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1.   ɸʥʪʠʤʘʪʝʨʠʷ 

ʆʪʢʨʳʪʠʷ ʵʣʝʢʪʨʦʥʘ ɼʞ. ʊʦʤʩʦʥʦʤ ʠ ʘʪʦʤʥʦʛʦ ʷʜʨʘ ʕ. ʈʝʟʝʨʬʦʨʜʦʤ ʨʘʜʠʢʘʣʴʥʦ ʠʟʤʝʥʠʣʠ 

ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʦ ʩʪʨʦʝʥʠʠ ʤʘʪʝʨʠʠ ʥʘ ʤʘʩʰʪʘʙʘʭ <10-8 ʩʤ. ʅʘ ʪʘʢʠʭ ʤʘʩʰʪʘʙʘʭ ʧʨʦʷʚʣʷʶʪʩʷ 

ʢʚʘʥʪʦʚʳʝ ʩʚʦʡʩʪʚʘ ʦʙʲʝʢʪʦʚ, ʢʦʪʦʨʳʝ ʥʝ ʧʦʜʯʠʥʷʶʪʩʷ ʟʘʢʦʥʘʤ ʢʣʘʩʩʠʯʝʩʢʦʡ ʬʠʟʠʢʠ: 

ʥʘʙʣʶʜʘʶʪʩʷ ʜʠʩʢʨʝʪʥʳʝ ʩʦʩʪʦʷʥʠʷ ʷʜʝʨʥʳʭ ʩʠʩʪʝʤ,  ʧʨʦʮʝʩʩʳ ʠʤʝʶʪ ʚʝʨʦʷʪʥʦʩʪʥʳʡ 

ʭʘʨʘʢʪʝʨ ʠ ʦʧʠʩʳʚʘʶʪʩʷ ʩ ʧʦʤʦʱʴʶ ʚʦʣʥʦʚʦʡ ʬʫʥʢʮʠʠ.  

 

ʅʘʨʷʜʫ ʩ ʧʨʠʚʳʯʥʳʤʠ ʠʟ ʢʣʘʩʩʠʯʝʩʢʦʡ ʬʠʟʠʢʠ ʚʝʣʠʯʠʥʘʤʠ ʵʥʝʨʛʠʠ ʠ ʠʤʧʫʣʴʩʘ ʚ ʢʚʘʥʪʦʚʦʡ 

ʬʠʟʠʢʝ ʧʦʷʚʣʷʶʪʩʷ ʚʝʣʠʯʠʥʳ, ʥʝ ʠʤʝʶʱʠʝ ʘʥʘʣʦʛʦʚ ʚ ʢʣʘʩʩʠʯʝʩʢʦʡ ʬʠʟʠʢʝ, ʚ ʯʘʩʪʥʦʩʪʠ, 

ʩʧʠʥ (ʩʦʙʩʪʚʝʥʥʳʡ ʤʝʭʘʥʠʯʝʩʢʠʡ ʤʦʤʝʥʪ ʯʘʩʪʠʮʳ). ʇʦʚʝʜʝʥʠʝ ʵʣʝʢʪʨʦʥʘ ʢʘʢ ʯʘʩʪʠʮʳ ʩʦ 

ʩʧʠʥʦʤ İ ʦʧʠʩʳʚʘʝʪʩʷ ʨʝʣʷʪʠʚʠʩʪʩʢʠʤ ʦʙʦʙʱʝʥʠʝʤ ʫʨʘʚʥʝʥʠʷ ʐʨʸʜʠʥʛʝʨʘ - ʫʨʘʚʥʝʥʠʝʤ 

ʇ.ɼʠʨʘʢʘ (1928 ʛ./ʅ.ʧ.1933). 

 

 

 

ʈʝʰʝʥʠʝ ʫʨʘʚʥʝʥʠʷ ɼʠʨʘʢʘ ʜʣʷ ʩʚʦʙʦʜʥʦʡ ʯʘʩʪʠʮʳ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʢʘʞʜʦʤʫ ʟʥʘʯʝʥʠʶ 

ʠʤʧʫʣʴʩʘ p ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʜʚʘ ʟʥʘʯʝʥʠʷ ʵʥʝʨʛʠʠ    

 

E = Ñ(m2c4 + c2p2)1/2 

 

ɺʦʧʨʦʩ:  ʢʘʢʦʚ ʬʠʟʠʯʝʩʢʠʡ ʩʤʳʩʣ ʩʦʩʪʦʷʥʠʡ ʩ ʦʪʨʠʮʘʪʝʣʴʥʦʡ ʵʥʝʨʛʠʝʡ? 

ʆʪʚʝʪ:  ʫ ʢʘʞʜʦʡ ʯʘʩʪʠʮʳ ʜʦʣʞʥʘ ʙʳʪʴ ʘʥʪʠʯʘʩʪʠʮʘ                          ʜʚʘ ʩʣʝʜʩʪʚʠʷ: 

 

1) ʠʟ ʩʦʩʪʦʷʥʠʷ ʩ ʥʫʣʝʚʳʤʠ ʢʚʘʥʪʦʚʳʤʠ ʯʠʩʣʘʤʠ ʯʘʩʪʠʮʘ ʠ ʘʥʪʠʯʘʩʪʠʮʘ ʨʦʞʜʘʶʪʩʷ ʧʘʨʦʡ;  

2) ʯʘʩʪʠʮʘ ʠ ʘʥʪʠʯʘʩʪʠʮʘ ʧʨʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʘʥʥʠʛʠʣʠʨʫʶʪ. 
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ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʪʝʦʨʠʝʡ ɼʠʨʘʢʘ ʵʣʝʢʪʨʦʥ ʠ ʝʛʦ ʘʥʪʠʯʘʩʪʠʮʘ 

(ʧʦʟʠʪʨʦʥ) ʤʦʛʫʪ ʨʦʞʜʘʪʴʩʷ ʧʘʨʦʡ, ʠ ʥʘ ʵʪʦʪ ʧʨʦʮʝʩʩ ʜʦʣʞʥʘ ʙʳʪʴ 

ʟʘʪʨʘʯʝʥʘ ʵʥʝʨʛʠʷ, ʨʘʚʥʘʷ ʫʜʚʦʝʥʥʦʡ ʵʥʝʨʛʠʠ ʧʦʢʦʷ ʵʪʠʭ ʯʘʩʪʠʮ:  

                               

                                           2 Ĭ 0,511 ʄʵɺ = 1,022 ʄʵɺ 

 

ʇʦʟʠʪʨʦʥ ʙʳʣ ʦʪʢʨʳʪ ʚ 1932 ʛʦʜʫ ʘʤʝʨʠʢʘʥʩʢʠʤ ʬʠʟʠʢʦʤ ʂʘʨʣʦʤ 

ɸʥʜʝʨʩʦʥʦʤ (ʅ.ʧ.1936) ʧʨʠ ʥʘʙʣʶʜʝʥʠʠ ʨʦʞʜʝʥʠʷ ʝ+ʝ- ʧʘʨʳ 

ʢʦʩʤʠʯʝʩʢʠʤ ʠʟʣʫʯʝʥʠʝʤ ʚ ʢʘʤʝʨʝ ɺʠʣʴʩʦʥʘ, ʧʦʤʝʱʸʥʥʦʡ ʚ 

ʤʘʛʥʠʪʥʦʝ ʧʦʣʝ (ʢʘʢ ʵʪʦ ʙʳʣʦ ʚʧʝʨʚʳʝ ʧʨʝʜʣʦʞʝʥʦ ɼ. 

ʉʢʦʙʝʣʴʮʳʥʳʤ ʚ 1923 ʛ.) 

6 ʤʤ  Pb 

ʇʦʣ ɼʠʨʘʢ 

(1902ï1984) 

ʅ.ʧ.1933 

ʂʘʨʣ 

ɸʥʜʝʨʩʦʥ 

(1905ï1991) 

ʅ.ʧ.1936  

1.1. ʇʦʟʠʪʨʦʥ 

https://commons.wikimedia.org/wiki/File:Carl_Anderson.jpg?uselang=ru
https://commons.wikimedia.org/wiki/File:Dirac_4.jpg?uselang=ru


ʕʣʝʢʪʨʦʥ-ʧʦʟʠʪʨʦʥʥʳʝ ʧʘʨʳ ʤʦʛʫʪ ʨʦʞʜʘʪʴʩʷ ɔ-ʢʚʘʥʪʘʤʠ ʩ ʵʥʝʨʛʠʝʡ ʥʝʩʢʦʣʴʢʦ ʄʵɺ ʚ 

ʢʫʣʦʥʦʚʩʢʦʤ ʧʦʣʝ ʘʪʦʤʥʦʛʦ ʷʜʨʘ.                                                                                         

ʕʬʬʝʢʪʠʚʥʦʝ ʩʝʯʝʥʠʝ ʵʪʦʛʦ ʧʨʦʮʝʩʩʘ                                                                             

ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦ ʢʚʘʜʨʘʪʫ ʟʘʨʷʜʘ ʷʜʨʘ Z2.  

 

ɿʘʚʠʩʠʤʦʩʪʴ ʚʝʨʦʷʪʥʦʩʪʠ ʦʙʨʘʟʦʚʘʥʠʷ 

ʵʣʝʢʪʨʦʥ-ʧʦʟʠʪʨʦʥʥʦʡ ʧʘʨʳ  ʚ ʢʫʣʦʥʦʚʩʢʦʤ  

ʧʦʣʝ ʘʪʦʤʥʦʛʦ ʷʜʨʘ ʦʪ ʵʥʝʨʛʠʠ ʬʦʪʦʥʘ. 

5 

ʕʥʝʨʛʠʷ ɔ-ʢʚʘʥʪʘ (ʄʵɺ) 

ʈʦʞʜʝʥʠʝ ʧʘʨ 

ʈʦʞʜʝʥʠʝ ʧʘʨʳ ʵʣʝʢʪʨʦʥ-ʧʦʟʠʪʨʦʥ ʚ ʢʘʤʝʨʝ ɺʠʣʴʩʦʥʘ, 

ʟʘʧʦʣʥʝʥʥʦʡ ʢʨʠʧʪʦʥʦʤ 
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ʇʦʟʠʪʨʦʥ ʙʳʣ ʧʝʨʚʦʡ ʦʙʥʘʨʫʞʝʥʥʦʡ ʯʘʩʪʠʮʝʡ ʠʟ ʥʦʚʦʛʦ ʢʣʘʩʩʘ ʯʘʩʪʠʮ, ʢʦʪʦʨʳʝ ʧʦʣʫʯʠʣʠ 

ʥʘʟʚʘʥʠʝ ʘʥʪʠʯʘʩʪʠʮʳ.  

 

ʇʦʟʠʪʨʦʥ ʷʚʣʷʝʪʩʷ ʩʪʘʙʠʣʴʥʦʡ ʯʘʩʪʠʮʝʡ ʠ ʤʦʞʝʪ ʚ ʧʫʩʪʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ ʩʫʱʝʩʪʚʦʚʘʪʴ, 

ʪʘʢ ʞʝ ʢʘʢ ʵʣʝʢʪʨʦʥ, ʙʝʩʢʦʥʝʯʥʦ ʜʦʣʛʦ. ʆʜʥʘʢʦ ʧʨʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʵʣʝʢʪʨʦʥʘ ʠ 

ʧʦʟʠʪʨʦʥʘ ʧʨʦʠʩʭʦʜʠʪ ʠʭ ʘʥʥʠʛʠʣʷʮʠʷ: ʵʣʝʢʪʨʦʥ ʠ ʧʦʟʠʪʨʦʥ ʠʩʯʝʟʘʶʪ, ʠ ʚʤʝʩʪʦ ʥʠʭ 

ʨʦʞʜʘʶʪʩʷ ʜʚʘ ɔ-ʢʚʘʥʪʘ: 

 

ʇʨʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʯʘʩʪʠʮ ʚʳʩʦʢʦʡ ʵʥʝʨʛʠʠ ʩ ʚʝʱʝʩʪʚʦʤ ʧʨʦʮʝʩʩʳ ʨʦʞʜʝʥʠʷ ʠ 

ʘʥʥʠʛʠʣʷʮʠʠ ʯʘʩʪʠʮ ʠ ʘʥʪʠʯʘʩʪʠʮ ʧʨʠʚʦʜʷʪ ʢ ʨʦʞʜʝʥʠʶ ʙʦʣʴʰʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʚʪʦʨʠʯʥʳʭ 

ʯʘʩʪʠʮ ï ʢʘʩʢʘʜʥʳʭ ʣʠʚʥʝʡ 

 

ʈʘʟʚʠʪʠʝ ʣʠʚʥʷ ʚ ʩʚʠʥʮʦʚʳʭ  

ʧʣʘʩʪʠʥʘʭ, ʧʦʤʝʱʸʥʥʳʭ 

ʚ ʢʘʤʝʨʫ ɺʠʣʴʩʦʥʘ 

 

 

ʇʨʠ ʜʦʩʪʘʪʦʯʥʦ ʚʳʩʦʢʦʡ ʵʥʝʨʛʠʠ 

ʚʦʟʤʦʞʥʦ ʧʨʝʚʨʘʱʝʥʠʝ ʝ+ʝ- ʧʘʨʳ        

ʚ ʙʦʣʝʝ ʪʷʞʸʣʳʝ ʯʘʩʪʠʮʳ 

ɸʥʥʠʛʠʣʷʮʠʷ 



  ʇʦʟʠʪʨʦʥʳ ʦʙʨʘʟʫʶʪʩʷ ʧʨʠ ʨʘʩʧʘʜʝ ɓ+-ʨʘʜʠʦʘʢʪʠʚʥʳʭ ʷʜʝʨ. 

 

ɺ ʢʘʯʝʩʪʚʝ ʠʩʪʦʯʥʠʢʘ ʧʦʟʠʪʨʦʥʦʚ ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʫʝʪʩʷ ʠʟʦʪʦʧ 22Na.  

ʇʝʨʠʦʜ ʧʦʣʫʨʘʩʧʘʜʘ ʠʟʦʪʦʧʘ 22Na ʨʘʚʝʥ 2.6 ʛʦʜʘ.  

ɺ 90% ʩʣʫʯʘʝʚ (ʥʦ ʥʝ ʚʩʝʛʜʘ!) ʨʘʩʧʘʜ ʧʨʦʠʩʭʦʜʠʪ ʚ ʨʝʟʫʣʴʪʘʪʝ ɓ+-ʨʘʩʧʘʜʘ 

 
                                                                            22Na Ÿ 22Ne + e+ + ɜe, 

 

ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʩʪʘʙʠʣʴʥʦʛʦ ʠʟʦʪʦʧʘ 22Ne  

 

 

 

 

ʇʝʨʚʦʝ ʚʦʟʙʫʞʜʝʥʥʦʝ ʩʦʩʪʦʷʥʠʝ 22Ne  

E* = 1.27 ʄʵɺ, JP
 = 2+.  

 

ʈʘʩʧʘʜ ʚ ʦʩʥʦʚʥʦʝ ʩʦʩʪʦʷʥʠʝ 
22Ne JP

 = 0+ ʩʦʩʪʘʚʣʷʝʪ 0.05%. 

 

ɺʨʝʤʷ ʞʠʟʥʠ ʧʦʟʠʪʨʦʥʘ ʥʝʙʦʣʴʰʦʡ 

ʵʥʝʨʛʠʠ ʚ ʢʦʥʜʝʥʩʠʨʦʚʘʥʥʦʡ ʩʨʝʜʝ ʩ 

ʧʣʦʪʥʦʩʪʴʶ ʵʣʝʢʪʨʦʥʦʚ 1024 ʩʤ-3 

ʦʛʨʘʥʠʯʝʥʦ ʘʥʥʠʛʠʣʷʮʠʝʡ 

 

t º10-10 ʩʝʢ 
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ɺ 1932 ʛ. ʦʪʢʨʳʪ ʝ+ 

ɺ 1938 ʛ. ʦʪʢʨʳʪʳ  m+ ʠ m- 

ɺ 1947 ʛ. ʦʪʢʨʳʪʳ  p+  ʠ p-  

ʇʨʠʨʦʜʘ ʩʠʤʤʝʪʨʠʯʥʘ ʦʪʥʦʩʠʪʝʣʴʥʦ ʩʫʱʝʩʪʚʦʚʘʥʠʷ 

ʯʘʩʪʠʮ ʠ ʘʥʪʠʯʘʩʪʠʮ                      ʧʨʠʥʮʠʧ 

ʟʘʨʷʜʦʚʦʛʦ ʩʦʧʨʷʞʝʥʠʷ 

ʆʧʝʨʘʮʠʷ ʟʘʨʷʜʦʚʦʛʦ ʩʦʧʨʷʞʝʥʠʷ  C  ʧʝʨʝʚʦʜʠʪ ʯʘʩʪʠʮʫ ʚ ʘʥʪʠʯʘʩʪʠʮʫ, ʦʩʪʘʚʣʷʷ 

ʥʝʠʟʤʝʥʥʳʤʠ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʝ ʧʝʨʝʤʝʥʥʳʝ x, ʠʤʧʫʣʴʩ p ʠ ʤʦʤʝʥʪ ʠʤʧʫʣʴʩʘ J: 

 

 

ɺʧʨʦʯʝʤ, ʩʫʱʝʩʪʚʫʶʪ ʠ ʠʩʪʠʥʥʦ ʥʝʡʪʨʘʣʴʥʳʝ ʯʘʩʪʠʮʳ: g-ʢʚʘʥʪ, p0 - ʤʝʟʦʥ 

ɿʘʨʷʜʦʚʘʷ ʯʸʪʥʦʩʪʴ ʩʦʭʨʘʥʷʝʪʩʷ ʚ ʩʠʣʴʥʳʭ ʠ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷʭ ʠ 

ʥʝ ʩʦʭʨʘʥʷʝʪʩʷ ʚ ʩʣʘʙʳʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷʭ, ʯʪʦ ʙʳʣʦ ʧʦʢʘʟʘʥʦ ʤ-ʤ ɺʫ ʚ 1957 ʛ..  

ɺ ʩʣʘʙʳʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷʭ ʥʘʙʣʶʜʘʝʪʩʷ ʉʈ-ʠʥʚʘʨʠʘʥʪʥʦʩʪʴ:  ʉʈ=1 

ʊʝʦʨʝʤʘ ʃʶʜʝʨʩʘ-ʇʘʫʣʠ ʚ ʨʝʣʷʪʠʚʠʩʪʩʢʦʡ 

ʪʝʦʨʠʠ ʧʦʣʷ:  ʚ ʣʶʙʦʤ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ 

ʧʨʦʠʟʚʝʜʝʥʠʝ ʪʨʸʭ ʠʥʚʝʨʩʠʡ ï 

ʟʘʨʷʜʦʚʦʛʦ ʩʦʧʨʷʞʝʥʠʷ ʉ, 

ʟʝʨʢʘʣʴʥʦʛʦ ʦʪʨʘʞʝʥʠʷ ʈ, 

ʦʙʨʘʱʝʥʠʝ ʚʨʝʤʝʥʠ ʊ -- 

 ʷʚʣʷʝʪʩʷ ʠʥʚʘʨʠʘʥʪʦʤ:   ʉʈʊ=1 

ʉʣʝʜʩʪʚʠʝ: ʨʘʚʝʥʩʪʚʦ ʤʘʩʩʳ, ʩʧʠʥʘ ʠ ʚʨʝʤʝʥʠ ʞʠʟʥʠ ʜʣʷ ʯʘʩʪʠʮ ʠ ʘʥʪʠʯʘʩʪʠʮ  

1.2. ʇʨʠʥʮʠʧ ʟʘʨʷʜʦʚʦʛʦ ʩʦʧʨʷʞʝʥʠʷ 
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ʘʥʪʠʯʘʩʪʠʮʘ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʧʨʦʪʦʥʫ ʠʤʝʝʪ ʦʪʨʠʮʘʪʝʣʴʥʳʡ ʵʣʝʢʪʨʠʯʝʩʢʠʡ 

ʟʘʨʷʜ ʠ ʦʪʨʠʮʘʪʝʣʴʥʦʝ ʙʘʨʠʦʥʥʦʝ ʯʠʩʣʦ, ʧʨʦʯʠʝ ʩʚʦʡʩʪʚʘ ʩʦʚʧʘʜʘʶʪ ʩʦ 

ʩʚʦʡʩʪʚʘʤʠ ʧʨʦʪʦʥʘ.  

 

ʇʨʝʜʩʢʘʟʘʥ ʇ.ɼʠʨʘʢʦʤ ʚ ʅʦʙʝʣʝʚʩʢʦʡ ʨʝʯʠ ʚ 1933 ʛ. 

ʆʪʢʨʳʪ ʚ 1955 ʛʦʜʫ ʕ.ʉʝʛʨʵ ʠ ʆ.ʏʝʤʙʝʨʣʝʥʦʤ  (ʅ.ʧ.1959) ʥʘ ʩʧʝʮʠʘʣʴʥʦ 

ʧʦʩʪʨʦʝʥʥʦʤ ʫʩʢʦʨʠʪʝʣʝ ʧʨʦʪʦʥʦʚ ʚ ɹʝʨʢʣʠ 

p + p Ÿ p + p + p +     

ʕʤʠʣʠʦ ʉʝʛʨʝ 

(1905 ï 1989) 

ʆʚʝʥ 

ʏʝʤʙʝʨʣʝʥ 

(1920 ï 2006) 
6.3 ɻʵɺ 

Cu 

ʆʪʙʦʨ ʧʦ ʠʤʧʫʣʴʩʫ 

ʆʪʙʦʨ ʧʦ ʚʨʝʤʝʥʠ ʧʨʦʣʸʪʘ 

ʆʪʙʦʨ b>0,79 

1.3. ɸʥʪʠʧʨʦʪʦʥ 



ɸʥʥʠʛʠʣʷʮʠʷ ʘʥʪʠʧʨʦʪʦʥʘ ʩ ʧʨʦʪʦʥʦʤ ʚ ʷʜʝʨʥʦʡ ʵʤʫʣʴʩʠʠ  

ʚʧʝʨʚʳʝ ʥʘʙʣʶʜʝʥʘ ɻ. ɻʦʣʴʜʭʘʙʝʨʦʤ ʚ 1955 ʛ. (LBNL) 

ʏʠʩʣʦ ʟʘʨʷʞʝʥʥʳʭ ˊ-ʤʝʟʦʥʦʚ, 

ʦʙʨʘʟʫʶʱʠʭʩʷ ʧʨʠ 

ʘʥʥʠʛʠʣʷʮʠʠ ʘʥʪʠʧʨʦʪʦʥʦʚ ʚ 

ʬʦʪʦʵʤʫʣʴʩʠʠ 



ʇʨʦʪʦʥʠʡ 

ʇʨʠ ʩʪʦʣʢʥʦʚʝʥʠʠ ʤʝʜʣʝʥʥʦʛʦ ʘʥʪʠʧʨʦʪʦʥʘ ʩ ʘʪʦʤʦʤ ʚʦʜʦʨʦʜʘ ʤʦʞʝʪ ʦʙʨʘʟʦʚʘʪʴʩʷ ʘʪʦʤ, 

ʩʦʩʪʦʷʱʝʠʡ ʠʟ ʧʨʦʪʦʥʘ ʠ ʘʥʪʠʧʨʦʪʦʥʘ. ʊʘʢʦʡ ʘʪʦʤ ʥʘʟʳʚʘʝʪʩʷ ʧʨʦʪʦʥʠʡ.  

 

ʇʨʦʪʦʥʠʡ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʚʦʜʦʨʦʜʦʧʦʜʦʙʥʳʡ ʘʪʦʤ, ʦʪʣʠʯʘʶʱʠʡʩʷ ʦʪ ʘʪʦʤʘ ʚʦʜʦʨʦʜʘ 

ʪʝʤ, ʯʪʦ ʚʤʝʩʪʦ ʵʣʝʢʪʨʦʥʘ ʚ ʥʝʤ ʥʘʭʦʜʠʪʩʷ ʘʥʪʠʧʨʦʪʦʥ. ʇʨʠʚʝʜʝʥʥʘʷ ʤʘʩʩʘ ʧʨʦʪʦʥʠʷ 

 

 

 

ʈʘʜʠʫʩ ʙʦʨʦʚʩʢʦʡ ʦʨʙʠʪʳ ʧʨʦʪʦʥʠʷ R  

 

 

 

ʪ.ʝ. ʚ 918 ʨʘʟ ʤʝʥʴʰʝ ʨʘʜʠʫʩʘ ʘʪʦʤʘ ʚʦʜʦʨʦʜʘ R(H). 

    ʕʥʝʨʛʠʷ ʪʝʨʤʦʚ ʧʨʦʪʦʥʠʷ 

 

 

 

ʕʥʝʨʛʠʷ ʩʚʷʟʠ ʦʩʥʦʚʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʘʪʦʤʘ ʧʨʦʪʦʥʠʷ n = 1 ʩʦʩʪʘʚʣʷʝʪ ï12.47 ʢʵɺ. 

ɺʨʝʤʷ ʞʠʟʥʠ ʧʨʦʪʦʥʠʷ ʩʦʩʪʘʚʣʷʝʪ ʦʪ 10-11 ʩʝʢ ʚ ʥʠʞʥʠʭ ʩʦʩʪʦʷʥʠʷʭ ʩ n=1  

ʜʦ 10-6 ʩʝʢ ʚ ʚʝʨʭʥʠʭ ʩʦʩʪʦʷʥʠʷʭ ʩ n=30. 

 

ʇʨʦʪʦʥʠʡ ʘʥʥʠʛʠʣʠʨʫʝʪ ʚ p -ʤʝʟʦʥʳ ʩ ʠʭ ʧʦʩʣʝʜʫʶʱʠʤ ʨʘʩʧʘʜʦʤ:  

50% ʵʥʝʨʛʠʠ ʫʥʦʩʷʪ ʥʝʡʪʨʠʥʦ ʠ ʘʥʪʠʥʝʡʪʨʠʥʦ, 16% - ʵʣʝʢʪʨʦʥʳ ʠ ʧʦʟʠʪʨʦʥʳ 
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  ɸʥʪʠʧʨʦʪʦʥʥʳʡ ʘʪʦʤ 

 

ʇʨʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʤʝʜʣʝʥʥʳʭ ʘʥʪʠʧʨʦʪʦʥʦʚ ʩ ʚʝʱʝʩʪʚʦʤ ʤʦʛʫʪ ʦʙʨʘʟʦʚʳʚʘʪʴʩʷ 

ʘʥʪʠʧʨʦʪʦʥʥʳʝ ʘʪʦʤʳ, ʚ ʢʦʪʦʨʳʭ ʦʜʠʥ ʠʟ ʵʣʝʢʪʨʦʥʦʚ ʟʘʤʝʥʸʥ ʥʘ ʘʥʪʠʧʨʦʪʦʥ.  

ʉʠʛʥʘʣʦʤ ʦʙ ʦʙʨʘʟʦʚʘʥʠʠ ʘʥʪʠʧʨʦʪʦʥʥʦʛʦ ʘʪʦʤʘ ʩʣʫʞʠʪ ʭʘʨʘʢʪʝʨʥʦʝ ʠʟʣʫʯʝʥʠʝ, 

ʦʙʨʘʟʫʶʱʝʝʩʷ ʧʨʠ ʧʝʨʝʭʦʜʝ ʘʥʪʠʧʨʦʪʦʥʘ ʩ ʦʜʥʦʡ ʙʦʨʦʚʩʢʦʡ ʦʨʙʠʪʳ ʥʘ ʜʨʫʛʫʶ. ʀʟ-ʟʘ 

ʙʦʣʴʰʦʡ ʤʘʩʩʳ ʘʥʪʠʧʨʦʪʦʥʦʚ ʦʨʙʠʪʳ ʘʥʪʠʧʨʦʪʦʥʥʳʭ ʘʪʦʤʦʚ ʨʘʩʧʦʣʦʞʝʥʳ ʛʣʫʙʦʢʦ 

ʚʥʫʪʨʠ ʵʣʝʢʪʨʦʥʥʦʛʦ ʦʙʣʘʢʘ ʠ ʥʘʭʦʜʷʪʩʷ ʚʙʣʠʟʠ ʘʪʦʤʥʦʛʦ ʷʜʨʘ 

ʍʘʨʘʢʪʝʨʠʩʪʠʯʝʩʢʠʡ ʩʧʝʢʪʨ, ʚʦʟʥʠʢʘʶʱʠʡ 

ʧʨʠ ʦʙʣʫʯʝʥʠʠ ʤʠʰʝʥʠ ʠʟ 176Yb ʧʫʯʢʦʤ 

ʤʝʜʣʝʥʥʳʭ ʘʥʪʠʧʨʦʪʦʥʦʚ, ʢʦʪʦʨʳʡ 

ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦʙ ʦʙʨʘʟʦʚʘʥʠʠ 

ʘʥʪʠʧʨʦʪʦʥʥʦʛʦ ʘʪʦʤʘ 
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ɸʥʪʠʥʝʡʪʨʦʥ ʙʳʣ ʦʪʢʨʳʪ ʚ 1956 ʛʦʜʫ ʚ ʘʥʪʠʧʨʦʪʦʥ-ʧʨʦʪʦʥʥʳʭ ʩʪʦʣʢʥʦʚʝʥʠʷʭ ʥʘ ʫʩʢʦʨʠʪʝʣʝ  

ɹʝʚʘʪʨʦʥ ʚ ʣʘʙʦʨʘʪʦʨʠʠ LBNL ɹ. ʂʦʨʢʦʤ, ɻ. ʃʘʤʙʝʨʪʩʦʥʦʤ, ʆ. ʇʠʯʯʦʥʠ ʠ ɺ. ɺʝʥʮʝʣʝʤ. 

p0  

ʉ1-ʉ3   ʩʮʠʥʪʠʣʣ. ʩʯʝʪʯʠʢʠ 

ʂ  -  ʢʦʥʚʝʨʪʝʨ (ʞ. ʩʮʠʥʪ.) 

ʕ  -  ʩʚʠʥʮʦʚʳʡ ʵʢʨʘʥ 

ʏʉ ï ʏʝʨʝʥʢʦʚʩʢʠʡ ʩʯʝʪʯʠʢ ʠʟ 

ʩʚʠʥʮʦʚʦʛʦ ʩʪʝʢʣʘ 

1.4. ɸʥʪʠʥʝʡʪʨʦʥ 



ʆʙʨʘʟʦʚʘʥʠʝ ʠ ʘʥʥʠʛʠʣʷʮʠʷ 

ʘʥʪʠʥʝʡʪʨʦʥʘ ʙʳʣʠ ʧʦʜʪʚʝʨʞʜʝʥʳ 

ʚ ʧʨʦʧʘʥʦʚʦʡ ʧʫʟʳʨʴʢʦʚʦʡ ʢʘʤʝʨʝ                   

(ɹʝʨʢʣʠ, 1958) 

1)  ɸʥʥʠʛʠʣʷʮʠʷ ʘʥʪʠʧʨʦʪʦʥʘ 

2)  ɸʥʥʠʛʠʣʷʮʠʷ ʘʥʪʠʥʝʡʪʨʦʥʘ 

http://nuclphys.sinp.msu.ru/antimatter/images/ant09_05.gif




17  ʋʩʪʘʥʦʚʢʘ, ʩ ʧʦʤʦʱʴʶ ʢʦʪʦʨʦʡ ʦʙʥʘʨʫʞʝʥʦ ʥʦʚʦʝ ʷʜʨʦ ʘʥʪʠʚʝʱʝʩʪʚʘ ï ʷʜʨʦ 

ʘʥʪʠʪʨʠʪʠʷ ʚ ʀʌɺʕ. ʉʣʝʚʘ ʥʘʧʨʘʚʦ: ɺ.ʀ. ʈʳʢʘʣʠʥ, ɺ.ʀ. ʇʝʪʨʫʭʠʥ 

1.5. ɸʥʪʠʷʜʨʘ 



ʀʟʦʪʦʧ ʘʥʪʠʛʝʣʠʷ-3 ʚʧʝʨʚʳʝ ʥʘʙʣʶʜʘʣʩʷ ʚ 1970 ʛʦʜʫ ʛʨʫʧʧʦʡ ʖ. ɼ. ʇʨʦʢʦʰʢʠʥʘ ʥʘ 

ʧʨʦʪʦʥʥʦʤ ʩʠʥʭʨʦʪʨʦʥʝ ʋ-70 ʚ ʀʌɺʕ 

 

ʀʟʦʪʦʧ ʘʥʪʠʛʝʣʠʷ-4 ʙʳʣ ʚʧʝʨʚʳʝ ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥ ʚ 2010 ʛʦʜʫ ʥʘ ʠʦʥʥʦʤ 

ʢʦʣʣʘʡʜʝʨʝ RHIC (BNL) ʚ ʩʪʦʣʢʥʦʚʝʥʠʷʭ ʧʫʯʢʦʚ ʠʦʥʦʚ ʟʦʣʦʪʘ ʜʝʪʝʢʪʦʨʦʤ STAR  

(18 ʩʦʙʳʪʠʡ ʙʳʣʠ ʦʧʨʝʜʝʣʝʥʳ ʢʘʢ ʨʦʞʜʝʥʠʝ          ) 

ɼʝʪʝʢʪʦʨ STAR 

ʊʨʝʭʤʝʨʥʦʝ ʠʟʦʙʨʘʞʝʥʠʝ ʪʨʝʢʦʚ, ʚ ʪʨʝʢʦʚʦʡ 

ʩʠʩʪʝʤʝ, ʦʢʨʫʞʝʥʥʦʡ ʩʝʢʮʠʦʥʠʨʦʚʘʥʥʦʡ 

ʩʠʩʪʝʤʦʡ ʚʨʝʤʝʥʠ-ʧʨʦʣʝʪʘ.  

ʕʥʝʨʛʠʷ ʩʪʦʣʢʥʦʚʝʥʠʷ Au+Au  ʚ ʩ.ʮ.ʤ. 100 ɻʵɺ/ʥʫʢʣʦʥ 
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ʀʜʝʥʪʠʬʠʢʘʮʠʷ ʯʘʩʪʠʮ 

ɿʘʚʠʩʠʤʦʩʪʴ ʢʦʣʠʯʝʩʪʚʘ ʩʦʙʳʪʠʡ 

ʦʪ ʤʘʩʩʳ ʜʝʪʝʢʪʠʨʫʝʤʳʭ ʷʜʝʨ 

(ʘʥʪʠʷʜʝʨ), ʦʧʨʝʜʝʣʝʥʥʘʷ ʧʦ 

ʚʨʝʤʝʥʠ ʧʨʦʣʝʪʘ 

ɼʝʪʝʢʪʦʨ STAR 



ʊʘʙʣʠʮʘ ʭʠʤʠʯʝʩʢʠʭ ʘʥʪʠʵʣʝʤʝʥʪʦʚ.  

  

ɸʥʪʠʛʠʧʝʨʪʨʠʪʦʥ  



21  

 

2.  ʃʝʧʪʦʥʳ 

ʃʝʧʪʦʥʳ (ʦʪ ʛʨʝʯ. ɚŮˊŰɧɠ  ï ʣʸʛʢʠʡ, ʤʝʣʢʠʡ) ï ʪʦʯʝʯʥʳʝ (<10-17 ʩʤ) ʯʘʩʪʠʮʳ ʩʦ ʩʧʠʥʦʤ 

1/2˂, ʥʝ ʫʯʘʩʪʚʫʶʱʠʝ ʚ ʩʠʣʴʥʦʤ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ.  

ʇʦ ʥʝʷʩʥʦʡ ʧʦʢʘ ʧʨʠʯʠʥʝ ʩʫʱʝʩʪʚʫʝʪ ʠʤʝʥʥʦ ʪʨʠ ʧʘʨʳ ʣʝʧʪʦʥʦʚ:  

1)  ʵʣʝʢʪʨʦʥ (ʝï) ʠ ʵʣʝʢʪʨʦʥʥʦʝ ʥʝʡʪʨʠʥʦ (ɜe), 

2)  ʤʶʦʥ (ɛï) ʠ ʤʶʦʥʥʦʝ ʥʝʡʪʨʠʥʦ (ɜɛ), 

3)  ʪʘʫ-ʣʝʧʪʦʥ (Űï) ʠ ʪʘʫ-ʥʝʡʪʨʠʥʦ (ɜŰ) 
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ʧʝʨʚʘʷ ʠʟ ʠʟʚʝʩʪʥʳʭ ʵʣʝʤʝʥʪʘʨʥʳʭ ʯʘʩʪʠʮ ʦʪʢʨʳʪʘ  ɼʞ.ɼʞ.ʊʦʤʩʦʥʦʤ ʚ 1897 ʛ.  

ʀʟʫʯʘʷ ʛʘʟʦʚʳʡ ʨʘʟʨʷʜ, ʊʦʤʩʦʥ ʧʦʢʘʟʘʣ, ʯʪʦ ʢʘʪʦʜʥʳʝ ʣʫʯʠ, ʦʙʨʘʟʫʶʱʠʝʩʷ ʚ ʨʘʟʨʷʜʥʦʡ 

ʪʨʫʙʢʝ, ʩʦʩʪʦʷʪ ʠʟ ʦʪʨʠʮʘʪʝʣʴʥʦ ʟʘʨʷʞʝʥʥʳʭ ʯʘʩʪʠʮ ʚʝʱʝʩʪʚʘ. ʆʪʢʣʦʥʷʷ ʢʘʪʦʜʥʳʝ ʣʫʯʠ ʚ 

ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʠ ʤʘʛʥʠʪʥʳʭ ʧʦʣʷʭ, ʦʥ ʦʧʨʝʜʝʣʠʣ ʦʪʥʦʰʝʥʠʝ ʟʘʨʷʜʘ ʢ ʤʘʩʩʝ ʵʪʠʭ ʯʘʩʪʠʮ  e/m 

Joseph John Thomson 
(1856 ð1940) 

ʅ.ʧ.1906  çʟʘ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʨʦʭʦʞʜʝʥʠʷ ʵʣʝʢʪʨʠʯʝʩʪʚʘ ʯʝʨʝʟ ʛʘʟʳè.  

ʏʠʩʣʦ ʵʣʝʢʪʨʦʥʦʚ ʚʦ ɺʩʝʣʝʥʥʦʡ ~1080 

2.1. ʕʣʝʢʪʨʦʥ 
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ʕʢʩʧʝʨʠʤʝʥʪʳ ʩ çʢʘʪʦʜʥʳʤʠ ʣʫʯʘʤʠè ʚ ʪʨʫʙʢʝ ʂʨʫʢʩʘ ʚʧʝʨʚʳʝ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʣʠ 

ʩʫʱʝʩʪʚʦʚʘʥʠʝ ʵʣʝʢʪʨʦʥʦʚ 
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çʂʘʪʦʜʥʳʝ ʣʫʯʠè ʠʩʢʨʠʚʣʷʶʪʩʷ ʤʘʛʥʠʪʥʳʤ ʧʦʣʝʤ ʚ ʪʨʫʙʢʝ ʂʨʫʢʩʘ 
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ʆʧʳʪ ʄʠʣʣʠʢʝʥʘ ʧʦ ʠʟʤʝʨʝʥʠʶ ʟʘʨʷʜʘ ʵʣʝʢʪʨʦʥʘ  

1909-1010  

ɺ 2014 ʛʦʜʫ ʩʯʠʪʘʣʦʩʴ, ʯʪʦ ʟʘʨʷʜ ʵʣʝʢʪʨʦʥʘ ʩʦʩʪʘʚʣʷʝʪ 

1.602176565(35)Ĭ10ī19 ʂʫʣʦʥ 

ɺ ʩʚʦʝʡ ʅʦʙʝʣʝʚʩʢʦʡ ʨʝʯʠ (1923 ʛ.) ʄʠʣʣʠʢʝʥ ʫʢʘʟʘʣ 

1.5924(17)Ĭ10ī19 ʂʣ. 

Robert A. Millikan  

(1868 ï 1953) 

ʅ.ʧ.1923 

ɺ ʭʦʜʝ ʦʧʳʪʘ ʧʦʣʫʯʝʥ ʚʘʞʥʳʡ ʬʘʢʪ: ʟʘʨʷʜ ʢʘʧʝʣʴ 

ʦʢʘʟʳʚʘʣʩʷ ʢʨʘʪʥʳʤʠ ʦʜʥʦʡ ʠ ʪʦʡ ʞʝ ʚʝʣʠʯʠʥʝ.  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ ʙʳʣʦ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ 

ʟʘʨʷʜ ð ʜʠʩʢʨʝʪʥʘʷ ʚʝʣʠʯʠʥʘ. 
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ʅʝʡʪʨʠʥʦ ʙʳʣʦ ʧʨʝʜʩʢʘʟʘʥʦ  ʚ 1930 ʛ. ɺ.ʇʘʫʣʠ ʜʣʷ ʪʦʛʦ, ʯʪʦʙʳ ʦʙʲʷʩʥʠʪʴ  

ʥʝʧʨʝʨʳʚʥʳʡ ʩʧʝʢʪʨ ʵʣʝʢʪʨʦʥʦʚ ɓ-ʨʘʩʧʘʜʘ ʪʝʤ, ʯʪʦ ʚʤʝʩʪʝ ʩ ʵʣʝʢʪʨʦʥʦʤ                                        

ʧʨʠ ɓ-ʨʘʩʧʘʜʝ ʚʳʣʝʪʘʝʪ ʥʝ ʠʤʝʶʱʘʷ ʟʘʨʷʜʘ ʯʘʩʪʠʮʘ ʩ ʧʦʣʫʮʝʣʳʤ ʩʧʠʥʦʤ,  

ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʨʝʛʠʩʪʨʠʨʫʝʤʘʷ ʦʙʳʯʥʳʤʠ ʜʝʪʝʢʪʦʨʘʤʠ 

 

ɺʧʝʨʚʳʝ ʩʫʱʝʩʪʚʦʚʘʥʠʝ ʥʝʡʪʨʠʥʦ ʙʳʣʦ ʜʦʢʘʟʘʥʦ ʚ 1956 ʛʦʜʫ ʚ ʵʢʩʧʝʨʠʤʝʥʪʝ ʌ. ʈʘʡʥʝʩʘ ʠ 

ʂ. ʂʦʫʵʥʘ.    

 

ʇʦʩʢʦʣʴʢʫ ʥʝʡʪʨʠʥʦ ʥʝ ʫʯʘʩʪʚʫʝʪ ʚ ʜʚʫʭ ʩʘʤʳʭ ʠʥʪʝʥʩʠʚʥʳʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷʭ (ʩʠʣʴʥʦʤ ʠ 

ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʤ), ʪʦ ʚʝʨʦʷʪʥʦʩʪʴ ʝʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩ ʚʝʱʝʩʪʚʦʤ ʯʨʝʟʚʳʯʘʡʥʦ ʥʠʟʢʘ.  

 

ʉʝʯʝʥʠʝ ʫʧʨʫʛʦʛʦ ʨʘʩʩʝʷʥʠʷ 

 

 

 

ʉʝʯʝʥʠʝ ʛʣʫʙʦʢʦ ʥʝʫʧʨʫʛʦʛʦ ʨʘʩʩʝʷʥʠʷ ʥʘ ʷʜʨʘʭ ʩ N = Z, ʦʪʥʝʩʸʥʥʦʝ ʥʘ 1 ʥʫʢʣʦʥ 

 

 

 

 

ʆʪʥʦʰʝʥʠʝ ʩʝʯʝʥʠʡ ʥʝʡʪʨʘʣʴʥʳʭ ʪʦʢʦʚ ʢ ʩʝʯʝʥʠʷʤ ʟʘʨʷʞʝʥʥʳʭ ʪʦʢʦʚ 

 

2.2. ʕʣʝʢʪʨʦʥʥʦʝ ʥʝʡʪʨʠʥʦ 
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1995 Nobel Prize Ą F. Reines 

ʕʢʩʧʝʨʠʤʝʥʪ ʌ. ʈʘʡʥʝʩʘ ʠ ʂ. ʂʦʫʵʥʘ 

1953-1956   

http://www.google.ru/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0CAcQjRxqFQoTCIWRgOjp7MgCFYSpcgodG6UIxQ&url=http%3A%2F%2Fwww.oobject.com%2Fghost-particle-detectors%2Fcowan-and-reines-neutrino-experiment%2F2176%2F&psig=AFQjCNEBz6BopRwqvMYZ0uhaKXlRfeGZzQ&ust=1446384793305389
http://www.google.ru/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0CAcQjRxqFQoTCOmwjs_x7MgCFULDcgodo50OjA&url=http%3A%2F%2Fdic.academic.ru%2Fdic.nsf%2Fenc_physics%2F1196%2F%25D0%259D%25D0%2595%25D0%2599%25D0%25A2%25D0%25A0%25D0%2598%25D0%259D%25D0%259E&psig=AFQjCNGHGujqRD8iwWX2ubGL6iL05wFOWQ&ust=1446386354309593
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    ʄʶʦʥ (ɛ) ʙʳʣ ʦʪʢʨʳʪ ʚ 1936 ʛ. ʂ.ɸʥʜʝʨʩoʥʦʤ ʠ ʉ.ʅʝʜʝʨʤʝʡʝʨʦʤ ʚ ʩʦʩʪʘʚʝ ʢʦʩʤʠʯʝʩʢʠʭ 

ʣʫʯʝʡ ʩ ʧʦʤʦʱʴʶ ʢʘʤʝʨʳ ɺʠʣʴʩʦʥʘ.  

ʆʩʥʦʚʥʳʤ ʠʩʪʦʯʥʠʢʦʤ ʤʶʦʥʦʚ ʚʳʩʦʢʠʭ ʵʥʝʨʛʠʡ ʷʚʣʷʶʪʩʷ 

ʢʦʩʤʠʯʝʩʢʠʝ ʣʫʯʠ ʠ ʨʘʩʧʘʜʳ -́ʤʝʟʦʥʦʚ ʚʳʩʦʢʠʭ ʵʥʝʨʛʠʡ 

ɺ ʚʝʱʝʩʪʚʝ ɛ -  ʤʦʛʫʪ ʚʭʦʜʠʪʴ ʚ ʩʦʩʪʘʚ ʘʪʦʤʘ (ʦʙʨʘʟʫʷ ʤʝʟʦʘʪʦʤ) ʠ ʠʭ ʚʨʝʤʷ ʞʠʟʥʠ ʚ 

ʧʣʦʪʥʦʡ ʩʨʝʜʝ ʫʤʝʥʴʰʘʝʪʩʷ ʥʘ ʧʦʨʷʜʦʢ. 

2.3. ʄʶʦʥ 
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ʂʘʨʣ ɸʥʜʝʨʩʦʥ ʠ ʉʝʪ ʅʝʜʝʨʤʘʡʝʨ ʩ ʜʠʬʬʫʟʠʦʥʥʦʡ ʢʘʤʝʨʦʡ ʚ ʤʘʛʥʠʪʥʦʤ ʧʦʣʝ  

 

ʋʩʪʘʥʦʚʢʘ ʠʩʧʦʣʴʟʦʚʘʣʘʩʴ ʜʣʷ ʦʪʢʨʳʪʠʷ ʧʦʟʠʪʨʦʥʘ ʚ 1932 ʛʦʜʫ ʠ 4 ʛʦʜʘ ʩʧʫʩʪʷ ʜʣʷ 

ʦʪʢʨʳʪʠʷ ʤʶʦʥʘ. ʋʩʪʘʥʦʚʢʘ ʨʘʙʦʪʘʣʘ ʚ  Guggenheim Aeronautical Lab ʚ ʪʝʯʝʥʠʝ 17 ʣʝʪ.  

http://caltech.discoverygarden.ca/islandora/object/ct1%3A6643  

http://caltech.discoverygarden.ca/islandora/object/ct1%3A6643


Phys. Rev. 50 (1936) 263  
C.Anderson & S.Neddermeyer  
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ʄʶʦʥ ï ʦʪʨʠʮʘʪʝʣʴʥʦ ʟʘʨʷʞʝʥʥʳʡ ʣʝʧʪʦʥ, ʠʤʝʶʱʠʡ ʤʘʩʩʫ mɛc
2 = 106 ʄʵɺ ʠ ʚʨʝʤʷ ʞʠʟʥʠ  

Űɛ = 2.2Ŀ10
-6 ʩʝʢ. 

 

ʇʦʩʢʦʣʴʢʫ ʤʘʩʩʘ ʤʶʦʥʘ ʙʦʣʝʝ ʯʝʤ ʚ 200 ʨʘʟ ʧʨʝʚʳʰʘʝʪ ʤʘʩʩʫ ʵʣʝʢʪʨʦʥʘ, ʵʥʝʨʛʠʷ, 

ʠʟʣʫʯʘʝʤʘʷ ʧʨʠ ʪʦʨʤʦʞʝʥʠʠ ʤʶʦʥʘ, ʤʝʥʴʰʝ ʵʥʝʨʛʠʠ, ʠʟʣʫʯʘʝʤʦʡ ʵʣʝʢʪʨʦʥʦʤ ʚ ʪʦʤ ʞʝ 

ʧʦʣʝ, ʧʨʠʤʝʨʥʦ ʚ 4.3Ŀ104 ʨʘʟʘ                    ʄʶʦʥ ʟʥʘʯʠʪʝʣʴʥʦ ʩʣʘʙʝʝ ʪʦʨʤʦʟʠʪʩʷ ʚʝʱʝʩʪʚʦʤ 

 

ɺ ʚʝʱʝʩʪʚʝ ʚʦʟʤʦʞʝʥ ʟʘʭʚʘʪ ʦʪʨʠʮʘʪʝʣʴʥʦ ʟʘʨʷʞʝʥʥʦʛʦ ʤʶʦʥʘ ʘʪʦʤʦʤ ʚʝʱʝʩʪʚʘ ʩ 

ʦʙʨʘʟʦʚʘʥʠʝʤ ʤʝʟʦʘʪʦʤʘ. ʈʘʜʠʫʩʳ ʤʶʦʥʥʳʭ ʦʨʙʠʪ ʚ mɛ/mʝ å 200 ʨʘʟ ʤʝʥʴʰʝ 

ʵʣʝʢʪʨʦʥʥʳʭ. ʄʝʟʦʘʪʦʤ ʩʫʱʝʩʪʚʫʝʪ ʜʦ ʪʝʭ ʧʦʨ, ʧʦʢʘ ʤʶʦʥ ʨʘʩʧʘʜʸʪʩʷ, ʣʠʙʦ ʙʫʜʝʪ ʟʘʭʚʘʯʝʥ 

ʧʨʦʪʦʥʦʤ ʷʜʨʘ 

 

 

ɺʝʨʦʷʪʥʦʩʪʴ ʟʘʭʚʘʪʘ ʚ 30 ʨʘʟ ʙʦʣʴʰʝ ʚʝʨʦʷʪʥʦʩʪʠ ʨʘʩʧʘʜʘ ʜʘʞʝ ʜʣʷ ʩʚʠʥʮʘ, ʪ.ʝ. 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʤʶʦʥʦʚ ʩ ʷʜʨʘʤʠ ʯʨʝʟʚʳʯʘʡʥʦ ʩʣʘʙʦʝ.                                                                           

ɺ ʩʚʠʥʮʝ ʤʶʦʥ ʚ ʪʝʯʝʥʠʝ 7Ŀ10-8 ʩ ʥʘʭʦʜʠʪʩʷ ʚʥʫʪʨʠ ʘʪʦʤʥʦʛʦ ʷʜʨʘ ʠ ʥʝ ʧʦʛʣʦʱʘʝʪʩʷ ʠʤ.  

 

ʇʨʦʙʝʛʠ ʤʶʦʥʦʚ ʚʳʩʦʢʠʭ ʵʥʝʨʛʠʡ ʚ ʚʝʱʝʩʪʚʝ ʦʯʝʥʴ ʚʝʣʠʢʠ: ʥʘʧʨʠʤʝʨ, ʧʨʠ ʵʥʝʨʛʠʠ 500 ɻʵɺ 

ʤʶʦʥ ʧʨʦʭʦʜʠʪ ʚ ʚʦʜʝ ʨʘʩʩʪʦʷʥʠʝ, ʧʨʝʚʳʰʘʶʱʝʝ 1 ʢʤ. ʕʪʦ ʧʦʟʚʦʣʷʝʪ ʜʦʚʦʣʴʥʦ ʪʦʯʥʦ 

ʦʧʨʝʜʝʣʷʪʴ ʥʘʧʨʘʚʣʝʥʠʝ ʥʘ ʠʩʪʦʯʥʠʢ, ʦʜʥʘʢʦ ʟʘʪʨʫʜʥʷʝʪ ʦʧʨʝʜʝʣʝʥʠʝ ʵʥʝʨʛʠʠ ʤʶʦʥʘ.  

 

ɺ ʩʦʚʨʝʤʝʥʥʳʭ ʫʩʢʦʨʠʪʝʣʴʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʘʭ ʧʨʠʤʝʥʷʶʪʩʷ ʤʥʦʛʦʩʣʦʡʥʳʝ ʜʝʪʝʢʪʦʨʳ 

ʯʘʩʪʠʮ; ʜʣʷ ʜʝʪʝʢʪʠʨʦʚʘʥʠʷ ʤʶʦʥʦʚ  ʦʙʳʯʥʦ ʠʩʧʦʣʴʟʫʶʪʩʷ ʩʘʤʳʝ ʚʥʝʰʥʠʝ ʫʯʘʩʪʢʠ 

ʜʝʪʝʢʪʦʨʘ (ʤʶʦʥʥʳʡ ʜʝʪʝʢʪʦʨ).  
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ɺ ʦʧʳʪʘʭ ʃ. ʃʝʜʝʨʤʘʥʘ ʠ ʜʨ. ʚ ɹʨʫʢʭʝʡʚʝʥʝ ʚ 1962 ʛʦʜʫ ʙʳʣʦ ʧʦʢʘʟʘʥʦ, 

ʯʪʦ ʤʶʦʥʥʦʝ ʥʝʡʪʨʠʥʦ ʦʪʣʠʯʘʝʪʩʷ ʦʪ ʵʣʝʢʪʨʦʥʥʦʛʦ. 

ʕʢʩʧʝʨʠʤʝʥʪ ʧʦ ʜʝʪʝʢʪʠʨʦʚʘʥʠʶ ʤʶʦʥʥʦʛʦ ʥʝʡʪʨʠʥʦ 

Leon Max Lederman 

(1922;  ʅ.ʧ. 1988) 

2.5. ʄʶʦʥʥʦʝ ʥʝʡʪʨʠʥʦ 
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ɹʘʡʢʘʣʴʩʢʠʡ 

ʥʝʡʪʨʠʥʥʳʡ ʪʝʣʝʩʢʦʧ 

ʀʗʀ ʈɸʅ 

 ANTARES 

Astronomy with a Neutrino 

Telescope and Abyss 

environmental REScearch 

ICECUBE   
ʅʝʡʪʨʠʥʥʳʡ ʪʝʣʝʩʢʦʧ ʩ 

ʦʙʲʝʤʦʤ 1 ʢʤ3 ʥʘ ʖʞʥʦʤ 

ʧʦʣʶʩʝ 

ʆʟʝʨʦ ɹʘʡʢʘʣ 

ʉʨʝʜʠʟʝʤʥʦʝ ʤʦʨʝ 

ɸʥʪʘʨʢʪʠʜʘ, ʖʞʥʳʡ ʧʦʣʶʩ 

ɼʝʪʝʢʪʦʨʳ ʥʝʡʪʨʠʥʦ ʠ ʤʶʦʥʦʚ ʚʳʩʦʢʠʭ ʵʥʝʨʛʠʡ   
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ɺʦʩʩʪʘʥʦʚʣʝʥʠʝ ʢʘʩʢʘʜʥʦʡ ʢʨʠʚʦʡ 

ʣʠʚʥʷ ʦʪ ʛʦʨʠʟʦʥʪʘʣʴʥʦʛʦ ʤʶʦʥʘ  

ʀʟʤʝʨʝʥʥʳʡ ʵʥʝʨʛʝʪʠʯʝʩʢʠʡ 

ʩʧʝʢʪʨ ʛʦʨʠʟʦʥʪʘʣʴʥʳʭ ʣʠʚʥʝʡ 

ʅɽɺʆɼ-ɼɽʂʆʈ  (1015 ï  1019 ʵɺ) 
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ʊʘʫ-ʣʝʧʪʦʥ ʙʳʣ ʦʪʢʨʳʪ ʚ 1975 ʛʦʜʫ ʥʘ ʵʣʝʢʪʨʦʥ-

ʧʦʟʠʪʨʦʥʥʦʤ ʢʦʣʣʘʡʜʝʨʝ SPEAR ʚ ʅʘʮʠʦʥʘʣʴʥʦʡ 

ʫʩʢʦʨʠʪʝʣʴʥʦʡ ʣʘʙʦʨʘʪʦʨʠʠ SLAC (ʉʪʵʥʬʦʨʜ, 

ʉʐɸ) ʄ. ʇʝʨʣʦʤ (ʅ.ʧ. 1995) ʩ ʩʦʪʨʫʜʥʠʢʘʤʠ 

ʄʘʩʩʘ Ű-ʣʝʧʪʦʥʘ 1778.8 ʄʵɺ.  

ɺʨʝʤʷ ʞʠʟʥʠ 2,9Ŀ10ī13 ʩ. 

ʆʙ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʤ ʦʪʢʨʳʪʠʠ ʪʘʫ-

ʥʝʡʪʨʠʥʦ ʙʳʣʦ ʦʙʲʷʚʣʝʥʦ ʚ ʠʶʣʝ 2000 ʛʦʜʘ 

ʢʦʣʣʘʙʦʨʘʮʠʝʡ DONUT (ʘʥʛʣ. Direct 

Observation of the Nu Tau), ʨʘʙʦʪʘʶʱʝʡ ʥʘ 

ʧʦʩʪʨʦʝʥʥʦʡ ʚ 1990-ʭ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ 

ʫʩʪʘʥʦʚʢʝ, ʨʘʩʧʦʣʦʞʝʥʥʦʡ ʥʘ ʙʘʟʝ ʌʝʨʤʠʣʘʙʘ 

ʠ ʧʨʝʜʥʘʟʥʘʯʝʥʥʦʡ ʩʧʝʮʠʘʣʴʥʦ ʜʣʷ ʧʨʷʤʦʛʦ 

ʦʙʥʘʨʫʞʝʥʠʷ ʪʘʫ-ʥʝʡʪʨʠʥʦ 

2.6.   t  ʣʝʧʪʦʥ ʠ ʥʝʡʪʨʠʥʦ  
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3. ɸʜʨʦʥʳ 

ʉʠʣʴʥʦ ʚʟʘʠʤʦʜʝʡʩʪʚʫʶʱʠʝ 

ʯʘʩʪʠʮʳ 
ʂʣʘʩʩ ʙʝʩʩʪʨʫʢʪʫʨʥʳʭ ʯʘʩʪʠʮ, ʢʦʪʦʨʳʝ 

ʥʝ ʫʯʘʩʪʚʫʶʪ ʚ ʩʠʣʴʥʳʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷʭ 

ʉʪʨʦʝʥʠʝ ʚʝʱʝʩʪʚʘ 

p, n 

é 

http://www.google.ru/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0ahUKEwiEnfSl3NXTAhUMEywKHfQADFcQjRwIBw&url=http%3A%2F%2Fwww.antonine-education.co.uk%2FPages%2FPhysics_1%2FParticles%2FPP07%2FParticles_7.htm&psig=AFQjCNG_f7pRBVOrWyqeANihnjIIxHAk1g&ust=1493968908510509
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1935: ʍʠʜʝʢʠ ʖʢʘʚʘ (Hideki Yukava) ʨʘʟʨʘʙʦʪʘʣ ʪʝʦʨʠʶ ʷʜʝʨʥʦʛʦ  

         ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʠ ʧʨʝʜʩʢʘʟʘʣ ʩʫʱʝʩʪʚʦʚʘʥʠʝ ʢʚʘʥʪʦʚ ʷʜʝʨʥʦʛʦ ʧʦʣʷ - ʧʠʦʥʦʚ 

Hideki Yukawa 

(1907-1981) 

ʅ.ʧ.1949 

ʉʦʛʣʘʩʥʦ ʤʦʜʝʣʠ ʖʢʘʚ,r ʤʝʭʘʥʠʟʤ ʷʜʝʨʥʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʦʙʤʝʥʝ 

ʚʠʨʪʫʘʣʴʥʦʡ ʯʘʩʪʠʮʝʡ  ʤʝʞʜʫ ʥʫʢʣʦʥʘʤʠ.  ɿʘ ʚʨʝʤʷ ʷʜʝʨʥʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ  ȹt ~ 10-23ʩʝʢ 

ʦʙʨʘʟʫʝʪʩʷ ʚʠʨʪʫʘʣʴʥʳʡ ʤʝʟʦʥ, ʤʘʩʩʦʡ m  

                              ȹtĿȹE >                                        m =   ȹE/c2 =      / ȹtĿc2  ~  150 Mʵɺ 

ʄʦʜʝʣʴ ʭʦʨʦʰʦ ʨʘʙʦʪʘʝʪ ʜʦ ʵʥʝʨʛʠʡ  ʯʘʩʪʠʮ <1 ɻʵɺ 

 

3.1. ʄʝʟʦʥʳ 



ʂʦʩʤʠʯʝʩʢʠʝ ʣʫʯʠ 
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1947  ʫʯʝʥʠʢ ʈʝʟʝʨʬʦʨʜʘ ʉʝʩʠʣ ʇʘʫʵʣʣ (Cecil Powell) ʠ ʜʨ. 

ʦʪʢʨʳʣʠ ʟʘʨʷʞʝʥʥʳʝ ʧʠʦʥʳ, ʠʩʩʣʝʜʫʷ ʪʨʝʢʠ ʢʦʩʤʠʯʝʩʢʠʭ 

ʣʫʯʝʡ ʚ ̫ʜʝʨʥʳʭ ʬʦʪʦʵʤʫʣʴʩʠʷʭ.  

Cecil Frank Powell 

(1903-1969)  

ʅ.ʧ.1950 

1947 

ʆʙʤʝʥʥʦʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʥʫʢʣʦʥʦʚ 
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ʈʘʩʧʘʜʳ ʟʘʨʷʞʝʥʥʳʭ ʧʠʦʥʦʚ ʚ ʣʝʧʪʦʥʳ 

ʄʶʦʥʥʳʡ ʨʘʩʧʘʜ -  ʩ ʚʝʨʦʷʪʥʦʩʪʴʶ  0.999877  

ʕʣʝʢʪʨʦʥʥʳʡ ʨʘʩʧʘʜ - ʩ ʚʝʨʦʷʪʥʦʩʪʴʶ  0.000123 

ʌʘʢʪʦʨ ʧʦʜʘʚʣʝʥʠʷ ʵʣʝʢʪʨʦʥʥʦʡ ʤʦʜʳ ʨʘʩʧʘʜʘ 

ʉ ʚʝʨʦʷʪʥʦʩʪʴʶ  10-8 ʥʘʙʣʶʜʘʝʪʩʷ ʪʘʢʞʝ ʙʝʪʘ-ʨʘʩʧʘʜ ʟʘʨʷʞʝʥʥʳʭ ʧʠʦʥʦʚ 
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çɿʚʸʟʜʳè - ʩʣʝʜʳ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʤʝʜʣʝʥʥʳʭ ʧʠʦʥʦʚ ʩ ʷʜʨʘʤʠ ʬʦʪʦʵʤʫʣʴʩʠʠ ï 

ʩʚʠʜʝʪʝʣʴʩʪʚʦ ʩʠʣʴʥʳʭ ʷʜʝʨʥʳʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ 

 

 

 

 

 

 

 

 

 

 

 

ɺʟʘʠʤʦʜʝʡʩʪʚʠʝ ʟʘʨʷʞʝʥʥʳʭ ʧʠʦʥʦʚ ʩ ʚʝʱʝʩʪʚʦʤ 

ʤʝʥʴʰʝ ʦʙʳʯʥʦʛʦ ʘʪʦʤʘ 
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ʅʝʡʪʨʘʣʴʥʳʡ ʤʝʟʦʥ 

 
ʙʳʣ ʠʜʝʥʪʠʬʠʮʠʨʦʚʘʥ ʧʦ ʨʘʩʧʘʜʘʤ ʥʘ ʜʚʘ ʛʘʤʤʘ-ʢʚʘʥʪʘ ʚ ʵʢʩʧʝʨʠʤʝʥʪʘʭ ʥʘ ʫʩʢʦʨʠʪʝʣʝ ʚ 

ɹʝʨʢʣʠ ʚ 1950 ʛʦʜʫ.  ɻʘʤʤʘ-ʢʚʘʥʪʳ ï ʧʦ ʢʦʥʚʝʨʩʠʠ ʚ (e+e-)-ʧʘʨʳ 
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ʇʠʦʥʥʳʡ ʠʟʦʪʨʠʧʣʝʪ 
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ɿʘʚʠʩʠʤʦʩʪʴ ʧʦʣʥʳʭ ʩʝʯʝʥʠʡ ʨʝʘʢʮʠʡ 

ˊp ʦʪ ʢʠʥʝʪʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ ʧʠʦʥʘ 
ɾʠʜʢʦʚʦʜʦʨʦʜʥʘʷ ʤʠʰʝʥʴ 

3.2. ʈʝʟʦʥʘʥʩʳ 

ʈʝʟʦʥʘʥʩʳ ʨʘʩʧʘʜʘʶʪʩʷ ʚ ʦʩʥʦʚʥʦʤ ʚ 

ʨʝʟʫʣʴʪʘʪʝ ʩʠʣʴʥʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ.  
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ʀʥʚʘʨʠʘʥʪʥʘʷ ʤʘʩʩʘ ʜʚʫʭ ʯʘʩʪʠʮ 

ʆʧʨʝʜʝʣʝʥʠʝ ʤʘʩʩʳ ʨʝʟʦʥʘʥʩʘ ʤʝʪʦʜʦʤ ʠʥʚʘʨʠʘʥʪʥʳʭ ʤʘʩʩ 

ʈʝʟʦʥʘʥʩʥʳʡ ʚʩʧʣʝʩʢ ʥʘ ʬʦʥʝ ʧʣʘʚʥʦʛʦ 

ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʧʦ ʬʘʟʦʚʦʤʫ ʦʙʲʝʤʫ 

ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʨʦʞʜʝʥʠʠ ʨʝʟʦʥʘʥʩʘ 

ʯʝʨʝʟ ʧʨʦʤʝʞʫʪʦʯʥʦʝ ʩʦʩʪʦʷʥʠʝ m12  

ʀʩʧʦʣʴʟʫʷ ʩʦʦʪʥʦʰʝʥʠʝ ʥʝʦʧʨʝʜʝʣʝʥʥʦʩʪʝʡ 

t ɻ Ó ,˂ ʤʦʞʥʦ ʦʧʨʝʜʝʣʠʪʴ ʚʨʝʤʷ ʞʠʟʥʠ t 
ʨʝʟʦʥʘʥʩʘ 



45  

JP = 1- ʄʘʩʩʘ ɤ0-ʤʝʟʦʥʘ 782 ʄʵɺ.  

ʐʠʨʠʥʘ ʨʘʩʧʘʜʘ ɻ = 8.4 ʄʵɺ. 



ʅʫʢʣʦʥʥʳʝ ʨʝʟʦʥʘʥʩʳ ȹ(1232) (ʜʝʣʴʪʘ ʙʘʨʠʦʥʳ)  

 

ʉʧʠʥ ʠ ʯʝʪʥʦʩʪʴ JP = 3/2+, ʠʟʦʩʧʠʥ I = 3/2 (ʠʟʦʢʚʘʨʪʝʪ).   

 

ȹ+ ʠ ȹ0 ʤʦʞʥʦ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʢʘʢ ʚʦʟʙʫʞʜʝʥʥʳʝ ʩʦʩʪʦʷʥʠʷ ʧʨʦʪʦʥʘ ʠ ʥʝʡʪʨʦʥʘ 

ʂʘʥʘʣʳ ʨʘʩʧʘʜʦʚ         -ʨʝʟʦʥʘʥʩʦʚ ȹ 
ȹ -ʨʝʟʦʥʘʥʩʳ ʢʘʢ ʚʦʟʙʫʞʜʝʥʥʳʝ  

ʩʦʩʪʦʷʥʠʷ ʥʫʢʣʦʥʘ 
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Data Particle Group 

August 21, 2014 
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3.3. ʉʪʨʘʥʥʳʝ ʯʘʩʪʠʮʳ 
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ʆʪʢʨʳʪʠʝ V ʯʘʩʪʠʮ 

ʚ ʢʘʤʝʨʝ ɺʠʣʴʩʦʥʘ, 

ʧʦʤʝʱʸʥʥʦʡ ʚ ʤʘʛʥʠʪʥʦʝ 

ʧʦʣʝ.  

 

 

 

 
ʆʙ ʵʪʦʤ ʦʪʢʨʳʪʠʠ ʙʳʣʦ 

ʩʦʦʙʱʝʥʦ ʚ ʩʪʘʪʴʝ, 

ʥʘʧʝʯʘʪʘʥʥʦʡ ʚ 1947 ʛʦʜʫ 

ʚ ʞʫʨʥʘʣʝ   

Nature, ʘʥʛʣʠʡʩʢʠʤʠ 

ʬʠʟʠʢʘʤʠ   

G D Rochester, 

C C Butler. 
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ʂ-ʤʝʟʦʥʳ 
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ʅʘʙʣʶʜʝʥʠʝ ʧʘʨʳ ʩʪʨʘʥʥʳʭ ʯʘʩʪʠʮ ʚ ʞʠʜʢʦʚʦʜʦʨʦʜʥʦʡ ʧʫʟʳʨʴʢʦʚʦʡ 

ʢʘʤʝʨʝ ʧʨʠ ʘʥʥʠʛʠʣʷʮʠʠ ʘʥʪʠʧʨʦʪʦʥʘ ʚ ʫʩʢʦʨʠʪʝʣʴʥʦʤ ʵʢʩʧʝʨʠʤʝʥʪʝ 
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 ɻʠʧʝʨʦʥʳ 

ʇʝʨʚʳʤ ʦʪʢʨʳʪʳʤ ʩʪʨʘʥʥʳʤ ʙʘʨʠʦʥʦʤ ʙʳʣ ȿ-ʛʠʧʝʨʦʥ. ʕʪʦ ʵʣʝʢʪʨʠʯʝʩʢʠ 

ʥʝʡʪʨʘʣʴʥʘʷ ʯʘʩʪʠʮʘ ʩʦ ʩʪʨʘʥʥʦʩʪʴʶ s = -1. ɿʘʪʝʤ ʙʳʣʠ ʦʪʢʨʳʪʳ ʟʘʨʷʞʝʥʥʳʝ 

ʙʘʨʠʦʥʳ Ɇ+ ʠ Ɇ- ʛʠʧʝʨʦʥʳ. 

  ʍʘʨʘʢʪʝʨʠʩʪʠʢʠ ȿ ʠ  Ɇ-ʛʠʧʝʨʦʥʦʚ 
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          ɺʪʦʨʘʷ ʦʩʦʙʝʥʥʦʩʪʴ ʧʦʚʝʜʝʥʠʷ ʩʪʨʘʥʥʳʭ ʯʘʩʪʠʮ ï ʙʦʣʴʰʦʝ ʚʨʝʤʷ ʞʠʟʥʠ.  

ɺ ʨʝʟʫʣʴʪʘʪʝ ʨʘʩʧʘʜʘ ʩʪʨʘʥʥʳʭ ʯʘʩʪʠʮ ʦʙʨʘʟʦʚʳʚʘʣʠʩʴ 

ʩʠʣʴʥʦʚʟʘʠʤʦʜʝʡʩʪʚʫʶʱʠʝ ʯʘʩʪʠʮʳ  - ʧʠʦʥʳ ʠ ʥʫʢʣʦʥʳ, ʧʦʵʪʦʤʫ, ʢʘʟʘʣʦʩʴ ʙʳ, 

ʚʨʝʤʷ ʞʠʟʥʠ ʩʪʨʘʥʥʳʭ ʯʘʩʪʠʮ ʜʦʣʞʥʦ ʙʳʪʴ çʷʜʝʨʥʳʤè,  ʦʜʥʘʢʦ, ʠʭ ʚʨʝʤʝʥʘ ʞʠʟʥʠ 

~10-10 ʩʝʢ  ʦʢʘʟʘʣʠʩʴ ʭʘʨʘʢʪʝʨʥʳʤʠ ʜʣʷ ʩʣʘʙʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ.  

ʉʦʛʣʘʩʥʦ ʩʦʦʪʥʦʰʝʥʠʝʶ ɻʝʣʣ-ʄʘʥʘ ï ʅʠʰʠʜʞʠʤʳ ʟʘʨʷʜ ʩʪʨʘʥʥʦʡ ʯʘʩʪʠʮʳ 

Q = Iz + Y/2, 

ʛʜʝ ʛʠʧʝʨʟʘʨʷʜ Y = B + s + c + b + t  ʝʩʪʴ ʩʫʤʤʘ ʢʚʘʥʪʦʚʳʭ ʯʠʩʝʣ 

B - ʙʘʨʠʦʥʥʦʝ ʯʠʩʣʦ, s - ʩʪʨʘʥʥʦʩʪʴ, c - ʦʯʘʨʦʚʘʥʠʝ, b - bottom,  t - top. 



ɽʜʠʥʩʪʚʝʥʥʦʝ ʢʚʘʥʪʦʚʦʝ ʯʠʩʣʦ, ʢʦʪʦʨʳʤ ʨʘʟʣʠʯʘʶʪʩʷ K0 ʠ       , - ʵʪʦ ʩʪʨʘʥʥʦʩʪʴ 

S(ʂ0) = 1, S(      ) = -1, ʧʦʵʪʦʤʫ ʦʥʠ ʧʦ-ʨʘʟʥʦʤʫ ʚʝʜʫʪ ʩʝʙʷ ʚ ʩʠʣʴʥʦʤ                                    

                                                    ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ: 

 

ʅʘʧʨʠʤʝʨ, K0-ʤʝʟʦʥʳ ʤʦʛʫʪ ʦʙʨʘʟʦʚʳʚʘʪʴʩʷ ʚ ʨʝʘʢʮʠʠ   
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ʅʝʩʦʭʨʘʥʝʥʠʝ ʯʝʪʥʦʩʪʠ ʚ ʂ-ʨʘʩʧʘʜʘʭ 

  ʅʝʡʪʨʘʣʴʥʳʝ ʤʝʟʦʥʳ K0 ʠ      ʷʚʣʷʶʪʩʷ ʯʘʩʪʠʮʝʡ ʠ ʘʥʪʠʯʘʩʪʠʮʝʡ.  
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ʉʦʙʳʪʠʝ ʧʨʝʚʨʘʱʝʥʠʷ                     , ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʥʦʝ ʚ ʞʠʜʢʦ-ʚʦʜʦʨʦʜʥʦʡ ʧʫʟʳʨʴʢʦʚʦʡ 

ʢʘʤʝʨʝ: 

                    

n 

ʚ 
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ʇʨʠʯʠʥʘ ʵʬʬʝʢʪʘ -  ʦʩʮʠʣʣʷʮʠʠ ʩʤʝʩʠ ʩʦʩʪʦʷʥʠʡ  

ʇʦ ʧʝʨʠʦʜʫ ʦʩʮʠʣʣʷʮʠʠ ʤʦʞʥʦ ʦʧʨʝʜʝʣʠʪʴ ʨʘʟʥʦʩʪʴ ʤʘʩʩ                   -ʤʝʟʦʥʦʚ. 

ʈʘʩʧʘʜ ʂ0 ʠ K0-ʤʝʟʦʥʦʚ ʧʨʦʠʩʭʦʜʠʪ ʚ ʨʝʟʫʣʴʪʘʪʝ ʩʣʘʙʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ.   ʇʨʠ ʵʪʦʤ 

ʧʦʩʣʝ ʨʦʞʜʝʥʠʷ ʂ0  ʚ ʨʝʘʢʮʠʠ                                         ʥʘʙʣʶʜʘʣʘʩʴ ʪʘʢʘʷ ʢʘʨʪʠʥʘ: 
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ʅʝʡʪʨʘʣʴʥʳʝ ʢʘʦʥʳ ʥʘʨʫʰʘʶʪ CP- ʩʠʤʤʝʪʨʠʶ 
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ʆʙʨʘʟʦʚʘʥʠʝ ʠ ʨʘʩʧʘʜ ʩʪʨʘʥʥʳʭ ʯʘʩʪʠʮ ʫʧʨʘʚʣʷʶʪʩʷ ʟʘʢʦʥʦʤ ʩʦʭʨʘʥʝʥʠʷ ʩʪʨʘʥʥʦʩʪʠ  

    ʕʪʦ ʧʦʟʚʦʣʠʣʦ ʦʙʲʷʩʥʠʪʴ ʠ ʧʘʨʥʦʝ ʨʦʞʜʝʥʠʝ ʩʪʨʘʥʥʳʭ ʯʘʩʪʠʮ ʚ ʨʝʘʢʮʠʠ 

ʩʠʣʴʥʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʠ ʙʦʣʴʰʦʝ ʚʨʝʤʷ ʞʠʟʥʠ ʚ ʨʝʟʫʣʴʪʘʪʝ ʨʘʩʧʘʜʘ, 

ʧʨʦʠʩʭʦʜʷʱʝʛʦ ʟʘ ʩʯʸʪ ʩʣʘʙʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ 
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ʇʨʝʜʧʦʣʘʛʘʣʦʩʴ, ʯʪʦ ʢʘʞʜʘʷ ʠʟ ʵʪʠʭ ʛʨʫʧʧ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʩʫʧʝʨʤʫʣʴʪʠʧʣʝʪ 

ʯʘʩʪʠʮ, ʚʦʟʥʠʢʰʠʡ ʚ ʨʝʟʫʣʴʪʘʪʝ çʨʘʩʱʝʧʣʝʥʠʷè ʦʜʥʦʡ ʯʘʩʪʠʮʳ, ʩʦʩʪʦʷʥʠʝ 

ʢʦʪʦʨʦʡ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʙʘʨʠʦʥʥʳʤ ʟʘʨʷʜʦʤ, ʩʧʠʥʦʤ ʠ ʯʸʪʥʦʩʪʴʶ, 

ʧʨʠʩʫʱʠʤʠ ʜʘʥʥʦʡ ʛʨʫʧʧʝ.  ʈʘʩʱʝʧʣʝʥʠʝ ʧʦ ʤʘʩʩʘʤ ʚ ʤʫʣʴʪʠʧʣʝʪʝ <15% 

3.4. ʋʥʠʪʘʨʥʘʷ ʩʠʤʤʝʪʨʠʷ 
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SU(3) ʩʠʤʤʝʪʨʠʷ 
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