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1. ɺʚʝʜʝʥʠʝ 

ʗʜʝʨʥʘʷ ʨʝʘʢʮʠʷ ï ʧʨʦʮʝʩʩ ʧʨʝʚʨʘʱʝʥʠʷ ʘʪʦʤʥʳʭ ʷʜʝʨ ʚ ʜʨʫʛʠʝ ʷʜʨʘ ʠ ʯʘʩʪʠʮʳ ʧʨʠ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʩ ʵʣʝʤʝʥʪʘʨʥʳʤʠ ʯʘʩʪʠʮʘʤʠ, ɔ-ʢʚʘʥʪʘʤʠ ʠʣʠ ʜʨʫʛ ʩ ʜʨʫʛʦʤ. ʗʜʝʨʥʳʝ 

ʨʝʘʢʮʠʠ ï ʦʩʥʦʚʥʦʡ ʤʝʪʦʜ ʠʟʫʯʝʥʠʷ ʩʪʨʫʢʪʫʨʳ ʠ ʩʚʦʡʩʪʚ ʘʪʦʤʥʳʭ ʷʜʝʨ. 

 

ɺʦ ʚʨʝʤʷ ʷʜʝʨʥʦʡ ʨʝʘʢʮʠʠ ʧʨʦʠʩʭʦʜʠʪ ʧʝʨʝʨʘʩʧʨʝʜʝʣʝʥʠʝ ʵʥʝʨʛʠʠ ʠ ʠʤʧʫʣʴʩʘ ʯʘʩʪʠʮ, 

ʢʦʪʦʨʦʝ ʧʨʠʚʦʜʠʪ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʜʨʫʛʠʭ ʯʘʩʪʠʮ, ʚʳʣʝʪʘʶʱʠʭ ʠʟ ʤʝʩʪʘ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ. 

 

ɺ ʦʙʱʝʤ ʚʠʜʝ ʷʜʝʨʥʦʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʤʦʞʥʦ ʟʘʧʠʩʘʪʴ ʚ ʬʦʨʤʝ: 

 

a1 + a2 Ÿ b1 + b2 + ...  

 

ʅʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʸʥʥʳʤ ʪʠʧʦʤ ʷʜʝʨʥʦʡ ʨʝʘʢʮʠʠ ʷʚʣʷʝʪʩʷ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʣʸʛʢʦʡ 

ʯʘʩʪʠʮʳ a ʩ ʷʜʨʦʤ X, ʚ ʨʝʟʫʣʴʪʘʪʝ ʯʝʛʦ ʦʙʨʘʟʫʝʪʩʷ ʯʘʩʪʠʮʘ b ʠ ʷʜʨʦ Y. ʉʠʤʚʦʣʠʯʝʩʢʠ 

ʵʪʦ ʤʦʞʥʦ ʟʘʧʠʩʘʪʴ ʪʘʢ: 

a + X Ÿ Y + b 

ʠʣʠ ʚ ʩʦʢʨʘʱʸʥʥʦʤ ʚʠʜʝ:  

X (a,b) Y 

 

ʈʦʣʴ ʯʘʩʪʠʮ a ʠ b ʯʘʱʝ ʚʩʝʛʦ ʚʳʧʦʣʥʷʶʪ ʥʝʡʪʨʦʥ n, ʧʨʦʪʦʥ p, ʜʝʡʪʨʦʥ d, Ŭ-

ʯʘʩʪʠʮʘ ʠ ɔ-ʢʚʘʥʪ. 
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ɺʧʝʨʚʳʝ ʷʜʝʨʥʫʶ  ʨʝʘʢʮʠʶ ʥʘʙʣʶʜʘʣ ʕ. ʈʝʟʝʨʬʦʨʜ ʚ 1919 ʛʦʜʫ, ʙʦʤʙʘʨʜʠʨʫʷ Ŭ-

ʯʘʩʪʠʮʘʤʠ ʷʜʨʘ ʘʪʦʤʦʚ ʘʟʦʪʘ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʯʝʛʦ ʧʦʷʚʠʣʠʩʴ ʜʨʫʛʠʝ ʯʘʩʪʠʮʳ ʩ ʙʦʣʴʰʠʤ 

ʧʨʦʙʝʛʦʤ ʚ ʛʘʟʝ, ʢʦʪʦʨʳʝ ʙʳʣʠ ʠʜʝʥʪʠʬʠʮʠʨʦʚʘʥʳ ʢʘʢ ʧʨʦʪʦʥʳ.  

 

 

 
ɺʧʦʩʣʝʜʩʪʚʠʠ ʩ ʧʦʤʦʱʴʶ ʢʘʤʝʨʳ ɺʠʣʴʩʦʥʘ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʬʦʪʦʛʨʘʬʠʠ ʵʪʦʛʦ ʧʨʦʮʝʩʩʘ. 

 

 a + 14NŸ17O + p 

Ernest Rutherford, First Baron Rutherford of Nelson (1871ï1937)  
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ʂʘʤʝʨʘ ɺʠʣʴʩʦʥʘ (cloud chamber)  ʠʟʦʙʨʝʪʝʥʘ ʚ 1912 ʛ 

 a + 14NŸ17O + p 

Charles Thomson Rees Wilson 

(1868-1959, ʅ.ʧ.1927) 

https://en.wikipedia.org/wiki/File:CTR_Wilson.jpg
https://www.google.ru/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&ved=0ahUKEwi7meut5tXSAhVJDCwKHS_iDNsQjRwIBw&url=https%3A%2F%2Fwww.nebulo.cz%2Fen%2Fcloud-chambers%2F&psig=AFQjCNEIFn4ZIyihSngNXtC9qDdoHT55mg&ust=1489574128000814
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ʗʜʝʨʥʳʝ ʨʝʘʢʮʠʠ ʤʦʛʫʪ ʧʨʦʪʝʢʘʪʴ ʧʨʠ ʙʦʤʙʘʨʜʠʨʦʚʢʝ ʘʪʦʤʦʚ ʙʳʩʪʨʳʤʠ 

ʟʘʨʷʞʝʥʥʳʤʠ ʯʘʩʪʠʮʘʤʠ, ʢʦʪʦʨʳʝ ʤʦʞʥʦ ʧʦʣʫʯʠʪʴ ʠʩʢʫʩʩʪʚʝʥʥʦ ʩ ʧʦʤʦʱʴʶ 

ʩʧʝʮʠʘʣʴʥʳʭ ʫʩʪʨʦʡʩʪʚ - ʫʩʢʦʨʠʪʝʣʝʡ.  

 

 

 

 

 

 

 

 

 
 

ʇʝʨʚʳʡ ʫʩʢʦʨʠʪʝʣʴ ʙʳʣ ʧʦʩʪʨʦʝʥ ʫʯʝʥʠʢʘʤʠ ʈʝʟʝʨʬʦʨʜʘ ɼʞ.ʂʦʢʨʦʬʪʦʤ ʠ 

ʕ.ʋʦʣʪʦʥʦʤ ʚ 1932 ʛʦʜʫ ʩʧʝʮʠʘʣʴʥʦ ʜʣʷ ʠʟʫʯʝʥʠʷ ʷʜʝʨʥʳʭ ʨʝʘʢʮʠʡ, ʠʥʠʮʠʠʨʦʚʘʥʥʳʭ 

ʫʩʢʦʨʝʥʥʳʤʠ ʯʘʩʪʠʮʘʤʠ. 

  

ʉ ʧʦʤʦʱʴʶ ʵʪʦʡ ʫʩʪʘʥʦʚʢʠ ʚʧʝʨʚʳʝ ʙʳʣʘ ʦʩʫʱʝʩʪʚʣʝʥʘ ʷʜʝʨʥʘʷ ʨʝʘʢʮʠʷ  

 

p + 7Li Ÿ Ŭ + Ŭ 
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ɼʞʦʥ ʂʦʢʨʦʬʪ ʠ ʕʨʥʩʪ ʋʦʣʪʦʥ ʧʦʣʫʯʠʣʠ ʅʦʙʝʣʝʚʩʢʫʶ ʧʨʝʤʠʶ ʧʦ ʬʠʟʠʢʝ 1951 ʛʦʜʘ ʟʘ 

çʊʨʘʥʩʤʫʪʘʮʠʶ ʘʪʦʤʥʳʭ ʷʜʝʨ ʩ ʧʦʤʦʱʴʶ ʠʩʢʫʩʩʪʚʝʥʥʦ ʫʩʢʦʨʝʥʥʳʭ ʘʪʦʤʥʳʭ ʯʘʩʪʠʮè. 

p + 7Li Ÿ Ŭ + Ŭ 

ɼʚʫʭʩʪʫʧʝʥʯʘʪʳʡ 

ʢʘʩʢʘʜʥʳʡ ʛʝʥʝʨʘʪʦʨ 

ʂʦʢʨʦʬʪʘ-ʋʦʣʪʦʥʘ 

https://www.google.ru/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0CAcQjRxqFQoTCKHE0vLGj8cCFUfVLAodNf8L9Q&url=https%3A%2F%2Fwww.aip.org%2Fhistory%2Fmod%2Ffission%2Ffission1%2F02.html&ei=1MDAVaGKB8eqswG1_q-oDw&bvm=bv.99261572,d.bGg&psig=AFQjCNGxGyWZVxou7cMnfQ_Wq_5Ihpv0MQ&ust=1438781977966786
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ʂʘʢ ʧʨʘʚʠʣʦ, ʷʜʝʨʥʘʷ ʨʝʘʢʮʠʷ ʤʦʞʝʪ ʠʜʪʠ ʥʝʩʢʦʣʴʢʠʤʠ ʢʦʥʢʫʨʠʨʫʶʱʠʤʠ ʧʫʪʷʤʠ: 

ɺʭʦʜʥʦʡ ʢʘʥʘʣ 

(initial) 

ɺʳʭʦʜʥʦʡ ʢʘʥʘʣ 

(final) 

 

2. ʂʣʘʩʩʠʬʠʢʘʮʠʷ ʷʜʝʨʥʳʭ ʨʝʘʢʮʠʡ 

ʂʣʘʩʩʠʬʠʢʘʮʠʷ ʷʜʝʨʥʳʭ ʨʝʘʢʮʠʡ ʧʦ ʪʠʧʫ ʯʘʩʪʠʮ, ʚʳʟʳʚʘʶʱʠʭ ʨʝʘʢʮʠʶ 

1. ʈʝʘʢʮʠʠ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʟʘʨʷʞʝʥʥʳʭ ʯʘʩʪʠʮ  

2. ʈʝʘʢʮʠʠ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʥʝʡʪʨʦʥʦʚ  

3. ʈʝʘʢʮʠʠ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ɔ-ʢʚʘʥʪʦʚ (ʬʦʪʦʷʜʝʨʥʳʝ ʨʝʘʢʮʠʠ)  



2.  ɽʩʣʠ              , ,ʪʦ ʧʨʝʜʧʦʣʘʛʘʝʪʩʷ, ʯʪʦ ʨʝʘʢʮʠʷ ʠʜʸʪ ʯʝʨʝʟ ʩʦʩʪʘʚʥʦʝ ʷʜʨʦ.                            

                                                                                                (ʩʤ. ʜʘʣʝʝ ʧ.5) 
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ɼʣʷ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʧʦ ʤʝʭʘʥʠʟʤʫ ʨʝʘʢʮʠʠ ʢʨʠʪʝʨʠʝʤ ʷʚʣʷʝʪʩʷ ʚʨʝʤʷ ʧʨʦʣʸʪʘ 

ʯʘʩʪʠʮʳ ʯʝʨʝʟ ʷʜʨʦ: 

1.  ɽʩʣʠ ʚʨʝʤʷ ʨʝʘʢʮʠʠ            ,   ʪʦ ʵʪʦ ʧʨʷʤʘʷ ʨʝʘʢʮʠʷ. 

 

o ɺ ʪʘʢʦʡ ʨʝʘʢʮʠʠ ʯʘʩʪʠʮʘ ʫʩʧʝʚʘʝʪ ʩʪʦʣʢʥʫʪʴʩʷ ʩ ʦʜʥʠʤ (ʨʝʞʝ ʩ 2-3) 

ʥʫʢʣʦʥʘʤʠ. 

o ʋʛʣʦʚʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʧʨʦʜʫʢʪʦʚ ʚʳʪʷʥʫʪʦ ʚ ʥʘʧʨʘʚʣʝʥʠʠ ʜʚʠʞʝʥʠʷ 

ʥʘʣʝʪʘʶʱʝʡ ʯʘʩʪʠʮʳ. 

o ʊʘʢʘʷ ʨʝʘʢʮʠʷ ʚʥʦʩʠʪ ʩʫʱʝʩʪʚʝʥʥʳʡ ʚʢʣʘʜ ʚ ʩʝʯʝʥʠʝ ʷʜʝʨʥʳʭ ʧʨʦʮʝʩʩʦʚ 

ʧʨʠ ʙʦʣʴʰʠʭ ʵʥʝʨʛʠʷʭ.   

ʂʣʘʩʩʠʬʠʢʘʮʠʷ ʷʜʝʨʥʳʭ ʨʝʘʢʮʠʷ ʧʦ ʤʝʭʘʥʠʟʤʫ ʨʝʘʢʮʠʠ 
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ʇʨʠ ʠʟʫʯʝʥʠʠ ʷʜʝʨʥʦʡ ʨʝʘʢʮʠʠ ʧʨʝʜʩʪʘʚʣʷʝʪ 

ʠʥʪʝʨʝʩ ʠʜʝʥʪʠʬʠʢʘʮʠʷ ʢʘʥʘʣʦʚ ʨʝʘʢʮʠʠ ʠ 

ʩʨʘʚʥʝʥʠʝ ʚʝʨʦʷʪʥʦʩʪʝʡ ʧʨʦʪʝʢʘʥʠʷ ʝʸ ʧʦ 

ʨʘʟʥʳʤ ʢʘʥʘʣʘʤ ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʵʥʝʨʛʠʷʭ 

ʧʘʜʘʶʱʠʭ ʯʘʩʪʠʮ. 

 

ʗʜʨʘ ʤʦʛʫʪ ʥʘʭʦʜʠʪʴʩʷ ʚ ʨʘʟʣʠʯʥʳʭ 

ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʩʦʩʪʦʷʥʠʷʭ. ʉʦʩʪʦʷʥʠʝ 

ʩʪʘʙʠʣʴʥʦʛʦ ʠʣʠ ʨʘʜʠʦʘʢʪʠʚʥʦʛʦ ʷʜʨʘ, ʢʦʪʦʨʦʝ 

ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʤʠʥʠʤʘʣʴʥʦʡ ʵʥʝʨʛʠʠ (ʤʘʩʩʝ) E0 

ʥʘʟʳʚʘʝʪʩʷ ʦʩʥʦʚʥʳʤ. 

 

ʀʟ ʢʚʘʥʪʦʚʦʡ ʤʝʭʘʥʠʢʠ ʠʟʚʝʩʪʥʦ, ʯʪʦ ʤʝʞʜʫ 

ʵʥʝʨʛʠʝʡ ʩʦʩʪʦʷʥʠʷ ʠ ʝʛʦ ʚʨʝʤʝʥʝʤ ʞʠʟʥʠ 

ʠʤʝʝʪ ʤʝʩʪʦ ʩʦʦʪʥʦʰʝʥʠʝ ɻʝʡʟʝʥʙʝʨʛʘ, ʯʝʨʝʟ 

ʧʦʩʪʦʷʥʥʫʶ ʇʣʘʥʢʘ: 

ȹE =  ˂/ ȹt, 

ɺʝʨʥʝʨ ʂʘʨʣ 

ɻʝʡʟʝʥʙʝʨʛ  

(1901ï1976)  

ʅ.ʧ. 1932 

https://commons.wikimedia.org/wiki/File:Heisenberg_10.jpg?uselang=ru
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3.  ɿʘʢʦʥʳ ʩʦʭʨʘʥʝʥʠʷ ʚ ʷʜʝʨʥʳʭ ʨʝʘʢʮʠʷʭ  

ɺ ʷʜʝʨʥʳʭ ʨʝʘʢʮʠʷ, ʠʜʫʱʠʭ ʧʨʠ ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʝʙʦʣʴʰʠʭ ʵʥʝʨʛʠʷʭ ʥʘʣʝʪʘʶʱʠʭ ʯʘʩʪʠʮ (<100 

ʄʵɺ) ʚʳʧʦʣʥʷʝʪʩʷ ʨʷʜ ʙʘʟʦʚʳʭ ʟʘʢʦʥʦʚ ʩʦʭʨʘʥʝʥʠʷ: 

            1.  ɿʘʢʦʥ ʩʦʭʨʘʥʝʥʠʷ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʟʘʨʷʜʘ:  Ɇqi = const 

            2.  ɿʘʢʦʥ ʩʦʭʨʘʥʝʥʠʷ ʯʠʩʣʘ ʥʫʢʣʦʥʦʚ (ʙʘʨʠʦʥʥʳʡ ʟʘʨʷʜ B=const) 

            3.  ɿʘʢʦʥ ʩʦʭʨʘʥʝʥʠʷ ʵʥʝʨʛʠʠ. 

            4.  ɿʘʢʦʥ ʩʦʭʨʘʥʝʥʠʷ ʠʤʧʫʣʴʩʘ. 

            5.  ɿʘʢʦʥ ʩʦʭʨʘʥʝʥʠʷ ʤʦʤʝʥʪʘ ʢʦʣʠʯʝʩʪʚʘ ʜʚʠʞʝʥʠʷ. 

ɺʩʝ ʧʷʪʴ ʙʘʟʦʚʳʭ ʟʘʢʦʥʦʚ ʩʦʭʨʘʥʝʥʠʷ ʚʳʧʦʣʥʷʶʪʩʷ ʚʦ ʚʩʝʭ ʪʠʧʘʭ ʨʝʘʢʮʠʡ, ʠʜʫʱʠʭ ʧʦʜ 

ʜʝʡʩʪʚʠʝʤ ʷʜʝʨʥʳʭ, ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʭ ʠ ʩʣʘʙʳʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ.  

 

ɺ ʨʝʘʢʮʠʷʭ, ʠʜʫʱʠʭ ʚ ʨʝʟʫʣʴʪʘʪʝ ʷʜʝʨʥʳʭ ʠ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ, 

ʚʳʧʦʣʥʷʝʪʩʷ ʪʘʢʞʝ ʟʘʢʦʥ ʩʦʭʨʘʥʝʥʠʷ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʯʸʪʥʦʩʪʠ. 

 

ɺ ʨʝʘʢʮʠʷʭ ʠʜʫʱʠʭ ʚ ʨʝʟʫʣʴʪʘʪʝ ʷʜʝʨʥʳʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ ʚʳʧʦʣʥʷʝʪʩʷ ʟʘʢʦʥ ʩʦʭʨʘʥʝʥʠʷ 

ʠʟʦʪʦʧʠʯʝʩʢʦʛʦ ʩʧʠʥʘ ʠ ʝʛʦ ʧʨʦʝʢʮʠʠ. 

 

ɿʘʢʦʥʳ ʩʦʭʨʘʥʝʥʠʷ ʥʘʢʣʘʜʳʚʘʶʪ ʦʛʨʘʥʠʯʝʥʠʷ ʥʘ ʚʦʟʤʦʞʥʦʩʪʴ ʦʩʫʱʝʩʪʚʣʝʥʠʷ ʷ.ʨ.  

ɿʘʢʦʥʳ ʩʦʭʨʘʥʝʥʠʷ ʩʚʷʟʘʥʳ ʩ ʩʠʤʤʝʪʨʠʷʤʠ ʬʠʟʠʯʝʩʢʠʭ ʩʠʩʪʝʤ  (ʪʝʦʨʝʤʘ ʅʸʪʝʨ): 

o ʦʜʥʦʨʦʜʥʦʩʪʠ ʚʨʝʤʝʥʠ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʟʘʢʦʥ ʩʦʭʨʘʥʝʥʠʷ ʵʥʝʨʛʠʠ, 

o ʦʜʥʦʨʦʜʥʦʩʪʠ ʧʨʦʩʪʨʘʥʩʪʚʘ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʟʘʢʦʥ ʩʦʭʨʘʥʝʥʠʷ ʠʤʧʫʣʴʩʘ, 

o ʠʟʦʪʨʦʧʠʠ ʧʨʦʩʪʨʘʥʩʪʚʘ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʟʘʢʦʥ ʩʦʭʨʘʥʝʥʠʷ ʤʦʤʝʥʪʘ ʠʤʧʫʣʴʩʘ, 

o ʢʘʣʠʙʨʦʚʦʯʥʦʡ ʩʠʤʤʝʪʨʠʠ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʟʘʢʦʥ ʩʦʭʨʘʥʝʥʠʷ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʟʘʨʷʜʘ  
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ɿʘʢʦʥ ʩʦʭʨʘʥʝʥʠʷ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʟʘʨʷʜʘ 

http://www.google.ru/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0ahUKEwirwsqqg93SAhXEGCwKHdBnCi0QjRwIBw&url=http%3A%2F%2Fppt4web.ru%2Ffizika%2Fzakon-sokhranenija-ehlektricheskogo-zarjada-zakon-kulona.html&psig=AFQjCNEHCdh-MpGT8GsJVLys2IvLGPcIOg&ust=1489822416051264
http://www.google.ru/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0ahUKEwj81cy3g93SAhVFiywKHa4NA3gQjRwIBw&url=http%3A%2F%2Fphysics.ru%2Fcourses%2Fop25part2%2Fcontent%2Fchapter1%2Fsection%2Fparagraph1%2Ftheory.html&psig=AFQjCNEHCdh-MpGT8GsJVLys2IvLGPcIOg&ust=1489822416051264
http://www.google.ru/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&ved=0ahUKEwjuw67bg93SAhXLiywKHbTbDGQQjRwIBw&url=http%3A%2F%2Ftextarchive.ru%2Fc-2194943.html&psig=AFQjCNEHCdh-MpGT8GsJVLys2IvLGPcIOg&ust=1489822416051264
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ɿʘʢʦʥ ʩʦʭʨʘʥʝʥʠʷ ʙʘʨʠʦʥʥʦʛʦ ʟʘʨʷʜʘ 

ɺ ̫ʜʝʨʥʳʭ ʨʝʘʢʮʠʷʭ ʦʙʳʯʥʦʛʦ ʪʠʧʘ (ʙʝʟ ʦʙʨʘʟʦʚʘʥʠʷ ʘʥʪʠʯʘʩʪʠʮ) ʩʦʭʨʘʥʷʝʪʩʷ 

ʧʦʣʥʦʝ ʯʠʩʣʦ ʥʫʢʣʦʥʦʚ. ʉʦʭʨʘʥʝʥʠʝ ʯʠʩʣʘ ʥʫʢʣʦʥʦʚ ʠʥʪʝʨʧʨʝʪʠʨʫʝʪʩʷ ʢʘʢ 

ʩʦʭʨʘʥʝʥʠʝ ʙʘʨʠʦʥʥʦʛʦ ʯʠʩʣʘ ɺ  

 

Bn = Bp =1 

 

ɽʩʣʠ ʢʠʥʝʪʠʯʝʩʢʠʝ ʵʥʝʨʛʠʠ ʩʪʘʣʢʠʚʘʶʱʠʭʩʷ ʥʫʢʣʦʥʦʚ ʦʯʝʥʴ ʚʳʩʦʢʠ, ʪʦ 

ʚʦʟʤʦʞʥʳ ʨʝʘʢʮʠʠ ʨʦʞʜʝʥʠʷ ʥʫʢʣʦʥʥʳʭ ʧʘʨ. ʇʦʩʢʦʣʴʢʫ ʥʫʢʣʦʥʘʤ ʠ 

ʘʥʪʠʥʫʢʣʦʥʘʤ ʧʨʠʧʠʩʳʚʘʶʪʩʷ ʧʨʦʪʠʚʦʧʦʣʦʞʥʳʝ ʟʥʘʢʠ, ʪʦ ʧʨʠ ʣʶʙʳʭ ʧʨʦʮʝʩʩʘʭ 

ʘʣʛʝʙʨʘʠʯʝʩʢʘʷ ʩʫʤʤʘ ʙʘʨʠʦʥʥʳʭ ʯʠʩʝʣ ʚʩʝʛʜʘ ʦʩʪʘʸʪʩʷ ʥʝʠʟʤʝʥʥʦʡ. 

ʀʩʧʦʣʴʟʫʷ ʟʘʢʦʥʳ ʩʦʭʨʘʥʝʥʠʷ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʟʘʨʷʜʘ ʠ ʯʠʩʣʘ ʥʫʢʣʦʥʦʚ ʤʦʞʥʦ 

ʦʧʨʝʜʝʣʠʪʴ ʥʝʠʟʚʝʩʪʥʳʡ ʧʨʦʜʫʢʪ ʨʝʘʢʮʠʠ.  

 

ʅʘʧʨʠʤʝʨ, ʚ ʷʜʝʨʥʦʡ ʨʝʘʢʮʠʠ  

 

p + 7Li Ą 4He + x  

 

ʥʝʠʟʚʝʩʪʥʳʤ ʧʨʦʜʫʢʪʦʤ x ʷʚʣʷʝʪʩʷ Ŭ-ʯʘʩʪʠʮʘ. 
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ɽʩʣʠ Q>0  ( minitial > mfinal  ʠʣʠ Tfinal > Tinitial ) , ʪʦ ʨʝʘʢʮʠʷ ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʚʳʜʝʣʝʥʠʝʤ 

ʢʠʥʝʪʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ ʟʘ ʩʯʝʪ ʫʤʝʥʴʰʝʥʠʷ ʵʥʝʨʛʠʠ ʧʦʢʦʷ ʯʘʩʪʠʮ ʠ ʥʘʟʳʚʘʝʪʩʷ 

ʵʢʟʦʪʝʨʠʯʝʩʢʦʡ. 

 

ɽʩʣʠ Q<0 ( minitial < mfinal  ʠʣʠ Tfinal < Tinitial ) , ʪʦ ʨʝʘʢʮʠʷ ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʚʦʟʨʘʩʪʘʥʠʝʤ ʵʥʝʨʛʠʠ 

ʧʦʢʦʷ ʯʘʩʪʠʮ ʟʘ ʩʯʝʪ ʫʤʝʥʴʰʝʥʠʷ ʢʠʥʝʪʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ ʠ ʥʘʟʳʚʘʝʪʩʷ ʵʥʜʦʪʝʨʠʯʝʩʢʦʡ. 

Ú 

ʕʥʝʨʛʠʷ ʨʝʘʢʮʠʠ (ʵʥʝʨʛʝʪʠʯʝʩʢʠʡ ʚʳʭʦʜ ʨʝʘʢʮʠʠ) ï  

ʢʠʥʝʪʠʯʝʩʢʘʷ ʵʥʝʨʛʠʷ, ʚʳʜʝʣʷʶʱʘʷʩʷ ʠʣʠ ʧʦʛʣʦʱʘʶʱʘʷʩʷ ʚ ʷʜʝʨʥʦʡ ʨʝʘʢʮʠʠ 

ʇʦʨʦʛ ʨʝʘʢʮʠʠ - ʤʠʥʠʤʘʣʴʥʘʷ ʢʠʥʝʪʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ ʥʘʣʝʪʘʶʱʝʡ ʯʘʩʪʠʮʳ ʚ 

ʣʘʙʦʨʘʪʦʨʥʦʡ ʩʠʩʪʝʤʝ ʢʦʦʨʜʠʥʘʪ, ʧʨʠ ʢʦʪʦʨʦʤ ʚʦʟʤʦʞʥʘ ʷʜʝʨʥʘʷ ʨʝʘʢʮʠʷ.  

  

Ta
ʧʦʨ = (ma + mX + mY  + mb ) (mY  + mb ï ma ï mX ) c

2 / 2mX  = ¼Q¼(1+ ma/ mX + ¼Q¼/ 2mX c2 ) 

 

ʅʝʦʙʭʦʜʠʤʳʤ (ʥʦ ʥʝʜʦʩʪʘʪʦʯʥʳʤ!) ʫʩʣʦʚʠʝʤ ʧʨʦʪʝʢʘʥʠʷ ʷʜʝʨʥʦʡ ʨʝʘʢʮʠʠ ʷʚʣʷʝʪʩʷ  

 

Q + ɽa > 0 
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ʉʧʝʢʪʨʳ ʧʨʦʪʦʥʦʚ ʚ ʨʝʘʢʮʠʠ ʉʭʝʤʘ ʫʨʦʚʥʝʡ ʷʜʨʘ 61Cu 

ʉʧʝʢʪʨ ʛʘʤʤʘ-ʢʚʘʥʪʦʚ 

a + 58Ni Ą p + 61Cu 

 
ɺʳʩʰʘʷ ʵʥʝʨʛʠʷ 

ʧʨʦʪʦʥʘ ʩʦʦʪʚ. 

ʦʙʨʘʟʦʚʘʥʠʶ ʷʜʨʘ 61Cu 

ʚ ʦʩʥʦʚʥʦʤ ʩʦʩʪʦʷʥʠʠ 

(0) 

 

 

Q0 - ʧʝʨʝʭʦʜ ʚ 

ʦʩʥʦʚʥʦʝ ʩʦʩʪʦʷʥʠʝ 

 

 

ʇʝʨʝʭʦʜ ʚ 

ʚʦʟʙʫʞʜʸʥʥʦʝ 

ʩʦʩʪʦʷʥʠʝ 

Qex =  

(mX + ma - mY
*- mb) c

2 

= Q0 ï Eex 

 

 

 

0 

0 


