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ʌʘʢʫʣʴʪʝʪ ʧʦʣʠʪʦʣʦʛʠʠ ʄɻʋ ʠʤʝʥʠ ʄ.ɺ. ʃʦʤʦʥʦʩʦʚʘ 



ʀʟʣʫʯʝʥʠʝ ʘʙʩʦʣʶʪʥʦ ʯʝʨʥʦʛʦ ʪʝʣʘ 

ʊʝʣʘ, ʢʦʪʦʨʳʝ ʧʦʛʣʦʱʘʶʪ ʚʩʶ ʧʘʜʘʶʱʫʶ ʥʘ ʥʠʭ ʵʥʝʨʛʠʶ, 

ʥʘʟʳʚʘʶʪʩʷ ʘʙʩʦʣʶʪʥʦ ʯʝʨʥʳʤʠ. 

ʉʧʝʢʪʨʳ ʘʙʩʦʣʶʪʥʦ ʯʝʨʥʦʛʦ ʪʝʣʘ 
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ʌʦʨʤʫʣʘ ʇʣʘʥʢʘ: 



ɻʠʧʦʪʝʟʘ ʢʚʘʥʪʦʚ ʇʣʘʥʢʘ 

E hn=

ʛʜʝ ɜï ʯʘʩʪʦʪʘ ʠʟʣʫʯʝʥʠʷ, h ï ʢʦʥʩʪʘʥʪʘ, ʥʳʥʝ 

ʠʟʚʝʩʪʥʘʷ ʧʦʜ ʥʘʟʚʘʥʠʝʤ ʧʦʩʪʦʷʥʥʦʡ  ʇʣʘʥʢʘ. 

h=(6.62176Ñ0.000036)Ŀ10-34ɼʞĿʩ 

ʅʘ ʧʨʘʢʪʠʢʝ ʯʘʩʪʦ ʠʩʧʦʣʴʟʫʶʪ çʧʨʠʚʝʜʝʥʥʫʶ 

ʧʦʩʪʦʷʥʥʫʶ ʇʣʘʥʢʘè: 
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ʌʆʊʆʕʌʌɽʂʊ 

ʌʦʪʦʵʬʬʝʢʪ ï ʷʚʣʝʥʠʝ ʚʳʨʳʚʘʥʠʷ ʵʣʝʢʪʨʦʥʦʚ ʩ ʧʦʚʝʨʭʥʦʩʪʠ 

ʪʚʝʨʜʦʛʦ ʪʝʣʘ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʠʟʣʫʯʝʥʠʷ. 
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ʌʦʨʤʫʣʘ ʕʡʥʰʪʝʡʥʘ: 



ɼʠʬʨʘʢʮʠʷ ʵʣʝʢʪʨʦʥʦʚ ʥʘ ʱʝʣʠ  

ʇʨʠ ʧʨʦʭʦʞʜʝʥʠʠ ʵʣʝʢʪʨʦʥʦʚ ʯʝʨʝʟ ʫʟʢʫʶ 

ʱʝʣʴ ʥʘ ʵʢʨʘʥʝ ʥʘʙʣʶʜʘʝʪʩʷ ʢʘʨʪʠʥʘ, 

ʩʚʦʡʩʪʚʝʥʥʘʷ ʚʦʣʥʝ 



ɺʦʣʥʘ ʜʝ ɹʨʦʡʣʷ 

ɽʩʣʠ ʯʘʩʪʠʮʘ ʠʤʝʝʪ ʵʥʝʨʛʠʶ ɽ ʠ ʠʤʧʫʣʴʩ p, ʪʦ 

ʩ ʥʝʡ ʩʚʷʟʘʥʘ ʚʦʣʥʘ, ʯʘʩʪʦʪʘ ʠ ʜʣʠʥʘ ʢʦʪʦʨʦʡ 

ʦʧʨʝʜʝʣʷʶʪʩʷ ʬʦʨʤʫʣʘʤʠ:   



ʉʧʝʮʠʘʣʴʥʘʷ ʪʝʦʨʠʷ 

ʦʪʥʦʩʠʪʝʣʴʥʦʩʪʠ ʕʡʥʰʪʝʡʥʘ 

(1905 ʛ.) 

1. ɺʩʝ ʟʘʢʦʥʳ ʬʠʟʠʢʠ ʦʜʠʥʘʢʦʚʳ ʚʦ ʚʩʝʭ ʠʥʝʨʮʠʘʣʴʥʳʭ 

ʩʠʩʪʝʤʘʭ ʦʪʩʯʝʪʘ. 

2. ʉʢʦʨʦʩʪʴ ʩʚʝʪʘ ʚ ʚʘʢʫʫʤʝ ʦʜʠʥʘʢʦʚʘ ʜʣʷ ʣʶʙʦʛʦ 

ʥʘʙʣʶʜʘʪʝʣʷ, ʥʘʭʦʜʷʱʝʛʦʩʷ ʚ ʠʥʝʨʮʠʘʣʴʥʦʡ ʩʠʩʪʝʤʝ 

ʦʪʩʯʝʪʘ, ʠ ʥʝ ʟʘʚʠʩʠʪ ʦʪ ʦʪʥʦʩʠʪʝʣʴʥʦʛʦ ʜʚʠʞʝʥʠʷ 

ʠʩʪʦʯʥʠʢʘ ʩʚʝʪʘ ʠ ʥʘʙʣʶʜʘʪʝʣʷ. 



ʇʨʝʦʙʨʘʟʦʚʘʥʠʷ ʃʦʨʝʥʮʘ 
ʇʨʝʦʙʨʘʟʦʚʘʥʠʷ ʃʦʨʝʥʮʘ ʜʣʷ 

ʢʦʦʨʜʠʥʘʪ ʠ ʚʨʝʤʝʥʠ ʧʨʠ 

ʧʝʨʝʭʦʜʝ ʠʟ ʧʦʢʦʷʱʝʡʩʷ ʚ 

ʜʚʠʞʫʱʫʶʩʷ ʩʠʩʪʝʤʳ ʦʪʩʯʝʪʘ: 

ɿʘʤʝʜʣʝʥʠʝ ʚʨʝʤʝʥʠ: ʥʘʙʣʶʜʘʪʝʣʶ 

ʙʫʜʝʪ ʢʘʟʘʪʴʩʷ, ʯʪʦ ʜʚʠʞʫʱʠʝʩʷ ʯʘʩʳ 

ʠʜʫʪ ʤʝʜʣʝʥʥʝʝ, ʯʝʤ ʪʘʢʠʝ ʞʝ, ʥʦ 

ʥʝʧʦʜʚʠʞʥʳʝ ʚ ʝʛʦ ʩʠʩʪʝʤʝ ʦʪʩʯʝʪʘ. 

ʉʦʢʨʘʱʝʥʠʝ ʜʣʠʥʳ: ʀʟʤʝʨʝʥʠʝ 

ʥʘʙʣʶʜʘʪʝʣʝʤ ʜʣʠʥʳ ʪʝʣʘ, ʜʚʠʞʫʱʝʛʦʩʷ 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʝʛʦ, ʜʘʩʪ ʤʝʥʴʰʝʝ 

ʟʥʘʯʝʥʠʝ, ʯʝʤ ʠʟʤʝʨʝʥʠʝ, ʚʳʧʦʣʥʝʥʥʦʝ 

ʥʘʙʣʶʜʘʪʝʣʝʤ, ʥʝʧʦʜʚʠʞʥʳʤ 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʪʝʣʘ. 



ʉʚʷʟʴ ʤʝʞʜʫ ʵʥʝʨʛʠʝʡ ʠ ʤʘʩʩʦʡ 

ʏʘʩʪʠʮʘ, ʜʚʠʞʫʱʘʷʩʷ ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʘʙʣʶʜʘʪʝʣʷ, ʠʤʝʝʪ ʤʘʩʩʫ, 

ʙʦʣʴʰʫʶ, ʯʝʤ ʪʘʢʘʷ ʞʝ ʯʘʩʪʠʮʘ, ʥʘʭʦʜʷʱʘʷʩʷ ʚ ʩʦʩʪʦʷʥʠʠ ʧʦʢʦʷ 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʘʙʣʶʜʘʪʝʣʷ. 

ʇʦʣʥʘʷ ʵʥʝʨʛʠʷ ʪʝʣʘ ʝʩʪʴ ʩʫʤʤʘ ʝʛʦ ʵʥʝʨʛʠʠ ʧʦʢʦʷ ʠ ʝʛʦ 

ʢʠʥʝʪʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ. ʇʦʣʥʘʷ ʵʥʝʨʛʠʷ ʪʝʣʘ ʨʘʚʥʘ: 



ʂʣʶʯʝʚʳʝ ʩʦʙʳʪʠʷ, ʢʦʪʦʨʳʝ ʧʨʠʚʝʣʠ 

ʢ ʩʦʟʜʘʥʠʶ ʘʪʦʤʥʦʡ ʠ ʷʜʝʨʥʦʡ ʬʠʟʠʢʠ  
Å 1895 ʛ. ï ɺʠʣʴʛʝʣʴʤ ʈʝʥʪʛʝʥ ʦʪʢʨʳʣ ʨʝʥʪʛʝʥʦʚʩʢʦʛʦ ʠʟʣʫʯʝʥʠʷ 

Å 1896 ʛ. ï ɸʥʪʫʘʥ ɹʝʢʢʝʨʝʣʴ ʦʪʢʨʳʣ ʨʘʜʠʦʘʢʪʠʚʥʦʩʪʴ 

Å 1897 ʛ. ï ɼʞʦʟʝʬ ʊʦʤʩʦʥ ʦʪʢʨʳʣ ʵʣʝʢʪʨʦʥ 

Å 1898 ʛ. ï ʄʘʨʠʷ ʠ ʇʴʝʨ ʂʶʨʠ ʚʳʜʝʣʠʣʠ ʠ ʠʟʫʯʠʣʠ ʨʘʜʠʡ ʠ ʧʦʣʦʥʠʡ 

Å 1899 ʛ. ï ʕʨʥʩʪ ʈʝʟʝʨʬʦʨʜ ʦʪʢʨʳʣ, ʯʪʦ ʫʨʘʥ ʠʟʣʫʯʘʝʪ ʧʦʣʦʞʠʪʝʣʴʥʦ 

ʟʘʨʷʞʝʥʥʳʝ ʘʣʴʬʘ-ʯʘʩʪʠʮʳ ʠ ʦʪʨʠʮʘʪʝʣʴʥʦ ʟʘʨʷʞʝʥʥʳʝ ʙʝʪʘ-ʯʘʩʪʠʮʳ 

Å 1900 ʛ. ï ʄʘʢʩ ʇʣʘʥʢ ʩʬʦʨʤʫʣʠʨʦʚʘʣ ʛʠʧʦʪʝʟʫ ʢʚʘʥʪʦʚ 

Å 1909 ʛ. ï ɻʘʥʩ ɻʝʡʛʝʨ ʠ ʕʨʥʩʪ ʄʘʨʩʜʝʥ  ʦʙʥʘʨʫʞʠʣʠ ʦʪʢʣʦʥʝʥʠʝ ʘʣʴʬʘ-

ʯʘʩʪʠʮ ʥʘ ʙʦʣʴʰʠʝ ʫʛʣʳ ʧʨʠ ʠʭ ʧʨʦʭʦʞʜʝʥʠʠ ʯʝʨʝʟ ʬʦʣʴʛʫ 

Å 1911 ʛ. ï ʕʨʥʩʪ ʈʝʟʝʨʬʦʨʜ ʦʙʲʷʩʥʠʣ ʦʧʳʪ ɻʝʡʛʝʨʘ-ʄʘʨʩʜʝʥʘ 

Å 1900 ʛ. ï ʇʦʣʴ ɺʠʣʣʘʨʜ ʦʪʢʨʳʣ ʛʘʤʤʘ-ʣʫʯʠ ʧʨʠ ʠʟʫʯʝʥʠʠ ʨʘʩʧʘʜʘ ʫʨʘʥʘ 

Å 1919 ʛ. ï ʈʝʟʝʨʬʦʨʜ ʦʩʫʱʝʩʪʚʠʣ ʧʝʨʚʫʶ ʠʩʢʫʩʩʪʚʝʥʥʫʶ ʷʜʝʨʥʫʶ  ʨʝʘʢʮʠʶ 

Å 1913 ʛ. ï ʅʠʣʴʩ ɹʦʨ ʧʨʝʜʣʦʞʠʣ ʢʚʘʥʪʦʚʫʶ ʪʝʦʨʠʶ ʦʨʙʠʪ 



ʈʘʥʥʠʝ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʦ ʚʝʱʝʩʪʚʝ 

ʕʣʝʤʝʥʪʘʨʥʳʤʠ ʯʘʩʪʠʮʘʤʠ ʥʘʟʳʚʘʶʪ ʯʘʩʪʠʮʳ, ʢʦʪʦʨʳʝ ʥʘ ʩʦʚʨʝʤʝʥʥʦʤ 

ʫʨʦʚʥʝ ʟʥʘʥʠʡ ʷʚʣʷʶʪʩʷ ʥʝʜʝʣʠʤʳʤʠ, ʪ. ʝ. ʥʝ ʩʦʩʪʦʷʪ ʠʟ ʜʨʫʛʠʭ ʯʘʩʪʠʮ. 

ɸʨʠʩʪʦʪʝʣʴ (384-322 ʛ. ʜʦ ʥ.ʵ.): ʚʝʱʝʩʪʚʦ ʩʦʩʪʦʠʪ ʠʟ ʯʝʪʳʨʝʭ 

ʵʣʝʤʝʥʪʦʚ (ʚʦʜʘ, ʚʦʟʜʫʭ, ʟʝʤʣʷ ʠ ʦʛʦʥʴ), ʥʘ ʢʦʪʦʨʳʝ ʜʝʡʩʪʚʫʶʪ ʜʚʝ 

ʩʠʣʳ: ʩʠʣʘ ʪʷʞʝʩʪʠ ʠ ʩʠʣʘ ʣʝʛʢʦʩʪʠ.  

ʇʦʜʭʦʜ ɸʨʠʩʪʦʪʝʣʷ ʢ ʦʧʠʩʘʥʠʶ ʩʪʨʦʝʥʠʷ ɺʩʝʣʝʥʥʦʡ ʩʦʭʨʘʥʠʣʩʷ ʠ ʩʝʛʦʜʥʷ: 

ʚʩʝ ʜʝʣʠʪʩʷ ʥʘ ʚʝʱʝʩʪʚʦ ʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ 



ʕʚʦʣʶʮʠʷ ʪʝʨʤʠʥʘ çʵʣʝʤʝʥʪʘʨʥʳʝ 

ʯʘʩʪʠʮʳè ʚ XIX-XX ʚʝʢʘʭ 

ɸʪʦʤʳ Ÿ ʘʪʦʤ ʩʦʩʪʦʠʪ ʠʟ ʵʣʝʢʪʨʦʥʦʚ ʠ ʷʜʨʘ Ÿ ʷʜʨʦ ʩʦʩʪʦʠʪ ʠʟ ʧʨʦʪʦʥʦʚ ʠ 

ʥʝʡʪʨʦʥʦʚ  Ÿ ʧʨʦʪʦʥʳ ʠ ʥʝʡʪʨʦʥʳ ʩʦʩʪʦʷʪ ʠʟ ʢʚʘʨʢʦʚ     
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ɺʝʱʝʩʪʚʦ ɺʟʘʠʤʦʜʝʡʩʪʚʠʷ 

Åɻʨʘʚʠʪʘʮʠʦʥʥʦʝ 

Åʉʣʘʙʦʝ 

Åʕʣʝʢʪʨʦʤʘʛʥʠʪʥʦʝ 

Åʉʠʣʴʥʦʝ 



ʇʝʨʠʦʜʠʯʝʩʢʘʷ ʩʠʩʪʝʤʘ ʵʣʝʤʝʥʪʦʚ 
(1869 ʛʦʜ)  

1834-1907 

- ɿʘ ʦʩʥʦʚʫ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʚʳʙʨʘʥʳ ʭʠʤʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʵʣʝʤʝʥʪʦʚ. 

- ʇʝʨʠʦʜʠʯʝʩʢʦʝ ʠʟʤʝʥʝʥʠʝ ʩʚʦʡʩʪʚ ʭʠʤʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ ʥʘʚʦʜʠʣʦ ʥʘ 

ʤʳʩʣʴ ʦ ʙʦʣʝʝ ʛʣʫʙʦʢʦʤ ʠʭ ʫʩʪʨʦʡʩʪʚʝ 



ɼʞʦʟʝʬ ʊʦʤʩʦʥ 

(1856-1940) 

ʆʪʢʨʳʪʠʝ ʵʣʝʢʪʨʦʥʘ 
(1897 ʛʦʜ)  

ʊʦʤʩʦʥ ʧʦʢʘʟʘʣ, ʯʪʦ ʢʘʪʦʜʥʳʝ ʣʫʯʠ ʩʦʩʪʦʷʪ ʠʟ ʙʦʣʝʝ 

ʣʝʛʢʠʭ, ʯʝʤ ʘʪʦʤʳ, ʯʘʩʪʠʮ ʠ ʥʝ ʟʘʚʠʩʷʪ ʦʪ ʩʦʩʪʘʚʘ ʛʘʟʘ. 

ɺ 1906 ʛʦʜʫ ʊʦʤʩʦʥ ʧʨʝʜʣʦʞʠʣ ʤʦʜʝʣʴ, ʚ ʢʦʪʦʨʦʡ ʵʣʝʢʪʨʠʯʝʩʢʠ 

ʥʝʡʪʨʘʣʴʥʳʡ ʘʪʦʤ ʩʦʩʪʦʠʪ ʠʟ ʧʦʣʦʞʠʪʝʣʴʥʦ ʟʘʨʷʞʝʥʥʦʛʦ ʦʜʥʦʨʦʜʥʦʛʦ 

ʰʘʨʘ, ʚʥʫʪʨʠ ʢʦʪʦʨʦʛʦ ʚ ʦʧʨʝʜʝʣʝʥʥʳʭ ʨʘʚʥʦʚʝʩʥʳʭ ʧʦʣʦʞʝʥʠʷʭ 

ʥʘʭʦʜʷʪʩʷ ʵʣʝʢʪʨʦʥʳ. ʈʘʟʤʝʨ ʘʪʦʤʘ - 10-8 ʩʤ.  



ʕʨʥʝʩʪ ʈʝʟʝʨʬʦʨʜ 

1871-1937 

ʆʪʢʨʳʪʠʝ ʘʪʦʤʥʦʛʦ ʷʜʨʘ 
(1911 ʛʦʜ)  



ʈʘʟʤʝʨʳ ʘʪʦʤʦʚ ʠ ʷʜʝʨ 

ʈʘʟʤʝʨ ʘʪʦʤʥʦʛʦ ʷʜʨʘ ʦʯʝʥʴ ʤʘʣ ʠ ʨʘʚʝʥ ʧʨʠʤʝʨʥʦ 10-12-10-13 ʩʤ = 1-10 ʬʤ.  

ʈʘʟʤʝʨ ʘʪʦʤʘ ʨʘʚʝʥ ʧʨʠʤʝʨʥʦ 10-8 ʩʤ = 10 ʥʤ = 1¡.  

ʇʣʦʪʥʦʩʪʴ ʚʝʱʝʩʪʚʘ ʚ ʷʜʨʝ ï 230 ʤʣʥ ʪʦʥʥ/ʩʤ3 



ʆʪʢʨʳʪʠʝ ʧʨʦʪʦʥʘ 

 Ŭ + 14N Ÿ p + 17O 

ɺ 1919 ʛʦʜʫ ʕ. ʈʝʟʝʨʬʦʨʜ ʦʩʫʱʝʩʪʚʠʣ ʧʝʨʚʫʶ ʠʩʢʫʩʩʪʚʝʥʥʫʶ 

ʷʜʝʨʥʫʶ ʨʝʘʢʮʠʶ:  

ʄʘʩʩʘ ʧʨʦʪʦʥʘ ʚ 2000 ʨʘʟ ʙʦʣʴʰʝ ʤʘʩʩʳ ʵʣʝʢʪʨʦʥʘ. 

ʇʨʦʪʦʥʳ ʚʭʦʜʷʪ ʚ ʩʦʩʪʘʚ ʷʜʨʘ. 



ʆʪʢʨʳʪʠʝ ʥʝʡʪʨʦʥʘ 
(1932 ʛʦʜ)  

ɼʞʝʡʤʩ ʏʝʜʚʠʢ 

(1891-1974) 

 Ŭ + 9Be Ÿ n + 12C 



ʉʪʨʦʝʥʠʝ ʷʜʨʘ 

Å ʇʨʦʪʦʥ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʷʜʨʦ ʧʨʦʩʪʝʡʰʝʛʦ ʘʪʦʤʘ ï ʚʦʜʦʨʦʜʘ. 
ʆʥ ʠʤʝʝʪ ʧʦʣʦʞʠʪʝʣʴʥʳʡ ʟʘʨʷʜ ʝ = +1.6ī10-19 ʂʣ ʠ ʤʘʩʩʫ 

mp=(1.672623Ñ0.000008)ī10-27 ʢʛ = 938 ʄʵɺ/ʩ2. 

  

Å ʅʝʡʪʨʦʥ - ʵʣʝʢʪʨʠʯʝʩʢʠ ʥʝʡʪʨʘʣʝʥ. ʄʘʩʩʘ ʥʝʡʪʨʦʥʘ ʨʘʚʥʘ: 
mn=(1.674929Ñ0.000009) ī10-27 ʢʛ = 939 ʄʵɺ/ʩ2. 

Å ʉʦʚʨʝʤʝʥʥʘʷ ʤʦʜʝʣʴ ʘʪʦʤʥʦʛʦ ʷʜʨʘ ʧʨʝʜʣʦʞʝʥʘ ʚ 
1932 ʛʦʜʫ ɼ.ʀʚʘʥʝʥʢʦ ʠ ɺ.ɻʝʡʟʝʥʙʝʨʛʦʤ. 
ʉʦʛʣʘʩʥʦ ʵʪʦʡ ʤʦʜʝʣʠ, ʘʪʦʤʥʦʝ ʷʜʨʦ ʩʦʩʪʦʠʪ ʠʟ ʜʚʫʭ 
ʯʘʩʪʠʮ ï протонов и нейтронов. 

 
Åʇʨʦʪʦʥʳ ʠ ʥʝʡʪʨʦʥʳ ʦʙʲʝʜʠʥʷʶʪ ʦʙʱʠʤ ʥʘʠʤʝʥʦʚʘʥʠʝʤ - нуклоны. 



ʉʪʨʦʝʥʠʝ ʷʜʨʘ 

Å ʏʠʩʣʦ ʥʝʡʪʨʦʥʦʚ, ʥʘʭʦʜʷʱʠʭʩʷ ʚ ʷʜʨʝ ʨʘʚʥʦ N=A-Z. 

X
A

Z

Å ʂʘʞʜʦʝ ʘʪʦʤʥʦʝ ʷʜʨʦ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʜʚʫʤʷ ʯʠʩʣʘʤʠ: 

 

Z ï ʟʘʨʷʜʦʚʦʝ ʯʠʩʣʦ ʷʜʨʘ, ʨʘʚʥʦʝ ʯʠʩʣʫ ʧʨʦʪʦʥʦʚ ʚ 

ʷʜʨʝ (ʩʦʚʧʘʜʘʝʪ ʩ ʧʦʨʷʜʢʦʚʳʤ ʥʦʤʝʨʦʤ ʭʠʤʠʯʝʩʢʦʛʦ 

ʵʣʝʤʝʥʪʘ ʚ ʧʝʨʠʦʜʠʯʝʩʢʦʡ ʩʠʩʪʝʤʝ); 

 

ɸ ï ʤʘʩʩʦʚʦʝ ʯʠʩʣʦ, ʨʘʚʥʦʝ ʯʠʩʣʫ ʥʫʢʣʦʥʦʚ ʚ ʷʜʨʝ 

(ʯʠʩʣʫ ʧʨʦʪʦʥʦʚ ʠ ʥʝʡʪʨʦʥʦʚ). 

Å ʆʙʳʯʥʦ ʘʪʦʤʥʦʝ ʷʜʨʦ ʦʙʦʟʥʘʯʘʶʪ ʩʠʤʚʦʣʦʤ           , ʛʜʝ ʍ ï ʩʠʤʚʦʣ 

ʭʠʤʠʯʝʩʢʦʛʦ ʵʣʝʤʝʥʪʘ, ɸ ï ʤʘʩʩʦʚʦʝ ʯʠʩʣʦ,  Z ï ʘʪʦʤʥʳʡ ʥʦʤʝʨ. 

Åʉʪʘʙʠʣʴʥʳʝ ʷʜʨʘ ʩʫʱʝʩʪʚʫʶʪ ʙʣʘʛʦʜʘʨʷ ʜʝʡʩʪʚʠʶ ʩʠʣ ʙʦʣʝʝ ʠʥʪʝʥʩʠʚʥʳʭ, 

ʯʝʤ ʢʫʣʦʥʦʚʩʢʠʝ. ʕʪʠ ʩʠʣʳ ʥʘʟʚʘʥʳ ʩʠʣʴʥʳʤ (ʷʜʝʨʥʳʤ) ʚʟʘʠʤʦʜʝʡʩʪʚʠʝʤ. 



ʈʘʟʤʝʨ ʷʜʨʘ 

ʇʣʦʪʥʦʩʪʴ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ 

ʟʘʨʷʜʘ ɟ(r), ʦʙʝʩʧʝʯʠʚʘʶʱʘʷ ʥʘʠʣʫʯʰʝʝ 

ʩʦʛʣʘʩʠʝ ʩ ʵʢʩʧʝʨʠʤʝʥʪʦʤ, ʜʘʝʪʩʷ ʬʦʨʤʫʣʦʡ 

ʌʝʨʤʠ: 

R=1.2ȚA1/3 ï ʨʘʩʩʪʦʷʥʠʝ, ʥʘ ʢʦʪʦʨʦʤ ʧʣʦʪʥʦʩʪʴ 

ʟʘʨʷʜʘ ʩʧʘʜʘʝʪ ʚ 2 ʨʘʟʘ,  

 a=4.4t  - ʧʘʨʘʤʝʪʨ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʡ ʪʦʣʱʠʥʫ 

ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʩʣʦʷ ʷʜʨʘ 

ɟ(0)   ï    ʧʣʦʪʥʦʩʪʴ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʟʘʨʷʜʘ 

ʚ ʮʝʥʪʨʝ ʷʜʨʘ, 



ʄʘʩʩʘ ʠ ʵʥʝʨʛʠʷ ʷʜʨʘ 

ʄʘʩʩʘ ʄ ̫ʠ ʵʥʝʨʛʠʷ ʧʦʢʦʷ ʷʜʨʘ E0 ʩʚʷʟʘʥʳ ʩʦʦʪʥʦʰʝʥʠʝʤ: 

E0  = ʄ̫  Țc2    

ʕʥʝʨʛʠʷ ʩʚʷʟʠ ʷʜʨʘ W(A,Z) ï ʵʥʝʨʛʠʷ, ʢʦʪʦʨʫʶ ʥʝʦʙʭʦʜʠʤʦ ʟʘʪʨʘʪʠʪʴ 

ʜʣʷ ʪʦʛʦ, ʯʪʦʙʳ ʨʘʟʜʝʣʠʪʴ ʘʪʦʤʥʦʝ ʷʜʨʦ ʥʘ ʦʪʜʝʣʴʥʳʝ ʩʦʩʪʘʚʣʷʶʱʠʝ 

ʝʛʦ ʥʝʡʪʨʦʥʳ ʠ ʧʨʦʪʦʥʳ: 

W(A, Z) = Z Ŀ m
p
c2 + N Ŀ m

n
c2 - M c̫2   

ʋʜʝʣʴʥʘʷ ʵʥʝʨʛʠʷ ʩʚʷʟʠ Ů ï ʧʦʣʥʘʷ ʵʥʝʨʛʠʷ ʩʚʷʟʠ ʷʜʨʘ, ʜʝʣʝʥʥʘʷ ʥʘ 

ʯʠʩʣʦ ʥʫʢʣʦʥʦʚ ʚ ʷʜʨʝ: 

 

 

 

Ů = W(A, Z)/A 

ʕʥʝʨʛʠʷ ʦʪʜʝʣʝʥʠʷ ʥʫʢʣʦʥʘ/ʘʣʴʬʘ-ʯʘʩʪʠʮʳ ï ʵʥʝʨʛʠʷ, ʢʦʪʦʨʫʶ 

ʥʝʦʙʭʦʜʠʤʦ ʟʘʪʨʘʪʠʪʴ, ʯʪʦʙʳ ʦʪʜʝʣʠʪʴ ʦʪ ʷʜʨʘ ʥʫʢʣʦʥ/ʘʣʴʬʘ-ʯʘʩʪʠʮʫ:  

ɺn = [M(A-1, Z) + mn - M(A, Z) ] Ŀ c2 = W(A, Z) - W(A-1, Z) 



ɿʘʚʠʩʠʤʦʩʪʴ ʫʜʝʣʴʥʦʡ ʵʥʝʨʛʠʠ ʩʚʷʟʠ 

ʷʜʨʘ ʦʪ ʤʘʩʩʦʚʦʛʦ ʯʠʩʣʘ 

ʆʩʥʦʚʥʳʝ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ: 

Åʣʝʛʢʠʤ ʷʜʨʘʤ ʚʳʛʦʜʥʦ ʦʙʲʝʜʠʥʷʪʴʩʷ (ʷʜʝʨʥʳʡ ʩʠʥʪʝʟ) 

Åʪʷʞʝʣʳʤ ʷʜʨʘʤ ʚʳʛʦʜʥʦ ʨʘʩʧʘʜʘʪʴʩʷ (ʜʝʣʝʥʠʝ)   



N-Z  ʜʠʘʛʨʘʤʤʘ ʘʪʦʤʥʳʭ ʷʜʝʨ 

ʉʪʘʙʠʣʴʥʳʝ ʷʜʨʘ ʟʘʥʠʤʘʶʪ ʫʟʢʫʶ ʧʦʣʦʩʢʫ (ʧʦʢʘʟʘʥʳ ʯʝʨʥʳʤ 

ʮʚʝʪʦʤ). ʀʟʚʝʩʪʥʦ ʦʢʦʣʦ 300 ʩʪʘʙʠʣʴʥʳʭ ʷʜʝʨ. 

ʂʨʘʩʥʳʤ ʠ ʩʠʥʠʤ ʮʚʝʪʦʤ ʧʦʢʘʟʘʥʳ ʙʝʪʘ-ʨʘʜʠʦʘʢʪʠʚʥʳʝ ʷʜʨʘ, 

ʞʝʣʪʳʤ ð ʘʣʴʬʘ-ʨʘʜʠʦʘʢʪʠʚʥʳʝ ʷʜʨʘ. ʀʟʚʝʩʪʥʦ ʦʢʦʣʦ 3000 

ʨʘʜʠʦʘʢʪʠʚʥʳʭ ʷʜʝʨ.  

ɺʩʝʛʦ ʚ ʧʨʠʨʦʜʝ ʤʦʞʝʪ ʙʳʪʴ ʦʢʦʣʦ 7500 ʷʜʝʨ. 



ʈʘʜʠʦʘʢʪʠʚʥʦʩʪʴ 

Å 1896 ʛ. ï ɸʥʪʫʘʥ ɹʝʢʢʝʨʝʣʴ ʦʪʢʨʳʣ ʨʘʜʠʦʘʢʪʠʚʥʦʩʪʴ 

Å 1898 ʛ. ï ʄʘʨʠʷ ʠ ʇʴʝʨ ʂʶʨʠ ʚʳʜʝʣʠʣʠ ʠ ʠʟʫʯʠʣʠ ʨʘʜʠʡ ʠ ʧʦʣʦʥʠʡ 

Å 1899 ʛ. ï ʕʨʥʩʪ ʈʝʟʝʨʬʦʨʜ ʦʪʢʨʳʣ, ʯʪʦ ʫʨʘʥ ʠʟʣʫʯʘʝʪ ʧʦʣʦʞʠʪʝʣʴʥʦ 

ʟʘʨʷʞʝʥʥʳʝ ʘʣʴʬʘ-ʯʘʩʪʠʮʳ ʠ ʦʪʨʠʮʘʪʝʣʴʥʦ ʟʘʨʷʞʝʥʥʳʝ ʙʝʪʘ-ʯʘʩʪʠʮʳ 

Å 1900 ʛ. ï ʇʦʣʴ ɺʠʣʣʘʨʜ ʦʪʢʨʳʣ ʛʘʤʤʘ-ʣʫʯʠ ʧʨʠ ʠʟʫʯʝʥʠʠ ʨʘʩʧʘʜʘ ʫʨʘʥʘ 

Å 1933 ʛ. ï ʀʨʝʥ ʠ ɾʶʣʠʦ ʂʶʨʠ ʦʙʥʘʨʫʞʠʣʠ ʠʩʢʫʩʩʪʚʝʥʥʫʶ 

ʨʘʜʠʦʘʢʪʠʚʥʦʩʪʴ 

    ʈʘʜʠʦʘʢʪʠʚʥʦʩʪʴʶ ʥʘʟʳʚʘʝʪʩʷ ʩʧʦʩʦʙʥʦʩʪʴ ʷʜʝʨ ʩʘʤʦʧʨʦʠʟʚʦʣʴʥʦ 
ʧʨʝʚʨʘʱʘʪʴʩʷ ʚ ʜʨʫʛʠʝ ʷʜʨʘ, ʠʩʧʫʩʢʘʷ ʧʨʠ ʵʪʦʤ ʨʘʟʥʳʝ ʚʠʜʳ 
ʠʦʥʠʟʠʨʫʶʱʝʛʦ ʠʟʣʫʯʝʥʠʷ. ʈʘʜʠʦʘʢʪʠʚʥʦʩʪʴ ʚʦʟʥʠʢʘʝʪ ʚ ʨʝʟʫʣʴʪʘʪʝ 

ʨʘʩʧʘʜʘ ʥʝʩʪʘʙʠʣʴʥʦʛʦ ʷʜʨʘ. 



ɺʠʜʳ ʨʘʜʠʦʘʢʪʠʚʥʦʛʦ ʨʘʩʧʘʜʘ 

Ŭ-ʨʘʩʧʘʜ ï ʠʩʧʫʩʢʘʥʠʝ ʷʜʨʘʤʠ Ŭ-ʯʘʩʪʠʮ 

ɓ-ʨʘʩʧʘʜ ï ʠʩʧʫʩʢʘʥʠʝ (ʠʣʠ ʧʦʛʣʦʱʝʥʠʝ) ʣʝʧʪʦʥʦʚ 

ʩʧʦʥʪʘʥʥʦʝ ʜʝʣʝʥʠʝ ï ʨʘʩʧʘʜ ʷʜʨʘ ʥʘ ʜʚʘ ʦʩʢʦʣʢʘ 

ʩʨʘʚʥʠʤʦʡ ʤʘʩʩʳ  

ɔ-ʨʘʩʧʘʜ ï ʠʩʧʫʩʢʘʥʠʝ ɔ-ʢʚʘʥʪʦʚ 



ɿʘʢʦʥ ʨʘʜʠʦʘʢʪʠʚʥʦʛʦ ʨʘʩʧʘʜʘ 

ɿʘʢʦʥ ʨʘʜʠʦʘʢʪʠʚʥʦʛʦ ʨʘʩʧʘʜʘ ʷʜʝʨ ʧʦʣʫʯʝʥ ʚ ʧʨʝʜʧʦʣʦʞʝʥʠʠ, ʯʪʦ ʯʠʩʣʦ 
ʨʘʩʧʘʜʦʚ ȹN, ʧʨʦʠʩʭʦʜʷʱʠʭ ʟʘ ʧʨʦʤʝʞʫʪʦʢ ʚʨʝʤʝʥʠ ȹt, ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦ 
ʧʦʣʥʦʤʫ ʯʠʩʣʫ ʨʘʜʠʦʘʢʪʠʚʥʳʭ ʷʜʝʨ  N  ʠ  ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʤʫ ʧʨʦʤʝʞʫʪʢʫ 
ʚʨʝʤʝʥʠ: 

tNN D-=D l

t
eNN
l-

=
0

ɚ - ʧʦʩʪʦʷʥʥʘʷ ʨʘʩʧʘʜʘ (ʨʘʟʣʠʯʥʘ ʜʣʷ ʨʘʟʥʳʭ ʠʟʦʪʦʧʦʚ). 

 



ʇʝʨʠʦʜ ʧʦʣʫʨʘʩʧʘʜʘ 

ÅПериодом полураспада ʠʟʦʪʦʧʘ ʥʘʟʳʚʘʝʪʩʷ ʧʨʦʤʝʞʫʪʦʢ 
ʚʨʝʤʝʥʠ, ʟʘ ʢʦʪʦʨʳʡ ʨʘʩʧʘʜʘʝʪʩʷ ʧʦʣʦʚʠʥʘ ʨʘʜʠʦʘʢʪʠʚʥʳʭ 
ʷʜʝʨ:  

       
 
 

1
2

ln 2
T

l
=

1
2

N
ɸ
ʊ
=

Åʆʪʥʦʰʝʥʠʝ ʢʦʣʠʯʝʩʪʚʘ ʠʤʝʶʱʠʭʩʷ ʚ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ t 
ʨʘʜʠʦʘʢʪʠʚʥʳʭ ʷʜʝʨ N ʢ ʠʭ ʩʨʝʜʥʝʤʫ ʚʨʝʤʝʥʠ ʞʠʟʥʠ      
ʥʘʟʳʚʘʶ активностью: 

       
 
 



ɸʣʴʬʘ-ʨʘʩʧʘʜ 

ʈʘʜʠʦʘʢʪʠʚʥʦʝ ʷʜʨʦ, ʠʩʧʫʩʢʘʷ  Ŭ-

ʯʘʩʪʠʮʫ, ʦʪʣʠʯʘʝʪʩʷ ʦʪ ʠʩʭʦʜʥʦʛʦ, 

ʧʦʩʢʦʣʴʢʫ ʪʝʨʷʝʪ ʧʦ ʜʚʘ ʧʨʦʪʦʥʘ 

ʠ  ʜʚʘ ʥʝʡʪʨʦʥʘ. ʉʭʝʤʘ Ŭ-ʨʘʩʧʘʜʘ 

ʷʜʨʘ ʩ ʘʪʦʤʥʳʤ ʥʦʤʝʨʦʤ ɸ ʠ 

ʟʘʨʷʜʦʤ Z ʚʳʛʣʷʜʠʪ ʩʣʝʜʫʶʱʠʤ 

ʦʙʨʘʟʦʤ:  

 

(, ) ( 4, 2)AZ A Z a- -+

226 222 4

88 86 2
Ra Rn He +



ʕʥʝʨʛʝʪʠʯʝʩʢʠʝ ʩʦʦʪʥʦʰʝʥʠʷ ʧʨʠ 

ʘʣʴʬʘ-ʨʘʩʧʘʜʝ 

ʅʝʦʙʭʦʜʠʤʦʝ ʫʩʣʦʚʠʝ ʜʣʷ ʘʣʴʬʘ-ʨʘʩʧʘʜʘ: 

ʕʥʝʨʛʠʷ, ʚʳʜʝʣʷʶʱʘʷʩʷ ʧʨʠ ʘʣʴʬʘ-ʨʘʩʧʘʜʝ: 

ʂʠʥʝʪʠʯʝʩʢʘʷ ʵʥʝʨʛʠʷ ʘʣʴʬʘ-ʯʘʩʪʠʮʳ: 



ɸʣʴʬʘ-ʨʘʩʧʘʜ ï ʢʚʘʥʪʦʚʦʝ ʷʚʣʝʥʠʝ 

ɺʝʨʦʷʪʥʦʩʪʴ ʧʨʦʭʦʞʜʝʥʠʷ ʯʝʨʝʟ ʙʘʨʴʝʨ: 



ɹʝʪʘ-ʨʘʩʧʘʜ 

ɹʝʪʘ-ʨʘʩʧʘʜ ʷʜʝʨ ʦʙʫʩʣʦʚʣʝʥ ʠʩʧʫʩʢʘʥʠʝʤ ʵʣʝʢʪʨʦʥʦʚ, ʣʠʙʦ ʠʭ ʘʥʪʠʯʘʩʪʠʮ - 
ʧʦʟʠʪʨʦʥʦʚ. ɺʦʟʤʦʞʝʥ ʪʘʢʞʝ ʧʨʦʮʝʩʩ, ʧʨʠ ʢʦʪʦʨʦʤ ʷʜʨʦ ʧʦʛʣʦʱʘʝʪ ʦʜʠʥ ʠʟ 
ʘʪʦʤʥʳʭ ʵʣʝʢʪʨʦʥʦʚ (ʂ-ʟʘʭʚʘʪ). 

 

(A,Z)+e-Ÿ(A, Z-1)+ɜ   

(A,Z)Ÿ(A, Z-1)+e++ɜ   

(A,Z)Ÿ(A, Z+1)+e-+ɜ   

ʇʨʠ ʙʝʪʘ-ʨʘʩʧʘʜʝ ʧʨʝʚʨʘʱʝʥʠʷ ʵʣʝʤʝʥʪʦʚ ʧʨʦʠʩʭʦʜʷʪ ʥʝ ʠʟʤʝʥʝʥʠʝʤ 
ʘʪʦʤʥʦʛʦ ʥʦʤʝʨʘ (ʤʘʩʩʦʚʦʝ ʯʠʩʣʦ ɸ ʥʝ ʤʝʥʷʝʪʩʷ ʧʨʠ ʨʘʩʧʘʜʝ), ʘ ʠʟʤʝʥʝʥʠʝʤ 
ʟʘʨʷʜʘ ʷʜʨʘ ʠ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʯʠʩʣʘ ʧʨʦʪʦʥʦʚ ʚ ʥʝʤ. 



ʕʥʝʨʛʝʪʠʯʝʩʢʠʝ ʩʦʦʪʥʦʰʝʥʠʷ ʧʨʠ 

ʙʝʪʘ-ʨʘʩʧʘʜʝ 

ʕʥʝʨʛʠʷ, ʚʳʜʝʣʷʝʤʘʷ ʧʨʠ ʙʝʪʘ-ʨʘʩʧʘʜʝ: 

ʉʧʝʢʪʨ ʵʣʝʢʪʨʦʥʦʚ, ʦʙʨʘʟʦʚʘʚʰʠʭʩʷ ʚ ʨʝʟʫʣʴʪʘʪʝ ʙʝʪʘ-ʨʘʩʧʘʜʘ - 

ʥʝʧʨʝʨʳʚʥʳʡ: 



ɻʘʤʤʘ-ʨʘʩʧʘʜ 
Å ʈʘʩʧʘʜ   ʷʜʨʘ ʩ ʠʩʧʫʩʢʘʥʠʝʤ ɔ-ʠʟʣʫʯʝʥʠʷ ʥʘʧʦʤʠʥʘʝʪ ʠʩʧʫʩʢʘʥʠʝ 

ʬʦʪʦʥʦʚ ʚʦʟʙʫʞʜʝʥʥʳʤʠ ʘʪʦʤʘʤʠ. ʊʘʢ ʞʝ ʢʘʢ ʘʪʦʤ, ʷʜʨʦ ʤʦʞʝʪ 

ʥʘʭʦʜʠʪʴʩʷ ʚ ʚʦʟʙʫʞʜʝʥʥʦʤ ʩʦʩʪʦʷʥʠʠ. ʇʨʠ ʧʝʨʝʭʦʜʝ ʚ ʩʦʩʪʦʷʥʠʝ 

ʩ ʙʦʣʝʝ ʥʠʟʢʦʡ ʵʥʝʨʛʠʝʡ ʷʜʨʦ ʠʩʧʫʩʢʘʝʪ ʬʦʪʦʥ. 

Å  ʕʥʝʨʛʠʷ  ɔ-ʠʟʣʫʯʝʥʠʷ ʚʘʨʴʠʨʫʝʪʩʷ ʦʪ ʥʝʩʢʦʣʴʢʠʭ ʢʠʣʦʵʣʝʢʪʨʦʥ-

ʚʦʣʴʪ ʜʦ ʥʝʩʢʦʣʴʢʠʭ ʤʝʛʘʵʣʝʢʪʨʦʥ - ʚʦʣʴʪ.  

Å ʇʨʠ ɔ-ʨʘʩʧʘʜʝ ʥʝ ʧʨʦʠʩʭʦʜʠʪ ʧʨʝʚʨʘʱʝʥʠʷ ʦʜʥʦʛʦ ʭʠʤʠʯʝʩʢʦʛʦ 

ʵʣʝʤʝʥʪʘ ʚ ʜʨʫʛʦʡ. 

Å ʀʥʦʛʜʘ ʷʜʨʦ ʚ ʪʝʯʝʥʠʝ ʥʝʢʦʪʦʨʦʛʦ ʧʨʦʤʝʞʫʪʢʘ ʚʨʝʤʝʥʠ ʦʩʪʘʝʪʩʷ ʚ 

ʚʦʟʙʫʞʜʝʥʥʦʤ ʩʦʩʪʦʷʥʠʠ, ʧʨʝʞʜʝ ʯʝʤ ʠʩʧʫʩʢʘʝʪ ɔ-ʢʚʘʥʪ. ʊʘʢʦʝ 

ʩʦʩʪʦʷʥʠʝ ʷʜʨʘ ʥʘʟʳʚʘʶʪ ʤʝʪʘʩʪʘʙʠʣʴʥʳʤ, ʘ ʩʘʤʦ ʷʜʨʦ - 

ʠʟʦʤʝʨʦʤ. ɺʦʟʙʫʞʜʝʥʥʦʝ ʷʜʨʦ ʤʦʞʝʪ ʨʘʩʧʘʜʘʪʴʩʷ ʩ ʠʩʧʫʩʢʘʥʠʝʤ 

ʧʨʦʪʦʥʦʚ, ʥʝʡʪʨʦʥʦʚ, Ŭ-ʯʘʩʪʠʮ 



˥͊ͣͣ͊-ͪ͊ͫͨ͊͒ 



ɼʝʣʝʥʠʝ ʷʜʝʨ 

ʗʜʨʦ ʫʨʘʥʘ, ʧʦʛʣʦʪʠʚ 

ʥʝʡʪʨʦʥ, ʨʘʩʧʘʜʘʝʪʩʷ 

ʥʘ ʜʚʝ ʧʨʠʤʝʨʥʦ 

ʨʘʚʥʳʝ ʯʘʩʪʠ. 



˨͔͔͙͔ͤ͡  

ʇʨʠ ʜʝʣʝʥʠʠ ʚʩʝʭ ʷʜʝʨ ʚ 1 ʛ ʫʨʘʥʘ ʚʳʜʝʣʷʝʪʩʷ 
ʩʪʦʣʴʢʦ ʞʝ ʵʥʝʨʛʠʠ, ʩʢʦʣʴʢʦ ʚʳʜʝʣʷʝʪʩʷ ʧʨʠ 
ʩʞʠʛʘʥʠʠ ʪʨʝʭ ʪʦʥʥ ʫʛʣʷ 

2 3 5

9 2
U

1 235 144 89 1

0 92 56 36 0
3n U Ba Kr n+ + +

1 235 140 94 1

0 92 54 38 0
2n U Xe Sr n+ + +



ʗʜʝʨʥʳʡ ʩʠʥʪʝʟ 

ʊʝʨʤʦʷʜʝʨʥʳʡ ʩʠʥʪʝʟ - 

ʦʙʨʘʟʦʚʘʥʠʝ ʷʜʝʨ ʚ ʧʨʦʮʝʩʩʝ 

ʩʣʠʷʥʠʷ ʦʪʜʝʣʴʥʳʭ ʧʨʦʪʦʥʦʚ ʠ 

ʥʝʡʪʨʦʥʦʚ ʠʣʠ ʣʝʛʢʠʭ ʷʜʝʨ. 



ʀʦʥʠʟʠʨʫʶʱʝʝ ʠʟʣʫʯʝʥʠʝ 

Ионизирующее излучение – ʧʦʪʦʢ ʟʘʨʷʞʝʥʥʳʭ ʠʣʠ ʥʝʡʪʨʘʣʴʥʳʭ 
ʯʘʩʪʠʮ, ʧʨʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʢʦʪʦʨʳʭ ʩ ʚʝʱʝʩʪʚʦʤ ʦʙʨʘʟʫʶʪʩʷ 
ʵʣʝʢʪʨʠʯʝʩʢʠʝ ʟʘʨʷʜʳ ʨʘʟʣʠʯʥʳʭ ʟʥʘʢʦʚ. 

ʂ ʠʦʥʠʟʠʨʫʶʱʠʤ ʠʟʣʫʯʝʥʠʷʤ ʦʪʥʦʩʷʪʩʷ ʧʫʯʢʠ ʬʦʪʦʥʦʚ, ʵʣʝʢʪʨʦʥʦʚ, 
ʪʷʞʝʣʳʭ ʟʘʨʷʞʝʥʥʳʭ ʯʘʩʪʠʮ (ʧʨʦʪʦʥʦʚ, ʜʝʡʪʨʦʥʦʚ, Ŭ-ʯʘʩʪʠʮ, ʷʜʝʨ 
ʭʠʤʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ), ʥʝʡʪʨʦʥʦʚ. 

ʀʩʪʦʯʥʠʢʘʤʠ ʠʦʥʠʟʠʨʫʶʱʝʛʦ ʠʟʣʫʯʝʥʠʷ ʷʚʣʷʶʪʩʷ ʨʝʥʪʛʝʥʦʚʩʢʠʝ 

ʪʨʫʙʢʠ, ʫʩʢʦʨʠʪʝʣʠ ʯʘʩʪʠʮ, ʨʘʜʠʦʘʢʪʠʚʥʳʝ ʠʟʦʪʦʧʳ.  



ʃʠʥʝʡʥʦʡ ʪʦʨʤʦʟʥʦʡ ʩʧʦʩʦʙʥʦʩʪʴʶ ʚʝʱʝʩʪʚʘ ʥʘʟʳʚʘʶʪ ʦʪʥʦʰʝʥʠʝ 
ʵʥʝʨʛʠʠ dE, ʪʝʨʷʝʤʦʡ ʟʘʨʷʞʝʥʥʦʡ ʯʘʩʪʠʮʝʡ ʧʨʠ ʧʨʦʭʦʞʜʝʥʠʠ ʧʫʪʠ dx ʚ 
ʚʝʱʝʩʪʚʝ, ʢ ʜʣʠʥʝ ʵʪʦʛʦ ʧʫʪʠ: 

 d E
S

d x
= -

ʠʦʥ

ʠʦʥ

dx

dE
S ö

÷

õ
æ
ç

å
-=

ʋʜʝʣʴʥʳʤʠ ʠʦʥʠʟʘʮʠʦʥʥʳʤʠ ʧʦʪʝʨʷʤʠ ʥʘʟʳʚʘʶʪʩʷ ʧʦʪʝʨʠ ʵʥʝʨʛʠʠ 
ʥʘ ʝʜʠʥʠʮʫ ʧʫʪʠ, ʧʨʦʠʩʭʦʜʷʱʠʝ ʚʩʣʝʜʩʪʚʠʝ ʠʦʥʠʟʘʮʠʦʥʥʦʛʦ 
ʪʦʨʤʦʞʝʥʠʷ ʯʘʩʪʠʮʳ: 

 

 

ʇʨʦʮʝʩʩ ʧʦʪʝʨʠ ʟʘʨʷʞʝʥʥʦʡ ʯʘʩʪʠʮʝʡ ʵʥʝʨʛʠʠ ʚ ʨʝʟʫʣʴʪʘʪʝ ʠʦʥʠʟʘʮʠʠ 
ʘʪʦʤʦʚ ʩʨʝʜʳ ʥʘʟʳʚʘʶʪ ʠʦʥʠʟʘʮʠʦʥʥʳʤ ʪʦʨʤʦʞʝʥʠʝʤ.  

ɺʟʘʠʤʦʜʝʡʩʪʚʠʝ ʟʘʨʷʞʝʥʥʳʭ ʯʘʩʪʠʮ 

ʩ ʚʝʱʝʩʪʚʦʤ 



ˤ͙͔͚͍͙͔͊ͣͦ͒ͫͭ͘ ͭΎ͔͗͡·ͻ ͊ͪ͘Ύ͔͗ͤͤ·ͻ ;͙͊ͫͭͼ ͫ 
͍͔΅͔͍ͫͭͦͣ 

˴ ͭΎ͔͗͡·ͣ ͊ͪ͘Ύ͔͗ͤͤ·ͣ ;͙͊ͫͭͼ͊ͣ ͦͭͤͦͫΎͭͫΎ Ύ͒ͪ͊ ͍͔ͫͻ ͙ͫͭ͊͋͡Έͤ·ͻ ͍͊ͭͦͣͦΣ 
ͤ͊;͙ͤ͊Ύ ͫ ͍ͦ͒ͦͪͦ͒͊ ͍ͨͦͭ͡Έ ͒ͦ ͯͪ͊ͤ͊Φ 

 

( )

22 4

02 2
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ˤ ͙ͦ͋͊ͫͭ͡ II ͍ ͔͙͡;͙ͤ͊ ͔ͯ͒͡Έͤ·ͻ ͙͙ͦͤ͊͘ͼ͙ͦͤͤ·ͻ ͔ͨͦͭͪΈ ͭΎ͔͗͡·ͻ ͊ͪ͘Ύ͔͗ͤͤ·ͻ 
;͙͊ͫͭͼ ͔͔ͦͨͪ͒͡Ύ͔ͭͫΎ ͺ͚ͦͪͣͯͦ͡ ˣ͔͔ͭ-ˣͦ͡ͻ͊Υ 

 

 



ˤ͙͔͚͍͙͔͊ͣͦ͒ͫͭ͘ Ή͔͍ͭͪͦͤͦ͟͡ ͫ ͍͔΅͔͍ͫͭͦͣ 

˽ͪͦͼ͔ͫͫ· ͍͙͔͚͍͙͊ͣͦ͒ͫͭ͘Ύ 
Ή͔͍ͭͪͦͤͦ͟͡ ͫ ͍͔΅͔͍ͫͭͦͣ 

˾͙͊͒͊ͼ͙͔ͦͤͤͦ 
͔͙ͭͦͪͣͦ͗ͤΎ 

͔̏ͭͪͦ͟͡Ύ͔͒ͪͤ·͚ 
Ήͺͺ͔ͭ͟ 

ˮ͙ͦͤ͊͘ͼ͙͔ͦͤͤͦ 
͔͙͔ͭͦͪͣͦ͗ͤ 

ˤ͙͔͚͍͙͔͊ͣͦ͒ͫͭ͘ ͫ 
Ή͔͙ͭͪͦͤ͊ͣ͟͡ 
͍͊ͭͦͣͦ 

ˤ͙͔͚͍͙͔͊ͣͦ͒ͫͭ͘ ͫ 
͊ͭͦͣͤ·͙ͣ Ύ͙͒ͪ͊ͣ 



ˮ͙ͦͤ͊͘ͼ͙ͦͤͤ·͔ ͔͙ͨͦͭͪ Ή͔͍ͭͪͦͤͦ͟͡ 

̅ͦͪͣͯ͊͡ ˣ͔͔ͭ ς x ͦ͡ͻ͊ ͒͡Ύ ͙͙ͦͤ͊͘ͼ͙ͦͤͤ·ͻ ͔ͨͦͭͪΈ Ή͔͍ͭͪͦͤͦ͟͡ 
͙͔ͤ͊ͨͦͣͤ͊ͭ ͺͦͪͣͯͯ͡ ͙͙ͦͤ͊͘ͼ͙ͦͤͤ·ͻ ͔ͨͦͭͪΈ ͒͡Ύ ͍ͨͪͦͭͦͤͦΥ 
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˽ͦͤ͡·͔ ͔͙ͨͦͭͪ Ή͔͎͙͙ͤͪ Ή͔͍ͭͪͦͤͦ͟͡ ͫ͊͒͟͡·͍͊ΌͭͫΎ ͙͘ 
͙͙ͦͤ͊͘ͼ͙ͦͤͤ·ͻ ͙ ͙ͪ͊͒͊ͼ͙ͦͤͤ·ͻ ͔ͨͦͭͪΈΥ  



˾͙͊͒͊ͼ͙ͦͤͤ·͔ ͔͙ͨͦͭͪ Ή͔͍ͭͪͦͤͦ͟͡ 

2

6
4 1 0

ʝ

pʠʟʣ

ʨ

ʠʟʣ e

mE

ɽ m

å õ å õ
º º Öæ ö æ ö

ç ÷ ç ÷

˽͙ͪ ͙͙ͨͦͨ͊͒͊ͤ  ͍͔ͨͦ͡ ͎͊ͭͦͣͤͦͦ Ύ͒ͪ͊ Ή͔ͭͪͦͤ͟͡· ͭͦͪͣͦ͘ΎͭͫΎ.  ʕ
͔ͪͯ͘͡Έ͔ͭ͊ͭ ͔͙ͭͦͪͣͦ͗ͤΎ ͤ͊͘;͙͔ͭ͡Έͤ͊Ύ ;͊ͫͭΈ Ή͔͎͙͙ͤͪ ͪ͊ͫͻ͔ͦ͒ͯͭͫΎ 
ͤ ͙͊ ͙͔ͫͨͯͫ͊ͤ͟ ͭ ͦͪͣͦͤ͘·ͻ ͅ ͍ͦͭͦͤͦ. 

͔͙͔́ͦͪͣͦ͗ͤ ͫ  ͙ ͙͔ͫͨͯͫ͊ͤͣ͟ ͅ ͍ͦͭͦͤͦ ͤ ͊͘·͍͔͊ͭͫΎ ͪ ͙͊͒͊ͼ͙ͦͤͤ·͙ͣ 
͔ͨͦͭͪΎ͙ͣ Ή͔͎͙͙ͤͪ. 

˽͙ͪ ͚ͦ͒ͤͦ  ͙ ͚ͭͦ ͗  ͔ Ή͔͎͙͙ͤͪ ;͙͊ͫͭͼ ͙ͪ͊͒͊ͼ͙ͦͤͤ·͔ ͔͙ͨͦͭͪ 
Ή͔͍ͭͪͦͤͦ͟͡ ͋ͦ͡Έ΄͔ ͙ͪ͊͒͊ͼ͙ͦͤͤ·ͻ ͔ͨͦͭͪΈ ͍ͨͪͦͭͦͤͦ ͙͔ͨͪͣͪͤͦ  ͍
2000 ͪ ͊͘: 



˭͍͙͙͊ͫͣͦͫͭΈ ͙͔͙͍͙ͤͭͤͫͤͦͫͭ ͨͯ;͊͟ ͍ͨͪͦͭͦͤͦ ͙ 
Ή͔͍ͭͪͦͤͦ͟͡ ͦͭ ͙ͻ ͔͎ͨͪͦ͋͊ ͍ ͍͔΅͔͍͔ͫͭ 

 

 

 

 

Åˮ͔͙͍ͤͭͤͫͤͦͫͭΈ ͍ͨͪͦͭͦͤͦ ͍͒ͦ͡Έ ͙ͦͫ ͨͯ;͊͟ ͫͤ͊;͊͊͡ ͔ͣͤΎ͔ͭͫΎ 
ͫ͊͋ͦ͡Σ ͤͦ ͔ͪͦ͘͟ ͔ͫͨ͊͒͊ͭ ͍ ͦͤ͟ͼ͔ ͔͎ͨͪͦ͋͊ ͨͯ;͊͟Φ 

Åˮ͔͙͍ͤͭͤͫͤͦͫͭΈ ͨͯ;͊͟ Ή͔͍ͭͪͦͤͦ͟͡ ͋·ͫͭͪͦ ͔ͫͨ͊͒͊ͭΣ ͤ͊;͙ͤ͊Ύ 
ͦͭ ͍͔ͨͦͪͻ͙ͤͦͫͭΦ  



ˤ͙͔͚͍͙͔͊ͣͦ͒ͫͭ͘ ʴ-͙ͯ͘͡;͔͙ͤΎ ͫ ͍͔΅͔͍ͫͭͦͣ 

ˤͦͣͦ͗ͤ͘·͔ ͨͪͦͼ͔ͫͫ· ͍͙͔͚͍͙͊ͣͦ͒ͫͭ͘Ύ ʴ-͙ͯ͘͡;͔͙ͤΎ ͫ 
͍͔΅͔͍ͫͭͦͣΥ 

Å˴͎͔͔͔ͦͪͤͭͤͦ ͔ͪ͊ͫͫΎ͙͔ͤΤ 

Å˴͍͔ͦͣͨͭͦͤͦͫͦ͟ ͔ͪ͊ͫͫΎ͙͔ͤΤ 

Å̅ͦͭͦΉͺͺ͔ͭ͟Τ 

Å˾͔͙͔ͦ͗͒ͤ Ή͔ͭͪͦͤ͟͡-͙ͨͦͭͪͦͤͤ͘·ͻ ͨ͊ͪ; 

Å͔̒͒ͪͤ·͚ ͺͦͭͦΉͺͺ͔ͭ͟Φ 
 



˴͎͔͔ͦͪͤͭͤ·ͣ ό͍͙ͭͦͣͫͦͤͦͫͣ͟ύ ͔ͪ͊ͫͫΎ͙͔ͤͣ ͤ͊͘·͍͔͊ͭͫΎ ͔ͪ͊ͫͫΎ͙͔ͤ 
Ή͔͎͙͎ͭͪͦͣ͊ͤͭͤͦͦ͟͡ ͙ͯ͘͡;͔͙ͤΎ ͤ ͊ ͍ͫͦ͋ͦ͒ͤͦͣ Ή͔͔ͭͪͦͤ͟͡Σ ͙ͨͪ ͦͭͦͪͦͣ͟ 
;͊ͫͭͦͭ͊ ͙ͯ͘͡;͔͙ͤΎ ͒  ͦ  ͙͔ͨͦͫ͡ ͍͙͔͚͍͙͊ͣͦ͒ͫͭ͘Ύ ͔ͦͫͭ͊ͭͫΎ ͔͙͔͚ͤͣͤͤͦ͘. ˽͙ͪ 
͎͔͔ͦͪͤͭͤͦͣ͟ ͔ͪ͊ͫͫΎ͙͙ͤ Ή͔ͭͪͦͤ͟͡· ͍͔΅͔͍ͫͭ͊ ͤ ͔ ͨͦͯ͡;͊Όͭ ͙͔͙ͤͭ͟;͔͚ͫͦ͟ 
Ή͔͎͙͙ͤͪ. 

˴͍͙ͦͣͨͭͦͤͦͫͣ͟ ͔ͪ͊ͫͫΎ͙͔ͤͣ όΉͺͺ͔ͭ͟ ˴ͦͣͨͭͦͤ͊ύ ͤ͊͘·͍͔͊ͭͫΎ ͔ͪ͊ͫͫΎ͙͔ͤ 
ͺ͍ͦͭͦͤͦ ͤ ͍͊ͫͦ͋ͦ͒ͤͦͣ  Ή͔͔ͭͪͦͤ͟͡Σ ͙ͨͪ ͦͭͦͪͦͣ͟ ;͊ͫͭͦͭ͊ ͙ͯ͘͡;͔͙ͤΎ ͔ͨͦͫ͡ 
͍͙͔͚͍͙͊ͣͦ͒ͫͭ͘Ύ ͔ͯͣͤΈ΄͔͊ͭͫΎ. ˽͙ͪ ͍ͦͣͨͭͦͤͦͫͦͣ͟͟ ͔ͪ͊ͫͫΎ͙͙ͤ Ή͔ͭͪͦͤ͟͡· 
͙͔ͨͪͦ͋ͪͭ͊Όͭ ͙͔͙ͤͭ͟;͔ͫͯ͟Ό Ή͔͎͙ͤͪΌ  ͙ ͔ͣͦ͗ͭ ͙ͨͪͦͫͻ͙ͦ͒ͭΈ ͙͙ͦͤ͊͘ͼ͙Ύ 
͍͊ͭͦͣͦ.  

ˤ͙͔͚͍͙͔͊ͣͦ͒ͫͭ͘ ʴ-͙ͯ͘͡;͔͙ͤΎ ͫ ͍͔΅͔͍ͫͭͦͣ 



̅ͦͭͦΉͺͺ͔ͭ͟ ς ͨͪͦͼ͔ͫͫ ͎ͨͦͦ͡΅͔͙ͤΎ ͺͦͭͦͤ͊ ͊ͭͦͣͤ·ͣ 
Ή͔ͭͪͦͤͦͣ͟͡. ͔̏ͭͪͦͤ͟͡Σ ͦͭͦͪ͟·͚  ͍ ͔ͪͯ͘͡Έ͔ͭ͊ͭ ͎ͭ͊ͦͦ͟ 
͍͙͔͚͍͙͊ͣͦ͒ͫͭ͘Ύ ͍·͙͍͔͋͊ͭͫΎ ͙ ͘ ͊ͭͦͣ͊Σ ͤ͊͘·͍͔͊ͭͫΎ 
ͺͦͭͦΉ͔ͭͪͦͤͦͣ͟͡. 

 ɹ Ҍ ˢ  s + Ҍ ͔- 

 

ˤ͙͔͚͍͙͔͊ͣͦ͒ͫͭ͘ ʴ-͙ͯ͘͡;͔͙ͤΎ ͫ ͍͔΅͔͍ͫͭͦͣ 

̅ͦͭͦΉͺͺ͔ͭ͟ ͤ͊͋͡Ό͔͒͊ͭͫΎΣ ͎ͦ͒͊͟ ͨͦ͒ ͔͚͍͙͔͒ͫͭͣ ͍͔ͫͭ͊  ͫ
͍͔ͨͦͪͻ͙ͤͦͫͭ ͨ ͍͙͍ͪͦͦ͒ͤͦ͟ ͍ ·ͪ·͍͊ΌͭͫΎ Ή͔ͭͪͦͤ͟͡·. 
˭ ͊ͦͭͪ͟·͙͔ͭ ͊ͦͤ͊͘͟ ͺͦͭͦΉͺͺ͔ͭ͊͟ .s͚̏ͤ΄͔͚ͭͤ ͨͦͯ͡;͙͡  ͍1921 
͎ͦ͒ͯ ˹ ͔͔͍ͦ͋ͫͯ͟͡Ό ͨ ͔͙ͪͣΌ. 

˿͔;͔͙͔ͤ ͺͦͭͦΉͺͺ͔ͭ͊͟ ͙ͫ͡Έͤͦ ͍͙͙͊ͫͭ͘ ͦ ͎ͭ͊ͭͦͣͤͦͦ ͔ͤͦͣͪ͊ 
͎͙͔ͨͦͦͭͭ͡͡Ύ. ˹  ͊ ͺͦͭͦΉͺͺ͔͔ͭ͟ ͍ͦͫͤͦ͊ͤͦ ͨͦͯ͡;͔͙͔ͤ 
͔͎͔͍͙ͪͤͭͤͦͫ͟ͻ ͫ ͙͍ͤͣͦ͟.  



ˤ͙͔͚͍͙͔͊ͣͦ͒ͫͭ͘ ʴ-͙ͯ͘͡;͔͙ͤΎ ͫ ͍͔΅͔͍ͫͭͦͣ 

˾͔͙͔ͦ͗͒ͤ Ή͔ͭͪͦͤ͟͡-͙ͨͦͭͪͦͤͤ͘·ͻ ͨ͊ͪ ͙ͨͪͦͫͻ͙ͦ͒ͭΣ ͔ͫ ͙͡ 
Ή͔͎͙ͤͪΎ ͺͦͭͦͤ͊  ͍2 ͪ͊͊͘ ͋ͦ͡Έ΄͔ Ή͔͎͙͙ͤͪ ͨͦͦ͟Ύ Ή͔ͭͪͦͤ͊͟͡Σ .ͭ .͔ 
͔͍ͨͪ·΄͔͊ͭ 1,02 ˸Ή.ʕ ͚́͊ͦ͟ ͺͦͭͦͤΣ ͍ͦ͊͊͘͟΄͙ͫΈ  ͍Ή͔͙ͭͪ͟͡;͔ͫͦͣ͟ 
͔ͨͦ͡ ͎͊ͭͦͣͤͦͦ Ύ͒ͪ͊Σ ͔ͫͨͦͫͦ͋ͤ ζ͍·͙͋ͭΈη ͙ ͘ ͨͦ͡Ύ ;͙͊ͫͭͼͯ 
όΉ͔ͭͪͦͤ͟͡ύ  ͙ ͙͊ͤͭ;͙͊ͫͭͼͯ ό͙ͨͦͭͪͦͤ͘ύΣ ͦͭͦͪ͟·͔ ͦ͋Ύ͔͊ͭ͘͡Έͤͦ 
ͪͦ͗͒͊ΌͭͫΎ ͨ ͙͊ͪ͊ͣ. 

  

 



ɺʢʣʘʜ ʨʘʟʣʠʯʥʳʭ ʧʨʦʮʝʩʩʦʚ 

ʚ ʧʦʣʥʦʝ ʩʝʯʝʥʠʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ  ʬʦʪʦʥʦʚ 



ˤ͙͔͚͍͙͔͊ͣͦ͒ͫͭ͘ ʴ-͙ͯ͘͡;͔͙ͤΎ ͫ ͍͔΅͔͍ͫͭͦͣ 

ʬʷʢʦʛʧʘʨʢʬʦʪʧʦʛʣ
s+s+s+s+s=s

x

0
eII
m-

=

˿͔;͔͙͔ͤ ͍͙͔͚͍͙͊ͣͦ͒ͫͭ͘Ύ ͺ͍ͦͭͦͤͦ ͫ ͙͊ͭͦͣ͊ͣ ͍͔΅͔͍ͫͭ͊ 
ͫ͊͒͟͡·͍͔͊ͭͫΎ ͙͘ ͔ͫ;͔͙͚ͤ ͔͔ͨͪ;͙͔ͫͤͤ͡·ͻ ͍·΄͔ ͨͪͦͼ͔͍ͫͫͦ ς 
ͺͦͭͦΉͺͺ͔ͭ͊͟ όsͅ ͦύͭΣ ͍͎ͦͣͨͭͦͤͦͫͦͦ͟͟ ͔ͪ͊ͫͫΎ͙ͤΎ όs͟ ͦͣͨ), 
͍͙ͦ͋ͪ͊ͦ͊ͤ͘Ύ Ή͔ͭͪͦͤ͟͡-͙ͨͦͭͪͦͤͤ͘·ͻ ͨ͊ͪ όsͨ ͊ύͪΣ ͎͔͔͎ͦͪͤͭͤͦͦ͟ 
͔ͪ͊ͫͫΎ͙ͤΎ όs͟ ͦύ͎ ͙ ͺͦͭͦΎ͔͒ͪͤ·ͻ ͔ͪ͊͟ͼ͙͚ όsͅ Ύ): 

ˮ͔͙͍ͤͭͤͫͤͦͫͭΈ I  ͣͦͤͦΉ͔͎͔͙ͤͪͭ;͔͎ͫͦͦ͟ ͨͯ;͊͟ ͺ͍ͦͭͦͤͦ ͙ͨͪ 
ͨͪͦͻ͔͙͙ͦ͗͒ͤ ͫͦ͡Ύ ͚ͦ͒ͤͦͪͦ͒ͤͦ ͔ͫͪ͒· ͭͦ͡΅͙͚ͤͦ x ͔ͯͣͤΈ΄͔͊ͭͫΎ 
ͨ  ͦΉ͔ͫͨͦͤͤ͟ͼ͙͊͡Έͤͦͣͯ ͘ ͊ͦͤͯ͟: 



ʇʦʛʣʦʱʝʥʥʘʷ ʜʦʟʘ 

˽͙ͪ;͙͚ͤͦ ͙ͪ͊͒͊ͼ͙ͦͤͤ·ͻ Ήͺͺ͔͍ͭͦ͟ ͍ ͍͔΅͔͍͔ͫͭ Ύ͍͡Ύ͔ͭͫΎ 
͎ͨͦͦ͡΅͔͙͔ͤ Ή͔͎͙͙ͤͪ ͦ͋ͯ͡;͔͊ͣ·ͣ ͦ͋Ά͔ͭͦͣ͟Σ ͍ ͊͟;͔͍͔ͫͭ 
͔ͣͪ· ͚ͦͭͦͪͦ͟ ͙ͨͪͤΎͭ͊ ͎ͨͦͦ͡΅͔ͤͤ͊Ύ ͒ͦ͊͘Φ 

dm

dE
D =

˽͎ͦͦ͡΅͔ͤͤ͊Ύ ͒ͦ͊͘ D ς Ήͭͦ Ή͔͎͙ͤͪΎ ͙ͯ͘͡;͔͙ͤΎ 9Σ 
͎ͨͦͦ͡΅͔ͤͤ͊Ύ   ͔͙͙͒ͤͼ͔͚ ͣ͊ͫͫ· ͦ͋ͯ͡;͔͎ͤͤͦͦ ͍͔΅͔͍ͫͭ͊Υ 

ˤ ͙͔͔ͫͫͭͣ ˿ˮ ͎ͨͦͦ͡΅͔ͤͤ͊Ύ ͒ͦ͊͘ ͙͔ͣͪ͘Ύ͔ͭͫΎ ͍ ˥͔ͪΎͻ ό˥ͪύΦ 

м ˥ͪ ͍͔ͪ͊ͤ ͎ͨͦͦ͡΅͔͚ͤͤͦ ͔͒ͦ͘ ͙ͯ͘͡;͔͙ͤΎΣ ͙ͨͪ ͚ͦͭͦͪͦ͟ 
͍͔΅͔͍ͫͭͯ ͚ͣ͊ͫͫͦ м ͎͟ ͔͔ͨͪ͒͊ͤ͊ Ή͔͎͙ͤͪΎ м ˨͗Φ 

м ˥ͪ Ґ млл ͪ͊͒Φ  

 

 



͙̏ͫͨͦ͘͟ͼ͙ͦͤͤ͊Ύ ͒ͦ͊͘ ͙ͯ͘͡;͔͙ͤΎ DΉͫͨ͟ ς ͻ͔͙͙͊ͪ͊ͭͪͫͭ͊͟͟ 
ͺ͎ͦͭͦͤͤͦͦ ͙ͯ͘͡;͔͙ͤΎΣ ͦͼ͔͙͍͔ͤ͊ͭͫΎ ͨ  ͦ;͙ͫͯ͡ ͊ͪ͘Ύ͍͒ͦ ͎ͦ͒ͤͦͦ 
ͤ͊͊͘͟Σ ͦ͋ͪ͊ͯ͘Ό΅͙ͻͫΎ ͙ͨͪ ͦ͋ͯ͡;͔͙͙ͤ  ͍ ͔͙͙͒ͤͼ͔ ͣ͊ͫͫ· 
͍ͦ͒ͯ͘ͻ͊: 

dm

dQ
D

ʵʢʩʧ
=

ʕʢʩʧʦʟʠʮʠʦʥʥʘʷ ʜʦʟʘ 

м ˾ ς Ή͙ͫͨͦ͘͟ͼ͙ͦͤͤ͊Ύ ͒ͦ͊͘ ͔͎͔͍͎ͪͤͭͤͦͫͦͦ͟ ͙͙͡ ɔ-͙ͯ͘͡;͔͙ͤΎΣ 
͙ͨͪ ͚ͦͭͦͪͦ͟ ͍ ͔ͪͯ͘͡Έ͔ͭ͊ͭ ͚ͨͦͤͦ͡ ͙͙ͦͤ͊͘ͼ͙͙ ͍ м ͫͣо ͫͯͻ͎ͦͦ 
͍ͦ͒ͯ͘ͻ͊ ό͙ͨͪ лÁ˿ ͙ тсл ͣͣΦͪͭΦͫͭΦύ ͦ͋ͪ͊ͯ͘ΌͭͫΎ ͙ͦͤ·Σ ͔ͤͫͯ΅͙͔ 

͊ͪ͘Ύ͒ ͍ͪ͊ͤ·͚ м ͔͙͙͒ͤͼ͔ ˿˥˿Q ͟ ͎͊͗͒ͦͦ ͤ͊͊͘͟Φ 

1 ˾  Ґ нΣруϊмл-4 ˴ /͟͡ ͎



͍͙͍͔̏͊ͤͭͤ͊͟͡Ύ ͒ͦ͊͘ ͙ͯ͘͡;͔͙ͤΎ ͍ͪ͊ͤ͊ ͙͍͔͔͙ͨͪͦ͒ͤ͘Ό 
͎ͨͦͦ͡΅͔͚ͤͤͦ ͒ͦ͘· ͤ͊ ͦ͟Ήͺͺ͙ͼ͙͔ͤͭ ͊͟;͔͍ͫͭ͊ ͙ ͯ͘͡;͔͙ͤΎΥ 

 
KDD

ʵʢʚ
=

ʕʢʚʠʚʘʣʝʥʪʥʘʷ ʜʦʟʘ ʠʟʣʫʯʝʥʠʷ 

˴ͦΉͺͺ͙ͼ͙͔ͤͭ ͊͟;͔͍ͫͭ͊ ͙ͯ͘͡;͔͙ͤΎ K ͨͦ͊͘͟·͍͔͊ͭ ͍ ͦͫͦ͟͡Έͦ͟ ͪ͊͘ 
Ήͺͺ͔͙͍ͭͤͦͫͭ͟Έ ͙͎͙͋ͦͦ͡;͔͎ͫͦͦ͟ ͔͚͍͙͒ͫͭΎ ͒͡Ύ ͎͒͊ͤͤͦͦ ͍͙͒͊ 
͙ͯ͘͡;͔͙ͤΎ ͋ͦ͡Έ΄͔Σ ;͔ͣ ͒͡Ύ -ɹ͙ͯ͘͡;͔͙ͤΎ ͦ͋͊͟͡Έͭ͊-60, ͙ͨͪ 
͙͍͚ͦ͒ͤ͊ͦͦ͟ ͨ ͎ͦͦ͡΅͔͚ͤͤͦ ͒ ͔ͦ͘ ͙ ͯ͘͡;͔͙ͤΎ ͍  ͭ ͊ͤ͟Ύͻ. 



ˤ͙͒· ͙ͯ͘͡;͔͙͚ͤ ˴ͦΉͺͺ͙ͼ͙͔ͤͭ ͊͟;͔͍ͫͭ͊ ͙ͯ͘͡;͔͙ͤΎΣ 
 ˴

˾͔͎͔͍͔ͤͭͤͦͫͦ͟ ͙  ɹ -͙ͯ͘͡;͔͙͔ͤ 1 

͔̏ͭͪͦͤ͟͡· 1 

˽ͪͦͭͦͤ· 10 

-h;͙͊ͫͭͼ· 20 

˸͔͔͒ͤͤ͡·͔ ͤ ͔͚ͭͪͦͤ· (10 ς 50 ͟ Ήˤύ 3 

ˣ·ͫͭͪ·͔ ͤ ͔͚ͭͪͦͤ· (>50 ͟Ήˤύ 10 

́Ύ͔͗͡·͔ ͙ ͦͤ· 20 

ʂʦʵʬʬʠʮʠʝʥʪʳ ʢʘʯʝʩʪʚʘ ʠʟʣʫʯʝʥʠʡ 



 

ʇʦʛʣʦʱʝʥʥʘʷ ʜʦʟʘ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ 

ʛʣʫʙʠʥʳ ʧʨʦʥʠʢʥʦʚʝʥʠʷ ʠʟʣʫʯʝʥʠʷ 

I - ʨʝʥʪʛʝʥʦʚʩʢʠʝ ʣʫʯʠ (200ʢɺ), II - ʠʟʣʫʯʝʥʠʝ 60Co, III - ʚʳʩʦʢʦʵʥʝʨʛʝʪʠʯʥʳʝ 

ʬʦʪʦʥʦʚ (22 ʄʵɺ), IV - ʵʣʝʢʪʨʦʥʳ (22 ʄʵɺ), V ï ʧʨʦʪʦʥʳ  (200 ʄʵɺ), VI ï

 ʤʦʜʫʣʠʨʦʚʘʥʥʳʡ ʧʠʢ ɹʨʵʛʛʘ. 


