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ɺʚʝʜʝʥʠʝ 

ɸʢʪʫʘʣʴʥʦʩʪʴ ʪʝʤʳ. 

ɺ ʥʘʩʪʦʷʱʠʡ ʤʦʤʝʥʪ ʠʩʩʣʝʜʦʚʘʥʠʷ ʩʧʠʥʦʚʦʡ ʘʜʨʦʥʥʦʡ ʬʠʟʠʢʠ ʷʚʣʷʶʪʩʷ 

ʦʜʥʠʤ ʠʟ ʧʨʠʦʨʠʪʝʪʥʳʭ ʥʘʧʨʘʚʣʝʥʠʡ, ʧʦʩʢʦʣʴʢʫ ʨʘʟʚʠʪʠʝ ʵʪʦʡ ʦʙʣʘʩʪʠ 

ʥʘʫʢʠ ʧʦʟʚʦʣʠʪ ʚʳʚʝʩʪʠ ʟʥʘʥʠʷ ʯʝʣʦʚʝʯʝʩʪʚʘ ʦ ʩʪʨʫʢʪʫʨʝ ʤʘʪʝʨʠʠ ʥʘ ʥʦʚʳʡ 

ʫʨʦʚʝʥʴ. ʇʨʦʚʦʜʠʤʳʝ ʠ ʧʣʘʥʠʨʫʝʤʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʩʧʠʥʦʚʦʡ ʬʠʟʠʢʠ 

ʥʫʢʣʦʥ-ʥʫʢʣʦʥʥʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʚ ʦʙʣʘʩʪʠ ʵʥʝʨʛʠʡ ʥʝʩʢʦʣʴʢʦ ɻʵɺ, 

ʠʟʫʯʝʥʠʝ ʦʢʦʣʦʧʦʨʦʛʦʚʦʛʦ ʨʦʞʜʝʥʠʷ ʤʝʟʦʥʦʚ ʠ ʙʘʨʠʦʥʦʚ, ʩʧʠʥ-

ʬʠʣʴʪʨʘʮʠʦʥʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʥʘ ʫʩʢʦʨʠʪʝʣʷʭ  ʪʨʝʙʫʶʪ ʨʝʛʠʩʪʨʘʮʠʠ 

ʤʘʣʦʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʧʨʦʜʫʢʪʦʚ ʨʝʘʢʮʠʡ, ʚ ʯʘʩʪʥʦʩʪʠ, ʧʨʦʪʦʥʦʚ ʠ ʜʝʡʪʨʦʥʦʚ ʩ 

ʢʠʥʝʪʠʯʝʩʢʦʡ ʵʥʝʨʛʠʝʡ ʦʪ 0,5 ʜʦ 200 ʄʵɺ. ʉʫʱʝʩʪʚʝʥʥʘʷ ʯʘʩʪʴ ʵʪʠʭ 

ʠʩʩʣʝʜʦʚʘʥʠʡ ʪʨʝʙʫʝʪ ʥʝ ʪʦʣʴʢʦ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʪʨʝʢʦʚ ʠ ʠʜʝʥʪʠʬʠʢʘʮʠʶ 

ʪʠʧʘ ʯʘʩʪʠʮ, ʥʦ ʠ ʧʦʣʫʯʝʥʠʷ ʚʩʝʛʦ ʢʦʤʧʣʝʢʩʘ ʵʥʝʨʛʝʪʠʯʝʩʢʦʡ, ʚʨʝʤʝʥʥʦʡ, 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʠʥʬʦʨʤʘʮʠʠ ʦ ʥʠʭ ʩ ʚʳʩʦʢʦʡ ʪʦʯʥʦʩʪʴʶ. 

ʈʘʙʦʪʘ ʷʚʣʷʝʪʩʷ ʯʘʩʪʴʶ ʧʨʦʝʢʪʘ ʩʦʟʜʘʥʠʷ ʩʠʩʪʝʤʳ ʜʝʪʝʢʪʠʨʦʚʘʥʠʷ 

ʤʘʣʦʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʯʘʩʪʠʮ, ʩʦʩʪʦʷʱʝʡ ʠʟ ʥʝʩʢʦʣʴʢʠʭ ʜʚʫʩʪʦʨʦʥʥʠʭ 

ʤʠʢʨʦʩʪʨʠʧʦʚʳʭ ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚʳʭ ʜʝʪʝʢʪʦʨʦʚ (ʇʇɼ). ʆʪʣʠʯʠʪʝʣʴʥʦʡ 

ʦʩʦʙʝʥʥʦʩʪʴʶ ʪʘʢʦʡ ʩʠʩʪʝʤʳ ʢʨʝʤʥʠʝʚʳʭ ʪʨʝʢʦʚʳʭ ʪʝʣʝʩʢʦʧʦʚ (ʂʊʊ) 

ʷʚʣʷʝʪʩʷ ʟʥʘʯʠʪʝʣʴʥʦʝ ʯʠʩʣʦ ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʠ ʚʨʝʤʝʥʥʳʭ ʢʘʥʘʣʦʚ 

ʠʟʤʝʨʝʥʠʷ. ʂʦʤʧʘʢʪʥʦʩʪʴ ʤʦʜʫʣʝʡ ʩʠʩʪʝʤʳ (ʨʘʟʤʝʨ ʩʙʦʨʢʠ ʠʟ ʪʨʝʭ 

ʜʝʪʝʢʪʦʨʦʚ ʩ ʵʣʝʢʪʨʦʥʠʢʦʡ - 12x12x30 ʩʤ
3
) ʧʦʟʚʦʣʷʝʪ ʧʦʤʝʩʪʠʪʴ ʠʭ ʚ ʚʘʢʫʫʤʝ 

ʚ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʡ ʙʣʠʟʦʩʪʠ ʦʪ ʤʠʰʝʥʠ. ʕʪʦ ʦʙʝʩʧʝʯʠʚʘʝʪ ʧʦʣʥʦʪʫ 

ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʥʘʙʣʶʜʘʝʤʳʭ ʚʝʣʠʯʠʥ ʧʨʦʜʫʢʪʦʚ ʨʝʘʢʮʠʡ ʩ ʤʘʣʳʤ ʧʨʦʙʝʛʦʤ 

ʠ ʜʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʦʙʝʩʧʝʯʠʪʴ ʪʦʯʥʦʩʪʴ ʨʝʢʦʥʩʪʨʫʢʮʠʠ ʬʠʟʠʯʝʩʢʦʛʦ 

ʩʠʛʥʘʣʘ ʠ ʩʘʤʦʢʦʥʪʨʦʣʴ ʩʠʩʪʝʤʳ.  

ʉʦʟʜʘʥʠʝ ʤʝʪʦʜʠʢʠ ʢʘʣʠʙʨʦʚʢʠ ʠ ʘʥʘʣʠʟʘ ʧʝʨʚʠʯʥʳʭ ʜʘʥʥʳʭ ʜʣʷ ʚʩʝʡ 

ʩʦʚʦʢʫʧʥʦʩʪʠ ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ, ʚʨʝʤʝʥʥʳʭ ʠ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʭ ʢʘʥʘʣʦʚ 

ʠʥʬʦʨʤʘʮʠʠ ʧʦʚʳʰʘʝʪ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʨʝʢʦʥʩʪʨʫʢʮʠʠ ʬʠʟʠʯʝʩʢʦʛʦ ʩʠʛʥʘʣʘ 

ʫʩʪʘʥʦʚʢʠ, ʠʩʧʦʣʴʟʫʶʱʝʡ ʪʨʝʢʦʚʳʝ ʇʇɼ ʜʦ ʢʘʯʝʩʪʚʝʥʥʦ ʥʦʚʦʛʦ ʫʨʦʚʥʷ. 

ʉʫʱʝʩʪʚʝʥʥʦ ʚʦʟʨʘʩʪʘʝʪ ʪʦʯʥʦʩʪʴ ʠʟʤʝʨʝʥʠʷ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʭ ʩʝʯʝʥʠʡ ʠ 

ʚʦʟʤʦʞʥʦʩʪʴ ʘʥʘʣʠʟʘ ʨʝʘʢʮʠʡ pdŸpp(n), pdŸpp(ȹ
0
) ʩ ʨʝʛʠʩʪʨʘʮʠʝʡ ʧʘʨʳ 

ʧʨʦʪʦʥʦʚ ʩ ʤʘʣʳʤʠ ʵʥʝʨʛʠʷʤʠ, ʫʧʨʫʛʦʛʦ ʨʘʩʩʝʷʥʠʷ pdŸpd ʩ ʤʘʣʳʤʠ ʫʛʣʘʤʠ 

ʠ ʨʝʛʠʩʪʨʘʮʠʝʡ ʜʝʡʪʨʦʥʘ ʩ ʤʘʣʦʡ ʵʥʝʨʛʠʝʡ. 

ʀʤʝʥʥʦ ʵʪʠʤʠ ʟʘʜʘʯʘʤʠ ʦʧʨʝʜʝʣʷʝʪʩʷ ʘʢʪʫʘʣʴʥʦʩʪʴ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʳ. 

ʎʝʣʴ ʨʘʙʦʪʳ. 

ʎʝʣʴʶ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʧʦʣʫʯʝʥʠʝ  ʚ ʩʠʩʪʝʤʝ ʂʊʊ ʤʘʢʩʠʤʘʣʴʥʦʡ, 

ʙʣʠʟʢʦʡ ʢ ʘʧʧʘʨʘʪʫʨʥʦʤʫ ʧʨʝʜʝʣʫ, ʪʦʯʥʦʩʪʠ ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʠ ʚʨʝʤʝʥʥʳʭ 
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ʠʟʤʝʨʝʥʠʡ, ʧʨʠʤʝʥʝʥʠʝ ʠʭ ʩʦʚʤʝʩʪʥʦ ʩ ʚʦʩʩʪʘʥʦʚʣʝʥʠʝʤ ʪʨʝʢʦʚ ʯʘʩʪʠʮ ʜʣʷ 

ʨʘʩʯʝʪʘ ʢʠʥʝʤʘʪʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʧʨʦʜʫʢʪʦʚ ʠʩʩʣʝʜʫʝʤʳʭ ʨʝʘʢʮʠʡ, ʠ 

ʤʘʢʩʠʤʘʣʴʥʦʝ ʨʘʩʰʠʨʝʥʠʝ ʦʙʣʘʩʪʠ ʦʧʨʝʜʝʣʝʥʠʷ ʵʪʠʭ ʧʘʨʘʤʝʪʨʦʚ. ɺʪʦʨʳʤ 

ʥʘʧʨʘʚʣʝʥʠʝʤ ʷʚʣʷʝʪʩʷ ʠʟʫʯʝʥʠʝ ʧʝʨʩʧʝʢʪʠʚ ʧʨʠʤʝʥʝʥʠʷ ʪʘʢʠʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʩʠʩʪʝʤʳ ʚ ʙʫʜʫʱʠʭ ʵʢʩʧʝʨʠʤʝʥʪʘʭ. 

ʅʘʫʯʥʘʷ ʥʦʚʠʟʥʘ ʨʘʙʦʪʳ. 

ʈʘʟʨʘʙʦʪʘʥʘ ʠ ʧʨʦʪʝʩʪʠʨʦʚʘʥʘ ʚ ʵʢʩʧʝʨʠʤʝʥʪʝ ANKE ʤʝʪʦʜʠʢʘ 

ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʠʥʬʦʨʤʘʮʠʠ ʩʦ ʚʩʝʭ ʢʘʥʘʣʦʚ ʩʠʩʪʝʤʳ ʢʨʝʤʥʠʝʚʳʭ ʪʨʝʢʦʚʳʭ 

ʪʝʣʝʩʢʦʧʦʚ ʚ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʥʘʙʣʶʜʘʝʤʳʝ ʚʝʣʠʯʠʥʳ ʠʟʫʯʘʝʤʳʭ ʨʝʘʢʮʠʡ 

ʩ ʚʳʩʦʢʦʡ ʪʦʯʥʦʩʪʴʶ.  

1. ʈʘʟʨʘʙʦʪʘʥʘ ʠ ʧʨʠʤʝʥʝʥʘ ʦʨʠʛʠʥʘʣʴʥʘʷ ʤʝʪʦʜʠʢʘ ʪʝʩʪʠʨʦʚʘʥʠʷ 

ʤʠʢʨʦʩʪʨʠʧʦʚʳʭ ʜʝʪʝʢʪʦʨʦʚ ʠ ʵʣʝʢʪʨʦʥʠʢʠ ʩʯʠʪʳʚʘʥʠʷ (front-end). ɺʧʝʨʚʳʝ 

ʚ ʨʘʤʢʘʭ ʵʪʦʡ ʤʝʪʦʜʠʢʠ ʠʩʧʦʣʴʟʦʚʘʥʘ ʢʦʤʙʠʥʘʮʠʷ ʵʣʝʢʪʨʦʥʥʦʡ ʢʘʣʠʙʨʦʚʢʠ ʠ 

ʨʝʛʠʩʪʨʘʮʠʠ ʠʟʣʫʯʝʥʠʷ ʨʘʜʠʦʘʢʪʠʚʥʳʭ ʠʩʪʦʯʥʠʢʦʚ, ʯʪʦ ʧʦʟʚʦʣʠʣʦ ʚʳʷʚʠʪʴ ʠ 

ʩʢʦʤʧʝʥʩʠʨʦʚʘʪʴ ʨʷʜ ʥʝʠʟʚʝʩʪʥʳʭ ʜʦ ʵʪʦʛʦ ʥʝʨʝʛʫʣʷʨʥʦʩʪʝʡ ʬʫʥʢʮʠʠ 

ʦʪʢʣʠʢʘ ʜʝʪʝʢʪʦʨʥʦʡ ʩʠʩʪʝʤʳ ʪʘʢʦʛʦ ʪʠʧʘ [1]. 

2. ʈʘʟʨʘʙʦʪʘʥʘ ʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʧʦʜʪʚʝʨʞʜʝʥʘ ʤʝʪʦʜʠʢʘ ʢʨʦʩʩ 

ʢʘʣʠʙʨʦʚʢʠ ʩʠʩʪʝʤʳ ʢʨʝʤʥʠʝʚʳʭ ʪʨʝʢʦʚʳʭ ʪʝʣʝʩʢʦʧʦʚ ʥʘ ʦʩʥʦʚʝ 

ʢʦʤʙʠʥʘʮʠʠ ʜʘʥʥʳʭ, ʧʦʣʫʯʝʥʥʳʭ ʦʪ ʨʘʜʠʦʘʢʪʠʚʥʳʭ ʠʩʪʦʯʥʠʢʦʚ ʚ 

ʣʘʙʦʨʘʪʦʨʠʠ ʠ ʜʘʥʥʳʭ ʧʦ ʨʝʛʠʩʪʨʘʮʠʠ ʧʨʦʜʫʢʪʦʚ ʦʧʦʨʥʦʡ ʨʝʘʢʮʠʠ (ʫʧʨʫʛʦʛʦ 

ʨʘʩʩʝʷʥʠʷ ʧʨʦʪʦʥʦʚ) ʚ ʫʩʣʦʚʠʷʭ ʥʘʫʯʥʦʛʦ ʵʢʩʧʝʨʠʤʝʥʪʘ [1] . 

3. ʈʘʟʨʘʙʦʪʘʥ ʠ ʠʩʧʦʣʴʟʦʚʘʥ ʚ ʵʢʩʧʝʨʠʤʝʥʪʝ ʤʝʪʦʜ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ 

ʥʘʯʘʣʴʥʦʡ ʵʥʝʨʛʠʠ ʤʘʣʦʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʧʨʦʜʫʢʪʦʚ ʨʝʘʢʮʠʠ ʩ ʚʳʩʦʢʦʡ 

ʪʦʯʥʦʩʪʴʶ, ʜʣʷ ʧʨʦʪʦʥʦʚ ʩ ʢʠʥʝʪʠʯʝʩʢʦʡ  ʵʥʝʨʛʠʝʡ 1 õ 40 ʄʵɺ 

ʦʪʥʦʩʠʪʝʣʴʥʘʷ ʧʦʛʨʝʰʥʦʩʪʴ ʠʟʤʝʨʝʥʠʷ ʩʦʩʪʘʚʠʣʘ ʤʝʥʝʝ 1%. ʇʨʠ ʵʪʦʤ 

ʧʦʚʳʰʝʥʘ ʚʝʨʭʥʷʷ ʛʨʘʥʠʮʘ ʦʙʣʘʩʪʠ ʦʧʨʝʜʝʣʝʥʠʷ ʵʥʝʨʛʠʠ ʚ ʜʚʘ ʨʘʟʘ, ʩ 35 ʜʦ 

70 ʄʵɺ [1,2]. 

4. ʇʨʦʨʘʙʦʪʘʥ ʤʝʪʦʜ ʠʟʤʝʨʝʥʠʷ ʚʨʝʤʝʥʠ ʧʨʦʣʝʪʘ ʯʘʩʪʠʮ, ʚʧʝʨʚʳʝ ʜʣʷ 

ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚʳʭ ʜʝʪʝʢʪʦʨʦʚ ʧʦʣʫʯʝʥʘ ʧʦʛʨʝʰʥʦʩʪʴ ʠʟʤʝʨʝʥʠʷ 

ʚʨʝʤʝʥʥʳʭ ʠʥʪʝʨʚʘʣʦʚ ʤʝʥʝʝ 0,54 ʥʩ (ʚ ʣʘʙʦʨʘʪʦʨʥʳʭ ʫʩʣʦʚʠʷʭ). ʊʝʤ ʩʘʤʳʤ 

ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʥʘ ʚʦʟʤʦʞʥʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʩʠʩʪʝʤʳ ʢʨʝʤʥʠʝʚʳʭ 

ʪʨʝʢʦʚʳʭ ʪʝʣʝʩʢʦʧʦʚ ʜʣʷ ʚʨʝʤʷ-ʧʨʦʣʝʪʥʳʭ ʠʟʤʝʨʝʥʠʡ, ʘ ʪʘʢʞʝ ʜʣʷ 

ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʯʘʩʪʠʮ, ʦʩʪʘʥʦʚʣʝʥʥʳʭ ʚ ʜʝʪʝʢʪʦʨʝ, ʧʦ ʠʭ ʧʨʦʙʝʛʫ. ʕʪʦʪ  

ʤʝʪʦʜ ʧʦʟʚʦʣʠʣ ʩʥʠʟʠʪʴ ʥʠʞʥʶʶ ʛʨʘʥʠʮʫ ʦʙʣʘʩʪʠ ʠʟʤʝʨʝʥʠʷ ʵʥʝʨʛʠʠ ʯʘʩʪʠʮ 

ʩ 5,5 ʄʵɺ ʜʦ 1,5 ʄʵɺ [2]. 

5. ʀʩʩʣʝʜʦʚʘʥʳ ʚʦʟʤʦʞʥʦʩʪʠ ʩʠʩʪʝʤʳ ʢʨʝʤʥʠʝʚʳʭ ʪʨʝʢʦʚʳʭ ʪʝʣʝʩʢʦʧʦʚ 

ʜʣʷ ʨʘʩʰʠʨʝʥʠʷ ʥʘʫʯʥʦʡ ʧʨʦʛʨʘʤʤʳ ANKE-PAX ʧʦ ʠʟʫʯʝʥʠʶ ʩʧʠʥʦʚʦʛʦ 

ʧʨʦʪʦʥ-ʥʝʡʪʨʦʥʥʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ [3,4], ʚ ʯʘʩʪʥʦʩʪʠ, ʜʣʷ ʠʟʤʝʨʝʥʠʷ 
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ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʭ ʩʝʯʝʥʠʡ ʨʝʘʢʮʠʡ pdŸpp(n), pdŸpp(ȹ
0
) ʩ ʨʝʛʠʩʪʨʘʮʠʝʡ 

ʩʠʩʪʝʤʦʡ ʢʨʝʤʥʠʝʚʳʭ ʪʨʝʢʦʚʳʭ ʪʝʣʝʩʢʦʧʦʚ ʧʘʨʳ ʧʨʦʪʦʥʦʚ ʩ ʤʘʣʦʡ ʵʥʝʨʛʠʝʡ 

ʚʦʟʙʫʞʜʝʥʠʷ (~ʄʵɺ), ʘ ʪʘʢʞʝ ʜʣʷ ʠʟʫʯʝʥʠʷ ʫʧʨʫʛʦʛʦ ʨʘʩʩʝʷʥʠʷ ʥʘ ʤʘʣʳʝ 

ʫʛʣʳ ʩ ʨʝʛʠʩʪʨʘʮʠʝʡ ʥʠʟʢʦʵʥʝʨʛʝʪʠʯʝʩʢʦʛʦ ʜʝʡʪʨʦʥʘ [2]. 

ʅʘʫʯʥʦ-ʧʨʘʢʪʠʯʝʩʢʘʷ ʟʥʘʯʠʤʦʩʪʴ ʨʘʙʦʪʳ. 

ɸʚʪʦʨ ʚʥʝʩ ʚʢʣʘʜ ʚ ʩʦʟʜʘʥʠʝ ʢʦʤʧʘʢʪʥʦʡ ʩʠʩʪʝʤʳ ʜʝʪʝʢʪʠʨʦʚʘʥʠʷ 

ʧʨʦʪʦʥʦʚ ʠ ʜʝʡʪʨʦʥʦʚ ʤʘʣʳʭ ʵʥʝʨʛʠʡ ʚ ʫʩʣʦʚʠʷʭ ʚʘʢʫʫʤʘ ʚ 

ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʡ ʙʣʠʟʦʩʪʠ ʦʪ ʤʠʰʝʥʠ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʩʠʩʪʝʤʘ ʢʨʝʤʥʠʝʚʳʭ 

ʪʨʝʢʦʚʳʭ ʪʝʣʝʩʢʦʧʦʚ ʦʙʝʩʧʝʯʠʣʘ ʧʦʣʫʯʝʥʠʝ ʚʩʝʛʦ ʢʦʤʧʣʝʢʩʘ ʵʥʝʨʛʝʪʠʯʝʩʢʦʡ, 

ʚʨʝʤʝʥʥʦʡ, ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʠʥʬʦʨʤʘʮʠʠ ʩ ʚʳʩʦʢʦʡ ʪʦʯʥʦʩʪʴʶ ʚ 

ʵʢʩʧʝʨʠʤʝʥʪʘʭ ʥʘ ANKE-COSY. ʂʘʢ ʨʝʟʫʣʴʪʘʪ ʧʨʦʚʝʜʝʥʳ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʨʘʟʚʘʣʘ ʜʝʡʪʨʦʥʘ ʠ  ʜʝʧʦʣʷʨʠʟʘʮʠʠ ʧʫʯʢʘ ʩʧʠʥ-ʬʣʠʧʦʤ. 

ʇʦʣʫʯʝʥʥʳʝ ʧʦ ʨʘʟʨʘʙʦʪʘʥʥʦʡ ʤʝʪʦʜʠʢʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʩʠʩʪʝʤʳ 

ʢʨʝʤʥʠʝʚʳʭ ʪʨʝʢʦʚʳʭ ʪʝʣʝʩʢʦʧʦʚ, ʘ ʪʘʢʞʝ ʝʝ ʤʦʜʫʣʴʥʦʩʪʴ ʠ ʙʳʩʪʨʘʷ 

ʨʘʩʰʠʨʷʝʤʦʩʪʴ ʦʙʝʩʧʝʯʠʚʘʶʪ ʫʩʣʦʚʠʷ ʫʩʧʝʰʥʦʛʦ ʧʨʠʤʝʥʝʥʠʷ ʵʪʦʡ ʩʠʩʪʝʤʳ  

ʚ ʧʣʘʥʠʨʫʝʤʳʭ ʵʢʩʧʝʨʠʤʝʥʪʘʭ, ʪʘʢʠʭ ʢʘʢ, ʥʘʧʨʠʤʝʨ, PAX-FAIR.  

ʇʦʣʫʯʝʥʥʳʝ ʚ ʨʘʙʦʪʝ ʨʝʟʫʣʴʪʘʪʳ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠ ʤʦʜʝʣʴʥʳʭ 

ʦʮʝʥʦʢ ʪʦʯʥʦʩʪʠ ʠʟʤʝʨʝʥʠʷ ʠ ʦʙʣʘʩʪʠ ʦʧʨʝʜʝʣʝʥʠʷ ʢʠʥʝʤʘʪʠʯʝʩʢʠʭ 

ʧʘʨʘʤʝʪʨʦʚ ʧʦʟʚʦʣʠʣʠ ʦʙʦʩʥʦʚʘʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʩʠʩʪʝʤʳ ʂʊʊ ʜʣʷ 

ʨʘʩʰʠʨʝʥʠʷ ʥʘʫʯʥʦʡ ʧʨʦʛʨʘʤʤʳ ANKE-PAX. 

ʈʘʟʨʘʙʦʪʘʥʥʳʡ ʧʦ ʪʝʤʝ ʜʠʩʩʝʨʪʘʮʠʠ ʠʥʩʪʨʫʤʝʥʪʘʨʠʡ ʠʩʧʦʣʴʟʫʝʪʩʷ 

ʘʚʪʦʨʦʤ ʚ ʣʘʙʦʨʘʪʦʨʥʦʤ ʧʨʘʢʪʠʢʫʤʝ ʠ ʩʧʝʮʢʫʨʩʘʭ ʢʘʬʝʜʨʳ ʬʠʟʠʢʠ 

ʵʣʝʤʝʥʪʘʨʥʳʭ ʯʘʩʪʠʮ ʬʠʟʠʯʝʩʢʦʛʦ ʬʘʢʫʣʴʪʝʪʘ ʄɻʋ. 

˜̠̏̌̏̇̆̎̉ȟ ̃ ̜̜̎̏̒̉̍̆ ̎ ́ ̈́̉̓̚ .̔ 

1. ɺʳʩʦʢʦʪʦʯʥʳʡ ʤʝʪʦʜ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʚʝʢʪʦʨʥʦʡ ʚʝʣʠʯʠʥʳ ʠʤʧʫʣʴʩʘ 

ʧʨʦʪʦʥʦʚ ʠ ʜʝʡʪʨʦʥʦʚ, ʢʘʢ ʤʘʣʦʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʧʨʦʜʫʢʪʦʚ ʨʝʘʢʮʠʡ, 

ʨʝʛʠʩʪʨʠʨʫʝʤʳʭ ʜʣʷ ʠʟʫʯʝʥʠʷ ʩʧʠʥʦʚʦʛʦ pn-ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ. 

2. ʇʨʠʤʝʥʝʥʠʝ ʚʳʩʦʢʦʪʦʯʥʦʛʦ ʤʝʪʦʜʘ ʠʟʤʝʨʝʥʠʷ ʚʨʝʤʝʥʠ ʜʣʷ 

ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʧʨʦʪʦʥʦʚ ʠ ʜʝʡʪʨʦʥʦʚ, ʢʘʢ ʧʦ ʜʣʠʥʝ ʧʨʦʙʝʛʘ ʚʥʫʪʨʠ 

ʝʜʠʥʠʯʥʦʛʦ ʜʝʪʝʢʪʦʨʘ, ʪʘʢ ʠ ʧʦ ʚʨʝʤʝʥʠ ʧʨʦʣʝʪʘ. 

3. ʄʝʪʦʜʠʢʘ ʪʝʩʪʠʨʦʚʘʥʠʷ ʠ ʢʨʦʩʩ ʢʘʣʠʙʨʦʚʢʠ ʩʠʩʪʝʤʳ ʂʊʊ, 

ʦʙʝʩʧʝʯʠʚʘʶʱʫʶ ʜʦʩʪʠʞʝʥʠʝ ʤʘʢʩʠʤʘʣʴʥʦ ʚʳʩʦʢʦʡ ʪʦʯʥʦʩʪʠ ʠʟʤʝʨʝʥʠʷ. 

4. ʇʨʝʜʣʦʞʝʥʠʷ ʜʣʷ ʨʘʩʰʠʨʝʥʠʷ ʥʘʫʯʥʦʡ ʧʨʦʛʨʘʤʤʳ ANKE-PAX ʧʦ 

ʠʟʫʯʝʥʠʶ ʧʨʦʪʦʥ-ʥʝʡʪʨʦʥʥʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ. 

ʃʠʯʥʳʡ ʚʢʣʘʜ ʘʚʪʦʨʘ. 

ɸʚʪʦʨʦʤ ʣʠʯʥʦ ʚ ʨʘʤʢʘʭ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʩʣʝʜʫʶʱʠʝ 

ʨʝʟʫʣʴʪʘʪʳ: 
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1. ʉʦʟʜʘʥ ʢʦʤʧʣʝʢʩ ʧʨʦʛʨʘʤʤ ʘʥʘʣʠʟʘ ʧʝʨʚʠʯʥʳʭ ʜʘʥʥʳʭ ʢʘʣʠʙʨʦʚʢʠ 

ʤʠʢʨʦʩʪʨʠʧʦʚʳʭ ʜʝʪʝʢʪʦʨʦʚ ʠ ʵʣʝʢʪʨʦʥʠʢʠ ʩʯʠʪʳʚʘʥʠʷ (front-end). 

ʀʩʧʳʪʘʥʳ ʚʩʝ ʤʦʜʫʣʠ ʵʣʝʢʪʨʦʥʠʢʠ ʧʨʠ ʧʦʤʦʱʠ ʪʝʩʪʦʚʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ, 

ʚʚʝʜʝʥʥʦʛʦ ʚ ʵʢʩʧʣʫʘʪʘʮʠʶ ʘʚʪʦʨʦʤ. ʉʦʟʜʘʥʘ ʧʨʦʮʝʜʫʨʘ ʢʦʨʨʝʢʮʠʠ 

ʚʳʷʚʣʝʥʥʳʭ ʚ ʠʩʧʳʪʘʥʠʷʭ ʥʝʨʝʛʫʣʷʨʥʦʩʪʝʡ.  

2. ʈʘʟʨʘʙʦʪʘʥʳ ʤʝʪʦʜʳ ʚʳʩʦʢʦʪʦʯʥʦʡ ʢʘʣʠʙʨʦʚʢʠ ʩʠʩʪʝʤʳ ʢʨʝʤʥʠʝʚʳʭ 

ʪʨʝʢʦʚʳʭ ʪʝʣʝʩʢʦʧʦʚ ʥʘ ʦʩʥʦʚʝ ʘʥʘʣʠʟʘ ʜʘʥʥʳʭ ʥʘʙʦʨʘ ʨʘʜʠʦʘʢʪʠʚʥʳʭ 

ʠʩʪʦʯʥʠʢʦʚ, ʘ ʪʘʢʞʝ ʧʨʦʜʫʢʪʦʚ ʨʝʬʝʨʝʥʩʥʦʡ ʨʝʘʢʮʠʠ. ʈʘʟʨʘʙʦʪʘʥʘ  

ʧʨʦʮʝʜʫʨʘ ʚʳʩʦʢʦʪʦʯʥʦʛʦ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʢʠʥʝʤʘʪʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ 

ʤʘʣʦʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʧʨʦʜʫʢʪʦʚ ʨʝʘʢʮʠʡ. ʉʦʟʜʘʥʳ ʤʝʪʦʜʳ ʨʘʩʰʠʨʝʥʠʷ 

ʦʙʣʘʩʪʠ ʦʧʨʝʜʝʣʝʥʠʷ ʩʠʩʪʝʤʳ ʢʨʝʤʥʠʝʚʳʭ ʪʨʝʢʦʚʳʭ ʪʝʣʝʩʢʦʧʦʚ ʥʘ ʦʩʥʦʚʝ 

ʵʢʩʪʨʘʧʦʣʷʮʠʠ ʢʠʥʝʤʘʪʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʜʣʷ ʧʨʦʣʝʪʥʳʭ ʯʘʩʪʠʮ.  

ʈʘʟʨʘʙʦʪʘʥ ʤʝʪʦʜ  ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʪʠʧʘ ʯʘʩʪʠʮʳ ʦʜʥʠʤ ʤʠʢʨʦʩʪʨʠʧʦʚʳʤ 

ʜʝʪʝʢʪʦʨʦʤ ʧʦ ʠʟʤʝʨʝʥʠʶ ʚʨʝʤʝʥʠ ʠ ʚʝʣʠʯʠʥʳ ʵʥʝʨʛʦʚʳʜʝʣʝʥʠʷ. 

4. ʇʨʠ ʦʧʨʝʜʝʣʷʶʱʝʤ ʚʢʣʘʜʝ ʘʚʪʦʨʘ ʧʨʦʚʝʜʝʥ ʘʥʘʣʠʟ ʨʝʟʫʣʴʪʘʪʦʚ ʥʘʫʯʥʦʛʦ 

ʵʢʩʧʝʨʠʤʝʥʪʘ ʠ ʩʨʘʚʥʝʥʠʝ ʩ ʨʝʟʫʣʴʪʘʪʘʤʠ ʯʠʩʣʝʥʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ, ʯʪʦ 

ʧʦʟʚʦʣʠʣʦ ʦʮʝʥʠʪʴ ʪʦʯʥʦʩʪʴ ʠ ʦʙʣʘʩʪʴ ʦʧʨʝʜʝʣʝʥʠʷ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ 

ʥʘʙʣʶʜʘʝʤʳʭ ʜʣʷ ʨʷʜʘ ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʩʧʠʥʦʚʦʛʦ ʥʫʢʣʦʥ-

ʥʫʢʣʦʥʥʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʚ ʦʙʣʘʩʪʠ ʵʥʝʨʛʠʡ ʧʦʨʷʜʢʘ ʥʝʩʢʦʣʴʢʠʭ ɻʵɺ. 

ɸʧʨʦʙʘʮʠʷ ʨʘʙʦʪʳ. 

ʈʝʟʫʣʴʪʘʪʳ ʨʘʙʦʪ, ʥʘ ʢʦʪʦʨʳʭ ʦʩʥʦʚʘʥʘ ʜʠʩʩʝʨʪʘʮʠʷ, ʙʳʣʠ ʧʨʝʜʩʪʘʚʣʝʥʳ  

ʣʠʯʥʦ ʘʚʪʦʨʦʤ ʠ ʦʙʩʫʞʜʘʣʠʩʴ ʥʘ ʤʝʞʜʫʥʘʨʦʜʥʦʡ ʢʦʥʬʝʨʝʥʮʠʠ çNucleus-

2013è (ʄʀʌʀ, ʄʦʩʢʚʘ),  ʥʘ ʩʝʤʠʥʘʨʘʭ ʀʥʩʪʠʪʫʪʘ ʷʜʝʨʥʦʡ ʬʠʟʠʠ 

ʀʩʩʣʝʜʦʚʘʪʝʣʴʩʢʦʛʦ ʮʝʥʪʨʘ ʖʣʠʭ (FZ Juelich), ʥʘ ʨʘʙʦʯʠʭ ʩʦʚʝʱʘʥʠʷʭ 

ʢʦʣʣʘʙʦʨʘʮʠʠ ANKE (ʚ FZ ʠ ʚ ʆʀʗʀ), ʥʘ ʝʞʝʛʦʜʥʳʭ ʢʦʥʬʝʨʝʥʮʠʷʭ 

ʥʝʤʝʮʢʦʛʦ ʬʠʟʠʯʝʩʢʦʛʦ ʦʙʱʝʩʪʚʘ DPG (ʂʝʣʴʥ, 2005; ʄʶʥʭʝʥ, 2006; ɻʠʩʩʝʥ, 

2007), ʥʘ ʢʦʥʬʝʨʝʥʮʠʠ çʃʦʤʦʥʦʩʦʚè (ʬʠʟʠʯʝʩʢʠʡ ʬʘʢʫʣʴʪʝʪ ʄɻʋ, ʄʦʩʢʚʘ, 

2008), ʥʘ ʢʦʥʬʝʨʝʥʮʠʠ çʆʄʋʉè (ʆʀʗʀ, ɼʫʙʥʘ, 2010).  

ʆʩʥʦʚʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʦʧʫʙʣʠʢʦʚʘʥʳ ʚ 3 ʩʪʘʪʴʷʭ ʚ ʨʦʩʩʠʡʩʢʠʭ ʠ 

ʟʘʨʫʙʝʞʥʳʭ ʨʝʮʝʥʟʠʨʫʝʤʳʭ ʞʫʨʥʘʣʘʭ ɺɸʂ, ʚ ʪʦʤ ʯʠʩʣʝ, 

ʚʳʩʦʢʦʨʝʡʪʠʥʛʦʚʳʭ. 

ɼʦʩʪʦʚʝʨʥʦʩʪʴ ʨʝʟʫʣʴʪʘʪʦʚ ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʤʠ 

ʨʝʟʫʣʴʪʘʪʘʤʠ, ʧʦʣʫʯʝʥʥʳʤʠ ʥʘ ʫʩʪʘʥʦʚʢʝ ANKE-COSY.  

ʆʙʲʝʤ ʠ ʩʪʨʫʢʪʫʨʘ ʜʠʩʩʝʨʪʘʮʠʠ.  

ɼʠʩʩʝʨʪʘʮʠʦʥʥʘʷ ʨʘʙʦʪʘ ʩʦʩʪʦʠʪ ʠʟ ʥʘʩʪʦʷʱʝʛʦ ʚʚʝʜʝʥʠʷ, ʰʝʩʪʠ ʛʣʘʚ, 

ʚʳʚʦʜʦʚ, ʯʝʪʳʨʝʭ ʧʨʠʣʦʞʝʥʠʡ ʠ ʩʧʠʩʢʘ ʣʠʪʝʨʘʪʫʨʳ. ʈʘʙʦʪʘ ʩʦʜʝʨʞʠʪ 140 

ʩʪʨʘʥʠʮ, 15 ʪʘʙʣʠʮ ʠ 95 ʠʣʣʶʩʪʨʘʮʠʡ.   
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ɻʣʘʚʘ 1. ʅʘʟʥʘʯʝʥʠʝ ʂʊʊ ʠ ɻʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʝ ʦʢʨʫʞʝʥʠʝ. 

ɼʝʪʝʢʪʦʨʥʘʷ ʩʠʩʪʝʤʘ ʂʨʝʤʥʠʝʚʳʭ ʊʨʝʢʦʚʳʭ ʊʝʣʝʩʢʦʧʦʚ (ʂʊʊ) ʠʣʠ 

Silicon Tracking Telescopes (STT) [5] ʙʳʣʘ ʨʘʟʨʘʙʦʪʘʥʘ ʜʣʷ ʫʩʪʘʥʦʚʢʠ ANKE 

[6], ʨʘʩʧʦʣʦʞʝʥʥʦʡ ʥʘ ʚʥʫʪʨʝʥʥʝʤ ʧʫʯʢʝ ʫʩʢʦʨʠʪʝʣʷ COSY [7], ʘ ʪʘʢʞʝ ʙʫʜʝʪ 

ʧʨʠʤʝʥʷʪʴʩʷ ʚ ʵʢʩʧʝʨʠʤʝʥʪʘʭ PAX@FAIR [8]. ʇʨʠ ʨʘʟʨʘʙʦʪʢʝ ʩʠʩʪʝʤʳ ʂʊʊ 

ʩʪʘʚʠʣʠʩʴ ʟʘʜʘʯʠ ʠʟʤʝʨʝʥʠʷ ʩʪʝʧʝʥʠ ʧʦʣʷʨʠʟʘʮʠʠ ʧʫʯʢʘ ʫʩʢʦʨʠʪʝʣʷ, 

ʢʦʥʪʨʦʣʷ ʩʚʝʪʠʤʦʩʪʠ, ʘ ʪʘʢʞʝ ʦʧʨʝʜʝʣʝʥʠʷ ʧʦʣʦʞʝʥʠʷ ʚʝʨʰʠʥʳ ʨʝʘʢʮʠʠ. 

ɼʘʥʥʳʝ ʟʘʜʘʯʠ ʤʦʞʥʦ ʨʝʰʠʪʴ, ʨʝʛʠʩʪʨʠʨʫʷ ʥʠʟʢʦʵʥʝʨʛʝʪʠʯʝʩʢʠʝ ʧʨʦʜʫʢʪʳ 

ʦʧʦʨʥʳʭ ʨʝʘʢʮʠʡ. ʀʟʤʝʨʝʥʠʝ ʠʦʥʠʟʘʮʠʦʥʥʳʭ ʧʦʪʝʨʴ ʠ  ʦʧʨʝʜʝʣʝʥʠʝ ʤʝʩʪʘ ʠ 

ʚʨʝʤʝʥʠ ʧʦʧʘʜʘʥʠʷ ʯʘʩʪʠʮ ʚ ʜʝʪʝʢʪʦʨʳ ʦʙʝʩʧʝʯʠʚʘʝʪ ʠʜʝʥʪʠʬʠʢʘʮʠʶ 

ʧʨʦʜʫʢʪʦʚ ʠʩʢʦʤʳʭ ʨʝʘʢʮʠʡ, ʚʦʩʩʪʘʥʦʚʣʝʥʠʝ ʠʭ ʪʨʝʢʦʚ, ʘ ʪʘʢʞʝ ʧʦʜʘʚʣʝʥʠʝ 

ʬʦʥʦʚʳʭ ʩʦʙʳʪʠʡ. 

ʈʘʟʜʝʣ 1.2 ʋʩʢʦʨʠʪʝʣʴ COSY 

ʋʩʢʦʨʠʪʝʣʴ COoler CYchrotron COSY ʫʩʢʦʨʷʝʪ ʥʝʧʦʣʷʨʠʟʦʚʘʥʥʳʝ ʠ 

ʧʦʣʷʨʠʟʦʚʘʥʥʳʝ  ʧʨʦʪʦʥʳ ʠ ʜʝʡʪʨʦʥʳ ʚ ʠʥʪʝʨʚʘʣʝ ʠʤʧʫʣʴʩʦʚ ʦʪ 0.3 ɻʵɺ/c ʜʦ 

3.7 ɻʵɺ/c ʠ ʥʘʢʘʧʣʠʚʘʝʪ ʯʘʩʪʠʮʳ ʚ ʢʦʣʴʮʝ. ʅʘ ʫʩʢʦʨʠʪʝʣʝ ʧʨʠʤʝʥʷʝʪʩʷ ʤʝʪʦʜ 

ʵʣʝʢʪʨʦʥʥʦʛʦ ʦʭʣʘʞʜʝʥʠʷ ʧʫʯʢʘ ʩ ʠʤʧʫʣʴʩʘʤʠ ʥʘ ʫʨʦʚʥʝ ʠʥʞʝʢʮʠʠ ʠ ʤʝʪʦʜ 

ʩʪʦʭʘʩʪʠʯʝʩʢʦʛʦ ʦʭʣʘʞʜʝʥʠʷ ʜʣʷ ʜʠʘʧʘʟʦʥʘ ʠʤʧʫʣʴʩʦʚ ʦʪ 0.8 ɻʵɺ/c ʜʦ 

ʤʘʢʩʠʤʫʤʘ. ʀʩʧʦʣʴʟʫʶʪʩʷ ʢʘʢ ʚʥʫʪʨʝʥʥʠʝ ʤʠʰʝʥʠ, ʪʘʢ ʠ ʚʥʝʰʥʠʝ, ʩ 

ʚʳʚʝʜʝʥʠʝʤ ʧʫʯʢʘ. ɼʣʷ ʪʦʛʦ, ʯʪʦʙʳ ʠʟʙʝʞʘʪʴ ʧʝʨʝʛʨʫʟʦʢ ʜʝʪʝʢʪʠʨʫʶʱʠʭ 

ʩʠʩʪʝʤ ʧʨʠ ʚʳʩʦʢʦʡ ʩʚʝʪʠʤʦʩʪʠ, ʧʫʯʦʢ COSY ʜʝʙʘʥʯʠʨʫʝʪʩʷ. ɺʳʩʦʢʘʷ 

ʩʚʝʪʠʤʦʩʪʴ ʤʦʞʝʪ ʙʳʪʴ ʜʦʩʪʠʛʥʫʪʘ ʜʘʞʝ ʜʣʷ ʦʯʝʥʴ ʪʦʥʢʠʭ ʚʥʫʪʨʝʥʥʠʭ 

ʤʠʰʝʥʝʡ, ʧʦʩʢʦʣʴʢʫ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʧʫʯʢʘ ʚ ʦʙʣʘʩʪʠ ʚʥʫʪʨʝʥʥʝʡ ʤʠʰʝʥʠ ʜʦ 

10
6
 ʩ

-1
. ɼʣʷ ʥʝʧʦʣʷʨʠʟʦʚʘʥʥʦʛʦ ʧʫʯʢʘ ʤʘʢʩʠʤʘʣʴʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʩʦʭʨʘʥʷʝʤʳʭ 

ʚ ʢʦʣʴʮʝ ʫʩʢʦʨʝʥʥʳʭ ʯʘʩʪʠʮ ʩʦʩʪʘʚʣʷʝʪ 1.3õ1.4Ĭ10
11
. ɼʣʷ ʧʦʣʷʨʠʟʦʚʘʥʥʳʭ 

ʧʫʯʢʦʚ ʯʠʩʣʦ ʥʘʢʦʧʣʝʥʥʳʭ ʧʨʦʪʦʥʦʚ ʤʝʥʴʰʝ ʧʨʠʤʝʨʥʦ ʚ 15 ʨʘʟ, ʘ ʯʠʩʣʦ 

ʜʝʡʪʨʦʥʦʚ ʧʨʠʤʝʨʥʦ ʚ 20 ʨʘʟ. ʉʪʝʧʝʥʴ ʚʝʢʪʦʨʥʦʡ ʠʣʠ ʪʝʥʟʦʨʥʦʡ ʧʦʣʷʨʠʟʘʮʠʠ 

ʧʨʦʪʦʥʦʚ ʜʦʩʪʠʛʘʝʪ 75%, ʘ ʧʦʣʷʨʠʟʘʮʠʠ ʜʝʡʪʨʦʥʦʚ ʦʙʳʯʥʦ ʜʦ 60%. ʅʘ 

ʫʩʢʦʨʠʪʝʣʝ ʙʳʣ ʧʦʩʪʘʚʣʝʥ ʨʷʜ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʩ ʚʥʫʪʨʝʥʥʝʡ ʤʠʰʝʥʴʶ,  

ANKE, WASA, COSY-11, PISA ʠ EDDA, ʘ ʪʘʢʞʝ ʵʢʩʧʝʨʠʤʝʥʪʳ ʥʘ 

ʚʳʚʝʜʝʥʥʦʤ ʧʫʯʢʝ:  TOF, MOMO, GEM, NESSY ʠ JESSICA.  

ʈʘʟʜʝʣ 1.2 ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʘʷ ʫʩʪʘʥʦʚʢʘ ANKE 

ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʘʷ ʫʩʪʘʥʦʚʢʘ The Apparatus for Studies of Nucleon and 

Kaon Ejectiles (ANKE) ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʤʘʛʥʠʪʥʳʡ ʩʧʝʢʪʨʦʤʝʪʨ, 

ʨʘʟʤʝʱʝʥʥʳʡ ʥʘ ʦʜʥʦʡ ʠʟ ʧʦʟʠʮʠʡ ʜʣʷ ʚʥʫʪʨʝʥʥʠʭ ʤʠʰʝʥʝʡ ʫʩʢʦʨʠʪʝʣʷ 

COSY. ʋʩʪʘʥʦʚʢʘ ʩʦʩʪʦʠʪ ʠʟ ʤʘʛʥʠʪʥʦʡ ʩʠʩʪʝʤʳ, ʥʝʩʢʦʣʴʢʠʭ ʜʝʪʝʢʪʦʨʥʳʭ 

ʩʠʩʪʝʤ ʠ ʥʘʙʦʨʘ ʤʠʰʝʥʝʡ. ʉʭʝʤʘ ʫʩʪʘʥʦʚʢʠ ʧʦʢʘʟʘʥʘ ʥʘ ʨʠʩ. 1.1. ʄʘʛʥʠʪʥʘʷ 
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ʩʠʩʪʝʤʘ ʩʦʩʪʦʠʪ ʠʟ ʪʨʝʭ ʜʠʧʦʣʴʥʳʭ ʤʘʛʥʠʪʦʚ D1, D2 ʠ D3, ʢʦʪʦʨʳʝ 

ʬʦʨʤʠʨʫʶʪ ʠʟʛʠʙ ʧʫʯʢʘ ʚ ʢʦʣʴʮʝ ʫʩʢʦʨʠʪʝʣʷ. ʄʘʛʥʠʪʳ D1 ʠ D3 ʦʪʢʣʦʥʷʶʪ ʠ 

ʚʦʟʚʨʘʱʘʶʪ ʧʫʯʦʢ ʥʘ ʝʛʦ ʥʦʤʠʥʘʣʴʥʫʶ ʦʨʙʠʪʫ, ʘ ʯʪʦ ʢʘʩʘʝʪʩʷ ʙʦʣʴʰʦʛʦ 

ʩʤʝʱʘʶʱʝʛʦ ʤʘʛʥʠʪʘ D2, ʪʦ ʝʛʦ ʧʦʣʝ ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʚʳʩʦʢʦʪʦʯʥʦʛʦ 

ʠʟʤʝʨʝʥʠʷ ʠʤʧʫʣʴʩʘ ʟʘʨʷʞʝʥʥʳʭ ʧʨʦʜʫʢʪʦʚ ʨʝʘʢʮʠʡ, ʚʳʣʝʪʘʶʱʠʭ ʚʧʝʨʝʜ 

(ʥʘʧʨʘʚʣʝʥʠʝ ʚʳʣʝʪʘ ʙʣʠʟʢʦ ʢ ʥʘʧʨʘʚʣʝʥʠʶ ʦʩʠ ʧʫʯʢʘ).  

ɼʣʷ ʨʝʛʠʩʪʨʘʮʠʠ ʙʳʩʪʨʳʭ, ʚʳʣʝʪʘʶʱʠʭ ʚʧʝʨʝʜ ʟʘʨʷʞʝʥʥʳʭ ʯʘʩʪʠʮ 

ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʝʪʝʢʪʠʨʫʶʱʘʷ ʩʠʩʪʝʤʘ Forward Detector (FD).  FD ʩʦʜʝʨʞʠʪ 

ʩʮʠʥʪʠʣʣʷʮʠʦʥʥʳʝ ʛʦʜʦʩʢʦʧʳ ʠ ʪʨʝʢʦʚʳʝ ʜʝʪʝʢʪʦʨʳ (ʤʥʦʛʦʧʨʦʚʦʣʦʯʥʳʝ 

ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʳʝ ʢʘʤʝʨʳ). ʆʪʢʣʦʥʷʝʤʳʝ ʚʣʝʚʦ ʧʦʣʝʤ D2 ʙʦʣʝʝ ʤʝʜʣʝʥʥʳʝ 

ʦʪʨʠʮʘʪʝʣʴʥʦ ʟʘʨʷʞʝʥʥʳʝ ʯʘʩʪʠʮʳ ʨʝʛʠʩʪʨʠʨʫʶʪʩʷ ʩʠʩʪʝʤʦʡ Negative Side 

Detector (ND), ʘ ʦʪʢʣʦʥʷʝʤʳʝ ʚʧʨʘʚʦ ʧʦʣʦʞʠʪʝʣʴʥʦ ʟʘʨʷʞʝʥʥʳʝ ʯʘʩʪʠʮʳ ï 

ʩʠʩʪʝʤʦʡ Positive Side Detector (PD).  

 

 

ʅʘ ʫʩʪʘʥʦʚʢʝ ʥʘʢʦʧʣʝʥ ʙʦʣʴʰʦʡ ʦʧʳʪ ʨʘʙʦʪʳ ʩ ʪʦʥʢʠʤʠ 

ʪʚʝʨʜʦʪʝʣʴʥʳʤʠ ʤʠʰʝʥʷʤʠ, ʘ ʪʘʢʞʝ ʩ ʪ.ʥ.  ʢʣʘʩʪʝʨʥʳʤʠ ʤʠʰʝʥʷʤʠ (ʚ ʚʠʜʝ 

ʟʘʤʦʨʦʞʝʥʥʳʭ ʤʠʢʨʦʢʘʧʝʣʴ).  ʂʦʛʜʘ ʧʨʠʤʝʥʷʶʪʩʷ ʪʘʢʠʝ ʤʠʰʝʥʠ, ʪʦ ʦʙʣʘʩʪʴ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʧʨʘʢʪʠʯʝʩʢʠ ʪʦʯʝʯʥʘʷ ʠ ʝʝ ʢʦʦʨʜʠʥʘʪʳ ʭʦʨʦʰʦ ʠʟʚʝʩʪʥʳ. 

ʇʦʵʪʦʤʫ ʧʦ ʜʘʥʥʳʤ ʩ ʜʝʪʝʢʪʦʨʦʚ FD, PD ʠ ND ʤʦʞʥʦ ʚʦʩʩʪʘʥʦʚʠʪʴ 

ʧʘʨʘʤʝʪʨʳ ʪʨʝʢʦʚ ʨʝʛʠʩʪʨʠʨʫʝʤʳʭ ʯʘʩʪʠʮ, ʯʪʦ ʦʙʝʩʧʝʯʠʚʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ 

 

ʈʠʩʫʥʦʢ 1.1. ʉʭʝʤʘ ʫʩʪʘʥʦʚʢʠ ANKE. 
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ʦʧʨʝʜʝʣʝʥʠʷ ʥʘʯʘʣʴʥʳʭ ʠʤʧʫʣʴʩʦʚ ʧʨʦʜʫʢʪʦʚ ʠʩʩʣʝʜʫʝʤʳʭ ʨʝʘʢʮʠʡ. ɼʣʷ 

ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʩ ʧʦʣʷʨʠʟʦʚʘʥʥʳʤʠ ʯʘʩʪʠʮʘʤʠ ʧʨʠʤʝʥʷʝʪʩʷ ʛʘʟʦʚʘʷ ʤʠʰʝʥʴ 

Polarized Internal Target (PIT). ɼʘʥʘʷ ʤʠʰʝʥʴ ʩʦʩʪʦʠʪ ʠʟ ʠʩʪʦʯʥʠʢʘ ʘʪʦʤʦʚ 

ʚʦʜʦʨʦʜʘ ʠʣʠ ʜʝʡʪʝʨʠʷ Atomic Beam Source, ʧʦʣʷʨʠʤʝʪʨʘ ʣʵʤʙʦʚʩʢʦʛʦ 

ʩʜʚʠʛʘ, ʘ ʪʘʢʞʝ ʥʘʢʦʧʠʪʝʣʴʥʦʡ ʷʯʝʡʢʠ. ʂʘʢ ʧʨʘʚʠʣʦ, ʷʯʝʡʢʘ ʧʨʝʜʩʪʘʚʣʷʝʪ 

ʩʦʙʦʡ ʢʚʘʜʨʘʪʥʫʶ ʚ ʩʝʯʝʥʠʠ ʪʨʫʙʢʫ ʜʣʠʥʦʡ ʦʢʦʣʦ 40 ʩʤ ʠ ʛʨʘʥʴʶ ʦʢʦʣʦ 20 

ʤʤ. ʇʨʠʤʝʥʝʥʠʝ ʷʯʝʡʢʠ ʥʝʦʙʭʦʜʠʤʦ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʜʦʩʪʘʪʦʯʥʦʡ 

ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʧʫʯʢʘ ʫʩʢʦʨʠʪʝʣʷ ʩ ʛʘʟʦʤ ʤʠʰʝʥʠ. ɼʣʷ ʪʘʢʦʡ 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʤʠʰʝʥʠ ʢʦʦʨʜʠʥʘʪʳ ʚʝʨʰʠʥ ʨʝʘʢʮʠʠ ʦʧʨʝʜʝʣʷʶʪʩʷ ʧʨʠ 

ʧʦʤʦʱʠ ʜʝʪʝʢʪʦʨʥʦʡ ʩʠʩʪʝʤʳ ʂʨʝʤʥʠʝʚʳʭ ʊʨʝʢʦʚʳʭ ʊʝʣʝʩʢʦʧʦʚ ʂʊʊ. 



 

12 

 

ɻʣʘʚʘ 2 ʆʧʠʩʘʥʠʝ ʩʠʩʪʝʤʳ ʂʊʊ. 

ɺ ʵʢʩʧʝʨʠʤʝʥʪʘʭ ʩʧʠʥʦʚʦʡ ʬʠʟʠʢʠ ʧʨʦʤʝʞʫʪʦʯʥʳʭ ʵʥʝʨʛʠʡ ʟʘʯʘʩʪʫʶ 

ʥʝʦʙʭʦʜʠʤʦ ʠʟʫʯʘʪʴ ʧʨʦʜʫʢʪʳ ʨʝʘʢʮʠʡ (ʧʨʦʪʦʥʳ, ʜʝʡʪʨʦʥʳ) ʩ ʢʠʥʝʪʠʯʝʩʢʦʡ 

ʵʥʝʨʛʠʝʡ  ʦʪ 0,5 ʜʦ 100 ʄʵɺ. ɺ ʪʘʢʦʤ ʩʣʫʯʘʝ ʜʣʠʥʘ ʧʨʦʙʝʛʘ ʯʘʩʪʠʮʳ ʚ ʣʝʛʢʦʤ 

ʚʝʱʝʩʪʚʝ, ʥʘʧʨʠʤʝʨ ʚ ʢʨʝʤʥʠʠ, ʩʦʩʪʘʚʣʷʝʪ ʥʝʩʢʦʣʴʢʠʭ ʤʠʣʣʠʤʝʪʨʦʚ. ɼʣʷ 

ʨʝʰʝʥʠʷ ʜʘʥʥʦʡ ʟʘʜʘʯʠ ʙʳʣʠ ʚʳʙʨʘʥʳ ʤʠʢʨʦʩʪʨʠʧʦʚʳʝ ʢʨʝʤʥʠʝʚʳʝ 

ʜʝʪʝʢʪʦʨʳ ʩ ʜʚʫʩʪʦʨʦʥʥʠʤ ʩʯʠʪʳʚʘʥʠʝʤ ʩʠʛʥʘʣʘ. ɺʘʞʥʳʤ ʜʣʷ 

ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʥʝʙʦʣʴʰʦʛʦ ʤʘʩʰʪʘʙʘ ʷʚʣʷʝʪʩʷ ʧʨʠʤʝʥʝʥʠʝ ʢʦʤʤʝʨʯʝʩʢʠ 

ʜʦʩʪʫʧʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ, ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʢʦʪʦʨʳʭ ʦʙʝʩʧʝʯʠʚʘʝʪ  

ʩʫʱʝʩʪʚʝʥʥʦʝ ʩʥʠʞʝʥʠʝ ʩʪʦʠʤʦʩʪʠ ʠ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʠ ʨʘʟʨʘʙʦʪʢʠ. 

ʉʘʤʦʩʪʦʷʪʝʣʴʥʳʤ ʤʦʜʫʣʝʤ ʂʊʊ ʩʠʩʪʝʤʳ ʷʚʣʷʝʪʩʷ ʪ.ʥ. ʪʝʣʝʩʢʦʧ, ʢʦʪʦʨʳʡ 

ʩʦʩʪʦʠʪ ʠʟ ʩʣʝʜʫʶʱʠʭ ʢʦʤʧʦʥʝʥʪʦʚ:  

¶ʥʘʙʦʨ ʠʟ ʢʨʝʤʥʠʝʚʳʭ ʜʝʪʝʢʪʦʨʦʚ (ʦʙʳʯʥʦ ʪʨʠ), ʨʘʩʧʦʣʦʞʝʥʥʳʭ 

ʜʨʫʛ ʟʘ ʜʨʫʛʦʤ ʥʘ ʨʘʩʩʪʦʷʥʠʠ ʦʢʦʣʦ 2 ʩʤ ʦʪ ʤʠʰʝʥʠ ʚ ʩʚʝʨʭʚʳʩʦʢʦʤ 

ʚʘʢʫʫʤʝ ʫʩʢʦʨʠʪʝʣʷ;  

¶ʚʘʢʫʫʤʥʘʷ ʯʘʩʪʴ ʵʣʝʢʪʨʦʥʠʢʠ ʩʯʠʪʳʚʘʥʠʷ (front-end), 

ʨʘʟʤʝʱʝʥʥʘʷ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʨʷʜʦʤ ʩ ʜʝʪʝʢʪʦʨʘʤʠ; 

¶ʠʥʪʝʨʬʝʡʩʥʘʷ ʯʘʩʪʴ ʵʣʝʢʪʨʦʥʠʢʠ ʩʯʠʪʳʚʘʥʠʷ, ʨʘʙʦʪʘʶʱʘʷ ʚ 

ʥʦʨʤʘʣʴʥʳʭ ʫʩʣʦʚʠʷʭ, ʦʥʘ ʨʘʟʤʝʱʘʝʪʩʷ ʥʘ ʬʣʘʥʮʝ ʤʠʰʝʥʥʦʛʦ ʫʟʣʘ 

ʚʘʢʫʫʤʥʦʡ ʪʨʫʙʳ ʫʩʢʦʨʠʪʝʣʷ; 

¶ɻ ʣʝʢʪʨʦʥʠʢʘ ʩʲʸʤʘ ʜʘʥʥʳʭ ʩʪʘʥʜʘʨʪʘ VME, ʢʦʪʦʨʘʷ ʨʘʟʤʝʱʘʝʪʩʷ 

ʥʘ ʧʣʘʪʬʦʨʤʝ ANKE ʵʣʝʢʪʨʦʥʠʢʠ ʚ ʟʘʣʝ ʫʩʢʦʨʠʪʝʣʷ.  

ʈʘʟʜʝʣ 2.1. ʇʨʠʤʝʥʷʝʤʳʝ ʢʨʝʤʥʠʝʚʳʝ ʜʝʪʝʢʪʦʨʳ. 

2.1.1. ʆʧʠʩʘʥʠʝ ʜʝʪʝʢʪʦʨʦʚ. 

ɺ ʦʧʠʩʳʚʘʝʤʦʡ ʩʠʩʪʝʤʝ ʧʨʠʤʝʥʷʝʪʩʷ ʜʚʘ ʪʠʧʘ ʤʠʢʨʦʧʦʣʦʩʢʦʚʳʭ 

ʜʝʪʝʢʪʦʨʦʚ [5]. ɼʝʪʝʢʪʦʨʳ ʦʜʥʦʛʦ ʪʠʧʘ ʩʜʝʣʘʥʳ ʧʦ pin ʪʝʭʥʦʣʦʛʠʠ, ʝʝ 

ʧʨʝʠʤʫʱʝʩʪʚʦ ʚ ʪʦʤ, ʯʪʦ ʪʘʢʠʝ ʜʝʪʝʢʪʦʨʳ ʤʦʛʫʪ ʙʳʪʴ ʩʜʝʣʘʥʳ ʪʦʥʢʠʤʠ (ʚ 

ʯʘʩʪʥʦʩʪʠ, 69 ʤʢʤ). ʄʘʣʘʷ ʪʦʣʱʠʥʘ ʥʫʞʥʘ ʜʣʷ ʜʝʪʝʢʪʦʨʘ, ʢʦʪʦʨʳʝ 

ʨʘʟʤʝʱʘʝʪʩʷ ʚ ʪʝʣʝʩʢʦʧʝ ʧʝʨʚʳʤ ʥʘ ʧʫʪʠ ʩʣʝʜʦʚʘʥʠʷ ʯʘʩʪʠʮʳ, ʪʦʛʜʘ ʯʘʩʪʠʮʳ 

ʤʘʣʦʡ ʵʥʝʨʛʠʠ ʧʨʦʭʦʜʷʪ ʯʝʨʝʟ ʥʝʛʦ ʠ ʤʦʛʫʪ ʙʳʪʴ ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʳ ʚ 

ʩʣʝʜʫʶʱʝʤ ʜʝʪʝʢʪʦʨʝ. ʉʘʤʳʝ ʞʝ ʫʜʦʙʥʳʝ ʜʝʪʝʢʪʦʨʳ ʪʘʢʦʛʦ ʪʠʧʘ ʠʤʝʶʪ 

ʪʦʣʱʠʥʫ 300 ʤʢʤ, ʦʥʠ ʥʘʠʙʦʣʝʝ ʥʘʜʝʞʥʳ, ʩʪʘʙʠʣʴʥʳ ʠ ʩʨʘʚʥʠʪʝʣʴʥʦ 

ʥʝʜʦʨʦʛʠ.  

 ɼʝʪʝʢʪʦʨʳ ʚʪʦʨʦʛʦ ʪʠʧʘ ï ʣʠʪʠʡ-ʜʨʝʡʬʦʚʳʝ. ʇʨʝʠʤʫʱʝʩʪʚʦʤ ʪʘʢʠʭ 

Si(Li ) ʜʝʪʝʢʪʦʨʦʚ ʷʚʣʷʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴ ʧʦʣʫʯʝʥʠʷ ʯʫʚʩʪʚʠʪʝʣʴʥʦʡ ʟʦʥʳ 

ʤʠʢʨʦʧʦʣʦʩʢʦʚʦʛʦ ʜʝʪʝʢʪʦʨʘ ʙʦʣʴʰʦʡ ʪʦʣʱʠʥʳ, ʧʦʨʷʜʢʘ 1 ʩʤ ʠ ʙʦʣʝʝ. ʊʘʢʦʡ 

ʜʝʪʝʢʪʦʨ ʚʳʛʦʜʥʦ ʩʪʘʚʠʪʴ ʚ ʢʘʯʝʩʪʚʝ ʧʦʩʣʝʜʥʝʛʦ ʜʝʪʝʢʪʦʨʘ ʚ ʪʝʣʝʩʢʦʧʝ. 
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ʊʦʛʜʘ ʠʤʝʥʥʦ ʚ ʥʸʤ ʦʩʪʘʥʘʚʣʠʚʘʶʪʩʷ ʜʦʩʪʘʪʦʯʥʦ ʙʳʩʪʨʳʝ ʧʨʦʜʫʢʪʳ ʨʝʘʢʮʠʡ 

(ʥʘʧʨʠʤʝʨ, ʧʨʦʪʦʥʳ ʩ ʥʘʯʘʣʴʥʳʤʠ ʵʥʝʨʛʠʷʤʠ 70-100 ʄʵɺ), ʯʪʦ ʟʘʤʝʪʥʦ 

ʫʣʫʯʰʘʝʪ ʚʦʟʤʦʞʥʦʩʪʠ ʧʦ ʠʭ ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʠ ʠʟʤʝʨʝʥʠʶ ʠʭ ʵʥʝʨʛʠʠ. 

ʂʨʦʤʝ ʪʦʛʦ, ʫ Si(Li ) ʜʝʪʝʢʪʦʨʦʚ ʪʦʣʱʠʥʘ ʤʝʨʪʚʦʛʦ ʩʣʦʷ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ 

ʧʦʣʫʯʘʝʪʩʷ ʚ ʥʝʩʢʦʣʴʢʦ ʨʘʟ ʤʝʥʴʰʝ, ʯʝʤ ʫ ʜʝʪʝʢʪʦʨʦʚ ʧʝʨʚʦʛʦ ʪʠʧʘ.  

ɺ ʦʙʦʠʭ ʩʣʫʯʘʷʭ ʧʦʚʝʨʭʥʦʩʪʴ ʜʚʫʭ ʩʪʦʨʦʥ ʜʝʪʝʢʪʦʨʘ ʜʝʣʠʪʩʷ ʥʘ 

ʤʠʢʨʦʧʦʣʦʩʢʠ, ʘ ʛʨʫʧʧʳ ʵʪʠʭ ʧʦʣʦʩʦʢ ʵʣʝʢʪʨʠʯʝʩʢʠ ʦʙʲʝʜʠʥʷʶʪʩʷ ʚ ʪʘʢ 

ʥʘʟʳʚʘʝʤʳʝ ʯʫʚʩʪʚʠʪʝʣʴʥʳʝ ʩʝʛʤʝʥʪʳ. ʉʝʛʤʝʥʪʳ ʥʘ ʧʨʦʪʠʚʦʧʦʣʦʞʥʳʭ 

ʩʪʦʨʦʥʘʭ ʜʝʪʝʢʪʦʨʦʚ ʦʨʠʝʥʪʠʨʦʚʘʥʳ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʧʦ 

ʥʦʤʝʨʫ ʩʨʘʙʦʪʘʚʰʠʭ ʩʝʛʤʝʥʪʦʚ ʝʩʪʴ ʚʦʟʤʦʞʥʦʩʪʴ ʧʦʣʫʯʠʪʴ ʜʚʝ  ʢʦʦʨʜʠʥʘʪʳ 

ʧʨʦʭʦʞʜʝʥʠʷ ʪʨʝʢʘ ʯʘʩʪʠʮʳ ʯʝʨʝʟ ʜʝʪʝʢʪʦʨ.  

ɼʝʪʝʢʪʦʨʳ ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʦʛʦ BaBar-IV ʪʠʧʘ ʧʨʦʠʟʚʦʜʷʪʩʷ ʢʦʤʧʘʥʠʝʡ 

Micron Semicondutor Ltd., ɺʝʣʠʢʦʙʨʠʪʘʥʠʷ [9]. ɼʝʪʝʢʪʦʨʳ ʪʘʢʦʛʦ ʪʠʧʘ 

(ʨʠʩ. 2.5) ʠʤʝʶʪ ʩʣʝʜʫʶʱʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ:  

¶ ʪʦʣʱʠʥʘ ʯʫʚʩʪʚʠʪʝʣʴʥʦʡ ʟʦʥʳ ʧʨʠ ʧʦʣʥʦʤ ʦʙʝʜʥʝʥʠʠ ʣʠʙʦ 69, ʣʠʙʦ 300 

(500) ʤʢʤ; 

¶ ʨʘʟʤʝʨʳ ʘʢʪʠʚʥʦʡ ʦʙʣʘʩʪʠ ʜʝʪʝʢʪʦʨʘ 51x66 ʤʤ, p-ʩʪʨʠʧʳ ʨʘʩʧʦʣʦʞʝʥʳ 

ʚʜʦʣʴ ʜʣʠʥʥʦʡ ʩʪʦʨʦʥʳ;  

¶ ʬɻʬʝʢʪʠʚʥʳʡ ʰʘʛ ʩʯʠʪʳʚʘʥʠʷ (ʰʠʨʠʥʘ ʯʫʚʩʪʚʠʪʝʣʴʥʦʛʦ ʩʝʛʤʝʥʪʘ) 

~400 ʤʢʤ; 

¶ ʪʦʣʱʠʥʘ ʤʝʨʪʚʦʛʦ ʩʣʦ̫ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʜʝʪʝʢʪʦʨʘ ʥʝʩʢʦʣʴʢʦ ʤʠʢʨʦʥ 

(ʜʝʪʘʣʠ ʙʫʜʫʪ ʧʨʠʚʝʜʝʥʳ ʚ ʩʣʝʜʫʶʱʝʡ ʛʣʘʚʝ). 

ɼʝʪʝʢʪʦʨʳ Si(Li) ʪʠʧʘ ʠʟʛʦʪʦʚʣʝʥʳ ʚ  ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚʦʡ ʣʘʙʦʨʘʪʦʨʠʠ 

ʠʥʩʪʠʪʫʪʘ IKP[10]. ɼʝʪʝʢʪʦʨ ʧʦʢʘʟʘʥ ʥʘ ʨʠʩ. 2.1 ʠ ʠʤʝʝʪ ʩʣʝʜʫʶʱʠʝ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ:  

¶ʊʦʣʱʠʥʘ 5500 (10000) ʤʢʤ; 

¶ʘʢʪʠʚʥʘʷ ʧʣʦʱʘʜʴ 64 ʭ 64 ʤʤ
2
; 

¶ɻ ʬʬʝʢʪʠʚʥʳʡ ʰʘʛ ʩʯʠʪʳʚʘʥʠʷ 666 ʤʢʤ;  

¶ʪʦʣʱʠʥʘ ʤʝʨʪʚʦʛʦ ʩʣʦʷ ʦʢʦʣʦ 1 ʤʢʤ; 
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2.1.2 ʆʧʠʩʘʥʠʝ ʧʨʦʮʝʜʫʨʳ ʧʨʠʥʷʪʠʷ ʜʝʪʝʢʪʦʨʦʚ ʚ ʵʢʩʧʣʫʘʪʘʮʠʶ. 

ɼʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʚʳʩʦʢʦʡ ʪʦʯʥʦʩʪʠ ʠʟʤʝʨʝʥʠ ̫ ʩʦʙʠʨʘʝʤʦʛʦ ʢʘʞʜʳʤ 

ʯʫʚʩʪʚʠʪʝʣʴʥʳʤ ʩʝʛʤʝʥʪʦʤ ʟʘʨʷʜʘ ʙʳʣʘ ʨʘʟʨʘʙʦʪʘʥʘ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʘʷ 

ʧʨʦʮʝʜʫʨʘ ʧʨʦʚʝʨʢʠ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʠ ʩʝʛʤʝʥʪʦʚ.  

ʇʨʦʚʝʨʢʘ ʧʘʨʪʠʠ ʠʟ ʧʷʪʠ 300 ʤʢʤ ʜʝʪʝʢʪʦʨʦʚ ʙʳʣʘ ʧʨʦʚʝʜʝʥʘ ʚ 

ʣʘʙʦʨʘʪʦʨʥr ʭ ʫʩʣʦʚʠʷʭ. ʂʘʞʜʳʡ ʜʝʪʝʢʪʦʨ ʨʘʟʤʝʱʘʣʩʷ ʚ ʚʘʢʫʫʤʝ ʩ 

ʠʩʪʦʯʥʠʢʦʤ Ŭ-ʯʘʩʪʠʮ 
241
Am, ʨʘʩʧʦʣʦʞʝʥʥʳʤ ʥʘ ʨʘʩʩʪʦʷʥʠʠ 5 ʩʤ ʦʪ ʨ-

ʩʪʦʨʦʥʳ. ʇʦʩʣʝ 12-ʯʘʩʦʚʦʡ ʵʢʩʧʦʟʠʮʠʠ ʥʘʙʨʘʥʥʳʝ ʜʘʥʥʳʝ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ 

ʜʣʷ ʧʦʩʪʨʦʝʥʠʷ ʥɻʝʨʛʝʪʠʯʝʩʢʠʭ ʩʧʝʢʪʨʦʚ ʢʘʞʜʦʛʦ ʩʝʛʤʝʥʪʘ. ʇʦʜ 

ʵʥʝʨʛʝʪʠʯʝʩʢʠʤ ʩʧʝʢʪʨʦʤ ʚ ʜʘʥʥʦʤ ʩʣʫʯʘʝ  ʧʦʜʨʘʟʫʤʝʚʘʝʪʩʷ ʨʘʩʧʨʝʜʝʣʝʥʠʝ 

ʩʦʙʳʪʠʡ ʧʦ ʵʥʝʨʛʝʪʠʯʝʩʢʦʤʫ ʵʢʚʠʚʘʣʝʥʪʫ ʩʦʙʨʘʥʥʦʛʦ ʜʘʥʥʳʤ ʩʝʛʤʝʥʪʦʤ 

ʟʘʨʷʜʘ. ʂʨʦʤʝ ʪʦʛʦ, ʘʥʘʣʠʟʠʨʦʚʘʣʠʩʴ ʜʚʫʤʝʨʥʳʝ ʛʨʘʬʠʢʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ 

ʟʘʨʷʜʘ ʤʝʞʜʫ ʧʘʨʘʤʠ ʩʦʩʝʜʥʠʭ ʩʝʛʤʝʥʪʦʚ. ʉʨʝʜʠ ʦʙʱʝʡ ʤʘʩʩ rʩʝʛʤʝʥʪʦʚ ʩʦ 

ʩʪʘʥʜʘʨʪʥʳʤ ʧʦʚʝʜʝʥʠʝʤ ʙʳʣʠ ʦʙʥʘʨʫʞʝʥʳ ʩʝʛʤʝʥʪʳ ʩ ʦʩʦʙʝʥʥʦʩʪʷʤʠ 

ʦʪʢʣʠʢʘ.  

 
(ʘ)      (ʙ) 

ʈʠʩʫʥʦʢ 2.1. (ʘ) Si(Li) ʜʝʪʝʢʪʦʨ ʚ ʦʧʦʨʥʦʡ ʨʘʤʢʝ;  

(ʙ) ʆʙʨʘʪʥʘʷ ʩʪʦʨʦʥʘ ʨʘʤʢʠ ʩ ʜʝʪʝʢʪʦʨʦʤ, ʜʣʷ ʢʦʥʪʨʦʣʷ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʠ 

ʥʘ ANKE ʵʢʩʧʝʨʠʤʝʥʪʝ ʚ ʦʪʚʝʨʩʪʠʝ ʧʦ ʮʝʥʪʨʫ ʵʪʦʡ ʨʘʤʢʠ ʚʩʪʨʦʝʥ ʠʩʪʦʯʥʠʢ 

Ŭ-ʯʘʩʪʠʮ. 
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ʈʠʩʫʥʦʢ 2.2. ʀʥʜʠʚʠʜʫʘʣʴʥʳʝ ʵʥʝʨʛʝʪʠʯʝʩʢʠʝ ʩʧʝʢʪʨʳ ʯʫʚʩʪʚʠʪʝʣʴʥʳʭ 

ʩʝʛʤʝʥʪʦʚ ʜʝʪʝʢʪʦʨʘ.  

(ʘ) ʉʪʘʥʜʘʨʪʥʘʷ ʬʦʨʤʘ; (b-f) ʥʝʪʠʧʠʯʥʳʝ ʬʦʨʤʳ ʨʘʟʥʦʛʦ ʨʦʜʘ. 

ʉ ʭʦʨʦʰʝʡ  ʪʦʯʥʦʩʪʴʶ ʤʦʞʥʦ ʩʯʠʪʘʪʴ, ʯʪʦ ʩʪʘʥʜʘʨʪʥʳʡ ʵʥʝʨʛʝʪʠʯʝʩʢʠʡ 

ʩʧʝʢʪʨ  (ʨʠʩ. 2.2.a) ʩʦʩʪʦʠʪ ʠʟ ʜʚʫʭ ʧʠʢʦʚ ʛʘʫʩʩʦʚʦʡ ʬʦʨʤʳ ʠ ʥʝʙʦʣʴʰʦʛʦ 

ʬʦʥʘ ʤʝʞʜʫ ʥʠʤʠ: ʧʝʨʚʳʡ ʧʠʢ - ʧʴʝʜʝʩʪʘʣ ʵʣʝʢʪʨʦʥʠʢʠ, ʘ ʚʪʦʨʦʡ ʦʪ 

ʧʦʣʥʦʩʪʴʶ ʩʦʙʨʘʥʥʦʛʦ ʥʘ ʵʪʦʪ ʩʝʛʤʝʥʪ ʟʘʨʷʜʘ, ʩʦʟʜʘʥʥʦʛʦ Ŭ-ʯʘʩʪʠʮʝʡ. 

ɼʝʪʘʣʠʟʘʮʠʷ ʧʦʣʫʯʝʥʥʳʭ ʩʧʝʢʪʨʦʚ ʙʫʜʝʪ ʦʙʩʫʞʜʘʪʴʩʷ ʚ ʩʣʝʜʫʶʱʝʡ ʛʣʘʚʝ. 

ɹʳʣʠ ʦʙʥʘʨʫʞʝʥʳ ʠ ʧʦʣʫʯʠʣʠ ʠʥʜʠʚʠʜʫʘʣʴʥʳʝ ʨʘʙʦʯʠʝ ʦʙʦʟʥʘʯʝʥʠʷ 

ʩʣʝʜʫʶʱʠʝ ʧ̫ ʪʴ ʚʠʜʦʚ ʦʪʢʣʦʥʝʥʠʡ ʦʪ ʨʝʛʫʣʷʨʥʦʛʦ ʩʧʝʢʪʨʘ:  

Å çʉʝʛʤʝʥʪʳ ʩ ʰʫʤʦʤè (ʨʠʩ. 2.2.b). ʆʙʘ ʧʠʢʘ ʚ 2-3 ʨʘʟʘ ʰʠʨʝ ʦʙʳʯʥʦʛʦ, 

ʧʨʠ ʵʪʦʤ ʨʘʟʜʝʣʷʶʱʠʡ ʠʭ ʬʦʥ ʧʦʚʳʰʝʥ ʧʨʠʤʝʨʥʦ ʚ 5 ʨʘʟ.  

Å çʉʝʛʤʝʥʪʳ ʙʝʟ ʦʪʢʣʠʢʘè, ʩʧʝʢʪʨʳ ʢʦʪʦʨʳʭ ʥʝ ʠʤʝʶʪ ʧʠʢʘ ʦʪ Ŭ-ʯʘʩʪʠʮ. 

ɿʘʨʷʜ, ʧʦ-ʚʠʜʠʤʦʤʫ, ʧʝʨʝʪʝʢʘʝʪ ʥʘ ʩʦʩʝʜʥʠʝ ʩʝʛʤʝʥʪʳ, ʧʦʪʦʤʫ ʯʪʦ ʩʦʩʝʜʠ 

ʚʩʝʛʜʘ ʠʤʝʶʪ ʥʘ ʩʧʝʢʪʨʝ ʜʦʧʦʣʥʠʪʝʣʴʥʳʡ ʧʠʢ ʩ ʘʤʧʣʠʪʫʜʦʡ (ʨʘʩʩʪʦʷʥʠʝʤ ʜʦ 

ʧʠʢʘ ʧʴʝʜʝʩʪʘʣʘ) ʧʨʠʤʝʨʥʦ ʚ 4 ʨʘʟʘ ʤʝʥʴʰʝʡ, ʯʝʤ ʨʝʛʫʣʷʨʥʳʡ ʧʠʢ ʦʪ 

Ŭ-ʯʘʩʪʠʮ (ʨʠʩ. 2.2.c).   
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Å çʉʝʛʤʝʥʪʳ ʩ ʧʣʝʯʦʤè. ʇʠʢ ʦʪ Ŭ-ʯʘʩʪʠʮ ʠʤʝʝʪ ʟʘʤʝʪʥʳʡ ʭʘʨʘʢʪʝʨʥʳʡ 

ʭʚʦʩʪ ʩʣʝʚʘ, ʘ ʬʦʥ ʤʝʞʜʫ ʧʠʢʘʤʠ ʫʚʝʣʠʯʝʥ ʧʨʠʤʝʨʥʦ ʚ 10 ʨʘʟ.  

Å çʉʝʛʤʝʥʪʳ ʧʦʣʦʚʠʥʥʦʡ ʘʤʧʣʠʪʫʜʳè. ʇʠʢʠ ʦʙʳʯʥʦʡ ʬʦʨʤʳ ʠ 

ʠʥʪʝʥʩʠʚʥʦʩʪʠ, ʦʜʥʘʢʦ ʘʤʧʣʠʪʫʜʘ ʩʠʛʥʘʣʘ (ʧʦʣʦʞʝʥʠʝ ʧʠʢ ʦʪ Ŭ-ʯʘʩʪʠʮ ʧʦ 

ʧʠʢʘ ʧʴʝʜʝʩʪʘʣʘ) ʧʨʠʤʝʨʥʦ ʚ ʜʚʘ ʨʘʟʘ ʤʝʥʴʰʝ ʦʙʳʯʥʦʡ.  

Å çʉʝʛʤʝʥʪʳ ʩ Ŭ-ʫʰʠʨʝʥʠʝʤè. ʇʠʢ ʧʴʝʜʝʩʪʘʣʘ ʦʙʳʯʥʦʡ ʬʦʨʤʳ, ʟʘʪʦ ʧʠʢ 

Ŭ-ʯʘʩʪʠʮ ʰʠʨʝ ʦʙʳʯʥʦʛʦ ʠ ʤʝʥʝʝ ʠʥʪʝʥʩʠʚʥʳʡ, ʧʦʚʳʰʝʥ ʬʦʥ.  

ʃʶʙʘʷ ʠʟ ʦʧʠʩʘʥʥʳʭ ʥʝʨʝʛʫʣʷʨʥʦʩʪʝʡ ʧʨʠʚʦʜʠʪ ʢ ʥʝʪʦʯʥʦʩʪʠ 

ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʠʟʤʝʨʝʥʠʡ ʜʘʥʥʳʤ ʩʝʛʤʝʥʪʦʤ, ʠ ʥʝʢʦʪʦʨʳʝ ʠʟ ʥʠʭ ʢ 

ʥʘʚʦʜʢʘʤ ʥʘ ʩʦʩʝʜʥʠʝ ʩʝʛʤʝʥʪʳ. ʇʦ ʢʦʨʨʝʣʷʮʠʷʤ ʩ ʩʠʛʥʘʣʦʤ ʩ 

ʧʨʦʪʠʚʦʧʦʣʦʞʥʦʡ ʩʪʦʨʦʥʳ ʙʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʥʝʪʠʧʠʯʥʳʡ ʩʝʛʤʝʥʪ 

ʩʦʭʨʘʥʷʝʪ ʦʜʥʫ ʠ ʪʫ ʞʝ ʥʝʨʝʛʫʣʷʨʥʦʩʪʴ ʦʪʢʣʠʢʘ ʧʦ ʚʩʝʡ ʩʚʦʝʡ ʜʣʠʥʝ. ɼʣʷ 

ʧʦʣʫʯʝʥʠʷ ʦʙʱʝʡ ʢʘʨʪʠʥʳ  ʢʘʯʝʩʪʚʘ ʚʩʝʭ ʯʫʚʩʪʚʠʪʝʣʴʥʳʭ ʩʝʛʤʝʥʪʦʚ ʦʜʥʦʛʦ 

ʜʝʪʝʢʪʦʨʘ ʩʪʨʦʠʣʠʩʴ ʛʨʘʬʠʢʠ (ʨʠʩ. 2.3.ʙ). ʇʦ ʦʩʠ X ʜʘʥʥʦʡ ʜʚʫʤʝʨʥʦʡ 

ʛʠʩʪʦʛʨʘʤʤʳ ʥʦʤʝʨʘ ʩʝʛʤʝʥʪʦʚ p-ʩʪʦʨʦʥʳ ʜʝʪʝʢʪʦʨʘ, ʧʦ ʦʩʠ Y ʥʦʤʝʨʘ 

ʩʝʛʤʝʥʪʦʚ n-ʩʪʦʨʦʥʳ, ʧʦʢʘʟʘʥʦ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʩʦʙʳʪʠʡ ʧʨʠ 

ʵʢʩʧʦʟʠʮʠʠ ʥʘ ʠʩʪʦʯʥʠʢʝ Ŭ-ʯʘʩʪʠʮ. ʇʦʜ ʩʦʙʳʪʠʝʤ ʧʦʜʨʘʟʫʤʝʚʘʣʩʷ ʬʘʢʪ 

ʧʨʝʚʳʰʝʥʠʷ ʘʤʧʣʠʪʫʜʳ ʩʠʛʥʘʣʘ ʧʦʨʦʛʦʚʦʛʦ ʟʥʘʯʝʥʠʷ, ʢʦʪʦʨʦʝ 

ʨʘʩʩʯʠʪʳʚʘʣʦʩʴ ʢʘʢ ʧʦʣʦʞʝʥʠʝ ʧʠʢʘ Ŭ-ʯʘʩʪʠʮ ʤʠʥʫʩ ʦʜʥʘ ʰʠʨʠʥʘ ʧʠʢʘ. ʇʦʜ 

ʰʠʨʠʥʦʡ ʧʦʥʠʤʘʣʘʩʴ, ʜʠʩʧʝʨʩʠʷ ʥʦʨʤʘʣʴʥʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ (ů), 

ʦʧʠʩʳʚʘʶʱʝʛʦ ʧʠʢ. ʇʦʤʠʤʦ ʩʝʛʤʝʥʪʦʚ ʩ ʥʝʨʝʛʫʣʷʨʥʳʤ ʦʪʢʣʠʢʦʤ, ʥʘ ʨʠʩ. 2.3 

ʚʠʜʥʦ ʧʣʘʚʥʦʝ ʠʟʤʝʥʝʥʠʝ ʠʥʪʝʥʩʠʚʥʦʩʪʠ, ʩʚʷʟʘʥʥʦʝ ʩ ʠʟʤʝʥʝʥʠʝʤ ʪʝʣʝʩʥʦʛʦ 

ʫʛʣʘ, ʚʥʫʪʨʠ ʢʦʪʦʨʦʛʦ ʚʠʜʝʥ ʠʩʪʦʯʥʠʢ Ŭ-ʯʘʩʪʠʮ ʜʣʷ ʢʘʞʜʦʡ ʢʦʤʙʠʥʘʮʠʠ 

ʩʝʛʤʝʥʪʦʚ ʥʘ  n- ʠ ʥʘ p-ʩʪʦʨʦʥʝ. ɹʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʧʦʩʣʝ ʢʦʨʨʝʢʪʠʨʦʚʢʠ 

ʜʘʥʥʦʛʦ ʵʬʬʝʢʪʘ ʚʩʝ  ʨʝʛʫʣʷʨʥʳʝ ʩʝʛʤʝʥʪʳ ʠʤʝʶʪ ʨʘʚʥʳʝ ʩʢʦʨʦʩʪʠ ʩʯʝʪʘ.  
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 ɺ ʨʘʟʨʘʙʦʪʘʥʥʦʡ ʧʨʦʮʝʜʫʨʝ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʡ ʧʨʦʚʝʨʢʠ ʩʝʛʤʝʥʪʳ ʩ 

ʥʝʩʪʘʥʜʘʨʪʥʳʤʠ ʦʪʢʣʠʢʘʤʠ ʦʧʨʝʜʝʣʷʶʪʩʷ ʧʨʦʛʨʘʤʤʥʳʤ ʦʙʝʩʧʝʯʝʥʠʝʤ, 

ʘʥʘʣʠʟʠʨʫʶʱʠʤ ʰʠʨʠʥʫ ʧʠʢʘ ʧʴʝʜʝʩʪʘʣʘ ʠ ʧʠʢ Ŭ-ʯʘʩʪʠʮ ʜʣʷ ʢʘʞʜʦʛʦ 

ʩʝʛʤʝʥʪʘ. ʈʠʩʫʥʦʢ 2.3.ʘ ʠʣʣʶʩʪʨʠʨʫʝʪ ʵʪʦʪ ʘʥʘʣʠʟ. ʈʠʩʫʥʦʢ 2.3.ʘ ʠ 

ʨʠʩʫʥʦʢ 2.3.ʙ ʧʦʣʫʯʝʥʳ ʧʨʠ ʧʦʤʦʱʠ ʨʘʟʥʳʭ ʧʨʦʛʨʘʤʤ, ʦʜʥʘʢʦ ʠʭ ʩʨʘʚʥʝʥʠʝ 

ʧʦʢʘʟʳʚʘʝʪ ʩʦʚʧʘʜʝʥʠʝ ʦʙʥʘʨʫʞʝʥʥʳʭ ʥʝʨʝʛʫʣʷʨʥʦʩʪʝʡ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʜʣʷ 

ʦʙʥʘʨʫʞʝʥʠʷ ʥʝʨʝʛʫʣʷʨʥʦʩʪʝʡ ʠ ʟʘʧʠʩʠ ʠʭ ʚ ʙʘʟʫ ʜʘʥʥʳʭ ʙʳʣ ʚʳʙʨʘʥ ʤʝʪʦʜ 

ʈʠʩʫʥʢʘ 2.3.ʘ, ʧʦʩʢʦʣʴʢʫ ʝʛʦ ʬʦʨʤʘʣʠʟʘʮʠʷ ʧʨʦʱʝ.  

ʇʦ ʩʧʝʮʠʬʠʢʘʮʠʠ ʧʨʦʠʟʚʦʜʠʪʝʣʷ 99% ʯʫʚʩʪʚʠʪʝʣʴʥʳʭ ʩʝʛʤʝʥʪʦʚ 

ʧʦʩʪʘʚʣʷʝʤʳʭ ʜʝʪʝʢʪʦʨʦʚ  ʷʚʣʷʶʪʩʷ ʧʦʣʥʦʩʪʴʶ ʨʘʙʦʯʠʤʠ. ʆʜʥʘʢʦ ʦʧʠʩʘʥʥʳʝ 

ʟʜʝʩʴ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʜʣʷ ʥʘʰʝʛʦ ʫʨʦʚʥʷ ʪʦʯʥʦʩʪʠ ʙʝʟʫʧʨʝʯʥʳʤʠ 

 
 

ʘ) 

 

 

 

 

 

ʙ) 

 
ʈʠʩʫʥʦʢ 2.3. a) ʐʠʨʠʥʘ ʧʠʢʘ ʧʴʝʜʝʩʪʘʣʘ (ʟʘʢʨʘʰʝʥʥʘʷ ʛʠʩʪʦʛʨʘʤʤʘ) ʠ 

ʧʠʢʘ Ŭ-ʯʘʩʪʠʮ (ʥʝ ʟʘʢʨʘʰʝʥʥʘʷ) ʜʣʷ ʚʩʝʭ ʩʝʛʤʝʥʪʦʚ p-ʩʪʦʨʦʥʳ ʜʝʪʝʢʪʦʨʘ; ʙ) 

ʉʢʦʨʦʩʪʴ ʩʯʝʪʘ ʜʣʷ ʢʘʞʜʦʡ ʢʦʤʙʠʥʘʮʠʠ ʩʝʛʤʝʥʪʦʚ ʥʘ  n- ʠ ʥʘ p-ʩʪʦʨʦʥʝ 

ʜʝʪʝʢʪʦʨʘ. 
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ʷʚʣʷʶʪʩʷ ʤʝʥʴʰʠʡ ʧʨʦʮʝʥʪ ʩʝʛʤʝʥʪʦʚ - 97% (ʩʤ. ʇʨʠʣʦʞʝʥʠʝ ɸ). ʆʪʩʶʜʘ 

ʩʣʝʜʫʝʪ, ʯʪʦ ʜʣʷ ʜʚʫʤʝʨʥʦʡ ʨʝʢʦʥʩʪʨʫʢʮʠʠ ʧʦʧʘʜʘʥʠʷ ʯʘʩʪʠʮʳ ʚ ʜʝʪʝʢʪʦʨ 6% 

ʦʪ ʧʣʦʱʘʜʠ ʜʝʪʝʢʪʦʨʘ ʙʫʜʝʪ ʠʤʝʪʴ ʥʝʩʢʦʣʴʢʦ ʦʛʨʘʥʠʯʝʥʥʫʶ 

ʬʫʥʢʮʠʦʥʘʣʴʥʦʩʪʴ, ʘ ʩ ʧʨʠʚʣʝʯʝʥʠʝʤ ʜʚʫʭ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʭ ʜʝʪʝʢʪʦʨʦʚ, 

ʪʘʢʘʷ ʞʝ ʦʛʨʘʥʠʯʝʥʠʷ ʧʨʦʷʚʣʷʶʪʩʷ ʜʣʷ  12% ʪʝʣʝʩʥʦʛʦ ʫʛʣʘ ʪʝʣʝʩʢʦʧʘ. 

ɼʘʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʚʤʝʩʪʝ ʩ ʚʦʣʴʪ-ʘʤʧʝʨʥʳʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʙʳʣʠ 

ʧʨʝʜʦʩʪʘʚʣʝʥʳ ʨʘʟʨʘʙʦʪʯʠʢʫ, ʢʦʤʧʘʥʠʠ Micron Semiconductor. ʕʪʠ ʜʘʥʥʳʝ 

ʙʳʣʠ ʦʩʥʦʚʦʡ ʜʣʷ ʧʦʩʣʝʜʫʶʱʠʭ ʦʙʩʫʞʜʝʥʠʡ ʧʦ ʫʣʫʯʰʝʥʠʶ ʪʝʭʥʦʣʦʛʠʠ 

ʧʨʦʠʟʚʦʜʩʪʚʘ ʩʣʝʜʫʶʱʠʭ ʧʦʢʦʣʝʥʠʡ ʜʝʪʝʢʪʦʨʦʚ ʜʣʷ ʩʠʩʪʝʤʳ ʂʊʊ.  

ʈʘʟʜʝʣ 2.2. ʕʣʝʢʪʨʦʥʠʢʘ ʩʯʠʪʳʚʘʥʠʷ ʠ ʩʲʸʤʘ ʜʘʥʥʳʭ. 

ʆʩʦʙʦʝ ʚʥʠʤʘʥʠʝ ʙʳʣʦ ʫʜʝʣʝʥʦ ʨʘʟʨʘʙʦʪʢʝ ʵʣʝʢʪʨʦʥʠʢʠ, ʥʘʩʪʨʦʡʢʝ ʝʸ 

ʨʘʙʦʯʠʭ ʥʘʧʨʷʞʝʥʠʡ, ʘ ʪʘʢʞʝ ʧʨʦʮʝʜʫʨʝ ʩʯʠʪʳʚʘʥʠʷ. ɺ ʭʦʜʝ ʵʢʩʧʣʫʘʪʘʮʠʠ 

ʩʠʩʪʝʤʳ ʙʳʣ ʦʙʥʘʨʫʞʝʥ ʨʷʜ ʥʝʠʟʚʝʩʪʥʳʭ ʨʘʥʝʝ ʦʩʦʙʝʥʥʦʩʪʝʡ ʨʘʙʦʪʳ 

ʵʣʝʢʪʨʦʥʠʢʠ, ʥʝʛʘʪʠʚʥʦʝ ʚʣʠʷʥʠʝ ʢʦʪʦʨʳʭ ʙʳʣʦ ʣʠʙʦ ʩʢʦʨʨʝʢʪʠʨʦʚʘʥʦ, ʣʠʙʦ 

ʫʯʪʝʥʦ.  

2.2.1 ʕʣʝʢʪʨʦʥʠʢʘ ʩʯʠʪʳʚʘʥʠʷ, ʢʦʥʪʨʦʣɹ ʩʪʘʙʠʣʴʥʦʩʪʠ ʨʘʙʦʪʳ 

ɺ ʢʘʯʝʩʪʚʝ ʦʩʥʦʚʳ ʜʣʷ ʵʣʝʢʪʨʦʥʠʢʠ ʩʯʠʪʳʚʘʥʠʷ ʙʣrʠ ʚʳʙʨʘʥʳ 

ʤʠʢʨʦʩʭʝʤʳ VA32TA2[12] MATE3[13], ʦʧʨʝʜʝʣʷʶʱʠʤ ʢʨʠʪʝʨʠʝʤ ʚʳʙʦʨʘ 

ʙʳʣʘ ʚʦʟʤʦʞʥʦʩʪʴ ʘʚʪʦʟʘʧʫʩʢʘ ʩʯʠʪʳʚʘʥʠʷ ʠ ʙʦʣʴʰʦʡ ʜʠʥʘʤʠʯʝʩʢʠʡ 

ʜʠʘʧʘʟʦʥ. ʂʨʦʤʝ ʪʦʛʦ, ʚ ʵʪʠʭ ʤʠʢʨʦʩʭʝʤʘʭ ʝʩʪʴ ʦʧʮʠʷ ʚʥʫʪʨʝʥʥʝʡ 

ʢʘʣʠʙʨʦʚʢʠ, ʪ.ʝ. ʚʦʟʤʦʞʥʦʩʪʴ ʛʝʥʝʨʠʨʦʚʘʪʴ ʪʝʩʪʦʚʳʝ ʠʤʧʫʣʴʩʳ ʟʘʜʘʥʥʦʡ 

ʘʤʧʣʠʪʫʜʳ ʠ ʧʦʜʘʚʘʪʴ ʠʭ ʥʘ ʚʭʦʜʳ ʢʘʞʜʦʛʦ ʩʯʠʪʳʚʘʶʱʝʛʦ ʢʘʥʘʣʘ. 

ʇʝʯʘʪʥʳʝ ʧʣʘʪʳ ʥʘ ʙʘʟʝ ʤʠʢʨʦʩʭʝʤ VA32TA2 ʠ MATE 3 

ʄʠʢʨʦʩʭʝʤʘ VA32TA2 ʩʦʜʝʨʞʠʪ 32 ʢʘʥʘʣʘ, ʢʘʞʜʳʡ ʠʟ ʢʦʪʦʨʳʭ 

ʦʙʦʨʫʜʦʚʘʥ ʦʜʥʠʤ ʤʝʜʣʝʥʥʳʤ ʫʩʠʣʠʪʝʣʝʤ-ʬʦʨʤʠʨʦʚʘʪʝʣʝʤ (shaper amplifier) 

ʠ ʦʜʥʠʤ ʙʳʩʪʨʳʤ. ɹʳʩʪʨʳʡ ʫʩʠʣʠʪʝʣʴ-ʬʦʨʤʠʨʦʚʘʪʝʣʴ ʚ ʩʚʷʟʢʝ ʩ 

ʜʠʩʢʨʠʤʠʥʘʪʦʨʦʤ ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʙʳʩʪʨʦʡ ʚʳʨʘʙʦʪʢʠ ʩʠʛʥʘʣʘ ʟʘʧʫʩʢʘ ʠ 

ʜʣʷ ʤʝʪʢʠ ʚʨʝʤʝʥʠ (ʪ.ʥ. TA ʚʳʭʦʜ). ɼʣʷ ʠʟʤʝʨʝʥʠʷ ʘʤʧʣʠʪʫʜʳ ʩʠʛʥʘʣʘ (ʪ.ʥ. 

VA ʚʳʭʦʜ) ʤʝʜʣʝʥʥʳʝ ʬʦʨʤʠʨʦʚʘʪʝʣʠ-ʫʩʠʣʠʪʝʣʠ ʨʘʙʦʪʘʶʪ ʢʘʢ ʠʥʪʝʛʨʘʪʦʨʳ, 

ʩʦʙʠʨʘʷ ʟʘʨʷʜ ʩ ʪʠʧʠʯʥʦʡ ʜʣʠʪʝʣʴʥʦʩʪʴʶ ʥʘʨʘʩʪʘʥʠʷ ʬʨʦʥʪʘ 2 ʤʢʩ. ʇʠʢʦʚʘʷ 

ʘʤʧʣʠʪʫʜʘ ʩʯʠʪʳʚʘʝʪʩʷ, ʧʨʠ ʧʦʣʫʯʝʥʠʠ ʩʠʛʥʘʣ çHOLDè, ʢʦʪʦʨʳʡ 

ʥʝʦʙʭʦʜʠʤʦ ʧʦʜʘʪʴ ʚ ʤʦʤʝʥʪ ʤʘʢʩʠʤʫʤʘ ʩʠʛʥʘʣʘ.  ʄʫʣʴʪʠʧʣʝʢʩʠʨʦʚʘʥʥʳʡ 

ʘʥʘʣʦʛʦʚʳʡ ʚʳʭʦʜʥʦʡ ʩʠʛʥʘʣ ʬʦʨʤʠʨʫʝʪʩʷ ʩ ʯʘʩʪʦʪʦʡ ʜʦ 10 ʄɻʮ. ʇʦʩʢʦʣʴʢʫ 

ʜʘʥʥʘʷ ʵʣʝʢʪʨʦʥʠʢʘ ʨʘʟʨʘʙʦʪʘʥʘ ʜʣʷ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʚ ʚʘʢʫʫʤʝ, ʪʦ ʙʘʟʦʡ 

ʜʣʷ ʥʝʝ ʷʚʣʷʝʪʩʷ ὃὰὕ  ʢʝʨʘʤʠʯʝʩʢʘʷ ʜʚʫʩʪʦʨʦʥʥʷʷ ʧʝʯʘʪʥʘʷ ʧʣʘʪʘ, ʨʘʟʤʝʨʳ 

ʝʝ 90Ĭ90 ʤʤ
2
 (ʨʠʩ. 2.4).  
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ʅʘ ʦʜʥʦʡ ʧʣʘʪʝ ʨʘʩʧʦʣʦʞʝʥʳ ʧʷʪʴ ʤʠʢʨʦʩʭʝʤ, ʯʪʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ 160 

ʚʭʦʜʥʳʤ ʢʘʥʘʣʘʤ. ʕʪʦʛʦ ʜʦʩʪʘʪʦʯʥʦ, ʯʪʦʙʳ ʧʦʜʢʣʶʯʠʪʴ ʚʩʝ ʯʫʚʩʪʚʠʪʝʣʴʥʳʝ 

ʩʝʛʤʝʥʪʳ ʥʘ ʦʜʥʦʡ ʩʪʦʨʦʥʝ ʜʝʪʝʢʪʦʨʘ (ʤʘʢʩʠʤʫʤ 151 ʥʘ ʩʪʦʨʦʥʝ). ʊʘʢʠʤ 

ʦʙʨʘʟʦʤ, ʦʜʥʘ ʧʣʘʪʘ ʧʦʜʢʣʶʯʘʝʪʩʷ ʢ ʦʜʥʦʡ ʩʪʦʨʦʥʝ ʜʝʪʝʢʪʦʨʘ, ʘ ʚʪʦʨʘʷ ʢ 

ʦʙʨʘʪʥʦʡ ʩʪʦʨʦʥʝ (ʨʠʩ. 2.5). ɸʥʘʣʦʛʠʯʥʦ ʫʩʪʨʦʝʥʘ ʧʣʘʪʘ ʩ MATE3 

ʤʠʢʨʦʩʭʝʤʘʤʠ (ʨʠʩ. 2.6 ʠ ʨʠʩ. 2.7). 

 

   
ʈʠʩʫʥʦʢ 2.4   ʈʠʩʫʥʦʢ 2.5 

ʈʠʩʫʥʦʢ 2.4. ʇʣʘʪʘ ʩ ʧʷʪʴʶ VA32TA2 ʤʠʢʨʦʩʭʝʤʘʤʠ. ʊʨʠ ʚʭʦʜʥʳʭ 

ʨʘʟʲʝʤʘ ʧʦʟʚʦʣʷʶʪ ʧʦʜʢʣʶʯʠʪʴ ʝʝ ʢʦ ʚʩʝʤ ʯʫʚʩʪʚʠʪʝʣʴʥʳʤ ʩʝʛʤʝʥʪʘʤ ʥʘ 

ʦʜʥʦʡ ʩʪʦʨʦʥʝ ʜʝʪʝʢʪʦʨʘ.  

ʈʠʩʫʥʦʢ 2.5. ʉʙʦʨʢʘ ʠʟ ʦʜʥʦʛʦ ʜʝʪʝʢʪʦʨʘ ʩ ʜʚʫʤʷ ʧʣʘʪʘʤʠ, 

ʧʦʜʢʣʶʯʸʥʥʳʤʠ ʢʘʞʜʘʷ ʢ ʩʚʦʝʡ ʩʪʦʨʦʥʝ. ɺʠʜʥʳ ʜʚʘ ʚʳʭʦʜʥʳʭ ʧʦʣʠʠʤʠʜʥʳʭ 

ʰʣʝʡʬʘ. 

 
ʈʠʩʫʥʦʢ 2.6    ʈʠʩʫʥʦʢ 2.7 

ʈʠʩʫʥʦʢ 2.6. ʇʨʦʪʦʪʠʧ ʧʣʘʪʳ MATE3 ʜʣʷ ʣʘʙʦʨʘʪʦʨʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ.  

ʈʠʩʫʥʦʢ 2.7. ʇʣʘʪʳ MATE3ʵʢʩʧʝʨʠʤʝʥʪʘ #ANKE172.0. 
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ʇʨʦʮʝʜʫʨʘ ʠʩʧʳʪʘʥʠʡ ʧʣʘʪ.  

ʇʝʨʝʜ ʥʘʯʘʣʦʤ ʠʟʤʝʨʝʥʠʡ ʚ ʣʘʙʦʨʘʪʦʨʠʠ ʠ ʟʘʪʝʤ ʚ ʫʩʪʘʥʦʚʢʝ ʢʘʞʜʘʷ 

ʧʣʘʪʘ ʪʝʩʪʠʨʦʚʘʣʘʩʴ. ʍʘʨʘʢʪʝʨʠʩʪʠʢʠ ʵʣʝʢʪʨʦʥʠʢʠ ʧʦ ʠʟʤʝʨʝʥʠʶ ʘʤʧʣʠʪʫʜʳ 

ʩʠʛʥʘʣʘ ʠ ʚʨʝʤʝʥʠ ʝʛʦ ʧʨʠʭʦʜʘ-ʦʢʦʥʯʘʥʠʷ ʦʧʨʝʜʝʣʷʣʠʩʴ ʧʨʠ ʧʦʤʦʱʠ 

ʪʝʩʪʦʚʦʡ ʵʣʝʢʪʨʦʥʥʦʡ ʩʠʩʪʝʤʳ VA-DAQ (ʢʦʤʤʝʨʯʝʩʢʘʷ ʨʘʟʨʘʙʦʪʢʘ Ideas 

[11]).  

ʉʠʩʪʝʤʘ VA-DAQ ʵʪʦ ʩʦʚʦʢʫʧʥʦʩʪʴ ʥʘʩʪʦʣʴʥʦʛʦ ʧʨʠʙʦʨʘ, 

ʧʦʜʢʣʶʯʘʝʤʦʛʦ ʢ ʧʨʦʚʝʨʷʝʤʦʡ ʧʣʘʪʝ, ʠ ʧʨʦʛʨʘʤʤʥʦʛʦ ʧʘʢʝʪʘ ʥʘ ʦʩʥʦʚʝ 

ʛʨʘʬʠʯʝʩʢʦʡ ʩʨʝʜʳ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ LabVIEW, ʫʩʪʘʥʘʚʣʠʚʘʝʤʦʛʦ ʥʘ 

ʧʦʜʢʣʶʯʝʥʥʳʡ ʢ ʧʨʠʙʦʨʫ ʇʂ. ʉʠʩʪʝʤʘ ʦʙʝʩʧʝʯʠʚʘʝʪ ʧʨʦʚʝʜʝʥʠʷ ʨʷʜʘ 

ʨʘʟʣʠʯʥʳʭ ʪʝʩʪʦʚ, ʯʘʩʪʴ ʠʟ ʢʦʪʦʨʳʭ ʚʦʰʣʘ ʚ ʧʨʦʮʝʜʫʨʫ ʪʝʩʪʠʨʦʚʘʥʠʷ ʂʊʊ 

ʵʣʝʢʪʨʦʥʠʢʠ. ʉʠʩʪʝʤʘ ʧʦʜʘʪy ʪʝʩʪʦʚʳʝ ʠʤʧʫʣʴʩʳ ʥʘ ʚʭʦʜ ʧʝʯʘʪʥʦʡ ʧʣʘʪʳ ʩ 

VA32TA2 ʤʠʢʨʦʩʭʝʤʘʤʠ ʠ ʠʩʩʣʝʜʫʝʪ ʦʪʚʝʪ ʘʤʧʣʠʪʫʜʥʦʛʦ (VA) ʠ ʙʳʩʪʨʦʛʦ 

ʮʠʬʨʦʚʦʛʦ (TA) ʚʳʭʦʜʦʚ. ʇʨʦʛʨʘʤʤʥʳʡ ʠʥʪʝʨʬʝʡʩ ʧʦʟʚʦʣʷʝʪ ʫʩʪʘʥʦʚʠʪʴ 

ʚʝʣʠʯʠʥʳ ʥʘʧʨʷʞʝʥʠʷ ʧʠʪʘʥʠʷ, ʥʘʧʨʷʞʝʥʠʡ ʠ ʪʦʢʦʚ ʩʤʝʱʝʥʠʷ,  ʘ ʪʘʢʞʝ 

ʟʥʘʯʝʥʠʷ ʨʝʛʠʩʪʨʦʚ ʤʠʢʨʦʩʭʝʤʳ, ʦʧʨʝʜʝʣʷʶʱʠʭ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪ ɹ

ʩʯʠʪʳʚʘʥʠʷ.  

ʇʨʦʮʝʜʫʨʘ ʠʩʧʳʪʘʥʠʷ ʥʘʯʠʥʘʝʪʩʷ ʩ ʧʨʠʤʝʥʝʥʠʷ ʠʥʩʪʨʫʤʝʥʪʘ "VA 

Oscilloscope" (ʨʠʩ. 2.8), ʢʦʪʦʨʳʡ ʦʪʦʙʨʘʞʘʝʪ ʥʘ ʚʠʨʪʫʘʣʴʥʦʤ ʵʢʨʘʥʝ 

ʦʩʮʠʣʣʦʛʨʘʬʘ ʚʨʝʤʷ-ʘʤʧʣʠʪʫʜʥʫʶ ʭʘʨʘʢʪʝʨʠʩʪʠʢʫ ʩ VA ʚʳʭʦʜʘ, 

ʧʦʩʪʨʦʝʥʥʫ ʁʥʘ ʚʳʙʨʘʥʥʦʤ ʢʦʣʠʯʝʩʪʚʝ ʠʟʤʝʨʝʥʠʡ ʩ ʯʘʩʪʦʪʦʡ 32 ʢɻʮ. ɸʥʘʣʠʟ 

ʬʦʨʤʳ ʧʦʣʫʯʘʝʤʦʛʦ VA ʧʠʢʘ ʧʦʟʚʦʣʷʝʪ ʦʧʨʝʜʝʣʷʪʴ ʚʨʝʤʝʥʥʫʶ ʟʘʜʝʨʞʢʫ 

çhold delayè ʜʣʷ ʩʠʛʥʘʣʘ TA ʚʳʭʦʜʘ ʜʦ ʚʳʨʘʙʦʪʢʠ ʩʠʛʥʘʣʘ çHOLDè. 

ɺʦ ʚʪʦʨʦʤ ʪʝʩʪʝ ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʦʣʦʞʝʥʠʷ ʧʴʝʜʝʩʪʘʣʘ ʠ ʫʨʦʚʝʥʴ ʰʫʤʘ 

ʜʣʷ ʢʘʞʜʦʛʦ ʢʘʥʘʣʘ VA32TA2 ʤʠʢʨʦʩʭʝʤ ʥʘ ʧʣʘʪʝ. ɺʝʣʠʯʠʥʳ ʠʟʤʝʨʷʶʪʩʷ 

ʜʣʷ ʚʳʙʨʘʥʥʦʛʦ ʟʥʘʯʝʥʠʷ çhold delayè (ʨʠʩ. 2.9), ʪʝʩʪʦʚʳʝ ʠʤʧʫʣʴʩʳ ʥʘ ʚʭʦʜ 

ʠʩʩʣʝʜʫʝʤʦʡ ʧʣʘʪʳ ʥʝ ʧʦʜʘʶʪʩʷ. ɺʦ-ʧʝʨʚʳʭ, ʪʘʢʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʧʦʟʚʦʣʷʝʪ 

ʦʧʨʝʜʝʣʠʪʴ ʢʘʯʝʩʪʚʦ ʵʢʨʘʥʠʨʦʚʘʥʠʷ ʵʣʝʢʪʨʦʥʠʢʠ (ʜʣʷ ʧʨʦʚʝʜʝʥʥʳʭ 

ʠʟʤʝʨʝʥʠʡ ʪʠʧʠʯʥʳʡ ʫʨʦʚʝʥʴ ʰʫʤʘ ʧʦʣʫʯʘʣʩʷ ʦʢʦʣʦ 8-11 ʤʢɺ). ʉ ʜʨʫʛʦʡ 

ʩʪʦʨʦʥʳ, ʠʩʩʣʝʜʦʚʘʥʠʝ ʧʦʟʚʦʣʷʝʪ ʦʙʥʘʨʫʞʠʪʴ ʟʘʰʫʤʣʝʥʥʳʝ ʢʘʥʘʣʳ.  
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ɺ ʪʨʝʪʴʝʤ ʪʝʩʪʝ ʧʨʦʚʝʨʷʝʪʩʷ ʢʦʵʬʬʠʮʠʝʥʪ ʧʝʨʝʜʘʯʠ çVA gainè. ɼʘʥʥʳʡ 

ʢʦʵʬʬʠʮʠʝʥʪ ʨʘʩʩʯʠʪʳʚʘʝʪʩʷ ʜʝʣʝʥʠʝʤ ʨʘʟʥʠʮʳ ʘʤʧʣʠʪʫʜ ʜʚʫʭ ʦʪʢʣʠʢʦʚ ʥʘ 

ʨʘʟʥʠʮʫ ʘʤʧʣʠʪʫʜ  ʜʚʫʭ ʚʭʦʜʥʳʭ ʪʝʩʪʦʚʳʭ ʠʤʧʫʣʴʩʦʚ. ɸʤʧʣʠʪʫʜʳ ʪʝʩʪʦʚʳʭ 

ʠʤʧʫʣʴʩʦʚ ʧʨʠ ʵʪʦʤ ʚʳʙʠʨʘʶʪʩʷ ʚʙʣʠʟʠ ʥʫʣʷ  (Ñ100 ʤʢɺ). ɼʣʷ ʵʣʝʢʪʨʦʥʠʢʠ 

ʩʯʠʪʳʚʘʥʠʷ ʂʊʊ ʠʩʧʦʣʴʟʫʝʪʩʷ ʠ ʜʨʫʛʦʝ ʦʧʨʝʜʝʣʝʥʠʝ ʢʦʵʬʬʠʮʠʝʥʪʘ 

ʫʩʠʣʝʥʠʷ, ʧʨʠʚʦʜʠʤʦʝ ʚ ʈʘʟʜʝʣʝ 3.1.1. ʈʝʟʫʣʴʪʘʪʳ ʜʘʥʥʦʛʦ ʪʝʩʪʘ (ʨʠʩ. 2.10) 

ʧʦʟʚʦʣʷʶʪ ʧʨʠʥʷʪʴ ʦʢʦʥʯʘʪʝʣʴʥʦʝ ʨʝʰʝʥʠʝ, ʢʦʪʦʨʳʝ ʠʟ ʢʘʥʘʣʦʚ VA ʯʘʩʪʠ 

ʵʣʝʢʪʨʦʥʠʢʠ ʧʦʣʥʦʩʪʴʶ ʫʜʦʚʣʝʪʚʦʨʷʶʪ ʪʨʝʙʦʚʘʥʠʷʤ.  

ʅʘ ʨʠʩʫʥʢʝ 2.11 ʧʦʢʘʟʘʥʘ ʧʨʦʮʝʜʫʨʘ, ʪʝʩʪʘ TA ʢʘʥʘʣʘ ʵʣʝʢʪʨʦʥʠʢʠ. 

ʂʨʠʪʝʨʠʝʤ ʜʣʷ ʚʳʨʘʙʦʪʢʠ ʚʳʭʦʜʥʦʛʦ TA ʩʠʛʥʘʣʘ  ʷʚʣʷʝʪʩʷ ʬʘʢʪ ʧʨʝʚʳʰʝʥʠʷ  

ʪʝʢʫʱʝʡ ʘʤʧʣʠʪʫʜʦʡ ʚʭʦʜʥʦʛʦ ʩʠʛʥʘʣʘ ʦʧʨʝʜʝʣʝʥʥʦʛʦ ʧʦʨʦʛʘ. ɺʦ ʚʨʝʤʷ ʪʝʩʪʘ 

  

ʈʠʩʫʥʦʢ 2.8 ʈʠʩʫʥʦʢ 2.9 

ʈʠʩʫʥʦʢ 2.8. ʀʥʪʝʨʬʝʡʩ ʠʥʩʪʨʫʤʝʥʪʘ çVA ʦʩʮʠʣʣʦʛʨʘʬè.  

ʈʠʩʫʥʦʢ 2.9. ʀʥʪʝʨʬʝʡʩ ʠʥʩʪʨʫʤʝʥʪʘ çʇʴʝʜʝʩʪʘʣʳ ʠ ʰʫʤè. 

 
ʈʠʩʫʥʦʢ 2.10. ʈʝʟʫʣʴʪʘʪ ʧʨʠʤʝʥʝʥʠʷ ʠʥʩʪʨʫʤʝʥʪʘ çVA Gainè. 
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ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʠʟ ʟʘʜʘʥʥʦʛʦ ʢʦʣʠʯʝʩʪʚʘ (ʚ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ï 100) 

ʪʝʩʪʦʚʳʭ ʠʤʧʫʣʴʩʦʚ ʟʘʜʘʥʥʦʡ ʘʤʧʣʠʪʫʜʳ ʧʦʜʘʶʪʩʷ ʥʘ ʚʭʦʜ, ʠ ʩʨʘʚʥʠʚʘʝʪʩʷ ʩ 

ʢʦʣʠʯʝʩʪʚʦʤ  ʧʦʣʫʯʘʝʤʳʭ ʩʠʛʥʘʣʦʚ ʥʘ TA ʚʳʭʦʜʝ. ɸʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʝ 

ʩʢʘʥʠʨʦʚʘʥʠʝ ʚʜʦʣʴ ʜʦʩʪʫʧʥʦʛʦ ʜʠʘʧʘʟʦʥʘ ʘʤʧʣʠʪʫʜ ʚʭʦʜʥʳʭ ʩʠʛʥʘʣʦʚ 

ʧʦʟʚʦʣʷʝʪ ʥʘʡʪʠ ʪʘʢʦʝ ʟʥʘʯʝʥʠʝ ʘʤʧʣʠʪʫʜʳ, ʚ ʦʢʨʝʩʪʥʦʩʪʠ ʢʦʪʦʨʦʛʦ 

ʦʪʥʦʰʝʥʠʝ ʢʦʣʠʯʝʩʪʚʘ ʚʳʭʦʜʥʳʭ ʠ ʚʭʦʜʥʳʭ ʠʤʧʫʣʴʩʦʚ ʤʝʥʷʝʪʩʷ ʦʪ 0% ʜʦ 

100% (ʨʠʩ. 2.11). ɿʘʚʠʩʠʤʦʩʪʴ ʜʘʥʥʦʛʦ ʦʪʥʦʰʝʥʠʷ ʢ ʘʤʧʣʠʪʫʜʝ ʚʭʦʜʥʦʛʦ 

ʩʠʛʥʘʣʘ ʚ ʧʦʨʦʛʦʚʦʡ ʦʙʣʘʩʪʠ ʦʧʠʩʳʚʘʝʪʩʷ ʚ ʪʝʨʤʠʥʘʭ ʪ.ʥ. çTA ʢʦʵʬʬʠʮʠʝʥʪè 

(threshold TA gain), ʢʦʪʦʨʳʡ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʧʝʨʚʫʶ ʧʨʦʠʟʚʦʜʥʫʶ ʦʪ 

ʬʫʥʢʮʠʠ, ʦʛʠʙʘʶʱʝʡ ʜʘʥʥʫʶ ʟʘʚʠʩʠʤʦʩʪʴ, ʚ ʪʦʯʢʝ, ʛʜʝ ʚʪʦʨʘʷ ʧʨʦʠʟʚʦʜʥʘʷ 

ʨʘʚʥʘ ʥʫʣʶ.  

 

ʅʘ ʨʠʩ. 2.12 ʧʦʢʘʟʘʥʳ ʧʦʣʫʯʝʥʥʳʝ ʧʨʠ ʧʦʤʦʱʠ ʠʥʩʪʨʫʤʝʥʪʘ "TA gain 

from Q scan" ʚʝʣʠʯʠʥʳ ʢʦʵʬʬʠʮʠʝʥʪʘ TA gain ʜʣʷ ʚʩʝʭ ʚʭʦʜʥʳʭ ʢʘʥʘʣʦʚ 

ʪʝʩʪʠʨʫʝʤʦʡ ʧʣʘʪʳ. ʊʘʢʠʝ ʛʨʘʬʠʢʠ ʩʪʨʦʠʣʠʩʴ  ʜʣʷ ʢʘʞʜʦʡ ʧʣʘʪʳ ʩ ʮʝʣʴʶ 

ʧʦʠʩʢʘ ʢʘʥʘʣʦʚ, ʫ ʢʦʪʦʨʳʭ TA ʯʘʩʪʴ ʥʝ ʬʫʥʢʮʠʦʥʠʨʫʝʪ ʥʦʨʤʘʣʴʥʳʤ ʦʙʨʘʟʦʤ. 

ʉ ʮʝʣʴʶ ʬʦʨʤʘʣʠʟʘʮʠʠ ʧʨʦʮʝʩʩʘ ʧʦʠʩʢʘ ʙʳʣʦ ʧʨʠʥʷʪʦ ʨʝʰʝʥʠʝ ʚʦ ʚʨʝʤʷ 

ʩʝʨʠʡʥʦʡ ʧʨʦʚʝʨʢʠ ʠʩʧʦʣʴʟʦʚʘʪʴ ʪʦʣʴʢʦ ʜʚʝ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʪʝʩʪʦʚʳʭ 

ʠʤʧʫʣʴʩʦʚ ʩ ʪʘʢʠʤʠ ʘʤʧʣʠʪʫʜʘʤʠ, ʯʪʦ ʦʜʥʘ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʜʦʣʞʥʘ 

ʠʤʝʪʴ 0% ʦʪʢʣʠʢʘ, ʘ ʚʪʦʨʘʷ 100% ʦʪʢʣʠʢʘ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʚ ʵʪʦʤ ʩʣʫʯʘʝ 

ʚʝʣʠʯʠʥʘ TA gain ʦʜʠʥʘʢʦʚʘ ʜʣʷ ʚʩʝʭ ʥʦʨʤʘʣʴʥʦ ʬʫʥʢʮʠʦʥʠʨʫʶʱʠʭ ʢʘʥʘʣʦʚ, 

ʠ ʨʝʟʢʦ ʦʪʣʠʯʘʝʪʩʷ ʫ ʥʝʨʘʙʦʪʘʶʱʠʭ ʢʘʥʘʣʦʚ (ʨʠʩ. 2.12). 

ɺ ʊʘʙʣʠʮʝ 2.1 ʧʨʠʚʝʜʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʧʨʦʚʝʨʢʠ ʧʣʘʪ, ʧʦʜʛʦʪʦʚʣʝʥʥʳʭ ʢ 

ʨʘʙʦʪʝ ʥʘ ʚʝʩʝʥʥʝʤ ʩʝʘʥʩʝ 2006 ʛ. ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʥʝʢʦʪʦʨʦʝ 

ʢʦʣʠʯʝʩʪʚʦ ʢʘʥʘʣʦʚ ʥʝ ʨʘʙʦʪʘʣʦ, ʚ ʜʘʣʴʥʝʡʰʝʤ ʧʨʦʮʝʜʫʨʘ ʧʦʜʛʦʪʦʚʢʠ ʧʣʘʪ 

ʙʳʣʘ ʫʣʫʯʰʝʥʘ. ʇʨʠ ʵʪʦʤ ʧʨʦʚʝʨʢʠ ʧʨʠ ʧʦʤʦʱʠ VA-DAQ ʧʦʢʘʟʘʣʠ, ʯʪʦ 

 
ʈʠʩʫʥʦʢ 2.11. ʇʨʦʮʝʜʫʨʘ ʧʨʦʚʝʨʢʠ TA ʯʘʩʪʠ ʦʜʥʦʛʦ ʚʭʦʜʥʦʛʦ ʢʘʥʘʣʘ. 

ʇʦ ʦʩʠ X ʘʤʧʣʠʪʫʜʘ, ʩ ʢʦʪʦʨʦʡ ʧʦʩʳʣʘʝʪʩʷ ʩʦʪʥʷ ʪʝʩʪʦʚʳʭ ʠʤʧʫʣʴʩʦʚ (ʚ 

ʤʢɺ), ʧʦ ʦʩʠ Y ʢʦʣʠʯʝʩʪʚʦ ʩʠʛʥʘʣʦʚ ʥʘ TA ʚʳʭʦʜʝ. 
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ʩʫʱʝʩʪʚʫʶʪ ʢʘʥʘʣʳ ʩ ʢʦʨʨʝʢʪʥʳʤ ʠʟʤʝʨʝʥʠʝʤ ʘʤʧʣʠʪʫʜʳ ʩʠʛʥʘʣʘ, ʥʦ ʩ 

ʦʩʦʙʝʥʥʦʩʪʷʤʠ ʚʳʨʘʙʦʪʢʠ ʩʠʛʥʘʣʘ ʟʘʧʫʩʢʘ (ʠʣʠ ʤʝʪʢʠ ʚʨʝʤʝʥʠ). 

 

ʅʘʩʪʨʦʡʢʘ ʧʝʯʘʪʥʳʭ ʧʣʘʪ. 

ʄʠʢʨʦʩʭʝʤʘ ʩʯʠʪʳʚʘʥʠʷ VA32TA2 ʠʤʝʝʪ ʤʥʦʞʝʩʪʚʦ ʥʘʩʪʨʘʠʚʘʝʤʳʭ 

ʧʘʨʘʤʝʪʨʦʚ, ʯʪʦ, ʩ ʦʜʥʦʡ ʩʪʦʨʦʥʳ, ʦʙʝʩʧʝʯʠʚʘʝʪ ʛʠʙʢʦʩʪʴ ʥʘʩʪʨʦʝʢ, ʩ ʜʨʫʛʦʡ 

ʩʪʦʨʦʥʳ, ʫʩʣʦʞʥʷʝʪ ʧʦʠʩʢ ʦʧʪʠʤʘʣʴʥʳʭ ʧʘʨʘʤʝʪʨʦʚ. ʅʘʩʪʨʦʡʢʘ ʚʢʣʶʯʘʝʪ ʚ 

ʩʝʙʷ ʫʩʪʘʥʦʚʢʫ ʚʦʩʴʤʠ ʥʘʧʨʷʞʝʥʠʡ ʩʤʝʱʝʥʠʷ, ʟʘʧʠʩʴ ʚ ʫʧʨʘʚʣʷʶʱʠʡ 

ʨʝʛʠʩʪʨ, ʘ ʪʘʢʞʝ ʦʧʨʝʜʝʣʝʥʠʷ ʚʨʝʤʝʥʥʦʡ ʜʠʘʛʨʘʤʤʳ ʫʧʨʘʚʣʷʶʱʠʭ ʩʠʛʥʘʣʦʚ. 

ʆʩʥʦʚʥʦʡ ʮʝʣʴʶ ʥʘʩʪʨʦʡʢʠ ʷʚʣʷʝʪʩʷ ʧʨʠʚʝʜʝʥʠʝ ʢ ʤʠʥʠʤʫʤʫ ʟʘʚʠʩʠʤʦʩʪʠ 

ʚʨʝʤʝʥʠ ʥʘʨʘʩʪʘʥʠʷ ʚʳʭʦʜʥʦʛʦ ʩʠʛʥʘʣʘ ʦʪ ʘʤʧʣʠʪʫʜʳ ʚʭʦʜʥʦʛʦ. ɺ ʠʜʝʘʣʴʥʦʤ 

ʩʣʫʯʘʝ ʨʝʛʠʩʪʨʘʮʠʠ ʩʠʛʥʘʣʦʚ ʦʜʠʥʘʢʦʚʳʭ ʘʤʧʣʠʪʫʜ ʫʧʨʘʚʣʷʶʱʠʡ ʩʠʛʥʘʣ 

çHOLDè ʣʫʯʰʝ ʚʳʨʘʙʘʪʳʚʘʪʴ ʚ ʤʦʤʝʥʪ ʤʘʢʩʠʤʫʤʘ ʚʭʦʜʥʦʛʦ ʠʤʧʫʣʴʩʘ 

(ʢʦʛʜʘ ʩʦʙʨʘʥ ʚʝʩʴ ʟʘʨʷʜ ʩ ʯʫʚʩʪʚʠʪʝʣʴʥʦʛʦ ʩʝʛʤʝʥʪʘ ʜʝʪʝʢʪʦʨʘ). ʕʪʦ ʤʦʞʥʦ 

ʩʜʝʣʘʪʴ, ʚʳʨʘʙʘʪʳʚʘʷ ʩʠʛʥʘʣ çHOLDè ʩ ʬʠʢʩʠʨʦʚʘʥʥʦʡ ʟʘʜʝʨʞʢʦʡ ʧʦʩʣʝ 

ʧʨʠʭʦʜʘ ʩʠʛʥʘʣʘ TA ʯʘʩʪʠ, ʚ ʪʦʤ ʩʣʫʯʘʝ, ʢʦʛʜʘ ʚʨʝʤʷ ʥʘʨʘʩʪʘʥʠʷ ʠʟʚʝʩʪʥʦ ʠ 

ʧʦʩʪʦʷʥʥʦ. 

 
ʈʠʩʫʥʦʢ 2.12. ʇʨʠʤʝʨ ʨʝʟʫʣʴʪʘʪʦʚ  ʧʨʦʚʝʨʢʠ TA ʯʘʩʪʠ ʚʩʝʭ ʢʘʥʘʣʦʚ 

ʧʣʘʪʳ. ʆʜʥʘ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʠʤʧʫʣʴʩʦʚ ʠʤʝʝʪ ʘʤʧʣʠʪʫʜʫ -200.11 ʤʢɺ 

(ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʟʘʨʷʜʫ 36.53 ʬʂʣ), ʚʪʦʨʘʷ ʵʢʚʠʚʘʣʝʥʪ 12.81 ʬʂʣ. ʇʨʠ ʪʘʢʦʡ 

ʧʨʦʚʝʨʢʝ ʚʝʣʠʯʠʥʘ çTA gainè ʜʣʷ ʨʝʛʫʣʷʨʥʳʭ ʢʘʥʘʣʦʚ ʜʦʣʞʥʘ ʙʳʪʴ ʨʘʚʥʘ 

ʵʪʦʡ ʨʘʟʥʠʮʝ ʟʘʨʷʜʦʚ, ʜʝʣʝʥʥʦʡ ʥʘ ʢʦʣʠʯʝʩʪʚʦ ʠʤʧʫʣʴʩʦʚ ʚ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ (23.7 ʬʂʣ/3 = 7.88 ʬʂʣ). 
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ʇʨʠ ʥʘʩʪʨʦʡʢʝ ʚʨʝʤʝʥʥʦʡ ʜʠʘʛʨʘʤʤʳ ʩʯʠʪʳʚʘʥʠʷ ʥʝʦʙʭʦʜʠʤʦ ʪʘʢʞʝ 

ʧʨʠʥʷʪʴ ʚʦ ʚʥʠʤʘʥʠʝ ʵʬʬʝʢʪ (ʨʠʩ. 2.13) ʧʝʨʝʢʨʝʩʪʥʳʭ ʥʘʚʦʜʦʢ ʦʪ 

ʩʨʘʙʦʪʘʚʰʝʛʦ ʚʭʦʜʥʦʛʦ ʢʘʥʘʣʘ ʥʘ ʩʦʩʝʜʥʠʝ. ɺʠʜʠʤʦ, ʧʨʠʯʠʥʦʡ ʥʘʚʦʜʦʢ 

ʷʚʣʷʝʪʩʷ ʪʦ, ʯʪʦ ʧʨʦʤʝʞʫʪʦʢ ʚʨʝʤʝʥʠ ʤʝʞʜʫ ʪʘʢʪʘʤʠ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʛʦ 

ʩʯʠʪʳʚʘʥʠʷ ʥʝʣʴʟʷ ʩʜʝʣʘʪʴ ʥʘʩʪʦʣʴʢʦ ʙʦʣʴʰʠʤ, ʯʪʦʙʳ ʦʙʝʩʧʝʯʠʪʴ ʧʦʣʥʳʡ 

ʨʘʟʨʷʜ ʝʤʢʦʩʪʠ ʙʣʦʢʘ ʦʙʱʝʛʦ ʯʪʝʥʠʷ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʢʘʢ ʵʪʦ ʧʦʢʘʟʘʥʦ ʥʘ 

ʜʘʥʥʦʤ ʨʠʩʫʥʢʝ, ʝʩʣʠ ʝʩʪʴ ʚʭʦʜʥʦʡ ʩʠʛʥʘʣ ʚ ʦʜʥʦʤ ʢʘʥʘʣʦʚ (ʪ.ʥ. ʩʨʘʙʦʪʘʚʰʝʤ 

ʢʘʥʘʣʝ), ʪʦ ʚ ʪʦʤ ʢʘʥʘʣʝ, ʢʦʪʦʨʳʡ ʩʯʠʪʳʚʘʝʪʩʷ ʩʨʘʟʫ ʧʦʩʣʝ ʥʝʛʦ, ʙʫʜʝʪ 

ʥʘʙʣʶʜʘʪʴʩʷ ʥʘʚʝʜʝʥʥʳʡ ʩʠʛʥʘʣ ʩ ʘʤʧʣʠʪʫʜʦʡ 3-5% ʦʪ ʦʩʥʦʚʥʦʛʦ. ɺ ʪʨʝʪʴʝʤ 

ʧʦ ʥʦʤʝʨʫ ʩʯʠʪʳʚʘʥʠʷ ʢʘʥʘʣʝ ʪʘʢʞʝ ʙʫʜʝʪ ʥʘʙʣʶʜʘʪʴʩʷ ʥʘʚʦʜʢʘ, ʩʣʝʜʫʶʱʝʛʦ 

ʧʦʨʷʜʢʘ ʤʘʣʦʩʪʠ. ɹʦʣʝʝ ʧʦʜʨʦʙʥʘʷ ʠʥʬʦʨʤʘʮʠʷ ʦ ʢʦʨʨʝʢʮʠʠ ʜʘʥʥʦʛʦ 

ʵʬʬʝʢʪʘ ʙʫʜʝʪ ʧʨʝʜʩʪʘʚʣʝʥʘ ʚ ʨʘʟʜʝʣʝ 3.2.2, ʚʝʣʠʯʠʥʘ ʵʬʬʝʢʪʘ ʟʘʚʠʩʠʪ 

ʥʘʩʪʨʦʡʢʠ ʵʣʝʢʪʨʦʥʠʢʠ. 

ʊʘʙʣʠʮʘ 2.1: ʊʘʙʣʠʮʘ ʢʦʣʠʯʝʩʪʚʘ ʚʭʦʜʥʳʭ ʢʘʥʘʣʦʚ ʩ ʥʝʧʦʣʥʦʡ 

ʬʫʥʢʮʠʦʥʘʣʴʥʦʩʪʴʶ ʥʘ ʧʨʦʚʝʨʝʥʥʳʭ ʧʣʘʪʘʭ. 

ʅʦʤʝʨ 

ʧʣʘʪʳ 

ɼʝʬʝʢʪ 

VA ʯʘʩʪʠ 

ʇʨʠʤʝʯʘʥʠʝ ɼʝʬʝʢʪ 

ʊA ʯʘʩʪʠ 

ʇʨʠʤʝʯʘʥʠʝ 

1 2 - 3 

ɼʚʘ ʠʟ ʠʭ ʠʤʝʶʪ ʪʘʢʞʝ 

ʥʝʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʴ VA 

ʯʘʩʪʠ 

2 4 - 4 
ʅʝ ʨʘʙʦʪʘʝʪ ʠ VA, ʠ TA 

ʯʘʩʪʴ 

3 3 - 3 - 

4 0 - 1 - 

5 1 - 1 - 

6 20 

ʇʦʩʣʝʜʥʷʷ 

ʧʦʣʦʚʠʥʘ 5-ʦʡ 

ʤʠʢʨʦʩʭʝʤʳ 

1 - 

7 32 
5-ʷ ʤʠʢʨʦʩʭʝʤʘ 

ʧʦʣʥʦʩʪʴʶ 
0 - 
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ʇʨʦʚʝʨʢʘ ʩʪʘʙʠʣʴʥʦʩʪʠ ʨʘʙʦʪʳ ʚʦ ʚʨʝʤʷ ʵʢʩʧʝʨʠʤʝʥʪʘ 

ʅʝʦʙʭʦʜʠʤʦ ʥʝ ʪʦʣʴʢʦ ʜʦʙʠʪʴʩʷ ʚʳʩʦʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʩʠʩʪʝʤʳ, ʥʦ ʠ 

ʦʙʝʩʧʝʯʠʪʴ ʫʩʪʦʡʯʠʚʫʶ ʨʘʙʦʪʫ ʚ ʪʝʯʝʥʠʝ ʵʢʩʧʝʨʠʤʝʥʪʘ. ɼʣʷ ʢʦʨʨʝʢʪʥʦʛʦ 

ʠʟʤʝʨʝʥʠʷ ʵʥʝʨʛʠʠ ʥʝʦʙʭʦʜʠʤʦ ʚ ʢʘʞʜʳʡ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ ʠʤʝʪʴ 

ʠʥʬʦʨʤʘʮʠʶ ʦ ʧʦʣʦʞʝʥʠʠ ʧʴʝʜʝʩʪʘʣʦʚ ʵʣʝʢʪʨʦʥʠʢʠ. ɺ ʧʨʠʤʝʥʷʝʤʦʡ 

ʧʨʦʮʝʜʫʨʝ ʘʥʘʣʠʟʘ ʜʘʥʥʳʭ ʧʨʝʜʫʩʤʘʪʨʠʚʘʝʪʩʷ ʤʦʥʠʪʦʨʠʥʛ ʩʪʘʙʠʣʴʥʦʩʪʠ 

ʧʴʝʜʝʩʪʘʣʦʚ. ʇʨʠʤʝʨ ʨʝʟʫʣʴʪʘʪʦʚ ʤʦʥʠʪʦʨʠʥʛʘ ʚʦ ʚʨʝʤʷ ʨʘʙʦʪʳ ʂʊʊ 

ʩʠʩʪʝʤʳ ʚ ʣʘʙʦʨʘʪʦʨʠʠ ʧʨʝʜʩʪʘʚʣʝʥ ʥʘ ʨʠʩ. 2.14. ɿʜʝʩʴ ʧʦʢʘʟʘʥʦ ʠʟʤʝʥʝʥʠʝ 

ʧʦʣʦʞʝʥʠʷ ʧʴʝʜʝʩʪʘʣʦʚ ʚ ʪʝʯʝʥʠʝ ʦʜʥʦʛʦ 14-ʯʘʩʦʚʦʛʦ ʮʠʢʣʘ ʠʟʤʝʨʝʥʠʡ 

(ʦʧʠʩʘʥʳ ʚ ʈʘʟʜʝʣʝ 2.1.2). ʇʦʢʘʟʘʥʦ, ʯʪʦ ʠʟʤʝʥʝʥʠʷ ʷʚʣʷʶʪʩʷ ʤʦʥʦʪʦʥʥʳʤʠ ʠ 

ʥʝʧʨʝʨʳʚʥʳʤʠ, ʟʘ 10 ʯʘʩʦʚ ʥʝʧʨʝʨʳʚʥʦʛʦ ʥʘʙʦʨʘ ʜʘʥʥʳʭ ʩʫʤʤʘʨʥʳʡ ʩʜʚʠʛ 

ʥʝ ʧʨʝʚʳʰʘʝʪ 1 ʢʘʥʘʣʘ ɸʎʇ, ʯʪʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ  21 ʢʵɺ ʚ ʩʠʩʪʝʤʝ. ʅʘ 

ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʠʟʦʙʨʘʞʝʥʠʷʭ ʚʠʜʥʦ, ʯʪʦ ʥʘʠʙʦʣʴʰʝʝ ʩʤʝʱʝʥʠʝ ʧʴʝʜʝʩʪʘʣʦʚ 

ʥʘʙʣʶʜʘʝʪʩʷ ʫ ʢʘʥʘʣʦʚ, ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʚ ʩʝʨʝʜʠʥʝ ʢʘʞʜʦʡ ʤʠʢʨʦʩʭʝʤʳ. ʕʪʦ 

ʛʦʚʦʨʠʪ ʦ ʪʦʤ, ʯʪʦ ʥʘʠʙʦʣʴʰʝʝ ʚʣʠʷʥʠʝ ʥʘ ʩʤʝʱʝʥʠʝ ʧʴʝʜʝʩʪʘʣʦʚ ʦʢʘʟʳʚʘʝʪ 

ʧʦʩʪʝʧʝʥʥʳʡ ʧʨʦʛʨʝʚ ʤʠʢʨʦʩʭʝʤ ʚʦ ʚʨʝʤʷ ʨʘʙʦʪʳ (ʪʝʨʤʦʩʪʘʙʠʣʠʟʘʮʠʷ ʝʱʝ 

ʥʝ ʙʳʣʘ ʦʙʝʩʧʝʯʝʥʘ).   

 

 
ʈʠʩʫʥʦʢ 2.13. ʇʝʨʝʢʨʝʩʪʥʳʝ ʥʘʚʦʜʢʠ ʚ ʢʘʥʘʣʘʭ, ʩʦʩʝʜʩʪʚʫʶʱʠʭ ʧʦ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʩʯʠʪʳʚʘʥʠʷ ʩ ʢʘʥʘʣʦʤ, ʢʫʜʘ ʙʳʣ ʧʦʩʣʘʥ ʪʝʩʪʦʚʳʡ 

ʠʤʧʫʣʴʩ (ʩʨʘʙʦʪʘʚʰʠʡ). ʉʨʘʙʦʪʘʚʰʠʡ ʢʘʥʘʣ ʠʤʝʝʪ ʥʦʤʝʨ 1 ʧʦ ʦʩʠ X ʠ 

ʘʤʧʣʠʪʫʜʫ ʚ 100%, ʦʩʪʘʣʴʥʳʝ ʢʘʥʘʣʳ ʧʨʦʥʫʤʝʨʦʚʘʥʳ ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʝʛʦ. 
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ɼʘʣʝʝ, ʩʪʘʙʠʣʴʥʦʩʪʴ ʧʦʣʦʞʝʥʠʷ ʧʴʝʜʝʩʪʘʣʦʚ ʠʟʫʯʘʣʘʩʴ ʚ ʫʩʣʦʚʠʷʭ 

ʨʘʙʦʪʳ  ʥʘ ɻʢʩʧʝʨʠʤʝʥʪʝ ANKE (ʜʘʥʥʳʝ run6764-5). ʈʠʩʫʥʦʢ 2.15 ʧʦʢʘʟʳʚʘʝʪ 

ʩʨʘʚʥʠʪʝʣʴʥʦ ʙʦʣʴʰʠʡ ʩʜʚʠʛ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʣʘʙʦʨʘʪʦʨʥʳʤʠ ʜʘʥʥʳʤʠ, ʜʣʷ 

ʙʦʣʴʰʠʥʩʪʚʘ ʢʘʥʘʣʦʚ ʜʨʝʡʬ ʦʢʦʣʦ 1 ʢʘʥʘʣʘ ɸʎʇ (21 ʢʵɺ) ʚ ʪʝʯʝʥʠʝ 

ʭʘʨʘʢʪʝʨʥʦʛʦ ʚʨʝʤʝʥʠ ʥʝʧʨʝʨʳʚʥʦʛʦ ʥʘʙʦʨʘ ʜʘʥʥʳʭ (1-2 ʯʘʩʘ). ʀʟ ʈʠʩʫʥʢʘ 

2.15.ʙ ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜ, ʯʪʦ ʦʩʥʦʚʥʦʡ ʚʢʣʘʜ ʚ ʩʤʝʱʝʥʠʝ ʧʨʦʷʚʣʷʝʪʩʷ ʚ  

ʩʜʚʠʛʝ ʦʙʱʝʛʦ ʫʨʦʚʥʷ ʜʣʷ ʚʩʝʭ ʢʘʥʘʣʦʚ, ʧʦʵʪʦʤʫ ʦʥʦ ʤʦʞʝʪ ʙʳʪʴ 

ʢʦʤʧʝʥʩʠʨʦʚʘʥʦ ʩ ʧʦʤʦʱʴʶ ʪ.ʥ. ʢʦʨʨʝʢʮʠʠ ʙʘʟʦʚʦʡ ʣʠʥʠʠ (Common Mode 

correction), ʦʧʠʩʘʥʥʦʡ ʚ ʨʘʟʜʝʣʝ 3.2.2.  

 
ʈʠʩʫʥʦʢ 2.14. ʉʜʚʠʛ ʧʴʝʜʝʩʪʘʣʦʚ, ʧʦ ʦʩʠ X ʧʦʢʘʟʘʥʳ ʥʦʤʝʨ ʢʘʥʘʣʘ ʠ 

ʥʦʤʝʨ ʤʠʢʨʦʩʭʝʤʳ. 
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ʇʦʣʫʯʝʥʥʳʝ ʜʘʥʥʳʝ ʧʦʢʘʟʘʣʠ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʠʟʫʯʝʥʠʷ ʚʣʠʷʥʠʷ 

ʪʝʤʧʝʨʘʪʫʨʳ ʥʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʂʊʊ ʩʠʩʪʝʤʳ [14], ʘ ʪʘʢʞʝ ʥʝʦʙʭʦʜʠʤʦʩʪʴ 

ʩʪʘʙʠʣʠʟʘʮʠʠ ʪʝʤʧʝʨʘʪʫʨʳ ʚʘʢʫʫʤʥʦʡ ʯʘʩʪʠ ʵʣʝʢʪʨʦʥʠʢʠ ʠ ʜʝʪʝʢʪʦʨʦʚ. ɹʳʣʦ 

ʧʦʢʘʟʘʥʦ, ʯʪʦ ʪʝʨʤʦʩʪʘʙʠʣʠʟʘʮʠʷ ʩʥʠʤʘʝʪ ʧʨʦʙʣʝʤʫ ʜʨʝʡʬʘ ʧʴʝʜʝʩʪʘʣʦʚ ʠ 

ʢʦʵʬʬʠʮʠʝʥʪʘ ʧʝʨʝʜʘʯʠ ʚʦ ʚʨʝʤʷ ʨʘʙʦʪʳ. 

ɺʥʝʰʥ̫̫ ʯʘʩʪ ɹʵʣʝʢʪʨʦʥʠʢʠ ʩʯʠʪʳʚʘʥʠʷ. 

ɺʥʝʰʥʷʷ ʯʘʩʪʴ ʵʣʝʢʪʨʦʥʠʢʠ ʩʯʠʪʳʚʘʥʠʷ ʦʙʝʩʧʝʯʠʚʘʝʪ ʩʚʷʟʠ ʤʝʞʜʫ 

ʨʘʙʦʪʘʶʱʠʤʠ ʚ ʚʘʢʫʫʤʝ ʢʝʨʘʤʠʯʝʩʢʠʤʠ ʧʣʘʪʘʤʠ ʵʣʝʢʪʨʦʥʠʢʠ ʩʯʠʪʳʚʘʥʠʷ ʠ 

ʵʣʝʢʪʨʦʥʠʢʦʡ ʩʲʝʤʘ ʜʘʥʥʳʭ VME ʩʪʘʥʜʘʨʪʘ, ʨʘʟʤʝʱʘʝʤʦʡ ʦʪʜʝʣʴʥʦ ʥʘ ʪ.ʥ. 

ANKE ʧʣʘʪʬʦʨʤʝ. ʆʩʥʦʚʥʳʤʠ ʢʦʤʧʦʥʝʥʪʘʤʠ ʜʘʥʥʦʡ ʯʘʩʪʠ ʷʚʣʷʶʪʩʷ 

ʩʧʝʮʠʘʣʴʥʦ ʨʘʟʨʘʙʦʪʘʥʥʳʝ ʧʝʯʘʪʥʳʝ ʧʣʘʪʳ, ʪ.ʥ. RCard (ʙʣʦʢ-ʩʭʝʤʘ ʧʦʢʘʟʘʥʘ 

ʥʘ ʈʠʩʫʥʢʝ 2.16). ʆʩʥʦʚʥʳʤ ʥʘʟʥʘʯʝʥʠʝʤ ʧʣʘʪ RCard  ʷʚʣʷʝʪʩʷ ʵʣʝʢʪʨʠʯʝʩʢʘʷ 

ʨʘʟʚʷʟʢʘ ʚʩʝʭ ʥʘʧʨʷʞʝʥʠʡ ʩʤʝʱʝʥʠʷ ʠ ʢʦʥʪʨʦʣʴʥʳʭ ʥʘʧʨʷʞʝʥʠʡ, 

ʧʦʜʘʚʘʝʤʳʭ ʥʘ ʤʠʢʨʦʩʭʝʤʳ ʵʣʝʢʪʨʦʥʠʢʠ ʩʯʠʪʳʚʘʥʠʷ. ɼʣʷ ʥʠʭ ʤʠʥʠʤʘʣʴʥʳʤ 

ʫʨʦʚʥʝʤ ʷʚʣʷʝʪʩʷ ʥʘʧʨʷʞʝʥʠʝ ʦʙʝʜʥʝʥʠʷ ʤʠʢʨʦʧʦʣʦʩʢʦʚʳʭ ʜʝʪʝʢʪʦʨʦʚ, 

ʜʦʩʪʠʛʘʶʱʝʝ 1.5 ʢɺ. ʂʘʞʜʳʡ ʜʝʪʝʢʪʦʨ ʢʦʤʧʣʝʢʪʫʝʪʩʷ ʜʚʫʤʷ RCard ʧʣʘʪʘʤʠ, 

ʧʦ ʦʜʥʦʡ ʥʘ ʢʘʞʜʫʶ ʩʪʦʨʦʥʫ.  

ʉʦ ʩʪʦʨʦʥʳ ʚʳʭʦʜʘ ʥʘ VME ʵʣʝʢʪʨʦʥʠʢʫ ʧʣʘʪʘ  RCard ʦʙʦʨʫʜʦʚʘʥʘ 

ʨʘʟʲʝʤʦʤ ʜʣʷ ʧʣʦʩʢʦʛʦ ʢʘʙʝʣʷ ʜʣʷ ʚʩʝʭ ʮʠʬʨʦʚʳʭ ʩʠʛʥʘʣʦʚ ʫʧʨʘʚʣʝʥʠʷ. ʅʘ 

ʦʜʥʫ ʦʙʱʫʶ ʰʠʥʫ ʤʦʞʥʦ ʚʢʣʶʯʠʪʴ ʜʦ 16 ʧʣʘʪ RCard, ʧʨʠʩʚʦʠʚ ʢʘʞʜʦʡ ʩʚʦʡ 

ʘʜʨʝʩ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚʩʝ ʥʝʦʙʭʦʜʠʤʳʝ ʩʠʛʥʘʣʳ ʫʧʨʘʚʣʝʥʠ ̫ʜʣʷ ʤʠʢʨʦʩʭʝʤ 

ʩʯʠʪʳʚʘʥʠʷ ʦʜʥʦʛʦ ʤʦʜʫʣʷ ʂʊʊ ʠ ʚʩʝ ʫʩʪʘʥʦʚʢʠ ʩʠʛʥʘʣʘ ʟʘʧʫʩʢʘ ʧʝʨʝʜʘʶʪʩʷ 

 
(ʘ)     (ʙ) 

ʈʠʩʫʥʦʢ 2.15. ʉʜʚʠʛ ʧʴʝʜʝʩʪʘʣʦʚ ʚ ʪʝʯʝʥʠʝ ANKE ʵʢʩʧʝʨʠʤʝʥʪʘ. (ʘ) p-

ʩʪʦʨʦʥʘ ʜʝʪʝʢʪʦʨʘ ʪʦʣʱʠʥʦʡ 69 ʤʢʤ, (ʙ) n-ʩʪʦʨʦʥʘ ʜʝʪʝʢʪʦʨʘ ʪʦʣʱʠʥʦʡ 5 ʤʤ. 
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ʯʝʨʝʟ ʦʜʠʥ ʧʣʦʩʢʠʡ ʢʘʙʝʣʴ. ʇʦʩʢʦʣʴʢʫ ʩʚʦʝʚʨʝʤʝʥʥʘʷ ʚʳʜʘʯʘ ʩʠʛʥʘʣʦʚ 

çHOLDè ʠʤʝʝʪ ʨʝʰʘʶʱʝʝ ʟʥʘʯʝʥʠʝ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʚʳʩʦʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 

ʩʠʩʪʝʤʳ, ʪʦ ʧʨʝʜʫʩʤʘʪʨʠʚʘʝʪʩʷ ʠʥʜʠʚʠʜʫʘʣʴʥʘʷ ʨʝʛʫʣʠʨʦʚʢʘ ʟʘʜʝʨʞʢʠ 

ʜʘʥʥʦʛʦ ʩʠʛʥʘʣʘ ʜʣʷ ʢʘʞʜʦʡ ʧʣʘʪʳ RCard. ɼʣʷ ʥʘʩʪʨʦʡʢʠ ʧʦʨʦʛʦʚ ʪʨʠʛʛʝʨʘ  

VA32TA2 ʤʠʢʨʦʩʭʝʤ ʧʣʘʪʘ RCard ʠʩʧʦʣʴʟʫʝʪ ʚʥʝʰʥʠʡ 16-ʙʠʪʥʳʡ ʎɸʇ. 

ʄʦʞʥʦ ʠʥʜʠʚʠʜʫʘʣʴʥʦ ʥʘʩʪʨʘʠʚʘʪʴ ʟʥʘʯʝʥʠʝ ʢʘʞʜʦʛʦ ʧʦʨʦʛʘ ʩʨʘʙʘʪʳʚʘʥʠʷ.  

2.2.2 ʕʣʝʢʪʨʦʥʠʢʘ ʩʲʝʤʘ ʜʘʥʥʳʭ. 

ʕʣʝʢʪʨʦʥʠʢʘ ʩʲʝʤʘ ʜʘʥʥʳʭ (DAQ) ʩʪʘʥʜʘʨʪʘ VME ʩʦʩʪʦʠʪ ʠʟ ʙʣʦʢʘ 

ʎɸʇ ʦʙʝʩʧʝʯʠʚʘʶʱʝʛʦ ʚʳʩʪʘʚʣʝʥʠʝ ʧʦʨʦʛʦʚ (VMic), ʙʣʦʢʘ ʫʧʨʘʚʣʷʶʱʠʭ 

ʩʠʛʥʘʣʦʚ VPG517 ʠ ʥʘʙʦʨʘ ʙʣʦʢʦʚ ɸʎʇ V550 (ʧʦ ʦʜʥʦʤʫ ʙʣʦʢʫ ʥʘ ʢʘʞʜʳʡ 

ʜʝʪʝʢʪʦʨ ʂʊʊ ʤʦʜʫʣʷ). ɹʣʦʢʠ V550 ʠʤʝʶʪ ʨʘʟʨʝʰʝʥʠʝ 12 ʙʠʪ ʠ ʩʧʝʮʠʘʣʴʥʦ 

ʨʘʟʨʘʙʦʪʘʥʳ ʜʣʷ ʩʯʠʪʳʚʘʥʠʷ ʤʫʣʴʪʠʧʣʝʢʩʠʨʦʚʘʥʥʳʭ ʘʥʘʣʦʛʦʚʳʭ ʩʠʛʥʘʣʦʚ ʩ 

ʤʠʢʨʦʧʦʣʦʩʢʦʚʳʭ ʢʨʝʤʥʠʝʚʳʭ ʜʝʪʝʢʪʦʨʦʚ. ɹʣʦʢ-ʩʭʝʤʘ ʵʣʝʢʪʨʦʥʠʢʠ ʩʦ ʚʩʝʤʠ 

ʢʦʤʧʦʥʝʥʪʘʤʠ VME ʩʪʘʥʜʘʨʪʘ ʧʦʢʘʟʘʥʦ ʥʘ ʈʠʩʫʥʢʝ 2.16.ʙ. 

ʈʘʟʜʝʣ 2.3 ʉʙʦʨʢʘ ʦʜʥʦʛʦ ʤʦʜʫʣʷ SʊT 

ʇʦʩʣʝ ʧʨʦʚʝʨʢʠ ʜʝʪʝʢʪʦʨʦʚ ʠ ʢʦʤʧʦʥʝʥʪʦʚ ʵʣʝʢʪʨʦʥʠʢʠ ʩʯʠʪʳʚʘʥʠʷ, 

ʦʥʠ ʫʩʪʘʥʘʚʣʠʚʘʶʪʩʷ ʚ ʩʙʦʨʢʫ, ʢʦʪʦʨʘʷ ʧʦʢʘʟʘʥʘ ʥʘ ʨʠʩ. 2.17. ɼʝʪʝʢʪʦʨ 

ʟʘʢʨʝʧʣʷʶʪʩʷ ʥʘ ʦʧʦʨʥʳʭ ʨʘʤʢʘʭ, ʨʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʥʠʤʠ ʩʦʩʪʘʚʣʷʝʪ 

2 ʩʘʥʪʠʤʝʪʨʘ. ʂʨʦʤʝ ʪʦʛʦ, ʚʧʝʨʚʳʝ ʥʘ ʵʢʩʧʝʨʠʤʝʥʪʝ ANKE ʩ ʮʝʣʴʶ 

ʤʦʥʠʪʦʨʠʥʛʘ ʟʘ ʜʘʣʴʥʠʤ ʦʪ ʤʠʰʝʥʠ ʜʝʪʝʢʪʦʨʦʤ ʢʨʝʧʠʣʩʷ ʠʩʪʦʯʥʠʢ Ŭ-

ʠʟʣʫʯʝʥʠʷ, ʢʘʢ ʵʪʦ ʧʦʢʘʟʘʥʦ ʥʘ ʈʠʩʫʥʢʝ 2.1.ʙ.  

   
(ʘ)       (ʙ) 

ʈʠʩʫʥʦʢ 2.16: (ʘ) ɹʣʦʢ-ʩʭʝʤʘ RCard ʧʣʘʪʳ. ʇʨʠ ʧʦʤʦʱʠ ʧʦʣʠʘʤʠʜʥʳʭ 

ʧʣʦʩʢʠʭ ʢʘʙʝʣʝʡ Y-Flex ʧʣʘʪʘ ʧʦʜʢʣʶʯʘʝʪʩʷ ʢ ʚʘʢʫʫʤʥʦʡ ʯʘʩʪʠ ʵʣʝʢʪʨʦʥʠʢʠ. 

(ʙ) ɹʣʦʢ-ʩʭʝʤʘ ʵʣʝʢʪʨʦʥʠʢʠ ʩʲʝʤʘ ʜʘʥʥʳʭ ʩ ʧʦʜʢʣʶʯʝʥʠʝʤ ʢ ʵʣʝʢʪʨʦʥʠʢʝ 

ʩʯʠʪʳʚʘʥʠʷ ʦʜʥʦʛʦ ʜʝʪʝʢʪʦʨʘ ʯʝʨʝʟ ʜʚʝ ʧʣʘʪʳ RCard. 
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ʏʫʚʩʪʚʠʪʝʣʴʥʳʝ ʩʝʛʤʝʥʪʳ ʜʝʪʝʢʪʦʨʦʚ ʧʦʜʢʣʶʯʝʥʳ ʢ ʚʭʦʜʥʳʤ ʢʘʥʘʣʘʤ 

ʵʣʝʢʪʨʦʥʠʢʠ ʩ ʧʦʤʦʱʴʶ ʛʠʙʢʠʭ ʧʣʦʩʢʠʭ ʢʘʙʝʣʝʡ (ʧʦʣʠʘʤʠʜʥʳʭ ʰʣʝʡʬʦʚ). 

ɺʘʢʫʫʤʥʘʷ ʯʘʩʪʴ ʵʣʝʢʪʨʦʥʠʢʠ ʩʦʝʜʠʥʷʝʪʩʷ ʩ ʚʥʝʰʥʝʡ ʯʘʩʪʴʶ ʯʝʨʝʟ ʨʘʟʲʝʤʳ 

ʚʘʢʫʫʤʥʳʭ ʩʦʝʜʠʥʠʪʝʣʝʡ, ʧʨʦʭʦʜʷʱʠʭ ʩʢʚʦʟʴ ʬʣʘʥʝʮ ʚʘʢʫʫʤʥʦʡ ʢʘʤʝʨʳ 

ʤʠʰʝʥʥʦʛʦ ʫʟʣʘ ʫʩʪʘʥʦʚʢʠ.  

ɺʥʝʰʥʷʷ ʯʘʩʪʴ ʵʣʝʢʪʨʦʥʠʢʠ ʩʯʠʪʳʚʘʥʠʷ ʫʩʪʘʥʘʚʣʠʚʘʝʪʩʷ ʚ 

ʤʝʪʘʣʣʠʯʝʩʢʠʡ ʟʘʱʠʪʥʳʡ ʢʦʞʫʭ, ʧʦʢʘʟʘʥʥʳʡ ʥʘ ʨʠʩ. 2.17. ɺʩʝ ʵʣʝʤʝʥʪʳ 

ʩʙʦʨʢʠ ʟʘʢʨʝʧʣʝʥʳ ʥʘ ʬʣʘʥʮʝ ʢʘʤʝʨʳ ʤʠʰʝʥʠ. ʈʘʟʲʝʤʳ ʜʣʷ ʩʠʛʥʘʣʴʥʳʭ 

ʢʦʘʢʩʠʘʣʴʥʳʭ ʢʘʙʝʣʝʡ ʨʘʩʧʦʣʦʞʝʥʳ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʢʦʞʫʭʘ. ʇʨʠ ʧʦʤʦʱʠ 

ʵʪʠʭ ʢʘʙʝʣʝʡ ʘʥʘʣʦʛʦʚʳʝ ʚʳʭʦʜʥʳʝ ʩʠʛʥʘʣʳ ʧʦʩʪʫʧʘʶʪ ʥʘ ʵʣʝʢʪʨʦʥʠʢʫ 

ʩʲʝʤʘ ʜʘʥʥʳʭ VME ʩʪʘʥʜʘʨʪʘ, ʨʘʟʤʝʱʝʥʥʫʶ ʥʘ ʧʣʘʪʬʦʨʤʝ ʵʣʝʢʪʨʦʥʠʢʠ 

ANKE ʵʢʩʧʝʨʠʤʝʥʪʘ ʚʥʫʪʨʠ ʢʦʣʴʮʘ ʫʩʢʦʨʠʪʝʣʷ. ʊʘʢʞʝ ʯʝʨʝʟ ʢʦʘʢʩʠʘʣʴʥʳʝ 

ʢʘʙʝʣʠ ʥʘ ʵʣʝʢʪʨʦʥʠʢʫ ʩʯʠʪʳʚʘʥʠʷ ʧʦʜʘʶʪʩʷ ʩʠʛʥʘʣʳ ʫʧʨʘʚʣʝʥʠʷ ʠ 

ʥʘʧʨʷʞʝʥʠʷ ʧʠʪʘʥʠʷ. 

ʇʝʨʚʦʥʘʯʘʣʴʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ: 

ʆʧʠʩʘʥʥʘʷ ʚ ʨʘʙʦʪʝ [15] ʂʊʊ ʩʠʩʪʝʤʘ ʧʨʝʜʳʜʫʱʝʛʦ ʧʦʢʦʣʝʥʠʷ ʫʞʝ 

ʠʤʝʣʘ ʩʣʝʜʫʶʱʠʝ ʚʦʟʤʦʞʥʦʩʪʠ:  

Å ʀʜʝʥʪʠʬʠʢʘʮʠʷ ʧʨʦʪʦʥʦʚ c ʢʠʥʝʪʠʯʝʩʢʠʤʠ ʵʥʝʨʛʠʷʤʠ ʪʦ 2.5 ʄʵɺ ʜʦ 34 

ʄʵɺ ʤʝʪʦʜʦʤ dE/E, ʩ ʨʘʟʨʝʰʘʶʱʝʡ ʩʧʦʩʦʙʥʦʩʪʴʶ 150-250 ʢʵɺ (FWHM).  

 
ʈʠʩʫʥʦʢ 2.17. ʉʙʦʨʢʘ ʦʜʥʦʛʦ ʂʊʊ ʤʦʜʫʣʷ. ʇʦʢʘʟʘʥ ʪʝʣʝʩʢʦʧ ʠʟ ʪʨʝʭ 

ʜʝʪʝʢʪʦʨʦʚ, ʚʘʢʫʫʤʥʘʷ ʯʘʩʪʴ ʵʣʝʢʪʨʦʥʠʢʠ ʠ ʘʪʤʦʩʬʝʨʥʘʷ ʯʘʩʪʴ (ʚ ʢʦʞʫʭʝ), 

ʨʘʟʜʝʣʝʥʥʳʝ ʬʣʘʥʮʝʤ. ʊʘʢʞʝ ʚʠʜʝʥ ʬʣʘʥʝʮ ʩʠʩʪʝʤʳ ʪʝʤʧʝʨʘʪʫʨʥʦʡ 

ʩʪʘʙʠʣʠʟʘʮʠʠ. 
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Å  ɺʦʩʩʪʘʥʦʚʣʝʥʠʝ ʪʨʝʢʦʚ ʯʘʩʪʠʮ ʩ ʫʛʣʦʚʳʤ ʨʘʟʨʝʰʝʥʠʝʤ ʦʪ 1Á ʜʦ 6Á.  

Å ɺʦʟʤʦʞʥʦʩʪʴ ʚʳʨʘʙʦʪʢʠ ʩʦʙʩʪʚʝʥʥʦʛʦ ʩʠʛʥʘʣʘ ʟʘʧʫʩʢʘ.  

Å ɺʦʟʤʦʞʥʦʩʪʴ ʨʘʙʦʪʘʪʴ ʥʘ ʚʳʩʦʢʠʭ ʟʘʛʨʫʟʢʘʭ (~1000 ʩʦʙʳʪʠʡ ʚ 

ʩʝʢʫʥʜʫ), ʠʩʧʦʣʴʟʫʷ ʙʳʩʪʨʳʝ (timing) ʧʨʝʜʫʩʠʣʠʪʝʣʠ ʚʭʦʜʥʳʭ ʢʘʥʘʣʦʚ.  

ʕʪʦ ʧʦʢʦʣʝʥʠʝ ʩʠʩʪʝʤʳ ʧʨʝʪʝʨʧʝʣʦ ʩʣʝʜʫʶʱʠʝ ʫʣʫʯʰʝʥʠʷ: ʚ 

ʪʝʣʝʩʢʦʧʘʭ ʚʧʝʨʚʳʝ ʫʩʪʘʥʦʚʣʝʥʦ ʧʦ ʪʨʠ ʜʝʪʝʢʪʦʨʘ, ʚʚʝʜʝʥ ʥʦʚʳʡ ʚʘʨʠʘʥʪ 

ʵʣʝʢʪʨʦʥʠʢʠ ʩʯʠʪʳʚʘʥʠʷ ʩ ʤʠʢʨʦʩʭʝʤʦʡ MATE3, ʠʩʧʦʣʴʟʦʚʘʥ ʥʦʚʳʡ VME 

ʙʣʦʢ ɸʎʇ ʩ ʫʚʝʣʠʯʝʥʥʳʤ (12-ʙʠʪʥʳʤ) ʨʘʟʨʝʰʝʥʠʝʤ, ʚʚʝʜʝʥ ʢʦʥʪʨʦʣʴ 

ʪʝʤʧʝʨʘʪʫʨʳ ʜʝʪʝʢʪʦʨʦʚ ʠ ʚʘʢʫʫʤʥʦʡ ʯʘʩʪʠ ʵʣʝʢʪʨʦʥʠʢʠ. ɺ  ʧʦʩʣʝʜʫʶʱʠʭ 

ʛʣʘʚʘʭ ʦʧʠʩʳʚʘʝʪʩʷ, ʢʘʢʠʝ ʥʦʚʳʝ ʚʦʟʤʦʞʥʦʩʪʠ ʧʦʷʚʠʣʠʩʴ ʚ ʩʚʷʟʠ ʩ ʵʪʠʤʠ 

ʥʦʚʰʝʩʪʚʘʤʠ ʠ ʩ ʨʘʟʚʠʪʠʝʤ ʧʨʦʮʝʜʫʨ ʢʘʣʠʙʨʦʚʢʠ ʠ ʘʥʘʣʠʟʘ.  
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ɻʣʘʚʘ 3 ʂʘʣʠʙʨʦʚʢʘ ʠ ʘʥʘʣʠʟ. ʀʟʤʝʨʝʥʠʝ ʵʥʝʨʛʠʠ. 

ɻʣʘʚʘ ʩʦʜʝʨʞʠʪ ʦʧʠʩʘʥʠʝ ʧʨʦʮʝʜʫʨʳ ʢʘʣʠʙʨʦʚʢʠ ʠ ʘʥʘʣʠʟʘ ʧʝʨʚʠʯʥʳʭ 

ʜʘʥʥʳʭ ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʢʘʥʘʣʦʚ ʩʠʩʪʝʤʳ. ʈʘʩʩʤʦʪʨʝʥʘ ʤʝʪʦʜʠʢʘ ʨʘʙʦʪʳ ʥʘ 

ʫʨʦʚʥʝ ʦʜʥʦʛʦ ʯʫʚʩʪʚʠʪʝʣʴʥʦʛʦ ʵʣʝʤʝʥʪʘ, ʦʜʥʦʛʦ ʜʝʪʝʢʪʦʨʘ ʠ ʤʦʜʫʣʷ 

ʩʠʩʪʝʤʳ ʚ ʮʝʣʦʤ ʜʣʷ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʧʝʨʚʦʥʘʯʘʣʴʥʦʡ ʵʥʝʨʛʠʠ 

ʠʜʝʥʪʠʬʠʮʠʨʫʝʤʦʛʦ ʧʨʦʜʫʢʪʘ ʨʝʘʢʮʠʠ. ɺ ʤʠʨʦʚʦʡ ʧʨʘʢʪʠʢʝ ʪʦʯʥʦʩʪ ɹʦʢʦʣʦ 

20 ʢʵɺ ʧʨʠ ʠʟʤʝʨʝʥʠʠ ʧʦʪʝʨʴ ʵʥʝʨʛʠʠ ʚ ʧʘʜʦʚʳʭ ʢʨʝʤʥʠʝʚʳʭ ʜʝʪʝʢʪʦʨʘʭ ʧʨʠ 

ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʷʚʣʷʝʪʩʷ ʩʪʘʥʜʘʨʪʦʤ. ʅʦʚʰʝʩʪʚʦʤ, ʧʦʣʫʯʝʥʥʳʤ ʚ 

ʩʠʩʪʝʤʝ ʂʊʊ,  ʷʚʣʷʝʪʩʷ ʦʙʝʩʧʝʯʝʥʠʝ ʪʦʯʥʦʩʪʠ ʪʘʢʦʛʦ ʞʝ ʫʨʦʚʥʷ ʜʣʷ 

ʤʠʢʨʦʩʪʨʠʧʦʚʳʭ ʜʝʪʝʢʪʦʨʦʚ ʩ ʜʚʫʩʪʦʨʦʥʥʠʤ ʩʯʠʪʳʚʘʥʠʝʤ ʩʠʛʥʘʣʘ, ʘ ʪʘʢʞʝ 

ʦʙʝʩʧʝʯʝʥʠʝ ʵʪʦʡ ʪʦʯʥʦʩʪʠ ʚ ʰʠʨʦʢʦʤ ʵʥʝʨʛʝʪʠʯʝʩʢʦʤ ʜʠʘʧʘʟʦʥʝ. ɺ ʜʘʥʥʦʡ 

ʨʘʙʦʪʝ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʧʨʠ ʠʟʤʝʨʝʥʠʠ ʵʥʝʨʛʠʠ ʪʝʣʝʩʢʦʧʦʤ ʠʟ ʪʘʢʠʭ ʜʝʪʝʢʪʦʨʦʚ 

ʧʦʣʝʟʥʦ ʚʢʣʶʯʠʪʴ ʚ ʨʘʩʩʤʦʪʨʝʥʠʝ ʪʠʧ ʯʘʩʪʠʮʳ ʠ ʧʘʨʘʤʝʪʨʳ ʝʝ ʪʨʝʢʘ. ʕʪʘ 

ʠʥʬʦʨʤʘʮʠʷ ʧʦʟʚʦʣʷʝʪ ʦʧʨʝʜʝʣʠʪʴ ʥʝ ʪʦʣʴʢʦ ʟʥʘʯʝʥʠʷ ʧʦʪʝʨʴ ʵʥʝʨʛʠʠ ʚʥʫʪʨʠ 

ʯʫʚʩʪʚʠʪʝʣʴʥʳʭ ʩʣʦʝʚ, ʥʦ ʠ ʟʥʘʯʝʥʠʝ ʥʘʯʘʣʴʥʦʡ ʵʥʝʨʛʠʠ ʯʘʩʪʠʮʳ.  

ʈʘʟʜʝʣ 3.1. ʈʘʙʦʪʘ ʤʝʪʦʜʘ ʥʘ ʫʨʦʚʥʝ ʙʘʟʦʚʦʛʦ ʵʣʝʤʝʥʪʘ ʠʟʤʝʨʝʥʠʷ. 

ɺ ʩʠʩʪʝʤʝ ʂʊʊ ʙʘʟʦʚʦʝ ʝʜʠʥʠʯʥʦʝ ʠʟʤʝʨʝʥʠʝ ʧʦʪʝʨʴ ʵʥʝʨʛʠʠ 

ʧʨʦʠʟʚʦʜʠʪʩʷ ʦʜʥʠʤ ʢʘʥʘʣʦʤ ʩʯʠʪʳʚʘʶʱʝʡ ʵʣʝʢʪʨʦʥʠʢʠ, ʩʦʝʜʠʥʝʥʥʳʤ ʩ 

ʦʜʥʠʤ ʯʫʚʩʪʚʠʪʝʣʴʥʳʤ ʩʝʛʤʝʥʪʦʤ ʜʝʪʝʢʪʦʨʘ. ʉʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʧʦʜ ʙʘʟʦʚʳʤ 

ʵʣʝʤʝʥʪʦʤ ʠʟʤʝʨʝʥʠʷ ʙʫʜʝʪ ʧʦʜʨʘʟʫʤʝʚʘʪʴʩʷ ʩʚʷʟʢʘ ʢʘʥʘʣʘ ʠ ʩʝʛʤʝʥʪʘ.  

3.1.1. ʇʨʦʮʝʜʫʨʘ ʢʘʣʠʙʨʦʚʢʠ. 

ʆʙʦʟʥʘʯʠʤ ʢʘʢ Emeas ʵʥʝʨʛʝʪʠʯʝʩʢʠʡ ʵʢʚʠʚʘʣʝʥʪ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʟʘʨʷʜʘ, 

ʢʦʪʦʨʳʡ ʩʦʙʨʘʥ ʦʜʥʠʤ ʩʝʛʤʝʥʪʦʤ ʜʝʪʝʢʪʦʨʘ. ʎʝʣʴ ʁ ʢʘʣʠʙʨʦʚʢʠ 

ʠʟʤʝʨʠʪʝʣʴʥʦʛʦ ʵʣʝʤʝʥʪʘ ʷʚʣʷʝʪʩʷ ʦʧʨʝʜʝʣʝʥʠʝ ʬʫʥʢʮʠʠ ʦʪʢʣʠʢʘ F(NADC), 

ʢʦʪʦʨʘʷ ʧʦʟʚʦʣʠʪ ʚʳʯʠʩʣʷʪʴ Emeas ʧʦ ʟʥʘʯʝʥʠʶ NADC, ʚʳʜʘʚʘʝʤʦʤʫ ɸʎʇ 

ʩʯʠʪʳʚʘʶʱʝʡ ʵʣʝʢʪʨʦʥʠʢʠ. ɿʜʝʩʴ ʠ ʥʠʞʝ ʚʦ ʚʩʝʤ ʨʘʟʜʝʣʝ 3.1.1 

ʧʦʜʨʘʟʫʤʝʚʘʝʪʩʷ, ʯʪʦ ʟʥʘʯʝʥʠʝ ʧʴʝʜʝʩʪʘʣʘ ʫʞʝ ʚʳʯʪʝʥʦ ʠʟ NADC.  

ʇʝʨʚʦʥʘʯʘʣʴʥʦ ʜʣʷ ʢʘʣʠʙʨʦʚʢʠ ʢʘʞʜʦʛʦ ʵʣʝʤʝʥʪʘ ʠʩʩʣʝʜʫʝʪʩʷ ʦʪʢʣʠʢ ʦʪ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʪʝʩʪʦʚʳʭ ʠʤʧʫʣʴʩʦʚ, ʧʦʜʘʚʘʝʤʳʭ ʥʘ ʚʭʦʜ ʢʘʥʘʣʘ 

ʩʯʠʪʳʚʘʥʠ,̫ ʚʦʟʤʦʞʥʦʩʪʴ ʛʝʥʝʨʘʮʠʠ ʪʘʢʠʭ ʠʤʧʫʣʴʩʦʚ ʧʨʝʜʫʩʤʦʪʨʝʥʘ ʚ 

ʨʘʟʨʘʙʦʪʘʥʥʦʡ ʵʣʝʢʪʨʦʥʠʢʝ ʩʯʠʪʳʚʘʥʠʷ (front-end). ɿʘʪʝʤ ʧʨʦʠʟʚʦʜʠʪʩʷ 

ʥʘʙʦʨ ʠ ʘʥʘʣʠʟ ʜʘʥʥʳʭ ʧʦ ʨʝʛʠʩʪʨʘʮʠʠ Ŭ-ʠʟʣʫʯʝʥʠʷ ʥʘ ʣʘʙʦʨʘʪʦʨʥʦʡ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʫʩʪʘʥʦʚʢʝ, ʯʪʦ ʦʙʝʩʧʝʯʠʚʘʝʪ, ʩ ʦʜʥʦʡ ʩʪʦʨʦʥʳ, 

ʧʦʚʳʰʝʥʠʝ ʢʘʯʝʩʪʚʘ ʦʧʨʝʜʝʣʝʥʠʷ F(NADC), ʘ ʩ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ, ʦʧʨʝʜʝʣʝʥʠʝ 

ʪʦʣʱʠʥʳ ʠ ʩʪʨʫʢʪʫʨʳ ʤʝʨʪʚʦʛʦ ʩʣʦʷ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʢʘʣʠʙʨʫʝʤʦʛʦ ʩʝʛʤʝʥʪʘ. 
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ʂʘʣʠʙʨʦʚʢʘ ʪʝʩʪʦʚʳʤʠ ʠʤʧʫʣʴʩʘʤʠ. 

ɺ ʨʘʟʜʝʣʝ 2.2.1 ʦʙʩʫʞʜʘʣʦʩʴ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʚʥʫʪʨʝʥʥʝʡ ʢʘʣʠʙʨʦʚʢʠ ʜʣʷ 

ʢʦʥʪʨʦʣʷ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ, ʟʜʝʩʴ ʞʝ ʦʧʠʩʳʚʘʝʪʩʷ ʧʨʠʤʝʥʝʥʠʝ ʪʝʩʪʦʚʳʭ 

ʠʤʧʫʣʴʩʦʚ ʜʣʷ ʧʝʨʚʦʛʦ ʵʪʘʧʘ ʢʘʣʠʙʨʦʚʢʠ. ʕʣʝʢʪʨʦʥʥʘʷ ʢʘʣʠʙʨʦʚʢʘ ʧʦ 

ʪʝʩʪʦʚʳʤ ʠʤʧʫʣʴʩʘʤ ʦʙʝʩʧʝʯʠʚʘʝʪ ʩʦʦʪʚʝʪʩʪʚʠʝ ʤʝʞʜʫ ʘʤʧʣʠʪʫʜʦʡ ʩʠʛʥʘʣʘ, 

ʧʦʜʘʥʥʦʛʦ ʥʘ ʚʭʦʜ ʵʣʝʢʪʨʦʥʠʢʠ ʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ ʦʪʢʣʠʢʘ ʚ ʚʠʜʝ ʯʠʩʣʘ 

ʦʪʩʯʝʪʦʚ ɸʎʇ. ʅʘ ʈʠʩʫʥʢʝ 3.1 ʧʦʢʘʟʘʥʦ, ʢʘʢ ɸʎʇ ʦʪʦʙʨʘʞʘʝʪ ʩʝʨʠʶ 

ʪʝʩʪʦʚʳʭ ʠʤʧʫʣʴʩʦʚ ʩʦ ʩʪʫʧʝʥʯʘʪʳʤ ʫʚʝʣʠʯʝʥʠʝʤ  ʘʤʧʣʠʪʫʜʳ, ʧʦʜʘʥʥʳʭ ʥʘ 

ʦʜʠʥ ʚʭʦʜʥʦʡ ʢʘʥʘʣ. ʇʦʣʦʞʝʥʠʝ ʧʠʢʦʚ ʥʘ ʧʦʣʫʯʝʥʥʳʭ ʛʠʩʪʦʛʨʘʤʤʘʭ 

ʘʧʧʨʦʢʩʠʤʠʨʫʝʪʩʷ ʬʫʥʢʮʠʝʡ ɻʘʫʩʩʘ ʠ ʜʘʥʥʳʝ ʟʘʪʝʤ ʧʨʝʜʩʪʘʚʣʷʶʪʩʷ ʚ ʚʠʜʝ 

ʟʘʚʠʩʠʤʦʩʪʠ ʚʝʣʠʯʠʥʳ ʦʪʢʣʠʢʘ ʢʘʥʘʣʘ ʥʘ ʚʝʣʠʯʠʥʫ ʘʤʧʣʠʪʫʜʳ ʠʤʧʫʣʴʩʦʚ 

(ʨʠʩ. 3.2) ʠ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʥʘ ʚʝʣʠʯʠʥʫ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʟʘʨʷʜʘ ʚ ʩʣʫʯʘʝ 

ʨʘʙʦʪʳ ʩ ʨʝʘʣʴʥʦʡ ʯʘʩʪʠʮʝʡ. ɺʝʣʠʯʠʥʘ ʟʘʨʷʜʘ ʤʦʞʝʪ ʙʳʪʴ ʚʳʨʘʞʝʥʘ ʚ 

ʝʜʠʥʠʮʘʭ ʵʥʝʨʛʝʪʠʯʝʩʢʦʛʦ ʵʢʚʠʚʘʣʝʥʪʘ, ʢʘʢ ʙʳʣʦ ʩʜʝʣʘʥʦ ʥʘ ʨʠʩ. 3.2, 

ʧʨʠʥʠʤʘʷ ʚʦ ʚʥʠʤʘʥʠʝ, ʯʪʦ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʦʜʥʦʡ ʵʣʝʢʪʨʦʥ-ʜʳʨʦʯʥʦʡ ʧʘʨʳ 

ʥʝʦʙʭʦʜʠʤʦ 3.6 ʵɺ, ʠ ʧʨʝʜʧʦʣʘʛʘʷ, ʯʪʦ ʟʘʨʷʜ ʩʦʙʠʨʘʝʪʩʷ ʧʦʣʥʦʩʪʴʶ. 

 

 
ʈʠʩʫʥʦʢ 3.1. ʆʪʢʣʠʢ ʥʘ ʩʝʨʠʶ ʪʝʩʪʦʚʳʭ ʠʤʧʫʣʴʩʦʚ, ʜʣʷ ʢʘʥʘʣʘ, 

ʧʦʜʢʣʶʯʝʥʥʦʛʦ ʢ p- (ʘ) ʠ n- (ʙ) ʩʪʦʨʦʥʝ 300 ʤʢʤ ʜʝʪʝʢʪʦʨʘ. ʇʨʠʤʝʥʝʥʘ 

ʢʦʨʨʝʢʮʠʷ ʙʘʟʦʚʦʡ ʣʠʥʠʠ (Common Mode ʵʬʬʝʢʪʘ). ʌʦʥ (ʤʝʥʝʝ ~ 100 

ʢʘʥʘʣʦʚ ɸʎʇ) ʷʚʣʷʝʪʩʷ ʚʠʜʠʤʳʤ ʚʢʣʘʜʦʤ ʦʪ ʥʘʚʦʜʦʢ, ʦʧʠʩʘʥʥʳʭ ʚ ʧ. 3.2.2. 
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ʀʟ ʨʠʩʫʥʢʘ ʚʠʜʥʦ, ʯʪʦ ʧʦʣʫʯʝʥʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ʣʠʥʝʡʥʘ ʚ ʜʠʘʧʘʟʦʥʝ ʜʦ 

10 ʄʵɺ ʚ ʵʥʝʨʛʝʪʠʯʝʩʢʦʤ ʵʢʚʠʚʘʣʝʥʪʝ ʠ ʤʦʞʝʪ ʙʳʪʴ ʪʦʯʥʦ ʦʧʠʩʘʥʘ ʚʦ ʚʩʝʤ 

ʜʠʥʘʤʠʯʝʩʢʦʤ ʜʠʘʧʘʟʦʥʝ ʧʦʣʠʥʦʤʦʤ 4-ʛʦ ʧʦʨʷʜʢʘ f(NADC): 

Ὢὔ ὖ ὖϽὔ ὖϽὔ ὖϽὔ ὖϽὔ  (3.1) 

ʇʦʩʪʦʣʴʢʫ ʩʫʱʝʩʪʚʫʝʪ ʜʦʧʦʣʥʠʪʝʣʴʥʘʷ ʠʥʬʦʨʤʘʮʠʷ ʦ ʧʦʚʝʜʝʥʠʠ 

ʵʣʝʢʪʨʦʥʠʢʠ, ʪʦ ʥʘ ʵʪʫ ʬʫʥʢʮʠʶ ʤʦʞʥʦ ʥʘʣʦʞʠʪʴ ʜʦʙʘʚʦʯʥʳʝ ʫʩʣʦʚʠʷ. ɺʦ-

ʧʝʨʚʳʭ, ʦʪʢʣʠʢ ʜʦʣʞʝʥ ʙʳʪʴ ʥʫʣʝʚʳʤ ʧʨʠ ʦʪʩʫʪʩʪʚʠʠ ʚʭʦʜʥʦʛʦ ʩʠʛʥʘʣʘ, 

ʧʦʵʪʦʤʫ ʧʘʨʘʤʝʪʨ P0=0. ʇʘʨʘʤʝʪʨ P1 ʦʧʨʝʜʝʣʷʝʪ f(NADC) ʧʨʠ ʤʘʣʳʭ 

ʘʤʧʣʠʪʫʜʘʭ, ʧʦʵʪʦʤʫ P1 ʜʦʣʞʝʥ ʙʳʪʴ ʚ ʧʨʷʤʦʡ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʵʬʬʝʢʪʠʚʥʦʡ 

ʝʤʢʦʩʪʠ ʚʭʦʜʥʦʛʦ ʢʘʥʘʣʘ. ʕʪʘ ʝʤʢʦʩʪʴ ʟʘʚʠʩʠʪ ʦʪ ʬʠʟʠʯʝʩʢʦʛʦ ʨʘʩʧʦʣʦʞʝʥʠʷ 

ʢʘʥʘʣʦʚ ʥʘ ʧʣʘʪʝ, ʘ ʪʘʢʞʝ ʦʪ ʨʝʘʣʴʥʳʭ ʟʥʘʯʝʥʠʡ ʠʩʧʦʣʴʟʦʚʘʥʥʳʭ 

ʢʦʥʜʝʥʩʘʪʦʨʦʚ. ɺ ʇʨʠʣʦʞʝʥʠʠ ɹ ʧʨʝʜʩʪʘʚʣʝʥʳ ʧʨʠʤʝʨʳ ʨʝʟʫʣʴʪʘʪʦʚ 

ʢʘʣʠʙʨʦʚʢʠ ʵʣʝʢʪʨʦʥʠʢʠ ʩʯʠʪʳʚʘʥʠʷ, ʪʘʤ ʞʝ ʧʨʠʚʦʜʠʪʩʷ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʘʷ 

ʧʨʦʚʝʨʢʘ ʦʙʦʩʥʦʚʘʥʥʦʩʪʠ ʩʬʦʨʤʫʣʠʨʦʚʘʥʥʳʭ ʦʛʨʘʥʠʯʝʥʠʡ ʥʘ ʬʫʥʢʮʠʶ 

f(NADC). ɺ ʨʘʙʦʪʝ [16] ʧʦʢʘʟʘʥʦ, ʯʪʦ ʫʪʦʯʥʝʥʥʘʷ ʬʫʥʢʮʠʷ ʦʪʢʣʠʢʘ F(NADC) 

ʧʨʷʤʦ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʘ ʧʦʣʠʥʦʤʫ, ʧʦʣʫʯʝʥʥʦʤʫ ʢʘʣʠʙʨʦʚʢʦʡ:  

Ὁ Ὂὔ ὯϽὪὔ ,   (3.2) 

ʛʜʝ ʢʦʵʬʬʠʮʠʝʥʪ k ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʦʪʥʦʰʝʥʠʝ ʨʝʘʣʴʥʦʡ 

ʵʬʬʝʢʪʠʚʥʦʡ ʝʤʢʦʩʪʠ ʢ ʧʦʣʫʯʝʥʥʦʤʫ ʟʥʘʯʝʥʠʶ ʧʘʨʘʤʝʪʨʘ P1.  

ʆʙʳʯʥʦ ʧʨʦʮʝʜʫʨʘ ʢʘʣʠʙʨʦʚʢʠ ʩʠʩʪʝʤ ʇʇɼ ʦʛʨʘʥʠʯʠʚʘʝʪʩʷ ʪʦʣʴʢʦ 

ʘʥʘʣʠʟʦʤ ʦʪʢʣʠʢʘ ʥʘ ʪʝʩʪʦʚʳʝ ʠʤʧʫʣʴʩʳ. ʆʜʥʘʢʦ ʥʝʦʙʭʦʜʠʤʦʝ ʧʦʚʳʰʝʥʠʝ 

ʪʦʯʥʦʩʪʠ ʪʨʝʙʫʝʪ ʜʦʧʦʣʥʠʪʝʣʴʥʦʡ ʢʘʣʠʙʨʦʚʢʠ ʜʣʷ ʫʯyʪʘ ʚʦʟʤʦʞʥʦʛʦ 

ʨʘʟʙʨʦʩʘ ʟʥʘʯʝʥʠʷ ʵʬʬʝʢʪʠʚʥʳʭ ʚʭʦʜʥʳʭ ʝʤʢʦʩʪʝʡ, ʢʦʨʨʝʢʮʠʠ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʨʘʟʙʨʦʩʘ ʵʣʝʤʝʥʪʦʚ ʵʣʝʢʪʨʦʥʠʢʠ, ʚʘʨʠʘʮʠʡ ʚʨʝʤʝʥʠ ʩʙʦʨʘ 

ʟʘʨʷʜʘ ʩ ʩʝʛʤʝʥʪʦʚ ʜʝʪʝʢʪʦʨʦʚ ʠ ʪ.ʜ. ʅʠʞʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʩʧʦʩʦʙ ʨʝʰʝʥʠʷ 

 
ʈʠʩʫʥʦʢ 3.2. ʂʦʨʨʝʣʷʮʠʷ ʦʪʢʣʠʢʘ ʩ ʘʤʧʣʠʪʫʜʦʡ ʪʝʩʪʦʚʳʭ ʠʤʧʫʣʴʩʦʚ. 

ɼʦʧʦʣʥʠʪʝʣʴʥʘʷ ʛʦʨʠʟʦʥʪʘʣʴʥʘʷ ʰʢʘʣʘ ʦʪʦʙʨʘʞʘʝʪ ʵʥʝʨʛʝʪʠʯʝʩʢʠʡ 

ʵʢʚʠʚʘʣʝʥʪ: (ʘ) ʦʪʢʣʠʢ ʢʘʥʘʣʘ, ʧʦʜʢʣʶʯʝʥʥʦʛʦ ʢ p- ʩʪʦʨʦʥʝ; (ʙ) ʢ n- ʩʪʦʨʦʥʝ. 

ɸʧʧʨʦʢʩʠʤʘʮʠʷ  ʪʦʯʝʢ ʧʦʣʠʥʦʤʦʤ 4-ʛʦ ʧʦʨʷʜʢʘ. 
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ʵʪʦʡ ʟʘʜʘʯʠ, ʘ ʪʘʢʞʝ ʧʨʦʨʘʙʦʪʢʘ ʝʱʝ ʦʜʥʦʛʦ ʘʩʧʝʢʪʘ ʧʦʚʳʰʝʥʠʷ ʪʦʯʥʦʩʪʠ: 

ʫʯʝʪ ʩʢʨʳʪʳʭ ʠʦʥʠʟʘʮʠʦʥʥʳʭ ʧʦʪʝʨʴ ʚ ʤʝʨʪʚʳʭ ʩʣʦʷʭ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ 

ʜʝʪʝʢʪʦʨʦʚ.  

ʕʥʝʨʛʝʪʠʯʝʩʢʘʷ ʢʘʣʠʙʨʦʚʢʘ ʩ ʧʦʤʦʱʴʶ Ŭ-ʠʩʪʦʯʥʠʢʘ 

ʎʝʣʴ ʵʪʦʛʦ ʵʪʘʧʘ ʢʘʣʠʙʨʦʚʢʠ ï ʩʚʷʟʘʪʴ ʧʦʣʫʯʝʥʥʫʶ ʧʦʩʣʝ ʵʣʝʢʪʨʦʥʥʦʡ 

ʢʘʣʠʙʨʦʚʢʠ ʬʫʥʢʮʠʶ ʦʪʢʣʠʢʘ ʩ ʨʝʟʫʣʴʪʘʪʘʤʠ ʠʟʤʝʨʝʥʠʡ ʦʪʢʣʠʢʦʚ ʦʪ 

ʨʝʘʣʴʥʳʭ Ŭ-ʯʘʩʪʠʮ ʠʟʚʝʩʪʥʦʡ ʥʘʯʘʣʴʥʦʡ ʵʥʝʨʛʠʠ,. ɼʣʷ ʵʪʦʛʦ ʥʝʦʙʭʦʜʠʤ 

ʘʥʘʣʠʟ ʧʦʣʫʯʝʥʥʳʭ ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʩʧʝʢʪʨʦʚ.  

ʉʦʟʜʘʥʥʘʷ ʜʣʷ ʵʪʠʭ ʠʟʤʝʨʝʥʠʡ ʫʩʪʘʥʦʚʢʘ ʦʧʠʩʘʥʘ ʚ ʧʦʜʨʘʟʜʝʣʝ 2.1.2. ɺ 

ʩʣʫʯʘʝ Ŭ-ʯʘʩʪʠʮ ʚʝʣʠʯʠʥʘ ʠʦʥʠʟʘʮʠʦʥʥʳʭ ʧʦʪʝʨʴ ʚ ʩʣʦʝ ʚʝʱʝʩʪʚʘ ʪʦʣʱʠʥʦʡ 

ʧʦʨʷʜʢʘ  ~1 ʤʢʤ ʫʞʝ ʠʛʨʘʝʪ ʟʘʤʝʪʥʫʶ ʨʦʣʴ, ʧʦʵʪʦʤʫ ʥʝʦʙʭʦʜʠʤʦ ʚʚʝʩʪʠ ʚ 

ʨʘʩʩʤʦʪʨʝʥʠʝ ʚʝʣʠʯʠʥʫ ʧʦʪʝʨʴ ʵʥʝʨʛʠʠ ʚ ʤʝʨʪʚʳʭ ʩʣʦʷʭ Edead. ɺʚʝʜʝʤ ʪʘʢʞʝ 

ʦʙʦʟʥʘʯʝʥʠʝ çʫʛʦʣ ʥʘʢʣʦʥʘè ʜʣʷ ʫʛʣʘ ʧʘʜʝʥʠʷ ʯʘʩʪʠʮʳ, ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʥʦʡ 

ʚʳʙʨʘʥʥʳʤ ʩʝʛʤʝʥʪʦʤ ʜʝʪʝʢʪʦʨʘ. ʇʦʣʫʯʘʝʤʳʡ ʥʘ ʵʥʝʨʛʝʪʠʯʝʩʢʦʤ ʩʧʝʢʪʨʝ 

ʧʠʢ ʦʪ Ŭ-ʯʘʩʪʠʮ ʬʠʢʩʠʨʦʚʘʥʥʦʡ ʵʥʝʨʛʠʠ ʧʦʣʫʯʘʝʪʩʷ ʭʘʨʘʢʪʝʨʥʦʡ 

ʨʘʟʤʘʟʘʥʥʦʡ ʬʦʨʤʳ, ʧʨʝʜʩʪʘʚʣʝʥʥʦʡ ʥʘ ʨʠʩ. 2.2.a, ʧʦʩʢʦʣʴʢʫ ʫʛʦʣ ʥʘʢʣʦʥʘ ʚ 

ʫʩʣʦʚʠʷʭ ʧʨʦʩʪʦʛʦ ʥʘʙʦʨʘ ʚʩʝʭ ʩʠʛʥʘʣʦʚ ʩ ʩʝʛʤʝʥʪʘ ʤʝʥʷʝʪʩʷ ʚ ʜʠʘʧʘʟʦʥʝ ʦʪ 

0Á ʜʦ 45Á. ɺ ʨʝʟʫʣʴʪʘʪʝ ʢʦʵʬʬʠʮʠʝʥʪ ʚʣʠʷʥʠʷ Edead ʚʘʨʴʠʨʫʝʪʩʷ ʚ ʜʠʘʧʘʟʦʥʝ 

1õ1.4.  

ɼʘʥʥʦʝ ʨʘʟʤʘʟʳʚʘʥʠʝ ʤʦʞʥʦ ʧʦʜʘʚʠʪʴ, ʠʩʧʦʣʴʟʫʷ ʠʥʬʦʨʤʘʮʠʶ ʩ 

ʧʨʦʪʠʚʦʧʦʣʦʞʥʦʡ ʩʪʦʨʦʥʳ ʜʝʪʝʢʪʦʨʘ. ʕʪʦ ʤʦʞʥʦ ʩʜʝʣʘʪʴ, ʦʪʙʠʨʘʷ ʜʣʷ 

ʩʧʝʢʪʨʘ ʪʦʣʴʢʦ ʪʘʢʠʝ ʩʦʙʳʪʠʷ, ʚ ʢʦʪʦʨʳʭ ʥʘ ʧʨʦʪʠʚʦʧʦʣʦʞʥʦʡ ʩʪʦʨʦʥʝ 

ʪʦʣʴʢʦ ʦʜʠʥ ʩʝʛʤʝʥʪ ʠʤʝʝʪ ʩʠʛʥʘʣ ʩ ʘʤʧʣʠʪʫʜʦʡ ʚ ʦʙʣʘʩʪʠ ʧʠʢʘ ʦʪ Ŭ-

ʯʘʩʪʠʮ.r ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʚʝʣʠʯʠʥʘ ʫʛʣʘ ʥʘʢʣʦʥʘ ʙʫʜʝʪ ʧʦʩʪʦʷʥʥʦʡ. ɺ ʮʝʣʷʭ 

ʫʚʝʣʠʯʝʥʠʷ ʩʢʦʨʦʩʪʠ ʥʘʙʦʨʘ, ʥʘ ʧʨʘʢʪʠʢʝ ʜʣʷ ʬʠʢʩʘʮʠʠ ʫʛʣʘ ʥʘʢʣʦʥʘ ʚ 

ʧʨʝʜʝʣʘʭ ʚʙrʨʘʥʥʦʡ ʪʦʯʥʦʩʪʠ ʚʳʙʠʨʘʣʠʩʴ ʩʦʙʳʪʠʷ ʥʝ ʪʦʣʴʢʦ ʩʦ 

ʩʨʘʙʘʪʳʚʘʥʠʝʤ ʚʳʙʨʘʥʥʦʛʦ ʩʝʛʤʝʥʪʘ ʩ ʧʨʦʪʠʚʦʧʦʣʦʞʥʦʡ ʩʪʦʨʦʥʳ, ʘ ʦʜʥʦʛʦ 

ʩʝʛʤʝʥʪʘ ʠʟ ʚʳʙʨʘʥʥʦʡ ʢʦʤʧʘʢʪʥʦʡ ʛʨʫʧʧʳ. ʇʦʣʫʯʝʥʥʳʝ ʚ ʣʠʥʝʡʥʦʤ 

ʤʘʩʰʪʘʙʝ ʧʦʩʣʝ ʧʨʠʤʝʥʝʥʠʷ ʵʪʦʡ ʧʨʦʮʝʜʫʨʳ ʩʧʝʢʪʨʳ (ʨʠʩ. 3.3) ʧʦʢʘʟʘʣʠ, ʯʪʦ 

ʦʪ ʦʜʥʦʛʦ ʧʨʘʢʪʠʯʝʩʢʠ ʤʦʥʦʵʥʝʨʛʝʪʠʯʝʩʢʦʛʦ ʠʩʪʦʯʥʠʢʘ ʥʘ ʩʘʤʦʤ ʜʝʣʝ 

ʨʝʛʠʩʪʨʠʨʫʶʪʩʷ ʜʚʘ ʧʠʢʘ.  



 

35 

 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʦʙʩʫʞʜʝʥʠʷ ʩ ʢʦʤʧʘʥʠʝʡ-ʠʟʛʦʪʦʚʠʪʝʣʝʤ ʜʝʪʝʢʪʦʨʦʚ 

(Micron Semiconductor) ʵʪʦʛʦ ʥʝʦʞʠʜʘʥʥʦʛʦ ʨʘʩʱʝʧʣʝʥʠʷ ʙʳʣʦ ʚʳʷʩʥʝʥʦ, ʯʪʦ 

ʥʘ ʦʙʝʠʭ ʯʫʚʩʪʚʠʪʝʣʴʥʳʭ ʧʦʚʝʨʭʥʦʩʪʷʭ ʜʝʪʝʢʪʦʨʘ ʤʝʨʪʚʳʡ ʩʣʦʡ ʠʤʝʝʪ 

ʜʚʫʭʫʨʦʚʥʝʚʫʶ ʩʪʨʫʢʪʫʨʫ, ʧʦʢʘʟʘʥʥʫʶ ʥʘ ʨʠʩ. 3.4.a. ʈʘʟʥʠʮʘ ʤʝʞʜʫ 

ʫʨʦʚʥʷʤʠ ʚ ~1 ʤʢʤ ʠ ʧʨʠʚʦʜʠʪ ʢ ʨʘʩʱʝʧʣʝʥʠʶ  ʤʘʩʩʠʚʘ ʩʦʙʳʪʠʡ Edead ʦʢʦʣʦ 

160 ʢʵɺ, ʘ ʪʘʢʞʝ, ʚ ʧʨʷʤʦʡ ʩʚʷʟʠ ʩ ʵʪʠʤ, ʢ ʨʘʩʱʝʧʣʝʥʠʶ ʠ Emeas.  

ɺ ʧʨʝʜʳʜʫʱʝʤ ʨʘʟʜʝʣʝ ʛʦʚʦʨʠʣʦʩʴ, ʯʪʦ Emeas ʤʦʞʝʪ ʙʳʪʴ ʦʧʠʩʘʥʘ 

ʬʫʥʢʮʠʝʡ ὯϽὪὔ , ʛʜʝ f(NADC) ʤʥʦʛʦʯʣʝʥ, ʘ k ʵʪʦ ʢʦʵʬʬʠʮʠʝʥʪ 

ʤʘʩʰʪʘʙʠʨʦʚʘʥʠʷ. ɺʝʣʠʯʠʥʘ Edead ʤʦʞʝʪ ʙʳʪʴ ʨʘʩʩʯʠʪʘʥʘ ʧʦ ʠʥʬʦʨʤʘʮʠʠ ʦ 

ʥʘʯʘʣʴʥʦʡ ʵʥʝʨʛʠʠ Ŭ-ʯʘʩʪʠʮ r Eini ʠ ʪʦʣʱʠʥʝ ʤʝʨʪʚʦʛʦ ʩʣʦʷ d, ʧʦʵʪʦʤʫ 

ʬʫʥʢʮʠʷ ʨʘʩʯʝʪʘ Edead ʤʦʞʝʪ ʙʳʪʴ ʦʧʠʩʘʥʘ ʢʘʢ L(Eini,d).  

 

ɺ ʫʩʣʦʚʠʷʭ ʚʘʢʫʫʤʘ ʩʫʤʤʘ Emeas ʠ Edead ʨʘʚʥʘ ʚʝʣʠʯʠʥʝ ʥʘʯʘʣʴʥʦʡ 

ʢʠʥʝʪʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ ʯʘʩʪʠʮʳ Eini:  

Ὁ ὯϽὪὔ ὒὉ ȟὨ    (3.3) 

 
ɽ, ʢʘʥʘʣʳ ɸʎʇ 

ʈʠʩʫʥʦʢ 3.3. ʍʘʨʘʢʪʝʨʥʳʡ ʵʥʝʨʛʝʪʠʯʝʩʢʠʡ ʩʧʝʢʪʨ ʧʨʠ ʨʝʛʠʩʪʨʘʮʠʠ ʦʜʥʠʤ 

ʩʝʛʤʝʥʪʦʤ Ŭ-ʯʘʩʪʠʮ ʩ ʬʠʢʩʠʨʦʚʘʥʥʳʤ ʫʛʣʦʤ ʥʘʢʣʦʥʘ ʦʪ ʠʩʪʦʯʥʠʢʘ 
241

Am. 

 
ʈʠʩʫʥʦʢ 3.4:ʘ) ʉʭʝʤʘ ʩʪʨʫʢʪʫʨʳ ʤʝʨʪʚʦʛʦ ʩʣʦʷ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ 

ʜʝʪʝʢʪʦʨʘ BaBar-IV ʪʠʧʘ; ʙ) ʠʣʣʶʩʪʨʘʮʠʷ ʵʬʬʝʢʪʘ ʪʝʥʠ ʦʪ ʵʣʝʤʝʥʪʦʚ 

ʩʪʨʫʢʪʫʨʳ ʤʝʨʪʚʦʛʦ ʩʣʦʷ ʧʨʠ ʙʦʣʴʰʠʭ ʫʛʣʘʭ ʥʘʢʣʦʥʘ. 
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ʇʦʩʢʦʣʴʢʫ ʩʪʨʫʢʪʫʨʘ ʤʝʨʪʚʦʛʦ ʩʣʦʷ ʜʚʫʭʫʨʦʚʥʝʚʘʷ, ʪʦ ʜʣʷ ʝʝ ʦʧʠʩʘʥʠʷ 

ʪʨʝʙʫʝʪʩʷ ʚʚʝʩʪʠ ʚ ʨʘʩʩʤʦʪʨʝʥʠʝ ʜʚʘ ʟʥʘʯʝʥʠʷ ʪʦʣʱʠʥʳ d1 ʠ d2, ʘ ʜʣʷ 

ʟʘʚʝʨʰʝʥʠʷ ʢʘʣʠʙʨʦʚʢʠ ʠʟʤʝʨʠʪʝʣʴʥʦʛʦ ʵʣʝʤʝʥʪʘ ʜʦʣʞʥʳ ʙʳʪʴ ʦʧʨʝʜʝʣʝʥʳ 

ʪʨʠ ʚʝʣʠʯʠʥʳ: k, d1 ʠ d2. ʉʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʩʠʩʪʝʤʘ ʠʟ ʪʨʝʭ ʫʨʘʚʥʝʥʠʡ ʪʠʧʘ 3.3 

ʜʦʣʞʥʘ ʙʳʪʴ ʧʦʩʪʨʦʝʥʘ ʠ ʨʝʰʝʥʘ. 

ʈʝʛʠʩʪʨʘʮʠʷ ʠʟʣʫʯʝʥʠʷ ʦʪ ʜʚʫʭ ʠʩʪʦʯʥʠʢʦʚ Ŭ-ʯʘʩʪʠʮ ʤʦʞʝʪ ʙʳʪʴ 

ʧʨʠʤʝʥʝʥʘ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʩʧʝʢʪʨʦʚ, ʩʦʜʝʨʞʘʱʠʭ ʩʝʨʠʶ ʠʟ ʯʝʪʳʨʝʭ ʧʠʢʦʚ 

ʧʨʠ ʭʦʨʦʰʝʤ ʨʘʟʨʝʰʝʥʠʠ, ʯʪʦ ʜʘʝʪ ʜʦʩʪʘʪʦʯʥʦ ʟʥʘʯʝʥʠʡ, ʯʪʦʙʳ ʧʦʩʪʨʦʠʪʴ 

ʪʘʢʫʶ ʩʠʩʪʝʤʫ. ʀʟ ʜʦʩʪʫʧʥʳʭ ʠʩʪʦʯʥʠʢʦʚ ʙʳʣʠ ʚʳʙʨʘʥʳ 
241

Am ʠ 
244

Cm, ʢʘʢ 

ʢʦʤʙʠʥʘʮʠʷ ʩ ʥʘʠʙʦʣʝʝ ʦʪʩʪʦʷʱʠʤʠ ʜʨʫʛ ʦʪ ʜʨʫʛʘ ʧʠʢʘʤʠ. ʆʜʥʘʢʦ ʝʱʸ 

ʥʝʦʙʭʦʜʠʤʦ ʫʯʝʩʪʴ, ʯʪʦ ʢʘʞʜʳʡ ʠʟ ʵʪʠʭ ʠʩʪʦʯʥʠʢʦʚ ʠʟʣʫʯʘʝʪ Ŭ-ʯʘʩʪʠʮ rʩ 

ʥʝʢʦʪʦʨʳʤ ʨʘʩʱʝʧʣʝʥʠʝʤ ʧʦ ʵʥʝʨʛʠʠ, ʢʘʢ ɻʪʦ ʧʦʢʘʟʘʥʦ ʚ ʊʘʙʣʠʮʝ 3.1. ʊʘʢʠʤ 

ʦʙʨʘʟʦʤ, ʜʣʷ ʢʘʞʜʦʛʦ ʧʠʢʘ ʚ ʢʘʯʝʩʪʚʝ ʘʧʧʨʦʢʩʠʤʠʨʫʶʱʝʡ ʬʫʥʢʮʠʠ ʙʣrʘ 

ʚʳʙʨʘʥʘ ʢʦʤʙʠʥʘʮʠʷ ʜʚʫʭ ʛʘʫʩʩʠʘʥʦʚ, ʜʣʷ ʢʦʪʦʨʳʭ ʚʟʘʠʤʥʦʝ ʨʘʩʧʦʣʦʞʝʥʠʝ 

ʤʘʢʩʠʤʫʤʦʚ ʠ ʠʭ ʰʠʨʠʥʳ ʙʳʣʠ ʬʠʢʩʠʨʦʚʘʥʥʳʤʠ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʊʘʙʣʠʮʝʡ 

3.1. ʅʘ ʨʠʩ. 3.5 ʧʦʢʘʟʘʥʦ, ʢʘʢ ʚʳʛʣʷʜʠʪ ʠʥʪʝʛʨʠʨʫʶʱʘʷ ʘʧʧʨʦʢʩʠʤʠʨʫʶʱʘʷ 

ʬʫʥʢʮʠʷ ʧʨʠ ʨʝʛʠʩʪʨʘʮʠʠ Ŭ-ʯʘʩʪʠʮ  ʦʪ ʦʜʥʦʛʦ ʠʩʪʦʯʥʠʢʘ. 

ʊʘʙʣʠʮʘ 3.1:ʃʠʥʠʠ ʩʧʝʢʪʨʦʚ ʠʩʧʦʣʴʟʦʚʘʥʥʳʭ ʠʩʪʦʯʥʠʢʦʚ  Ŭ-ʯʘʩʪʠʮ  

(ʜʘʥʥʳʝ ʚʟʷʪʳ ʠʟ [17], ʩʤ. ʪʘʢʞʝ [18]). 

ʀʩʪʦʯʥʠʢ ʕʥʝʨʛʠʷ, 

ʄʵɺ 

ʆʪʥʦʩʠʪʝʣʴʥʘʷ 

ʠʥʪʝʥʩʠʚʥʦʩʪʴ, % 

ʂʦʤʤʝʥʪʘʨʠʡ 

244
Cm 5.805 76.7 - 

 5.763 23.3 - 
241

Am 5.486 86.0 - 

 5.443 12.7 - 

 5.388 1.3 ʦʪʙʨʦʰʝʥ ʠʟ-ʟʘ ʤʘʣʦʛʦ 

ʚʢʣʘʜʘ 
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ɺ ʨʝʘʣʠʟʦʚʘʥʥʦʡ ʧʨʦʮʝʜʫʨʝ ʧʦʩʪʨʦʝʥʠʷ ʩʠʩʪʝʤʳ ʫʨʘʚʥʝʥʠʡ 

ʠʩʧʦʣʴʟʫʶʪʩʷ ʜʘʥʥʳʝ ʦ ʧʦʣʦʞʝʥʠʠ ʤʘʢʩʠʤʫʤʘ ʧʨʘʚʦʛʦ ʧʠʢʘ ʦʪ ʠʩʪʦʯʥʠʢʘ 
241

Am ʠ ʤʘʢʩʠʤʫʤʦʚ ʦʙʦʠʭ ʧʠʢʦʚ ʦʪ 
244

Cm (ʫʨʘʚʥʝʥʠʝ ʩ ʦʩʪʘʚʰʠʤʩʷ ʣʝʚʳʤ 

ʧʠʢʦʤ ʦʪ 
241

Am ʟʘʨʝʟʝʨʚʠʨʦʚʘʥʦ ʜʣʷ ʧʝʨʝʢʨʝʩʪʥʦʡ ʧʨʦʚʝʨʢʠ). 

ʊʝʧʝʨʴ ʥʝʦʙʭʦʜʠʤʦ ʚʳʨʘʟʠʪʴ ʷʚʥʳʤ ʦʙʨʘʟʦʤ ʬʫʥʢʮʠʶ ʨʘʩʯʝʪʘ 

ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʧʦʪʝʨʴ ʚ ʤʝʨʪʚʦʤ ʩʣʦʝ L(Eini,d). ɺ ʦʙʱʝʤ ʩʣʫʯʘʝ ʬʫʥʢʮʠʷ 

L(Eini,d) ʤʦʞʝʪ ʙʳʪʴ ʚʳʨʘʞʝʥʘ ʚ ʚʠʜʝ ʦʧʨʝʜʝʣʝʥʥʦʛʦ ʠʥʪʝʛʨʘʣʘ ʬʫʥʢʮʠʠ 

ɹʝʪʝ-ɹʣʦʭʘ [19] (ʩʪʨ. 24). ʆʜʥʘʢʦ, ʪʘʢʦʝ ʚʳʨʘʞʝʥʠʝ ʜʦʚʦʣʴʥʦ ʩʣʦʞʥʦ ʜʣʷ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚ ʩʠʩʪʝʤʝ ʫʨʘʚʥʝʥʠʡ. ʇʦʵʪʦʤʫ ʚ ʯʘʩʪʥʦʤ ʩʣʫʯʘʝ (ʫʯʠʪʳʚʘʷ 

ʛʨʘʥʠʮʳ ʠʟʤʝʥʝʥʠʷ ʪʦʣʱʠʥ ʤʝʨʪʚʦʛʦ ʩʣʦʷ ʠ ʟʥʘʷ ʩʚʦʡʩʪʚʘ ʤʘʪʝʨʠʘʣʘ) ʧʨʠ 

ʩʦʭʨʘʥʝʥʠʠ ʜʦʩʪʘʪʦʯʥʦʡ ʪʦʯʥʦʩʪʠ ʙʳʣʘ ʠʩʧʦʣʴʟʦʚʘʥʘ ʧʨʠʙʣʠʞʝʥʥʘʷ 

ʬʫʥʢʮʠʷ ʚ ʚʠʜʝ ʧʦʣʠʥʦʤʘ ʚʪʦʨʦʛʦ ʧʦʨʷʜʢʘ. ɼʣʷ ʧʦʣʫʯʝʥʠʷ ʵʪʦʛʦ ʧʦʣʠʥʦʤʘ 

ʙʳʣʠ ʠʩʧʦʣʴʟʦʚʘʥʳ ʤʦʜʝʣʴʥʳʝ ʜʘʥʥʳʝ, ʧʦʩʪʘʚʣʷʝʤʳʝ ʧʨʦʛʨʘʤʤʥʳʤ ʧʘʢʝʪʦʤ 

SRIM [20]. ʇʘʢʝʪ ʧʨʦʛʨʘʤʤ SRIM  (Stopping Power and Range of Ions into 

Matter), ʠʩʧʦʣʴʟʫʝʪ ʧʦʣʥʦʝ ʢʚʘʥʪʦʚʦ-ʤʝʭʘʥʠʯʝʩʢʦʝ ʦʧʠʩʘʥʠʝ ʩʪʦʣʢʥʦʚʝʥʠʡ 

ʠʦʥʦʚ ʠ ʘʪʦʤʦʚ, ʧʦʟʚʦʣʷʝʪ ʦʧʨʝʜʝʣʠʪʴ ʦʩʪʘʥʘʚʣʠʚʘʶʱʫʶ ʩʧʦʩʦʙʥʦʩʪʴ 

ʚʝʱʝʩʪʚʘ ʠ ʜʣʠʥʳ ʧʨʦʙʝʛʘ ʠʦʥʦʚ (ʩ ʵʥʝʨʛʠʝʡ ʥʘ ʥʫʢʣʦʥ ʚ ʜʠʘʧʘʟʦʥʝ 

10 ʵɺõ2 ɻʵɺ). ʌʫʥʢʮʠʷ ʜʣʠʥʳ ʧʨʦʙʝʛʘ Ŭ-ʯʘʩʪʠʮ  ʚ ʤʘʪʝʨʠʘʣʝ ʜʝʪʝʢʪʦʨʘ 

ʧʦʢʘʟʘʥʘ ʥʘ ʈʠʩʫʥʢʝ 3.6.a, ʛʜʝ ʪʦʯʢʘʤʠ ʦʙʦʟʥʘʯʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʦʙʨʘʙʦʪʢʠ 

ʜʘʥʥʳʭ SRIM, ʘ ʦʪʦʙʨʘʞʝʥʥʳʝ ʤʝʪʢʠ ʧʦʛʨʝʰʥʦʩʪʝʡ ʩʦʦʪʚʝʪʩʪʚʫʶʪ 

ʧʦʣʫʯʝʥʥʳʤ ʟʥʘʯʝʥʠʷʤ ʨʘʟʙʨʦʩʘ ʜʣʠʥ ʧʨʦʙʝʛʘ. ʉʦʛʣʘʩʥʦ ʫʪʚʝʨʞʜʝʥʠʶ 

ʨʘʟʨʘʙʦʪʯʠʢʦʚ SRIM[21], ʪʦʯʥʦʩʪʴ ʨʘʩʯʝʪʦʚ ʜʣʠʥ ʧʨʦʙʝʛʘ ʥʘʭʦʜʠʪʩʷ ʚ 

ʧʨʝʜʝʣʘʭ ʥʝʩʢʦʣʴʢʠʭ ʧʨʦʮʝʥʪʦʚ, ʯʪʦ ʚʧʦʣʥʝ ʫʜʦʚʣʝʪʚʦʨʷʝʪ ʧʦʩʪʘʚʣʝʥʥʦʡ 

ʟʘʜʘʯʝ. ʆʜʥʘʢʦ ʧʨʠ ʦʮʝʥʢʝ ʨʘʟʙʨʦʩʘ ʠʦʥʠʟʘʮʠʦʥʥʳʭ ʧʦʪʝʨʴ ʧʨʠ 

 
ʈʠʩʫʥʦʢ 3.5. ʉʧʝʢʪʨ ʠʩʪʦʯʥʠʢʘ 

244
Cm. ʌʫʥʢʮʠʷ ʜʣʷ ʣʝʚʦʛʦ ʧʠʢʘ (ʩʫʤʤʘ 

ʜʚʫʭ ʩʚʷʟʘʥʥʳʭ ʛʘʫʩʩʠʘʥʦʚ) ʦʪʦʙʨʘʞʝʥʘ ʧʫʥʢʪʠʨʥʦʡ ʣʠʥʠʝʡ. ʐʪʨʠʭʦʚʘ̫ 

ʣʠʥʠʷ ʦʪʦʙʨʘʞʘʝʪ ʘʥʘʣʦʛʠʯʥʫʶ ʬʫʥʢʮʠʶ ʜʣʷ ʧʨʘʚʦʛʦ ʧʠʢʘ.  

ʀʥʪʝʛʨʠʨʫʶʱʘʷ ʬʫʥʢʮʠʷ ʦʙʦʟʥʘʯʝʥʘ ʩʧʣʦʰʥʦʡ ʣʠʥʠʝʡ. 
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ʧʨʦʭʦʞʜʝʥʠʠ ʯʝʨʝʟ ʪʦʥʢʠʡ ʩʣʦʡ ʚʝʱʝʩʪʚʘ ʟʘʷʚʣʝʥʥʘʷ ʦʪʥʦʩʠʪʝʣʴʥʘʷ 

ʧʦʛʨʝʰʥʦʩʪʴ SRIM ʤʦʞʝʪ ʜʦʩʪʠʛʘʪʴ 100%, ʦʩʦʙʝʥʥʦ ʜʣʷ ʪʷʞʝʣʳʭ ʠʦʥʦʚ. 

ʇʦʵʪʦʤʫ ʜʣʷ ʦʮʝʥʢʠ ʵʥʝʨʛʝʪʠʯʝʩʢʦʛʦ ʨʘʟʙʨʦʩʘ ʟʜʝʩʴ ʠ ʜʘʣʝʝ ʙʳʣʘ ʚʳʙʨʘʥʘ 

ʪʝʦʨʝʪʠʯʝʩʢʠ ʦʙʦʩʥʦʚʘʥʥʘʷ ʬʝʥʦʤʝʥʦʣʦʛʠʯʝʩʢʘʷ ʢʨʠʚʘʷ ɻʝʡʟʝʥʙʝʨʛʘ [22], 

ʧʨʝʜʩʪʘʚʣʝʥʥʘ̫ ʥʘ ʈʠʩʫʥʢʝ 3.6.ʙ. 

 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ ʧʦʣʫʯʝʥ ʧʦʣʠʥʦʤ, ʦʧʨʝʜʝʣʷʶʱʠʡ ʟʘʚʠʩʠʤʦʩʪʴ ʜʣʠʥʳ 

ʧʨʦʙʝʛʘ Ŭ-ʯʘʩʪʠʮʳ ʦʪ ʝʝ ʥʘʯʘʣʴʥʦʡ ʵʥʝʨʛʠʠ ʚ ʥʫʞʥʦʤ ʜʠʘʧʘʟʦʥʝ, ʘ ʟʘʪʝʤ, 

ʠʩʧʦʣʴʟʫʷ ʦʙʨʘʪʥʫʶ ʬʫʥʢʮʠʶ, ʙʳʣʦ ʧʦʣʫʯʝʥʦ ʜʦʩʪʘʪʦʯʥʦ ʧʨʦʩʪʦʝ 

ʘʥʘʣʠʪʠʯʝʩʢʦʝ ʚʳʨʘʞʝʥʠʝ ʠʩʢʦʤʦʡ ʟʘʚʠʩʠʤʦʩʪʠ L(Eini,d), ʚ ʨʝʟʫʣʴʪʘʪʝ ʯʝʛʦ 

ʙʳʣʘ ʧʦʩʪʨʦʝʥʘ ʩʠʩʪʝʤʘ ʫʨʘʚʥʝʥʠʡ.  

ʇʦʩʢʦʣʴʢʫ ʘʥʘʣʠʪʠʯʝʩʢʦʝ ʨʝʰʝʥʠʝ ʧʦʣʫʯʘʝʤʦʡ ʩʠʩʪʝʤʳ ʥʝʣʠʥʝʡʥʳʭ 

ʫʨʘʚʥʝʥʠʡ ʜʦʚʦʣʴʥʦ ʥʝʪʨʠʚʠʘʣʴʥʘʷ ʧʨʦʮʝʜʫʨʘ, ʪʦ ʜʣʷ ʨʝʰʝʥʠʷ ʙʳʣ ʚʳʙʨʘʥ 

ʯʠʩʣʝʥʥʳʡ ʤʝʪʦʜ. ɺ ʵʪʦʤ ʤʝʪʦʜʝ ʫʨʘʚʥʝʥʠʷ ʩʥʘʯʘʣʘ ʣʠʥʝʘʨʠʟʫʶʪʩʷ, ʚʳʨʘʞʘʷ 

ʬʫʥʢʮʠʶ L(Eini,d) ʢʘʢ L(E)iterĀd, ʛʜʝ ʠʪʝʨʘʪʦʨ L(E)iter ʵʪʦ ʟʥʘʯʝʥʠʝ ʫʜʝʣʴʥʳʭ 

ʧʦʪʝʨʴ ʵʥʝʨʛʠʠ ʧʨʠ ʪʝʢʫʱʝʤ ʟʥʘʯʝʥʠʠ ʵʥʝʨʛʠʠ ʯʘʩʪʠʮʳ E. ʇʦʩʣʝ 

ʣʠʥʝʘʨʠʟʘʮʠʠ ʩʠʩʪʝʤʘ ʤʦʞʝʪ ʙʳʪʴ ʨʝʰʝʥʘ ʘʥʘʣʠʪʠʯʝʩʢʠ ʠ ʜʘʝʪ ʫʪʦʯʥʝʥʥʦʝ 

ʟʥʘʯʝʥʠʝ L(E)iter ʜʣʷ ʩʣʝʜʫʶʱʝʡ ʠʪʝʨʘʮʠʠ. ɹʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʝʩʣʠ 

ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʩʣʦʠ ʢʨʝʤʥʠʷ (ʠʣʠ ʘʣʶʤʠʥʠʷ) ʩ ʪʦʣʱʠʥʦʡ ʧʦʨʷʜʢʘ 1-2 ʤʢʤ, 

ʪʦ ʥʘ ʧʨʘʢʪʠʢʝ ʜʚʫʭ ʠʪʝʨʘʮʠʡ ʫʞʝ ʜʦʩʪʘʪʦʯʥʦ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʨʝʟʫʣʴʪʘʪʦʚ ʩ 

ʧʦʛʨʝʰʥʦʩʪʴʶ ʦʧʠʩʘʥʠʷ L(Eini,d) ʤʝʥʝʝ 0,01%.  

ɼʘʥʥʳʡ ʧʦʜʭʦʜ ʧʦʟʚʦʣʷʝʪ ʨʝʰʠʪʴ ʩʠʩʪʝʤʫ ʩ ʪʘʢʦʡ ʞʝ ʪʦʯʥʦʩʪʴʶ ʠ ʜʣʷ 

ʙʦʣʴʰʠʭ ʪʦʣʱʠʥ (ʥʘʧʨʠʤʝʨ, 10 ʤʢʤ). ɼʣʷ ʵʪʦʛʦ ʥʝʦʙʭʦʜʠʤʦ ʪʦʣʴʢʦ ʘʧʨʠʦʨʥʦ 

ʚʚʝʩʪʠ ʩʤʝʱʝʥʠʝ ʪʦʣʱʠʥʳ doffset. ʇʦʣʴʟʫʷʩʴ ʧʦʣʫʯʝʥʥʳʤ ʨʘʥʝʝ 

ʘʥʘʣʠʪʠʯʝʩʢʠʤ ʚʳʨʘʞʝʥʠʝʤ, ʚʝʣʠʯʠʥʘ ʧʦʪʝʨʴ ʵʥʝʨʛʠʠ L(Eini,doffset) ʤʦʞʝʪ 

 
ʈʠʩʫʥʦʢ 3.6. ʘ) ɼʘʥʥʳʝ SRIM ʟʘʚʠʩʠʤʦʩʪʠ ʜʣʠʥʳ ʧʨʦʙʝʛʘ Ŭ-ʯʘʩʪʠʮ  ʚ 

ʢʨʝʤʥʠʠ (ʘʣʶʤʠʥʠʠ) ʦʪ ʥʘʯʘʣʴʥʦʡ ʵʥʝʨʛʠʠ, ʘ ʪʘʢʞʝ ʘʧʧʨʦʢʩʠʤʠʨʫʶʱʠʡ 

ʧʦʣʠʥʦʤ;  

ʙ) ɿʘʚʠʩʠʤʦʩʪʴ ʨʘʟʙʨʦʩʘ ʧʦʪʝʨʴ ʵʥʝʨʛʠʠ Ŭ-ʯʘʩʪʠʮʳ ʦʪ ʪʦʣʱʠʥʳ ʩʣʦʷ 

ʢʨʝʤʥʠʷ, ʣʠʥʠʷ ï ʢʨʠʚʘʷ ɻʝʡʟʝʥʙʝʨʛʘ, ʢʨʫʞʢʠ ï ʨʘʩʯʝʪ SRIM. 
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ʙʳʪʴ ʚʳʯʠʩʣʝʥʘ ʪʦʯʥʦ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʝʩʣʠ doffset ʙʳʣʦ ʚʳʙʨʘʥʦ ʜʦʩʪʘʪʦʯʥʦ 

ʙʣʠʟʢʦ ʢ ʧʨʝʜʧʦʣʘʛʘʝʤʦʤʫ ʟʥʘʯʝʥʠʶ d, ʪʦ ʠʩʢʦʤʦʝ ʨʝʰʝʥʠʝʤ ʩʠʩʪʝʤʳ 

ʟʥʘʯʝʥʠʝ (d-doffset) ʩʥʦʚʘ ʙʫʜʝʪ ʥʘʭʦʜʠʪʴʩʷ ʚ ʜʠʘʧʘʟʦʥʝ 1-2 ʤʢʤ.  

ʈʝʟʫʣʴʪʘʪʳ ʧʝʨʚʦʛʦ ʧʨʠʤʝʥʝʥʠʷ ʦʧʠʩʘʥʥʦʡ ʧʨʦʮʝʜʫʨʳ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ 

ʈʠʩʫʥʢʝ 3.7. ɼʝʪʝʢʪʦʨ ʪʦʣʱʠʥʦʡ 300 ʤʢʤ (D2324_5_R5) ʙʳʣ ʦʙʣʫʯʝʥ 

ʠʩʪʦʯʥʠʢʘʤʠ 
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Cm, ʨʘʩʧʦʣʦʞʝʥʥʳʤʠ ʥʘ ʨʘʩʩʪʦʷʥʠʠ ʦʢʦʣʦ 5,5 ʩʤ ʦʪ 

p-ʩʪʦʨʦʥʳ. ʈʠʩʫʥʦʢ 3.7.ʙ ʧʦʢʘʟʳʚʘʝʪ ʚʝʣʠʯʠʥʳ ʪʦʣʱʠʥʳ ʤʝʨʪʚʦʛʦ ʩʣʦʷ d1 ʠ 

d2 ʨʘʟʜʝʣʴʥʦ ʜʣʷ ʢʘʞʜʦʛʦ ʯʫʚʩʪʚʠʪʝʣʴʥʦʛʦ ʩʝʛʤʝʥʪʘ ʥʘ p-ʩʪʦʨʦʥʝ ʜʝʪʝʢʪʦʨʘ. 

ɺ ʵʪʦʤ ʨʘʩʯʝʪʝ ʙʳʣʘ ʧʨʠʤʝʥʝʥʘ ʢʦʨʨʝʢʮʠʷ ʵʬʬʝʢʪʘ ʫʚʝʣʠʯʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʡ 

ʪʦʣʱʠʥʳ ʤʝʨʪʚʦʛʦ ʩʣʦʷ ʚ ʩʚʷʟʠ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʫʛʣʘ ʥʘʢʣʦʥʘ ʪʨʝʢʦʚ Ŭ-ʯʘʩʪʠʮ 

ʧʦ ʥʘʧʨʘʚʣʝʥʠʶ ʢ ʢʨʘʷʤ ʜʝʪʝʢʪʦʨʘ. ʆʪʦʙʨʘʞʝʥʥʳʝ ʤʝʪʢʠ ʧʦʛʨʝʰʥʦʩʪʝʡ 

ʫʢʘʟʳʚʘʶʪ ʥʘ ʦʪʢʣʦʥʝʥʠʝ ʨʘʩʯʝʪʥʦʛʦ ʟʥʘʯʝʥʠʷ d2 ʚ ʩʠʪʫʘʮʠʠ ʠʩʢʫʩʩʪʚʝʥʥʦ 

ʚʚʝʜʝʥʥʦʛʦ ʩʠʩʪʝʤʘʪʠʯʝʩʢʦʛʦ ʨʘʟʙʨʦʩʘ ʧʦʣʦʞʝʥʠʷ ʣʠʥʠʡ ʩʧʝʢʪʨʘ 
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ʚʝʣʠʯʠʥʫ 1 ʢʘʥʘʣʘ ɸʎʇ. ʊʘʢʦʡ ʩʜʚʠʛ ʙʳʣ ʩʛʝʥʝʨʠʨʦʚʘʥ ʩ ʥʦʨʤʘʣʴʥʳʤ 

ʨʘʩʧʨʝʜʝʣʝʥʠʝʤ, ʚʝʣʠʯʠʥʘ ʨʘʟʙʨʦʩʘ (ʩʠʛʤʘ) ʚ 1 ʢʘʥʘʣ ɸʎʇ ʩʦʦʪʚʝʪʩʪʚʫʝʪ 3.7 

ʢʵɺ ʧʦ ɻʥʝʨʛʝʪʠʯʝʩʢʦʡ ʰʢʘʣʝ. ʄʦʞʥʦ ʫʚʠʜʝʪʴ, ʥʘʩʢʦʣʴʢʦ ʜʘʥʥʳʝ ʨʘʩʯʝʪʳ 

ʯʫʚʩʪʚʠʪʝʣʴʥʳ ʜʘʞʝ ʢ ʥʝʙʦʣʴʰʦʤʫ ʠʟʤʝʥʝʥʠʶ ʧʦʣʦʞʝʥʠʷ ʧʠʢʦʚ.  

ʅʘ ʈʠʩʫʥʢʝ 3.7.a ʧʦʢʘʟʘʥʳ ʨʘʩʯʝʪʥʳʝ ʢʦʵʬʬʠʮʠʝʥʪʳ ʧʝʨʝʚʦʜʘ ʦʪʢʣʠʢʘ 

ʠʟ ʥʦʤʝʨʘ ʢʘʥʘʣʘ ɸʎʇ ʚ ʵʣʝʢʪʨʦʥ-ʚʦʣʴʪʳ,  ʠʥʬʦʨʤʘʮʠʷ ʧʨʝʜʩʪʘʚʣʝʥʘ ʜʣʷ 

ʥʦʤʝʨʦʚ ʩʝʛʤʝʥʪʦʚ ʦʪ 0 ʜʦ 86. ɺ ʠʩʧʦʣʴʟʦʚʘʥʥʦʤ ʥʘʙʦʨʝ ʜʘʥʥʳʭ ʜʣʷ 

ʦʩʪʘʚʰʝʛʦʩʷ ʥʘ ʠʩʩʣʝʜʫʝʤʦʡ ʩʪʦʨʦʥʝ ʜʝʪʝʢʪʦʨʘ ʜʝʩʷʪʢʘ ʩʝʛʤʝʥʪʦʚ ʫʛʦʣ 

ʥʘʢʣʦʥʘ ʪʨʝʢʦʚ ʦʢʘʟʘʣʩʷ ʩʣʠʰʢʦʤ ʚʝʣʠʢ (>30Á). ɺʩʣʝʜʩʪʚʠʝ ʵʪʦʛʦ ʦʙʣʘʩʪʠ 

ʤʝʞʜʫ ʩʪʫʧʝʥʴʢʘʤʠ ʤʝʨʪʚʦʛʦ ʩʣʦʷ ʦʢʘʟʘʣʠʩʴ ʟʘʪʝʥʝʥʥʳʤʠ (ʩʤ. ʨʠʩ. 3.4.ʙ), ʘ 

ʧʨʘʚʳʝ ʧʠʢʠ ʦʪ ʦʙʦʠʭ ʠʩʪʦʯʥʠʢʦʚ ʥʘ ʩʧʝʢʪʨʘʭ ʪʠʧʘ ʧʨʝʜʩʪʘʚʣʝʥʥʦʛʦ ʥʘ 

 
ʈʠʩʫʥʦʢ 3.7. ʘ) ʈʘʩʯʝʪʥʳʡ ʢʦʵʬʬʠʮʠʝʥʪ ʤʘʩʰʪʘʙʠʨʦʚʘʥʠʷ ʦʪʢʣʠʢʘ ɸʎʇ 

ʚ ʝʜʠʥʠʮʳ ʠʟʤʝʨʝʥʠʷ ʵʥʝʨʛʠʠ; ʙ) ʈʘʩʯʝʪʥʳʝ ʟʥʘʯʝʥʠʷ ʪʦʣʱʠʥʳ ʤʝʨʪʚʦʛʦ ʩʣʦʷ 

d1 ʦʙʦʟʥʘʯʝʥʳ ʟʚʝʟʜʘʤʠ, d2 - ʢʨʫʞʢʘʤʠ. ʄʝʪʢʠ ʧʦʛʨʝʰʥʦʩʪʝʡ d2 ʨʘʩʩʯʠʪʘʥʳ 

ʜʣʷ ʦʧʠʩʘʥʥʦʛʦ ʩʤʝʱʝʥʠʷ ʩʧʝʢʪʨʦʚ.  
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ʨʠʩ. 3.5 ʦʢʘʟʘʣʠʩʴ ʩʣʠʰʢʦʤ ʠʩʢʘʞʝʥʥʳʤʠ ʜʣʷ ʠʭ ʢʦʨʨʝʢʪʥʦʡ ʦʙʨʘʙʦʪʢʠ. 

ʊʘʢʞʝ ʢʘʢ ʠ ʧʨʠ ʨʘʩʯʝʪʝ d1 ʠ d2, ʨʘʩʯʝʪ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʤʘʩʰʪʘʙʠʨʦʚʘʥʠʷ 

ʙʳʣ ʧʨʦʚʝʜʝʥ ʩ ʢʦʨʨʝʢʮʠʝʡ ʵʬʬʝʢʪʘ  ʠʟʤʝʥʝʥʠʷ ʫʛʣʘ ʥʘʢʣʦʥʘ ʪʨʝʢʦʚ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʦʧʨʝʜʝʣʝʥʠʝ ʩ ʧʦʤʦʱʴʶ ʜʘʥʥʦʡ ʵʪʘʧʘ ʢʘʣʠʙʨʦʚʢʠ 

ʢʦʵʬʬʠʮʠʝʥʪʘ k (ʠʟ ʫʨʘʚʥʝʥʠʷ 3.2) ʟʘʚʝʨʰʘʝʪ ʢʘʣʠʙʨʦʚʢʫ ʠʟʤʝʨʝʥʠʷ 

ʘʙʩʦʣʶʪʥʦʛʦ ʟʥʘʯʝʥʠʷ ʵʥʝʨʛʠʠ ʥʘ ʫʨʦʚʥʝ ʩʝʛʤʝʥʪʘ ʩʯʠʪʳʚʘʥʠʷ ʠ 

ʵʣʝʢʪʨʦʥʥʦʛʦ ʪʨʘʢʪʘ ʦʜʥʦʛʦ ʢʘʥʘʣʘ.  

3.1.2 ʕʥʝʨʛʝʪʠʯʝʩʢʦʝ ʨʘʟʨʝʰʝʥʠʝ 

ʈʘʩʩʤʦʪʨʠʤ, ʢʘʢʠʝ ʬʘʢʪʦʨʳ ʚʥʝʩʣʠ ʚʢʣʘʜ ʚ ʥʝʦʧʨʝʜʝʣʝʥʥʦʩʪʴ ʠʟʤʝʨʝʥʠʷ 

ʵʥʝʨʛʠʠ ʥʘ ʦʧʠʩʘʥʥʦʤ ʵʪʘʧʝ ʢʘʣʠʙʨʦʚʢʠ ʩ ʨʝʛʠʩʪʨʘʮʠʝʡ  Ŭ-ʠʟʣʫʯʝʥʠʷ. 

ʉʦʛʣʘʩʥʦ ʩʧʝʮʠʬʠʢʘʮʠʠ ʠʩʧʦʣʴʟʦʚʘʥʥʦʛʦ 
244

Cm ʠʩʪʦʯʥʠʢʘ 

ʥʝʦʧʨʝʜʝʣʝʥʥʦʩʪʴ ʥʘʯʘʣʴʥʦʡ ʵʥʝʨʛʠʠ Ŭ-ʯʘʩʪʠʮ ůsource ʩʦʩʪʘʚʣʷʣʘ 5 ʢʵɺ. 

ʈʘʟʙʨʦʩ ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʧʦʪʝʨʴ ʚ ʤʝʨʪʚʦʤ ʩʣʦʝ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʜʝʪʝʢʪʦʨʘ 

ůdead ʙʳʣ 15 ʢʵɺ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʬʫʥʢʮʠʝʡ ɻʝʡʟʝʥʙʝʨʛʘ (ʩʤ. ʨʠʩ. 3.6.ʙ). 

ɺʥʫʪʨʝʥʥʝʝ ʨʘʟʨʝʰʝʥʠʝ ʵʣʝʢʪʨʦʥʠʢʠ ʩʯʠʪʳʚʘʥʠʷ ůelectr, ʧʨʦʷʚʠʚʰʝʝʩʷ ʥʘ 

ʩʧʝʢʪʨʘʭ ʚ ʚʠʜʝ ʰʠʨʠʥ rʧʴʝʜʝʩʪʘʣʘ ʩʦʩʪʘʚʠʣʦ 2.2ð2.4 ʢʘʥʘʣʦʚ ɸʎʇ, ʯʪʦ 

ʩʦʦʪʚʝʪʩʪʚʫʝʪ 7.5 ʢʵɺ. ɼʣʷ ʩʧʝʢʪʨʘ ʥʘ ʨʠʩʫʥʢʝ 3.5 ʫʛʦʣ ʥʘʢʣʦʥʘ ʪʨʝʢʦʚ 

ʚʘʨʴʠʨʦʚʘʣʩʷ ʚ ʜʠʘʧʘʟʦʥʝ 0Áð10Á. ɼʣʷ ʮʝʣʝʡ ʦʮʝʥʢʠ ʨʘʟʨʝʰʝʥʠʷ 

ʫʧʦʤʷʥʫʪʳʡ ʨʘʟʙʨʦʩ ʤʦʞʝʪ ʙʳʪʴ ʠʥʪʝʨʧʨʝʪʠʨʦʚʘʥ ʢʘʢ ʩʪʘʪʠʩʪʠʯʝʩʢʠ 

ʥʝʟʘʚʠʩʠʤʘʷ ʦʰʠʙʢʘ ůinclå7 ʢʵɺ. 

ɽʩʣʠ ʧʦʜʩʯʠʪʘʪʴ ʩʫʤʤʘʨʥʫʶ ʦʰʠʙʢʫ, ʢʦʪʦʨʫʶ ʚʳʰʝʧʝʨʝʯʠʩʣʝʥʥʳʝ 

ʵʬʬʝʢʪʳ ʚʥʦʩʷʪ ʚ  ʠʟʤʝʨʝʥʠʝ ʠʦʥʠʟʘʮʠʦʥʥʳʭ ʧʦʪʝʨʴ ʵʥʝʨʛʠʠ ʯʘʩʪʠʮʳ ʚ 

ʯʫʚʩʪʚʠʪʝʣʴʥʦʡ ʟʦʥʝ ʜʝʪʝʢʪʦʨʘ 

„ „ „ „ ḙςπ ̞̋,ˏ               (3.4) 

ʪʦ ʧʦʣʫʯʘʝʪʩʷ ʟʥʘʯʝʥʠʝ, ʙʣʠʟʢʦʝ ʢ ʰʠʨʠʥʝ Ŭ-ʧʠʢʦʚ, ʧʨʠʚʝʜʝʥʥʳʭ ʥʘ 

ʈʠʩʫʥʢʝ 3.5. ʈʘʟʨʝʰʝʥʠʝ ůpeak Ŭ-ʧʠʢʦʚ ʩʦʩʪʘʚʠʣʦ 8.5 ʢʘʥʘʣʦʚ ɸʎʇ, ʯʪʦ 

ʩʦʦʪʚʝʪʩʪʚʫʝʪ 30 ʢʵɺ.  

ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʥʘ ʫʨʦʚʥʝ 

ʠʟʤʝʨʠʪʝʣʴʥʦʛʦ ʵʣʝʤʝʥʪʘ ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜ,r ʚʦ-ʧʝʨʚʳʭ, ʯʪʦ ʤʝʨʪʚʳʡ 

ʩʣʦʡ ʠʤʝʝʪ ʚʧʦʣʥʝ ʦʧʨʝʜʝʣʝʥʥʫʶ ʪʦʣʱʠʥʫ, ʩ ʚʳʩʦʢʦʡ ʪʦʯʥʦʩʪʴʶ, 

ʦʩʪʘʶʱʫʶʩʷ ʧʦʩʪʦʷʥʥʦʡ ʚʜʦʣʴ ʚʩʝʡ ʜʣʠʥʳ ʤʠʢʨʦʧʦʣʦʩʦʢ. ɹʳʣʦ ʟʘʤʝʯʝʥʦ, 

ʯʪʦ ʧʨʘʚʳʝ  Ŭ-ʧʠʢʠ ʢʘʢ ʧʨʘʚʠʣʦ ʙʦʣʝʝ ʰʠʨʦʢʠʝ ʠ ʠʤʝʶʪ ʥʝ ʩʦʚʩʝʤ ʛʘʫʩʩʦʚʫ 

ʬʦʨʤʫ, ʯʪʦ ʪʦʣʱʠʥʘ ʤʝʨʪʚʦʛʦ ʩʣʦʷ ʤʝʞʜʫ ʩʪʫʧʝʥʴʢʘʤʠ ʥʝʩʢʦʣʴʢʦ ʤʝʥʝʝ 

ʧʦʩʪʦʷʥʥʘ. ʆʩʥʦʚʥʦʡ ʞʝ ʚʳʚʦʜ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʪʦʤ, ʯʪʦ ʜʦʩʪʠʛʥʫʪʦʝ 

ʨʘʟʨʝʰʝʥʠʝ ʠʟʤʝʨʠʪʝʣʴʥʦʛʦ ʵʣʝʤʝʥʪʘ ʫʞʝ ʚʧʣʦʪʥʫʶ ʧʦʜʦʰʣʦ ʢ ʧʨʝʜʝʣʫ, 

ʢʦʪʦʨʳʡ ʤʦʞʝʪ ʙʳʪʴ ʚ ʧʨʠʥʮʠʧʝ ʜʦʩʪʠʞʠʤ ʜʣʷ ʜʘʥʥʦʡ ʢʦʥʬʠʛʫʨʘʮʠʠ 

ʜʝʪʝʢʪʦʨʦʚ ʠ ʵʣʝʢʪʨʦʥʠʢʠ.  
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ʈʘʟʜʝʣ 3.2 ʈʝʢʦʥʩʪʨʫʢʮʠʷ ʧʦʪʝʨʴ ʵʥʝʨʛʠʠ ʯʘʩʪʠʮʳ ʚ ʜʝʪʝʢʪʦʨʝ. 

ʅʘ ʩʣʝʜʫʶʱʝʤ ʵʪʘʧʝ ʧʨʦʮʝʜʫʨʳ ʠʟʤʝʨʝʥʠʷ ʵʥʝʨʛʠʠ ʥʝʦʙʭʦʜʠʤʦ 

ʦʙʲʝʜʠʥʠʪʴ ʜʘʥʥʳʝ ʠʟʤʝʨʠʪʝʣʴʥʳʭ ʵʣʝʤʝʥʪʦʚ ʜʣʷ ʪʦʛʦ, ʯʪʦʙʳ ʜʣʷ ʦʪʜʝʣʴʥʦʡ 

ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʥʦʡ ʯʘʩʪʠʮʳ ʦʧʨʝʜʝʣʠʪʴ ʝʝ ʠʦʥʠʟʘʮʠʦʥʥʳʝ ʧʦʪʝʨʠ ʚ ʢʘʞʜʦʤ 

ʩʨʘʙʦʪʘʚʰʝʤ ʜʝʪʝʢʪʦʨʝ.  

ʉ ʦʜʥʦʡ ʩʪʦʨʦʥʳ, ʝʩʣʠ ʩʠʛʥʘʣ ʦʪ ʯʘʩʪʠʮʳ ʨʘʩʧʨʝʜʝʣʷʝʪʩʷ ʤʝʞʜʫ 

ʥʝʩʢʦʣʴʢʠʤʠ ʵʣʝʤʝʥʪʘʤʠ, ʠʭ ʧʦʢʘʟʘʥʠʷ ʜʦʣʞʥʳ ʙʳʪʴ ʧʨʦʩʫʤʤʠʨʦʚʘʥʳ. ʉ 

ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ, ʨʘʩʩʤʦʪʨʝʥʠʝ ʧʦʣʫʯʝʥʥʦʡ ʠʥʬʦʨʤʘʮʠʠ ʚ ʩʦʚʦʢʫʧʥʦʩʪʠ 

ʧʦʟʚʦʣʷʝʪ ʫʣʫʯʰʠʪʴ ʪʦʯʥʦʩʪʴ ʠʟʤʝʨʝʥʠʡ ʵʣʝʤʝʥʪʦʚ ʧʦ ʨʘʟʜʝʣʴʥʦʩʪʠ, 

ʢʦʨʨʝʢʪʠʨʫʷ ʚʣʠʷʥʠʝ ʠʩʩʣʝʜʦʚʘʥʥʳʭ ʵʬʬʝʢʪʦʚ, ʢʦʪʦʨʳʝ ʦʧʠʩʘʥʳ ʥʠʞʝ.  

 

3.2.1 ʀʥʪʝʛʨʠʨʦʚʘʥʠʝ ʧʦʢʘʟʘʥʠʡ ʠʟʤʝʨʠʪʝʣʴʥʳʭ ʵʣʝʤʝʥʪʦʚ. 

ʇʨʠ ʨʘʙʦʪʝ ʦʧʠʩʳʚʘʝʤʦʡ ʩʠʩʪʝʤʳ ʥʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʦʡ ʷʚʣʷʝʪʩʷ 

ʩʠʪʫʘʮʠʷ, ʢʦʛʜʘ ʧʨʦʠʟʚʝʜʝʥʥʳʡ ʦʜʥʦʡ ʯʘʩʪʠʮʝʡ ʠ ʩʦʙʠʨʘʝʤʳʡ ʥʘ ʦʜʥʫ 

ʩʪʦʨʦʥʫ ʜʝʪʝʢʪʦʨʘ ʵʣʝʢʪʨʠʯʝʩʢʠʡ ʟʘʨʷʜ ʨʘʩʧʨʝʜʝʣʷʝʪʩʷ ʤʝʞʜʫ ʥʝʩʢʦʣʴʢʠʤʠ 

ʯʫʚʩʪʚʠʪʝʣʴʥʳʤʠ ʩʝʛʤʝʥʪʘʤʠ. ɺ ʩʘʤʦʤ ʧʨʦʩʪʦʤ ʩʣʫʯʘʝ ʟʘʨʷʜ ʤʦʞʝʪ ʙʳʪʴ 

ʨʘʩʧʨʝʜʝʣʝʥ ʤʝʞʜʫ ʜʚʫʤʷ ʩʤʝʞʥʳʤʠ ʩʝʛʤʝʥʪʘʤʠ, ʝʩʣʠ ʯʘʩʪʠʮʘ ʧʨʦʥʠʢʘʝʪ ʚ 

ʟʘʟʦʨ ʤʝʞʜʫ ʥʠʤʠ. ʈʠʩʫʥʦʢ 3.8ʘ ʦʪʦʙʨʘʞʘʝʪ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʟʘʨʷʜʘ (ʠ ʝʛʦ 

ʵʥʝʨʛʝʪʠʯʝʩʢʦʛʦ ʵʢʚʠʚʘʣʝʥʪʘ) ʤʝʞʜʫ ʜʚʫʤʷ ʩʤʝʞʥʳʤʠ ʩʝʛʤʝʥʪʘʤʠ ʧʨʠ 

ʨʝʛʠʩʪʨʘʮʠʠ Ŭ-ʯʘʩʪʠʮ ʬʠʢʩʠʨʦʚʘʥʥʦʡ ʵʥʝʨʛʠʠ (ʦʪ Ŭ-ʠʩʪʦʯʥʠʢʘ). 

ʅʘ ʵʪʦʤ ʨʠʩʫʥʢʝ ʩʦʙʳʪʠʷ ʩ ʧʦʣʥʳʤ ʩʙʦʨʦʤ ʟʘʨʷʜʘ ʥʘ ʦʜʥʦʤ ʩʝʛʤʝʥʪʝ 

ʚʠʜʥʳ ʚ ʚʠʜʝ ʜʚʫʭ ʦʙʣʘʩʪʝʡ ʧʦʚʳʰʝʥʥʦʡ ʠʥʪʝʥʩʠʚʥʦʩʪʠ (ʣʦʢʫʩʦʚ) ʚ 

ʦʢʨʝʩʪʥʦʩʪʠ ʘʤʧʣʠʪʫʜ ʩʠʛʥʘʣʘ ~230 ʢʘʥʘʣʦʚ ɸʎʇ. ʉʦʙʳʪʠʷ ʩ 

ʜʚʫʭʩʝʛʤʝʥʪʥʳʤ ʨʘʩʧʨʝʜʝʣʝʥʠʝʤ ʟʘʨʷʜʘ ʥʘʙʣʶʜʘʶʪʩʷ ʚʜʦʣʴ ʧʨʷʤʦʡ, ʧʦʜ 

ʫʛʣʦʤ 45Á ʠ ʩʦʝʜʠʥʷʶʱʝʡ ʵʪʠ ʣʦʢʫʩʳ.  ʀʟ ʵʪʦʡ ʢʘʨʪʠʥʳ ʤʦʞʥʦ ʩʜʝʣʘʪʴ 

ʚʳʚʦʜ, ʯʪʦ ʜʘʞʝ ʝʩʣʠ ʟʘʨʷʜ ʨʘʩʧʨʝʜʝʣʝʥ ʤʝʞʜʫ ʥʝʩʢʦʣʴʢʠʤʠ ʩʝʛʤʝʥʪʘʤʠ, ʦʥ 

ʩʦʙʠʨʘʝʪʩʷ ʙʝʟ ʩʫʱʝʩʪʚʝʥʥʳʭ ʧʦʪʝʨʴ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚʝʣʠʯʠʥʘ ʵʥʝʨʛʠʠ, 

ʢʦʪʦʨʫʶ ʦʩʪʘʚʠʣʘ ʯʘʩʪʠʮʘ ʚ ʯʫʚʩʪʚʠʪʝʣʴʥʦʡ ʦʙʣʘʩʪʠ ʜʝʪʝʢʪʦʨʘ, ʦʧʨʝʜʝʣʷʝʪʩʷ 

ʧʨʦʩʪʳʤ ʩʫʤʤʠʨʦʚʘʥʠʝʤ ʠʟʤʝʨʝʥʠʡ ʦʪ ʚʩʝʭ ʩʨʘʙʦʪʘʚʰʠʭ ʧʦ ʜʘʥʥʦʤʫ 

ʧʦʧʘʜʘʥʠʶ ʩʝʛʤʝʥʪʦʚ ʩʪʦʨʦʥʳ ʜʝʪʝʢʪʦʨʘ.  



 

42 

 

ɽʩʣʠ ʪʨʝʢ ʯʘʩʪʠʮʳ ʠʤʝʝʪ ʜʦʩʪʘʪʦʯʥʦ ʙʦʣʴʰʦʡ ʫʛʦʣ ʥʘʢʣʦʥʘ ʠ ʜʣʠʥʫ 

ʧʨʦʙʝʛʘ ʚ ʜʝʪʝʢʪʦʨʝ, ʪʦ ʟʘʨʷʜ ʤʦʞʝʪ ʨʘʩʧʨʝʜʝʣʠʪʴʩʷ ʤʝʞʜʫ ʙʦʣʝʝ ʯʝʤ ʜʚʫʤʷ 

ʩʝʛʤʝʥʪʘʤʠ, ʦʩʦʙʝʥʥʦ ʜʣʷ ʦʪʥʦʩʠʪʝʣʴʥʦ ʪʦʣʩʪʳʭ Si(Li ) ʜʝʪʝʢʪʦʨʦʚ. ɼʣʷ 

ʨʘʙʦʪʳ ʚ ʫʩʣʦʚʠʷʭ ʬʠʟʠʯʝʩʢʦʛʦ ʵʢʩʧʝʨʠʤʝʥʪʘ ʧʨʠʤʝʨ ʪ.ʥ. "ʨʘʟʤʝʨʘ 

ʢʣʘʩʪʝʨʘ"(ʢʦʣʠʯʝʩʪʚʘ ʩʨʘʙʦʪʘʚʰʠʭ ʥʘ ʦʜʥʫ ʯʘʩʪʠʮʫ ʩʝʛʤʝʥʪʦʚ ʥʘ ʦʜʥʦʡ 

ʩʪʦʨʦʥʝ ʜʝʪʝʢʪʦʨʘ) ʧʨʝʜʩʪʘʚʣʝʥ ʥʘ ʈʠʩʫʥʢʝ 3.8.ʙ. ɻʨʫʧʧʘ ʠʟ ʩʤʝʞʥʳʭ 

ʩʨʘʙʦʪʘʚʰʠʭ ʩʝʛʤʝʥʪʦʚ ʙʳʣʘ ʥʘʟʚʘʥʘ çʦʜʥʦʤʝʨʥʳʤè ʭʠʪʦʤ, ʧʦʪʦʤʫ ʯʪʦ ʦʜʥʘ 

ʩʪʦʨʦʥʘ ʜʝʪʝʢʪʦʨʘ ʦʙʝʩʧʝʯʠʚʘʝʪ ʦʜʥʦʤʝʨʥʫʶ ʠʥʬʦʨʤʘʮʠʶ ʦ ʪʨʝʢʘʭ ʯʘʩʪʠʮ. 

ɺʧʝʨʚʳʝ ʧʨʦʮʝʜʫʨʘ ʦʧʨʝʜʝʣʝʥʠʷ ʭʠʪʘ ʙʳʣʘ ʦʧʠʩʘʥʘ ʚ ʨʘʙʦʪʝ [15]. ɺ ʨʘʤʢʘʭ 

ʜʘʥʥʦʡ ʧʨʦʮʝʜʫʨʳ ʜʣʷ ʢʘʞʜʦʛʦ ʵʣʝʤʝʥʪʘ ʥʝʦʙʭʦʜʠʤʦ ʦʧʨʝʜʝʣʠʪʴ ʟʥʘʯʝʥʠʷ 

ʜʚʫʭ ʧʘʨʘʤʝʪʨʦʚ, ʪʘʢ ʥʘʟʳʚʘʝʤʳʝ ʧʝʨʚʠʯʥʳʝ ʠ ʚʪʦʨʠʯʥʳʝ ʧʦʨʦʛʠ. ɽʩʣʠ 

ʘʤʧʣʠʪʫʜʘ ʩʠʛʥʘʣʘ ʵʣʝʤʝʥʪʘ ʚʳʰʝ ʧʝʨʚʠʯʥʦʛʦ ʧʦʨʦʛʘ, ʪʦ ʜʝʢʣʘʨʠʨʫʝʪʩʷ 

ʩʫʱʝʩʪʚʦʚʘʥʠʝ ʭʠʪʘ, ʢʦʪʦʨʳʡ ʚʢʣʶʯʘʝʪ ʩʝʛʤʝʥʪ ʜʘʥʥʦʛʦ ʵʣʝʤʝʥʪʘ. ɽʩʣʠ ʞʝ 

ʘʤʧʣʠʪʫʜʘ ʩʠʛʥʘʣʘ ʜʘʥʥʦʛʦ ʵʣʝʤʝʥʪʘ ʚʳʰʝ ʚʪʦʨʠʯʥʦʛʦ ʧʦʨʦʛʘ ʠ ʵʣʝʤʝʥʪ 

ʩʦʩʝʜʥʝʛʦ ʩʝʛʤʝʥʪʘ ʪʘʢʞʝ ʩʠʛʥʘʣʠʟʠʨʫʝʪ ʦ ʥʘʣʠʯʠʠ ʭʠʪʘ, ʪʦ ʫʪʚʝʨʞʜʘʝʪʩʷ, 

ʯʪʦ ʵʪʦʪ ʩʤʝʞʥʳʡ ʩʝʛʤʝʥʪ ʪʘʢʞʝ ʜʦʣʞʝʥ ʙʳʪʴ ʚʢʣʶʯʝʥ ʚ ʛʨʫʧʧʫ ʜʘʥʥʦʛʦ 

ʭʠʪʘ. ʉʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʧʦʜ ʵʥʝʨʛʠʝʡ ʭʠʪʘ ʧʦʜʨʘʟʫʤʝʚʘʝʪʩʷ ʩʫʤʤʘ ʚʝʣʠʯʠʥ  

ʵʥʝʨʛʠʡ,  ʠʟʤʝʨʝʥʥʳʭ ʩ ʧʦʤʦʱʴʶ ʚʩʝʭ ʩʝʛʤʝʥʪʦʚ ʭʠʪʘ.  

ɺ ʢʘʯʝʩʪʚʝ ʟʥʘʯʝʥʠʷ ʧʝʨʚʠʯʥʦʛʦ  ʧʦʨʦʛʘ ʚʳʙʠʨʘʝʪʩʷ ʘʤʧʣʠʪʫʜʘ ʩʠʛʥʘʣʘ 

ʥʘ ʰʠʨʠʥʝ ʧʠʢʘ 3ů (ʨʠʩ. 3.9, ʜʘʥʥʳʝ ʪʝ ʞʝ, ʯʪʦ ʠ ʥʘ ʨʠʩ.3.8.ʙ). ɿʥʘʯʝʥʠʝ 

ʚʪʦʨʠʯʥʦʛʦ  ʧʦʨʦʛʘ ʚʳʙʠʨʘʣʦʩʴ ʥʘ ʰʠʨʠʥʝ 5ů. ʂʘʢ ʩʣʝʜʩʪʚʠʝ, ʚʦʟʤʦʞʥʘ 

ʩʠʪʫʘʮʠʷ, ʯʪʦ ʝʩʣʠ ʩʝʛʤʝʥʪ ʩʦʙʨʘʣ ʟʘʨʷʜ ʤʝʥʝʝ ʯʝʤ 300 ʢʵɺ ʵʥʝʨʛʝʪʠʯʝʩʢʦʛʦ 

ʵʢʚʠʚʘʣʝʥʪʘ, ʪʦ ʩʠʛʥʘʣ ʙʫʜʝʪ ʥʠʞʝ ʚʪʦʨʠʯʥʦʛʦ ʧʦʨʦʛʘ ʠ ʥʝ ʙʫʜʝʪ ʫʯʪʝʥ. ʉ 

 
(ʙ)      (ʚ) 

ʈʠʩʫʥʦʢ 3.8.  ʘ) ʀʟʤʝʨʝʥʠʝ ʵʥʝʨʛʠʠ ʦʜʥʠʤ ʵʣʝʤʝʥʪʦʤ (ʩʝʛʤʝʥʪ 70) ʚ 

ʩʨʘʚʥʝʥʠʠ ʩ ʠʟʤʝʨʝʥʠʝʤ ʦʪ ʩʦʩʝʜʥʝʛʦ ʩʝʛʤʝʥʪʘ 71, ʨʝʛʠʩʪʨʘʮʠʷ 

Ŭ-ʠʟʣʫʯʝʥʠʷ;  

ʙ) ʢʦʣʠʯʝʩʪʚʦ ʩʨʘʙʦʪʘʚʰʠʭ ʦʪ ʦʜʥʦʡ ʯʘʩʪʠʮʳ ʩʝʛʤʝʥʪʦʚ (ʨʘʟʤʝʨ 

ʢʣʘʩʪʝʨʘ) ʥʘ ʦʜʥʦʡ ʩʪʦʨʦʥʝ Si (Li) ʜʝʪʝʢʪʦʨʘ. 
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ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ, ʟʥʘʯʝʥʠʝ ʚʪʦʨʠʯʥʦʛʦ ʧʦʨʦʛʘ ʥʝ ʤʦʞʝʪ ʙʳʪʴ ʚʳʙʨʘʥʦ ʦʯʝʥʴ 

ʥʠʟʢʠʤ. ɺ ʩʣʫʯʘʝ ʟʘʥʠʞʝʥʥʦʛʦ ʧʦʨʦʛʘ ʚʦʟʨʘʩʪʘʝʪ ʢʘʢ ʚʝʨʦʷʪʥʦʩʪʴ 

ʨʝʛʠʩʪʨʘʮʠʠ ʰʫʤʘ (ʥʘʧʨʠʤʝʨ, ʧʝʨʝʢʨʝʩʪʥʳʭ ʥʘʚʦʜʦʢ) ʢʘʢ ʧʦʣʝʟʥʦʛʦ ʩʠʛʥʘʣʘ, 

ʪʘʢ ʠ ʚʝʨʦʷʪʥʦʩʪʴ ʩʤʝʰʠʚʘʥʠʷ ʜʚʫʭ ʭʠʪʦʚ ʦʪ ʨʘʟʣʠʯʥʳʭ ʯʘʩʪʠʮ ʚ ʦʜʠʥ ʭʠʪ. 

ʅʝʦʜʥʦʟʥʘʯʥʦʩʪʴ ʤʦʞʝʪ ʙʳʪʴ ʟʘʤʝʪʥʦ ʩʥʠʞʝʥʘ ʩʨʘʚʥʝʥʠʝʤ ʵʥʝʨʛʠʠ ʭʠʪʘ 

ʥʘ ʦʜʥʦʡ ʩʪʦʨʦʥʝ ʜʝʪʝʢʪʦʨʘ ʩ ʵʥʝʨʛʠʝʡ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ ʭʠʪʘ ʩ ʜʨʫʛʦʡ 

ʩʪʦʨʦʥʳ. ʅʘ ʨʠʩ. 3.10 ʧʦʢʘʟʘʥʦ ʪʘʢʦʝ ʩʨʘʚʥʝʥʠʝ ʥʘ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ 

ʜʘʥʥʳʭ. ɺ ʢʘʯʝʩʪʚʝ ʢʨʠʪʝʨʠʷ ʩʦʦʪʚʝʪʩʪʚʠʷ ʭʠʪʦʚ ʧʦʧʘʜʘʥʠʶ ʦʜʥʦʡ ʠ ʪʦʡ ʞʝ 

ʯʘʩʪʠʮʳ ʙʳʣʦ ʚʳʙʨʘʥʦ ʩʣʝʜʫʶʱʝʝ ʫʩʣʦʚʠʝ. ɽʩʣʠ ʨʘʟʥʠʮʘ ʤʝʞʜʫ ʵʥʝʨʛʠʷʤʠ 

ʭʠʪʦʚ ʙʳʣʘ ʤʝʥʴʰʝ ʠʣʠ ʨʘʚʥʘ 6ů ʦʪ ʧʠʢʘ ʧʴʝʜʝʩʪʘʣʘ, ʪʦ ʭʠʪʳ ʦʪʤʝʯʘʶʪʩʷ ʢʘʢ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ, ʚʢʣʶʯʘʷ ʠ ʪʦʪ ʩʣʫʯʘʡ, ʢʦʛʜʘ ʫ ʦʜʥʦʛʦ ʭʠʪʘ ʠʤʝʶʪʩʷ ʜʚʘ 

ʩʦʩʝʜʥʠʭ ʧʨʦʧʫʱʝʥʥʳʭ ʩʝʛʤʝʥʪʘ ʩ ʘʤʧʣʠʪʫʜʘʤʠ ʩʠʛʥʘʣʘ ʥʠʞʝ ʚʪʦʨʠʯʥʦʛʦ 

ʧʦʨʦʛʘ. ɽʩʣʠ ʨʘʟʥʦʩʪʴ ʵʥʝʨʛʠʠ ʙʦʣʝʝ ʯʝʤ ʥʘ 6ů, ʪʦ ʩʦʚʧʘʜʝʥʠʝ ʵʥʝʨʛʠʡ ʭʠʪʦʚ 

ʧʨʠʟʥʘʝʪʩʷ ʩʣʫʯʘʡʥʳʤ. ʂʦʨʨʝʢʮʠʷ ʥʝʦʧʨʝʜʝʣʝʥʥʦʩʪʠ ʦʪ ʧʦʜʧʦʨʦʛʦʚʳʭ 

ʩʠʛʥʘʣʦʚ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʪʦʤ, ʯʪʦ ʝʩʣʠ ʥʘʡʜʝʥʘ ʧʘʨʘ  ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʭʠʪʦʚ, 

ʪʦ ʚ ʢʘʯʝʩʪʚʝ ʨʝʘʣʴʥʦʛʦ ʟʥʘʯʝʥʠʷ ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʧʦʪʝʨʴ ʯʘʩʪʠʮʳ ʚ 

ʯʫʚʩʪʚʠʪʝʣʴʥʦʡ ʦʙʣʘʩʪʠ ʜʝʪʝʢʪʦʨʘ ʧʨʠʟʥʘʝʪʩʷ ʥʘʠʙʦʣʴʰʝʝ ʟʥʘʯʝʥʠʝ ʠʟ ʜʚʫʭ 

ʵʥʝʨʛʠʡ ʭʠʪʦʚ. ʉʦʯʝʪʘʥʠʝ ʵʪʠʭ çʦʜʥʦʤʝʨʥʳʭè ʭʠʪʦʚ ʦʙʦʟʥʘʯʘʝʪʩʷ ʢʘʢ 

çʜʚʫʤʝʨʥʳʡè ʭʠʪ, ʢʦʪʦʨʳʡ ʩʦʜʝʨʞʠʪ ʠʥʬʦʨʤʘʮʠʶ ʦ ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʧʦʪʝʨʷʭ 

ʯʘʩʪʠʮʳ, ʠ  ʦ ʢʦʦʨʜʠʥʘʪʘʭ ʝʝ ʪʨʝʢʘ ʚ ʜʝʪʝʢʪʦʨʝ.  

 
ʈʠʩʫʥʦʢ 3.9. ɸʤʧʣʠʪʫʜʳ ʩʠʛʥʘʣʦʚ (ʚ ʝʜʠʥʠʮʘʭ ʵʥʝʨʛʠʠ) ʦʪ ʩʝʛʤʝʥʪʦʚ 

ʥʦʤʝʨ 70ð82 ʦʜʥʦʡ ʩʪʦʨʦʥʳ Si(Li) ʜʝʪʝʢʪʦʨʘ. ʂʨʫʞʢʘʤʠ ʧʦʢʘʟʘʥʳ ʟʥʘʯʝʥʠʷ 

ʧʝʨʚʠʯʥʳʭ ʧʦʨʦʛʦʚ ʧʦʠʩʢʘ ʦʜʥʦʤʝʨʥʦʛʦ ʭʠʪʘ ʦʪ ʦʜʥʦʡ ʯʘʩʪʠʮʳ, ʢʚʘʜʨʘʪʘʤʠ 

ð ʟʥʘʯʝʥʠʷ ʚʪʦʨʠʯʥʳʭ ʧʦʨʦʛʦʚ. 
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3.2.2 ˕̝̒̐̏̌̈̏̃́̎̉̆ ̐̏̌̎̏̊ ̉ ̗̎̏̑̍́̉̉̕ ̅ ̠̌ ̗̋̏̑̑̆̋̉̉ 

̉̈̍̆̑̆̎̉̊ ̃  ̋́̎́̌̆ 

ʂʦʨʨʝʢʮʠʷ ʧʝʨʝʢʨʝʩʪʥʳʭ ʥʘʚʦʜʦʢ ʚ ʢʘʥʘʣʘʭ ʵʣʝʢʪʨʦʥʠʢʠ 

ɺ ʧʦʜʨʘʟʜʝʣʝ 2.2.1 ʫʧʦʤʠʥʘʣʦʩʴ, ʯʪʦ ʚʝʣʠʯʠʥʘ ʜʘʥʥʳʭ ʧʝʨʝʢʨʝʩʪʥʳʭ 

ʥʘʚʦʜʦʢ ʟʘʚʠʩʠʪ ʦʪ ʥʘʩʪʨʦʝʢ ʵʣʝʢʪʨʦʥʠʢʠ, ʦʪ ʘʤʧʣʠʪʫʜʳ ʚʭʦʜʷʱʠʭ ʩʠʛʥʘʣʦʚ, 

ʘ ʪʘʢʞʝ ʦʪ ʚʨʝʤʝʥʥʦʛʦ ʧʨʦʤʝʞʫʪʢʘ ʤʝʞʜʫ ʥʘʯʘʣʦʤ ʮʠʢʣʘ ʩʯʠʪʳʚʘʥʠʷ ʚ 

ʢʘʥʘʣʝ ʠ ʥʘʯʘʣʦʤ ʮʠʢʣʘ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʚ ɸʎʇ. ʇʦʩʢʦʣʴʢʫ ʩʠʛʥʘʣ  ʟʘʧʫʩʢʘ  

ɸʎʇ ʛʝʥʝʨʠʨʫʝʪʩʷ ʧʨʘʢʪʠʯʝʩʢʠ ʚ ʩʘʤʦʤ ʢʦʥʮʝ ʮʠʢʣʘ ʩʯʠʪʳʚʘʥʠʷ, ʪʦ 

ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʡ ʧʨʦʤʝʞʫʪʦʢ ʚʨʝʤʝʥʠ ʤʦʞʝʪ ʙʳʪʴ ʦʧʨʝʜʝʣʝʥ ʢʘʢ 

ʜʣʠʪʝʣʴʥʦʩʪʴ ʮʠʢʣʘ ʩʯʠʪʳʚʘʥʠʷ. 

ʇʨʠ ʘʥʘʣʠʟʝ ʦʪʢʣʠʢʘ ʥʘ ʪʝʩʪʦʚʳʝ ʠʤʧʫʣʴʩ r ʙr ʣʦ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ 

ʩʫʱʝʩʪʚʫʝʪ ʧʨʷʤʘʷ ʩʚʷʟʴ ʤʝʞʜʫ ʘʤʧʣʠʪʫʜʦʡ ʩʠʛʥʘʣʘ ʩʨʘʙʦʪʘʚʰʝʛʦ ʢʘʥʘʣʘ ʠ 

ʘʤʧʣʠʪʫʜʦʡ ʥʘʚʝʜʝʥʥʦʛʦ ʩʠʛʥʘʣʘ ʚ ʩʦʩʝʜʥʝʤ ʢʘʥʘʣʝ (ʨʠʩ. 3.11). ʇʦʢʘʟʘʥʦ, ʯʪʦ 

ʚ ʰʠʨʦʢʦʤ ʜʠʘʧʘʟʦʥʝ ʘʤʧʣʠʪʫʜ ʠʭ ʩʦʦʪʥʦʰʝʥʠʝ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʤʝʥʷʝʪʩʷ.  

 
ʈʠʩʫʥʦʢ 3.10. ʉʨʘʚʥʝʥʠʝ ʵʥʝʨʛʠʠ ʭʠʪʦʚ ʩ ʨʘʟʥʳʭ ʩʪʦʨʦʥ ʜʝʪʝʢʪʦʨʘ:  

ʘ) 300 ʤʢʤ ʜʝʪʝʢʪʦʨ; ʙ) 5 ʤʤ ʜʝʪʝʢʪʦʨ, Si(Li). 
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ʈʠʩ. 3.12.ʘ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʪ.ʥ. ʢʦʵʬʬʠʮʠʝʥʪ çʥʘʚʦʜʢʘ/ʩʠʛʥʘʣè  

ʧʨʘʢʪʠʯʝʩʢʠ ʦʜʠʥʘʢʦʚ ʜʣʷ ʚʩʝʭ ʢʘʥʘʣʦʚ ʥʘ ʦʜʥʦʡ ʧʣʘʪʝ. ʅʘ ʵʪʦʤ ʨʠʩʫʥʢʝ 

ʦʪʦʙʨʘʞʝʥʳ  ʨʝʟʫʣʴʪʘʪʳ ʜʣʷ ʧʣʘʪʳ VA32TA2, ʯʘʩʪʦʪʘ ʩʯʠʪʳʚʘʥʠʷ  5 ʄɻʮ, 

ʠʣʠ ʪʘʢʪ ï 200 ʥʩ (ʠʤʝʥʥʦ ʪʘʢʘʷ ʯʘʩʪʦʪʘ ʙʳʣʘ ʚʳʙʨʘʥʘ ʜʣʷ ʧʦʩʣʝʜʫʶʱʝʡ 

ʨʘʙʦʪʳ). ʊʦʣʴʢʦ ʚ  ʧʝʨʚʦʤ ʠ ʚ ʜʚʫʭ ʧʦʩʣʝʜʥʠʭ ʢʘʥʘʣʘʭ ʢʘʞʜʦʡ 32-ʢʘʥʘʣʴʥʦʡ 

ʤʠʢʨʦʩʭʝʤʳ ʥʘ ʧʣʘʪʝ ʦʙʥʘʨʫʞʠʚʘʶʪʩʷ ʥʘʚʦʜʢʠ, ʥʝʩʢʦʣʴʢʦ ʦʪʣʠʯʘʶʱʠʝʩʷ ʦʪ 

ʩʪʘʥʜʘʨʪʥʳʭ. ʇʨʠʯʠʥʘ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʪʦʤ, ʯʪʦ ʢʨʘʡʥʠʝ ʢʘʥʘʣʳ ʠʤʝʶʪ 

ʥʝʩʪʘʥʜʘʨʪʥʳʝ ʜʣʠʪʝʣʴʥʦʩʪʠ ʮʠʢʣʦʚ ʩʯʠʪʳʚʘʥʠʷ ð ʢʦʨʦʯʝ ʠʣʠ ʜʣʠʥʥʝʝ 

ʩʪʘʥʜʘʨʪʥʳʭ ʥʘ 2 ʪʘʢʪʘ ʩʠʩʪʝʤʥʦʛʦ ʚʨʝʤʝʥʠ (40 ʥʩ). ʅʘ ʈʠʩʫʥʢʝ 3.12.ʙ 

ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʥʘ ʟʘʚʠʩʠʤʦʩʪʴ ʢʦʵʬʬʠʮʠʝʥʪʘ çʥʘʚʦʜʢʘ/ʩʠʛʥʘʣè ʦʪ 

ʜʣʠʪʝʣʴʥʦʩʪʠ ʮʠʢʣʘ ʩʯʠʪʳʚʘʥʠʷ. ʇʦʢʘʟʘʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʧʦʟʚʦʣʷʶʪ ʚ 

ʢʘʯʝʩʪʚʝ ʧʨʠʯʠʥʳ ʵʬʬʝʢʪʘ ʜʘʥʥʳʭ ʥʘʚʦʜʦʢ ʫʢʘʟʘʪʴ ʥʘ ʥʝʧʦʣʥʦʪʫ ʨʘʟʨʷʜʢʠ 

(ʟʘ ʢʦʥʝʯʥʦʝ ʚʨʝʤʷ) ʝʤʢʦʩʪʝʡ ʚ ʵʣʝʢʪʨʦʥʠʢʝ.  

 
ʈʠʩʫʥʦʢ 3.11. ʘ) ɸʤʧʣʠʪʫʜʘ ʦʪʢʣʠʢʘ ʢʘʥʘʣʘ ʠ ʘʤʧʣʠʪʫʜʘ ʩʣʝʜʫʶʱʝʛʦ 

ʦʧʨʦʰʝʥʥʦʛʦ ʢʘʥʘʣʘ; ʙ) ʦʪʥʦʰʝʥʠʝ ʵʪʠʭ ʘʤʧʣʠʪʫʜ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ 

ʘʤʧʣʠʪʫʜ rʪʝʩʪʦʚʦʛʦ. 
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ʇʦʣʫʯʘʝʤʳʝ ʜʣʷ ʢʘʞʜʦʛʦ ʢʘʥʘʣʘ ʧʦ ʚʨʝʤʷ ʚʥʫʪʨʝʥʥʝʡ ʢʘʣʠʙʨʦʚʢʠ 

ʢʦʵʬʬʠʮʠʝʥʪʳ çʥʘʚʦʜʢʘ/ʩʠʛʥʘʣè ʩʦʭʨʘʥʷʶʪʩʷ ʚ ʬʘʡʣ ʬʦʨʤʘʪʘ XML, 

ʦʧʠʩʳʚʘʶʱʠʝ ʩʚʦʡʩʪʚʘ ʢʘʞʜʦʛʦ ʢʘʣʠʙʨʫʝʤʦʛʦ ʠʟʤʝʨʠʪʝʣʴʥʦʛʦ ʵʣʝʤʝʥʪʘ. 

ʇʦʩʣʝ ʵʪʦʛʦ ʩʦʭʨʘʥʝʥʥʳʝ ʢʦʵʬʬʠʮʠʝʥʪʳ ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʜʣʷ ʢʦʨʨʝʢʮʠʠ 

ʵʬʬʝʢʪʘ ʧʝʨʝʢʨʝʩʪʥʳʭ ʥʘʚʦʜʦʢ ʵʣʝʢʪʨʦʥʠʢʠ. ɼʣʷ ʢʦʨʨʝʢʮʠʠ ʧʦʢʘʟʘʥʠʡ 

ʦʜʥʦʛʦ ʠʟʤʝʨʠʪʝʣʴʥʦʛʦ ʵʣʝʤʝʥʪʘ ʜʦʩʪʘʪʦʯʥʦ ʠʟ ʧʦʣʫʯʝʥʥʦʡ ʚʝʣʠʯʠʥʳ 

ʚʳʯʝʩʪʴ ʚʝʣʠʯʠʥʫ, ʧʦʣʫʯʝʥʥʫʶ ʧʨʝʜʳʜʫʱʠʤ ʚ ʮʠʢʣʝ ʩʯʠʪʳʚʘʥʠʷ ʵʣʝʤʝʥʪʦʤ, 

ʫʤʥʦʞʝʥʥʫʶ ʥʘ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʡ ʢʦʵʬʬʠʮʠʝʥʪ çʥʘʚʦʜʢʘ/ʩʠʛʥʘʣè. 

ʂʦʨʨʝʢʮʠʷ ʧʝʨʝʢʨʝʩʪʥʳʭ ʥʘʚʦʜʦʢ ʚ ʩʝʛʤʝʥʪʘʭ ʜʝʪʝʢʪʦʨʘ 

ɼʨʫʛʠʤ ʦʙʥʘʨʫʞʝʥʥʳʤ ʪʠʧʦʤ ʧʝʨʝʢʨʝʩʪʥʳʭ ʥʘʚʦʜʦʢ, ʪʘʢʦʛʦ ʞʝ ʧʦʨʷʜʢʘ 

ʤʘʣʦʩʪʠ, ʷʚʣʷʶʪʩʷ ʥʘʚʦʜʢʠ ʥʝ ʤʝʞʜʫ ʢʘʥʘʣʘʤʠ ʵʣʝʢʪʨʦʥʠʢʠ, ʘ ʤʝʞʜʫ 

ʩʝʛʤʝʥʪʘʤʠ ʜʝʪʝʢʪʦʨʦʚ. ɼʘʥʥʳʡ ʵʬʬʝʢʪ ʧʦʢʘʟʘʥ ʥʘ ʈʠʩʫʥʢʝ 3.13. ʕʪʠ 

ʥʘʚʦʜʢʠ ʧʨʦʷʚʣʷʶʪʩʷ ʣʠʰʴ ʜʣʷ ʨʝʜʢʠʭ, ʝʜʠʥʠʯʥʳʭ ʜʝʪʝʢʪʦʨʦʚ. ʇʦʵʪʦʤʫ 

ʩʘʤʤr ʧʨʦʩʪʳʤ ʩʧʦʩʦʙʦʤ ʠʟʙʝʞʘʪʴ ʜʘʥʥʳʭ ʥʘʚʦʜʦʢ ʷʚʣʷʝʪʩʷ ʦʪʙʨʘʢʦʚʢʘ 

ʜʝʪʝʢʪʦʨʦʚ. 

 

 

ʈʠʩʫʥʦʢ 3.12. ʘ) ʆʙʨʘʪʥʦʝ ʦʪʥʦʰʝʥʠʝ ʘʤʧʣʠʪʫʜʳ ʦʪʢʣʠʢʘ ʚ ʢʘʥʘʣʝ, ʩ 

ʪʝʩʪʦʚʳʤ ʠʤʧʫʣʴʩʦʤ, ʢ ʘʤʧʣʠʪʫʜʝ ʦʪʢʣʠʢʘ ʚ ʩʣʝʜʫʶʱʝʤ ʢʘʥʘʣʝ. ʇʦʢʘʟʘʥʦ ʜʣʷ 

ʚʩʝʭ ʢʘʥʘʣʦʚ ʧʣʘʪʳ, ʥʦʤʝʨʘ 0-159. ʐʠʨʠʥʘ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʧʨʝʜʩʪʘʚʣʝʥʘ ʚ ʚʠʜʝ 

ʦʪʤʝʪʦʢ ʧʦʛʨʝʰʥʦʩʪʠ. ʙ) ɿʘʚʠʩʠʤʦʩʪʴ ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʧʝʨʝʢʨʝʩʪʥʦʡ  ʥʘʚʦʜʢʠ 

(ʫʩʨʝʜʥʝʥʥʘʷ ʚʝʣʠʯʠʥʘ ʧʦ ʚʩʝʤ ʢʘʥʘʣʘʤ ʥʘ ʧʣʘʪʝ) ʦʪ ʜʣʠʪʝʣʴʥʦʩʪʠ ʮʠʢʣʘ 

ʩʯʠʪʳʚʘʥʠ.̫ 



 

47 

 

ʂʦʨʨʝʢʮʠʷ ʩʜʚʠʛʘ ʙʘʟʦʚʦʡ ʣʠʥʠʠ 

ʆʪ ʩʦʙʳʪʠʷ ʢ ʩʦʙʳʪʠʶ ʧʦʣʦʞʝʥʠʷ ʧʴʝʜʝʩʪʘʣʦʚ ʣɻʝʢʪʨʦʥʠʢʠ ʢʘʞʜʳʡ ʨʘʟ 

ʩʤʝʱʘʶʪʩʷ ʥʘ ʥʝʢʫʶ ʝʜʠʥʫʶ, ʦʙʱʫʶ ʚʝʣʠʯʠʥʫ. ʋʩʨʝʜʥʝʥʥʘʷ ʧʦʟʠʮʠʷ 

ʧʴʝʜʝʩʪʘʣʘ ʚʘʨʴʠʨʫʝʪʩʷ ʚ ʛʨʘʥʠʮʘʭ {-50 ʢʵɺ, 50 ʢʵɺ} ʚ ɻʥʝʨʛʝʪʠʯʝʩʢʦʤ 

ʵʢʚʠʚʘʣʝʥʪʝ ʜʣʷ ʜʝʪʝʢʪʦʨʦʚ BaBar-IV  ʪʠʧʘ. ɼʣʷ Si(Li ) ʜʝʪʝʢʪʦʨʦʚ ʛʨʘʥʠʮʳ 

ʠʟʤʝʥʝʥʠʷ {-120 ʢʵɺ, 120 ʢʵɺ}.  ɼʣʷ ʪʦʛʦ ʯʪʦʙʳ ʩʢʦʨʨʝʢʪʠʨʦʚʘʪʴ ʚʣʠʷʥʠʝ 

ʜʘʥʥʦʛʦ ʵʬʬʝʢʪʘ (ʢʦʪʦʨʳʡ ʠʟʚʝʩʪʝʥ ʢʘʢ ʩʜʚʠʛ ʙʘʟʦʚʦʡ ʣʠʥʠʠ,  Common Mode 

shift) ʧʨʠ ʠʟʤʝʨʝʥʠʠ ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʧʦʪʝʨʴ, ʧʨʠʤʝʥʝʥ  ʨʷʜ ʦʬʣʘʡʥ ʠ ʦʥʣʘʡʥ 

ʧʨʦʛʨʘʤʤʥʳʭ ʧʨʦʮʝʜʫʨ. ʇʨʝʜʣʦʞʝʥʥʳʝ ʚ [15] ʜʚʘ ʧʦʜʭʦʜʘ ʜʣʷ ʨʘʩʯʝʪʘ 

ʝʜʠʥʦʛʦ ʜʣʷ ʮʝʣʦʡ ʩʪʦʨʦʥʳ ʜʝʪʝʢʪʦʨʘ ʩʤʝʱʝʥʠʷ ʧʦʢʘʟʘʥʠʡ ʠʟʤʝʨʠʪʝʣʴʥʳʭ 

ʵʣʝʤʝʥʪʦʚ ʫʣʫʯʰʘʶʪ ʚʥʫʪʨʝʥʥʝʝ ʨʘʟʨʝʰʝʥʠʝ ʵʣʝʢʪʨʦʥʠʢʠ (ʢʦʪʦʨʘʷ 

ʧʨʦʷʚʣʷʝʪ ʩʝʙʷ ʢʘʢ ʰʠʨʠʥʘ ʧʴʝʜʝʩʪʘʣʦʚ) ʧʨʠʤʝʨʥʦ ʚ 3 ʨʘʟʘ. 

 

ʆʜʥʘʢʦ ʧʨʠʤʝʥʝʥʠʝ  ʙʦʣʝʝ ʯʫʚʩʪʚʠʪʝʣʴʥʳʭ (12-ʙʠʪʥʳʭ) ɸʎʇ ʧʦʢʘʟʘʣʦ, 

ʯʪʦ ʜʘʥʥʦʝ ʩʤʝʱʝʥʠʝ ʥʝ ʩʦʚʩʝʤ ʦʜʠʥʘʢʦʚʦ ʜʣʷ ʚʩʝʭ ʵʣʝʤʝʥʪʦʚ ʦʜʥʦʡ 

ʩʪʦʨʦʥʳ ʜʝʪʝʢʪʦʨʘ. ʂʦʨʨʝʢʮʠʷ ʩʜʚʠʛʘ ʙʘʟʦʚʦʡ ʣʠʥʠʠ ʙʳʣʘ ʧʨʠʤʝʥʝʥʘ ʜʣʷ 

ʜʘʥʥʳʭ, ʧʦʢʘʟʘʥʥʳʭ ʥʘ ʜʚʫʤʝʨʥʳʭ ʛʠʩʪʦʛʨʘʤʤʘʭ ʨʠʩ. 3.14. ʅʘ ʵʪʠʭ 

ʛʠʩʪʦʛʨʘʤʤʘʭ ʭʦʨʦʰʦ ʚʠʜʥʦ ʥʘʣʠʯʠʝ ʩʠʩʪʝʤʘʪʠʯʝʩʢʦʛʦ ʩʜʚʠʛʘ ʦʪ ʦʙʱʝʛʦ 

ʟʥʘʯʝʥʠʷ ʚʥʠʟ ʥʘ 2-3 ʜʝʣʝʥʠʷ ɸʎʇ (7-10 ʢʵɺ ʵʥʝʨʛʝʪʠʯʝʩʢʦʛʦ ʵʢʚʠʚʘʣʝʥʪʘ) 

ʧʦʣʦʞʝʥʠʷ ʧʴʝʜʝʩʪʘʣʦʚ ʜʣʷ ʦʜʥʦʡ ʠʟ ʧʷʪʠ 32-ʢʘʥʘʣʴʥʦʡ ʤʠʢʨʦʩʭʝʤ. ɼʘʥʥʳʡ 

ʩʜʚʠʛ ʥʘʙʣʶʜʘʝʪʩʷ ʜʣʷ ʤʠʢʨʦʩʭʝʤʳ, ʢʦʪʦʨʘʷ ʩʦʜʝʨʞʠʪ ʢʘʥʘʣ, ʚʳʨʘʙʦʪʘʚʰʠʡ 

ʩʠʛʥʘʣ.  

 
ʈʠʩʫʥʦʢ 3.13. ʀʣʣʶʩʪʨʘʮʠʷ ʥʘʚʦʜʦʢ ʤʝʞʜʫ ʩʝʛʤʝʥʪʘʤʠ: ʘ) ʉʧʝʢʪʨ ʩʝʛʤʝʥʪʘ 

ʥʦʤʝʨ 71 (ʝʛʦ ʦʪʢʣʠʢ ʙʣr ʚʳʙʨʘʥ ʜʣʷ ʩʠʛʥʘʣʘ ʟʘʧʫʩʢʘ); ʙ) ʥʘʚʦʜʢʘ ʦʪ ʩʝʛʤʝʥʪʘ 

71 ʚ ʩʧʝʢʪʨʝ ʩʤʝʞʥʦʛʦ ʩʝʛʤʝʥʪʘ, ʩʧʨʘʚʘ ʦʪ ʧʴʝʜʝʩʪʘʣʘ. ʇʨʠ ʫʯʝʪʝ ʥʘʚʦʜʦʢ ʚ 

ʦʙʦʠʭ ʩʤʝʞʥʳʭ ʩʝʛʤʝʥʪʘʭ (ʥʦʤʝʨ 70 ʠ 72), ʚ ʩʧʝʢʪʨʝ ʩʝʛʤʝʥʪʘ 71 ʧʠʢ ʩʣʝʚʘ ʦʪ 

ʚʳʰʝʦʧʠʩʘʥʥʳʭ Ŭ-ʧʠʢʦʚ ʪʘʢʞʝ ʠʩʯʝʟʘʝʪ. 
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ʇʦʩʣʝ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʢʘʣʠʙʨʦʚʢʠ ʢʦʨʨʝʢʮʠʶ ʜʘʥʥʦʛʦ 

ʩʠʩʪʝʤʘʪʠʯʝʩʢʦʛʦ ʦʪʢʣʦʥʝʥʠʷ ʤʦʞʥʦ ʧʨʦʚʝʩʪʠ ʥʘ ʫʨʦʚʥʝ ʧʨʦʛʨʘʤʤʥʦʛʦ 

ʦʙʝʩʧʝʯʝʥʠʷ. ʆʜʥʘʢʦ ʝʩʣʠ ʥʘ ʘʧʧʘʨʘʪʥʦʤ ʫʨʦʚʥʝ ʚʚʝʩʪʠ ʢʦʨʨʝʢʮʠʶ ʩʜʚʠʛʘ 

ʙʘʟʦʚʦʡ ʣʠʥʠʠ ʥʝ ʜʣʷ ʧʣʘʪʳ ʮʝʣʠʢʦʤ, ʘ ʜʣʷ ʢʘʞʜʦʡ ʤʠʢʨʦʩʭʝʤʳ ʨʘʟʜʝʣʴʥʦ, 

ʪʦ ʚʣʠʷʥʠʝ ʜʘʥʥʦʛʦ ʩʤʝʱʝʥʠʷ ʘʚʪʦʤʘʪʠʯʝʩʢʠ ʢʦʨʨʝʢʪʠʨʫʝʪʩʷ. 

 

ʂʦʨʨʝʢʮʠʷ ʬʫʥʢʮʠʠ ʦʪʢʣʠʢʘ ʥʝʩʪʘʥʜʘʨʪʥʳʭ ʩʝʛʤʝʥʪʦʚ 

ʀʟʫʯʝʥʠʝ ʦʪʢʣʠʢʦʚ ʦʪ ʥʝʩʪʘʥʜʘʨʪʥʳʭ ʩʝʛʤʝʥʪʦʚ ʧʦ ʦʧʠʩʘʥʥʦʤʫ ʚ 

ʨʘʟʜʝʣʝ 2.1.2 ʪʠʧʫ çʧʦʣʫʘʤʧʣʠʪʫʜʘè, ʚ ʩʦʚʦʢʫʧʥʦʩʪʠ ʩ ʦʜʥʦʚʨʝʤʝʥʥʳʤʠ 

ʦʪʢʣʠʢʘʤʠ ʵʣʝʤʝʥʪʦʚ, ʩʦʜʝʨʞʘʱʠʭ ʩʤʝʞʥʳʝ ʩʝʛʤʝʥʪʳ, ʧʦʢʘʟʘʣʦ, ʯʪʦ ʪʘʢʠʝ 

çʧʦʣʫ-ʘʤʧʣʠʪʫʜʥʳʝè ʵʣʝʤʝʥʪʳ ʤʦʞʥʦ ʧʦʣʥʦʮʝʥʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʧʨʠ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʢʦʨʨʝʢʪʠʨʦʚʢʝ. ʅʘ ʨʠʩ. 3.15 ʦʪʦʙʨʘʞʝʥʳ ʜʘʥʥʳʝ 

ʨʝʛʠʩʪʨʘʮʠʠ Ŭ-ʯʘʩʪʠʮ ʬʠʢʩʠʨʦʚʘʥʥʦʡ ʵʥʝʨʛʠʠ çʧʦʣʫ-ʘʤʧʣʠʪʫʜʥʳʤè 

ʩʝʛʤʝʥʪʦʤ ʠ ʝʛʦ ʩʦʩʝʜʦʤ, ʚʢʣʶʯʘʷ ʩʣʫʯʘʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʟʘʨʷʜʘ ʤʝʞʜʫ 

ʦʙʦʠʤʠ ʩʝʛʤʝʥʪʘʤʠ. ʉʨʘʚʥʠʚʘʷ ʩ ʨʠʩ. 3.8, ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜ, ʯʪʦ 

ʵʣʝʢʪʨʠʯʝʩʢʠʡ ʟʘʨʷʜ ʥʦʨʤʘʣʴʥʦ ʩʦʙʠʨʘʝʪʩʷ ʥʘ çʧʦʣʫ-ʘʤʧʣʠʪʫʜʥʳʝè 

ʩʝʛʤʝʥʪʳ. ɺʦ-ʧʝʨʚʳʭ, ʥʝ ʩʫʱʝʩʪʚʫʝʪ ʢʘʢʠʭ-ʣʠʙʦ ʦʩʦʙʝʥʥʦʩʪʝʡ 

ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʟʘʨʷʜʘ ʤʝʞʜʫ ʩʝʛʤʝʥʪʘʤʠ. ɺʦ-ʚʪʦʨʳʭ, ʦʪʢʣʠʢ çʧʦʣʫ-

ʘʤʧʣʠʪʫʜʥʦʛʦè ʵʣʝʤʝʥʪʘ ʥʘ ʚʩʝʤ ʦʪʦʙʨʘʞʘʝʤʦʤ ʜʠʘʧʘʟʦʥʝ ʠʟʤʝʥʝʥʠʷ 

ʦʪʣʠʯʘʝʪʩʷ ʦʪ ʦʪʢʣʠʢʘ ʩʪʘʥʜʘʨʪʥʦʛʦ ʵʣʝʤʝʥʪʘ ʧʨʦʩʪʦ ʥʘ ʧʦʩʪʦʷʥʥʳʡ 

ʤʥʦʞʠʪʝʣʴ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʜʦʩʪʘʪʦʯʥʦ ʚʚʝʩʪʠ ʚ ʬʫʥʢʮʠʶ ʦʪʢʣʠʢʘ çʧʦʣʫ-

ʘʤʧʣʠʪʫʜʥʦʛʦè ʵʣʝʤʝʥʪʘ ʧʦʩʪʦʷʥʥʳʡ ʢʦʵʬʬʠʮʠʝʥʪ ʧʝʨʝʩʯʝʪʘ, ʯʪʦʙʳ ʚ 

 
  (ʘ)                                                 (ʙ) 

ʈʠʩʫʥʦʢ 3.14. ʇʴʝʜʝʩʪʘʣʳ ʢʘʥʘʣʦʚ ʦʜʥʦʡ ʧʣʘʪʳ, ʧʦʩʣʝ ʧʨʠʤʝʥʝʥʠ ̫

ʢʦʨʨʝʢʮʠʠ ʩʤʝʱʝʥʠʷ ʙʘʟʦʚʦʡ ʣʠʥʠʠ. a) ʉʦʙʳʪʠʝ, ʢʦʛʜʘ ʚʳʨʘʙʦʪʘʣ ʩʠʛʥʘʣ 

ʢʘʥʘʣ ʧʝʨʚʦʡ ʤʠʢʨʦʩʭʝʤʳ ʥʘ ʧʣʘʪʝ (ʥʦʤʝʨʘ ʢʘʥʘʣʦʚ 0-31); ʙ) ʩʦʙʳʪʠʝ ʩ 

ʩʠʛʥʘʣʦʤ ʪʨʝʪʴʝʡ ʤʠʢʨʦʩʭʝʤʝ (ʥʦʤʝʨʘ 96-127). 
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ʜʘʣʴʥʝʡʰʝʡ  ʨʘʙʦʪʝ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʜʘʥʥʳʡ ʵʣʝʤʝʥʪ ʢʘʢ ʚʧʦʣʥʝ 

ʥʦʨʤʘʣʴʥʳʡ.  

 

˝́̈̅̆ ̌ χȢχ ˕̝̒̐̏̌̈̏̃́̎̉̆ ̍̆̓̏̅́ ̠̅̌ ̓̆̌̆̒̋̏̐́ ̃ ̗̆̌̏̍. 

˝̗̠̆̋̏̎̒̓̑̔̋̉ ̘̝̎́́̌̎̏̊ ̞̎̆̑̄̉̉ ̐̑̏̅̔̋̓́ ̗̑̆́̋̉̉. 

ʅʘ ʫʨʦʚʥʝ ʪʝʣʝʩʢʦʧʘ ʥʝʦʙʭʦʜʠʤʦ ʦʙʲʝʜʠʥʠʪʴ ʦʪʢʣʠʢʠ ʚʩʝʭ ʩʨʘʙʦʪʘʚʰʠʭ 

ʜʝʪʝʢʪʦʨʦʚ ʜʣʷ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʥʘʯʘʣʴʥʦʡ ʢʠʥʝʪʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ 

ʨʝʛʠʩʪʨʠʨʫʝʤʦʡ ʯʘʩʪʠʮʳ. ɼʘʥʥʫʶ ʚʝʣʠʯʠʥʫ ʤʦʞʥʦ ʧʦʣʫʯʠʪʴ ʩʣʦʞʝʥʠʝʤ ʝʝ 

ʠʟʤʝʨʝʥʥʦʡ ʯʘʩʪʠ (ʠʦʥʠʟʘʮʠʦʥʥʳʝ ʧʦʪʝʨʠ ʚ ʯʫʚʩʪʚʠʪʝʣʴʥʳʭ ʩʣʦʷʭ) ʠ ʝʝ 

ʩʢʨʳʪʦʡ ʯʘʩʪʠ ï ʧʦʪʝʨʠ ʚ ʤʝʨʪʚʳʭ ʩʣʦʷʭ. ʂʨʦʤʝ ʪʦʛʦ, ʚʦʟʤʦʞʥʦ ʥʘʣʠʯʠʝ 

ʦʪʣʠʯʥʦʛʦ ʦʪ ʥʫʣʷ ʦʩʪʘʪʢʘ ʵʥʝʨʛʠʠ ʜʣʷ ʧʨʦʣʝʪʥʳʭ ʯʘʩʪʠʮ. 

3.3.1 ʈʝʢʦʥʩʪʨʫʢʮʠʷ ʧʦʪʝʨʴ ʚ ʤʝʨʪʚʳʭ ʩʣʦʷʭ 

ʊʝʣʝʩʢʦʧ ʜʝʪʝʢʪʦʨʦʚ ʩʠʩʪʝʤʳ ʂʊʊ ʦʪʩʣʝʞʠʚʘʝʪ ʪʨʝʢʠ ʯʘʩʪʠʮ, ʚ 

ʯʘʩʪʥʦʩʪʠ, ʤʦʞʝʪ ʙʳʪʴ ʧʦʣʫʯʝʥʘ ʠʥʬʦʨʤʘʮʠ ̫ ʦʙ ʫʛʣʘʭ ʥʘʢʣʦʥʘ ʪʨʝʢʘ 

ʯʘʩʪʠʮʳ (ʫʛʦʣ Ŭ0 ʥʘ ʨʠʩ. 3.16).  

ɽʩʣʠ ʪʠʧ ʯʘʩʪʠʮʳ ʦʧʨʝʜʝʣʝʥ (ʤʝʪʦʜʳ ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʦʧʠʩʳʚʘʶʪʩʷ ʚ 

ʧʦʜʨʘʟʜʝʣʝ 4.3.2), ʪʦ ʟʥʘʥʠʝ ʫʛʣʘ ʥʘʢʣʦʥʘ ʠ ʪʦʣʱʠʥ ʚʩʝʭ ʤʝʨʪʚʳʭ ʩʣʦʝʚ (dcell , 

d, dSi(Li) ʥʘ ʈʠʩʫʥʢʝ 3.16) ʧʦʟʚʦʣʷʝʪ ʚʦʩʩʪʘʥʦʚʠʪʴ ʚʝʣʠʯʠʥʫ ʦʙʱʠʭ ʧʦʪʝʨʴ 

ʵʥʝʨʛʠʠ ʯʘʩʪʠʮʳ  ʚ  ʤʝʨʪʚʳʭ ʩʣʦʷʭ Edead. ʂʦʥʩʪʨʫʢʮʠʷ ʪʝʣʝʩʢʦʧʘ ʩʠʩʪʝʤʳ 

ʂʊʊ ʧʨʘʢʪʠʯʝʩʢʠ ʠʩʢʣʶʯʘʝʪ ʣʶʙʳʝ ʜʨʫʛʠʝ ʟʥʘʯʠʤʳʝ ʵʥʝʨʛʝʪʠʯʝʩʢʠʝ ʧʦʪʝʨʠ 

ʚ ʤʝʨʪʚʳʭ ʩʣʦʷʭ (ʥʘʧʨʠʤʝʨ,  ʚ ʵʣʝʤʝʥʪʘʭ ʤʝʭʘʥʠʯʝʩʢʦʡ ʢʦʥʩʪʨʫʢʮʠʠ). ɺ 

ʨʘʟʨʘʙʦʪʘʥʥʦʤ ʤʝʪʦʜʝ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ Edead ʧʨʠʤʝʥʷʝʪʩʷ ʦʧʠʩʘʥʥʘʷ ʚ 3.1.1 

ʧʨʠʙʣʠʞʝʥʥʘʷ ʬʫʥʢʮʠʷ L(E,d), ʚ ʢʦʪʦʨʫʶ ʧʦʜʩʪʘʚʣʷʶʪʩʷ ʨʘʥʝʝ 

ʦʧʨʝʜʝʣʝʥʥʳʝ ʚʝʣʠʯʠʥʳ ʪʦʣʱʠʥʳ ʤʝʨʪʚʳʭ ʩʣʦʝʚ ʠ ʠʟʤʝʨʷʝʤʳʝ ʟʥʘʯʝʥʠʷ 

ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʧʦʪʝʨʴ ʯʘʩʪʠʮʳ ʚ ʯʫʚʩʪʚʠʪʝʣʴʥʳʭ ʩʣʦʷʭ ʜʝʪʝʢʪʦʨʦʚ Em1, Em2, 

 
ʈʠʩʫʥʦʢ 3.15. ʀʟʤʝʨʝʥʠʝ ʵʥʝʨʛʠʠ çʧʦʣʫ-ʘʤʧʣʠʪʫʜʥʳʤè ʵʣʝʤʝʥʪʦʤ 

(ʩʝʛʤʝʥʪ ʥʦʤʝʨ 126) ʚ ʩʨʘʚʥʝʥʠʠ ʩ ʠʟʤʝʨʝʥʠʝʤ ʩʪʘʥʜʘʨʪʥʳʤ ʵʣʝʤʝʥʪʦʤ 

(ʩʤʝʞʥʳʡ ʩʝʛʤʝʥʪ 125), ʨʝʛʠʩʪʨʘʮʠʷ Ŭ-ʠʟʣʫʯʝʥʠʷ ʠʩʪʦʯʥʠʢʘ. 
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Em3. ɿʥʘʯʝʥʠʝ Edead ʚʘʨʴʠʨʫʝʪʩʷ ʚ ʧʨʝʜʝʣʘʭ ʦʪ 50 ʢʵɺ ʜʦ 150 ʢʵɺ ʜʣʷ ʧʨʦʪʦʥʦʚ 

ʩ ʥʘʯʘʣʴʥʦʡ ʢʠʥʝʪʠʯʝʩʢʦʡ ʵʥʝʨʛʠʝʡ Eini ʦʪ 5 ʜʦ 25 ʄʵɺ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, 

ʚʝʣʠʯʠʥʘ ʵʪʠʭ ʧʦʪʝʨʴ ʥʘʭʦʜʠʪʩʷ ʥʘ ʫʨʦʚʥʝ ʥʝʩʢʦʣʴʢʠʭ ʧʨʦʮʝʥʪʦʚ ʦʪ 

ʥʘʯʘʣʴʥʦʡ ʵʥʝʨʛʠʠ.  

 

ʉʨʝʜʥʠʝ ʟʥʘʯʝʥʠʷ ʧʦʪʝʨʴ ʵʥʝʨʛʠʠ, ʘ ʪʘʢʞʝ ʨʘʟʙʨʦʩ ʧʦʪʝʨʴ ʚ ʤʝʨʪʚʳʭ 

ʩʣʦʷʭ ʜʝʪʝʢʪʦʨʦʚ (ů
strag

dead) ʠ ʚ ʩʪʝʥʢʝ ʥʘʢʦʧʠʪʝʣʴʥʦʡ ʷʯʝʡʢʠ ʤʠʰʝʥʠ (ů
strag

wall) 

ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʊʘʙʣʠʮʝ 3.2. ʈʘʩʯʝʪ ʨʘʟʙʨʦʩʘ ʦʧʠʩʘʥ ʚ ʇʨʠʣʦʞʝʥʠʠ ɺ. 

ɼʘʥʥʳʝ ʧʨʠʚʝʜʝʥʳ ʜʣʷ ʧʨʦʪʦʥʦʚ ʠ ʜʝʡʪʨʦʥʦʚ ʨʘʟʣʠʯʥʳʭ ʵʥʝʨʛʠʡ Eini ʜʣʷ  

ʨʘʟʥʳʭ ʫʛʣʦʚ ʥʘʢʣʦʥʘ ʪʨʝʢʘ (Ŭ0=0Á ʠʣʠ 45Á). 

 69 ʤʤ        300 ʤʤ      5000 ʤʤ 

 
ʈʠʩʫʥʦʢ 3.16. ʉʭʝʤʘ ʤʝʨʪʚʳʭ ʩʣʦʝʚ ʠ ʯʫʚʩʪʚʠʪʝʣʴʥʳʭ ʟʦʥ ʜʝʪʝʢʪʦʨʦʚ 

ʪʝʣʝʩʢʦʧʘ ʂʊʊ. dcell ï ʪʦʣʱʠʥʘ ʩʪʝʥʢʠ ʥʘʢʦʧʠʪʝʣʴʥʦʡ ʷʯʝʡʢʠ ʛʘʟʦʚʦʡ ʤʠʰʝʥʠ 

(30 ʤʢʤ), d ï ʪʦʣʱʠʥʘ ʤʝʨʪʚʦʛʦ ʩʣʦʷ ʜʝʪʝʢʪʦʨʦʚ BaBar-IV ʪʠʧʘ, dSi(Li) ï 

ʪʦʣʱʠʥʘ ʤʝʨʪʚʦʛʦ ʩʣʦʷ Si(Li) ʜʝʪʝʢʪʦʨʘ (1 ʤʢʤ). 

ʊʘʙʣʠʮʘ 3.2:ʉʨʝʜʥʠʝ ʟʥʘʯʝʥʠʷ ʧʦʪʝʨʴ ʵʥʝʨʛʠʠ ʠ ʠʭ ʨʘʟʙʨʦʩ (ʩʪʨʝʛʛʣʠʥʛ) 

ʚ ʤʝʨʪʚʳʭ ʩʣʦʷʭ. 

ʏʘʩʪʠʮʘ, 

ʋʛʦʣ (Ŭ0) 

Eini , ʄʵɺ Ewall, ʢʵɺ ů
strag

wall, ʢʵɺ 

 

ů
strag

dead, ʢʵɺ 
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ʆʜʥʘʢʦ ʩʫʱʝʩʪʚʫʝʪ ʦʜʠʥ ʬʘʢʪʦʨ, ʟʘʤʝʪʥʦ ʫʚʝʣʠʯʠʚʘʶʱʠʡ ʦʰʠʙʢʫ 

ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ Edead. ʂʘʢ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩ. 3.4.ʘ, ʩʯʠʪʳʚʘʶʱʠʡ ʩʝʛʤʝʥʪ ʥʘ 

ʧʦʚʝʨʭʥʦʩʪʠ ʜʝʪʝʢʪʦʨʘ ʦʙʲʝʜʠʥʷʝʪ ʯʝʪʳʨʝ ʤʠʢʨʦʧʦʣʦʩʢʠ. ɺʩʣʝʜʩʪʚʠʝ ʵʪʦʛʦ 

ʥʝʪ ʚʦʟʤʦʞʥʦʩʪʠ ʦʧʨʝʜʝʣʠʪʴ, ʯʝʨʝʟ ʤʝʨʪʚʳʡ ʩʣʦʡ ʢʘʢʦʡ ʠʤʝʥʥʦ ʪʦʣʱʠʥʳ, d1 

ʠʣʠ d2, ʧʨʦʰʣʘ ʯʘʩʪʠʮʘ. ʕʪʦ ʧʨʠʚʦʜʠʪ ʢ ʦʰʠʙʢʝ ʚ ʦʧʨʝʜʝʣʝʥʠʠ Edead ʧʦʨʷʜʢʘ 

20%. ɽʜʠʥʩʪʚʝʥʥʳʤ ʩʧʦʩʦʙʦʤ ʟʜʝʩʴ ʤʦʞʝʪ ʙʳʪʴ ʠʟʤʝʥʝʥʠʝ ʪʦʧʦʣʦʛʠʠ 

ʜʝʪʝʢʪʦʨʦʚ ʩ ʟʘʤʝʥʦʡ ʦʙʲʝʜʠʥʝʥʠʷ ʩʪʨʠʧʦʚ ʦʜʥʠʤ ʰʠʨʦʢʠʤ ʙʝʟ ʢʘʢʦʡ-ʣʠʙʦ 

ʩʪʨʫʢʪʫʨʳ ʤʝʨʪʚʦʛʦ ʩʣʦʷ. 

3.3.2 ˜̏ ̠̌̎́ ̘̋̉̎̆̓̉̆̒̋́  ̠̞ ̎̆̑̄̉.̠ 

ɽʩʣʠ ʧʨʦʜʫʢʪ ʨʝʘʢʮʠʠ ʙʳʣ ʦʩʪʘʥʦʚʣʝʥ ʚ ʪʝʣʝʩʢʦʧʝ, ʪʦ ʚʝʣʠʯʠʥʘ ʝʛʦ 

ʥʘʯʘʣʴʥʦʡ ʢʠʥʝʪʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ Eini ʨʘʚʥʘ ʩʫʤʤʝ ʠʟʤʝʨʝʥʥʳʭ ʟʥʘʯʝʥʠʡ 

ʧʦʪʝʨʴ Em1, Em2, Em3 ʠ ʚʦʩʩʪʘʥʦʚʣʝʥʥʦʛʦ ʟʥʘʯʝʥʠʷ ʧʦʪʝʨʴ ʚ ʤʝʨʪʚʳʭ ʩʣʦʷʭ 

Edead. ʅʘ ʨʠʩ. 3.17 ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʥʘ ʚʦʟʤʦʞʥʦʩʪʴ ʧʝʨʝʩʯʝʪʘ Eini ʠʟ ʥʘʙʦʨʘ 

Em1, Em2, Em3 (ʚ ʯʘʩʪʥʦʩʪʠ, ʠʟ ʩʫʤʤʳ Em1+Em2+Em3) ʜʣʷ ʜʚʫʭ ʟʥʘʯʝʥʠʡ ʫʛʣʘ 

ʥʘʢʣʦʥʘ ʪʨʝʢʘ (Ŭ0=0Á ʠʣʠ 45Á). 

 

ʊʦʯʥʦʩʪʴ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ Eini  ʟʘʚʠʩʠʪ ʦʪ ʚʝʣʠʯʠʥʳ ʨʘʟʙʨʦʩʘ 

ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʧʦʪʝʨʴ ʚ ʤʝʨʪʚʳʭ ʩʣʦʷʭ. ʂʘʢ ʙʳʣʦ ʧʦʢʘʟʘʥʦ ʚʳʰʝ, ʜʘʥʥʳʡ 

ʨʘʟʙʨʦʩ  ʥʝʚʝʣʠʢ ʠ ʥʝʩʠʣʴʥʦ ʤʝʥʷʝʪʩʷ ʧʨʠ ʠʟʤʝʥʝʥʠʠ ʚʝʣʠʯʠʥ Em1, Em2, Em3. 

ʕʪʦ ʧʦʟʚʦʣʷʝʪ ʩʯʠʪʘʪʴ, ʯʪʦ ʨʘʟʙʨʦʩ ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʧʦʪʝʨʴ ʚʥʫʪʨʠ 

ʯʫʚʩʪʚʠʪʝʣʴʥʳʭ ʟʦʥ ʜʝʪʝʢʪʦʨʦʚ ʧʨʦʩʪʦ ʣʠʰʴ ʧʝʨʝʨʘʩʧʨʝʜʝʣʷʝʪ ʵʥʝʨʛʠʶ 

ʤʝʞʜʫ ʚʝʣʠʯʠʥʘʤʠ Em1, Em2, Em3 ʠ ʥʝ  ʫʭʫʜʰʘʝʪ ʪʦʯʥʦʩʪʴ ʦʧʨʝʜʝʣʝʥʠʷ Eini.  

ʉʯʠʪʘʷ, ʯʪʦ ʚʝʣʠʯʠʥʳ ʨʘʟʨʝʰʝʥʠʷ ůE1 ʠ ůE2 ʩʦʩʪʘʚʣʷʶʪ ʧʦ 30 ʢʵɺ ʢʘʞʜʘʷ 

ʜʣʷ Em1  ʠ Em2 ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʤʦʞʥʦ ʦʮʝʥʠʪʴ ʪʦʯʥʦʩʪʴ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ Eini 

ʜʣʷ ʧʨʦʪʦʥʦʚ ʥʘʯʘʣʴʥʳʭ ʵʥʝʨʛʠʡ ʦʢʦʣʦ 5 ʄʵɺ ʠ ʠʤʝʶʱʠʭ ʧʨʠʙʣʠʟʠʪʝʣʴʥʦ 

ʧʘʨʘʣʣʝʣʴʥʳʡ ʦʩʠ ʪʝʣʝʩʢʦʧʘ ʪʨʝʢ (Ŭ0~0
o
)ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: 

 
ʈʠʩʫʥʦʢ 3.17. ɿʘʚʠʩʠʤʦʩʪʴ ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʧʦʪʝʨʴ ʧʨʦʪʦʥʘ ʚ 

ʯʫʚʩʪʚʠʪʝʣʴʥʳʭ ʟʦʥʘʭ Em1, Em2, Em3 ʦʪ ʥʘʯʘʣʴʥʦʡ ʝʛʦ ʵʥʝʨʛʠʠ ʜʣʷ ʫʛʣʦʚ 

ʥʘʢʣʦʥʘ: ʘ)Ŭ0=0Á;ʙ)Ŭ0=45Á. ʈʘʩʯʝʪ ʩ ʧʦʤʦʱʴʶ SRIM. 
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„ „  „ τχ̋ ̞,ˏ ʠʣʠ 0.94% ʦʪ Eini 

ɽʩʣʠ ʞʝ ʯʘʩʪʠʮʘ ʥʝ ʦʩʪʘʥʘʚʣʠʚʘʝʪʩʷ, ʘ ʧʨʦʭʦʜʠʪ ʩʢʚʦʟʴ ʚʩʝ ʜʝʪʝʢʪʦʨʳ 

ʪʝʣʝʩʢʦʧʘ, ʪʦ ʫʥʦʩʠʤʘʷ ʯʘʩʪʴ ʝʝ ʵʥʝʨʛʠʠ ʦʧʨʝʜʝʣʷʝʪʩʷ ʪʘʢʞʝ ʩ ʧʦʤʦʱʴʶ 

ʥʘʙʦʨʘ ʚʝʣʠʯʠʥ Em1, Em2, Em3. ɺ ʨʘʟʨʘʙʦʪʘʥʥʦʤ ʤʝʪʦʜʝ ʠ ʜʣʷ ʩʣʫʯʘʷ 

ʦʩʪʘʥʦʚʣʝʥʥʳʭ, ʠ ʜʣʷ ʩʣʫʯʘʷ ʧʨʦʣʝʪʥʳʭ ʯʘʩʪʠʮ, ʜʣʷ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ Eini  

ʧʨʠʤʝʥʷʝʪʩʷ ʧʨʠʙʣʠʞʝʥʥʘʷ ʬʫʥʢʮʠʷ F(Em1+Em2+Em3). ɼʘʥʥʘʷ ʬʫʥʢʮʠʷ ʙʳʣʘ 

ʧʦʣʫʯʝʥʘ ʘʧʧʨʦʢʩʠʤʘʮʠʝʡ ʜʘʥʥʳʭ, ʧʦʣʫʯʝʥʥʳʭ ʩ ʧʦʤʦʱʴʶ ʧʘʢʝʪʘ SRIM. 

ʆʥʘ ʩʦʜʝʨʞʠʪ ʜʚʝ ʨʘʟʣʠʯʥʳʝ ʘʥʘʣʠʪʠʯʝʩʢʠʝ ʬʫʥʢʮʠʠ ʜʣʷ ʜʚʫʭ ʜʠʘʧʘʟʦʥʦʚ 

Eini.  

ɼʣʷ ʧʨʦʣʝʪʥʳʭ ʯʘʩʪʠʮ ʥʝ ʪʦʣʴʢʦ ʨʘʟʙʨʦʩ ʧʦʪʝʨʴ (ʩʪʨʝʛʛʣʠʥʛ) ʚ ʤʝʨʪʚʳʭ 

ʩʣʦʷʭ ʚʣʠʷʝʪ ʥʘ ʪʦʯʥʦʩʪʴ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ Eini, ʥʦ ʪʘʢʞʝ ʠ ʨʘʟʙʨʦʩ ʧʦʪʝʨʴ ʚ 

ʯʫʚʩʪʚʠʪʝʣʴʥʳʭ ʟʦʥʘʭ ʜʝʪʝʢʪʦʨʦʚ. ɺ ʢʘʯʝʩʪʚʝ ʚʝʨʭʥʝʛʦ ʧʨʝʜʝʣʘ ʵʪʠʭ 

ʨʘʟʙʨʦʩʦʚ ʜʣʷ ʧʨʦʣʝʪʥʳʭ ʧʨʦʪʦʥʦʚ ʠ ʜʝʡʪʨʦʥʦʚ ʤʦʞʥʦ ʩʯʠʪʘʪʴ 

ʧʨʝʜʩʪʘʚʣʝʥʥʳʝ  ʚ  ʊʘʙʣʠʮʝ 3.3 ʟʥʘʯʝʥʠʷ ʦʙʱʝʡ ʵʥʝʨʛʠʠ ʩʪʨʝʛʛʣʠʥʛʘ, ʩ 

ʫʚʝʣʠʯʝʥʠʝʤ Eini ʚʣʠʷʥʠʝ ʩʪʨʝʛʛʣʠʥʛʘ ʧʘʜʘʝʪ. 

 

 

ʊʦʯʥʦʩʪʴ ůrec ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ Eini ʜʣʷ ʧʨʦʣʝʪʥʳʭ ʧʨʦʪʦʥʦʚ ʤʦʞʥʦ 

ʦʮʝʥʠʪʴ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ (ůE1, ůE2, ůE3 ï ʨʘʟʨʝʰʝʥʠʷ ʜʝʪʝʢʪʦʨʦʚ): 

„

Ͻ„ Ͻ„ Ͻ„ Ͻ „ , 

ʛʜʝ F ï ʵʪʦ ʫʧʦʤʷʥʫʪʘʷ ʚʳʰʝ ʬʫʥʢʮʠʷ ʧʝʨʝʩʯʝʪʘ Eini ʠʟ ʩʫʤʤʳ 

Em1+Em2+Em3. ɺ ʩʣʫʯʘʝ ʧʨʦʣʝʪʥʳʭ ʯʘʩʪʠʮ ʚʝʣʠʯʠʥʘ Em3 ʠʤʝʝʪ ʧʦʜʘʚʣʷʶʱʫʶ 

ʟʥʘʯʠʤʦʩʪʴ ʚ ʜʘʥʥʦʡ ʩʫʤʤʝ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʵʪʦ ʥʘʠʙʦʣʝʝ ʟʥʘʯʠʤʳʡ ʘʨʛʫʤʝʥʪ 

ʬʫʥʢʮʠʠ F. ʋʯʠʪʳʚʘʷ ʵʪʦ, ʧʦʩʣʝʜʥʝʝ ʚʳʨʘʞʝʥʠʝ ʤʦʞʥʦ ʚ ʭʦʨʦʰʝʤ 

ʧʨʠʙʣʠʞʝʥʠʠ (ʝʜʠʥʠʮ %) ʘʧʧʨʦʢʩʠʤʠʨʦʚʘʪʴ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ:  

„ Ͻ„ „    (3.5) 

ʉʦʛʣʘʩʥʦ ʵʪʦʤʫ ʫʨʘʚʥʝʥʠʶ, ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜ, ʯʪʦ ʧʨʠ ʟʥʘʯʝʥʠʷʭ 

ʨʘʟʨʝʰʝʥʠʷ Em3 ʥʘ ʫʨʦʚʥʝ 100-200 ʢʵɺ ʦʪʥʦʩʠʪʝʣʴʥʘʷ ʪʦʯʥʦʩʪʴ 

ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʥʘʯʘʣʴʥʦʡ ʢʠʥʝʪʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ ʜʣʷ ʧʨʦʪʦʥʦʚ ʠ ʜʝʡʪʨʦʥʦʚ ʩ 

ʊʘʙʣʠʮʘ 3.3: ʉʫʤʤʘʨʥʳʡ ʨʘʟʙʨʦʩ ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʧʦʪʝʨ ɹʜʣʷ ʧʨʦʪʦʥʦʚ 

(ʜʝʡʪʨʦʥʦʚ), ʧʨʠ ʧʨʦʣʝʪʝ ʥʘʩʢʚʦʟʴ ʩ ʫʛʣʘʤʠ ʥʘʢʣʦʥʘ ʪʨʝʢʘ 0
ʦ
 ʠ 45

ʦ
. 

ʏʘʩʪʠʮʘ, ʫʛʦʣ ɽini,ʄʵɺ ů
strag

total,ʄʵɺ ů
strag

total, ʚ % ʦʪ Eini 

p ʠʣʠ d, 0Á 50. 0.24 0.5 

p ʠʣʠ d, 45Á 50. 0.28 0.57 
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Eini<60 ʄʵɺ ʪʘʢʞʝ ʥʝ ʭʫʞʝ, ʯʝʤ 1%. ʇʨʠ ʙʦʣʝʝ ʚʳʩʦʢʠʭ ʥʘʯʘʣʴʥʳʭ ʵʥʝʨʛʠʷʭ 

ʤʝʪʦʜ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ Eini ʧʨʦʜʦʣʞʘʝʪ ʨʘʙʦʪʘʪʴ ʩ ʧʦʥʠʞʝʥʠʝʤ ʪʦʯʥʦʩʪʠ. 

 

3.3.3 ˟̘̝̏̎̏̒̓ ̠̉̈̍̆̑̆̎̉ ̞̎̆̑̄̉̉ ̓̆̌̆̒̋̏̐̏  ̍

ʊʦʯʥʦʩʪʴ ʦʧʨʝʜʝʣʝʥʠʷ ʥʘʯʘʣʴʥʦʡ ʢʠʥʝʪʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ ʧʨʦʜʫʢʪʘ Eini 

ʧʨʠ ʧʦʤʦʱʠ ʪʝʣʝʩʢʦʧʘ ʩʠʩʪʝʤʳ ʂʊʊ ʫʭʫʜʰʘʝʪʩʷ ʟʘ ʩʯʸʪ ʩʣʝʜʫʶʱʠʭ 

ʬʘʢʪʦʨʦʚ:  

Å ʦʰʠʙʢʠ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ, ʦʙʫʩʣʦʚʣʝʥʥʳʝ ʥʘʣʠʯʠʝʤ ʤʝʨʪʚʳʭ ʩʣʦʝʚ, ʘ 

ʪʘʢʞʝ ʥʘʣʠʯʠʝʤ ʥʝʠʟʤʝʨʝʥʥʦʛʦ ʫʥʦʩʠʤʦʛʦ ʦʩʪʘʪʢʘ ʵʥʝʨʛʠʠ ʫ ʧʨʦʣʝʪʥʳʭ 

ʯʘʩʪʠʮ, ʵʪʦʪ ʬʘʢʪʦʨ ʦʙʩʫʞʜʘʣʩʷ ʚ 3.3.1; 

Å ʦʰʠʙʢʠ ʠʟʤʝʨʝʥʠʷ ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʧʦʪʝʨʴ ʯʘʩʪʠʮʳ ʚ ʜʝʪʝʢʪʦʨʘʭ, ʵʪʦʪ 

ʬʘʢʪʦʨ ʦʙʩʫʞʜʘʣʩ̫  ʚ 3.1.2 ʠ 3.2.1; 

Å ʠʩʢʘʞʝʥʠʷ, ʚʥʦʩʠʤʳʝ ʥʝʨʝʛʫʣʷʨʥʦʩʪʷʤʠ ʥʝʢʦʪʦʨʳʭ ʢʘʥʘʣʦʚ 

ʩʯʠʪʳʚʘʥʠʷ ʠ ʩʝʛʤʝʥʪʦʚ ʜʝʪʝʢʪʦʨʦʚ, ʵʪʦʪ ʬʘʢʪʦʨ ʦʙʩʫʞʜʘʣʩʷ ʚ 3.2.2.  

ʂʘʢ ʙʳʣʦ ʧʦʢʘʟʘʥʦ, ʥʘʧʨʠʤʝʨ, ʚ 3.2.2, ʚʥʦʩʠʤʘʷ ʧʝʨʚʳʤʠ ʜʚʫʤʷ 

ʬʘʢʪʦʨʘʤʠ ʥʝʦʧʨʝʜʝʣʝʥʥʦʩʪʴ ʥʘʭʦʜʠʪʩʷ ʥʘ ʫʨʦʚʥʝ ʚʩʝʛʦ 1% ʦʪ ʥʘʯʘʣʴʥʦʡ 

ʵʥʝʨʛʠʠ ʯʘʩʪʠʮ. ʊʨʝʪʠʡ ʞʝ ʬʘʢʪʦʨ ʤʦʞʥʦ ʠʥʪʝʨʧʨʝʪʠʨʦʚʘʪʴ ʢʘʢ ʣʠʰʴ 

ʥʝʢʦʪʦʨʦʝ ʩʦʢʨʘʱʝʥʠʝ ʦʙʣʘʩʪʠ ʵʥʝʨʛʝʪʠʯʝʩʢʦʡ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ 

(ʘʢʩʝʧʪʘʥʩʘ) ʪʝʣʝʩʢʦʧʘ ʩʠʩʪʝʤʳ ʂʊʊ. ʀʩʩʣʝʜʦʚʘʥʠʷ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʪʦʣʴʢʦ 

ʦʢʦʣʦ 1% ʩʝʛʤʝʥʪʦʚ ʜʝʪʝʢʪʦʨʦʚ ʩ ʧʦʜʢʣʶʯʝʥʥʳʤʠ ʢ ʥʠʤ ʢʘʥʘʣʘʤʠ 

ʩʯʠʪʳʚʘʥʠʷ ʩʣʝʜʫʝʪ ʧʨʠʟʥʘʚʘʪʴ ʘʙʩʦʣʶʪʥʦ ʥʝʨʘʙʦʯʠʤʠ. ʆʩʪʘʣʴʥʳʝ 

ʦʙʥʘʨʫʞʝʥʥʳʝ ʥʝʨʝʛʫʣʷʨʥʦʩʪʠ ʨʘʟʣʠʯʥʳʭ ʪʠʧʦʚ ʥʝʢʦʪʦʨʳʝ ʥʝʨʝʛʫʣʷʨʥʦʩʪʠ 

ʤʦʛʫʪ ʙʳʪʴ ʧʦʣʥʦʩʪʴʶ ʫʩʪʨʘʥʝʥʳ, ʠ ʣʠʰʴ ʥʝʙʦʣʴʰʘʷ ʯʘʩʪʴ ʚʥʦʩʷʪ 

ʜʦʙʘʚʦʯʥʫʶ ʦʰʠʙʢʫ ʥʘ ʫʨʦʚʥʝ ʥʝʩʢʦʣʴʢʠʭ ʧʨʦʮʝʥʪʦʚ.  

ʂʨʦʤʝ ʪʦʛʦ, ʚ ʜʘʥʥʦʤ ʨʘʟʜʝʣʝ ʙʳʣʦ ʧʦʢʘʟʘʥʦ, ʢʘʢʦʝ ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ 

ʢʦʤʧʦʥʝʥʪ ʪʝʣʝʩʢʦʧʘ ʟʘʜʝʡʩʪʚʫʝʪʩʷ ʧʨʠ ʦʧʨʝʜʝʣʝʥʠʠ ʵʥʝʨʛʠʠ ʦʜʥʦʡ ʯʘʩʪʠʮʳ. 

ʇʦʵʪʦʤʫ ʦʙʝʩʧʝʯʝʥʠʝ ʠ ʤʥʦʛʦʫʨʦʚʥʝʚʳʡ ʢʦʥʪʨʦʣʴ ʧʦʣʥʦʮʝʥʥʦʡ 

ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʠ ʚʩʝʭ ʵʪʠʭ ʢʦʤʧʦʥʝʥʪʦʚ ʥʝʦʙʭʦʜʠʤʳ ʜʣʷ ʵʬʬʝʢʪʠʚʥʦʛʦ 

ʠʟʤʝʨʝʥʠʷ ʵʥʝʨʛʠʠ ʠ ʚʨʝʤʝʥʠ. ʊʘʢʞʝ ʚʘʞʥʦ ʢʦʥʪʨʦʣʠʨʦʚʘʪʴ ʩʪʘʙʠʣʴʥʦʩʪʴ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʩʠʩʪʝʤʳ ʧʦ ʠʟʤʝʨʝʥʠʶ ʵʥʝʨʛʠʠ ʚ ʭʦʜʝ ʵʢʩʧʝʨʠʤʝʥʪʘ. ʈʘʥʝʝ 

ʫʧʦʤʷʥʫʪʘʷ ʧʨʦʮʝʜʫʨʘ ʨʝʛʠʩʪʨʘʮʠʠ ʠʟʣʫʯʝʥʠʷ ʦʪ Ŭ-ʠʩʪʦʯʥʠʢʘ, 

ʫʩʪʘʥʦʚʣʝʥʥʦʛʦ ʚʙʣʠʟʠ ʢʘʞʜʦʛʦ ʪʝʣʝʩʢʦʧʘ ʂʊʊ ʥʘ ʫʩʪʘʥʦʚʢʝ ANKE, 

ʦʙʝʩʧʝʯʠʚʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʪʘʢʦʛʦ ʢʦʥʪʨʦʣʷ.  

 

ʈʘʟʜʝʣ 3.4 ʈʝʟʫʣʴʪʘʪʳ ʧʨʦʚʝʨʢʠ ʤʝʪʦʜʘ ʚ ʫʩʣʦʚʠʷʭ ʵʢʩʧʝʨʠʤʝʥʪʘ 

3.4.1 ʂʨʘʪʢʦʝ ʦʧʠʩʘʥʠʝ ʫʩʣʦʚʠʡ ʵʢʩʧʝʨʠʤʝʥʪʘ ANKE  

ɺʩʝ ʧʨʝʜʩʪʘʚʣʝʥʥʳʝ ʟʜʝʩʴ ʨʝʟʫʣʴʪʘʪʳ ʧʦʣʫʯʝʥʳ ʥʘ ʜʘʥʥʳʭ 

ʵʢʩʧʝʨʠʤʝʥʪʘ ANKE ʷʥʚʘʨʷ 2007 ʛʦʜʘ, ʝʩʣʠ ʠʥʦʝ ʥʝ ʫʢʘʟʘʥʦ ʚ ʷʚʥʦʤ ʚʠʜʝ. ɺ 
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and Targetè Proposal #172 ʩ ʧʦʣʷʨʠʟʦʚʘʥʥʳʤ ʧʫʯʢʦʤ ʜʝʡʪʨʦʥʦʚ (ʠʤʧʫʣʴʩ 

2.435 ʄʵɺ/c) ʠ ʧʦʣʷʨʠʟʦʚʘʥʥʦʡ ʛʘʟʦʚʦʡ ʧʨʦʪʦʥʥʦʡ ʤʠʰʝʥʴʶ ʙʳʣ 

ʠʩʧʦʣʴʟʦʚʘʥ ʦʜʠʥ ʪʝʣʝʩʢʦʧ ʂʊʊ, ʩʦʜʝʨʞʘʱʠʡ ʪʨʠ ʜʝʪʝʢʪʦʨʘ. ɿʜʝʩʴ ʠ ʜʘʣʝʝ 

ʧʝʨʚʳʤ ʙʫʜʝʪ ʠʤʝʥʦʚʘʪʴʩʷ ʜʝʪʝʢʪʦʨ, ʨʘʩʧʦʣʦʞʝʥʥʳʡ ʙʣʠʞʝ ʚʩʝʛʦ ʢ ʤʠʰʝʥʠ. 

ʇʝʨʚʳʡ (69 ʤʢʤ ʪʦʣʱʠʥʳ) ʜʝʪʝʢʪʦʨ ʠ ʚʪʦʨʦʡ (300 ʤʢʤ ʪʦʣʱʠʥʳ) ʜʝʪʝʢʪʦʨʳ 

ʙʳʣʠ BaBar-IV ʪʠʧʘ, ʪʨʝʪʠʡ ʜʝʪʝʢʪʦʨ (5 ʤʤ) ʙʳʣ Si(Li) ʪʠʧʘ. 

ʊʠʧʠʯʥʳʡ ʨʘʟʤʝʨ ʢʣʘʩʪʝʨʘ ʦʜʥʦʤʝʨʥʦʛʦ ʭʠʪʘ 

ʂʘʢ ɻʪʦ ʙʳʣʦ ʫʧʦʤʷʥʫʪʦ ʚ ʧʦʜʨʘʟʜʝʣʝ 3.2.1, ʨʘʟʤʝʨʦʤ ʢʣʘʩʪʝʨʘ 

(ʦʜʥʦʤʝʨʥʦʛʦ)  ʭʠʪʘ ʙʳʣʦ ʥʘʟʚʘʥʦ  ʢʦʣʠʯʝʩʪʚʦ ʩʨʘʙʦʪʘʚʰʠʭ ʥʘ ʦʜʥʫ ʯʘʩʪʠʮʫ 

ʩʝʛʤʝʥʪʦʚ ʥʘ ʦʜʥʦʡ ʩʪʦʨʦʥʝ ʜʝʪʝʢʪʦʨʘ. ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʟʘʧʠʩʘʥʥʳʭ ʚ 

ʵʢʩʧʝʨʠʤʝʥʪʝ ʩʦʙʳʪʠʡ ʧʦ ʨʘʟʤʝʨʫ ʢʣʘʩʪʝʨʘ ʜʣʷ 300-ʤʢʤ ʠ ʜʣʷ 5-ʤʤ 

ʜʝʪʝʢʪʦʨʦʚ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩ. 3.18.  

 

ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʵʪʠʤ ʨʘʩʧʨʝʜʝʣʝʥʠʝʤ ʙʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʪʠʧʠʯʥʳʡ 

ʨʘʟʤʝʨ ʢʣʘʩʪʝʨʘ ʜʣʷ ʜʝʪʝʢʪʦʨʦʚ BaBar-IV ʪʠʧʘ, ʦʙʳʯʥʦ ʩʦʩʪʘʚʣʷʝʪ 1ð2 

ʩʝʛʤʝʥʪʘ. ɸ ʯʪʦ ʢʘʩʘʝʪʩʷ ʜʝʪʝʢʪʦʨʘ  Si(Li) ʪʠʧʘ, ʪʦ ʪʠʧʠʯʥʳʡ ʨʘʟʤʝʨ ʢʣʘʩʪʝʨʘ 

ʟʥʘʯʠʪʝʣʴʥʦ ʫʚʝʣʠʯʠʣʩʷ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʨʝʟʫʣʴʪʘʪʘʤʠ, ʧʦʣʫʯʝʥʥʳʤʠ ʥʘ 

ʧʨʝʜʰʝʩʪʚʫʶʱʠʭ ʠʟʤʝʨʝʥʠʷʭ (ʨʠʩ. 3.8.ʙ). ɼʘʥʥʦʝ ʫʚʝʣʠʯʝʥʠʝ ʙʳʣʦ 

ʦʙʫʩʣʦʚʣʝʥʦ ʧʝʨʝʭʦʜʦʤ ʥʘ ʠʥʫʶ ʩʭʝʤʫ ʩʯʠʪʳʚʘʥʠʷ: ʚ ʪʝʢʫʱʝʡ ʚʝʨʩʠʠ Si(Li) 

ʜʝʪʝʢʪʦʨʦʚ ʤʝʞʜʫ ʩʝʛʤʝʥʪʘʤʠ ʙʳʣʠ ʚʚʝʜʝʥʳ ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʢʦʥʜʝʥʩʘʪʦʨʳ 

ʝʤʢʦʩʪʴʶ ~7 ʧʌ. ɺ ʨʝʟʫʣʴʪʘʪʝ, ʩʦʙʨʘʥʥʳʡ ʥʘ ʥʝʩʢʦʣʴʢʦ ʩʝʛʤʝʥʪʦʚ 

ʵʣʝʢʪʨʠʯʝʩʢʠʡ ʟʘʨʷʜ ʨʘʩʧʨʝʜʝʣʷʣʩʷ ʤʝʞʜʫ 10-30 ʢʘʥʘʣʘʤʠ. ʈʠʩʫʥʦʢ 3.19 

ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʨʘʟʤʝʨ ʢʣʘʩʪʝʨʘ Si(Li) ʜʝʪʝʢʪʦʨʘ ʟʘʚʠʩʠʪ ʢʘʢ ʦʪ ʚʝʣʠʯʠʥʳ 

ʩʦʙʨʘʥʥʦʛʦ ʟʘʨʷʜʘ, ʪʘʢ ʠ ʦʪ ʫʛʣʘ ʥʘʢʣʦʥʘ ʪʨʝʢʘ ʯʘʩʪʠʮʳ Ŭ0.  

 

 
ʈʠʩʫʥʦʢ 3.18.  ʕʢʩʧʝʨʠʤʝʥʪ ANKE #172.0. ʘ) ʈʘʟʤʝʨ ʢʣʘʩʪʝʨʘ 2-ʛʦ 

ʜʝʪʝʢʪʦʨʘ; ʙ) ʈʘʟʤʝʨ ʢʣʘʩʪʝʨʘ 3-ʛʦ ʜʝʪʝʢʪʦʨʘ. 
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3.4.2 ʂʘʣʠʙʨʦʚʢʘ ʠʟʤʝʨʝʥʠʷ ʘʙʩʦʣʶʪʥʦʡ ʚʝʣʠʯʠʥʳ ʵʥʝʨʛʠʠ. 

ʈʝʛʠʩʪʨʘʮʠʷ ʧʨʦʜʫʢʪʦʚ ʨʝʬʝʨʝʥʩʥʦʡ ʨʝʘʢʮʠʠ (ʫʧʨʫʛʦʝ ʨʘʩʩʝʷʥʠʝ 

pdŸpd) ʦʙʝʩʧʝʯʠʣʘ ʚʦʟʤʦʞʥʦʩʪʴ ʪʦʯʥʦʡ ʧʨʠʚʷʟʢʠ ʧʦʢʘʟʘʥʠʡ ʵʣʝʢʪʨʦʥʠʢʠ 

ʩʠʩʪʝʤʳ ʂʊʊ ʢ ʘʙʩʦʣʶʪʥʦʤʫ ʟʥʘʯʝʥʠʶ ʢʠʥʝʪʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ 

ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʥʳʭ ʧʨʦʜʫʢʪʦʚ ʨʝʘʢʮʠʠ. 

ɺ ʜʘʥʥʦʤ ʵʢʩʧʝʨʠʤʝʥʪʝ ʜʣʷ ʩʯʠʪʳʚʘʥʠʷ ʩ p-ʩʪʦʨʦʥ rʧʝʨʚʦʛʦ ʠ ʚʪʦʨʦʛʦ 

ʜʝʪʝʢʪʦʨʦʚ ʙʳʣʘ ʧʨʠʤʝʥʝʥʘ ʵʣʝʢʪʨʦʥʠʢʘ ʥʘ ʙʘʟʝ MATE3 ʤʠʢʨʦʩʭʝʤʳ, ʘ ʜʣʷ 

ʩʯʠʪʳʚʘʥʠʷ ʩ n-ʩʪʦʨʦʥ ʥʘ ʙʘʟʝ VA32TA2 ʤʠʢʨʦʩʭʝʤʳ. ɼʣʷ ʵʣʝʢʪʨʦʥʠʢʠ ʥʘ 

ʨʘʟʥʳʭ ʪʠʧʘʭ ʤʠʢʨʦʩʭʝʤ ʥʝʟʘʚʠʩʠʤʦ ʜʨʫʛ ʦʪ ʜʨʫʛʘ ʙʳʣʠ ʧʨʦʚʝʜʝʥʳ 

ʚʥʫʪʨʝʥʥʷʷ ʢʘʣʠʙʨʦʚʢʘ, ʘ ʪʘʢʞʝ ʦʧʨʝʜʝʣʝʥʠʝ ʢʦʵʬʬʠʮʠʝʥʪʘ k (3.2) 

ʥʦʨʤʠʨʦʚʢʠ ʥʦʤʠʥʘʣʴʥʦʛʦ ʟʥʘʯʝʥʠʷ ʚʭʦʜʥʳʭ ʝʤʢʦʩʪʝʡ ʢʘʥʘʣʦʚ ʵʣʝʢʪʨʦʥʠʢʠ. 

ʇʦʩʣʝ ʧʨʦʚʝʜʝʥʠʷ ʜʘʥʥʳʭ ʵʪʘʧʦʚ ʢʘʣʠʙʨʦʚʢʠ, ʦʪʢʣʠʢ ʦʪ ʦʜʥʦʡ ʯʘʩʪʠʮʳ ʩ 

ʦʜʥʦʡ ʩʪʦʨʦʥʳ ʜʝʪʝʢʪʦʨʘ ʩʨʘʚʥʠʚʘʣʩʷ ʩ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤ ʦʪʢʣʠʢʦʤ ʩ 

ʧʨʦʪʠʚʦʧʦʣʦʞʥʦʡ ʩʪʦʨʦʥʳ.  

ɼʣʷ ʬʦʨʤʘʣʠʟʘʮʠʠ ʩʨʘʚʥʝʥʠʷ, ʧʦʣʫʯʝʥʥʳʝ ʜʚʫʤʝʨʥʳʝ ʛʠʩʪʦʛʨʘʤʤʳ 

ʨʘʩʧʨʝʜʝʣʝʥʠʡ ʩʦʙʳʪʠʡ ʩʚʦʨʘʯʠʚʘʣʠʩʴ ʚ ʦʜʥʦʤʝʨʥʳʝ ʠ ʘʧʧʨʦʢʩʠʤʠʨʦʚʘʣʠʩʴ 

ʨʘʟʣʠʯʥʳʤʠ ʬʫʥʢʮʠʷʤʠ. ɼʘʥʥʦʝ ʩʨʘʚʥʝʥʠʝ ʧʦʢʘʟʘʣʦ, ʯʪʦ, ʚʦ-ʧʝʨʚʳʭ,  

ʧʦʣʫʯʘʝʤʳʝ ʩ ʨʘʟʥʳʭ ʩʪʦʨʦʥ ʜʝʪʝʢʪʦʨʦʚ ʟʥʘʯʝʥʠʷ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʳ ʜʨʫʛ 

ʜʨʫʛʫ. ɺʦ-ʚʪʦʨʳʭ, ʢʦʵʬʬʠʮʠʝʥʪʳ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦʩʪʠ ʦʯʝʥʴ ʙʣʠʟʢʠ ʢ 1 (ʩʤ. 

ʪʘʙʣʠʮʫ 3.4).ʏʪʦ ʢʘʩʘʝʪʩʷ ʠʟʤʝʨʝʥʠʷ ʵʥʝʨʛʠʠ ʪʨʝʪʴʠʤ ʜʝʪʝʢʪʦʨʦʤ ʪʝʣʝʩʢʦʧʘ, 

ʩʯʠʪʳʚʘʥʠʝ ʩ ʦʙʝʠʭ ʩʪʦʨʦʥ ʙʳʣʦ ʨʝʘʣʠʟʦʚʘʥʦ ʥʘ ʦʜʥʦʪʠʧʥʦʡ ʵʣʝʢʪʨʦʥʠʢʝ 

VA32TA2, ʪʦ ʚ ʧʨʝʜʝʣʘʭ ʧʦʛʨʝʰʥʦʩʪʠ ʠʟʤʝʨʝʥʠʷ ʤʦʞʥʦ ʛʦʚʦʨʠʪʴ ʦ ʧʦʣʥʦʤ 

ʩʦʚʧʘʜʝʥʠʠ ʦʪʢʣʠʢʦʚ. 

 
ʈʠʩʫʥʦʢ 3.19. ʕʢʩʧʝʨʠʤʝʥʪ ANKE #172.0, ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʨʘʟʤʝʨʘ 

ʢʣʘʩʪʝʨʦʚ Si(Li ) ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʚʳʜʝʣʝʥʥʦʡ ʵʥʝʨʛʠʠ. ɼʚʝ ʠʥʪʝʥʩʠʚʥʳʝ 

ʦʙʣʘʩʪʠ ʚʠʜʥʳ ʥʘ ʵʪʦʤ ʨʘʩʧʨʝʜʝʣʝʥʠʠ: ʦʜʥʘ ʦʪ ʦʩʪʘʥʦʚʠʚʰʠʭʩʷ ʫʧʨʫʛʦ 

ʨʘʩʩʝʷʥʥʳʭ ʧʨʦʪʦʥʦʚ (ʫʛʦʣ Ŭ0 ʦʪ 4Á ʜʦ13Á), ʜʨʫʛʘʷ ʦʪ  ʧʨʦʣʝʪʥʳʭ ʧʨʦʪʦʥʦʚ 

(Ŭ0 ʦʪ 13Á ʜʦ 20Á). 



 

56 

 

 

ɼʣʷ ʢʦʤʧʝʥʩʘʮʠʠ ʨʘʟʥʠʮʳ ʤʝʞʜʫ ʦʪʢʣʠʢʘʤʠ ʚʝʣʠʯʠʥʳ ʦʪʢʣʠʢʘ ʩ 

p-ʩʪʦʨʦʥ ʜʘʣʝʝ ʫʤʥʦʞʘʣʠʩʴ ʥʘ ʧʨʠʚʝʜʝʥʥʳʝ ʢʦʵʬʬʠʮʠʝʥʪʳ 

ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦʩʪʠ. ʇʨʠʯʠʥʘ ʦʙʥʘʨʫʞʝʥʥʦʡ ʨʘʟʥʠʮʳ ʢʨʦʝʪʩʷ ʚ ʪʦʤ, ʯʪʦ 

ʨʝʘʣʴʥʘʷ ʚʭʦʜʥʘʷ ʝʤʢʦʩʪʴ ʵʣʝʢʪʨʦʥʠʢʠ ʩʯʠʪʳʚʘʥʠʷ ʥʝʩʢʦʣʴʢʦ  ʦʪʣʠʯʘʝʪʩʷ ʦʪ 

ʥʦʤʠʥʘʣʴʥʦʛʦ ʟʥʘʯʝʥʠʷ. ʅʘ ʨʠʩ. 3.20 ʜʣʷ ʪʨʝʭ ʜʝʪʝʢʪʦʨʦʚ  ʧʨʝʜʩʪʘʚʣʝʥʳ 

ʩʨʘʚʥʝʥʠʷ ʦʪʢʣʠʢʦʚ ʩ ʧʨʦʪʠʚʦʧʦʣʦʞʥʳʭ ʩʪʦʨʦʥ ʧʦʩʣʝ ʧʨʦʚʝʜʝʥʥʦʡ 

ʢʦʤʧʝʥʩʘʮʠʠ.  

ʊʘʙʣʠʮʘ 3.4: ʂʦʵʬʬʠʮʠʝʥʪ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦʩʪʠ ʦʪʢʣʠʢʦʚ ʩ  n-ʩʪʦʨʦʥʳ 

ʠ ʩ ʨ-ʩʪʦʨʦʥʳ ( En/Ep) ʢʘʞʜʦʛʦ ʜʝʪʝʢʪʦʨʘ ʠʩʩʣʝʜʫʝʤʦʛʦ ʪʝʣʝʩʢʦʧʘ. 

ʅʦʤʝʨ 

ʜʝʪʝʢʪʦʨʘ 

ʂʦʵʬʬ. 

ʧʨʦʧʦʨʮ. 

ʊʠʧ ʧʦʜʢʣʶʯʝʥʥʦʡ ʵʣʝʢʪʨʦʥʠʢʠ ʥʘ ʨʘʟʥʳʭ 

ʩʪʦʨʦʥʘʭ 

ʧʝʨʚʳʡ 

ʚʪʦʨʦʡ 

ʪʨʝʪʠʡ 

1.047 

1.026 

1.00 

VA32TA2 / MATE3  

VA32TA2 / MATE3  

VA32TA2 /  VA32TA2 
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ʇʨʦʚʝʜʝʥʥʦʛʦ ʵʪʘʧʘ ʢʘʣʠʙʨʦʚʢʠ ʫʞʝ ʜʦʩʪʘʪʦʯʥʦ, ʯʪʦʙʳ ʤʝʪʦʜ 

ʠʟʤʝʨʝʥʠʷ ʵʥʝʨʛʠʠ ʧʦʟʚʦʣʷʣ ʧʨʦʚʦʜʠʪʴ ʠʜʝʥʪʠʬʠʢʘʮʠʶ ʪʠʧʘ ʯʘʩʪʠʮ, ʚ 

ʯʘʩʪʥʦʩʪʠ ʧʨʦʪʦʥʦʚ, ʩ ʭʦʨʦʰʠʤ ʟʘʧʘʩʦʤ ʪʦʯʥʦʩʪʠ (ʨʠʩ. 3.21). ʊʝʤ ʥʝ ʤʝʥʝʝ, 

ʪʘʢʞʝ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʚʥʦʩʠʤʳʝ ʜʝʪʝʢʪʦʨʘʤʠ ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʬʘʢʪʦʨʳ 

ʧʨʠʚʦʜʷʪ ʢ ʥʝʢʦʪʦʨʦʤʫ ʦʪʢʣʦʥʝʥʠʶ ʧʦʣʫʯʝʥʥʦʡ ʥʘ ʜʘʥʥʦʤ ʵʪʘʧʝ ʬʫʥʢʮʠʠ 

ʦʪʢʣʠʢʘ ʦʪ ʪʝʦʨʝʪʠʯʝʩʢʠʭ ʧʨʝʜʩʢʘʟʘʥʠʡ. ʉʨʝʜʠ ʵʪʠʭ ʬʘʢʪʦʨʦʚ ʚʣʠʷʥʠʝ 

ʝʤʢʦʩʪʠ ʜʝʪʝʢʪʦʨʘ ʠ ʨʘʟʙʨʦʩ ʚʨʝʤʝʥʠ ʩʙʦʨʘ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʟʘʨʷʜʘ ʚ 

ʜʝʪʝʢʪʦʨʝ. ɸʥʘʣʠʟʠʨʫʷ ʧʨʝʜʩʪʘʚʣʝʥʥʳʡ ʥʘ ʨʠʩ. 3.21.a ʛʨʘʬʠʢ, ʤʦʞʥʦ 

ʫʪʚʝʨʞʜʘʪʴ, ʯʪʦ ʨʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʩʨʝʜʠʥʥʳʤ ʟʥʘʯʝʥʠʝʤ ʧʨʦʪʦʥʥʦʡ ʚʝʪʚʠ 

ʩʦʙʳʪʠʡ ʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʝʡ ʪʝʦʨʝʪʠʯʝʩʢʦʡ ʢʨʠʚʦʡ ʥʝ ʧʨʝʚʳʰʘʝʪ 200 ʢʵɺ. 

ʆʪʩʶʜʘ ʩʣʝʜʫʝʪ, ʯʪʦ ʦʪʥʦʩʠʪʝʣʴʥʦʝ ʦʪʢʣʦʥʝʥʠʝ ʬʫʥʢʮʠʠ ʦʪʢʣʠʢʘ ʥʝ 

ʧʨʝʚʳʰʘʝʪ 5% ʧʨʘʢʪʠʯʝʩʢʠ ʜʣʷ ʚʩʝʡ ʦʙʣʘʩʪʠ ʦʧʨʝʜʝʣʝʥʠʷ ɻʥʝʨʛʠʠ ʧʝʨʚʳʭ 

ʜʚʫʭ ʜʝʪʝʢʪʦʨʦʚ (4<Eloss<9 ʄʵɺ). ɼʣʷ ʪʨʝʪʴʝʛʦ ʜʝʪʝʢʪʦʨʘ ʦʪʢʣʦʥʝʥʠʝ ʟʘʤʝʪʥʦ 

ʙʦʣʴʰʝ, ʧʦʩʢʦʣʴʢʫ ʦʥ ʛʦʨʘʟʜʦ ʪʦʣʱʝ ʧʝʨʚʳʭ ʜʚʫʭ (5 ʤʤ). ʋʯʠʪʳʚʘʷ 

 

 
ʈʠʩʫʥʦʢ 3.20. ʉʨʘʚʥʝʥʠʝ ʠʟʤʝʨʝʥʠʡ ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʧʦʪʝʨʴ 

ʧʨʦʪʠʚʦʧʦʣʦʞʥʳʤʠ ʩʪʦʨʦʥʘʤʠ ʜʝʪʝʢʪʦʨʘ, ʧʦʩʣʝ ʠʤʧʫʣʴʩʥʦʡ ʢʘʣʠʙʨʦʚʢʠ ʠ 

ʢʦʨʨʝʢʮʠʠ ʚʭʦʜʥʦʡ ʝʤʢʦʩʪʠ: a) ʜʣʷ ʧʝʨʚʦʛʦ ʜʝʪʝʢʪʦʨʘ;. b) ʜʣʷ 2-ʛʦ ʜʝʪʝʢʪʦʨʘ; 

c) ʜʣʷ 3-ʛʦ Si(Li) ʜʝʪʝʢʪʦʨʘ. 
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ʧʨʝʜʧʦʣʘʛʘʝʤʫʶ ʧʨʠʨʦʜʫ ʜʘʥʥʦʛʦ ʦʪʢʣʦʥʝʥʠʷ ʠ ʘʥʘʣʠʟʠʨʫʷ ʨʠʩ. 3.21.ʙ, 

ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜ, ʯʪʦ ʧʦʣʫʯʝʥʥʘʷ ʬʫʥʢʮʠ ̫ʦʪʢʣʠʢʘ ʪʨʝʪʴʝʛʦ ʜʝʪʝʢʪʦʨʘ ʠ 

ʝʝ ʪʝʦʨʝʪʠʯʝʩʢʦʝ ʧʨʝʜʩʢʘʟʘʥʠʝ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʳ ʜʨʫʛ ʜʨʫʛʫ ʩ 

ʢʦʵʬʬʠʮʠʝʥʪʦʤ ʙʣʠʟʢʠʤ ʢ ~1.7. ɼʝʡʩʪʚʠʪʝʣʴʥʦ, ʧʨʠ ʚʚʝʜʝʥʠʠ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ ʢʦʵʬʬʠʮʠʝʥʪʘ ʦʪʥʦʩʠʪʝʣʴʥʦʝ ʦʪʢʣʦʥʝʥʠʝ ʜʣʷ ʢʦʤʙʠʥʘʮʠʠ 

ʠʟʤʝʨʝʥʠʡ 2-ʛʦ ʠ 3-ʛʦ ʜʝʪʝʢʪʦʨʘ ʩʦʩʪʘʚʣʷʝʪ ʤʝʥʝʝ 5%. ɺ ʣʶʙʦʤ ʩʣʫʯʘʝ, ʜʣʷ 

ʜʦʩʪʠʞʝʥʠʷ ʪʦʯʥʦʩʪʠ ʠʟʤʝʨʝʥʠʷ ʥʘ ʫʨʦʚʥʝ ~1%, ʥʝʦʙʭʦʜʠʤʦ  

ʢʦʥʪʨʦʣʠʨʦʚʘʪʴ ʚʩʝ ʵʪʠ ʦʪʢʣʦʥʝʥʠʷ, ʧʦ ʤʝʥʴʰʝʡ ʤʝʨʝ, ʨʘʩʩʯʠʪʘʪʴ 

ʫʧʦʤʷʥʫʪʳʡ ʢʦʵʬʬʠʮʠʝʥʪ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦʩʪʠ ʩ ʥʝʦʙʭʦʜʠʤʦʡ ʪʦʯʥʦʩʪʴʶ. 

ɼʣʷ ʨʝʰʝʥʠʷ ʵʪʦʡ ʟʘʜʘʯʠ ʥʝʦʙʭʦʜʠʤʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʜʦʧʦʣʥʠʪʝʣʴʥʦʛʦ 

ʢʘʥʘʣʘ ʠʥʬʦʨʤʘʮʠʠ.  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʥʘ ʩʣʝʜʫʶʱʝʤ ʵʪʘʧʝ ʢʘʣʠʙʨʦʚʢʠ ʥʫʞʥʦ ʚʥʝʩʪʠ 

ʢʦʨʨʝʢʮʠʶ ʚ ʬʫʥʢʮʠʶ ʦʪʢʣʠʢʘ, ʨʝʛʠʩʪʨʠʨʫʷ ʨʝʘʣʴʥʳʝ ʯʘʩʪʠʮ r ʩʠʩʪʝʤʦʡ 

ʂʊʊ ʚ ʩʦʩʪʘʚʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʫʩʪʘʥʦʚʢʠ. ɺʝʣʠʯʠʥʘ ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ 

ʧʦʪʝʨʴ ʯʘʩʪʠʮʳ ʚ ʜʝʪʝʢʪʦʨʝ Eloss ʤʦʞʝʪ ʙʳʪʴ ʦʧʨʝʜʝʣʝʥʘ ʜʣʷ ʩʦʙʳʪʠʡ ʦʪ 

ʨʝʘʢʮʠʠ ʫʧʨʫʛʦʛʦ ʨʘʩʩʝʷʥʠʷ dpŸdp, ʝʩʣʠ ʚʦʩʧʦʣʴʟʦʚʘʪʴʩʷ ʠʥʬʦʨʤʘʮʠʝʡ ʦʪ 

ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʦʪʢʘʣʠʙʨʦʚʘʥʥʦʡ ʩʠʩʪʝʤʳ FD ANKE (ʧʝʨʝʜʥʠʡ ʜʝʪʝʢʪʦʨ). ɸ 

ʠʤʝʥʥʦ, ʠʟʤʝʨʝʥʠʝ ʧʨʠ ʧʦʤʦʱʠ FD ʢʠʥʝʤʘʪʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ 

ʚʳʣʝʪʝʚʰʝʛʦ ʚʧʝʨʝʜ ʙʳʩʪʨʦʛʦ ʜʝʡʪʨʦʥʘ ʧʦʟʚʦʣʷʝʪ ʦʜʥʦʟʥʘʯʥʦ ʦʧʨʝʜʝʣʠʪɹ  

ʧʘʨʘʤʝʪʨʳ ʧʨʦʪʦʥʘ, ʨʝʛʠʩʪʨʠʨʫʝʤʦʛʦ ʩʠʩʪʝʤʦʡ ʂʊʊ.  

ʀʩʩʣʝʜʦʚʘʥʠʷ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʥʘʠʙʦʣʝʝ ʪʦʯʥʳʤ ʷʚʣʷʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʥʠʝ 

ʚʝʣʠʯʠʥʳ ɗFD, ʠʟʤʝʨʷʝʤʦʛʦ ʩʠʩʪʝʤʦʡ FD ʧʦʣʷʨʥʦʛʦ ʫʛʣʘ ʚʳʣʝʪʘ ʫʧʨʫʛʦ 

ʨʘʩʩʝʷʥʥʦʛʦ ʜʝʡʪʨʦʥʘ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʦʩʠ ʧʫʯʢʘ. ʇʨʠ ʵʪʦʤ ʧʨʠʚʦʜʠʪʩʷ ʚ 

ʩʦʦʪʚʝʪʩʪʚʠʝ Em3 (ʠʟʤʝʨʝʥʥʦʝ ʟʥʘʯʝʥʠʝ Eloss ʚ ʪʨʝʪʴʝʤ ʜʝʪʝʢʪʦʨʝ) ʩ Erec3 

(ʨʘʩʯʝʪʥʦʝ ʟʥʘʯʝʥʠʝ Eloss ʪʨʝʪʴʝʛʦ ʜʝʪʝʢʪʦʨʘ, ʦʧʨʝʜʝʣʷʝʤʦʡ ʧʨʠ ʧʦʤʦʱʠ 

ʢʠʥʝʤʘʪʠʯʝʩʢʦʡ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ɗFD). ʉʠʩʪʝʤʘ FD ʦʙʝʩʧʝʯʠʚʘʝʪ ʦʙʣʘʩʪʴ 

 
ʈʠʩʫʥʦʢ 3.21. ʘ) ʂʦʨʨʝʣʷʮʠʷ ʠʟʤʝʨʝʥʠʡ 1-ʛʦ ʠ 2-ʛʦ ʜʝʪʝʢʪʦʨʦʚ ʩ 

ʪʝʦʨʝʪʠʯʝʩʢʦʡ ʢʨʠʚʦʡ, ʙ) ʀʟʤʝʨʝʥʠʝ 2-ʳʤ ʠ 3-ʠʤ ʜʝʪʝʢʪʦʨʦʤ. 
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ʦʧʨʝʜʝʣʝʥʠʷ ɗFD ʦʪ  0Á ʜʦ 8Á ʧʨʠ ʪʦʯʥʦʩʪʠ ʠʟʤʝʨʝʥʠʡ  0.1Á. ʇʨʦʮʝʜʫʨʘ 

ʧʝʨʝʩʯʝʪʘ ɗFD ʚ Erec3 ʙʳʣʘ ʨʝʘʣʠʟʦʚʘʥʘ ʚ ʜʚʘ ʵʪʘʧʘ.  

ɺʦ-ʧʝʨʚʳʭ, ʠʩʧʦʣʴʟʫʷ ʛʝʥʝʨʘʪʦʨ ʩʦʙʳʪʠʡ PLUTO [23], ʙʳʣʦ 

ʩʤʦʜʝʣʠʨʦʚʘʥʦ ʜʦʩʪʘʪʦʯʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʩʦʙʳʪʠʡ ʨʝʘʢʮʠʠ dpŸdp, ʠ ʙʳʣʘ 

ʧʦʣʫʯʝʥʘ ʛʠʩʪʦʛʨʘʤʤʘ ʢʦʨʨʝʣʷʮʠʡ ɗFD ʩ ʚʝʣʠʯʠʥʦʡ ʥʘʯʘʣʴʥʦʡ ʵʥʝʨʛʠʠ 

ʧʨʦʪʦʥʦʚ Eini (ʨʠʩ. 3.22.a). ɼʘʥʥʫʶ ʢʦʨʨʝʣʷʮʠʶ ʭʦʨʦʰʦ ʦʧʠʩʳʚʘʝʪ ʧʦʣʠʥʦʤ 

ʚʪʦʨʦʛʦ ʧʦʨʷʜʢʘ, ʧʦʵʪʦʤʫ ʠʤʝʥʥʦ ʦʥ ʙʳʣ ʧʨʠʥʷʪ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ Eini(ɗFD) 

ʟʘʚʠʩʠʤʦʩʪʠ: 

Eini(ɗFD) = -355.7 + 209.837Ā ɗFD + 929.5469 Ā ɗ
2
FD, [ʢʵɺ] 

ɺʦ-ʚʪʦʨʳʭ, ʧʦ ʘʥʘʣʦʛʠʠ ʩ ʦʧʠʩʘʥʥʦʡ ʚ ʧʦʜʨʘʟʜʝʣʝ 3.3.2 ʧʨʦʮʝʜʫʨʦʡ 

ʙʳʣʠ ʦʧʨʝʜʝʣʝʥʳ ʬʫʥʢʮʠʠ ʜʣʷ ʚʳʯʠʩʣʝʥʠʷ Em3 ʠʟ Eini, ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʜʘʥʥʳʭ ʤʦʜʝʣʠʨʦʚʘʥʠ ̫ʧʘʢʝʪʦʤ SRIM. ʇʨʠ ʥʘʙʦʨʝ ʩʪʘʪʠʩʪʠʯʝʩʢʠʭ ʜʘʥʥʳʭ 

SRIM ʘʟʠʤʫʪʘʣʴʥʳʡ ʫʛʦʣ ű ʧʨʦʪʦʥʘ ʙʝʟ ʦʛʨʘʥʠʯʝʥʠʷ ʦʙʱʥʦʩʪʠ ʙʳʣ ʧʨʠʥʷʪ 

ʨʘʚʥʳʤ ʥʫʣʶ, ʙʳʣʦ ʪʘʢʞʝ ʫʯʪʝʥʦ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʢʠʥʝʤʘʪʠʯʝʩʢʠʤʠ 

ʟʘʚʠʩʠʤʦʩʪʷʤʠ ʚʣʠʷʥʠʝ ʠʟʤʝʥʝʥʠʷ ʟʥʘʯʝʥʠʷ ʧʦʣʷʨʥʦʛʦ ʫʛʣʘ ʧʨʦʪʦʥʘ ɗSTT ʚ 

ʧʨʝʜʝʣʘʭ ʦʙʣʘʩʪʠ ʦʧʨʝʜʝʣʝʥʠʷ. ʇʨʠ ʠʟʫʯʝʥʠʠ ʩʠʛʥʘʣʘ ʦʪ ʪʨʝʪʴʝʛʦ ʜʝʪʝʢʪʦʨʘ 

ʥʘʠʙʦʣʝʝ ʠʥʪʝʨʝʩʥʳʤ ʜʠʘʧʘʟʦʥʦʤ ʠʟʤʝʥʝʥʠʷ Eini ʧʨʦʪʦʥʘ ʷʚʣʷʝʪʩʷ 

ʧʨʦʤʝʞʫʪʦʢ ʦʪ 11 ʄʵɺ ʜʦ ~65 ʄʵɺ. ʅʘ ʨʠʩ. 3.22.ʙ ʩʨʝʜʥʠʝ ʟʥʘʯʝʥʠʷ 

ʢʦʨʨʝʣʷʮʠʠ ʚʝʣʠʯʠʥ Em3 ʠ Eini ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʚʠʜʝ ʪʦʯʝʢ. ʕʪʦʪ ʨʠʩʫʥʦʢ 

ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʚ ʜʘʥʥʦʤ ʜʠʘʧʘʟʦʥʝ ʟʘʚʠʩʠʤʦʩʪʴ Em3(Eini) ʤʦʞʝʪ ʙʳʪʴ ʩ 

ʚʳʩʦʢʦʡ ʪʦʯʥʦʩʪʴʶ ʦʧʠʩʘʥʘ ʧʨʠ ʧʦʤʦʱʠ ʜʚʫʭ ʤʥʦʛʦʯʣʝʥʦʚ (ʦʜʠʥ ʤʥʦʛʦʯʣʝʥ 

ʜʣʷ ʦʩʪʘʥʦʚʣʝʥʥʳʭ ʚ ʜʝʪʝʢʪʦʨʝ ʧʨʦʪʦʥʦʚ, ʦʜʠʥ ʜʣʷ ʧʨʦʣʝʪʥʳʭ ʧʨʦʪʦʥʦʚ).  

ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʧʨʠ ʧʦʣʫʯʝʥʠʠ ʟʥʘʯʝʥʠʷ ʢʘʞʜʳʡ ʨʘʟ ʥʝʦʙʭʦʜʠʤʦ 

ʫʜʝʣʷʪʴ ʦʩʦʙʦʝ ʚʥʠʤʘʥʠʝ ʚʦʟʤʦʞʥʦʤʫ ʩʠʩʪʝʤʘʪʠʯʝʩʢʦʤʫ ʦʪʢʣʦʥʝʥʠʶ. ɼʣʷ 

ʢʘʞʜʦʛʦ ʵʢʩʧʝʨʠʤʝʥʪʘ ʩ ʢʣʘʩʪʝʨʥʦʡ ʤʠʰʝʥʴʶ ʥʝʦʙʭʦʜʠʤʦ ʚʳʙʠʨʘʪʴ ʩʚʦʶ 

ʩʦʙʩʪʚʝʥʥʫʶ ʢʘʣʠʙʨʦʚʢʫ ɗFD.  

ʂʦʨʨʝʣʷʮʠʷ ʧʦʣʫʯʘʝʤʳʭ ʚ ʨʝʟʫʣʴʪʘʪʝ ʚʳʰʝʧʨʠʚʝʜʝʥʥʳʭ ʨʘʩʯʝʪʦʚ 

ʟʥʘʯʝʥʠʡ Em3 ʠ Erec3 ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩ. 3.23. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʩ ʚʳʩʦʢʦʡ 

ʪʦʯʥʦʩʪʴʶ ʵʪʠ ʚʝʣʠʯʠʥʳ ʧʨʷʤʦ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʳ. ɺʚʝʜʝʥʠʝ 

ʢʦʨʨʝʢʪʠʨʫʶʱʝʡ ʣʠʥʝʡʥʦʡ ʬʫʥʢʮʠʠ ʢʦʤʧʝʥʩʠʨʫʝʪ ʨʘʟʥʠʮʫ ʤʝʞʜʫ 

ʥʦʤʠʥʘʣʴʥʳʤ ʠ ʨʝʘʣʴʥʳʤ ʟʥʘʯʝʥʠʝʤ ʵʬʬʝʢʪʠʚʥʦʡ ʚʭʦʜʥʦʡ ʝʤʢʦʩʪʠ 

ʵʣʝʢʪʨʦʥʠʢʠ:  

f() = p0 + p1 Ā Em3, Ceff / Cnominal = p1; 
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ʇʦʩʢʦʣʴʢʫ ʚ ʜʘʥʥʦʡ ʧʨʦʮʝʜʫʨʝ ʧʨʦʪʦʥʥʦʡ ʢʘʣʠʙʨʦʚʢʠ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ 

ʪʦʣʴʢʦ ʯʘʩʪʠʮʳ ʩ Eini ʙʦʣʝʝ 11 ʄʵɺ, ʪʦ ʦʥʠ ʦʜʥʦʚʨʝʤʝʥʥʦ ʦʙʝʩʧʝʯʠʚʘʶʪ 

ʧʦʢʨʳʪʠʝ ʣʠʰʴ ʤʘʣʦʡ ʯʘʩʪʠ ʦʙʣʘʩʪʠ ʦʧʨʝʜʝʣʝʥʠʷ Em1 (ʠʟʤʝʨʝʥʠʝ ʧʝʨʚʦʛʦ 

ʜʝʪʝʢʪʦʨʘ) ʠ Em2 (ʠʟʤʝʨʝʥʠʝ ʚʪʦʨʦʛʦ ʜʝʪʝʢʪʦʨʘ). ʇʦʵʪʦʤʫ ʙʳʣʠ ʨʘʟʨʘʙʦʪʘʥʳ ʠ 

ʧʨʠʤʝʥʝʥʳ ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʧʨʦʮʝʜʫʨʳ ʜʣʷ ʧʨʠʚʝʜʝʥʠʷ ʵʣʝʢʪʨʦʥʥʳʭ 

ʢʘʣʠʙʨʦʚʦʢ Em1 ʠ Em2 ʚ ʩʦʦʪʚʝʪʩʪʚʠʝ ʩ ʘʙʩʦʣʶʪʥʳʤʠ ʟʥʘʯʝʥʠʷʤʠ. 

ʉʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʬʫʥʢʮʠʠ ʢʦʨʨʝʢʮʠʠ ʙʳʣʠ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ ʧʦʣʫʯʝʥʳ ʩ 

ʫʯʝʪʦʤ  ʢʦʨʨʝʣʷʮʠʡ ʤʝʞʜʫ Em3 ʠ Em2 , ʟʘʪʝʤ Em2 ʠ Em1.  

ɺ ʧʝʨʚʦʤ ʩʣʫʯʘʝ, ʘʙʩʦʣʶʪʥʘʷ ʚʝʣʠʯʠʥʘ ʧʦʪʝʨʴ ʵʥʝʨʛʠʠ E2rec ʧʨʦʪʦʥʘ ʚʦ 

ʚʪʦʨʦʤ ʜʝʪʝʢʪʦʨʝ ʙʳʣʘ ʨʝʢʦʥʩʪʨʫʠʨʦʚʘʥʘ ʜʣʷ ʢʘʞʜʦʛʦ ʩʦʙʳʪʠʷ, ʠʩʧʦʣʴʟʫʷ 

ʦʢʦʥʯʘʪʝʣʴʥʦ ʦʪʢʘʣʠʙʨʦʚʘʥʥʳʝ ʠʟʤʝʨʝʥʠʷ Em3 ʠ ʢʠʥʝʤʘʪʠʯʝʩʢʫʶ ʩʚʷʟʴ 

ʤʝʞʜʫ ʟʥʘʯʝʥʠʷʤʠ Em3 ʠ Em2 ʜʣʷ ʫʧʨʫʛʦ ʨʘʩʩʝʷʥʥʳʭ ʧʨʦʪʦʥʦʚ. ʇʦʣʫʯʝʥʥʦʝ 

ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʨʘʟʥʠʮʳ ʤʝʞʜʫ E2rec ʠ ʥʝʩʢʦʨʨʝʢʪʠʨʦʚʘʥʥʳʤ ʟʥʘʯʝʥʠʝʤ Em2 

ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩ. 3.24.a, ʧʦ ʛʦʨʠʟʦʥʪʘʣʴʥʦʡ ʦʩʠ ʥʘ ʵʪʦʡ ʜʚʫʤʝʨʥʦʡ 

ʛʠʩʪʦʛʨʘʤʤʝ ʦʪʣʦʞʝʥʘ ʚʝʣʠʯʠʥʘ Em2. ʅʘ ʜʘʥʥʦʡ ʛʠʩʪʦʛʨʘʤʤʝ ʥʘʙʣʶʜʘʶʪʩʷ 

ʜʚʝ ʠʥʪʝʥʩʠʚʥʳʝ ʦʙʣʘʩʪʠ: ʩʧʨʘʚʘ ʩʦʙʳʪʠʷ ʩ ʦʩʪʘʥʦʚʣʝʥʥʳʤʠ ʚ ʪʨʝʪʴʝʤ 

ʜʝʪʝʢʪʦʨʝ ʧʨʦʪʦʥʘʤʠ, ʩʣʝʚʘ ʩ ʧʨʦʣʝʪʥʳʤʠ ʧʨʦʪʦʥʘʤʠ. ʌʘʢʪʠʯʝʩʢʠʝ ʛʨʘʥʠʮʳ 

ʜʘʥʥʳʭ ʦʙʣʘʩʪʝʡ ʦʧʨʝʜʝʣʷʶʪʩʷ ʩ ʧʦʤʦʱʴʶ dE/E ʤʝʪʦʜʘ ʠʜʝʥʪʠʬʠʢʘʮʠʠ 

ʯʘʩʪʠʮ. ʆʧʨʝʜʝʣʷʝʤʘʷ ʪʘʢʠʤ ʦʙʨʘʟʦʤ ʟʘʚʠʩʠʤʦʩʪʴ ʩʨʝʜʥʝʛʦ ʟʥʘʯʝʥʠʷ 

ʨʘʟʥʠʮʳ Em2-E2rec ʦʪ Em2 ʙʳʣʘ ʦʧʠʩʘʥʘ ʧʨʦʩʪʦʡ ʣʠʥʝʡʥʦʡ ʬʫʥʢʮʠʝʡ. ʊʝʧʝʨʴ 

ʜʣʷ ʦʢʦʥʯʘʪʝʣʴʥʦʡ ʢʦʨʨʝʢʪʠʨʦʚʢʠ ʠʟʤʝʨʝʥʠʷ ʚʪʦʨʦʛʦ ʜʝʪʝʢʪʦʨʘ ʜʦʩʪʘʪʦʯʥʦ 

ʚʳʯʝʩʪʴ ʵʪʫ ʬʫʥʢʮʠʶ ʠʟ ʠʟʤʝʨʝʥʠʷ ʵʥʝʨʛʠʠ Em2. 

 
ʈʠʩʫʥʦʢ 3.22. ʘ) ɿʘʚʠʩʠʤʦʩʪʴ Eini ʦʪ ɗFD (PLUTO) ʧʨʝʜʩʪʘʚʣʝʥʘ ʚ ʚʠʜʝ 

ʟʘʢʨʘʰʝʥʥʦʡ ʛʠʩʪʦʛʨʘʤʤʳ, ʧʦʣʠʥʦʤ ʠʟʦʙʨʘʞʝʥ ʩʧʣʦʰʥʦʡ ʣʠʥʠʝʡ; ʙ) 

ʟʘʚʠʩʠʤʦʩʪʴ Em3 ʦʪ Eini (SRIM) ʧʨʝʜʩʪʘʚʣʝʥʘ ʚ ʚʠʜʝ ʪʦʯʝʢ. ɼʚʝ ʣʠʥʠʠ 

ʦʪʦʙʨʘʞʘʶʪ ʧʦʣʠʥʦʤʠʘʣʴʥʳʝ ʬʫʥʢʮʠʠ ʜʣʷ ʦʧʠʩʘʥʠʷ ʟʘʚʠʩʠʤʦʩʪʠ ʚ ʩʣʫʯʘʝ 

ʦʩʪʘʥʦʚʣʝʥʥʳʭ ʧʨʦʪʦʥʦʚ (ʩʣʝʚʘ) ʠ ʧʨʦʣʝʪʥʳʭ ʧʨʦʪʦʥʦʚ (ʩʧʨʘʚʘ).  
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ɸʥʘʣʦʛʠʯʥʘʷ ʧʨʦʮʝʜʫʨʘ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ Em2/Em1 ʢʦʨʨʝʣʷʮʠʠ ʙʳʣʘ 

ʧʨʦʜʝʣʘʥʘ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʬʫʥʢʮʠʠ ʢʦʨʨʝʢʮʠʠ Em1. ʉʦʦʪʚʝʪʩʪʚʫʶʱʠʡ ʛʨʘʬʠʢ 

ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʩʦʙʳʪʠʡ ʠ ʘʧʧʨʦʢʩʠʤʠʨʫʶʱʘʷ ʝʛʦ ʬʫʥʢʮʠʷ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ 

ʨʠʩ. 3.24.ʙ.  

ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʧʦʣʫʯʝʥʥʘʷ ʜʣʷ ʚʩʝʡ ʦʙʣʘʩʪʠ ʦʧʨʝʜʝʣʝʥʠʷ 

ʧʦʧʨʘʚʢʘ ʠ ʜʣʷ ʧʝʨʚʦʛʦ ʠ ʜʣʷ ʚʪʦʨʦʛʦ ʜʝʪʝʢʪʦʨʘ ʥʝ ʧʨʝʚʳʰʘʝʪ 200 ʢʵɺ.  

 
ʈʠʩʫʥʦʢ 3.23. ʀʟʤʝʨʝʥʠʝ ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʧʦʪʝʨʴ ʧʨʦʪʦʥʘ ʚ Si(Li) 

ʜʝʪʝʢʪʦʨʝ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʨʝʢʦʥʩʪʨʫʠʨʦʚʘʥʥʳʤ ʟʥʘʯʝʥʠʝʤ. ʘ) ʜʣʷ 

ʦʩʪʘʥʦʚʣʝʥʥʳʭ ʧʨʦʪʦʥʦʚ; ʙ) ʜʣʷ ʧʨʦʣʝʪʥʳʭ ʧʨʦʪʦʥʦʚ. 

 
ʈʠʩʫʥʦʢ 3.24. ʈʘʟʥʠʮʘ ʤʝʞʜʫ ʠʟʤʝʨʝʥʥʳʤ ʠ ʨʝʢʦʥʩʪʨʫʠʨʦʚʘʥʥʳʤ 

ʟʥʘʯʝʥʠʝʤ  ʧʦʪʝʨʴ ʚ ʩʨʘʚʥʝʥʠʠ ʩ ʨʝʢʦʥʩʪʨʫʠʨʦʚʘʥʥʳʤ ʟʥʘʯʝʥʠʝʤ. ʃʠʥʠʝʡ 

ʦʙʦʟʥʘʯʝʥʦ ʦʧʠʩʘʥʠʝ ʧʦʣʦʞʝʥʠʷ ʩʨʝʜʥʝʛʦ ʟʥʘʯʝʥʠʷ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʨʘʟʥʠʮʳ. 

ʘ) ʜʣʷ ʚʪʦʨʦʛʦ (300 ʤʢʤ) ʜʝʪʝʢʪʦʨʘ ʪʝʣʝʩʢʦʧʘ; ʙ) ʜʣʷ ʧʝʨʚʦʛʦ (300 ʤʢʤ) 

ʜʝʪʝʢʪʦʨʘ.  
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3.4.3 ʀʟʤʝʨʝʥʠʷ ʠʦʥʠʟʘʮʠʦʥʥʳʭ ʧʦʪʝʨʴ ʚ ʥʝʩʢʦʣʴʢʠʭ ʜʝʪʝʢʪʦʨʘʭ 

ʉʨʘʚʥʝʥʠʝ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʠʦʥʠʟʘʮʠʦʥʥʳʭ ʧʦʪʝʨʴ ʵʥʝʨʛʠʠ ʦʜʥʦʡ 

ʯʘʩʪʠʮʳ ʚ ʨʘʟʥʳʭ ʜʝʪʝʢʪʦʨʘʭ ʦʜʥʦʛʦ ʪʝʣʝʩʢʦʧʘ ʣʝʞʠʪ ʚ ʦʩʥʦʚʝ ʵʬʬʝʢʪʠʚʥʦ 

ʧʨʠʤʝʥʷʝʤʦʛʦ ʜʣʷ ʩʠʩʪʝʤʳ ʂʊʊ [15] ʠʥʩʪʨʫʤʝʥʪʘ ʜʣʷ ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʪʠʧʘ 

ʯʘʩʪʠʮ (ʪʘʢ ʥʘʟʳʚʘʝʤʳʡ dE/E ʤʝʪʦʜ) ʠ ʜʣʷ ʪʝʩʪʘ ʢʦʨʨʝʢʪʥʦʩʪʠ 

ʵʥʝʨʛʝʪʠʯʝʩʢʦʡ ʢʘʣʠʙʨʦʚʢʠ. ʅʘ ʈʠʩʫʥʢʝ 3.25 (ʘ,ʙ) ʠ ʥʘ ʈʠʩʫʥʢʝ 3.26 

ʦʪʦʙʨʘʞʝʥʦ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʩʦʙʳʪʠʡ ʧʦ ʢʦʨʨʝʣʷʮʠʠ ʚʝʣʠʯʠʥ Em1 ʩ Em2, Em1 ʩ 

Em3, Em2 ʩ Em3, ʧʨʠʯʝʤ ʵʪʦ ʩʜʝʣʘʥʦ ʜʣʷ ʨʘʟʥʳʭ ʪʠʧʦʚ ʵʣʝʢʪʨʦʥʠʢʠ 

ʩʯʠʪʳʚʘʥʠʷ. 

 

ʇʦʣʫʯʝʥʥʳʝ ʛʠʩʪʦʛʨʘʤʤʳ ʦʪʨʘʞʘʶʪ, ʩ ʦʜʥʦʡ ʩʪʦʨʦʥʳ, ʚʠʜʠʤʦʝ 

ʨʘʟʣʠʯʝʥʠʝ ʯʘʩʪʠʮ ʧʦ ʪʠʧʘʤ, ʩ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ, ʭʦʨʦʰʝʝ ʩʦʚʧʘʜʝʥʠʝ 

ʧʦʣʫʯʝʥʥʳʭ ʚ ʵʢʩʧʝʨʠʤʝʥʪʝ ʢʦʨʨʝʣʷʮʠʡ ʩ ʪʝʦʨʝʪʠʯʝʩʢʠʤʠ ʧʨʝʜʩʢʘʟʘʥʠʷʤʠ 

(ʤʦʜʝʣʠʨʦʚʘʥʠʝ SRIM ʦʙʦʟʥʘʯʝʥʦ ʩʧʣʦʰʥʳʤʠ ʣʠʥʠʷʤʠ). ʕʪʦ ʛʦʚʦʨʠʪ ʦʙ 

ʵʬʬʝʢʪʠʚʥʦʡ ʨʘʙʦʪʝ ʧʨʝʜʩʪʘʚʣʝʥʥʦʛʦ ʤʝʪʦʜʘ ʘʙʩʦʣʶʪʥʦʡ ʵʥʝʨʛʝʪʠʯʝʩʢʦʡ 

 
ʈʠʩʫʥʦʢ 3.25. ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʩʦʙʳʪʠʡ ʚ ʩʦʧʦʩʪʘʚʣʝʥʠʠ Em1 ʩ Em2 (ʪ.ʥ. 

dE/E ʛʨʘʬʠʢʠ) ʩ ʥʘʣʦʞʝʥʥʳʤʠ ʢʨʠʚʳʤʠ ʪʝʦʨʝʪʠʯʝʩʢʠʭ ʟʘʚʠʩʠʤʦʩʪʝʡ. a) ʜʣʷ 

ʵʣʝʢʪʨʦʥʠʢʠ VA32TA2 ʪʠʧʘ, b) ʜʣʷ MATE3 ʪʠʧʘ, c) ʜʣʷ VA32TA2 ʪʠʧʘ, ʥʦ 

ʵʢʩʧʝʨʠʤʝʥʪʘ c ʢʣʘʩʪʝʨʥʦʡ ʤʠʰʝʥʴʶ. 
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ʢʘʣʠʙʨʦʚʢʠ ʜʣʷ ʵʢʩʧʝʨʠʤʝʥʪʘ ANKE #172 ʩ ʛʘʟʦʚʦʡ ʤʠʰʝʥʴʶ (run #11216-

11388). 

ɸʥʘʣʦʛʠʯʥʳʡ ʩʧʦʩʦʙ ʘʙʩʦʣʶʪʥʦʡ ʢʘʣʠʙʨʦʚʢʠ ʙʳʣ ʧʨʠʤʝʥʝʥ ʜʣʷ ʘʥʘʣʠʟʘ 

ʜʘʥʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʘ ʩ ʪʦʡ ʞʝ ʩʠʩʪʝʤʦʡ ʂʊʊ, ʥʦ ʩ ʢʣʘʩʪʝʨʥʦʡ ʤʠʰʝʥʴʶ (run 

#11018). ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʩʦʙʳʪʠʡ ʧʦ ʢʦʨʨʝʣʷʮʠʠ Em1 ʩ Em2 ʧʨʝʜʩʪʘʚʣʝʥʦ ʥʘ 

ʈʠʩʫʥʢʝ 3.25.c. ɼʘʥʥʳʡ ʛʨʘʬʠʢ ʧʦʢʘʟʳʚʘʝʪ ʭʦʨʦʰʝʝ ʩʦʚʧʘʜʝʥʠʝ ʩ 

ʨʝʟʫʣʴʪʘʪʘʤʠ ʵʢʩʧʝʨʠʤʝʥʪʘ ANKE #172.  

 

ɹʳʣʦ ʧʨʦʚʝʜʝʥʦ ʠʟʫʯʝʥʠʝ ʰʠʨʠʥʳ ʧʨʦʪʦʥʥʦʡ ʧʦʣʦʩʳ ʥʘ ʨʘʩʧʨʝʜʝʣʝʥʠʠ 

Em1 ʩ Em2, ʘ ʪʘʢʞʝ Em2 ʩ Em3. ʅʘ ʨʠʩ. 3.27 ʠ ʨʠʩ. 3.28 ʧʨʝʜʩʪʘʚʣʝʥʳ ʚʝʣʠʯʠʥʳ 

ʰʠʨʠʥʳ (ů) ʜʣʷ ʩʦʙʳʪʠʡ ʩ ʧʨʦʪʦʥʘʤʠ, ʧʨʦʰʝʜʰʠʤʠ ʧʝʨʚʳʡ ʠ ʚʪʦʨʦʡ 

ʜʝʪʝʢʪʦʨ ʪʝʣʝʩʢʦʧʘ ʩ ʦʩʪʘʥʦʚʢʦʡ ʚ ʪʨʝʪʴʝʤ ʜʝʪʝʢʪʦʨʝ.  

 
ʈʠʩʫʥʦʢ 3.26. dE/E ʟʘʚʠʩʠʤʦʩʪʠ ʩ ʥʘʣʦʞʝʥʥʳʤʠ ʪʝʦʨʝʪʠʯʝʩʢʠʤʠ 

ʢʨʠʚʳʤʠ: a)ʩʦʧʦʩʪʘʚʣʝʥʠʝ Em1 ʩ Em3;b)ʩʦʧʦʩʪʘʚʣʝʥʠʝ Em2 ʩ Em3. 

 
ʈʠʩʫʥʦʢ 3.27. ʐʠʨʠʥʘ ʧʨʦʪʦʥʥʦʡ ʧʦʣʦʩʳ ʥʘ ʨʘʩʧʨʝʜʝʣʝʥʠʠ ʩʦʙʳʪʠʡ 

ʧʨʠ ʩʦʧʦʩʪʘʚʣʝʥʠʠ Em1 ʩ Em2, ʵʣʝʢʪʨʦʥʠʢʘ VA32TA2, ʧʨʦʪʦʥʳ ʧʨʦʣʝʪʥʳʝ. 

a)ʕʢʩʧʝʨʠʤʝʥʪ ʩ ʛʘʟʦʚʦʡ ʤʠʰʝʥʴʶ (ANKE #172); b)ʩ ʪʚʝʨʜʦʪʝʣʴʥʦʡ 

ʢʣʘʩʪʝʨʥʦʡ ʤʠʰʝʥʴʶ (run #11018). 
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ɺ ʢʘʯʝʩʪʚʝ ʦʪʢʣʦʥʝʥʠʷ ʜʣʷ ʢʘʞʜʦʛʦ ʦʪʜʝʣʴʥʦʛʦ ʠʟʤʝʨʝʥʠʷ ʙʳʣʘ ʧʨʠʥʷʪʘ 

ʚʝʣʠʯʠʥʘ ʥʘʠʤʝʥʴʰʝʛʦ ʨʘʩʩʪʦʷʥʠʷ ʦʪ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʪʦʯʢʠ ʥʘ ʛʨʘʬʠʢʝ 

ʢʦʨʨʝʣʷʮʠʠ ʜʦ ʪʝʦʨʝʪʠʯʝʩʢʦʡ ʢʨʠʚʦʡ SRIM. ʅʘ ʧʨʘʢʪʠʢʝ ʧʨʦʮʝʜʫʨʘ 

ʠʟʤʝʨʝʥʠʷ ʰʠʨʠʥ ʩʦʦʪʚʝʪʩʪʚʦʚʘʣʦ ʧʦʩʪʨʦʝʥʠʶ ʧʨʦʬʠʣʷ ʨʘʩʧʨʝʜʝʣʝʥʠʷ 

ʩʦʙʳʪʠʡ ʧʦ ʜʘʥʥʦʡ ʢʦʨʨʝʣʷʮʠʠ, ʢʦʪʦʨʳʡ ʧʝʨʧʝʥʜʠʢʫʣʷʨʝʥ ʢʨʠʚʦʡ SRIM. ʂʘʢ 

ʚʠʜʥʦ ʠʟ ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʥʘ ʨʠʩʫʥʢʘʭ ʟʥʘʯʝʥʠʡ, ʰʠʨʠʥʘ ʧʨʦʪʦʥʥʦʡ ʧʦʣʦʩʳ 

ʜʣʷ ʦʙʝʠʭ ʢʦʨʨʝʣʷʮʠʡ ʦʩʪʘʝʪʩʷ ʧʨʘʢʪʠʯʝʩʢʠ ʧʦʩʪʦʷʥʥʦʡ ʚʦ ʚʩʝʡ ʜʦʩʪʫʧʥʦʡ 

ʦʙʣʘʩʪʠ ʠʟʤʝʨʝʥʠʡ ʵʥʝʨʛʠʠ. 

ʅʘʠʤʝʥʴʰʘʷ ʦʧʨʝʜʝʣʝʥʥʘʷ ʪʘʢʠʤ ʦʙʨʘʟʦʤ ʰʠʨʠʥʘ ʧʨʦʪʦʥʥʦʡ ʧʦʣʦʩʳ 

(~90 ʢʵɺ) ʥʘʙʣʶʜʘʣʘʩʴ ʥʘ ʩʦʧʦʩʪʘʚʣʝʥʠʠ Em1 ʩ Em2 , ʜʣʷ ʠʟʤʝʨʝʥʠʡ ʩ 

ʢʣʘʩʪʝʨʥʦʡ ʤʠʰʝʥʴʶ ʧʨʠ ʧʦʤʦʱʠ ʵʣʝʢʪʨʦʥʠʢʠ ʥʘ VA32TA2. ɼʣʷ ʠʟʤʝʨʝʥʠʡ 

ʩ ʪʦʡ ʞʝ ʵʣʝʢʪʨʦʥʠʢʦʡ, ʥʦ ʩ ʛʘʟʦʚʦʡ ʤʠʰʝʥʴʶ ʰʠʨʠʥʘ ʧʨʦʪʦʥʥʦʡ ʧʦʣʦʩʳ 

ʦʢʘʟʘʣʘʩʴ 120 ʢʵɺ, ʘ ʩ MATE3 ʵʣʝʢʪʨʦʥʠʢʦʡ ~150 ʢʵʚ, ʯʪʦ ʧʨʠʙʣʠʟʠʪʝʣʴʥʦ ʚ 

1.3 ʨʘʟʘ ʙʦʣʴʰʝ. ʕʪʦ ʨʘʟʣʠʯʠʝ ʙʳʣʦ ʩʚʷʟʘʥʦ ʩ ʪʝʤ, ʯʪʦ ʨʝʛʫʣʠʨʦʚʢʘ MATE3 

ʵʣʝʢʪʨʦʥʠʢʠ ʙʳʣʘ ʦʧʪʠʤʠʟʠʨʦʚʘʥʘ ʜʣʷ ʠʟʤʝʨʝʥʠʷ ʚʨʝʤʝʥʠ, ʘ ʥʝ ʵʥʝʨʛʠʠ: ʚ 

ʯʘʩʪʥʦʩʪʠ, ʜʠʥʘʤʠʯʝʩʢʠʡ ʜʠʘʧʘʟʦʥ MATE3 ʤʠʢʨʦʩʭʝʤʳ ʙʳʣ ʨʘʩʪʷʥʫʪ ʜʦ 

50 ʄʵɺ. 

ʇʦʣʫʯʝʥʥʳʝ ʟʥʘʯʝʥʠʷ ʰʠʨʠʥʳ ʧʨʦʪʦʥʥʦʡ ʚʝʪʚʠ ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ 

ʜʣʷ ʦʮʝʥʢʠ ʵʥʝʨʛʝʪʠʯʝʩʢʦʛʦ ʨʘʟʨʝʰʝʥʠʷ ʢʘʞʜʦʛʦ ʦʪʜʝʣʴʥʦʛʦ ʜʝʪʝʢʪʦʨʘ, ʘ 

ʪʘʢʞʝ ʜʣʷ ʦʮʝʥʢʠ ʨʘʟʨʝʰʝʥʠʷ ʤʝʪʦʜʘ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʧʝʨʚʦʥʘʯʘʣʴʥʦʡ 

ʵʥʝʨʛʠʠ ʯʘʩʪʠʮʳ Eini ʪʝʣʝʩʢʦʧʦʤ ʚ ʮʝʣʦʤ. ɺʚʝʜʝʤ ʥʝʩʢʦʣʴʢʦ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ 

ʦʙʦʟʥʘʯʝʥʠʡ: ʦʙʦʟʥʘʯʠʤ ʧʦʣʫʯʝʥʥʦʝ ʟʥʘʯʝʥʠʝ ʰʠʨʠʥʳ ʧʨʦʪʦʥʥʦʡ ʚʝʪʚʠ ʥʘ 

ʛʨʘʬʠʢʝ ʢʦʨʨʝʣʷʮʠʠ Em1 ʩ Em2 ʢʘʢ ůu. ʇʫʩʪʴ όὉ ȟὉ  ʬʫʥʢʮʠʷ, 

 
ʈʠʩʫʥʦʢ 3.28. ʐʠʨʠʥʘ ʧʨʦʪʦʥʥʦʡ ʧʦʣʦʩʳ ʥʘ ʨʘʩʧʨʝʜʝʣʝʥʠʠ ʩʦʙʳʪʠʡ, 

ʛʘʟʦʚʘʷ ʤʠʰʝʥʴ. a) ʉʦʧʦʩʪʘʚʣʝʥʠʝ Em1 ʩ Em2, ʵʣʝʢʪʨʦʥʠʢʘ MATE3 ʪʠʧʘ, 

ʧʨʦʪʦʥʳ ʧʨʦʣʝʪʥʳʝ; b) ʉʦʧʦʩʪʘʚʣʝʥʠʝ Em2 ʩ Em3, ʵʣʝʢʪʨʦʥʠʢʘ VA32TA2 

ʪʠʧʘ, ʧʨʦʪʦʥʳ ʦʩʪʘʥʦʚʣʝʥʳ. 
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ʦʧʠʩʳʚʘʶʱʘʷ ʨʘʩʩʪʦʷʥʠʝ ʦʪ ʚʳʙʨʘʥʥʦʡ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʪʦʯʢʠ ʜʦ 

ʪʝʦʨʝʪʠʯʝʩʢʦʡ ʢʨʠʚʦʡ ʥʘ ʵʪʦʤ ʞʝ ʛʨʘʬʠʢʝ. ɼʣʷ ʧʨʦʪʦʥʘ ʦʞʠʜʘʝʤʦʝ ʟʥʘʯʝʥʠʝ 

ʜʘʥʥʦʡ ʬʫʥʢʮʠʠ όὉ ȟὉ  ʧʦ ʦʧʨʝʜʝʣʝʥʠʶ ʨʘʚʥʦ ʥʫʣʶ. ɺʚʝʜʝʤ 

ʦʙʦʟʥʘʯʝʥʠʝ Ὁ  ʜʣʷ ʦʞʠʜʘʝʤʦʛʦ ʟʥʘʯʝʥʠʷ ʠʟʤʝʨʝʥʠʷ ʧʝʨʚʦʛʦ ʜʝʪʝʢʪʦʨʘ 

ʪʝʣʝʩʢʦʧʘ, ʘ Ὁ  ï ʜʣʷ ʚʪʦʨʦʛʦ ʜʝʪʝʢʪʦʨʘ. ʊʦʛʜʘ ʦʪʢʣʦʥʝʥʠʝ ʠʟʤʝʨʝʥʥʦʛʦ 

ʟʥʘʯʝʥʠʷ ʵʪʦʡ ʬʫʥʢʮʠʠ ό ʦʪ ʦʞʠʜʘʝʤʦʛʦ ʟʥʘʯʝʥʠʷ ʩʚʷʟʘʥʦ ʩ ʦʪʢʣʦʥʝʥʠʷʤʠ 

Em1 ʦʪ Ὁ  ʠ Em2 ʦʪ Ὁ  ʢʘʢ: 

ό ό Ὁ  Ὁ Ὁ  Ὁ    (3.6)  

 

ɼʘʥʥʘʷ ʩʚʷʟʴ ʧʨʝʜʧʦʣʘʛʘʝʪ, ʯʪʦ ʢʦʤʙʠʥʘʮʠʷ ʟʥʘʯʝʥʠʡ Ὁ  ʠ Ὁ  

ʥʘʭʦʜʠʪʩʷ ʚʙʣʠʟʠ ʪʦʯʢʠ ʥʘ ʢʨʠʚʦʡ, ʥʘʭʦʜʷʱʝʡʩʷ ʥʘ ʥʘʠʤʝʥʴʰʝʤ ʨʘʩʩʪʦʷʥʠʠ 

ʦʪ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʪʦʯʢʠ. ɺ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʩʪʘʪʠʩʪʠʯʝʩʢʠʡ ʤʦʤʝʥʪ 

ʚʳʨʘʞʝʥʠʷ ό ό  ʨʘʚʝʥ ʚʘʨʠʘʮʠʠ „, ʦʪʩʶʜʘ ʤʦʞʥʦ ʟʘʧʠʩʘʪʴ ʨʘʚʝʥʩʪʚʦ:  

„ ‐ό ό ‐Ὁ  Ὁ Ὁ  Ὁ               (3.7)  

 

ɺ ʜʘʥʥʦʤ ʨʘʚʝʥʩʪʚʝ ʦʪʢʣʦʥʝʥʠʝ Ὁ  Ὁ  ʥʝ ʷʚʣʷʝʪʩʷ ʧʦʣʥʦʩʪʴʶ 

ʥʝʟʘʚʠʩʠʤʳʤ ʦʪ ʦʪʢʣʦʥʝʥʠʷ Ὁ  Ὁ  ʠʟ-ʟʘ ʪʦʛʦ, ʯʪʦ ʚʘʨʠʘʮʠʷ 

ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʧʦʪʝʨʴ ʧʨʦʪʦʥʘ ʚ ʧʝʨʚʦʤ ʜʝʪʝʢʪʦʨʝ ʦʢʘʟʳʚʘʝʪ ʚʣʠʷʥʠʝ ʥʘ 

ʵʥʝʨʛʠʶ ʵʪʦʛʦ ʧʨʦʪʦʥʘ ʚʦ ʚʪʦʨʦʤ ʜʝʪʝʢʪʦʨʝ. ʊʝʤ ʥʝ ʤʝʥʝʝ, ʜʘʥʥʦʝ ʚʣʠʷʥʠʝ 

ʜʣʷ ʧʨʦʪʦʥʦʚ ʩ ʥʘʯʘʣʴʥʦʡ ʵʥʝʨʛʠʝʡ >10 ʄʵɺ ʩʦʩʪʘʚʣʷʝʪ ʤʝʥʝʝ 1%. ʊʘʢʠʤ 

ʦʙʨʘʟʦʤ, ʦʪʢʣʦʥʝʥʠʷ ʚ ʧʨʝʜʝʣʘʭ ʟʘʜʘʥʥʦʡ ʪʦʯʥʦʩʪʠ ʤʦʞʥʦ ʩʯʠʪʘʪʴ 

ʥʝʟʘʚʠʩʠʤʳʤʠ ʠ ʫʨʘʚʥʝʥʠʝ (3.7) ʤʦʞʝʪ ʙʳʪʴ ʧʨʝʜʩʪʘʚʣʝʥʦ ʢʘʢ: 

„ „ „ ,    (3.8) 

 

ʛʜʝ „  ʠ „  ʩʪʘʥʜʘʨʪʥʳʝ ʦʪʢʣʦʥʝʥʠʷ ʠʟʤʝʨʝʥʠʡ ʧʝʨʚʦʛʦ ʠ ʚʪʦʨʦʛʦ 

ʜʝʪʝʢʪʦʨʦʚ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ɼʘʥʥʳʝ ʩʪʘʥʜʘʨʪʥʳʝ ʦʪʢʣʦʥʝʥʠʷ ʚʢʣʶʯʘʶʪ ʚ 

ʩʝʙʷ, ʩ ʦʜʥʦʡ ʩʪʦʨʦʥʳ, ʧʦʛʨʝʰʥʦʩʪʴ ʠʟʤʝʨʝʥʠʷ, ʠ ʩ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ, 

ʬʣʫʢʪʫʘʮʠʠ ʠʦʥʠʟʘʮʠʦʥʥʳʭ ʧʦʪʝʨʴ. ɺ ʜʘʥʥʦʡ ʢʦʥʬʠʛʫʨʘʮʠʠ ʪʝʣʝʩʢʦʧʘ 

ʧʝʨʚʳʡ ʠ ʚʪʦʨʦʡ ʜʝʪʝʢʪʦʨʳ ʙʳʣʠ ʠʜʝʥʪʠʯʥʳ. ʋʯʠʪʳʚʘʷ ʵʪʦ, ʜʣʷ ʩʦʙʳʪʠʡ ʩ 

ʦʩʪʘʥʦʚʣʝʥʥʳʤʠ ʚ ʪʨʝʪʴʝʤ ʜʝʪʝʢʪʦʨʝ ʧʨʦʪʦʥʘʤʠ ʤʦʞʥʦ ʧʦʩʯʠʪʘʪʴ ʚʝʣʠʯʠʥʳ 

ʩʪʘʥʜʘʨʪʥʳʭ ʦʪʢʣʦʥʝʥʠʡ ʨʘʚʥʳʤʠ ʜʨʫʛ ʜʨʫʛʫ:  „ „ . ɼʘʥʥʦʝ 

ʟʘʢʣʶʯʝʥʠʝ ʚ ʢʦʤʙʠʥʘʮʠʠ ʩ ʋʨʘʚʥʝʥʠʝʤ 3.7 ʧʦʟʚʦʣʷʝʪ ʦʧʨʝʜʝʣʠʪʴ ʚʝʣʠʯʠʥʫ 

ʵʪʠʭ ʩʪʘʥʜʘʨʪʥʳʭ ʦʪʢʣʦʥʝʥʠʡ, ʘ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʠ ʨʘʟʨʝʰʝʥʠʷ ʜʝʪʝʢʪʦʨʦʚ: 

„ „ ψυ ̋ ̞.ˏ ʊʘʢʦʚʘ ʦʮʝʥʢʘ ʨʘʟʨʝʰʝʥʠʷ ʜʣʷ ʛʘʟʦʚʦʡ ʤʠʰʝʥʠ, 

ʵʢʩʧʝʨʠʤʝʥʪ ANKE #172, ʜʣʷ ʢʣʘʩʪʝʨʥʦʡ  ʤʠʰʝʥʠ ʨʘʟʨʝʰʝʥʠʝ „ „

φτ ̋ ̞ˏ.  
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ɿʥʘʷ ʚʝʣʠʯʠʥʫ „  ʠ ʧʨʦʚʝʜʷ ʘʥʘʣʦʛʠʯʥʫʶ ʚʳʰʝʦʧʠʩʘʥʥʦʡ ʧʨʦʮʝʜʫʨʫ ʩ 

ʩʦʧʦʩʪʘʚʣʝʥʠʝʤ Em2 ʠ Em3, ʤʦʞʥʦ ʦʮʝʥʠʪʴ ʚʝʣʠʯʠʥʫ ʩʪʘʥʜʘʨʪʥʦʛʦ ʦʪʢʣʦʥʝʥʠʷ 

„ : 

„ „ „ ρςυ ˙̞  ˏ (3.9) 

 

ʇʨʠ  ʨʘʩʯʝʪʝ ʙʳʣʦ ʥʘʣʦʞʝʥʦ ʪʨʝʙʦʚʘʥʠʝ Eini>10 ʄʵɺ, ʯʪʦʙʳ ʦʙʝʩʧʝʯʠʪʴ 

ʥʝʟʘʚʠʩʠʤʦʩʪʴ ʦʪʢʣʦʥʝʥʠʷὉ  Ὁ  ʦʪ Ὁ  Ὁ .  

ʊʝʧʝʨʴ ʤʦʞʥʦ ʧʝʨʝʡʪʠ ʢ ʦʮʝʥʢʝ „ , ʚʝʣʠʯʠʥʳ ʩʪʘʪʠʩʪʠʯʝʩʢʦʡ 

ʧʦʛʨʝʰʥʦʩʪʠ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʚʝʣʠʯʠʥʳ Eini ʧʦ ʜʘʥʥʳʤ ʦʪ ʚʩʝʭ ʜʝʪʝʢʪʦʨʦʚ 

ʪʝʣʝʩʢʦʧʘ. ʉʣʝʜʫʝʪ  ʧʨʠʥʷʪ ɹʚʦ ʚʥʠʤʘʥʠʝ:  

¶ ʚʝʣʠʯʠʥʫ ʵʥʝʨʛʝʪʠʯʝʩʢʦʛʦ ʩʪʨʝʛʛʣʠʥʛʘ (ʪ.ʝ. ʬʣʫʢʪʫʘʮʠʡ 

ʠʦʥʠʟʘʮʠʦʥʥʳʭ ʧʦʪʝʨʴ ʧʨʦʪʦʥʘ) ʚ ʩʪʝʥʢʝ ʥʘʢʦʧʠʪʝʣʴʥʦʡ ʷʯʝʡʢʠ 

ʛʘʟʦʚʦʡ ʤʠʰʝʥʠ, ʧʦʩʢʦʣʴʢʫ ʦʥʘ ʥʝ ʚʭʦʜʠʪ ʚ ʚʝʣʠʯʠʥʳ „ , „ , ʠ 

„ . ɺʝʣʠʯʠʥʘ „ ʩʦʩʪʘʚʣʷʝʪ ʦʢʦʣʦ 17 ʢʵɺ ʜʣʷ ʦʩʪʘʥʦʚʣʝʥʥʳʭ 

ʧʨʦʪʦʥʦʚ, ʩʦʛʣʘʩʥʦ ʊʘʙʣʠʮʝ 3.2.  

¶ ʧʝʨʝʨʘʩʧʨʝʜʝʣʝʥʠʝ ʵʥʝʨʛʠʠ ʚ ʨʝʟʫʣʴʪʘʪʝ ʩʪʨʝʛʛʣʠʥʛʘ ʚʥʫʪʨʠ 

ʯʫʚʩʪʚʠʪʝʣʴʥʳʭ ʟʦʥ ʜʝʪʝʢʪʦʨʦʚ ʜʘʝʪ ʚʢʣʘʜ ʚ ʚʝʣʠʯʠʥʳ „ , „ , ʠ 

„ , ʥʦ ʥʘ „  ʚʣʠʷʥʠʝ ʥʝ ʦʢʘʟʳʚʘʝʪ.  

ɼʣʷ ʦʩʪʘʥʦʚʣʝʥʥʳʭ ʚ ʪʨʝʪʴʝʤ ʜʝʪʝʢʪʦʨʝ ʧʨʦʪʦʥʦʚ (ʩ ʵʥʝʨʛʠʝʡ Eini ʦʪ 14 

ʜʦ 60 ʄʵɺ) ʟʥʘʯʝʥʠʷ ʩʪʨʝʛʛʣʠʥʛʘ ʜʣʷ ʧʝʨʚʦʛʦ ʜʝʪʝʢʪʦʨʘ („ )ʠ ʜʣʷ 

ʚʪʦʨʦʛʦ ʜʝʪʝʢʪʦʨʘ („ ) ʧʨʠʙʣʠʟʠʪʝʣʴʥʦ ʨʘʚʥʳ 55 ʢʵɺ. ɺʝʣʠʯʠʥʘ 

„ ʤʦʞʝʪ ʙʳʪʴ ʨʘʩʩʯʠʪʘʥʘ ʚ ʵʪʦʤ ʩʣʫʯʘʝ ʢʘʢ:  

„ „ „ „ „ „ „  =155 ʄʵɺ     (3.10)  

ɺ ʩʦʙʳʪʠʷʭ, ʢʦʛʜʘ ʧʨʦʪʦʥ ʠʤʝʣ ʥʘʯʘʣʴʥʫʶ ʵʥʝʨʛʠʶ Eini  ʚ ʜʠʘʧʘʟʦʥʝ ʦʪ 7 

ʜʦ 10 ʄʵɺ, ʦʥ ʦʩʪʘʥʘʚʣʠʚʘʣʩʷ ʚʦ ʚʪʦʨʦʤ ʜʝʪʝʢʪʦʨʝ.  ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʚʝʣʠʯʠʥʘ 

„  ʤʦʞʝʪ ʙʳʪʴ ʨʘʩʩʯʠʪʘʥʘ  ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ:  

„ „ „ „ „ „    ωυ ̠ ̞ ˏ        σȢρρ 

ʋʨʘʚʥʝʥʠʝ 3.12 ʤʦʞʝʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʦ ʜʣʷ ʨʘʩʯʝʪʘ „  ʧʨʦʪʦʥʦʚ, 

ʦʩʪʘʥʦʚʣʝʥʥʳʭ ʚ ʧʝʨʚʦʤ ʜʝʪʝʢʪʦʨʝ:  

„ „ „  = 67 [ʂʵɺ]                              (3.12) 

ʆʜʥʘʢʦ ʩʣʝʜʫʝʪ ʩʨʘʟʫ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʠʟʤʝʨʝʥʠʝ ʦʜʥʠʤ ʣʠʰʴ ʧʝʨʚʳʤ 

ʜʝʪʝʢʪʦʨʦʤ ʩʠʣʴʥʦ ʟʘʪʨʫʜʥʝʥʦ ʥʘʣʠʯʠʝʤ ʟʥʘʯʠʪʝʣʴʥʦʛʦ ʥʝ ʦʪʩʝʯʸʥʥʦʛʦ ʬʦʥʘ, 

ʧʦʩʢʦʣʴʢʫ ʥʝʧʨʠʤʝʥʠʤʳ ʢʨʠʪʝʨʠʠ ʦʪʩʝʯʝʥʠʷ ʧʦ ʪʨʝʢʫ ʯʘʩʪʠʮʳ, ʘ ʪʘʢʞʝ 

ʢʨʠʪʝʨʠʠ ʧʦ ʩʨʘʚʥʝʥʠʶ ʵʥʝʨʛʦʚʳʜʝʣʝʥʠʷ ʚ ʜʨʫʛʠʭ ʜʝʪʝʢʪʦʨʘʭ.  
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ʋʨʘʚʥʝʥʠʝ 3.5 ʤʦʞʝʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʦ ʜʣʷ ʦʮʝʥʢʠ ʧʦʛʨʝʰʥʦʩʪʠ 

ʠʟʤʝʨʝʥʠʷ ʜʣʷ ʧʨʦʪʦʥʦʚ, ʧʨʦʣʝʪʝʚʰʠʭ ʚʩʝ ʪʨʠ ʜʝʪʝʢʪʦʨʘ. ʉʪʘʥʜʘʨʪʥʦʝ 

ʦʪʢʣʦʥʝʥʠʝ  ʚ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦ ʧʨʠʨʘʱʝʥʠʶ Eini ʧʨʠ 

ʧʨʠʨʘʱʝʥʠʠ ʩʫʤʤʳ ʠʟʤʝʨʝʥʥʳʭ ʧʦʪʝʨʴ ʵʥʝʨʛʠʠ: , ʟʥʘʯʝʥʠʝ 

ʢʦʪʦʨʦʛʦ ʣʝʞʠʪ  ʚ ʦʙʣʘʩʪʠ 1 õ 4 ʄʵɺ ʜʣʷ  Eini ʚ ʜʠʘʧʘʟʦʥʝ ʦʪ 34 ʜʦ 65 ʄʵɺ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, „ ḙ270 ʢʵɺ ʜʣʷ ʧʨʦʪʦʥʦʚ ʩ Eini ʨʘʚʥʳʤ 34 ʄʵɺ ʠ 

„ ḙ1.1 ʄʵɺ ʜʣʷ ʧʨʦʪʦʥʦʚ ʩ Eini ʨʘʚʥʳʤ 65 ʄʵɺ.  

ɺ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʡ ʚ ʜʘʥʥʦʡ ʛʣʘʚʝ ʦʙʣʘʩʪʠ ʦʧʨʝʜʝʣʝʥʠʷ Eini ʩʫʱʝʩʪʚʫʶʪ 

ʪʨʠ ʥʝʙʦʣʴʰʠʭ ʧʨʦʤʝʞʫʪʢʘ, ʚ ʢʦʪʦʨʳʭ ʟʥʘʯʠʪʝʣʴʥʦ ʫʚʝʣʠʯʠʚʘʝʪʩʷ 

ʥʝʦʧʨʝʜʝʣʝʥʥʦʩʪʴ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʵʥʝʨʛʠʠ ʧʨʦʪʦʥʦʚ, ʘ ʠʤʝʥʥʦ ʵʪʦ 

ʧʨʦʤʝʞʫʪʢʠ ʦʪ 6 ʜʦ 7 ʄʵɺ, ʦʪ 10 ʜʦ 11 ʄʵɺ,  ʠ ʦʪ 32 ʜʦ 34 ʄʵɺ. ʇʨʦʪʦʥʳ 

ʫʧʦʤʷʥʫʪʳʭ ʥʘʯʘʣʴʥʳʭ ʵʥʝʨʛʠʡ ʦʩʪʘʥʘʚʣʠʚʘʶʪʩʷ ʣʠʙʦ ʚ ʤʝʨʪʚʳʭ ʩʣʦʷʭ ʥʘ 

ʧʦʚʝʨʭʥʦʩʪʠ ʢʘʢʦʛʦ-ʥʠʙʫʜʴ ʜʝʪʝʢʪʦʨʘ, ʣʠʙʦ ʚ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʡ ʙʣʠʟʦʩʪʠ ʢ 

ʥʠʤ (10õ20 ʤʢʤ). ɺ ʨʝʟʫʣʴʪʘʪʝ ʚʦʟʨʘʩʪʘʝʪ ʚʣʠʷʥʠʝ ʵʥʝʨʛʝʪʠʯʝʩʢʦʛʦ ʠ 

ʫʛʣʦʚʦʛʦ ʩʪʨʝʛʛʣʠʥʛʘ, ʧʦʷʚʣʝʥʠʝ ʚʦʟʤʦʞʥʦʡ ʥʝ ʜʝʪʝʢʪʠʨʫʝʤʦʡ ʯʘʩʪʠ ʪʨʝʢʘ 

ʧʨʦʪʦʥʘ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʧʝʨʝʜ ʝʛʦ ʦʩʪʘʥʦʚʢʦʡ ʧʦʚʳʰʘʝʪ ʥʝʦʧʨʝʜʝʣʝʥʥʦʩʪʴ 

ʧʨʠ ʚʦʩʩʪʘʥʦʚʣʝʥʠʠ ʩʢʨʳʪʳʭ ʧʦʪʝʨʴ ʵʥʝʨʛʠʠ (ʧʦʩʣʝʜʥʠʝ 3 ʤʢʤ ʪʨʝʢʘ ʚʥʦʩʷʪ 

ʥʝʦʧʨʝʜʝʣʝʥʥʦʩʪʴ ʦʢʦʣʦ 300 ʢʵɺ). ʂʨʦʤʝ ʪʦʛʦ, ʧʦʪʝʨʠ ʵʥʝʨʛʠʠ ʪʘʢʦʛʦ 

ʧʨʦʪʦʥʘ ʚ ʯʫʚʩʪʚʠʪʝʣʴʥʦʡ ʟʦʥʝ ʦʜʥʦʛʦ ʠʟ ʜʝʪʝʢʪʦʨʦʚ ʤʦʛʫʪ ʦʢʘʟʘʪʴʩʷ ʥʠʞʝ 

ʧʦʨʦʛʘ ʩʨʘʙʘʪʳʚʘʥʠʷ ʵʣʝʢʪʨʦʥʠʢʠ ʩʯʠʪʳʚʘʥʠʷ. ʇʦʵʪʦʤʫ ʙʳʣʦ ʧʨʦʚʝʜʝʥʦ 

ʩʧʝʮʠʘʣʴʥʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ, ʯʪʦʙʳ ʫʩʪʘʥʦʚʠʪʴ ʧʦʨʦʛ ʢʘʢ ʤʦʞʥʦ ʥʠʞʝ, ʥʘ 

ʫʨʦʚʥʝ ʦʪ 50 ʜʦ 100 ʢʵɺ. ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʧʨʠʚʝʜʝʥʥʳʤʠ ʙʳʩʪʨʳʤʠ 

ʦʮʝʥʢʘʤʠ, ʨʘʟʨʝʰʝʥʠʝ (ů) ʧʨʠ ʠʟʤʝʨʝʥʠʷʭ ʵʥʝʨʛʠʠ ʚ ʵʪʠʭ ʪʘʢ ʥʘʟʳʚʘʝʤʳʭ 

"ʟʦʥʘʭ ʨʘʟʤʳʪʠʷ" ʩʦʩʪʘʚʣʷʝʪ ʧʦʨʷʜʢʘ 400 ʢʵɺ.  

3.4.4 ʇʨʦʚʝʨʢʘ ʤʝʪʦʜʘ ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʯʘʩʪʠʮ 

ɻʠʩʪʦʛʨʘʤʤʳ ʩʨʘʚʥʝʥʠʷ ʠʦʥʠʟʘʮʠʦʥʥʳʭ ʧʦʪʝʨʴ ʚ ʨʘʟʥʳʭ ʜʝʪʝʢʪʦʨʘʭ 

ʧʦʟʚʦʣʷʶʪ ʭʦʨʦʰʦ ʨʘʟʜʝʣʠʪʴ ʧʨʦʪʦʥʳ, ʜʝʡʪʨʦʥʳ, ʚʦʟʤʦʞʥʦ, ʠ ʪʨʠʪʦʥʳ (ʨʠʩ. 

3.25 ʠ 3.26). ɼʣʷ ʯʝʪʢʦʛʦ ʬʦʨʤʘʣʴʥʦʛʦ ʨʘʟʜʝʣʝʥʠʷ ʯʘʩʪʠʮ ʧʦ ʪʠʧʘʤ ʙʳʣ 

ʚʳʙʨʘʥ ʪʘʢ ʥʘʟʳʚʘʝʤʳʡ PID (ʠʣʠ ЎὼȾ‌) ʢʨʠʪʝʨʠʡ, ʦʩʥʦʚʘʥʥʳʡ ʥʘ 

ʵʤʧʠʨʠʯʝʩʢʦʤ ʧʨʘʚʠʣʝ, ʯʪʦ ʜʣʷ ʩʨʘʚʥʠʪʝʣʴʥʦ ʪʷʞʝʣʦʡ ʠ ʤʝʜʣʝʥʥʦʡ ʯʘʩʪʠʮʳ 

ʩʨʝʜʥʷʷ ʜʣʠʥʘ ʝʝ ʧʨʦʙʝʛʘ ʚ ʚʝʱʝʩʪʚʝ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʘ ʚʝʣʠʯʠʥʝ ʝʝ 

ʥʘʯʘʣʴʥʦʡ ʢʠʥʝʪʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ, ʚ ʩʪʝʧʝʥʠ 1.76Ñ0.01 [19]. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, 

ʵʬʬʝʢʪʠʚʥʘʷ ʪʦʣʱʠʥʘ ʩʣʦʷ ʥʝʢʦʪʦʨʦʛʦ ʚʝʱʝʩʪʚʘ Ўὼ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʘ 

ʨʘʟʥʠʮʝ ʤʝʞʜʫ ʚʝʣʠʯʠʥʘʤʠ Ὁ ЎὉ Ȣ ʠ ὉȢ , ʛʜʝ Ὁ ʵʪʦ ʵʥʝʨʛʠʷ ʯʘʩʪʠʮʳ 

ʧʨʠ ʚʳʣʝʪʝ ʠʟ ʜʘʥʥʦʛʦ ʩʣʦʷ, ʘ Ὁ ЎὉ ʵʥʝʨʛʠʷ ʚ ʤʦʤʝʥʪ ʧʦʧʘʜʘʥʠʷ ʯʘʩʪʠʮʳ 

ʚ ʜʘʥʥʳʡ ʩʣʦʡ. ʏʪʦ ʢʘʩʘʝʪʩʷ ʢʦʵʬʬʠʮʠʝʥʪʘ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦʩʪʠ - ‌, ʪʦ ʦʥ 

ʟʘʚʠʩʠʪ ʦʪ ʚʝʱʝʩʪʚʘ ʩʣʦʷ, ʘ ʠʟ ʧʘʨʘʤʝʪʨʦʚ ʧʦʧʘʜʘʶʱʠʭ ʯʘʩʪʠʮ ʠʛʨʘʶʪ ʨʦʣʴ 
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ʪʦʣʴʢʦ ʩʦʦʪʥʦʰʝʥʠʝ ʠʭ ʤʘʩʩ ʠ ʟʘʨʷʜʦʚ.  ɽʩʣʠ ʚʝʣʠʯʠʥʫ PID (ʠʩʧʦʣʴʟʫʷ 

ʠʟʤʝʨʝʥʥʳʝ ʟʥʘʯʝʥʠʷ Ὁ ,  Ὁ   ʠ Ὁ ) ʨʘʩʩʯʠʪʘʪʴ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: 

ὖὍὈὉ ȟὉ ЎὼȾ‌ Ὁ Ὁ Ȣ Ὁ Ȣ , 

ʪʦ ʵʪʘ ʚʝʣʠʯʠʥʘ ʙʫʜʝʪ ʠʤʝʪʴ ʦʜʥʦ ʠ ʪʦ ʞʝ ʟʥʘʯʝʥʠʝ ʜʣʷ ʚʩʝʭ ʦʩʪʘʥʦʚʣʝʥʥʳʭ 

ʚʦ ʚʪʦʨʦʤ ʜʝʪʝʢʪʦʨʝ ʯʘʩʪʠʮ ʦʜʥʦʛʦ ʪʠʧʘ (ʩʦʦʪʥʦʰʝʥʠʷ ʤʘʩʩʳ ʠ ʟʘʨʷʜʘ). ɽʩʣʠ 

ʚʝʣʠʯʠʥʘ PID ʨʘʩʩʯʠʪʘʥʘ ʢʘʢ:  

ὖὍὈὉ ȟὉ Ὁ Ὁ Ȣ Ὁ Ȣ , 

ʪʦ ʦʥʘ ʙʫʜʝʪ ʠʤʝʪʴ ʦʧʨʝʜʝʣʝʥʥʦʝ ʧʦʩʪʦʷʥʥʦʝ ʟʥʘʯʝʥʠʝ ʜʣʷ ʚʩʝʭ  ʯʘʩʪʠʮ 

ʦʜʥʦʛʦ ʪʠʧʘ, ʦʩʪʘʥʦʚʣʝʥʥʳʭ ʚ ʪʨʝʪʴʝʤ ʜʝʪʝʢʪʦʨʝ ʪʝʣʝʩʢʦʧʘ ʂʊʊ, ʯʪʦ 

ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩ. 3.29 ʠ ʨʠʩ. 3.30.  

 

ʅʝ ʦʩʪʘʥʦʚʠʚʰʠʝʩʷ ʚ ʜʝʪʝʢʪʦʨʘʭ ʯʘʩʪʠʮʳ ʪʘʢʞʝ ʤʦʛʫʪ ʙʳʪʴ ʯʝʪʢʦ 

ʠʜʝʥʪʠʬʠʮʠʨʦʚʘʥʳ, ʦʪʥʦʩʷʱʠʝʩʷ ʩ ʥʠʤ ʩʦʙʳʪʠʷ ʥʘʙʣʶʜʘʶʪʩʷ ʚ ʨʠʩʫʥʢʘʭ ʥʘ 

ʥʘʢʣʦʥʥʦʡ ʧʦʣʦʩʝ. ʀʤʝʶʱʠʝ ʨʘʟʥʦʝ ʩʦʦʪʥʦʰʝʥʠʝ ʟʘʨʷʜʘ ʠ ʤʘʩʩʳ ʧʨʦʪʦʥʳ ʠ 

 
ʈʠʩʫʥʦʢ 3.29. ʘ) ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʩʦʙʳʪʠʡ ʧʦ ʚʝʣʠʯʠʥʝ 0)$Ὁ ȟὉ  ʚ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʟʥʘʯʝʥʠʷ Ὁ ; ʙ) ʧʨʦʝʢʮʠʷ ʛʨʘʬʠʢʘ ʩʣʝʚʘ ʚʜʦʣʴ ʦʩʠ Ὁ  ʜʣʷ 

ʟʥʘʯʝʥʠʡ Ὁ  ʦʪ 0 ʜʦ 20 ʄʵɺ. 

 
ʈʠʩʫʥʦʢ 3.30: ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʩʦʙʳʪʠʡ ʧʦ ʚʝʣʠʯʠʥʝ 
0)$% ȟ%  ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʟʥʘʯʝʥʠʷ % . 

 
 

ʈʠʩʫʥʦʢ 3.31. ɿʘʚʠʩʠʤʦʩʪʴ ʨʘʟʨʝʰʘʶʱʝʡ ʩʧʦʩʦʙʥʦʩʪʠ ʤʝʞʜʫ ʧʠʢʘʤʠ ʜʝʡʪʨʦʥʦʚ, 

ʧʨʦʪʦʥʦʚ ʠ ʧʨʦʣʝʪʥʳʭ ʯʘʩʪʠʮ ʥʘ PID ʛʨʘʬʠʢʝ ʦʪ Em3. 



 

69 

 

ʜʝʡʪʨʦʥʳ ʥʘʜʝʞʥʦ ʨʘʟʜʝʣʷʶʪʩʷ ʧʦ ʬʦʨʤʘʣʴʥʦʤʫ ʧʨʠʟʥʘʢʫ ʧʦʧʘʜʘʥʠʷ 

ʚʝʣʠʯʠʥʳ PID ʚ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʡ ʜʠʘʧʘʟʦʥ ʟʥʘʯʝʥʠʡ. ʇʨʦʝʢʮʠʷ PID ʛʨʘʬʠʢʘ 

ʟʘʚʠʩʠʤʦʩʪʠ ὖὍὈὉ ȟὉ  ʦʪ Ὁ  ʚʜʦʣʴ ʦʩʠ Ὁ  ʧʦʢʘʟʳʚʘʝʪ (ʨʠʩ. 3.29.ʙ), 

ʯʪʦ ʨʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʧʦʣʦʩʘʤʠ ʦʩʪʘʥʦʚʣʝʥʥʳʭ ʧʨʦʪʦʥʦʚ ʠ ʜʝʡʪʨʦʥʦʚ 

ʩʦʩʪʘʚʣʷʝʪ ʙʦʣʝʝ 3ů. ʅʘ ʨʠʩ. 3.31 ʧʦʢʘʟʘʥʘ ʟʘʚʠʩʠʤʦʩʪʴ ʨʘʟʨʝʰʘʶʱʝʡ 

ʩʧʦʩʦʙʥʦʩʪʠ ʤʝʞʜʫ ʧʦʣʦʩʘʤʠ ʜʝʡʪʨʦʥʦʚ, ʧʨʦʪʦʥʦʚ ʠ ʧʨʦʣʝʪʥʳʭ ʯʘʩʪʠʮ ʦʪ 

ʟʥʘʯʝʥʠʷ Ὁ . ʇʦʜ ʨʘʟʨʝʰʘʶʱʝʡ ʩʧʦʩʦʙʥʦʩʪʴʶ ʚ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʧʦʥʠʤʘʣʦʩʴ 

ʨʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʩʨʝʜʠʥʥʳʤʠ ʟʥʘʯʝʥʠʷʤʠ ʧʦʣʦʩ, ʩʨʝʜʠʥʥʳʝ ʟʥʘʯʝʥʠʷ 

ʧʦʣʫʯʝʥʳ ʘʧʧʨʦʢʩʠʤʘʮʠʝʡ ʬʫʥʢʮʠʝʡ ɻʘʫʩʩʘ ʨʘʩʧʨʝʜʝʣʝʥʠʡ ʩʦʙʳʪʠʡ ʥʘ 

ʛʠʩʪʦʛʨʘʤʤʝ ʨʠʩ. 3.29.a. ʈʘʩʩʪʦʷʥʠʷ ʙʳʣʠ ʚʳʨʘʞʝʥʳ ʚ ʪʝʨʤʠʥʘʭ ʰʠʨʠʥʳ 

ʧʦʣʦʩʳ (ů ʬʫʥʢʮʠʠ ɻʘʫʩʩʘ) ʜʣʷ ʢʘʞʜʦʛʦ ʪʝʢʫʱʝʛʦ ʟʥʘʯʝʥʠʷ Ὁ .  

ɺ ʥʘʰʝʤ ʩʣʫʯʘʝ, PID ʤʝʪʦʜ ʦʙʝʩʧʝʯʠʚʘʝʪ ʦʯʝʥʴ ʧʨʦʩʪʦʡ ʠ ʥʘʜʝʞʥʳʡ 

ʢʨʠʪʝʨʠʡ ʜʣʷ ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʦʩʪʘʥʦʚʣʝʥʥʳʭ ʧʨʦʪʦʥʦʚ ʠ ʜʝʡʪʨʦʥʦʚ, ʘ ʪʘʢʞʝ 

ʬʘʢʪʘ ʧʨʦʣʝʪʘ ʯʘʩʪʠʮʳ ʚʩʝʭ ʜʝʪʝʢʪʦʨʦʚ. ʀʤʝʥʥʦ ʵʪʦʪ ʢʨʠʪʝʨʠʡ ʙʳʣ 

ʧʨʠʤʝʥʝʥ ʜʣʷ ʪʝʢʫʱʝʛʦ ʘʥʘʣʠʟʘ.  

 

3.4.5 ʄʝʪʦʜ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʥʘʯʘʣʴʥʦʡ ʵʥʝʨʛʠʠ ʧʨʦʜʫʢʪʦʚ ʨʝʘʢʮʠʡ 

ɼʣʷ ʪʦʛʦ ʯʪʦʙʳ ʦʧʨʝʜʝʣʠʪʴ ʨʘʙʦʯʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʤʝʪʦʜʘ 

ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʥʘʯʘʣʴʥʦʡ ʢʠʥʝʪʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ, ʧʦʣʫʯʝʥʥʳʝ ʟʥʘʯʝʥʠʷ 

ʩʨʘʚʥʠʚʘʣʠʩʴ ʩ ʪʝʦʨʝʪʠʯʝʩʢʠʤʠ ʧʨʝʜʩʢʘʟʘʥʠʷʤʠ, ʧʦʣʫʯʝʥʥʳʤʠ ʧʨʠ ʧʦʤʦʱʠ 

ʠʥʬʦʨʤʘʮʠʠ ʦ ʪʨʝʢʘʭ ʧʨʦʜʫʢʪʦʚ ʦʧʦʨʥʦʡ ʨʝʘʢʮʠʠ ʫʧʨʫʛʦʛʦ ʨʘʩʩʝʷʥʠʷ. 

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʨʝʘʢʮʠʠ ὨὴO Ὠὴ ʫʜʦʙʥʦ ʪʝʤ, ʯʪʦ ʵʥʝʨʛʠʷ 

ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʥʦʛʦ ʚ ʂʊʊ ʧʨʦʪʦʥʘ ʢʠʥʝʤʘʪʠʯʝʩʢʠ ʞʝʩʪʢʦ ʩʚʷʟʘʥʘ ʢʘʢ c ʝʛʦ 

ʧʦʣʷʨʥʳʤ ʫʛʣʦʤ ʚʳʣʝʪʘ — , ʪʘʢ ʠ ʩ ʫʛʣʦʤ ʚʳʣʝʪʘ ʜʝʡʪʨʦʥʘ — , ʥʝʟʘʚʠʩʠʤʦ 

ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʥʦʛʦ ʩʠʩʪʝʤʦʡ  FD ANKE. ʅʘ ʨʠʩ. 3.32.a ʧʨʝʜʩʪʘʚʣʝʥʳ 

ʜʘʥʥʳʝ ʢʦʨʨʝʣʷʮʠʠ, ʢʘʢ ʧʦʣʫʯʝʥʥʳʝ ʚ ʨʝʟʫʣʴʪʘʪʝ ʵʢʩʧʝʨʠʤʝʥʪʘ, ʪʘʢ ʠ 

ʪʝʦʨʝʪʠʯʝʩʢʠʝ ʢʨʠʚʳʝ. ʇʨʦʮʝʜʫʨʘ ʦʧʨʝʜʝʣʝʥʠʷ ʫʛʣʘ —  ʦʧʠʩʘʥʘ ʚ ɻʣʘʚʝ 5. 
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ʈʠʩʫʥʦʢ 3.32. ʂʦʨʨʝʣʷʮʠʠ ʵʥʝʨʛʠʠ Ὁ  ʩ ʧʦʣʷʨʥʳʤʠ ʫʛʣʘʤʠ ʫʧʨʫʛʦ 

ʨʘʩʩʝʷʥʥʳʭ ʯʘʩʪʠʮ: ʘ) ʧʨʦʪʦʥʦʚ, ʠʟʤʝʨʝʥʠʝ ʂʊʊ; ʙ) ʜʝʡʪʨʦʥʦʚ, ʥʝʟʘʚʠʩʠʤʦʝ 

ʠʟʤʝʨʝʥʠʝ ʜʝʪʝʢʪʦʨʦʤ FD ANKE. ʂʨʠʚʳʤʠ ʧʦʢʘʟʘʥʳ ʪʝʦʨʝʪʠʯʝʩʢʠʝ 

ʟʘʚʠʩʠʤʦʩʪʠ. ɼʚʦʡʥʳʤʠ ʪʦʥʢʠʤʠ ʣʠʥʠʷʤʠ ʨʘʟʜʝʣʝʥʳ ʦʙʣʘʩʪʠ ʜʣʷ 

ʦʩʪʘʥʦʚʣʝʥʥʳʭ ʠ ʧʨʦʣʝʪʥʳʭ ʧʨʦʪʦʥʦʚ. 

 
ʍʦʨʦʰʝʝ ʩʦʦʪʚʝʪʩʪʚʠʝ ʧʦʜʪʚʝʨʞʜʘʝʪ ʢʦʨʨʝʢʪʥʦʩʪʴ ʨʘʙʦʪʳ ʤʝʪʦʜʘ ʢʘʢ 

ʜʣʷ ʦʩʪʘʥʦʚʠʚʰʠʭʩʷ ʚ ʜʝʪʝʢʪʦʨʘʭ ʧʨʦʪʦʥʦʚ, ʪʘʢ ʠ ʜʣʷ ʧʨʦʣʝʪʥʳʭ. ʇʨʠ ʵʪʦʤ 

ʧʨʦʣʝʪʥʳʝ ʧʨʦʪʦʥʳ ʦʙʣʘʜʘʣʠ ʥʘʯʘʣʴʥʦʡ ʢʠʥʝʪʠʯʝʩʢʦʡ ʵʥʝʨʛʠʝʡ ʙʦʣʝʝ 

60 ʄʵɺ, ʯʪʦ ʚ ʜʚʘ-ʪʨʠ ʨʘʟʘ ʙʦʣʴʰʝ, ʯʝʤ ʠʭ ʥʘʧʨʷʤʫʶ ʠʟʤʝʨʝʥʥʳʝ ʩʫʤʤʘʨʥʳʝ 

ʠʦʥʠʟʘʮʠʦʥʥʳʝ ʧʦʪʝʨʠ ʚ ʯʫʚʩʪʚʠʪʝʣʴʥʳʭ ʟʦʥʘʭ ʜʝʪʝʢʪʦʨʦʚ ʂʊʊ ʩʠʩʪʝʤʳ.  

ʆʜʥʠʤ ʠʟ ʚʘʞʥʝʡʰʠʭ ʚʳʚʦʜʦʚ ʠʟ ʩʨʘʚʥʝʥʠʷ, ʧʨʦʠʣʣʶʩʪʨʠʨʦʚʘʥʥʦʛʦ 

ʜʘʥʥʳʤ ʨʠʩʫʥʢʦʤ, ʷʚʣʷʝʪʩʷ ʦʪʩʫʪʩʪʚʠʝ ʟʘʤʝʪʥʳʭ ʩʠʩʪʝʤʘʪʠʯʝʩʢʠʭ ʦʰʠʙʦʢ ʚ 

ʧʨʦʮʝʜʫʨʝ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ Ὁ . 

 

ʈʘʟʜʝʣ 3.5 ɺʳʚʦʜʳ ʜʣʷ ʠʟʤʝʨʝʥʠʷ ʵʥʝʨʛʠʠ 

ʉʠʩʪʝʤʘ ʂʊʊ ʫʞʝ ʥʘ ʵʪʘʧʝ ʧʨʦʚʝʜʝʥʥʦʡ ʵʣʝʢʪʨʦʥʥʦʡ ʢʘʣʠʙʨʦʚʢʠ 

ʦʙʝʩʧʝʯʠʚʘʝʪ ʠʟʤʝʨʝʥʠʝ ʵʥʝʨʛʠʠ ʩ ʧʦʛʨʝʰʥʦʩʪʴʶ ʥʝ ʙʦʣʝʝ 5%. ʕʪʘʧ 

ʣʘʙʦʨʘʪʦʨʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ Ŭ-ʠʩʪʦʯʥʠʢʦʚ  ʧʦʟʚʦʣʠʣ 

ʜʝʪʘʣʴʥʦ ʠʟʫʯʠʪʴ ʦʩʦʙʝʥʥʦʩʪʠ ʧʨʦʮʝʩʩʘ ʩʯʠʪʳʚʘʥʠʷ ʩʠʛʥʘʣʘ ʩ ʜʝʪʝʢʪʦʨʦʚ. 

ʇʨʠ ʚʚʝʜʝʥʠʠ ʦʧʠʩʘʥʥʳʭ ʚ ʜʘʥʥʦʡ ʛʣʘʚʝ ʥʘʩʪʨʦʝʢ ʩʯʠʪʳʚʘʥʠʷ ʠ ʘʥʘʣʠʟʘ 

ʩʳʨʳʭ ʜʘʥʥʳʭ ʤʦʞʝʪ ʙʳʪʴ ʜʦʩʪʠʛʥʫʪʘ ʦʪʥʦʩʠʪʝʣʴʥʘʷ ʪʦʯʥʦʩʪʴ 

ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʟʥʘʯʝʥʠʷ ʥʘʯʘʣʴʥʦʡ ʵʥʝʨʛʠʠ Ὁ  ʧʨʦʜʫʢʪʘ ʨʝʘʢʮʠʠ ʥʝ ʭʫʞʝ 

1-2%. ʊʘʢʞʝ ʙʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʚʝʣʠʯʠʥʘ ʦʢʦʣʦ 1% ʷʚʣʷʝʪʩʷ ʪʝʤ 

ʧʨʠʥʮʠʧʠʘʣʴʥʳʤ ʧʨʝʜʝʣʦʤ, ʢ ʢʦʪʦʨʦʤʫ ʤʦʞʥʦ ʧʨʠʙʣʠʟʠʪʴʩʷ ʜʣʷ 

ʧʨʝʜʩʪʘʚʣʝʥʥʦʡ ʢʦʥʬʠʛʫʨʘʮʠʠ ʩʠʩʪʝʤʳ: ʜʘʥʥʦʝ ʦʛʨʘʥʠʯʝʥʠʝ ʥʘʢʣʘʜʳʚʘʝʪʩʷ 

ʚʣʠʷʥʠʝʤ ʤʥʦʛʦʢʨʘʪʥʦʛʦ ʢʫʣʦʥʦʚʩʢʦʛʦ ʨʘʩʩʝʷʥʠʷ ʯʘʩʪʠʮ ʚ ʚʝʱʝʩʪʚʝ 

ʜʝʪʝʢʪʦʨʦʚ. 
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ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʥʦ, ʯʪʦ ʥʘʨʷʜʫ ʩ ʦʧʨʝʜʝʣʝʥʠʝʤ 

ʟʥʘʯʝʥʠʷ Ὁ , ʵʥʝʨʛʝʪʠʯʝʩʢʠʝ ʠʟʤʝʨʝʥʠʷ ʦʙʝʩʧʝʯʠʚʘʶʪ ʪʘʢʞʝ ʚʳʩʦʢʦʪʦʯʥʫʶ 

ʥʝʟʘʚʠʩʠʤʫʶ ʠʜʝʥʪʠʬʠʢʘʮʠʶ ʩʠʩʪʝʤʦʡ ʂʊʊ  ʧʨʦʪʦʥʦʚ ʠ ʜʝʡʪʨʦʥʦʚ. 

ʉʚʦʜʢʘ ʟʥʘʯʝʥʠʡ ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʪʦʯʥʦʩʪʠ ʦʧʨʝʜʝʣʝʥʠʷ Ὁ  ʨʝʟʫʣʴʪʘʪʦʚ 

ʧʨʝʜʩʪʘʚʣʝʥʘ ʚ ʊʘʙʣʠʮʝ 3.5 ʠ ʥʘ ʈʠʩʫʥʢʝ 3.33. ɹʳʣʠ ʫʯʪʝʥʳ ʠ 

ʩʢʦʨʨʝʢʪʠʨʦʚʘʥʳ ʤʥʦʛʦʯʠʩʣʝʥʥʳʝ ʩʠʩʪʝʤʘʪʠʯʝʩʢʠʝ ʦʪʢʣʦʥʝʥʠʷ ʨʘʟʣʠʯʥʦʛʦ 

ʧʨʦʠʩʭʦʞʜʝʥʠʷ. ʈʘʙʦʪʘ ʧʦʟʚʦʣʠʣʘ ʧʨʠʙʣʠʟʠʪʴʩʷ ʢ ʧʨʠʥʮʠʧʠʘʣʴʥʦʤʫ ʧʨʝʜʝʣʫ 

ʦʧʨʝʜʝʣʝʥʠʷ ʢʠʥʝʤʘʪʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʜʣʷ ʠʜʝʥʪʠʬʠʮʠʨʫʝʤʳʭ ʧʨʦʜʫʢʪʦʚ 

ʠʟʫʯʘʝʤʳʭ ʨʝʘʢʮʠʡ ʠ ʨʘʩʰʠʨʠʪʴ ʥʘʫʯʥʫʶ ʧʨʦʛʨʘʤʤʫ ʩ ʫʯʘʩʪʠʝʤ ʩʠʩʪʝʤʳ 

ʂʊʊ. 

 

 
ʈʠʩʫʥʦʢ 3.33. ɿʘʚʠʩʠʤʦʩʪʴ ʩʦʚʦʢʫʧʥʦʡ ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʧʦʛʨʝʰʥʦʩʪʠ 

ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʢʠʥʝʪʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ ʚʳʣʝʪʘ %  ʧʨʦʪʦʥʘ ʦʪ ʝʝ ʟʥʘʯʝʥʠʷ 
(ʫʛʣʳ ʚʳʣʝʪʘ ɗ=70ÁÑ9Á, ű=0ÁÑ9Á). 
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ʊʘʙʣʠʮʘ 3.5: ʉʪʘʪʠʩʪʠʯʝʩʢʘʷ ʧʦʛʨʝʰʥʦʩʪʴ „  ʧʨʠ ʚʦʩʩʪʘʥʦʚʣʝʥʠʠ ʟʥʘʯʝʥʠʷ 

ʥʘʯʘʣʴʥʦʡ ʢʠʥʝʪʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ Ὁ  ʜʣʷ ʧʨʦʪʦʥʦʚ ʩ ʧʦʣʷʨʥʳʤ ʫʛʣʦʤ ʚʳʣʝʪʘ  

ʦʪ 70Á ʜʦ 87Á ʠ ʩ ʘʟʠʤʫʪʘʣʴʥʳʤ ʫʛʣʦʤ ʚʳʣʝʪʘ ʦʪ -10Á ʜʦ10Á. 

╔░▪░, ʄʵɺ Ɑ╣▄■, ʢʵɺ ʂʦʤʤʝʥʪʘʨʠʡ 

0. - 1.3 - ʇʨʦʪʦʥ ʥʝ ʨʝʛʠʩʪʨʠʨʫʝʪʩʷ 

1.3 - 6. 67 ʦʩʪʘʥʘʚʣʠʚʘʝʪʩʷ ʚ 1-ʦʤ ʜʝʪʝʢʪʦʨʝ 

6 - 7 ~ 400 ɿʦʥʘ ʨʘʟʤʳʪʠʷ 

7 -10 95 ʦʩʪʘʥʘʚʣʠʚʘʝʪʩʷ ʚ 2-ʦʤ ʜʝʪʝʢʪʦʨʝ 

10 - 11 ~ 400 ɿʦʥʘ ʨʘʟʤʳʪʠʷ 

11 - 32 155 ʦʩʪʘʥʘʚʣʠʚʘʝʪʩʷ ʚ 3-ʝʤ ʜʝʪʝʢʪʦʨʝ 

32 - 34 ~ 400 ɿʦʥʘ ʨʘʟʤʳʪʠʷ 

34 - 45 270-600 ʧʨʦʣʝʪʘʝʪ ʥʘʩʢʚʦʟʴ 

45 - 65 600-1100 ʧʨʦʣʝʪʘʝʪ ʥʘʩʢʚʦʟʴ 
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ɻʣʘʚʘ 4. ʂʘʣʠʙʨʦʚʢʘ ʠ ʘʥʘʣʠʟ. ʀʟʤʝʨʝʥʠʝ ʚʨʝʤʝʥʠ. 

ɻʣʘʚʘ ʩʦʜʝʨʞʠʪ ʦʧʠʩʘʥʠʝ ʧʨʦʮʝʜʫʨʳ ʢʘʣʠʙʨʦʚʢʠ ʠ ʘʥʘʣʠʟʘ ʜʘʥʥʳʭ 

ʢʘʥʘʣʦʚ ʠʟʤʝʨʝʥʠʷ ʚʨʝʤʝʥʠ ʠ ʠʭ ʩʚʷʟʠ ʩ ʠʟʤʝʨʝʥʠʝʤ ʵʥʝʨʛʠʠ. 

ɸʥʘʣʠʟʠʨʫʶʪʩʷ ʚʦʟʤʦʞʥʦʩʪʠ ʠʟʤʝʨʝʥʠʷ ʚʨʝʤʝʥʠ ʚ ʵʢʩʧʝʨʠʤʝʥʪʝ. 

ʈʘʟʜʝʣ 4.1 ʀʟʤʝʨʝʥʠʝ ʚʨʝʤʝʥʠ ʵʣʝʢʪʨʦʥʠʢʦʡ ʥʘ ʙʘʟʝ ʤʠʢʨʦʩʭʝʤ 

VA32TA2 

ʄʠʢʨʦʩʭʝʤʘ VA32TA2 ʠʤʝʝʪ 32 ʚʭʦʜʥʳʭ ʢʘʥʘʣʘ, ʢʘʞʜʳʡ ʠʟ ʢʦʪʦʨʳʡ 

ʦʩʥʘʱʝʥ ʢʘʢ ʩʨʘʚʥʠʪʝʣʴʥʦ ʤʝʜʣʝʥʥʳʤ ʧʨʝʜʫʩʠʣʠʪʝʣʝʤ (ʜʣʷ ʠʟʤʝʨʝʥʠʷ 

ʵʥʝʨʛʠʠ), ʪʘʢ ʠ ʙʳʩʪʨʳʤ ʧʨʝʜʫʩʠʣʠʪʝʣʝʤ (ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʚʨʝʤʝʥʥʦʡ ʤʝʪʢʠ). 

ʅʘ ʚʳʭʦʜ ʚʨʝʤʝʥʥʘʷ ʤʝʪʢʘ ʚ ʤʠʢʨʦʩʭʝʤʝ VA32TA2 ʧʝʨʝʜʘʝʪʩʷ ʯʝʨʝʟ ʦʜʠʥ 

ʚʳʭʦʜʥʦʡ ʢʘʥʘʣ. ʇʝʨʝʜʘʯʘ ʚʨʝʤʝʥʥʳʭ ʤʝʪʦʢ ʩʦ ʚʩʝʭ ʧʷʪʠ VA32TA2 

ʤʠʢʨʦʩʭʝʤ ʧʝʯʘʪʥʦʡ ʧʣʘʪʳ ʚʦ ʚʨʝʤʷ-ʮʠʬʨʦʚʦʡ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʴ ʵʣʝʢʪʨʦʥʠʢʠ 

ʩʪʘʥʜʘʨʪʘ VME ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ ʧʦ ʩʭʝʤʝ çʀʃʀè. ʆʜʥʘʢʦ ʤʦʞʥʦ ʨʝʘʣʠʟʦʚʘʪʴ 

ʠ ʥʝʟʘʚʠʩʠʤʳʝ ʜʣʷ ʢʘʞʜʦʡ VA32TA2 ʤʠʢʨʦʩʭʝʤʳ  ʠʟʤʝʨʝʥʠʷ ʚʨʝʤʝʥʠ. 

ʉʫʱʝʩʪʚʫʝʪ ʧʨʦʩʪʦʡ ʩʧʦʩʦʙ ʦʧʨʝʜʝʣʠʪʴ, ʢʘʢʦʡ ʠʤʝʥʥʦ ʚʭʦʜʥʦʡ ʢʘʥʘʣ 

VA32TA2 ʤʠʢʨʦʩʭʝʤʳ ʚʳʨʘʙʦʪʘʣ ʩʠʛʥʘʣ ʚʨʝʤʝʥʥʦʡ ʤʝʪʢʠ. ɺ ʨʝʟʫʣʴʪʘʪʝ 

ʚʣʠʷʥʠʷ time walk ʵʬʬʝʢʪʘ (ʨʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʢʦʪʦʨʦʛʦ ʧʨʠʚʦʜʷʪʩʷ ʧ. 

4.1.3) ʩʠʛʥʘʣ ʩ ʥʘʠʙʦʣʴʰʝʡ ʘʤʧʣʠʪʫʜʦʡ ʷʚʣʷʝʪʩʷ ʚʩʝʛʜʘ ʩʘʤʳʤ ʙʳʩʪʨʳʤ, ʧʨʠ 

ʫʩʣʦʚʠʠ, ʝʩʣʠ ʫ ʚʩʝʭ ʢʘʥʘʣʦʚ ʦʜʠʥʘʢʦʚʳʝ ʧʦʨʦʛʠ ʩʨʘʙʘʪʳʚʘʥʠʷ. ʊʘʢʠʤ 

ʦʙʨʘʟʦʤ, ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʥʦʤʝʨʘ ʩʛʝʥʝʨʠʨʦʚʘʚʰʝʛʦ ʤʝʪʢʫ ʢʘʥʘʣʘ ʜʦʩʪʘʪʦʯʥʦ 

ʣʠʰʴ ʧʨʦʚʝʩʪʠ ʩʦʨʪʠʨʦʚʢʫ ʘʤʧʣʠʪʫʜ ʩʠʛʥʘʣʦʚ ʠ ʦʪʦʙʨʘʪʴ ʢʘʥʘʣ ʩ ʩʘʤʦʡ 

ʙʦʣʴʰʦʡ ʘʤʧʣʠʪʫʜʦʡ. ɼʣʷ ʧʝʨʝʢʨʝʩʪʥʦʡ ʧʨʦʚʝʨʢʠ ʧʦʜʣʠʥʥʦʩʪʠ ʩʠʛʥʘʣʘ 

ʧʦʣʝʟʥʦ ʩʨʘʚʥʠʪʴ ʝʛʦ ʘʤʧʣʠʪʫʜʫ ʩ ʘʤʧʣʠʪʫʜʦʡ ʩʠʛʥʘʣʘ ʩ ʦʙʨʘʪʥʦʡ ʩʪʦʨʦʥʳ 

ʜʝʪʝʢʪʦʨʘ.  

ʇʝʨʝʜ ʤʦʥʪʘʞʦʤ ʚ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʫʶ ʫʩʪʘʥʦʚʢʫ ʧʨʦʚʦʜʠʣʘʩʴ 

ʢʘʣʠʙʨʦʚʢʘ ʤʝʪʦʜʘ ʠʟʤʝʨʝʥʠʷ ʚʨʝʤʝʥʠ ʩʠʩʪʝʤʦʡ ʂʊʊ ʚ ʣʘʙʦʨʘʪʦʨʥʳʭ 

ʫʩʣʦʚʠʷʭ. ʉʭʝʤʘ ʠʩʧʦʣʴʟʦʚʘʥʥʦʡ ʫʩʪʘʥʦʚʢʠ (ʠʩʪʦʯʥʠʢ Ŭïʯʘʩʪʠʮ, 

ʟʘʢʨʝʧʣʝʥʥʳʡ ʚ ʚʘʢʫʫʤʝ ʥʘʜ ʧʦʚʝʨʭʥʦʩʪʴʶ ʜʝʪʝʢʪʦʨʘ BaBar-IV ʪʠʧʘ 300 ʤʢʤ 

ʪʦʣʱʠʥʳ) ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩ. 4.1.  
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ʇʦʧʘʜʘʥʠʝ ʢʘʞʜʦʡ Ŭïʯʘʩʪʠʮʳ ʨʝʛʠʩʪʨʠʨʦʚʘʣʠʩʴ ʥʝʟʘʚʠʩʠʤʦ ʦʙʝʠʤʠ 

ʩʪʦʨʦʥʘʤʠ ʜʝʪʝʢʪʦʨʘ, ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʦʙʨʘʙʘʪʳʚʘʣʦʩʴ ʵʣʝʢʪʨʦʥʠʢʦʡ ʥʘ ʜʚʫʭ 

ʨʘʟʥʳʭ ʧʣʘʪʘʭ. ʉʠʛʥʘʣ ʟʘʧʫʩʢʘ ʩʯʠʪʳʚʘʥʠʷ ʚʳʨʘʙʘʪʳʚʘʣʩʷ ʧʨʠ ʫʩʣʦʚʠʠ 

ʥʘʣʠʯʠʷ ʩʠʛʥʘʣʘ ʩ ʦʙʝʠʭ ʧʣʘʪ. ʇʨʠ ʧʦʤʦʱʠ ʦʜʥʦʚʨʝʤʝʥʥʦʛʦ ʠʟʤʝʨʝʥʠʷ 

ʵʥʝʨʛʠʠ ʦʪʙʠʨʘʣʠʩʴ ʪʦʣʴʢʦ ʪʘʢʠʝ ʩʦʙʳʪʠʷ, ʢʦʛʜʘ ʟʘʨʷʜ ʵʣʝʢʪʨʦʥʦʚ ʧʦʣʥʦʩʪʴʶ 

ʩʦʙʠʨʘʣʩʷ ʪʦʣʴʢʦ ʦʜʥʠʤ ʩʝʛʤʝʥʪʦʤ ʥʘ n-ʩʪʦʨʦʥʝ, ʘ ʟʘʨʷʜ ʜʳʨʦʢ ʪʦʣʴʢʦ ʦʜʥʠʤ 

ʩʝʛʤʝʥʪʦʤ ʥʘ p-ʩʪʦʨʦʥʝ, ʪ.ʝ. ʠʩʢʣʶʯʘʣʦʩʴ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʩʠʛʥʘʣʘ ʤʝʞʜʫ 

ʩʦʩʝʜʥʠʤʠ ʩʝʛʤʝʥʪʘʤʠ. ɺʨʝʤʝʥʥʘʷ ʤʝʪʢʘ ʦʪ ʧʝʨʚʦʛʦ ʚʳʨʘʙʦʪʘʥʥʦʛʦ ʩʠʛʥʘʣʘ 

ʠʩʧʦʣʴʟʦʚʘʣʘʩʴ ʜʣʷ ʥʘʯʘʣʘ ʦʪʩʯʝʪʘ ʚʨʝʤʝʥʠ, ʟʘʢʘʥʯʠʚʘʣʩʷ ʦʪʩʯʝʪ ʧʨʠ 

ʚʳʨʘʙʦʪʢʝ ʤʝʪʢʠ ʦʪ ʚʪʦʨʦʛʦ ʩʠʛʥʘʣʘ. ɺʨʝʤʝʥʥʘʷ ʤʝʪʢʘ ʩ n-ʩʪʦʨʦʥʳ ʜʝʪʝʢʪʦʨʘ 

ʦʙʦʟʥʘʯʘʣʘʩʴ ʢʘʢ Tneg, ʤʝʪʢʘ ʩ p-ʩʪʦʨʦʥʳ ʦʙʦʟʥʘʯʘʣʘʩʴ ʢʘʢ Tpos. ʇʦʩʢʦʣʴʢʫ Ŭï

ʯʘʩʪʠʮʳ ʣʘʙʦʨʘʪʦʨʥʦʛʦ ʠʩʪʦʯʥʠʢʘ ʚʩʝʛʜʘ ʦʩʪʘʥʘʚʣʠʚʘʣʠʩʴ ʥʘ ʛʣʫʙʠʥʝ ʥʝ 

ʙʦʣʝʝ 10 ʤʢʤ ʦʪ ʧʦʚʝʨʭʥʦʩʪʠ n-ʩʪʦʨʦʥʳ, ʪʦ Tneg ʚʩʝʛʜʘ ʚʳʨʘʙʘʪʳʚʘʣʩʷ 

ʧʝʨʚʳʤ. ʂʨʦʤʝ ʪʦʛʦ, ʦʢʦʣʦ 90% ʟʘʨʷʜʘ ʦʙʨʘʟʫʝʪʩʷ ʥʘ ʜʣʠʥʝ ʪʨʝʢʘ 1 ʤʢʤ 

ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʧʝʨʝʜ ʦʩʪʘʥʦʚʢʦʡ. ʌʘʢʪʠʯʝʩʢʠ, ʨʘʟʥʠʮʘ Tpos-Tneg ʠʟʤʝʨʷʝʪ 

ʧʦʩʪʦʷʥʥʫʶ ʚʝʣʠʯʠʥʫ: ʚʨʝʤʷ ʜʨʝʡʬʘ ʜʳʨʦʢ ʚ ʪʦʣʱʝ ʜʝʪʝʢʪʦʨʘ ʦʪ 

ʧʦʚʝʨʭʥʦʩʪʠ n-ʩʪʦʨʦʥʳ ʢ ʧʦʚʝʨʭʥʦʩʪʠ p-ʩʪʦʨʦʥʳ (~10 ʥʩ). ʅʝʦʙʭʦʜʠʤʦ ʙʳʣʦ 

ʠʟʤʝʨʠʪʴ ʩʪʘʪʠʩʪʠʯʝʩʢʦʝ ʠ ʩʠʩʪʝʤʘʪʠʯʝʩʢʦʝ ʦʪʢʣʦʥʝʥʠʝ ʜʘʥʥʦʛʦ ʠʟʤʝʨʝʥʠʷ.  

4.1.1 ʂʘʣʠʙʨʦʚʢʘ ʠʟʤʝʨʝʥʠʷ ʚʨʝʤʝʥʠ 

ʈʝʟʫʣʴʪʘʪʳ ʩʢʘʥʠʨʦʚʘʥʠʷ Ŭïʠʟʣʫʯʝʥʠʝʤ ʚʩʝʭ ʚʭʦʜʥʳʭ ʢʘʥʘʣʦʚ ʦʜʥʦʡ 

ʧʝʯʘʪʥʦʡ ʧʣʘʪʳ VA32TA ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʨʠʩ. 4.2.a. ʀʟ ʨʠʩʫʥʢʘ ʚʠʜʥʦ, ʯʪʦ 

ʝʩʣʠ ʧʦʨʦʛʠ ʩʨʘʙʘʪʳʚʘʥʠʷ ʚʳʨʦʚʥʝʥʳ, ʪʦ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʚʨʝʤʝʥʥʳʭ ʦʪʤʝʪʦʢ 

ʠʤʝʶʪ ʦʜʠʥʘʢʦʚʫʶ ʬʦʨʤʫ ʜʣʷ ʚʩʝʭ ʢʘʥʘʣʦʚ. ʈʘʟʣʠʯʘʶʪʩʷ ʪʦʣʴʢʦ ʧʦʣʦʞʝʥʠʷ 

ʧʠʢʦʚ, ʧʦʩʢʦʣʴʢʫ ʢʘʞʜʳʡ ʢʘʥʘʣ ʠʤʝʝʪ ʩʚʦʶ ʠʥʜʠʚʠʜʫʘʣʴʥʫʶ ʟʘʜʝʨʞʢʫ ʧʨʠ 

ʧʝʨʝʜʘʯʝ ʩʠʛʥʘʣʘ ʥʘ ʚʨʝʤʷ-ʮʠʬʨʦʚʦʡ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʴ VME. ʀʟ ʵʪʦʛʦ 

ʨʠʩʫʥʢʘ ʪʘʢʞʝ ʚʠʜʥʦ, ʯʪʦ ʢʘʥʘʣʘʤ, ʧʨʠʥʘʜʣʝʞʘʱʠʤ ʦʜʥʦʡ ʠ ʪʦʡ ʞʝ VA32TA 

 

p-ʩʪʦʨʦʥʘ 
 
n-ʩʪʦʨʦʥʘ 

 
ʈʠʩʫʥʦʢ 4.1: ʉʭʝʤʘ ʫʩʪʘʥʦʚʢʠ ʜʣʷ ʠʟʫʯʝʥʠʷ ʚʨʝʤʝʥʥʦʛʦ ʢʘʥʘʣʘ VA32TA. 

ʄʝʪʢʘ Tneg ʚʳʨʘʙʘʪʳʚʘʝʪʩʷ, ʢʦʛʜʘ ʩʦʙʨʘʥʥʳʡ ʟʘʨʷʜ ʵʣʝʢʪʨʦʥʦʚ ʧʨʝʚʳʰʘʝʪ 

ʧʦʨʦʛ. Tpos  ʚʳʨʘʙʘʪʳʚʘʝʪʩʷ ʧʨʠ ʧʨʝʚʳʰʝʥʠʠ ʧʦʨʦʛʘ ʟʘʨʷʜʘ ʦʪ ʜʳʨʦʢ. 
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ʤʠʢʨʦʩʭʝʤʝ, ʧʨʠʩʫʱʝ ʥʝʢʦʪʦʨʦʝ ʦʙʱʝʝ ʩʤʝʱʝʥʠʝ. ʆʯʝʚʠʜʥʦʡ ʧʨʠʯʠʥʦʡ 

ʪʘʢʦʛʦ ʩʤʝʱʝʥʠʷ ʦʪ ʤʠʢʨʦʩʭʝʤʳ ʢ ʤʠʢʨʦʩʭʝʤʝ ʷʚʣʷʝʪʩʷ ʨʘʟʙʨʦʩ ʚ ʧʨʝʜʝʣʘʭ 

ʜʦʧʫʩʢʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʚʨʝʤʝʥʥʦʡ (TA) ʯʘʩʪʠ ʵʣʝʢʪʨʦʥʠʢʠ, ʢʦʪʦʨʘʷ 

ʠʩʧʦʣʴʟʫʝʪʩʷ ʢʘʥʘʣʘʤʠ ʤʠʢʨʦʩʭʝʤʳ ʩʦʚʤʝʩʪʥʦ.  

ʇʦʩʢʦʣʴʢʫ ʩʠʛʥʘʣʳ ʩ ʦʜʥʦʡ ʧʝʯʘʪʥʦʡ ʧʣʘʪʳ ʦʙʨʘʙʘʪʳʚʘʶʪʩʷ ʦʜʥʠʤ ʠ 

ʪʝʤ ʞʝ ʢʘʥʘʣʦʤ ʚʨʝʤʷ-ʮʠʬʨʦʚʦʛʦ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʷ VME, ʪʦ ʨʘʟʫʤʥʦ ʚ 

ʢʘʯʝʩʪʚʝ ʧʝʨʚʦʛʦ ʵʪʘʧʘ ʢʘʣʠʙʨʦʚʢʠ ʠʟʤʝʨʝʥʠʷ ʚʨʝʤʝʥʠ ʩʥʘʯʘʣʘ ʚʳʨʦʚʥʷʪʴ 

ʟʘʜʝʨʞʢʠ ʥʘ ʚʩʝʭ ʢʘʥʘʣʘʭ ʧʣʘʪʳ. ʇʨʦʮʝʜʫʨʘ ʚʳʨʘʚʥʠʚʘʥʠʷ ʥʘʯʠʥʘʝʪʩʷ ʩ  

ʩʦʟʜʘʥʠʷ ʥʘʙʦʨʘ ʛʠʩʪʦʛʨʘʤʤ, ʘʥʘʣʦʛʠʯʥʦʛʦ  ʧʨʝʜʩʪʘʚʣʝʥʥʦʤʫ ʥʘ ʨʠʩ. 4.3.a. 

ʇʨʠ ʵʪʦʤ ʚʳʙʠʨʘʶʪʩʷ ʩʦʙʳʪʠʷ ʩ ʧʦʣʥʳʤ ʩʙʦʨʦʤ ʟʘʨʷʜʘ ʥʘ ʚʳʙʨʘʥʥʳʡ 

ʩʝʛʤʝʥʪ ʦʜʥʦʡ ʩʪʦʨʦʥʳ ʜʝʪʝʢʪʦʨʘ, ʘ ʜʣʷ ʢʘʞʜʦʛʦ ʩʝʛʤʝʥʪʘ ʚʪʦʨʦʡ ʩʪʦʨʦʥʳ 

ʥʘʙʠʨʘʝʪʩʷ ʩʚʦʷ ʛʠʩʪʦʛʨʘʤʤʘ. ɿʘʪʝʤ ʥʘʙʠʨʘʶʪʩʷ ʛʠʩʪʦʛʨʘʤʤʳ ʜʣʷ ʚʩʝʭ 

ʢʘʥʘʣʦʚ ʥʘ ʧʝʨʚʦʡ ʩʪʦʨʦʥʝ ʩ ʬʠʢʩʘʮʠʝʡ ʥʦʤʝʨʘ ʩʨʘʙʦʪʘʚʰʝʛʦ ʢʘʥʘʣʘ ʚʪʦʨʦʡ 

ʩʪʦʨʦʥʳ. ɼʘʣʝʝ ʚʩʝ ʧʦʣʫʯʝʥʥʳʝ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʘʧʧʨʦʢʩʠʤʠʨʫʶʪʩʷ 

ʬʫʥʢʮʠʷʤʠ ɻʘʫʩʩʘ. ɼʣʷ ʢʘʞʜʦʡ ʩʪʦʨʦʥʳ ʜʝʪʝʢʪʦʨʘ (ʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʝʡ 

ʧʝʯʘʪʥʦʡ ʧʣʘʪʳ) ʚʳʙʠʨʘʝʪʩʷ ʥʝʢʦʪʦʨʦʝ ʦʙʱʝʝ ʟʥʘʯʝʥʠʝ ʧʦʣʦʞʝʥʠʷ ʧʠʢʦʚ ʢʘʢ 

ʩʨʝʜʥʝʝ ʘʨʠʬʤʝʪʠʯʝʩʢʦʝ ʟʥʘʯʝʥʠʡ ʧʦʣʦʞʝʥʠʝ ʧʠʢʦʚ ɻʘʫʩʩʘ ʚʩʷ ʚʩʝʭ ʢʘʥʘʣʦʚ 

ʩʪʦʨʦʥʳ. ʇʦʩʣʝ ʵʪʦʛʦ ʚʝʣʠʯʠʥʘ ʢʦʨʨʝʢʪʠʨʫʶʱʝʛʦ ʩʤʝʱʝʥʠʷ (ʢʦʨʨʝʢʪʦʨ) 

ʢʘʞʜʦʛʦ ʢʘʥʘʣʘ ʚʳʯʠʩʣʷʝʪʩʷ ʢʘʢ ʨʘʟʥʠʮʘ ʤʝʞʜʫ ʦʙʱʠʤ ʜʣʷ ʩʪʦʨʦʥʳ 

ʟʥʘʯʝʥʠʝ ʧʦʣʦʞʝʥʠʷ ʠ ʟʥʘʯʝʥʠʝʤ ʧʦʣʦʞʝʥʠʷ ʧʠʢʘ ɻʘʫʩʩʘ ʜʣʷ ʜʘʥʥʦʛʦ 

ʢʦʥʢʨʝʪʥʦʛʦ ʢʘʥʘʣʘ.  ʇʦʣʫʯʝʥʥʳʝ ʢʦʨʨʝʢʪʦʨʳ ʩʦʭʨʘʥʷʶʪʩʷ ʚ 

ʢʦʥʬʠʛʫʨʘʮʠʦʥʥʦʤ ʬʘʡʣʝ ʜʣʷ ʫʯʝʪʘ ʚʦ ʚʨʝʤʷ ʧʦʩʣʝʜʫʶʱʠʭ ʠʟʤʝʨʝʥʠʡ. 

ʉʢʘʥʠʨʦʚʘʥʠʝ Ŭïʠʩʪʦʯʥʠʢʦʤ ʚʩʝʭ ʚʭʦʜʥʳʭ ʢʘʥʘʣʦʚ ʧʝʯʘʪʥʦʡ ʧʣʘʪʳ ʧʦʩʣʝ 

ʚʳʨʘʚʥʠʚʘʥʠʷ ʟʘʜʝʨʞʝʢ ʧʨʝʜʩʪʘʚʣʝʥʦ ʥʘ ʨʠʩ. 4.2.ʙ. ʇʦʩʣʝ ʧʨʠʤʝʥʝʥʠʷ 

 
ʈʠʩʫʥʦʢ 4.2. ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʩʦʙʳʪʠʡ ʧʦ ʧʨʦʤʝʞʫʪʢʫ Tpos-Tneg ʚ ʟʘʚʠʩʠʤʦʩʪʠ 

ʦʪ ʥʦʤʝʨʘ ʢʘʥʘʣʘ, ʩʨʘʙʦʪʘʚʰʝʛʦ ʥʘ n-ʩʪʦʨʦʥʝ. ʅʘ p-ʩʪʦʨʦʥʝ ʧʨʠ ʵʪʦʤ 

ʩʨʘʙʦʪʘʣ ʢʘʥʘʣ ʥʦʤʝʨ 33. ɽʜʠʥʠʮʘ ʚʨʝʤʝʥʠ 25 ʧʩ. a) ʜʦ ʚʳʨʘʚʥʠʚʘʥʠʷ 

ʧʦʣʦʞʝʥʠʷ ʧʠʢʦʚ;. ʙ) ʧʦʩʣʝ. 
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ʜʘʥʥʦʡ ʧʨʦʮʝʜʫʨʳ ʧʦʣʦʞʝʥʠʝ ʚʨʝʤʝʥʥʦʡ ʤʝʪʢʠ ʦʩʪʘʝʪʩʷ ʩʪʘʙʠʣʴʥʳʤ ʧʨʠ 

ʩʨʘʙʘʪʳʚʘʥʠʠ ʣʶʙʦʛʦ ʠʟ ʠʟʤʝʨʠʪʝʣʴʥʳʭ ʵʣʝʤʝʥʪʦʚ ʜʝʪʝʢʪʦʨʘ, ʯʪʦ ʧʦʢʘʟʘʥʦ 

ʥʘ ʨʠʩ. 4.3 (ʩʧʨʘʚʘ) ʚ ʚʠʜʝ ʩʫʤʤʘʨʥʦʡ ʜʣʷ ʚʩʝʭ ʢʘʥʘʣʦʚ ʛʠʩʪʦʛʨʘʤʤʳ 

ʠʟʤʝʨʝʥʠʷ ʚʨʝʤʝʥʠ. ʐʠʨʠʥʘ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ɻʘʫʩʩʘ ʥʘ ʵʪʦʤ ʨʠʩʫʥʢʝ ʥʝ 

ʙʦʣʴʰʝ (ʘ ʠʟ-ʟʘ ʙʦʣʴʰʝʛʦ ʦʙʲʝʤʘ ʩʪʘʪʠʩʪʠʢʠ ʜʘʞʝ ʥʘ 8% ʤʝʥʴʰʝ), ʯʝʤ 

ʰʠʨʠʥʘ ʧʠʢʘ ʜʣʷ ʣʶʙʦʛʦ ʦʜʥʦʛʦ ʢʘʥʘʣʘ, ʧʨʠʤʝʨ ʧʨʝʜʩʪʘʚʣʝʥ ʥʘ 

ʨʠʩ. 4.3(ʩʣʝʚʘ).  

ʇʦʩʣʝ ʚʳʨʘʚʥʠʚʘʥʠʷ ʟʘʜʝʨʞʝʢ ʜʣʷ ʟʘʚʝʨʰʝʥʠʷ ʢʘʣʠʙʨʦʚʢʠ ʥʝʦʙʭʦʜʠʤʦ 

ʦʧʨʝʜʝʣʠʪʴ ʮʝʥʫ ʜʝʣʝʥʠʷ ʚʨʝʤʷ-ʮʠʬʨʦʚʦʛʦ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʷ VME, ʘ ʪʘʢʞʝ 

ʚʨʝʤʷ ʟʘʜʝʨʞʢʠ ʧʨʠ ʪʨʘʥʩʣʷʮʠʠ ʩʠʛʥʘʣʘ ʦʪ ʚʘʢʫʫʤʥʦʡ ʯʘʩʪʠ ʵʣʝʢʪʨʦʥʠʢʠ 

ʯʝʨʝʟ ʠʥʪʝʨʬʝʡʩ ʜʦ  ʚʨʝʤʷ-ʮʠʬʨʦʚʦʛʦ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʷ. ʅʦʤʠʥʘʣʴʥʘʷ ʮʝʥʘ 

ʜʝʣʝʥʠʷ ʩʦʩʪʘʚʣʷʝʪ 25 ʧʩ ʥʘ ʝʜʠʥʠʮʫ [24], ʪʘʢʞʝ ʦʥʘ ʠʟʤʝʨʷʝʪʩʷ ʧʨʷʤʳʤ 

ʦʙʨʘʟʦʤ ʧʫʪʝʤ ʚʚʝʜʝʥʠʷ ʠʟʚʝʩʪʥʦʡ ʬʠʢʩʠʨʦʚʘʥʥʦʡ ʟʘʜʝʨʞʢʠ ʠ ʠʟʤʝʨʝʥʠʷ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ ʩʤʝʱʝʥʠʷ ʚ ʧʦʢʘʟʘʥʠʷʭ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʷ. ɺʨʝʤʷ ʟʘʜʝʨʞʢʠ 

ʧʝʨʝʜʘʯʠ ʩʠʛʥʘʣʘ ʤʦʞʝʪ ʙʳʪʴ ʠʟʤʝʨʝʥʦ ʧʫʪʝʤ ʧʦʜʘʯʠ ʪʝʩʪʦʚʦʛʦ ʠʤʧʫʣʴʩʘ 

ʦʜʥʦʚʨʝʤʝʥʥʦ ʠ ʥʘ ʵʣʝʢʪʨʦʥʠʢʫ ʩʯʠʪʳʚʘʥʠʷ ʠ ʥʘ  ʚʨʝʤʷ-ʮʠʬʨʦʚʦʡ 

ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʴ VME. 

4.1.2 ɺʨʝʤʝʥʥʦʝ ʨʘʟʨʝʰʝʥʠʝ 

ʊʠʧʠʯʥʘʷ ʛʠʩʪʦʛʨʘʤʤʘ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʩʦʙʳʪʠʡ ʧʦ ʧʨʦʤʝʞʫʪʢʫ ʚʨʝʤʝʥʠ 

Tpos-Tneg ʧʨʠ ʦʜʥʦʤ ʩʨʘʙʦʪʘʚʰʝʤ ʠʟʤʝʨʠʪʝʣʴʥʦʤ ʵʣʝʤʝʥʪʝ ʥʘ ʢʘʞʜʦʡ ʠʟ 

ʩʪʦʨʦʥ ʜʝʪʝʢʪʦʨʘ ʦʪʦʙʨʘʞʝʥʘ ʩʣʝʚʘ ʥʘ ʨʠʩ. 4.3. ʊʘʢʘʡ ʦʙʲʝʤ ʜʘʥʥʳʭ, 

ʥʘʙʠʨʘʝʤʳʡ ʚ ʪʝʯʝʥʠʝ ʧʨʠʙʣʠʟʠʪʝʣʴʥʦ 12 ʯʘʩʦʚ ʣʘʙʦʨʘʪʦʨʥʳʭ ʠʟʤʝʨʝʥʠʡ, 

ʧʦʟʚʦʣʷʝʪ ʦʧʨʝʜʝʣʠʪʴ ʧʦʣʦʞʝʥʠʝ ʧʠʢʘ ʩ ʪʦʯʥʦʩʪʴʶ 25 ʧʩ, ʥʦ ʜʘʥʥʦʛʦ 

ʩʪʘʪʠʩʪʠʯʝʩʢʦʛʦ ʦʙʲʝʤʘ ʥʝ ʜʦʩʪʘʪʦʯʥʦ, ʯʪʦʙʳ ʜʝʪʘʣʴʥʦ ʠʟʫʯʘʪʴ ʬʦʨʤʫ ʧʠʢʘ.  

 
ʈʠʩʫʥʦʢ 4.3. ʇʨʦʤʝʞʫʪʦʢ Tpos-Tneg, ʘʧʧʨʦʢʩʠʤʘʮʠʷ ʬʫʥʢʮʠʝʡ ɻʘʫʩʩʘ. ʉʣʝʚʘ 

ʩʦʙʳʪʠʷ ʧʨʠ ʩʨʘʙʘʪʳʚʘʥʠʠ ʦʜʥʦʛʦ ʵʣʝʤʝʥʪʘ ʥʘ p-ʩʪʦʨʦʥʝ ʠ ʦʜʥʦʛʦ ʥʘ n-

ʩʪʦʨʦʥʝ. ʉʧʨʘʚʘ ʩʦʙʳʪʠʷ ʩʦ ʩʨʘʙʘʪʳʚʘʥʠʝʤ ʣʶʙʦʛʦ ʦʜʥʦʛʦ ʵʣʝʤʝʥʪʘ ʥʘ 

ʢʘʞʜʦʡ ʠʟ ʩʪʦʨʦʥ.  
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ʈʘʩʩʤʦʪʨʠʤ ʩʫʤʤʫ ʪʘʢʠʭ ʛʠʩʪʦʛʨʘʤʤ ʧʦ ʚʩʝʤ ʨʘʙʦʪʦʩʧʦʩʦʙʥʳʤ ʢʘʥʘʣʘʤ 

ʜʝʪʝʢʪʦʨʘ (ʧʨʘʚʘʷ ʛʠʩʪʦʛʨʘʤʤʘ ʨʠʩ. 4.3). ɺ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʰʠʨʠʥʘ ʧʠʢʘ ůTdiff 

ʩʦʩʪʘʚʣʷʝʪ 0,65 ʥʩ. ʕʪʫ ʚʝʣʠʯʠʥʫ ʤʦʞʥʦ ʠʥʪʝʨʧʨʝʪʠʨʦʚʘʪʴ ʢʘʢ ʧʦʛʨʝʰʥʦʩʪʴ 

ʝʜʠʥʠʯʥʦʛʦ ʠʟʤʝʨʝʥʠʷ ʚʨʝʤʝʥʠ ʜʨʝʡʬʘ ʜʳʨʦʢ ʚ ʪʦʣʱʝ ʜʝʪʝʢʪʦʨʘ, ʢʦʪʦʨʘʷ 

ʩʢʣʘʜʳʚʘʝʪʩʷ ʠʟ ʥʝʟʘʚʠʩʠʤʳʭ ʤʝʞʜʫ ʩʦʙʦʶ ʧʦʛʨʝʰʥʦʩʪʝʡ Ὕ  ʠ  Ὕ :  

ʎ ʎ ʎ    (4.1) 

ʇʦʩʢʦʣʴʢʫ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ Ὕ  ʠ  Ὕ  ʠʩʧʦʣʴʟʦʚʘʣʦʩʴ ʠʜʝʥʪʠʯʥʦʝ 

ʦʙʦʨʫʜʦʚʘʥʠʝ ʠ ʘʤʧʣʠʪʫʜʘ ʩʠʛʥʘʣʘ ʦʜʠʥʘʢʦʚʘʷ, ʪʦ ʠ ʠʭ ʧʦʛʨʝʰʥʦʩʪʠ  „  ʠ 

 „  ʤʦʞʥʦ ʩʯʠʪʘʪʴ ʨʘʚʥʳʤʠ, ʧʨʠʥʠʤʘʷ ʪʘʢʞʝ ʚʦ ʚʥʠʤʘʥʠʝ, ʯʪʦ ʚʣʠʷʥʠʝ 

ʨʘʩʧʦʣʟʘʥʠʷ ʟʘʨʷʜʘ ʧʨʠ ʜʨʝʡʬʝ ʚ ʪʦʣʱʠʥʝ 300 ʤʢʤ ʙʫʜʝʪ ʧʨʝʥʝʙʨʝʞʠʤʦ 

ʤʘʣʦ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, „  „  „ ȾЍς = 0.45 ʥʩ. ɼʘʥʥʘʷ ʚʝʣʠʯʠʥʘ 

ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʧʦʛʨʝʰʥʦʩʪʴ ʚʳʜʘʯʠ ʚʨʝʤʝʥʥʦʡ ʤʝʪʢʠ ʜʣʷ ʵʣʝʢʪʨʦʥʠʢʠ 

ʥʘ ʤʠʢʨʦʩʭʝʤʘʭ VA32TA2.  

4.1.3 ʂʦʨʨʝʢʮʠʷ ʵʬʬʝʢʪʘ time walk 

ʅʘ ʨʠʩ. 4.4 ʧʦʢʘʟʘʥʘ ʟʘʚʠʩʠʤʦʩʪʴ ʤʦʤʝʥʪʘ ʚʳʨʘʙʦʪʢʠ ʚʨʝʤʝʥʥʦʡ ʤʝʪʢʠ 

ʦʪ ʘʤʧʣʠʪʫʜʳ ʚʭʦʜʷʱʝʛʦ ʩʠʛʥʘʣʘ (time walk ʵʬʬʝʢʪ). ʇʨʠʯʠʥʦʡ ʜʘʥʥʦʛʦ 

ʵʬʬʝʢʪʘ ʷʚʣʷʝʪʩʷ ʪʦ, ʯʪʦ ʜʘʞʝ ʧʨʠ ʦʜʠʥʘʢʦʚʦʤ ʚʨʝʤʝʥʠ ʜʨʝʡʬʘ ʥʦʩʠʪʝʣʝʡ ʜʦ 

ʧʦʚʝʨʭʥʦʩʪʠ ʜʝʪʝʢʪʦʨʘ ʧʨʠ ʜʦʩʪʘʪʦʯʥʦ ʧʦʣʦʛʦʤ ʬʨʦʥʪʝ ʥʘʨʘʩʪʘʥʠʷ ʩʠʛʥʘʣʦʚ 

ʜʣʷ ʨʘʟʥʳʭ ʘʤʧʣʠʪʫʜ ʪʨʝʙʫʝʪʩʷ ʨʘʟʥʦʝ ʚʨʝʤʷ, ʯʪʦʙʳ ʥʘʨʘʩʪʘʶʱʠʡ ʫʨʦʚʝʥʴ 

ʩʠʛʥʘʣʘ ʧʨʝʚʳʩʠʣ ʨʘʙʦʯʠʡ ʧʦʨʦʛ ʩʨʘʙʘʪʳʚʘʥʠʷ.  

ɼʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʜʘʥʥʦʛʦ ʵʬʬʝʢʪʘ ʙʳʣʘ ʠʩʧʦʣʴʟʦʚʘʥʘ ʦʧʠʩʘʥʥʘʷ ʚʳʰʝ 

ʣʘʙʦʨʘʪʦʨʥʘʷ ʫʩʪʘʥʦʚʢʘ, ʥʦ ʙʳʣʘ ʥʝʩʢʦʣʴʢʦ ʠʟʤʝʥʝʥʘ ʩʭʝʤʘ ʚʳʨʘʙʦʪʢʠ 

ʩʠʛʥʘʣʘ ʟʘʧʫʩʢʘ ʩʯʠʪʳʚʘʥʠʷ. ʉʠʛʥʘʣ ʟʘʧʫʩʢʘ ʧʦ-ʧʨʝʞʥʝʤʫ ʚʳʨʘʙʘʪʳʚʘʣʩʷ 

ʪʦʣʴʢʦ ʧʨʠ ʩʦʚʧʘʜʝʥʠʠ ʘʤʧʣʠʪʫʜ ʩʠʛʥʘʣʦʚ ʩ ʦʙʝʠʭ ʩʪʦʨʦʥ ʜʝʪʝʢʪʦʨʘ, ʦʜʥʘʢʦ 

ʢʨʠʪʝʨʠʡ ʦʙʷʟʘʪʝʣʴʥʦʛʦ ʩʙʦʨʘ ʟʘʨʷʜʘ ʪʦʣʴʢʦ ʥʘ ʦʜʠʥ ʩʝʛʤʝʥʪ ʧʦʚʝʨʭʥʦʩʪʠ 

ʙʳʣ ʧʨʠʤʝʥʝʥ ʣʠʰʴ ʜʣʷ n-ʩʪʦʨʦʥʳ ʜʝʪʝʢʪʦʨʘ. ʏʪʦ ʢʘʩʘʝʪʩʷ p-ʩʪʦʨʦʥʳ 

ʜʝʪʝʢʪʦʨʘ, ʪʦ ʪʘʤ ʙʳʣ ʧʨʠʤʝʥʝʥ ʢʨʠʪʝʨʠʡ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʟʘʨʷʜʘ ʤʝʞʜʫ ʥʝ 

ʙʦʣʝʝ ʯʝʤ ʜʚʫʤʷ ʩʦʩʝʜʥʠʤʠ ʩʝʛʤʝʥʪʘʤʠ. ʇʨʠ ʵʪʦʤ ʧʨʦʚʝʨʷʣʦʩʴ, ʯʪʦʙʳ 

ʵʥʝʨʛʝʪʠʯʝʩʢʠʡ ʵʢʚʠʚʘʣʝʥʪ ʩʫʤʤʳ ʩʠʛʥʘʣʦʚ ʩ ʵʪʠʭ ʜʚʫʭ ʩʝʛʤʝʥʪʦʚ 

ʩʦʦʪʚʝʪʩʪʚʦʚʘʣ ʵʥʝʨʛʠʠ Ŭïʯʘʩʪʠʮʳ (ʚ ʧʨʝʜʝʣʘʭ ʰʠʨʠʥʳ ʩʧʝʢʪʨʘʣʴʥʦʛʦ ʧʠʢʘ). 
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ʂʨʦʤʝ ʪʦʛʦ, ʚ ʩʭʝʤʫ ʟʘʧʫʩʢʘ ʙʳʣʠ ʚʢʣʶʯʝʥʳ ʠʩʢʣʶʯʠʪʝʣʴʥʦ ʥʝʯʝʪʥʳʝ 

ʩʝʛʤʝʥʪʳ p-ʩʪʦʨʦʥʳ  ʜʝʪʝʢʪʦʨʘ. ʕʪʦ ʙʳʣʦ ʩʜʝʣʘʥʦ, ʯʪʦʙʳ ʦʙʝʩʧʝʯʠʪʴ ʯʝʪʢʫʶ 

ʦʩʚʝʜʦʤʣʸʥʥʦʩʪʴ, ʢʘʢʦʡ ʠʤʝʥʥʦ ʩʝʛʤʝʥʪ  ʠʟ ʩʨʘʙʦʪʘʚʰʝʡ ʥʘ p-ʩʪʦʨʦʥʝ ʧʘʨʳ 

ʚʳʨʘʙʦʪʘʣ ʚʨʝʤʝʥʥʫʶ ʤʝʪʢʫ (ʚʤʝʩʪʝ ʩ ʠʤʧʫʣʴʩʦʤ ʩʠʛʥʘʣʘ ʟʘʧʫʩʢʘ).  

ʂʘʢ ʚʨʝʤʷ ʜʨʝʡʬʘ, ʪʘʢ ʠ ʘʤʧʣʠʪʫʜʳ ʩʠʛʥʘʣʦʚ ʜʣʷ ʩʨʘʙʦʪʘʚʰʠʭ 

ʵʣʝʤʝʥʪʦʚ n-ʩʪʦʨʦʥʳ ʙʳʣʠ ʧʦʩʪʦʷʥʥʳʤʠ, ʘ ʤʝʥʷʣʩʷ ʪʦʣʴʢʦ ʦʜʠʥ ʧʘʨʘʤʝʪʨ ï 

ʘʤʧʣʠʪʫʜʘ ʩʠʛʥʘʣʘ ʥʘ ʚʳʨʘʙʦʪʘʚʰʝʤ ʚʨʝʤʝʥʥʫʶ ʤʝʪʢʫ ʵʣʝʤʝʥʪʝ p-ʩʪʦʨʦʥʳ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʦʧʨʝʜʝʣʠʪʴ ʧʘʨʘʤʝʪʨʳ ʠʩʩʣʝʜʫʝʤʦʡ ʟʘʚʠʩʠʤʦʩʪʠ ʤʦʞʥʦ 

ʧʫʪʝʤ ʧʦʣʫʯʝʥʠʷ ʠ ʘʥʘʣʠʟʘ ʛʠʩʪʦʛʨʘʤʤ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʩʦʙʳʪʠʡ ʧʦ 

ʚʨʝʤʝʥʥʦʤʫ ʧʨʦʤʝʞʫʪʢʫ Tpos-Tneg (ʢʦʪʦʨʳʡ ʚ ʦʧʠʩʘʥʥʳʭ ʫʩʣʦʚʠʷʭ ʠʟʤʝʨʝʥʠʷ 

ʠ ʧʨʦʠʟʚʦʣʴʥʦ ʟʘʬʠʢʩʠʨʦʚʘʥʥʦʤ ʥʫʣʝ ʬʘʢʪʠʯʝʩʢʠ ʦʪʦʙʨʘʞʘʝʪ ʩʤʝʱʝʥʠʝ 

ʤʝʪʢʠ Tpos) ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʘʤʧʣʠʪʫʜʳ ʩʠʛʥʘʣʘ ʥʘ ʩʨʘʙʦʪʘʚʰʝʤ 

(ʪʨʠʛʛʝʨʥʦʤ) ʩʝʛʤʝʥʪʝ p-ʩʪʦʨʦʥʳ. ʇʦʩʢʦʣʴʢʫ ʬʦʨʤʫ ʥʘʙʣʶʜʘʝʤʳʭ ʚʭʦʜʥʳʭ 

ʩʠʛʥʘʣʦʚ ʤʦʞʥʦ ʩ ʭʦʨʦʰʝʡ ʪʦʯʥʦʩʪʴʶ ʩʯʠʪʘʪʴ ʦʜʠʥʘʢʦʚʦʡ, ʪʦ ʘʤʧʣʠʪʫʜʳ 

ʩʠʛʥʘʣʦʚ ʫʜʦʙʥʦ ʚʳʨʘʟʠʪʴ ʚ ʵʥʝʨʛʝʪʠʯʝʩʢʦʤ ʵʢʚʠʚʘʣʝʥʪʝ ʩʦʙʨʘʥʥʦʛʦ 

ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʟʘʨʷʜʘ (ʪʘʢ ʞʝ, ʢʘʢ ʠ ʚ ʛʣʘʚʝ 3). 

 

 
ʈʠʩʫʥʦʢ 4.4. ʀʣʣʶʩʪʨʘʮʠʷ ʧʨʦʠʩʭʦʞʜʝʥʠʷ time walk ʵʬʬʝʢʪʘ. 




























































































































