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1.  ɺʚʝʜʝʥʠʝ. ʋʩʢʦʨʠʪʝʣʴʥʳʡ ʵʢʩʧʝʨʠʤʝʥʪ 

 
ʆʩʥʦʚʥʳʤʠ ʠʩʪʦʯʥʠʢʘʤʠ ʧʨʦʙʥʳʭ ʯʘʩʪʠʮ ʚ ʩʫʙʘʪʦʤʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʘʭ ʷʚʣʷʶʪʩʷ 

ʫʩʢʦʨʠʪʝʣʠ.  ɺ ʵʢʩʧʝʨʠʤʝʥʪʝ ʧʦ ʨʘʩʩʝʷʥʠʶ ʯʘʩʪʠʮ ʩʪʨʫʢʪʫʨʘ ʦʙʲʝʢʪʘ ʩʪʘʥʦʚʠʪʩʷ 

ñʚʠʜʠʤʦʡò, ʝʩʣʠ ʜʣʠʥʘ ʚʦʣʥʳ ʜʝ ɹʨʦʡʣʷ çʩʥʘʨʷʜʘè ʩʨʘʚʥʠʤʘ ʠʣʠ ʤʝʥʴʰʝ ʨʘʟʤʝʨʘ 

ʠʩʩʣʝʜʫʝʤʦʛʦ ʦʙʲʝʢʪʘ  

 

 

 

ʇʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʚ ʢʘʯʝʩʪʚʝ ʟʦʥʜʠʨʫʶʱʠʭ ʯʘʩʪʠʮ ʵʣʝʢʪʨʦʥʦʚ ʚʥʫʪʨʴ ʷʜʨʘ 

ʤʦʞʥʦ ñʟʘʛʣʷʥʫʪʴò, ʝʩʣʠ ʵʥʝʨʛʠʷ ʵʣʝʢʪʨʦʥʘ ʙʫʜʝʪ ʧʨʝʚʳʰʘʪʴ 100 ʄʵɺ.  

 

ɼʣʷ ʥʘʙʣʶʜʝʥʠʷ ʩʪʨʫʢʪʫʨʳ ʥʫʢʣʦʥʘ ʵʥʝʨʛʠʷ ʵʣʝʢʪʨʦʥʘ ʜʦʣʞʥʘ ʙʳʪʴ ʧʦʨʷʜʢʘ 

ʤʘʩʩʳ ʥʫʢʣʦʥʦʚ, ʪ.ʝ. ʧʦʨʷʜʢʘ 1 ɻʵɺ (109 ʵɺ).  

 

ʉʦʚʨʝʤʝʥʥʳʝ ʫʩʢʦʨʠʪʝʣʠ ʧʦʟʚʦʣʷʶʪ ʫʩʢʦʨʷʪʴ ʯʘʩʪʠʮʳ ʜʦ ʵʥʝʨʛʠʠ ʥʝʩʢʦʣʴʢʠʭ ʊʵɺ 

(1 ʊʵɺ = 1012 ʵɺ). ɼʣʷ ʩʨʘʚʥʝʥʠʷ: ʢʠʥʝʪʠʯʝʩʢʘʷ ʵʥʝʨʛʠʷ ʣʝʪʷʱʝʛʦ ʢʦʤʘʨʘ ~1 ʊʵɺ. 

 

ʈʦʞʜʝʥʠʝ ʥʦʚʳʭ ʯʘʩʪʠʮ ʧʨʦʠʩʭʦʜʠʪ ʚ ʨʝʟʫʣʴʪʘʪʝ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʢʠʥʝʪʠʯʝʩʢʦʡ 

ʵʥʝʨʛʠʠ ʚʟʘʠʤʦʜʝʡʩʪʚʫʶʱʠʭ ʯʘʩʪʠʮ. ʏʝʤ ʙʦʣʴʰʝ ʤʘʩʩʘ ʯʘʩʪʠʮʳ, ʢʦʪʦʨʫʶ 

ʥʝʦʙʭʦʜʠʤʦ ʧʦʣʫʯʠʪʴ ʚ ʩʪʦʣʢʥʦʚʝʥʠʠ, ʪʝʤ ʙʦʣʴʰʝ ʜʦʣʞʥʘ ʙʳʪʴ ʵʥʝʨʛʠʷ 

ʩʪʘʣʢʠʚʘʶʱʠʭʩʷ ʯʘʩʪʠʮ. 



 
ʆʙʱʘʷ ʩʭʝʤʘ ʫʩʢʦʨʠʪʝʣʴʥʦʛʦ ʵʢʩʧʝʨʠʤʝʥʪʘ 

 

ʏʘʩʪʠʮʳ ʚʳʩʦʢʠʭ 

ʵʥʝʨʛʠʡ  

(ʉʥʘʨʷʜʳ) 

ʀʩʩʣʝʜʫʝʤʳʡ 

ʦʙʲʝʢʪ  

(ʄʠʰʝʥʴ) 

ʋʩʪʨʦʡʩʪʚʘ ʜʣʷ 

ʨʝʛʠʩʪʨʘʮʠʠ 

ʨʝʟʫʣʴʪʘʪʦʚ 

ʵʢʩʧʝʨʠʤʝʥʪʘ 

 (ɼʝʪʝʢʪʦʨʳ) 

çʇʫʰʢʘ ʩʦ ʩʥʘʨʷʜʘʤʠè            çʂʨʝʧʦʩʪʴè            çʇʦʜʟʦʨʥʘʷ ʪʨʫʙʘè 
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ʄʵɺ ~100 ʄʵɺ 
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ʋʩʢʦʨʠʪʝʣʴʥʳʡ ʵʢʩʧʝʨʠʤʝʥʪ ʩ ʬʠʢʩʠʨʦʚʘʥʥʦʡ ʤʠʰʝʥʴʶ 
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ʊʠʧʳ ʫʩʢʦʨʠʪʝʣʝʡ ʥʘ ʚʩʪʨʝʯʥʳʭ ʧʫʯʢʘʭ:  

ʘ - ʜʣʷ ʯʘʩʪʠʮ, ʠʤʝʶʱʠʭ ʦʜʠʥʘʢʦʚʳʝ ʟʘʨʷʜʳ ʠʣʠ ʨʘʟʥʳʝ ʤʘʩʩʳ (ʥʘʧʨʠʤʝʨ, 

ʧʨʦʪʦʥ-ʧʨʦʪʦʥ ʠʣʠ ʵʣʝʢʪʨʦʥ-ʧʨʦʪʦʥ);  

ʙ - ʯʘʩʪʠʮ ʠ ʘʥʪʠʯʘʩʪʠʮ (ʵʣʝʢʪʨʦʥ-ʧʦʟʠʪʨʦʥ, ʧʨʦʪʦʥ-ʘʥʪʠʧʨʦʪʦʥ).  

ʉʚʝʪʠʤʦʩʪʴ ʢʦʣʣʘʡʜʝʨʘ 

 

L = f(n1n2/S) 

 

f ï ʯʘʩʪʦʪʘ ʚʩʪʨʝʯʠ ʙʘʥʯʝʡ 

n - ʧʣʦʪʥʦʩʪʴ ʯʘʩʪʠʮ ʚ ʙʘʥʯʝ 

 

 

ʀʥʪʝʥʩʠʚʥʦʩʪʴ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ  

 

N = Lů 

 

ʋʩʢʦʨʠʪʝʣʴʥʳʡ ʵʢʩʧʝʨʠʤʝʥʪ ʩʦ ʚʩʪʨʝʯʥʳʤʠ ʧʫʯʢʘʤʠ 



ʆʩʥʦʚʥʳʝ ʵʣʝʤʝʥʪʳ ʫʩʢʦʨʠʪʝʣʷ 

1. çɿʘʚʦʜ ʧʦ ʧʨʦʠʟʚʦʜʩʪʚʫ ʩʥʘʨʷʜʦʚè ï  

       ʠʦʥʥʳʡ ʠʩʪʦʯʥʠʢ ʠʣʠ ʠʥʞʝʢʪʦʨ 
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ʂʠʥʝʩʢʦʧ ï ʘʥʘʣʦʛ ʫʩʢʦʨʠʪʝʣʷ  

http://licrym.org/index.php/%D0%A4%D0%B0%D0%B9%D0%BB:CRT_monitor_4kineskop.jpg
http://www.google.ru/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0CAcQjRxqFQoTCKzkhf2yksgCFeaMcgodkIoG9A&url=http%3A%2F%2Fbse.sci-lib.com%2Farticle061202.html&psig=AFQjCNEg5CJ2JPyzDterjp2W1Eu5k367BA&ust=1443277805164675


2.  çʉʪʚʦʣè - ʠʦʥʦʧʨʦʚʦʜ ʩ ʧʫʯʢʦʚʦʡ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʡ ʦʧʪʠʢʦʡ 
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3.  ʄʠʰʝʥʴ 

 

 

ʇʨʠʤʝʨ ʤʠʰʝʥʠ: CELSIUS/WASA Pellet Target System 

Curt Ekstrºm and the CELSIUS/WASA Collaboration  

Physica Scripta, Volume 2002, T99 

ʉʚʝʪʠʤʦʩʪʴ ʫʩʢʦʨʠʪʝʣʷ 

ʩ ʬʠʢʩʠʨʦʚʘʥʥʦʡ  ʤʠʰʝʥʴʶ 

ʪʦʣʱʠʥʦʡ L ʦʧʨʝʜʝʣʷʝʪʩʷ 

ʯʝʨʝʟ ʯʠʩʣʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ ʚ 

ʤʠʰʝʥʠ 

 

N = JnS l ů =  L J ,  L=N/J 

ʛʜʝ J  ʧʣʦʪʥʦʩʪʴ ʧʦʪʦʢʘ ʯʘʩʪʠʮ 



 

2.  ʆʩʥʦʚʥʳʝ ʪʠʧʳ ʫʩʢʦʨʠʪʝʣʝʡ 

 

ʇʨʦʩʪʝʡʰʠʡ ʵʣʝʢʪʨʦʥʥʳʡ ʃ.ʋ. ï ʪʝʣʝʚʠʟʠʦʥʥʘʷ ʪʨʫʙʢʘ (ʢʠʥʝʩʢʦʧ) 

p + 7Li         4He + x 
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ʉʦʟʜʘʪʝʣʠ ʧʝʨʚʦʛʦ 

ʵʣʝʢʪʨʦʥʥʦʛʦ ʃ.ʋ.                      

ɼʞ.ʂʦʢʨʦʬʪ ʠ ʕ.ʋʦʣʪʦʥ 

ʧʦʣʫʯʠʣʠ ʅʦʙʝʣʝʚʩʢʫʶ 

ʧʨʝʤʠʶ ʧʦ ʬʠʟʠʢʝ 1951 ʛʦʜʘ 

ʟʘ çʊʨʘʥʩʤʫʪʘʮʠʶ ʘʪʦʤʥʳʭ 

ʷʜʝʨ ʩ ʧʦʤʦʱʴʶ 

ʠʩʢʫʩʩʪʚʝʥʥʦ ʫʩʢʦʨʝʥʥʳʭ 

ʘʪʦʤʥʳʭ ʯʘʩʪʠʮè. 

ʃʠʥʝʡʥʳʡ ʫʩʢʦʨʠʪʝʣʴ  
ʫʩʢʦʨʝʥʠʝ ʟʘʨʷʞʝʥʥʳʭ ʯʘʩʪʠʮ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʵʣʝʢʪʨʠʯʝʩʢʠʤ ʧʦʣʝʤ, ʧʨʠ ʵʪʦʤ ʯʘʩʪʠʮʘ 

ʩ ʟʘʨʷʜʦʤ q, ʧʨʦʭʦʜʷ ʨʘʟʥʦʩʪʴ ʧʦʪʝʥʮʠʘʣʦʚ U, ʧʨʠʦʙʨʝʪʘʝʪ ʢʠʥʝʪʠʯʝʩʢʫʶ ʵʥʝʨʛʠʶ qU.                                                                                                  

ʕʣʝʢʪʨʦʩʪʘʪʠʯʝʩʢʠʤ ʧʦʣʝʤ ʯʘʩʪʠʮʳ ʫʩʢʦʨʷʶʪʩʷ ʜʦ  ~20 ʄʵɺ.  

http://www.google.ru/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0CAcQjRxqFQoTCKzkhf2yksgCFeaMcgodkIoG9A&url=http%3A%2F%2Fbse.sci-lib.com%2Farticle061202.html&psig=AFQjCNEg5CJ2JPyzDterjp2W1Eu5k367BA&ust=1443277805164675
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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ʕʣʝʢʪʨʦʩʪʘʪʠʯʝʩʢʠʡ ʫʩʢʦʨʠʪʝʣʴ ɺʘʥ-ʜʝ-ɻʨʘʘʬʘ 

ʊʘʥʜʝʤʥʳʡ ʫʩʢʦʨʠʪʝʣʴ ɺʘʥ-ʜʝ-ɻʨʘʘʬʘ (<40ʄʵɺ) 

ɻʝʥʝʨʘʪʦʨ ʚʳʩʦʢʦʛʦ ʥʘʧʨʷʞʝʥʠʷ ɺʘʥ-ʜʝ-ɻʨʘʘʬʘ                           

(ʜʦ ~20 ʄʵɺ) 

http://15mscience.org/wp-content/uploads/2012/12/Van-der-Graaf.jpg
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ʃʠʥʝʡʥʳʡ ʨʝʟʦʥʘʥʩʥʳʡ ʫʩʢʦʨʠʪʝʣʴ ï ʫʩʢʦʨʝʥʠʝ ʟʘʨʷʞʝʥʥʳʭ ʯʘʩʪʠʮ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ 

ʧʝʨʝʤʝʥʥʳʤ ʵʣʝʢʪʨʠʯʝʩʢʠʤ ʧʦʣʝʤ ʚʳʩʦʢʦʡ ʯʘʩʪʦʪʳ 
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SLAC National Accelerator Laboratory 

(1989-1998 ʛʛ.)  

ʣʠʥʝʡʥʳʡ ʫʩʢʦʨʠʪʝʣʴ ʜʣʠʥʦʡ 3 ʢʤ ʫʩʢʦʨʷʝʪ ʵʣʝʢʪʨʦʥʳ ʠ ʧʦʟʠʪʨʦʥʳ ʜʦ ʵʥʝʨʛʠʠ 50 ɻʵɺ 



ʎʠʢʣʠʯʝʩʢʠʝ ʫʩʢʦʨʠʪʝʣʠ 
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  , 

ɔ = [1 - (v/c)2]-1/2 

E = mv2/2 = (Ze)2B2R2/(2m) 

ʎʠʢʣʦʪʨʦʥ        
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ʉ. ʃʠʚʠʥʛʩʪʦʫʥ ʠ ʕ. ʃʦʫʨʝʥʩ       

(ʅ.ʧ. 1939 ʛ) ʫ 27-ʜʶʡʤʦʚʦʛʦ 

ʮʠʢʣʦʪʨʦʥʘ, ʢʦʪʦʨʳʡ 

ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʚ ʠʩʩʣʝʜʦʚʘʥʠʷʭ 

ʷʜʝʨʥʳʭ ʨʝʘʢʮʠʡ ʠ ʠʩʢʫʩʩʪʚʝʥʥʦʡ 

ʨʘʜʠʦʘʢʪʠʚʥʦʩʪʠ 

Lawrence's 60 inch cyclotron at the 

University of California Lawrence 

Radiation Laboratory, Berkeley, in 

August, 1939, the most powerful 

accelerator in the world at the time. 

 

 Glenn T. Seaborg and Edwin M. 

McMillan (right) used it to discover 

plutonium, neptunium and many 

other transuranic elements and 

isotopes, for which they received the 

1951 Nobel Prize in chemistry. 

ʕ.ʆ.ʃʦʫʨʝʥʩ 

(1901-1958) 
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(1976) 

http://www.google.ru/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0CAcQjRxqFQoTCI-J9o_0mcgCFWF1cgodsrIBjA&url=http%3A%2F%2Fcerncourier.com%2Fcws%2Farticle%2Fcern%2F46066&psig=AFQjCNHHM18kck4VdYw8r06vGN--Mk4q1Q&ust=1443535720143780
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ʋʩʢʦʨʠʪʝʣʴʥʳʡ ʢʦʤʧʣʝʢʩ ʚ ʆʀʗʀ (ɼʫʙʥʘ) 

ʇʝʨʚʦʥʘʯʘʣʴʥʳʤ ʠʩʪʦʯʥʠʢʦʤ ʪʷʞʝʣʳʭ ʠʦʥʦʚ 

ʷʚʣʷʝʪʩʷ ʮʠʢʣʦʪʨʦʥ ʋ-400ʄ. ʇʦʩʣʝ 

ʦʙʣʫʯʝʥʠʷ ʤʠʰʝʥʠ ʠ ʘʥʘʣʠʟʘ ʧʨʦʜʫʢʪʦʚ 

ʩʝʧʘʨʘʪʦʨʦʤ ʧʫʯʦʢ ʧʦʧʘʜʘʝʪ ʚ 

ʥʘʢʦʧʠʪʝʣʴʥʦʝ ʢʦʣʴʮʦ ʂ4 ʩ ʵʣʝʢʪʨʦʥʥʳʤ 

ʦʭʣʘʞʜʝʥʠʝʤ. 

 

 

ʍʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʫʯʢʦʚ ʥʘʢʦʧʠʪʝʣʴʥʦʛʦ 

ʢʦʣʴʮʘ ʂ4 ʣʘʙʦʨʘʪʦʨʠʠ ʷʜʝʨʥʳʭ ʨʝʘʢʮʠʡ ʠʤ. 

ɻ.ʅ.ʌʣʝʨʦʚʘ ʆʀʗʀ, ɼʫʙʥʘ 

(1991) 

http://www.google.ru/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0ahUKEwjz0e-1zrbPAhVGCywKHcngCjIQjRwIBw&url=http%3A%2F%2Fsmartbox.jinr.ru%2Fu400.php%3Fselect%3D2300&psig=AFQjCNHCst87DtyR7Z7SGTGgRw1-rbnAeQ&ust=1475308454372942


ʉʠʥʭʨʦʪʨʦʥ   

ʮʠʢʣʠʯʝʩʢʠʡ ʨʝʟʦʥʘʥʩʥʳʡ ʫʩʢʦʨʠʪʝʣʴ, ʚ ʢʦʪʦʨʦʤ 

ʫʧʨʘʚʣʷʶʱʝʝ ʤʘʛʥʠʪʥʦʝ ʧʦʣʝ ʠʟʤʝʥʷʝʪʩʷ ʚʦ 

ʚʨʝʤʝʥʠ, ʘ ʯʘʩʪʦʪʘ ʫʩʢʦʨʷʶʱʝʛʦ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ 

ʧʦʣʷ ʠ ʨʘʜʠʫʩ ʦʨʙʠʪʳ ʧʦʩʪʦʷʥʥʳ.  

 

ɺ ʩʠʥʭʨʦʪʨʦʥʘʭ ʜʦʩʪʠʛʥʫʪʳ ʵʥʝʨʛʠʠ 6,5 ʊʵɺ ʜʣʷ 

ʧʨʦʪʦʥʦʚ (LHC) ʠ ʙʦʣʝʝ 100 ɻʵɺ ʜʣʷ ʵʣʝʢʪʨʦʥʦʚ 

(LEP). ɼʘʣʴʥʝʡʰʝʝ ʧʦʚʳʰʝʥʠʝ ʵʥʝʨʛʠʠ ʚ 

ʵʣʝʢʪʨʦʥʥʳʭ ʩʠʥʭʨʦʪʨʦʥʘʭ, ʬʘʢʪʠʯʝʩʢʠ, ʥʝ 

ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʚʦʟʤʦʞʥʳʤ ʚʩʣʝʜʩʪʚʠʝ 

ʦʛʨʦʤʥʳʭ ʧʦʪʝʨʴ ʵʥʝʨʛʠʠ ʥʘ ʠʟʣʫʯʝʥʠʝ.                   

ʇʦʪʝʨʷ ʵʥʝʨʛʠʠ ʟʘ ʦʜʠʥ ʦʙʦʨʦʪ W ~ E4/R. 
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ʊʦʤʩʢʠʡ  ʵʣ. ʩʠʥʭʨʦʪʨʦʥ ʥʘ 1,5 ɻʵɺ  



19  

ʌʨʘʛʤʝʥʪ ʫʩʢʦʨʠʪʝʣʴʥʦʛʦ ʢʦʣʴʮʘ 

ʧʨʦʪʦʥʥʦʛʦ ʩʠʥʭʨʦʪʨʦʥʘ ʥʘ 

ʵʥʝʨʛʠʶ 7 ʊʵɺ  

(ʎɽʈʅ, ʐʚʝʡʮʘʨʠʷ) 
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ʋ-10 ʧʨʦʪʦʥʥʳʡ ʩʠʥʭʨʦʪʨʦʥ ʀʊʕʌ, 

ʧʨʦʪʦʪʠʧ ʉʝʨʧʫʭʦʚʩʢʦʛʦ (ʀʌɺʕ)  

ʫʩʢʦʨʠʪʝʣʷ ʋ-70 (1967) 

http://www.google.ru/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&ved=0CAcQjRxqFQoTCPnKgeKEmsgCFcfbLAod5VsBUw&url=http%3A%2F%2Fwww.nrcki.ru%2Fpages%2Fmain%2F5762%2F5914%2F5797%2Findex.shtml&psig=AFQjCNGhbFt9ALU0YVlWB-7KzVE3rndV9Q&ust=1443540266198217
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http://www.google.ru/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0CAcQjRxqFQoTCI2a4O2hnsgCFQYRcgodU0QJEA&url=http%3A%2F%2Fwww.symmetrymagazine.org%2Farticle%2Faugust-2009%2Fsuperconducting-technology-chicago-style&psig=AFQjCNFgDVItTrzYd6X-7fmmyFiPNOT7fg&ust=1443685495541747


ʂʦʣʣʘʡʜʝʨʳ 
 

 

 

LHC -  

Large  

Hadron  

Collider 

(CERN) 
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http://www.google.ru/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0CAcQjRxqFQoTCNjmgq_OisgCFUMSLAod7uoPvg&url=http%3A%2F%2Fwww.greatdreams.com%2Fhadron%2Fhadron_collider.htm&psig=AFQjCNFLi0hSKAnAxvu-2vfdQ_Y_QdbA2g&ust=1443010257848614
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͔͙͔̏ͫͨͪͣͤͭ͟ ATLAS ͤ ͊ LHC  

ʄʶʦʥʥʳʝ ʜʝʪʝʢʪʦʨʳ 

(ʄʀʌʀ,  ʀʌɺʕ) 

ʉʦʣʝʥʦʠʜ 

ʕʣ-ʤʘʛ. ʂʘʣʦʨʠʤʝʪʨʳ 

(ʀʊʕʌ, ʀʗʌ, ʀʌɺʕ, 

ʌʀɸʅ, ʆʀʗʀ)        

ʇʝʨʝʜʥʠʡ ʪʦʨʦʠʜ 

ɹʦʢʦʚʦʡ ʪʦʨʦʠʜ ɺʥʫʪʨʝʥʥʠʡ ʜʝʪʝʢʪʦʨ 

TRT (ʅʀʗʋ ʄʀʌʀ,ʇʀʗʌ), ʌʀɸʅ, ʄɻʋ ɸʜʨʦʥʥʳʝ ʢʘʣʦʨʠʤʝʪʨʳ    

(ʀʌɺʕ, ʆʀʗʀ)     

ɿʘʱʠʪʘ 

ʌʦʨʚʘʨʜʥʳʝ ʢʘʣʦʨʠʤʝʪʨʳ 

25 

ʆʪ ʈʦʩʩʠʠ ʚ ATLAS ʚʭʦʜʷʪ ʌʀɸʅ, ʀʊʕʌ, ʀʗʌ, ʅʀʗʋ ʄʀʌʀ, ʀʌɺʕ, ʄɻʋ, ʇʀʗʌ, ʆʀʗʀ  ʌʫʥʜʘʤʝʥʪʘʣʴʥʳʝ ʧʨʦʙʣʝʤʳ:   ʙʦʟʦʥ ʍʠʛʛʩʘ, ɹʦʣʴʰʦʝ ʆʙʲʝʜʠʥʝʥʠʝ, ʉʫʧʝʨʩʠʤʤʝʪʨʠʷ.  

ɼʦʧʦʣʥʠʪʝʣʴʥʳʝ ʠʟʤʝʨʝʥʠʷ, ʉʚʦʡʩʪʚʘ ʪʝʤʥʦʡ ʤʘʪʝʨʠʠ. ʌʠʟʠʢʘ  ʪʷʞʝʣʳʭ  ʠʦʥʦʚ 
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ɺ ʩʦʚʨʝʤʝʥʥʳʭ ʫʩʢʦʨʠʪʝʣʴʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʘʭ ʧʨʠʤʝʥʷʶʪʩʷ ʤʥʦʛʦʩʣʦʡʥʳʝ ʜʝʪʝʢʪʦʨʳ 

ʯʘʩʪʠʮ; ʜʣʷ ʜʝʪʝʢʪʠʨʦʚʘʥʠʷ ʠ ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʤʶʦʥʦʚ  ʦʙʳʯʥʦ ʠʩʧʦʣʴʟʫʶʪʩʷ ʩʘʤʳʝ 

ʚʥʝʰʥʠʝ ʫʯʘʩʪʢʠ ʜʝʪʝʢʪʦʨʘ (ʤʶʦʥʥʳʝ ʢʘʤʝʨʳ), ʜʣʷ ʵʣʝʢʪʨʦʥʦʚ ʠ ʛʘʤʤʘ-ʢʚʘʥʪʦʚ ï 

ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʝ ʢʘʣʦʨʠʤʝʪʨʳ.  
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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


28  

ɸ.ʅ.ʉʠʩʘʢʷʥ. ʈʘʟʚʠʪʠʝ ʬʠʟʠʢʠ ʚʳʩʦʢʠʭ ʵʥʝʨʛʠʡ ʠ ʫʩʢʦʨʠʪʝʣʝʡ.  ʄʝʞʜ. ʰʢʦʣʘ çʇʨʦʙʣʝʤʳ 

ʫʩʢʦʨʝʥʠʷ ʟʘʨʷʞʝʥʥʳʭ ʯʘʩʪʠʮè, ɼʫʙʥʘ, 2-9 ʩʝʥʪ.1996 ʛ.  ʆʀʗʀ: ɼʫʙʥʘ, 1997. ʉ.5-37 
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The Sandia Neutristor neutron-generators:  

  size 1.25ò x 0.6ò x 0.13ò  

 1000n per 500ns pulses. 

ʅʝʡʪʨʦʥʥʳʝ ʛʝʥʝʨʘʪʦʨʳ 

ʀʩʧʦʣʴʟʫʶʪʩʷ ʪʝʨʤʦʷʜʝʨʥʳʝ ʨʝʘʢʮʠʠ 

 

D + T Ÿ n + 4He   En = 14.1 MeV 

D + D Ÿ n + 3He   En = 2.5 MeV 

ʉʧʝʮʠʘʣʴʥʳʝ ʫʩʢʦʨʠʪʝʣʠ ʜʣʷ ʧʨʠʢʣʘʜʥʳʭ ʟʘʜʘʯ 

http://www.google.ru/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&ved=0CAcQjRxqFQoTCOyT_7rclscCFQb-cgodu-IHww&url=http%3A%2F%2Fqsl.net%2Fk%2Fk0ff%2F01%2520Manuals%2FNeutron%2520Reflection%2FCompact%2520accelerator%2520neutron%2520generators%2520-%2520The%2520Industrial%2520Physicist.htm&ei=94LEVay8CYb8ywO7xZ-YDA&bvm=bv.99804247,d.bGQ&psig=AFQjCNGZVGZjARZIi1Op5g4T5XftIABpug&ust=1439028340510899
http://www.google.ru/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0CAcQjRxqFQoTCPis5aDflscCFaK_cgodhmYKsg&url=http%3A%2F%2Fwww.gizmag.com%2Fsandia-neutristor-neutron-generator-chip%2F23856%2F&ei=5YXEVbimH6L_ygOGzamQCw&bvm=bv.99804247,d.bGQ&psig=AFQjCNEp7ktvIgcLuDky47FM701RMPiX4Q&ust=1439029091855615
https://www.google.ru/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0ahUKEwjq2dLry7bPAhVC3SwKHWHzD14QjRwIBw&url=https%3A%2F%2Fen.wikipedia.org%2Fwiki%2FNeutron_generator&psig=AFQjCNFfVOfpkKJG7c4FFd7RkVNcOa3f9A&ust=1475307189033330
https://www.google.ru/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0ahUKEwj2nfuNzLbPAhUHkiwKHSmaC0MQjRwIBw&url=https%3A%2F%2Fen.wikipedia.org%2Fwiki%2FNeutron_generator&psig=AFQjCNFfVOfpkKJG7c4FFd7RkVNcOa3f9A&ust=1475307189033330
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The Spallation Neutron Source (SNS) 

is an accelerator-based neutron source 

facility that provides the most intense 

pulsed neutron beams in the world for 

scientific research and industrial 

development. 

Proton beam energy ï 0.9 - 1.3 GeV 

Intensity - 9.6 Ö 1015 protons/sec 

Pulse duration - 380ns(FWHM) 

Repetition rate - 60Hz 

Total power ï 0.9 ï 1.3 MW 

Liquid Mercury target  ï 10 ton 

https://upload.wikimedia.org/wikipedia/en/9/98/Spallation_Neutron_Source_%28logo%29.jpg
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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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3. ʗʜʝʨʥʳʝ ʨʝʘʢʮʠʠ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʟʘʨʷʞʝʥʥʳʭ ʯʘʩʪʠʮ 

  . 

3.1. ʂʫʣʦʥʦʚʩʢʠʡ ʙʘʨʴʝʨ 
ɺʝʨʦʷʪʥʦʩʪʴ ʪʫʥʥʝʣʴʥʦʛʦ ʧʝʨʝʭʦʜʘ ʥʘ ʫʨʦʚʥʝ ʊ 

(ʧʨʦʟʨʘʯʥʦʩʪʴ ʧʦʪʝʥʮʠʘʣʴʥʦʛʦ ʙʘʨʴʝʨʘ) 

ʥʝʡʪʨʦʥ 
ʟʘʨʷʞʝʥʥʘʷ 

ʯʘʩʪʠʮʘ 

ʇʨʦʟʨʘʯʥʦʩʪʴ ʧʦʪʝʥʮʠʘʣʴʥʦʛʦ ʙʘʨʴʝʨʘ  

D  

ʨʝʟʢʦ ʚʦʟʨʘʩʪʘʝʪ ʩ ʫʚʝʣʠʯʝʥʠʝʤ 

ʢʠʥʝʪʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ ʯʘʩʪʠʮ  

T 

30-40 

ʄʵɺ 

º 10-12ʩʤ 

~8 ʄʵɺ 

ʗʜʝʨʥʳʡ ʬʝʨʤʠ-ʛʘʟ 
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3.2. ʎʝʥʪʨʦʙʝʞʥʳʡ ʙʘʨʴʝʨ 

ʎʝʥʪʨʦʙʝʞʥʳʡ ʧʦʪʝʥʮʠʘʣ 
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ʇʨʠ ʜʚʠʞʝʥʠʠ ʚ ʤʠʰʝʥʠ ʟʘʨʷʞʝʥʥʘʷ ʯʘʩʪʠʮʘ ʠʩʧʳʪʳʚʘʝʪ ʤʥʦʛʦʢʨʘʪʥʳʝ 

ʩʪʦʣʢʥʦʚʝʥʠʷ ʩ ʘʪʦʤʘʤʠ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʢʦʪʦʨʳʭ ʢʠʥʝʪʠʯʝʩʢʘʷ ʵʥʝʨʛʠʷ ʯʘʩʪʠʮʳ 

ʨʘʩʭʦʜʫʝʪʩʷ ʥʘ ʠʦʥʠʟʘʮʠʶ ʠ ʚʦʟʙʫʞʜʝʥʠʝ ʘʪʦʤʦʚ ʤʠʰʝʥʠ. ʇʦʪʝʥʮʠʘʣ ʠʦʥʠʟʘʮʠʠ 

ʘʪʦʤʘ ʚ ʩʨʝʜʝ  I º 35 ʵɺ.  ʀʦʥʠʟʘʮʠʷ ʚʦʟʤʦʞʥʘ, ʝʩʣʠ ʟʘʨʷʜʳ ʩʙʣʠʟʠʣʠʩʴ ʥʘ ʪʘʢʦʝ 

ʨʘʩʩʪʦʷʥʠʝ r, ʢʦʛʜʘ ʵʥʝʨʛʠʷ ʂʫʣʦʥʦʚʩʢʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩʨʘʚʥʠʤʘ ʩ 

ʧʦʪʝʥʮʠʘʣʦʤ ʠʦʥʠʟʘʮʠʠ, ʪ.ʝ.  ʝ2 / r  º  I , ʦʪʢʫʜʘ r  º  0,4 Ö10-8 ʩʤ 

 

ʪʦʛʜʘ ʩʝʯʝʥʠʝ ʠʦʥʠʟʘʮʠʠ ʤʦʞʥʦ ʦʮʝʥʠʪʴ ʢʘʢ  

 

 

ɼʣʷ ʩʨʘʚʥʝʥʠʷ: ʪʠʧʠʯʥʦʝ ʩʝʯʝʥʠʝ ʷʜʝʨʥʦʡ ʨʝʘʢʮʠʠ ůʨʝʘʢ ~ 10-24ʩʤ2.  

 

 

 

 

 

ʆʪʩʶʜʘ, ʤʦʞʥʦ ʩʯʠʪʘʪʴ, ʯʪʦ ʵʬʬʝʢʪʠʚʥʦʝ ʩʝʯʝʥʠʝ ʧʨʦʮʝʩʩʘ ʦʩʪʘʥʦʚʢʠ  

ůʠʦʥ / 30000 º 10-21 ʩʤ2,  

ʪ.ʝ. ʚʝʨʦʷʪʥʦʩʪʴ ʷʜʝʨʥʦʡ ʨʝʘʢʮʠʠ ʦʢʘʟʳʚʘʝʪʩʷ ʚ ʩʦʪʥʠ ʨʘʟ ʤʝʥʴʰʝ 

ʚʝʨʦʷʪʥʦʩʪʠ ʧʦʪʝʨʷʪʴ ʵʥʝʨʛʠʶ ʥʘ ʠʦʥʠʟʘʮʠʶ ʜʣʷ ʟʘʨʷʞʝʥʥʦʡ ʯʘʩʪʠʮʳ.  

3.3. ʀʦʥʠʟʘʮʠʦʥʥʦʝ ʪʦʨʤʦʞʝʥʠʝ 

! 
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ʏʠʩʣʦ ʨʝʘʢʮʠʡ ʥʘ ʝʜʠʥʠʮʝ ʧʣʦʱʘʜʠ ʤʠʰʝʥʠ ʚ ʩʣʦʝ dx ʥʘ 

ʛʣʫʙʠʥʝ x ʚ ʝʜʠʥʠʮʫ ʚʨʝʤʝʥʠ  

ʇʦʣʥʦʝ ʯʠʩʣʦ ʨʝʘʢʮʠʡ ʚ ʤʠʰʝʥʠ ʥʘ ʝʜʠʥʠʮʝ ʧʣʦʱʘʜʠ ʚ ʝʜʠʥʠʮʫ ʚʨʝʤʝʥʠ  

ʊʦʛʜʘ ʚʳʭʦʜ ʷʜʝʨʥʦʡ ʨʝʘʢʮʠʠ ʤʦʞʥʦ ʦʧʨʝʜʝʣʠʪʴ ʢʘʢ  

3.4.  ɺʳʭʦʜ ʷʜʝʨʥʦʡ ʨʝʘʢʮʠʠ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʟʘʨʷʞʝʥʥʳʭ ʯʘʩʪʠʮ  

 
ʇʫʩʪʴ ʥʘ ʤʠʰʝʥʴ ʧʘʜʘʶʪ ʟʘʨʷʞʝʥʥʳʝ ʯʘʩʪʠʮʳ ʩ ʧʣʦʪʥʦʩʪʴʶ ʧʦʪʦʢʘ ʌ0 ʠ ʵʥʝʨʛʠʝʡ ʊ0. 

ʄʠʰʝʥʴ ʩʯʠʪʘʝʪʩʷ ʪʦʣʩʪʦʡ, ʝʩʣʠ ʩʨʝʜʥʠʡ ʧʨʦʙʝʛ R ʯʘʩʪʠʮ ʤʝʥʴʰʝ ʪʦʣʱʠʥʳ ʤʠʰʝʥʠ.  

ɿʘʚʠʩʠʤʦʩʪʴ ʚʳʭʦʜʘ ʦʪ ʢʠʥʝʪʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ Y(T) ʥʘʟʳʚʘʶʪ  

ʬʫʥʢʮʠʷ ʚʦʟʙʫʞʜʝʥʠʷ ʨʝʘʢʮʠʠ 
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ɺʧʝʨʚʳʝ ʷʜʝʨʥʫʶ  ʨʝʘʢʮʠʶ (a,p) ʥʘʙʣʶʜʘʣ ʕ. ʈʝʟʝʨʬʦʨʜ ʚ 1919 ʛʦʜʫ 

  4He + 14NŸ17O + p 

ɺ ʨʝʘʢʮʠʷʭ (a,p) ʙʳʣʦ ʦʙʥʘʨʫʞʝʥʦ ʥʘʣʠʯʠʝ ʨʝʟʦʥʘʥʩʥʦʡ ʟʘʚʠʩʠʤʦʩʪʠ ʩʝʯʝʥʠʷ ʨʝʘʢʮʠʡ ʦʪ 

ʢʠʥʝʪʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ Ŭ-ʯʘʩʪʠʮ.  

 
ʊʘʢ, ʥʘʧʨʠʤʝʨ, ʜʣʷ ʨʝʘʢʮʠʠ  

 
ʟʘʚʠʩʠʤʦʩʪʴ ʚʳʭʦʜʘ ʨʝʘʢʮʠʠ Y(T) ʠʤʝʝʪ ʩʪʫʧʝʥʯʘʪʳʡ  

ʭʘʨʘʢʪʝʨ, ʪ. ʝ. ʚ ʟʘʚʠʩʠʤʦʩʪʠ  ů(T) ʝʩʪʴ ʧʠʢʠ.  

 

         ʕʪʦ ʫʢʘʟʳʚʘʝʪ ʥʘ ʪʦ, ʯʪʦ ʨʝʘʢʮʠʷ ʠʜʝʪ ʯʝʨʝʟ  

ʧʨʦʤʝʞʫʪʦʯʥʦʝ ʷʜʨʦ (ʅ.ɹʦʨ 1936 ʛ.), ʢʦʪʦʨʦʝ ʠʤʝʝʪ 

ʢʚʘʥʪʦʚʘʥʥʳʝ ʫʨʦʚʥʠ ʚʦʟʙʫʞʜʝʥʠʷ, ʧʨʠʯʸʤ ʰʠʨʠʥʘ ʫʨʦʚʥʝʡ                                                                        

ɻ ~ 1 ʢʵɺ, ʘ  ʨʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʫʨʦʚʥʷʤʠ æ ~ 0,1 ï 1 ʄʵɺ. 

3.5.1.  (a,p) ʨʝʘʢʮʠʠ 

ʉ ʧʦʤʦʱʴʶ a-ʯʘʩʪʠʮ ʝʩʪʝʩʪʚʝʥʥʦʛʦ ʧʨʦʠʩʭʦʞʜʝʥʠʷ ʤʦʞʥʦ ʠʟʫʯʘʪʴ ʨʝʘʢʮʠʠ ʥʘ ʣʸʛʢʠʭ ʷʜʨʘʭ.  

ɼʣʷ ʪʷʞʸʣʳʭ ʷʜʝʨ ʧʦʪʝʥʮʠʘʣʴʥʳʡ ʙʘʨʴʝʨ  (~25 ʄʵɺ) ʩʣʠʰʢʦʤ ʚʝʣʠʢ. 

3.5. ʇʨʠʤʝʨʳ ʷʜʝʨʥʳʭ ʨʝʘʢʮʠʷ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʫʩʢʦʨʝʥʥʳʭ ʟʘʨʷʞ. ʯʘʩʪʠʮ 
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ʕʪʠ ʨʝʘʢʮʠʠ ʙʳʚʘʶʪ ʦʙʳʯʥʦ ʵʢʟʦʵʥʝʨʛʝʪʠʯʝʩʢʠʤʠ, ʪ.ʝ. ʚʳʜʝʣʷʝʪʩʷ ʵʥʝʨʛʠʷ Q>0.  

ʆʜʥʘʢʦ ʚʳʣʝʪʫ Ŭ-ʯʘʩʪʠʮʳ ʠʟ ʪʷʞʝʣʦʛʦ ʷʜʨʘ ʧʨʝʧʷʪʩʪʚʫʝʪ ʚʳʩʦʢʠʡ ʢʫʣʦʥʦʚʩʢʠʡ ʙʘʨʴʝʨ                       

(25 ʄʵɺ ʜʣʷ Z=80).  

 

ʕʪʦʪ ʙʘʨʴʝʨ ʧʦʟʚʦʣʷʝʪ ʚʳʭʦʜʠʪʴ ʟʘ ʧʨʝʜʝʣʳ ʷʜʨʘ ʪʦʣʴʢʦ ʩʘʤʳʤ ʙʳʩʪʨʳʤ ʯʘʩʪʠʮʘʤ, 

ʠʩʧʫʩʢʘʥʠʝ ʢʦʪʦʨʳʭ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʧʝʨʝʭʦʜʫ ʷʜʨʘ ʥʘ ʥʠʞʥʠʝ ʨʝʜʢʦ ʨʘʩʧʦʣʦʞʝʥʥʳʝ 

ʵʥʝʨʛʝʪʠʯʝʩʢʠʝ ʫʨʦʚʥʠ. 

 

ɺ ʣʸʛʢʠʭ ʷʜʨʘʭ ɺʂ ʥʝʚʳʩʦʢ ʠ ʚʝʨʦʷʪʥʦʩʪʴ ʠʭ ʜʦʩʪʘʪʦʯʥʦ ʚʝʣʠʢʘ.  

 

ʀʤʝʥʥʦ ʪʘʢʠʝ ʨʝʘʢʮʠʠ ʥʘʙʣʶʜʘʣʠ ʂʦʢʨʦʬʪ ʠ ʋʦʣʪʦʥ ʥʘ ʧʝʨʚʦʤ ʫʩʢʦʨʠʪʝʣʝ ʚ 1932 ʛ: 

3.5.2. ʈʝʘʢʮʠʠ  (p,a)  
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ʈʝʘʢʮʠʠ ʪʠʧʘ (ʨ, n) ʚʩʝʛʜʘ ʷʚʣʷʶʪʩʷ ʵʥʜʦʵʥʝʨʛʝʪʠʯʝʩʢʠʤʠ   

ʠʥʘʯʝ ʷʜʨʦ ɸ ʙʫʜʝʪ ʧʝʨʝʭʦʜʠʪʴ ʚ ʷʜʨʦ ɺ ʧʫʪʝʤ ɓ-ʨʘʩʧʘʜʘ. 

ʇʦʜʩʪʘʚʠʚ ʵʪʠ ʟʥʘʯʝʥʠʷ, ʧʦʣʫʯʠʤ ʵʥʝʨʛʠʶ ʨʝʘʢʮʠʠ  Q < - 0,8 ʄʵɺ 

ʅʘʧʨʠʤʝʨ, ʨʝʘʢʮʠʷ                                                ʠʤʝʝʪ Q = -2,76 ʄʵɺ.         

ɺʚʠʜʫ ʪʦʛʦ, ʯʪʦ ʚ ʨʝʟʫʣʴʪʘʪʝ ʨʝʘʢʮʠʠ (ʨ, n) ʷʜʨʦ-ʧʨʦʜʫʢʪ ʧʨʠʦʙʨʝʪʘʝʪ ʜʦʙʘʚʦʯʥʳʡ ʧʨʦʪʦʥ, 

ʦʥʦ, ʢʘʢ ʧʨʘʚʠʣʦ, ʟʘʪʝʤ ʠʩʧʳʪʳʚʘʝʪ ɓ+-ʨʘʩʧʘʜ ʠʣʠ ɽ-ʟʘʭʚʘʪ 

ʗʜʝʨʥʳʝ ʨʝʘʢʮʠʠ ʩ ʧʨʦʪʦʥʘʤʠ ʯʘʩʪʦ ʠʩʧʦʣʴʟʫʶʪ 

ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʤʦʥʦʭʨʦʤʘʪʠʯʝʩʢʠʭ ʥʝʡʪʨʦʥʦʚ  

3.5.3. ʈʝʘʢʮʠʠ  (p,n)  

a + A Ą b + B 

a=p, b=n 

(Q <  0).  
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Q > 0 Q < 0 

3.5.4. ɼʦʢʘʟʘʪʝʣʴʩʪʚʦ ʜʦʩʪʦʚʝʨʥʦʩʪʠ ʤʦʜʝʣʠ ɹʦʨʘ 
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ɼʝʡʪʨʦʥ ʤʦʞʝʪ ʚʟʘʠʤʦʜʝʡʩʪʚʦʚʘʪʴ ʩ ʷʜʨʘʤʠ ʢʘʢ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʩʦʩʪʘʚʥʦʛʦ ʷʜʨʘ, ʪʘʢ ʠ 

ʧʫʪʝʤ ʧʨʷʤʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ. ʕʪʦ ʦʙʫʩʣʦʚʣʝʥʦ ʪʝʤ, ʯʪʦ ʵʥʝʨʛʠʷ ʩʚʷʟʠ ʜʝʡʪʨʦʥʘ 

ʩʦʩʪʘʚʣʷʝʪ æWdå 2,2 ʄʵɺ, ʪ.ʝ. ʦʢʦʣʦ 1 ʄʵɺ/ʥʫʢʣʦʥ << 8 ʄʵɺ/ʥʫʢʣʦʥ ï ʩʨʝʜʥʝʡ ʵʥʝʨʛʠʠ ʩʚʷʟʠ 

ʥʫʢʣʦʥʘ ʚ ʙʦʣʴʰʠʥʩʪʚʝ ʷʜʝʨ. ʂʨʦʤʝ ʪʦʛʦ, ʩʨʝʜʥʝʝ ʨʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʧʨʦʪʦʥʦʤ ʠ ʥʝʡʪʨʦʥʦʤ 

ʚ ʜʝʡʪʨʦʥʝ ʦʪʥʦʩʠʪʝʣʴʥʦ ʚʝʣʠʢʦ ʠ ʩʦʩʪʘʚʣʷʝʪ ~ 4Ŀ10-13ʩʤ. (ɼʣʷ ʩʨʘʚʥʝʥʠʷ: ʩʨʝʜʥʝʝ 

ʨʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʥʫʢʣʦʥʘʤʠ ʚ ʙʦʣʴʰʠʥʩʪʚʝ ʷʜʝʨ ʥʝ ʧʨʝʚʳʰʘʝʪ 2Ŀ10-13ʩʤ).  

ɽʩʣʠ ʜʝʡʪʨʦʥ ʦʙʨʘʟʫʝʪ ʩ ʷʜʨʦʤ-ʤʠʰʝʥʴʶ ʩʦʩʪʘʚʥʦʝ ʷʜʨʦ, ʪʦ ʝʛʦ ʵʥʝʨʛʠʷ 

ʚʦʟʙʫʞʜʝʥʠʷ ʦʢʘʟʳʚʘʝʪʩʷ ʧʨʠʤʝʨʥʦ ʨʘʚʥʦʡ 14 ʄʵɺ ʠʟ-ʟʘ ʙʦʣʴʰʦʛʦ ʨʘʟʣʠʯʠʷ ʚ 

ʚʝʣʠʯʠʥʘʭ ʫʜʝʣʴʥʦʡ ʵʥʝʨʛʠʠ ʩʚʷʟʠ ʜʣʷ ʜʝʡʪʨʦʥʘ ʠ ʙʦʣʴʰʠʥʩʪʚʘ ʷʜʝʨ.  

ʉʨʘʚʥʝʥʠʝ ʚʳʭʦʜʦʚ ʷ.ʨ. 

ʜʣʷ ʧʨʦʪʦʥʦʚ ʠ ʥʝʡʪʨʦʥʦʚ 

3.5.5.  ʗʜʝʨʥʳʝ ʨʝʘʢʮʠʠ ʚʥʝ ʤʦʜʝʣʠ ɹʦʨʘ 

ʈʘʟʨʳʚ ʩʚʷʟʠ ʟʘ 

ʩʯʝʪ ʧʦʣʷʨʠʟʘʮʠʠ 

d ʵʣʝʢʪʨʠʯʝʩʢʠʤ 

ʧʦʣʝʤ ʷʜʨʘ ʗ 

ʇʨʠʤʝʨ: 
ʊʝʨʤʦʷʜʝʨʥʳʝ ʨʝʘʢʮʠʠ 
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4. ʌʦʪʦʷʜʝʨʥʳʝ ʨʝʘʢʮʠʠ 

4.1. ʗʜʝʨʥʳʡ ʬʦʪʦʵʬʬʝʢʪ 

ʅʝʦʙʭʦʜʠʤʦʝ ʫʩʣʦʚʠʝ 

 

ʇʝʨʚʦʝ ʥʘʙʣʶʜʝʥʠʝ:  ʥʘ d (ʏʵʜʚʠʢ ʠ ɻʦʣʴʜʭʘʙʝʨ 1934)  

ɺʪʦʨʦʝ ʥʘʙʣʶʜʝʥʠʝ:  ʨʘʩʱʝʧʣʝʥʠʷ ʷʜʨʘ ʛʘʤʤʘ-ʢʚʘʥʪʦʤ ʦʪ ʨʘʩʧʘʜʘ ʠʟʦʪʦʧʘ: 

ʌʦʪʦʷʜʝʨʥʳʝ ʨʝʘʢʮʠʠ   ʧʨʦʠʩʭʦʜʷʪ ʧʨʠ ʧʦʛʣʦʱʝʥʠʠ ʛʘʤʤʘ-ʢʚʘʥʪʦʚ ʷʜʨʘʤʠ ʘʪʦʤʦʚ.  

 

ʗʚʣʝʥʠʝ ʦʪʢʨʳʪʦ ʏʝʜʚʠʢʦʤ ʠ ɻʦʣʴʜʭʘʙʝʨʦʤ ʚ 1934 ʠ ʚ ʜʘʣʴʥʝʡʰʝʤ ʠʩʩʣʝʜʦʚʘʥʦ ɹʦʪʝ ʠ 

ɺʦʣʴʬʛʘʥʛʦʤ ɻʝʥʪʝʨʦʤ, ʘ ʟʘʪʝʤ ʠ ʅʠʣʴʩʦʤ ɹʦʨʦʤ. 

ɹʳʣʘ ʦʧʨʝʜʝʣʝʥʘ ʵʥʝʨʛʠʷ ʩʚʷʟʠ ʜʝʡʪʨʦʥʘ 
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4.2. ʇʨʷʤʦʝ ʚʳʨʳʚʘʥʠʝ ʧʨʦʪʦʥʦʚ ʦʙʥʘʨʫʞʝʥʦ ʩ ʨʦʩʪʦʤ ʵʥʝʨʛʠʠ ɔ-ʢʚʘʥʪʦʚ 

ʀʟʦʪʨʦʧʥʦ 

 

 

ʅʝʠʟʦʪʨʦʧʥʦ 

ɸ ʙʦʨʦʚʩʢʠʡ ʤʝʭʘʥʠʟʤ ʧʨʝʜʩʢʘʟʳʚʘʝʪ  

ʅʘʙʣʶʜʝʥʦ ʜʣʷ  

ʆʙʲʷʩʥʝʥʠʝ: ʛʘʤʤʘ-ʢʚʘʥʪ ʧʦʛʣʦʱʘʝʪʩʷ ʧʨʦʪʦʥʦʤ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʷʜʨʘ ʠ 

ʦʪʨʳʚʘʝʪ ʝʛʦ ʜʦ ʪʦʛʦ, ʢʘʢ ʪʦʪ ʧʝʨʝʜʘʩʪ ʵʥʝʨʛʠʶ ʷʜʨʫ 

ʅʘʡʜʝʥʦ 



4.3. ɻʠʛʘʥʪʩʢʠʡ ʜʠʧʦʣʴʥʳʡ ʨʝʟʦʥʘʥʩ 

ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʚʢʣʘʜʘ ʛʘʤʤʘ-ʢʚʘʥʪʦʚ ʦʧʨʝʜʝʣʸʥʥʳʭ 

ʵʥʝʨʛʠʡ, ʤʦʞʥʦ ʩʨʘʚʥʠʚʘʪʴ ʜʚʘ ʵʢʩʧʝʨʠʤʝʥʪʘ ʩ ʨʘʟʥʳʤʠ 

ʩʧʝʢʪʨʘʤʠ ʪʦʨʤʦʟʥʳʭ ʛʘʤʤʘ-ʢʚʘʥʪʦʚ 

 ɻ.ɼ.ʈ. ʥʘʙʣʶʜʘʝʪʩʷ ʚʦ ʚʩʝʭ ʘʪʦʤʥʳʭ ʷʜʨʘʭ ʠ ʧʨʦʷʚʣʷʝʪʩʷ ʢʘʢ ʰʠʨʦʢʠʡ ʤʘʢʩʠʤʫʤ ʚ 

ʟʘʚʠʩʠʤʦʩʪʠ ʩʝʯʝʥʠʷ ů ʬʦʪʦʷʜʝʨʥʳʭ ʨʝʘʢʮʠʡ ʦʪ ɽ ɻʥʝʨʛʠʠ ʛʘʤʤʘ-ʢʚʘʥʪʘ, ʠʟʤʝʥʷʝʤʦʡ ʚ 

ʰʠʨʦʢʦʤ ʜʠʘʧʘʟʦʥʝ ʵʥʝʨʛʠʡ.  ʆʪʢʨʳʪ ʚ 1947 ʛ. ʥʘ ʙʝʪʘʪʨʦʥʝ, ʧʨʝʜʩʢʘʟʘʥ ɸ.ɹ.ʄʠʛʜʘʣʦʤ. 

12ʉ 

Eres º 75A-1/3 

ʐʠʨʠʥʘ ɻ~ 3-7 ʄʵɺ Ą çɻʠʛʘʥʪʩʢʠʡè 

ɸʢʘʜʝʤʠʢ ɸ.ɹ.ʄʠʛʜʘʣ 

ʇʨʦʬ. ʄʀʌʀ ʩ 1944 ʛ. 

(1911-1991) 

https://www.google.ru/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0ahUKEwjIoPappMHPAhUGWSwKHfTSAZgQjRwIBw&url=https%3A%2F%2Fmipt.ru%2Fza-nauku%2Fhardcopies%2F2011m%2F6(1876)-24.03.11%2Fmigdal.php&psig=AFQjCNHNFEIa4GjXan746p2Dn65wLMo9KA&ust=1475675078403531
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4.4. ʌʦʪʦʷʜʝʨʥʳʝ ʨʝʘʢʮʠʠ ʧʨʠ ʚʳʩʦʢʠʭ ʵʥʝʨʛʠʷʭ 

ʇʦʣʫʯʝʥʠʷ ʤʦʥʦʭʨʦʤʘʪʠʯʝʩʢʠʭ ʛʘʤʤʘ-ʢʚʘʥʪʦʚ ʚʳʩʦʢʠʭ ʵʥʝʨʛʠʡ: 
Å ʄʝʯʝʥʳʝ ʪʦʨʤʦʟʥʳʝ ʬʦʪʦʥʳ ʦʪ ʦʩʪʘʥʘʚʣʠʚʘʝʤʦʛʦ ʧʫʯʢʘ ʵʣʝʢʪʨʦʥʦʚ 

Å ʆʙʨʘʪʥʦʝ ʂʦʤʧʪʦʥʦʚʩʢʦʝ ʨʘʩʩʝʷʥʠʝ ʣʘʟʝʨʥʳʭ ʬʦʪʦʥʦʚ ʥʘ ʵʣʝʢʪʨʦʥʘʭ 

Å ʕʣʝʢʪʨʦʥ-ʧʦʟʠʪʨʦʥʥʘʷ ʘʥʥʠʛʠʣʷʮʠʷ 

Å ʂʦʛʝʨʝʥʪʥʦʝ ʠʟʣʫʯʝʥʠʝ ʵʣʝʢʪʨʦʥʦʚ ʚ ʦʨʠʝʥʪʠʨʦʚʘʥʥʳʭ ʢʨʠʩʪʘʣʣʘʭ 

 

ʈʝʰʘʝʤʳʝ ʟʘʜʘʯʠ: 
Å ʊʦʥʢʘʷ ʩʪʨʫʢʪʫʨʘ ɻ.ɼ.ʈ. 

Å ʆʙʨʘʟʦʚʘʥʠʝ ʷʜʝʨʥʳʭ æ-ʨʝʟʦʥʘʥʩʦʚ (ɽɔ> 150 ʄʵɺ) 

Å ʌʦʪʦʨʦʞʜʝʥʠʝ ʵʣʝʤʝʥʪʘʨʥʳʭ ʯʘʩʪʠʮ 

Å ʌʦʪʦʜʝʣʝʥʠʝ  
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ʨʝʘʢʮʠʷ 16O(ɔ,ʭn)  

40Ca[(ɔ,n) + (ɔ,np)]  

107Ag(ɔ,ʭn) 

ʊʦʥʢʘʷ ʩʪʨʫʢʪʫʨʘ ɻ.ɼ.ʈ. 
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5.   ɺɿɸʀʄʆɼɽʁʉʊɺʀʗ ʊʗɾɪʃʓʍ ʀʆʅʆɺ ʉ ʗɼʈɸʄʀ 

    ʉ  ʧʦʷʚʣʝʥʠʝʤ ʚ ʢʦʥʮʝ 50-ʭ - ʚ ʥʘʯʘʣʝ 60-ʭ ʛʦʜʦʚ XX ʚʝʢʘ ʧʫʯʢʦʚ ʫʩʢʦʨʝʥʥʳʭ ʠʦʥʦʚ 

(ʷʜʝʨ) ʚʦʟʥʠʢʣʦ ʥʦʚʦʝ ʥʘʧʨʘʚʣʝʥʠʝ ʷʜʝʨʥʦʡ ʬʠʟʠʢʠ - ʬʠʟʠʢʘ ʪʷʞʝʣʳʭ ʠʦʥʦʚ. 

 

    çʊʷʞʝʣʳʡ ʠʦʥè - ʵʪʦ ʣʶʙʦʡ ʟʘʨʷʞʝʥʥʳʡ çʩʥʘʨʷʜè, ʪʷʞʝʣʝʝ a-ʯʘʩʪʠʮʳ:  Z > 2, A > 4 

ʅʘʠʙʦʣʝʝ ʧʦʧʫʣʷʨʥʳʝ:   

 

     

ʌʠʟʠʢʘ ʪʷʞʝʣʳʭ ʠʦʥʦʚ ʠʟʫʯʘʝʪ ʢʦʣʣʝʢʪʠʚʥʳʝ ʷʜʝʨʥʳʝ ʧʨʦʮʝʩʩʳ, ʭʘʨʘʢʪʝʨʠʟʫʝʤʳʝ 

ʧʨʝʜʝʣʴʥʦ ʙʦʣʴʰʠʤʠ ʠʟʤʝʥʝʥʠʷʤʠ ʬʦʨʤʳ ʷʜʨʘ, ʩʠʣʴʥʳʤ ʧʝʨʝʨʘʩʧʨʝʜʝʣʝʥʠʝʤ ʵʥʝʨʛʠʠ 

ʤʝʞʜʫ ʨʘʟʣʠʯʥʳʤʠ ʩʪʝʧʝʥʷʤʠ ʩʚʦʙʦʜʳ ʩʠʩʪʝʤ.  

 

 

 

 

 

 

 

 

    

 

ʈʝʘʢʮʠʠ ʩ ʪʷʞʝʣʳʤʠ ʠʦʥʘʤʠ ʧʨʝʜʦʩʪʘʚʣʷʶʪ ʫʥʠʢʘʣʴʥʫʶ ʚʦʟʤʦʞʥʦʩʪʴ ʧʦʣʫʯʘʪʴ ʷʜʨʘ 

ʚʙʣʠʟʠ ʛʨʘʥʠʮ ʩʪʘʙʠʣʴʥʦʩʪʠ ʠ ʧʨʦʥʠʢʥʫʪʴ ʚ ʦʙʣʘʩʪʴ ʭʠʤʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ ʚʪʦʨʦʡ 

ʩʦʪʥʠ. ɺʩʝ ʵʣʝʤʝʥʪʳ ʇʝʨʠʦʜʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ ʄʝʥʜʝʣʝʝʚʘ ʦʪ 101 ʜʦ 118 ʙʳʣʠ 

ʩʠʥʪʝʟʠʨʦʚʘʥʳ ʚ ʨʝʘʢʮʠʷʭ ʩ ʫʩʢʦʨʝʥʥʳʤʠ ʪʷʞʝʣʳʤʠ ʠʦʥʘʤʠ. 
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ʉʭʝʤʘʪʠʯʝʩʢʦʝ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʨʘʟʣʠʯʥʳʭ ʨʝʘʢʮʠʡ ʩ ʪʷʞʸʣʳʤʠ ʠʦʥʘʤʠ 
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ʚʦʟʤʦʞʥʦ ʚ ʩʪʦʣʢʥʦʚʝʥʠʷʭ,  ʚ ʢʦʪʦʨʳʭ ʧʨʦʷʚʣʷʶʪʩʷ ʪʦʣʴʢʦ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʝ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʪʷʞʸʣʦʛʦ ʠʦʥʘ ʩ ʷʜʨʦʤ, ʪ.ʝ. ʣʠʙʦ ʧʨʠ ʙʦʣʴʰʠʭ ʧʘʨʘʤʝʪʨʘʭ ʩʪʦʣʢʥʦʚʝʥʠʡ  

(r > R) , ʣʠʙʦ ʧʨʠ ʢʠʥʝʪʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ ʠʦʥʘ, ʤʝʥʴʰʝʡ ʚʳʩʦʪʳ ʢʫʣʦʥʦʚʩʢʦʛʦ ʙʘʨʴʝʨʘ ʷʜʨʘ 

(ʊʠ < Bʂ) 

ɺ ʷʜʨʘʭ A =150 ī190 , ɸ > 230  ʥʘʙʣʶʜʘʶʪʩʷ ʥʝʦʙʳʯʘʡʥʦ ʙʦʣʴʰʠʝ ʢʚʘʜʨʫʧʦʣʴʥʳʝ 

ʤʦʤʝʥʪʳ, ʢʦʪʦʨʳʝ ʦʟʥʘʯʘʶʪ, ʯʪʦ ʬʦʨʤʘ ʵʪʠʭ ʷʜʝʨ ʧʨʠʦʙʨʝʪʘʝʪ ʬʦʨʤʫ  ʩʧʣʶʩʥʫʪʦʛʦ 

ʵʣʣʠʧʩʦʠʜʘ ʩ ʦʪʥʦʰʝʥʠʝʤ ʙʦʣʴʰʦʡ ʠ ʤʘʣʦʡ ʧʦʣʫʦʩʝʡ a / b =1.2 ī1.3 . 

ʉʝʯʝʥʠʝ ʢʫʣʦʥʦʚʩʢʦʛʦ ʚʦʟʙʫʞʜʝʥʠʷ ʙʳʩʪʨʦ ʨʘʩʪʝʪ ʩ ʨʦʩʪʦʤ ʟʘʨʷʜʘ ʷʜʨʘ.    

 

ʇʨʠ ʙʦʣʴʰʠʭ ʫʛʣʘʭ ʨʘʩʩʝʷʥʠʷ (ɗ > 90Á) ʩʪʘʥʦʚʷʪʩʷ ʟʘʤʝʪʥʳʤ ʤʥʦʛʦʢʨʘʪʥʦʝ ʢʫʣʦʥʦʚʩʢʦʝ 

ʚʦʟʙʫʞʜʝʥʠʝ 

 

ɺ ʩʣʫʯʘʝ ʪʷʞʝʣʳʭ ʠʦʥʦʚ, ʢʘʢ 136Xe (Z = 54) ʠʣʠ 208Pb (Z = 82),  ʩʪʘʥʦʚʠʪʩʷ ʟʥʘʯʠʪʝʣʴʥʳʤ 

ʩʝʯʝʥʠʝ ʚʦʟʙʫʞʜʝʥʠʷ ʚʨʘʱʘʪʝʣʴʥʳʭ ʫʨʦʚʥʝʡ ʷʜʨʘ. 

 

ɺ ʩʠʩʪʝʤʝ ʮʝʥʪʨʘ ʤʘʩʩ   Bʂ 

ɺ ʣʘʙʦʨʘʪʦʨʥʦʡ ʩʠʩʪʝʤʝ  Bʂ
ʣʘʙ Bʂ 

5.1. ʂʫʣʦʥʦʚʩʢʦʝ ʚʦʟʙʫʞʜʝʥʠʝ ʷʜʝʨ 
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ʅʘ ʦʩʥʦʚʘʥʠʠ ʦʧʳʪʦʚ ʧʦ ʢʫʣʦʥʦʚʩʢʦʤʫ ʚʦʟʙʫʞʜʝʥʠʶ ʙʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʷʜʨʘ ʩ                          

A = 20 ī 27 , A =150 ī180 ʠ A > 220 ʠʤʝʶʪ ʬʦʨʤʫ ʚʳʪʷʥʫʪʦʛʦ ʵʣʣʠʧʩʦʠʜʘ ʩ ʦʪʥʦʰʝʥʠʝʤ 

ʙʦʣʴʰʦʡ ʠ ʤʘʣʦʡ ʧʦʣʫʦʩʝʡ  ʦʢʦʣʦ 1,3.  

 

ʅʝʙʦʣʴʰʘʷ ʦʙʣʘʩʪʴ ʷʜʝʨ ʩ A =180 ī190 (ʠʟʦʪʦʧʳ Pt u Hg) ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʩʧʣʶʩʥʫʪʦʤʫ 

ʵʣʣʠʧʩʦʠʜʫ ʧʨʠʙʣʠʟʠʪʝʣʴʥʦ ʩ ʪʝʤ ʞʝ ʵʢʩʮʝʥʪʨʠʩʠʪʝʪʦʤ. 

 

ʗʜʨʘ, ʣʝʞʘʱʠʝ ʚʥʝ ʫʢʘʟʘʥʥʳʭ ʦʙʣʘʩʪʝʡ, ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʢʘʢ ʩʬʝʨʠʯʝʩʢʠʝ, ʭʦʪʷ ʠʭ 

ʬʦʨʤʘ ʤʦʞʝʪ ʦʪʣʠʯʘʪʴʩʷ ʦʪ ʠʜʝʘʣʴʥʦʡ ʩʬʝʨʳ (ʦʥʠ ʠʤʝʶʪ, ʭʦʪʷ ʠ ʩʨʘʚʥʠʪʝʣʴʥʦ 

ʥʝʙʦʣʴʰʠʝ, ʥʦ ʚʧʦʣʥʝ ʟʘʤʝʪʥʳʝ ʵʣʝʢʪʨʠʯʝʩʢʠʝ ʢʚʘʜʨʫʧʦʣʴʥʳʝ ʤʦʤʝʥʪʳ). 

 

ʅʘʨʷʜʫ ʩ ʢʚʘʜʨʫʧʦʣʴʥʳʤʠ ʚ ʷʜʨʘʭ ʧʨʦʷʚʣʷʶʪʩʷ ʠ ʢʦʣʝʙʘʥʠʷ ʙʦʣʝʝ ʚʳʩʦʢʠʭ ʧʦʨʷʜʢʦʚ. 

ɺ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ ʵʪʦ ʦʢʪʫʧʦʣʴʥʳʝ ʢʦʣʝʙʘʥʠʷ, ʚ ʢʦʪʦʨʳʭ ʷʜʨʦ ʧʨʠʥʠʤʘʝʪ ʛʨʫʰʝʚʠʜʥʫʶ 

ʬʦʨʤʫ. 


