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ʎʝʣʴ ʨʘʙʦʪʳ 

ɺʳʧʦʣʥʝʥʠʝ ʤʥʦʡ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʧʨʝʩʣʝʜʦʚʘʣʦ ʮʝʣʴʶ ʠʩʩʣʝʜʦʚʘʥʠʝ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʨʦʮʝʩʩʦʚ ɼʨʝʣʣʘ-ʗʥʘ ʚ ʜʠʤʶʦʥʥʦʤ ʢʘʥʘʣʝ ʚ ʦʙʣʘʩʪʠ 

ʠʥʚʘʨʠʘʥʪʥʳʭ ʤʘʩʩ ʧʦʨʷʜʢʘ 1 ʊʵɺ ʥʘ ʩʛʝʥʝʨʠʨʦʚʘʥʥʳʭ ʜʘʥʥʳʭ ʠ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʜʘʥʥʳʭ CMS; ʪʘʢʞʝ ʥʘ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʜʘʥʥʳʭ 

ʧʨʦʚʝʨʷʣʦʩʴ ʥʘʣʠʯʠʝ ʨʝʟʦʥʘʥʩʘ Z' ʙʦʟʦʥʘ ʚ ʵʪʦʡ ʦʙʣʘʩʪʠ ʤʘʩʩ. 

ɺʚʝʜʝʥʠʝ 

ʋʩʢʦʨʠʪʝʣʴ LHC ʠ ɻʢʩʧʝʨʠʤʝʥʪ CMS 

LHC ï ɹʦʣʴʰʦʡ ɸʜʨʦʥʥʳʡ ʂʦʣʣʘʡʜʝʨ ï ʫʩʢʦʨʠʪʝʣʴ ʯʘʩʪʠʮ ʥʘ ʚʩʪʨʝʯʥʳʭ 

ʧʫʯʢʘʭ ɽʚʨʦʧʝʡʩʢʦʡ ʦʨʛʘʥʠʟʘʮʠʠ ʷʜʝʨʥʳʭ ʠʩʩʩʣʝʜʦʚʘʥʠʡ (CERN) ʙʣʠʟ ʛʦʨʦʜʘ 

ɾʝʥʝʚʘ. ʅʘ LHC ʚʦʟʣʘʛʘʶʪʩʷ ʙʦʣʴʰʠʝ ʥʘʜʝʞʜʳ ʥʘ ʦʪʢʨʳʪʠʝ ʨʘʥʝʝ ʥʝʠʟʚʝʩʪʥʳʭ 

ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʭ ʩʚʦʡʩʪʚ ʤʘʪʝʨʠʠ ʠ ʥʦʚʳʭ ʯʘʩʪʠʮ, ʪʘʢʠʭ, ʢʘʢ ʙʦʟʦʥ ʍʠʛʛʩʘ ʠ 

ʪʷʞʝʣʳʝ ʚʝʢʪʦʨʥʳʝ ʙʦʟʦʥʳ, ʥʘ ʚʦʩʩʪʘʥʦʚʣʝʥʠʝ ʠʩʪʦʨʠʠ ʠ ʩʮʝʥʘʨʠʷ ʨʘʟʚʠʪʠʷ 

ɺʩʝʣʝʥʥʦʡ ʠ ʨʝʰʝʥʠʝ ʧʨʦʯʠʭ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʭ ʠ ʧʨʠʢʣʘʜʥʳʭ ʟʘʜʘʯ. 

LHC ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʰʝʩʪʴ ʜʝʪʝʢʪʦʨʦʚ ʯʘʩʪʠʮ ʨʘʟʣʠʯʥʦʛʦ ʥʘʟʥʘʯʝʥʠʷ 

(ALICE, ATLAS, CMS, TOTEM, LHCb, LHCf), ʧʦʜʜʝʨʞʠʚʘʝʤʳʭ 

ʢʦʣʣʘʙʦʨʘʮʠʷʤʠ ʤʥʦʛʠʭ ʩʪʨʘʥ ʤʠʨʘ.  

CMS (ʢʦʤʧʘʢʪʥʳʡ ʤʶʦʥʥʳʡ ʩʦʣʝʥʦʠʜ) ï ʜʝʪʝʢʪʦʨ ʦʙʱʝʛʦ ʥʘʟʥʘʯʝʥʠʷ ʥʘ 

LHC, ʩʦʟʜʘʥʥʳʡ ʜʣʷ ʰʠʨʦʢʦʛʦ ʩʧʝʢʪʨʘ ʠʩʩʣʝʜʦʚʘʥʠʡ [1] (ʩʤ.ʨʠʩ.1).  

ɼʠʘʤʝʪʨ ʜʝʪʝʢʪʦʨʘ ʩʦʩʪʘʚʣʷʝʪ 15 ʤʝʪʨʦʚ, ʜʣʠʥʘ 25 ʤʝʪʨʦʚ. ɺʝʩ 

ʧʨʠʙʣʠʟʠʪʝʣʴʥʦ 12500 ʪʦʥʥ. ʂʦʣʣʘʙʦʨʘʮʠʷ CMS ʧʨʝʜʩʪʘʚʣʝʥʘ 183 ʠʥʩʪʠʪʫʪʘʤʠ 

38 ʛʦʩʫʜʘʨʩʪʚ, ʚʩʝʛʦ ʦʢʦʣʦ 3600 ʯʣʝʥʦʚ. ɺ ʠʶʣʝ 2012 ʛʦʜʘ, ʧʘʨʘʣʣʝʣʴʥʦ ʩ 

ATLAS, ʥʘ CMS ʙʳʣ ʦʪʢʨʳʪ ʙʦʟʦʥ, ʢʦʪʦʨʳʡ ʧʦ ʨʷʜʫ ʧʨʠʟʥʘʢʦʚ ʤʦʞʝʪ ʙʳʪʴ 

ʦʪʦʞʜʝʩʪʚʣʝʥ ʩ ʭʠʛʛʩʦʚʩʢʠʤ ʙʦʟʦʥʦʤ, ʧʨʝʜʩʢʘʟʳʚʘʝʤʳʤ ʉʪʘʥʜʘʨʪʥʦʡ ʤʦʜʝʣʴʶ. 

 

ʈʠʩ.1. ʋʩʪʘʥʦʚʢʘ CMS. 
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ʌʠʟʠʯʝʩʢʘʷ ʧʨʦʛʨʘʤʤʘ ʵʢʩʧʝʨʠʤʝʥʪʘ CMS 

¶ ʇʦʠʩʢʠ ʙʦʟʦʥʘ ʍʠʛʛʩʘ.  

ɽʱʝ ʥʘ ʵʪʘʧʝ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʜʝʪʝʢʪʦʨʦʚ CMS ʠ ATLAS ʚ ʨʘʥʥʠʝ 

1990-ʝ ʙʦʟʦʥ ʍʠʛʛʩʘ ʙʳʣ ʦʪʧʨʘʚʥʦʡ ʪʦʯʢʦʡ ʜʣʷ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʳʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʤʦʜʝʣʠ ʧʦʩʪʨʦʝʥʠʷ ʜʝʪʝʢʪʦʨʦʚ, ʯʪʦ ʦʙʲʷʩʥʷʝʪʩʷ ʰʠʨʦʢʠʤ 

ʜʠʘʧʘʟʦʥʦʤ ʚʦʟʤʦʞʥʳʭ ʢʘʥʘʣʦʚ ʨʘʩʧʘʜʘ ʙʦʟʦʥʘ ʍʠʛʛʩʘ, ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ 

ʝʛʦ ʤʘʩʩʳ.  

ʅʠʞʥʠʡ ʧʦʨʦʛ ʤʘʩʩʳ, ʧʦ ʜʘʥʥʳʤ LEP, ʩʦʩʪʘʚʣʷʝʪ 114,4 ɻʵɺ. ɺʙʣʠʟʠ 

ʜʘʥʥʦʡ ʚʝʣʠʯʠʥʳ ʤʘʩʩʳ ʧʨʦʷʚʣʷʶʪ ʩʝʙʷ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʘʜʨʦʥʥʳʝ 

ʢʘʥʘʣʳ ʨʘʩʧʘʜʘ, ʦʜʥʘʢʦ ʚʚʠʜʫ ʙʦʣʴʰʦʛʦ ʂʍɼ-ʬʦʥʘ ʘʜʨʦʥʥʳʝ ʩʪʨʫʠ ʥʘ 

ʜʝʪʝʢʪʦʨʘʭ LHC ʜʘʶʪ ʚ ʵʪʦʤ ʜʠʘʧʘʟʦʥʝ ʤʘʩʩ ʚʝʩʴʤʘ ʥʠʟʢʦʝ ʨʘʟʨʝʰʝʥʠʝ. ʇʦ 

ʩʨʘʚʥʝʥʠʶ ʩ ʘʜʨʦʥʘʤʠ, ʬʦʪʦʥʥʳʝ ʠ ʣʝʧʪʦʥʥʳʝ ʢʘʥʘʣʳ ʤʝʥʝʝ ʟʘʰʫʤʣʝʥʳ, 

ʥʦ ʠʤʝʶʪ ʙʦʣʝʝ ʥʠʟʢʠʝ ʩʝʯʝʥʠʷ ʧʨʦʮʝʩʩʦʚ. 

ʉʧʫʩʪʷ ʛʦʜʳ ʧʦʠʩʢʦʚ ʥʘ ʨʘʟʣʠʯʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʘʭ, 4 ʠʶʣʷ 2012 ʛʦʜʘ 

ʚ ʎɽʈʅ ʙʳʣʦ ʦʙʲʷʚʣʝʥʦ ʦʙ ʦʙʥʘʨʫʞʝʥʠʠ ʥʦʚʦʡ ʯʘʩʪʠʮʳ-ʙʦʟʦʥʘ ʤʘʩʩʦʡ 

ʦʢʦʣʦ 125ï126 ɻʵɺ, ʢʦʪʦʨʘʷ ʩ ʙʦʣʴʰʦʡ ʜʦʣʝʡ ʚʝʨʦʷʪʥʦʩʪʠ ʷʚʣʷʝʪʩʷ 

ʙʦʟʦʥʦʤ ʍʠʛʛʩʘ. 

¶ ʇʦʠʩʢʠ ʥʦʚʳʭ ʤʘʩʩʠʚʥʳʭ ʚʝʢʪʦʨʥʳʭ ʙʦʟʦʥʦʚ 

ʅʝʢʦʪʦʨʳʝ ʪʝʦʨʠʠ ʧʨʝʜʩʢʘʟʳʚʘʶʪ ʩʫʱʝʩʪʚʦʚʘʥʠʝ ʤʘʩʩʠʚʥʳʭ 

ʚʝʢʪʦʨʥʳʭ ʙʦʟʦʥʦʚ W' ʠ Z'. ʇʦʠʩʢʠ ʯʘʩʪʠʮ ʪʠʧʘ Z' ʥʘ CMS, ʚʝʨʦʷʪʥʦ, ʙʫʜʫʪ 

ʦʛʨʘʥʠʯʝʥʳ ʥʠʟʢʦʡ ʩʪʘʪʠʩʪʠʯʝʩʢʦʡ ʟʥʘʯʠʤʦʩʪʴʶ ʥʝʦʙʭʦʜʠʤʦʛʦ ʩʠʛʥʘʣʘ. 

ʂʨʦʤʝ, ʪʦʛʦ, ʧʦʪʨʝʙʫʝʪʩʷ ʚʳʩʦʢʦʝ ʨʘʟʨʝʰʝʥʠʝ ʧʦ ʧʦʧʝʨʝʯʥʦʤʫ ʠʤʧʫʣʴʩʫ 

(pT
2
 = px

2
 + py

2
, ʦʩʴ Z ʚʜʦʣʴ ʧʫʯʢʘ; ʥʝ ʭʫʞʝ 0,1 ʜʣʷ ʟʥʘʯʝʥʠʷ 1 ʊʵɺ), ʘ ʪʘʢʞʝ 

ʧʦʢʨʳʪʠʝ ʜʠʘʧʘʟʦʥʘ ʧʩʝʚʜʦʙʳʩʪʨʦʪ (ʚʝʣʠʯʠʥʘ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʘ ̫

ʦʪʢʣʦʥʝʥʠʝ ʥʘʧʨʘʚʣʝʥʠʷ ʜʚʠʞʝʥʠʷ ʯʘʩʪʠʮʳ ʦʪ ʥʘʧʨʘʚʣʝʥʠʷ ʧʫʯʢʘ; 

ʦʧʨʝʜʝʣʷʝʪʩʷ ʢʘʢ ɖ = ïln[tg ɗ/2], ʛʜʝ ɗ ï ʫʛʦʣ ʦʪʢʣʦʥʝʥʠʷ) ʜʦ 2,4. 

¶ ʉʪʘʥʜʘʨʪʥʘʷ ʄʦʜʝʣʴ (ʉʄ) 

ʅʘ LHC ʧʨʦʚʦʜʷʪʩʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚ ʦʙʣʘʩʪʠ ʢʚʘʥʪʦʚʦʡ 

ʭʨʦʤʦʜʠʥʘʤʠʢʠ ʠ ʵʣʝʢʪʨʦʩʣʘʙʳʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ. ɹʦʣʝʝ ʪʦʯʥʳʝ ʠʟʤʝʨʝʥʠʷ 

ʧʘʨʘʤʝʪʨʦʚ ʉʪʘʥʜʘʨʪʥʦʡ ʤʦʜʝʣʠ ʧʦʤʦʛʫʪ ʣʫʯʰʝ ʦʯʝʨʪʠʪʴ ʝʝ ʛʨʘʥʠʮʳ ʠ 

ʦʪʜʝʣʠʪʴ ʦʪ ʬʠʟʠʢʠ ʟʘ ʝʝ ʧʨʝʜʝʣʘʤʠ, ʚ ʦʩʦʙʝʥʥʦʩʪʠ ʧʨʠ ʚʳʩʦʢʠʭ ʵʥʝʨʛʠʷʭ.  
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ʌʠʟʠʢʘ ʟʘ ʧʨʝʜʝʣʘʤʠ ʉʪʘʥʜʘʨʪʥʦʡ ʄʦʜʝʣʠ 

¶ ʇʦʠʩʢʠ ʩʫʧʝʨʩʠʤʤʝʪʨʠʯʥʳʭ ʯʘʩʪʠʮ 

ʉʫʧʝʨʩʠʤʤʝʪʨʠʷ - ʚʠʜ ʩʠʤʤʝʪʨʠʠ, ʩʚʷʟʳʚʘʶʱʝʡ ʙʦʟʦʥʳ ʠ ʬʝʨʤʠʦʥʳ:  

o ʠʥʪʝʨʝʩ ʢ ʩʫʧʝʨʩʠʤʤʝʪʨʠʠ ʦʙʫʩʣʦʚʣʝʥ ʩʚʷʟʴʶ ʩʫʧʝʨʩʠʤʤʝʪʨʠʯʥʳʭ 

ʪʝʦʨʠʡ ʩ ʛʨʘʚʠʪʘʮʠʝʡ;  

o ʠʟʤʝʨʝʥʠʝ ʢʘʣʠʙʨʦʚʦʯʥʳʭ ʢʦʥʩʪʘʥʪ ʥʘ ʫʩʢʦʨʠʪʝʣʝ LEP1 ʛʦʚʦʨʷʪ ʚ 

ʧʦʣʴʟʫ ʪʝʦʨʠʠ ɺʝʣʠʢʦʛʦ ʦʙʲʝʜʠʥʝʥʠʷ ʩ ʤʘʩʩʘʤʠ ʩʫʧʝʨʯʘʩʪʠʮ ʚ 

ʧʨʝʜʝʣʘʭ ʊʵɺ-ʥʦʛʦ ʤʘʩʰʪʘʙʘ; 

o ʩʫʧʝʨʩʠʤʤʝʪʨʠʷ ʪʘʢʞʝ ʷʚʣʷʝʪʩʷ ʯʘʩʪʴʶ ʩʫʧʝʨʩʪʨʫʥʥʳʭ ʪʝʦʨʠʡ;  

o ʩʫʧʝʨʩʠʤʤʝʪʨʠʯʥʳʝ ʤʦʜʝʣʠ ʵʣʝʢʨʦʩʣʘʙʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʧʨʠʚʦʜʷʪ 

ʢ ʧʨʦʩʪʝʡʰʝʤʫ ʨʝʰʝʥʠʶ ʧʨʦʙʣʝʤʳ ʢʘʣʠʙʨʦʚʦʯʥʦʡ ʠʝʨʘʨʭʠʠ;  

o ʦʪʢʨʳʪʠʝ ʩʫʧʝʨʯʘʩʪʠʮ ʧʦ ʟʥʘʯʠʤʦʩʪʠ ʙʳʣʦ ʙʳ ʩʨʘʚʥʠʤʦ ʩ ʦʪʢʨʳʪʠʝʤ 

ʘʥʪʠʯʘʩʪʠʮ.  

ʊʝʤ ʥʝ ʤʝʥʝʝ, ʧʦʠʩʢʠ ʩʫʧʝʨʩʠʤʤʝʪʨʠʯʥʳʭ ʯʘʩʪʠʮ ʥʘ LHC ʧʦʢʘ ʥʝ 

ʫʚʝʥʯʘʣʠʩʴ ʫʩʧʝʭʦʤ. 

¶ ɼʦʧʦʣʥʠʪʝʣʴʥʳʝ ʠʟʤʝʨʝʥʠʷ 

ʉʫʱʝʩʪʚʦʚʘʥʠʝ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʠʟʤʝʨʝʥʠʡ ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ 

ʭʘʨʘʢʪʝʨʥʦʡ ʵʥʝʨʛʠʠ ʢʚʘʥʪʦʚʦʡ ʛʨʘʚʠʪʘʮʠʠ, MD, ʢʦʪʦʨʘʷ ʷʚʣʷʝʪʩʷ ʘʥʘʣʦʛʦʤ 

ʧʣʘʥʢʦʚʩʢʦʡ ʤʘʩʩʳ ʜʣʷ D-ʤʝʨʥʳʭ ʪʝʦʨʠʡ, ʠ ʢʦʪʦʨʘʷ ʤʦʞʝʪ ʣʝʞʘʪʴ ʧʨʷʤʦ ʟʘ 

ʧʨʝʜʝʣʘʤʠ ʵʣʝʢʪʨʦʩʣʘʙʦʡ ʰʢʘʣʳ. ɺ ʵʢʩʧʝʨʠʤʝʥʪʝ ʨʘʟʣʠʯʠʤʳ ʩʣʝʜʫʶʱʠʝ 3 

ʨʝʞʠʤʘ: 

o ʩʫʙʧʣʘʥʢʦʚʩʢʠʡ (E << MD). ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʩʠʛʥʘʣʳ, ʚʢʣʶʯʘʷ 

ʠʩʧʫʩʢʘʝʤʳʝ ʛʨʘʚʠʪʦʥʳ, ʫʭʦʜʷʪ ʚ ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʠʟʤʝʨʝʥʠʷ; 

o ʧʣʘʥʢʦʚʩʢʠʡ (E å MD). ʇʦʚʝʜʝʥʠʝ ʚ ʵʪʦʡ ʦʙʣʘʩʪʠ ʟʘʚʠʩʠʪ ʦʪ ʤʦʜʝʣʝʡ. 

ɺ çʩʪʨʫʥʥʳʭè ʤʦʜʝʣʷʭ ʩʫʱʝʩʪʚʫʶʪ ʚʦʟʙʫʞʜʝʥʠʷ, ʧʨʦʷʚʣʷʶʱʠʝ 

ʩʝʙʷ ʧʦʜʦʙʥʦ Z-ʨʝʟʦʥʘʥʩʘʤ, ʩʣʝʜʫʶʱʠʝ ʜʨʫʛ ʟʘ ʜʨʫʛʦʤ ʩ 

ʠʥʪʝʨʚʘʣʘʤʠ å ʊʵɺ/c; 

o ʩʚʝʨʭʧʣʘʥʢʦʚʩʢʠʡ (E >> MD). ʇʦʷʚʣʝʥʠʝ ʙʦʣʴʰʦʛʦ ʯʠʩʣʘ 

ʚʳʩʦʢʦʵʥʝʨʛʝʪʠʯʥʳʭ ʩʪʨʫʡ, ʨʦʞʜʝʥʠʝ ʤʠʢʨʦʩʢʦʧʠʯʝʩʢʠʭ ʯʝʨʥʳʭ 

ʜʳʨ, ʢʦʪʦʨʳʝ ʨʘʚʥʦʚʝʨʦʷʪʥʦ ʨʘʩʧʘʜʘʶʪʩʷ ʥʘ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʝ 

ʯʘʩʪʠʮʳ ʉʄ. ʇʦ ʜʘʥʥʳʤ ʵʪʠʭ ʨʘʩʧʘʜʦʚ ʤʦʞʥʦ ʦʧʨʝʜʝʣʠʪʴ 

ʪʝʤʧʝʨʘʪʫʨʫ ʍʦʢʠʥʛʘ, ʤʘʩʩʳ ʯʝʨʥʳʭ ʜʳʨ, ʯʠʩʣʦ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ 

ʠʟʤʝʨʝʥʠʡ ʠ ʪ. ʜ. 
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ʆʧʠʩʘʥʠʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʫʩʪʘʥʦʚʢʠ CMS 

ʇʦʜʩʠʩʪʝʤʳ ʜʝʪʝʢʪʦʨʘ CMS ʚ ʧʦʧʝʨʝʯʥʦʤ ʨʘʟʨʝʟʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʨʠʩ.2 

 

 

ʈʠʩ.2. ʇʨʦʭʦʞʜʝʥʠʝ  ʨʘʟʣʠʯʥʳʭ ʯʘʩʪʠʮ ʯʝʨʝʟ ʧʦʜʩʠʩʪʝʤʳ CMS. 

¶ ɺʥʫʪʨʝʥʥʠʡ ʪʨʝʢʝʨ ï ʨʘʩʧʦʣʘʛʘʝʪʩ ̫ʚʦʢʨʫʛ ʮʝʥʪʨʘ ʫʩʪʘʥʦʚʢʠ (ʪʦʯʢʠ 

ʩʪʦʣʢʥʦʚʝʥʠʷ ʧʫʯʢʦʚ), ʜʝʪʝʢʪʠʨʫʝʪ ʚʩʝ ʟʘʨʞ̫ʝʥʥʳʝ ʯʘʩʪʠʮʳ. 

o 3 ʩʣʦʷ ʧʠʢʩʝʣʴʥʳʭ ʜʝʪʝʢʪʦʨʦʚ;  

o 9 ʩʣʦʝʚ ʢʨʝʤʥʠʝʚʳʭ ʤʠʢʨʦʩʪʨʠʧʦʚʳʭ ʜʝʪʝʢʪʦʨʦʚ;  

¶ ʕʣʝʢʪʨʦʤʘʛʥʠʪʳʡ ʢʘʣʦʨʠʤʝʪʨ ï ʨʘʩʧʦʣʦʞʝʥ ʟʘ ʪʨʝʢʝʨʦʤ, 

ʜʝʪʝʢʪʠʨʫʝʪ ʬʦʪʦʥ rʠ ʵʣʝʢʪʨʦʥʳ. 

ʇʨʝʜʩʪʘʚʣʝʥ ʤʘʩʩʠʚʦʤ ʢʨʠʩʪʘʣʣʦʚ ʚʦʣʴʬʨʘʤʘʪʘ ʩʚʠʥʮʘ ʚ 

ʮʠʣʠʥʜʨʠʯʝʩʢʦʡ ʮʝʥʪʨʘʣʴʥʦʡ ʯʘʩʪʠ (61200 ʰʪʫʢ) ʠ ʜʚʫʭ ʪʦʨʮʝʚʳʭ 

(7324 ʢʨʠʩʪʘʣʣʦʚ) ʯʘʩʪʷʭ. 

¶ ɸʜʨʦʥʥʳʡ ʢʘʣʦʨʠʤʝʪʨ ï ʦʢʨʫʞʘʝʪ ʵʣʝʢʪʨʦʤʘʛʥʠʪʳʡ ʢʘʣʦʨʠʤʝʪʨ, 

ʨʝʛʠʩʪʨʠʨʫʝʪ ʘʜʨʦʥʥʳʝ ʩʪʨʫʠ. 

ʗʚʣʷʝʪʩʷ ʩʣʦʠʩʪʳʤ ʢʘʣʦʨʠʤʝʪʨʦʤ: ʩʣʦʠ ʧʣʘʩʪʠʥ ʣʘʪʫʥʠ ʩʦ 

ʩʮʠʥʪʠʣʣʷʮʠʦʥʳʤʠ ʧʨʦʩʣʦʡʢʘʤʠ. ɸʜʨʦʥʥʳʡ ʣʠʚʝʥʴ, ʬʦʨʤʠʨʫʷʩʴ, 

ʚʳʟʳʚʘʝʪ ʩʮʠʥʪʠʣʣʷʮʠʶ, ʧʦ ʠʟʤʝʨʝʥʠʷʤ ʢʦʪʦʨʦʡ ʚʳʯʠʩʣʷʝʪʩʷ ʧʦʣʥʘʷ 

ʵʥʝʨʛʠʷ ʣʠʚʥʷ. 
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¶ ʉʦʣʝʥʦʠʜ 

ʉʚʝʨʭʧʨʦʚʦʜʷʱʠʡ ʩʦʣʝʥʦʠʜʘʣʴʥʳʡ ʤʘʛʥʠʪ, ʠʤʝʝʪ ʨʘʜʠʫʩ 2,8 ʤ, 

ʩʦʟʜʘʝʪ ʧʦʣʝ ʩ ʥʘʧʨʷʞʝʥʥʦʩʪʴʶ 4 ʊ ʚ ʮʝʥʪʨʝ ʫʩʪʘʥʦʚʢʠ. ɺʢʣʶʯʘʝʪ ʚ 

ʩʚʦʡ ʩʦʩʪʘʚ ʘʣʶʤʠʥʠʝʚʳʡ ʩʚʝʨʭʧʨʦʚʦʜʥʠʢ ʚʳʩʦʢʦʡ ʩʪʝʧʝʥʠ ʦʯʠʩʪʢʠ  

ʩ ʨʘʙʦʯʠʤ ʟʥʘʯʝʥʠʝʤ ʪʦʢʘ 20 ʢɸ. 

¶ ʄʶʦʥʥʘʷ ʩʠʩʪʝʤʘ ï ʧʨʝʜʥʘʟʥʘʯʝʥʘ ʜʣʷ ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʠ 

ʨʝʢʦʥʩʪʨʫʢʮʠʠ ʤʶʦʥʦʚ. 

ʄʶʦʥʥʳʝ ʢʘʤʝʨʳ ʨʘʩʧʦʣʦʞʝʥʳ ʟʘ ʢʘʣʦʨʠʤʝʪʨʠʯʝʩʢʦʡ ʩʠʩʪʝʤʦʡ 

ʠ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʛʘʟʦʥʘʧʦʣʥʝʥʥʳʝ ʜʝʪʝʢʪʦʨʳ. 

o ɼʨʝʡʬʦʚʳʝ ʪʨʫʙʢʠ ʚ ʢʦʣʠʯʝʩʪʚʝ 250 ʢʘʤʝʨ, ʨʘʩʧʦʣʘʛʘʶʪʩʷ 

ʯʝʪʳʨʴʤʷ ʩʣʦʷʤʠ ʚ ʮʠʣʠʥʜʨʠʯʝʩʢʦʡ ʯʘʩʪʠ ʫʩʪʘʥʦʚʢʠ CMS; 

o ʂʘʪʦʜʥʦ-ʩʪʨʠʧʦʚʳʝ ʢʘʤʝʨʳ ʚ ʪʦʨʮʘʭ, 468 ʰʪʫʢ. 

CMS ʷʚʣʷʝʪʩʷ ʜʝʪʝʢʪʦʨʦʤ ʦʙʱʝʛʦ ʥʘʟʥʘʯʝʥʠʷ. ʈʝʰʝʥʠʝ ʬʠʟʠʯʝʩʢʠʭ ʟʘʜʘʯ 

ʵʢʩʧʝʨʠʤʝʥʪʘ CMS ʪʨʝʙʫʝʪ ʠʟʤʝʨʝʥʠʡ ʧʘʨʘʤʝʪʨʦʚ ʨʝʛʠʩʪʨʠʨʫʝʤʳʭ ʯʘʩʪʠʮ ʩ 

ʚʳʩʦʢʦʡ ʪʦʯʥʦʩʪʴʶ, ʚ ʰʠʨʦʢʦʡ ʦʙʣʘʩʪʠ ʵʥʝʨʛʠʡ, ʩ ʚʳʩʦʢʠʤ ʵʥʝʨʛʝʪʠʯʝʩʢʠʤ ʠ 

ʠʤʧʫʣʴʩʥʳʤ ʨʘʟʨʝʰʝʥʠʝʤ, ʯʪʦ ʦʧʨʝʜʝʣʷʝʪ ʢʨʫʛ ʪʨʝʙʦʚʘʥʠʡ ʢ ʜʝʪʝʢʪʦʨʫ: 

¶ ʂʘʯʝʩʪʚʝʥʥʘʷ ʨʝʛʠʩʪʨʘʮʠʷ, ʠ ʚʳʩʦʢʦʝ ʠʤʧʫʣʴʩʥʦʝ ʨʘʟʨʝʰʝʥʠʝ ʤʶʦʥʦʚ 

ʚ ʰʠʨʦʢʦʤ ʜʠʘʧʘʟʦʥʝ ʧʩʝʚʜʦʙʳʩʪʨʦʪ (ʜʦ 2,4); 

¶ ʍʦʨʦʰʝʝ ʨʘʟʨʝʰʝʥʠʝ ʜʣʷ ʜʠʤʶʦʥʦʚ, ʜʠʬʦʪʦʥʦʚ, ʜʠʵʣʝʢʪʨʦʥʦʚ (ʦʢʦʣʦ 

1% ʥʘ 100 ɻʵɺ) ʧʦ ʠʥʚʘʨʠʘʥʪʥʦʡ ʤʘʩʩʝ; 

¶ ʆʜʥʦʟʥʘʯʥʦʝ ʦʧʨʝʜʝʣʝʥʠʝ ʟʥʘʢʘ ʟʘʨʷʜʘ ʤʶʦʥʦʚ  ʩ ʠʤʧʫʣʴʩʦʤ ʜʦ 1 ʊʵɺ; 

¶ ɺʳʩʦʢʦʝ ʠʤʧʫʣʴʩʥʦʝ ʨʘʟʨʝʰʝʥʠʝ ʠ ʚʳʩʦʢʘʷ ʵʬʬʝʢʪʠʚʥʦʩʪʴ 

ʨʝʛʠʩʪʨʘʮʠʠ ʟʘʨʷʞʝʥʥʳʭ ʯʘʩʪʠʮ ʚ ʪʨʝʢʝʨʝ; 

¶ ʂʘʯʝʩʪʚʝʥʥʳʡ ʦʪʙʦʨ (ʪʨʠʛʛʝʨ) ʠ offline-ʦʙʨʘʙʦʪʢʘ ʩʦʙʳʪʠʡ. 
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ʀʟʤʝʨʝʥʠʝ ʤʶʦʥʦʚ ʥʘ CMS 

 
ʈʠʩ.3. ʄʶʦʥʥʘʷ ʩʠʩʪʝʤʘ ʚ ʧʨʦʜʦʣʴʥʦʤ ʩʝʯʝʥʠʠ ʫʩʪʘʥʦʚʢʠ CMS 

ʅʘ CMS ʠʟʤʝʨʝʥʠʝ ʤʶʦʥʦʚ ʧʨʦʠʟʚʦʜʠʪʩʷ ʤʶʦʥʥʦʡ ʩʠʩʪʝʤʦʡ, ʘ ʪʘʢʞʝ 

ʚʥʫʪʨʝʥʥʠʤ ʪʨʝʢʝʨʦʤ (ʩʤ. ʨʠʩ.3). 

ɺ ʜʠʘʧʘʟʦʥʝ ʧʦʧʝʨʝʯʥʳʭ ʠʤʧʫʣʴʩʦʚ ʜʦ 200 ɻʵɺ, ʢʦʛʜʘ ʩʫʱʝʩʪʚʝʥʥʦʝ 

ʚʣʠʷʥʠʝ ʥʘ ʧʨʦʭʦʞʜʝʥʠʝ ʤʶʦʥʘ ʯʝʨʝʟ ʚʝʱʝʩʪʚʦ ʦʢʘʟʳʚʘʝʪ ʤʥʦʛʦʢʨʘʪʥʦʝ 

ʨʘʩʩʝʷʥʠʝ, ʚʥʫʪʨʝʥʥʠʡ ʪʨʝʢʝʨ ʧʦʟʚʦʣʷʝʪ ʧʨʦʚʝʩʪʠ ʙʦʣʝʝ ʪʦʯʥʳʝ ʠʟʤʝʨʝʥʠʷ 

ʧʘʨʘʤʝʪʨʦʚ ʤʶʦʥʥʦʛʦ ʪʨʝʢʘ, ʧʨʠ ʵʪʦʤ ʤʶʦʥʥʘ ̫ ʩʠʩʪʝʤʘ ʩʣʫʞʠʪ ʛʣʘʚʥʳʤ 

ʦʙʨʘʟʦʤ ʜʣʷ ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʤʶʦʥʦʚ.  

ɺ ʤʶʦʥʥʳʭ ʩʪʘʥʮʠʷʭ CMS ʧʨʠʤʝʥʷʶʪʩʷ ʛʘʟʦʥʘʧʦʣʥʝʥʥʳʝ ʜʝʪʝʢʪʦʨʳ 

ʪʨʝʭ ʚʠʜʦʚ, ʢʘʞʜʳʡ ʠʟ ʢʦʪʦʨʳʭ ʦʪʚʝʯʘʝʪ ʨʘʙʦʯʠʤ ʫʩʣʦʚʠʷʤ ʵʪʠʭ ʜʝʪʝʢʪʦʨʦʚ:  

¶ ʚ ʮʠʣʠʥʜʨʠʯʝʩʢʦʡ ʯʘʩʪʠ (Barrel, ʧʩʝʚʜʦʙʳʩʪʨʦʪʳ |ɖ| < 1,2), ʛʜʝ ʬʦʥ 
ʥʝʡʪʨʦʥʦʚ, ʯʠʩʣʦ ʤʶʦʥʦʚ ʠ ʤʘʛʥʠʪʥʦʝ ʧʦʣʝ ʥʝʟʥʘʯʠʪʝʣʴʥʳʝ, 

ʫʩʪʘʥʦʚʣʝʥʳ ʜʨʝʡʬʦʚʳʝ ʢʘʤʝʨʳ (Drift Tubes);  

¶ ʚ ʪʦʨʮʝʚʳʭ ʯʘʩʪʷʭ (Endcaps), ʛʜʝ ʧʦʣʝ, ʬʦʥ ʥʝʡʪʨʦʥʦʚ ʠ ʤʶʦʥʥʳʡ ʧʦʪʦʢ 
ʩʫʱʝʩʪʚʝʥʥʦ ʙʦʣʴʰʝ, ʨʘʩʧʦʣʦʞʝʥʳ ʢʘʪʦʜʥʦ-ʩʪʨʠʧʦʚʳʝ ʢʘʤʝʨʳ (Cathode 

Strip Chamber), ʢʦʪʦʨʳʝ ʧʦʢʨʳʚʘʶʪ ʦʙʣʘʩʪʠ ʧʩʝʚʜʦʙʳʩʪʨʦʪ |ɖ| ʦʪ 0,9 ʜʦ 

2,4; 

¶ ʜʦʧʦʣʥʠʪʝʣʴʥʦ ʚ ʤʶʦʥʥʦʡ ʩʠʩʪʝʤʝ ʨʘʩʧʦʣʘʛʘʶʪʩʷ RPC (Resistive Plate 
Chambers), ʢʦʪʦʨʳʝ ʠʛʨʘʶʪ ʚʩʧʦʤʦʛʘʪʝʣʴʥʫʶ ʨʦʣʴ ʜʣʷ ʪʨʠʛʛʝʨʘ ʠ 

ʨʝʢʦʥʩʪʨʫʢʮʠʠ; 

DT (ʚ Barrel) ʠ CSC (ʚ Endcaps) ʚʤʝʩʪʝ ʩ RPC ʚʭʦʜʷʪ ʚ ʩʦʩʪʘʚ ʩʠʩʪʝʤʳ 

ʪʨʠʛʛʝʨʘ ʧʝʨʚʦʛʦ ʫʨʦʚʥʷ, ʬʦʨʤʠʨʫʷ 2 ʧʘʨʘʣʣʝʣʴʥʳʭ ʧʦʪʦʢʘ ʠʥʬʦʨʤʘʮʠʠ 

ʤʶʦʥʥʦʛʦ ʪʨʠʛʛʝʨʘ.  
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ʊʨʝʢʝʨ (Inner Tracker) 

3 ʩʣʦʷ ʧʠʢʩʝʣʴʥʳʭ ʜʝʪʝʢʪʦʨʦʚ (Pixel Detectors), ʨʘʜʠʫʩʳ 4, 7 ʠ 11 ʩʤ, 

ʨʘʟʤʝʨ 100 x 150 ʤʢʤ
2
, ʨʘʩʯʝʪʥʘʷ ʟʘʛʨʫʞʝʥʥʦʩʪʴ 10

ï4  
ʥʘ ʧʠʢʩʝʣʴ ʥʘ ʢʘʞʜʳʡ 

ʙʘʥʯ-ʢʨʦʩʩʠʥʛ LHC. 

9 ʩʣʦʝʚ ʢʨʝʤʥʠʝʚʳʭ ʤʠʢʨʦʩʪʨʠʧʦʚʳʭ ʜʝʪʝʢʪʦʨʦʚ (Silicon Tracker), 

ʨʘʜʠʫʩʳ ʦʪ 20 ʜʦ 110 ʩʤ, ʨʘʟʤʝʨʳ 10 ʩʤ x 80 ʤʢʤ ʥʘ 20 < r < 55 ʩʤ 

(ʟʘʛʨʫʞʝʥʥʦʩʪʴ  ~ 1 %) ʠ 25 ʩʤ x 180 ʤʢʤ ʥʘ r > 55 ʩʤ (ʟʘʛʨʫʞʝʥʥʦʩʪʴ ~ 2ï

3 %).  

ʎʠʣʠʥʜʨʠʯʝʩʢʘʷ ʯʘʩʪʴ ʪʨʝʢʝʨʘ ʜʝʣʠʪʩʷ ʥʘ ʚʥʫʪʨʝʥʥʶʶ (Inner Barrel) ʠ 

ʚʥʝʰʥʶʶ (Outer Barrel), ʧʨʠ ʵʪʦʤ ʚʥʫʪʨʝʥʥʷʷ ʯʘʩʪʴ ʩʜʝʣʘʥʘ ʢʦʨʦʯʝ ʚʥʝʰʥʝʡ 

ʩ ʮʝʣʴʶ ʠʟʙʝʞʘʪʴ ʧʦʣʫʯʝʥʠʷ ʩʣʠʰʢʦʤ ʢʦʨʦʪʢʠʭ ʪʨʝʢʦʚ ʧʨʠ ʙʦʣʴʰʠʭ 

ʧʩʝʚʜʦʙʳʩʪʨʦʪʘʭ, ʘ ʚ ʧʨʦʤʝʞʫʪʦʯʥʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ ʤʝʞʜʫ ʮʠʣʠʥʜʨʠʯʝʩʢʦʡ 

ʠ ʪʦʨʮʝʚʦʡ ʯʘʩʪʷʤʠ ʫʩʪʘʥʦʚʣʝʥʳ ʪʨʝʢʝʨʥʳʝ ʜʠʩʢʠ, ʧʦ 3 ʩ ʢʘʞʜʦʡ ʩʪʦʨʦʥʳ. 

ʊʨʝʢʝʨ ʧʝʨʝʢʨʳʚʘʝʪ ʧʩʝʚʜʦʙʳʩʪʨʦʪʳ ʚʧʣʦʪʴ ʜʦ |ɖ| < 2,4 ʠ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʚ 

ʦʢʦʣʦ 66 ʤʠʣʣʠʦʥʦʚ ʧʠʢʩʝʣʝʡ, ʦʙʱʘʷ ʧʣʦʱʘʜʴ ʩʦʩʪʘʚʣʷʝʪ ʚʩʝʛʦ ~ 1 ʤ
2
, ʚ 

ʢʨʝʤʥʠʝʚʦʤ ʜʝʪʝʢʪʦʨʝ 9,6 ʤʠʣʣʠʦʥʘ ʩʪʨʠʧʦʚ [1], ʧʨʠ ʝʛʦ ʧʣʦʱʘʜʠ 200 ʤ
2
. 

ɺʥʝʰʥʠʡ ʨʘʜʠʫʩ ʪʨʝʢʝʨʘ CMS ʩʦʩʪʘʚʣʷʝʪ ~ 110 ʩʤ, ʜʣʠʥʘ ~ 540 ʩʤ. 

ɼʨʝʡʬʦʚʳʝ ʢʘʤʝʨʳ (DT) 

ɼʨʝʡʬʦʚʳʝ ʢʘʤʝʨʳ ʩʫʪʴ ʛʘʟʦʥʘʧʦʣʥʝʥʥʳʝ (ʩʤʝʩʴ 85% Ar + 15% CO2) 

ʢʘʤʝʨʳ, ʫʩʪʘʥʦʚʣʝʥʥʳʝ ʚ ʯʘʩʪʷʭ ʜʝʪʝʢʪʦʨʘ ʩ ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʠʟʢʠʤ ʫʨʦʚʥʝʤ 

ʨʘʜʠʘʮʠʠ ʠ ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʝʚʳʩʦʢʠʤ ʤʘʛʥʠʪʥʳʤ ʧʦʣʝʤ. ɺʥʫʪʨʠ ʢʘʤʝʨʳ 

ʥʘʪʷʥʫʪʦ ʤʥʦʞʝʩʪʚʦ ʩʚʝʨʭʪʦʥʢʠʭ ʧʨʦʚʦʣʦʢ-ʘʥʦʜʦʚ ʧʦʜ ʧʦʣʦʞʠʪʝʣʴʥʳʤ 

ʥʘʧʨʷʞʝʥʠʝʤ. ɺ ʦʪʣʠʯʠʝ ʦʪ ʪʨʝʢʝʨʘ, ʢʘʤʝʨʘ ʜʝʡʩʪʚʫʝʪ ʚ ʦʙʲʝʤʝ. ʅʘ ʧʨʦʚʦ-

ʣʦʢʠ ʧʦʜʘʝʪʩʷ ʥʘʧʨʷʞʝʥʠʝ, ʠ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ ʤʝʞʜʫ ʜʚʫʤʷ ʤʘʩʩʠʚʘʤʠ ʧʨʦ-

ʚʦʣʦʢ ʚʦʟʥʠʢʘʝʪ ʦʜʥʦʨʦʜʥʦʝ ʵʣʝʢʪʨʠʯʝʩʢʦʝ ʧʦʣʝ. ʇʨʠ ʧʨʦʣʝʪʝ ʯʘʩʪʠʮʳ 

ʩʢʚʦʟʴ ʛʘʟʦʚʫʶ ʢʘʤʝʨʫ ʦʥʘ ʦʩʪʘʚʣʷʝʪ ʠʦʥʠʟʘʮʠʦʥʥʳʡ ʩʣʝʜ. ʇʦʜ ʜʝʡʩʪʚʠʝʤ 

ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ ʧʨʦʜʫʢʪʳ ʠʦʥʠʟʘʮʠʠ, ʛʣʘʚʥʳʤ ʦʙʨʘʟʦʤ, ʵʣʝʢʪʨʦʥʳ, 

ʜʨʝʡʬʫʪʁ ʚʜʦʣʴ ʣʠʥʠʡ ʧʦʣʷ ʧʦ ʥʘʧʨʘʚʣʝʥʠʶ ʢ ʧʨʦʚʦʣʦʯʢʘʤ-ʘʥʦʜʘʤ. ɼʦ-

ʩʪʠʛʥʫʚ ʢʨʘʷ ʢʘʤʝʨʳ, ʦʥʠ ʧʦʛʣʦʱʘʶʪʩʷ ʵʣʝʢʪʨʦʥʠʢʦʡ, ʢʦʪʦʨʘʷ ʧʝʨʝʜʘʝʪ ʥʘ 

ʚʳʭʦʜ ʩʠʛʥʘʣ. ɺʚʠʜʫ ʙʦʣʴʰʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʩʯʠʪʳʚʘʶʱʠʭ ʵʣʝʤʝʥʪʦʚ, ʧʦ ʠʭ 

ʩʠʛʥʘʣʘʤ ʩ ʭʦʨʦʰʝʡ ʪʦʯʥʦʩʪʴʶ ʚʦʩʩʪʘʥʘʚʣʠʚʘʶʪʩʷ ʢʦʦʨʜʠʥʘʪʳ, ʘ ʟʘʪʝʤ 

ʪʨʘʝʢʪʦʨʠʷ ʧʨʦʣʝʪʘʚʰʝʡ ʯʘʩʪʠʮʳ. 

ʎʠʣʠʥʜʨʠʯʝʩʢʘʷ ʯʘʩʪʴ ʜʝʪʝʢʪʦʨʘ CMS: (Muon Barrel, MB) 250 

ʜʨʝʡʬʦʚʳʭ ʢʘʤʝʨ (Drift Tube Chambers, DT), ʩʦʙʨʘʥʥʳʝ ʚ 4 ʩʣʦʷ (ʥʘʯʠʥʘʷ ʦʪ 

ʮʝʥʪʨʘ, MB1, MB2, MB3 ʠ MB4 ʥʘ ʨʘʩʩʪʦʷʥʠʷʭ 4,0; 4,9; 5,9 ʠ 7,0 ʤ ʦʪ ʦʩʠ 
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ʧʫʯʢʘ Z ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ).  

 ʇʦ ʧʨʦʜʦʣʴʥʦʡ ʦʩʠ z Barrel CMS ʜʝʣʠʪʩʷ ʥʘ 5 ʯʘʩʪʝʡ, ʢʘʞʜʘʷ ʠʟ 

ʢʦʪʦʨʳʭ ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ ʧʦʜʝʣʝʥʘ ʥʘ 12 ʩʝʢʪʦʨʦʚ. ɺ 3-ʭ ʚʥʫʪʨʝʥʥʠʭ ʩʣʦʷʭ ʚ 

ʢʘʞʜʦʤ ʩʝʢʪʦʨʝ ʥʘʭʦʜʠʪʩʷ ʧʦ ʦʜʥʦʡ ʢʘʤʝʨʝ (ʪ. ʝ. 12 ʢʘʤʝʨ ʥʘ ʩʣʦʡ), ʚʦ 

ʚʥʝʰʥʝʤ ʩʣʦʝ ʚ ʚʝʨʭʥʝʤ ʠ ʥʠʞʥʝʤ ʩʝʢʪʦʨʘʭ ʩʪʦʷʪ ʧʦ 2 ʢʘʤʝʨʳ, ʪʘʢʠʤ 

ʦʙʨʘʟʦʤ ʠʭ ʚʩʝʛʦ 14. 

ɺ ʨʘʟʥʳʭ ʩʣʦʷʭ ʢʘʤʝʨʳ ʧʦʩʪʘʚʣʝʥʳ ʪʘʢ, ʯʪʦʙʳ ʤʶʦʥʳ ʩ ʙʦʣʴʰʠʤ 

ʧʦʧʝʨʝʯʥʳʤ ʠʤʧʫʣʴʩʦʤ ʧʨʦʰʣʠ ʧʦ ʢʨʘʡʥʝʡ ʤʝʨʝ ʯʝʨʝʟ 3 ʢʘʤʝʨʳ ʠʟ 4-ʭ. 

ɼʨʝʡʬʦʚʳʝ ʢʘʤʝʨʳ ʤʶʦʥʥʳʭ ʩʪʘʥʮʠʡ MB1, MB2 ʠ MB3 ʩʦʩʪʘʚʣʝʥʳ ʠʟ 12 

ʧʣʦʩʢʦʩʪʝʡ ʘʣʶʤʠʥʠʝʚʳʭ DT: ʩʨʝʜʥʠʝ 4 ʠʟʤʝʨʷʶʪ z-ʢʦʦʨʜʠʥʘʪʫ, ʦʩʪʘʣʴʥʳʝ 

8 ʜʘʶʪ ʧʦʣʷʨʥʳʝ ʢʦʦʨʜʠʥʘʪʳ ʚ ʧʦʧʝʨʝʯʥʦʡ ʧʫʯʢʫ ʧʣʦʩʢʦʩʪʠ. ʉʪʘʥʮʠʠ MB4 

ʧʣʦʩʢʦʩʪʝʡ, ʠʟʤʝʨʷʶʱʠʭ z-ʢʦʦʨʜʠʥʘʪʫ, ʥʝ ʩʦʜʝʨʞʘʪ. ʄʘʢʩʠʤʘʣʴʥʘʷ ʜʣʠʥʘ 

ʜʨʝʡʬʘ ʵʣʝʢʪʨʦʥʦʚ ʚ ʢʘʤʝʨʘʭ 2 ʩʤ, ʘ ʨʘʟʨʝʰʝʥʠʝ ~ 200 ʤʢʤ. ʂʘʞʜʘʷ ʩʪʘʥʮʠʷ 

ʜʘʝʪ ʚʝʢʪʦʨ ʤʶʦʥʘ ʩ ʪʦʯʥʦʩʪʴʶ ʧʦ ʨʘʜʠʫʩʫ ʥʝ ʭʫʞʝ, ʯʝʤ 100 ʤʢʤ ʠ 

ʧʨʠʙʣʠʟʠʪʝʣʴʥʦ 1 ʤʨʘʜ ʧʦ ʥʘʧʨʘʚʣʝʥʠʶ.  

MB-ʩʪʘʥʮʠʠ ʦʢʨʫʞʝʥʳ ʦʜʥʦʡ ʣʠʙʦ ʜʚʫʤʷ RPC: ʚ MB1 ʠ MB2 ʧʣʘʩʪʠʥʳ 

RPC ʫʩʪʘʥʦʚʣʝʥʳ ʩ ʚʥʫʪʨʝʥʥʝʡ ʠ ʚʥʝʰʥʝʡ ʩʪʦʨʦʥ DT-ʢʘʤʝʨʳ, ʘ ʚ MB3 ʠ 

MB4 ʪʦʣʴʢʦ ʩ ʚʥʫʪʨʝʥʥʝʡ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʤʶʦʥ ʩ ʙʦʣʴʰʠʤ ʧʦʧʝʨʝʯʥʳʤ 

ʠʤʧʫʣʴʩʦʤ, ʧʨʦʡʜʷ ʯʝʨʝʟ 4 DT-ʢʘʤʝʨʳ ʠ 6 RPC, ʦʙʨʘʟʫʝʪ ʮʝʣʳʡ ʨʷʜ ʪʦʯʝʢ, ʧʦ 

ʢʦʪʦʨʳʤ ʩʪʨʦʠʪʩʷ ʢʘʥʜʠʜʘʪ ʚ ʪʨʝʢ ʤʶʦʥʘ (muon-track candidate). 

ʂʘʪʦʜʥʦ-ʩʪʨʠʧʦʚʳʝ ʢʘʤʝʨʳ (CSC) 

ʊʨʘʧʝʮʠʝʚʠʜʥʳʝ ʛʘʟʦʥʘʧʦʣʥʝʥʥʳʝ 

ʰʝʩʪʠʩʣʦʡʥʳʝ ʜʝʪʝʢʪʦʨʳ, ʫʩʪʘʥʦʚʣʝʥʥʳʝ ʚ 

ʪʦʨʮʘʭ CMS. ʏʘʩʪʠʮʘ, ʧʨʦʭʦʜʷʱʘʷ ʩʢʚʦʟʴ 

ʩʣʦʡ ʛʘʟʦʚʦʡ ʢʘʤʝʨʳ, ʚʳʟʳʚʘʝʪ ʣʠʚʝʥʴ ʠʟ 

ʚʳʙʠʪʳʭ ʵʣʝʢʪʨʦʥʦʚ, ʦʩʪʘʚʣʷʶʱʠʡ ʩʠʛʥʘʣ 

ʥʘ ʧʨʦʚʦʣʦʯʢʘʭ-ʘʥʦʜʘʭ, ʘ ʠʦʥʳ ʜʘʶʪ, 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʩʠʛʥʘʣ ʥʘ ʩʪʨʠʧʘʭ-ʢʘʪʦʜʘʭ, 

ʧʦ ʬʦʨʤʝ ʧʦʩʣʝʜʥʝʛʦ ʧʦʩʨʝʜʩʪʚʦʤ 

ʘʥʘʣʠʪʠʯʝʩʢʦʡ ʘʧʧʨʦʢʩʠʤʘʮʠʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʟʘʨʷʜʦʚ ʢʨʠʚʦʡ ɻʘʫʩʩʘ 

ʩʥʠʤʘʝʪʩʷ ʠʥʬʦʨʤʘʮʠʷ ʦ ʪʦʯʥʦʡ (ʘʟʠʤʫʪʘʣʴʥʦʡ) ʢʦʦʨʜʠʥʘʪʝ ʯʘʩʪʠʮʳ. (ʩʤ. 

ʨʠʩ. 4) 

ʄʶʦʥʥʘʷ ʩʠʩʪʝʤʘ ʪʦʨʮʝʚʳʭ ʯʘʩʪʝʡ CMS (Muon Endcaps, ME) ʩʦʩʪʘʚʣʝʥʘ 

ʠʟ 468 ʢʘʪʦʜʥʦ-ʩʪʨʠʧʦʚʳʭ ʢʘʤʝʨ (Cathode Strip Chambers, CSC). ʂʘʞʜʘʷ CSC 

ʟʘʧʦʣʥʝʥʘ ʩʧʝʮʠʘʣʴʥʳʤ ʛʘʟʦʤ ʠ ʠʤʝʝʪ 6 ʩʣʦʝʚ, ʚ ʢʘʞʜʦʤ ʠʟ ʢʦʪʦʨʳʭ 
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ʥʘʭʦʜʷʪʩʷ ʨʘʜʠʘʣʴʥʳʝ ʢʘʪʦʜʥʳʝ ʩʪʨʠʧʳ ʠ, ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦ ʢ ʥʠʤ, ʘʥʦʜʥʳʝ 

ʧʨʦʚʦʣʦʢʠ.  

ɿʘ ʠʩʢʣʶʯʝʥʠʝʤ ʪʨʝʪʴʝʛʦ Endcap ʜʠʩʢʘ (ME1/3), ʚʩʝ ʢʘʤʝʨʳ 

ʧʝʨʝʢʨʳʚʘʶʪ ʜʨʫʛ ʜʨʫʛʘ ʧʦ ʘʟʠʤʫʪʘʣʴʥʦʡ ʢʦʦʨʜʠʥʘʪʝ ʚʦ ʠʟʙʝʞʘʥʠʝ 

ʦʙʨʘʟʦʚʘʥʠʷ ʤʨyʪʚʳʭ ʟʦʥ. ɺ ʢʘʞʜʦʤ Endcap-ʜʠʩʢʝ ʢʘʤʝʨʳ ʫʩʪʘʥʦʚʣʝʥʳ 

ʢʦʣʴʮʘʤʠ, ʧʦ 36 ʚ ʢʦʣʴʮʝ, ʟʘ ʠʩʢʣʶʯʝʥʠʝʤ ʚʥʫʪʨʝʥʥʠʭ ʢʦʣʝʮ ME2/1, ME3/1 ʠ 

ME4/1, ʚ ʢʦʪʦʨʳʭ ʧʦ 18 ʢʘʤʝʨ. ʇʨʦʣʝʪʘʷ ʩʢʚʦʟʴ ʢʘʤʝʨʫ, ʟʘʨʷʞʝʥʥʘʷ ʯʘʩʪʠʮʘ 

ʚʳʟʳʚʘʝʪ ʠʦʥʠʟʘʮʠʶ ʛʘʟʘ, ʧʦʨʦʞʜʘʷ ʵʣʝʢʪʨʦʥʥʫʶ ʣʘʚʠʥʫ, ʢʦʪʦʨʘʷ 

ʩʦʙʠʨʘʝʪʩʷ ʥʘ ʘʥʦʜʥʳʭ ʧʨʦʚʦʣʦʢʘʭ ʠ ʠʥʜʫʮʠʨʫʝʪ ʟʘʨʷʜ ʥʘ ʛʨʫʧʧʝ ʢʘʪʦʜʥʳʭ 

ʩʪʨʠʧʦʚ.  

ʉʠʛʥʘʣ ʩ ʧʨʦʚʦʣʦʢ (ʵʣʝʢʪʨʦʥʳ) ʙʳʩʪʨʝʝ ʢʘʪʦʜʥʦʛʦ (ʠʦʥʳ) ʠ 

ʠʩʧʦʣʴʟʫʝʪʩʷ ʚ ʪʨʠʛʛʝʨʝ ʧʝʨʚʦʛʦ ʫʨʦʚʥʷ (Level-1 Trigger). ʊʦʯʥʦʝ ʠʟʤʝʨʝʥʠʝ 

ʢʦʦʨʜʠʥʘʪʳ ʧʨʦʠʟʚʦʜʠʪʩʷ ʧʫʪʝʤ ʦʧʨʝʜʝʣʝʥʠʷ çʮʝʥʪʨʘ ʤʘʩʩè ʨʘʩʧʨʝʜʝʣʝʥʠʷ 

ʟʘʨʷʜʦʚ ʥʘ ʢʘʪʦʜʥʳʭ ʩʪʨʠʧʘʭ. ʂʘʞʜʘʷ CSC ʜʘʝʪ ʢʦʦʨʜʠʥʘʪʳ ʭʠʪʘ (r; ű)  ʚ 6-

ʪʠ z-ʧʣʦʩʢʦʩʪʷʭ.  

ʇʨʦʩʪʨʘʥʩʪʚʝʥʥʦʝ ʨʘʟʨʝʰʝʥʠʝ ʢʘʤʝʨʳ ʧʦ ʩʪʨʠʧʘʤ, ʢʘʢ ʧʨʘʚʠʣʦ 

ʩʦʩʪʘʚʣʷʝʪ ʦʢʦʣʦ 200 ʤʢʤ (100 ʤʢʤ ʜʣʷ ME1/1), ʘ ʫʛʣʦʚʦʝ ʨʘʟʨʝʰʝʥʠʝ ʧʦ 

ʥʘʧʨʘʚʣʝʥʠʶ ʧʦʨʷʜʢʘ 10 ʤʨʘʜ. 

ʈʝʢʦʥʩʪʨʫʢʮʠʷ ʤʶʦʥʦʚ 

ʈʝʢʦʥʩʪʨʫʢʮʠʷ ʤʶʦʥʦʚ ʧʨʦʚʦʜʠʪʩʷ ʚ ʤʶʦʥʥʳʭ ʢʘʤʝʨʘʭ ʠ ʪʨʝʢʝʨʝ. 

ʈʝʘʣʠʟʦʚʘʥʘ çʨʝʛʠʦʥʘʣʴʥʘʷè ʢʦʥʮʝʧʮʠʷ ʨʝʢʦʥʩʪʨʫʢʮʠʠ, ʢʦʪʦʨʘʷ 

ʠʩʧʦʣʴʟʫʝʪʩʷ ʠ ʚ offline-ʨʝʢʦʥʩʪʨʫʢʮʠʠ, ʠ ʚ online-ʪʨʠʛʛʝʨʝ High-Level 

Trigger (HLT). ʈʝʛʠʦʥʘʣʴʥʘʷ ʨʝʢʦʥʩʪʨʫʢʮʠʷ ʩʦʩʪʦʠʪ ʚ ʪʦʤ, ʯʪʦ ʠʩʧʦʣʴʟʫʝʪʩʷ 

ʣʠʰʴ ʯʘʩʪʴ ʠʥʬʦʨʤʘʮʠʠ ʦʪ ʜʝʪʝʢʪʦʨʘ. ʊʘʢ, ʠʥʬʦʨʤʘʮʠʷ, ʢʦʪʦʨʘʷ ʥʝʦʙʭʦʜʠʤʘ 

ʜʣʷ ʨʝʢʦʥʩʪʨʫʢʮʠʠ ʤʶʦʥʘ ʚ ʪʨʝʢʝʨʝ, ʩʦʩʪʘʚʣʷʝʪ ʣʠʰʴ ʥʝʩʢʦʣʴʢʦ ʧʨʦʮʝʥʪʦʚ 

ʦʪ ʧʦʣʥʦʛʦ ʦʙʲʝʤʘ ʜʘʥʥʳʭ. ʇʦ ʵʪʦʡ ʧʨʠʯʠʥʝ ʨʝʢʦʥʩʪʨʫʢʮʠʷ ʧʨʦʠʟʚʦʜʠʪʩʷ ʥʝ 

ʧʦ ʚʩʝʤʫ ʦʙʲʝʤʫ ʪʨʝʢʝʨʘ, ʘ ʪʦʣʴʢʦ ʧʦ ʪʝʤ ʝʛʦ ʯʘʩʪʷʭ, ʯʝʨʝʟ ʢʦʪʦʨʳʝ, ʧʦ-

ʚʠʜʠʤʦʤʫ, ʧʨʦʭʦʜʠʣ ʪʨʝʢ ʤʶʦʥʘ. ʕʪʦ ʧʦʟʚʦʣʷʝʪ ʩʵʢʦʥʦʤʠʪʴ ʚʨʝʤʷ ʦʙʨʘʙʦʪʢʠ 

ʠʥʬʦʨʤʘʮʠʠ.  

ʂʘʢ ʩʣʝʜʩʪʚʠʝ, ʤʝʪʦʜ ʚ ʟʥʘʯʠʪʝʣʴʥʦʡ ʤʝʨʝ ʟʘʚʠʩʠʪ ʦʪ ʧʨʘʚʠʣʴʥʦ 

ʦʧʨʝʜʝʣʝʥʥʳʭ ʥʘʯʘʣʴʥʳʭ ʟʥʘʯʝʥʠʡ ʪʨʝʢʘ (çʟʝʨʥʘè, seeds), ʢʦʪʦʨʳʝ ʜʘʶʪ 5 

ʧʘʨʘʤʝʪʨʦʚ ʪʨʘʝʢʪʦʨʠʠ ʠ ʠʭ ʦʰʠʙʢʠ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʥʘʯʘʪʴ ʨʝʢʦʥʩʪʨʫʢʮʠʶ ʩ 

ʚʳʩʦʢʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʴʶ ʠ ʥʘʜʝʞʥʦʩʪʴʶ.  

ɺ online-ʨʝʞʠʤʝ ʟʝʨʥʘ ʦʧʨʝʜʝʣʷʶʪʩʷ ʪʨʠʛʛʝʨʦʤ 1-ʛʦ ʫʨʦʚʥʷ (Level-1 

Trigger). ɸʣʛʦʨʠʪʤ ʨʝʢʦʥʩʪʨʫʢʮʠʠ ʚ HLT ʠʩʧʦʣʴʟʫʝʪ ʟʝʨʥʘ ʢʘʥʜʠʜʘʪʦʚ, 
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ʥʘʡʜʝʥʥʳʝ ʚ L1-ʪʨʠʛʛʝʨʝ. ʕʪʠ ʟʝʨʥʘ ʦʧʨʝʜʝʣʷʶʪ ʚ ʤʶʦʥʥʦʡ ʩʠʩʪʝʤʝ ʦʙʣʘʩʪʴ 

ʠʥʪʝʨʝʩʘ, ʚ ʢʦʪʦʨʦʡ ʧʨʦʚʦʜʠʪʩʷ ʣʦʢʘʣʴʥʘʷ ʨʝʢʦʥʩʪʨʫʢʮʠʷ.  

ɼʣʷ offline-ʨʝʢʦʥʩʪʨʫʢʮʠʠ ʨʘʟʨʘʙʦʪʘʥ ʠʥʦʡ ʘʣʛʦʨʠʪʤ ʛʝʥʝʨʘʮʠʠ ʟʝʨʝʥ, 

ʧʨʦʚʦʜʷʱʠʡ ʣʦʢʘʣʴʥʫʶ ʨʝʢʦʥʩʪʨʫʢʮʠʶ ʧʦ ʚʩʝʡ ʤʶʦʥʥʦʡ ʩʠʩʪʝʤʝ ʧʦʩʣʝ ʯʝʛʦ 

ʠʩʧʦʣʴʟʫʶʱʠʡ ʧʦʣʫʯʝʥʥʳʝ ʚ CSC ʠ DT ʩʝʛʤʝʥʪʳ ʚ ʢʘʯʝʩʪʚʝ ʠʥʠʮʠʠʨʫʶʱʠʭ 

ʟʥʘʯʝʥʠʡ. ʉʭʝʤʘʪʠʯʥʦ online ʠ offlineïʨʝʞʠʤʳ ʨʝʢʦʥʩʪʨʫʢʮʠʠ ʠʟʦʙʨʘʞʝʥʳ 

ʥʘ ʨʠʩ. 4.  

 

ʈʠʩ. 5.  ʉʭʝʤʘ online- ʠ offline-ʨʝʢʦʥʩʪʨʫʢʮʠʠ ʚ CMS. 

ʈʝʢʦʥʩʪʨʫʢʮʠʷ ʤʶʦʥʘ ʚ offline-ʨʝʞʠʤʝ ʧʨʦʠʟʚʦʜʠʪʩʷ ʚ ʪʨʠ ʵʪʘʧʘ: 

ʃʦʢʘʣʴʥʘʷ ʨʝʢʦʥʩʪʨʫʢʮʠʷ 

¶ ʨʝʢʦʥʩʪʨʫʢʮʠʷ ʦʜʥʦʤʝʨʥʳʭ ʭʠʪʦʚ ʚ ʷʯʝʡʢʘʭ ʜʨʝʡʬʦʚʳʭ ʢʘʤʝʨ 

(DTRecHit1D), ʜʚʫʤʝʨʥʳʭ ʭʠʪʦʚ ʚ ʧʣʦʩʢʦʩʪʷʭ ʢʘʪʦʜʥʦ-ʩʪʨʠʧʦʚʳʭ 

ʢʘʤʝʨ (CSCRecHit2D) ʠ ʦʜʥʦʤʝʨʥʳʭ ʭʠʪʦʚ ʚ RPC (RPCRecHit). ʇʦ 

ʵʪʠʤ ʭʠʪʘʤ ʚʦʩʩʪʘʥʘʚʣʠʚʘʝʪʩʷ ʨʠʩʫʥʦʢ ʩʠʛʥʘʣʘ, ʠ ʨʝʢʦʥʩʪʨʫʠʨʫʶʪʩʷ 

ʩʝʛʤʝʥʪʳ ʪʨʝʢʘ (DT and CSC segments). 

ʈʝʛʠʦʥʘʣʴʥʘʷ ʨʝʢʦʥʩʪʨʫʢʮʠʷ ʚ ʤʶʦʥʥʦʡ ʩʠʩʪʝʤʝ (Standalone) 

¶ ʬʦʨʤʠʨʦʚʘʥʠʝ ʟʝʨʥʘ ʠʟ ʩʝʛʤʝʥʪʦʚ, ʩʦʜʝʨʞʘʱʝʝ ʦʮʝʥʦʯʥʳʝ ʜʘʥʥʳʝ ʦ 

ʥʘʧʨʘʚʣʝʥʠʠ ʠ ʠʤʧʫʣʴʩʝ ʤʶʦʥʘ. ɿʘʪʝʤ ʧʨʦʠʟʚʦʜʠʪʩʷ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʘʷ 

ʘʧʧʨʦʩʢʠʤʘʮʠʷ ʪʨʝʢʘ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʝʛʤʝʥʪʦʚ ʠ ʭʠʪʦʚ ʠʟ CSC, DT 

ʠ RPC, ʠ ʧʨʠʚʷʟʢʘ ʢ ʚʝʨʰʠʥʝ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʨʝʢʦʥʩʪʨʫʠʨʫʝʪʩʷ ʪʘʢ 

ʥʘʟʳʚʘʝʤʳʡ standalone ʪʨʝʢ ʤʶʦʥʘ ʧʦ ʜʘʥʥʳʤ ʠʟ ʤʶʦʥʥʦʡ ʩʠʩʪʝʤʳ 

(ʙʝʟ ʪʨʝʢʝʨʘ). ʇʘʨʘʣʣʝʣʴʥʦ: ʨʝʢʦʥʩʪʨʫʢʮʠʷ ʚ ʪʨʝʢʝʨʝ, ʩʦʟʜʘʥʠʝ 

ʢʦʣʣʝʢʮʠʠ ʪʨʘʝʢʪʦʨʠʡ. 
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ɻʣʦʙʘʣʴʥʘʷ ʨʝʢʦʥʩʪʨʫʢʮʠʷ 

¶ standalone-ʤʶʦʥ ʩʦʧʦʩʪʘʚʣʷʝʪʩʷ ʩ ʧʦʜʭʦʜʷʱʝʡ ʪʨʘʝʢʪʦʨʠʝʡ ʠʟ ʪʨʝʢʝʨʘ, 

ʠ ʨʝʢʦʥʩʪʨʫʠʨʫʝʪʩʷ  ʛʣʦʙʘʣʴʥʳʡ ʪʨʝʢ ʤʶʦʥʘ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʚʩʝʡ 

ʠʟʤʝʨʝʥʥʦʡ ʥʘ CMS ʠʥʬʦʨʤʘʮʠʠ. 

ʊʨʠʛʛʝʨ  r

ʇʦʜʘʚʣʷʶʱʝʝ ʙʦʣʴʰʠʥʩʪʚʦ ʩʦʙʳʪʠʡ ʥʝ ʧʨʝʜʩʪʘʚʣʷʝʪ ʠʥʪʝʨʝʩʘ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʠ ʜʦʣʞʥʦ ʙʳʪʴ ʦʪʙʨʦʰʝʥʦ. ɼʣʷ ʵʪʦʡ ʮʝʣʠ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ 

online-ʦʪʙʦʨ ʩʦʙʳʪʠʡ, ʠ ʥʘ offline-ʦʙʨʘʙʦʪʢʫ ʧʦʧʘʜʘʶʪ ʪʦʣʴʢʦ 

ʦʪʬʠʣʴʪʨʦʚʘʥʥʳʝ ʩʦʙʳʪʠʷ.  

ʇʦʩʣʝʜʫʶʱʠʡ ʘʥʘʣʠʟ offline ʧʦʣʥʦʩʪʴʶ ʦʧʨʝʜʝʣʷʝʪʩʷ ʵʬʬʝʢʪʠʚʥʦʩʪʴʶ 

ʦʪʙʦʨʘ. ɺʩʝ ʩʦʙʳʪʠʷ ʥʘ CMS ʧʨʦʭʦʜʪ̫ 3 ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʭ ʫʨʦʚʥʷ ʦʪʙʦʨʘ 

ʪʨʠʛʛʝʨʦʚ: L1, L2, L3. ʈʝʰʝʥʠʝ ʫʨʦʚʥʷ L1 ʧʨʠʥʠʤʘʝʪʩʷ ʢʘʞʜʳʤ ʜʝʪʝʢʪʦʨʦʤ 

ʥʘ ʘʧʧʘʨʘʪʥʦʤ ʫʨʦʚʥʝ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʫʨʦʚʥʠ L2 ʠ L3 ʷʚʣʷʶʪʩʷ 

ʧʨʦʛʨʘʤʤʥʳʤʠ, ʬʫʥʢʮʠʦʥʠʨʫʶʱʠʤʠ ʥʘ ʚʳʯʠʩʣʠʪʝʣʴʥʦʡ ʬʝʨʤʝ, ʠ ʚʤʝʩʪʝ 

ʩʦʩʪʘʚʣʷʶʱʠʤʠ ʪʨʠʛʛʝʨ ʚʳʩʦʢʦʛʦ ʫʨʦʚʥʷ (High Level Trigger, HLT).  

ʉʪʦʠʪ ʫʧʦʤʷʥʫʪʴ ʩʫʱʝʩʪʚʝʥʥʳʝ ʤʦʤʝʥʪʳ ʦʪʥʦʩʠʪʝʣʴʥʦ ʪʨʠʛʛʝʨʘ CMS: 

¶ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʣʠʰʴ ʩʦʙʳʪʠʷ, ʧʨʦʰʝʜʰʠʝ ʪʨʠʛʛʝʨ L1; 

¶ ʜʣʷ ʦʪʙʦʨʘ ʥʘ ʟʘʧʠʩʴ ʢʘʞʜʦʝ ʩʦʙʳʪʠʝ ʨʝʢʦʥʩʪʨʫʠʨʫʝʪʩʷ ʚ ʨʝʞʠʤʝ 

ʨʝʘʣʴʥʦʛʦ ʚʨʝʤʝʥʠ ʚʳʯʠʩʣʠʪʝʣʴʥʦʡ ʬʝʨʤʦʡ, ʩʦʩʪʦʷʱʝʡ ʠʟ 2000 

ʢʦʤʧʴʶʪʝʨʦʚ; ʙʫʜʫʯʠ ʩʦʭʨʘʥʝʥʥʳʤ ʥʘ ʥʦʩʠʪʝʣʴ, ʩʦʙʳʪʠʝ  ʠʤʝʝʪ 

ʨʘʟʤʝʨ ʦʢʦʣʦ 2 ʄʙ; 

¶ ʫʤʝʥʴʰʝʥʠʝ ʧʦʪʦʢʘ ʩʦʙʳʪʠʡ ʯʝʨʝʟ ʫʨʦʚʥʠ ʪʨʠʛʛʝʨʘ L1, L2, L3 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ: 13 ʄɻʮ , 50 ʢɻʮ, ʠ 150 ɻʮ; 

¶ ʨʝʢʦʥʩʪʨʫʢʮʠʷ: 

o ʥʘʯʘʣʴʥʳʝ ʧʘʨʘʤʝʪʨʳ (ʟʝʨʥʘ ʯʘʩʪʠʮ) ʠʟ L1-ʪʨʠʛʛʝʨʘ; 

o L2 ʠ  L3 ʘʣʛʦʨʠʪʤʳ ʜʦʣʞʥʳ ʙʳʪʴ ʢʘʢ ʤʦʞʥʦ ʙʣʠʞʝ ʢ offline; 

o ʨʝʛʠʦʥʘʣʴʥʘʷ ʨʝʢʦʥʩʪʨʫʢʮʠʷ. 

ʆʪʦʙʨʘʥʥʳʝ ʩʦʙʳʪʠʷ ʤʦʛʫʪ ʙʳʪʴ ʨʝʢʦʥʩʪʨʫʠʨʦʚʘʥʳ ʙʦʣʝʝ ʜʝʪʘʣʴʥʦ ʚ 

ʨʝʞʠʤʝ offline. ɼʣʷ ʵʪʦʡ ʮʝʣʠ ʧʨʠʤʝʥʷʝʪʩʷ ʠʥʦʡ ʤʝʭʘʥʠʟʤ ʦʧʨʝʜʝʣʝʥʠʷ 

ʥʘʯʘʣʴʥʳʭ ʟʥʘʯʝʥʠʡ ʪʨʝʢʘ ʥʘ ʫʨʦʚʥʝ L1, ʪʘʢʞʝ ʥʝʩʢʦʣʴʢʦ ʦʪʣʠʯʥʳ 

ʘʣʛʦʨʠʪʤʳ ʨʝʢʦʥʩʪʨʫʢʮʠʠ ʫʨʦʚʥʝʡ L2 ʠ L3. ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʨʝʢʦʥʩʪʨʫʢʮʠʷ 

ʪʦʛʜʘ ʧʨʦʠʟʚʦʜʠʪʩʷ ʧʦ ʚʩʝʤʫ ʦʙʲʝʤʫ ʜʝʪʝʢʪʦʨʘ, ʥʝ ʦʛʨʘʥʠʯʠʚʘʷʩʴ 
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ʠʟʙʨʘʥʥʳʤʠ ʝʛʦ ʯʘʩʪʷʤʠ. 

ʇʨʦʮʝʩʩʳ ɼʨʝʣʣʘ-ʗʥʘ ʠ ʠʭ ʟʥʘʯʝʥʠʝ 

ʇʨʦʮʝʩʩʦʤ ɼʨʝʣʣʘ-ʗʥʘ ʥʘʟʳʚʝʪʩʷ ʨʦʞʜʝʥʠʝ ʧʘʨʳ ʣʝʧʪʦʥ-ʘʥʪʠʣʝʧʪʦʥ 

ʧʨʠ ʘʥʥʠʛʠʣʷʮʠʠ ʧʘʨʳ ʢʚʘʨʢ-ʘʥʪʠʢʚʘʨʢ (ʩʤ. ʈʠʩ. 5) 

 

ʈʠʩ. 6.  ɼʠʘʛʨʘʤʤʘ ʌʝʡʥʤʘʥʘ ʜʣʷ ʧʨʦʮʝʩʩʘ ɼʨʝʣʣʘ-ʗʥʘ. 

ɼʘʥʥʳʝ ʧʨʦʮʝʩʩʳ ʟʘʥʠʤʘʶʪ ʚʘʞʥʦʝ ʤʝʩʪʦ ʚ ʬʠʟʠʢʝ ʚʳʩʦʢʠʭ ʵʥʝʨʛʠʡ:  

¶ ʦʪʥʦʩʠʪʝʣʴʥʦ ʭʦʨʦʰʦ ʠʟʫʯʝʥʳ ʪʝʦʨʝʪʠʯʝʩʢʠ [3]; 

¶ ʣʝʛʢʦ ʧʦʜʜʘʶʪʩʷ ʨʝʛʠʩʪʨʘʮʠʠ ʚ ʜʝʪʝʢʪʦʨʘʭ, ʢʘʢ ʧʨʦʮʝʩʩ ʨʦʞʜʝʥʠʷ 

ʜʠʣʝʧʪʦʥʘ [2];  

¶ ʠʤʝʁʪ ʙʦʣʴʰʦʝ ʩʝʯʝʥʠʝ, ʯʪʦ ʙʣʘʛʦʧʨʠʷʪʩʪʚʫʝʪ ʙʳʩʪʨʦʤʫ ʥʘʢʦʧʣʝʥʠʶ 

ʙʦʣʴʰʦʛʦ ʩʪʘʪʠʩʪʠʢʠ ʠʥʪʝʨʝʩʫʶʱʠʭ ʩʦʙʳʪʠʡ;  

¶ ʩ ʧʦʤʦʱʴʶ ʜʘʥʥʳʭ ʧʨʦʮʝʩʩʦʚ ʦʧʨʝʜʝʣʷʶʪʩʷ ʧʘʨʪʦʥʥʳʝ ʬʫʥʢʮʠʠ 

ʨʘʩʧʨʝʜʝʣʝʥʠʷ [3], ʦʧʠʩʳʚʘʶʱʠʝ ʩʪʨʫʢʪʫʨʫ ʘʜʨʦʥʦʚ;  

¶ ʧʨʦʠʟʚʦʜʠʪʩʷ ʢʘʣʠʙʨʦʚʢʘ ʜʝʪʝʢʪʦʨʦʚ ʠ ʤʦʥʠʪʦʨʠʥʛ ʩʚʝʪʠʤʦʩʪʠ 

ʫʩʢʦʨʠʪʝʣʷ; 
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ʇʨʦʚʝʜʝʥʥʳʝ ʠʟʤʝʨʝʥʠʷ ʠ ʜʘʥʥʳʝ 

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʤʥʦʡ ʙʳʣʦ ʧʨʦʚʝʜʝʥʦ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʨʘʙʦʪʳ CMS 

ʤʝʪʦʜʦʤ ʙʳʩʪʨʦʡ ʩʠʤʫʣʷʮʠʠ ʠ ʦʙʨʘʙʦʪʢʘ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʜʘʥʥʳʭ. ɹʳʣʦ 

ʠʩʧʦʣʴʟʦʚʘʥʦ ʩʣʝʜʫʶʱʝʝ ʧʨʦʛʨʘʤʤʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ:  

¶ ʛʝʥʝʨʘʪʦʨ ʩʦʙʳʪʠʡ PYTHIA ; 

¶ ʧʘʢʝʪ Physics Analysis Toolkit;  

¶ ʧʘʢʝʪ CMSSW 4.4.5; 

¶ ʧʘʢʝʪ ʦʙʨʘʙʦʪʢʠ ʜʘʥʥʳʭ ROOT. 

ʀʩʧʦʣʴʟʦʚʘʚʰʠʝʩʷ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʜʘʥʥʳʝ ʧʨʠʥʘʜʣʝʞʘʪ ʥʘʙʦʨʫ 

ç8TeV collisions, /SingleMu/ZMu datasets 2012C and 2012D of RAW-RECO 

type dataè, ʯʪʦ ʩʦʩʪʘʚʣʷʝʪ 75 % ʜʘʥʥʳʭ CMS 2012 ʛʦʜʘ ʠʣʠ 60 % ʚʩʝʭ ʜʘʥʥʳʭ 

CMS. 

ɿʘʜʘʥʥʳʝ ʥʘʯʘʣʴʥʳʝ ʫʩʣʦʚʠʷ ʤʦʜʝʣʠʨʦʚʘʥʠʷ: 

¶ ʥʘʙʦʨʳ ʜʘʥʥʳʭ ʧʦ 3000 ʩʦʙʳʪʠʡ; 

¶ ʪʨʠ ʠʥʪʝʨʚʘʣʘ (çʙʠʥʘè) ʧʦ ʠʥʚʘʨʠʘʥʪʥʦʡ ʤʘʩʩʝ ʜʠʤʶʦʥʦʚ: 200ï600; 

600ï1000; ʠ 1000ï1500 ɻʵɺ; 

¶ ʜʚʘ ʨʘʟʣʠʯʥʳʭ ʠʥʠʮʠʠʨʫʶʱʠʭ ʟʥʘʯʝʥʠʷ ʛʝʥʝʨʘʪʦʨʘ ʩʣʫʯʘʡʥʳʭ ʯʠʩʝʣ; 

¶ ʜʚʝ ʛʝʦʤʝʪʨʠʠ ʜʝʪʝʢʪʦʨʘ: ʠʜʝʘʣʴʥʘʷ ʠ çʩʪʘʨʪʦʚʘʷè (ʩ ʫʯʝʪʦʤ 

ʥʝʚʳʨʦʚʥʝʥʥʦʩʪʝʡ ʯʘʩʪʝʡ ʜʝʪʝʢʪʦʨʘ ʦʪʥʦʩʠʪʝʣʴʥʦ ʜʨʫʛ ʜʨʫʛʘ). 

ʅʘ ʦʩʥʦʚʝ ʦʙʨʘʙʦʪʢʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʜʘʥʥʳʭ ʠ ʨʝʟʫʣʴʪʘʪʦʚ 

ʤʦʜʝʣʠʨʦʚʘʥʠʷ  ʧʦʩʪʨʦʝʥʳ ʩʣʝʜʫʶʱʠʝ ʨʘʩʧʨʝʜʝʣʝʥʠʷ: 

¶ ʧʦʧʝʨʝʯʥʳʡ ʠʤʧʫʣʴʩ pT
2
 = px

2
 + py

2
 (ʦʩʴ Z ʚʜʦʣʴ ʧʫʯʢʘ); 

¶ ʠʥʚʘʨʠʘʥʪʥʘʷ ʤʘʩʩʘ; 

¶ ʨʘʟʨʝʰʝʥʠʷ ʜʝʪʝʢʪʦʨʘ ʧʦ ʧʦʧʝʨʝʯʥʦʤʫ ʠʤʧʫʣʴʩʫ ʠ ʠʥʚʘʨʠʘʥʪʥʦʡ ʤʘʩʩʝ 

ʧʦʩʪʨʦʝʥ rʥʘ ʜʘʥʥʳʭ ʤʦʜʝʣʠʨʦʚʘʥʠʷ; 

ʈʘʟʨʝʰʝʥʠʝ ʧʦ ʠʥʚʘʨʠʘʥʪʥʦʡ ʤʘʩʩʝ ʜʠʤʶʦʥʦʚ ʨʘʩʩʯʠʪʳʚʘʝʪʩʷ ʢʘʢ 

(Mreco ï Mgen)/Mgen, ʛʜʝ Mgen ï ʤʘʩʩʘ ʩʛʝʥʝʨʠʨʦʚʘʥʥʳʭ ʜʠʤʶʦʥʦʚ, Mreco ï 

ʤʘʩʩʘ ʨʝʢʦʥʩʪʨʫʠʨʦʚʘʥʥʳʭ ʜʠʤʶʦʥʦʚ. ʀʥʚʘʨʠʘʥʪʥʘ ̫ʤʘʩʩʘ ʜʠʤʶʦʥʘ 

ʚʳʯʠʩʣʷʝʪʩʷ ʢʘʢ ʤʦʜʫʣʴ ʩʫʤʤʘʨʥʦʛʦ 4-ʠʤʧʫʣʴʩʘ:  

M = ã[(E1 + E2)
2
 ï (p1 + p2)

2
]; E1 + E2 ʠ p1 + p2 ʝʩʪʴ ʩʫʤʤʘʨʥʳʝ 

ʵʥʝʨʛʠʷ ʠ ʠʤʧʫʣʴʩ  ʧʘʨʳ ʤʶʦʥʦʚ. 
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ʈʘʟʨʝʰʝʥʠʝ ʧʦ ʧʦʧʝʨʝʯʥʦʤʫ ʠʤʧʫʣʴʩʫ (pTreco ï pTgen)/pTgen, ʛʜʝ pTgen 

ï ʧʦʧʝʨʝʯʥʳʡ ʠʤʧʫʣʴʩ ʩʛʝʥʝʨʠʨʦʚʘʥʥʳʭ ʜʠʤʶʦʥʦʚ, pTreco ï 

ʧʦʧʝʨʝʯʥʳʡ ʠʤʧʫʣʴʩ ʨʝʢʦʥʩʪʨʫʠʨʦʚʘʥʥʳʭ ʜʠʤʶʦʥʦʚ; 

¶ ʫʛʣʦʚʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʤʶʦʥʦʚ; 

¶ ʚʳʯʠʩʣʝʥʳ ʘʢʩʝʧʪʘʥʩ ʫʩʪʘʥʦʚʢʠ ʠ ɻʬʬʝʢʪʠʚʥʦʩʪʴ ʨʝʢʦʥʩʪʨʫʢʮʠʠ 

ʜʠʤʶʦʥʦʚ ʚ ʵʢʩʧʝʨʠʤʝʥʪʝ CMS ʥʘ ʤʦʜʝʣʴʥʳʭ ʜʘʥʥʳʭ. 

ɸʢʩʝʧʪʘʥʩʦʤ ʥʘʟʳʚʘʝʪʩʷ ʜʦʣʷ ʩʦʙʳʪʠʡ, ʧʨʦʠʩʭʦʜʷʱʠʭ ʚ ʧʨʝʜʝʣʘʭ 

ʘʧʝʨʪʫʨʳ ʫʩʪʘʥʦʚʢʠ. ɺ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʵʬʬʝʢʪʠʚʥʦʩʪʴʶ ʥʘʟʳʚʘʝʪʩʷ 

ʜʦʣʷ ʩʦʙʳʪʠʡ ʚ ʧʨʝʜʝʣʘʭ ʘʧʝʨʪʫʨʳ ʫʩʪʘʥʦʚʢʠ, ʧʨʦʰʝʜʰʠʭ ʦʪʙʦʨ 

ʢʘʥʜʠʜʘʪʫʨ ʥʘ ʨʝʢʦʥʩʪʨʫʢʮʠʶ [5]. 

ɺ ɻʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʜʘʥʥʳʭ ʜʚʘ ʚʳʩʰʠʭ ʙʠʥʘ ʧʦ ʤʘʩʩʝ (600ï1000 ʠ 

1000ï1500 ɻʵɺ) ʦʙʲʝʜʠʥʝʥʳ. 

ʉʪʦʠʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʚ ʪʦ ʚʨʝʤʷ, ʢʘʢ ʧʨʠ ʤʦʜʝʣʠʨʦʚʘʥʠʠ ʤʳ ʩʧʦʩʦʙʥʳ 

ʩʛʝʥʝʨʠʨʦʚʘʪʴ ʩʢʦʣʴ ʫʛʦʜʥʦ ʙʦʣʴʰʦʝ ʯʠʩʣʦ ʩʦʙʳʪʠʡ ʧʨʦʮʝʩʩʘ ɼʨʝʣʣʘ-ʗʥʘ ʚ 

ʜʠʤʶʦʥʥʦʤ ʢʘʥʘʣʝ, ʚ ʞʠʚʦʤ ʵʢʩʧʝʨʠʤʝʥʪʝ ʥʘ CMS ʨʝʢʦʥʩʪʨʫʠʨʦʚʘʥʦ 14300 

ʩʦʙʳʪʠʡ ʩ ʜʠʤʶʦʥʘʤʠ ʚ ʠʥʪʝʨʚʘʣʝ ʤʘʩʩ 200ï600 ɻʵɺ ʠ ʣʠʰʴ 223 ʩʦʙʳʪʠʷ ʚ 

ʠʥʪʝʨʚʘʣʝ 600ï1500 ɻʵɺ. (ʩʤ. ʨʠʩ. ˉ  ̄8 ʠ 9) 
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ʈʝʟʫʣʴʪʘʪʳ ʤʦʜʝʣʠʨʦʚʘʥʠʷ 

ɸʢʩʝʧʪʘʥʩ ʠ ʵʬʬʝʢʪʠʚʥʦʩʪʴ 

ɺ ʩʣʝʜʫʶʱʝʡ ʪʘʙʣʠʮʝ ʧʨʠʚʦʜʷʪʩʷ ʨʝʟʫʣʴʪʘʪʳ ʧʦʜʩʯʝʪʘ ʘʢʩʝʧʪʘʥʩʘ ʠ 

ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʧʨʠ ʤʦʜʝʣʠʨʦʚʘʥʠʠ. ʎʠʬʨʳ ʚ ʩʢʦʙʢʘʭ ʫʢʘʟʳʚʘʶʪ 

ʧʦʛʨʝʰʥʦʩʪʴ ʜʚʫʭ ʧʦʩʣʝʜʥʠʭ ʟʥʘʯʘʱʠʭ ʮʠʬʨ. ɺʳʩʦʢʠʝ (ʚ ʩʨʘʚʥʝʥʠʠ ʩ 

ʵʢʧʝʨʠʤʝʥʪʘʣʴʥʳʤʠ ʜʘʥʥʳʤʠ) ʟʥʘʯʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ (ʨʝʘʣʴʥʘʷ 

ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʜʝʪʝʢʪʦʨʘ CMS å 98% [5]) ʦʙʲʷʩʥʷʶʪʩʷ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʤʝʪʦʜʘ ʙʳʩʪʨʦʡ ʩʠʤʫʣʷʮʠʠ ʠ ʠʜʝʘʣʴʥʳʤʠ ʫʩʣʦʚʠʷʤʠ ʤʦʜʝʣʠʨʦʚʘʥʠʷ.  

ɻʝʦʤʝʪʨʠʷ ʠ ʟʝʨʥʦ ʀʥʪʝʨʚʘʣ ʤʘʩʩ, 

ɻʵɺ 

ɸʢʩʝʧʪʘʥʩ ʕʬʬʝʢʪʠʚʥʦʩʪʴ 

ʈʝʘʣʴʥʘʷ, ˉ1 200ï600 0,6810(85) 0,99951(49) 

600ï1000 0,8603(63) 0,99768(95) 

1000ï1500 0,9107(52) 0,99963(37) 

ʀʜʝʘʣʴʥʘʷ, ˉ1 200ï600 0,6810(85) 0,9961(14) 

600ï1000 0,8603(63) 1(0) (?) 

1000ï1500 0,9107(52) 0,99855(73) 

ʈʝʘʣʴʥʘʷ, ˉ2 200ï600 0,6660(86) 0,9970(12) 

600ï1000 0,8620(63) 0,99845(77) (?) 

1000ï1500 0,9043(54) 0,99853(74) 

ʀʜʝʘʣʴʥʘʷ, ˉ2 200ï600 0,6660(86) 0,9955(15) 

600ï1000 0,8620(63) 0,99845(77) (?) 

1000ï1500 0,9043(54) 0,99963(37) 

 

ɺʳʚʦʜ: ʤʳ ʚʠʜʠʤ, ʯʪʦ ʩ ʨʦʩʪʦʤ ʠʥʚʘʨʠʘʥʪʥʦʡ ʤʘʩʩʳ ʜʠʤʶʦʥʦʚ ʚʩʝ 

ʙʦʣʴʰʘʷ ʜʦʣʷ (å 66, 86, ʠ 90% ʩʦʦʪʚʝʪʩʚʝʥʥʦ) ʠʭ ʦʢʘʟʳʚʘʝʪʩʷ ʚ ʧʨʝʜʝʣʘʭ 

ʘʧʝʨʪʫʨʳ ʫʩʪʘʥʦʚʢʠ. 
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ʈʘʟʨʝʰʝʥʠʝ ʧʦ ʠʥʚʘʨʠʘʥʪʥʦʡ ʤʘʩʩʝ ʜʠʤʶʦʥʦʚ* 

ɿʝʨʥʦ ˉ1                                                ɿʝʨʥʦ ˉ2 

 

ʈʘʟʨʝʰʝʥʠʝ ʧʦ ʧʦʧʝʨʝʯʥʦʤʫ ʠʤʧʫʣʴʩʫ* 

ɿʝʨʥʦ ˉ1                                                ɿʝʨʥʦ ˉ2 

 

ɺʳʚʦʜ: ʠʟ ʢʘʨʪʠʥ ʨʘʩʧʨʝʜʝʣʝʥʠʡ ʤʳ ʤʦʞʝʤ ʚʠʜʝʪʴ: 

1) ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʥʘ ʨʝʘʣʴʥʦʡ ʛʝʦʤʝʪʨʠʠ ʜʘʝʪ ʟʥʘʯʝʥʠʷ ʨʘʟʨʝʰʝʥʠʡ 

ʧʨʠʤʝʨʥʦ ʚ ʜʚʘ ʨʘʟʘ ʭʫʜʰʠʝ, ʯʝʤ ʚ ʩʣʫʯʘʝ ʠʜʝʘʣʴʥʦʡ ʛʝʦʤʝʪʨʠʠ; 

2) ʩ ʨʦʩʪʦʤ ʠʤʧʫʣʴʩʘ ʠ ʤʘʩʩʳ ʨʘʟʨʝʰʝʥʠʝ ʜʝʛʨʘʜʠʨʫʝʪ. 

* ɼʘʥʥʳʝ ʜʣʷ ʛʨʘʬʠʢʦʚ ʧʨʠʚʦʜʷʪʩʷ ʚ ʧʨʠʣʦʞʝʥʠʠ ʢ ʨʘʙʦʪʝ. 
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ɿʘʤʝʯʘʥʠʝ: ʠʟ ʩʦʦʙʨʘʞʝʥʠʷ ʦʙʲʝʤʘ ʠ ʫʜʦʙʦʯʠʪʘʝʤʦʩʪʠ ʚ 

ʨʘʩʧʨʝʜʝʣʝʥʠʷʭ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʥʠʞʝ, ʚʢʣʶʯʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʪʦʣʴʢʦ ʧʦ 

ʦʜʥʦʤʫ ʠʟ ʟʝʨʝʥ.  

ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʩʛʝʥʝʨʠʨʦʚʘʥʥʳʭ ʤʶʦʥʦʚ ʧʦ ʧʩʝʚʜʦʙʳʩʪʨʦʪʝ ɖ = ïln[tg ɗ/2] 

200ï600 ɻʵɺ 

 

600ï1000 ɻʵɺ 

 

1000ï1500 ɻʵɺ 

 



 

20 

 

ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʨʝʢʦʥʩʪʨʫʠʨʦʚʘʥʥʳʭ ʤʶʦʥʦʚ ʧʦ ʧʩʝʚʜʦʙʳʩʪʨʦʪʝ ɖ = ïln[tg ɗ/2] 

200ï600 ɻʵɺ 

Start                                                                 Ideal 

 

600ï1000 ɻʵɺ 

Start                                                                 Ideal 

 

1000ï1500 ɻʵɺ 

Start                                                                 Ideal 

 

ɺʳʚʦʜ: ʚʳʰʝʧʨʠʚʝʜʝʥʥʳʝ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʠʤʝʶʪ ʤʘʢʩʠʤʫʤ ʚ ʥʫʣʝ; 

ʙʣʠʟʢʠ ʜʣʷ ʩʛʝʥʝʨʠʨʦʚʘʥʥʳʭ ʠ ʨʝʢʦʥʩʪʨʫʠʨʦʚʘʥʥʳʭ ʯʘʩʪʠʮ; ʩ ʨʦʩʪʦʤ ʤʘʩʩʳ 

ʥʘʙʣʶʜʘʝʪʩʷ ʙʦʣʝʝ ʨʝʟʢʠʡ ʩʧʘʜ ʯʠʩʣʘ ʤʶʦʥʦʚ ʧʦ ʧʩʝʚʜʦʙr ʩʪʨʦʪʝ. 



 

21 

 

ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʩʛʝʥʝʨʠʨʦʚʘʥʥʳʭ ʤʶʦʥʦʚ ʧʦ ʘʟʠʤʫʪʘʣʴʥʦʡ ʢʦʦʨʜʠʥʘʪʝ 

200ï600 ɻʵɺ 

 

600ï1000 ɻʵɺ 

 

1000ï1500 ɻʵɺ 

 



 

22 

 

ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʨʝʢʦʥʩʪʨʫʠʨʦʚʘʥʥʳʭ ʤʶʦʥʦʚ ʧʦ ʘʟʠʤʫʪʘʣʴʥʦʡ ʢʦʦʨʜʠʥʘʪʝ 

200ï600 ɻʵɺ 

Start                                                                 Ideal 

 

600ï1000 ɻʵɺ 

Start                                                                 Ideal 

 

1000ï1500 ɻʵɺ 

Start                                                                 Ideal 

 

ɺʳʚʦʜ: ʨʘʚʥʦʤʝʨʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ, ʯʪʦ ʩʦʛʣʘʩʫʝʪʩʷ ʩ ʧʨʝʜʩʪʘʚʣʝʥʠʝʤ ʦʙ 

ʦʩʝʚʦʡ ʩʠʤʤʝʪʨʠʠ ʧʨʦʮʝʩʩʦʚ ʠʟ ʪʦʯʢʠ ʩʪʦʣʢʥʦʚʝʥʠʷ; ʪʘʢ ʞʝ, ʢʘʢ ʠ ʧʦ 

ʧʩʝʚʜʦʙʳʩʪʨʦʪʝ, ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʜʣʷ ʩʛʝʥʝʨʠʨʦʚʘʥʥʳʭ ʠ ʨʝʢʦʥʩʪʨʫʠʨʦʚʘʥʥʳʭ 

ʤʶʦʥʦʚ ʧʦʜʦʙʥʳ ʜʨʫʛ ʜʨʫʛʫ.  



 

23 

 

ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʧʦ ʠʥʚʘʨʠʘʥʪʥʦʡ ʤʘʩʩʝ (ʜʘʥʥʳʝ ʄʦʥʪʝ-ʂʘʨʣʦ) 

ʈʝʢʦʥʩʪʨʫʠʨʦʚʘʥʥʳʝ ʤʶʦʥʳ (ʩʪʘʨʪʦʚʘʷ ʛʝʦʤʝʪʨʠʷ) 

200ï600 ɻʵɺ 

 

600ï1000 ɻʵɺ 

 

1000ï1500 ɻʵɺ 

 

ɺʳʚʦʜ: ʥʘʙʣʶʜʘʝʪʩʷ ʤʦʥʦʪʦʥʥʦʝ ʩʧʘʜʘʥʠʝ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʦʪ ʤʘʢʩʠʤʫʤʘ 

ʥʘ ʣʝʚʦʡ ʛʨʘʥʠʮʝ ʙʠʥʘ ʚ ʧʨʘʚʫʶ ʩʪʦʨʦʥʫ. 



 

24 

 

ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʩʛʝʥʝʨʠʨʦʚʘʥʥʳʭ ʤʶʦʥʦʚ ʧʦ ʧʦʧʝʨʝʯʥʦʤʫ ʠʤʧʫʣʴʩʫ 

200ï600 ɻʵɺ 

Start                                                                 Ideal 

 

600ï1000 ɻʵɺ 

Start                                                                 Ideal 

 

1000ï1500 ɻʵɺ 

Start                                                                 Ideal 

 



 

25 

 

ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʨʝʢʦʥʩʪʨʫʠʨʦʚʘʥʥʳʭ ʤʶʦʥʦʚ ʧʦ ʧʦʧʝʨʝʯʥʦʤʫ ʠʤʧʫʣʴʩʫ 

200ï600 ɻʵɺ 

Start                                                                 Ideal 

 

600ï1000 ɻʵɺ 

Start                                                                 Ideal 

 

1000ï1500 ɻʵɺ 

Start                                                                 Ideal 

 

ɺʳʚʦʜ: ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʚʝʜʝʪ ʩʝʙʷ ʩ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʠʟʚʝʩʪʥʳʤ 

ʵʤʧʠʨʠʯʝʩʢʠʤ ʧʨʘʚʠʣʦʤ, ʢʦʪʦʨʦʝ ʛʣʘʩʠʪ, ʯʪʦ ʣʝʚʘʷ ʛʨʘʥʠʮʘ ʫʙʳʚʘʶʱʝʛʦ 

ʢʦʥʪʠʥʫʫʤʘ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʧʦ ʠʥʚʘʨʠʘʥʪʥʦʡ ʤʘʩʩʝ ʜʠʤʶʦʥʘ (ʩʤ. 


