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1 ɺʚʝʜʝʥʠʝ 

ʎʝʣʴʶ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʨʝʘʢʮʠʠ “ ὔᴼὑ ὑ

“ ὔᴂ ʜʣʷ ʫʩʪʘʥʦʚʢʠ ɺɽʉ.  ʄʦʜʝʣʴ, ʧʦʣʫʯʝʥʥʘʷ ʚ ʨʝʟʫʣʴʪʘʪʝ ʜʘʥʥʦʡ ʨʘʙʦʪʳ, ʤʦʞʝʪ 

ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʚ ʜʘʣʴʥʝʡʰʝʤ ʥʘ ɺɽʉ ʚ ʨʘʟʣʠʯʥʳʭ ʮʝʣʷʭ. ʇʝʨʚʦʩʪʝʧʝʥʥʳʝ ʥʘ ʪʝʢʫʱʠʡ 

ʤʦʤʝʥʪ ï ʦʮʝʥʢʘ ʚʣʠʷʥʠʷ ʬʦʥʘ KK  ́ ʚ ʘʥʘʣʠʟʝ 3  ́ (ʙʝʟ ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʦʢʦʣʦ 10% 

ʩʦʙʳʪʠʡ)  ʠ  ʦʪʣʘʜʢʘ/ʧʨʦʚʝʨʢʘ ʘʣʛʦʨʠʪʤʦʚ ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʩ ʧʦʤʦʱʴʶ ʙʦʣʴʰʦʛʦ 

ʯʝʨʝʥʢʦʚʩʢʦʛʦ ʩʯʸʪʯʠʢʘ. 

ɼʣʷ ʛʝʥʝʨʘʮʠʠ ʥʘʙʦʨʘ ʩʦʙʳʪʠʡ, ʠʤʝʶʱʝʛʦ ʨʝʘʣʠʩʪʠʯʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ  ʚ 

ʤʥʦʛʦʤʝʨʥʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ ʢʠʥʝʤʘʪʠʯʝʩʢʠʭ ʧʝʨʝʤʝʥʥʳʭ,  ʠʩʧʦʣʴʟʫʶʪʩʷ  ʨʝʟʫʣʴʪʘʪʳ 

ʧʘʨʮʠʘʣʴʥʦ ʚʦʣʥʦʚʦʛʦ ʘʥʘʣʠʟʘ (ʇɺɸ) ʨʝʘʣʴʥʳʭ ʜʘʥʥʳʭ.  ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʜʘʥʥʘʷ ʨʘʙʦʪʘ 

ʤʦʞʝʪ ʨʘʩʩʤʘʪʨʠʚʘʪʴʩʷ ʠ ʢʘʢ ʧʨʝʜʚʘʨʠʪʝʣʴʥʳʡ (ʛʨʫʙʳʡ) ʬʠʟʠʯʝʩʢʠʡ ʘʥʘʣʠʟ ʜʘʥʥʦʡ 

ʩʠʩʪʝʤʳ  ʥʘ ʧʨʝʜʤʝʪ ʠʟʫʯʝʥʠʷ ʝʝ ʨʝʟʦʥʘʥʩʥʦʡ ʩʪʨʫʢʪʫʨʳ. ɸʥʘʣʠʟ ʩʠʩʪʝʤʳ KK ́

ʧʨʦʚʦʜʠʣʩʷ ʥʘ ɺɽʉ  ʜʦ ʤʦʜʝʨʥʠʟʘʮʠʠ ʫʩʪʘʥʦʚʢʠ ʠ ʧʨʠ ʤʝʥʴʰʝʡ ʩʪʘʪʠʩʪʠʢʝ (ʩʤ. [10]).  
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2 ʆʩʥʦʚʥʘʷ ʯʘʩʪʴ 

2.1 ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʘʷ ʫʩʪʘʥʦʚʢʘ 

ʕʢʩʧʝʨʠʤʝʥʪ ʧʨʦʚʦʜʠʣʩʷ ʥʘ ʫʩʪʘʥʦʚʢʝ ɺɽʉ, ʧʫʯʦʢ ʥʘ ʢʦʪʦʨʫʶ ʧʦʜʘʚʘʣʩʷ ʩ ʋ70. 

ɺɽʉ ʷʚʣʷʝʪʩʷ ʰʠʨʦʢʦʘʧʝʨʪʫʨʥʳʤ ʤʘʛʥʠʪʥʳʤ ʩʧʝʢʪʨʦʤʝʪʨʦʤ, ʧʨʝʜʥʘʟʥʘʯʝʥʥʳʤ ʜʣʷ 

ʨʝʛʠʩʪʨʘʮʠʠ ʟʘʨʷʞʝʥʥʳʭ ʯʘʩʪʠʮ ʠ ʛʘʤʤʘ-ʢʚʘʥʪʦʚ.  

ʉʭʝʤʘ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʫʩʪʘʥʦʚʢʠ ʧʨʠʚʝʜʝʥʘ ʥʘ ʨʠʩʫʥʢʝ: 

 

ʈʠʩ. 1: ʉʭʝʤʘ ʫʩʪʘʥʦʚʢʠ ɺɽʉ. 

ʅʘ ʚʭʦʜ ʫʩʪʘʥʦʚʢʠ ʧʦʜʘʸʪʩʷ ʧʫʯʦʢ ʟʘʨʷʞʝʥʥʳʭ ʯʘʩʪʠʮ, ʩʦʩʪʦʷʱʠʡ ʠʟ 

“ ωφȢυϷ ,  ὑ  ςȢσϷ ,  ὴ πȢςϷ ,  Ὡ ρϷ . ʉʨʝʜʥʷʷ ʵʥʝʨʛʠʷ ʧʫʯʢʘ Ὁ ςω ː̞ˏ, 

ʨʘʟʙʨʦʩ ʧʦ ʵʥʝʨʛʠʠ ʩʦʩʪʘʚʣʷʝʪ „ πȢς ɻʵʚ. ɼʣʠʪʝʣʴʥʦʩʪʴ ʮʠʢʣʘ ʋ70 - 9.5 ʩʝʢʫʥʜ, ʠʟ 

ʥʠʭ 1-2 ʩʝʢʫʥʜʳ ʫʭʦʜʷʪ ʥʘ ʚʳʙʨʦʩ ʯʘʩʪʠʮ ʚ ʫʩʪʘʥʦʚʢʫ ɺɽʉ. ʀʥʪʝʥʩʠʚʥʦʩʪʴ ʧʫʯʢʘ 

ʟʘʨʷʞʝʥʥʳʭ ʯʘʩʪʠʮ ~ 1.5Ŀ10
6
 ʯʘʩʪʠʮ/c. ɼʦ ʪʦʛʦ, ʢʘʢ ʧʫʯʦʢ ʥʘʯʠʥʘʝʪ ʚʟʘʠʤʦʜʝʡʩʪʚʦʚʘʪʴ 

ʩ  ʤʠʰʝʥʴʶ, ʦʥ ʧʨʦʭʦʜʠʪ ʯʝʨʝʟ ʪʨʠ ʩʮʠʥʪʠʣʣʷʮʠʦʥʥʳʭ ʩʯʸʪʯʠʢʘ S1, S2, S3 (ʥʘ ʨʠʩʫʥʢʝ 

ʦʥʠ ʥʝ ʧʦʢʘʟʘʥʳ). ɼʘʣʝʝ ʧʦ ʭʦʜʫ ʧʫʯʢʘ ʨʘʩʧʦʣʦʞʝʥʳ ʜʚʝ ʜʚʫʭʧʣʦʩʢʦʩʪʥʳʝ 

ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʳʝ ʢʘʤʝʨʳ HPC, ʧʨʝʜʥʘʟʥʘʯʝʥʥʳʝ ʜʣʷ ʨʝʛʠʩʪʨʘʮʠʠ ʢʦʦʨʜʠʥʘʪ ʧʫʯʢʘ ʠ 

ʪʝʤ ʩʘʤʳʤ ʩʣʫʞʘʱʠʝ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʝʛʦ ʥʘʧʨʘʚʣʝʥʠʷ. ʄʝʞʜʫ ʵʪʠʤʠ ʢʘʤʝʨʘʤʠ 

ʨʘʩʧʦʣʦʞʝʥʳ ʪʨʠ ʯʝʨʝʥʢʦʚʩʢʠʭ ʩʯʸʪʯʠʢʘ C1, C2, C3, ʥʝʦʙʭʦʜʠʤʳʝ ʜʣʷ ʠʜʝʥʪʠʬʠʢʘʮʠʠ 

ʧʫʯʢʦʚʦʡ ʯʘʩʪʠʮʳ ʠ ʩʮʠʥʪʠʣʣʷʪʦʨ ʚ ʚʠʜʝ ʧʣʘʩʪʠʥʳ ʩ ʚʳʨʝʟʘʥʥʳʤ ʢʨʫʛʣʳʤ ʦʪʚʝʨʩʪʠʝʤ, 
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ʧʨʝʜʥʘʟʥʘʯʝʥʥʳʡ ʜʣʷ ʧʦʜʘʚʣʝʥʠʷ ʛʘʣʦ ʧʫʯʢʘ, A10-A11. ʇʨʝʞʜʝ ʯʝʤ ʧʨʦʜʦʣʞʠʪʴ 

ʦʧʠʩʘʥʠʝ ʦʩʪʘʣʴʥʳʭ ʯʘʩʪʝʡ ʫʩʪʘʥʦʚʢʠ, ʫʢʘʞʝʤ, ʯʪʦ ʚ ɺɽʉ ʚʚʝʜʝʥʘ ʩʠʩʪʝʤʘ ʢʦʦʨʜʠʥʘʪ, 

ʩʚʷʟʘʥʥʘʷ ʩ ʥʝʧʦʜʚʠʞʥʳʤ ʤʘʛʥʠʪʦʤ Magnet. ʆʩʴ z ʥʘʧʨʘʚʣʝʥʘ ʛʦʨʠʟʦʥʪʘʣʴʥʦ ʚʜʦʣʴ ʦʩʠ 

ʤʘʛʥʠʪʘ, ʯʪʦ ʧʨʠʤʝʨʥʦ ʩʦʚʧʘʜʘʝʪ ʩ ʥʦʤʠʥʘʣʴʥʦʡ ʦʩʴʶ ʧʫʯʢʘ; ʦʩʴ y ʫʩʪʨʝʤʣʝʥʘ 

ʚʝʨʪʠʢʘʣʴʥʦ ʚʚʝʨʭ, ʦʩʴ x ʜʦʧʦʣʥʷʝʪʩʷ ʜʦ ʧʨʘʚʦʡ ʦʨʪʦʛʦʥʘʣʴʥʦʡ ʪʨʦʡʢʠ, ʮʝʥʪʨ ʩʠʩʪʝʤʳ 

ʢʦʦʨʜʠʥʘʪ ʩʦʚʧʘʜʘʝʪ ʩ ʮʝʥʪʨʦʤ ʤʘʛʥʠʪʘ. ʀʪʘʢ, ʜʘʣʝʝ ʧʦ ʧʫʯʢʫ ʨʘʩʧʦʣʦʞʝʥʘ ʤʠʰʝʥʴ, 

ʧʨʝʜʩʪʘʚʣʷʶʱʘʷ ʩʦʙʦʡ ʙʝʨʠʣʣʠʝʚʳʡ ʮʠʣʠʥʜʨ, ʦʩʴ ʢʦʪʦʨʦʛʦ ʣʝʞʠʪ ʚ ʧʣʦʩʢʦʩʪʠ xz ʠ 

ʩʦʩʪʘʚʣʷʝʪ ʥʝʙʦʣʴʰʦʡ ʫʛʦʣ (0.057 ʨʘʜ.) ʩ ʦʩʴʶ z, ʢʦʪʦʨʳʡ ʤʦʞʥʦ ʨʝʛʫʣʠʨʦʚʘʪʴ. 

ɼʠʘʤʝʪʨ ʮʠʣʠʥʜʨʘ ï 4.5 ʩʤ, ʪʦʣʱʠʥʘ 4 ʩʤ (0.11 ʨʘʜʠʘʮʠʦʥʥʳʭ ʜʣʠʥ). ʄʠʰʝʥʴ 

ʦʢʨʫʞʝʥʘ ʦʭʨʘʥʥʦʡ ʩʠʩʪʝʤʦʡ VETO. ʇʦʩʣʝ ʤʠʰʝʥʠ ʨʘʩʧʦʣʦʞʝʥʘ ʛʨʫʧʧʘ 

ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʳʭ ʢʘʤʝʨ PC1, ʢʦʪʦʨʘʷ ʦʙʨʘʟʦʚʘʥʘ ʪʨʝʤʷ ʜʚʫʭʧʣʦʩʢʦʩʪʥʳʤʠ 

ʜʝʪʝʢʪʦʨʘʤʠ, ʧʦʩʣʝʜʥʠʡ ʧʦ ʦʩʠ ʠʟ ʢʦʪʦʨʳʭ ʧʦʚʸʨʥʫʪ ʥʘ ʫʛʦʣ  ʦʪʥʦʩʠʪʝʣʴʥʦ 

ʥʘʧʨʘʚʣʝʥʠʷ ʧʫʯʢʘ z. ɼʘʣʝʝ ʩʣʝʜʫʝʪ ʝʱʸ ʦʜʥʘ ʛʨʫʧʧʘ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʳʭ ʢʘʤʝʨ PC2, 

ʩʦʩʪʦʷʱʘʷ ʫʞʝ ʠʟ 5 ʜʚʫʭʧʣʦʩʢʦʩʪʥʳʭ ʜʝʪʝʢʪʦʨʦʚ. ɿʘ ʥʠʤʠ ʨʘʩʧʦʣʦʞʝʥ ʤʘʛʥʠʪ Magnet, 

ʚʥʫʪʨʠ ʢʦʪʦʨʦʛʦ ʥʘʭʦʜʷʪʩʷ ʤʠʢʨʦʜʨʝʡʬʦʚʳʝ ʢʘʤʝʨʳ MDC. ɸ ʝʱʸ ʜʘʣʴʰʝ ʧʦ ʦʩʠ z 

ʨʘʩʧʦʣʘʛʘʝʪʩʷ ʧʦʨʦʛʦʚʳʡ ʯʝʨʝʥʢʦʚʩʢʠʡ ʩʯʸʪʯʠʢ, ʩʦʩʪʦʷʱʠʡ ʠʟ ʨʘʜʠʘʪʦʨʘ (ʬʨʝʦʥ-22 

ʧʨʠ ʘʪʤʦʩʬʝʨʥʦʤ ʜʘʚʣʝʥʠʠ), 28 ʩʬʝʨʠʯʝʩʢʠʭ ʟʝʨʢʘʣ 2-ʭ ʨʘʟʤʝʨʦʚ: ρτςυʩʤ ʚ ʮʝʥʪʨʝ ʠ 

ςψυυʩʤ ʥʘ ʧʝʨʠʬʝʨʠʠ, ʠ 28 ʌʕʋ. ʇʦʩʣʝ ʜʘʥʥʦʛʦ ʩʯʸʪʯʠʢʘ ʩʣʝʜʫʝʪ ʛʨʫʧʧʘ ʙʦʣʴʰʠʭ 

ʜʨʝʡʬʦʚʳʭ ʢʘʤʝʨ ʥʘ ʦʩʥʦʚʝ ʪʨʫʙʦʢ DC. ʇʦʩʣʝʜʥʷʷ ʢʘʤʝʨʘ ʨʘʩʧʦʣʘʛʘʝʪʩʷ ʤʝʞʜʫ ʜʚʫʤʷ 

ʩʮʠʥʪʠʣʣʷʪʦʨʘʤʠ BK (Beam killers). ʀ, ʥʘʢʦʥʝʮ, ʚ ʢʦʥʮʝ ʫʩʪʘʥʦʚʣʝʥ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʡ 

ʢʘʣʦʨʠʤʝʪʨ ECAL. 

ʊʨʠʛʛʝʨʦʤ ʥʘ ʟʘʧʠʩʴ ʩʦʙʳʪʠʷ ʜʝʪʝʢʪʦʨʘʤʠ ʷʚʣʷʝʪʩʷ ʫʩʣʦʚʠʝ: 

ὛρὛςὛσȦὃρπȦὃρρȦὄὑρȦὄὑςϽ ȦὠὉὝὕρ 

ʊʘʢʞʝ ʩʣʝʜʫʝʪ ʫʧʦʤʷʥʫʪʴ, ʯʪʦ ʜʘʥʥʳʝ ʩ ʫʩʪʘʥʦʚʢʠ ʟʘʧʠʩʳʚʘʶʪʩʷ ʚ ʬʘʡʣʳ 

ʬʦʨʤʘʪʘ DST (Data Summary Tape), ʩʦʜʝʨʞʘʱʠʝ ʚ ʩʝʙʝ ʠʥʬʦʨʤʘʮʠʶ ʦ ʩʠʛʥʘʣʘʭ, 

ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʥʳʭ ʜʝʪʝʢʪʦʨʘʤʠ. ɼʣʷ ʧʦʜʨʦʙʥʦʛʦ ʦʟʥʘʢʦʤʣʝʥʠʷ ʩ ʵʪʠʤ ʬʦʨʤʘʪʦʤ 

ʤʦʞʥʦ ʦʙʨʘʪʠʪʴʩʷ, ʥʘʧʨʠʤʝʨ, ʢ [7]. ɼʣʷ ʘʥʘʣʠʟʘ  ʠʩʧʦʣʴʟʦʚʘʥʳ ʜʘʥʥʳʝ ʩʝʘʥʩʘ çʟʠʤʘ-

2013 ʛ.è (ʪ.ʥ. Run-44) ʩ ʧʦʨʷʜʢʦʚʳʤ ʥʦʤʝʨʦʤ (ʠʪʝʨʘʮʠʝʡ)  ʨʝʢʦʥʩʪʨʫʢʮʠʠ  P-13. 

ʊʝʧʝʨʴ ʧʝʨʝʡʜʸʤ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʢ ʦʪʙʦʨʫ ʩʦʙʳʪʠʡ. 
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2.2 ʆʪʙʦʨ ʩʦʙʳʪʠʡ 

2.2.1 ʇʝʨʝʯʠʩʣʝʥʠʝ ʦʪʙʦʨʦʚ 

 ʀʟ ʚʩʝʭ ʩʦʙʳʪʠʡ, ʟʘʧʠʩʘʥʥʳʭ ʚʦ ʚʨʝʤʷ 44ʛʦ ʩʝʘʥʩʘ, ʜʣʷ ʘʥʘʣʠʟʘ ʦʪʙʠʨʘʶʪʩʷ ʪʝ, 

ʢʦʪʦʨʳʝ ʦʙʣʘʜʘʶʪ ʩʣʝʜʫʶʱʠʤʠ ʩʚʦʡʩʪʚʘʤʠ: 

1) ʉʦʙʳʪʠʝ ʧʨʦʰʣʦ ʨʝʢʦʥʩʪʨʫʢʮʠʶ ʧʦʣʥʦʩʪʴʶ ʠ ʙʝʟ ʦʰʠʙʦʢ 

2) ʈʝʢʦʥʩʪʨʫʠʨʦʚʘʥʥʳʝ ʚʪʦʨʠʯʥʳʝ ʟʘʨʷʞʝʥʥʳʝ ʪʨʝʢʠ ʥʝ ʧʦʧʘʜʘʶʪ ʥʠ ʚ K1, ʥʠ ʚ 

K2 

3) ʀʤʝʝʪʩʷ ʦʜʥʘ ʚʝʨʰʠʥʘ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ, ʦʜʠʥ ʚʪʦʨʠʯʥʳʡ ʪʨʝʢ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʡ 

ʧʦʣʦʞʠʪʝʣʴʥʦ ʟʘʨʷʞʝʥʥʦʡ ʯʘʩʪʠʮʝ, ʜʚʘ ʚʪʦʨʠʯʥʳʭ ʪʨʝʢʘ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ 

ʦʪʨʠʮʘʪʝʣʴʥʦ ʟʘʨʷʞʝʥʥʳʤ ʯʘʩʪʠʮʘʤ 

4) ɺʝʨʰʠʥʘ ʨʘʩʧʦʣʦʞʝʥʘ ʚ ʧʨʝʜʝʣʘʭ ʮʠʣʠʥʜʨʘ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ ʛʝʦʤʝʪʨʠʠ 

ʤʠʰʝʥʠ ʩ ʫʚʝʣʠʯʝʥʥʦʡ ʥʘ 2 ʩʤ ʜʣʠʥʦʡ 

5) ʇʫʯʢʦʚʘʷ ʯʘʩʪʠʮʘ ʠʜʝʥʪʠʬʠʮʠʨʫʝʪʩʷ ʢʘʢ ʧʠʦʥ 

6) ʊʨʝʢʠ, ʚʳʭʦʜʷʱʠʝ ʠʟ ʚʝʨʰʠʥʳ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ, ʠʜʝʥʪʠʬʠʮʠʨʫʶʪʩʷ ʢʘʢ ʪʨʝʢʠ 

K+,K-, -́ 

7) ɿʥʘʯʝʥʠʝ ʤʦʜʫʣʷ ʩʫʤʤʘʨʥʦʛʦ  ʠʤʧʫʣʴʩʘ ʧʨʦʜʫʢʪʦʚ ʣʝʞʠʪ ʚ ʜʠʘʧʘʟʦʥʝ ʤʝʞʜʫ 

28.5 ʠ 29.5 ɻʵɺ 

ʈʝʟʫʣʴʪʘʪʳ ʦʪʙʦʨʦʚ ʤʦʞʥʦ ʢʨʘʪʢʦ ʧʨʝʜʩʪʘʚʠʪʴ ʚ ʚʠʜʝ ʥʠʞʝʩʣʝʜʫʶʱʝʡ ʪʘʙʣʠʮʳ: 

ʆʪʙʦʨ ʂʦʣʠʯʝʩʪʚʦ ʦʪʦʙʨʘʥʥʳʭ ʩʦʙʳʪʠʡ, ʰʪ. 

- (ʙʝʟ ʦʪʙʦʨʦʚ) ρȢπϽρπ 

1 (ʧʦ ʩʪʘʪʫʩʫ ʨʝʢʦʥʩʪʨʫʢʮʠʠ) χȢωϽρπ 

1Ŀ3 (ʧʦ ʪʦʧʦʣʦʛʠʠ) τȢυϽρπ 

1Ŀ3Ŀ4 (ʧʦ ʚʝʨʰʠʥʝ) τȢρϽρπ 

1Ŀ3Ŀ7 (ʧʦ ʫʧʨʫʛʦʤʫ ʧʠʢʫ) τȢπϽρπ 

1Ŀ3Ŀ5 (ʧʦ ʪʠʧʫ ʧʫʯʢʦʚʦʡ ʯʘʩʪʠʮʳ) τȢυϽρπ 

1Ŀ3Ŀ2 (ʧʦ ʥʝʧʦʧʘʜʘʥʠʶ ʥʠ ʚ K1 ʥʠ ʚ K2) τȢυϽρπ 

1Ŀ3Ŀ6 (ʧʦ ʪʠʧʫ ʚʪʦʨʠʯʥʳʭ ʯʘʩʪʠʮ) σȢωϽρπ 

1Ŀ2Ŀ3Ŀ4Ŀ5Ŀ6Ŀ7 (ʚʩʝ ʦʪʙʦʨʳ) ςȢςϽρπ 
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ʊʘʙʣ. 1: ʨʝʟʫʣʴʪʘʪʳ ʦʪʙʦʨʦʚ. ʏʠʩʣʘ, ʧʨʠʚʝʜʸʥʥʳʝ ʚ ʣʝʚʦʤ ʩʪʦʣʙʮʝ, ʷʚʣʷʶʪʩʷ 

ʥʦʤʝʨʘʤʠ ʦʪʙʦʨʦʚ, ʧʝʨʝʯʠʩʣʝʥʥʳʭ ʚ ʚʠʜʝ ʩʧʠʩʢʘ ʚʳʰʝ. ʆʙʦʟʥʘʯʝʥʠʝ ñAĿBò ʦʟʥʘʯʘʝʪ 

ʧʨʠʤʝʥʝʥʠʝ ʦʪʙʦʨʦʚ ʩ ʥʦʤʝʨʘʤʠ A ʠ B ʦʜʥʦʚʨʝʤʝʥʥʦ. 

ɼʣʷ ʧʦʣʥʦʪʳ ʢʘʨʪʠʥʳ ʧʨʠʚʝʜʸʤ ʝʱʸ ʥʝʩʢʦʣʴʢʦ ʛʠʩʪʦʛʨʘʤʤ: 

 

ʈʠʩ.2: Z-ʢʦʦʨʜʠʥʘʪʘ ʚʝʨʰʠʥʳ ʜʦ ʠ ʧʦʩʣʝ ʦʙʨʝʟʘʥʠʷ ʧʦ ʮʠʣʠʥʜʨʫ. 

 

 

ʈʠʩ.3: X ʠ y-ʢʦʦʨʜʠʥʘʪʳ ʚʝʨʰʠʥʳ ʜʦ ʠ ʧʦʩʣʝ ʦʙʨʝʟʘʥʠʷ ʧʦ ʮʠʣʠʥʜʨʫ. 

z, ʩʤ z, ʩʤ 

x, ʩʤ x, ʩʤ 

y
, 
ʩ
ʤ 

y
, 
ʩ
ʤ 

ʉ
ʦ
ʙ
ʳ
ʪ
ʠ
ʡ

/ʩ
ʤ 

ʉ
ʦ
ʙ
ʳ
ʪ
ʠ
ʡ

/ʩ
ʤ 
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ʈʠʩ. 4: ʄʦʜʫʣʴ ʩʫʤʤʳ ʠʤʧʫʣʴʩʦʚ ʚʪʦʨʠʯʥʳʭ ʯʘʩʪʠʮ ʜʦ ʠ ʧʦʩʣʝ ʦʙʨʝʟʘʥʠʡ ʧʦ ʚʝʨʰʠʥʝ, 

ʧʦ ʧʫʯʢʦʚʦʡ ʯʘʩʪʠʮʝ, ʧʦ ʪʠʧʫ ʚʪʦʨʠʯʥʳʭ ʯʘʩʪʠʮ, ʘ ʪʘʢʞʝ ʧʦ ʥʝʧʦʧʘʜʘʥʠʶ ʧʨʦʪʷʥʫʪʳʭ 

ʪʨʝʢʦʚ ʚ K1 ʠ ʚ K2, ʧʨʠʯʝʤ ʚʩʝ ʦʙʨʝʟʘʥʠʷ ʧʨʠʤʝʥʝʥʳ ʦʜʥʦʚʨʝʤʝʥʥʦ; ʩʝʨʳʤ ʮʚʝʪʦʤ 

ʧʦʢʘʟʘʥʦ ʦʙʨʝʟʘʥʠʝ ʧʦ ʤʦʜʫʣʶ ʠʤʧʫʣʴʩʘ. 

 

2.2.2 ʀʜʝʥʪʠʬʠʢʘʮʠʷ ʚʪʦʨʠʯʥʳʭ ʯʘʩʪʠʮ 

ʊʝʧʝʨʴ ʦʩʪʘʥʦʚʠʤʩʷ ʧʦʧʦʜʨʦʙʥʝʝ ʥʘ ʩʘʤʦʤ ʞʸʩʪʢʦʤ ʦʪʙʦʨʝ, ʢʦʪʦʨʳʡ ʦʩʥʦʚʘʥ ʥʘ 

ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʟʘʨʷʞʝʥʥʳʭ ʧʨʦʜʫʢʪʦʚ ʨʝʘʢʮʠʠ ʤʥʦʛʦʢʘʥʘʣʴʥʳʤ ʯʝʨʝʥʢʦʚʩʢʠʤ 

ʩʯʸʪʯʠʢʦʤ ʚ ʧʦʨʦʛʦʚʦʤ ʨʝʞʠʤʝ. ʇʨʠʥʮʠʧ ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʚ ʧʦʨʦʛʦʚʦʤ ʨʝʞʠʤʝ 

ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʪʦʤ, ʯʪʦ ʚ ʦʧʨʝʜʝʣʸʥʥʦʤ ʠʥʪʝʨʚʘʣʝ ʠʤʧʫʣʴʩʦʚ ʦʜʠʥ ʩʦʨʪ ʯʘʩʪʠʮ 

ʠʟʣʫʯʘʝʪ ʬʦʪʦʥʳ, ʘ ʜʨʫʛʦʡ ʥʝʪ. ʆʧʠʰʝʤ ʚʢʨʘʪʮʝ, ʢʘʢ ʧʨʦʠʩʭʦʜʠʪ ʠʜʝʥʪʠʬʠʢʘʮʠʷ ʚ 

ʥʘʰʝʤ ʩʣʫʯʘʝ. ɼʣʷ ʙʦʣʝʝ ʧʦʜʨʦʙʥʦʛʦ ʦʧʠʩʘʥʠʷ ʤʦʞʥʦ ʦʙʨʘʪʠʪʴʩʷ ʢ [8] ʠ [9]. 

 ɿʥʘʢ ʟʘʨʷʜʘ ʠ 3-ʠʤʧʫʣʴʩʳ ʚʪʦʨʠʯʥʳʭ ʯʘʩʪʠʮ  (ʚ ʧʨʝʜʧʦʣʦʞʝʥʠʠ ʠʭ 

ʦʜʥʦʟʘʨʷʜʥʦʩʪʠ |q|=|e|) ʚʦʩʩʪʘʥʘʚʣʠʚʘʶʪʩʷ ʩ ʧʦʤʦʱʴʶ ʰʠʨʦʢʦʘʧʝʨʪʫʨʥʦʛʦ ʤʘʛʥʠʪʥʦʛʦ 

ʩʧʝʢʪʨʦʤʝʪʨʘ. ɼʘʣʝʝ ʩʪʨʦʠʪʩʷ ʢʦʤʧʴʶʪʝʨʥʘʷ ʤʦʜʝʣʴ, ʦʧʠʩʳʚʘʶʱʘʷ ʪʨʘʝʢʪʦʨʠʠ ʚʩʝʭ 

ʟʘʨʷʞʝʥʥʳʭ ʯʘʩʪʠʮ ʚ ʯʝʨʝʥʢʦʚʩʢʦʤ ʩʯʸʪʯʠʢʝ.  ɿʘʪʝʤ ʟʘʜʘʸʪʩʷ ʥʘʙʦʨ ʛʠʧʦʪʝʟ,  ʚ ʢʦʪʦʨʳʭ 

ʢʘʞʜʦʤʫ ʪʨʝʢʫ ʧʨʠʧʠʩʳʚʘʝʪʩʷ ʦʧʨʝʜʝʣʸʥʥʳʡ ʩʦʨʪ ʯʘʩʪʠʮ. ɺ ʥʘʰʝʤ ʩʣʫʯʘʝ ʠʤʝʝʪʩʷ 3 

ʪʨʝʢʘ (1 ʜʣʷ ʧʦʣʦʞʠʪʝʣʴʥʦʡ ʯʘʩʪʠʮʳ ʠ 2 ʜʣʷ ʦʪʨʠʮʘʪʝʣʴʥʳʭ) ʠ 2 ʩʦʨʪʘ ʯʘʩʪʠʮ (K ʠ ˊ). 

ʊʦ ʝʩʪʴ ʚʩʝʛʦ ʤʳ ʠʤʝʝʤ 8 ʛʠʧʦʪʝʟ. ɼʣʷ  ʢʘʞʜʦʡ ʠʟ ʥʠʭ ʧʦʣʫʯʘʝʤ ʥʝʢʦʪʦʨʳʝ 

ʩʤʦʜʝʣʠʨʦʚʘʥʥʳʝ ʦʪʢʣʠʢʠ ʚ ʢʘʞʜʦʤ ʬʦʪʦʧʨʠʸʤʥʠʢʝ ʠʟ 28 ʠʤʝʶʱʠʭʩʷ. ɿʘʪʝʤ 

ʧʨʦʠʩʭʦʜʠʪ ʩʨʘʚʥʝʥʠʝ ʵʪʠʭ ʦʪʢʣʠʢʦʚ ʩ ʨʝʘʣʴʥʦ ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʥʳʤʠ ʚ ʵʢʩʧʝʨʠʤʝʥʪʝ 

ʜʘʥʥʳʤʠ ʠ ʚʳʜʘʸʪʩʷ ʟʥʘʯʝʥʠʝ ʚʝʨʦʷʪʥʦʩʪʠ, ʯʪʦ ʜʘʥʥʘʷ ʛʠʧʦʪʝʟʘ ʚʝʨʥʘ. ɼʘʣʝʝ 

psum, ɻʵɺ psum, ɻʵɺ 
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ʚʳʙʠʨʘʶʪʩʷ ʜʚʝ ʥʘʠʙʦʣʝʝ ʚʝʨʦʷʪʥʳʝ ʛʠʧʦʪʝʟʳ, ʠ ʚʳʯʠʩʣʷʝʪʩʷ ʦʪʥʦʰʝʥʠʝ 2-ʭ 

ʚʝʨʦʷʪʥʦʩʪʝʡ Ŭ. ɽʩʣʠ ‌  ‌ , ʪʦ ʩʯʠʪʘʝʪʩʷ, ʯʪʦ ʚʪʦʨʠʯʥʳʝ ʯʘʩʪʠʮʳ ʫʩʧʝʰʥʦ 

ʠʜʝʥʪʠʬʠʮʠʨʦʚʘʥʳ. ɺʳʙʦʨʦʤ ‌  ʨʝʛʫʣʠʨʫʝʪʩʷ ʙʘʣʘʥʩ (ʢʦʤʧʨʦʤʠʩʩ) ʤʝʞʜʫ 

ʵʬʬʝʢʪʠʚʥʦʩʪʴʶ ʠ ʯʠʩʪʦʪʦʡ ʠʜʝʥʪʠʬʠʢʘʮʠʠ. ɺ ʥʘʰʝʤ ʩʣʫʯʘʝ ʠʩʧʦʣʴʟʦʚʘʥʦ ‌ τ. 

ʈʝʟʫʣʴʪʘʪʳ ʦʧʨʝʜʝʣʝʥʠʷ ʩʦʨʪʘ ʯʘʩʪʠʮ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʠʞʝ ʚ ʚʠʜʝ ʛʠʩʪʦʛʨʘʤʤ: 

 

ʈʠʩ. 5: ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʚʪʦʨʠʯʥʳʭ ʯʘʩʪʠʮ. ʇʝʨʚʳʡ 

ʩʪʦʣʙʝʮ ʧʦʢʘʟʳʚʘʝʪ ʢʦʣʠʯʝʩʪʚʦ ʥʝʠʜʝʥʪʠʬʠʮʠʨʫʝʤʳʭ ʩʦʙʳʪʠʡ, ʚʪʦʨʦʡ ï 

ʠʜʝʥʪʠʬʠʮʠʨʫʝʤʳʭ. ʇʦʩʣʝʜʫʶʱʠʝ ʩʪʦʣʙʮʳ ʧʦʢʘʟʳʚʘʶʪ ʢʦʣʠʯʝʩʪʚʘ 

ʠʜʝʥʪʠʬʠʮʠʨʫʝʤʳʭ ʩʦʙʳʪʠʡ ʩ ʦʧʨʝʜʝʣʸʥʥʳʤʠ ʥʘʙʦʨʘʤʠ ʚʪʦʨʠʯʥʳʭ ʯʘʩʪʠʮ. 
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ʈʠʩ. 6: ʏʘʩʪʴ ʨʠʩ. 5, ʦʪʥʦʩʷʱʘʷʩʷ ʢ ʠʜʝʥʪʠʬʠʮʠʨʫʝʤʳʤ ʩʦʙʳʪʠʷʤ. 

ʂʘʢ ʤʳ ʚʠʜʠʤ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʩʦʩʪʘʚʣʷʝʪ ~8.7 %, ʧʨʠ ʵʪʦʤ 

~9.8% ʦʪ ʠʜʝʥʪʠʬʠʮʠʨʦʚʘʥʥʳʭ ʯʘʩʪʠʮ ʷʚʣʷʶʪʩʷ K+K- -́. 

ʊʘʢʞʝ ʩʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʚʦ ʚʨʝʤʷ ʘʥʘʣʠʟʘ ʨʝʘʣʴʥʳʭ ʜʘʥʥʳʭ 

ʧʨʝʜʧʨʠʥʠʤʘʣʘʩʴ ʧʦʧʳʪʢʘ ʠʜʝʥʪʠʬʠʮʠʨʦʚʘʪʴ ʚʪʦʨʠʯʥʳʝ ʯʘʩʪʠʮʳ ʚ ʧʦʜʭʦʜʝ ʪʨʸʭ 

ʛʠʧʦʪʝʟ (“““ȟὑ ὑ “ȟὑ “ὑ ). ʆʜʥʘʢʦ, ʚ ʵʪʦʤ ʩʣʫʯʘʝ ʧʦʩʣʝ ʦʪʙʦʨʘ ʠʤʝʣʘʩʴ 

ʙʦʣʴʰʘʷ ʜʦʣʷ ʥʝʚʝʨʥʦ ʦʧʨʝʜʝʣʸʥʥʳʭ ʩʦʙʳʪʠʡ, ʘ ʠʤʝʥʥʦ ï ʚʳʩʦʢʘʷ ʧʨʠʤʝʩʴ “““ . 

ʕʪʦ ʙʳʣʦ ʦʙʥʘʨʫʞʝʥʦ ʤʝʪʦʜʦʤ ʧʨʠʧʠʩʘʥʠʷ ʚʩʝʤ ʧʨʦʜʫʢʪʘʤ ʨʝʘʢʮʠʠ ʤʘʩʩʳ ʧʠ-ʤʝʟʦʥʘ ʠ 

ʧʦʩʪʨʦʝʥʠʷ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʧʦ ʜʚʫʭʯʘʩʪʠʯʥʦʡ ʤʘʩʩʝ ““ . ɼʣʷ ʩʦʙʳʪʠʡ, ʧʨʦʰʝʜʰʠʭ 

ʦʪʙʦʨ ʩ ʨʘʩʩʤʦʪʨʝʥʠʝʤ ʪʨʸʭ ʛʠʧʦʪʝʟ, ʠʤʝʝʪʩʷ ʚʳʨʘʞʝʥʥʳʡ ʧʠʢ ʥʘ ʥʦʤʠʥʘʣʴʥʦʡ ʤʘʩʩʝ 

ɟ-ʤʝʟʦʥʘ (770 ʄʵɺ), ʯʪʦ ʥʝʣʴʟʷ ʩʢʘʟʘʪʴ ʧʨʦ ʩʦʙʳʪʠʷ, ʧʨʦʰʝʜʰʠʝ ʦʪʙʦʨ ʩ 

ʨʘʩʩʤʦʪʨʝʥʠʝʤ 8 ʛʠʧʦʪʝʟ. ʅʠʞʝ ʧʨʠʚʝʜʝʥʳ ʜʚʝ ʛʠʩʪʦʛʨʘʤʤʳ, ʦʪʥʦʩʷʱʠʝʩʷ ʢ 

ʧʨʠʚʝʜʸʥʥʳʤ ʚʳʰʝ ʨʘʩʩʫʞʜʝʥʠʷʤ. 
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ʈʠʩ. 7: ʈʘʩʧʨʝʜʝʣʝʥʠ ̫ʧʦ ʜʚʫʭʯʘʩʪʠʯʥʦʡ ʤʘʩʩʝ ““ ) ʜʣʷ ʩʦʙʳʪʠʡ, ʧʦʣʫʯʝʥʥʳʭ ʚ 

ʨʝʟʫʣʴʪʘʪʝ ʦʪʙʦʨʘ ʩ ʧʨʠʤʝʥʝʥʠʝʤ 3ʭ ʛʠʧʦʪʝʟ (ʩʣʝʚʘ), ʠ ʜʣʷ ʩʦʙʳʪʠʡ, ʧʦʣʫʯʝʥʥʳʭ ʚ 

ʨʝʟʫʣʴʪʘʪʝ ʦʪʙʦʨʘ ʩ ʧʨʠʤʝʥʝʥʠʝʤ 8ʤʠ ʛʠʧʦʪʝʟ (ʩʧʨʘʚʘ).  

 

2.2.3 ʈʝʟʫʣʴʪʘʪʳ ʦʪʙʦʨʦʚ  

ɿʜʝʩʴ ʧʨʝʜʩʪʘʚʠʤ ʨʝʟʫʣʴʪʘʪʳ ʦʙʨʝʟʘʥʠʡ, ʦʧʠʩʘʥʥʳʭ ʚʳʰʝ. ʇʨʠʤʝʥʠʚ ʚʩʝ 

ʚʳʰʝʦʧʠʩʘʥʥʳʝ ʦʪʙʦʨʳ ʦʜʥʦʚʨʝʤʝʥʥʦ ʢʦ ʚʩʝʤ ʚʭʦʜʥʳʤ ʩʦʙʳʪʠʷʤ ʚ ʢʦʣʠʯʝʩʪʚʝ 

ὔ ρȢπϽρπ, ʤʳ ʧʦʣʫʯʠʣʠ ὔ ςȢςϽρπ ʩʦʙʳʪʠʡ, ʢʦʪʦʨʳʝ ʙʫʜʫʪ ʫʯʘʩʪʚʦʚʘʪʴ ʚ 

ʘʥʘʣʠʟʝ. ʅʠʞʝ ʧʨʠʚʝʜʸʤ ʥʝʢʦʪʦʨʳʝ ʛʠʩʪʦʛʨʘʤʤʳ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʝ ʚʳʜʝʣʝʥʥʳʝ 

ʩʦʙʳʪʠʷ. 

m(ˊ+ˊ-), ɻʵɺ m(ˊ+ˊ-), ɻʵɺ m(ˊ+ˊ-), ɻʵɺ 
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ʈʠʩ. 8: ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʧʦ ʪʨʸʭʯʘʩʪʠʯʥʦʡ ʤʘʩʩʝ KK.́ 

 

ʈʠʩ. 9: ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʧʦ tô, ʛʜʝ ὸǋ ὸ ὸ , t ï ʢʚʘʜʨʘʪ ʧʝʨʝʜʘʥʥʦʛʦ 

ʯʝʪʳʨʸʭʠʤʧʫʣʴʩʘ, ὸ  ï ʤʠʥʠʤʘʣʴʥʦʝ ʧʦ ʤʦʜʫʣʶ ʟʥʘʯʝʥʠʝ t ʚ ʜʦʧʫʩʪʠʤʦʡ ʢʠʥʝʤʘʪʠʢʝ. 

ʊʘʢʞʝ ʥʘ ʛʠʩʪʦʛʨʘʤʤʝ ʧʦʢʘʟʘʥ ʬʠʪ ʬʫʥʢʮʠʝʡ   Ὢὼ Ὡ Ͻ Ὡ Ͻ, ʟʥʘʯʝʥʠʝ 

m(K+K- -́), ɻʵɺ 
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ʧʘʨʘʤʝʪʨʦʚ p0, p1, p2, p3 ʧʨʠʚʝʜʝʥʦ ʥʘ ʨʠʩʫʥʢʝ. ʌʫʥʢʮʠʷ Ὢὼ ʙʫʜʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ 

ʜʘʣʝʝ ʜʣʷ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʠʟʫʯʘʝʤʦʡ ʚ ʵʪʦʤ ʪʝʢʩʪʝ ʨʝʘʢʮʠʠ. 

ɺ ʚʳʨʘʞʝʥʠʠ ʜʣʷ  Ὢὼ ʠʤʝʶʪʩʷ ʜʚʝ ʵʢʩʧʦʥʝʥʪʳ, ʢʘʞʜʘʷ ʠʟ ʢʦʪʦʨʳʭ ʦʪʚʝʯʘʝʪ ʟʘ 

ʜʠʬʨʘʢʮʠʶ ʥʘ ʦʧʨʝʜʝʣʸʥʥʦʡ ʩʪʨʫʢʪʫʨʝ: Ὡ Ͻ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʜʠʬʨʘʢʮʠʠ ʥʘ ʥʫʢʣʦʥʝ, 

Ὡ Ͻ ï ʥʘ ʷʜʨʝ ʙʝʨʠʣʣʠʷ. (ʇʝʨʝʜʘʥʥʳʡ ʠʤʧʫʣʴʩ ὴ ʧʨʦʧʦʨʮʠʦʥʘʣʝʥ , ʛʜʝ R ï ʨʘʜʠʫʩ 

ʤʠʰʝʥʠ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʢʚʘʜʨʘʪ ʧʝʨʝʜʘʥʥʦʛʦ ʠʤʧʫʣʴʩʘ ὸͯ , ʧʦʵʪʦʤʫ, ʯʝʤ ʙʦʣʴʰʝ 

ʨʘʟʤʝʨ ʤʠʰʝʥʠ, ʪʝʤ ʤʝʥʴʰʝ t, ʪʦ ʝʩʪʴ ʪʝʤ ʫʞʝ ʵʢʩʧʦʥʝʥʪʘ ʚ t-ʨʘʩʧʨʝʜʝʣʝʥʠʠ.) 

ɻʠʩʪʦʛʨʘʤʤʳ ʜʚʫʭʯʘʩʪʠʯʥʳʭ ʤʘʩʩ:  

 

 ʈʠʩ. 10: ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʧʦ    ʈʠʩ.11: ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʧʦ 

  ʤʘʩʩʝ (K+K-)      ʤʘʩʩʝ (K+ -́)  

        (ʨʝʘʣʴʥʳʝ ʜʘʥʥʳʝ)          (ʨʝʘʣʴʥʳʝ ʜʘʥʥʳʝ) 

   

ɼʣʷ ʚʳʷʚʣʝʥʠʷ ʨʘʟʣʠʯʥʳʭ ʩʪʨʫʢʪʫʨ ʚ ʧʨʠʚʝʜʸʥʥʳʭ ʚʳʰʝ ʛʠʩʪʦʛʨʘʤʤʘʭ ʧʦʣʝʟʥʦ 

ʧʦʩʪʨʦʠʪʴ ʪʘʢʠʝ ʞʝ ʜʚʫʭʯʘʩʪʠʯʥʳʝ ʤʘʩʩʳ ʜʣʷ  ʩʦʙʳʪʠʡ, ʧʦʣʫʯʝʥʥʳʭ ʨʘʚʥʦʤʝʨʥʦʡ ʧʦ 

ʬʘʟʦʚʦʤʫ ʦʙʲʸʤʫ ʛʝʥʝʨʘʮʠʝʡ: 

m(K+ˊ-), ɻʵɺ m(K+K-), ɻʵɺ 
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 ʈʠʩ. 12: ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʧʦ    ʈʠʩ.13: ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʧʦ 

  ʤʘʩʩʝ (K+K-)      ʤʘʩʩʝ (K+ -́)  

 (ʨʘʚʥʦʤʝʨʥʘʷ ʧʦ ʬʘʟʦʚʦʤʫ     (ʨʘʚʥʦʤʝʨʥʘʷ ʧʦ ʬʘʟʦʚʦʤʫ 

 ʦʙʲʸʤʫ ʛʝʥʝʨʘʮʠʷ)      ʦʙʲʸʤʫ ʛʝʥʝʨʘʮʠʷ)  

        

ʊʘʢʞʝ ʧʨʠʚʝʜʸʤ Dalitz plot ʩ ʦʙʦʟʥʘʯʝʥʥʳʤʠ ʥʝʢʦʪʦʨʳʤʠ ʩʪʨʫʢʪʫʨʘʤʠ: 

 

ʈʠʩ. 14: Dalitz plot. ʇʦ ʛʦʨʠʟʦʥʪʘʣʴʥʦʡ ʦʩʠ ʦʪʣʦʞʝʥʘ ʜʚʫʭʯʘʩʪʠʯʥʘʷ ʤʘʩʩʘ K+K-, ʧʦ 

ʚʝʨʪʠʢʘʣʴʥʦʡ ʦʩʠ ï ʤʘʩʩʘ K+ -́, ʚʩʝ ʚʝʣʠʯʠʥʳ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ɻʵɺʘʭ. 

 

m(K+ˊ-), ɻʵɺ m(K+K-), ɻʵɺ 
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ʈʠʩ. 15: ɿʘʚʠʩʠʤʦʩʪʴ ʘʢʩʝʧʪʘʥʩʘ ʦʪ ʪʨʸʭʯʘʩʪʠʯʥʦʡ ʤʘʩʩʳ (KK)́. ɸʢʩʝʧʪʘʩ A 

ʦʧʨʝʜʝʣʷʝʪʩʷ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ. ʇʫʩʪʴ Nin ï ʢʦʣʠʯʝʩʪʚʦ ʩʦʙʳʪʠʡ, ʧʦʜʘʥʥʳʭ ʥʘ 

ʫʩʪʘʥʦʚʢʫ, Nid ï ʢʦʣʠʯʝʩʪʚʦ ʩʦʙʳʪʠʡ, ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʥʳʭ ʜʝʪʝʢʪʦʨʘʤʠ, ʘ ʪʘʢʞʝ 

ʧʨʦʰʝʜʰʠʭ ʚʩʝ ʦʪʙʦʨʳ. ʊʦʛʜʘ ὃ . ʊʘʢʞʝ ʦʪʤʝʪʠʤ ʯʪʦ ʧʦʜʩʯʸʪ ʘʢʩʝʧʪʘʥʩʘ 

ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʩ ʧʦʤʦʱʴʶ ʥʠʞʝʦʧʠʩʘʥʥʦʡ ʛʝʥʝʨʘʮʠʠ ʩʦʙʳʪʠʡ ʨʘʚʥʦʤʝʨʥʦ ʧʦ 

ʪʨʸʭʯʘʩʪʠʯʥʦʤʫ ʬʘʟʦʚʦʤʫ ʦʙʲʸʤʫ. 

 

2.3 ʇɺɸ 

2.3.1 ʌʦʨʤʘʣʠʟʤ ʇɺɸ. ʇʦʩʪʨʦʝʥʠʝ ʨʘʩʧʘʜʥʳʭ ʘʤʧʣʠʪʫʜ. 

ʀʩʧʦʣʴʟʦʚʘʥʥʳʡ ʬʦʨʤʘʣʠʟʤ ʇɺɸ ʩʣʝʜʫʝʪ [1].  ɺ ʜʘʥʥʦʤ ʨʘʟʜʝʣʝ ʚʚʝʜʸʤ ʪʦʣʴʢʦ 

ʣʠʰʴ ʩʠʩʪʝʤʳ ʢʦʦʨʜʠʥʘʪ ʠ ʧʝʨʝʤʝʥʥʳʝ, ʠʩʧʦʣʴʟʫʝʤʳʝ ʚ ʇɺɸ, ʘ ʪʘʢʞʝ ʧʨʠʚʝʜʸʤ 

ʦʩʥʦʚʥʳʝ ʬʦʨʤʫʣʳ, ʚʳʢʣʘʜʢʠ ʚʳʥʝʩʝʤ ʚ ʇʨʠʣʦʞʝʥʠʝ 1. 

ʈʘʩʩʤʦʪʨʠʤ ʧʨʦʮʝʩʩ: ʙʝʩʩʧʠʥʦʚʘʷ ʯʘʩʪʠʮʘ a ʥʘʣʝʪʘʝʪ ʥʘ ʯʘʩʪʠʮʫ b, ʢʦʪʦʨʘʷ ʚ 

ʦʙʱʝʤ ʩʣʫʯʘʝ ʤʦʞʝʪ ʠʤʝʪʴ ʩʧʠʥ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʨʝʘʢʮʠʠ ʦʙʨʘʟʫʶʪʩʷ ʪʨʠ ʙʝʩʩʧʠʥʦʚʳʝ 

ʯʘʩʪʠʮʳ 1, 2, 3 ʠ ʯʘʩʪʠʮʘ 4, ʠʤʝʶʱʘʷ ʩʚʦʡ ʩʧʠʥ. ʊʘʢʦʡ ʧʨʦʮʝʩʩ ʤʦʞʥʦ ʟʘʧʠʩʘʪʴ ʪʘʢ: 

Á ÂO ρ ς σ τ. ɸʤʧʣʠʪʫʜʘ ʵʪʦʡ ʨʝʘʢʮʠʠ ʦʧʨʝʜʝʣʷʝʪʩʷ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: 

Æɚɚ ộÐÐÐȟÐɚȿ5ȿÐȟÐɚỚȟ 

ɻʜʝ ÐȟÐȟÐȟÐȟÐȟÐ ï 3ʭ ʤʝʨʥʳʝ ʠʤʧʫʣʴʩʳ ʯʘʩʪʠʮ 1,2,3,4,a,b ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʚ ʦʙʱʝʡ 

ʩʠʩʪʝʤʝ ʮʝʥʪʨʘ ʤʘʩʩ; ɚȟɚ ï ʩʧʠʨʘʣʴʥʦʩʪʠ ʯʘʩʪʠʮʳ 4 ʠ ʯʘʩʪʠʮʳ b ʚ ʵʪʦʡ ʞʝ ʩʠʩʪʝʤʝ 

ʦʪʩʯʸʪʘ. ʅʘʙʦʨ ʧʝʨʝʤʝʥʥʳʭ ÐÐÐ ---  (ʛʜʝ M1, M2, M3 ï ʤʘʩʩʳ ʯʘʩʪʠʮ 1,2,3, 
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ʢʦʪʦʨʳʝ ʤʳ ʩʯʠʪʘʝʤ ʬʠʢʩʠʨʦʚʘʥʥʳʤʠ) ʧʦʣʥʦʩʪʴʶ ʵʢʚʠʚʘʣʝʥʪʝʥ ʥʘʙʦʨʫ 

0 - ūŪ- ɣɢ--- , ʛʜʝ 0 Ð Ð Ð ï ʠʤʧʫʣʴʩ (123) ʩʠʩʪʝʤʳ ʚ 

ʦʙʱʝʡ ʩʠʩʪʝʤʝ ʮʝʥʪʨʘ ʤʘʩʩ, -  - ʵʬʬʝʢʪʠʚʥʘʷ ʤʘʩʩʘ ʩʠʩʪʝʤʳ (123); ūȟŪ- 

ʘʟʠʤʫʪʘʣʴʥʳʡ ʠ ʧʦʣʷʨʥʳʡ ʫʛʣʳ ʩʠʩʪʝʤʳ (13) ʚ ʩʠʩʪʝʤʝ ɻʦʪʬʨʠʜʘ-ɼʞʝʢʩʦʥʘ. ʆʥʘ 

ʩʪʨʦʠʪʩʷ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: ʙʝʨʸʪʩʷ ʩʠʩʪʝʤʘ ʮʝʥʪʨʘ ʤʘʩʩ ʪʨʸʭ ʯʘʩʪʠʮ 1, 2, 3, ʦʩʴ z 

ʦʧʨʝʜʝʣʷʝʪʩʷ ʥʘʧʨʘʚʣʝʥʠʝʤ ʧʫʯʢʘ, ʪ.ʝ. ʠʤʧʫʣʴʩʦʤ ʯʘʩʪʠʮʳ a, ʦʩʴ y ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʘ 

ʧʣʦʩʢʦʩʪʠ ʨʝʘʢʮʠʠ, ʦʩʴ x ʜʦʧʦʣʥʷʝʪʩʷ ʜʦ ʧʨʘʚʦʡ ʪʨʦʡʢʠ (ʩʤ. ʨʠʩ. 16); ɣȟɢ- 

ʘʟʠʤʫʪʘʣʴʥʳʡ ʠ ʧʦʣʷʨʥʳʡ ʫʛʣʳ ʯʘʩʪʠʮʳ 3 ʚ ʩʠʩʪʝʤʝ ʧʦʢʦʷ (13), ʥʘʧʨʘʚʣʝʥʠʷ ʦʩʝʡ 

ʦʧʨʝʜʝʣʷʶʪʩʷ ʩʣʝʜʫʶʱʠʤ ʩʧʦʩʦʙʦʤ: ÚǋᴁÐ , ÙǋᴁÚȟÚǋ, Øǋ ÙǋȟÚǋ - ʪʘʢʘʷ ʩʠʩʪʝʤʘ 

ʥʘʟʳʚʘʝʪʩʷ ʩʧʠʨʘʣʴʥʦʡ (ʩʤ. ʨʠʩ. 17). 

   

 ʈʠʩ. 16: ʉʠʩʪʝʤʘ ɻʦʪʬʨʠʜʘ-  ʈʠʩ. 17: ʉʧʠʨʘʣʴʥʘʷ ʩʠʩʪʝʤʘ. 

  ɼʞʝʢʩʦʥʘ. 

ɺʚʝʜʸʤ ʧʝʨʝʤʝʥʥʳʝ: J, ȿ, j, ɚ, l, ɖ, ʛʜʝ J ï ʩʧʠʥ ʩʠʩʪʝʤʳ (123), ȿ ï ʩʧʠʨʘʣʴʥʦʩʪʴ 

ʩʠʩʪʝʤʳ (123) ʚ ʦʙʱʝʡ ʩʠʩʪʝʤʝ ʮʝʥʪʨʘ ʤʘʩʩ, j ï ʩʧʠʥ ʩʠʩʪʝʤʳ (13), ɚ ï ʩʧʠʨʘʣʴʥʦʩʪʴ 

ʩʠʩʪʝʤʳ (13) ʚ ʩʠʩʪʝʤʝ ʮʝʥʪʨʘ ʤʘʩʩ (123), l ï ʫʛʣʦʚʦʡ ʤʦʤʝʥʪ ʩʠʩʪʝʤʳ (13) ʠ ʯʘʩʪʠʮʳ 2, 

ɖ ï ʥʘʪʫʨʘʣʴʥʦʩʪʴ. ʇʨʠ ʵʪʦʤ Ώ πȟ– ρ. 

ʊʦʛʜʘ, ʧʦʣʴʟʫʷʩʴ ʠʟʦʙʘʨʥʦʡ ʤʦʜʝʣʴʶ, ʘʤʧʣʠʪʫʜʫ ʤʦʞʥʦ ʟʘʧʠʩʘʪʴ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: 

Æɚɚ -ŬὬɚɚ
Ŭ ÓȟÔȟ-

Ŭ

 

-Ŭ
ςÌ ρ

τ́

ςÊ ρ

τ́
Äɚ ɢὰπὮ‗ȿὐ‗ὧ $ȿɚ

ᶻ
ūȟŪ,ɣ

ɚ

–ὖ ρ ɚ$ȿ ɚūȟŪ,ɣ ὄὡ - ȟ-  
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ɻʜʝ Ŭ ï ʤʫʣʴʪʠʠʥʜʝʢʩ, ʦʧʠʩʳʚʘʶʱʠʡ ὐÌ–ȿ ʠ ʠʟʦʙʘʨʫ; n  ʦʧʠʩʳʚʘʝʪ ʩʧʘʨʠʚʘʥʠʝ ʯʘʩʪʠʮ 

ʚ ʢʦʥʢʨʝʪʥʫʶ ʠʟʦʙʘʨʫ; p ï ʯʸʪʥʦʩʪʴ ʠʟʦʙʘʨʳ. ὰπὮ‗ȿὐ‗ - ʢʦʵʬʬʠʮʠʝʥʪʳ ʂʣʝʙʰʘ-

ɻʦʨʜʘʥʘ; D, d ï ɹʦʣʴʰʘʷ ʠ ʤʘʣʘʷ ʬʫʥʢʮʠʠ ɺʠʛʥʝʨʘ; ὄὡ - ȟ-  ï ʤʥʦʞʠʪʝʣʴ, 

ʦʧʠʩʳʚʘʶʱʠʡ ʜʠʥʘʤʠʢʫ ʨʘʩʧʘʜʘ ʠʟʦʙʘʨʳ. ʌʫʥʢʮʠʠ -Ŭ ʥʘʟʳʚʘʶʪʩʷ ʚʦʣʥʘʤʠ. 

ʄʘʪʨʠʮʘ ʧʣʦʪʥʦʩʪʠ ʟʘʜʘʸʪʩʷ ʩʣʝʜʫʶʱʠʤ ʚʳʨʘʞʝʥʠʝʤ: 

” ǋÓȟÔȟ- В Ὤɚɚ
Ŭ ÓȟÔȟ- Ὤɚɚ

Ŭǋz ÓȟÔȟ-ɚɚ . 

ʆʧʨʝʜʝʣʠʚ ʥʘʙʦʨ ʠʟʦʙʘʨ, ʥʘʙʦʨ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʠʤ ʚʦʣʥ ʠ ʟʘʜʘʚ ʤʘʪʨʠʮʫ 

ʧʣʦʪʥʦʩʪʠ, ʤʳ ʨʘʩʩʯʠʪʳʚʘʝʤ ʧʦʩʪʨʦʠʪʴ ʤʦʜʝʣʴ, ʦʧʠʩʳʚʘʶʱʫʶ ʨʘʩʩʤʘʪʨʠʚʘʝʤʫʶ 

ʨʝʘʢʮʠʶ ʧʦ ʚʩʝʤ  ʧʝʨʝʤʝʥʥʳʤ ʇɺɸ. ɼʣʷ ʪʦʛʦ, ʯʪʦʙʳ ʤʦʜʝʣʴ ʣʫʯʰʝ ʩʦʦʪʚʝʪʩʪʚʦʚʘʣʘ 

ʬʠʟʠʯʝʩʢʦʤʫ ʧʨʦʮʝʩʩʫ, ʚʚʝʜʸʤ ʜʦʧʦʣʥʠʪʝʣʴʥʦ ʝʱʸ ʦʜʥʫ ʚʦʣʥʫ flat ʜʣʷ ʢʦʤʧʝʥʩʘʮʠʠ 

ʚʢʣʘʜʘ, ʥʝ ʚʢʣʶʯʸʥʥʳʭ ʚ ʘʥʘʣʠʟ ʚʦʣʥ.  ʇʨʠ ʵʪʦʤ flat ʦʧʨʝʜʝʣʷʝʤ ʨʘʚʥʦʤʝʨʥʳʤ ʧʦ 

ʬʘʟʦʚʦʤʫ ʦʙʲʸʤʫ ʥʝʢʦʛʝʨʝʥʪʥʳʤ ʚʢʣʘʜʦʤ ʚ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʩ -П ρ . ɼʘʥʥʳʡ ʚʢʣʘʜ 

ʦʧʠʩʳʚʘʝʪʩʷ ʜʦʧʦʣʥʠʪʝʣʴʥʳʤ ʙʣʦʢʦʤ ʤʘʪʨʠʮʳ ʧʣʦʪʥʦʩʪʠ. 

   

2.3.2 ʆʧʠʩʘʥʠʝ ʠʟʦʙʘʨ 

ɺʚʝʜʸʥʥʳʝ ʚʳʰʝ ʬʫʥʢʮʠʠ ὄὡ - ȟ-  ʤʦʞʥʦ ʟʘʧʠʩʘʪʴ ʩʣʝʜʫʶʱʠʤ 

ʦʙʨʘʟʦʤ 

ὄὡ - ȟ- Ὂ- ȟ- ȟÍ ϽὊ- ȟÍȟÍ ϽЎ- , 

ʛʜʝ Ὂ- ȟ- ȟÍ , Ὂ- ȟÍȟÍ  - ʙʘʨʴʝʨʥʳʝ ʬʘʢʪʦʨʳ ɹʣʘʪʪʘ-ɺʘʡʩʢʦʧʬʘ, 

ʦʧʠʩʘʥʥʳʝ ʚ [4], Ў-  ï ʦʧʨʝʜʝʣʷʪ ʬʦʨʤʫ ʨʝʟʦʥʘʥʩʥʦʡ ʢʨʠʚʦʡ ʚʳʙʨʘʥʥʦʡ ʠʟʦʙʘʨʳ. 

ʌʫʥʢʮʠʠ F ʫʯʠʪʳʚʘʶʪ ʪʦ, ʯʪʦ ʤʘʢʩʠʤʘʣʴʥʳʡ ʫʛʣʦʚʦʡ ʤʦʤʝʥʪ ʚ ʩʠʣʴʥʦʤ ʨʘʩʧʘʜʝ 

ʦʛʨʘʥʠʯʠʚʘʝʪʩʷ ʠʤʧʫʣʴʩʘʤʠ ʯʘʩʪʠʮ, ʥʘ ʢʦʪʦʨʳʝ ʨʘʩʧʘʜʘʝʪʩʷ ʠʟʦʙʘʨʘ. ʇʦʣʫʯʝʥʥʳʝ ʧʨʠ 

ʨʘʩʧʘʜʝ ʯʘʩʪʠʮʳ, ʜʚʠʞʫʱʠʝʩʷ ʤʝʜʣʝʥʥʦ, ʫʤʝʥʴʰʘʶʪ ʘʤʧʣʠʪʫʜʫ ʪʘʢʦʛʦ ʨʘʩʧʘʜʘ. 

ɼʘʥʥʳʝ ʬʫʥʢʮʠʠ ʟʘʚʠʩʷʪ ʪʦʣʴʢʦ ʦʪ ʠʤʧʫʣʴʩʘ ʧʨʦʜʫʢʪʦʚ q ʚ ʩʠʩʪʝʤʝ ʮʝʥʪʨʘ ʤʘʩʩ 

ʨʝʟʦʥʘʥʩʘ ʠ ʟʘʧʠʩʳʚʘʶʪʩʷ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: 

Ὂ ή  ρ 

Ὂ ή  
ςᾀ

ᾀ ρ
 



20 
 

Ὂ ή  
ρσᾀ

ᾀ σᾀ ω
 

Ὂ ή  
ςχχᾀ

ᾀ φᾀ τυᾀ ςςυ
 

Ὂ ή  
ρςχτφᾀ

ᾀ ρπᾀ ρσυᾀ ρυχυᾀ ρρπςυ
 

ʛʜʝ ʚʚʝʜʝʥʦ ʦʙʦʟʥʘʯʝʥʠʝ Ú , Ñ ρωχȢσ ʄʵɺ. ʀʤʧʫʣʴʩ ʯʘʩʪʠʮʳ q ʚ ʩʠʩʪʝʤʝ 

ʮʝʥʪʨʘ ʤʘʩʩ ʨʝʟʦʥʘʥʩʘ ʤʦʞʥʦ ʚʳʯʠʩʣʠʪʴ ʧʦ ʬʦʨʤʫʣʝ: 

ή
ά ά ά

ςά
ά ȟ 

ʛʜʝ ά  - ʤʘʩʩʘ ʨʝʟʦʥʘʥʩʘ; ά , ά  - ʤʘʩʩʳ ʧʨʦʜʫʢʪʦʚ, ʚʩʝ ʚʝʣʠʯʠʥʳ ʚʳʨʘʞʝʥʳ ʚ 

ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʝʜʠʥʠʮʘʭ. 

ɼʣʷ ʧʦʜʘʚʣʷʶʱʝʡ ʯʘʩʪʠ ʠʟʦʙʘʨ, ʠʩʧʦʣʴʟʫʝʤʳʭ ʚ ʘʥʘʣʠʟʝ ʚ ʢʘʯʝʩʪʚʝ Ў-  ʚʳʩʪʫʧʘʝʪ 

ʨʝʣʷʪʠʚʠʩʪʩʢʘʷ ʬʦʨʤʫʣʘ ɹʨʘʡʪʘ-ɺʠʛʥʝʨʘ: 

ЎÍ
Íũ

Í Í ὭÍũÍ
ȟ 

ʛʜʝ Í  - ʤʘʩʩʘ ʨʝʟʦʥʘʥʩʘ, ũ - ʝʛʦ ʰʠʨʠʥʘ. ɼʣʷ ʦʜʠʥʦʯʥʦʛʦ ʢʘʥʘʣʘ ʨʘʩʧʘʜʘ 

ũÍ ũ , 

 ʛʜʝ F - ʚʚʝʜʸʥʥʳʝ ʨʘʥʝʝ ʙʘʨʴʝʨʥʳʝ ʬʘʢʪʦʨʳ, j ï ʩʧʠʥ ʨʝʟʦʥʘʥʩʘ, Ñ ï ʤʦʜʫʣʴ ʠʤʧʫʣʴʩʘ 

ʦʜʥʦʛʦ ʠʟ ʧʨʦʜʫʢʪʦʚ ʚ ʩʠʩʪʝʤʝ ʮʝʥʪʨʘ ʤʘʩʩ ʨʝʟʦʥʘʥʩʘ ʧʨʠ Í  Í . 

ɺ ʪʘʙʣʠʮʝ, ʧʨʝʜʩʪʘʚʣʝʥʥʦʡ ʥʠʞʝ, ʧʨʠʚʝʜʝʥʦ ʦʧʠʩʘʥʠʝ ʚʩʝʭ ʠʟʦʙʘʨ, 

ʠʩʧʦʣʴʟʫʝʤʳʭ ʚ ʘʥʘʣʠʟʝ. ɺʩʝ ʠʟʦʙʘʨʳ ʟʘ ʠʩʢʣʶʯʝʥʠʝʤ ə ʦʧʠʩʳʚʘʶʪʩʷ ʨʝʣʷʪʠʚʠʩʪʩʢʦʡ 

ʬʦʨʤʫʣʦʡ ɹʨʘʡʪʘ-ɺʠʛʥʝʨʘ, ʧʨʠʚʝʜʸʥʥʦʡ ʚʳʰʝ. 

ʀʤ ̫ ʉʧʠʥ ʄʘʩʩʘ (ɻʵɺ/ʩ
2

) ʐʠʨʠʥʘ (ɻʵɺ/ʩ
2

) 

K
+

ˊ
-
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ə  0 -  

K*  1  0.896  0.058  

K
2
  2  1.432  0.109  

K
+

K
-

  

f
0
 (s-wave) 0  - 

f
2
  2  1.275  0.185  

fô
2
(1525)  2  1.525  0.073  

ű(1020) 1 1.019 0.0043 

ʊʘʙʣ. 2: ʉʧʠʩʦʢ ʠʟʦʙʘʨ, ʠʩʧʦʣʴʟʫʝʤʳʭ ʚ ʇɺɸ. 

ə ʠʤʝʝʪ ʨʝʟʦʥʘʥʩʥʫʶ ʢʨʠʚʫʶ, ʚʟʷʪʫʶ ʠʟ [5]: 

 

ʈʠʩ. 18: ɸʤʧʣʠʪʫʜʘ ʠ ʬʘʟʘ ʜʣʷ ʠʟʦʙʘʨʳ ə. 

ʇʘʨʘʤʝʪʨʠʟʘʮʠʷ f
0
 (s-wave) ʙʳʣʘ ʚʟʷʪʘ ʠʟ [11] (ʀʩʧʦʣʴʟʦʚʘʥʦ ʨʝʰʝʥʠʝ ʜʣʷ ʄ). 

ɸʤʧʣʠʪʫʜʘ ʠ ʬʘʟʘ ʵʪʦʛʦ ʨʝʟʦʥʘʥʩʘ ʧʦʢʘʟʘʥʳ ʥʘ ʥʠʞʝʩʣʝʜʫʶʱʠʭ ʨʠʩʫʥʢʘʭ: 
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ʈʠʩ. 19-20: ɸʤʧʣʠʪʫʜʘ (ʩʣʝʚʘ) ʠ ʬʘʟʘ (ʩʧʨʘʚʘ) f0 (s-wave). ʇʦ ʛʦʨʠʟʦʥʪʘʣʴʥʦʡ ʦʩʠ 

ʦʪʣʦʞʝʥʘ ʜʚʫʭʯʘʩʪʠʯʥʘʷ ʤʘʩʩʘ (K+K-), ʚʳʨʘʞʝʥʥʘʷ ʚ ɻʵɺʘʭ, ʟʥʘʯʝʥʠʷ ʬʘʟʳ ʧʨʠʚʝʜʝʥʳ 

ʚ ʨʘʜʠʘʥʘʭ. 

ʊʘʢʞʝ ʫʢʘʞʝʤ, ʯʪʦ ʧʨʝʜʧʨʠʥʠʤʘʣʘʩʴ ʧʦʧʳʪʢʘ ʚʤʝʩʪʦ ʵʪʦʡ ʧʘʨʘʤʝʪʨʠʟʘʮʠʠ 

ʠʩʧʦʣʴʟʦʚʘʪʴ ʧʘʨʘʤʝʪʨʠʟʘʮʠʶ ʬʫʥʢʮʠʝʡ ɹʨʘʡʪʘ-ɺʠʛʥʝʨʘ ʜʣʷ f0(980), ʥʦ ʚʳʙʨʘʥʘ ʙʳʣʘ 

ʚʩʸ-ʪʘʢʠ s-wave ʠʟ [11]. 

 

2.3.3 ʇʦʩʪʨʦʝʥʠʝ ʤʘʪʨʠʮʳ ʧʣʦʪʥʦʩʪʠ 

ʆʧʠʰʝʤ ʧʨʦʮʝʜʫʨʫ, ʧʦʟʚʦʣʷʶʱʫʶ ʧʦʣʫʯʠʪʴ ʵʣʝʤʝʥʪʳ ʤʘʪʨʠʮʳ ʧʣʦʪʥʦʩʪʠ. 

ʆʩʥʦʚʥʘʷ ʠʜʝʷ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʪʦʤ, ʯʪʦʙʳ ʫʜʦʙʥʳʤ ʦʙʨʘʟʦʤ ʟʘʧʠʩʘʪʴ ʬʫʥʢʮʠʶ 

ʧʨʘʚʜʦʧʦʜʦʙʠʷ ʠ ʤʘʢʩʠʤʠʟʠʨʦʚʘʪʴ ʝʸ ʧʦ ” ǋÓȟÔȟ- . 

ɺ ʇʨʠʣʦʞʝʥʠʠ 2 ʚʳʚʝʜʝʥʘ ʬʦʨʤʫʣʘ ʜʣʷ ʣʦʛʘʨʠʬʤʘ ʬʫʥʢʮʠʠ ʧʨʘʚʜʦʧʦʜʦʙʠʷ ὒ : 

ÌÎὒ ”Ӷ - †-ᶻ†ὃ†Ὠ† ÌÎ ”Ӷ- † -ᶻ† ὃ† ὧέὲίὸ 

”Ӷ
” ὔ

В᷿ ” - †-ᶻ†ὃ†Ὠ†
 

ʛʜʝ - † - ʧʘʨʮʠʘʣʴʥʳʝ ʚʦʣʥʳ, ὃ† ï ʘʢʩʝʧʪʘʥʩ, ”  - ʵʣʝʤʝʥʪʳ ʤʘʪʨʠʮʳ ʧʣʦʪʥʦʩʪʠ, ὔ 

- ʩʨʝʜʥʝʝ ʯʠʩʣʦ ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʥʳʭ ʩʦʙʳʪʠʡ. 
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ʆʧʠʰʝʤ, ʢʘʢ ʤʦʞʥʦ ʚʳʯʠʩʣʠʪʴ ʠʥʪʝʛʨʘʣ, ʩʪʦʷʱʠʡ ʚ ʧʝʨʚʦʤ ʯʣʝʥʝ ʣʦʛʘʨʠʬʤʘ 

ʬʫʥʢʮʠʠ ʧʨʘʚʜʦʧʦʜʦʙʠʷ. ɺ ʜʘʥʥʦʤ ʘʥʘʣʠʟʝ ʦʥ ʠʤʝʥʥʦ ʪʘʢ ʠ ʚʳʯʠʩʣʷʝʪʩʷ. ʉʥʘʯʘʣʘ 

ʩʛʝʥʝʨʠʤ ʩʦʙʳʪʠʷ ʨʘʚʥʦʤʝʨʥʦ ʧʦ ʪʨʸʭʯʘʩʪʠʯʥʦʤʫ ʬʘʟʦʚʦʤʫ ʦʙʲʸʤʫ. ɺʩʝʛʦ ʫʜʦʙʥʝʝ ʵʪʦ 

ʩʜʝʣʘʪʴ ʚ ʩʠʩʪʝʤʝ ʮʝʥʪʨʘ ʤʘʩʩ ʨʘʩʧʘʜʘʶʱʝʡʩʷ ʯʘʩʪʠʮʳ. ʊʘʢ ʢʘʢ ʦʪʥʦʰʝʥʠʷ ʤʝʞʜʫ 

ʠʤʧʫʣʴʩʘʤʠ ʧʨʦʜʫʢʪʦʚ ʬʘʢʪʠʯʝʩʢʠ ʟʘʚʠʩʷʪ ʪʦʣʴʢʦ ʦʪ ʜʚʫʭ ʧʝʨʝʤʝʥʥʳʭ: ʠʩʭʦʜʥʦ 9 (ʪʨʠ 

3-ʠʤʧʫʣʴʩʘ), ʤʠʥʫʩ 1 (ʤʘʩʩʘ, ʨʘʩʧʘʜʘʶʱʝʡʩʷ ʯʘʩʪʠʮʳ), ʤʠʥʫʩ 3 (ʟʘʢʦʥʳ ʩʦʭʨʘʥʝʥʠʷ 

ʢʘʞʜʦʡ ʠʟ ʢʦʤʧʦʥʝʥʪ 3-ʠʤʧʫʣʴʩʘ), ʤʠʥʫʩ ʝʱʸ 3 (ʚʩʝʚʦʟʤʦʞʥʳʝ ʧʦʚʦʨʦʪʳ ʩʠʩʪʝʤʳ), - 

ʪʦ ʤʳ ʤʦʞʝʤ ʚʟʷʪʴ ʜʣʷ ʛʝʥʝʨʘʮʠʠ, ʥʘʧʨʠʤʝʨ, s12 ʠ s13 (ʢʚʘʜʨʘʪʳ ʯʝʪʳʨʸʭʠʤʧʫʣʴʩʦʚ 

ʩʧʘʨʝʥʥʳʭ ʜʚʫʤʷ ʨʘʟʥʳʤʠ ʩʧʦʩʦʙʘʤʠ ʯʘʩʪʠʮ). ʇʨʝʠʤʫʱʝʩʪʚʦʤ ʚʳʙʦʨʘ ʪʘʢʦʡ ʧʘʨʳ 

ʧʝʨʝʤʝʥʥʳʭ ʷʚʣʷʝʪʩʷ ʪʦ, ʯʪʦ ὧέὲίὸ ʠ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʥʘʤ ʜʦʩʪʘʪʦʯʥʦ 

ʩʛʝʥʝʨʠʪʴ s12 ʠ s13 ʨʘʚʥʦʤʝʨʥʦ ʚ ʜʦʩʪʫʧʥʦʡ ʦʙʣʘʩʪʠ, ʢʦʪʦʨʘʷ ʦʛʨʘʥʠʯʠʚʘʝʪʩʷ ʥʝʢʦʪʦʨʳʤ 

ʢʦʥʪʫʨʦʤ, ʧʦʣʫʯʘʝʤʳʤ ʠʟ ʨʘʩʩʤʦʪʨʝʥʠʷ ʢʠʥʝʤʘʪʠʢʠ 3ʭ ʯʘʩʪʠʯʥʦʛʦ ʨʘʩʧʘʜʘ. ɼʘʣʝʝ, 

ʟʥʘʷ s12 ʠ s13, ʤʳ ʦʜʥʘʟʥʘʯʥʦ ʚʦʩʩʪʘʥʘʚʣʠʚʘʝʤ ʤʦʜʫʣʠ ʠʤʧʫʣʴʩʦʚ ʯʘʩʪʠʮ ʠ ʫʛʣʳ ʤʝʞʜʫ 

ʥʠʤʠ. ɿʘʪʝʤ, ʧʦʣʴʟʫʷʩʴ ʠʟʦʪʨʦʧʥʦʩʪʴʶ ʨʘʩʧʘʜʘ, ʟʘʜʘʸʤ ʩʣʫʯʘʡʥʳʤ ʦʙʨʘʟʦʤ ʧʦʣʦʞʝʥʠʝ 

ʪʨʸʭ 3-ʠʤʧʫʣʴʩʦʚ ʧʨʦʜʫʢʪʦʚ ʨʘʩʧʘʜʘ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ.  

ʊʘʢ ʤʳ ʧʦʣʫʯʠʣʠ ñʚʥʫʪʨʝʥʥʠʝ ʧʝʨʝʤʝʥʥʳʝò, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʝ ʨʘʩʧʘʜ ʩʠʩʪʝʤʳ 

(123). ɼʘʣʝʝ ʟʘʜʘʸʪʩʷ ʠʤʧʫʣʴʩ ʧʫʯʢʦʚʦʡ ʯʘʩʪʠʮʳ ʚ ʣʘʙʦʨʘʪʦʨʥʦʡ ʩʠʩʪʝʤʝ ʦʪʩʯʸʪʘ, ʘ 

ʪʘʢʞʝ ʢʦʦʨʜʠʥʘʪʘ ʚʝʨʰʠʥʳ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ. ʕʪʠ ʧʘʨʘʤʝʪʨʳ ʙʝʨʫʪʩʷ ʠʟ root-ʜʝʨʝʚʘ, 

ʩʦʜʝʨʞʘʱʝʛʦ ʚ ʩʝʙʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʧʦʣʫʯʝʥʥʳʝ ʜʘʥʥʳʝ. ʇʦʩʣʝ ʵʪʦʛʦ ʛʝʥʝʨʠʪʩʷ tô 

ʩʦʛʣʘʩʥʦ ʚʳʰʝʦʧʠʩʘʥʥʦʤʫ ʬʠʪʫ ʜʚʫʤʷ ʵʢʩʧʦʥʝʥʪʘʤʠ, ʠ ʤʘʩʩʘ ʩʠʩʪʝʤʳ (123) 

ʨʘʚʥʦʤʝʨʥʦ ʧʦ ʤʘʩʩʦʚʦʤʫ ʙʠʥʫ. ʄ(123) ʠ tô ʦʜʥʦʟʥʘʯʥʦ ʦʧʨʝʜʝʣʷʶʪ ʫʛʦʣ Ū ʤʝʞʜʫ 

ʪʨʘʝʢʪʦʨʠʝʡ ʧʫʯʢʦʚʦʡ ʯʘʩʪʠʮʳ ʠ ʪʨʘʝʢʪʦʨʠʝʡ ʜʚʠʞʝʥʠʷ ʩʠʩʪʝʤʳ (123) ʚ ʣʘʙʦʨʘʪʦʨʥʦʡ 

ʩʠʩʪʝʤʝ ʦʪʩʯʸʪʘ. ɼʘʣʝʝ ʨʘʚʥʦʤʝʨʥʦ ʚ ʜʠʘʧʘʟʦʥʝ ʦʪ ḯ  ʜʦ ˊ ʛʝʥʝʨʠʪʩʷ ű ï ʫʛʦʣ ʧʦʚʦʨʦʪʘ 

ʚʩʝʡ ʩʠʩʪʝʤʳ ʦʪʥʦʩʠʪʝʣʴʥʦ ʦʩʠ, ʟʘʜʘʚʘʝʤʦʡ ʪʨʘʝʢʪʦʨʠʝʡ ʧʫʯʢʘ. ɿʘʪʝʤ, ʧʦʣʴʟʫʷʩʴ 

ʢʠʥʝʤʘʪʠʯʝʩʢʠʤʠ ʩʦʦʪʥʦʰʝʥʠʷʤʠ, ʤʳ ʦʧʨʝʜʝʣʷʝʤ ʠʤʧʫʣʴʩʳ ʚʩʝʭ ʯʘʩʪʠʮ ʚ 

ʣʘʙʦʨʘʪʦʨʥʦʡ ʩʠʩʪʝʤʝ ʦʪʩʯʸʪʘ. 

ʊʘʢ ʤʳ ʧʦʣʫʯʘʝʤ ʩʦʙʳʪʠʷ, ʢʦʪʦʨʳʝ ʧʦʜʘʶʪʩʷ ʥʘ ʚʭʦʜ GEANT-ʤʦʜʝʣʠ ʫʩʪʘʥʦʚʢʠ 

ɺɽʉ, ʤʦʜʝʣʠʨʫʶʱʝʡ ʦʪʢʣʠʢʠ ʜʝʪʝʢʪʦʨʦʚ, ʠ ʜʘʣʝʝ ʥʘ ʚʭʦʜ ʧʨʦʛʨʘʤʤ ʨʝʢʦʥʩʪʨʫʢʮʠʠ  ʠ 

ʦʪʙʦʨʦʚ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʤʦʜʝʣʴʥʦʝ ʩʦʙʳʪʠʝ ʣʠʙʦ ʧʨʦʭʦʜʠʪ ʥʘ ʚʳʭʦʜ (çʨʝʛʠʩʪʨʠʨʫʝʪʩʷè), 

ʣʠʙʦ ʥʝʪ. ʊʦʛʜʘ 

- †-ᶻ†ὃ†Ὠ†
Ὠ᷿†

ὔ
- † -ᶻ† ὃ† ȟ 



24 
 

ʛʜʝ ὃ†  ʨʘʚʥʦ 1, ʝʩʣʠ ʩʦʙʳʪʠʝ ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʣʦʩʴ ʠ 0 ʚ ʧʨʦʪʠʚʥʦʤ ʩʣʫʯʘʝ, ὔ  - 

ʢʦʣʠʯʝʩʪʚʦ ʩʛʝʥʝʨʠʨʦʚʘʥʥʳʭ ʩʦʙʳʪʠʡ.  

ɼʣʷ ʚʪʦʨʦʛʦ ʩʣʘʛʘʝʤʦʛʦ ʜʝʣʘʝʪʩʷ ʩʣʝʜʫʶʱʝʝ ʧʨʠʙʣʠʞʝʥʠʝ: 

ÌÎ ”Ӷ- † -ᶻ† ὃ† ÌÎ ”Ӷ- † -ᶻ†  

ʇʦʩʣʝ ʵʪʦʛʦ ʤʳ ʧʦʣʫʯʘʝʤ ʬʫʥʢʮʠʶ ʣʦʛʘʨʠʬʤʘ ʧʨʘʚʜʦʧʦʜʦʙʠʷ, ʢʦʪʦʨʫʶ ʫʞʝ ʤʦʞʝʤ 

ʧʦʜʩʪʘʚʠʪʴ ʚ ʢʘʢʦʡ-ʣʠʙʦ ʧʨʦʛʨʘʤʤʥʳʡ ʤʘʢʩʠʤʠʟʘʪʦʨ. 

 

2.3.4 ʇʨʦʛʨʘʤʤʥʘʷ ʨʝʘʣʠʟʘʮʠʷ ʠ ʦʩʦʙʝʥʥʦʩʪʠ ʘʥʘʣʠʟʘ 

ɼʣʷ ʨʝʘʣʠʟʘʮʠʠ ʚʳʰʝʦʧʠʩʘʥʥʦʛʦ ʩʧʦʩʦʙʘ ʥʘʭʦʞʜʝʥʠʷ ʤʘʪʨʠʮʳ ʧʣʦʪʥʦʩʪʠ ʙʳʣ 

ʠʩʧʦʣʴʟʦʚʘʥ ʧʨʦʛʨʘʤʤʥʳʡ ʢʦʤʧʣʝʢʩ ʠʟ [3], ʥʦ ʩ ʥʝʙʦʣʴʰʠʤʠ ʜʦʜʝʣʢʘʤʠ ʧʦʜ ʥʫʞʜʳ 

ʦʧʠʩʳʚʘʝʤʦʛʦ ʚ ʵʪʦʤ ʪʝʢʩʪʝ ʘʥʘʣʠʟʘ. ʄʘʪʨʠʮʘ ʧʣʦʪʥʦʩʪʠ ʥʘʭʦʜʠʣʘʩʴ ʚ ʢʘʞʜʦʤ ʠʟ 100 

ʙʠʥʦʚ. ɺʩʝ ʦʪʦʙʨʘʥʥʳʝ ʩʦʙʳʪʠʷ ʙʳʣʠ ʨʘʟʙʠʪʳ ʥʘ ʙʠʥʳ ʧʦ tô (ʜʚʘ ʙʠʥʘ ʩ ʜʠʘʧʘʟʦʥʘʤʠ ʦʪ 

0 ʜʦ 0.03 ɻʵɺ ʠ ʦʪ 0.03  ʜʦ 1 ɻʵɺ) ʠ ʧʦ M123 (50 ʙʠʥʦʚ ʦʪ 1.2 ʜʦ 3.2 ɻʵɺ ʩ ʰʘʛʦʤ 40 

ʄʵɺ). ɺ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ ʜʣʷ ʢʘʞʜʦʛʦ ʙʠʥʘ ʛʝʥʝʨʠʣʠʩʴ ʬʘʡʣʳ ʩ ʩʦʙʳʪʠʷʤʠ, 

ʦʧʠʩʳʚʘʶʱʠʤʠ ʨʘʚʥʦʤʝʨʥʳʡ ʧʦ ʪʨʸʭʯʘʩʪʠʯʥʦʤʫ ʬʘʟʦʚʦʤʫ ʦʙʲʸʤʫ ʨʘʩʧʘʜ ʩʠʩʪʝʤʳ 

(123). ʄʘʩʩʘ M123 ʧʨʠ ʪʘʢʦʡ ʛʝʥʝʨʘʮʠʠ ʩʯʠʪʘʣʘʩʴ ʧʦʩʪʦʷʥʥʦʡ, tô ʙʨʘʣʦʩʴ ʩʣʫʯʘʡʥʳʤ ʚ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʤ ʙʠʥʫ ʜʠʘʧʘʟʦʥʝ ʩ ʨʘʩʧʨʝʜʝʣʝʥʠʝʤ, ʧʦʣʫʯʝʥʥʳʤ ʬʠʪʠʨʦʚʘʥʠʝʤ 

ʨʝʘʣʴʥʳʭ ʜʘʥʥʳʭ ʜʚʫʤʷ ʵʢʩʧʦʥʝʥʪʘʤʠ (ʧʘʨʘʤʝʪʨʠʟʘʮʠʷ ʵʢʩʧʦʥʝʥʪ ʙʳʣʘ ʜʘʥʘ ʚʳʰʝ). 

ʇʦʩʣʝ ʵʪʦʛʦ ʩʦʙʳʪʠʷ, ʧʦʣʫʯʝʥʥʳʝ ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʦʧʫʩʢʘʣʠʩʴ ʯʝʨʝʟ-GEANT ʤʦʜʝʣʴ 

ʫʩʪʘʥʦʚʢʠ ɺɽʉ ʠ ʚʳʯʠʩʣʷʣʠʩʴ ʠʥʪʝʛʨʘʣʳ 

- †-ᶻ†ὃ†Ὠ†
Ὠ᷿†

ὔ
- † -ᶻ† ὃ†  

ɼʘʣʝʝ ʥʘʭʦʜʠʣʠʩʴ ʦʧʪʠʤʘʣʴʥʳʝ ʚʝʣʠʯʠʥʳ ”Ӷ ʧʦʩʨʝʜʩʪʚʦʤ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 

ʤʠʥʠʤʠʟʘʪʦʨʘ UOBYQC (ʩʤ. [6]). ʇʨʠ ʵʪʦʤ ʫʯʠʪʳʚʘʣʦʩʴ, ʯʪʦ ʤʘʪʨʠʮʘ ʧʣʦʪʥʦʩʪʠ 

ʩʦʩʪʦʠʪ ʠʟ ʜʚʫʭ ʙʣʦʢʦʚ, ʢʘʞʜʳʡ ʠʟ ʢʦʪʦʨʳʭ ʦʧʠʩʳʚʘʝʪ ʚʦʣʥʳ ʩ ʦʧʨʝʜʝʣʸʥʥʦʡ 

ʥʘʪʫʨʘʣʴʥʦʩʪʴʶ, ʘ ʪʘʢʞʝ ʜʣʷ ʧʨʦʩʪʦʪʳ ʚʚʦʜʠʣʦʩʴ ʩʫʱʝʩʪʚʝʥʥʦʝ ʧʨʝʜʧʦʣʦʞʝʥʠʝ, ʯʪʦ 

ʢʘʞʜʳʡ ʠʟ ʙʣʦʢʦʚ ʷʚʣʷʝʪʩʷ ʤʘʪʨʠʮʝʡ ʧʝʨʚʦʛʦ ʨʘʥʛʘ. 
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2.3.5 ʈʝʟʫʣʴʪʘʪʳ ʇɺɸ 

ɺ ʇɺɸ ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʩʣʝʜʫʶʱʠʡ ʥʘʙʦʨ ʚʦʣʥ: 

0
-

S0+ ˁ Y
-

  1
+

S0+ K*K
-

  2
-

S0+ K
2
K

-

  3
+

D0+ K*K
-

  1
-

P0- K*K
-

  

0
-

S0+ f
0
ˉ

-

  1
+

S0+ ˒ ˉ
-

 2
-

S0+ f
2
 ̄

 -

  
  

0
-

P0+ K*K
-

  1
+

P0+ ˁ Y
-

  2
-

P0+ K*K
-

  
  

0
-

P0+ ˒ ˉ
-

 1
+

P0+ f
0
ˉ

-

  2
-

P0+ ˒ ˉ
-

 
  

 
1

+

D0+ K*K
-

  2
-

D0+ ˁ Y
-

  
  

 
1

+

D0+ ˒ ˉ
-

 2
-

S0+ ŦΩ
2
 ̄

 ς

 

(m>1.6 ˥ Ήˤ ) 

  

ʊʘʙʣ. 3: ʉʧʠʩʦʢ ʚʦʣʥ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʡ ʚ ʬʦʨʤʘʪʝ: J
p
lȿɖ ab, ʛʜʝ J

p
, l, ȿ, ɖ ï ʚʚʝʜʝʥʳ 

ʨʘʥʝʝ, a ï ʠʟʦʙʘʨʘ, b ï ʜʦʧʦʣʥʷʶʱʘʷ ʜʦ (K+K- -́) ʯʘʩʪʠʮʘ. ɺʦʣʥʘ 2
-

S0+ fΩ
2
 ̄  ʚʢʣʶʯʝʥʘ ʚ 

ʘʥʘʣʠʟ, ʥʘʯʠʥʘʷ ʩ ʤʘʩʩʳ 1.6 ɻʵɺ. 

ʋʧʦʤʷʥʝʤ, ʯʪʦ ʚ ʵʪʦʪ ʥʘʙʦʨ ʚʢʣʶʯʝʥʳ ʚʩʝ ʚʦʣʥʳ ʠʟ ʩʧʠʩʢʘ, ʧʨʝʜʩʪʘʚʣʝʥʥʦʛʦ ʚ [10], ʘ 

ʪʘʢʞʝ ʚʚʝʜʝʥʳ ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ, ʦʪʚʝʯʘʶʱʠʝ ʠʟʦʙʘʨʝ ű. 

 ʈʝʟʫʣʴʪʘʪʳ ʘʥʘʣʠʟʘ ʜʣʷ tô<0.03 ɻʵɺ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʥʠʞʝʩʣʝʜʫʶʱʠʭ 

ʛʠʩʪʦʛʨʘʤʤʘʭ: 
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aόYYˉύΣ ˥Ήˤ 

aόYYˉύΣ ˥Ήˤ 

aόYYˉύΣ ˥Ήˤ aόYYˉύΣ ˥Ήˤ 

aόYYˉύΣ ˥Ήˤ aόYYˉύΣ ˥Ήˤ 

aόYYˉύΣ ˥Ήˤ 

aόYYˉύΣ ˥Ήˤ 
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aόYYˉύΣ ˥Ήˤ 

aόYYˉύΣ ˥Ήˤ aόYYˉύΣ ˥Ήˤ 

aόYYˉύΣ ˥Ήˤ aόYYˉύΣ ˥Ήˤ 

aόYYˉύΣ ˥Ήˤ aόYYˉύΣ ˥Ήˤ 

aόYYˉύΣ ˥Ήˤ 
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aόYYˉύΣ ˥Ήˤ 

aόYYˉύΣ ˥Ήˤ aόYYˉύΣ ˥Ήˤ 

aόYYˉύΣ ˥Ήˤ aόYYˉύΣ ˥Ήˤ 

aόYYˉύΣ ˥Ήˤ M(YYˉύΣ ˥Ήˤ 

aόYYˉύΣ ˥Ήˤ 
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aόYYˉύΣ ˥Ήˤ aόYYˉύΣ ˥Ήˤ 

aόYYˉύΣ ˥Ήˤ aόYYˉύΣ ˥Ήˤ 

aόYYˉύΣ ˥Ήˤ 

aόYYˉύΣ ˥Ήˤ aόYYˉύΣ ˥Ήˤ 

aόYYˉύΣ ˥Ήˤ 
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ɺ ʜʘʥʥʦʤ ʥʘʙʦʨʝ ʛʠʩʪʦʛʨʘʤʤ ʥʝ ʧʦʢʘʟʘʥʳ ʬʘʟʳ ʚʦʣʥ 0-S0+ (əK
-
), 1-P0- (K*K

-
), 

flat, ʪ.ʢ. ʵʪʠ ʚʦʣʥʳ ʷʚʣʷʶʪʩʷ ʦʧʦʨʥʳʤʠ ʧʦ ʬʘʟʝ ʚ ʢʘʞʜʦʤ ʠʟ ʙʣʦʢʦʚ ʤʘʪʨʠʮʳ ʧʣʦʪʥʦʩʪʠ. 

ʊʘʢʞʝ ʩʣʝʜʫʝʪ ʫʧʦʤʷʥʫʪʴ, ʯʪʦ ʟʜʝʩʴ ʧʨʝʜʩʪʘʚʣʝʥʳ ʪʦʣʴʢʦ ʛʠʩʪʦʛʨʘʤʤʳ, 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʜʠʘʛʦʥʘʣʴʥʳʤ ʵʣʝʤʝʥʪʘʤ ʤʘʪʨʠʮʳ ʧʣʦʪʥʦʩʪʠ. ʇʦ ʛʦʨʠʟʦʥʪʘʣʴʥʦʡ 

ʦʩʠ ʦʪʣʦʞʝʥʘ ʪʨʸʭʯʘʩʪʠʯʥʘʷ ʤʘʩʩʘ, ʨʘʟʙʠʪʘʷ ʥʘ ʙʠʥʳ ʧʦ 40 ʄʵɺ. ʇʦ ʚʝʨʪʠʢʘʣʴʥʦʡ ʦʩʠ 

ʦʪʣʦʞʝʥʦ ʢʦʣʠʯʝʩʪʚʦ ʩʦʙʳʪʠʡ ʚ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʤ ʙʠʥʝ ʜʣʷ ʩʝʨʠʠ ʛʠʩʪʦʛʨʘʤʤ ʠʟ 

ʣʝʚʦʛʦ ʩʪʦʣʙʮʘ ʠ ʬʘʟʘ, ʚʳʨʘʞʝʥʥʘʷ ʚ ʨʘʜʠʘʥʘʭ, ʜʣʷ ʩʝʨʠʠ ʠʟ ʧʨʘʚʦʛʦ ʩʪʦʣʙʮʘ. Corrected 

events ï ʧʦʧʨʘʚʣʝʥʥʳʝ ʥʘ ʘʢʩʝʧʪʘʥʩ ʩʦʙʳʪʠʷ, ʧʦʣʫʯʝʥʥʳʝ ʠʟ ʨʝʘʣʴʥʳʭ ʜʘʥʥʳʭ.  

ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʇɺɸ ʩʦʙʳʪʠʷ, ʦʪʥʝʩʸʥʥʳʝ ʢ flat, ʩʦʩʪʘʚʣʷʶʪ ʧʨʠʤʝʨʥʦ 13 % ʦʪ 

ʦʙʱʝʛʦ ʯʠʩʣʘ ʧʦʧʨʘʚʣʝʥʥʳʭ ʥʘ ʘʢʩʝʧʪʘʥʩ ʩʦʙʳʪʠʡ. ɼʣʷ ʦʩʪʘʣʴʥʳʭ ʚʦʣʥ ʧʦʣʝʟʥʦ 

ʧʦʩʪʨʦʠʪʴ ʪʘʙʣʠʮʫ, ʧʝʨʝʯʠʩʣʷʶʱʫʶ ʚʦʣʥʳ ʚ ʧʦʨʷʜʢʝ ʫʙʳʚʘʥʠʷ ʠʭ ʠʥʪʝʛʨʘʣʴʥʦʡ 

ʠʥʪʝʥʩʠʚʥʦʩʪʠ: 

ɺʦʣʥʘ ʂʦʣʠʯʝʩʪʚʦ 

ʩʦʙʳʪʠʡ, 10
5 

 ɺʦʣʥʘ ʂʦʣʠʯʝʩʪʚʦ 

ʩʦʙʳʪʠʡ, 10
5 

Corrected events 24.19    

0-S0+ f0 12.4  3+D0+ K* 0.81 

0-S0+ ə 9.09  1+D0+ K* 0.76 

1+S0+ K* 4.62  2-S0+ f2ô 0.54 

2-D0+ ə 2.67  1-P0- K*  0.25 

1+P0+ ə 2.00  2-P0+ ű 0.07 

2-P0+ K* 1.23  1+S0+ ű 0.06 

0-P0+ K* 1,20  0-P0+ ű 0.05 

aόYYˉύΣ ˥Ήˤ aόYYˉ), ˥ Ήˤ 

aόYYˉύΣ ˥Ήˤ aόYYˉύΣ ˥Ήˤ 
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2-S0+ K2 0.93  1+D0+ ű 0.04 

2-S0+ f2 0.82    

ʊʘʙʣ. 4: ʩʦʨʪʠʨʦʚʢʘ ʚʦʣʥ ʧʦ ʠʥʪʝʥʩʠʚʥʦʩʪʠ. 

ʀʟ ʚʳʰʝʧʨʠʚʝʜʸʥʥʦʡ ʪʘʙʣʠʮʳ ʤʦʞʥʦ ʟʘʢʣʶʯʠʪʴ, ʯʪʦ ʜʦʤʠʥʠʨʫʶʱʝʡ ʚʦʣʥʦʡ 

ʷʚʣʷʝʪʩʷ S-ʚʦʣʥʘ (K+K-) f0. ɺʩʝ ʚʦʣʥʳ ʠʟʦʙʘʨʳ ű ʤʘʣʳ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʚʦʣʥʘʤʠ ʜʨʫʛʠʭ 

ʨʝʟʦʥʘʥʩʦʚ. ʊʘʢʞʝ ʟʘʤʝʪʠʤ, ʯʪʦ ʚ ʨʘʡʦʥʝ 1.8 ɻʵɺ ʚʦʣʥʳ 0-S0+ f0 ʠ 0-S0+ ə ʠʤʝʶʪ 

ʤʘʢʩʠʤʫʤʳ, ʟʥʘʯʠʪʝʣʴʥʦ ʧʨʝʚʳʰʘʶʱʠʝ ʢʦʣʠʯʝʩʪʚʦ ʩʦʙʳʪʠʡ ʚ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʤ ʙʠʥʝ 

ʜʣʷ Corrected events. ʂʨʦʤʝ ʪʦʛʦ, ʧʦʩʤʦʪʨʝʚ ʥʘ ʦʪʥʦʩʠʪʝʣʴʥʫʶ ʬʘʟʫ ʵʪʠʭ ʜʚʫʭ ʚʦʣʥ, ʤʳ 

ʤʦʞʝʤ ʟʘʢʣʶʯʠʪʴ, ʯʪʦ ʦʥʠ, ʠʥʪʝʨʬʝʨʠʨʫʷ, ʛʘʩʷʪ ʜʨʫʛ ʜʨʫʛʘ. ʊʘʢʞʝ ʟʘʤʝʪʠʤ, ʯʪʦ 

ʧʦʣʫʯʝʥʥʦʝ ʨʝʰʝʥʠʝ ʇɺɸ ʜʣʷ ʦʩʥʦʚʥʳʭ ʚʦʣʥ ʚ ʮʝʣʦʤ ʧʦʚʪʦʨʷʝʪ ʨʝʟʫʣʴʪʘʪʳ [10]. 

 

2.3.6 ʉʨʘʚʥʝʥʠʝ ʧʦʣʫʯʝʥʥʦʡ ʤʦʜʝʣʠ ʩ ʵʢʩʧʝʨʠʤʝʥʪʦʤ 

 ʅʠʞʝ ʧʨʠʚʝʜʸʤ ʛʠʩʪʦʛʨʘʤʤʳ, ʧʦʢʘʟʳʚʘʶʱʠʝ ʩʪʝʧʝʥʴ ʩʦʦʪʚʝʪʩʪʚʠʷ ʤʦʜʝʣʠ ʠ 

ʨʝʘʣʴʥʦʛʦ ʵʢʩʧʝʨʠʤʝʥʪʘ. ʆʪʤʝʪʠʤ, ʯʪʦ ʚʩʝʛʦ ʩʤʦʜʝʣʠʨʦʚʘʥʥʳʭ ʩʦʙʳʪʠʡ ʙʳʣʦ σϽρπ, 
ʭʦʪʷ ʞʝʣʘʪʝʣʴʥʦ ʙʳʣʦ ʧʨʦʠʟʚʝʩʪʠ ςτϽρπ (ʢʦʣʠʯʝʩʪʚʦ Corrected events). ʀʤʝʣʠʩʴ 

ʪʨʫʜʥʦʩʪʠ, ʩʚʷʟʘʥʥʳʝ ʩʦ ʚʨʝʤʝʥʝʤ ʛʝʥʝʨʘʮʠʠ ʩʦʙʳʪʠʡ. 

 

ʈʠʩ. 21-22: ʅʘ ʣʝʚʦʡ ʛʠʩʪʦʛʨʘʤʤʝ ʧʦʢʘʟʘʥʘ ʪʨʸʭʯʘʩʪʠʯʥʘʷ ʤʘʩʩʘ ʩʠʩʪʝʤʳ (KK)́. ʅʘ 

ʧʨʘʚʦʡ ï ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʧʦ ʠʤʧʫʣʴʩʫ ʧʫʯʢʘ. ɿʜʝʩʴ ʠ ʥʠʞʝ ʢʨʘʩʥʳʝ ʢʨʝʩʪʳ 

ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʨʝʘʣʴʥʳʤ ʜʘʥʥʳʤ, ʩʠʥʠʝ ʩʪʦʣʙʮʳ ï ʩʤʦʜʝʣʠʨʦʚʘʥʥʳʤ ʩʦʙʳʪʠʷʤ. 

aόYYˉύΣ ˥Ήˤ Pbeam , ˥ Ήˤ 



32 
 

 

ʈʠʩ. 23-24: ʉʣʝʚʘ ʧʨʝʜʩʪʘʚʣʝʥʦ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʧʦ z-ʢʦʦʨʜʠʥʘʪʝ ʚʝʨʰʠʥʳ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ, ʩʧʨʘʚʘ ï ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʧʦ tô. 

 

 

ʈʠʩ. 25-26: ɼʚʫʭʯʘʩʪʠʯʥʳʝ ʤʘʩʩʳ ʩʠʩʪʝʤ (K+K-) (ʩʣʝʚʘ) ʠ (K+ -́) (ʩʧʨʘʚʘ) ʧʨʠ 

ʥʘʣʦʞʝʥʥʦʤ ʦʛʨʘʥʠʯʝʥʠʠ ʥʘ ʤʘʩʩʫ (K+K- -́) 1.72 ɻʵɺ < M(K+K- -́) < 1.84 ɻʵɺ. 

 

z, ͫ  ͣ tΩ, ˥ Ήʕ
2 

M(K+K-), ˥ Ήˤ M(K+̄ -), ˥ Ήˤ 
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ʈʠʩ. 27-28: ʉʣʝʚʘ ï ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʧʦ ʪʨʸʭʯʘʩʪʠʯʥʦʡ ʤʘʩʩʝ (K+K- -́) ʧʨʠ ʥʘʣʘʛʘʝʤʦʤ 

ʦʛʨʘʥʠʯʝʥʠʠ ʥʘ ʤʘʩʩʫ (K+K-) M(K+K-) < 1.6 ɻʵɺ. ʉʧʨʘʚʘ ï ʤʦʜʫʣʴ ʠʤʧʫʣʴʩʘ K+. 

 

 

ʈʠʩ. 29-30: ʉʣʝʚʘ ï ʤʦʜʫʣʴ ʠʤʧʫʣʴʩʘ K-, ʩʧʨʘʚʘ ï ʤʦʜʫʣʴ ʠʤʧʫʣʴʩʘ ˊ-. 

 

PK+, ˥ Ήˤ aόYYˉύΣ ˥Ήˤ 

P̄ -, ˥ Ήˤ PK-, ˥ Ήˤ 
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ʈʠʩ. 31-33: ʊʨʠ ʛʠʩʪʦʛʨʘʤʤʳ ʜʚʫʭʯʘʩʪʠʯʥʳʭ ʤʘʩʩ. ʈʠʩʫʥʢʠ ʩʚʝʨʭʫ ʩʦʦʪʚʝʪʩʚʫʶʪ 

ñʬʠʟʠʯʥʦʤʫò ʩʧʘʨʠʚʘʥʠʶ: ʩʣʝʚʘ ï ʤʘʩʩʘ (K+ -́), ʩʧʨʘʚʘ ï ʤʘʩʩʘ (K+K-). ɻʠʩʪʦʛʨʘʤʤʘ 

ʩʥʠʟʫ ʦʪʚʝʯʘʝʪ ʩʧʘʨʠʚʘʥʠʶ (K- -́). 

 ɼʘʣʝʝ ʧʨʠʚʝʜʸʤ ʪʨʠ ʩʝʨʠʠ ʛʠʩʪʦʛʨʘʤʤ, ʦʪʚʝʯʘʶʱʠʭ ʫʛʣʘʤ ū, Ū, ɣ, ɢ, ʚʚʝʜʸʥʥʳʭ 

ʚʳʰʝ ʚ ʨʘʟʜʝʣʝ 2.3.1. ʂʘʞʜʘʷ ʩʝʨʠʷ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʦʧʨʝʜʝʣʸʥʥʦʤʫ ʩʧʘʨʠʚʘʥʠʶ ʜʚʫʭ 

ʯʘʩʪʠʮ ʚ ʠʟʦʙʘʨʫ. 

M(K- -̄), ˥ Ήˤ 

M(K+̄ -), ˥ Ήˤ M(K+K-), ˥ Ήˤ 
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ʈʠʩ. 34-37: ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʧʦ ʫʛʣʘʤ ʜʣʷ ʩʠʩʪʝʤʳ (K- -́). ɺ ʟʘʛʦʣʦʚʢʘʭ ʛʠʩʪʦʛʨʘʤʤ 

ʠʤʝʝʪʩʷ ʥʘʟʚʘʥʠʝ ʫʛʣʘ, ʢʦʪʦʨʦʤʫ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʨʠʩʫʥʦʢ. 

ʊ, ͪ ͊͒. Cos(ɸ) 

,̞ ͪ ͊͒. Cos( )̝ 


