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5 ʥʦʷʙʨʷ 2013 ʛʦʜʘ, ʉʝʩʩʠʷ ʆʗʌ ʈɸʅ 
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Å ʠʟʤʝʨʝʥʠʝ ʦʨʙʠʪʘʣʴʥʳʭ ʩʢʦʨʦʩʪʝʡ ʧʝʨʠʬʝʨʠʡʥʳʭ ʦʙʲʝʢʪʦʚ: ʛʘʣʘʢʪʠʢ ʠ 

ʛʘʣʘʢʪʠʯʝʩʢʠʭ ʢʣʘʩʪʝʨʦʚ; 

Å ʛʨʘʚʠʪʘʮʠʦʥʥʦʝ ʣʠʥʟʠʨʦʚʘʥʠʝ; 

Å ʨʝʥʪʛʝʥʦʚʩʢʦʝ ʩʚʝʯʝʥʠʝ ʛʘʣʘʢʪʠʢ, ʩʢʦʧʣʝʥʠʡ ʛʘʣʘʢʪʠʢ; 

Å ʬʦʨʤʠʨʦʚʘʥʠʝ ʢʨʫʧʥʦʤʘʩʰʪʘʙʥʦʡ ʩʪʨʫʢʪʫʨʳ ʤʝʪʘʛʘʣʘʢʪʠʢʠ; 

Å ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʘʷ ʘʥʠʟʦʪʨʦʧʠʷ ʪʝʤʧʝʨʘʪʫʨʳ ʨʝʣʠʢʪʦʚʦʛʦ ʨʘʜʠʦʠʟʣʫʯʝʥʠʷ. 

ʇʨʦʷʚʣʝʥʠʝ ʪʝʤʥʦʡ ʤʘʪʝʨʠʠ 

ʚ ʨʘʟʣʠʯʥʳʭ ʘʩʪʨʦʬʠʟʠʯʝʩʢʠʭ ʦʙʲʝʢʪʘʭ 
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ʕʥʝʨʛʝʪʠʯʝʩʢʠʡ ʙʘʣʘʥʩ ʚʦ ɺʩʝʣʝʥʥʦʡ 

5 ʥʦʷʙʨʷ 2013 ʛʦʜʘ, ʉʝʩʩʠʷ ʆʗʌ ʈɸʅ 

WMAP   

(Wilkinson Microwave Anisotropy Probe) 
2001 - 2009 ʛʛ. 

Planck 

space observatory 
2009 ʛ. - ʅ.ɺ. 



Wtot   =     Wȿ      +     WM     =     Wȿ      +     WCDM          +     Wɺ              

           ~68.3%        ~31.7%                            ~26.8%               ~4.9% 

                ʚʘʢʫʫʤ?                                            ʯʘʩʪʠʮʳ?       ʟʚʸʟʜʳ ʠ ʛʘʣʘʢʪʠʢʠ, 

              ʩʚʦʙʦʜʥʳʝ ʚʦʜʦʨʦʜ ʠ ʛʝʣʠʡ 

ʇʦʩʪʦʷʥʥʘʷ ʍʘʙʙʣʘ, ʅ 67.4Ñ1.4 ʢʤ/(ʄʧʢĿc) 

ɺʦʟʨʘʩʪ ɺʩʝʣʝʥʥʦʡ, tU (13.813Ñ0.058)Ŀ109 ʣʝʪ 
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ʂʦʩʤʦʣʦʛʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ 
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ȿCDM (Lambda-Cold Dark  Matter ) - ʢʦʩʤʦʣʦʛʠʯʝʩʢʘʷ ʤʦʜʝʣʴ, ʚ ʢʦʪʦʨʦʡ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦ-ʧʣʦʩʢʘʷ 

ɺʩʝʣʝʥʥʘʷ ʟʘʧʦʣʥʝʥʘ ʙʘʨʠʦʥʥʦʡ ʤʘʪʝʨʠʝʡ, ʪʸʤʥʦʡ ʵʥʝʨʛʠʝʡ (ʦʧʠʩʳʚʘʝʤʦʡ ʢʦʩʤʦʣʦʛʠʯʝʩʢʦʡ 

ʧʦʩʪʦʷʥʥʦʡ ȿ ʚ ʫʨʘʚʥʝʥʠʷʭ ʕʡʥʰʪʝʡʥʘ) ʠ ʭʦʣʦʜʥʦʡ ʪʸʤʥʦʡ ʤʘʪʝʨʠʝʡ (ʘʥʛʣ. Cold Dark Matter) 



ʋʨʘʚʥʝʥʠʝ ɹʦʣʴʮʤʘʥʘ ʜʣʷ ʠʟʤʝʥʝʥʠʷ ʧʣʦʪʥʦʩʪʠ nx 

ɺʀʄʇʦʚ ʚʦ ʚʨʝʤʝʥʠ ʚ ɻʘʣʘʢʪʠʢʝ 
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5 

ʊʵɺMɻʵɺ
M

ʩʩʤ

EW
ʘʥʥ

ʘʥʥ

DM

12010 ʜʣʷ   

106.2

268.0

2

2

1326

¢¢º><

Öº><

ºW=W

--

asu

su
c



6 

5 ʥʦʷʙʨʷ 2013 ʛʦʜʘ, ʉʝʩʩʠʷ ʆʗʌ ʈɸʅ 

ʊʝʢʫʱʝʝ ʩʦʩʪʦʷʥʠʝ ʧʦʠʩʢʘ ʯʘʩʪʠʮ ʪʸʤʥʦʡ ʤʘʪʝʨʠʠ 

ʆʛʨʘʥʠʯʝʥʠʷ, ʧʦʣʫʯʝʥʥʳʝ ʚ ʧʨʷʤʳʭ ʠ ʢʦʩʚʝʥʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʘʭ. 

ɺʦʟʤʦʞʥʦʩʪʴ ʦʙʥʘʨʫʞʝʥʠʷ ʘʥʥʠʛʠʣʷʮʠʠ ʪʸʤʥʦʡ ʤʘʪʝʨʠʠ ʧʦ ʨʘʟʥʳʤ ʧʨʠʟʥʘʢʘʤ, ʝʩʣʠ ʥʘ 

ʨʘʥʥʠʭ ʩʪʘʜʠʷʭ ʵʚʦʣʶʮʠʠ ɺʩʝʣʝʥʥʦʡ ʠʤʝʣʘ ʤʝʩʪʦ ʚʟʘʠʤʥʘʷ ʘʥʥʠʛʠʣʷʮʠʷ ʯʘʩʪʠʮ. 

M.S. Madhavacheril, N. Sehgal, T. R. Slatyer, 1310.3815 



5 ͤ ͦΎ͋ͪΎ 2013 ͎ ͦ͒͊Σ ˿͔͙ͫͫΎ ˻̒̅ ˾ˢ˹ 7 

ʂʘʥʜʠʜʘʪʳ ʥʘ ʨʦʣʴ ʯʘʩʪʠʮ ʪʝʤʥʦʡ ʤʘʪʝʨʠʠ 

Alexander Kusenko, Leslie J. Rosenberg, 1310.8642 



ʆʯʝʥʴ ʣʝʛʢʠʝ 

(m Ò eV)  

axino 

ʆʯʝʥʴ ʪʷʞʝʣʳʝ 

 (m Ó 100 GeV) 

WIMP  

ʂʘʥʜʠʜʘʪʳ 

(dark matter )  
ʄʦʜʝʣʴ ʩʫʧʝʨʛʨʘʚʠʪʘʮʠʠ 

 (LSP) - gravitino (g)   

ʄʦʜʝʣʴ ʤʥʦʛʦʤʝʨʥʦʛʦ 

ʧʨʦʩʪʨʘʥʩʪʚʘ 

The lightest stable particle 

(LKP) ï Kaluza-Klein 

particle (B1)  
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5 ʥʦʷʙʨʷ 2013 ʛʦʜʘ, ʉʝʩʩʠʷ ʆʗʌ ʈɸʅ 

ʂʘʥʜʠʜʘʪʳ ʥʘ ʨʦʣʴ ʯʘʩʪʠʮ ʪʝʤʥʦʡ ʤʘʪʝʨʠʠ 

ʄʠʥʠʤʘʣʴʥʦʝ ʨʘʩʰʠʨʝʥʠʝ 

ʩʪʘʥʜʘʨʪʥʦʡ ʤʦʜʝʣʠ 

The lightest stable particle 

(LSP) ï neutralino (ɢ) 



ʅʘʠʣʝʛʯʘʡʰʘʷ ʠʟ ʩʫʧʝʨʩʠʤʤʝʪʨʠʯʥʳʭ ʯʘʩʪʠʮ ʠʤʝʝʪ ʤʘʩʩʫ  50·1000 ɻʵɺ 
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5 ʥʦʷʙʨʷ 2013 ʛʦʜʘ, ʉʝʩʩʠʷ ʆʗʌ ʈɸʅ 

ʉʫʧʝʨʩʠʤʤʝʪʨʠʯʥʳʝ ʯʘʩʪʠʮʳ 

ʇʨʠʤʝʨ: ʥʝʡʪʨʘʣʠʥʦ. 



ʃʝʛʯʘʡʰʘʷ ʯʘʩʪʠʮʘ ʂʘʣʫʮʳ-ʂʣʷʡʥʘ(LKP): B(1) 

ɹʦʟʦʥʥʘʷ ʪʝʤʥʘʷ ʤʘʪʝʨʠʷ 

ɺ ʢʦʥʝʯʥʦʤ ʩʦʩʪʦʷʥʠʠ 

ʦʙʨʘʟʫʝʪʩʷ ʜʚʘ ʣʝʧʪʦʥʘ 

ʂʘʢ ʠ ʚ ʩʣʫʯʘʝ ʥʝʪʨʘʣʠʥʦ, 

ʩʫʱʝʩʪʚʫʝʪ ʦʜʥʦʧʝʪʣʝʚʘʷ 

ʜʠʘʛʨʘʤʤʘ, ʦʙʨʘʟʫʶʱʘʷ 

ʤʦʥʦʵʥʝʨʛʠʯʥʫʶ ʧʘʨʫ ɔɔ ʚ 

ʢʦʥʝʯʥʦʤ ʩʦʩʪʦʷʥʠʠ 

5 ʥʦʷʙʨʷ 2013 ʛʦʜʘ, ʉʝʩʩʠʷ ʆʗʌ ʈɸʅ 

ʄʥʦʛʦʤʝʨʥʦʝ ʧʨʦʩʪʨʘʥʩʪʚʦ 
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5 ʥʦʷʙʨʷ 2013 ʛʦʜʘ, ʉʝʩʩʠʷ ʆʗʌ ʈɸʅ 

ʉʪʘʥʜʘʨʪʥʘʷ ʤʦʜʝʣʴ 



12 

5 ʥʦʷʙʨʷ 2013 ʛʦʜʘ, ʉʝʩʩʠʷ ʆʗʌ ʈɸʅ 

ʄʝʪʦʜʳ ʨʝʛʠʩʪʨʘʮʠʠ ʯʘʩʪʠʮ ʪʝʤʥʦʡ ʤʘʪʝʨʠʠ 

ʈʦʞʜʝʥʠʝ ʥʘ ʫʩʢʦʨʠʪʝʣʷʭ 

ʂʦʩʚʝʥʥʳʝ ʤʝʪʦʜʳ 
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5 ʥʦʷʙʨʷ 2013 ʛʦʜʘ, ʉʝʩʩʠʷ ʆʗʌ ʈɸʅ 

ʈʦʞʜʝʥʠʝ ʯʘʩʪʠʮ ʪʸʤʥʦʡ ʤʘʪʝʨʠʠ  

ʥʘ ʘʜʨʦʥʥʳʭ ʫʩʢʦʨʠʪʝʣʷʭ 

ʈʦʞʜʝʥʠʝ ʩʦʧʨʦʚʦʞʜʘʝʪ: 

                                     çʩʪʨʫʷè          ʦʙʨʘʟʦʚʘʥʠʝ ʬʦʪʦʥʘ, W ʠʣʠ Z - ʙʦʟʦʥʘ 



5 ʥʦʷʙʨʷ 2013 ʛʦʜʘ, ʉʝʩʩʠʷ ʆʗʌ ʈɸʅ 

ʇʨʠʥʮʠʧ ʨʝʛʠʩʪʨʘʮʠʠ ʯʘʩʪʠʮ ʪʝʤʥʦʡ ʤʘʪʝʨʠʠ ʧʨʠ 

ʫʧʨʫʛʠʭ ʩʪʦʣʢʥʦʚʝʥʠʷʭ ʩ ʚʝʱʝʩʪʚʦʤ ʜʝʪʝʢʪʦʨʦʚ ʚ 

ʧʦʜʟʝʤʥʳʭ ʫʩʪʘʥʦʚʢʘʭ 
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5 ʥʦʷʙʨʷ 2013 ʛʦʜʘ, ʉʝʩʩʠʷ ʆʗʌ ʈɸʅ 

ʊʝʢʫʱʝʝ ʩʦʩʪʦʷʥʠʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ 

ʧʦ ʧʦʠʩʢʫ ʯʘʩʪʠʮ ʪʸʤʥʦʡ ʤʘʪʝʨʠʠ 
(ʚ ʤʦʜʝʣʠ ʩʧʠʥ-ʥʝʟʘʚʠʩʠʤʳʭ ʫʧʨʫʛʠʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ ɺʀʄʇʦʚ ʩ ʷʜʨʘʤʠ) 

F. Arneodo, arxiv: 1301.0441 
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Schumann M., arXiv:1310.5217  

5 ʥʦʷʙʨʷ 2013 ʛʦʜʘ, ʉʝʩʩʠʷ ʆʗʌ ʈɸʅ 

ʊʝʢʫʱʝʝ ʩʦʩʪʦʷʥʠʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ 

ʧʦ ʧʦʠʩʢʫ ʯʘʩʪʠʮ ʪʸʤʥʦʡ ʤʘʪʝʨʠʠ 
(ʚ ʤʦʜʝʣʠ ʩʧʠʥ-ʟʘʚʠʩʠʤʳʭ ʫʧʨʫʛʠʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ ɺʀʄʇʦʚ ʩ ʷʜʨʘʤʠ) 



5 ʥʦʷʙʨʷ 2013 ʛʦʜʘ, ʉʝʩʩʠʷ ʆʗʌ ʈɸʅ 

ʉʭʝʤʘ ʥʝʡʪʨʠʥʥʦʛʦ ʵʢʩʧʝʨʠʤʝʥʪʘ IceCube 
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S. Razzaque, arxiv: 1309.2756 

5 ʥʦʷʙʨʷ 2013 ʛʦʜʘ, ʉʝʩʩʠʷ ʆʗʌ ʈɸʅ 

ʈʝʛʠʩʪʨʘʮʠʷ ʥʝʡʪʨʠʥʦ ʚ ʵʢʩʧʝʨʠʤʝʥʪʝ IceCube 


