤ ʩ 

ʜʦʩʪʘʪʦʯʥʦ ʙʦʣʴʰʠʤ ʘʩʧʝʢʪʥʳʤ ʦʪʥʦʰʝʥʠʝʤ (900 ºrR ), ʧʦʵʪʦʤʫ ʣʠʥʝʡʥʳʝ ʘʧʧʨʦʢʩʠʤʘʮʠʠ 

ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʠ ||N  ʪʘʢʞʝ ʜʘʶʪ ʭʦʨʦʰʫʶ ʪʦʯʥʦʩʪʴ. ʅʝʧʦʩʨʝʜʩʪʚʝʥʥʦʝ ʩʨʘʚʥʝʥʠʝ ʧʦʣʦʞʝʥʠʡ 

ʨʝʘʣʴʥʳʭ ʧʦʚʝʨʭʥʦʩʪʝʡ ʦʪʩʝʯʢʠ ʠ ʥʘʰʠʭ ʘʧʧʨʦʢʩʠʤʘʮʠʡ ʧʦʢʘʟʘʣʦ ʠʭ ʩʦʚʧʘʜʝʥʠʝ ʩ ʪʦʯʥʦʩʪʴʶ 

ʜʦ ʚʝʣʠʯʠʥʳ ʧʦʨʷʜʢʘ ʜʣʠʥʳ ʚʦʣʥʳ, ʯʪʦ ʙʦʣʝʝ ʯʝʤ ʜʦʩʪʘʪʦʯʥʦ ʜʣʷ ʧʨʠʤʝʥʝʥʠʷ ʥʘh ʝʡ ʤʦʜʝʣʠ. 

-320ʤ 10 ,en

0||=e

ʤ ,R
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ʈʠʩʫʥʦʢ 1.8 ʉʭʝʤʘʪʠʯʝʩʢʠʡ ʚʠʜ ʩʠʩʪʝʤʳ ʚʚʦʜʘ ʠʟʣʫʯʝʥʠʷ ʠ ʚʘʢʫʫʤʥʦʡ ʢʘʤʝʨʳ ʪʦʢʘʤʘʢʘ FTU. 

 

ʅʘ ʈʠʩʫʥʢʝ 1.8 ʧʦʢʘʟʘʥ ʩʭʝʤʘʪʠʯʝʩʢʠʡ ʚʠʜ ʥʦʚʦʡ ʩʠʩʪʝʤʳ ʚʚʦʜʘ ʠʟʣʫʯʝʥʠʷ. ʇʦʩʢʦʣʴʢʫ 

ʢʦʦʨʜʠʥʘʪʳ ʚʳʭʦʜʥʦʛʦ ʟʝʨʢʘʣʘ ʥʝ ʤʦʛʫʪ ʤʝʥʷʪʴʩʷ, ʚʦʟʤʦʞʝʥ ʪʦʣʴʢʦ ʦʜʠʥ ʧʦʣʦʠʜʘʣʴʥʳʡ ʫʛʦʣ 

ʚʚʦʜʘ, ʧʨʠ ʢʦʪʦʨʦʤ ʫ ʧʫʯʢʘ ʥʝ ʚʦʟʥʠʢʘʝʪ ʧʦʧʝʨʝʯʥʦʡ ʬʘʟʦʚʦʡ ʤʦʜʫʣʷʮʠʠ, ʫʭʫʜʰʘʶʱʝʡ 

ʪʨʘʥʩʬʦʨʤʘʮʠʶ. ʉʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʚʝʣʠʯʠʥʘ 0||N  ʚʳʙʠʨʘʝʪʩʷ ʠʟ ʫʩʣʦʚʠʷ, ʯʪʦʙʳ ʪʦʯʢʘ 

ʧʝʨʝʩʝʯʝʥʠʷ ʧʦʚʝʨʭʥʦʩʪʝʡ ʦʪʩʝʯʢʠ ʠʤʝʣʘ ʧʦʣʦʠʜʘʣʴʥʫʶ ʢʦʦʨʜʠʥʘʪʫ, ʨʘʚʥʫʶ ʵʪʦʤʫ ʫʛʣʫ. ʊʘʢʠʤ 

ʦʙʨʘʟʦʤ, ʝʜʠʥʩʪʚʝʥʥʘʷ ʦʩʪʘʶʱʘʷʩʷ ʩʪʝʧʝʥʴ ʩʚʦʙʦʜʳ ï ʵʪʦ ʬʦʢʫʩʠʨʦʚʢʘ ʧʫʯʢʘ. ʌʦʢʫʩʠʨʦʚʢʘ 

ʧʫʯʢʘ ʫʧʨʘʚʣʷʝʪʩʷ ʧʦʣʦʞʝʥʠʝʤ ʬʦʢʫʩʠʨʫʶʱʝʛʦ ʟʝʨʢʘʣʘ. ʅʘ ʈʠʩʫʥʢʝ 1.9 ʧʦʢʘʟʘʥʦ ʢʘʢ ʦʪ 

ʧʦʣʦʞʝʥʠʷ ʟʝʨʢʘʣʘ ʩʜʚʠʛʘʝʪʩʷ ʬʦʢʫʩ ʧʫʯʢʘ. ʂ ʩʦʞʘʣʝʥʠʶ, ʤʦʞʥʦ ʟʘʤʝʪʠʪʴ, ʯʪʦ ʬʦʢʫʩ 

ʧʨʘʢʪʠʯʝʩʢʠ ʚʩʝʛʜʘ ʦʩʪʘʝʪʩʷ ʚʥʝ ʧʣʘʟʤʳ, ʯʪʦ ʦʟʥʘʯʘʝʪ ʠʥʚʝʨʪʠʨʦʚʘʥʥʫʶ ʢʨʠʚʠʟʥʫ ʬʘʟʦʚʦʛʦ 

ʬʨʦʥʪʘ ʠ ʟʘʨʘʥʝʝ ʥʝʚʳʩʦʢʠʝ ʟʥʘʯʝʥʠʷ ʢʦʵʬʬʠʮʠʝʥʪʘ O-X ʪʨʘʥʩʬʦʨʤʘʮʠʠ. 
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ʈʠʩʫʥʦʢ 1.9 ɿʘʚʠʩʠʤʦʩʪʴ ʨʘʜʠʫʩʘ 

ʛʘʫʩʩʦʚʦʛʦ ʧʫʯʢʘ ʦʪ ʧʨʦʡʜʝʥʥʦʡ ʠʤ 

ʜʠʩʪʘʥʮʠʠ ʜʣʷ ʨʘʟʣʠʯʥʳʭ 

ʧʦʣʦʞʝʥʠʡ ʬʦʢʫʩʠʨʫʶʱʝʛʦ ʟʝʨʢʘʣʘ 

(FM). ʀʟʦʙʨʘʞʝʥʳ ʜʚʘ ʢʨʘʡʥʠʭ 

ʧʦʣʦʞʝʥʠʷ ʬʦʢʫʩʠʨʫʶʱʝʛʦ ʟʝʨʢʘʣʘ 

ʠ ʦʜʥʦ ʧʨʦʤʝʞʫʪʦʯʥʦʝ. 

 

ɼʣʷ ʪʦʛʦ ʯʪʦʙʳ ʦʧʨʝʜʝʣʠʪʴ ʧʘʨʘʤʝʪʨʳ ʧʫʯʢʘ ʚ ʦʢʨʝʩʪʥʦʩʪʠ ʦʙʣʘʩʪʠ ʪʨʘʥʩʬʦʨʤʘʮʠʠ 

ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʢʦʜ GRAY [73]. ɺ ʜʘʥʥʦʤ ʢʦʜʝ ʨʝʘʣʴʥʳʡ ʢʚʘʟʠʦʧʪʠʯʝʩʢʠʡ ʧʫʯʦʢ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ 

ʚ ʚʠʜʝ ʧʫʯʢʘ ʛʝʦʤʝʪʨʦʦʧʪʠʯʝʩʢʠʭ ʣʫʯʝʡ, ʤʝʞʜʫ ʢʦʪʦʨʳʤʠ ʚʚʝʜʝʥʳ ʩʠʣʳ ʦʪʪʘʣʢʠʚʘʥʠʷ ʜʣʷ 

ʠʤʠʪʘʮʠʠ ʜʠʬʨʘʢʮʠʠ. ʇʨʠʤʝʨ ʨʘʩʯʝʪʘ ʢʚʘʟʠʦʧʪʠʯʝʩʢʦʛʦ ʧʫʯʢʘ ʧʨʠ ʧʦʤʦʱʠ ʵʪʦʛʦ ʢʦʜʘ ʧʦʢʘʟʘʥ 

ʥʘ ʈʠʩʫʥʢʝ 1.10. 

 

ʈʠʩʫʥʦʢ 1.10 ʀʣʣʶʩʪʨʘʮʠʷ ʧʨʠʤʝʨʘ ʨʘʙʦʪʳ ʢʦʜʘ GRAY. ʊʦʥʢʠʤʠ ʩʠʥʠʤʠ ʣʠʥʠʷʤʠ ʠʟʦʙʨʘʞʝʥʳ 

ʪʨʘʝʢʪʦʨʠʠ ʛʝʦʤʝʪʨʦʦʧʪʠʯʝʩʢʠʭ ʣʫʯʝʡ ʠ ʣʠʥʠʠ ʧʦʩʪʦʷʥʥʦʡ ʬʘʟʳ ʜʣʷ ʜʚʫʭ ʨʘʩʯʝʪʥʳʭ ʪʦʯʝʢ, 

ʢʨʘʩʥʦʡ ʩʪʨʝʣʢʦʡ ʧʦʢʘʟʘʥ ʥʝʩʫʱʠʡ ʚʦʣʥʦʚʦʡ ʚʝʢʪʦʨ, ʪʦʣʩʪʦʡ ʯʝʨʥʦʡ ʣʠʥʠʝʡ ʧʦʚʝʨʭʥʦʩʪʴ 

0|| =e . ɼʘʥʥʳʝ ʠʟʦʙʨʘʞʝʥʳ ʚ ʜʚʫʭ ʧʨʦʝʢʮʠʷʭ: a) ʥʘ ʧʦʣʦʠʜʘʣʴʥʫʶ ʧʣʦʩʢʦʩʪʴ, ʧʨʦʭʦʜʷʱʫʶ 

ʯʝʨʝʟ ʪʦʯʢʫ ʧʝʨʝʩʝʯʝʥʠʷ ʧʦʚʝʨʭʥʦʩʪʝʡ ʦʪʩʝʯʢʠ, b) ʥʘ ʧʣʦʩʢʦʩʪʴ ʧʘʨʘʣʣʝʣʴʥʫʶ ʵʢʚʘʪʦʨʠʘʣʴʥʦʡ 

ʧʨʦʭʦʜʷʱʫʶ ʯʝʨʝʟ ʪʦʯʢʫ ʧʝʨʝʩʝʯʝʥʠʷ ʧʦʚʝʨʭʥʦʩʪʝʡ ʦʪʩʝʯʢʠ. 
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ɼʘʥʥʳʡ ʢʦʜ ʥʝ ʚʧʦʣʥʝ ʥʘʜʝʞʥʦ ʨʘʙʦʪʘʝʪ ʚʙʣʠʟʠ ʧʦʚʝʨʭʥʦʩʪʝʡ ʦʪʩʝʯʢʠ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ 

ʥʘʰʘ ʤʦʜʝʣʴ ʤʘʣʦ ʧʨʠʤʝʥʠʤʘ ʚʜʘʣʠ ʦʪ ʥʠʭ. ɺ ʧʨʦʤʝʞʫʪʦʯʥʦʡ ʦʙʣʘʩʪʠ, ʛʜʝ ʤʳ ʧʨʦʠʟʚʦʜʠʤ 

ʩʰʠʚʢʫ ʨʝh ʝʥʠʡ, ʚʝʨʦʷʪʥʦ, ʥʝʢʦʪʦʨʫʶ ʦʰʠʙʢʫ ʜʘʶʪ ʦʙʘ ʩʧʦʩʦʙʘ, ʦʧʠʩʳʚʘʶʱʠʝ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʧʫʯʢʘ. ɼʣʷ ʪʦʛʦ ʯʪʦʙʳ ʦʮʝʥʠʪʴ ʚʝʣʠʯʠʥʫ ʦʰʠʙʢʠ, ʤʳ ʙʫʜʝʤ ʧʨʦʚʦʜʠʪʴ 

ʩʰʠʚʢʫ ʚ ʜʚʫʭ ʨʘʟʥʳʭ ʪʦʯʢʘʭ ʥʘ ʪʨʘʝʢʪʦʨʠʠ ʢʚʘʟʠʦʧʪʠʯʝʩʢʦʛʦ ʣʫʯʘ ʠ ʨʘʩʩʤʘʪʨʠʚʘʪʴ, ʢʘʢ ʦʪ 

ʵʪʦʛʦ ʤʝʥʷʝʪʩʷ ʢʦʵʬʬʠʮʠʝʥʪ ʪʨʘʥʩʬʦʨʤʘʮʠʠ. ɺ ʢʘʯʝʩʪʚʝ ʵʪʠʭ ʪʦʯʝʢ ʤʳ ʚʦʟʴʤʝʤ ʪʦʯʢʠ, 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʛʨʘʥʠʮʘʤ ʦʙʣʘʩʪʝʡ ʧʨʠʤʝʥʠʤʦʩʪʠ ʠʩʧʦʣʴʟʫʶʱʠʭʩʷ ʧʦʜʭʦʜʦʚ. ɼʣʷ ʥʘʰʝʡ 

ʤʦʜʝʣʠ ʵʪʦ ʪʦʯʢʘ, ʥʘʭʦʜʷʱʘʷʩʷ ʥʘ ʨʘʩʩʪʦʷʥʠʠ ÐL5.6  ʦʪ ʧʦʚʝʨʭʥʦʩʪʝʡ ʦʪʩʝʯʢʠ. ɼʣʷ ʢʦʜʘ GRAY 

ʵʪʦ ʪʦʯʢʘ, ʛʜʝ ʧʝʨʠʬʝʨʠʡʥʳʝ ʣʫʯʠ ʥʘʯʠʥʘʶʪ ʢʘʩʘʪʴʩʷ ʧʦʚʝʨʭʥʦʩʪʝʡ ʦʪʩʝʯʢʠ, ʯʪʦ ʤʦʞʥʦ 

ʫʚʠʜʝʪʴ ʥʘ ʈʠʩʫʥʢʝ 1.10. 

ɺ ʪʘʙʣʠʮʝ 1.1 ʧʨʠʚʝʜʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʨʘʩʯʝʪʘ ʜʣʷ ʪʨʝʭ ʧʫʯʢʦʚ: ʜʚʫʭ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ 

ʢʨʘʡʥʠʤ ʧʦʣʦʞʝʥʠʷʤ ʬʦʢʫʩʠʨʫʶʱʝʛʦ ʟʝʨʢʘʣʘ ʠ ʦʜʥʦʛʦ ʧʨʦʤʝʞʫʪʦʯʥʦʛʦ. ɼʣʷ ʢʘʞʜʦʛʦ ʧʫʯʢʘ 

ʫʢʘʟʘʥʳ ʧʘʨʘʤʝʪʨʳ fa , fa
~ , ja , ja~ , ix ʠ ʚʳʯʠʩʣʝʥʥʳʡ ʢʦʵʬʬʠʮʠʝʥʪ ʪʨʘʥʩʬʦʨʤʘʮʠʠ T.  

 

ʊʘʙʣʠʮʘ 1.1: ʈʝʟʫʣʴʪʘʪʳ ʨʘʩʯʝʪ ʢʦʵʬʬʠʮʠʝʥʪʘ ʪʨʘʥʩʬʦʨʤʘʮʠʠ ʜʣʷ ʪʦʢʘʤʘʢʘ FTU 

 

ʆʧʠʩʘʥʠʝ ʧʫʥʢʪʘ fa (ʩʤ) fa
~ (ʩʤ) ja (ʩʤ) ja~ (ʩʤ) 

ix T 

ʧʫʯʦʢ ʩ ʤʘʢʩʠʤʘʣʴʥʦʡ 

ʰʠʨʠʥʦʡ, ʪʦʯʢʘ 1. 
1,73 0,79 4,12 1,6 6,56 7% 

ʧʫʯʦʢ ʩ ʤʘʢʩʠʤʘʣʴʥʦʡ 

ʰʠʨʠʥʦʡ, ʪʦʯʢʘ 2. 
2,02 0,8 4,5 1,75 5,9 7,7% 

ʧʨʦʤʝʞʫʪʦʯʥʳʡ ʧʫʯʦʢ, 

ʪʦʯʢʘ 1. 
1,55 0,77 3,3 1,55 6,56 9,5% 

ʧʨʦʤʝʞʫʪʦʯʥʳʡ ʧʫʯʦʢ, 

ʪʦʯʢʘ 2. 
1,7 0,8 3,76 1,85 4,96 11,7% 

ʧʫʯʦʢ ʩ ʤʠʥʠʤʘʣʴʥʦʡ 

ʠhʨʠʥʦʡ, ʪʦʯʢʘ 1. 
1,23 0,78 2,55 1,53 6,56 13,2% 

ʧʫʯʦʢ ʩ ʤʠʥʠʤʘʣʴʥʦʡ 

ʠhʨʠʥʦʡ, ʪʦʯʢʘ 2. 
1,44 0,81 3,16 1,87 4,47 16,2% 

 

ʀʟ ʪʘʙʣʠʮʳ ʚʠʜʥʦ, ʯʪʦ ʪʦʯʥʦʩʪʴ ʥʘʰʝʛʦ ʨʘʩʯʝʪʘ ʩʦʩʪʘʚʠʣʘ ~3%. ʕʪʦ ʜʦʚʦʣʴʥʦ ʥʝʧʣʦʭʦʡ 

ʨʝʟʫʣʴʪʘʪ, ʪ.ʢ. ʪʦʯʥʦʩʪʴ ʦʧʨʝʜʝʣʝʥʠʷ ʢʦʵʬʬʠʮʠʝʥʪʘ ʪʨʘʥʩʬʦʨʤʘʮʠʠ ʚ ʨʝʘʣʴʥʦʤ ʵʢʩʧʝʨʠʤʝʥʪʝ 

~10%. ʉ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ, ʩʪʦʠʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʦʧʘʩʝʥʠʷ ʦ ʪʦʤ, ʯʪʦ ʥʝʧʨʘʚʠʣʴʥʘʷ ʬʦʢʫʩʠʨʦʚʢʘ 

ʩʜʝʣʘʝʪ ʪʨʘʥʩʬʦʨʤʘʮʠʶ ʥʝʵʬʬʝʢʪʠʚʥʦʡ, ʷʚʥʦ ʧʦʜʪʚʝʨʜʠʣʠʩʴ: ʫʨʦʚʝʥʴ ʪʨʘʥʩʬʦʨʤʘʮʠʠ 
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ʥʘʭʦʜʠʪʩʷ ʥʘ ʫʨʦʚʥʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʧʦʛʨʝʰʥʦʩʪʠ ʝʛʦ ʦʧʨʝʜʝʣʝʥʠʷ. ɺʠʜʥʦ, ʯʪʦ 

ʢʦʵʬʬʠʮʠʝʥʪ ʪʨʘʥʩʬʦʨʤʘʮʠʠ ʥʝʩʢʦʣʴʢʦ ʚʦʟʨʘʩʪʘʝʪ ʧʨʠ ʫʤʝʥʴʰʝʥʠʠ ʨʘʟʤʝʨʦʚ ʧʫʯʢʘ. ʕʪʦ 

ʤʦʞʥʦ ʦʙʲʷʩʥʠʪʴ, ʝʩʣʠ ʦʙʨʘʪʠʪʴ ʚʥʠʤʘʥʠʝ ʥʘ ʪʦ, ʯʪʦ ff aa ~>  ʠ jj aa ~> : ʧʨʠ ʪʘʢʦʤ 

ʩʦʦʪʥʦʰʝʥʠʠ ʧʘʨʘʤʝʪʨʦʚ ʫʤʝʥʴʰʝʥʠʝ ʨʘʟʤʝʨʦʚ ʧʫʯʢʘ ʧʨʠʚʦʜʠʪ ʢ ʫʤʝʥʴʰʝʥʠʶ ʰʠʨʠʥʳ 

ʧʦʧʝʨʝʯʥʦʛʦ ʠ ʧʨʦʜʦʣʴʥʦʛʦ ʩʧʝʢʪʨʦʚ. ʋʯʠʪʳʚʘʷ, ʯʪʦ ʚ ʨʘʡʦʥʝ jfjf ,,
~aa =  ʦʙʨʘʪʥʘʷ ʰʠʨʠʥʘ 

ʩʧʝʢʪʨʘ 2

,

2

,

2

,
~//11 jfjfjf aaa +  ʠʤʝʝʪ ʜʦʚʦʣʴʥʦ ʨʝʟʢʠʡ ʤʘʢʩʠʤʫʤ (ʩʤ. ʈʠʩʫʥʦʢ 1.4), ʚʦʟʤʦʞʥʦ 

ʨʝʟʫʣʴʪʘʪ ʪʨʘʥʩʬʦʨʤʘʮʠʠ ʚʩʝ ʞʝ ʤʦʞʥʦ ʫʣʫʯʰʠʪʴ, ʝʩʣʠ ʥʘʡʪʠ ʚʦʟʤʦʞʥʦʩʪʴ ʧʨʠʙʣʠʟʠʪʴ ʪʦʯʢʫ 

ʬʦʢʫʩʘ ʧʫʯʢʘ ʝʱʝ ʙʣʠʞʝ ʢ ʦʙʣʘʩʪʠ ʪʨʘʥʩʬʦʨʤʘʮʠʠ. 

1.5 ʈʝʰʝʥʠʝ ʟʘʜʘʯʠ O-X ʪʨʘʥʩʬʦʨʤʘʮʠʠ ʩ ʦʜʥʦʚʨʝʤʝʥʥʳʤ ʫʯʝʪʦʤ ʢʨʠʚʠʟʥʳ ʤʘʛʥʠʪʥʳʭ 

ʧʦʚʝʨʭʥʦʩʪʝʡ ʠ ʥʝʦʜʥʦʨʦʜʥʦʩʪʠ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ 

ɺ ʵʪʦʤ ʨʘʟʜʝʣʝ ʟʘʜʘʯʘ O-X ʪʨʘʥʩʬʦʨʤʘʮʠʠ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʚ ʨʘʤʢʘʭ ʘʣʴʪʝʨʥʘʪʠʚʥʦʛʦ 

ʧʦʜʭʦʜʘ, ʢʦʪʦʨʳʡ ʤʦʜʝʣʠʨʫʝʪ ʪʦʣʴʢʦ ʪʫ ʦʙʣʘʩʪʴ ʧʣʘʟʤʳ ʚʙʣʠʟʠ ʧʦʚʝʨʭʥʦʩʪʠ ʢʨʠʪʠʯʝʩʢʦʡ 

ʢʦʥʮʝʥʪʨʘʮʠʠ, ʩʢʚʦʟʴ ʢʦʪʦʨʫʶ ʧʨʦʭʦʜʠʪ ʢʚʘʟʠʦʧʪʠʯʝʩʢʠʡ ʧʫʯʦʢ. ʊʘʢʘʷ ʣʦʢʘʣʠʟʘʮʠʷ ʚ 

ʪʨʝʭʤʝʨʥʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ ʧʦʟʚʦʣʷʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴ ʨʘʟʣʦʞʝʥʠʷ ʊʝʡʣʦʨʘ ʧʦ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʤ 

ʢʦʦʨʜʠʥʘʪʘʤ ʜʣʷ ʧʘʨʘʤʝʪʨʦʚ ʧʣʘʟʤʳ ʠ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ. ʂʨʠʚʠʟʥʘ ʤʘʛʥʠʪʥʳʭ ʧʦʚʝʨʭʥʦʩʪʝʡ 

ʦʙʱʝʛʦ ʚʠʜʘ ʤʦʞʝʪ ʟʘʜʘʚʘʪʴʩʷ ʢʚʘʜʨʘʪʠʯʥʦʡ ʬʦʨʤʦʡ ʚ ʨʘʟʣʦʞʝʥʠʠ ʧʣʦʪʥʦʩʪʠ ʧʦ ʢʦʦʨʜʠʥʘʪʘʤ 

ʦʨʪʦʛʦʥʘʣʴʥʳʤ ʝʸ ʛʨʘʜʠʝʥʪʫ, ʘ ʥʝʦʜʥʦʨʦʜʥʦʩʪʴ ʤʦʜʫʣʷ ʠ ʥʘʧʨʘʚʣʝʥʠʷ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ 

(ʢʨʠʚʠʟʥʘ ʩʠʣʦʚʳʭ ʣʠʥʠʡ ʠ ʰʠʨ) ʤʦʞʝʪ ʫʯʠʪʳʚʘʪʴʩʷ ʣʠʥʝʡʥʳʤʠ ʩʣʘʛʘʝʤʳʤʠ ʜʣʷ ʢʦʤʧʦʥʝʥʪ 

ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʘʥʘʣʦʛʠʯʥʦ ʪʦʤʫ, ʢʘʢ ʵʪʦ ʧʨʦʜʝʣʳʚʘʣʦʩʴ ʚ ʨʘʙʦʪʝ [41]. ʕʪʦʪ ʧʦʜʭʦʜ ʜʘʝʪ 

ʛʦʨʘʟʜʦ ʙʦʣʴʰʝ ʩʚʦʙʦʜʳ ʧʨʠ ʦʧʨʝʜʝʣʝʥʠʠ ʧʘʨʘʤʝʪʨʦʚ ʩʨʝʜʳ. ʇʦʩʢʦʣʴʢʫ ʧʨʠʚʷʟʢʘ ʢ 

ʪʦʨʦʠʜʘʣʴʥʦʡ ʛʝʦʤʝʪʨʠʠ ʙʦʣʴʰʝ ʥʝ ʥʘʚʷʟʳʚʘʝʪ ʥʘʧʨʘʚʣʝʥʠʝ ʠ ʥʝʦʜʥʦʨʦʜʥʦʩʪʴ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ, 

ʤʦʞʥʦ ʩʢʘʟʘʪʴ, ʯʪʦ ʤʳ ʧʝʨʝʭʦʜʠʤ ʦʪ ʤʦʜʝʣʴʥʦʡ ʩʨʝʜʳ ʢ ʩʨʝʜʝ ʦʙʱʝʛʦ ʚʠʜʘ. 

 

ʄʦʜʝʣʴ ʩʨʝʜʳ 

ʇʫʩʪʴ ʫ ʥʘʩ ʦʧʨʝʜʝʣʝʥʘ ʪʦʯʢʘ ʤʘʢʩʠʤʘʣʴʥʦʡ ʘʤʧʣʠʪʫʜʳ ʉɺʏ ʧʦʣʷ ʥʘ ʤʘʛʥʠʪʥʦʡ 

ʧʦʚʝʨʭʥʦʩʪʠ ʩ ʢʨʠʪʠʯʝʩʢʦʡ ʢʦʥʮʝʥʪʨʘʮʠʝʡ. ʅʘʟʦʚʝʤ ʝʸ ʪʦʯʢʦʡ ʨʘʟʣʦʞʝʥʠʷ.  

ɺʚʝʜʝʤ ʜʝʢʘʨʪʦʚʫ ʩʠʩʪʝʤʫ ʢʦʦʨʜʠʥʘʪ ʩ ʥʘʯʘʣʦʤ ʚ ʪʦʯʢʝ ʨʘʟʣʦʞʝʥʠʷ, ʦʩʴ x  ʥʘʧʨʘʚʠʤ 

ʚʜʦʣʴ ʛʨʘʜʠʝʥʪʘ ʢʦʥʮʝʥʪʨʘʮʠʠ, ʘ ʦʩʴ z  ʚʜʦʣʴ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ, ʚʳʯʠʩʣʝʥʥʳʭ ʚ ʪʦʯʢʝ 

ʨʘʟʣʦʞʝʥʠʷ. ɺ ʵʪʦʡ ʩʠʩʪʝʤʝ ʢʦʦʨʜʠʥʘʪ ʟʘʧʠʰʝʤ ʨʘʟʣʦʞʝʥʠʷ ʜʣʷ ʢʦʥʮʝʥʪʨʘʮʠʠ ʧʣʘʟʤʳ en  ʠ 

ʢʦʤʧʦʥʝʥʪ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ B : 

    ( )yzzyxgnn yzzzyycre kkk 21 22

|| ---+=  
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     ( )xx BB qÐ= ,0 r  

     ( )
yy BB qÐ= ,0 r  

     ( )bBBz Ð+= ,10 r   

ɿʜʝʩʴ xqÐ , yqÐ , bÐ  ï ʧʦʩʪʦʷʥʥʳʝ ʚʝʢʪʦʨʘ, ʦʧʨʝʜʝʣʷʝʤʳʝ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤʠ ʛʨʘʜʠʝʥʪʘʤʠ, 

ʚʳʯʠʩʣʝʥʥʳʤʠ ʚ ʪʦʯʢʝ ʨʘʟʣʦʞʝʥʠʷ, crn  ï ʢʨʠʪʠʯʝʩʢʘʷ ʢʦʥʮʝʥʪʨʘʮʠʷ ʧʣʘʟʤʳ, ʘ 0B  ï ʤʦʜʫʣʴ 

ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʚ ʪʦʯʢʝ ʨʘʟʣʦʞʝʥʠʷ. ʆʧʠʰʝʤ ʪʘʢʞʝ ʬʠʟʠʯʝʩʢʠʡ ʩʤʳʩʣ ʧʘʨʘʤʝʪʨʦʚ ʨʘʟʣʦʞʝʥʠʷ. 

ɺʝʣʠʯʠʥʘ ||g  ï ʵʪʦ ʥʦʨʤʠʨʦʚʘʥʥʳʡ ʛʨʘʜʠʝʥʪ ʢʦʥʮʝʥʪʨʘʮʠʠ ʚ ʪʦʯʢʝ ʨʘʟʣʦʞʝʥʠʷ, .|| cre nng Ð=  

ʇʘʨʘʤʝʪʨʳ ,yyk ,zzk yzk  ʟʘʜʘʶʪ ʬʦʨʤʫ ʧʦʚʝʨʭʥʦʩʪʠ ʢʨʠʪʠʯʝʩʢʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ 

;222 yzzyx yzzzyy kkk ++=  ʧʘʨʘʤʝʪʨʳ ,yyk zzk  ʪʘʢʞʝ ʦʧʨʝʜʝʣʷʶʪ ʧʦʣʦʚʠʥʥʳʝ ʥʦʨʤʘʣʴʥʳʝ 

ʢʨʠʚʠʟʥʳ ʵʪʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʚ ʥʘʧʨʘʚʣʝʥʠʷʭ y ʠ z ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʋʛʣʳ xq  ʠ yq  ʦʧʨʝʜʝʣʷʶʪ 

ʦʪʢʣʦʥʝʥʠʝ ʚʝʢʪʦʨʘ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʦʪ ʦʩʠ z ʚ ʥʘʧʨʘʚʣʝʥʠʷʭ x ʠ y ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ: 

( ) ,arcsin 0BBB xxx º= Bq  ( ) 0arcsin BBB yyy º= Bq . ɺʝʣʠʯʠʥʘ b ʦʪʚʝʯʘʝʪ ʥʦʨʤʠʨʦʚʘʥʥʦʤʫ 

ʤʦʜʫʣʶ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ: 00 BBBb zº=B .  

ɻʣʦʙʘʣʴʥʳʝ ʩʚʦʡʩʪʚʘ ʧʣʘʟʤʳ ʠ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʥʘʢʣʘʜʳʚʘʶʪ ʝʩʪʝʩʪʚʝʥʥʳʝ ʦʛʨʘʥʠʯʝʥʠʷ 

ʥʘ ʧʘʨʘʤʝʪʨʳ ʨʘʟʣʦʞʝʥʠʷ. ʇʦʩʪʦʷʥʩʪʚʦ ʢʦʥʮʝʥʪʨʘʮʠʠ ʧʣʘʟʤʳ ʥʘ ʤʘʛʥʠʪʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʜʘʝʪ 

ʫʩʣʦʚʠʝ ( ) ,0, =Ð Ben  ʦʪʩʫʪʩʪʚʠʝ ʧʝʨʝʥʦʩʘ ʟʘʨʷʜʦʚ ʯʝʨʝʟ ʤʘʛʥʠʪʥʫʶ ʧʦʚʝʨʭʥʦʩʪʴ ï 

( ) ,0rot , =Ð Ben  ʚʠʭʨʝʚʦʡ ʭʘʨʘʢʪʝʨ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ï .0 div =B  ʋʯʝʪ ʵʪʠʭ ʩʦʦʪʥʦʰʝʥʠʡ 

ʥʘʢʣʘʜʳʚʘʝʪ ʩʣʝʜʫʶʱʠʝ ʦʛʨʘʥʠʯʝʥʠʷ ʥʘ ʢʦʵʬʬʠʮʠʝʥʪʳ ʨʘʟʣʦʞʝʥʠʷ: 

   

( ) ( )( ) ( )
( )

bb

bbn

yzn

zyyzyy

yyzyzye

zyzxyzzxe

-µ=µÝ=µ+µ´

µ=µÝ=µ-µ´Ð

=ÐÝ=+-Ð´Ð

qq

qq

kkqkkq

0 div

0rot ,

2  ,2  ,0022,,

B

B

rB

  (1.17) 

ʛʜʝ ( )zyx µµµ=Ð ,, . ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʥʘʰʘ ʤʦʜʝʣʴ ʩʨʝʜʳ ʦʧʨʝʜʝʣʷʝʪʩʷ ʜʝʚʷʪʴʶ ʩʢʘʣʷʨʥʳʤʠ 

ʧʘʨʘʤʝʪʨʘʤʠ: ||g , yyk , zzk , yzk , 0B , yxqµ , bxµ , byµ , bzµ . ɽʸ ʦʢʦʥʯʘʪʝʣʴʥʳʡ ʚʠʜ: 

    ( )yzzyxgnn yzzzyycr kkk 21 22

|| ---+=  

    zyBB zyzx kk 220 +=  

    zbybxBB yzyxy Öµ+Öµ-µ= q0  

    zbybxbBB zyxz Öµ+Öµ+Öµ+=10  

ʀʥʪʝʨʝʩʥʦ, ʯʪʦ ʟʘ ʠʩʢʣʶʯʝʥʠʝʤ yxqµ  ʚʩʝ ʦʩʪʘʣʴʥʳʝ ʢʦʵʬʬʠʮʠʝʥʪʳ, ʦʧʨʝʜʝʣʷʚʰʠʝ 

ʧʦʚʦʨʦʪ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ, ʚʳʨʘʟʠʣʠʩʴ ʯʝʨʝʟ ʧʘʨʘʤʝʪʨʳ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʢʦʥʮʝʥʪʨʘʮʠʠ ʠ ʤʦʜʫʣʷ 
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ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ. ʂʦʵʬʬʠʮʠʝʥʪ yxqµ ʦʧʨʝʜʝʣʷʝʪ ʰʠʨ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ, ʪ.ʝ. ʧʦʚʦʨʦʪ ʤʘʛʥʠʪʥʦʛʦ 

ʧʦʣʷ ʧʨʠ ʧʝʨʝʭʦʜʝ ʤʝʞʜʫ ʤʘʛʥʠʪʥʳʤʠ ʧʦʚʝʨʭʥʦʩʪʷʤʠ. 

ʊʘʢʘʷ ʤʦʜʝʣʴ ʩʨʝʜʳ ʧʦʟʚʦʣʷʝʪ ʦʧʠʩʳʚʘʪʴ ʧʣʘʟʤʫ ʚ ʣʶʙʳʭ ʫʩʪʘʥʦʚʢʘʭ, ʛʜʝ ʚʳʧʦʣʥʷʝʪʩʷ 

ʫʩʣʦʚʠʷ ( ) 0, =Ð Ben  ʠ ( ) 0rot , =Ð Ben , ʚ ʪʦʤ ʯʠʩʣʝ ʠ ʜʦʚʦʣʴʥʦ ʵʢʟʦʪʠʯʥʳʭ ʚʨʦʜʝ ʧʨʷʤʳʭ 

ʣʦʚʫʰʝʢ ʠʣʠ ʫʩʪʘʥʦʚʦʢ ʩ ʦʙʨʘʱʝʥʥʳʤ ʤʘʛʥʠʪʥʳʤ ʧʦʣʝʤ (FRC).  

ɼʣʷ ʢʘʯʝʩʪʚʝʥʥʳʭ ʦʮʝʥʦʢ ʫʜʦʙʥʦ ʚʚʝʩʪʠ ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʧʝʨʝʤʝʥʥʳʝ: 

||1 gL=  ï ʤʘʩʰʪʘʙ ʥʝʦʜʥʦʨʦʜʥʦʩʪʠ ʢʦʥʮʝʥʪʨʘʮʠʠ. 

( )
yr k21=  ï ʨʘʜʠʫʩ ʢʨʠʚʠʟʥʳ ʫ ʧʦʚʝʨʭʥʦʩʪʠ ʢʨʠʪʠʯʝʩʢʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ ʧʦʧʝʨʝʢ 

ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ. ɺ ʪʦʨʦʠʜʘʣʴʥʳʭ ʫʩʪʘʥʦʚʢʘʭ ʚʝʣʠʯʠʥʘ ʧʦʨʷʜʢʘ ʤʘʣʦʛʦ ʨʘʜʠʫʩʘ. 

bR Ð=1  ï ʭʘʨʘʢʪʝʨʥʳʡ ʤʘʩʰʪʘʙ ʥʝʦʜʥʦʨʦʜʥʦʩʪʠ ʤʦʜʫʣʷ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ. ɺʝʣʠʯʠʥʘ 

ʧʦʨʷʜʢʘ ʙʦʣʴʰʦʛʦ ʨʘʜʠʫʩʘ. 

ɼʣʷ ʧʨʦʩʪʦʪʳ ʙʫʜʝʤ ʩʯʠʪʘʪʴ, ʯʪʦ RrL ¢¢ .  

ʆʮʝʥʠʤ ʦʩʪʘʚʰʠʝʩʷ ʧʘʨʘʤʝʪʨʳ ʨʘʟʣʦʞʝʥʠʷ ʯʝʨʝʟ ʵʪʠ ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʧʝʨʝʤʝʥʥʳʝ. 

ʂʦʵʬʬʠʮʠʝʥʪ zzk  ʤʦʞʥʦ ʦʮʝʥʠʪʴ ʧʨʠ ʧʦʤʦʱʠ ʫʨʘʚʥʝʥʠʷ ʨʘʚʥʦʚʝʩʠʷ ʧʣʘʟʤʳ [74]: 

     
( )

öö
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õ
ææ
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pp 84

, 2
BB

  

ɺ ʥʘʰʝʡ ʤʦʜʝʣʠ ʩʨʝʜʳ ʵʪʦ ʫʨʘʚʥʝʥʠʝ ʜʘʝʪ   

    ( ) RLBpb xxzz 1~22 2

0 <µ=µ- bpk ,   

ʛʜʝ ( )pb 22

0Bp=  ʦʧʨʝʜʝʣʷʝʪ ʦʪʥʦʰʝʥʠʝ ʜʘʚʣʝʥʠʷ ʧʣʘʟʤʳ ʢ ʤʘʛʥʠʪʥʦʤʫ ʜʘʚʣʝʥʠʶ. ʆʪʩʶʜʘ 

ʤʦʞʥʦ ʧʦʣʫʯʠʪʴ ʦʮʝʥʢʫ Rbxzz 1~2~µk . ɺʝʣʠʯʠʥʫ yzk  ʤʦʞʥʦ ʦʮʝʥʠʪʴ ʠʟ ʫʩʣʦʚʠʷ 

ʚʳʧʫʢʣʦʩʪʠ ʤʘʛʥʠʪʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ: rRzzyyyz 1~kkk < . ʇʨʘʚʜʘ, ʵʪʘ ʦʮʝʥʢʘ ʥʝ ʦʯʝʥʴ 

ʭʦʨʦʰʘʷ, ʧʦʩʢʦʣʴʢʫ ʚ ʦʙʱʝʤ ʩʣʫʯʘʝ ʤʘʛʥʠʪʥʘʷ ʧʦʚʝʨʭʥʦʩʪʴ ʥʝ ʚʳʧʫʢʣʘʷ, ʘ ʚ ʙʦʣʴʰʠʥʩʪʚʝ 

ʪʠʧʠʯʥʳʭ ʩʣʫʯʘʝʚ zzyyyz kkk << . ɺʝʣʠʯʠʥʘ yxqµ  ʩʠʣʴʥʦ ʟʘʚʠʩʠʪ ʦʪ ʢʦʥʢʨʝʪʥʦʛʦ ʚʠʜʘ 

ʤʘʛʥʠʪʥʦʡ ʢʦʥʬʠʛʫʨʘʮʠʠ, ʜʣʷ ʪʦʢʘʤʘʢʦʚ ʝʸ ʤʦʞʥʦ ʦʮʝʥʠʪʴ ʢʘʢ qRyx 1~qµ , ʛʜʝ q ï ʟʘʧʘʩ 

ʫʩʪʦʡʯʠʚʦʩʪʠ ʥʘ ʤʘʛʥʠʪʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʩ ʢʨʠʪʠʯʝʩʢʦʡ ʢʦʥʮʝʥʪʨʘʮʠʝʡ. 

ʇʦʨʷʜʢʠ ʤʘʣʦʩʪʠ ʦʪʙʨʦʰʝʥʥʳʭ ʚ ʨʘʟʣʦʞʝʥʠʷʭ ʩʣʘʛʘʝʤʳʭ ʤʦʞʥʦ ʦʮʝʥʠʪʴ, ʟʥʘʷ 

ʭʘʨʘʢʪʝʨʥʳʝ ʨʘʟʤʝʨʳ ʦʙʣʘʩʪʠ O-X ʪʨʘʥʩʬʦʨʤʘʮʠʠ. ɺʜʦʣʴ ʦʩʠ x ʵʪʦ ʚʝʣʠʯʠʥʘ ʦʧʨʝʜʝʣʷʝʤʘʷ 

ʥʘʨʫʰʝʥʠʝʤ ʬʘʟʦʚʦʛʦ ʩʠʥʭʨʦʥʠʟʤʘ Ll~ , ʛʜʝ l ï ʜʣʠʥʘ ʚʦʣʥʳ. ʇʦʧʝʨʝʢ ʦʩʠ x ʵʪʦ ʰʠʨʠʥʘ, 

ʦʧʨʝʜʝʣʷʝʤʘʷ ʨʘʟʤʝʨʘʤʠ ʧʫʯʢʘ ï a. ʊʦʛʜʘ ʧʦʨʷʜʢʠ ʤʘʣʦʩʪʠ ʦʪʙʨʦʰʝʥʥʳʭ ʩʣʘʛʘʝʤʳʭ ʚ 

ʨʘʟʣʦʞʝʥʠʠ ʢʦʥʮʝʥʪʨʘʮʠʠ: ʚʜʦʣʴ ʵʚʦʣʶʮʠʦʥʥʦʡ ʢʦʦʨʜʠʥʘʪʳ ï Ll , ʧʦʧʨʝʢ ï Lra 23 , ʚ 

ʨʘʟʣʦʞʝʥʠʠ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ: ʚʜʦʣʴ ʵʚʦʣʶʮʠʦʥʥʦʡ ʢʦʦʨʜʠʥʘʪʳ ï 2RLl , ʧʦʧʨʝʢ ï 22 Ra . 
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ʇʦʩʢʦʣʴʢʫ ʩʣʘʛʘʝʤʦʝ Ll  ʤʳ ʩʯʠʪʘʝʤ ʟʘʚʝʜʦʤʦ ʜʦʩʪʘʪʦʯʥʦ ʤʘʣʳʤ, ʘ LRL ll <2 , ʫʩʣʦʚʠʝ 

ʤʘʣʦʩʪʠ ʦʪʙʨʦʰʝʥʥʳʭ ʯʣʝʥʦʚ ʤʦʞʥʦ ʟʘʧʠʩʘʪʴ ʢʘʢ: 

     ( ) ( )( )613241
,min LrLRa ll<<   

ʄʳ ʩʯʠʪʘʝʤ, ʯʪʦ ʚʜʦʣʴ ʵʚʦʣʶʮʠʦʥʥʦʡ ʢʦʦʨʜʠʥʘʪʳ ʧʝʨʚʦʡ ʩʪʝʧʝʥʠ ʚ ʨʘʟʣʦʞʝʥʠʠ ʥʘʤ ʟʘʚʝʜʦʤʦ 

ʜʦʩʪʘʪʦʯʥʦ, ʘ ʧʦ ʧʦʧʝʨʝʯʥʳʤ ʢʦʦʨʜʠʥʘʪʘʤ ʤʳ ʚʩʝʛʜʘ ʤʦʞʝʤ ʩʜʝʣʘʪʴ ʨʘʟʣʦʞʝʥʠʝ ʩʧʨʘʚʝʜʣʠʚʳʤ, 

ʚʟʷʚ ʜʦʩʪʘʪʦʯʥʦ ʫʟʢʠʡ ʧʫʯʦʢ. ʅʝʜʦʩʪʘʪʢʦʤ ʪʘʢʦʛʦ ʧʦʜʭʦʜʘ ʷʚʣʷʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴ ʧʨʝʚʳʰʝʥʠʷ 

ʪʦʯʥʦʩʪʠ. ɺ ʯʘʩʪʥʦʩʪʠ, ʝʩʣʠ RrL ~~ , ʪʦ ʩʣʘʛʘʝʤʳʝ, ʦʧʠʩʳʚʘʶʱʠʝ ʢʨʠʚʠʟʥʫ, ʦʢʘʞʫʪʩʷ ʪʦʛʦ ʞʝ 

ʧʦʨʷʜʢʘ, ʯʪʦ ʠ ʦʪʙʨʦʰʝʥʥʳʝ ʩʣʘʛʘʝʤʳʝ ʚ ʨʘʟʣʦʞʝʥʠʠ ʢʦʤʧʦʥʝʥʪ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ. 

 

ɺʳʚʦʜ ʵʪʘʣʦʥʥʳʭ ʫʨʘʚʥʝʥʠʡ 

ʈʘʩʩʤʦʪʨʠʤ ʚʚʝʜʝʥʥʦʝ ʨʘʥʝʝ ʚʦʣʥʦʚʦʝ ʫʨʘʚʥʝʥʠʝ ʜʣʷ ʤʦʥʦʭʨʦʤʘʪʠʯʝʩʢʦʛʦ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ 

ʧʦʣʷ EE e
%2

0rotrot k= , ʛʜʝ ck w=0 , ʘ w  ï ʯʘʩʪʦʪʘ ʠʟʣʫʯʝʥʠʷ. ɹʫʜʝʤ ʠʩʢʘʪʴ ʤʝʜʣʝʥʥʫʶ 

ʦʛʠʙʘʶʱʫʶ ( ) ( ) ( )zNikzyxzyx ||0exp,,,, Ö=EF  ʚ ʩʪʠʢʩʦʚʦʤ ʧʨʝʜʩʪʘʚʣʝʥʠʠ ʜʣʷ ʢʦʤʧʦʥʝʥʪ ʧʦʣʷ 

2/)( yx iFFF °=° , zFF =|| . 

ɺ ʦʢʨʝʩʪʥʦʩʪʠ ʦʙʣʘʩʪʠ ʧʦʣʷʨʠʟʘʮʠʦʥʥʦʛʦ ʚʳʨʦʞʜʝʥʠʷ, ʛʜʝ ʚʳʧʦʣʥʷʶʪʩʷ ʫʩʣʦʚʠʷ: 

||NN <<^ , 12

|| <<-+ Ne , 1|| <<e , ʠ ʧʨʠ ʫʩʣʦʚʠʠ, ʯʪʦ ʤʘʛʥʠʪʥʦʝ ʧʦʣʝ ʤʘʣʦ ʦʪʢʣʦʥʷʝʪʩʷ ʦʪ ʦʩʠ z, 

ʚʦʣʥʦʚʦʝ ʫʨʘʚʥʝʥʠʝ ʧʝʨʝʧʠʰʝʪʩʷ ʚ ʚʠʜʝ: 
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ʛʜʝ °DĔ ʠ 2

||
ĔN  ï ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʝ ʦʧʝʨʘʪʦʨʳ, 

   öö
÷

õ
ææ
ç

å

µ

µ
°

µ

µ
=°

yx
i

k
D

02

1Ĕ , 
zk

NiNN
µ

µ
-=

0

||

2

||

2

||

1
2Ĕ ,  

ʘ °e , ||e ï ʵʣʝʤʝʥʪʳ ʪʝʥʟʦʨʘ ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʡ ʧʨʦʥʠʮʘʝʤʦʩʪʠ ʚ ʩʪʠʢʩʦʚʦʤ ʧʨʝʜʩʪʘʚʣʝʥʠʠ ʩ 

ʫʯʝʪʦʤ ʪʝʧʣʦʚʳʭ ʧʦʧʨʘʚʦʢ ʧʝʨʚʦʛʦ ʧʦʨʷʜʢʘ [3A, 6A]: 
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Y
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Y

X eb
e , ( )22

|||| 311 eNX be +-= , 

   crepe nnX == 22 ww , resce BY B== ww , 22 cmT eee =b ,  

ʛʜʝ cew  ʠ pew  ʵʣʝʢʪʨʦʥʥʘʷ ʮʠʢʣʦʪʨʦʥʥʘʷ ʠ ʣʝʥʛʤʶʨʦʚʩʢʘʷ ʯʘʩʪʦʪʳ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, resB  ï 

ʤʘʛʥʠʪʥʦʝ ʧʦʣʝ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʝ ʵʣʝʢʪʨʦʥʥʦʤʫ ʮʠʢʣʦʪʨʦʥʥʦʤʫ ʨʝʟʦʥʘʥʩʫ, ʘ eT  ï ʪʝʤʧʝʨʘʪʫʨʘ 

ʵʣʝʢʪʨʦʥʦʚ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʢʨʠʪʠʯʝʩʢʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ. 
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ʆʪʙʨʘʩʳʚʘʷ -F  ʠ ʧʦʜʩʪʘʚʣʷʷ ʨʘʟʣʦʞʝʥʠʷ ʜʣʷ xq , yq, ʧʦʣʫʯʠʤ ʩʠʩʪʝʤʫ: 
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 (1.18) 

ʂʘʢ ʠ ʚ ʩʪʘʪʴʝ [41], ʙʦʣʴʰʘʷ ʯʘʩʪʴ ʩʣʘʛʘʝʤʳʭ ʩʚʷʟʘʥʥʳʭ ʩ ʥʝʦʜʥʦʨʦʜʥʦʩʪʴʶ ʥʘʧʨʘʚʣʝʥʠʷ 

ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʢʦʤʧʝʥʩʠʨʫʝʪʩʷ ʬʘʟʦʚʦʡ ʟʘʤʝʥʦʡ:   

  [ ]10||,||, exp
~

FÖ= ++ ikFF , öö
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y
bxzxyN yzzzyz
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22
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||1 kk   (1.19) 

ɺ ʥʦʚʳʭ ʧʝʨʝʤʝʥʥʳʭ ʩʠʩʪʝʤʘ (1.18) ʧʝʨʝʧʠʰʝʪʩʷ ʚ ʚʠʜʝ: 
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ʛʜʝ ( ) ( ) ( )zxyyxyzyxNc Brot 22 ||

21 ´µ-µ´-µ=¡ - qqkq  ʩ ʫʯʝʪʦʤ ʩʦʦʪʥʦʰʝʥʠʷ xyyz qk µ=2  (1.17). 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʩʣʘʛʘʝʤʳʝ xci ¡°  ʦʧʠʩʳʚʘʶʪ ʚʣʠʷʥʠʝ ʥʝʦʜʥʦʨʦʜʥʦʩʪʠ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ, 

ʚʳʟʳʚʘʝʤʦʛʦ ʪʦʢʦʤ, ʪʝʢʫʱʠʤ ʚʜʦʣʴ ʤʘʛʥʠʪʥʦʡ ʣʠʥʠʠ; ʦʜʥʘʢʦ ʚ ʜʘʣʴʥʝʡʰʝʤ ʜʣʷ ʢʨʘʪʢʦʩʪʠ ʠ 

ʧʨʝʝʤʩʪʚʝʥʥʦʩʪʠ ʩʦ ʩʪʘʨʳʤʠ ʨʘʙʦʪʘʤʠ ʤʳ ʙʫʜʝʤ ʥʘʟʳʚʘʪʴ ʵʪʦ ʚʣʠʷʥʠʝʤ ʰʠʨʘ. ʆʙʨʘʪʠʤ 

ʚʥʠʤʘʥʠʝ, ʯʪʦ ʢʦʵʬʬʠʮʠʝʥʪ c¡ ʩʪʨʦʛʦ ʨʘʚʥʷʝʪʩʷ ʥʫʣʶ ʚ ʫʩʪʘʥʦʚʢʘʭ, ʛʜʝ ʤʘʛʥʠʪʥʦʝ ʧʦʣʝ 

ʩʦʟʜʘʝʪʩʷ ʪʦʣʴʢʦ ʚʥʝʰʥʠʤʠ ʢʘʪʫʰʢʘʤʠ ʠ 0rot =B , ʥʘʧʨʠʤʝʨ, ʚ ʩʪʝʣʣʘʨʘʪʦʨʘʭ. 

ɿʜʝʩʴ ʤʦʞʥʦ ʙʦʣʴʰʝ ʩʢʘʟʘʪʴ ʦ ʚʳʨʘʞʝʥʠʠ 2

||
ĔN-+e , ʢʦʪʦʨʦʝ ʦʧʨʝʜʝʣʷʝʪ ʫʞʝ 

ʚʩʪʨʝʯʘʶʱʫʶʩʷ ʥʘʤ ʚ ʨʘʟʜʝʣʝ 1.1 ʚʝʣʠʯʠʥʫ 2

||N-+e , ʛʜʝ ||N  ï ʥʦʨʤʠʨʦʚʘʥʥʘʷ ʧʨʦʝʢʮʠʷ 

ʚʦʣʥʦʚʦʛʦ ʚʝʢʪʦʨʘ ʥʘ ʚʝʢʪʦʨ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ. ɿʜʝʩʴ ʤʳ ʪʦʯʥʦ ʪʘʢʞʝ, ʢʘʢ ʠ ʚ ʨʘʟʜʝʣʝ 1.1, 

ʩʪʨʝʤʠʤʩʷ ʷʚʥʦ ʦʧʨʝʜʝʣʠʪʴ ʚʝʣʠʯʠʥʫ 2

||N-+e  ʚ ʚʦʣʥʦʚʦʤ ʫʨʘʚʥʝʥʠʠ. ʈʘʟʥʠʮʘ ʩʦʩʪʦʠʪ ʚ ʪʦʤ, 

ʯʪʦ ʨʘʥʴʰʝ ʤʳ ʠʩʧʦʣʴʟʦʚʘʣʠ ʫʩʣʦʚʠʝ ʘʢʩʠʘʣʴʥʦʡ ʩʠʤʤʝʪʨʠʠ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʠʟʤʝʥʝʥʠʷ ||N , ʘ 

ʩʝʡʯʘʩ ʠʟʤʝʥʝʥʠʝ ||N  ʚʳʨʘʞʘʝʪʩʷ ʙʦʣʝʝ ʫʥʠʚʝʨʩʘʣʴʥʳʤʠ ʬʘʟʦʚʳʤʠ ʟʘʤʝʥʘʤʠ ʪʠʧʘ (1.19), 

ʦʧʨʝʜʝʣʷʝʤʳʤʠ ʟʘʣʦʞʝʥʥʦʡ ʚ ʤʦʜʝʣʴ ʥʝʦʜʥʦʨʦʜʥʦʩʪʴʶ ʩʨʝʜʳ ʧʦ ʘʥʘʣʦʛʠʠ ʩ [41]. 

ʉʣʝʜʫʶʱʠʤ ʰʘʛʦʤ ʧʨʝʦʙʨʘʟʫʝʤ ʧʨʘʚʫʶ ʯʘʩʪʴ ʫʨʘʚʥʝʥʠʡ (1.20) ʢ ʙʦʣʝʝ ʫʜʦʙʥʦʤʫ ʚʠʜʫ. 

ʇʝʨʝʧʠʰʝʤ ʚʳʨʘʞʝʥʠʷ ʜʣʷ ʜʠʘʛʦʥʘʣʴʥʳʭ ʵʣʝʤʝʥʪʦʚ ʪʝʥʟʦʨʘ ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʡ ʧʨʦʥʠʮʘʝʤʦʩʪʠ ʩ 

ʫʯʝʪʦʤ ʚʳʙʨʘʥʥʦʡ ʥʘʤʠ ʤʦʜʝʣʠ ʩʨʝʜʳ ʠ ʚʚʝʜʝʤ ʬʘʟʦʚʫʶ ʟʘʤʝʥʫ, ʢʦʤʧʝʥʩʠʨʫʶʱʫʶ 

ʥʝʦʜʥʦʨʦʜʥʦʩʪʴ ʤʦʜʫʣʷ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʚʜʦʣʴ ʩʚʦʝʛʦ ʥʘʧʨʘʚʣʝʥʠʷ: 

    [ ]20||,||, exp
~~~

FÖ= ++ ikFF , 
( )0

2

||2
14 Y

zb
N z

+

Öµ
=F     (1.21) 

ʉ ʪʦʯʥʦʩʪʴʶ ʜʦ ʩʣʘʛʘʝʤʳʭ ʚʪʦʨʦʛʦ ʧʦʨʷʜʢʘ ʤʘʣʦʩʪʠ ʧʦʣʫʯʠʤ: 
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ɺʝʣʠʯʠʥʘ optN||  ʟʜʝʩʴ ʦʧʨʝʜʝʣʷʝʪ ʦʧʪʠʤʘʣʴʥʦʝ ʧʨʦʜʦʣʴʥʦʝ ʚʦʣʥʦʚʦʝ ʯʠʩʣʦ ʩ ʫʯʝʪʦʤ ʪʝʧʣʦʚʳʭ 

ʧʦʧʨʘʚʦʢ. ʂʘʢ ʫʞʝ ʙʳʣʦ ʦʪʤʝʯʝʥʦ ʚ ʨʘʙʦʪʘʭ [3A, 5A], ʪʝʧʣʦʚʦʝ ʜʚʠʞʝʥʠʝ ʯʘʩʪʠʮ ʚʥʦʩʠʪ 

ʧʦʧʨʘʚʢʫ ʣʠʰʴ ʚ ʦʧʪʠʤʘʣʴʥʳʡ ʧʨʦʜʦʣʴʥʳʡ ʚʦʣʥʦʚʦʡ ʚʝʢʪʦʨ. ʕʪʘ ʧʦʧʨʘʚʢʘ ʩʫʱʝʩʪʚʝʥʥʘ ʝʩʣʠ 

Le lb ~2 , ʚ ʩʣʫʯʘʝ ʝʩʣʠ ʪʝʤʧʝʨʘʪʫʨʘ ʩʫʱʝʩʪʚʝʥʥʦ ʥʠʞʝ, ʜʣʷ 2

||optN  ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ 

ʫʧʨʦʱʝʥʥʦʝ ʚʳʨʘʞʝʥʠʝ: ( )00

2

|| 1 YYN opt += . 

ɿʘʙʝʛʘʷ ʚʧʝʨʝʜ ʤʦʞʥʦ ʩʢʘʟʘʪʴ, ʯʪʦ ʦʙʱʝʝ ʨʝʰʝʥʠʝ ʟʘʜʘʯʠ O-X ʪʨʘʥʩʬʦʨʤʘʮʠʠ ʙʫʜʝʪ 

ʧʨʝʜʩʪʘʚʣʝʥʦ ʚ ʚʠʜʝ ʩʫʤʤʳ ʨʷʜʘ ʯʘʩʪʥʳʭ ʨʝʰʝʥʠʡ, ʜʣʷ ʢʦʪʦʨʳʭ ʬʘʟʦʚʳʝ ʟʘʤʝʥʳ (1.19) ʠ (1.21) 

ʦʧʨʝʜʝʣʷʶʪ ʠʟʤʝʥʝʥʠʝ ʚʝʣʠʯʠʥʳ ||N  ʩ ʪʦʯʥʦʩʪʴʶ ʜʦ ʢʦʥʩʪʘʥʪʳ: ( ) ||21|||| NNN z D+F+Fµ+= . ʉ 

ʫʯʝʪʦʤ ʵʪʦʛʦ, ʢʦʵʬʬʠʮʠʝʥʪʳ +g  ʠ a ʠʤʝʶʪ ʩʣʝʜʫʶʱʠʡ ʬʠʟʠʯʝʩʢʠʡ ʩʤʳʩʣ: ( )2

||Ng -Ð= ++ e , ʘ 

a ï ʵʪʦ ʧʦʣʦʚʠʥʥʳʡ ʫʛʦʣ ʤʝʞʜʫ ( )2

||N-Ð +e  ʠ ||eÐ  ʚʳʯʠʩʣʝʥʥʳʝ ʚ ʪʦʯʢʝ ʨʘʟʣʦʞʝʥʠʷ. ɽʩʣʠ 

ʛʦʚʦʨʠʪʴ ʤʝʥʝʝ ʬʦʨʤʘʣʴʥʦ, ʪʦ ʫʛʦʣ a ʭʘʨʘʢʪʝʨʠʟʫʝʪ ʚʟʘʠʤʥʳʡ ʥʘʢʣʦʥ ʧʦʚʝʨʭʥʦʩʪʝʡ ʦʪʩʝʯʢʠ 

 ʠ , ʩʤ. ʥʘʧʨʠʤʝʨ ʈʠʩʫʥʦʢ 1.1. ʇʨʠ ʵʪʦʤ ʜʣʷ ʫʧʨʦʱʝʥʠʷ ʚʳʨʘʞʝʥʠʷ ʜʣʷ ʫʛʣʘ a 

ʤʳ ʠʩʧʦʣʴʟʦʚʘʣʠ ʩʦʦʪʥʦʰʝʥʠʝ  (1.17), ʢʦʪʦʨʦʝ ʧʦʣʫʯʘʝʪʩʷ ʠʟ ʫʩʣʦʚʠʷ ʦʪʩʫʪʩʪʚʠʷ 

ʧʝʨʝʥʦʩʘ ʟʘʨʷʜʦʚ ʯʝʨʝʟ ʤʘʛʥʠʪʥʫʶ ʧʦʚʝʨʭʥʦʩʪʴ. ɹʝʟ ʵʪʦʛʦ ʩʦʦʪʥʦʰʝʥʠʷ ʫʛʦʣ a ʟʘʚʠʩʝʣ ʙʳ ʦʪ 

ʢʨʠʚʠʟʥʳ ʩʠʣʦʚʦʡ ʣʠʥʠʠ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ  

     ,  

ʯʪʦ ʧʦʚʪʦʨʷʣʦ ʙʳ ʨʝʟʫʣʴʪʘʪ ʧʦʣʫʯʝʥʥʳʡ ʚ [41]. ɺ ʨʘʥʥʠʭ ʨʘʙʦʪʘʭ (ʩʤ. ʥʘʧʨʠʤʝʨ [34]) ʢʨʠʚʠʟʥʘ 

ʩʠʣʦʚʦʡ ʣʠʥʠʠ ʠʛʥʦʨʠʨʦʚʘʣʘʩʴ ʧʦʣʥʦʩʪʴʶ, ʯʪʦ ʧʨʠʚʦʜʠʣʦ ʢ ʥʝʧʨʘʚʠʣʴʥʦʤʫ ʦʧʨʝʜʝʣʝʥʠʶ ʢʘʢ 

ʚʝʣʠʯʠʥʳ, ʪʘʢ ʠ ʟʥʘʢʘ ʫʛʣʘ a. ɺ ʪʝʦʨʠʠ, ʠʟʣʦʞʝʥʥʦʡ ʚ ʧʨʝʜʳʜʫʱʠʭ ʨʘʟʜʝʣʘʭ, ʢʨʠʚʠʟʥʘ ʩʠʣʦʚʦʡ 






























































































































