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1. ɺʚʝʜʝʥʠʝ 

ʉʜʝʣʘʥʳ ʠʟ ʢʚʘʨʢʦʚ 

            2              3 
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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2. ʄʝʟʦʥʳ 

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 

 



ʂʦʩʤʠʯʝʩʢʠʝ ʣʫʯʠ 
5 

 

1947  ʫʯʝʥʠʢ ʈʝʟʝʨʬʦʨʜʘ ʉʝʩʠʣ ʇʘʫʵʣʣ ʠ ʜʨ.  (Cecil 

Powell et al) ʦʪʢʨʳʣʠ ʟʘʨʷʞʝʥʥʳʝ ʧʠʦʥʳ, ʠʩʩʣʝʜʫʷ 

ʪʨʝʢʠ ʢʦʩʤʠʯʝʩʢʠʭ ʣʫʯʝʡ ʚ ̫ʜʝʨʥʳʭ ʬʦʪʦʵʤʫʣʴʩʠʷʭ.  

Cecil Frank Powell 

(1903-1969)  

ʅ.ʧ.1950 

1947 
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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 çʙʝʪʘ-ʨʘʩʧʘʜè 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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ʆʙʥʘʨʫʞʠʪʴ ʥʝʡʪʨʘʣʴʥʳʡ ʤʝʟʦʥ          ʙʳʣʦ ʩʣʦʞʥʝʝ, ʯʝʤ ʟʘʨʷʞʝʥʥʳʝ, ʪʘʢ ʢʘʢ ʚ 

ʩʠʣʫ ʩʚʦʝʡ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʥʝʡʪʨʘʣʴʥʦʩʪʠ ʦʥ ʥʝ ʦʩʪʘʚʣʷʝʪ ʩʣʝʜʦʚ ʚ 

ʬʦʪʦʵʤʫʣʴʩʠʠ.  

 

       

        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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ʈʘʩʧʘʜʳ ʥʝʡʪʨʘʣʴʥʳʭ ʧʠʦʥʦʚ 

ʆʩʥʦʚʥʘʷ ʤʦʜʘ ʨʘʩʧʘʜʘ 

 

ʈʘʩʧʘʜ ʩ ʧʘʨʦʡ ɼʘʣʠʮʘ 

 

ɼʚʦʡʥʦʡ ʨʘʩʧʘʜ ɼʘʣʠʮʘ 

 

ʈʘʩʧʘʜ ʥʘ ʧʘʨʫ ɼʘʣʠʮʘ 

 

ɺʦʟʤʦʞʝʥ ʪʘʢʞʝ ʨʘʩʧʘʜ 

ʚ ʧʦʟʠʪʨʦʥʠʫʤ  

ʠʩʪʠʥʥʦ ʥʝʡʪʨʘʣʴʥʘʷ ʯʘʩʪʠʮʘ. 

ʨʘʩʧʘʜʘʝʪʩʷ ʧʦ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʤ ʢʘʥʘʣʘʤ 
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ʇʠʦʥʥʳʡ ʠʟʦʪʨʠʧʣʝʪ 
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   3.  ʈʝʟʦʥʘʥʩʳ  

ɿʘʚʠʩʠʤʦʩʪʴ ʧʦʣʥʳʭ ʩʝʯʝʥʠʡ ʨʝʘʢʮʠʡ 

ˊp ʦʪ ʢʠʥʝʪʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ ʧʠʦʥʘ ɾʠʜʢʦʚʦʜʦʨʦʜʥʘʷ ʤʠʰʝʥʴ 
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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 
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ɟ0, ɤ0, ű0 ʤʝʟʦʥʥʳʝ ʨʝʟʦʥʘʥʩ rʦʙʣʘʜʘʶʪ ʢʚʘʥʪʦʚʳʤʠ ʯʠʩʣʘʤʠ ʬʦʪʦʥʘ (JP = 1-), 

ʧʦʵʪʦʤʫ ʠʭ ʤʦʞʥʦ ʠʥʪʝʨʧʨʝʪʠʨʦʚʘʪʴ ʢʘʢ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʝ ʦʙʨʘʟʦʚʘʥʠʷ  

ʄʘʩʩʘ ɟ0-ʤʝʟʦʥʘ 770 ʄʵɺ.  

ʐʠʨʠʥʘ ʨʘʩʧʘʜʘ ɻ = 151 ʄʵɺ. 

ʄʘʩʩʘ ɤ0-ʤʝʟʦʥʘ 782 ʄʵɺ.  

ʐʠʨʠʥʘ ʨʘʩʧʘʜʘ ɻ = 8.4 ʄʵɺ. 

ʄʘʩʩʘ ű0-ʤʝʟʦʥʘ 1020 ʄʵɺ.  

ʐʠʨʠʥʘ ʨʘʩʧʘʜʘ ɻ = 4.4 ʄʵɺ.  

ʕʪʠ ʤʝʟʦʥʥʳʝ ʨʝʟʦʥʘʥʩʳ ʤʦʞʥʦ ʥʘʙʣʶʜʘʪʴ ʥʘ e+e- -ʢʦʣʣʘʡʜʝʨʘʭ 
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ʊʘʙʣʠʮʘ  

ʥʘʠʙʦʣʝʝ  

ʧʦʧʫʣʷʨʥʳʭ  

ʤʝʟʦʥʦʚ 



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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ɼʝʣʴʪʘ ʙʘʨʠʦʥʳ 
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Data Particle Group 
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