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ɺɺɽɼɽʅʀɽ 
 
 

ʀʩʩʣʝʜʦʚʘʥʠʝʤ ʬʠʟʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʠʥʜʫʢʪʠʚʥʦʩʪʠ, ʝʸ ʧʨʦʝʢʪʠʨʦ-
ʚʘʥʠʝʤ ʠ ʩʦʟʜʘʥʠʝʤ ʯʝʣʦʚʝʯʝʩʪʚʦ ʩʪʘʣʦ ʟʘʥʠʤʘʪʴʩʷ ʘʢʪʠʚʥʦ ʧʦʩʣʝ 
ʠʟʦʙʨʝʪʝʥʠʷ ʨʘʜʠʦ ʇʦʧʦʚʳʤ ʠ ʄʘʨʢʦʥʠ. ɺ ʧʦʩʣʝʜʥʠʝ ʪʨʠ ʜʝʩʷʪʠʣʝʪʠʷ 
ʦʜʥʦ ʠʟ ʥʘʧʨʘʚʣʝʥʠʡ ʠʩʩʣʝʜʦʚʘʥʠʡ ʙʳʣʦ ʦʨʠʝʥʪʠʨʦʚʘʥʦ ʥʘ ʩʦʟʜʘʥʠʝ 
ʠʥʜʫʢʪʠʚʥʦʩʪʠ ʤʠʢʨʦʩʢʦʧʠʯʝʩʢʠʭ ʨʘʟʤʝʨʦʚ ʜʣʷ ʨʘʜʠʦʪʝʭʥʠʯʝʩʢʠʭ ʮʝʧʝʡ 
ɺʏ ʠ ʉɺʏ ʜʠʘʧʘʟʦʥʘ.  

ɺ ʥʘʰʝ ʚʨʝʤʷ ʪʨʝʙʦʚʘʥʠʷ ʢ ʠʥʜʫʢʪʠʚʥʦʩʪʠ ʦʯʝʥʴ ʧʨʦʪʠʚʦʨʝʯʠʚʳʝ. 
ʆʥʘ ʜʦʣʞʥʘ ʠʤʝʪʴ ʤʘʣʳʝ ʛʝʦʤʝʪʨʠʯʝʩʢʠʝ ʨʘʟʤʝʨʳ (ʩʦʪʥʠ ʤʠʢʨʦʥ ʠ 
ʤʝʥʴʰʝ), ʙʳʪʴ ʦʪʥʦʩʠʪʝʣʴʥʦ ʙʦʣʴʰʦʡ ʧʦ ʟʥʘʯʝʥʠʶ ʜʦ 10 ʥɻʥ ʠ ʚʳʰʝ, 
ʠʤʝʪʴ ʤʘʣʫʶ ʩʪʦʠʤʦʩʪʴ ʠ ʫʜʦʚʣʝʪʚʦʨʷʪʴ ʦʛʨʦʤʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʨʘʟʥʦ-
ʦʙʨʘʟʥʳʭ ʟʘʢʘʟʯʠʢʦʚ ʩʚʦʠʤ ʟʥʘʯʝʥʠʝʤ ʜʦʙʨʦʪʥʦʩʪʠ ʠ ʯʘʩʪʦʪʥʳʤ 
ʜʠʘʧʘʟʦʥʦʤ. ʀʙʦ ʚ ʭʦʨʦʰʝʡ ʠʥʜʫʢʪʠʚʥʦʩʪʠ ʥʫʞʜʘʶʪʩʷ ʚʩʝ, ʥʘʯʠʥʘʷ ʦʪ 
ʧʨʦʝʢʪʠʨʦʚʱʠʢʦʚ ʩʣʦʞʥʳʭ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʙʣʦʢʦʚ ʜʦ ʩʧʝʮʠʘʣʠʩʪʦʚ, 
ʩʦʟʜʘʶʱʠʭ ʩʘʤʳʝ ʤʘʣʝʥʴʢʠʝ ɺʏ ʠ ʉɺʏ-ʩʠʩʪʝʤʳ ʥʘ ʢʨʠʩʪʘʣʣʝ.  

ʋʤʝʥʴʰʝʥʠʝ ʦʙʲʸʤʘ ʠʥʪʝʛʨʘʣʴʥʳʭ ʤʠʢʨʦʩʭʝʤ ʧʨʠʚʝʣʦ ʢ ʧʦʧʳʪʢʘʤ 
ʩʦʟʜʘʥʠʷ ʧʣʘʥʘʨʥʳʭ ʠʥʜʫʢʪʠʚʥʦʩʪʝʡ ʚ 60-ʭ ʛʛ. ʍʍ ʚ. ʇʦʩʢʦʣʴʢʫ ʧʝʨʚʳʝ 
ʧʣʘʥʘʨʥʳʝ ʠʥʜʫʢʪʠʚʥʦʩʪʠ ʧʨʠʰʣʦʩʴ ʜʝʣʘʪʴ ʥʘ ʧʝʯʘʪʥʳʭ ʧʣʘʪʘʭ, ʪʦ 
ʢʦʥʩʪʨʫʢʪʦʨʳ ʠ ʪʝʭʥʦʣʦʛʠ ʩʪʦʣʢʥʫʣʠʩʴ ʩ ʥʦʚʳʤʠ ʧʨʦʙʣʝʤʘʤʠ ʧʦ ʠʭ 
ʚʦʧʣʦʱʝʥʠʶ. ɹʳʣʦ ʦʙʥʘʨʫʞʝʥʦ, ʯʪʦ ʧʘʨʘʟʠʪʥʳʝ ʸʤʢʦʩʪʠ ʠʥʜʫʢʪʠʚʥʦʩʪʠ, 
ʣʝʞʘʱʝʡ ʥʘ ʧʦʜʣʦʞʢʝ, ʦʛʨʘʥʠʯʠʚʘʶʪ ʜʠʘʧʘʟʦʥ ʨʘʙʦʯʠʭ ʯʘʩʪʦʪ, ʘ ʝʸ 
ʵʢʚʠʚʘʣʝʥʪʥʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʦʛʨʘʥʠʯʠʚʘʝʪ ʩʦʙʩʪʚʝʥʥʫʶ ʜʦʙʨʦʪʥʦʩʪʴ 
ʠʥʜʫʢʪʠʚʥʦʩʪʠ (ʩʤ. ʦʙʟʦʨ [1]). 

ʇʨʠʤʝʥʝʥʠʝ ʪʝʭʥʦʣʦʛʠʠ GaAs ʠ ʩʘʧʬʠʨʦʚʳʭ ʢʨʠʩʪʘʣʣʦʚ ʢ ʢʦʥʮʫ        
80-ʭ ʛʛ. ʧʦʟʚʦʣʠʣʦ ʩʦʟʜʘʪʴ ʩʧʠʨʘʣʴʥʳʝ ʠʥʜʫʢʪʠʚʥʦʩʪʠ ʧʦʨʷʜʢʘ 25 ʥɻʥ ʩ 
ʯʘʩʪʦʪʦʡ ʩʦʙʩʪʚʝʥʥʦʛʦ ʨʝʟʦʥʘʥʩʘ ʙʦʣʝʝ 3 ɻɻʮ. ʀʥʜʫʢʪʠʚʥʦʩʪʠ ʠʤʝʣʠ 
ʛʝʦʤʝʪʨʠʯʝʩʢʠʝ ʨʘʟʤʝʨʳ ʜʦ 500 ʤʢʤ. ʈʝʘʣʠʟʘʮʠʷ ʧʣʘʥʘʨʥʦʡ ʠʥʜʫʢʪʠʚ-
ʥʦʩʪʠ ʥʘ ʢʨʝʤʥʠʝʚʦʤ ʢʨʠʩʪʘʣʣʝ [2] ʜʘʣʘ ʩʦʙʩʪʚʝʥʥʳʡ ʨʝʟʦʥʘʥʩ 
ʠʥʜʫʢʪʠʚʥʦʩʪʠ ʥʘ ʯʘʩʪʦʪʝ 2,47 ɻʛʮ ʧʨʠ ʥʦʤʠʥʘʣʴʥʦʤ ʟʥʘʯʝʥʠʠ 9,3 ʥɻʥ. 
ʀʥʜʫʢʪʠʚʥʦʩʪʴ ʠʤʝʣʘ ʧʣʦʩʢʫʶ ʢʚʘʜʨʘʪʥʫʶ ʬʦʨʤʫ ʩ ʜʝʚʷʪʴʶ ʚʠʪʢʘʤʠ ʧʨʠ 
ʣʠʥʝʡʥʦʤ ʨʘʟʤʝʨʝ 230 ʤʢʤ. ʐʠʨʠʥʘ ʪʦʢʦʧʨʦʚʦʜʘ ʩʦʩʪʘʚʠʣʘ 6,5 ʤʢʤ, ʘ 
ʨʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʧʦʣʦʩʢʘʤʠ ï 5,5 ʤʢʤ. ʄʘʢʩʠʤʘʣʴʥʘʷ ʜʦʙʨʦʪʥʦʩʪʴ 
ʠʥʜʫʢʪʠʚʥʦʩʪʠ ʦʢʘʟʘʣʘʩʴ ʨʘʚʥʦʡ 3. 

ʄʦʜʝʣʠʨʦʚʘʥʠʝ ʦʙʲʸʤʥʳʭ ʠʥʪʝʛʨʘʣʴʥʳʭ ʩʪʨʫʢʪʫʨ ʚ ʥʘʯʘʣʝ 90-ʭ ʛʛ. 
ʧʦʟʚʦʣʠʣʦ ʧʝʨʝʡʪʠ ʢ ʨʘʟʨʘʙʦʪʢʝ ʂʄʆʇ-ʫʩʪʨʦʡʩʪʚ (ʘʥʛʣʠʡʩʢʘʷ ʘʙʙʨʝʚʠʘ-
ʪʫʨʘ CMOS ï ʉomplementary Metal Oxid Semycondactor) ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 
ʧʣʘʥʘʨʥʳʭ ʠʥʜʫʢʪʠʚʥʦʩʪʝʡ ʝʱʸ ʤʝʥʴʰʠʭ ʨʘʟʤʝʨʦʚ. ɺ ʨʘʙʦʪʝ [3] ʜʣʷ 
ʤʘʣʦʰʫʤʷʱʝʛʦ ʫʩʠʣʠʪʝʣʷ ʚ ʜʠʘʧʘʟʦʥʝ ʯʘʩʪʦʪ 800ï900 ʄɻʮ ʙʳʣʘ 
ʨʝʘʣʠʟʦʚʘʥʘ ʩʧʠʨʘʣʴʥʘʷ ʠʥʜʫʢʪʠʚʥʦʩʪʴ ʧʦ ʂʄʆʇ-ʪʝʭʥʦʣʦʛʠʠ ʩ ʜʚʫʤʷ 
ʩʣʦʷʤʠ ʤʝʪʘʣʣʘ ʥʘ ʢʨʝʤʥʠʝʚʦʤ ʢʨʠʩʪʘʣʣʝ. ɺ ʵʪʦʤ ʯʘʩʪʦʪʥʦʤ ʜʠʘʧʘʟʦʥʝ 
ʠʥʜʫʢʪʠʚʥʦʩʪʴ ʚ ʮʝʧʠ ʥʘʛʨʫʟʢʠ ʩʦʩʪʘʚʣʷʣʘ ʦʪ ʜʝʩʷʪʢʦʚ ʜʦ ʩʦʪʝʥ ʥɻʥ ʠ 
ʠʤʝʣʘ ʪʦʣʱʠʥʫ ʦʢʦʣʦ 2 ʤʢʤ. 
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ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʚ ʤʠʨʝ ʢʘʞʜʳʝ ʧʷʪʴ ʣʝʪ ʚ ʩʨʝʜʥʝʤ ʧʦʷʚʣʷʝʪʩʷ 
ʙʦʣʝʝ 1000 ʨʘʙʦʪ ʧʦ ʠʥʜʫʢʪʠʚʥʦʩʪʠ. ʀʭ ʤʦʞʥʦ ʨʘʟʜʝʣʠʪʴ ʥʘ ʥʝʩʢʦʣʴʢʦ 
ʥʘʧʨʘʚʣʝʥʠʡ ʠʩʩʣʝʜʦʚʘʥʠʡ. ʆʜʥʦ ʠʟ ʥʘʧʨʘʚʣʝʥʠʡ ï ʵʪʦ ʧʘʪʝʥʪʳ, ʚʟʷʪʳʝ ʥʘ 
ʠʥʜʫʢʪʠʚʥʦʩʪʴ. ɼʨʫʛʦʝ ʥʘʧʨʘʚʣʝʥʠʝ ï ʩʪʘʪʴʠ, ʚ ʢʦʪʦʨʳʭ ʠʩʩʣʝʜʫʶʪʩʷ 
ʯʘʩʪʦʪʥʳʝ ʩʚʦʡʩʪʚʘ ʨʘʟʥʦʦʙʨʘʟʥʳʭ ʠʥʜʫʢʪʠʚʥʦʩʪʝʡ. ʆʙʳʯʥʦ ʵʪʦ 
ʦʜʠʥʦʯʥʳʝ ʪʦʢʦʚʳʝ ʠʥʜʫʢʪʦʨʳ, ʨʘʟʨʘʙʦʪʘʥʥʳʝ ʪʝʭʥʦʣʦʛʘʤʠ ʣʠʙʦ ʜʣʷ 
ʠʥʪʝʛʨʘʣʴʥʳʭ ʤʠʢʨʦʩʭʝʤ, ʣʠʙʦ ʜʣʷ ʩʠʩʪʝʤ ʥʘ ʢʨʠʩʪʘʣʣʝ. 

ʊʦʢʦʚʳʤ ʠʥʜʫʢʪʦʨʦʤ ʜʘʣʝʝ ʙʫʜʝʤ ʥʘʟʳʚʘʪʴ ʫʩʪʨʦʡʩʪʚʦ, 
ʧʨʠʥʘʜʣʝʞʘʱʝʝ ʢ ʠʥʪʝʛʨʘʣʴʥʦʡ ʠʥʜʫʢʪʠʚʥʦʩʪʠ, ʚʳʧʦʣʥʝʥʥʦʝ ʠʟ ʦʜʥʦʛʦ 
ʧʨʦʚʦʜʥʠʢʘ ʨʘʟʥʦʦʙʨʘʟʥʦʡ ʛʝʦʤʝʪʨʠʯʝʩʢʦʡ ʬʦʨʤʳ ʠ ʨʘʩʧʦʣʦʞʝʥʥʦʝ ʥʘ 
ʧʣʘʥʘʨʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ. ʀʥʜʫʢʪʦʨʦʤ ʤʦʞʥʦ ʥʘʟʳʚʘʪʴ ʧʣʘʥʘʨʥʳʝ 
ʢʚʘʜʨʘʪʥʳʝ, ʧʨʷʤʦʫʛʦʣʴʥʳʝ ʠ ʩʧʠʨʘʣʴʥʳʝ ʢʘʪʫʰʢʠ ʠʥʜʫʢʪʠʚʥʦʩʪʠ, 
ʥʘʭʦʜʷʱʠʝʩʷ ʥʘ ʠʟʦʣʠʨʦʚʘʥʥʦʡ ʧʦʜʣʦʞʢʝ ʠʣʠ ʥʘ ʢʨʠʩʪʘʣʣʝ. ʀʥʜʫʢʪʦʨʦʤ 
ʪʘʢʞʝ ʤʦʛʫʪ ʙʳʪʴ ʦʪʜʝʣʴʥʳʝ ʧʣʘʥʘʨʥʳʝ ʧʨʦʚʦʜʥʠʢʠ ʧʨʷʤʦʫʛʦʣʴʥʦʛʦ ʠ 
ʢʨʫʛʣʦʛʦ ʧʦʧʝʨʝʯʥʦʛʦ ʩʝʯʝʥʠʷ, ʦʜʥʦʚʠʪʢʦʚʳʝ ʢʦʣʴʮʘ, ʩʦʣʝʥʦʠʜʳ, 
ʤʠʢʨʦʩʦʣʝʥʦʠʜʳ, ʘ ʪʘʢʞʝ ʠʥʜʫʢʪʠʚʥʦʩʪʠ, ʚʳʧʦʣʥʝʥʥʳʝ ʚ ʚʠʜʝ 
ʰʝʩʪʠʫʛʦʣʴʥʠʢʘ, ʦʢʪʘʵʜʨʘ, ʜʦʜʝʢʘʵʜʨʘ ʠ ʜʨʫʛʠʭ ʤʥʦʛʦʫʛʦʣʴʥʳʭ 
ʧʨʦʥʠʢʘʶʱʠʭ ʛʝʦʤʝʪʨʠʡ. 

ʉʪʘʪʴʠ ʦʙʳʯʥʦ ʩʦʜʝʨʞʘʪ ʠʥʬʦʨʤʘʮʠʶ ʦ ʯʘʩʪʦʪʥʳʭ ʟʘʚʠʩʠʤʦʩʪʷʭ 
ʠʥʜʫʢʪʠʚʥʦʩʪʠ ʠ ʜʦʙʨʦʪʥʦʩʪʠ, ʢʦʪʦʨʳʝ ʜʘʶʪ ʟʘʢʘʟʯʠʢʘʤ ʚʦʟʤʦʞʥʦʩʪʴ 
ʦʪʦʙʨʘʪʴ ʠʟ ʤʥʦʛʦʯʠʩʣʝʥʥʳʭ ʧʘʪʝʥʪʦʚ ʪʦ, ʯʪʦ ʠʤ ʪʨʝʙʫʝʪʩʷ. ʀʥʦʛʜʘ ʚ 
ʪʘʢʠʭ ʨʘʙʦʪʘʭ ʧʨʠʚʦʜʷʪʩʷ ʵʤʧʠʨʠʯʝʩʢʠʝ ʨʘʩʯʸʪʥʳʝ ʬʦʨʤʫʣʳ ʠ ʬʦʨʤʫʣʳ, 
ʧʦʣʫʯʝʥʥʳʝ ʟʘʤʝʱʝʥʠʝʤ ʠʥʪʝʛʨʘʣʴʥʦʡ ʠʥʜʫʢʪʠʚʥʦʩʪʠ ʩʭʝʤʘʤʠ ʩ 
ʩʦʩʨʝʜʦʪʦʯʝʥʥʳʤʠ ʧʘʨʘʤʝʪʨʘʤʠ, ʧʦ ʢʦʪʦʨʳʤ ʤʦʞʥʦ ʨʘʩʩʯʠʪʘʪʴ ʟʥʘʯʝʥʠʷ 
ʠʥʜʫʢʪʠʚʥʦʩʪʠ ʠʩʩʣʝʜʫʝʤʦʡ ʢʦʥʢʨʝʪʥʦʡ ʛʝʦʤʝʪʨʠʠ. ʇʨʘʢʪʠʯʝʩʢʠ ʚʦ ʚʩʝʭ 
ʧʘʪʝʥʪʘʭ ʛʝʦʤʝʪʨʠʯʝʩʢʠʝ ʨʘʟʤʝʨʳ ʠʥʜʫʢʪʠʚʥʦʩʪʠ ʥʝ ʧʨʠʚʦʜʷʪʩʷ. ʕʪʦ 
ʩʯʠʪʘʝʪʩʷ ʥʦʫ-ʭʘʫ ʧʘʪʝʥʪʘ. 

ɿʘʤʝʯʘʪʝʣʴʥʳʤ ʩʚʦʡʩʪʚʦʤ ʣʶʙʦʛʦ ʦʜʠʥʦʯʥʦʛʦ ʧʣʘʥʘʨʥʦʛʦ 
ʠʥʜʫʢʪʦʨʘ ʷʚʣʷʝʪʩʷ ʪʦ, ʯʪʦ ʝʛʦ ʠʥʜʫʢʪʠʚʥʦʩʪʴ ʠ ʜʦʙʨʦʪʥʦʩʪʴ ʯʘʩʪʦ ʟʘʚʠʩʷʪ 
ʦʪ ʯʘʩʪʦʪʳ. ʇʨʠ ʵʪʦʤ ʦʙʳʯʥʦ ʟʘʚʠʩʠʤʦʩʪʴ ʪʘʢʦʚʘ, ʯʪʦ ʥʘ ʥʠʟʢʠʭ ʯʘʩʪʦʪʘʭ 
ʧʦʣʦʞʠʪʝʣʴʥʘʷ ʠʥʜʫʢʪʠʚʥʦʩʪʴ ʠʥʜʫʢʪʦʨʘ ʧʨʠʥʠʤʘʝʪ ʟʥʘʯʝʥʠʝ, ʙʣʠʟʢʦʝ ʢ 
ʩʪʘʪʠʯʝʩʢʦʤʫ ʟʥʘʯʝʥʠʶ, ʘ ʥʘ ʚʳʩʦʢʠʭ ʯʘʩʪʦʪʘʭ ʦʥʘ ʥʘʯʠʥʘʝʪ 
ʫʚʝʣʠʯʠʚʘʪʴʩʷ ʜʦ ʪʝʭ ʧʦʨ, ʧʦʢʘ ʥʝ ʜʦʩʪʠʛʥʝʪ ʯʘʩʪʦʪʳ ʩʨʝʟʘ (ʛʨʘʥʠʯʥʦʡ 
ʯʘʩʪʦʪʳ). 

ʆʙʥʘʨʫʞʝʥʳ ʠ ʜʨʫʛʠʝ ʚʠʜʳ ʯʘʩʪʦʪʥʳʭ ʟʘʚʠʩʠʤʦʩʪʝʡ ʠʥʜʫʢʪʠʚʥʦʩʪʠ 
ʜʣʷ ʦʧʨʝʜʝʣʸʥʥʦʛʦ ʜʠʘʧʘʟʦʥʘ ʯʘʩʪʦʪ. ɼʣʷ ʪʘʢʠʭ ʟʘʚʠʩʠʤʦʩʪʝʡ ʜʦʙʨʦʪʥʦʩʪʴ 
ʠ ʠʥʜʫʢʪʠʚʥʦʩʪʴ ʠʥʜʫʢʪʦʨʘ ʚʥʘʯʘʣʝ ʫʚʝʣʠʯʠʚʘʶʪʩʷ, ʘ ʟʘʪʝʤ ʧʣʘʚʥʦ 
ʫʤʝʥʴʰʘʶʪʩʷ. ɺ ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ ʘʤʝʨʠʢʘʥʩʢʠʝ ʠʩʩʣʝʜʦʚʘʪʝʣʠ ʦʙʥʘʨʫʞʠʣʠ 
ʩʫʱʝʩʪʚʦʚʘʥʠʝ ʯʘʩʪʦʪʥʦ-ʥʝʟʘʚʠʩʠʤʳʭ ʠʥʜʫʢʪʠʚʥʦʩʪʝʡ ʩʚʝʨʭʪʦʥʢʠʭ 
ʧʨʦʚʦʜʷʱʠʭ ʩʣʦʸʚ (Al+Cu ʪʦʣʱʠʥʦʡ ʦʪ 200 ʥʤ), ʨʘʙʦʪʘʶʱʠʭ ʚ 
ʦʧʨʝʜʝʣʸʥʥʦʤ ʜʠʘʧʘʟʦʥʝ ʯʘʩʪʦʪ [4]. 

ɺ ʨʘʙʦʪʝ [5] ʧʨʠʚʝʜʝʥʳ ʯʘʩʪʦʪʥʳʝ ʟʘʚʠʩʠʤʦʩʪʠ ʠʥʜʫʢʪʠʚʥʦʩʪʠ 
ʣʝʥʪʦʯʥʳʭ ʤʠʢʨʦʩʦʣʝʥʦʠʜʦʚ ʜʠʘʤʝʪʨʦʤ 800 ʤʢʤ ʜʣʠʥʦʡ ʦʪ 1,6 ʜʦ 2,4 ʤʤ      
ʩ ʢʦʣʠʯʝʩʪʚʦʤ ʚʠʪʢʦʚ ʦʪ ʯʝʪʳʨʸʭ ʜʦ ʰʝʩʪʠ, ʠʩʧʦʣʴʟʫʝʤʳʭ ʚ ʤʦʱʥʳʭ 
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ʚʳʭʦʜʥʳʭ ʢʘʩʢʘʜʘʭ ʠ ʫʞʝ ʩʪʘʚʰʠʭ ʢʣʘʩʩʠʯʝʩʢʠʤʠ. ɺ ʥʠʭ ʚʩʝʛʜʘ 
ʥʘʙʣʶʜʘʶʪ ʦʜʥʦ ʠ ʪʦ ʞʝ ʷʚʣʝʥʠʝ. ʅʘ ʤʘʣʳʭ ʯʘʩʪʦʪʘʭ ʠʥʜʫʢʪʠʚʥʦʩʪʴ 
ʩʦʚʧʘʜʘʝʪ ʩʦ ʩʚʦʠʤ ʩʪʘʪʠʯʝʩʢʠʤ ʟʥʘʯʝʥʠʝʤ, ʦʩʪʘʚʘʷʩʴ ʧʦʩʪʦʷʥʥʦʡ. ʇʦʪʦʤ 
ʥʘ ʥʠʟʢʠʭ ʯʘʩʪʦʪʘʭ ʧʦʷʚʣʷʝʪʩʷ ʜʨʝʙʝʟʛ ʠʥʜʫʢʪʠʚʥʦʩʪʠ, ʢʦʪʦʨʳʡ ʩʚʷʟʘʥ ʩ 
ʤʝʭʘʥʠʯʝʩʢʠʤ ʨʝʟʦʥʘʥʩʦʤ, ʚʦʟʥʠʢʘʶʱʠʤ ʥʘ ʧʨʦʜʦʣʴʥʳʭ ʤʝʭʘʥʠʯʝʩʢʠʭ 
ʢʦʣʝʙʘʥʠʷʭ ʫʧʨʫʛʠʭ ʚʠʪʢʦʚ ʢʘʪʫʰʢʠ. ʉʘʤʠ ʤʝʭʘʥʠʯʝʩʢʠʝ ʢʦʣʝʙʘʥʠʷ 
ʦʙʫʩʣʦʚʣʝʥʳ ʧʨʠʪʷʞʝʥʠʝʤ ʚʠʪʢʦʚ ʜʨʫʛ ʢ ʜʨʫʛʫ ʠʟ-ʟʘ ʜʝʡʩʪʚʠʷ ʚ ʩʦʩʝʜʥʠʭ 
ʚʠʪʢʘʭ ʩʦ-ʥʘʧʨʘʚʣʝʥʥʳʭ ʪʦʢʦʚ ɸʤʧʝʨʘ. ʊʘʢʦʝ ʧʨʠʪʷʞʝʥʠʝ ʚʦʟʥʠʢʘʝʪ ʥʘ 
ʢʘʞʜʦʤ ʧʦʣʫʧʝʨʠʦʜʝ ʧʝʨʝʤʝʥʥʦʛʦ ʪʦʢʘ. ʇʨʠ ʜʘʣʴʥʝʡʰʝʤ ʫʚʝʣʠʯʝʥʠʠ 
ʯʘʩʪʦʪʳ ʜʦ ʟʥʘʯʝʥʠʡ ʯʘʩʪʦʪʳ ʩʨʝʟʘ, ʠʥʜʫʢʪʠʚʥʦʩʪʴ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʥʘ 
ʧʦʨʷʜʦʢ, ʘ ʜʘʣʝʝ ʩʢʘʯʢʦʤ ʪʝʨʷʝʪ ʩʚʦʠ ʠʥʜʫʢʪʠʚʥʳʝ ʩʚʦʡʩʪʚʘ. 

ʋʚʝʣʠʯʝʥʠʝ ʠʥʜʫʢʪʠʚʥʦʩʪʠ ʩʚʸʨʥʫʪʦʡ ʣʝʥʪʳ ʤʠʢʨʦʩʦʣʝʥʦʠʜʘ ʩ 
ʨʦʩʪʦʤ ʯʘʩʪʦʪʳ ʤʦʞʥʦ ʦʙʲʷʩʥʠʪʴ ʪʦʣʴʢʦ ʫʚʝʣʠʯʝʥʠʝʤ ʣʠʥʝʡʥʦʡ 
ʧʣʦʪʥʦʩʪʠ ʪʦʢʘ, ʧʨʦʪʝʢʘʶʱʝʛʦ ʚ ʣʝʥʪʝ. ʕʪʦ ʚʦʟʤʦʞʥʦ ʪʦʣʴʢʦ ʚ ʪʦʤ ʩʣʫʯʘʝ, 
ʝʩʣʠ ʧʝʨʝʤʝʥʥʳʡ ʪʦʢ ʚ ʣʝʥʪʝ ʦʙʨʘʟʫʝʪ ʪʦʥʢʠʡ ʰʥʫʨ, ʜʠʘʤʝʪʨ ʢʦʪʦʨʦʛʦ 
ʩʪʘʥʦʚʠʪʩʷ ʤʝʥʴʰʝ, ʯʝʤ ʧʨʦʜʦʣʴʥʘʷ ʰʠʨʠʥʘ ʣʝʥʪʳ. ʉ ʧʨʠʙʣʠʞʝʥʠʝʤ 
ʯʘʩʪʦʪʳ ʪʦʢʘ ʢ ʯʘʩʪʦʪʝ ʩʨʝʟʘ ʪʦʢʦʚʳʡ ʰʥʫʨ çʠʩʯʝʟʘʝʪè, ʠ ʩʦʣʝʥʦʠʜ ʪʝʨʷʝʪ 
ʩʚʦʠ ʠʥʜʫʢʪʠʚʥʳʝ ʩʚʦʡʩʪʚʘ. 

ʆʙʲʷʩʥʠʪʴ ʧʨʠʯʠʥʳ ʫʤʝʥʴʰʝʥʠʷ ʜʠʘʤʝʪʨʘ ʪʦʢʦʚʦʛʦ ʰʥʫʨʘ ʥʘ ʉɺʏ 
ʤʦʞʥʦ ʪʦʣʴʢʦ ʥʘ ʷʟʳʢʝ ʩʠʣ, ʫʜʝʨʞʠʚʘʶʱʠʭ ʮʠʣʠʥʜʨʠʯʝʩʢʠʡ ʰʥʫʨ. 
ʉ ʨʦʩʪʦʤ ʯʘʩʪʦʪʳ ʚʥʝʰʥʠʡ ʠʩʪʦʯʥʠʢ ʚʙʨʘʩʳʚʘʝʪ ʚ ʩʦʣʝʥʦʠʜ ʚʩʸ ʤʝʥʴʰʝ ʠ 
ʤʝʥʴʰʝ ʦʜʥʦʠʤʸʥʥʳʭ ʟʘʨʷʜʦʚ, ʦʙʨʘʟʫʶʱʠʭ ʪʦʢ, ʟʘ ʧʦʣʫʧʝʨʠʦʜ ʠʟʤʝʥʝʥʠʷ 
ʧʦʩʣʝʜʥʝʛʦ. ʕʪʦ ʩʥʠʞʘʝʪ ʦʙʲʸʤʥʫʶ ʧʣʦʪʥʦʩʪʴ ʢʫʣʦʥʦʚʩʢʠʭ ʩʠʣ 
ʨʘʩʪʘʣʢʠʚʘʥʠʷ, ʜʝʡʩʪʚʫʶʱʠʭ ʤʝʞʜʫ ʜʚʠʞʫʱʠʤʠʩʷ ʚ ʦʜʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ 
ʟʘʨʷʜʘʤʠ. ɺ ʪʦ ʞʝ ʚʨʝʤʷ ʦʙʲʸʤʥʘʷ ʧʣʦʪʥʦʩʪʴ ʩʪʷʛʠʚʘʶʱʠʭ (ʘʤʧʝʨʦʚʩʢʠʭ) 
ʩʠʣ ʣʠʙʦ ʥʝ ʠʟʤʝʥʷʝʪʩʷ, ʣʠʙʦ ʫʤʝʥʴʰʘʝʪʩʷ ʩ ʯʘʩʪʦʪʦʡ ʤʝʜʣʝʥʥʝʝ, ʯʝʤ ʩʠʣʳ 
ʢʫʣʦʥʦʚʩʢʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ. ʏʘʩʪʦʪʘ ʩʨʝʟʘ ʧʨʠʭʦʜʠʪʩʷ ʥʘ ʪʦʪ ʤʦʤʝʥʪ, 
ʢʦʛʜʘ ʰʥʫʨ ʥʘʯʠʥʘʝʪ ʢʘʪʘʩʪʨʦʬʠʯʝʩʢʠ ʩʞʠʤʘʪʴʩʷ ʚ ʧʠʥʯ. 
ɿʘʨʝʛʠʩʪʨʠʨʦʚʘʥʦ, ʯʪʦ ʧʨʠ ʵʪʦʤ ʠʥʜʫʢʪʠʚʥʦʩʪʴ ʦʜʠʥʦʯʥʦʛʦ ʠʥʜʫʢʪʦʨʘ 
ʨʝʟʢʦ ʚʦʟʨʘʩʪʘʝʪ, ʘ ʧʨʠ ʜʘʣʴʥʝʡʰʝʤ ʨʦʩʪʝ ʯʘʩʪʦʪʳ ʩʦʣʝʥʦʠʜ ʪʝʨʷʝʪ ʩʚʦʠ 
ʠʥʜʫʢʪʠʚʥʳʝ ʩʚʦʡʩʪʚʘ. 

ʂʣʶʯʝʚʘʷ ʨʘʙʦʪʘ ʧʦ ʫʧʦʤʷʥʫʪʳʤ ʬʠʟʠʯʝʩʢʠʤ ʩʚʦʡʩʪʚʘʤ, 
ʧʨʦʷʚʣʷʝʤʳʤ ʧʣʘʥʘʨʥʳʤʠ ʠʥʜʫʢʪʦʨʘʤʠ ʥʘ ʛʠʛʘʛʝʨʮʘʭ, ʚʳʰʣʘ ʚ 2001 ʛ. 
Kuhn ʠ Ibrahim [6], ʠʩʩʣʝʜʫʷ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʧʨʦʪʝʢʘʥʠʝ ʪʦʢʘ ʥʘ 
ʚʳʩʦʢʠʭ ʯʘʩʪʦʪʘʭ ʚ ʦʜʠʥʦʯʥʳʭ ʤʥʦʛʦʚʠʪʢʦʚʳʭ ʢʚʘʜʨʘʪʥʳʭ, 
ʧʨʷʤʦʫʛʦʣʴʥʳʭ ʠ ʩʧʠʨʘʣʴʥʳʭ ʠʥʜʫʢʪʦʨʘʭ, ʦʙʥʘʨʫʞʠʣʠ ʵʬʬʝʢʪ, ʧʨʷʤʦ 
ʧʨʦʪʠʚʦʧʦʣʦʞʥʳʡ ʩʢʠʥ-ʵʬʬʝʢʪʫ. ʇʝʨʝʤʝʥʥʳʡ ʪʦʢ ʥʘ ʛʠʛʘʛʝʨʮʘʭ 
ʦʙʨʘʟʦʚʳʚʘʣ ʣʦʢʘʣʠʟʦʚʘʥʥʳʡ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ ʪʦʢʦʚʳʡ ʰʥʫʨ ʚ ʧʨʦʚʦʜʥʠʢʝ 
ʠʥʜʫʢʪʦʨʘ ʩ ʣʶʙʦʡ ʛʝʦʤʝʪʨʠʝʡ. 

ʉ ʨʦʩʪʦʤ ʯʘʩʪʦʪʳ ʪʦʢʦʚʳʡ ʰʥʫʨ ʫʤʝʥʴʰʘʣ ʧʣʦʱʘʜʴ ʩʚʦʝʛʦ 
ʧʦʧʝʨʝʯʥʦʛʦ ʩʝʯʝʥʠʷ. ʕʪʦ ʧʨʠʚʦʜʠʣʦ ʢ ʪʦʤʫ, ʯʪʦ ʦʤʠʯʝʩʢʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ 
ʠ ʠʥʜʫʢʪʠʚʥʦʩʪʴ ʠʥʜʫʢʪʦʨʘ ʫʚʝʣʠʯʠʚʘʣʠʩʴ ʩ ʯʘʩʪʦʪʦʡ, ʘ ʧʨʦʪʝʢʘʥʠʝ 
ʧʝʨʝʤʝʥʥʦʛʦ ʪʦʢʘ ʫʞʝ ʥʝ ʧʦʜʯʠʥʷʣʦʩʴ ʟʘʢʦʥʫ ʆʤʘ. ʊʘʢʦʝ ʰʥʫʨʦʚʘʥʠʝ ʪʦʢʘ 
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ʚʳʩʦʢʦʡ ʯʘʩʪʦʪʳ ʙʳʣʦ ʠʤʠ ʥʘʟʚʘʥʦ çCurrent Crowding Effectsè (ʵʬʬʝʢʪʳ 
ʪʦʢʦʚʦʛʦ ʩʞʘʪʠʷ). ɼʘʣʴʥʝʡʰʝʝ ʫʚʝʣʠʯʝʥʠʝ ʯʘʩʪʦʪʳ ʧʝʨʝʤʝʥʥʦʛʦ ʪʦʢʘ 
ʧʨʠʚʦʜʠʣʦ ʢ ʝʱʸ ʙʦʣʴʰʝʡ ʣʦʢʘʣʠʟʘʮʠʠ ʪʦʢʦʚʦʛʦ ʰʥʫʨʘ, ʢʦʪʦʨʦʝ ʦʙʳʯʥʦ 
ʟʘʢʘʥʯʠʚʘʣʦʩʴ ʢʘʪʘʩʪʨʦʬʦʡ. ʇʨʠ ʧʨʠʙʣʠʞʝʥʠʠ ʯʘʩʪʦʪʳ ʪʦʢʘ ʢ ʯʘʩʪʦʪʝ 
ʩʨʝʟʘ ʪʦʢʦʚʳʡ ʰʥʫʨ ʩʞʠʤʘʣʩʷ ʚ ʧʠʥʯ, ʩʪʘʥʦʚʠʣʩʷ ʥʝʫʩʪʦʡʯʠʚʳʤ, ʠ 
ʦʜʠʥʦʯʥʳʡ ʠʥʜʫʢʪʦʨ ʣʶʙʦʡ ʛʝʦʤʝʪʨʠʠ ʪʝʨʷʣ ʩʚʦʠ ʠʥʜʫʢʪʠʚʥʳʝ ʩʚʦʡʩʪʚʘ. 

ʌʠʟʠʯʝʩʢʠʝ ʧʨʠʯʠʥʳ ʪʘʢʦʛʦ ʨʘʟʣʠʯʥʦʛʦ ʧʦʚʝʜʝʥʠʷ ʪʦʢʘ ʥʘ ʚʳʩʦʢʠʭ 
ʯʘʩʪʦʪʘʭ ʠʩʩʣʝʜʦʚʘʥʳ ʚ ʤʦʥʦʛʨʘʬʠʠ. ɺ ʥʝʡ ʚʧʝʨʚʳʝ ʧʦʣʫʯʝʥ ʧʦʣʥʳʡ 
ʥʘʙʦʨ ʘʥʘʣʠʪʠʯʝʩʢʠʭ ʨʝʰʝʥʠʡ, ʦʧʠʩʳʚʘʶʱʠʡ ʟʘʢʦʥʳ ʨʘʩʧʨʝʜʝʣʝʥʠʷ 
ʧʣʦʪʥʦʩʪʠ ʧʝʨʝʤʝʥʥʳʭ ʪʦʢʦʚ: ʧʣʘʥʘʨʥʦʛʦ ʠ ʩ ʮʠʣʠʥʜʨʠʯʝʩʢʦʡ 
ʩʠʤʤʝʪʨʠʝʡ. ɺʳʷʩʥʝʥʦ, ʚ ʢʘʢʠʭ ʩʣʫʯʘʷʭ ʧʨʦʪʝʢʘʥʠʷ ʪʦʢʘ ʧʨʦʠʩʭʦʜʠʪ ʩʢʠʥ-
ʵʬʬʝʢʪ, ʘ ʚ ʢʘʢʠʭ ï ʵʬʬʝʢʪʳ ʩʞʘʪʠʷ ʪʦʢʘ. ɺʧʝʨʚʳʝ ʧʦʣʫʯʝʥʳ 
ʩʦʦʪʥʦʰʝʥʠʷ, ʦʧʠʩʳʚʘʶʱʠʝ ʯʘʩʪʦʪʥʳʝ ʟʘʚʠʩʠʤʦʩʪʠ ʠʥʜʫʢʪʠʚʥʦʩʪʠ 
ʠʥʜʫʢʪʦʨʦʚ, ʚ ʢʦʪʦʨʳʭ ʫʯʪʝʥʦ ʚʣʠʷʥʠʝ ʟʘʚʠʩʠʤʦʩʪʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ 
ʧʣʦʪʥʦʩʪʠ ʪʦʢʘ ʥʘ ʟʥʘʯʝʥʠʝ ʠʥʜʫʢʪʠʚʥʦʩʪʠ. 

ʇʦʨʘʟʠʪʝʣʴʥʦ, ʥʦ ʜʦʢʣʘʜʳʚʘʷ ʤʘʪʝʨʠʘʣ ʧʦ ʪʝʦʨʝʪʠʯʝʩʢʦʤʫ ʠ 
ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʤʫ ʦʙʦʩʥʦʚʘʥʠʶ ʰʥʫʨʦʚʘʥʠʷ ʪʦʢʘ ʥʘ ʨʘʟʣʠʯʥʳʭ 
ʤʝʞʜʫʥʘʨʦʜʥʳʭ ʢʦʥʬʝʨʝʥʮʠʷʭ ʧʦ ʧʨʠʙʦʨʘʤ ʉɺʏ, ʤʳ ʦʙʥʘʨʫʞʠʣʠ, ʯʪʦ 
ʥʘʫʯʥʳʝ ʩʦʪʨʫʜʥʠʢʠ ʠ ʪʝʭʥʦʣʦʛʠ, ʨʘʙʦʪʘʶʱʠʝ ʚ ʵʪʦʡ ʦʙʣʘʩʪʠ, ʩʦʚʝʨʰʝʥʥʦ 
ʥʝ ʟʥʘʶʪ ʦʙ ʵʪʠʭ ʬʠʟʠʯʝʩʢʠʭ ʵʬʬʝʢʪʘʭ, ʦʪʢʨʳʪʳʭ 15 ʣʝʪ ʪʦʤʫ ʥʘʟʘʜ. 

ɺ ʤʘʝ 1999 ʛ. Yue ʠ Wong, ʩʦʪʨʫʜʥʠʢʠ ʉʪʵʥʬʦʨʜʩʢʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ, 
ʦʧʫʙʣʠʢʦʚʘʣʠ ʝʱʸ ʦʜʥʫ ʢʣʶʯʝʚʫʶ ʨʘʙʦʪʫ [7], ʚ ʢʦʪʦʨʦʡ ʧʨʝʜʣʦʞʠʣʠ 
ʧʨʠʥʮʠʧʠʘʣʴʥʦ ʥʦʚʦʝ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʝ ʨʝʰʝʥʠʝ ʜʣʷ ʧʦʩʪʨʦʝʥʠʷ 
ʨʘʟʥʦʦʙʨʘʟʥʳʭ ʧʣʘʥʘʨʥʳʭ ʠʥʜʫʢʪʠʚʥʦʩʪʝʡ. ʆʥʠ ʠʩʩʣʝʜʦʚʘʣʠ ʪʨʠ ʚʘʨʠʘʥʪʘ 
ʧʣʘʥʘʨʥʦʛʦ ʨʘʟʤʝʱʝʥʠʷ ʩʧʠʨʘʣʴʥʦʛʦ ʠʥʜʫʢʪʦʨʘ, ʢʨʝʤʥʠʝʚʦʡ ʧʦʜʣʦʞʢʠ ʠ 
ʵʢʨʘʥʘ (ʩʧʣʦʰʥʦʛʦ ʠʣʠ ʫʟʦʨʯʘʪʦʛʦ). ɺ ʧʝʨʚʦʤ ʚʘʨʠʘʥʪʝ ʦʥʠ ʧʦʤʝʩʪʠʣʠ 
ʧʣʘʥʘʨʥʳʡ ʧʨʷʤʦʫʛʦʣʴʥʳʡ ʩʧʠʨʘʣʴʥʳʡ ʠʥʜʫʢʪʦʨ ʥʘ ʧʦʚʝʨʭʥʦʩʪʴ 
ʢʨʝʤʥʠʝʚʦʡ ʧʣʘʪʬʦʨʤʳ ʙʝʟ ʤʝʪʘʣʣʠʯʝʩʢʦʛʦ ʵʢʨʘʥʘ ʠ ʥʘʟʚʘʣʠ ʝʛʦ NGS (No 
Ground Shield).  

ɺʦ ʚʪʦʨʦʤ ʚʘʨʠʘʥʪʝ ʜʣʷ ʵʢʨʘʥʠʨʦʚʢʠ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʩʧʠʨʘʣʠ ʚ 
ʥʘʧʨʘʚʣʝʥʠʠ, ʧʨʦʪʠʚʦʧʦʣʦʞʥʦʤ ʧʦʜʣʦʞʢʝ, ʙʳʣ ʜʦʙʘʚʣʝʥ ʩʧʣʦʰʥʦʡ ʵʢʨʘʥ. 
ʂʦʥʩʪʨʫʢʮʠʷ ʙʳʣʘ ʥʘʟʚʘʥʘ SGS (Solid Ground Shield). ɺ ʪʨʝʪʴʝʤ ʚʘʨʠʘʥʪʝ 
ʩʧʣʦʰʥʦʡ ʵʢʨʘʥ ʙʳʣ ʟʘʤʝʥʸʥ ʥʘ ʫʟʦʨʯʘʪʳʡ ʵʢʨʘʥ. ʊʘʢʘʷ ʢʦʥʩʪʨʫʢʮʠʷ ʙʳʣʘ 
ʥʘʟʚʘʥʘ PGS (Patterned Ground Shield). ɼʚʝ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʢʦʥʩʪʨʫʢʮʠʠ, 
NGS ʠ PGS, ʦʙʥʘʨʫʞʠʣʠ ʯʘʩʪʦʪʥʳʝ ʩʚʦʡʩʪʚʘ ʠʥʜʫʢʪʠʚʥʦʩʪʠ ʠ 
ʜʦʙʨʦʪʥʦʩʪʠ, ʢʦʪʦʨʳʝ ʧʨʠʥʮʠʧʠʘʣʴʥʦ ʦʪʣʠʯʘʣʠʩʴ ʦʪ ʯʘʩʪʦʪʥʳʭ ʩʚʦʡʩʪʚ 
ʠʥʜʫʢʪʠʚʥʦʩʪʠ ʠ ʜʦʙʨʦʪʥʦʩʪʠ ʦʜʠʥʦʯʥʳʭ ʠʥʜʫʢʪʦʨʦʚ. ʆʥʠ ʜʘʚʘʣʠ 
ʨʘʩʪʫʱʠʝ ʯʘʩʪʦʪʥʳʝ ʟʘʚʠʩʠʤʦʩʪʠ ʠʥʜʫʢʪʠʚʥʦʩʪʠ ʠ ʜʦʙʨʦʪʥʦʩʪʠ, ʢʦʪʦʨʳʝ 
ʜʦʩʪʠʛʘʣʠ ʤʘʢʩʠʤʫʤʘ ʥʘ ʯʘʩʪʦʪʝ ʦʢʦʣʦ 2 ɻɻʮ ʠ ʟʘʪʝʤ ʩʧʘʜʘʣʠ ʢ ʥʫʣʶ ʥʘ 
ʯʘʩʪʦʪʘʭ ʦʢʦʣʦ 7-8 ɻɻʮ. ʂʘʢ ʠʟʚʝʩʪʥʦ, ʥʫʣʴ ʜʦʙʨʦʪʥʦʩʪʠ ʩʦʦʪʚʝʪʩʪʚʫʝʪ 
ʥʫʣʶ ʠʥʜʫʢʪʠʚʥʦʩʪʠ. 

ʀʪʘʣʴʷʥʩʢʠʤʠ ʪʝʭʥʦʣʦʛʘʤʠ ʚ 2002 ʛ. ʚ ʨʘʙʦʪʝ [8] ʙʳʣʘ ʩʦʟʜʘʥʘ 
ʧʣʘʥʘʨʥʘʷ ʠʥʜʫʢʪʠʚʥʦʩʪʴ, ʢʦʪʦʨʘʷ ʩʚʦʝʡ ʮʠʣʠʥʜʨʠʯʝʩʢʦʡ ʛʝʦʤʝʪʨʠʝʡ 
ʦʪʣʠʯʘʣʘʩʴ ʦʪ ʠʥʜʫʢʪʠʚʥʦʩʪʠ, ʠʩʩʣʝʜʦʚʘʥʥʦʡ ʚ [7]. ɺ ʥʝʡ ʮʠʣʠʥʜʨʠʯʝʩʢʘʷ 
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ʩʧʠʨʘʣʴ ʙʳʣʘ ʥʘʛʨʫʞʝʥʘ ʥʘ ʩʣʦʠʩʪʫʶ ʮʠʣʠʥʜʨʠʯʝʩʢʫʶ ʩʪʨʫʢʪʫʨʫ, 
ʩʦʩʪʦʷʱʫʶ ʠʟ ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʭ ʩʣʦʸʚ ʢʨʝʤʥʠʷ, ʣʝʞʘʱʝʛʦ ʥʘ 
ʧʨʦʚʦʜʷʱʝʡ ʤʝʜʥʦʡ ʧʦʜʣʦʞʢʝ. ʋʟʦʨʯʘʪʳʡ ʵʢʨʘʥ ʠʤʝʣ ʨʘʜʠʘʣʴʥʫʶ 
ʩʪʨʫʢʪʫʨʫ. ʕʢʩʧʝʨʠʤʝʥʪʳ ʥʝ ʪʦʣʴʢʦ ʧʦʜʪʚʝʨʜʠʣʠ ʚʠʜ ʯʘʩʪʦʪʥʳʭ 
ʟʘʚʠʩʠʤʦʩʪʝʡ ʠʥʜʫʢʪʠʚʥʦʩʪʠ ʠ ʜʦʙʨʦʪʥʦʩʪʠ, ʥʘʡʜʝʥʥʳʭ ʚ [7], ʥʦ ʠ 
ʦʙʥʘʨʫʞʠʣʠ ʪʦʪ ʬʘʢʪ, ʯʪʦ ʥʘ ʛʠʛʘʛʝʨʮʘʭ ʠʥʜʫʢʪʠʚʥʦʩʪʴ RPGS-ʠʥʜʫʢʪʦʨʘ 
(Radial Patterned Ground Shield) ʤʦʞʝʪ ʦʙʨʘʪʠʪʴʩʷ ʚ ʥʫʣʴ, ʘ ʥʘ ʙʦʣʝʝ 
ʚʳʩʦʢʠʭ ʯʘʩʪʦʪʘʭ ʜʘʞʝ ʩʪʘʪʴ ʦʪʨʠʮʘʪʝʣʴʥʦʡ.  

ɼʨʫʛʦʡ ʚʠʜ ʯʘʩʪʦʪʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ PGS-ʠʥʜʫʢʪʦʨʘ [7, 8] ʤʦʞʥʦ 
ʦʙʲʷʩʥʠʪʴ ʪʝʤ, ʯʪʦ ʩʠʣʦʚʳʝ ʣʠʥʠʠ ʝʛʦ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʙʳʣʠ ʥʘʛʨʫʞʝʥʳ 
ʥʘ ʧʣʸʥʢʫ ʠʟ ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʭ ʩʣʦʸʚ ʢʨʝʤʥʠʷ, ʢʦʪʦʨʘʷ ʧʨʠʣʝʛʘʣʘ ʢ 
ʩʧʠʨʘʣʴʥʦʤʫ ʠʥʜʫʢʪʦʨʫ. ʊʦʢ ʠʥʜʫʢʪʦʨʘ ʚ ʧʦʣʫʧʨʦʚʦʜʷʱʝʤ ʚʝʱʝʩʪʚʝ 
ʩʦʟʜʘʚʘʣ ʩʚʦʸ ʧʝʨʝʤʝʥʥʦʝ ʤʘʛʥʠʪʥʦʝ ʧʦʣʝ ʠ ʤʘʛʥʠʪʥʦʝ ʧʦʣʝ ʦʪʢʣʠʢʘ, 
ʬʦʨʤʠʨʫʝʤʦʝ ʪʦʢʘʤʠ ʌʫʢʦ. ɺʟʘʠʤʦʜʝʡʩʪʚʠʝ ʪʦʢʘ ʠʥʜʫʢʪʦʨʘ ʩ ʩʫʤʤʘʨʥʳʤ 
ʤʘʛʥʠʪʥʳʤ ʧʦʣʝʤ ʠʟʤʝʥʷʣʦ ʯʘʩʪʦʪʥʫʶ ʭʘʨʘʢʪʝʨʠʩʪʠʢʫ PGS-ʠʥʜʫʢʪʦʨʘ 
ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʯʪʦ ʧʨʦʙʣʝʤʳ ʯʘʩʪʦʪʳ ʩʨʝʟʘ ʚ ʥʸʤ ʥʝ ʚʦʟʥʠʢʘʣʦ.  

ʅʠʞʝ ʚ ʤʦʥʦʛʨʘʬʠʠ ʧʦʣʫʯʝʥ ʪʝʦʨʝʪʠʯʝʩʢʠʡ ʚʠʜ ʯʘʩʪʦʪʥʳʭ 
ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʠʥʜʫʢʪʦʨʦʚ, ʥʘʛʨʫʞʝʥʥʳʭ ʥʘ ʧʨʦʚʦʜʷʱʫʶ ʧʣʸʥʢʫ. ɺʧʝʨʚʳʝ 
ʦʙʲʷʩʥʝʥʳ ʪʘʢʞʝ ʬʠʟʠʯʝʩʢʠʝ ʧʨʠʯʠʥʳ ʪʘʢʦʛʦ ʩʫʱʝʩʪʚʝʥʥʦʛʦ ʠʟʤʝʥʝʥʠʷ 
ʚʠʜʘ ʯʘʩʪʦʪʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʨʘʟʣʠʯʥʳʭ PGS-ʠʥʜʫʢʪʦʨʦʚ. 

ʅʦ ʪʝʨʤʠʥ çʦʪʨʠʮʘʪʝʣʴʥʘʷ ʠʥʜʫʢʪʠʚʥʦʩʪʴè ʦʢʘʟʘʣʩʷ ʜʣʷ ʪʝʭʥʦʣʦʛʦʚ, 
ʨʘʙʦʪʘʶʱʠʭ ʥʘ ʉɺʏ, ʪʘʢʠʤ ʬʘʥʪʘʩʪʠʯʝʩʢʠʤ ʠ ʥʝʧʦʥʷʪʥʳʤ, ʯʪʦ ʠʟʤʝʨʝʥʠʷ 
ʠʪʘʣʴʷʥʮʝʚ ʤʥʦʛʠʤʠ ʪʝʭʥʦʣʦʛʘʤʠ ʙʳʣʠ ʧʦʩʪʘʚʣʝʥʳ ʧʦʜ ʩʦʤʥʝʥʠʝ. 
ɺʝʨʦʷʪʥʦ ʧʦʵʪʦʤʫ ʚ ʩʚʦʝʡ ʤʦʥʦʛʨʘʬʠʠ [9], ʚʳʧʫʱʝʥʥʦʡ ʟʥʘʯʠʪʝʣʴʥʦ 
ʧʦʟʞʝ, ʦʥʠ ʩʦʚʩʝʤ ʦʪʢʘʟʘʣʠʩʴ ʦʪ ʧʨʠʦʨʠʪʝʪʘ ʚ ʩʦʙʩʪʚʝʥʥʦʤ ʦʪʢʨʳʪʠʠ ʠ 
ʜʘʞʝ ʥʝ ʫʧʦʤʷʥʫʣʠ ʦ ʥʸʤ. 

ʇʨʠʯʠʥʳ ʪʘʢʦʛʦ ʦʪʢʘʟʘ ʦʪ ʧʨʠʦʨʠʪʝʪʘ ʚ ʠʥʪʝʨʝʩʥʝʡʰʝʤ ʬʠʟʠʯʝʩʢʦʤ 
ʷʚʣʝʥʠʠ, ʚʦʟʤʦʞʥʦ, ʢʨʦʶʪʩʷ ʚ ʪʦʤ, ʯʪʦ ʦʪʨʠʮʘʪʝʣʴʥʘʷ ʠʥʜʫʢʪʠʚʥʦʩʪʴ ʥʝ 
ʚʧʠʩʳʚʘʝʪʩʷ ʚ ʧʨʠʚʳʯʥʳʝ ʧʦʥʷʪʠʷ, ʢʦʪʦʨʳʝ ʬʦʨʤʠʨʫʶʪʩʷ ʧʨʠ 
ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʤʦʱʥʦʛʦ ʚʩʧʦʤʦʛʘʪʝʣʴʥʦʛʦ ʩʨʝʜʩʪʚʘ ʨʘʩʯʸʪʘ ʉɺʏ ʮʝʧʝʡ. 
ʈʝʯʴ ʠʜʸʪ ʦ ʜʠʘʛʨʘʤʤʝ ʉʤʠʪʘ, ʢʦʪʦʨʳʡ ʙʝʩʢʦʥʝʯʥʫʶ ʢʦʤʧʣʝʢʩʥʫʶ 
ʧʣʦʩʢʦʩʪʴ ʩʚʝʨʥʫʣ ʩ ʧʦʤʦʱʴʶ ʢʦʥʬʦʨʤʥʦʛʦ ʦʪʦʙʨʘʞʝʥʠʷ ʚ ʧʣʦʩʢʦʩʪʴ, 
ʦʛʨʘʥʠʯʝʥʥʫʶ ʝʜʠʥʠʯʥʳʤ ʢʨʫʛʦʤ. ʕʪʘ ʜʠʘʛʨʘʤʤʘ ʧʦʟʚʦʣʷʝʪ ʨʘʩʩʯʠʪʳʚʘʪʴ 
ʢʦʤʧʣʝʢʩʥʳʝ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʉɺʏ ʮʝʧʝʡ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʙʳʪʴ 
ʧʨʝʜʩʪʘʚʣʝʥʳ ʜʚʫʭʧʦʣʶʩʥʠʢʘʤʠ ʠʣʠ ʯʝʪʳʨʸʭʧʦʣʶʩʥʠʢʘʤʠ. ʊʘʢʠʝ ʨʘʩʯʸʪʳ 
ʠʤʧʝʜʘʥʩʘ ʠ ʘʜʤʠʪʘʥʩʘ (ʧʦʣʥʦʡ ʧʨʦʚʦʜʠʤʦʩʪʠ) ʧʦʟʚʦʣʷʶʪ ʩʦʟʜʘʚʘʪʴ ʩʘʤʳʝ 
ʨʘʟʥʦʦʙʨʘʟʥʳʝ ʘʢʪʠʚʥʳʝ ʠ ʧʘʩʩʠʚʥʳʝ ʫʩʪʨʦʡʩʪʚʘ, ʩʦʛʣʘʩʫʶʱʠʝ ʉɺʏ 
ʛʝʥʝʨʘʪʦʨʳ ʩ ʥʘʛʨʫʟʢʦʡ. 

ʆʙʳʯʥʦ ʩʦʛʣʘʩʦʚʘʥʠʝ ʉɺʏ ʛʝʥʝʨʘʪʦʨʘ ʩ ʥʘʛʨʫʟʢʦʡ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ 
ʢʦʤʧʣʝʢʩʥʳʤ ʢʦʵʬʬʠʮʠʝʥʪʦʤ ʦʪʨʘʞʝʥʠʷ, ʢʦʪʦʨʳʡ ʩʚʷʟʘʥ ʩ ʚʭʦʜʥʳʤ 
ʩʦʧʨʦʪʠʚʣʝʥʠʝʤ ʠ ʭʘʨʘʢʪʝʨʠʩʪʠʯʝʩʢʠʤ ʩʦʧʨʦʪʠʚʣʝʥʠʝʤ ʣʠʥʠʠ ʧʝʨʝʜʘʯʠ. 
ʇʨʠʚʝʜʸʥʥʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʧʦʟʚʦʣʷʝʪ ʚʳʨʘʟʠʪʴ ʘʢʪʠʚʥʫʶ ʠ ʨʝʘʢʪʠʚʥʫʶ 
ʯʘʩʪʠ, ʠʩʧʦʣʴʟʫʝʤʳʝ ʚ ʜʠʘʛʨʘʤʤʝ ʉʤʠʪʘ, ʯʝʨʝʟ ʧʘʨʘʤʝʪʨʳ, ʢʦʪʦʨʳʝ ʯʘʩʪʦ 
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ʧʨʦʚʦʜʠʤʦʩʪʴ ʮʠʣʠʥʜʨʠʯʝʩʢʦʡ ʧʣʸʥʢʠ ʠ ʝʸ ʛʝʦʤʝʪʨʠʯʝʩʢʠʝ ʨʘʟʤʝʨʳ. 
ʆʪʣʠʯʠʪʝʣʴʥʳʤ ʩʚʦʡʩʪʚʦʤ ʚʥʦʩʠʤʦʡ ʜʠʥʘʤʠʯʝʩʢʦʡ ʠʥʜʫʢʪʠʚʥʦʩʪʠ 
ʷʚʣʷʝʪʩʷ ʪʦ, ʯʪʦ ʥʘ ʦʯʝʥʴ ʚʳʩʦʢʠʭ ʯʘʩʪʦʪʘʭ ʦʥʘ ʧʝʨʝʩʪʘʸʪ ʟʘʚʠʩʝʪʴ ʦʪ 
ʯʘʩʪʦʪʳ, ʧʨʠʥʠʤʘʝʪ ʧʦʩʪʦʷʥʥʦʝ ʧʦʣʦʞʠʪʝʣʴʥʦʝ ʟʥʘʯʝʥʠʝ, ʨʘʚʥʦʝ ʦʜʥʦʡ 
ʪʨʝʪʠ ʦʪ ʤʘʩʰʪʘʙʘ, ʠ ʥʝ ʠʤʝʝʪ ʛʨʘʥʠʯʥʦʡ ʯʘʩʪʦʪʳ. ʀʩʧʦʣʴʟʫʷ ʪʘʢʫʶ 
ʠʥʜʫʢʪʠʚʥʦʩʪʴ, ʪʝʭʥʦʣʦʛ ʙʫʜʝʪ ʠʤʝʪʴ ʰʠʨʦʢʠʡ ʥʘʙʦʨ ʟʥʘʯʝʥʠʡ 
ʨʘʟʥʦʦʙʨʘʟʥʳʭ ʧʣʸʥʦʯʥʳʭ ʠʥʜʫʢʪʠʚʥʦʩʪʝʡ, ʚʳʧʦʣʥʝʥʥʳʭ ʧʦ ʝʜʠʥʦʡ 
ʪʝʭʥʦʣʦʛʠʠ ʠ ʨʘʙʦʪʘʶʱʠʭ ʥʘ ʨʘʟʥʳʭ ʬʠʢʩʠʨʦʚʘʥʥʳʭ ʯʘʩʪʦʪʘʭ. 

ʏʪʦʙʳ ʫʙʝʜʠʪʴʩʷ ʚ ʪʦʤ, ʯʪʦ ʠʥʜʫʢʪʠʚʥʦʩʪʴ ʤʦʞʝʪ ʧʨʠʥʠʤʘʪʴ 
ʦʪʨʠʮʘʪʝʣʴʥʦʝ ʟʥʘʯʝʥʠʝ ʥʝ ʪʦʣʴʢʦ ʚ ʤʠʢʨʦʩʢʦʧʠʯʝʩʢʠʭ ʨʘʟʤʝʨʘʭ, ʥʦ ʠ ʚ 
ʤʘʢʨʦʩʢʦʧʠʯʝʩʢʠʭ, ʤʳ ʧʨʦʚʝʣʠ ʧʨʦʩʪʳʝ ʵʢʩʧʝʨʠʤʝʥʪʳ. ɹʳʣʠ ʧʣʦʪʥʦ 
ʥʘʤʦʪʘʥʳ ʤʝʜʥʳʤ ʧʨʦʚʦʜʦʤ ʩ ʜʠʘʤʝʪʨʦʤ 0,23 ʤʤ ʪʨʠ ʨʘʟʥʳʝ ʢʘʪʫʰʢʠ, ʥʘ 
ʢʘʨʪʦʥʥʦʤ ʢʘʨʢʘʩʝ ʨʘʜʠʫʩʦʤ 3,5 ʤʤ, ʚ ʦʜʠʥ ʩʣʦʡ. ʇʝʨʚʘʷ ʢʘʪʫʰʢʘ 
ʩʦʜʝʨʞʘʣʘ 98 ʚʠʪʢʦʚ, ʚʪʦʨʘʷ ï 100 ʚʠʪʢʦʚ, ʘ ʪʨʝʪʴʷ ï 200 ʚʠʪʢʦʚ. ʇʨʠʙʦʨ 
ɺ7-80 ʚ ʨʝʞʠʤʝ ʠʟʤʝʨʝʥʠʷ ʠʥʜʫʢʪʠʚʥʦʩʪʠ ʧʦʢʘʟʘʣ, ʯʪʦ ʧʝʨʚʘʷ ʢʘʪʫʰʢʘ 
ʠʤʝʣʘ ʠʥʜʫʢʪʠʚʥʦʩʪʴ 19,7 ʤʢɻʥ, ʚʪʦʨʘʷ ï 22,1 ʤʢɻʥ, ʘ ʪʨʝʪʴʷ ï 44,9 ʤʢɻʥ. 
ʈʘʩʯʸʪʳ ʧʦ ʬʦʨʤʫʣʘʤ ʜʣʷ ʙʝʩʢʦʥʝʯʥʦ ʜʣʠʥʥʦʛʦ ʩʦʣʝʥʦʠʜʘ ʜʘʣʠ ʜʣʷ ʧʝʨʚʦʡ 
ʢʘʪʫʰʢʠ ʠʥʜʫʢʪʠʚʥʦʩʪʴ 20,6 ʤʢɻʥ, ʜʣʷ ʚʪʦʨʦʡ ï 21,0 ʤʢɻʥ ʠ ʜʣʷ ʪʨʝʪʴʝʡ ï 
42,0 ʤʢɻʥ. ʆʥʠ ʦʢʘʟʘʣʠʩʴ ʦʯʝʥʴ ʙʣʠʟʢʠʤʠ ʢ ʠʟʤʝʨʝʥʥʳʤ ʟʥʘʯʝʥʠʷʤ ʠ 
ʫʢʣʘʜʳʚʘʣʠʩʴ ʚ 7%-ʡ ʜʠʘʧʘʟʦʥ ʧʦʛʨʝʰʥʦʩʪʠ ʠʟʤʝʨʝʥʠʡ. 

ɿʘʪʝʤ ʚ ʵʪʠ ʢʘʪʫʰʢʠ ʙʳʣ ʧʦʤʝʱʸʥ ʣʘʪʫʥʥʳʡ ʩʪʝʨʞʝʥʴ ʜʠʘʤʝʪʨʦʤ 
6,9 ʤʤ ʪʘʢ, ʯʪʦʙʳ ʦʥ ʟʘʧʦʣʥʷʣ ʚʩʸ ʚʥʫʪʨʝʥʥʝʝ ʧʨʦʩʪʨʘʥʩʪʚʦ ʢʘʞʜʦʡ 
ʦʪʜʝʣʴʥʦʡ ʢʘʪʫʰʢʠ. ʉʠʣʦʚʳʝ ʣʠʥʠʠ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʢʘʪʫʰʝʢ ʦʢʘʟʘʣʠʩʴ 
ʥʘʛʨʫʞʝʥʳ ʥʘ ʣʘʪʫʥʴ. ʊʝʤ ʞʝ ʧʨʠʙʦʨʦʤ ʙʳʣʠ ʟʘʤʝʨʝʥʳ ʥʦʚʳʝ 
ʠʥʜʫʢʪʠʚʥʦʩʪʠ. ʆʥʠ ʠʟʤʝʥʠʣʠ ʩʚʦʠ ʟʥʘʯʝʥʠʷ. ʇʝʨʚʘʷ ʢʘʪʫʰʢʘ ʫʤʝʥʴʰʠʣʘ 
ʠʥʜʫʢʪʠʚʥʦʩʪʴ ʜʦ 9 ʤʢɻʥ, ʚʪʦʨʘʷ ʢʘʪʫʰʢʘ ï ʜʦ 9,6 ʤʢɻʥ, ʪʨʝʪʴʷ ʢʘʪʫʰʢʘ ï 
ʜʦ 19,8 ʤʢɻʥ. ʂʘʢ ʚʠʜʥʦ ʠʟ ʧʨʠʚʦʜʠʤʳʭ ʟʥʘʯʝʥʠʡ, ʠʥʜʫʢʪʠʚʥʦʩʪʠ ʚʩʝʭ 
ʢʘʪʫʰʝʢ ʫʤʝʥʴʰʠʣʠʩʴ. ʕʪʦʪ ʬʘʢʪ ʤʦʞʥʦ ʦʙʲʷʩʥʠʪʴ ʪʦʣʴʢʦ ʪʝʤ, ʯʪʦ 
ʚʚʝʜʝʥʠʝ ʧʨʦʚʦʜʷʱʝʛʦ ʚʝʱʝʩʪʚʘ ï ʣʘʪʫʥʠ ï ʚʥʦʩʠʪ ʦʪʨʠʮʘʪʝʣʴʥʫʶ 
ʠʥʜʫʢʪʠʚʥʦʩʪʴ. ʃʝʛʢʦ ʚʳʯʠʩʣʠʪʴ ʝʸ ʟʥʘʯʝʥʠʝ ʜʣʷ ʵʪʠʭ ʢʘʪʫʰʝʢ. 
ʀʥʜʫʢʪʠʚʥʦʩʪʴ ʣʘʪʫʥʠ ʠʤʝʣʘ ʟʥʘʯʝʥʠʝ: ʜʣʷ ʧʝʨʚʦʡ ʢʘʪʫʰʢʠ ï 0,7 ʤʢɻʥ; 
ʜʣʷ ʚʪʦʨʦʡ ʢʘʪʫʰʢʠ ï 12,5 ʤʢɻʥ; ʘ ʜʣʷ ʪʨʝʪʴʝʡ ʢʘʪʫʰʢʠ ï 25,1 ʤʢɻʥ. 

ɺʳʯʠʩʣʝʥʠʝ ʩʨʝʜʥʝʡ ʦʙʲʸʤʥʦʡ ʧʣʦʪʥʦʩʪʠ ʦʪʨʠʮʘʪʝʣʴʥʦʡ 
ʠʥʜʫʢʪʠʚʥʦʩʪʠ ʣʘʪʫʥʠ (ʥʘ ʩʪʦ ʚʠʪʢʦʚ ʩʦʣʝʥʦʠʜʘ) ʜʘʸʪ ʟʥʘʯʝʥʠʝ, 
ʜʦʩʪʠʛʥʫʪʦʝ ʚ ʧʨʦʚʝʜʸʥʥʦʤ ʵʢʩʧʝʨʠʤʝʥʪʝ: ï13,5 ɻʥ/ʤ3. ʈʝʟʫʣʴʪʘʪʳ 
ʵʢʩʧʝʨʠʤʝʥʪʘ ʧʨʠʚʦʜʷʪ ʢ ʤʳʩʣʠ, ʯʪʦ ʦʪʨʠʮʘʪʝʣʴʥʘʷ ʠʥʜʫʢʪʠʚʥʦʩʪʴ ï ʵʪʦ 
ʥʝ ʠʟʤʝʨʠʪʝʣʴʥʳʡ ʤʠʬ ʪʝʭʥʦʣʦʛʦʚ, ʘ ʧʨʦʚʝʨʝʥʥʦʝ ʠʩʩʣʝʜʦʚʘʪʝʣʷʤʠ ʚ 
ʨʘʟʥʦʝ ʚʨʝʤʷ ʠ ʚ ʨʘʟʥʳʭ ʤʝʩʪʘʭ ʟʝʤʥʦʛʦ ʰʘʨʘ ʜʦʢʘʟʘʪʝʣʴʩʪʚʦ ʪʦʛʦ, ʯʪʦ 
ʥʝʛʘ-ʠʥʜʫʢʪʠʚʥʦʩʪʴ (nega-inductance) ï ʦʙʦʩʥʦʚʘʥʥʘʷ ʬʠʟʠʯʝʩʢʘʷ 
ʨʝʘʣʴʥʦʩʪʴ. ɺ ʤʦʥʦʛʨʘʬʠʠ ʧʨʝʜʣʦʞʝʥʳ ʤʝʪʦʜʳ ʠʟʤʝʨʝʥʠʷ ʦʙʲʸʤʥʦʡ ʠ 
ʧʣʘʥʘʨʥʦʡ ʦʪʨʠʮʘʪʝʣʴʥʦʡ ʤʘʢʨʦʩʢʦʧʠʯʝʩʢʦʡ ʠʥʜʫʢʪʠʚʥʦʩʪʠ ʜʣʷ 
ʧʨʦʚʦʜʥʠʢʦʚ ʠ ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚ. 
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ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʜʣʷ ʘʥʘʣʦʛʦʚʳʭ ʤʠʢʨʦʩʭʝʤ ʉɺʏ-ʜʠʘʧʘʟʦʥʘ 
ʠʩʧʦʣʴʟʫʶʪ ʚʘʨʠʘʥʪʳ ʠʥʪʝʛʨʘʣʴʥʦʡ ʠʥʜʫʢʪʠʚʥʦʩʪʠ, ʚʳʧʦʣʥʝʥʥʦʡ ʚ ʚʠʜʝ 
ʧʨʦʚʦʜʷʱʠʭ ʧʦʣʦʩʦʢ ʧʨʷʤʦʫʛʦʣʴʥʦʛʦ ʧʦʧʝʨʝʯʥʦʛʦ ʩʝʯʝʥʠʷ, ʢʦʪʦʨʳʤ 
ʧʨʠʜʘʥʘ ʢʨʫʛʣʘʷ ʠʣʠ ʧʨʷʤʦʫʛʦʣʴʥʘʷ ʬʦʨʤʘ ʩʧʠʨʘʣʠ. ʊʝʭʥʦʣʦʛʠʷ ʧʦʟʚʦʣʷʝʪ 
ʧʦʣʫʯʘʪʴ ʠʥʜʫʢʪʠʚʥʦʩʪʠ ʦʪ ʝʜʠʥʠʮ ʜʦ ʩʦʪʝʥ ʤʠʢʨʦʛʝʥʨʠ ʚ ʤʘʩʰʪʘʙʝ 
ʟʘʥʠʤʘʝʤʦʡ ʧʣʦʱʘʜʠ 500Ĭ500 ʤʢʤ ʩʦ ʤʥʦʛʠʤʠ ʩʣʦʷʤʠ. 

ʋʤʝʥʴʰʝʥʠʝ ʞʝ ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ ʨʘʟʤʝʨʦʚ ʪʘʢʠʭ ʦʜʠʥʦʯʥʳʭ 
ʠʥʜʫʢʪʦʨʦʚ ʜʦ ʢʚʘʜʨʘʪʘ 100Ĭ100 ʤʢʤ ʚ ʦʜʥʦʤ ʩʣʦʝ ʧʨʠʚʦʜʠʪ ʢ 
ʫʤʝʥʴʰʝʥʠʶ ʜʦʩʪʠʛʘʝʤʳʭ ʟʥʘʯʝʥʠʡ ʠʥʜʫʢʪʠʚʥʦʩʪʠ ʦʪ 1 ʜʦ 10 ʥɻʥ ʠ ʩ 
ʜʦʙʨʦʪʥʦʩʪʴʶ ʦʪ 2 ʜʦ 5. ʇʦʜʩʪʨʦʡʢʘ ʠʥʜʫʢʪʠʚʥʦʩʪʝʡ ʤʦʞʝʪ 
ʦʩʫʱʝʩʪʚʣʷʪʴʩʷ ʟʘʧʘʡʢʦʡ ʧʝʨʝʤʳʯʝʢ ʢʦʥʪʘʢʪʥʳʭ ʧʣʦʱʘʜʦʢ, ʧʨʠʣʝʛʘʶʱʠʭ 
ʢ ʠʥʜʫʢʪʦʨʫ. ʄʘʣʳʝ ʠʥʜʫʢʪʠʚʥʦʩʪʠ (ʜʦ ʝʜʠʥʠʮ ʥʘʥʦʛʝʥʨʠ) ʚʳʧʦʣʥʷʶʪʩʷ ʚ 
ʚʠʜʝ ʣʠʙʦ ʧʨʷʤʦʛʦ ʧʨʦʚʦʜʥʠʢʘ ʧʨʷʤʦʫʛʦʣʴʥʦʛʦ ʩʝʯʝʥʠʷ ʤʘʣʦʡ ʜʣʠʥʳ, 
ʣʠʙʦ ʧʝʪʣʠ ʚ ʬʦʨʤʝ ʢʨʫʛʘ ʠʣʠ ʢʚʘʜʨʘʪʘ. 

ɺ 70-ʭ ʛʛ. ʍʍ ʚ. ʇ.ʃ. ʂʘʣʘʥʪʘʨʦʚ ʠ ɸ.ɸ. ʎʝʡʪʣʠʥ ʨʘʟʨʘʙʦʪʘʣʠ 
ʤʘʪʝʤʘʪʠʯʝʩʢʠʝ ʤʝʪʦʜʳ ʨʘʩʯʸʪʘ, ʢʦʪʦʨʳʝ ʙʘʟʠʨʦʚʘʣʠʩʴ ʥʘ ʛʝʦʤʝʪʨʠʯʝʩʢʦʡ 
ʪʝʦʨʠʠ ʠʥʜʫʢʪʠʚʥʦʩʪʠ [10]. ʕʪʘ ʪʝʦʨʠʷ ʠʩʭʦʜʠʣʘ ʠʟ ʧʦʣʦʞʝʥʠʷ, ʯʪʦ 
ʠʥʜʫʢʪʠʚʥʦʩʪʴ ʢʘʪʫʰʢʠ ʣʶʙʦʡ ʛʝʦʤʝʪʨʠʠ ʩ ʣʶʙʳʤ ʢʦʣʠʯʝʩʪʚʦʤ ʚʠʪʢʦʚ 
ʟʘʚʠʩʠʪ ʪʦʣʴʢʦ ʦʪ ʯʠʩʣʘ ʚʠʪʢʦʚ, ʝʸ ʛʝʦʤʝʪʨʠʠ ʠ ʟʘʥʠʤʘʝʤʦʛʦ ʦʙʲʸʤʘ. 
ʇʨʝʜʧʦʣʘʛʘʣʦʩʴ, ʯʪʦ ʠʥʜʫʢʪʠʚʥʦʩʪʴ ʥʝ ʟʘʚʠʩʠʪ ʦʪ ʛʝʦʤʝʪʨʠʠ ʨʘʩʪʝʢʘʥʠʷ 
ʪʦʢʘ ʚ ʧʨʦʚʦʜʷʱʝʤ ʧʨʦʩʪʨʘʥʩʪʚʝ ʠ ʥʘ ʥʝʸ ʥʝ ʚʣʠʷʝʪ ʟʘʚʠʩʠʤʦʩʪʴ ʧʣʦʪʥʦʩʪʠ 
ʪʦʢʘ ʦʪ ʧʦʧʝʨʝʯʥʳʭ ʢʦʦʨʜʠʥʘʪ. 

ʊʘʢ, ʥʘʧʨʠʤʝʨ, ʠʥʜʫʢʪʠʚʥʦʩʪʴ ʢʦʣʴʮʘ ʦʧʠʩʳʚʘʝʪʩʷ ʦʜʥʦʡ ʬʦʨʤʫʣʦʡ, 
ʟʘʚʠʩʷʱʝʡ ʦʪ ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ ʨʘʟʤʝʨʦʚ ʢʦʣʴʮʘ. ʅʝʜʦʩʪʘʪʦʢ ʬʦʨʤʫʣʳ 
ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʪʦʤ, ʯʪʦ ʚ ʤʠʢʨʦʤʝʪʨʠʯʝʩʢʦʤ ʜʠʘʧʘʟʦʥʝ ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ 
ʨʘʟʤʝʨʦʚ ʜʣʷ ʥʝʢʦʪʦʨʳʭ ʢʦʣʝʮ ʤʦʞʥʦ ʧʦʣʫʯʠʪʴ ʦʪʨʠʮʘʪʝʣʴʥʳʝ ʟʥʘʯʝʥʠʷ 
ʠʥʜʫʢʪʠʚʥʦʩʪʠ. ʆʥʠ ʚʳʧʘʜʘʶʪ ʠʟ ʦʧʨʝʜʝʣʝʥʠʷ ʠʥʜʫʢʪʠʚʥʦʩʪʠ 
ʛʝʦʤʝʪʨʠʯʝʩʢʦʡ ʪʝʦʨʠʝʡ. 

ʉʦʚʨʝʤʝʥʥʳʝ ʤʝʪʦʜʳ ʨʘʩʯʸʪʘ ʠʥʜʫʢʪʠʚʥʦʩʪʝʡ ʦʙʳʯʥʦ ʩʚʦʜʷʪʩʷ ʢ 
ʟʘʤʝʥʝ ʠʥʪʝʛʨʘʣʴʥʦʡ ʠʥʜʫʢʪʠʚʥʦʩʪʠ ʩʭʝʤʦʡ ʩʝʛʤʝʥʪʘʮʠʠ ʩ 
ʩʦʩʨʝʜʦʪʦʯʝʥʥʳʤʠ ʧʘʨʘʤʝʪʨʘʤʠ. ɺ ʪʘʢʦʤ ʩʝʛʤʝʥʪʠʨʦʚʘʥʠʠ ʚʦʟʤʦʞʥʦ 
ʧʨʠʤʝʥʝʥʠʝ ʨʘʩʰʠʨʝʥʥʳʭ ʠ ʢʦʤʧʘʢʪʥʳʭ ʤʦʜʝʣʝʡ, ʧʦʜʛʦʥʦʯʥʳʝ ʧʘʨʘʤʝʪʨʳ 
L, C ʠ r ʢʦʪʦʨʳʭ ʧʦʜʙʠʨʘʶʪʩʷ ʧʨʠ ʢʦʤʧʴʶʪʝʨʥʦʡ ʦʧʪʠʤʠʟʘʮʠʠ. ʇʨʠ ʵʪʦʤ 
ʥʦʤʠʥʘʣʳ ʩʦʧʨʦʪʠʚʣʝʥʠʡ, ʠʥʜʫʢʪʠʚʥʦʩʪʝʡ ʠ ʧʘʨʘʟʠʪʥʳʭ ʸʤʢʦʩʪʝʡ 
ʧʦʣʫʯʘʶʪ ʧʫʪʸʤ ʩʫʤʤʠʨʦʚʘʥʠʷ ʥʦʤʠʥʘʣʦʚ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ ʩʦʝʜʠʥʸʥʥʳʭ 
ʵʣʝʤʝʥʪʦʚ. ʊʘʢʦʡ ʤʝʪʦʜ ʨʘʩʯʸʪʘ ʪʨʝʙʫʝʪ ʧʨʠʤʝʥʝʥʠʷ ʧʨʦʛʨʘʤʤʥʳʭ 
ʩʠʤʫʣʷʪʦʨʦʚ (ʉʠʩʪʝʤʳ ɸʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʛʦ ʇʨʦʝʢʪʠʨʦʚʘʥʠʷ) 
ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʩʭʝʤ, ʪʘʢʠʭ ʢʘʢ HSPICE ʠʣʠ Touchstone.  

ʂʘʢ ʙʳʣʦ ʚʳʷʩʥʝʥʦ, ʧʦʩʪʨʦʝʥʠʝ ʤʦʜʝʣʠ ʥʘ ʩʦʩʨʝʜʦʪʦʯʝʥʥʳʭ 
ʧʘʨʘʤʝʪʨʘʭ ï ʩʘʤʳʡ ʙʳʩʪʨʳʡ ʤʝʪʦʜ ʤʦʜʝʣʠʨʦʚʘʥʠʷ, ʧʨʠʤʝʥʷʝʤʳʡ ʥʘ 
ʧʨʘʢʪʠʢʝ. ɽʛʦ ʙʦʣʴʰʦʡ ʥʝʜʦʩʪʘʪʦʢ ï ʦʪʩʫʪʩʪʚʠʝ ʫʯʸʪʘ ʪʦʣʱʠʥʳ 
ʤʠʢʨʦʧʦʣʦʩʢʦʚʦʛʦ ʧʨʦʚʦʜʥʠʢʘ, ʢʦʪʦʨʳʡ ʧʨʦʷʚʣʷʝʪʩʷ ʚ ʪʦʤ, ʯʪʦ 
ʨʝʘʢʪʠʚʥʳʝ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʢʘʪʫʰʢʠ ʠʥʜʫʢʪʠʚʥʦʩʪʠ ʤʦʛʫʪ ʠʤʝʪʴ ʥʘ 
ʦʧʨʝʜʝʣʸʥʥʳʭ ʯʘʩʪʦʪʘʭ ʨʘʩʭʦʜʷʱʠʝʩʷ ʟʥʘʯʝʥʠʷ. 
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ɿʘ ʧʦʩʣʝʜʥʠʝ 40 ʣʝʪ ʧʦʷʚʠʣʦʩʴ ʦʛʨʦʤʥʦʝ ʯʠʩʣʦ ʩʠʩʪʝʤ 
ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʛʦ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ, ʧʦʟʚʦʣʷʶʱʠʭ ʨʘʩʩʯʠʪʘʪʴ 
ʠʥʪʝʛʨʘʣʴʥʳʝ ʠʥʜʫʢʪʠʚʥʦʩʪʠ ʧʨʘʢʪʠʯʝʩʢʠ ʣʶʙʳʭ ʛʝʦʤʝʪʨʠʡ ʜʣʷ ʣʶʙʳʭ 
ʯʘʩʪʦʪ. ʂʦʥʢʫʨʝʥʮʠʷ ʩʨʝʜʠ ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʦʛʨʦʤʥʘʷ. ʄʳ ʥʝ 
ʙʫʜʝʤ ʟʘʥʠʤʘʪʴʩʷ ʠʭ ʩʨʘʚʥʠʪʝʣʴʥʳʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ. ʉʢʘʞʝʤ ʪʦʣʴʢʦ, 
ʯʪʦ ʜʣʷ ʦʜʥʦʡ ʠ ʪʦʡ ʞʝ ʠʥʜʫʢʪʠʚʥʦʩʪʠ ʨʘʟʥʳʝ ʩʠʩʪʝʤʳ ʉɸʇʈ ʜʘʶʪ ʨʘʟʥʳʝ 
ʨʝʟʫʣʴʪʘʪʳ, ʢʦʪʦʨʳʝ ʩʦʚʧʘʜʘʶʪ ʩ ʪʦʯʥʦʩʪʴʶ ʦʪ 20 ʜʦ 50 %. ʇʨʠʯʠʥʘ ʵʪʦʛʦ 
ʚ ʪʦʤ, ʯʪʦ ʤʘʪʝʤʘʪʠʯʝʩʢʠʝ ʤʦʜʝʣʠ ʠ ʨʘʩʯʸʪʥʳʝ ʤʝʪʦʜʳ, ʧʨʠʤʝʥʷʝʤʳʝ ʚ 
ʨʘʟʥʳʭ ʉɸʇʈ, ʩʫʱʝʩʪʚʝʥʥʦ ʦʪʣʠʯʘʶʪʩʷ ʜʨʫʛ ʦʪ ʜʨʫʛʘ. 

ɿʜʝʩʴ ʩʣʝʜʫʝʪ ʫʧʦʤʷʥʫʪʴ ʦ ʩʘʤʦʡ ʤʦʱʥʦʡ ʠ ʦʯʝʥʴ ʨʘʟʚʠʪʦʡ ʩʠʩʪʝʤʝ 
ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ HFSS (High Frequency Structural 
Simulator) ʬʠʨʤʳ ANSYS Inc., ʢʦʪʦʨʘʷ ʧʨʠʤʝʥʷʝʪʩʷ ʜʣʷ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ 
ʚʩʪʨʦʝʥʥʳʭ ʚ ʢʨʠʩʪʘʣʣ ʧʘʩʩʠʚʥʳʭ ʵʣʝʤʝʥʪʦʚ, ʢʦʨʧʫʩʦʚ ʠʥʪʝʛʨʘʣʴʥʳʭ 
ʩʭʝʤ, ʨʘʟʚʦʜʢʠ ʧʝʯʘʪʥʳʭ ʧʣʘʪ, ʘʥʪʝʥʥ ʠ ʩʦʛʣʘʩʫʶʱʠʭ ʉɺʏ-ʫʩʪʨʦʡʩʪʚ. ʆʥʘ 
ʙʘʟʠʨʫʝʪʩʷ ʥʘ ʵʣʝʢʪʨʦʜʠʥʘʤʠʯʝʩʢʦʤ ʤʦʜʝʣʠʨʦʚʘʥʠʠ ʪʨʸʭʤʝʨʥʳʭ ʉɺʏ-
ʩʪʨʫʢʪʫʨ ʤʝʪʦʜʦʤ ʢʦʥʝʯʥʳʭ ʵʣʝʤʝʥʪʦʚ (ʄʂʕ). ʄʂʕ ï ʯʠʩʣʝʥʥʳʡ ʤʝʪʦʜ 
ʨʝʰʝʥʠʷ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʭ ʫʨʘʚʥʝʥʠʡ ʚ ʯʘʩʪʥʳʭ ʧʨʦʠʟʚʦʜʥʳʭ, ʘ ʪʘʢʞʝ 
ʠʥʪʝʛʨʘʣʴʥʳʭ ʫʨʘʚʥʝʥʠʡ, ʚʦʟʥʠʢʘʶʱʠʭ ʧʨʠ ʨʝʰʝʥʠʠ ʟʘʜʘʯ ʧʨʠʢʣʘʜʥʦʡ 
ʬʠʟʠʢʠ. ʐʠʨʦʢʦ ʠʩʧʦʣʴʟʫʝʪʩʷ ʪʘʢʞʝ ʜʣʷ ʨʝʰʝʥʠʷ ʟʘʜʘʯ ʵʣʝʢʪʨʦʜʠʥʘʤʠʢʠ. 

ʅʘ ʥʘʰ ʚʟʛʣʷʜ, ʜʦʩʪʦʠʥʩʪʚʦ ʵʪʦʛʦ ʤʝʪʦʜʘ ʧʝʨʝʜ ʦʙʱʝʠʟʚʝʩʪʥʳʤʠ 
ʉɸʇʈ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʪʦʤ, ʯʪʦ ʧʨʠ ʨʘʩʯʸʪʝ ʠʥʪʝʛʨʘʣʴʥʦʡ ʠʥʜʫʢʪʠʚʥʦʩʪʠ ʦʥ 
ʫʯʠʪʳʚʘʝʪ ʚʣʠʷʥʠʝ ʥʘ ʢʦʥʝʯʥʦʝ ʟʥʘʯʝʥʠʝ ʠʥʜʫʢʪʠʚʥʦʩʪʠ ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ 
ʨʘʟʤʝʨʦʚ ʧʨʦʚʦʜʷʱʝʛʦ ʵʢʨʘʥʥʦʛʦ (ʦʭʨʘʥʥʦʛʦ) ʢʦʥʪʫʨʘ. ʂʘʢ ʠʟʚʝʩʪʥʦ, ʧʨʠ 
ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ ʧʘʩʩʠʚʥʳʭ ʵʣʝʤʝʥʪʦʚ ʚ ʤʘʣʳʭ ʨʘʟʤʝʨʘʭ ʥʘ ʢʨʠʩʪʘʣʣʝ 
ʥʝʦʙʭʦʜʠʤʦ ʠʭ ʵʢʨʘʥʠʨʦʚʘʥʠʝ ʦʪ ʚʦʟʜʝʡʩʪʚʠʷ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʭ ʧʦʣʝʡ 
ʩʦʩʝʜʥʠʭ ʧʨʠʙʦʨʦʚ. 

ɺ ʤʦʥʦʛʨʘʬʠʠ [11] ʤʦʞʥʦ ʫʟʥʘʪʴ ʦ ʪʦʤ, ʯʪʦ ʠʥʪʝʛʨʘʣʴʥʳʝ 
ʠʥʜʫʢʪʠʚʥʦʩʪʠ ʚ ʪʠʧʦʚʦʤ ʂʄʆʇ ʧʨʦʮʝʩʩʝ ʜʣʷ ʩʦʚʨʝʤʝʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ 
ʩʠʩʪʝʤ ʥʘ ʢʨʠʩʪʘʣʣʝ ʜʝʣʘʶʪ ʪʦʣʴʢʦ ʚ ʚʠʜʝ ʧʣʦʩʢʠʭ ʢʚʘʜʨʘʪʥʳʭ 
ʩʧʠʨʘʣʴʥʳʭ ʢʘʪʫʰʝʢ ʥʘ ʦʩʥʦʚʝ ʚʝʨʭʥʠʭ ʩʣʦʸʚ ʤʝʪʘʣʣʘ. ʇʨʠ ʵʪʦʤ ʚ 
ʨʘʩʯʸʪʘʭ ʪʘʢʠʭ ʢʘʪʫʰʝʢ ʩʥʦʚʘ ʠʩʧʦʣʴʟʫʶʪ ʤʝʪʦʜ ʩʦʩʨʝʜʦʪʦʯʝʥʥʳʭ 
ʧʘʨʘʤʝʪʨʦʚ ʝʸ ʵʢʚʠʚʘʣʝʥʪʥʦʡ ʩʭʝʤʳ. ɺ ʬʦʨʤʫʣʫ ʜʣʷ ʜʦʙʨʦʪʥʦʩʪʠ ʪʘʢʦʡ 
ʢʘʪʫʰʢʠ ʚʭʦʜʠʪ ʪʦʣʱʠʥʘ ʩʢʠʥ-ʩʣʦʷ ʠ ʜʚʘ ʧʦʜʛʦʥʦʯʥʳʭ ʧʘʨʘʤʝʪʨʘ, 
ʢʦʪʦʨʳʝ ʫʯʠʪʳʚʘʶʪ ʢʦʵʬʬʠʮʠʝʥʪʳ ʦʤʠʯʝʩʢʠʭ ʧʦʪʝʨʴ ʠ ʧʦʪʝʨʴ ʥʘ 
ʠʟʣʫʯʝʥʠʝ. ɺʣʠʷʥʠʝ ʵʢʨʘʥʠʨʫʶʱʝʛʦ ʧʨʦʚʦʜʷʱʝʛʦ ʢʦʥʪʫʨʘ ʥʘ ʨʘʩʯʸʪʳ 
ʥʠʢʘʢ ʥʝ ʫʯʠʪʳʚʘʝʪʩʷ. ʂʘʢ ʙʫʜʪʦ ʝʛʦ ʪʘʤ ʥʝʪ. ʇʨʠʚʦʜʠʤʘʷ ʠʥʪʝʛʨʘʣʴʥʘʷ 
ʠʥʜʫʢʪʠʚʥʦʩʪʴ ʥʘ ʧʣʦʱʘʜʠ 110Ĭ110 ʤʢʤ ʜʣʷ ʯʘʩʪʦʪʳ 2 ɻɻʮ, ʚʳʧʦʣʥʝʥʥʘʷ 
ʥʘ ʧʷʪʠ ʩʣʦʷʭ, ʠʤʝʝʪ ʚʝʣʠʯʠʥʫ 11,4 ʥɻʥ ʠ ʜʦʙʨʦʪʥʦʩʪʴ 3,4. 

ʄʝʪʦʜ HFSS ʥʝ ʠʜʝʘʣʝʥ ʠ ʠʤʝʝʪ ʥʝʢʦʪʦʨʳʝ ʥʝʜʦʩʪʘʪʢʠ. ʂ ʥʠʤ ʤʦʞʥʦ 
ʦʪʥʝʩʪʠ ʪʦʪ ʬʘʢʪ, ʯʪʦ ʧʨʠ ʨʘʟʙʠʝʥʠʠ ʥʘ ʢʦʥʝʯʥʳʝ ʵʣʝʤʝʥʪʳ ʠʩʧʦʣʴʟʫʝʪʩʷ 
ʪʦʣʴʢʦ ʢʣʘʩʩ ʬʫʥʢʮʠʡ, ʢʦʪʦʨʳʝ ʥʘ ʛʨʘʥʠʮʝ ʢʦʥʝʯʥʦʛʦ ʵʣʝʤʝʥʪʘ 
ʦʙʨʘʱʘʶʪʩʷ ʚ ʥʫʣʴ. ʕʪʦ ʧʦʟʚʦʣʷʝʪ ʩʪʳʢʦʚʘʪʴ ʢʦʥʝʯʥʳʝ ʵʣʝʤʝʥʪʳ ʜʨʫʛ ʩ 
ʜʨʫʛʦʤ, ʥʦ ʩʠʣʴʥʦ ʩʫʞʘʝʪ ʚʦʟʤʦʞʥʳʝ ʢʣʘʩʩʳ ʬʫʥʢʮʠʡ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ 
ʫʜʦʚʣʝʪʚʦʨʷʪʴ ʛʨʘʥʠʯʥʳʤ ʫʩʣʦʚʠʷʤ ʜʣʷ ʪʝʭ ʞʝ ʫʨʘʚʥʝʥʠʡ ʚ ʯʘʩʪʥʳʭ 
ʧʨʦʠʟʚʦʜʥʳʭ. ʆʥʠ ʙʫʜʫʪ ʜʘʚʘʪʴ ʫʞʝ ʜʨʫʛʠʝ ʯʠʩʣʦʚʳʝ ʨʝʟʫʣʴʪʘʪʳ. 
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ɺʪʦʨʦʡ ʥʝʜʦʩʪʘʪʦʢ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʪʦʤ, ʯʪʦ ʥʝʚʦʟʤʦʞʥʦ ʫʟʥʘʪʴ, ʢʘʢʠʝ 
ʢʦʥʢʨʝʪʥʳʝ ʫʨʘʚʥʝʥʠʷ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʬʠʟʠʢʠ ʨʝʰʘʶʪʩʷ ʚ ʧʨʦʛʨʘʤʤʝ 
ʤʦʜʝʣʠʨʦʚʘʥʠʷ. ʕʪʦ ʥʦʫ-ʭʘʫ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ. ʅʦ ʚʝʜʴ ʪʦʣʴʢʦ ʠʟ 
ʚʠʜʘ ʫʨʘʚʥʝʥʠʡ ʤʦʞʥʦ ʦʧʨʝʜʝʣʠʪʴ ʘʜʝʢʚʘʪʥʦʩʪʴ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ 
ʢʦʥʢʨʝʪʥʦʤʫ ʬʠʟʠʯʝʩʢʦʤʫ ʧʨʦʮʝʩʩʫ.  

ɽʱʸ ʦʜʠʥ ʥʝʜʦʩʪʘʪʦʢ ʤʝʪʦʜʘ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʪʦʤ, ʯʪʦ ʧʨʦʛʨʘʤʤʳ 
ʧʦʩʣʝʜʥʠʭ ʣʝʪ ʥʝ ʫʯʠʪʳʚʘʶʪ ʚ ʩʚʦʠʭ ʨʘʩʯʸʪʘʭ ʩʦʚʨʝʤʝʥʥʳʝ ʬʠʟʠʯʝʩʢʠʝ 
ʷʚʣʝʥʠʷ ʧʨʦʪʝʢʘʥʠʷ ʪʦʢʘ ʥʘ ʚʳʩʦʢʠʭ ʯʘʩʪʦʪʘʭ ʚ ʧʨʦʚʦʜʥʠʢʘʭ, ʚ ʢʦʪʦʨʳʭ 
ʤʦʞʝʪ ʚʦʟʥʠʢʘʪʴ ʥʝ ʪʦʣʴʢʦ ʩʢʠʥ-ʵʬʬʝʢʪ, ʥʦ ʠ ʰʥʫʨʦʚʘʥʠʝ ʪʦʢʘ. 

ʅʝʩʤʦʪʨʷ ʥʘ ʧʝʨʝʯʠʩʣʝʥʥʳʝ ʥʝʜʦʩʪʘʪʢʠ, ʦʥ ʷʚʣʷʝʪʩʷ ʜʦʩʪʘʪʦʯʥʦ 
ʪʦʯʥʳʤ ʤʝʪʦʜʦʤ ʯʠʩʣʝʥʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ. ɺ ʥʘʰʝʡ ʤʦʥʦʛʨʘʬʠʠ ʤʳ 
ʩʨʘʚʥʠʚʘʣʠ ʧʦʣʫʯʝʥʥʳʝ ʥʘʤʠ ʨʝʟʫʣʴʪʘʪʳ ʘʥʘʣʠʪʠʯʝʩʢʠʭ ʚʳʯʠʩʣʝʥʠʡ 
ʥʝʢʦʪʦʨʳʭ ʠʥʜʫʢʪʠʚʥʦʩʪʝʡ ʚʳʩʦʢʦʡ ʩʠʤʤʝʪʨʠʠ ʩ ʨʝʟʫʣʴʪʘʪʘʤʠ, 
ʧʦʣʫʯʝʥʥʳʤʠ ʤʝʪʦʜʦʤ HFSS. 

ʂʘʢ ʠʟʚʝʩʪʥʦ, ʚ ʠʥʪʝʛʨʘʣʴʥʳʭ ʤʠʢʨʦʩʭʝʤʘʭ ʉɺʏ ʜʠʘʧʘʟʦʥʘ 
ʨʘʟʣʠʯʘʶʪ ʠʥʜʫʢʪʠʚʥʦʩʪʠ ʩ ʩʦʩʨʝʜʦʪʦʯʝʥʥʳʤʠ ʠ ʨʘʩʧʨʝʜʝʣʸʥʥʳʤʠ 
ʧʘʨʘʤʝʪʨʘʤʠ. ʉʯʠʪʘʝʪʩʷ, ʯʪʦ ʵʣʝʤʝʥʪ ʩ ʩʦʩʨʝʜʦʪʦʯʝʥʥʳʤʠ ʧʘʨʘʤʝʪʨʘʤʠ 
ʠʤʝʝʪ ʤʘʢʩʠʤʘʣʴʥʳʡ ʛʝʦʤʝʪʨʠʯʝʩʢʠʡ ʨʘʟʤʝʨ ʜʣʠʥʳ l ʟʥʘʯʠʪʝʣʴʥʦ 
ʤʝʥʴʰʠʡ, ʯʝʤ ʜʣʠʥʘ ʚʦʣʥʳ l ʚ ʣʠʥʠʠ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʤʦʞʥʦ ʧʨʝʥʝʙʨʝʯʴ 
ʬʘʟʦʚʳʤ ʩʜʚʠʛʦʤ ʥʘ ʜʣʠʥʝ ʵʣʝʤʝʥʪʘ. ɺ ʧʨʦʪʠʚʥʦʤ ʩʣʫʯʘʝ ʠʥʜʫʢʪʠʚʥʦʩʪʴ 
ʩʯʠʪʘʝʪʩʷ ʵʣʝʤʝʥʪʦʤ ʩ ʨʘʩʧʨʝʜʝʣʸʥʥʳʤʠ ʧʘʨʘʤʝʪʨʘʤʠ. 

ʍʘʨʘʢʪʝʨʥʳʡ ʛʝʦʤʝʪʨʠʯʝʩʢʠʡ ʨʘʟʤʝʨ ʠʥʜʫʢʪʠʚʥʦʩʪʠ ʚ ʤʠʢʨʦʩʭʝʤʘʭ 
ʠ ʂʄʆʇ ʫʩʪʨʦʡʩʪʚʘʭ ʠʤʝʝʪ ʚʝʨʭʥʝʝ ʟʥʘʯʝʥʠʝ ʦʢʦʣʦ 250 ʤʢʤ. ʕʪʠ 
ʠʥʜʫʢʪʠʚʥʦʩʪʠ ʨʘʙʦʪʘʶʪ ʥʘ ʯʘʩʪʦʪʝ ʧʦʨʷʜʢʘ 1 ɻɻʮ. ɼʣʠʥʘ ʚʦʣʥʳ, 
ʩʦʦʪʚʝʪʩʪʚʫʶʱʘʷ ʵʪʦʡ ʯʘʩʪʦʪʝ, ʨʘʚʥʘ 1,88 ʤ. ʆʥʘ ʦʪʣʠʯʘʝʪʩʷ ʦʪ 
ʭʘʨʘʢʪʝʨʥʦʛʦ ʛʝʦʤʝʪʨʠʯʝʩʢʦʛʦ ʨʘʟʤʝʨʘ ʤʠʢʨʦʩʢʦʧʠʯʝʩʢʦʡ ʠʥʜʫʢʪʠʚʥʦʩʪʠ 
ʚ ʪʳʩʷʯʠ ʨʘʟ. ʕʪʦ ʫʢʘʟʳʚʘʝʪ ʥʘ ʪʦ, ʯʪʦ ʚʩʝ ʤʠʢʨʦʩʢʦʧʠʯʝʩʢʠʝ 
ʠʥʜʫʢʪʠʚʥʦʩʪʠ ʦʪʥʦʩʷʪʩʷ ʢ ʵʣʝʤʝʥʪʘʤ ʩ ʩʦʩʨʝʜʦʪʦʯʝʥʥʳʤʠ ʧʘʨʘʤʝʪʨʘʤʠ ʠ 
ʬʘʟʦʚʳʡ ʩʜʚʠʛ ʫ ʥʠʭ ʤʝʞʜʫ ʪʦʢʦʤ ʠ ʧʦʪʦʢʦʤ ʦʩʪʘʸʪʩʷ ʥʫʣʝʚʳʤ ʜʦ ʯʘʩʪʦʪ 
ʧʦʨʷʜʢʘ 1 ʊɻʮ. ʕʪʦʪ ʬʘʢʪ ʤʳ ʠ ʠʩʧʦʣʴʟʫʝʤ ʚ ʥʘʰʠʭ ʨʘʩʯʸʪʘʭ. 

3D ʤʠʢʨʦʠʥʜʫʢʪʠʚʥʦʩʪʴ, ʢʘʢ ʠʥʪʝʛʨʘʣʴʥʳʡ ʵʣʝʤʝʥʪ ʮʝʧʠ, ʧʨʦʷʚʣʷʝʪ 
ʩʚʦʠ ʠʥʜʫʢʪʠʚʥʳʝ ʩʚʦʡʩʪʚʘ, ʢʦʪʦʨʳʝ ʦʙʫʩʣʦʚʣʝʥʳ ʥʝʩʢʦʣʴʢʠʤʠ 
ʘʩʧʝʢʪʘʤʠ: ʪʦʧʦʣʦʛʠʝʡ, ʛʝʦʤʝʪʨʠʝʡ, ʟʘʥʠʤʘʝʤʳʤ ʦʙʲʸʤʦʤ ʠʥʜʫʢʪʦʨʘ, 
ʯʠʩʣʦʤ ʚʠʪʢʦʚ, ʛʝʦʤʝʪʨʠʝʡ ʨʘʩʪʝʢʘʥʠʷ ʧʣʦʪʥʦʩʪʠ ʪʦʢʘ ʚ ʠʥʜʫʢʪʦʨʝ ʠ, 
ʩʘʤʦʝ ʚʘʞʥʦʝ ʩʚʦʡʩʪʚʦ, ï ʥʘʛʨʫʞʝʥʳ ʣʠ ʩʠʣʦʚʳʝ ʣʠʥʠʠ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ 
ʠʥʜʫʢʪʦʨʘ ʥʘ ʚʝʱʝʩʪʚʦ, ʢʦʪʦʨʦʝ ʤʦʞʝʪ ʧʨʦʷʚʣʷʪʴ ʤʘʛʥʠʪʥʳʝ ʠʣʠ 
ʧʨʦʚʦʜʷʱʠʝ ʩʚʦʡʩʪʚʘ. 

ɼʣʷ ʧʦʷʩʥʝʥʠʷ ʩʢʘʟʘʥʥʦʛʦ ʦʙʩʫʜʠʤ ʧʨʦʩʪʦʡ ʧʨʠʤʝʨ. ʅʘ ʨʠʩ. 1 
ʧʨʠʚʝʜʸʥ ʧʦʣʳʡ ʧʨʦʚʦʜʷʱʠʡ ʮʠʣʠʥʜʨ ʦʜʠʥʦʯʥʦʛʦ ʠʥʜʫʢʪʦʨʘ ʩ 
ʘʢʩʠʘʣʴʥʳʤ ʥʘʧʨʘʚʣʝʥʠʝʤ ʧʣʦʪʥʦʩʪʠ ʪʦʢʘ j1. ʂʘʢ ʧʦʢʘʟʘʥʦ ʚ [10], ʝʛʦ 
ʠʥʜʫʢʪʠʚʥʳʝ ʩʚʦʡʩʪʚʘ ʟʘʚʠʩʷʪ ʦʪ ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ ʨʘʟʤʝʨʦʚ ʮʠʣʠʥʜʨʘ: 
ʚʥʫʪʨʝʥʥʝʛʦ ʨʘʜʠʫʩʘ R1, ʚʥʝʰʥʝʛʦ ʨʘʜʠʫʩʘ R2 ʠ ʚʳʩʦʪʳ ʮʠʣʠʥʜʨʘ h. ʅʦ, ʚ 
ʦʪʣʠʯʠʝ ʦʪ [10], ʪʘʢʦʡ ʧʦʣʳʡ ʮʠʣʠʥʜʨ ʤʦʞʝʪ ʠʤʝʪʴ ʪʨʠ ʨʘʟʥʳʭ 
ʩʪʘʪʠʯʝʩʢʠʭ ʟʥʘʯʝʥʠʷ ʠʥʜʫʢʪʠʚʥʦʩʪʠ (ʚ [10] ʧʨʠʚʝʜʝʥʦ ʪʦʣʴʢʦ ʦʜʥʦ).  
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ʈʠʩ. 1. ɺʠʜ ʧʦʣʦʛʦ ʧʨʦʚʦʜʷʱʝʛʦ ʮʠʣʠʥʜʨʘ 

 
ʕʪʦ ʙʫʜʝʪ ʟʘʚʠʩʝʪʴ, ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ, ʦʪ ʥʘʧʨʘʚʣʝʥʠʷ ʧʨʦʪʝʢʘʥʠʷ 

ʧʣʦʪʥʦʩʪʠ ʪʦʢʘ ʚ ʮʠʣʠʥʜʨʝ. ʇʝʨʚʦʝ ʟʥʘʯʝʥʠʝ ʠʥʜʫʢʪʠʚʥʦʩʪʠ ʤʦʞʥʦ 
ʧʦʣʫʯʠʪʴ, ʝʩʣʠ ʥʘʧʨʘʚʠʪʴ ʧʣʦʪʥʦʩʪʴ ʪʦʢʘ ʧʦ ʦʩʠ ʮʠʣʠʥʜʨʘ 00ô (ʩʦʚʧʘʜʘʝʪ ʩ 
ʦʩʴʶ z ʮʠʣʠʥʜʨʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ ʢʦʦʨʜʠʥʘʪ). ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʨʝʘʣʠʟʫʝʪʩʷ 
ʘʢʩʠʘʣʴʥʘʷ ʧʣʦʪʥʦʩʪʴ ʪʦʢʘ ),0,0(1 zjj =

C
. ʊʦʢ ʚʭʦʜʠʪ ʚ ʧʣʦʱʘʜʴ ʢʨʫʛʘ, 

ʦʛʨʘʥʠʯʝʥʥʫʶ ʨʘʜʠʫʩʘʤʠ R1 ʠ R2, ʠ ʚʳʭʦʜʠʪ ʠʟ ʪʘʢʦʡ ʞʝ ʧʣʦʱʘʜʠ. 
ʌʫʥʜʘʤʝʥʪʘʣʴʥʦʝ ʫʨʘʚʥʝʥʠʝ ʤʘʛʥʠʪʦʩʪʘʪʠʢʠ 

jBrot
CC

0m=                (1) 
ʧʦʟʚʦʣʷʝʪ ʧʦ ʟʘʜʘʥʥʦʤʫ ʨʘʩʧʨʝʜʝʣʝʥʠʶ ʘʢʩʠʘʣʴʥʦʡ ʧʣʦʪʥʦʩʪʠ ʪʦʢʘ ʚ 
ʧʨʘʚʦʡ ʯʘʩʪʠ ʚʳʯʠʩʣʠʪʴ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ )0,,0( j= BB

C
 ʚ 

ʧʨʦʩʪʨʘʥʩʪʚʝ, ʧʨʦʩʯʠʪʘʪʴ ʤʘʛʥʠʪʥʳʡ ʧʦʪʦʢ ʌ, ʩʦʟʜʘʚʘʝʤʳʡ ʵʪʠʤ ʧʦʣʝʤ, ʠ 
ʠʟ ʩʚʷʟʠ ʪʦʢʘ ʠ ʧʦʪʦʢʘ ʦʧʨʝʜʝʣʠʪʴ ʩʪʘʪʠʯʝʩʢʫʶ ʠʥʜʫʢʪʠʚʥʦʩʪʴ. ʂ ʝʸ 
ʟʥʘʯʝʥʠʶ ʩʪʨʝʤʷʪʩʷ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʯʘʩʪʦʪʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʣʶʙʦʡ 
ʉɺʏ-ʠʥʜʫʢʪʠʚʥʦʩʪʠ ʥʘ ʥʠʟʢʠʭ ʯʘʩʪʦʪʘʭ. 

ʂʘʢ ʚʠʜʥʦ ʠʟ (1), ʠʥʜʫʢʪʠʚʥʦʩʪʴ ʪʘʢʦʛʦ ʧʨʦʪʝʢʘʥʠʷ ʪʦʢʘ ʙʫʜʝʪ 
ʟʘʚʠʩʝʪʴ ʥʝ ʪʦʣʴʢʦ ʦʪ ʥʘʧʨʘʚʣʝʥʠʷ ʚʝʢʪʦʨʘ j

C
ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ, ʥʦ ʝʱʸ ʠ ʦʪ 

ʪʦʛʦ, ʧʦ ʢʘʢʦʤʫ ʟʘʢʦʥʫ ʨʘʩʧʨʝʜʝʣʝʥʘ ʧʣʦʪʥʦʩʪʴ ʪʦʢʘ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ. 
ʅʘ ʨʠʩ. 2 ʧʨʝʜʩʪʘʚʣʝʥ ʚʠʜ ʩʚʝʨʭʫ ʪʦʛʦ ʞʝ ʧʨʦʚʦʜʷʱʝʛʦ ʮʠʣʠʥʜʨʘ, ʥʦ 

ʩ ʘʟʠʤʫʪʘʣʴʥʳʤ ʥʘʧʨʘʚʣʝʥʠʝʤ ʧʣʦʪʥʦʩʪʠ ʪʦʢʘ )0,,0(2 j= jj
C

. ɼʣʷ ʩʦʟʜʘʥʠʷ 
ʪʘʢʦʛʦ ʪʦʢʘ ʚ ʮʠʣʠʥʜʨʝ ʥʝʦʙʭʦʜʠʤʦ ʩʜʝʣʘʪʴ ʨʘʟʨʝʟ ɸɺ, ʫʢʘʟʘʥʥʳʡ ʥʘ 
ʨʠʩ. 2, ʠ ʧʦʜʚʝʩʪʠ ʪʦʢ ʢ ʧʣʦʩʢʦʩʪʷʤ ʵʪʦʛʦ ʨʘʟʨʝʟʘ. ʇʨʠ ʪʘʢʦʤ ʚʚʦʜʝ ʪʦʢʘ 
ʧʨʘʚʘʷ ʯʘʩʪʴ ʚ (1) ʠʟʤʝʥʷʝʪʩʷ. ʀʟʤʝʥʷʝʪʩʷ ʠ ʥʘʧʨʘʚʣʝʥʠʝ ʚʦʟʙʫʞʜʘʝʤʦʛʦ 
ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ, ʘ ʩʪʘʣʦ ʙʳʪʴ, ʠ ʩʚʷʟʘʥʥʳʡ ʩ ʥʠʤ ʧʦʪʦʢ ʠ ʩʘʤʦ ʟʥʘʯʝʥʠʝ 
ʠʥʜʫʢʪʠʚʥʦʩʪʠ. 
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ʈʠʩ. 2. ɸʟʠʤʫʪʘʣʴʥʦʝ ʥʘʧʨʘʚʣʝʥʠʝ ʧʣʦʪʥʦʩʪʠ ʪʦʢʘ ʚ ʮʠʣʠʥʜʨʝ 
 
ʅʘ ʨʠʩ. 3 ʧʦʢʘʟʘʥ ʚʠʜ ʩʚʝʨʭʫ ʧʨʦʚʦʜʷʱʝʛʦ ʮʠʣʠʥʜʨʘ, ʚ ʢʦʪʦʨʦʤ 

ʬʦʨʤʠʨʫʝʤʘʷ ʧʣʦʪʥʦʩʪʴ ʪʦʢʘ ʠʤʝʝʪ ʨʘʜʠʘʣʴʥʦʝ ʥʘʧʨʘʚʣʝʥʠʝ ʚ 
ʧʨʦʩʪʨʘʥʩʪʚʝ )0,0,(3 rjj =

C
. ʊʘʢʦʡ ʪʦʢ ʤʦʞʥʦ ʩʦʟʜʘʪʴ, ʧʦʜʚʦʜʷ ʝʛʦ ʢ 

ʙʦʢʦʚʳʤ ʧʦʚʝʨʭʥʦʩʪʷʤ ʮʠʣʠʥʜʨʘ. ʕʪʦ, ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʧʨʠʚʝʜʸʪ ʢ 
ʬʦʨʤʠʨʦʚʘʥʠʶ ʜʨʫʛʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ, ʧʦʪʦʢʘ ʠ, 
ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʠʥʜʫʢʪʠʚʥʦʩʪʠ. 

ɿʜʝʩʴ ʩʨʘʟʫ ʥʫʞʥʦ ʦʛʦʚʦʨʠʪʴʩʷ, ʯʪʦ ʧʦʣʫʯʝʥʥʳʝ ʨʘʟʣʠʯʥʳʝ 
ʤʘʪʝʤʘʪʠʯʝʩʢʠʝ ʩʦʦʪʥʦʰʝʥʠʷ ʜʣʷ ʪʨʸʭ ʠʥʜʫʢʪʠʚʥʦʩʪʝʡ ʫʝʜʠʥʸʥʥʦʛʦ 
ʮʠʣʠʥʜʨʘ ʪʦʣʴʢʦ ʙʫʜʫʪ ʜʘʚʘʪʴ ʧʨʘʚʠʣʴʥʳʡ ʧʦʨʷʜʦʢ ʚʝʣʠʯʠʥʳ 
ʠʥʜʫʢʪʠʚʥʦʩʪʠ. ʆʜʥʘ ʠʟ ʧʨʠʯʠʥ ʵʪʦʛʦ ʚ ʪʦʤ, ʯʪʦ ʧʨʠ ʨʝʘʣʠʟʘʮʠʠ 
ʪʝʭʥʦʣʦʛʠʠ ʠʥʜʫʢʪʠʚʥʦʩʪʠ ʚ ʚʠʜʝ ʧʦʣʦʛʦ ʮʠʣʠʥʜʨʘ, ʣʶʙʦʡ ʧʦʜʚʦʜ ʪʦʢʘ 
ʤʦʞʝʪ ʙʳʪʴ ʦʩʫʱʝʩʪʚʣʸʥ ʪʦʣʴʢʦ ʚ ʦʧʨʝʜʝʣʸʥʥʫʶ ʪʦʯʢʫ ʠʣʠ ʢʦʥʝʯʥʫʶ 
ʦʙʣʘʩʪʴ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʮʠʣʠʥʜʨʘ. ʊʦ ʞʝ ʩʘʤʦʝ ʥʘʙʣʶʜʘʝʪʩʷ ʧʨʠ 
ʧʦʜʢʣʶʯʝʥʠʠ ʠʥʜʫʢʪʠʚʥʦʩʪʝʡ ʜʨʫʛʠʭ ʛʝʦʤʝʪʨʠʡ. 

ʈʘʩʪʝʢʘʥʠʝ ʪʦʢʘ ʠʟ ʪʦʯʝʯʥʦʛʦ ʠʩʪʦʯʥʠʢʘ ʠʣʠ ʦʙʣʘʩʪʠ ʠ ʚʪʝʢʘʥʠʝ ʚ 
ʪʦʯʝʯʥʳʡ ʠʣʠ ʨʘʩʧʨʝʜʝʣʸʥʥʳʡ ʧʨʠʸʤʥʠʢ ʙʫʜʫʪ ʩʦʟʜʘʚʘʪʴ ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ 
ʢʦʤʧʦʥʝʥʪʳ ʧʣʦʪʥʦʩʪʠ ʪʦʢʘ, ʫʯʝʩʪʴ ʢʦʪʦʨʳʝ ʚ ʨʘʩʯʸʪʘʭ ʥʝ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ 
ʚʦʟʤʦʞʥʳʤ. ʅʦ ʦʥʠ ʤʦʛʫʪ ʠʟʤʝʥʷʪʴ ʟʥʘʯʝʥʠʝ ʠʥʜʫʢʪʠʚʥʦʩʪʠ ʚ ʨʘʟʳ ʦʪ 
ʨʘʩʯʸʪʥʳʭ ʟʥʘʯʝʥʠʡ. ɺ ʵʪʦʤ ʩʤʳʩʣʝ ʧʨʝʜʣʘʛʘʝʤʳʡ ʤʝʪʦʜ ʧʦʟʚʦʣʷʝʪ 
ʨʘʩʩʯʠʪʳʚʘʪʴ ʣʠʙʦ ʫʝʜʠʥʸʥʥʳʝ ʠʥʜʫʢʪʠʚʥʦʩʪʠ ʩ ʚʳʩʦʢʦʡ ʩʠʤʤʝʪʨʠʝʡ, 
ʣʠʙʦ ʪʘʢʠʝ ʞʝ ʠʥʜʫʢʪʠʚʥʦʩʪʠ, ʩʠʣʦʚʳʝ ʣʠʥʠʠ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʢʦʪʦʨʳʭ 
ʥʘʛʨʫʞʝʥʳ ʥʘ ʧʨʦʚʦʜʷʱʠʡ ʩʣʦʡ. 
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ʈʠʩ. 3. ʈʘʜʠʘʣʴʥʦʝ ʥʘʧʨʘʚʣʝʥʠʝ ʧʣʦʪʥʦʩʪʠ ʪʦʢʘ ʚ ʮʠʣʠʥʜʨʝ 
 

ʅʦ ʦʪʤʝʯʝʥʥʳʡ ʥʝʜʦʩʪʘʪʦʢ ʤʝʪʦʜʘ ʤʦʞʥʦ ʧʨʝʚʨʘʪʠʪʴ ʚ ʜʦʩʪʦʠʥʩʪʚʦ, 
ʧʦʩʢʦʣʴʢʫ ʨʝʟʫʣʴʪʘʪ ʵʢʩʧʝʨʠʤʝʥʪʘ ʪʝʧʝʨʴ ʙʫʜʝʪ ʟʘʚʠʩʝʪʴ ʦʪ ʧʦʣʦʞʝʥʠʡ 
ʪʦʯʝʯʥʳʭ ʠʣʠ ʨʘʩʧʨʝʜʝʣʸʥʥʳʭ ʚʚʦʜʦʚ ʪʦʢʘ. ʕʪʦ ʧʦʟʚʦʣʠʪ ʣʝʛʢʦ 
ʧʦʜʩʪʨʘʠʚʘʪʴ ʪʦʯʥʦʝ ʟʥʘʯʝʥʠʝ ʧʦʣʫʯʠʚʰʝʡʩʷ ʠʥʜʫʢʪʠʚʥʦʩʪʠ ʧʫʪʸʤ 
ʠʟʤʝʥʝʥʠʷ ʧʦʣʦʞʝʥʠʷ ʪʦʯʝʯʥʳʭ ʠʣʠ ʨʘʩʧʨʝʜʝʣʸʥʥʳʭ ʚʚʦʜʦʚ ʪʦʢʘ. 

ɽʩʣʠ ʚ ʪʘʢʦʡ ʧʨʦʚʦʜʷʱʠʡ ʮʠʣʠʥʜʨ ʚʩʪʘʚʠʪʴ ʢʘʢʠʝ-ʣʠʙʦ ʤʘʪʝʨʠʘʣʳ, 
ʦʙʣʘʜʘʶʱʠʝ ʤʘʛʥʠʪʥʳʤʠ ʠʣʠ ʧʨʦʚʦʜʷʱʠʤʠ ʩʚʦʡʩʪʚʘʤʠ, ʪʦ ʠʥʜʫʢʪʠʚʥʦʩʪʴ 
ʪʘʢʦʛʦ ʮʠʣʠʥʜʨʘ, ʤʘʛʥʠʪʥʳʝ ʩʠʣʦʚʳʝ ʣʠʥʠʠ ʢʦʪʦʨʦʛʦ ʥʘʛʨʫʞʝʥʳ ʥʘ 
ʚʥʝʩʸʥʥʦʝ ʚʝʱʝʩʪʚʦ, ʙʫʜʝʪ ʧʨʠʥʮʠʧʠʘʣʴʥʦ ʠʟʤʝʥʷʪʴ ʩʚʦʠ ʯʘʩʪʦʪʥʳʝ 
ʩʚʦʡʩʪʚʘ. ʀʥʜʫʢʪʠʚʥʦʩʪʴ ʪʝʧʝʨʴ ʙʫʜʝʪ ʟʘʚʠʩʝʪʴ ʥʝ ʪʦʣʴʢʦ ʦʪ ʩʚʦʡʩʪʚ ʠ 
ʥʘʧʨʘʚʣʝʥʠʷ ʧʣʦʪʥʦʩʪʠ ʪʦʢʘ ʚ ʠʥʜʫʢʪʦʨʝ, ʥʦ ʠ ʦʪ ʪʦʛʦ, ʚ ʢʘʢʦʤ ʤʝʩʪʝ ʠ 
ʢʘʢʦʡ ʦʙʲʸʤ ʟʘʥʠʤʘʝʪ ʚʥʝʩʸʥʥʦʝ ʚʝʱʝʩʪʚʦ. ʕʪʦ ʚʝʱʝʩʪʚʦ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ 
ʧʝʨʝʤʝʥʥʳʤ ʵʣʝʢʪʨʠʯʝʩʢʠʤ ʠ ʤʘʛʥʠʪʥʳʤ ʧʦʣʷʤ ʤʦʞʝʪ ʦʙʣʘʜʘʪʴ 
ʣʠʥʝʡʥʳʤʠ ʠ ʥʝʣʠʥʝʡʥʳʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ, ʚʣʠʷʶʱʠʤʠ ʥʘ ʢʦʥʝʯʥʫʶ 
ʠʥʜʫʢʪʠʚʥʦʩʪʴ.  

ʂʘʢʫʶ ʞʝ ʥʠʰʫ ʟʘʥʠʤʘʶʪ ʧʨʝʜʣʘʛʘʝʤʳʝ ʥʘʤʠ ʤʝʪʦʜʳ ʨʘʩʯʸʪʦʚ ʠ 
ʪʦʧʦʣʦʛʠʯʝʩʢʠʝ ʧʨʠʥʮʠʧʳ ʧʦʩʪʨʦʝʥʠʷ ʥʘ ʵʪʠʭ ʤʝʪʦʜʘʭ ʢʣʘʩʩʘ 
ʠʥʪʝʛʨʘʣʴʥʳʭ ʠʥʜʫʢʪʠʚʥʦʩʪʝʡ ʩ ʚʳʷʚʣʝʥʥʳʤʠ ʥʦʚʳʤʠ ʩʚʦʡʩʪʚʘʤʠ? 
ʇʨʝʞʜʝ ʚʩʝʛʦ, ʤʝʪʦʜʳ ʥʝ ʠʩʧʦʣʴʟʫʶʪ ʟʘʤʝʥʫ ʠʥʪʝʛʨʘʣʴʥʦʡ ʠʥʜʫʢʪʠʚʥʦʩʪʠ 
ʩʝʢʮʠʦʥʥʳʤʠ ʩʭʝʤʘʤʠ ʩ ʩʦʩʨʝʜʦʪʦʯʝʥʥʳʤʠ ʧʘʨʘʤʝʪʨʘʤʠ. 

ʇʨʝʜʣʘʛʘʝʤʳʝ ʤʝʪʦʜʳ ʜʦʧʦʣʥʷʶʪ ʠ ʨʘʟʚʠʚʘʶʪ ʪʝʦʨʠʶ 
ʤʘʛʥʠʪʦʩʪʘʪʠʯʝʩʢʦʡ ʠ ʵʣʝʢʪʨʦʜʠʥʘʤʠʯʝʩʢʦʡ ʠʥʪʝʛʨʘʣʴʥʦʡ ʠʥʜʫʢʪʠʚʥʦʩʪʠ. 
ʉʦʛʣʘʩʥʦ ɸ.ʅ. ʄʘʪʚʝʝʚʫ [12], ʠʥʜʫʢʪʠʚʥʦʩʪʴ ʢʦʥʪʫʨʘ ʤʦʞʝʪ ʠʤʝʪʴ ʜʚʘ 
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ʦʧʨʝʜʝʣʝʥʠʷ. ʇʝʨʚʦʝ ʦʧʨʝʜʝʣʝʥʠʝ ʩʚʷʟʳʚʘʝʪ ʧʦʪʦʢ ʤʘʛʥʠʪʥʦʡ ʠʥʜʫʢʮʠʠ ʌ 
ʩʢʚʦʟʴ ʬʠʢʩʠʨʦʚʘʥʥʫʶ ʥʝʧʦʜʚʠʞʥʫʶ ʧʣʦʱʘʜʴ ʩ ʪʦʢʦʤ i, ʢʦʪʦʨʳʡ ʵʪʦʪ 
ʧʦʪʦʢ ʩʦʟʜʘʸʪ: 

iL1=F , (2) 
ʛʜʝ L1 ï ʧʦʩʪʦʷʥʥʳʡ ʧʦʣʦʞʠʪʝʣʴʥʳʡ ʢʦʵʬʬʠʮʠʝʥʪ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦʩʪʠ, 
ʥʝ ʟʘʚʠʩʷʱʠʡ ʦʪ ʩʠʣʳ ʪʦʢʘ ʠ ʠʥʜʫʢʮʠʠ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ. ʕʪʦʪ 
ʢʦʵʬʬʠʮʠʝʥʪ ʥʘʟʳʚʘʝʪʩʷ ʠʥʜʫʢʪʠʚʥʦʩʪʴʶ ʢʦʥʪʫʨʘ. ʉʦʦʪʥʦʰʝʥʠʝ (2) 
ʩʧʨʘʚʝʜʣʠʚʦ ʜʣʷ ʧʦʩʪʦʷʥʥʦʛʦ ʪʦʢʘ. ʆʥʦ ʤʦʞʝʪ ʩʦʭʨʘʥʷʪʴ ʩʚʦʡ ʚʠʜ ʠ ʜʣʷ 
ʧʝʨʝʤʝʥʥʦʛʦ ʪʦʢʘ ʧʨʠ ʫʩʣʦʚʠʠ, ʯʪʦ ʬʘʟʦʚʳʡ ʩʜʚʠʛ ʤʝʞʜʫ ʪʦʢʦʤ ʠ ʧʦʪʦʢʦʤ 
ʦʩʪʘʸʪʩʷ ʨʘʚʥʳʤ ʥʫʣʶ. 

ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʠʥʜʫʢʪʠʚʥʦʩʪʴ L1 ʩʣʝʜʫʝʪ ʥʘʟʚʘʪʴ ʩʪʘʪʠʯʝʩʢʦʡ. ʂʘʢ 
ʧʦʢʘʟʘʥʦ ʚ ʤʦʥʦʛʨʘʬʠʠ, ʦʥʘ ʦʩʪʘʸʪʩʷ ʧʦʣʦʞʠʪʝʣʴʥʦʡ ʪʦʣʴʢʦ ʜʣʷ 
ʠʥʜʫʢʪʦʨʦʚ ʩ ʦʜʥʠʤ ʪʦʢʦʤ. ɺ ʩʠʩʪʝʤʘʭ ʩ ʜʚʫʤʷ ʥʝʟʘʚʠʩʠʤʳʤʠ ʪʦʢʘʤʠ ʚ 
ʠʥʜʫʢʪʦʨʝ ʦʜʥʦʡ ʛʝʦʤʝʪʨʠʠ ʦʥʘ ʥʘʯʠʥʘʝʪ ʟʘʚʠʩʝʪʴ ʦʪ ʦʪʥʦʰʝʥʠʷ ʪʦʢʦʚ ʠ 
ʧʦʟʚʦʣʷʝʪ ʧʨʝʜʣʦʞʠʪʴ ʤʝʪʦʜ ʫʧʨʘʚʣʝʥʠʷ ʝʸ ʟʥʘʯʝʥʠʝʤ ʚ 3D-ʩʠʩʪʝʤʘʭ. 

ʅʘ ʦʧʨʝʜʝʣʝʥʠʠ (2) ʤʳ ʧʦʩʪʨʦʠʣʠ ʧʝʨʚʳʡ ʤʝʪʦʜ ʨʘʩʯʸʪʘ 
ʤʘʛʥʠʪʦʩʪʘʪʠʯʝʩʢʦʡ ʠʥʜʫʢʪʠʚʥʦʩʪʠ. ʆʥ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʩʣʝʜʫʶʱʝʤ: 

1) ʧʦ ʟʘʜʘʥʥʦʤʫ ʛʝʦʤʝʪʨʠʯʝʩʢʦʤʫ ʨʘʩʧʨʝʜʝʣʝʥʠʶ ʧʣʦʪʥʦʩʪʠ 
ʧʦʩʪʦʷʥʥʦʛʦ ʪʦʢʘ ʨʘʩʩʯʠʪʳʚʘʝʪʩʷ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʤʘʛʥʠʪʥʳʭ ʧʦʣʝʡ, 
ʬʦʨʤʠʨʫʝʤʳʭ ʚʦ ʚʥʫʪʨʝʥʥʝʤ ʠ ʚʥʝʰʥʝʤ ʧʨʦʩʪʨʘʥʩʪʚʘʭ, ʚʳʙʨʘʥʥʳʭ ʧʦ 
ʦʪʥʦʰʝʥʠʶ ʢ ʧʨʦʚʦʜʥʠʢʫ;  

2) ʦʧʨʝʜʝʣʷʝʪʩʷ ʚʝʣʠʯʠʥʘ ʤʘʛʥʠʪʥʦʛʦ ʧʦʪʦʢʘ, ʩʮʝʧʣʝʥʥʦʛʦ ʩ 
ʚʥʫʪʨʝʥʥʝʡ ʦʙʣʘʩʪʴʶ;  

3) ʦʧʨʝʜʝʣʷʝʪʩʷ ʚʝʣʠʯʠʥʘ ʤʘʛʥʠʪʥʦʛʦ ʧʦʪʦʢʘ, ʩʮʝʧʣʝʥʥʦʛʦ ʩ 
ʚʥʝʰʥʝʡ ʦʙʣʘʩʪʴʶ; 

4) ʚʳʯʠʩʣʷʶʪʩʷ ʧʦʪʦʢʦʚʘʷ ʠ ʪʦʢʦʚʘʷ ʯʘʩʪʠ ʠʥʜʫʢʪʠʚʥʦʩʪʠ;  
5) ʥʘʭʦʜʠʪʩʷ ʯʘʩʪʦʪʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ʜʦʙʨʦʪʥʦʩʪʠ, ʠʟ ʢʦʪʦʨʦʡ 

ʦʧʨʝʜʝʣʷʶʪʩʷ ʤʘʩʰʪʘʙʳ ʭʘʨʘʢʪʝʨʠʩʪʠʯʝʩʢʠʭ ʯʘʩʪʦʪ ʜʣʷ ʠʥʜʫʢʪʠʚʥʦʩʪʠ 
ʢʦʥʢʨʝʪʥʦʡ ʛʝʦʤʝʪʨʠʠ; 

6) ʧʦʣʫʯʝʥʥʳʝ ʜʣʷ ʨʘʟʣʠʯʥʳʭ ʛʝʦʤʝʪʨʠʡ ʨʘʩʪʝʢʘʥʠʷ ʪʦʢʘ ʟʥʘʯʝʥʠʷ 
ʠʥʜʫʢʪʠʚʥʦʩʪʠ ʩʨʘʚʥʠʚʘʶʪʩʷ ʩ ʵʢʩʧʝʨʠʤʝʥʪʦʤ ʠ ʜʝʣʘʶʪʩʷ ʚʳʚʦʜʳ ʦ 
ʩʦʦʪʚʝʪʩʪʚʠʠ ʧʨʝʜʣʦʞʝʥʥʦʡ ʬʠʟʠʢʦ-ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʠʟʚʝʩʪʥʳʤ 
ʵʢʩʧʝʨʠʤʝʥʪʘʤ. 

ɺʪʦʨʦʝ ʦʧʨʝʜʝʣʝʥʠʝ ʩʧʨʘʚʝʜʣʠʚʦ ʜʣʷ ʠʥʜʫʢʪʠʚʥʦʩʪʠ, ʢʦʪʦʨʘʷ 
ʧʨʦʷʚʣʷʝʪ ʩʚʦʠ ʵʣʝʢʪʨʦʜʠʥʘʤʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ. ʆʥʦ ʩʣʝʜʫʝʪ ʠʟ 
ʦʧʨʝʜʝʣʝʥʠʷ ʵʥʝʨʛʠʠ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ W, ʢʦʪʦʨʘʷ ʩʦʟʜʘʸʪʩʷ ʩʠʣʦʡ ʪʦʢʘ i, 
ʪʝʢʫʱʠʤ ʧʦ ʢʦʥʪʫʨʫ ʩ ʠʥʜʫʢʪʠʚʥʦʩʪʴʶ L2: 

2/2
2iLW = .           (3) 

ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʦʧʨʝʜʝʣʝʥʠʝ (3) ʩʣʝʜʫʝʪ ʥʘʟʚʘʪʴ ʵʥʝʨʛʝʪʠʯʝʩʢʠʤ 
ʦʧʨʝʜʝʣʝʥʠʝʤ ʠʥʜʫʢʪʠʚʥʦʩʪʠ. ʅʘ ʦʧʨʝʜʝʣʝʥʠʠ (3) ʤʳ ʩʪʨʦʠʤ ʤʝʪʦʜ 
ʨʘʩʯʸʪʘ ʜʠʥʘʤʠʯʝʩʢʦʡ ʚʥʦʩʠʤʦʡ ʠʥʜʫʢʪʠʚʥʦʩʪʠ. ɼʣʷ ʪʘʢʦʛʦ ʢʣʘʩʩʘ 
ʠʥʜʫʢʪʠʚʥʦʩʪʝʡ ʧʨʠʥʷʪʳʡ ʨʘʥʝʝ ʧʦʨʷʜʦʢ ʨʘʩʯʸʪʘ ʙʳʣ ʠʟʤʝʥʸʥ: 
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1. ɿʘʜʘʸʤ ʚʥʝʰʥʝʝ ʧʝʨʝʤʝʥʥʦʝ ʤʘʛʥʠʪʥʦʝ ʧʦʣʝ B
C

 ʚʳʩʦʢʦʡ 
ʩʠʤʤʝʪʨʠʠ. 

2. ʅʘʧʨʘʚʣʷʝʤ ʝʛʦ ʚ ʥʝʤʘʛʥʠʪʥʳʡ ʧʨʦʚʦʜʷʱʠʡ ʮʠʣʠʥʜʨ ʪʘʢ, ʯʪʦʙʳ 
ʦʩʴ ʮʠʣʠʥʜʨʘ ʠ ʥʘʧʨʘʚʣʝʥʠʝ ʚʥʝʰʥʝʛʦ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʩʦʚʧʘʜʘʣʠ. 

3. ɿʘʧʠʩʳʚʘʝʤ ʧʝʨʚʦʝ ʫʨʘʚʥʝʥʠʝ ʄʘʢʩʚʝʣʣʘ, ʠʟ ʢʦʪʦʨʦʛʦ ʧʦ 
ʠʟʚʝʩʪʥʦʡ ʧʨʘʚʦʡ ʯʘʩʪʠ ʦʧʨʝʜʝʣʷʝʤ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʚʠʭʨʝʚʦʛʦ 
ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ rotE

C
. 

4. ʇʨʠʚʣʝʢʘʷ ʟʘʢʦʥ ʆʤʘ ʚ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʡ ʬʦʨʤʝ r= /rotEj
CC

, 
ʥʘʭʦʜʠʤ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʧʣʦʪʥʦʩʪʠ ʚʠʭʨʝʚʳʭ ʪʦʢʦʚ. 

5. ʀʥʪʝʛʨʠʨʫʷ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʧʣʦʪʥʦʩʪʠ ʪʦʢʘ ʯʝʨʝʟ ʧʦʧʝʨʝʯʥʫʶ ʪʦʢʫ 
ʧʣʦʱʘʜʴ, ʧʦʣʫʯʘʝʤ ʟʥʘʯʝʥʠʝ ʧʦʣʥʦʛʦ ʪʦʢʘ, ʚʦʟʥʠʢʘʶʱʝʝ ʚ ʧʨʦʚʦʜʷʱʝʤ 
ʮʠʣʠʥʜʨʝ. 

6. ʀʩʧʦʣʴʟʫʷ ʙʘʣʘʥʩ ʵʥʝʨʛʠʡ, ʧʦʩʪʫʧʘʶʱʠʭ ʚ ʩʠʩʪʝʤʫ, ʜʣʷ ʟʥʘʯʝʥʠʡ, 
ʫʩʨʝʜʥʸʥʥʳʭ ʧʦ ʧʝʨʠʦʜʫ ʠʟʤʝʥʝʥʠʷ ʧʦʣʷ, ʧʦʣʫʯʘʝʤ ʚʥʦʩʠʤʫʶ 
ʠʥʜʫʢʪʠʚʥʦʩʪʴ ʚ ʩʣʫʯʘʝ, ʢʦʛʜʘ ʢʚʘʜʨʘʪ ʚʥʝʰʥʝʛʦ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ 
ʩʦʢʨʘʪʠʪʩʷ ʚ ʦʙʝʠʭ ʯʘʩʪʷʭ ʨʘʚʝʥʩʪʚʘ ʙʘʣʘʥʩʘ ʵʥʝʨʛʠʡ. 

ʇʨʝʜʣʦʞʝʥʥʳʡ ʤʝʪʦʜ ʨʘʩʯʸʪʘ ʦʢʘʟʳʚʘʝʪʩʷ ʩʧʨʘʚʝʜʣʠʚʳʤ ʜʣʷ 
ʧʨʦʠʟʚʦʣʴʥʦʛʦ ʬʘʟʦʚʦʛʦ ʩʜʚʠʛʘ ʤʝʞʜʫ ʪʦʢʦʤ ʠ ʧʦʪʦʢʦʤ. ɺ ʤʦʥʦʛʨʘʬʠʠ 
ʧʦʢʘʟʘʥʦ, ʯʪʦ ʧʨʠ ʘʥʘʣʠʟʝ ʤʘʛʥʝʪʠʟʤʘ ʪʦʢʦʚ ʌʫʢʦ, ʚʦʟʥʠʢʘʶʱʝʛʦ ʚ 
ʧʨʦʚʦʜʷʱʝʤ ʚʝʱʝʩʪʚʝ, ʚʥʝʩʸʥʥʦʤ ʚ ʤʘʛʥʠʪʥʦʝ ʧʦʣʝ, ʵʥʝʨʛʝʪʠʯʝʩʢʘʷ 
ʠʥʜʫʢʪʠʚʥʦʩʪʴ ʚ ʥʝʢʦʪʦʨʦʤ ʜʠʘʧʘʟʦʥʝ ʯʘʩʪʦʪ ʤʦʞʝʪ ʙʳʪʴ ʠ 
ʦʪʨʠʮʘʪʝʣʴʥʦʡ. 

ʉ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ, ʚʳʯʠʩʣʝʥʠʝ ʩʨʝʜʥʝʡ ʟʘ ʧʦʣʫʧʝʨʠʦʜ ʧʦʪʦʢʦʚʦʡ 
ʠʥʜʫʢʪʠʚʥʦʩʪʠ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʦʥʘ ʤʦʞʝʪ ʙʳʪʴ ʯʘʩʪʦʪʥʦ-ʥʝʟʘʚʠʩʠʤʦʡ ʠ 
ʢʘʢ ʧʦʣʦʞʠʪʝʣʴʥʦʡ, ʪʘʢ ʠ ʦʪʨʠʮʘʪʝʣʴʥʦʡ. ʕʪʦ ʫʢʘʟʳʚʘʝʪ ʥʘ ʚʦʟʤʦʞʥʳʝ 
ʧʨʦʷʚʣʝʥʠʷ ʨʘʟʥʳʭ ʬʠʟʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʪʦʢʦʚ ʌʫʢʦ: ʜʠʘʤʘʛʥʠʪʥʳʭ ʠ 
ʧʘʨʘʤʘʛʥʠʪʥʳʭ. ʇʨʦʷʚʣʝʥʠʝ ʫʢʘʟʘʥʥʳʭ ʩʚʦʡʩʪʚ ʙʳʣʦ ʙʣʝʩʪʷʱʝ 
ʧʦʜʪʚʝʨʞʜʝʥʦ ʚ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʷʭ ʩʚʝʨʭʪʦʥʢʠʭ 
ʧʨʦʚʦʜʷʱʠʭ ʩʣʦʸʚ, ʧʨʦʚʝʜʸʥʥʳʭ ʚ ʰʪʘʪʝ ʆʛʘʡʦ [4]. 

ʄʳ ʧʨʝʜʣʘʛʘʝʤ ʤʝʪʦʜʳ ʨʘʩʯʸʪʘ ʠʥʜʫʢʪʠʚʥʦʩʪʝʡ ʩ ʚʳʩʦʢʦʡ 
ʩʠʤʤʝʪʨʠʝʡ. ʕʪʦ ʦʜʥʦʤʝʨʥʳʝ (1D), ʜʚʫʤʝʨʥʳʝ (2D) ʠ ʪʨʸʭʤʝʨʥʳʝ (3D) 
ʠʥʜʫʢʪʠʚʥʦʩʪʠ. ʆʥʠ ʤʦʛʫʪ ʙʳʪʴ ʩʪʘʪʠʯʝʩʢʠʤʠ; ʟʘʚʠʩʷʱʠʤʠ ʦʪ ʯʘʩʪʦʪʳ, ʘ 
ʪʘʢʞʝ ʯʘʩʪʦʪʥʦ-ʥʝʟʘʚʠʩʠʤʳʤʠ ʜʣʷ ʦʛʨʘʥʠʯʝʥʥʦʛʦ ʜʠʘʧʘʟʦʥʘ ʯʘʩʪʦʪ. ɼʨʫʛ 
ʦʪ ʜʨʫʛʘ ʠʭ ʦʪʣʠʯʘʝʪ ʛʝʦʤʝʪʨʠʷ ʩʘʤʦʡ ʠʥʜʫʢʪʠʚʥʦʩʪʠ, ʛʝʦʤʝʪʨʠʷ 
ʨʘʩʪʝʢʘʥʠʷ ʪʦʢʘ, ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʧʣʦʪʥʦʩʪʠ ʪʦʢʘ ʧʦ ʧʦʧʝʨʝʯʥʦʤʫ ʩʝʯʝʥʠʶ ʠ 
ʚʥʦʩʠʤʦʝ ʚ ʠʥʜʫʢʪʠʚʥʦʩʪʴ ʧʨʦʚʦʜʷʱʝʝ ʚʝʱʝʩʪʚʦ. 

ʆʜʥʠʤ ʠʟ ʜʦʩʪʦʠʥʩʪʚ ʨʘʟʚʠʚʘʝʤʳʭ ʘʥʘʣʠʪʠʯʝʩʢʠʭ ʤʝʪʦʜʦʚ ʷʚʣʷʝʪʩʷ 
ʪʦ, ʯʪʦ ʦʥʠ ʧʦʟʚʦʣʷʶʪ ʚʚʝʩʪʠ ʚʘʞʥʝʡʰʠʝ ʩʨʘʚʥʠʪʝʣʴʥʳʝ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ 
ʧʘʨʘʤʝʪʨʳ ʜʣʷ ʠʥʜʫʢʪʠʚʥʦʩʪʝʡ ʨʘʟʣʠʯʥʦʡ ʨʘʟʤʝʨʥʦʩʪʠ. ʇʦʜ 1D-ʠʥʜʫʢ-
ʪʠʚʥʦʩʪʴʶ ʜʘʣʝʝ ʙʫʜʝʤ ʧʦʥʠʤʘʪʴ ʠʥʜʫʢʪʠʚʥʦʩʪʴ, ʚ ʢʦʪʦʨʦʡ ʦʜʠʥ ʠʟ 
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ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʭ ʨʘʟʤʝʨʦʚ ʟʥʘʯʠʪʝʣʴʥʦ ʙʦʣʴʰʝ ʜʚʫʭ ʜʨʫʛʠʭ. ɼʣʷ 1D-ʠʥ-
ʜʫʢʪʠʚʥʦʩʪʠ ʤʦʞʥʦ ʚʚʝʩʪʠ ʧʘʨʘʤʝʪʨ ʣʠʥʝʡʥʦʡ ʧʣʦʪʥʦʩʪʠ ʠʥʜʫʢʪʠʚʥʦʩʪʠ 
(ʧʦʛʦʥʥʫʶ ʠʥʜʫʢʪʠʚʥʦʩʪʴ, ɻʥ/ʤ) 

lLL /=t .         (4) 
ʇʦʜ 2D-ʠʥʜʫʢʪʠʚʥʦʩʪʴʶ ʜʘʣʝʝ ʙʫʜʝʤ ʧʦʥʠʤʘʪʴ ʠʥʜʫʢʪʠʚʥʦʩʪʴ, ʚ ʢʦʪʦʨʦʡ 
ʜʚʘ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʭ ʨʘʟʤʝʨʘ ʟʥʘʯʠʪʝʣʴʥʦ ʙʦʣʴʰʝ ʪʨʝʪʴʝʛʦ. ɼʣʷ 2D-
ʠʥʜʫʢʪʠʚʥʦʩʪʠ ʤʦʞʥʦ ʚʚʝʩʪʠ ʧʘʨʘʤʝʪʨ ʧʦʚʝʨʭʥʦʩʪʥʦʡ ʧʣʦʪʥʦʩʪʠ (ɻʥ/ʤ2) 

SLL /=s .          (5) 
ʇʦʜ 3D-ʠʥʜʫʢʪʠʚʥʦʩʪʴʶ ʜʘʣʝʝ ʙʫʜʝʤ ʧʦʥʠʤʘʪʴ ʠʥʜʫʢʪʠʚʥʦʩʪʴ, ʚ ʢʦʪʦʨʦʡ 
ʚʩʝ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʝ ʨʘʟʤʝʨʳ ʦʢʘʟʳʚʘʶʪʩʷ ʚʝʣʠʯʠʥʘʤʠ ʦʜʥʦʛʦ ʧʦʨʷʜʢʘ. 
ɼʣʷ 3D-ʠʥʜʫʢʪʠʚʥʦʩʪʠ ʤʦʞʥʦ ʚʚʝʩʪʠ ʧʘʨʘʤʝʪʨ ʦʙʲʸʤʥʦʡ ʧʣʦʪʥʦʩʪʠ 
(ɻʥ/ʤ3) 

VLL /=r .          (6) 
ʊʨʠ ʩʨʘʚʥʠʪʝʣʴʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʦʟʚʦʣʷʶʪ ʚʳʙʨʘʪʴ ʜʣʷ ʧʣʘʥʘʨʥʦʡ 
ʪʝʭʥʦʣʦʛʠʠ ʤʘʢʩʠʤʘʣʴʥʦʝ ʠʣʠ ʤʠʥʠʤʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ ʧʝʨʝʯʠʩʣʝʥʥʳʭ 
ʧʣʦʪʥʦʩʪʝʡ ʠʥʜʫʢʪʠʚʥʦʩʪʠ, ʧʨʝʚʳʩʠʪʴ ʠʣʠ ʧʦʥʠʟʠʪʴ ʢʦʪʦʨʳʝ ʥʝ ʫʜʘʩʪʩʷ 
ʥʠʢʘʢʠʤʠ ʫʭʠʱʨʝʥʠʷʤʠ. 

ʋʜʠʚʠʪʝʣʴʥʦ, ʥʦ ʠ ʚ ʩʦʚʨʝʤʝʥʥʳʭ ʪʝʭʥʦʣʦʛʠʷʭ ʩʦʟʜʘʥʠʷ ʧʣʘʥʘʨʥʦʡ 
ʠʥʜʫʢʪʠʚʥʦʩʪʠ, ʠ ʚ ʤʦʱʥʳʭ ʩʠʩʪʝʤʘʭ ʉɸʇʈ ʧʦʯʝʤʫ-ʪʦ ʵʪʠ ʚʘʞʥʝʡʰʠʝ 
ʧʘʨʘʤʝʪʨʳ ʠʥʜʫʢʪʠʚʥʦʩʪʠ ʜʘʞʝ ʥʝ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ. ʇʨʠʯʠʥʘ ʵʪʦʛʦ 
ʚʠʜʠʪʩʷ ʥʘʤ ʚ ʪʦʤ, ʯʪʦ, ʚ ʢʦʥʝʯʥʦʤ ʠʪʦʛʝ, ʧʨʦʝʢʪʠʨʦʚʱʠʢʠ ʚʩʝʛʜʘ 
ʨʘʩʩʤʘʪʨʠʚʘʶʪ ʠʥʪʝʛʨʘʣʴʥʫʶ ʠʥʜʫʢʪʠʚʥʦʩʪʴ ʢʘʢ ʢʦʤʧʣʝʢʩʥʦʝ, ʥʝ 
ʠʤʝʶʱʝʝ ʨʘʟʤʝʨʦʚ, ʩʦʩʨʝʜʦʪʦʯʝʥʥʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ, ʜʝʡʩʪʚʠʪʝʣʴʥʘʷ ʠ 
ʤʥʠʤʘʷ ʯʘʩʪʠ ʢʦʪʦʨʦʛʦ ʧʦʟʚʦʣʷʶʪ ʨʘʩʩʯʠʪʳʚʘʪʴ ʪʦʣʴʢʦ ʯʘʩʪʦʪʥʳʝ 
ʟʘʚʠʩʠʤʦʩʪʠ ʩʦʩʨʝʜʦʪʦʯʝʥʥʦʡ ʠʥʜʫʢʪʠʚʥʦʩʪʠ ʠ ʜʦʙʨʦʪʥʦʩʪʠ. 

ʅʝʩʢʦʣʴʢʦ ʩʣʦʚ ʦ ʨʘʟʣʠʯʥʳʭ ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʧʨʝʜʩʪʘʚʣʝʥʠʷʭ 
ʠʥʜʫʢʪʠʚʥʦʩʪʠ ʢʣʘʩʩʠʯʝʩʢʦʛʦ ʩʦʣʝʥʦʠʜʘ, ʠʤʝʶʱʝʛʦ N ʚʠʪʢʦʚ. ʂʦʛʜʘ ʦʥ 
ʥʘʤʦʪʘʥ ʚʧʣʦʪʥʫʶ ʚ ʦʜʠʥ ʩʣʦʡ ʧʨʦʚʦʜʦʤ ʜʠʘʤʝʪʨʦʤ d ʠ ʠʤʝʝʪ ʨʘʜʠʫʩ 
ʢʘʨʢʘʩʘ R, ʪʦ ʝʛʦ ʠʥʜʫʢʪʠʚʥʦʩʪʴ ʦʙʳʯʥʦ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʚ ʚʠʜʝ (ʩʤ., 
ʥʘʧʨʠʤʝʨ, [12]) 

VnlSNL 2
0

2
0 / m=m= ,                                      (7) 

ʛʜʝ m0 ï ʤʘʛʥʠʪʥʘʷ ʧʦʩʪʦʷʥʥʘʷ; n=N/l ï ʯʠʩʣʦ ʚʠʪʢʦʚ ʥʘ ʝʜʠʥʠʮʫ ʜʣʠʥʳ 
ʩʦʣʝʥʦʠʜʘ; l=NÖd ï ʜʣʠʥʘ ʩʦʣʝʥʦʠʜʘ; S ï ʧʣʦʱʘʜʴ ʧʦʧʝʨʝʯʥʦʛʦ ʩʝʯʝʥʠʷ; V ï 
ʦʙʲʸʤ ʩʦʣʝʥʦʠʜʘ.  

ʀʟ (7) ʩʣʝʜʫʶʪ ʦʯʝʚʠʜʥʳʝ ʬʠʟʠʯʝʩʢʠʝ ʫʪʚʝʨʞʜʝʥʠʷ, ʯʪʦ:  
1) ʠʥʜʫʢʪʠʚʥʦʩʪʴ ʩʦʣʝʥʦʠʜʘ ʧʨʠ ʧʦʩʪʦʷʥʥʦʤ ʯʠʩʣʝ ʚʠʪʢʦʚ ʥʘ 

ʝʜʠʥʠʮʫ ʜʣʠʥʳ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʘ ʢʚʘʜʨʘʪʫ ʯʠʩʣʘ ʝʛʦ ʚʠʪʢʦʚ;  
2) ʠʥʜʫʢʪʠʚʥʦʩʪʴ ʪʘʢʦʛʦ ʩʦʣʝʥʦʠʜʘ ʤʦʞʥʦ ʫʚʝʣʠʯʠʪʴ ʪʦʣʴʢʦ 

ʫʚʝʣʠʯʝʥʠʝʤ ʝʛʦ ʦʙʲʸʤʘ.  
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ʕʪʠ ʫʪʚʝʨʞʜʝʥʠʷ ʦʢʘʟʳʚʘʶʪʩʷ ʥʝʩʦʩʪʦʷʪʝʣʴʥʳʤʠ, ʝʩʣʠ ʚʚʝʩʪʠ 
ʤʘʩʰʪʘʙ ʠʥʜʫʢʪʠʚʥʦʩʪʠ L* ʠ (7) ʧʨʝʜʩʪʘʚʠʪʴ ʚ ʚʠʜʝ 

 N
d
R

L
L
=

*
,     (8) 

ʛʜʝ RL pm= 0*  ï ʤʘʩʰʪʘʙ ʠʥʜʫʢʪʠʚʥʦʩʪʠ ʢʣʘʩʩʠʯʝʩʢʦʛʦ ʩʦʣʝʥʦʠʜʘ.  
ʀʟ (8) ʤʦʞʥʦ ʧʦʣʫʯʠʪʴ ʠʥʳʝ ʬʠʟʠʯʝʩʢʠʝ ʩʣʝʜʩʪʚʠʷ:  
1) ʠʥʜʫʢʪʠʚʥʦʩʪʴ ʩʦʣʝʥʦʠʜʘ ʧʨʠ R/d=const ʣʠʥʝʡʥʘʷ ʬʫʥʢʮʠʷ ʧʦ 

ʯʠʩʣʫ ʚʠʪʢʦʚ N, ʘ ʥʝ ʢʚʘʜʨʘʪʠʯʥʘʷ; 
2) ʜʣʷ ʦʜʥʦʛʦ ʠ ʪʦʛʦ ʞʝ ʢʦʣʠʯʝʩʪʚʘ ʚʠʪʢʦʚ N ʤʦʞʥʦ ʨʝʘʣʠʟʦʚʘʪʴ ʜʚʝ 

ʨʘʟʣʠʯʥʳʝ ʠʥʜʫʢʪʠʚʥʦʩʪʠ, ʧʨʠʯʸʤ ʧʝʨʚʘʷ ʙʫʜʝʪ ʙʦʣʴʰʝ, ʘ ʚʪʦʨʘʷ ʤʝʥʴʰʝ 
(ʧʨʝʜʧʦʣʘʛʘʝʪʩʷ, ʯʪʦ ʫʩʣʦʚʠʝ ʦʪʥʦʰʝʥʠʷ ʤʝʞʜʫ ʜʠʘʤʝʪʨʘʤʠ ʧʨʠʤʝʥʷʝʤʳʭ 
ʧʨʦʚʦʜʥʠʢʦʚ d1<d2 ʚʳʧʦʣʥʝʥʦ); 

3) ʠʟ ʵʪʠʭ ʜʚʫʭ ʠʥʜʫʢʪʠʚʥʦʩʪʝʡ ʙʦʣʴʰʘʷ ʠʥʜʫʢʪʠʚʥʦʩʪʴ ʦʙʣʘʜʘʝʪ 
ʤʝʥʴʰʠʤ ʦʙʲʸʤʦʤ, ʧʦʩʢʦʣʴʢʫ ʠʭ ʦʪʥʦʰʝʥʠʝ V1/V2=d1/d2<1. ʂʘʢ ʧʦʢʘʟʘʥʦ ʚ 
ʤʦʥʦʛʨʘʬʠʠ, ʧʨʠ ʦʜʠʥʘʢʦʚʦʤ ʪʦʢʝ ʧʝʨʚʘʷ ʠʥʜʫʢʪʠʚʥʦʩʪʴ ʧʦʣʫʯʘʝʪʩʷ 
ʙʦʣʴʰʝ ʚʩʣʝʜʩʪʚʠʝ ʫʚʝʣʠʯʝʥʠʷ ʧʨʦʜʦʣʴʥʦʡ ʣʠʥʝʡʥʦʡ ʧʣʦʪʥʦʩʪʠ ʪʦʢʘ 
ʧʝʨʚʦʡ ʠʥʜʫʢʪʠʚʥʦʩʪʠ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩʦ ʚʪʦʨʦʡ. 

ʃʠʥʝʡʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ʠʥʜʫʢʪʠʚʥʦʩʪʠ ʦʪ ʯʠʩʣʘ ʚʠʪʢʦʚ, ʚʳʪʝʢʘʶʱʘʷ 
ʠʟ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʧʨʝʜʩʪʘʚʣʝʥʠʷ (8), ʙʳʣʘ ʧʦʜʪʚʝʨʞʜʝʥʘ ʚ 
ʵʢʩʧʝʨʠʤʝʥʪʘʭ, ʧʨʦʚʦʜʠʤʳʭ ʘʤʝʨʠʢʘʥʩʢʠʤʠ ʪʝʭʥʦʣʦʛʘʤʠ ʬʠʨʤʳ PARC ʩ 
ʣʝʥʪʦʯʥʳʤʠ ʤʠʢʨʦ ʩʦʣʝʥʦʠʜʘʤʠ [5]. ʆʥʠ ʠʤʝʣʠ ʦʜʠʥʘʢʦʚʦʝ ʦʪʥʦʰʝʥʠʝ R/d
º1 ʠ ʨʘʟʣʠʯʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʚʠʪʢʦʚ N. 

ʇʨʠʚʝʜʸʥʥʳʡ ʧʨʠʤʝʨ ʫʢʘʟʳʚʘʝʪ ʥʘ ʪʦ, ʯʪʦ ʧʨʠ ʧʦʣʫʯʝʥʠʠ 
ʘʥʘʣʠʪʠʯʝʩʢʠʭ ʬʦʨʤʫʣ ʠʥʜʫʢʪʠʚʥʦʩʪʠ ʚʳʩʦʢʦʡ ʩʠʤʤʝʪʨʠʠ ʚ ʥʠʭ ʚʩʝʛʜʘ 
ʥʫʞʥʦ ʚʳʜʝʣʷʪʴ ʤʘʩʰʪʘʙ, ʢʦʪʦʨʳʡ ʦʧʨʝʜʝʣʷʝʪ ʠʩʭʦʜʥʘʷ ʛʝʦʤʝʪʨʠʷ. ʀʥʘʯʝ 
ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʥʝʧʨʘʚʠʣʴʥʳʝ ʬʠʟʠʯʝʩʢʠʝ ʚʳʚʦʜʳ. ʄʘʩʰʪʘʙ ʧʦʟʚʦʣʷʝʪ 
ʦʧʨʝʜʝʣʠʪʴ ʛʨʘʥʠʮʳ ʜʠʘʧʘʟʦʥʘ ʠʟʤʝʥʝʥʠʷ ʠʥʜʫʢʪʠʚʥʦʩʪʠ ʚ 
ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʡ ʬʠʟʠʢʦ-ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ. ʈʘʩʩʯʠʪʘʥʥʳʝ ʛʨʘʥʠʮʳ 
ʜʠʘʧʘʟʦʥʘ ʠʟʤʝʥʝʥʠʷ ʠʥʜʫʢʪʠʚʥʦʩʪʠ ʦʙʳʯʥʦ ʚʩʝʛʜʘ ʦʛʨʘʥʠʯʝʥʳ ʠ ʥʝ ʤʦʛʫʪ 
ʧʨʝʚʳʰʘʪʴ ʟʥʘʯʝʥʠʡ, ʦʪʣʠʯʘʶʱʠʭʩʷ ʥʘ ʧʦʨʷʜʦʢ ʙʦʣʴʰʝ ʠʣʠ ʥʘ ʧʦʨʷʜʦʢ 
ʤʝʥʴʰʝ ʤʘʩʰʪʘʙʘ ʠʥʜʫʢʪʠʚʥʦʩʪʠ ʩʠʩʪʝʤʳ. 

ɺ ʧʝʨʚʦʡ ʛʣʘʚʝ ʤʦʥʦʛʨʘʬʠʠ ʧʨʝʜʣʦʞʝʥ ʘʥʘʣʠʪʠʯʝʩʢʠʡ ʤʝʪʦʜ ʨʘʩʯʸʪʘ 
ʩʪʘʪʠʯʝʩʢʦʡ ʧʣʘʥʘʨʥʦʡ ʠʥʜʫʢʪʠʚʥʦʩʪʠ ʜʣʷ ʥʫʣʝʚʦʛʦ ʬʘʟʦʚʦʛʦ ʩʜʚʠʛʘ, 
ʩʫʱʝʩʪʚʫʶʱʝʛʦ ʤʝʞʜʫ ʪʦʢʦʤ ʠ ʧʦʪʦʢʦʤ. ʀʩʩʣʝʜʦʚʘʥʳ ʤʘʛʥʠʪʥʳʝ ʠ 
ʠʥʜʫʢʪʠʚʥʳʝ ʩʚʦʡʩʪʚʘ ʧʣʘʥʘʨʥʦʛʦ ʪʦʢʦʚʦʛʦ 2D-ʢʦʣʴʮʘ ʩ ʘʟʠʤʫʪʘʣʴʥʦʡ 
ʦʨʠʝʥʪʘʮʠʝʡ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ ʚʝʢʪʦʨʘ ʧʣʦʪʥʦʩʪʠ ʪʦʢʘ. ʇʦʣʫʯʝʥʳ 
ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʤʘʛʥʠʪʥʳʭ ʧʦʣʝʡ ʚʥʫʪʨʠ ʠ ʚʥʝ ʢʦʣʴʮʘ. ʈʘʩʩʯʠʪʘʥʘ 
ʧʦʪʦʢʦʚʘʷ ʯʘʩʪʴ ʠʥʜʫʢʪʠʚʥʦʩʪʠ ʪʦʢʦʚʦʛʦ ʢʦʣʴʮʘ ʩ ʢʦʥʝʯʥʦʡ ʨʘʜʠʘʣʴʥʦʡ 
ʪʦʣʱʠʥʦʡ ʠ ʝʸ ʜʦʙʨʦʪʥʦʩʪʴ. ʇʨʦʚʝʜʝʥʦ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʯʘʩʪʦʪʥʳʭ ʩʚʦʡʩʪʚ 
ʠʥʜʫʢʪʠʚʥʦʩʪʠ ʪʦʢʦʚʦʛʦ ʢʦʣʴʮʘ ʚ ʩʠʤʫʣʷʪʦʨʝ HFSS ï Ansoft, ʩʜʝʣʘʥʳ 
ʩʨʘʚʥʝʥʠʷ ʩ ʨʝʟʫʣʴʪʘʪʘʤʠ ʵʢʩʧʝʨʠʤʝʥʪʘ, ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʠ ʘʥʘʣʠʪʠʯʝʩʢʠʭ 
ʚʳʯʠʩʣʝʥʠʡ.  
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ʈʘʩʩʯʠʪʘʥ ʢʦʵʬʬʠʮʠʝʥʪ ʫʚʝʣʠʯʝʥʠʷ ʧʣʘʥʘʨʥʦʡ ʠʥʜʫʢʪʠʚʥʦʩʪʠ. ɽʛʦ 
ʤʦʞʥʦ ʜʦʩʪʠʛʥʫʪʴ ʧʨʠʤʝʥʝʥʠʝʤ 2D-ʩʧʠʨʘʣʝʡ ɸʨʭʠʤʝʜʘ ʠ ʦʙʦʙʱʸʥʥʳʭ 
ʩʧʠʨʘʣʝʡ. ɼʣʷ ʵʪʦʛʦ ʧʦʩʪʨʦʝʥʘ ʬʠʟʠʢʦ-ʤʘʪʝʤʘʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʨʘʩʯʸʪʘ 
ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʠ ʠʥʜʫʢʪʠʚʥʦʩʪʠ ʩʧʠʨʘʣʝʡ. ʉʜʝʣʘʥʳ ʨʘʩʯʸʪʳ ʜʣʷ 
ʨʘʟʣʠʯʥʦʛʦ ʯʠʩʣʘ ʚʠʪʢʦʚ ʠ ʨʘʟʣʠʯʥʳʭ ʥʘʯʘʣʴʥʳʭ ʠ ʢʦʥʝʯʥʳʭ ʨʘʜʠʫʩʦʚ 
ʩʧʠʨʘʣʝʡ. 

ɺ ʛʣʘʚʝ 2 ʨʘʟʨʘʙʦʪʘʥʳ ʘʣʛʦʨʠʪʤʳ ʨʘʩʯʸʪʘ ʧʦʛʦʥʥʳʭ 3-D 
ʠʥʜʫʢʪʠʚʥʦʩʪʝʡ ʮʠʣʠʥʜʨʠʯʝʩʢʦʡ ʩʠʤʤʝʪʨʠʠ ʩ ʘʢʩʠʘʣʴʥʳʤ ʥʘʧʨʘʚʣʝʥʠʝʤ ʚ 
ʧʨʦʩʪʨʘʥʩʪʚʝ ʧʣʦʪʥʦʩʪʠ ʪʦʢʘ. ɼʣʷ ʵʪʦʛʦ ʠʩʩʣʝʜʦʚʘʥʳ ʤʘʛʥʠʪʥʳʝ ʠ 
ʠʥʜʫʢʪʠʚʥʳʝ ʩʚʦʡʩʪʚʘ ʧʦʣʦʛʦ ʠ ʢʨʫʛʣʦʛʦ ʮʠʣʠʥʜʨʠʯʝʩʢʠʭ ʧʨʦʚʦʜʥʠʢʦʚ ʩ 
ʪʦʢʦʤ. ʇʦʣʫʯʝʥʳ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʤʘʛʥʠʪʥʳʭ ʧʦʣʝʡ ʠ ʠʭ ʠʥʜʫʢʪʠʚʥʦʩʪʴ. 
ɺʚʝʜʸʥ ʧʘʨʘʤʝʪʨ ʦʙʨʝʟʘʥʠʷ ʧʦʣʷ. ʈʘʩʩʯʠʪʘʥʘ ʜʦʙʨʦʪʥʦʩʪʴ ʠʥʜʫʢʪʠʚʥʦʩʪʠ 
ʮʠʣʠʥʜʨʠʯʝʩʢʦʛʦ ʧʨʦʚʦʜʥʠʢʘ. 

ʀʩʩʣʝʜʦʚʘʥʳ ʠʥʜʫʢʮʠʦʥʥʳʝ ʠ ʠʥʜʫʢʪʠʚʥʳʝ ʩʚʦʡʩʪʚʘ ʢʦʘʢʩʠʘʣʴʥʦʛʦ 
ʢʘʙʝʣʷ. ʇʦʣʫʯʝʥʳ ʨʘʜʠʘʣʴʥʳʝ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʚʝʢʪʦʨʥʦʛʦ ʧʦʪʝʥʮʠʘʣʘ ʠ 
ʠʥʜʫʢʮʠʠ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʚʥʫʪʨʠ ʢʦʘʢʩʠʘʣʴʥʦʛʦ ʢʘʙʝʣʷ. ʇʨʝʜʣʦʞʝʥ 
ʤʝʪʦʜ ʫʧʨʘʚʣʝʥʠʷ ʠʥʜʫʢʪʠʚʥʦʩʪʴʶ ʢʦʘʢʩʠʘʣʴʥʦʛʦ ʢʘʙʝʣʷ ʜʣʷ 
ʩʦʥʘʧʨʘʚʣʝʥʥʳʭ ʠ ʚʩʪʨʝʯʥʳʭ ʪʦʢʦʚ ʚ ʮʝʥʪʨʘʣʴʥʦʡ ʞʠʣʝ ʠ ʦʧʣʸʪʢʝ. 

ɺ ʛʣʘʚʝ 3 ʨʘʟʨʘʙʦʪʘʥʳ ʘʥʘʣʠʪʠʯʝʩʢʠʝ ʤʝʪʦʜʳ ʨʘʩʯʸʪʘ ʠʥʪʝʛʨʘʣʴʥʳʭ 
ʠʥʜʫʢʪʠʚʥʦʩʪʝʡ ʜʣʷ ʤʠʢʨʦʩʭʝʤ ʠ ʩʠʩʪʝʤ ʥʘ ʢʨʠʩʪʘʣʣʝ. ɼʣʷ ʵʪʦʛʦ 
ʠʩʩʣʝʜʦʚʘʥʳ ʠʥʜʫʢʮʠʦʥʥʳʝ ʠ ʠʥʜʫʢʪʠʚʥʳʝ ʩʚʦʡʩʪʚʘ ʪʨʫʙʯʘʪʦʛʦ 
ʧʨʦʚʦʜʷʱʝʛʦ ʮʠʣʠʥʜʨʘ ʩ ʘʟʠʤʫʪʘʣʴʥʳʤ ʥʘʧʨʘʚʣʝʥʠʝʤ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ 
ʚʝʢʪʦʨʘ ʧʣʦʪʥʦʩʪʠ ʚʠʭʨʝʚʦʛʦ ʪʦʢʘ. ʀʟ ʵʥʝʨʛʝʪʠʯʝʩʢʦʛʦ ʙʘʣʘʥʩʘ ʚ ʩʠʩʪʝʤʝ 
ʧʦʣʫʯʝʥʘ ʯʘʩʪʦʪʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ʚʥʦʩʠʤʦʡ ʠʥʪʝʛʨʘʣʴʥʦʡ ʠʥʜʫʢʪʠʚʥʦʩʪʠ 
ʪʨʫʙʯʘʪʦʛʦ ʧʨʦʚʦʜʷʱʝʛʦ ʮʠʣʠʥʜʨʘ. ʈʘʩʩʯʠʪʘʥʳ ʦʩʥʦʚʥʳʝ ʬʠʟʠʯʝʩʢʠʝ 
ʧʘʨʘʤʝʪʨʳ ʮʠʣʠʥʜʨʦʚ ʩ ʤʘʣʦʡ ʨʘʜʠʘʣʴʥʦʡ ʪʦʣʱʠʥʦʡ ʠ ʧʨʠʚʝʜʝʥʳ 
ʟʥʘʯʝʥʠʷ ʚʝʣʠʯʠʥʳ ʚʥʦʩʠʤʦʡ ʠʥʜʫʢʪʠʚʥʦʩʪʠ ʧʨʦʚʦʜʷʱʝʛʦ ʮʠʣʠʥʜʨʘ 
ʢʦʥʝʯʥʦʡ ʪʦʣʱʠʥʳ. 

ɺʳʧʦʣʥʝʥ ʫʯʸʪ ʚʣʠʷʥʠʷ ʤʘʛʥʠʪʥʳʭ ʩʚʦʡʩʪʚ ʪʦʢʦʚ ʌʫʢʦ ʠ ʦʤʠʯʝʩʢʠʭ 
ʧʦʪʝʨʴ ʥʘ ʟʥʘʯʝʥʠʝ ʚʥʦʩʠʤʦʡ ʪʦʢʦʚʠʭʨʝʚʦʡ ʠʥʜʫʢʪʠʚʥʦʩʪʠ ʩʧʣʦʰʥʦʛʦ 
ʥʝʤʘʛʥʠʪʥʦʛʦ ʮʠʣʠʥʜʨʘ. ɺʳʷʩʥʝʥʳ ʝʛʦ ʯʘʩʪʦʪʥʳʝ ʩʚʦʡʩʪʚʘ. ʇʦʢʘʟʘʥʦ, ʯʪʦ 
ʠʥʜʫʢʪʠʚʥʦʩʪʴ ʪʘʢʦʛʦ ʮʠʣʠʥʜʨʘ ʤʦʞʝʪ ʙʳʪʴ ʧʦʣʦʞʠʪʝʣʴʥʦʡ (ʧʨʦʷʚʣʷʝʪʩʷ 
ʧʘʨʘʤʘʛʥʝʪʠʟʤ ʪʦʢʦʚ ʌʫʢʦ) ʠ ʦʪʨʠʮʘʪʝʣʴʥʦʡ ʚ ʩʨʝʜʥʝʯʘʩʪʦʪʥʦʡ ʦʙʣʘʩʪʠ 
(ʧʨʦʷʚʣʷʝʪʩʷ ʜʠʘʤʘʛʥʝʪʠʟʤ ʪʦʢʦʚ ʌʫʢʦ). ʀʩʩʣʝʜʦʚʘʥʦ ʚʣʠʷʥʠʝ ʥʘ 
ʯʘʩʪʦʪʥʫʶ ʟʘʚʠʩʠʤʦʩʪʴ ʠʥʜʫʢʪʠʚʥʦʩʪʠ ʨʘʜʠʘʣʴʥʦʡ ʩʦʩʪʘʚʣʷʶʱʝʡ 
ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʦʪʢʣʠʢʘ ʚʝʱʝʩʪʚʘ. 

ɺ ʛʣʘʚʝ 4 ʧʨʦʚʝʜʝʥʳ ʪʝʦʨʝʪʠʯʝʩʢʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʬʠʟʠʯʝʩʢʠʭ 
ʩʚʦʡʩʪʚ ʠʥʜʫʢʪʠʚʥʦʩʪʠ ʣʝʥʪʦʯʥʳʭ ʤʠʢʨʦʩʦʣʝʥʦʠʜʦʚ. ɺʚʝʜʝʥʳ ʧʦʥʷʪʠʷ 
ʵʪʘʣʦʥʥʦʡ ʠʥʜʫʢʪʠʚʥʦʩʪʠ ʠ ʠʥʜʫʢʪʠʚʥʦʩʪʝʡ ʩ ʤʘʣʳʤ ʠ ʙʦʣʴʰʠʤ 
ʧʦʪʦʢʦʩʮʝʧʣʝʥʠʝʤ. ʈʘʩʩʯʠʪʘʥʳ ʜʦʙʨʦʪʥʦʩʪʠ ʠ ʦʙʲʸʤʥʳʝ ʧʣʦʪʥʦʩʪʠ 
ʠʥʜʫʢʪʠʚʥʦʩʪʠ ʩʦʣʝʥʦʠʜʘ ʚ ʤʠʢʨʦ- ʠ ʥʘʥʦʨʘʟʤʝʨʘʭ. ʇʨʝʜʣʦʞʝʥ ʩʧʦʩʦʙ 
ʫʚʝʣʠʯʝʥʠʷ ʯʘʩʪʦʪʳ ʩʨʝʟʘ ʣʝʥʪʦʯʥʦʛʦ ʤʠʢʨʦʩʦʣʝʥʦʠʜʘ. 
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ɺ ʛʣʘʚʝ 5 ʠʩʩʣʝʜʦʚʘʥʳ ʧʨʦʙʣʝʤʳ ʧʦʣʫʯʝʥʠʷ ʙʦʣʴʰʠʭ, ʧʦ ʩʨʘʚʥʝʥʠʶ 
ʩ ʤʘʩʰʪʘʙʦʤ, ʟʥʘʯʝʥʠʡ ʠʥʪʝʛʨʘʣʴʥʳʭ ʠʥʜʫʢʪʠʚʥʦʩʪʝʡ ʧʣʘʥʘʨʥʦʛʦ 
ʪʦʢʦʚʦʛʦ ʩʣʦʷ ʜʣʷ ʤʠʢʨʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ. ɼʣʷ ʵʪʦʛʦ ʠʩʩʣʝʜʦʚʘʥʳ 
ʠʥʜʫʢʮʠʦʥʥʳʝ ʠ ʠʥʜʫʢʪʠʚʥʳʝ ʩʚʦʡʩʪʚʘ ʧʣʘʥʘʨʥʳʭ ʪʦʢʦʚʳʭ ʩʠʩʪʝʤ ʜʣʷ 
ʦʜʥʦʨʦʜʥʦʛʦ ʪʦʢʦʚʦʛʦ ʩʣʦʷ. ɺʳʯʠʩʣʝʥʳ ʠʥʜʫʢʪʠʚʥʦʩʪʴ, ʜʦʙʨʦʪʥʦʩʪʴ ʠ 
ʦʙʲʸʤʥʘʷ ʧʣʦʪʥʦʩʪʴ ʠʥʜʫʢʪʠʚʥʦʩʪʠ ʧʣʘʥʘʨʥʦʛʦ ʪʦʢʦʚʦʛʦ ʩʣʦʷ. ʇʨʦʚʝʜʝʥʳ 
ʩʨʘʚʥʝʥʠʷ ʬʠʟʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʪʦʢʦʚʦʛʦ ʩʣʦʷ ʠ ʠʟʚʝʩʪʥʳʭ 
ʠʥʜʫʢʪʠʚʥʳʭ ʤʦʜʠʬʠʢʘʮʠʡ. 

ɺʳʷʩʥʝʥʦ ʚʣʠʷʥʠʝ ʥʘ ʯʘʩʪʦʪʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʠʥʪʝʛʨʘʣʴʥʦʡ 
ʠʥʜʫʢʪʠʚʥʦʩʪʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʧʣʦʪʥʦʩʪʠ ʧʝʨʝʤʝʥʥʦʛʦ ʪʦʢʘ ʚ ʧʨʦʚʦʜʷʱʝʡ 
ʩʨʝʜʝ. ɼʣʷ ʵʪʦʛʦ ʧʦʩʪʨʦʝʥʘ ʬʠʟʠʢʦ-ʤʘʪʝʤʘʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʨʘʩʯʸʪʘ 
ʚʠʭʨʝʚʦʛʦ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ ʧʨʦʚʦʜʥʠʢʘ ʧʣʘʥʘʨʥʦʡ ʠ ʮʠʣʠʥʜʨʠʯʝʩʢʦʡ 
ʩʠʤʤʝʪʨʠʠ. ʇʦʣʫʯʝʥʳ ʯʘʩʪʦʪʥʳʝ ʟʘʚʠʩʠʤʦʩʪʠ ʠʥʜʫʢʪʠʚʥʦʩʪʠ ʫʝʜʠʥʸʥʥʦʛʦ 
ʧʣʘʥʘʨʥʦʛʦ ʪʦʢʦʚʦʛʦ ʩʣʦʷ ʠ ʮʠʣʠʥʜʨʠʯʝʩʢʦʛʦ ʪʦʢʦʚʦʛʦ ʰʥʫʨʘ ʥʘ ʉɺʏ. 
ʇʨʦʚʝʜʝʥʦ ʩʨʘʚʥʝʥʠʝ ʩ ʵʢʩʧʝʨʠʤʝʥʪʘʤʠ. 

ɺ ʛʣʘʚʝ 6 ʦʙʩʫʞʜʘʶʪʩʷ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʧʨʦʪʦʪʠʧʳ ʧʨʝʜʣʦʞʝʥʥʳʭ 
ʬʠʟʠʢʦ-ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʤʦʜʝʣʝʡ ʠʥʜʫʢʪʠʚʥʦʩʪʠ ʚʳʩʦʢʦʡ ʩʠʤʤʝʪʨʠʠ. 
ʇʨʝʜʣʦʞʝʥʳ ʯʝʪʳʨʝ ʢʣʘʩʩʘ ʧʨʦʪʦʪʠʧʦʚ ʠʥʪʝʛʨʘʣʴʥʦʡ ʠʥʜʫʢʪʠʚʥʦʩʪʠ:                
1) ʠʥʜʫʢʪʠʚʥʦʩʪʴ ʧʣʘʥʘʨʥʦʛʦ ʪʦʢʦʚʦʛʦ ʩʣʦʷ; 2) ʠʥʜʫʢʪʠʚʥʦʩʪʴ 
ʮʠʣʠʥʜʨʠʯʝʩʢʠʭ ʪʦʢʦʚʳʭ ʩʠʩʪʝʤ; 3) ʧʣʘʥʘʨʥʦ-ʚʳʨʦʞʜʝʥʥʳʡ ʦʪʨʝʟʦʢ 
ʢʦʘʢʩʠʘʣʴʥʦʛʦ ʢʘʙʝʣʷ; 4) ʠʥʜʫʢʪʠʚʥʦʩʪʠ ʥʘ ʨʘʜʠʘʣʴʥʦʡ ʧʣʦʪʥʦʩʪʠ ʪʦʢʘ. 

ɺ ʛʣʘʚʝ 7 ʧʨʝʜʣʦʞʝʥʳ ʤʝʪʦʜʳ ʠʟʤʝʨʝʥʠʡ ʧʦʣʦʞʠʪʝʣʴʥʦʡ ʠ 
ʦʪʨʠʮʘʪʝʣʴʥʦʡ ʠʥʜʫʢʪʠʚʥʦʩʪʝʡ, ʦʙʩʫʞʜʘʶʪʩʷ ʠʟʚʝʩʪʥʳʝ ʠ ʧʨʝʜʣʦʞʝʥʳ 
ʦʨʠʛʠʥʘʣʴʥʳʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʠʥʪʝʛʨʘʣʴʥʳʭ 
ʠʥʜʫʢʪʠʚʥʦʩʪʝʡ ʚʳʩʦʢʦʡ ʩʠʤʤʝʪʨʠʠ. ʇʨʝʜʣʦʞʝʥʳ ʤʝʪʦʜʳ ʠʟʤʝʨʝʥʠʡ 
ʧʦʛʦʥʥʦʡ ʠʥʜʫʢʪʠʚʥʦʩʪʠ ʠ ʠʥʜʫʢʪʠʚʥʦʩʪʠ ʩʦ ʟʥʘʯʝʥʠʝʤ, ʙʣʠʟʢʠʤ ʢ 1 ʥɻʥ.  

ɺʳʙʨʘʥ ʤʝʪʦʜ ʠʟʤʝʨʝʥʠʷ ʧʦʪʦʢʦʚʦʡ ʦʪʨʠʮʘʪʝʣʴʥʦʡ ʠʥʜʫʢʪʠʚʥʦʩʪʠ 
ʩʧʣʦʰʥʦʛʦ ʤʘʢʨʦʩʢʦʧʠʯʝʩʢʦʛʦ ʧʨʦʚʦʜʷʱʝʛʦ ʮʠʣʠʥʜʨʘ ʩ ʘʟʠʤʫʪʘʣʴʥʳʤ 
ʥʘʧʨʘʚʣʝʥʠʝʤ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ ʚʝʢʪʦʨʘ ʧʣʦʪʥʦʩʪʠ ʚʠʭʨʝʚʦʛʦ ʪʦʢʘ. ɼʣʷ ʵʪʦʛʦ 
ʢʦʥʢʨʝʪʠʟʠʨʦʚʘʥʳ ʬʠʟʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʚʥʦʩʠʤʦʡ ʠʥʜʫʢʪʠʚʥʦʩʪʠ 
ʣʘʪʫʥʥʦʛʦ ʩʪʝʨʞʥʷ ʠ ʠʟʤʝʨʠʪʝʣʴʥʦʛʦ ʩʦʣʝʥʦʠʜʘ. ʆʙʩʫʞʜʘʶʪʩʷ 
ʜʦʩʪʦʠʥʩʪʚʘ ʠ ʥʝʜʦʩʪʘʪʢʠ ʤʝʪʦʜʦʚ ʠʟʤʝʨʝʥʠʷ ʠʥʜʫʢʪʠʚʥʦʩʪʠ ʥʘ 
ʥʠʟʢʦʯʘʩʪʦʪʥʳʭ ʧʦʣʦʩʦʚʳʭ ʬʠʣʴʪʨʘʭ ʧʝʨʚʦʛʦ ʠ ʚʪʦʨʦʛʦ ʧʦʨʷʜʢʦʚ. 
ʆʙʨʘʙʦʪʘʥʳ ʨʝʟʫʣʴʪʘʪʳ ʨʝʟʦʥʘʥʩʥʳʭ ʠʟʤʝʨʝʥʠʡ ʦʪʨʠʮʘʪʝʣʴʥʦʡ 
ʠʥʜʫʢʪʠʚʥʦʩʪʠ ʣʘʪʫʥʥʦʛʦ ʮʠʣʠʥʜʨʘ. 

ɺ ʟʘʢʣʶʯʝʥʠʠ ʦʙʩʫʞʜʘʶʪʩʷ ʨʝʟʫʣʴʪʘʪʳ, ʧʦʣʫʯʝʥʥʳʝ ʚ ʤʦʥʦʛʨʘʬʠʠ, 
ʧʨʝʜʩʪʘʚʣʷʶʱʠʝ ʠʥʪʝʨʝʩ ʜʣʷ ʤʠʢʨʦ- ʠ ʥʘʥʦʪʝʭʥʦʣʦʛʠʡ ʠʟʛʦʪʦʚʣʝʥʠʷ 
ʠʥʪʝʛʨʘʣʴʥʦʡ ʠʥʜʫʢʪʠʚʥʦʩʪʠ. 
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1. ʄɽʊʆɼ ʈɸʉʏɪʊɸ ʉʊɸʊʀʏɽʉʂʆʁ ʇʃɸʅɸʈʅʆʁ  
ʀʅɼʋʂʊʀɺʅʆʉʊʀ ɼʃʗ ʅʋʃɽɺʆɻʆ ʌɸɿʆɺʆɻʆ ʉɼɺʀɻɸ  

ʄɽɾɼʋ ʊʆʂʆʄ ʀ ʇʆʊʆʂʆʄ 
 

 
 

ʆʜʥʠʤ ʠʟ ʤʦʱʥʳʭ ʤʝʪʦʜʦʚ ʨʘʩʯʸʪʘ ʤʘʛʥʠʪʦʩʪʘʪʠʯʝʩʢʠʭ ʧʦʣʝʡ ʧʦ 
ʧʨʘʚʫ ʩʯʠʪʘʝʪʩʷ ʟʘʢʦʥ ɹʠʦ ï ʉʘʚʘʨʘ ï ʃʘʧʣʘʩʘ [12]. ʆʥ ʧʦʟʚʦʣʷʝʪ ʚʳʷʩʥʠʪʴ 
ʬʠʟʠʯʝʩʢʠʝ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʤʘʛʥʠʪʥʳʭ ʧʦʣʝʡ, ʩʦʟʜʘʚʘʝʤʳʭ 
ʧʨʦʩʪʝʡʰʠʤʠ ʪʦʢʦʚʳʤʠ ʩʠʩʪʝʤʘʤʠ. ɺ ʩʦʚʨʝʤʝʥʥʳʭ ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ 
ʦʙʦʟʥʘʯʝʥʠʷʭ ʦʥ ʟʘʧʠʩʳʚʘʝʪʩʷ ʚ ʚʠʜʝ: 

Ὠὄᴆ
ʈ  Ὅ
τʌ

 
Ὠὰᴆ  ὶᴆ

ὶ
 ȟ                                                ρȢρ  

ʛʜʝ Ὠὄᴆ ï ʵʣʝʤʝʥʪʘʨʥʘʷ ʤʘʛʥʠʪʥʘʷ ʠʥʜʫʢʮʠʷ ʧʦʣʷ, ʩʦʟʜʘʚʘʝʤʘʷ ʵʣʝʤʝʥʪʦʤ 
ʧʨʦʚʦʜʥʠʢʘ ʩ ʪʦʢʦʤ ὍὨὰȠᴆ ʈ τʌ Ͻ ρπ  ː̎

̍
 ï ʤʘʛʥʠʪʥʘʷ ʧʦʩʪʦʷʥʥʘʷ; Ὠὰᴆ ï 

ʵʣʝʤʝʥʪʘʨʥʳʡ ʚʝʢʪʦʨ, ʨʘʚʥʳʡ ʧʦ ʤʦʜʫʣʶ ʵʣʝʤʝʥʪʘʨʥʦʡ ʜʣʠʥʝ Ὠὰ 
ʧʨʦʚʦʜʥʠʢʘ ʠ ʩʦʚʧʘʜʘʶʱʠʡ ʧʦ ʥʘʧʨʘʚʣʝʥʠʶ ʩ ʪʦʢʦʤ (ʵʣʝʤʝʥʪ 
ʧʨʦʚʦʜʥʠʢʘ); Ὅ ï ʩʠʣʘ ʪʦʢʘ; ὶᴆ ï ʨʘʜʠʫʩ-ʚʝʢʪʦʨ, ʧʨʦʚʝʜʸʥʥʳʡ ʦʪ ʵʣʝʤʝʥʪʘ 
ʧʨʦʚʦʜʥʠʢʘ ʢ ʪʦʯʢʝ ʥʘʙʣʶʜʝʥʠʷ, ʚ ʢʦʪʦʨʦʡ ʦʧʨʝʜʝʣʷʝʪʩʷ ʤʘʛʥʠʪʥʘʷ 
ʠʥʜʫʢʮʠʷ; ( ï ʦʙʦʟʥʘʯʝʥʠʝ ʚʝʢʪʦʨʥʦʛʦ ʧʨʦʠʟʚʝʜʝʥʠʷ ʫʢʘʟʘʥʥʳʭ ʚʝʢʪʦʨʦʚ. 

ɺʟʘʠʤʥʦʝ ʨʘʩʧʦʣʦʞʝʥʠʝ ʚʝʢʪʦʨʦʚ ʬʦʨʤʫʣʳ (1.1) ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ 
ʧʨʝʜʩʪʘʚʣʝʥʦ ʥʘ ʨʠʩ. 1.1. 

 
 

ʈʠʩ. 1.1. ʈʘʩʧʦʣʦʞʝʥʠʝ ʚʝʢʪʦʨʦʚ ʚ ʬʦʨʤʫʣʝ (1.1) 
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ɿʜʝʩʴ ‌ ï ʫʛʦʣ ʤʝʞʜʫ ʚʝʢʪʦʨʘʤʠ ὍὨὰᴆ ʠ ὶᴆ; ʨʘʜʠʫʩ-ʚʝʢʪʦʨ ὶᴆ ʩʦʚʧʘʜʘʝʪ ʩ 
ʦʙʨʘʟʫʶʱʝʡ ʢʦʥʫʩʘ. ɺʝʢʪʦʨ Ὠὄᴆ ʥʘʯʠʥʘʝʪʩʷ ʚ ʪʦʯʢʝ ʥʘʙʣʶʜʝʥʠʷ ɸ, 
ʧʨʦʚʦʜʠʪʩʷ ʧʦ ʢʘʩʘʪʝʣʴʥʦʡ ʢ ʦʢʨʫʞʥʦʩʪʠ, ʣʝʞʘʱʝʡ ʚ ʦʩʥʦʚʘʥʠʠ ʢʦʥʫʩʘ ʚ 
ʧʣʦʩʢʦʩʪʠ, ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦʡ ʥʘʧʨʘʚʣʝʥʠʶ ʚʝʢʪʦʨʘ ὍὨὰᴆ. ʇʦ ʩʚʦʡʩʪʚʫ 
ʚʝʢʪʦʨʥʦʛʦ ʧʨʦʠʟʚʝʜʝʥʠʷ ʚʝʢʪʦʨ Ὠὄᴆ ʧʝʨʧʝʥʜʠʢʫʣʷʨʝʥ ʧʣʦʩʢʦʩʪʠ, ʚ 
ʢʦʪʦʨʦʡ ʣʝʞʘʪ ʚʝʢʪʦʨʳ ὍὨὰᴆ ʠ ὶᴆ. 

ʀʩʧʦʣʴʟʫʷ ʧʨʠʥʮʠʧ ʩʫʧʝʨʧʦʟʠʮʠʠ ὄᴆ ᷿ Ὠὄᴆ, ʩ ʧʦʤʦʱʴʶ (1.1) ʤʦʞʥʦ 
ʨʘʩʩʯʠʪʘʪʴ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʤʘʛʥʠʪʥʳʭ ʧʦʣʝʡ ʪʦʢʦʚ ʧʨʦʩʪʝʡʰʠʭ 
ʢʦʥʬʠʛʫʨʘʮʠʡ. ʇʨʠʚʝʜʸʤ ʧʨʠʤʝʨʳ ʪʘʢʠʭ ʚʳʯʠʩʣʝʥʠʡ. 

ʇʨʠʤʝʨ 1. ʄʘʛʥʠʪʥʘʷ ʠʥʜʫʢʮʠʷ ʚ ʮʝʥʪʨʝ ʢʨʫʛʦʚʦʛʦ ʧʨʦʚʦʜʥʠʢʘ ʩ 
ʪʦʢʦʤ [12]. ɼʣʷ ʚʳʯʠʩʣʝʥʠʷ ʩʜʝʣʘʝʤ ʯʝʨʪʸʞ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʡ ʥʘ ʨʠʩ. 1.2. 

 

 
 

ʈʠʩ. 1.2. ʈʘʩʧʦʣʦʞʝʥʠʝ ʦʩʥʦʚʥʳʭ ʚʝʢʪʦʨʦʚ ʟʘʜʘʯʠ 
 
ʀʟ ʨʠʩ. 1.2 ʚʠʜʥʦ, ʯʪʦ ʤʦʜʫʣʠ ʚʝʢʪʦʨʦʚ ʨʘʚʥʳ ʜʨʫʛ ʜʨʫʛʫ ὶ ὶ ὶ, 

ʛʜʝ ὶ ï ʨʘʜʠʫʩ ʦʢʨʫʞʥʦʩʪʠ. ʇʨʠʯʠʥʘ ʵʪʦʛʦ ʚ ʪʦʤ, ʯʪʦ ʚʩʝ ʵʣʝʤʝʥʪʘʨʥʳʝ 
ʪʦʢʠ ʨʘʚʥʦʫʜʘʣʝʥʳ ʦʪ ʮʝʥʪʨʘ ʦʢʨʫʞʥʦʩʪʠ, ʨʘʩʧʦʣʦʞʝʥʥʦʛʦ ʚ ʪʦʯʢʝ ɸ. 
ɺʝʢʪʦʨ ὍὨὰᴆ ʚ ʣʶʙʦʡ ʪʦʯʢʝ ʢʦʣʴʮʘ ʥʘʧʨʘʚʣʝʥ ʧʦ ʢʘʩʘʪʝʣʴʥʦʡ ʢ ʦʢʨʫʞʥʦʩʪʠ, 
ʠ ʚ ʣʶʙʦʡ ʪʦʯʢʝ ʧʦʣʦʞʝʥʠʷ ʵʣʝʤʝʥʪʘ ʪʦʢʘ ʩʦʩʪʘʚʣʷʝʪ ʫʛʦʣ ɻ ʌ

ς ʩ 
ʨʘʜʠʫʩ-ʚʝʢʪʦʨʦʤ ʥʘʙʣʶʜʝʥʠʷ. ɺʝʢʪʦʨʳ Ὠὄᴆȟ Ὠὄᴆ ʚ ʪʦʯʢʝ ʥʘʙʣʶʜʝʥʠʷ ɸ 
ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʳ ʧʣʦʩʢʦʩʪʠ ʣʠʩʪʘ ʠ ʥʘʧʨʘʚʣʝʥʳ ʢ ʥʘʤ. 

ʕʣʝʤʝʥʪʘʨʥʘʷ ʜʫʛʘ ʦʢʨʫʞʥʦʩʪʠ ʩʚʷʟʘʥʘ ʩ ʨʘʜʠʫʩʦʤ ʦʢʨʫʞʥʦʩʪʠ ʠ 
ʵʣʝʤʝʥʪʘʨʥʳʤ ʫʛʣʦʤ ʧʦʚʦʨʦʪʘ ʩʦʦʪʥʦʰʝʥʠʝʤ Ὠὰ ὶ Ͻ Ὠʒȟ (dű ï ʚ 
ʨʘʜʠʘʥʘʭ). ʄʘʛʥʠʪʥʳʝ ʧʦʣʷ, ʩʦʟʜʘʚʘʝʤʳʝ ʚ ʮʝʥʪʨʝ ʚʠʪʢʘ (ʪʦʯʢʘ ɸ) 
ʵʣʝʤʝʥʪʘʨʥʳʤʠ ʪʦʢʘʤʠ  ὍὨὰᴆ, ʥʘʭʦʜʷʱʠʤʠʩʷ ʥʘ ʦʢʨʫʞʥʦʩʪʠ, ʩʢʣʘʜʳʚʘʶʪʩʷ 
ʧʦ ʧʨʠʥʮʠʧʫ ʩʫʧʝʨʧʦʟʠʮʠʠ, ʢʦʪʦʨʳʡ ʟʘʧʠʰʝʤ ʚ ʚʠʜʝ: 
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ʀʥʪʝʛʨʠʨʦʚʘʥʠʝ ʚ (1.2) ʧʨʦʠʟʚʦʜʠʪʩʷ ʧʦ ʟʘʤʢʥʫʪʦʤʫ ʢʦʥʪʫʨʫ ʪʦʢʘ. 
ʇʨʠ ʧʦʣʫʯʝʥʠʠ (1.2) ʨʘʩʢʨʳʪʦ ʚʝʢʪʦʨʥʦʝ ʧʨʦʠʟʚʝʜʝʥʠʝ ʠ ʫʯʪʝʥʦ, ʯʪʦ 
ÓÉÎɻ ρ; ὶ ÃÏÎÓÔ; ʈ ÃÏÎÓÔ; Ὅ ÃÏÎÓÔ (ʧʦʩʪʦʷʥʥʳʝ ʤʦʞʥʦ ʚʳʥʝʩʪʠ ʠʟ-
ʧʦʜ ʟʥʘʢʘ ʠʥʪʝʛʨʘʣʘ). 

ʀʥʜʫʢʮʠʷ ʚ ʮʝʥʪʨʝ ʢʦʣʴʮʝʚʦʛʦ ʪʦʢʘ ʟʘʚʠʩʠʪ ʪʦʣʴʢʦ ʦʪ ʚʝʣʠʯʠʥʳ ʪʦʢʘ 
ʠ ʨʘʩʩʪʦʷʥʠʷ ʜʦ ʧʨʦʚʦʜʥʠʢʘ, ʧʦ ʢʦʪʦʨʦʤʫ ʧʨʦʪʝʢʘʝʪ ʪʦʢ. ʇʨʠ ʵʪʦʤ ʜʣʷ 
ʦʜʥʦʛʦ ʠ ʪʦʛʦ ʞʝ ʪʦʢʘ ʧʦʣʝ ʚ ʮʝʥʪʨʝ ʙʫʜʝʪ ʙʦʣʴʰʝ ʫ ʢʦʣʴʮʘ ʩ ʤʝʥʴʰʠʤ 
ʨʘʜʠʫʩʦʤ. 

ʄʦʞʥʦ ʧʦʩʪʘʚʠʪʴ ʨʝʟʦʥʥʳʡ ʧʨʘʢʪʠʯʝʩʢʠʡ ʚʦʧʨʦʩ: ʘ ʯʪʦ, ʚ 
ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʤ ʩʣʫʯʘʝ ʧʦʣʫʯʝʥʥʳʡ ʨʝʟʫʣʴʪʘʪ ʥʝ ʟʘʚʠʩʠʪ ʦʪ 
ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʩʘʤʦʛʦ ʧʨʦʚʦʜʥʠʢʘ (ʧʣʦʱʘʜʠ ʧʦʧʝʨʝʯʥʦʛʦ 
ʩʝʯʝʥʠʷ, ʠʣʠ ʜʠʘʤʝʪʨʘ ʧʨʦʚʦʜʥʠʢʘ)? ʆʪʚʝʪ ʧʨʦʩʪʦʡ: ʜʘ, ʥʝ ʟʘʚʠʩʠʪ. ɺ ʵʪʦʤ 
ʠ ʟʘʢʣʶʯʘʝʪʩʷ ʩʧʝʮʠʬʠʯʝʩʢʘʷ ʦʩʦʙʝʥʥʦʩʪʴ ʟʘʢʦʥʘ ɹʠʦ ï ʉʘʚʘʨʘ ï ʃʘʧʣʘʩʘ. 
ʇʨʦʚʦʜʥʠʢ, ʦ ʢʦʪʦʨʦʤ ʠʜʸʪ ʨʝʯʴ, ʛʝʦʤʝʪʨʠʯʝʩʢʠ ʙʝʩʢʦʥʝʯʥʦ ʪʦʥʢʠʡ, ʥʦ ʚ 
ʪʦ ʞʝ ʚʨʝʤʷ ʧʨʦʧʫʩʢʘʶʱʠʡ ʢʦʥʝʯʥʳʡ ʪʦʢ.  

ʕʪʘ ʤʘʪʝʤʘʪʠʯʝʩʢʘʷ ʦʩʦʙʝʥʥʦʩʪʴ ʟʘʢʦʥʘ ʩʚʷʟʘʣʘ ʤʝʞʜʫ ʩʦʙʦʡ ʜʚʘ 
ʧʦʥʷʪʠʷ, ʢʦʪʦʨʳʝ ʧʨʦʪʠʚʦʨʝʯʠʚʳ ʩ ʧʨʘʢʪʠʯʝʩʢʦʡ ʪʦʯʢʠ ʟʨʝʥʠʷ. 
ʉʫʱʝʩʪʚʦʚʘʥʠʝ ʦʩʦʙʝʥʥʦʩʪʠ ʧʨʠʚʝʣʦ ʢ ʪʦʤʫ, ʯʪʦ ʚ ʤʘʛʥʠʪʦʩʪʘʪʠʢʝ 
ʧʨʦʚʦʜʥʠʢ ʩ ʪʦʢʦʤ, ʩʦʟʜʘʶʱʠʡ ʤʘʛʥʠʪʥʦʝ ʧʦʣʝ, ʫʜʦʚʣʝʪʚʦʨʷʶʱʝʝ ʟʘʢʦʥʫ 
(1.1), ʥʘʟʳʚʘʶʪ ʣʠʥʝʡʥʳʤ. ʅʘ ʥʘʰ ʚʟʛʣʷʜ, ʙʦʣʝʝ ʪʦʯʥʳʡ ʪʝʨʤʠʥ, 
ʧʦʜʭʦʜʷʱʠʡ ʢ ʫʢʘʟʘʥʥʦʤʫ ʧʨʦʚʦʜʥʠʢʫ, ï ʛʝʦʤʝʪʨʠʯʝʩʢʠʡ ʧʨʦʚʦʜʥʠʢ. 
ɻʝʦʤʝʪʨʠʯʝʩʢʠʡ ʧʨʦʚʦʜʥʠʢ ï ʵʪʦ ʪʘʢʦʡ ʧʨʦʚʦʜʥʠʢ ʩ ʪʦʢʦʤ, ʜʠʘʤʝʪʨʦʤ 
ʢʦʪʦʨʦʛʦ ʤʦʞʥʦ ʧʨʝʥʝʙʨʝʯʴ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʨʘʩʩʪʦʷʥʠʝʤ ʜʦ ʪʦʯʢʠ 
ʥʘʙʣʶʜʝʥʠʷ. ʕʪʦʪ ʪʝʨʤʠʥ ʤʳ ʙʫʜʝʤ ʠʩʧʦʣʴʟʦʚʘʪʴ ʜʘʣʝʝ ʧʦ ʤʝʨʝ ʝʛʦ 
ʧʨʠʤʝʥʝʥʠʷ. 

ʀʩʭʦʜʷ ʠʟ ʨʝʟʫʣʴʪʘʪʘ (1.2), ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʦʮʝʥʢʫ ʜʣʷ ʠʥʜʫʢʪʠʚʥʦʩʪʠ 
ʦʜʥʦʛʦ ʚʠʪʢʘ ʚ ʧʨʝʜʧʦʣʦʞʝʥʠʠ ʦʜʥʦʨʦʜʥʦʩʪʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʤʘʛʥʠʪʥʦʛʦ 
ʧʦʣʷ ʚʥʫʪʨʠ ʚʠʪʢʘ, ʪ.ʝ. ʧʦʣʝ ʚ ʣʶʙʦʡ ʪʦʯʢʝ ʚʥʫʪʨʠ ʚʠʪʢʘ ʨʘʚʥʦ ʟʥʘʯʝʥʠʶ 
ʠʥʜʫʢʮʠʠ ʚ ʮʝʥʪʨʝ ὄ ὶ ὄ ὧέὲίὸȢ ɺ ʵʪʦʤ ʧʨʠʙʣʠʞʝʥʠʠ ʧʦʪʦʢ, 
ʩʦʟʜʘʚʘʝʤʳʡ ʧʦʣʝʤ ʯʝʨʝʟ ʧʣʦʱʘʜʴ ʚʠʪʢʘ, ʨʘʚʝʥ:  
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Ͻ ὍȢ                                  ρȢσ  

ʂʦʵʬʬʠʮʠʝʥʪ, ʩʚʷʟʳʚʘʶʱʠʡ ʪʦʢ ʚ ʚʠʪʢʝ ʩ ʧʦʪʦʢʦʤ, ʩʦʟʜʘʚʘʝʤʳʤ 
ʵʪʠʤ ʪʦʢʦʤ, ʥʘʟʳʚʘʝʪʩʷ ʠʥʜʫʢʪʠʚʥʦʩʪʴʶ 

ὒ
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ς
ʈ ὰ
τ

ȟ                                                   ρȢτ  
ʛʜʝ L0 ï ʦʮʝʥʦʯʥʘʷ ʠʥʜʫʢʪʠʚʥʦʩʪʴ ʚʠʪʢʘ ʧʨʠ ʦʜʥʦʨʦʜʥʦʤ ʧʦʣʝ. ʀʟ (1.4) 
ʚʠʜʥʦ, ʯʪʦ ʠʥʜʫʢʪʠʚʥʦʩʪʴ ʚʠʪʢʘ, ʩ ʪʦʯʥʦʩʪʴʶ ʜʦ ʧʦʩʪʦʷʥʥʦʡ ʚʝʣʠʯʠʥʳ, 
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ʦʢʘʟʳʚʘʝʪʩʷ ʩʦʚʧʘʜʘʶʱʝʡ (ʩʦʚʧʘʜʘʝʪ) ʩ ʜʣʠʥʦʡ ʪʦʢʦʚʦʛʦ ʛʝʦʤʝʪʨʠʯʝʩʢʦʛʦ 
ʢʦʣʴʮʘ. ʊʦ ʝʩʪʴ ʠʥʜʫʢʪʠʚʥʦʩʪʴ (1.4) ï ʯʠʩʪʦ ʛʝʦʤʝʪʨʠʯʝʩʢʘʷ ʚʝʣʠʯʠʥʘ. ʆʥʘ 
ʪʝʤ ʙʦʣʴʰʝ, ʯʝʤ ʙʦʣʴʰʝ ʨʘʜʠʫʩ ʢʦʣʴʮʘ. 

ʆʮʝʥʢʠ. ʇʨʝʜʧʦʣʦʞʠʤ, ʯʪʦ ʚ ʠʥʪʝʛʨʘʣʴʥʦʡ ʤʠʢʨʦʩʭʝʤʝ 
ʤʘʢʩʠʤʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ ʨʘʜʠʫʩʘ r ʚʠʪʢʘ ʩ ʪʦʢʦʤ ʥʝ ʤʦʞʝʪ ʧʨʝʚʳʰʘʪʴ 
ʟʥʘʯʝʥʠʝ 0,5 ʩʤ. ʊʦʛʜʘ ʜʣʷ ʤʠʣʣʠʘʤʧʝʨʥʳʭ ʪʦʢʦʚ ʚ ʮʝʥʪʨʝ ʪʘʢʦʛʦ ʢʦʣʴʮʘ 
ʩʦʟʜʘʸʪʩʷ ʤʘʛʥʠʪʥʘʷ ʠʥʜʫʢʮʠʷ ὄ ρςυȟφ ʥʊʣ. ʇʨʠ ʪʝʭ ʞʝ ʫʩʣʦʚʠʷʭ, ʥʦ ʜʣʷ 
ʨʘʜʠʫʩʘ ʚʠʪʢʘ r = 0,5 ʤʤ, ʧʦʣʝ ʚ ʮʝʥʪʨʝ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʥʘ ʧʦʨʷʜʦʢ. 

ʀʟ (1.3) ʦʮʝʥʠʤ ʟʥʘʯʝʥʠʝ ʤʘʛʥʠʪʥʦʛʦ ʧʦʪʦʢʘ ʜʣʷ ʚʳʙʨʘʥʥʳʭ ʪʦʢʦʚʳʭ 
ʢʦʣʝʮ. ɼʣʷ ʢʦʣʴʮʘ r = 0,5 ʩʤ  

ʇʦ ʵʪʦʡ ʞʝ ʬʦʨʤʫʣʝ ʜʣʷ ʢʦʣʴʮʘ r = 0,5 ʤʤ: ˡ ρπ  ɺʙ. ʀʟ (1.4) 
ʦʮʝʥʠʤ ʚʝʣʠʯʠʥʫ ʠʥʜʫʢʪʠʚʥʦʩʪʠ ὒ :  

ὒ Ͻ Ͻ ς Ͻ ρπ ὶ. 
ʊʦʛʜʘ ʜʣʷ ʢʦʣʴʮʘ r = 0,5 ʩʤ ʧʦʣʫʯʠʤ L0=10 ʥɻʥ. ɼʣʷ ʢʦʣʴʮʘ ʩ 

ʨʘʜʠʫʩʦʤ r = 0,5 ʤʤ ʦʮʝʥʦʯʥʦʝ ʟʥʘʯʝʥʠʝ ʠʥʜʫʢʪʠʚʥʦʩʪʠ ʙʫʜʝʪ ὒ ρ ʥɻʥ. 
ʇʨʠʤʝʨ 2. ʄʘʛʥʠʪʥʘʷ ʠʥʜʫʢʮʠʷ, ʩʦʟʜʘʚʘʝʤʘʷ ʧʨʷʤʦʣʠʥʝʡʥʳʤ 

ʫʯʘʩʪʢʦʤ ʛʝʦʤʝʪʨʠʯʝʩʢʦʛʦ ʧʨʦʚʦʜʥʠʢʘ ʢʦʥʝʯʥʦʡ ʜʣʠʥʳ [12].  
 

 
ʈʠʩ. 1.3. ʈʘʩʧʦʣʦʞʝʥʠʝ ʦʩʥʦʚʥʳʭ ʚʝʢʪʦʨʦʚ ʟʘʜʘʯʠ 

 
ʅʘ ʨʠʩ. 1.3 ʧʨʝʜʩʪʘʚʣʝʥʳ ʦʩʥʦʚʥʳʝ ʛʝʦʤʝʪʨʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ 

ʟʘʜʘʯʠ. ɿʜʝʩʴ l ï ʜʣʠʥʘ ʧʨʷʤʦʣʠʥʝʡʥʦʛʦ ʫʯʘʩʪʢʘ ʪʦʢʘ; ɓ ï ʦʩʪʨʳʡ ʫʛʦʣ 
ʤʝʞʜʫ ʚʝʢʪʦʨʘʤʠ Ὠὰᴆ ʠ ὶᴆ; Ὠ ï ʜʣʠʥʘ ʧʝʨʧʝʥʜʠʢʫʣʷʨʘ, ʧʨʦʚʝʜʸʥʥʦʛʦ ʠʟ ʪʦʯʢʠ 
ʥʘʙʣʶʜʝʥʠʷ ʢ ʧʨʦʚʦʜʥʠʢʫ; ɻ  ï ʫʛʦʣ, ʧʦʜ ʢʦʪʦʨʳʤ ʠʟ ʪʦʯʢʠ ʥʘʙʣʶʜʝʥʠʷ 
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ʚʠʜʥʘ ʥʠʞʥʷʷ ʯʘʩʪʴ ʧʨʦʚʦʜʥʠʢʘ; ɻ  ï ʫʛʦʣ, ʧʦʜ ʢʦʪʦʨʳʤ ʠʟ ʪʦʯʢʠ 
ʥʘʙʣʶʜʝʥʠʷ ʚʠʜʥʘ ʚʝʨʭʥʷʷ ʯʘʩʪʴ ʧʨʦʚʦʜʥʠʢʘ; ὥ ï ʜʣʠʥʘ ʚʝʨʭʥʝʡ ʯʘʩʪʠ 
ʧʨʦʚʦʜʥʠʢʘ; ʦʩʴ ʫ ʩʚʷʟʘʥʘ ʩ ʧʨʦʚʦʜʥʠʢʦʤ ʠ ʥʘʧʨʘʚʣʝʥʘ ʚʚʝʨʭ ʧʦ ʪʦʢʫ. 

ʉʫʤʤʘʨʥʳʡ ʚʝʢʪʦʨ ʠʥʜʫʢʮʠʠ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ὄᴆ, ʩʦʟʜʘʚʘʝʤʳʡ ʚʩʝʤʠ 
ʪʦʢʦʚʳʤʠ ʵʣʝʤʝʥʪʘʤʠ ʧʨʦʚʦʜʥʠʢʘ, ʥʘʧʨʘʚʣʝʥ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦ ʧʣʦʩʢʦʩʪʠ 
ʯʝʨʪʝʞʘ ʠ ʨʘʩʩʯʠʪʳʚʘʝʪʩʷ ʧʦ ʟʘʢʦʥʫ (1.1). ʊʦʛʜʘ Ὠὰᴆ ὶᴆ Ὠὰ Ͻ ὶ Ͻ
ÓÉÎ Ὠὰᴆȟ ὶᴆ Ὠὰ Ͻ ὶ Ͻ ÓÉÎ ɼ Ὠὰ Ͻ Ὠ Ὠώ Ͻ Ὠ . ɺʳʨʘʞʘʷ ʧʦʜʳʥʪʝʛʨʘʣʴʥʫʶ 
ʬʫʥʢʮʠʶ ʯʝʨʝʟ ʧʝʨʝʤʝʥʥʫʶ ʫ, ʧʦʣʫʯʠʤ  

ὄ  
ʈ ὍὨ
τʌ

Ὠώ

Ὠ ώ

ʈ Ὅ
τʌὨ

ὥ

ὥ Ὠ

ὰ ὥ

ὰ ὥ Ὠ
 

ʈ Ὅ
τʌὨ

ÓÉÎ ɻ ÓÉÎ ‌ Ȣ                                           ρȢυ  
ʇʨʠ ʠʥʪʝʛʨʠʨʦʚʘʥʠʠ ʚ (1.5) ʧʨʠʥʷʪʦ: 1) ʥʘʯʘʣʦ ʢʦʦʨʜʠʥʘʪ ʫ = 0 

ʥʘʭʦʜʠʪʩʷ ʚ ʪʦʯʢʝ ʧʝʨʝʩʝʯʝʥʠʷ ʧʝʨʧʝʥʜʠʢʫʣʷʨʘ ʠ ʧʨʦʚʦʜʥʠʢʘ;                    
2) ώ ὰ ὥ Ƞ ώ ὥȠ 3) ʠʩʧʦʣʴʟʦʚʘʥ ʪʘʙʣʠʯʥʳʡ ʠʥʪʝʛʨʘʣ, 
ʧʨʠʚʝʜʸʥʥʳʡ ʚ [12] ʜʣʷ ὲ ρ:  

Ὠὼ
ὼ ὥ

ὼ
ς ὲ ρ ὥ ὼ ὥ

 

ςὲ σ
ς ὲ ρ ὥ

Ὠὼ
ὼ ὥ

Ȣ                            ρȢφ  

ʉ ʧʦʤʦʱʴʶ (1.5) ʤʦʞʥʦ ʚʳʯʠʩʣʠʪʴ ʠʥʜʫʢʮʠʶ ʧʦʣʷ ʣʶʙʦʛʦ ʢʦʥʪʫʨʘ ʩ 
ʪʦʢʦʤ, ʩʦʩʪʦʷʱʝʛʦ ʠʟ ʧʨʷʤʦʣʠʥʝʡʥʳʭ ʦʪʨʝʟʢʦʚ. 

ʂʦʛʜʘ ʪʦʯʢʘ ʥʘʙʣʶʜʝʥʠʷ ʥʘʭʦʜʠʪʩʷ ʥʘ ʙʦʣʴʰʠʭ ʨʘʩʩʪʦʷʥʠʷʭ ʦʪ 
ʧʨʦʚʦʜʥʠʢʘ, ʪ.ʝ. ʚʳʧʦʣʥʝʥʳ ʫʩʣʦʚʠʷ Ὠ ḻ ὥ ʠ Ὠ ḻ ὰ,  

ÓÉÎ ɻ ÔÇ ɻ
ὥ
Ὠ

Ƞ ÓÉÎ ɻ ÔÇ ɻ
ὰ ὥ

Ὠ
Ƞ 

ʬʦʨʤʫʣʘ (1.5) ʫʧʨʦʱʘʝʪʩʷ ʠ ʠʤʝʝʪ ʚʠʜ 

ὄ
ʈ Ὅὰ

τʌὨ
Ȣ 

ʅʘ ʙʦʣʴʰʠʭ ʨʘʩʩʪʦʷʥʠʷʭ ʦʪ ʛʝʦʤʝʪʨʠʯʝʩʢʦʛʦ ʧʨʦʚʦʜʥʠʢʘ ʩ ʪʦʢʦʤ 
ʢʦʥʝʯʥʦʡ ʜʣʠʥʳ ʤʘʛʥʠʪʥʦʝ ʧʦʣʝ ʫʙʳʚʘʝʪ ʦʙʨʘʪʥʦ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦ 
ʢʚʘʜʨʘʪʫ ʨʘʩʩʪʦʷʥʠʷ ʜʦ ʧʨʦʚʦʜʥʠʢʘ.  

ɽʩʣʠ ʪʦʯʢʫ ʥʘʙʣʶʜʝʥʠʷ ʧʨʠʙʣʠʟʠʪʴ ʢ ʛʝʦʤʝʪʨʠʯʝʩʢʦʤʫ ʧʨʦʚʦʜʥʠʢʫ 
Ὠ  ὰϳ ᴼ π, ʪʦÓÉÎ ɻ ᴼ ρȠ ÓÉÎ ɻ ᴼ ρȢ ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʩʦʦʪʥʦʰʝʥʠʝ (1.5) 
ʧʝʨʝʭʦʜʠʪ ʚ ʬʦʨʤʫʣʫ ʜʣʷ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ, ʩʦʟʜʘʚʘʝʤʦʛʦ ʙʝʩʢʦʥʝʯʥʦ 
ʜʣʠʥʥʳʤ ʧʨʷʤʦʣʠʥʝʡʥʳʤ ʧʨʦʚʦʜʥʠʢʦʤ ʩ ʪʦʢʦʤ  

ὄ
ʈ Ὅ
ςʌὨ

Ȣ                                                   ρȢχ   
ʄʘʛʥʠʪʥʦʝ ʧʦʣʝ ʙʝʩʢʦʥʝʯʥʦ ʜʣʠʥʥʦʛʦ ʧʨʷʤʦʛʦ ʛʝʦʤʝʪʨʠʯʝʩʢʦʛʦ 

ʧʨʦʚʦʜʥʠʢʘ ʩ ʪʦʢʦʤ ʠʤʝʝʪ ʦʩʦʙʝʥʥʦʩʪʴ ͯ ρ  Ὠϳ . ʕʪʘ ʦʩʦʙʝʥʥʦʩʪʴ 
ʦʙʫʩʣʦʚʣʝʥʘ ʪʝʤ, ʯʪʦ ʧʨʠ Ὠ ᴼ π ʪʦʯʢʘ ʥʘʙʣʶʜʝʥʠʷ ʧʨʠʙʣʠʞʘʝʪʩʷ ʢ ʤʝʩʪʫ 
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ʨʘʩʧʦʣʦʞʝʥʠʷ ʛʝʦʤʝʪʨʠʯʝʩʢʦʛʦ ʧʨʦʚʦʜʥʠʢʘ. ʅʝʫʩʪʨʘʥʠʤʘʷ ʦʩʦʙʝʥʥʦʩʪʴ, 
ʩʫʱʝʩʪʚʫʶʱʘʷ ʚ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ, ʚʦʟʥʠʢʘʝʪ ʚʩʣʝʜʩʪʚʠʝ ʬʠʟʠʢʦ-
ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʧʨʦʪʠʚʦʨʝʯʠʷ, ʟʘʣʦʞʝʥʥʦʛʦ ʚ ʟʘʢʦʥʝ ɹʠʦ ï ʉʘʚʘʨʘ ï 
ʃʘʧʣʘʩʘ. 

ʇʨʠʤʝʨ 3. ʆʧʨʝʜʝʣʠʪʴ ʠʥʜʫʢʮʠʶ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʥʘ ʦʩʠ 
ʛʝʦʤʝʪʨʠʯʝʩʢʦʛʦ ʢʨʫʛʦʚʦʛʦ ʪʦʢʘ I ʨʘʜʠʫʩʦʤ r0 (ʨʠʩ. 1.4) (ʩʤ. [12]). 

ʇʨʦʠʥʪʝʛʨʠʨʫʝʤ ʟʘʢʦʥ (1.1): 

ὄᴆ Ὠὄᴆ
ʈ Ὅ
τʌ

Ὠὰᴆ ὶᴆ
ὶ

ȟ                                       ρȢψ  

ʛʜʝ ὶᴆ ὶᴆ Ὤᴆȟ Ὠὰᴆ ὶᴆ Ὠὰᴆ ὶᴆ Ὠὰᴆ Ὤᴆ. ʇʨʠ ʠʥʪʝʛʨʠʨʦʚʘʥʠʠ ʤʦʜʫʣʴ ὶᴆ ʥʝ 
ʠʟʤʝʥʷʝʪʩʷ, ʧʦʵʪʦʤʫ  

ὄᴆ
ʈ Ὅ

τʌὶ
Ͻ Ὠὰᴆ ὶᴆ Ὠὰᴆ Ὤᴆ Ȣ                                  ρȢω  

ʇʦʩʢʦʣʴʢʫ Ὤᴆ ï ʧʦʩʪʦʷʥʥʳʡ  ʚʝʢʪʦʨ, ʥʘʭʦʜʠʤ  

Ὠὰᴆ Ὤᴆ Ὠὰᴆ Ὤᴆ πȟ 

ʪʘʢ ʢʘʢ Ḃ Ὠὰᴆ π. ɼʨʫʛʦʡ ʠʥʪʝʛʨʘʣ, ʚʭʦʜʷʱʠʡ ʚ (1.9), ʚʳʯʠʩʣʷʝʪʩʷ 
ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ:  

 
ʈʠʩ. 1.4. ʈʘʩʧʦʣʦʞʝʥʠʝ ʦʩʥʦʚʥʳʭ ʚʝʢʪʦʨʦʚ ʟʘʜʘʯʠ 
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Ὠὰᴆ ὶᴆ ὲᴆὶ Ͻ Ὠὰ ὲᴆὶ Ὠὰ ὲᴆὶ Ͻ ς“ὶ ȟ 

ʛʜʝ n ï ʝʜʠʥʠʯʥʳʡ ʚʝʢʪʦʨ, ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʳʡ ʧʣʦʩʢʦʩʪʠ, ʚ ʢʦʪʦʨʦʡ 
ʧʨʦʪʝʢʘʝʪ ʪʦʢ I. 

ʊʦʛʜʘ  

ὄᴆ
‘ Ὅ
ς

ὶ

ὶ Ὤ
Ͻ ὲᴆȢ                                      ρȢρπ  

ɽʩʣʠ ʚʚʝʩʪʠ ʧʨʠʚʝʜʸʥʥʫʶ ʢʦʦʨʜʠʥʘʪʫ ὼ ὬȾὶ , ʪʦ ʩʦʦʪʥʦʰʝʥʠʝ (1.10) 
ʤʦʞʥʦ ʧʨʝʜʩʪʘʚʠʪʴ ʚ ʚʠʜʝ  

ὄ
ὄ

ρ ὼ ȟ                                            ρȢρρ  

ʛʜʝ ὄ ʈ Ὅ ςὶϳ  ï ʠʥʜʫʢʮʠʷ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʚ ʮʝʥʪʨʝ ʚʠʪʢʘ. ɻʨʘʬʠʢ 
ʟʘʚʠʩʠʤʦʩʪʠ (1.11) ʧʨʝʜʩʪʘʚʣʝʥ ʥʘ ʨʠʩ. 1.5. ʀʟ ʨʝʟʫʣʴʪʘʪʦʚ ʨʘʩʯʸʪʘ ʠ 
ʘʥʘʣʠʪʠʯʝʩʢʦʛʦ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʚʠʜʥʦ, ʯʪʦ ʬʫʥʢʮʠʷ ʠʤʝʝʪ ʩʪʦʣʦʦʙʨʘʟʥʫʶ 
ʭʘʨʘʢʪʝʨʠʩʪʠʢʫ. 

ʇʨʠ ὼ Ḻ ρ ʝʸ ʟʥʘʯʝʥʠʷ ʭʦʨʦʰʦ ʣʦʞʘʪʩʷ ʥʘ ʟʘʚʠʩʠʤʦʩʪʴ (1.12) 
ὄ
ὄ

ρ
σ
ς

ὼ
ρυ
ψ

ὼ
συ
ρφ

ὼ π ὼ Ȣ                    ρȢρς  

 

 
 

ʈʠʩ. 1.5. ɿʘʚʠʩʠʤʦʩʪʴ ʧʨʠʚʝʜʸʥʥʦʡ ʠʥʜʫʢʮʠʠ ʥʘ ʦʩʠ ʢʦʣʴʮʝʚʦʛʦ ʪʦʢʘ 
ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʧʨʠʚʝʜʸʥʥʦʡ ʢʦʦʨʜʠʥʘʪʳ 

 
ʅʘ ʨʘʩʩʪʦʷʥʠʠ Ὤ πȟρὶ  ʦʪ ʚʠʪʢʘ ʧʦʣʝ ʠʟʤʝʥʷʝʪʩʷ ʥʝʟʥʘʯʠʪʝʣʴʥʦ, ʪʘʢ 

ʢʘʢ ὄ πȟωψυὄ . ʊʦʯʢʘ ʧʝʨʝʛʠʙʘ ʬʫʥʢʮʠʠ ʧʨʠʭʦʜʠʪʩʷ ʥʘ ʟʥʘʯʝʥʠʝ 
ὼ Ὤ ὶϳ ρ ςϳ Ƞ ʪ.ʝ. Ὤ ὶ ȾρȢ ɺ ʵʪʦʡ ʪʦʯʢʝ ʧʦʣʝ ʢʦʣʴʮʘ ʫʤʝʥʴʰʘʝʪ 
ʟʥʘʯʝʥʠʝ ʠʥʜʫʢʮʠʠ ὄ ὄϳ  ʜʦ 0,716.  
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ʇʨʠ Ὤ ὶ  ʠʥʜʫʢʮʠʷ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʩʥʠʞʘʝʪʩʷ ʜʦ ʟʥʘʯʝʥʠʡ 
ὄ ὄϳ πȟσυ. ʇʨʠ ʟʥʘʯʝʥʠʠ  ὼ Ὤ ὶϳ ρπ ʦʥʦ ʫʞʝ ʧʨʘʢʪʠʯʝʩʢʠ 
ʧʦʣʥʦʩʪʴʶ ʠʩʯʝʟʘʝʪ, ʧʦʩʢʦʣʴʢʫ ὄ ὄϳ πȟπρȢ 

ɿʥʘʥʠʝ ʟʘʢʦʥʘ ʠʟʤʝʥʝʥʠʷ ʠʥʜʫʢʮʠʠ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʥʘ ʦʩʠ 
ʢʦʣʴʮʝʚʦʛʦ ʛʝʦʤʝʪʨʠʯʝʩʢʦʛʦ ʪʦʢʘ ʧʦʟʚʦʣʷʝʪ ʥʘʜʸʞʥʦ ʦʮʝʥʠʪʴ ʛʘʙʘʨʠʪʳ 
ʩʘʤʳʭ ʨʘʟʥʦʦʙʨʘʟʥʳʭ ʪʨʘʥʩʬʦʨʤʘʪʦʨʦʚ ʥʘ ʢʦʣʴʮʘʭ ɻʝʣʴʤʛʦʣʴʮʘ. ʕʪʦ 
ʧʦʟʚʦʣʷʝʪ ʠʩʢʣʶʯʠʪʴ ʠʭ ʦʩʝʚʦʝ ʚʟʘʠʤʥʦʝ ʚʣʠʷʥʠʝ ʥʘ ʧʦʩʪʦʷʥʥʦʤ ʠ 
ʧʝʨʝʤʝʥʥʦʤ ʪʦʢʝ ʧʨʠ ʨʘʟʤʝʱʝʥʠʠ ʢʦʣʝʮ ʥʘ ʦʜʥʦʡ ʦʩʠ. 

ʆʩʥʦʚʥʳʝ ʠʥʪʝʛʨʘʣʴʥʳʝ ʠ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʝ ʟʘʢʦʥʳ 
ʤʘʛʥʠʪʦʩʪʘʪʠʢʠ ʧʦʟʚʦʣʷʶʪ ʨʘʩʩʯʠʪʘʪʴ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ, 
ʩʦʟʜʘʚʘʝʤʦʛʦ ʧʨʷʤʳʤ ʢʨʫʛʣʳʤ ʧʨʦʚʦʜʥʠʢʦʤ ʢʦʥʝʯʥʦʡ ʪʦʣʱʠʥʳ ʩ ʪʦʢʦʤ. 
ʇʦʢʘʞʝʤ ʪʨʝʤʷ ʩʧʦʩʦʙʘʤʠ ʚʳʯʠʩʣʝʥʠʡ, ʯʪʦ ʵʪʠ ʟʘʢʦʥʳ ʙʫʜʫʪ 
ʦʜʠʥʘʢʦʚʳʤʠ. ʀʩʩʣʝʜʫʝʤ ʧʦʣʷ ʩʧʣʦʰʥʦʛʦ ʧʨʷʤʦʛʦ ʢʨʫʛʣʦʛʦ ʧʨʦʚʦʜʥʠʢʘ 
ʢʦʥʝʯʥʦʡ ʪʦʣʱʠʥʳ ʧʨʠ ʧʦʩʪʦʷʥʩʪʚʝ ʧʣʦʪʥʦʩʪʠ ʪʦʢʘ ʧʦ ʧʦʧʝʨʝʯʥʦʤʫ 
ʩʝʯʝʥʠʶ. 

ɺʚʝʜʸʤ ʮʠʣʠʥʜʨʠʯʝʩʢʫʶ ʩʠʩʪʝʤʫ ʢʦʦʨʜʠʥʘʪ ὶȟ ʒȟ ᾀ  ʠ ʝʸ ʦʩʴ z 
ʩʦʚʤʝʩʪʠʤ ʩ ʦʩʴʶ ʧʨʷʤʦʛʦ ʢʨʫʛʣʦʛʦ ʧʨʦʚʦʜʥʠʢʘ. ʆʨʠʝʥʪʘʮʠʷ ʦʩʥʦʚʥʳʭ 
ʦʩʝʡ ʠ ʚʝʢʪʦʨʦʚ ʫʢʘʟʘʥʘ ʥʘ ʨʠʩ. 1.6.  

 
ʈʠʩ. 1.6. ʅʘʧʨʘʚʣʝʥʠʝ ʦʩʥʦʚʥʳʭ ʚʝʢʪʦʨʦʚ  

ʚ ʮʠʣʠʥʜʨʠʯʝʩʢʦʡ ʩʠʩʪʝʤʝ ʢʦʦʨʜʠʥʘʪ 
 

ʇʨʠ ʵʪʦʤ ¤<<¤-p¢j¢¤<¢ zr ,20,0 . 
ʅʘ ʨʠʩ. 1.6 ʚʝʢʪʦʨ ʧʣʦʪʥʦʩʪʠ ʪʦʢʘ ʥʘʧʨʘʚʣʝʥ ʧʦ ʦʩʠ z. ɹʫʜʝʤ ʩʯʠʪʘʪʴ, 

ʯʪʦ ʚʝʢʪʦʨ ʧʣʦʪʥʦʩʪʠ ʪʦʢʘ ʠʤʝʝʪ ʦʜʥʫ ʢʦʤʧʦʥʝʥʪʫ ),0,0( zjj =
C

 ʠ                
zj Ὦ ÃÏÎÓÔ (ʧʦʩʪʦʷʥʩʪʚʦ ʧʣʦʪʥʦʩʪʠ ʪʦʢʘ ʧʦ ʧʦʧʝʨʝʯʥʦʤʫ ʩʝʯʝʥʠʶ). 

ʇʦʚʝʨʭʥʦʩʪʴ ʧʨʦʚʦʜʥʠʢʘ, ʨʘʜʠʫʩ ʢʦʪʦʨʦʡ R, ʨʘʟʙʠʚʘʝʪ ʚʩʸ ʧʨʦʩʪʨʘʥʩʪʚʦ ʥʘ 
ʜʚʝ ʦʙʣʘʩʪʠ: ʚʥʫʪʨʝʥʥʶʶ I (ʦʥʘ ʦʛʨʘʥʠʯʠʚʘʝʪ ʦʙʣʘʩʪʴ ʧʨʦʪʝʢʘʥʠʷ ʪʦʢʘ) ʠ 
ʚʥʝʰʥʶʶ, ʚ ʢʦʪʦʨʦʡ ʪʦʢʘ ʥʝʪ. ʊʦ ʝʩʪʴ: Ὦ Ὦ ÃÏÎÓÔ, ʘ Ὦ π. ʇʦʣʴʟʫʷʩʴ 
ʧʨʘʚʠʣʦʤ ʙʫʨʘʚʯʠʢʘ, ʦʧʨʝʜʝʣʷʝʤ ʥʘʧʨʘʚʣʝʥʠʝ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ (ʫʢʘʟʘʥʦ 
ʥʘ ʨʠʩ. 1.6) ʚ ʦʙʣʘʩʪʠ I ʠ ʚ ʦʙʣʘʩʪʠ II. ʀʟ ʯʝʛʦ ʚʠʜʥʦ, ʯʪʦ ʚʝʢʪʦʨ ʤʘʛʥʠʪʥʦʡ 
ʠʥʜʫʢʮʠʠ ʧʨʠ ʙʝʩʢʦʥʝʯʥʦʡ ʜʣʠʥʝ ʧʨʦʚʦʜʥʠʢʘ ʠʤʝʝʪ ʪʦʣʴʢʦ ʦʜʥʫ 
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ʢʦʤʧʦʥʝʥʪʫ ὄᴆ πȟ ὄ ȟ π , ʚʝʣʠʯʠʥʘ ʢʦʪʦʨʦʡ ʟʘʚʠʩʠʪ ʪʦʣʴʢʦ ʦʪ ʨʘʜʠʫʩʘ 
ὄ ὄ ὶ . ʅʘ ʨʠʩ. 1.6 ʨʘʜʠʫʩ-ʚʝʢʪʦʨ ὶᴆ ʩʦʝʜʠʥʷʝʪ ʦʩʴ ʧʨʦʚʦʜʥʠʢʘ ʠ ʪʦʯʢʫ 
ʥʘʙʣʶʜʝʥʠʷ ɸ. 

ɿʘʧʠʰʝʤ ʠʥʪʝʛʨʘʣʴʥʳʡ ʟʘʢʦʥ ʧʦʣʥʦʛʦ ʪʦʢʘ 

ὄᴆὨὰᴆ ʈ Ὥ ȟ                                               ρȢρσ  

ʛʜʝ ʈ  ï ʤʘʛʥʠʪʥʘʷ ʧʦʩʪʦʷʥʥʘʷ. ʆʥ ʛʣʘʩʠʪ: ʮʠʨʢʫʣʷʮʠʷ ʚʝʢʪʦʨʘ ὄᴆ ʧʦ 
ʟʘʤʢʥʫʪʦʤʫ ʢʦʥʪʫʨʫ l ʦʧʨʝʜʝʣʷʝʪʩʷ ʩ ʪʦʯʥʦʩʪʴʶ ʜʦ ʧʦʩʪʦʷʥʥʦʡ ʚʝʣʠʯʠʥʳ 
ʈ  ʘʣʛʝʙʨʘʠʯʝʩʢʦʡ ʩʫʤʤʦʡ ʪʦʢʦʚ, ʦʭʚʘʪʳʚʘʝʤʳʭ ʢʦʥʪʫʨʦʤ l. 

ʇʨʠʤʝʥʠʤ ʵʪʦʪ ʟʘʢʦʥ ʢ ʨʠʩ. 1.6. ɺʦ ʚʥʫʪʨʝʥʥʝʡ ʦʙʣʘʩʪʠ I ʧʨʦʚʝʜʸʤ 
ʟʘʤʢʥʫʪʫʶ ʦʢʨʫʞʥʦʩʪʴ ʨʘʜʠʫʩʦʤ r<R ʜʣʠʥʦʡ l, ʮʝʥʪʨ ʢʦʪʦʨʦʡ ʩʦʚʤʝʱʸʥ ʩ 
ʦʩʴʶ ʧʨʦʚʦʜʥʠʢʘ (ʩʤ. ʨʠʩ. 1.7). ʆʙʭʦʜ ʢʦʥʪʫʨʘ ʧʨʦʚʦʜʠʤ ʧʦ ʥʘʧʨʘʚʣʝʥʠʶ 
ʩʠʣʦʚʳʭ ʣʠʥʠʡ ʧʦʣʷ. 

ɺʦ ʚʩʝʭ ʪʦʯʢʘʭ ʢʦʥʪʫʨʘ l ʚʝʢʪʦʨʳ ὄᴆ ʠ ld
C

 ʩʦʚʧʘʜʘʶʪ ʧʦ 
ʥʘʧʨʘʚʣʝʥʠʶ, ʪ.ʝ. ὄᴆὨὰᴆ ὄ Ͻ Ὠὰ. ʅʘ ʬʠʢʩʠʨʦʚʘʥʥʦʤ ʟʥʘʯʝʥʠʠ r ʚʝʣʠʯʠʥʘ 
ὄ ÃÏÎÓÔ, ʠ ʝʸ ʤʦʞʥʦ ʚʳʥʝʩʪʠ ʠʟ-ʧʦʜ ʟʥʘʢʘ ʠʥʪʝʛʨʘʣʘ ʚ (1.13)  

ὄ Ͻ Ὠὰ ʈ Ὥ Ȣ                                              ρȢρτ  

ʀʥʪʝʛʨʠʨʫʷ ʣʝʚʫʶ ʯʘʩʪʴ (1.14), ʧʦʣʫʯʠʤ: 

ὄ Ͻ ὰ ὄ Ͻ ςʌὶ ʈ Ὥ Ȣ                                       ρȢρυ  

ɺ ʧʨʘʚʦʡ ʯʘʩʪʠ (1.15) ʥʝʦʙʭʦʜʠʤʦ ʫʯʝʩʪʴ ʪʦʣʴʢʦ ʪʦʢʠ, ʦʭʚʘʪʳʚʘʝʤʳʝ 
ʢʦʥʪʫʨʦʤ l: 

 
 

ʈʠʩ. 1.7. ʅʘʧʨʘʚʣʝʥʠʷ ʦʩʥʦʚʥʳʭ ʚʝʢʪʦʨʦʚ ʟʘʜʘʯʠ 
 

Ὥ Ὦ Ͻ Ὓ Ὦ Ͻ ʌὶ Ȣ                                            ρȢρφ  
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ʇʦʜʩʪʘʚʣʷʷ (1.16) ʚ (1.15), ʧʦʣʫʯʠʤ ʟʘʚʠʩʠʤʦʩʪʴ ὄ ὶ  ʚʥʫʪʨʠ 
ʧʨʦʚʦʜʥʠʢʘ: 

ὄ Ͻ ςʌὶ ʈ Ὦ Ͻ ʌὶ Ȣ 
ʆʪʩʶʜʘ ʩʣʝʜʫʝʪ: 

ὄ Ὅ
ʈ Ὦ ὶ

ς
 Ȣ                                                ρȢρχ  

ʈʝʟʫʣʴʪʘʪ ʣʝʛʢʦ ʚʳʨʘʟʠʪʴ ʯʝʨʝʟ ʪʦʢ, ʪʝʢʫʱʠʡ ʧʦ ʧʨʦʚʦʜʥʠʢʫ,  

ὄ Ὅ
ʈ Ὦ Ͻ ὶ Ͻ ʌὙ

ςʌὙ
ʈ Ὅ

ςʌὙ
Ͻ ὶȢ 

ʇʨʠ ʧʦʩʪʦʷʥʥʦʡ ʧʣʦʪʥʦʩʪʠ ʪʦʢʘ ʚʥʫʪʨʠ ʧʨʦʚʦʜʥʠʢʘ ʠʥʜʫʢʮʠʷ 
ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʷʚʣʷʝʪʩʷ ʣʠʥʝʡʥʦʡ ʬʫʥʢʮʠʝʡ ʨʘʜʠʫʩʘ ʚ ʦʙʣʘʩʪʠ π ὶ Ὑ. 
ʅʘ ʦʩʠ ʪʦʢʘ ὄ π, ʘ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʧʨʦʚʦʜʥʠʢʘ ὄ Ὅ ʈ Ὦ Ὑ ςϳ . 

ʆʪʚʝʪʠʤ ʥʘ ʚʦʧʨʦʩ: ʢʘʢ ʠʟʤʝʥʷʝʪʩʷ ʠʥʜʫʢʮʠʷ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʚʦ 
ʚʥʝʰʥʝʡ ʦʙʣʘʩʪʠ II (r>R)? ɼʣʷ ʵʪʦʛʦ ʚʦ ʚʥʝʰʥʝʡ ʦʙʣʘʩʪʠ II ʧʨʦʚʝʜʸʤ 
ʟʘʤʢʥʫʪʫʶ ʦʢʨʫʞʥʦʩʪʴ ʨʘʜʠʫʩʦʤ r>R ʜʣʠʥʦʡ l, ʮʝʥʪʨ ʢʦʪʦʨʦʡ ʩʦʚʤʝʱʸʥ ʩ 
ʦʩʴʶ ʧʨʦʚʦʜʥʠʢʘ (ʩʤ. ʨʠʩ. 1.8). ʆʙʭʦʜ ʢʦʥʪʫʨʘ ʩʦʚʝʨʰʘʝʤ ʧʦ ʥʘʧʨʘʚʣʝʥʠʶ 
ʩʠʣʦʚʳʭ ʣʠʥʠʷ ʧʦʣʷ. 

ɺʦ ʚʩʝʭ ʪʦʯʢʘʭ ʢʦʥʪʫʨʘ l ʚʝʢʪʦʨʳ ὄᴆ  ʠ Ὠὰᴆ ʩʦʚʧʘʜʘʶʪ ʧʦ ʥʘʧʨʘʚʣʝʥʠʶ 
ʠ ὄᴆὨὰᴆ ὄ Ͻ Ὠὰ, ʢʘʢ ʠ ʨʘʥʝʝ. ɺ ʦʙʣʘʩʪʠ ὶ Ὑ ʦʪʩʫʪʩʪʚʫʶʪ ʪʦʯʢʠ, 
ʧʦʨʦʞʜʘʶʱʠʝ ʤʘʛʥʠʪʥʦʝ ʧʦʣʝ. ʉ ʫʯʸʪʦʤ ʵʪʦʛʦ (1.14) ʧʝʨʝʧʠʰʝʤ ʚ ʚʠʜʝ: 

ὄ Ͻ ὰ ὄ Ͻ ςʌὶ ʈ Ͻ Ὦ Ͻ ʌὙ  Ȣ                             ρȢρψ  
ɺ (1.18) ʫʯʪʝʥʳ ʪʦʣʴʢʦ ʪʦʢʠ, ʥʘʭʦʜʷʱʠʝʩʷ ʚ ʦʙʣʘʩʪʠ I π ὶ Ὑ . 

ʆʪʩʶʜʘ ʩʣʝʜʫʝʪ 

ὄ ὍὍ
ʈ Ὦ Ὑ

ςὶ
Ȣ                                                  ρȢρω  

ʈʝʟʫʣʴʪʘʪ ʣʝʛʢʦ ʚʳʨʘʟʠʪʴ ʯʝʨʝʟ ʪʦʢ, ʪʝʢʫʱʠʡ ʧʦ ʧʨʦʚʦʜʥʠʢʫ: 

ὄ ὍὍ
ʈ Ὦ Ὑ Ͻ ʌ

ςʌὶ
ʈ Ͻ Ὅ
ςʌὶ

Ȣ 
 

 
 

ʈʠʩ. 1.8. ʅʘʧʨʘʚʣʝʥʠʷ ʦʩʥʦʚʥʳʭ ʚʝʢʪʦʨʦʚ ʟʘʜʘʯʠ 
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ɼʣʷ ʦʮʝʥʢʠ ʩʢʦʨʦʩʪʠ ʩʧʘʜʘʥʠʷ ʧʦʣʷ ʧʦʣʫʯʝʥʥʦʝ ʩʦʦʪʥʦʰʝʥʠʝ 
ʧʨʠʚʝʜʸʤ ʢ ʙʝʟʨʘʟʤʝʨʥʦʤʫ ʚʠʜʫ:  

ὄ ὍὍ
ʈ Ὅ Ͻ Ὑ
ςʌὶ Ͻ Ὑ

ὄ Ͻ
Ὑ
ὶ

ȟ 
ʛʜʝ ὄ ʈ Ὅ ςʌὙϳ  ï ʤʘʩʰʪʘʙ ʠʥʜʫʢʮʠʠ ʧʦʣʷ. 

ʆʪʩʶʜʘ ʚʠʜʥʦ, ʯʪʦ ʠʥʜʫʢʮʠʷ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʫʙʳʚʘʝʪ ʥʘ ʧʦʨʷʜʦʢ ʥʘ 
ʨʘʩʩʪʦʷʥʠʠ Ὑ ὶϳ πȟρ ʠʣʠ ʥʘ ʜʝʩʷʪʠ ʨʘʜʠʫʩʘʭ ʧʨʦʚʦʜʥʠʢʘ. 

ʇʨʠ ʧʦʩʪʦʷʥʥʦʡ ʧʣʦʪʥʦʩʪʠ ʪʦʢʘ ʚʥʝ ʧʨʦʚʦʜʥʠʢʘ ʠʥʜʫʢʮʠʷ 
ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʫʙʳʚʘʝʪ ʧʦ ʟʘʢʦʥʫ ͯρ ὶϳ . ʅʘ ʧʦʚʝʨʭʥʦʩʪʠ ʧʨʦʚʦʜʥʠʢʘ ʧʨʠ  
ʧʦʣʝ ʜʦʩʪʠʛʘʝʪ ʢʦʥʝʯʥʦʛʦ ʟʥʘʯʝʥʠʷ ὄ ʈ Ὦ Ὑ ςϳ , ʩʦʚʧʘʜʘʶʱʝʛʦ ʩʦ 
ʟʥʘʯʝʥʠʝʤ, ʜʘʚʘʝʤʳʤ ʨʝʰʝʥʠʝʤ ʚʥʫʪʨʝʥʥʝʡ ʟʘʜʘʯʠ. 

ʇʨʠʚʝʜʸʤ ʙʘʟʦʚʳʝ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʝ ʟʘʢʦʥʳ ʤʘʛʥʠʪʦʩʪʘʪʠʢʠ [12]: 
1. ʇʝʨʚʳʡ ʟʘʢʦʥ ʫʪʚʝʨʞʜʘʝʪ, ʯʪʦ ʩʪʘʪʠʯʝʩʢʠʝ ʤʘʛʥʠʪʥʳʝ ʧʦʣʷ 

ʙʝʟʜʠʚʝʨʛʝʥʪʥʳ: 
ὨὭὺ ὄᴆ πȢ                                                    ρȢςπ  

ʈʘʚʝʥʩʪʚʦ (1.20) ʦʟʥʘʯʘʝʪ, ʯʪʦ ʤʘʛʥʠʪʥʳʝ ʩʠʣʦʚʳʝ ʣʠʥʠʠ ʚʝʢʪʦʨʘ ὄᴆ 
ʥʝ ʠʤʝʶʪ ʠʩʪʦʯʥʠʢʦʚ. ʊʦ ʝʩʪʴ ʚ ʧʨʠʨʦʜʝ ʥʝʪ ʤʘʛʥʠʪʥʳʭ ʟʘʨʷʜʦʚ, ʢʦʪʦʨʳʝ 
ʩʦʟʜʘʚʘʣʠ ʙʳ ʤʘʛʥʠʪʥʦʝ ʧʦʣʝ ʧʦʜʦʙʥʦ ʪʦʤʫ, ʢʘʢ ʵʣʝʢʪʨʠʯʝʩʢʠʝ ʟʘʨʷʜʳ 
ʩʦʟʜʘʶʪ ʵʣʝʢʪʨʠʯʝʩʢʦʝ ʧʦʣʝ. ʄʘʛʥʠʪʥʦʝ ʧʦʣʝ ʧʦʨʦʞʜʘʝʪ ʪʦʢ, ʠʣʠ ʧʦʪʦʢ 
ʜʚʠʞʫʱʠʭʩʷ ʟʘʨʷʜʦʚ. ʃʠʥʠʠ ʚʝʢʪʦʨʘ ὄᴆ ʥʝ ʠʤʝʶʪ ʥʠ ʥʘʯʘʣʘ, ʥʠ ʢʦʥʮʘ. ʆʥʠ 
ʷʚʣʷʶʪʩʷ ʣʠʙʦ ʟʘʤʢʥʫʪʳʤʠ ʣʠʥʠʷʤʠ, ʣʠʙʦ ʥʘʯʠʥʘʶʪʩʷ ʚ ʙʝʩʢʦʥʝʯʥʦʩʪʠ ʠ 
ʫʭʦʜʷʪ ʥʘ ʙʝʩʢʦʥʝʯʥʦʩʪʴ. ʊʘʢʠʝ ʧʦʣʷ ʥʘʟʳʚʘʶʪ ʩʦʣʝʥʦʠʜʘʣʴʥʳʤʠ ʠʣʠ 
ʚʠʭʨʝʚʳʤʠ. 

2. ɺʠʭʨʝʚʦʝ ʤʘʛʥʠʪʥʦʝ ʧʦʣʝ, ʧʦʨʦʞʜʘʝʤʦʝ ʧʦʩʪʦʷʥʥʳʤ ʪʦʢʦʤ, 
ʦʧʠʩʳʚʘʝʪʩʷ ʫʨʘʚʥʝʥʠʝʤ ʄʘʢʩʚʝʣʣʘ, ʜʦʧʦʣʥʷʶʱʠʤ ʫʨʘʚʥʝʥʠʝ (1.20) 

ÒÏÔ ὄᴆ ʈ ᴆ.                                              (1.21) 
ʈʝʰʝʥʠʝ ʫʨʘʚʥʝʥʠʡ (1.20) ʠ (1.21) ʧʦʟʚʦʣʷʝʪ ʥʘʡʪʠ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʝ 

ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʚʩʝʭ ʪʨʸʭ ʢʦʤʧʦʥʝʥʪ ʧʦʣʷ ὄᴆ ὄ ȟ ὄ ȟ ὄ  ʧʨʠ ʟʘʜʘʥʥʦʤ 
ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʤ ʨʘʩʧʨʝʜʝʣʝʥʠʠ ʚʩʝʭ ʪʨʸʭ ʢʦʤʧʦʥʝʥʪ ʧʣʦʪʥʦʩʪʠ ʪʦʢʘ 
ᴆ Ὦ ȟ Ὦ ȟ Ὦ . 

ʏʠʩʣʦ ʥʝʠʟʚʝʩʪʥʳʭ ʩʢʘʣʷʨʥʳʭ ʚʝʣʠʯʠʥ ʚ ʵʪʠʭ ʫʨʘʚʥʝʥʠʷʭ ʨʘʚʥʦ 
ʪʨʸʤ ὄ ȟ ὄ ȟ ὄ , ʘ ʦʙʱʝʝ ʯʠʩʣʦ ʩʢʘʣʷʨʥʳʭ ʫʨʘʚʥʝʥʠʡ ʜʣʷ ʠʭ ʦʧʨʝʜʝʣʝʥʠʷ 
ʨʘʚʥʦ ʯʝʪʳʨʸʤ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʯʠʩʣʦ ʫʨʘʚʥʝʥʠʡ ʙʦʣʴʰʝ, ʯʝʤ ʯʠʩʣʦ 
ʥʝʠʟʚʝʩʪʥʳʭ, ʦʜʥʘʢʦ ʵʪʦ ʥʝ ʜʝʣʘʝʪ ʩʠʩʪʝʤʫ ʧʝʨʝʧʦʣʥʝʥʥʦʡ. 

ʉ ʧʦʤʦʱʴʶ ʫʨʘʚʥʝʥʠʡ (1.20) ʠ (1.21) ʤʦʞʥʦ ʨʝʰʘʪʴ ʜʚʘ ʢʣʘʩʩʘ ʟʘʜʘʯ. 
1-ʡ ʢʣʘʩʩ ʟʘʜʘʯ. ɿʥʘʷ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʠʥʜʫʢʮʠʠ 

ʩʪʘʪʠʯʝʩʢʦʛʦ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ, ʥʘʡʪʠ ʟʘʢʦʥʳ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʚʝʢʪʦʨʘ 
ʧʣʦʪʥʦʩʪʠ ʪʦʢʘ. ɼʣʷ ʵʪʦʛʦ ʥʫʞʥʦ ʚʳʯʠʩʣʠʪʴ ʣʝʚʫʶ ʯʘʩʪʴ ʫʨʘʚʥʝʥʠʷ (1.21). 

2-ʡ ʢʣʘʩʩ ʟʘʜʘʯ. ɿʥʘʷ ʟʘʢʦʥʳ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ 
ʚʝʢʪʦʨʘ ʧʣʦʪʥʦʩʪʠ ʪʦʢʘ ᴆ, ʥʘʡʪʠ ʟʘʢʦʥʳ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ 
ʠʥʜʫʢʮʠʠ ʩʪʘʪʠʯʝʩʢʦʛʦ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ, ʧʦʨʦʞʜʘʝʤʦʛʦ ʵʪʠʤʠ ʪʦʢʘʤʠ. 
ʕʪʦʪ ʢʣʘʩʩ ʟʘʜʘʯ ʩʚʦʜʠʪʩʷ ʢ ʨʝʰʝʥʠʶ ʪʨʸʭ ʩʢʘʣʷʨʥʳʭ ʫʨʘʚʥʝʥʠʡ ʚ ʯʘʩʪʥʳʭ 
ʧʨʦʠʟʚʦʜʥʳʭ ʧʝʨʚʦʛʦ ʧʦʨʷʜʢʘ, ʩʣʝʜʫʶʱʠʭ ʠʟ (1.21). 
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ʏʘʩʪʦ ʠʟ-ʟʘ ʩʣʦʞʥʦʩʪʠ ʨʝʰʘʝʤʳʭ ʟʘʜʘʯ, ʜʣʷ ʠʭ ʫʧʨʦʱʝʥʠʷ, 
ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʚʚʝʩʪʠ ʜʦʧʦʣʥʠʪʝʣʴʥʫʶ ʚʝʣʠʯʠʥʫ, ʢʦʪʦʨʘʷ ʥʘʟʳʚʘʝʪʩʷ 
ʚʝʢʪʦʨʥʳʤ ʧʦʪʝʥʮʠʘʣʦʤ [12]. ʀʟʚʝʩʪʥʦʝ ʠʟ ʚʝʢʪʦʨʥʦʛʦ ʘʥʘʣʠʟʘ ʪʦʞʜʝʩʪʚʦ 
ὨὭὺ ÒÏÔ ὃᴆ π ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʫʨʘʚʥʝʥʠʝ (1.20) ʤʦʞʝʪ ʙʳʪʴ ʧʨʝʜʩʪʘʚʣʝʥʦ ʚ 
ʚʠʜʝ: 

ὄᴆ ÒÏÔ ὃᴆ ȟ                                                    ρȢςς  
ʛʜʝ ὃᴆ ï ʚʝʢʪʦʨʥʳʡ ʧʦʪʝʥʮʠʘʣ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ. ʇʦʣʝ ʩ ʟʘʜʘʥʥʦʡ ʠʥʜʫʢʮʠʝʡ 
ὄᴆ ʤʦʞʝʪ ʙʳʪʴ ʦʧʠʩʘʥʦ ʥʝ ʢʘʢʠʤ-ʪʦ ʦʜʥʠʤ ʚʝʢʪʦʨʥʳʤ ʧʦʪʝʥʮʠʘʣʦʤ, ʘ 
ʨʘʟʣʠʯʥʳʤʠ ʥʘʙʦʨʘʤʠ ʚʝʢʪʦʨʥʳʭ ʧʦʪʝʥʮʠʘʣʦʚ.  

ɺ ʤʘʛʥʠʪʦʩʪʘʪʠʢʝ ʜʦʢʘʟʳʚʘʝʪʩʷ, ʯʪʦ ʝʩʣʠ ʧʦʪʝʥʮʠʘʣ ὃᴆ ʦʧʠʩʳʚʘʝʪ 
ʚʝʢʪʦʨʥʦʝ ʧʦʣʝ ʩ ʠʥʜʫʢʮʠʝʡ ὄᴆ, ʪʦ ʠ ʜʨʫʛʦʡ ʧʦʪʝʥʮʠʘʣ, ʦʪʣʠʯʘʶʱʠʡʩʷ ʦʪ ὃᴆ  

ὃᴆ ὃᴆ ÇÒÁÄ ὼ ȟ                                             ρȢςσ  
ʧʨʦʠʟʚʦʣʴʥʦʡ ʬʫʥʢʮʠʝʡ ὼ ὶᴆ , ʦʧʠʩʳʚʘʝʪ ʪʦ ʞʝ ʩʘʤʦʝ ʧʦʣʝ ὄᴆ. ɼʣʷ 
ʜʦʢʘʟʘʪʝʣʴʩʪʚʘ ʚʳʯʠʩʣʠʤ ʠʥʜʫʢʮʠʶ ʧʦʣʷ ὄᴆᴂ, ʦʧʠʩʳʚʘʝʤʦʛʦ 
ʧʦʪʝʥʮʠʘʣʦʤ ὃᴆᴂ: 

ὄᴆ ÒÏÔὃᴆ  ÒÏÔὃᴆ ÒÏÔ ÇÒÁÄὼ  ÒÏÔὃᴆ ὄᴆȟ                 ρȢςτ  
ʧʦʩʢʦʣʴʢʫ ÒÏÔ ÇÒÁÄὼ πȢ 

ʅʝʦʜʥʦʟʥʘʯʥʦʩʪʴ ʚʝʢʪʦʨʥʦʛʦ ʧʦʪʝʥʮʠʘʣʘ ʘʥʘʣʦʛʠʯʥʘ 
ʥʝʦʜʥʦʟʥʘʯʥʦʩʪʠ ʩʢʘʣʷʨʥʦʛʦ ʧʦʪʝʥʮʠʘʣʘ ʚ ʪʝʦʨʠʠ ʵʣʝʢʪʨʦʩʪʘʪʠʯʝʩʢʦʛʦ 
ʧʦʣʷ, ʪʦʣʴʢʦ ʪʘʤ ʧʦʪʝʥʮʠʘʣ ʙʳʣ ʦʧʨʝʜʝʣʸʥ ʩ ʪʦʯʥʦʩʪʴʶ ʜʦ ʧʨʦʠʟʚʦʜʥʦʡ 
ʧʦʩʪʦʷʥʥʦʡ, ʘ ʟʜʝʩʴ ï ʩ ʪʦʯʥʦʩʪʴʶ ʜʦ ʧʨʦʠʟʚʦʜʥʦʡ ʦʪ ʥʝʢʦʪʦʨʦʡ ʩʢʘʣʷʨʥʦʡ 
ʬʫʥʢʮʠʠ. 

ʕʪʦ ʩʚʦʡʩʪʚʦ ʚʝʢʪʦʨʥʦʛʦ ʧʦʪʝʥʮʠʘʣʘ ʦʪʧʫʛʥʫʣʦ ʤʥʦʛʠʭ ʬʠʟʠʢʦʚ-
ʪʝʦʨʝʪʠʢʦʚ ʦʪ ʨʝʰʝʥʠʷ ʤʘʛʥʠʪʦʩʪʘʪʠʯʝʩʢʠʭ ʟʘʜʘʯ, ʚ ʢʦʪʦʨʳʝ ʚʭʦʜʠʪ 
ʚʝʢʪʦʨʥʳʡ ʧʦʪʝʥʮʠʘʣ. ʅʘ ʩʘʤʦʤ ʜʝʣʝ, ʢʘʢ ʙʫʜʝʪ ʧʦʢʘʟʘʥʦ ʥʠʞʝ, ʟʥʘʯʝʥʠʝ 
ʵʪʦʡ ʚʝʣʠʯʠʥʳ ʜʣʷ ʤʘʛʥʠʪʦʩʪʘʪʠʢʠ ʪʨʫʜʥʦ ʧʝʨʝʦʮʝʥʠʪʴ. ɺʝʢʪʦʨʥʳʡ 
ʧʦʪʝʥʮʠʘʣ ʧʦʟʚʦʣʷʝʪ ʣʝʛʢʦ ʧʦʥʷʪʴ ʩʠʤʤʝʪʨʠʶ ʠʩʭʦʜʥʳʭ ʪʦʢʦʚʳʭ 
ʨʘʩʧʨʝʜʝʣʝʥʠʡ ʠ ʧʦʩʪʨʦʠʪʴ ʜʦʩʪʫʧʥʳʝ ʤʝʪʦʜʳ ʨʘʩʯʸʪʘ ʜʣʷ 
ʤʘʛʥʠʪʦʩʪʘʪʠʯʝʩʢʠʭ ʧʦʣʝʡ ʩʘʤʦʡ ʨʘʟʥʦʦʙʨʘʟʥʦʡ ʢʦʥʬʠʛʫʨʘʮʠʠ. 

ʇʦʣʴʟʫʷʩʴ ʥʝʦʜʥʦʟʥʘʯʥʦʩʪʴʶ ʚ ʚʳʙʦʨʝ ʚʝʢʪʦʨʥʦʛʦ ʧʦʪʝʥʮʠʘʣʘ, 
ʤʦʞʥʦ ʥʘʣʦʞʠʪʴ ʥʘ ʥʝʛʦ ʦʧʨʝʜʝʣʸʥʥʦʝ ʫʩʣʦʚʠʝ, ʢʦʪʦʨʦʝ ʥʘʟʳʚʘʶʪ 
ʫʩʣʦʚʠʝʤ ʢʘʣʠʙʨʦʚʢʠ ʚʝʢʪʦʨʥʦʛʦ ʧʦʪʝʥʮʠʘʣʘ. ɺ ʤʘʛʥʠʪʦʩʪʘʪʠʢʝ ʯʘʱʝ 
ʚʩʝʛʦ ʦʥʦ ʚʳʙʠʨʘʝʪʩʷ ʚ ʚʠʜʝ 

ὨὭὺὃᴆ π Ȣ                                                 ρȢςυ  
ʈʦʣʴ ʵʪʦʛʦ ʫʩʣʦʚʠʷ ʘʥʘʣʦʛʠʯʥʘ ʨʦʣʠ ʥʦʨʤʠʨʦʚʢʠ ʩʢʘʣʷʨʥʦʛʦ 

ʧʦʪʝʥʮʠʘʣʘ ʚ ʵʣʝʢʪʨʦʩʪʘʪʠʢʝ. ʉʣʝʜʫʝʪ ʧʦʥʠʤʘʪʴ, ʯʪʦ ʚʝʢʪʦʨʥʳʡ ʧʦʪʝʥʮʠʘʣ 
ʚ ʤʘʛʥʠʪʦʩʪʘʪʠʢʝ ʠʤʝʝʪ ʣʠʰʴ ʚʩʧʦʤʦʛʘʪʝʣʴʥʦʝ ʟʥʘʯʝʥʠʝ ʠ ʥʝ ʤʦʞʝʪ ʙʳʪʴ 
ʠʟʤʝʨʝʥ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ, ʥʦ, ʧʦʩʢʦʣʴʢʫ ʦʪ ʟʘʢʦʥʦʚ ʠʟʤʝʥʝʥʠʷ 
ʚʝʢʪʦʨʥʦʛʦ ʧʦʪʝʥʮʠʘʣʘ ʣʝʛʢʦ ʧʝʨʝʡʪʠ ʢ ʟʘʢʦʥʘʤ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʤʘʛʥʠʪʥʦʡ 
ʠʥʜʫʢʮʠʠ, ʪʦ ʵʪʦʪ ʥʝʜʦʩʪʘʪʦʢ ʥʝ ʷʚʣʷʝʪʩʷ ʩʫʱʝʩʪʚʝʥʥʳʤ. 
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ʇʦʣʫʯʠʤ ʫʨʘʚʥʝʥʠʝ ʜʣʷ ʚʝʢʪʦʨʥʦʛʦ ʧʦʪʝʥʮʠʘʣʘ. ʇʦʜʩʪʘʚʠʤ (1.22) ʚ 
(1.21). ʇʦʣʫʯʠʤ 

ÒÏÔ ÒÏÔὃᴆ ʈ ᴆ Ȣ                                          ρȢςφ  
ʀʟ ʚʝʢʪʦʨʥʦʛʦ ʘʥʘʣʠʟʘ ʠʟʚʝʩʪʥʦ, ʯʪʦ 

ÒÏÔ ÒÏÔὃᴆ ÇÒÁÄ ὨὭὺὃᴆ ​ ὃᴆ Ȣ                            ρȢςχ  
ʇʦʵʪʦʤʫ (1.26) ʧʨʠʥʠʤʘʝʪ ʚʠʜ 

​ ὃᴆ ʈ ᴆ ȟ                                              ρȢςψ  
ʛʜʝ ʧʨʠʥʷʪʘ ʚʦ ʚʥʠʤʘʥʠʝ ʢʘʣʠʙʨʦʚʢʘ (1.25). ʈʘʩʧʠʰʝʤ ʫʨʘʚʥʝʥʠʝ (1.28) ʚ 
ʜʝʢʘʨʪʦʚʳʭ ʢʦʦʨʜʠʥʘʪʘʭ. ʀʭ ʪʨʠ:  

​ ὃ ʈ Ὦ Ƞ ​ ὃ ʈ Ὦ Ƞ ​ ὃ ʈ Ὦ  Ȣ                ρȢςω  
ʀʟ ρȢςω  ʚʠʜʥʦ, ʯʪʦ ʢʘʞʜʘʷ ʠʟ ʢʦʤʧʦʥʝʥʪ ʚʝʢʪʦʨʥʦʛʦ ʧʦʪʝʥʮʠʘʣʘ 

ʧʦʜʯʠʥʷʝʪʩʷ ʠʟʚʝʩʪʥʦʤʫ ʚ ʵʣʝʢʪʨʦʩʪʘʪʠʢʝ ʫʨʘʚʥʝʥʠʶ ʇʫʘʩʩʦʥʘ, ʢʦʪʦʨʦʝ 
ʠʤʝʝʪ ʚʠʜ: 

​ ʒ ʍ
ʀ  Ȣ                                            ρȢσπ  

ʂʘʢ ʚʠʜʥʦ ʠʟ (1.29) ʠ (1.30), ʚʩʝ ʫʨʘʚʥʝʥʠʷ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ 
ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʝ ʫʨʘʚʥʝʥʠʷ ʚʪʦʨʦʛʦ ʧʦʨʷʜʢʘ ʚ ʯʘʩʪʥʳʭ ʧʨʦʠʟʚʦʜʥʳʭ. 
ʈʝʰʝʥʠʷ ʫʨʘʚʥʝʥʠʷ (1.30) ʭʦʨʦʰʦ ʠʩʩʣʝʜʦʚʘʥʳ ʧʨʠ ʨʝʰʝʥʠʠ 
ʵʣʝʢʪʨʦʩʪʘʪʠʯʝʩʢʠʭ ʟʘʜʘʯ. ʕʪʠʤ ʤʦʞʥʦ ʚʦʩʧʦʣʴʟʦʚʘʪʴʩʷ ʧʨʠ ʨʝʰʝʥʠʠ 
ʧʨʦʩʪʝʡʰʠʭ ʟʘʜʘʯ ʤʘʛʥʠʪʦʩʪʘʪʠʢʠ. 

ʈʘʩʩʯʠʪʘʝʤ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʙʝʩʢʦʥʝʯʥʦʛʦ ʢʨʫʛʣʦʛʦ 
ʧʨʷʤʦʛʦ ʪʦʢʘ ʩ ʨʘʜʠʫʩʦʤ R, ʠʩʧʦʣʴʟʫʷ ʫʨʘʚʥʝʥʠʝ (1.9). ʂʘʢ ʧʦʢʘʟʘʥʦ ʥʘ 
ʨʠʩ. 1.6, ʚʦ ʚʥʫʪʨʝʥʥʝʡ ʠ ʚʥʝʰʥʝʡ ʦʙʣʘʩʪʷʭ ʧʦʣʝ ὄᴆ ʠʤʝʝʪ ʦʜʥʫ 
ʩʦʩʪʘʚʣʷʶʱʫʶ ὄ , ʘ ʧʣʦʪʥʦʩʪʴ ʪʦʢʘ Ὦ Ὦ  ʪʘʢʞʝ ʠʤʝʝʪ ʦʜʥʫ 
ʩʦʩʪʘʚʣʷʶʱʫʶ. ʈʘʩʧʠʰʝʤ ʫʨʘʚʥʝʥʠʝ (1.9) ʚ ʮʠʣʠʥʜʨʠʯʝʩʢʦʡ ʩʠʩʪʝʤʝ 
ʢʦʦʨʜʠʥʘʪ (ὶȟ ʒȟ ᾀ):  

ÒÏÔὄᴆ Ͻ Ὡᴆ Ὡᴆ ὶ Ͻ ὄʒ Ὡᴆ

ʈ Ὦ Ͻ Ὡᴆ Ὦ Ͻ Ὡᴆ Ὦ Ͻ Ὡᴆ ȟ                             ρȢσρ   
ʛʜʝ ʚʚʝʜʝʥʳ ʦʙʦʟʥʘʯʝʥʠʷ Ὡᴆ , Ὡᴆ , Ὡᴆ  ï ʝʜʠʥʠʯʥʳʝ ʚʝʢʪʦʨʳ ʮʠʣʠʥʜʨʠʯʝʩʢʦʡ 
ʩʠʩʪʝʤʳ ʢʦʦʨʜʠʥʘʪ. ɼʣʷ ʢʦʤʧʦʥʝʥʪ ὄ  ʠ Ὦ  ρȢσρ  ʫʧʨʦʱʘʝʪʩʷ: 

ÒÏÔὄᴆ
ρ
ὶ

Ὠ
Ὠὶ

ὶ Ͻ ὄ ʈ Ὦ  Ȣ                            ρȢσς  
ɺ ʫʨʘʚʥʝʥʠʠ ρȢσς  ʯʘʩʪʥʳʝ ʧʨʦʠʟʚʦʜʥʳʝ ʟʘʤʝʥʝʥʳ ʥʘ ʧʦʣʥʳʝ, 

ʧʦʩʢʦʣʴʢʫ ὄ ὄ ὶ . ʃʝʛʢʦ ʧʨʦʚʝʨʠʪʴ, ʯʪʦ ʵʪʦ ʧʦʣʝ ʙʝʟʜʠʚʝʨʛʝʥʪʥʦ 

ὨὭὺὄᴆ
ρ
ὶ

‬
‬ὶ

ὶὄὶ
ρ
ὶ

Ͻ
‬ὄ
‬ʒ

‬ὄ
‬ᾀ

πȢ 

ʕʪʦ ʩʚʷʟʘʥʦ ʩ ʪʝʤ, ʯʪʦ ʝʜʠʥʩʪʚʝʥʥʘʷ ʢʦʤʧʦʥʝʥʪʘ ὄ  ʥʝ ʟʘʚʠʩʠʪ ʦʪ ʒ, 

ʪ.ʝ. 
‬ὄ

‬ʒ π, ʘ ʚʩʝ ʦʩʪʘʣʴʥʳʝ ʦʪʩʫʪʩʪʚʫʶʪ. 
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ɿʘʧʠʰʝʤ ʫʨʘʚʥʝʥʠʝ ρȢσς  ʜʣʷ ʜʚʫʭ ʦʙʣʘʩʪʝʡ. ɺ I ʦʙʣʘʩʪʠ π ὶ Ὑ 
ʠʤʝʝʤ 

ρ
ὶ

Ὠ
Ὠὶ

ὶ Ͻ ὄ ʈ Ὦ ÃÏÎÓÔ ὧ  Ȣ                       ρȢσσ  
ɺ ʦʙʣʘʩʪʠ II ʧʨʠ ὶ Ὑ ʪʦʢʠ ʦʪʩʫʪʩʪʚʫʶʪ 

ὶ Ͻ ὄ πȢ                                         (1.34) 
ʀʥʪʝʛʨʠʨʫʷ ρȢςρ , ʧʦʣʫʯʠʤ ʚ ʦʙʣʘʩʪʠ I 

ὄ ʈ Ὦ  ὶ ς
ὧ
ὶ

Ȣ                                      ρȢσυ  
ʏʪʦʙʳ ʫʙʨʘʪʴ ʦʩʦʙʝʥʥʦʩʪʴ ʚ ʥʫʣʝ, ʚʳʙʠʨʘʝʤ ʧʨʦʠʟʚʦʣʴʥʫʶ 

ʧʦʩʪʦʷʥʥʫʶ ὧ π. ʊʦʛʜʘ ʧʦʣʫʯʘʝʤ ʨʝʰʝʥʠʝ 
ὄ Ὅ ʈ Ὦ ὶ

ς  ̃ ̏̂̌́̒̓̉ π ὶ Ὑȟ                        ρȢσφ  
ʢʦʪʦʨʦʝ ʪʦʯʥʦ ʩʦʚʧʘʜʘʝʪ ʩ ʨʝʰʝʥʠʝʤ (1.5). 

ʀʥʪʝʛʨʠʨʫʷ (1.34), ʧʦʣʫʯʠʤ ʚ ʦʙʣʘʩʪʠ II 
ὄ

ὧ
ὶ

 ȟ                                                       ρȢσχ  
ʛʜʝ ὧ  ï ʚʪʦʨʘʷ ʧʨʦʠʟʚʦʣʴʥʘʷ ʧʦʩʪʦʷʥʥʘʷ. ɺʳʙʠʨʘʝʤ ʟʥʘʯʝʥʠʝ ὧ , ʠʟ 
ʫʩʣʦʚʠʷ ʨʘʚʝʥʩʪʚʘ ʠʥʜʫʢʮʠʡ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ὶ Ὑ 

ʈ Ὦ  Ὑ ς
ὧ

ὙȢ 

ʊʦʛʜʘ ʧʦʣʫʯʠʤ ὧ ʈ Ὦ Ὑ
ς, ʦʪʩʶʜʘ ʩʣʝʜʫʝʪ ʠʟʤʝʥʝʥʠʝ ʧʦʣʷ ʚ ʦʙʣʘʩʪʠ II 

ὄ
ʈ Ὦ Ὑ

ςὶ
ȟ ̐̑̉ ὶ ὙȢ                                       ρȢσψ  

ɺʳʨʘʞʝʥʠʝ ρȢσψ  ʪʦʯʥʦ ʩʦʚʧʘʜʘʝʪ ʩ (1.7). 
ʈʘʩʩʯʠʪʘʝʤ ʝʱʸ ʨʘʟ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʙʝʩʢʦʥʝʯʥʦʛʦ 

ʢʨʫʛʣʦʛʦ ʧʨʷʤʦʛʦ ʪʦʢʘ ʨʘʜʠʫʩʦʤ R, ʠʩʧʦʣʴʟʫʷ ʧʦʥʷʪʠʝ ʚʝʢʪʦʨʥʦʛʦ 
ʧʦʪʝʥʮʠʘʣʘ, ʠ ʧʨʠʚʣʝʯʸʤ ʜʣʷ ʵʪʦʛʦ ʫʨʘʚʥʝʥʠʝ (1.20). ɿʘʧʠʰʝʤ ʝʛʦ ʚ 
ʮʠʣʠʥʜʨʠʯʝʩʢʠʭ ʢʦʦʨʜʠʥʘʪʘʭ ʩ ʫʯʸʪʦʤ ʪʦʛʦ, ʯʪʦ ʧʣʦʪʥʦʩʪʴ ʪʦʢʘ Ὦ Ὦ  
ʧʦʨʦʞʜʘʝʪ ʧʦʣʝ ʚʝʢʪʦʨʥʦʛʦ ʧʦʪʝʥʮʠʘʣʘ, ʢʦʪʦʨʦʝ ʠʤʝʝʪ ʦʜʥʫ ʢʦʤʧʦʥʝʥʪʫ ὃ : 

ᶯ ὃ ʈ Ὦ  ȟ                                               ρȢσω  
ʛʜʝ ᶯ ὃ ὶ Ͻ , ʘ ʠʥʜʫʢʮʠʷ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ὄ  ʩʚʷʟʘʥʘ ʩ ὃ  
ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʤ ʩʦʦʪʥʦʰʝʥʠʝʤ, ʢʦʪʦʨʦʝ ʩʣʝʜʫʝʪ ʠʟ (1.10) 

ὄ
‬ὃ
‬ὶ

 Ȣ                                                ρȢτπ  
ɼʣʷ ʚʥʫʪʨʝʥʥʝʡ ʦʙʣʘʩʪʠ I (π ὶ Ὑ) ʫʨʘʚʥʝʥʠʝ ρȢςχ  ʠʤʝʝʪ ʚʠʜ 

ρ
ὶ

Ὠ
Ὠὶ

ὶ Ͻ
Ὠὃ
Ὠὶ

ʈ Ὦ  Ȣ                                      ρȢτρ  
ɼʘʣʝʝ ʚʝʟʜʝ ʠʥʜʝʢʩ z ʚ ʚʝʢʪʦʨʥʦʤ ʧʦʪʝʥʮʠʘʣʝ ʟʘʤʝʥʷʝʤ ʠʥʜʝʢʩʦʤ 1 

ʠʣʠ 2, ʥʫʤʝʨʫʶʱʠʤ ʦʙʣʘʩʪʴ, ʢ ʢʦʪʦʨʦʡ ʦʪʥʦʩʠʪʩʷ ʨʝʰʝʥʠʝ ʟʘʜʘʯʠ. 
ʇʦʵʪʦʤʫ ʜʣʷ ʚʥʝʰʥʝʡ ʦʙʣʘʩʪʠ ὶ Ὑ ʫʨʘʚʥʝʥʠʝ (1.39) ʟʘʧʠʰʝʪʩʷ ʚ ʚʠʜʝ 
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ʈʝʰʝʥʠʝ ʫʨʘʚʥʝʥʠʷ (1.41) ʚʳʨʘʞʘʝʪʩʷ ʯʝʨʝʟ ʧʨʦʠʟʚʦʣʴʥʳʝ 
ʧʦʩʪʦʷʥʥʳʝ ὧ  ʠ ὧ  

ὃ
ʈ Ὦ ὶ

τ
ὧ  ὰὲὶ ὧ  ̐̑̉ π ὶ Ὑ ȟ                       ρȢτσ  

ʘ ʨʝʰʝʥʠʝ (1.42) ï ʯʝʨʝʟ ʧʨʦʠʟʚʦʣʴʥʳʝ ʧʦʩʪʦʷʥʥʳʝ ὧ   ʠ ὧ   
ὃ ὧ  Ͻ ÌÎ ὶ ὧ   ̐̑̉ ὶ ὙȢ                                        ρȢττ  

ʇʦ ʧʦʣʫʯʝʥʥʳʤ ʨʝʰʝʥʠʷʤ ʨʘʩʩʯʠʪʘʝʤ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʧʦʣʷ                    
ὄ ὄ ὶ . ɼʣʷ ʧʦʣʷ ὄ  ʧʦʣʫʯʘʝʤ 

ὄ
ʈ Ὦ ὶ

ς
ὧ
ὶ

 ̐̑̉ π ὶ Ὑ Ȣ                               ρȢτυ  
ɼʣʷ ʧʦʣʷ ὄ  ʠʤʝʝʤ ʨʘʩʧʨʝʜʝʣʝʥʠʝ  

ὄ
ὧ  

ὶ
 ̐̑̉ ὶ Ὑ Ȣ                                       ρȢτφ  

ʊʨʝʙʫʷ ʢʦʥʝʯʥʦʩʪʴ ʧʦʣʷ ὄ   ʧʨʠ ὶ π, ʠʟ (1.45) ʟʘʢʣʶʯʘʝʤ, ʯʪʦ 
ὧ π. ɺʳʙʠʨʘʝʤ ʟʥʘʯʝʥʠʝ A1 ʚ ʮʝʥʪʨʝ ὃ π π. ʕʪʦ ʜʘʸʪ ὧ π. 
ʇʦʵʪʦʤʫ ʚʳʨʘʞʝʥʠʝ ʜʣʷ ὃ  ʠ ὄ  ʧʨʠʥʠʤʘʶʪ ʚʠʜ: 

ὃ
ʈ Ὦ ὶ

τ
 ̐̑̉ π ὶ Ὑȟ                              ρȢτχ  

ὄ
ʈ Ὦ ὶ

ς
 ̐̑̉ π ὶ ὙȢ                                 ρȢτψ  

ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʧʨʦʠʟʚʦʣʴʥʦʡ ʧʦʩʪʦʷʥʥʦʡ ὧ   ʚʦʩʧʦʣʴʟʫʝʤʩʷ 
ʫʩʣʦʚʠʷʤʠ ʥʝʧʨʝʨʳʚʥʦʩʪʠ ʜʣʷ ʬʫʥʢʮʠʠ ὄ  ʠ ὄ : ὄ Ὑ ὄ Ὑ . ʊʦʛʜʘ  

ʈ Ὦ Ὑ
ς

ὧ  

Ὑ
  Ȣ                                             ρȢτω  

ʆʪʩʶʜʘ ʚʠʜʥʦ, ʯʪʦ ὧ  . ɼʣʷ ʥʘʭʦʞʜʝʥʠʷ ʧʨʦʠʟʚʦʣʴʥʦʡ 
ʧʦʩʪʦʷʥʥʦʡ ὧ   ʟʘʧʠʰʝʤ ʫʩʣʦʚʠʝ ʥʝʧʨʝʨʳʚʥʦʩʪʠ ʜʣʷ ʬʫʥʢʮʠʠ ὃ  ʠ ὃ : 
ὃ Ὑ ὃ Ὑ . ʊʦʛʜʘ  

Ͻ ÌÎ Ὑ ὧ  . 

ʆʪʩʶʜʘ ὧ  Ͻ ÌÎ Ὑ. 
ʆʢʦʥʯʘʪʝʣʴʥʳʝ ʟʘʢʦʥʳ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʚʝʢʪʦʨʥʦʛʦ ʧʦʪʝʥʮʠʘʣʘ ʠ 

ʠʥʜʫʢʮʠʠ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʚʦ ʚʥʝʰʥʝʡ ʦʙʣʘʩʪʠ ὶ Ὑ ʠʤʝʶʪ ʚʠʜ 

ὃ ὃᶻ ὰὲ
ὶ
Ὑ

ρ   ȟ                              ρȢυπ  

ʛʜʝ ὃᶻ
    ʤʘʩʰʪʘʙ ʚʝʢʪʦʨʥʦʛʦ ʧʦʪʝʥʮʠʘʣʘ, ʠ  

ὄ
ʈ Ὦ Ὑ

ςὶ
   Ȣ                                           ρȢυρ  

ʅʘ ʨʠʩ. 1.9 ʧʨʝʜʩʪʘʚʣʝʥʦ ʨʘʜʠʘʣʴʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʚʝʢʪʦʨʥʦʛʦ 
ʧʦʪʝʥʮʠʘʣʘ ʚ ʢʦʦʨʜʠʥʘʪʘʭ ɀ ὃȾὃᶻ Ὢ ὶ

Ὑ , ʛʜʝ *A/A-  ï ʧʨʠʚʝʜʸʥʥʦʝ 
ʟʥʘʯʝʥʠʝ ʚʝʢʪʦʨʥʦʛʦ ʧʦʪʝʥʮʠʘʣʘ, ʚʟʷʪʦʝ ʩ ʧʨʦʪʠʚʦʧʦʣʦʞʥʳʤ ʟʥʘʢʦʤ, ʘ 

R/r  ï ʧʨʠʚʝʜʸʥʥʘʷ ʢʦʦʨʜʠʥʘʪʘ.  
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ʈʠʩ. 1.9. ʈʘʜʠʘʣʴʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʧʨʠʚʝʜʸʥʥʦʛʦ ʟʥʘʯʝʥʠʷ 
ʚʝʢʪʦʨʥʦʛʦ ʧʦʪʝʥʮʠʘʣʘ ʦʪ ʧʨʠʚʝʜʸʥʥʦʛʦ ʨʘʜʠʫʩʘ 

 
ʀʟ ʨʠʩ. 1.9 ʚʠʜʥʦ, ʯʪʦ ʚʝʢʪʦʨʥʳʡ ʧʦʪʝʥʮʠʘʣ ʦʪʨʠʮʘʪʝʣʝʥ ʚʦ ʚʩʝʡ 

ʦʙʣʘʩʪʠ ʧʨʦʩʪʨʘʥʩʪʚʘ 0<r<Ð. ʕʪʦ ʫʢʘʟʳʚʘʝʪ ʥʘ ʪʦ, ʯʪʦ ʝʛʦ ʥʘʧʨʘʚʣʝʥʠʝ 
ʚʩʝʛʜʘ ʧʨʦʪʠʚʦʧʦʣʦʞʥʦ ʚʝʢʪʦʨʫ ʧʣʦʪʥʦʩʪʠ ʪʦʢʘ. ʅʘ ʧʦʚʝʨʭʥʦʩʪʠ r/R=1 
ʧʦʪʝʥʮʠʘʣ ʦʜʥʦʟʥʘʯʝʥ ʠ ʥʝ ʠʤʝʝʪ ʨʘʟʨʳʚʦʚ ʠ ʩʢʘʯʢʦʚ ʧʨʦʠʟʚʦʜʥʦʡ. 

ʅʘ ʨʠʩ. 1.10 ʧʨʝʜʩʪʘʚʣʝʥʦ ʨʘʜʠʘʣʴʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʠʥʜʫʢʮʠʠ 
ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʚ ʢʦʦʨʜʠʥʘʪʘʭ ὄȾὄᶻ Ὢ ὶ

Ὑ , ʛʜʝ ὄᶻ ʈ Ὦ ὙȾς ï 
ʤʘʩʰʪʘʙ ʠʥʜʫʢʮʠʠ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ, ὄȾὄᶻ ï ʧʨʠʚʝʜʸʥʥʦʝ ʟʥʘʯʝʥʠʝ 
ʠʥʜʫʢʮʠʠ, r/R ï ʧʨʠʚʝʜʸʥʥʦʝ ʟʥʘʯʝʥʠʝ ʢʦʦʨʜʠʥʘʪʳ.  

 

 
 

ʈʠʩ. 1.10. ʈʘʜʠʘʣʴʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʠʥʜʫʢʮʠʠ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ 
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ʀʟ ʨʠʩ. 1.10 ʚʠʜʥʦ, ʯʪʦ ʠʥʜʫʢʮʠʷ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʢʨʫʛʣʦʛʦ 
ʧʨʦʚʦʜʥʠʢʘ ʧʦʣʦʞʠʪʝʣʴʥʘ ʚʦ ʚʩʝʡ ʦʙʣʘʩʪʠ ʠʟʤʝʥʝʥʠʷ r/R. ɽʸ ʥʘʠʙʦʣʴʰʝʝ 
ʟʥʘʯʝʥʠʝ ὄ ὄᶻ ʜʦʩʪʠʛʘʝʪʩʷ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʧʨʦʚʦʜʥʠʢʘ ʧʨʠ r/R=1. ʅʘ 
ʵʪʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʠʥʜʫʢʮʠʷ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʠʩʧʳʪʳʚʘʝʪ ʩʢʘʯʦʢ 
ʧʨʦʠʟʚʦʜʥʦʡ ʦʪ ʧʦʣʦʞʠʪʝʣʴʥʦʛʦ ʟʥʘʯʝʥʠʷ ʢ ʦʪʨʠʮʘʪʝʣʴʥʦʤʫ. 

ʀʟ ʧʦʣʫʯʝʥʥʳʭ ʩʦʦʪʥʦʰʝʥʠʡ ρȢτψ  ʠ ρȢυρ  ʜʣʷ ʠʥʜʫʢʮʠʠ 
ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʚʠʜʥʦ, ʯʪʦ ʦʥʠ ʪʦʯʥʦ ʩʦʚʧʘʜʘʶʪ ʩ ʩʦʦʪʥʦʰʝʥʠʷʤʠ  ʠ 
ρȢσφ ; ρȢχ  ʠ ρȢσψ , ʧʦʣʫʯʝʥʥʳʤʠ ʨʘʥʝʝ. 

ʆʮʝʥʢʠ. ʇʨʠʚʝʜʸʤ ʦʮʝʥʢʠ ʤʘʩʰʪʘʙʦʚ ʚʝʣʠʯʠʥ ὃᶻ
   ʠ ὄᶻ ʜʣʷ ʪʠʧʠʯʥʳʭ 

ʪʦʢʦʚ ʤʠʢʨʦʵʣʝʢʪʨʦʥʠʢʠ. ʈʘʩʩʯʠʪʘʝʤ ʪʨʠ ʧʘʨʳ ʟʥʘʯʝʥʠʡ ʤʘʩʰʪʘʙʦʚ. 
1. ʇʨʠ ʧʨʦʪʝʢʘʥʠʠ ʪʦʢʘ I=1 ʤA ʧʦ ʧʨʦʚʦʜʥʠʢʫ ʨʘʜʠʫʩʦʤ R=1 ʤʤ 

ʧʦʣʫʯʠʤ ὃᶻ
   ρπ Ὅ ρπ  ʊʣĿʤ; ὄᶻ πȟς ʤʢʊʣ. 

2. ʇʨʠ ʧʨʦʪʝʢʘʥʠʠ ʪʦʢʘ I=1 ʤʢA ʧʦ ʧʨʦʚʦʜʥʠʢʫ ʨʘʜʠʫʩʦʤ R=1 ʥʤ 
ʧʦʣʫʯʠʤ ὃᶻ

   ρπ  ʊʣĿʤ; ὄᶻ ςππ ʤʢʊʣ. 
3. ʇʨʠ ʧʨʦʪʝʢʘʥʠʠ ʪʦʢʘ I=1 ʤʢA ʧʦ ʧʨʦʚʦʜʥʠʢʫ ʨʘʜʠʫʩʦʤ R=5 ʤʢʤ 

ʧʦʣʫʯʠʤ ὃᶻ
   ρπ  ʊʣĿʤ; ὄᶻ τπ ʥʊʣ.  

ʀʥʜʫʢʮʠʷ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʙʝʩʢʦʥʝʯʥʦ ʜʣʠʥʥʦʛʦ ʧʨʷʤʦʛʦ ʪʦʢʘ 
ʢʦʥʝʯʥʦʛʦ ʨʘʜʠʫʩʘ ʠʤʝʝʪ ʩʢʘʯʦʢ ʧʨʦʠʟʚʦʜʥʦʡ, ʥʦ ʥʝ ʠʤʝʝʪ ʦʩʦʙʝʥʥʦʩʪʠ ʥʘ 
ʧʦʚʝʨʭʥʦʩʪʠ ʧʨʦʚʦʜʥʠʢʘ ʧʨʠ ὶ Ὑ. 

ʕʪʠʤ ʦʙʩʪʦʷʪʝʣʴʩʪʚʦʤ ʤʦʞʥʦ ʚʦʩʧʦʣʴʟʦʚʘʪʴʩʷ ʧʨʠ ʚʳʯʠʩʣʝʥʠʠ 
ʨʘʜʠʘʣʴʥʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʧʦʣʷ ʤʝʪʦʜʦʤ ɹʠʦ ï ʉʘʚʘʨʘ ï ʃʘʧʣʘʩʘ, 
ʩʦʟʜʘʚʘʝʤʦʛʦ ʛʝʦʤʝʪʨʠʯʝʩʢʠʤ ʪʦʢʦʚʳʤ ʢʦʣʴʮʦʤ. 

 
1.1. ʄʘʛʥʠʪʥʳʝ ʠ ʠʥʜʫʢʪʠʚʥʳʝ ʩʚʦʡʩʪʚʘ ʧʣʘʥʘʨʥʦʛʦ ʪʦʢʦʚʦʛʦ 

2D-ʢʦʣʴʮʘ ʩ ʘʟʠʤʫʪʘʣʴʥʳʤ ʥʘʧʨʘʚʣʝʥʠʝʤ ʧʣʦʪʥʦʩʪʠ ʪʦʢʘ 
 
ʈʘʩʩʯʠʪʘʝʤ ʨʘʜʠʘʣʴʥʳʝ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʠʥʜʫʢʮʠʠ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ 

ʚʥʫʪʨʠ ʠ ʚʥʝ ʧʣʦʩʢʦʛʦ ʛʝʦʤʝʪʨʠʯʝʩʢʦʛʦ ʢʦʣʴʮʘ ʩ ʪʦʢʦʤ. 
 

1.1.1. ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ  
ʚʥʫʪʨʠ ʢʦʣʴʮʝʚʦʛʦ ʪʦʢʘ 

ʈʘʩʯʸʪ ʨʘʜʠʘʣʴʥʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʚʥʫʪʨʠ ʢʦʣʴʮʘ ʩ 
ʪʦʢʦʤ ʙʫʜʝʤ ʧʨʦʚʦʜʠʪʴ, ʠʩʧʦʣʴʟʫʷ ʟʘʢʦʥ ɹʠʦ ï ʉʘʚʘʨʘ ï ʃʘʧʣʘʩʘ (1.1). ʅʘ 
ʨʠʩ. 1.11 ʧʨʝʜʩʪʘʚʣʝʥʳ ʦʩʥʦʚʥʳʝ ʚʝʢʪʦʨʥʳʝ ʧʦʩʪʨʦʝʥʠʷ ʟʘʜʘʯʠ. 
ʕʣʝʤʝʥʪʘʨʥʳʡ ʚʝʢʪʦʨ ὍὨὰᴆ ʥʘʧʨʘʚʣʝʥ ʧʦ ʢʘʩʘʪʝʣʴʥʦʡ ʢ ʢʦʣʴʮʝʚʦʤʫ ʪʦʢʫ 
ʨʘʜʠʫʩʦʤ Ὑ. Ὑᴆ ï ʨʘʜʠʫʩ-ʚʝʢʪʦʨ ʦʢʨʫʞʥʦʩʪʠ. ὶᴆ  ï ʨʘʜʠʫʩ-ʚʝʢʪʦʨ, 
ʩʦʝʜʠʥʷʶʱʠʡ ʵʣʝʤʝʥʪʘʨʥʳʡ ʪʦʢ ὍὨὰᴆ ʠ ʪʦʯʢʫ ʥʘʙʣʶʜʘʪʝʣʷ ὃ, ʚ ʢʦʪʦʨʦʡ 
ʦʧʨʝʜʝʣʷʝʪʩʷ ʟʥʘʯʝʥʠʝ ʵʣʝʤʝʥʪʘʨʥʦʛʦ ʚʝʢʪʦʨʘ Ὠὄᴆ . ὶᴆ ï ʨʘʜʠʫʩ-ʚʝʢʪʦʨ 
ʥʘʙʣʶʜʝʥʠʷ ʩʦʝʜʠʥʷʝʪ ʮʝʥʪʨ ʦʢʨʫʞʥʦʩʪʠ ʩ ʪʦʯʢʦʡ ὃ.  

ʋʛʦʣ ɻ ï ʫʛʦʣ ʤʝʞʜʫ ʚʝʢʪʦʨʦʤ ὍὨὰᴆ ʠ ʚʝʢʪʦʨʦʤ ὶᴆ . ʋʛʦʣ ʒ ï ʫʛʦʣ 
ʧʦʣʷʨʥʦʡ ʩʠʩʪʝʤʳ ʢʦʦʨʜʠʥʘʪ, ʠʟʤʝʥʷʶʱʠʡʩʷ ʦʪ 0 ʜʦ ςʌ ʧʨʠ 
ʠʥʪʝʛʨʠʨʦʚʘʥʠʠ. 
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ʈʠʩ. 1.11. ʈʘʩʧʦʣʦʞʝʥʠʝ ʦʩʥʦʚʥʳʭ ʚʝʢʪʦʨʦʚ ʟʘʜʘʯʠ 
 
ʀʟ ʯʝʨʪʝʞʘ ʚʠʜʥʦ, ʯʪʦ ʧʨʦʝʢʮʠʷ ʚʝʢʪʦʨʘ Ὠὰᴆ, ʢʦʪʦʨʘʷ 

ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʘ ὶᴆ , ʥʘʭʦʜʠʪʩʷ ʠʟ ʩʦʦʪʥʦʰʝʥʠʷ 
Ὠὰ Ὠὰ Ͻ ÃÏÓ ɼȢ                                             ρȢυς  

ʕʣʝʤʝʥʪ ʪʦʢʘ ὍὨὰᴆ ʩʦʚʧʘʜʘʝʪ ʩ ʥʘʧʨʘʚʣʝʥʠʝʤ ʚʝʢʪʦʨʘ ʧʣʦʪʥʦʩʪʠ ʪʦʢʘ 
ʠ ʩʦʟʜʘʸʪ ʚ ʪʦʯʢʝ ʥʘʙʣʶʜʝʥʠʷ ὃ ʟʥʘʯʝʥʠʝ ʠʥʜʫʢʮʠʠ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ Ὠὄᴆ . 
ɺʝʢʪʦʨ Ὠὄᴆ  ʥʘʧʨʘʚʣʝʥ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦ ʧʣʦʩʢʦʩʪʠ, ʚ ʢʦʪʦʨʦʡ ʣʝʞʠʪ 
ʢʦʣʴʮʝʚʦʡ ʪʦʢ ʠ ʩʤʦʪʨʠʪ ʥʘ ʥʘʩ. ɿʘʧʠʰʝʤ ʟʘʢʦʥ ɹʠʦ ï ʉʘʚʘʨʘ ï ʃʘʧʣʘʩʘ 
(1.1) ʚ ʧʨʠʥʷʪʳʭ ʦʙʦʟʥʘʯʝʥʠʷʭ 

Ὠὄᴆ
‘ Ὅ Ὠὰᴆ ὶᴆ

τʌὶ
Ȣ                                        ρȢυσ  

ɼʣʷ ʤʦʜʫʣʷ ʚʝʢʪʦʨʘ Ὠὄᴆ  ʧʦʣʫʯʠʤ 

Ὠὄ
‘ Ὅ
τ“

Ͻ
Ὠὰ Ͻ ὶ Ͻ ÓÉÎ ‌

ὶ
‘ ὍὨὰ Ͻ ÓÉÎ ‌

τ“ὶ
 Ȣ                    ρȢυτ  

ʀʟ ʨʠʩ. 1.11 ʚʠʜʥʦ, ʯʪʦ Ὠὰ Ͻ ÓÉÎ ɻ Ὠὰ Ͻ ÓÉÎ ʌ ςϳ ɼ Ὠὰ Ͻ ÃÏÓ ɼ Ὠὰ . 
ɼʣʷ ʥʘʭʦʞʜʝʥʠʷ ʟʥʘʯʝʥʠʷ ʠʥʜʫʢʮʠʠ ὄᴆ  ʚ ʪʦʯʢʝ ὃ ʥʝʦʙʭʦʜʠʤʦ ʚʩʝ 
ʧʝʨʝʤʝʥʥʳʝ ʚ ʚʳʨʘʞʝʥʠʠ (1.54) ʚʳʨʘʟʠʪʴ ʯʝʨʝʟ ʧʦʩʪʦʷʥʥʳʝ ʚʝʣʠʯʠʥʳ ʠ 
ʧʝʨʝʤʝʥʥʳʡ ʫʛʦʣ ʒ. ɼʣʷ ʵʪʦʛʦ ʟʘʧʠʰʝʤ ʨʘʚʝʥʩʪʚʦ: 

Ὠὰ Ὑ Ͻ ὨʒȢ                                                ρȢυυ  
ʀʟ ʚʝʢʪʦʨʥʦʛʦ ʪʨʝʫʛʦʣʴʥʠʢʘ ʥʘ ʨʠʩ. 1.11 ʧʦʣʫʯʠʤ  

ὶᴆ Ὑᴆ ὶᴆ ȟ                                                  ρȢυφ  
ʧʨʠ ʵʪʦʤ ʤʦʜʫʣʴ ʚʝʢʪʦʨʘ r ï ʨʘʩʩʪʦʷʥʠʝ ʦʪ ʮʝʥʪʨʘ ʦʢʨʫʞʥʦʩʪʠ ʆ ʜʦ ʪʦʯʢʠ 
ʥʘʙʣʶʜʝʥʠʷ ὃ, ï ʧʦʩʪʦʷʥʥʘʷ ʚʝʣʠʯʠʥʘ. ɺʦʟʚʝʜʸʤ (1.56) ʚ ʢʚʘʜʨʘʪ 

ὶ ςὶᴆ Ͻ Ὑᴆ Ὑ ὶ  Ȣ                                        ρȢυχ  
































































































































































































































































































































































































