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1.  ɺʚʝʜʝʥʠʝ 

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 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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2.  ʕʣʝʢʪʨʦʥ  

ʕʣʝʢʪʨʦʥ ï ʧʝʨʚʘʷ ʠʟ ʠʟʚʝʩʪʥʳʭ ʵʣʝʤʝʥʪʘʨʥʳʭ ʯʘʩʪʠʮ - ʦʪʢʨʳʪ 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 
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ʕʢʩʧʝʨʠʤʝʥʪʳ ʩ çʢʘʪʦʜʥʳʤʠ ʣʫʯʘʤʠè ʚ ʪʨʫʙʢʝ ʂʨʫʢʩʘ ʚʧʝʨʚʳʝ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʣʠ 

ʩʫʱʝʩʪʚʦʚʘʥʠʝ ʵʣʝʢʪʨʦʥʦʚ ï ʦʪʨʠʮʘʪʝʣʴʥʦ ʟʘʨʷʞʝʥʥʳʭ ʯʘʩʪʠʮ 
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ɼʞ.ɼʞ.ʊʦʤʩʦʥ ʧʦʢʘʟʘʣ, ʯʪʦ çʢʘʪʦʜʥʳʝ ʣʫʯʠè ʠʩʢʨʠʚʣʷʶʪʩʷ ʤʘʛʥʠʪʥʳʤ ʧʦʣʝʤ ʚ 

ʪʨʫʙʢʝ ʂʨʫʢʩʘ. ʕʪʦ ʧʦʟʚʦʣʠʣʦ  ʦʧʨʝʜʝʣʠʪʴ e/m 
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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 

ʚʝʣʠʯʠʥʫ ʵʣʝʤʝʥʪʘʨʥʦʛʦ ʟʘʨʷʜʘ  

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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3. ʕʣʝʢʪʨʦʥʥʦʝ ʥʝʡʪʨʠʥʦ 

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 
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1995 Nobel Prize Ą F. Reines 

ʕʢʩʧʝʨʠʤʝʥʪ ʌ. ʈʘʡʥʝʩʘ ʠ ʂ. ʂʦʫʵʥʘ 

1953-1956   

(1) 

(2) 

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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          ʄʘʩʩʘ ʥʝʡʪʨʠʥʦ 
 

ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʡ ʧʦʜʭʦʜ ʢ ʵʪʦʡ ʧʨʦʙʣʝʤʝ 

ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʢʘʢ ʥʝʧʨʷʤʳʝ ʤʝʪʦʜʳ (ʧʦʠʩʢ 

ʥʝʡʪʨʠʥʥʳʭ ʦʩʮʠʣʣʷʮʠʡ, ʜʚʦʡʥʦʡ b-ʨʘʩʧʘʜ) ʪʘʢ ʠ 

ʤʝʪʦʜʳ ʦʩʥʦʚʘʥʥʳʝ ʥʘ ʠʟʫʯʝʥʠʠ ʢʠʥʝʤʘʪʠʢʠ 

ʨʘʩʧʘʜʘ. ʂ ʧʦʩʣʝʜʥʠʤ ʦʪʥʦʩʠʪʩʷ ʠʩʩʣʝʜʦʚʘʥʠʝ 

ʬʦʨʤʳ ʙʝʪʘ-ʩʧʝʢʪʨʘ ʚʙʣʠʟʠ ʝʛʦ ʚʝʨʭʥʝʡ ʛʨʘʥʠʮʳ. 

ʕʪʦʪ ʧʦʜʭʦʜ ʙʳʣ ʚʧʝʨʚʳʝ ʨʘʟʚʠʪ ʚ ʀʊʕʌ ʚ 

ʣʘʙʦʨʘʪʦʨʠʠ ɺ.ɸ.ʃʶʙʠʤʦʚʘ ʚ ʵʢʩʧʝʨʠʤʝʥʪʘʭ 70-80ʭ 

ʛʦʜʦʚ ʥʘ b-ʩʧʝʢʪʨʦʤʝʪʨʝ ɽ.ʌ.ʊʨʝʪʴʷʢʦʚʘ 

 
ɺ.ɸ. ʃʶʙʠʤʦʚ 

(1929 ï 2012) 

ɹʝʟʞʝʣʝʟʥʳʡ ʪʦʨʦʠʜʘʣʴʥʳʡ                     

b-ʩʧʝʢʪʨʦʤʝʪʨ ɽ.ʌ.ʊʨʝʪʴʷʢʦʚʘ 

(ʠʜʝʷ ɺ.ɺ.ɺʣʘʜʠʤʠʨʩʢʦʛʦ, 1956 ʛ.) 

http://www.google.ru/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0CAcQjRxqFQoTCJKQ8aX77MgCFSR3cgodj-0FgQ&url=http%3A%2F%2Fwww.rusnanonet.ru%2Fnns%2F24003%2F&psig=AFQjCNFZ0cmUc2rso4a5tTNy5EkdmCBJAg&ust=1446389560755592
https://www.google.ru/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0CAcQjRxqFQoTCNqE18X17MgCFab3cgod35MNoA&url=https%3A%2F%2Fsites.google.com%2Fsite%2Fsaveitep%2Ftogether%2Fp_saveitep_blog1%2Fvalentinaleksandroviclubimov&bvm=bv.106379543,d.bGQ&psig=AFQjCNHt09a-fN4OHVQKESCRXj8fIhYYpQ&ust=1446388031248887
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ʇʨʠʤʝʨ çʙʦʨʴʙʳè ʵʢʩʧʝʨʠʤʝʥʪʘʪʦʨʦʚ ʟʘ ʨʝʟʫʣʴʪʘʪ 

ʕʢʩʧʝʨʠʤʝʥʪʳ ʧʦ ʦʧʨʝʜʝʣʝʥʠʶ ʤʘʩʩʳ ʥʝʡʪʨʠʥʦ ʠʟ ʬʦʨʤʳ ʙʝʪʘ-ʩʧʝʢʪʨʘ ʪʨʠʪʠʷ 
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ʊʨʦʠʮʢʠʡ ʵʢʩʧʝʨʠʤʝʥʪ (ʀʗʀ ʈɸʅ) 

mn < 2.2 eV/c2  

1994 -1996 ʛʛ. 

ʃʆɹɸʐɽɺ  

ɺʣʘʜʠʤʠʨ ʄʠʭʘʡʣʦʚʠʯ 

(1934-2011) 
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The KArlsruhe TRItium Neutrino (KATRIN) experiment 

(2014 ï now) 

http://www-ik.fzk.de/~katrin/spectrometer/index.html#Arrival?foo=1
http://www.google.ru/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0CAcQjRxqFQoTCNKcg-r67MgCFWqScgodl8gClg&url=http%3A%2F%2Fwww.ikp.kit.edu%2Fenglish%2Fresearch.php&psig=AFQjCNF0e4lRzXjMgCKmTINCig5xWdTHLQ&ust=1446387380179992
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4.  ʄʶʦʥ 

    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. 
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Carl Anderson and Seth Neddermeyer with magnet cloud chamber. 

 
This piece of equipment was used by Anderson to discover the positron--the first empirical evidence for the 

existence of antimatter--in 1932. Four years later they announced the discovery of mesons (muons). 

Housed in the Guggenheim Aeronautical Lab, the apparatus was in service for seventeen years.  

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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5.  ʄʶʦʥʥʦʝ ʥʝʡʪʨʠʥʦ 

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 

(1922-2018;  ʅ.ʧ. 1988) 

5,000 ʪʦʥʥ 
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https://en.wikipedia.org/wiki/File:Argonnelablogo.PNG
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6.  ɺʟʘʠʤʦʜʝʡʩʪʚʠʝ ʤʶʦʥʦʚ ʩ ʚʝʱʝʩʪʚʦʤ 

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, ʪ.ʝ. ʤʶʦʥ 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 7Ŀ10-8ʩ 

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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ʀʜʝʷ ʤʶʦʥʥʦʛʦ ʢʘʪʘʣʠʟʘ ʪʝʨʤʦʷʜʝʨʥʳʭ ʨʝʘʢʮʠʡ 

ɻʝʨʰʪʝʡʥ ʉ ʉ, ʇʝʪʨʦʚ ʖ ɺ, ʇʦʥʦʤʘʨʝʚ ʃ ʀ "ʄʶʦʥʥʳʡ ʢʘʪʘʣʠʟ ʠ ʷʜʝʨʥʳʡ ʙʨʠʜʠʥʛ" ʋʌʅ 160 (8) 3ï46 (1990);  

http://ufn.ru/ru/articles/1990/8/a/
http://ufn.ru/ru/articles/1990/8/a/
http://ufn.ru/ru/articles/1990/8/a/
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The Moon's cosmic ray shadow, as seen in secondary muons generated by cosmic rays in the 

atmosphere, and detected 700 meters below ground, at the Soudan II detector (~5x8x14 mį) 

The technique of muon transmission radiography based on cosmic ray sources was first used in 

the 1950s to measure the depth of the overburden of a tunnel in Australia and in the 1960s to 

search for possible hidden chambers in the Pyramid of Chephren in Giza 

 

In 2003, the scientists at Los Alamos National Laboratory developed a new imaging technique: 

muon scattering tomography.  

 

In August 2014, Decision Sciences International Corporation announced it had been awarded a 

contract by Toshiba for use of its muon tracking detectors in reclaiming the Fukushima nuclear 

complex. 

ʄʶʦʥʥʘʷ ʪʦʤʦʛʨʘʬʠʷ 



 

In 2011, a reactor mockup was imaged using Muon Mini Tracker 

(MMT) at Los Alamos at Three Mile Island Nuclear Generating 

Station  

(The Three Mile Island accident occurred on March 28, 1979)  

Left ï Lead reactor core with conic void.  

Right ï Observed core where average scattering angles of muons are plotted. The void in the 

core is clearly imaged through two 2.74-m concrete walls. The lead core of 0.7-m thickness gives 

an equivalent radiation length to the uranium fuel in Unit 1, and gives a similar scattering angle.  
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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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7.  t ʣʝʧʪʦʥ ʠ ʥʝʡʪʨʠʥʦ 
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 
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http://www.google.ru/imgres?imgurl=https://projectx-docdb.fnal.gov/includes/FNAL-Logo-NAL-Blue.jpg&imgrefurl=http://home.fnal.gov/~cheung/rtes/RTESWeb/LQCD_site/pages/weakforce.htm&h=513&w=2400&tbnid=ITGes0C-zE4ycM:&docid=bvRueo15GSOV1M&ei=P900VvryHeGBywPVwaa4Bw&tbm=isch&ved=0CCsQMygRMBFqFQoTCLqO6KeC7cgCFeHAcgod1aAJdw
http://www.google.ru/imgres?imgurl=https://projectx-docdb.fnal.gov/includes/FNAL-Logo-NAL-Blue.jpg&imgrefurl=http://home.fnal.gov/~cheung/rtes/RTESWeb/LQCD_site/pages/weakforce.htm&h=513&w=2400&tbnid=ITGes0C-zE4ycM:&docid=bvRueo15GSOV1M&ei=P900VvryHeGBywPVwaa4Bw&tbm=isch&ved=0CCsQMygRMBFqFQoTCLqO6KeC7cgCFeHAcgod1aAJdw
http://www.fnal.gov/
http://www.google.ru/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&ved=0ahUKEwjugKWb-ZrMAhUiIpoKHQvcC9AQjRwIBw&url=http%3A%2F%2Fcnweb.search.live.com%2Fimages%2Fresults.aspx%3Fq%3Ddneut.ac.cn&psig=AFQjCNHUUeITS2fNkGTn4iGoM0BS5RyE8A&ust=1461163539558893


ʇʦʧʳʪʢʠ ʈ. ɼʵʚʠʩʘ ʨʝʛʠʩʪʨʠʨʦʚʘʪʴ ʥʝʡʪʨʠʥʦ ʦʪ ʷʜʝʨʥʦʛʦ ʨʝʘʢʪʦʨʘ ʩ 

ʧʦʤʦʱʴʶ ʨʝʘʢʮʠʠ              e + 17Cl Ÿ 17Ar + e-  

ʥʝ ʫʚʝʥʯʘʣʠʩʴ ʫʩʧʝʭʦʤ. ʊʘʢ ʙʳʣʦ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʜʦʢʘʟʘʥʦ, ʯʪʦ 

ʥʝʡʪʨʠʥʦ ʠ ʘʥʪʠʥʝʡʪʨʠʥʦ ʨʘʟʥʳʝ ʯʘʩʪʠʮʳ. 

 

ɺ ʙʦʣʴʰʦʡ ʩʝʨʠʠ ʵʢʩʧʝʨʠʤʝʥʪʦʚ, ʧʨʦʚʝʜʝʥʥʳʭ ʈ. ɼʵʚʠʩʦʤ ʚ ʰʘʭʪʝ, 

ʠʩʩʣʝʜʦʚʘʣʘʩʴ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʧʨʦʪʝʢʘʥʠʷ ʨʝʘʢʮʠʠ ɜe + 17Cl Ÿ 17Ar + e- 

ʠʥʠʮʠʠʨʦʚʘʥʥʦʡ ʧʦʪʦʢʦʤ ʥʝʡʪʨʠʥʦ, ʨʦʞʜʝʥʥʳʭ ʥʘ ʉʦʣʥʮʝ.  

 

 

ʕʢʩʧʝʨʠʤʝʥʪʳ ɼʵʚʠʩʘ, ʢʦʪʦʨʳʝ ʧʨʦʚʦʜʠʣʠʩʴ ʚ ʪʝʯʝʥʠʝ 30 ʣʝʪ, 

ʧʦʢʘʟʘʣʠ, ʯʪʦ ʚʝʣʠʯʠʥʘ ʠʟʤʝʨʷʝʤʦʛʦ ʧʦʪʦʢʘ ʩʦʣʥʝʯʥʳʭ ʥʝʡʪʨʠʥʦ 

ʟʥʘʯʠʪʝʣʴʥʦ ʤʝʥʴʰʝ, ʯʝʤ ʜʦʣʞʥʘ ʙʳʪʴ ʧʦ ʤʦʜʝʣʠ ʉʦʣʥʮʘ  
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8.  ʉʦʚʨʝʤʝʥʥʳʝ ʚʦʧʨʦʩʳ ʬʠʟʠʢʠ ʥʝʡʪʨʠʥʦ 

ʅʘʠʙʦʣʝʝ ʚʝʨʦʷʪʥʳʤ ʦʙʲʷʩʥʝʥʠʝʤ ʵʪʦʛʦ ʷʚʣʝʥʠʷ ʷʚʣʷʝʪʩʷ 

ʧʨʝʚʨʘʱʝʥʠʝ ʦʜʥʦʛʦ ʩʦʨʪʘ ʥʝʡʪʨʠʥʦ ʚ ʜʨʫʛʠʝ ï ʪ.ʥ. 

ʦʩʮʠʣʣʷʮʠʠ ʥʝʡʪʨʠʥʦ.  

 

ɺʧʝʨʚʳʝ (1957 ʛ.) ʠʜʝʷ ʦʙ ʦʩʮʠʣʣʷʮʠʷʭ ʥʝʡʪʨʠʥʦ ʙʳʣʘ ʚʳʩʢʘʟʘʥʘ 

ɹ.ʄ. ʇʦʥʪʝʢʦʨʚʦ.  (1913-1993) 

Raymond Davis 

(1914 ï 2006) 

    ʅ.ʧ.2002 

http://www.google.ru/url?sa=i&source=imgres&cd=&cad=rja&uact=8&ved=0CAkQjRwwAGoVChMIu5S0k4f0yAIVK6NyCh2DlQhr&url=http%3A%2F%2Fwww.phys.msu.ru%2Frus%2Fabout%2Fsovphys%2FISSUES-2010%2F06(83)-2010%2F10101%2F&psig=AFQjCNEDzYbTtYhuC1i4QE8_2iOlStorqg&ust=1446633305133248
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Homestake experiment 

http://www.google.ru/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0CAcQjRxqFQoTCPPGvbqL9MgCFQXscgodc-UPlg&url=http%3A%2F%2Fwww.pbs.org%2Fwgbh%2Fnova%2Fphysics%2Fsolar-neutrinos.html&psig=AFQjCNGG4K6BnVLbNvHAOGXYKsb7RmK1xQ&ust=1446634424736328
https://www.google.ru/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0CAcQjRxqFQoTCJDTs6-M9MgCFUGXcgodm_gP0w&url=https%3A%2F%2Fwww.bnl.gov%2Fbnlweb%2Fraydavis%2Fpictures.htm&psig=AFQjCNGG4K6BnVLbNvHAOGXYKsb7RmK1xQ&ust=1446634424736328
http://www.google.ru/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0CAcQjRxqFQoTCKKRheSM9MgCFWYQcgodUnUPCg&url=http%3A%2F%2Fwww.sns.ias.edu%2F~jnb%2FPapers%2FPopular%2FJohnRayhistory%2Fjohnrayhistory.html&psig=AFQjCNGG4K6BnVLbNvHAOGXYKsb7RmK1xQ&ust=1446634424736328
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ʉʦʣʥʝʯʥʳʝ ʥʝʡʪʨʠʥʦ 

ʅʝʡʪʨʠʥʦ ʦʪ ʚʟʨʳʚʦʚ ʉʚʝʨʭʥʦʚʳʭ 

ɹʇʉʊ ɹʅʆ ʀʗʀ ʈɸʅ 

ɹʘʢʩʘʥʩʢʠʡ ʧʦʜʟʝʤʥʳʡ ʩʮʠʥʪʠʣʣʷʮʠʦʥʥʳʡ ʪʝʣʝʩʢʦʧ 
LVD, Gran Sasso 

Large Volume Detector  

SAGE  

ɻʘʣʣʠʡ-ʛʝʨʤʘʥʠʝʚʳʡ 

ʥʝʡʪʨʠʥʥʳʡ  

ʪʝʣʝʩʢʦʧ 

ɹʅʆ ʀʗʀ ʈɸʅ  

GALLEX,  

Gran Sasso  

 GALLium EXperiment for 

solar neutrinos detection  

ʀʟ-ʟʘ ʯʨʝʟʚʳʯʘʡʥʦ ʤʘʣʦʛʦ ʩʝʯʝʥʠʷ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʥʝʡʪʨʠʥʦ ʩ ʚʝʱʝʩʪʚʦʤ ʠ ʤʘʣʦʩʪʠ 

ʧʦʪʦʢʘ ʥʝʡʪʨʠʥʦ ʚʳʩʦʢʠʭ ʵʥʝʨʛʠʡ ʜʣʷ ʩʦʟʜʘʥʠʷ ʩʦʚʨʝʤʝʥʥʳʭ ʥʝʡʪʨʠʥʥʳʭ ʜʝʪʝʢʪʦʨʦʚ 

ʠʩʧʦʣʴʟʫʶʪʩʷ ʝʩʪʝʩʪʚʝʥʥʳʝ ʚʦʜʥʳʝ ʙʘʩʩʝʡʥʳ (ʜʝʪʝʢʪʦʨʳ ANTARES, NEMO, SAUND, 

Hʊ-200 (ɹʘʡʢʘʣ)  ʠʣʠ ʪʦʣʱʘ ʘʥʪʘʨʢʪʠʯʝʩʢʦʛʦ ʣʴʜʘ (AMANDA, IʩeCube).  
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ʇʝʨʚʳʝ ʫʢʘʟʘʥʠʷ ʥʘ ʥʝʡʪʨʠʥʥʳʝ ʦʩʮʠʣʣʷʮʠʠ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʚ ʠʟʤʝʨʝʥʠʷʭ ʥʘ ʚʦʜʥʦʤ ʯʝʨʝʥʢʦʚʩʢʦʤ 

ʜʝʪʝʢʪʦʨʝ SuperKamiokande ʚ 1998 ʛ. ɼʝʪʝʢʪʦʨ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʨʝʟʝʨʚʫʘʨ ʠʟ ʥʝʨʞʘʚʝʶʱʝʡ ʩʪʘʣʠ 

ʚʳʩʦʪʦʡ 42 ʤ ʠ ʜʠʘʤʝʪʨʦʤ 40 ʤ, ʟʘʧʦʣʥʝʥʥʳʡ 50 ʪʳʩ. ʪʦʥʥʘʤʠ ʩʧʝʮʠʘʣʴʥʦ ʦʯʠʱʝʥʥʦʡ ʚʦʜʳ. ʆʥ ʨʘʟʤʝʱʝʥ 

ʚ ʥʘ ʛʣʫʙʠʥʝ ʚ 1.6 ʢʤ (2.7 ʢʤ ʚʦʜʥʦʛʦ ʵʢʚʠʚʘʣʝʥʪʘ) ʚ ʗʧʦʥʠʠ (ʰʘʭʪʘ ʂʘʤʠʦʢʘ). ʅʘ ʩʪʝʥʘʭ ʨʝʟʝʨʚʫʘʨʘ 

ʨʘʟʤʝʱʝʥʳ 11146 ʌʕʋ (ʚʥʫʪʨʝʥʥʠʡ ʜʝʪʝʢʪʦʨ + 1885 8ò ʌʕʋ (ʚʥʝʰʥʠʡ ʜʝʪʝʢʪʦʨ) ï ʩʤ. ʩʣʝʜ. ʩʣʘʡʜ 

              

ʅʝʡʪʨʠʥʦ ʨʦʞʜʘʶʪʩʷ ʚ ʘʪʤʦʩʬʝʨʝ ʚ ʨʝʟʫʣʴʪʘʪʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʠʟʣʫʯʘʝʤʳʭ ʉʦʣʥʮʝʤ ʧʨʦʪʦʥʦʚ ʚʳʩʦʢʠʭ 

ʵʥʝʨʛʠʡ ʩ ʷʜʨʘʤʠ ʘʪʤʦʩʬʝʨʳ. ɼʝʪʝʢʪʦʨ ʧʦʟʚʦʣʷʣ ʥʘʜʝʞʥʦ ʨʘʟʣʠʯʘʪʴ ʵʣʝʢʪʨʦʥʥʳʝ ʠ ʤʶʦʥʥʳʝ ʥʝʡʪʨʠʥʦ. 
ʇʦʪʦʢʠ ʦʢʘʟʘʣʠʩʴ ʙʣʠʟʢʠ. 

ʍʦʪʷ ʤʶʦʥʥʳʭ ʜ.ʙ. ʙʦʣʴʰʝ 

ʆʩʮʠʣʣʷʮʠʠ ʥʝʡʪʨʠʥʦ 

http://nuclphys.sinp.msu.ru/neutrino/neutrino_osc/ 

ɽʩʣʠ ʣʝʧʪʦʥʥʳʝ ʯʠʩʣʘ Le, Lɛ, LŰ  ʥʝ ʷʚʣʷʶʪʩʷ ʘʙʩʦʣʶʪʥʦ ʩʦʭʨʘʥʷʶʱʠʤʠʩʷ ʢʚʘʥʪʦʚʳʤʠ ʯʠʩʣʘʤʠ, ʠ ʝʩʣʠ 

ʥʝʡʪʨʠʥʦ ʠʤʝʶʪ ʥʝ ʥʫʣʝʚʳʝ, ʘ ʢʦʥʝʯʥʳʝ ʤʘʩʩʳ, ʪʦ ʚʦʟʤʦʞʥʦ ʧʨʝʚʨʘʱʝʥʠʝ ʥʝʡʪʨʠʥʦ ʦʜʥʦʛʦ 

çʧʦʢʦʣʝʥʠʷè ʚ ʥʝʡʪʨʠʥʦ ʜʨʫʛʦʛʦ çʧʦʢʦʣʝʥʠʷè 
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SuperKamiokande 

http://www.google.ru/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0CAcQjRxqFQoTCJ7z8Y3188gCFUgILAod330Eag&url=http%3A%2F%2Fwww.pbs.org%2Fwgbh%2Fnova%2Fneutrino%2Fdete-07.html&psig=AFQjCNGR6pPw37QmdId04XJPL-ThWgF2wQ&ust=1446627842261312
http://www.google.ru/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&ved=0CAcQjRxqFQoTCNfi9qH188gCFccPLAodtkEJWA&url=http%3A%2F%2Fwww.hyper-k.org%2Fen%2Fdetector%2Fsensor.html&psig=AFQjCNGR6pPw37QmdId04XJPL-ThWgF2wQ&ust=1446627842261312
http://www.google.ru/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0CAcQjRxqFQoTCMidi-L888gCFQlcLAodriQFXg&url=http%3A%2F%2Fwww.windows2universe.org%2Fsun%2FSolar_interior%2FNuclear_Reactions%2FNeutrinos%2Fsup_kamionkande.html&psig=AFQjCNFInk9BhJ5JPk29ZU-9aZ_x1jTDKg&ust=1446630501830338
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ʅʝʡʪʨʠʥʥʘʷ ʦʙʩʝʨʚʘʪʦʨʠʷ ʚ ʉʘʜʙʝʨʠ (ʂʘʥʘʜʘ) ʙʳʣʘ ʧʦʩʪʨʦʝʥʘ ʚ ʰʘʭʪʝ ʥʘ ʛʣʫʙʠʥʝ  2070 

ʤ ʠ ʩʦʜʝʨʞʠʪ SNO - ʯʝʨʝʥʢʦʚʩʢʠʡ ʜʝʪʝʢʪʦʨ ʥʘ ʪʷʞʝʣʦʡ ʚʦʜʝ. 1000 ʪʦʥʥ ʩʚʝʨʭʯʠʩʪʦʡ ʪʷʞʝʣʦʡ 

ʚʦʜʳ (D2O) ʟʘʣʠʪʦ ʚ ʘʢʨʠʣʦʚʳʡ ʩʦʩʫʜ ʜʠʘʤʝʪʨʦʤ 12 ʤʝʪʨʦʚ. ʏʝʨʝʥʢʦʚʩʢʦʝ ʠʟʣʫʯʝʥʠʝ 

ʨʝʛʠʩʪʨʠʨʫʝʪʩʷ 9600 ʬʦʪʦʫʤʥʦʞʠʪʝʣʷʤʠ, ʫʩʪʘʥʦʚʣʝʥʥʳʤʠ ʥʘ ʩʬʝʨʝ ʜʠʘʤʝʪʨʦʤ 17 ʤʝʪʨʦʚ, 

ʦʢʨʫʞʘʶʱʝʡ ʩʦʩʫʜ ʩ ʪʷʞʝʣʦʡ ʚʦʜʦʡ. ɼʝʪʝʢʪʦʨ ʧʦʛʨʫʞʝʥ ʚ ʩʚʝʨʭʯʠʩʪʫʶ ʦʙʳʯʥʫʶ ʚʦʜʫ, 

ʢʦʪʦʨʘʷ ʥʘʭʦʜʠʪʩʷ ʚ ʙʦʯʢʦʦʙʨʘʟʥʦʡ ʧʦʣʦʩʪʠ ʜʠʘʤʝʪʨʦʤ 22 ʤʝʪʨʘ ʠ ʚʳʩʦʪʦʡ 34 ʤʝʪʨʘ, 

ʚʳʢʦʧʘʥʥʦʡ ʚ ʩʢʘʣʝ. ɿʘ ʩʫʪʢʠ ʜʝʪʝʢʪʦʨ ʨʝʛʠʩʪʨʠʨʫʝʪ ʦʢʦʣʦ 10 çʙʦʨʥʳʭè ʥʝʡʪʨʠʥʦ 

 

 

 

ʩ ʧʦʤʦʱʴʶ ʨʝʘʢʮʠʡ 

ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʜʘʥʥʳʝ, ʧʦʣʫʯʝʥʥʳʝ ʚ SNO, ʧʦʟʚʦʣʠʣʠ ʦʮʝʥʠʪʴ ʧʦʪʦʢ çʙʦʨʥʳʭè 

ʩʦʣʥʝʯʥʳʭ ʥʝʡʪʨʠʥʦ ʠ ʜʦʢʘʟʘʪʴ, ʯʪʦ ʦʥ ʩʦʛʣʘʩʫʝʪʩʷ ʩʦ ʩʪʘʥʜʘʨʪʥʦʡ ʤʦʜʝʣʴʶ ʉʦʣʥʮʘ. ʊʘʢʠʤ 

ʦʙʨʘʟʦʤ, ʜʝʬʠʮʠʪ ʵʣʝʢʪʨʦʥʥʳʭ ʥʝʡʪʨʠʥʦ, ʟʘʬʠʢʩʠʨʦʚʘʥʥʳʡ ɼʵʚʠʩʦʤ, ʷʚʣʷʝʪʩʷ ʩʣʝʜʩʪʚʠʝʤ 

ʦʩʮʠʣʣʷʮʠʡ. ʆʩʥʦʚʥʳʤ ʨʝʟʫʣʴʪʘʪʦʤ ʚʩʝʭ ʧʨʦʚʝʜʸʥʥʳʭ ʚ SNO ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʷʚʣʷʝʪʩʷ 

ʜʦʢʘʟʘʪʝʣʴʩʪʚʦ ʩʫʱʝʩʪʚʦʚʘʥʠʷ ʦʩʮʠʣʣʷʮʠʡ ʠ ʦʮʝʥʢʘ ʧʘʨʘʤʝʪʨʦʚ ʩʤʝʰʠʚʘʥʠʷ 

ʥʝʡʪʨʠʥʦ ɜ1, ɜ2, ɜ3.  
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ʊʘʢʘʘʢʠ ʂʘʜʟʠʪʘ (ʉʫʧʝʨ-ʂʘʤʠʦʢʘʥʜʝ) ʠ ɸʨʪʫʨ ʄʘʢʜʦʥʘʣʴʜ (SNO) (Takaaki Kajita, Arthur B. 

McDonald) ʧʦʣʫʯʠʣʠ ʅʦʙʝʣʝʚʩʢʫʶ ʧʨʝʤʠʶ ʧʦ ʬʠʟʠʢʝ 2015 ʛʦʜʘ çʟʘ ʦʪʢʨʳʪʠʝ ʥʝʡʪʨʠʥʥʳʭ 

ʦʩʮʠʣʣʷʮʠʡ, ʧʦʢʘʟʳʚʘʶʱʠʭ, ʯʪʦ ʥʝʡʪʨʠʥʦ ʠʤʝʶʪ ʤʘʩʩʫè 

Arthur B. McDonald 
Takaaki Kajita 
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http://www.google.ru/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0CAcQjRxqFQoTCOCD8NL188gCFcMTLAodkSoIaw&url=http%3A%2F%2Fwww.novuslight.com%2Fnobel-prize-in-physics-2015-light-technologies-change-our-understandin_N4755.html&psig=AFQjCNGR6pPw37QmdId04XJPL-ThWgF2wQ&ust=1446627842261312
http://www.google.ru/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0CAcQjRxqFQoTCKvl6u3188gCFYfXLAodO1wMXA&url=http%3A%2F%2Fwww.nu.to.infn.it%2Fexp%2Fall%2Fsk%2F&psig=AFQjCNGR6pPw37QmdId04XJPL-ThWgF2wQ&ust=1446627842261312


SYMMETRY on line magazine about particle physics 11/09/15:  Neutrino experiments win big again 

On Nov. 8, representatives from five different neutrino experiments accepted a joint award for the 2016 Breakthrough Prize in Fundamental Physics. 

The Breakthrough Prizes, also given for life sciences and mathematics, celebrate both science itself and the work of scientists. The award was founded by Sergey Brin, Anne Wojcicki, Jack Ma, 

Cathy Zhang, Yuri and Julia Milner, Mark Zuckerberg and Priscilla Chan with the goal of inspiring more people to pursue scientif ic endeavors. 

This yearôs $3 million prize for physics will be shared evenly among five teams: the Daya Bay Reactor Neutrino Experiment based in China, the KamLAND collaboration in Japan, the K2K 

(KEK to Kamioka) and T2K (Tokai to Kamioka) long-baseline neutrino oscillation experiments in Japan, Sudbury Neutrino Observatory (SNO) in Canada, and the Super-Kamiokande 

collaboration in Japan. These experiments explored the nature of the ghostly particles that are the most abundant massive particle in the universe, and how they change among three types as they 

travel. Almost 1400 people contributed to these experiments that discovered and unraveled neutrino oscillations, ñrevealing a new frontier beyond, and possibly far beyond, the standard model of 

particle physics,ò according to the Breakthrough Prizeôs press release.ñThe quest for the secrets of neutrinos is not finished yet, and many more mysteries are yet to be discovered,ò Wang said 

during the ceremony at Mountain View, California. There are many questions left to answer about neutrinos, including how much mass they have, whether there are more than three types, and 

whether neutrinos and antineutrinos behave differently.   A broad slate of oscillation experiments are currently studying neutrinos or planned for the future. Daya Bay, Super-K, T2K, and 

KamLAND continue to research the particles, as does an upgraded version of SNO, SNO+. The US-based MINOS+ and NOvA are currently taking long-baseline neutrino oscillation data. The 

Jiangmen Underground Neutrino Observatory is under construction in China, and the international Deep Underground Neutrino Experiment is progressing quickly through the planning phase. 

Many others dot the neutrino experiment landscape, using everything from nuclear reactors to giant chunks of Antarctic ice to learn more about the hard-to-catch particles. With so much left to 

discover, it seems like there are plenty of prizes left in neutrino research 
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D. Akimov et al., Science 10.1126/science.aao0990 (2017).  

Observation of coherent elastic neutrino-nucleus scattering in 2017 at ORNL  
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