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1 ʆʙʟʦʨ ʚʦʟʤʦʞʥʦʩʪʝʡ ʤʦʜʫʣʷ ʘʥʘʣʠʟʘ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʭ ʧʦʣʝʡ 

 

ʉʨʝʜʩʪʚʘ ʘʥʘʣʠʟʘ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʭ ʧʦʣʝʡ, ʨʝʘʣʠʟʦʚʘʥʥʳʝ ʚ ʧʨʦʛʨʘʤ-

ʤʝ APM EMA, ʜʦʩʪʫʧʥʳ ʣʠʙʦ ʤʦʛʫʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʨʘʟ-

ʣʠʯʥʳʭ ʧʨʦʷʚʣʝʥʠʡ ʵʣʝʢʪʨʦʤʘʛʥʝʪʠʟʤʘ, ʢʘʢ, ʥʘʧʨʠʤʝʨ, ʩʘʤʦʠʥʜʫʢʮʠʷ, ʧʣʦʪ-

ʥʦʩʪʴ ʤʘʛʥʠʪʥʦʛʦ ʧʦʪʦʢʘ, ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʩʠʣʦʚʳʭ ʣʠʥʠʡ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ, 

ʧʦʪʝʨʠ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʤʦʱʥʦʩʪʠ ʠ ʜʨʫʛʠʝ ʨʦʜʩʪʚʝʥʥʳʝ ʷʚʣʝʥʠʷ. ʕʪʠ ʩʨʝʜ-

ʩʪʚʘ ʵʬʬʝʢʪʠʚʥʳ ʧʨʠ ʘʥʘʣʠʟʝ ʪʘʢʠʭ ʫʩʪʨʦʡʩʪʚ, ʢʘʢ ʩʦʣʝʥʦʠʜʳ (ʢʘʪʫʰʢʠ ʠʥ-

ʜʫʢʪʠʚʥʦʩʪʠ), ʤʘʛʥʠʪʥʳʝ ʧʫʩʢʘʪʝʣʠ, ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʠ, ʠʩʪʦʯʥʠʢʠ ʧʦʩʪʦʷʥ-

ʥʳʭ ʤʘʛʥʠʪʥʳʭ ʧʦʣʝʡ, ʪʨʘʥʩʬʦʨʤʘʪʦʨʳ, ʵʣʝʢʪʨʦʤʘʛʥʠʪʳ, ʠ ʪ.ʧ. ʇʨʦʛʨʘʤʤʘ 

APM EMA  ʨʘʩʧʦʣʘʛʘʝʪ ʚʦʟʤʦʞʥʦʩʪʷʤʠ ʜʣʷ ʨʝʰʝʥʠʷ ʧʨʦʙʣʝʤ ʤʠʢʨʦʚʦʣʥʦ-

ʚʦʡ ʪʝʭʥʠʢʠ (ʨʘʩʯʝʪ ʚʦʣʥʦʚʦʜʦʚ, ʨʝʟʦʥʘʪʦʨʦʚ ʠ ʘʥʪʝʥʥ). 

ɼʦʩʪʫʧʥʳ ʪʨʠ ʪʠʧʘ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʛʦ ʘʥʘʣʠʟʘ: 

¶ ʪʨʝʭʤʝʨʥʳʝ ʩʪʘʮʠʦʥʘʨʥʳʝ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʝ ʧʦʣʷ; 

¶ ʪʨʝʭʤʝʨʥʳʝ ʥʠʟʢʦʯʘʩʪʦʪʥʳʝ ʧʝʨʝʤʝʥʥʳʝ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʝ ʧʦʣʷ; 

¶ ʪʨʝʭʤʝʨʥʳʝ ʚʳʩʦʢʦʯʘʩʪʦʪʥʳʝ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʝ ʧʦʣʷ. 

ʀʩʧʦʣʴʟʫʝʤʘʷ ʚ ʧʨʦʛʨʘʤʤʝ APM EMA  ʢʦʥʝʯʥʦ-ʵʣʝʤʝʥʪʥʘʷ ʬʦʨʤʫʣʠ-

ʨʦʚʢʘ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʛʦ ʚʠʜʘ ʘʥʘʣʠʟʘ ʦʩʥʦʚʘʥʘ ʥʘ ʫʨʘʚʥʝʥʠʷʭ ʄʘʢʩʚʝʣʣʘ ʜʣʷ 

ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʭ ʧʦʣʝʡ. ɺʚʝʜʝʥʠʝʤ ʩʢʘʣʷʨʥʦʛʦ ʠʣʠ ʚʝʢʪʦʨʥʦʛʦ ʧʦʪʝʥʮʠʘʣʘ 

ʚ ʵʪʠ ʫʨʘʚʥʝʥʠʷ ʠ ʫʩʪʘʥʦʚʣʝʥʠʝʤ ʦʧʨʝʜʝʣʷʶʱʠʭ ʩʦʦʪʥʦʰʝʥʠʡ ʧʦʣʴʟʦʚʘʪʝʣʴ 

ʤʦʞʝʪ ʧʦʣʫʯʠʪʴ ʫʨʘʚʥʝʥʠʷ, ʢʦʪʦʨʳʝ ʫʜʦʙʥʳ ʜʣʷ ʢʦʥʝʯʥʦ-ʵʣʝʤʝʥʪʥʦʛʦ ʘʥʘʣʠ-

ʟʘ. 

 

1.1 ɸʥʘʣʠʟ ʚ ʥʠʟʢʦʯʘʩʪʦʪʥʦʡ ʠ ʚʳʩʦʢʦʯʘʩʪʦʪʥʦʡ ʦʙʣʘʩʪʠ 

ɸʥʘʣʠʟ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʭ ʧʦʣʝʡ ʤʦʞʝʪ ʙʳʪʴ ʨʘʟʜʝʣʝʥ ʚ ʟʘʚʠʩʠʤʦʩʪʠ 

ʦʪ ʩʢʦʨʦʩʪʠ ʠʟʤʝʥʝʥʠʷ ʚʝʢʪʦʨʦʚ (ʠʥʜʫʢʮʠʠ ʠ ʥʘʧʨʷʞʝʥʥʦʩʪʠ) ʭʘʨʘʢʪʝʨʠʟʫ-

ʶʱʠʭ ʩʦʩʪʦʷʥʠʝ ʧʦʣʷ ʥʘ ʥʠʟʢʦʯʘʩʪʦʪʥʫʶ (0~1000 ɻʮ) ʠ ʚʳʩʦʢʦʯʘʩʪʦʪʥʫʶ 

(~1 ʄɻʮ~10 ɻɻʮ) ʦʙʣʘʩʪʠ.  

ʇʨʘʢʪʠʯʝʩʢʠʡ ʠʥʪʝʨʝʩ ʜʣʷ ʨʘʩʯʝʪʦʚ ʚ ʥʠʟʢʦʯʘʩʪʦʪʥʦʡ ʦʙʣʘʩʪʠ ʧʨʝʜ-

ʩʪʘʚʣʷʶʪ ʟʘʜʘʯʠ, ʚ ʪʦʤ ʯʠʩʣʝ ʠ ʩʪʘʮʠʦʥʘʨʥʳʝ (0 ɻʮ), ʩʚʷʟʘʥʥʳʝ ʩ ʵʣʝʢʪʨʦʪʝʭ-
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ʥʠʯʝʩʢʠʤʠ ʫʩʪʨʦʡʩʪʚʘʤʠ, ʪʘʢʠʤʠ ʢʘʢ: ʵʣʝʢʪʨʠʯʝʩʢʠʝ ʜʚʠʛʘʪʝʣʠ, ʵʣʝʢʪʨʦʤʘʛ-

ʥʠʪʥʳʝ ʘʢʪʫʘʪʦʨʳ, ʪʨʘʥʩʬʦʨʤʘʪʦʨʳ ʠ ʪ.ʧ. 

ʇʨʠ ʨʝʰʝʥʠʠ ʟʘʜʘʯ ʚ ʚʳʩʦʢʦʯʘʩʪʦʪʥʦʡ ʦʙʣʘʩʪʠ ʦʙʳʯʥʦ ʠʩʩʣʝʜʫʶʪʩʷ 

ʚʦʣʥʦʚʳʝ ʧʨʦʮʝʩʩʳ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʭ ʚʦʣʥ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ 

ʠʣʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʨʘʜʠʦʵʣʝʢʪʨʦʥʥʳʭ ʠ ʉɺʏ ʫʩʪʨʦʡʩʪʚ ʪʘʢʠʭ ʢʘʢ: ʘʥʪʝʥʥʳ, 

ʨʝʟʦʥʘʪʦʨʳ, ʚʦʣʥʦʚʦʜʳ, ʤʠʢʨʦʧʦʣʦʩʢʦʚʳʝ ʣʠʥʠʠ ʧʝʨʝʜʘʯ ʠ ʪ.ʧ. 

 

1.2 ʊʠʧʳ ʘʥʘʣʠʟʘ 

ɺ ʥʠʟʢʦʯʘʩʪʦʪʥʦʡ ʦʙʣʘʩʪʠ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʤʦʞʥʦ ʚʳʜʝʣʠʪʴ 

ʩʣʝʜʫʶʱʠʝ ʪʠʧʳ ʚʦʟʥʠʢʘʶʱʠʭ ʟʘʜʘʯ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʙʳʪʴ ʨʝʰʝʥʳ ʩ ʧʦʤʦ-

ʱʴʶ APM EMA : 

1) ʕʣʝʢʪʨʦʩʪʘʪʠʢʘ; 

2) ʕʣʝʢʪʨʦʢʠʥʝʪʠʢʘ; 

3) ʄʘʛʥʠʪʦʩʪʘʪʠʢʘ; 

4) ʇʝʨʝʭʦʜʥʳʝ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʝ ʧʨʦʮʝʩʩʳ; 

ʕʣʝʢʪʨʦʩʪʘʪʠʯʝʩʢʦʝ ʨʘʩʯʝʪ (ʕʣʝʢʪʨʦʩʪʘʪʠʢʘ) 

ʉʨʝʜʩʪʚʘ ʧʨʦʛʨʘʤʤʳ APM EMA, ʠʩʧʦʣʴʟʫʝʤʳʝ ʜʣʷ ʘʥʘʣʠʟʘ ʵʣʝʢʪʨʠʯʝ-

ʩʢʦʛʦ ʧʦʣʷ, ʢʘʩʘʶʪʩʷ ʜʚʫʭ ʦʙʣʘʩʪʝʡ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʷʚʣʝʥʠʡ: ʧʨʦʪʝʢʘʥʠʝ ʧʦ-

ʩʪʦʷʥʥʦʛʦ ʪʦʢʘ (ʧʨʦʚʦʜʥʠʢʠ), ʵʣʝʢʪʨʦʩʪʘʪʠʢʘ (ʜʠʵʣʝʢʪʨʠʢʠ). ʂ ʪʠʧʠʯʥʳʤ ʧʘ-

ʨʘʤʝʪʨʘʤ, ʧʨʝʜʩʪʘʚʣʷʶʱʠʤ ʠʥʪʝʨʝʩ, ʦʪʥʦʩʷʪʩʷ: ʧʣʦʪʥʦʩʪʴ ʪʦʢʘ, ʥʘʧʨʷʞʝʥ-

ʥʦʩʪʴ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ, ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʥʘʧʨʷʞʝʥʠʡ, ʪʝʧʣʦʚʦʝ ʜʝʡʩʪʚʠʝ 

ʪʦʢʘ, ʵʥʝʨʛʠʷ ʠ ʩʠʣʳ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ, ʵʣʝʢʪʨʦʩʪʘʪʠʯʝʩʢʘʷ ʝʤʢʦʩʪʴ, ʩʠʣʘ 

ʪʦʢʘ ʠ ʧʘʜʝʥʠʝ ʥʘʧʨʷʞʝʥʠʷ. 

ʄʦʛʫʪ ʨʝʰʘʪʴʩʷ ʪʨʝʭʤʝʨʥʳʝ ʟʘʜʘʯʠ, ʚʦʟʥʠʢʘʶʱʠʝ ʧʨʠ ʨʘʟʨʘʙʦʪʢʝ ʨʘʟ-

ʣʠʯʥʳʭ ʫʩʪʨʦʡʩʪʚ, ʪʘʢʠʭ ʢʘʢ ʥʘʢʦʧʠʪʝʣʴʥʳʝ ʰʠʥʳ, ʣʠʥʠʠ ʵʣʝʢʪʨʦʧʝʨʝʜʘʯ, 

ʚʳʩʦʢʦʚʦʣʴʪʥʳʝ ʠʟʦʣʷʪʦʨʳ, ʵʢʨʘʥʠʨʫʶʱʠʝ ʢʦʞʫʭʠ, ʢʦʥʜʝʥʩʘʪʦʨʳ ʠ ʪ.ʧ. 

ɺ ʢʘʯʝʩʪʚʝ ʪʝʦʨʝʪʠʯʝʩʢʦʡ ʦʩʥʦʚʳ ʜʣʷ ʘʥʘʣʠʟʘ ʩʪʘʮʠʦʥʘʨʥʦʛʦ ʵʣʝʢʪʨʠʯʝ-

ʩʢʦʛʦ ʧʦʣʷ ʚ ʧʨʦʛʨʘʤʤʝ ʠʩʧʦʣʴʟʫʝʪʩʷ ʫʨʘʚʥʝʥʠʝ ʃʘʧʣʘʩʘ. ʆʩʥʦʚʥʳʤʠ ʥʝʠʟ-

ʚʝʩʪʥʳʤʠ (ʫʟʣʦʚʳʤʠ ʩʪʝʧʝʥʷʤʠ ʩʚʦʙʦʜʳ), ʦʧʨʝʜʝʣʷʝʤʳʤʠ ʚ ʨʝʟʫʣʴʪʘʪʝ ʢʦ-

ʥʝʯʥʦ-ʵʣʝʤʝʥʪʥʦʛʦ ʨʝʰʝʥʠʷ, ʷʚʣʷʶʪʩʷ ʵʣʝʢʪʨʠʯʝʩʢʠʝ ʧʦʪʝʥʮʠʘʣʳ (ʥʘʧʨʷʞʝ-
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ʥʠʷ). ʇʦ ʠʭ ʟʥʘʯʝʥʠʤ̫ ʚʳʯʠʩʣʷʶʪʩʷ ʦʩʪʘʣʴʥʳʝ ʧʘʨʘʤʝʪʨʳ. 

 

ʕʣʝʢʪʨʦʩʪʘʪʠʯʝʩʢʦʝ ʨʘʩʯʝʪ (ʕʣʝʢʪʨʦʩʪʘʪʠʢʘ) 

ɸʥʘʣʠʟ ʵʣʝʢʪʨʦʩʪʘʪʠʯʝʩʢʠʭ ʧʦʣʝʡ ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʨʘʩʯʝʪʘ ʭʘʨʘʢʪʝʨʠ-

ʩʪʠʢ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ ʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʧʦʪʝʥʮʠʘʣʦʚ, ʦʙʫʩʣʦʚʣʝʥʥʳʭ ʩʠ-

ʩʪʝʤʦʡ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʟʘʨʷʜʦʚ ʠʣʠ ʧʘʜʝʥʠʝʤ ʥʘʧʨʷʞʝʥʠʡ. ɼʦʧʫʩʢʘʶʪʩʷ ʜʚʘ 

ʚʠʜʘ ʥʘʛʨʫʟʦʢ: ʨʘʟʥʦʩʪʴ ʧʦʪʝʥʮʠʘʣʦʚ ʠ ʧʣʦʪʥʦʩʪʴ ʟʘʨʷʜʦʚ. ʇʨʝʜʧʦʣʘʛʘʝʪʩʷ, 

ʯʪʦ ʚʳʧʦʣʥʷʝʪʩʷ ʣʠʥʝʡʥʳʡ ʘʥʘʣʠʟ, ʪ.ʝ. ʧʘʨʘʤʝʪʨʳ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʝ ʵʣʝʢ-

ʪʨʠʯʝʩʢʦʝ ʧʦʣʝ, ʣʠʥʝʡʥʦ ʟʘʚʠʩʷʪ ʦʪ ʧʨʠʣʦʞʝʥʥʦʛʦ ʥʘʧʨʷʞʝʥʠʷ.  

ʈʝʰʝʥʠʝ ʩʦʩʪʦʠʪ ʚ ʧʦʣʫʯʝʥʠʠ ʚʝʣʠʯʠʥ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʧʦʪʝʥʮʠʘʣʦʚ ʚ ʫʟ-

ʣʘʭ, ʜʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʥʘʡʪʠ ʥʘʧʨʷʞʝʥʥʦʩʪʴ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ ʠ ʧʣʦʪ-

ʥʦʩʪʴ ʪʦʢʘ. 

 

ʈʘʩʯʝʪ ʧʦʣʷ ʧʦʩʪʦʷʥʥʳʭ ʪʦʢʦʚ (ʕʣʝʢʪʨʦʢʠʥʝʪʠʢʘ) 

ʇʨʦʛʨʘʤʤʫ APM EMA  ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʜʣʷ ʥʘʭʦʞʜʝʥʠʷ ʧʣʦʪʥʦʩʪʠ 

ʪʦʢʘ ʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʧʦʪʝʥʮʠʘʣʦʚ (ʥʘʧʨʷʞʝʥʠʷ), ʚʦʟʥʠʢʘʶ-

ʱʠʭ ʚ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʮʝʧʷʭ ʧʨʠ ʧʨʦʪʝʢʘʥʠʠ ʧʦʩʪʦʷʥʥʦʛʦ ʪʦʢʘ ʠʣʠ ʟʘ ʩʯʝʪ ʧʘ-

ʜʝʥʠʷ ʥʘʧʨʷʞʝʥʠʷ. ɺ ʢʘʯʝʩʪʚʝ ʚʭʦʜʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʜʚʘ ʚʠ-

ʜʘ ʥʘʛʨʫʟʦʢ: ʪʦʢ ʠ ʥʘʧʨʷʞʝʥʠʝ. ɸʥʘʣʠʟ ʧʨʝʜʧʦʣʘʛʘʝʪʩʷ ʣʠʥʝʡʥʳʤ, ʪ.ʝ. ʚʝʣʠ-

ʯʠʥʘ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʪʦʢʘ ʥʘ ʦʪʜʝʣʴʥʳʭ ʫʯʘʩʪʢʘʭ ʮʝʧʠ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʘ 

ʚʭʦʜʥʦʤʫ ʪʦʢʫ. 

ɿʘʜʘʯʘ ʧʨʦʪʝʢʘʥʠʷ ʧʦʩʪʦʷʥʥʦʛʦ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʪʦʢʘ ʨʝʰʘʝʪʩʷ ʩ ʠʩʧʦʣɹ-

ʟʦʚʘʥʠʝʤ ʬʫʥʢʮʠʠ ʧʦʪʝʥʮʠʘʣʘ ʠ ʩʚʦʜʠʪʩʷ ʢ ʚʳʯʠʩʣʝʥʠʶ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʧʦ-

ʪʝʥʮʠʘʣʦʚ (ʧʣʦʪʥʦʩʪʠ ʪʦʢʘ ʠʣʠ ʥʘʧʨʞ̫ʝʥʠʡ) ʚ ʫʟʣʘʭ ʤʦʜʝʣʠ. 

 

ʉʪʘʪʠʯʝʩʢʠʝ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʝ ʧʦʣʷ (ʄʘʛʥʠʪʦʩʪʘʪʠʢʘ) 

ɸʥʘʣʠʟ ʩʪʘʪʠʯʝʩʢʦʛʦ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʚʦʟʤʦʞʝʥ ʜʣʷ ʪʨʝʭʤʝʨʥʳʭ 

ʟʘʜʘʯ ʚ ʣʠʥʝʡʥʦʡ ʧʦʩʪʘʥʦʚʢʝ. ʊʨʝʭʤʝʨʥʘʷ ʟʘʜʘʯʘ ʤʘʛʥʠʪʦʩʪʘʪʠʢʠ ʷʚʣʷʝʪʩʷ 

ʨʝʟʫʣʴʪʘʪʦʤ ʤʠʥʠʤʠʟʘʮʠʠ ʬʫʥʢʮʠʦʥʘʣʘ ʤʘʛʥʠʪʥʦʡ ʵʥʝʨʛʠʠ, ʘʩʩʦʮʠʠʨʦʚʘʥ-

ʥʦʛʦ ʪʨʝʭʤʝʨʥʳʤ ʚʝʢʪʦʨʦʤ ʧʦʪʝʥʮʠʘʣʘ. ʀʤʝʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴ ʤʦʜʝʣʠʨʦʚʘʪʴ 
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ʧʨʦʚʦʜʥʠʢʠ ʠ ʧʦʩʪʦʷʥʥʳʝ ʤʘʛʥʠʪʳ ʚ ʚʠʜʝ ʠʩʪʦʯʥʠʢʦʚ. 

ʇʨʦʚʦʜʥʠʢʠ ʤʦʜʝʣʠʨʫʶʪʩʷ ʢʦʥʝʯʥʳʤʠ ʵʣʝʤʝʥʪʘʤʠ ʠʣʠ ʩ ʧʦʤʦʱʴʶ 

ʪʚʝʨʜʦʪʝʣʴʥʳʭ ʧʨʠʤʠʪʠʚʦʚ ʚ ʚʠʜʝ ʧʨʷʤʦʛʦ ʠʣʠ ʢʨʫʛʦʚʦʛʦ ʩʪʝʨʞʥʷ ʠ ʚʠʪʢʦʚ 

ʢʘʪʫʰʢʠ. ʇʦʣʴʟʦʚʘʪʝʣʴ ʠʤʝʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʤʦʜʝʣʠʨʦʚʘʪʴ ʞʝʣʝʟʥʳʝ ʩʝʨʜʝʯ-

ʥʠʢʠ ʠ ʥʝʤʘʛʥʠʪʥʳʝ ʤʘʪʝʨʠʘʣʳ (ʚʦʟʜʫʭ). 

ʇʨʦʛʨʘʤʤʘ APM EMA  ʧʨʝʜʦʩʪʘʚʣʷʝʪ ʚ ʨʘʩʧʦʨʷʞʝʥʠʝ ʧʦʣʴʟʦʚʘʪʝʣʷ ʣʠ-

ʥʝʡʥʳʝ ʤʘʛʥʠʪʥʳʭ ʚʝʱʝʩʪʚ, ʚʢʣʶʯʘʷ ʟʥʘʯʝʥʠʷ ʤʘʛʥʠʪʥʦʡ ʧʨʦʥʠʮʘʝʤʦʩʪʠ 

ʜʣ̫  ʠʟʦʪʨʦʧʥʳʭ ʠ ʦʨʪʦʪʨʦʧʥʳʭ ʤʘʪʝʨʠʘʣʦʚ. ʇʨʠ ʧʦʩʪʧʨʦʮʝʩʩʦʨʥʦʡ ʦʙʨʘʙʦʪ-

ʢʝ ʨʝʟʫʣʴʪʘʪʦʚ ʠʤʝʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴ ʧʦʣʫʯʠʪʴ ʢʘʨʪʠʥʫ ʚʝʢʪʦʨʦʤ ʧʦʪʝʥʮʠʘʣʘ, 

ʧʣʦʪʥʦʩʪʴ ʤʘʛʥʠʪʥʦʛʦ ʧʦʪʦʢʘ ʠ ʥʘʧʨʷʞʝʥʥʦʩʪʴ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ. 

 

ʇʝʨʝʤʝʥʥʦʝ ʥʝʩʪʘʮʠʦʥʘʨʥʦʝ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʝ ʧʦʣʝ ʥʠʟʢʦʡ ʯʘʩʪʦʪʳ 

ʕʣʝʢʪʨʦʤʘʛʥʠʪʥʳʡ ʘʥʘʣʠʟ ʤʦʞʥʦ ʚʳʧʦʣʥʠʪʴ ʜʣʷ ʟʘʜʘʯ ʚ ʪʨʝʭʤʝʨʥʦʡ ʧʦ-

ʩʪʘʥʦʚʢʝ. ʇʨʠ ʘʥʘʣʠʟʝ ʥʝʫʩʪʘʥʦʚʠʚʰʝʛʦʩʷ ʧʝʨʝʭʦʜʥʦʛʦ ʧʨʦʮʝʩʩʘ ʚʳʯʠʩʣʷʶʪ-

ʩʷ ʚʝʢʪʦʨʳ ʧʦʪʝʥʮʠʘʣʘ, ʠʥʜʫʢʮʠʷ ʠ ʥʘʧʨʷʞʝʥʥʦʩʪʴ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ, ʧʣʦʪ-

ʥʦʩʪʴ ʧʦʪʦʢʘ ʠ ʥʘʧʨʷʞʝʥʥʦʩʪʴ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ.  

ɼʣʷ ʨʝʰʝʥʠʷ ʵʪʠʭ ʫʨʘʚʥʝʥʠʡ ʠʩʧʦʣʴʟʫʝʪʩʷ ʥʝʷʚʥʘʷ ʩʭʝʤʘ ʠʥʪʝʛʨʠʨʦʚʘ-

ʥʠʷ ʧʦ ʚʨʝʤʝʥʠ ʂʨʘʥʢʘ-ʅʠʢʦʣʴʩʦʥʘ. ʉʭʝʤʘ ʠʥʪʝʛʨʠʨʦʚʘʥʠʷ ʂʨʘʥʢʘ-

ʅʠʢʦʣʴʩʦʥʘ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʜʠʩʢʨʝʪʥʫʶ ʧʨʦʮʝʜʫʨʫ, ʩ ʧʦʤʦʱʴʶ ʢʦʪʦʨʦʡ 

ʚʝʢʪʦʨ ʧʦʪʝʥʮʠʘʣʦʚ ʧʦʣʷ ʚʳʯʠʩʣʷʝʪʩʷ ʚ ʦʪʜʝʣʴʥʭr ʪʦʯʢʘʭ ʚʨʝʤʝʥʥʦʛʦ ʠʥ-

ʪʝʨʚʘʣʘ. 

 

ɸʥʘʣʠʟ ʜʣʷ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʚʳʩʦʢʦʡ ʯʘʩʪʦʪʳ ʚʳʧʦʣʥʷʝʪʩʷ ʥʘ 

ʦʩʥʦʚʝ ʧʦʣʥʦʡ ʩʠʩʪʝʤʳ ʫʨʘʚʥʝʥʠʡ ʄʘʢʩʚʝʣʣʘ, ʪ.ʝ. ʩ ʫʯʝʪʦʤ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ 

ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʭ ʚʦʣʥ. ʊʘʢʦʡ ʚʠʜ ʘʥʘʣʠʟʘ ʪʨʝʙʫʝʪʩʷ ʚ ʪʝʭ ʩʣʫʯʘʷʭ, ʢʦʛʜʘ 

ʜʣʠʥʘ ʚʦʣʥʳ ʩʨʘʚʥʠʤʘ ʩ ʦʧʨʝʜʝʣʷʶʱʠʤʠ ʨʘʟʤʝʨʘʤʠ ʫʩʪʨʦʡʩʪʚʘ.  

ɺʘʞʥʦ ʧʦʥʠʤʘʪʴ ʯʪʦ ʜʣʷ ʚʳʩʦʢʦʯʘʩʪʦʪʥʦʛʦ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ 

ʧʨʠʤʝʥʷʶʪʩʷ çʨʝʙʝʨʥʳʝè ʢʦʥʝʯʥʳʝ ʵʣʝʤʝʥʪʳ, ʜʠʩʢʨʝʪʥʘʷ ʩʚʷʟʴ ʫ ʢʦʪʦʨʳʭ 

ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʥʝ ʯʝʨʝʟ ʫʟʣʳ, ʘ ʯʝʨʝʟ ʨʝʙʨʘ ʩ ʢʦʪʦʨʳʤʠ ʘʩʩʦʮʠʠʨʦʚʘʥʳ ʩʪʝ-

ʧʝʥʠ ʩʚʦʙʦʜʳ ï ʧʨʦʝʢʮʠʠ ʚʝʢʪʦʨʘ ʥʘʧʨʷʞʝʥʥʦʩʪʠ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ ʥʘ 
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ʨʝʙʨʦ.  

ɼʣʷ ʚʳʩʦʢʦʯʘʩʪʦʪʥʦʛʦ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʜʦʩʪʫʧʝʥ ʤʦʜʘʣʴʥʳʡ 

ʘʥʘʣʠʟ. 

 

ʄʦʜʘʣʴʥʳʡ ʘʥʘʣʠʟ 

ʄʦʜʘʣʴʥʳʡ ʘʥʘʣʠʟ ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʩʦʙʩʪʚʝʥʥʳʭ ʯʘʩʪʦʪ ʠ 

ʬʦʨʤ ʢʦʣʝʙʘʥʠʡ ʜʣʷ ʧʦʣʳʭ ʨʝʟʦʥʘʪʦʨʦʚ. ɸʥʘʣʠʟ ʜʦʣʞʝʥ ʧʨʝʜʰʝʩʪʚʦʚʘʪʴ  

ʣʶʙʦʤʫ ʜʠʥʘʤʠʯʝʩʢʦʤʫ ʨʘʩʯʝʪʫ ʨʝʟʦʥʘʪʦʨʘ, ʪʘʢ ʢʘʢ ʟʥʘʥʠʝ ʦʩʥʦʚʥʳʭ ʤʦʜ ʠ 

ʯʘʩʪʦʪ ʢʦʣʝʙʘʥʠʡ ʜʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʘʜʝʢʚʘʪʥʦ ʭʘʨʘʢʪʝʨʠʟʦʚʘʪʴ ʧʝʨʝʭʦʜʥʳʝ 

ʧʨʦʮʝʩʩʳ ʚ ʩʠʩʪʝʤʝ. 

ɼʣʷ ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ ʦ ʩʦʙʩʪʚʝʥʥʳʭ ʟʥʘʯʝʥʠʷʭ ʠʩʧʦʣʴʟʫʝʪʩʷ ʤʝʪʦʜ ʃʘʥ-

ʮʦʰʘ. ʄʦʜʘʣʴʥʳʡ ʘʥʘʣʠʟ ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʨʝʟʦʥʘʥʩʥʳʭ 

ʩʚʦʡʩʪʚ ʩʠʩʪʝʤʳ, ʚ ʪʦʤ ʯʠʩʣʝ ʩ ʫʯʝʪʦʤ ʜʠʵʣʝʢʪʨʠʯʝʩʢʠʭ ʠ ʧʦʚʝʨʭʥʦʩʪʥʳʭ 

ʧʦʪʝʨʴ. ʇʨʠ ʵʪʦʤ ʧʦʪʝʨʠ ʧʨʝʜʧʦʣʘʛʘʶʪʩʷ ʤʘʣʳʤʠ ʠ ʥʝ ʦʢʘʟʳʚʘʶʱʠʤʠ ʚʣʠʷ-

ʥʠʷ ʥʘ ʩʦʙʩʪʚʝʥʥʳʝ ʯʘʩʪʦʪʳ ʩʠʩʪʝʤʳ. 
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2 ɸʥʘʣʠʟ ʚ ʥʠʟʢʦʯʘʩʪʦʪʥʦʡ ʦʙʣʘʩʪʠ 

 

2.1 ʕʣʝʢʪʨʦʩʪʘʪʠʯʝʩʢʠʡ ʨʘʩʯʝʪ 

ʇʨʠ ʨʝʰʝʥʠʠ ʵʣʝʢʪʨʦʩʪʘʪʠʯʝʩʢʦʡ ʟʘʜʘʯʠ ʩʯʠʪʘʝʪʩʷ, ʯʪʦ ʚʩʝ ʦʙʲʝʢʪʳ 

ʩʪʘʮʠʦʥʘʨʥʳʝ (ʥʝ ʠʟʤʝʥʷʝʤʳʝ ʚʦ ʚʨʝʤʝʥʠ), ʠ ʥʝʪ ʪʦʢʘ ʚ ʧʨʦʚʦʜʥʠʢʘʭ (ʪʦ ʝʩʪʴ 

ʧʨʦʚʦʜʥʠʢʠ ʥʘʭʦʜʷʪʩʷ ʚ ʩʦʩʪʦʷʥʠʠ ʵʣʝʢʪʨʦʩʪʘʪʠʯʝʩʢʦʛʦ ʨʘʚʥʦʚʝʩʠ)̫. ɺʩʝ 

ʧʨʦʚʦʜʥʠʢʠ, ʩʯʠʪʘʶʪʩʷ ʠʜʝʘʣʴʥʳʤʠ ʠ ʵʢʚʠʧʦʪʝʥʮʠʘʣʴʥʳʤʠ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, 

ʚʥʫʪʨʠ ʧʨʦʚʦʜʥʠʢʦʚ ʦʪʩʫʪʩʪʚʫʝʪ ʵʣʝʢʪʨʠʯʝʩʢʦʝ ʧʦʣʝ ï ʧʨʦʚʦʜʥʠʢʠ ʥʝ ʤʦʛʫʪ 

ʙʳʪʴ ʨʘʩʩʯʠʪʘʥʳ ʚ ʜʘʥʥʦʤ ʚʠʜʝ ʨʘʩʯʝʪʘ, ʨʘʩʯʝʪ ʵʣʝʢʪʨʦʩʪʘʪʠʯʝʩʢʦʡ ʟʘʜʘʯʠ 

ʧʨʦʚʦʜʠʪʴʩʷ ʪʦʣʴʢʦ ʜʣʷ ʜʠɻʣʝʢʪʨʠʢʦʚ. ʅʝʠʟʚʝʩʪʥʘʷ ʚʝʣʠʯʠʥʘ ʨʘʩʯʝʪʘ ï ʵʪʦ 

ʵʣʝʢʪʨʠʯʝʩʢʠʡ ʩʢʘʣʷʨʥʳʡ ʧʦʪʝʥʮʠʘʣ, ʯʝʨʝʟ ʢʦʪʦʨʳʡ ʟʘʪʝʤ ʚʳʯʠʩʣʷʝʪʩʷ 

ʥʘʧʨʷʞʝʥʥʦʩʪʴ ʠ ʠʥʜʫʢʮʠʷ (ʩʤʝʱʝʥʠʝ) ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ. 

 

2.1.1 ʇʦʩʪʨʦʝʥʠʝ ʨʘʩʯʝʪʥʦʡ ʤʦʜʝʣʠ 

ɼʣʷ ʨʝʰʝʥʠʷ ʟʘʜʘʯ ʵʣʝʢʪʨʦʩʪʘʪʠʢʠ ʧʦʣʴʟʦʚʘʪʝʣʶ ʥʝʦʙʭʦʜʠʤʦ ʦʧʨʝʜʝ-

ʣʠʪʴ ʛʝʦʤʝʪʨʠʶ ʨʘʩʯʝʪʥʦʡ ʦʙʣʘʩʪʠ, ʠʩʧʦʣʴʟʫʷ ʦʙʲʝʤʥʳʝ ʢʦʥʝʯʥʳʝ ʵʣʝʤʝʥʪʳ 

ʧʝʨʚʦʛʦ ʧʦʨʷʜʢʘ ï ʯʝʪʳʨʝʭʫʟʣʦʚʳʝ (ʪʝʪʨʘʵʜʨʳ), ʰʝʩʪʠʫʟʣʦʚʳʝ (ʪʨʝʫʛʦʣʴʥʳʝ 

ʧʨʠʟʤʳ) ʠʣʠ ʚʦʩʴʤʠʫʟʣʦʚʳʝ (ʛʝʢʩʘʵʜʨʳ). ɼʣʷ ʧʨʦʚʝʜʝʥʠʷ ʨʘʩʯʝʪʘ ʥʝʦʙʭʦʜʠ-

ʤʦ ʯʪʦʙʳ ʤʦʜʝʣʴ ʥʝ ʩʦʜʝʨʞʘʣʘ ʥʠʢʘʢʠʭ ʜʨʫʛʠʭ ʢʦʥʝʯʥʳʭ ʵʣʝʤʝʥʪʦʚ ʠ ʙʳʣʘ 

ʩʚʷʟʘʥʥʦʡ, ʪʦ ʝʩʪʴ ʙʳʣʘ ʝʜʠʥʳʤ ʮʝʣʳʤ ʠ ʥʝ ʩʦʜʝʨʞʘʣʘ ʦʪʜʝʣʴʥʦ ʦʪʩʪʦʷʱʠʭ 

ʫʟʣʦʚ. 

ɺʩʝ ʤʘʪʝʨʠʘʣʳ, ʢʦʪʦʨʳʝ ʟʘʜʝʡʩʪʚʦʚʘʥʳ ʚ ʤʦʜʝʣʠ, ʜʦʣʞʥʳ ʠʤʝʪʴ ʩʚʦʡ-

ʩʪʚʦ ï ʦʪʥʦʩʠʪʝʣʴʥʘʷ (ʦʪʥʦʩʠʪʝʣʴʥʦ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʧʦʩʪʦʷʥʥʦʡ 

 e0=8,854187817Ö10-12 [ʌ]/[ʤ]) ʜʠʵʣʝʢʪʨʠʯʝʩʢʘ ̫ʧʨʦʥʠʮʘʝʤʦʩʪ.ɹ ɺ ʪʘʙʣʠʮʝ 2.1 

ʧʨʠʚʝʜʝʥʳ ʜʦʩʪʫʧʥʳʝ ʜʣʷ ʧʦʣʴʟʦʚʘʪʝʣʷ ʩʧʦʩʦʙʳ ʟʘʜʘʥʠʷ ʜʘʥʥʦʛʦ ʩʚʦʡʩʪʚʘ. 
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ʊʘʙʣʠʮʘ 2.1 ï ʆʪʥʦʩʠʪʝʣʴʥʘʷ ʜʠʵʣʝʢʪʨʠʯʝʩʢʘ ̫ʧʨʦʥʠʮʘʝʤʦʩʪ ɹ

ɸʥʠʟʦʪʨʦʧʥʦʩʪʴ 
ɽʜʠʥʠʮʳ  

ʠʟʤʝʨʝʥʠʷ 
ʉʧʦʩʦʙʳ ʟʘʜʘʥʠʷ 

ɼʦʩʪʫʧʥʳʝ ʥʝ ʟʘʚʠʩʠ-

ʤʳʝ ʧʝʨʝʤʝʥʥʳʝ 

ʀʟʦʪʨʦʧʥʳʡ, 

ʆʨʪʦʪʨʦʧʥʳʡ 
[]  

ʇʦʩʪʦʷʥʥʦʝ ʟʥʘʯʝʥʠʝ, 

ɻʨʘʬʠʢ, 

ʊʘʙʣʠʮʘ, 

ʌʫʥʢʮʠʷ 

ʂʦʦʨʜʠʥʘʪʘ X 

ʂʦʦʨʜʠʥʘʪʘ Y 

ʂʦʦʨʜʠʥʘʪʘ Z 

 

ʇʨʠ ʟʘʜʘʥʠʠ ʦʨʪʦʪʨʦʧʥʦʛʦ ʩʚʦʡʩʪʚʘ ʩʣʝʜʫʝʪ ʫʯʠʪʳʚʘʪʴ, ʯʪʦ ʥʘʧʨʘʚʣʝʥʠʝ 

ʦʩʝʡ ʦʨʠʝʥʪʘʮʠʠ ʩʦʚʧʘʜʘʝʪ ʩ ʣʦʢʘʣʴʥʦʡ ʩʠʩʪʝʤʦʡ ʢʦʦʨʜʠʥʘʪ ʦʙʲʝʤʥʦʛʦ ʵʣʝ-

ʤʝʥʪʘ ʜʣʷ ʢʦʪʦʨʦʛʦ ʧʨʠʩʚʦʝʥ ʜʘʥʥʳʡ ʤʘʪʝʨʠʘʣ. 

 

2.1.2 ɿʘʜʘʥʠʝ ʥʘʛʨʫʟʦʢ ʠ ʛʨʘʥʠʯʥʳʭ ʫʩʣʦʚʠʡ 

ɼʣʷ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʟʘʜʘʯ ʵʣʝʢʪʨʦʩʪʘʪʠʢʠ ʧʦʣʴʟʦʚʘʪʝʣʶ ʜʦʩʪʫʧʥʳ ʩʣʝ-

ʜʫʶʱʠʝ ʚʠʜʳ ʥʘʛʨʫʟʦʢ ʠ ʛʨʘʥʠʯʥʳʭ ʫʩʣʦʚʠʡ: 

1) ʵʣʝʢʪʨʠʯʝʩʢʠʡ ʟʘʨʷʜ; 

2) ʧʣʦʪʥʦʩʪʴ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʟʘʨʷʜʘ; 

3) ɻ ʣʝʢʪʨʠʯʝʩʢʠʡ ʧʦʪʝʥʮʠʘʣ. 

ʉʚʝʜʝʥʠʷ ʦ ʜʘʥʥʳʭ ʦʙʲʝʢʪʘʭ ʧʨʠʚʝʜʝʥʳ ʚ ʪʘʙʣʠʮʝ 2.2. 

 

ʊʘʙʣʠʮʘ 2.2 ï ʕʣʝʢʪʨʦʩʪʘʪʠʯʝʩʢʠʝ ʥʘʛʨʫʟʢʠ 

ʅʘʠʤʝʥʦʚʘʥʠʝ ʊʠʧ 
ɽʜʠʥʠʮʳ  

ʠʟʤʝʨʝʥʠʷ 

ʆʙʲʝʢʪʳ 

ʧʨʠʣʦʞʝʥʠʷ 
ʉʧʦʩʦʙʳ ʟʘʜʘʥʠʷ 

ɼʦʩʪʫʧʥʳʝ ʥʝ 

ʟʘʚʠʩʠʤʳʝ ʧʝ-

ʨʝʤʝʥʥʳʝ 

ʕʣʝʢʪʨʠʯʝʩʢʠʡ 

ʟʘʨʷʜ 
ʉʢʘʣʷʨʥʳʡ [ʂʣ] ʋʟʣʳ 

ʇʦʩʪʦʷʥʥʦʝ ʟʥʘʯʝʥʠʝ, 

ɻʨʘʬʠʢ, 

ʊʘʙʣʠʮʘ, 

ʌʫʥʢʮʠʷ 

ʂʦʦʨʜʠʥʘʪʘ X 

ʂʦʦʨʜʠʥʘʪʘ Y 

ʂʦʦʨʜʠʥʘʪʘ Z 

ʇʣʦʪʥʦʩʪʴ 

ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ 

ʟʘʨʜ̫ʘ 

ʉʢʘʣʷʨʥʳʡ [ʂʣ]/[ʜʣʠʥʘ* ]3 
ʆʙʲʝʤʥʳʝ 

ʵʣʝʤʝʥʪ r

ʇʦʩʪʦʷʥʥʦʝ ʟʥʘʯʝʥʠʝ, 

ɻʨʘʬʠʢ, 

ʊʘʙʣʠʮʘ, 

ʌʫʥʢʮʠʷ 

ʂʦʦʨʜʠʥʘʪʘ X 

ʂʦʦʨʜʠʥʘʪʘ Y 

ʂʦʦʨʜʠʥʘʪʘ Z 

ʕʣʝʢʪʨʠʯʝʩʢʠʡ 

ʧʦʪʝʥʮʠʘʣ 
ʉʢʘʣʷʨʥʳʡ [ɺ] 

ʋʟʣʳ, 

ʆʙʲʝʤʥʳʝ 

ʵʣʝʤʝʥʪ r

ʇʦʩʪʦʷʥʥʦʝ ʟʥʘʯʝʥʠʝ, 

ɻʨʘʬʠʢ, 

ʊʘʙʣʠʮʘ, 

ʌʫʥʢʮʠʷ 

ʂʦʦʨʜʠʥʘʪʘ X 

ʂʦʦʨʜʠʥʘʪʘ Y 

ʂʦʦʨʜʠʥʘʪʘ Z 



 11 

*ʜʣʠʥʘ ï ʦʧʨʝʜʝʣʷʝʪʩʷ ʟʥʘʯʝʥʠʝʤ, ʚʳʙʨʘʥʥʳʤ ʚ ʚʳʧʘʜʘʶʱʝʤ ʩʧʠʩʢʝ ɼʣʠʥʘ ʜʠʘʣʦʛʦʚʦʛʦ ʦʢʥʘ ʋʩʪʘʥʦʚʢʠ 

ʥʘ ʚʢʣʘʜʢʝ ɽʜʠʥʠʮʳ 

 

ʕʣʝʢʪʨʠʯʝʩʢʠʡ ʟʘʨʷʜ 

ʅʘʛʨʫʟʢʦʡ ʜʣʷ ʟʘʜʘʯ ʵʣʝʢʪʨʦʩʪʘʪʠʢʠ ʷʚʣʷʝʪʩʷ ʕʣʝʢʪʨʠʯʝʩʢʠʡ ʟʘʨʷʜ. 

ʇʨʠ ʟʘʜʘʥʠʠ ʥʘ ʛʨʫʧʧʫ ʫʟʣʦʚ ʧʦʩʪʦʷʥʥʦʛʦ ʟʥʘʯʝʥʠʷ ʚ ʢʘʞʜʳʡ ʫʟʝʣ ʙʫʜʝʪ 

ʧʨʠʩʚʦʝʥʦ ʟʘʜʘʥʥʦʝ ʟʥʘʯʝʥʠʝ. ʇʨʠ ʟʘʜʘʥʠʠ ʥʘ ʛʨʫʧʧʫ ʫʟʣʦʚ ʧʝʨʝʤʝʥʥʦʛʦ 

ʟʥʘʯʝʥʠʷ (ʛʨʘʬʠʢ, ʪʘʙʣʠʮʘ, ʬʫʥʢʮʠʷ) ʚ ʢʘʞʜʳʡ ʫʟʝʣ ʙʫʜʝʪ ʧʨʠʩʚʦʝʥʦ ʟʥʘʯʝ-

ʥʠʝ, ʦʧʨʝʜʝʣʷʝʤʦʝ ʢʦʦʨʜʠʥʘʪʘʤʠ ʫʟʣʘ. 

ɽʩʣʠ ʚ ʦʜʥʦ ɿʘʛʨʫʞʝʥʠʝ ʚʭʦʜʷʪ ʥʝʩʢʦʣʴʢʦ ʥʘʛʨʫʟʦʢ ʵʪʦʛʦ ʪʠʧʘ, ʚ ʢʦʪʦ-

ʨʳʭ ʩʦʜʝʨʞʘʪʴʩʷ ʦʜʠʥ ʠ ʪʦʪ ʞʝ ʫʟʝʣ, ʪʦ ʚ ʨʘʩʯʝʪʝ ʙʫʜʝʪ ʫʯʠʪʳʚʘʪʴʩʷ ʜʣʷ ʜʘʥ-

ʥʦʛʦ ʫʟʣʘ ʩʫʤʤʘ ʟʥʘʯʝʥʠʷ ʠʟ ʚʩʝʭ ʥʘʛʨʫʟʦʢ ʵʪʦʛʦ ʪʠʧʘ ʜʘʥʥʦʛʦ ɿʘʛʨʫʞʝʥʠʷ, ʚ 

ʢʦʪʦʨʳʝ ʚʢʣʶʯʝʥ ʫʟʝʣ. 

 

ʇʣʦʪʥʦʩʪʴ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʟʘʨʷʜʘ 

ʅʘʛʨʫʟʢʦʡ ʜʣʷ ʟʘʜʘʯ ʵʣʝʢʪʨʦʩʪʘʪʠʢʠ ʷʚʣʷʝʪʩʷ ʕʣʝʢʪʨʠʯʝʩʢʠʡ ʟʘʨʷʜ. 

ʇʨʠ ʟʘʜʘʥʠʠ ʥʘ ʛʨʫʧʧʫ ʦʙʲʝʤʥʳʭ ʵʣʝʤʝʥʪʦʚ ʧʦʩʪʦʷʥʥʦʛʦ ʟʥʘʯʝʥʠʷ ʚ ʢʘʞʜr ʡ 

ʫʟʝʣ ʚʩʝʭ ʚʳʙʨʘʥʥʳʭ ʦʙʲʝʤʥʳʭ ʵʣʝʤʝʥʪʦʚ ʙʫʜʝʪ ʧʨʠʩʚʦʝʥʦ ʥʝʢʦʪʦʨʦʝ* ʟʥʘ-

ʯʝʥʠʝ. ʇʨʠ ʟʘʜʘʥʠʠ ʥʘ ʛʨʫʧʧʫ ʦʙʲʝʤʥʳʭ ʵʣʝʤʝʥʪʦʚ ʧʝʨʝʤʝʥʥʦʛʦ ʟʥʘʯʝʥʠʷ 

(ʛʨʘʬʠʢ, ʪʘʙʣʠʮʘ, ʬʫʥʢʮʠʷ) ʚ ʢʘʞʜʳʡ ʫʟʝʣ ʚʩʝʭ ʚʳʙʨʘʥʥʳʭ ʦʙʲʝʤʥʳʭ ʵʣʝ-

ʤʝʥʪʦʚ ʙʫʜʝʪ ʧʨʠʩʚʦʝʥʦ ʥʝʢʦʪʦʨʦʝ* ʟʥʘʯʝʥʠʝ, ʦʧʨʝʜʝʣʷʝʤʦʝ ʢʦʦʨʜʠʥʘʪʘʤʠ 

ʫʟʣʘ. 

ɽʩʣʠ ʚ ʦʜʥʦ ɿʘʛʨʫʞʝʥʠʝ ʚʭʦʜʷʪ ʥʝʩʢʦʣʴʢʦ ʥʘʛʨʫʟʦʢ ʵʪʦʛʦ ʪʠʧʘ, ʚ ʢʦʪʦ-

ʨʳʭ ʩʦʜʝʨʞʘʪʴʩʷ ʦʜʠʥ ʠ ʪʦʪ ʞʝ ʦʙʲʝʤʥʳʡ ʵʣʝʤʝʥʪ, ʪʦ ʚ ʨʘʩʯʝʪʝ ʙʫʜʝʪ ʫʯʠʪʳ-

ʚʘʪʴʩʷ ʜʣʷ ʜʘʥʥʦʛʦ ʦʙʲʝʤʥʳʡ ʵʣʝʤʝʥʪ ʩʫʤʤʘ ʟʥʘʯʝʥʠʷ ʠʟ ʚʩʝʭ ʥʘʛʨʫʟʦʢ ʵʪʦʛʦ 

ʪʠʧʘ ʜʘʥʥʦʛʦ ɿʘʛʨʫʞʝʥʠʷ, ʚ ʢʦʪʦʨʳʝ ʚʢʣʶʯʝʥ ʦʙʲʝʤʥʳʡ ʵʣʝʤʝʥʪ. 

*ʥʝʢʦʪʦʨʦʝ ʟʥʘʯʝʥʠʝ ï ʦʧʨʝʜʝʣʷʝʤʦʝ ʢʘʢ ʠʥʪʝʛʨʘʣʴʥʳʡ ʚʝʩ ʫʟʣʘ ʜʣʷ ʟʘʜʘʥʥʦʡ ʧʣʦʪʥʦʩʪʠ. 

 

ʕʣʝʢʪʨʠʯʝʩʢʠʡ ʧʦʪʝʥʮʠʘʣ 

ɻʨʘʥʠʯʥʳʤ ʫʩʣʦʚʠʝʤ ʜʣʷ ʟʘʜʘʯ ʵʣʝʢʪʨʦʩʪʘʪʠʢʠ ʷʚʣʷʝʪʩʷ ʕʣʝʢʪʨʠʯʝ-

ʩʢʠʡ ʧʦʪʝʥʮʠʘʣ. ʇʨʠ ʟʘʜʘʥʠʠ ʥʘ ʛʨʫʧʧʫ ʫʟʣʦʚ ʧʦʩʪʦʷʥʥʦʛʦ ʟʥʘʯʝʥʠʷ ʚ ʢʘʞ-
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ʜʳʡ ʫʟʝʣ ʙʫʜʝʪ ʧʨʠʩʚʦʝʥʦ ʟʘʜʘʥʥʦʝ ʟʥʘʯʝʥʠʝ. ʇʨʠ ʟʘʜʘʥʠʠ ʥʘ ʛʨʫʧʧʫ ʫʟʣʦʚ 

ʧʝʨʝʤʝʥʥʦʛʦ ʟʥʘʯʝʥʠʷ (ʛʨʘʬʠʢ, ʪʘʙʣʠʮʘ, ʬʫʥʢʮʠʷ) ʚ ʢʘʞʜʳʡ ʫʟʝʣ ʙʫʜʝʪ ʧʨʠ-

ʩʚʦʝʥʦ ʟʥʘʯʝʥʠʝ, ʦʧʨʝʜʝʣʷʝʤʦʝ ʢʦʦʨʜʠʥʘʪʘʤʠ ʫʟʣʘ. 

ʇʨʠ ʟʘʜʘʥʠʠ ʥʘ ʛʨʫʧʧʫ ʦʙʲʝʤʥʳʭ ʵʣʝʤʝʥʪʦʚ ʧʦʩʪʦʷʥʥʦʛʦ ʟʥʘʯʝʥʠʷ ʚ 

ʢʘʞʜʳʡ ʫʟʝʣ ʚʩʝʭ ʚʳʙʨʘʥʥʳʭ ʦʙʲʝʤʥʳʭ ʵʣʝʤʝʥʪʦʚ ʙʫʜʝʪ ʧʨʠʩʚʦʝʥʦ ʟʘʜʘʥʥʦʝ 

ʟʥʘʯʝʥʠʝ. ʇʨʠ ʟʘʜʘʥʠʠ ʥʘ ʛʨʫʧʧʫ ʦʙʲʝʤʥʳʭ ʵʣʝʤʝʥʪʦʚ ʧʝʨʝʤʝʥʥʦʛʦ ʟʥʘʯʝʥʠʷ 

(ʛʨʘʬʠʢ, ʪʘʙʣʠʮʘ, ʬʫʥʢʮʠʷ) ʚ ʢʘʞʜʳʡ ʫʟʝʣ ʚʩʝʭ ʚʳʙʨʘʥʥʳʭ ʦʙʲʝʤʥʳʭ ʵʣʝ-

ʤʝʥʪʦʚ ʙʫʜʝʪ ʧʨʠʩʚʦʝʥʦ ʟʥʘʯʝʥʠʝ, ʦʧʨʝʜʝʣʷʝʤʦʝ ʢʦʦʨʜʠʥʘʪʘʤʠ ʫʟʣʘ. 

ɽʩʣʠ ʚ ʦʜʥʦ ɿʘʛʨʫʞʝʥʠʝ ʚʭʦʜʷʪ ʥʝʩʢʦʣʴʢʦ ʥʘʛʨʫʟʦʢ ʵʪʦʛʦ ʪʠʧʘ, ʚ ʢʦʪʦ-

ʨʳʭ ʩʦʜʝʨʞʘʪʴʩʷ ʦʜʠʥ ʠ ʪʦʪ ʞʝ ʫʟʝʣ (ʦʙʲʝʤʥʳʡ ʵʣʝʤʝʥʪ), ʪʦ ʚ ʨʘʩʯʝʪʝ ʙʫʜʝʪ 

ʫʯʠʪʳʚʘʪʴʩʷ ʜʣʷ ʜʘʥʥʦʛʦ ʫʟʣʘ (ʦʙʲʝʤʥʦʛʦ ʵʣʝʤʝʥʪʘ) ʟʥʘʯʝʥʠʷ ʠʟ ʧʦʩʣʝʜʥʝʡ 

ʩʦʟʜʘʥʥʦʡ ʵʪʦʛʦ ʪʠʧʘ. 

ɺʩʝ ʦʧʠʩʘʥʥʳʝ ʪʠʧʳ ʥʘʛʨʫʟʦʢ ʤʦʛʫʪ ʙʳʪʴ ʜʦʙʘʚʣʝʥʳ ʚ ʜʦʢʫʤʝʥʪ ʧʫʪʝʤ 

ʚʳʙʦʨʘ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ ʧʫʥʢʪʘ ʢʦʥʪʝʢʩʪʥʦʛʦ ʤʝʥʶ ʜʣʷ ʫʟʣʘ ʕʣʝʢʪʨʠʯʝ-

ʩʢʠʝ ʥʘʛʨʫʟʢʠ ʥʘ ʧʘʥʝʣʠ ʆʙʲʝʢʪʳ (ʨʠʩʫʥʦʢ 2.1). 

 

 

ʈʠʩʫʥʦʢ 2.1 ï ʕʣʝʢʪʨʦʩʪʘʪʠʯʝʩʢʠʝ ʥʘʛʨʫʟʢʠ 
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2.1.3 ʇʨʦʚʝʜʝʥʠʝ ʨʘʩʯʝʪʘ 

ɼʣʷ ʧʨʦʚʝʜʝʥʠʷ ʕʣʝʢʪʨʦʩʪʘʪʠʯʝʩʢʦʛʦ ʨʘʩʯʝʪʘ ʥʝʦʙʭʦʜʠʤʦ ʚ ʛʦʨʠ-

ʟʦʥʪʘʣʴʥʦʤ ʤʝʥʶ ʈʘʩʯʝʪ r ʚʳʙʨʘʪʴ ʧʫʥʢʪ ʈʘʩʯʝʪ... ʧʦʩʣʝ ʯʝʛʦ ʧʦʷʚʠʪʩʷ 

ʜʠʘʣʦʛʦʚʦʝ ʦʢʥʦ ʈʘʩʯʝʪ (ʨʠʩʫʥʦʢ 2.2). 

 

ʈʠʩʫʥʦʢ 2.2 ï ɿʘʧʫʩʢ ʵʣʝʢʪʨʦʩʪʘʪʠʯʝʩʢʦʛʦ ʨʘʩʯʝʪʘ 

 

ɺ ʜʠʘʣʦʛʦʚʦʤ ʦʢʥʝ ʈʘʩʯʝʪ ʧʦʣʴʟʦʚʘʪʝʣʴ ʜʦʣʞʝʥ ʦʪʤʝʪʠʪʴ ʧʫʥʢʪ ʕʣʝʢ-

ʪʨʦʩʪʘʪʠʯʝʩʢʠʡ ʨʘʩʯʝʪ, ʚ ʚʳʧʘʜʘʶʱʝʤ ʩʧʠʩʢʝ ʜʣʷ ʟʘʛʨʫʞʝʥʠʷ ʚʳʙʨʘʪʴ 

ɿʘʛʨʫʞʝʥʠʝ, ʜʣʷ ʢʦʪʦʨʦʛʦ ʦʥ ʭʦʯʝʪ ʧʨʦʠʟʚʝʩʪʠ ʨʘʩʯʝʪ, ʚ ʚʳʧʘʜʘʶʱʝʤ ʩʧʠʩʢʝ 

ʄʝʪʦʜ ʚʳʙʨʘʪʴ ʤʝʪʦʜ ʢʦʪʦʨʳʤ ʙʫʜʝʪ ʨʝʰʘʪʴ ʩʠʩʪʝʤʘ ʣʠʥʝʡʥʳʭ ʘʣʛʝʙʨʘʠʯʝ-

ʩʢʠʭ ʫʨʘʚʥʝʥʠʡ ʜʣʷ ʧʦʩʪʘʚʣʝʥʥʦʡ ʜʠʩʢʨʝʪʥʦʡ ʟʘʜʘʯʠ. ʇʦʩʣʝ ʥʘʞʘʪʠʷ ʢʥʦʧʢʠ 

OK ʙʫʜʝʪ ʧʨʦʠʟʚʝʜʝʥ ʕʣʝʢʪʨʦʩʪʘʪʠʯʝʩʢʠʡ ʨʘʩʯʝʪ. 

ɺ ʩʣʫʯʘʝ ʝʩʣʠ ʧʦʣʴʟʦʚʘʪʝʣʴ ʚ ɿʘʛʨʫʞʝʥʠʠ ʜʣʷ ʢʦʪʦʨʦʛʦ ʧʨʦʚʦʜʠʪʴʩʷ 

ʨʘʩʯʝʪ ʥʝ ʟʘʜʘʣ ʥʠ ʦʜʥʦʡ ʥʘʛʨʫʟʢʠ ʪʠʧʘ ʕʣʝʢʪʨʠʯʝʩʢʠʡ ʧʦʪʝʥʮʠʘʣ, ʚ ʢʦʪʦ-

ʨʦʤ ʚʢʣʶʯʝʥ ʭʦʪʷ ʙʳ ʦʜʠʥ ʫʟʝʣ ʠʣʠ ʦʙʲʝʤʥʳʡ ʵʣʝʤʝʥʪ, ʪʦ ʧʦʣʫʯʝʥʥʦʝ ʠʤ 
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ʨʝʰʝʥʠʝ ʙʫʜʝʪ ʷʚʣʷʪʴʩʷ ʥʝʦʜʥʦʟʥʘʯʥʳʤ (ʩ ʪʦʯʥʦʩʪʴʶ ʜʦ ʧʦʩʪʦʷʥʥʦʛʦ ʩʣʘʛʘ-

ʝʤʦʛʦ). ʂʨʦʤʝ ʵʪʦʛʦ ʤʘʪʨʠʮʘ ʩʠʩʪʝʤʳ ʣʠʥʝʡʥʳʭ ʘʣʛʝʙʨʘʠʯʝʩʢʠʭ ʫʨʘʚʥʝʥʠʡ 

ʜʣʷ ʧʦʩʪʘʚʣʝʥʥʦʡ ʜʠʩʢʨʝʪʥʦʡ ʟʘʜʘʯʠ, ʩʢʦʨʝʝ ʚʩʝʛʦ ʙʫʜʝʪ ʧʣʦʭʦ ʦʙʫʩʣʦʚʣʝʥ-

ʥʦʡ, ʯʪʦ ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ ʥʝʚʦʟʤʦʞʥʦʩʪʠ ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ. 

ɺʳʙʦʨ ʤʝʪʦʜʘ ʨʝʰʝʥʠʷ ʩʠʩʪʝʤʳ ʣʠʥʝʡʥʳʭ ʘʣʛʝʙʨʘʠʯʝʩʢʠʭ ʫʨʘʚʥʝʥʠʡ 

ʜʣʷ ʧʦʩʪʘʚʣʝʥʥʦʡ ʜʠʩʢʨʝʪʥʦʡ ʟʘʜʘʯʠ ʜʦʣʞʝʥ ʦʩʥʦʚʳʚʘʪʴʩʷ ʥʘ ʩʣʝʜʫʶʱʠʭ 

ʧʦʣʦʞʝʥʠʷʭ: 

1) ʄʝʪʦʜ Sparse_LL ï ʧʨʝʜʥʘʟʥʘʯʝʥ ʜʣʷ ʩʠʩʪʝʤ ʣʠʥʝʡʥʳʭ ʘʣʛʝʙʨʘʠʯʝ-

ʩʢʠʭ ʫʨʘʚʥʝʥʠʡ ʩ ʩʠʤʤʝʪʨʠʯʥʦʡ ʧʦʣʦʞʠʪʝʣʴʥʦ ʦʧʨʝʜʝʣʝʥʥʦʡ ʤʘʪʨʠʮʝʡ, ʦʩ-

ʥʦʚʘʥʥʳʡ ʥʘ ʨʘʟʣʦʞʝʥʠʠ ʍʦʣʝʮʢʦʛʦ. 

2) ʄʝʪʦʜ Sparse_LDL ï ʧʨʝʜʥʘʟʥʘʯʝʥ ʜʣʷ ʩʠʩʪʝʤ ʣʠʥʝʡʥʳʭ ʘʣʛʝʙʨʘʠʯʝ-

ʩʢʠʭ ʫʨʘʚʥʝʥʠʡ ʩ ʩʠʤʤʝʪʨʠʯʥʦʡ ʧʦʣʦʞʠʪʝʣʴʥʦ ʥʝʦʧʨʝʜʝʣʝʥʥʦʡ ʤʘʪʨʠʮʝʡ, 

ʦʩʥʦʚʘʥʥʳʡ ʥʘ LDL ʨʘʟʣʦʞʝʥʠʠ. 

3) ʄʝʪʦʜ Sparse_LU ï ʧʨʝʜʥʘʟʥʘʯʝʥ ʜʣʷ ʩʠʩʪʝʤ ʣʠʥʝʡʥʳʭ ʘʣʛʝʙʨʘʠʯʝ-

ʩʢʠʭ ʫʨʘʚʥʝʥʠʡ ʩ ʥʝʩʠʤʤʝʪʨʠʯʥʦʡ ʤʘʪʨʠʮʝʡ, ʦʩʥʦʚʘʥʥʳʡ ʥʘ LU ʨʘʟʣʦʞʝʥʠʠ. 

4) ʄʝʪʦʜ IterMINRES ï ʠʪʝʨʘʮʠʦʥʥʳʡ ʤʝʪʦʜ, ʧʨʝʜʥʘʟʥʘʯʝʥʥʳʡ ʜʣʷ ʟʘ-

ʜʘʯ ʩʠʩʪʝʤ ʣʠʥʝʡʥʳʭ ʘʣʛʝʙʨʘʠʯʝʩʢʠʭ ʫʨʘʚʥʝʥʠʡ ʩ ʩʠʤʤʝʪʨʠʯʥʦʡ ʧʦʣʦʞʠ-

ʪʝʣʴʥʦ ʥʝʦʧʨʝʜʝʣʝʥʥʦʡ ʤʘʪʨʠʮʝʡ, ʚ ʯʘʩʪʥʦʩʪʠ ʩ ʚʳʨʦʞʜʝʥʥʦʡ. 

5) ʄʝʪʦʜʳ Sparse_CG_DP, Sparse_BiCGs_DP, Sparse_BiCGs_ILUT ï ʠʪʝ-

ʨʘʮʠʦʥʥʳʝ ʤʝʪʦʜʳ, ʧʨʝʜʲʷʚʣʷʶʪ ʤʝʥʴʰʠʝ ʪʨʝʙʦʚʘʥʠʷ ʢ ʩʠʩʪʝʤʝ ʧʨʠ ʙʦʣʴ-

ʰʦʡ ʨʘʟʤʝʨʥʦʩʪʠ ʟʘʜʘʯʠ. ɺ ʥʝʢʦʪʦʨʳʭ ʩʣʫʯʘʷʭ ʠʪʝʨʘʮʠʦʥʥʳʝ ʤʝʪʦʜʳ ʧʦʟʚʦ-

ʣʷʶʪ ʫʤʝʥʴʰʠʪʴ ʚʨʝʤʷ ʨʘʩʯʝʪʘ. 

 

ɺ ʙʦʣʴʰʠʥʩʪʚʝ ʩʣʫʯʘʝʚ ʚʩʝ ʟʘʜʘʯʠ ʵʣʝʢʪʨʦʩʪʘʪʠʢʠ ʩʚʦʜʷʪʩʷ ʢ ʩʠʩʪʝʤʘʤ 

ʣʠʥʝʡʥʳʭ ʘʣʛʝʙʨʘʠʯʝʩʢʠʭ ʫʨʘʚʥʝʥʠʡ ʧʦʣʦʞʠʪʝʣʴʥʦ ʦʧʨʝʜʝʣʝʥʥʦʡ ʤʘʪʨʠʮʝʡ. 

ʇʦʵʪʦʤʫ Sparse_LL ʦʙʳʯʥʦ ʙʦʣʝʝ ʧʨʝʜʧʦʯʪʠʪʝʣʝʥ, ʦʜʥʘʢʦ ʚ ʨʷʜʝ ʩʣʫʯʘʝʚ 

(ʜʦʩʪʘʪʦʯʥʦ ʤʘʣʳʝ ʢʦʵʬʬʠʮʠʝʥʪʳ ʥʘ ʛʣʘʚʥʦʡ ʜʠʘʛʦʥʘʣʠ ʤʘʪʨʠʮʳ, ʦʙʫʩʣʦʚ-

ʣʝʥʥʳʝ ʥʝʢʘʯʝʩʪʚʝʥʥʦʡ ʢʦʥʝʯʥʦ-ʵʣʝʤʝʥʪʥʦʡ ʩʝʪʢʦʡ ʠʣʠ ʩʚʦʡʩʪʚʘʤʠ ʤʘʪʝʨʠ-

ʘʣʘ), ʤʘʪʨʠʮʝʡ ʤʦʞʝʪ ʙʳʪʴ ʧʦʣʦʞʠʪʝʣʴʥʦ ʥʝʦʧʨʝʜʝʣʝʥʥʦʡ. ʇʨʠ ʵʪʦʤ ʤʝʪʦʜ 

Sparse_LL ʤʦʞʝʪ ʥʝ ʨʝʰʠʪʴ ʟʘʜʘʯʫ (ʦ ʯʝʤ ʧʦʣʴʟʦʚʘʪʝʣʴ ʧʦʣʫʯʠʪ ʩʦʦʙʱʝʥʠʝ), 
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ʪʦʛʜʘ ʤʦʞʥʦ ʚʳʙʨʘʪʴ ʤʝʪʦʜʳ Sparse_LDL ʠʣʠ Sparse_LU, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʨʝ-

ʰʠʪʴ ʧʨʦʙʣʝʤʫ. ɻʣʘʚʥʘʷ ʦʩʦʙʝʥʥʦʩʪʴ ʤʝʪʦʜʦʚ Sparse_LL, Sparse_LDL ʠ 

Sparse_LU ʩʦʩʪʦʠʪ ʚ ʪʦʤ, ʯʪʦ ʜʣʷ ʠʭ ʨʘʙʦʪʳ (ʚʳʧʦʣʥʝʥʠʷ ʨʘʟʣʦʞʝʥʠʷ) ʥʝʦʙ-

ʭʦʜʠʤʦ ʦʧʨʝʜʝʣʝʥʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʦʧʝʨʘʪʠʚʥʦʡ ʧʘʤʷʪʠ, ʢʦʪʦʨʦʝ ʨʘʩʪʝʪ ʩ ʨʘʟ-

ʤʝʨʥʦʩʪʴʶ ʨʝʰʘʝʤʦʡ ʟʘʜʘʯʠ. ʇʨʠʯʝʤ çʞʘʜʥʦʩʪʴè ʢ ʦʧʝʨʘʪʠʚʥʦʡ ʧʘʤʷʪʠ ʤʝ-

ʪʦʜʦʚ ʥʘʨʘʩʪʘʝʪ ʚ ʩʣʝʜʫʶʱʝʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ (Sparse_LLï>Sparse_LDLï

>Sparse_LU). ʇʦʵʪʦʤʫ ʚʦʟʤʦʞʥʳ ʪʘʢʠʝ ʩʣʫʯʘʠ, ʢʦʛʜʘ ʜʣʷ ʨʝʰʘʝʤʦʡ ʟʘʜʘʯʠ 

ʥʝ ʭʚʘʪʘʝʪ ʦʧʝʨʘʪʠʚʥʦʡ ʧʘʤʷʪʠ (ʦ ʯʝʤ ʧʦʣʴʟʦʚʘʪʝʣʴ ʧʦʣʫʯʠʪ ʩʦʦʙʱʝʥʠʝ), ʚ 

ʵʪʦʤ ʩʣʫʯʘʝ ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʚʳʙʨʘʪʴ ʤʝʪʦʜ IterMINRES, ʢʦʪʦʨʳʡ ʥʘʤʥʦʛʦ ʤʝ-

ʥʝʝ ʪʨʝʙʦʚʘʪʝʣʴʥʳʡ ʢ ʨʘʟʤʝʨʫ ʦʧʝʨʘʪʠʚʥʦʡ ʧʘʤʷʪʠ, ʥʦ ʚʚʠʜʫ ʠʪʝʨʘʮʠʦʥʥʦʡ 

ʩʫʱʥʦʩʪʠ ʷʚʣʷʝʪʩʷ ʙʦʣʝʝ ʤʝʜʣʝʥʥʳʤ. 

 

2.1.4 ʇʨʦʩʤʦʪʨ ʨʝʟʫʣʴʪʘʪʦʚ 

ʏʪʦʙʳ ʧʨʦʩʤʦʪʨʝʪʴ ʨʝʟʫʣʴʪʘʪʳ ʨʘʩʯʝʪʘ ʥʝʦʙʭʦʜʠʤʦ ʚ ʛʦʨʠʟʦʥʪʘʣʴʥʦʤ 

ʤʝʥʶ ʈʝʟʫʣʴʪʘʪʳ ʚʳʙʨʘʪʴ ʧʫʥʢʪ ʂʘʨʪʘ ʨʝʟʫʣʴʪʘʪʦʚé ɺ ʧʦʷʚʠʚʰʝʤʩʷ 

ʜʠʘʣʦʛʝ ʥʝʦʙʭʦʜʠʤʦ ʚʳʙʨʘʪʴ ʊʠʧ ʨʘʩʯʝʪʘ ï ʕʣʝʢʪʨʦʩʪʘʪʠʯʝʩʢʠʡ ʨʘʩʯʝʪ 

(ʨʠʩʫʥʦʢ 2.3). 

 

ʈʠʩʫʥʦʢ 2.3 ï ʈʝʟʫʣʴʪʘʪʳ ʵʣʝʢʪʨʦʩʪʘʪʠʯʝʩʢʦʛʦ ʨʘʩʯʝʪʘ 
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ʇʦʣʴʟʦʚʘʪʝʣʶ ʜʣʷ ʧʨʦʩʤʦʪʨʘ ʜʦʩʪʫʧʥʦ ʧʷʪʴ ʪʠʧʦʚ ʢʘʨʪ ʨʝʟʫʣʴʪʘʪʦʚ: 

1) ʕʣʝʢʪʨʠʯʝʩʢʠʡ ʧʦʪʝʥʮʠʘʣ [ɺ] (ʢʦʥʪʫʨʥʘʷ); 

2) ʅʘʧʨʷʞʝʥʥʦʩʪʴ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ [ɺ]/[ʜʣʠʥʘ*] (ʢʦʥʪʫʨʥʘʷ); 

3) ɺʝʢʪʦʨʥʘʷ ʥʘʧʨʷʞʝʥʥʦʩʪʴ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ [ɺ]/[ʜʣʠʥʘ*] (ʚʝʢʪʦʨʥʘʷ); 

4) ʕʣʝʢʪʨʠʯʝʩʢʘʷ ʠʥʜʫʢʮʠʷ [ʂʣ]/[ʜʣʠʥʘ*]2 (ʢʦʥʪʫʨʥʘʷ); 

5) ɺʝʢʪʦʨʥʘʷ ʵʣʝʢʪʨʠʯʝʩʢʘʷ ʠʥʜʫʢʮʠʷ [ʂʣ]/[ʜʣʠʥʘ*]2 (ʚʝʢʪʦʨʥʘʷ). 

*ʜʣʠʥʘ ï ʦʧʨʝʜʝʣʷʝʪʩʷ ʟʥʘʯʝʥʠʝʤ, ʚʳʙʨʘʥʥʳʤ ʚ ʚʳʧʘʜʘʶʱʝʤ ʩʧʠʩʢʝ ɼʣʠʥʘ ʜʠʘʣʦʛʦʚʦʛʦ ʦʢʥʘ ʋʩʪʘʥʦʚʢʠ 

ʥʘ ʚʢʣʘʜʢʝ ɽʜʠʥʠʮʳ 

ʇʦʜʨʦʙʥʝʝ ʦ ʨʘʙʦʪʝ ʩ ʢʘʨʪʘʤʠ ʨʝʟʫʣʴʪʘʪʦʚ ʩʤ. ʨʘʟʜʝʣ çʈʝʟʫʣʴʪʘʪʳè ʚ 

ʨʫʢʦʚʦʜʩʪʚʝ ʧʦʣʴʟʦʚʘʪʝʣʷ. 
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2.2 ʈʘʩʯʝʪ ʧʦʣʷ ʧʦʩʪʦʷʥʥʳʭ ʪʦʢʦʚ 

ʇʨʠ ʨʝʰʝʥʠʠ ʟʘʜʘʯʠ ʨʘʩʯʝʪʘ ʧʦʣʷ ʧʦʩʪʦʷʥʥʳʭ ʪʦʢʦʚ ʩʯʠʪʘʝʪʩʷ, ʯʪʦ ʚʩʝ 

ʦʙʲʝʢʪʳ ʩʪʘʮʠʦʥʘʨʥʳʝ (ʥʝ ʠʟʤʝʥ̫ʝʤʳʝ ʚʦ ʚʨʝʤʝʥʠ), ʪʦʢʠ ʚ ʧʨʦʚʦʜʥʠʢʘʭ 

ʩʢʦʤʧʝʥʩʠʨʦʚʘʥʳ (ʪʦ ʝʩʪʴ ʩʫʤʤʘ ʚʩʝʭ ʚʥʝʰʥʠʭ ʪʦʢʦʚ ʨʘʚʥʘ ʥʫʣʶ). ɼʠʵʣʝʢ-

ʪʨʠʢʠ ʥʝ ʤʦʛʫʪ ʙʳʪʴ ʨʘʩʩʯʠʪʘʥʳ ʚ ʜʘʥʥʦʤ ʚʠʜʝ ʨʘʩʯʝʪʘ, ʨʘʩʯʝʪ ʨʘʩʯʝʪʘ ʧʦʣʷ 

ʧʦʩʪʦʷʥʥʳʭ ʪʦʢʦʚ ʪʦʣʴʢʦ ʜʣʷ ʧʨʦʚʦʜʥʠʢʦʚ. ʅʝʠʟʚʝʩʪʥʘʷ ʚʝʣʠʯʠʥʘ ʨʘʩʯʝʪʘ ï 

ʵʪʦ ʣɻʝʢʪʨʠʯʝʩʢʠʡ ʩʢʘʣʷʨʥʳʡ ʧʦʪʝʥʮʠʘʣ, ʯʝʨʝʟ ʢʦʪʦʨʳʡ ʟʘʪʝʤ ʚʳʯʠʩʣʷʝʪʩʷ 

ʥʘʧʨʷʞʝʥʥʦʩʪʴ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ ʠ ʧʣʦʪʥʦʩʪʴ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʪʦʢʘ. 

 

2.2.1 ʇʦʩʪʨʦʝʥʠʝ ʨʘʩʯʝʪʥʦʡ ʤʦʜʝʣʠ 

ɼʣʷ ʨʝʰʝʥʠʷ ʟʘʜʘʯ ʨʘʩʯʝʪʘ ʧʦʣʷ ʧʦʩʪʦʷʥʥʳʭ ʪʦʢʦʚ ʧʦʣʴʟʦʚʘʪʝʣʶ ʥʝʦʙ-

ʭʦʜʠʤʦ ʦʧʨʝʜʝʣʠʪʴ ʛʝʦʤʝʪʨʠʶ ʨʘʩʯʝʪʥʦʡ ʦʙʣʘʩʪʠ, ʠʩʧʦʣʴʟʫʷ ʦʙʲʝʤʥʳʝ ʢʦ-

ʥʝʯʥʳʝ ʵʣʝʤʝʥʪʳ ʧʝʨʚʦʛʦ ʧʦʨʷʜʢʘ ï ʯʝʪʳʨʝʭʫʟʣʦʚʳʝ (ʪʝʪʨʘʵʜʨʳ), ʰʝʩʪʠ-

ʫʟʣʦʚʳʝ (ʪʨʝʫʛʦʣʴʥʳʝ ʧʨʠʟʤʳ) ʠʣʠ ʚʦʩʴʤʠʫʟʣʦʚʳʝ (ʛʝʢʩʘʵʜʨʳ). ɼʣʷ ʧʨʦʚʝ-

ʜʝʥʠʷ ʨʘʩʯʝʪʘ ʥʝʦʙʭʦʜʠʤʦ ʯʪʦʙʳ ʤʦʜʝʣʴ ʥʝ ʩʦʜʝʨʞʘʣʘ ʥʠʢʘʢʠʭ ʜʨʫʛʠʭ ʢʦ-

ʥʝʯʥrʭ ʵʣʝʤʝʥʪʦʚ ʠ ʙʳʣʘ ʩʚʷʟʘʥʥʦʡ, ʪʦ ʝʩʪʴ ʙʳʣʘ ʝʜʠʥʳʤ ʮʝʣʳʤ ʠ ʥʝ ʩʦʜʝʨ-

ʞʘʣʘ ʦʪʜʝʣʴʥʦ ʦʪʩʪʦʷʱʠʭ ʫʟʣʦʚ. 

ɺʩʝ ʤʘʪʝʨʠʘʣʳ, ʢʦʪʦʨʳʝ ʟʘʜʝʡʩʪʚʦʚʘʥʳ ʚ ʤʦʜʝʣʠ, ʜʦʣʞʥʳ ʠʤʝʪʴ ʩʚʦʡ-

ʩʪʚʦ ï ʫʜʝʣʴʥʘʷ ʵʣʝʢʪʨʠʯʝʩʢʘʷ ʧʨʦʚʦʜʠʤʦʩʪʴ. ɺ ʪʘʙʣʠʮʝ 2.3 ʧʨʠʚʝʜʝʥʳ ʜʦ-

ʩʪʫʧʥʳʝ ʜʣʷ ʧʦʣʴʟʦʚʘʪʝʣʷ ʩʧʦʩʦʙʳ ʟʘʜʘʥʠʷ ʜʘʥʥʦʛʦ ʩʚʦʡʩʪʚʘ. 

 

ʊʘʙʣʠʮʘ 2.3 ï ʋʜʝʣʴʥʘʷ ʵʣʝʢʪʨʠʯʝʩʢʘʷ ʧʨʦʚʦʜʠʤʦʩʪʴ 

ɸʥʠʟʦʪʨʦʧʥʦʩʪʴ 
ɽʜʠʥʠʮʳ  

ʠʟʤʝʨʝʥʠʷ 
ʉʧʦʩʦʙʳ ʟʘʜʘʥʠʷ 

ɼʦʩʪʫʧʥʳʝ ʥʝ ʟʘʚʠʩʠ-

ʤʳʝ ʧʝʨʝʤʝʥʥʳʝ 

ʀʟʦʪʨʦʧʥʳʡ, 

ʆʨʪʦʪʨʦʧʥʳʡ 
1/([ʆʤ]Ö[ ʜʣʠʥʘ* ]) 

ʇʦʩʪʦʷʥʥʦʝ ʟʥʘʯʝʥʠʝ, 

ɻʨʘʬʠʢ. 

ʊʘʙʣʠʮʘ, 

ʌʫʥʢʮʠ̫ 

ʂʦʦʨʜʠʥʘʪʘ X 

ʂʦʦʨʜʠʥʘʪʘ Y 

ʂʦʦʨʜʠʥʘʪʘ Z 

*ʜʣʠʥʘ ï ʦʧʨʝʜʝʣʷʝʪʩʷ ʟʥʘʯʝʥʠʝʤ, ʚʳʙʨʘʥʥʳʤ ʚ ʚʳʧʘʜʘʶʱʝʤ ʩʧʠʩʢʝ ɼʣʠʥʘ ʜʠʘʣʦʛʦʚʦʛʦ ʦʢʥʘ ʋʩʪʘʥʦʚʢʠ 

ʥʘ ʚʢʣʘʜʢʝ ɽʜʠʥʠʮʳ 

 

ʇʨʠ ʟʘʜʘʥʠʠ ʦʨʪʦʪʨʦʧʥʦʛʦ ʩʚʦʡʩʪʚʘ ʩʣʝʜʫʝʪ ʫʯʠʪʳʚʘʪʴ, ʯʪʦ ʥʘʧʨʘʚʣʝʥʠʝ 
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ʦʩʝʡ ʦʨʠʝʥʪʘʮʠʠ ʩʦʚʧʘʜʘʝʪ ʩ ʣʦʢʘʣʴʥʦʡ ʩʠʩʪʝʤʦʡ ʢʦʦʨʜʠʥʘʪ ʦʙʲʝʤʥʦʛʦ ʵʣʝ-

ʤʝʥʪʘ ʜʣʷ ʢʦʪʦʨʦʛʦ ʧʨʠʩʚʦʝʥ ʜʘʥʥʳʡ ʤʘʪʝʨʠʘʣ. 

 

2.2.2 ɿʘʜʘʥʠʝ ʥʘʛʨʫʟʦʢ ʠ ʛʨʘʥʠʯʥʳʭ ʫʩʣʦʚʠʡ 

ɼʣʷ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʟʘʜʘʯ ʨʘʩʯʝʪ ʧʦʣʷ ʧʦʩʪʦʷʥʥʳʭ ʪʦʢʦʚ ʧʦʣʴʟʦʚʘʪʝʣʶ 

ʜʦʩʪʫʧʥʳ ʩʣʝʜʫʶʱʠʝ ʚʠʜʳ ʥʘʛʨʫʟʦʢ ʠ ʛʨʘʥʠʯʥʳʭ ʫʩʣʦʚʠʡ: 

1) ʵʣʝʢʪʨʠʯʝʩʢʠʡ ʪʦʢ; 

2) ʵʣʝʢʪʨʠʯʝʩʢʠʡ ʧʦʪʝʥʮʠʘʣ. 

ʉʚʝʜʝʥʠʷ ʦ ʜʘʥʥʳʭ ʦʙʲʝʢʪʘʭ ʧʨʠʚʝʜʝʥʳ ʚ ʪʘʙʣʠʮʝ 2.4 

 

ʊʘʙʣʠʮʘ 2.4 ï ʅʘʛʨʫʟʢʠ ʧʦʣ ̫ʧʦʩʪʦʷʥʥʦʛʦ ʪʦʢʘ 

ʅʘʠʤʝʥʦʚʘʥʠʝ ʊʠʧ 
ɽʜʠʥʠʮʳ  

ʠʟʤʝʨʝʥʠʷ 

ʆʙʲʝʢʪʳ 

ʧʨʠʣʦʞʝʥʠʷ 
ʉʧʦʩʦʙʳ ʟʘʜʘʥʠʷ 

ɼʦʩʪʫʧʥʳʝ ʥʝ 

ʟʘʚʠʩʠʤʳʝ ʧʝ-

ʨʝʤʝʥʥʳʝ 

ʕʣʝʢʪʨʠʯʝʩʢʠʡ 

ʪʦʢ 
ʉʢʘʣʷʨʥʳʡ [ʂʣ] ʋʟʣʳ ʇʦʩʪʦʷʥʥʦʝ ʟʥʘʯʝʥʠʝ - 

ʕʣʝʢʪʨʠʯʝʩʢʠʡ 

ʧʦʪʝʥʮʠʘʣ 
ʉʢʘʣʷʨʥʳʡ [ɺ] 

ʋʟʣʳ, 

ʆʙʲʝʤʥʳʝ 

ʵʣʝʤʝʥʪ r

ʇʦʩʪʦʷʥʥʦʝ ʟʥʘʯʝʥʠʝ, 

ɻʨʘʬʠʢ. 

ʊʘʙʣʠʮʘ, 

ʌʫʥʢʮʠʷ 

ʂʦʦʨʜʠʥʘʪʘ X 

ʂʦʦʨʜʠʥʘʪʘ Y 

ʂʦʦʨʜʠʥʘʪʘ Z 

 

ʕʣʝʢʪʨʠʯʝʩʢʠʡ ʪʦʢ 

ʅʘʛʨʫʟʢʦʡ ʜʣʷ ʟʘʜʘʯ ʧʦʣʷ ʧʦʩʪʦʷʥʥʳʭ ʪʦʢʦʚ ʷʚʣʷʝʪʩʷ ʕʣʝʢʪʨʠʯʝʩʢʠʡ 

ʪʦʢ. ʇʨʠ ʟʘʜʘʥʠʠ ʥʘ ʛʨʫʧʧʫ ʫʟʣʦʚ ʧʦʩʪʦʷʥʥʦʛʦ ʟʥʘʯʝʥʠʷ ʚ ʢʘʞʜʳʡ ʫʟʝʣ ʙʫ-

ʜʝʪ ʧʨʠʩʚʦʝʥʦ ʟʘʜʘʥʥʦʝ ʟʥʘʯʝʥʠʝ. ʆʜʥʘʢʦ ʜʘʥʥʘʷ ʥʘʛʨʫʟʢʘ ʷʚʣʷʝʪʩʷ ʧʦ ʩʫʪʠ 

ʪʦʯʝʯʥʦʡ ʠ ʨʝʢʦʤʝʥʜʫʝʪʩʷ ʝʝ ʟʘʜʘʚʘʪʴ ʥʘ ʦʜʠʥ ʫʟʝʣ.. 

ɽʩʣʠ ʚ ʦʜʥʦ ɿʘʛʨʫʞʝʥʠʝ ʚʭʦʜʷʪ ʥʝʩʢʦʣʴʢʦ ʥʘʛʨʫʟʦʢ ʵʪʦʛʦ ʪʠʧʘ, ʚ ʢʦʪʦ-

ʨʳʭ ʩʦʜʝʨʞʘʪʴʩʷ ʦʜʠʥ ʠ ʪʦʪ ʞʝ ʫʟʝʣ, ʪʦ ʚ ʨʘʩʯʝʪʝ ʙʫʜʝʪ ʫʯʠʪʳʚʘʪʴʩʷ ʜʣʷ ʜʘʥ-

ʥʦʛʦ ʫʟʣʘ ʩʫʤʤʘ ʟʥʘʯʝʥʠʷ ʠʟ ʚʩʝʭ ʥʘʛʨʫʟʦʢ ʵʪʦʛʦ ʪʠʧʘ ʜʘʥʥʦʛʦ ɿʘʛʨʫʞʝʥʠʷ, ʚ 

ʢʦʪʦʨʳʝ ʚʢʣʶʯʝʥ ʫʟʝʣ. 

 

ʕʣʝʢʪʨʠʯʝʩʢʠʡ ʧʦʪʝʥʮʠʘʣ 

ɻʨʘʥʠʯʥʳʤ ʫʩʣʦʚʠʝʤ ʜʣʷ ʟʘʜʘʯ ʧʦʣʷ ʧʦʩʪʦʷʥʥʳʭ ʪʦʢʦʚ ʷʚʣʷʝʪʩʷ ʕʣʝʢ-
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ʪʨʠʯʝʩʢʠʡ ʧʦʪʝʥʮʠʘʣ. ʇʨʠ ʟʘʜʘʥʠʠ ʥʘ ʛʨʫʧʧʫ ʫʟʣʦʚ ʧʦʩʪʦʷʥʥʦʛʦ ʟʥʘʯʝʥʠʷ 

ʚ ʢʘʞʜʳʡ ʫʟʝʣ ʙʫʜʝʪ ʧʨʠʩʚʦʝʥʦ ʟʘʜʘʥʥʦʝ ʟʥʘʯʝʥʠʝ. ʇʨʠ ʟʘʜʘʥʠʠ ʥʘ ʛʨʫʧʧʫ 

ʫʟʣʦʚ ʧʝʨʝʤʝʥʥʦʛʦ ʟʥʘʯʝʥʠʷ (ʛʨʘʬʠʢ, ʪʘʙʣʠʮʘ, ʬʫʥʢʮʠʷ) ʚ ʢʘʞʜʳʡ ʫʟʝʣ ʙʫʜʝʪ 

ʧʨʠʩʚʦʝʥʦ ʟʥʘʯʝʥʠʝ, ʦʧʨʝʜʝʣʷʝʤʦʝ ʢʦʦʨʜʠʥʘʪʘʤʠ ʫʟʣʘ. 

ʇʨʠ ʟʘʜʘʥʠʠ ʥʘ ʛʨʫʧʧʫ ʦʙʲʝʤʥʳʭ ʵʣʝʤʝʥʪʦʚ ʧʦʩʪʦʷʥʥʦʛʦ ʟʥʘʯʝʥʠʷ ʚ 

ʢʘʞʜʳʡ ʫʟʝʣ ʚʩʝʭ ʚʳʙʨʘʥʥʳʭ ʦʙʲʝʤʥʳʭ ʵʣʝʤʝʥʪʦʚ ʙʫʜʝʪ ʧʨʠʩʚʦʝʥʦ ʟʘʜʘʥʥʦʝ 

ʟʥʘʯʝʥʠʝ. ʇʨʠ ʟʘʜʘʥʠʠ ʥʘ ʛʨʫʧʧʫ ʦʙʲʝʤʥʳʭ ʵʣʝʤʝʥʪʦʚ ʧʝʨʝʤʝʥʥʦʛʦ ʟʥʘʯʝʥʠ ̫

(ʛʨʘʬʠʢ, ʪʘʙʣʠʮʘ, ʬʫʥʢʮʠʷ) ʚ ʢʘʞʜʳʡ ʫʟʝʣ ʚʩʝʭ ʚʳʙʨʘʥʥʳʭ ʦʙʲʝʤʥʳʭ ʵʣʝ-

ʤʝʥʪʦʚ ʙʫʜʝʪ ʧʨʠʩʚʦʝʥʦ ʟʥʘʯʝʥʠʝ, ʦʧʨʝʜʝʣʷʝʤʦʝ ʢʦʦʨʜʠʥʘʪʘʤʠ ʫʟʣʘ. 

ɽʩʣʠ ʚ ʦʜʥʦ ɿʘʛʨʫʞʝʥʠʝ ʚʭʦʜʷʪ ʥʝʩʢʦʣʴʢʦ ʥʘʛʨʫʟʦʢ ʵʪʦʛʦ ʪʠʧʘ, ʚ ʢʦʪʦ-

ʨʳʭ ʩʦʜʝʨʞʘʪʴʩʷ ʦʜʠʥ ʠ ʪʦʪ ʞʝ ʫʟʝʣ (ʦʙʲʝʤʥʳʡ ʵʣʝʤʝʥʪ), ʪʦ ʚ ʨʘʩʯʝʪʝ ʙʫʜʝʪ 

ʫʯʠʪʳʚʘʪʴʩʷ ʜʣʷ ʜʘʥʥʦʛʦ ʫʟʣʘ (ʦʙʲʝʤʥʦʛʦ ʵʣʝʤʝʥʪʘ) ʟʥʘʯʝʥʠʷ ʠʟ ʧʦʩʣʝʜʥʝʡ 

ʩʦʟʜʘʥʥʦʡ ʵʪʦʛʦ ʪʠʧʘ. 

ɺʩʝ ʦʧʠʩʘʥʥʳʝ ʪʠʧʳ ʥʘʛʨʫʟʦʢ ʤʦʛʫʪ ʙʳʪʴ ʜʦʙʘʚʣʝʥʳ ʚ ʜʦʢʫʤʝʥʪ ʧʫʪʝʤ 

ʚʳʙʦʨʘ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ ʧʫʥʢʪʘ ʢʦʥʪʝʢʩʪʥʦʛʦ ʤʝʥʶ ʜʣʷ ʫʟʣʘ ʕʣʝʢʪʨʠʯʝ-

ʩʢʠʝ ʥʘʛʨʫʟʢʠ ʥʘ ʧʘʥʝʣʠ ʆʙʲʝʢʪʳ (ʨʠʩʫʥʦʢ 2.1). 

 

2.2.3 ʇʨʦʚʝʜʝʥʠʝ ʨʘʩʯʝʪʘ 

ɼʣʷ ʧʨʦʚʝʜʝʥʠʷ ʈʘʩʯʝʪʘ ʧʦʩʪʦʷʥʥʳʭ ʪʦʢʦʚ ʥʝʦʙʭʦʜʠʤʦ ʚ ʛʦʨʠʟʦʥ-

ʪʘʣʴʥʦʤ ʤʝʥʶ ʈʘʩʯʝʪ rʚʳʙʨʘʪʴ ʧʫʥʢʪ ʈʘʩʯʝʪ... ʧʦʩʣʝ ʯʝʛʦ ʧʦʷʚʠʪʩʷ ʜʠʘʣʦ-

ʛʦʚʦʝ ʦʢʥʦ ʈʘʩʯʝʪ. (ʨʠʩʫʥʦʢ 2.4). 
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ʈʠʩʫʥʦʢ 2.4 ï ɿʘʧʫʩʢ ʨʘʩʯʝʪʘ ʧʦʩʪʦʷʥʥʳʭ ʪʦʢʦʚ 

 

ɺ ʜʠʘʣʦʛʦʚʦʤ ʦʢʥʝ ʈʘʩʯʝʪ ʧʦʣʴʟʦʚʘʪʝʣʴ ʜʦʣʞʝʥ ʦʪʤʝʪʠʪʴ ʧʫʥʢʪ ʈʘʩ-

ʯʝʪ ʧʦʩʪʦʷʥʥʳʭ ʪʦʢʦʚ, ʚ ʚʳʧʘʜʘʶʱʝʤ ʩʧʠʩʢʝ ʜʣʷ ʟʘʛʨʫʞʝʥʠʷ ʚʳʙʨʘʪʴ ɿʘ-

ʛʨʫʞʝʥʠʝ, ʜʣʷ ʢʦʪʦʨʦʛʦ ʦʥ ʭʦʯʝʪ ʧʨʦʠʟʚʝʩʪʠ ʨʘʩʯʝʪ, ʚ ʚʳʧʘʜʘʶʱʝʤ ʩʧʠʩʢʝ 

ʄʝʪʦʜ ʚʳʙʨʘʪʴ ʤʝʪʦʜ ʢʦʪʦʨʳʤ ʙʫʜʝʪ ʨʝh ʘʪʴ ʩʠʩʪʝʤʘ ʣʠʥʝʡʥʳʭ ʘʣʛʝʙʨʘʠʯʝ-

ʩʢʠʭ ʫʨʘʚʥʝʥʠʡ ʜʣʷ ʧʦʩʪʘʚʣʝʥʥʦʡ ʜʠʩʢʨʝʪʥʦʡ ʟʘʜʘʯʠ. ʇʦʩʣʝ ʥʘʞʘʪʠʷ ʢʥʦʧʢʠ 

OK ʙʫʜʝʪ ʧʨʦʠʟʚʝʜʝʥ ʈʘʩʯʝʪ ʧʦʩʪʦʷʥʥʳʭ ʪʦʢʦʚ. 

ɺ ʩʣʫʯʘʝ ʝʩʣʠ ʧʦʣʴʟʦʚʘʪʝʣʴ ʚ ɿʘʛʨʫʞʝʥʠʠ ʜʣʷ ʢʦʪʦʨʦʛʦ ʧʨʦʚʦʜʠʪʴʩʷ 

ʨʘʩʯʝʪ ʥʝ ʟʘʜʘʣ ʥʠ ʦʜʥʦʡ ʥʘʛʨʫʟʢʠ ʪʠʧʘ ʕʣʝʢʪʨʠʯʝʩʢʠʡ ʧʦʪʝʥʮʠʘʣ, ʚ ʢʦʪʦ-

ʨʦʤ ʚʢʣʶʯʝʥ ʭʦʪʷ ʙʳ ʦʜʠʥ ʫʟʝʣ ʠʣʠ ʦʙʲʝʤʥʳʡ ʵʣʝʤʝʥʪ, ʪʦ ʧʦʣʫʯʝʥʥʦʝ ʠʤ 

ʨʝʰʝʥʠʝ ʙʫʜʝʪ ʷʚʣʷʪʴʩʷ ʥʝʦʜʥʦʟʥʘʯʥʳʤ (ʩ ʪʦʯʥʦʩʪʴʶ ʜʦ ʧʦʩʪʦʷʥʥʦʛʦ ʩʣʘʛʘ-

ʝʤʦʛʦ). ʂʨʦʤʝ ʵʪʦʛʦ ʤʘʪʨʠʮʘ ʩʠʩʪʝʤʳ ʣʠʥʝʡʥʳʭ ʘʣʛʝʙʨʘʠʯʝʩʢʠʭ ʫʨʘʚʥʝʥʠʡ 

ʜʣʷ ʧʦʩʪʘʚʣʝʥʥʦʡ ʜʠʩʢʨʝʪʥʦʡ ʟʘʜʘʯʠ, ʩʢʦʨʝʝ ʚʩʝʛʦ ʙʫʜʝʪ ʧʣʦʭʦ ʦʙʫʩʣʦʚʣʝʥ-

ʥʦʡ, ʯʪʦ ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ ʥʝʚʦʟʤʦʞʥʦʩʪʠ ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ. 

ʆ ʚʳʙʦʨʝ ʤʝʪʦʜʘ ʨʝʰʝʥʠʷ ʩʠʩʪʝʤʳ ʣʠʥʝʡʥʳʭ ʘʣʛʝʙʨʘʠʯʝʩʢʠʭ ʫʨʘʚʥʝʥʠʡ 
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ʜʣʷ ʧʦʩʪʘʚʣʝʥʥʦʡ ʜʠʩʢʨʝʪʥʦʡ ʟʘʜʘʯʠ ʩʤ ʧ. 2.1.3. 

 

2.2.4 ʇʨʦʩʤʦʪʨ ʨʝʟʫʣʴʪʘʪʦʚ 

ʏʪʦʙ rʧʨʦʩʤʦʪʨʝʪʴ ʨʝʟʫʣʴʪʘʪʳ ʨʘʩʯʝʪʘ ʥʝʦʙʭʦʜʠʤʦ ʚ ʛʦʨʠʟʦʥʪʘʣʴʥʦʤ 

ʤʝʥʶ ʈʝʟʫʣʴʪʘʪʳ ʚʳʙʨʘʪʴ ʧʫʥʢʪ ʂʘʨʪʘ ʨʝʟʫʣʴʪʘʪʦʚé ɺ ʧʦʷʚʠʚʰʝʤʩʷ 

ʜʠʘʣʦʛʝ ʥʝʦʙʭʦʜʠʤʦ ʚʳʙʨʘʪʴ ʊʠʧ ʨʘʩʯʝʪʘ ï ʈʘʩʯʝʪ ʧʦʣʷ ʧʦʩʪʦʷʥʥʳʭ ʪʦ-

ʢʦʚ (ʨʠʩʫʥʦʢ 2.5). 

 

ʈʠʩʫʥʦʢ 2.5 ï ʈʝʟʫʣʴʪʘʪʳ ʨʘʩʯʝʪʘ ʧʦʣʷ ʧʦʩʪʦʷʥʥrʭ ʪʦʢʦʚ 

 

ʇʦʣʴʟʦʚʘʪʝʣʶ ʜʣʷ ʧʨʦʩʤʦʪʨʘ ʜʦʩʪʫʧʥʦ ʧʷʪʴ ʪʠʧʦʚ ʢʘʨʪ ʨʝʟʫʣʴʪʘʪʦʚ: 

1) ʕʣʝʢʪʨʠʯʝʩʢʠʡ ʧʦʪʝʥʮʠʘʣ [ɺ] (ʢʦʥʪʫʨʥʘʷ); 

2) ʅʘʧʨʷʞʝʥʥʦʩʪʴ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ [ɺ]/[ʜʣʠʥʘ*] (ʢʦʥʪʫʨʥʘʷ); 

3) ɺʝʢʪʦʨʥʘʷ ʥʘʧʨʷʞʝʥʥʦʩʪʴ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ [ɺ]/[ʜʣʠʥʘ*] (ʚʝʢʪʦʨʥʘʷ); 

4) ʇʣʦʪʥʦʩʪʴ ʪʦʢʘ [ɸ]/[ʜʣʠʥʘ*]2 (ʢʦʥʪʫʨʥʘʷ); 

5) ɺʝʢʪʦʨʥʘʷ ʧʣʦʪʥʦʩʪʴ ʪʦʢʘ [ɸ]/[ʜʣʠʥʘ*]2 (ʚʝʢʪʦʨʥʘʷ). 

*ʜʣʠʥʘ ï ʦʧʨʝʜʝʣʷʝʪʩʷ ʟʥʘʯʝʥʠʝʤ, ʚʳʙʨʘʥʥʳʤ ʚ ʚʳʧʘʜʘʶʱʝʤ ʩʧʠʩʢʝ ɼʣʠʥʘ ʜʠʘʣʦʛʦʚʦʛʦ ʦʢʥʘ ʋʩʪʘʥʦʚʢʠ 

ʥʘ ʚʢʣʘʜʢʝ ɽʜʠʥʠʮʳ 

ʇʦʜʨʦʙʥʝʝ ʦ ʨʘʙʦʪʝ ʩ ʢʘʨʪʘʤʠ ʨʝʟʫʣʴʪʘʪʦʚ ʩʤ. ʨʘʟʜʝʣ çʈʝʟʫʣʴʪʘʪʳè ʚ 

ʨʫʢʦʚʦʜʩʪʚʝ ʧʦʣʴʟʦʚʘʪʝʣʷ. 
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2.3 ʄʘʛʥʠʪʦʩʪʘʪʠʯʝʩʢʠʡ ʨʘʩʯʝʪ 

ʇʨʠ ʨʝʰʝʥʠʠ ʤʘʛʥʠʪʦʩʪʘʪʠʯʝʩʢʦʡ ʟʘʜʘʯʠ ʩʯʠʪʘʝʪʩʷ, ʯʪʦ ʚʩʝ ʦʙʲʝʢʪʳ 

ʩʪʘʮʠʦʥʘʨʥʳʝ (ʥʝ ʠʟʤʝʥʷʝʤʳʝ ʚʦ ʚʨʝʤʝʥʠ). ʅʝʠʟʚʝʩʪʥʘʷ ʚʝʣʠʯʠʥʘ ʨʘʩʯʝʪʘ ï 

ʵʪʦ ʤʘʛʥʠʪʥʳʡ ʚʝʢʪʦʨʥʳʡ ʧʦʪʝʥʮʠʘʣ, ʯʝʨʝʟ ʢʦʪʦʨʳʡ ʟʘʪʝʤ ʚʳʯʠʩʣʷʝʪʩʷ 

ʥʘʧʨʷʞʝʥʥʦʩʪʴ ʠ ʠʥʜʫʢʮʠʷ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ. 

 

2.3.1 ʇʦʩʪʨʦʝʥʠʝ ʨʘʩʯʝʪʥʦʡ ʤʦʜʝʣʠ 

ɼʣʷ ʨʝʰʝʥʠʷ ʟʘʜʘʯ ʤʘʛʠʪʦʩʪʘʪʠʢʠ ʧʦʣʴʟʦʚʘʪʝʣʶ ʥʝʦʙʭʦʜʠʤʦ ʦʧʨʝʜʝʣʠʪʴ 

ʛʝʦʤʝʪʨʠʶ ʨʘʩʯʝʪʥʦʡ ʦʙʣʘʩʪʠ, ʠʩʧʦʣʴʟʫʷ ʦʙʲʝʤʥʳʝ ʢʦʥʝʯʥʳʝ ʵʣʝʤʝʥʪʳ ʧʝʨ-

ʚʦʛʦ ʧʦʨʷʜʢʘ ï ʯʝʪʳʨʝʭʫʟʣʦʚʳʝ (ʪʝʪʨʘʵʜʨʳ), ʰʝʩʪʠʫʟʣʦʚʳʝ (ʪʨʝʫʛʦʣʴʥʳʝ 

ʧʨʠʟʤʳ) ʠʣʠ ʚʦʩʴʤʠʫʟʣʦʚʳʝ (ʛʝʢʩʘʵʜʨʳ). ɼʣʷ ʧʨʦʚʝʜʝʥʠʷ ʨʘʩʯʝʪʘ ʥʝʦʙʭʦʜʠ-

ʤʦ ʯʪʦʙʳ ʤʦʜʝʣʴ ʥʝ ʩʦʜʝʨʞʘʣʘ ʥʠʢʘʢʠʭ ʜʨʫʛʠʭ ʢʦʥʝʯʥʳʭ ʵʣʝʤʝʥʪʦʚ ʠ ʙʳʣʘ 

ʩʚʷʟʘʥʥʦʡ, ʪʦ ʝʩʪʴ ʙʳʣʘ ʝʜʠʥʳʤ ʮʝʣʳʤ ʠ ʥʝ ʩʦʜʝʨʞʘʣʘ ʦʪʜʝʣʴʥʦ ʦʪʩʪʦʷʱʠʭ 

ʫʟʣʦʚ. 

ɺʩʝ ʤʘʪʝʨʠʘʣʳ, ʢʦʪʦʨʳʝ ʟʘʜʝʡʩʪʚʦʚʘʥʳ ʚ ʤʦʜʝʣʠ, ʜʦʣʞʥʳ ʠʤʝʪʴ ʩʚʦʡ-

ʩʪʚʦ ï ʦʪʥʦʩʠʪʝʣʴʥʘʷ (ʦʪʥʦʩʠʪʝʣʴʥʦ ʤʘʛʥʠʪʥʦʡ ʧʦʩʪʦʷʥʥʦʡ  m0=4pÖ10-7 

[ɻʥ]/[ʤ]) ʤʘʛʥʠʪʥʘʷ ʧʨʦʥʠʮʘʝʤʦʩʪ.ɹ ɺ ʪʘʙʣʠʮʝ 2.5 ʧʨʠʚʝʜʝʥʳ ʜʦʩʪʫʧʥʳʝ ʜʣʷ 

ʧʦʣʴʟʦʚʘʪʝʣʷ ʩʧʦʩʦʙʳ ʟʘʜʘʥʠʷ ʜʘʥʥʦʛʦ ʩʚʦʡʩʪʚʘ. 

ʊʘʙʣʠʮʘ 2.5 ï ʆʪʥʦʩʠʪʝʣʴʥʘʷ ʤʘʛʥʠʪʥʘʷ ʧʨʦʥʠʮʘʝʤʦʩʪ ɹ

ɸʥʠʟʦʪʨʦʧʥʦʩʪʴ 
ɽʜʠʥʠʮʳ  

ʠʟʤʝʨʝʥʠʷ 
ʉʧʦʩʦʙʳ ʟʘʜʘʥʠʷ 

ɼʦʩʪʫʧʥʳʝ ʥʝ ʟʘʚʠʩʠ-

ʤʳʝ ʧʝʨʝʤʝʥʥʳʝ 

ʀʟʦʪʨʦʧʥʳʡ, 

ʆʨʪʦʪʨʦʧʥʳʡ 
[]  

ʇʦʩʪʦʷʥʥʦʝ ʟʥʘʯʝʥʠʝ, 

ɻʨʘʬʠʢ. 

ʊʘʙʣʠʮʘ, 

ʌʫʥʢʮʠʷ 

ʂʦʦʨʜʠʥʘʪʘ X 

ʂʦʦʨʜʠʥʘʪʘ Y 

ʂʦʦʨʜʠʥʘʪʘ Z 

 

ʇʨʠ ʟʘʜʘʥʠʠ ʦʨʪʦʪʨʦʧʥʦʛʦ ʩʚʦʡʩʪʚʘ ʩʣʝʜʫʝʪ ʫʯʠʪʳʚʘʪʴ, ʯʪʦ ʥʘʧʨʘʚʣʝʥʠʝ 

ʦʩʝʡ ʦʨʠʝʥʪʘʮʠʠ ʩʦʚʧʘʜʘʝʪ ʩ ʣʦʢʘʣʴʥʦʡ ʩʠʩʪʝʤʦʡ ʢʦʦʨʜʠʥʘʪ ʦʙʲʝʤʥʦʛʦ ʵʣʝ-

ʤʝʥʪʘ ʜʣʷ ʢʦʪʦʨʦʛʦ ʧʨʠʩʚʦʝʥ ʜʘʥʥʳʡ ʤʘʪʝʨʠʘʣ. 
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2.3.2 ɿʘʜʘʥʠʝ ʥʘʛʨʫʟʦʢ ʠ ʛʨʘʥʠʯʥʳʭ ʫʩʣʦʚʠʡ 

ɼʣʷ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʟʘʜʘʯ ʵʣʝʢʪʨʦʩʪʘʪʠʢʠ ʧʦʣʴʟʦʚʘʪʝʣʶ ʜʦʩʪʫʧʥʳ ʩʣʝ-

ʜʫʶʱʠʝ ʚʠʜʳ ʥʘʛʨʫʟʦʢ ʠ ʛʨʘʥʠʯʥʳʭ ʫʩʣʦʚʠʡ: 

1) ʧʣʦʪʥʦʩʪʴ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʪʦʢʘ; 

2) ʚʝʢʪʦʨ ʦʩʪʘʪʦʯʥʦʡ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ; 

3) ʚʝʢʪʦʨʥʳʡ ʤʘʛʥʠʪʥʳʡ ʧʦʪʝʥʮʠʘʣ. 

ʉʚʝʜʝʥʠʷ ʦ ʜʘʥʥʳʭ ʦʙʲʝʢʪʘʭ ʧʨʠʚʝʜʝʥʳ ʚ ʪʘʙʣʠʮʝ 2.6 

 

ʊʘʙʣʠʮʘ 2.6 ï ʄʘʛʥʠʪʦʩʪʘʪʠʯʝʩʢʠʝ ʥʘʛʨʫʟʢʠ 

ʅʘʠʤʝʥʦʚʘʥʠʝ ʊʠʧ 
ɽʜʠʥʠʮʳ  

ʠʟʤʝʨʝʥʠʷ 

ʆʙʲʝʢʪʳ 

ʧʨʠʣʦʞʝʥʠʷ 
ʉʧʦʩʦʙʳ ʟʘʜʘʥʠʷ 

ɼʦʩʪʫʧʥʳʝ ʥʝ 

ʟʘʚʠʩʠʤʳʝ ʧʝ-

ʨʝʤʝʥʥʳʝ 

ʇʣʦʪʥʦʩʪʴ ʵʣʝʢ-

ʪʨʠʯʝʩʢʦʛʦ ʪʦʢʘ 
ɺʝʢʪʦʨʥʳʡ [ɸ] /[ʜʣʠʥʘ* ]2 

ʆʙʲʝʤʥʳʝ 

ʵʣʝʤʝʥʪ r

ʇʦʩʪʦʷʥʥʦʝ ʟʥʘʯʝʥʠʝ, 

ɻʨʘʬʠʢ. 

ʊʘʙʣʠʮʘ, 

ʌʫʥʢʮʠ̫ 

ʂʦʦʨʜʠʥʘʪʘ X 

ʂʦʦʨʜʠʥʘʪʘ Y 

ʂʦʦʨʜʠʥʘʪʘ Z 

ɺʝʢʪʦʨ ʦʩʪʘʪʦʯ-

ʥʦʡ ʥʘʤʘʛʥʠʯʝʥ-

ʥʦʩʪʠ 

ɺʝʢʪʦʨʥʳʡ [ɸ]/[ʜʣʠʥʘ* ] 
ʆʙʲʝʤʥʳʝ 

ʵʣʝʤʝʥʪ r

ʇʦʩʪʦʷʥʥʦʝ ʟʥʘʯʝʥʠʝ, 

ɻʨʘʬʠʢ. 

ʊʘʙʣʠʮʘ, 

ʌʫʥʢʮʠʷ 

ʂʦʦʨʜʠʥʘʪʘ X 

ʂʦʦʨʜʠʥʘʪʘ Y 

ʂʦʦʨʜʠʥʘʪʘ Z 

ɺʝʢʪʦʨʥʳʡ ʤʘʛ-

ʥʠʪʥʳʡ ʧʦʪʝʥʮʠ-

ʘʣ 

ɺʝʢʪʦʨʥʳʡ [ɺʙ] /[ʜʣʠʥʘ* ] 

ʋʟʣʳ, 

ʆʙʲʝʤʥʳʝ 

ʵʣʝʤʝʥʪ r

ʇʦʩʪʦʷʥʥʦʝ ʟʥʘʯʝʥʠʝ, 

ɻʨʘʬʠʢ. 

ʊʘʙʣʠʮʘ, 

ʌʫʥʢʮʠʷ 

ʂʦʦʨʜʠʥʘʪʘ X 

ʂʦʦʨʜʠʥʘʪʘ Y 

ʂʦʦʨʜʠʥʘʪʘ Z 

*ʜʣʠʥʘ ï ʦʧʨʝʜʝʣʷʝʪʩʷ ʟʥʘʯʝʥʠʝʤ, ʚʳʙʨʘʥʥʳʤ ʚ ʚʳʧʘʜʘʶʱʝʤ ʩʧʠʩʢʝ ɼʣʠʥʘ ʜʠʘʣʦʛʦʚʦʛʦ ʦʢʥʘ ʋʩʪʘʥʦʚʢʠ 

ʥʘ ʚʢʣʘʜʢʝ ɽʜʠʥʠʮʳ 

 

ʇʣʦʪʥʦʩʪʴ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʪʦʢʘ 

ʅʘʛʨʫʟʢʦʡ ʜʣʷ ʟʘʜʘʯ ʤʘʛʥʠʪʦʩʪʘʪʠʢʠ ʷʚʣʷʝʪʩʷ ʇʣʦʪʥʦʩʪʴ ʵʣʝʢʪʨʠʯʝ-

ʩʢʦʛʦ ʪʦʢʘ, ʧʨʠʤʝʥʷʝʪʩʷ ʜʣʷ ʯʘʩʪʠ ʨʘʩʯʝʪʥʦʡ ʤʦʜʝʣʠ, ʢʦʪʦʨʘʷ ʷʚʣʷʝʪʩʷ ʧʨʦ-

ʚʦʜʥʠʢʦʤ ʩʪʦʢʦʤ. ʇʨʠ ʟʘʜʘʥʠʠ ʥʘ ʛʨʫʧʧʫ ʦʙʲʝʤʥʳʭ ʵʣʝʤʝʥʪʦʚ ʧʦʩʪʦʷʥʥʦʛʦ 

ʟʥʘʯʝʥʠʷ ʚ ʢʘʞʜʳʡ ʫʟʝʣ ʚʩʝʭ ʚʳʙʨʘʥʥʳʭ ʦʙʲʝʤʥʳʭ ʵʣʝʤʝʥʪʦʚ ʙʫʜʝʪ ʧʨʠʩʚʦ-

ʝʥʦ ʥʝʢʦʪʦʨʦʝ* ʟʥʘʯʝʥʠʝ. ʇʨʠ ʟʘʜʘʥʠʠ ʥʘ ʛʨʫʧʧʫ ʦʙʲʝʤʥʳʭ ʵʣʝʤʝʥʪʦʚ ʧʝʨʝ-

ʤʝʥʥʦʛʦ ʟʥʘʯʝʥʠʷ (ʛʨʘʬʠʢ, ʪʘʙʣʠʮʘ, ʬʫʥʢʮʠʷ) ʚ ʢʘʞʜʳʡ ʫʟʝʣ ʚʩʝʭ ʚʳʙʨʘʥʥʳʭ 

ʦʙʲʝʤʥʳʭ ʵʣʝʤʝʥʪʦʚ ʙʫʜʝʪ ʧʨʠʩʚʦʝʥʦ ʥʝʢʦʪʦʨʦʝ* ʟʥʘʯʝʥʠʝ, ʦʧʨʝʜʝʣʷʝʤʦʝ 
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ʢʦʦʨʜʠʥʘʪʘʤʠ ʫʟʣʘ. 

ɽʩʣʠ ʚ ʦʜʥʦ ɿʘʛʨʫʞʝʥʠʝ ʚʭʦʜʷʪ ʥʝʩʢʦʣʴʢʦ ʥʘʛʨʫʟʦʢ ʵʪʦʛʦ ʪʠʧʘ, ʚ ʢʦʪʦ-

ʨʳʭ ʩʦʜʝʨʞʘʪʴʩʷ ʦʜʠʥ ʠ ʪʦʪ ʞʝ ʦʙʲʝʤʥʳʡ ʵʣʝʤʝʥʪ, ʪʦ ʚ ʨʘʩʯʝʪʝ ʙʫʜʝʪ ʫʯʠʪʳ-

ʚʘʪʴʩʷ ʜʣʷ ʜʘʥʥʦʛʦ ʦʙʲʝʤʥʳʡ ʵʣʝʤʝʥʪ ʩʫʤʤʘ ʟʥʘʯʝʥʠʷ ʠʟ ʚʩʝʭ ʥʘʛʨʫʟʦʢ ʵʪʦʛʦ 

ʪʠʧʘ ʜʘʥʥʦʛʦ ɿʘʛʨʫʞʝʥʠʷ, ʚ ʢʦʪʦʨʳʝ ʚʢʣʶʯʝʥ ʦʙʲʝʤʥrʡ ʵʣʝʤʝʥʪ. 

*ʥʝʢʦʪʦʨʦʝ ʟʥʘʯʝʥʠʝ ï ʦʧʨʝʜʝʣʷʝʤʦʝ ʢʘʢ ʠʥʪʝʛʨʘʣʴʥʳʡ ʚʝʩ ʫʟʣʘ ʜʣʷ ʟʘʜʘʥʥʦʡ ʧʣʦʪʥʦʩʪʠ. 

 

ɺʝʢʪʦʨ ʦʩʪʘʪʦʯʥʦʡ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ 

ʅʘʛʨʫʟʢʦʡ ʜʣʷ ʟʘʜʘʯ ʤʘʛʥʠʪʦʩʪʘʪʠʢʠ ʷʚʣʷʝʪʩʷ ɺʝʢʪʦʨ ʦʩʪʘʪʦʯʥʦʡ 

ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ, ʧʨʠʤʝʥʷʝʪʩʷ ʜʣʷ ʯʘʩʪʠ ʨʘʩʯʝʪʥʦʡ ʤʦʜʝʣʠ, ʢʦʪʦʨʘ̫  ʷʚʣʷ-

ʝʪʩʷ ʧʦʩʪʦʷʥʥʳʤ ʤʘʛʥʠʪʦʤ. ʇʨʠ ʟʘʜʘʥʠʠ ʥʘ ʛʨʫʧʧʫ ʦʙʲʝʤʥʳʭ ʵʣʝʤʝʥʪʦʚ ʧʦ-

ʩʪʦʷʥʥʦʛʦ ʟʥʘʯʝʥʠʷ ʚ ʢʘʞʜʳʡ ʫʟʝʣ ʚʩʝʭ ʚʳʙʨʘʥʥʳʭ ʦʙʲʝʤʥʳʭ ʵʣʝʤʝʥʪʦʚ ʙʫ-

ʜʝʪ ʧʨʠʩʚʦʝʥʦ ʥʝʢʦʪʦʨʦʝ* ʟʥʘʯʝʥʠʝ. ʇʨʠ ʟʘʜʘʥʠʠ ʥʘ ʛʨʫʧʧʫ ʦʙʲʝʤʥʳʭ ʵʣʝ-

ʤʝʥʪʦʚ ʧʝʨʝʤʝʥʥʦʛʦ ʟʥʘʯʝʥʠʷ (ʛʨʘʬʠʢ, ʪʘʙʣʠʮʘ, ʬʫʥʢʮʠʷ) ʚ ʢʘʞʜʳʡ ʫʟʝʣ ʚʩʝʭ 

ʚrʙʨʘʥʥʳʭ ʦʙʲʝʤʥʳʭ ʵʣʝʤʝʥʪʦʚ ʙʫʜʝʪ ʧʨʠʩʚʦʝʥʦ ʥʝʢʦʪʦʨʦʝ* ʟʥʘʯʝʥʠʝ, 

ʦʧʨʝʜʝʣʷʝʤʦʝ ʢʦʦʨʜʠʥʘʪʘʤʠ ʫʟʣʘ. 

ɽʩʣʠ ʚ ʦʜʥʦ ɿʘʛʨʫʞʝʥʠʝ ʚʭʦʜʷʪ ʥʝʩʢʦʣʴʢʦ ʥʘʛʨʫʟʦʢ ʵʪʦʛʦ ʪʠʧʘ, ʚ ʢʦʪʦ-

ʨʳʭ ʩʦʜʝʨʞʘʪʴʩʷ ʦʜʠʥ ʠ ʪʦʪ ʞʝ ʦʙʲʝʤʥʳʡ ʵʣʝʤʝʥʪ, ʪʦ ʚ ʨʘʩʯʝʪʝ ʙʫʜʝʪ ʫʯʠʪʳ-

ʚʘʪʴʩʷ ʜʣʷ ʜʘʥʥʦʛʦ ʦʙʲʝʤʥʳʡ ʵʣʝʤʝʥʪ ʩʫʤʤʘ ʟʥʘʯʝʥʠʷ ʠʟ ʚʩʝʭ ʥʘʛʨʫʟʦʢ ʵʪʦʛʦ 

ʪʠʧʘ ʜʘʥʥʦʛʦ ɿʘʛʨʫʞʝʥʠʷ, ʚ ʢʦʪʦʨʳʝ ʚʢʣʶʯʝʥ ʦʙʲʝʤʥʳʡ ʵʣʝʤʝʥʪ. 

*ʥʝʢʦʪʦʨʦʝ ʟʥʘʯʝʥʠʝ ï ʦʧʨʝʜʝʣʷʝʤʦʝ ʢʘʢ ʠʥʪʝʛʨʘʣʴʥʳʡ ʚʝʩ ʫʟʣʘ ʜʣʷ ʟʘʜʘʥʥʦʡ ʧʣʦʪʥʦʩʪʠ. 

 

ɺʝʢʪʦʨʥʳʡ ʤʘʛʥʠʪʥʳʡ ʧʦʪʝʥʮʠʘʣ 

ɻʨʘʥʠʯʥʳʤ ʫʩʣʦʚʠʝʤ ʜʣʷ ʟʘʜʘʯ ʤʘʛʥʠʪʦʩʪʘʪʠʢʠ ʷʚʣʷʝʪʩʷ ɺʝʢʪʦʨʥʳʡ 

ʤʘʛʥʠʪʥʳʡ ʧʦʪʝʥʮʠʘʣ, ʜʣʷ ʜʘʥʥʦʡ ʚʝʢʪʦʨʥʦʡ ʥʘʛʨʫʟʢʠ ʧʦʣʴʟʦʚʘʪʝʣʴ, ʤʦ-

ʞʝʪ ʟʘʜʘʚʘʪʴ ʥʝ ʚʩʝ ʢʦʤʧʦʥʝʥʪʳ ʚʝʢʪʦʨʘ. ʅʝ ʟʘʜʘʥʥʳʝ ʢʦʤʧʦʥʝʥʪʳ ʙʫʜʫʪ 

ʨʘʩʩʯʠʪʘʥʳ ʚʭʦʜʝ ʤʘʛʥʠʪʦʩʪʘʪʠʯʝʩʢʦʛʦ ʨʘʩʯʝʪʘ. ʇʨʠ ʟʘʜʘʥʠʠ ʥʘ ʛʨʫʧʧʫ ʫʟʣʦʚ 

ʧʦʩʪʦʷʥʥʦʛʦ ʟʥʘʯʝʥʠʷ ʚ ʢʘʞʜʳʡ ʫʟʝʣ ʙʫʜʝʪ ʧʨʠʩʚʦʝʥʦ ʟʘʜʘʥʥʦʝ ʟʥʘʯʝʥʠʝ. 

ʇʨʠ ʟʘʜʘʥʠʠ ʥʘ ʛʨʫʧʧʫ ʫʟʣʦʚ ʧʝʨʝʤʝʥʥʦʛʦ ʟʥʘʯʝʥʠʷ (ʛʨʘʬʠʢ, ʪʘʙʣʠʮʘ, ʬʫʥʢ-

ʮʠʷ) ʚ ʢʘʞʜʳʡ ʫʟʝʣ ʙʫʜʝʪ ʧʨʠʩʚʦʝʥʦ ʟʥʘʯʝʥʠʝ, ʦʧʨʝʜʝʣʷʝʤʦʝ ʢʦʦʨʜʠʥʘʪʘʤʠ 

ʫʟʣʘ. 
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ʇʨʠ ʟʘʜʘʥʠʠ ʥʘ ʛʨʫʧʧʫ ʦʙʲʝʤʥʳʭ ʵʣʝʤʝʥʪʦʚ ʧʦʩʪʦʷʥʥʦʛʦ ʟʥʘʯʝʥʠʷ ʚ 

ʢʘʞʜʳʡ ʫʟʝʣ ʚʩʝʭ ʚʳʙʨʘʥʥʳʭ ʦʙʲʝʤʥʳʭ ʵʣʝʤʝʥʪʦʚ ʙʫʜʝʪ ʧʨʠʩʚʦʝʥʦ ʟʘʜʘʥʥʦʝ 

ʟʥʘʯʝʥʠʝ. ʇʨʠ ʟʘʜʘʥʠʠ ʥʘ ʛʨʫʧʧʫ ʦʙʲʝʤʥʳʭ ʵʣʝʤʝʥʪʦʚ ʧʝʨʝʤʝʥʥʦʛʦ ʟʥʘʯʝʥʠʷ 

(ʛʨʘʬʠʢ, ʪʘʙʣʠʮʘ, ʬʫʥʢʮʠʷ) ʚ ʢʘʞʜʳʡ ʫʟʝʣ ʚʩʝʭ ʚʳʙʨʘʥʥʳʭ ʦʙʲʝʤʥrʭ ʵʣʝ-

ʤʝʥʪʦʚ ʙʫʜʝʪ ʧʨʠʩʚʦʝʥʦ ʟʥʘʯʝʥʠʝ, ʦʧʨʝʜʝʣʷʝʤʦʝ ʢʦʦʨʜʠʥʘʪʘʤʠ ʫʟʣʘ. 

ɽʩʣʠ ʚ ʦʜʥʦ ɿʘʛʨʫʞʝʥʠʝ ʚʭʦʜʷʪ ʥʝʩʢʦʣʴʢʦ ʥʘʛʨʫʟʦʢ ʵʪʦʛʦ ʪʠʧʘ, ʚ ʢʦʪʦ-

ʨʳʭ ʩʦʜʝʨʞʘʪʴʩʷ ʦʜʠʥ ʠ ʪʦʪ ʞʝ ʫʟʝʣ (ʦʙʲʝʤʥʳʡ ʵʣʝʤʝʥʪ), ʪʦ ʚ ʨʘʩʯʝʪʝ ʙʫʜʝʪ 

ʫʯʠʪʳʚʘʪʴʩʷ ʜʣʷ ʜʘʥʥʦʛʦ ʫʟʣʘ (ʦʙʲʝʤʥʦʛʦ ʵʣʝʤʝʥʪʘ) ʟʥʘʯʝʥʠʷ ʠʟ ʧʦʩʣʝʜʥʝʡ 

ʩʦʟʜʘʥʥʦʡ ʵʪʦʛʦ ʪʠʧʘ. 

ɼʣʷ ʢʦʨʨʝʢʪʥʦʡ ʧʦʩʪʘʥʦʚʢʠ ʟʘʜʘʯʠ ʢʘʩʘʪʝʣʴʥʳʝ ʢʦʤʧʦʥʝʥʪʳ ɺʝʢʪʦʨʥʦ-

ʛʦ ʤʘʛʥʠʪʥʦʛʦ ʧʦʪʝʥʮʠʘʣʘ ʥʘ ʚʥʝʰʥʠʭ ʧʦʚʝʨʭʥʦʩʪʷʭ ʤʦʜʝʣʠ ʜʦʣʞʥʳ ʙʳʪʴ 

ʟʘʜʘʥʳ ʧʦʩʪʦʷʥʥʳʤ ʟʥʘʯʝʥʠʝʤ 0. 

ɺʩʝ ʦʧʠʩʘʥʥʳʝ ʪʠʧʳ ʥʘʛʨʫʟʦʢ ʤʦʛʫʪ ʙʳʪʴ ʜʦʙʘʚʣʝʥʳ ʚ ʜʦʢʫʤʝʥʪ ʧʫʪʝʤ 

ʚʳʙʦʨʘ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ ʧʫʥʢʪʘ ʢʦʥʪʝʢʩʪʥʦʛʦ ʤʝʥʶ ʜʣʷ ʫʟʣʘ ʄʘʛʥʠʪʥʳʝ 

ʥʘʛʨʫʟʢʠ ʥʘ ʧʘʥʝʣʠ ʆʙʲʝʢʪʳ (ʨʠʩʫʥʦʢ 2.6). 

 

 

ʈʠʩʫʥʦʢ 2.6 ï ʄʘʛʥʠʪʦʩʪʘʪʠʯʝʩʢʠʝ ʥʘʛʨʫʟʢʠ 
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2.3.3 ʇʨʦʚʝʜʝʥʠʝ ʨʘʩʯʝʪʘ 

ɼʣʷ ʧʨʦʚʝʜʝʥʠʷ ʄʘʛʥʠʪʦʩʪʘʪʠʯʝʩʢʦʛʦ ʨʘʩʯʝʪʘ ʥʝʦʙʭʦʜʠʤʦ ʚ ʛʦʨʠ-

ʟʦʥʪʘʣʴʥʦʤ ʤʝʥʶ ʈʘʩʯʝʪ r ʚʳʙʨʘʪʴ ʧʫʥʢʪ ʈʘʩʯʝʪ... ʧʦʩʣʝ ʯʝʛʦ ʧʦʷʚʠʪʩʷ 

ʜʠʘʣʦʛʦʚʦʝ ʦʢʥʦ ʈʘʩʯʝʪ. (ʨʠʩʫʥʦʢ 2.7). 

 

ʈʠʩʫʥʦʢ 2.7 ï ɿʘʧʫʩʢ ʤʘʛʥʠʪʦʩʪʘʪʠʯʝʩʢʦʛʦ ʨʘʩʯʝʪʘ 

 

ɺ ʜʠʘʣʦʛʦʚʦʤ ʦʢʥʝ ʈʘʩʯʝʪ ʧʦʣʴʟʦʚʘʪʝʣʴ ʜʦʣʞʝʥ ʦʪʤʝʪʠʪʴ ʧʫʥʢʪ ʄʘʛ-

ʥʠʪʦʩʪʘʪʠʯʝʩʢʠʡ ʨʘʩʯʝʪ, ʚ ʚʳʧʘʜʘʶʱʝʤ ʩʧʠʩʢʝ ʜʣʷ ʟʘʛʨʫʞʝʥʠʷ ʚʳʙʨʘʪʴ 

ɿʘʛʨʫʞʝʥʠʝ, ʜʣʷ ʢʦʪʦʨʦʛʦ ʦʥ ʭʦʯʝʪ ʧʨʦʠʟʚʝʩʪʠ ʨʘʩʯʝʪ, ʚ ʚʳʧʘʜʘʶʱʝʤ ʩʧʠʩʢʝ 

ʄʝʪʦʜ ʚʳʙʨʘʪʴ ʤʝʪʦʜ ʢʦʪʦʨʳʤ ʙʫʜʝʪ ʨʝʰʘʪʴ ʩʠʩʪʝʤʘ ʣʠʥʝʡʥʳʭ ʘʣʛʝʙʨʘʠʯʝ-

ʩʢʠʭ ʫʨʘʚʥʝʥʠʡ ʜʣʷ ʧʦʩʪʘʚʣʝʥʥʦʡ ʜʠʩʢʨʝʪʥʦʡ ʟʘʜʘʯʠ. ʇʦʩʣʝ ʥʘʞʘʪʠʷ ʢʥʦʧʢʠ 

OK ʙʫʜʝʪ ʧʨʦʠʟʚʝʜʝʥ ʄʘʛʥʠʪʦʩʪʘʪʠʯʝʩʢʠʡ ʨʘʩʯʝʪ. 

ɺ ʩʣʫʯʘʝ ʝʩʣʠ ʧʦʣʴʟʦʚʘʪʝʣʴ ʚ ɿʘʛʨʫʞʝʥʠʠ ʜʣʷ ʢʦʪʦʨʦʛʦ ʧʨʦʚʦʜʠʪʴʩʷ 

ʨʘʩʯʝʪ ʥʝ ʟʘʜʘʣ ʥʠ ʦʜʥʦʡ ʥʘʛʨʫʟʢʠ ʪʠʧʘ ɺʝʢʪʦʨʥʳʡ ʤʘʛʥʠʪʥʳʡ ʧʦʪʝʥʮʠʘʣ, 

ʚ ʢʦʪʦʨʦʤ ʚʢʣʶʯʝʥ ʭʦʪʷ ʙʳ ʦʜʠʥ ʫʟʝʣ ʠʣʠ ʦʙʲʝʤʥʳʡ ʵʣʝʤʝʥʪ, ʪʦ ʧʦʣʫʯʝʥʥʦʝ 
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ʠʤ ʨʝh ʝʥʠʝ ʙʫʜʝʪ ʷʚʣʷʪʴʩʷ ʥʝʦʜʥʦʟʥʘʯʥʳʤ (ʩ ʪʦʯʥʦʩʪʴʶ ʜʦ ʧʦʩʪʦʷʥʥʦʛʦ 

ʩʣʘʛʘʝʤʦʛʦ). ʂʨʦʤʝ ʵʪʦʛʦ ʤʘʪʨʠʮʘ ʩʠʩʪʝʤʳ ʣʠʥʝʡʥʳʭ ʘʣʛʝʙʨʘʠʯʝʩʢʠʭ ʫʨʘʚ-

ʥʝʥʠʡ ʜʣʷ ʧʦʩʪʘʚʣʝʥʥʦʡ ʜʠʩʢʨʝʪʥʦʡ ʟʘʜʘʯʠ, ʩʢʦʨʝʝ ʚʩʝʛʦ ʙʫʜʝʪ ʧʣʦʭʦ ʦʙʫ-

ʩʣʦʚʣʝʥʥʦʡ, ʯʪʦ ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ ʥʝʚʦʟʤʦʞʥʦʩʪʠ ʨʝʰʝʥʠ̫ ʟʘʜʘʯʠ. 

ʆ ʚʳʙʦʨʝ ʤʝʪʦʜʘ ʨʝʰʝʥʠʷ ʩʠʩʪʝʤʳ ʣʠʥʝʡʥʳʭ ʘʣʛʝʙʨʘʠʯʝʩʢʠʭ ʫʨʘʚʥʝʥʠʡ 

ʜʣʷ ʧʦʩʪʘʚʣʝʥʥʦʡ ʜʠʩʢʨʝʪʥʦʡ ʟʘʜʘʯʠ ʩʤ ʧ. 2.1.3. 

 

2.3.4 ʇʨʦʩʤʦʪʨ ʨʝʟʫʣʴʪʘʪʦʚ 

ʏʪʦʙʳ ʧʨʦʩʤʦʪʨʝʪʴ ʨʝʟʫʣʴʪʘʪʳ ʨʘʩʯʝʪʘ ʥʝʦʙʭʦʜʠʤʦ ʚ ʛʦʨʠʟʦʥʪʘʣʴʥʦʤ 

ʤʝʥʶ ʈʝʟʫʣʴʪʘʪʳ ʚʳʙʨʘʪʴ ʧʫʥʢʪ ʂʘʨʪʘ ʨʝʟʫʣʴʪʘʪʦʚé ɺ ʧʦʷʚʠʚʰʝʤʩʷ 

ʜʠʘʣʦʛʝ ʥʝʦʙʭʦʜʠʤʦ ʚʳʙʨʘʪʴ ʊʠʧ ʨʘʩʯʝʪʘ ï ʄʘʛʥʠʪʦʩʪʘʪʠʯʝʩʢʠʡ ʨʘʩʯʝʪ 

(ʨʠʩʫʥʦʢ 2.8). 

 

ʈʠʩʫʥʦʢ 2.8 ï ʈʝʟʫʣʴʪʘʪʳ ʵʣʝʢʪʨʦʩʪʘʪʠʯʝʩʢʦʛʦ ʨʘʩʯʝʪʘ 

 

ʇʦʣʴʟʦʚʘʪʝʣʶ ʜʣʷ ʧʨʦʩʤʦʪʨʘ ʜʦʩʪʫʧʥʦ ʰʝʩʪʴ ʪʠʧʦʚ ʢʘʨʪ ʨʝʟʫʣʴʪʘʪʦʚ: 

1) ʄʘʛʥʠʪʥʳʡ ʧʦʪʝʥʮʠʘʣ [ɺʙ]/ [ʜʣʠʥʘ*] (ʢʦʥʪʫʨʥʘʷ); 

2) ɺʝʢʪʦʨʥʳʡ ʤʘʛʥʠʪʥʳʡ ʧʦʪʝʥʮʠʘʣ [ɺʙ]/ [ʜʣʠʥʘ*] (ʚʝʢʪʦʨʥʘʷ); 

3) ʄʘʛʥʠʪʥʘʷ ʠʥʜʫʢʮʠʷ [ʊʣ] (ʢʦʥʪʫʨʥʘʷ); 

4) ɺʝʢʪʦʨʥʘʷ ʤʘʛʥʠʪʥʘʷ ʠʥʜʫʢʮʠʷ [ʊʣ] (ʚʝʢʪʦʨʥʘʷ); 
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5) ʅʘʧʨʷʞʝʥʥʦʩʪʴ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ [ɸ]/[ʜʣʠʥʘ*] (ʢʦʥʪʫʨʥʘʷ); 

6) ɺʝʢʪʦʨʥʘʷ ʥʘʧʨʷʞʝʥʥʦʩʪʴ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ [ɸ]/[ʜʣʠʥʘ*] (ʚʝʢʪʦʨʥʘʷ). 

*ʜʣʠʥʘ ï ʦʧʨʝʜʝʣʷʝʪʩʷ ʟʥʘʯʝʥʠʝʤ, ʚʳʙʨʘʥʥʳʤ ʚ ʚʳʧʘʜʘʶʱʝʤ ʩʧʠʩʢʝ ɼʣʠʥʘ ʜʠʘʣʦʛʦʚʦʛʦ ʦʢʥʘ ʋʩʪʘʥʦʚʢʠ 

ʥʘ ʚʢʣʘʜʢʝ ɽʜʠʥʠʮʳ 

 

ʇʦʜʨʦʙʥʝʝ ʦ ʨʘʙʦʪʝ ʩ ʢʘʨʪʘʤʠ ʨʝʟʫʣʴʪʘʪʦʚ ʩʤ. ʨʘʟʜʝʣ çʈʝʟʫʣʴʪʘʪʳè ʚ 

ʨʫʢʦʚʦʜʩʪʚʝ ʧʦʣʴʟʦʚʘʪʝʣʷ çʈʘʙʦʪʘ ʩ ʜʝʨʝʚʦʤ ʧʨʦʝʢʪʘè. 
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2.4 ʅʝʩʪʘʮʠʦʥʘʨʥʳʡ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʡ ʨʘʩʯʝʪ 

ʇʨʠ ʨʝʰʝʥʠʠ ʥʝʩʪʘʮʠʦʥʘʨʥʳʭ ʟʘʜʘʯ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʩʯʠʪʘʝʪʩʷ, 

ʯʪʦ ʚʩʝ ʦʙʲʝʢʪʳ ʤʦʛʫʪ ʠʟʤʝʥʷʪʴʩʷ ʚʦ ʚʨʝʤʝʥʠ. ɺ ʤʦʜʝʣʠ ʤʦʛʫʪ ʧʨʠʩʫʪʩʪʚʦ-

ʚʘʪʴ ʤʘʛʥʝʪʠʢʠ, ʧʨʦʚʦʜʥʠʢʠ ʩ ʟʘʜʘʥʥʦʡ (ʠʟʚʝʩʪʥʦʡ) ʧʣʦʪʥʦʩʪʴʶ ʪʦʢʘ, ʧʨʦ-

ʚʦʜʥʠʢʠ ʩ ʥʝʠʟʚʝʩʪʥʦʡ ʧʣʦʪʥʦʩʪʴʶ ʪʦʢʘ, ʧʦʩʪʦʷʥʥʳʝ ʤʘʛʥʠʪʳ. ʅʝʠʟʚʝʩʪʥʘʷ 

ʚʝʣʠʯʠʥ rʨʘʩʯʝʪʘ ï ʵʪʦ ʤʘʛʥʠʪʥʳʡ ʚʝʢʪʦʨʥʳʡ ʧʦʪʝʥʮʠʘʣ ʠ ʠʥʪʝʛʨʘʣ ʧʦ ʚʨʝ-

ʤʝʥʠ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʪʝʥʮʠʘʣʘ, ʯʝʨʝʟ ʢʦʪʦʨʳʝ ʟʘʪʝʤ ʚʳʯʠʩʣʷʝʪʩʷ ʥʘʧʨʷ-

ʞʝʥʥʦʩʪʴ ʠ ʠʥʜʫʢʮʠʷ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ, ʘ ʪʘʢʞʝ ʥʘʧʨʷʞʝʥʥʦʩʪʴ ʵʣʝʢʪʨʠʯʝ-

ʩʢʦʛʦ ʧʦʣʷ ʠ ʧʣʦʪʥʦʩʪʴ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʪʦʢʘ (ʜʣʷ ʩʨʝʜʳ ʩ ʥʝʥʫʣʝʚʦʡ ʵʣʝʢʪʨʠ-

ʯʝʩʢʦʡ ʧʨʦʚʦʜʠʤʦʩʪʴʶ). 

 

2.4.1 ʇʦʩʪʨʦʝʥʠʝ ʨʘʩʯʝʪʥʦʡ ʤʦʜʝʣʠ 

ɼʣʷ ʨʝʰʝʥʠʷ ʥʝʩʪʘʮʠʦʥʘʨʥʳʭ ʟʘʜʘʯ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʧʦʣʴʟʦʚʘ-

ʪʝʣʶ ʥʝʦʙʭʦʜʠʤʦ ʦʧʨʝʜʝʣʠʪʴ ʛʝʦʤʝʪʨʠʶ ʨʘʩʯʝʪʥʦʡ ʦʙʣʘʩʪʠ, ʠʩʧʦʣʴʟʫʷ ʦʙʲ-

ʝʤʥʳʝ ʢʦʥʝʯʥʳʝ ʵʣʝʤʝʥʪʳ ʧʝʨʚʦʛʦ ʧʦʨʷʜʢʘ ï ʯʝʪʳʨʝʭʫʟʣʦʚʳʝ (ʪʝʪʨʘʵʜʨʳ), 

ʰʝʩʪʠʫʟʣʦʚʳʝ (ʪʨʝʫʛʦʣʴʥʳʝ ʧʨʠʟʤʳ) ʠʣʠ ʚʦʩʴʤʠʫʟʣʦʚʳʝ (ʛʝʢʩʘʵʜʨʳ). ɼʣʷ 

ʧʨʦʚʝʜʝʥʠʷ ʨʘʩʯʝʪʘ ʥʝʦʙʭʦʜʠʤʦ ʯʪʦʙʳ ʤʦʜʝʣʴ ʥʝ ʩʦʜʝʨʞʘʣʘ ʥʠʢʘʢʠʭ ʜʨʫʛʠʭ 

ʢʦʥʝʯʥʳʭ ʵʣʝʤʝʥʪʦʚ ʠ ʙʳʣʘ ʩʚʷʟʘʥʥʦʡ, ʪʦ ʝʩʪʴ ʙʳʣʘ ʝʜʠʥʳʤ ʮʝʣʳʤ ʠ ʥʝ ʩʦ-

ʜʝʨʞʘʣʘ ʦʪʜʝʣʴʥʦ ʦʪʩʪʦʷʱʠʭ ʫʟʣʦʚ. 

ɺʩʝ ʤʘʪʝʨʠʘʣʳ, ʢʦʪʦʨʳʝ ʟʘʜʝʡʩʪʚʦʚʘʥʳ ʚ ʤʦʜʝʣʠ, ʜʦʣʞʥʳ ʠʤʝʪʴ ʜʚʘ 

ʩʚʦʡʩʪʚʘ: 1) ʦʪʥʦʩʠʪʝʣʴʥʘʷ (ʦʪʥʦʩʠʪʝʣʴʥʦ ʤʘʛʥʠʪʥʦʡ ʧʦʩʪʦʷʥʥʦʡ  m0=4pÖ10-7 

[ɻʥ]/[ʤ]) ʤʘʛʥʠʪʥʘʷ ʧʨʦʥʠʮʘʝʤʦʩʪʴ (ʪʘʙʣʠʮʘ 2.5); 2) ʫʜʝʣʴʥʘʷ ʵʣʝʢʪʨʠʯʝʩʢʘʷ 

ʧʨʦʚʦʜʠʤʦʩʪʴ (ʪʘʙʣʠʮʘ 2.3). 

 

2.4.2 ɿʘʜʘʥʠʝ ʥʘʛʨʫʟʦʢ ʠ ʛʨʘʥʠʯʥʳʭ ʫʩʣʦʚʠʡ 

ɼʣʷ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʥʝʩʪʘʮʠʦʥʘʨʥʳʭ ʟʘʜʘʯ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ 

ʧʦʣʴʟʦʚʘʪʝʣʶ ʜʦʩʪʫʧʥʳ ʩʣʝʜʫʶʱʠʝ ʚʠʜʳ ʥʘʛʨʫʟʦʢ ʠ ʛʨʘʥʠʯʥʳʭ ʫʩʣʦʚʠʡ: 

1) ʠʥʪʝʛʨʘʣ ʧʦ ʚʨʝʤʝʥʠ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʪʝʥʮʠʘʣʘ; 

2) ʚʭʦʜʥʦʝ ʩʝʯʝʥʠʝ ʪʦʢʘ; 

3) ʧʣʦʪʥʦʩʪʴ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʪʦʢʘ; 



 30 

4) ʚʝʢʪʦʨ ʦʩʪʘʪʦʯʥʦʡ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ; 

5) ʚʝʢʪʦʨʥʳʡ ʤʘʛʥʠʪʥʳʡ ʧʦʪʝʥʮʠʘʣ. 

 

ʉʚʝʜʝʥʠʷ ʦ ʜʘʥʥʳʭ ʦʙʲʝʢʪʘʭ ʧʨʠʚʝʜʝʥʳ ʚ ʪʘʙʣʠʮʝ 2.7 

 

ʊʘʙʣʠʮʘ 2.7 ï ʕʣʝʢʪʨʦʩʪʘʪʠʯʝʩʢʠʝ ʥʘʛʨʫʟʢʠ 

ʅʘʠʤʝʥʦʚʘʥʠʝ ʊʠʧ 
ɽʜʠʥʠʮʳ  

ʠʟʤʝʨʝʥʠʷ 

ʆʙʲʝʢʪʳ 

ʧʨʠʣʦʞʝʥʠʷ 
ʉʧʦʩʦʙʳ ʟʘʜʘʥʠʷ 

ɼʦʩʪʫʧʥʳʝ ʥʝ 

ʟʘʚʠʩʠʤʳʝ ʧʝ-

ʨʝʤʝʥʥʳʝ 

ʀʥʪʝʛʨʘʣ ʧʦ 

ʚʨʝʤʝʥʠ ʵʣʝʢ-

ʪʨʠʯʝʩʢʦʛʦ ʧʦ-

ʪʝʥʮʠʘʣʘ**  

ʉʢʘʣʷʨʥʳʡ [ɺ]Ö[ʩ] 

ʋʟʣʳ, 

ʆʙʲʝʤʥʳʝ 

ʵʣʝʤʝʥʪ r

ʇʦʩʪʦʷʥʥʦʝ ʟʥʘʯʝʥʠʝ, 

ɻʨʘʬʠʢ. 

ʊʘʙʣʠʮʘ, 

ʌʫʥʢʮʠʷ 

ʂʦʦʨʜʠʥʘʪʘ X 

ʂʦʦʨʜʠʥʘʪʘ Y 

ʂʦʦʨʜʠʥʘʪʘ Z 

ɺʭʦʜʥʦʝ ʩʝʯʝʥʠʝ 

ʪʦʢʘ 
ʉʢʘʣʷʨʥʳʡ [ɸ] ʋʟʣʳ, 

ʇʦʩʪʦʷʥʥʦʝ ʟʥʘʯʝʥʠʝ, 

ɻʨʘʬʠʢ. 

ʊʘʙʣʠʮʘ, 

ʌʫʥʢʮʠʷ 

ɺʨʝʤʷ 

ʇʣʦʪʥʦʩʪʴ ʵʣʝʢ-

ʪʨʠʯʝʩʢʦʛʦ ʪʦʢʘ 
ɺʝʢʪʦʨʥʳʡ [ɸ] /[ʜʣʠʥʘ* ]2 

ʆʙʲʝʤʥʳʝ 

ʵʣʝʤʝʥʪ r

ʇʦʩʪʦʷʥʥʦʝ ʟʥʘʯʝʥʠʝ, 

ɻʨʘʬʠʢ. 

ʊʘʙʣʠʮʘ, 

ʌʫʥʢʮʠʷ 

ʂʦʦʨʜʠʥʘʪʘ X 

ʂʦʦʨʜʠʥʘʪʘ Y 

ʂʦʦʨʜʠʥʘʪʘ Z 

ɺʝʢʪʦʨ ʦʩʪʘʪʦʯ-

ʥʦʡ ʥʘʤʘʛʥʠʯʝʥ-

ʥʦʩʪʠ 

ɺʝʢʪʦʨʥʳʡ [ɸ]/[ʜʣʠʥʘ* ] 
ʆʙʲʝʤʥʳʝ 

ʵʣʝʤʝʥʪ r

ʇʦʩʪʦʷʥʥʦʝ ʟʥʘʯʝʥʠʝ, 

ɻʨʘʬʠʢ. 

ʊʘʙʣʠʮʘ, 

ʌʫʥʢʮʠʷ 

ʂʦʦʨʜʠʥʘʪʘ X 

ʂʦʦʨʜʠʥʘʪʘ Y 

ʂʦʦʨʜʠʥʘʪʘ Z 

ɺʝʢʪʦʨʥʳʡ ʤʘʛ-

ʥʠʪʥʳʡ ʧʦʪʝʥʮʠ-

ʘʣ 

ɺʝʢʪʦʨʥʳʡ [ɺʙ] /[ʜʣʠʥʘ* ] 

ʋʟʣʳ, 

ʆʙʲʝʤʥʳʝ 

ʵʣʝʤʝʥʪ r

ʇʦʩʪʦʷʥʥʦʝ ʟʥʘʯʝʥʠʝ, 

ɻʨʘʬʠʢ. 

ʊʘʙʣʠʮʘ, 

ʌʫʥʢʮʠʷ 

ʂʦʦʨʜʠʥʘʪʘ X 

ʂʦʦʨʜʠʥʘʪʘ Y 

ʂʦʦʨʜʠʥʘʪʘ Z 

*ʜʣʠʥʘ ï ʦʧʨʝʜʝʣʷʝʪʩʷ ʟʥʘʯʝʥʠʝʤ, ʚʳʙʨʘʥʥʳʤ ʚ ʚʳʧʘʜʘʶʱʝʤ ʩʧʠʩʢʝ ɼʣʠʥʘ ʜʠʘʣʦʛʦʚʦʛʦ ʦʢʥʘ ʋʩʪʘʥʦʚʢʠ 

ʥʘ ʚʢʣʘʜʢʝ ɽʜʠʥʠʮʳ 

* *ʀʥʪʝʛʨʘʣ ʧʦ ʚʨʝʤʝʥʠ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʪʝʥʮʠʘʣʘ ï ʟʘʜʘʝʪʩʷ ʪʘʢʞʝ ʢʘʢ ʠ ʵʣʝʢʪʨʠʯʝʩʢʠʡ ʧʦʪʝʥʮʠʘʣ (ʷʚʣʷ-

ʝʪʩʷ ʦʙʲʝʢʪʦʤ ʪʦʛʦ ʞʝ ʪʠʧʘ), ʚ ʠʥʪʝʨʬʝʡʩʝ ʧʨʦʛʨʘʤʤʳ ʨʘʟʤʝʨʥʦʩʪʴ [ɺ] 

 

ʀʥʪʝʛʨʘʣ ʧʦ ʚʨʝʤʝʥʠ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʪʝʥʮʠʘʣʘ 

ɻʨʘʥʠʯʥʳʤ ʫʩʣʦʚʠʝʤ ʜʣʷ ʥʝʩʪʘʮʠʦʥʘʨʥʳʭ ʟʘʜʘʯ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʛʦ ʧʦ-

ʣ ̫ʷʚʣʷʝʪʩʷ ʀʥʪʝʛʨʘʣ ʧʦ ʚʨʝʤʝʥʠ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʪʝʥʮʠʘʣʘ. ʇʨʠ ʟʘʜʘ-

ʥʠʠ ʥʘ ʛʨʫʧʧʫ ʫʟʣʦʚ ʧʦʩʪʦʷʥʥʦʛʦ ʟʥʘʯʝʥʠʷ ʚ ʢʘʞʜʳʡ ʫʟʝʣ ʙʫʜʝʪ ʧʨʠʩʚʦʝʥʦ 
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ʟʘʜʘʥʥʦʝ ʟʥʘʯʝʥʠʝ. ʇʨʠ ʟʘʜʘʥʠʠ ʥʘ ʛʨʫʧʧʫ ʫʟʣʦʚ ʧʝʨʝʤʝʥʥʦʛʦ ʟʥʘʯʝʥʠʷ (ʛʨʘ-

ʬʠʢ, ʪʘʙʣʠʮʘ, ʬʫʥʢʮʠʷ) ʚ ʢʘʞʜʳʡ ʫʟʝʣ ʙʫʜʝʪ ʧʨʠʩʚʦʝʥʦ ʟʥʘʯʝʥʠʝ, ʦʧʨʝʜʝʣʷ-

ʝʤʦʝ ʢʦʦʨʜʠʥʘʪʘʤʠ ʫʟʣʘ. 

ʇʨʠ ʟʘʜʘʥʠʠ ʥʘ ʛʨʫʧʧʫ ʦʙʲʝʤʥʳʭ ʵʣʝʤʝʥʪʦʚ ʧʦʩʪʦʷʥʥʦʛʦ ʟʥʘʯʝʥʠʷ ʚ 

ʢʘʞʜʳʡ ʫʟʝʣ ʚʩʝʭ ʚʳʙʨʘʥʥʳʭ ʦʙʲʝʤʥʳʭ ʵʣʝʤʝʥʪʦʚ ʙʫʜʝʪ ʧʨʠʩʚʦʝʥʦ ʟʘʜʘʥʥʦʝ 

ʟʥʘʯʝʥʠʝ. ʇʨʠ ʟʘʜʘʥʠʠ ʥʘ ʛʨʫʧʧʫ ʦʙʲʝʤʥʳʭ ʵʣʝʤʝʥʪʦʚ ʧʝʨʝʤʝʥʥʦʛʦ ʟʥʘʯʝʥʠʷ 

(ʛʨʘʬʠʢ, ʪʘʙʣʠʮʘ, ʬʫʥʢʮʠʷ) ʚ ʢʘʞʜʳʡ ʫʟʝʣ ʚʩʝʭ ʚʳʙʨʘʥʥʳʭ ʦʙʲʝʤʥʳʭ ʵʣʝ-

ʤʝʥʪʦʚ ʙʫʜʝʪ ʧʨʠʩʚʦʝʥʦ ʟʥʘʯʝʥʠʝ, ʦʧʨʝʜʝʣʷʝʤʦʝ ʢʦʦʨʜʠʥʘʪʘʤʠ ʫʟʣʘ. 

ɽʩʣʠ ʚ ʦʜʥʦ ɿʘʛʨʫʞʝʥʠʝ ʚʭʦʜʷʪ ʥʝʩʢʦʣʴʢʦ ʥʘʛʨʫʟʦʢ ʵʪʦʛʦ ʪʠʧʘ, ʚ ʢʦʪʦ-

ʨr ʭ ʩʦʜʝʨʞʘʪʴʩʷ ʦʜʠʥ ʠ ʪʦʪ ʞʝ ʫʟʝʣ (ʦʙʲʝʤʥʳʡ ʵʣʝʤʝʥʪ), ʪʦ ʚ ʨʘʩʯʝʪʝ ʙʫʜʝʪ 

ʫʯʠʪʳʚʘʪʴʩʷ ʜʣʷ ʜʘʥʥʦʛʦ ʫʟʣʘ (ʦʙʲʝʤʥʦʛʦ ʵʣʝʤʝʥʪʘ) ʟʥʘʯʝʥʠʷ ʠʟ ʧʦʩʣʝʜʥʝʡ 

ʩʦʟʜʘʥʥʦʡ ʵʪʦʛʦ ʪʠʧʘ.  

ɼʣʷ ʥʝ ʪʦʢʦʧʨʦʚʦʜʷʱʠʭ ʦʙʣʘʩʪʝʡ ʤʦʜʝʣʠ ʜʘʥʥʦʝ ʛʨʘʥʠʯʥʦʝ ʫʩʣʦʚʠʝ 

ʜʦʣʞʥʦ ʙʳʪʴ ʧʨʠʤʝʥʝʥʦ ʩ ʧʦʩʪʦʷʥʥʳʤ ʟʥʘʯʝʥʠʝʤ 0. 

 

ɺʭʦʜʥʦʝ ʩʝʯʝʥʠʝ ʪʦʢʘ 

ʅʘʛʨʫʟʢʦʡ ʜʣʷ ʥʝʩʪʘʮʠʦʥʘʨʥʳʭ ʟʘʜʘʯ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʛʦ ʧʦʣ ̫ʷʚʣʷʝʪʩʷ 

ɺʭʦʜʥʦʝ ʩʝʯʝʥʠʝ ʪʦʢʘ, ʧʨʠʤʝʥʷʝʪʩʷ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʩʝʯʝʥʠʷ ʧʨʦʚʦʜʥʠʢʘ ʩ 

ʥʝʠʟʚʝʩʪʥʦʡ ʧʣʦʪʥʦʩʪʴʶ ʪʦʢʘ, ʥʘ ʧʨʦʪʠʚʦʧʦʣʦʞʥʦʤ ʩʝʯʝʥʠʠ ʥʝʦʙʭʦʜʠʤʦ ʟʘ-

ʜʘʪʴ ʥʘ ʚʩʝ ʫʟʣʳ ʀʥʪʝʛʨʘʣ ʧʦ ʚʨʝʤʝʥʠ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʪʝʥʮʠʘʣʘ ʩ ʧʦ-

ʩʪʦʷʥʥʳʤ ʟʥʘʯʝʥʠʝʤ 0. 

 

ʇʣʦʪʥʦʩʪʴ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʪʦʢʘ 

ʅʘʛʨʫʟʢʦʡ ʜʣʷ ʥʝʩʪʘʮʠʦʥʘʨʥʳʭ ʟʘʜʘʯ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʛʦ ʧʦʣ ̫ʷʚʣʷʝʪʩʷ 

ʇʣʦʪʥʦʩʪʴ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʪʦʢʘ, ʧʨʠʤʝʥʷʝʪʩʷ ʜʣʷ ʯʘʩʪʠ ʨʘʩʯʝʪʥʦʡ ʤʦʜʝ-

ʣʠ, ʢʦʪʦʨʘʷ ʷʚʣʷʝʪʩʷ ʧʨʦʚʦʜʥʠʢʦʤ ʩʪʦʢʦʤ. ʇʨʠ ʟʘʜʘʥʠʠ ʥʘ ʛʨʫʧʧʫ ʦʙʲʝʤʥʳʭ 

ʵʣʝʤʝʥʪʦʚ ʧʦʩʪʦʷʥʥʦʛʦ ʟʥʘʯʝʥʠʷ ʚ ʢʘʞʜʳʡ ʫʟʝʣ ʚʩʝʭ ʚʳʙʨʘʥʥʳʭ ʦʙʲʝʤʥʳʭ 

ʵʣʝʤʝʥʪʦʚ ʙʫʜʝʪ ʧʨʠʩʚʦʝʥʦ ʥʝʢʦʪʦʨʦʝ* ʟʥʘʯʝʥʠʝ. ʇʨʠ ʟʘʜʘʥʠʠ ʥʘ ʛʨʫʧʧʫ 

ʦʙʲʝʤʥʳʭ ʵʣʝʤʝʥʪʦʚ ʧʝʨʝʤʝʥʥʦʛʦ ʟʥʘʯʝʥʠʷ (ʛʨʘʬʠʢ, ʪʘʙʣʠʮʘ, ʬʫʥʢʮʠʷ) ʚ 

ʢʘʞʜʳʡ ʫʟʝʣ ʚʩʝʭ ʚʳʙʨʘʥʥʳʭ ʦʙʲʝʤʥʳʭ ʵʣʝʤʝʥʪʦʚ ʙʫʜʝʪ ʧʨʠʩʚʦʝʥʦ ʥʝʢʦʪʦ-
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ʨʦʝ* ʟʥʘʯʝʥʠʝ, ʦʧʨʝʜʝʣʷʝʤʦʝ ʢʦʦʨʜʠʥʘʪʘʤʠ ʫʟʣʘ. 

ɽʩʣʠ ʚ ʦʜʥʦ ɿʘʛʨʫʞʝʥʠʝ ʚʭʦʜʷʪ ʥʝʩʢʦʣʴʢʦ ʥʘʛʨʫʟʦʢ ʵʪʦʛʦ ʪʠʧʘ, ʚ ʢʦʪʦ-

ʨʳʭ ʩʦʜʝʨʞʘʪʴʩʷ ʦʜʠʥ ʠ ʪʦʪ ʞʝ ʦʙʲʝʤʥʳʡ ʵʣʝʤʝʥʪ, ʪʦ ʚ ʨʘʩʯʝʪʝ ʙʫʜʝʪ ʫʯʠʪʳ-

ʚʘʪʴʩʷ ʜʣʷ ʜʘʥʥʦʛʦ ʦʙʲʝʤʥʳʡ ʵʣʝʤʝʥʪ ʩʫʤʤʘ ʟʥʘʯʝʥʠʷ ʠʟ ʚʩʝʭ ʥʘʛʨʫʟʦʢ ʵʪʦʛʦ 

ʪʠʧʘ ʜʘʥʥʦʛʦ ɿʘʛʨʫʞʝʥʠʷ, ʚ ʢʦʪʦʨʳʝ ʚʢʣʶʯʝʥ ʦʙʲʝʤʥʳʡ ʵʣʝʤʝʥʪ. 

*ʥʝʢʦʪʦʨʦʝ ʟʥʘʯʝʥʠʝ ï ʦʧʨʝʜʝʣʷʝʤʦʝ ʢʘʢ ʠʥʪʝʛʨʘʣʴʥʳʡ ʚʝʩ ʫʟʣʘ ʜʣʷ ʟʘʜʘʥʥʦʡ ʧʣʦʪʥʦʩʪʠ. 

 

ɺʝʢʪʦʨ ʦʩʪʘʪʦʯʥʦʡ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ 

ʅʘʛʨʫʟʢʦʡ ʜʣʷ ʥʝʩʪʘʮʠʦʥʘʨʥʳʭ ʟʘʜʘʯ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʛʦ ʧʦʣ ̫ʷʚʣʷʝʪʩʷ 

ɺʝʢʪʦʨ ʦʩʪʘʪʦʯʥʦʡ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ, ʧʨʠʤʝʥʷʝʪʩʷ ʜʣʷ ʯʘʩʪʠ ʨʘʩʯʝʪʥʦʡ 

ʤʦʜʝʣʠ, ʢʦʪʦʨʘʷ ʷʚʣʷʝʪʩʷ ʧʦʩʪʦʷʥʥʳʤ ʤʘʛʥʠʪʦʤ. ʇʨʠ ʟʘʜʘʥʠʠ ʥʘ ʛʨʫʧʧʫ ʦʙʲ-

ʝʤʥʳʭ ʵʣʝʤʝʥʪʦʚ ʧʦʩʪʦʷʥʥʦʛʦ ʟʥʘʯʝʥʠʷ ʚ ʢʘʞʜʳʡ ʫʟʝʣ ʚʩʝʭ ʚʳʙʨʘʥʥʳʭ ʦʙʲ-

ʝʤʥʳʭ ʵʣʝʤʝʥʪʦʚ ʙʫʜʝʪ ʧʨʠʩʚʦʝʥʦ ʥʝʢʦʪʦʨʦʝ* ʟʥʘʯʝʥʠʝ. ʇʨʠ ʟʘʜʘʥʠʠ ʥʘ 

ʛʨʫʧʧʫ ʦʙʲʝʤʥʳʭ ʵʣʝʤʝʥʪʦʚ ʧʝʨʝʤʝʥʥʦʛʦ ʟʥʘʯʝʥʠʷ (ʛʨʘʬʠʢ, ʪʘʙʣʠʮʘ, ʬʫʥʢ-

ʮʠʷ) ʚ ʢʘʞʜʳʡ ʫʟʝʣ ʚʩʝʭ ʚrʙʨʘʥʥʳʭ ʦʙʲʝʤʥʳʭ ʵʣʝʤʝʥʪʦʚ ʙʫʜʝʪ ʧʨʠʩʚʦʝʥʦ 

ʥʝʢʦʪʦʨʦʝ* ʟʥʘʯʝʥʠʝ, ʦʧʨʝʜʝʣʷʝʤʦʝ ʢʦʦʨʜʠʥʘʪʘʤʠ ʫʟʣʘ. 

ɽʩʣʠ ʚ ʦʜʥʦ ɿʘʛʨʫʞʝʥʠʝ ʚʭʦʜʷʪ ʥʝʩʢʦʣʴʢʦ ʥʘʛʨʫʟʦʢ ʵʪʦʛʦ ʪʠʧʘ, ʚ ʢʦʪʦ-

ʨʳʭ ʩʦʜʝʨʞʘʪʴʩʷ ʦʜʠʥ ʠ ʪʦʪ ʞʝ ʦʙʲʝʤʥʳʡ ʵʣʝʤʝʥʪ, ʪʦ ʚ ʨʘʩʯʝʪʝ ʙʫʜʝʪ ʫʯʠʪʳ-

ʚʘʪʴʩʷ ʜʣʷ ʜʘʥʥʦʛʦ ʦʙʲʝʤʥʳʡ ʵʣʝʤʝʥʪ ʩʫʤʤʘ ʟʥʘʯʝʥʠʷ ʠʟ ʚʩʝʭ ʥʘʛʨʫʟʦʢ ʵʪʦʛʦ 

ʪʠʧʘ ʜʘʥʥʦʛʦ ɿʘʛʨʫʞʝʥʠʷ, ʚ ʢʦʪʦʨʳʝ ʚʢʣʶʯʝʥ ʦʙʲʝʤʥʳʡ ʵʣʝʤʝʥʪ. 

*ʥʝʢʦʪʦʨʦʝ ʟʥʘʯʝʥʠʝ ï ʦʧʨʝʜʝʣʷʝʤʦʝ ʢʘʢ ʠʥʪʝʛʨʘʣʴʥʳʡ ʚʝʩ ʫʟʣʘ ʜʣʷ ʟʘʜʘʥʥʦʡ ʧʣʦʪʥʦʩʪʠ. 

 

ɺʝʢʪʦʨʥʳʡ ʤʘʛʥʠʪʥʳʡ ʧʦʪʝʥʮʠʘʣ 

ɻʨʘʥʠʯʥʳʤ ʫʩʣʦʚʠʝʤ ʜʣʷ ʥʝʩʪʘʮʠʦʥʘʨʥʳʭ ʟʘʜʘʯ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʛʦ ʧʦ-

ʣ ̫ ʷʚʣʷʝʪʩʷ ɺʝʢʪʦʨʥʳʡ ʤʘʛʥʠʪʥʳʡ ʧʦʪʝʥʮʠʘʣ, ʜʣʷ ʜʘʥʥʦʡ ʚʝʢʪʦʨʥʦʡ 

ʥʘʛʨʫʟʢʠ ʧʦʣʴʟʦʚʘʪʝʣʴ, ʤʦʞʝʪ ʟʘʜʘʚʘʪʴ ʥʝ ʚʩʝ ʢʦʤʧʦʥʝʥʪʳ ʚʝʢʪʦʨʘ. ʅʝ ʟʘ-

ʜʘʥʥʳʝ ʢʦʤʧʦʥʝʥʪʳ ʙʫʜʫʪ ʨʘʩʩʯʠʪʘʥʳ ʚʭʦʜʝ ʤʘʛʥʠʪʦʩʪʘʪʠʯʝʩʢʦʛʦ ʨʘʩʯʝʪʘ. 

ʇʨʠ ʟʘʜʘʥʠʠ ʥʘ ʛʨʫʧʧʫ ʫʟʣʦʚ ʧʦʩʪʦʷʥʥʦʛʦ ʟʥʘʯʝʥʠʷ ʚ ʢʘʞʜʳʡ ʫʟʝʣ ʙʫʜʝʪ 

ʧʨʠʩʚʦʝʥʦ ʟʘʜʘʥʥʦʝ ʟʥʘʯʝʥʠʝ. ʇʨʠ ʟʘʜʘʥʠʠ ʥʘ ʛʨʫʧʧʫ ʫʟʣʦʚ ʧʝʨʝʤʝʥʥʦʛʦ 

ʟʥʘʯʝʥʠʷ (ʛʨʘʬʠʢ, ʪʘʙʣʠʮʘ, ʬʫʥʢʮʠʷ) ʚ ʢʘʞʜʳʡ ʫʟʝʣ ʙʫʜʝʪ ʧʨʠʩʚʦʝʥʦ ʟʥʘʯʝ-

ʥʠʝ, ʦʧʨʝʜʝʣʷʝʤʦʝ ʢʦʦʨʜʠʥʘʪʘʤʠ ʫʟʣʘ. 
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ʇʨʠ ʟʘʜʘʥʠʠ ʥʘ ʛʨʫʧʧʫ ʦʙʲʝʤʥʳʭ ʵʣʝʤʝʥʪʦʚ ʧʦʩʪʦʷʥʥʦʛʦ ʟʥʘʯʝʥʠʷ ʚ 

ʢʘʞʜʳʡ ʫʟʝʣ ʚʩʝʭ ʚʳʙʨʘʥʥʳʭ ʦʙʲʝʤʥʳʭ ʵʣʝʤʝʥʪʦʚ ʙʫʜʝʪ ʧʨʠʩʚʦʝʥʦ ʟʘʜʘʥʥʦʝ 

ʟʥʘʯʝʥʠʝ. ʇʨʠ ʟʘʜʘʥʠʠ ʥʘ ʛʨʫʧʧʫ ʦʙʲʝʤʥʳʭ ʵʣʝʤʝʥʪʦʚ ʧʝʨʝʤʝʥʥʦʛʦ ʟʥʘʯʝʥʠʷ 

(ʛʨʘʬʠʢ, ʪʘʙʣʠʮʘ, ʬʫʥʢʮʠʷ) ʚ ʢʘʞʜʳʡ ʫʟʝʣ ʚʩʝʭ ʚʳʙʨʘʥʥʳʭ ʦʙʲʝʤʥʳʭ ʵʣʝ-

ʤʝʥʪʦʚ ʙʫʜʝʪ ʧʨʠʩʚʦʝʥʦ ʟʥʘʯʝʥʠʝ, ʦʧʨʝʜʝʣʷʝʤʦʝ ʢʦʦʨʜʠʥʘʪʘʤʠ ʫʟʣʘ. 

ɽʩʣʠ ʚ ʦʜʥʦ ɿʘʛʨʫʞʝʥʠʝ ʚʭʦʜʷʪ ʥʝʩʢʦʣʴʢʦ ʥʘʛʨʫʟʦʢ ʵʪʦʛʦ ʪʠʧʘ, ʚ ʢʦʪʦ-

ʨʳʭ ʩʦʜʝʨʞʘʪʴʩʷ ʦʜʠʥ ʠ ʪʦʪ ʞʝ ʫʟʝʣ (ʦʙʲʝʤʥʳʡ ʵʣʝʤʝʥʪ), ʪʦ ʚ ʨʘʩʯʝʪʝ ʙʫʜʝʪ 

ʫʯʠʪʳʚʘʪʴʩʷ ʜʣʷ ʜʘʥʥʦʛʦ ʫʟʣʘ (ʦʙʲʝʤʥʦʛʦ ʵʣʝʤʝʥʪʘ) ʟʥʘʯʝʥʠʷ ʠʟ ʧʦʩʣʝʜʥʝʡ 

ʩʦʟʜʘʥʥʦʡ ʵʪʦʛʦ ʪʠʧʘ. 

ɼʣʷ ʢʦʨʨʝʢʪʥʦʡ ʧʦʩʪʘʥʦʚʢʠ ʟʘʜʘʯʠ ʢʘʩʘʪʝʣʴʥʳʝ ʢʦʤʧʦʥʝʥʪʳ ɺʝʢʪʦʨʥʦ-

ʛʦ ʤʘʛʥʠʪʥʦʛʦ ʧʦʪʝʥʮʠʘʣʘ ʥʘ ʚʥʝʰʥʠʭ ʧʦʚʝʨʭʥʦʩʪʷʭ ʤʦʜʝʣʠ ʜʦʣʞʥʳ ʙʳʪʴ 

ʟʘʜʘʥʳ ʧʦʩʪʦʷʥʥʳʤ ʟʥʘʯʝʥʠʝʤ 0. 

 

ɺʩʝ ʦʧʠʩʘʥʥʳʝ ʪʠʧʳ ʥʘʛʨʫʟʦʢ ʤʦʛʫʪ ʙʳʪʴ ʜʦʙʘʚʣʝʥʳ ʚ ʜʦʢʫʤʝʥʪ ʧʫʪʝʤ 

ʚʳʙʦʨʘ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ ʧʫʥʢʪʘ ʢʦʥʪʝʢʩʪʥʦʛʦ ʤʝʥʶ ʜʣʷ ʫʟʣʘ ʕʣʝʢʪʨʠʯʝ-

ʩʢʠʝ ʥʘʛʨʫʟʢʠ ʠʣʠ ʜʣʷ ʫʟʣʘ ʄʘʛʥʠʪʥʳʝ ʥʘʛʨʫʟʢʠ ʥʘ ʧʘʥʝʣʠ ʆʙ̡ʝʢʪʳ ʠʣʠ 

(ʨʠʩʫʥʦʢ 2.9). 

  

ʈʠʩʫʥʦʢ 2.9 ï ʅʘʛʨʫʟʢʠ ʜʣʷ ʥʝʩʪʘʮʠʦʥʘʨʥʳʭ ʟʘʜʘʯ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʛʦ ʧʦʣ ̫

 

2.4.3 ʇʨʦʚʝʜʝʥʠʝ ʨʘʩʯʝʪʘ 

ɼʣʷ ʧʨʦʚʝʜʝʥʠʷ ʅʝʩʪʘʮʠʦʥʘʨʥʦʛʦ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʛʦ ʨʘʩʯʝʪʘ ʥʝʦʙ-

ʭʦʜʠʤʦ ʚ ʛʦʨʠʟʦʥʪʘʣʴʥʦʤ ʤʝʥʶ ʈʘʩʯʝʪ rʚʳʙʨʘʪʴ ʧʫʥʢʪ ʈʘʩʯʝʪ... ʧʦʩʣʝ ʯʝ-

ʛʦ ʧʦʷʚʠʪʩʷ ʜʠʘʣʦʛʦʚʦʝ ʦʢʥʦ ʈʘʩʯʝʪ. (ʨʠʩʫʥʦʢ 2.10). 

ɺ ʜʠʘʣʦʛʦʚʦʤ ʦʢʥʝ ʈʘʩʯʝʪ ʧʦʣʴʟʦʚʘʪʝʣʴ ʜʦʣʞʝʥ ʦʪʤʝʪʠʪʴ ʧʫʥʢʪ ʅʝ-
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ʩʪʘʮʠʦʥʘʨʥʳʡ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʡ ʨʘʩʯʝʪ, ʚ ʚʳʧʘʜʘʶʱʝʤ ʩʧʠʩʢʝ ʜʣʷ ʟʘ-

ʛʨʫʞʝʥʠʷ ʚʳʙʨʘʪʴ ɿʘʛʨʫʞʝʥʠʝ, ʜʣʷ ʢʦʪʦʨʦʛʦ ʦʥ ʭʦʯʝʪ ʧʨʦʠʟʚʝʩʪʠ ʨʘʩʯʝʪ, ʚ 

ʧʦʣʝ ʀʥʪʝʨʚʘʣ: 0 ʚʚʝʩʪʠ ʧʦʣʦʞʠʪʝʣʴʥʦʝ ʟʥʘʯʝʥʠʝ, ʢʦʪʦʨʦʝ ʦʧʨʝʜʝʣʷʝʪ ʚʨʝ-

ʤʷ ʦʢʦʥʯʘʥʠʷ ʤʦʜʝʣʠʨʦʚʘʥʠʷ. ɺ ʧʦʣʝ ʄʦʤʝʥʪʦʚ ʚʨʝʤʝʥʠ ʧʦʣʴʟʦʚʘʪʝʣʴ ʜʦʣ-

ʞʝʥ ʚʚʝʩʪʠ ʧʦʣʦʞʠʪʝʣʴʥʦʝ ʮʝʣʦʝ ʟʥʘʯʝʥʠʝ, ʢʦʪʦʨʦʝ ʦʧʨʝʜʝʣʷʝʪ ʩʢʦʣʴʢʦ ʨʘʚ-

ʥʦʤʝʨʥʳʭ ʠʥʪʝʨʚʘʣʦʚ ʙʫʜʝʪ ʨʘʟʙʠʪʦ ʚʨʝʤʷ ʤʦʜʝʣʠʨʦʚʘʥʠʷ. ɺ ʧʦʣʝ ʇʘʨʘ-

ʤʝʪʨ ʩʭʝʤʳ ʠʥʪʝʛʨʠʨʦʚʘʥʠʷ Thetha[0; 1] ʧʦʣʴʟʦʚʘʪʝʣʴ ʜʦʣʞʝʥ ʚʚʝʩʪʠ ʧʦ-

ʣʦʞʠʪʝʣʴʥʦʝ ʟʥʘʯʝʥʠʝ ʚ ʜʠʘʧʘʟʦʥʝ [0; 1]. ʇʦʩʣʝ ʥʘʞʘʪʠʷ ʢʥʦʧʢʠ OK ʙʫʜʝʪ 

ʧʨʦʠʟʚʝʜʝʥ ʅʝʩʪʘʮʠʦʥʘʨʥʳʡ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʡ ʨʘʩʯʝʪ. 

 
ʈʠʩʫʥʦʢ 2.10 ï ɿʘʧʫʩʢ ʥʝʩʪʘʮʠʦʥʘʨʥʦʛʦ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʛʦ ʨʘʩʯʝʪʘ 

 

ʇʘʨʘʤʝʪʨ ʩʭʝʤʳ ʠʥʪʝʛʨʠʨʦʚʘʥʠʷ ʪʝʦʨʝʪʠʯʝʩʢʠ [0; 1], ʦʧʨʝʜʝʣʷʝʪ ʦʜʥʦ-

ʩʣʦʡʥʳʡ ʤʝʪʦʜ ʠʥʪʝʛʨʠʨʦʚʘʥʠʷ ʫʨʘʚʥʝʥʠʡ ʧʦ ʚʨʝʤʝʥʠ. ɹʝʟʫʩʣʦʚʥʦ ʫʩʪʦʡʯʠ-
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ʚʳʝ ʩʭʝʤʳ ʜʣʷ ʜʠʘʧʘʟʦʥʘ [0.5; 1], ʦʜʥʘʢʦ ʠ ʜʣʷ ʥʠʭ ʧʨʠ ʜʦʩʪʘʪʦʯʥʦ ʙʦʣʴʰʦʤ 

ʰʘʛʝ ʚʦʟʤʦʞʥʳ ʦʩʮʠʣʣʷʮʠʠ ʨʝʰʝʥʠʷ. ʅʠʞʝ ʧʨʠʚʝʜʝʥʳ ʢʦʥʢʨʝʪʥʳʝ ʤʝʪʦʜʳ 

ʠʥʪʝʛʨʠʨʦʚʘʥʠʷ ʜʣʷ ʥʝʢʦʪʦʨʳʭ ʟʥʘʯʝʥʠʡ ʧʘʨʘʤʝʪʨʘ: 

 0 ï ʤʝʪʦʜ ʕʡʣʝʨʘ ʩ ʧʨʷʤʳʤ ʰʘʛʦʤ ʧʦ ʚʨʝʤʝʥʠ (ʩ ʨʘʟʥʦʩʪʴʶ ʚʧʝʨʝʜ) 

(ʢʣʘʩʩʠʯʝʩʢʘʷ ʩʭʝʤʘ ʯʠʩʣʝʥʥʦʛʦ ʠʥʪʝʛʨʠʨʦʚʘʥʠʷ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʭ ʫʨʘʚʥʝ-

ʥʠʡ ʧʝʨʚʦʛʦ ʧʦʨʷʜʢʘ); 

 1 ï ʤʝʪʦʜ ʕʡʣʝʨʘ ʩ ʦʙʨʘʪʥʳʤ ʰʘʛʦʤ ʧʦ ʚʨʝʤʝʥʠ (ʩ ʨʘʟʥʦʩʪʴʶ ʥʘʟʘʜ); 

 0,5 ï ʤʝʪʦʜ ʂʨʘʥʢʘ-ʅʠʢʦʣʩʦʥʘ (ʩ ʮʝʥʪʨʘʣʴʥʦʡ ʨʘʟʥʦʩʪʴʶ); 

 2/3 ï ʤʝʪʦʜ ɻʘʣʝʨʢʠʥʘ. 

ʇʨʠ ʥʘʣʠʯʠʠ ʚ ʤʦʜʝʣʠ ʧʦʩʪʦʷʥʥʳʭ ʤʘʛʥʠʪʦʚ ʠ ʦʙʣʘʩʪʝʡ ʩ ʟʘʜʘʥʥʦʡ 

ʧʣʦʪʥʦʩʪʴʶ ʪʦʢʘ, ʥʘ ʥʝʩʢʦʣʴʢʠʭ ʧʝʨʚʳʭ ʰʘʛʘʭ ʠʥʪʝʛʨʠʨʦʚʘʥʠʷ ʚʦʟʤʦʞʥʦ ʧʦ-

ʣʫʯʝʥʠʝ ʦʩʮʠʣʣʷʮʠʡ ʚ ʨʝʰʝʥʠʠ ʵʪʦ ʩʚʷʟʘʥʦ ʩ ʪʝʤ, ʯʪʦ ʟʘʜʘʯʘ ʨʝʰʘʝʪʩʷ ʩ ʪʨʠ-

ʚʠʘʣʴʥʳʤʠ ʥʘʯʘʣʴʥʳʤʠ ʫʩʣʦʚʠʷʤʠ, ʚʩʣʝʜʩʪʚʠʝ ʯʝʛʦ ʢʦʤʧʦʥʝʥʪʳ ʵʣʝʢʪʨʦ-

ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʠʟʤʝʥʷʶʪʩʷ ʩʢʘʯʢʦʦʙʨʘʟʥʦ. 

 

2.4.4 ʇʨʦʩʤʦʪʨ ʨʝʟʫʣʴʪʘʪʦʚ 

ʏʪʦʙʳ ʧʨʦʩʤʦʪʨʝʪʴ ʨʝʟʫʣʴʪʘʪʳ ʨʘʩʯʝʪʘ ʥʝʦʙʭʦʜʠʤʦ ʚ ʛʦʨʠʟʦʥʪʘʣʴʥʦʤ 

ʤʝʥʶ ʈʝʟʫʣʴʪʘʪʳ ʚʳʙʨʘʪʴ ʧʫʥʢʪ ʂʘʨʪʘ ʨʝʟʫʣʴʪʘʪʦʚé ɺ ʧʦʷʚʠʚʰʝʤʩʷ 

ʜʠʘʣʦʛʝ ʥʝʦʙʭʦʜʠʤʦ ʚʳʙʨʘʪʴ ʊʠʧ ʨʘʩʯʝʪʘ ï ʅʝʩʪʘʮʠʦʥʘʨʥʳʡ ʵʣʝʢʪʨʦʤʘʛ-

ʥʠʪʥʳʡ ʨʘʩʯʝʪ (ʨʠʩʫʥʦʢ 2.11). 
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ʈʠʩʫʥʦʢ 2.11 ï ʈʝʟʫʣʴʪʘʪʳ ʥʝʩʪʘʮʠʦʥʘʨʥʦʛʦ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʛʦ ʨʘʩʯʝʪʘ 

 

ʇʦʣʴʟʦʚʘʪʝʣʶ ʜʣʷ ʧʨʦʩʤʦʪʨʘ ʜʦʩʪʫʧʥʦ ʦʜʠʥʥʘʜʮʘʪʴ ʪʠʧʦʚ ʢʘʨʪ ʨʝʟʫʣʴ-

ʪʘʪʦʚ: 

1) ʕʣʝʢʪʨʠʯʝʩʢʠʡ ʧʦʪʝʥʮʠʘʣ [ɺ] (ʢʦʥʪʫʨʥʘʷ); 

2) ʅʘʧʨʷʞʝʥʥʦʩʪʴ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ [ɺ]/[ʜʣʠʥʘ*] (ʢʦʥʪʫʨʥʘʷ); 

3) ɺʝʢʪʦʨʥʘʷ ʥʘʧʨʷʞʝʥʥʦʩʪʴ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ [ɺ]/[ʜʣʠʥʘ*] (ʚʝʢʪʦʨʥʘʷ); 

4) ʇʣʦʪʥʦʩʪʴ ʪʦʢʘ [ɸ]/[ʜʣʠʥʘ*]2 (ʢʦʥʪʫʨʥʘʷ); 

5) ɺʝʢʪʦʨʥʘʷ ʧʣʦʪʥʦʩʪʴ ʪʦʢʘ [ɸ]/[ʜʣʠʥʘ*]2 (ʚʝʢʪʦʨʥʘʷ). 

6) ʄʘʛʥʠʪʥʳʡ ʧʦʪʝʥʮʠʘʣ [ɺʙ]/ [ʜʣʠʥʘ*] (ʢʦʥʪʫʨʥʘʷ); 

7) ɺʝʢʪʦʨʥʳʡ ʤʘʛʥʠʪʥʳʡ ʧʦʪʝʥʮʠʘʣ [ɺʙ]/ [ʜʣʠʥʘ*] (ʚʝʢʪʦʨʥʘʷ); 

8) ʄʘʛʥʠʪʥʘʷ ʠʥʜʫʢʮʠʷ [ʊʣ] (ʢʦʥʪʫʨʥʘʷ); 

9) ɺʝʢʪʦʨʥʘʷ ʤʘʛʥʠʪʥʘʷ ʠʥʜʫʢʮʠʷ [ʊʣ] (ʚʝʢʪʦʨʥʘʷ); 

10) ʅʘʧʨʷʞʝʥʥʦʩʪʴ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ [ɸ]/[ʜʣʠʥʘ*] (ʢʦʥʪʫʨʥʘʷ); 

11) ɺʝʢʪʦʨʥʘʷ ʥʘʧʨʷʞʝʥʥʦʩʪʴ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ [ɸ]/[ʜʣʠʥʘ*] (ʚʝʢʪʦʨʥʘʷ). 

*ʜʣʠʥʘ ï ʦʧʨʝʜʝʣʷʝʪʩʷ ʟʥʘʯʝʥʠʝʤ, ʚʳʙʨʘʥʥʳʤ ʚ ʚʳʧʘʜʘʶʱʝʤ ʩʧʠʩʢʝ ɼʣʠʥʘ ʜʠʘʣʦʛʦʚʦʛʦ ʦʢʥʘ ʋʩʪʘʥʦʚʢʠ 

ʥʘ ʚʢʣʘʜʢʝ ɽʜʠʥʠʮʳ 
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ʋ ʧʦʣʴʟʦʚʘʪʝʣʷ ʝʩʪʴ ʚʦʟʤʦʞʥʦʩʪʴ ʘʥʠʤʠʨʦʚʘʪʴ ʢʘʞʜʳʡ ʪʠʧ ʢʘʨʪʳ ʨʝ-

ʟʫʣʴʪʘʪʦʚ. 

ʇʦʜʨʦʙʥʝʝ ʦ ʨʘʙʦʪʝ ʩ ʢʘʨʪʘʤʠ ʨʝʟʫʣʴʪʘʪʦʚ ʩʤ. ʨʘʟʜʝʣ çʈʝʟʫʣʴʪʘʪʳè ʚ 

ʨʫʢʦʚʦʜʩʪʚʝ ʧʦʣʴʟʦʚʘʪʝʣʷ. 
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3 ɸʥʘʣʠʟ ʚ ʚʳʩʦʢʦʯʘʩʪʦʪʥʦʡ ʦʙʣʘʩʪʠ 

 

3.1 ɺʳʩʦʢʦʯʘʩʪʦʪʥʳʡ ʤʦʜʘʣʴʥʳʡ ʘʥʘʣʠʟ 

ɺʳʩʦʢʦʯʘʩʪʦʪʥʳʡ ʤʦʜʘʣʴʥʳʡ ʘʥʘʣʠʟ ʧʨʝʜʥʘʟʥʘʯʝʥ ʜʣʷ ʨʘʩʯʝʪʘ ʩʦʙ-

ʩʪʚʝʥʥʳʭ ʯʘʩʪʦʪ (ʯʘʩʪʦʪ ʩʨʝʟʘ) ʠ ʬʦʨʤ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʭ ʩʪʨʫʢʪʫʨ (ʚʦʣʥʦʚʦ-

ʜʳ, ʨʝʟʦʥʘʪʦʨʳ), ʨʘʙʦʪʘʶʱʠʭ ʥʘ ʚʳʩʦʢʠʭ ʯʘʩʪʦʪʘʭ (~1 ʄɻʮ~10 ɻɻʮ). 

ʇʨʠ ʨʝʰʝʥʠʠ ʜʘʥʥʦʛʦ ʪʠʧʘ ʟʘʜʘʯ ʩʯʠʪʘʝʪʩʷ ʯʪʦ ʟʘʪʫʭʘʥʠʷ ʚʦʣʥʦʚʳʭ 

ʧʨʦʮʝʩʩʦʚ ʥʝʪ. ʅʝʠʟʚʝʩʪʥʘʷ ʚʝʣʠʯʠʥʘ ʨʘʩʯʝʪʘ ï ʵʪʦ ʧʨʦʝʢʮʠʷ ʚʝʢʪʦʨʘ ʥʘʧʨʷ-

ʞʝʥʥʦʩʪʠ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ ʥʘ çʨʝʙʨʘè ʩʝʪʢʠ, ʯʝʨʝʟ ʢʦʪʦʨʫʶ ʟʘʪʝʤ ʚʳʯʠʩ-

ʣʷʝʪʩʷ ʥʘʧʨʷʞʝʥʥʦʩʪʠ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʠ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ. 

 

3.1.1 ʇʦʩʪʨʦʝʥʠʝ ʨʘʩʯʝʪʥʦʡ ʤʦʜʝʣʠ 

ɼʣʷ ʨʝʰʝʥʠʷ ʟʘʜʘʯ ʨʘʩʯʝʪʘ ʩʦʙʩʪʚʝʥʥʳʡ ʯʘʩʪʦʪ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʭ 

ʩʪʨʫʢʪʫʨ ʧʦʣʴʟʦʚʘʪʝʣʶ ʥʝʦʙʭʦʜʠʤʦ ʦʧʨʝʜʝʣʠʪʴ ʛʝʦʤʝʪʨʠʶ ʨʘʩʯʝʪʥʦʡ ʦʙʣʘ-

ʩʪʠ, ʠʩʧʦʣʴʟʫʷ ʦʙʲʝʤʥʳʝ ʢʦʥʝʯʥʳʝ ʵʣʝʤʝʥʪʳ ʧʝʨʚʦʛʦ ʧʦʨʷʜʢʘ ï ʯʝʪʳ-

ʨʝʭʫʟʣʦʚʳʝ (ʪʝʪʨʘʵʜʨʳ), ʰʝʩʪʠʫʟʣʦʚʳʝ (ʪʨʝʫʛʦʣʴʥʳʝ ʧʨʠʟʤʳ) ʠʣʠ ʚʦʩʴʤʠ-

ʫʟʣʦʚʳʝ (ʛʝʢʩʘʵʜʨʳ). ɼʣʷ ʧʨʦʚʝʜʝʥʠʷ ʨʘʩʯʝʪʘ ʥʝʦʙʭʦʜʠʤʦ ʯʪʦʙʳ ʤʦʜʝʣʴ ʥʝ 

ʩʦʜʝʨʞʘʣʘ ʥʠʢʘʢʠʭ ʜʨʫʛʠʭ ʢʦʥʝʯʥʳʭ ʵʣʝʤʝʥʪʦʚ ʠ ʙʳʣʘ ʩʚʷʟʘʥʥʦʡ, ʪʦ ʝʩʪʴ 

ʙʳʣʘ ʝʜʠʥʳʤ ʮʝʣʳʤ ʠ ʥʝ ʩʦʜʝʨʞʘʣʘ ʦʪʜʝʣʴʥʦ ʦʪʩʪʦʷʱʠʭ ʫʟʣʦʚ. ʇʨʠ ʨʝʰʝʥʠʠ 

ʟʘʜʘʯʠ ʦʙʝ̡ʤʥʳʝ ʵʣʝʤʝʥʪʳ ʧʨʝʦʙʨʘʟʫʶʪʩʷ ʚ çʨʝʙʝʨʥʳʝè 

ɺʩʝ ʤʘʪʝʨʠʘʣʳ, ʢʦʪʦʨʳʝ ʟʘʜʝʡʩʪʚʦʚʘʥʳ ʚ ʤʦʜʝʣʠ, ʜʦʣʞʥʳ ʠʤʝʪʴ ʜʚʘ 

ʩʚʦʡʩʪʚʘ ï 1) ʦʪʥʦʩʠʪʝʣʴʥʘʷ (ʦʪʥʦʩʠʪʝʣʴʥʦ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʧʦʩʪʦʷʥʥʦʡ 

 e0=8,854187817Ö10-12 [ʌ]/[ʤ]) ʜʠɻʣʝʢʪʨʠʯʝʩʢʘ ̫ʧʨʦʥʠʮʘʝʤʦʩʪʴ (ʪʘʙʣʠʮʘ 2.1); 

2) ʦʪʥʦʩʠʪʝʣʴʥʘʷ (ʦʪʥʦʩʠʪʝʣʴʥʦ ʤʘʛʥʠʪʥʦʡ ʧʦʩʪʦʷʥʥʦʡ  m0=4pÖ10-7 [ɻʥ]/[ʤ]) 

ʤʘʛʥʠʪʥʘʷ ʧʨʦʥʠʮʘʝʤʦʩʪʴ (ʪʘʙʣʠʮʘ 2.5). 

 

3.1.2 ɿʘʜʘʥʠʝ ʥʘʛʨʫʟʦʢ ʠ ʛʨʘʥʠʯʥʳʭ ʫʩʣʦʚʠʡ 

ɼʣʷ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʥʝʩʪʘʮʠʦʥʘʨʥʳʭ ʟʘʜʘʯ ʨʘʩʯʝʪʘ ʩʦʙʩʪʚʝʥʥʳʡ ʯʘʩʪʦʪ 

ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʭ ʩʪʨʫʢʪʫʨ ʧʦʣʴʟʦʚʘʪʝʣʶ ʜʦʩʪʫʧʥʦ ʚʩʝʛʦ ʦʜʥʦ ʛʨʘʥʠʯʥʦʝ 

ʫʩʣʦʚʠʝ ʀʜʝʘʣʴʥʳʡ ʵʣʝʢʪʨʠʯʝʩʢʠʡ ʧʨʦʚʦʜʥʠʢ. 
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ʀʜʝʘʣʴʥʳʡ ʵʣʝʢʪʨʠʯʝʩʢʠʡ ʧʨʦʚʦʜʥʠʢ 

ɼʘʥʥʦʝ ʛʨʘʥʠʯʥʦʝ ʫʩʣʦʚʠʝ ʤʦʞʝʪ ʙʳʪʴ ʟʘʜʘʥʦ ʥʘ ʨʝʙʨʘ ʤʦʜʝʣʠ ʠ ʦʧʨʝ-

ʜʝʣʷʝʪ ʨʘʚʝʥʩʪʚʦ ʥʫʣʶ ʧʨʦʝʢʮʠʠ ʚʝʢʪʦʨʘ ʥʘʧʨʷʞʝʥʥʦʩʪʠ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦ-

ʣʷ ʥʘ ʵʪʦ ʨʝʙʨʦ. ʀʜʝʘʣʴʥʳʡ ʵʣʝʢʪʨʠʯʝʩʢʠʡ ʧʨʦʚʦʜʥʠʢ ʜʦʣʞʝʥ ʙʳʪʴ ʟʘʜʘʥ 

ʥʘ ʚʩʝ ʚʥʝʰʥʠʝ ʛʨʘʥʠʮʳ ʤʦʜʝʣʠ, ʟʘ ʠʩʢʣʶʯʝʥʠʝʤ ʧʣʦʩʢʦʩʪʝʡ ʩʠʤʤʝʪʨʠʠ. 

ʂʨʦʤʝ ʵʪʦʛʦ ʚ ʤʦʜʝʣʠ ʤʦʛʫʪ ʩʫʱʝʩʪʚʦʚʘʪʴ çʩʪʝʥʢʠè ʢʦʪʦʨʳʝ ʧʦʣʥʦʩʪʴʶ ʦʪ-

ʨʘʞʘʶʪ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʫʶ ʚʦʣʥʫ, ʥʘ ʪʘʢʠʝ ʦʙʲʝʢʪʳ ʪʘʢʞʝ ʥʝʦʙʭʦʜʠʤʦ ʟʘʜʘ-

ʚʘʪʴ ʜʘʥʥʦʝ ʛʨʘʥʠʯʥʦʝ ʫʩʣʦʚʠʝ. 

ʆʧʠʩʘʥʥʦʝ ʚʳʰʝ ʛʨʘʥʠʯʥʦʝ ʫʩʣʦʚʠʝ ʤʦʞʝʪ ʙʳʪʴ ʜʦʙʘʚʣʝʥʳ ʚ ʜʦʢʫʤʝʥʪ 

ʧʫʪʝʤ ʚʳʙʦʨʘ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ ʧʫʥʢʪʘ ʢʦʥʪʝʢʩʪʥʦʛʦ ʤʝʥʶ ʜʣʷ ʫʟʣʘ ɺʳʩʦ-

ʢʦʯʘʩʪʦʪʥʳʝ ʥʘʛʨʫʟʢʠ ʥʘ ʧʘʥʝʣʠ ʆʙ̡ʝʢʪr ʠʣʠ (ʨʠʩʫʥʦʢ 3.1). 

 

ʈʠʩʫʥʦʢ 3.1 ï ʅʘʛʨʫʟʢʠ ʜʣʷ ʚʳʩʦʢʦʯʘʩʪʦʪʥʦʛʦ ʤʦʜʘʣʴʥʦʛʦ ʘʥʘʣʠʟʘ 

 

3.1.3 ʇʨʦʚʝʜʝʥʠʝ ʨʘʩʯʝʪʘ 

ɼʣʷ ʧʨʦʚʝʜʝʥʠʷ ɺʳʩʦʢʦʯʘʩʪʦʪʥʦʛʦ ʤʦʜʘʣʴʥʦʛʦ ʘʥʘʣʠʟʘ ʥʝʦʙʭʦʜʠʤʦ ʚ 

ʛʦʨʠʟʦʥʪʘʣʴʥʦʤ ʤʝʥʶ ʈʘʩʯʝʪ rʚʳʙʨʘʪʴ ʧʫʥʢʪ ʈʘʩʯʝʪ... ʧʦʩʣʝ ʯʝʛʦ ʧʦʷʚʠʪʩʷ 

ʜʠʘʣʦʛʦʚʦʝ ʦʢʥʦ ʈʘʩʯʝʪ. (ʨʠʩʫʥʦʢ 3.2). 
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ʈʠʩʫʥʦʢ 3.2 ï ɿʘʧʫʩʢ ʚʳʩʦʢʦʯʘʩʪʦʪʥʦʛʦ ʤʦʜʘʣʴʥʦʛʦ ʘʥʘʣʠʟʘ 

 

ɺ ʜʠʘʣʦʛʦʚʦʤ ʦʢʥʝ ʈʘʩʯʝʪ ʧʦʣʴʟʦʚʘʪʝʣʴ ʜʦʣʞʝʥ ʦʪʤʝʪʠʪʴ ʧʫʥʢʪ ɺʳʩʦ-

ʢʦʯʘʩʪʦʪʥʳʡ ʤʦʜʘʣʴʥʳʡ ʘʥʘʣʠʟ, ʚ ʚʳʧʘʜʘʶʱʝʤ ʩʧʠʩʢʝ ʜʣʷ ʟʘʛʨʫʞʝʥʠʷ 

ʚʳʙʨʘʪʴ ɿʘʛʨʫʞʝʥʠʝ, ʜʣʷ ʢʦʪʦʨʦʛʦ ʦʥ ʭʦʯʝʪ ʧʨʦʠʟʚʝʩʪʠ ʨʘʩʯʝʪ, ʚ ʧʦʣʝ ʏʠʩʣʦ 

ʠʩʢʦʤʳʭ ʯʘʩʪʦʪ ʚʚʝʩʪʠ ʧʦʣʦʞʠʪʝʣʴʥʦʝ ʮʝʣʦʝ ʟʥʘʯʝʥʠʝ, ʢʦʪʦʨʦʝ ʦʧʨʝʜʝʣʷʝʪ 

ʯʠʩʣʦ ʥʘʠʤʝʥʴʰʠʭ ʩʦʙʩʪʚʝʥʥʳʭ ʯʘʩʪʦʪ ʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʠʤ ʬʦʨʤ ʢʦʪʦʨʳʝ 

ʙʫʜʫʪ ʥʘʡʜʝʥʳ. ɺ ʧʦʣʝ ʅʠʞʥʷʷ ʛʨʘʥʠʮʘ ʯʘʩʪʦʪʳ, ɻʮ ʧʦʣʴʟʦʚʘʪʝʣʴ ʜʦʣʞʝʥ 

ʚʚʝʩʪʠ ʧʦʣʦʞʠʪʝʣʴʥʦʝ ʟʥʘʯʝʥʠʝ, ʢʦʪʦʨʦʝ ʦʧʨʝʜʝʣʷʝʪ ʪʫ ʯʘʩʪʦʪʫ ʚ ʛʝʨʮʘʭ, 

ʤʝʥʴʰʝ ʟʥʘʯʝʥʠʷ ʢʦʪʦʨʦʡ ʩʦʙʩʪʚʝʥʥʳʝ ʯʘʩʪʦʪʳ ʠʩʢʘʪʴʩʷ ʥʝ ʙʫʜʫʪ. ɺ ʧʦʣʝ 

ʏʠʩʣʦ ʠʪʝʨʘʮʠʡ ʧʦʣʴʟʦʚʘʪʝʣʴ ʜʦʣʞʝʥ ʚʚʝʩʪʠ ʧʦʣʦʞʠʪʝʣʴʥʦʝ ʮʝʣʦʝ ʟʥʘʯʝʥʠʝ 
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ʚ ʜʠʘʧʘʟʦʥʝ, ʢʦʪʦʨʦʝ ʦʧʨʝʜʝʣʷʝʪ ʤʘʢʩʠʤʘʣʴʥʦ ʚʦʟʤʦʞʥʦʝ ʯʠʩʣʦ ʠʪʝʨʘʮʠʡ ʚ 

ʤʝʪʦʜʝ ʃʘʥʮʦʰʘ. ɺ ʧʦʣʝ ʆʪʥʦʩʠʪʝʣʴʥʘʷ ʧʦʛʨʝʰʥʦʩʪʴ ʧʦʣʴʟʦʚʘʪʝʣʴ ʜʦʣ-

ʞʝʥ ʚʚʝʩʪʠ ʧʦʣʦʞʠʪʝʣʴʥʦʝ ʟʥʘʯʝʥʠʝ ʤʝʥʴʰʝʝ ʝʜʠʥʠʮʳ ʚ ʜʠʘʧʘʟʦʥʝ, ʢʦʪʦʨʦʝ 

ʪʦʯʥʦʩʪʴ ʩʭʦʜʠʤʦʩʪʠ ʩʦʙʩʪʚʝʥʥʳʭ ʚʝʢʪʦʨʦʚ ʚ ʤʝʪʦʜʝ ʃʘʥʮʦʰʘ. ʇʦʩʣʝ ʥʘʞʘ-

ʪʠʷ ʢʥʦʧʢʠ OK ʙʫʜʝʪ ʧʨʦʠʟʚʝʜʝʥ ɺʳʩʦʢʦʯʘʩʪʦʪʥʳʡ ʤʦʜʘʣʴʥʳʡ ʘʥʘʣʠʟ. 

ʇʦʣʷ ʏʠʩʣʦ ʠʪʝʨʘʮʠʡ ʠ ʆʪʥʦʩʠʪʝʣʴʥʘʷ ʧʦʛʨʝʰʥʦʩʪʴ ʨʝʢʦʤʝʥʜʫʝʪʩʷ 

ʦʩʪʘʚʣʷʪʴ ʩʦ ʟʥʘʯʝʥʠʷʤʠ ʧʦ ʫʤʦʣʯʘʥʠʶ, 1000 ʠ  0 ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ɽʩʣʠ ʚ 

ʧʨʦʮʝʩʩʝ ʨʝʰʝʥʠʷ ʙʳʣʠ ʥʘʡʜʝʥʳ ʥʝ ʚʩʝ ʩʦʙʩʪʚʝʥʥʳʝ ʯʘʩʪʦʪʳ (ʦ ʯʝʤ ʧʦʣʴʟʦ-

ʚʘʪʝʣʴ ʧʦʣʫʯʠʪ ʩʦʦʙʱʝʥʠʝ), ʪʦ ʥʝʦʙʭʦʜʠʤʦ ʧʦʚʪʦʨʠʪʴ ʨʘʩʯʝʪ ʫʚʝʣʠʯʠʚ ʏʠʩ-

ʣʦ ʠʪʝʨʘʮʠʡ ʠʣʠ ʆʪʥʦʩʠʪʝʣʴʥʘʷ ʧʦʛʨʝʰʥʦʩʪʴ. ɿʥʘʯʝʥʠʝ ʦʪʥʦʩʠʪʝʣʴʥʦʡ 

ʧʦʛʨʝʰʥʦʩʪʠ ʥʝ ʨʝʢʦʤʝʥʜʫʝʪʩʷ ʚʚʦʜʠʪʴ ʙʦʣʝʝ 10-6. 

 

3.1.4 ʇʨʦʩʤʦʪʨ ʨʝʟʫʣʴʪʘʪʦʚ 

ʏʪʦʙʳ ʧʨʦʩʤʦʪʨʝʪʴ ʨʝʟʫʣʴʪʘʪʳ ʨʘʩʯʝʪʘ ʥʝʦʙʭʦʜʠʤʦ ʚ ʛʦʨʠʟʦʥʪʘʣʴʥʦʤ 

ʤʝʥʶ ʈʝʟʫʣʴʪʘʪʳ ʚʳʙʨʘʪʴ ʧʫʥʢʪ ʂʘʨʪʘ ʨʝʟʫʣʴʪʘʪʦʚé ɺ ʧʦʷʚʠʚʰʝʤʩʷ 

ʜʠʘʣʦʛʝ ʥʝʦʙʭʦʜʠʤʦ ʚʳʙʨʘʪʴ ʊʠʧ ʨʘʩʯʝʪʘ ï ʅʝʩʪʘʮʠʦʥʘʨʥʳʡ ʵʣʝʢʪʨʦʤʘʛ-

ʥʠʪʥʳʡ ʨʘʩʯʝʪ (ʨʠʩʫʥʦʢ 2.14). 

 

ʈʠʩʫʥʦʢ 3.3 ï ʈʝʟʫʣʴʪʘʪʳ ʚʳʩʦʢʦʯʘʩʪʦʪʥʦʛʦ ʤʦʜʘʣʴʥʦʛʦ ʘʥʘʣʠʟʘ 
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ʇʦʣʴʟʦʚʘʪʝʣʶ ʜʣʷ ʧʨʦʩʤʦʪʨʘ ʜʦʩʪʫʧʥʦ ʯʝʪʳʨʝ ʪʠʧʘ ʢʘʨʪ ʨʝʟʫʣʪɹʘʪʦʚ: 

1) ʅʘʧʨʷʞʝʥʥʦʩʪʴ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ [ɺ]/[ʜʣʠʥʘ*] (ʢʦʥʪʫʨʥʘʷ); 

2) ɺʝʢʪʦʨʥʘʷ ʥʘʧʨʷʞʝʥʥʦʩʪʴ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ [ɺ]/[ʜʣʠʥʘ*] (ʚʝʢʪʦʨʥʘʷ); 

3) ʅʘʧʨʷʞʝʥʥʦʩʪʴ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ [ɸ]/[ʜʣʠʥʘ*] (ʢʦʥʪʫʨʥʘʷ); 

4) ɺʝʢʪʦʨʥʘʷ ʥʘʧʨʷʞʝʥʥʦʩʪʴ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ [ɸ]/[ʜʣʠʥʘ*] (ʚʝʢʪʦʨʥʘʷ). 

*ʜʣʠʥʘ ï ʦʧʨʝʜʝʣʷʝʪʩʷ ʟʥʘʯʝʥʠʝʤ, ʚʳʙʨʘʥʥʳʤ ʚ ʚʳʧʘʜʘʶʱʝʤ ʩʧʠʩʢʝ ɼʣʠʥʘ ʜʠʘʣʦʛʦʚʦʛʦ ʦʢʥʘ ʋʩʪʘʥʦʚʢʠ 

ʥʘ ʚʢʣʘʜʢʝ ɽʜʠʥʠʮʳ 

 

ʇʦʜʨʦʙʥʝʝ ʦ ʨʘʙʦʪʝ ʩ ʢʘʨʪʘʤʠ ʨʝʟʫʣʴʪʘʪʦʚ ʩʤ. ʨʘʟʜʝʣ çʈʝʟʫʣʴʪʘʪʳè ʚ 

ʨʫʢʦʚʦʜʩʪʚʝ ʧʦʣʴʟʦʚʘʪʝʣʷ çʈʘʙʦʪʘ ʩ ʜʝʨʝʚʦʤ ʧʨʦʝʢʪʘè. 
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4 ʂʨʘʪʢʠʝ ʪʝʦʨʝʪʠʯʝʩʢʠʝ ʩʚʝʜʝʥʠʷ 

ʋʨʘʚʥʝʥʠʷ ʄʘʢʩʚʝʣʣʘ ʦʧʠʩʳʚʘʶʱʝʝ ʩʦʩʪʦʷʥʠʝ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ 

ʤʦʛʫʪ ʙʳʪʴ ʟʘʧʠʩʘʥʳ ʚ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʡ ʬʦʨʤʝ ʚ ʩʣʝʜʫʶʱʝʤ ʚʠʜʝ: 

( )

()

()

()

;

;

0;

,

D
H J

t

B
E

t

B

D

ë µ
Ð³ = +î

µî
î µ
îÐ³ =-
ì µ
î
ÐÖ =î

î
ÐÖ =rîí

 (4.1) 

ʛʜʝ t ï ʚʨʝʤʷ [ʩ]; Dï ʚʝʢʪʦʨ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʠʥʜʫʢʮʠʠ (ʩʤʝʱʝʥʠʷ) [ʂʣ]/[ʤ2]; 

E ï ʚʝʢʪʦʨ ʥʘʧʨʷʞʝʥʥʦʩʪʠ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ [ɺ]/[ʤ]; B ï ʚʝʢʪʦʨ ʤʘʛʥʠʪ-

ʥʦʡ ʠʥʜʫʢʮʠʠ [ʊʣ]; H  ï ʚʝʢʪʦʨ ʥʘʧʨʷʞʝʥʥʦʩʪʠ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ [ɸ]/[ʤ]; Jï 

ʚʝʢʪʦʨ ʧʣʦʪʥʦʩʪʠ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʪʦʢʘ [ɸ]/[ʤ2]; r ï ʦʙʲʝʤʥʘʷ ʧʣʦʪʥʦʩʪʴ ʵʣʝʢ-

ʪʨʠʯʝʩʢʦʛʦ ʟʘʨʷʜʘ;()ÐÖ  ï ʦʧʝʨʘʮʠʷ ʜʠʚʝʨʛʝʥʮʠʠ; ()Ð³  ï ʦʧʝʨʘʮʠʷ ʨʦʪʦʨʘ. 

ɺʝʢʪʦʨʘ ʦʧʠʩʳʚʘʶʱʝʝ ʩʦʩʪʦʷʥʠʷ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʩʚʷʟʘʥʳ ʩʣʝ-

ʜʫʶʱʠʤʠ ʩʦʦʪʥʦʰʝʥʠʷʤʠ: 

aD E=e , (4.2) 

ʛʜʝ 0ae =ee ï ʘʙʩʦʣʶʪʥʘʷ ʜʠʵʣʝʢʪʨʠʯʝʩʢʘʷ ʧʨʦʥʠʮʘʝʤʦʩʪʴ ʩʨʝʜʳ [ʌ]/[ʤ]; e ï 

ʦʪʥʦʩʠʪʝʣʴʥʘʷ (ʦʪʥʦʩʠʪʝʣʴʥʦ ʚʘʢʫʫʤʘ) ʜʠʵʣʝʢʪʨʠʯʝʩʢʘʷ ʧʨʦʥʠʮʘʝʤʦʩʪʴ ʩʨʝ-

ʜʳ []; e0 ïʜʠʵʣʝʢʪʨʠʯʝʩʢʘʷ ʧʦʩʪʦʷʥʥʘʷ (ʘʙʩʦʣʶʪʥʘʷ ʜʠʵʣʝʢʪʨʠʯʝʩʢʘʷ ʧʨʦʥʠ-

ʮʘʝʤʦʩʪʴ ʚʘʢʫʫʤʘ) 8,854187817Ā10-12 [ʌ]/[ʤ]. 

ɺʳʨʘʞʝʥʠʝ (4.2) ʩʧʨʘʚʝʜʣʠʚʦ ʣʠʰʴ ʚ ʠʟʦʪʨʦʧʥʦʡ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʩʨʝʜʝ, 

ʝʩʣʠ ʩʨʝʜʘ ʦʨʪʦʪʨʦʧʥʘ, ʪʦ ʝʛʦ ʥʫʞʥʦ ʟʘʧʠʩʘʪʴ ʚ ʚʠʜʝ: 

[]D E= e , (4.3) 

ʛʜʝ [e] ï ʤʘʪʨʠʮʘ ʘʙʩʦʣʶʪʥʳʭ ʜʠʵʣʝʢʪʨʠʯʝʩʢʠʭ ʧʨʦʥʠʮʘʝʤʦʩʪʝʡ ʩʨʝʜʳ: 

[] 0

0 0

0 0

0 0

xx

yy

zz

eå õ
æ ö

e =e e
æ ö
æ öeç ÷

, (4.4) 

ʟʜʝʩʴ exx, eyy ʠ ezz ï ʦʪʥʦʩʠʪʝʣʴʥʳʝ ʜʠʵʣʝʢʪʨʠʯʝʩʢʠʝ ʧʨʦʥʠʮʘʝʤʦʩʪʠ ʩʨʝʜʳ ʚ 

ʥʘʧʨʘʚʣʝʥʠʷʭ x, y ʠ z ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. 
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B H=m, (4.5) 

ʛʜʝ 0am =mm ï ʘʙʩʦʣʶʪʥʘʷ ʤʘʛʥʠʪʥʘʷ ʧʨʦʥʠʮʘʝʤʦʩʪʴ ʩʨʝʜʳ [ɻʥ]/[ʤ]; m ï ʦʪ-

ʥʦʩʠʪʝʣʴʥʘʷ (ʦʪʥʦʩʠʪʝʣʴʥʦ ʚʘʢʫʫʤʘ) ʤʘʛʥʠʪʥʘʷ ʧʨʦʥʠʮʘʝʤʦʩʪʴ ʩʨʝʜʳ []; m0 ï 

ʤʘʛʥʠʪʥʘʷ ʧʦʩʪʦʷʥʥʘʷ (ʘʙʩʦʣʶʪʥʘʷ ʤʘʛʥʠʪʥʘʷ ʧʨʦʥʠʮʘʝʤʦʩʪʴ ʚʘʢʫʫʤʘ) 4pĀ10-

7 º 1,25663706Ā10-6 [ɻʥ]/[ʤ]. 

ɺʳʨʘʞʝʥʠʝ (4.5) ʩʧʨʘʚʝʜʣʠʚʦ ʣʠʰʴ ʚ ʠʟʦʪʨʦʧʥʦʡ ʤʘʛʥʠʪʥʦʡ ʩʨʝʜʝ, ʝʩʣʠ 

ʩʨʝʜʘ ʦʨʪʦʪʨʦʧʥʘ, ʪʦ ʝʛʦ ʥʫʞʥʦ ʟʘʧʠʩʘʪʴ ʚ ʚʠʜʝ: 

[]B H= m , (4.6) 

ʛʜʝ [m] ï ʤʘʪʨʠʮʘ ʤʘʛʥʠʪʥʳʭ ʧʨʦʥʠʮʘʝʤʦʩʪʝʡ ʩʨʝʜʳ: 

[] 0

0 0

0 0

0 0

xx

yy

zz

må õ
æ ö

m =m m
æ ö
æ ömç ÷

, (4.7) 

ʟʜʝʩʴ mxx, myy ʠ mzz ï ʦʪʥʦʩʠʪʝʣʴʥʳʝ (ʦʪʥʦʩʠʪʝʣʴʥʦ ʚʘʢʫʫʤʘ) ʤʘʛʥʠʪʥʳʝ ʧʨʦ-

ʥʠʮʘʝʤʦʩʪʠ ʩʨʝʜʳ ʚ ʥʘʧʨʘʚʣʝʥʠʷʭ x, y ʠ z ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ []. 

ɺ ʩʣʫʯʘʝ ʥʘʣʠʯʠʷ ʧʦʩʪʦʷʥʥʦʛʦ ʤʘʛʥʠʪʘ ʩʦʦʪʥʦʰʝʥʠʝ (4.6) ʧʨʠʥʠʤʘʝʪ 

ʚʠʜ: 

[] 0 0B H M= m +m, (4.8) 

ʛʜʝ 0M  ï ʚʝʢʪʦʨ ʩʦʙʩʪʚʝʥʥʦʡ ʦʩʪʘʪʦʯʥʦʡ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ ʧʦʩʪʦʷʥʥʦʛʦ ʤʘʛ-

ʥʠʪʘ [ɸ/ʤ]. 

ʆʯʝʥʴ ʯʘʩʪʦ ʙʳʚʘʝʪ ʥʫʞʥʦ ʚʳʨʘʟʠʪʴ ʥʘʧʨʷʞʝʥʥʦʩʪʴ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ: 

[] []0 0H B M= n -m n, (4.9) 

ʛʜʝ [n] ï ʤʘʪʨʠʮʘ ʤʘʛʥʠʪʥʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʩʨʝʜʳ: 

[]
0

1
0 0

1 1
0 0

1
0 0

xx

yy

zz

å õ
æ ö
mæ ö
æ ö

n = æ ö
m mæ ö
æ ö
æ ö
æ ömç ÷

. (4.10) 

ʀʟ ʧʝʨʚʦʛʦ ʫʨʘʚʥʝʥʠʷ ʩʠʩʪʝʤʳ (4.1) ʧʦʩʣʝ ʧʨʠʤʝʥʝʥʠʷ ʦʧʝʨʘʮʠʠ ʜʠʚʝʨ-
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ʛʝʥʮʠʠ ʚʳʪʝʢʘʝʪ ʫʨʘʚʥʝʥʠʝ ʥʝʨʘʟʨʳʚʥʦʩʪʠ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ: 

0
D

J
t

å õµ
ÐÖ + =æ ö

µç ÷
. (4.11) 

ʊʘʢʞʝ ʩʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ ʯʪʦ ʧʣʦʪʥʦʩʪʴ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʪʦʢʘ ʩʚʷʟʘʥʘ 

ʥʘʧʨʷʞʝʥʥʦʩʪʴʶ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ (ʟʘʢʦʥ ʆʤʘ) ʠ ʠʥʜʫʢʮʠʝʡ ʤʘʛʥʠʪʥʦʛʦ 

ʧʦʣʷ (ʟʘʢʦʥ ɸʤʧʝʨʘ): 

[]( )J E v B= s + ³, (4.12) 

ʛʜʝ [s] ï ʤʘʪʨʠʮʘ ʫʜʝʣʴʥʳʭ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʧʨʦʚʦʜʠʤʦʩʪʝʡ ʦʨʪʦʪʨʦʧʥʦʡ ʩʨʝ-

ʜʳ 1/([ʆʤ]Ö[ʤ]): 

[]

0 0

0 0

0 0

xx

yy

zz

så õ
æ ö

s = s
æ ö
æ ösç ÷

, (4.13) 

ʟʜʝʩʴ sxx, syy ʠ szz ï ʫʜʝʣʴʥʳʝ ʵʣʝʢʪʨʠʯʝʩʢʠʝ ʧʨʦʚʦʜʠʤʦʩʪʠ ʩʨʝʜʳ ʚ ʥʘʧʨʘʚ-

ʣʝʥʠʷʭ x, y ʠ z ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ 1/([ʆʤ]Ö[ʤ]); v  ï ʩʢʦʨʦʩʪʴ ʧʨʦʚʦʜʥʠʢʘ ʚ ʤʘʛ-

ʥʠʪʥʦʤ ʧʦʣʝ [ʤ]/[ʩ]. 

 

ʕʣʝʢʪʨʦʩʪʘʪʠʢʘ 

ɺ ʩʣʫʯʘʝ, ʝʩʣʠ ʤʘʛʥʠʪʥʦʝ ʧʦʣʝ ʦʪʩʫʪʩʪʚʫʝʪ, ʝʩʪʝʩʪʚʝʥʥʦ ʦʪʩʫʪʩʪʚʫʶʪ ʠ 

ʵʣʝʢʪʨʠʯʝʩʢʠʝ ʪʦʢʠ, ʚ ʩʨʝʜʝ ʤʦʞʝʪ ʚʦʟʥʠʢʥʫʪʴ ʵʣʝʢʪʨʦʩʪʘʪʠʯʝʩʢʦʝ ʧʦʣʝ ʧʨʠ 

ʥʘʣʠʯʠʠ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʟʘʨʷʜʦʚ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʫʨʘʚʥʝʥʠʷ ʄʘʢʩʚʝʣʣʘ (4.1) 

ʧʨʠʤʫʪ ʚʠʜ: 

()

()

0;

0;

0;

.

H

E

B

D

ë =
î
Ð³ =îî
ì
=î

î
ÐÖ =rîí

 (4.14) 

ʀʟ ʚʪʦʨʦʛʦ ʫʨʘʚʥʝʥʠʷ (4.14) ʩʣʝʜʫʝʪ, ʯʪʦ ʵʣʝʢʪʨʠʯʝʩʢʦʝ ʧʦʣʝ ʧʦʪʝʥʮʠ-

ʘʣʴʥʦ. ʉʣʝʜʦʚʘʪʝʣʴʥʦ ʜʣʷ ʥʝʛʦ ʩʫʱʝʩʪʚʫʝʪ ʥʝʢʦʪʦʨʳʡ ʩʢʘʣʷʨʥʳʡ ʧʦʪʝʥʮʠʘʣ, 

ʦʧʨʝʜʝʣʷʝʤʳʡ ʩʣʝʜʫʶʱʠʤ ʚʳʨʘʞʝʥʠʝʤ: 

()E=-Ð j, (4.15) 
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ʛʜʝ j ï ʵʣʝʢʪʨʠʯʝʩʢʠʡ ʧʦʪʝʥʮʠʘʣ [ɺ]; ()Ð  ï ʦʧʝʨʘʮʠʷ ʛʨʘʜʠʝʥʪʘ. 

ʇʦʜʩʪʘʚʣʷʷ ʚ ʯʝʪʚʝʨʪʦʝ ʫʨʘʚʥʝʥʠʝ (4.14) ʚʳʨʘʞʝʥʠʷ (4.15) ʠ (4.3) ʧʦʣʫ-

ʯʘʝʤ ʩʣʝʜʫʶʱʝʝ ʫʨʘʚʥʝʥʠʝ ʇʫʘʩʩʦʥʘ ʜʣʷ ʵʣʝʢʪʨʦʩʪʘʪʠʯʝʩʢʦʛʦ ʧʦʣʷ: 

[]()( )-ÐÖ e Ð j =r. (4.16) 

ʇʦʩʣʝ ʨʝʰʝʥʠʷ ʫʨʘʚʥʝʥʠʷ (4.16) ʚʝʢʪʦʨʘ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ ʚʦʩʩʪʘ-

ʥʘʚʣʠʚʘʶʪʩʷ ʧʦ ʚʳʨʘʞʝʥʠʷʤ (4.15) ʠ (4.3). 

 

ʇʦʣʝ ʧʦʩʪʦʷʥʥʳʭ ʪʦʢʦʚ 

ɺ ʩʣʫʯʘʝ, ʝʩʣʠ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʪʦʣʴʢʦ ʧʨʦʚʦʜʥʠʢʠ, ʚ ʢʦʪʦʨʳʭ ʪʝʯʝʪ ʧʦ-

ʩʪʦʷʥʥʳʡ ʪʦʢ, ʪʦ ʝʩʪʴ ʦʪʩʫʪʩʪʚʫʝʪ ʠʟʤʝʥʝʥʠʝ ʚʦ ʚʨʝʤʝʥʠ ʢʘʢ ʤʘʛʥʠʪʥʦʛʦ, ʪʘʢ 

ʠ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ, ʫʨʘʚʥʝʥʠʷ ʄʘʢʩʚʝʣʣʘ (4.1) ʧʨʠʤʫʪ ʚʠʜ: 

( )

()

()

()

;

0;

0;

;

H J

E

B

D

ëÐ³ =
î
îÐ³ =î
ì
ÐÖ =î
î
îÐÖ =r
í

 (4.17) 

ʀʟ ʚʪʦʨʦʛʦ ʫʨʘʚʥʝʥʠʷ (4.17) ʩʣʝʜʫʝʪ, ʯʪʦ ʵʣʝʢʪʨʠʯʝʩʢʦʝ ʧʦʣʝ ʧʦʪʝʥʮʠ-

ʘʣʴʥʦ. ʉʣʝʜʦʚʘʪʝʣʴʥʦ ʜʣʷ ʥʝʛʦ ʩʫʱʝʩʪʚʫʝʪ ʥʝʢʦʪʦʨʳʡ ʩʢʘʣʷʨʥʳʡ ʧʦʪʝʥʮʠʘʣ, 

ʢʦʪʦʨʳʡ ʧʫʩʪʴ ʪʘʢʞʝ ʦʧʨʝʜʝʣʷʝʪʩʷ ʠʟ ʫʨʘʚʥʝʥʠʷ (4.15). ʋʨʘʚʥʝʥʠʝ ʥʝʨʘʟʨʳʚ-

ʥʦʩʪʠ (4.11) ʚ ʵʪʦʤ ʩʣʫʯʘʝ ʦʯʝʚʠʜʥʦ ʧʨʠʥʠʤʘʝʪ ʚʠʜ: 

() 0JÐÖ =. (4.18) 

ʇʦʜʩʪʘʚʣʷʷ ʚ ʫʨʘʚʥʝʥʠʝ (4.18) ʚʳʨʘʞʝʥʠʷ (4.15) ʠ (4.12),ʫʯʠʪʳʚʘʷ ʯʪʦ 

ʧʦʜʚʠʞʥʳʭ ʧʨʦʚʦʜʥʠʢʦʚ ʥʝʪ, ʧʦʣʫʯʘʝʤ ʩʣʝʜʫʶʱʝʝ ʫʨʘʚʥʝʥʠʝ ʃʘʧʣʘʩʘ ʜʣʷ 

ʨʘʩʯʝʪʘ ʧʦʣʷ ʧʦʩʪʦʷʥʥʳʭ ʪʦʢʦʚ: 

[]()( ) 0ÐÖ s Ð j =. (4.19) 

ʇʦʩʣʝ ʨʝʰʝʥʠʷ ʫʨʘʚʥʝʥʠʷ (4.19) ʚʝʢʪʦʨ ʥʘʧʨʷʞʝʥʥʦʩʪʠ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ 

ʧʦʣʷ ʚʦʩʩʪʘʥʘʚʣʠʚʘʶʪʩʷ ʧʦ ʚʳʨʘʞʝʥʠ ʁ(4.15), ʘ ʚʝʢʪʦʨ ʧʣʦʪʥʦʩʪʠ ʵʣʝʢʪʨʠʯʝ-

ʩʢʦʛʦ ʪʦʢʘ ʧʦ ʚʳʨʘʞʝʥʠʶ, ʧʦʣʫʯʘʝʤʦʤʫ ʠʟ (4.12) ʩ ʫʯʝʪʦʤ ʦʪʩʫʪʩʪʚʠʷ ʧʦ-

ʜʚʠʞʥʳʭ ʧʨʦʚʦʜʥʠʢʦʚ: 

[]J E= s . (4.20) 
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ʄʘʛʥʠʪʦʩʪʘʪʠʢʘ 

ɼʣʷ ʨʘʩʯʝʪʘ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʧʨʠ ʦʪʩʫʪʩʪʚʠʠ ʠʟʤʝʥʝʥʠʷ ʚʦ ʚʨʝʤʝʥʠ ʢʘʢ 

ʤʘʛʥʠʪʥʦʛʦ, ʪʘʢ ʠ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ ʚʦʩʧʦʣʴʟʫʝʤʩʷ ʩʠʩʪʝʤʦʡ (4.17), ʠ ʝʝ 

ʪʨʝʪʴʝʛʦ ʫʨʘʚʥʝʥʠʷ ʩʣʝʜʫʝʪ, ʯʪʦ ʤʘʛʥʠʪʥʦʝ ʧʦʣʝ ʩʦʣʝʥʦʠʜʘʣʴʥʦ. ʉʣʝʜʦʚʘ-

ʪʝʣʴʥʦ ʜʣʷ ʥʝʛʦ ʩʫʱʝʩʪʚʫʝʪ ʥʝʢʦʪʦʨʳʡ ʚʝʢʪʦʨʥʳʡ ʧʦʪʝʥʮʠʘʣ, ʦʧʨʝʜʝʣʷʝʤʳʡ 

ʩʣʝʜʫʶʱʠʤ ʚʳʨʘʞʝʥʠʝʤ: 

()B A=Ð³ , (4.21) 

ʛʜʝ A ï ʚʝʢʪʦʨʥʳʡ ʤʘʛʥʠʪʥʳʡ ʧʦʪʝʥʮʠʘʣ [ɺʙ]/[ʤ] 

ɼʣʷ ʦʜʥʦʟʥʘʯʥʦʩʪʠ ʦʧʨʝʜʝʣʝʥʠʷ ʚʝʢʪʦʨʥʦʛʦ ʤʘʛʥʠʪʥʦʛʦ ʧʦʪʝʥʮʠʘʣʘ 

ʚʚʝʜʝʤ ʢʘʣʠʙʨʦʚʢʫ ʂʫʣʣʦʥʘ: 

() 0AÐÖ =. (4.22) 

ʇʦʜʩʪʘʚʣʷʷ ʚ ʧʝʨʚʦʝ ʫʨʘʚʥʝʥʠʝ (4.17) ʚʳʨʘʞʝʥʠʷ (4.21), (4.22) ʠ (4.9), 

ʧʦʣʫʯʘʝʤ ʩʣʝʜʫʶʱʝʝ ʚʝʢʪʦʨʥʦʝ ʫʨʘʚʥʝʥʠʝ ʜʣʷ ʨʘʩʯʝʪʘ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ: 

[] ()( ) ()( ) []( )0 0eA A J MÐ³ n Ð³ -Ð nÐÖ = +Ð³ m n, (4.23) 

ne ï ʩʨʝʜʥʝʝ ʤʘʛʥʠʪʥʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʩʨʝʜʳ (
0

1 1 1 1

3
e

xx yy zz

å õ
n = + +æ öæ öm m m mç ÷

) 

ʇʦʩʣʝ ʨʝʰʝʥʠʷ ʫʨʘʚʥʝʥʠʷ (4.23) ʚʝʢʪʦʨʘ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʚʦʩʩʪʘʥʘʚʣʠ-

ʚʘʶʪʩʷ ʧʦ ʚʳʨʘʞʝʥʠʷʤ (4.21) ʠ (4.9). 

 

ʅʝʩʪʘʮʠʦʥʘʨʥʦʝ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʝ ʧʦʣʝ 

ɼʣʷ ʦʧʠʩʘʥʠʷ ʥʝʩʪʘʮʠʦʥʘʨʥʦʛʦ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʩʚʷʞʝʤ ʚʝʢʪʦʨ 

ʥʘʧʨʷʞʝʥʥʦʩʪʠ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ ʩ ʵʣʝʢʪʨʠʯʝʩʢʠʤ ʠ ʤʘʛʥʠʪʥʳʤ ʚʝʢʪʦʨ-

ʥʳʤ ʧʦʪʝʥʮʠʘʣʘʤʠ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: 

()
A

E
t

µ
=- -Ð j
µ

. (4.24) 

ʇʦʜʩʪʘʚʣʷʷ ʚʳʨʘʞʝʥʠʷ (4.24), (4.21), (4.22), (4.12) (4.9) ʚ ʧʝʨʚʦʝ ʫʨʘʚʥʝ-

ʥʠʝ ʩʠʩʪʝʤʳ (4.1) ʠ (4.11) ʧʦʣʫʯʠʤ ʩʣʝʜʫʶʱʠʝ ʫʨʘʚʥʝʥʠʷ, ʦʧʠʩʳʚʘʶʱʝʝ ʥʝ-

ʩʪʘʮʠʦʥʘʨʥʦʝ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʝ ʧʦʣʝ: 
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ʜʣʷ ʦʙʣʘʩʪʝʡ ʩ ʥʝʠʟʚʝʩʪʥʳʤ ʨʘʩʧʨʝʜʝʣʝʥʠʝʤ ʧʣʦʪʥʦʩʪʠ ʪʦʢʘ: 

[] ()( ) ()( )[] []() [] ()( )

[] []() [] ()( )

0;

0,

e

A
A A v A

t

A
v A

t

ë µ
Ð³ n Ð³ -Ð nÐÖ + s + s Ð j - ³ s Ð³ =î

µî
ì
å õµîÐÖ s - s Ð j + ³ s Ð³ =æ ö

î µç ÷í

(4.25) 

ʜʣʷ ʦʩʪʘʣʴʥʳʭ ʦʙʣʘʩʪʝʡ: 

[] ()( ) ()( ) [] 0

0

1
eA A J M

å õ
Ð³ n Ð³ -Ð nÐÖ = +Ð³ næ ö

nç ÷
. (4.26) 

ʇʦʩʣʝ ʨʝʰʝʥʠʷ ʫʨʘʚʥʝʥʠʡ (4.25) ʠ (4.26) ʚʝʢʪʦʨʘ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʚʦʩ-

ʩʪʘʥʘʚʣʠʚʘʶʪʩʷ ʧʦ ʚʳʨʘʞʝʥʠʷʤ (4.21) ʠ (4.9), ʚʝʢʪʦʨ ʥʘʧʨʷʞʝʥʥʦʩʪʠ ʵʣʝʢ-

ʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ ʚʦʩʩʪʘʥʘʚʣʠʚʘʶʪʩʷ ʧʦ ʚʳʨʘʞʝʥʠʶ (4.24), ʘ ʚʝʢʪʦʨ ʧʣʦʪʥʦ-

ʩʪʠ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʪʦʢʘ ʧʦ ʚʳʨʘʞʝʥʠʶ (4.12). 

ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʜʣʷ ʫʜʦʙʩʪʚʘ ʠʥʪʝʛʨʠʨʦʚʘʥʠʷ ʧʦ ʚʨʝʤʝʥʠ ʫʜʦʙʥʦ 

ʚʚʝʩʪʠ ʚ ʨʘʩʩʤʦʪʨʝʥʠʝ ʠʥʪʝʛʨʘʣ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʪʝʥʮʠʘʣʘ: 

dt*j = jñ , (4.27) 

ʪʦʛʜʘ ʩʠʩʪʝʤʘ ʫʨʘʚʥʝʥʠʡ (4.25) ʧʨʠʤʝʪ ʚʠʜ: 

[] ()( ) ()( )[] [] [] ()( )

[] [] [] ()( )

0;

0.

e

A
A A v A

t t

A
v A

t t

*

*

ë å õµ µj
Ð³ n Ð³ -Ð n ÐÖ + s + s Ð - ³ s Ð³ =î æ ö

µ µç ÷î
ì
å õå õµ µjî

ÐÖ s - s Ð + ³ s Ð³ =æ öæ öî µ µç ÷ç ÷í

 

 

ʕʣʝʢʪʨʦʤʘʛʥʠʪʥʦʝ ʧʦʣʝ ʚʳʩʦʢʦʡ ʯʘʩʪʦʪʳ 

ɼʣʷ ʚʳʩʦʢʦʯʘʩʪʦʪʥʳʭ ʵʣʝʢʪʨʦʜʠʥʘʤʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ ʫʨʘʚʥʝʥʠʷ ʄʘʢʩ-

ʚʝʣʣʘ ʤʦʞʥʦ ʩʚʝʩʪʠ ʢ ʫʨʘʚʥʝʥʠʶ ɻʝʣʴʤʛʦʣʴʮʘ (ʦʪʥʦʩʠʪʝʣʴʥʦ ʢʦʤʧʣʝʢʩʥʳʡ 

ʚʝʢʪʦʨ ʥʘʧʨʷʞʝʥʥʦʩʪʠ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ E [ɺ]/[ʤ]) ʚʠʜʘ: 

[] ()( )( ) []
1 2

0 0 Sr r
E k E j J

-
Ð³ m ÐÖ - e Ö = wm, (4.28) 

ʛʜʝ [m]r ï ʤʘʪʨʠʮʘ ʦʪʥʦʩʠʪʝʣʴʥʳʭ ʢʦʤʧʣʝʢʩʥʳʭ ʤʘʛʥʠʪʥʳʭ ʧʨʦʥʠʮʘʝʤʦʩʪʝʡ 

ʩʨʝʜʳ[]; ç-1è ï ʦʧʝʨʘʮʠʷ ʦʙʨʘʱʝʥʠʷ ʤʘʪʨʠʮʳ; j ï ʤʥʠʤʘʷ ʝʜʠʥʠʮʘ; w ï ʨʘʙʦ-

ʯʘʷ ʫʛʣʦʚʘʷ ʯʘʩʪʦʪʘ[ʨʘʜ/ʩ]; [e]r ï ʤʘʪʨʠʮʘ ʦʪʥʦʩʠʪʝʣʴʥʳʭ ʢʦʤʧʣʝʢʩʥʳʭ ʜʠ-
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ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʧʨʦʥʠʮʘʝʤʦʩʪʝʡ ʩʨʝʜʳ [] ; k0 ï ʚʦʣʥʦʚʦʝ ʯʠʩʣʦ ʚʘʢʫʫʤʘ 

[ʨʘʜ]/[ʤ]; SJ  ï ʢʦʤʧʣʝʢʩʥʳʡ ʚʝʢʪʦʨ ʧʣʦʪʥʦʩʪʠ ʪʦʢʘ ʚʦʟʙʫʞʜʝʥʠʷ [ɸ]/[ʤ2]. 

 

https://ru.wikipedia.org/wiki/%D0%A0%D0%B0%D0%B4%D0%B8%D0%B0%D0%BD
https://ru.wikipedia.org/wiki/%D0%9C%D0%B5%D1%82%D1%80


 50 

 

5 ʆʙʫʯʘʶʱʠʝ ʧʨʠʤʝʨʳ 

 

5.1 ʈʘʩʯʝʪ ʢʦʥʜʝʥʩʘʪʦʨʘ (ʵʣʝʢʪʨʦʩʪʘʪʠʢʘ) 

ʆʪʢʨʦʡʪʝ ʬʘʡʣ ElStat1.frm. 

 

ɿʘʜʘʥʠʝ ʤʘʪʝʨʠʘʣʦʚ ʚ ʤʦʜʝʣʠ 

1. ɼʣʷ ʤʘʪʝʨʠʘʣʘ ʉʪʘʣʴ ʜʦʙʘʚʴʪʝ ʩʚʦʡʩʪʚʦ çʆʪʥʦʩʠʪʝʣʴʥʘʷ ʜʠʵʣʝʢʪʨʠʯʝ-

ʩʢʘʷ ʧʨʦʥʠʮʘʝʤʦʩʪʴè ʩ ʧʦʩʪʦʷʥʥʳʤ ʟʥʘʯʝʥʠʝʤ 1. 

2. ɿʘʜʘʡʪʝ ʵʪʦʪ ʤʘʪʝʨʠʘʣ ʥʘ ʚʩʶ ʤʦʜʝʣʴ. ɼʣʷ ʪʦʛʦ ʥʝʦʙʭʦʜʠʤʦ ʚʳʜʝʣʠʪʴ 

ʚʩʶ ʤʦʜʝʣʴ ʧʨʠ ʚʢʣʶʯʝʥʥʦʤ ʩʣʦʝ çʄʦʜʝʣʴè ʠ ʚ ʢʦʥʪʝʢʩʪʥʦʤ ʤʝʥʶ ʤʘʪʝʨʠʘ-

ʣʘ ʚʳʙʨʘʪʴ ʧʫʥʢʪ çɿʘʜʘʪʴ ʚʳʜʝʣʝʥʥʳʤè. 

 

ɿʘʜʘʥʠʝ ʥʘʛʨʫʟʦʢ ʚ ʤʦʜʝʣʠ 

1. ɼʦʙʘʚʴʪʝ ʜʚʝ ʥʘʛʨʫʟʢʠ - çʕʣʝʢʪʨʠʯʝʩʢʠʡ ʧʦʪʝʥʮʠʘʣè. ɼʣʷ ʵʪʦʛʦ ʚ ʢʦʥ-

ʪʝʢʩʪʥʦʤ ʤʝʥʶ ʫʟʣʘ çʕʣʝʢʪʨʠʯʝʩʢʠʝ ʥʘʛʨʫʟʢʠè ʚʳʙʨʘʪʴ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʡ 

ʧʫʥʢʪ ʤʝʥʶ.  

2. ɺʢʣʶʯʠʪʝ ʪʦʣʴʢʦ ʩʣʦʡ çʇʦʪʝʥʮʠʘʣ 0è ʠ ʜʣʷ ʧʝʨʚʦʡ ʥʘʛʨʫʟʢʠ ʫʢʘʞʠʪʝ 

ʚʩʝ ʫʟʣʳ ʠʟ ʵʪʦʛʦ ʩʣʦʷ. ɿʥʘʯʝʥʠʝ ʥʘʛʨʫʟʢʠ ʦʩʪʘʚʴʪʝ ʧʦ ʫʤʦʣʯʘʥʠʶ (0 ɺ) . 

3. ɼʣʷ ʚʪʦʨʦʡ ʥʘʛʨʫʟʢʠ ʚʢʣʶʯʠʪʝ ʪʦʣʴʢʦ ʩʣʦʡ çʇʦʪʝʥʮʠʘʣ 5è ʠ ʟʘʜʘʡʪʝ 

ʥʘ ʚʩʝ ʫʟʣʳ ʩʣʦʷ ʵʣʝʢʪʨʠʯʝʩʢʠʡ ʧʦʪʝʥʮʠʘʣ 5 ɺ. (ʨʠʩʫʥʦʢ 5.1). 

 

ʈʠʩʫʥʦʢ 5.1 ï ɿʘʜʘʥʠʝ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʪʝʥʮʠʘʣʘ 
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ʈʘʩʯʝʪ ʠ ʧʨʦʩʤʦʪʨ ʨʝʟʫʣʴʪʘʪʦʚ 

1. ɼʘʣʝʝ ʚʳʧʦʣʥʠʪʴ ʨʘʩʯʝʪ ʚʳʙʨʘʚ ʧʫʥʢʪ ʛʦʨʠʟʦʥʪʘʣʴʥʦʛʦ ʤʝʥʶ ʈʘʩʯʝ-

ʪʳ/ʈʘʩʯʝʪ... ʠ ʫʢʘʟʘʚ ʵʣʝʢʪʨʦʩʪʘʪʠʯʝʩʢʠʡ ʨʘʩʯʝʪ ʩ ʧʘʨʘʤʝʪʨʘʤʠ ʧʦ ʫʤʦʣʯʘ-

ʥʠʶ. ʈʝʟʫʣʴʪʘʪʳ ʧʦʷʚʷʪʩʷ ʛʦʨʠʟʦʥʪʘʣʴʥʦʤ ʤʝʥʶ ʈʝʟʫʣʴʪʘʪʳ ʚ ʧʫʥʢʪʝ ʂʘʨ-

ʪʳ ʨʝʟʫʣʴʪʘʪʦʚ (ʨʠʩʫʥʦʢ 5.2). 

 

ʈʠʩʫʥʦʢ 5.2 ï ɼʠʘʣʦʛ ʩ ʨʝʟʫʣʴʪʘʪʘʤʠ ʵʣʝʢʪʨʦʩʪʘʪʠʯʝʩʢʦʛʦ ʨʘʩʯʝʪʘ 

 

ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʨʠʩʫʥʢʘʭ 5.3 ï 5.7. 

 

ʈʠʩʫʥʦʢ 5.3 ï ʕʣʝʢʪʨʠʯʝʩʢʠʡ ʧʦʪʝʥʮʠʘʣ 
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ʈʠʩʫʥʦʢ 5.4 ï ʅʘʧʨʷʞʝʥʥʦʩʪʴ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ 

 

ʈʠʩʫʥʦʢ 5.5 ï ɺʝʢʪʦʨʥʘʷ ʥʘʧʨʷʞʝʥʥʦʩʪʴ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ 
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ʈʠʩʫʥʦʢ 5.6 ï ʕʣʝʢʪʨʠʯʝʩʢʘʷ ʠʥʜʫʢʮʠʷ 

 

ʈʠʩʫʥʦʢ 5.7 ï ɺʝʢʪʦʨʥʘʷ ʵʣʝʢʪʨʠʯʝʩʢʘʷ ʠʥʜʫʢʮʠʷ 
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5.2 ʈʘʩʯʝʪ ʤʘʛʥʠʪʦʧʨʦʚʦʜʘ (ʤʘʛʥʠʪʦʩʪʘʪʠʢʘ). 

ʆʪʢʨʦʡʪʝ ʬʘʡʣ MagStat1.frm.  ɺ ʬʘʡʣʝ ʩʦʟʜʘʥʘ ʤʦʜʝʣʴ ʤʘʛʥʠʪʥʦʛʦ ʧʨʦ-

ʚʦʜʘ, ʩʦʩʪʦʷʱʘʷ ʠʟ ʥʝʩʢʦʣʴʢʠʭ ʩʣʦʝʚ. 

 

ɿʘʜʘʥʠʝ ʤʘʪʝʨʠʘʣʦʚ ʚ ʤʦʜʝʣʠ 

1. ɺʳʢʣʶʯʠʪʝ ʚʩʝ ʩʣʦʠ, ʢʨʦʤʝ ʩʣʦʷ çʉʪʘʣʴè. 

2. ɺʳʜʝʣʠʪʴ ʯʘʩʪʴ ʤʦʜʝʣʠ, ʣʝʞʘʱʫʶ ʚ ʵʪʦʤ ʩʣʦʝ. 

3. ɺ ʜʝʨʝʚʝ ʚ ʢʦʥʪʝʢʩʪʥʦʤ ʤʝʥʶ ʤʘʪʝʨʠʘʣʘ ʩʪʘʣʴ ʚʳʙʨʘʪʴ ʧʫʥʢʪ çɿʘʜʘʪʴ 

ʚrʜʝʣʝʥʥʳʤè 

4. ɼʦʙʘʚʠʪʴ ʤʘʪʝʨʠʘʣʫ ʩʪʘʣʴ ʩʚʦʡʩʪʚʦ çʆʪʥʦʩʠʪʝʣʴʥʘʷ ʤʘʛʥʠʪʥʘʷ ʧʨʦ-

ʥʠʮʘʝʤʦʩʪʴè ʩ ʧʦʩʪʦʷʥʥʳʤ ʟʥʘʯʝʥʠʝʤ 2500. 

5. ɺʳʢʣʶʯʘʝʤ ʩʣʦʡ çʉʪʘʣʴè ʠ ʚʢʣʶʯʘʝʤ ʩʣʦʡ çʄʘʛʥʠʪè. 

6. ɼʦʙʘʚʣʷʝʤ ʥʦʚʳʡ ʦʙʱʠʡ ʤʘʪʝʨʠʘʣ ʩ ʠʤʝʥʝʤ çʄʘʛʥʠʪè ʠ ʩʚʦʡʩʪʚʦʤ 

çʆʪʥʦʩʠʪʝʣʴʥʘʷ ʤʘʛʥʠʪʥʘʷ ʧʨʦʥʠʮʘʝʤʦʩʪʴè ʩ ʧʦʩʪʦʷʥʥʳʤ ʟʥʘʯʝʥʠʝʤ 1. 

7. ɺʳʜʝʣʷʝʤ ʚʠʜʠʤʫʶ ʯʘʩʪʴ ʤʦʜʝʣʠ ʠ ʟʘʜʘʝʤ ʝʡ ʩʦʟʜʘʥʥʳʡ ʤʘʪʝʨʠʘʣ 

ʤʘʛʥʠʪ. 

8. ɺʳʢʣʶʯʘʝʤ ʩʣʦʡ çʄʘʛʥʠʪè ʠ ʚʢʣʶʯʘʝʤ ʩʣʦʡ ʚʦʟʜʫʭ.  

9. ʉʦʟʜʘʝʤ ʪʨʝʪʠʡ ʤʘʪʝʨʠʘʣ - ʚʦʟʜʫʭ, ʩ ʧʘʨʘʤʝʪʨʘʤʠ ʢʘʢ ʫ ʧʨʝʜʳʜʫʱʝʛʦ. 

10. ɿʘʜʘʝʤ ʦʩʪʘʚʰʝʡʩʷ ʯʘʩʪʠ ʤʦʜʝʣʠ ʤʘʪʝʨʠʣʘ ʚʦʟʜʫʭ. 

ʈʝʟʫʣʴʪʘʪ ʚʳʧʦʣʥʝʥʠʷ ʦʧʝʨʘʮʠʡ ʧʨʝʜʩʪʘʚʣʝʥ ʥʘ ʨʠʩʫʥʢʝ 5.8.  

 

ʈʠʩʫʥʦʢ 5.8 ï ʄʦʜʝʣʴ ʩ ʟʘʜʘʥʥʳʤʠ ʤʘʪʝʨʠʘʣʘʤʠ 
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ɿʘʜʘʥʠʝ ʥʘʛʨʫʟʦʢ ʚ ʤʦʜʝʣʠ 

ɺʩʝ ʵʣʝʤʝʥʪʳ, ʥʘ ʢʦʪʦʨʳʝ ʥʝʦʙʭʦʜʠʤʦ ʟʘʜʘʪʴ ʥʘʛʨʫʟʢʠ ʚʳʥʝʩʝʥʳ ʚ ʦʪ-

ʜʝʣʴʥʳʝ ʩʣʦʠ. 

1. ʆʪʢʣʶʯʘʝʤ ʚʩʝ ʩʣʦʠ ʢʨʦʤʝ ʩʣʦʷ çʄʘʛʥʠʪè. 

2. ɼʦʙʘʚʣʷʝʤ ʥʘʛʨʫʟʢʫ çɺʝʢʪʦʨ ʦʩʪʘʪʦʯʥʦʡ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠè. 

3. ɺʳʙʠʨʘʝʤ ʪʠʧ ʵʣʝʤʝʥʪʦʚ - çʆʙʲʝʤʥʳʝ ʵʣʝʤʝʥʪʳè.  

4. ʅʘʞʠʤʘʝʤ ʢʥʦʧʢʫ çʋʩʪʘʥʦʚʠʪʴè ʠ ʚʳʜʝʣʷʝʤ ʚʩʝ ʵʣʝʤʝʥʪʳ ʩʣʦʷ. 

5. ʅʘʞʠʤʘʝʤ ʢʥʦʧʢʫ çʇʨʠʤʝʥʠʪʴè. ʂʦʣʠʯʝʩʪʚʦ ʵʣʝʤʝʥʪʦʚ, ʢ ʢʦʪʦʨʳʤ 

ʧʨʠʣʦʞʝʥʘ ʥʘʛʨʫʟʢʘ ʜʦʣʞʥʦ ʙʳʪʴ ʨʘʚʥʦ 150.  

6. ʋʢʘʟʳʚʘʝʤ ʟʥʘʯʝʥʠʝ ʥʘʛʨʫʟʢʠ ʧʦ ʥʘʧʨʘʚʣʝʥʠʶ Z ʨʘʚʥʦʝ 50000 ɸ/ʤ, ʧʦ 

ʥʘʧʨʘʚʣʝʥʠʷ X ʠ Y ʦʩʪʘʚʣʷʝʤ ʥʫʣʝʚʳʝ ʟʥʘʯʝʥʠʷ.  

7. ɺʢʣʶʯʘʝʤ ʚʩʝ ʩʣʦʠ ʤʦʜʝʣʠ. 

ʈʝʟʫʣʴʪʘʪ ʧʨʝʜʩʪʘʚʣʝʥ ʥʘ ʨʠʩʫʥʢʝ 5.9.  

 

ʈʠʩʫʥʦʢ 5.9 ï ɿʘʜʘʥʠʝ ʚʝʢʪʦʨʘ ʦʩʪʘʪʦʯʥʦʡ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ 

 

8. ʆʪʢʣʶʯʘʝʤ ʚʩʝ ʩʣʦʠ ʠ ʚʢʣʶʯʘʝʤ ʩʣʦʡ çʅʦʨʤʘʣʴ ʧʦ ʦʩʠ Zè. 

9. ɼʦʙʘʚʣʷʝʤ ʥʘʛʨʫʟʢʫ çɺʝʢʪʦʨʥʳʡ ʤʘʛʥʠʪʥʳʡ ʧʦʪʝʥʮʠʘʣè. 

10. ɺʳʙʠʨʘʝʤ ʪʠʧ ʵʣʝʤʝʥʪʦʚ - çʋʟʣèr ʠ ʧʨʠʤʝʥʷʝʤ ʢ ʫʟʣʘʤ ʚ ʵʪʦʤ ʩʣʦʝ.  

11. ʉʥʠʤʘʝʤ ʧʝʨʝʢʣʶʯʘʪʝʣʴ ʧʦ ʥʘʧʨʘʚʣʝʥʠʶ Z, ʦʩʪʘʣʴʥʳʝ ʟʥʘʯʝʥʠʷ 

ʦʩʪʘʚʣʝ̫ʤ ʥʫʣʝʚʳʝ (ʨʠʩʫʥʦʢ 5.10) 
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ʈʠʩʫʥʦʢ 5.10 ï ɿʘʜʘʥʠʝ ʚʝʢʪʦʨʥʦʛʦ ʤʘʛʥʠʪʥʦʛʦ ʧʦʪʝʥʮʠʘʣʘ 

 

12. ɸʥʘʣʦʛʠʯʥʦ ʟʘʜʘʝʤ ʚʝʢʪʦʨʥʳʡ ʤʘʛʥʠʪʥʳʡ ʧʦʪʝʥʮʠʘʣ ʥʘ ʫʟʣʳ ʚ ʩʣʦ̫ ʭ 

çʅʦʨʤʘʣʴ ʢ ʦʩʠ Yè ʠ çʅʦʨʤʘʣʴ ʢ ʦʩʠ Xè ʚʳʢʣʶʯʘʷ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʢʦʤʧʦ-

ʥʝʥʪʳ ʚʝʢʪʦʨʘ.  

13. ʇʦʩʣʝʜʥʠʡ ʚʝʢʪʦʨʥʳʡ ʤʘʛʥʠʪʥʳʡ ʧʦʪʝʥʮʠʘʣ ʧʨʠʢʣʘʜʳʚʘʝʪʩʷ ʥʘ ʵʣʝ-

ʤʝʥʪʳ ʩʣʦʷ çʈʝʙʨʘè. ɿʥʘʯʝʥʠʷ ʥʫʣʝʚʳʝ ʧʦ ʚʩʝʤ ʢʦʤʧʦʥʝʥʪʘʤ ʚʝʢʪʦʨʘ. (ʨʠʩʫ-

ʥʦʢ 5.11). 

 

ʈʠʩʫʥʦʢ 5.11 ï ɺʝʢʪʦʨʥʳʡ ʤʘʛʥʠʪʥʳʡ ʧʦʪʝʥʮʠʘʣ ʥʘ ʵʣʝʤʝʥʪʳ ʩʣʦʷ çʈʝʙʨʘè 
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ʈʘʩʯʝʪ ʠ ʧʨʦʩʤʦʪʨ ʨʝʟʫʣʴʪʘʪʦʚ 

1. ɺ ʧʫʥʢʪʝ ʛʦʨʠʟʦʥʪʘʣʴʥʦʛʦ ʤʝʥʶ ʈʘʩʯʝʪʳ/ʈʘʩʯʝʪ... ʩʥʷʪʴ ʃʠʥʝʡʥʳʡ 

ʩʪʘʪʠʯʝʩʢʠʡ ʨʘʩʯʝʪ ʠ ʫʩʪʘʥʦʚʠʪʴ ʄʘʛʥʠʪʦʩʪʘʪʠʯʝʩʢʠʡ ʨʘʩʯʝʪ. ʄʝʪʦʜ 

ʨʘʩʯʝʪ Sparse_LDL. ʅʘʞʘʪʴ ʆʂ.  

2. ʇʦʩʣʝ ʦʢʦʥʯʘʥʠʷ ʨʘʩʯʝʪʘ ʥʫʞʥʦ ʚʳʙʨʘʪʴ ʧʫʥʢʪ ʛʦʨʠʟʦʥʪʘʣʴʥʦʛʦ ʤʝʥ  ʁ

ʈʝʟʫʣʴʪʘʪʳ/ʂʘʨʪʘ ʨʝʟʫʣʴʪʘʪʦʚé ɺ ʧʦʷʚʠʚʰʝʤʩʷ ʜʠʘʣʦʛʝ ʥʝʦʙʭʦʜʠʤʦ ʚʳ-

ʙʨʘʪʴ ʊʠʧ ʨʘʩʯʝʪʘ ï ʄʘʛʥʠʪʦʩʪʘʪʠʯʝʩʢʠʡ ʨʘʩʯʝʪ (ʨʠʩʫʥʦʢ 5.12). 

 

ʈʠʩʫʥʦʢ 5.12 ï ɼʠʘʣʦʛ ʩ ʨʝʟʫʣʴʪʘʪʘʤʠ ʤʘʛʥʠʪʦʩʪʘʪʠʯʝʩʢʦʛʦ ʨʘʩʯʝʪʘ 

 

3. ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʨʠʩʫʥʢʘʭ 5.13 ï 5.18.  
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ʈʠʩʫʥʦʢ 5.13 ï ʄʘʛʥʠʪʥʳʡ ʧʦʪʝʥʮʠʘʣ 

 

ʈʠʩʫʥʦʢ 5.14 ï ɺʝʢʪʦʨʥʳʡ ʤʘʛʥʠʪʥʳʡ ʧʦʪʝʥʮʠʘʣ 
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ʈʠʩʫʥʦʢ 5.15 ï ʄʘʛʥʠʪʥʘʷ ʠʥʜʫʢʮʠʷ 

 

 
ʈʠʩʫʥʦʢ 5.16 ï ɺʝʢʪʦʨʥʘʷ ʤʘʛʥʠʪʥʘʷ ʠʥʜʫʢʮʠʷ 
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ʈʠʩʫʥʦʢ 5.17 ï ʅʘʧʨʷʞʝʥʥʦʩʪʴ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ  

 

 
ʈʠʩʫʥʦʢ 5.18 ï ɺʝʢʪʦʨʥʘʷ ʥʘʧʨʷʞʝʥʥʦʩʪʴ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ 

  




























