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 1.  ɺʚʝʜʝʥʠʝ 

    ɺʟʘʠʤʦʜʝʡʩʪʚʠʝ ʷʜʝʨʥʳʭ ʠʟʣʫʯʝʥʠʡ ʩ ʚʝʱʝʩʪʚʦʤ ʟʘʚʠʩʠʪ 

ʦʪ  ʩʚʦʡʩʪʚ ʯʘʩʪʠʮ ʠ ʭʘʨʘʢʪʝʨʘ ʠʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ ʩ ʚʝʱʝʩʪʚʦʤ.  

 

ɿʘʨʷʞʝʥʥʳʝ ʯʘʩʪʠʮʳ ʠʦʥʠʟʫʶʪ ʘʪʦʤʳ ʚʝʱʝʩʪʚʘ, 

ʚʟʘʠʤʦʜʝʡʩʪʚʫʷ ʩ ʘʪʦʤʥʳʤʠ ʵʣʝʢʪʨʦʥʘʤʠ ʂʫʣʦʥʦʚʩʢʠʤ ʧʦʣʝʤ.  

 

ʅʝʡʪʨʦʥʳ ʠ ʛʘʤʤʘ-ʢʚʘʥʪʳ, ʩʪʘʣʢʠʚʘʷʩʴ ʩ ʯʘʩʪʠʮʘʤʠ 

ʚʝʱʝʩʪʚʘ, ʧʝʨʝʜʘʶʪ ʠʤ ʩʚʦʶ ʵʥʝʨʛʠʶ, ʚʳʟʳʚʘʷ ʠʦʥʠʟʘʮʠʶ ʚ 

ʨʝʟʫʣʴʪʘʪʝ ʦʙʨʘʟʦʚʘʥʠʷ ʚʪʦʨʠʯʥʳʭ ʟʘʨʷʞʝʥʥʳʭ ʯʘʩʪʠʮ.  

 

ɺ ʩʣʫʯʘʝ ɔ-ʢʚʘʥʪʦʚ ʦʩʥʦʚʥʳʤʠ ʧʨʦʮʝʩʩʘʤʠ, ʧʨʠʚʦʜʷʱʠʤʠ ʢ 

ʦʙʨʘʟʦʚʘʥʠʶ ʟʘʨʷʞʝʥʥʳʭ ʯʘʩʪʠʮ ʷʚʣʷʶʪʩʷ ʬʦʪʦʵʬʬʝʢʪ, ʵʬʬʝʢʪ 

ʂʦʤʧʪʦʥʘ ʠ ʨʦʞʜʝʥʠʝ ʵʣʝʢʪʨʦʥ-ʧʦʟʠʪʨʦʥʥʳʭ ʧʘʨ.  

 

ʉʨʝʜʠ ʨʘʟʣʠʯʥʳʭ ʪʠʧʦʚ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʥʝʡʪʨʦʥʦʚ ʩ ʚʝʱʝʩʪʚʦʤ 

ʥʘʠʙʦʣʝʝ ʭʘʨʘʢʪʝʨʥʳ ʫʧʨʫʛʦʝ ʠ ʥʝʫʧʨʫʛʦʝ ʨʘʩʩʝʷʥʠʝ ʠ ʷʜʝʨʥʳʝ 

ʨʝʘʢʮʠʠ. ʆʩʥʦʚʥʳʝ ʧʦʪʝʨʠ ʵʥʝʨʛʠʠ ʥʝʡʪʨʦʥʘ ʧʨʠ ʜʚʠʞʝʥʠʠ ʚ 

ʚʝʱʝʩʪʚʝ ʚʳʟʚʘʥʳ ʩʪʦʣʢʥʦʚʝʥʠʷʤʠ ʩ ʷʜʨʘʤʠ. ʇʨʠ ʵʪʦʤ ʥʘ ʦʜʥʦ 

ʩʪʦʣʢʥʦʚʝʥʠʝ ʧʨʠʭʦʜʠʪʩʷ ʧʨʠʤʝʨʥʦ 100 ʠʦʥʠʟʘʮʠʡ 

 

ɺʟʘʠʤʦʜʝʡʩʪʚʠʝ ʯʘʩʪʠʮ ʩ ʚʝʱʝʩʪʚʦʤ ʟʘʚʠʩʠʪ ʦʪ ʪʘʢʠʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʚʝʱʝʩʪʚʘ ʢʘʢ ʝʛʦ ʧʣʦʪʥʦʩʪʴ, ʘʪʦʤʥʳʡ ʥʦʤʝʨ ʠ 

ʩʨʝʜʥʠʡ ʠʦʥʠʟʘʮʠʦʥʥʳʡ ʧʦʪʝʥʮʠʘʣ. 

ʈʦʞʜʝʥʠʝ ʯʘʩʪʠʮʳ 

ʋʧʨʫʛʦʝ ʨʘʩʩʝʷʥʠʝ 

ʅʝʫʧʨʫʛʦʝ ʨʘʩʩʝʷʥʠʝ 
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2.  ɺʟʘʠʤʦʜʝʡʩʪʚʠʝ ʪʷʞʸʣʳʭ ʟʘʨʷʞʝʥʥʳʭ ʯʘʩʪʠʮ ʩ ʚʝʱʝʩʪʚʦʤ 

https://www.youtube.com/watch?v=noP7HT-Uins  

ʊʷʞʸʣʳʝ ʟʘʨʷʞʝʥʥʳʝ ʯʘʩʪʠʮʳ ʚʟʘʠʤʦʜʝʡʩʪʚʫʶʪ ʛʣʘʚʥʳʤ ʦʙʨʘʟʦʤ ʩ ʵʣʝʢʪʨʦʥʘʤʠ 

ʘʪʦʤʥʳʭ ʦʙʦʣʦʯʝʢ, ʚʳʟʳʚʘʷ ʠʦʥʠʟʘʮʠʶ ʘʪʦʤʦʚ.  

 

ʀʟ ʟʘʢʦʥʦʚ ʩʦʭʨʘʥʝʥʠʷ ʤʦʞʥʦ ʧʦʣʫʯʠʪʴ, ʯʪʦ ʧʨʠ ʩʪʦʣʢʥʦʚʝʥʠʠ ʩ ʵʣʝʢʪʨʦʥʦʤ ʤʘʩʩʦʡ m 

ʪʷʞʸʣʘʷ ʯʘʩʪʠʮʘ ʤʘʩʩʦʡ ʄ ʪʝʨʷʝʪ ʢʠʥʝʪʠʯʝʩʢʫʶ ʵʥʝʨʛʠʶ 

 

æʊ = ʊ (4m/M), 

 

ʯʪʦ, ʥʘʧʨʠʤʝʨ, ʜʣʷ 5-ʄʵɺʥʦʡ ʘʣʴʬʘ-ʯʘʩʪʠʮʳ ʩʦʩʪʘʚʣʷʝʪ 2,7 ʢʵɺ 

 

ʊʨʝʢʠ (ʚʠʟʫʘʣʠʟʠʨʦʚʘʥʥʳʝ ʪʨʘʝʢʪʦʨʠʠ) ʘʣʴʬʘ-ʯʘʩʪʠʮ   

ʚ ʢʘʤʝʨʝ ɺʠʣʴʩʦʥʘ (cloud chamber) 

https://www.youtube.com/watch?v=noP7HT-Uins
https://www.youtube.com/watch?v=noP7HT-Uins
https://www.youtube.com/watch?v=noP7HT-Uins
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ʏʝʤ ʙʦʣʴʰʝ ʥʘʯʘʣʴʥʘʷ ʢʠʥʝʪʠʯʝʩʢʘʷ ʵʥʝʨʛʠʷ ʪʷʞʸʣʳʭ ʟʘʨʷʞʝʥʥʳʭ ʯʘʩʪʠʮ (ʠʦʥʦʚ), ʪʝʤ 

ʙʦʣʴʰʫʶ ʨʦʣʴ ʚ ʠʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʩ ʪʚʝʨʜʳʤʠ ʤʘʪʝʨʠʘʣʘʤʠ ʠʛʨʘʝʪ ʧʦʪʝʨʷ ʵʥʝʨʛʠʠ ʥʘ 

ʠʦʥʠʟʘʮʠʶ ʠ ʪʝʤ ʤʝʥʴʰʫʶ ð ʩʪʦʭʘʩʪʠʯʝʩʢʠʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩ ʷʜʨʘʤʠ. ɺ ʨʝʟʫʣʴʪʘʪʝ 

ʠʦʥʳ ʩ ʚʳʩʦʢʦʡ ʵʥʝʨʛʠʝʡ ʜʚʠʞʫʪʩʷ ʧʨʘʢʪʠʯʝʩʢʠ ʧʦ ʧʨʷʤʦʡ, ʘ ʠʦʥʳ ʩ ʥʠʟʢʦʡ ʵʥʝʨʛʠʝʡ ð 

ʙʦʣʝʝ ʭʘʦʪʠʯʥʦ. 
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ʋʜʝʣʴʥʳʝ ʧʦʪʝʨʠ ʵʥʝʨʛʠʠ ʟʘʨʷʞʝʥʥʦʡ ʯʘʩʪʠʮʝʡ 

  

ʊʦʨʤʦʟʥʘʷ ʩʧʦʩʦʙʥʦʩʪʴ ʚʝʱʝʩʪʚʘ ʤʦʞʝʪ 

ʙʳʪʴ ʦʭʘʨʘʢʪʝʨʠʟʦʚʘʥʘ ʚʝʣʠʯʠʥʦʡ 

ʫʜʝʣʴʥʳʭ ʧʦʪʝʨʴ ʵʥʝʨʛʠʠ  

 

dE/dx,  

 

ʛʜʝ dE ī ʵʥʝʨʛʠʷ, ʪʝʨʷʝʤʘʷ ʯʘʩʪʠʮʝʡ ʚ 

ʩʣʦʝ ʚʝʱʝʩʪʚʘ ʪʦʣʱʠʥʦʡ dx. 

dE/dx 

ɿʘʚʠʩʠʤʦʩʪʴ ʫʜʝʣʴʥʦʡ ʧʦʪʝʨʠ ʵʥʝʨʛʠʠ ʚ ʚʦʟʜʫʭʝ ʦʪ 

ʵʥʝʨʛʠʠ ʯʘʩʪʠʮʳ ʜʣʷ ʥʝʩʢʦʣʴʢʠʭ ʪʠʧʦʚ ʯʘʩʪʠʮ 
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ʋʜʝʣʴʥʳʝ ʧʦʪʝʨʠ ʵʥʝʨʛʠʠ 

ʚʦʟʨʘʩʪʘʶʪ ʩ ʫʤʝʥʴʰʝʥʠʝʤ ʵʥʝʨʛʠʠ 

ʯʘʩʪʠʮʳ ʠ ʦʩʦʙʝʥʥʦ ʨʝʟʢʦ ʧʝʨʝʜ 

ʦʩʪʘʥʦʚʢʦʡ ʯʘʩʪʠʮʳ ʚ ʚʝʱʝʩʪʚʝ 

(ʧʠʢ ɹʨʵʛʛʘ). 

 

ɺ 1930 ʛʦʜʫ ɻʘʥʩ ɹʝʪʝ ʚʳʚʝʣ 

ʬʦʨʤʫʣʫ ʜʣʷ ʨʘʩʯʸʪʘ ʫʜʝʣʴʥʳʭ 

ʧʦʪʝʨʴ ʵʥʝʨʛʠʠ ʪʷʞʸʣʦʡ 

ʟʘʨʷʞʝʥʥʦʡ ʯʘʩʪʠʮʝʡ ʚ ʚʝʱʝʩʪʚʝ 

(ʬʦʨʤʫʣʘ ɹʝʪʝ-ɹʣʦʭʘ): 

ʛʜʝ                     

ze ï ʵʣʝʢʪʨʠʯʝʩʢʠʡ ʟʘʨʷʜ ʯʘʩʪʠʮʳ 

Z, A, r -  ʘʪʦʤʥʳʡ ʥʦʤʝʨ, ʘʪʦʤʥʳʡ ʚʝʩ, ʧʣʦʪʥʦʩʪʴ ʩʨʝʜʳ 

N0 ï ʯʠʩʣʦ ɸʚʦʛʘʜʨʦ , m ï ʤʘʩʩʘ ʵʣʝʢʪʨʦʥʘ   
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ʋʜʝʣʴʥʳʝ ʧʦʪʝʨʠ ʵʥʝʨʛʠʠ ʠʦʥʘʤʠ ʚʦʜʦʨʦʜʘ ʠ ʛʝʣʠʷ                       

ʚ ʨʘʟʣʠʯʥʳʭ ʩʨʝʜʘʭ 

ʀʟʤʝʥʝʥʠʝ ʵʥʝʨʛʝʪʠʯʝʩʢʦʛʦ 

ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʯʘʩʪʠʮ ʚ ʧʫʯʢʝ 

ʧʦ ʤʝʨʝ  ʧʨʦʭʦʞʜʝʥʠʷ ʩʣʦʷ 

ʚʝʱʝʩʪʚʘ ʪʦʣʱʠʥʦʡ ʍ 
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ʀʦʥʠʟʘʮʠʦʥʥʳʝ ʧʦʪʝʨʠ ʪʷʞʸʣʳʭ ʟʘʨʷʞʝʥʥʳʭ ʯʘʩʪʠʮ ʚ ʨʘʟʥʳʭ ʚʝʱʝʩʪʚʘʭ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ 

ʠʤʧʫʣʴʩʘ ʯʘʩʪʠʮʳ  ɓɔ 

1-2 

ʄʵɺ/ʛ/ʩʤ2 
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ʀʜʝʥʪʠʬʠʢʘʮʠʷ ʯʘʩʪʠʮ ʧʦ dE/dx 

http://www.kip.uni-heidelberg.de/~coulon/Lectures/Detectors/Free_PDFs/Lecture2.pdf  

http://www.kip.uni-heidelberg.de/~coulon/Lectures/Detectors/Free_PDFs/Lecture2.pdf
http://www.kip.uni-heidelberg.de/~coulon/Lectures/Detectors/Free_PDFs/Lecture2.pdf
http://www.kip.uni-heidelberg.de/~coulon/Lectures/Detectors/Free_PDFs/Lecture2.pdf
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ʇʦʪʝʨʠ ʵʥʝʨʛʠʠ ʚ ʪʦʥʢʠʭ ʧʦʛʣʦʪʠʪʝʣʷʭ 

ʌʣʫʢʪʫʘʮʠʠ 

ʠʦʥʠʟʘʮʠʦʥʥʳʭ 

ʧʦʪʝʨʴ ʚ ʪʦʥʢʠʭ 

ʩʣʦʷʭ ï 

ʨʘʩʧʨʝʜʝʣʝʥʠʝ 

ʃʘʥʜʘʫ 
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ʇʨʦʙʝʛ ʟʘʨʷʞʝʥʥʦʡ ʯʘʩʪʠʮʳ 

ɿʘʚʠʩʠʤʦʩʪʴ ʠʟʤʝʥʝʥʠʷ 

ʠʥʪʝʥʩʠʚʥʦʩʪʠ I  ʧʝʨʚʦʥʘʯʘʣʴʥʦ 

ʤʦʥʦʵʥʝʨʛʝʪʠʯʥʳʭ ʘʣʴʬʘ-ʯʘʩʪʠʮ ʦʪ 

ʧʫʪʠ x, ʧʨʦʡʜʝʥʥʦʛʦ ʠʤʠ ʚ 

ʚʝʱʝʩʪʚʝ. 
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http://www.google.ru/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&ved=0ahUKEwiUhPbDtrbLAhXGE5oKHfSABzEQjRwIBw&url=http%3A%2F%2Fdic.academic.ru%2Fdic.nsf%2Fbse%2F63176%2F%25D0%2590%25D0%25BB%25D1%258C%25D1%2584%25D0%25B0&bvm=bv.116573086,d.bGs&psig=AFQjCNGvHt9UM8vhOlBTJq4Uq9dzeZ6GLQ&ust=1457709843569093
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ʇʦʣʫʵʤʧʠʨʠʯʝʩʢʘʷ ʬʦʨʤʫʣʘ 

(ʧʨʘʚʠʣʦ ɹʨʵʛʛʘ-ʂʣʠʤʘʥʘ) 

ʜʣʷ ʦʮʝʥʢʠ ʧʨʦʙʝʛʘ ʯʘʩʪʠʮʳ 

ʚ ʚʝʱʝʩʪʚʝ, ʝʩʣʠ ʠʟʚʝʩʪʝʥ ʝʸ 

ʧʨʦʙʝʛ ʚ ʜʨʫʛʦʤ ʚʝʱʝʩʪʚʝ 
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ʄʥʦʛʦʢʨʘʪʥʦʝ ʨʘʩʩʝʷʥʠʝ 

ɿʘʨʷʞʝʥʥʘʷ ʯʘʩʪʠʮʘ, ʜʚʠʞʫʱʘʷʩʷ ʚ ʚʝʱʝʩʪʚʝ, ʠʩʧʳʪʳʚʘʝʪ 

ʙʦʣʴʰʦʝ ʯʠʩʣʦ ʩʪʦʣʢʥʦʚʝʥʠʡ, ʧʨʠʚʦʜʷʱʠʭ ʢ ʠʟʤʝʥʝʥʠʶ 

ʥʘʧʨʘʚʣʝʥʠʷ ʝʸ ʜʚʠʞʝʥʠʷ. ʕʪʦʪ ʧʨʦʮʝʩʩ ʥʘʟʳʚʘʝʪʩʷ 

ʤʥʦʛʦʢʨʘʪʥʳʤ ʢʫʣʦʥʦʚʩʢʠʤ ʨʘʩʩʝʷʥʠʝʤ.  

ʋʛʦʣ ʨʘʩʩʝʷʥʠʷ ʚ ʝʜʠʥʠʯʥʦʤ ʘʢʪʝ ʨʘʩʩʝʷʥʠʷ  

ʆʪʩʶʜʘ ʜʣʷ ʩʨʝʜʥʝʛʦ ʢʚʘʜʨʘʪʘ ʫʛʣʘ ʤʥʦʛʦʢʨʘʪʥʦʛʦ ʨʘʩʩʝʷʥʠʷ 

ʥʘ ʧʫʪʠ x ʚ ʚʝʱʝʩʪʚʝ ʩ ʧʣʦʪʥʦʩʪʴʶ ʷʜʝʨ n 

ɽʩʣʠ ʚʳʙʨʘʪʴ ʜʣʷ ʦʮʝʥʢʠ ʚ ʢʘʯʝʩʪʚʝ bʤʘʢʩ ʠ bʤʠʥ ʨʘʟʤʝʨʳ ʘʪʦʤʘ ʠ ʷʜʨʘ, ʪʦ  

ʛʜʝ A ī ʘʪʦʤʥʘʷ ʤʘʩʩʘ ʚʝʱʝʩʪʚʘ ʚ ʘ.ʝ.ʤ., pv ī ʚ ʄʵɺ, x ī ʚ ʩʤ 

ɼʣʷ ʪʷʞʸʣʦʡ ʥʝʨʝʣʷʪʠʚʠʩʪʩʢʦʡ ʟʘʨʷʞʝʥʥʦʡ ʯʘʩʪʠʮʳ p = mv  ʠ, ʚʚʠʜʫ ʙʦʣʴʰʦʡ ʚʝʣʠʯʠʥʳ 

ʝʸ ʤʘʩʩʳ m ʠ ʤʘʣʦʩʪʠ ʧʨʦʙʝʛʘ x, ʩʨʝʜʥʠʡ ʫʛʦʣ ʨʘʩʩʝʷʥʠʷ ʥʝʚʝʣʠʢ ʠ ʪʨʘʝʢʪʦʨʠʷ 

ʧʨʘʢʪʠʯʝʩʢʠ ʧʨʷʤʦʣʠʥʝʡʥʘ  
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3.  ɺʟʘʠʤʦʜʝʡʩʪʚʠʝ ʵʣʝʢʪʨʦʥʦʚ ʩ ʚʝʱʝʩʪʚʦʤ 

ʇʨʦʭʦʞʜʝʥʠʝ ʵʣʝʢʪʨʦʥʦʚ ʯʝʨʝʟ ʚʝʱʝʩʪʚʦ ʦʪʣʠʯʘʝʪʩʷ ʦʪ ʧʨʦʭʦʞʜʝʥʠʷ ʪʷʞʸʣʳʭ 

ʟʘʨʷʞʝʥʥʳʭ ʯʘʩʪʠʮ. ɻʣʘʚʥʘʷ ʧʨʠʯʠʥʘ - ʤʘʣʘʷ ʤʘʩʩʘ ʵʣʝʢʪʨʦʥʘ.  

 

ʆʪʥʦʩʠʪʝʣʴʥʦ ʙʦʣʴʰʦʝ ʠʟʤʝʥʝʥʠʝ ʠʤʧʫʣʴʩʘ ʵʣʝʢʪʨʦʥʘ ʧʨʠ ʢʘʞʜʦʤ ʩʪʦʣʢʥʦʚʝʥʠʠ 

ʩ ʯʘʩʪʠʮʘʤʠ ʩʨʝʜʳ ʚʳʟʳʚʘʝʪ ʟʘʤʝʪʥʦʝ ʠʟʤʝʥʝʥʠʝ ʥʘʧʨʘʚʣʝʥʠʷ ʜʚʠʞʝʥʠʷ ʵʣʝʢʪʨʦʥʘ 

(ʧʨʠʜʘʸʪ ʫʩʢʦʨʝʥʠʝ!)                  ʚʦʟʥʠʢʘʝʪ  ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʝ (çʪʦʨʤʦʟʥʦʝè) ʠʟʣʫʯʝʥʠʝ. 

 

ʄʦʱʥʦʩʪʴ ʠʟʣʫʯʝʥʠʷ W  ʟʘʨʷʜʘ, ʠʩʧʳʪʳʚʘʶʱʝʛʦ ʫʩʢʦʨʝʥʠʝ a 

 

 

 

ʋʩʢʦʨʝʥʠʝ ʯʘʩʪʠʮʳ ʩ ʟʘʨʷʜʦʤ ze ʠ ʤʘʩʩʦʡ m, ʧʨʦʣʝʪʘʶʱʝʡ ʥʘ ʨʘʩʩʪʦʷʥʠʠ b ʦʪ ʘʪʦʤʥʦʛʦ 

ʷʜʨʘ c ʟʘʨʷʜʦʤ Ze, ʤʦʞʥʦ ʦʮʝʥʠʪʴ ʢʘʢ 

 

 

 

 

ʋʜʝʣʴʥʳʝ ʧʦʪʝʨʠ ʵʥʝʨʛʠʠ ʵʣʝʢʪʨʦʥʦʚ ʷʚʣʷʶʪʩʷ ʩʫʤʤʦʡ ʠʦʥʠʟʘʮʠʦʥʥʳʭ ʠ 

ʨʘʜʠʘʮʠʦʥʥʳʭ ʧʦʪʝʨʴ 



ʌʦʨʤʫʣʘ ɹʝʪʝ ʜʣʷ ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʧʦʪʝʨʴ ʵʣʝʢʪʨʦʥʦʚ ʩ ʢʠʥʝʪʠʯʝʩʢʦʡ ʵʥʝʨʛʠʝʡ ʊ: 

 

 

ʀʦʥʠʟʘʮʠʦʥʥʳʝ ʧʦʪʝʨʠ 

 

 

 

 

 

 

 

 

ʈʘʜʠʘʮʠʦʥʥʳʝ ʧʦʪʝʨʠ 
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ʈʘʜʠʘʮʠʦʥʥʳʝ ʧʦʪʝʨʠ ʜʣʷ ʵʣʝʢʪʨʦʥʦʚ ʧʨʝʥʝʙʨʝʞʠʤʦ ʤʘʣʳ ʧʨʠ ʊ < 1 ʄʵɺ; 

 

 ʧʨʠ T > 100 ʄʵɺ ʨʘʜʠʘʮʠʦʥʥʳʝ ʧʦʪʝʨʠ ʚ ʞʝʣʝʟʝ ʠ ʩʚʠʥʮʝ ʧʨʝʚʳʰʘʶʪ 

ʠʦʥʠʟʘʮʠʦʥʥʳʝ ʧʦʪʝʨʠ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʚ 3 ʠ 10 ʨʘʟ 
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ʂʨʠʪʠʯʝʩʢʘʷ ʵʥʝʨʛʠʷ 

ʂʨʠʪʠʯʝʩʢʘʷ ʵʥʝʨʛʠʷ ī ʵʪʦ ʵʥʝʨʛʠʷ, ʧʨʠ ʢʦʪʦʨʦʡ (dE/dx)ʨʘʜ å (dE/dx)ʠʦʥʠʟ.  

 

 

 

 

 

ɽʩʣʠ   (dE/dx)ʨʘʜ >> (dE/dx)ʠʦʥʠʟ           ʪʦ E = E0exp(-x/Lr)                       |dE/dx|ʨʘʜ å E/Lr,  

ʛʜʝ   Lr  - ʨʘʜʠʘʮʠʦʥʥʘʷ ʜʣʠʥʘ 
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ʂʨʠʪʠʯʝʩʢʠʝ ʵʥʝʨʛʠʠ ʵʣʝʢʪʨʦʥʦʚ Eʢʨʠʪ ʠ 

ʨʘʜʠʘʮʠʦʥʥʳʝ ʜʣʠʥʳ Lr ʜʣʷ ʨʘʟʣʠʯʥʳʭ ʚʝʱʝʩʪʚ 

ʋʜʝʣʴʥʳʝ ʠʦʥʠʟʘʮʠʦʥʥʳʝ ʠ 

ʨʘʜʠʘʮʠʦʥʥʳʝ ʧʦʪʝʨʠ ʵʥʝʨʛʠʠ 

ʵʣʝʢʪʨʦʥʦʚ ʚ ʤʝʜʠ                                              

ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʵʥʝʨʛʠʠ 
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ɺʟʘʠʤʦʜʝʡʩʪʚʠʝ ʧʦʟʠʪʨʦʥʦʚ ʩ ʚʝʱʝʩʪʚʦʤ 

ʇʦʟʠʪʨʦͥʥ ð ʘʥʪʠʯʘʩʪʠʮʘ ʵʣʝʢʪʨʦʥʘ --  

ʦʪʢʨʳʪ ʂ.ɼ.ɸʥʜʝʨʩʦʥʦʤ ʚ 1932 ʛ. (ʅ.ʧ. 1936ʛ.), 

ʠʤʝʝʪ ʵʣʝʢʪʨʠʯʝʩʢʠʡ ʟʘʨʷʜ +1, ʩʧʠʥ 1/2, 

ʣʝʧʪʦʥʥʳʡ ʟʘʨʷʜ ī1 ʠ ʤʘʩʩʫ, ʨʘʚʥʫʶ ʤʘʩʩʝ 

ʵʣʝʢʪʨʦʥʘ (0,5109989 ʄʵɺ/ʩ2). ʅʘʙʣʶʜʝʥʠʝ ʧʦʟʠʪʨʦʥʘ ʚ ʢʘʤʝʨʝ ɺʠʣʴʩʦʥʘ 

ʂʘʨʣʦʤ ɸʥʜʝʨʩʦʥʦʤ 
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ɿʘʚʠʩʠʤʦʩʪʴ ʵʥʝʨʛʠʠ ʘʥʥʠʛʠʣʷʮʠʦʥʥʳʭ ɔ-ʢʚʘʥʪʦʚ ʦʪ 

ʫʛʣʘ ɗ ʤʝʞʜʫ ʥʘʧʨʘʚʣʝʥʠʝʤ ʠʩʧʫʩʢʘʥʠʷ ʬʦʪʦʥʘ ʠ 

ʥʘʧʨʘʚʣʝʥʠʝʤ ʜʚʠʞʝʥʠʷ ʧʦʟʠʪʨʦʥʘ ʜʣʷ ʧʦʟʠʪʨʦʥʦʚ ʩ 

ʵʥʝʨʛʠʝʡ 20 ʄʵɺ 



23  

ʋʜʝʣʴʥʳʝ ʵʥʝʨʛʝʪʠʯʝʩʢʠʝ ʧʦʪʝʨʠ ʵʣʝʢʪʨʦʥʦʚ ʠ ʧʦʟʠʪʨʦʥʦʚ ʚ ʩʚʠʥʮʝ 
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 4.  ɺʟʘʠʤʦʜʝʡʩʪʚʠʝ ʛʘʤʤʘ-ʢʚʘʥʪʦʚ ʩ ʚʝʱʝʩʪʚʦʤ 

ʄʝʩʪʦ ʛʘʤʤʘ-ʢʚʘʥʪʦʚ ʚ ʩʧʝʢʪʨʝ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʭ ʠʟʣʫʯʝʥʠʡ 

ʂ ʛʘʤʤʘ-ʠʟʣʫʯʝʥʠʶ ʦʪʥʦʩʷʪ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʝ ʚʦʣʥʳ, ʜʣʠʥʘ ʢʦʪʦʨʳʭ ʟʥʘʯʠʪʝʣʴʥʦ ʤʝʥʴʰʝ 

ʤʝʞʘʪʦʤʥʳʭ ʨʘʩʩʪʦʷʥʠʡ, ʧʦʵʪʦʤʫ ʦʥʠ ʦʙʣʘʜʘʶʪ ʷʨʢʦ ʚʳʨʘʞʝʥʥʳʤʠ ʢʦʨʧʫʩʢʫʣʷʨʥʳʤʠ 

ʩʚʦʡʩʪʚʘʤʠ. ʉʦʜʝʨʞʘʥʠʝ g-ʢʚʘʥʪʦʚ ʚʦ ɺʩeʣʝʥʥʦʡ ~400 ʩʤ-3 

http://www.wikilectures.eu/index.php/File:EM_Spectrum_Properties_edit.svg
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 ʂʦʵʬʬʠʮʠʝʥʪ ʧʦʛʣʦʱʝʥʠʷ ʛʘʤʤʘ-ʢʚʘʥʪʦʚ 

https://en.wikibooks.org/wiki/File:NM7_1.gif
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 ʌʦʪʦʵʬʬʝʢʪ 

ʅʦʙʝʣʝʚʩʢʘʷ ʧʨʝʤʠʷ ʧʦ ʬʠʟʠʢʝ 1921 ʛʦʜʘ ʙʳʣʘ ʧʨʠʩʫʞʜʝʥʘ ɸ. ʕʡʥʰʪʝʡʥʫ çʟʘ ʟʘʩʣʫʛʠ ʚ ʪʝʦʨʝʪʠʯʝʩʢʦʡ 

ʬʠʟʠʢʝ ʠ ʦʩʦʙʝʥʥʦ ʟʘ ʦʪʢʨʳʪʠʝ ʟʘʢʦʥʘ ʬʦʪʦʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʵʬʬʝʢʪʘè  (ʜʠʩʢʨʝʪʥʦʩʪʴ ʩʚʝʪʘ)  

ɼʣʷ ʢʘʞʜʦʛʦ ʚʝʱʝʩʪʚʘ ʩʫʱʝʩʪʚʫʝʪ ʛʨʘʥʠʯʥʘʷ ʯʘʩʪʦʪʘ (ʵʥʝʨʛʠʷ ʬʦʪʦʥʘ) ʩʚʝʪʘ, ʥʠʞʝ ʢʦʪʦʨʦʡ 

ʬʦʪʦʵʬʬʝʢʪ ʥʝ ʥʘʙʣʶʜʘʝʪʩʷ. ʕʪʘ ʯʘʩʪʦʪʘ ʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʘʷ ʜʣʠʥʘ ʚʦʣʥʳ ʥʘʟʳʚʘʝʪʩʷ  

ʢʨʘʩʥʦʡ (ʥʠʞʥʝʡ) ʛʨʘʥʠʮʝʡ ʬʦʪʦʵʬʬʝʢʪʘ 

http://www.google.ru/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0ahUKEwi3v7imxMrLAhWFQJoKHVFrD6UQjRwIBw&url=http%3A%2F%2Fphoton-science.desy.de%2Fnews__events%2Fnews__highlights%2Farchive%2Farchive_of_2009%2Fflash_experiment_at_the_limits_of_the_photoelectric_effect_april_2009%2Findex_eng.html&psig=AFQjCNFXlNjkO3f2QaWf9ErPrpanwduV_g&ust=1458400713884363
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ɺʝʨʦʷʪʥʦʩʪʴ ʬʦʪʦʧʦʛʣʘʱʝʥʠʷ ʚ ʩʨʝʜʝ ~ ZN/E3.5 

 

Z ï ʟʘʨʷʜ ʷʜʨʘ (ʘʪʦʤʥʳʡ ʥʦʤʝʨ) 

N = 4-5 

E ï ʵʥʝʨʛʠʷ ʛʘʤʤʘ-ʢʚʘʥʪʘ 

ʀʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ 

ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʤʘʪʝʨʠʘʣʦʚ 

https://www.google.ru/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0ahUKEwjau-3xj8rLAhWEAJoKHQXyAa0QjRwIBw&url=https%3A%2F%2Fcourses.ecampus.oregonstate.edu%2Fne581%2Fthree%2Findex3.htm&psig=AFQjCNGesevtJahORIRlw3fkZWGmmqXt2g&ust=1458385540497254
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ɻʘʤʤʘ-ʩʧʝʢʪʨʦʤʝʪʨʠʷ ʠ ʠʜʝʥʪʠʬʠʢʘʮʠʷ ʠʟʦʪʦʧʦʚ 
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 ʕʬʬʝʢʪ ʂʦʤʧʪʦʥʘ 

ʇʦʣʥʦʝ ʩʝʯʝʥʠʝ ʢʦʤʧʪʦʥʦʚʩʢʦʛʦ ʨʘʩʩʝʷʥʠʷ ʥʘ ʩʚʦʙʦʜʥʦʤ ʵʣʝʢʪʨʦʥʝ 

(ʬʦʨʤʫʣʘ ʂʣʝʡʥʘ ð ʅʠʰʠʥʳ , 1928) ʉʠʥʠʤ ʧʦʢʘʟʘʥʘ ʫʛʣʦʚʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ʜʣʷ 

ʪʦʤʩʦʥʦʚʩʢʦʛʦ (ʨʵʣʝʝʚʩʢʦʛʦ) ʫʧʨʫʛʦʛʦ 

ʨʘʩʩʝʷʥʠʷ, ʪ.ʝ. ʜʣʷ ʩʣʫʯʘʷ, ʢʦʛʜʘ ʵʥʝʨʛʠʷ 

ʬʦʪʦʥʘ ʤʘʣʘ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʤʘʩʩʦʡ 

ʵʣʝʢʪʨʦʥʘ 
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ʋʛʣʦʚʳʝ ʟʘʚʠʩʠʤʦʩʪʠ ʵʥʝʨʛʠʡ ʨʘʩʩʝʷʥʥʦʛʦ ʬʦʪʦʥʘ ʠ ʵʣʝʢʪʨʦʥʘ ʦʪʜʘʯʠ ʧʨʠ 

ʂʦʤʧʪʦʥʦʚʩʢʦʤ ʨʘʩʩʝʷʥʠʠ ʛʘʤʤʘ-ʢʚʘʥʪʦʚ ʩ ʵʥʝʨʛʠʝʡ 500 ʢʵɺ 

https://www.google.ru/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0ahUKEwit48iSj8rLAhWEQZoKHaRTD64QjRwIBw&url=https%3A%2F%2Fen.wikibooks.org%2Fwiki%2FBasic_Physics_of_Nuclear_Medicine%2FInteraction_of_Radiation_with_Matter&psig=AFQjCNGesevtJahORIRlw3fkZWGmmqXt2g&ust=1458385540497254
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Mod.Phys.Lett. A28 (2013) 1340025 arXiv:1302.1713 [physics.ins-det]   

ʉʨʘʚʥʝʥʠʝ ʵʥʝʨʛʝʪʠʯʝʩʢʠʡ ʟʘʚʠʩʠʤʦʩʪʝʡ ʩʝʯʝʥʠʡ ʬʦʪʦʵʬʬʝʢʪʘ ʠ                                              

ʂʦʤʧʪʦʥʦʚʩʢʦʛʦ ʨʘʩʩʝʷʥʠʷ ʜʣʷ ʨʘʟʥʳʭ ʩʨʝʜ 
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 ʈʦʞʜʝʥʠʝ ʵʣʝʢʪʨʦʥ-ʧʦʟʠʪʨʦʥʥʳʭ ʧʘʨ 

Åɺʟʘʠʤʦʜʝʡʩʪʚʠʝ ʬʦʪʦʥʘ ʩ ʧʦʣʝʤ ʷʜʨʘ 

Åʆʙʨʘʪʥʳʡ ʧʨʦʮʝʩʩ - ʘʥʥʠʛʠʣʷʮʠʷ 

Åʇʦʨʦʛ ʨʝʘʢʮʠʠ 1.022 ʄʵɺ = 2 me 

Åʉʝʯʝʥʠʝ:  

           ʨʝʟʢʦ ʨʘʩʪʸʪ ʧʦʩʣʝ ʧʦʨʦʛʘ 

           ʩʠʣʴʥʦ ʟʘʚʠʩʠʪ ʦʪ ʘʪ ʥʦʤʝʨʘ ~Z2 

ɺʝʨʦʷʪʥʦʩʪʴ ʦʙʨʘʟʦʚʘʥʠʷ ʬʦʪʦʥʦʤ  

ʵʣʝʢʪʨʦʥ-ʧʦʟʠʪʨʦʥʥʦʡ ʧʘʨʳ 

http://www.google.ru/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0ahUKEwjgnf3docrLAhUJD5oKHV0-A2kQjRwIBw&url=http%3A%2F%2Fhyperphysics.phy-astr.gsu.edu%2Fhbase%2Frelativ%2Freleng.html&psig=AFQjCNGesevtJahORIRlw3fkZWGmmqXt2g&ust=1458385540497254
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ʄʦʥʪʝ-ʂʘʨʣʦ ʩʠʤʫʣʠʨʦʚʘʥʠʝ ʵʣʝʢʪʨʦʥʥʦʛʦ ʣʠʚʥʷ ʚ 

ʢʨʠʩʪʘʣʣʝ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʛʦ ʢʘʣʦʨʠʤʝʪʨʘ 

ʕʄ-ʣʠʚʝʥʴ ʚ ʢʘʤʝʨʝ ɺʠʣʴʩʦʥʘ 

ʩʦ ʩʚʠʥʮʦʚʳʤʠ ʧʣʘʩʪʠʥʘʤʠ 

ʕʄ-ʣʠʚʝʥʴ ʚ ʘʪʤʦʩʬʝʨʝ ʦʪ 

ʵʥʝʨʛʠʯʥʦʛʦ ʛʘʤʤʘ-ʢʚʘʥʪʘ ʠʟ 

ʢʦʩʤʦʩʘ 

ʈʦʞʜʝʥʠʝ ʧʘʨ ʦʪ ʵʥʝʨʛʠʯʥʳʭ 

ʛʘʤʤʘ-ʢʚʘʥʪʦʚ ʚ ʧʫʟʳʨʴʢʦʚʦʡ 

ʢʘʤʝʨʝ ʚ ʤʘʛʥʠʪʥʦʤ ʧʦʣʝ 

https://www.google.ru/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0ahUKEwixqNzykdTLAhVJG5oKHc4rC2kQjRwIBw&url=https%3A%2F%2Fwww.mppmu.mpg.de%2F~menke%2Felss%2Fhome.shtml&bvm=bv.117218890,d.bGs&psig=AFQjCNH7GSnTZVILih2bJiEGRhzNBvbZng&ust=1458730808850295
http://www.google.ru/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0ahUKEwi_9dfKktTLAhXFNpoKHXsWCGwQjRwIBw&url=http%3A%2F%2Fwww.cloudylabs.fr%2Fwp%2Fcasc_elect%2F&bvm=bv.117218890,d.bGs&psig=AFQjCNH7GSnTZVILih2bJiEGRhzNBvbZng&ust=1458730808850295
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ʌʦʪʦʛʨʘʬʠʷ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʛʦ ʣʠʚʥʷ ʚ 

180-ʣʠʪʨʦʚʦʡ ʢʩʝʥʦʥʦʚʦʡ ʢʘʤʝʨʝ ʀʊʕʌʘ  

800-ʣʠʪʨʦʚʘʷ ʞʠʜʢʦʢʩʝʥʦʥʦʚʘ ʢʘʤʝʨʘ ɼʀɸʅɸ (ʀʊʕʌ) 

Electromagnetic shower observed in the ICARUS LAr drift chamber 

during the technical run with cosmic rays at Pavia, summer 2001 

http://www.physbook.ru/images/9/9a/Img_Kvant_A-2001-06-007.jpg
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ɸʣʶʤʠʥʠʡ ʉʚʠʥʝʮ 
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ɺ 1920 ʛʦʜʫ ʕ. ʈʝʟʝʨʬʦʨʜ ʧʨʝʜʧʦʣʦʞʠʣ, ʯʪʦ ʷʜʨʦ ʘʪʦʤʘ  

ʩʦʩʪʦʠʪ ʠʟ ʧʨʦʪʦʥʦʚ ʠ ʥʝʡʪʨʘʣʴʥʳʭ ʯʘʩʪʠʮ ʥʝʡʪʨʦʥʦʚ,  

ʩʬʦʨʤʠʨʦʚʘʥʥʳʭ ʢʘʢʠʤ-ʪʦ ʦʙʨʘʟʦʤ ʠʟ ʧʨʦʪʦʥʦʚ ʠ ʵʣʝʢʪʨʦʥʦʚ 

 

 

ɺ 1930 ʛʦʜʫ ɺ. ɹʦʪʝ ʠ ɻ. ɹʝʢʢʝʨ ʦʪʢʨʳʣʠ ʚʳʩʦʢʦʧʨʦʥʠʢʘʶʱʝʝ, 

ʥʦ ʥʝ ʠʦʥʠʟʠʨʫʶʱʝʝ ʠʟʣʫʯʝʥʠʝ, ʚʦʟʥʠʢʘʶʱʝʝ ʧʨʠ 

ʙʦʤʙʘʨʜʠʨʦʚʢʘ ʣʸʛʢʠʭ ʵʣʝʤʝʥʪʦʚ ʘʣʴʬʘ-ʯʘʩʪʠʮʘʤʠ. 

ɺ 1932 ʛʦʜʫ ʄ.ʂʶʨʠ ʠ ʌ.ɾʦʣʠʦ ʦʙʥʘʨʫʞʠʣʠ, ʯʪʦ ʵʪʦ ʠʟʣʫʯʝʥʠʝ 

ʚʳʙʠʚʘʝʪ ʵʥʝʨʛʠʯʥʳʝ ʧʨʦʪʦʥʳ ʠʟ ʧʘʨʘʬʠʥʘ.  

 

ɺʩʢʦʨʝ ʧʦʩʣʝ ʵʪʦʛʦ ʚ ʪʦʤ ʞʝ 1932 ʛ. ɼʞʝʡʤʩ ʏʝʜʚʠʢ (Sir James 

Chadwick) ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʜʦʢʘʟʘʣ, ʯʪʦ ʵʪʦ ʠʟʣʫʯʝʥʠʝ ʥʝ 

ʛʘʤʤʘ-ʢʚʘʥʪʳ ʠ ʧʨʝʜʧʦʣʦʞʠʣ, ʯʪʦ ʵʪʦ ʥʝʡʪʨʦʥʳ ʠ 

ʦʧʨʝʜʝʣʠʣ ʠʭ ʤʘʩʩʫ, ʩʨʘʚʥʠʚʘʷ ʵʥʝʨʛʠʶ ʠ ʠʤʧʫʣʴʩʳ ʷʜʝʨ 

ʦʪʜʘʯʠ ʚʦʜʦʨʦʜʘ ʠ ʘʟʦʪʘ, ʟʘ ʯʪʦ ʧʦʣʫʯʠʣ ʅʦʙʝʣʝʚʩʢʫʶ 

ʧʨʝʤʠʶ ʧʦ ʬʠʟʠʢʝ ʚ 1935 ʛʦʜʫ. 

 

ɺcʢʦʨʝ ʧʦʩʣʝ ʵʪʦʛʦ ʦʪʢʨʳʪʠʷ ɺ. ɻʝʡʟʝʥʙʝʨʛʦʤ ʠ ʜʨʫʛʠʤʠ ʙʳʣʘ 

ʩʦʟʜʘʥʘ ʤʦʜʝʣʴ ʷʜʨʘ, ʩʦʩʪʦʷʱʝʛʦ ʠʟ ʧʨʦʪʦʥʦʚ ʠ ʥʝʡʪʨʦʥʦʚ 

5. ʅʝʡʪʨʦʥʳ ʠ ʠʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʩ ʚʝʱʝʩʪʚʦʤ 

ɼʞ.ʏʝʜʚʠʢ 

(1891-1974) 

http://www.google.ru/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0CAcQjRxqFQoTCNObuJK6lscCFSVzcgodKGABUA&url=http%3A%2F%2Fansnuclearcafe.org%2F2011%2F10%2F19%2Fpioneers102011%2Fneutron-vs-proton-260x220%2F&ei=-17EVZOyEqXmyQOowIWABQ&bvm=bv.99804247,d.bGQ&psig=AFQjCNHsGYvTTp-_bQdBqJ6v_qcyB6GSXw&ust=1439019103569510


ʉʚʦʡʩʪʚʘ ʥʝʡʪʨʦʥʘ: 

 

Å  ʄʘʩʩʘ 939,565 4133(58) ʄʵɺ = 1,674 927 471(21)Ŀ10ī27 ʢʛ  = 1,008 664 915 

88(49) ʘ. ʝ. ʤ. = mp + 1,29343 ʄʵɺ 

Å  ɿʘʨʷʜ 0 . ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ  (ī0,2Ñ0,8)Ŀ10ī21ʝ 

Å  ʉʧʠʥ  İ 

Å  ʀʟʦʪʦʧʠʯʝʩʢʠʡ ʩʧʠʥ   İ 

Å  ɹʘʨʠʦʥʥʦʝ ʯʠʩʣʦ 1 

Å  ʄʘʛʥʠʪʥʳʡ ʤʦʤʝʥʪ     ī1,913 042 73(45) ʷʜʝʨʥʦʛʦ ʤʘʛʥʝʪʦʥʘ ɹʦʨʘ 

Å  ɺʥʫʪʨʝʥʥʷʷ ʯʸʪʥʦʩʪʴ   +1 

Å  ɺʨʝʤʷ ʞʠʟʥʠ çʥʘ ʩʚʦʙʦʜʝè = 880,0 Ñ 0,9 c    ʊ1/2=611 ʩ 

Å  ʉʭʝʤʘ ʨʘʩʧʘʜʘ 

 

 

 

 

 

 

 

Å   ʉ ʧʘʨʮʠʘʣʴʥʦʡ ʚʝʨʦʷʪʥʦʩʪʴʶ 0,001 ʚʦʟʤʦʞʝʥ ʨʘʩʧʘʜ  
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ʏʪʦ ʧʨʦʠʩʭʦʜʠʪ ʩ ʧʫʯʢʦʤ ʥʝʡʪʨʦʥʦʚ ʧʨʠ ʧʨʦʭʦʞʜʝʥʠʠ ʯʝʨʝʟ ʚʝʱʝʩʪʚʦ? 

 

ʇʦʪʦʢ ʫʤʝʥʴʰʘʝʪʩʷ ʟʘ ʩʯʸʪ ʨʘʩʩʝʷʥʠʷ ʥʘ ʷʜʨʘʭ ʠ ʷʜʝʨʥʳʭ ʨʝʘʢʮʠʡ. 

ʗʜʝʨʥʳʝ ʨʝʘʢʮʠʠ ʚʝʜʫʪ ʢ ʧʦʛʣʦʱʝʥʠʶ ʥʝʡʪʨʦʥʦʚ ʠ ʛʝʥʝʨʘʮʠʠ ʠʦʥʠʟʠʨʫʶʱʠʭ 

ʠʟʣʫʯʝʥʠʡ.  ʋʧʨʫʛʦʝ ʨʘʩʩʝʷʥʠʝ ʚʝʜʸʪ ʢ çʟʘʤʝʜʣʝʥʠʶè (ʧʦʪʝʨʝ ʵʥʝʨʛʠʠ) ʥʝʡʪʨʦʥʦʚ 

ʉʝʯʝʥʠʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʥʝʡʪʨʦʥʦʚ ʩ ʚʝʱʝʩʪʚʦʤ ʩʠʣʴʥʦ ʟʘʚʠʩʠʪ ʦʪ ʵʥʝʨʛʠʠ  

ʥʝʡʪʨʦʥʦʚ ʠ ʥʝʨʝʛʫʣʷʨʥʦ ʤʝʥʷʝʪʩʷ ʦʪ ʷʜʨʘ ʢ ʷʜʨʫ (ʧʨʠ ʠʟʤʝʥʝʥʠʠ ɸ) 

 

ʂʣʘʩʩʠʬʠʢʘʮʠʷ ʥʝʡʪʨʦʥʦʚ ʧʦ ʵʥʝʨʛʠʠ 
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6.    ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʵʬʬʝʢʪʦʚ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʷʜʝʨʥʳʭ 

ʠʟʣʫʯʝʥʠʡ ʩ ʚʝʱʝʩʪʚʦʤ 
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ɺ ʩʦʚʨʝʤʝʥʥʳʭ ʫʩʢʦʨʠʪʝʣʴʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʘʭ ʧʨʠʤʝʥʷʶʪʩʷ ʤʥʦʛʦʩʣʦʡʥʳʝ ʜʝʪʝʢʪʦʨʳ ʯʘʩʪʠʮ:  

Å ʪʨʘʝʢʪʦʨʠʠ ʠ ʠʤʧʫʣʴʩʳ  ʟʘʨʷʞʝʥʥʳʭ ʯʘʩʪʠʮ ʦʧʨʝʜʝʣʷʶʪ ʩ ʧʦʤʦʱʴʶ ʪʨʝʢʦʚʳʭ ʢʘʤʝʨ,  

Å ʵʥʝʨʛʠʠ ʵʣʝʢʪʨʦʥʦʚ ʠ ʛʘʤʤʘ-ʢʚʘʥʪʦʚ ʠʟʤʝʨʷʶʪ ʚ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʭ ʢʘʣʦʨʠʤʝʪʨʘʭ, 

Å ʵʥʝʨʛʠʠ ʷʜʝʨʥʦ-ʘʢʪʠʚʥʳʭ ʯʘʩʪʠʮ ï ʚ ʘʜʨʦʥʥʳʭ ʢʘʣʦʨʠʤʝʪʨʘʭ,  

Å ʜʣʷ ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʤʶʦʥʦʚ  ʠʩʧʦʣʴʟʫʶʪʩʷ ʧʝʨʠʬʝʨʠʯʝʩʢʠʝ ʫʯʘʩʪʢʠ ʜʝʪʝʢʪʦʨʦʚ.  

5.1.  ʌʠʟʠʢʘ ʯʘʩʪʠʮ 
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https://www.google.ru/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0ahUKEwjmzN6u8MTLAhUiS5oKHRXiBOgQjRwIBw&url=https%3A%2F%2Fwww.phys.ksu.edu%2Freu2014%2Falarm92%2F&bvm=bv.116954456,d.bGQ&psig=AFQjCNFibWB520-l5fKqPuDCwtYTjjBvnw&ust=1458206317111238
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e+ e- collision in the 

ALEPH Experiment/LEP.  

 

Au+ Au+ collision in the 

STAR Experiment/RHIC 

Up to 2000 tracks  

 

Pb+ Pb+ collision in the 

ALICE Experiment/LHC  

Up to 10 000 tracks/collision 



 ɻʘʤʤʘ-ʘʩʪʨʦʥʦʤʠʷ 

 

ɻʘʤʤʘ-ʪʝʣʝʩʢʦʧ çʂʩʝʥʠʷè  (ʦʨʙʠʪʘʣʴʥʘʷ ʩʪʘʥʮʠʷ çʄʠʨè ʩ 1991 ʧʦ 2000 ʛʦʜ))  

ȺɝəɚɎəɧɑ   ɡɌɜɌɖɞɑɜɔɝɞɔɖɔ 

Ȼɗɚɞəɚɝɞɨ ɖɝɑəɚəɌ  0.6 ɏ/ɝɘı 

ȶɚəɢɑəɞɜɌɢɔɫ ɎɚɐɚɜɚɐɌ 0.26 % 

Ȼɗɚɞəɚɝɞɨ ɖɝɑəɚəɌ ɛɜɔ 23Á Ƚ 55 Ɍɞɘ 

ȹɌɛɜɫɒɑəəɚɝɞɨ ɩɗɑɖɞɜɔɣɑɝɖɚɏɚ ɛɚɗɫ  2.6 ɖȮ/ɝɘ 

ȸɌɖɝɔɘɌɗɨəɚɑ Ɏɜɑɘɫ ɐɜɑɕɠɌ ɩɗɑɖɞɜɚəɚɎ 15 ȋs 

ɉəɑɜɏɑɞɔɣɑɝɖɔɕ ɐɔɌɛɌɓɚə  0.1õ5 ȸɩȮ 

ɃɟɎɝɞɎɔɞɑɗɨəɧɕ ɚɍɦɑɘ 1000 ɝɘı 

ɃɟɎɝɞɎɔɞɑɗɨəɌɫ ɛɗɚɥɌɐɨ  100 ɝɘİ 

ɉəɑɜɏɑɞɔɣɑɝɖɚɑ ɜɌɓɜɑɤɑəɔɑ (662 ɖɩȮ)  3.5Ñ0.25% 

ɉəɑɜɏɑɞɔɣɑɝɖɚɑ ɜɌɓɜɑɤɑəɔɑ (1 ȸɩȮ) (2.0Ñ0.2)% 

ɉɠɠɑɖɞɔɎəɚɝɞɨ ɛɚ ɠɚɞɚɛɔɖɟ (662 ɖɩȮ) (4.5Ñ0.2)% 

ɉɠɠɑɖɞɔɎəɚɝɞɨ ɛɚ ɠɚɞɚɛɔɖɟ (1.33 ȸɩȮ) (1.5Ñ0.1)% 

ȻɚɞɜɑɍɗɫɑɘɌɫ ɘɚɥəɚɝɞɨ 15 Ȯɞ 

ȸɌɝɝɌ 80 ɖɏ  
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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 

ʦʟʝʨʦ ɹʘʡʢʘʣ 

ʉʨʝʜʠʟʝʤʥʦʝ ʤʦʨʝ 

ɸʥʪʘʨʢʪʠʜʘ, ʖʞʥʳʡ ʧʦʣʶʩ 

ɼʝʪʝʢʪʦʨʳ ʢʦʩʤʠʯʝʩʢʠʭ ʤʶʦʥʦʚ ʚʳʩʦʢʠʭ ʵʥʝʨʛʠʡ   

ʄʶʦʥ, ʜʚʠʞʫʱʠʡʩʷ ʚ ʩʨʝʜʝ ʩʦ ʩʢʦʨʦʩʪʴʶ, ʧʨʝʚʳʰʘʶʱʝʡ 

ʩʢʦʨʦʩʪʴ ʩʚʝʪʘ ʚ ʵʪʦʡ ʩʨʝʜʝ, ʠʩʧʫʩʢʘʝʪ ʯʝʨʝʥʢʦʚʩʢʦʝ 

ʠʟʣʫʯʝʥʠʝ ʧʦʜ ʫʛʣʦʤ, ʟʘʚʠʩʷʱʠʤ ʦʪ ʵʥʝʨʛʠʠ ʤʶʦʥʘ ʠ 

ʧʦʢʘʟʘʪʝʣʷ ʧʨʝʣʦʤʣʝʥʠʷ ʩʨʝʜʳ. 

   . 

ɼʣʷ ʵʣʝʢʪʨʦʥʦʚ 

ɼʣʷ ʧʨʦʪʦʥʦʚ 
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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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5.2.  ʗʜʝʨʥʘʷ ʤʝʜʠʮʠʥʘ 

http://www.google.ru/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0ahUKEwjX_96f27_LAhXhJJoKHV5HC8IQjRwIBw&url=http%3A%2F%2Fwww.proton-therapy.org%2Fhowit.htm&psig=AFQjCNF5oNqlNILxeQ78rFMTTqZ5KkIGGg&ust=1458028776691339
http://www.google.ru/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0ahUKEwiXgvX627_LAhXrO5oKHfjJDroQjRwIBw&url=http%3A%2F%2Fwww.rptc.de%2Ffr%2Finformation%2Flatest-news%2Fprogress-reports%2Fnews-detail%2Farticle%2Ferfahrungsbericht-dritter-monat-klinischer-betrieb-rptc-juni-09.html&bvm=bv.116636494,d.bGQ&psig=AFQjCNF4pQi1W8yPLRz7xj4v84Rko0maJQ&ust=1458029112893128
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ʇʨʦʪʦʥʥʳʡ 

ʪʝʨʘʧʝʚʪʠʯʝʩʢʠʡ  

ʢʦʤʧʣʝʢʩ (ɼʠʤʠʪʨʦʚʛʨʘʜ) 

http://www.google.ru/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0ahUKEwiF85PbgeDJAhUjd3IKHSVaDCoQjRwIBw&url=http%3A%2F%2Fwww.komonews.com%2Fliving%2Fhealth%2FCancer-treatment-with-fewer-side-effects-Proton-therapy-comes-to-NW-204525041.html&psig=AFQjCNEnZbW8zOLzdNF49y4XNLukLba6Fw&ust=1450342538298612
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˜̑̏̄̑́̍̍́ ̠̐̌́̎̉̑̏̃́̎̉ ̘̌̔̆̃̏̊ ̓̆̑́̐̉̉ 8É/ ̋̏̍̐́̎̉̉ %ÌÅËÔÁȢ

ɺʳʧʫʩʢʥʠʢʠ ʄʀʌʀ ʧʣʘʥʠʨʫʶʪ ʣʫʯʝʚʫʶ ʪʝʨʘʧʠʶ 

ʩ ʧʦʤʦʱʴʶ ʂʠʙʝʨ-ʅʦʞʘ ʚ ʎʝʥʪʨʝ ʜʝʪʩʢʦʡ 

ʦʥʢʦʣʦʛʠʠ ʠ ʛʝʤʘʪʦʣʦʛʠʠ ʠʤ. ɼʤʠʪʨʠʷ ʈʦʛʘʯʝʚʘ 
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ʅʝʡʪʨʦʥ-ʟʘʭʚʘʪʥʘʷ ʪʝʨʘʧʠʷ 

ʀʈʊ ʄʀʌʀ 

http://www.biocontrol.ru/specialistam/onkologiya/yadernyj-reaktor-protiv-raka.html  

10B + nth Ÿ [11B] *Ÿ Ŭ + 7Li + 2.31 MeV 

157Gd + nth (0.025eV) Ÿ [158Gd] Ÿ 158Gd + ɔ + 7.94 MeV 

http://www.biocontrol.ru/specialistam/onkologiya/yadernyj-reaktor-protiv-raka.html
http://www.biocontrol.ru/specialistam/onkologiya/yadernyj-reaktor-protiv-raka.html
http://www.biocontrol.ru/specialistam/onkologiya/yadernyj-reaktor-protiv-raka.html
http://www.biocontrol.ru/specialistam/onkologiya/yadernyj-reaktor-protiv-raka.html
http://www.biocontrol.ru/specialistam/onkologiya/yadernyj-reaktor-protiv-raka.html
http://www.biocontrol.ru/specialistam/onkologiya/yadernyj-reaktor-protiv-raka.html
http://www.biocontrol.ru/specialistam/onkologiya/yadernyj-reaktor-protiv-raka.html
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ʇʦʟʠʪʨʦʥʥʘʷ ʵʤʠʩʩʠʦʥʥʘʷ ʪʦʤʦʛʨʘʬʠʷ (ʇʕʊ) 

ʇʕʊ/ʂʊ 

http://www.google.ru/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&ved=0ahUKEwjFybWBnt7JAhVhdXIKHbwZAVkQjRwIBw&url=http%3A%2F%2Fwww.google.com%2Fpatents%2FWO2007054140A1%3Fcl%3Den&psig=AFQjCNHoLysyxlBe0LFQ_OAoESPqbyoc8g&ust=1450281434389341
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ʈʝʥʪʛʝʥʦʚʩʢʘʷ ʪʦʤʦʛʨʘʬʠʷ 


