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ʋʚʦʜ 
 

  

 ʈʘʟʚʦʿʝʤ ˀʫʜʩʢʦʛ ʜʨʫʰʪʚʘ ʠ ʩʚʝ ʚʝ˂ʠʤ ʩʪʝʧʝʥʦʤ ʥʘʫʯʥʦ-ʪʝʭʥʦʣʦʢhʦʛ ʥʘʧʨʝʪʢʘ, 

ʿʘʚˀʘ ʩʝ ʧʦʪʨʝʙʘ ʟʘ ʢʦʨʠʰ˂ʝˁʝʤ ʥʦʚʠʭ ʚʨʩʪʘ ʤʘʪʝʨʠʿʘʣʘ, ʢʦʿʠ ˂ʝ ʙʠʪʠ ʫ ʩʪʘˁʫ ʜʘ ʫʥʘʧʨʝʜʝ 

ʧʦʩʪʦʿʝ˂ʝ ʬʫʥʢʮʠʿʝ, ʠʣʠ ʜʦʚʝʜʫ ʜʦ ʨʘʟʚʦʿʘ ʥʦʚʠʭ. ɼʘ ʙʠ ʩʝ ʪʦ ʤʦʛʣʦ ʫʯʠʥʠʪʠ, ʧʦʪʨʝʙʥʦ ʿʝ 

ʧʦʟʥʘʚʘˁʝ ʩʚʠʭ ʨʝʣʝʚʘʥʪʥʠʭ ʩʚʦʿʩʪʘʚʘ ʥʦʚʠʭ ʤʘʪʝʨʠʿʘʣʘ, ʢʘʦ ʠ ˁʠʭʦʚʦ ʧʦʥʘʰʘˁʝ ʫ 

ʦʢʨʫʞʝˁʫ ʫ ʢʦʿʝʤ ˂ʝ ʠʤʘʪʠ ʧʨʘʢʪʠʯʥʝ ʧʨʠʤʝʥʝ. ʋ ʦʚʦʤ ʨʘʜʫ ˂ʝ ʙʠʪʠ ʨʝʯ ʦ ʜʚʘ ʝʣʝʤʝʥʪʘ 

ʢʦʿʠ ʠʤʘʿʫ ʩʚʝ ʰʠʨʫ ʧʨʠʤʝʥʫ ʫ ʨʘʟʣʠʯʠʪʠʤ ʦʙʣʘʩʪʠʤʘ. 

 ʈʝʥʠʿʫʤ ʧʨʝʜʩʪʘʚˀʘ ʝʣʝʤʝʥʪ ʩʘ ʨʝʜʥʠʤ ʙʨʦʿʝʤ 75 ʫ ʧʝʨʠʦʜʥʦʤ ʩʠʩʪʝʤʫ. ʄʦʞʝ ʩʝ 

ʥʘ˂ʠ ʫ ʧʨʠʨʦʜʠ ʫ ʦʙʣʠʢʫ ʨʫʜʝ ʨʝʥʠʪʘ (ReS2) ʠ ʧʨʝʜʩʪʘʚˀʘ ʿʝʜʘʥ ʦʜ ʥʘʿʨʝʹʝ ʟʘʩʪʫʧˀʝʥʠʭ 

ʝʣʝʤʝʥʘʪʘ ʥʘ ɿʝʤˀʠ (1). ʈʝʥʠʿʫʤ ʿʝ ʟʘʜˁʠ ʦʪʢʨʠʚʝʥʠ ʝʣʝʤʝʥʪ ʢʦʿʠ ʩʝ ʤʦʞʝ ʥʘ˂ʠ ʫ ʧʨʠʨʦʜʠ, 

ʯʠʿʝ ʿʝ ʧʦʩʪʦʿʘˁʝ ʧʨʝʜʚʠʜʝʦ ʄʝʥʜʝˀʝʿʝʚ ʧʨʠʣʠʢʦʤ ʬʦʨʤʠʨʘˁʘ ʧʝʨʠʦʜʥʦʛ ʩʠʩʪʝʤʘ 

ʝʣʝʤʝʥʘʪʘ. ʇʦʩʪʦʿʠ ʧʨʝʢʦ 30 ʠʟʦʪʦʧʘ ʦʚʦʛ ʝʣʝʤʝʥʪʘ ʦʜ ʢʦʿʠʭ ʩʫ ʩʘʤʦ ʜʚʘ ʧʨʠʨʦʜʥʦ 

ʟʘʩʪʫʧˀʝʥʘ: 185Re ʠ 187Re ʩʘ ʫʯʝʩʪʘʣʦʰ˂ʫ ʦʜ 37,4% ʠ 62,6%, ʨʝʜʦʤ.  

 ʈʝʥʠʿʫʤ ʩʝ ʩʘ ʩʚʦʿʠʤ ʢʘʨʘʢʪʝʨʠʩʪʠʢʘʤʘ ʧʦʢʘʟʘʦ ʢʘʦ ʧʦʪʝʥʮʠʿʘʣʥʦ ʢʦʨʠʩʪʘʥ 

ʤʘʪʝʨʠʿʘʣ ʫ ʰʠʨʦʢʦʤ ʦʧʩʝʛʫ ʧʨʠʤʝʥʘ. ʉʘ ʚʠʩʦʢʦʤ ʪʘʯʢʦʤ ʪʦʧˀʝˁʘ ʦʜ 3180ʦʉ, ʰʪʦ 

ʧʨʝʜʩʪʘʚˀʘ ʪʨʝ˂ʫ ʥʘʿʚʠʰʫ ʪʝʤʧʝʨʘʪʫʨʫ ʪʦʧˀʝˁʘ ʩʚʠʭ ʝʣʝʤʝʥʘʪʘ (2), ʠ ʚʝʣʠʢʦʤ ʤʝʭʘʥʠʯʢʦʤ 

ʠʟʜʨʞˀʠʚʦʰ˂ʫ, ʥʘʰʘʦ ʿ ʝ ʧʨʠʤʝʥʫ ʫ ʘʚʠʦ ʠ ʩʚʝʤʠʨʩʢʦʿ ʠʥʜʫʩʪʠʿʠ. ʀʟʦʪʦʧ ʨʝʥʠʿʫʤʘ ʢʦʨʠʩʪʠ 

ʩʝ ʠ ʢʘʦ ʠʟʚʦʨ ʥʘʧʘʿʘˁʘ ʫ ʩʣʫʯʘʿʝʚʠʤʘ ʢʘʜʘ ʿʝ ʧʦʪʨʝʙʘʥ ʩʪʘʙʠʣʘʥ ʠʟʚʦʨ, ʢʘʦ ʢʦʜ ʨʘʟʣʠʯʠʪʠʭ 

ʚʨʩʪʘ ʩʘʪʝʣʠʪʘ, ʠʣʠ ʫ ʚʦʿʥʝ ʩʚʨʭʝ (3). ʊʘʢʦʹʝ, ʧʨʠʤʝʥʫ ʠʤʘ ʠ ʫ ʬʫʥʜʘʤʝʥʪʘʣʥʠʤ 

ʠʩʪʨʘʞʠʚʘˁʠʤʘ ʫ ʘʩʪʨʦʬʠʟʠʮʠ ʢʦʨʠʰ˂ʝˁʝʤ Re/Os ʭʨʦʥʦʤʝʪʨʘ (4; 5). ʇʦʨʝʜ ʪʦʛʘ, ʠʤʘ ʩʚʝ 

ʰʠʨʫ ʧʨʠʤʝʥʫ ʫ ʤʝʜʠʮʠʥʩʢʝ ʩʚʨʭʝ, ʫ ʩʚʨʭʫ ʜʠʿʘʛʥʦʩʪʠʢʝ ʠ ʣʝʯʝˁʘ ʢʘʥʮʝʨʦʛʝʥʠʭ ʦʙʦˀʝˁʘ 

(6; 7; 8; 9; 10; 11). ʃʝʛʫʨʝ ʨʝʥʠʿʫʤʘ ʟʘʿʝʜʥʦ ʩʘ ʙʦʨʦʤ ʧʨʝʜʩʪʘʚˀʘʿʫ ʝʬʠʢʘʩʥʝ ʘʧʩʦʨʙʝʨʝ 

ʥʝʫʪʨʦʥʘ, ʰʪʦ ʠʤʘ ʧʦʪʝʥʮʠʿʘʣʥʫ ʧʨʠʤʝʥʫ ʢʘʦ ʨʝʛʫʣʘʪʦʨ ʥʝʫʪʨʦʥʩʢʦʛ ʬʣʫʢʩʘ ʫ ʥʫʢʣʝʘʨʥʠʤ 

ʨʝʘʢʪʦʨʠʤʘ (12). ʄʝʹʫʪʠʤ, ʨʝʥʠʿʫʤ ʿʦʰ ʫʚʝʢ ʥʠʿʝ ʥʘʰʘʦ ʧʨʠʤʝʥʫ ʫ ʧʦʩʪʦʿʝ˂ʠʤ ʥʫʢʣʝʘʨʥʠʤ 

ʨʝʘʢʪʦʨʠʤʘ. ʇʦʨʝʜ ʦʩʦʙʠʥʝ ʜʘ ˁʝʛʦʚʝ ʣʝʛʫʨʝ ʜʦʙʨʦ ʘʧʩʦʨʙʫʿʫ ʥʝʫʪʨʦʥʝ, ʯʠˁʝʥʠʮʘ ʜʘ ʠʤʘ 

ʚʝʦʤʘ ʚʠʩʦʢʫ ʪʘʯʢʫ ʪʦʧˀʝˁʘ ʯʠʥʠ ʨʝʥʠʿʫʤ ʤʘʪʝʨʠʿʘʣʦʤ ʢʦʿʠ ʙʠ ʤʦʛʘʦ ʜʘ ʩʝ ʢʦʨʠʩʪʠ 

ʧʨʠʣʠʢʦʤ ʨʘʟʚʦʿʘ ʥʦʚʝ ʛʝʥʝʨʘʮʠʿʝ ʥʫʢʣʝʘʨʥʠʭ ʨʝʘʢʪʦʨʘ.  

 ɿʘ ʩʚʝ ʧʦʪʝʥʮʠʿʘʣʥʝ ʧʨʠʤʝʥʝ ʨʝʥʠʿʫʤʘ ʫ ʤʝʜʠʮʠʥʩʢʝ ʩʚʨʭʝ, ʨʘʟʚʦʿ ʥʫʢʣʝʘʨʥʝ 

ʝʥʝʨʛʝʪʠʢʝ, ʠʩʪʨʘʞʠʚʘˁʘ ʫ ʘʩʪʨʦʬʠʟʠʮʠ ʧʦʩʪʦʿʠ ʧʦʪʨʝʙʘ ʟʘ ʰʪʦ ʧʨʝʮʠʟʥʠʿʠʤ ʦʜʨʝʹʠʚʘˁʝʤ 

ʝʬʠʢʘʩʥʠʭ ʧʨʝʩʝʢʘ ʨʝʥʠʿʫʤʘ ʟʘ ʨʝʘʢʮʠʿʝ ʩʘ ʥʝʫʪʨʦʥʠʤʘ, ʧʦʛʦʪʦʚʦ ʟʘ ʨʝʘʢʮʠʿʝ ʥʝʫʪʨʦʥʩʢʝ 

ʘʢʪʠʚʘʮʠʿʝ, ʰʪʦ ʿʝ ʠ ʙʠʣʘ ʪʝʤʘ ʦʚʦʛ ʨʘʜʘ ʟʘ ʜʚʘ ʠʟʦʪʦʧʘ ʨʝʥʠʿʫʤʘ ʢʦʿʠ ʩʝ ʤʦʛʫ ʥʘ˂ʠ ʫ 

ʧʨʠʨʦʜʠ. ʆʜʨʝʹʠʚʘˁʝ ʧʦʫʟʜʘʥʠʭ ʚʨʝʜʥʦʩʪʠ ʝʬʠʢʘʩʥʠʭ ʧʨʝʩʝʢʘ ʿʝ ʠʟʫʟʝʪʥʦ ʙʠʪʥʦ, ʢʘʢʦ ʟʘ 

ʪʝʦʨʠʿʩʢʘ, ʪʘʢʦ ʠ ʟʘ ʧʨʠʤʝˁʝʥʘ ʠʩʪʨʘʞʠʚʘˁʘ. ʊʘʢʦʹʝ ʦʜ ʧʦʩʝʙʥʝ ʚʘʞʥʦʩʪʠ ʿʝ ʠ ʧʨʠʢʫʧˀʘˁʝ 

ʨʝʣʝʚʘʥʪʥʠʭ ʩʧʝʢʪʨʦʩʢʦʧʩʢʠʭ ʧʦʜʘʪʘʢʘ. ʊʘʯʥʦ ʠ ʧʨʝʮʠʟʥʦ ʜʝʪʝʨʤʠʥʠʩʘˁʝ ʦʚʠʭ ʧʘʨʘʤʝʪʘʨʘ 

ʿʝ ʧʦʪʨʝʙʥʦ ʟʘ ʨʘʟʫʤʝʚʘˁʝ ʬʫʥʜʘʤʝʥʪʘʣʥʠʭ ʦʩʦʙʠʥʘ ʥʫʢʣʝʘʨʥʠʭ ʨʝʘʢʮʠʿʘ. ʅʘ ʧʨʠʤʝʨ, 

ʨʘʟʚʦʿ ʪʝʦʨʠʿʩʢʠʭ ʤʦʜʝʣʘ ʢʦʿʠ ʙʠ ʦʧʠʩʘʣʠ ʥʝʫʪʨʦʥʩʢʝ ʥʫʢʣʝʘʨʥʝ ʨʝʘʢʮʠʿʝ ʿʝ ʿʝʜʠʥʦ ʤʦʛʫ˂ʝ 
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ʘʢʦ ʧʦʩʪʦʿʝ ʧʦʫʟʜʘʥʠ ʠ ʢʦʤʧʣʝʪʥʠ ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʠ ʧʦʜʘʮʠ. ʋʚʠʜʦʤ ʫ ʧʦʩʪʦʿʝ˂ʝ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʝ ʧʦʜʘʪʢʝ (13) ʟʘ ʨʝʘʢʮʠʿʝ ʥʝʫʪʨʦʥʘ ʥʘ ʨʝʥʠʿʫʤʦʚʠʤ ʠʟʦʪʦʧʠʤʘ, ʤʦʞʝ ʩʝ 

ʧʨʠʤʝʪʠʪʠ ʜʘ ʦʥʠ ʥʠʩʫ ʧʦʪʧʫʥʠ ʟʘ ʩʚʝ ʤʦʛʫ˂ʝ ʨʝʘʢʮʠʿʝ, ʢʘʦ ʥʠ ʟʘ ʰʠʨʦʢʠ ʝʥʝʨʛʝʪʩʢʠ ʦʧʩʝʛ 

ʫʧʘʜʥʠʭ ʥʝʫʪʨʦʥʘ, ʛʜʝ ʩʝ ʝʥʝʨʛʠʿʝ ʢʦʿʝ ʩʫ ʦʜ ʟʥʘʯʘʿʘ ʧʨʦʪʝʞʫ ʠ ʜʦ 20 MeV. ʂʘʦ ʧʨʠʤʝʨ ʤʦʞʝ 

ʩʝ ʥʘʚʝʩʪʠ ʨʝʘʢʮʠʿʘ, ʯʠʿʠ ʿʝ ʝʬʠʢʘʩʘʥ ʧʨʝʩʝʢ ʠ ʨʘʯʫʥʘʪ ʫ ʦʚʦʤ ʨʘʜʫ, 185Re(n,3n)183Re, ʟʘ ʢʦʿʫ 

ʧʦʩʪʦʿʠ ʩʘʤʦ ʿʝʜʘʥ ʝʢʩʧʝʨʠʤʝʥʪʘʣʘʥ ʧʦʜʘʪʘʢ ʟʘ ʚʨʝʜʥʦʩʪ ʝʬʠʢʘʩʥʦʛ ʧʨʝʩʝʢʘ (14) ʫ ʦʧʩʝʛʫ 

ʦʜ 13 ʜʦ 20MeV. 

 ʋ ʨʘʜʫ ʩʫ ʜʦʙʠʿʝʥʝ ʚʨʝʜʥʦʩʪʠ ʝʬʠʢʘʩʥʠʭ ʧʨʝʩʝʢʘ ʟʘ ʨʝʘʢʮʠʿʝ 185Re(n,3n)183Re ʠ 
187Re(n,p)187W ʟʘ ʝʥʝʨʛʠʿʝ ʫʧʘʜʥʠʭ ʥʝʫʪʨʦʥʘ ʫ ʦʧʩʝʛʫ ʦʜ 13,08 ʜʦ 19,5 MeV ʧʦʩʝʙʥʠʤ 

ʦʙʣʠʢʦʤ ʥʝʫʪʨʦʥʩʢʝ ʘʢʪʠʚʘʮʠʦʥʝ ʪʝʭʥʠʢʝ ʢʦʿʘ ʿʝ ʨʘʟʚʠʿʝʥʘ ʫ ɱʈʎ ɻʝʝʣ ʫ ɹʝʣʛʠʿʠ (15) , (16; 

17; 18), ʛʜʝ ʿʝ ʠ ʦʙʘʚˀʝʥ ʮʝʣʦʢʫʧʘʥ ʝʢʩʧʝʨʠʤʝʥʪ, ʢʦʿʘ ʩʝ ʟʦʚʝ NAXSUN (Neutron Activation 

X-Section determined using Unfolding). ʅʝʫʪʨʦʥʩʢʘ ʘʢʪʠʚʘʮʦʥʘ ʘʥʘʣʠʟʘ ʢʘʦ ʤʝʪʦʜʘ ʧʦʯʠˁʝ 

ʩʘ ʨʘʟʚʦʿʝʤ ʚʝʦʤʘ ʙʨʟʦ ʥʘʢʦʥ ʦʪʢʨʠ˂ʘ ʥʝʫʪʨʦʥʘ ʠ ʩʚʦʜʠ ʩʝ ʥʘ ʙʦʤʙʘʨʜʦʚʘˁʝ ʥʝʫʪʨʦʥʠʤʘ 

ʨʘʟʣʠʯʠʪʝ ʚʨʩʪʝ ʤʝʪʘ, ʢʦʿʝ ʩʝ ʜʦʚʦʜʝ ʫ ʩʪʘˁʝ ʨʘʜʠʦʘʢʪʠʚʥʦʩʪʠ. ʅʘ ʦʚʘʿ ʥʘʯʠʥ ʿʝ ʤʦʛʫ˂ʝ 

ʫʪʚʨʜʠʪʠ ʩʘʩʪʘʚ ʥʝʧʦʟʥʘʪʠʭ ʫʟʦʨʘʢʘ ʪʘʢʦ ʰʪʦ ʩʝ ʤʝʨʠ ʠʥʜʫʢʦʚʘʥʘ ʨʘʜʠʦʘʢʪʠʚʥʦʩʪ ʥʘʩʪʘʣʘ 

ʫ ʨʝʘʢʮʠʿʠ ʥʝʫʪʨʦʥʘ ʩʘ ʿʝʟʛʨʠʤʘ ʤʝʪʝ. ʈʘʟʚʦʿʝʤ ʨʘʟʣʠʯʠʪʠʭ ʚʨʩʪʘ ʘʢʮʝʣʝʨʘʪʦʨʘ, ʥʦʚʠʭ ʚʨʩʪʘ 

ʜʝʪʝʢʪʦʨʘ, ʢʘʦ ʠ ʧʨʦʧʨʘʪʥʝ ʘʧʘʨʘʪʫʨʝ ʟʘ ʩʢʫʧˀʘˁʝ ʠ ʦʙʨʘʜʫ ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʠʭ ʧʦʜʘʪʘʢʘ 

ʥʝʫʪʨʦʥʩʢʘ ʘʢʪʠʚʘʮʠʦʥʘ ʘʥʘʣʠʟʘ ʿʝ ʧʦʩʪʘʣʘ ʚʠʩʦʢʦ ʧʨʝʮʠʟʥʘ ʠ ʨʝʣʝʚʘʥʪʥʘ ʤʝʪʦʜʘ ʢʦʿʘ ʿʝ 

ʥʘʰʣʘ ʧʨʠʤʝʥʫ ʫ ʚʝʣʠʢʦʤ ʙʨʦʿʫ ʦʙʣʘʩʪʠ, ʦʜ ʛʝʦʣʦʛʠʿʝ, ʬʦʨʝʥʟʠʢʝ, ʠʥʜʫʩʪʠʿʝ, ʧʨʦʚʝʨʝ 

ʢʚʘʣʠʪʝʪʘ ʤʘʪʝʨʠʿʘʣʘ, ʦʯʫʚʘˁʫ ʞʠʚʦʪʥʝ ʩʨʝʜʠʥʝ ʠʪʜ. (19; 20; 21; 22) 

 NAXSUN ʤʝʪʦʜʘ ʩʝ ʟʘʩʥʠʚʘ ʥʘ ʤʝʨʝˁʫ ʘʢʪʠʚʥʦʩʪʠ ʧʨʦʫʟʨʦʢʦʚʘʥʝ ʙʦʤʙʘʨʜʦʚʘˁʝʤ 

ʨʘʟʣʠʯʠʪʠʭ ʤʝʪʘ ʥʝʫʪʨʦʥʠʤʘ ʰʠʨʦʢʦʛ ʦʧʩʝʛʘ ʝʥʝʨʛʠʿʘ, ʟʘ ʨʘʟʣʠʢʫ ʦʜ ʚʝ˂ʠʥʝ ʥʝʫʪʨʦʥʩʢʠʭ 

ʘʢʪʠʚʘʮʠʦʥʠʭ ʘʥʘʣʠʟʘ ʛʜʝ ʩʝ ʢʦʨʠʩʪʝ ʠʣʠ ʤʦʥʦʝʥʝʨʛʝʪʩʢʠ ʥʝʫʪʨʦʥʠ, ʠʣʠ ʥʝʫʪʨʦʥʠ ʫʩʢʠʭ 

ʝʥʝʨʛʝʪʩʢʠʭ ʦʧʩʝʛʘ. ʂʘʦ ʤʝʪʝ ʫ ʦʚʦʤ ʨʘʜʫ ʢʦʨʠʰ˂ʝʥʦ ʿʝ ʩʝʜʘʤ ʜʠʩʢʦʚʘ ʥʘʧʨʘʚˀʝʥʠʭ ʦʜ 

ʧʨʠʨʦʜʥʦʛ ʨʝʥʠʿʫʤʘ ʯʠʩʪʦ˂ʝ 99,9%. ʈʦʪʠʨʘˁʝʤ ʜʠʩʢʦʚʘ ʧʨʠʣʠʢʦʤ ʠʨʘʜʠʿʘʮʠʿʝ ʦʙʝʟʙʝʹʝʥʦ 

ʿʝ ʜʘ ʩʚʘʢʠ ʦʜ ʜʠʩʢʦʚʘ ʙʫʜʝ ʦʟʨʘʯʝʥ ʨʘʟʣʠʯʠʪʠʤ ʥʝʫʪʨʦʥʩʢʠʤ ʬʣʫʢʩʦʤ, ʰʠʨʦʢʦʛ ʦʧʩʝʛʘ 

ʝʥʝʨʛʠʿʘ (ʦʜ 13 ʜʦ 20 MeV) ʢʦʿʠ ʩʝ ʤʝʹʫʩʦʙʥʦ ʧʨʝʢʣʘʧʘʿʫ. ʅʝʫʪʨʦʥʠ ʩʫ ʜʦʙʠʿʘʥʠ 

ʙʦʤʙʘʨʜʦʚʘˁʝʤ ʤʝʪʝ ʦʜ Ti - 3H ʜʝʫʪʝʨʦʥʠʤʘ ʫʙʨʟʘʚʘʥʠʤ ɺʘʥ ʜʝ ɻʨʘʬʦʚʠʤ ʛʝʥʝʨʘʪʦʨʦʤ (23). 

ɱʝʜʘʥ ʦʜ ʩʝʜʘʤ ʜʠʩʢʦʚʘ ʿʝ ʜʨʞʘʥ ʫ ʤʠʨʦʚʘˁʫ ʧʨʠʣʠʢʦʤ ʠʨʘʜʠʿʘʮʠʿʝ, ʯʠʤʝ ʿʝ ʦʥ ʦʟʨʘʯʝʥ 

ʤʦʥʦʝʥʝʨʛʝʪʩʢʠʤ ʥʝʫʪʨʦʥʠʤʘ ʦʜ 18,1 MeV. ʇʦʤʦ˂ʫ ʦʚʦʛ ʜʠʩʢʘ ʜʦʙʠʿʘ ʩʝ ʘʧʩʦʣʫʪʥʘ 

ʚʨʝʜʥʦʩʪ ʝʬʠʢʘʩʥʦʛ ʧʨʝʩʝʢʘ ʥʘ ʪʦʿ ʝʥʝʨʛʠʿʠ ʟʘ ʦʙʝ ʠʩʧʠʪʠʚʥʝ ʨʝʘʢʮʠʿʝ. ʆʚʘ ʚʨʝʜʥʦʩʪ 

ʧʨʝʜʩʪʘʚˀʘ ʥʦʨʤʘʣʠʟʘʮʠʦʥʫ ʚʨʝʜʥʦʩʪ ʟʘ ʬʫʥʢʮʠʿʫ ʝʬʠʢʘʩʥʠʭ ʧʨʝʩʝʢʘ ʫ ʝʥʝʨʛʝʪʩʢʦʤ ʦʧʩʝʛʫ 

ʦʜ 13,08 ʜʦ 19,5 ʄʝV, ʤʝʪʦʜʦʤ ʜʝʢʦʥʚʦʣʫʮʠʿʝ (unfolding).  

 ʋ ʮʠˀʫ ʜʦʙʠʿʘˁʘ ʚʨʝʜʥʦʩʪʠ ʝʬʠʢʘʩʥʦʛ ʧʨʝʩʝʢʘ ʨʝʘʢʮʠʿʘ, ʧʦʪʨʝʙʥʦ ʿʝ ʦʜʨʝʜʠʪʠ 

ʘʢʪʠʚʥʦʩʪ ʨʘʜʠʦʥʫʢʣʠʜʘ ʦʜ ʠʥʪʝʨʝʩʘ ʢʦʿʠ ʿʝ ʧʨʦʠʟʚʝʜʝʥ ʫ ʧʨʦʮʝʩʫ ʘʢʪʠʚʘʮʠʿʝ. ʆʚʦ ʩʝ ʚʨʰʠ 

ʥʘ ʦʩʥʦʚʫ ʛʘʤʘ ʩʧʝʢʪʨʦʤʝʪʘʨʩʢʝ ʘʥʘʣʠʟʝ ʩʧʝʢʪʘʨʘ ʢʦʿʠ ʩʫ ʩʥʠʤˀʝʥʠ, ʦʜʥʦʩʥʦ 

ʠʜʝʥʪʠʬʠʢʘʮʠʿʦʤ ʩʚʘʢʝ ʦʜ ʛʘʤʘ ʣʠʥʠʿʘ ʫ ʩʧʝʢʪʨʫ. ʇʨʠʣʠʢʦʤ ʘʢʪʠʚʘʮʠʿʝ ʜʦʣʘʟʠ ʜʦ ʩʪʚʘʨʘˁʘ 

ʚʝʣʠʢʦʛ ʙʨʦʿʘ ʨʘʜʠʦʠʟʦʪʦʧʘ ʢʦʿʠ ʩʫ ʛʘʤʘ ʝʤʠʪʝʨʠ, ʪʝ ʦʜʙʨʦʿ ʫ ʚʝ˂ʠʥʠ ʣʠʥʠʿʘ ʩʧʝʢʪʘʨʘ 

ʧʨʝʜʩʪʘʚˀʘ ʜʦʧʨʠʥʦʩ ʜʚʘ ʠʣʠ ʚʠʰʝ ʥʘʩʪʘʣʘ ʨʘʜʠʦʠʟʦʪʦʧʘ. ʂʘʢʦ ʚʨʝʤʝʥʘ ʧʦʣʫʨʘʩʧʘʜʘ 
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ʥʘʩʪʘʣʠʭ ʨʘʜʠʦʠʟʦʪʦʧʘ ʥʘʢʦʥ ʘʢʪʠʚʘʮʠʿʝ ʠʤʘʿʫ ʚʝʣʠʢʠ ʦʧʩʝʛ, ʦʜ ʥʝʢʦʣʠʢʦ ʯʘʩʦʚʘ, ʧʘ ʜʦ 

ʧʨʝʢʦ 160 ʜʘʥʘ, ʚʨʰʝʥʘ ʩʫ ʜʚʘ ʤʝʨʝˁʘ ʛʘʤʘ ʩʧʝʢʪʘʨʘ ʦʟʨʘʯʝʥʠʭ ʜʠʩʢʦʚʘ. ʇʨʚʦ ʤʝʨʝˁʝ ʿʝ 

ʚʨʰʝʥʦ ʥʝʧʦʩʨʝʜʥʦ ʥʘʢʦʥ ʦʟʨʘʯʠʚʘˁʘ, ʘ ʜʨʫʛʦ ʪʨʠ ʤʝʩʝʮʘ ʢʘʩʥʠʿʝ. ʉʥʠʤʘˁʝʤ ʛʘʤʘ ʩʧʝʢʪʘʨʘ 

ʫ ʜʚʘ ʨʘʟʣʠʯʠʪʘ ʚʨʝʤʝʥʩʢʘ ʠʥʪʝʨʚʘʣʘ, ʩʘ ʨʘʟʤʘʢʦʤ ʦʜ ʥʝʢʦʣʠʢʦ ʨʝʜʦʚʘ ʚʝʣʠʯʠʥʝ ʚʝ˂ʠʤ ʦʜ 

ʚʨʝʤʝʥʘ ʧʦʣʫʨʘʩʧʘʜʘ ʢʨʘʪʢʦʞʠʚʝ˂ʠʭ ʠʟʦʪʦʧʘ ʢʦʿʘ ʩʫ ʥʘʩʪʘʣʘ, ʦʤʦʛʫ˂ʘʚʘ ʩʝ ʫʢʣʘˁʘˁʝ 

ʜʦʧʨʠʥʦʩʘ ʦʚʠʭ ʠʟʦʪʦʧʘ ʫ ʦʜʙʨʦʿʫ ʜʨʫʛʦʛ ʩʥʠʤˀʝʥʦʛ ʩʧʝʢʪʨʘ. ʊʘʢʦ ʩʝ ʧʦʚʝʘ˂ʚʘ ʙʨʦʿ ʣʠʥʠʿʘ 

ʢʦʿʝ ʩʝ ʤʦʛʫ ʧʨʠʧʠʩʘʪʠ ʠʩʢˀʫʯʠʚʦ ʿʝʜʥʦʤ ʠʟʦʪʦʧʫ. ɺʨʝʜʥʦʩʪ ʘʢʪʠʚʥʦʩʪʠ ʟʘ ʧʦʿʝʜʠʥʠ 

ʠʟʦʪʦʧ, ʟʘʿʝʜʥʦ ʩʘ ʧʨʝʮʠʟʥʠʤ ʧʦʟʥʘʚʘˁʝʤ ʥʝʫʪʨʦʥʩʢʦʛ ʬʣʫʢʩʘ ʫ ʩʚʘʢʦʤ ʪʨʝʥʫʪʢʫ ʪʦʢʦʤ 

ʠʨʘʜʠʿʘʮʠʿʝ, ʧʨʝʜʩʪʘʚˀʘʿʫ ʥʝʦʧʭʦʜʥʝ ʚʨʝʜʥʦʩʪʠ ʟʘ ʠʟʨʘʯʫʥʘʚʘˁʘ ʝʬʠʢʘʩʥʦʛ ʧʨʝʩʝʢʘ 

ʤʝʪʦʜʦʤ ʜʝʢʦʥʚʦʣʫʮʠʿʝ (unfolding). ʆʚʦ ʿʝ ʨʘʹʝʥʦ ʘʣʛʦʨʠʪʤʠʤʘ MAXED ʠ GRAVEL (24; 

25), ʯʠʤʝ ʩʝ ʜʦʙʠʿʘ ʬʫʥʢʮʠʿʘ ʝʬʠʢʘʩʥʦʛ ʧʨʝʩʝʢʘ ʟʘ ʝʥʝʨʛʠʿʝ ʥʝʫʪʨʦʥʘ ʫ ʯʠʪʘʚʦʤ ʦʧʩʝʛʫ ʦʜ 

ʠʥʪʝʨʝʩʘ.  

 ʇʦʨʝʜ ʨʝʥʠʿʫʤʘ, ʠʩʧʠʪʠʚʘʥ ʿʝ ʿʦʰ ʿʝʜʘʥ ʝʣʝʤʝʥʪ ʩʘ ʰʠʨʦʢʦʤ ʧʨʘʢʪʠʯʥʦʤ ʧʨʠʤʝʥʦʤ, 
252Cf. ʂʘʣʠʬʦʨʥʠʿʫʤ ʧʨʝʜʩʪʘʚˀʘ ʰʝʩʪʠ ʪʨʘʥʫʨʘʥʩʢʠ ʝʣʝʤʝʥʪ, ʜʦʙʠʿʝʥ ʙʦʤʙʘʨʜʦʚʘˁʝʤ ʤʝʪʝ 

ʦʜ ʢʠʨʠʿʫʤʘ ʘʣʬʘ ʯʝʩʪʠʮʘʤʘ. ʇʦʟʥʘʪʦ ʿʝ 20 ʨʘʟʣʠʯʠʪʠʭ ʠʟʦʪʦʧʘ ʢʘʣʠʬʦʨʥʠʿʫʤʘ, ʤʝʹʫʪʠʤ 

ʩʘʤʦ ʿʝ ʠʟʦʪʦʧ 252 ʥʘʰʘʦ ʰʠʨʦʢʫ ʧʨʘʢʪʠʯʥʫ ʧʨʠʤʝʥʫ. ʂʘʨʘʢʪʝʨʠʩʪʠʢʘ 252Cf ʿ ʝ ʪʘ ʜʘ ʠʤʘ ʜʚʘ 

ʢʘʥʘʣʘ ʨʘʩʧʘʜʘ. ʈʘʩʧʘʜʘ ʩʝ ʝʤʠʪʦʚʘˁʝʤ Ŭ ʯʝʩʪʠʮʘ  ʫ 96.91% ʨʘʩʧʘʜʘ, ʘ 3.09% ʩʧʦʥʪʘʥʦʤ 

ʬʠʩʠʿʦʤ. ʋʧʨʘʚʦ ʟʙʦʛ ʨʘʩʧʘʜʘ 252Cf ʧʫʪʝʤ ʬʠʩʠʿʝ, ʢʘʦ ʠ ʟʙʦʛ ʧʦʚʦˀʥʦʛ ʚʨʝʤʝʥʘ 

ʧʦʣʫʨʘʩʧʘʜʘ, ʢʦʿʝ ʠʟʥʦʩʠ 2.645 ʛʦʜʠʥʘ, ʦʚʘʿ ʨʘʜʠʦʠʟʦʪʦʧ ʧʨʝʜʩʪʘʚˀʘ ʩʪʘʙʠʣʘʥ ʠʟʚʦʨ 

ʥʝʫʪʨʦʥʘ, ʢʦʿʠ ʿʝ ʢʘʦ ʪʘʢʘʚ ʥʘʰʘʦ ʨʘʟʣʠʯʠʪʝ ʧʨʠʤʝʥʝ. ʂʦʨʠʩʪʠ ʩʝ ʢʘʦ ʠʟʚʦʨ ʥʝʫʪʨʦʥʘ ʫ 

ʥʝʫʪʨʦʥʩʢʦʿ ʘʢʪʠʚʘʮʠʦʥʦʿ ʘʥʘʣʠʟʠ (26), ʟʘʪʠʤ ʫ ʧʨʦʮʝʩʠʤʘ ʤʝʨʝˁʘ ʚʣʘʛʝ ʠ ʛʫʩʪʠʥʝ 

ʟʝʤˀʠʰʪʘ (27). ʂʘʣʠʬʦʨʥʠʿʫʤ 252 ʩʝ ʪʘʢʦʹʝ ʢʦʨʠʩʪʠ ʢʘʦ ʠʥʠʮʠʿʘʪʦʨ ʣʘʥʯʘʥʝ ʨʝʘʢʮʠʿʝ 

ʬʠʩʠʿʝ ʫ ʛʦʨʠʚʫ ʥʫʢʣʝʘʨʥʠʭ ʨʝʘʢʪʦʨʘ (28). ɱʝʜʥʘ ʦʜ ʙʠʪʥʠʿʠʭ ʧʨʠʤʝʥʘ ʦʚʦʛ ʨʘʜʠʦʠʟʦʪʦʧʘ ʿʝ 

ʫ ʤʝʜʠʮʠʥʠ. ʂʦʨʠʩʪʠ ʩʝ ʫ ʙʨʘʭʠʪʝʨʘʧʠʿʠ, ʟʘ ʣʝʯʝˁʝ ʢʘʥʮʝʨʦʛʝʥʠʭ ʦʙʦˀʝˁʘ (29; 30; 31).  

 ɺʝ˂ʠʥʘ ʨʘʜʠʦʠʟʦʪʦʧʘ ʢʦʿʠ ʩʝ ʢʦʨʠʩʪʝ ʫ ʪʝʨʘʧʠʿʩʢʝ ʩʚʨʭʝ ʧʨʝʜʩʪʘʚˀʘʿʫ ʛʘʤʘ ʝʤʠʪʝʨʝ. 

ʂʘʣʠʬʦʨʥʠʿʫʤ ʿʝ ʫ ʪʦʤ ʩʤʠʩʣʫ ʩʧʝʮʠʬʠʯʘʥ, ʿʝʨ ʩʝ ʦʥ ʢʦʨʠʩʪʠ ʢʘʦ ʠʟʚʦʨ ʥʝʫʪʨʦʥʘ. ʄʝʹʫʪʠʤ, 

ʧʦʨʝʜ ʝʤʠʪʦʚʘʥʠʭ ʥʝʫʪʨʦʥʘ, ʧʨʠʩʫʪʥʦ ʿʝ ʫ ʦʜʨʝʹʝʥʦʿ ʤʝʨʠ ʠ ʛʘʤʘ ʟʨʘʯʝˁʝ. ɻʘʤʘ ʟʨʘʯʝˁʝ 

ʧʦʪʠʯʝ ʦʜ ʥʘʩʪʘʥʢʘ 249Cm, ʧʨʠʣʠʢʦʤ ʘʣʬʘ ʨʘʩʧʘʜʘ ʢʘʣʠʨʦʬʥʠʿʫʤʘ, ʢʦʿʠ ʩʝ ʤʦʞʝ ʥʘ˂ʠ ʫ 

ʥʝʢʦʤ ʦʜ ʧʦʙʫʹʝʥʠʭ ʩʪʘˁʘ, ʢʘʦ ʠ ʦʜ ʚʝʣʠʢʦʛ ʙʨʦʿʘ ʥʘʩʪʘʣʠʭ ʬʠʩʠʦʥʠʭ ʬʨʘʛʤʝʥʘʪʘ. ʋʢʫʧʥʘ 

ʜʦʟʘ ʢʦʿʫ ʜʘʿʝ ʦʚʘʢʘʚ ʠʟʚʦʨ ʧʨʝʜʩʪʘʚˀʘ ʟʙʠʨ ʜʦʟʝ ʢʦʿʘ ʧʦʪʠʯʝ ʦʜ ʛʘʤʘ ʠ ʦʜ ʥʝʫʪʨʦʥʩʢʝ 

ʢʦʤʧʦʥʝʥʪʝ ʟʨʘʯʝˁʘ. ɹʠʦʣʦʰʢʘ ʝʬʠʢʘʩʥʦʩʪ ʥʝʫʪʨʦʥʩʢʦʛ ʟʨʘʯʝˁʘ ʿʝ ʠ ʜʦ 20 ʧʫʪʘ ʚʝ˂ʘ, ʪʝ ʩʝ 

ʜʦʧʨʠʥʦʩ ʛʘʤʘ ʟʨʘʯʝˁʘ ʫ ʫʢʫʧʥʦʿ ʜʦʟʠ ʢʘʣʠʬʦʨʥʠʿʫʤʦʚʦʛ ʠʟʚʦʨʘ ʟʘʥʝʤʘʨʫʿʝ.  

 ʇʨʦʮʝʥʘ ʝʢʩʧʦʟʠʮʠʦʥʝ ʜʦʟʝ ʟʘ ʠʟʚʦʨʝ ʿʝʜʥʦʩʪʘʚʥʠʭ ʛʝʦʤʝʪʨʠʿʘ, ʢʦʿʠ ʩʫ ʝʤʠʪʝʨʠ ʛʘʤʘ 

ʠʣʠ ʍ ʟʨʘʯʝˁʘ ʤʦʞʝ ʩʝ ʫʨʘʜʠʪʠ ʜʝʬʠʥʠʩʘˁʝʤ ʩʧʝʮʠʬʠʯʥʝ ʛʘʤʘ ʢʦʥʩʪʘʥʪʝ. ʆʚʘ ʚʝʣʠʯʠʥʘ 

ʦʧʠʩʫʿʝ ʜʦʟʫ ʢʦʿʫ ʜʘʿʝ ʠʟʚʦʨ ʿʝʜʠʥʠʯʥʝ ʘʢʪʠʚʥʦʩʪʠ ʥʘ ʿʝʜʠʥʠʯʥʦʤ ʨʘʩʪʦʿʘˁʫ. ʂʘʢʦ ʿʝ ʰʝʤʘ 

ʨʘʩʧʘʜʘ 252Cf ʜʦʙʨʦ ʧʦʟʥʘʪʘ, ʩʧʝʮʠʬʠʯʥʘ ʛʘʤʘ ʢʦʥʩʪʘʥʪʘ ʢʘʣʠʬʦʨʥʠʿʫʤʦʚʦʛ ʠʟʚʦʨʘ ʿʝ ʜʦʙʨʦ 

ʧʦʟʥʘʪʘ ʟʘ ʥʦʚʦ ʧʨʦʠʟʚʝʜʝʥ ʠʟʚʦʨ. ʂʘʢʦ ʚʝʣʠʢʠ ʙʨʦʿ ʬʠʩʠʦʥʠʭ ʬʨʘʛʤʝʥʘʪʘ ʢʦʿʠ ʥʘʩʪʘʿʫ 

ʨʘʩʧʘʜʦʤ ʢʘʣʠʬʦʨʥʠʿʫʤʘ ʧʨʝʜʩʪʘʚˀʘʿʫ ʛʘʤʘ ʝʤʠʪʝʨʝ, ʧʦʩʪʘʚˀʘ ʩʝ ʧʠʪʘˁʝ ʢʘʢʦ ʫʪʠʯʝ 

ˁʠʭʦʚʦ ʥʘʛʦʤʠʣʘʚʘˁʝ ʫ ʢʘʧʩʫʣʠ ʠʟʚʦʨʘ ʫʪʠʯʝ ʥʘ ʫʢʫʧʥʫ ʜʦʟʫ ʢʦʿʘ ʧʦʪʠʯʝ ʦʜ ʛʘʤʘ ʟʨʘʯʝˁʘ, 
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ʰʪʦ ʿʝ ʙʠʣʘ ʧʦʣʘʟʥʘ ʤʠʩʘʦ ʫ ʚʝʟʠ ʩʘ ʦʚʠʤ ʨʘʜʦʤ. ʋ ʮʠˀʫ ʪʦʛʘ ʩʥʠʤʘʥʘ ʩʫ ʪʨʠ ʨʘʟʣʠʯʠʪʘ 

ʩʧʝʢʪʨʘ ʿʝʜʥʦʛ ʢʘʣʠʬʦʨʥʠʿʫʤʦʚʦʛ ʠʟʚʦʨʘ ʫ ʨʘʟʤʘʢʫ ʦʜ 10 ʛʦʜʠʥʘ. ɿʘ ʩʚʘʢʠ ʦʜ ʚʨʝʤʝʥʩʢʠʭ 

ʪʨʝʥʫʪʘʢʘ ʨʘʯʫʥʘ ʩʝ ʩʧʝʮʠʬʠʯʥʘ ʛʘʤʘ ʢʦʥʩʪʘʥʪʘ ʠ ʧʨʘʪʠ ʩʝ ʧʦʩʪʦʿʠ ʣʠ ʧʨʦʤʝʥʘ ʫ ˁʝʥʦʿ 

ʚʨʝʜʥʦʩʪʠ. ʆʚʘʿ ʜʝʦ ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʠʭ ʤʝʨʝˁʘ ʚʨʰʝʥ ʿʝ ʥʘ ʂʘʪʝʜʨʠ ʟʘ ʥʫʢʣʝʘʨʥʫ ʬʠʟʠʢʫ, 

ʇʨʠʨʦʜʥʦ-ʤʘʪʝʤʘʪʠʯʢʦʛ ʬʘʢʫʣʪʝʪʘ ʫ ʅʦʚʦʤ ʉʘʜʫ. 

 ʈʘʜ ʩʝ ʩʘʩʪʦʿʠ ʠʟ ʜʚʘ ʜʝʣʘ. ʇʨʚʠ ʜʝʦ ʩʝ ʙʘʚʠ ʧʨʦʫʯʘʚʘˁʝʤ ʝʬʠʢʘʩʥʠʭ ʧʨʝʩʝʢʘ ʟʘ 

ʥʝʫʪʨʦʥʠʤʘ ʠʥʜʫʢʦʚʘʥʝ ʨʝʘʢʮʠʿʝ ʥʘ ʠʟʦʪʦʧʠʤʘ ʨʝʥʠʿʫʤʘ 185Re ʠ 187Re, ʘ ʜʨʫʛʠ ʠʩʧʠʪʠʚʘˁʝʤ 

ʧʨʦʤʝʥʝ ʩʧʝʮʠʬʠʯʥʝ ʢʦʥʩʪʘʥʪʝ ʛʘʤʘ ʜʦʟʝ ʠʟʚʦʨʘ 252Cf. ʆʙʘ ʜʝʣʘ ʩʝ ʟʘʩʥʠʚʘʿʫ ʥʘ ʧʨʠʤʝʥʠ 

ʠʩʪʠʭ ʪʝʭʥʠʢʘ ï ʛʘʤʘ ʩʧʝʢʪʨʦʩʢʦʧʩʢʠʭ ʤʝʨʝˁʘ. ɼʦʙʠʿʝʥʠ ʨʝʟʫʣʪʘʪʠ ʠ ʟʘ ʥʝʫʪʨʦʥʠʤʘ 

ʠʥʜʫʢʦʚʘʥʝ ʨʝʢʘʮʠʿʝ ʥʘ ʨʝʥʠʿʫʤʫ ʠ ʠʥʬʦʨʤʘʮʠʿʝ ʦ ʢʘʨʘʢʪʝʨʠʩʪʠʢʘʤʘ ʩʧʝʮʠʬʠʯʥʝ ʛʘʤʘ 

ʢʦʥʩʪʘʥʪʝ ʤʦʛʫ ʥʘ˂ʠ ʧʨʠʤʝʥʫ ʫ ʨʘʟʚʦʿʫ ʥʫʢʣʝʘʨʥʠʭ ʪʝʭʥʦʣʦʛʠʿʘ, ʧʨʝ ʩʚʝʛʘ ʫ 

ʬʫʥʜʘʤʝʥʪʘʣʥʠʤ ʧʨʠʤʝˁʝʥʠʤ ʠʩʪʨʘʞʠʚʘˁʠʤʘ ʩʘ ʥʝʫʪʨʦʥʠʤʘ. ʈʝʟʫʣʪʘʪʠ ʫ ʦʚʦʤ ʨʘʜʫ ʩʫ 

ʦʙʿʘʚˀʝʥʠ ʫ ʥʘʫʯʥʠʤ ʯʘʩʦʧʠʩʠʤʘ (32; 33). 

 ʋ ʧʦʛʣʘʚˀʫ 1 ʙʠ˂ʝ ʜʘʪ ʠʩʪʦʨʠʿʩʢʠ ʧʨʝʛʣʝʜ ʥʫʢʣʝʘʨʥʠʭ ʨʝʘʢʮʠʿʘ, ʢʘʦ ʠ ˁʠʭʦʚʘ 

ʧʦʜʝʣʘ, ʩʘ ʜʝʬʠʥʠʩʘˁʝʤ ʚʝʨʦʚʘʪʥʦ˂ʝ ˁʠʭʦʚʦʛ ʦʜʚʠʿʘˁʘ ʫ ʚʠʜʫ ʝʬʠʘʢʩʥʦʛ ʧʨʝʩʝʢʘ. 

ʇʦʛʣʘʚˀʝ 2 ʛʦʚʦʨʠ˂ʝ ʦ ʥʝʫʪʨʦʥʠʤʘ ʠʟʘʟʚʘʥʠʤ ʨʝʘʢʮʠʿʘʤʘ, ʦʩʥʦʚʝ ʠʥʪʝʨʘʢʮʠʿʝ ʥʝʫʪʨʦʥʘ ʩʘ 

ʤʘʪʝʨʠʿʦʤ, ʥʘʯʠʥ ˁʠʭʦʚʦʛ ʜʝʪʝʢʪʦʚʘˁʘ, ʢʘʦ ʠ ʬʠʟʠʯʢʝ ʦʩʥʦʚʝ ʥʝʫʪʨʦʥʩʢʝ ʘʢʪʠʚʘʮʠʦʥʝ 

ʘʥʘʣʠʟʝ. ʆ ʥʘʯʠʥʫ ʧʨʦʨʘʯʫʥʘ ʨʘʟʣʠʯʠʪʠʭ ʧʘʨʘʤʝʪʘʨʘ ʥʫʢʣʝʘʨʥʠʭ ʨʝʘʢʮʠʿʘ ʙʠ˂ʝ ʨʝʯʠ ʫ 

ʧʦʛʣʘʚˀʫ 4, ʢʨʦʟ ʜʚʘ ʧʨʦʛʨʘʤʩʢʘ ʢʦʜʘ ʢʦʿʘ ʩʫ ʢʦʨʠʰ˂ʝʥʘ, TALYS ʠ  EMPIRE, ʢʘʦ ʠ ʦ 

ʪʝʦʨʠʿʩʢʠʤ ʦʩʥʦʚʘʤʘ ʥʘ ʢʦʿʠʤʘ ʨʘʜʝ. ʆʩʥʦʚʝ NAXSUN ʪʝʭʥʠʢʝ, ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʘ ʧʦʩʪʘʚʢʘ 

ʠ ʥʘʯʠʥ ʦʜʨʝʹʠʚʘˁʘ ʬʫʥʢʮʠʿʝ ʝʬʠʢʘʩʥʠʭ ʧʨʝʩʝʢʘ ʟʘ ʜʚʝ ʨʝʘʢʮʠʿʝ ʠʥʜʫʢʦʚʘʥʝ ʥʝʫʪʨʦʥʠʤʘ 

ʥʘ ʠʟʦʪʦʧʠʤʘ 187Re ʠ 185Re ʙʠ˂ʝ ʩʘʜʨʞʘʿ ʧʦʛʣʘʚˀʘ 4. ʉʣʝʜʝ˂ʘ ʛʣʘʚʘ ˂ʝ ʦʧʠʩʘʪʠ ʨʝʣʝʚʘʥʪʥʝ 

ʜʦʟʠʤʝʪʨʠʿʩʢʝ ʚʝʣʠʯʠʥʝ, ʢʘʦ ʠ ʥʘʯʠʥ ʜʘ ʩʝ ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʦ ʦʜʨʝʜʠ ʩʧʝʮʠʬʠʯʥʘ ʛʘʤʘ 

ʢʦʥʩʪʘʥʪʘ ʥʘ ʦʩʥʦʚʫ ʩʥʠʤˀʝʥʦʛ ʛʘʤʘ ʩʧʝʢʪʨʘ ʠʟʚʦʨʘ, ʢʘʦ ʠ ʦʩʦʙʠʥʝ ʢʘʣʠʬʦʨʥʠʿʫʤʘ ʫ 

ʧʦʛʣʘʚˀʫ 6.  ʄʝʨʝˁʝ ʛʘʤʘ ʩʧʝʢʪʘʨʘ ʢʘʣʠʬʦʨʥʠʿʫʤʦʚʦʛ ʠʟʚʦʨʘ ʩʥʠʤˀʝʥʘ ʫ ʪʨʠ ʨʘʟʣʠʯʠʪʘ 

ʚʨʝʤʝʥʩʢʘ ʠʥʪʝʨʚʘʣʘ, ˁʠʭʦʚʘ ʦʙʨʘʜʘ ʠ ʠʥʜʝʥʪʠʬʠʢʘʮʠʿʘ ʬʠʩʠʦʥʠʭ ʬʨʘʛʤʝʥʘʪʘ, ʩʘ 

ʨʘʯʫʥʘˁʝʤ ʩʧʝʮʠʬʠʯʥʝ ʛʘʤʘ ʢʦʥʩʪʘʥʪʝ ʠ ʧʨʘ˂ʝˁʝʤ ʧʨʦʤʝʥʝ ˁʝʥʝ ʚʨʝʜʥʦʩʪʠ ʙʠ˂ʝ ʠʟʣʦʞʝʥʦ 

ʫ ʧʦʛʣʘʚˀʫ 7. ʅʘʢʦʥ ʦʚʝ ʛʣʘʚʝ ʥʘʣʘʟʠ ʩʝ ʟʘʢˀʫʯʘʢ ʢʦʿʠ ˂ʝ ʩʝ ʙʘʚʠʪʠ ʜʠʩʢʫʩʠʿʦʤ ʜʦʙʠʿʝʥʠʭ 

ʨʝʟʫʣʪʘʪʘ. 
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1 ʅʫʢʣʝʨʘʥʝ ʨʝʘʢʮʠʿʝ 

1.1 ʀʩʪʦʨʠʿʘ ʥʫʢʣʝʘʨʥʠʭ ʨʝʘʢʮʠʿʘ 

 

 ʅʫʢʣʝʘʨʥʝ ʨʝʘʢʮʠʿʝ ʧʨʝʜʩʪʘʚˀʘʿʫ ʧʨʦʮʝʩ ʩʫʜʘʨʘ ʜʚʝ ʯʝʩʪʠʮʝ ʢʘʜʘ ʜʦʣʘʟʠ ʜʦ 

ʥʫʢʣʝʘʨʥʝ ʠʥʪʝʨʘʢʮʠʿʝ ʠʟʤʝʹʫ ˁʠʭ. ʋ ʦʚʦʤ ʧʨʦʮʝʩʫ ʜʦʣʘʟʠ ʜʦ ʨʘʟʤʝʥʝ ʝʥʝʨʛʠʿʝ ʠʟʤʝʹʫ 

ʯʝʩʪʠʮʘ ʢʦʿʝ ʫʯʝʩʪʚʫʿʫ ʫ ʩʫʜʘʨʫ, ʢʘʦ ʠ ʜʦ ʤʦʛʫ˂ʝ ʧʨʦʤʝʥʝ ʩʘʩʪʘʚʘ ʿʝʜʥʝ ʠʣʠ ʦʙʝ ʯʝʩʪʠʮʝ. 

ɺʝ˂ʠʥʘ ʧʦʜʘʪʘʢʘ ʦ ʥʫʢʣʝʘʨʥʠʤ ʨʝʘʢʮʠʿʘʤʘ ʜʦʙʠʿʝʥʠ ʩʫ ʠʟʣʘʛʘˁʝʤ ʿʝʟʛʘʨʘ ʯʝʩʪʠʮʘʤʘ ʢʦʿʝ 

ʠʤʘʿʫ ʢʠʥʝʪʠʯʢʫ ʝʥʝʨʛʠʿʫ ʜʦʚʦˀʥʫ ʟʘ ʧʨʦʣʘʟʘʢ ʢʨʦʟ ʝʣʝʢʪʨʦʥʩʢʠ ʦʤʦʪʘʯ ʘʪʦʤʘ, ʢʘʦ ʠ ʟʘ 

ʩʘʚʣʘʜʘʚʘˁʝ ʧʦʪʝʥʮʠʿʘʣʘ ʿʝʟʛʨʘ (ʫ ʩʣʫʯʘʿʫ ʜʘ ʩʫ ʯʝʩʪʠʮʝ ʧʦʟʠʪʠʚʥʦ ʥʘʝʣʝʢʪʨʠʩʘʥʝ).   

ʅʫʢʣʝʘʨʥʝ ʨʝʘʢʮʠʿʝ ʤʦʛʫ ʙʠʪʠ ʠʟʘʟʚʘʥʝ ʥʘʝʣʝʢʪʨʠʩʘʥʠʤ ʠ ʥʝʥʘʝʣʝʢʪʨʠʩʘʥʠʤ ʯʝʩʪʠʮʘʤʘ, 

ʢʘʦ ʠ ʢʚʘʥʪʠʤʘ ʝʣʝʢʪʨʦʤʘʛʥʝʪʥʦʛ ʟʨʘʯʝˁʘ. ʋ ʩʣʫʯʘʿʫ ʙʦʤʙʘʨʜʦʚʘˁʘ ʿ ʝʟʛʘʨʘ ʥʘʝʣʝʢʪʨʠʩʘʥʠʤ 

ʠ ʥʝʥʘʝʣʝʢʪʠʩʘʥʠʤ ʯʝʩʪʠʮʘʤʘ, ʥʫʢʣʝʘʨʥʝ ʨʝʘʢʮʠʿʝ ʩʝ ʦʜʠʛʨʘʚʘʿʫ ʧʦʜ ʜʝʿʩʪʚʦʤ ʿʘʢʝ ʠ ʩʣʘʙʝ 

ʠʥʪʝʨʘʢʮʠʿʝ, ʜʦʢ ʫ ʩʣʫʯʘʿʫ ʠʥʪʝʨʘʢʮʠʿʝ ʿʝʟʛʘʨʘ ʩʘ ʝʣʝʢʪʨʦʤʘʛʥʝʥʪʠʤ ʟʨʘʯʝˁʝʤ ʨʝʘʢʮʠʿʘ ʿʝ 

ʠʟʘʟʚʘʥʘ ʝʣʝʢʪʨʦʤʘʛʥʝʪʥʦʤ ʠʥʪʝʨʘʢʮʠʿʦʤ ʫ ʜʦʤʝʥʫ ʩʘʤʦʛ ʿʝʟʛʨʘ. 

 ʀʥʪʝʨʝʩ ʟʘ ʧʨʠʨʦʜʫ ʥʫʢʣʝʘʨʥʠʭ ʨʝʘʢʮʠʿʘ ʿʝ ʜʚʦʿʘʢ. ʇʨʚʦ, ʜʠʥʘʤʠʯʢʠ ʧʨʦʮʝʩ ʢʦʿʠ 

ʥʘʩʪʘʿʫ ʨʘʩʝʿʘˁʝʤ ʠʣʠ ʪʨʘʥʩʤʫʪʘʮʠʿʦʤ ʿʝ ʪʝʤʘ ʧʨʦʫʯʘʚʘˁʘ ʩʘʤʘ ʧʦ ʩʝʙʠ. ɼʨʫʛʦ, ʦʚʘʢʘʚ 

ʧʨʦʮʝʩ ʦʙʝʟʙʝʹʫʿʝ ʥʘʿʚʝ˂ʠ ʜʝʦ ʪʘʙʝʣʘʨʥʠʭ ʧʦʜʘʪʘʢʘ ʥʫʢʣʝʘʨʥʠʭ ʿʝʟʛʘʨʘ. ʈʘʟʚʦʿ 

ʘʢʮʝʣʝʨʘʪʦʨʩʢʠʭ ʠ ʜʝʪʝʢʪʦʨʩʢʠʭ ʩʠʩʪʝʤʘ ʜʦʚʝʦ ʿʝ ʜʦ ʦʧʰʠʨʥʦʛ ʠ ʜʝʪʘˀʥʦʛ ʟʥʘˁʘ 

ʝʥʝʨʛʝʪʩʢʠʭ ʥʠʚʦʘ ʚʝʣʠʢʦʛ ʙʨʦʿʘ ʿʝʟʛʘʨʘ ʠ ʦʚʦ ʧʦʟʥʘʚʘˁʝ ʯʝʩʪʦ ʧʨʝʚʘʟʠʣʘʟʠ ʪʝʦʨʠʿʩʢʘ 

ʧʨʝʜʚʠʹʘˁʘ. ʆʚʘ ʜʚʘ ʘʩʧʝʢʪʘ ʧʨʦʫʯʘʚʘˁʘ ʥʫʢʣʝʘʨʥʠʭ ʨʝʘʢʮʠʿʘ ʩʫ ʙʣʠʩʢʦ ʧʦʚʝʟʘʥʘ ʢʘʢʦ ʿʝ 

ʥʝʦʧʭʦʜʥʦ ʨʘʟʫʤʝʚʘˁʝ ʜʠʥʘʤʠʢʝ ʨʝʘʢʮʠʿʝ ʫ ʮʠˀʫ ʦʙʝʟʙʝʹʠʚʘˁʘ ʧʦʫʟʜʘʥʠʭ ʚʨʝʜʥʦʩʪʠ 

ʧʘʨʘʤʝʪʘʨʘ ʥʠʚʦʘ ʫ ʿʝʟʛʨʫ.  

 ɼʦ 1919. ʛʦʜʠʥʝ ʟʥʘʪʘʥ ʙʨʦʿ ʬʝʥʦʤʝʥʘ ʢʦʿʠ ʩʫ ʫ ʚʝʟʠ ʩʘ ʨʘʩʝʿʘˁʝʤ Ŭ ʯʝʩʪʠʮʘ ʥʘ ʣʘʢʠʤ 

ʿʝʟʛʨʠʤʘ ʙʠʦ ʿʝ ʠʩʪʨʘʞʠʚʘʥ ʦʜ ʩʪʨʘʥʝ ʈʘʜʝʨʬʦʨʜʘ (Ernest Rutherford) ʠ ˁʝʛʦʚʠʭ ʫʯʝʥʠʢʘ. 

ɱʝʜʘʥ ʦʜ ʬʝʥʦʤʝʥʘ ʢʦʿʠ ʿʝ ʧʨʠʤʝ˂ʝʥ ʿʝ ʧʨʦʠʟʚʦʜˁʘ ʩʮʠʥʪʠʣʘʮʠʿʘ ʥʘ ʮʠʥʢ-ʩʫʣʬʠʜʥʦʤ ʝʢʨʘʥʫ 

ʢʦʿʠ ʿʝ ʧʦʩʪʘʚˀʝʥ ʫ ʙʣʠʟʠʥʠ ʠʟʚʦʨʘ Ŭ ʯʝʩʪʠʮʘ ʫ ʚʘʟʜʫʭʫ, ʘʣʠ ʥʘ ʨʘʩʪʦʿʘˁʫ ʚʝ˂ʝʤ ʦʜ ʜʦʤʝʪʘ 

Ŭ ʯʝʩʪʠʮʘ. ʇʨʦʫʯʘʚʘˁʘ ʫ ʛʘʩʥʦʿ ʢʦʤʦʨʠ ʜʦʚʝʣʘ ʩʫ ʈʘʜʝʨʬʦʨʜʘ (34) ʜʦ ʟʘʢˀʫʯʢʘ ʜʘ ʩʝ ʘʪʦʤʠ 

ʘʟʦʪʘ ʜʝʟʠʥʪʝʛʨʠʰʫ ʫ ʩʫʜʘʨʫ ʩʘ Ŭ ʯʝʩʪʠʮʘʤʘ ʠ ʜʘ ʘʪʦʤ ʚʦʜʦʥʠʢʘ, ʢʦʿʠ ʩʝ ʪʦʤ ʧʨʠʣʠʢʦʤ 

ʦʩʣʦʙʘʹʘ, ʧʨʝʜʩʪʘʚˀʘ ʛʨʘʜʠʚʥʠ ʜʝʦ ʘʪʦʤʘ ʘʟʦʪʘ.  ʇʨʠʤʝ˂ʝʥʠ ʧʨʦʮʝʩ ʿʝ: 

. ‌ O  /  Ð  (1.1) 

ɱʘʩʘʥ ʜʦʢʘʟ ʟʘ ʦʚʫ ʧʨʝʪʧʦʩʪʘʚʢʫ ʿʝ ʦʙʝʟʙʝʹʝʥ ʦʜ ʩʪʨʘʥʝ ɹʣʘʢʝʪʘ ʢʦʿʠ ʿʝ ʢʦʨʠʩʪʠʦ ɺʠʣʩʦʥʦʚʫ 

ʤʘʛʣʝʥʫ ʢʦʤʦʨʫ (35). ʆʪʢʨʠ˂ʝ ʦʚʝ ʨʝʘʢʮʠʿʝ ʧʨʝʜʩʪʘʚˀʘ ʠ ʦʪʢʨʠ˂ʝ ʚʝʰʪʘʯʢʠ ʠʥʜʫʢʦʚʘʥʝ 

ʪʨʘʥʤʫʪʘʮʠʿʝ. 

 ɻʦʜʠʥʝ 1932, ʂʦʢʬʦʨʜ (John Douglas Cockcroft) ʠ ɺʦʣʪʦʥ (Ernest Thomas Sinton 

Walton) (36; 37)  ʢʦʿʠ ʩʫ ʨʘʜʠʣʠ ʫ ʂʝʚʝʥʜʠʰʦʚʦʿ ʣʘʙʦʨʘʪʦʨʠʿʠ ʧʦʢʘʟʘʣʠ ʩʫ ʜʘ ʨʝʘʢʮʠʿʝ ʢʘʦ 

https://en.wikipedia.org/wiki/John_Douglas_Cockcroft
https://en.wikipedia.org/wiki/Ernest_Walton
https://en.wikipedia.org/wiki/Ernest_Walton
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ʧʨʝʪʭʦʜʥʦ ʧʦʤʝʥʫʪʘ ʤʦʛʫ ʙʠʪʠ ʠʟʘʟʚʘʥʝ ʫ ʩʫʧʨʦʪʥʦʤ ʩʤʝʨʫ, ʫʙʨʟʘʚʘˁʝʤ ʧʨʦʪʦʥʘ. ʇʨʚʘ 

ʫʩʧʝʰʥʘ ʨʝʘʢʮʠʿʘ ʥʘ ʦʚʘʿ ʥʘʯʠʥ ʠʟʘʟʚʘʥʘ ʿʝ: 

,ÉÐ O ‌ ‌  (1.2) 

ʢʦʨʠʩʪʝ˂ʠ ʧʨʦʪʦʥʝ ʝʥʝʨʛʠʿʘ 125 keV. ʆʚʘ ʨʝʘʢʮʠʿʘ ʧʨʝʜʩʪʘʚˀʘ ʟʘʯʝʪʘʢ ʨʘʟʚʦʿʘ ʘʢʮʝʣʝʨʘʪʦʨʘ 

ʩʚʠʭ ʚʨʩʪʘ. ɽʢʩʧʝʨʠʤʝʥʪ ʿʝ ʧʦʪʚʨʜʠʦ ɸʿʥʰʪʘʿʥʦʚʫ ʨʝʣʘʮʠʿʫ o eʢʚʠʚʘʣʝʥʪʥʦʩʪʠ ʤʘʩʝ ʠ 

ʝʥʝʨʛʠʿʝ, ʢʘʦ ʠ ʪʝʦʨʠʿʫ ɻʘʤʦʚʘ (George Gamow) ʜʘ ʧʦʩʪʦʿʠ ʚʝʨʦʚʘʪʥʦ˂ʘ ʜʘ ʯʝʩʪʠʮʝ ʢʦʿʝ 

ʠʤʘʿʫ ʤʘˁʫ ʝʥʝʨʛʠʿʫ ʦʜ ʚʠʩʠʥʝ ʝʥʝʨʛʝʪʩʢʝ ʙʘʨʠʿʝʨʝ ʿʝʟʛʨʘ ʧʨʦʜʨʫ ʫ ˁʝʛʦʚʫ ʫʥʫʪʨʘʰˁʦʩʪ. 

ɱʦʰ ʿʝʜʘʥ ʧʨʠʤʝʨ ʚʝʰʪʘʯʢʠ ʠʥʜʫʢʦʚʘʥʝ ʨʝʘʢʮʠʿʝ ʢʦʿʘ ʠʤʘ ʚʝʣʠʢʠ ʟʥʘʯʘʿ ʿʝʨ ʿʝ ʟʘʩʣʫʞʥʘ ʟʘ 

ʦʪʢʨʠ˂ʝ ʥʝʫʪʨʦʥʘ: 

"Å‌ᴼ ὅ Î (1.3) 

ɿʨʘʯʝˁʝ ʢʦʿʝ ʿʝ ʧʨʠʤʝ˂ʝʥʦ ʜʘ ʩʝ ʝʤʠʪʫʿʝ ʧʦʩʣʝ ʨʝʘʢʮʠʿʝ ʪʫʤʘʯʝʥʦ ʿʝ ʢʘʦ ɔ ʟʨʘʯʝˁʝ ʢʦʿʝ 

ʥʘʩʪʘʿʝ ʜʝʝʢʩʮʠʪʦʚʘˁʝʤ ʧʦʙʫʹʝʥʠʭ ʩʪʘˁʘ ʫ ʢʦʿʠʤʘ ʩʝ ʥʘʣʘʟʝ ʥʦʚʦʥʘʩʪʘʣʘ ʿʝʟʛʨʘ ʠ ʧʦʨʝʜ ʪʦʛʘ 

ʰʪʦ ʿʝ ʧʨʠʤʝ˂ʝʥʦ ʜʘ ʦʥʦ ʠʤʘ ʩʧʦʩʦʙʥʦʩʪ ʜʘ ʠʟʙʠʿʘ ʚʦʜʦʥʠʢ ʠʟ ʤʘʪʝʨʠʿʘʣʘ. ʏʝʜʚʠʢ (James 

Chadwick) je ʧʨʠʤʝʪʠʦ ʜʘ ʦʚʦ ʟʨʘʯʝˁʝ ʧʨʦʫʟʨʦʢʫʿʝ ʫʟʤʘʢ ʥʘ ʿʝʟʛʨʠʤʘ ʣʘʢʠʭ ʝʣʝʤʝʥʘʪʘ. ʆʚʦ 

ʿʝ ʧʨʠʧʠʩʘʥʦ ʧʨʠʩʫʩʪʚʫ ʥʝʫʪʨʘʣʥʝ ʯʝʩʪʠʮʝ ʢʘʦ ʟʨʘʯʝˁʘ, ʘ ʥʝ ɔ ʢʚʘʥʪʫ, ʢʦʿʘ ʠʤʘ ʧʨʠʙʣʠʞʥʫ 

ʤʘʩʫ ʧʨʦʪʦʥʫ. ʆʥ ʿʝ ʫ ʩʚʦʤ ʝʢʩʧʝʨʠʤʝʥʪʫ (38) ʠʟʨʘʯʫʥʘʦ ʜʘ ʿʝ ʤʘʩʘ ʦʚʘʢʚʝ ʯʝʩʪʠʮʝ 1.16 ʘʤʿ 

(ʘʪʦʤʩʢʝ ʿʝʜʠʥʠʮʝ ʤʘʩʝ), ʰʪʦ ʿʝ ʠ ʧʦʪʚʨʹʝʥʦ ʩʘ ʿʦʰ ʥʝʢʦʣʠʢʦ ʝʢʩʧʝʨʠʤʝʥʘʪʘ. 

 ɽʢʩʧʝʨʠʤʝʥʪʠ ʫ ʢʦʿʠʤʘ ʩʝ ʩʪʚʘʨʘʿʫ ʥʦʚʘ ʿʝʟʛʨʘ ʚʝʰʪʘʯʢʠʤ ʧʫʪʝʤ ʤʦʛʫ ʜʦʚʝʩʪʠ ʜʦ 

ʩʪʚʘʨʘˁʘ ʨʘʜʠʦʘʢʪʠʚʥʠʭ ʿʝʟʛʘʨʘ ʢʦʿʘ ʥʝ ʧʦʩʪʦʿʝ ʫ ʧʨʠʨʦʜʠ. ʇʨʚʦ ʚʝʰʪʘʯʢʠ ʠʥʜʫʢʦʚʘʥʦ 

ʨʘʜʠʦʘʢʪʠʚʥʦ ʿ ʝʟʛʨʦ ʧʨʠʤʝʪʠʣʠ ʩʫ ʀ. ʂʠʨʠ (Ir¯ne Curie) ʠ ʌ. ɾʦʣʠʦ (Frédéric Joliot) ʢʘʜʘ ʩʫ 

ʙʦʤʙʘʨʜʦʚʘʣʠ ʤʝʪʫ ʦʜ ʘʣʫʤʠʥʠʿʫʤʘ Ŭ ʯʝʩʪʠʮʘʤʘ (39): 

!Ì ‌ᴼ 0 Î 0  O 3ÉὩ ὺ (1.4) 

ʆʚʘʿ ʝʢʩʧʝʨʠʤʝʥʪ ʿʝ ʦʜ ʟʥʘʯʘʿʘ ʠ ʧʦ ʪʦʤʝ ʰʪʦ ʿʝ ʜʝʪʝʢʪʦʚʘʥ ʠ ʧʨʚʠ ʧʦʟʠʪʨʦʥʩʢʠ ʝʤʠʪʝʨ. 

ʇʦʨʝʜ ʢʦʨʠʰ˂ʝˁʘ ʯʝʩʪʠʮʘ ʢʘʦ ʧʨʦʿʝʢʪʠʣʝ ʢʦʿʠʤʘ ʩʫ ʙʦʤʙʘʨʜʦʚʘʥʘ ʪʝhʢʘ ʿʝʟʛʘ, ʧʦʯʝʣʦ ʩʝ ʩʘ 

ʢʦʨʠʰ˂ʝˁʝʤ ʠ ʧʨʦʪʦʥʘ, ʜʝʫʪʝʨʦʥʘ ʠ ʥʝʫʪʨʦʥʘ (40). ʂʘʜʘ ʩʝ ʢʦʨʠʩʪʝ Ŭ ʯʝʩʪʠʮʝ ʠ ʧʨʦʪʦʥʠ 

ʢʘʦ ʧʨʦʿʝʢʪʠʣʠ ʟʘ ʛʘʹʘˁʝ ʿʝʟʛʘʨʘ, ʜʦʙʠʿʘʿʫ ʩʝ ʧʦʟʠʪʨʦʥʩʢʠ ʠʟʚʦʨʠ (ɓ+ ʨʘʩʧʘʜ), ʿʝʨ ʜʦʣʘʟʠ ʜʦ 

ʧʦʚʝ˂ʘʚʘˁʘ ʦʜʥʦʩʘ ʧʨʦʪʦʥʘ ʠ ʥʝʫʪʨʦʥʘ. ʂʘʜʘ ʩʝ ʢʦʨʠʩʪʝ ʥʝʫʪʨʦʥʠ ʢʘʦ ʧʨʦʿʝʢʪʠʣʠ ʠ ʫ 

ʩʣʫʯʘʿʫ ʜʘ ʙʫʜʫ ʟʘʭʚʘ˂ʝʥʠ ʦʜ ʩʪʨʘʥʝ ʿʝʟʛʘʨʘ ʤʝʪʝ, ʦʜʥʦʩ ʧʨʦʪʦʥʘ ʠ ʥʝʫʪʨʦʥʘ ʫ ˁʠʥʤʘ ʩʝ 

ʩʤʘˁʫʿʝ, ʪʝ ʥʘ ʪʘʿ ʥʘʯʠʥ ʥʘʩʪʘʿʫ ɓ- ʝʤʠʪʝʨʠ. ʇʦʛʦʜʥʦʩʪ ʢʦʜ ʥʝʫʪʨʦʥʘ ʿʝ ʪʘ ʜʘ ʥʘ ˁʠʭ ʥʝ ʫʪʠʯʝ 

ʧʦʪʝʥʮʠʿʘʣ ʿʝʟʛʨʘ, ʪʝ ʩʝ ʢʦʨʠʰ˂ ʝˁʝʤ ʥʝʫʪʨʦʥʘ ʢʘʦ ʯʝʩʪʠʮʘ ʧʨʦʿʝʢʪʠʣʘ ʜʦʙʠʣʘ ʚʝʰʪʘʯʢʠ 

ʧʨʦʫʟʨʦʢʦʚʘʥʘ ʨʘʜʠʦʘʢʪʠʚʥʦʩʪ ʢʦʜ ʚʝʣʠʢʦʛ ʙʨʦʿʘ ʿʝʟʛʘʨʘ ʨʝʘʢʮʠʿʘʤʘ (n, ɔ), (n, ɓ) ʠ (n, Ŭ). 

ɹʨʦʿʥʠ ʝʢʩʧʝʨʠʤʝʥʪʠ ʠʟ ʪʦʛ ʜʦʙʘ ʜʦʚʝʣʠ ʩʫ ʠ ʜʦ ʟʘʢˀʫʯʢʘ ʜʘ ʩʝ ʢʦʣʠʯʠʥʘ ʨʘʜʠʦʘʢʪʠʚʥʠʭ 

ʿʝʟʛʘʨʘ ʢʦʿʘ ʩʝ ʧʨʦʠʟʚʝʜʫ ʫ ʩʣʫʯʘʿʫ ʙʦʤʙʘʨʜʦʚʘˁʘ ʥʝʫʪʨʦʥʠʤʘ ʧʦʚʝ˂ʘʚʘ ʢʘʜʘ ʩʝ ʥʝʫʪʨʦʥʠ 

ʫʩʧʦʨʘʚʘʿʫ ʤʘʪʝʨʠʿʘʣʠʤʘ ʢʦʿʠ ʫ ʩʝʙʠ ʩʘʜʨʞʝ ʚʦʜʦʥʠʢ (41).  

 ɽʢʩʧʝʨʠʤʝʥʪʠ ʩʘ ʙʦʤʙʘʨʜʦʚʘˁʝʤ ʥʝʫʪʨʦʥʠʤʘ ʜʦʚʝʣʠ ʩʫ ʜʦ ʠʜʝʿʝ ʦ ʤʦʛʫ˂ʝʤ ʩʪʚʘʨʘˁʫ 

ʿʝʟʛʘʨʘ ʯʠʿʠ ʿʝ ʨʝʜʥʠ ʙʨʦʿ ʚʝ˂ʠ ʦʜ 92 (ʩʪʚʘʨʘˁʝ ʪʨʘʥʩʫʨʘʥʠʭ ʝʣʝʤʝʥʘʪʘ), ʢʦʿʠ ʙʠ ʥʘʩʪʘʿʘʣʠ 

ʟʘʭʚʘʪʦʤ ʩʧʦʨʠʭ ʥʝʫʪʨʦʥʘ (40)  ʥʘ  ʫʨʘʥʫ, ʘ ʟʘʪʠʤ ʠ ɓ- ʨʘʩʧʘʜʦʤ: 

https://en.wikipedia.org/wiki/Fr%C3%A9d%C3%A9ric_Joliot-Curie
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Ὗ  ὲ O  Ὗ  ‎  

Ὗᴼ ὔὴ Ὡ ὺ 

ὔὴ O  ὖό  Ὡ  ὺ 

(1.5) 

 ʍʝʤʠʿʩʢʦʤ ʩʝʧʘʨʘʮʠʿʦʤ ʤʝʪʝ ʦʜ ʫʨʘʥʘ ʢʦʿʘ ʿʝ ʙʦʤʙʘʨʜʦʚʘʥʘ ʥʝʫʪʨʦʥʠʤʘ ʦʯʝʢʠʚʘʣʦ 

ʩʝ ʜʦʙʠʿʘˁʝ ʪʨʘʥʫʨʘʥʩʢʠʭ ʝʣʝʤʝʥʘʪʘ ʠʣʠ ʥʝʢʠʭ ʦʜ ʧʦʪʦʤʘʢʘ ʢʦʿʠ ʩʝ ʤʦʛʫ ʥʘ˂ʠ ʫ ʥʠʟʫ Ŭ 

ʨʘʩʧʘʜʘ. ɺʝ˂ʠʥʘ ʨʘʜʠʦʘʢʪʠʚʥʦʩʪʠ ʢʦʿʘ ʿʝ ʥʘʩʪʘʣʘ ʥʠʿʝ ʧʨʠʧʘʜʘʣʘ ʦʯʝʢʠʚʘʥʠʤ ʿʝʟʛʨʠʤʘ, ʚʝ˂ 

ʩʫ ʥʘʹʝʥʠ ʝʣʝʤʝʥʪʠ ʘʣʢʘʣʥʠʭ ʤʝʪʘʣʘ, ʢʘʦ ʙʘʨʠʿʫʤ, ʦʜ ʩʪʨʘʥʝ ʍʘʥʘ (Otto Hahn) ʠ ʐʪʨʘʩʤʘʥʘ 

(Fritz Strassmann) (42). ʂʘʢʦ ʫ ʦʚʝ ʨʝʟʫʣʪʘʪʝ ʥʠʿʝ ʙʠʣʦ ʩʫʤˁʝ, ʌʨʠʰ (Otto Robert Frisch) ʠ 

ʄʘʿʪʥʝʨ (Lise Meitner) ʩʫ ʧʨʝʜʣʦʞʠʣʠ ʜʘ ʩʝ ʟʘʭʚʘʪʦʤ ʥʝʫʪʨʦʥʘ ʦʜ ʩʪʨʘʥʝ ʫʨʘʥʘ, ʥʦʚʦʥʘʩʪʘʣʦ 

ʿʝʟʛʨʦ ʤʦʞʝ ʜʦʚʝʩʪʠ ʫ ʩʪʘˁʝ ʢʦʿʝ ʿʝ ʜʦʚʦˀʥʦ ʜʝʬʦʨʠʤʘʩʥʦ ʢʘʢʦ ʙʠ ʩʝ ʦʥʦ ʨʘʩʧʘʣʦ ʥʘ ʜʚʘ 

ʧʨʠʙʣʠʞʥʦ ʿʝʜʥʘʢʘ ʜʝʣʘ, ʫʟ ʦʩʣʦʙʘʹʘˁʝ ʝʥʝʨʛʠʿʝ. ʇʨʚʠ ʧʫʪ ʩʝ ʫ ʦʙʿʘhˁ ʘʚʘˁʫ ʦʚʦʛ ʧʨʦʮʝʩʘ 

ʢʦʨʠʩʪʠ ʨʝʯ ʬʠʩʠʿʘ (43; 44). ʋ ʚʝʦʤʘ ʢʨʘʪʢʦʤ ʧʝʨʠʦʜʫ ʦʜ ʦʪʢʨʠ˂ʘ ʬʠʩʠʿʝ ʚʝʣʠʢʠ ʙʨʦʿ 

ʝʢʩʧʝʨʠʤʝʥʘʪʘ ʿʝ ʫʨʘʹʝʥ ʢʘʢʦ ʙʠ ʩʝ ʫʩʪʘʥʦʚʠʣʝ ʛʣʘʚʥʝ ʢʘʨʘʪʢʝʨʠʩʪʠʢʝ ʨʘʩʧʘʜʘ. 

ʋʩʪʘʥʦʚˀʝʥʠ ʩʫ ʩʣʝʜʝ˂ʠ ʧʨʠʥʮʠʧʠ: ʜʘ ʩʝ ʫʨʘʥ ʨʘʩʧʘʜʘ ʬʠʩʠʿʦʤ ʥʘ ʚʝʣʠʢʠ ʙʨʦʿ ʢʦʤʙʠʥʘʮʠʿʘ 

ʧʘʨʘ ʿʝʟʛʘʨʘ, ʜʘ ʧʨʦʜʫʢʪʠ ʬʠʩʠʿʝ ʠʤʘʿʫ ʢʠʥʝʪʠʯʢʫ ʝʥʝʨʛʠʿʫ ʨʝʜʘ ʚʝʣʠʯʠʥʝ 75 MeV ʠ ʠʟ 

ʨʘʩʧʘʜʘ ʩʝ ʨʘʟʣʝ˂ʫ ʫ ʩʫʧʨʦʪʥʠʤ ʩʤʝʨʦʚʠʤʘ, ʜʘ ʩʫ ʥʘʩʪʘʣʠ ʬʨʘʛʤʝʥʪʠ ʥʝʩʪʘʙʠʣʥʠ ʢʘʢʦ ʠʤʘʿʫ 

ʚʠʰʘʢ ʥʝʫʪʨʦʥʘ ʠ ʨʘʩʧʘʜʘʿʫ ʩʝ ʥʠʟʦʤ ɓ- ʨʘʩʧʘʜʘ ʜʦ ʩʪʘʙʠʣʥʠʭ ʿʝʟʛʘʨʘ ʠ ʜʘ ʧʦʨʝʜ ʥʘʩʪʘʣʘ ʜʚʘ 

ʛʣʘʚʥʘ ʬʨʘʛʤʝʥʪʘ ʬʠʩʠʿʝ ʜʦʣʘʟʠ ʠ ʜʦ ʦʩʣʦʙʘʹʘˁʘ ʥʝʢʦʣʠʢʦ ʥʝʫʪʨʦʥʘ. ʌʠʩʠʿʘ ʿʝ ʪʝʦʨʠʿʩʢʠ 

ʦʙʿʘʰˁʝʥʘ ʦʜ ʩʪʨʘʥʝ ɹʦʨʘ (Niels Bohr) ʠ ɺʝʣʝʨʘ (John Archibald Wheeler) ʢʦʨʠʩʪʝ˂ʠ ʤʦʜʝʣ 

ʢʘʧʠ (45). 

 

1.2 ʆʧʰʪʝ ʦʩʦʙʠʥʝ ʥʫʢʣʝʘʨʥʠʭ ʨʝʘʢʮʠʿʘ  

1.2.1 ɺʨʩʪʝ ʥʫʢʣʝʘʨʥʠʭ ʨʝʘʢʮʠʿʘ 

 

 ʅʫʢʣʝʘʨʥʝ ʨʝʘʢʮʠʿʝ ʩʝ ʛʨʫʙʦ ʤʦʛʫ ʧʦʜʝʣʠʪʠ, ʥʘ ʦʩʥʦʚʫ ʥʘʯʠʥʘ ʥʘ ʢʦʿʠ ʩʝ ʪʝʦʨʠʿʩʢʠ 

ʦʧʠʩʫʿʫ ʥʘ ʝʣʘʩʪʠʯʥʘ ʨʘʩʝʿʘˁʘ, ʜʠʨʝʢʪʥʝ ʥʫʢʣʝʘʨʥʝ ʨʝʘʢʮʠʿʝ ʠ ʥʫʢʣʝʘʨʥʝ ʨʝʘʢʮʠʿʝ ʩʣʦʞʝʥʦʛ 

ʿʝʟʛʨʘ. 

 ʅʘʿʿʝʜʥʦʩʪʘʚʥʠʿʘ ʘʧʨʦʢʩʠʤʘʮʠʿʘ ʠʥʪʝʨʘʢʮʠʿʝ ʧʨʝʜʩʪʘʚˀʘ ʝʣʘʩʪʠʯʥʦ ʨʘʩʝʿʘˁʝ ʜʚʝ 

ʯʝʩʪʠʮʝ, ʛʜʝ ʥʝ ʜʦʣʘʟʠ ʜʦ ʛʫʙʠʪʢʘ ʢʠʥʝʪʠʯʢʝ ʝʥʝʨʛʠʿʝ. ʇʨʠʤʝʨ ʦʚʘʢʚʦʛ ʨʘʩʝʿʘˁʘ ʿʝ ʂʫʣʦʥʦʚʦ 

ʨʘʩʝʿʘˁʝ, ʢʦʿʝ ʿʝ ʦʜ ʚʝʣʠʢʦʛ ʟʥʘʯʘʿʘ ʟʘ ʬʠʟʠʢʫ. ʇʦʥʘʰʘˁʝ ʥʘʝʣʝʢʪʨʠʩʘʥʠʭ ʯʝʩʪʠʮʘ ʫ 

ʂʫʣʦʥʦʚʦʤ ʧʦˀʫ ʩʝ ʦʧʠʩʫʿʝ ʘʧʨʦʢʩʠʤʘʮʠʿʦʤ ʜʘ ʩʝ ʫʧʘʜʥʝ ʯʝʩʪʠʮʝ ʧʦʩʤʘʪʨʘʿʫ ʢʘʦ ʪʘʯʢʘʩʪʘ 

ʥʘʝʣʝʢʪʨʠʩʘˁʘ. ʅʘʚʝʜʝʥʘ ʬʦʨʤʫʣʘ ʟʘ ʜʠʬʝʨʝʥʮʠʿʘʣʥʠ ʝʬʠʢʘʩʘʥ ʧʨʝʩʝʢ ʿʝ ʠʟʚʝʜʝʥʘ 

ʢʦʨʠʰ˂ʝˁʝʤ ʢʣʘʩʠʯʥʝ ʤʝʭʘʥʠʢʝ ʦʜ ʩʪʨʘʥʝ ʈʘʜʝʨʬʦʨʜʘ ʟʘ ʫʧʨʦʰ˂ʝʥ ʩʣʫʯʘʿ ʢʘʜʘ ʿʝ ʤʘʩʘ ʤʝʪʝ 

ʤʥʦʛʦ ʚʝ˂ʘ ʦʜ ʤʘʩʝ ʫʧʘʜʥʝ ʯʝʩʪʠʮʝ, ʦʜʥʦʩʥʦ ʫʟʤʘʢ ʤʝʪʝ ʩʝ ʟʘʥʝʤʘʨʫʿʝ.  ʀʟʨʘʟ ʦʩʪʘʿʝ ʠʩʪʠ 

ʫʢʦʣʠʢʦ ʿʝ ʫʧʘʜʥʘ ʯʝʩʪʠʮʘ ʧʦʟʠʪʠʚʥʦʛ ʠʣʠ ʥʝʛʘʪʠʚʥʦʛ ʥʘʝʣʝʢʪʨʠʩʘˁʘ: 

https://en.wikipedia.org/wiki/Otto_Robert_Frisch
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(1.6) 

Ᵽ ʧʨʝʜʩʪʘʚˀʘ ʫʛʘʦ ʨʘʩʝʿʘˁʘ, ɽ, ʝʥʝʨʛʠʿʫ ʫʧʘʜʥʝ ʯʝʩʪʠʮʝ, ╩  ʠ ╩  ʥʘʝʣʝʢʪʨʠʩʘˁʘ ʫʯʝʩʥʠʢʘ 

ʨʘʩʝʿʘˁʘ.  

 ʇʦʯʝʪʥʠ ʝʢʩʧʝʨʠʤʝʥʪʠ ʥʠʩʫ ʙʠʣʠ ʜʦʚʦˀʥʠ ʜʘ ʩʝ ʜʦʩʝʛʥʝ ʩʘʤʦ ʿʝʟʛʨʦ, ʪʝ ʩʝ ʥʘʩʪʘʚʢʦʤ 

ʩʣʠʯʥʠʭ ʝʢʩʧʝʨʠʤʝʥʘʪʘ ʨʘʩʝʿʘˁʘ ʥʘ ʨʘʟʣʠʯʠʪʠʤ ʿʝʟʛʨʠʤʘ, ʫʟ ʨʘʟʣʯʠʪʝ ʝʥʝʨʛʠʿʝ ʫʧʘʥʠʭ 

ʯʝʩʪʠʮʘ, ʤʦʛʘʦ ʜʠʩʪʠ˂ʠ ʪʨʝʥʫʪʘʢ ʢʘʜʘ ʜʦʣʘʟʠ ʜʦ ʩʢʨʝʪʘˁʘ Ŭ ʯʝʩʪʠʮʘ ʩʘ ʂʫʣʦʥʦʚʝ ʧʫʪʘˁʝ ʠ 

ʢʘʜʘ ʜʦʣʘʟʠ ʜʦ ʦʜʩʪʫʧʘˁʘ ʦʜ ʈʘʜʝʨʬʦʨʜʦʚʦʚʝ ʬʦʨʤʫʣʝ ʜʠʬʝʨʝʥʮʠʿʘʣʥʦʛ ʝʬʠʢʘʩʥʦʛ ʧʨʝʩʝʢʘ 

(46). ʊʦ ʿʝ ʪʨʝʥʫʪʘʢ ʢʘʜʘ Ŭ ʯʝʩʪʠʮʝ ʫʧʘʜʘʿʫ ʫ ʜʦʤʝʪ ʿʘʢʝ ʥʫʢʣʝʘʨʥʝ ʠʥʪʝʨʘʢʮʠʿʝ ʩʘ ʿʝʟʛʨʦʤ. 

ʉʘ ʧʦʟʥʘʪʦʤ ʝʥʝʨʛʠʿʦʤ ʫʧʘʜʥʠʭ ʯʝʩʪʠʮʘ ʠ ʫʛʣʦʤ ʨʘʩʝʿʘˁʘ ʧʨʠ ʢʦʿʠʤʘ ʜʦʣʘʟʠ ʜʦ ʦʜʩʪʫʧʘˁʘ 

ʦʜ ʜʠʬʝʨʝʥʮʠʿʘʣʥʦʛ ʝʬʠʢʘʩʥʦʛ ʧʨʝʩʝʢʘ ʢʦʿʠ ʿʝ ʜʦʙʠʦ ʈʘʜʝʨʬʦʨʜ, ʤʦʞʝ ʩʝ ʜʦʙʠʪʠ ʥʘʿʙʣʠʞʝ 

ʨʘʩʪʦʿʘˁʝ ʢʦʿʝʤ ʫʧʘʜʥʝ Ŭ ʯʝʩʪʠʮʝ ʧʨʠʣʘʟʝ ʿʝʟʛʨʫ: 

Ὑ ρȢτρ ὃ  ςȢρρϽρπ Í 
(1.7) 

ʛʜʝ ʯʣʘʥʦʚʠ ʫ ʟʘʛʨʘʜʠ ʧʨʝʜʩʪʘʚˀʘʿʫ ʧʦʣʫʧʨʝʯʥʠʢʝ ʿʝʟʛʨʘ ʠ Ŭ ʯʝʩʪʠʮʝ. ɿʘʢˀʫʯʝʥʦ ʿʝ ʜʘ ʿʝʟʛʨʦ 

ʠʤʘ ʧʨʠʙʣʠʞʥʦ ʨʘʚʥʦʤʝʨʥʫ ʨʘʩʧʦʨʝʹʝʥʦʩʪ ʤʘʪʝʨʠʿʝ, ʢʘʢʦ ʧʦʣʫʧʨʝʯʥʠʢ ʟʘʚʠʩʠ ʩʘ ὃ, ʪʝ ʩʝ 

ʤʦʞʝ ʧʦʩʤʘʪʨʘʪʠ ʢʘʦ ʢʘʧ ʪʝʯʥʦʩʪʠ. ʆʚʦ ʥʘʨʘʚʥʦ ʥʠʿʝ ʩʘʩʚʠʤ ʪʘʯʥʦ, ʿʝʨ ʤʘʪʝʨʠʿʘ ʫ ʿʝʟʛʨʫ 

ʥʝʤʘ ʿʘʩʥʫ ʠʚʠʮʫ, ʪʝ ʩʝ ʤʦʞʝ ʜʝʬʠʥʠʩʘʪʠ ʧʦʣʫʧʨʝʯʥʠʭ ʛʜʝ ʛʫʩʪʠʥʘ ʦʧʘʜʥʝ ʥʘ ʧʦʣʦʚʠʥʫ ʫ 

ʦʜʥʦʩʫ ʥʘ ʚʨʝʜʥʦʩʪ ʫ ʩʨʝʜʥʠ ʿʝʟʛʨʘ. ɽʢʩʧʝʨʠʤʝʥʪʘʣʥʠ ʧʦʜʘʮʠ ʩʘ Ŭ ʯʝʩʪʠʮʘʤʘ ʜʘʿʫ ʚʝ˂ʫ 

ʚʨʝʜʥʦʩʪ ʧʦʣʫʰʨʝʯʥʠʢʘ ʿʝʟʛʨʘ ʦʜ ʦʚʝ ʚʨʝʜʥʦʩʪʠ, ʢʘʢʦ Ŭ ʯʝʩʪʠʮʝ ʧʦʯʠˁʫ ʜʘ ʠʥʪʝʨʝʘʛʫʿʫ 

ʿʘʢʦʤ ʠʥʪʝʨʘʢʮʠʿʦʤ ʩʘ ʿʝʟʛʨʦʤ ʥʘ ʨʘʩʪʦʿʘˁʫ ʛʜʝ ʿʝ ʛʫʩʪʠʥʘ ʨʘʩʧʦʜʝʣʝ ʤʘʪʨʠʿʝ ʚʨʣʦ ʤʘʣʘ.  

 ʊʘʯʘʥ ʦʧʠʩ ʪʦʢʘ ʥʫʢʣʝʘʨʥʝ ʨʝʘʢʮʠʿʝ ʟʘʭʪʝʚʘ ʢʦʤʧʣʝʪʥʦ ʧʦʟʥʘʚʘˁʝ ʥʫʢʣʝʘʨʥʦʛ ʿʝʟʛʨʘ. 

ʄʝʹʫʪʠʤ, ʪʦ ʿʦʰ ʫʚʝʢ ʥʠʿʝ ʧʦʩʪʠʛʥʫʪʦ, ʦʜʥʦʩʥʦ, ʧʦʩʪʦʿʠ ʨʘʟʣʠʯʠʪʠ ʙʨʦʿ ʪʝʦʨʠʿʩʢʠʭ ʤʦʜʝʣʘ 

ʢʦʿʠ ʩʝ ʟʘʩʥʠʚʘʿʫ ʥʘ ʨʘʟʣʠʯʠʪʠʤ ʧʨʝʪʧʦʩʪʘʚʢʘʤʘ ʠ ʩʚʘʢʠ ʦʜ ʤʦʜʝʣʘ ʫʩʧʝʚʘ ʜʘ ʦʙʿʘʩʥʠ 

ʧʦʿʝʜʠʥʝ ʦʩʦʙʠʥʝ ʿʝʟʛʘʨʘ. ʆʧʠʩʠʚʘˁʝ ʤʝʭʘʥʠʟʘʤʘ ʢʦʿʠ ʩʝ ʦʜʚʠʿʘʿʫ ʪʦʢʦʤ ʥʫʢʣʝʘʨʥʠʭ 

ʨʝʘʢʮʠʿʘ ʟʘʩʥʠʚʘ ʩʝ ʥʘ ʧʦʩʪʦʿʝ˂ʠʤ ʤʦʜʝʣʠʤʘ ʥʫʢʣʝʘʨʥʠʭ ʿʝʟʛʘʨʘ ʠ ʪʘʢʦʹʝ ʫʩʧʝʚʘʿʫ ʜʘ 

ʨʝʧʨʦʜʫʢʫʿʫ ʩʘʤʦ ʧʦʿʝʜʠʥʝ ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʦ ʩʘʢʫʧˀʝʥʝ ʧʦʜʘʪʢʝ. ʅʫʢʣʝʘʨʥʝ ʨʝʘʢʮʠʿʝ ʩʝ 

ʤʦʛʫ ʧʦʜʝʣʠʪʠ ʫ ʜʚʝ ʛʨʫʧʝ: 

¶ ɼʠʨʝʢʪʥʝ ʥʫʢʣʝʘʨʥʝ ʨʝʘʢʮʠʿʝ 

  ɼʠʨʝʢʪʥʝ ʥʫʢʣʝʘʨʥʝ ʨʝʘʢʮʠʿʝ ʩʝ ʦʜʠʛʨʘʚʘʿʫ ʢʘʜ ʫʧʘʜʥʝ ʯʝʩʪʠʮʝ ʠʥʪʝʨʝʘʛʫʿʫ ʩʘ 

ʧʦʚʨʠhʥʦʤ ʿʝʟʛʨʘ, ʦʜʥʦʩʥʦ ʩʘ ʿʝʜʥʠʤ ʠʣʠ ʥʝʢʦʣʠʢʦ ʥʫʢʣʝʦʥʘ ʫ ʿʝʟʛʨʫ. ɺʨʝʤʝ ʨʝʘʢʮʠʿʝ ʿʝ 

ʨʝʜʘ ʚʝʣʠʯʠʥʝ 10-22 s, ʰʪʦ ʿʝ ʧʨʠʙʣʠʞʥʦ ʿʝʜʥʘʢʦ ʚʨʝʤʝʥʫ ʧʦʪʨʝʙʥʦʤ ʜʘ ʫʧʘʜʥʘ ʯʝʩʪʠʮʘ 

ʧʨʦʹʝ ʢʨʦʟ ʿʝʟʛʨʦ. ʂʘʨʘʢʪʝʨʠʩʪʠʯʥʦ ʿʝ ʜʘ ʯʝʩʪʠʮʝ ʢʦʿʝ ʥʘʧʫʰʪʘʿʫ ʿʝʟʛʨʦ ʧʦʩʣʝ ʨʝʘʢʮʠʿʝ 

ʥʝʤʘʿʫ ʠʟʦʪʨʦʧʥʫ ʧʨʦʩʪʦʨʥʫ ʨʘʩʧʦʜʝʣʫ, ʚʝ˂ ʚʝ˂ʠʥʘ ˁʠʭ ʠʤʘ ʫʩʤʝʨʝˁʝ ʢʘ ʥʘʧʨʝʜ. ʆʚʘʿ ʪʠʧ 

ʨʝʘʢʮʠʿʝ ʿʝ ʟʥʘʯʘʿʘʥ ʟʘ ʠʩʧʠʪʠʚʘˁʝ ʝʥʝʨʛʝʪʩʢʠʭ ʩʪʘˁʘ ʧʦʙʫʹʝʥʠʭ ʿʝʟʛʘʨʘ, ʢʘʢʦ ʦʚʦ 

ʧʨʝʜʩʪʘʚˀʘ ʥʝʝʣʘʩʪʠʯʥʦ ʨʘʩʝʿʘˁʝ ʯʝʩʪʠʮʘ ʠ ʜʝʦ ʢʠʥʝʪʠʯʢʝ ʝʥʝʨʛʠʿʝ ʫʧʘʜʥʠʭ ʯʝʩʪʠʮʘ ʙʠʚʘ 

ʧʨʝʜʘʪʘ ʥʘ ʧʦʙʫʹʠʚʘˁʝ ʿʝʜʥʦʛ ʠʣʠ ʦʙʘ ʫʯʝʩʥʠʢʘ ʫ ʨʝʘʢʮʠʿʠ.  
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 ʂʘʜʘ ʥʝ ʜʦʣʘʟʠ ʩʘʤʦ ʜʦ ʨʘʟʤʝʥʝ ʝʥʝʨʛʠʿʝ, ʥʝʛʦ ʠ ʨʘʟʤʝʥʝ ʤʘʪʝʨʠʿʝ ʨʘʜʠ ʩʝ ʦ ʪʨʘʥʩʬʝʨ 

ʨʝʘʢʮʠʿʘʤʘ ʛʜʝ ʜʦʣʘʟʠ ʜʦ ʨʘʟʤʝʥʝ ʥʫʢʣʝʦʥʘ ʠʟʤʝʹʫ ʫʧʘʜʥʝ ʯʝʩʪʠʮʝ ʠ ʿʝʟʛʨʘ (n, p) ʠʣʠ (p, n). 

ʋʢʦʣʠʢʦ ʜʦʣʘʟʠ, ʥʝ ʩʘʤʦ ʜʦ ʨʘʟʤʝʥʝ ʥʫʢʣʝʘʦʥʘ, ʥʝʛʦ ʜʦ ʧʨʝʜʘʿʝ ʥʫʢʣʝʦʥʘ ʿʝʟʛʨʫ ʦʜ ʩʪʨʘʥʝ 

ʫʧʘʜʥʝ ʯʝʩʪʠʮʝ (d, n) ʠʣʠ (d, p) ʨʝʘʢʮʠʿʝ ʪʘʜʘ ʩʝ ʛʦʚʦʨʠ ʦ stripping ʨʝʘʢʮʠʿʘʤʘ. ʋ ʦʙʨʥʫʪʦʤ 

ʩʣʫʯʘʿʫ, ʢʘʜʘ ʫʧʘʜʥʘ ʯʝʩʪʠʮʘ ʧʨʝʫʟʤʝ ʥʫʢʣʝʦʥ ʠʟ ʿʝʟʛʨʘ, ʪʨʘʜʘ ʩʝ ʛʦʚʦʨʠ ʦ pickup ʨʝʘʢʮʠʿʘʤʘ. 

ʇʨʠʤʝʨʠ ʦʚʠʭ ʨʝʘʢʮʠʿʘ ʩʫ (p, d), (p, 3H), (Ŭ, d).     

¶ ʈʝʢʘʮʠʿʝ ʩʣʦʞʝʥʦʛ ʿʝʟʛʨʘ 

 ʅʫʢʣʝʘʨʥʝ ʨʝʘʢʮʠʿʝ ʩʣʦʞʝʥʦʛ ʿʝʟʛʨʘ ʦʜʠʛʨʘʚʘʿʫ ʩʝ ʢʘʜʘ ʫʧʘʜʥʝ ʯʝʩʪʠʮʝ ʧʨʦʜʠʨʫ 

ʫʥʫʪʘʨ ʿʝʟʛʨʘ ʠ ʙʠʚʘʿʫ ʟʘʭʚʘ˂ʝʥʝ ʿʘʢʦʤ ʠʥʪʝʨʘʢʮʠʿʦʤ ʦʜ ʩʪʨʘʥʝ ʥʫʢʣʝʦʥʘ. ʆʚʦ ʩʝ ʜʝʰʘʚʘ 

ʧʨʠʣʠʢʦʤ ʯʝʦʥʠʭ ʩʫʜʘʨʘ. ʈʝʘʢʮʠʿʘ ʫ ʦʚʦʤ ʩʣʫʯʘʿʫ ʩʝ ʤʦʞʝ ʦʧʠʩʘʪʠ ʫ ʜʚʝ ʬʘʟʝ. ʇʨʚʘ ʿʝ 

ʬʦʨʤʠʨʘˁʝ ʩʣʦʞʝʥʦʛ ʿʝʟʛʨʘ ʢʦʿʝ ʿʝ ʩʘʩʪʦʿʠ ʦʜ ʫʧʘʜʥʝ ʯʝʩʪʠʮʝ ʠ ʿʝʟʛʨʘ ʤʝʪʝ. ʂʠʥʝʪʠʯʢʘ 

ʝʥʝʨʛʠʿʘ ʫʧʘʜʥʝ ʯʝʩʪʠʮʝ ʙʠʚʘ ʨʘʩʧʦʨʝʹʝʥʘ ʠʟʤʝʫ́ ʩʚʠʭ ʥʫʢʣʝʦʥʘ ʥʦʚʦʩʪʚʦʨʝʥʦʛ ʩʣʦʞʝʥʦʛ 

ʿʝʟʛʨʘ. ʉʘʜʘ ʿʝ ʦʚʘʿ ʩʠʩʪʝʤ ʫ ʧʦʙʫʹʝʥʦʤ ʩʪʘʫˁ ʢʦʿʝ ʪʨʘʿʝ 10-16 ʜʦ 10-18 s. Oʩʣʦʙʘʹʘˁʝ ʚʠʰʢʘ 

ʝʥʝʨʛʠʿʝ ʤʦʞʝ ʠ˂ʠ ʫ ʜʚʘ ʩʤʝʨʘ. ɸʢʦ ʿʝ ʝʥʝʨʛʠʿʘ ʧʦʙʫʜʝ ʤʘˁʘ ʦʜ ʚʝʟʠʚʥʝ ʝʥʝʨʛʠʿʝ ʥʫʢʣʝʦʥʘ, 

ʪʘʜʘ ˂ʝ ʜʦ ʦʩʣʦʙʘʹʘˁʘ ʚʠʢhʘ ʝʥʝʨʛʠʿʝ ʜʦ˂ʠ ʝʤʠʪʦʚʘˁʝʤ ɔ ʟʨʘʯʝˁʘ, ʠʣʠ ʫʥʫʪʨʘʰˁʦʤ 

ʢʦʥʚʝʨʟʠʿʦʤ. ɸʢʦ ʿʝ ʝʥʝʨʛʠʿʘ ʧʦʙʫʜʝ ʚʝ˂ʘ ʦʜ ʚʝʟʠʚʥʝ ʝʥʝʨʛʠʿʝ ʥʫʢʣʝʦʥʘ ʫ ʿʝʟʛʨʫ, ʪʘʜʘ ʜʦʣʘʟʠ 

ʜʦ ʥʘʧʫʰʪʘˁʘ ʿʝʜʥʦʛ ʠʣʠ ʛʨʫʧʝ ʥʫʢʣʝʦʥʘ. ʆʚʘʿ ʚʠʜ ʥʘʧʫʰʪʘˁʘ ʥʫʢʣʝʦʥʘ ʩʝ ʧʦʠʩʪʦʚʝ˂ʫʿʝ ʩʘ 

ʠʩʧʘʨʘʚʘˁʝʤ ʪʝʯʥʦʩʪʠ ʩʘ ʧʦʚʨʰʠʥʝ ʧʨʝʜ ʢˀʫʯʘˁʝ. ɼʘ ʣʠ ˂ʝ ʿʝʟʛʨʦ ʥʘʧʫʩʪʠʪʠ ʿʝʜʘʥ, ʠʣʠ 

ʥʝʢʦʣʠʢʦ ʥʫʢʣʝʦʥʘ, ʥʝ ʟʘʚʠʩʠ ʦʜ ʥʘʯʠʥʘ ʥʘ ʢʦʿʝ ʿʝ ʩʣʦʞʝʥʦ ʿʝʟʛʨʦ ʥʘʩʪʘʣʦʦ, ʚʝ˂ ʿʝ ʨʝʟʫʣʪʘʪ 

ʩʪʘʪʠʩʪʠʯʢʝ ʧʨʝʨʘʩʧʦʜʝʣʝ ʝʥʝʨʛʠʿʝ ʠʟʤʝʹʫ ʥʫʢʣʝʦʥʘ ʩʣʦʞʝʥʦʛ ʿʝʟʛʨʘ. ʏʝʩʪʠʮʝ ʝʤʠʪʦʚʘʥʝ ʠʟ 

ʩʣʦʞʝʥʦʛ ʿʝʟʛʨʘ ʠʤʘʿʫ ʠʟʦʪʨʦʧʥʫ ʧʨʦʘʩʪʦʨʥʫ ʨʘʩʧʦʜʝʣʫ. 

 

  

 

ʉʣʠʢʘ 1.1 ï ɽʬʠʢʘʩʘʥ ʧʨʝʩʝʢ ʟʘ ʨʝʘʢʮʠʿʫ 6Li(n, 

Ŭ)3H. ʇʦʜʘʮʠ ʟʘ ʮʨʪʘˁʝ ʛʨʘʬʠʢʘ ʧʨʝʫʟʝʪʠ ʩʘ (72). 
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 ʋʢʦʣʠʢʦ ʿʝ ʫʧʘʜʥʘ ʯʝʩʪʠʮʘ ʧʦʟʠʪʠʚʥʦ ʥʘʝʣʝʢʪʨʠʩʘʥʘ, ʥʫʢʣʝʘʨʥʘ ʨʝʘʢʮʠʿʘ ˂ʝ ʩʝ 

ʦʜʠʛʨʘʪʠ ʪʝʢ ʦʜ ʥʝʢʦʛ ʤʠʥʠʤʫʤʘ ʢʠʥʝʪʠʯʢʝ ʝʥʝʨʛʠʿʝ, ʢʦʿʠ ʿʝ ʧʦʪʨʝʙʘʥ ʜʘ ʩʝ ʩʘʚʣʘʜʘ 

ʧʦʪʝʥʮʠʿʘʣ ʿʝʟʛʨʘ. ʋ ʩʣʫʯʘʿʫ ʥʝʫʪʨʦʥʘ ʢʘʦ ʫʧʘʜʥʠʭ ʯʝʩʪʠʮʘ, ʦʚʦ ʥʠʿʝ ʩʣʫʯʘʿ, ʯʘʢ ʿʝ ʠ ʝʬʠʘʩʘʥ 

ʧʨʝʩʝʢ ʟʘ ʨʝʘʢʮʠʿʫ ʚʝ˂ʠ ʰʪʦ ʿʝ ʝʥʝʨʛʠʿʘ ʫʧʘʜʥʦʛ ʥʝʫʪʨʦʥʘ ʤʘˁʘ. ʇʨʠʤʝʨ ʚʨʝʜʥʦʩʪʠ 

ʝʬʠʢʘʩʥʦʛ ʧʨʝʩʝʢʘ ʟʘ ʨʝʘʢʮʠʿʫ 6Li(n, Ŭ)3H (13). ʉʣʠʢʘ 1.1 ʧʨʠʢʘʟʫʿʝ ʢʘʢʦ ʝʬʠʢʘʩʘʥ ʧʨʝʩʝʢ 

ʦʧʘʜʘ ʩʘ ʟʘʚʠʩʥʦʰ˂ʫ . 

  ʉʣʠʢʘ 1.1 ʪʘʢʦʹʝ ʧʨʠʢʘʟʫʿʝ ʠ ʧʦʩʪʦʿʘˁʝ ʩʢʦʢʘ ʫ ʟʘʚʠʩʥʦʩʪʠ ʝʬʠʢʘʩʥʦʛ ʧʨʝʩʝʢʘ. 

ʆʚʘʢʚʠ ʥʘʛʣʠ ʩʢʦʢʦʚʠ ʫ ʝʬʠʢʘʩʥʦʤ ʧʨʝʩʝʢʘ ʧʨʝʜʩʪʘʚˀʘʿʫ ʨʝʟʦʥʘʥʮʠʿʝ. ɱʘʚˀʘʿʫ ʩʝ ʢʘʜʘ 

ʝʥʝʨʛʠʿʘ ʧʦʙʫʜʝ ʩʣʦʞʝʥʦʛ ʿʝʟʛʨʘ, ʦʜʥʦʩʥʦ ʢʠʥʝʪʠʯʢʘ ʝʥʝʨʛʠʿʘ ʫʧʘʜʥʝ ʯʝʩʪʠʮʝ, ʠʤʘ ʿʝʜʥʘʢʫ 

ʚʨʝʜʥʦʩʪ ʩʘ ʝʥʝʨʛʠʿʦʤ ʥʝʢʦʛ ʦʜ ʧʦʙʫʹʝʥʠʭ ʥʠʚʦʘ. Eʬʠʢʘʩʘʥ ʧʨʝʩʝʢ ʨʝʟʦʥʘʥʮʠʿʝ ʠʤʘ ʩʣʝʜʝ˂ʠ 

ʦʙʣʠʢ (47): 

„Ὁ ᶿ
ρ

Ὁ Ὁ
ː
ς

 
(1.8) 

ʛʜʝ ʿʝ ɽ ʿʝʜʥʘʢʦ ʝʥʝʨʛʠʿʠ ɽr ʨʝʟʦʥʘʥʮʠʿʝ, a ɻ ʧʨʝʜʩʪʘʚˀʘ ʰʠʨʠʥʫ ʧʠʢʘ ʥʘ ʧʦʣʦʚʠʥʠ ʚʠʩʠʥʝ.  

  

1.2.2 ɿʘʢʦʥʠ ʦʜʨʞʘˁʘ ʫ ʥʫʢʣʝʘʨʥʠʤ ʨʝʘʢʮʠʿʘʤʘ 

 

 ʋ ʧʨʦʮʝʩʠʤʘ ʢʦʿʠ ʩʝ ʦʜʠʛʨʘʚʘʿʫ ʫ ʥʫʢʣʝʘʨʥʠʤ ʨʝʘʢʮʠʿʘʤʘ ʜʦʣʘʟʠ ʜʦ ʨʘʟʣʠʯʠʪʠʭ 

ʧʨʦʤʝʥʘ ʫ ʿʝʟʛʨʠʤʘ ʫʯʝʩʥʠʢʘ ʨʝʘʢʮʠʿʝ. ʄʝʹʫʪʠʤ, ʠ ʧʦʨʝʜ ʚʝʣʠʢʠʭ ʧʨʦʤʝʥʘ, ʧʦʩʪʦʿʝ ʬʠʟʠʯʢʝ 

ʚʝʣʠʯʠʥʝ ʢʦʿʝ ʩʝ ʪʦʢʦʤ ʥʫʢʣʝʘʨʥʠʭ ʨʝʘʢʮʠʿʘ ʥʝ ʤʝˁʘʿʫ. ʆʚʦ ʧʨʦʠʟʠʣʘʟʠ ʠ ʠʟ ʚʝʣʠʢʦʛ ʙʨʦʿʘ 

ʝʢʩʧʝʨʠʤʝʥʘʪʘ ʢʦʿʠ ʩʫ ʜʦ ʩʘʜʘ ʫʨʘʹʝʥʠ, ʫ ʢʦʿʠʤʘ ʿʝ ʩʘʢʫʧˀʝʥ ʚʝʣʠʢʠ ʙʨʦʿ ʧʦʜʘʪʘʢʘ, ʪʝ ʩʝ ʥʘ 

ʦʩʥʦʚʫ ʪʦʛʘ ʤʦʞʝ ʧʦʪʚʨʜʠʪʠ ʥʝʢʦʣʠʢʦ ʯʠˁʝʥʠʮʘ ʢʦʿʝ ʧʨʦʠʣʘʟʝ ʠʟ ʪʝʦʨʠʿʝ. ʇʨʚʦ ʰʪʦ ʩʝ 

ʤʦʞʝ ʟʘʢˀʫʯʠʪʠ ʜʘ ʫʢʫʧʥʦ ʥʘʝʣʝʢʪʨʠʩʘˁʝ ʫ ʥʫʢʣʝʘʨʥʠʤ ʨʝʘʢʮʠʿʘʤʘ ʦʜʨʞʘʚʘ ʪʦʢʦʤ 

ʨʝʘʢʮʠʿʝ, ʫʢʫʧʥʦ ʥʘʝʣʝʢʪʨʠʩʘˁʝ ʧʨʝ ʨʝʘʢʮʠʿʝ ʿʝʜʥʘʢʦ ʿʝ ʫʢʫʧʥʦʤ ʥʘʝʣʝʢʪʨʠʩʘˁʫ ʧʦʩʣʝ 

ʨʝʘʢʮʠʿʝ. ʋʢʦʣʠʢʦ ʥʝ ʜʦʣʘʟʠ ʜʦ ʬʦʨʤʠʨʘˁʘ ʘʥʪʠʯʝʩʪʠʮʘ, ʟʘ ʥʫʢʣʝʘʨʥʝ ʨʝʘʢʮʠʿʝ ʚʘʞʠ ʠ ʪʦ 

ʜʘ ʩʝ ʦʜʨʞʘʚʘ ʙʨʦʦʿ ʥʫʢʣʝʦʥʘ. 

 ɼʘˀʝ, ʢʦʜ ʥʫʢʣʝʘʨʥʠʭ ʨʝʘʢʮʠʿʘ ʢʦʿʝ ʩʫ ʦʙʣʠʢʘ ὃ ὥ O ὄ ὦ ʚʘʞʠ ʟʘʢʦʥ ʠʤʧʫʣʩʘ, 

ʦʜʥʦʩʥʦ, ʫʢʫʧʘʥ ʠʤʧʫʩʣʘ ʯʝʩʪʠʮʘ ʧʨʝ ʨʝʘʢʮʠʿʝ ʿʝ ʿʝʜʥʘʢ ʫʢʫʧʥʦʤ ʠʤʧʫʩʣʫ ʧʨʦʜʫʢʘʪʘ 

ʨʝʘʢʮʠʿʝ: 

ὴᴆ ὴᴆᴼὴᴆ ὴᴆ 

 

(1.9) 

 ʇʦʨʝʜ ʟʘʢʦʥʘ ʦʜʨʞʘˁʘ ʠʤʧʫʣʩʘ ʚʘʞʠ ʠ ʟʘʢʦʥ ʦʜʨʞʘˁʘ ʫʢʫʧʥʝ ʝʥʝʨʛʠʿʝ ʩʠʩʪʝʤʘ 

ʪʦʢʦʤ ʨʝʢʮʠʿʝ: 

ὓὧ Ὕ ὓὧ ὓὧ Ὕ ὓὧ Ὕ (1.10) 
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 ʊʦʢʦʤ ʥʫʢʣʝʘʨʥʠʭ ʨʝʘʢʮʠʿʘ ʜʦʣʘʟʠ ʜʦ ʧʨʝʪʚʘʨʘˁʘ ʤʘʪʝʨʠʿʝ ʫ ʝʥʝʨʛʠʿʫ ʠ ʦʙʨʥʫʪʦ. 

ɸʢʦ ʩʝ ʟʘʢʦʥ ʦʜʨʞʘˁʘ ʝʥʝʨʛʠʿʝ ʠ ʟʘʢʦʥ ʦʜʨʞʘˁʘ ʤʘʩʝ ʧʦʩʤʘʪʨʘʿʫ ʧʦʩʝʙʥʦ, ʦʥʠ ʥʝ˂ʝ ʚʘʞʠʪʠ. 

ʂʠʥʝʪʠʯʢʝ ʝʥʝʨʛʠʿʝ ʩʫ ʊ, ʜʦʢ ʤʘʩʝ ʄ ʧʨʝʜʩʪʘʚˀʘʿʫ ʤʘʩʝ ʤʠʨʦʚʘˁʘ ʯʝʩʪʠʮʘ ʫ ʦʩʥʦʚʥʦʤ 

ʝʥʝʨʛʝʪʢʩʦʤ ʩʪʘˁʫ.  

 ʄʦʤʝʥʪ ʢʦʣʠʯʠʥʝ ʢʨʝʪʘˁʘ ʩʝ ʫ ʥʫʢʣʝʘʨʥʠʤ ʨʝʘʢʮʠʿʘʤʘ ʦʜʨʞʘʚʘ. ʋʢʫʧʘʥ ʤʦʤʝʥʪ 

ʢʨʝʪʘˁʘ ʧʨʝʜʩʪʘʚˀʘ ʟʙʠʨ ʩʧʠʥʦʚʘ ʯʝʩʪʠʮʘ ʫʯʝʩʥʠʮʘ ʨʝʘʢʮʠʿʘ ʠ ˁʠʭʦʚʠ ʤʦʤʝʥʪʠ ʠʤʧʫʣʩʘ 

ʩʠʩʪʝʤʘ ʯʝʩʪʠʮʘ. ʆʚʘ ʯʠˁʝʥʠʮʘ ʠʤʘ ʧʨʠʤʝʥʫ ʫ ʦʜʨʝʹʠʚʘˁʫ ʫʛʘʦʥʝ ʨʘʩʧʦʜʝʣʝ ʥʘʩʪʘʣʠʭ 

ʯʝʩʪʠʮʘ ʫ ʥʫʢʣʝʘʨʥʦʿ ʨʝʘʢʮʠʿʠ.  

 ʅʫʢʣʝʘʨʥʝ ʨʝʘʢʮʠʿʝ ʩʝ ʦʜʚʠʿʘʿʫ ʧʨʝʢʦ ʿʘʢʝ ʠʥʪʝʨʘʢʮʠʿʝ, ʘ ʟʘ ˁʫ ʚʘʞʠ ʟʘʢʦʥ ʦʜʨʞʘˁʘ 

ʧʘʨʥʦʩʪʠ: 

“́“̱ ρ  ““ ρ  (1.11) 

ʏʠˁʝʥʠʮʘ ʜʘ ʩʝ ʧʘʨʥʦʩʪ ʤʦʨʘ ʦʜʨʞʘʚʘʪʠ ʪʦʢʦʤ ʥʫʢʣʝʘʨʥʠʭ ʨʝʘʢʮʠʿʘ, ʥʘʤʝ˂ʝ ʦʛʨʘʥʠʯʝˁʘ ʫ 

ʧʨʦʮʝʩʠʤʘ ʢʦʿʠ ʩʝ ʤʦʛʫ ʦʜʠʛʨʘʚʘʪʠ, ʘ ʪʘ ʦʛʨʘʥʠʯʝˁʘ ʩʝ ʪʫʤʘʯʝ ʫ ʚʠʜʫ ʩʝʣʝʢʮʠʦʥʠʭ ʧʨʘʚʠʣʘ. 

 ʋ ʟʘʚʠʩʥʦʩʪʠ ʦʜ ʝʥʝʨʛʝʪʩʢʦʛ ʙʠʣʘʥʩʘ ʨʝʘʢʮʠʿʝ, ʦʜʥʦʩʥʦ ʚʝʣʠʯʠʥʝ ʢʦʿʘ ʩʝ ʥʘʟʠʚʘ 

ʝʥʝʨʛʠʿʘ ʨʝʘʢʮʠʿʝ, ʦʥʝ ʩʝ ʜʝʣʝ ʥʘ ʝʛʟʦʪʝʨʤʥʝ ʠ ʝʥʜʦʪʝʨʤʥʝ. ɽʥʝʨʛʠʿʘ ʨʝʘʢʮʠʿʝ ʩʝ ʧʨʝʜʩʪʘʚˀʘ 

ʨʘʟʣʠʢʦʤ ʤʘʩʝ ʤʠʨʦʚʘˁʘ ʯʝʩʪʠʮʘ ʧʨʝ ʨʝʘʢʮʠʿʝ ʠ ʤʘʩʘ ʤʠʨʦʚʘˁʘ ʯʝʩʪʠʮʘ ʧʦʩʣʝ ʨʝʘʢʮʠʿʝ: 

ὗ ὓ ὓ ὓ ὓ ὧ Ὕ  Ὕ Ὕ (1.12) 

 ʂʘʜʘ ʿʝ ʝʥʝʨʛʠʿʘ ʨʝʘʢʮʠʿʝ ʧʦʟʠʪʠʚʥʘ (Q > 0) ʨʝʘʢʮʠʿʘ ʿʝ ʝʛʟʦʪʝʨʤʥʘ ʠ ʪʘʜʘ ʜʦʣʘʟʠ ʜʦ 

ʦʩʣʦʙʘʹʘˁʘ ʝʥʝʨʛʠʿʝ ʪʦʢʦʤ ʨʝʘʢʮʠʿʝ. ʋʢʦʣʠʢʦ ʿʝ Q < 0 ʪʘʜʘ ʿʝ ʨʝʘʢʮʠʿʘ ʝʥʜʦʪʝʨʤʥʘ. ʂʦʜ 

ʝʥʜʦʪʝʨʤʥʠʭ ʨʝʘʢʮʠʿʘ ʜʦʣʘʟʠ ʜʦ ʧʦʚʝ˂ʘˁʘ ʟʙʠʨʘ ʤʘʩʘ ʧʨʦʜʫʢʘʪʘ ʨʝʘʢʮʠʿʝ, ʰʪʦ ʜʦʣʘʟʠ ʫʩʣʝʜ 

ʧʨʝʪʚʘʨʘˁʘ ʜʝʣʘ ʢʠʥʝʪʠʯʢʝ ʝʥʝʨʛʠʿʝ ʩʠʩʪʝʤʘ ʧʨʝ ʨʝʘʢʮʠʿʝ ʫ ʤʘʪʝʨʠʿʫ. ɼʘ ʙʠ ʩʝ ʝʥʜʦʪʝʨʤʥʘ 

ʨʝʘʢʮʠʿʘ ʦʜʠʛʨʘʣʘ, ʧʦʪʨʝʙʥʦ ʿʝ ʜʘ ʧʦʩʪʦʿʠ ʥʝʢʘ ʤʠʥʠʤʘʣʥʘ ʢʠʥʝʪʠʯʢʘ ʝʥʝʨʛʠjʘ ʯʝʩʪʠʮʘ ʢʦʿʝ 

ʩʪʫʧʘʿʫ ʫ ʨʝʘʢʮʠʿʫ, ʦʜʥʦʩʥʦ, ʛʦʚʦʨʠ ʩʝ ʦ ʝʥʝʨʛʝʪʩʢʦʤ ʧʨʘʛʫ ʨʝʘʢʮʠʿʝ. ʀʟ ʟʘʢʦʥʘ ʦʜʨʞʘˁʘ 

ʝʥʝʨʛʠʿʝ ʠ ʠʤʧʫʣʩʘ ʤʦʞʝ ʩʝ ʠʟʨʘʯʫʥʘʪʠ ʝʥʝʨʛʝʪʩʢʠ ʧʨʘʛ ʨʝʘʢʮʠʿʝ (48): 

Ὁ  ȿὗȿρ
ὓ

ὓ
 

 

(1.13) 

1.2.3 ɽʥʝʨʛʝʪʩʢʘ ʠ ʧʨʦʩʪʦʨʥʘ ʨʘʩʧʦʜʝʣʘ ʯʝʩʪʠʮʘ ʫ ʥʫʢʣʝʘʨʥʠʤ 

ʨʝʘʢʮʠʿʘʤʘ 

 

 ʈʘʟʣʠʯʠʪʠ ʤʝʭʘʥʠʟʤʠ ʢʦʿʠ ʩʝ ʦʜʠʛʨʘʚʘʿʫ ʧʨʠʣʠʢʦʤ ʥʫʢʣʝʘʨʥʠʭ ʨʝʘʢʮʠʿʘ ʤʦʛʫ ʙʠʪʠ 

ʧʨʠʤʝ˂ʝʥʠ ʠ ʿʘʩʥʦ ʩʝ ʨʘʟʣʠʢʦʚʘʪʠ ʫ ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʠʤ ʧʦʜʘʮʠʤʘ ʢʦʿʠ ʩʝ ʜʦʙʠʿʘʿʫ. ʉʣʠʢʘ 

1.2 ʧʨʠʢʘʟʫʿʝ ʧʨʠʤʝʨ ʝʥʝʨʛʝʪʩʢʝ ʨʘʩʧʦʜʝʣʝ ʠʟʣʘʟʥʠʭ ʯʝʩʪʠʮʘ ʟʘ ʨʝʘʢʮʠʿʫ ʧʨʦʪʦʥʘ ʢʘʦ 

ʫʧʘʜʥʝ ʯʝʩʪʠʮʝ ʥʘ ʤʝʪʫ ʥʘʯʠˁʝʥʫ ʦʜ ʿʝʟʛʨʘ ʩʨʝʜˁʝ ʪʝʞʠʥʝ. ʉʘ ʜʝʩʥʝ ʩʪʨʘʥʝ ʩʣʠʢʝ ʧʨʠʤʝ˂ʫʿʫ 

ʩʝ ʿʘʩʥʦ ʜʝʬʠʥʠʩʘʥʠ ʧʠʢʦʚʠ ʢʦʿʠ ʢʘʨʘʢʪʝʨʠʧʫ ʨʝʘʢʮʠʿʝ ʪʨʘʥʩʬʝʨʘ ʢʘʦ ʠ ʥʝʝʣʘʩʪʠʯʥʦ ʠ 
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ʝʣʘʩʪʠʯʥʦ ʨʘʩʝʿʘˁʝ ʥʘ ʿʝʟʛʨʫ. ʂʘʢʦ ʩʝ ʩʤʘˁʫʿʝ ʝʥʝʨʛʠʿʘ ʥʘ ʩʣʠʮʠ, ʪʘʢʦ ʩʝ ʧʠʢʦʚʠ ʩʚʝ ʪʝʞʝ 

ʨʘʟʘʟʥʘʿu ʫʩʣʝʜ ʥʝ ʪʦʣʠʢʦ ʧʨʝʮʠʟʥʦʛ ʤʝʨʝˁʘ ʝʥʝʨʛʠʿʘ ʯʝʩʪʠʮʘ ʠ ʯʠˁʝʥʠʮʝ ʜʘ ʧʦʩʪʦʿʝ ʫʧʘʜʥʝ 

ʯʝʩʪʠʮʝ ʩʘ ʨʘʟʣʠʯʠʪʠʤ ʝʥʝʨʛʠʿʘʤʘ ʫ ʫʧʘʜʥʦʤ ʩʥʦʧʫ. ɼʘˀʠʤ ʩʤʘˁʠʚʘˁʝʤ ʝʥʝʨʛʠʿʝ, ʩʧʝʢʪʘʨ 

ʜʦʙʠʿʘ ʢʦʥʪʠʥʫʘʣʥʠ ʦʙʣʠʢ ʠ ʧʨʝʜʩʪʘˀʘ ʧʦʩʣʝʜʠʮʫ ʨʘʩʧʘʜʘ ʩʣʦʞʝʥʦʛ ʿʝʟʛʨʘ. 

 ʇʨʠʣʠʢʦʤ ʦʩʣʦʙʘʹʘˁʘ ʝʥʝʨʛʠʿʝ ʧʦʙʫʜʝ ʫ ʩʣʦʞʝʥʦʤ ʿʝʟʛʨʫ, ʦʪʧʫʰʘˁʝ ʯʝʩʪʠʮʘ ʝʿ 

ʩʣʠʯʥʦ ʢʘʦ ʢʦʜ ʝʚʘʧʦʨʘʮʠʿʝ ʫ ʩʣʫʯʘʿʫ ʟʘʛʨʝʿʘʚʘˁʘ ʪʝʯʥʦʩʪʠ. ɽʥʝʨʛʠʿʘ ʢʦʿʫ ʦʩʣʦʙʦʹʝʥʝ 

ʯʝʩʪʠʮʝ ʤʦʛʫ ʜʦʙʠʪʠ ʿʝ ʯʠʩʪʦ ʩʪʘʪʠʩʪʠʯʢʝ ʧʨʠʨʦʜʝ. ʈʘʩʧʦʜʝʣʘ ʦʩʣʦʙʦʹʝʥʠʭ ʥʝʫʪʨʦʥʘ ʧʦ 

ʝʥʝʨʛʠʿʘʤʘ ʧʦʯʠˁʝ ʦʜ ʥʫʣʝ. ʐʪʦ ʩʝ ʪʠʯʝ ʧʨʦʪʦʥʘ, ʨʘʩʧʦʜʝʣʘ ʧʦ ʝʥʝʨʛʠʿʘʤʘ ʧʦʯʠˁʝ ʦʜ ʥʝʢʝ 

ʤʠʥʠʤʘʣʥʝ ʚʨʝʜʥʦʩʪʠ, ʢʘʢʦ ʿʝ ˁʠʭʦʚʦ ʝʤʠʪʦʚʘˁʝ ʧʦʪʠʩʥʫʪʦ ʫʩʣʝʜ ʂʫʣʦʥʦʚʦʛ ʧʦʪʝʥʮʠʿʘʣʘ 

ʿʝʟʛʨʘ. ɸʢʦ ʜʦʣʘʟʠ ʜʦ ʦʩʣʦʙʘʹʘˁʘ ʩʣʦʞʝʥʦʛ ʿʝʟʛʨʘ ʦʜ ʚʠʰʢʘ ʝʥʝʨʛʠʿʝ ʦʪʧʫʰʘˁʝʤ ʥʫʢʣʝʦʥʘ, 

ʚʝ˂ʘ ʿʝ ʚʝʨʦʚʘʪʥʦ˂ʘ ʜʘ ʪʦ ʙʫʜʝ ʥʝʫʪʨʦʥ ʥʝʛʦ ʧʨʦʪʦʥ, ʰʪʦ ʠʧʘʢ ʥʝ˂ʝ ʙʠʪʠ ʩʣʫʯʘʿ ʘʢʦ ʿ ʝ ʿ ʝʟʛʨʦ 

ʧʨʝʟʘʩʠ˂ʝʥʦ ʧʨʦʪʦʥʠʤʘ.  

 

ʉʣʠʢʘ 1.2 ï ʈʘʟʣʠʢʘ ʫ ʠʟʛʣʝʜʫ ʩʧʝʢʪʘʨʘ ʫ ʟʘʚʠʩʥʦʩʪʠ ʦʜ ʚʨʩʪʝ ʨʝʘʢʮʠʿʝ. ʉʘ ʣʝʚʝ ʩʪʨʘʥʝ 

ʧʨʠʢʘʟʘʥ ʿʝ ʧʨʠʤʝʨ ʩʧʝʢʪʨʘ ʢʦʜ ʥʫʢʣʝʘʨʥʠʭ ʨʝʘʢʮʠʿʘ ʢʦʿʝ ʩʝ ʦʧʠʩʫʿʫ ʪʝʦʨʠʿʦʤ ʩʣʦʞʝʥʦʛ 

ʿʝʟʛʨʘ, ʜʦʢ ʩʘ ʜʝʩʥʝ ʩʫ ʜʠʨʝʢʪʥʝ ʨʝʘʢʮʠʿʝ.ɺʠʜʠ ʩʝ ʠ ʜʘ ʨʝʘʢʮʠʿʝ ʠʟʘʟʚʘʥʝ ʧʨʦʪʦʥʠʤʘ ʠʤʘʿʫ 

ʝʥʝʨʛʝʪʩʢʠ ʧʨʘʛ, ʫʩʣʝʜ ʧʨʠʩʫʩʪʚʘ ʂʫʣʦʥʦʚʦʛ ʧʦʪʝʥʮʠʿʘʣʘ ʿʝʟʛʨʘ ʤʝʪʝ. 

 ʇʦʨʝʜ ʨʘʟʣʠʢʝ ʫ ʝʥʝʨʛʝʪʩʢʠʤ ʩʧʝʢʪʨʠʤʘ ʝʤʠʪʦʚʘʥʠʭ ʯʝʩʪʠʮʘ, ʤʦʞʝ ʩʝ ʧʨʠʤʝʪʠʪʠ ʠ 

ʨʘʟʣʠʯʠʪʘ ʧʨʦʩʪʦʨʥʘ ʨʘʩʧʦʜʝʣʘ ʝʤʠʪʦʚʘʥʠʭ ʯʝʩʪʠʮʘ ʫ ʟʘʚʠʩʥʦʩʪʠ ʦʜ ʤʝʭʘʥʠʟʤʘ ʨʝʘʢʮʠʿʝ 

(ʉʣʠʢʘ 1.3). ɽʤʠʪʦʚʘˁʝ ʯʝʩʪʠʮʘ ʠʟ ʩʣʦʞʝʥʦʛ ʿʝʟʛʨʘ ʿʝ ʧʨʠʙʣʠʞʥʦ ʠʟʦʪʨʦʧʥʘ ʠ ʩʠʤʝʪʨʠʯʥʘ 

ʥʘ ʫʛʣʦʚʠʤʘ ʦʜ 90ʦ. ʋʛʘʦʥʠ ʦʨʙʠʪʘʣʥʠ ʤʦʤʝʥʪ ʯʝʩʪʠʮʘ ʢʦʿʝ ʠʤʘʿʫ ʩʧʠʥ ʿʝʜʥʘʢ ʥʫʣʠ ʿʝ 

ʥʦʨʤʘʣʘʥ ʥʘ ʙʨʟʠʥʫ ʯʝʩʪʠʮʘ. ʉʣʦʞʝʥʦ ʿʝʟʛʨʦ ʬʦʨʤʠʨʘʥʦ ʦʜ ʦʚʘʢʚʠʭ ʯʝʩʪʠʮʘ ˂ʝ ʩʝ 

ʬʦʨʤʠʨʘʪʠ ʩʘ ʫʛʘʦʥʠʤ ʤʦʤʝʥʪʦʤ L, ʢʦʿʠ ʣʝʞʠ ʫ ʨʘʚʥʠ ʢʦʿʘ ʿʝ ʧʦʜ ʫʛʣʦʤ ʦʜ 90o ʫ ʦʜʥʦʩʫ ʥʘ 

ʧʨʘʚʘʮ ʫʧʘʜʥʠʭ ʯʝʩʪʠʮʘ. ʇʨʠ ʦʩʣʦʙʘʹʘˁʫ ʝʥʝʨʛʠʿʝ ʧʦʙʫʜʝ, ʩʣʦʞʝʥʦ ʿʝʟʛʨʦ ʛʫʙʠ ʠ ʫʛʘʦʥʠ 

ʤʦʤʝʥʪ L ʝʤʠʪʦʚʘʥʝ ʯʝʩʪʠʮʝ ʩʝ ʝʤʠʪʫʿʫ ʩʘ ʥʘʿʚʝ˂ʦʤ ʚʝʨʦʚʘʪʥʦ˂ʦʤ ʧʦʜ ʫʛʣʦʚʠʤʘ ʦʜ 0ʦ ʠ 

180ʦ, ʢʘʢʦ ʿʝ ʫʛʘʦʥʠ ʤʦʤʝʥʘʪ ʥʦʨʤʘʣʘʥ ʫ ʦʜʥʦʩʫ ʥʘ ʚʝʢʪʦʨ ʙʨʟʠʥʝ. ʆʜʩʪʫʧʘˁʝ ʦʜ ʠʟʦʪʨʦʧʥʦʛ 

ʝʤʠʪʦʚʘˁʘ ʯʝʩʪʠʮʘ ʩʝ ʧʦʿʘʯʘʚʘ ʩʘ ʧʦʚʝ˂ʘˁʝʤ ʚʨʝʜʥʦʩʪʠ L. ʋ ʩʣʫʯʘʿʫ ʠʟʦʪʨʦʧʥʦʛ ʝʤʠʪʦʚʘˁʘ 

ʯʝʩʪʠʮʘ ʠʟ ʩʣʦʞʝʥʦʛ ʿʝʟʛʨʘ, ʦʥʦ ʥʝʤʘ ʫʛʘʦʥʠ ʤʦʤʝʥʪ.  
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 ʋ ʩʣʫʯʘʿʫ ʜʠʨʝʢʪʥʠʭ ʨʝʘʢʮʠʿʘ, ʫʛʘʦʥʘ ʨʘʩʧʦʜʝʣʘ ʝʤʠʪʦʚʘʥʠʭ ʬʘʚʦʨʠʟʫʿʝ ʧʨʘʚʘʮ 

ʫʧʘʥʠʭ ʯʝʩʪʠʮʘ, ʿʝʨ ʚʝ˂ʠʥʘ ˁʠʭʦʚʝ ʢʠʥʝʪʠʯʢʝ ʝʥʝʨʛʠʿʝ ʙʠʚʘ ʦʜʥʝʰʝʥʘ ʦʜ ʩʪʨʘʥʝ ʠʟʣʘʟʥʠʭ 

ʯʝʩʪʠʮʘ. ʇʦʨʝʜ ʘʥʠʟʦʪʨʦʧʠʿʝ, ʧʨʠʩʫʪʥʦ ʿʝ ʦʩʮʠʣʦʚʘˁʝ ʫ ʚʨʝʜʥʦʩʪʠʤʘ ʜʠʬʝʨʝʥʮʠʿʘʣʥʦʛ 

ʝʬʠʢʘʩʥʦʛ ʧʨʝʩʝʢʘ, ʢʘʢʦ ʜʦʣʘʟʠ ʜʦ ʠʩʧʦˀʘʚʘˁʘ ʪʘʣʘʩʥʠʭ ʦʩʦʙʠʥʘ ʯʝʩʪʠʮʘ. 

 

ʉʣʠʢʘ 1.3 ï ʇʨʦʩʪʦʨʥʘ ʨʘʩʧʦʜʝʣʘ ʠʟʣʘʟʥʠʭ ʯʝʩʪʠʮʘ ʫ ʟʘʚʠʩʥʦʩʪʠ ʦʜ ʪʠʧʘ ʨʝʘʢʮʠʿʝ. 

 

1.3 ɼʝʬʠʥʠʩʘˁʝ ʝʬʠʢʘʩʥʦʛ ʧʨʝʩʝʢʘ 

 

 ɽʬʠʢʘʩʘʥ ʧʨʝʩʝʢ ʧʨʝʜʩʪʘʚˀʘ ʤʝʨʫ ʚʝʨʦʚʘʪʥʦ˂ʝ ʦʜʚʠʿʘˁʘ ʦʜʨʝʹʝʥʝ ʨʝʘʢʮʠʿʝ. ʋʧʘʜʥʠ 

ʩʥʦʧ ʯʝʩʪʠʮʘ ʢʦʿʝ ʧʘʜʘʿʫ ʥʘ ʤʝʪʫ ʫ ʿʝʜʠʥʠʮʠ ʚʨʝʤʝʥʘ I ʧʨʦʠʟʚʦʜʠ ʯʝʩʪʠʮy ʢʦʿa ʩʝ ʝʤʠʪʫʿe ʫ 

ʩʚʠʤ ʧʨʘʚʮʠʤʘ ʫ ʿʝʜʠʥʠʮʠ ʚʨʝʤʝʥʘ N. ɽʬʠʢʘʩʘʥ ʧʨʝʩʝʢ ʩʝ ʫ ʪʦʤʝ ʩʣʫʯʘʿʫ ʤʦʞʝ ʜʝʬʠʥʠʩʘʪʠ 

ʢʘʦ: 

„  
ὔ

Ὅ  ὲ Ὠ
 

(1.14) 

ʛʜʝ d ʠ n ʧʨʝʜʩʪʘʚˀʘʿʫ ʜʝʙˀʠʥʫ ʤʝʪʝ ʠ ʙʨʦʿ ʘʪʦʤʘ ʤʝʪʝ ʧʦ ʿʝʜʠʥʠʮʠ ʟʘʧʨʝʤʠʥʝ. ʆʚʘʢʦ 

ʜʝʬʠʥʠʩʘʥ ʝʬʠʢʘʩʘʥ ʧʨʝʩʝʢ ʠʤʘ ʤʝʨʥʫ ʿʝʜʠʥʠʮʫ ʧʦʚʨʰʠʥʝ. 

 ʇʨʦʜʫʢʪʠ ʨʝʘʢʮʠʿʝ ʙʦʤʙʘʨʜʦʚʘˁʘ ʤʝʪʝ ʯʝʩʪʠʮʘʤʘ ʧʨʦʿʝʢʪʠʣʠʤʘ ʫ ʦʧʰʪʝʤ ʩʣʫʯʘʿʫ 

ʥʝ ʙʠʚʘʿʫ ʝʤʠʪʦʚʘʥʠ ʧʦʜʿʝʜʥʘʢʦ ʫ ʩʚʠʤ ʧʨʘʚʮʠʤʘ. ɺʝʨʦʚʘʪʥʦ˂ʫ ʝʤʠʪʦʚʘˁʘ ʥʘʩʪʘʣʝ ʯʝʩʪʠʮʝ 

ʫ ʧʨʦʩʪʦʨʥʦʤ ʫʛʣʫ dɋ ʫ ʦʜʥʦʩʫ ʥʘ ʤʝʪʫ ʠʩʢʘʟʫʿʝ ʜʠʬʝʨʝʥʮʠʿʘʣʥʠ ʝʬʠʢʘʩʘʥ ʧʨʝʩʝʢ,ʢʦʿʠ ʩʝ 

ʜʝʬʠʥʠʰʝ ʥʘ ʩʣʝʜʝ˂ʠ ʥʘʯʠʥ: 

Ὠ„

ὨЏ
 

Ὠὔ
ὨЏ
 Ὅ ὲ Ὠ

 

(1.15) 

ʛʜʝ 
Ý
 ʧʨʝʜʩʪʘʚˀʘ ʙʨʦʿ ʯʝʩʪʠʮʘ ʝʤʠʪʦʚʘʥʠʭ ʫ ʿʝʜʠʥʠʮʠ ʚʨʝʤʝʥʘ ʢʨʦʟ ʧʨʦʩʪʦʨʥʠ ʫʛʘʦ ὨÝ. 

ɼʠʬʝʨʝʥʮʠʿʘʣʥʠ ʝʬʠʢʘʩʘʥ ʧʨʝʩʝʢ ʜʘʿʝ ʠʥʬʦʨʤʘʮʠʿʝ ʦ ʧʨʦʩʪʦʨʥʦʿ ʨʘʩʧʦʜʝʣʠ ʧʨʦʜʫʢʘʪa 
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ʥʫʢʣʝʘʨʥʝ ʨʝʘʢʮʠʿʝ ʠ ʠʤʘ ʤʝʨʥʫ ʿʝʜʠʥʠʮʫ ʧʦʚʨʰʠʥʝ ʧʦ ʩʪʝʨʘʜʠʿʘʥʫ. ʋʢʫʧʘʥ ʝʬʠʢʘʩʘʥ 

ʧʨʝʩʝʢ ʩʝ ʜʦʙʠʿʘ ʠʥʪʝʛʨʘʮʠʿʦʤ ʜʠʬʝʨʝʥʮʠʿʘʣʥʦʛ ʝʬʠʢʘʩʥʦʛ ʧʨʝʩʝʢʘ ʧʦ ʩʚʠʤ ʫʛʣʦʚʠʤʘ: 

„  
Ὠ„

ὨЏ
ὨЏ 

(1.16) 

 

 ʇʦʨʝʜ ʜʠʬʝʨʝʥʮʠʿʘʣʥʦʛ ʝʬʠʢʘʩʥʦʛ ʧʨʝʩʝʢʘ, ʢʦʿʠ ʛʦʚʦʨʠ ʦ ʚʝʨʦʚʘʪʥʦ˂ʠ ʜʘ ʩʝ ʥʝʢʘ 

ʯʝʩʪʠʮʘ ʥʘʩʪʘʣʘ ʠʟ ʨʝʘʢʮʠʿʝ ʝʤʠʪʫʿʝ ʫ ʦʜʨʝʹʝʥʦʤ ʧʨʦʩʪʦʨʥʦʤ ʫʛʣʫ, ʤʦʞʝ ʩʝ ʜʝʬʠʥʠʩʘʪʠ ʠ 

ʚʝʨʦʚʘʪʥʦ˂ʘ ʜʘ ʯʝʩʪʠʮʘ ʦʜʨʝʹʝʥʝ ʝʥʝʨʛʠʿʝ ʙʫʜʝ ʝʤʠʪʦʚʘʥʘ ʫ ʦʜʨʝʹʝʥʦʤ ʧʨʦʩʪʦʨʥʦʤ ʫʛʣʫ ʠ 

ʪʘʜʘ ʩʝ ʛʦʚʦʨʠ ʦ ʜʚʦʩʪʨʫʢʦ ʜʠʬʝʨʝʥʮʠʿʘʣʥʦʤ ʝʬʠʢʘʩʥʦʤ ʧʨʝʩʝʢʫ 
▀Ɑ

▀Ý ▀ɽ
. 

 ʂʘʜʘ ʜʦʣʘʟʠ ʜʦ ʥʫʢʣʝʘʨʥʝ ʨʝʘʢʮʠʿʝ, ʧʨʦʜʫʢʪʠ ʪʝ ʨʝʘʢʮʠʿʝ ʤʦʛʫ ʜʘ ʙʫʜʫ ʨʘʟʣʠʯʠʪʠ, ʧʘ 

ʩʝ ʤʦʞʝ ʜʝʬʠʥʠʩʘʪʠ ʠ ʪʦʪʘʣʥʠ ʝʬʠʢʘʩʘʥ ʧʨʝʩʝʢ ʟʘ ʥʝʢʫ ʨʝʘʢʮʠʿʫ Ɑʪ. ʆʥ ʧʨʝʜʩʪʘʚˀʘ 

ʚʝʨʦʚʘʪʥʦ˂ʫ ʜʘ ʙʠʣʦ ʢʦʿʘ ʥʫʢʣʝʘʨʥʘ ʨʝʘʢʮʠʿʘ ʦʜʠʛʨʘ ʩʘ ʜʘʪʠʤ ʫʧʘʜʥʠʤ ʯʝʩʪʠʮʘʤʘ ʠ ʜʘʪʦʤ 

ʤʝʪʦʤ. ʆʚʦʿ ʝʬʠʢʘʩʘʥ ʧʨʝʩʝʢ ʩʝ ʤʦʞʝ ʜʦʙʠʪʠ ʤʝʨʝˁʝʤ ʢʦʣʠʢʦ ʿʝ ʦʩʣʘʙʠʦ ʠʥʪʝʥʟʠʪʝʪ 

ʫʧʘʜʥʠʭ ʯʝʩʪʠʮʘ ʢʨʦʟ ʜʘʪʫ ʤʝʪʫ. ɽʬʠʢʘʩʘʥ ʧʨʝʩʝʢ ʠʤʘ ʜʠʤʝʥʟʠʿʫ ʧʦʚʨʰʠʥʝ ʠ ʢʦʨʠʩʪʠ ʩʝ   

ʥʘʿʯʝʰ˂ʝ 1b = 10-28 m2, ʰʪʦ ʦʜʛʦʚʘʨʘ ʧʨʦʿʝʢʮʠʿʠ ʥʘ ʨʘʚʘʥ ʿʝʟʛʨʘ ʤʘʩʝʥʦʛ ʙʨʦʿʘ 100. 

 

1.3.1 ʇʨʦʮʝʥʝ ʚʨʝʜʥʦʩʪʠ ʝʬʠʢʘʩʥʦʛ ʧʨʝʩʝʢʘ 

 

 ʇʨʠʣʠʢʦʤ ʪʫʤʘʯʝˁʘ ʝʬʠʢʘʩʥʦʛ ʧʨʝʩʝʢʘ ʢʦʨʠʰ˂ʝˁʝʤ ʢʣʘʩʠʯʥʝ ʬʠʟʠʢʝ, ʦʚʦ ʿʝ 

ʧʦʪʨʝʙʥʦ ʨʘʟʜʚʦʿʠʪʠ ʥʘ ʜʚʘ ʜʝʣʘ: ʝʬʠʢʘʩʘʥ ʧʨʝʩʝʢ ʝʣʘʩʪʠʯʥʦʛ ʨʘʩʝʿʘˁʘ ʠ ʝʬʠʢʘʩʘʥ ʧʨʝʩʝʢ 

ʥʝʝʣʘʩʪʠʯʥʦʛ ʨʘʩʝʿʘˁʘ ʠʣʠ ʝʬʠʢʘʩʘʥ ʧʨʝʩʝʢ ʨʝʘʢʮʠʿʝ. ɿʘʿʝʜʥʦ ʜʘʿʫ ʫʢʫʧʘʥ ʝʬʠʢʘʩʘʥ ʧʨʝʩʝʢ 

ůʪ. ɽʬʠʢʘʩʘʥ ʧʨʝʩʝʢ ʨʝʘʢʮʠʿʝ ʩʝ ʤʦʞʝ ʘʥʘʣʠʟʠʨʘʪʠ ʦʥʜʘ ʢʘʜʘ ʫʯʝʩʥʠʮʠ ʨʝʘʢʮʠʿʝ ʜʦʹʫ ʥʘ 

ʜʦʚʦˀʥʦ ʙʣʠʩʢʦ ʨʘʩʪʦʿʘˁʝ ʢʦʿʝ ʿʝ ʫ ʜʦʤʝʪʫ ʿʘʢʝ ʠʥʪʝʨʘʢʮʠʿʝ ʠʟʤʝʹʫ ʥʫʢʣʝʦʥʘ ʠ ʪʫ ʩʝ ʤʦʞʝ 

ʜʝʬʠʥʠʩʘʪʠ ʨʘʩʪʦʿʘˁʝ ʠʥʪʝʨʘʢʮʠʿʝ R, ʢʦʿʝ ʧʨʝʜʩʪʘʚˀʘ ʟʙʠʨ ʧʦʣʫʧʨʝʯʥʠʢʘ ʜʚʝ ʯʝʩʪʠʮʝ. ɸʢʦ 

ʿʝ ʨʘʩʪʦʿʘˁʝ ʠʟʤʝʹʫ ʯʝʩʪʠʮʘ ʚʝ˂ʝ, ʥʝ ʜʦʣʘʟʠ ʜʦ ʨʝʘʢʮʠʿʝ, ʘ ʘʢʦ ʿʝ ʦʥʦ ʤʘˁʝ, ʪʘʜʘ ʩʝ ʤʦʞʝ 

ʨʝ˂ʠ ʜʘ ʿʝ ʜʦ ʨʝʘʢʮʠʿʝ ʜʦʰʣʦ. ʈʘʩʪʦʿʘˁʝ ʠʥʪʝʨʘʢʮʠʿʝ R ʥʝʤʘ ʪʘʯʥʦ ʜʝʬʠʥʠʩʘʥʝ ʚʨʝʜʥʦʩʪʠ 

ʟʘ ʨʘʟʣʠʯʠʪʘ ʿʝʟʛʨʘ, ʢʘʢʦ ʩʘʤʦ ʿʝʟʛʨʦ ʥʝʤʘ ʧʨʝʮʠʟʥʦ ʜʝʬʠʥʠʩʘʥʫ ʠʚʠʮʫ.  

 ʐʪʦ ʩʝ ʪʠʯʝ ʨʝʘʢʮʠʿʘ 

ʿʝʟʛʘʨʘ ʩʘ ʫʧʘʜʥʠʤ ʯʝʩʪʠʮʘʤʘ ʢʦʿʝ 

ʥʠʩʫ ʥʘʝʣʝʢʪʨʠʩʘʥʝ, ʢʘʦ ʰʪʦ ʿʝ ʪʦ 

ʩʣʫʯʘʿ ʩʘ ʥʝʫʪʨʦʥʠʤʘ, ʝʬʠʢʘʩʘʥ 

ʧʨʝʩʝʢ ʨʝʘʢʮʠʿʝ ʠʟʥʦʩʠ ů=R2ˊ. 

ʂʘʜʘ ʩʫ ʫ ʧʠʪʘˁʫ ʥʘʝʣʝʢʪʨʠʩʥʝ 

ʯʝʩʪʠʮʝ ʢʦʿʝ ʩʪʫʧʘʿʫ ʫ ʨʝʘʢʮʠʿʫ ʩʘ 

ʿʝʟʛʨʦʤ (Ŭ ʯʝʩʪʠʮʝ), ʝʬʠʢʘʩʘʥ 

ʧʨʝʩʝʢ ʠʤʘ ʜʨʫʛʘʯʠʿʫ ʚʨʝʜʥʦʩʪ, 
ʉʣʠʢʘ 1.4 ï ʈʘʩʝʿʘˁʝ ʫʧʘʜʥʝ ʯʝʩʪʠʮʝ ʠ ʜʝʬʠʥʠʩʘˁʝ ʧʘʨʘʤʝʪʨʘ b ï 

ʥʘʿʙʣʠʞʝ ʨʘʩʪʦʿʘˁʝ ʫʧʘʜʥʝ ʯʝʩʪʠʮʝ ʦʜ ʿʝʟʛʨʘ ʤʝʪʝ.   
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ʢʘʢʦ ʠʟʤʝʹʫ ʯʝʩʪʠʮʘ ʜʝʣʫʿʝ ʠ ʂʫʣʦʥʦʚʘ ʩʠʣʘ ʢʦʿʘ ʜʝʬʦʨʤʠʰʝ ʧʫʪʘˁʫ ʯʝʩʪʠʮʝ ʠ ʧʨʝ ʥʝʛʦ 

ʰʪʦ ʿʝ ʧʨʠʰʣʘ ʜʦʚʦˀʥʦ ʙʣʠʟʫ ʜʘ ʙʠ ʥʫʢʣʝʘʦʥʠ ʠʥʪʝʨʝʘʛʦʚʘʣʠ ʿʘʢʦʤ ʠʥʪʝʨʘʢʮʠʿʦʤ. ʂʘʜʘ 

ʫʧʘʜʥʘ ʥʘʝʣʝʢʪʨʠʩʘʥʘ ʯʝʩʪʠʮʘ ʧʨʠʣʘʟʠ ʿʝʟʛʨʫ, ʩʚʘʢʠ ʩʣʫʯʘʿ ʢʦʿʠ ʥʠʿʝ ʜʠʨʝʢʪʥʠ ʯʝʦʥʠ ʩʫʜʘʨ 

ʠʟʘʟʚʘ˂ʝ ʟʘʢʨʠʚˀʝˁʝ ʧʫʪʘˁʝ ʫʧʘʜʥʝ ʯʝʩʪʠʮʝ. ʈʘʩʪʦʿʘˁʝ ʮʝʥʪʨʘ ʫʧʘʜʥʝ ʯʝʩʪʠʮʝ ʦʜ ʧʨʘʚʮʘ ʫ 

ʩʣʫʯʘʿʫ ʯʝʦʥʦʛ ʩʫʜʘʨʘ ʦʙʝʣʝʞʘʚʘ ʩʝ ʩʘ b (ʝʥʛʣ. Impact parameter). ʆʚʘ ʚʨʝʜʥʦʩʪ ʿʝ ʤʘˁʘ ʢʘʢʦ 

ʿʝ ʢʠʥʝʪʠʯʢʘ ʝʥʝʨʛʠʿʘ ʫʧʘʜʥʝ ʯʝʩʪʠʮʝ ʚʝ˂ʘ. ʇʦʜ ʧʨʝʪʧʦʩʪʘʚʢʦʤ ʜʘ ʩʝ ʟʘʥʝʤʘʨʫʿʝ ʫʟʤʘʢ 

ʿʝʟʛʨʘ, ʤʦʞʝ ʜʘ ʩʝ ʜʦʙʠʿʝ ʝʬʠʢʘʩʘʥ ʧʨʝʩʝʢ ʫ ʟʘʚʠʩʥʦʩʪʠ ʦʜ ʝʥʝʨʛʠʿʝ ʫʧʘʜʥʝ ʯʝʩʪʠʮʝ (49): 

„ Ὑ“
Ὁȟ

Ὁ
 Ὑ“ρ  

Ὁ

Ὁ
 

(1.17) 

 

ʋ ʠʟʨʘʟʫ ʟʘ ʝʬʠʢʘʩʘʥ ʧʨʝʩʝʢ (1.17) ╔ȟ ʧʨʝʜʩʪʘʚˀʘ ʢʠʥʝʪʠʯʢʫ ʝʥʝʨʛʠʿʫ ʫ ʪʨʝʥʫʪʥʫ ʥʘʿʙʣʠʞʝʛ 

ʨʘʩʪʦʿʘˁʘ ʜʚʝ ʯʝʩʪʠʮʝ d (ʉʣʠʢʘ 1.4), ɽ ʧʦʯʝʪʥʘ ʢʠʥʝʪʠʯʢʘ ʝʥʝʨʛʠʿʘ ʫʧʘʜʥʝ ʯʝʩʪʠʮʝ, ╔▬ 

ʧʦʪʝʥʮʠʿʘʣʥʘ ʝʥʝʨʛʠʿʘ ʂʫʣʦʥʦʚʦʛ ʧʦˀʘ ʢʦʿʝ ʧʦʪʠʯʝ ʦʜ ʿʝʟʛʨʘ ʤʝʪʝ. ɽʬʠʢʘʩʘʥ ʧʨʝʩʝʢ ʩʝ ʤʦʞʝ 

ʠʟʨʘʟʠʪʠ ʠ ʧʨʝʢʦ ʪʘʣʘʩʥʦʛ ʙʨʦʿʘ ʫʧʘʜʥʝ ʯʝʩʪʠʮʝ Ὧ
˂
 ʠ ʫʛʘʦʥʦʛ ʤʦʤʝʥʪʘ ʿʝʟʛʨʘ ʤʝʪʝ (49): 

„
“ὰ ὰ ρ̯

Ὧ̯

“ὰ

Ὧ
 

(1.18) 

 

ʠʟʚʝʜʝʥʠ ʝʬʠʢʘʩʥʠ ʧʨʝʩʝʮʠ ʧʨʝʜʩʪʘʚˀʘʿʫ ʘʧʨʦʢʩʠʤʘʮʠʿʝ ʢʣʘʩʠʯʥʝ ʬʠʟʠʢʝ ʿʝʨ ʩʝ 

ʧʨʝʪʧʦʩʪʘʚˀʘ ʜʘ ʩʠʛʫʨʥʦ ʜʦʣʘʟʠ ʜʦ ʥʫʢʣʝʘʨʥʝ ʠʥʪʝʨʘʢʮʠʿʝ ʜʚʝ ʯʝʩʪʠʮʝ ʘʢʦ ʩʝ ʥʘʹʫ ʥʘ 

ʨʘʩʪʦʿʘˁʫ ʤʘˁʝʤ ʠʣʠ ʿʝʜʥʘʢʦʤ ʟʙʠʨʫ ˁʠʭʦʚʠʭ ʧʦʣʫʧʨʝʯʥʠʢʘ. ɱʦʰ ʿʝʜʥʘ ʧʨʝʪʧʦʩʪʘʚʢʘ ʢʦʿʘ 

ʚʘʞʠ ʿʝ ʠ ʪʘ ʜʘ ʫʢʦʣʠʢʦ ʫʧʘʜʥʘ ʯʝʩʪʠʮʘ ʥʝʤʘ ʜʦʚʦˀʥʫ ʢʠʥʝʪʠʯʢʫ ʝʥʝʨʛʠʿʫ ʜʘ ʩʘʚʣʘʜʘ 

ʦʜʙʦʿʥʠ ʂʫʣʦʥʦʚ ʧʦʪʝʥʮʠʿʘʣ ʿʝʟʛʨʘ, ʜʦ ʥʫʢʣʝʘʨʥʝ ʠʥʪʝʨʘʢʮʠʿʝ ʥʝ ʜʦʣʘʟʠ.  

 ʈʘʟʤʘʪʨʘˁʝ ʝʬʠʢʘʩʥʦʛ ʧʨʝʩʝʢʘ ʢʦʨʠʩʪʝ˂ʠ ʩʝ ʩʘʤʦ ʢʣʘʩʠʯʥʦʤ ʬʠʟʠʢʦʤ ʜʦʚʦˀʥʦ ʿʝ ʫ 

ʩʣʫʯʘʿʝʚʠʤʘ ʢʘʜʘ ʟʘ ʚʠʩʢʝ ʝʥʝʨʛʠʿʝ, ʦʜʥʦʩʥʦ ʟʘ ʩʣʫʯʘʿʝʚʝ ʢʘʜʘ ɼʝ ɹʨʦˀʝʚʘ ʪʘʣʘʩʥʘ ʜʫʞʠʥʘ 

‗  ʠʤʘ ʚʨʝʜʥʦʩʪ ʤʘˁʝ ʫ ʦʜʥʦʩʫ ʥʘ ʜʠʤʝʥʟʠʿʝ ʿʝʟʛʨʘ, ʠʣʠ ʘʢʦ ʩʝ ʥʘʩʪʘʚʠ ʧʨʝʪʭʦʜʥʦ 

ʨʘʟʤʘʪʨʘˁʝ, ʫ ʦʜʥʦʩʫ ʥʘ ʟʙʠʨ ʧʦʣʫʧʨʝʯʥʠʢʘ ʫʧʘʜʥʠʭ ʯʝʩʪʠʮʘ ʠ ʿʝʟʛʨʘ ʤʝʪʝ R. ʂʘʜʘ ʪʦ ʥʠʿʝ 

ʩʣʫʯʘʿ, ʧʫʪʘˁʘ ʯʝʩʪʠʮʝ ʩʝ ʥʝ ʤʦʞʝ ʩʘ ʩʠʛʫʨʥʦʰ˂ʫ ʦʜʨʝʜʠʪʠ ʠ ʪʫʤʘʯʝˁʝ ʧʨʝʢʦ ʠʤʧʘʢʪ 

ʧʘʨʘʤʝʪʨʘ (b) ʠ ʛʝʦʤʝʪʨʠʿʩʢʦʛ ʝʬʠʢʘʩʥʦʛ ʧʨʝʩʝʢʘ ʚʠʰʝ ʥʝ ʚʘʞʠ. ʀʥʪʝʨʧʨʝʪʘʮʠʿʝ ʩʝ ʤʦʞʝ 

ʠʟʚʨʰʠʪʠ ʧʦʣʫ- ʢʣʘʩʠʯʥʦ, ʢʘʢʦ ʩʫ ʪʦ ʫʨʘʜʠʣʠ ɹʣʘʪ (John Markus Blatt) ʠ ɺʘʿʩʢʦʧʬ (Victor 

Frederick  Weisskopf) (50). 

 

https://archive.org/search.php?query=creator%3A%22Blatt%2C+John+Markus%22
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ʉʣʠʢʘ 1.5 ï ʐʝʤʘʪʩʢʠ ʧʨʠʢʘʟ ʟʦʥʘ ʠʥʪʝʨʘʢʮʠʿʘ ʫ ʦʧʠʩʠʚʘˁʫ ʥʫʢʣʝʘʨʥʠʭ ʨʝʘʢʮʠʿʘ. 

 ʄʝʩʪʦ ʛʜʝ ʜʦʣʘʟʠ ʜʦ ʠʥʪʝʨʘʢʮʠʿʝ, ʘʢʦ ʩʝ ʧʦʩʤʘʪʨʘ ʠʟ ʧʝʨʩʧʝʢʪʠʚʝ ʫʧʘʜʥʝ ʯʝʩʪʠʮʝ 

(ʉʣʠʢʘ 1.5) ʤʦʞʝ ʜʘ ʩʝ ʧʦʜʝʣʠ ʥʘ ʢʦʥʮʝʥʪʨʠʯʥʝ ʟʦʥʝ ʥʘ ʨʘʩʪʦʿʘˁʠʤʘ 
 

 (ʨʝʜʫʢʦʚʘʥʘ ʪʘʣʘʩʥʘ 

ʜʫʞʠʥʘ), ʘ ˁʠʭʦʚ ʮʝʥʪʘʨ ʧʨʝʜʩʪʘʚˀʘ ʤʝʩʪʦ ʩʫʜʘʨʘ. ʆʟʥʘʢʝ ʢʦʥʮʝʥʪʨʠʯʥʠʭ ʢʨʫʛʦʚʘ ʩʫ ʧʦ 

ʦʨʙʠʪʘʣʥʦʤ ʫʛʘʦʥʦʤ ʤʦʤʝʥʪʫ ʦʜ l = 0, ʜʘˀʝ, ʜʦʢ ʩʫ ʧʦʣʫʧʨʝʯʥʠʮʠ ʢʦʥʮʝʥʪʨʠʯʥʠʭ ʢʨʫʛʦʚʘ 
 
ȟς ȟσ   ʠʪʜ. ʅʘʿʤʘˁʠ ʢʦʥʮʝʥʪʨʠʯʥʠ ʢʨʫʛ (l = 0) ʦʜʛʦʚʘʨʘ ʯʝʩʪʠʮʘʤʘ ʢʦʿʝ ʠʤʘʿʫ ʠʤʧʘʢʪ 

ʧʘʨʘʤʝʪʘʨ ʤʘˁʠ ʦʜ ʚʨʝʜʥʦʩʪʠ . ɼʨʫʛʦʤ ʢʨʫʛʫ ʦʜʛʦʚʘʨʘʿʫ ʯʝʩʪʠʮʝ ʢʦʿʝ ʠʤʘʿʫ ʠʤʧʘʢʪ 

ʧʘʨʘʤʝʪʘʨ ʦʜ  ʜʦ ς  ʠ ʪʘʢʦ ʨʝʜʦʤ. ɿʘ ʦʜʨʝʹʝʥʫ ʟʦʥʫ ʦʜ l ʜʦ l +1 ʦʜʛʦʚʘʨʘʿʫ ʯʝʩʪʠʮʝ ʢʦʿʝ 

ʠʤʘʿʫ ʚʨʝʜʥʦʩʪʠ ʫʛʘʦʥʦʛ ʤʦʤʝʥʪʘ ʦʜ ὴὰ ʜʦ ὴὰ ρ . ʆʜʥʦʩʥʦ ʦʜ ὰ ˂  ʜʦ ὰ ρ .˂ ʆʚʘʢʚʦ 

ʪʫʤʘʯʝˁʝ ʦʜʛʦʚʘʨʘ ʪʦʤʝ ʜʘ ʩʝ ʤʦʞʝ ʫʧʘʜʥʠ ʩʥʦʧ ʯʝʩʪʠʮʘ ʤʦʞʝ ʧʦʩʤʘʪʨʘʪʠ ʢʘʦ ʨʘʚʘʥ ʫʧʘʜʥʠ 

ʪʘʣʘʩ ʠ ʦʥ ʩʝ ʤʦʞʝ ʧʦʜʝʣʠʪʠ ʥʘ  ὰ ʜʝʣʦʚʘ ʢʦʿʠ ʦʜʛʦʚʘʨʘʿʫ ʿʝʜʥʦʿ ʟʦʥʠ ʠ ʿʝʜʥʦʤ ʝʬʠʢʘʩʥʦʤ 

ʧʨʝʩʝʢʫ ʟʦʥʝ: 

„ ςὰ ρ“
‗

ς“
 

(1.19) 

ʠ ʦʜʛʦʚʘʨʘ ʛʦʨˁʦʿ ʛʨʘʥʠʮʠ ʝʬʠʢʘʩʥʦʛ ʧʨʝʩʝʢʘ ʟʘ ʟʦʥʫ. ɿa ʮʝʣʫ ʨʝʘʢʮʠʿʫ, ʝʬʠʢʘʩʘʥ ʧʨʝʩʝʢ 

ʿʝ: 

„ȟ ςὰ ρ“
‗

ς“
 

(1.20) 

 ʆʚʘʢʘʚ ʧʨʠʩʪʫʧ ʿʝ ʦʜʛʦʚʘʨʘʿʫ˂ʠ ʟʘ ʨʘʟʤʘʪʨʘˁʝ ʨʝʘʢʮʠʿʘ ʧʨʠ ʫʧʘʜʥʠʤ ʯʝʩʪʠʮʘʤʘ ʩʘ 

ʤʘʣʦʤ ʢʠʥʝʪʠʯʢʦʤ ʝʥʝʨʛʠʿʦʤ. ʉʘ ʧʦʨʘʩʪʦʤ ʚʨʝʜʥʦʩʪʠ ʫʛʘʦʥʦʛ ʤʦʤʝʥʪʘ l ʜʦʣʘʟʠ ʜʦ ʙʨʟʦʛ 

ʩʤʘˁʠʚʘˁʘ ʧʦʢʣʘʧʘˁʘ ʟʦʥʝ ʩʘ ʿʝʟʛʨʦʤ ʠ ʙʨʟʦ ʩʝ ʜʦʩʪʠʞʝ ʨʘʩʪʦʿʘˁʝ ʥʘ ʢʦʿʝʤ ʥʝ ʜʦʣʘʟʠ ʜʦ 

ʥʫʢʣʝʘʨʥʝ ʠʥʪʝʨʘʢʮʠʿʝ.  ʅʘʿʯʝʰ˂ʠ ʿʝ ʩʣʫʯʘʿ ʜʘ ʩʝ ʚʝʦʤʘ ʤʘʣʦ ʟʦʥʘ ʫʟʠʤʘ ʫ ʦʙʟʠʨ ʧʨʠʣʠʢʦʤ 

ʨʘʯʫʥʘ ʫ ʘʥʘʣʠʟʘʤʘ. ʅʘʿʝʢʩʪʨʝʤʥʠʿʠ ʿʝ ʩʣʫʯʘʿ ʨʝʘʢʮʠʿʘ ʩʘ ʩʧʦʨʠʤ ʥʝʫʪʨʦʥʘ, ʛʜʝ ʩʝ ʫʟʠʤʘ 

ʩʘʤʦ ʧʨʚʘ ʟʦʥʘ, ʘ ʚʨʝʜʥʦʩʪ ḺὙ. 
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1.3.2 ʆʧʪʠʯʢʠ ʤʦʜʝʣ 

 

 ɽʣʘʩʪʠʯʥʦ ʨʘʩʝʿʘˁʝ ʫʟ ʧʨʠʩʫʩʪʚʦ ʘʧʩʦʨʧʮʠʿʝ ʩʝ ʤʦʞʝ ʦʧʠʩʘʪʠ ʦʧʪʠʯʢʠʤ ʤʦʜʝʣʦʤ 

ʢʦʿʠ ʩʝ ʟʘʩʥʠʚʘ ʥʘ ʠʥʪʝʨʘʢʮʠʿʠ ʩʚʝʪʣʦʩʪʠ ʩʘ ʜʝʣʠʤʠʯʥʦ ʥʝʧʨʦʟʠʨʥʦʤ ʢʫʛʣʦʤ. ʈʘʩʝʿʘˁʝ ʩʝ 

ʪʫʤʘʯʠ ʫʟ ʧʦʤʦ˂ ʢʦʤʧʣʝʢʩʥʦʛ ʧʦʪʝʥʮʠʿʘʣʘ, ʢʦʿʠ ʠʤʘ ʦʙʣʠʢ ʧʦʪʝʥʮʠʿʘʣʥʝ ʿʘʤʝ 

Ὗὶ  ὠὶ  Ὥὡὶ ̈ ́ὶ  Ὑ  

Ὗὶ  π                            ̈ ́ὶ  Ὑ 

(1.21) 

ὠὶ ʧʨʝʜʩʪʘʚˀʘ ʜʝʦ ʢʦʿʠ ʦʙʿʘʰˁʘʚʘ ʝʣʘʩʪʠʯʥʦ ʨʘʩʝʿʘˁʝ ʠ ʫʨʘʯʫʥʘʚʘ ʨʘʟʣʠʯʠʪʝ ʩʪʚʘʨʠ: 

ʂʫʣʦʥʦʚ ʧʦʪʝʥʮʠʿʘʣ ʢʦʿʠ ʿʝ ʦʜʙʦʿʥʠ, ʩʧʠʥ-ʦʨʙʠʪʘʣʥʠ ʧʦʪʝʥʮʠʿʘʣ ʠ ʧʨʠʚʣʘʯʥʠ ʥʫʢʣʝʘʨʥʠ 

ʧʦʪʝʥʮʠʿʘʣ ʠ ʩʣʠʯʘʥ ʿʝ ʧʦʪʝʥʮʠʿʘʣʫ ʢʦʿʠ ʩʝ ʦʧʠʩʫʿʝ ʫ ʤʦʜʝʣʫ ˀʫʩʢʠ. ʀʤʘʛʠʥʘʨʘʥ ʜʝʦ ὡ ὶ 

ʦʙʿʘʰˁʘʚʘ ʘʧʩʦʨʧʮʠʿʫ. 

 ʋʧʘʜʥʘ ʯʝʩʪʠʮʘ ʢʦʿʘ ʩʝ ʧʦʩʤʘʪʨʘ ʢʘʦ ʨʘʚʘʥ ʫʧʘʜʥʠ ʪʘʣʘʩ ʜʦʞʠʚˀʘʚʘ ʠʥʪʝʨʘʢʮʠʿʫ ʟʘ 

ʧʦʪʝʥʮʠʿʘʣʦʤ ʿʝʟʛʨʘ ʤʝʪʝ ʠ ʧʨʠ ʪʦʤʝ ʜʦʣʘʟʠ ʜʦ ʩʣʘʙˀʝˁʘ ʪʦʛ ʪʘʣʘʩʘ ʫ ʿʝʟʛʨʫ. ʋʧʘʜʥʠ ʪʘʣʘʩ 

ʦʧʠʩʫʿʝ ʩʝ ʿʝʜʥʘʯʠʥʦʤ ʝ . ʇʘʨʘʤʝʪʘʨ k ʧʨʝʜʩʪʘʚˀʘ ʪʘʣʘʩʥʠ ʙʨʦʿ:  

Ὧ  Ὧ ὭὯ
ςάὉ ὠ Ὥὡ

̯
 

(1.22) 

ʢʦʿʠ ʩʝ ʜʦʙʠʿʘ ʨʝʰʘʚʘˁʝʤ ʐʨʝʜʠʥʛʝʨʦʚʝ ʿʝʜʥʘʯʠʥʝ ʟʘ ʧʦʤʝʥʫʪʠ ʧʦʪʝʥʮʠʿʘʣ. ʀʥʪʝʥʟʠʪʝʪ 

ʫʧʘʜʥʦʛ ʪʘʣʘʩʘ ʦʧʘʜʘ ʝʢʩʧʦʥʝʥʮʠʿʘʣʥʦ ʢʘʢʦ ʧʨʦʣʘʟʠ ʢʨʦʟ ʿʝʟʛʨʦ. ɿʘ ʩʣʫʯʘʿ ʢʘʜʘ ʚʘʞʠ ʜʘ ʿʝ 

Ὁ ὠ ʤʥʦʛʦ ʚʝ˂ʝ ʦʜ ὡ, ʰʪʦ ʧʨʝʜʩʪʘʚˀʘ ʩʣʫʯʘʿ ʩʣʘʙʝ ʘʪʝʥʫʘʮʠʿʝ, ʪʘʣʘʩʥʠ ʙʨʦʿ ʩʝ ʜʦʙʠʿʘ ʫ 

ʦʙʣʠʢʫ (51):  

Ὧ  
ςάὉ ὠ

̯
Ὥὡ

ςά

̯

ρ

Ὁ ὠ
 

(1.23) 

ʇʫʪ ʢʦʿʠ ʪʘʣʘʩ ʧʨʝʹʝ ʫ ʿʝʟʛʨʫ ʘ ʜʘ ʩʝ ˁʝʛʦʚ ʠʥʪʝʥʟʠʪʝʪ ʩʤʘˁʠ ʝ ʧʫʪʘ ʩʝ ʜʦʙʠʿʘ ʜʘ ʿʝ Ὠ , 

ʰʪʦ ʟʘ ʫʧʘʜʥʝ ʧʨʦʪʦʥʝ ʝʥʝʨʛʠʿʘ 30 MeV ʠʟʥʦʩʠ ʦʢʦ 4 10-15 m. Oʚʦ ʟʥʘʯʠ ʜʘ ʫʧʘʜʥʠ ʧʨʦʪʦʥʠ 

ʧʨʦʜʠʨʫ ʜʫʙˀʝ ʫ ʿʝʟʛʨʦ ʦʜ ʩʘʤʝ ʧʦʚʨʰʠʥʝ.  

 ʇʨʠʤʝʥʘ ʦʧʪʠʯʢʦʛ ʧʦʪʝʥʮʠʿʘʣʘ ʥʘ ʪʫʤʘʯʝˁʝ ʨʘʩʝʿʘˁʘ ʩʝ ʚʨʰʠ ʤʝˁʘˁʝʤ ʧʘʨʘʤʝʪʘʨʘ 

ʦʧʪʠʯʢʦʛ ʧʦʪʝʥʮʠʿʘʣʘ, ʧʨʚʦ ˁʝʛʦʚʦʛ ʦʙʣʠʢʘ ʧʘ ʟʘʪʠʤ ʠ ʦʩʪʘʣʠʭ ʧʘʨʘʤʝʪʘʨʘ ʢʦʿʠ ʩʝ ʫ ˁʝʤʫ 

ʬʠʛʫʨʠʰʫ (ʉʣʠʢʘ 1.6), ʩʚʝ ʜʦʢ ʩʝ ʥʝ ʜʦʙʠʿʝ ʥʘʿʙʦˀʝ ʩʣʘʛʘˁʝ ʩʘ ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʠʤ ʧʦʜʘʮʠʤʘ 

(ʉʣʠʢʘ 1.7). ʅʘʿʘʜʝʢʚʘʪʥʠʿʘ ʬʦʨʤʘ ʧʦʪʝʥʮʠʿʘʣʘ ʿʝʟʛʨʘ: 

ὠὶ  
ὠ

ρ Ὡ
 

(1.24) 

ɻʜʝ ʿʝ R ʨʘʩʪʦʿʘˁʝ ʦʜ ʮʝʥʪʨʘ ʿʝʟʛʨʘ ʛʜʝ ʿʝ ʚʨʝʜʥʦʩʪ ʧʦʪʝʥʮʠʿʘʣʘ ʧʦʣʦʚʠʥʘ ʮʝʥʪʨʘʣʥʝ 

ʚʨʝʜʥʦʩʪʠʘ ʠ ʘ ʧʘʨʘʤʝʪʘʨ ʜʠʬʫʟʠʿʝ ʧʦʚʨʰʠʥʝ ʿʝʟʛʨʘ 
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 ʀʟ ʦʙʣʠʢʘ ʧʦʪʝʥʮʠʿʘʣʘ ʩʝ ʤʦʞʝ 

ʜʦʙʠʪʠ ʬʫʥʢʮʠʿʘ ʛʫʩʪʠʥʝ ʨʘʩʧʦʜʝʣʝ 

ʥʫʢʣʝʦʥʘ. ʆʚʘʢʦ ʜʦʙʠʿʝʥʠ ʨʝʟʫʣʘʪʠ 

ʨʘʩʧʦʜʝʣʝ ʛʦʚʦʨʝ ʜʘ ʿʝ ʫ ʛʦʪʦʚʦ ʩʚʠʤ 

ʿʝʟʛʨʠʤʘ ʨʘʩʧʦʜʝʣʘ ʥʝʫʪʨʦʥʘ ʠ ʧʨʦʪʦʥʘ 

ʩʣʠʯʥʘ. ʆʚʦ ʿʝ ʩʣʫʯʘʿ ʠ ʢʦʜ ʿʝʟʛʘʨʘ ʢʦʿʘ ʠʤʘʿʫ 

ʚʝ˂ʠ ʙʨʦʿ ʥʝʫʪʨʦʥʘ ʫ ʦʜʥʦʩʫ ʥʘ ʧʨʦʪʦʥʝ. 

ʆʧʪʠʯʢʠ ʤʦʜʝʣ ʧʨʝʜʩʪʘʚˀʘ ʢʦʨʠʩʪʘʥ ʘʣʘʪ ʫ 

ʪʫʤʘʯʝˁʫ ʝʣʘʩʪʠʯʥʠʭ ʠ ʥʝʝʣʘʩʪʠʯʥʠʭ 

ʨʘʩʝʿʘˁʘ ʠ ʜʘʿʝ ʥʘ ʠʥʜʠʨʝʢʪʘʥ ʥʘʯʠʥ 

ʟʥʘʯʘʿʥʝ ʠʥʬʦʨʤʘʮʠʿʝ ʦ ʦʩʦʙʠʥʘʤʘ ʿʝʟʛʘ. 

ʄʝʹʫʪʠʤ, ʥʝ ʜʘʿʝ ʠʥʬʦʨʤʘʮʠʿʝ ʢʘʢʚʠ 

ʤʝʭʘʥʠʟʤʠ ʜʦʚʦʜʝ ʜʦ ʩʣʘʙˀʝˁʘ ʫʧʘʜʥʦʛ 

ʩʥʦʧʘ ʯʝʩʪʠʮʘ ʠʣʠ ʰʪʘ ʩʝ ʩʘ ˁʠʤʘ ʜʝʰʘʚʘ 

ʧʨʠʣʠʢʦʤ ʪʦʛ ʧʨʦʮʝʩʘ. 

 

 

ʉʣʠʢʘ 1.7 ï ʇʨʠʤʝʨ ʬʠʪʦʚʘˁʘ ʧʘʨʘʤʝʪʘʨʘ ʥʘ ʦʩʥʦʚʫ ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʠʭ ʧʦʜʘʪʘʢʘ ʟʘ 

ʜʠʬʝʨʝʥʮʠʿʘʣʥʠ ʝʬʠʢʘʩʘʥ ʧʨʝʩʝʢ ʠ ʧʦʣʘʨʠʟʘʮʠʿʝ ʟʘ ʝʣʘʩʪʠʯʥʦ ʨʘʩʝʿʘˁʝ ʧʨʦʪʦʥʘ ʫʧʘʜʥʠʭ 

ʝʥʝʨʛʠʿʘ 10 MeV. ɽʢʩʧʝʨʠʤʝʥʪʘʣʥʠ ʧʦʜʘʮʠ ʩʫ ʦʟʥʘʯʝʥʠ ʪʘʯʢʘʤʘ, ʜʦʢ ʩʫ ʧʫʥʠʤ ʣʠʥʠʿʘʤʘ 

ʧʨʝʜʩʪʘʚˀʝʥʠ ʧʦʜʘʮʠ ʜʦʙʠʿʝʥʠ ʬʠʪʦʚʘˁʝʤ ʧʘʨʘʤʝʪʘʨʘ. ʉʣʠʢʘ ʧʨʝʫʟʝʪʘ ʠʟ (51) 

 

ʉʣʠʢʘ 1.6 ï ʌʫʥʢʮʠʿʝ V ʠ W(dV/dr) ʫ ʦʧʪʠʯʢʦʤ 

ʤʦʜʝʣʫ ʟʘ ʚʨʝʜʥʦʩʪʠ ʧʘʨʘʤʝʪʘʨʘ ʫ ʬʦʨʤʫʣʠ 

(1.24) V=40MeV, R = 1.25A1/3, a = 0.523 fm, ʟʘ 

ʿʝʟʛʨʦ ʤʘʩʝʥʦʛ ʙʨʦʿʘ 64. 
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1.3.3 ɼʠʨʝʢʪʥʝ ʨʝʘʢʮʠʿʝ 

 

 ɼʠʨʝʢʪʥʝ ʨʝʘʢʮʠʿʝ ʩʝ ʦʜʠʛʨʘʚʘʿʫ ʧʨʠ 

ʚʠ ʠhʤ ʝʥʝʨʛʠʿʘʤʘ ʫʧʘʜʥʠʭ ʯʝʩʪʠʮʘ ʥʘ ʿʝʟʛʨʦ. 

ʅʫʢʣʝʦʥ ʝʥʝʨʛʠʿʝ ʦʜ ʦʢʦ 20 MeV ʠʤʘ ɼʝ 

ɹʨʦˀʝʚʫ ʪʘʣʘʩʥʫ ʜʫʞʠʥʫ ʦʜ 10-15 m, ʧʘ ʤʦʞʝ ʜʘ 

ʠʥʪʝʨʝʘʛʫʿʝ ʩʘ ʥʫʢʣʝʦʥʠʤʘ ʧʦʿʝʜʠʥʘʯʥʦ. ʋ ʦʚʫ 

ʛʨʫʧʫ ʨʝʘʢʮʠʿʘ ʩʧʘʜʘ ʥʝʝʣʘʩʪʠʯʥʦ ʨʘʩʝʿʘʚʘˁʝ ʥʘ 

ʥʝʢʦʤ ʦʜ ʥʠʚʦʘ ʿʝʟʛʨʘ ʠʣʠ ʨʝʘʘʢʮʠʿʝ ʪʨʘʥʩʬʝʨʘ.  

 ʇʨʠʣʠʢʦʤ ʜʠʨʝʢʪʥʠʭ ʨʝʘʢʮʠʿʘ ʜʦʣʘʟʠ ʜʦ 

ʨʘʟʤʝʥʝ ʫʛʘʦʥʦʛ ʤʦʤʝʥʪʘ ʠʟʤʝʹʫ ʫʯʝʩʥʠʢʘ 

ʨʝʘʢʮʠʿʝ ʫ ʪʘʯʢʠ ʩʫʜʘʨʘ. ʂʣʘʩʠʯʥʦʤ ʧʨʝʜʩʪʘʚʦʤ 

ʤʦʞʝ ʩʝ ʥʘʧʠʩʘʪʠ ʚʝʟʘ ʠʟʤʝʹʫ ʠʤʧʫʣʩʘ ʫʧʘʜʥʠʭ 

ʯʝʩʪʠʮʘ ʠ ʦʥʠʭ ʢʦʿʝ ʥʘʧʫʪhʘʿʫ ʨʝʘʢʮʠʿʫ: 

ὴ ὴ ὴ ςὴὴÃÏÓ—  ὴ ὴ τὴὴÓÉÎ
—

ς
 

(1.25) 

 ʂʦʣʠʯʠʥʘ ʫʛʘʦʥʦʛ ʤʦʤʝʥʪʘ ʢʦʿʠ ʩʝ ʨʘʟʤʝˁʫʿʝ ʠʟʥʦʩʠ ὰὰ ρ˂ ὴὙ. ʋ ʩʣʫʯʘʿʫ 

ʢʘʜʘ ʿʝ ʫʧʘʜʥʘ ʝʥʝʨʛʠʿʘ ʤʥʦʛʦ ʚʝ˂ʘ ʫ ʦʜʥʦʩʫ ʥʘ ʝʥʝʨʛʠʿʫ ʢʦʿʘ ʩʝ ʨʘʟʤʝʥʠ ʧʨʠʣʠʢʦʤ 

ʥʝʝʣʘʩʪʠʯʥʦʛ ʩʫʜʘʨʘ, ʤʦʞʝ ʩʝ ʧʦʩʤʘʪʨʘʪʠ ʜʘ ʩʫ ʧʨʠʙʣʠʯʥʦ ʠʩʪʠ ʠʤʧʫʩʣʠ ʫʧʘʜʥʠʭ ʠ ʯʝʩʪʠʮʘ 

ʢʦʿʝ ʥʘʧʫˁʪʘʿʫ ʨʝʘʢʮʠʿʫ (ὴ), ʧʘ ʩʝ ʧʨʝʪʭʦʜʥʘ ʿʝʜʥʘʯʠʥʘ ʤʦʞʝ ʫʧʨʦʩʪʠʪʠ: 

ÓÉÎ
—

ς

ὴ

ὴ

ὰὰ ρὧ̯

ςὴὧὙ
 

(1.26) 

 ʅʘ ʧʨʠʤʝʨʫ (ʉʣʠʢʘ 1.9) ʚʠʜʠ ʩʝ ʥʝʝʣʘʩʠʯʥʦ ʨʘʩʝʿʘˁʝ 3ʅ ʥʘ 90Zr ʠ ʪʦʤ ʧʨʠʣʠʢʦʤ ʩʫ 

ʧʦʙʫʹʝʥʘ ʩʪʘˁʘ 5- ʠ 3- ʥʘ ʥʘʚʝʜʝʥʝ ʝʥʝʨʛʠʿʝ. ʊʫʤʘʯʝˁʝʤ ʜʠʨʝʢʪʥʠʭ ʨʝʘʢʮʠʿʘ ʜʦʙʠʿʘʿʫ ʩʝ 

ʠʥʬʦʨʤʘʮʠʿʝ ʦ ʩʧʠʥʫ ʠ ʧʘʨʥʦʩʪʠ ʩʪʘˁʘ ʥʘ ʢʦʿʘ ʙʠʚʘʿʫ ʧʦʙʫʹʝʥʘ ʿʝʟʛʨʘ ʧʨʠʣʠʢʦʤ ʨʝʘʢʮʠʿʝ. 

ʇʫʥʘ ʣʠʥʠʿʘ (ʉʣʠʢʘ 1.9) ʧʨʝʜʩʪʘʚˀʘ ɹʦʨʥʦʚʝ ʘʧʨʦʢʩʠʤʘʮʠʿʝ, ʯʠʿʠ ʧʨʦʨʘʯʫʥʠ ʫʟʠʤʘʿʫ ʫ 

ʦʙʟʠʨ ʠʥʪʝʨʬʝʨʝʥʮʠʿʫ ʨʘʩʝʿʘʥʦʛ ʪʘʣʘʩʘ ʦ ʨʘʟʣʠʯʠʪʝ ʜʝʣʦʚʝ ʤʝʪʝ ʿʝʟʛʨʘ, ʢʘʦ ʠ ʜʝʬʦʨʤʠʩʘˁʝ 

ʪʘʣʘʩʘ ʯʝʩʪʠʮʘ ʢʦʿʝ ʫʧʘʜʘʿʫ ʫʩʣʝʜ ʧʨʠʩʫʩʪʚʘ ʧʦʪʝʥʮʠʿʘʣʘ ʿʝʟʛʨʘ ʟʘʩʥʦʚʘʥʦʛ ʥʘ ʦʧʪʠʯʢʦʤ 

ʤʦʜʝʣʫ. ʂʦʜ ʨʝʘʢʮʠʿʘ ʥʝʝʣʘʩʪʠʯʥʦʛ ʨʘʩʝʿʘˁʘ, ʿʝʟʛʨʦ ʧʨʝʣʘʟʠ ʫ ʥʝʢʦ ʦʜ ʩʚʦʿʠʭ ʝʥʝʨʛʝʪʩʢʠʭ 

ʧʦʙʫʹʝʥʠʭ ʩʪʘˁʘ, ʩʘ ʪʠʤʝ ʜʘ ʧʦʩʪʦʿʠ ʪʝʥʜʝʥʮʠʿʘ ʜʘ ʩʝ ʧʦʙʫʜʝ ʢʦʣʝʢʪʠʚʥʘ ʩʪʘˁʘ ʿʝʟʛʨʘ.  

ʉʣʠʢʘ 1.8 ï ʀʤʧʫʣʩʠ ʯʝʩʪʠʮʘ ʢʦʿʝ ʫʯʝʪʚʫʿʫ ʫ 

ʨʝʘʢʮʠʿʠ. 
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ʉʣʠʢʘ 1.9 ï ɼʠʬʝʨʝʥʮʠʿʘʣʘʥ ʝʬʠʢʘʩʘʥ ʧʨʝʩʝʢ ʟʘ ʥʝʝʣʘʩʠʯʥʦ ʨʘʩʝʿʘˁʝ 3ʅ ʥʘ 90Zr. ʉʣʠʢʘ 

ʧʨʝʫʟʝʪʘ ʠʟ (52). 

 

1.3.4 ʈʝʘʢʮʠʿʝ ʩʣʦʞʝʥʦʛ ʿʝʟʛʨʘ 

 

 ʊʫʤʘʯʝˁʝ ʦʚʝ ʚʨʩʪʝ ʨʝʘʢʮʠʿʘ ʩʝ ʦʩʣʦʙʘʹʘ ʢʦʤʧʣʝʢʩʥʦʩʪʠ ʫ ʦʙʿʘʰˁʘʚʘˁʫ ʪʠʤʝ ʰʪʦ 

ʩʝ ʨʝʘʢʮʠʿʘ ʜʝʣʠ ʫ ʥʝʢʦʣʠʢʦ ʝʪʘʧʘ. ʏʝʩʪʠʮʝ ʫʯʝʩʥʠʮʠ ʨʝʘʢʮʠʿʝ ʧʨʠʣʠʢʦʤ ʩʫʜʘʨʘ ʦʩʪʘʿʫ 

ʜʦʚʦˀʥʦ ʜʫʛʦ ʚʨʝʤʝʥʘ ʜʘ ʩʝ ʧʦʩʪʠʛʥʝ ʩʪʘʪʠʩʪʠʯʢʘ ʨʘʚʥʦʪʝʞʘ. ʉʪʚʦʨʝʥʦ ʩʣʦʞʝʥʦ ʿʝʟʛʨʦ ʠʤʘ 

ʙʨʦʿʥʝ ʥʘʯʠʥʝ ʥʘ ʢʦʿʝ ʩʝ ʤʦʞʝ ʦʩʣʦʙʦʜʠʪʠ ʝʥʝʨʛʠʿʝ ʧʦʙʫʜʝ, ʦʪʧʫʰʪʘˁʝʤ ʿʝʜʥʦʛ ʠʣʠ 

ʥʝʢʦʣʠʢʦ ʥʫʢʣʝʘʦʥʘ, ʢʘʜʘ ʦʥʠ ʩʪʝʢʥʫ ʜʦʚʦˀʥʦ ʝʥʝʨʛʠʿʝ ʜʘ ʥʘʧʫʩʪʝ ʿʝʟʛʨʦ. ʉʚʘʢʦ ʦʜ 

ʧʦʙʫʹʝʥʠʭ ʩʪʘˁʘ ʩʝ ʨʘʩʧʘʜʘ ʚʝʨʦʚʘʪʥʦ˂ʦʤ ʢʦʿʘ ʩʝ ʠʟʨʘʞʘʚʘ ʧʨʝʢʦ ʩʨʝʜˁʝʛ ʚʨʝʤʝʥʘ ʞʠʚʦʪʘ 

ʪʦʛ ʩʪʘˁʘ Ű: ⱦ
Ⱳ
.  ʉʨʘʟʤʝʨʥʦ ʩʨʝʜˁʝʤ ʚʨʝʤʝʥʫ ʞʠʚʦʪʘ ʧʦʙʫʹʝʥʦʛ ʩʪʘˁʘ ʧʨʦʧʦʨʮʠʦʥʘʣʥʘ 

ʿʝ ʠ ʥʝʦʜʨʝʹʝʥʦʩʪ ʝʥʝʨʛʠʿʝ ʪʦʛ ʧʦʙʫʹʝʥʦʛ ʩʪʘˁʘ ʢʦʿʘ ʩʝ ʟʦʚʝ ʰʠʨʠʥʘ ʝʥʝʨʛʠʿʝ ɻ ʠ ʠʤʘ 

ʚʨʝʜʥʦʩʪ ʧʨʦʠʟʚʦʜʘ ʚʝʨʦʚʘʪʥʦʠ˂ ʨʘʩʧʘʜʘ ʝʥʝʨʛʝʪʩʢʦʛ ʩʪʘˁʘ ʠ  ˂ ʚʨʝʜʥʦʩʪʠ. ʋʢʫʧʥʘ 

ʚʝʨʦʚʘʪʥʦ˂ʘ ʨʘʩʧʘʜʘ ʿʝ ʟʙʠʨ ʚʝʨʦʚʘʪʥʦ˂ʘ ʟʘ ʩʚʘʢʫ ʛʨʘʥʫ ʨʘʩʧʘʜʘ, ʪʝ ʿʝ ʠ ʫʢʫʧʥʘ ʰʠʨʠʥʘ 

ʝʥʝʨʛʝʪʩʢʦʛ ʩʪʘˁ ʘ ʿʝʜʥʘʢʘ ʟʙʠʨʫ ʧʦʿʝʜʠʥʘʯʥʠʭ ʰʠʨʠʥʘ: 

ː  ░ː

̉

ⱦ̯
̯

Ⱳ
 

(1.27) 
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ɽʬʠʢʘʩʘʥ ʧʨʝʩʝʢ ʟʘ ʨʘʩʧʘʜ ʩʣʦʞʝʥʦʛ ʿʝʟʛʨʘ ʠʟʨʘʞʝʥ ʧʨʝʢʦ ʝʥʝʨʛʝʪʩʢʠʭ ʠhʨʠʥʘ ʩʝ ʤʦʞʝ 

ʧʠʩʘʪʠ: 

ʎ ʎ̒
ː

ː
 

(1.28) 

ɻʜʝ ʿʝ Ɑʩ ʝʬʠʢʘʩʘʥ ʧʨʝʩʝʢ ʟʘ ʥʘʩʪʘʥʘʢ ʩʣʦʞʝʥʦʛ ʿʝʟʛʨʘ, 
ɻ░

ɻ
 ʬʨʘʢʮʠʦʥʘ ʝʥʝʨʛʝʪʩʢʘ ʰʠʨʠʥʘ 

ʨʘʩʧʘʜʘ. ʋ ʦʚʘʢʦ ʜʝʬʠʥʠʩʘʥʦʤ ʝʬʠʢʘʩʥʦʤ ʧʨʝʩʝʢʫ ʫʨʘʯʫʥʘʪʘ ʿʝ ʢʨʦʟ ʚʝʣʠʯʠʥʫ ɻ ʠ 

ʝʥʝʨʛʝʪʩʢʘ ʰʠʨʠʥʘ ʧʨʦʮʝʩʘ ʥʘʩʪʘʥʢʘ ʩʣʦʞʝʥʦʛ ʿʝʟʛʨʘ, ʰʪʦ ʟʥʘʯʠ ʜʘ ʧʦʩʪʦʿʠ ʚʝʨʦʚʘʪʥʦ˂ʘ ʜʘ 

ʩʝ ʥʘʩʪʘʣʦ ʿʝʟʛʨʦ ʨʘʩʧʘʜʥʝ ʥʘ ʥʘʯʠʥ ʥʘ ʢʦʿʝ ʿʝ ʠ ʥʘʩʪʘʣʦ.  

 ʅʘʯʠʥ ʥʘ ʢʦʿʠ ʩʝ ʨʘʩʧʘʜʘ ʿʝʟʛʨʦ ʟʘʚʠʩʠ ʦʜ ʢʦʣʠʯʠʥʝ ʝʥʝʨʛʠʿʝ ʧʦʙʫʜʝ ʩʣʦʞʝʥʦʛ ʿʝʟʛʨʘ. 

ʇʨʠ ʥʠʞʠʤ ʝʥʝʨʛʠʿʘʤʘ, ʜʦʣʘʟʠ ʜʦ ʝʚʘʧʦʨʘʮʠʿʝ ʥʝʫʪʨʦʥʘ, ʢʘʢʦ ʥʘ ˁʠʭ ʥʝ ʫʪʠʯʝ ʂʫʣʦʥʦʚʘ 

ʩʠʣʘ, ʤʝʹʫʪʠʤ ʢʘʜʘ ʿʝ ʝʥʝʨʛʠʿʘ ʧʦʙʫʜʝ ʚʠʰʘ, ʦʥʜʘ ʝʤʠʪʦʚʘˁʝ ʥʘʝʣʝʢʪʨʠʩʘʥʠʭ ʯʝʩʪʠʮʘ ʤʦʞʝ 

ʜʘ ʙʫʜʝ ʢʦʥʢʫʨʝʥʪʥʦ ʝʤʠʪʦʚʘˁʫ ʥʝʫʪʨʦʥʘ. ɸʢʦ ʿʝ ʦʚʦ ʩʣʫʯʘʿ, ʤʦʞʝ ʜʦ˂ʠ ʠ ʜʦ ʝʤʠʪʦʚʘˁʘ 

ʥʝʢʦʣʠʢʦ ʯʝʩʪʠʮʘ ʩʫʢʮʝʩʠʚʥʦ ʠʟ ʿʝʟʛʨʘ. ɽʤʠʪʦʚʘˁʝ ʚʠʰʝ ʯʝʩʪʠʮʘ ʩʘ ʥʠʞʦʤ ʝʥʝʨʛʠʿʦʤ ʿʝ 

ʧʨʦʮʝʩ ʢʦʿʠ ʠʤʘ ʚʝ˂ʫ ʚʝʨʦʚʘʪʥʦ˂ʫ, ʢʘʢʦ ʝʥʝʨʛʠʿʘ ʧʦʙʫʜʝ ʩʣʦʞʝʥʦʛ ʿʝʟʛʨʘ ʨʘʩʪʝ, ʫ ʦʜʥʦʩʫ ʥʘ 

ʧʨʦʮʝʩ ʝʤʠʪʦʚʘˁʘ ʤʘˁʝʛ ʙʨʦʿʘ ʯʝʩʪʠʮʘ ʩʘ ʚʠʦhʤ ʝʥʝʨʛʠʿʦʤ. 

 

ʉʣʠʢʘ 1.10 ï ʋʢʫʧʘʥ ʝʬʠʢʘʩʘʥ ʧʨʝʩʝʢ ʟʘ ʨʝʘʢʮʠʿʫ (Ŭ,209Bi) je ʧʨʝʜʩʪʘʚˀʝʥ ʧʫʥʦʤ ʣʠʥʠʿʦʤ, 

ʜʦʢ ʩʫ ʠʩʧʨʝʢʠʜʘʥʦʤ ʧʨʝʜʩʪʘʚˀʝʥʠ ʧʦʿʝʜʠʥʠ ʢʘʥʘʣʠ ʨʝʘʢʮʠʿʝ (53) (54). 

 

 ʉʣʠʢʘ 1.10 ʧʨʠʢʘʟʫʿʝ ʝʬʠʢʘʩʘʥ ʧʨʝʩʝʢ ʨʝʘʢʮʠʿʝ ʙʦʤʙʘʨʜʦʚʘˁʘ ʘʣʬʘ ʯʝʩʪʠʮʘʤʘ ʤʝʪʫ 

ʦʜ 209Bi. ʋʢʫʧʘʥ ʝʬʠʢʘʩʘʥ ʧʨʝʩʝʢ ʿʝ ʧʨʠʢʘʟʘʥ ʧʫʥʦʤ ʣʠʥʠʿʦʤ, ʘ ʟʘ ʧʦʿʝʜʠʥʘʯʥʝ ʧʨʦʮʝʩʝ 
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ʠʩʧʨʝʠʢʘʜʥʦʤ. ʄʦʞʝ ʩʝ ʚʠʜʝʪʠ ʜʘ ʢʘʢʦ ʩʝ ʠʩʧʫʥʝ ʫʩʣʦʚʠ ʟʘ ʝʤʠʪʦʚʘˁʝ ʚʠʰʝ ʯʝʩʪʠʮʘ ((Ŭ,2n) 

ʠʣʠ (Ŭ,3n)), ʝʬʠʢʘʩʘʥ ʧʨʝʩʝʢ ʟʘ ʧʨʝʪʭʦʜʥʫ ʨʝʘʢʮʠʿʫ ʦʧʘʜʘ.  

 ʂʘʜʘ ʩʫ ʝʥʝʨʛʠʿʝ ʧʦʙʫʜʝ ʩʣʦʞʝʥʦʛ ʿʝʟʛʨʘ ʚʠʩʦʢʝ, ʢʘʦ ʰʪʦ ʿʝ ʪʦ ʩʣʫʯʘʿ ʢʦʜ ʦʚʘʢʚʦʛ 

ʪʠʧʘ ʨʝʘʢʮʠʿʝ, ʧʦʩʪʦʿʠ ʚʝʣʠʢʠ ʙʨʦʿ ʝʥʝʨʛʝʪʩʢʠʭ ʩʪʘˁʘ ʥʘ ʢʦʿʘ ʿʝʟʛʨʦ ʤʦʞʝ ʙʠʪʠ ʧʦʙʫʹʝʥʦ. 

ʉʚʘʢʦ ʩʪʘˁʝ ʠʤʘ ʩʚʦʿʫ ʝʥʝʨʛʝʪʩʢʫ ʠhʨʠʥʫ ʠ ˁʠʭʦʚʠʤ ʧʨʝʢʣʘʧʘˁʝʤ ʜʦʣʘʟʠ ʩʝ ʜʦ ʪʦʛʘ ʜʘ ʿʝ 

ʝʬʠʢʘʩʘʥ ʧʨʝʩʝʢ ʨʝʘʢʮʠʿʘ ʛʣʘʪʢʘ ʬʫʥʢʮʠʿʘ ʫ ʦʜʥʦʩʫ ʥʘ ʝʥʝʨʛʠʿʫ. ʈʘʟʣʦʛ ʟʘ ʦʜʩʫʩʪʚʦ ʥʘʛʣʠʭ 

ʧʨʦʤʝʥʘ ʫ ʧʦʥʘʰʘˁʟ ʝʬʠʢʘʩʥʦʛ ʧʨʝʩʝʢʘ ʿʝ ʪʘ ʜʘ ʚʝʨʦʚʘʪʥʦ˂ʘ ʨʝʘʢʮʠʿʝ ʟʘʚʠʩʠ ʦʜ ʧʨʠʩʫʩʪʚʘ 

ʝʥʝʨʛʝʪʩʢʦʛ ʥʠʚʦʘ ʫ ʢʦʿʝ ˂ʝ ʩʣʦʞʝʥʦ ʿʝʟʛʨʦ ʙʠʪʠ ʧʦʙʫʹʝʥʦ. ʂʦʜ ʚʝʣʠʢʠʭ ʝʥʝʨʛʠʿʘ ʧʦʙʫʜʝ, 

ʦʚʦ ʿʝ ʫʚʝʢ ʩʣʫʯʘʿ ʠ ʥʝ ʧʦʩʪʦʿʠ ʟʥʘʪʥʘ ʟʘʚʠʩʥʦʩʪ ʦʜ ʝʥʝʨʛʠʿʝ ʫʧʘʥʠʭ ʯʝʩʪʠʮʘ. 

 ɸʢʦ ʩʝ ʿʝʟʛʨʦ ʬʦʨʤʠʨʘ ʩʘ ʝʥʝʨʛʠʿʦʤ ʧʦʙʫʜʝ ʫ ʧʨʝʜʝʣʫ ʛʜʝ ʥʝʤʘ ʧʫʥʦ ʝʥʝʨʛʝʪʩʢʠʭ 

ʩʪʘˁʘ, ʪʘʜʘ ʜʦʣʘʟʠ ʜʦ ʨʝʟʦʥʘʥʪʥʦʛ ʧʦʥʘʰʘˁʘ ʝʬʠʢʘʩʥʦʛ ʧʨʝʩʝʢʘ, ʢʦʿʠ ʩʝ ʤʦʞʝ ʦʧʠʩʘʪʠ 

ʬʫʥʢʮʠʿʦʤ (51): 

„
Ὣ ὐ“

Ὧ
 

ːː

Ὁ Ὁ
ː
ς

 
(1.29) 

▓◊ ʧʨʝʜʩʪʘʚˀʘ ʪʘʣʘʩʥʠ ʙʨʦʿ ʫʣʘʟʥʦʛ ʢʘʥʘʣʘ ʨʝʘʢʮʠʿʝ, ʠʥʜʝʢʩʠ i ʠ u ʧʨʝʜʩʪʘʚˀʘʿʫ ʠʟʣʘʟʥʠ ʠ 

ʫʣʘʟʥʠ ʢʘʥʘʣ ʨʝʘʢʮʠʿʝ, ʘ Ὣ ὐ ʧʨʝʜʩʪʘʚˀʘ ʩʪʘʪʠʩʪʠʯʢʠ ʬʘʢʪʦʨ ʩʧʠʥʘ ʢʦʿʠ ʫ ʨʘʯʫʥ ʫʟʠʤʘ 

ʩʧʠʥ ʠ ʫʛʘʦʥʝ ʤʦʤʝʥʪʝ, ʜʦʢ ɻ ʧʨʝʜʩʪʘʚˀʘ ʟʙʠʨ ʩʚʠʭ ʝʥʝʨʛʝʪʩʢʠʭ hʠʨʠʥʘ ʢʘʥʘʣʘ ʨʘʩʧʘʜʘ 

ʩʣʦʞʝʥʦʛ ʿʝʟʛʨʘ. 

 ɸʢʦ ʙʠ ʩʝ ʩʝ ʟʘ ʝʣʘʩʪʠʯʥʦ ʨʘʩʝʿʘˁʝ ʨʘʯʫʥʘʦ ʝʬʠʢʘʩʘʥ ʧʨʝʩʝʢ ʫ ʨʝʟʦʥʘʥʮʠʿʠ, ʫʟʠʤʘ ʩʝ 

ʜʘ ʩʫ ʰʠʨʠʥʝ ɻ ʫʣʘʟʥʦʛ ʠ ʠʟʣʘʟʥʦʛ ʢʘʥʘʣʘ ʿʝʜʥʘʢʝ, ʧʘ ʩʝ ʜʦʙʠʿʘ (49): 

„άὥὼ „
ςὰ ρτ“

Ὧ
   

(1.30) 

ʋʟʝʪ ʿʝ ʩʣʫʯʘʿ ʜʘ ʩʫ ʩʧʠʥʦʚʠ ʿʝʜʥʘʢʠ ʥʫʣʠ, ʟʘ l-ʪʠ ʧʦ ʨʝʜʫ ʧʘʨʮʠʿʘʣʥʠ ʪʘʣʘʩ ʢʦʿʠʤ ʩʫ 

ʧʨʝʜʩʪʘʚˀʝʥʝ ʯʝʩʪʠʮʝ.  ʋʢʫʧʘʥ ʘʧʩʦʙʧʮʠʦʥʠ ʝʬʠʢʘʩʘʥ ʧʨʝʩʝʢ ʟʘʚʠʩʠ ʦʜ ʚʨʝʜʥʦʩʪʠ  

ἽːВ ἱː  ːἽ Ἵː  ʢʦʿʘ ʠʤʘ ʩʚʦʿ ʤʘʢʩʠʤʫʤ ʟʘ ◊ː
ː
. ʋ ʪʦʤ ʩʣʫʯʘʿʫ ʟʘ ʯʝʩʪʠʮʝ ʩʘ ʩʧʠʥʦʤ 

0 ʜʦʙʠʿʘ ʩʝ ʫʢʫʧʘʥ ʝʬʠʢʘʩʘʥ ʧʨʝʩʝʢ: 

„
ςὰ ρ“

Ὧ
  

(1.31) 

Oʚʘ ʚʨʝʜʥʦʩʪ ʿʝ ʿʝʜʥʘʢʘ ʿʝʜʥʘʯʠʥʠ (12) ʢʦʿʘ ʿʝ ʜʦʙʠʿʝʥʘ ʩʝʤʠ-ʢʣʘʩʠʯʥʠʤ ʨʘʟʤʘʪʨʘˁʝʤ ɹʣʘʪʘ 

ʠ ɺʘʿʩʢʦʧʬʘ. 

 ʇʨʠʤʝʨ (ʉʣʠʢʘ 1.11) ʧʨʝʜʩʪʘʚˀʘ ʨʝʟʦʥʘʥʮʠʿʫʢʦʿʘ ʩʝ ʜʝʰʘʚʘ ʙʦʤʙʘʨʜʦʚʘˁʝʤ 115In 

ʥʝʫʪʨʦʥʠʤʘ ʝʥʝʨʛʠʿʝ 1,46 eV. ʇʨʠʤʝʥʘ ʿʝʜʥʘʯʠʥʝ (1.29) ʛʜʝ ʩʝ ʫʙʘʮʫʿʫ ʧʦʜʘʮʠ ʢʦʿʠ ʩʫ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʦ ʠʟʤʝʨʝʥʠ (ʩʧʠʥ ʥʝʫʪʨʦʥʘ, ʿʝʟʛʨʘ) ʜʘʿʝ ʘʜʝʢʚʘʪʥʫ ʚʨʝʜʥʦʩʪ ʟʘ ʝʬʠʢʘʩʘʥ 

ʧʨʝʩʝʢ ʨʘʜʠʿʘʪʠʚʥʦʛ ʟʘʭʚʘʪʘ ʥʝʫʪʨʦʥʘ ʫ ʦʚʦʤ ʩʣʫʯʘʿʫ ʦʜ 38100 b. 
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ʉʣʠʢʘ 1.11 ï ɺʨʝʜʥʦʩʪ ʝʬʠʢʘʩʥʦʛ ʧʨʝʩʝʢʘ ʟʘ ʨʝʘʢʮʠʿʫ n,115In ʟʘ ʨʘʟʣʠʯʠʪʝ ʝʥʝʨʛʠʿʝ 

ʥʝʫʪʨʦʥʘ. ʇʨʠʩʫʪʥʠ ʩʫ ʨʝʟʦʥʘʥʪʥʠ ʩʢʦʢʦʚʠ ʫ ʚʨʝʜʥʦʩʪʠ ʝʬʠʢʘʩʥʦʛ ʧʨʝʩʝʢʘ (55). 

 ʅʝʢʘ ʿʝʟʛʨʘ ˂ʝ ʟʘʭʚʘʪʦʤ ʩʧʦʨʠʭ ʥʝʫʪʨʦʥʘ ʦʩʣʦʙʘʹʘʪʠ ʩʝ ʝʥʝʨʛʠʿʝ ʧʦʙʫʜʝ ʧʫʪʝʤ 

ʬʠʩʠʿʝ, ʮʝʧʘˁʝʤ ʥʘ ʜʚʘ ʜʝʣʘ ʧʨʠʙʣʠʞʥʠʭ ʤʘʩʘ, ʢʘʦ ʰʪʦ ʿʝ ʪʦ ʩʣʫʯʘʿ ʩʘ ʥʝʫʪʨʦʥʠʤʘ. ʂʘʜʘ ʩʝ 

ʪʦ ʜʝʩʠ, ʝʥʝʨʛʠʿʘ ʧʦʙʫʜʝ ʩʣʦʞʝʥʦʛ ʿʝʟʛʨʘ ʠʟʥʦʩʠ ʧʨʠʙʣʠʞʥʦ ʝʥʝʨʛʠʿʠ ʚʝʟʝ ʥʫʢʣʝʦʥʘ ʫ ʿʝʟʛʨʫ. 

ʋʢʦʣʠʢʦ ʿʝ ʝʥʝʨʛʠʿʘ ʧʦʙʫʜʝ ʚʝ˂ʘ ʦʜ ʝʥʝʨʛʝʪʩʢʝ ʙʘʨʠʿʝʨʝ ʧʦʪʨʝʙʥʝ ʟʘ ʬʠʩʠʿʫ, ʪʘ ʚʨʩʪʘ ʨʘʩʧʘʜʘ 

ʧʦʩʪʘʿʝ ʚʝʨʦʚʘʪʥʘ. ɸʢʦ ʪʦ ʥʠʿʝ ʩʣʫʯʘʿ, ʨʘʩʧʘʜ ʬʠʩʠʿʦʤ ʧʦʩʪʘʿʝ ʩʫʟʙʠʿʝʥ, ʢʘʢʦ ʿʝ ʚʝʨʦʚʘʪʥʦ˂ʘ 

ʜʘ ʯʝʩʪʠʮʘ ʢʦʿʘ ʠʤʘ ʚʝ˂ʫ ʤʘʩʫ ʩʘʚʣʘʜʘ ʙʘʨʠʿʝʨʫ ʧʦʪʨʝʙʥʫ ʟʘ ʬʠʩʠʿʫ ʠʟʨʘʟʠʪʦ ʤʘʣʘ.  

ʊʘʙʝʣʘ 1.1 ï ɱʝʟʛʨʘ ʢʦʿʘ ʜʦʞʠʚˀʘʚʘʿʫ ʬʠʩʠʿʫ ʩʘ ʚʨʝʜʥʦʩʪʠʤʘ ʝʥʝʨʛʠʿʝ ʚʝʟʝ, ʝʥʝʨʛʠʿʝ 

ʘʢʪʠʚʘʮʠʿʝ ʠ ʝʬʠʢʘʩʥʦʛ ʧʨʝʩʝʢʘ ʟʘ ʠʥʜʫʢʦʚʘʥʫ ʬʠʩʠʿʫ. 

ɱʝʟʛʨʦ ɽʥʝʨʛʠʿʘ ʚʝʟʝ (MeV) 
ɽʥʝʨʛʠʿʘ ʘʢʪʠʚʘʮʠʿʝ 

(MeV) 
ɽʬʠʢʘʩʘʥ ʧʨʝʩʝʢ (b) 

232ʊh 4.8 6,7 < 10-6 

233U 6.8 5,85 530 

235U 6.5 5,9 584 

238U 4.8 5,8 2.7 10-6 

239Pu 6.5 6,3 742 

  

 ʉʘ ʝʥʝʨʛʝʪʩʢʦʛ ʩʪʘʥʦʚʠʰʪʘ, ʬʠʩʠʿʘ ʟʘʭʚʘʪʦʤ ʪʝʨʤʘʣʥʠʭ ʥʝʫʪʨʦʥʘ ʿʝ ʤʦʛʫ˂ʘ ʢʦʜ 

ʩʣʝʜʝ˂ʠʭ ʿʝʟʛʘʨʘ: 232Th, 233U, 235U, 238U i 239Pu. ɽʥʝʨʛʠʿʘ ʘʢʪʠʚʘʮʠʿʝ ʿʝ ʟʘ ʩʚʘ ʦʚʘ ʿʝʟʛʨʘ 

ʧʨʠʙʣʠʞʥʦ ʠʩʪʘ, ʘʣʠ ʩʫ ʢʦʜ ʜʚʘ ʿʝʟʛʨʘ ʨʘʩʧʘʜʠ ʨʘʩʧʘʜʠ ʬʠʩʠʿʦʤ ʜʝʰʘʚʘʿʫ. ɽʥʝʨʛʠʿʘ ʚʝʟʝ ʫ 
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ʿʝʟʛʨʫ ʟʘʚʠʩʠ ʦʜ ʙʨʦʿʘ ʥʝʫʪʨʦʥʘ ʠ ʫʢʦʣʠʢʦ ʿʝ ʦʥ ʧʘʨʘʥ, ʿʝʟʛʨʦ ʿʝ ʩʪʘʙʠʣʥʠʿʝ, ʦʜʥʦʩʥʦ ʝʥʝʨʛʠʿʘ 

ʚʝʟʝ ʤʫ ʿʝ ʚʠʰʘ. ʂʦʜ 232Th ʠ 238U ʙʨʦʿ ʥʝʫʪʨʦʥʘ ʿʝ ʥʝʧʘʨʘʥ, ʪʝ ʿʝ ʢʦʜ ˁʠʭ ʝʥʝʨʛʠʿʘ ʚʝʟʝ ʟʥʘʪʥʦ 

ʥʠʞʘ ʫ ʦʜʥʦʩʫ ʥʘ ʦʩʪʘʣʘ ʥʘʚʝʜʝʥʘ ʿʝʟʛʨʘ. ʐʪʦ ʩʝ ʧʨʝʦʩʪʘʣʘ ʪʨʠ ʿʝʟʛʨʘ ʪʠʯʝ, ʫ ʧʨʠʨʦʜʠ ʩʝ 

ʤʦʞʝ ʥʘ˂ʠ ʩʘʤʦ 235U ʠ ʪʦ ʩʘ ʠʟʦʪʦʧʩʢʦʤ ʟʘʩʪʫʧˀʝʥʦʰ˂ʫ ʫ ʫʨʘʥʫ ʦʜ 0,72%. 

 

1.3.4.1 ʌʠʩʠʿʘ 

 

 ʋ ʫʚʦʜʥʦʤ ʧʦʛʣʘʚˀʫ ʦʧʠʩʘʥ ʠʩʪʦʨʠʿʩʢʠ ʪʦʢ ʫ ʠʩʪʨʘʞʠʚʘˁʫ ʥʫʢʣʝʘʨʥʠʭ 

ʨʝʘʢʮʠʿʘ,ʠʟʤʝʹʫ ʢʦʿʠʭ ʿʝ ʠ ʬʠʩʠʿʘ. ʌʠʩʠʿʘ ʧʨʝʜʩʪʘʚʘˀ ʧʨʦʮʝʩ ʮʝʘʧʘˁʘ ʪʝʰʠʭ ʿʝʟʛʘʨʘ ʥʘ ʜʚʘ 

ʿʝʟʛʨʘ ʠʟ ʩʨʝʜˁʝʛ ʜʝʣʘ ʧʝʨʠʦʜʥʦʛ ʩʠʩʪʝʤʘ, ʨʝʹʝ ʥʘ ʪʨʠ ʿʝʟʛʨʘ, ʫʟ ʦʩʣʦʙʘʹʘˁʝ ʝʥʝʨʛʠʿʝ. ʇʦʨʝʜ 

ʦʚʦʛʘ, ʜʦʣʘʟʠ ʜʦ ʦʩʣʦʙʘʹʘˁʘ ʦʜʨʝʹʝʥʦʛ ʙʨʦʿʘ ʥʝʫʪʨʦʥʘ. ʇʨʦʮʝʩ ʬʠʩʠʿʝ ʩʝ ʤʦʞʝ ʦʜʠʛʨʘʚʘʪʠ 

ʩʧʦʥʪʘʥʦ, ʠʣʠ ʦʥʘ ʤʦʞʝ ʙʠʪʠ ʠʥʜʫʢʦʚʘʥʘ ʧʨʝʪʭʦʜʥʦʤ ʨʝʘʢʮʠʿʦʤ, ʥʘ ʧʨʠʤʝʨ ʟʘʭʚʘʪʦʤ 

ʥʝʫʪʨʦʥʘ. ʂʘʢʦ ʧʨʠʣʠʢʦʤ ʨʘʩʧʘʜʘ ʪʝʰʢʠʭ ʿʝʟʛʘʨʘ ʥʘ ʤʘˁʝ ʜʦʣʘʟʠ ʜʦ ʦʩʣʦʙʘʹʘˁʘ ʚʝʣʠʢʠʭ 

ʢʦʣʠʯʠʥʘ ʝʥʝʨʛʠʿʝ, ʧʨʦʮʝʩ ʬʠʩʠʿʝ ʿʝ ʚʨʣʦ ʟʥʘʯʘʿʘʥ ʩʘ ʩʪʘʥʦʚʠʰʪʘ ʧʨʘʢʪʠʯʥʝ ʧʨʠʤʝʥʝ, ʫ 

ʧʨʦʮʝʩʫ ʧʨʦʠʟʚʦʜˁʝ ʝʥʝʨʛʠʿʝ, ʜʦʢ ʿʝ ʥʘ ʞʘʣʦʩʪ ʥʘʰʣʘ ʧʨʠʤʝʥʫ ʠ ʟʘ ʚʦʿʥʝ ʧʦʪʨʝʙʝ. 

 ʌʠʩʠʿʫ ʿʝ ʥʘʿʙʦˀʝ ʩʘʛʣʝʜʘʪʠ ʫʟ ʧʦʩʤʘʪʨʘˁʝ ʟʘʚʠʩʥʦʩʪʠ ʚʝʟʠʚʥʝ ʝʥʝʨʛʠʿʝ ʿʝʟʛʨʘ ʧʦ 

ʿʝʜʥʦʤ ʥʫʢʣʝʦʥʫ ʦʜ ʤʘʩʝʥʦʛ ʙʨʦʿʘ ʿʝʟʛʨʘ. ʉʣʠʢʘ 1.12 ʧʨʠʢʘʟʫʿʝ ʜʘ ʝʥʝʨʛʠʿʘ ʚʝʟʝ ʧʦ ʥʫʢʣʝʦʥʫ 

ʠʤʘ ʥʘʛʣʠ ʨʘʩʪ ʜʦ ʤʘʩʝʥʦʛ ʙʨʦʿʘ 16. ʅʘʢʦʥ ʪʦʛʘ ʩʣʝʜʠ ʩʣʘʙʠʿʠ ʨʘʩʪ ʚʨʝʜʥʦʩʪ ʝʥʝʨʛʠʿʝ ʚʝʟʝ, 

ʜʦ ʿʝʟʛʘʨʘ ʤʘʩʝʥʦʛ ʙʨʦʿʘ 60. ʋ ʦʚʦʤ ʧʦʜʨʫʯʿʫ ʩʝ ʧʦʩʪʠʞʝ ʤʘʢʩʠʤʫʤ ʚʨʝʜʥʦʩʪʠ, ʥʘʢʦʥ ʯʝʛʘ 

ʝʥʝʨʛʠʿʘ ʚʝʟʝ ʦʧʘʜʘ ʠ ʫʧʨʘʚʦ ʩʫ ʿʝʟʛʨʘ ʫ ʦʚʦʤ ʧʦʜʨʫʯʿʫ ʥʘʿʩʪʘʙʠʣʥʠʿʘ. ʇʨʠʤʝʨ 

ʥʘʿʩʪʘʙʠʣʥʠʿʠʭ ʿ ʝʟʛʘʨʘ ʩʫ ʛʚʦʞʹʝ, ʥʠʢʣ ʠ ʢʦʙʘʣʪ. ʉʪʘʙʠʣʥʦʩʪ ʿʝʟʛʨʘ ʧʨʝʜʩʪʘʚˀʘ ʨʘʚʥʦʪʝʞʥʦ 

ʩʪʘˁʝ ʠʟʤʝʹʫ ʿʘʢʝ ʥʫʢʣʝʘʨʥʝ ʩʠʣʝ ʢʦʿʘ ʜʨʞʠ ʥʫʢʣʝʦʥʝ ʥʝ ʦʢʫʧʫ ʠ ʂʫʣʦʥʦʚʝ ʦʜʙʦʿʥʝ ʩʠʣʝ, 

ʢʦʿʘ ʜʝʣʫʿʝ ʥʘ ʧʨʦʪʦʥʝ ʧʨʠʩʫʪʥʝ ʫ ʿʝʟʛʨʫ. ʇʦʚʝ˂ʘʚʘˁʝ ʙʨʦʿʘ ʧʨʦʪʦʥʘ ʫ ʿʝʟʛʨʫ, ʰʪʦ ʿʝ ʢʦʜ 

ʪʝʞʠʭ ʿʝʟʛʘʨʘ ʩʣʫʯʘʿ, ʜʦʚʦʜʠ ʜʦ ʧʦʚʝ˂ʘˁʘ ʦʜʙʦʿʥʝ ʂʫʣʦʥʦʚʝ ʩʠʣʝ. ʆʚʦ ʨʝʟʫʣʪʫʿʝ 

ʩʤʘˁʠʚʘˁʝʤ ʩʪʘʙʠʣʥʦʩʪʠ ʿʝʟʛʨʘ ʠ ʩʤʘˁʠʚʘˁʝ ʝʥʝʨʛʠʿʝ ʚʝʟʝ. 

 ʊʝʰʢʘ ʿʝʟʛʨʘ ʫ ʜʝʣʫ ʦʢʦ ʫʨʘʥʠʿʫʤʘ ʠʤʘʿʫ ʝʥʝʨʛʠʿʫ ʚʝʟʝ ʧʦ ʿʝʜʥʦʤ ʥʫʢʣʝʦʥʫ ʫ ʠʟʥʦʩʫ 

ʦʢʦ 7,6 MeV. ʋ ʩʣʫʯʘʿʫ ʜʘ ʩʝ ʦʥʦ ʬʠʩʠʿʦʤ ʨʘʩʧʘʜʘ ʥʘ ʜʚʘ ʿʝʟʛʨʘ ʧʨʠʙʣʠʞʥʠʭ ʤʘʩʘ ʘʪʦʤʩʢʠʭ 

ʤʘʩʘ ʦʢʦ 119, ʝʥʝʨʛʠʿʘ ʚʝʟʝ ʧʦ ʥʫʢʣʝʦʥʫ ʟʘ ʦʚʘ ʿʝʟʛʨʘ ʠʟʥʦʩʠ ʦʢʦ 8,5 MeV. Kaʢʦ ʩʝ ʧʦʯʝʪʥʦ 

ʿʝʟʛʨʦ ʨʘʩʧʘʜʘ ʥʘ ʜʚʘ ʿʝʟʛʨʘ ʢʦʿʘ ʠʤʘʿʫ ʤʘˁʫ ʝʥʝʨʛʠʿʫ ʚʝʟʝ, ʜʦʣʘʟʠ ʜʦ ʦʩʣʦʙʘʹʘˁʘ ʝʥʝʨʛʠʿʝ ʫ 

ʠʟʥʦʩʫ ʦʜ 0,9 MeV ʧʦ ʥʫʢʣʝʦʥʫ. ʋʢʫʧʥʘ ʢʦʣʠʯʠʥʘ ʝʥʝʨʛʠʿʝ ʟʘ  ʬʠʩʠʿʫ ʿʝʜʥʦʛ ʿʝʟʛʨʘ ʫʨʘʥʘ 

ʠʟʥʦʩʠ ʦʢʦ 200 MeV. ʊʘ ʝʥʝʨʛʠʿʘ ʩʝ ʨʘʩʧʦʜʝˀʫʿʝ ʥʘ ʝʥʝʨʛʠʿʫ ʥʝʫʪʨʦʥʘ, ʛʘʤʘ ʟʨʘʯʝˁʝ ʢʦʿʝ ʩʝ 

ʦʩʣʦʙʘʹʘ ʧʨʠʣʠʢʦʤ ʨʘʩʧʘʜʘ, ʘʣʠ ʫ ʥʘʿʚʝ˂ʦʿ ʤʝʨʠ ʦʥʘ ʦʜʣʘʟʠ ʥʘ ʢʠʥʝʪʠʯʢʝ ʝʥʝʨʛʠʿʝ 

ʬʨʘʛʤʝʥʘʪʘ ʬʠʩʠʿʝ (ʜʦ ʦʢʦ 80% ʫʢʫʧʥʝ ʦʩʣʦʙʦʹʝʥʝ ʝʥʝʨʛʠʿʝ) (51) ʢʘʢʦ ʩʫ ʥʘʩʪʘʣʠ ʪʝʰʢʠ 

ʬʨʘʛʤʝʥʪʠ ʧʦʟʠʪʠʚʥʦ ʥʘʝʣʝʢʪʨʠʩʘʥʠ ʠ ʜʦʣʘʟʠ ʜʦ ˁʠʭʦʚʦʛ ʦʜʙʠʿʘˁʘ ʫʩʣʝʜ ʂʫʣʦʥʦʚʝ ʩʠʣʝ.  

ʂʠʥʝʪʠʯʢʘ ʝʥʝʨʛʠʿʘ ʪʝʰʢʠʭ ʬʨʘʛʤʝʥʘʪʘ ʿʝ ʨʝʜʘ ʚʝʣʠʯʠʥʝ 75 MeV, h ʪʦ ʯʠʥʠ ˁʠʭʦʚʝ ʧʦʯʝʪʥʝ 

ʙʨʟʠʥʝ ʦʢʦ 107 άȾί. ʋʟʠʤʘʿʫ˂ʠ ˁʠʭʦʚʝ ʚʝʣʠʢʝ ʤʘʩʝ, ʜʦʤʝʪ ʪʝʰʢʠʭ ʬʨʘʛʤʝʥʘʪʘ ʿʝ ʤʘʣʠ ( ʦʢʦ 

10-6 m). ʌʠʩʠʿʘ ʿʝ ʥʝʟʥʘʪʘʥ ʥʘʯʠʥ ʨʘʩʧʘʜʘ ʿʝʟʛʘʨʘ ʩʚʝ ʜʦʢ ˁʠʭʦʚ ʤʘʩʝʥʠ ʙʨʦʿ ʥʝ ʜʦʩʪʠʛʥʝ 

250. ʆʥʦ ʰʪʦ ʩʫʟʙʠʿʘ ʧʨʦʮʝʩ ʬʠʩʠʿʝ ʿʝʩʪʝ ʂʫʣʦʥʦʚʘ ʧʦʪʝʥʮʠʿʘʣʥʘ ʙʘʨʠʿʝʨʘ.  
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ʉʣʠʢʘ 1.12 ï ɽʥʝʨʛʠʿʘ ʚʝʟʝ ʧʦ ʿʝʜʥʦʤ ʥʫʢʣʝʦʥʫ ʫ ʟʘʚʠʩʥʦʩʪʠ ʦʜ ʤʘʩʝʥʦʛ ʙʨʦʿʘ (56).  

 ʉʣʠʢʘ 1.13 ʧʨʠʢʘʟʫʿʝ ʧʦʪʝʥʮʠʿʘʣʥʫ ʝʥʝʨʛʠʿʫ ʩʠʩʪʝʤʘ ʫ ʟʘʚʠʩʥʦʩʪʠ ʦʜ ʨʘʩʪʦʿʘˁʘ ʜʚʘ 

ʬʨʘʛʤʝʥʪʘ ʬʠʩʠʿʝ. ʅʘ ʨʘʩʪʦʿʘˁʫ ʦʜ ʥʫʣʝ, ʿʝʟʛʨʦ ʿʝ ʤʘˁʝ-ʚʠʰʝ ʩʬʝʨʥʦʛ ʦʙʣʠʢʘ. ʉʘ 

ʧʦʚʝ˂ʘʚʘˁʝʤ ʜʝʬʦʨʤʘʮʠʿʝ ʿʝʟʛʨʘ, ʧʦʚʝ˂ʘʚʘ ʩʝ ʧʦʚʨʰʠʥʘ ʿʝʟʛʨʘ, ʰʪʦ ʨʝʟʫʣʪʫʿʝ ʧʦʚʝ˂ʘˁʝʤ 

ʝʥʝʨʛʠʿʝ ʧʦʚʨʰʠʥʩʢʦʛ ʥʘʧʦʥʘ ʿʝʟʛʨʘ. ʉʘ ʧʦʚʝ˂ʘˁʝʤ ʜʝʬʦʨʤʘʮʠʿʝ, ʦʧʘʜʘ ʂʫʣʦʥʦʚʘ ʦʜʙʦʿʥʘ 

ʩʠʣʘ ʠʟʤʝʹʫ ʬʨʘʛʤʝʥʘʪʘ. ʇʦʩʪʦʿʠ ʘʥʪʘʛʦʪʠʩʪʠʯʢʦ ʜʝʿʩʪʚʦ ʂʫʣʦʥʦʚʝ ʩʠʣʝ ʠ ʿʘʢʝ ʥʫʢʣʝʘʨʥʝ 

ʩʠʣʝ ʠʟʤʝʹʫ ʥʫʢʣʝʦʥʘ. ɿʘ ʦʜʨʝʹʝʥʦ ʨʘʩʪʦʿʝˁʝ ʠʟʤʝʹʫ ʜʝʣʦʚʘ ʿʝʟʛʨʘ ʧʨʠʣʠʢʦʤ ʜʝʬʦʨʤʘʮʠʿʝ 

ʩʠʩʪʝʤ ʧʦʩʪʠʞʝ ʤʘʢʩʠʤʫʤ ʧʦʪʝʥʮʠʿʘʣʥʝ ʝʝʥʝʨʛʠʿʝ, ʦʜʥʦʩʥʦ ʧʦʩʪʦʿʠ ʬʠʩʠʦʥʘ ʙʘʨʠʿʝʨʘ ʢʦʿʘ 

ʤʦʨʘ ʙʠʪʠ ʩʘʚʣʘʜʘʥʘ ʢʘʢʦ ʙʠ ʜʦʰʣʦ ʜʦ ʨʘʩʧʘʜʘ ʦʚʠʤ ʢʘʥʘʣʦʤ. 

 ʆʙʿʘʰˁʝˁʝ ʤʝʭʘʥʠʟʤʘ ʬʠʩʠʿʝ ʩʝ ʤʦʞʝ ʥʘ ʘʜʝʢʚʘʪʘʥ ʥʘʯʠʥ ʫʨʘʜʠʪʠ ʥʘ ʦʩʥʦʚʫ ʤʦʜʝʣʘ 

ʢʘʧʠ ʢʦʿʠ ʩʫ 1939.ʛʦʜʠʥʝ ʦʩʤʠʩʣʠʣʠ ɹʦʨ (Niels Bohr) ʠ ɺʠʣʝʨ (John Archibald Wheeler) (57). 

ɱʝʟʛʨʦ ʩʝ ʫ ʦʩʥʦʚʥʦʤ ʩʪʘˁʫ ʤʦʞʝ ʧʦʩʤʘʪʨʘʪʠ ʢʘʦ ʢʘʧˀʠʮʘ ʪʝʯʥʦʩʪ ʩʬʝʨʥʦʛ ʦʙʣʠʢʘ. ʂʘʜʘ 

ʿʝʟʛʨʦ ʙʠʚʘ ʧʦʙʫʹʝʥʦ ʜʦʣʘʟʠ ʜʦ ˁʝʛʦʚʝ ʜʝʬʦʨʤʘʮʠʿʝ ʫʩʣʝʜ ʦʩʮʠʣʘʮʠʿʘ ʢʦʿʝ ʜʦʞʠʚˀʘʚʘ. 

ʉʪʝʧʝʥ ʜʝʬʦʨʤʘʮʠʿʘ ʟʘʚʠʩʠ ʦʜ ʝʥʝʨʛʠʿʝ ʧʦʙʫʜʝ ʿʝʟʛʨʘ, ʘ ʥʘʯʠʥʠ ʧʦʙʫʹʠʚʘˁʘ ʿʝʟʛʨʘ ʤʦʛʫ 

ʙʠʪʠ ʨʝʟʣʠʯʠʪʠ, ʢʘʦ ʰʪʦ ʩʫ ʟʘʭʚʘʪ ʥʝʫʪʨʦʥʘ, ʠʣʠ ʘʧʩʦʨʧʮʠʿʘ ʛʘʤʘ ʟʨʘʯʝˁʘ.  ɼʝʬʦʨʤʘʮʠʿʝ 

ʧʦʙʫʹʝʥʦʛ ʿʝʟʛʨʘ ʧʨʠʢʘʟʘʥʝ ʩʫ (ʉʣʠʢʘ 1.13). 
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ʉʣʠʢʘ 1.13  - ʇʦʪʝʥʮʠʿʘʣʥʘ ʝʥʝʨʛʠʿʘ ʫ  ʟʘʚʠʩʥʦʩʪʠ ʦʜ ʩʪʝʧʝʥʘ ʜʝʬʦʨʤʠʩʘʥʦʩʪʠ ʿʝʟʛʨʘ ʫ 

ʦʧʰʪʝʤ ʩʣʫʯʘʿʫ. ɿʘ ʤʘʣʝ ʜʝʬʦʨʤʘʮʠʿʝ ʝʥʝʨʛʠʿʘ ʩʝ ʧʦʚʝ˂ʘʚʘ ʩʘ ʧʦʚʝ˂ʘʚʘˁʝʤ ʨʘʩʪʦʿʘˁʘ ʢʘʢʦ 

ʜʦʣʘʟʠ ʜʦ ʧʦʚʝ˂ʘʚʘˁʘ ʧʦʚʨʰʠʥʝ ʿʝʟʛʨʘ. 

 

 ʇʨʠʣʠʢʦʤ ʜʝʬʦʨʤʘʮʠʿʝ ʧʦʙʫʹʝʥʦʛ ʿʝʟʛʨʘ ʫʩʣʝʜ ʧʦʚʝ˂ʘʚʘˁʘ ˁʝʛʦʚʝ ʩʧʦˀʘʰˁʝ 

ʧʦʚʨʰʠʥʝ, ʜʦʣʘʟʠ ʜʦ ʧʦʚʝ˂ʘʚʘˁʘ ʧʦʚʨʰʠʥʩʢʦʛ ʥʘʧʦʥʘ (ʯʣʘʥ ὥὃ) ɺʘʿʩʮʝʢʝʨʦʚʝ ʬʦʨʤʫʣʝ 

(56): 

ὄὃȟὤ ὥὃ ὥὃ ὥ
ὤ

ὃ
ὥ
ὔ ὃ

ὃ
 ὃ‏

(1.32) 

ɻʜʝ ʚʨʝʜʥʦʩʪʠ ʢʦʝʬʠʮʠʿʝʥʘʪʘ ʘ ʠʟʥʦʩʝ: 

  av=15,753MeV 

  as=17,804MeV 

  ac=0,7103MeV 

  aa=23,69MeV 

 ʉʠʣʝ ʧʦʚʨʰʠʥʩʢʦʛ ʥʘʧʦʥʘ ʪʝʞʝ ʜʘ ʚʨʘʪʝ ʧʦʙʫʹʝʥʦ ʿʝʟʛʨʦ ʫ ʩʬʝʨʥʠ ʦʙʣʠʢ, a ʫʢʦʣʠʢʦ 

ʝʥʝʨʛʠʿʘ ʧʦʙʫʜʝ ʿʝʩʪʝ ʜʦʚʦˀʘʥʦ ʚʝʣʠʢʘ ʜʘ ʠʟʘʟʦʚʝ ʚʝʣʠʢʝ ʜʝʬʦʨʤʘʮʠʿʝ ʿʝʟʛʨʘ, ʤʦʞʝ ʜʦ˂ʠ ʜʦ 

ʪʦʛʘ ʜʘ ʦʜʙʦʿʥʝ ʩʠʣʝ ʙʫʜʫ ʜʦʚʦˀʥʦ ʚʝʣʠʢʝ ʜʘ ʜʦʹʝ ʜʦ ʮʝʧʘˁʘ ʿʝʟʛʨʘ. 

 ʂʘʢʦ ʙʠ ʿʝʟʛʨʦ ʜʦʞʠʚʝʣʦ ʬʠʩʠʿʫ, ʧʦʪʨʝʙʥʦ ʿʝ ʜʘ ʩʝ ʩʘʚʣʘʜʘ ʧʦʪʝʥʮʠʿʘʣʥʘ ʙʘʨʠʿʝʨʘ, ʘ 

ʝʥʝʨʛʠʿʘ ʧʦʪʨʝʙʘ ʜʘ ʩʝ ʩʘʦʧʰʪʠ ʿʝʟʛʨʫ ʜʘ ʙʠ ʜʦʞʠʚʝʦ ʬʠʩʠʿʫ ʿʝ ʝʥʝʨʛʠʿʘ ʘʢʪʠʚʘʮʠʿʝ. ɸʢʦ ʿʝ 

ʪʘ ʝʥʝʨʛʠʿʘ ʧʦʙʫʜʝ ʿʝʟʛʨʘ ʚʝ˂ʘ ʦʜ ʚʠʩʠʥʝ ʙʘʨʠʿʝʨʝ, ʿʝʟʛʨʦ ʜʦʞʠʚˀʘʚʘ ʬʠʩʠʿʫ. ʋ ʩʣʫʯʘʿʫ ʜʘ ʿʝ 

ʤʘˁʘ, ʿʝʟʛʨʦ ʩʝ ʝʥʝʨʛʠʿʝ ʧʦʙʫʜʝ ʦʩʣʦʙʘʹʘ ʥʘ ʥʝʢʠ ʜʨʫʛʠ ʥʘʯʠʥ. ʆ ʚʠʩʠʥʠ ʙʘʨʠʿʝʨʝ ʩʝ ʤʦʞʝ 

ʟʘʢˀʫʯʠʪʠ ʥʘ ʦʩʥʦʚʫ ɺʘʿʩʮʝʢʝʨʦʚʝ ʬʦʨʤʫʣʝ ʠʟ ʦʜʥʦʩʘ ʜʚʝ ʘʥʪʘʛʦʥʠʩʪʠʯʢʝ ʩʠʣʝ: ʩʠʣʝ 

ʧʦʚʨʰʠʥʩʢʦʛ ʥʘʧʦʥʘ ʠ ʂʫʣʦʥʦʚʦʛ ʦʜʙʠʿʘˁʘ: 
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(1.33) 

 ɿʘ ʿʝʟʛʨʘ ʟʘ ʢʦʿʘ ʚʘʞʠ ὤȾὃ  ςυ ʦʥʘ ʠʤʘʿʫ ʤʘˁʝ ʚʨʝʜʥʦʩʪ ʧʦʪʝʥʮʠʿʘʣʥʝ ʙʘʨʠʿʝʨʝ. 

ʈʘʯʫʥʘʿʫ˂ʠ ʧʦʚʨʰʠʥʫ ʿʝʟʛʨʘ ʠ ʂʫʣʦʥʦʚʫ ʝʥʝʨʛʠʿʫ ʟʘ ʜʝʬʦʨʤʠʩʘʥʘ ʿʝʟʛʨʘ ʦʙʣʠʢʘ ʝʣʠʧʩʦʠʜʘ, 

ʧʨʠ ʦʜʨʞʘʚʘˁʫ ˁʝʛʦʚʝ ʟʘʧʨʝʤʠʥʝ, ʜʦʣʘʟʠ ʩʝ ʜʦ ʟʘʢˀʫʯʢʘ ʜʘ ʜʦ ʪʨʝʥʫʪʥʝ ʬʠʩʠʿʝ ʜʦʣʘʟʠ ʫ 

ʩʣʫʯʘʿʫ ʢʘʜʘ ˒̒ ς ί˒ ʰʪʦ ʚʘʞʠ ʟʘ ʩʣʫʯʘʿ ὤȾὃ  υπ. ʊʘʢʦʹʝ, ʚʨʝʤʝʥʘ ʧʦʣʫʨʘʩʧʘʜʘ ʿʝʟʛʘʨʘ 

ʢʦʿʘ ʜʦʞʠʚˀʘʚʘʿʫ ʬʠʩʠʿʫ ʟʘʚʠʩʠ ʦʜ ʦʚʦʛ ʦʜʥʦʩʘ ʠ ʦʥʦ ʩʝ ʤʦʞʝ ʛʨʘʬʠʯʢʠ ʧʨʝʜʩʪʘʚʠʪʠ 

ʛʨʘʬʠʯʢʠ (ʉʣʠʢʘ 1.14). 

 ʉʘ ʩʣʠʢʝ ʩʝ ʚʠʜʠ ʜʘ ʚʨʝʤʝʥʘ ʧʦʣʫʨʘʩʧʘʜʘ ʿʝʟʛʘʨʘ ʢʦʿʘ ʜʦʞʠʚˀʘʚʘʿʫ ʬʠʩʠʿʫ ʦʧʘʜʘ ʩʘ 

ʧʦʚʝ˂ʘʚʘˁʝʤ ʚʨʝʜʥʦʩʪʠ ὤȾὃ. ɿʘ ʿʝʟʛʨʘ ʩʘ ʨʝʜʥʠʤ ʙʨʦʿʝʤ ʤʘˁʠʤ ʦʜ 92, ʚʨʝʤʝ ʧʦʣʫʨʘʩʧʘʜʘ 

ʟʘ ʧʨʦʮʝʩ ʬʠʩʠʿʝ ʿʝ ʥʝʤʝʨˀʠʚʦ ʚʝʣʠʢʦ, ʰʪʦ ʠʭ ʯʠʥʠ ʫ ʩʫʰʪʠʥʠ ʩʪʘʙʠʣʥʠʤ ʥʘ ʦʚʘʿ ʚʠʜ 

ʨʘʩʧʘʜʘ.  

 

ʉʣʠʢʘ 1.14 ï ɿʘʚʠʩʥʦʩʪ ʚʨʝʤʝʥʘ ʧʦʣʫʨʘʩʧʘʜʘ ʿʝʟʛʘʨʘ ʢʦʿʘ ʜʦʞʠʚˀʘʚʘʿʫ ʩʧʦʥʪʘʥʫ ʬʠʩʠʿʫ ʫ 

ʦʜʥʦʩʫ ʥʘ 
ˍ

 (58). 
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 ʇʨʦʮʝʩ ʬʠʩʠʿʝ ʿʝ ʜʝˀʝˁʝ ʪʝʰʢʦʛ ʿʝʟʛʨʘ ʥʘ ʣʘʢʰʝ ʬʨʘʛʤʝʥʪʝ. ʆʥʠ ʩʝ ʤʦʛʫ ʧʦʜʝʣʠʪʠ 

ʥʘ ʥʝʢʦʣʠʢʦ  ʢʘʪʝʛʦʨʠʿa. ʇʨʚʦ ʩʫ ʜʚʘ ʪʝʰʢʘ ʬʠʩʠʦʥʘ ʬʨʘʛʤʝʥʪʘ(ʫ ʨʝʹʝʤ ʩʣʫʯʘʿʫ ʪʨʠ ʪʝʰʢʘ 

ʬʨʘʛʤʝʥʪʘ). ʅʘʩʪʘʣʠ ʬʨʘʛʤʝʥʪʠ ʫ ʩʝʙʠ ʩʘʜʨʞʝ ʚʠʰʘʢ ʥʝʫʪʨʦʥʘ. ʅʘ ʧʨʠʤʝʨ ʢʦʜ ʬʠʩʠʿʝ 235U 

ʜʦ ʢʦʿʝ ʜʦʣʘʟʠ ʧʨʠʣʠʢʦʤ ʟʘʭʚʘʪʘ ʪʝʨʤʘʣʥʦʛ ʥʝʫʪʨʦʥʘ ʦʥ ʩʝ ʮʝʧʘ ʥʘ 95Rb i 140Cs. ɼʚʘ ʥʘʩʪʘʣʘ 

ʿʝʟʛʨʘ ʠʤʘʿʫ ʦʜʥʦʩ  πȢτρ, ʜʦʢ ʩʫ ʫ ʦʚʦʤ ʨʝʛʠʦʥʫ ʤʘʩʘ ʿʝʟʛʨʘ ʩʪʘʙʠʣʥʘ ʩʘ ʦʜʥʦʩʦʤ 

 πȢσω. ɺʠʰʘʢ ʥʝʫʪʨʦʥʘ ʬʨʘʛʤʝʥʪʠ ʩʝ ʦʩʣʦʙʘʹʘʿʫ ʝʤʠʪʦʚʘˁʝʤ ʙʨʟʠʭ (ʧʨʦʤʧʪʥʠʭ) ʥʝʫʪʨʦʥʘ ʫ 

ʚʨʝʤʝʥʩʢʦʤ ʨʦʢʫ ʦʜ 10-16s. ɳʠʭʦʚ ʙʨʦʿ ʟʘʚʠʩʠ ʦʜ ʧʨʠʨʦʜʝ ʥʘʩʪʘʣʠʭ ʬʨʘʛʤʝʥʘʪʘ, ʢʘʦ ʠ ʦʜ 

ʝʥʝʨʛʠʿʝ ʫʧʘʜʥʝ ʯʝʩʪʠʮʝ ʢʦʿʘ ʿʝ ʠʥʜʫʢʦʚʘʣʘ ʬʠʩʠʿʫ. ɹʨʦʿ ʥʝʫʪʨʦʥʘ ʝʤʠʪʦʚʘʥʠʭ ʪʦʢʦʤ ʬʠʩʠʿʝ 

ʿʝ ʢʘʨʘʢʪʝʨʠʩʪʠʢʘ ʢʦʥʢʨʝʪʥʦʛ ʨʘʩʧʘʜʘ. ʂʦʜ ʬʠʩʠʿʝ ʠʥʜʫʢʦʚʘʥʝ ʪʝʨʤʘʣʥʠʤ ʥʝʫʪʨʦʥʠʤʘ ʥʘ 
233U ʩʨʝʜˁʘ ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʘ ʚʨʝʜʥʦʩʪ ʠʟʥʦʩʠ 2,48, ʘ ʟʘ 235U 2,42.  

 

 

ʉʣʠʢʘ 1.15 ï ʄʘʩʩʝʥʘ ʜʠʩʪʨʠʙʫʮʠʿʘ ʬʠʩʠʦʥʠʭ ʬʨʘʛʤʝʥʘʪʘ ʥʘʢʦʥ ʬʠʩʠʿʝ 235U ʥʘʢʦʥ ʟʘʭʚʘʪʘ 

ʪʝʨʤʘʣʥʦʛ ʥʝʫʪʨʦʥʘ (59). 

 ʇʦʨʝʜ ʧʨʦʤʧʪʥʠʭ ʥʝʫʪʨʦʥʘ, ʜʦʣʘʟʠ ʜʦ ʝʤʠʪʦʚʘˁʘ ʠ ʟʘʢʘʩʥʝʣʠʭ ʥʝʫʪʨʦʥʘ. ʅʘʠʤʝ, 

ʪʝʰʢʠ ʬʠʩʠʦʥʠ ʬʨʘʛʤʝʥʪʠ ʥʝʩʪʘʙʠʣʥʠ ʩʫ ʥʘ ɓ ʨʘʩʧʘʜ ʠ ʥʘʢʦʥ ʨʘʩʧʘʜʘ ʿʝʟʛʨʘ ʧʦʪʦʤʮʠ ʦʩʪʘʿʫ 

ʫ ʚʠʩʦʢʦ ʝʢʩʮʠʪʦʚʘʥʠʤ ʩʪʘˁʠʤʘ. ɱʝʟʛʨʘ ʧʦʪʦʤʮʠ ʩʝ ʝʥʝʨʛʠʿʝ ʦʩʣʦʙʘʹʘʿʫ ʠʣʠ ʝʤʠʪʦʚʘˁʝʤ 

ʛʘʤʘ ʟʨʘʯʝˁʘ ʠʣʠ, ʘʢʦ ʿʝ ʝʥʝʨʛʠʿʘ ʧʦʙʫʜʝ ʚʝ˂ʘ ʦʜ ʚʝʟʠʚʥʝ ʝʥʝʨʛʠʿʝ ʥʫʢʣʝʦʥʘ, ʝʤʠʪʦʚʘˁʝʤ 

ʥʝʫʪʨʦʥʘ. ʋʢʫʧʘʥ ʠʥʪʝʥʟʠʪʝʪ ʝʤʠʪʦʚʘʥʠʭ ʟʘʢʘʩʥʝʣʠʭ ʥʝʫʪʨʦʥʘ ʿʝ ʦʢʦ 1 ʥʘ 100 ʬʠʩʠʿʘ. ʆʥʦ 

ʰʪʦ ʿʝ ʙʠʪʥʦ ʢʦʜ ʟʘʢʘʩʥʝʣʠʭ ʥʝʫʪʨʦʥʘ ʿʝ ʯʠˁʝʥʠʮʘ ʜʘ ʧʨʝʜʩʪʘʚˀʘʿʫ ʚʝʦʤʘ ʙʠʪʘʥ ʬʘʢʪʦʨ ʢʦʜ 

ʧʣʘʥʠʨʘˁʘ ʢʦʥʪʨʦʣʠʩʘʥʝ ʣʘʥʯʘʥʝ ʨʝʘʢʮʠʿʝ ʫ ʥʫʢʣʝʘʨʥʠʤ ʨʝʘʢʪʦʨʠʤʘ. ʆʚʘʢʘʚ ʨʘʩʧʘʜ 

ʪʝʰʢʠʭ ʬʠʩʠʦʥʠʭ ʬʨʘʛʤʝʥʘʪʘ ʿʝ ʨʝʹʠ ʩʣʫʯʘʿ, ʥʘʿʯʝʰ˂ʝ ʩʝ ʩʪʘʙʠʣʥʦʩʪ ʬʨʘʛʤʝʥʘʪʘ ʧʦʩʪʠʞʝ 

ʥʠʟʦʤ ɓ- ʨʘʩʧʘʜʘ. 

 ɼʝʦʙʦʤ ʪʝʰʢʠʭ ʿʝʟʛʘʨʘ ʧʨʠʣʠʢʦʤ ʬʠʩʠʿʝ, ʤʦʞʝ ʥʘʩʪʘʪʠ ʚʝʣʠʢʠ ʙʨʦʿ ʢʦʤʙʠʥʘʮʠʿʘ 

ʿʝʟʛʘʨʘ. ʄʝʹʫʪʠʤ, ʥʝʤʘʿʫ ʩʚʠ ʥʘʯʠʥʠ ʬʠʩʠʿʝ ʧʦʜʿʝʜʥʘʢʫ ʚʝʨʦʚʘʪʥʦ˂ʫ. ʉʣʠʢʘ 1.15 ʧʨʠʢʘʟʫʿʝ 

ʤʘʩʝʥʫ ʜʠʩʪʨʠʙʫʮʠʿʫ ʬʨʘʛʤʝʥʘʪʘ ʬʠʩʠʿʝ ʧʨʠʣʠʢʦʤ ʠʥʜʫʢʦʚʘʥʝ ʬʠʩʠʿʝ ʟʘʭʚʘʪʦʤ ʪʝʨʤʘʣʥʦʛ 
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ʥʝʫʪʨʦʥʘ ʥʘ 235U. ɺʠʜʠ ʩʝ ʜʘ ʧʦʩʪʦʿʝ ʜʚʘ ʤʘʢʩʠʤʫʤʘ, ʧʨʚʠ ʟʘ ʤʘʩʝʥʝ ʙʨʦʿʝ ʦʢʦ 95 (Z ~36) ʠ 

ʜʨʫʛʠ ʟʘ ʤʘʩʝʥʝ ʙʨʦʿʝʚʝ ʦʢʦ 140 (Z ~ 54).  ʋ ʩʣʫʯʘʿʫ ʜʘ ʿʝ ʬʠʩʠʿʘ ʠʥʜʫʢʦʚʘʥʘ ʥʘ ʥʝʢʠ ʜʨʫʛʠ 

ʥʘʯʠʥ, ʥʘ ʧʨʠʤʝʨ ʥʝʫʪʨʦʥʠʤʘ ʚʝ˂ʠʭ ʝʥʝʨʛʠʿʘ, ʤʘʩʝʥʘ ʨʘʩʧʦʜʝʣʘ ʬʨʘʛʤʝʥʘʪʘ ʙʠ ʙʠʣʘ 

ʜʨʫʛʘʯʠʿʘ. ʊʘʢʦʹʝ, ʘʢʦ ʿʝ ʬʠʩʠʿʘ ʠʥʜʫʢʦʚʘʥʘ ʫʧʘʥʠʤ ʯʝʩʪʠʮʘʤʘ ʚʠʩʦʢʠʭ ʝʥʝʨʛʠʿʘ, ʨʘʩʪʝ 

ʚʝʨʦʚʘʪʥʦ˂ʘ ʟʘ ʜʦʙʠʿʘˁʝ ʬʨʘʛʤʝʥʘʪʘ ʠʩʪʠʭ ʤʘʩʝʥʠʭ ʙʨʦʿʝʚʘ. ʆʚʘʢʘʚ ʥʘʯʠʥ ʨʘʩʧʘʜʘ ʬʠʩʠʿʝ, 

ʩʘʤʦ ʧʦʪʚʨʹʫʿʝ ʜʘ ʿʝ ʪʝʦʨʠʿʘ ʩʣʦʞʝʥʦʛ ʿʝʟʛʨʘ ʘʜʝʢʚʘʪʥʘ ʫ ʦʧʠʩʫ ʦʚʝ ʚʨʩʪʝ ʨʘʩʧʘʜʘ, ʢʘʜʘ 

ʩʣʦʞʝʥʦ ʿʝʟʛʨʦ ʢʦʿʝ ʥʘʩʪʘʿʝ ʟʘʙʦʨʘʚˀʘ ʥʘʯʠʥ ʥʘ ʢʦʿʝ ʿʝ ʥʘʩʪʘʣʦ ʠ ʤʦʛʫ˂ʠ ʩʫ ʜʘˀʠ ʨʘʟʣʠʯʠʪʠ 

ʚʠʜʦʚʠ ʨʘʩʧʘʜʘ. 

 

ʉʣʠʢʘ 1.16 ï ɽʬʠʢʘʩʘʥ ʧʨʝʩʝʢ ʟʘ ʬʠʩʠʿʫ ʠʥʜʫʢʦʚʘʥʫ ʥʝʫʪʨʦʥʠʤʘ ʟʘ 235U ʠ 238U (51). 

ɺʨʝʜʥʦʩʪ ʝʬʠʢʘʩʥʦʛ ʧʨʝʩʝʢʘ ʟʘ ʪʝʨʤʘʣʥʝ ʥʝʫʪʨʦʥʝ (0,025ʝV) ʟʘ 235U ʠʟʥʦʩʠ 584 b ʠ ʦʧʘʜʘ 

ʩʘ ʧʦʨʘʩʪʦʤ ʝʥʝʨʛʠʿʘ ʥʝʫʪʨʦʥʘ. ɿʘ ʬʠʩʠʿʫ 238U ʝʬʠʢʘʩʘʥ ʧʨʝʩʝʢ ʠʤʘ ʟʘʥʝʤʘʨˀʠʚʝ 

ʚʨʝʜʥʦʩʪʠ ʜʦ ʝʥʝʨʛʠʿʘ ʦʢʦ 1 MeV. 

 ɽʬʠʢʘʩʘʥ ʧʨʝʩʝʢ ʟʘ ʠʥʜʫʢʦʚʘʥʫ ʬʠʩʠʿʫ ʟʘʚʠʩʠ ʦʜ ʿʝʟʛʨʘ ʜʦ ʿʝʟʛʨʘ. ʂʦʜ 235U ʠ ʬʠʩʠʿʝ 

ʠʥʜʫʢʦʚʘʥʝ ʥʝʫʪʨʦʥʠʤʘ, ʝʬʠʢʘʩʘʥ ʧʨʝʩʝʢ ʧʦʢʘʟʫʿʝ ʚʝ˂ ʧʦʤʝʥʫʪʫ ʟʘʚʠʩʥʦʩʪ ρȾ‡ ʧʨʠ 

ʪʝʨʤʘʣʥʠʤ ʝʥʝʨʛʠʿʘʤʘ ʥʝʫʪʨʦʥʘ. ʇʨʠ ʦʚʠʤ ʝʥʝʨʛʠʿʘʤʘ ʝʬʠʢʘʩʘʥ ʧʨʝʩʝʢ ʟʘ ʬʠʩʠʿʫ (584 b) je 

ʟʥʘʪʥʦ ʚʠʰʠ ʫ ʦʜʥʦʩʫ ʥʘ ʨʘʩʝʿʘˁʝ ʥʝʫʪʨʦʥʘ (9 b) ʠʣʠ ʨʘʜʠʿʘʪʠʚʥʠ ʟʘʭʚʘʪ (97 b). ʊʘʢʦʹʝ 

ʝʬʠʢʘʩʘʥ ʧʨʝʩʝʢ ʟʘ ʬʠʩʠʿʫ ʿʝ ʪʨʠ ʧʫʪʘ ʤʘˁʠ ʟʘ ʙʨʟʝ ʥʝʫʪʨʦʥʝ ʫ ʦʜʥʦʩʫ ʥʘ ʪʝʨʤʘʣʥʝ ɼʘˀʝ, 

ʟʘ ʝʥʝʨʛʠʿʝ ʫ ʦʧʩʝʛʫ ʦʜ 1 ʝV ʜʦ 100 eV ʧʦʩʪʦʿʠ ʚʝʣʠʢʠ ʙʨʦʿ ʨʝʟʦʥʘʥʪʥʠʭ ʩʢʦʢʦʚʘ. ʉʪʦʛʘ, ʘʢʦ 

ʩʝ ʢʦʨʠʩʪʝ ʥʝʫʪʨʦʥʠ ʟʘ ʠʥʜʫʢʦʚʘˁʝ ʬʠʩʠʿʝ ʥʘ 235U, ʧʦʪʨʝʙʥʦ ʠʭ ʿʝ ʫʩʧʦʨʠʪʠ ʪʦ ʪʝʨʤʘʣʥʠʭ 

ʝʥʝʨʛʠʿʘ, ʢʘʢʦ ʙʠ ʩʝ ʧʦʚʝ˂ʘʣʘ ʚʝʨʦʚʘʪʥʦ˂ʘ ʟʘ ʬʠʩʠʿʫ. ʐʪʦ ʩʝ ʪʠʯʝ 238U, ʬʠʩʠʿʘ ʩʝ ʥʝ ʦʜʠʛʨʘʚʘ 

ʟʘ ʥʝʫʪʨʦʥʝ ʪʝʨʤʘʣʥʠʭ ʝʥʝʨʛʠʿʘ, ʚʝ˂ ʧʦʩʪʦʿʠ ʦʜʨʝʹʝʥʠ ʝʥʝʨʛʝʪʩʢʠ ʧʨʘʛ, ʧʦʩʣʝ ʢʦʿʝʛ ʿʝ ʬʠʩʠʿʘ 

ʟʘʭʚʘʪʦʤ ʥʝʫʪʨʦʥʘ ʤʦʛʫ˂ʘ. ɽʥʝʨʛʠʿʝ ʚʝʟʝ ʧʦ ʥʫʢʣʝʦʥʫ, ʢʘʦ ʠ ʚʠʩʠʥʝ ʬʠʩʠʦʥʝ ʙʘʨʠʿʝʨʝ ʩʫ 

ʧʨʝʪʭʦʜʥʦ ʥʘʚʝʜʝʥʝ (ʊʘʙʝʣʘ 1.1). Kʦʜ 235U, 233U ʠ 239Pu ʟʘʭʚʘʪʦʤ ʪʝʨʤʘʣʥʠʭ ʥʝʫʪʨʦʥʘ ʜʦʣʘʟʝ 

ʫ ʧʦʙʫʹʝʥʦ ʩʪʘˁʝ ʠ ʝʥʝʨʛʠʿʘ ʚʝʟʝ ʢʦʿʘ ʩʝ ʦʩʣʦʙʘʹʘ ʦʚʠʤ ʟʘʭʚʘʪʦʤ ʿʝ ʚʝ˂ʘ ʦʜ ʝʥʝʨʛʠʿʝ ʬʠʩʠʦʥʝ 
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ʙʘʨʠʿʝʨʝ. ʂʦʜ 232Th ʠ 238U ʦʚʦ ʥʠʿʝ ʩʣʫʯʘʿ, ʪʝ ʿʝ ʬʠʩʠʿʫ ʤʦʛʫ˂ʝ ʠʥʜʫʢʦʚʘʪʠ ʩʘ ʥʝʫʪʨʦʥʠʤʘ 

ʢʦʿʠ ʠʤʘʿʫ ʥʝʢʫ ʤʠʥʠʤʘʣʥʫ ʢʠʥʝʪʠʯʢʫ ʝʥʝʨʛʠʿʫ. ʅʘʨʘʚʥʦ, ʦʚʦ ʿʝ ʩʣʫʯʘʿ ʟʘ ʠʥʜʫʢʦʚʘʥʝ 

ʬʠʩʠʿʝ. 

  

1.3.5 ʈʝʘʢʮʠʿʝ ʪʝʰʢʠʭ ʿʦʥʘ 

 

 ʊʝʰʢʠʤ ʿʦʥʠʤʘ ʩʝ ʩʘ ʩʪʘʥʦʚʠʰʪʘ ʥʫʢʣʝʘʨʥʠʭ ʨʝʘʢʮʠʿʘ ʩʤʘʪʨʘʿʫ ʯʝʩʪʠʮʝ ʩʘ ʤʘʩʝʥʠʤ 

ʙʨʦʿʝʤ ʚʝ˂ʠʤ ʦʜ 4. ɼʘʥʘʰˁʠ ʘʢʮʝʣʝʨʘʪʦʨʠ ʩʫ ʫ ʩʪʘˁʫ ʜʘ ʫʙʨʟʘʿʫ ʪʝʰʢʝ ʿʦʥʝ ʩʚʝ ʜʦ 238U. 

ʊʘʣʘʩʥʝ ʜʫʞʠʥʝ ʪʘʢʚʠʭ ʫʧʘʜʥʠʭ ʯʝʩʪʠʮʘ ʩʫ ʟʥʘʪʥʦ ʤʘˁʝ ʦʜ ʜʠʤʝʥʟʠʿʘ ʩʘʤʦʛ ʿʝʟʛʨʘ, ʪʝ ʩʝ 

ʪʘʢʚʠ ʩʫʜʘʨʠ ʤʦʛʫ ʨʘʟʤʘʪʨʘʪʠ ʢʣʘʩʠʯʥʠʤ ʧʨʠʩʪʫʧʦʤ. ɺʝʣʠʢʠ ʙʨʦʿ ʨʝʘʢʮʠʿʘ ʿʝ ʤʦʛʫ˂ ʫ 

ʩʫʜʘʨʠʤʘ ʪʝʰʢʠʭ ʿʦʥʘ, ʘ ʫʢʦʣʠʢʦ ʜʦʣʘʟʠ ʜʦ ʬʫʟʠʿʝ, ʧʨʦʜʫʢʪʠ ʨʝʘʢʮʠʿʝ ʠʤʘʿʫ ʤʘʩʫ ʟʥʘʪʥʦ 

ʨʘʟʣʠʯʠʪʫ ʦʜ ʤʘʩʘ ʧʦʯʝʪʥʠʭ ʫʯʝʩʥʠʢʘ ʨʝʘʢʮʠʿʝ.  

 ʇʨʠʣʠʢʦʤ ʩʫʜʘʨʘ ʪʝʰʢʠʭ ʿʦʥʘ, ʘʢʦ ʫʧʘʜʥʝ ʯʝʩʪʠʮʝ ʠʤʘʿʫ ʚʝʣʠʢʝ ʠʤʧʘʢʪ ʧʘʨʘʤʝʪʨʝ, 

ʜʦʣʘʟʠ ʜʦ ˁʠʭʦʚʦʛ ʨʘʩʝʿʘʚʘˁʘ ʫʩʣʝʜ ʂʫʣʦʥʦʚʝ ʩʠʣʝ (ʧʫʪʘˁʝ 1 ʠ 2, ʉʣʠʢʘ 1.17).  ʋ ʩʣʫʯʘʿʫ 

ʜʘ ʯʝʩʪʠʮʝ ʜʦʜʠʨʥʫ ʿʝʟʛʨʦ (ʧʫʪʘˁʘ 3), ʥʫʢʣʝʘʨʥʝ ʨʝʢʘʮʠʿʝ ʧʦʯʠˁʫ ʩʘ ʩʝ ʦʜʚʠʿʘʿʫ.  ʋʢʦʣʠʢʦ 

ʫʧʘʜʥʘ ʯʝʩʪʠʮʘ ʩʘ ʤʘʣʦʤ ʚʨʝʜʥʦʰ˂ʫ ʧʘʨʘʤʝʪʨʘ b ʩʝ ʩʫʜʘʨʘ ʩʘ ʿʝʟʛʨʦʤ, ʢʦʤʧʣʝʢʩʥʝ ʧʨʦʤʝʥʝ 

ʤʦʛʫ ʜʘ ʩʝ ʦʜʠʛʨʘʿʫ, ʰʪʦ ʤʦʞʝ ʜʘ ʜʦʚʝʜʝ ʜʦ ʬʫʟʠʿʝ.  

 ʄʘʣʠ ʫʛʣʦʚʠ ʨʘʩʝʿʘˁʘ ʫʧʘʜʥʠʭ ʯʝʩʪʠʮʘ ʦʜʛʦʚʘʨʘʿʫ ˁʠʭʦʚʦʤ ʧʨʠʣʘʩʢʫ ʿʝʟʛʨʫ ʩʘ 

ʚʝʣʠʢʠʤ ʧʘʨʘʤʝʪʨʦʤ b. ɽʬʠʢʘʩʘʥ ʧʨʝʩʝʢ ʫ ʦʚʦʤ ʜʦʤʝʥʫ ʦʜʛʦʚʘʨʘ ʝʬʠʢʘʩʥʦʤ ʧʨʝʩʝʢʫ ʢʦʿʠ 

ʿʝ ʫʦʯʝʥ ʫ ʈʘʜʝʨʬʦʨʜʦʚʠʤ ʝʢʩʧʝʨʠʤʝʥʪʠʤʘ. ʂʘʢʦ ʩʝ ʩʤʘˁʫʿʝ ʠʤʧʘʢʪ ʧʘʨʘʤʝʪʘʨ ʫʧʘʜʥʠʭ 

ʯʝʩʪʠʮʘ, ˁʠʭʦʚ ʫʛʘʦ ʨʘʩʝʿʘˁʘ ʙʠ, ʧʦ ʈʘʜʝʨʬʦʨʜʦʚʦʤ ʤʦʜʝʣʫ, ʪʨʝʙʘʣʦ ʜʘ ʨʘʩʪʝ. ʄʝʹʫʪʠʤ 

ʜʦʣʘʟʠ ʜʦ ʦʜʩʪʫʧʘˁʘ, ʢʘʢʦ ʫʧʘʜʥʝ ʯʝʩʪʠʮʝ ʜʦʣʘʟʝ ʫ ʠʥʪʝʨʘʢʮʠʿʫ ʩʘ ʿʝʟʛʨʦʤ ʠ ʩʣʘʙˀʝˁʘ 

ʫʧʘʜʥʦʛ ʩʥʦʧʘ ʯʝʩʪʠʮʘ. ɼʘˀʝ ʩʤʘˁʠʚʘˁʝ ʫʜʘʨʥʦʛ ʧʘʨʘʤʝʪʨʘ ʢʘʨʘʢʪʝʨʠʰʝ ʜʘˀʠ ʧʘʜ 

ʝʬʠʢʘʩʥʦʛ ʧʨʝʩʝʢʘ. ɿʘ ʿʦʥʝ ʩʨʝʜˁʝ ʪʝʞʠʥʝ ʤʦʞʝ ʜʦ˂ʠ ʜʦ ʦʩʮʠʣʘʮʠʿʘ ʫ ʝʬʠʢʘʩʥʦʤ ʧʨʝʩʝʢʫ, 

ʿʝʨ ˁʠʭʦʚʦ ʨʘʩʝʿʘˁʝ (ʪʘʣʘʩʘ ʫʧʘʜʥʠʭ ʯʝʩʪʠʮʘ, ʢʘʢʦ ʩʝ ʧʨʝʜʩʪʘʚˀʘ ʫʧʘʜʥʠ ʩʥʦʧ) ʥʘ ʿʝʟʛʨʠʤʘ 

ʠʤʘ ʝʬʝʢʪʝ ʜʠʬʨʘʢʮʠʿʝ ʥʘ ʿʝʟʛʨʫ. 

 ʇʫʪʘˁʝ ʫʧʘʜʥʠʭ ʯʝʩʪʠʮʘ 3 ʩʘ ʩʣʠʢʝ ʠʟʘʟʠʚʘʿʫ ʨʝʘʢʮʠʿʝ ʥʝ ʤʝˁʘʿʫ ʫ ʚʝʣʠʢʦʿ ʤʝʨʠ 

ʫʛʘʦʥʫ ʨʘʩʧʦʜʝʣʫ ʨʘʩʝʿʘʥʠʭ ʯʝʩʪʠʮʘ. ʋʛʘʦʥʘ ʨʘʩʧʦʜʝʣʘ ʫ ʪʦʤ ʩʣʫʯʘʿʫ ʠʤʘ ʦʙʣʠʢ ʠʩʢʦʰʝʥʦʛ 

ʟʚʦʥʘ ʢʘ ʚʝ˂ʠʤ ʫʛʣʦʚʠʤʘ. 

 ʄʘʢʩʠʤʫʤ ʜʠʩʪʨʠʙʫʮʠʿʝ ʦʜʛʦʚʘʨʘ ʛʨʘʥʠʯʥʦʤ ʫʛʣʫ, ʢʘʜʘ ʯʝʩʪʠʮʝ ʜʦʜʠʨʫʿʫ ʟʘʧʨʝʤʠʥʫ 

ʿʝʟʛʨʘ. ɿʘ ʤʘˁʝ ʫʛʣʦʚʝ, ʥʝʤʘ ʜʠʨʝʢʪʥʦʛ ʢʦʥʪʘʢʪʘ ʫʧʘʜʥʝ ʯʝʩʪʠʮʝ ʠ ʿʝʟʛʨʘ ʤʝʪʝ ʪʝ ʩʝ ʩʤʘˁʫʿʝ 

ʚʝʨʦʚʘʪʥʦʘ˂ ʦʜʠʛʨʘʚʘˁʘ ʥʫʢʣʝʘʨʥʝ ʨʝʘʢʮʠʿʝ. ʊʘʢʦʹʝ, ʟʘ ʚʝ˂ʝ ʫʛʣʦʚʝ ʨʘʩʝʿʘˁʘ, ʚʝʨʦʚʘʪʥʦ˂ʘ 

ʨʝʘʢʮʠʿʘ ʿ ʝ ʚʝ˂ʘ, ʜʦʤʠʥʘʥʪʥʦ ʬʫʟʠʿʝ ʠ ʜʦʣʘʟʠ ʜʦ ʩʤʘˁʝʥʝ ʚʝʨʦʚʘʪʥʦ˂ʝ ʦʜʠʛʨʘʚʘˁʘ ʜʠʨʝʢʪʥʝ 

ʨʝʘʢʮʠʿʝ, ʢʘʦ ʥʘ ʧʨʠʤʝʨʫ ʩʘ ʩʣʠʢʝ.  
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ʉʣʠʢʘ 1.17 ï ɿʘʚʠʩʥʦʩʪ ʚʨʩʪʝ ʨʝʘʢʮʠʿʝ ʦʜ ʧʫʪʘˁʝ ʫʧʘʜʥʝ ʯʝʩʪʠʮʝ. ʇʫʪʘˁʝ 1 ʠ 2 

ʧʨʝʜʩʪʘʚˀʘʿʫ ʨʘʩʝʿʘˁʘ ʫʧʘʜʥʠʭ ʯʝʩʪʠʮʘ, ʢʦʜ ʧʫʪʘˁʝ 3 ʧʦʯʠˁʫ ʜʘ ʩʝ ʦʜʠʛʨʘʚʘʿʫ ʥʫʢʣʝʘʨʥʝ 

ʨʝʘʢʮʠʿʝ, ʜʦʢ ʜʠʨʝʢʪʥʠ ʯʝʦʥʠ ʩʫʜʘʨ (ʧʫʪʘˁʘ 4) ʿʝ ʟʘʩʣʫʞʘʥ ʟʘ ʧʦʪʝʥʮʠʿʘʣʥʫ ʬʫʟʠʿʫ. 

 

 ʏʝʩʪʠʮʝ ʯʠʿʠ ʿʝ ʧʘʨʘʤʝʪʘʨ b ʜʦʚʦˀʥʦ ʚʝʣʠʢʠ ʜʘ ʫʧʘʜʥʝ ʯʝʩʪʠʮʝ ʥʝ ʜʦʣʘʟʝ ʫ 

ʠʥʪʝʨʘʢʮʠʿʫ ʩʘ ʿʝʟʛʨʦʤ ʠ ʢʦʿʝ ʩʝ ʂʫʣʦʥʦʚʦʤ ʩʠʣʦʤ ʨʘʩʝʿʘʚʘʿʫ, ʤʦʛʫ ʜʘ ʠʟʘʟʦʚʫ ʥʝʝʣʘʩʪʠʯʥʝ 

ʝʢʩʮʠʪʘʮʠʿʝ ʥʘ ʿʝʟʛʨʫ. ʋʢʦʣʠʢʦ ʝʥʝʨʛʠʿʘ ʫʧʘʜʥʠʭ ʯʝʩʪʠʮʘ ʙʠʚʘ ʤʘˁʘ ʦʜ ʝʥʝʨʛʠʿʝ ʧʦʪʨʝʙʥʝ 

ʟʘ ʩʘʚʣʘʜʘʚʘˁʝ ʙʘʨʠʿʝʨʝ ʿʝʟʛʨʘ ʤʝʪʝ, ʤʦʛʫ ʩʝ ʠʩʧʠʪʠʚʘʪʠ ʦʩʦʙʠʥʝ ʧʦʙʫʹʝʥʠʭ ʩʪʘˁʘ ʿʝʟʛʨʘ 

ʢʦʿʝ ʩʝ ʫ ʦʚʦʤ ʩʣʫʯʘʿʫ ʜʝʰʘʚʘʿʫ.   

 ʉʫʜʘʨʠ ʪʝʰʢʠʭ ʿʦʥʘ ʩʝ ʢʦʨʠʩʪʝ ʧʨʠʣʠʢʦʤ ʧʨʦʠʟʚʦʜˁʝ ʩʫʧʝʨ ʪʝʰʢʠʭ ʝʣʝʤʝʥʘʪʘ. 

ʇʨʦʠʟʚʦʜˁʘ ʪʨʘʥʩʫʨʘʥʩʢʠʭ ʝʣʝʤʝʥʘʪʘ ʿʝ ʧʦʯʝʣʘ ʨʝʘʢʮʠʿʘʤʘ ʟʘʭʚʘʪʘ ʥʝʫʪʨʦʥʘ ʥʘ ʿʝʟʛʨʠʤʘ, 

ʪʝ ʿʝ ʩʪʚʘʨʘˁʝ ʿʝʟʛʘʨʘ ʢʦʿʘ ʩʫ ʧʨʝʟʘʩʠ˂ʝʥʘ ʥʝʫʪʨʦʥʠʤʘ ʧʨʘʪʠʣʘ ʝʤʠʩʠʿʘ ɓ- ʯʝʩʪʠʮʘ.  ʅʘ ʪʘʿ 

ʥʘʯʠʥ ʩʝ ʜʦʙʠʿʘʿʫ ʿʝʟʛʨʘ ʩʘ ʨʝʜʥʠʤ ʙʨʦʿʝʤ ʟʘ ʧʦ ʿʝʜʘʥ ʚʝ˂ʠʤ ʦʜ ʧʨʝʪʭʦʜʥʦʛ. ʄʝʹʫʪʠʤ, ʦʚʘ 

ʪʝʭʥʠʢʘ ʠʤʘ ʦʛʨʘʥʠʯʝˁʘ ʠ ʤʦʞʝ ʩʝ ʧʨʠʤʝˁʠʚʘʪʠ ʟʘ ʜʦʙʠʿʘˁʝ ʿʝʟʛʘʨʘ ʜʦ ʨʝʜʥʦʛ ʙʨʦʿʘ 105. 

ʅʘ ʜʘˀʝ ʚʨʝʤʝʥʘ ʧʦʣʫʨʘʩʧʘʜʘ ʪʠʭ ʿʝʟʛʘʨʘ ʩʫ ʢʨʘʪʢʘ ʜʘ ʙʠ ʦʥʘ ʜʦʞʠʚʝʣʘ ʩʧʦʥʪʘʥʫ ʬʠʩʠʿʫ. 

ʂʘʢʦ ʧʦʚʝ˂ʘˁʝ ʙʨʦʿ ʧʨʦʪʦʥʘ ʫ ʿ ʝʟʛʫ ʯʠʥʠ ʦʥʦ ʥʝʩʪʘʙʠʣʥʠʿʠʤ ʥʘ ʨʘʩʧʘʜ ʧʫʪʝʤ ʬʠʩʠʿʝ, ʚʨʝʤʝ 

ʧʦʣʫʨʘʩʧʘʜʘ ʧʫʪʝʤ ʬʠʩʠʿʝ ʙʠ ʪʨʝʙʘʣʦ ʜʘ ʩʝ ʩʤʘˁʫʿʝ ʩʘ ʧʦʨʘʩʪʦʤ ʨʝʜʥʦʛ ʙʨʦʿʘ. ɸʢʦ ʿʝ ʮʠ ˀ

ʜʘ ʩʝ ʧʨʦʠʟʚʝʜʝʥʘ ʩʫʧʝʨʪʝʰʢʘ ʿʝʟʛʨʘ ʨʘʩʧʘʜʘʿʫ ʝʤʠʪʦʚʘˁʝʤ ʥʫʢʣʝʦʥʘ ʧʨʝ ʥʝʛʦ ʬʠʩʠʿʦʤ, 

ʧʦʪʨʝʙʥʦ ʠʭ ʿʝ ʧʨʦʠʟʚʝʩʪʠ ʪʘʢʦ ʜʘ ʠʤʘʿʫ ʥʘʿʤʘˁʫ ʤʦʛʫ˂ʫ ʝʥʝʨʛʠʿʫ ʧʦʙʫʜʝ ʠ ʪʦ ʩʝ ʚʨʰʠ ʩʘ 

ʜʚʘ ʿʝʟʛʨʘ ʢʦʿʘ ʠʤʘʿʫ ʚʠʩʦʢʫ ʝʥʝʨʛʠʿʫ ʚʝʟʝ. ʇʨʠʤʝʨ ʥʘʩʪʘʥʢʘ ʿʝʟʛʨʘ .Ï  ʧʨʝʢʦ ʢʘʥʘʣʘ #Á 

ʠ 0Â  ʢʦʿʠ ʩʫ ʜʚʦʩʪʨʫʢʦ ʤʘʛʠʯʥʘ ʿʝʟʛʨʘ ʿʝ ʚʝʨʦʚʘʪʥʠʿʠ ʦʜ ʢʘʥʘʣʘ ʥʘʩʪʘʥʢʘ ʧʨʝʢʦ 

Ç̇ ̉ È˟ ʿʝʨ ʿʝ ʝʥʝʨʛʠʿʘ ʨʝʘʢʮʠʿʝ ʫ ʧʨʚʦʤ ʩʣʫʯʘʿʫ ʤʘˁʘ ʟʘ 87 ʄʝV.  
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ʉʣʠʢʘ 1.18 ï ɽʬʠʢʘʩʥʠ ʧʨʝʩʝʮʠ ʟʘ ʨʝʘʢʮʠʿʫ 208Pb(12C,13C)207Pb ʟʘ ʨʘʟʣʠʯʠʪʝ ʝʥʝʨʛʠʿʝ 

ʫʧʘʜʥʠʭ ʯʝʩʪʠʮʘ (60). 

 ʌʫʟʠʿʦʤ ʪʝʰʢʠʭ ʿʦʥʘ ʥʘʩʪʘʿʫ ʿʝʟʛʨʘ ʢʦʿʘ ʩʫ ʙʦʛʘʪʘ ʧʨʦʪʦʥʠʤʘ ʠ ʥʘʣʘʟʝ ʩʝ ʩʘ ʥʝʢʦʤ 

ʢʦʣʯʠʥʦʤ ʝʥʝʨʛʠʿʝ ʧʦʙʫʜʝ. ɱʝʜʘʥ ʦʜ ʥʘʯʠʥʘ ʥʘ ʢʦʿʠ ʩʝ ʤʦʞʝ ʦʩʣʦʙʦʜʠʪʠ ʿʝʟʛʨʦ ʦʚʝ ʝʥʝʨʛʠʿʝ 

ʿʝ ʠ ʝʚʘʧʦʨʘʮʠʿʘ ʥʝʫʪʨʦʥʘ, ʪʝ ˂ʝ ʩʝ ʦʚʠʤ ʧʨʦʮʝʩʦʤ ʩʪʚʘʨʘʪʠ ʥʦʚʘ ʿʝʟʛʨʘ, ʩʘ ʚʝʠ˂ʤ ʨʝʜʥʠʤ 

ʙʨʦʿʝʤ. ɱʦʰ ʿʝʜʥʘ ʦʩʦʙʠʥʘ ʦʚʠʭ ʚʨʩʪʘ ʨʝʘʢʮʠʿʘ ʿʝ ʧʨʝʥʦʩ ʚʝʣʠʢʠʭ ʢʦʣʠʯʥʘ ʫʛʘʦʥʠʭ ʤʦʤʝʥʘʪʘ 

ʥʘ ʩʣʦʞʝʥʦ ʿ ʝʟʛʨʦ. ʇʨʠʤʝʨ ʨʝʘʢʮʠʿʝ  #Á :Ò O  .Ä ʜʘʿʝ ʿʝʟʛʨʦ ʩʘ ʫʛʘʦʥʠʤ ʤʦʤʥʝʪʦʤ 

ʜʦ ʚʨʝʜʥʦʩʪʠ ʦʜ 60 ˂, ʰʪʦ ʦʩʪʘʿʝ ʩʣʫʯʘʿ ʠ ʧʦʩʣʝ ʝʤʠʪʦʚʘˁʘ ʥʝʢʦʣʠʢʦ ʯʝʩʪʠʮʘ. ʂʦʜ ʿʝʟʛʘʨʘ 

ʩʘ ʦʚʘʢʦ ʚʝʣʠʢʠʤ ʫʛʘʦʥʠʤ ʤʦʤʝʥʪʦʤ ʜʦʣʘʟʠ ʜʦ ˁʠʭʦʚʠʭ ʜʝʬʦʨʤʘʮʠʿʘ, ʦ ʢʦʿʠʤ ʩʝ ʤʦʛʫ 

ʜʦʙʠʪʠ ʟʥʘʯʘʿʥʝ ʠʥʬʦʨʤʘʮʠʿʝ ʠʟ ʧʨʦʫʯʘʚʘˁʘ ʝʥʝʨʛʝʪʩʢʠʭ ʨʦʪʘʮʠʦʥʠʭ ʪʨʘʢʘ. 

 ʂʘʜʘ ʜʦʣʘʟʠ ʜʦ ʨʝʘʢʮʠʿʝ ʬʫʟʠʿʝ ʿʝʟʛʨʠʤʘ ʢʦʿʘ ʠʤʘʿʫ ʝʥʝʨʛʠʿʫ ʧʨʠʙʣʠʞʥʫ ʝʥʝʨʛʠʿʠ 

ʂʫʣʦʥʦʚʝ ʙʘʨʠʿʝʨʝ ʿ ʝʟʛʨʘ, ʝʬʠʢʘʩʘʥ ʧʨʝʩʝʢ ʢʦʿʠ ʘʜʝʢʚʘʪʥʦ ʦʧʠʩʫʿʝ ʨʝʘʢʮʠʿʫ ʬʫʟʠʿʝ ʦʜʛʦʚʘʨʘ 

ʦʥʦʤ ʜʦʙʠʿʝʥʦʤ ʨʘʟʤʘʪʨʘˁʝʤ ʩʘʤʦ ʫʟ ʧʦʤʦ˂ ʢʣʘʩʠʯʥʝ ʬʠʟʠʢʝ (ʿʝʜʥʘʯʠʥʘ (1.17)). 

  ʇʨʠʣʠʢʦʤ ʬʫʟʠʿʝ ʜʚʝ ʪʝʰʢʝ ʥʘʝʣʝʢʪʨʠʩʘʥʝ ʯʝʩʪʠʮʝ, ʙʠʪʥʘ ʿʝ ʚʨʝʜʥʦʩʪ 

ʤʦʤʝʥʪʘ ʠʤʫʧʣʩʘ ʯʝʩʪʠʮʘ ʢʦʿʝ ʫʯʝʩʪʚʫʿʫ ʫ ʨʝʘʢʮʠʿʠ. ʋʢʦʣʠʢʦ ʩʫ ʦʥʠ ʚʝ˂ʠ ʦʜ ʥʝʢʝ ʛʨʘʥʠʯʥʝ 

ʚʨʝʜʥʦʩʪʠ, ʿʝʟʛʨʦ ʙʠ ʥʘʩʪʘʣʦ ʜʦʙʠʿʘ ʧʨʝʚʝʣʠʢʫ ʨʦʪʘʮʠʦʥʫ ʝʥʝʨʛʠʿʫ ʠ ʥʝ ʤʦʞʝ ʜʘ ʩʝ ʦʜʨʞʠ 

ʢʘʦ ʮʝʣʠʥʘ ʠ ʜʦʣʘʟʠ ʜʦ ʨʘʟʣʝʪʘˁʘ ʫʧʘʜʥʠʭ ʯʝʩʪʠʮʘ. ɺʝʟʘ ʛʨʘʥʠʯʥʦʛ ʫʛʘʦʥʦʛ ʤʦʤʝʥʪʘ ʠ 

ʠʤʧʘʢʪ ʧʘʨʘʤʝʪʨʘ ʫʧʘʜʥʝ ʯʝʩʪʠʮʝ ʿʝ ὦ , ʪʝ ʿʝ ʝʬʠʢʘʩʘʥ ʧʨʝʩʝʢ ʟʘ ʬʫʟʠʿʫ ʦʜʨʝʹʝʥ: 

„ ὦͯ“
ὒ

ὴ
“ 

ὰ

Ὧ
“  

(1.34) 

ɻʜʝ ʿʝ ὰ
˂
, ʘ k ʪʘʣʘʩʥʠ ʙʨʦʿ. 
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ʉʣʠʢʘ 1.19 ï ɽʬʠʢʘʩʘʥ ʧʨʝʩʝʢ ʟʘ ʨʝʘʢʮʠʿʫ ʬʫʟʠʿʝ ʫ ʟʘʚʠʩʥʦʩʪʠ ʦʜ ʝʥʝʨʛʠʿʘ ʿʝʟʛʘʨʘ 16O ʠ 
27Al. ɽʢʩʧʝʨʠʤʝʥʪʘʣʥʠ ʧʦʜʘʮʠ ʩʫ ʠʟ (61; 62; 63; 64), ʉʣʠʢʘ ʠʟ (65). 

 ʉʣʠʢʘ 1.19 ʧʨʠʢʘʟʫʿʝ ʜʘ ʩʝ ʟʘ ʥʘʚʝʜʝʥʫ ʨʝʘʢʮʠʿʫ ʨʝʟʫʣʪʘʪʠ ʧʦʢʣʘʧʘʿʫ ʩʘ ʿʝʜʥʘʯʠʥʦʤ 

(1.17) ʠ ʜʘ ʝʢʩʪʨʘʧʦʣʠʨʘʥʝ ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʝ ʚʨʝʜʥʦʩʪʠ ʧʨʝʩʝʮʘʿʫ ʫ ʦʩʫ ʥʘ ʚʨʝʜʥʦʩʪʠ ʦʜ 2 b, 

ʦʜʘʢʣʝ ʩʝ ʜʦʙʠʿʘ ʧʦʣʫʧʨʝʯʥʠʢ ʠʥʪʝʨʘʣʮʠʿʝ ʜʚʘ ʿʝʟʛʨʘ. ɺʝʣʠʯʠʥʘ ʧʦʤʝʥʫʪʠʭ ʿʝʟʛʘʨʘ ʩʘ ʩʣʠʢʝ 

ʿʝ ʧʨʠʣʠʯʥʦ ʧʨʝʮʠʟʥʦ ʦʜʨʝʹʝʥʘ, ʪʝ ʩʝ ʤʦʞʝ ʟʘʢʣˀʫʯʠʪʠ ʜʘ ʜʦ ʬʫʟʠʿʝ ʜʦʣʘʟʠ ʫʢʦʣʠʢʦ ʜʦʣʘʟʠ 

ʜʦ ʧʨʝʢʣʘʧʘˁʘ ʜʚʘ ʿʝʟʛʨʘ ʫʯʝʩʥʠʢʘ ʨʝʘʢʮʠʿʘ ʫ ʠʟʥʦʩʫ ʦʜ ʤʠʥʠʤʘʣʥʦ 10%.  

 ʂʘʜʘ ʩʫ ʫʛʘʦʥʠ ʤʦʤʝʥʪʠ ʚʝ˂ʠ ʦʜ ʛʨʘʥʠʯʥʠʭ, ʪʘʜʘ ʥʘʩʪʫʧʘ ʧʨʦʮʝʩ ʢʘʦ h ʪʦ ʿ ʝ ʧʨʠʢʘʟʘʥ 

(ʉʣʠʢʘ 1.20). ʇʨʠʣʠʢʦʤ ˁʠʭʦʚʦʛ ʧʨʠʙʣʠʞʘʚʘˁʘ ʢʠʥʝʪʠʯʢʘ ʝʥʝʨʛʠʿʘ ʠʤ ʩʝ ʧʨʝʪʚʘʨʘ ʫ 

ʧʦʪʝʥʮʠʿʘʣʥʫ ʂʫʣʦʥʦʚʦʛ ʧʦˀʘ, ʪʝ ʩʝ ʧʨʦʣʘʟ ʿʝʜʥʝ ʯʝʩʪʠʮʝ ʧʦʨʝʜ ʜʨʫʛʝ ʦʜʚʠʿʘ ʜʦʚʦˀʥʦ 

ʩʧʦʨʦ ʜʘ ʙʠ ˁʠʭʦʚʘ ʢʠʥʝʪʠʯʢʘ ʝʥʝʨʛʠʿʘ ʙʠʣʘ ʧʨʝʫʩʤʝʨʝʥʘ ʥʘ ʝʥʝʨʛʠʿʫ ʧʦʙʫʜʝ. ʇʦʨʝʜ 

ʧʦʙʫʹʠʚʘˁʘ, ʤʦʞʝ ʜʦ˂ʠ ʠ ʜʦ ʨʘʟʤʝʥʝ ʤʘʪʝʨʠʿʝ (ʥʫʢʣʝʦʥʘ) ʫ ʜʝʣʫ ʛʜʝ ʜʦʣʘʟʠ ʜʦ ʢʦʥʪʘʢʪʘ ʠ 

ʛʜʝ ʩʝ ʩʪʚʘʨʘ ʤʦʩʪ ʠʟʤʝʹʫ ʜʚʘ ʿʝʟʛʨʘ. ʋ ʪʦʤ ʢʨʘʪʢʦʤ ʚʨʝʤʝʥʩʢʦʤ ʧʝʨʠʦʜʫ ʩʠʩʪʝʤ ʩʝ ʧʦʥʘʰʘ 

ʢʘʦ ʿʝʜʥʦ ʪʝʣʦ ʠ ʧʦʯʠˁʝ ʜʘ ʨʦʪʠʨʘ, ʤʝʹʫʪʠʤ ʢʘʢʦ ʿʝ ʫʛʘʦʥʠ ʤʦʤʝʥʘʪ ʚʝʣʠʢʠ, ʜʦʣʘʟʠ ʜʦ 

ˁʠʭʦʚʦʛ ʨʘʟʣʝʪʘˁʘ. ʇʨʠʣʠʢʦʤ ʨʘʟʤʝʥʝ ʤʘʪʝʨʠʿʝ ʥʘʩʪʘʿʫ ʯʝʩʪʠʮʝ ʢʦʿʝ ʩʝ ʥʝ ʨʘʟʣʠʢʫʿʫ ʫ 

ʚʝʣʠʢʦʿ ʤʝʨʠ ʦʜ ʧʦʯʝʪʥʠʭ ʠ ʦʥʝ ʜʦʙʠʿʘʿʫ ʜʦʜʘʪʥʫ ʢʠʥʝʪʠʯʢʫ ʝʥʝʨʛʠʿʫ ʫʩʣʝʜ ʂʫʣʦʥʦʚʦʛ 

ʦʜʙʠʿʘˁʘ. ʋʛʘʦʥʘ ʜʠʩʪʨʠʙʫʮʠʿʘ ʯʝʩʪʠʮʘ ʧʦʩʣʝ ʦʚʘʢʚʝ ʨʝʘʢʮʠʿʝ ʿʝ ʫ ʥʘʿʚʝ˂ʦʿ ʤʝʨʠ ʢʘ ʥʘʧʨʝʜ 

(ʫ ʩʤʝʨʫ ʫʧʘʜʥʦʛ ʩʥʦʧʘ ʯʝʩʪʠʮʘ), h ʪʦ ʿʝ ʢʘʨʘʢʪʝʨʠʩʪʠʯʥʘ ʦʩʦʙʠʥʘ ʟʘ ʜʠʨʝʢʪʥʝ ʨʝʘʢʮʠʿʝ.   
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ʉʣʠʢʘ 1.20 ï ʏʝʩʪʠʮʝ ʫ ʩʫʜʘʨʫ ʫ ʩʣʫʯʘʿʫ ʢʘʜʘ ʫʛʘʦʦʥʠ ʤʦʤʝʥʪʠ ʠʤʘʿʫ ʧʨʝʚʝʣʠʢʝ ʚʨʝʜʥʦʩʪʠ 

ʜʘ ʙʠ ʜʦʰʣʦ ʜʦ ʨʝʘʢʮʠʿʝ ʬʫʟʠʿʝ. ɼʦʣʘʟʠ ʜʦ ʢʨʘʪʢʦʪʨʘʿʥʦʛ ʩʧʘʿʘˁʘ, ʢʘʜʘ ʩʝ ʧʦʥʘʰʘʿʫ ʢʘʦ 

ʿʝʜʥʦ ʪʝʣʦ ʠ ʜʦʣʘʟʠ ʜʦ ʤʦʛʫ˂ʝ ʨʘʟʤʝʥʝ ʥʫʢʣʝʦʥʘ . 

  

 ʈʝʘʢʮʠʿʘ ʬʫʟʠʿʝ ʩʝ ʪʘʢʦʹʝ ʥʝ˂ʝ ʦʜʚʠʿʘʪʠ ʫ ʩʣʫʯʘʿʫ ʢʘʜʘ ʯʝʩʪʠʮʝ ʢʦʿʝ ʩʪʫʧʘʿʫ ʫ 

ʨʝʘʢʮʠʿʫ ʠʤʘʿʫ ʠʤʘʿʫ ʧʨʝʚʝʣʠʢʝ ʝʥʝʨʛʠʿʝ. ʂʘʜʘ ʪʘ ʝʥʝʨʛʠʿʘ ʧʦʩʪʘʿʝ ʨʝʜʘ ʚʝʣʠʯʠʥʝ ʫʢʫʧʥʝ 

ʝʥʝʨʛʠʿʝ ʚʝʟʝ ʿʝʟʛʨʘ ʩʠʩʪʝʤ ʩʪʚʦʨʝʥ ʦʜ ʜʚʝ ʧʦʯʝʪʥʝ ʯʝʩʪʠʮʝ ʨʘʩʧʘʜʘ ʩʝ ʬʠʩʠʿʦʤ ʠʣʠ 

ʬʨʘʛʤʝʥʪʘʮʠʿʦʤ ʜʨʫʛʝ ʚʨʩʪ ʤʥʦʛʦ ʙʨʞʝ ʥʝʛʦ ʰʪʦ ʙʠ ʪʦ ʙʠʣʦ ʧʦʪʨʝʙʥʦ ʜʘ ʩʝ ʧʦʩʪʠʛʥʝ ʥʝʢʦ 

ʨʘʚʥʦʪʝʞʥʦ ʩʪʘˁʝ. ʉʘ ʧʦʨʘʩʪʦʤ ʝʥʝʨʛʠʿʝ ʫ ʦʚʦʤ ʝʥʝʨʛʝʪʩʢʦʤ ʦʧʩʝʛ, ʜʦʣʘʟʠ ʜʦ ʥʘʛʣʦʛ 

ʦʧʘʜʘˁʝ ʝʬʠʢʘʩʥʦʛ ʧʨʝʩʝʢʘ ʟʘ ʬʫʟʠʿʫ (ʉʣʠʢʘ 1.19 ʠʩʧʨʝʢʠʜʘʥʝ ʣʠʥʠʿʝ). ʄʝʹʫʪʠʤ, ʠ ʧʦʨʝʜ 

ʪʦʛʘ ʰʪʦ ʥʝ ʜʦʣʘʟʠ ʜʦ ʩʪʚʘʨʘˁʘ ʩʣʦʞʝʥʦʛ ʿʝʟʛʨʘ, ʥʫʢʣʝʘʨʥʝ ʨʝʘʢʮʠʿʝ ʧʨʠ ʚʠʩʦʢʠʤ 

ʝʥʝʨʛʠʿʘʤʘ ʪʝʰʢʠʭ ʿʦʥʘ ʟʘʫʟʠʤʘʿʫ ʟʥʘʯʘʿʥʦ ʤʝʩʪʦ ʫ ʠʩʪʨʘʞʠʚʘˁʠʤʘ. ʊʝʰʢʠ ʿʦʥʠ ʢʦʿʠ ʩʝ 

ʢʨʝ˂ʫ ʙʨʟʠʥʘʤʘ ʙʣʠʩʢʠʤ ʙʨʟʠʥʘʤʘ ʩʚʝʪʣʦʩʪʠ ʧʨʠʣʠʢʦʤ ʩʫʜʘʨʘ ʤʦʛʫ ʩʪʚʦʨʠʪʠ ʫʩʣʦʚʝ ʢʦʿʠ 

ʩʫ ʩʣʠʯʥʠ ʫʩʣʦʚʠʤʘ ʫ ʧʦʯʝʪʥʦʿ ʬʘʟʠ ʧʦʩʣʝ ɺʝʣʠʢʦʛ ʧʨʘʩʢʘ, ʬʦʨʤʠʨʘʿʫ˂ʠ ʧʣʘʟʤʫ ʛʨʘʜʠʚʥʠʭ 

ʝʣʝʤʝʥʘʪʘ ʥʫʢʣʝʘʦʥʘ ï ʢʚʘʨʢʦʚʘ, ʪʝ ʦʚʘʢʚʘ ʩʪʘˁʘ ʤʦʛʫ ʙʠʪʠ ʢʦʨʠʩʥʘ ʫ ʜʦʙʠʿʘˁʫ 

ʠʥʬʦʨʤʘʮʠʿʘ ʦ ʦʚʦʤ ʩʪʘʜʠʿʫʤʫ ʥʘʩʪʘʥʢʘ ʋʥʠʚʝʨʟʫʤʘ. 

 

1.3.6 ɹʘʟʝ ʥʫʢʣʝʘʨʥʠʭ ʧʦʜʘʪʘʢʘ 

 

 EXFOR (13) ʙʘʟʘ ʧʦʜʘʪʘʢʘ (The EXchange FORmat experimental nuclear reaction 

database) ʧʨʝʜʩʪʘʚˀʘ ʙʘʟʫ ʧʦʜʘʪʘʢʘ ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʦ ʜʦʙʠʿʝʥʠʭ ʧʦʜʘʪʘʢʘ ʦ ʥʫʢʣʝʘʨʥʠʤ 

ʨʝʘʢʮʠʿʘʤʘ. ʇʨʝʜʩʪʘʚˀʘ ʤʝʹʫʥʘʨʦʜʩʥʫ ʢʦʦʧʝʨʘʮʠʿʫ ɹʨʫʢʭʝʿʚʝʥ ʥʘʮʠʦʥʘʣʥʝ ʣʘʙʦʨʘʪʦʨʠʿʝ ʠ 

ʄʝʹʫʥʘʨʦʜʥʝ ʘʛʝʥʮʠʿʝ ʟʘ ʘʪʦʦʤʩʢʫ ʝʥʝʨʛʠʿʫ (ʀɸɽɸ). ɹʘʟʘ ʧʦʜʘʪʘʢa ʿʝ ʦʩʥʦʚʘʥʘ ʛʦʜʠʥʝ 

1967. ʦʜ ʩʪʨʘʥʝ ʯʝʪʠʨʠ ʨʝʣʝʚʘʥʪʥʝ ʣʘʙʦʨʘʪʦʨʠʿʝ ʪʦʛ ʜʦʙʘ ʠʟ ʮʝʣʦʛ ʩʚʝʪʘ: ɹʨʫʢʭʝʿʚʝʥ 

ʥʘʮʠʦʥʘʣʥʝ ʣʘʙʦʨʘʪʦʨʠʿʝ ʫ ʉɸɼ, ɸʛʝʥʮʠʿʘ ʥʫʢʣʝʘʨʥʝ ʝʥʝʨʛʠʿʝ (ʅɽɸ) (66) ʠʟ ʌʨʘʥʮʫʩʢʝ, 

ʄʝʹʫʥʘʨʦʜʥʝ ʘʛʝʥʮʠʿʝ ʟʘ ʘʪʦʤʩʢʫ ʝʥʝʨʛʠʿʫ (ʀɸɽɸ) (67) ʩʘ ʩʝʜʠʰʪʝʤ ʫ ɹʝʯʫ ʠ ʌʠʟʠʯʢʦ-

ʝʥʝʨʛʝʪʢʩʦʛ ʠʥʩʪʠʪʫʪʘ ʫ ʆʙʥʠʥʩʢʫ (68), ʪʘʜʘʰˁʝʤ ʉʦʚʿʝʪʩʢʦʤ ʉʘʚʝʟʫ. ʋ ʧʦʯʝʪʢʫ ʩʝ ʙʘʟʘ 

ʧʦʜʘʪʘʢʘ ʩʘʩʪʦʿʘʣʘ ʠʟ ʧʘʧʠʨʥʠʭ ʧʨʠʤʝʨʘʢʘ ʩʚʠʭ ʧʦʜʘʪʘʢʘ, ʘʣʠ ʿʝ ʧʦʣʘʢʦ ʧʨʝʣʘʞʝʥʦ ʥʘ 

ʝʣʝʢʪʨʦʥʩʢʦ ʩʢʣʘʜʠʰʪʝˁʝ ʥʝʦʧʭʦʜʥʠʭ ʧʦʜʘʪʘʢʘ, ʦʜ 1986. ʛʦʜʠʥʝ. 
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 EXFOR ʙʘʟʘ ʧʦʜʘʪʘʢʘ ʩʘʜʨʞʠ ʥʫʤʝʨʠʯʢʝ ʧʦʜʘʪʢʝ ʨʘʟʣʠʯʠʪʠʭ ʬʠʟʠʯʢʠʭ ʧʘʨʘʤʝʪʘʨʘ 

ʥʫʢʣʝʘʨʥʠʭ ʨʝʘʢʮʠʿʘ. ʇʦʯʝʪʥʠ ʧʦʜʘʮʠ ʩʫ ʙʠʣʠ ʦʛʨʘʥʠʯʝʥʠ ʥʘ ʥʝʫʪʨʦʥʠʤʘ ʠʟʘʟʚʘʥʝ 

ʨʝʘʢʮʠʿʝ, ʢʘʢʦ ʿʝ ʦʚʘ ʙʘʟʘ ʧʦʜʘʪʘʢʘ ʥʘʧʨʘʚˀʝʥʘ ʩʘ ʮʠˀʝʤ ʠʩʪʨʘʞʠʚʘˁʘ ʥʫʢʣʝʘʨʥʝ ʝʥʝʨʛʠʿʝ. 

ʆʚʘ ʙʘʟʘ ʧʦʜʘʪʘʢʘ ʿʝ ʢʘʩʥʠʿʝ ʥʘʜʦʛʨʘʹʝʥʘ ʩʘ ʧʦʜʘʮʠʤʘ ʥʫʢʣʝʘʨʥʠʭ ʨʝʘʢʮʠʿʘ ʠʟʘʟʚʘʥʠʤ 

ʥʘʝʣʝʢʪʨʠʩʘʥʠʤ ʯʝʩʪʠʮʘʤʘ (ʫʢˀʫʯʫʿʫ˂ʠ ʠ ʧʨʦʪʦʥʝ). ʋ ʜʘʥʘʰˁʦʿ EXFOR ʙʘʟʠ ʧʦʜʘʪʘʢʘ ʦʢʦ 

50% ʧʦʜʘʪʘʢʘ ʯʠʥʝ ʥʝʫʪʨʦʥʠʤʘ ʠʟʘʟʚʘʥʝ ʨʝʘʢʮʠʿʝ.  

 

ʉʣʠʢʘ 1.21 ï ɹʨʦʿ ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʠʭ ʠʟʚʦʨʘ ʫ EXFOR ʙʘʟʠ ʧʦʜʘʪʘʢʘ. 

 

 

 ɹʘʟʘ ʧʦʜʘʪʘʢʘ ʩʘʜʨʞʠ ʜʝʪʘˀʥʫ ʢʦʣʠʯʠʥʫ ʧʦʜʘʪʘʢʘ ʦ ʥʫʢʣʝʘʨʥʠʤ ʨʝʘʢʮʠʿʘʤʘ 

ʠʟʘʟʚʘʥʠʤ ʥʝʫʪʨʦʥʠʤʘ ʥʘ ʥʠʩʢʠʤ ʝʥʝʨʛʠʿʘʤʘ, ʫ ʤʘˁʦʿ ʤʝʨʠ ʦʙʠʤʥʫ ʙʘʟʫ ʧʦʜʘʪʘʢʘ ʨʝʘʢʮʠʿʘ 

ʠʟʘʟʚʘʥʠʭ ʥʘʝʣʝʢʪʨʠʩʘʥʠʤ ʯʝʩʪʠʮʘʤʘ, ʜʦʢ ʟʘ ʨʝʘʢʮʠʿʝ ʠʟʘʟʚʘʥʝ ʪʝʰʢʠʤ ʥ ʿʦʥʠʤʘ, 

ʬʦʪʦʠʥʜʫʢʦʚʘʥʠʤ ʨʝʘʢʮʠʿʘʤʘ ʠ ʨʝʘʢʮʠʿʘʤʘ ʢʦʿʝ ʠʟʘʟʠʚʘʿʫ ʥʝʫʪʨʦʥʠ ʚʠʩʦʢʠʭ ʝʥʝʨʛʠʿʘ 

ʧʦʩʪʦʿʝ ʩʘʤʦ ʦʛʨʘʥʠʯʝʥʘ ʢʦʣʠʯʠʥʘ ʧʦʜʘʪʘʢʘ. ʐʪʦ ʩʝ ʪʠʯʝ ʪʠʧʦʚʘ ʧʦʜʘʪʘʢʘ, ʥʘʿʚʝ˂ʘ 

ʢʦʣʠʯʠʥʘ ʧʨʝʜʩʪʘʚˀʘʿʫ ʝʬʠʢʘʩʥʠ ʧʨʝʩʝʮʠ ʨʝʘʢʮʠʿʘ. ɹʘʟʝ ʧʦʜʘʪʘʢʘ ʩʘʜʨʞʝ ʫʢʫʧʥʠ, 

ʧʘʨʮʠʿʘʣʥʠ, ʜʠʬʝʨʝʥʮʠʿʘʣʥʠ ʝʬʠʢʘʩʥʠ ʧʨʝʩʝʢ ʩʘ ʫʛʘʦʥʦʤ ʨʘʩʧʦʜʝʣʦʤ, ʜʚʦʩʪʨʫʢʦ 

ʜʠʬʝʨʝʥʮʠʿʘʣʥʠ ʧʨʝʩʝʢ, ʩʧʝʢʪʨʝ ʩʝʢʫʥʜʘʨʥʠʭ ʯʝʩʪʠʮʘ, ʧʦʜʘʮʠ ʦ ʧʦʣʘʨʠʟʘʮʠʿʠ, ʧʘʨʘʤʝʪʨʝ 

ʨʝʟʦʥʘʥʮʠʿʝ, ʧʨʠʥʦʩʝ ʬʨʘʛʤʝʥʘʪʘ ʫ ʧʨʦʩʝʮʫ ʬʠʩʠʿʝ. ʇʦʩʪʦʿʝ ʧʦʜʘʮʠ ʦ ʥʫʢʣʝʘʨʥʠʤ 

ʨʝʘʢʮʠʿʘʤʘ ʢʦʿʝ ʩʫ ʠʟʘʟʚʘʥʝ ʥʝʫʪʨʦʥʠʤʘ, ʬʦʪʦʥʠʤʘ ʝʣʝʢʪʨʦʤʘʛʥʝʪʥʦʛ ʟʨʘʯʝˁʘ, 

ʥʘʝʣʝʢʪʨʠʩʘʥʠʤ ʯʝʩʪʠʮʘʤʘ ʜʦ ʤʘʩʝʥʦʛ ʙʨʦʿʘ 12, ʢʘʦ ʠ ʦʩʢʫʜʥʠ ʧʦʜʘʮʠ ʦ ʨʝʘʢʮʠʿʘʤʘ 

ʠʟʘʟʚʘʥʠʤ ʥʘʝʣʝʢʪʨʠʩʘʥʠʤ ʯʝʩʪʠʮʘʤʘ ʤʘʩʝʥʦʛ ʙʨʦʿʘ ʧʨʝʢʦ 12.  
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 ʇʦʨʝʜ ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʠʭ ʧʦʜʘʪʘʢʘ, ʨʘʟʚʠʿʘ ʩʝ ʠ ʙʘʟʘ ʧʦʜʘʪʘʢʘ ʧʨʦʮʝˁʝʥʠʭ 

ʚʨʝʜʥʦʩʪʠ ʧʘʨʘʤʝʪʘʨʘ ʥʫʢʣʝʘʨʥʠʭ ʨʝʘʢʮʠʿʘ ENDF (The evaluated nuclear reaction databases). 

ʂʘʢʦ ʿʝ ʚʝ˂ ʧʦʤʝʥʫʪʦ, ʥʘ ʦʩʥʦʚʫ ʨʘʟʣʠʯʠʪʠʭ ʤʦʜʝʣʘ ʧʨʦʮʝˁʫʿʫ ʩʝ ʚʨʝʜʥʦʩʪʠ ʨʘʟʣʠʯʠʪʠʭ 

ʧʘʨʘʤʝʪʘʨʘ ʯʠʿʠ ʧʦʜʘʮʠ ʥʠʩʫ ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʦ ʜʦʩʪʫʧʥʠ. ENDF ʙʘʟʘ ʧʦʜʘʪʘʢʘ ʩʢʣʘʜʠʰʪʠ 

ʧʦʜʘʪʢʝ ʠʟ ʥʝʢʦʣʠʢʦ ʨʝʣʝʚʘʥʪʥʠʭ ʠʟʚʦʨʘ: 

¶ ENDF Evaluated Nuclear Data File ʟʘ ʉɸɼ ʠ ʂʘʥʘʜʫ 

¶ JEFF: Joint Evaluated Fission and Fusion File ɸʛʝʥʮʠʿʘ ʟʘ ʥʫʢʣʝʘʨʥʫ ʝʥʝʨʛʠʿʫ, ʩʘ 

ʩʝʜʠʰʪʝʤ ʫ ʌʨʘʥʮʫʩʢʦʿ (NEA Nuclear Energy Agency) 

¶ JENDL: Japanese Evaluated Nuclear Data Library ʩʘ ʮʝʥʪʨʦʤ ʫ ɱʘʧʘʥʫ (69) 

¶ CENDL: China Evaluated Nuclear Data Librarʫ ʫ ʂʠʥʠ  

¶ ɹʈʆʅɼ: ɹʠʙʣʠʦʪʝʢʘ ʨʝʢʦʤʝʥʜʦʚʘʥʥʳʭ ʦʮʝʥʝʥʥʳʭ ʥʝʡʪʨʦʥʥʳʭ ʜʘʥʥʳʭ (70) ʫ ʈʫʩʠʿʠ 

ʆʚʝ ʙʠʙʣʠʦʪʝʢʝ ʧʨʝʜʩʪʘʚˀʘʿʫ ʦʧʰʪʝ ʙʘʟʝ ʧʦʜʘʪʘʢʘ, ʜʦʢ ʩʝ ʢʦʨʠʩʪʝ ʠ ʥʝʢʦʣʠʢʦ ʜʦʜʘʪʥʠʭ, 

ʢʦʿʝ ʩʫ ʟʘ ʩʧʝʮʠʬʠʯʥʝ ʧʦʜʘʪʢʝ. ʂʦʤʧʣʝʪʘʥ ʩʧʠʩʘʢ ʩʝ ʤʦʞʝ ʥʘ˂ʠ ʥʘ ʠʥʪʝʨʥʝʪ ʩʪʨʘʥʠʮʠ 

(ʅɽɸ). 

 ʐʪʦ ʩʝ ʪʠʯʝ ʧʦʜʘʪʘʢʘ ʦ ʚʨʝʜʥʦʩʪʠʤʘ ʝʬʠʢʘʩʥʦʛ ʧʨʝʩʝʢʘ ʟʘ ʨʝʘʢʮʠʿʘ ʥʘ ʨʘʟʣʠʯʠʪʠʤ 

ʠʟʦʪʦʧʠʤʘ ʨʝʥʠʿʫʤʘ, ʧʦʜʘʮʠ ʩʫ ʧʦʯʝʣʠ ʜʘ ʩʝ ʩʢʫʧˀʘʿʫ ʢʨʘʿʝʤ 60-ʠʭ ʛʦʜʠʥʘ ʧʨʦʰʣʦʛ ʚʝʢʘ, 

ʧʨʚʝʥʩʪʚʝʥʦ ʟʘ ʨʝʘʢʮʠʿʝ ʝʣʘʩʪʠʯʥʦʛ ʠ ʥʝʝʣʘʩʪʠʯʥʦʛ ʨʘʩʝʿʘˁʘ ʥʝʫʪʨʦʥʘ,  ʟʘ ʝʥʝʨʛʠʿʝ ʫʧʘʜʥʠʭ 

ʥʝʫʪʨʦʥʘ ʫ ʦʧʩʝʛʫ ʦʜ 0,3 MeV ʧʘ ʜʦ 1,5 ʄʝV. ɽʢʩʧʝʨʠʤʝʥʪʘʣʥʘ ʧʦʩʪʘʚʢʘ ʩʝ ʟʘʩʥʠʚʘʣʘ ʥʘ 

ʪʝʭʥʠʢʘʤʘ ʤʝʨʝˁʘ ʚʨʝʤʝʥʘ ʧʨʝʣʝʪʘ ʯʝʩʪʠʮʘ (71). ʂʨʘʿʝʤ 80-ʠʭ ʠʟʤʝʨʝʥ ʿʝ ʝʬʠʢʘʩʘʥ ʧʨʝʩʝʢ 

ʟʘ ʟʘʭʚʘʪ ʥʝʫʪʨʦʥʘ, ʪʘʢʦʹʝ ʤʝʪʦʜʘʤʘ ʤʝʨʝˁʘ ʚʨʝʤʝʥʘ ʧʨʝʣʝʪʘ ʫ ʝʥʝʨʛʝʪʩʢʦʤ ʦʧʩʝʛʫ ʜʦ 1,9 

ʄʝV (72). ʊʦʢʦʤ ʥʘʨʝʜʥʠʭ ʛʦʜʠʥʘ ʠʟʚʨʰʝʥ ʿʝ ʟʥʘʪʘʥ ʙʨʦʿ ʝʢʩʧʝʨʠʤʝʥʘʪʘ ʥʘ ʠʩʪʦʤ 

ʧʨʠʥʮʠʧʫ, ʢʦʿʠ ʩʫ ʦʧʠʩʘʥʠ (ʙʨʦʿʥʠ ʝʢʩʧʝʨʠʤʝʥʪʠ), ʘ ˁʠʭʦʚʠ ʧʦʜʘʮʠ ʩʝ ʤʦʛʫ ʟʘ ʝʬʠʢʘʩʥʝ 

ʧʨʝʩʝʢʝ ʤʦʛʫ ʥʘ˂ʠ ʥʘ ʩʘʿʪʫ ɹʨʫʢʭʝʿʚʝʥ ʣʘʙʦʨʘʪʦʨʠʿʝ (73). ʇʦʨʝʜ ʥʘʚʝʜʝʥʠʭ ʝʢʩʧʝʨʠʤʝʥʘʪʘ, 

ʨʘʹʝʥʠ ʩʫ ʠ ʜʨʫʛʠ, ʢʦʿʠ ʩʝ ʟʘʩʥʠʚʘʿʫ ʥʘ ʨʘʟʣʠʯʠʪʠʤ ʤʝʪʦʜʘʤʘ, ʯʠʿʠ ʩʝ ʧʦʜʘʮʠ ʤʦʛʫ ʥʘ˂ʠ ʫ 

EXFOR ʙʘʟʘʤʘ ʧʦʜʘʪʘʢʘ. ʆʥʦ ʰʪʦ ʿʝ ʢʘʨʘʢʪʝʨʠʩʪʠʯʥʦ ʟʘ ʮʝʣʦʢʫʧʥʝ ʜʦʩʪʫʧʥʝ ʧʦʜʘʪʢʝ ʿʝ 

ˁʠʭʦʚʦ ʦʜʩʫʩʪʚʦ ʫ ʮʝʣʦʤ ʝʥʝʨʛʝʪʩʢʦʤ ʦʧʩʝʛʫ ʜʦ 20 MeV, ʧʦʛʦʪʦʚʦ ʠʟʥʘʜ 15 MeV. ʊʘʢʦʹʝ, 

ʜʦʩʪʫʧʥʠ ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʠ ʧʦʜʘʮʠ ʦʜʩʪʫʧʘʿʫ ʫ ʟʘʚʠʩʥʦʩʪʠ ʦʜ ʝʢʩʧʝʨʠʤʝʥʪʘ ʜʦ 

ʝʢʩʧʝʨʠʤʝʥʪʘ ʟʘ ʩʣʠʯʥʝ ʝʥʝʨʛʠʿʝ.  ʇʨʠʤʝʨ ʝʢʩʧʝʨʠʤʝʪʥʘʣʥʠʭ ʧʦʜʘʪʘʢʘ ʟʘ ʨʝʘʢʮʠʿʫ 
185Re(n,2n)184mRe ʧʨʠʢʘʟʫʿʝ ʉʣʠʢʘ 1.22. ʋ ʨʝʘʢʮʠʿʠ ʥʘʩʪʘʿʝ ʿʝʟʛʨʦ ʫ ʠʟʦʤʝʨʥʦʤ ʩʪʘˁʫ ʢʦʿʝ 

ʠʤʘ ʚʨʝʤʝ ʧʦʣʫʨʘʩʧʘʜʘ ʦʜ 169 ʜʘʥʘ. 
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ʉʣʠʢʘ 1.22 ï ɽʢʩʧʝʨʠʤʝʥʪʘʣʥʦ ʜʦʩʪʫʧʥʝ ʚʨʝʜʥʦʩʪʠ ʝʬʠʢʘʩʥʠʭ ʧʨʝʩʝʢʘ ʟʘ ʨʝʘʢʮʠʿʫ  
185Re(n,2n)184mRe. 

  

 

ʉʣʠʢʘ 1.23 ï ʇʨʦʮʝˁʝʥʝ ʚʨʝʜʥʦʩʪʠ ʝʬʠʢʘʩʥʠʭ ʧʨʝʩʝʢʘ ʠʟ ENDF ʙʘʪʘ ʧʦʜʘʪʘʢʘ ʠ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʦ ʜʦʙʠʿʝʥʘ ʚʨʝʜʥʦʩʪ (ʩʘʤʦ ʿʝʜʘʥ ʫ ʮʝʣʦʤ ʝʥʝʨʛʝʪʩʢʦʤ ʦʧʩʝʛʫ). 

 ʇʨʠʤʝʨ ʟʘ ʫ ʨʘʜʫ ʧʨʦʫʯʘʚʘʥʫ ʨʝʘʢʮʠʿʫ 185Re(n,3n)183Re ʧʦʢʘʟʫʿʝ ʉʣʠʢʘ 1.23. 

ʇʨʠʤʝ˂ʫʿʝ ʩʝ ʜʘ ʫ ʝʥʝʨʛʝʪʩʢʦʤ ʦʧʩʝʛʫ ʧʦʩʪʦʿʠ ʩʘʤʦ ʿʝʜʥʘ ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʘ ʚʨʝʜʥʦʩʪ 

ʝʬʠʢʘʩʥʦʛ ʧʨʝʩʝʢʘ ʟʘ ʧʦʤʝʥʫʪʫ ʨʝʘʢʮʠʿʫ, ʥʘ ʝʥʝʨʛʠʿʠ ʦʜ 14,8 MeV. ʇʦʨʝʜ ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʝ 
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ʚʨʝʜʥʦʩʪʠ ʧʨʠʢʘʟʘʥʝ ʩʫ ʠ ʪʝʦʨʠʿʩʢʝ ʢʘʣʢʫʣʘʮʠʿʝ ʠʟ ʥʝʢʦʣʠʢʦ ʙʠʙʣʠʦʪʝʢʘ ʢʦʿʝ ʩʝ ʤʦʛʫ ʥʘ˂ʠ 

ʥʘ ENDF ʙʘʟʠ ʧʦʜʘʪʘʢʘ. 

 

 

ʉʣʠʢʘ 1.24 ï ʇʨʦʮʝˁʝʥʝ ʪʝʦʨʠʿʩʢʝ ʚʨʝʜʥʦʩʪʠ ʝʬʠʢʘʩʥʦʛ ʧʨʝʩʝʢʘ 187Rʝ(n,p)187W ʫ ʮʝʣʦʤ 

ʝʥʝʨʛʝʪʩʢʦʤ ʦʧʩʝʛʫ (74). ʇʨʠʢʘʟʘʥʝ ʩʫ ʠ ʧʦʩʪʦʿʝ˂ʝ ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʝ ʚʨʝʜʥʦʩʪʠ ʦʠʜ 

ʥʝʢʦʣʠʢʦ ʘʫʪʦʨʘ, ʜʦʙʠʿʝʥʝ ʫ ʦʧʩʝʛʫ ʝʥʝʨʛʠʿʘ ʜʦ 15 MeV (13). 

 ʊʘʢʦʹʝ, ʜʨʫʛʘ ʨʝʘʢʮʠʿʘ ʢʦʿa je ʫ ʦʚʦʤ ʨʘʜʫ ʠʩʧʠʪʠʚʘʥʘ, 187Re(n,p)187W, ʥʝʤʘ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʝ ʧʦʜʘʪʢʝ ʜʦʩʪʫʧʥʝ ʫ ʯʠʪʘʚʦʤ ʝʥʝʨʛʝʪʩʢʦʤ ʦʧʩʝʛʫ ʜʦ 20 MeV. ʅʝʢʦʣʠʢʦ 

ʛʨʫʧʘ ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʠʭ ʧʦʜʘʪʘʢʘ ʿʝ ʧʨʠʩʫʪʥʦ (ʉʣʠʢʘ 1.24) ʫ ʦʧʩʝʛʫ ʝʥʝʨʛʠʿʘ ʥʝʫʪʨʦʥʘ ʦʜ 

13 ʜʦ 15 MeV. 
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2 ʈʝʘʢʮʠʿʝ ʠʥʜʫʢʦʚʘʥʝ ʥʝʫʪʨʦʥʠʤʘ 
  

 ʅʝʫʪʨʦʥʠ ʩʫ ʯʝʩʪʠʮʝ ʢʦʿʝ ʛʨʘʜʝ ʘʪʦʤʩʢʦ ʿʝʟʛʨʦ, ʟʘʿʝʜʥʦ ʩʘ ʧʨʦʪʦʥʠʤʘ. ɳʠʭʦʚʘ ʤʘʩʘ 

ʿʝ ʧʨʠʙʣʠʞʥʦ ʿʝʜʥʘʢʘ, ʤʘʩʘ ʥʝʫʪʨʦʥʘ ʠʟʥʦʩʠ 939,565560(5) MeV/c2, ʜʦʢ ʿʝ ʥʝʫʪʨʦʥ ʪʝʞʠ ʟʘ 

ά ά
Ȣ

 ʫ ʦʜʥʦʩʫ ʥʘ ʧʨʦʪʦʥ.  ʅʝʫʪʨʦʥʠ ʠʤʘʿʫ ʤʘʛʥʝʪʥʠ ʜʠʧʦʣʥʠ ʤʦʤʝʥʪ ʫ 

ʠʟʥʦʩʫ ʦʜ -1,913042(5) µN.  ʋ ʿʝʟʛʨʫ ʿʝ ʩʪʘʙʠʣʥʘ ʯʝʩʪʠʮʘ, ʘʣʠ ʫ ʩʣʦʙʦʜʥʦʤ ʩʪʘˁʫ ʥʝʫʪʨʦʥ ʿʝ 

ʥʝʩʪʘʙʠʣʘʥ ʠ ʨʘʩʧʘʜʘ ʩʝ ɓ- ʨʘʩʧʘʜʦʤ ʠ ʠʤʘ ʩʨʝʜˁʝ ʚʨʝʤʝ ʞʠʚʦʪʘ ʦʜ 885,7(8) s. ʆʥʦ ʰʪʦ ʿʝ 

ʢʘʨʘʢʪʝʨʠʩʪʠʯʥʦ ʟʘ ʥʝʫʪʨʦʥʝ ʿʝ ʜʘ ʩʫ ʢʘʦ ʮʝʣʠʥʘ ʥʝʥʘʝʣʝʢʪʨʠʩʘʥʠ, ʪʝ ʥʘ ˁʠʭ ʂʫʣʦʥʦʚʘ ʩʠʣʘ 

ʥʝ ʜʝʣʫʿʝ. 

 ʂʘʦ ʪʘʢʚʠ, ʥʝʫʪʨʦʥʠ ʧʨʝʜʩʪʘʚˀʘʿʫ ʯʝʩʪʠʮʝ ʢʦʿʝ ʠʤʘʿʫ ʚʝʣʠʢʠ ʟʥʘʯʘʿ ʟʘ ʠʩʧʠʪʠʚʘˁʝ 

ʩʘʩʪʘʚʘ ʠ ʦʩʦʙʠʥʘ ʘʪʦʤʩʢʦʛ ʿʝʟʛʨʘ. ʅʘ ˁʠʭ ʥʝ ʫʪʠʯʝ ʂʫʣʦʥʦʚʘ ʙʘʨʠʿʝʨʘ ʠ ʤʦʛʫ ʩʘ ʤʘʣʠʤ 

ʝʥʝʨʛʠʿʘʤʘ (ʨʝʜ ʚʝʣʠʯʠʥʝ ʝV ʠʣʠ ʤʘˁʝ) ʜʘ ʧʨʦʜʨʫ ʫʥʫʪʘʨ ʿʝʟʛʨʘ ʠ ʟʘʧʦʯʥʫ ʥʫʢʣʝʘʨʥʫ 

ʨʝʘʢʮʠʿʫ. ʄʝʹʫʪʠʤ, ʯʠˁʝʥʠʮʘ ʜʘ ʩʫ ʥʝʫʪʨʦʥʠ ʝʣʝʢʪʨʦʥʝʫʪʨʘʣʠ ʧʨʝʜʩʪʘʚˀʘ ʦʪʝʞʘʥʫ 

ʦʢʦʣʥʦʩʪ ʜʘ ʩʝ ˁʠʤʘ ʤʘʥʠʧʫʣʠʰʝ, ʥʘ ʧʨʠʤʝʨ ʢʘʜʘ ʿʝ ʧʦʪʨʝʙʥʦ ʬʦʢʫʩʠʨʘˁʝ ʩʥʦʧʘ ʥʝʫʪʨʦʥʘ 

ʠʣʠ ˁʠʭʦʚʘ ʝʥʝʨʛʝʪʩʢʘ ʩʝʣʝʢʮʠʿʘ, ʿʝʨ ʦʥʠ ʧʨʦʣʘʩʢʦʤ ʢʨʦʟ ʤʘʪʝʨʠʿʫ ʠʤʘʿʫ ʤʠʥʠʤʘʣʥʝ 

ʠʥʪʝʨʘʢʮʠʿʝ ʩʘ ʘʪʦʤʩʢʠʤ ʝʣʝʢʪʨʦʥʠʤʘ. 

 ɱʦʰ ʦʜ ʦʪʢʨʠ˂ʘ ʥʝʫʪʨʦʥʘ (ʧʨʠʤʝʨ ʨʝʘʢʮʠʿʝ (1.3)), ʧʘ ʜʦ ʜʘʥʘʩ, ʥʝʫʪʨʦʥʠ 

ʧʨʝʜʩʪʘʚˀʘʿʫ ʟʥʘʯʘʿʥʦ ʦʨʫʹʝ ʫ ʧʦʪʚʨʹʠʚʘˁʫ ʠʣʠ ʦʧʦʚʨʛʘʚʘˁʫ ʪʝʦʨʠʿʩʢʠʭ ʧʨʝʜʚʠʹʘˁʘ. 

ʇʨʠʤʝʨ ʜʘ je ʥʘ ʥʝʫʪʨʦʥʠʤʘ ʧʨʠʤʝ˂ʝʥ ʝʬʝʢʘʪ ʠʥʪʝʨʬʝʨʝʥʮʠʿʝ, ʰʪʦ ʿʝ ʧʦ ʧʨʚʠ ʧʫʪ 

ʧʦʪʚʨʜʠʣʦ ʦʩʥʦʚʥʝ ʧʦʩʪʘʚʢʝ ʢʚʘʥʪʥʝ ʤʝʭʘʥʠʢʝ. ʊʘʢʦʹʝ, ʯʠˁʝʥʠʮʘ ʜʘ ʧʦʩʪʦʿʠ 

ʥʝʠʰʯʝʟʘʚʘʿʫ˂ʠ ʝʣʝʢʪʨʠʯʥʠ ʜʠʧʦʣʥʠ ʤʦʤʝʥʪ, ʧʦʪʚʨʹʫʿʝ ʯʠˁʝʥʠʮʫ ʥʘ ʥʝʫʪʨʦʥʠ ʥʠʩʫ 

ʝʣʝʤʝʥʪʘʨʥʝ ʯʝʩʪʠʮʝ. 

 ʅʝʫʪʨʦʥʠ ʤʦʛʫ ʥʘ ʨʘʟʣʠʯʠʪʝ ʥʘʯʠʥʝ ʜʘ ʠʥʪʝʨʝʘʛʫʿʫ ʩʘ ʤʘʪʝʨʠʿʦʤ. ʀʥʪʝʨʘʢʮʠʿʝ 

ʥʝʫʪʨʦʥʘ ʩʝ ʤʦʛʫ ʧʦʜʝʣʠʪʠ ʥʘ ʨʘʩʝʿʘˁʝ ʠ ʘʧʩʦʨʧʮʠʿʫ. ʇʨʠʣʠʢʦʤ ʨʘʩʝʿʘˁʘ, ʥʝʫʪʨʦʥʠʤʘ ʩʝ 

ʤʝˁʘ ʧʨʘʚʘʮ ʠ ʢʠʥʝʪʠʯʢʘ ʝʥʝʨʛʠʿʘ, ʜʦʢ ʿʝʟʛʨʦ ʦʜ ʢʦʿʝ ʩʝ ʨʘʩʝʿʘʚʘ ʦʩʪʘʿʝ ʠʩʪʦʛ ʩʘʩʪʘʚʘ. ʐʪʦ 

ʩʝ ʪʠʯʝ ʝʥʝʨʛʝʪʩʢʦʛ ʩʪʘˁʘ ʿʝʟʛʨʘ, ʦʥʦ ʜʦʞʠʚˀʘʚʘ ʫʟʤʘʢ ʧʨʠʣʠʢʦʤ ʠʥʪʝʨʘʢʮʠʿʝ ʠ ʤʦʞʝ ʩʝ 

ʜʝʩʠʪʠ ʜʘ ʜʝʦ ʢʠʥʝʪʠʯʢʝ ʝʥʝʨʛʠʿʝ ʥʝʫʪʨʦʥʘ ʙʠʚʘ ʧʨʝʥʝʰʝʥ ʥʘ ʿʝʟʛʨʦ ʫ ʚʠʜʫ ʝʥʝʨʛʠʿʝ ʧʦʙʫʜʝ. 

ʂʘʜʘ ʜʦʣʘʟʠ ʧʦ ʘʧʩʦʨʧʮʠʿʝ ʥʝʫʪʨʦʥʘ, ʧʦʩʪʦʿʠ ʚʝ˂ʠ ʙʨʦʿ ʤʦʛʫ˂ʥʦʩʪʠ ʟʘ ʧʨʦʜʫʢʪʝ ʨʝʘʢʮʠʿʝ. 

 ʈʘʩʝʿʘˁʝ ʩʝ ʤʦʞʝ ʧʦʜʝʣʠʪʠ ʥʘ ʜʚʘ ʪʠʧʘ, ʝʣʘʩʪʠʯʥʦ ʠ ʥʝʝʣʘʩʪʠʯʥʦ. Kʦʜ ʝʣʘʩʪʠʯʥʦʛ 

ʨʘʩʝʿʘˁʘ ʟʙʠʨ ʢʠʥʝʪʠʯʢʠʭ ʝʥʝʨʛʠʿʘ ʥʝʫʪʨʦʥʘ ʠ ʿʝʟʛʨʘ ʩʝ ʦʜʨʞʘʚʘ, ʪʝ ʜʝʦ ʢʠʥʝʪʠʯʢʝ ʝʥʝʨʛʠʿʝ 

ʥʝʫʪʨʦʥʘ ʦʜʣʘʟʠ ʥʘ ʫʟʤʘʢ ʥʝʫʪʨʦʥʘ. ʂʦʜ ʥʝʝʣʘʩʪʠʯʥʦʛ ʨʘʩʝʿʘʚʘˁʘ, ʫʢʫʧʥʘ ʢʠʥʝʪʠʯʢʘ 

ʝʥʝʨʛʠʿʘ ʩʠʩʪʝʤʘ ʩʝ ʿʝʜʥʠʤ ʜʝʣʦʤ ʪʨʦʰʠ ʥʘ ʧʦʙʫʹʠʚʘˁʝ ʿʝʟʛʨʘ, ʢʦʿʝ ʩʝ ʢʘʩʥʠʿʝ ʥʘ ʨʘʟʣʠʯʠʪʝ 

ʥʘʯʠʥʝ ʪʝ ʝʥʝʨʛʠʿʝ ʦʩʣʦʙʘʹʘ. ʄʝʹʫʪʠʤ, ʫʢʦʣʠʢʦ ʩʫ ʝʥʝʨʛʠʿʝ ʤʦʛʫ˂ʠʭ ʧʦʙʫʹʝʥʠʭ ʩʪʘˁʘ 

ʧʨʝʚʝʣʠʢʝ ʫ ʦʜʥʦʩʫ ʥʘ ʢʠʥʝʪʠʯʢʫ ʝʥʝʨʛʠʿʫ ʥʝʫʪʨʦʥʘ, ʫ ʪʦʤ ʩʣʫʯʘʿʫ ʿʝ ʤʦʛʫ˂ʝ ʠʩʢˀʫʯʠʚʦ 

ʝʣʘʩʪʠʯʥʦ ʨʘʩʝʿʘˁʘ. ʅʘ ʧʨʠʤʝʨ ʚʦʜʦʥʠʢ ʥʝʤʘ ʝʥʝʨʛʝʪʩʢʠ ʧʦʙʫʹʝʥʘ ʩʪʘˁʘ ʠ ʥʘ ˁʝʤʫ ʿʝ 

ʤʦʛʫ˂ʝ ʝʣʘʩʪʠʯʥʦ ʨʘʩʝʿʘˁʝ ʥʝʫʪʨʦʥʘ.  



   

40 

 

 ʇʨʠʣʠʢʦʤ ʘʧʩʦʨʧʮʠʿʝ ʥʝʫʪʨʦʥʘ, ʿʝʟʛʨʦ ʤʦʞʝ ʜʘ ʨʝʦʨʛʘʥʠʟʫʿʝ ʩʚʦʿʫ ʩʪʨʫʢʪʫʨʫ ʠ ʜʘ 

ʩʘʤʦ ʝʤʠʪʫʿʝ ʛʘʤʘ ʟʨʘʯʝˁʝ ʢʘʦ ʿʝʜʘʥ ʦʜ ʚʠʜʦʚʘ ʦʩʣʦʙʘʹʘˁʘ ʚʠʰʢʘ ʧʨʠʤˀʝʥʝ ʝʥʝʨʛʠʿʝ. 

ʇʦʨʝʜ ʛʘʤʘ ʟʨʘʯʝˁʘ ʤʦʛʫ ʜʘ ʩʝ ʦʩʣʦʙʘʹʘʿʫ ʥʘʝʣʝʢʪʨʠʩʘʥʝ ʯʝʩʪʠʮʝ, ʧʨʦʪʦʥʠ, Ŭ ʯʝʩʪʠʮʝ ʠʣʠ 

ʜʝʫʪʝʨʦʥʠ. ʊʘʢʦʹʝ ʜʦʣʘʟʠ ʜʦ ʝʤʠʪʦʚʘˁʘ ʥʝʫʪʨʦʥʘ, ʰʪʦ ʿʝ ʚʝʨʦʚʘʪʥʠʿʝ ʫʩʣʝʜ ʦʜʩʫʩʪʚʘ 

ʫʪʠʮʘʿʘ ʂʫʣʦʥʦʚʝ ʙʘʨʠʿʝʨʝ ʥʘ ʩʘʤʝ ʥʝʫʪʨʦʥʝ. ʄʝʹʫʪʠʤ, ʫʢʦʣʠʢʦ ʩʝ ʝʤʠʪʫʿʝ ʿʝʜʘʥ ʥʝʫʪʨʦʥ 

ʢʘʦ ʚʠʜ ʦʩʣʦʙʘʹʘˁʘ ʚʠʰʢʘ ʝʥʝʨʛʠʿʝ, ʧʦʩʪʦʿʠ ʧʦʪʝʰʢʦ˂ʘ ʫ ʨʘʩʧʦʟʥʘʚʘˁʫ ʝʤʠʪʦʚʘˁʘ 

ʥʝʫʪʨʦʥʘ ʠʟ ʿʝʟʛʨʘ ʠ ʨʘʩʝʿʘʚʘˁʘ ʥʝʫʪʨʦʥʘ ʦ ʿʝʟʛʨʦ. ʂʘʜʘ ʜʦʣʘʟʠ ʜʦ ʝʤʠʪʦʚʘˁʘ ʚʠʰʝ ʥʝʫʪʨʦʥʘ 

ʧʦʩʣʝ ʘʧʩʦʨʧʮʠʿʝ ʥʝʫʪʨʦʥʘ ʥʘ ʿʝʟʛʨʫ, ʪʘʜʘ ʜʦʣʘʟʠ ʜʦ ʫʤʥʦʞʘʚʘˁʘ ʙʨʦʿʘ ʥʝʫʪʨʦʥʘ ʫ ʦʜʥʦʩʫ 

ʥʘ ʧʦʯʝʪʥʠ ʙʨʦʿ. ʇʦʩʣʝ ʟʘʭʚʘʪʘ ʥʝʫʪʨʦʥʘ, ʿʝʟʛʦ ʥʝ ʤʦʨʘ ʩʘʤʦ ʜʘ ʝʤʠʪʫʿʝ ʣʘʢʝ ʥʘʝʣʝʢʪʨʠʩʘʥʝ 

ʯʝʩʪʠʮʝ, ʚʝ˂ ʤʦʞʝ ʜʦ˂ʠ ʜʦ ʬʠʩʠʿʝ, ʮʝʧʘˁʘ ʿʝʟʛʨʘ ʥʘ ʜʚʘ ʜʝʣʘ ʧʨʠʙʣʠʞʥʠʭ ʚʝʣʠʯʠʥʘ. ʉʣʠʢʘ 

2.1 ʧʨʠʢʘʟʫʿʝ ʢʣʘʩʠʬʠʢʘʮʠʿʫ ʥʫʢʣʝʘʨʥʠʭ ʨʝʘʢʮʠʿʘ ʠʟʘʟʚʘʥʠʭ ʥʝʫʪʨʦʥʠʤʘ. 

 

ʉʣʠʢʘ 2.1 ï ʂʣʘʩʠʬʠʢʘʮʠʿʘ ʨʝʘʢʮʠʿʘ ʠʥʜʫʢʦʚʘʥʠʭ ʥʝʫʪʨʦʥʠʤʘ. 

 

2.1 ɿʘʚʠʩʥʦʩʪ ʚʨʝʜʥʦʩʪʠ ʝʬʠʢʘʩʥʠʭ ʧʨʝʩʝʢʘ ʫ ʨʝʘʢʮʠʿʘʤʘ 
ʠʥʜʫʢʦʚʘʥʠʤ ʥʝʫʪʨʦʥʠʤʘ ʦʜ ˁʠʭʦʚʝ ʝʥʝʨʛʠʿʝ 

 

 ʊʦʪʘʣʥʠ ʝʬʠʢʘʩʥʠ ʧʨʝʩʝʢ ʟʘ ʨʝʘʢʮʠʿʫ ʥʝʫʪʨʦʥʘ ʩʘ ʤʘʪʝʨʠʿʦʤ ʧʨʝʜʩʪʘʚˀʘ ʟʙʠʨ 

ʝʬʠʢʘʩʥʠʭ ʧʨʝʩʝʢʘ ʟʘ ʩʚʘʢʠ ʦʜ ʧʦʿʝʜʠʥʘʯʥʠʭ ʨʝʘʢʮʠʿʘ ʢʦʿʝ ʦʥʠ ʤʦʛʫ ʜʦʞʠʚʝʪʠ: 

„  „  „  „  „ „ „ (2.1) 

ʛʜʝ ʪʦʪʘʣʥʠ ʝʬʠʢʘʩʘʥ ʧʨʝʩʝʢ ʧʨʝʜʩʪʘʚˀʘ ʟʙʠʨ ʝʬʠʢʘʩʥʠʭ ʧʨʝʩʝʢʘ ʟʘ ʝʣʘʩʪʠʯʥʦ ʨʘʩʝʿʘˁʝ ʠ 

ʟʘ ʘʧʩʦʨʧʮʠʿʫ. ʇʦʜ ʘʧʩʦʨʧʮʠʿʫ ʥʝʫʪʨʦʥʘ ʫʨʘʯʫʥʘʪʠ ʩʫ ʥʝʝʣʘʩʠʯʥʦ ʨʘʩʝʿʘˁʝ, ʟʘʭʚʘʪ 

ʥʝʫʪʨʦʥʘ, ʢʘʦ ʠ ʠʥʜʫʢʦʚʘʥʘ ʬʠʩʠʿʘ. 



   

41 

 

 ɽʬʠʢʘʩʥʠ ʧʨʝʩʝʮʠ ʠʥʪʝʨʘʢʮʠʿʝ ʥʝʫʪʨʦʥʘ ʩʘ ʿʝʟʛʨʠʤʘ ʟʥʘʯʘʿʥʦ ʟʘʚʠʩʝ ʦʜ ˁʠʭʦʚʝ 

ʝʥʝʨʛʠʿʝ, ʢʘʦ ʠ ʚʨʩʪʝ ʿʝʟʛʨʘ ʩʘ ʢʦʿʠʤʘ ʠʥʪʝʨʝʘʛʫʿʫ. ɽʬʠʢʘʩʘʥ ʧʨʝʩʝʢ ʟʘ ʝʣʘʩʠʯʥʦ ʨʘʩʝʿʘˁʝ 

ʥʝʫʪʨʦʥʘ ʿʝ ʥʘ ʝʥʝʨʛʠʿʘʤʘ ʠʩʧʦʜ 1 ʄʝV ʧʨʠʙʣʠʞʥʦ ʿʝ ʢʦʥʩʪʘʥʪʘʥ. ɽʬʠʢʘʩʘʥ ʧʨʝʩʝʢ ʟʘ 

ʥʝʝʣʘʩʪʠʯʥʦ ʨʘʩʝʿʘˁʝ, ʢʘʦ ʠ ʟʘ ʘʧʩʦʨʧʮʠʿʫ ʥʝʫʪʨʦʥʘ ʩʤʘˁʫʿʝ ʩʝ ʩʘ ʧʦʚʝ˂ʘˁʝʤ ʙʨʟʠʥʝ ʩʘ 

ʟʘʚʠʩʥʦʰ˂ʫ ͯ. ɿʘ ʥʠʩʢʝ ʝʥʝʨʛʠʿʝ ʥʝʫʪʨʦʥʘ ʝʬʠʢʘʩʘʥ ʧʨʝʩʝʢ ˂ʝ ʟʘʚʠʩʠʪʠ ʦʜ ʝʥʝʨʛʠʿʝ 

ʥʝʫʪʨʦʥʘ ʧʦ ʟʘʢʦʥʫ  ʠʣʠ ˂ʝ ʙʠʪʠ ʢʦʥʩʪʘʥʪʘʥ ʫ ʟʘʚʠʩʥʦʩʪʠ ʢʦʿʠ ʧʨʦʮʝʩ ʿʝ ʧʨʠʤʘʨʘʥ. ʂʦʜ 

ʚʝ˂ʠʥʝ ʿʝʟʛʘʨʘ ʥʠʩʢʦʝʥʝʨʛʝʪʩʢʠ ʜʝʦ ʝʬʠʢʘʩʥʦʛ ʧʨʝʩʝʢʘ ʦʧʘʜʘ ʩʘ ʧʦʨʘʩʪʦʤ ʙʨʟʠʥʝ, ʦʚʦ ʩʝ 

ʧʦʢʘʟʫʿʝ ʠ ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʠʤ ʤʝʨʝˁʠʤʘ, ʢʘʦ ʠ ʪʝʦʨʠʿʩʢʠʤ ʧʨʝʜʚʠʹʘˁʠʤʘ (P. Reuss.), ʢʘʜʘ 

ʩʝ ʫ ʬʦʨʤʫʣʠ ʟʘ ʝʬʠʢʘʩʘʥ ʧʨʝʩʝʢ ʧʨʠʣʠʢʦʤ ʨʝʟʦʥʘʥʮʠʿʘ (ʬʦʨʤʫʣʘ (1.26)) ʥʘʧʨʘʚʠ ʥʝʢʦʣʠʢʦ 

ʘʧʨʦʢʩʠʤʘʮʠʿʘ. ɿʘʭʚʘʪʦʤ ʥʝʫʪʨʦʥʘ, ʿʝʟʛʨʦ ʩʝ ʧʨʠʤʘʨʥʦ ʦʩʣʦʙʘʹʘ ʝʥʝʨʛʠʿʝ ʝʤʠʪʦʚʘˁʝʤ ɔ 

ʟʨʘʯʝˁʘ, ʯʠʿʘ ʿʝ ʚʝʨʦʚʘʪʥʦ˂ʘ ʥʝʟʘʚʠʩʥʘ ʫ ʦʜʥʦʩʫ ʥʘ ʤʘʣʝ ʧʨʦʤʝʥʝ ʫ ʝʥʝʨʛʠʿʠ ʫʧʘʜʥʝ ʝʥʝʨʛʠʿʝ 

ʥʝʫʪʨʦʥʘ. ʊʘʢʦʹʝ ʤʦʞʝ ʩʝ ʫʟʝʪʠ ʜʘ ʿʝ ʟʙʠʨ ʩʚʠʭ ʝʥʝʨʛʝʪʩʢʠʭ ʰʠʨʠʥʘ ʢʘʥʘʣʘ ʨʘʩʧʘʜʘ 

ʩʣʦʞʝʥʦʛ ʿʝʟʛʨʘ ɻ ʥʝʟʘʚʠʩʥʘ ʦʜ ʝʥʝʨʛʠʿʝ ʥʝʫʪʨʦʥʘ. ɽʥʝʨʛʝʪʩʢʘ ʰʠʨʠʥʘ ʫʣʘʟʥʦʛ ʢʘʥʘʣʘ ɻu ʠʟ 

ʿʝʜʥʘʯʠʥʝ ʬʦʨʤʫʣʘ (1.26) ʿʝ ʧʨʦʧʦʨʮʠʦʥʘʣʥʘ ʩʘ ʙʨʟʠʥʦʤ ʫʧʘʜʥʠʭ ʥʝʫʪʨʦʥʘ. ɿʘ ʧʦʜʨʫʯʿʝ ʚʘʥ 

ʨʝʟʦʥʘʥʪʥʠʭ ʧʨʦʮʝʩʘ  ὉḻὉ ʪʝ ʩʝ ʜʦʙʠʿʘ ʜʘ ʿʝ ʝʬʠʢʘʩʘʥ ʧʨʝʩʝʢ ʫ ʧʨʝʜʝʣʫ ʠʩʪʠʭ ʝʥʝʨʛʠʿʘ 

ʧʨʦʧʦʨʮʠʦʥʘʣʘʥ ʩʘ . 

 ʉʘ ʧʦʚʝ˂ʘˁʝʤ ʫʧʘʜʥʝ ʝʥʝʨʛʠʿʝ ʥʝʫʪʨʦʥʘ, ʜʦʣʘʟʠ ʜʦ ʦʜʩʫʧʘˁʘ ʦʜ ʦʙʨʥʫʪʝ 

ʧʨʦʧʦʨʮʠʦʥʘʣʥʦʩʪʠ ʝʬʠʢʘʩʥʦʛ ʧʨʝʩʝʢʘ ʩʘ ʙʨʟʠʥʦʤ. ɼʦʣʘʟʠ ʜʦ ʧʦʿʘʚʝ ʨʝʟʦʥʘʥʪʥʠʭ ʩʢʦʢʦʚʘ 

ʫ ʚʨʝʜʥʦʩʪʠʤʘ ʝʬʠʢʘʩʥʦʛ ʧʨʝʩʝʢʘ. ʅʝ ʧʦʩʪʦʿʠ ʪʘʯʥʘ ʪʝʦʨʠʿʘ ʢʦʿʘ ʦʙʿʘʰˁʘʚʘ ʧʦʿʘʚʫ 

ʨʝʟʦʥʘʥʮʠʿʘ. ʂʦʜ ʪʝʰʢʠʭ ʿʝʟʛʘʨʘ, ʨʝʟʦʥʘʥʮʠʿʝ ʩʝ ʧʦʿʘʚˀʫʿʫ ʟʘ ʝʥʝʨʛʠʿʝ ʥʝʫʪʨʦʥʘ ʢʦʿʝ ʩʫ ʨʝʜʘ 

ʚʝʣʠʯʠʥʘ ʝV, ʢʦʜ ʝʥʝʨʛʠʿʘ keV ʚʝʣʠʯʠʥʘ ʨʝʟʦʟʘʥʮʠʿʝ ʩʫ ʩʫʚʠʰʝ ʟʙʠʿʝʥʝ ʢʘʢʦ ʙʠ ʩʝ ʿʘʩʥʦ 

ʨʘʟʘʟʥʘʣʝ, ʜʦʢ ʥʘ ʄʝV ʝʥʝʨʛʠʿʘʤʘ, ʨʝʟʦʥʘʥʮʠʿʝ ʩʫ ʰʠʨʦʢʝ ʠ ʚʠʰʝ ʨʘʟʜʚʦʿʝʥʝ. ʂʦʜ ʣʘʢʰʠʭ 

ʿʝʟʛʘʨʘ, ʨʝʟʦʥʘʥʮʠʿʝ ʩʝ ʿʘʚˀʘʿʫ ʟʘ ʝʥʝʨʛʠʿʝ ʥʝʫʪʨʦʥʘ ʨʝʜʘ ʚʝʣʠʯʠʥʘ MeV, ʩʢʦʢʦʚʠ ʫ 

ʚʨʝʜʥʦʩʪʠʤʘ ʝʬʠʢʘʩʥʦʛ ʧʨʝʩʝʢʘ ʩʫ ʤʘˁʠ ʠ ʨʘʟʤʘʢʥʫʪʠʿʠ ʫ ʦʜʥʦʩʫ ʥʘ ʨʝʟʦʥʘʥʮʠʿʝ ʢʦʜ 

ʪʝʰʢʠʭ ʿʝʟʛʘʨʘ. ɼʦʢ ʢʦʜ ʿʝʟʛʘʨʘ ʩʨʝʜˁʠʭ ʤʘʩʘ, ʨʝʟʦʥʘʥʮʠʿʝ ʩʝ ʤʦʛʫ ʧʨʠʤʝʪʠʪʠ ʠ ʥʘ 

ʝʥʝʨʛʠʿʘʤʘ ʥʝʫʪʨʦʥʘ ʠʩʧʦʜ kʝV. 

 

ʉʣʠʢʘ 2.2 ï ʇʨʦʤʝʥʘ ʝʬʠʢʘʩʥʦʛ ʧʨʝʩʝʢʘ ʫ ʨʝʟʦʥʘʥʮʠʿʠ ʫ ʟʘʚʠʩʥʦʩʪʠ ʦʜ ʪʝʤʧʝʨʘʪʫʨʝ. 
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 ʐʠʨʠʥʘ ʨʝʟʦʥʘʥʪʥʠʭ ʧʠʢʦʚʘ ʥʘ ʧʦʣʦʚʠʥʠ ʤʘʢʩʠʤʫʤʘ ʚʠʩʠʥʝ ʧʨʝʜʩʪʘʚˀʘ ɻ/2, ʰʪʦ ʿʝ 

ʧʨʠʨʦʜʥʘ ʝʥʝʨʛʝʪʩʢʘ ʰʠʨʠʥʘ ʩʪʘˁʘ ʩʣʦʞʝʥʦʛ ʿʝʟʛʨʘ ʢʦʿʝ ʥʘʩʪʘʿʝ ʘʧʩʦʨʧʮʠʿʦʤ ʥʝʫʪʨʦʥʘ ʠ 

ʦʥʘ ʿ ʝ ʫ ʚʝʟʠ ʩʘ ʩʨʝʜˁʠʤ ʚʨʝʤʝʥʦʤ ʞʠʚʦʪʘ ɻ †. ʆʚʝ ʰʠʨʠʥʝ ʩʫ, ʥʘ ʧʨʠʤʝʨ ʟʘ ʿʝʟʛʨʘ 235U 

ʠ 238U ʧʦʩʣʝ ʘʧʩʦʨʧʮʠʿʝ ʥʝʫʪʨʦʥʘ ʦʢʦ 0,1 eV. ʄʝʹʫʪʠʤ, ʢʘʜʘ ʩʝ ʩʠʩʪʝʤ ʥʘʣʘʟʠ ʥʘ 

ʪʝʤʧʝʨʘʪʫʨʘʤʘ ʢʦʿʝ ʥʠʩʫ ʥʫʣʘ (0 ʂ) ʧʦʩʪʦʿʠ ʪʝʨʤʘʣʥʦ ʢʨʝʪʘˁʝ ʿʝʟʛʘʨʘ ʥʘ ʢʦʿʠʤʘ ʩʝ ʚʨʰʠ 

ʘʧʩʦʨʧʮʠʿʘ ʥʝʫʪʨʦʥʘ, ʪʝ ʜʦʣʘʟʠ ʜʦ ʰʠʨʝˁʘ ʧʨʠʨʦʜʥʝ ʝʥʝʨʛʝʪʩʢʝ ʰʠʨʠʥʝ ʩʪʘˁʘ. ʇʦʤʝʥʫʪʦ 

ʰʠʨʝˁʝ ʩʝ ʥʘʟʠʚʘ ɼʦʧʣʝʨʦʚʦ ʰʠʨʝˁʝ. ɽʬʝʢʘʪ ɼʦʧʣʝʨʦʚʦʛ ʰʠʨʝˁʘ ʦʛʣʝʜʘ ʩʝ ʫ ʯʠˁʝʥʠʮʠ 

ʜʘ ʩʝ ʩʤʘˁʫʿʝ ʝʬʠʢʘʩʘʥ ʧʨʝʩʝʢ ʟʘ ʘʧʩʦʧʨʮʠʿʫ ʥʝʫʪʨʦʥʘ ʟʘ ʨʝʟʦʥʘʥʪʥʫ ʝʥʝʨʛʠʿʫ, ʜʦʢ ʩʝ 

ʧʦʚʝ˂ʘʚʘ ʟʘ ʝʥʝʨʛʠʿʝ ʦʢʦ ʨʝʟʦʥʘʥʪʥʝ, ʩʚʠ ʥʝʫʪʨʦʥʠ ʙʠʚʘʿʫ ʘʧʨʦʙʨʦʚʘʥʠ, ʢʘʢʦ ʿʝ ʝʬʠʢʘʩʘʥ 

ʧʨʝʩʝʢ ʜʦʚʦˀʥʦ ʚʝʣʠʢʠ (500 b ʟʘ 238U). ʅʘ ʝʥʝʨʛʠʿʘʤʘ ʜʘˀʝ ʦʜ ʨʝʟʦʥʘʥʪʥʝ ʝʥʝʨʛʠʿʝ, ʥʘ 

ʢʨʘʿʝʚʠʤʘ ʨʝʟʦʥʘʥʪʥʦʛ ʧʠʢʘ, ɼʦʧʣʝʨʦʚʦ ʰʠʨʝˁʝ ʧʦʚʝ˂ʘʚʘ ʚʝʨʦʚʘʪʥʦ˂ʫ ʘʧʩʦʨʧʮʠʿʝ 

ʥʝʫʪʨʦʥʘ.  

 

ʉʣʠʢʘ 2.3 ï ɿʘʚʠʩʥʦʩʪ ʚʨʝʜʥʦʩʪʠ ʝʬʠʢʘʩʥʦʛ ʧʨʝʩʝʢʘ ʨʝʘʢʮʠʿʘ ʠʥʜʫʢʦʚʘʥʠʭ ʥʝʫʪʨʦʥʠʤʘ ʦʜ 

ˁʠʭʦʚʝ ʝʥʝʨʛʠʿʝ (75). 

 ɼʘˀʠ ʧʦʨʘʩʪ ʝʥʝʨʛʠʿʘ ʫʧʘʜʥʠʭ ʥʝʫʪʨʦʥʘ ʢʘʨʘʢʪʝʨʠʰʝ ʩʤʘˁʠʚʘˁʝ ʥʘ ʟʥʘʯʘʿʫ 

ʤʠʢʨʦʩʢʦʧʩʢʠʭ ʦʩʦʙʠʥʘ ʠ ʝʬʠʢʘʩʘʥ ʧʨʝʩʝʢ ʢʦʿʠ ʩʝ ʧʨʠʤʝ˂ʫʿʝ ʿʝ ʨʝʟʫʣʪʘʪ ʩʨʝʜˁʝʛ 

ʧʨʝʢʣʘʧʘˁʘ ʚʝʣʠʢʦʛ ʙʨʦʿʘ ʨʝʟʦʥʘʥʮʠʿʘ, ʪʝ ʥʝ ʧʦʩʪʦʿʝ ʥʘʛʣʝ ʧʨʦʤʝʥʝ ʫ ʚʨʝʜʥʦʩʪʠʤʘ 

ʝʬʠʢʘʩʥʦʛ ʧʨʝʩʝʢʘ. ɿʘ ʚʠʰʝ ʝʥʝʨʛʠʿʝ ʥʝʫʪʨʦʥʘ ʧʦʩʪʦʿʠ ʚʝʣʠʢʠ ʙʨʦʿ ʤʦʛʫ˂ʠʭ ʝʥʝʨʛʝʪʩʢʠʭ 

ʩʪʘˁʘ ʿʝʟʛʨʘ, ʪʝ ʜʦʣʘʟʠ ʜʦ ʧʨʝʢʣʘʧʘˁʘ ʥʠʚʦʘ.  

 

2.1.1 ʅʝʫʪʨʦʥʩʢʠ ʠʟʚʦʨʠ 

 

 ʅʝʫʪʨʦʥʠ ʩʝ ʥʝ ʤʦʛʫ ʫʙʨʟʘʚʘʪʠ ʢʣʘʩʠʯʥʠʤ ʘʢʮʝʣʝʨʘʪʦʨʠʤʘ, ʢʘʦ ʰʪʦ ʿʝ ʪʦ ʩʣʫʯʘʿ ʩʘ 

ʥʘʝʣʝʢʪʨʠʩʘʥʠʤ ʯʝʩʪʠʮʘʤa, ʚʝ˂ ʿʝ ʧʨʠʩʪʫʧ ʩʫʧʨʦʪʘʥ. ʅʝʫʪʨʦʥʠ ʚʠʩʦʢʠʭ ʝʥʝʨʛʠʿʘ ʩʝ 
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ʫʩʧʦʨʘʚʘʿʫ ʜʦ ʞʝˀʝʥʝ ʝʥʝʨʛʠʿʝ ʧʫʪʝʤ ʩʫʜʘʨʘ ʢʦʿʠ ʩʝ ʜʝʰʘʚʘʿʫ ˁʠʭʦʚʠʤ ʧʨʦʣʘʩʢʦʤ ʢʨʦʟ 

ʨʘʟʣʠʯʠʪʝ ʤʘʪʝʨʠʿʘʣʝ ʠ ʦʚʘʿ ʧʨʦʮʝʩ ʩʝ ʥʘʟʠʚʘ ʤʦʜʝʨʘʮʠʿʘ ʥʝʫʪʨʦʥʘ. ʅʘ ʦʚʘʿ ʥʘʯʠʥ ʩʝ 

ʩʪʚʘʨʘʿʫ ʩʥʦʧʦʚʠ ʥʝʫʪʨʦʥʘ h ʠʨʦʢʦʛ ʦʧʩʝʛʘ ʝʥʝʨʛʠʿʘ ʢʦʿʠ ʤʦʛʫ ʠʤʘʪʠ ʧʨʠʤʝʥʫ ʫ ʨʘʟʣʠʯʠʪʠʤ 

ʠʩʪʨʘʞʠʚʘˁʠʤʘ, ʦʜ ʥʫʢʣʝʘʨʥʝ ʬʠʟʠʢʝ, ʤʝʜʠʮʠʥʝ, ʠʥʜʫʩʪʨʠʿʩʢʦʿ ʢʦʥʪʨʦʣʠ ʢʚʘʣʠʪʝʪʘ 

ʤʘʪʝʨʠʿʘʣʘ ʠʪʜ. ʊʘʙʝʣʘ 2.1 ʧʨʠʢʘʟʫʿʝ ʧʦʜʝʣʫ ʥʝʫʪʨʦʥʘ ʧʦ ʝʥʝʨʛʠʿʘʤʘ. 

 ʅʘʯʠʥʠ ʥʘ ʢʦʿʠ ʩʝ ʜʦʙʠʿʘʿʫ ʥʝʫʪʨʦʥʠ ʩʫ ʨʘʟʣʠʯʠʪʠ. ɼʦʙʠʿʘˁʝ ʥʝʫʪʨʦʥʘ ʫʟ ʧʦʤʦ˂ ʤʝʪʝ 

ʦʜ ʙʝʨʠʣʠʿʫʤʘ ʩʝ ʤʦʞʝ ʢʦʨʠʩʪʠʪʠ ʫ ʣʘʙʦʨʘʪʦʨʠʿʩʢʠʤ ʫʩʣʦʚʠʤʘ. "Å ‌ O  ὅ  Î   ʿʝ 

ʨʝʘʢʮʠʿʘ ʫʟ ʧʦʤʦ˂ ʢʦʿʝ ʩʫ ʦʪʢʨʠʚʝʥʠ ʥʝʫʪʨʦʥʠ. ʈʘʟʣʦʛ ʰʪʦ ʙʝʨʠʣʠʿʫʤ ʧʨʝʜʩʪʘʚˀʘ ʘʜʝʢʚʘʪʥʫ 

ʤʝʪʫ ʟʘ ʜʦʙʠʿʘˁʝ ʥʝʫʪʨʦʥʘ ʿʝ ʪʘ ʜʘ ʠʟʦʪʦʧ 9ɺʝ ʠʤʘ ʩʣʘʙʦ ʚʝʟʘʥ ʥʝʫʪʨʦʥ, ʩʘ ʝʥʝʨʛʠʿʦʤ ʚʝʟʝ 

ʦʜ 1,7 ʄʝV. ʉʪʘʙʠʣʘʥ ʥʘʯʠʥ ʧʨʦʠʟʚʦʜˁʝ ʥʝʫʪʨʦʥʘ ʩʝ ʤʦʞʝ ʜʦʙʠʪʠ ʘʢʦ ʩʝ ʥʘʧʨʘʚʠ ʩʠʩʪʝʤ 

ʦʜ  "Å  ʠ ʥʝʢʦʛ Ŭ ʝʤʠʪʝʨʘ. ʇʨʠʤʝʨ ʟʘ ʦʚʦ ʤʦʞʝ ʙʠʪʠ 226Rʘ. ʈʘʜʦʥ ʠ ˁʝʛʦʚʠ ʧʦʪʦʤʮʠ ʠʤʘʿʫ 

Ŭ ʯʝʩʪʠʮʝ ʯʠʿʝ ʩʫ ʝʥʝʨʛʠʿʝ ʫ ʦʧʩʝʛʫ ʦʜ 5 ʜʦ 8 MeV, ʜʦʢ ʿʝ ʝʥʝʨʛʠʿʘ ʧʦʤʝʥʫʪʝ ʨʝʘʢʮʠʿʝ 

5,7 ʄʝV. ʅʘ ʦʚʘʢʘʚ ʥʘʯʠʥ ʩʝ ʤʦʛʫ ʜʦʙʠʪʠ ʥʝʫʪʨʦʥʠ ʢʦʿʠ ʥʠʩʫ ʤʦʥʦʝʥʝʨʛʝʪʩʢʠ, ʩʘ ʝʥʝʨʛʠʿʘʤʘ 

ʜʦ 13 ʄeV.  

ʊʘʙʝʣʘ 2.1 ï ʂʣʘʩʠʬʠʢʘʮʠʿʘ ʥʝʫʪʨʦʥʘ ʧʦ ʝʥʝʨʛʠʿʘʤʘ. 

ɺʨʩʪʘ ʥʝʫʪʨʦʥʘ ɽʥʝʨʛʠʿʘ 

ʋʣʪʨʘ ʭʣʘʜʥʠ < 0.2µeV 

ɺʝʦʤʘ ʭʣʘʜʥʠ 0.2µeV - 50µeV 

ʍʣʘʜʥʠ 0.05meV ï 25meV 

ʊʝʨʤʘʣʥʠ 25 meV 

ɽʧʠʪʝʨʤʘʣʥʠ 25 meV ï 500 keV 

ɹʨʟʠ 500 keV 

 

 ɸʣʬʘ ʯʝʩʪʠʮʝ ʢʦʿʝ ʩʝ ʝʤʠʪʫʿʫ ʠʟ 226Ra ʥʝʤʘʿʫ ʠʩʪʫ ʝʥʝʨʛʠʿʫ, ʪʝ ʢʘʜʘ ʧʨʦʣʘʟʝ ʢʨʦʟ 

ʤʘʪʝʨʠʿʘʣ ʤʝʪʝ ʛʫʙʝ ʢʠʥʪʝʪʠʯʢʫ ʝʥʝʨʛʠʿʫ ʫ ʩʫʜʘʨʠʤʘ ʩʘ ʘʪʦʤʠʤʘ ʩʨʝʜʠʥʝ. ʇʨʠʣʠʢʦʤ 

ʨʝʘʢʮʠʿʝ, ʿʝʟʛʨʘ ʤʝʪʝ ʤʦʛʫ ʜʘ ʦʩʪʘʥʫ ʫ ʥʝʢʦʤ ʦʜ ʧʦʙʫʹʝʥʠʭ ʩʪʘˁʘ, ʘ ʥʝʫʪʨʦʥʠ ʥʘʧʫʰʪʘʿʫ 

ʿʝʟʛʨʘ ʫ ʨʘʟʣʠʯʠʪʠʤ ʧʨʘʚʮʠʤʘ (ʉʣʠʢʘ 2.4). ʇʦʨʝʜ 226Ra ʤʦʞʝ ʜʘ ʩʝ ʢʦʨʠʩʪʠ ʠ 210ʈʦ ʢʘʦ Ŭ 

ʝʤʠʪʝʨ, 238Pu, ʠʣʠ 241Am, ʰʪʦ ʿʝ ʩʚʝ ʯʝʰ˂ʠ ʩʣʫʯʘʿ. ʇʨʝʜʥʦʩʪ ʦʚʠʭ ʠʟʚʦʨʘ ʫ ʦʜʥʦʩʫ ʥʘ ʨʘʜʦʥ 

ʿʝ ʪʘʿ ʰʪʦ 226Ra, ʢʘʦ ʠ ˁʝʛʦʚʠ ʧʦʪʦʤʮʠ ʧʨʝʜʩʪʘʚˀʘʿʫ ɔ ʝʤʠʪʝʨʝ ʚʠʩʦʢʦʛ ʠʥʪʝʥʟʠʪʝʪʘ. 

 ɿʘ ʧʨʦʠʟʚʦʜˁʫ ʥʝʫʪʨʦʥʘ ʩʝ ʧʦʨʝʜ Ŭ ʝʤʠʪʝʨʘ ʤʦʛʫ ʢʦʨʠʩʪʠʪʠ ʠ ɔ ʬʦʪʦʥʠ, ʦʜʥʦʩʥʦ 

ʨʝʘʢʮʠʿʝ (ɔ,n). ʋ ʪʫ ʩʚʨʭʫ ʿʝ ʪʘʢʦʹʝ ʧʦʛʦʜʘʥ 9ɺʝ, ʘ ʨʝʘʢʮʠʿʘ ʢʦʿʝ ʩʝ ʦʚʦʤ ʧʨʠʣʠʢʦʤ ʦʜʚʠʿʘ ʿʝ: 

"Å ‎ O  "Å ὲ. ʆʚʘʿ ʥʘʯʠʥ ʜʦʙʠʿʘˁʘ ʥʝʫʪʨʦʥʘ ʿʝ ʧʦʚʦˀʘʥ ʩʘ ʩʪʘʥʦʚʠʰʪʘ ʤʦʛʫ˂ʥʦʩʪʠ 

ʜʦʙʠʿʘˁʘ ʩʢʦʨʦ ʤʦʥʦʝʥʝʨʛʝʪʩʢʠʭ ʥʝʫʪʨʦʥʘ. ʀʟʙʦʨʦʤ ɔ ʝʤʠʪʝʨʘ ʤʦʞʝ ʜʘ ʩʝ ʤʘʥʠʧʫʣʠʰʝ 

ʝʥʝʨʛʠʿʘʤʘ ʥʘʩʪʘʣʠʭ ʥʝʫʪʨʦʥʘ. ʅʘ ʧʨʠʤʝʨ 124Sb ʝʤʠʪʫʿʝ ʛʘʤʘ ʟʨʘʯʝˁʝ ʝʥʝʨʛʠʿʝ ʪʝʢ ʠʟʥʘʜ 

ʝʥʝʨʛʠʿʝ ʚʝʟʝ ʟʘ ʥʝʫʪʨʦʥ ʫ 9ɺʝ, ʧʘ ʩʝ ʥʝʫʪʨʦʥʠ ʜʦʙʠʿʘʿʫ ʝʥʝʨʛʠʿʘ ʦʜ ʦʢʦ 24 ʝV. 
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 ʉʧʦʥʪʘʥʘ ʬʠʩʠʿʘ ʿʝ ʿʦʰ ʿʝʜʘʥ ʥʘʯʠʥ ʥʘ ʢʦʿʠ ʩʝ ʤʦʛʫ ʜʦʙʠʪʠ ʥʝʫʪʨʦʥʠ. ʇʨʠʤʝʨ ʿʝ 252Cf, 

ʢʦʿʠ ʠʤʘ 2,65 ʛʦʜʠʥʘ ʚʨʝʤʝ ʧʦʣʫʨʘʩʧʘʜʘ ʠ ʧʨʠʥʦʩ ʦʜ ʩʢʦʨʦ 4 ʥʝʫʪʨʦʥʘ ʧʦ ʿʝʜʥʦʿ ʬʠʩʠʿʠ, ʢʦʿʘ 

ʩʝ ʦʜʠʛʨʘʚʘ ʥʘ 3% ʧʨʦʮʝʥʪʘ ʫʢʫʧʥʠʭ ʨʘʩʧʘʜʘ ʢʘʣʠʬʦʨʥʠʿʫʤʘ. ɽʥʝʨʛʠʿʘ ʥʝʫʪʨʦʥʘ ʠʤʘ 

ʧʨʦʩʝʯʥʫ ʚʨʝʜʥʦʩʪ ʦʜ 1 ʜʦ 3 MeV. 

 ʇʦʨʝʜ ʥʘʚʝʜʝʥʠʭ ʨʝʘʢʮʠʿʘ, ʥʝʫʪʨʦʥʠ ʩʝ ʤʦʛʫ ʧʨʦʠʟʚʝʩʪʠ ʠ ʜʨʫʛʠʤ ʪʠʧʦʚʠʤʘ 

ʨʝʘʢʮʠʿʘ, ʛʜʝ ʩʝ ʫ ʘʢʮʝʣʝʨʘʪʦʨʠʤʘ ʫʙʨʟʘʚʘʿʫ ʩʥʦʧʦʚʠ ʯʝʩʪʠʮʘ. ʆʚʘʿ ʥʘʯʠʥ ʥʠʿʝ ʪʦʣʠʢʦ 

ʧʦʛʦʜʘʥ ʢʘʦ ʧʨʝʪʭʦʜʥʦ ʥʘʚʝʜʝʥʠ, ʘʣʠ ʿʝ ʧʦʛʦʜʘʥ ʟʘ ʫʩʢʦ ʧʨʦʬʠʣʠʩʘʥʝ ʦʩʦʙʠʥʝ ʫʧʘʜʥʠʭ 

ʯʝʩʪʠʮʘ ʢʦʿʝ ʩʝ ʤʦʛʫ ʧʦʩʪʠ˂ʠ ʠ ʥʘ ʪʘʿ ʥʘʯʠʥ, ʜʦʙʠʪʠ ʞʝˀʝʥʝ ʦʩʦʙʠʥʝ ʥʝʫʪʨʦʥʘ. ʇʨʠʤʝʨ 

ʨʝʘʢʮʠʿʝ ʤʦʞʝ ʙʠʪʠ: ( Ὠ O (Å  ὲ (ʉʣʠʢʘ 2.5).   

 

ʉʣʠʢʘ 2.4 ï ʉʧʝʢʪʘʨ ʥʝʫʪʨʦʥʘ ʜʦʙʠʿʝʥʠʭ ʠʟ ʠʟʚʦʨʘ Ra-Be (49). 

  

 

ʉʣʠʢʘ 2.5 ï ʈʘʩʧʦʜʝʣʘ ʥʝʫʪʨʦʥʘ ʢʦʿʠ ʩʝ ʝʤʠʪʫʿʫ ʨʝʘʢʮʠʿʦʤ 3H(d,n)4He (51). 
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 ʅʘ ʢʨʘʿʫ, ʥʝʫʪʨʦʥʠ ʩʝ ʤʦʛʫ ʜʦʙʠʿʘʪʠ ʠ ʠʟ ʨʝʘʢʪʦʨʩʢʠʭ ʠʟʚʦʨʘ. ʅʝʫʪʨʦʥʠ ʜʦʙʠʿʝʥʠ ʥʘ 

ʦʚʘʢʘʚ ʥʘʯʠʥ ʠʤʘʿʫ ʰʠʨʦʢ ʝʥʝʨʛʝʪʩʢʠ ʩʧʝʢʪʘʨ ʢʦʿʠ ʠʜʝ ʜʦ ʝʥʝʨʛʠʿʘ ʦʜ 7 ʄeV ʠ 

ʢʘʨʘʢʪʝʨʠʩʪʠʯʥʦ ʿʝ ʜʘ ʬʣʫʢʩʝʚʠ ʥʝʫʪʨʦʥʘ ʢʦʿʠ ʩʝ ʜʦʙʠʿʘʿʫ ʫ ʦʢʦʣʠʥʠ ʬʠʩʠʦʥʠʭ ʨʝʘʢʪʦʨʘ 

ʤʦʛʫ ʙʠʪʠ ʚʨʣʦ ʚʠʩʦʢʠ. ʆʚʘʿ ʥʘʯʠʥ ʜʦʙʠʿʘˁʘ ʥʝʫʪʨʦʥʘ ʿʝ ʧʦʛʦʜʘʥ ʟʘ ˁʠʭʦʚʦ ʢʦʨʠʰ˂ʝˁʝ ʫ 

ʧʨʦʠʟʚʦʜˁʠ ʨʘʟʣʠʯʠʪʠʭ ʨʘʜʠʦʠʟʦʪʦʧʘ. 

 

2.1.2 ʄʦʜʝʨʘʮʠʿʘ ʥʝʫʪʨʦʥʘ 

 

 ʇʨʦʣʘʩʢʦʤ ʢʨʦʟ ʥʝʢʠ ʤʘʪʝʨʠʿʘʣ, ʥʝʫʪʨʦʥʠ ʠʥʪʝʨʝʘʛʫʿʫ ʩʘ ʿʝʟʛʨʠʤʘ ʩʨʝʜʠʥʝ ʧʫʪʝʤ 

ʨʘʟʣʠʯʠʪʠʭ ʨʝʘʢʮʠʿʘ. ʅʝʫʪʨʦʥʠ ʤʘˁʠʭ ʝʥʝʨʛʠʿʘ, ʩʧʦʨʠ ʠʣʠ ʪʝʨʤʘʣʥʠ, ʠʤʘʿʫ ʥʘʿʚʝ˂ʫ 

ʚʝʨʦʚʘʪʥʦ˂ʫ ʜʘ ʙʫʜʫ ʫʢʣʦˁʝʥʠ ʠʟ ʫʧʘʜʥʦʛ ʩʥʦʧʘ ʟʘʭʚʘʪʦʤ. ʐʪʦ ʩʝ ʪʠʯʝ ʙʨʟʠʭ ʥʝʫʪʨʦʥʘ, 

ʚʝ˂ʠ ʙʨʦʿ ʨʝʘʢʮʠʿʘ ʠʤʘ ʚʝʨʦʚʘʪʥʦ˂ʫ ʜʘ ʩʝ ʜʝʩʠ, ʢʘʦ ʰʪʦ ʩʫ (n, Ŭ), (n, p), (n, 2n). ɽʬʠʢʘʩʘʥ 

ʧʨʝʩʝʢ ʟʘ ʟʘʭʚʘʪ ʥʝʫʪʨʦʥʘ ʦʧʘʜʘ ʩʘ ʙʨʟʠʥʦʤ ʥʝʫʪʨʦʥʘ ͯ. ʅʝʫʪʨʦʥʠ ʝʥʝʨʛʠʿʘ ʨʝʜʘ ʚʝʣʠʯʠʥʝ 

ʄʝV ˂ʝ ʧʨʦʣʘʩʢʦʤ ʢʨʦʟ ʤʘʪʝʨʠʿʫ ʜʦʞʠʚˀʘʚʘʪʠ ʚʝ˂ʠ ʙʨʦʿ ʩʫʜʘʨʘ, ʧʨʠ ʯʝʤʫ ʩʝ ʩʤʘˁʫʿʝ 

ˁʠʭʦʚʘ ʝʥʝʨʛʠʿʘ, ʜʦʢ ʥʝ ʜʦʹʫ ʜʦ ʝʥʝʨʛʠʿʘ ʨʝʜʘ ʚʝʣʠʯʠʥʘ eV, ʢʘʜʘ ʠʤʘʿʫ ʚʝʣʠʢʫ ʚʝʨʦʚʘʪʥʦ˂ʫ 

ʟʘ ʘʧʩʦʨʧʮʠʿʫ, ʨʝʟʦʥʘʥʪʥʫ ʠʣʠ ʥʝ. 

 ʂʦʜ ʥʝʫʪʨʦʥʘ ʢʦʿʠ ʠʤʘʿʫ ʿʝʜʥʫ ʦʜʨʝʹʝʥʫ ʝʥʝʨʛʠʿʫ, ʤʦʞʝ ʩʝ ʥʘʧʠʩʘʪʠ ʟʘʢʦʥ ʩʣʘʙˀʝˁʘ 

ʩʥʦʧʘ: 

Ὅ  ὍὩ    (2.2) 

ʛʜʝ ʿʝ ὲ ʙʨʦʿ ʘʪʦʤʘ ʧʦ ʿʝʜʠʥʠʮʝ ʟʘʧʨʝʤʠʥʝ, Ὠὼ ʜʝʙˀʠʥʘ ʤʘʪʝʨʠʿʘʣʘ ʢʨʦʟ ʢʦʿʠ ʥʝʫʪʨʦʥʠ 

ʧʨʦʣʘʟʝ, ʘ ů ʫʢʫʧʘʥ ʝʬʠʢʘʩʘʥ ʧʨʝʩʝʢ ʟʘ ʥʝʫʪʦʨʥʝ ʦʜʨʝʹʝʥʝ ʝʥʝʨʛʠʿʝ, ʢʦʿʠ ʫʢˀʫʯʫʿʝ ʩʚʝ 

ʨʝʘʢʮʠʿʝ ʢʦʿʝ ʩʢʣʘˁʘʿʫ ʥʝʫʪʨʦʥʝ ʠʟ ʫʧʘʜʥʦʛ ʩʥʦʧʘ. ʆʚʘ ʿʝʜʥʘʯʠʥʘ ʩʝ ʥʝ ʤʦʞʝ ʫʧʦʪʨʝʙʠʪʠ ʟʘ 

ʠʟʨʘʯʫʥʘʚʘˁʝ ʫʢʫʧʥʦʛ ʙʨʦʿʘ ʥʝʫʪʨʦʥʘ, ʢʘʢʦ ʩʝ ʝʬʠʢʘʩʘʥʠ ʧʨʝʩʝʮʠ ʟʘ ʥʝʫʪʨʦʥʝ ʨʘʟʣʠʯʠʪʠʭ 

ʝʥʝʨʛʠʿʘ ʨʘʟʣʠʢʫʿʫ. ɸʢʦ ʩʝ ʧʦʩʤʘʪʨʘ ʨʘʩʝʿʘʚʘˁʝ ʤʦʥʦʝʥʝʨʛʝʪʩʢʠʭ ʥʝʫʪʨʦʥʘ ʥʘ ʥʝʢʦʤ ʿʝʟʛʨʫ 

ʤʘʩʝʥʦʛ ʙʨʦʿʘ ɸ ʠ ʫʛʘʦ ʧʦʜ ʢʦʿʠʤ ʩʝ ʥʝʫʪʨʦʥʠ ʨʘʩʝʿʘʚʘʿʫ, ʤʦʞʝ ʩʝ ʥʘʧʠʩʘʪʠ ʚʝʟʘ ʠʟʤʝʹʫ 

ʫʧʘʜʥʝ ʝʥʝʨʛʠʿʝ ʠ ʦʥʝ ʢʦʿʫ ˂ʝ ʥʝʫʪʨʦʥ ʠʤʘʪʠ ʧʦʩʣʝ ʨʘʩʝʿʘʚʘˁʘ (65): 

Ὁ

Ὁ

ὃ ρ ςὃÃÏÓ—

ὃ ρ
 

(2.3) 

 ʅʘʿʚʝ˂ʠ ʛʫʙʠʪʘʢ ʝʥʝʨʛʠʿʝ ʿʝ ʧʨʠʣʠʢʦʤ ʨʘʩʝʿʘʚʘˁʘ ʥʝʫʪʨʦʥʘ ʫ ʥʘʟʘʜ (ɗ= 180ʦ), ʘ ʙʝʟ 

ʛʫʙʠʪʘʢʘ ʝʥʝʨʛʠʿʝ ʟʘ ɗ= 0ʦ. ʂʘʢʦ ʩʝ ʩʚʘʢʠ ʦʜ ʥʝʫʪʨʦʥʘ ʚʠʰʝ ʧʫʪʘ ʨʘʩʝʿʘʚʘ, ʧʦʪʨʝʙʥʦ ʿʝ 

ʨʘʯʫʥʘʪʠ ʛʫʙʠʪʢʝ ʝʥʝʨʛʠʿʝ ʧʦʩʣʝ ʩʚʘʢʦʛ ʩʫʜʘʨʘ, ʫʟ ʯʠˁʝʥʠʮʫ ʜʘ ʚʝ˂ ʧʦʩʣʝ ʧʨʚʦʛ ʩʫʜʘʨʘ 

ʩʥʦʧʘ ʝʣʝʢʪʨʦʥʘ ʩʘ ʿʝʟʛʨʠʤʘ ʤʘʪʝʨʠʿʘʣʘ ʢʨʦʟ ʢʦʿʠ ʧʨʦʣʘʟʝ, ʥʝʫʪʨʦʥʠ ʚʠʰʝ ʥʠʩʫ 

ʤʦʥʦʝʥʝʨʛʝʪʩʢʠ. ʋ ʦʚʫ ʩʚʨʭʫ ʩʝ ʤʦʞʝ ʜʝʬʠʥʠʩʘʪʠ ʧʘʨʘʤʝʪʘʨ ʢʦʿʠ ʢʘʨʘʢʪʝʨʠʰʝ ʛʫʙʠʪʘʢ 

ʝʥʝʨʛʠʿʝ ʧʦʩʣʝ ʿʝʜʥʦʛ ʩʫʜʘʨʘ (65): 
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‚ ÌÏÇ
Ὁ

Ὁ
 
Ì᷿ÏÇ

ὃ ρ
ὃ ρ ςὃÃÏÓ—

 Ὠɱ

Ὠ᷿ɱ
 

(2.4) 

 

ʋ ʩʣʫʯʘʿʫ ʜʘ ʿʝ ʨʘʩʝʿʘˁʝ ʠʟʦʪʨʦʧʥʦ, ʧʨʝʪʭʦʜʥʠ ʠʟʨʘʟ ʩʝ ʜʦʙʠʿʘ ʫ ʦʙʣʠʢʫ: 

‚ ρ
ὃ ρ

ςὃ
ὰέὫ
ὃ ρ

ὃ ρ
  

(2.5) 

 ɸʢʦ ʿʝ ʮʠˀ ʩʤʘˁʠʪʠ ʝʥʝʨʛʠʿʝ ʫʧʘʜʥʠʭ ʥʝʫʪʨʦʥʘ ʜʦ ʞʝˀʝʥʠʭ, ʧʦʪʨʝʙʥʦ ʿʝ ʫʟʝʪʠ ʫ 

ʦʙʟʠʨ ʝʬʠʢʘʩʥʦʩʪʠ ʤʘʪʝʨʠʿʘʣʘ ʫ ʫʩʧʦʨʘʚʘˁʫ ʥʝʫʪʨʦʥʘ. ʋ ʩʣʝʜʝ˂ʦʿ ʪʘʙʝʣʠ ʩʝ ʚʠʜʠ ʙʨʦʿ 

ʩʫʜʘʨʘ ʥʝʦʧʭʦʜʥʠʭ ʟʘ ʪʝʨʤʘʣʠʟʘʮʠʿʫ ʥʝʫʪʨʦʥʘ ʦʜ ʝʥʝʨʛʠʿʘ ʨʝʜʘ ʚʝʣʠʯʠʥʘ ʄʝV ʜʦ eV, ʢʘʦ ʠ 

ʚʨʝʜʥʦʩʪ ʧʘʨʘʤʝʪʨʘ ‚ ʟʘ ʨʘʟʣʠʯʠʪʘ ʿʝʟʛʨʘ ʦ ʢʦʿʘ ʩʝ ʥʝʫʪʨʦʥʠ ʨʘʩʝʿʘʚʘʿʫ. 

ʊʘʙʝʣʘ 2.2 ï ɻʫʙʠʪʘʢ ʝʥʝʨʛʠʿʝ ʫ ʩʚʘʢʦʤ ʩʫʜʘʨʫ ʥʝʫʪʨʦʥʘ ʫ ʟʘʚʠʩʥʦʩʪʠ ʦʜ ʿʝʟʛʘʨʘ ʩʘ ʢʦʿʠʤʘ 

ʜʦʞʠʚˀʘʚʘ ʩʫʜʘʨ. 

ɱʝʟʛʨʦ ɹʨʦʿ ʩʫʜʘʨʘ Ⱪ 

1H 18 1.00 

4He 43 0.425 

12C 110 0.158 

238U 2200 0.0084 

 

 

ʉʣʠʢʘ 2.6 ï ʈʘʩʧʦʜʝʣʘ ʥʝʫʪʨʦʥʘ ʧʦ ʙʨʟʠʥʘʤʘ (ʝʥʝʨʛʠʿʘʤʘ) ʟʘ ʪʨʠ ʨʘʟʣʠʯʠʪʝ ʪʝʤʧʝʨʘʪʫʨʝ 

293 ʂ, 493 ʂ ʠ 593 ʂ. ʈʘʩʧʦʜʝʣʘ ʥʝʫʪʨʦʥʘ ʧʦʜʣʝʞʝ ʄʘʢʩʚʝʣʦʚʦʿ ʨʘʩʧʦʜʝʣʠ. ʉʣʠʢʘ 

ʧʨʝʫʟʝʪʘ ʠʟ (76). 
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 ʇʨʝʪʭʦʜʥʝ ʬʦʨʤʫʣʝ ʧʨʘʚʝ ʘʧʨʦʢʩʠʤʘʮʠʿʫ ʜʘ ʩʫ ʘʪʦʤʠ ʦ ʢʦʿʝ ʩʝ ʥʝʫʪʨʦʥʠ ʨʘʩʝʿʘʚʘʿʫ 

ʫ ʩʪʘˁʫ ʤʠʨʦʚʘˁʘ, ʰʪʦ ʩʝ ʟʘ ʥʝʫʪʨʦʥʝ ʝʥʝʨʛʠʿʘ ʨʝʜʘ ʚʝʣʠʯʠʥʘ MeV ʤʦʞʝ ʧʨʝʪʧʦʩʪʘʚʪʠ. 

ʄʝʹʫʪʠʤ, ʢʘʢʦ ʩʝ ʥʝʫʪʨʦʥʠ ʫʩʧʦʨʘʚʘʿʫ, ˁʠʭʦʚʘ ʝʥʝʨʛʠʿʘ ʧʦʩʪʘʿʝ ʫʧʦʨʝʜʠʚʘ ʩʘ ʝʥʝʨʛʠʿʘʤʘ 

ʪʝʨʤʠʯʢʦʛ ʢʨʝʪʘˁʘ ʘʪʦʤʘ ʩʨʝʜʠʥʝ, ʪʝ ʿʝ ʪʘʜʘ ʧʦʩʪʨʝʙʥʦ ʨʘʩʧʦʜʝʣʫ ʥʝʫʪʨʦʥʘ ʧʦ ʝʥʝʨʛʠʿʘʤʘ 

ʨʘʯʫʥʘʪʠ ʢʦʨʠʩʪʝ˂ʠ ʩʝ ʩʪʘʪʠʩʪʠʯʢʦʤ ʤʝʭʘʥʠʢʦʤ, ʈʘʩʧʦʜʝʣʘ ʥʝʫʪʨʦʥʘ ʧʦ ʝʥʝʨʛʠʿʘʤʘ ʧʨʘʪʠ 

ʄʘʢʩʚʝʣʦʚʫ ʨʘʩʧʦʜʝʣʫ ʥʘ ʪʝʤʧʝʨʘʪʫʨʠ ʊ: 

ὪὉὨὉ
ς“ὲ

Ὧ“Ὕ
ὉὩ ὨὉ 

(2.6) 

 

2.1.3 ɼʝʪʝʢʮʠʿʘ ʥʝʫʪʨʦʥʘ 

   

 ɼʝʪʝʢʮʠʿʘ ʥʝʫʪʨʦʥʘ ʩʝ ʟʘʩʥʠʚʘ ʥʘ ʜʝʪʝʢʮʠʿʠ ʩʝʢʫʥʜʘʨʥʠʭ ʜʦʛʘʹʘʿʘ ʢʦʿʠ ʩʣʝʜʝ ʧʦʩʣʝ 

ʨʝʘʢʮʠʿʘ ʩʘ ʥʝʫʪʨʦʥʠʤʘ. ɿʘ ʥʝʫʪʨʦʥʝ ʥʠʩʢʠʭ ʝʥʝʨʛʠʿʘ, ʪʝʨʤʘʣʥʝ ʠ ʩʧʦʨʝ, ʜʝʪʝʢʪʦʨʠ ʩʝ 

ʟʘʩʥʠʚʘʿʫ ʥʘ ʨʝʘʢʮʠʿʘʤʘ ʪʠʧʘ (n, p) ʠʣʠ (n. Ŭ), ʪʦ ʿʝʩʪ ʜʝʪʝʢʮʠʿʘʤʘ ʧʨʦʪʦʥʘ ʠ Ŭ ʯʝʩʪʠʮʘ.  ɿʘ 

ʦʚʘʢʚʝ ʪʠʧʦʚʝ ʨʝʘʢʮʠʿʘ ʤʦʛʫ ʩʝ ʢʦʨʠʩʪʠʪʠ ʧʨʦʧʦʨʮʠʦʥʘʣʥʠ ʙʨʦʿʘʯʠ. ʂʦʨʠʩʪʝ ʩʝ ʤʘʪʝʨʠʿʘʣʠ 

ʢʦʿʠ ʠʤʘʿʫ ʚʠʩʦʢ ʝʬʠʢʘʩʘʥ ʧʨʝʩʝʢ ʟʘ ʥʝʫʪʨʦʥʝ ʧʨʠ ʦʚʠʤ ʝʥʝʨʛʠʿʘʤʘ: 10ɺ, 6Li, 3He, ʚʦʜʦʥʠʢ, 

ʢʘʦ ʠ ʬʠʩʠʦʥʠ ʤʘʪʝʨʠʿʘʣʠ 235U, 239Pu, 238U, 237Np, 232ʊh ʠ  232Pa. ɸʪʦʤʠ 10ɺ ʠ 6Li ʠʤʘʿʫ ʚʠʩʦʢʝ 

ʝʬʠʢʘʩʥʝ ʧʨʝʩʝʢʝ ʟʘ ʨʝʘʢʮʠʿʫ (n. Ŭ), ʜʦʢ 3He ʠʤʘ ʚʠʩʦʢ ʧʨʝʩʝʢ ʟʘ (n, p) ʨʝʘʢʮʠʿʫ. ɺʦʜʦʥʠʢ 

ʠʤʘ ʚʠʩʦʢ ʝʬʠʢʘʩʘʥ ʧʨʝʩʝʢ ʟʘ ʝʣʘʩʪʠʯʥʦ ʨʘʩʝʿʘˁʝ, ʪʝ ʩʝ ʦʥʜʘ ʤʦʛʫ ʜʝʪʝʢʪʦʚʘʪʠ ʨʘʩʝʿʘʥʘ 

ʿʝʟʛʨʘ ʚʦʜʦʥʠʢʘ. ʌʠʩʠʦʥʠ ʤʘʪʝʨʠʿʘʣʠ ʧʦʜ ʜʝʿʩʪʚʦʤ ʥʝʫʪʨʦʥʘ ʜʦʞʠʚˀʘʚʘʿʫ ʬʠʩʠʿʫ, ʪʝ ʩʝ 

ʦʩʣʦʙʘʹʘʿʫ ʧʨʦʜʫʢʪʠ ʚʠʩʦʢʠʭ ʝʥʝʨʛʠʿʘ. ʆʚʦ ʦʤʦʛʫ˂ʘʚʘ ʜʝʪʝʢʮʠʿʫ ʧʨʠʩʫʩʪʚʘ ʥʝʫʪʨʦʥʘ ʠ ʫʟ 

ʧʨʠʩʫʩʪʚʦ ʚʠʩʦʢʦʛ ʧʦʟʘʜʠʥʩʢʦʛ ʛʘʤʘ ʟʨʘʯʝˁʘ. 

 ʇʨʦʧʦʨʮʠʦʥʘʣʥʠ ʙʨʦʿʘʯ ʥʘʧʫˁʝʥ ʛʘʩʦʤ BF3 ʢʦʿʠ ʿʝ ʠʟʚʦʨ ʥʘʝʣʝʢʪʨʠʩʘʥʠʭ 

ʩʝʢʫʥʜʘʨʥʠʭ ʯʝʩʪʠʮʘ ʢʘʜʘ ʥʝʫʪʨʦʥ ʠʥʪʝʨʝʘʛʫʿʝ ʩʘ ʿʝʟʛʨʦʤ ʙʦʨʘ. ʅʘʿʚʝ˂ʫ ʝʬʠʢʘʩʥʦʩʪ ʦʚʘ 

ʚʨʩʪʘ ʜʝʪʝʢʪʦʨʘ ʠʤʘ ʟʘ ʪʝʨʤʘʣʥʝ ʥʝʫʪʨʦʥʝ, ʘʣʠ ʩʝ ʤʦʞʝ ʦʙʣʦʞʠʪʠ ʥʝʢʠʤ ʤʦʜʝʨʘʪʦʨʩʢʠʤ 

ʤʘʪʝʨʠʿʘʣʦʤ, ʥʘ ʧʨʠʤʝʨ ʧʘʨʘʬʠʥ, ʪʝ ʩʝ ʫʧʘʜʥʘ ʝʥʝʨʛʠʿʘ ʥʝʫʪʨʦʥʘ ʤʦʞʝ ʩʤʘˁʠʪʠ ʥʝ ʙʠ ʩʝ 

ʝʬʠʢʘʩʥʦʩʪ ʜʝʪʝʢʮʠʿʝ ʧʦʚʝ˂ʘʣʘ. ɿʘ ʟʘʭʚʘʪ ʥʝʫʪʨʦʥʘ ʥʘʿʟʘʩʣʫʞʥʠʿʠ ʿʝ ʠʟʦʪʦʧ 10ɺ, ʢʦʿʠ ʩʝ 

ʥʘʣʘʟʠ ʫ ʠʟʦʪʦʧʩʢʦʿ ʨʘʩʧʨʦʩʪʨʘˁʝʥʦʩʪʠ ʦʜ 20% ʫ ʧʨʠʨʦʜʥʦʤ ʙʦʨʦʥʫ. ɹʦʨʦʥ ʩʝ ʢʦʨʠʩʪʠ ʫ 

ʛʘʩʦʚʠʪʦʤ ʩʪʘˁʫ ʢʦʿʠʤ ʩʝ ʥʘʧʫʥʠ ʧʨʦʧʦʨʮʠʦʥʘʣʥʠ ʙʨʦʿʘʯ, ʠʣʠ ʩʫ ʟʠʜʦʚʠ ʥʘʧʨʘʚˀʝʥʠ ʦʜ 

ʤʝʪʘʣʥʝ ʣʝʛʫʨʝ ʙʦʨʦʥʘ. ʈʝʘʢʮʠʿʘ ʢʦʿʘ ʩʝ ʦʜʚʠʿʘ ʿʝ ʩʣʝʜʝ˂ʘ: ὄ  ὲ O ὒὭᶻ  ὲ. ɽʥʝʨʛʠʿʘ 

ʧʦʙʫʜʝ ʥʘʩʪʘʣʦʛ ʣʠʪʠʿʫʤʘ ʠʟʥʦʩʠ 0,48 ʄʝV. ɽʬʠʘʢʩʘʥ ʨʝʩʝʢ ʟʘ ʪʝʨʤʘʣʥʝ ʥʝʫʪʨʦʥʝ ʠʟʥʦʩʠ 

3840 b (77). 

 ʇʨʦʧʦʨʮʠʦʥʘʣʥʘ ʢʦʤʦʨʘ ʤʦʞʝ ʙʠʪʠ ʥʘʧʫˁʝʥʘ ʠ 3ʅʝ ʫ ʥʝʢʦʤ ʧʨʦʮʝʥʪʫ. ʈʝʘʢʮʠʿʘ ʢʦʿʘ 

ʿʝ ʟʘʩʣʫʞʥʘ ʟʘ ʜʝʪʝʢʮʠʿʫ ʥʘʝʣʝʢʪʨʠʩʘʥʠʭ ʯʝʩʪʠʮʘ ʿʝ ὌὩ  ὲ O  Ὄ  ὴ . ɽʬʠʢʘʩʘʥ 

ʧʨʝʩʝʢ ʟʘ ʪʝʨʤʘʣʥʝ ʥʝʫʪʨʦʥʝ ʠʟʥʦʩʠ 5330 b. Tʨʝʙʘ ʠʩʪʘ˂ʠ ʜʘ ʢʦʨʠʰ˂ʝˁʝ 3ʅʝ ʫ ʩʚʨʭʝ 

ʩʧʝʢʪʨʦʩʢʦʧʠʿʝ ʥʠʿʝ ʘʜʝʢʚʘʪʥʦ, ʢʘʢʦ ʧʦʩʪʦʿʠ ʝʣʘʩʪʠʯʥʦ ʨʘʩʝʿʘˁʝ ʥʝʫʪʨʦʥʘ ʥʘ ʪʦʤ ʿʝʟʛʨʫ ʩʘ 

ʜʫʧʣʦ ʚʝ˂ʠʤ ʝʬʠʢʘʩʥʠʤ ʧʨʝʩʝʢʦʤ ʦʜ ʧʦʤʝʥʫʪʝ ʨʝʘʢʮʠʿʝ. ʊʘʢʦʹʝ, ʟʠʜʦʚʠ ʧʨʦʧʦʨʮʠʦʥʘʣʥʝ 
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ʢʦʤʦʨʝ ʤʦʛʫ ʜʘ ʩʝ ʥʘʧʨʘʚʝ ʦʜ ʤʘʪʝʨʠʿʘʣʘ ʢʦʿʠ ʤʦʞʝ ʜʘ ʩʝ ʨʘʩʧʘʜʘ ʬʠʩʠʿʦʤ. ʋ ʦʚʫ ʩʚʨʭʫ 

ʤʦʞʝ ʩʝ ʢʦʨʠʩʪʠʪʠ U3O8 ʢʦʿʠ ʿʝ ʦʙʦʛʘ˂ʝʥ ʫʨʘʥʠʿʫʤʦʤ. ʊʨʝʙʘ ʚʦʜʠʪʠ ʨʘʯʫʥʘ ʜʘ ʜʝʙˀʠʥʘ 

ʩʣʦʿʘ ʤʦʨʘ ʙʠʪʠ ʜʦʚʦˀʥʦ ʤʘʣʘ ʢʘʢʦ ʙʠ ʧʨʦʜʫʢʪʠ ʬʠʩʠʿʝ ʢʦʿʠ ʥʘʩʪʘʿʫ ʤʦʛʣʠ ʜʘ ʧʨʦʜʨʫ ʫ 

ʫʥʫʪʨʘʰˁʦʩʪ ʢʦʤʦʨʝ. ʆʚʘʢʚʠ ʙʨʦʿʘʯʠ ʩʫ ʝʬʠʢʘʩʥʠ ʫ ʜʝʪʝʢʮʠʿʠ ʥʝʫʪʨʦʥʘ ʠ ʧʨʠ ʬʣʫʢʩʝʚʠʤʘ 

ʬʦʪʦʥʘ ʦʜ 1010 cm-2s-1. 

 ɿʘ ʪʝʨʤʘʣʥʝ ʥʝʫʪʨʦʥʝ ʝʬʠʢʘʩʘʥ ʧʨʝʩʝʢ ʠʤʘ ʚʠʩʦʢʝ ʚʨʝʜʥʦʩʪʠ ʠ ʩʘ ʧʦʨʘʩʪʦʤ 

ʪʝʤʧʝʨʘʪʫʨʝ ʦʧʘʜʘ ʧʦ ʟʘʢʦʥʫ ͯ, ʜʦ ʧʦʿʘʚʝ ʨʝʟʦʥʘʥʪʥʝ ʟʘʚʠʩʥʦʩʪʠ. ʆʚʘ ʯʠˁʝʥʠʮʘ ʦʣʘʢʰʘʚʘ 

ʧʨʦʨʘʯʫʥʝ, ʪʝ ʟʘ ʝʥʝʨʛʝʪʩʢʠ ʦʧʩʝʛ ʥʝʫʪʨʦʥʘ ʫ ʢʦʿʝʤ ʚʘʞʠ ʦʚʘ ʟʘʚʠʩʥʦʩʪ, ʟʘ ʙʠʣʦ ʢʦʿʫ 

ʨʘʩʧʦʜʝʣʫ ʥʝʫʪʨʦʥʘ ʧʦ ʝʥʝʨʛʠʿʘʤʘ ʙʨʟʠʥʘ ʙʨʦʿʘˁʘ ʜʝʪʝʢʪʦʨʘ ʤʦʞʝ ʜʘ ʩʝ ʧʠʰʝ: 

Ὑ ὔ ὅ ὲ (2.7) 

ὔ  ʧʨʝʜʩʪʘʚˀʘ ʙʨʦʿ ʿʝʟʛʘʨʘ ʙʦʨʦʥʘ, ὅ „‡ ʧʨʦʠʟʚʦʜ ʝʬʠʢʘʩʥʦʛ ʧʨʝʩʝʢʘ ʠ ʙʨʟʠʥʝ ʥʝʫʪʨʦʥʘ, 

ʢʦʿʠ ʿʝ ʢʦʥʩʪʘʥʪʘʥ ʟʘ ʝʥʝʨʛʠʿʝ ʛʜʝ ʚʘʞʠ ʜʘ ʝʬʠʢʘʩʘʥ ʧʨʝʩʝʢ ʦʧʘʜʘ ʩʘ , ʘ n ʧʨʝʜʩʪʘʚˀʘ ʙʨʦʿ 

ʥʝʫʪʨʦʥʘ ʧʦ ʿʝʜʠʥʠʮʠ ʟʘʧʨʝʤʠʥʝ.  

 ʄʘʪʝʨʠʿʘʣʠ ʢʦʿʠ ʧʦʩʣʝ ʟʘʭʚʘʪʘ ʥʝʫʪʨʦʥʘ ʧʦʩʪʘʿʫ ʨʘʜʠʦʘʢʪʠʚʥʠ ʪʘʢʦʹʝ ʩʝ ʤʦʛʫ 

ʢʦʨʠʩʪʠʪʠ ʟʘ ˁʠʭʦʚʫ ʜʝʪʝʢʮʠʿʫ. ʊʘʢʚʠ ʤʘʪʝʨʠʿʘʣʠ ʩʝ ʧʦʩʣʝ ʠʟʣʘʛʘˁʘ ʦʜʨʝʹʝʥʦʤ ʬʣʫʢʩʫ 

ʫʧʘʜʥʠʭ ʥʝʫʪʨʦʥʘ ʠʟ ˁʝʛʘ ʩʢʣʘˁʘʿʫ ʠ ʤʝʨʠ ʠʤ ʩʝ ʠʥʜʫʢʦʚʘʥʘ ʘʢʪʠʚʥʦʩʪ, ʪʝ ʠʟʤʝʨʝʥʘ 

ʘʢʪʠʚʥʦʩʪ ʧʨʝʜʩʪʘʚˀʘ ʤʝʨʫ ʥʝʫʪʨʦʥʩʢʦʛ ʬʣʫʢʩʘ. 

 ɹʨʟʠʥʘ ʥʝʫʪʨʦʥʘ ʩʝ ʤʦʞʝ ʤʝʨʠʪʠ ʥʘ ʨʘʟʣʠʯʠʪʝ ʥʘʯʠʥʝ. ʇʨʠʤʝʨ ʟʘ ʪʦ ʿʝ ʤʝʭʘʥʠʯʢʠ 

ʫʨʝʹʘʿ ʢʦʿʠ ʩʝ ʥʘʧʨʘʚʠ ʦʜ ʤʘʪʝʨʠʿʘʣʘ ʢʦʿʠ ʠʤʘ ʩʚʦʿʩʪʚʘ ʜʦʙʨʦʛ ʘʧʩʦʨʙʝʨʘ ʥʝʫʪʨʦʥʘ (ʉʣʠʢʘ 

2.8).  ɹʨʟʠʥʘ ʥʝʫʪʨʦʥʘ ʩʝ ʤʦʞʝ ʦʜʨʝʜʠʪʠ ʙʠʨʘˁʝʤ ʙʨʟʠʥʝ ʨʦʪʘʮʠʿʝ ʮʠʣʠʥʜʨʘ ʢʦʿʠ ʠʤʘ 

ʠʩʝʯʝʥ ʜʝʦ ʭʝʣʠʢʦʠʜʥʦʛ ʦʙʣʠʢʘ. ʅʝʫʪʨʦʥʠ ʢʦʿʠ ˂ʝ ʧʨʦ˂ʠ ʮʝʦ ʮʠʣʠʥʜʘʨ ʩʫ ʦʥʠ ʢʦʿʠʤʘ ʿʝ 

ʧʦʪʨʝʙʥʦ ʦʥʦʣʠʢʦ ʚʨʝʤʝʥʘ ʜʘ ʧʨʝʹʫ ʜʫʞʠʥʫ L ʢʦʣʠʢʦ ʿʝ ʧʦʪʨʝʙʥʦ ʮʠʣʠʥʜʨʫ ʜʘ ʩʝ ʨʦʪʠʨʘ ʟʘ 

ʫʛʘʦ ‰. ʆʚʘ ʚʨʝʤʝʥʘ ʩʫ ʦʜʨʝʹʝʥʘ ʙʨʟʠʥʘʤʘ ʨʦʪʘʮʠʿʝ ʮʠʣʠʥʜʨʘ :‡ ʠ ʙʨʟʠʥʘʤʘ ʥʝʫʪʨʦʥʘ ‫  

ὸ
ὒ

‡

‰

‫
   O ‡

ὒ‫

‰
 

(2.8) 

 ɼʨʫʛʠ ʜʝʦ ʩʣʠʢʝ (ʉʣʠʢʘ 2.8) ʧʨʝʜʩʪʘʚˀʘ ʥʘʯʠʥ ʢʘʢʦ ʩʝ ʦʜ ʢʦʥʪʠʥʫʘʣʥʦʛ ʩʥʦʧʘ 

ʥʝʫʪʨʦʥʘ ʜʦʙʠʿʘʿʫ ʧʫʣʩʠʨʘʿʫ˂ʠ ʩʥʦʧʦʚʠ ʥʝʫʪʨʦʥʘ. 

 ʊʝʭʥʠʢʝ ʤʝʨʝˁʘ ʚʨʝʤʝʥʘ ʣʝʪʘ ʟʘʭʪʝʚʘʿʫ ʚʨʝʤʝʥʩʢʠ ʨʘʟʜʚʦʿʝʥʝ ʩʥʦʧʦʚʝ. ʆʚʦ ʩʝ ʤʦʞʝ 

ʜʦʙʠʪʠ ʫʟ ʧʦʤʦ˂ ʤʝʭʘʥʠʟʤʘ ʥʘ ʧʨʝʪʭʦʜʥʦʿ ʩʣʠʮʠ, ʠʣʠ ʩʪʨʦʛʠʤ ʢʦʥʪʨʦʣʠʩʘˁʝʤ ʚʨʝʤʝʥʘ 

ʦʜʚʠʿʘˁʘ ʥʫʢʣʝʘʨʥʝ ʨʝʘʢʮʠʿʝ ʢʦʿʘ ʩʪʚʘʨʘ ʥʝʫʪʨʦʥʝ. ʊʝʨʤʘʣʥʠ ʥʝʫʪʨʦʥʠ ʠʤʘʿʫ ʙʨʟʠʥʫ ʦʜ ʦʢʦ 

2200  ʠ ʥʘ ʧʫʪʘˁʠ ʦʜ ʥʝʢʦʣʠʢʦ ʤʝʪʘʨʘʚʨʝʤʝ ʣʝʪʘ ʤʦʞʝ ʜʦʚʦˀʘʥʦ ʧʨʝʮʠʟʥʦ ʜʘ ʩʝ ʠʟʤʝʨʠ. 

ʇʨʠʤʝʨ ʤʝʨʝˁʘ ʙʨʟʠʥʝ ʠ ʝʥʝʨʛʠʿʝ ʥʝʫʪʨʦʥʘ ʥʘʩʪʘʣʠʭ ʧʦʩʣʝ ʨʝʘʢʮʠʿʝ ὔὨ  Ὠ O ὕ  ὲ, 

ʛʜʝ ʩʝ ʟʘ ʥʫʣʪʠ ʚʨʝʤʝʥʩʢʠ ʪʨʝʥʫʪʘʢ ʫʟʠʤʘ ʩʥʦʧ ʜʝʫʪʝʨʦʥʘ (ʉʣʠʢʘ 2.9). 
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ʉʣʠʢʘ 2.7 ï ɺʨʝʜʥʦʩʪʠ ʝʬʠʢʘʩʥʦʛ ʧʨʝʩʝʢʘ ʟʘ ʨʝʘʢʮʠʿʝ 3He(n,p), 8Li(n,Ŭ) ʠ 10B(n,Ŭ) ʛʜʝ ʩʝ 

ʚʠʜʠ ʟʘʚʠʩʥʦʩʪ ʚʨʝʜʥʦʩʪʠ ʩʘ  ʩʘ ʥʘʟʥʘʢʘʤʘ ʨʝʟʦʥʘʮʠʿʝ ʥʝ 100 keV. 

 

ʉʣʠʢʘ 2.8 ï ʐʝʤʘʪʩʢʠ ʧʨʠʢʘʟ ʤʝʭʘʥʠʯʢʦʛ ʨʘʟʜʚʘʿʘˁʘ ʥʝʫʪʨʦʥʘ ʧʦ ʝʥʝʨʛʠʿʘʤʘ. ʉʣʠʢʘ 

ʧʨʝʫʟʝʪʘ ʠʟ (78). 
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 ɼʝ ɹʨʦˀʝʚʘ ʪʘʣʘʩʥʘ ʜʫʞʠʥʘ ʪʝʨʤʘʣʥʠʭ ʥʝʫʪʨʦʥʘ ʠʟʥʦʩʠ ʨʝʜʘ ʚʝʣʠʯʠʥʝ 10Å, ʢʦʣʠʢʦ 

ʿʝ ʠ ʨʘʩʪʦʿʘˁʝ ʘʪʦʤʘ ʫ ʢʨʠʩʪʘʣʥʦʿ ʨʝʰʝʪʢʠ. ʊʘʜʘ ʫʧʘʜʥʠ ʩʥʦʧ ʥʝʫʪʨʦʥʘ ʥʘ ʢʨʠʩʪʘʣʥʫ 

ʨʝʰʝʪʢʫ ʤʦʞʝ ʜʘ ʜʦʞʠʚʠ ʠʥʪʝʨʬʝʨʝʥʮʠʿʫ ʫ ʧʦʿʝʜʠʥʠʤ ʧʨʘʚʮʠʤʘ, ʢʦʿʠ ʩʫ ʪʘʯʥʦ ʦʜʨʝʹʝʥʠʤ 

ɹʨʘʛʦʚʠʤ ʟʘʢʦʥʦʤ: ὲ‗ ς ὨÓÉÎ—. ʋ ɹʨʘʛʦʚʦʤ ʟʘʢʦʥʫ ὲ ʧʨʝʜʩʪʘʚˀʘ ʨʝʜ ʠʥʪʝʨʬʝʨʝʥʮʠʿʝ, — 

ʫʧʘʜʥʠ ʠ ʨʝʬʣʝʢʪʦʚʘʥʠ ʫʛʘʦ ʩʥʦʧʘ ʥʝʫʪʨʦʥʘ ʦ ʨʘʚʘʥ ʘʪʦʤʘ ʫʥʫʪʘʨ ʢʨʠʩʪʘʣʥʝ ʨʝʰʝʪʢʝ, ʜʦʢ 

Ὠ ʧʨʝʜʩʪʘʚˀʘ ʨʘʩʪʦʿʘˁʝ ʠʟʤʝʹʫ ʧʘʨʘʣʝʣʥʠʭ ʨʘʚʥʠ ʘʪʦʤʘ ʦʜ ʢʦʿʝ ʩʝ ʫʧʘʜʥʠ ʥʝʫʪʨʦʥʠ 

ʨʝʬʣʝʢʪʫʿʫ.  

 

ʉʣʠʢʘ 2.9 ï ʉʧʝʢʪʘʨ ʥʝʫʪʨʦʥʘ ʪʝʭʥʠʢʦʤ ʤʝʨʝˁʘ ʚʨʝʤʝʥʘ ʧʨʝʣʝʪʘ ʟʘ ʨʝʘʢʮʠʿʫ 14N(d,n)15O. 

ʉʣʠʢʘ ʧʨʝʫʟʝʪʘ ʠʟ (79). 

 ʆʨʛʘʥʩʢʠ ʩʮʠʥʪʠʣʘʪʦʨʩʢʠ ʜʝʪʝʢʪʦʨʠ ʩʝ ʤʦʛʫ ʢʦʨʠʩʪʠʪʠ ʟʘ ʜʝʪʝʢʪʮʠʿʫ ʥʝʫʪʨʦʥʘ, ʿʝʨ 

ʜʦʣʘʟʠ ʜʦ ʨʘʩʝʿʘˁʘ ʥʝʫʪʨʦʥʘ ʥʘ ʚʦʜʦʥʠʢʫ ʢʦʿʠ ʿʝ ʧʨʠʩʫʪʘʥ ʫ ˁʠʤʘ ʠ ʢʦʨʠʩʪʠ ʩʝ ʟʘ ʙʨʟʝ 

ʥʝʫʪʨʦʥʝ, ʘ ʟʘ ʪʝʨʤʘʣʥʝ ʥʝʫʪʨʦʥʝ ʩʝ ʢʦʨʠʩʪʠ ʧʨʦʮʝʩ (n, ɔ). ʊʘʢʦʹʝ, ʩʮʠʥʪʠʣʘʮʠʦʥʠ 

ʜʝʪʝʢʪʦʨʠ ʩʝ ʤʦʛʫ ʧʫʥʠʪʠ 6Li, ʪʝ ʩʝ ʫ ʪʦʤ ʩʣʫʯʘʿʫ ʜʝʪʝʢʪʫʿʫ Ŭ ʯʝʩʪʠʮʝ ʢʦʿʝ ʩʝ ʝʤʠʪʫʿʫ. ʐʪʦ 

ʩʝ ʪʠʯʝ ʙʨʟʠʭ ʥʝʫʪʨʦʥʘ, ʧʨʠʣʠʢʦʤ ʝʣʘʩʪʠʯʥʦʛ ʨʘʩʝʿʘʚʘˁʘ ʥʝʫʪʨʦʥʘ ʦ ʣʘʢʘ ʿʝʟʛʨʘ, ʜʦʣʘʟʠ ʜʦ 

ʧʦʩʪʝʧʝʥʦʛ ʩʤʘˁʠʚʘˁʘ ʝʥʝʨʛʠʿʝ ʥʝʫʪʨʦʥʘ ʦʜ ʧʦʯʝʪʥʝ ʜʦ ʤʠʥʠʤʘʣʥʝ ʧʦ ʿʝʜʥʘʯʠʥʠ (2.3). ʋ 

ʩʣʫʯʘʿʫ ʯʝʦʥʦʛ ʩʫʜʘʨʘ, ʿʝʜʥʘʯʠʥʘ (2.3) ʧʦʩʪʘʿʝ: 

Ὁ

Ὁ
 
ὃ ρ

ὃ ρ
 

(2.9) 

ɱʝʟʛʨʘ ʦ ʢʦʿʘ ʩʝ ʥʝʫʪʨʦʥʠ ʨʘʩʝʿʘʚʘʿʫ ʜʦʙʠʿʘʿʫ ʝʥʝʨʛʠʿʫ ʫʟʤʘʢʘ, ʢʦʿʘ ʫ ʟʘʚʠʩʥʦʩʪʠ ʦʜ ʩʫʜʘʨʘ 

ʜʦ ʩʫʜʘʨʘ ʠʤʘ ʚʨʝʜʥʦʩʪ ʦʜ ʤʠʥʠʤʘʣʥʝ ʜʦ ʤʘʢʩʠʤʘʣʥʝ, ʯʠʿʘ ʿʝ ʚʨʝʜʥʦʩʪ ʦʜʨʝʹʝʥʘ: 

˒ Ὁ Ὁ Ὁ
τὃ

ὃ ρ
 

(2.10) 
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 ɽʬʠʢʘʩʥʦʩʪ ʩʮʠʥʪʠʣʘʮʠʦʥʠʭ ʜʝʪʝʢʪʦʨʘ ʫ ʤʝʨʝˁʫ ʝʥʝʨʛʠʿʘ ʥʝʫʪʨʦʥʘ ʿʝ ʦʢʦ 50%. 

ʉʣʠʢʘ 2.10 ʧʨʠʢʘʟʫʿʝ ʩʧʝʢʪʘʨ ʥʝʫʪʨʦʥʘ ʝʥʝʨʛʠʿʘ 14,1 MʝV ʩʥʠʤˀʝʥ ʩʮʠʥʪʠʣʘʮʠʦʥʠʤ 

ʜʝʪʝʢʪʦʨʦʤ. ɿʘ ʠʜʝʘʣʘʥ ʩʮʠʥʪʠʣʘʮʠʦʥʠ ʜʝʪʝʢʪʦʨ ʩʠʛʥʘʣ ʩʥʠʤʝˀʥ ʨʘʩʝʿʘˁʝʤ ʥʝʫʪʨʦʥʘ ʥʘ 

ʿʝʟʛʨʠʤʘ ʚʦʜʦʥʠʢʘ ʙʠ ʪʨʝʙʘʦ ʜʘ ʠʤʘ ʧʨʘʚʦʫʛʘʦʥʠ ʦʙʣʠʢ. ʄʝʹʫʪʠʤ, ʫʩʣʝʜ ʥʝʣʠʥʝʘʨʥʦʩʪʠ 

ʩʮʠʥʪʠʣʘʮʠʦʥʠʭ ʜʝʪʝʢʪʦʨʘ ʠ ʦʛʨʘʥʠʯʝˁʘ ʫ ʝʥʝʨʛʝʪʢʩʦʿ ʨʝʟʦʣʫʮʠʿʠ, ʩʧʝʢʪʘʨ ʠʟʛʣʝʜʘ ʢʘʦ ʰʪʦ 

ʧʨʠʢʘʟʫʿʝ ʉʣʠʢʘ 2.10.  

 

ʉʣʠʢʘ 2.10 ï ʈʝʘʣʥʠ ʩʧʝʢʪʘʨ ʤʦʥʦʝʥʝʨʛʝʪʩʢʠʭ ʥʝʫʪʨʦʥʘ ʩʥʠʤˀʝʥ ʫʟ ʧʦʤʦ ʩʮʠʥʪʠʣʘʮʠʦʥʦʛ 

ʜʝʪʝʢʪʦʨʘ (80). 

  

 ʇʦʨʝʜ ʥʘʚʝʜʝʥʠʭ ʜʝʪʝʢʪʦʨʘ, ʢʦʨʠʩʪʝ ʩʝ ʠ ʧʦʣʫʧʨʦʚʦʜʥʠʯʢʠ ʜʝʪʝʢʪʦʨʠ ʟʘ ʜʝʪʝʢʮʠʿʫ 

ʥʝʫʪʨʦʥʘ. ʊʘʥʘʢ ʩʣʦʿ ʣʠʪʠʿʫʤʘ (6LiF) ʩʪʘʚʠ ʩʝ ʤʝʹʫ ʜʚʘ ʧʦʣʫʧʨʦʜʦʚʥʠʯʢʘ ʜʝʪʝʢʪʦʨʘ. ʅʘ ʦʚʘʿ 

ʥʘʯʠʥ ʤʦʛʫ ʩʝ ʜʝʪʝʢʪʦʚʘʪʠ ʦʙʘ ʧʨʦʜʫʢʪʘ ʨʝʘʢʮʠʿʝ ὒὭ ὲ O Ὄ  ‌, ʩʚʘʢʠ ʦʜ ˁʠʭ ʫ 

ʿʝʜʥʦʤ ʦʜ ʜʝʪʝʢʪʦʨʘ. ɽʬʠʢʘʩʘʥ ʧʨʝʩʝʢ ʟʘ ʪʝʨʤʘʣʥʝ ʥʝʫʪʨʦʥʝ ʠʟʥʦʩʠ 940 b. ʊʘʢʦʹʝ, 

ʧʦʣʫʧʨʦʚʦʜʥʠʯʢʠ ʜʝʪʝʢʪʦʨʠ ʩʝ ʤʦʛʫ ʢʦʨʠʩʪʠʪʠ ʟʘ ʜʝʪʝʢʮʠʿʫ ʧʨʦʪʦʥʘ ʢʦʿʝ ʩʫ ʥʝʫʪʨʦʥʠ 

ʨʘʩʝʿʘʣʠ ʩʘ ʧʦʣʠʝʪʠʣʝʥʩʢʝ ʬʦʣʠʿʝ ʢʦʿʘ ʩʝ ʧʦʩʪʘʚˀʘ ʠ ʩʧʨʝʜ ʩʘʤʦʛ ʜʝʪʝʢʪʦʨʘ. 

ʇʦʣʫʧʨʦʚʦʜʥʠʯʢʠ ʜʝʪʝʢʪʦʨʠ ʥʝʤʘʿʫ ʚʝʣʠʢʫ ʙʨʟʠʥʫ ʙʨʦʿʘˁʘ ʫ ʦʜʥʦʩʫ ʥʘ ʧʨʝʪʭʦʜʥʦ 

ʧʦʤʝʥʫʪʝ ʜʝʪʝʢʪʦʨʝ ʠ ʤʘʥʘ ʠʤ ʿʝ ʜʘ ʩʝ ʥʝ ʤʦʛʫ ʢʦʨʠʩʪʠʪʠ ʜʫʛʦʨʦʯʥʦ ʟʘ ʜʝʪʝʢʮʠʿʫ ʩʘʤʠʭ 

ʥʝʫʪʨʦʥʘ. 
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2.1.4 ɿʘʭʚʘʪ ʥʝʫʪʨʦʥʘ 

 

 ʉʣʦʞʝʥʦ ʿʝʟʛʨʦ ʢʦʿʝ ʥʘʩʪʘʿʝ ʟʘʭʚʘʪʦʤ ʥʝʫʪʨʦʥʘ ʥʠʩʢʠʭ ʝʥʝʨʛʠʿʘ ʦʜ ʩʪʨʘʥʝ ʪʝʞʠʭ 

ʿʝʟʛʘʨʘ ʠʤʘ ʥʘʿʚʝ˂ʫ ʚʝʨʦʚʘʪʥʦ˂ʫ ʜʘ ʩʝ ʝʥʝʨʛʠʿʝ ʦʩʣʦʙʦʜʠ ʫ ʚʠʜʫ ʛʘʤʘ ʟʨʘʯʝˁʘ. ɽʤʠʩʠʿʘ 

ʥʫʢʣʝʦʥʘ ʿʝ ʤʘˁʝ ʚʝʨʦʚʘʪʘʥ ʧʨʦʮʝʩ. ʋ ʩʣʫʯʘʿʫ ʝʤʠʪʦʚʘˁʘ ʧʨʦʪʦʥʘ, ʂʫʣʦʥʦʚʘ ʙʘʨʠʿʝʨʘ ʫ 

ʧʦʪʧʫʥʦʩʪʠ ʩʫʟʙʠʿʘ ʦʚʘʿ ʥʘʯʠʥ ʨʘʩʧʘʜʘ ʩʣʦʞʝʥʦʛ ʿʝʟʛʨʘ, ʠʟʫʟʝʚ ʟʘ ʿʝʟʛʨʘ ʤʘʣʦʛ ʤʘʩʝʥʦʛ 

ʙʨʦʿʘ. ɽʤʠʩʠʿʘ ʥʝʫʪʨʦʥʘ ʿʝ ʪʘʢʦʹʝ ʤʦʛʫ˂ʘ, ʘʣʠ ʩʘ ʤʘˁʦʤ ʚʝʨʦʚʘʪʥʦ˂ʦʤ ʫ ʦʜʥʦʩʫ ʥʘ 

ʝʤʠʪʦʚʘˁʝ ɔ ʟʨʘʯʝˁʘ.  

 ʇʨʦʮʝʩ ʟʘʭʚʘʪʘ ʥʝʫʪʨʦʥʘ ʦʜ ʩʪʨʘʥʝ ʿʝʟʛʘʨʘ ʠ ʨʘʜʠʿʘʪʠʚʥʘ ʜʝʝʢʩʮʠʪʘʮʠʿʘ ʥʘ ʦʩʥʦʚʥʦ 

ʩʪʘˁʝ ʿʝ ʧʦʛʦʜʥʘ ʟʘ ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʦ ʦʜʨʝʹʠʚʘˁʝ ʧʘʨʥʦʩʪʠ ʠ ʩʧʠʥʘ ʩʪʘˁʘ ʿʝʟʛʨʘ ʢʦʿʝ ʥʘʩʪʘʿʝ 

ʧʦ ʟʘʭʚʘʪʫ ʥʝʫʪʨʦʥʘ, ʯʠʿʠ ʩʝ ʩʧʠʥ ʤʦʞʝ ʥʘʧʠʩʘʪʠ ʢao ὍǬ Ὅ ὰ ί, ʘ ʧʘʨʥʦʩʪ “Ǭ “ ρ . 

I ʧʨʝʜʩʪʘʚˀʘ ʚʨʝʜʥʦʩʪ ʩʧʠʥʘ ʧʦʯʝʪʥʦʛ ʿʝʟʛʨʘ, ˊ ˁʝʛʦʚʘ ʧʘʨʥʦʩʪ, ʘ l ʠ s ʩʫ ʦʨʙʠʪʘʣʥʠ ʫʛʘʦʥʠ 

ʤʦʤʝʥʪ ʠ ʩʧʠʥ ʫʧʘʜʥʦʛ ʥʝʫʪʨʦʥʘ. ʂʘʜʘ ʩʝ ʨʘʜʠ ʦ ʪʝʨʤʘʣʥʠʤ ʥʝʫʪʨʦʥʠʤʘ, ʩʧʠʥ ʿʝʟʛʨʘ 

ʥʘʩʪʘʣʦʛ ʟʘʭʚʘʪʦʤ ʥʝʫʪʨʦʥ ʠʟʥʦʩʠ ὍǬ Ὅ  ʠ ὍǬ Ὅ , ʜʦʢ ˁʝʛʦʚʘ ʧʘʨʥʦʩʪ ʦʜʛʦʚʘʨʘ 

ʧʦʯʝʪʥʦʿ ʧʘʨʥʦʩʪʠ ʿʝʟʛʨʘ. ʋ ʩʣʫʯʘʿʫ ʧʦʯʝʪʥʦʛ ʩʧʠʥʘ ʿʝʟʛʨʘ ʦʜ ʥʫʣʘ, ʩʪʘˁʘ ʧʦʩʣʝ ʟʘʭʚʘʪʘ 

ʥʝʫʪʨʦʥʘ ʩʫ ὍǬ  ʠ ὍǬ . ʉʪʘˁʝ ʥʘʩʪʘʣʦ ʟʘʭʚʘʪʦʤ ʥʝʫʪʨʦʥʘ ʩʝ ʤʦʞʝ ʧʦʩʤʘʪʨʘʪʠ ʢʘʦ 

ʩʣʦʞʝʥʦ ʩʪʘˁʝ ʚʝʣʠʢʦʛ ʙʨʦʿʘ ʤʦʛʫ˂ʠʭ ʥʠʚʦʘ ʢʦʿʠ ʠʤʘʿʫ ʿʝʜʘʥ ʦʜ ʜʚʘ ʤʦʛʫ˂ʘ ʩʧʠʥʘ, ʢʦʿʘ ʩʫ 

ʧʨʝʪʭʦʜʥʦ ʥʘʚʝʜʝʥʘ. ʂʘʜʘ ʩʝ ʩʧʠʥʦʚʠ ʿʝʟʛʨʘ ʤʝʪʝ ʦʨʠʿ ʝʥʪʠʰʫ ʫ ʩʤʝʨʫ ʩʧʠʥʘ ʫʧʘʜʥʦʛ 

ʥʝʫʪʨʦʥʘ ʠʣʠ ʫ ʩʫʧʨʦʪʥʦʤ, ʤʦʛʫ˂ʝ ʿʝ ʧʦʩʪʠ˂ʠ ʧʦʧʫˁʘʚʘˁʝ ʩʘʤʦ ʿʝʜʥʦʛ ʩʧʠʥʩʢʦʛ ʩʪʘˁʘ.  

 

ʉʣʠʢʘ 2.11 ï ʐʝʤʘʪʩʢʠ ʧʨʠʢʘʟ ʧʨʝʣʘʟʘ ʠʟʤʝʹʫ ʝʥʝʨʛʝʪʩʢʠʭ ʥʠʚʦʘ ʫ ʿʝʟʛʨʫ ʧʦʙʫʹʠʚʘˁʘ 

ʟʘʭʚʘʪʦʤ ʥʝʫʪʨʦʥʘ. 
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 ʇʨʠʣʠʢʦʤ ʜʝʢʩʮʠʪʦʚʘˁʘ ʦʪʧʫh ʪʘˁʝʤ ɔ ʟʨʘʯʝˁʘ, ʩʧʠʥʩʢʘ ʩʪʘˁʘ ʢʦʿʘ ʤʦʛʫ ʙʠʪʠ 

ʧʦʧʫˁʝʥʘ ʟʘʚʠʩʠ ʦʜ ʩʝʣʝʢʮʠʦʥʠʭ ʧʨʘʚʠʣʘ ʟʘ ʝʤʠʩʠʿʫ ʛʘʤʘ ʟʨʘʯʝˁʘ. ʂʘʢʦ ʩʝ ʝʤʠʪʫʿʝ ʜʠʧʦʣʥʦ 

ʟʨʘʯʝˁʝ, ʩʪʘˁʘ ʫ ʢʦʿʠʤʘ ʿʝʟʛʨʦ ʤʦʞʝ ʜʘ ʩʝ ʥʘʹʝ ʧʦʩʣʝ ʝʤʠʪʦʚʘˁʘ ʧʨʠʤʘʨʥʦʛ ʟʨʘʯʝˁʘ ʩʫ Ὅ

 ʠ Ὅ  , ʛʣʝʜʘʿʫ˂ʠ ʫ ʦʜʥʦʩʫ ʥʘ ʩʧʠʥ ʧʨʝ ʟʘʭʚʘʪʘ ʥʝʫʪʨʦʥʘ.  ɺʝʨʦʚʘʪʥʦ˂ʘ ʝʤʠʪʦʚʘˁʘ ʦʚʘʢʚʦʛ 

ʟʨʘʯʝˁʘ ʧʨʦʧʦʨʮʠʦʥʘʣʥʘ ʿʝ ʩʘ ɽ3, ʰʪʦ ʜʦʚʦʜʠ ʜʦ ʪʦʛʘ ʜʘ ʩʝ ʧʨʠ ʜʝʝʢʩʮʠʪʦʚʘˁʫ ʩʪʘˁʘ 

ʥʘʩʪʘʣʦʛ ʟʘʭʚʘʪʦʤ ʥʝʫʪʨʦʥʘ ʦʥʦ ʚʨʰʠ ʫ ʜʚʝ ʝʪʘʧʝ. ʇʨʚʘ ʿʝ ʧʨʠʤʘʨʥʦ ʟʨʘʯʝˁʝ ʝʥʝʨʛʠʿʘ ʜʦ 

10 MeV, ʯʠʤʝ ʩʝ ʧʦʧʫˁʘʚʘʿʫ ʝʥʝʨʛʝʪʩʢʘ ʩʪʘˁʘ ʙʣʠʞʝ ʦʩʥʦʚʥʦʤ, ʘ ʟʘʪʠʤ ʩʝʢʫʥʜʘʨʥʦ ʢʦʿʝ ʩʝ 

ʚʨhʠ ʧʨʝʣʘʟʠʤʘ ʠʟʤʝʹʫ ʥʠʞʠʭ ʝʥʝʨʛʝʪʩʢʠʭ ʩʪʘˁʘ ʿʝʟʛʨʘ. ʇʘʨʥʦʩʪ ʥʠʞʠʭ ʧʦʙʫʹʝʥʠʭ 

ʝʥʝʨʛʝʪʩʢʠʭ ʩʪʘˁʘ ʿʝ ʩʫʧʨʦʪʥʘ ʦʜ ʩʪʘˁʘ ʥʘʩʪʘʣʦʛ ʟʘʭʚʘʪʦʤ ʥʝʫʪʨʦʥʘ. ʆʚʘ ʩʪʘˁʘ ʩʝ 

ʧʦʧʫˁʘʚʘʿʫ ʩʘ ʥʘʿʚʝ˂ʦʤ ʚʝʨʦʚʘʪʥʦ˂ʦʤ ʝʣʝʢʪʨʠʯʥʠʤ ʜʠʧʦʣʥʠʤ ʧʨʝʣʘʟʠʤʘ, ʢʘʢʦ ʿʝ ʜʠʧʦʣʥʠ 

ʤʘʛʥʝʪʥʠ ʧʨʝʣʘʟ ʦʢʦ 100 ʧʫʪʘ ʤʘˁʝ ʚʝʨʦʚʘʪʘʥ, ʘ ʜʠʧʦʣʥʠ ʧʨʝʣʘʟʠ ʚʠʰʝʛ ʨʝʜʘ ʿʦʰ ʤʘˁʝ 

ʚʝʨʦʚʘʪʥʠ. ʂʘʜʘ ʜʦʣʘʟʠ ʜʦ ʝʤʠʪʦʚʘˁʘ ʧʨʠʤʘʨʥʦʛ ʟʨʘʯʝˁʘ ʩʘ ʥʘʩʪʘʣʦʛ ʟʘʭʚʘʪʦʤ ʥʝʫʪʨʦʥʘ 

ʝʥʝʨʛʝʪʩʢʦʛ ʩʪʘˁʘ ʥʘ ʥʠʞʘ ʝʥʝʨʛʝʪʩʢʘ ʩʪʘˁʘ, ʥʝ ʧʦʩʪʦʿʠ ʠʩʢˀʫʯʠʚʘˁʝ ʫ ʧʦʛʣʝʜʫ ʢʦʿʠ ʩʝ ʦʜ 

ʝʥʝʨʛʝʪʢʩʠʭ ʥʠʚʦʘ ʤʦʛʫ ʧʦʧʫʥʠʪʠ. ʉʪʦʛʘ ʩʝ ʧʦʙʫʹʠʚʘˁʝ ʿʝʟʛʘʨʘ ʥʝʫʪʨʦʥʠʤʘ ʥʠʩʢʠʭ 

ʝʥʝʨʛʠʿʘ ʤʦʞʝ ʢʦʨʠʩʪʠʪʠ ʫ ʩʚʨʭʫ ʠʩʧʠʪʠʚʘˁʘ ʩʚʠʭ ʤʦʛʫ˂ʠʭ ʝʥʝʨʛʝʪʩʢʠʭ ʩʪʘˁʘ ʿʝʟʛʨʘ. 

 ʂʘʜʘ ʨʘʜʠʿʘʪʠʚʥʠ ʟʘʭʚʘʪ ʥʝʫʪʨʦʥʘ ʧʨʦʠʟʚʝʜʝ ʿʝʟʛʨʦ ʫ ʦʩʥʦʚʥʦʤ ʩʪʘˁʫ ʢʦʿʝ ʿʝ 

ʨʘʜʠʦʘʢʪʠʚʥʦ, ʠʣʠ ʜʫʛʦʞʠʚʝ˂ʝ ʠʟʦʤʝʨʥʦ ʩʪʘˁʝ, ˁʠʭʦʚʘ ʘʢʪʠʚʥʦʩʪ ʿʝ ʤʦʞʝ ʧʦʚʝʟʘʪʠ ʩʘ 

ʬʣʫʢʩʦʤ ʥʝʫʪʨʦʥʘ ‰: 

ὃ "Ñ  πȢφπςϽρπ
ά

ὃ
 ‰ „ ρ Ὡ  (2.11) 

ʛʜʝ ʩʫ ά  ʠ ὃ ʤʘʩʘ ʠ ʤʘʩʝʥʠ ʙʨʦʿ ʨʘʜʠʦʘʢʪʠʚʥʦʛ ʘʪʦʤʘ, ů ʝʬʠʢʘʩʘʥ ʧʨʝʩʝʢ ʫ ʙʘʨʥʠʤʘ, ʘ 

ʥʝʫʪʨʦʥʩʢʠ ʬʣʫʢʩ ‰ ʫ cm-2s-1.  ʅʘ ʦʚʘʿ ʥʘʯʠʥ ʩʝ ʤʦʛʫ ʧʦʚʝʟʘʪʠ ʥʝʫʪʨʦʥʠʤʘ ʠʥʜʫʢʦʚʘʥʘ 

ʨʘʜʠʦʘʢʪʠʚʥʦʩʪ ʧʨʦʠʟʚʝʜʝʥʦʛ ʠʟʦʪʦʧʘ, ˁʝʛʦʚʘ ʢʦʣʠʯʠʥʘ (ʤʘʩʘ) ʩʘ ʬʣʫʢʩʦʤ ʥʝʫʪʨʦʥʘ. ʇʦʩʣʝ 

ʦʟʨʘʯʠʚʘˁʘ ʨʘʟʣʠʯʠʪʠʭ ʤʝʪʘ ʥʝʫʪʨʦʥʩʢʠʤ ʩʥʦʧʦʤ, ʤʝʪʝ ʩʝ ʩʢʣʘˁʘʿʫ ʠ ʚʨʰʠ ʛʘʤʘ 

ʩʧʝʢʪʨʦʩʢʦʧʠʿʘ ʟʨʘʯʝˁʘ ʢʦʿʝ ʧʨʦʠʟʚʝʜʝʥʠ ʨʘʜʠʦʘʢʪʠʚʥʠ ʠʟʦʪʦʧʠ ʝʤʠʪʫʿʫ. ʆʚʦ ʿʝ ʦʩʥʦʚʘ ʟʘ 

ʥʝʫʪʨʦʥʩʢʫ ʘʢʪʠʚʘʮʠʦʥʫ ʘʥʘʣʠʟʫ, ʦ ʢʦʿʦʿ ˂ʝ ʜʝʪʘˀʥʠʿʝ ʙʠʪʠ ʨʝʯʠ ʠ ʥʘ ʢʦʿʦʿ ʩʝ ʟʘʩʥʠʚʘ ʜʝʦ 

ʨʘʜʘ.     

 

2.2 ʅʝʫʪʨʦʥʩʢʘ ʘʢʪʠʚʘʮʠʦʥʘ ʘʥʘʣʠʟʘ 

 

 ʅʝʫʪʨʦʥʩʢʘ ʘʢʪʠʚʘʮʠʦʥʘ ʘʥʘʣʠʟʘ (ʅɸɸ) ʧʨʝʜʩʪʘʚˀʘ ʘʥʘʣʠʟʫ ʫʟʦʨʘʢʘ ʨʘʟʣʠʯʠʪʠʭ 

ʤʘʪʝʨʠʿʘʣʘ ʥʘʢʦʥ ˁʠʭʦʚʦʛ ʠʟʣʘʛʘˁʘ ʩʥʦʧʫ ʥʝʫʪʨʦʥʘ. ɱʝʟʛʨʘ ʤʘʪʝʨʠʿʘʣʘ ʯʠʿʘ ʨʘʟʣʠʯʠʪʘ 

ʩʚʦʿʩʪʚʘ ʿʝ ʧʦʪʨʝʙʥʦ ʟʥʘʪʠ, ʢʚʘʣʠʪʘʪʠʚʥʘ ʠ ʢʚʘʥʪʠʪʘʪʠʚʥʘ, ʠʥʪʝʨʝʘʛʫʿʫ ʩʘ ʫʧʘʜʥʠʤ 

ʥʝʫʪʨʦʥʠʤʘ, ʪʝ ʥʘʩʪʘʿʝ ʥʦʚʦ ʿʝʟʛʨʦ, ʢʦʿʝ ʿʝ ʥʘʿʯʝʰ˂ʝ ʨʘʜʠʦʘʢʪʠʚʥʦ. ʄʝʨʝˁʝʤ ʛʘʤʘ ʟʨʘʯʝˁʘ 

ʥʝʧʦʩʨʝʜʥʦ ʥʘʢʦʥ ʨʝʘʢʮʠʿʝ, ʫʩʣʝʜ ʦʩʣʦʙʘʹʘˁʘ ʝʥʝʨʛʠʿʝ ʧʦʙʫʜʝ ʥʘʩʪʘʣʦʛ ʿʝʟʛʨʘ, ʠʣʠ 

ʤʝʨʝˁʝʤ ʨʘʜʠʦʘʢʪʠʚʥʦʩʪʠ, ʘʢʦ ʝʿ ʥʦʚʦʥʘʩʪʘʣʦ ʿʝʟʛʨʦ ʨʘʜʠʦʘʢʪʠʚʥʦ, ʜʦʙʠʿʘʿʫ ʩʝ ʥʝʦʧʭʦʜʥʝ 

ʠʥʬʦʨʤʘʮʠʿʝ.  
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 ʇʨʚʠ ʧʨʠʤʝʨʠ ʢʦʨʠʰ˂ʝˁʘ ʘʥʘʣʠʟʝ ʥʘʢʦʥ ʟʘʭʚʘʪʘ ʥʝʫʪʨʦʥʘ ʦʜ ʩʪʨʘʥʝ ʿʝʟʛʨʘʨʘ ʤʝʪʝ 

ʤʦʛʫ ʩʝ ʥʘ˂ʠ 30-ʠʭ ʛʦʜʠʥʘ ʧʨʦʰʣʦʛ ʚʝʢʘ, ʂʘʜʘ ʩʫ ʍʝʚʩʝʿ (Georg Hevsey)  ʠ ʃʝʚʠ (Hilde Levy) 

ʦʧʠʩʘʣʠ ʧʦʯʝʪʢʝ ʦʚʝ ʤʝʪʦʜʝ, ʛʜʝ ʩʫ ʢʦʨʠʩʪʠʣʠ ʟʘ ʤʝʪʝ ʩʦʣʠ  ʨʝʪʢʠʭ ʟʝʤˀʘʥʠʭ ʝʣʝʤʝʥʘʪʘ, 

ʢʦʿʝ ʩʫ ʠʟʣʘʛʘʣʠ ʥʝʫʪʨʦʥʠʤʘ ʥʘʩʪʘʣʠʤ ʠʟ ʨʝʘʢʮʠʿʝ 4ʅʝ + 9ɺʝ Ÿ 12ʉ + n (81). ɼʘˀʠʤ ʨʘʟʚʦʿʝʤ 

ʥʫʢʣʝʘʨʥʠʭ ʨʝʘʢʪʦʨʘ ʠ ʘʢʮʝʣʝʨʘʪʦʨʩʢʝ ʪʝʭʥʠʢʝ, ʦʙʝʟʙʝʹʝʥ ʿʝ ʰʠʨʦʢʠ ʦʧʩʝʛ ʝʥʝʨʛʠʿʘ ʢʦʿʝ 

ʫʧʘʜʥʠ ʥʝʫʪʨʦʥʠ ʤʦʛʫ ʠʤʘʪʠ ʧʨʠʣʠʢʦʤ ʥʝʫʪʨʦʥʩʢʝ ʘʢʪʠʚʘʮʠʦʥʝ ʘʥʘʣʠʟʝ. ʊʘʢʦʹʝ, 

ʫʥʘʧʨʝʹʠʚʘˁʝʤ ʜʝʪʝʢʪʦʨʩʢʠʭ ʩʠʩʪʝʤʘ, ʩʤʘˁʠʚʘʣʝ ʩʫ ʩʝ ʛʨʝʰʢʝ ʧʨʠʣʠʢʦʤ ʤʝʨʝˁʘ ʠ 

ʧʦʚʝ˂ʘʚʘʣʘ ʝʥʝʨʛʝʪʩʢʘ ʨʝʟʦʣʫʮʠʿʘ, ʰʪʦ ʿʝ ʩʘʤʦ ʧʦʚʝ˂ʘʚʘʣʦ ʤʦʛʫ˂ʥʦʩʪʠ ʦʚʝ ʤʝʪʦʜʝ. 

 

ʉʣʠʢʘ 2.12 ï ʇʨʦʮʝʩ ʝʤʠʪʦʚʘˁʘ ʛʘʤʘ ʟʨʘʯʝˁʘ ʪʦʢʦʤ ʘʢʪʠʚʘʮʠʿʝ ʥʝʫʪʨʦʥʘ ʫʧʘʜʥʠʤ 

ʯʝʩʪʠʮʘʤʘ. 

 

ʋ ʦʧʰʪʝʤ ʩʣʫʯʘʿʫ ʥʫʢʣʝʘʨʥʝ ʨʝʘʢʮʠʿʝ ʢʦʿʝ ʧʦʜʨʘʟʫʤʝʚʘʿʫ ʘʧʩʦʨʧʮʠʿʫ ʫʧʘʜʥʝ ʯʝʩʪʠʮʝ ʦʜ 

ʩʪʨʘʥʝ ʤʝʪʝ ʩʝ ʤʦʛʫ ʧʨʝʜʩʪʘʚʠʪʠ ʢʘʦ ʰʪʦ ʧʨʠʢʘʟʫʿʝ ʉʣʠʢʘ 2.12. ɸʢʦ ʫʧʘʜʥʘ ʯʝʩʪʠʮʘ 

ʧʨʝʜʩʪʘʚˀʘ ʥʝʫʪʨʦʥ ʪʝʨʤʘʣʥʝ ʝʥʝʨʛʠʿʝ, ʧʨʦʤʧʪʥʝ ʯʝʩʪʠʮʝ ʨʝʪʢʦ ʙʠʚʘʿʫ ʝʤʠʪʦʚʘʥʝ. ʋ 

ʩʣʫʯʘʿʫ ʫʧʘʜʥʝ ʯʝʩʪʠʮʝ ʩʘ ʚʝʦ˂ʤ ʝʥʝʨʛʠʿʦʤ, ʤʦʞʝ ʜʦ˂ʠ ʜʦ ʝʤʠʪʦʚʘˁʘ ʠ ʧʨʦʤʧʪʥʠʭ ʯʝʩʪʠʮʘ, 

ʫʟ ʝʤʠʪʦʚʘˁʘ ʛʘʤʘ ʟʨʘʯʝˁʘ. 

 ʂʘʜʘ ʤʝʪʘ ʙʠʚʘ ʙʦʤʙʘʨʜʦʚʘʥʘ ʥʝʫʪʨʦʥʠʤʘ, ʤʦʞʝ ʜʦ˂ʠ ʜʦ ʨʘʩʝʿʘˁʘ ʥʝʫʪʨʦʥʘ ʠʣʠ ʜʦ 

ʘʧʩʦʨʧʮʠʿʝ. ʋʢʦʣʠʢʦ ʜʦʣʘʟʠ ʜʦ ʘʧʩʦʧʨʮʠʿʝ, ʩʣʦʞʝʥʦ ʿʝʟʛʨʦ ʢʦʿʝ ʥʘʩʪʘʿʝ ʠʤʘ ʦʜʨʝʹʝʥʫ 

ʝʥʝʨʛʠʿʫ ʧʦʙʫʜʝ, ʢʦʿʝ ʩʝ ʦʩʣʦʙʘʹʘ ʝʤʠʪʦʚʘˁʝʤ ʿʝʜʥʦʛ ʠʣʠ ʚʠʰʝ ʛʘʤʘ ʢʚʘʥʘʪʘ. ʆʚʦ 

ʧʨʝʜʩʪʘʚˀʘ ʧʨʠʤʘʨʥʦ (ʧʨʦʤʧʪʥʦ) ʛʘʤʘ ʟʨʘʯʝˁʝ ʠ ʝʤʠʪʦʚʘˁʝʤ ʩʣʦʞʝʥʦ ʿʝʟʛʨʦ ʧʨʝʣʘʟʠ ʫ 

ʦʩʥʦʚʥʦ ʝʥʝʨʛʝʪʩʢʦ ʩʪʘˁʝ, ʠʣʠ ʥʝʢʦ ʦʜ ʥʠʞʠʭ ʧʦʙʫʹʝʥʠʭ ʩʪʘˁʘ, ʩʘ ʢʦʿʠʭ ʩʝ ʦʧʝʪ ʜʝʢʩʮʠʪʫʿʝ 

ʝʤʠʪʦʚʘˁʝʤ ʛʘʤʘ ʟʨʘʯʝˁʘ. ɻʘʤʘ ʩʧʝʢʪʨʦʩʢʦʧʩʢʦʤ ʘʥʘʣʠʟʦʤ ʟʨʘʯʝˁʘ ʫ ʦʚʦʤ ʩʪʘʜʠʿʫʤʘ ʧʦʩʣʝ 

ʥʫʢʣʝʘʨʥʝ ʨʝʘʢʮʠʿʝ ʧʨʝʜʩʪʘʚˀʘ ʧʨʦʤʧʪʥʫ ʛʘʤʘ ʘʢʪʠʚʘʮʠʦʥʫ ʘʥʘʣʠʟʫ (ʇɻɸɸ). ʆʚʦ ʩʝ ʤʦʨʘ 

ʦʙʘʚˀʘʪʠ ʪʦʢʦʤ ʦʟʨʘʯʠʚʘˁʘ ʤʝʪʝ ʥʝʫʪʨʦʥʠʤʘ, ʢʘʢʦ ʩʝ ʝʤʠʪʦʚʘˁʝ ʧʨʦʤʧʪʥʦʛ ʟʨʘʯʝˁʘ 

ʜʝʰʘʚʘ ʨʝʜʘ ʚʝʣʠʯʠʥʝ 10-14s ʥʘʢʦʥ ʘʧʩʦʨʧʮʠʿʝ ʥʝʫʪʨʦʥʘ.  

 ʅʘʢʦʥ ʜʝʝʢʩʮʠʪʘʮʠʿʝ ʩʣʦʞʝʥʦʛ ʿʝʟʛʨʘ ʥʘʩʪʘʣʦʛ ʟʘʭʚʘʪʦʤ ʫʧʘʜʥʠʭ ʥʝʫʪʨʦʥʘ ʤʦʞʝ ʜʘ 

ʥʘʩʪʘʥʝ ʨʘʜʠʦʘʢʪʠʚʥʦ ʿʝʟʛʨʦ. ɸʢʦ ʪʦ ʿʝʩʪʝ ʩʣʫʯʘʿ, ʦʥʦ ʩʝ ʜʘˀʝ ʜʝʝʢʩʮʠʪʫʿʝ, ʠʣʠ ʜʦʞʠʚˀʘʚʘ 
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Ŭ, ɓ-, ɓ+ ʨʘʩʧʘʜ, ʟʘʭʚʘʪ ʝʣʝʢʪʨʦʥʘ, ʫʟ ʝʤʠʪʦʚʘˁʝ ɔ ʠʣʠ ʍ ʟʨʘʯʝˁʘ, ʰʪʦ ʩʝ ʜʝʰʘʚʘ ʟʥʘʪʥʦ 

ʩʧʦʨʠʿʝ, ʫ ʟʘʚʠʩʥʦʩʪʠ ʦʜ ʚʨʝʤʝʥʘ ʧʦʣʫʨʘʩʧʘʜʘ ʥʘʩʪʘʣʦʛ ʿʝʟʛʨʘ. ɼʝʪʝʢʮʠʿʘ ʠ ʘʥʘʣʠʟʘ 

ʦʜʣʦʞʝʥʦʛ ʟʨʘʯʝˁʘ ʢʦʿʝ ʝʤʠʪʫʿʝ ʥʘʩʪʘʣʦ ʨʘʜʠʦʘʢʪʠʚʥʦ ʿʝʟʛʨʦ ʧʨʝʜʩʪʘʚˀʘ ɼɻɸɸ ʘʥʘʣʠʟʫ 

(ʦʜ ʝʥʛʣʝʩʢʦʛ delayed gamma-ray activation analysis). ʆʚʘ ʤʝʪʦʜʘ ʩʝ ʥʘʿʯʝʰ˂ʝ ʥʘʟʠʚʘ ʩʘʤʦ 

ʥʝʫʪʨʦʥʩʢʘ ʘʢʪʠʚʘʮʠʦʥʘ ʘʥʘʣʠʟʘ (ʅɸɸ), ʜʦʢ ʩʝ ʧʨʦʤʧʪʥʘ ʛʘʤʘ ʘʢʪʠʚʘʮʠʦʥʘ ʘʥʘʣʠʟʘ (ʇɻɸɸ) 

ʧʦʩʝʙʥʦ ʥʘʛʣʘʰʘʚʘ. 

 ʋ ʘʥʘʣʠʟʠ ʩʧʝʢʪʘʨʘ ʢʦʜ ʥʝʫʪʨʦʥʩʢʠ ʘʢʪʠʚʠʨʘʥʠʭ ʤʝʪʘ, ʠʜʝʥʪʠʬʠʢʘʮʠʿʦʤ ʛʘʤʘ 

ʧʠʢʦʚʘ ʫ ʩʧʝʢʪʨʫ ʠʜʝʥʪʠʬʠʢʫʿʫ ʩʝ ʥʘʩʪʘʣʠ ʥʫʢʣʠʜʠ, ʜʦʢ ʠʥʪʝʥʟʠʪʝʪ ʛʘʤʘ ʣʠʥʠʿʘ 

ʧʨʦʧʦʨʮʠʦʥʘʣʘʥ ʿʝ ʢʦʥʮʝʥʪʨʘʮʠʿʠ ʥʘʩʪʘʣʠʭ ʥʫʢʣʠʜʘ. ʆʚʘ ʢʦʥʮʝʥʪʨʘʮʠʿʘ ʿʝ ʜʠʨʝʢʪʥʦ 

ʟʘʚʠʩʥʘ ʦʜ ʝʬʠʢʘʩʥʦʛ ʧʨʝʩʝʢʘ ʟʘ ʥʘʩʪʘʥʘʢ ʩʚʘʢʦʛ ʦʜ ʝʣʝʤʝʥʘʪʘ ʫ ʨʝʘʢʮʠʿʠ ʿʝʟʛʨʘ ʤʝʪʝ ʥʘ 

ʥʝʫʪʨʦʥʠʤʘ. ʂʦʜ ʇɻɸɸ, ʢʘʢʦ ʩʝ ʜʝʪʝʢʪʫʿʝ ʛʘʤʘ ʟʨʘʯʝˁʝ ʢʦʿʝ ʩʝ ʝʤʠʪʫʿʝ ʠʟ ʩʣʦʞʝʥʦʛ ʿʝʟʛʨʘ, 

ʜʝʪʝʢʮʠʿʘ ʟʨʘʯʝˁʘ ʠ ʦʟʨʘʯʠʚʘˁʝ ʤʝʪʝ ʥʝʫʪʨʦʥʠʤʘ ʩʝ ʦʜʚʠʿʘ ʧʘʨʘʣʝʣʥʦ. ʆʚʦ ʯʠʥʠ ʇɻɸɸ 

ʤʝʪʦʜʫ ʤʘˁʝ ʦʩʝʪˀʠʚʦʤ ʫ ʦʜʥʦʩʫ ʥʘ ʅɸɸ. ʊʘʢʦʹʝ, ʠʟ ʠʩʪʦʛ ʨʘʟʣʦʛʘ, ʧʦʪʨʝʙʘ ʿʝ 

ʢʦʤʧʣʝʢʩʥʠʿʘ ʟʘʰʪʠʪʘ ʜʝʪʝʢʪʦʨʘ ʫ ʦʚʦʤ ʩʣʫʯʘʿʫ. ɺʝ˂ʘ ʟʘʰʪʠʪʘ ʟʘ ʜʝʪʝʢʪʦʨ ʧʦʚʝ˂ʘʚʘ ʬʦʥ 

ʩʧʝʢʪʨʘ ʢʦʿʠ ʥʘʩʪʘʿʝ ʢʘʦ ʧʦʩʣʝʜʠʮʘ ʠʥʪʝʨʘʢʮʠʿʝ ʥʝʫʪʨʦʥʘ ʩʘ ʤʘʪʝʨʠʿʘʣʦʤ ʟʘʰʪʠʪʝ. ʇɻɸɸ 

ʘʥʘʣʠʟʘ ʿʝ, ʩʘ ʜʨʫʛʝ ʩʪʨʘʥʝ, ʫ ʧʨʝʜʥʦʩʪʠ ʿʝʨ ʠʤʘ ʤʦʛʫ˂ʥʦʩʪ ʜʘ ʜʝʪʝʢʪʫʿʝ ʿʝʟʛʨʘ ʢʦʿʘ ʥʘʩʪʘʿʫ 

ʠʟ ʩʣʦʞʝʥʦʛ ʿʝʟʛʨʘ ʢʦʿʘ ʥʠʩʫ ʧʦʜʣʦʞʥʘ ʜʘˀʝʤ ʨʘʩʧʘʜʫ, ʢʘʦ ʠ ʦʥʘ ʢʦʿʘ ʩʫ ʨʘʜʠʦʘʢʪʠʚʥʘ ʘʣʠ 

ʥʠʩʫ ʝʤʠʪʝʨʠ ʢʘʩʢʘʜʥʦʛ ʛʘʤʘ ʟʨʘʯˁʝʘ.  

   ɼʘʥʘʩ ʩʝ ʥʘ ʨʘʟʣʠʯʠʪʝ ʥʘʯʠʥʝ ʤʦʛʫ ʜʦʙʠʪʠ ʥʝʫʪʨʦʥʠ ʰʠʨʦʢʦʛ ʦʧʩʝʛʘ ʝʥʝʨʛʠʿʘ, ʫ 

ʟʘʚʠʩʥʦʩʪʠ ʦʜ ʪʦʛʘ ʢʦʿʘ ʚʨʩʪʘ ʧʨʦʮʝʩʘ ʩʝ ʞʝʣʠ ʘʥʘʣʠʟʠʨʘʪʠ.  

¶ ʇʨʚʘ ʤʦʛʫ˂ʥʦʩʪ ʿʝ ʜʦʙʠʿʘˁʝ ʥʝʫʪʨʦʥʘ ʠʟ ʨʝʘʢʮʠʿʝ 4ʅʝ + 9ɺʝ Ÿ 12ʉ + n, ʛʜʝ ʩʝ ʟʘ 

ʠʟʚʦʨʝ Ŭ ʯʝʩʪʠʮʘ ʤʦʛʫ ʢʦʨʠʩʪʠʪʠ 226Ra, 124Sb, 241Am, ʢʘʦ ʠ 252Cf. ʆʚʘʢʦ ʜʦʙʠʿʝʥʠ 

ʥʝʫʪʨʦʥʠ ʠʤʘʿʫ ʝʥʝʨʛʝʪʩʢʫ ʨʘʩʧʦʜʝʣʫ ʩʘ ʤʘʢʩʠʤʫʤʦʤ ʦʢʦ 3 ʜʦ 4 MeV. ɿʘ 252Cf 

ʜʦʙʠʿʘ ʩʝ 2,2 1012 s-1g-1 ʥʝʫʪʨʦʥʘ, ʜʦʢ ʟʘ ʧʨʝʪʭʦʜʥʝ ʨʝʘʢʮʠʿʝ ʠʟʘʟʚʥʝ Ŭ ʯʝʩʪʠʮʘʤʘ ʪʘʿ 

ʙʨʦʿ ʠʟʥʦʩʠ ʦʜ 105 ʜʦ 107 s-1 GBq-1.   

¶ ʂʘʦ ʠʟʚʦʨ ʥʝʫʪʨʦʥʘ ʤʦʛʫ ʩʝ ʢʦʨʠʩʪʠʪʠ ʠ ʥʝʫʪʨʦʥʩʢʠ ʛʝʥʝʨʘʪʦʨʠ. ɺʝ˂ʠʥʘ ʩʝ ʟʘʩʥʠʚʘ 

ʥʘ ʫʙʨʟʘʚʘˁʫ ʿʦʥʘ 2ʅ, ʢʦʿʠ ʩʝ ʧʦʩʣʝ ʩʫʜʘʨʘʿʫ ʩʘ ʤʝʪʦʤ ʥʘʧʨʘʚˀʝʥʠʤ ʦʜ 2ʅ ʪʝ ʩʝ 

ʥʝʫʪʨʦʥʠ ʜʦʙʠʿʘʿʫ ʠʟ ʨʝʘʢʮʠʿe 2H + 2H  Ÿ 3He + n,  ʠʣʠ ʩʝ ʢʘʦ ʤʝʪʘ ʢʦʨʠʩʪʠ 3ʅ, ʧʘ 

ʩʝ ʥʝʫʪʨʦʥʠ ʜʦʙʠʿʘʿʫ ʠʟ ʨʝʘʢʮʠʿʝ 3H + 2H Ÿ 4He + n. ʋ ʦʙʘ ʩʣʫʯʘʿʘ ʩʝ ʜʦʙʠʿʘʿʫ 

ʤʦʥʦʝʥʝʨʛʝʪʩʢʠ ʥʝʫʪʨʦʥʠ ʦʜ 2.5 ʄʝV ʠ 14,5 MeV ʨʝʜʦʤ, ʜʦʢ ʿʝ ʙʨʦʿ ʥʝʫʪʨʦʥʘ ʢʦʿʠ 

ʩʝ ʜʦʙʠʿʘ 108 - 1010 s-1.   

¶ ʀʩʪʨʘʞʠʚʘʯʢʠ ʥʫʢʣʝʘʨʥʠ ʨʝʘʢʪʦʨʠ ʠʤʘʿʫ ʥʘʿʰʠʨʫ ʧʨʠʤʝʥʫ ʫ ʦʚʝ ʩʚʨʭʝ, ʢʘʢʦ ʿʝ 

ʬʣʫʢʩ ʥʝʫʪʨʦʥʠʘ ʢʦʿʠ ʩʝ ʫ ˁʠʤʘ ʜʦʙʠʿʘ ʥʘʿʚʝ˂ʠ ʫ ʦʜʥʦʩʫ ʥʘ ʦʩʪʘʣʝ ʥʘʯʠʥʝ ʜʦʙʠʿʘˁʘ 

ʥʝʫʪʨʦʥʘ ʠ ʠʟʥʦʩʠ, ʫ ʟʘʚʠʩʥʦʩʪʠ ʦʜ ʢʦʥʩʪʨʫʢʮʠʿʝ ʨʝʘʢʪʦʨʘ, ʦʜ 1015 ʜʦ 1018 m-2 s-2. 

ʈʘʩʧʦʜʝʣʘ ʥʝʫʪʨʦʥʘ ʧʦ ʝʥʝʝʨʛʠʿʘʤʘ ʠʟ ʠʩʪʨʘʞʠʚʘʯʢʦʛ ʨʝʘʢʪʦʨʘ ʧʨʠʢʘʟʫʿʝ ʉʣʠʢʘ 

2.13. 

 ʋ ʥʘʿʚʝ˂ʝʤ ʙʨʦʿʫ ʝʢʩʧʝʨʠʤʝʥʘʪʘ ʢʦʜ ʠʩʪʨʘʞʠʚʘʯʢʠʭ ʨʝʘʢʪʦʨʘ, ʫʜʝʦ ʪʝʨʤʘʣʥʠʭ 

ʥʝʫʪʨʦʥʘ ʠʟʥʦʩʠ ʜʦ 95%, ʝʧʠʪʝʨʤʘʣʥʠʭ ʦʢʦ 2%, ʘ ʜʦ ʦʢʦ 5% ʫʢʫʧʥʦʛ ʬʣʫʢʩʘ ʥʝʫʪʨʦʥʘ ʯʠʥʝ 

ʙʨʟʠ ʥʝʫʪʨʦʥʠ (ʉʣʠʢʘ 2.13). 
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ʉʣʠʢʘ 2.13 ï ʉʧʝʢʪʘʨ ʥʝʫʪʨʦʥʘ ʥʘʩʪʘʣʠʭ ʫ ʬʠʩʠʦʥʦʤ ʨʝʘʢʪʦʨʫ. 

 ʂʘʜʘ ʿʝ ʝʥʝʨʛʠʿʘ ʫʧʘʜʥʠʭ ʥʝʫʪʨʦʥʘ ʥʠʩʢʘ, ʫ ʦʧʩʝʛʫ ʪʝʨʤʘʣʥʠʭ ʠ ʝʧʠʪʝʨʤʘʣʥʠʭ 

ʥʝʫʪʨʦʥʘ (ʜʦ ʦʢʦ 0,5 MeV), ʦʥʠ ʠʟʘʟʠʚʘʿʫ (n, ɔ) ʨʝʘʢʮʠʿʝ ʥʘ ʿʝʟʛʨʠʤʘ ʤʝʪʝ. ʆʚʘʿ ʦʧʩʝʛ 

ʝʥʝʨʛʠʿʘ ʥʝʫʪʨʦʥʘ ʩʝ ʥʘʿʚʠʰʝ ʢʦʨʠʩʪʠ, ʢʘʢʦ ʟʙʦʛ ʧʦʤʝʥʫʪʦʛ ʚʝʣʠʢʦʛ ʬʣʫʢʩʘ ʢʦʿʠ ʩʝ ʜʦʙʠʿʘ 

ʫ ʨʝʘʢʪʦʨʠʤʘ, ʪʘʢʦ ʠ ʟʙʦʛ ʯʠˁʝʥʠʮʝ ʜʘ ʝʬʠʢʘʩʘʥ ʧʨʝʩʝʢ ʟʘ ʨʘʜʠʿʘʪʠʚʥʠ ʟʘʭʚʘʪ ʥʝʫʪʨʦʥʘ 

ʦʧʘʜʘ ʩʘ ʧʦʨʘʩʪʦʤ ʝʥʝʨʛʠʿʝ ʥʝʫʪʨʦʥʘ, ʘ ʜʦʣʘʟʠ ʜʦ ʧʦʚʝ˂ʘʚʘˁʘ ʝʬʠʢʘʩʥʦʛ ʧʨʝʩʝʢʘ ʟʘ 

ʝʣʘʩʪʠʯʥʦ ʠ ʥʝʝʣʘʩʪʠʯʥʦ ʨʘʩʝʿʘˁʝ ʥʝʫʪʨʦʥʘ. ɹʨʟʠ ʥʝʫʪʨʦʥʠ, ʩʘ ʝʥʝʨʛʠʿʘʤʘ ʧʨʝʢʦ 0,5 MeV 

ʚʝʦʤʘ ʤʘʣʦ ʜʦʧʨʠʥʦʩʝ ʨʝʘʢʮʠʿʘʤʘ (n, ɔ) ʥʘ ʿʝʟʛʨʠʤʘ ʤʝʪʝ. ʈʝʘʢʮʠʿʝ ʢʦʿʝ ʩʝ ʫ ʥʘʿʚʝ˂ʝʤ ʙʨʦʿʫ 

ʜʝʰʘʚʘʿʫ ʟʘ ʧʦʤʝʥʫʪʝ ʝʥʝʨʛʠʿʝ ʥʝʫʪʨʦʥʘ ʩʫ (n,n`), (n,p), (n,Ŭ), (n,2n) ʠ (ʥ,3n), ʘʢʦ ʿʝ ʝʥʝʨʛʠʿʘ 

ʥʝʫʪʨʦʥʘ ʚʝ˂ʘ ʦʜ ʧʨʘʛʘ ʟʘ ʩʚʘʢʫ ʦʜ ʥʘʚʝʜʝʥʠʭ ʨʝʘʢʮʠʿʘ.  ʋ ʦʚʦʤ ʨʘʜʫ ʘʥʘʣʠʟʠʨʘʥʝ ʩʫ ʫʧʨʘʚʦ 

ʦʚʘʿ ʚʠʜ ʨʝʘʢʮʠʿʘ. 

 ɽʤʠʪʦʚʘʥʦ ʛʘʤʘ ʟʨʘʯʝˁʝ ʩʝ ʜʝʪʝʢʪʫʿʝ ʨʘʟʣʠʯʠʪʠʤ ʚʨʩʪʘʤʘ ʜʝʪʝʢʪʦʨʘ. ʇʨʠʣʠʢʦʤ 

ʠʥʪʝʨʘʢʮʠʿʝ ʟʨʘʯʝˁʘ ʩʘ ʤʘʪʝʨʠʿʦʤ, ʦʥʦ ʧʦʩʨʝʜʥʦ ʿʦʥʠʟʫʿʝ ʤʘʪʝʨʠʿʘʣ ʢʨʦʟ ʢʦʿʠ ʧʨʦʣʘʟʠ. 

ɼʦʣʘʟʠ ʜʠ ʘʧʩʦʨʧʮʠʿʝ ʠ ʨʘʩʝʿʘˁʘ ʛʘʤʘ ʬʦʪʦʥʘ, ʧʨʠ ʯʝʤʫ ʩʝ ʩʪʚʘʨʘʿʫ ʝʣʝʢʪʨʦʥʠ, ʢʦʿʠ ʜʘˀʝ 

ʚʨʰʝ ʿʦʥʠʟʘʮʠʿʫ ʩʨʝʜʠʥʝ. ʇʨʦʮʝʩʠ ʫ ʢʦʿʠʤʘ ʛʘʤʘ ʟʨʘʯʝˁʝ ʛʫʙʠ ʝʥʝʨʛʠʿʫ ʩʫ (82): 

¶ ʌʦʪʦʝʣʝʢʪʨʠʯʥʠ ʝʬʝʢʘʪ ï ʫʧʘʜʥʠ ʬʦʪʦʥ ʠʥʪʝʨʝʘʛʫʿʝ ʩʘ ʘʪʦʤʦʤ ʢʘʦ ʮʝʣʠʥʦʤ ʠ 

ʢʦʤʧʣʝʪʥʫ ʩʚʦʿʫ ʝʥʝʨʛʠʿʫ ʧʨʝʜʘʿʝ ʝʣʝʢʪʨʦʥʫ ʠʟ ʝʣʝʢʪʨʦʥʩʢʦʛ ʦʤʦʪʘʯʘ ʘʪʦʤʘ 

ʤʘʪʝʨʠʿʝ ʢʨʦʟ ʢʦʿʝ ʧʨʦʣʘʟʠ ʟʨʘʯʝˁʝ ʀʟʙʘʯʝʥʠ ʝʣʝʢʪʨʦʥ ʠʤʘ ʝʥʝʨʛʠʿʫ Ὁ Ὤὺ ὃ, 

ʛʜʝ ʿʝ ɸ ʝʥʝʨʛʠʿʘ ʚʝʟʝ ʝʣʝʢʪʨʦʥʘ. ʉʝʢʫʥʜʘʨʥʠ ʧʨʦʮʝʩʠ ʩʫ ʝʤʠʪʦʚʘˁʝ ʍ ʟʨʘʯʝˁʘ, 

ʫʩʣʝʜ ʧʦʧʫˁʘʚʘˁʘ ʠʩʧʨʘʞˁʝʥʦʛ ʤʝʩʪʘ ʝʣʝʢʪʨʦʥʠʤʘ ʩʘ ʚʠʰʠʭ ʝʥʝʨʛʝʪʩʢʠʭ ʥʠʚʦʘ. 

¶ ʂʦʤʧʪʦʥʦʚ ʝʬʝʢʘʪ ï ʝʣʘʩʪʠʯʥʦ ʨʘʩʝʿʘˁʝ ʫʧʘʜʥʦʛ ʬʦʪʦʥʘ ʥʘ ʘʪʦʤʩʢʦʤ ʝʣʝʢʪʨʦʥʫ, 

ʢʦʿʠ ʩʝ ʩʤʘʪʨʘ ʩʣʦʙʦʜʥʠʤ. ʆʚʦ ʚʘʞʠ ʢʘʜʘ ʿʝ ʝʥʝʨʛʠʿʘ ʫʧʘʜʥʦʛ ʟʨʘʯʝˁʘ ʤʥʦʛʦ ʚʝ˂ʘ 
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ʦʜ ʚʝʟʠʚʥʝ ʝʥʝʨʛʠʿʝ ʝʣʝʢʪʨʦʥʘ ʫ ʘʪʦʤʫ. ʋʧʘʜʥʘ ʝʥʝʨʛʠʿʘ ʩʝ ʨʘʩʧʦʜʝˀʫʿʝ ʥʘ ʠʟʙʠʿʝʥʠ 

ʝʣʝʢʪʨʦʥ ʠ ʥʘ ʨʘʩʝʿʘʥʠ ʬʦʪʦʥ. ʈʘʩʧʦʜʝʣʘ ʝʥʝʨʛʠʿʘ ʟʘʚʠʩʠ ʦʜ ʫʛʣʘ ʨʘʩʝʿʘˁʘ ʬʦʪʦʥʘ.  

¶ ʉʪʚʘʨʘˁʝ ʧʘʨʦʚʘ ʯʝʩʪʠʮʘ ï ʘʥʪʠʯʝʩʪʠʮʘ ï ɸʢʦ ʩʫ ʝʥʝʨʛʠʿʝ ʫʧʘʜʥʠʭ ʬʦʪʦʥʘ ʚʝ˂ʝ ʦʜ 

1024 MeV, ʤʦʞʝ ʜʦ˂ʠ ʜʦ ʧʨʝʪʚʘʨʘˁʘ ʝʥʝʨʛʠʿʝ ʫ ʧʘʨ ʝʣʝʢʪʨʦʥ ï ʧʦʟʠʪʨʦʥ.  ɽʣʝʢʪʨʦʥ 

ʥʘʩʪʘʚˀʘ ʜʘˀʫ ʿʦʥʠʟʘʮʠʿʫ, ʘ ʧʦʟʠʪʨʦʥ ʢʘʜ ʠʟʛʫʙʠ ʜʦʚʦˀʥʦ ʝʥʝʨʛʠʿʝ ʙʠʚʘ 

ʘʥʠʭʠʣʠʨʘʥ ʩʘ ʝʣʝʢʪʨʦʥʠʤʘ ʠ ʜʦʣʘʟʠ ʜʦ ʝʤʠʪʦʚʘˁʘ ʜʚʘ ʢʘʤʘ ʢʚʘʥʪʘ ʦʜ 511 ʢʝV. 

 ɿʘʜʘʪʘʢ ʜʝʪʝʢʪʦʨʘ ʿʝ ʜʘ ʩʝ ʟʨʘʯʝˁʤ ʩʪʚʦʨʝʥʦ ʥʘʝʣʝʢʪʨʠʩʘˁʝ ʧʨʠʢʫʧʠ ʫʟ ʧʦʤʦ˂ 

ʝʣʝʢʪʨʠʯʥʦʛ ʧʦˀʘ ʢʦʿʝ ʩʝ ʧʨʠʤʝˁʫʿʝ ʫʥʫʪʘʨ ʤʘʪʝʨʠʿʝ ʛʜʝ ʜʦʣʘʟʠ ʜʦ ʠʥʪʝʨʘʢʮʠʿʝ ʟʨʘʯʝˁʘ. 

ʆʚʦ ʩʝ ʤʦʞʝ ʦʩʪʚʘʨʠʪʠ ʥʘ ʧʨʠʤʝʨ ʿʦʥʠʟʘʮʠʦʥʠʤ ʢʦʤʦʨʘʤʘ, ʠʣʠ ʧʦʣʫʧʨʦʚʦʜʥʠʯʢʠʤ 

ʜʝʪʝʢʪʦʨʠʤʘ. ʅʝʫʪʨʦʥʩʢʘ ʘʢʪʠʚʘʮʠʦʥʘ ʘʥʘʣʠʟʘ ʧʦʯʝʣʘ ʿʝ ʜʘ ʩʝ ʧʨʠʤʝˁʫʿʝ ʢʘʦ ʪʝʭʥʠʢʘ ʢʘʜʘ 

ʩʫ ʩʝ ʢʘʦ ʜʝʪʝʢʪʦʨʠ ʢʦʨʠʩʪʠʣʠ ʩʘʤʦ ɻʘʿʛʝʨ ï ʄʠʣʝʨʦʚ ʙʨʦʿʘʯ ʠ NaI(Tl) ʩʮʠʥʪʠʣʘʮʠʦʥʠ 

ʜʝʪʝʢʪʦʨʠ. ʂʘʩʥʠʿʝ ʩʝ ʧʦʯʝʣʦ ʩʘ ʢʦʨʠʰ˂ʝˁʝʤ ʠ Ge(Li) ʧʦʣʫʧʨʦʚʦʜʥʠʯʢʦʛ ʜʝʪʝʢʪʦʨʘ, ʢʘʦ ʠ 

Ge  ʜʝʪʝʢʪʦʨʘ ʚʠʩʦʢʝ ʯʠʩʪʦ˂ʝ (HPGe ï High puriti Ge detector), ʯʠʤʝ ʿʝ ʪʝʭʥʠʢʘ ʧʦʩʪʘʣʘ ʚʝʦʤʘ 

ʧʨʝʮʠʟʥʘ ʠ ʙʠʪʥʘ ʘʥʘʣʠʪʠʯʢʘ ʤʝʪʦʜʘ. 

 ʇʦʣʫʧʨʦʚʦʜʥʠʯʢʠ ʩʫ ʫ ʚʝʣʠʢʦʿ ʧʨʝʜʥʦʩʪʠ, ʢʘʢʦ ʩʝ ʟʨʘʯʝˁʝ ʝʬʠʢʘʩʥʦ ʘʧʩʦʨʙʫʿʝ ʫ 

ʯʚʨʩʪʦʿ ʩʨʝʜʠʥʠ ʟʙʦʛ ʚʝʣʠʢʝ ʛʫʩʪʠʥʝ. ʊʘʢʦʹʝ, ʝʥʝʨʛʠʿʘ ʧʦʪʨʝʙʥʘ ʟʘ ʩʪʚʘʨʘˁʝ ʿʝʜʥʦʛ ʧʘʨʘ ʿʦʥʘ 

ʿʝ ʿʝʜʥʘʢʘ ʰʠʨʠʥʠ ʟʘʙʨʘˁʝʥʝ ʟʦʥʝ ʠʟʤʝʹʫ ʚʘʣʝʥʪʥʝ ʠ ʧʨʦʚʦʜʥʝ ʟʦʥʝ ʠ ʦʥʘ ʢʦʜ 

ʧʦʣʫʧʨʦʚʦʜʥʠʢʘ ʠʟʥʦʩʠ ʦʢʦ 1 ʝV. ʆʚʘ ʝʥʝʨʛʠʿʘ ʿʝ ʦʢʦ 10 ʧʫʪʘ ʤʘˁʘ ʫ ʦʜʥʦʩʫ ʥʘ ʝʥʝʨʛʠʿʫ 

ʿʦʥʠʟʘʮʠʿʝ ʘʪʦʤʘ ʛʘʩʘ. ʉʚʝ ʦʚʦ ʯʠʥʠ ʧʦʣʫʧʨʦʚʦʜʥʠʯʢʝ ʜʝʪʝʢʪʦʨʝ ʥʝʟʘʤʝʥˀʠʚʠʤ ʢʘʜʘ ʿʝ ʫ 

ʧʠʪʘˁʫ ʛʘʤʘ ʩʧʝʢʪʨʦʩʢʦʧʠʿʘ, ʿʝʨ ʠʤʘʿʫ ʩʫʧʝʨʠʦʨʥʫ ʝʥʝʨʛʝʪʩʢʫ ʨʝʟʦʣʫʮʠʿʫ ʫ ʦʜʥʦʩʫ ʥʘ 

ʦʩʪʘʣʝ ʪʠʧʦʚʝ ʜʝʪʝʢʪʦʨʘ, ʰʪʦ ʦʤʦʛʫ˂ʘʚʘ ʿʘʩʥʦ ʨʘʟʘʟʥʘʚʘˁʝ ʛʘʤʘ ʧʠʢʦʚʘ ʫ ʜʝʣʦʚʠʤʘ ʩʧʝʢʪʘʨʘ 

ʛʜʝ ʧʦʩʪʦʿʠ ˁʠʭʦʚ ʚʝʣʠʢʠ ʙʨʦʿ. 

 ʇʦʨʝʜ ʧʦʣʫʧʨʦʚʦʜʥʠʯʢʠʭ ʜʝʪʝʢʪʦʨʘ, ʤʦʛʫ ʩʝ ʢʦʨʠʩʪʠʪʠ ʠ ʩʮʠʥʪʠʣʘʮʠʦʥʠ. ʂʦʜ ˁʠʭ 

ʩʝ ʿʦʥʠʟʘʮʠʿʘ ʨʝʛʠʩʪʨʫʿʝ ʜʝʪʝʢʮʠʿʦʤ ʩʮʠʥʪʠʣʘʮʠʿʘ ʫ ʢʨʠʩʪʘʣʫ, ʥʘ ʢʦʿʝ ʿʝ ʩʘʤ ʜʝʪʝʢʪʦʨ 

ʪʨʘʥʩʧʘʨʝʥʪʘʥ. ʋʩʣʝʜ ʦʚʘʢʚʦʛ ʥʘʯʠʥʘ ʜʝʪʝʢʮʠʿʝ ʟʨʘʯʝˁʘ ʠʤʘʿʫ ʤʘˁʫ ʝʥʝʨʛʝʪʩʢʫ ʨʝʟʦʣʫʮʠʿʫ. 

ʀʧʘʢ, ʩʮʠʥʪʠʣʘʮʠʦʥʠ ʜʝʪʝʢʪʦʨʠ ʥʘʣʘʟʝ ʧʨʠʤʝʥʫ ʫ ʠʥʜʫʩʪʨʠʿʩʢʠʤ ʫʩʣʦʚʠʤʘ, ʢʘʢʦ ʩʫ 

ʿʝʜʥʦʩʪʘʚʥʠʿʠ ʟʘ ʫʧʨʘʚˀˁʝ, ʤʦʛʫ ʩʝ ʢʦʨʠʩʪʠʪʠ ʥʘ ʨʘʟʣʠʯʠʪʠʤ ʪʝʤʧʝʨʘʪʫʨʘʤʘ ʠ ʠʤʘʿʫ 

ʚʠʩʦʢʫ ʠʟʜʨʞˀʠʚʦʩʪ.  

 ʂʦʜ ʤʝʨʝˁʘ ʛʘʤʘ ʩʧʝʢʪʘʨʘ ʧʨʠʣʠʢʦʤ ʥʝʫʪʨʦʥʩʢʝ ʘʢʪʠʚʘʮʠʦʥʝ ʘʥʘʣʠʟʝ ʧʦʪʨʝʙʥʦ ʿʝ 

ʚʦʜʠʪʠ ʨʘʯʫʥʘ ʦ ʩʤʘˁʠʚʘˁʫ ʬʦʥʘ ʫ ʩʧʝʢʪʨʠʤʘ. ʌʦʥ ʠʤʘ ʨʘʟʣʠʯʠʪʦ ʧʦʨʝʢʣʦ. ʇʨʠʨʦʜʥʘ 

ʨʘʜʠʦʘʢʪʠʚʥʦʩʪ ʠʟ ʦʢʨʫʞʝˁʘ, ʢʦʩʤʠʯʢʦ ʟʨʘʯʝˁʝ, ʩʤʝʪˁʝ ʫ ʝʣʝʢʪʨʦʥʠʮʠ, ʢʦʩʤʠʯʢʦ ʟʨʘʯʝˁʝ, 

ʥʝʯʠʩʪʦ˂ʝ ʫ ʫ ʜʝʪʝʢʪʦʨʫ, ʩʚʝ ʦʚʦ ʤʦʞʝ ʜʘ ʫʪʠʯʝ ʥʘ ʢʚʘʣʠʪʝʪ ʛʘʤʘ ʩʧʝʢʪʨʘ. ʉʤʘˁʠʚʘˁʝ ʬʦʥʘ 

ʩʝ ʚʨʰʠ ʨʘʟʣʠʯʠʪʠʤ ʤʝʪʦʜʘʤʘ. ɱʝʜʥʘ ʤʦʛʫ˂ʥʦʩʪ ʿʝ ʧʘʩʠʚʥʘ ʟʘʰʪʠʪʘ ʥʘʧʨʘʚˀʝʥʘ ʦʜ ʦʣʦʚʘ 

ʠʣʠ ʛʚʦʞʹʘ. ɼʨʫʛʘ ʿʝ ʘʢʪʠʚʥʘ ʟʘʰʪʠʪʘ ʫ ʚʠʜʫ ʘʥʪʠʢʦʠʥʮʠʜʝʥʪʥʦʛ ʝʣʝʢʪʨʦʥʩʢʦʛ ʩʠʩʪʝʤʘ ʛʜʝ 

ʩʝ ʢʦʨʠʩʪʠ ʚʠʰʝ ʜʝʪʝʢʪʦʨʘ. ʊʘʘʢʦʹʝ, ʜʝʪʝʢʪʦʨʩʢʠ ʩʠʩʪʝʤʠ ʩʝ ʤʦʛʫ ʧʦʩʪʘʚˀʘʪʠ ʠ ʠʩʧʦʜ 

ʧʦʚʨʰʠʥʝ ʟʝʤˀʝ, ʪʝ ʩʝ ʥʘ ʪʘʿ ʥʘʯʠʥ ʩʤʘˁʫʿʝ ʧʨʠʩʫʩʪʚʦ ʢʦʩʤʠʯʢʦʛ ʟʨʘʯʝˁʘ ʫ ʬʦʥʫ ʛʘʤʘ 

ʩʧʝʢʪʘʨʘ. 
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3.1 ʊɸLYS 1.9 

 

 TALYS ʧʨʝʜʩʪʘʚˀʘ ʩʠʩʪʝʤ ʢʦʜʦʚʘ ʯʠʿʘ ʿʝ ʠʜʝʿʘ ʦ ʨʘʟʚʦʿʫ ʧʦʯʝʣʘ 1998. ʛʦʜʠʥʝ ʢʘʢʦ 

ʙʠ ʜʦʰʣʦ ʜʦ ʢʦʤʙʠʥʦʚʘˁʘ ʜʦʩʪʫʧʥʠʦʛ ʟʥʘˁʘ ʦ ʥʫʢʣʝʘʨʥʠʤ ʨʝʘʢʮʠʿʘʤʘ ʥʘ ʿʝʜʥʦʤ ʤʝʩʪʫ. 

ʎʠˀ ʿʝ ʦʤʦʛʫ˂ʠʪʠ ʢʦʤʧʣʝʪʥʫ ʠ ʜʝʪʘˀʥʫ ʩʠʤʫʣʘʮʠʿʫ ʥʫʢʣʝʘʨʥʠʭ ʨʝʘʢʮʠʿʘ ʫ ʦʧʩʝʛʫ ʝʥʝʨʛʠʿʘ 

ʦʜ  1 keV do  200 MeV, ʛʜʝ ʩʫ ʫʧʘʜʥʝ ʯʝʩʪʠʮʝ ʣʘʢʝ ʯʝʩʪʠʮʝ ʜʦ ʿʝʟʛʨʘ 4ʅʝ, ʜʦʢ ʩʫ ʯʝʩʪʠʮʝ ʢʦʿʝ 

ʙʠʚʘʿʫ ʙʦʤʙʘʨʜʦʚʘʥʝ ʿʝʟʛʨʘ ʩʘ ʤʝʩʝʥʠʤ ʙʨʦʿʝʤ ʚʝ˂ʠʤ ʦʜ 10, ʥʝ ʙʠ ʣʠ ʩʝ ʧʦʜʘʮʠ ʠʩʢʦʨʠʩʪʠʣʠ 

ʟʘ ʝʢʩʧʝʨʠʤʝʥʪʝ ʫ ʥʘʫʮʠ, ʠʣʠ ʥʝʢʫ ʦʜ ʧʨʘʢʪʠʯʥʠʭ ʧʨʠʤʝʥʘ. ʋʣʘʟʥʝ ʧʘʨʘʤʝʪʨʝ ʨʝʘʢʮʠʿʝ, 

ʚʨʩʪʝ ʯʝʩʪʠʮʘ, ʠʟʣʘʟʥʝ ʛʨʘʥʝ ʨʝʘʢʮʠʿʝ, ʝʥʝʨʛʠʿʝ ʠ ʩʣʠʯʥʦ ʟʘʜʘʿʫ ʩʝ ʩʘʤʦʩʪʘʣʥʦ, ʠʣʠ ʩʝ 

ʦʙʝʟʙʝʹʫʿʫ ʠʟ ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʠʭ ʙʘʟʘ ʧʦʜʘʪʘʢʘ. ʉʠʤʫʣʘʮʠʿʝ ʩʝ ʨʘʜʝ ʥʘ ʦʩʥʦʚʫ ʥʝʢʦʣʠʢʦ 

ʤʦʜʝʣʘ, ʦʜ ʢʦʿʠʭ ʩʫ ʥʘʿʩʪʘʨʠʿʠ ʦʧʪʠʯʢʠ ʤʦʜʝʣ ʠ ʤʦʜʝʣ ʩʣʦʞʝʥʦʛ ʿʝʟʛʨʘ ʢʘʦ ʠ ʤʦʜʝʣ 

ʧʨʝʜʨʘʚʥʦʪʝʞʥʦʛ ʩʪʘˁʘ (ʧʨʝʝʢʚʠʣʠʙʨʠʿʫʤʘ), ʢʦʿʠ ʩʝ ʢʦʨʠʩʪʠ ʟʘ ʨʝʘʢʮʠʿʝ ʥʘ ʚʠʩʦʢʠʤ 

ʝʥʝʨʛʠʿʘʤʘ, ʠʟʥʘʜ ʦʜʨʝʹʝʥʦʛ ʝʥʝʨʛʝʪʩʢʦʛ ʧʨʘʛʘ.  

 ʆʚʘʢʘʚ ʥʘʯʠʥ ʪʨʝʪʠʨʘˁʘ ʥʫʢʣʝʘʨʥʠʭ ʨʝʘʢʮʠʿʝ ʿʝ ʦʜ ʚʝʣʠʢʦʛ ʟʥʘʯʘʿʘ ʢʘʜʘ ʩʝ ʨʘʜʠ ʦ 

ʨʝʘʢʮʠʿʘʤʘ ʦ ʢʦʿʠʤʘ ʥʝʤʘ ʜʦʚʦˀʥʦ ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʠʭ ʧʦʜʘʪʘʢʘ, ʠʣʠ ʥʝʤʘ ʜʦʚʦˀʥʦ 

ʧʨʝʮʠʟʥʠʭ ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʠʭ ʧʦʜʘʪʘʢʘ. ʊʘʢʦʹʝ, ʫ ʩʣʫʯʘʿʝʚʠʤʘ ʢʘʜʘ ʦʥʠ ʧʦʩʪʦʿʝ, ʦʚʘʢʘʚ ʚʠʜ 

ʩʠʤʫʣʘʮʠʿʘ ʩʣʫʞʠ ʟʘ ʨʘʟʚʠʿʘˁʝ ʘʜʝʢʚʘʪʥʠʭ ʥʫʢʣʝʘʨʥʠʭ ʤʦʜʝʣʘ, ʠʣʠ ʧʦʧʨʘʚˀʘˁʝ 

ʧʦʩʪʦʿʝ˂ʠʭ, ʢʘʢʦ ʙʠ ʦʥʠ ʪʨʝʙʘʣʠ ʜʘ ʰʪʦ ʙʦˀʝ ʦʙʿʘʩʥʝ ʧʨʦʮʝʩʝ ʟʘ ʢʦʿʝ ʧʦʜʘʮʠ ʥʝ ʧʦʩʪʦʿʝ.  

ʅʝʢʠ ʦʜ ʧʨʠʤʝʨʘ ʢʦʿʠ ʩʝ ʦʩʣʘˁʘʿʫ ʥʘ ʧʦʜʘʢʪʝ ʢʦʿʠ ʩʝ ʛʝʥʝʨʠʰʫ ʢʦʨʠʰ˂ʝˁʝʤ TALYS ʢʦʜʘ, 

ʠʣʠ ʥʝʢʠʭ ʩʣʠʯʥʠʭ, ʩʫ ʧʣʘʥʠʨʘˁʝ ʯʝʪʚʨʪʝ ʛʝʥʝʨʘʮʠʿʝ ʥʫʢʣʝʘʨʥʠʭ ʨʝʘʢʪʦʨʘ, ʧʣʘʥʠʨʘˁʝ 

ʬʫʟʠʦʥʠʭ ʨʝʘʢʪʦʨʘ, ʧʨʦʠʟʚʦʜˁʘ ʨʘʜʠʦʠʟʦʪʦʧʘ ʫ ʤʝʜʠʮʠʥʩʢʝ ʩʚʨʭʝ, ʪʨʝʪʠʨʘˁʝ ʥʫʢʣʝʘʨʥʦʛ 

ʦʪʧʘʜʘ ʠʪʜ.  

 TALYS ʥʘ ʦʩʥʦʚʫ ʤʦʜʝʣʘ ʦʙʝʟʙʝʹʫʿʝ ʩʠʤʫʣʠʩʘʥʝ ʚʨʝʜʥʦʩʪʠ ʟʘ ʥʝʝʣʘʩʪʠʯʥʝ ʠ  

ʝʣʘʩʪʠʯʥʝ ʪʦʪʘʣʥʝ ʝʬʠʢʘʩʥʝ ʧʨʝʩʝʢʝ, ʫʛʘʦʥʫ ʨʘʩʧʦʜʝʣʫ ʨʘʩʝʿʘʥʠʭ ʯʝʩʪʠʮʘ ʢʦʜ ʝʣʘʩʪʠʯʥʦʛ ʠ  

ʥʝʝʣʘʩʪʠʯʥʦʛ ʨʘʩʝʿʘˁʘ, ʧʘʨʮʠʿʘʣʥʝ ʝʬʠʢʘʩʥʝ ʧʨʝʩʝʢʝ ʟʘ ʠʟʘʙʨʘʥʝ ʠʟʣʘʟʥʝ ʢʘʥʘʣʝ ʨʝʘʢʮʠʿʘ 

ʩʘ ʟʘʜʘʪʠʤ ʫʣʘʟʥʠʤ ʯʝʩʪʠʮʘʤʘ (n,Ŭ), (n,3n), (n,ɔ), ʢʘʦ ʠ ˁʠʭʦʚ ʝʥʝʨʛʝʪʩʢʠ ʩʧʝʢʪʘʨ ʠ ʝʥʝʨʛʠʿʝ 

ʫʟʤʘʢʘ; ʝʤʠʪʦʚʘˁʝ ʟʨʘʯʝˁʘ ʩʘ ʜʠʩʢʨʝʪʥʠʭ ʠ ʢʦʥʪʠʥʫʘʣʥʠʭ ʩʪʘˁʘ ʿʝʟʛʨʘ; ʝʬʠʢʘʩʥʝ ʧʨʝʩʝʢʝ 

ʟʘ ʩʪʚʘʨʘˁʝ ʠʟʦʤʝʨʥʠʭ ʠ ʦʩʥʦʚʥʠʭ ʩʪʘˁʘ ʨʘʟʣʠʯʠʪʠʭ ʿʝʟʛʘʨʘ; ʙʨʟʠʥʫ ʧʨʦʜʫʢʮʠʿʝ 

ʤʝʜʠʮʠʥʩʢʠʭ ʠʟʦʪʦʧʘ ʢʘʦ ʬʫʥʢʮʠʿʫ ʝʥʝʨʛʠʿʝ ʘʢʮʝʣʝʨʘʪʦʨʘ ʠ ʩʪʨʫʿʝ ʩʥʦʧʘ; ʙʨʟʠʥʝ 

ʘʩʪʨʦʬʠʟʠʯʢʠʭ ʨʝʘʢʮʠʿʘ. ɱʝʜʠʥʦ ʧʦʜʨʫʯʿʝ ʛʜʝ TALYS ʟʘʦʩʪʘʿʝ ʫ ʩʠʤʫʣʠʩʘˁʫ ʧʦʜʘʪʘʢʘ ʩʫ 

ʥʫʢʣʝʘʨʥʝ ʨʝʘʢʮʠʿʝ ʣʘʢʠʭ ʿʝʟʛʘʨʘ, ʢʘʢʦ ʩʪʘʪʠʩʪʠʯʢʠ ʤʦʜʝʣ ʫ ʦʚʦʤ ʜʦʤʝʥʫ ʥʠʿʝ ʘʜʝʢʚʘʪʘʥ 

ʥʘʯʠʥ ʦʙʿʘʰˁʘʚʘˁʘ ʨʝʘʢʮʠʿʘ (83).  
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 ʅʘʿʧʨʦʩʪʠʿʠ ʫʣʘʟʥʠ ʜʦʢʫʤʝʥʪ ʢʦʿʠ ʦʙʝʟʙʝʹʫʿʝ ʧʘʨʘʤʝʪʨʝ ʥʝʦʧʭʦʜʥʝ ʟʘ ʩʪʚʘʨʘˁʝ 

ʧʦʜʘʪʘʢʘ ʦ ʨʝʘʢʮʠʿʠ ʩʫ ʚʨʩʪʘ ʣʘʢʦʛ ʿʝʟʛʨʘ ʧʨʦʿʝʢʪʠʣʘ, ʚʨʩʪʘ ʤʝʪʝ ʪʝʞʝʛ ʿʝʟʛʨʘ, ʤʘʩʝʥʠ ʙʨʦʿ 

ʤʝʪʝ ʠ ʝʥʝʨʛʠʿʘ ʫʧʘʜʥʠʭ ʯʝʩʪʠʮʘ ʫ ʩʣʝʜʝ˂ʦʿ ʬʦʨʤʠ: 

# 

# General 

# 

projectile n 

element nb 

mass 93 

energy 14. 

 ʆʚʘʢʘʚ ʪʠʧ ʫʣʘʟʥʠʭ ʧʦʜʘʪʘʢʘ ʜʘʿʝ ʫʦʧʰʪʝʥʝ ʧʦʜʘʪʢʝ ʨʝʘʢʮʠʿʝ ʠ ʢʦʨʠʩʪʠ ʧʨʦʛʨʘʤʦʤ 

ʧʦʜʨʘʟʫʤʝʚʘʥʝ ʤʦʜʝʣʝ. ʂʘʢʦ ʧʦʪʨʝʙʝ ʧʦʩʪʘʿʫ ʢʦʥʢʨʝʪʥʠʿʝ ʠ ʫʩʢʦʧʨʦʬʠʣʠʩʘʥʝ, ʪʘʢʦ ʩʝ ʠ 

ʫʣʘʟʥʠ ʜʦʢʫʤʝʥʪ ʧʨʦʰʠʨʫʿʝ ʩʘ ʥʝʢʦʤ ʦʜ 340 ʥʘʨʝʜʙʠ ʢʦʿʝ ʩʫ ʫ ʚʝʟʠ ʩʘ ʫʣʘʟʥʠʤ ʧʘʨʘʤʝʪʨʠʤʘ 

ʠ ʠʟʣʘʟʥʠʤ ʧʦʜʘʮʠʤʘ ʢʦʿʠ ʩʫ ʧʦʪʨʝʙʥʠ ʦ ʥʫʢʣʝʘʨʥʦʿ ʨʝʘʢʮʠʿʠ.  

 ʉʘ ʠʜʝʿʦʤ ʦ TALYS ʢʦʜʫ ʩʝ ʧʦʯʝʣʦ 1998.ʛʦʜʥʝ, ʜʦʢ ʿʝ ʧʨʚʘ ʟʚʘʥʠʯʥʘ ʚʝʨʟʠʿʘ TALYS 

1.0 ʦʙʿʘʚˀʝʥʘ 2007.ʛʦʜʠʥʝ ʠ ʦʜ ʪʘʜʘ ʩʝ ʢʦʥʪʠʥʫʘʣʥʦ ʨʘʟʚʠʿʘ ʫ ʮʠˀʫ ʦʪʢʣʘˁʘˁʘ ʩʠʪʥʠʭ 

ʛʨʝʰʘʢʘ ʠ ʥʘʜʦʛʨʘʜˁʝ ʫ ʬʫʥʢʮʠʿʘʤʘ ʢʦʿʝ ʢʦʜ ʧʨʫʞʘ ʫ ʠʟʨʘʯʫʥʘʚʘˁʫ ʞʝˀʝʥʠʭ ʧʘʨʘʤʝʪʘʨʘ. 

ʋ ʨʘʜʫ ʩʫ ʩʠʤʫʣʘʮʠʿʝ ʝʬʠʢʘʩʥʠʭ ʧʨʝʩʝʢʘ ʨʝʘʢʮʠʿʘ ʨʘʹʝʥʝ ʩʘ ʚʝʨʟʠʿʦʤ TALYS 1.9. ʋ ʟʘʜˁʠʤ 

ʜʘʥʠʤʘ 2019, ʛʦʜʠʥʝ ʠʟʘʰʣʘ ʝʿ ʠ ʥʘʿʥʦʚʠʿʘ ʚʝʨʟʠʿʘ 1.95. 

 

3.1.1 ʅʫʢʣʝʘʨʥʠ ʤʦʜʝʣʠ ʢʦʨʠʰ˂ʝʥʠ ʫ TALYS ʢʦʜʫ 

 

 ʊʨʠ ʦʩʥʦʚʥʘ ʤʦʜʝʣʘ ʥʘ ʢʦʿʠʤʘ ʩʝ ʙʘʟʠʨʘʿʫ ʩʠʤʫʣʘʮʠʿʝ ʧʘʨʘʤʝʪʘʨʘ ʥʫʢʣʝʘʨʥʠʭ 

ʨʝʘʢʮʠʿʘ ʩʫ ʤʦʜʝʣ ʜʠʨʝʢʪʥʠʭ ʨʝʘʢʮʠʿʘ, ʤʦʜʝʣ ʩʣʦʞʝʥʦʛ ʿʝʟʛʨʘ ʠ ʤʦʜʝʣ ʧʨʝʜʨʘʚʥʦʪʝʞʥʦʛ 

ʩʪʘˁʘ. ʋ ʩʣʫʯʘʿʫ ʙʨʟʠʭ ʠʥʪʝʨʘʢʮʠʿʘ, ʢʘʜʘ ʿʝ ʚʨʝʤʝ ʪʨʘʿʘˁʘ ʠʥʪʝʨʘʢʮʠʿʝ ʨʝʜʘ ʚʝʣʠʯʠʥʝ 

ʚʨʝʤʝʥʘ ʧʨʦʣʘʩʢʘ ʫʧʘʜʥʝ ʯʝʩʪʠʮʝ ʢʨʦʟ ʿʝʟʛʨʦ ʤʝʪʝ ʢʦʨʠʩʪʠ ʩʝ ʤʦʜʝʣ ʜʠʨʝʢʪʥʠʭ ʨʝʘʢʮʠʿʘ. 

ʆʥ ʦʙʿʘʰˁʘʚʘ ʩʧʝʢʪʨʝ ʠʟʣʘʟʥʠʭ ʯʝʩʪʠʮʘ ʢʦʿʠ ʩʝ ʩʘʩʪʦʿʝ ʦʜ ʟʘʩʝʙʥʠʭ ʧʠʢʦʚʘ. ʂʘʜʘ ʚʨʝʤʝ 

ʠʥʪʝʨʘʢʮʠʿʝ ʪʨʘʿʝ ʜʫʞʝ, ʟʘ ʥʠʞʝ ʝʥʝʨʛʠʿʝ ʫʧʘʜʥʠʭ ʯʝʩʪʠʮʘ, ʛʜʝ ʠʤʘʿʫ ʜʦʚʦˀʘʥʦ ʚʨʝʤʝʥʘ ʜʘ 

ʙʫʜʫ ʘʧʩʦʙʨʦʚʘʥʝ ʫ ʤʝʪʠ ʠ ʜʘ ʢʦʤʧʣʝʪʥʫ ʝʥʝʨʛʠʿʫ ʧʨʝʜʘʿʫ ʥʦʚʦʤ ʩʣʦʞʝʥʦʤ ʩʠʩʪʝʤʫ, ʤʦʜʝʣ 

ʩʣʦʞʝʥʦʛ ʿʝʟʛʨʘ ʙʠʚʘ ʫ ʫʧʦʪʨʝʙʠ. ɽʥʝʨʛʝʪʩʢʠ ʩʧʝʢʪʨʠ ʦʚʘʢʦ ʩʪʚʦʨʝʥʠʭ ʠʟʣʘʟʥʠʭ ʯʝʩʪʠʮʘ 

ʠʤʘʿʫ ʄʘʢʩʚʝʣʦʚʫ ʨʘʩʧʦʜʝʣʫ ʠ ʫʛʘʦʥʫ ʨʘʩʧʦʜʝʣʫ ʩʠʤʝʪʨʠʯʥʫ ʦʢʦ ʫʛʣʘ ʦʜ 90ʦ ʫ ʦʜʥʦʩʫ ʥʘ 

ʫʧʘʜʥʠ ʧʨʘʚʘʮ. ʆʚʦ ʩʝ ʦʙʿʘʰˁʘʚʘ ʪʠʤʝ ʜʘ ʿʝ ʩʣʦʞʝʥʦ ʿʝʟʛʨʦ ʜʦʚʦˀʥʦ ʪʨʘʿʘʣʦ ʢʘʢʦ ʙʠ ʩʝ 

ʥʘʯʠʥ ʥʘʩʪʘʥʢʘ ʿʝʟʛʨʘ ʧʦʪʠʩʥʫʦ. ʄʦʜʝʣ ʧʨʝʜʨʘʚʥʦʪʝʞʥʦʛ ʩʪʘˁʘ ʦʜʛʦʚʘʨʘ ʜʦʚʦˀʥʦ ʚʝʣʠʢʠʤ 

ʝʥʝʨʛʠʿʘʤʘ ʫʧʘʜʥʠʭ ʯʝʩʪʠʮʘ, ʛʜʝ ʩʝ ʤʦʞʝ ʧʨʝʪʧʦʩʪʘʚʠʪʠ ʩʢʦʨʦ ʪʨʝʥʫʪʥʘ ʠʥʪʝʨʘʢʮʠʿʘ. ʆʚʘʿ 

ʤʦʜʝʣ ʧʨʝʜʩʪʘʚˀʘ ʟʥʘʪʥʦ ʥʦʚʠʿʠ ʤʦʜʝʣ ʫ ʦʜʥʦʩʫ ʥʘ ʧʨʝʪʭʦʜʥʘ ʜʚʘ ʠ ʠ ʜʘˀʝ ʿʝ ʧʦʩʪʦʿʠ 
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ʤʦʛʫ˂ʥʦʩʪʠ ˁʝʛʦʚʦʛ ʜʘˀʝ ʫʩʘʚʨʰʘʚʘˁʘ. ʐʝʤʘʪʩʢʠ ʩʝ ʤʦʞʝ ʚʠʜʝ ʧʦʚʝʟʘʥʦʩʪ ʤʦʜʝʣʘ ʠ ʥʘʯʠʥ 

ʥʘ ʢʦʿʠ ʩʝ ʜʦʙʠʿʘʿʫ ʧʦʜʘʮʠ ʟʘ ʧʦʿʝʜʠʥʝ ʨʝʘʢʮʠʿʝ (ʉʣʠʢʘ 3.1). ʆʧʪʠʯʢʠ ʠ ʤʦʜʝʣ 

ʧʨʝʜʨʘʚʥʦʪʝʞʥʦʛ ʩʪʘˁʘ ʢʦʨʠʩʪʝ ʫʣʘʟʥʝ ʧʦʜʘʪʢʝ, ʘ ˁʠʭʦʚʠ ʠʟʣʘʟʥʠ ʧʦʜʘʮʠ ʩʣʫʞʝ ʢʘʦ ʫʣʘʟʥʠ 

ʟʘ ʤʦʜʝʣ ʩʣʦʞʝʥʦʛ ʿʝʟʛʨʘ (84) 

.  

ʉʣʠʢʘ 3.1 ï ʐʝʤʘʪʩʢʠ ʧʨʠʢʘʟ ʪʦʢʘ ʧʦʜʘʪʘʢʘ ʪʦʢʦʤ TALYS ʩʠʤʫʣʘʮʠʿʘ. 

 

 

3.1.1.1 Oʧʪʠʯʢʠ ʤʦʜʝʣ 

 

 ʄʦʜʝʣ ʟʘʩʥʦʚʘʥ ʥʘ ʦʧʪʠʯʢʦʤ ʧʦʪʝʥʮʠʿʘʣʫ ʿʝ ʟʥʘʯʘʿʘʥ ʟʘ ʩʠʤʫʣʠʨʘˁʝ ʧʘʨʘʤʝʪʘʨʘ 

ʥʫʢʣʝʘʨʥʠʭ ʨʝʘʢʮʠʿʘ ʢʘʢʦ ʦʥ ʦʙʝʟʙʝʹʫʿʝ ʚʨʝʜʥʦʩʪʠ ʝʬʠʢʘʩʥʠʭ ʧʨʝʩʝʢʘ ʟʘ ʝʣʘʩʪʠʯʥʘ 

ʨʘʩʝʿʘˁʘ ʯʝʩʪʠʮʘ (ůel), ʢʘʦ ʠ ʝʬʠʢʘʩʘʥ ʧʨʝʩʝʢ ʨʝʘʢʮʠʿʝ(ůR), ʢʦʿʠ ʩʝ ʢʦʨʠʩʪʠ ʜʘˀʝ, ʥʘ ʧʨʠʤʝʨ 

ʤʦʜʝʣ ʧʨʝʜʨʘʚʥʦʪʝʞʥʦʛ ʩʪʘʘˁʘ ʟʘ ʨʘʯʫʥʘˁʝ ʝʬʠʢʘʩʥʠʭ ʧʨʝʩʝʢʘ ʧʦʿʝʜʠʥʠʭ ʠʟʣʘʟʥʠʭ ʢʘʥʘʣʘ 

ʨʝʘʢʮʠʿʘ. ʆʙʝʟʙʝʹʫʿʝ ʪʦʪʘʣʘʥ ʝʬʠʢʘʩʘʥ ʧʨʝʩʝʢ (ůT = ůR + ůel), ʢʘʦ ʠ ʫʛʘʦʥʫ ʜʠʩʪʨʠʙʫʮʠʿʫ 

ʨʘʩʝʿʘʥʠʭ ʯʝʩʪʠʮʘ ʢʦʜ ʝʣʘʩʪʠʯʥʦʛ ʨʘʩʝʿʘˁʘ. ɿʘʩʥʠʚʘ ʩʝ ʥʘ ʠʥʪʝʨʘʢʮʠʿʠ ʫʧʘʜʥʠʭ ʯʝʩʪʠʮʘ ʩʘ 

ʿʝʟʛʨʦʤ ʢʘʦ ʮʝʣʠʥʦʤ, ʦʧʠʩʘʥʠʤ ʧʨʝʢʦ ʢʦʤʧʣʝʢʩʥʦʛ ʧʦʪʝʥʮʠʿʘʣʘ Ὗ ὠ Ὥὡ ʢʦʿʠ ʿʝ ʜʝʦ 

ʐʨʝʜʠʥʛʝʨʦʚʝ ʿʝʜʥʘʯʠʥʝ: 

 

˂

ςÕ
ᶯ  5 %ɰ π 

(3.1) 
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 ʆʧʪʠʯʢʠ ʤʦʜʝʣ ʿʝ ʦʜ ˁʝʛʦʚʦʛ ʦʩʤʠʰˀʘʚʘˁʘ ʬʫʥʢʮʠʦʥʠʩʘʦ ʜʘ ʩʫ ʧʘʨʘʤʝʪʨʠ ʢʦʿʠ ʩʝ 

ʥʘʣʘʟʝ ʫ ʬʫʥʢʮʠʿʘʤʘ ʢʦʿʝ ʦʧʠʩʫʿʫ ʦʜʠʛʨʘʚʘˁʝ ʨʝʘʢʮʠʿʝ ʙʠʚʘʣʠ ʤʦʜʠʬʠʢʦʚʘʥʠ ʥʝ ʙʠ ʣʠ ʩʝ 

ʜʦʙʠʣʘ ʨʝʰʝˁʘ ʢʦʿʘ ʥʘʿʚʠʰʝ ʦʜʛʦʚʘʨʘʿʫ ʧʦʟʥʘʪʠʤ ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʠʤ ʧʦʜʘʮʠʤʘ, ʘ ʠʤʘ ʠʭ 

ʦʢʦ 20. ʆʚʘʿ ʥʘʯʠʥ ʩʝ ʠ ʜʘˀʝ ʢʦʨʠʩʪʠ, ʿʝʨ ʜʘʿʝ 

ʜʦʙʨʝ ʨʝʟʫʣʪʘʪʝ, ʛʨʝʰʢʝ ʩʫ ʫ ʦʢʚʠʨʫ 1%, ʘʣʠ 

ʚʨʣʦ ʟʘʚʠʩʠ ʦʜ ʧʦʜʘʪʘʢʘ ʢʦʿʠ ʩʫ ʜʦʩʪʫʧʥʠ ʠʟ 

ʝʢʩʧʝʨʠʤʝʥʪʘ. ʉʫʧʨʦʪʘʥ ʧʨʠʩʪʫʧ ʢʦʨʠʰ˂ʝˁʫ 

ʦʧʪʠʯʢʦʛ ʤʦʜʝʣʘ ʿʝ ʤʠʨʢʦʩʢʦʧʩʢʠ, ʢʦʿʠ ʠʤʘ 

ʧʨʝʜʥʦʩʪ ʜʘ ʥʠʩʫ ʧʦʪʨʝʙʥʠ ʫʥʘʧʨʝʜ ʧʦʟʥʘʪʠ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʠ ʧʦʜʘʮʠ ʫ ʚʝʟʠ ʩʘ 

ʠʩʧʠʪʠʚʘʥʦʤ ʨʝʘʢʮʠʿʦʤ ʘʣʠ ʿʝ ʛʨʝʰʢʘ ʚʝ˂ʘ ʠ 

ʠʟʥʦʩʠ ʜʦ 10%. ʊʘʢʘʚ ʧʨʠʩʪʫʧ ʩʝ ʤʦʞʝ 

ʢʦʨʠʩʪʠʪʠ ʫ ʧʨʝʜʚʠʹʘˁʠʤʘ ʟʘ ʝʢʩʧʝʨʠʤʝʥʪʝ 

ʢʦʝʿ ʥʠʿʝ ʤʦʛʫ˂ʝ ʠʟʚʨʰʠʪʠ, ʥʧʨ. ʟʘ ʿʝʟʛʨʘ ʢʦʿʘ 

ʩʫ ʜʘʣʝʢʦ ʦʜ ʣʠʥʠʿʝ ʩʪʘʙʠʣʥʦʩʪʠ. 

 ʋ ʟʘʚʠʩʥʦʩʪʠ ʦʜ ʧʦʪʨʝʙʘ, ʧʨʠʩʪʫʧʠ˂ʝ 

ʩʝ ʠʣʠ ʿʝʜʥʦʤ ʠʣʠ ʜʨʫʛʦʤ ʤʝʪʦʜʫ. ʂʘʜʘ ʿʝ 

ʙʠʪʥʦ ʜʘ ʩʝ ʧʦʩʪʠʛʥʝ ʚʝʣʠʢʘ ʧʨʝʮʠʟʥʦʩʪ 

ʢʦʨʠʩʪʠ˂ʝ ʩʝ ʤʝʪʦʜ ʬʠʪʦʚʘˁʘ ʧʘʨʘʤʝʪʘʨʘ, 

ʜʦʢ ʫ ʩʣʫʯʘʿʫ ʥʦʚʠʭ ʠʩʪʨʘʞʠʚʘˁʘ, ʢʦʨʠʩʪʠ˂ʝ 

ʩʝ ʤʠʢʨʦʩʢʦʧʩʢʠ ʤʝʪʦʜ. ʇʨʠʣʠʢʦʤ ʨʘʯʫʥʘˁʘ 

ʥʝʦʧʭʦʜʠʭ ʧʘʨʘʤʝʪʘʨʘ ʫʟ ʧʦʤʦ˂ ʦʧʪʠʯʢʦʛ 

ʤʦʜʝʣʘ ʥʝʦʧʭʦʜʥʦ ʿʝ ʫʟʝʪʠ ʫ ʦʙʟʠʨ ʠ ʩʪʝʧʝʥ 

ʜʝʬʦʨʤʠʩʘʥʦʩʪʠ ʿʝʟʛʘʨʘ ʫ ˁʠʭʦʚʠʤ 

ʦʩʥʦʚʥʠʤ ʩʪʘˁʠʤʘ. ʆʚʦ ʩʝ ʧʦʩʪʠʞʝ ʧʨʝʢʦ ʧʘʨʘʤʝʪʘʨʘ ʩʧʘʨʠʚʘˁʘ ʠʟʤʝʹʫ ʦʩʥʦʚʥʠʭ ʩʪʘˁʘ ʠ 

ʚʠʙʨʘʮʠʦʥʠʭ ʥʠʚʦʘ. ʆʚʠ ʧʘʨʘʤʝʪʨʠ ʩʝ ʢʦʨʠʩʪʝ ʟʘ ʫʩʘʚʨʰʘʚʘˁʝ ʦʧʪʠʯʢʦʛ ʤʦʜʝʣʘ, ʢʘʦ ʠ ʟʘ 

ʫʣʘʟʥʝ ʧʘʨʘʤʝʪʨʝ ʼʘ ʤʦʜʝʣ ʧʨʝʜʨʘʚʥʦʪʝʞʥʦʛ ʩʪʘˁʘ.   

 

3.1.1.2 ʄʦʜʝʣ ʧʨʝʜʨʘʚʥʦʪʝʞʥʦʛ ʩʪʘˁʘ 

 

 ʆʧʠʩʠʚʘˁʝ ʥʫʢʣʝʘʨʥʠʭ ʨʝʘʢʮʠʿʘ ʩʘ ʜʚʘ ʤʦʜʝʣʘ ʿʝ ʿʝʜʥʦʪʘʚʘʥ. ʂʘʢʦ ʿʝʜʘʥ ʠ ʜʨʫʛʠ 

ʤʦʜʝʣ, ʜʠʨʝʢʪʥʠʭ ʨʝʘʢʮʠʿʘ ʠ ʩʣʦʞʝʥʦʛ ʿʝʟʛʨʘ ʬʫʥʢʮʠʦʥʠʰʫ ʫ ʦʧʠʩʠʚʘˁʫ ʜʠʩʢʨʝʪʥʦʛ 

ʝʥʝʨʛʝʪʩʢʦʛ ʩʧʝʢʪʨʘ ʠ ʢʦʥʪʠʥʫʘʣʥʦʛ ʥʘʣʠʢ ʥʘ ʄʘʢʩʚʝʣʦʚʦʤ, ʧʦʩʪʦʿʠ ʧʨʝʣʘʟʥʠ ʜʝʦ, ʛʜʝ ʿʝ 

ʝʤʠʪʦʚʘˁʝ ʯʝʩʪʠʮʘ ʘʥʠʟʦʪʨʦʧʥʦ, ʰʪʦ ʧʦʢʘʟʫʿʝ ʜʘ ʟʘ ʦʜʨʝʹʝʥʝ ʫʩʣʦʚʝ ʧʦʩʪʦʿʠ ʧʘʤ˂ʝˁʝ ʥʘ 

ʢʦʿʠ ʿʝ ʥʘʯʠʥ ʩʣʦʞʝʥ ʩʠʩʪʝʤ ʥʘʩʪʘʦ. ɿʘ ʦʧʠʩʠʚʘˁʝ ʦʚʘʢʚʦʛ ʩʣʫʯʘʿʘ ʩʝ ʢʦʨʠʩʪʠ ʤʦʜʝʣ 

ʧʨʝʜʨʘʚʥʦʪʝʞʥʦʛ ʩʪʘˁʘ. ɽʤʠʩʠʿʝ ʯʝʩʪʠʮʝ ʩʝ ʜʝʰʘʚʘʿʫ ʧʨʝ ʧʦʩʪʠʟʘˁʘ ʩʪʘʪʠʩʪʠʯʢʝ 

ʨʘʚʥʦʪʝʞʝ ʩʪʚʦʨʝʥʦʛ ʩʠʩʪʝʤʘ. ʋʧʘʜʥʘ ʯʝʩʪʠʮʘ ʫ ʝʪʘʧʘʤʘ ʩʪʚʘʨʘ ʩʚʝ ʢʦʤʧʣʝʢʩʥʠʿʠ ʩʠʩʪʝʤ, 

ʜʦ ʧʦʩʪʠʟʘˁʘ ʩʪʘˁʘ ʩʣʦʞʝʥʦʛ ʿʝʟʛʨʘ. ʇʨʦʮʝʩʠ ʧʨʝʜʨʘʚʥʦʪʝʞʥʦʛ ʩʪʘˁʘ ʩʝ ʦʜʚʠʿʘʿʫ ʟʘ 

ʝʥʝʨʛʠʿʝ ʠʟʤʝʹʫ 10 ʠ 200 ʄʝV ʠ ʦʧʠʩʫʿʫ ʩʝ ʧʦʿʤʦʤ ʝʢʩʮʠʪʦʥʘ. 

ʉʣʠʢʘ 3.2 ï ɽʬʠʢʘʩʘʥ ʧʨʝʩʝʢ ʨʘʯʫʥʘʪ 

ʦʧʪʠʯʢʠʤ ʤʦʜʝʣʦʤ ʟʘ ʨʝʘʢʮʠʿʫ ʫʧʘʜʥʠʭ 

ʥʝʫʪʨʦʥʘ ʥʘ ʦʣʦʚʫ. 
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 ʋ ʤʦʜʝʣʫ ʝʢʩʮʠʪʦʥʘ (85; 86) ʩʪʘˁʝ ʿʝʟʛʨʘ ʿʝ ʦʧʠʩʘʥʦ ʫʢʫʧʥʦʤ ʝʥʝʨʛʠʿʦʤ ʧʦʙʫʜʝ ɽ ʠ 

ʫʢʫʧʥʠʤ ʙʨʦʿʝʤ ʯʝʩʪʠʮʘ ʠ ʰʫʧˀʠʥʘ ʠʩʧʦʜ ʠ ʠʟʥʘʜ ʝʥʝʨʛʠʿʝ ʌʝʨʤʠʿʝʚʦʛ ʥʠʚʦʘ. ʏʝʩʪʠʮʝ (p) 

ʠ ʰʫʧˀʠʥʝ (h) ʩʝ ʩʤʘʪʨʘʿʫ ʝʢʩʮʠʪʦʥʠʤʘ. ɽʥʝʨʛʠʿʘ ʧʦʙʫʜʝ ʩʝ ʤʦʞʝ ʧʦʜʝʣʠʪʠ ʥʘ ʙʠʣʦ ʢʦʿʠ 

ʥʘʯʠʥ ʠʟʤʝʹʫ ʧʘʨʦʚʘ ʰʫʧˀʠʥʘ ʠ ʯʝʩʪʠʮʘ Î Ð È. ʊʦʢʦʤ ʠʥʪʝʨʘʢʮʠʿʝ ʜʚʝ ʯʝʩʪʠʮʝ ʧʨʘʪʠ 

ʩʝ ʙʨʦʿ ʥʘʩʪʘʣʠʭ ʧʘʨʦʚʘ ʢʦʿʠ ʩʝ ʤʝˁʘ ʪʦʢʦʤ ʚʨʝʤʝʥʘ. ʄʦʜʝʣ ʩʝ ʙʘʟʠʨʘ ʥʘ ʿʝʜʥʘʯʠʥʠ ʢʦʿʘ ʿʝ 

ʚʨʝʤʝʥʩʢʠ ʟʘʚʠʩʥʘ ʠ ʦʧʠʩʫʿʝ ʚʝʨʦʚʘʪʥʦ˂ʫ ʨʘʩʧʦʜʝʣʝ ʝʥʝʨʛʠʿʘ ʥʘ ʧʘʨʦʚʝ ʯʝʩʪʠʮʘ-ʰʫʧˀʠʥʘ 

ʢʘʦ ʠ ʚʝʨʦʚʘʪʥʦ˂ʫ ʥʘ ʢʦʥʪʠʥʫʫʤʩʢʫ ʝʤʠʩʠʿʫ. ʀʥʪʝʛʨʘʮʠʿʦʤ ʪʦʢʦʤ ʚʨʝʤʝʥʘ, ʜʦʙʠʿʘ ʩʝ 

ʝʥʝʨʛʝʪʩʢʠ ʩʧʝʢʪʘʨ. ʈʘʩʧʦʜʝʣʘ ʝʥʝʨʛʠʿʘ ʩʝ ʚʨʰʠ ʫ ʩʤʝʨʫ ʢʨʝʠʨʘˁʘ ʧʘʨʦʚʘ ʠʣʠ ʘʥʠʭʠʣʘʮʠʿʝ 

ʧʘʨʦʚʘ, ʜʦʢ ʫ ʩʚʘʢʦʤ ʪʨʝʥʫʪʢʫ ʧʦʩʪʦʿʠ ʚʝʨʦʚʘʪʥʦ˂a ʝʤʠʩʠʿʝ ʯʝʩʪʠʮʝ ʚʘʥ ʩʣʦʞʝʥʦʛ ʩʠʩʪʝʤʘ. 

Aʢʦ ʜʦ ʪʦʛʘ ʜʦʹʝ ʫ ʨʘʥʦʿ ʬʘʟʠ ʨʘʩʧʦʜʝʣʝ ʝʥʝʨʛʠʿʝ, ʧʦʩʪʦʿʠ ʠ ʜʘˀʝ ʧʘʤ˂ʝˁʝ ʢʘʢʦ ʿʝ ʩʠʩʪʝʤ 

ʥʘʩʪʘʦ, ʰʪʦ ʦʙʿʘʰˁʘʚʘ ʘʥʠʟʦʪʨʦʧʠʿʫ ʫ ʫʛʘʦʥʦʿ ʨʘʩʧʦʜʝʣʠ ʪʘʢʦ ʝʤʠʪʦʚʘʥʠʭ ʯʝʩʪʠʮʘ. ɸʢʦ ʜʦ 

ʝʤʠʪʦʚʘˁʘ ʯʝʩʪʠʮʝ ʜʦʣʘʟʠ ʫ ʢʘʩʥʠʿʦʿ ʬʘʟʠ ʧʨʝʨʘʩʧʦʜʝʣʝ ʝʥʝʨʛʠʿʝ, ʜʦʩʪʠʞʝ ʩʝ ʢʚʘʟʠ-

ʨʘʚʥʦʪʝʞʥʦ ʩʪʘʪʠʩʪʠʯʢʦ ʩʪʘˁʝ ʠ ʪʘʜʘ ʩʝ ʚʝ˂ ʨʝʘʢʮʠʿʘ ʤʦʞʝ ʦʧʠʩʠʚʘʪʠ ʤʦʜʝʣʦʤ ʩʣʦʞʝʥʦʛ 

ʿʝʟʛʨʘ.  

 

ʉʣʠʢʘ 3.3 ï ʈʘʟʤʝʥʘ ʧʘʨʘ ʯʝʩʪʠʮʘ-ʰʫʧˀʠʥʘ ʢʦʜ ʤʦʜʝʣʘ ʝʢʩʮʠʪʦʥʘ. 

 ʊʦʪʘʣʘʥ ʝʬʠʢʘʩʘʥ ʧʨʝʩʝʢ, ʠʤʘ ʜʝʦ ʢʦʿʠ ʥʠʿʝ ʧʨʝʮʠʟʥʦ ʧʨʠʧʠʩʘʥ ʢʦʿʝʤ ʧʨʦʮʝʩʫ 

ʧʨʠʧʘʜʘ, ʢʘʜʘ ʩʝ ʫʢʣʦʥʝ ʝʣʘʩʪʠʯʥʦ ʨʘʩʝʿʘˁʝ ʠ ʥʝʝʣʘʩʪʠʯʥʦ ʨʘʩʝʿʘˁʝ, ʧʨʦʮʝʩʠ ʪʘʯʥʦ 

ʜʝʬʠʥʠʩʘʥʠ ʫ ʦʧʪʠʯʢʦʤ ʤʦʜʝʣʫ. ʆʚʘʿ ʦʩʪʘʪʘʢ ʩʝ ʢʦʨʠʩʪʠ ʢʘʦ ʫʣʘʟʥʠ ʧʘʨʘʤʝʪʘʨ ʟʘ ʤʦʜʝʣ 

ʧʨʝʜʨʘʚʥʦʪʝʞʥʦʛ ʩʪʘˁʘ. ʈʘʟʚʠʿʘʥʦ ʿʝ ʥʝʢʦʣʠʢʦ ʤʦʜʝʣʘ ʧʨʝʜʨʘʚʥʦʪʝʞʥʦʛ ʩʪʘˁʘ. ʇʦʣʫ-

ʢʣʘʩʠʯʥʦ ʪʫʤʘʯʝˁʝ (87) ʿʝ ʥʘʿʨʘʩʧʨʦʩʪʨʘˁʝʥʠʿʠ ʢʘʜʘ ʿʝ ʧʦʪʨʝʙʥʘ ʩʠʤʫʣʘʮʠʿʘ ʧʦʜʘʪʘʢʘ 

ʥʫʢʝʘʨʥʠʭ ʨʝʘʢʮʠʿʘ. ʈʘʟʚʠʿʘʥʠ ʩʫ ʠ ʤʦʜʝʣʠ ʢʦʿʠ ʩʝ ʟʘʩʥʠʚʘʿʫ ʥʘ ʢʚʘʥʪʥʦ-ʤʝʭʘʥʠʯʢʦʤ 

ʧʨʠʩʪʫʧʫ, ʢʦʿʠ ʩʫ ʟʥʘʪʥʦ ʢʦʤʧʣʝʢʩʥʠʿʠ (88; 89; 90) ʠ ʜʘʿʫ ʨʝʟʫʣʘʪʝ ʧʨʠʙʣʠʞʥʝ ʦʥʠʤ 

ʜʦʙʠʿʝʥʠʤ ʤʦʜʝʣʦʤ ʝʢʩʮʠʪʦʥʘ, ʘʣʠ ʩʫ ʥʝʦʧʭʦʜʥʠ ʫ ʜʘˀʝʤ ʨʘʟʚʦʿʫ ʤʦʜʝʣʘ ʧʨʝʜʨʘʚʥʦʪʝʞʥʦʛ 

ʩʪʘˁʘ.  
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3.1.1.3 ʄʦʜʝʣ ʩʣʦʞʝʥʦʛ ʿʝʟʛʨʘ. 

 

 ʂʘʦ ʫ ʩʣʫʯʘʿʫ ʤʦʜʝʣʘ ʧʨʝʜʨʘʚʥʦʪʝʞʥʦʛ ʩʪʘˁʘ, ʢʦʿʠ ʿʝ ʜʦʙʠʿʘʦ ʫʣʘʟʥʝ ʧʦʜʘʪʢʝ ʦʜ 

ʜʠʨʝʢʪʥʦʛ ʤʦʜʝʣʘ, ʪʘʢʦ ʠ ʤʦʜʝʣ ʩʣʦʞʝʥʦʛ ʿʝʟʛʨʘ ʜʦʙʠʿʘ ʧʦʜʘʪʢʝ ʦʜ ʧʨʝʪʭʦʜʥʘ ʜʚʘ. ɿʘʩʥʠʚʘ 

ʩʝ ʥʘ ʧʨʝʪʧʦʩʪʘʚʮʠ ʜʘ ʥʘʩʪʘʣʦ, ʩʘʜʘ ʩʣʦʞʝʥʦ ʿʝʟʛʨʦ ʥʝ ʧʘʤʪʠ ʢʘʢʦ ʿʝ ʥʘʩʪʘʣʦ, ʪʝ ʩʝ ʨʝʘʢʮʠʿʘ 

ʤʦʞʝ ʦʜʠʛʨʘʪʠ ʩʘ ʦʜʨʝʹʝʥʦʤ ʚʝʨʦʚʘʪʥʦ˂ʦʤ ʥʘ ʙʠʣʦ ʢʦʿʠ ʢʘʥʘʣ ʨʘʩʧʘʜʘ. ɿʘʩʥʠʚʘ ʩʝ ʥʘ 

ɹʦʨʦʚʦʿ ʭʠʧʦʪʝʟʠ ʠ ʦʧʠʩʫʿʝ ʩʝ ʍʘʫʩʝʨ-ʌʣʝʰʙʘʭʦʚʦʤ ʿʝʜʥʘʯʠʥʦʤ (91): 

„  „ Ὁᶻȟὐȟ“
ộɻ Ὁᶻȟὐȟ“Ớ

Вộɻ Ὁzȟὐȟ“Ớ
ȟ

 
(3.2) 

ʎ  ʧʨʝʜʩʪʘʚˀʘ ʝʬʠʢʘʩʘʥ ʧʨʝʩʝʢ ʨʘʩʧʘʜʘ ʥʘ ʢʘʥʘʣ b, ʎ  ʝʬʠʢʘʩʘʥ ʧʨʝʩʝʢ ʥʘʩʪʘʥʢʘ ʩʠʩʪʝʤʘ 

N ʠ C ʟʘ ʝʥʝʨʛʠʿʫ ʩʧʠʥ ʠ ʧʘʨʥʦʩʪ ʦʟʥʘʯʝʥʝ ʫ ʿʝʜʥʘʯʠʥʠ. ɸʧʨʦʢʩʠʤʘʮʠʿʘ: 

ộɻ Ὁᶻȟὐȟ“Ớ

Вộɻ Ὁzȟὐȟ“Ớ
 
ộὝ ὉᶻỚ

ВộὝ Ὁz Ớ
 

(3.3) 

ʧʨʝʜʩʪʘʚˀʘ ʧʨʚʠ ʨʝʜ ʘʧʨʦʢʩʠʤʘʮʠʿʝ ʟʘ ʧʨʦʮʝʥʫ ʩʨʝʜˁʝ ʝʥʝʨʛʝʪʩʢʝ ʰʠʨʠʥʝ ʩʚʠʭ ʤʦʛʫ˂ʠʭ 

ʢʘʥʘʣʘ ʨʘʩʧʘʜʘ ɻʩ. ộ˟ Ớ̒  ʧʨʝʜʩʪʘʚˀʘ ʪʨʘʥʩʤʠʩʠʦʥʠ ʢʦʝʬʠʮʠʿʝʥʪ ʢʦʿʠ ʜʘʿʝ ʚʝʨʦʚʘʪʥʦ˂ʫ ʟʘ 

ʦʜʝʹʝʥʠ ʠʟʣʘʟʥʠ ʢʘʥʘʣ ʨʘʩʧʘʜʘ. ʆʚʘʿ ʢʦʝʬʠʮʠʿʝʥʪ ʢʦʿʠ ʿʝ ʩʘʤ ʘʧʨʦʢʩʠʤʘʮʠʿʘ, ʟʘʭʪʝʚʘ 

ʜʦʜʘʪʥʝ ʧʦʧʨʘʚʢʝ ʥʘ ʥʠʞʠʤ ʝʥʨʛʠʿʘʤʘ ʢʦʿʠ ʫʨʘʯʫʥʘʚʘʿʫ ʠʥʪʝʨʬʝʨʝʥʮʠʿʝ ʠʟʤʝʹʫ ʫʣʘʟʥʠʭ ʠ 

ʠʟʣʘʟʥʠʭ ʢʘʥʘʣʘ ʨʝʘʢʮʠʿʝ (92; 93).  

 

ʉʣʠʢʘ 3.4 ï ʊʦʢ ʤʦʛʫ˂ʠʭ ʨʝʘʢʮʠʿʘ ʢʦʿʝ ʩʝ ʨʘʯʫʥʘʿʫ ʫ ʧʨʦʮʝʩʫ ʨʘʯʫʥʘˁʘ ʝʬʠʢʘʩʥʦʛ ʧʨʝʩʝʢʘ. 

 

 ʂʘʜʘ ʩʫ ʝʥʝʨʛʠʿʝ ʫʧʘʜʥʠʭ ʯʝʩʪʠʮʘ ʜʦʚʦˀʥʦ ʚʝʣʠʢʝ, ʚʝ˂ʝ ʦʜ ʝʥʝʨʛʠʿʝ ʧʦʪʨʝʙʥʝ ʟʘ 

ʦʜʚʘʿʘˁʝ ʥʝʫʪʨʦʥʘ, ʿʝʟʛʨʘ ʬʦʨʤʠʨʘʥʘ ʧʦʩʣʝ ʝʤʠʪʦʚʘˁʘ ʧʨʚʝ ʯʝʩʪʠʮʝ ʠʤʘʿʫ ʜʦʚʦˀʥʦ 

ʝʥʝʨʛʠʿʝ ʧʦʙʫʜʝ ʜʘ ʩʝ ʦʤʦʛʫ˂ʠ ʜʘˀʝ ʝʤʠʪʦʚʘˁʝ ʯʝʩʪʠʮʘ, ʜʦʢ ʩʝ ʩʚʘ ʿʝʟʛʨʘ ʥʝ ʥʘʹʫ ʫ ʦʩʥʦʚʥʦʤ 

ʠʣʠ ʤʝʪʘʩʪʘʙʠʣʥʦʤ ʩʪʘˁʫ. ʇʨʠʥʮʠʧ ʪʨʝʪʠʨʘˁʘ ʩʝ ʤʦʞʝ ʧʨʠʫʢʘʟʘʪʠ (ʉʣʠʢʘ 3.4.) ɱʝʟʛʨʦ (Zʩ, 
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Nʩ-1) ʩʝ ʧʦʙʫʹʫʿʝ ʘʧʩʦʨʧʮʠʿʦʤ ʥʝʫʪʨʦʥʘ, ʪʝ ʥʘʩʪʘʿʝ ʩʠʩʪʝʤ (Zʩ, Nʩ). ʅʘʢʦʥ ʟʘʭʚʘʪʘ, ʩʚʠ 

ʤʦʛʫ˂ʠ ʥʘʯʠʥʠ ʨʘʩʧʘʜʘ (ʢʘʥʘʣʠ) ʩʝ ʘʥʘʣʠʟʠʨʘʿʫ ʿʝʜʘʥ ʧʦ ʿʝʜʘʥ, ʢʦʿʠ ʦʧʝʪ ʧʨʦʠʟʚʦʜʝ ʿʝʟʛʨʘ 

ʢʦʿʘ ʩʝ ʦʩʣʦʙʘʹʘʿʫ ʩʚʦʿʝ ʝʥʝʨʛʠʿʝ ʧʦʙʫʜʝ ʝʤʠʪʦʚʘˁʝʤ ɔ ʟʨʘʯʝˁʘ, ʠʣʠ ʧʦʥʦʚʥʠʤ ʝʤʠʪʦʚʘˁʝʤ 

ʯʝʩʪʠʮʘ ʠʟ ʿʝʟʛʨʘ. ɸʢʦ ʩʝ ʥʘʩʪʘʣʘ ʿʝʟʛʨʘ ʜʝʝʢʩʮʠʪʫʿʫ ʝʤʠʪʦʚʘˁʝʤ ʯʝʩʪʠʮʘ, ʧʦʥʦʚʦ ʩʝ 

ʨʘʟʤʘʪʨʘʿʫ ʩʚʠ ʢʘʥʘʣʠ ʨʘʩʧʘʜʘ ʠ ʩʪʚʘʨʘʿʫ ʥʦʚʘ ʿʝʟʛʨʘ, ʠ ʪʘʢʦ ʨʝʜʦʤ. ʆʚʘʢʘʚ ʧʦʩʪʝʧʝʥʠ 

ʧʨʦʮʝʩ ʪʨʝʙʘ ʧʦʩʤʘʪʨʘʪʠ ʩʘ ʩʚʠʤ ʦʛʨʘʥʠʯʝˁʠʤʘ ʢʦʿʘ ʩʫ ʫʩʣʦʚˀʝʥʘ ʧʘʨʥʦʰ˂ʫ ʠ ʩʧʠʥʦʤ.  

 

3.1.2 ɻʫʩʪʠʥʝ ʝʥʝʨʛʝʪʩʢʠʭ ʥʠʚʦʘ ʿʝʟʛʨʘ 

 

 ʂʘʢʦ ʿʝ ʥʘʚʝʜʝʥʦ, TALYS ʦʙʝʟʙʝʹʫʿʝ ʧʦʪʧʫʥ ʩʝʪ ʧʦʜʘʪʘʢʘ ʦ ʥʫʢʣʝʘʨʥʠʤ ʨʝʘʢʮʠʿʘʤʘ 

ʢʦʿʝ ʩʠʤʫʣʠʨʘ ʫ ʚʝʟʠ ʩʘ ʩʚʠʤ ʢʘʥʘʣʠʤʘ ʨʘʩʧʘʜʘ ʨʝʘʢʮʠʿʝ, ʝʬʠʢʘʩʥʠʤ ʧʨʝʩʝʮʠʤʘ ʠ ʫʛʘʦʥʦʤ 

ʜʠʩʪʨʠʙʫʮʠʿʦʤ. ʆʚʠ ʧʦʜʘʮʠ ʩʝ ʜʦʙʠʿʘʿʫ ʥʘ ʦʩʥʦʚʫ ʤʦʜʝʣʘ ʥʫʢʣʝʘʨʥʠʭ ʨʝʘʢʮʠʠʿʘ, ˁʠʭʦʚʝ 

ʨʘʟʚʠʿʝʥʦʩʪʠ ʠ ʦʙʘʣʩʪʠ ʛʜʝ ʩʝ ʤʦʛʫ ʧʨʠʤʝˁʠʚʘʪʠ, ʢʘʦ ʠ ʫʣʘʟʥʠʭ ʧʘʨʘʤʝʪʘʨʘ ʢʦʿʝ ʢʦʨʠʩʥʠʢ 

ʩʘʤ ʟʘʜʘʿʝ ʫ ʟʘʚʠʩʥʦʩʪʠ ʦʜ ʧʦʪʨʝʙʘ. ʋ ʫʧʫʪʩʪʚʫ ʢʦʿʝ ʿʝ ʜʦʩʪʫʧʥʦ ʟʘ ʩʚʘʢʫ ʚʝʨʟʠʿʫ ʧʨʦʛʨʘʤʘ 

(87) ʤʦʞʝ ʩʝ ʚʠʜʝʪʠ ʢʦʤʧʣʝʪʘʥ ʩʧʠʩʘʢ ʥʘʨʝʜʙʠ ʢʦʿʝ ʩʫ ʜʦʩʪʫʧʥʝ. ʋ ʦʚʦʤ ʨʘʜʫ ʩʫ ʢʦʨʠʰ˂ʝʥʠ 

ʟʘ ʠʟʨʘʯʫʥʘʚʘˁʝ ʧʦʜʨʘʟʫʤʝʚʘʥʠ ʧʘʨʘʤʝʪʨʠ ʢʦʜʘ, ʠʟʫʟʝʚ ʨʫʯʥʦʛ ʧʦʜʝʰʘʚʘˁʘ ʟʘ ʛʫʩʪʠʥʝ 

ʥʠʚʦʘ, ʦʜʥʦʩʥʦ ldmodel ʧʘʨʘʤʝʪʘʨ. ʋ TALYS ʢʦʜʫ ʧʦʩʪʦʿʠ ʰʝʩʪ ʦʧʮʠʿʘ ʟʘ ʛʫʩʪʠʥʝ ʥʠʚʦʘ, ʩʘ 

ʦʟʥʘʢʘʤʘ ʦʜ ldmodel 1 ʜʦ ldmodel 6. ʊʨʠ ʤʦʜʝʣʘ ʩʫ ʬʝʥʦʤʝʥʦʣʦʰʢʘ ʠ ʘʥʘʣʠʪʠʯʢʠ ʠʟʨʘʞʝʥʘ, 

ʘ ʧʦʩʪʦʿʝ ʠ ʪʨʠ ʦʧʮʠʿʝ ʩʘ ʪʘʙʝʣʘʨʥʠʤ ʧʦʜʘʮʠʤʘ ʢʦʿʠ ʩʫ ʠʟʚʝʜʝʥʠ ʠʟ ʤʠʢʨʦʩʢʦʧʩʢʠʭ ʤʦʜʝʣʘ. 

ʇʘʨʘʤʝʪʨʠ ʟʘ ʛʫʩʪʠʥʫ ʥʠʚʦʘ ʩʝ ʟʘʩʥʠʚʘʿʫ ʥʘ (94; 95): 

¶ ldmodel 1 ï ʢʦʥʩʪʘʥʪʥʘ ʪʝʤʧʝʨʘʪʫʨʘ + ʤʦʜʝʣ ʌʝʨʤʠʿʝʚʦʛ ʛʘʩʘ, 

¶ ldomdel 2 ï ʇʦʤʝʨʝʥʠ ʫ ʥʘʟʘʜ ʤʦʜʝʣ ʌʝʨʤʠʿʝʚʦʛ ʛʘʩʘ, 

¶ ldmodel 3 ï ɻʝʥʝʨʘʣʠʟʦʚʘʥ ʩʫʧʝʨʬʣʫʠʜʥʠ ʤʦʜʝʣ, 

¶ ldmodel 4 ï ʄʠʢʨʦʩʢʦʧʩʢʝ ʛʫʩʪʠʥʝ ʥʠʚʦʘ (Skryme ʩʠʣʘ) ʢʦʨʠʰ˂ʝʥʝ ʠʟ ɻʦʨʠʝʣʦʚʠʭ 

ʪʘʙʝʣʘ. 

¶ ldmodel 4 - ʄʠʢʨʦʩʢʦʧʩʢʝ ʛʫʩʪʠʥʝ ʥʠʚʦʘ (Skryme ʩʠʣʘ) ʢʦʨʠʰ˂ʝʥʝ ʠʟ ʍʠʣʘʠʨʝʦʚʠʭ 

ʢʦʤʙʠʥʘʮʠʦʥʠʭ ʪʘʙʝʣʘ 

¶ ldmodel 6 - ʄʠʢʨʦʩʢʦʧʩʢʝ ʛʫʩʪʠʥʝ ʥʠʚʦʘ (ʪʝʤʧʝʨʘʪʫʨʥʦ ʟʘʚʠʩʥʠ ʍʘʥʪʨʝ ï ʌʦʢ ï 

ɹʦʛʦˀʫʙʦʚ ʤʦʜʝʣ) ʢʦʨʠʰ˂ʝʥʝ ʠʟ ʍʠʣʘʠʨʝʦʚʠʭ ʢʦʤʙʠʥʘʮʠʦʥʠʭ ʪʘʙʝʣʘ 

 ɻʫʩʪʠʥʝ ʝʥʝʨʛʝʪʩʢʠʭ ʥʠʚʦʘ ʿʝʟʛʘʨʘ ʩʝ ʢʦʨʠʩʪʝ ʫ ʧʨʦʨʘʯʫʥʠʤʘ ʝʬʠʢʘʩʥʦʛ ʧʨʝʩʝʢʘ ʫ 

ʩʣʫʯʘʿʝʚʠʤʘ ʢʘʜʘ ʦ ʝʥʝʨʛʝʪʩʢʠʤ ʥʠʚʦʠʤʘ ʥʝ ʧʦʩʪʦʿʝ ʧʦʪʧʫʥʝ ʠʥʬʦʨʤʘʮʠʿʝ.  ɻʫʩʪʠʥʘ ʥʠʚʦʘ, 

ʩʘ ʦʟʥʘʢʦʤ ʍ%ȟ*ȟʌ ʧʨʝʜʩʪʘʚˀʘ ʙʨʦʿ ʥʠʚʦʘ ʿʝʟʛʨʘ ʧʦ ʝʥʝʨʛʠʿʠ ʦʜ MeV ʦʢʦ ʝʥʝʨʛʠʿʝ ʧʦʙʫʜʝ 

ɽʭ  ʟʘ ʦʜʨʝʹʝʥʫ ʚʨʝʜʥʦʩʪ ʧʘʨʥʦʩʪʠ ˊ ʠ ʩʧʠʥʘ ɱ. ʋʢʫʧʥʘ ʛʫʩʪʠʥʘ ʥʠʚʦʘ ʧʨʝʜʩʪʘʚˀʘ ʫʢʫʧʘʥ 

ʙʨʦʿ ʝʥʝʨʛʝʪʩʢʠʭ ʥʠʚʦʘ ʧʦ ʝʥʝʨʛʠʿʠ ʦʜ  MeV ʦʢʦ ʝʥʝʨʛʠʿʝ  ɽʭ  ʟʘ ʩʚʝ ʚʨʝʜʥʦʩʪʠ ʧʘʨʥʦʩʪʠ ʠ 

ʩʧʠʥʘ:  

” Ὁ ”Ὁȟὐȟ“ 
(3.4) 
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ʋ ʤʘʛʥʝʪʥʦʤ ʧʦˀʫ ʜʦʣʘʟʠ ʜʦ ʮʝʧʘˁʘ ʥʠʚʦʘ ʥʘ 2ɱ + 1 ʩʪʘˁʘ, ʪʝ ʘʢʦ ʩʝ ʠ ʪʘ ʯʠˁʝʥʠʮʘ ʫʨʘʯʫʥʘ 

ʜʦʙʠʿʘ ʩʝ ʫʢʫʧʥʘ ʝʥʝʨʛʠʿʘ ʩʪʘˁʘ: 

‫ ςὐ ρ”Ὁȟὐȟ“ 
(3.5) 

ʋ ʩʣʫʯʘʿʝʚʠʤʘ ʢʘʜʘ ʩʝ ʛʠʩʪʠʥʘ ʥʠʚʦʘ ʧʨʝʠʢʘʟʫʿʝ ʘʥʘʣʠʪʠʯʢʠ, ʢʦʨʠʩʪʝ ʩʝ ʨʘʩʧʦʜʝʣʝ ʥʠʚʦʘ ʧʦ 

ʧʘʨʥʦʩʪʠ 0%ȟ*ȟʌ ʠ ʨʘʩʧʦʜʝʣʝ ʧʦ ʩʧʠʥʫ 2%ȟ*,  ʪʝ ʩʝ ʜʦʙʠʿʘ ʠʟʨʘʟ: 

”Ὁȟὐȟ“ ὖὉȟὐȟ“ὙὉȟὐ” Ὁ    (3.6) 

ɿʘ ʨʘʩʧʦʜʝʣʫ ʧʦ ʧʘʨʥʦʩʪʠ ʚʝ˂ʠʥʘ ʤʦʜʝʣʘ ʧʦʜʨʘʟʫʤʝʚʘ ʜʘ ʿʝ 0%ȟ*ȟʌ  , ʤʝʹʫʪʠʤ ʧʦʩʪʦʿʠ 

ʤʦʛʫ˂ʥʦʩʪ ʜʘ ʩʝ ʢʦʜ ʤʠʢʨʦʩʢʦʧʩʢʠʭ ʪʫʤʘʯʝˁʘ ʛʫʩʪʠʥʘ ʥʠʚʦʘ ʫʟʤʝ ʩʣʫʯʘʿ ʥʝʿʝʜʥʘʢʝ 

ʨʘʩʧʦʜʝʣʝ.  

 

3.1.2.1 ʄʦʜʝʣ ʌʝʨʤʠʿʝʚʦʛ ʛʘʩʘ 

 

 ʄʦʜʝʣ ʌʝʨʤʠʿʝʚʦʛ ʛʘʩʘ ʩʝ ʙʘʟʠʨʘ ʥʘ ʧʨʝʪʧʦʩʪʘʚʮʠ ʜʘ ʥʫʢʣʝʦʥʠ ʧʨʝʜʩʪʘʚˀʘʿʫ 

ʩʘʤʦʩʪʘʣʥʝ ʩʠʩʪʝʤʝ ʢʦʿʠ ʩʝ ʢʨʝ˂ʫ ʫʥʫʪʘʨ ʿʝʟʛʨʘ ʙʝʟ ʤʝʹʫʩʦʙʥʝ ʠʥʪʝʨʘʢʮʠʿʝ, ʥʘʣʠʢ ʥʘ 

ʨʘʟʨʝʹʝʥʦʤ ʛʘʩʫ ʥʘ ʪʝʤʧʝʨʘʪʫʨʠ ʥʫʣʝ. ɿʘ ʦʚʘʢʘʚ ʩʠʩʪʝʤ ʪʦʪʘʣʥʘ ʛʫʩʪʠʥʘ ʌʝʨʤʠʿʝʚʦʛ ʛʘʩʘ ʿʝ: 

‫
Ѝ“

ρς

ὩЍ

ὥὟ
 

(3.7) 

 

ɻʜʝ ʿʝ ʚʝʣʠʯʠʥʘ U ʜʝʬʠʥʠʩʘʥʘ ʢʘʦ 5 %  Ў , ɼʨʫʛʠ ʯʣʘʥ ʧʨʝʪʭʦʜʥʝ ʬʦʨʤʫʣʝ ʧʨʝʜʩʪʘʚˀʘ 

ʝʤʧʠʨʠʿʩʢʠ ʧʘʨʘʤʝʪʘʨ ʟʘ ʝʥʝʨʛʠʿʫ ʩʧʘʨʠʚʘˁʘ, ʢʦʿʠ ʦʙʿʘʰˁʘʚʘ ʝʬʝʢʪʝ ʥʝʧʘʨʥʦ-ʧʘʨʥʠʭ 

ʿʝʟʛʘʨʘ. ɺʨʝʜʥʦʩʪ æ ʠʤʘ ʚʝʣʠʢʠ ʟʥʘʯʘʿ, ʿʝʨ ʿʝ ʧʨʦʤʝʥˀʣʠʚʠ ʧʘʨʘʤʝʪʘʨ ʢʦʿʠ ʩʣʫʞʠ ʟʘ 

ʨʝʧʨʦʜʫʢʦʚʘˁʝ ʧʦʜʘʪʘʢʘ ʥʘ ʥʘʿʙʦˀʠ ʤʦʛʫ˂ʠ ʥʘʯʠʥ. ʇʘʨʘʤʝʪʘʨ ʛʫʩʪʠʥʝ ʝʥʝʨʛʝʪʩʢʠʭ ʥʠʚʦʘ 

ʘ ʟʘʚʠʩʠ ʦʜ ʝʥʝʨʛʠʿʝ ʠ ʫʨʘʯʫʥʘʚʘ ʝʬʝʢʪʝ ˀʫʩʢʝ ʫ ʤʦʜʝʣ ʌʝʨʤʠʿʝʛʦʚ ʛʘʩʘ. ɳʝʛʦʚʘ ʚʨʝʜʥʦʩʪ 

ʿʝ ʘ  Ç Ç . Ç  ʠ Ç  ʧʨʝʜʩʪʘʚˀʘʿʫ ʨʘʩʪʦʿʘˁʝ ʩʪʘˁʘ ʧʨʦʪʦʥʠ ʠ ʥʝʫʪʨʦʥʘ ʦʜ ʝʥʝʨʛʠʿʝ 

ʌʝʨʤʠʿʝʚʦʛ ʥʠʚʦʘ. ʀʟʚʦʹʝˁʝʤ (96) ʫʟ ʧʨʝʪʧʦʩʪʘʚʢʫ ʜʘ ʩʫ ʫʛʘʦʥʠ ʤʦʤʝʥʪʠ ʩʧʘʨʠʚʘʥʠ 

ʥʘʩʫʤʠʯʥʦ, ʫʟ ʩʫʤʠʨʘˁʝ ʧʦ ʩʚʠʤ ʩʪʘˁʠʤʘ ʩʧʠʥʘ ʠ ʧʘʨʥʦʩʪʠ ʟʘ ʩʚʝ ʝʥʝʨʛʝʪʩʢʝ ʥʠʚʦʝ, ʜʦʙʠʿʘ 

ʩʝ ʟʘ ʛʫʩʪʠʥʫ ʌʝʨʤʠʿʝʚʦʛ ʛʘʩʘ: 

” Ὁ
ρ

Ѝς“„

Ѝ“

ρς

ὩЍ

ὥὟ
 

(3.8) 

 

ʋ ʿʝʜʥʘʯʠʥʠ ʧʨʦʤʝʥˀʠʚʠ ʧʘʨʘʤʝʪʠ ʩʫ ʘ, ů ʠ æ, ʛʜʝ ʿʝ ů ʧʘʨʘʤʝʪʘʨ ʦʜʩʝʮʘˁʘ ʩʧʠʥʘ ʠ 

ʧʨʝʜʩʪʘʚˀʘ ʰʠʨʠʥʫ ʨʘʩʧʦʜʝʣʝ ʫʛʘʦʥʠʭ ʤʦʤʝʥʘʪʘ ʛʫʩʪʠʥʝ ʝʥʝʨʛʝʪʩʢʠʭ ʥʠʚʦʘ.  
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3.1.2.2 ʄʦʜʝʣ ʢʦʥʩʪʘʥʪʥʝ ʪʝʤʧʝʨʘʪʫʨʝ 

 

 ʄʦʜʝʣ ʿʝ ʧʨʝʜʣʦʞʝʥ ʦʜ ʩʪʨʘʥʝ ɻʠʣʙʝʨʪʘ ʠ ʂʘʤʝʨʦʥʘ (97) ʠ ʟʘʩʥʠʚʘ ʩʝ ʥʘ ʧʦʜʝʣʠ 

ʝʥʝʨʛʠʿʝ ʧʦʙʫʜʝ ʥʘ ʜʚʘ ʜʝʣʘ ʦʜ 0 MeV ʜʦ ʝʥʝʨʛʠʿʝ ɽʄ. ɼʦ ʧʦʤʝʥʫʪʝ ʝʥʝʨʛʠʿʝ ʚʘʞʝ ʟʘʢʦʥʠ 

ʢʦʥʩʪʘʥʪʥʝ ʪʝʤʧʝʨʘʪʫʨʝ, ʜʦʢ ʟʘ ʝʥʝʨʛʠʿʝ ʚʝ˂ʝ ʦʜ ʛʨʘʥʠʯʥʝ ɽʄ ʚʘʞʠ ʧʨʝʪʭʦʜʥʦ ʧʦʤʝʥʫʪʠ 

ʤʦʜʝʣ ʌʝʨʤʠʿʝʚʦʛ ʛʘʩʘ ʰʪʦ ʩʝ ʪʠʯʝ ʪʦʪʘʣʥʝ ʛʫʩʪʠʥʝ ʝʥʝʨʛʝʪʩʢʠʭ ʥʠʚʦʘ, ʢʘʦ ʠ ʛʫʩʪʠʥʝ ʥʠʚʦʘ. 

ʉʣʠʯʥʦ ʢʘʦ ʠ ʫ ʧʨʝʪʭʦʜʥʦʤ ʤʦʜʝʣʫ, ʚʝʣʠʯʠʥʘ U ʩʝ ʜʝʬʠʥʠʰʝ ʢʘʦ 5  % Ў . ʏʣʘʥ 

ʧʨʝʪʭʦʜʥʝ ʿʝʜʥʘʯʠʥʝ Ў  ʩʝ ʜʝʬʠʥʠʰʝ: 

Ў  …
ρς

Ѝὃ
 

(3.9) 

ʇʘʨʘʤʝʪʘʨ …  ʠʤʘ ʚʨʝʜʥʦʩʪ 0 ʟʘ ʥʝʧʘʨʥʦ-ʥʝʧʘʨʥʘ ʿʝʟʛʨʘ, 1 ʟʘ ʥʝʧʘʨʥʦ-ʧʘʨʥʘ ʿʝʟʛʨʘ ʠ 2 ʟʘ 

ʧʘʨʥʦ-ʧʘʨʥʘ ʿʝʟʛʨʘ. ɹʨʦʿ 12 ʧʨʝʜʩʪʘʚˀʘ ʝʥʫʤʝʨʘʪʦʨ ʫ ʿʝʜʥʘʯʠʥʠ ʠ ʤʦʞʝ ʩʝ ʤʝˁʘʪʠ ʤʝˁʘˁʝʤ 

ʥʘʨʝʜʙʝ ʟʘ ʦʚʘʿ ʧʘʨʘʤʝʪʘʘʨ ʫ ʬʘʿʣʫ ʟʘ ʫʣʘʟʥʝ ʧʦʜʘʪʢʝ. ɿʘ ʥʠʩʢʝ ʝʥʝʨʛʠʿʝ, ʤʦʜʝʣ ʢʦʥʩʪʘʥʪʥʝ 

ʪʝʤʧʝʨʘʪʫʨʝ ʩʝ ʟʘʩʥʠʚʘ ʥʘ ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʠʤ ʧʦʜʘʮʠʤʘ. ʋ ʦʚʦʤ ʝʥʝʨʛʝʪʢʩʦʤ ʦʧʜʩʝʛʫ, 

ʫʢʫʧʥʘ ʛʫʩʪʠʥʘ ʥʠʚʦʘ ʩʝ ʨʘʯʫʥʘ: 

”ʊ Ὁ
ρ

Ὕ
Ὡ  

(3.10) 

ʇʘʨʘʤʝʪʨʠ ʊ ʠ ɽ0   ʩʝ ʤʝˁʘʿʫ ʫ ʮʠˀʫ ʰʪʦ ʙʦˀʝ ʧʦʢʣʘʧʘˁʘ ʩʘ ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʠʤ ʧʦʜʘʮʠʤʘ. 

ʋ ʛʨʘʥʠʯʥʦʿ ʝʥʝʨʛʠʿʠ ɽʄ ʛʫʩʪʠʥʝ ʠʟ ʜʚʘ ʝʥʝʨʛʝʪʢʩʘ ʜʝʣʘ ʪʨʝʙʘ ʜʘ ʩʫ ʠʩʪʝ ʠ ʜʘ ʩʫ ʠʤ ʠʟʚʦʜʠ 

ʿʝʜʥʘʢʠ. ʀʟ ʦʚʦʛ ʫʩʣʦʚʘ ʩʝ ʜʦʙʠʿʘ ʠʟʨʘʟ ʟʘ ʧʘʨʘʤʝʪʘʨ ʊ (ʥʫʢʣʝʘʨʥʘ ʪʝʤʧʝʨʘʪʫʨʘ): 

ρ

Ὕ
 
Ὠὰὲʍ

%
%  

(3.11) 

ʅʘʚʝʜʝʥʠ ʠʟʨʘʟ ʩʝ ʨʝʰʘʚʘ ʥʫʤʝʨʠʯʢʠʤ ʧʫʪʝʤ.  

 

3.1.2.3 ʄʦʜʝʣ ʧʦʤʝʨʝʥʦʛ ʌʝʨʤʠʿʝʚʦʛ ʛʘʩʘ 

 

 ʂʘʜʘ ʩʝ ʚʨʰʠ ʨʘʯʫʥʘˁʝ ʛʫʩʪʠʥʘ ʝʥʝʨʛʝʪʩʢʠʭ ʥʠʚʦʘ ʦʚʠʤ ʤʦʜʝʣʦʤ (98), ʤʦʜʝʣ 

ʌʝʨʤʠʿʝʚʦʛ ʛʘʩʘ ʩʝ ʢʦʨʠʩʪʠ ʫ ʮʝʣʦʤ ʦʧʩʝʛʫ ʝʥʝʨʛʠʿʘ, ʩʘ ʥʝʰʪʦ ʜʨʫʛʘʯʠʿʠʤʤ ʧʘʨʘʤʝʪʨʠʤʘ 

ʢʦʿʠ ʩʝ ʤʦʛʫ ʧʦʜʝʰʘʚʘʪʠ, ʧʦʯʝʚʰʠ ʦʜ 0 MeV. ʀʟʨʘʟʠ ʟʘ ʪʦʪʘʣʥʫ ʛʫʩʪʠʥʫ ʥʠʚʦʘ ʠ ʛʫʩʪʠʥʫ 

ʥʠʚʦʘ ʩʫ: 

”ʌ Ὁ
ρ

Ѝς“„

Ѝ“

ρς

ὩЍ

ὥȾὟȾ
  

” Ὁȟὐȟ“
ρ

ς

ςὐ ρ

ςЍς“„
Ὡ

Ⱦ Ѝ“

ρς

ὩЍ

ὥὟ
 

(3.12) 
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ʇʨʦʤʝʥˀʠʚʠ ʧʘʨʘʤʝʪʨʠ ʘ ʠ ů ʢʘʦ ʢʦʿʠ ʟʘʚʠʩʝ ʦʜ ʝʥʝʨʛʠʿʝ, ʜʦʢ ʧʘʨʘʤʝʪʘʨ ʝʥʝʨʛʠʿʝ ʧʦʙʫʜʝ 

5  % Ў  ʠʤʘ ʥʝʰʪʦ ʠʟʤʝˁʝʥʠ ʦʙʣʠʢ ʫ ʦʜʥʩʫ ʥʘ ʤʦʜʝʣ ʢʦʥʩʪʘʥʪʥʝ ʪʝʤʧʝʨʘʪʫʨʝ: 

Ў  …
ρς

Ѝὃ
 ‏ 

(3.13) 

ʋ ʦʚʦʤ ʩʣʫʯʘʿʫ, ʧʘʨʘʤʝʪʘʨ … ʠʤʘ ʚʨʝʜʥʦʩʪʠ -1 ʟʘ ʥʝʧʘʨʥʦ-ʥʝʧʘʨʥʘ ʿʝʟʛʨʘ, 0 ʟʘ ʥʝʧʘʨʥʦ-ʧʘʨʥʘ 

ʿʝʟʛʨʘ ʠ 1 ʟʘ ʧʘʨʥʦ-ʧʘʨʥʘ ʿʝʟʛʨʘ. ʇʨʚʦʙʠʪʘʥ ʤʦʜʝʣ ʧʦʤʝʨʝʥʦʛ ʌʝʨʤʠʿʝʚʦʛ ʛʘʩʘ ʠʤʘ 

ʧʨʦʙʣʝʤ ʟʘ ʠʟʨʘʯʫʥʘʚʘˁʝ ʢʘʜʘ ʿʝ ʝʥʝʨʛʠʿʘ ʧʦʙʫʜʝ U ʿʝʜʥʘʢʘ ʥʫʣʠ. ʆʚʘʿ ʧʨʦʙʣʝʤ ʿʝ 

ʧʨʝʚʘʟʠʹʝʥ ʠ ʠʤʧʣʝʤʝʥʪʠʨʘʥ ʦʜ ʩʪʨʘʥʝ (99; 100) ʠ ʢʘʦ ʪʘʢʘʚ ʿʝ ʠʤʧʣʝʤʝʥʪʠʨʘʥ ʫ TALYS 

ʢʦʜ: 

” Ὁ
ρ

” Ὁ

ρ

” ὸ
  

” ὸ
Ὡ

ςτ„

ὥ ὥ

ὥὥ
Ὡ   

” Ὁȟὐȟ“
ρ

ς

ςὐ ρ

ς„
Ὡ

Ⱦ

” Ὁ  

  

(3.14) 

ʇʘʨʘʤʝʪʨʠ Á Á  ʜʦʢ ʿʝ 4 . ʂʦʜ ʧʦʤʝʨʝʥʦʛ ʤʦʜʝʣʘ ʌʝʨʤʠʿʝʚʦʛ ʛʘʩʘ ʧʦʩʪʦʿʝ ʜʚʘ 

ʧʨʦʤʝʥˀʠʚʘ ʧʘʨʘʤʝʪʨʘ ʘ ʠ ů ʢʦʿʠ ʩʣʫʞʝ ʰʪʦ ʙʦˀʦʿ ʨʝʧʨʦʜʫʢʮʠʿʠ ʞʝˀʝʥʠʭ ʧʦʜʘʪʘʢʘ ʦ 

ʥʫʢʣʝʘʨʥʦʿ ʨʝʘʢʮʠʿʠ. 

 

 

3.1.2.4 ʆʧʰʪʠ ʩʫʧʝʨʬʣʫʠʜʥʠ ʤʦʜʝʣ 

 

 ʆʧʰʪʠ ʩʫʧʝʨʬʣʫʠʜʥʠ ʤʦʜʝʣ (101; 102) ʪʨʝʪʠʨʘ ʩʫʧʝʨʬʣʫʠʜʥʘ ʩʧʘʨʠʚʘˁʘ ʢʦʿʘ ʩʝ 

ʜʝʰʘʚʘʿʫ ʥʘ ʥʩʠʢʠʤ ʝʥʝʨʛʠʿʘʤʘ ʠ ʢʦʿʘ ʫʪʠʯʫ ʥʘ ʛʫʩʪʠʥʝ ʥʘ ʝʥʝʨʛʝʪʩʢʠʤ ʥʠʚʦʘʠʤʘ. ʅʘ ʚʠʠhʤ 

ʝʥʝʨʛʠʿʘʤʘ ʩʝ ʦʚʝ ʛʫʩʪʠʥʝ ʦʧʠʩʫʿʫ ʤʦʜʝʣʦʤ ʌʝʨʤʠʿʝʚʦʛ ʛʘʩʘ. ʈʘʟʣʠʯʠʪʦ ʧʦʩʤʘʪʨʘˁʝ ʛʫʩʪʠʥʘ 

ʥʠʚʦʘ ʩʝ ʚʨʰʠ ʥʘ ʦʩʥʦʚʫ ʜʚʘ ʧʘʨʘʤʝʪʨʘ UC ʢʨʠʪʠʯʥʫ ʝʥʝʨʛʠʿʫ ʠ Econd ʝʥʝʨʛʠʿʫ ʢʦʥʜʝʥʟʘʮʠʿʝ, 

ʠʟʥʘʜ ʢʦʿʝ ʜʦʣʘʟʠ ʜʦ ʧʨʝʩʪʘʥʢʘ ʩʫʧʝʨʬʣʫʠʜʥʝ ʬʘʟʝ ʠ ʪʨʝʪʠʨʘ ʩʝ ʤʦʜʝʣʦʤ ʌʝʨʤʠʿʝʚʦʛ ʛʘʩʘ. 

ʀʩʧʦʜ ʢʨʠʪʠʯʥʝ ʝʥʝʨʛʠʿʝ ʛʫʩʪʠʥʝ ʥʠʚʦʘ ʩʫ ʦʧʠʩʘʥʝ ʬʫʥʢʮʠʿʘʤʘ ʠʟ ʪʝʨʤʦʜʠʥʘʤʠʢʝ ʥʘ 

ʢʨʠʪʠʯʥʦʿ ʪʝʤʧʝʨʘʪʫʨʠ ʊʉ: 

Ὗ  ὥὝ  Ὁ  (3.15) 

ʉʘ ʚʨʝʜʥʦʰʫ˂ ʢʨʠʪʠʯʥʝ ʪʝʤʧʝʨʘʪʫʨʝ ʊ  πȟυφχЎʦȢ ɺʨʝʜʥʦʩʪ Ўʦ ʧʨʝʜʩʪʘʚˀʘ ʢʦʥʩʪʘʥʪʫ 

ʩʧʘʨʠʚʘˁʘ ʠ ʠʟʥʦʩʠ Ўʦ Ѝ
, ʜʦʢ ʝʥʝʨʛʠʿʘ ʢʦʥʜʝʥʟʘʮʠʿʝ ʠʤʘ ʚʨʝʜʥʦʩʪ %  ÁЎ.  
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ʇʘʨʘʤʝʪʘʨ ʘʩ ʩʝ ʜʦʙʠʿʘ ʠʪʝʨʘʪʠʚʥʠʤ ʧʦʩʪʫʧʢʦʤ. ʂʘʜʘ ʩʝ ʨʘʜʠ ʦ ʧʦʜʨʫʯʿʫ ʠʩʧʦʜ ʢʨʠʪʠʯʥʝ 

ʝʥʝʨʛʠʿʝ Uc ʤʦʞʝ ʩʝ ʜʝʬʠʥʠʩʘʪʠ ʢʨʠʪʠʯʥʘ ʝʥʝʨʛʠʿʘ ʧʦʙʫʜʝ ʥʘ ʩʣʝʜʝ˂ʠ ʥʘʯʠʥ: 

ὟǬ Ὁ  …Ўʦ  (3.16) ‏ 

ʇʘʨʘʤʝʪʘʨ ʔ ʠʤʘ ʚʨʝʜʥʦʩʪʠ ʠʤʘ ʚʨʝʜʥʦʩʪ 2 ʟʘ ʥʝʧʘʨʥʦ-ʥʝʧʘʨʥʘ ʿʝʟʛʨʘ, 1 ʟʘ ʥʝʧʘʨʥʦ-ʧʘʨʥʘ 

ʿʝʟʛʨʘ ʠ 0 ʟʘ ʧʘʨʥʦ-ʧʘʨʥʘ ʿʝʟʛʨʘ, ʜʦʢ ɿ ʧʨʝʜʩʪʘʚˀʘ ʚʘʨʠʿʘʙʠʣʘʥ ʧʘʨʘʤʝʪʘʨ ʟʘ ʰʪʦ ʙʦˀʝ 

ʧʦʢʣʘʧʘˁʝ ʩʘ ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʠʤ ʧʦʜʘʮʠʤʘ.  

 ɿʘ ʚʨʝʜʥʦʩʪʠ 5Ǭ 5  ʪʦʪʘʣʥʘ ʛʫʩʪʠʥʘ ʥʠʚʦʘ ʠ ʛʫʩʪʠʥʘ ʥʠʚʦʘ ʩʝ ʨʘʯʫʥʘʿʫ: 

” Ὁ  
ρ

Ѝς“„

Ὡ

ЍὈ
 

” Ὁȟὐȟ“
ρ

ς
Ὑ Ὁȟὐ” Ὁ  

(3.17) 

S ʧʨʝʜʩʪʘʚˀʘ ʝʥʪʨʦʧʠʿʫ ʘ D ʜʝʪʝʨʤʠʥʘʥʪʫ ʘʧʨʦʢʩʠʤʘʮʠʿʝ ʪʘʯʢʝ ʧʨʝʚʦʿʘ. ɿʘ ʚʨʝʜʥʦʩʪʠ 5Ǭ

5  ʪʦʪʘʣʥʘ ʛʫʩʪʠʥʘ ʥʠʚʦʘ ʠ ʛʫʩʪʠʥʘ ʥʠʚʦʘ ʩʝ ʨʘʯʫʥʘʿʫ: 

” Ὁ
ρ

Ѝς“„

Ѝ“

ρς

ὩЍ

ὥὟ
Ƞ   ” Ὁȟὐȟ“ 

ρ

ς
Ὑ Ὁȟὐ” Ὁ  

(3.18) 

 ʂʘʜʘ ʩʝ ʨʘʯʫʥʘʿʫ ʛʫʩʪʠʥʝ ʝʥʝʨʛʝʪʩʢʦʛ ʥʠʚʦʘ ʦʧʰʪʠʤ ʩʫʧʝʨʬʣʫʠʜʥʠʤ ʤʦʜʝʣʦʤ 

ʧʦʩʪʦʿʝ ʜʚʘ ʧʘʨʘʤʝʪʨʘ ʢʦʿʘ ʠʤʘʿʫ ʚʘʨʠʿʘʙʠʣʥʝ ʚʨʝʜʥʦʩʪʠ ʫ ʮʠˀʫ ʰʪʦ ʙʦˀʝʛ ʧʦʢʣʘʧʘˁʘ ʩʘ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʠʤ ʨʝʟʫʣʘʪʠʤʘ, ʘ ʪʦ ʩʫ ʘ ʠ ů. 

 

 

3.1.2.5 ʂʦʣʝʢʪʠʚʥʠ ʝʬʝʢʪʠ ʥʘ ʤʦʜʝʣʝ ʛʫʩʪʠʥʝ ʝʥʝʨʛʝʪʢʩʠʭ ʥʠʚʦʘ 

 

 ʄʦʜʝʣʠ ʢʦʿʠ ʩʝ ʢʦʨʠʩʪʝ ʟʘ ʦʜʨʝʹʠʚʘˁʝ ʛʫʩʪʠʥʘ ʝʥʝʨʛʝʪʩʢʠʭ ʥʠʚʦʘ ʥʝ ʫʨʘʯʫʥʘʚʘʿʫ ʫ 

ʩʚʦʿʝ ʧʨʦʨʘʯʫʥʝ ʢʦʣʝʢʪʠʚʥʝ ʝʬʝʢʪʝ. ʄʦʜʝʣ ʌʝʨʤʠʿʝʚʦʛ ʛʘʩʘ ʥʠʿʝ ʧʦʛʦʜʘʥ ʟʘ ʦʧʠʩʠʚʘˁʝ 

ʧʨʚʠʭ (ʥʠʞʠʭ) ʝʥʝʨʛʝʪʩʢʠ ʧʦʙʫʹʝʥʠʭ ʩʪʘˁʘ ʢʘʢʦ ʦʥʠ ʧʦʪʠʯʫ ʦʜ ʢʦʭʝʨʝʥʪʥʠʭ ʝʢʩʮʠʪʘʮʠʿʘ. 

ʄʝʹʫʪʠʤ, ʥʘʚʝʜʝʥʠ ʤʦʜʝʣ ʌʝʨʤʠʿʝʚʦʛ ʛʘʩʘ, ʢʘʦ ʠ ʦʩʪʘʣʠ ʤʦʜʝʣʠ ʢʦʿʠ ʩʝ ʢʦʨʠʩʪʝ ʫ ʊɸʃʀʉ 

ʢʦʜʫ ʤʦʛʫ ʩʝ ʢʦʨʠʩʪʠʪʠ ʥʘ ʟʘʜʦʚʦˀʘʚʘʿʫ˂ʠ ʥʘʯʠʥ ʫ ʚʝ˂ʠʥʠ ʩʣʫʯʘʿʝʚʘ ʥʘ ʦʩʥʦʚʫ ʪʦʛʘ ʰʪʦ ʫ 

ʩʝʙʠ ʩʘʜʨʞʝ ʝʥʝʨʛʝʪʢʩʠ ʟʘʚʠʩʥʝ ʧʘʨʘʤʝʪʨʝ. ʇʨʘʚʠʣʥʠʤ ʠʟʙʦʨʦʤ ʧʘʨʘʤʝʪʘʨʘ ʢʦʜ ʩʚʘʢʦʛ ʦʜ 

ʤʦʜʝʣʘ ʤʦʞʝ ʩʝ ʫʨʘʯʫʥʘʪʠ ʢʦʣʝʢʪʠʚʥʠ ʝʬʝʢʪʥʠ. ʋ ʩʣʫʯʘʿʝʚʠʤʘ ʢʘʜʘ ʢʦʣʝʢʪʠʚʥʠ ʝʬʝʢʪʠ 

ʧʦʩʪʦʿʝ, ʘʣʠ ʥʝʩʪʘʿʫ ʩʘ ʝʥʝʨʛʠʿʦʤ ʧʦʙʫʜʝ, ʧʦʪʨʝʙʥʦ ʿʝ ʪʦ ʫʨʘʯʫʥʘʪʠ ʥʘ ʜʨʫʛʘʯʠʿʠ ʥʘʯʠʥ. ʆʚʦ 

ʩʝ ʤʦʞʝ ʫʨʘʜʠʪʠ ʫʚʦʹʝˁʝʤ ʨʦʪʘʮʠʦʥʠʭ ʠ ʚʠʙʨʘʮʠʦʥʠʭ ʬʘʢʪʦʨʘ ʧʨʠʣʠʢʦʤ ʠʟʨʘʯʫʥʘʚʘˁʘ 

ʛʫʩʪʠʥʘ ʩʪʘˁʘ. ʇʨʠʤʝʨ ʢʦʜ ʤʦʜʝʣʘ ʌʝʨʤʠʿʝʚʦʛ ʛʘʩʘ: 

”ȟ Ὁȟὐȟ“ ὑ Ὁ ὑ Ὁ ” Ὁȟὐȟ“ (3.19) 
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 ʂʘʜʘ ʩʝ ʧʘʨʘʤʝʪʨʠ + %  ʠ + %  ʝʢʩʧʣʠʮʠʪʥʦ ʠʟʨʘʯʫʥʘʿʫ, ʍ %ȟ*ȟʌ ʦʧʠʩʫʿʝ 

ʿʝʜʥʦʯʝʩʪʠʯʥʝ ʝʢʩʮʠʪʘʮʠʿʝ.  ʋʢʦʣʠʢʦ ʩʝ ʚʠʙʨʘʮʠʦʥʠ ʧʘʨʘʤʝʪʘʨ ʘʧʨʦʢʩʠʤʠʨʘ ʧʦ ʫʛʣʝʜʫ ʥʘ 

(103): 

ὑ  Ὡ  

(3.20) 

ʇʘʨʘʤʝʪʘʨ t ʿ ʝ Ô  , ʘ ɿ3 ʠ ɿ5 ʩʫ ʧʨʦʤʝʥʝ ʫ ʝʥʨʪʦʧʠʿʠ ʠ ʝʥʝʨʛʠʿʠ ʧʦʙʫʜʝ ʫʩʣʝʜ ʚʠʙʨʘʮʠʿʘ 

ʠ ʦʥʝ ʩʝ ʨʘʯʫʥʘʿʫ ʠʟʨʘʟʠʤʘ ʥʘ ʦʩʥʦʚʫ ɹʦʟʝ ʛʘʩʘ: 

‗Ὓ ς‏ ρ ρ ὲ ὰὲρ ὲ  ὲὰὲὲ  

Ὗ‏  В ς‗ ρ‫ὲ 

(3.21) 

ʖȟÎȟ   ̉ ɚ ʧʨʝʜʩʪʘʚˀʘʿʫ ʝʥʝʨʛʠʿʫ, ʦʢʫʧʘʮʠʦʥʠ ʙʨʦʿ ʠ ʤʫʣʪʠʧʦʣʘʨʥʦʩʪ ʥʘ ʦʜʨʝʹʝʥʦʿ 

ʪʝʤʧʝʨʘʪʫʨʠ ʚʠʙʨʘʮʠʦʥʠʭ ʝʢʩʮʠʪʘʮʠʿʘ. ʆʚʦ ʿʝ ʫ ʩʣʫʯʘʿʫ ʧʨʠʩʫʩʪʚʘ ʢʦʣʝʢʪʠʚʥʠʭ ʝʬʝʢʘʪʘ. 

ɳʠʭʦʚʦ ʥʝʩʪʘʿʘˁʝ ʟʘ ʚʨʝʜʥʦʩʪʠ ʚʠʩʢʦʠʭ ʪʝʤʧʝʨʘʪʫʨʘ ʩʝ ʤʦʞʝ ʫʨʘʯʫʥʘʪʠ ʧʨʝʢʦ ʬʦʨʤʫʣʘ ʟʘ 

ʦʢʫʧʘʮʠʦʥʝ ʙʨʦʿʝʚʝ 

ὲ
Ὡ

Ὡ
 

(3.22) 

ɺʝʣʠʯʠʥʘ ɾ ʧʨʝʜʩʪʘʚˀʘ ʰʠʨʠʥʫ ʚʠʨʘʮʠʦʥʠʭ ʝʢʩʮʠʪʘʮʠʿʘ ʠ ʨʘʯʫʥʘ ʩʝ ʧʨʝʢʦ ʬʦʨʤʫʣʝ: 

‎ ὅ‫ τ“Ὕ Ȣ  (3.23) 

 ʄʦʜʝʣ ʟʘ ʛʫʩʪʠʥʝ ʥʠʚʦʘ ldmodel 6 ʢʦʿʠ ʩʝ ʟʘʩʥʠʚʘ ʥʘ ʨʘʯʫʥʠʮʘʤʘ ʍʘʥʪʨʝ-ʌʣʦʢ- 

ɹʦʛʦˀʫʙʦʚ ʥʘ ʦʩʥʦʚʫ ɻʦʛʥʠʿʝʚʝ ʩʠʣʝ ʥʝʤʘʿʫ ʫ ʩʝʙʠ ʫʨʘʯʫʥʘʪʝ ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʝ ʧʦʜʘʪʢʝ ʢʦʿʠ 

ʩʫ ʜʦʩʪʫʧʥʠ (104), ʫ ʊɸʃʀʉ ʩʝ ʫʚʦʜʠ ʬʫʥʮʢʠʿʘ: 

”Ὁȟὐȟ“  Ὡ ” Ὁ  ȟὐȟ“ (3.24)‏

 ɻʜʝ ʧʨʦʤʝʥˀʠʚʠ ʧʘʨʘʤʝʪʨʠ ɿʠ ʩ ʠʤʘʿʫ ʧʦʜʨʘʟʫʤʝʚʘʥʫ ʚʨʝʜʥʦʩʪ ʦʜ ʥʫʣʘ, ʢʘʜʘ ʩʝ ʨʘʜʠ 

ʦ ʚʨʝʜʥʦʩʪʠʤʘ ʢʦʿʝ ʥʠʩʫ ʤʝˁʘʥʝ ʫ ʦʜʥʦʩʫ ʥʘ ʪʘʙʝʣʘʨʥʝ ʚʨʝʜʥʦʩʪʠ ʠ ʦʥʝ ʜʘʿʫ ʤʦʛʫ˂ʥʦʩʪ 

ʤʦʜʠʬʠʢʦʚʘˁʘ ʧʘʨʘʤʝʪʘʨʘ ʛʫʩʪʠʥʝ ʩʪʘˁʘ ʥʘ ʰʠʨʦʢʦʤ ʦʧʩʝʛʫ ʝʥʝʨʛʠʿʘ. ɿʘ ʩʣʫʯʘʿʝʚʝ ʢʘʜʘ ʩʝ 

ʨʘʜʠ ʦ ʝʥʝʨʛʠʿʘʤʘ ʧʦʙʫʜʝ ʥʘ ʛʨʘʥʠʮʠ ʬʠʩʠʦʥʝ ʙʘʨʠʿʝʨʝ, ʫʧʦʪʨʝʙˀʘʚʘʿʫ ʩʝ ldmodel 4, ldmodel 

5 ʠ ldmodel 6, aʢʦ ʧʦʜʘʮʠ ʟʘ ʧʦʪʨʝʙʥʘ ʿʝʟʛʨʘ ʧʦʩʪʦʿʝ. ʋʢʦʣʠʢʦ ʠʭ ʥʝʤʘ, ʢʦʨʠʩʪʠ ʩʝ ʤʦʜʝʣ 

ʌʝʨʤʠʿʝʚʦʛ ʛʘʩʘ. 
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3.2 EMPIRE 3.2.3  

 

 EMPIRE ʧʨʝʜʩʪʘʚˀʘ ʩʠʩʪʝʤ ʢʦʜʦʚʘ ʢʦʿʠ ʩʣʫʞʠ ʟʘ ʩʠʤʫʣʠʨʘˁʝ ʧʘʨʘʤʝʪʘʨʘ 

ʥʫʢʣʝʘʨʥʠʭ ʨʝʘʢʮʠʿʘ ʢʘʦ ʠ ˁʠʭʦʚʦʤ ʪʝʦʨʠʿʩʢʦʤ ʠʩʧʠʪʠʚʘˁʫ. ɿʘʩʥʠʚʘ ʩʝ ʥʘ ʥʝʢʦʣʠʢʦ 

ʥʫʢʣʝʘʨʥʠʭ ʤʦʜʝʣʘ, ʢʦʿʠ ʦʙʿʘʰˁʘʚʘʿʫ ʨʝʘʢʮʠʿʝ ʩʚʘʢʠ ʫ ʩʚʦʤ ʜʦʤʝʥʫ. ʉʠʤʫʣʘʮʠʿʝ ʩʝ ʤʦʛʫ 

ʚʨʰʠʪʠ ʩʘ ʚʝʣʠʢʠʤ ʙʨʦʿʝʤ ʫʧʘʜʥʠʭ ʯʝʩʪʠʮʘ, ʢʘʦ ʠ ʿʝʟʛʘʨʘ ʤʝʪʘ. ʂʘʦ ʫʧʘʜʥʝ ʯʝʩʪʠʮʝ ʤʦʛʫ ʜʘ 

ʩʝ ʟʘʜʘʿʫ Ŭ ʯʝʩʪʠʮʝ, 3ʅʝ, ʜʝʫʪʝʨʦʥ, ʪʨʠʮʠʿʫʤ, ʥʫʢʣʝʘʦʥʠ ʠ ʬʦʪʦʥʠ, ʜʦʢ ʦʧʩʝʛ ʝʥʝʨʛʠʿʘ ʢʦʿʝ 

ʠʤ ʤʦʛʫ ʙʠʪʠ ʟʘʜʘʪʝ ʠʜʝ ʦʜ ʝʥʝʨʛʠʿʘ ʨʝʟʦʟʘʥʮʠʿʘ ʫ ʩʣʫʯʘʿʫ ʥʝʫʪʨʦʥʘ, ʧʘ ʩʚʝ ʜʦ ʥʝʢʦʣʠʢʦ 

ʩʪʦʪʠʥʘ ʄʝV (105). 

 ʄʝʭʘʥʠʟʤʠ ʥʘ ʦʩʥʦʚʫ ʢʦʿʠʭ ʩʝ ʪʨʝʪʠʨʘʿʫ ʥʫʢʣʝʘʨʥʝ ʨʝʘʢʮʠʿʝ ʩʫ ʤʦʜʝʣ ʩʣʦʞʝʥʦʛ 

ʿʝʟʛʨʘ, ʤʦʜʝʣ ʧʨʝʜʨʘʚʥʦʪʝʞʥʦʛ ʩʪʘˁʘ ʠ ʤʦʜʝʣ ʜʠʨʝʢʪʥʝ ʨʝʘʢʮʠʿʝ. ʉʚʘʢʠ ʦʜ ʦʚʠʭ ʚʨʩʪʘ 

ʨʝʘʢʮʠʿʘ ʠʤʘʿʫ ʨʘʟʣʠʯʠʪʝ ʧʨʠʩʪʫʧʝ ʫ ʦʙʿʘʰˁʘʚʘˁʫ, ʦʜ ʦʧʰʪʝʛ ʦʧʪʠʯʢʦʛ ʤʦʜʝʣʘ, ʧʨʝʢʦ 

ʧʨʝʜʨʘʚʥʦʪʝʞʥʦʛ ʝʢʩʮʠʪʘʮʠʦʥʦʛ ʤʦʜʝʣʘ ʩʘ ʝʤʠʩʠʿʦʤ ʢʣʘʩʪʝʨa, ʜʦ ʍʘʫʩʝʨ-ʌʣʝʰʙʘʭʦʚʦʛ 

ʤʦʜʝʣʘ ʩʘ ʛʘʤʘ ʢʘʩʢʘʜʘʤʘ ʠ ʬʣʫʢʪʫʘʮʠʿʘʤʘ ʰʠʨʠʥʝ. ʇʦʨʝʜ ʪʦʛʘ, ʫ ʢʦʜ ʿʝ ʠʥʢʦʨʧʦʨʠʨʘʥʦ 

ʥʝʢʦʣʠʢʦ ʤʦʜʝʣʘ ʛʫʩʪʠʥʘ ʝʥʝʨʛʝʪʩʢʠʭ ʩʪʘˁʘ. ʇʦʩʪʦʿʠ ʚʝʣʠʢʘ ʙʘʟʘ ʫʣʘʟʥʠʭ ʧʘʨʘʤʝʪʘʨʘ ʢʦʿʠ 

ʩʝ ʤʦʛʫ ʟʘʜʘʚʘʪʠ ʫ ʫʣʘʟʥʠʤ ʧʦʜʘʮʠʤʘ, ʥʝ ʙʠ ʣʠ ʩʝ ʥʘ ʰʪʦ ʜʝʪʘˀʥʠʿʠ ʥʘʯʠʥ ʦʤʦʛ˂ʠʣʦ 

ʨʘʯʫʥʘˁʝ ʫʩʢʦ ʩʧʝʮʠʬʠʯʥʠʭ ʠ ʞʝˀʝʥʠʭ ʧʦʜʘʪʘʢʘ ʦ ʥʫʢʣʝʘʨʥʠʭʤ ʨʝʘʢʮʠʿʘʤʘ. ʇʦʜʘʮʠ ʢʦʿʠ 

ʩʝ ʩʠʤʫʣʠʨʘʿʫ ʩʝ ʩʢʣʘʜʠʰʪʝ ʫ ʘʜʝʢʚʘʪʥʠʤ ʬʦʨʤʘʪʠʤʘ ʢʦʿʠ ʩʝ ʜʘˀʝ ʤʦʛʫ ʣʘʢʦ ʢʦʨʠʩʪʠʪʠ. 

ʊʘʢʦʹʝ, ʧʦʩʪʦʿʝ ʠ ʤʦʛʫ˂ʥʦʩʪ ʛʨʘʬʠʯʢʦʛ ʧʨʝʜʩʪʘʚˀʘˁʘ ʨʝʟʫʣʪʘʪʘ ʫʟ ʧʦʤʦ˂ ʛʨʘʬʠʯʢʦʛ ʧʘʢʝʪʘ 

ʢʦʿʠ ʿʝ ʩʘʩʪʘʚʥʠ ʜʝʦ EMPIRE ʢʦʜʘ.  

  ʇʨʚʘ ʚʝʨʟʠʿʘ ʢʦʜʘ ʨʘʟʚʠʿʝʥʘ ʿʝ 1980.ʛʦʜʠʥʝ. ʊʘʜʘ ʿʝ ʫ ʩʝʙʠ ʩʘʜʨʞʘʚʘʦ ʩʘʤʦ ʍʘʫʩʝʨ-

ʌʣʝʰʙʘʭʦʚ ʤʦʜʝʣ ʢʘʦ ʠ HYBRID model ʩʘ ʧʨʦʨʘʯʫʥʝ ʟʘ ʧʨʝʜʨʘʚʥʦʪʝʞʥʘ ʩʪʘˁʘ. ɼʘˀʠʤ 

ʨʘʟʚʦʿʦʤ, ʜʦʜʘʚʘʣʝ ʩʫ ʩʝ ʥʦʚʝ ʢʦʤʧʦʥʝʥʪʝ ʫ ʧʨʦʨʘʯʫʥʠʤʘ (106; 107; 108). ʇʦʩʣʝʜˁʘ ʚʝʨʟʠʿʘ 

ʧʨʝʜʩʪʘʚˀʘ ʬʣʝʢʩʠʙʠʣʘʥ ʩʠʩʪʝʤ ʢʦʿʠ ʦʤʦʛʫʘ˂ʚʘ ʧʨʦʨʘʯʫʥʝ ʚʝʣʠʢʦʛ ʙʨʦʿʘ ʧʘʨʘʤʝʪʘʨʘ. ɿʘ 

ʦʚʘʢʦ ʥʝʰʪʦ ʧʦʪʨʝʙʥʦ ʿʝ ʦʙʝʟʙʝʜʠʪʠ ʚʝʣʠʢʠ ʙʨʦʿ ʫʣʘʟʥʠʭ ʧʘʨʘʤʝʪʘʨʘ, ʪʝ ʿʝ EMPIRE ʧʦʚʝʟʘʥ 

ʩʘ ʨʘʟʚʦʿʝʤ IAEA RIPL-2 (Reference Input Parameter Library) (109). EMPIRE ʩʠʩʪʝʤ ʩʝ ʤʦʞʝ 

ʧʦʜʝʣʠʪʠ ʫ ʰʝʩʪ ʩʘʩʪʘʚʥʠʭ ʜʝʣʦʚʘ: 

¶ ʬʠʟʠʯʢʝ ʦʩʥʦʚʝ, 

¶ ʙʠʙʣʠʦʪʝʢʘ ʫʣʘʟʥʠʭ ʧʘʨʘʤʝʪʘʨ ʥʝʦʧʭʦʜʥʠʭ ʟʘ ʩʤʠʣʠʨʘˁʝ ʟʝˀʝʥʠʭ ʚʨʝʜʥʦʩʪʠ, 

¶ ʛʨʘʬʠʯʢʦ ʦʢʨʫʞʝˁʝ ʧʦʛʦʜʥʦ ʟʘ ʨʘʜ, 

¶ ʢʦʜʦʚʠ ʟʘ ʠʟʚʨʰʘʚʘˁʝ ʩʠʤʫʣʘʮʠʿʘ, 

¶ ʙʠʙʣʠʦʪʝʢʘ ʟʘ ʨʝʟʦʥʘʥʮʠʿʝ ʥʝʫʪʨʦʥʘ, 

¶ EXFOR ʙʠʙʣʠʦʪʝʢʝ ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʠʭ ʤʝʨʝʥʠʭ ʚʨʝʜʥʦʩʪʠ  

ʆʙʝʟʙʝʹʠʚʘˁʝ ʠʤʧʣʝʣʤʝʥʪʘʮʠʿʝ ʬʠʟʠʯʢʠʭ ʤʦʜʝʣʘ ʥʘ ʦʩʥʦʚʫ ʫʣʘʟʥʠʭ ʧʘʨʘʤʝʪʘʨʘ ʚʨʰʠ ʩʝ 

ʧʨʠʤʝʥʦʤ ʢʦʜʦʚʘ ʧʠʩʘʥʠʤ ʫ ʌʦʨʪʨʘʥʫ.  
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ʉʣʠʢʘ 3.5 ï ɻʨʘʬʠʯʢʦ ʦʢʨʫʞʝˁʝ (GUI) EMPIRE 3.2.3 ʟʘ Windows ʦʢʨʫʞʝˁʝ. 

 

 ʉʣʠʯʥʦ ʢʘʦ ʠ ʢʦʜ ʩʠʤʫʣʘʮʠʿʘ ʫ Talys ʢʦʜʫ, ʢʦʜ EMPIRE ʩʠʤʫʣʘʮʠʿʘ ʝʬʠʢʘʩʥʠʭ 

ʧʨʝʩʝʢʘ ʢʦʿʠ ʩʫ ʨʘʹʝʥʠ ʟʘ ʨʝʘʢʮʠʿʝ ʦʜ ʠʥʪʝʨʝʩʘ, ʢʦʨʠʰ˂ʝʥʠ ʩʫ ʩʚʠ ʧʘʨʘʤʝʪʨʠ ʢʦʿʠ ʩʫ 

ʧʦʜʨʘʟʫʤʝʚʘʥʠ EMPIRE ʧʦʜʝʰʘʚʘˁʠʤʘ, ʠʟʫʟʝʚ ʧʘʨʘʤʝʪʘʨʘ ʢʦʿʠ ʜʝʬʠʥʠʰʫ ʛʫʩʪʠʥʝ 

ʝʥʝʨʛʝʪʩʢʠʭ ʥʠʚʦʘ LEVDEN. ʊʨʠ ʤʦʜʝʣʘ ʩʫ ʬʝʥʦʤʝʥʦʣʦʰʢʘ, ʜʦʢ ʿʝ ʧʦʩʣʝʜˁʠ 

ʤʠʢʨʦʩʢʦʧʩʢʠ ʤʦʜʝʣ. ʇʘʨʘʤʝʪʘʨ ʢʦʿʠ ʦʜʨʝʹʫʿʝ ʠʟʙʦʨ ʤʦʜʝʣʘ ʤʦʞʝ ʜʘ ʠʤʘ ʩʣʝʜʝ˂ʝ 

ʚʨʝʜʥʦʩʪʠ: 

¶ LEVDEN 0 ï ʇʨʝʜʩʪʘʚˀʘ EMPIRE ʩʧʝʮʠʬʠʯʘʥ ʤʦʜʝʣ, ʢʦʿʠ ʿʝ ʧʦʜʝʰʝʥ ʥʘ RIPL 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʝ ʧʦʜʘʪʢʝ. ʆʚʘʿ ʤʦʜʝʣ ʩʝ ʙʘʟʠʨʘ ʥʘ ʫʥʘʧʨʝʹʝʥʦʤ ʦʧʰʪʝʤ 

ʩʫʧʝʨʬʣʫʠʜʥʦʤ ʤʦʜʝʣʫ. 

¶ LEVDEN 1 ï ʆʧʰʪʠ ʩʫʧʝʨʬʣʫʠʜʥʠ ʤʦʜʝʣ, ʤʦʜʠʬʠʢʦʚʘʥ ʥʘ RIPL ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʝ 

ʧʦʜʘʪʢʝ ʠ ʜʠʩʢʨʝʪʥʝ ʥʠʚʦʝ, 

¶ LEVDEN 2 ï ɻʠʣʙʝʨʪ ʂʘʤʝʨʦʥʦʚʝ ʛʫʩʪʠʥʝ ʥʠʚʦʘ, ʤʦʜʠʬʠʢʦʚʘʥ ʥʘ RIPL 

ʝʢʩʤʝʨʠʤʝʥʪʘʣʥʝ ʧʦʜʘʪʢʝ ʠ ʜʠʩʢʨʝʪʥʝ ʥʠʚʦʝ, 

¶ LEVDEN 3 ï RIPL ï 3 ʤʠʢʨʦʩʢʦʧʩʢʠ ʢʦʤʙʠʥʘʮʠʦʥʠ ʍʘʥʪʨʠ-ʌʦʢ-ɹʦʛʦˀʫʙʦʚ ʤʦʜʝʣ 

ʛʫʩʪʠʥʝ ʥʠʚʦʘ. 

ʂʘʢʦ ʩʝ ʧʦʿʝʜʠʥʠ ʤʦʜʝʣʠ ʧʦʢʣʘʧʘʿʫ ʩʘ ʤʦʜʝʣʠʤʘ ʦʧʠʩʘʥʠʤ ʧʨʠʣʠʢʦʤ ʠʟʥʦʰʝˁʘ ʤʦʜʝʣʘ ʫ 

Talys ʩʠʩʪʝʤʫ, ʦʧʠʩʘ˂ʝ ʩʝ ʩʘʤʦ ʥʦʚʠ ʤʦʜʝʣʠ ʢʦʿʠ ʩʝ ʢʦʨʠʩʪʝ ʫ EMPIRE ʩʠʩʪʝʤʫ. 
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3.2.1 ʋʥʘʧʨʝʹʝʥʠ ʦʧʰʪʠ ʩʫʧʝʨʬʣʫʠʜʥʠ ʤʦʜʝʣ 

 

 ʆʚʘʿ ʤʦʜʝʣ ʧʨʝʜʩʪʘʚˀʘ ʧʦʜʨʘʟʫʤʝʚʘʥʠ ʤʦʜʝʣ ʫ EMPIRE ʩʠʩʪʝʤʫ, ʧʘ ʩʝ ʥʘʟʠʚʘ ʠ 

ɽʤʧʠʨʝ ʩʧʝʮʠʬʠʯʘʥ ʛʣʦʙʘʣʥʠ ʤʦʜʝʣ (110). ʂʘʨʘʢʪʝʨʠʩʪʠʯʥʦ ʟʘ ˁʝʛʘ ʿʝ ʜʘ ʢʦʨʠʩʪʠ ʢʘʦ 

ʦʩʥʦʚʫ ʤʦʜʝʣ ʌʝʨʤʠʿʝʚʦʛ ʛʘʩʘ ʟʘ ʝʥʝʨʛʠʿʝ ʠʟʥʘʜ ʢʨʠʪʠʯʥʝ ʝʥʝʨʛʠʿʝ ʧʦʙʫʜʝ, ʘ ʠʩʧʦʜ ˁʝʛʘ 

ʩʫʧʝʨʬʣʫʠʜʥʠ ʤʦʜʝʣ, ʩʣʠʯʥʦ ʢʘʦ ʠ ɻʠʣʙʝʨʪ ï ʂʘʤʝʨʦʥʦʚ ʤʦʜʝʣ (97)(86). ʋʥʘʧʨʝʹʝˁʝ ʫ 

ʦʜʥʦʩʫ ʥʘ ʩʫʧʝʨʬʣʫʠʜʥʠ ʤʦʜʝʣ ʩʝ ʦʛʣʝʜʘ ʫ ʪʨʝʪʠʨʘˁʫ ʨʘʩʧʦʜʝʣʝ ʧʦ ʩʧʠʥʦʚʠʤʘ ʫ ʤʦʜʝʣʫ 

ʌʝʨʤʠʿʝʚʦʛ ʛʘʩʘ, ʪʝ ʩʝ ʩʘʜʘ ʥʘ ʧʨʝʮʠʟʥʠʿʠ ʥʘʯʠʥ ʜʝʬʠʥʠʫh ʩʪʘˁʘ ʩʘ ʚʠʩʦʢʠʤ ʚʨʝʜʥʦʩʪʠʤʘ 

ʩʧʠʥʘ, ʰʪʦ ʿʝ ʦʜ ʚʝʣʠʢʦʛ ʟʥʘʯʘʿʘ ʟʘ ʨʝʘʢʮʠʿʝ ʢʦʿʝ ʙʠʚʘʿʫ ʠʥʜʫʢʦʚʘʥʝ ʪʝʰʢʠʤ ʿʦʥʠʤʘ.  

 ʆʧʠʩʠʚʘˁʝ ʩʪʘˁʘ ʫ ʟʘʚʠʩʥʦʩʪʠ ʦʜ ʩʧʠʥʘ ʩʝ ʪʨʝʪʠʨʘʿʫ ʧʨʝʢʦ ʟʘʚʠʩʥʦʩʪʠ ʦʙʣʠʢʘ 

ʿʝʟʛʘʨʘ ʦʜ ˁʠʭʦʚʠʭ ʨʦʪʘʮʠʿʘ. ɼʝʬʦʨʤʠʩʘˁʝ ʿʝʟʛʨʘ ʩʝ ʦʧʠʩʫʿʝ ʧʨʝʢʦ ʧʨʦʤʝʥʝ ʤʦʤʝʥʪʘ 

ʠʥʝʨʮʠʿʝ, ʢʦʘ ʠ ʧʨʝʢʦ ʧʘʨʘʤʝʪʨʘ ʘ ʢʦʿʠ ʜʠʨʝʢʪʥʦ ʟʘʚʠʩʠ ʦʜ ʧʦʚʝ˂ʘˁʘ ʧʦʚʨʰʠʥʝ ʿʝʟʛʨʘ. 

ɽʬʝʢʪʠʚʥʘ ʝʥʝʨʛʠʿʘ ʧʦʙʫʜʝ ʩʝ ʨʘʯʫʥʘ: 

Ὗ  Ὁ ὲЎ (3.25) 

% ʧʨʝʜʩʪʘʚˀʘ ʝʥʝʨʛʠʿʫ ʧʦʙʫʜʝ, ʘ Ў
Ѝ  
.ʧʨʝʜʩʪʘʚˀʘ ʬʘʢʪʦʨ ʢʦʨʝʢʮʠʿʝ ʟʘ ʦʩʥʦʚʥʘ 

ʝʥʝʨʛʝʪʩʢʘ ʩʪʘˁʘ, ʛʜʝ ʚʨʝʜʥʦʩʪ n = 0 ʟʘ ʧʘʨʥʦ-ʧʘʘʨʥʘ ʿʝʟʛʨʘ, n = 1 ʟʘ ʥʝʧʘʨʥʦ-ʧʘʨʥʘ ʿʝʟʛʨʘ, 

ʘ n = 2 ʟʘ ʥʝʧʘʨʥʦ-ʥʝʧʘʨʥʘ ʿʝʟʛʨʘ. ʀʩʧʦʜ ʢʨʠʪʠʯʥʝ ʝʥʝʨʛʠʿʝ ʧʦʙʫʜʝ, ʠʟʨʘʟʠ ʟʘ ʛʫʩʪʠʥʫ ʥʠʚʦʘ 

ʦʜʛʦʚʘʨʘʿʫ ʨʘʯʫʥʘʪʠʤ ʧʦ ʦʧʰʪʝʤ ʩʫʧʝʨʬʣʫʠʜʥʦʤ ʤʦʜʝʣʫ. ʀʟʥʘʜ ʢʨʠʪʠʯʥʝ ʝʥʝʨʛʠʿʝ ʧʦʙʫʜʝ 

ʫʚʦʜʠ ʩʝ ʧʦʤʝʨʘʿ ʝʥʝʨʛʠʿʝ ʫ ʚʨʝʜʥʦʩʪʠ ʝʥʝʨʛʠʿʝ ʢʦʥʜʝʥʟʘʮʠʿʝ: 

Ὗᶻ Ὗ Ὁ  (3.26) 

 ʂʘʢʦ ʩʝ ʫ ʦʚʦʤ ʤʦʜʝʣʫ ʩʧʠʥ ʪʨʝʪʠʨʘ ʧʨʝʢʦ ʧʨʦʤʝʥʝ ʤʦʤʝʥʪʘ ʠʥʝʨʮʠʿʝ ʿʝʟʛʨʘ ʫʩʣʝʜ 

ˁʝʛʦʚʝ ʜʝʬʦʨʤʘʮʠʿʝ ʟʙʦʛ ʨʦʪʘʮʠʦʥʦʛ ʢʨʝʪʘˁʘ ʛʫʩʪʠʥʝ ʝʥʝʨʛʝʪʢʩʠʭ ʥʠʚʦʘ ʩʝ ʜʝʬʠʥʠʰʫ: 

 

”Ὁȟὐȟ“  

ρ

ρφЍφ“

̯

Ὅ᷆
ὥ Ὗᶻ

̯ὑ

ςὍ
Ὡ

ᶻ ̯

 

 ὗ  ὑ  ὗ  

(3.27) 

ʇʨʝʪʭʦʜʥʘ ʬʦʤʨʫʣʘ ʚʘʞʠ ʟʘ ʠʟʜʫʞʝʥʦ ʿʝʟʛʨʦ ʢʦʿʝ ʨʦʪʠʨʘ ʥʦʨʤʘʣʥʦ ʥʘ ʦʩʫ ʩʠʤʝʪʨʠʿʝ. ʂʘʜʘ 

ʩʝ ʜʝʬʠʥʠʰʝ ʟʘ ʩʧˀʦʰʪʝʥʦ ʿʝʟʛʨʦ ʢʦʿʝ ʨʦʪʠʨʘ ʧʘʨʘʣʝʣʥʦ ʦʩʠ ʩʠʤʝʪʨʠʿʝ, ʠʟʨʘʟ ʟʘ ʛʫʩʪʠʥʝ 

ʩʪʘˁʘ ʿʝ: 

 

”Ὁȟὐȟ“
ρ

ρφЍφ“

̯

Ὅ᷆

Ⱦ

ὥ Ⱦ  
(3.28) 
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Ὗᶻ
̯ȿ˶ὐ ρὑȿ

ςὍ
Ὡ

ᶻ ̯

 

 ὗ  ὑ  ὗ  

ɽʬʠʢʘʩʥʘ ʚʨʝʜʥʦʩʪ ʤʦʤʝʥʪʘ ʠʥʝʨʮʠʿʝ ʩʝ ʨʘʯʫʥʘ 
᷆

, ʜʦʢ ʚʨʝʜʥʦʩʪʠ ʟʘ ʧʘʨʘʣʝʣʥʝ ʠ 

ʥʦʨʤʘʣʥʝ ʚʨʝʜʥʦʩʪ ʤʦʤʝʥʪʘ ʠʥʨʝʮʠʿʝ ʩʝ ʨʘʯʫʥʘʿʫ ʧʦ ʬʦʨʤʫʣʘʤʘ ʢʦʿʝ ʩʫ ʧʨʝʜʣʦʞʠʣʠ Vidgor 

i Karwowski (111)(98). ʇʘʨʘʤʝʪʨʠ  1  +   ̉ 1  ʧʨʝʜʩʪʘʚˀʘʿʫ ʧʦʧʨʘʚʢʝ ʢʦʿʝ ʫʢˀʫʯʫʿʫ 

ʨʦʪʘʮʠʦʥʝ ʠ ʚʠʙʨʘʮʠʦʥʝ ʧʦʧʨʘʚʢʝ (112) (113)(89, 96).  

 

3.2.2 ʄʠʢʨʦʩʢʦʧʩʢʠ ʢʦʤʙʠʥʘʮʠʦʥʠ ʤʦʜʝʣ ʛʫʩʪʠʥʝ ʝʥʝʨʛʝʪʩʢʠʭ ʥʠʚʦʘ 

 

 ʇʦʩʣʝʜˁʠ ʧʘʨʘʤʝʪʘʨ ʦʜ ʯʝʪʠʨʠ ʤʦʛʫ˂ʘ (LEVDEN 3) ʢʦʿʠʤ ʩʝ ʜʝʬʥʠʰʫ ʨʘʟʣʠʯʠʪʠ 

ʤʦʜʝʣʠ ʛʫʩʪʠʥʝ ʩʪʘˁʘ ʧʨʝʜʩʪʘʚˀʘ ʤʠʢʨʦʩʢʦʧʩʢʠ ʢʦʤʙʠʪʘʮʠʦʥʠ ʤʦʜʝʣ. ʆʚʘʿ ʥʘʯʠʥ 

ʢʘʨʘʢʪʝʨʠʩʘˁʘ ʛʫʩʪʠʥʘ ʦʩʤʠʰˀʝʥ ʿʝ ʧʨʠʣʠʢʦʤ ʨʘʟʚʦʿʘ Reference Input Parameter Library 

(RIPL-3) ʦʜ ʩʪʨʘʥʝ ʄʝʹʫʥʘʨʦʜʥʝ ʘʛʝʥʮʠʿʝ ʟʘ ʘʪʦʤʩʢʫ ʝʥʝʨʛʠʿʫ. ɿʘʩʥʦʚʘʥ ʿʝ ʥʘ ʍʘʥʪʨʝ-ʌʣʦʢ-

ɹʦʛʦˀʫʙʦʚʦʤ ʤʝʪʦʜʫ ʫʟ ʫʧʦʪʨʝʙʫ ʉʢʨʠʤʦʚʝ ʩʠʣʝ (114) (100). ɹʘʨʘʪʘ ʩʝ ʬʫʥʢʮʿʠʦʤ ʛʫʩʪʠʥʝ 

ʩʪʘˁʘ ʧʘʨʘ ʯʝʩʪʠʮʘ-ʘʥʪʠʯʝʩʪʠʮʘ ‫ Ὁȟὓȟ“, ʢʦ ʿʝ ʬʫʥʢʮʠʿʘ ʝʥʝʨʛʠʿʝ ʧʦʙʫʜʝ ɽʭ, 

ʧʨʦʿʝʢʮʠʿʦʤ ʤʘʛʥʝʪʥʦʛ ʧʦˀʘ ʥʘ ʩʦʧʩʪʚʝʥʫ ʦʩʫ ʩʠʤʝʪʨʠʿʝ ʿʝʟʛʨʘ ʠ ʧʘʨʥʦʩʪʠ. ʂoʣʝʢʪʠʚʥʠ 

ʝʬʝʢʪʠ ʩʝ ʫʚʦʜʝ ʧʨʝʢʦ ʬʫʥʢʮʠʿʝ ʨʘʩʧʦʜʝʣʝ ʙʦʟʦʥʘ (115) (101). ʆʥʘ ʦʤʦʛʫ˂ʘʚʘ ʜʦʙʠʿʘˁʝ 

ʛʫʩʪʠʥʝ ʚʠʙʨʘʮʠʦʥʠʭ ʩʪʘˁʘ ʟʘ ʨʘʟʣʠʯʠʪʝ ʝʥʝʨʛʠʿʝ ʬʦʥʦʥʘ. ɸʥʘʣʠʪʯʠʢʠ ʠʟʚʝʜʝʥʠ ʠʟʨʘʟʠ ʟʘ 

ʢʚʘʜʨʫʧʦʣʥʝ, ʦʢʪʦʧʦʣʥʝ ʠ ʭʝʢʩʘʧʦʣʥʝ ʝʥʝʨʛʠʿʝ ʬʦʥʦʥʘ ʩʫ ʩʣʝʜʝ˂ʝ: 

‫ φυ
ὃ

ρ πȢπυὉ
Ƞ ‫ ρππ

ὃ

ρ πȢπυὉ
Ƞ ‫ ρφπ

ὃ

ρ πȢπυὉ
  

 

(3.29) 

Ὁ  ʧʨʝʜʩʪʘʚˀʘ ʧʦʧʨʘʚʢʫ ʝʥʝʨʛʠʿʝ ʠ ʨʘʯʫʥʘ ʩʝ ʢʘʦ Ὁ  Ὁ  ɀ Ὁ , ʛʜʝ 

Ὁ   ʧʨʝʜʩʪʘʚˀʘ ʝʥʝʨʛʠʿʫ ʚʝʟʝ, ʪʝʦʨʠʿʩʢʠ ʠʣʠ ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʥʦ ʜʦʙʠʿʝʥʫ ʚʨʝʜʥʦʩʪ, ʘ Ὁ  

ʧʨʝʜʩʪʘʚˀʘ ʝʥʝʨʛʠʿʫ ʚʝʟʝ ʩʬʝʨʥʝ ʢʘʧʠ 

Ὁ ὥὃ  ὥὃ  ὥ ὥ ὃ ὃὢ ὥὤὃ  
(3.30) 

ɺʨʝʜʥʦʩʪ ὢ , ʧʘʨʘʤʝʪʨʠ ʩʣʝʜʝ˂ʠ ʧʘʨʘʤʝʪʨʠ ʠʤʘʿʫ ʚʨʝʜʥʦʩʪʠ: ὥ  ρυȢφτςψ ὥ

ρχȢυτρψ, ὥ ςχȢωτρψ, ὥ  ςυȢσττπ ʠ ὥ πȢχ ʠʟʨʘʞʝʥʝ ʚʨʝʜʥʦʩʪʠ ʩʫ ʫ ʿʝʜʠʥʠʮʘʤʘ 

MeV.  

 ɺʠʙʨʘʮʠʦʥʘ ʛʫʩʪʠʥʝ ʩʪʘˁʘ ‫ʚʠʙὉȟὓȟ“ ʩʝ ʚʨʰʠ ʧʨʦʮʝʩ foldinga ʬʫʥʢʮʠʿe ʛʫʩʪʠʥʝ 

ʧʘʨʘ ʯʝʩʪʠʮʘ-ʘʥʪʠʯʝʩʪʠʮʘ  ‫ Ὁȟὓȟ“,  (104). ʆʚʘʿ ʧʨʦʮʝʩ ʩʘʜʨʞʠ ʫ ʩʝʙʠ ʧʨʝʪʧʦʩʪʘʚʢʫ 

ʜʘ ʩʧʘʨʠʚʘˁʘ ʚʠʙʨʘʮʠʦʥʠʭ ʝʢʩʮʠʪʘʮʠʿʘ ʩʘ ʝʢʩʮʠʪʘʮʠʿʘʤʘ ʧʘʨʘ ʯʝʩʪʠʮʘ-ʘʥʪʠʯʝʩʪʠʮʘ ʫ 
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ʪʝʦʨʠʿʠ ʬʦʥʦʥʘ. ɸʢʦ ʿʝʟʛʦ ʠʩʧʦˀʘʚʘ ʩʬʝʨʥʫ ʩʠʤʝʪʨʠʿʫ, ʛʫʩʪʠʥʝ ʝʥʝʨʛʝʪʩʢʠʭ ʩʪʘˁʘ ʩʝ ʤʦʛʫ 

ʜʦʙʠʪʠ: 

” Ὁȟὐȟ“ ‫ Ὁȟὐ ὓȟ“ ‫ Ὁȟὐ ρ ὓȟ“ (3.31) 

 ʈʦʪʘʮʠʦʥʦ ʢʨʝʪʘˁʝ ʩʝ ʢʦʜ ʜʝʬʦʨʤʠʩʘʥʠʭ ʤʦʣʝʢʫʣʘ ʪʨʝʙʘ ʨʘʟʤʘʪʨʘʪʠ ʝʢʩʧʣʠʮʠʪʥʦ. 

ɿʘ ʘʢʩʠʿʘʣʥʦ ʩʠʤʝʪʨʠʯʥʘ ʿʝʟʛʨʘ ʨʦʪʘʮʠʿʘ ʩʝ ʚʨʰʠ ʦʢʦ ʦʩʝ ʥʦʨʤʘʣʥʝ ʥʘ ʦʩʫ ʩʠʤʝʪʨʠʿʝ ʠ ʩʚʘʢʦ 

ʩʪʘˁʝ ʧʨʦʿʝʢʮʠʿʝ ʩʧʠʥʘ ʂ ʠ ʧʘʨʥʦʩʪʠ ˊ ʧʨʝʜʩʪʘʚˀʘ ʦʩʥʦʚʥʫ ʪʨʘʢʫ ʩʢʫʧʘ ʩʪʘˁʘ ʩʘ ʠʩʪʦʤ 

ʧʘʨʥʥʦʰ˂ʫ ʠ ʩʧʠʥʦʤ ɱ = ʂ, ʂ+1, ʂ+2, ʠʪʜ ʘʢʦ ʂ 0. ʀ ɱ = 0, 2, 4, ʠʣʠ 1, 3, 5 ʫ ʩʣʫʯʘʿʫ ʂʈ = 

0+ ʠʣʠ 0-. ʆʚʠ ʩʢʫʧʦʚʠ ʩʪʘˁʘ ʬʦʨʤʠʨʘʿʫ ʨʦʪʘʮʠʦʥʝ ʪʨʘʢʝ ʯʠʿʝ ʩʝ ʝʥʝʨʛʠʿʝ ʤʦʛʫ ʜʦʙʠʪʠ ʫʟ 

ʧʦʟʥʘʚʘˁʝ ʝʥʝʨʛʠʿʝ ʦʩʥʦʚʥʝ ʪʨʘʢʝ ʘʢʦ ʩʝ ʟʥʘ ʚʨʝʜʥʦʩʪ ˒ȟ ʨʘʟʣʠʢʝ ʠʟʤʝʹʫ ʝʥʝʨʛʠʿʘ ʥʠʚʦʘ 

ὐ ʠ ʩʪʘˁʘ ʦʩʥʦʚʥʝ ʪʨʘʢʝ ὑ. ɻʫʩʪʠʥʝ ʩʪʘˁʘ ʜʝʬʦʨʤʠʩʘʥʠʭ ʿʝʟʛʘʨʘ ʩʝ ʤʦʞʝ ʧʠʩʘʪʠ: 

” Ὁȟὐȟ“
ρ

ς
‫ Ὁ ˒ȟȟὐȟ“

  

‏ ‏  ‫ Ὁ ˒ȟȟπȟ“

‏ ‏  ‫ Ὁ ˒ȟȟπȟ“ 

(3.32) 

ɱʝʜʥʘ ʧʦʣʦʚʠʥʘ ʥʘ ʧʦʯʝʪʢʫ ʠʟʨʘʟʘ oʩʣʠʢʘʚʘ ʯʠˁʝʥʠʮʫ ʜʘ ʢʦʜ ʘʢʩʠʿʘʣʥʦ ʩʠʤʝʪʨʠʯʥʠʭ ʿʝʟʛʘʨʘ 

ʩʪʘˁʘ ʩʘ ʧʨʦʿʝʢʮʠʿʤʘ ʩʧʠʥʘ +ʂ ʠ ï ʂ ʜʘʿʫ ʠʩʪʝ ʨʦʪʘʮʠʦʥʝ ʥʠʚʦʝ. ʏʣʘʥ ̖‏  ʠʤʘ ʬʫʥʢʮʠʿʫ ʜʘ 

ʩʫʟʙʠʿʝ ʨʘʯʫʥʘˁʝ ʨʦʪʘʮʠʦʥʠʭ ʪʨʘʢʘ ʫ ʩʣʫʯʘʿʫ ʧʨʦʿʝʢʮʠʿʝ ʩʧʠʥʘ ʂ = 0. ʈʦʪʘʮʠʦʥʝ ʝʥʝʨʛʠʿʝ 

ʩʝ ʨʘʣʫʥʘʿʫ ʧʦ ʩʣʝʜʝ˂ʝʤ ʠʟʨʘʟʫ: 

˒ȟ  
ὐ ὐ ρ ὑ

ς Ὅ
 

(3.33) 

ɻʜʝ ʿʝ Ὅ ʤʦʤʝʥʪ ʠʥʝʨʮʠʿʝ ʿʝʟʛʨʘ, ʢʦʿʠ ʿʝ ʫ ʦʚʦʤ ʩʣʫʯʘʿʫ ʨʘʯʫʥʘʪ ʧʘʨʦʢʩʠʤʘʮʠʿʦʤ ʜʘ ʿʝ ʿʝʟʛʨʦ 

ʯʚʨʩʪʦ ʪʝʣʦ: 

Ὅ
ς

υ
άὙ ρ

υ

ρφ“
 ‍  

(3.34) 

ʋʨʘʯʫʥʘʪ ʿʝ ʠ ʧʘʨʘʤʝʪʘʨ ‍ ʟʘ ʢʚʘʜʨʫʧʦʣʥʝ ʜʝʬʦʨʤʘʮʠʿʝ.  

ʍʘʥʪʨʝ-ʌʣʦʢ-ɹʦʛʦˀʫʙʦʚ ʢʦʤʙʠʥʘʮʠʦʥʠ ʤʝʪʦʜ ʜʘʿʝ ʘʜʝʢʚʘʪʥʘ ʧʨʝʜʚʠʹʘˁʘ ʠ ʥʘ ʥʠʩʢʠʤ 

ʝʥʝʨʛʠʿʘʤʘ ʧʦʙʫʜʝ ʫʟ ʨʝʥʦʨʤʘʣʠʟʘʮʠʿʝ ʥʘ ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʝ ʧʦʜʘʪʢʝ: 

” Ὁȟὐȟ“ Ὡ ” Ὁ ὴȟὐȟ“  (3.35) 

ʢʦʤʙʠʥʘʮʠʦʥʝ ʛʫʩʪʠʥʝ ʥʠʚʦʘ ʟʘ ʍʘʥʪʨʝ-ʌʣʦʢ-ɹʦʛʦˀʫʙʦʚ ʤʦʜʝʣ ʩʝ ʥʘʣʘʟʝ ʥʘ RIPL ʙʘʟʠ 

ʧʦʜʘʪʘʢʘ ʟʘ ʦʢʦ 8000 ʿʝʟʛʘʨʘ, ʜʦ ʝʥʝʨʛʠʿʘ ʧʦʙʫʜʝ ʦʜ 200 MeV. 
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4  ʆʜʨʝʹʠʚʘˁʝ ʝʬʠʢʘʩʥʠʭ ʧʨʝʩʝʢʘ ʟʘ ʥʝʫʪʨʦʥʠʤʘ 

ʠʥʜʫʢʦʚʘʥʝ ʨʝʘʢʮʠʿʘ ʥʘ ʠʟʦʪʦʧʠʤʘ ʨʝʥʠʿʫʤʘ 
 

 ʄʝʪʘʣ ʨʝʥʠʿʫʤ ʢʘʦ ʧʦʩʣʝʜʠˁ ʦʪʢʨʠʚʝʥʠ ʧʨʠʨʦʜʥʦ ʟʘʩʪʫʧˀʝʥʠ ʝʣʝʤʝʥʪ ʫ ʧʨʠʨʦʜʠ ʦʜ 

ʪʨʝʥʫʪʢʘ ʦʪʢʨʠʚʘˁʘ ʠʤʘ ʩʚʝ ʰʠʨʫ ʧʨʘʪʢʠʯʥʫ ʧʨʠʤʝʥʫ. ʀʤʘ ʚʝʣʠʢʫ ʦʪʧʦʨʥʦʩʪ ʥʘ ʭʘʙʘˁʝ ʠ 

ʚʠʩʦʢʝ ʪʝʤʧʝʨʘʪʫʨʝ, ʪʝ ʩʝ ʚʝ˂ ʢʦʨʠʩʪʠ ʛʜʝ ʿʝ ʧʦʪʨʝʙʥʘ ʚʝʣʠʢʘ ʠʟʜʨʞˀʠʚʦʩʪ ʤʘʪʝʨʠʿʘʣʘ. 

ʄʝʜʠʮʠʥʩʢʘ ʧʨʠʤʝʥʘ ʨʝʥʠʿʫʤʘ ʿʝ ʪʘʢʦʹʝ ʫ ʩʚʝ ʚʝ˂ʝʤ ʦʙʠʤʫ, ʦʜ ʜʠʿʘʛʥʦʩʪʠʢʝ ʜʦ ʪʨʝʪʠʨʘˁʘ 

ʤʘʣʠʛʥʠʭ ʦʙʦˀʝˁʘ. ʇʦʨʝʜ ʚʝʣʠʢʝ ʪʝʨʤʠʯʢʝ ʠ ʤʝʭʘʥʠʯʢʝ ʠʟʜʨʞˀʠʚʦʩʪʠ, ʨʝʥʠʿʫʤ ʩʝ ʧʦʢʘʟʘʦ 

ʢʘʦ ʜʦʙʘʨ ʘʧʩʦʨʙʝʨ ʥʝʫʪʨʦʥʘ, ʰʪʦ ʧʨʝʜʩʪʘʚˀʘ ʚʝʦʤʘ ʜʦʙʨʫ ʢʦʤʙʠʥʘʮʠʿʫ ʦʩʦʙʠʥʘ ʟʘ 

ʢʦʨʠʰ˂ʝˁʝ ʦʚʦʛ ʤʝʪʘʣʘ ʟʘ ʠʟʛʨʘʜˁʫ ʙʫʜʫ˂ʠʭ ʥʫʢʣʝʘʨʥʠʭ ʨʝʘʢʪʦʨʘ. ʉʪʦʛʘ ʿʝ ʧʦʪʨʝʙʥʦ ʫ 

ʧʦʪʧʫʥʦʩʪʠ ʧʦʟʥʘʚʘʪʠ ʠʥʪʝʨʘʢʮʠʿʝ ʦʚʦʛ ʤʝʪʘʣʘ ʩʘ ʥʝʫʪʨʦʥʠʤʘ ʫ ʰʠʨʦʢʦʤ ʦʧʩʝʛʫ ʝʥʝʨʛʠʿʘ, 

ʢʦʿʝ ʩʫ ʩʚʝ ʨʝʘʢʮʠʿʝ ʧʨʠʩʫʪʥʝ, ʢʘʦ ʠ ʝʬʠʢʘʩʥʠ ʧʨʝʩʝʮʠ ʟʘ ʩʚʘʢʫ ʦʜ ʨʝʘʢʮʠʿʘ. ʋ ʦʚʦʤ ʨʘʜʫ 

ʨʘʯʫʥʘʪʝ ʩʫ ʚʨʝʜʥʦʩʪʠ ʝʬʠʢʘʩʥʠʭ ʧʨʝʩʝʢʘ ʟʘ ʜʚʝ ʨʝʘʢʮʠʿʝ ʥʘ ʨʝʥʠʿʫʤʫ: 187Re(n,p)187W ʠ 
185Re(n,3n)183Re ʧʦʩʝʙʥʦʤ ʤʝʪʦʜʦʤ ʢʦʿʘ ʦʤʦʛʫ˂ʘʚʘ ʜʦʙʠʿʘˁʝ ʦʚʠʭ ʚʨʝʜʥʦʩʪʠ ʫ ʰʠʨʦʢʦʤ 

ʦʧʩʝʛʫ ʝʥʝʨʛʠʿʘ ʫʧʘʜʥʠʭ ʥʝʫʪʨʦʥʘ. 

 

4.1 ʆʩʦʙʠʥʝ ʨʝʥʠʿʫʤʘ 

 

 ʈʝʥʠʿʫʤ ʧʨʝʜʩʪʘʚˀʘ ʝʣʝʤʝʥʪ ʤʝʪʘʣʘ ʢʦʿʠ ʠʤʘ ʨʝʜʥʠ ʙʨʦʿ 75 ʫ ʧʝʨʠʦʜʥʦʤ ʩʠʩʪʝʤʫ ʠ 

ʧʨʝʜʩʪʘʚˀʘ ʟʘʜˁʠ ʦʪʢʨʠʚʝʥʠ ʝʣʝʤʝʥʪ ʢʦʿʠ ʩʝ ʤʦʞʝ ʥʘ˂ʠ ʫ ʧʨʠʨʦʜʠ. ʆʪʢʨʠʚʝʥ ʿʝ ʛʦʜʠʥʝ 

1925. ʦʜ ʩʪʨʘʥʝ ʥʝʤʘʯʢʠʭ ʭʝʤʠʯʘʨʘ Walker Noddack, Ida Tacke, and Otto Berg (116) ʫ ʨʫʜʠ 

ʛʘʜʦʣʠʥʠʪʫ, ʘ ʥʘʟʠʚ ʿʝ ʠʟʚʝʜʝʥ ʠʟ ʥʘʟʠʚʘ ʨʝʢʝ ʈʘʿʥʘ. ʇʨʝʜʩʪʘʚˀʘ ʿʝʜʘʥ ʦʜ ʥʘʿʨʝʹʠʭ 

ʝʣʝʤʝʥʘʪʘ ʫ ɿʝʤˀʠʥʦʿ ʢʦʨʠ. ʆʥʦ ʰʪʦ ʿʝ ʢʘʨʘʢʪʝʨʠʩʪʠʯʥʦ ʟʘ ʦʚʘʿ ʝʣʝʤʝʥʪ ʿʝ ʯʠˁʝʥʠʮʘ ʜʘ 

ʠʤʘ ʚʝʦʤʘ ʚʠʩʦʢʫ ʪʘʯʢʫ ʪʦʧˀʝˁʘ (3180 ʦʉ) ʠ ʚʝʣʠʢʫ ʦʪʧʦʨʥʦʩʪ ʥʘ ʭʘʙʘˁʝ. ʉʪʦʛʘ ʩʫ ˁʝʛʦʚʝ 

ʣʝʛʫʨʝ ʦʜ ʚʝʣʠʢʦʛ ʟʥʘʯʘʿʘ ʫ ʘʚʠʦ ʠ ʩʚʝʤʠʨʩʢʦʿ ʠʥʜʫʩʪʠʿʠ (117). ʂʦʨʠʩʪʠ ʩʝ ʢʘʦ ʠʟʚʦʨ 

ʥʘʧʘʿʘˁʘ ʫ ʩʚʝʤʠʨʩʢʠʤ ʣʝʪʝʣʠʮʘʤʘ ʠ ʫ ʚʦʿʥʝ ʩʚʨʭʝ. ɳʝʛʦʚʝ ʣʝʛʫʨʝ ʩʘ ʙʦʨʦʥʦʤ ʠʤʘʿʫ ʜʦʙʨʝ 

ʦʩʦʙʠʥʝ ʟʘ ʘʧʩʦʨʧʮʠʿʫ ʥʝʫʪʨʦʥʘ (12), ʪʝ ʠʤʘʿʫ ʧʦʪʝʥʮʠʿʘʣʥʫ ʧʨʠʤʝʥʫ ʫ ʨʝʘʢʪʦʨʩʢʦʿ ʬʠʟʠʮʠ. 

Taʢʦʹʝ, ʠʤʘ ʩʚʝ ʚʝ˂ʫ ʧʨʠʤʝʥʫ ʫ ʤʝʜʠʮʠʥʩʢʝ ʩʚʨʭʝ, ʫ ʜʠʿʘʛʥʦʩʪʠʮʠ ʠ ʪʝʨʘʧʠʿʘʤʘ ʢʘʥʮʝʨʘ (6; 

118; 119; 120; 7; 8; 9; 10; 11). ʅʘʿʨʘʩʧʨʦʩʪʨʘˁʝʥʠʿʝ ʪʨʝʥʫʪʥʝ ʧʨʠʤʝʥʝ ʨʝʥʠʿʫʤʘ ʩʫ ʫ ʣʝʛʫʨʘʤʘ 

ʩʘ ʥʠʢʣʦʤ, ʛʜʝ ʿʝ ʫʜʝʦ ʨʝʥʠʿʫʤʘ 3% ʠʣʠ 6%. ʆʚʝ ʣʝʛʫʨʝ, ʢʦʿʝ ʟʦʚʫ ʠ ʩʫʧʝʨʣʝʛʫʨʝ, ʢʦʨʠʩʪʝ ʩʝ 

ʟʘ ʧʨʘʚˀʝˁʝ ʣʦʧʘʪʠʮʘ ʪʫʨʙʠʥʘ ʤʦʪʦʨʘ ʘʚʠʦʥʘ (ʧʨʝʢʦ 80% ʧʨʦʠʟʚʦʜˁʝ ʨʝʥʠʿʫʤʘ ʠʜʝ ʫ ʦʚʝ 

ʩʚʨʭʝ). ɼʨʫʛʘ ʥʘʿʯʝʰ˂ʘ ʧʨʠʤʝʥʘ ʿ ʝ ʟʘ ʧʨʦʠʟʚʦʜˁʫ ʢʘʪʘʣʠʟʘʪʦʨʘ ʥʘ ʙʘʟʠ ʨʝʥʠʿʫʤʘ ʠ ʧʣʘʪʠʥʝ, 

ʢʦʿʠ ʩʣʫʞʝ ʟʘ ʜʦʙʠʿʘˁʝ ʙʝʟʦʣʦʚʥʦʛ ʙʝʥʟʠʥʘ.  
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ʉʣʠʢʘ 4.1 ï ʈʝʥʠʿʫʤ -  ʯʠʩʪ ʤʝʪʘʣ ʠ ˁʝʛʦʚʘ ʨʫʜʘ. 

 ʈʝʥʠʿʫʤ ʩʝ ʩʨʝ˂ʝ ʫ ʧʨʠʨʦʜʠ ʨʝʪʢʦ ʫ ʝʣʝʤʝʥʪʘʨʥʦʤ ʩʪʘˁʫ. ʄʠʥʝʨʘʣ ʨʝʥʠʪ (ReS2) 

ʧʨʝʜʩʪʘʚˀʘ ʨʝʥʠʿʫʤʦʚ ʩʫʣʬʠʜ ʠ ʥʘʣʘʟʠ ʩʝ ʩʘ ʫʯʝʩʪʘʣʦʰ˂ʫ ʦʜ 100 ʜʦ 3000 ʥʘ ʤʠʣʠʦʥ ʫ ʨʫʜʠ 

ʤʦʣʠʙʜʝʥʠʪ ʄʦS2. ʅʘʿʚʠʰʝ ʨʝʥʠʿʫʤʘ ʩʝ ʜʦʙʠʿʘ ʢʘʦ ʥʫʩʧʨʦʜʫʢʪ ʧʨʠʣʠʢʦʤ ʚʘʹʝˁʘ ʨʫʜʝ 

ʙʘʢʨʘ, ʛʜʝ ʩʝ ʠʟ ʧʨʘʭʘ ʤʦʣʠʙʜʝʥʠʪʘ, ʢʦʿʠ ʿʝ ʩʘʤ ʥʫʩʧʨʦʜʫʢʪ ʧʨʠ ʚʘʹʝˁʫ ʙʘʢʨʘ, ʠʟʜʚʘʿʘ 

ʨʝʥʠʿʫʤ. ʅʘ ʦʚʘʿ ʥʘʯʠʥ ʜʦʙʠʿʘ ʩʝ ʦʢʦ 0,5 g ʨʝʥʠʿʫʤʘ ʥʘ ʿʝʜʥʫ ʪʦʥʫ ʠʟʚʘʹʝʥʝ ʨʫʜʝ ʙʘʢʨʘ. ʐʪʦ 

ʩʝ ʪʠʯʝ ʠʟʦʪʦʧʩʢʝ ʟʘʩʪʫʧˀʝʥʦʩʪʠ, ʫ ʧʨʠʨʦʜʠ ʩʝ ʤʦʛʫ ʥʘ˂ʠ ʩʘʤʦ ʜʚʘ ʠʟʦʪʦʧʘ 185Re, ʩʘ 

ʫʯʝʩʪʘʣʦʰ˂ʠ ʦʜ 37,4% ʠ 187Re ʩʘ ʫʯʝʩʪʘʣʦʰ˂ʫ ʦʜ 62,6%.  ʀʟʦʪʦʧ 185Re ʿʝ ʩʪʘʙʠʣʘʥ, ʜʦʢ 187Re 

ʠʤʘ ʚʨʝʤʝ ʧʦʣʫʨʘʩʧʘʜʘ ʦʜ 4,12 1010 ʛʦʜʠʥʘ. ʇʦʨʝʜ ʦʚʘ ʜʚʘ ʠʟʦʪʦʧʘ, ʧʦʩʪʦʿʠ ʿʦʰ ʧʨʝʢʦ 30 

ʠʟʦʪʦʧʘ. ʊʘʙʝʣʘ 4.1 ʥʘʚʦʜʠ ʩʧʠʩʘʢ ʠʟʦʪʦʧʘ ʨʝʥʠʿʫʤʘ. 

 

ʊʘʙʝʣʘ 4.1: ʉʧʠʩʘʢ ʠʟʦʪʦʧʘ ʨʝʥʠʿʫʤʘ (121; 122; 123; 124; 125) . 

ʀʟʦʪʦʧ ɺʨʝʤʝ ʧʦʣʫʨʘʩʧʘʜʘ ʅʘʯʠʥ ʨʘʩʧʘʜʘ 

187Re 4.12 1010 ʛʦʜʠʥʘ ɓ- (99,99%), Ŭ(10-4%) 

185Re ʉʪʘʙʠʣʘʥ  

186mRe 2 105 ʛʦʜʠʥʘ ɓ- (10%), ɔ(90%) 

183Re 70 ʜʘʥʘ ɔ, ʝʣʝʢʪʨʦʥʩʢʠ ʟʘʭʚʘʪ 

184Re 38 ʜʘʥʘ ɓ+ , ɔ 

186Re 3,72 ʜʘʥʘ ɓ- (93,1%), ʂ ʟʘʭʚʘʪ (6,9%) 

182Re 64 ʩʘʪʘ ɓ+ , ɔ 

189Re 24,3 ʩʘʪʘ ɓ- , ɔ 

181 Re 19.9 ʩʘʪʘ ɓ+ 

188 Re 17,0 ʩʘʪʘ ɓ- , ɔ 

182m1 Re 12.7 ʩʘʪʘ ʀʟʦʤʝʨ, ɓ+ 

190m Re 3,2 ʩʘʪʘ ʀʟʦʤʝʨ, ɓ- (54,4%), ɔ(45,6%) 

179 Re 19,5 ʤʠʥʫʪʘ ɓ+ 
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188m Re 18,59 ʤʠʥʫʪʘ ʀʟʦʤʝʨ, ɔ 

177 Re 14 ʤʠʥʫʪʘ ɓ+ 

178 Re 13,2 ʤʠʥʫʪʘ ɓ+ 

191 Re 9,8 ʤʠʥʫʪʘ ɓ- 

175 Re 5,89 ʤʠʥʫʪʘ ɓ+ 

176 Re 5,3 ʤʠʥʫʪʘ ɓ+ 

190 Re 3,1 ʤʠʥʫʪʘ ɓ- 

180 Re 2,44 ʤʠʥʫʪʘ ɓ+, ɔ 

174 Re 2,4 ʤʠʥʫʪʘ ɓ+ 

173 Re 1,98 ʤʠʥʫʪʘ ɓ+ 

172m Re 55 ʩʝʢʫʥʜʝ ʀʟʦʤʝʨ, ɓ+ 

192 Re 16 ʩʝʢʫʥʜʝ ɓ- 

171 Re 15,2 ʩʝʢʫʥʜʝ ɓ+ 

169m Re 15,1 ʩʝʢʫʥʜʝ ʀʟʦʤʝʨ, ɓ+(99,8%), Ŭ(0,2%) 

172 Re 15 ʩʝʢʫʥʜʝ ɓ+ 

170 Re 9,2 ʩʝʢʫʥʜʝ ɓ+ (99,99%), Ŭ(0,01%) 

169 Re 8,1 ʩʝʢʫʥʜʝ ɓ+ (99,99%), Ŭ(0,005%) 

167m Re 5,9 ʩʝʢʫʥʜʝ ʀʟʦʤʝʨ, ɓ+(99,3%), Ŭ(0,7%) 

168 Re 4,4 ʩʝʢʫʥʜʝ ɓ+ (99,99%), Ŭ(0,005%) 

167 Re 3,4 ʩʝʢʫʥʜʝ Ŭ, ɓ+ 

165m Re 2.1 ʩʝʢʫʥʜʝ ʀʟʦʤʝʨ, Ŭ(13%), ɓ+(87%) 

166 Re 2 ʩʝʢʫʥʜʝ Ŭ, ɓ+ 

165 Re 1 ʩʝʢʫʥʜʘ Ŭ, ɓ+ 

164 Re 0,53 ʩʝʢʫʥʜʝ Ŭ(58%), ɓ(42%)  

163 Re 0,39 ʩʝʢʫʥʜʝ Ŭ(32%), ɓ+(68%) 

163m Re 0,21 ʩʝʢʫʥʜʝ ʀʟʦʤʝʨ Ŭ(66%), ɓ+(34%) 

162 Re 0,11 ʩʝʢʫʥʜʝ Ŭ(94%), ɓ+(6%) 

162m Re 77 ʤʠʣʠʩʝʢʫʥʜʝ ʀʟʦʤʝʨ, Ŭ(91%), ɓ+(9%) 

161m Re 15,6 ʤʠʣʠʩʝʢʫʥʜʝ ʀʟʦʤʝʨ, Ŭ 

183m Re 1,04 ʤʠʣʠʩʝʢʫʥʜʝ ʠʟʦʤʝʨ 

160 Re 0,82 ï 0,86 ʤʠʣʠʩʝʢʫʥʜʝ ʨ(91%), Ŭ(9%) 

161 Re 0,37 ʤʠʣʠʩʝʢʫʥʜʝ ʨ 
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179m1 Re 0.095 ʤʠʣʠʩʝʢʫʥʜʝ ʠʟʦʤʝʨ 

177m Re 0,05 ʤʠʣʠʩʝʢʫʥʜʝ ʠʟʦʤʝʨ 

182m3 Re 0.78 ʤʠʢʨʦʩʝʢʫʥʜʝ ʠʟʦʤʝʨ 

182m2 Re 0,585 ʤʠʢʨʦʩʝʢʫʥʜʝ ʠʟʦʤʝʨ 

179m2 Re >0.4 ʤʠʢʨʦʩʝʢʫʥʜʝ ʠʟʦʤʝʨ 

185m Re 0.12 ʤʠʢʨʦʩʝʫʥʜʝ ʠʟʦʤʝʨ 

 

 

4.2 ʅʝʫʪʨʦʥʠʤʘ ʠʥʜʫʢʦʚʘʥʝ ʨʝʘʢʮʠʿʝ ʥʘ ʨʝʥʠʿʫʤʫ 

 

 ʂʘʢʦ ˂ ʝ ʙʠʪʠ ʜʝʪʘˀʥʠʿʝ ʠ ʦʧʠʩʘʥʦ, ʤʝʪʝ ʦʜ ʨʝʥʠʿʫʤʘ ʯʠʩʪʦ˂ʝ 99,99% ʙʦʤʘʨʜʦʚʘʥʝ ʩʫ 

ʥʝʫʪʨʦʥʠʤʘ ʩʘ h ʠʨʦʢʠʤ ʝʥʝʨʛʝʪʩʢʠʤ ʦʧʩʝʛʦʤ. ʋ ʯʠʩʪʦʤ ʨʝʥʠʿʫʤʫ ʧʦʩʪʦʿʝ ʜʚʘ ʠʟʦʪʦʧʘ 185Re 

(37,4%) ʠ 187Re (62,6%). ʂʘʢʦ ʜʦʣʘʟʠ ʜʦ ʘʧʩʦʨʧʮʠʿʝ ʥʝʫʪʨʦʥʘ ʦʜ ʩʪʨʘʥʝ ʿʝʟʛʘʨʘ ʤʝʪʝ, ʿ ʝʜʥʦʛ 

ʠʣʠ ʜʨʫʛʦʛ ʠʟʦʪʦʧʘ ʨʝʥʠʿʫʤʘ, ʤʦʛʫ˂ ʿʝ ʚʝ˂ʠ ʙʨʦʿ ʨʝʘʢʮʠʿʘ, ʢʦʿʝ ʢʘʦ ʧʨʦʜʫʢʪʝ ʜʘʿʫ ʨʘʟʣʠʯʠʪʝ 

ʨʘʜʠʦʥʫʢʣʠʜʝ ʢʦʿʠ ʦʩʪʘʿʫ ʫ ʤʝʪʠ. ɸʢʦ ʩʫ ʧʨʦʜʫʢʪʠ ʛʘʤʘ ʝʤʠʪʝʨʠ, ʛʘʤʘ ʩʧʝʢʪʨʦʩʢʦʧʩʢʠʤ 

ʩʥʠʤʘˁʝʤ ʦʟʨʘʯʝʥʠʭ ʤʝʪʘ ʤʦʛʫ ʩʝ ʠʜʝʥʪʠʬʠʢʦʚʘʪʠ ʢʦʿʠ ʨʘʜʠʦʠʟʦʪʦʧʠ ʥʘʩʪʘʿʫ ʠ ʫ ʢʦʿʠʤ 

ʢʦʣʠʯʠʥʘʤʘ. ʂʦʣʠʯʠʥʘ ʧʦʿʝʜʠʥʠʭ ʨʘʜʠʦʠʟʦʪʦʧʘ ʟʘʚʠʩʠ ʦʜ ʬʣʫʢʩʘ ʫʧʘʜʥʠʭ ʥʝʫʪʨʦʥʘ, ʥʘ 

ʢʦʿʝʤ ʦʜ ʠʟʦʪʦʧʘ ʥʘʩʪʘʿʝ ʘʧʩʦʨʧʮʠʿʘ ʥʝʫʪʨʦʥʘ, ʢʘʦ ʠ ʦʜ ʝʬʠʢʘʩʥʦʛ ʧʨʝʩʝʢʘ ʟʘ ʨʝʘʢʮʠʿʫ 

ʥʘʩʪʘʥʢʘ ʦʜʨʝ́ ʝʥʦʛ ʠʟʦʪʦʧʘ. ʉʣʝʜʠ ʧʨʝʛʣʝʜ ʥʫʢʣʝʘʨʥʠʭ ʨʝʘʢʮʠʿʘ ʠʟʘʟʚʘʥʠʭ ʥʝʫʪʨʦʥʠʤʘ ʥʘ 

ʤʝʪʠ ʦʜ ʧʨʠʨʦʜʥʦʛ ʨʝʥʠʿʫʤʘ (ʊʘʙʝʣʘ 4.2).  

 ʇʨʠʣʠʢʦʤ ʘʥʘʣʠʟʘ ʥʘʚʝʜʝʥʠʭ ʨʝʘʢʮʠʿʘ, ʢʘʦ ʠ ʦʜʨʝʹʠʚʚʘˁʝ ʢʦʣʠʯʠʥʝ ʥʘʩʪʘʣʠʭ 

ʧʨʦʜʫʢʘʪʘ ʨʝʘʢʮʠʿʘ, ʦʜ ʚʝʣʠʢʦʛ ʟʥʘʯʘʿʘ ʿʝ ʪʘʯʥʦ ʫʪʚʨʹʠʚʘˁʝ ʝʬʠʢʘʩʥʠʭ ʧʨʝʩʝʢʘ ʟʘ ʩʚʘʢʫ ʦʜ 

ˁʠʭ. ʊʘʢʦʹʝ, ʫʩʣʝʜ ʩʚʝ ʰʠʨʝ ʫʧʦʪʨʝʙʝ ʨʝʥʠʿʫʤʘ ʫ ʧʨʘʢʪʠʯʥʝ ʩʚʨʭʝ, ʧʦʪʨʝʙʥʦ ʿʝ ʰʪʦ ʙʦˀʝ 

ʨʘʟʫʤʝʚʘˁʝ ˁʝʛʦʚʠʭ ʠʥʪʝʨʘʢʮʠʿʘ ʩʘ ʥʝʫʪʨʦʥʠʤʘ.  

 

ʊʘʙʝʣʘ 4.2: ʈʝʘʢʮʠʿʝ ʠʥʜʫʢʦʚʘʥʝ ʥʝʫʪʨʦʥʠʤʘ ʥʘ ʧʨʠʨʦʜʥʠʤ ʠʟʦʪʦʧʠʤʘ 185Re ʠ 187Re. 

ʈʝʘʢʮʠʿʝ ʥʘ187Re ʈʝʘʢʮʠʿʝ ʥʘ 185Re 

187Re(n,ɔ)188Re 185Re(n,ɔ)186Re 

187Re(n,ɔ)188Rem 185Re(n,ɔ)186Rem 

187Re(n,2n)186Re 185Re(n,2n)184Re 

187Re(n,2n)188Rem 185Re(n,2n)184Rem 

187Re(n,p)187W 185Re(n,3n)183Re 

187Re(n,Ŭ)184Ta  
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 ʇʦʟʥʘʚʘˁʝ ʚʨʝʜʥʦʩʪʠ ʝʬʠʢʘʩʥʠʭ ʧʨʝʩʝʢʘ ʟʘ ʨʝʘʢʮʠʿʝ ʢʦʿʝ ʩʝ ʠʟʘʟʠʚʘʿʫ ʫʧʘʜʥʠʤ 

ʥʝʫʪʨʦʥʠʤʘ, ʢʘʢʦ ʟʘ ʨʘʟʣʠʯʠʪʝ ʠʟʦʪʦʧʝ, ʪʘʢʦ ʠ ʟʘ ʨʝʥʠʿʫʤ, ʦʜ ʚʝʣʠʢʦʛ ʿ ʝ ʟʥʘʯʘʿʘ ʟʘ ʩʘʚʨʝʤʝʥʫ 

ʥʘʫʢʫ ʠ ʨʘʟʣʠʯʠʪʝ ʧʨʘʢʪʠʯʥʝ ʧʨʠʤʝʥʝ. ɽʥʝʨʛʝʪʩʢʠ ʦʧʩʝʛ ʥʝʫʪʨʦʥʘ ʢʦʿʠ ʿʝ ʦʜ ʟʥʘʯʘʿʘ 

ʧʨʦʪʝʞʝ ʩʝ ʠ ʜʦ 20 MeV. ʆʙʣʘʩʪʠ ʫ ʢʦʿʠʤʘ ʩʫ ʙʠʪʥʠ ʧʦʜʘʮʠ ʝʬʠʢʘʩʥʠʭ ʧʨʝʩʝʢʘ ʥʝʫʪʨʦʥʠʤʘ 

ʠʥʜʫʢʦʚʘʥʠʤ ʨʝʘʢʮʠʿʘʤʘ ʩʫ ʙʨʦʿʥʝ. ʇʨʦʠʟʚʦʜˁʘ ʨʘʜʠʦʠʟʦʪʦʧʘ ʫ ʤʝʜʠʮʠʥʩʢʝ ʩʚʨʭʝ, 

ʠʟʛʨʘʜˁʝ ʠ ʧʣʘʥʠʨʘˁʝ ʥʫʢʣʝʘʨʥʠʭ ʨʝʘʢʪʦʨʘ, ʧʦʩʪʦʿʝ˂ʠʭ ʬʠʩʠʦʥʠʭ, ʥʦʚʠʭ ʬʠʩʠʦʥʠʭ 

ʨʝʘʢʪʦʨʘ ʯʝʪʚʨʪʝ ʛʝʥʝʨʘʮʠʿʝ, ʢʘʦ ʠ ʧʦʪʝʥʮʠʿʘʣʥʠʭ ʬʫʟʠʦʥʠʭ ʨʝʘʢʪʦʨʘ. ʈʘʟʣʠʯʠʪʘ 

ʠʩʪʨʘʞʠʚʘˁʘ ʫ ʧʦʜʨʫʯʿʫ ʛʝʦʬʠʟʠʢʝ, ʟʘʰʪʠʪʝ ʞʠʚʦʪʥʝ ʩʨʝʜʠʥʝ, ʘʩʪʨʦʬʠʟʠʢʝ. ʉʚʝ ʦʚʦ ʩʫ 

ʩʘʤʦ ʥʝʢʠ ʦʜ ʧʨʠʤʝʨʘ.  

 ʆʥʦ ʰʪʦ ʿʝ ʢʘʨʘʢʪʝʨʠʩʪʠʯʥʦ ʟʘ ʧʦʜʘʪʢʝ ʢʦʿʠ ʧʦʩʪʦʿʝ ʫ ʪʦʣʠʢʦ ʰʠʨʦʢʦʤ ʝʥʝʨʛʝʪʩʢʦʤ 

ʦʧʩʝʛʫ ʿʝ ʜʘ ʦʥʠ ʥʠʩʫ ʧʦʪʧʫʥʠ, ʢʘʦ ʠ ʜʘ ʧʦʩʪʦʿʠ ʟʥʘʪʥʘ ʨʘʟʣʠʢʘ ʫ ʧʦʜʘʮʠʤʘ ʫ ʟʘʚʠʩʥʦʩʪʠ ʦʜ 

ʝʢʩʧʝʨʠʤʝʥʪʘ ʜʦ ʝʢʩʧʝʨʠʤʝʥʪʘ ʢʦʿʠ ʩʫ ʩʧʨʦʚʝʜʥʠ. ʊʘʢʦʹʝ, ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʝ ʚʨʝʜʥʦʩʪʠ 

ʤʝʨʝʥʝ ʩʫ ʩʘʤʦ ʟʘ ʧʦʿʝʜʠʥʠ ʙʨʦʿ ʥʫʢʣʠʜʘ, ʘ ʢʘʨʘʢʪʝʨʠʩʪʠʢʘ ʠʤ ʿʝ ʠ ʪʘ ʜʘ ʩʫ ʧʨʠʣʠʢʦʤ 

ʝʢʩʧʝʨʠʤʝʥʘʪʘ ʢʦʨʠʰ˂ʝʥʠ ʩʥʦʧʦʚʠ ʩʘ ʝʥʝʨʛʠʿʘʤʘ ʥʝʫʪʨʦʥʘ ʿʝʜʥʝ ʝʥʝʨʛʠʿʝ. ʊʘʢʦ ʜʘ ʟʘ 

ʥʫʢʣʠʜʝ ʟʘ ʢʦʿʝ ʧʦʩʪʦʿʝ ʧʦʘʜʘʮʠ ʦ ʝʬʠʢʘʩʥʠʤ ʧʨʝʩʝʮʠʤʘ, ʦʥʠ ʥʠʩʫ ʫ ʰʠʨʦʢʦʤ ʝʥʝʨʛʝʪʩʢʦʤ 

ʦʧʩʝʛʫ, ʪʝ ʩʫ ʧʦʜʘʮʠ ʟʘ ʯʠʪʘʚ ʦʧʩʝʛ ʝʥʝʨʛʠʿʝ ʜʦ 20 MeV ʜʦʙʠʿʝʥʠ ʪʝʦʨʠʿʩʢʠ. ʊʝʦʨʠʿʩʢʠ 

ʩʠʤʫʣʠʨʘʥʝ ʚʨʝʜʥʦʩʪʠ ʝʬʠʢʘʩʥʠʭ ʧʨʝʩʝʢʘ ʢʦʿʝ ʧʦʩʪʦʿʝ ʚʨʰʝʥʝ ʩʫ ʥʘ ʦʩʥʦʚʫ ʧʦʩʪʦʿʝ˂ʠʭ 

ʥʫʢʣʝʘʨʥʠʭ ʤʦʜʝʣʘ ʠ ʥʦʨʤʠʨʘʥʝ ʫʟ ʧʦʤʦ˂ ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʦ ʜʦʙʠʿʝʥʠʭ ʚʨʝʜʥʦʩʪʠ. ʂʘʢʦ ʙʠ 

ʩʝ ʧʨʝʚʘʟʠʰʣʠ ʥʝʜʦʩʪʘʮʠ ʥʝʦʧʭʦʜʥʠʭ ʧʦʜʘʪʘʢʘ ʜʦʣʘʟʠ ʜʦ ʩʘʨʘʜˁʝ ʚʝʣʠʢʦʛ ʙʨʦʿʘ 

ʥʘʮʠʦʥʘʣʥʠʭ ʠ ʤʝʹʫʥʘʨʦʜʥʠʭ ʣʘʙʦʨʘʪʦʨʠʿʘ, ʩʪʚʘʨʘʿʫ˂ʠ ʟʘʿʝʜʥʠʯʢʝ ʙʘʟʝ ʧʦʜʘʪʘʢʘ. 

 

 

4.3 ɽʢʩʧʝʨʠʤʝʥʪʘʣʥʘ ʧʦʩʪʘʚʢʘ  

 

4.3.1 NAXSUN ʪʝʭʥʠʢʘ 

 

 NAXSUN ʪʝʭʥʠʢʘ ʦʜ ʝʥʛʣʝʩʢʠ Neutron Activation X-Section determined using 

Unfolding ʨʘʟʚʠʿʝʥʘ ʿʝ ʦʜ ʩʪʨʘʥʝ ʆʙʿʝʜʠˁʝʥʦʛ ʠʩʪʨʘʞʠʚʘʯʢʦʛ ʮʝʥʪʨʘ ɽʚʨʦʧʩʢʝ ʢʦʤʠʩʠʿʝ ʫ 

ɻʝʝʣʫ (Joint Research Centre - JRC), ɹʝʣʛʠʿʘ. ʊʝʭʥʠʢʘ ʩʝ ʢʦʨʠʩʪʠ ʟʘ ʦʜʨʝʹʠʚʘˁʝ ʬʫʥʢʮʠʿʘ 

ʝʬʠʢʘʩʥʦʛ ʧʨʝʩʝʢ ʨʘʟʣʠʯʠʪʠʭ ʨʝʘʢʮʠʿʘ ʠʥʜʫʢʦʚʘʥʠʭ ʥʝʫʪʨʦʥʠʤʘ ʫ ʰʠʨʦʢʦʤ ʝʥʝʨʛʝʪʩʢʦʤ 

ʦʧʩʝʛʫ, ʥʝ ʩʘʤʦ ʟʘ ʧʦʿʝʜʠʥʝ ʝʥʝʨʛʠʿʝ ʢʘʦ ʚʝ˂ʠʥʘ ʤʝʪʦʜʘ ʟʘ ʦʜʨʝʹʠʚʘˁʝ ʝʬʠʢʘʩʥʠʭ ʧʨʝʩʝʢʘ.  

 ɿʘʩʥʠʚʘ ʩʝ ʥʘ ʘʢʪʠʚʘʮʠʿʠ ʥʝʢʦʛ ʙʨʦʿʘ ʠʜʝʥʪʠʯʥʠʭ ʜʠʩʢʦʚʘ ʥʘʧʨʘʚˀʝʥʠʭ ʦʜ 

ʤʘʪʝʨʠʿʘʣʘ ʚʝʣʠʢʝ ʯʠʩʪʦ˂ʝ ʢʦʿʠ ʩʝ ʩʘʩʪʦʿʝ ʦʜ ʠʟʦʪʦʧʘ ʢʦʿʠ ʩʫ ʧʨʝʜʤʝʪ ʠʩʪʨʘʞʠʚʘˁʘ. ʉʚʘʢʠ 

ʦʜ ʜʠʩʢʦʚʘ ʩʝ ʦʟʨʘʯʫʿʝ ʜʦʙʨʦ ʜʝʬʠʥʠʩʘʥʠʤ ʬʣʫʢʩʦʤ ʥʝʫʪʨʦʥʘ ʫ ʰʠʨʦʢʦʤ ʦʧʩʝʛʫ ʝʥʝʨʛʠʿʘ. 

ʌʣʫʢʩʝʚʠ ʥʝʫʪʨʦʥʘ ʩʫ ʟʘ ʩʚʘʢʠ ʜʠʩʢ ʨʘʟʣʠʯʠʪʠ, ʘʣʠ ʜʦʣʘʟʠ ʜʦ ˁʠʭʦʚʦʛ ʧʨʝʢʣʘʧʘˁʘ ʫ ʿʝʜʥʦʤ 

ʜʝʣʫ ʝʥʝʨʛʠʿʘ. ɼʦʜʘʪʥʦ, ʿʝʜʘʥ ʦʜ ʜʠʩʢʦʚʘ ʩʝ ʘʢʪʠʚʠʨʘ ʬʣʫʢʩʦʤ (ʢʚʘʟʠ) ʤʦʥʦʝʥʝʨʛʝʪʩʢʠʭ 
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ʥʝʫʪʨʦʥʘ (126). ʆʚʘ ʘʢʪʠʚʘʮʠʿʘ ʩʝ ʢʦʨʠʩʪʠ ʟʘ ʠʟʨʘʯʫʥʘʚʘˁʝ ʝʬʠʢʘʩʥʦʛ ʧʨʝʩʝʢʘ ʫ ʿʝʜʥʦʿ 

ʚʨʝʜʥʦʩʪʠ ʝʥʝʨʛʠʿʘ, ʢʦʿʘ ʩʝ ʢʦʨʠʩʪʠ ʟʘ ʥʦʨʤʘʣʠʟʘʮʠʿʫ ʬʫʥʢʮʠʿʝ ʝʬʠʢʘʩʥʦʛ ʧʨʝʩʝʢʘ. 

ʀʥʜʫʢʦʚʘʥʘ ʘʢʪʠʚʥʦʩʪ ʜʠʩʢʦʚʘ ʫʩʣʝʜ ˁʠʭʦʚʦʛ ʠʟʣʘʛʘˁʘ ʧʦˀʫ ʥʝʫʪʨʦʥʘ ʜʝʪʝʢʪʫʿʝ ʩʝ 

ʩʧʝʢʪʨʦʩʢʦʧʩʢʠʤ ʩʠʩʪʝʤʦʤ ʩʘ ʚʝʣʠʢʦʤ ʝʥʝʨʛʝʪʩʢʦʤ ʨʝʟʦʣʫʮʠʿʦʤ. ʀʥʜʫʢʦʚʥʘ ʘʢʪʠʚʥʦʩʪ 

ʩʚʘʢʦʛ ʦʜ ʜʠʩʢʦʚʘ (ɸk) ʿʝ ʚʝʣʠʯʠʥʘ ʢʦʿʘ ʿʝ ʧʨʦʧʦʨʮʠʦʥʘʣʥʘ ʝʬʠʢʘʩʥʦʤ ʧʨʝʩʝʢʫ ʟʘ ʦʜʨʝʹʝʥʫ 

ʨʝʘʢʮʠʿʫ ů, ʢʘʦ ʠ ʬʣʫʢʩʫ ʫʧʘʜʥʠʭ ʥʝʫʪʨʦʥʘ: 

ˍ  ˡ „  Ὥ ρȟςȟσȟȣὲ     Ὧ ρȟςȟσȟȣά 
(4.1) 

ʛʜʝ m ʧʨʝʜʩʪʘʚˀʘ ʙʨʦʿ ʜʠʩʢʦʚʘ, n ʙʨʦʿ ʠʥʪʝʨʚʘʣʘ ʝʥʝʨʛʠʿʝ ɽi  ʫ ʦʜʨʝʹʝʥʦʤ ʝʥʝʨʛʝʪʩʢʦʤ 

ʦʧʩʝʛʫ. ʅʘ ʦʚʘʿ ʥʘʯʠʥ ʩʝ ʤʦʞʝ ʦʜʨʝʜʠʪʠ ʚʨʝʜʥʦʩʪ ʝʬʠʢʘʩʥʦʛ ʧʨʝʩʝʢʘ ʢʦʨʠʰ˂ʝˁʝʤ ʤʝʪʦʜʝ 

unfolding-a, ʢʘʢʦ ʦʚʘ ʿʝʜʥʘʯʠʥʘ ʟʘ ʠʥʜʫʢʦʚʘʥ ʫ ʩʘʪʫʨʘʮʠʦʥʫ ʘʢʪʠʚʥʦʩʪ ʠʤʘ ʙʝʩʢʦʥʘʯʥʦ 

ʤʥʦʛʦ ʨʝʰʝˁʘ. ɸʣʛʦʨʠʪʤʠ MAXED ʠ GRAVEL ʩʫ ʢʦʨʠʰ˂ʝʥʠ ʧʨʠʣʠʢʦʤ unfolding ʧʨʦʮʝʩʘ 

(127; 24; 128). 

ʋ ʦʚʦʤ ʨʘʜʫ, NAXSUN ʤʝʪʦʜʘ ʿʝ ʧʨʘ˂ʝʥʘ ʧʦ ʩʣʝʜʝ˂ʠʤ ʢʦʨʘʮʠʤʘ: 

¶ ʐʝʩʪ ʜʠʩʢʦʚʘ ʦʜ ʨʝʥʠʿʫʤʘ ʿʝ ʘʢʪʠʚʠʨʘʥʦ ʠʟʣʘʛʘˁʝʤ ʧʦʜ ʩʥʦʧʦʤ ʥʝʫʪʨʦʥʘ, ʯʠʿʠ ʩʫ 

ʬʣʫʢʩʝʚʠ ʙʠʣʠ ʜʦʙʨʦ ʜʝʬʠʥʠʩʘʥʠ. 

¶ ɼʦʜʘʪʥʠ, ʩʝʜʤʠ ʜʠʩʢ ʿʝ ʙʠʦ ʦʟʨʘʯʠʚʘʥ ʩʥʦʧʦʤ ʥʝʫʪʨʦʥʘ ʿʝʜʥʝ ʝʥʝʨʛʠʿʝ. 

¶ ʅʘʜ ʘʢʪʠʚʠʨʘʥʠʤ ʜʠʩʢʦʚʠʤʘ ʿʝ ʚʨʰʝʥʘ ʛʘʤʘ ʩʧʝʢʪʨʦʩʢʦʧʩʢʘ ʘʥʘʣʠʟʘ. 

¶ ʀʟʚʨʰʝʥ ʿʝ ʧʦʩʪʫʧʘʢ ʜʝʢʦʥʚʦʣʫʮʠʿʝ (ungolding) ʫ ʮʠˀʫ ʜʦʙʠʿʘˁʘ ʬʫʥʢʮʠʿʝ 

ʝʬʠʢʘʩʥʦʛ ʧʨʝʩʝʢʘ ʫ ʞʝˀʝʥʦʤ ʝʥʝʨʛʝʪʩʢʦʤ ʦʧʩʝʛʫ. ʋʣʘʟʥʝ ʚʨʝʜʥʦʩʪʠ ʥʝʦʧʭʦʜʥʝ ʟʘ 

ʦʚʘʿ ʧʦʩʪʫʧʘʢ ʩʫ ʠʥʜʫʢʦʚʘʥʘ ʘʢʪʠʚʥʦʩʪ (ɸk), ʬʣʫʢʩ ʥʝʫʪʨʦʥʘ ʌ, ʢʘʦ ʠ ʫʣʘʟʥʘ 

ʧʨʝʜʝʬʠʥʠʩʘʥʘ ʬʫʥʢʮʠʿʘ ʝʬʠʢʘʩʥʦʛ ʧʨʝʩʝʢʘ, ʦ ʯʝʤʫ ˂ʝ ʢʘʩʥʠʿʝ ʙʠʪʠ ʨʝʯʠ.  

 

4.3.2 ɸʢʪʠʚʘʮʠʿʘ ʜʠʩʢʦʚʘ ʥʘʧʨʘʚˀʝʥʠʭ ʦʜ ʨʝʥʠʿʫʤʘ 

 

 ʆʩʥʦʚʘ NAXSUN ʤʝʪʦʜʝ ʧʨʝʜʩʪʘʚˀʘ, ʢʘʦ ʰʪʦ ʿʝ ʧʨʝʪʭʦʜʥʦ ʧʦʤʝʥʫʪʦ, ʦʟʨʘʯʠʚʘˁʝ 

ʚʝ˂ʝʛ ʙʨʦʿʘ ʠʜʝʥʪʠʯʥʠʭ ʜʠʩʢʦʚʘ ʜʠʩʢʦʚʘ, ʚʠʩʦʢʝ ʯʠʩʪʦ˂ʝ ʥʝʫʪʨʦʥʠʤʘ ʨʘʟʣʠʯʠʪʠʭ ʝʥʝʨʛʠʿʘ. 

ʋ ʦʚʦʤ ʨʘʜʫ ʢʦʨʠʰ˂ʝʥʦ ʿʝ ʩʝʜʘʤ ʜʠʩʢʦʚʘ ʦʜ ʨʝʥʠʿʫʤʘ ʚʠʩʦʢʝ ʯʠʩʪʦ˂ʝ (99,9%). ɼʠʩʢʦʚʠ ʩʫ 

ʙʦʤʙʘʨʜʦʚʘʥʠ ʥʝʫʪʨʦʥʠʤʘ ʢʦʿʠ ʩʫ ʜʦʙʠʿʘʥʠ ʫʟ ʧʦʤʦ˂ ɺʘʥ ʜʝ ɻʨʘʬʦʚʦʛ ʛʝʥʝʨʘʪʦʨʘ. 

ɻʝʥʝʨʘʪʦʨʦʤ ʩʫ ʜʦʙʠʿʘʥʠ ʤʦʥʦʝʥʝʨʛʝʪʩʢʠ ʥʝʫʪʨʦʥʠ, ʘ ʧʦʩʝʙʥʠʤ ʥʘʯʠʥʦʤ ʦʟʨʘʯʠʚʘˁʘ, ʦ 

ʯʝʤʫ ˂ʝ ʙʠʪʠ ʨʝʯʠ, ʧʦʩʪʠʛʥʫʪʦ ʿʝ ʜʘ ʜʠʩʢʦʚʠ ʙʫʜʫ ʦʟʨʘʯʝʥʠ ʥʝʫʪʨʦʥʠʤʘ ʫ ʰʠʨʦʢʦʤ ʦʧʩʝʛʫ 

ʝʥʝʨʛʠʿʘ, ʫ ʦʚʦʤ ʨʘʜʫ ʦʜ 13 ʜʦ 20 MeV. 
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4.3.2.1 ɺʘʥ ʜʝ ɻʨʘʬʦʚ ʘʢʮʝʣʝʨʘʪʦʨ 

 

 ʋ ɱʈʎ ɻʝʝʣ ʢʦʨʠʩʪʠ ʩʝ ɺʘʥ ʜʝ ɻʨʘʬʦʚ ʛʝʥʝʨʘʪʦʨ ʟʘ ʫʙʨʟʘʚʘˁʝ ʿʦʥʘ ʢʦʿʠ ʩʝ ʧʦʪʦʤ 

ʫʩʤʝʨʘʚʘʿʫ ʢʘ ʨʘʟʣʠʯʠʪʠʤ ʤʝʪʘʤʘ. ʋ ʩʫʜʘʨʫ ʫʙʨʟʘʥʠʭ ʿʦʥʘ ʩʘ ʤʝʪʘʤʘ ʧʨʦʠʟʚʦʜʝ ʩʝ ʥʝʫʪʨʦʥʠ 

ʨʘʟʣʠʯʠʪʠʭ ʝʥʝʨʛʠʿʘ, ʫ ʟʘʚʠʩʥʦʩʪʠ ʦʜ ʨʝʘʢʮʠʿʝ. ʅʘ ʪʘʿ ʥʘʯʠʥ ʩʝ ʦʙʝʟʙʝʹʫʿʫ ʩʥʦʧʦʚʠ 

ʫʩʤʝʨʝʥʠʭ ʤʦʥʦʝʥʝʨʛʝʪʩʢʠʭ ʥʝʫʪʨʦʥʘ. ʆʚʘʢʦ ʧʨʦʠʟʚʝʜʝʥʠ ʥʝʫʪʨʦʥʠ ʢʦʨʠʩʪʝ ʩʝ ʟʘ 

ʠʟʘʟʠʚʘˁʝ ʥʫʢʣʝʘʨʥʠʭ ʨʝʘʢʮʠʿʘ ʥʘ ʨʘʟʣʠʯʠʪʠʤ ʤʝʪʘʤʘ. ʋ ʦʚʦʤ ʨʘʜʫ ʧʨʦʠʟʚʝʜʝʥʠʤ 

ʥʝʫʪʨʦʥʠʤʘ ʩʫ ʠʟʘʟʚʘʥʝ ʥʫʢʣʝʘʨʥʝ ʨʝʘʢʮʠʿʝ ʥʘ ʤʝʪʘʣʥʠʤ ʤʝʪʘʤʘ ʦʜ ʨʝʥʠʿʫʤʘ, ʯʠʿʠ ʩʫ ʩʝ 

ʝʬʠʢʘʩʥʠ ʧʨʝʩʝʮʠ ʨʘʯʫʥʘʣʠ. 

 ɱʦʥʠ ʢʦʿʠ ʩʝ ʫʙʨʟʘʚʘʿʫ ɺʘʥ ɼʝ ɻʨʘʬʦʚʠʤ ʛʝʥʝʨʘʪʦʨʦʤ ʜʦʙʠʿʘʿʫ ʩʝ ʠʟ ʛʘʩʘ 

ʝʢʩʪʨʘʢʮʠʿʦʤ ʧʨʝʢʦ ʠʟʚʦʨʘ ʥʝʛʘʪʠʚʥʠʭ ʿʦʥʘ. ʊʘʢʦ ʩʪʚʦʨʝʥʠ ʧʦʟʠʪʠʚʥʠ ʿʦʥʠ ʩʝ ʫʙʨʟʘʚʘʿʫ ʠ 

ʫʩʤʝʨʘʚʘʿʫ ʧʨʝʢʦ ʮʝʚʠ ʢʦʿʝ ʩʝ ʤʦʛʫ ʚʠʜʝʪʠ (ʉʣʠʢʘ 4.2) ʛʜʝ ʩʝ ʚʨʰʠ ʬʦʢʫʩʠʨʘˁʝ ʩʥʦʧʦʚʘ ʠ 

ˁʠʭʦʚʦ ʫʩʤʝʨʘʚʘˁʝ ʥʘ ʤʝʪʫ ʦʜ ʨʘʟʣʠʯʠʪʠʭ ʤʘʪʝʨʠʿʘʣʘ. ʇʦʩʪʦʿʠ ʫʢʫʧʥʦ ʰʝʩʪ ʮʝʚʠ ʫ ʢʦʿʠʤʘ 

ʩʝ ʩʧʨʦʚʦʜʝ ʩʥʦʧʦʚʠ, 5 ʫ ʛʦʨˁʦʿ ʧʨʦʩʪʦʨʠʿʠ ʠ ʿʝʜʥʘ ʫ ʜʦˁʦʿ. ʋ ʟʘʚʠʩʥʦʩʪʠ ʦʜ ʝʥʝʨʛʠʿʘ 

ʥʝʫʪʨʦʥʘ ʢʦʿʝ ʩʫ ʥʝʦʧʭʦʜʥʝ ʫ ʝʢʩʧʝʨʠʤʝʥʪʠʤʘ, ʢʦʨʠʩʪʝ ʩʝ ʨʘʟʣʠʯʠʪʝ ʢʦʤʙʠʥʘʮʠʿʝ ʫʧʘʜʥʠʭ 

ʿʦʥʘ ʠ ʤʝʪʘ. ʊʘʙʝʣʘ 4.3 ʧʦʢʘʟʫʿʝ ʨʝʘʢʮʠʿʝ ʢʦʿʝ ʩʝ ʢʦʨʠʩʪʝ ʫ ʣʘʙʦʨʘʪʦʨʠʿʠ. 

 

 

ʉʣʠʢʘ 4.2 - ɺʘʥ ɼʝ ɻʨʘʬ ʛʝʥʝʨʘʪʦʨ ʫ ɱʈʎ ɻʝʝʣ ʧʦʩʪʨʦʿʝˁʫ. ʉʣʠʢʘ ʧʨʝʫʟʝʟʘ ʠʟ (23). 
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  ɿʘ ʧʨʦʠʟʚʦʜˁʫ ʥʝʫʪʨʦʥʘ ʫ ʝʢʩʧʝʨʠʤʝʥʪʫ ʨʘʹʝʥʦʤ ʟʘ ʧʦʪʨʝʙʝ ʦʚʦʛ ʨʘʜʘ ʢʦʨʠʰ˂ʝʥʘ 

ʿʝ ʧʦʩʣʝʜˁʘ ʥʘʚʝʜʝʥʘ ʨʝʘʢʮʠʿʘ ʠʟ ʪʘʙʝʣʝ 3ʅ(d,n)4He, ʛʜʝ ce ʢʦʨʠʩʪʠʣʘ ʤʝʪʘ ʦʜ ʊi ï 3ʅ ʦʜ 

2,293 mg cm-2 ʫ ʢʦʿʦʿ ʿʝ ʦʜʥʦʩ 3H/Ti ʠʟʥʦʩʠʦ 1,4 ʟʘ ʧʨʦʠʟʚʦʜˁʫ ʿʦʥʘ.  

 

ʊʘʙʝʣʘ 4.3 ï ɽʥʝʨʛʠʿʝ ʥʝʫʪʨʦʥʘ ʜʦʙʠʿʝʥʝ ɺʘʥ ɼʝ ɻʨʘʬʦʚʠʤ ʛʝʥʝʨʘʪʦʨʦʤ ʠʟ ʨʘʟʣʠʯʠʪʠʭ 

ʨʝʘʢʮʠʿʘ (23). 

ʈʝʘʢʮʠʿʘ ɽʥʝʨʛʠʿʘ ʥʝʫʪʨʦʥʘ (ʄʦʥʦʝʥʝʨʛʝʪʩʢʠ ʥʝʫʪʨʦʥʠ) (ʄʝV) 

7Li(p,n)7Be 0 ï 5.3 (0,1 ï 0,7) 

3ʅ(p,n)3He 0 ï 6.2 (0.3 ï 4.5) 

2ʅ(d,n)3He 2.4 ï 10.1 (2.4 ï 7.7) 

3ʅ(d,n)4He 12.1 ï 24.1 (14.0 ï 20.5) 

   

4.3.2.2 ɸʢʪʠʚʘʮʠʿʘ ʜʠʩʢʦʚʘ ʥʝʫʪʨʦʥʠʤʘ ʰʠʨʦʢʦʛ ʝʥʝʨʛʝʪʩʢʦʛ ʦʧʩʝʛʘ 

 

 ɺʝ˂ ʿʝ ʧʨʝʪʭʦʜʥʦ ʧʦʤʝʥʫʪʦ ʜʘ ʿʝ ʩʝʜʘʤ ʜʠʩʢʦʚʘ ʥʘʧʨʘʚˀʝʥʠʭ ʦʜ 99,99% ʨʝʥʠʿʫʤʘ 

ʢʦʨʠʰ˂ʝʥʦ ʫ ʝʢʩʧʝʨʠʤʝʥʪʫ. ʇʨʠʨʦʜʥʦ ʩʝ ʦʚʘʿ ʤʝʪʘʣ ʩʘʩʪʦʿʠ ʦʜ ʜʚʘ ʠʟʦʪʦʧʘ 185Re ʠ 187Rʝ ʯʠʿe 

ʩʫ ʟʘʩʪʫʧˀʝʥʦʩʪʠ 37,4% ʠ 62,6% ʨʝʜʦʤ. ɼʠʩʢʦʚʠ ʩʫ ʙʠʣʠ ʜʝʙʠˀʥʝ 5 mm ʠ ʧʦʣʫʧʨʝʯʥʠʢʘ 

20 mm, ʘ ˁʠʭʦʚʦ ʦʟʨʘʯʠʚʘˁʝ ʥʝʫʪʨʦʥʠʤʘ ʿʝ ʚʨʰʝʥʦ ʫ ʧʦʩʪʨʦʿʝˁʫ ɱʈʎ ɻʝʝʣ, ɺʘʥ ʜʝ 

ɻʨʘʬʦʚʠʤ ʛʝʥʝʨʘʪʦʨʦʤ. ʉʚʘʢʠ ʦʜ ʜʠʩʢʦʚʘ ʦʟʨʘʯʘʚʘʥ ʿʝ ʨʘʟʣʠʯʠʪʠʤ ʥʝʫʪʨʦʥʩʢʠʤ 

ʬʣʫʢʩʝʚʠʤʘ. ɽʢʩʧʝʨʠʤʝʥʪʘʣʥʘ ʧʦʩʪʘʚʢʘ ʟʘ ʘʢʪʠʚʠʨʘˁʝ ʜʠʩʢʦʚʘ ʧʨʠʢʘʟʫʿʝ ʉʣʠʢʘ 4.3. 

 ɱʝʜʘʥ ʢʦʥʪʨʦʣʥʠ ʜʠʩʢ, ʢʦʿʠ ʩʣʫʞʠ ʟʘ ʥʦʨʤʘʣʠʟʘʮʠʿʫ ʬʫʥʢʮʠʿʝ ʝʬʠʢʘʩʥʦʛ ʧʨʝʩʝʢʘ ʫ 

ʮʝʣʦʤ ʝʥʝʨʛʝʪʩʢʦʤ ʦʧʩʝʛʫ, ʧʦʩʪʘʚˀʝʥ ʿʝ ʫ ʧʨʘʚʮʫ ʫʧʘʜʥʠʭ ʿʦʥʘ ʥʘ ʤʝʪʫ ʢʦʿʘ ʧʨʦʠʟʚʦʜʠ 

ʥʝʫʪʨʦʥʝ. ɼʠʩʢ ʿʝ ʩʚʝ ʚʨʝʤʝ ʘʢʪʠʚʘʮʠʿʝ ʜʨʞʘʥ ʫ ʦʚʦʤ ʧʦʣʦʞʘʿʫ, ʘ ʝʥʝʨʛʠʿʘ ʥʝʫʪʨʦʥʘ ʢʦʿʘ ʿʝ 

ʢʦʨʠʰ˂ʝʥʘ ʟʘ ʦʚʘʿ ʜʠʩʢ ʠʟʥʦʧʩʠʣʘ ʿʝ 18,1 MeV ʠ ʥʝʫʪʨʦʥʩʢʠ ʬʣʫʢʩ ʩʝ ʤʦʞʝ ʩʤʘʪʨʘʪʠ 

ʤʦʥʦʝʥʝʨʛʝʪʩʢʠ. ʉʚʠ ʦʩʪʘʣʠ ʜʠʩʢʦʚʠ ʩʫ ʪʦʢʦʤ ʚʨʝʤʝʥʘ ʘʢʪʠʚʘʮʠʿʝ ʥʝʫʪʦʨʥʠʤʘ ʨʦʪʠʨʘʥʠ ʦʜ 

ʧʦʣʦʞʘʿʘ ʢʦʿʠ ʦʜʛʦʚʘʨʘ ʧʨʘʚʮʫ ʫʧʘʜʥʠʭ ʿʦʥʘ ʥʘ ʤʝʪʫ ʢʦʿʘ ʧʨʦʠʟʚʦʜʠ ʥʝʫʪʨʦʥʝ ʜʦ ʧʦʣʦʞʘʿʘ 

ʦʜ 80ʦ ʫ ʦʜʥʦʩʫ ʥʘ ʦʚʘʿ ʧʨʘʚʘʮ ʫ ʢʦʨʘʮʠʤʘ ʦʜ ʧʦ 2ʦ. ʆʚʦ ʧʨʝʜʩʪʘʚˀʘ ʢˀʫʯʘʥ ʜʝʦ NAXSUN 

ʤʝʪʦʜʝ, ʿʝʨ ʩʝ ʥʘ ʦʚʘʿ ʥʘʯʠʥ ʨʘʩʧʦʜʝʣʘ ʥʝʫʪʨʦʥʘ ʧʦ ʝʥʝʨʛʠʿʘʤʘ ʢʦʿʠ ʧʘʜʘʿʫ ʥʘ ʤʝʪʫ ʢʦʿʘ ʩʝ 

ʘʢʪʠʚʠʨʘ ʰʠʨʠ ʦʜ ʢʚʘʟʠʤʦʥʦʝʥʝʨʛʝʪʩʢʦʛ ʥʘ ʚʝ˂ʠ ʦʧʩʝʛ ʝʥʝʨʛʠʿʘ. ʅʘʠʤʝ, ʨʘʩʧʦʜʝʣʘ ʥʝʫʪʨʦʥʘ 

ʧʦ ʝʥʝʨʛʠʿʘʤʘ ʟʘʚʠʩʠ ʦʜ ˁʠʭʦʚʝ ʫʛʘʦʥʝ ʜʠʩʪʨʠʙʫʮʠʿʝ ʧʨʠʣʠʢʦʤ ʥʘʧʫʰʪʘˁʘ ʤʝʪʝ ʫ ʢʦʿʦʿ 

ʥʘʩʪʘʿʫ. ʌʣʫʢʩ ʥʝʫʪʨʦʥʘ ʿʝ ʥʘʿʚʝ˂ʠ ʫ ʧʨʘʚʘʮʫ ʫʧʘʜʥʠʭ ʿʦʥʘ ʠ ˁʠʭʦʚʘ ʝʥʝʨʛʠʿʘ ʩʝ ʤʦʞʝ 

ʩʤʘʪʨʘʪʠ (ʢʚʘʟʠ) ʤʦʥʦʝʥʝʨʛʝʪʩʢʦʤ. ʂʘʢʦ ʩʝ ʫʜʘˀʘʚʘ ʦʜ ʦʚʦʛ ʧʨʘʚʮʘ, ʬʣʫʢʩ ʥʝʫʪʨʦʥʘ ʦʧʘʜʘ, 

ʢʘʦ ʠ ˁʠʭʦʚʘ ʝʥʝʨʛʠʿʘ. ʋʧʨʘʚʦ ʩʝ ʦʚʘ ʯʠˁʝʥʠʮʘ ʢʦʨʠʩʪʠ ʧʨʠʣʠʢʦʤ ʩʪʚʘʨʘˁʘ ʰʠʨʦʢʦʛ 

ʝʥʝʨʛʝʪʩʢʦʛ ʩʧʝʢʪʨʘ ʥʝʫʪʨʦʥʘ ʢʦʿʠ ʧʘʜʘʿʫ ʥʘ ʤʝʪʫ ʢʦʿʫ ʪʨʝʙʘ ʘʢʪʠʚʠʨʘʪʠ. ʊʘʢʦʹʝ, ʢʘʢʦ ʦʧʘʜʘ 

ʬʣʫʢʩ ʥʝʫʪʨʦʥʘ ʧʨʠʣʠʢʦʤ ʫʜʘˀʘʚʘˁʘ ʦʜ ʧʨʘʚʮʘ ʫʧʘʥʠʭ ʿʦʥʘ, ʥʘ ʩʚʘʢʦʤ ʢʦʨʘʢʫ ʦʜ ʧʦ 2ʦ 

ʧʨʠʣʠʢʦʤ ʨʦʪʘʮʠʿʝ ʜʠʩʢʦʚʘ, ʦʥʠ ʩʫ ʙʠʣʠ ʟʘʜʨʞʘʚʘʥʠ ʧʦ 1 ʩʝʢʫʥʜʫ ʚʠʰʝ.  
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ʉʣʠʢʘ 4.3 - ɽʢʩʧʝʨʠʤʝʥʪʘʣʥʘ ʧʦʩʪʘʚʢʘ ʧʨʠʣʠʢʦʤ ʠʨʘʜʠʿʘʮʠʿʝ ʜʠʩʢʦʚʘ ʦʜ ʨʝʥʠʿʫʤʘ (33). 

 

 ʉʧʝʢʪʘʨ ʥʝʫʪʨʦʥʘ ʢʦʿʠ ʧʘʜʘʿʫ ʥʘ ʤʝʪʫ ʢʦʿʘ ʩʝ ʘʢʪʠʚʠʨʘ ʧʨʦʨʘʯʫʥʘʪ ʿʝ TARGET ʢʦʜʦʤ 

(129). TARGET ʢʦʜ ʥʘ ʦʩʥʦʚʫ ʢʠʥʝʤʘʪʠʯʢʠʭ ʧʨʦʨʘʯʫʥʘ ʨʝʧʨʦʜʫʢʫʿʝ ʩʧʝʢʪʘʨ ʥʝʫʪʨʦʥʘ ʢʦʿʠ 

ʜʦʣʘʟʝ ʜʦ ʤʝʪʝ. ʇʨʠʤʝʨ ʜʝʪʝʢʪʦʚʘʥʦʛ ʬʣʫʢʩʘ ʥʝʫʪʨʦʥʘ ʟʘ ʨʘʟʣʠʯʠʪʝ ʧʦʣʦʞʘʿʝ ʫ ʦʜʥʦʩʫ ʥʘ 

ʧʨʘʚʘʮ ʫʧʘʜʥʠʭ ʿʦʥʘ ʧʨʠʢʘʟʫʿʝ ʉʣʠʢʘ 4.4.  

 

ʉʣʠʢʘ 4.4 ï ʇʨʠʢʘʟ ʬʣʫʢʩʘ ʥʝʫʪʨʦʧʥʘ ʫ ʟʘʚʠʩʥʦʩʪʠ ʦʜ ʧʦʣʦʞʘʿʘ ʜʠʩʢʘ ʪʦʢʦʤ ʠʨʘʜʠʿʘʮʠʿʝ. 

ʉʣʠʢʘ ʧʨʝʫʟʝʪʘ ʫʟ ʤʦʜʠʬʠʢʦʚʘˁʝ ʠʟ (130). 
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ʉʫʤʠʨʘˁʝʤ ʨʘʯʫʥʘʪʠʭ ʩʧʝʢʪʘʨʘ ʟʘ ʩʚʘʢʠ ʦʜ ʧʦʣʞʘʿʘ ʜʦʙʠʿʘʿʫ ʩʝ ʫʢʫʧʥʠ ʥʝʫʪʨʦʥʩʢʠ ʩʧʝʢʪʨʠ. 

 

 

ʉʣʠʢʘ 4.5 ï ɿʙʠʨ ʥʝʫʪʨʦʥʩʢʠʭ ʩʧʝʢʪʘʨʘ ʟʘ ʩʚʘʢʠ ʧʦʿʝʜʠʥʘʯʘʥ ʧʦʣʦʞʘʿ ʠ ʠʟʛʣʝʜ ʩʫʤʘʨʥʦʛ 

ʥʝʫʪʨʦʥʩʢʦʛ ʩʧʝʢʪʨʘ. ʉʣʠʢʘ ʧʨʝʫʟʝʪʘ ʠʟ (130). 

 ʂʦʨʠʰ˂ʝˁʝʤ ʨʘʟʣʠʯʠʪʠʭ ʝʥʝʨʛʠʿʘ ʥʝʫʪʨʦʥʘ ʟʘ ʩʚʘʢʠ ʦʜ ʜʠʩʢʦʚʘ, ʫʟ ˁʠʭʦʚʦ 

ʨʦʪʠʨʘˁʝ ʧʨʠʣʠʢʦʤ ʘʢʪʠʚʘʮʠʿʝ ʫʩʧʝʚʘ ʩʝ ʧʦʢʨʠʪʠ ʯʠʪʘʚ ʝʥʝʨʛʝʪʩʢʠ ʦʧʩʝʛ ʦʜ 13 MeV ʜʦ 

20 Me. ʊʘʙʝʣʘ 4.4 ʧʨʠʢʘʟʫʿʝ ʝʥʝʨʛʠʿʝ ʜʝʫʪʝʨʦʥʘ ʫ ʨʝʘʢʮʠʿʠ 3ʅ(d,n)4He ʜʦʙʠʿʘˁʘ ʥʝʫʪʨʦʥʘ, 

ʢʘʦ ʠ ʝʥʝʨʛʠʿʝ ʥʝʫʪʨʦʥʘ ʢʦʿʝ ʦʥʠ ʠʤʘʿʫ ʫ ʧʨʘʚʮʫ ʫʧʘʜʥʠʭ ʿʦʥʘ. ʊʘʢʦʹʝ, ʫ ʪʘʙʝʣʠ ʿʝ 

ʧʨʝʜʩʪʘʚˀʝʥʦ ʚʨʝʤʝ ʘʢʪʠʚʘʮʠʿʝ ʜʠʩʢʦʚʘ. 

 

ʊʘʙʝʣʘ 4.4 ï ɽʥʝʨʛʠʿʝ ʫʧʘʜʥʠʭ ʿʦʥʘ ʠ ʜʦʙʠʿʝʥʠʭ ʥʝʫʪʨʦʥ ʩʘ ʚʨʝʤʝʥʦʤ ʦʟʨʘʯʠʚʘˁʘ ʜʠʩʢʦʚʘ 

(33). 

ɹʨ. ʜʠʩʢʘ Ei (MeV) En (MeV) t(s) 

1 3,300(11) 19,78(20) 86921(10) 

2 2,500(11) 18,71(20) 248402(10) 

3 2,000(11) 18,10(28) 157632(10) 

4 2.000(11) 18,10(28) 166564(10) 

5 1,500(11) 17,16(30) 231958(10) 

6 1,000(11) 15,97(82) 243608(10) 

7 0,800(11) 15,26(131) 144831(10) 

 

 ʉʚe ʚʨʝʤʝ ʘʢʪʠʚʘʮʠʿʝ ʜʠʩʢʦʚʘ, ʙʠʣʘ ʿʝ ʧʨʠʩʫʪʥʘ ʿʦʥʠʟʘʮʠʦʥʘ ʢʦʤʦʨʘ ʢʦʿʘ ʿʝ ʫ ʩʝʙʠ 

ʩʘʜʨʞʘʣʘ 235U, ʢʦʿʘ ʿʝ ʩʣʫʞʠʣʘ ʟʘ ʢʦʥʪʨʦʣʥʦ ʧʦʩʤʘʪʨʘˁʝ ʥʝʫʪʨʦʥʩʢʦʛ ʬʣʫʢʩʘ. 
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ʉʣʠʢʘ 4.6 ï ʇʦʟʠʮʠʿʘ ʿʦʥʠʟʘʮʠʦʠʭ ʢʦʤʦʨʘ ʟʘ ʢʦʥʪʨʦʣʫ ʥʝʫʪʨʦʥʩʢʦʛ ʬʣʫʢʩʘ (33). 

  

 Target ʢʦʜ ʿʝ ʨʘʯʫʥʘʦ ʚʨʝʜʥʦʩʪʠ ʬʣʫʢʩʘ ʥʝʫʪʨʦʥʘ ʟʘ ʩʚʘʢʠ ʦʜ ʜʠʩʢʦʚʘ (ʌʊɱ). ʆʚʝ 

ʚʨʝʜʥʦʩʪʠ ʢʦʨʠʛʦʚʘʥʝ ʩʫ ʟʘ ʧʘʨʘʤʝʪʘʨ bJ ʢʦʿʠ ʫ ʩʝʙʠ ʩʘʜʨʞʠ ʥʝʢʦʣʠʢʦ ʚʝʣʠʯʠʥʘ: 

ʬʣʫʢʪʫʘʮʠʿʝ ʩʪʨʫʿʝ ʿʦʥʘ ʢʦʿʠʤʘ ʩʝ ʧʨʦʠʟʚʦʜʝ ʥʝʫʪʨʦʥʠ ʢʘʦ ʠ ʚʨʝʤʝʥʘ ʘʢʪʠʚʘʮʠʿʝ ʜʠʩʢʦʚʘ ʫ 

ʧʦʿʝʜʠʥʠʤ ʧʦʣʦʞʘʿʠʤʘ: 

ˡ˶  l  ˶ὦ  

ὦ  
ή

ὸ
ρ Ὡ Ὡ   

  

(4.2) 

 ʇʘʨʘʤʝʪʨʠ j ʠ n ʧʨʝʜʩʪʘʚˀʘʿʫ ʙʨʦʿ ʧʦʥʘʚˀʘˁʘ, qi ʧʨʝʜʩʪʘʚˀʘ ʥʘʝʣʝʢʪʨʠʩʘˁʝ 

ʧʨʦʠʟʚʝʜʝʥʦ ʫ  ʩʚʘʢʦʤ ʧʦʣʦʞʘʿʫ ʜʠʩʢʘ, a  i ʧʨʝʜʩʪʘʚˀʘ ʩʫʤʠʨʘˁʝ ʦʟʨʘʯʠʚʘˁʘ ʜʠʩʢʦʚʘ ʟʘ 

ʩʚʘʢʠ ʦʜ ʫʛʣʦʚʘ ʥʘ ʢʦʿʠʤʘ ʩʝ ʥʘʣʘʟʝ ʜʠʩʢʦʚʠ,  ɚ ʿʝ ʢʦʥʩʪʘʥʪʘ ʨʘʩʧʘʜʘ ʨʘʜʠʦʥʫʢʣʠʜʘ ʢʦʿʠ ʩʝ 

ʧʦʩʤʘʪʨʘ, ὸ  ʚʨʝʤʝ ʠʟʤʝʹʫ ʜʚʘ ʩʫʩʝʜʥʘ ʦʟʨʘʯʠʚʘˁʘ, ʘ ὸ́  ʚʨʝʤʝ ʟʘʜʨʞʘʚʘˁʘ ʜʠʩʢʦʚʘ ʫ 

ʩʚʘʢʦʤ ʦʜ ʧʦʣʦʞʘʿʘ .ʿ  ʉʣʠʢʘ 4.7 ʧʨʠʢʘʟʫʿʝ ʥʝʫʪʨʦʥʩʢʝ ʬʣʫʢʩʝʚʝ ʢʦʿʝ ʿʝ Target ʢʦʜ ʩʠʤʫʣʠʨʘʦ 

(ʘ), ʜʦʢ ʩʝ ʧʦʜ (ʚ) ʚʠʜʝ ʬʣʫʢʩʝʚʠ ʧʦʧʨʘʚˀʝʥʠ ʟʘ ʧʘʨʘʤʝʪʘʨ bJ ʟʘ ʩʣʫʯʘʿ 
183Re. ʉʧʝʢʪʨʠ 

ʥʝʫʪʨʦʥʘ ʩʫ ʧʨʠʢʘʟʘʥʠ ʩʘʤʦ ʰʝʩʪ ʜʠʩʢʦʚʘ ʢʦʿʠ ʩʫ ʨʦʪʠʨʘʥʠ ʧʨʠʣʠʢʦʤ ʦʟʨʘʯʠʚʘˁʘ.  

 



   

86 

 

 

ʉʣʠʢʘ 4.7 ï ʅʝʫʪʨʦʥʩʢʠ ʩʧʝʢʪʘʨ (ʘ) ʠ ʥʝʫʪʨʦʥʩʢʠ ʩʧʝʢʪʘʨʥʘʢʦʥ ʫʨʘʯʫʥʘʪʝ ʬʣʫʢʪʫʘʮʠʿʝ 

ʩʪʨʫʿʝ ʫʧʘʜʥʠʭ ʿʦʥʘ ʥʘ ʤʝʪʫ ʢʦʿʘ ʧʨʦʠʟʚʦʜʠ ʥʝʫʪʨʦʥʝ (ʙ) (33; 126). 

 ʆʩʥʦʚʘ ʬʦʨʤʫʣʝ (4.3) ʿʝ ʫ ʩʣʝʜʝ˂ʝʤ. ʂʘʜʘ ʩʝ ʚʨʰʠ ʘʢʪʠʚʘʮʠʿʘ ʜʠʩʢʘ, ʦʜʙʨʦʿ ʫ ʣʠʥʠʿʠ 

ʛʘʤʘ ʩʧʝʢʪʨʘ ɸ ʢʦʿʠ ʥʘʩʪʘʿʝ ʥʘʢʦʥ ʦʜʨʝʹʝʥʝ ʨʝʘʢʮʠʿʝ ʤʦʨʘ ʫʨʘʯʫʥʘʚʘʪʠ ʠ ʯʠˁʝʥʠʮʫ ʜʘ ʩʝ 

ʥʘʩʪʘʣʠ ʨʘʜʠʦʠʟʦʪʦʧ ʨʘʩʧʘʜʘ ʪʦʢʦʤ ʦʟʨʘʯʠʚʘˁʘ ʜʠʩʢʦʚʘ, ʩʥʠʤʘˁʘ ʛʘʤʘ ʩʧʝʢʪʨʘ, ʢʘʦ ʠ 

ʪʦʢʦʤ ʚʨʝʤʝʥʘ ʧʨʦʪʝʢʣʦʛ ʦʜ ʦʟʨʘʯʠʚʘˁʘ ʜʠʩʢʦʚʘ ʜʦ ʩʥʠʤʘˁʘ ʩʧʝʢʪʘʨʘ ʠ ʧʨʝʜʩʪʘʚˀʘ ʩʝ ʥʘ 

ʩʣʝʜʝ˂ʠ ʥʘʯʠʥ (130): 

ˍ „ὖ‐l ρ Ὡ Ὡ ρ Ὡ
άὍὔ

ὓ ‗
 

(4.4) 

  

 ʋ ʧʨʝʪʭʦʜʥʦʿ ʬʦʨʤʫʣʠ ʌ ʿʝ ʥʝʫʪʨʦʥʩʢʠ ʬʣʫʢʩ, m ʤʘʩʘ ʜʠʩʢʘ, I ʠʟʦʪʦʧʩʢʘ 

ʟʘʩʪʫʧˁʝʥʦʩʪ ʠʟʦʪʦʧʘ ʢʦʿʠ ʫʯʝʪʚʫʿʝ ʫ ʨʝʘʢʮʠʿʠ ʫ ʤʘʪʝʨʠʿʘʣʫ ʜʠʩʢʘ, ɚ ʢʦʥʩʪʘʥʪʘ 

ʨʘʜʠʦʘʢʪʠʚʥʦʛ ʨʘʩʧʘʜʘ, ů ʝʬʠʢʘʩʘʥ ʧʨʝʩʝʢ ʟʘ ʨʝʘʢʮʠʿʫ ʢʦʿʘ ʜʘʿʝ ʛʘʤʘ ʣʠʥʠʿʫ, ὸ ʚʨʝʤʝ 

ʦʟʨʘʯʠʚʘˁʘ ʜʠʩʢʘ, ὸ ʚʨʝʤʝ ʦʜ ʦʟʨʘʯʠʚʘˁʘ ʜʠʩʢʘ ʜʦ ʩʥʠʤʘˁʘ ʛʘʤʘ ʩʧʝʢʪʨʘ, ʘ ὸ  ʚʨʝʤʝ 

ʩʥʠʤʘˁʘ ʛʘʤʘ ʩʧʝʢʪʨʘ. ʂʘʜʘ ʩʫ ʩʚʠ ʧʦʜʘʮʠ ʧʦʟʥʘʪʠ ʫ ʬʦʨʤʫʣʠ, ʠʟʫʟʝʚ ů, ʥʝʫʪʨʦʥʩʢʘ ʘʥʘʣʠʟʘ 

ʩʝ ʤʦʞʝ ʩʚʝʩʪʠ ʥʘ ʩʣʝʜʝ˂ʠ ʫʧʨʦʰ˂ʝʥ ʠʟʨʘʟ, ʟʘ ʩʣʫʯʘʿ ʚʠʰʝ ʜʠʩʢʦʚʘ: 

 ̱θ  „ὦˡ          Ὧ  ρȟȣ ὲ (4.5) 

ɿʘ n  ʙʨʦʿ ʜʠʩʢʦʚʘ. ɻʜʝ ʩʝ ʫʢʫʧʘʥ ʬʣʫʢʩ ˡ  ὦˡ  ʨʘʯʫʥʘ ʫʟ ʧʦʧʨʘʚʢʫ ʬʘʢʪʦʨʘ Â, ʢʦʿʠ 

ʠʟʥʦʩʠ: 

ὦ  ρ Ὡ Ὡ ρ Ὡ Ȣ  (4.6) 

ʆʚʦ ʧʨʝʜʩʪʘʚˀʘ ʦʩʥʦʚʫ ʥʘ ʧʦʧʨʘʚʢʫ ʬʣʫʢʩʘ ʥʝʫʪʨʦʥʘ, ʘ ʠʟ ʿʝʜʥʘʯʠʥʝ (4,2). ʋ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʠʤ ʫʩʣʦʚʠʤʘ, ʫʨʘʯʫʥʘʚʘ ʩʝ ʠ ʬʣʫʢʪʫʘʮʠʿʘ ʫʧʘʜʥʠʭ ʿʦʥʘ ʯʠʿʠʤ 

ʙʦʤʙʘʨʜʦʚʘˁʝʤ ʤʝʪʝ ʥʘʩʪʘʿʫ ʥʝʫʪʨʦʥʠ.  
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4.3.3 ɻʘʤʘ ʩʧʝʢʪʨʦʤʝʪʨʠʿʩʢʘ ʤʝʨʝˁʘ 

 

 ʆʟʨʘʯʠʚʘˁʝʤ ʩʚʠʭ ʩʝʜʘʤ ʜʠʩʢʦʚʘ ʥʝʫʪʨʦʥʠʤʘ, ʜʦʣhʦ ʿʝ ʜʦ ˁʠʭʦʚʝ ʘʢʪʠʚʘʮʠʿʝ. 

ʇʨʝʪʭʦʜʥʦ, ʊʘʙʝʣʘ 4.2  ʧʨʠʢʘʟʫʿʝ ʩʚʝ ʨʝʘʢʮʠʿʝ ʢʦʿʝ ʩʝ ʦʜʠʛʨʘʚʘʿʫ ʢʘʜʘ ʩʝ ʥʝʫʪʨʦʥʠʤʘ 

ʙʦʤʙʘʨʜʫʿʝ ʤʝʪʘ ʦʜ ʧʨʠʨʦʜʥʦʛ ʨʝʥʠʿʫʤʘ, ʢʦʿʠ ʩʝ ʩʘʩʪʦʿʠ ʦʜ ʜʚʘ ʧʨʠʨʦʜʥʘ ʠʟʦʪʦʧʘ, ʢʘʦ ʠ ʢʦʿʠ 

ʠʟʦʪʦʧʠ ʪʦʤ ʧʨʠʣʠʢʦʤ ʥʘʩʪʘʿʫ. ɺʝ˂ʠʥʘ ʥʦʚʦʥʘʩʪʘʣʠʭ ʠʟʦʪʦʧʘ ʧʨʝʜʩʪʘʚˀʘ ʛʘʤʘ ʝʤʠʪʝʨʝ, ʪʝ 

ʩʧʝʢʪʘʨ ʢʦʿʠ ʩʝ ʛʘʤʘ ʩʧʝʢʪʨʦʩʢʦʧʩʢʠʤ ʜʝʪʝʢʪʦʚʘˁʝʤ ʜʦʙʠʿʘ ʩʘʩʪʦʿʠ ʩʝ ʠʟ ʚʝʣʠʢʦʛ ʙʨʦʿʘ 

ʣʠʥʠʿʘ. ɺʨʝʤʝʥʘ ʧʦʣʫʨʘʩʧʘʜʘ ʥʘʩʪʘʣʠʭ ʠʟʦʪʦʧʘ ʠʤʘʿʫ ʚʝʣʠʢʠ ʨʘʩʧʦʥ, ʦʜ ʥʝʢʦʣʠʢʦ ʯʘʩʦʚʘ, 

ʧʘ ʜʦ ʧʨʝʢʦ 160 ʜʘʥʘ.  

  ʉʥʠʤʘˁʝ ʛʘʤʘ ʩʧʝʢʪʘʨʘ ʿʝ ʨʘʹʝʥʦ ʫ ʜʚʘ ʥʘʚʨʘʪʘ ʧʦʩʣʝ ʦʟʨʘʯʠʚʘˁʘ ʜʠʩʢʦʚʘ 

ʥʝʫʪʨʦʥʠʤʘ. ʇʨʚʦ ʤʝʨʝˁʝ ʿʝ ʠʟʚʨʰʝʥʦ 20 ʤʠʥʫʪʘ ʧʦʩʣʝ ʦʟʨʘʯʠʚʘˁʘ ʥʝʫʪʨʦʥʠʤʘ, ʜʦʢ ʿʝ 

ʜʨʫʛʦ ʚʨʰʝʥʦ ʪʨʠ ʤʝʩʝʮʘ ʧʦʩʣʝ ʦʟʨʘʯʠʚʘˁʘ. ʈʘʟʣʦʛ ʟʘ ʥʘʚʝʜʝʥʠ ʚʨʝʤʝʥʩʢʠ ʨʘʟʤʘʢ ʠʟʤʝʹʫ 

ʜʚʘ ʩʥʠʤʘˁʘ ʿʝ ʩʣʝʜʝ˂ʠ. ʂʘʢʦ ʚʝ˂ʠʥʘ ʥʘʩʪʘʣʠʭ ʠʟʦʪʦʧʘ ʧʨʝʜʩʪʘʚˀʘ ʛʘʤʘ ʝʤʠʪʝʨʝ, ʩʘ ʚʝ˂ʠʤ 

ʙʨʦʿʝʤ ʛʘʤʘ ʣʠʥʠʿʘ ʩʚʘʢʠ ʦʜ ˁʠʭ, ʜʦʣʘʟʠ ʜʦ ʧʨʝʢʣʘʧʘˁʘ ʣʠʥʠʿʘ ʠ ʥʝʤʦʛʫ˂ʥʦʩʪʠ ʜʘ ʩʝ ʦʜʨʝʜʠ 

ʪʘʯʘʥ ʧʦʿʝʜʠʥʘʯʘʥ ʦʜʙʨʦʿ ʩʚʘʢʦʛ ʦʜ ʠʟʦʪʦʧʘ. ʉʚʝʛʘ ʥʝʢʦʣʠʢʦ ʣʠʥʠʿʘ ʫ ʩʧʝʢʪʨʫ ʤʦʞʝ ʜʘ ʩʝ 

ʧʨʠʧʠʰʝ ʩʘʤʦ ʿʝʜʥʦʤ ʠʟʦʪʦʧʫ. ʉʥʠʤʘˁʝʤ ʫ ʜʚʘ ʨʘʟʣʠʯʠʪʘ ʚʨʝʤʝʥʩʢʘ ʠʥʪʝʨʚʘʣʘ, ʯʠʿʘ ʿʝ 

ʚʨʝʤʝʥʩʢʘ ʜʠʩʪʘʥʮʘ ʥʝʢʦʣʠʢʦ ʨʝʜʦʚʘ ʚʝʣʠʯʠʥʝ ʚʝ˂ʘ ʦʜ ʚʨʝʤʝʥʘ ʧʦʣʫʨʘʩʧʘʜʘ 

ʢʨʘʪʢʦʞʠʚʝ˂ʠʭ ʠʟʦʪʦʧʘ ʢʦʿʠ ʥʘʩʪʘʿʫ ʦʟʨʘʯʠʚʘˁʝʤ ʤʝʪʘ, ʦʤʦʛʫ˂ʘʚʘ ʩʝ ʫʢʣʘˁʘˁʝ ʜʦʧʨʠʥʦʩʘ 

ʦʚʠʭ ʠʟʦʪʦʧʘ ʫ ʦʜʙʨʦʿʫ ʜʨʫʛʦʛ ʩʥʠʤˀʝʥʦʛ ʩʧʝʢʪʨʘ ʠ ʥʘ ʪʘʿ ʥʘʯʠʥ ʧʦʚʝʘ˂ʚʘ ʙʨʦʿ ʣʠʥʠʿʘ ʢʦʿʝ 

ʩʝ ʤʦʛʫ ʧʨʠʧʠʩʘʪʠ ʠʩʢˀʫʯʠʚʦ ʿʝʜʥʦʤ ʠʟʦʪʦʧʫ. ʊʘʙʝʣʘ 4.5 ʧʨʠʢʘʟʫʿʝ ʛʘʤʘ ʣʠʥʠʿʝ ʢʦʿʝ ʧʦʪʠʯʫ 

ʦʜ ʨʘʟʣʠʯʠʪʠʭ ʠʟʦʪʦʧʘ ʢʦʿʠ ʥʘʩʪʘʿʫ, ʢʘʦ ʠ ʤʦʛʫ˂ʘ ʧʨʝʢʣʘʧʘˁʘ. 

ʊʘʙʝʣʘ 4.5 ï ʈʝʘʢʮʠʿʝ ʜʚʘ ʠʟʦʪʦʧʘ ʨʝʥʠʿʫʤʘ ʩʘ ʥʝʫʪʨʦʥʠʤʘ, ʥʘʩʪʘʣʠ ʠʟʦʪʦʧʠ ʩʘ ʛʘʤʘ 

ʣʠʥʠʿʘʤʘ ʢʦʿʝ ʝʤʠʪʫʿʫ. 

ʈʝʘʢʮʠʿʘ 
ɺʨʝʤʝ 

ʧʦʣʫʨʘʩʧʘʜʘ 
ɽ (kʝV) (pɔ) ʇʨʝʢʣʘʧʘˁʝ 

185Re(n,a)182Tam 15.8 min 146.8 (37.2%)  

  171.6 (49.0%)  

  185.0 (24.5%)  

  318.4 (6.9%) 
184Ta, 184Rem: 318.0 (23.5%, 5.7%), 
184Ta, 184Rem: 91.3+226.7 (0.9%, 0.2%) 

185Re(n,a)182Ta 114.4 d 67.7 (41.2%) x-ʟʨʘʯʝˁʝ ʦʜ W 

  100.1 (14.1%) 186Rem: 99.4 (1.1%), 183Re: 99.1 (2.7%) 

  113.7 (1.9%) 187W: 113.7 (0.07%) ʅʠʿʝ ʚʠʜˀʠʚ 

  152.4 (7.2%) ʅʠʿʝ ʚʠʜˀʠʚ 

  156.4 (2.7%) ʅʠʿʝ ʚʠʜˀʠʚ  
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  179.4 (3.1%) 
187W: 178.8 (0.01%), 184Ta, 184Rem, 
184Re: 111.2+67.2Kb (1.4%, 0.3%, 2.6%) 

  198.3 (1.5%) ʅʠʿʝ ʚʠʜˀʠʚ 

  222.1 (7.6%) ʇʨʝʢʣʘʧʘ ʩʝ ʩʘ 215.3 ʠ 216.6 ʦʜ 184Rem 

  229.3 (3.6%) ʅʠʿʝ ʚʠʜˀʠʚ 

  264.1 (3.6%) ʅʠʿʝ ʚʠʜˀʠʚ 

  1001.7 (2.0%) ʅʠʿʝ ʚʠʜˀʠʚ 

  1121.3 (34.9%) 
184Re: 1121.4 (0.04%), 1010.2+111.2 

(0.09%) 

  1189.1 (16.2%) 182Ta: 67.7+1121.3 (23.1%) 

  1221.4 (27.0%) 

184Ta, 184Rem: 1221.3 (0.09%, 0.02%), 
182Ta: 1121.3+100.1 (34.7%), 184Ta: 

1110.1+111.2 (2.3%), 184Ta, 184Rem: 

318.0+903.3 (11.8%, 2.9%) 

185Re(n,p)185Wm 1.7 min 131.6 (4.3%) ʅʠʿʝ ʚʠʜˀʠʚ 

  173.7 (3.3%) ʅʠʿʝ ʚʠʜˀʠʚ 

185Re(n,3n)183Re 70.0 d 46.5 (8.0%) ʅʠʿʝ ʚʠʜˀʠʚ 

  52.6 (2.2%) ʅʠʿʝ ʚʠʜˀʠʚ 

  99.1 (2.7%) 
186Rem: 99.4 (1.1%), 182Ta: 100.1 

(14.1%) 

  107.9 (2.2%) 
ʇʨʝʢʣʘʧʘ ʩʝ ʩʘ 104.7 and 111.2 ʦʜ 
184Rem 

  109.7 (2.9%) 
182Ta: 110.4 (0.09%) ʇʨʝʢʣʘʧʘ ʩʝ ʩʘ 

111.2 ʦʜ 184Rem 

  162.3 (24.0%) 184Ta, 162.4 (1.7%) 

  208.8 (3.0%) 
183Re: 162.3+46.5 (24.0%), Double 

escape from 182Ta: 1231.0 (11.6%) 

  209.9 (0.3%) ʇʨʝʢʣʘʧʘ ʩʝ ʩʘ 208.8 keV  

  244.3 (0.4%) ʇʨʝʢʣʘʧʘ ʩʝ ʩʘ 246.0 keV 

  245.2 (0.3%) ʇʨʝʢʣʘʧʘ ʩʝ ʩʘ 246.0 keV 

  246.1 (1.3%) 
187W: 246.3 (0.1%), 183Re: 161.3+84.7 

(0.07%) 

  291.7 (3.1%) 
183Re: 82.9+208.8 (0.03%), Double 

escape from 184Ta: 1313.8 (0.3%) 

185Re(n,2n)184Re 38.0 d 111.2 (17.1%) 184Ta(24.3%), 184Rem: (5.9%),  

  252.85 (3.0%) 184Ta(49.0%), 184Rem: (10.9%)  
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  539.2 (0.3%) 
184Ta(0.1%), 184Rem: (0.03%), 187W: 

479.5+59.7Ka (1.2%) 

  641.9 (1.9%) 
184Ta(1.4%), 184Rem: (0.4%),  187W: 

641.0 (0.04%) 

  769.8 (0.7%) 184Ta(0.9%), 184Rem: (0.2%),  

  792.1 (37.5%) 

184Ta(15.0%), 184Rem: (3.8%), 184Re: 

(37.5%), 184Ta, 184Rem, 184Re: 

539.2+252.8 (0.1%, 0.03%, 0.3%) 

  894.8 (15.6%) 
184Ta(11.1%), 184Rem: (2.8%),  184Rem, 
184Re: 641.9+252.8 (1.4%, 0.4%, 1.9%) 

  903.3 (37.9%) 

184Ta(15.3%), 184Rem: (3.8%),  184Rem, 
184Re: 792.1+111.2 (15.0%, 3.8%, 

37.5%) 

  1010.2 (0.1%) 184Re: 757.4+252.8 (0.1%) 

  1022.6 (0.5%) 
184Ta(0.7%), 184Rem: (0.2%), 184Rem, 
184Re: 769.8+252.8 (0.9%, 0.2%, 0.7%) 

  1121.4 (0.04%) 
182Ta: 1121.3 (34.7%), 184Re: 

1010.2+111.2 (0.1%) 

  1275.1 (0.1%)  

  1386.3 (0.1%)  

185Re(n,2n)184Rem 169 d 55.3 (2.3%) 184Ta (0.4%) 

  63.7 (0.4%) 184Ta(1.8%), 188Rem: 63.6 (21.6%), 

  91.3 (0.3%) 184Ta (1.1%) 

  104.7 (13.4%) 188Rem: 105.9 (10.8%) 

  111.2 (5.9%) 184Ta(24.3%), 184Re (11.7%) 

  161.3 (6.5%) 
184Ta, 183Re: 161.4 (0.4%), 183Re: 160.5 

(0.6%) 

  215.3 (2.8%) 184Ta (11.4%) 

  216.6 (9.4%) 184Ta (1.8) 

  226.7 (1.5%) 

184Ta(6.4%), 184Re(0.02%), 184Ta: 

162.4+63.7 (0.04%), 188Re: 

155.1+71.3Kb (0.1%) 

  252.8 (10.7%) 184Ta(49.0%), 184Re (3.0%) 

  318.0 (5.7%) 
184Ta(23.5%), 182Tam: 318.4 (6.5%), 
184Ta, 184Rem: 91.3+226.7 (0.9%, 0.2%) 

  384.3 (3.1%) 184Ta (12.8%) 

  536.7 (3.3%) 184Ta (13.2%) 
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  641.9 (0.3%) 
184Ta, 184Re: (1.9%), 187W: 641.0 

(0.04%) 

  769.8 (0.2%) 184Ta(0.9%), 184Re: 769.8 (0.7%) 

  792.1 (3.7%) 
184Ta(15.0%), 184Re: (37.5%), 184Re: 

539.2+252.8 (0.1%, 0.03%, 0.3%) 

  894.8 (2.8%) 
184Ta(11.0%), 184Re: (15.5%), 184Re: 

641.9+252.8 (1.4%, 0.4%, 1.9%) 

  903.3 (3.7%) 
184Ta(15.3%), 184Re: (38.1%), 184Re: 

792.1+111.2 (15.0%, 3.8%, 37.5%) 

  920.9 (8.1%) 
184Ta(32.6%) 184Rem: 536.7+384.3 

(3.3%, 3.1%) 

  1018.8 (0.09%) 
184Ta(0.4%) 184Rem 226.7+792.1 (1.5%, 

3.7%) 

  1022.6 (0.2%) 
184Ta(0.7%), 184Re: (0.5%), 184Re: 

769.8+252.8 (0.2%, 10.7%) 

  1110.1 (0.6%) 

184Ta (2.3%), 184Rem: 91.3+1018.8 

(0.3%, 0.09%); 215.3+894.8 (2.8%, 

2.8%) 

  1173.8 (1.2%) 

184Ta (4.9%), 184Ta: 1172.6 (0.3%), 
184Rem: 63.7+1110.1 (0.4%, 0.0.6%); 

920.9+252.8 (8.1%, 10.7%) 

  1221.3 (0.02%) 

184Ta(0.09), 182Ta: 1221.4 (27.3%), 
184Ta, 184Rem: 318.0+903.3 (5.7%, 

3.7%), 184Ta: 1110.1+111.2 (2.3%), 
182Ta: 1121.3+100.1 (34.7%) 

187Re(n,a)184Ta 8.7 h 55.3 (0.4%) 184Rem: (2.4%) 

  63.7 (1.8%) 188Rem: 63.6 (21.6%), 184Rem: (0.4%) 

  91.3 (1.1%) 184Rem: (0.3%) 

  111.2 (24.3%) 184Rem: (5.9%), 184Re: (17.1%) 

  161.3 (3.3%) 
184Rem: (6.6%), 183Re: 161.4 (0.4%), 
183Re: 160.5 (0.6%) 

  162.4 (1.7%) 183Re: 162.3 (24.0%) 

  215.3 (11.4%) 184Rem: (2.8%) 

  216.6 (1.8%) 184Rem: (9.6%), 

  226.7 (6.4%) 

184Rem: (1.5%), 184Re: (0.02%), 184Ta: 

162.4+63.7 (0.04%), 188Re: 

155.1+71.3Kb (0.1%) 
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  244.5 (3.6%) 
183Re: 244.3 (0.4%); 245.2 (0.2%); 

82.9+162.3 (0.2%) 

  252.8 (49.0%) 184Rem: (10.9%) 184Re: (3.0%) 

  318.0 (23.5%) 
184Rem: (5.9%), 182Tam: 318.4 (6.5%), 
184Ta, 184Rem: 91.3+226.7 (0.9%, 0.2%) 

  384.3 (12.8%) 184Rem: 384.3 (3.2%) 

  414.0 (73.9%)  

  461.0 (10.9%) 184Ta: 244.5+216.6 (2.9%) 

  536.7 (13.2%) 184Rem: (3.4%) 

  539.2 (0.1%) 
184Rem: (0.03%), 184Re: (0.3%), 187W: 

479.5+59.7Ka (1.2%) 

  641.9 (1.4%) 
184Rem: (0.4%), 184Re: (1.9%), 187W: 

641.0 (0.04%) 

  769.8 (0.9%) 184Rem: (0.2%), 184Re: 769.8 (0.7%) 

  792.1 (15.0%) 

184Rem: (3.8%), 184Re: (37.5%), 184Ta, 
184Rem, 184Re: 539.2+252.8 (0.1%, 

0.03%, 0.3%) 

  894.8 (11.0%) 

184Rem: (2.8%), 184Re: (15.5%), 184Ta, 
184Rem, 184Re: 641.9+252.8 (1.4%, 0.4%, 

1.9%) 

  903.3 (15.3%) 

184Rem: (3.8%), 184Re: (38.1%), 184Ta, 
184Rem, 184Re: 792.1+111.2 (15.0%, 

3.8%, 37.5%) 

  920.9 (32.6%) 
184Rem: (8.4%), 184Ta, 184Rem: 

536.7+384.3 (13.2%, 8.4%) 

  1018.8 (0.4%) 

184Rem: (0.1%), 184Ta, 184Rem: 

124.1+894.8 (0.5%, 0.1%), 226.7+792.1 

(3.1%, 0.7%) 

  1022.6 (0.7%) 

184Rem: (0.2%), 184Re: (0.5%), 184Ta, 
184Rem, 184Re: 769.8+252.8 (0.9%, 0.2%, 

0.7%) 

  1110.1 (2.3%) 

184Rem: (0.6%), 184Ta, 184Rem: 

87.4+1022.6 (0.4%, 0.1%); 91.3+1018.8 

(0.06%, 0.02%); 215.3+894.8 (10.1%, 

2.5%) 

  1173.8 (4.9%) 

184Rem: (1.2%), 184Ta: 1172.6 (0.3%), 
184Ta, 184Rem: 63.7+1110.1 (0.1%, 

0.02%); 920.9+252.8 (32.6%, 8.4%) 

  1221.3 (0.09%) 
184Rem: (0.02%), 182Ta: 1221.4 (27.3%), 
184Ta, 184Rem: 318.0+903.3 (11.8%, 
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1.9%), 184Ta: 1110.1+111.2 (2.3%), 
182Ta: 1121.3+100.1 (34.7%) 

187Re(n,p)187W 23.7 h 72.0 (11.1%) x-ʟʨʘʯʝˁʝ Os ʠ Re 

  134.2 (8.8%)  

  479.6 (21.8%) 
188Re: 478.0 (1.0%), 184Ta: 414.0+63.7 

(2.1%) 

  511.8 (0.6%) ɸʥʠʭʠʣʘʮʠʿʘ 

  551.5 (5.1%) 187W: 479.5+72.0 (20.8%) 

  618.3 (6.3%)  

  625.5 (1.1%)  

  685.7 (27.3%) 187W: 551.5+134.2 (5.1%) 

  745.3 (0.3%) 187W: 685.7+59.7Ka (1.6%) 

  772.9 (4.1%)  

  864.6 (0.3%)  

  879.5 (0.1%) 187W: 745.3+134.2 (0.3%) 

187Re(n,2n)186Re 3.7 d 122.3 (0.6%)  

185Re(n,g)186Re  137.2 (9.4%)  

  630.3 (0.03%)  

  767.5 (0.03%)  

187Re(n,2n)186Rem 2 x 105 y 40.4 (5.0%) 183Re: 41.0 (0.03%), Peak not visible 

185Re(n,g)186Rem  59.0 (17.8%) x-rays from Re and W 

  99.4 (1.1%) 182Ta: 100.1 (14.0%), 183Re:99.1(2.7%) 

187Re(n,g)188Re 17.0 h 155.0 (15.2%) 188Rem: 156.0 (0.6%) 

  453.3 (0.07%) 
184Ta, 184Rem: 384.3+69.3Kb (0.2%, 

0.04%); 183Re: 161.3+291.7 (0.3%) 

  478.0 (1.0%) 
187W: 479.6 (21.8%), 184Ta: 414.0+63.7 

(2.1%) 

  633.0 (1.3%) 188Re: 478.0+155.0 (1.0%) 

  635.0 (0.1%) 
ɼʝʣʠʤʠʯʥʦ ʧʨʝʢʣʘʧʘˁʝ ʩʘ 633keV 

ʣʠʥʠʿʦʤ 

  672.5 (0.1%)  

  829.5 (0.4%) 

182Ta: 829.7 (0.02%), 184Ta, 184Rem, 
184Re: 769.8+59.3Ka (0.2%, 0.04%, 

0.3%) 

  931.3 (0.6%) 184Ta: 930.9 (0.08%) 
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  1132.4 (0.09%)  

  1308.1 (0.07%) 188Re: 1307.5 (0.01%) 

  1457.5 (0.02%)  

  1610.4 (0.1%)  

  1670.0 (0.01%)  

  1786.1 (0.02%)  

  1802.2 (0.04%)  

  1957.3 (0.02%)  

187Re(n,g)188Rem 18.6 min 63.6 (21.6%) 184Ta, 184Rem: 63.7 keV (1.8%, 0.4%) 

  92.5 (5.2%) ʅʠʿʝ ʚʠʜˀʠʚ 

  105.9 (10.8%) 
184Rem: 104.7 (13.3%); 
187W:106.6(0.03%) 

 

 ʋ ʪʘʙʝʣʠ ʿʝ ʥʘʚʝʜʝʥʦ ʧʦʨʝʢʣʦ ʛʘʤʘ ʣʠʥʠʿʘ ʢʦʿʝ ʩʝ ʤʦʛʫ ʚʠʜʝʪʠ ʫ ʩʧʝʢʪʨʠʤʘ. ʉʣʠʢʘ 

4.8 ʠ ʉʣʠʢʘ 4.9 ʧʨʠʢʘʟʫʿʫ ʜʚʘ ʩʧʝʢʪʨʘ, ʧʨʚʠ ʤʝʨʝʥ ʧʦʩʣʝ 20 ʤʠʥʫʪʘ ʦʜ ʦʟʨʘʯʠʚʘˁʘ ʜʠʩʢʦʚʘ, 

ʜʦʢ ʿʝ ʜʨʫʛʠ ʤʝʨʝʥ ʪʨʠ ʤʝʩʝʮʘ ʢʘʩʥʠʿʝ. ʅʘ ʧʨʝʜʩʪʘʚˀʝʥʠʤ ʛʨʘʬʠʮʠʤʘ ʩʝ ʚʠʜʝ ʫʧʦʨʝʜʦ 

ʩʧʝʢʪʨʠ ʢʦʿʠ ʩʫ ʜʦʙʠʿʝʥʠ ʩʥʠʤʘˁʝʤ ʩʚʘʢʦʛ ʦʜ ʩʝʜʘʤ ʜʠʩʢʦʚʘ. ʄʦʞʝ ʩʝ ʧʨʠʤʝʪʠʪʠ ʜʘ ʿʝ 

ʫʢʫʧʘʥ ʦʜʙʨʦʿ ʨʝʛʠʩʪʨʦʚʘʥ ʫ ʜʨʫʛʦʤ ʩʧʝʢʪʨʫ ʟʘ ʦʢʦ ʨʝʜ ʚʝʣʠʯʠʥʝ ʤʘˁʠ ʫ ʦʜʥʦʩʫ ʥʘ ʧʨʚʠ. 

 

ʉʣʠʢʘ 4.8 ï ɻʘʤʘ ʩʧʝʢʪʨʠ ʩʝʜʘʤ ʠʜʝʥʪʠʯʥʠʭ ʜʠʩʢʦʚʘ ʩʥʠʤˀʝʥʠ ʥʝʧʦʩʨʝʜʥʦ ʥʘʢʦʥ ˁʠʭʦʚʝ 

ʠʨʘʜʠʿʘʮʠʿʝ (33). 
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 ɼʝʪʝʢʮʠʿʘ ʛʘʤʘ ʟʨʘʯʝˁʘ ʿʝ ʚʨʰʝʥʘ HPGe ʜʝʪʝʢʪʦʨʠʤʘ ʫ ʦʙʘ ʩʣʫʯʘʿʘ, ʘ ʜʠʩʢʦʚʠ ʩʫ 

ʜʨʞʘʥʠ ʪʦʢʦʤ ʩʥʠʤʘˁʘ ʩʧʝʢʪʘʨʘ ʥʘ ʛʣʘʚʘʤʘ ʜʝʪʝʢʪʦʨʘ ʫ ʧʦʩʝʙʥʠʤ ʜʨʞʘʯʠʤʘ ʩʘ ʧʨʝʮʠʟʥʦ 

ʜʝʬʠʥʠʩʘʥʦʤ ʛʝʦʤʝʪʨʠʿʩʢʦʤ ʧʦʩʪʘʚʢʦʤ. ʇʨʚʦ ʤʝʨʝˁʝ ʿʝ ʚʨʰʝʥʦ ʫ ʧʦʩʪʨʦʿʝˁʠʤʘ ɱʈʎ ɻʝʝʣʘ. 

ʂʦʨʠʰ˂ʝʥ ʿʝ ʛʝʨʤʘʥʠʿʫʤʩʢʠ ʜʝʪʝʢʪʦʨ ʢʦʘʢʩʠʿʘʣʥʦʛ ʦʙʣʠʢʘ, ʨʝʣʘʪʠʚʥʝ ʝʬʠʢʘʩʥʦʩʪʠ ʦʜ 40%, 

ʩʘ ʧʦʚʨʰʠʥʩʢʠʤ deadlayer ʦʜ 0,7 mm. ɼʨʫʛʦ ʤʝʨʝˁʝ ʿʝ ʚʨʝhʥʦ ʫ HADES ʣʘʙʦʨʘʪʦʨʠʿʠ (131; 

132). ʆʚʘ ʧʦʜʟʝʤʥʘ ʣʘʙʦʨʘʪʦʨʠʿʘ ʿʝ ʥʘʧʨʘʚˀʝʥʘ ʪʦʢʦʤ 1980-ʠʭ ʛʦʜʠʥʘ ʥʘ ʜʫʙʠʥʠ ʦʜ 225 

ʤʝʪʘʨʘ ʨʘʜʠ ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʠʭ ʠʩʪʨʘʞʠʚʘˁʘ ʠ ʤʦʛʫ˂ʥʦʩʪʠ ʦʜʣʘʛʘˁʘ ʚʠʩʦʢʦʨʘʜʠʦʘʢʪʠʚʥʦʛ 

ʠ ʜʫʛʦʞʠʚʝ˂ʝʛ ʥʫʢʣʝʘʨʥʦʛ ʦʪʧʘʜʘ ʫ ʣʝʩʥʠʤ ʩʣʦʿʝʚʠʤʘ ʟʝʤˀʠʰʪʘ ʠ ʙʠʣʘ ʿʝ ʧʨʚʘ ʪʘʢʚʝ ʚʨʩʪʝ 

ʫ ɽʚʨʦʧʠ. ʆʚʘʢʚʦ ʦʢʨʫʞʝˁʝ ʦʤʦʛʫ˂ʘʚʘ ʩʤʘˁʠʚʘˁʝ ʧʦʟʘʜʠʥʩʢʦʛ ʟʨʘʯʝˁʘ ʫ ʚʝʣʠʢʦʿ ʤʝʨʠ, ʥʘ 

ʧʨʠʤʝʨ ʬʦʥ ʢʦʿʠ ʧʦʪʠʯʝ ʦʜ ʤʠʦʥʘ ʩʝ ʩʤʘˁʫʿʝ 104 ʧʫʪʘ, ʪʝ ʩʝ ʛʨʘʥʠʮʘ ʜʝʪʝʢʮʠʿʝ ʟʨʘʯʝˁʘ 

ʧʨʠʙʣʠʞʠʣʘ ʥʘ ʦʢʦ 10 ÕBq ʟʘ ʧʦʿʝʜʠʥʝ ʥʫʢʣʠʜʝ. ʋ ʣʘʙʦʨʘʪʦʨʠʿ ʠ ʩʝ ʥʘʣʘʟʠ 8 ʛʝʨʤʘʥʠʿʫʤʩʢʠʭ 

ʜʝʪʝʢʪʦʨʘ ʚʠʩʦʢʝ ʯʠʩʪʦ˂ʝ, ʨʝʣʘʪʠʚʥʝ ʝʬʠʢʘʩʥʦʩʪʠ ʦʜ 8% ʜʦ 106%. ʋ ʩʚʨʭʝ ʝʢʩʧʝʨʠʤʝʥʪʘ 

ʢʦʨʠʰ˂ʝʥ ʿʝ BEGe (Broad Energy Germanium Detector) ʜʝʪʝʢʪʦʨ, ʨʝʣʘʪʠʚʥʝ ʝʬʠʢʘʩʥʦʩʪʠ ʦʜ 

50%. 

 

ʉʣʠʢʘ 4.9 ï ɻʘʤʘ ʩʧʝʢʪʨʠ ʩʝʜʘʤ ʠʜʝʥʪʠʯʥʠʭ ʜʠʩʢʦʚʘ ʩʥʠʤˀʝʥʠ ʪʨʠ ʤʝʩʝʮʘ ʥʘʢʦʥ ˁʠʭʦʚʝ 

ʠʨʘʜʠʿʘʮʠʿʝ. 

 

 ɻʘʤʘ ʣʠʥʠʿʝ ʫ ʩʧʝʢʪʨʠʤʘ ʢʦʿʝ ʩʝ ʤʦʛʫ ʚʠʜʝʪʠ, ʫ ʚʝ˂ʠʥʠ ʩʣʫʯʘʿʝʚʘ ʧʨʝʜʩʪʘʚˀʘʿʫ 

ʧʦʢʣʘʧʘˁʝ ʧʦʨʝʢʣʦʤ ʚʠʰʝ ʦʜ ʿ ʝʜʥʦʛ ʥʘʩʪʘʣʦʛ ʘʢʪʠʚʘʮʠʿʦʤ ʥʝʫʪʨʦʥʠʤʘ, ʪʝ ʿ ʝ ʙʠʣʦ ʧʦʪʨʝʙʥʦ 

ʠʟʘʙʨʘʪʠ ʛʘʤʘ ʣʠʥʠʿʝ ʢʦʿʝ ʧʦʪʠʯʫ ʩʘʤʦ ʦʜ ʿ ʝʜʥʦʛ ʨʘʜʠʦʠʟʦʪʦʧʘ ʢʘʢʦ ʙʠ ʩʝ ʤʦʛʣʘ ʠʟʨʘʯʫʥʘʪʠ 

ˁʝʛʦʚʘ ʩʧʝʮʠʬʠʯʥʘ ʘʢʪʠʚʥʦʩʪ (ɸk). ʇʨʦʥʘʹʝʥʝ ʩʫ ʜʚʝ ʛʘʤʘ ʣʠʥʠʿʝ ʢʦʿʝ ʩʚʘʢʘ ʦʜ ˁʠʭ ʧʦʪʠʯʫ 

ʩʘʤʦ ʦʜ ʿʝʜʥʦʛ ʨʘʜʠʦʥʫʢʣʠʜʘ ʥʘʩʪʘʣʠ ʧʨʠʣʠʢʦʤ ʦʟʨʘʯʠʚʘˁʘ ʥʝʫʪʨʦʥʘ. ʊʠ ʨʘʜʠʦʥʫʢʣʠʜʠ ʩʫ 
187W (618.3 keV) ʠ 83Re (162.3 keV), ʢʦʿʠ ʥʘʩʪʘʿʫ ʠʟ ʨʝʘʢʮʠʿʘ 185Re(n,3n)183Re ʠ 187Re(n,p)187W. 
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ʇʦʣʦʞʘʿʠ ʛʘʤʘ ʣʠʥʠʿʘ ʫ ʩʧʝʢʪʨʠʤʘ ʤʦʛʫ ʩʝ ʚʠʜʝʪʠ (ʉʣʠʢʘ 4.10). ʇʨʚʠ ʩʧʝʢʪʘʨ ʿʝ ʤʝʨʝʥ 20 

ʤʠʥʫʪʘ ʧʦʩʣʝ ʦʟʨʘʯʠʚʘˁʘ ʥʝʫʪʨʦʥʠʤʘ ʫ ɱʈʎ ɻʝʝʣ, ʜʦʢ je ʜʨʫʛʠ ʫʨʘʹʝʥ ʪʨʠ ʤʝʩʝʮʘ ʥʘʢʦʥ 

ʦʟʨʘʯʠʚʘˁʘ ʫ HADES ʣʘʙʦʨʘʪʦʨʠʿʠ. 

 ʅʘ ʦʩʥʦʚʫ ʜʚʝ ʛʘʤʘ ʣʠʥʠʿʝ ʢʦʿʝ ʧʨʠʧʘʜʘʿʫ ʥʘʚʝʜʝʥʠʤ ʨʘʜʠʦʥʫʢʣʠʜʠʤʘ, ʨʘʯʫʥʘʪʝ ʩʫ 

ˁʠʭʦʚʝ ʠʥʜʫʢʦʚʘʥʝ ʘʢʪʠʚʥʦʩʪʠ ʢʦʿʝ ʩʝ ʧʦʩʪʠʞʫ ʥʘ ʢʨʘʿʫ ʦʟʨʘʯʠʚʘˁʘ ʜʠʩʢʦʚʘ ʥʝʫʪʨʦʥʠʤʘ. 

ʆʚʝ ʚʨʝʜʥʦʩʪʠ ʩʫ ʜʦʙʠʿʝʥʝ ʫʟ ʧʦʤʦ˂ʫ ʩʣʝʜʝ˂ʝ ʬʦʨʤʫʣʝ (126): 

ὃ
ὅὓ

ὔά Ὅ ‐ ὖὸ

‗ὸ

ρ Ὡ
Ὡ ὑ  

 

(4.7) 

 

ʉʣʠʢʘ 4.10 ï ʇʦʣʦʞʘʿ ʛʘʤʘ ʣʠʥʠʿʘ ʩʘ ʝʥʝʨʛʠʿʘʤʘ ʠ ʠʟʦʪʦʧʦʤ ʨʝʥʠʿʫʤʘ ʦʜ ʢʦʿʠʭ ʧʦʪʠʯʫ ʥʘ 

ʦʩʥʦʚʫ ʢʦʿʠʭ ʩʫ ʨʘʯʫʥʘʪʝ ʩʘʪʫʨʘʮʠʦʥʝ ʘʢʪʠʚʥʦʩʪʠ (33). 

ʛʜʝ  C ʧʨʝʜʩʪʘʚˀʘ ʫʢʫʧʘʥ ʥʝʪʦ ʦʜʙʨʦʿ ʫ ʛʘʤʘ ʧʠʢʫ, M ʤʘʝʥʠ ʙʨʦʿ ʠʟʦʪʦʧʘ ʨʝʥʠʿʫʤʘ ʢʦʿʠ ʿʝ 

ʘʢʪʠʚʠʨʘʥ ʥʝʫʪʨʦʥʠʤʘ, Na  ɸʚʦʛʘʜʨʦʚ ʙʨʦʿ, m ʤʘʩʘ, I ʠʟʦʪʦʧʩʢʘ ʟʘʩʪʫʧˀʝʥʦʩʪ ʿʝʜʥʦʛ ʦʜ ʜʚʘ 

ʧʨʠʨʦʜʥʘ ʨʝʥʠʿʫʤʘ ʢʦʿʠ ʿʝ ʘʢʪʠʚʠʨʘʥ, Ů ʝʬʠʢʘʩʥʦʩʪ ʫ ʧʠʢʫ ʪʦʪʘʣʥʝ ʘʧʨʦʩʧʮʠʿʝ Pɔ   

ʚʝʨʦʚʘʪʥʦ˂ʘ ʝʤʠʪʦʚʘˁʘ ʛʘʤʘ ʣʠʥʠʿʝ ʦʜʨʝʹʝʥʝ ʝʥʝʨʛʠʿʝ ʢʦʿʘ ʩʝ ʧʦʩʤʘʪʨʘ,  tl  ʿʝ live ʚʨʝʤʝ 

ʜʝʪʝʢʮʠʿʝ, td ʚʨʝʤʝ ʦʜ ʟʘʚʨʰʝʪʢʘ ʘʢʪʠʚʘʮʠʿʝ ʜʠʩʢʦʚʘ ʜʦ ʧʦʯʝʪʢʘ ʛʘʤʘ ʩʧʝʢʪʨʦʩʢʦʧʩʢʦʛ 

ʤʝʨʝˁʘ, tm real ʚʨʝʤʝ, ɚ ʢʦʥʩʪʘʥʪʘ ʨʘʜʠʦʘʢʪʠʚʥʦʛ ʨʘʩʧʘʜʘ, ʘ KCS ʢʦʨʝʢʮʠʦʥʠ ʬʘʢʪʦʨ ʢʦʿʠ 

ʫʨʘʯʫʥʘʚʘ ʩʣʫʯʘʿʥʝ ʢʦʠʥʮʠʜʝʥʮʠʿʝ ʢʦʿʝ ʤʦʛʫ ʜʘʪʠ ʜʦʜʘʪʘʥ ʦʜʙʨʦʿ ʫ ʛʘʤʘ ʣʠʥʠʿʠ ʦʜ ʠʥʪʝʨʝʩʘ. 

ɽʬʠʢʘʩʥʦʩʪ ʜʝʪʝʢʮʠʿʝ ʩʝ ʨʘʯʫʥʘ ʫʟ ʧʦʤʦ˂ ʢʦʜʘ EGS4, ʢʦʿʠ ʩʝ ʙʘʟʠʨʘ ʥʘ ʄʦʥʪʝ ʂʘʨʣʦ ʢʦʜʫ 

(133). 

 ʀʥʜʫʢʦʚʘʥʝ ʘʢʪʠʚʦʥʩʪʠ ʨʘʯʫʥʘʪʝ ʟʘ ʩʚʘʢʠ ʜʠʩʢ ʧʦʩʝʙʥʦ ʩʝ ʤʦʛʫ ʚʠʜʝʪʠ (ʊʘʙʝʣʘ 4.6), 

ʟʘ ʩʚʘʢʫ ʦʜ ʨʝʘʢʮʠʿʘ, ʢʘʦ ʠ ʝʥʝʨʛʠʿʘ ʛʘʤʘ ʣʠʥʠʿʝ ʠʟ ʩʧʝʢʪʨʘ ʢʦʿʝ ʿʝ ʫʟʝʪʘ ʫ ʦʙʟʠʨ, ʩʘ ˁʝʥʠʤ 

ʢʚʘʥʪʥʠʤ ʧʨʠʥʦʩʦʤ. 
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ʊʘʙʝʣʘ 4.6 ï ɸʢʪʠʚʥʦʩʪʠ ʠʟ ʧʦʤʝʥʫʪʝ ʜʚʝ ʛʘʤʘ ʣʠʥʠʿʝ ʩʧʝʢʪʘʨʘ ʟʘ ʦʙʝ ʨʝʘʢʮʠʿʝ (33). 

    E [keV] (Pɔ) 

Ak (10-24 Bq/atom) 

185Re(n,3n)183
Re

 

162.3 (25(2)%) 

187Re(n,p)187W 

618.3 (7.6(1)%) 

ɼʠʩʢ 1 163.5(28) 48.5(9) 

ɼʠʩʢ 2 183.4(4) 67.1(11) 

ɼʠʩʢ 3  117.0(22) 60.2(9) 

ɼʠʩʢ 4 312.9(8) 83.4(12) 

ɼʠʩʢ 5 217.6(5) 119.1(20) 

ɼʠʩʢ 6 112.3(23) 86.9(15) 

ɼʠʩʢ 7 66.1(14) 88.7(18) 

 

4.3.4 ʆʜʨʝʹʠʚʘˁʝ ʚʨʝʜʥʦʩʪʠ ʝʬʠʢʘʩʥʦʛ ʧʨʝʩʝʢʘ ʨʝʘʢʮʠʿʘ ʟʘ ʝʥʝʨʛʠʿʫ 

ʥʝʫʪʨʦʥʘ ʦʜ 18,1 MeV 

 

 ʀʥʜʫʢʦʚʘʥʘ ʘʢʪʠʚʥʦʩʪ ʥʝʫʪʨʦʥʠʤʘ ʧʨʦʧʦʨʮʠʦʥʘʣʥʘ ʿʝ ʫʧʘʜʥʦʤ ʬʣʫʢʩʫ ʥʝʫʪʨʦʥʘ ʢʘʦ 

ʠ ʝʬʠʢʘʩʥʦʤ ʧʨʝʩʝʢʫ ʟʘ ʨʝʘʢʮʠʿʫ ʫ ʢʦʿʦʿ ʥʘʩʪʘʿʝ ʨʘʜʠʦʥʫʢʣʠʜ ʯʠʿʘ ʩʝ ʘʢʪʠʚʥʦʩʪ ʧʦʩʤʘʪʨʘ: 

ὃ „    

 

(4.8) 

ʆʚʘʿ ʧʨʠʩʪʫʧ ʿʝ ʢʦʨʠʰ˂ʝʥ ʧʨʠʣʠʢʦʤ ʦʜʨʝʰʠʚʘˁʘ ʝʬʠʢʘʩʥʦʛ ʧʨʝʩʝʢʘ ʨʝʘʢʮʠʿʝ, ʪʦ ʿʝʩʪ: 

„
ὃ

 
 

 

(4.9) 

ɻʜʝ ʚʝʣʠʯʠʥʘ ɮ  ʧʨʝʩʪʘʚˀʘ ʩʪʚʘʨʥʠ ʧʨʦʨʘʯʫʥʘʪʠ ʬʣʫʢʩ ʥʝʫʪʨʦʥʘ ʧʨʠʣʠʢʦʤ ʦʟʨʘʯʠʚʘˁʘ 

ʜʠʩʢʦʚʘ. ʆʚʜʝ ʿʝ ʫʢˀʫʯʝʥ ʠ ʬʘʢʪʦʨ ʢʦʿʠ ʩʘ ʩʦʙʦʤ ʥʦʩʠ ʬʣʫʢʪʫʘʮʠʿʝ ʩʪʨʫʿʝ ʿʦʥʘ ʫ 

ʠʥʪʝʨʚʘʣʠʤʘ ʦʜ ʧʦ 10 s ʢʦʿʠ ʛʘʹʘʿʫ ʤʝʪʫ ʢʦʿʘ ʧʨʦʠʟʚʦʜʠ ʥʝʫʪʨʦʥʝ. ʇʨʦʨʘʯʫʥʘʪʠ ʬʣʫʢʩ 

ʠʟʥʦʩʠ: 

    
Ὦ

Ὦ
ρ Ὡ Ὡ  

 

(4.10) 

ɺʝʣʠʯʠʥʘ  ʿʧʨʝʜʩʪʘʚˀʘ ʩʨʝʜˁʫ ʩʪʨʫʿʫ ʪʦʢʦʤ ʦʟʨʘʯʠʚʘˁʘ ʜʠʩʢʦʚʘ ʥʝʫʪʨʦʥʠʤʘ, ʜʦʢ javg 

ʧʨʝʜʩʪʘʚˀʘ ʩʨʝʜˁʫ ʩʪʨʫʿʫ ʫ ʠʥʪʝʨʚʘʣʫ ʦʜ 10 s.   
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 ʉʠʩʪʝʤ ʟʘ ʤʝʨʝˁʝ ʠ ʢʦʥʪʨʦʣʫ ʬʣʫʢʩʘ ʥʝʫʪʨʦʥʘ ʩʝ ʩʘʪʦʿʠ ʦʜ ʜʚʝ ʿʦʥʠʟʘʮʠʦʥʝ ʢʦʤʦʨʝ, 

ʫ ʿʝʜʥʦj ʩʝ ʥʘʣʘʟʠ 238U, ʜʦʢ ʿʝ ʫ ʜʨʫʛʦʿ 235U. ʂʨʘʪʢʦ ʚʨʝʤʝ ʧʨʝ ʦʟʨʘʯʠʚʘˁʘ ʜʠʩʢʦʚʘ 

ʥʝʫʪʨʦʥʠʤʘ ʧʦʩʪʘʚˀʝʥʘ ʿʝ ʢʦʤʦʨʘ ʩʘ 238U ʥʘ ʤʝʩʪʦ ʜʠʩʢʦʚʘ. ɱʦʥʠʟʘʮʠʦʥʘ ʢʦʤʦʨʘ ʩʘ 235U ʿʝ 

ʧʦʩʪʘʚˀʝʥʘ ʠ ʪʦʢʦʤ ʤʝʨʝˁʘ ʿʦʥʠʟʘʮʠʦʥʝ ʢʦʤʦʨʝ ʩʘ 238U ʠ ʪʦʢʦʤ ʦʟʨʘʯʠʚʘˁʘ ʜʠʩʢʦʚʘ 

ʥʝʫʪʨʦʥʠʤʘ ʥʘ ʨʘʩʪʦʿʘˁʫ ʦʜ 111 cm oʜ ʤʝʪʝ ʢʦʿʘ ʿʝ ʧʨʦʠʟʚʦʜʠʣʘ ʥʝʫʪʨʦʥʝ. ʋʛʘʦ ʧʦʜ ʢʦʿʠʤ 

ʩʝ ʥʘʣʘʟʠʣʘ ʢʦʤʦʨʘ ʩʘ 235U ʫ ʦʜʥʦʩʫ ʥʘ ʧʨʘʚʘʮ ʫʧʘʜʥʠʭ ʿʦʥʘ ʿʝ 50ʦ, ʰʪʦ ʩʝ ʤʦʞʝ ʚʠʜʝʪʠ ʥʘ 

ʩʣʠʮʠ ʘʧʘʨʘʪʫʨʝ (ʉʣʠʢʘ 4.6). ʆʚʘʢʚʘ ʧʦʩʪʘʚʢʘ ʦʤʦʛʫ˂ʘʚʘ ʜʘ ʿʦʥʠʟʘʮʠʦʥʘ ʢʦʤʦʨʘ ʩʘ 238U 

ʤʝʨʠ ʥʝʫʪʨʦʥʩʢʠ ʬʣʫʢʩ, ʜʦʢ ʿʦʥʠʟʘʮʠʦʥʘ ʢʦʤʦʨʘ ʩʘ 235U ʩʣʫʞʠ ʟʘ ʢʦʥʪʨʦʣʫ ʬʣʫʢʩʘ 

ʥʝʫʪʨʦʥʘ. ʅʝʫʪʨʦʥʩʢʠ ʬʣʫʢʩ ʩʝ ʦʜʨʝʹʫʿʝ ʥʘ ʩʣʝʜʝ˂ʠ ʥʘʯʠʥ: 

ˡ  
ὔ

„

ὓ

ὔά

ὔ  

ὔ  
 

 

(4.11) 

 ɺʝʣʠʯʠʥʝ ʢʘʦ ʰʪʦ ʩʫ ʤʦʣʘʨʥʘ ʤʘʩʘ ʫʨʘʥʘ ὓ , ʤʘʩʘ ʫʨʘʥʘ ά , ɸʚʦʛʘʜʨʦʚ ʙʨʦʿ, 

ʢʘʦ ʠ ʝʬʠʢʘʩʘʥ ʧʨʝʩʝʢ ʟʘ ʬʠʩʠʿʫ ʧʦʩʣʝ ʟʘʭʚʘʪʘ ʥʝʫʪʨʦʥʘ ʝʥʝʨʛʠʿʝ 18,1 MeV ʩʫ ʜʦʙʨʦ ʧʦʟʥʘʪʝ 

ʚʨʝʜʥʦʩʪʠ. ɺʝʣʠʯʠʥʝ  ὔ , ὔ   ʠ ὔ   ʩʝ ʨʘʯʫʥʘʿʫ ʥʘ ʩʣʝʜʝ˂ʠ ʥʘʯʠʥ: 

ὔ  
Ὅ

ὸ

ὔ

ὔ
  

ὔ  

Ὅ  

ὸ

ὔ

ὔ
  

ὔ  

Ὅ  

ὸ

ὔ

ὔ
 

  

(4.12) 

Ὅ  ʠ Ὅ   ʧʨʝʜʩʪʘʚˀʘʿʫ ʙʨʦʿ ʜʝʪʝʢʪʦʚʘʥʠʭ ʬʠʩʠʦʥʠʭ ʜʦʛʘʹʘʿʘ ʫ ʿʦʥʠʟʘʮʠʦʥʠʤ 

ʢʦʤʦʨʘʤʘ ʧʨʠʣʠʢʦʤ ʤʝʨʝˁʘ ʥʝʫʪʨʦʧʥʩʢʦʛ ʬʣʫʢʩʘ ʧʨʝ ʦʟʨʘʯʠʚʘˁʘ ʜʠʩʢʦʚʘ, ʘ )   ʙʨʦʿ 

ʜʝʪʝʢʪʦʚʘʥʠʭ ʬʠʩʠʿʘ ʪʦʢʦʤ ʘʢʪʠʚʘʮʠʿʝ ʜʠʩʢʦʚʘ ʥʝʫʪʨʦʥʠʤʘ, Nt ʙʨʦʿ ʜʦʛʘʹʘʿʘ ʢʦʿʠ ʩʫ ʫʧʘʣʠʣʠ 

ʪʨʠʛʝʨ ʩʠʩʪʝʤ ʟʘ ʘʢʪʠʚʘʮʠʿʫ, ʘ Ne ʙʨʦʿ ʫʢʫʧʥʠʭ ʜʦʛʘʹʘʿʘ. ʋʧʨʘʚʦ ʦʜʥʦʩ 
̓
 ʦʜʨʝʹʫʿʝ 

ʝʬʠʢʘʩʥʦʩʪ ʜʝʪʝʢʮʠʦʥʦʛ ʩʠʩʪʝʤʘ. ʆʚʘʢʘʚ ʩʠʩʪʝʤ ʢʦʥʪʨʦʣʝ ʿʝ ʜʝʦ ʤʝʨʝˁʘ ʫ ɱʈʎ ɻʝʝʣ ʟʘ 

ʰʠʨʦʢʠ ʙʨʦʿ ʝʢʩʧʝʨʠʤʝʥʘʪʘ (134; 135). ʉʣʠʢʘ 4.11 ʧʦʢʘʟʫʿʝ ʰʝʤʘʪʩʢʠ ʢʦʨʠʰ˂ʝʥʝ 

ʿʦʥʠʟʘʮʠʦʥʝ ʢʦʤʦʨʝ ʩʘ ʦʙʘ ʠʟʦʪʦʧʘ ʫʨʘʥʠʿʫʤʘ. 

 ɼʦʙʠʿʝʥʝ ʚʨʝʜʥʦʩʪʠ ʨʘʯʫʥʘʪʦʛ ʬʣʫʢʩʘ ʥʝʫʪʨʦʥʘ ʢʘʦ ʠ ʝʬʠʢʘʩʥʦʛ ʧʨʝʩʝʢʘ ʟʘ ʜʚʝ 

ʨʝʘʢʮʠʿʝ ʫ ʢʦʿʠʤ ʥʘʩʪʘʿʫ ʠʟʦʪʦʧʠ 183Re ʠ 187Re ʩʫ ʧʨʠʢʘʟʫʿʝ ʊʘʙʝʣʘ 4.7.  
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ʉʣʠʢʘ 4.11 ï ɱʦʥʠʟʘʮʠʦʥʝ ʢʦʤʦʨʝ ʩʘ 235U ʠ 385U ʢʦʨʠʰ˂ʝʥʝ ʫ ʝʢʩʧʝʨʠʤʝʥʪʫ ʟʘ ʢʦʥʪʨʦʣʫ 

ʥʝʫʪʨʦʥʩʢʦʛ ʬʣʫʢʩʘ (33). 

 

 

ʊʘʙʝʣʘ 4.7 ï ʅʝʫʪʨʦʥʩʢʠ ʬʣʫʢʩ ʟʘ ʦʙʝ ʨʝʘʢʮʠʿʝ ʢʘʦ ʠ ʝʬʠʢʘʩʘʥ ʧʨʝʩʝʢ ʟʘ ʝʥʝʨʛʠʿʝ ʥʝʫʪʨʦʥʘ 

ʦʜ 18,1 MeV ʜʦʙʠʿʝʥʠ ʠʟ ʜʠʩʢʘ ʙʨʦʿ 4 ʢʦʿʠ ʥʠʿʝ ʧʦʤʝʨʘʥ ʪʦʢʦʤ ʦʟʨʘʯʠʚʘˁʘ (33). 

ʈʝʘʢʮʠʿʘ ʌR (cm-2s-1) ɽʬʠʢʘʩʘʥ ʧʨʝʩʝʢ (b) 

185Re(n,3n)183Re 375(28) 0.834(34) 

187Re(n,p)187W 17100(400) 0.049(12) 

  

 ɼʦʙʠʿʝʥʝ ʚʨʝʜʥʦʩʪʠ ʝʬʠʢʘʩʥʠʭ ʧʨʝʩʝʢʘ ʟʘ ʨʝʘʢʮʠʿʝ 185Re(n,3n)183Re ʠ 187Re(n,p)187W 

ʟʘ ʝʥʝʨʛʠʿʝ ʥʝʫʪʨʦʥʘ ʦʜ 18,1 ʄʝV ʫʧʦʨʝʹʝʥʝ ʩʫ ʩʘ ʧʦʩʪʦʿʝ˂ʠʤ ʪʝʦʨʠʿʩʢʠʤ ʧʨʦʨʘʯʫʥʠʤʘ ʠʟ 

ʥʝʢʦʣʠʢʦ ʙʘʟʘ ʧʦʜʘʪʘʢʘ (ʉʣʠʢʘ 4.12 ʠ ʉʣʠʢʘ 4.13)  
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ʉʣʠʢʘ 4.12 ï ɼʦʙʠʿʝʥʘ ʚʨʝʜʥʦʩʪ ʝʬʠʢʘʩʥʦʛ ʧʨʝʩʝʢʘ ʟʘ ʝʥʝʨʛʠʿʝ ʥʝʫʪʨʦʥʘ ʦʜ 18,1 MeV  ʟʘ 

ʨʝʘʢʮʠʿʫ 185Re(n,3n)183Re ʫʧʦʨʝʹʝʥʘ ʩʘ ʚʨʝʜʥʦʩʪʠʤʘ ʪʝʦʨʠʿʩʢʠʭ ʧʨʦʨʘʯʫʥʘ ʠʟ ʨʘʟʣʠʯʠʪʠʭ 

ʙʘʟʘ ʧʦʜʘʪʘʢʘ (33). 

 

ʉʣʠʢʘ 4.13 - ɼʦʙʠʿʝʥʘ ʚʨʝʜʥʦʩʪ ʝʬʠʢʘʩʥʦʛ ʧʨʝʩʝʢʘ ʟʘ ʝʥʝʨʛʠʿʝ ʥʝʫʪʨʦʥʘ ʦʜ 18,1 MeV  ʟʘ 

ʨʝʘʢʮʠʿʫ 187Re(n,p)187Re ʫʧʦʨʝʹʝʥʘ ʩʘ ʚʨʝʜʥʦʩʪʠʤʘ ʪʝʦʨʠʿʩʢʠʭ ʧʨʦʨʘʯʫʥʘ ʠʟ ʙʘʟʘ ʧʦʜʘʪʘʢʘ 

(33). 
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4.3.5 ʆʜʨʝʹʠʚʘˁʝ ʧʦʯʝʪʥʝ ʬʫʥʢʮʠʿʝ ʟʘ ʤʝʪʦʜ ʜʝʢʦʥʚʦʣʫʮʠʿʝ (unfolding) 

 

 ʇʦʯʝʪʥʠ ʢʦʨʘʢ ʫ ʧʨʦʮʝʩʫ ʜʦʙʠʿʘˁʘ ʬʫʥʢʮʠʿʝ ʝʬʠʢʘʩʥʦʛ ʧʨʝʩʝʢʘ ʫʟ ʧʦʤʦ˂ unfolding 

ʤʝʪʦʜʝ ʿʝ ʧʦʩʪʘʚˀʘˁʝ ʘʜʝʢʚʘʪʥʝ ʧʦʯʝʪʥʝ ʬʫʥʢʮʠʿʝ (17). ʆʚʘ ʧʦʯʝʪʥʘ ʬʫʥʢʮʠʿʘ ʧʨʝʜʩʪʘʚˀʘ 

ʫʣʘʟʥʠ ʧʘʨʘʤʝʪʘʨ ʟʘ ʧʨʦʮʝʩ unfolding ʢʦʿʠ ˂ʝ ʜʘʪʠ ʢʨʘʿˁ ʫ ʬʫʥʢʮʠʿʫ ʝʬʠʢʘʩʥʦʛ ʧʨʝʩʝʢʘ ʫ 

ʞʝˀʝʥʦʤ ʝʥʝʨʛʝʪʩʢʦʤ ʦʧʩʝʛʫ, ʰʪʦ ʿʝ ʮʠˀ NAXSUN ʤʝʪʦʜʝ. ʇʦʯʝʪʥʘ ʬʫʥʢʮʠʿʘ ʟʘ ʝʬʠʢʘʩʥʝ 

ʧʨʝʩʝʢʝ ʩʝ ʜʦʙʠʿʘ ʥʘ ʦʩʥʦʚʫ ʨʘʯʫʥʘʪʠʭ ʩʨʝʜˁʠʭ ʚʨʝʜʥʦʩʪʠ ʝʬʠʢʘʩʥʠʭ ʧʨʝʩʝʢʘ  ộʎỚ ʟʘ ʬʣʫʢʩ 

ʥʝʫʪʨʦʥʘ ʫ ʰʠʨʦʢʦʤ ʦʧʩʝʛʫ ʝʥʝʨʛʠʿʘ, ʢʦʿʝ ʩʫ ʦʙʝʟʙʝʹʝʥʝ ʥʘ ʦʧʠʩʘʥ ʥʘʯʠʥ, ʢʘʨʘʢʪʝʨʠʩʪʠʯʘʥ 

ʟʘ NAXSUN ʤʝʪʦʜʫ. ʉʨʝʜˁʝ ʚʨʝʜʥʦʩʪʠ ʝʬʠʢʘʩʥʠʭ ʧʨʝʩʝʢʘ ʩʝ ʜʦʙʠʿʘʿʫ: 

ộ„Ớ  
ὃ

В  
 

 

(4.13) 

!  ʧʨʝʜʩʪʘʚˀʘ ʠʥʜʫʢʦʚʘʥʫ ʩʧʝʮʠʬʠʯʥʫ ʘʢʪʠʚʥʦʩʪ, ʨʘʯʫʥʘʪʫ ʟʘ ʩʚʘʢʠ ʦʜ k ʜʠʩʢʦʚʘ, ʜʦʢ    

ʧʨʝʜʩʪʘʚˀʘ ʥʝʫʪʨʦʥʩʢʠ ʬʣʫʢʩ ʟʘ ʚʨʝʜʥʦʩʪ ʢʦʨʘʢʘ ʝʥʝʨʛʠʿʝ ɽi. ɺʨʝʜʥʦʩʪ ʩʨʝʜˁʠʭ ʝʥʝʨʛʠʿʘ 

ʟʘ ʦʜʛʦʚʘʨʘʿʫ˂ʝ ʚʨʝʜʥʦʩʪʠ ʝʬʠʢʘʩʥʠʭ ʧʨʝʩʝʢʘ ộʎỚ ʜʦʙʠʿʝʥʝ ʩʫ: 

ộὉỚ  
В Ὁ 

В  
 

 

(4.14) 

 ʀʥʪʝʨʧʦʣʘʮʠʿʦʤ ʠʟʤʝʹʫ ʚʨʝʜʥʦʩʪʠ ʝʬʠʢʘʩʥʠʭ ʧʨʝʩʝʢʘ ộʎỚ ʟʘ ʜʠʩʢʨʝʪʥʝ ʚʨʝʜʥʦʩʪʠ 

ʩʨʝʜˁʠʭ ʝʥʝʨʛʠʿʘ ộ%Ớ ʜʦʙʠʿʘ ʩʝ ʧʦʯʝʪʥʘ ʬʫʥʢʮʠʿʘ ʫ ʮʝʣʦʤ ʝʥʝʨʛʝʪʩʢʦʤ ʦʧʩʝʛʫ, ʪhʦ ʩʝ 

ʢʦʨʠʩʪʠ ʧʨʠʣʠʢʦʤ ʧʨʦʮʝʩʘ unfoldinga. Unfolding ʿʝ ʨʘʹʝʥ ʫ ʧʨʦʛʨʘʤʫ WinDona ʢʦʿʠ ʫ ʩʝʙʠ 

ʠʥʢʦʨʧʦʨʠʨʘ ʜʚʝ ʧʨʦʮʝʜʫʨʝ ʢʦʿʝ ʩʫ ʢʦʨʠʰ˂ʝʥʝ ʫ ʦʚʦʤ ʨʘʜʫ: MAXEL ʠ GRAVEL (24; 25). 

 ʉʣʠʢʘ 4.14 ʧʨʠʢʘʟʫʿʝ ʛʨʘʬʠʯʢʦ ʦʢʨʫʞʝˁʝ ʧʨʦʛʨʘʤʘ WinDona. ʄʦʞʝ ʩʝ ʠʟʘʙʨʘʪʠ 

ʝʥʝʨʛʝʪʩʢʠ ʦʧʩʝʛ ʫ ʢʦʿʝʤ ˂ʝ ʩʝ ʚʨʰʠʪʠ unfolding, ʢʘʦ ʠ ʢʦʨʘʮʠ ʝʥʝʨʛʠʿʝ ʫ ʜʘʪʦʤ ʦʧʩʝʛʫ, 

ʦʜʘʙʠʨ ʧʦʯʝʪʥʝ ʬʫʥʢʮʠʿʝ, MAXED ʠʣʠ GRAVEL ʘʣʛʦʨʠʪʘʤʘ ʢʦʿʠʤʘ ʩʝ ʚʨʰʠ unfolding. 

ʋʣʘʟʥʠ ʧʦʜʘʮʠ ʩʝ ʟʘʜʘʿʫ ʫ ʚʠʜʫ ʠʤʧʫʪ ʬʘʿʣʘ ʢʦʿʠ ʩʘʜʨʞʠ ʠʥʜʫʢʦʚʘʥʝ ʘʢʪʠʚʥʦʩʪʠ ʟʘ ʩʚʘʢʠ 

ʜʠʩʢ ʟʘ ʨʘʯʫʥʘʪʝ ʩʨʝʜˁʝ ʝʥʝʨʛʠʿʝ ộὉỚ ʥʝʫʪʨʦʥʘ.  
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ʉʣʠʢʘ 4.14 ï ɻʨʘʬʠʯʢʦ ʦʢʨʫʞʝˁʝ ʧʨʦʛʨʘʤʘ WinDona  ̓ ʘ Windows ʦʧʝʨʘʪʠʚʥʠ ʩʠʩʪʝʤ. 

 

 GRAVEL ʘʣʛʦʨʠʪʘʤ ʟʘ ʦʩʥʦʚʫ ʠʤʘ SAND II ʢʦʜ (136) ʘʣʛʦʨʠʪʘʤ, ʠ ʧʨʝʜʩʪʘʚˀʘ 

ˁʝʛʦʚʫ ʤʦʜʠʬʠʢʦʚʘʥʫ ʚʝʨʟʠʿʫ. ɿʘʧʦʯʠˁʝ ʩʝ ʩʘ ʟʘʜʘʪʦʤ ʬʫʥʢʮʠʿʦʤ ʝʬʠʢʘʩʥʠʭ ʧʨʝʩʝʢʘ, ʢʦʿʘ 

ʩʝ ʩʚʘʢʠʤ ʢʦʨʘʢʦʤ ʫ ʠʪʝʨʘʪʠʚʥʠʤ ʧʦʩʪʫʧʮʠʤʘ ʤʦʜʠʬʠʢʫʿʝ ʥʝ ʙʠ ʣʠ ʩʝ ʰʪʦ ʙʦˀʝ ʩʣʘʛʘʣʘ ʩʘ 

ʟʘʜʘʪʠʤ ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʠʤ ʚʨʝʜʥʦʩʪʠʤʘ. ʀʪʝʨʘʮʠʿʘ ʧʦ ʨʝʜʫ ɱ+1 ʤʦʜʠʬʠʢʫʿʝ ʚʨʝʜʥʦʩʪʠ ɱ-

ʪʝ ʜʦʙʠʿʝʥʝ ʬʫʥʢʮʠʿʝ: 

„
˶

„Ὢὃȟ‐  „  

 

(4.15) 

ʌʫʥʢʮʠʿʘ ʢʦʿʦʤ ʩʝ ʤʦʜʠʬʠʢʫʿʝ ʩʚʘʢʘ ʩʣʝʜʝ˂ʘ ʠʪʝʨʘʮʠʿʘ ʩʝ ʜʝʬʠʥʠʰʝ (147): 

Ὢ Ὡὼὴ

ở

Ở
ờ
Вὡ ὰέὫ

ὃ

В   „

В ὡ

Ợ

ỡ
Ỡ

 

 

(4.16) 

ɼʦʢ ʩʝ ʧʘʨʘʤʝʪʘʨ 7  ʜʝʬʠʥʠʰʝ: 
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ὡ  
  „

В  „
 
ὃ

‐
 

(4.17) 

ʄʝʨʝʥʘ ʘʢʪʠʚʥʦʘʩʪ ʿʝ ɸʢ, Ůʢ ʿ ʝ ʤʝʨʥʘ ʥʝʩʠʛʫʨʥʦʩʪ, ʬʣʫʢʩ ʥʝʫʪʨʦʥʘ je ɮ  ʧʨʠʣʠʢʦʤ 

ʦʟʨʘʯʠʚʘˁʘ ʜʠʩʢʘ k, ʢʦʨʘʢ ʝʥʝʨʛʠʿʝ ʿʝ ɽʢ, ʜʦʢ ʿʝ ůi eʬʠʢʘʩʘʥ ʧʨʝʩʝʢ ʟʘ ʝʥʝʨʛʠʿʫ ɽʢ.  

 MAXEL aʣʛʦʨʠʪʘʤ ʪʘʢʦʹʝ ʟʘʧʦʯʠˁʝ ʧʦʯʝʪʥʦʤ ʬʫʥʢʮʠʿʦʤ ʝʬʠʢʘʩʥʠʭ ʧʨʝʩʝʢʘ, ʢʦʿʘ 

ʩʝ ʦʜʘʙʠʨʘ ʢʘʢʦ ʿʝ ʚʝ˂ ʦʧʠʩʘʥʦ. ʅʘ ʦʩʥʦʚʫ ʦʚʝ ʬʫʥʢʮʠʿʝ, ʘʣʛʦʨʠʪʘʤ ʙʠʨʘ ʠʟʤʝʹʫ ʬʫʥʢʮʠʿʘ 

ʢʦʿʝ ʥʘʿʙʦˀʝ ʦʜʛʦʚʘʨʘʿʫ ʠʥʜʫʢʦʚʘʥʠʤ ʘʢʪʠʚʥʦʩʪʠʤʘ (ɸʢ) ʠ ʢʘʦ ʢʨʘʿˁʠ ʨʝʟʫʣʪʘʪ ʜʘʿʝ 

ʬʫʥʢʮʠʿʫ ʝʬʠʢʘʩʥʠʭ ʧʨʝʩʝʢʘ ʢʦʿʘ ʠʤʘ ʤʘʢʩʠʤʘʣʥʫ ʚʨʝʜʥʦʩʪ ʨʝʘʣʪʠʚʥʝ ʝʥʪʨʦʧʠʿʝ: 

Ὓ  „Ὁὰὲ
„Ὁ

„ Ὁ
„ Ὁ „Ὁ ὨὉ 

 

(4.18) 

ʋ ʧʨʝʪʭʦʜʥʦʿ ʬʦʨʤʫʣʠ ʎ % ʧʨʝʜʩʪʘʚˀʘ ʧʦʯʝʪʥʫ ʬʫʥʢʮʠʿʫ ʝʬʠʢʘʩʥʠʭ ʧʨʝʩʝʢʘ.   

 ʅʘʢʦʥ ʫʨʘʹʝʥʦʛ unfolding-a ʫʟ ʧʦʤʦ˂ ʦʙʘ ʘʣʛʦʨʠʪʤʘ, ʧʦʪʨʝʙʥʦ ʿʝ ʙʠʣʦ ʧʨʦʚʝʨʠʪʠ 

ʦʧʨʘʚʜʘʥʦʩʪ ʦʚʝ ʧʨʦʮʝʜʫʨʝ. ʆʚʦ ʿʝ ʫʨʘʹʝʥʦ ʪʘʢʦ ʰʪʦ ʿʝ ʨʘʯʫʥʘʪʘ ʠʥʜʫʢʦʚʘʥʘ ʘʢʪʠʚʥʦʩʪ (ɸʩ) 

ʟʘ ʧʦʯʝʪʥʫ ʟʘʜʘʪʫ ʬʫʥʢʮʠʿʫ, ʢʘʦ ʠ ʟʘ ʬʫʥʢʮʠʿʫ ʜʦʙʠʿʝʥʫ ʥʘ ʢʨʘʿʫ unfolding-a MAXEL ʠ 

GRAVEL ʘʣʛʦʨʠʪʤʠʤʘ ʠ ʦʚʘ ʚʨʝʜʥʦʩʪ ʘʢʪʠʚʥʦʩʪʠ ʿʝ ʫʧʦʨʝʹʝʥʘ ʩʘ ʠʟʤʝʨʝʥʠʤ ʚʨʝʜʥʦʩʪʠʤʘ 

ʘʢʪʠʚʥʦʩʪʠ (Am). ɺʨʝʜʥʦʩʪ ʩʫʤʝ ʨʝʣʘʪʠʚʥʝ ʜʝʚʠʿʘʮʠʿʝ, s, ʨʘʯʫʥʘʪʘ ʿʝ ʥʘ ʩʣʝʜʝ˂ʠ ʥʘʯʠʥ: 

Ó
ρ

Ë ρ

! !

!
 

(4.19) 

 

4.3.5.1 ʇʦʯʝʪʥʘ ʬʫʥʢʮʠʿʘ ʟʘ ʨʝʘʢʮʠʿʫ 185Re(n,3n)183Re 

 

 ʇʦʯʝʪʥʘ ʬʫʥʢʮʠʿʘ ʟʘ ʧʨʦʮʝʩ unfolding-a ʩʝ ʜʦʙʠʿʘ ʨʘʯʫʥʘʿʫ˂ʠ ʚʨʝʜʥʦʩʪʠ ʩʨʝʜˁʠʭ 

ʝʬʠʢʘʩʥʠʭ ʧʨʝʩʝʢʘ ộʎỚ ʟʘ ʚʨʝʜʥʦʩʪʠ ʩʨʝʜˁʠʭ ʝʥʝʨʛʠʿʘ ʥʝʫʪʨʦʥʘ ộ%Ớ, ʧʨʝʤʘ ʥʘʚʝʜʝʥʠʤ 

ʬʦʨʤʫʣʘʤʘ (4.13) ʠ (4.14). ʂʘʢʦ ʙʠ ʩʝ ʦʚʝ ʚʝʣʠʯʠʥʝ ʜʦʙʠʣʝ ʧʨʚʦ ʿʝ ʨʘʯʫʥʘʪʘ ʠʥʜʫʢʦʚʘʥʘ 

ʘʢʪʠʚʥʦʩʪ ʟʘ ʥʘʚʝʜʝʥʝ ʜʠʩʢʦʚʝ 

 ʅʘʚʝʜʝʥʝ ʚʨʝʜʥʦʩʪʠ ʟʘ ʨʝʘʢʮʠʿʫ 185Re(n,3n)183Re ʧʨʠʢʘʟʘʥʝ ʩʫ (ʊʘʙʝʣʘ 4.8) ʟʘ ʰʝʩʪ 

ʜʠʩʢʦʚʘ ʢʦʿʠ ʩʫ ʙʠʣʠ ʨʦʪʠʨʘʥʠ ʧʨʠʣʠʢʦʤ ʘʢʪʠʚʘʮʠʿʝ ʥʝʫʪʨʦʥʠʤʘ. ʅʘʚʝʜʝʥʝ ʚʨʝʜʥʦʩʪʠ ʩʫ 

ʣʠʥʝʨʘʥʦʤ ʠʥʪʝʨʧʦʣʘʮʠʿʦʤ ʩʧʦʿʝʥʝ ʫ ʮʝʣʦʤ ʝʥʝʨʛʝʪʩʢʦʤ ʠʥʪʝʨʚʘʣʫ. ʉʣʠʢʘ 4.15 ʧʦʢʘʟʫʿʝ ʜʘ 

ʩʝ ʥʘ ʪʘʿ ʥʘʯʠʥ ʜʦʙʠʿʝʥʘ ʧʦʯʝʪʥʘ ʬʫʥʢʮʠʿʘ. ʇʦʨʝʜ ʩʘʤʝ ʬʫʥʢʮʠʿʝ, ʥʘ ʩʣʠʮʠ ʩʝ ʚʠʜʠ ʠ 

ʢʦʨʠʜʦʨ ʛʨʝʰʢʝ ʧʦʯʝʪʥʝ ʬʫʥʢʮʠʿʝ, ʢʦʿʠ ʿʝ ʢʘʩʥʠʿʝ ʪʘʢʦʹʝ ʢʦʨʠʰʝ˂ʥ ʢʘʦ ʧʦʯʝʪʥʝ ʬʫʥʢʮʠʿʝ 

ʟʘ ʜʦʙʠʿʘˁʝ ʛʨʝʰʢʝ ʬʫʥʢʮʠʿʝ ʜʦʙʠʿʝʥʝ ʥʘ ʢʨʘʿʫ ʧʨʦʮʝʩʘ unfolding-a. 
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ʊʘʙʝʣʘ 4.8 ï ɺʨʝʜʥʦʩʪʠ ʩʨʝʜˁʠʭ ʝʥʝʨʛʠʿʘ ʥʝʫʪʨʦʥʘ ộὉỚ ʠ ʩʨʝʜˁʠʭ ʝʬʠʢʘʩʥʠʭ ʧʨʝʩʝʢʘ ộ„Ớ. 

(33). 

ɹʨ. ʜʠʩʢʘ ộἏỚἳ (MeV) ʌʢ (cm-2 s-1) ộỚἳ (b) 

1 18.3(12) 233(12) 0.83(4) 

2 17.3(10) 681(34) 0.32(2) 

3 16.8(9) 343(17) 0.41(2) 

5 16.1(6) 865(43) 0.32(2) 

6 15.3(6) 1064(53) 0.126(7) 

7 14.8(5) 1192(60) 0.066(3) 

 

 ʊʘʯʢʘ ʩʘ ʥʘʿʚʝ˂ʦʤ ʩʨʝʜˁʦʤ ʝʥʝʨʛʠʿʦʤ ʛʜʝ ʿʝ ʜʦʙʠʿʝʥ ʩʨʝʜˁʠ ʝʬʠʢʘʩʘʥ ʧʨʝʩʝʢ ʿʝ ʥʘ 

18,3 MeV ʠ ʜʦ ʢʨʘʿʘ ʝʥʝʨʛʝʪʩʢʦʛ ʦʧʩʝʛʘ ʫ ʢʦʿʝʤ ʩʝ ʪʨʘʞʠ ʬʫʥʢʮʠʿʘ ʝʬʠʢʘʩʥʦʛ ʧʨʝʩʝʢʘ ʟʘ 

ʜʘʪʝ ʨʝʘʢʮʠʿʝ ʚʨhʝʥʘ ʿʝ ʣʠʥʝʘʨʥʘ ʝʢʩʪʨʘʧʦʣʘʮʠʿʘ. ʊʘʢʦʹʝ, ʦʜ ʪʘʯʢʝ ʩʘ ʥʘʿʤʘˁʦʤ ʝʥʝʨʛʠʿʦʤ  

ʫʨʘʹʝʥʦ ʿʝ ʠʩʪʦ. ʆʚʘʢʦ ʧʨʦʜʫʞʝʥʘ ʧʦʯʝʥʘ ʬʫʥʢʮʠʿʘʠʤʘ ʚʨʝʜʥʦʩʪ ʦʜ ʥʫʣʘ ʙʘʨʥʘ ʟʘ ʝʥʝʨʛʠʿʝ 

ʦʜ ʦʢʦ 14,2 MeV, ʰʪʦ ʧʨʠʙʣʠʞʥʦ ʦʜʛʦʚʘʨʘ ʝʥʝʨʛʝʪʩʢʦʤ ʧʨʘʛʫ ʨʝʘʢʮʠʿʝ 185Re(n,3n)183Re.   

 

 

ʉʣʠʢʘ 4.15 ï ʇʦʯʝʪʥʘ ʬʫʥʢʮʠʿʘ ʟʘ ʧʨʦʮʝʩ unfolding-a ʩʘ ʢʦʨʠʜʦʨʦʤ ʛʨʝʰʘʢʘ ʟʘ ʨʝʘʢʮʠʿʫ 
185Re(n,3n)183Re (33). 
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4.3.5.2 ʇʦʯʝʪʥʘ ʬʫʥʢʮʠʿʘ ʟʘ ʨʝʘʢʮʠʿʫ 187Re(n,p)187W 

 

 ʀʩʪʠ ʧʦʩʪʫʧʘʢ ʢʘʦ ʠ ʟʘ ʨʝʘʢʮʠʿʫ 185Re(n,3n)183Re ʧʦʥʦʚˀʝʥ ʿʝ ʠ ʫ ʦʚʦʤ ʩʣʫʯʘʿʫ. 

ʂʨʝʥʫʣʦ ʩʝ ʦʜ ʨʘʯʫʥʘˁʘ ʩʨʝʜˁʠʭ ʝʬʠʢʘʩʥʠʭ ʧʨʝʩʝʢʘ ộʎỚ ʟʘ ʚʨʝʜʥʦʩʪʠ ʩʨʝʜˁʠʭ ʝʥʝʨʛʠʿʘ 

ʥʝʫʪʨʦʥʘ ộ%Ớ, ʥʘ ʦʩʥʦʚʫ ʬʦʨʤʫʣʘ (4.13) ʠ (4.14), ʟʘ ʰʝʩʪ ʜʠʩʢʦʚʘ ʢʦʿʠ ʩʝ ʨʦʪʠʨʘʿʫ ʪʦʢʦʤ 

ʘʢʪʠʚʘʮʠʿʝ. ɺʨʝʜʥʦʩʪʠ ʦʚʠʭ ʚʝʣʠʯʠʥʘ ʧʨʠʢʘʟʫʿʝ ʊʘʙʝʣʘ 4.9. 

 

ʊʘʙʝʣʘ 4.9 - ɺʨʝʜʥʦʩʪʠ ʩʨʝʜˁʠʭ ʝʥʝʨʛʠʿʘ ʥʝʫʪʨʦʥʘ ộὉỚ ʠ ʩʨʝʜˁʠʭ ʝʬʠʢʘʩʥʠʭ ʧʨʝʩʝʢʘ ộ„Ớ. 

ɹʨ. ʜʠʩʢʘ ộἏỚἳ (MeV) ʌʢ (cm-2 s-1) ộỚἳ (b) 

1 18.3(12) 12960(650) 0.0049(3) 

2 17.3(10) 23300(1200) 0.0037(2) 

3 16.8(9) 14600(730) 0.0054(3) 

5 16.1(6) 29800(1500) 0.0052(3) 

6 15.3(6) 36000(1800) 0.0031(2) 

7 14.8(5) 51000(2500) 0.0023(1) 

 

 

ʉʣʠʢʘ 4.16 ï ʇʦʯʝʪʥʘ ʬʫʥʢʮʠʿʘ ʟʘ ʧʨʦʮʝʩ unfolding-a ʩʘ ʢʦʨʠʜʦʨʦʤ ʛʨʝʰʘʢʘ ʟʘ ʨʝʘʢʮʠʿʫ 
187Re(n,p)187W. 
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 ʅʘ ʦʩʥʦʚʫ ʚʨʝʜʥʦʩʪʠ ộ%Ớ ʠ ộʎỚ ʣʠʥʝʘʨʥʦʤ ʠʥʪʝʨʧʦʣʘʮʠʿʦʤ ʠʟʤʝʹʫ ʜʦʙʠʿʝʥʠʭ 

ʪʘʯʘʢʘ ʜʦʙʠʿʘ ʩʝ ʧʦʯʝʪʥʘ ʬʫʥʢʮʠʿʘ ʝʬʠʢʘʩʥʠʭ ʧʨʝʩʝʢʘ ʟʘ ʧʦʨʮʝʩ unfolding-a. ɿʘ ʝʥʝʨʛʠʿʝ ʦʜ 

14,8 MeV eʢʩʪʨʘʧʦʣʘʮʠʿʘ ʿʝ ʫʨʘʹʝʥʘ ʧʨʦʜʫʞʘʚʘˁʝʤ ʚʨʝʜʥʦʩʪʠ ʝʬʠʢʘʩʥʦʛ ʧʨʝʩʝʢʘ ʢʘ ʥʠʞʠʤ 

ʝʥʝʨʛʠʿʘʤʘ, ʘ ʥʝ ʣʠʥʝʘʨʥʦ ʝʢʩʪʨʘʧʦʣʠʨʘʥʦ ʢʘ ʥʫʣʠ, ʢʘʦ ʰʪʦ ʿʝ ʪʦ ʙʠʦ ʩʣʫʯʘʿ ʩʘ ʨʝʘʢʮʠʿʦʤ 
185Re(n,3n)183Re, ʢʘʢʦ ʩʝ ʝʥʝʨʛʝʪʩʢʠ ʧʨʘʛ ʟʘ ʦʚʫ ʨʝʘʢʮʠʿʫ ʥʘʣʘʟʠ ʥʘ ʟʥʘʪʥʦ ʥʠʞʠʤ 

ʝʥʝʨʛʠʿʘʤʘ. 

 

4.3.6 ʈʝʟʫʣʪʘʪʠ unfolding ʧʨʦʮʝʜʫʨʝ ʟʘ ʨʝʘʢʮʠʿʫ 185Re(n,3n)183Re 

 

 ʂʦʨʠʰ˂ʝˁʝʤ ʬʫʥʢʮʠʿʝ ʟʘ ʝʬʠʢʘʩʥʝ ʧʨʝʩʝʢʘ ʢʘʦ ʧʦʯʝʪʥʫ ʫ ʧʨʦʮʝʩʫ unfolding-a 

(ʉʣʠʢʘ 4.15), ʢʦʨʠʰ˂ʝˁʝʤ ʦʙʘ ʘʣʛʦʨʠʪʤʘ, ʜʦʙʠʿʘ ʩʝ ʢʘʦ ʨʝʟʫʣʪʘʪ ʬʫʥʢʮʠʿʘ ʢʘʦ ʰʪʦ ʧʦʢʘʟʫʿʝ 

ʉʣʠʢʘ 4.17. Unfolding ʿʝ ʨʘʹʝʥ ʫ ʦʧʩʝʛʫ ʦʜ 13,08 ʜʦ 19,5 ʄʝVu 174 ʢʦʨʘʢʘ. ʅʘ ʩʣʠʮʠ ʩʝ ʚʠʜʝ 

ʧʦʯʝʪʥʘ ʬʫʥʢʮʠʿʘ, ʢʨʘʿˁʘ ʜʦʙʠʿʝʥʘ unfoldingom ʢʘʦ ʠ ʛʨʝʰʢʘ ʢʨʘʿˁʝ ʬʫʥʢʮʠʿʝ, ʢʦʿʘ ʿʝ 

ʜʦʙʠʿʝʥʘ ʧʦʩʪʫʧʢʦʤ unfolding ʢʦʨʠʩʪʝ˂ʠ MAXEL ʠ GRAVEL aʣʛʦʨʠʪʤʝ. ʌʫʥʢʮʠʿʘ ʜʦʙʠʿʝʥʘ 

ʧʨʦʮʝʩʦʤ unfolding-ʘ ʿʝ ʥʦʨʤʠʨʘʥʘ ʥʘ ʚʨʝʜʥʦʩʪ ʝʬʠʢʘʩʥʦʛ ʧʨʝʩʝʢʘ ʢʦʿʘ ʿʝ ʜʦʙʠʿʝʥʘ ʟʘ ʜʠʩʢ 

ʢʦʿʠ ʩʝ ʧʨʠʣʠʢʦʤ ʘʢʪʠʚʘʮʠʿʝ ʥʝʫʪʨʦʥʠʤʘ ʥʠʿʝ ʧʦʤʝʨʘʦ, ʟʘ ʝʥʝʨʛʠʿʝ ʥʝʫʪʨʦʥʘ ʦʜ 18,1 MeV. 

(ʊʘʙʝʣʘ 4.8)  

 

ʉʣʠʢʘ 4.17 ï ʌʫʥʢʮʠʿʘ ʜʦʙʠʿʝʥʘ unfolding-om ʫʟ ʧʦʤʦ˂ MAXED (a) ʠ GRAVEL (ʙ) 

ʘʣʛʦʨʠʪʤʘ ʟʘ ʨʝʘʢʮʠʿʫ 185Re(n,3n)183Re. 

 ʉʨʝʜˁʘ ʚʨʝʜʥʦʩʪ unfolding ʬʫʥʢʮʠʿʝ ʜʦʙʠʿʝʥʠʭ GRAVEL ʠ MAXED ʘʣʛʦʨʠʪʤʠʤʘ 

ʫʧʦʨʝʹʝʥʝ ʩʫ ʩʘ ʧʦʩʪʦʿʝ˂ʠʤ ʨʝʟʫʣʪʘʪʠʤʘ ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʠʭ ʤʝʨʝˁʘ ʫ EXFOR ʠ ʧʨʦʮʝˁʝʥʠʤ 

ʪʝʦʨʠʿʩʢʠʤ ʚʨʝʜʥʦʩʪʠʤʘ ʫ ENDF ʙʘʟʠ ʧʦʜʘʪʘʢʘ, ʰʪʦ ʩʝ ʤʦʞʝ ʚʠʜʝʪʠ (ʉʣʠʢʘ 4.18). 
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ʉʣʠʢʘ 4.18 ï ʉʨʝʜˁʘ ʚʨʝʜʥʦʩʪ unfolding ʬʫʥʢʮʠʿʝ ʫʧʦʨʝʰʹʝʥʘ ʩʘ ʧʦʩʪʦʿʝ˂ʠʤ 

ʝʢʩʧʦʝʨʠʤʝʥʪʘʣʥʠʤ ʨʝʟʫʣʪʘʪʠʤʘ (ʧʦʩʪʦʿʠ ʩʘʤʦ ʿʝʜʘʥ) (14) ʠ ENDF ʙʘʟʘʤʘ ʧʦʜʘʪʘʢʘ (74). 

 

 ɺʝ˂ ʢʦʜ ʜʦʙʠʿʘˁʘ ʧʦʯʝʪʥʝ ʬʫʥʢʮʠʿʝ ʟʘ unfolding ʚʠʜʠ ʩʝ ʥʝʦʯʝʢʠʚʘʥʠ ʧʘʜ ʚʨʝʜʥʦʩʪʠ 

ʝʬʠʢʘʩʥʦʛ ʧʨʝʩʝʢʘ ʫ ʧʨʝʜʝʣʫ ʝʥʝʨʛʠʿʘ ʦʜ ʦʢʦ 17 MeV. ɿʘʪʠʤ, ʬʫʥʢʮʠʿʘ ʢʦʿʘ ʿʝ ʨʝʟʫʣʪʘʪ 

unfolding-a ʠʤʘ ʥʝʦʯʝʢʠʚʘʥʝ ʧʦʨʘʩʪʝ ʠ ʧʘʜʦʚʝ ʚʨʝʜʥʦʩʪʠ ʦʜ 17 MeV, ʰʪʦ ʩʝ ʤʦʞʝ ʚʠʜʝʪʠ ʩʘ 

ʩʣʠʢʝ. ʉʣʠʯʥʦ ʧʦʥʘʰʘˁʝ ʧʦʯʝʪʥʝ ʬʫʥʢʮʠʿʝ, ʢʘʦ ʠ ʬʫʥʢʮʠʿʝ ʨʝʟʫʣʪʘʪʘ unfolding-ʘ ʿʝ 

ʧʨʠʩʫʪʘʥ ʠ ʟʘ ʨʝʘʢʮʠʿʫ 187Re(n,p)187W. ʆʚʦ ʿʝ ʜʦʚʝʣʦ ʜʦ ʟʘʢˀʫʯʢʘ ʜʘ ʩʨʝʜˁʘ ʚʨʝʜʥʦʩʪ 

ʝʬʠʢʘʩʥʦʛ ʧʨʝʩʝʢʘ ʟʘ ʩʨʝʜˁʫ ʝʥʝʨʛʠʿʫ ʥʝʫʪʨʦʥʘ ʦʜ 17,3 MeV ʢʦʿʘ ʦʜʛʦʚʘʨʘ ʜʠʩʢʫ ʨʝʜʥʦʛ 

ʙʨʦʿʘ 2 ʿʝ ʜʦʙʠʿʝʥʘ ʫʟ ʧʨʠʩʫʩʪʚʦ ʦʜʨʝʹʝʥʝ ʩʠʩʪʝʤʩʢʝ ʛʨʝʰʢʝ. ʉʪʦʛʘ ʿʝ ʮʝʦ ʧʦʩʪʫʧʘʢ 

ʧʦʥʦʚˀʝʥ ʙʝʟ ʨʘʟʫʣʪʘʪʘ ʜʦʙʠʿʝʥʠʭ ʩʘ ʜʠʩʢʘ ʙʨ.2, ʦʜ ʜʦʙʠʿʘˁʘ ʧʦʯʝʪʥʝ ʬʫʥʢʮʠʿʝ ʜʦ ʧʨʦʮʝʩʘ 

unfolding-a.  

 ʌʫʥʢʮʠʿʘ ʿʝ ʫ ʮʝʣʦʤ ʝʥʝʨʛʝʪʩʢʦʤ ʦʧʩʝʛʫ ʜʦʙʠʿʝʥʘ ʣʠʥʝʘʨʥʦ ʠʥʪʝʨʧʦʣʘʮʠʿʦʤ ʠʟʤʝʹʫ 

ʪʘʯʘʢʘ. ɼʦ ʝʥʝʨʛʠʿʝ ʦʜ 19,5 MeV ʬʫʥʢʮʠʿʘ ʿʝ ʜʦʙʠʿʝʥʘ ʣʠʥʝʘʨʥʦʤ ʝʢʪʨʘʧʦʣʘʮʠʿʦʤ, ʜʦʢ ʿʝ ʟʘ 

ʝʥʝʨʛʝʪʩʢ ʦʧʩʝʛ ʦʜ 13 MeV ʜʦ 14,8 MeV ʚʨʰʝʥʘ ʣʠʥʝʘʨʥʘ ʝʢʩʪʨʘʧʦʣʘʮʠʿʘ ʦʜ ʚʝ˂ʝ ʢʘ ʤʘˁʦʿ 

ʝʥʝʨʛʠʿʠ, ʜʦʢ ʬʫʥʢʮʠʿʘ ʥʠʿʝ ʜʦʙʠʣʘ ʚʨʝʜʥʦʩʪ ʥʫʣʘ. ʏʠˁʝʥʠʮʘ ʜʘ ʚʨʝʜʥʦʩʪ ʝʬʠʢʘʩʥʦʛ 

ʧʨʝʩʝʢʘ ʙʫʜʝ ʥʫʣʘ ʟʘ ʦʚʝ ʝʥʝʨʛʠʿʝ ʦʜʛʦʚʘʨʘ ʪʦʤʝ ʜʘ ʿʝ ʝʥʝʨʛʝʪʩʢʠ ʧʨʘʛ ʟʘ ʨʝʘʢʮʠʿʫ 
185Re(n,3n)183Re ʦʢʦ 14,2 MeV.  
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ʉʣʠʢʘ 4.19 ï ʇʦʯʝʪʥʘ ʬʫʥʢʮʠʿʘ ʟʘ ʧʨʦʮʝʩ unfolding-a ʙʝʟ ʜʠʩʢʘ 2 ʥʘ ʢʦʿʝʤ ʿʝ ʧʨʠʤʝ˂ʝʥʘ 

ʩʠʩʪʝʤʩʢʘ ʛʨʝʰʢʘ ʟʘ ʨʝʘʢʮʠʿʫ 185Re(n,3n)183Re. 

 

 

ʉʣʠʢʘ 4.20 - ʌʫʥʢʮʠʿʘ ʜʦʙʠʿʝʥʘ unfolding-om ʫʟ ʧʦʤʦ˂ MAXED (a) ʠ GRAVEL (a) 

ʘʣʛʦʨʠʪʤʘ ʙʝʟ ʜʠʩʢʘ 2 ʟʘ ʨʝʘʢʮʠʿʫ 185Re(n,3n)183Re. 

  

 ʉʣʠʢʘ 4.20 ʧʨʠʢʘʟʫʿʝ ʧʦʯʝʪʥʫ ʬʫʥʢʮʠʿʫ, ʢʘʦ ʠ ʬʫʥʢʮʠʿʫ ʜʦʙʠʿʝʥʫ ʧʦʩʣʝ unfolding-a 

MAXED (a) ʠ GRAVEL (ʙ) ʘʣʛʦʨʠʪʤʦʤ, ʟʘʿʝʜʥʦ ʩʘ ʢʦʨʠʜʦʨʠʤʘ ʛʨʝʰʢʝ. ɺʠʜʠ ʩʝ ʜʘ ʬʫʥʢʮʠʿʘ 

ʝʬʠʢʘʩʥʠʭ ʧʨʝʩʝʢʘ ʫ ʮʝʣʦʤ ʠʥʪʝʨʚʘʣʫ ʝʥʝʨʛʠʿʘ ʨʘʩʪʝ, ʙʝʟ ʥʝʢʠʭ ʥʝʦʯʝʢʠʚʘʥʠʭ ʧʨʦʤʝʥʘ 

ʧʦʥʘʰʘˁʘ. ʅʘ ʢʨʘʿʫ unfolding-a ʬʫʥʢʮʠʿʘ ʿʝ ʥʦʨʤʠʨʘʥʘ ʥʝ ʚʨʝʜʥʦʩʪ ʝʬʠʢʘʩʥʦʛ ʧʨʝʩʝʢʘ 
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ʨʘʯʫʥʘʪʦʛ ʟʘ ʝʥʝʨʛʠʿʫ ʥʝʫʪʨʨʦʥʘ ʦʜ 18,1 MeV. ʂʦʨʠʜʦʨʠ ʛʨʝʰʘʢʘ ʩʫ ʪʘʢʦʹʝ ʜʦʙʠʿʘʥʠ 

unfolding ʧʨʦʮʝʜʫʨʦʤ, ʛʜʝ ʩʫ ʟʘ ʧʦʯʝʪʥʝ ʬʫʥʢʮʠʿʝ ʫʟʠʤʘʥʝ ʛʦʨˁʠ ʠ ʜʦˁʠ ʢʦʨʠʜʦʨ ʛʨʝʰʢʝ 

ʧʦʯʝʪʥʝ ʬʫʥʢʮʠʿʝ ʝʬʠʢʘʩʥʠʭ ʧʨʝʩʝʢʘ.  

 ʆʚʘʢʦ ʜʦʙʠʿʝʥʘ ʬʫʥʢʮʠʿʘ ʝʬʠʢʘʩʥʠʭ ʧʨʝʩʝʢʘ ʫ ʠʥʪʝʨʚʘʣʫ ʦʜ 13,08 MeV ʜʦ 19,05 MeV 

ʫ ʧʦʪʧʫʥʦʩʪʠ ʩʝ ʧʦʢʣʘʧʘ ʩʘ ʧʨʝʜʚʠʹʝʥʠʤ ʚʨʝʜʥʦʩʪʠʤʘ ʠʟ ENDF ʙʘʟʝ ʧʦʜʘʪʘʢʘ, ʢʘʦ ʠ ʩʘ 

ʿʝʜʥʦʤ ʧʨʝʪʭʦʜʥʦ ʜʦʙʠʿʝʥʦʤ ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʦʤ ʚʨʝʜʥʦʰ˂ʫ ʥʘ 14,8 MeV, ʰʪʦ ʩʝ ʤʦʞʝ 

ʚʠʜʝʪʠ (ʉʣʠʢʘ 4.21). ʇʨʝʜʩʪʘʚˀʝʥʘ ʬʫʥʢʮʠʿʘ ʧʨʝʜʩʪʘʚˀʘ ʩʨʝʜˁʫ ʚʨʝʜʥʦʩʪ ʚʨʝʜʥʦʩʪʠ 

ʜʦʙʠʿʝʥʠʭ MAXED ʠ GRAVEL ʘʣʛʦʨʠʪʤʠʤʘ. 

 

ʉʣʠʢʘ 4.21 ï ʋʧʦʨʝʹʠʚʘˁʝ ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʦ ʜʦʙʠʿʝʥʝ ʚʨʝʜʥʦʩʪʠ ʝʬʠʢʘʩʥʦʛ ʧʨʝʩʝʢʘ ʟʘ 

ʝʥʝʨʛʠʿʫ ʥʝʫʪʨʦʥʘ ʦʜ 18,1 MeV ʩʘ ʧʦʩʪʦʿʝ˂ʠʤ ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʠʤ ʚʨʝʜʥʦʩʪʠʤʘ (14) ʠ 

ʪʝʦʨʠʿʩʢʠʤ ʚʨʝʜʥʦʩʪʠʤʘ ʠʟ ʨʘʟʣʠʯʠʪʠʭ ʙʘʟʘ ʧʦʜʘʪʘʢʘ (74) ʟʘ ʨʝʘʢʮʠʿʫ 185Re(n,3n)183Re. 

  

 ʂʘʦ ʰʪʦ ʿʝ ʧʨʝʪʭʦʜʥʦ ʧʦʤʝʥʫʪʦ, ʟʘ ʨʝʟʫʣʪʘʪʝ ʬʫʥʢʮʠʿʝ ʜʦʙʠʿʝʥʝ MAXED ʠ GRAVEL 

ʘʣʛʦʨʠʪʤʠʤʘ ʨʘʯʫʥʘʪʝ ʩʫ ʚʨʝʜʥʦʩʪʠ ʩʫʤʝ ʨʝʣʘʪʠʚʥʝ ʜʝʚʠʿʘʮʠʿʝ, ʬʦʨʤʫʣʘ (4.19) ʢʘʢʦ ʙʠ ʩʝ 

ʧʦʪʚʨʜʠʣʘ ʦʧʨʘʚʜʘʥʦʩʪ unfolding ʧʨʦʮʝʜʫʨʝ. ɺʨʝʜʥʦʩʪʠ ʟʘ ʦʙʘ ʘʣʛʦʨʠʪʤʘ ʩʝ ʤʦʛʫ ʚʠʜʝʪʠ ʫ 

ʩʣʝʜʝ˂ʦʿ ʪʘʙʝʣʠ (ʊʘʙʝʣʘ 4.10). 
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ʊʘʙʝʣʘ 4.10 ï ʋʧʦʨʝʹʠʚʘˁʝ ʧʘʨʘʤʝʪʨʘ s ï ʩʫʤʝ ʨʝʣʘʪʠʚʥʝ ʜʝʚʠʿʘʮʠʿʝ ʟʘ ʨʝʘʢʮʠʿʫ 
185Re(n,3n)183Re. 

ʉʫʤʘ ʨʝʣʘʪʠʚʥʝ ʜʝʚʠʿʘʮʠʿʝ - s 

ʇʦʯʝʪʥʘ ʬʫʥʢʮʠʿʘ MAXED  GRAVEL  

0.0094 0.0088 0.0048 

  

 ʀʟ ʚʨʝʜʥʦʩʪʠ ʩʫʤʘ ʨʝʣʘʪʠʚʥʠʭ ʜʝʚʠʿʘʮʠʿʘ ʫ ʪʨʠ ʩʣʫʯʘʿʘ, ʚʠʜʠ ʩʝ ʜʘ ʨʝʟʫʣʪʘʪʠ 

unfolding ʧʨʦʮʝʜʫʨʝ ʢʦʥʚʝʨʛʠʨʘʿʫ ʢʘ ʙʦˀʝʤ ʦʧʠʩʫ ʠʟʤʝʨʝʥʠʭ ʚʨʝʜʥʦʩʪʠ ʩʘʪʫʨʘʮʠʦʥʠʭ 

ʘʢʪʠʚʥʦʩʪʠ. 

 

 

4.3.7 ʈʝʟʫʣʪʘʪʠ unfolding ʧʨʦʜʝʮʫʨʝ ʟʘ ʨʝʘʢʮʠʿʫ 187Rʝ(n,p)187W 

 

 ʇʦʤʝʥʫʪʦ ʿʝ ʜʘ ʧʦʯʝʪʥʘ ʬʫʥʢʮʠʿʘ ʢʦʜ ʧʨʝʪʭʦʜʥʝ ʨʝʘʢʮʠʿʝ, ʘ ʪʦ ʩʝ ʚʠʜʠ ʠ ʢʦʜ ʦʚʝ 

ʨʝʘʢʮʠʿʝ, ʠʤʘ ʥʝʦʯʝʢʠʚʘʥʠ ʧʘʜ ʫ ʧʨʝʜʝʣʫ ʝʥʝʨʛʠʿʘ ʦʜ 17 ʄʝV. ʆʚʦ ʧʦʯʝʪʥʘ ʬʫʥʢʮʠʿʘ ʫʥʦʩʠ 

ʩʘ ʩʦʙʦʤ ʫ ʧʨʦʮʝʩ unfolding-a, ʪʝ ʠ ʢʨʘʿˁʘ ʬʫʥʢʮʠʿʘ ʝʬʠʢʘʩʥʦʛ ʧʨʝʩʝʢʘ ʢʦʿʘ ʩʝ ʜʦʙʠʿʘ ʠʤʘ 

ʥʝʦʯʝʢʠʚʘʥʝ ʩʢʦʢʦʚʝ ʠ ʧʘʜʦʚʝ. ʇʦʤʝʥʫʪʦ ʧʨʠʢʘʟʫʿʝ ʉʣʠʢʘ 4.22, ʟʘ MAXED (a) ʠ GRAVEL 

(ʙ) ʘʣʛʦʨʠʪʘʤ. 

 

ʉʣʠʢʘ 4.22 - ʌʫʥʢʮʠʿʘ ʜʦʙʠʿʝʥʘ unfolding-om ʫʟ ʧʦʤʦ˂ MAXED (a) ʠ GRAVEL (a) 

ʘʣʛʦʨʠʪʤʘ ʟʘ ʨʝʘʢʮʠʿʫ 187Re(n,p)187W. 

 ʉʪʦʛʘ ʿʝ ʫʩʣʝʜ ʧʦʩʪʦʿʘˁʘ ʩʠʩʪʝʤʘʪʩʢʝ ʛʨʝʧʢʝ ʧʨʠʣʠʢʦʤ ʘʢʪʠʚʘʮʠʿʝ ʜʠʩʢʘ ʙʨ.2, ʟʘ 

ʩʨʝʜˁʝ ʝʥʝʨʛʠʿʝ ʥʝʫʪʨʦʥʘ ʦʜ 17,3 MeV, ʧʦʯʝʪʥʘ ʬʫʥʢʮʠʿʘ ʥʘʧʨʘʚˀʝʥʘ ʙʝʟ ʧʦʜʘʪʘʢʘ ʪʦʛ 
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ʜʠʩʢʘ. ʊʘʢʦʹʝ, ʧʨʦʮʝʩ unfolding-a je ʫʨʘʹʝʥ ʙʝʟ ʧʦʤʝʥʫʪʦʛ ʜʠʩʢʘ. ʅʦʚʘ ʧʦʯʝʪʥʘ ʬʫʥʢʮʠʿʘ ʩʝ 

ʤʦʞʝ ʚʠʜʝʪʠ (ʉʣʠʢʘ 4.23). 

 

ʉʣʠʢʘ 4.23 ï ʇoʯʝʪʥʘ ʬʫʥʢʮʠʿʘ ʟʘ ʧʨʦʮʝʩ unfolding-a ʙʝʟ ʜʠʩʢʘ 2 ʟʘ ʨʝʘʢʮʠʿʫ 
187Re(n,p)187W. 

 ʅʦʚʘ ʧʦʯʝʪʥʘ ʬʫʥʢʮʠʿʘ ʩʝ ʜʘˀʝ ʢʦʨʠʩʪʠʣʘ ʢʘʦ ʧʦʯʝʪʥʠ ʢʦʨʘʢ ʫ ʧʨʦʮʝʩʫ unfolding-a 

ʢʘʢʦ ʙʠ ʩʝ ʜʦʙʠʣʘ ʢʨʘʿˁ ʘ ʬʫʥʢʮʠʿʘ ʝʬʠʢʘʩʥʠʭ ʧʨʝʩʝʢ ʟʘ ʝʥʝʨʛʝʪʩʢʠ ʦʧʩʝʛ ʦʜ 13,05 MeV ʜʦ 

19.50 MeV. ɼʦʙʠʿʘˁʝ ʢʨʘʿˁʝ ʬʫʥʢʮʠʿʝ ʿʝ ʚʨʰʝʥʦ ʘʣʛʦʨʠʪʤʠʤʘ MAXED ʠ GRAVEL, ʢʘʦ ʠ ʫ 

ʩʣʫʯʘʿʫ ʧʨʝʪʭʦʜʥʝ ʨʝʘʢʮʠʿʝ, ʘ ʟʘʪʠʤ ʿʝ ʢʘʦ ʩʨʝʜˁʘ ʚʨʝʜʥʦʩʪ ʜʚʘ ʘʣʛʦʨʠʪʤʘ ʜʦʙʠʿʝʥʘ 

ʬʫʥʢʮʠʿʘ ʢʦʿʘ ʿʝ ʫʧʦʨʝʹʠʚʘʥʘ ʩʘ ʧʦʩʪʦʿʝ˂ʠʤ ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʠʤ ʧʦʜʘʮʠʤʘ ʠ ʪʝʦʨʠʿʩʢʠʤ 

ʧʨʦʨʘʯʫʥʠʤʘ. 

 

ʉʣʠʢʘ 4.24 - ʌʫʥʢʮʠʿʘ ʜʦʙʠʿʝʥʘ unfolding-om ʫʟ ʧʦʤʦ˂ MAXED (a) ʠ GRAVEL (a) 

ʘʣʛʦʨʠʪʤʘ ʙʝʟ ʜʠʩʢʘ 2 ʟʘ ʨʝʘʢʮʠʿʫ 187Re(n,p)187W. 
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 ʂʨʘʿˁʘ ʬʫʥʢʮʠʿʘ ʝʬʠʢʘʩʥʠʭ ʧʨʝʩʝʢʘ ʢʘʦ ʩʨʝʜˁʘ ʚʨʝʜʥʦʩʪ ʜʚʘ ʢʦʨʠʰ˂ʝʥʘ ʘʣʛʦʨʠʪʤʘ 

ʤʦʞʝ ʜʘ ʩʝ ʚʠʜʠ (ʉʣʠʢʘ 4.25), ʩa ʛʨʝʢhʘʤʘ ʬʫʥʢʮʠʿʝ. ʆʥʘ ʿʝ ʫʧʦʨʝʹʝʥʘ ʩʘ ʧʦʩʪʦʿʝ˂ʠʤ ENDF 

ʠ EXFOR ʙʘʟʘʤʘ ʧʦʜʘʪʘʢʘ. 

 

ʉʣʠʢʘ 4.25 - ʋʧʦʨʝʹʠʚʘˁʝ ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʦ ʜʦʙʠʿʝʥʝ ʚʨʝʜʥʦʩʪʠ ʝʬʠʢʘʩʥʦʛ ʧʨʝʩʝʢʘ ʟʘ 

ʝʥʝʨʛʠʿʫ ʥʝʫʪʨʦʥʘ ʦʜ 18,1 MeV ʩʘ ʧʦʩʪʦʿʝ˂ʠʤ ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʠʤ ʚʨʝʜʥʦʩʪʠʤʘ (137; 138; 

139; 140; 141) ʠ ʨʘʟʣʠʯʠʪʠʤ ʪʝʦʨʠʿʩʢʠʤ ʚʨʝʜʥʦʩʪʠʤʘ ʨʘʟʣʠʯʠʪʠʭ ʙʘʟʘ ʧʦʜʘʪʘʢʘ (74) ʟʘ 

ʨʝʘʢʮʠʿʫ 187Re(n,p)187W. 

ʊʘʙʝʣʘ 4.11 - ʋʧʦʨʝʹʠʚʘˁʝ ʧʘʨʘʤʝʪʨʘ s ï ʩʫʤʝ ʨʝʣʘʪʠʚʥʝ ʜʝʚʠʿʘʮʠʿʝ ʟʘ ʨʝʘʢʮʠʿʫ 
187Re(n,ʨ)183W. 

ʉʫʤʘ ʨʝʣʘʪʠʚʥʝ ʜʝʚʠʿʘʮʠʿʝ - s 

ʇʦʯʝʪʥʘ ʬʫʥʢʮʠʿʘ MAXED  GRAVEL  

0.0345 0.014 0.0097 

 

 ɺʨʝʜʥʦʩʪ ʩʫʤʝ ʨʝʣʘʪʠʚʥʝ ʜʝʚʠʿʘʮʠʿʝ s, ʬʦʨʤʫʣʘ (4.19), ʟʘ ʧʦʯʝʪʥʫ ʠ ʢʨʘʿˁy ʬʫʥʢʮʠʿʫ 

ʝʬʠʢʘʩʥʠʭ ʧʨʝʩʝʢʘ ʜʦʙʠʿʝʥʠʭ ʧʨʦʮʝʜʫʨʦʤ unfolding ʧʦʤʦ˂ʫ MAXED ʠ GRAVEL 

ʘʣʛʦʨʠʪʤʠʤʘ ʧʨʠʢʘʟʫʿʝ ʊʘʙʝʣʘ 4.11. ʊʘʢʦʹʝ, ʚʨʝʜʥʦʩʪʠ ʩʫ ʤʘˁʝ ʥʘ ʢʨʘʿʫ unfolding-a ʫ 

ʦʜʥʦʩʫ ʥʘ ʧʦʯʝʪʥʫ ʬʫʥʢʮʠʿʫ, ʪʝ ʩʝ ʤʦʞʝ ʟʘʢˀʫʯʠʪʠ ʜʘ ʩʝ ʧʨʦʮʝʩʦʤ unfolding ʜʦʙʠʿʘ ʙʦˀʠ 

ʦʧʠʩ ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʠʭ ʧʦʜʘʪʘʢʘ. 
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4.3.8 ʈʝʟʫʣʪʘʪʠ ʪʝʦʨʠʿʩʢʠʭ ʧʨʦʨʘʯʫʥʘ 

 

 ʉʚʝ ʚʨʩʪʝ ʪʝʦʨʠʿʩʢʠʭ ʧʨʦʨʘʯʫʥʘ ʟʘʭʪʝʚʘʿʫ ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʫ ʧʦʪʚʨʜʫ. ʅʝ ʩʘʤʦ ʨʘʜʠ 

ʧʦʪʚʨʜʝ ʧʦʜʘʪʘʢʘ ʢʦʿʠ ʩʫ ʪʨʝʥʫʪʥʦ ʧʦʟʥʘʪʠ, ʚʝ˂ ʨʘʜʠ ʧʦʪʚʨʜʝ ʠʩʧʨʘʚʥʦʩʪʠ ʪʝʦʨʠʿʩʢʠʭ 

ʦʩʥʦʚʘ ʥʘ ʦʩʥʦʚʫ ʢʦʿʠʭ ʙʠ ʩʝ ʤʦʛʣʠ ʨʝʧʨʦʜʫʢʦʚʘʪʠ ʥʝʧʦʩʪʦʿʝ˂ʠ ʧʦʜʘʮʠ ʩʘ ʛʘʨʘʥʮʠʿʦʤ ʜʘ ʩʫ 

ʜʦʚʦˀʥʦ ʧʨʝʮʠʟʥʠ.  ʄʝʹʫʪʠʤ, ʦʚʦ ʿʝ ʧʨʝʩʫʜʥʦ ʫ ʚʝʣʠʢʦʤ ʙʨʦʿʫ ʩʣʫʯʘʿʝʚʘ ʛʜʝ ʿʝ ʧʦʪʨʝʙʥʦ 

ʨʝʧʨʦʜʫʢʦʚʘʪʠ ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʝ ʨʝʘʢʮʠʿʝ ʢʦʿʝ ʥʠʿʝ ʤʦʛʫ˂ʝ ʧʨʘʢʪʠʯʥʦ ʠʟʚʝʩʪʠ, ʩʘ ʩʚʠʤ 

ʥʝʦʧʭʦʜʥʠʤ ʧʦʜʘʮʠʤʘ. ʇʨʠʤʝʨ ʿʝ ʧʣʘʥʠʨʘˁʝ ʬʫʟʠʦʥʠʭ ʨʝʘʢʪʦʨʘ, ʠʣʠ ʬʠʩʠʦʥʠʭ ʨʝʘʢʪʦʨʘ 

ʯʝʪʚʨʪʝ ʛʝʥʝʨʘʮʠʿʝ, ʧʨʦʠʟʚʦʜˁʘ ʨʘʜʠʦʠʟʦʪʦʧʘ ʫ ʤʝʜʠʮʠʥʩʢʝ ʩʚʨʭʝ, ʪʨʝʪʠʨʘˁʝ ʥʫʢʣʝʘʨʥʦʛ 

ʦʪʧʘʜʘ ʠ ʜʨʫʛʝ ʧʨʘʢʪʠʯʥʝ ʧʨʠʤʝʥʝ.  

 ʇʦʩʪʦʿʠ ʚʠʰʝ ʥʘʯʠʥʘ ʧʦʤʦ˂ʫ ʢʦʿʠʭ ʩʝ ʦʚʦ ʦʩʪʚʘʨʫʿʝ. ɺʝ˂ ʩʫ ʦʧʠʩʘʥʠ ʧʨʦʛʨʘʤʩʢʠ 

ʧʘʢʝʪʠ ʢʦʿʠ ʩʫ ʢʦʨʠʰ˂ʝʥʠ ʫ ʦʚʦʤ ʨʘʜʫ, ʘ ʪʦ ʩʫ TALYS 1.9 (142)  ʠ EMPIRE 3.2.3 (143). ʆʚʠ 

ʧʨʦʛʨʘʤʩʢʠ ʧʘʢʝʪʠ ʩʣʫʞʝ ʟʘ ʨʝʧʨʦʜʫʢʮʠʿʫ ʧʦʜʘʪʘʢʘ ʥʫʢʣʝʘʨʥʠʭ ʨʝʘʢʮʠʿʘ ʫ ʜʦʤʝʥʠʤʘ ʛʜʝ 

ʦʥʠ ʥʠʩʫ ʜʦʩʪʫʧʥʠ. ʋ ʦʚʦʤ ʨʘʜʫ ʚʨʰʝʥʘ ʿʝ ʨʝʧʨʦʜʫʢʮʠʿʘ ʚʨʝʜʥʦʩʪʠ ʝʬʠʢʘʩʥʠʭ ʧʨʝʩʝʢʘ ʟʘ 

ʨʝʘʢʮʠʿʝ ʦʜ ʠʥʪʝʨʝʩʘ ʫʟ ʧʦʤʦ˂ ʦʙʘ ʧʨʦʛʨʘʤʘ ʇʦʜʘʮʠ ʢʦʿʠ ʩʫ ʦʚʠʤ ʧʫʪʝʤ ʜʦʙʠʿʝʥʠ 

ʫʧʦʨʝʹʠʚʘʥʠ ʩʫ ʩʘ ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʦ ʜʦʙʠʿʝʥʠʤ ʚʨʝʜʥʦʩʪʠʤʘ ʝʬʠʢʘʩʥʠʭ ʧʨʝʩʝʢʘ ʥʘ ʝʥʝʨʛʠʿʠ 

ʦʜ 18.1 MeV, ʢʘʦ ʠ ʩʘ ʜʦʙʠʿʝʥʦʤ ʬʫʥʢʮʠʿʦʤ ʝʬʠʢʘʩʥʦʛ ʧʨʝʩʝʢʘ ʫʟ ʧʦʤʦ˂ unfolding 

ʧʨʦʮʝʜʫʨʝ ʫ ʮʝʣʦʤ ʝʥʝʨʛʝʪʩʢʦʤ ʦʧʩʝʛʫ ʦʜ 13,08 MeV ʜʦ 19,50 MeV. 

  

4.3.8.1 ʇʨʦʨʘʯʫʥʠ ʝʬʠʢʘʩʥʦʛ ʧʨʝʩʝʢ ʢʦʨʠʩʪʝ˂ʠ TALYS 1.9 

 

 ɼʝʪʘˀʥʠʿʠ ʦʧʠʩ TALYS 1.9 ʧʨʦʛʨʘʤʩʢʦʛ ʢʦʜʘ ʜʘʪ ʿʝ ʫ ʧʦʛʣʘʚˀʫ 3.1. 

ɽʢʩʧʝʨʠʤʝʥʪʘʣʥʠ ʧʦʜʘʮʠ ʝʬʠʢʘʩʥʠʭ ʧʨʝʩʝʢʘ ʫ ʮʝʣʦʤ ʝʥʝʨʛʝʪʩʢʦʤ ʦʧʩʝʛʫ ʫ ʢʦʿʝʤ ʩʝ ʫ ʦʚʦʤ 

ʨʘʜʫ ʦʙʨʘʹʫʿʫ ʥʠʩʫ ʜʦʩʪʫʧʥʠ. ʇʦʩʪʦʿʝ ʩʘʤʦ ʟʘ ʝʥʝʨʛʠʿʝ ʜʦ 15 MeV ʟʘ ʨʝʘʢʮʠʿʫ 187Re(n,p)187W, 

ʜʦʢ ʥʘ ʧʨʠʤʝʨ ʟʘ ʨʝʘʢʮʠʿʫ 185Re(n,3n)183Re ʧʦʩʪʦʿʠ ʩʘʤʦ ʿʝʜʥʘ ʝʢʧʩʝʨʠʤʝʥʪʘʣʥʦ ʦʜʨʝʹʝʥʘ 

ʚʨʝʜʥʦʩʪ, ʥʘ ʝʥʝʨʛʠʿʠ ʦʜ 14,8 MeV. ʂʘʢʦ ʩʫ ʚʨʝʜʥʦʩʪʠ ʝʬʠʢʘʩʥʠʭ ʧʨʝʩʝʢʘ ʜʦʙʠʿʝʥʠ ʫ ʦʚʦʤ 

ʨʘʜʫ ʧʨʚʠ ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʠ ʧʦʜʘʮʠ ʫ ʝʥʝʨʛʝʪʩʢʦʤ ʦʧʩʝʛʫ ʜʦ 19,5 MeV, ʜʦʙʠʿʝʥʠ ʧʦʜʘʮʠ ʩʫ 

ʫʧʦʨʝʰʝʥʠ ʩʘ ʪʝʦʨʠʿʩʢʠʤ ʧʨʦʨʘʯʫʥʠʤʘ ʢʦʿʝ TALYS ʩʠʩʪʝʤ ʢʦʜʦʚʘ ʦʤʦʛʫ˂ʘʚʘ. ʈʝʯʝʥʦ ʿʝ ʜʘ 

ʩʫ ʩʚʘ ʧʦʜʝʰʘʚʘˁʘ ʫ ʧʨʦʛʨʘʤʫ ʦʩʪʘʚˀʝʥʘ ʥʘ ʧʦʜʨʘʟʫʤʝʚʘʥʠʤ, ʠʟʫʟʝʚ ʧʦʜʝʰʘʚʘˁʘ ʟʘ 

ʛʫʩʪʠʥʝ ʥʠʚʦʘ, ʦʜʥʦʩʥʦ ldmodel ʧʘʨʘʤʝʪʘʨ ʢʦʿʠ ʠʤʘ ʚʨʝʜʥʦʩʪʠ ʦʜ 1 ʜʦ 6. ʊʨʠ ʢʘʨʘʢʪʝʨʠʰʫ 

ʬʝʥʦʤʝʥʦʣʦʰʢʘ ʠ ʘʥʘʣʠʪʠʯʢʠ ʠʟʨʘʞʝʥʘ, ʘ ʪʨʠ ʩʘ ʪʘʙʝʣʘʨʥʠʤ ʧʦʜʘʮʠʤʘ ʢʦʿʠ ʩʫ ʠʟʚʝʜʝʥʠ ʠʟ 

ʤʠʢʨʦʩʢʦʧʩʢʠʭ ʤʦʜʝʣʘ. 

 ʇʨʚʦ ʿʝ ʫʟ ʧʦʤʦ˂ TALYS ʢʦʜʘ ʨʘʯʫʥʘʪʘ ʚʨʝʜʥʦʩʪ ʝʬʠʢʘʩʥʦʛ ʧʨʝʩʝʢʘ ʦʙʝ ʨʝʘʢʮʠʿʝ ʟʘ 

ʝʥʝʨʛʠʿʝ ʫʧʘʜʥʠʭ ʥʝʫʪʨʦʥʘ ʦʜ 18.1 MeV. ʆʚʘ ʚʨʝʜʥʦʩʪ ʿʝ ʫʧʦʨʝʹʝʥʘ ʩʘ ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʦ 

ʜʦʙʠʿʝʥʦʤ ʚʨʝʜʥʦʰ˂ʫ ʟʘ ʠʩʪʫ ʝʥʝʨʛʠʿʫ. ɽʢʩʧʝʨʠʤʝʥʪʘʣʥʫ ʚʨʝʜʥʦʩʪ ʝʬʠʢʘʩʥʦʛ ʧʨʝʩʝʢʘ, ʢʘʦ 

ʠ ʚʨʝʜʥʦʩʪʠ ʜʦʙʠʿʝʥʝ TALYS ʢʦʜʦʤ ʤʦʛʫ ʩʝ ʚʠʜʝʪʠ (ʊʘʙʝʣʘ 4.12). 
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ʊʘʙʝʣʘ 4.12 ï ɺʨʝʜʥʦʩʪʠ ʝʬʠʢʘʩʥʠʭ ʧʨʝʩʝʢʘ ʜʦʙʠʿʝʥʠʭ TALYS ʢʦʜʦʤ ʟʘ ʦʙʝ ʨʝʘʢʮʠʿʝ ʟʘ 

ʝʥʝʨʛʠʿʝ ʥʝʫʪʨʦʥʘ ʦʜ 18,1 MeV. 

ɽʬʠʢʘʩʘʥ ʧʨʝʩʝʢ [b] ʟʘ 18.1 MeV 

ʈʝʘʢʮʠʿʘ 185Re(n,3n)183Re 187Re(n,p)187W 

ʆʚʘʿ ʨʘʜ 0.834(59) 0.0049(20) 

LDmodel 1 1.568 0.0094 

LDmodel 2 1.411 0.0124 

LDmodel 3 1.422 0.0119 

LDmodel 4 1.563 0.0093 

LDmodel 5 1.213 0.0094 

LDmodel 6 1.155 0.0096 

  

 

ʉʣʠʢʘ 4.26 ï ʇʦʨʝʹʝˁʝ ʨʘʟʣʠʯʠʪʠʭ ʤʦʜʝʣʘ ʛʫʩʪʠʥʘ ʥʠʚʦʘ ʠʟ TALYS 1.9 ʧʨʦʨʘʯʫʥʘ ʩʘ 

ʬʫʥʢʮʠʿʦʤ ʝʬʠʢʘʩʥʠʭ ʧʨʝʩʝʢʘ ʜʦʙʠʿʝʥʦʤ unfolding ʤʝʪʦʜʦʤ ʟʘ ʨʝʘʢʮʠʿʫ 185Re(n,3n)183Re ʠ 

ʧʦʩʪʦʿʝ˂ʠʤ ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʠʤ ʧʦʜʘʮʠʤʘ. 
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ʉʣʠʢʘ 4.27 - ʇʦʨʝʹʝˁʝ ʨʘʟʣʠʯʠʪʠʭ ʤʦʜʝʣʘ ʛʫʩʪʠʥʘ ʥʠʚʦʘ ʠʟ TALYS 1.9 ʧʨʦʨʘʯʫʥʘ ʩʘ 

ʬʫʥʢʮʠʿʦʤ ʝʬʠʢʘʩʥʠʭ ʧʨʝʩʝʢʘ ʜʦʙʠʿʝʥʦʤ unfolding ʤʝʪʦʜʦʤ ʟʘ ʨʝʘʢʮʠʿʫ 187Re(n,p)187W ʠ 

ʧʦʩʪʦʿʝ˂ʠʤ ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʠʤ ʧʦʜʘʮʠʤʘ. 

 ɿʘʪʠʤ ʩʫ ʫ ʝʥʝʨʛʝʪʩʢʦʤ ʦʧʩʝʛʫ ʦʜ 13 MeV ʜʦ 20 MeV ʨʘʯʫʥʘʪʠ ʝʬʠʢʘʩʥʠ ʧʨʝʩʝʮʠ ʥʘ 

ʩʚʘʢʠʭ 0,5 MeV, ʢʘʢʦ ʙʠ ʩʝ ʫʧʦʨʝʜʠʣʦ ʧʦʥʘʰʘˁʝ ʚʨʝʜʥʦʩʪʠ ʝʬʠʢʘʩʥʠʭ ʧʨʝʩʝʢʘ ʜʦʙʠʿʝʥʠʭ 

TALYS ʩʠʤʫʣʘʮʠʿʦʤ ʩʘ ʬʫʥʢʮʠʿʦʤ ʝʬʠʢʘʩʥʠʭ ʧʨʝʩʝʢʘ ʢʦʿʘ ʿʝ ʜʦʙʠʿʝʥʘ ʧʨʦʮʝʦʤ ungolding-

a ʫ ʮʝʣʦʤ ʝʥʝʨʛʝʪʩʢʦʤ ʦʧʩʝʛʫ. ʋʧʦʨʝʹʠʚʘˁʝ ʿʝ ʛʨʘʬʠʯʢʠ ʧʨʝʜʩʪʘʚˀʝʥʦ (ʉʣʠʢʘ 4.26 ʠ ʉʣʠʢʘ 

4.27), ʟʘ ʩʚʘʢʫ ʦʜ ʨʝʘʢʮʠʿʘ. 

 

4.3.8.2 ʇʨʦʨʘʯʫʥʠ ʝʬʠʢʘʩʥʦʛ ʧʨʝʩʝʢa ʢʦʨʠʩʪʝ˂ʠ EMPIRE 3.2.3.  

 

 ʇʦʨʝʜ TALYS ʧʨʦʛʨʘʤʩʢʦʛ ʢʦʜʘ, ʢʦʨʠʰ˂ʝʥ ʿʝ ʠ EMPIRE 3.2.3. ʧʨʦʛʨʘʤʩʢʠ ʢʦʜ ʟʘ 

ʧʨʦʚʝʨʫ ʚʨʝʜʥʦʩʪʠ ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʦ ʜʦʙʠʿʝʥʠʭ ʧʦʜʘʪʘʢʘ ʝʬʠʢʘʩʥʠʭ ʧʨʝʩʝʢʘ ʟʘ ʩʚʝ 

ʨʝʘʢʮʠʿʝ, ʟʘ ʝʥʝʨʛʠʿʝ ʫʧʘʜʥʠʭ ʥʝʫʪʨʦʥʘ ʫ ʠʟʥʦʩʫ ʦʜ 18.1 MeV. ʇʦʨʝʜ ʪʦʛʘ, ʨʘʯʫʥʘʪʠ ʩʫ ʠ 

ʝʬʠʢʘʩʥʠ ʧʨʝʩʝʮʠ ʫ ʠʥʪʝʨʚʘʣʫ 13 ï 20 MeV ʫ ʠʥʪʝʨʚʘʣʠʤʘ ʦʜ ʧʦ 0.5 MeV, ʢʘʢʦ ʙʠ ʩʝ 

ʠʩʧʠʪʘʣʦ ʧʦʥʘʰʘˁʝ ʧʨʦʨʘʯʫʥʘ ʝʬʠʢʘʩʥʠʭ ʧʨʝʩʝʢʘ ʠ ʫʧʦʨʝʜʠʣʦ ʩʘ ʬʫʥʢʮʿʠʦʤ ʢʦʿʘ ʿʝ 

ʜʦʙʠʿʝʥʘ unfolding ʪʝʭʥʠʢʦʤ.  

 ɼʝʪʘˀʥʠʿʠ ʦʧʠʩ EMPIRE 3.2.3. ʢʦʜʘ ʜʘʪ ʿʝ ʫ ʧʦʛʣʘʚˀʫ 3.2. ɺʝ˂ʠʥʘ ʦʧʮʠʿʘ ʠ 

ʧʘʨʘʤʝʪʘʨʘ ʫ ʧʨʦʛʨʘʤʫ ʩʫ ʦʩʪʘʚˀʝʥʠ ʥʘ ʧʦʜʨʘʟʫʤʝʚʘʥʠʤ ʚʨʝʜʥʦʩʪʠʤʘ, ʢʘʦ ʠ ʫ ʩʣʫʯʘʿʫ 

TALYS ʧʨʦʨʘʯʫʥʘ, ʠʟʫʟʝʚ ʧʘʨʘʤʝʪʘʨʘ ʢʦʿʠ ʜʝʬʠʥʠʰʫ  ʛʫʩʪʠʥʝ ʝʥʝʨʛʝʪʩʢʠʭ ʥʠʚʦʘ. ɺʨʝʜʥʦʩʪ 
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ʦʚʦʛ ʧʘʨʘʤʝʪʨʘ ʠʤʘ ʯʝʪʠʨʠ ʚʨʝʜʥʦʩʪʠ ʦʜ 0 ʜʦ 3. ʊʨʠ ʧʦʩʪʦʿʝ˂ʘ ʤʦʜʝʣʘ ʩʫ ʬʝʥʦʤʝʥʦʣʦʰʢʘ, 

ʜʦʢ ʿʝ ʧʦʩʣʝʜˁʠ ʤʠʢʨʦʩʢʦʧʩʢʠ ʤʦʜʝʣ, ʘ ˁʠʭʦʚʝ ʦʩʥʦʚʝ ʩʫ ʦʧʠʩʘʥʝ ʫ ʧʨʝʪʭʦʜʥʦ ʧʦʤʝʥʫʪʦʤ 

ʧʦʛʣʘʚˀʫ. ʊʘʙʝʣʘ 4.13 ʧʨʠʢʘʟʫʿʝ ʚʨʝʜʥʦʩʪʠ ʝʬʠʢʘʩʥʦʛ ʧʨʝʩʝʢʘ ʟʘ ʦʙʝ ʨʝʘʢʮʠʿʝ ʟʘ ʝʥʝʨʛʠʿʝ 

ʥʝʫʪʨʦʥʘ ʦʜ 18,1MeV ʨʘʯʫʥʘʪʝ ʫʟ ʧʦʤʦ˂ EMPIRE ʢʦʜʘ ʟʘ ʩʚʝ ʚʨʝʜʥʦʩʪʠ ʧʘʨʘʤʝʪʨʘ levden ʠ 

ʦʥʝ ʩʫ ʫʧʦʨʝʹʝʥʝ ʩʘ ʚʨʝʜʥʦʩʪʠʤʘ ʝʬʠʢʘʩʥʦʛ ʧʨʝʩʝʢʘ ʢʦʿʝ ʩʫ ʜʦʙʠʿʝʥʝ ʤʝʨʝˁʝʤ. ʉʣʠʢʘ 4.28 

ʠ ʉʣʠʢʘ 4.29 ʛʨʘʬʠʯʢʠ ʧʨʠʢʘʟʫʿʫ ʨʘʯʫʥʘʪʝ ʚʨʝʜʥʦʩʪʠ ʝʬʠʢʘʩʥʦʛ ʧʨʝʩʝʢʘ ʟʘ ʨʝʘʢʮʠʿʫ  
185Re(n,3n)183Re ʠ 187Re(n,p)187W ʨʝʜʦʤ, ʫ ʮʝʣʦʤ ʦʧʩʝʛʫ ʝʥʝʨʛʠʿʘ ʥʝʫʪʨʦʥʘ ʦʜ 13 ʜʦ 20 MeV. 

ʅʘ ʩʣʠʢʘʤʘ (ʉʣʠʢʘ 4.28 ʠ ʉʣʠʢʘ 4.29) ʩʫ ʧʦʨʝʹʝˁʘ ʨʘʜʠ ʫʮʨʪʘʥʝ ʠ ʢʨʘʿˁʝ ʬʫʥʢʮʠʿʝ 

ʝʬʠʢʘʩʥʠʭ ʧʨʝʩʝʢʘ ʜʦʙʠʿʝʥʝ unfolding ʧʨʦʮʝʜʫʨʦʤ ʩʘ ʢʦʨʠʜʦʨʦʤ ʛʨʝʰʘʢʘ. 

ʊʘʙʝʣʘ 4.13 ï ʇʨʦʨʘʯʫʥʠ ʚʨʝʜʥʦʩʪʠ ʝʬʠʢʘʩʥʠʭ ʧʨʝʩʝʢʘ ʨʘʟʣʠʯʠʪʠʤ ʤʦʜʝʣʠʤʘ ʛʫʩʪʠʥʘ 

ʩʪʘˁʘ EMPIRE 3.2.3 ʟʘ ʝʥʝʨʛʠʿʫ ʥʝʫʪʨʦʥʘ ʦʜ 18,1 ʄʝV ʫʧʦʨʝʹʝʥʠ ʩʘ ʚʨʝʜʥʦʰ˂ʫ ʜʦʙʠʿʝʥʦʤ 

ʫ ʦʚʦʤ ʨʘʜʫ ʟʘ ʦʙʝ ʨʝʘʢʮʠʿʝ. 

ɽʬʠʢʘʩʘʥ ʧʨʝʩʝʢ [b] ʟʘ 18.1 MeV 

ʈʝʘʢʮʠʿʘ 185Re(n,3n)183Re 187Re(n,p)187W 

ʆʚʘʿ ʨʘʜ 0.834(59) 0.0049(20) 

Levden 0 0.8397 0.00576 

Levden 1 0.6998 0.00609 

Levden 2 0.7994 0.00572 

Levden 3 0.5737 0.00604 

 

ʉʣʠʢʘ 4.28 ï ʇʨʦʨʘʯʫʥʠ EMPIRE 3.2.3 ʟʘ ʨʘʟʣʠʯʠʪʝ ʤʦʜʝʣʝ ʛʫʩʪʠʥʝ ʥʠʚʦʘ ʫʧʦʨʝʝ́ʥʠ ʩʘ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʦ ʜʦʙʠʿʝʥʦʤ ʚʨʝʜʥʦʰ˂ʫ ʝʬʠʢʘʩʥʦʛ ʧʨʝʩʝʢʘ ʟʘ ʝʥʝʨʛʠʿʫ ʥʝʫʪʨʦʥʘ ʦʜ 

18,1 MeV ʜʦʙʠʿʝʥʦʤ ʫ ʨʘʜʫ, ʩʘ ʧʦʩʪʦʿʝ˂ʦʤ ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʦʤ ʚʨʝʜʥʦʰ˂ʫ (14), ʢʘʦ ʠ ʩʘ 

ʜʦʙʠʿʝʥʦʤ ʬʫʥʢʮʠʿʦʤ ʝʬʠʢʘʩʥʦʛ ʧʨʝʩʝʢʘ unfolding ʤʝʪʦʜʦʤ ʟʘ ʨʝʘʢʮʠʿʫ 185Re(n,3n)183Re. 
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ʉʣʠʢʘ 4.29 - ʇʨʦʨʘʯʫʥʠ EMPIRE 3.2.3 ʟʘ ʨʘʟʣʠʯʠʪʝ ʤʦʜʝʣʝ ʛʫʩʪʠʥʝ ʥʠʚʦʘ ʫʧʦʨʝʝ́ʥʠ ʩʘ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʦ ʜʦʙʠʿʝʥʠʤ ʚʨʝʜʥʦʩʪʠʤʘ (139; 137; 140; 141; 138) ʝʬʠʢʘʩʥʦʛ ʧʨʝʩʝʢʘ ʟʘ 

ʝʥʝʨʛʠʿʫ ʥʝʫʪʨʦʥʘ ʦʜ 18,1 MeV, ʩʘ ʧʦʩʪʦʿʝ˂ʠʤ ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʠʤ ʚʨʝʜʥʦʩʪʠʤʘ, ʢʘʦ ʠ ʩʘ 

ʜʦʙʠʿʝʥʦʤ ʬʫʥʢʮʠʿʦʤ ʝʬʠʢʘʩʥʦʛ ʧʨʝʩʝʢʘ unfolding ʤʝʪʦʜʦʤ ʟʘ ʨʝʘʢʮʠʿʫ 187Re(n,p)187W. 

 

4.3.9 ɼʠʩʢʫʩʠʿʘ ʜʦʙʠʿʝʥʠʭ ʨʝʟʫʣʪʘʪʘ 

 

 ʇʨʦʮʝʩ unfolding-a ʨʘʹʝʥ ʿʝ ʧʨʚʦ ʟʘ ʜʚʝ ʨʝʘʢʮʠʿʝ 185Re(n,3n)183Re ʠ 187Re(n,p)187W. 

ʇʦʩʪʫʧʘʢ ʧʦʣʘʟʠ ʦʜ ʜʦʙʠʿʘˁʘ ʧʦʯʝʪʥʝ ʬʫʥʢʮʠʿʝ ʝʬʠʢʘʩʥʠʭ ʧʨʝʩʝʢʘ ʥʘ ʦʩʥʦʚʫ ʠʟʨʘʯʫʥʘʚʘˁʘ 

ʩʨʝʜˁʠʭ ʚʨʝʜʥʦʩʪʠ ʝʬʠʢʘʩʥʠʭ ʧʨʝʩʝʢʘ ộʎỚ ʟʘ ʩʨʝʜˁʝ ʝʥʝʨʛʠʿʝ ʥʝʫʪʨʦʥʘ ộ%Ớ ʢʦʿʠ ʩʝ 

ʨʘʯʫʥʘʿʫ ʥʘ ʦʩʥʦʚʫ (4.13) ʠ (4.14) ʬʦʨʤʫʣʘ. ɼʦʙʠʿʝʥʝ ʚʨʝʜʥʦʩʪʠ ộʎỚ ʠ ộ%Ớ ʧʨʠʢʘʟʫʿʝ ʊʘʙʝʣʘ 

4.8 ʟʘ ʧʨʚʫ ʨʝʘʢʮʠʿʫ ʠ ʊʘʙʝʣʘ 4.9 ʟʘ ʜʨʫʛʫ ʨʝʘʢʮʠʿʫ. ʇʦʯʝʪʥʘ ʬʫʥʢʮʠʿʘ ʜʦʙʠʿʝʥʘ ʿʝ 

ʣʠʥʝʘʨʥʦʤ ʠʥʪʝʨʧʦʣʘʮʠʿʦʤ ʠʟʤʝʹʫ ʜʦʙʠʿʝʥʠʭ ʚʨʝʜʥʦʩʪʠ (ʊʘʙʝʣʘ 4.8 ʠ ʊʘʙʝʣʘ 4.9). ʅʘ 

ʦʩʥʦʚʫ ʧʦʯʝʪʥʝ ʬʫʥʢʮʠʿʝ ʢʦʨʠʰ˂ʝʥʠ ʩʫ MAXED ʠ GRAVEL ʘʣʛʦʨʠʪʤʠ, ʧʦʤʦ˂ʫ ʢʦʿʠʭ ʿʝ 

ʜʦʙʠʿʝʥʘ ʬʫʥʢʮʠʿʘ ʝʬʠʢʘʩʥʠʭ ʧʨʝʩʝʢʘ ʟʘ ʝʥʝʨʛʠʿʝ ʥʝʫʪʨʦʥʘ ʦʜ 13,05 MeV ʜʦ 19,50 MeV. 

ʂʨʘʿˁʘ ʬʫʥʢʮʠʿʘ ʝʬʠʢʘʩʥʠʭ ʧʨʝʩʝʢʘ ʟʘ ʦʙʝ ʨʝʘʢʮʠʿʝ ʿʝ ʠʟʨʘʯʫʥʘʪʘ ʢʘʦ ʩʨʝʜˁʘ ʚʨʝʜʥʦʩʪ 

ʬʫʥʢʮʠʿʘ ʜʦʙʠʿʝʥʠʭ MAXED ʠ GRAVEL ʧʦʩʪʫʧʢʦʤ. ʉʨʝʜˁʘ ʬʫʥʢʮʠʿʘ ʿʝ ʥʦʨʤʠʨʘʥʘ ʥʘ 

ʚʨʝʜʥʦʩʪ ʜʠʨʝʢʪʥʦ ʨʘʯʫʥʘʪʝ ʚʨʝʜʥʦʩʪʠ ʝʬʠʢʘʩʥʦʛ ʧʨʝʩʝʢʘ ʟʘ ʫʧʘʜʥʝ ʤʦʥʦʝʥʝʛʨʝʪʩʢʝ 

ʥʝʫʪʦʨʥʘ (18,1 MeV). ɺʨʝʜʥʦʩʪ ʟʘ ʥʦʨʤʠʨʘˁʝ ʜʦʙʠʿʝʥʘ ʿʝ ʦʟʨʘʯʠʚʘˁʝʤ ʜʠʩʢʘ ʢʦʿʠ ʿʝ ʪʦʢʦʤ 

ʦʚʦʛ ʧʦʩʪʫʧʢʘ ʙʠʦ ʫ ʤʠʨʦʚʘˁʫ (ɼʠʩʢ ʙʨ.4). ɼʦʙʠʿʝʥʝ ʬʫʥʢʮʠʿʝ ʝʬʠʢʘʩʥʠʭ ʧʨʝʩʝʢʘ 

ʫʧʦʨʝʰʠʚʘʥʝ ʩʫ ʩʘ ʧʦʩʪʦʿʝ˂ʠʤ ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʠʤ ʧʦʜʘʮʠʤʘ (13), ʢʘʦ ʠ ʩʘ ʙʘʟʘʤʘ ʪʝʦʨʠʿʩʢʠʭ 

ʧʨʦʨʘʯʫʥʘ (74). ʇʦʨʝʜ ʪʦʛʘ, ʢʦʨʠʰ˂ʝʥʠ ʩʫ TALYS 1.9 ʠ EMPIRE 3.2.3 ʢʦʜʦʚʠ ʟʘ 
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ʧʨʦʨʘʯʫʥʘʚʘˁʝ ʥʫʢʣʝʘʨʥʠʭ ʧʘʨʘʤʝʪʘʨʘ  ʫ ʢʦʿʠʤʘ ʩʫ ʩʚʘ ʧʦʜʝʰʘʚʘˁʘ ʦʩʪʘʚˀʝʥʘ ʥʘ 

ʧʦʜʨʘʟʫʤʝʚʘʥʠʤ, ʠʟʫʟʝʚ ʛʫʩʪʠʥʘ ʝʥʝʨʛʝʪʩʢʠʭ ʥʠʚʦʘ, ʛʜʝ ʩʫ ʧʨʦʨʘʯʫʥʠ ʨʘʹʝʥʠ ʟʘ ʩʚʝ 

ʧʦʥʫʹʝʥʝ ʚʨʝʜʥʦʩʪʠ ʦʚʠʭ ʧʘʨʘʤʝʪʘʨʘ.  

ɺʨʝʜʥʦʩʪʠ ʝʬʠʢʘʩʥʠʭ ʧʨʝʩʝʢʘ ʟʘ ʨʝʘʢʮʠʿʫ 185Re(n,3n)183Re 

 ɺʨʝʜʥʦʩʪʠ ʝʬʠʢʘʩʥʠʭ ʧʨʝʩʝʢʘ ʟʘ ʨʝʘʢʮʠʿʫ ʧʦʢʘʟʫʿʫ ʜʦʙʨʦ ʩʣʘʛʘˁʝ ʩʘ ʧʦʩʪʦʿʝ˂ʠʤ 

ʪʝʦʨʠʿʩʢʠʤ ʧʨʝʜʚʠʹʘˁʠʤʘ (74), ʢʘʦ ʠ ʩʘ ʿʝʜʥʦʤ ʧʦʩʪʦʿʝ˂ʦʤ ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʦ ʜʦʙʠʿʝʥʦʤ 

ʚʨʝʜʥʦʰ˂ʫ (14). ɺʨʝʜʥʦʩʪ ʝʬʠʢʘʩʥʦʛ ʧʨʝʩʝʢʘ ʟʘ ʝʥʝʨʛʠʿʝ ʫʧʘʜʥʠʭ ʥʝʫʪʨʦʥʘ, ʢʦʿʘ ʿʝ ʜʠʨʝʢʪʥʦ 

ʨʘʯʫʥʘʪʘ ʠ ʢʦʨʠʰ˂ʝʥʘ ʟʘ ʥʦʨʤʘʣʠʟʘʮʠʿʫ ʬʫʥʢʮʠʿʝ ʝʬʠʢʘʩʥʠʭ ʧʨʝʩʝʢʘ, ʧʦʢʘʟʫʿʝ ʥʘʿʙʦˀʝ 

ʩʣʘʛʘˁʝ ʩʘ ROSFOND-2010 (ʉʣʠʢʘ 4.12). ʉʘʤʘ ʬʫʥʢʮʠʿʘ ʝʬʠʢʘʩʥʠʭ ʧʨʝʩʝʢʘ ʫ ʦʧʩʝʛʫ ʦʜ 

13,08 ʜʦ 19,50 MeV ʠʤʘ ʜʦʙʨʦ ʩʣʘʛʘˁʝ ʩʘ ʧʦʩʪʦʿʝ˂ʠʤ ʪʝʦʨʠʿʩʢʠʤ ʧʨʦʨʘʯʫʥʠʤʘ. ʌʫʥʢʮʠʿʘ ʫ 

ʮʝʣʦʤ ʝʥʝʨʛʝʪʩʢʦʤ ʦʧʩʝʛʫ ʠʤʘ ʧʦʨʘʩʪ ʚʨʝʜʥʦʩʪʠ ʝʬʠʢʘʩʥʠʭ ʧʨʝʩʝʢʘ, ʙʝʟ ʙʠʣʦ ʢʘʢʚʠʭ ʥʘʛʣʠʭ 

ʧʨʦʤʝʥʘ. ʅʘʿʚʝ˂ʝ ʦʜʩʪʫʧʘˁʝ ʜʦʙʠʿʝʥʝ ʬʫʥʢʮʠʿʝ ʫ ʦʜʥʦʩʫ ʩʘ ʧʦʩʪʦʿʝ˂ʠʤ ʪʝʦʨʠʿʩʢʠʤ 

ʧʨʦʨʘʯʫʥʠʤʘ ʿʝ ʫ ʧʦʨʝʹʝˁʫ ʩʘ JEFF-3.3 ʠ JEF 2.2 ʙʘʟʘʤʘ ʧʦʜʘʪʘʢʘ, ʜʦʢ ʥʘʿʙʦˀʝ ʩʣʘʛʘˁʝ 

ʬʫʥʢʮʠʿʝ ʫ ʮʝʣʦʤ ʠʩʧʠʪʠʚʘʥʦʤ ʝʥʝʨʛʝʪʩʢʦʤ ʦʧʩʝʛʫ ʿʝ ʩʘ ROSFOND 2010 ʙʘʟʦʤ ʧʦʜʘʪʘʢʘ.  

 ʇʨʦʨʘʯʫʥʠ ʚʨʝʜʥʦʩʪʠ ʝʬʠʢʘʩʥʠʭ ʧʨʝʩʝʢʘ ʫ ʮʝʣʦʤ ʝʥʝʨʛʝʪʩʢʦʤ ʦʧʩʝʛʫ ʢʦʨʠʩʪʝ˂ʠ 

TALYS 1.9 ʨʘʹʝʥʠ ʩʫ ʫʟ ʤʝˁʘˁʝ ʧʘʨʘʤʝʪʘʨʘ ʟʘ ʛʫʩʪʠʥʝ ʝʥʝʨʛʝʪʩʢʠʭ ʥʠʚʦʘ (ʦʜ LDmodel 1 

ʜʦ Ldmodel 6). ɼʦʙʠʿʝʥʝ ʚʨʝʜʥʦʩʪʠ ʨʘʯʫʥʘʪʝ ʟʘ ʝʥʝʨʛʠʿʝ ʥʝʫʪʨʦʥʘ ʦʜ 18,1 MeV ʩʫ ʚʝ˂ʝ 

ʧʨʦʨʘʯʫʥʠʤʘ ʫ TALYS 1.9 ʢʦʜʫ ʟʘ ʩʚʝ ʤʦʜʝʣʝ ʛʫʩʪʠʥʘ ʝʥʝʨʛʝʪʩʢʠʭ ʥʠʚʦʘ (ʊʘʙʝʣʘ 4.12). 

ɺʨʝʜʥʦʩʪʠ ʝʬʠʢʘʩʥʠʭ ʧʨʝʩʝʢʘ ʫ ʮʝʣʦʤ ʝʥʝʨʛʝʪʩʢʦʤ ʦʧʩʝʛʫ ʠʤʘʿʫ ʧʦʨʘʩʪ ʠ ʚʠʰʝ ʩʫ ʫ ʦʜʥʦʩʫ 

ʥʘ ʜʦʙʠʿʝʥʫ ʬʫʥʢʮʠʿʫ ʝʬʠʢʘʩʥʠʭ ʧʨʝʩʝʢʘ unfolding ʤʝʪʦʜʦʤ ʫ ʦʚʦʤ ʨʘʜʫ ʟʘ ʩʚʝ ʧʘʨʘʤʝʪʨʝ 

ʛʫʩʪʠʥʘ ʝʥʝʨʛʝʪʩʢʠʭ ʥʠʚʦʘ. ʅʘʿʙʦˀʝ ʩʣʘʛʘˁʝ ʩʝ ʧʦʢʘʟʫʿʝ ʟʘ ʚʨʝʜʥʦʩʪ ʧʘʨʘʤʝʪʨʘ LDmodel 6, 

ʢʦʿʠ ʩʝ ʙʘʟʠʨʘ ʥʘ ʪʝʤʧʝʨʘʪʫʨʥʦ ʟʘʚʠʥʩʠʤ ʍʘʥʪʨʠ-ʌʦʢ-ɹʦʛʦˀʫʙʦʚʠʤ ʢʘʣʢʫʣʘʮʠʿʘʤʘ (144). 

 ɺʨʝʜʥʦʩʪʠ ʝʬʠʢʘʩʥʠʭ ʧʨʝʩʝʢʘ ʨʘʯʫʥʘʪʝ ʫ ʮʝʣʦʤ ʝʥʝʨʛʝʪʩʢʦʤ ʦʧʩʝʛʫ ʨʘʯʫʥʘʪe ʫʟ 

ʧʦʤʦ˂ EMPIRE 3.2.3 ʧʦʢʘʟʫʿʫ ʢʦʥʩʪʘʥʪʘʥ ʨʘʩʪ ʩʘ ʝʥʝʨʛʠʿʘʤʘ ʥʝʫʪʨʦʥʘ ʟʘ ʩʚʝ ʧʦʩʪʦʿʝ˂ʝ 

ʤʦʜʝʣʝ ʛʫʩʪʠʥʘ ʝʥʝʨʛʝʪʩʢʠʭ ʥʠʚʦʘ (ʦʜ Levden 0 ʜʦ Levden 3). ʆʚʦ ʿʝ ʫ ʩʢʣʘʜʫ ʩʘ ʧʦʩʪʦʿʝ˂ʠʤ 

ʪʝʦʨʠʿʩʢʠʤ ʧʨʦʨʘʯʫʥʠʤʘ ʫ ʨʘʟʣʠʯʠʪʠʤ ʙʘʟʘʤʘ ʧʦʜʘʪʘʢʘ, ʩʘ TALYS 1.9 ʧʨʦʨʘʯʫʥʠʤʘ, ʢʘʦ ʠ 

ʩʘ ʜʦʙʠʿʝʥʦʤ ʬʫʥʢʮʠʿʦʤ ʝʬʠʢʘʩʥʠʭ ʧʨʝʩʝʢʘ. ʄʝʹʫʪʠʤ ʚʨʝʜʥʦʩʪʠ ʝʬʠʢʘʩʥʠʭ ʧʨʝʩʝʢʘ ʢʦʿʝ 

ʜʘʿʝ EMPIRE 3.2.3 ʩʫ ʥʠʞʝ ʫ ʧʦʨʝʹʝˁʫ ʩʘ ʜʦʙʠʿʝʥʦʤ ʬʫʥʢʮʠʿʦʤ ʝʬʠʢʘʩʥʠʭ ʧʨʝʩʝʢʘ ʫ ʦʚʦʤ 

ʨʘʜʫ (ʉʣʠʢʘ 4.28), ʢʘʦ ʠ ʧʦʨʝʹʝˁʫ ʩʘ TALYS 1.9 ʧʨʦʨʘʯʫʥʠʤʘ. ɼʦʙʠʿʝʥʘ unfolding ʬʫʥʢʮʠʿʘ 

ʩʝ ʥʘʿʙʦˀʝ ʩʣʘʞʝ ʩʘ ʧʨʦʨʘʯʫʥʠʤʘ ʛʜʝ ʩʝ ʢʦʨʠʩʪʠʦ Levden 2  ʧʘʨʘʤʝʪʘʨ, ʢʦʿʠ ʩʝ ʙʘʟʠʨʘ ʥʘ 

ɻʠʣʙʝʨʪ-ʂʘʤʝʨʦʥʦʚʦʤ ʤʦʜʝʣʫ (ʉʣʠʢʘ 4.28). ʐʪʦ ʩʝ ʪʠʯʝ ʜʠʨʝʢʪʥʦ ʨʘʯʫʥʘʪʝ ʚʨʝʜʥʦʩʪʠ 

ʬʠʢʘʩʥʦʛ ʧʨʝʩʝʢʘ ʟʘ ʝʥʝʨʛʠʿʝ ʥʝʫʪʨʦʥʘ ʦʜ 18,1 MeV (ʊʘʙʝʣʘ 4.13), ʥʘʿʙʦˀʝ ʩʣʘʛʘˁʝ ʿʝ ʪʘʢʦʹʝ 

ʩʘ Levden 2 ʤʦʜʝʣʦʤ. 

ɺʨʝʜʥʦʩʪʠ ʝʬʠʢʘʩʥʠʭ ʧʨʝʩʝʢʘ ʟʘ ʨʝʘʢʮʠʿʫ 187Re(n,p)187W 

 ɺʨʝʜʥʦʩʪʠ ʝʬʠʢʘʩʥʦʛ ʧʨʝʩʝʢʘ ʟʘ ʨʝʘʢʮʠʿʫ187Re(n,p)187W ʜʦʙʠʿʝʥʝ unfolding ʪʝʭʥʠʢʦʤ 

ʫ ʦʧʩʝʛʫ ʦʜ 13,08 ʜʦ 19,50 MeV ʠʤʘʿʫ ʥʝʰʪʦ ʥʠʞʝ ʚʨʝʜʥʦʩʪʠ ʫ ʦʜʥʦʩʫ ʥʘ ʧʦʩʪʦʿʝ˂ʝ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʝ ʧʦʜʘʪʢʝ (ʉʣʠʢʘ 4.25). ɽʢʩʧʝʨʠʤʝʥʪʘʣʥʠ ʧʦʜʘʮʠ ʧʦʩʪʦʿʝ ʫ ʦʧʩʝʛʫ ʦʜ 13 ʜʦ 

15 MeV (13) ʠ ʜʦʙʠʿʝʥʠ ʩʫ ʢʦʨʠʰ˂ʝˁʝʤ ʤʦʥʦʝʥʝʨʛʝʪʩʢʠʭ ʥʝʫʪʨʦʥʘ. ɺʨʝʜʥʦʩʪʠ ʝʬʠʢʘʩʥʠʭ 
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ʧʨʝʩʝʢʘ ʫ unfolding ʬʫʥʢʮʠʿʠ ʨʘʩʪʫ ʩʘ ʧʦʨʘʩʪʦʤ ʝʥʝʨʛʠʿʘ, ʜʦ ʦʢʦ 16 MeV, ʥʘʢʦʥ ʯʝʛʘ ʩʝ ʛʫʙʠ 

ʪʘʿ ʪʨʝʥʜ ʠ ʚʨʝʜʥʦʩʪʠ ʩʪʘʛʥʠʨʘʿʫ ʩʘ ʧʦʨʘʩʪʦʤ ʝʥʝʨʛʠʿʝ, ʯʘʢ ʠ ʜʦʣʘʟʠ ʜʦ ʙʣʘʛʦʛ ʧʘʜʘ. ʆʚʦ 

ʧʦʥʘʰʘˁʝ ʩʝ ʨʘʟʣʠʢʫʿʝ ʫ ʦʜʥʦʩʫ ʥʘ ʪʝʦʨʠʿʩʢʝ ʧʨʦʨʘʯʫʥʝ ʫ ʧʦʩʪʦʿʝ˂ʠʤ ʙʘʟʘʤʘ ʧʦʜʘʪʘʢʘ (74) 

ʢʦʿʝ ʧʨʝʜʚʠʹʘʿʫ ʫʥʠʬʦʨʤʘʥ ʨʘʩʪ ʚʨʝʜʥʦʩʪʠ ʫ ʮʝʣʦʤ ʝʥʝʨʛʝʪʩʢʦʤ ʦʧʩʝʛʫ. ʅʘʿʙʦˀʝ ʩʣʘʛʘˁʝ 

ʜʦʙʠʿʝʥʝ ʚʨʝʜʥʦʩʪʠ ʝʬʠʢʘʩʥʦʛ ʧʨʝʩʝʢʘ ʟʘ ʝʥʝʨʛʠʿʝ ʥʝʫʪʨʦʥʘ ʦʜ 18,1 MeV ʿʝ ʩʘ ɽɸF-2010 

ʙʘʟʦʤ ʧʦʜʘʪʘʢʘ. 

 ɺʨʝʜʥʦʩʪʠ ʝʬʠʢʘʩʥʦʛ ʧʨʝʩʝʢʘ ʨʘʯʫʥʘʪʝ ʫʟ ʧʦʤʦ˂ TALYS 1.9 ʟʘ ʩʚʝ ʧʘʨʘʤʝʪʨʝ 

ʛʫʩʪʠʥʘ ʝʥʝʨʛʝʪʩʢʠʭ ʥʠʚʦʘ ʩʣʘʞʫ ʩʝ ʩʘ ʧʦʩʪʦʿʝ˂ʠʤ ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʠʤ ʚʨʝʜʥʦʩʪʠʤʘ ʫ ʦʧʩʝʛʫ 

ʝʥʝʨʛʠʿʘ 13 ï 15 ʄʝV ʠ  ʨʘʩʪʫ ʩʘ ʧʦʨʘʩʪʦʤ ʝʥʝʨʛʠʿʝ ʫ ʮʝʣʦʤ ʦʧʩʝʛʫ ʝʥʝʨʛʠʿʘ. ʊʘʢʦʹʝ ʩʫ ʫ 

ʜʦʙʨʦʤ ʩʣʘʛʘˁʫ ʩʘ ʪʝʦʨʠʿʩʢʠʤ ʧʨʦʨʘʯʫʥʠʤʘ ʠʟ ʧʦʩʪʦʿʝ˂ʠʭ ʙʘʟʘ ʧʦʜʘʪʘʢʘ. ɼʦʙʠʿʝʥʘ 

ʚʨʝʜʥʦʩʪ ʝʬʠʢʘʩʥʦʛ ʧʨʝʩʝʢʘ ʟʘ ʝʥʝʨʛʠʿʫ ʥʝʫʪʨʦʥʘ ʦʜ 18,1 MeV ʫ ʦʚʦʤ ʨʘʜʫ ʠʤʘ ʥʠʞʫ 

ʚʨʝʜʥʦʩʪ ʫ ʦʜʥʦʩʫ ʥʘ ʨʘʯʫʥʘʪʝ ʧʦʤʦ˂ʫ TALYS 1.9  ʩʘ ʩʚʠʤ ʤʦʜʝʣʠʤʘ ʛʫʩʪʠʥʝ ʝʥʝʨʛʝʪʩʢʠʭ 

ʥʠʚʦʘ (ʊʘʙʝʣʘ 4.13). ɼʦʙʠʿʝʥʘ ʬʫʥʢʮʠʿʘ ʝʬʠʢʘʩʥʠʭ ʧʨʝʩʝʢʘ ʟʘ ʦʚʫ ʨʝʘʢʮʠʿʫ unfolding 

ʤʝʪʦʜʦʤ ʠʤʘ ʥʠʞʝ ʚʨʝʜʥʦʩʪʠ ʫ ʮʝʣʦʤ ʝʥʝʨʛʝʪʩʢʦʤ ʦʧʩʝʛʫ ʦʜ 13 ʜʦ 20 MeV (ʉʣʠʢʘ 4.27).   

 EMPIRE 3.2.3 ʚʨʝʜʥʦʩʪʠ ʝʬʠʢʘʩʥʠʭ ʧʨʝʩʝʢʘ ʫ ʮʝʣʦʤ ʦʧʩʝʛʫ ʝʥʝʨʛʠʿʘ ʦʜ 13 ʜʦ 

19,5 MeV ʠʤʘʿʫ ʪʨʝʥʜ ʨʘʩʪʘ, ʘʣʠ ʠʤʘʿʫ ʥʠʞʝ ʚʨʝʜʥʦʩʪʠ ʫ ʦʜʥʦʩʫ ʥʘ ʧʦʩʪʦʿʝ˂ʝ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʦ ʜʦʙʠʿʝʥʝ ʚʨʝʜʥʦʩʪʠ ʟʘ ʝʥʝʨʛʠʿʝ 13 ï 15 MeV. ɺʨʝʜʥʦʩʪʠ ʩʫ ʪʘʢʦʹʝ ʥʠʞʝ ʫ 

ʧʦʨʝʹʝˁʫ ʩʘ ʩʚʠʤ ʪʝʦʨʠʿʩʢʠʤ ʧʨʦʨʘʯʫʥʠʤʘ ʠʟ ʧʦʩʪʦʿʝ˂ʠʭ ʙʘʟʘ ʧʦʜʘʪʘʢʘ. ɺʨʝʜʥʦʩʪ 

ʝʬʠʢʘʩʥʦʛ ʧʨʝʩʝʢʘ ʥʘ ʝʥʝʨʛʠʿʠ ʥʝʫʪʨʦʥʘ ʦʜ 18,1 MeV ʜʦʙʠʿʝʥʘ ʫ ʨʘʜʫ ʠʤʘ ʥʝʰʪʦ ʥʠʞʝ 

ʚʨʝʜʥʦʩʪʠ ʫ ʦʜʥʦʩʫ ʥʘ ʧʨʦʨʘʯʫʥʝ ɽMPIRE 3.2.3 ʟʘ ʩʚʝ ʚʨʝʜʥʦʩʪʠ ʛʫʩʪʠʥʘ ʝʥʝʨʛʝʪʩʢʠʭ ʥʠʚʦʘ 

(ʊʘʙʝʣʘ 4.13). ʌʫʥʢʮʠʿʘ ʝʬʠʢʘʩʥʠʭ ʧʨʝʩʝʢʘ ʜʦʙʠʿʝʥʘ unfolding ʤʝʪʦʜʦʤ ʠʤʘ ʚʨʝʜʥʦʩʪʠ ʢʦʿʝ 

ʩʫ ʚʠʰʝ ʫ ʧʦʨʝʹʝˁʫ ʩʘ EMPIRE 3.2.3 ʧʨʦʨʘʯʫʥʠʤʘ ʜʦ ʝʥʝʨʛʠʿʘ ʦʜ 17 MeV, ʥʘʢʦʥ ʯʝʛʘ 

unfolding  ʬʫʥʢʮʠʿʘ ʥʘʩʪʘʚˀʘ ʜʘ ʠʤʘ ʢʦʥʩʪʘʥʪʥʝ ʚʨʝʜʥʦʩʪʠ, ʘ EMPIRE 3.2.3 ʧʨʝʜʚʠʹʘ ʜʘˀʠ 

ʨʘʩʪ ʩʘ ʧʦʚʝ˂ʘˁʝʤ ʝʥʝʨʛʠʿʘ.  
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5 ɼʦʟʠʤʝʪʨʠʿʩʢʝ ʚʝʣʠʯʠʥʝ 
 

 ɿʨʘʯʝˁʝ ʧʨʦʣʘʩʢʦʤ ʢʨʦʟ ʤʘʪʝʨʠʿʘʣ ʩʚʦʿʫ ʢʠʥʝʪʠʯʢʫ ʝʥʝʨʛʠʿʫ ʦʩʪʘʚˀʘ ʧʫʪʝʤ ʥʠʟʘ 

ʝʢʩʮʠʪʘʮʠʿʘ ʠ ʿʦʥʠʟʘʮʠʿʘ. ʋ ʪʦʤ ʧʨʦʮʝʩʫ ʤʝˁʘʿʫ ʩʝ ʦʩʦʙʠʥʝ, ʢʘʢʦ ʫʧʘʜʥʦʛ ʟʨʘʯʝˁʘ, ʪʘʢʦ ʠ 

ʤʘʪʝʨʠʿʘʣʘ. ɼʦʣʘʟʠ ʜʦ ʩʪʚʘʨʘˁʘ ʚʝʣʠʢʦʛ ʙʨʦʿʘ ʿʦʥʠʟʦʚʘʥʠʭ ʠ ʝʢʩʮʠʪʦʚʘʥʠʭ ʤʦʣʝʢʫʣʘ ʠ 

ʘʪʦʤʘ, ʘʣʠ ʠ ʩʝʢʫʥʜʘʨʥʠʭ ʝʣʝʢʪʨʦʥʘ ʢʦʿʠ ʜʘˀʝ ʠʟʘʟʠʚʘʿʫ ʝʢʩʮʠʪʘʮʠʿʫ ʠ ʿʦʥʠʟʘʮʠʿʫ ʜʦʢ ʥʝ 

ʠʟʛʫʙʝ ʩʚʦʿʫ ʝʥʝʨʛʠʿʫ. ʇʨʘ˂ʝˁʝʤ ʧʨʦʤʝʥʘ ʫ ʤʘʪʝʨʠʿʘʣʫ ʢʨʦʟ ʢʦʿʠ ʧʨʦʣʘʟʠ ʟʨʘʯʝˁʝ, ʦʥʦ ʩʝ 

ʜʝʪʝʢʪʫʿʝ ʠ ʜʘʿʝ ʠʥʬʦʨʤʘʮʠʿʝ ʦ ʩʪʘˁʫ ʿʝʟʛʨʘ ʠʟ ʢʦʛ ʧʦʪʠʯʝ. ʇʦʨʝʜ ʪʦʛʘ, ʭʝʤʠʿʩʢʝ ʧʨʦʤʝʥʝ ʫ  

ʤʝʪʨʠʿʘʣʫ ʩʫ ʦʩʥʦʚʘ ʧʦʪʝʥʮʠʿʘʣʥʠʭ ʝʬʝʢʘʪʘ ʥʘ ʞʠʚʝ ʦʨʛʘʥʠʟʤʝ.  

 ɺʝʦʤʘ ʙʨʟʦ ʥʘʢʦʥ ʦʪʢʨʠ˂ʘ ʨʝʥʜʛʝʥʩʢʦʛ ʟʨʘʯʝˁʘ, ʦʪʢʨʠʚʘʿʫ ʩʝ ʙʨʦʿʥʠ ʨʘʜʠʦʘʢʪʠʚʥʠ 

ʝʣʝʤʝʥʪʠ ʠ ʩʚʝ ʚʝ˂ʠ ʙʨʦʿ ˀʫʜʠ ʜʦʣʘʟʠ ʫ ʥʝʧʦʩʨʝʜʘʥ ʢʦʥʪʘʢʪ ʩʘ ʟʨʘʯʝˁʝʤ, ʢʘʢʦ ʦʥʦ ʥʘʣʘʟʠ 

ʠ ʧʨʘʢʪʠʯʥʫ ʧʨʠʤʝʥʫ ʫ ʩʚʝ ʙʨʦʿʥʠʿʠʤ ʩʬʝʨʘʤʘ ʞʠʚʦʪʘ. ʇʘʨʘʣʝʣʥʦ ʪʦʤʝ, ʩʧʦʟʥʘʿʫ ʩʝ ʠ 

ʥʝʛʘʪʠʚʘʥ ʫʪʠʮʘʿʠ ʟpʘʯʝˁʘ ʥʘ ˀʫʜʝ ʠ ʞʠʚʝ ʦʨʛʘʥʠʟʤʝ. ʀʟ ʪʦʛ ʨʘʟʣʦʛʘ ʧʦʪʨʝʙʥʦ ʿʝ ʙʠʣʦ 

ʜʝʬʠʥʠʩʘʪʠ ʤʝʨʫ ʠʟʣʦʞʝʥʦʩʪʠ ʟʨʘʯʝˁʫ, ʢʦʿʘ ˂ʝ ʙʠʪʠ ʜʦʚʦˀʥʦ ʧʨʝʮʠʟʥʘ, ʟʘ ʨʘʟʣʠʢʫ ʦʜ 

ʧʦʯʝʪʥʦʛ ʢʦʨʠʰ˂ʝˁʘ ʩʪʝʧʝʥʘ ʠʨʠʪʘʮʠʿʝ ʢʦʞʝ ʢʘʦ ʠʥʜʠʢʘʪʦʨʘ.  

 

5.1 ɽʢʩʧʦʟʠʮʠʦʥʘ ʜʦʟʘ 

 

  ʇʦʜ ʦʚʦʤ ʚʝʣʠʯʠʥʦʤ ʢʦʿʘ ʩʝ ʢʦʨʠʩʪʠ ʢʘʦ ʤʝʨʘ ʟʨʘʯʝˁʘ ʜʝʬʠʥʠʰʝ ʩʝ ʢʦʣʠʯʠʥʘ 

ʥʘʝʣʝʢʪʨʠʩʘˁʘ ʢʦʿʫ ʍ ʠ ʛʘʤʘ ʟʨʘʯʝˁʝ ʧʨʦʠʟʚʝʜʫ ʫ ʚʘʟʜʫʭʫ.  ʇʨʝʪʧʦʩʪʘʚˀʘ ʩʝ ʜʘ ʿʝ ʢʦʣʠʯʠʥʘ 

ʧʘʨʦʚʘ ʿʦʥʘ ʢʦʿʫ ʟʨʘʯʝˁʝ ʧʨʦʠʟʚʝʜʝ ʫ ʚʘʟʜʫʭʫ  ʧʨʦʧʦʨʮʠʦʥʘʣʥʘ ʝʥʝʨʛʠʿʠ. ʇʨʚʦʙʠʪʥʘ ʤʝʨʥʘ 

ʿʝʜʠʥʠʮʘ ʿʝ 1ʨʝʥʜʛʝʥ (R) ʠ ʦʥ ʧʨʝʜʩʪʘʚˀʘ ʢʦʣʠʯʠʥʫ ʍ ʟʨʘʯʝˁʘ ʢʦʿʘ ʩʪʚʦʨʠ 1 

ʝʣʝʢʪʨʦʩʪʘʪʠʯʢʫ ʿʝʜʠʥʠʮʫ ʥʘʝʣʝʢʪʨʠʩʘˁʘ, ʙʠʣʦ ʧʦʟʠʪʠʚʥʦʛ, ʙʠʣʦ ʥʝʛʘʪʠʚʥʦʛ, ʫ ʚʘʟʜʫʭʫ 

ʟʘʧʨʝʤʠʥʝ 1 cm3. ʊʦʣʠʢʘ ʟʘʧʨʝʤʠʥʘ ʚʘʟʜʫʭʘ ʠʤʘ ʤʘʩʝʫ 0,001293 ʛʨʘʤʘ. ʅʘʣʘʢʪʨʠʩʘˁʝ ʢʦʿʝ 

ʩʝ ʫʟʠʤʘ ʫ ʦʙʟʠʨ ʿʝ ʠ ʧʨʠʤʘʨʥʦ, ʥʘʩʪʘʣʦ ʜʠʨʝʢʪʥʦ ʿʦʥʠʟʘʮʠʿʦʤ ɔ ʟʨʘʯʝˁʘ, ʢʘʦ ʠ ʩʝʢʫʥʜʘʨʥʦ. 

ɽʣʝʢʪʨʦʥʠ ʢʦʿʠ ʩʝ ʦʩʣʦʙʦʜʝ ʫ ʧʨʦʮʝʩʫ ʿʦʥʠʟʘʮʠʿʘ ʥʝ ʤʦʨʘʿʫ ʥʫʞʥʦ ʜʘ ʩʝ ʘʧʩʦʨʙʫʿʫ ʫ ʜʘʪʦʿ 

ʟʘʧʨʝʤʠʥʠ ʚʘʟʫʭʘ. ʊʘʢʦʹʝ, ʫʢʫʧʥʦʿ ʢʦʣʠʠʯʠʥʠ ʥʘʝʣʝʢʪʨʠʩʘˁʘ ʜʦʧʨʠʥʦʩʝ ʠ ʝʣʝʢʪʨʦʥʠ ʢʦʿʠ 

ʩʫ ʥʘʩʪʘʣʠ ʚʘʥ ʟʘʜʘʪʝ ʟʘʧʨʝʤʠʥʝ ʚʘʟʜʫʭʘ. ʅʘʢʜʥʘʜʥʦ ʩʝ ʤʝʨʥʘ ʿʝʜʠʥʠʮʘ ʟʘ ʝʢʩʧʦʟʠʮʠʦʥʫ 

ʜʦʟʫ ʨʝʜʝʬʠʥʠʩʘʣʘ, ʫ ʩʢʣʘʜʫ ʩʘ ʉʀ ʩʠʩʪʝʤʦʤ, ʠ ʦʜ 1962. ʛʦʜʠʥʝ ʩʝ ʜʝʬʠʥʠʰʝ ʢʘʦ: 

ὢ  
ῳὗ

ῳά
 

 

(5.1) 

ʆʜʥʦʩʥʦ ʢʦʣʠʯʠʥʘ ʥʘʝʣʝʢʪʨʠʩʘˁʘ ʢʦʿʝ ʩʝ ʫ ʚʘʟʜʫʭʫ ʩʪʚʦʨʠ ʥʘʢʦʥ ʰʪʦ ʩʚʠ ʩʪʚʦʨʝʥʠ 

ʝʣʝʢʪʨʦʥʠ ʚʘʟʜʫʭʫ ʤʘʩʝ ῳά. ʅʘ ʦʚʘʿ ʥʘʯʠʥ ʜʝʬʠʥʠʩʘʥʘ ʝʢʩʧʦʟʠʮʠʦʥʘ ʜʦʟʘ ʠʤʘ ʤʝʨʥʫ 

ʿʝʜʠʥʠʮʫ . ʂʘʢʦ ʩʝ ʠ ʜʘʥʘʩ ʤʦʛʫ ʢʦʨʠʩʪʠʪʠ ʧʘʨʘʣʝʣʥʦ ʩʪʘʨʘ ʠ ʥʦʚʘ ʿʝʜʠʥʠʮʘ ʝʢʩʧʦʟʠʮʠʿʝ, 



   

120 

 

ʧʦʪʨʝʙʥʦ ʿʝ ʟʥʘʪʠ ʚʝʟʫ ʦʚʜʝ ʜʚʝ ʿʝʜʠʥʠʮʝ. ɱʝʜʠʥʠʮʘ ʦʜ 1R ʠʟʥʦʩʠ 2,58 10-4 , ʠʣʠ 1 ʠʟʥʦʩʠ 

3876 R. ʇʦʨʝʜ ʝʢʩʧʦʟʠʮʠʦʥʝ, ʜʝʬʠʥʠʰʝ ʩʝ ʠ ʙʨʟʠʥʘ ʝʢʩʧʦʟʠʮʠʿʝ, ʦʜʥʦʩʥʦ ʢʦʣʠʯʠʥʘ 

ʝʢʩʧʦʟʠʮʠʦʥʝ ʜʦʟʝ ʫ ʿʝʜʠʥʠ ʚʨʝʤʝʥʘ: 

ὢ  
ῳὗ

ῳά ὸ
 

(5.2) 

Kao ʤʝʨʥʘ ʿʝʜʠʥʠʮʘ ʢʦʨʠʩʪʝ ʩʝ ʠʣʠ ʈʝʥʜʛʝʥ ʫ ʩʝʢʫʥʜʠ  ʠʣʠ ʂʫʣʦʥ ʧʦ ʩʘʪʫ ʠ ʢʠʣʦʛʨʘʤʫ 

 
. 

 

5.2 ɸʧʩʦʨʙʦʚʘʥʘ ʜʦʟʘ  

 

 ʂʘʢʦ ʿʝ ʝʢʩʧʦʟʠʮʠʦʥʘ ʜʦʟʘ ʜʝʬʠʥʠʩʘʥʘ ʩʘʤʦ ʟʘ ɔ ʠ ʍ ʟʨʘʯʝˁʝ ʫ ʚʘʟʜʫʭʫ, ʪʝ ʠ ʧʦʨʝʜ 

ʪʦʛʘ ʰʪʦ ʧʨʝʜʩʪʘʚˀʘ ʚʝʣʠʯʠʥʫ ʢʦʿʘ ʩʝ ʚʨʣʦ ʣʘʢʦ ʤʦʞʝ ʦʜʨʝʜʠʪʠ, ʦʥʘ ʥʠʿʝ ʧʨʘʢʪʠʯʥʘʟʘ 

ʧʨʠʤʝʥʫ ʟʘ ʨʘʟʣʠʯʠʪʝ ʚʨʩʪʝ ʟʨʘʰʝˁʘ ʫ ʨʘʟʣʠʯʠʪʠʤ ʤʘʪʝʨʠʿʘʣʠʤʘ.ʀʼ ʪʦʛ ʨʘʟʣʦʛʘ ʫʚʝʜʝʥʘ ʿʝ 

ʫʥʠʚʝʨʟʘʣʥʘ ʜʦʟʠʤʝʪʨʠʿʩʢʘ ʚʝʣʠʯʠʥʘ ʘʧʩʦʨʙʦʚʘʥʘ ʜʦʟʘ, ʢʦʿʘ ʩʝ ʜʝʬʠʥʠʰʝ ʢʘʦ ʢʦʣʠʯʠʥʘ 

ʘʧʩʦʨʙʦʚʘʥʝ ʝʥʝʨʛʠʿʝ ʧʦ ʿʝʜʠʥʠʮʠ ʤʘʩʝ ʤʘʪʝʨʠʿʘʣʘ, ʢʦʿʘ ʧʦʪʠʯʝ ʨʘʟʣʠʯʠʪʠʭ ʚʨʩʪʘ ʟʨʘʯʝˁʘ: 

Ὀ  
ῳὉ

ῳ ά
 

(5.3) 

ɽʥʝʨʛʠʿʘ ʢʦʿʫ ʟʨʘʯʝˁʝ ʦʩʪʘʚʠ ʫ ʤʘʪʝʨʠʿʘʣʫ ʢʨʦʟ ʢʦʿʠ ʧʨʦʣʘʟʠ ʧʨʝʜʩʪʘʚˀʘ ʨʘʟʣʠʢʫ ʝʥʝʨʛʠʿʝ 

ʟʨʘʯʝˁʘ ʧʨʠ ʫʣʘʩʢʫ ʠ ʠʟʣʘʩʢʫ ʠʟ ʧʦʩʤʘʪʨʘʥʝ ʩʨʝʜʠʥʝ. ʄʝʨʥʘ ʿʝʜʠʥʠʮʘ ʟʘ ʘʧʩʦʨʙʦʚʘʥʫ ʜʦʟʫ 

ʿʝ  , ʦʜʥʦʩʥʦ ɻʨʝʿ [Gy]. ʂʦʨʠʩʪʠ ʩʝ ʠ ʤʘˁʘ ʿʝʜʠʥʠʮʘ, ʩʪʦʪʠ ʜʝʦ ʛʨʝʿʘ, ʨʘʜ: 

ρ 'Ù 
ρ ὐ

ὯὫ

ρπÅÒÇ

ρπÇ
ρπ
ÅÒÇ

Ç
ρππÒÁÄ 

(5.4) 

 ʊʘʢʦʹʝ, ʜʝʬʠʥʠʰʝ ʩʝ ʠ ʙʨʟʠʥʘ ʘʧʩʦʨʙʦʚʘʥʝ ʜʦʟʝ, ʢʘʦ ʢʦʣʠʯʠʥʘ ʝʥʝʨʛʠʿʝ ʘʧʩʦʨʙʦʚʘʥʝ 

ʧʦ ʿʝʜʠʥʠʮʠ ʤʘʩʝ ʫ ʿʝʜʠʥʠʮʠ ʚʨʝʤʝʥʘ: 

Ὀ
Ὀ

ὸ

ɝὉ

ɝά ὸ
 

(5.5) 

ʩʘ ʤʝʨʥʠʤ ʿʝʜʠʥʠʮʘʤʘ  ʠʣʠ .  

 ɿʘ ʚʘʟʜʫʭ, ʦʚʘʢʦ ʜʝʬʠʥʠʩʘʥʝ ʘʧʩʦʨʙʦʚʘʥʝ ʠ ʝʢʩʧʦʟʠʮʠʦʥʝ ʜʦʟʝ ʩʝ ʤʦʛʫ ʧʦʚʝʟʘʪʠ. 

ɿʥʘʿʫ˂ʠ ʜʘ ʿʝ ʟʘ ʩʪʚʘʨʘˁʝ ʿʝʜʥʦʛ ʿʦʥʩʢʦʛ ʧʘʨʘ ʫ ʚʘʟʜʫʭʫ ʧʦʪʨʝʙʥʘ ʝʥʝʨʛʠʿʘ ʫ ʠʟʥʦʩʫ 33,85 ʝV, 

ʟʘ 1 ʉ ʥʘʝʣʝʢʪʨʠʩʘˁʘ ʢʦʿʠ ˂ʝ ʩʝ ʩʪʚʦʨʠʪʠ ʫ ʧʦʪʨʝʙʥʦ ʿʝ ʩʪʚʦʨʠʪʠ 1/ʝ ʧʘʨʦʚʘ ʿʦʥʘ, ʦʜʥʦʩʥʦ 

6,25 1018 ʧʘʨʦʚʘ. ʀʟ ʦʚʦʛʘ ʩʝ ʤʦʞʝ ʟʘʢˀʫʯʠʪʠ ʜʘ ʿʝ ʝʥʝʨʛʠʿʘ ʧʦʪʨʝʙʥʘ ʟʘ ʩʪʚʘʨʘˁʝ 1ʉ 

ʥʘʝʣʝʢʪʨʠʩʘˁʘ ʧʦʪʨʝʙʥʦ 33,85 ɱ ʠʣʠ 2,11 1020 ʝV. ʉʪʦʛʘ 1  ʝʢʩʧʦʟʠʮʠʦʥʝ ʜʦʟʝ ʿʝ  33,85 Gy 

ʘʧʩʦʨʧʮʠʦʥʝ ʜʦʟʝ ʟʘ ʚʘʟʜʫʭ. ʂʘʢʦ ʩʝ ʢʦʨʠʩʪʠ ʠ ʩʪʘʨʘ ʿʝʜʠʥʠʮʘ ʟʘ ʝʢʩʧʦʟʠʮʠʿʫ ʦʜ 1 R, ʚʝʟʘ ʫ 
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ʪʦʤ ʩʣʫʯʘʿʫ ʠʟʥʦʩʠ 1 R= 86,9 10-4 Gy (=0,869rad). ʌʘʢʪʦʨ 33,85 ʩʝ ʦʙʝʣʝʞʘʚʘ ʩʘ  f  ʠ ʥʘʟʠʚʘ 

ʩʝ ʝʥʝʨʛʝʪʩʢʠ ʝʢʚʠʚʘʣʝʥʪ ʿʝʜʠʥʠʯʥʝ ʝʢʩʧʦʟʠʮʠʿʝ. 

 

5.3 ɽʢʚʠʚʘʣʝʥʪʥʘ ʜʦʟʘ 

 

 ɿʨʘʯʝˁʝ ʩʚʦʿʫ ʝʥʝʨʛʠʿʫ ʫ ʤʘʪʝʨʠʿʠ ʢʨʦʟ ʢʦʿʫ ʧʨʦʣʘʟʠ ʦʩʪʘʚˀʘ ʧʨʦʮʝʩʦʤ ʿʦʥʠʟʘʮʠʿʝ. 

ʄʝʹʫʪʠʤ, ʨʘʟʣʠʯʠʪʝ ʚʨʩʪʝ ʟʨʘʯʝˁʘ ʩʪʚʘʨʘʿʫ ʨʘʟʣʠʯʠʪ ʙʨʦʿ ʿʦʥʩʢʠʭ ʧʘʨʦʚʘ ʧʦ ʿʝʜʠʥʠʮʠ 

ʧʫʪʘˁʝ. ʆʚʘ ʢʘʨʘʢʪʝʨʠʩʪʠʢʘ ʩʝ ʥʘʟʠʚʘ ʩʧʝʮʠʬʠʯʥʘ ʿʦʥʠʟʘʮʠʿʘ. ɿʨʘʯʝˁʝ ʩʘ ʚʝ˂ʦʤ 

ʩʧʝʮʠʬʠʯʥʦʤ ʿʦʥʠʟʘʮʠʿʦʤ ʧʨʝʜʩʪʘʚˀʘ ʠ ʚʝ˂ʫ ʦʧʘʩʥʦʩʪ ʧʦ ˂ʝʣʠʿʝ ʞʠʚʠʭ ʦʨʛʘʥʠʟʘʤʘ, 

ʦʜʥʦʩʥʦ ʠʤʘ ʚʝ˂ʫ ʙʠʦʣʦʰʢʫ ʝʬʠʢʘʩʥʦʩʪ. ɹʠʦʣʦʰʢʘ ʝʬʠʢʘʩʥʦʩʪ ʩʝ ʜʝʬʠʥʠʰʝ ʧʦʨʝʹʝˁʝʤ 

ʩʚʘʢʦʛ ʟʨʘʯʝˁʘ ʩʘ ʝʬʝʢʪʠʤʘ ʍ ʟʨʘʯʝˁʘ ʥʘʩʪʘʣʦʛ ʜʝʣʦʚʘˁʝʤ ʥʘʧʦʥʘ ʦʜ 250 ʢV (77) ʢʦʿʝ 

ʧʨʦʠʟʚʦʜʠ 100 ʿʦʥʩʢʠʭ ʧʘʨʦʚʘ ʥʘ ʜʫʞʠʥʠ ʦʜ 1Õm.  

 ɹʨʦʿ ʿʦʥʩʢʠʭ ʧʘʨʦʚʘ ʧʦ ʿʝʜʠʥʠʮ ʧʫʪʘ ʢʦʿʝ ʩʪʚʦʨʠ ʟʨʘʯʝˁʝ ʫ ʚʝʟʠ ʿʝ ʩʘ ʥʘʯʠʥʦʤ ʥʘ ʢʦʿʠ 

ʪʦ ʟʨʘʯʝˁʝ ʛʫʙʠ ʝʥʝʨʛʠʿʫ: ʚʝʣʠʯʠʥʘ ʢʦʿʘ ʦʜʨʝʹʫʿʝ ʛʫʙʠʪʘʢ ʝʥʝʨʛʠʿʝ ʟʨʘʯʝˁʘ ʧʦ ʿʝʜʠʥʠʮʠ 

ʧʫʪʘ ʧʨʝʜʩʪʘʚˀʘ ʣʠʥʝʘʨʥʠ ʝʥʝʨʛʝʪʩʢʠ ʪʨʘʥʩʬʝʨ.  ʅʘ ʦʩʥʦʚʫ ʩʚʠʭ ʦʚʭ ʟʘʧʘʞʘˁʘ, ʜʝʬʠʥʠʰʝ 

ʩʝ ʤʝʨʘ ʟʨʘʯʝˁʝʤ ʧʨʦʠʟʚʝʜʝʥʝ ʙʠʦʣʦʰʢʝ ʰʪʝʪʝ ʧʨʝʢʦ ʙʝʟʜʠʤʝʥʟʠʦʥʦʛ ʧʘʨʘʤʝʪʨʘ Q ï 

ʬʘʢʪʦʨʘ ʢʚʘʣʠʪʝʪʘ. ʄʥʦʞʝˁʝʤ ʘʧʩʦʨʙʦʚʘʥʝ ʜʦʟʝ ʩʘ ʬʘʢʪʦʨʦʤ ʢʚʘʣʠʪʝʪʘ ʜʦʙʠʿʘ ʩʝ ʚʝʣʠʯʠʥʘ 

ʝʢʚʠʚʘʣʝʥʪʥʘ ʜʦʟʘ: 

Ὄ ὗ Ὀ (5.6) 

 

ʏʠʿʘ ʿʝ ʤʝʨʥʘ ʿʝʜʠʥʠʮʘ 1Sv (ʉʠʚʝʨʪ). ʉʪʦʪʠ ʜʝʦ ʩʠʚʝʨʪʘ ʧʨʝʜʩʪʘʚˀʘ ʩʝ ʨʝʤʦʤ (1Sv = 100 

rem). ʋ ʪʘʙʝʣʠ ʩʝ ʤʦʛʫ ʚʠʜʝʪʠ ʚʨʝʜʥʦʩʪ ʬʘʢʪʦʨʘ ʢʚʘʣʠʪʝʪʘ ʫ ʦʜʥʦʩʫ ʥʘ ʣʠʥʝʘʨʘʥ ʝʥʝʨʛʝʪʩʢʠ 

ʪʨʘʥʩʬʝʨ ʠ ʙʨʦʿʫ ʿʦʥʩʢʠʭ ʧʘʨʦʚʘ ʧʦ 1µm. ʌʘʢʪʦʨ ʢʚʘʣʠʪʝʪʘ (Q) ʟʘ ʍ, ɔ ʠ ɓ ʟʨʘʯʝˁʝ ʠʟʥʦʩʠ 

1, ʟʘ ʪʝʨʤʘʣʥʝ ʥʝʫʪʨʦʥʝ 5, ʜʦʢ ʟʘ ʘʣʬʘ ʯʝʩʪʠʮʝ, ʢʘʦ ʠ ʟʘ ʪʝʰʢʝ ʿʦʥʝ 20. 

ʊʘʙʝʣʘ 5.1 ï ɺʨʝʜʥʦʩʪʠ ʩʧʝʮʠʬʠʯʥʝ ʿʦʥʠʟʘʮʠʿʝ, ʣʠʥʝʘʨʥʦʛ ʝʥʝʨʛʝʪʩʢʦʛ ʬʘʢʪʦʨʘ ʠ ʬʘʢʪʦʨʘ 

ʢʚʘʣʠʪʝʪʘ ʟʨʘʯʝˁʘ (82). 

ʉʧʝʮʠʬʠʯʥʘ ʿʦʥʠʟʘʮʠʿʘ 

(ʙʨ. ʿʦʥʩʢʠʭ ʧʘʨʦʚʘ ʧʦ Õm) 

ʃʠʥʝʘʨʥʠ ʝʥʝʨʛʝʪʩʢʠ 

ʪʨʘʥʩʬʝʨ [keV/µm] 
Q 

100 ʠʣʠ ʤʘˁʝ 3,5 1 

100 - 200 3,5 - 7 1 - 2 

200 - 650 7 - 23 2 - 5 

650 - 1500 23 - 53 5 - 10 

1500 - 5000 53 - 175 10 - 20 
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5.4 ʈʘʯʫʥʘˁʝ ʝʢʩʧʦʟʠʮʠʦʥʝ ʠ ʘʧʩʦʨʙʦʚʘʥʝ ʜʦʟʝ 

 

 ɽʛʟʘʢʪʥʦ ʦʜʨʝʹʠʚʘˁʝ ʜʝʣʦʚʘˁʝ ʟʨʘʯʝˁʘ ʥʘ ʤʘʪʝʨʠʿʫ ʢʨʦʟ ʢʦʿʫ ʧʨʦʣʘʟʠ ʿʝ ʤʦʛʫ˂ʝ, 

ʤʝʹʫʪʠʤ ʦʥʦ ʟʘʭʪʝʚʘ ʢʦʤʧʣʝʢʩʘʥ ʨʘʯʫʥ, ʪʝ ʿʝ ʦʚʘʢʚʘ ʧʨʠʤʝʥʘ ʦʛʨʘʥʠʯʝʥʘ ʥʘ ʚʨʣʦ 

ʿʝʜʥʦʩʪʘʚʥʝ ʩʣʫʯʘʿʝʚʝ. ɿʘʪʦ ʩʝ ʥʘʿʯʝʰ˂ʝ ʩʣʫʯʠ ʠʥʜʠʨʝʢʪʥʠʤ ʤʝʪʦʜʘʤʘ.  

 

5.4.1 ʂʝʨʤʘ 

 

 ʂʘʜʘ ʟʨʘʯʝˁʝ ʧʨʦʠʣʘʟʠ ʢʨʦʟ ʤʘʪʝʨʠʿʫ ʦʥʦ ʛʫʙʠ ʩʚʦʿʫ ʝʥʝʨʛʠʿʫ ʩʪʚʘʨʘʿʫʯʠ ʩʝʢʫʥʜʘʨʥʝ 

ʝʣʝʢʪʨʦʥʝ. ʉʪʚʦʨʝʥʠ ʝʣʝʢʪʨʦʥʠ ʤʦʛʫ ʜʘ ʧʦʩʝʜʫʿʫ ʢʠʥʝʪʠʯʢʫ ʝʥʝʨʛʠʿʫ ʜʦʚʦˀʥʫ ʜʘʚʨʰʝ ʜʘˀʝ  

ʿʦʥʠʟʘʮʠʿʝ. ʂʚʘʣʠʪʘʪʠʚʘʥ ʦʧʠʩ ʧʨʝʥʦʩʘ ʝʥʝʨʛʠʿʝ ʩʘ ʠʥʜʠʨʝʢʪʥʦ ʥʘ ʜʠʨʝʢʪʥʦ ʿʦʥʠʟʦʚʘʥʝ 

ʯʝʩʪʠʮʝ ʤʦʞʝ ʩʝ ʚʨʰʠʪʠ ʫʚʦʹʝˁʝʤ ʢʝʨʤʘ ʬʘʢʪʦʨʘ (K). ʅʘʟʠʚ ʧʦʪʠʯʝ ʦʜ ʩʢʨʘ˂ʝʥʠʮʝ ʩʘ 

ʝʥʛʣʝʩʢʦʛ Kinetic energy released per unit mass. ʆʥʘ ʧʦ ʜʝʬʠʥʠʮʠʿʠ ʧʨʝʜʩʪʘʚˀʘ ʜʝʦ 

ʢʠʥʝʪʠʯʢʝ ʝʥʝʨʛʠʿʝ ʩʚʠʭ ʥʘʝʣʝʢʪʨʠʩʘʥʠʭ ʯʝʩʪʠʮʘ ʢʦʿʝ ʩʝ ʦʩʣʦʙʦʜʝ ʜʝʿʩʪʚʦʤ ʠʥʜʠʨʝʢʪʥʦ 

ʿʦʥʠʟʫʿʫ˂ʝʛ ʟʨʘʯʝˁʘ ʫ ʜʝʬʠʥʠʩʘʥʦʤ ʧʨʦʩʪʦʨʫ ʤʘʩʝ ȹm ʠ ʟʘʦʧʨʝʤʠʥʝ V: 

˗
ῳὉ

ῳά
 

(5.7) 

  ʈʘʟʣʠʢʘ ʫ ʦʜʥʦʩʫ ʥʘ ʘʧʩʦʨʙʦʚʘʥʫ ʜʦʟʫ, ʩʘ ʢʦʿʦʤ ʢʝʨʤʘ ʜʝʣʠ ʤʝʨʥʫ ʿʝʜʠʥʠʮʫ Ⱦ˶ËÇ ʿʝ 

ʪʘ ʜʘ ʢʦʜ ʜʝʬʠʥʠʮʠʿʝ ʢʝʨʤʝ ʥʘʩʪʘʣʠ ʩʝʢʫʥʜʘʨʥʠ ʝʣʝʢʪʨʦʥʠ ʥʝ ʤʦʨʘʿʫ ʥʫʞʥʦ ʦʩʪʘʚʠʪʠ ʩʚʫ 

ʩʚʦʿʫ ʢʠʥʝʪʠʯʢʫ ʝʥʝʨʛʠʿʫ ʫ ʧʦʩʤʘʪʨʘʥʦʿ ʤʘʪʝʨʠʿʠ ʩʘ ʟʘʧʨʝʤʠʥʦʤ V ʠ ʤʘʩʦʤ ȹm, ʥʝʛʦ ʤʦʛʫ 

ʠ ʥʘʧʫʩʪʠʪʠ ʤʘʪʝʨʠʿʫ ʙʝʟ ʜʘ ʩʫ ʩʚʫ ʝʥʝʨʛʠʿʫ ʦʩʪʘʚʠʣʠ ʫ ˁʦʿ. ʐʪʦ ʟʥʘʯʠ ʜʘ ʟʙʠʨ ʢʠʥʝʪʠʯʢʠʭ 

ʝʥʝʨʛʠʿʘ ʥʘʩʪʘʣʠʭ ʝʣʝʢʪʨʦʥʘ ʥʠʿʝ ʿʝʜʥʘʢʘ ʟʙʠʨʫ ʧʨʝʜʘʪʝ ʝʥʝʨʛʠʿʝ ʫ ʤʘʪʝʨʠʿʠ. ɼʘ ʙʠ ʦʚʦ ʙʠʣʦ 

ʩʣʫʯʘʿ, ʧʦʪʨʝʙʥʦ ʿʝ ʜʘ ʚʘʞʠ ʝʣʝʢʪʨʦʥʩʢʘ ʨʘʚʥʦʪʝʞʘ. ɽʣʝʢʪʨʦʥʩʢʘ ʨʘʚʥʦʪʝʞʘ ˂ʝ ʚʘʞʠʪʠ ʢʘʜʘ 

ʝʥʝʨʛʠʿʘ ʢʦʿʫ ʫʧʘʜʥʠ ʬʦʪʦʥʠ ʟʨʘʯʝˁʘ ʛʫʙʝ ʫ ʿʝʜʠʥʠʮʠ ʤʘʩʝ ʤʘʪʝʨʠʿʝ ʩʘ ʢʦʿʦʤ ʠʥʪʝʨʝʘʛʫʿʫ 

ʙʫʜʝ ʿʝʜʥʘʢʘ ʝʥʝʨʛʠʿʠ ʢʦʿʫ ʥʘʩʪʘʣʠ ʩʝʢʫʥʜʘʨʥʠ ʝʣʝʢʪʨʦʥʠ ʫ ʪʦʿ ʤʘʪʝʨʠʿʠ ʛʫʙʝ ʫ ʿʝʜʠʥʠʮʠ 

ʤʘʩʝ. ɸʜʝʢʚʘʪʥʘ ʘʧʨʦʢʩʠʤʘʮʠʿʘ ʜʘ ˂ʝ ʦʚʦ ʙʠʪʠ ʠʩʧʫˁʝʥʦ ʿʝ ʜʘ ʜʝʙˀʠʥʘ ʤʘʪʝʨʠʿʘʣʘ ʙʫʜʝ 

ʿʝʜʥʘʢʘ ʩʘ ʜʦʤʝʪʦʤ ʝʣʝʢʪʨʦʥʘ ʫ ʪʦʿ ʩʨʝʜʠʥʠ, ʫ ʩʣʫʯʘʿʫ ʢʘʜʘ ʩʫ ʝʥʝʨʛʠʿʝ ʝʣʝʢʪʨʦʥʘ ʿʝʜʥʘʢʝ 

ʝʥʝʨʛʠʿʠ ʬʦʪʦʥʘ ʫʧʘʜʥʦʛ ʟʨʘʯʝˁʘ. 

 

5.4.2 ʉʧʝʮʠʬʠʯʥʘ ʛʘʤʘ ʢʦʥʩʪʘʥʪʘ 

 

 ʋ ʩʣʫʯʘʿʝʚʠʤʘ ʢʘʜʘ ʿʝ ʠʟʚʦʨ ʛʘʤʘ ʟʨʘʯʝˁʘ ʿʝʜʥʦʩʪʘʚʥʠʭ ʛʝʦʤʝʪʨʠʿʘ, ʤʦʛʫ˂ʝ ʿʝ 

ʠʟʚʨʰʠʪʠ ʧʨʦʮʝʥʫ ʝʢʩʧʦʟʠʮʠʿʝ ʠ ʢʘʦ ʠ ʙʨʟʠʥʝ ʝʢʩʧʦʟʠʮʠʿʝ ʥʘ ʿʝʜʥʦʩʪʘʚʥʠʿʠ ʥʘʯʠʥ. ʆʚʦ ʿʝ 

ʥʘʿʚʠʰʝ ʧʨʠʤʥˀʠʚʦ ʥʘ ʪʘʯʢʘʩʪʠ ʠʟʚʦʨ. ʂʘʜʘ ʪʘʯʢʘʩʪʠ ʠʟʚʦʨ ʝʤʠʪʫʿʝ ɔ ʟʨʘʯʝˁʝ, ʢʦʿʝ ʩʝ 

ʝʤʠʪʫʿʝ ʠʟʦʪʨʦʧʥʦ, ʬʣʫʢʩ ʬʦʪʦʥʘ ʟʨʘʯʝˁʘ ʩʝ ʩʤʘˁʫʿʝ ʧʨʦʧʦʨʮʠʦʥʘʣʥʦ ʢʚʘʜʨʘʪʫ ʨʘʩʪʦʿʘˁʘ 
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ʦʜ ʠʟʚʦʨʘ, ʘ ʬʣʫʢʩ ʩʘʤ ʧʦ ʩʝʙʠ ʿʝ ʧʨʦʧʦʨʮʠʦʥʘʣʘʥ ʩʘ ʘʢʪʠʚʥʦʰ˂ʫ ʜʘʪʦʛ ʠʟʚʦʪʘ, ʪʝ ʩʝ ʙʨʟʠʥʘ 

ʝʢʩʧʦʟʠʮʠʦʥʝ ʜʦʟʝ ʤʦʞʝ ʥʘʧʠʩʘʪʠ ʥʘ ʩʣʝʜʝ˂ʠ ʥʘʯʠʥ: 

ὢ ɜ 
ὃ

ὶ
 

(5.8) 

 ʂʦʝʬʠʮʠʿʝʥʪ ʧʨʦʧʦʨʮʠʦʥʘʣʥʦʩʪʠ ʫ ʧʨʝʪʭʦʜʥʦʿ ʬʦʨʤʫʣʠ ɻ ʿʝ ʙʨʟʠʥʘ ʝʢʩʧʦʟʠʮʠʦʥʝ ʜʦʟʝ ʢʦʿʘ 

ʩʝ ʤʝʨʠ ʥʘ ʨʘʩʪʦʿʘˁʫ ʦʜ 1m ʦʜ ʠʟʚʦʨʘ ʢʦʿʠ ʠʤʘ ʿʝʜʠʥʠʯʥʫ ʘʢʪʠʚʥʦʩʪ ʠ  ʥʘʟʠʚʘ ʩʝ ʩʧʝʮʠʬʠʯʥʘ 

ʛʘʤʘ ʘʢʪʠʚʥʦʩʪ. ʂʦʨʠʩʪʝ ʩʝ ʜʚʝ ʤʝʨʥʝ ʿʝʜʠʥʠʮʝ, ʢʘʢʦ ʩʝ ʧʘʨʘʣʝʥʦ ʢʦʨʠʩʪʝ ʠ ʜʘˀʝ ʩʪʘʨʘ ʠ 

ʥʦʚʘ ʿʝʜʠʥʠʮʘ ʝʢʩʧʦʟʠʮʠʦʥʝ ʜʦʟʝ,  
 

  
  ʠʣʠ 

 

  
. 

 

5.4.3 ʄʘʩʝʥʠ ʝʥʝʨʛʝʪʩʢʠ ʢʦʝʬʠʮʠʿʝʥʪ ʘʧʩʦʨʧʮʠʿʝ ʠ ʠʟʚʦʹʝˁʝ ʬʦʨʤʫʣʝ ʟʘ 

ʩʧʝʮʠʬʠʯʥʫ ʛʘʤʘ ʢʦʥʩʪʘʥʪʫ 

 

 ɿʘʢʦʥ ʘʪʝʥʫʘʮʠʿʝ ɔ ʟʨʘʯʝˁʘ ʜʝʬʠʥʠʰʝ ʜʝʦ ʦʜ ʧʦʯʝʪʥʦʛ ʠʥʪʝʥʟʠʪʝʪʘ ʟʨʘʯʝˁʘ ʢʦʿʝ 

ʧʨʦʣʘʟʠ ʢʨʦʟ ʤʘʪʝʨʠʿʘʣ ʜʝʙˀʠʥʝ ʭ: 

Ὅ ὍὩ  (5.9) 

ʛʜʝ ʩʫ Ὅ ʫʧʘʜʘʥ ʠʥʪʝʥʟʠʪʝʪ ʟʨʘʯʝˁʘ, ‘  ʤʘʩʝʥʠ ʘʪʝʥʫʘʮʠʦʥʠ ʢʦʝʬʠʮʠʿʝʥʪ, ʘ ɟ ʛʫʩʪʠʥʘ 

ʤʘʪʝʨʠʿʘʣʘ. ʂʘʢʦ ʟʨʘʯʝˁʝ ʜʦʞʠʚˀʘʚʘ ʂʦʤʧʪʦʚʥʦʚ ʝʬʝʢʘʪ, ʬʦʪʦʝʣʝʢʪʨʠʯʥʠ ʝʬʝʢʘʪ ʠ 

ʢʨʝʘʮʠʿʫ ʝʣʝʢʪʨʦʥʩʢʦ-ʧʦʟʠʪʨʦʥʩʢʦʛ ʧʘʨʘ ʫ ʠʥʪʝʨʘʢʮʠʿʠ ʩʘ ʤʘʪʝʨʠʿʦʤ ʢʨʦʟ ʢʦʿʫ ʧʨʦʣʘʟʠ, ʩʚʝ 

ʦʚʦ ʿʝ ʫʨʘʯʫʥʘʪʦ ʫ ʢʦʝʬʠʮʠʿʝʥʪ ‘ : 

‘
„

”

„

”

„

”
 (5.10) 

  ʋ ʬʦʨʤʫʣʠ „ , „  ʠ „ ʧʨʝʜʩʪʘʚˀʘʿʫ ʝʬʠʢʘʩʥʝ ʧʨʝʩʝʢʝ ʟʘ ʥʘʚʝʜʝʥʝ ʪʨʠ ʠʥʪʝʨʘʢʮʠʿʝ. 

(145) Aʢʦ ʩʝ ʧʦʩʤʘʪʨʘʿʫ ʝʬʝʢʪʠ ʢʦʿʝ ʟʨʘʯʝˁʝ ʠʟʘʟʠʚʘ ʫ ʤʘʪʝʨʠʿʘʣʫ, ʧʦʪʨʝʙʥʦ ʿʝ ʟʥʘʪʠ ʢʦʿʫ ʿʝ 

ʢʦʣʠʯʠʥʫ ʝʥʝʨʛʠʿʝ ʤʘʪʝʨʠʿʘʣ ʧʨʠʤʠʦ ʦʜ ʬʦʪʦʥʘ. ʆʜʥʦʩʥʦ, ʝʥʝʨʛʠʿʫ ʢʦʿʫ ʩʫ ʩʝʢʫʥʜʘʨʥʠ 

ʝʣʝʢʪʨʦʥʠ ʜʦʙʠʣʠ ʫ ʚʠʜʫ ʢʠʥʝʪʠʯʢʝ ʝʥʝʨʛʠʿʝ. ʅʘʿʯʝʰ˂ʝ ʩʝ ʧʨʝʪʧʦʩʪʘʚˀʘ ʜʘ ʿʝ ʧʦʩʪʠʛʥʫʪʘ 

ʝʣʝʢʪʨʦʥʩʢʘ ʨʘʚʥʦʪʝʞʘ, ʪʝ ʿʝ ʦʥʜʘ ʝʥʝʨʛʠʿʘ ʫʧʘʜʥʦʛ ʟʨʘʯʝˁʘ ʪʨʘʥʩʬʦʨʤʠʩʘʥʘ ʫ ʢʠʥʝʪʠʯʢʫ 

ʝʥʝʨʛʠʿʫ ʩʝʢʫʥʜʘʨʥʠʭ ʝʣʝʢʪʨʦʥʘ, ʧʦ ʿʝʜʠʥʠʮʠ ʤʘʩʝ ʿʝʜʥʘʢʘ ʘʧʩʦʨʙʦʚʘʥʦʿ ʜʦʟʠ.  ʅʘʨʘʚʥʦ, 

ʫʢʫʧʥʘ ʝʥʝʨʛʠʿʘ ʢʦʿʫ ʩʫ ʬʦʪʦʥʠ ʠʟʛʫʙʠʣʠ ʧʨʦʣʘʩʢʦʤ ʢʨʦʟ ʤʘʪʝʨʠʿʘʣ ʥʠʿʝ ʿʝʜʥʘʢʘ ʫʢʫʧʥʦʿ 

ʘʧʩʦʨʙʦʚʘʥʦʿ ʝʥʝʨʛʠʿʠ. 

 ɼʝʦ ʝʥʝʨʛʠʿʝ ʬʦʪʦʥʘ ʢʦʿʘ ʩʝ ʧʨʝʜʘ ʩʪʚʦʨʝʥʠʤ ʩʝʢʫʥʜʘʨʥʠʤ ʝʣʝʢʪʨʦʥʠʤʘ ʜʝʬʠʥʠʰʝ 

ʩʝ ʧʨʝʢʦ ʤʘʩʝʥʦʛ ʢʦʝʬʠʮʠʿʝʥʪʘ ʪʨʘʥʩʬʝʨʘ ʝʥʝʨʛʠʿʝ (145) ʟʘ ʩʚʘʢʫ ʦʜ ʠʥʪʝʨʘʢʮʠʿʘ ʬʦʪʦʥʘ ʫ 

ʤʘʪʝʨʠʿʘʣʫ: 

„

”

„

”
 Ὧ Ƞ        

„

”

„

”
 ὯȠ          

„

”

„

”
 Ὧ 

 

(5.11) 
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ɻʜʝ Ὧ ȟ  Ὧ ʠ Ὧ ʜʝʬʠʥʠʰʫ ʜʝʦ ʝʥʝʨʛʠʿʝ ʧʨʝʜʘʪʝ ʩʪʚʦʨʝʥʠʤ ʩʝʢʫʥʜʘʨʥʠʤ ʥʘʝʣʝʢʪʨʠʩʘʥʠʤ 

ʯʝʩʪʠʮʘʤʘ. ʄʘʩʝʥʠ ʢʦʝʬʠʮʠʿʝʥʪ ʪʨʘʥʩʬʝʨʘ ʝʥʝʨʛʠʿʝ ʩʝ ʦʥʜʘ ʜʦʙʠʿʘ: 

‘

”

„

”

„

”

„

”

„

”
 Ὧ

„

”
 Ὧ

„

”
 Ὧ (5.12) 

 ʄʝʹʫʪʠʤ, ʥʘʩʪʘʣʠ ʝʣʝʢʪʨʦʥʠ ʫ ʤʘʪʝʨʠʿʘʣʫ ʜʦʞʠʚˀʘʚʘʿʫ ʛʫʙʠʪʢʝ ʝʥʝʨʛʠʿʝ ʧʨʝʢʦ 

ʧʨʦʮʝʩʘ ʟʘʢʦʯʥʦʛ ʟʨʘʯʝˁʘ, ʰʪʦ ʩʝ ʤʦʞʝ ʦʙʫʭʚʘʪʠʪʠ ʬʘʢʪʦʨʦʤ g. ɺʨʝʜʥʦʩʪ ʢʦʝʬʠʮʠʿʝʥʪʘ 

ʨʘʩʪʝ ʩʘ ʤʘʩʝʥʠʤ ʙʨʦʿʝʤ ʤʘʪʝʨʠʿʘʣʘ ʩʨʝʜʠʥʝ ʢʘʦ ʠ ʩʘ ʝʥʝʨʛʠʿʘʤʘ ʫʧʘʜʥʠʭ ʬʦʪʦʥʘ. ʃʠʥʝʘʨʥʠ 

ʢʦʝʬʠʮʠʿʝʥʪ ʪʨʘʥʩʬʝʨʘ ʝʥʝʨʛʠʿʝ ʩʘ ʫʨʘʯʫʥʘʪʠʤ ʛʫʙʠʪʢʦʤ ʢʠʥʝʪʠʯʢʝ ʝʥʝʨʛʠʿʝ ʫʩʣʝʜ 

ʟʘʢʦʯʥʦʛ ʟʨʘʯʝˁʘ ʜʘʿʝ ʤʘʩʝʥʠ ʝʥʝʨʛʝʪʩʢʠ ʢʦʝʬʠʮʠʿʝʥʪ ʘʧʩʦʨʧʮʠʿʝ (145): 

‘

”

‘

”
ρ Ὣ (5.13) 

 ʉʣʠʢʘ 5.1 ʧʨʠʢʘʟʫʿʝ ʤʘʩʝʥʠ ʝʥʝʨʛʝʪʩʢʠ ʢʦʝʬʠʮʠʿʝʥʪ ʘʧʩʦʨʧʮʠʿʝ ʠ ʤʘʩʝʥʠ 

ʘʪʝʥʫʘʮʠʦʥʠ ʢʦʝʬʠʮʠʿʝʥʪ ʢʘʦ ʬʫʥʢʮʠʿʫ ʫʧʘʜʥʦʛ ʟʨʘʯʝˁʘ, ʥʘ ʚʘʟʜʫʭ ʥʘ ʥʠʚʦʫ ʤʦʨʘ. 

 

ʉʣʠʢʘ 5.1 ï ʄʘʩʝʥʠ ʝʥʝʨʛʝʪʩʢʠ ʢʦʝʬʠʮʠʿʝʥʪ ʘʧʩʦʨʧʮʠʿʝ ʠ ʤʘʩʝʥʠ ʘʪʝʥʫʘʮʠʦʥʠ 

ʢʦʝʬʠʮʠʿʝʥʪ ʢʘʦ ʬʫʥʢʮʠʿʫ ʫʧʘʜʥʦʛ ʟʨʘʯʝˁʘ. ʉʣʠʢʘ ʧʨʝʫʟʝʪʘ (146). 

 ʈʘʯʫʥʘˁʝ ʝʢʩʧʦʟʠʮʠʦʥʝ ʠ ʘʧʩʦʨʙʦʚʘʥʝ ʜʦʟʝ ʩʝ ʤʦʞʝ ʠʟʚʨʰʠʪʠ ʥʘ ʩʣʝʜʝ˂ʠ ʥʘʯʠʥ. 

ʂʘʜʘ ʟʨʘʯʝˁʝ ʝʥʝʨʛʠʿʝ ɽ  ʧʨʦʣʘʟʠ ʢʨʦʟ ʤʘʪʝʨʠʿʘʣ ʜʝʙˀʠʥʝ ʭ, ʠʥʪʝʥʟʠʪʝʪ ʟʨʘʯʝˁʘ ʢʦʿʠ ʩʝ 

ʘʧʩʦʨʙʫʿʝ ʫ ʤʘʪʝʨʠʿʘʣʫ ʿʝ Ὅ ὍὩ , ʛʜʝ ʩʝ ʩʘʤ ʠʥʪʝʥʟʠʪʝʪ ʟʨʘʯʝˁʘ ʜʝʬʠʥʠʰʝ ʢʘʦ ʫʢʫʧʥʘ 

ʝʥʝʨʛʠʿʘ ʟʨʘʯʝˁʘ ʫ ʿʝʜʠʥʠʮ ʚʨʝʤʝʥʘ (ʙʨʦʿ ʬʦʪʦʥʘ ʫ ʿʝʜʠʥʠʮʠ ʚʨʝʤʝʥʘ N ʧʦʤʥʦʞʝʥ 

ʧʦʤʥʦʞʝʥ ʩʘ ˁʠʭʦʚʦʤ ʝʥʝʨʛʠʿʦʤ) ʧʦ ʿʝʜʠʥʠʮʠ ʧʦʚʨʰʠʥʝ Ὅ
 
. ɿʘ ʩʣʫʯʘʿ ʢʘʜʘ ʚʘʞʠ 
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‘ ὼḺρ ʝʢʧʦʩʥʝʥʮʠʿʘʣʥʠ ʜʝʦ ʿʝʜʥʘʯʠʥʝ ʩʝ ʤʦʞʝ ʧʠʩʘʪʠ Ὡ ρ ‘ ὼ, ʧʘ ʠʟʨʘʟ ʟʘ 

ʘʧʩʦʨʙʦʚʘʥʫ ʝʥʝʨʛʠʿʫ ʫ ʤʘʪʝʨʠʿʘʣʫ ʛʣʘʩʠ Ὅ Ὅ Ὅ‘ ὼ. ɹʨʟʠʥʘ ʘʧʩʦʨʙʦʚʘˁʘ ʝʥʝʨʛʠʿʝ ʫ 

ʤʘʪʝʨʠʿʘʣʫ ʜʝʙˀʠʥʝ ʭ ʠ ʧʦʚʨʰʠʥʝ S  ʠ ʛʫʩʪʠʥʝ ɟ ʩʝ ʤʦʞʝ ʧʠʩʘʪʠ ʢʘʦ: 

Ὀ
Ὅ‘ ὼ Ὓ

Ὓ ὼ ”
Ὅ
‘

”
 

(5.14) 

 ʂʘʜʘ ʿʝ ʩʣʫʯʘʿ ʦ ʝʤʠʪʦʚʘˁʫ ʟʨʘʯʝˁʘ ʠʟ ʪʘʯʢʘʩʪʦʛ ʠʟʚʦʨʘ, ʠʥʪʝʥʟʠʪʝʪ ʪʘʢʚʦʛ ʟʨʘʯʝˁʘ 

ʩʣʘʙʠ ʦʙʨʥʫʪʦ ʧʨʦʧʦʨʮʠʦʥʘʣʥʦ ʩʘ ʢʚʘʜʨʘʪʦʤ ʨʘʩʪʦʿʘˁʘ Ὅ , ʪʝ ʩʝ ʟʘ ʙʨʟʠʥʫ 

ʘʧʩʦʨʙʦʚʘʥʝ ʜʦʟʝ ʫ ʪʘʯʢʠ ʢʦʿʘ ʩʝ ʥʘʣʘʟʠ ʥʘ ʨʘʩʪʦʿʘˁʫ r oʜ ʪʘʯʢʘʩʪʦʛ ʠʟʚʦʨʘ ʟʨʘʯʝˁʘ ʨʘʯʫʥʘ 

ʢʘʦ: 

Ὀ
ὔὉ

τ“ὶ

‘

”
 

(5.15) 

 ɹʨʟʠʥʘ ʝʢʧʦʟʠʮʠʦʥʝ ʜʦʟʝ ʩʝ ʜʦʙʠʿʘ ʜʝˀʝˁʝʤ ʙʨʟʠʥʝ ʘʧʩʦʨʙʦʚʘʥʝ ʜʦʟʝ ʩʘ 

ʝʥʝʨʛʝʪʩʢʠʤ ʝʢʚʠʚʘʣʝʥʪʦʤ ʿʝʜʠʥʠʯʥʝ ʝʢʩʧʦʟʠʮʠʿʝ (f = 33,85 eV): 

ὢ
ὔὉ

τ“Ὠ

‘

”
 
ρ

Ὢ
 

(5.16) 

 ʅʘʨʘʚʥʦ, ʙʨʦʿ ʝʤʠʪʦʚʘʥʠʭ ʬʦʪʦʥʘ ʫ ʿʝʜʠʥʠʮ ʚʨʝʤʝʥʘ ʿʝ ʧʦʚʝʟʘʥʦ ʩʘ ʘʢʪʠʚʥʦʰ˂ʫ 

ʝʤʠʪʝʨʘ ʠ ʚʝʨʦʚʘʪʥʦ˂ʦʤ ʝʤʠʪʦʚʘˁʘ ʬʦʪʦʥʘ ʜʘʪʝ ʝʥʝʨʛʠʿʝ ʧʨʝʢʦ ʨʝʣʘʮʠʿʝ ὔ ὃ ὴ. 

ʂʦʨʠʩʪʝ˂ʠ ʦʚʫ ʚʝʟʫ, ʟʘʿʝʜʥʦ ʩʘ ʠʟʨʘʟʦʤ ʟʘ ʙʨʟʠʥʫ ʝʢʩʧʦʟʠʮʠʦʥʝ ʜʦʟʝ ʜʝʬʠʥʠʩʘʥʝ ʧʨʝʢʦ ɻ 

ʢʦʥʩʪʘʥʪʝ (5.8), ʤʦʞʝ ʜʘ ʩʝ ʜʦʙʠʿʝ ʨʝʣʘʮʠʿʘ ʩʘ ʨʘʯʫʥʘˁʝ ʩʧʝʮʠʬʠʯʥʝ ʛʘʤʘ ʢʦʥʩʪʘʥʪʝ ɻ, 

ʠʟʨʘʞʝʥʫ ʫ ʿʝʜʠʥʠʮʘʤʘ ʉʀ ʩʠʩʪʝʤʘ 
 

  
: 

ɜ
ρ

τ“

ρ

Ὢ

‘

”
ὴὉ 

(5.17) 

 ɸʢʦ ʩʝ ʢʦʨʠʩʪʠ ʝʥʝʨʛʠʿʘ ʠʟʨʘʞʝʥʘ ʫ ʿʝʜʠʥʠʮʘʤʘ ʄeV, ʧʨʝʪʭʦʜʥʘ ʬʦʨʤʫʣʘ  ʩʝ 

ʪʨʘʥʩʬʦʨʤʠʰʝ ʫ (147): 

ɜ σȟψρ ρπ
‘

”
ὴὉ (5.18) 

 ʋ ʩʣʫʯʘʿʫ ʜʘ ʛʘʤʘ ʝʤʠʪʝʨ ʝʤʠʪʫʿʝ ʟʨʘʯʝˁʝ ʨʘʟʣʠʯʠʪʠʭ ʝʥʝʨʛʠʿʘ, ʩʧʝʮʠʬʠʯʥʘ ʛʘʤʘ 

ʢʦʥʩʪʘʥʪʘ ʧʨʝʜʩʪʘʚˀʘ ʟʙʠʨ ʛʘʤʘ ʢʦʥʩʪʘʥʪʠ ʟʘ ʩʚʘʢʫ ʛʨʫʧʫ ʬʦʪʦʥʘ ʨʘʟʣʠʯʠʪʠʭ ʝʥʝʨʛʠʿʘ 

(147): 

ɜ σȟψρ ρπ
‘

”
ὴὉ  (5.19) 

ʋʧʨʘʚʦ ʿʝ ʦʚʘʿ ʦʙʣʠʢ ʿʝʜʥʘʯʠʥʝ ʢʦʰʠʰ˂ʝʥ ʟʘ ʠʟʨʘʯʫʥʘʚʘˁʝ ʩʧʝʮʠʬʠʯʥʝ ʛʘʤʘ ʢʦʥʩʪʘʥʪʝ 

ʠʟʚʦʨʘ 252Cf. 
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6 Oʩʦʙʠʥʝ ʢʘʣʠʬʦʨʥʠʿʫʤʘ 
 

 ʂʘʣʠʬʦʨʥʠʿʫʤ ʿʝ ʝʣʝʤʝʥʪ ʢʦʿʠ ʩʧʘʜʘ ʫ ʛʨʫʧʫ ʘʢʪʠʥʠʜʘ, ʤʝʪʘʣ ʩʠʚʝ ʙʦʿʝ, ʩʘ ʪʘʯʢʦʤ 

ʪʦʧˀʝˁʘ ʦʜ 900ʦ. ʇʨʝʜʩʪʘʚˀʘ h ʝʩʪʠ ʪʨʘʥʩʫʨʘʥʩʢʠ ʝʣʝʤʝʥʪ, ʢʦʿʠ ʩʠʥʪʝʪʠʟʦʚʘʥ 1950. ʛʦʜʠʥʝ 

ʥʘ ʋʥʠʚʝʨʟʠʪʝʪʫ ʂʘʣʠʬʦʨʥʠʿʘ, ʧʦ ʯʝʤʫ ʿʝ ʠ ʜʦʙʠʦ ʠʤʝ. ʈʝʜʥʠ ʙʨʦʿ ʠʟʥʦʩʠ 98 ʠ ʜʘʥʘʩ ʿʝ 

ʧʦʟʥʘʪʦ ʫʢʫʧʥʦ 20 ʠʟʦʪʦʧʘ ʦʚʦʛ ʝʣʝʤʝʥʪʘ, ʨʘʟʣʠʯʠʪʠʭ ʚʨʝʤʝʥʘ ʧʦʣʫʨʘʩʧʘʜʘ, ʩʘ ʤʘʩʝʥʠʤ 

ʙʨʦʿʝʚʠʤʘ ʦʜ 237 ʜʦ 256 (148). ʂʘʣʠʬʦʨʥʠʿʫʤ ʿʝ ʧʨʚʦʙʠʪʥʦ ʜʦʙʠʿʝʥ ʙʦʤʙʘʨʜʦʚʘˁʝʤ ʤʝʪʝ 

ʥʘʧʨʘʚˀʝʥʝ ʦʜ 242Cm ʘʣʬʘ ʯʝʩʪʠʮʘʤʘ, ʢʦʿʝ ʩʫ ʫʙʨʟʘʚʘʥʝ ʫ ʮʠʢʣʦʪʨʦʥʫ ʜʦ ʝʥʝʨʛʠʿʘ ʦʜ 35 

ʄʝV ʫ ʨʝʘʢʮʠʿʠ ὅά ὌὩO ὅὪ ὲ, ʪʝ ʿʝ 245Cf ʧʨʚʠ ʠʟʦʪʦʧ ʢʘʣʠʬʦʨʥʠʿʫʤʘ ʜʦʙʠʿʝʥ.  

 

 

ʉʣʠʢʘ 6.1 ï ʇʨʦʮʝʩ ʜʦʙʠʿʘˁʘ 252Cf ʙʦʤʙʘʨʜʦʚʘˁʝʤ 239Pu ʥʝʫʪʨʦʥʠʤʘ (149). 

ɼʚʝ ʛʦʜʠʥʝ ʢʘʩʥʠʿʝ ʜʦʙʠʿʝʥ ʿʝ ʠ 252Cf, ʢʦʿʠ ʜʘʥʘʩ ʧʨʝʜʩʪʘʚˀʘ ʿʝʜʘʥ ʦʜ ʥʘʿʧʨʦʫʯʘʚʘʥʠʿʠʭ 

ʪʨʘʥʩʫʨʘʥʩʢʠʭ ʝʣʝʤʝʥʘʪʘ, ʟʙʦʛ ʩʚʦʿʠʭ ʩʧʝʮʠʬʠʯʥʠʭ ʦʩʦʙʠʥʘ ʠ ʿʝʜʠʥʠ ʠʟʦʪʦʧ ʦʚʦʛ ʝʣʝʤʝʥʪʘ 

ʢʦʿʠ ʩʝ ʩʠʥʪʝʪʠʰʝ ʟʘ ʢʦʤʝʨʮʠʿʘʣʥʝ ʩʚʨʭʝ. ɼʦʙʠʿʘ ʩʝ ʙʦʤʙʘʨʜʦʚʘˁʝʤ 239Pu ʢʦʥʪʨʦʣʠʩʘʥʠʤ 

ʬʣʫʢʩʦʤ ʥʝʫʪʨʦʥʘ, ʧʨʠ ʯʝʤʫ ʩʝ ʦʜʠʛʨʘʚʘ ʥʠʟ ʟʘʭʚʘʪʘ ʥʝʫʪʨʦʥʘ ʠ ʙʝʪʘ ʨʘʩʧʘʜʘ. ʋ ʧʨʦʩʝʮʠʤʘ 

ʟʘʭʚʘʪʘ ʥʝʫʪʨʦʥʘ ʧʦʚʝ˂ʘʚʘ ʩʝ ʤʘʩʝʥʠ ʙʨʦʿ ʿʝʟʛʨʘ, ʜʦʢ ʩʝ ʙʝʪʘ ʨʘʩʧʘʜʦʤ ʧʦʚʝ˂ʘʚʘ ʨʝʜʥʠ ʙʨʦʿ. 

ʐʝʤʫ ʧʨʦʠʟʚʦʜˁʝ ʧʨʠʢʘʟʫʿʝ ʉʣʠʢʘ 6.1. ɹʠʪʥʠ ʧʨʝʣʘʟʠ ʫ ʧʨʦʠʟʚʦʜˁʠ ʩʫ ɓ ʨʘʩʧʘʜ 241Pu na 
241Am, ʢʘʦ ʠ ɓ ʨʘʩʧʘʜ 249Bk ʥʘ 249Cf. ʇʨʦʠʟʚʦʜˁʘ 252Cf  ʩʝ ʚʨʰʠ ʩʘʤʦ ʥʘ ʜʚʘ ʤʝʩʪʘ: ʫ ʆʫʢ 

ʈʠ˅ ʥʘʮʠʦʥʘʣʥʦʿ ʣʘʙʦʨʘʪʦʨʠʿʠ (Oak Ridge National Laboratory), ʫ ʊʝʥʝʩʠʿʫ, ʉɸɼ ʠ ʫ ʅʘʫʯʥʦ 

ʠʩʪʨʘʞʠʚʘʯʢʦʤ ʠʥʩʪʠʪʫʪʫ ʘʪʦʤʩʢʠʭ ʨʝʘʢʪʦʨʘ (ʅʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʠʥʩʪʠʪʫʪ 

ʘʪʦʤʥʳʭ ʨʝʘʢʪʦʨʦʚ) ʫ ɼʠʤʠʪʨʦʚʛʨʘʜʫ, ʈʫʩʠʿʘ. 
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 ʂʘʣʠʬʦʨʥʠʿʫʤ 252 ʧʨʝʜʩʪʘʚˀʘ ʨʘʜʠʦʠʟʦʪʦʧ ʚʨʝʤʝʥʘ ʧʦʣʫʨʘʩʧʘʜʘ  2,645 ʛʦʜʠʥʘ. ʀʤʘ 

ʜʚʘ ʢʘʥʘʣʘ ʨʘʩʧʘʜʘ, ʘʣʬʘ ʨʘʩʧʘʜʦʤ ʫ 96,908% ʛʜʝ ʢʘʦ ʧʦʪʦʤʘʢ ʥʘʩʪʘʿʝ 248Cm. ʋ ʧʨʝʦʩʪʘʣʠʭ 

3,092% ʨʘʩʧʘʜʘ ʩʝ ʩʧʦʥʪʘʥʦʤ ʬʠʩʠʿʦʤ. ʐʝʤʘ Ŭ ʨʘʩʧʘʜʘ ʢʘʣʠʬʦʨʥʠʿʫʤʘ 252 ʩʝ ʤʦʞʝ ʚʠʜʝʪʠ 

ʥʘ ʩʣʠʮʠ. ɽʤʠʪʫʿʝ ʩʝ ʥʝʢʦʣʠʢʦ ʛʨʫʧʘ Ŭ ʯʝʩʪʠʮʘ, ʨʘʟʣʠʯʠʪʠʭ ʝʥʝʨʛʠʿʘ, ʩʘ ʧʨʦʩʝʯʥʦʤ 

ʝʥʝʨʛʠʿʦʤ ʦʜ 6,11 ʄʝV. Eʥʝʨʛʠʿʝ ʘʣʬʘ ʯʝʩʪʠʮʘ, ʩʘ ʚʝʨʦʚʘʪʥʦ˂ʦʤ ʝʤʠʪʦʚʘˁʘ ʩʫ ʧʨʠʢʘʟʘʥʠ 

(ʉʣʠʢʘ 6.2, ʊʘʙʝʣʘ 6.1). 

 

ʉʣʠʢʘ 6.2 ï ʈʘʩʧʘʜ 252Cf ʘʣʬʘ ʨʘʩʧʘʜʦʤ ʥʘ 248Cm ʩʘ ʘʣʬʘ ʥʝʢʦʣʠʢʦ ʛʨʫʧʘ ʘʣʬʘ ʯʝʩʪʠʮʘ 

ʨʘʟʣʠʯʠʪʠʭ ʝʥʝʨʛʠʿʘ. 

 

ʊʘʙʝʣʘ 6.1 ï ɽʥʝʨʛʠʿʝ ʘʣʬʘ ʯʝʩʪʠʮʘ ʝʤʠʪʦʚʘʥʠʭ Ŭ ʨʘʩʧʘʜʦʤ 252Cf. 

ɽʥʝʨʛʠʿʘ (MeV) ʈʝʣʘʪʠʚʥʠ ʠʥʪʝʥʟʠʪʝʪ (%) 

6.11824 82.4 

6.07577 15.7 

5.9766 0.24 

5.8263 0.002 

5.616 6 10-5 

 

 ʐʪʦ ʩʝ ʪʠʯʝ ʨʘʩʧʘʜʘ ʬʠʩʠʿʦʤ, ʢʘʣʠʬʦʨʥʠʿʫʤ 252 ʝʤʠʪʫʿʝ ʫ ʧʨʦʩʝʢʫ 3,768 ʥʝʫʪʨʦʥʘ 

ʧʦ ʿʝʜʥʦʿ ʬʠʩʠʿʠ (150) ʩʘ ʩʨʝʜˁʦʤ ʝʥʝʨʛʠʿʦʤ ʥʝʫʪʨʦʥʘ  ʥʘ 2.13 - 2.15 MeV.ʉʧʝʢʪʘʨ ʥʝʫʪʨʦʥʘ 

ʝʤʠʪʦʚʘʥʦʛ ʦʜ ʩʪʨʘʥʝ 252Cf ʿʝ ʩʣʠʯʘʥ ʩʧʝʢʪʨʫ ʝʤʠʪʦʚʘʥʦʤ ʦʜ ʩʪʨʘʥʝ ʥʫʢʣʝʘʨʥʠʭ ʬʠʩʠʦʥʠʭ 

ʨʝʘʢʪʦʨʘ, ʩʘ ʥʘʿʚʝʨʦʚʘʪʥʠʿʦʤ ʝʥʝʨʛʠʿʦʤ ʥʘ 0,7 MeV. ʀʟ ʦʚʦʛ ʨʘʟʣʦʛʘ, ʰʠʨʦʢʦ ʩʝ ʢʦʨʠʩʪʠ ʫ 

ʩʣʫʯʘʿʝʚʠʤʘ ʢʘʦ ʥʝʨʝʘʢʪʦʨʩʢʠ ʠʟʚʦʨ ʥʝʫʪʨʦʥʘ, ʢʘʜʘ ʿʝ ʧʦʪʨʝʙʘʥ ʠʟʚʦʨ ʥʠʩʢʦʛ ʬʣʫʢʩʘ 

ʥʝʫʪʨʦʥʘ. ʅʝʫʪʨʦʥʩʢʠ ʩʧʝʢʪʘʨ ʩʝ ʤʦʞʝ ʚʠʜʝʪʠ ʥʘ ʩʣʝʜʝ˂ʦʿ ʩʣʠʮʠ (ʉʣʠʢʘ 6.3). 

 ʀʟʚʦʨ 252Cf ʠʤʘ ʜʦʚʦˀʥʦ ʚʝʣʠʢʦ ʚʨʝʤʝ ʧʦʣʫʨʘʩʧʘʜʘ, ʪʝ ʩʝ ʤʦʞʝ ʢʦʨʠʩʪʠʪʠ ʠ ʪʦʢʦʤ 

ʜʫʞʝʛ ʚʨʝʤʝʥʩʢʦʛ ʠʥʪʝʨʚʘʣʘ, ʟʘ ʨʘʟʣʠʢʫ ʦʜ ʦʩʪʘʣʠʭ. ʉʧʦʥʪʘʥʦʤ ʬʠʩʠʿʦʤ ʜʦʙʠʿʘʿʫ ʩʝ ʜʚʘ 

ʪʝʰʢʘ ʬʠʩʠʦʥʘ ʬʨʘʛʤʝʥʪʘ, ʥʘ ʥʘʿʚʝ˂ʦʤ ʚʝʨʦʚʘʪʥʦ˂ʦʤ ʟʘ ʿʝʟʛʨʘ ʤʘʩʝʥʠʭ ʙʨʦʿʝʚʘ 108 ʠ 142 

(ʉʣʠʢʘ 6.4).  



   

128 

 

 

ʉʣʠʢʘ 6.3 ï ɽʥʝʨʛʝʪʩʢʠ ʩʧʝʢʪʘʨ ʥʝʫʪʨʦʥʘ ʝʤʠʪʦʚʘʥʠʭ ʬʠʩʠʿʦʤ 252Cf. ʉʣʠʢʘ ʧʨʝʫʟʝʪʘ ʠʟ 

(149). 

 

ʉʣʠʢʘ 6.4 ï ʄʘʩʝʥʘ ʨʘʩʧʦʜʝʣ ʬʠʩʠʦʥʠʭ ʬʨʘʛʤʝʥʘʪʘ ʟʘ ʥʝʢʦʣʠʢʦ ʚʨʩʪʘ ʿʝʟʛʘʨʘ ʢʦʿʘ 

ʜʦʞʠʚˀʘʚʘʿʫ ʦʚʘʿ ʚʠʜ ʨʘʩʧʘʜʘ. ʉʣʠʢʘ ʧʨʝʫʟʝʪʘ ʠʟ (151). 

 ʋʧʦʪʨʝʙʘ 252Cf ʿʝ ʨʘʟʣʠʯʠʪʘ. ʋ ʢʦʤʝʨʮʠʿʘʣʥʝ ʩʚʨʭʝ ʢʦʨʠʩʪʠ ʩʝ ʫ ʥʝʫʪʨʦʥʩʢʦʿ 

ʨʘʜʠʦʛʨʘʬʠʿʠ ʨʘʟʣʠʯʠʪʠʭ ʢʦʤʧʦʥʝʥʘʪʘ ʦʨʫʞʠʿʘ (152). ʊʘʢʦʹʝ, ʫ ʧʨʦʤʪʥʦʿ ʛʘʤʘ ʥʝʫʪʨʦʥʩʢʦʿ 

ʘʢʪʠʚʘʮʠʦʥʦʿ ʘʥʘʣʠʟʠ (ʇɻʅɸɸ) ʤʘʪʝʨʠʿʘʣʘ ʢʘʦ ʰʪʦ ʩʫ ʮʝʤʝʥʪ, ʝʢʩʧʣʦʟʠʚʠ ʠ ʩʣʠʯʥʦ (153). 

ɸʥʘʣʠʟʘ ʪʨʘʥʩʫʨʘʥʩʢʦʛ ʦʪʧʘʜʘ ʠ ʬʠʩʠʦʥʦʛ ʤʘʪʝʨʠʿʘʣʘ ʤʦʞʝ ʙʠʪʠ ʫʨʘʹʝʥʘ ʤʦʥʠʪʦʨʥʠʛʦʤ 

ʟʘʢʘʩʥʝʣʠʭ ʥʝʫʪʨʦʥʘ, ʟʘʪʠʤ ʢʦʥʪʨʦʣʘ ʭʦʤʦʛʝʥʦʩʪʠ ʠ ʩʪʝʧʝʥʘ ʦʙʦʛʘ˂ʝʥʦʩʪʠ ʛʦʨʠʚʥʠʭ ʰʠʧʢʠ 

ʟʘ ʥʫʢʣʝʘʨʥʝ ʨʝʘʢʪʦʨʝ. ʂʘʣʠʬʦʨʥʠʿʫʤ ʩʝ ʤʦʞʝ ʢʦʨʠʩʪʠʪʠ ʟʘ ʠʥʠʮʠʨʘˁʝ ʣʘʥʯʘʥʠʭ ʨʝʘʢʮʠʿʘ 

ʬʠʩʠʿʝ ʫ ʥʫʢʣʝʘʨʥʠʤ ʨʝʘʢʪʦʨʠʤʘ. ʇʦʨʝʜ ʇɻʅɸɸ ʘʥʘʣʠʟʝ, ʤʦʞʝ ʩʝ ʢʦʨʠʩʪʠʪʠ ʢʘʦ 

ʥʝʫʪʨʦʥʩʢʠ ʠʟʚʦʨ ʧʨʠʣʠʢʦʤ ʥʝʫʪʨʦʥʩʢʝ ʘʢʪʠʚʘʮʠʦʥʝ ʘʥʘʣʠʟʝ (ʅɸɸ) ʧʨʠʣʠʢʦʤ ʘʥʘʣʠʟʝ 

ʩʘʩʪʘʚʘ ʠʩʧʠʪʠʚʘʥʠʭ ʤʘʪʝʨʠʿʘʣʘ (154). ʊʘʢʦʹʝ, ʤʦʞʝ ʩʝ ʚʨʰʠʪʠ ʢʦʥʪʨʦʣʘ ʠ ʢʘʣʠʙʨʘʮʠʿʘ 
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ʤʝʨʥʠʭ ʠʥʩʪʨʫʤʝʥʘʪʘ ʟʘ ʜʝʪʝʢʮʠʿʫ ʥʝʫʪʨʦʥʘ. ʇʦʨʝʜ ʨʝʣʘʪʠʚʥʦ ʢʦʤʝʨʮʠʿʘʣʥʠʭ ʫʧʦʪʨʝʙʘ, ʩʚʝ 

ʰʠʨʫ ʧʨʠʤʝʥʫ ʢʘʣʠʬʦʨʥʠʿʫʤʦʚʠ ʠʟʚʦʚʠ ʠʤʘʿʫ ʫ ʤʝʜʠʮʠʥʠ. ʀʥʢʘʧʩʫʣʠʨʘʥʠ 252Cf ʠʟʚʦʨ 

ʢʦʨʠʩʪʠ ʩʝ ʧʨʠʣʠʢʦʤ ʙʨʘʭʠʪʝʨʘʧʠʿʝ, ʛʜʝ ʩʝ ʧʦʩʪʘʚˀʘ ʫ ʥʝʧʦʩʨʝʜʥʦʿ ʦʢʦʣʠʥʠ ʢʘʥʮʝʨʘ. 

ɼʝʪʘˀʥʠ ʦʧʠʩʠ ʚʨʩʪʘ ʢʘʧʩʫʣʘ ʫ ʢʦʿʝ ʩʝ ʩʤʝʰʪʘ ʠʟʚʦʨ ʢʘʣʠʬʦʨʥʠʿʫʤʘ, ʫ ʤʝʜʠʮʠʥʩʢʠʤ ʠ 

ʠʥʜʫʩʪʨʠʿʩʢʠʤ ʧʨʠʤʝʥʘʤʘ ʤʦʞʝ ʩʝ ʥʘ˂ʠ ʫ ʨʝʬʝʨʝʥʮʠ (155). 

 ʐʪʦ ʩʝ ʪʠʯʝ ʧʨʠʤʝʥʝ ʨʘʜʠʦʠʟʦʪʦʧʘ ʫ ʤʝʜʠʮʠʥʠ ʫ ʩʚʨʭʫ ʨʘʜʠʦʪʝʨʘʧʠʿʝ, ʥʘʿʚʝ˂ʠ ʙʨʦʿ 

ʨʘʜʠʦʠʟʦʪʦʧʘ ʢʦʿʠ ʩʝ ʢʦʨʠʩʪʝ ʧʨʝʜʩʪʘʚˀʘʿʫ ʝʤʠʪʝʨʝ ʛʘʤʘ ʟʨʘʯʝˁʘ, ʢʘʦ ʰʪʦ ʩʫ ʪʦ 60Co, 125I, 
137Cs ʠʣʠ 226Ra. ɿʘ ʨʘʟʣʠʢʫ ʦʜ ʥʘʚʝʜʝʥʠʭ ʨʘʜʠʦʠʟʦʪʦʧʘ, 252Cf ʩʝ ʢʦʨʠʩʪʠ ʢʘʦ ʥʝʫʪʨʦʥʩʢʠ 

ʠʟʚʦʨ. ɸʣʠ ʟʘʪʚʦʨʝʥ ʠʟʚʦʨ ʢʘʣʠʬʦʨʥʠʿʫʤʘ ʝʤʠʪʫʿʝ ʧʦʨʝʜ ʥʝʫʪʨʦʥʘ ʠ Ŭ, ɓ ʠ ɔ ʟʨʘʯʝˁʝ. ʇʨʚʦ, 
252Cf ʩʝ ʨʘʩʧʘʜʘ ʘʣʬʘ ʨʘʩʧʘʜʦʤ ʥʘ 248Cm, ʧʨʠ ʯʝʤʫ ʩʝ ʝʤʠʪʫʿʫ Ŭ ʯʝʩʪʠʮʝ. ʅʘʩʩʪʘʣʠ 248Cm ʿʝ 

ʠʣʠ ʫ ʦʩʥʦʚʥʦʤ ʝʥʝʨʛʝʪʩʢʦʤ ʩʪʘˁʫ, ʠʣʠ ʫ ʥʝʢʠʤ ʦʜ ʧʦʙʫʹʝʥʠʭ, ʩʘ ʢʦʿʠʭ ʩʝ ʜʝʝʢʩʮʠʪʫʿʝ 

ʝʤʠʪʦʚʘˁʝʤ ʛʘʤʘ ʬʦʪʦʥʘ. ɼʦʜʘʪʥʦ, ʢʘʢʦ ʩʝ 252Cf ʨʘʩʧʜʘ ʠ ʬʠʩʠʿʦʤ, ʚʝʯʠʥʘ ʥʘʩʪʘʣʠʭ 

ʬʠʩʠʦʥʠʭ ʬʨʘʛʤʝʥʘʪʘ ʩʫ ʥʝʩʪʘʙʠʣʥʘ ʿʝʟʛʨʘ, ʢʦʿʘ ʝʤʠʪʫʿʫ ɓ ʠ ɔ ʟʨʘʯʝˁʝ.  

 

ʉʣʠʢʘ 6.5 ï ʐʝʤʘ ʨʘʩʧʘʜʘ ʧʦʪʦʤʢʘ 252Cf -  249Cm. 

 ɸʣʬʘ ʠ ʙʝʪʘ ʟʨʘʯʝˁʝ ʥʝ ʫʩʧʝʚʘʿʫ ʜʘ ʥʘʧʫʩʪʝ ʢʘʧʩʫʣʫ ʢʘʣʠʬʦʨʥʠʿʫʤʦʚʦʛ ʠʟʚʦʨʘ, ʪʝ ʥʘ 

ʩʨʝʜʠʥʫ ʫ ʢʦʿʦʿ ʿʝ ʩʤʝʰʪʝʥ ʠʟʚʦʨ ʤʦʞʝ ʜʘ ʫʪʠʯʝ ʥʝʫʪʨʦʥʩʢʦ ʠ ʛʘʤʘ ʟʨʘʯʝˁʝ. ʂʘʜʘ ʩʝ 

ʧʨʦʨʘʯʫʥʘʚʘ ʜʦʟʘ ʢʦʿʫ ʜʘʿʝ 252Cf ʠʟʚʦʨ, ʫʩʣʝʜ ʚʠʩʦʢʝ ʙʠʦʣʦʰʢʝ ʝʬʠʢʘʩʥʦʩʪʠ ʥʝʫʪʨʦʥʩʢʦʛ 

ʟʨʘʯʝˁʘ, ʟʘʥʝʤʘʨʫʿʝ ʩʝ ʝʬʝʢʘʪ ʛʘʤʘ ʟʨʘʯʝˁʘ, ʢʘʢʦ ʿʝ ʝʢʚʠʚʘʣʝʥʪʥʘ ʜʦʟʘ ʢʦʿʘ ʧʦʪʠʯʝ ʦʜ 

ʥʝʫʪʨʦʥʘ ʰʝʩʪ ʧʫʪʘ ʚʝ˂ʘ ʫ ʦʜʥʦʩʫ ʥʘ ʛʘʤʘ ʟʨʘʯʝˁʝ.  

 ɿʘ ʨʘʜʠʦʠʟʦʪʦʧʝ ʢʦʿʠ ʩʫ ʛʘʤʘ ʝʤʠʪʝʨʠ ʠ ʢʦʿʠ ʠʤʘʿʫ ʰʠʨʫ ʧʨʘʢʪʠʯʥʫ ʧʨʠʤʝʥʫ, 

ʫʨʘʹʝʥʝ ʩʫ ʧʨʦʮʝʥʝ ʢʦʿʫ ʝʢʩʧʦʟʠʮʠʦʥʫ ʜʦʟʫ ʢʦʿʫ ʜʘʿʫ ˁʠʭʦʚʠ ʠʟʚʦʨʠ. ʆʚʦ ʩʝ ʨʘʜʠ 

ʠʟʨʘʯʫʥʘʚʘˁʝʤ ʩʧʝʮʠʬʠʯʥʝ ʛʘʤʘ ʢʦʥʩʪʘʥʪʝ ʟʘ ʧʦʿʝʜʠʥʝ ʠʟʦʪʦʧʝ (156), ʟʘ ʨʘʜʠʦʠʟʦʪʦʧʝ ʢʦʿʠ 

ʩʫ ʫ ʨʘʚʥʦʪʝʞʥʦʤ ʩʪʘˁʫ ʩʘ ʧʦʪʦʤʮʠʤʘ (157), ʢʘʦ ʠ ʟʘ ʮʝʣʦʢʫʧʥʝ ʠʟʚʦʨʝ ʩʘ ʫʨʘʯʫʥʘʪʠʤ 

ʘʧʩʦʨʙʦʚʘˁʝʤ ʜʝʣʘ ʟʨʘʯʝˁʘ ʦʜ ʩʪʨʘʥʝ ʤʘʪʝʨʠʿʘʣʘ ʢʘʧʩʫʣʝ ʠʟʚʦʨʘ (158; 159). ɿʘ ʨʘʜʠʦʠʟʦʪʦʧ 
252Cf ʩʧʝʮʠʬʠʯʥʘ ʛʘʤʘ ʢʦʥʩʪʘʥʪʘ ʿʝ ʧʦʟʥʘʪʘ  ʠ ʦʥʘ ʠʟʥʦʩʠ: 

ː ρȢρσρρπ
Í3ÖȾÈ

-"Ñ
Ȣ 
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7 ʈʝʟʫʣʪʘʪʠ ʦʜʨʝʹʠʚʘˁʘ ʩʧʝʮʠʬʠʯʥʝ ʛʘʤʘ 

ʢʦʥʩʪʘʥʪʝ ʠʟʚʦʨʘ 252Cf 
 

 ʂʘʣʠʬʦʨʥʠʿʫʤ ʧʨʝʜʩʪʘʚˀʘ ʪʨʘʥʩʫʨʘʥʩʢʠ ʝʣʝʤʝʥʪ ʢʦʿʠ ʠʤʘ 20 ʨʘʟʣʠʯʠʪʠʭ ʠʟʦʪʦʧʘ. 

ʆʜ ʩʚʠʭ ʿʝ ʩʘʤʦ 252Cf ʥʘʰʘʦ ʨʘʟʥʦʣʠʢʫ ʧʨʘʢʪʠʯʥʫ ʧʨʠʤʝʥʫ. ʈʘʩʧʘʜʘ ʩʝ ʫ ʜʚʘ ʢʘʥʘʣʘ, ʘʣʬʘ 

ʨʘʩʧʘʜʦʤ ʠ ʩʧʦʥʪʘʥʦʤ ʬʠʩʠʿʦʤ, ʧʚʨʝʤʝʥʦʤ ʧʦʣʫʨʘʩʧʘʜ ʦʜ 2.645 ʛʦʜʠʥʘ. ʇʨʠʣʠʢʤ ʬʠʩʠʿʝ 

ʝʤʠʪʫʿʝ ʩʝ ʫ ʧʨʦʩʝʢʫ 3,768 ʥʝʫʪʨʦʥʘ. ʋʧʨʘʚʦ ʿʝ ʦʚʦ ʨʘʟʣʦʛ ʢʦʿʠ ʿʝ ʦʚʦʤ ʨʘʜʠʦʠʟʦʪʦʧʫ 

ʦʤʦʛʫ˂ʠʦ ʰʠʨʦʢʫ ʧʨʠʤʝʥʫ, ʢʘ ʠʟʚʦʨ ʥʝʫʪʨʦʥʘ ʫ ʥʝʫʪʨʦʥʩʢʠ ʘʢʪʠʚʘʮʠʦʥʦʿ ʘʥʘʣʠʟʠ (26), ʟʘ 

ʧʦʢʨʝʪʘˁʝ ʣʘʥʯʘʥʝ ʨʝʘʢʮʠʿʝ ʫ ʥʫʢʣʝʘʨʥʠʤ ʨʝʘʢʪʦʨʠʤʘ (28), ʢʦʥʪʨʦʣʠ ʚʣʘʛʝ ʠ ʛʫʩʪʠʥʝ 

ʟʝʤˀʠʰʪʘ(27), ʪʘʢʦʹʝ ʠ ʫ ʤʝʜʠʮʠʥʠ, ʫ ʪʝʨʘʧʠʿʠ ʤʘʣʠʛʥʠʭ ʦʙʦˀʝˁʘ (29; 30; 31). 

 ʂʘʣʠʬʦʨʥʠʿʫʤ ʩʝ ʢʦʨʠʩʪʠ ʫ ʤʝʜʠʮʠʥʠ ʢʘʦ ʥʝʫʪʦʨʥʩʢʠ ʠʟʚʦʨ. ʄʝʫ́ʪʠʤ, ʧʦʨʝʜ 

ʥʝʫʪʨʦʥʩʢʝ ʢʦʤʧʦʥʝʥʪʝ ʧʦʩʪʦʿʠ ʠ ʝʣʝʢʪʨʦʤʘʛʥʝʪʥʘ ʢʦʤʧʦʥʝʥʪʘ ʟʨʘʯʝˁʘ. ʆʥʘ ʧʦʪʠʯʝ ʦʜ 

ʚʝʣʠʢʦʛ ʙʨʦʿʘ ʬʠʩʠʦʥʠʭ ʬʨʘʛʤʝʥʘʪʘ ʢʦʿʠ ʥʘʩʪʘʿʫ ʫ ʥʝʢʠʤ ʦʜ ʧʦʙʫʹʝʥʠʠʭ ʩʪʘˁʘ. ʅʝʫʪʨʦʥʠ 

ʠʤʘʿʫ, ʫ ʟʘʚʠʩʥʦʩʪʠ ʦʜ ʝʥʝʨʛʠʿʝ, ʜʦ 20 ʧʫʪʘ ʚʝ˂ʫ ʙʠʦʣʦʰʢʫ ʝʬʠʢʘʩʥʦʩʪ ʫ ʧʦʨʝʹʝˁʫ ʩʘ 

ʝʣʝʢʪʨʦʤʘʛʥʝʪʥʠʤ ʟʨʘʯʝˁʝʤ, ʧʘ ʩʝ ʧʨʠʣʠʢʦʤ ʧʣʘʥʠʨʘˁʘ ʜʦʟʝ ʫ ʪʝʨʘʧʠʿʘʤʘ ʟʘʥʝʤʘʨʫʿʝ ʜʦʟʘ 

ʧʨʠʤˀʝʥʘ ʦʜ ʝʣʝʢʪʨʦʤʘʛʥʝʪʥʦʛ ʟʨʘʯʝˁʘ. ʀʜʝʿʘ ʿʝ ʧʨʦʚʝʨʠʪʠ ʜʘ ʣʠ ʥʘʛʦʤʠʣʘʚʘˁʝ ʬʠʩʠʦʥʠʭ 

ʬʨʘʛʤʝʥʘʪʘ ʫ ʠʟʚʦʨʫ ʫʪʠʯʝ ʥʘ ʜʦʟʫ ʢʦʿʘ ʧʦʪʠʯʝ ʦʜ ʝʣʝʢʪʨʦʤʘʛʥʝʪʥʦʛ ʟʨʘʯʝˁʘ. ʆʚʦ ʿʝ ʨʘʹʝʥʦ 

ʪʘʢʦ ʰʪʦ ʿʝ ʿʝʜʘʥ ʠʟʚʦʨ ʤʝʨʝʥ ʫ ʪʨʠ ʨʘʟʣʠʯʠʪʘ ʚʨʝʤʝʥʩʢʘ ʠʥʪʝʨʚʘʣʘ, ʫ ʨʘʟʤʘʢʫ ʦʜ 15,5 

ʛʦʜʠʥʘ. ɿʘ ʩʚʘʢʠ ʩʧʝʢʪʘʨ ʿʝ ʨʘʯʫʥʘʪʘ ʩʧʝʮʠʬʠʯʥʘ ʛʘʤʘ ʢʦʥʩʪʘʥʪʘ. ʆʚʘʿ ʜʝʦ ʨʘʜʘ ʧʨʝʜʩʪʘʚˀʘ 

ʥʘʩʪʘʚʘʢ ʟʘʧʦʯʝʪʦʛ ʪʦʢʦʤ 2013. ʛʦʜʠʥʝ, ʢʦʿʠ ʿʝ ʠ ʙʠʦ ʪʝʤʘ ʦʜʙʨʘˁʝʥʦʛ ʤʘʩʪʝʨ ʨʘʜʘ (160). 

 

 

7.1 ɽʢʩʧʝʨʠʤʝʥʪʘʣʥʘ ʧʦʩʪʘʚʢʘ 

 

 ʀʟʚʨʰʝʥʘ ʩʫ ʛʘʤʘ ʩʧʝʢʪʨʦʤʝʪʨʠʿʩʢʘ ʤʝʨʝˁʘ ʿʝʜʥʦʛ ʠʟʚʦʨʘ 252Cf ʟʘ ˁʝʛʦʚʝ ʨʘʟʣʠʯʠʪʝ 

ʩʪʘʨʦʩʪʠ. ʇʨʝʪʭʦʜʥʦ ʩʫ ʠʟʚʨʰʝʥʘ ʜʚʘ ʤʝʨʝˁʘ ʛʘʤʘ ʩʧʝʢʪʨʘ, ʫ ʥʦʚʝʤʙʨʫ 2008. ʛʦʜʠʥʝ ʠ ʫ 

ʘʧʨʠʣʫ 2013. ʛʦʜʠʥʝ. ʊʦʢʦʤ ʿʘʥʫʘʨʘ 2019. ʛʦʜʠʥʝ ʫʨʘʹʝʥʦ ʿʝ ʠ ʪʨʝ˂ʝ ʩʥʠʤʘˁʝ ʛʘʤʘ ʩʧʝʢʪʨʘ 

ʠʩʪʦʛ ʠʟʚʦʨʘ. ʀʟʚʦʨ 252Cf ʿʝ ʢʫʧˀʝʥ ʦʜ ʈʠʪʙʝʨʮ ɻʤʙʍ (ʈʫʩʠʿʘ) ʠ ʥʘ ʜʘʥ 03.06.2008. ʠ ʠʤʘʦ 

ʿʝ ʢʘʣʠʙʨʠʩʘʥʫ ʘʢʪʠʚʥʦʩʪ ʦʜ 6 104Bq ʠ eʤʠʩʠʿʫ ʥʝʫʪʨʦʥʘ ʦʜ 5,64 103s-1 ʩʨʝʜˁʝ ʝʥʝʨʛʠʿʝ ʦʜ 

2,12 ʄʝV. ɼʝʪʘˀʠ ʩʝ ʤʦʛʫ ʥʘ˂ʠ (160). ʂʘʣʠʬʦʨʥʠʿʫʤ ʿʝ ʥʘʥʝʰʝʥ ʥʘ ʫʥʫʪʨʘʰˁʦʩʪ ʢʘʧʩʫʣʝ 

ʦʜ ʥʝʨʹʘʿʫ˂ʝʛ ʯʝʣʠʢʘ.  

 ʄʝʨʝˁʘ ʩʫ ʠʟʚʨʰʝʥʘ ʥʘ ɼʝʧʘʨʪʤʘʥʫ ʟʘ ʬʠʟʠʢʫ, ʇʨʠʨʦʜʥʦ-ʤʘʪʝʤʘʪʠʯʢʦʛ ʬʘʢʫʣʪʝʪʘ 

ʫ ʅʦʚʦʤ ʉʘʜʫ, ʫ ʃʘʙʦʨʘʪʦʨʠʿʠ ʟʘ ʛʘʤʘ ʩʧʝʢʪʨʦʩʢʦʧʠʿʫ. ɼʝʪʝʢʪʦʨʩʢʠ ʩʠʩʪʝʤ ʟʘ ʛʘʤʘ 

ʩʧʝʢʪʨʦʩʢʦʧʩʢʦ ʤʝʨʝˁʝ ʩʘʩʪʦʿʠ ʩʝ ʦʜ HPGe ʜʝʪʝʢʪʦʨʘ ʠ ʥʝʦʧʭʦʜʥʠʭ ʢʦʤʧʦʥʝʥʪʠ ʟʘ 

ʧʨʠʢʫʧˀʘˁʝ ʠ ʦʙʨʘʜʫ ʧʦʜʘʪʘʢʘ.  
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ʉʣʠʢʘ 7.1 ï ɽʢʩʧʝʨʠʤʝʥʪʘʣʥʘ ʧʦʩʪʘʚʢʘ ʜʝʪʝʢʪʦʨʘ ʫ ʛʚʦʟʜʥʦʿ ʟʘʰʪʠʪʠ. ʉʣʠʢʘ ʧʨʝʫʟʝʪʘ ʠʟ 

(75). 

  

 ʇʨʚʘ ʜʚʘ ʤʝʨʝˁʘ ʩʫ ʨʘʹʝʥʘ ʩʘ ʜʝʪʝʢʪʦʨʦʤ n ʪʠʧʘ, ʦʟʥʘʢʝ G.C.2520-7600 ʧʨʦʠʟʚʦʹʘʯʘ 

Canberra, ʩʘ ʦʧʩʝʛʦʤ ʝʥʝʨʛʠʿʘ ʦʜ 30 keV ʜʦ 3 ʄʝV, ʝʬʠʢʘʩʥʦʩʪʠ 25% ʠ ʝʥʝʨʛʝʪʩʢʝ 

ʨʝʟʦʣʫʮʠʿʝ ʥʘ 1460 kʝV ʦʜ 1,8 keV. ʊʝʭʥʠʯʢʝ ʢʘʨʘʢʪʝʨʠʩʪʠʢʝ ʜʝʪʝʢʪʦʨʘ ʤʦʛʫ ʩʝ ʥʘ˂ʠ (75). 

ɼʝʪʝʢʪʦʨ ʩʝ ʥʘʣʘʟʠʦ ʫ ʛʚʦʟʜʝʥʦʿ ʟʘʰʪʠʪʠ  ʢʦʨʠʩʥʝ ʟʘʧʨʝʤʠʥʝ 1m3 ʠ ʜʝʙˀʠʥʝ ʟʠʜʦʚʘ ʦʜ 25cm 

ʢʦʿʘ ʿʝ ʥʘʧʨʘʚˀʝʥʘ ʦʜ ʜʝʣʦʚʘ ʩʪʘʨʦʛ ʰʚʝʜʩʢʦʛ ʙʨʦʜʘ, ˂ʠʤʝ ʩʝ ʭʪʝʣʦ ʠʟʙʝ˂ʠ ʧʨʠʩʫʩʪʚʦ 

ʬʠʩʠʦʥʠʭ ʧʨʦʜʫʢʘʪʘ ʢʦʿʠ ʧʦʪʠʯʫ ʦʜ ʧʨʦʙʠ ʥʫʢʣʝʘʨʥʦʛ ʦʨʫʞʠʿʘ ʢʦʿʝ ʩʫ ʨʘʹʝʥʝ ʥʘʢʦʥ ɼʨʫʛʦʛ 

ʩʚʝʪʩʢʦʛ ʨʘʪʘ (ʉʣʠʢʘ 7.1). ʋʢʫʧʘʥ ʦʜʙʨʦʿ ʬʦʥʘ ʫ ʦʚʘʢʦ ʜʠʟʘʿʥʠʨʘʥʦʿ ʟʘʪhʠʪʠ ʿʝ 

1,060±1,02 s- 1 ʫ ʦʧʩʝʛʫ ʝʥʝʨʛʠʿʘ ʦʜ 23 keV ʜʦ 2,7 ʄʝV (75) ʯʠʿʠ ʛʣʘʚʥʠ ʜʦʧʨʠʥʦʩ ʜʘʿʫ 

ʧʦʪʦʤʮʠ U ʠ Th (161).  

 ɿʘ ʪʨʝ˂ʝ ʤʝʨʝˁʝ ʢʦʨʠʰ˂ʝʥ ʿʝ ʜʝʪʝʢʪʦʨʩʢʠ ʩʠʩʪʝʤ ʢʦʿʠ ʢʦʨʠʩʪʠ HPGe ʜʝʪʝʢʪʦʨ ʦʟʥʘʢʝ 

GX10021 ʧʨʦʠʟʚʦʹʘʯʘ Canberra ʢʦʘʢʩʠʿʘʥʦʛ n-ʪʠʧʘ, ʨʝʘʣʪʠʚʥʝ ʝʬʠʢʘʩʥʦʩʪʠ 100%. ʇʨʝʜˁʠ 

ʧʨʦʟʦʨ ʦʜ ʢʫ˂ʠʰʪʘ ʜʝʪʝʢʪʦʨʘ ʥʘʧʨʘʚˀʝʥ ʿʝ ʦʜ ʢʦʤʧʦʟʠʪʥʦʛ ʤʘʪʝʨʠʿʘʣʘ ʜʝʙˀʠʥʝ 0,89 mm 

ʢʦʿʠ ʦʤʦʛʫ˂ʘʚʘ ʚʠʩʦʢʫ ʧʨʦʧʫʩʥʦʩʪ ʟʘ ʬʦʪʦʥʝ ʥʠʩʢʠʭ ʝʥʝʨʛʠʿʘ (ʧʨʝʢʦ 80% ʟʘ ʝʥʝʨʛʠʿʝ ʦʜ 

15 keV  ʠ ʛʦʪʦʚʦ 100% ʟʘ ʝʥʝʨʛʠʿʝ ʦʜ 20 keV). ʊʝʭʥʠʯʢʝ ʢʘʨʘʢʪʝʨʠʩʪʠʢʝ ʜʝʪʝʢʪʦʨʘ ʤʦʛʫ ʩʝ 

ʥʘ˂ʠ (75). ɼʝʪʝʢʪʦʨʩʢʘ ʟʘʰʪʠʪʘ ʿʝ ʧʘʩʠʚʥʦʛ ʪʠʧʘ ʦʟʥʘʢʝ 777ɺ ʧʨʦʠʟʚʦʹʘʯʘ Canberra ʜʝʙˀʠʥʝ 

15cm. ʆʣʦʚʥʘ ʟʘʰʪʠʪʘ ʫ ʩʝʙʠ ʩʘʜʨʞʠ ʪʘʢʦʹʝ ʠ ʩʣʦʿ ʜʝʙˀʠʥʝ 1,5 mm ʥʘʯʠˁʝʥ ʦʜ ʢʘʣʘʿʘ ʠ 

ʙʘʢʨʘ, ʢʦʿʠ ʩʣʫʞʝ ʟʘ ʟʘʫʩʪʘʚˀʘˁʝ ʍ ʟʨʘʯʝˁʘ ʝʥʝʨʛʠʿʘ ʦʜ 75 ʜʦ 85 keV, ʜʦʢ ʩʘʤ ʙʘʢʘʨ 

ʟʘʫʩʪʘʚˀʘ ʍ ʬʦʪʦʥʝ ʝʥʝʨʛʠʿʘ ʦʜ 25 ʜʦ 28 keV ʢʦʿʠ ʧʦʪʠʯʫ ʦʜ ʢʘʣʘʿʘ.  
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ʉʣʠʢʘ 7.2 ï ʆʣʦʚʥʘ ʟʘhʪʠʪʘ ʩʘ ʩʠʩʪʝʤʦʤ ʟʘ ʭʣʘʹʝˁʝ. ʉʣʠʢʘ ʧʨʝʫʟʝʪʘ ʠʟ (75) . 

 

 

7.2 ʆʙʨʘʜʘ ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʠʭ ʧʦʜʘʪʘʢʘ 

 

 ʊʨʠ ʛʘʤʘ ʩʧʝʢʪʨʘ ʩʥʠʤʘʥʘ 2008. 2013. ʠ 2019. ʛʦʜʠʥʝ ʢʦʿʠ ʧʦʪʠʯʫ ʦʜ ʠʩʪʦʛ ʠʟʚʦʨʘ 
252Cf ʜʦʙʠʿʝʥʠ ʩʫ ʩʥʠʤʘˁʝʤ ʧʨʝʪʭʦʜʥʦ ʥʘʚʝʜʝʥʠʤ HPGe ʜʝʪʝʢʪʦʨʠʤʘ, ʘ ʧʦʜʘʮʠ ʩʫ ʙʝʣʝʞʝʥʠ 

Genie ʚʠʰʝʢʘʥʘʣʥʠʤ ʘʥʘʣʠʟʘʪʦʨʦʤ (162). ɺʨʰʝʥʘ ʿʝ ʘʥʘʣʠʟʘ ʛʘʤʘ ʧʠʢʦʚʘ, ʦʜʥʦʩʥʦ 

ʜʝʪʝʢʮʠʿʘ ʨʘʜʠʦʥʫʢʣʠʜʘ ʦʜ ʢʦʿʠʭ ʧʦʪʠʯʫ ʬʦʪʦʥʠ ʦʜʨʝʹʝʥʠʭ ʝʥʝʨʛʠʿʘ ʚʠʜˀʠʚʠʭ ʫ ʩʧʝʢʪʨʫ.  

 ʇʨʚʠ ʛʘʤʘ ʩʧʝʢʪʘʨ ʩʥʠʤʘʥ ʿʝ ʫ ʥʦʚʝʤʙʨʫ 2008. ʛʦʜʠʥʝ (ʉʣʠʢʘ 7.3) ʠ ʚʨʝʤʝ ʩʥʠʤʘˁʘ 

ʿʝ ʠʟʥʦʩʠʣʦ 265137 s, ʩʘ ʤʨʪʚʠʤ ʚʨʝʤʝʥʦʤ ʫ ʠʟʥʦʩʫ ʦʜ 0,2%. ʉʪʘʨʦʩʪ ʠʟʚʦʨʘ ʫ ʪʨʝʥʫʪʢʫ 

ʩʥʠʤʘˁʘ ʩʧʝʢʪʨʘ ʠʟʥʦʩʠʣʘ ʿʝ  0,479 ʛʦʜʠʥʝ, ʩʘ ʘʢʪʠʚʦʰ˂ʫ 252Cf ʦʜ 52921,95 Bq. ʂʘʢʦ ʿʝ ʠʟʚʦʨ 

,,ʤʣʘʜñ ʧʨʠʩʪʫʘʥ ʿʝ ʚʝʣʠʢʠ ʙʨʦʿ ʛʘʤʘ ʣʠʥʠʿʘ ʢʦʿʠ ʧʦʪʠʯʫ ʦʜ ʚʝʣʠʢʦʛ ʙʨʦʿʘ ʢʨʘʪʢʦʞʠʚʝ˂ʠʭ 

ʧʦʪʦʤʘʢʘ ʢʦʿʠ ʥʘʩʪʘʿʫ ʧʨʠʣʠʢʦʤ ʬʠʩʠʿʝ ʢʘʣʠʬʦʨʥʠʿʫʤʘ, ʢʦʿʠʭ ʠʤʘ ʦʢʦ 900. ʄʝʹʫʪʠʤ, ʢʘʢʦ 

ʥʝ ʥʘʩʪʘʿʫ ʩʚʠ ʧʦʜʿʝʜʥʘʢʦʤ ʚʝʨʦʚʘʪʥʦ˂ʦʤ ʠ ʥʠʩʫ ʩʚʠ ʛʘʤʘ ʝʤʠʪʝʨʠ, ʙʨʦʿ ʧʦʪʦʤʘʢʘ ʯʠʿʝ ʩʝ 

ʧʨʠʩʫʩʪʚʦ ʤʦʞʝ ʧʨʠʤʝʠʪʠ ʘʥʘʣʠʟʦʤ ʛʘʤʘ ʩʧʝʢʪʨʘ ʠʟʥʦʩʠ ʦʢʦ 90. ʉʚʠ ʦʚʠ ʝʤʠʪʝʨʠ ʩʫ ʫ 

ʨʘʚʥʦʪʝʞʠ ʩʘ ʢʘʣʠʬʦʨʥʠʿʫʤʦʤ. ʇʨʠʩʫʪʥʝ ʩʫ ʠ ʣʠʥʠʿʝ ʢʦʿʝ ʧʦʪʠʯʫ ʦʜ ʜʫʛʦʞʠʚʝ˂ʠʭ ʧʦʪʦʤʘʢʘ  
137Cs, 154Eu ʠ 155Eu.  
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ʉʣʠʢʘ 7.3 ï ɻʘʤʘ ʩʧʝʢʪʘʨ 252Cf ʩʥʠʤˀʝʥ 2008. ʛʦʜʠʥʝ. 

 

 ʉʧʝʢʪʘʨ ʩʥʠʤʘʥ ʫ ʘʧʨʠʣʫ 2013. ʛʦʜʠʥʝ (ʉʣʠʢʘ 7.4) ʿʝ ʫʨʘʹʝʥ 4,879 ʛʦʜʠʥʘ ʦʜ ʜʘʪʫʤʘ 

ʢʘʣʠʙʨʠʩʘˁʘ ʠʟʚʦʨʘ. ɼʫʞʠʥʘ ʩʥʠʤʘˁʘ ʿʝ ʠʟʩʥʦʩʠʣʘ 264749 s, ʩʘ ʤʨʪʚʠʤ ʚʨʝʤʝʥʦʤ ʦʜ 0,06%. 

ɸʢʪʠʚʥʦʩʪ ʢʘʣʠʬʦʨʥʠʿʫʤʦʚʦʛ ʠʟʚʦʨʘ ʿʝ ʥʘ ʧʦʯʝʪʢʫ ʩʥʠʤʘˁʘ ʠʟʥʦʩʠʣʘ 16705,81 Bq. ʂʘʢʦ 

ʚʝ˂ʠʥʫ ʛʘʤʘ ʣʠʥʠʿʘ ʫ ʩʧʝʢʪʨʫ ʯʠʥʝ ʢʨʘʪʢʦʞʠʚʝ˂ʠ ʧʦʪʦʤʮʠ 252Cf ʥʘʩʪʘʣʠ ˁʝʛʦʚʠʤ ʬʠʩʠʿʦʤ 

(ʧʦʪʦʤʮʠ ʩʫ ʫ ʨʘʚʥʦʪʝʞʠ ʩʘ ʿʝʟʛʨʦʤ ʧʨʝʪʢʦʤ), ʧʨʠʤʝʪʘʥ ʿʝ ˁʠʭʦʚ ʤʘˁʠ ʙʨʦʿ ʢʘʢʦ ˁʠʭʦʚʘ 

ʘʢʪʠʚʥʦʩʪ ʦʧʘʜʘ ʪʝʤʧʦʤ ʦʧʘʜʘˁʘ ʘʢʪʠʚʥʦʩʪʠ ʩʘʤʦʛ 252Cf.  

 



   

134 

 

0 500 1000 1500

0

1000

2000

3000

4000
od

br
oj

E[keV]  

ʉʣʠʢʘ 7.4 ï ɻʘʤʘ ʩʧʝʢʪʘʨ  252Cf ʩʥʠʤˀʝʥ 2013. ʛʦʜʠʥʝ. 
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ʉʣʠʢʘ 7.5 ï ɻʘʤʘ ʩʧʝʢʪʘʨ 252Cf ʩʥʠʤˀʝʥ 2019. ʛʦʜʠʥʝ 
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 ʊʨʝ˂ʠ ʩʧʝʢʪʘʨ ʩʥʠʤʘʥ ʿʝ ʧʦʯʝʪʢʦʤ 2019. ʛʦʜʠʥʝ, 10,6384 ʛʦʜʠʥʘ ʦʜ ʢʣʘʠʙʨʠʩʘˁʘ 

ʠʩʟʦʚʨʘ ʠ ʘʢʪʠʚʥʦʩʪ ʢʘʣʠʬʦʨʥʠʿʫʤʦʚʦʛ ʠʟʚʦʨʘ ʿʝ ʠʟʥʦʩʠʣʘ 3693,1 Bq. ɺʨʝʤʝ ʩʥʠʤʘˁʘ ʿʝ 

ʠʟʥʦʩʠʣʦ 72711,012 s, ʧʨʠ ʯʝʤʫ ʿʝ ʤʨʪʚʦ ʚʨʝʤʝ ʠʟʥʦʩʠʣʦ 0,14%.  ʇʨʠʤʝʪʘʥ ʿʝ ʤʘˁʠ ʙʨʦʿ 

ʣʠʥʠʿʘ, ʢʘʢʦ ʿʝ ʘʢʪʠʚʥʦʩʪ ʢʘʣʠʬʦʨʥʠʿʫʤʘ ʩʤʘˁʝʥʘ ʫʩʣʝʜ ˁʝʛʦʚʝ ʩʪʘʨʦʩʪʠ, ʘ ʩʘʤʠʤ ʪʠʤ ʠ 

ʩʚʠʭ ʢʨʘʪʢʦʞʠʚʝ˂ʠʭ ʬʠʩʠʦʥʠʭ ʧʦʪʦʤʘʢʘ. ʋʦʯˀʠʚʝ ʩʫ ʣʠʥʠʿʝ ʢʦʿʝ ʧʦʪʠʯʫ ʦʜ 154Eu, 155Eu, 
137Cs, ʢʦʿʝ ʩʫ ʥʘʿʠʥʪʝʥʟʠʚʥʠʿʝ ʣʠʥʠʿʝ ʫ ʩʧʝʢʪʨʫ. 

 ʇʨʠʢʫʧˀʘˁʝ ʧʦʜʘʪʘʢʘ ʛʘʤʘ ʩʧʝʢʪʘʨʘ ʫ ʩʚʘ ʪʨʠ ʩʣʫʯʘʿʘ ʚʨʰʝʥʘ ʩʫ ʚʠʰʝʢʘʥʘʣʥʠʤ 

ʘʥʘʣʠʟʘʪʦʨʦʤ GENIE (162). ʊʘʢʦʹʝ, ʠʜʝʥʪʠʬʠʢʘʮʠʿʘ ʧʦʩʪʦʿʝ˂ʠʭ ʛʘʤʘ ʣʠʥʠʿʘ ʫ ʩʧʝʢʪʨʫ 

ʨʘʹʝʥʘ ʿʝ ʫʟ ʧʦʤʦ˂ ʠʩʪʦʛ ʩʦʬʪʚʝʨʘ, ʛʜʝ ʩʝ ʢʘʦ ʙʘʟʘ ʨʘʜʠʦʥʫʢʣʠʜʘ ʢʦʨʠʩʪʠʣʘ ʧʦʩʝʙʥʦ 

ʥʘʧʨʘʚˀʝʥʘ ʙʠʣʙʠʦʪʝʢʘ ʨʘʜʠʦʥʫʢʣʠʜʘ ʫ ʢʦʿʫ ʩʫ ʫʙʘʯʝʥʠ ʨʘʜʠʦʥʫʢʣʠʜʠ ʧʦʪʦʤʮʠ ʨʘʩʧʘʜʘ 
252Cf. 

 ʇʦʨʝʜ ʧʦʪʦʤʘʢʘ ʬʠʩʠʿʝ ʢʘʣʠʬʦʨʥʠʿʫʤʘ 252, ʧʨʠʤʝ˂ʝʥʦ ʿʝ ʠ ʧʨʠʩʫʩʪʚʦ, ʦʜ ʩʧʝʢʪʨʘ ʠʟ 

2013. ʛʦʜʠʥʝ, ʠ 249Cf. ʆʥ ʥʠʿʝ ʧʨʠʤʝ˂ʝʥ ʫ ʧʨʚʦʤ ʩʥʠʤʘʥʦʤ ʩʧʝʢʪʨʫ ʠʟ 2008. ʢʘʢʦ ʿʝ ʫʩʣʝʜ 

ʚʝ˂ʝ ʘʢʪʠʚʥʦʩʪʠ ʩʘʤʦʛ 252Cf ʧʨʠʩʫʪʘʥ ʠ ʚʝʣʠʢʠ ʙʨʦʿ ʛʘʤʘ ʣʠʥʠʿʘ ʢʘʣʠʬʦʨʥʠʿʫʤʦʚʠʭ 

ʬʠʩʠʦʥʠʭ ʬʨʘʛʤʝʥʘʪʘ. ɺʨʝʤʝ ʧʦʣʫʨʘʩʧʘʜʘ 249Cf ʠʟʥʦʩʠ 351 ʛʦʜʠʥʫ, ʪʝ ʿʝ ʫʩʣʝʜ ʩʤʘˁʝˁʘ 

ʘʢʪʠʚʥʦʩʪʠ 252Cf ʠ ʧʦʪʦʤʘʢʘ ʢʦʿʠ ʩʫ ʩʘ ˁʠʤ ʫ ʨʘʚʥʦʪʝʞʠ ʧʨʠʤʝ˂ʝʥ ʫ ʢʘʩʥʠʿʠʤ ʩʥʠʤˀʝʥʠʤ 

ʩʧʝʢʪʨʠʤʘ ʩʘ ʩʚʦʿʠʤ ʛʘʤʘ ʣʠʥʠʿʘʤʘ 333,37(2) kʝV (15.0%) ʠ 388,17(2) keV (66.0%). 
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ʉʣʠʢʘ 7.6  - ʇʦʣʦʞʘʿ ʛʘʤʘ ʣʠʥʠʿʘ 333,37 keV ʠ 388.17 keV ʢʦʿʝ ʧʦʪʠʯʫ ʦʜ  249Cf ʫ ʩʧʝʢʪʨʫ 

ʩʥʠʤˀʝʥʦʤ 2019. ʛʦʜʠʥʝ. 
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ʊʘʙʝʣʘ 7.1 ï ʃʠʩʪʘ ʨʘʜʠʦʥʫʢʣʠʜʘ ʠʜʝʥʪʠʬʠʢʦʚʘʥʠʭ ʫ ʩʥʠʤˀʝʥʠʤ ʩʧʝʢʪʨʠʤʘ. 

ʇʦʪʦʤʮʠ 252Cf 

BA-141 

BA-142 

PM-151 

PR-147 

BA-143 PR-148 

BA-145 PR-149 

BA-146 RB-81 

CD-115 RH-110 

CE-141 RH-111 

CE-146 RH-113 

CE-148 RU-103 

CE-149 RU-105 

CE-149 SE-75 

CS-138 SE-83 

CS-137 SM-155 

CS-142 SR-87m 

EU-154 TB-156 

EU-155 TB-156 

I-131 TC-101 

I-132 TC-102 

I-133 TC-104 

I-136 TC-105 

I-138 TC-107 

IN-111 TC-108 

LA-140 TC-109 

LA-142 TE-131 

LA-144 TE-132 

LA-146 TE-133 

MO-101 XE-135 

MO-106 XE-135 

MO-99 XE-137 

NB-102m Xe-142 

NB-99 Y-94 

ND-149 ZR-101 

 

7.2.1 ʆʜʨʝʹʠʚʘˁʝ ʝʬʠʢʘʩʥʦʩʪʠ ʜʝʪʝʢʪʦʨʩʢʦʛ ʩʠʩʪʝʤʘ 

 

 ʂʘʣʠʙʨʘʮʠʿʘ ʝʬʠʢʘʩʥʦʩʪʠ ʜʝʪʝʢʪʦʨʩʢʦʛ ʩʠʩʪʝʤʘ ʨʘʹʝʥʘ ʿʝ ʫʟ ʧʦʤʦ˂ ʢʘʣʠʙʨʘʮʠʦʥʦʛ 

ʠʟʚʦʨʘ ʧʦʟʥʘʪʝ ʘʢʪʠʚʥʦʩʪʠ, ʥʘ ʝʬʠʢʘʩʥʦʩʪʠ ʛʘʤʘ ʣʠʥʠʿʘ ʪʦʪʘʣʥʝ ʘʧʩʦʨʧʮʠʿʝ Ů. ɿʘ ʩʚʘʢʫ ʦʜ 
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ʣʠʥʠʿʘ ʧʦʟʥʘʪʦʛ ʠʟʚʦʨʘ, ʧʦʟʥʘʪʝ ʩʫ ʚʝʨʦʚʘʪʥʦ˂ʝ ʧʨʝʣʘʟʘ (̑),  ʪʝ ʩʝ ʝʬʠʢʘʩʥʦʩʪʠ ʜʦʙʠʿʘʿʫ 

ʢʘʦ: 

‐
ὔ

ὔ

ὔ

ὃ ὴ
 

(7.1) 

 ɻʜʝ ʩʫ ὔ  ʦʜʙʨʦʿ ʫ ʛʘʤʘ ʣʠʥʠʿʠ ʠ ɸ ʘʢʪʠʚʥʦʩʪ ʢʘʣʠʙʨʘʮʠʦʥʦʛ ʠʟʚʦʨʘ. ʆʚʘ 

ʢʘʣʠʙʨʘʮʠʿʘ ʿʝ ʢʦʨʠʰ˂ʝʥʘ ʧʨʠʣʠʢʦʤ ʤʝʨʝˁʘ ʩʧʝʢʪʘʨʘ 2008. ʠ 2013. ʛʦʜʠʥʝ ʟʘ 

ʛʝʨʤʘʥʠʿʫʤʩʢʠ ʜʝʪʝʢʪʦʨ ʫ ʛʚʦʟʜʝʥʦʿ ʟʘʰʪʠʪʠ ʠ ʦʧʠʩʘʥʘ ʿʝ ʫ ʨʝʬʝʨʝʥʮʠ (160). ʂʘʣʠʙʨʘʮʠʦʥʘ 

ʢʨʠʚʘ ʜʦʙʠʿʝʥʘ ʦʚʠ ʧʫʪʝʤ ʧʨʠʢʘʟʫʿʝ ʉʣʠʢʘ 7.7. 
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ʉʣʠʢʘ 7.7 ï ɺʨʝʜʥʦʩʪʠ ʝʬʠʢʘʩʥʦʩʪʠ ʜʝʪʝʢʪʦʨʩʢʦʛ ʩʠʩʪʝʤʘ ʜʦʙʠʿʝʥʝ ʠʟ ʢʘʣʠʙʨʘʮʠʦʥʦʛ 

ʠʟʦʚʨʘ, ʧʨʠʣʠʢʦʤ ʩʥʠʤʘˁʘ ʩʧʝʢʪʨʘ ʢʘʣʠʬʦʨʥʠʿʫʤʘ 2008.ʠ 2013.ʛʦʜʠʥʝ . 
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ʉʣʠʢʘ 7.8 ï ɺʨʝʜʥʦʩʪʠ ʝʬʠʢʘʩʥʦʩʪʠ ʜʝʢʝʪʦʨʩʢʦʛ ʩʠʩʪʝʤʘ ʜʦʙʠʿʝʥʝ ʠʟ ʢʘʣʠʙʨʘʮʠʦʥʦʛ 

ʠʟʚʦʨʘ, ʧʨʠʣʠʢʦʤ ʩʥʠʤʘˁʘ ʩʧʝʢʪʨʘ ʢʘʣʠʬʦʨʥʠʿʫʤʘ 2019. ʛʦʜʠʥʝ. 
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 ʅʘ ʠʩʪʠ ʥʘʯʠʥ ʿʝ ʫʨʘʹʝʥʘ ʢʘʣʠʙʨʘʮʠʿʘ ʝʬʠʢʘʩʥʦʩʪʠ ʠ ʥʘ ʥʦʚʦʤ ʤʝʨʝˁʫ ʠʟ 

2019. ʛʦʜʠʥʝ, ʢʘʜʘ ʿʝ ʢʦʨʠʰ˂ʝʥ ʜʝʪʝʢʪʦʨ ʫ ʦʣʦʚʥʦʿ ʟʘʰʪʠʪʠ, ʩʘ ʢʘʣʠʙʨʘʮʠʦʥʠʤ ʠʟʚʦʨʦʤ 
152Eu (ʉʣʠʢʘ 7.8).  

 

7.3 ʆʜʨʝʹʠʚʘˁʝ ʩʧʝʮʠʬʠʯʥʝ ʛʘʤʘ ʢʦʥʩʪʘʥʪʝ 

 

 ʀʟʚʦʹʝˁʝ ʬʦʨʤʫʣʝ ʢʦʿʘ ʩʝ ʢʦʨʠʩʪʠ ʟʘ ʠʟʨʘʯʫʥʘʚʘˁʝ ʩʧʝʮʠʬʠʯʥʝ ʛʘʤʘ ʢʦʥʩʪʘʥʪʝ 

ʠʟʚʦʨʘ ʟʘ ʪʨʠ ʤʝʨʝʥʘ ʩʧʝʢʪʨʘ ʧʨʠʢʘʟʘʘʥʦ ʿʝ ʫ ʧʦʛʣʘʚˀʫ 5.4.3 (ʬʦʨʤʫʣʘ (5.19)) ʠ ʙʘʟʠʨʘ ʩʝ ʥʘ 

ʠʟʣʘʛʘˁʫ ʫ ʨʝʬʝʨʝʥʮʠ (147): 

ɜ σȟψρ ρπ
‘

”
ὴὉ  

ʋʢʫʧʥʘ ʛʘʤʘ ʢʦʥʩʪʘʥʪʘ ʧʨʝʜʩʪʘʚˀʘ ʟʙʠʨ ʛʘʤʘ ʢʦʥʩʪʘʥʪʠ ʟʘ ʩʚʘʢʫ ʛʨʫʧʫ ʛʘʤʘ ʬʦʪʦʥʘ 

ʧʨʝʜʩʪʘʚˀʝʥʠʭ ʧʠʢʦʚʠʤʘ ʫ ʩʥʠʤˀʝʥʠʤ ʩʧʝʢʪʨʠʤʘ ʠ ʦʥʘ ʿʝ ʧʨʦʧʦʨʮʠʦʥʘʣʥʘ ʧʨʦʠʟʚʦʜʫ  

ὴὉ. ʇʦʨʝʜ ʧʦʟʥʘʚʘˁʘ ʝʥʝʨʛʠʿʝ ʟʘ ʩʚʘʢʠ ʦʜ ʧʠʢʦʚʘ ʫ ʩʧʝʢʪʨʫ, ʧʦʪʨʝʙʥʦ ʿʝ ʠʤʘʪʠ 

ʚʨʝʜʥʦʩʪʠ ʤʘʩʝʥʠʭ ʘʧʩʦʨʧʮʠʦʥʠʭ ʢʦʝʬʠʮʠʿʝʥʘʪʘ ʟʘ ʩʚʘʢʫ ʦʜ ʝʥʝʨʛʠʿʘ ʠ ʧʨʝʜʥʦʩʪʠ ʢʚʘʥʪʥʦʛ 

ʧʨʠʥʦʩʘ ὴ. ʏʣʘʥ   ʧʨʝʜʩʪʘʚˀʘ ʤʘʩʝʥʠ ʘʧʩʦʨʧʮʠʦʥʠ ʢʦʝʬʠʮʠʿʝʥʪ ʟʘ ʛʘʤʘ ʬʦʪʦʥʝ ʝʥʝʨʛʠʿʝ 

Ὁ, ʯʠʿʠ ʿʝ ʢʚʘʥʪʥʠ ʜʦʧʨʠʥʦʩ ὴ .  
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ʉʣʠʢʘ 7.9 ï ʅʫʤʝʨʠʯʢʝ ʚʨʝʜʥʦʩʪʠ ʤʘʝʩʥʦʛ ʘʧʩʦʨʧʮʠʦʥʦʛ ʢʦʝʬʠʮʠʿʝʥʪʘ ʟʘ ʟʨʘʯʝˁʝ 

ʨʘʟʣʠʯʠʪʠʭ ʝʥʝʨʛʠʿʘ. 
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 ɺʨʝʜʥʦʩʪʠ ʦʚʦʛ ʢʦʝʬʠʮʠʿʝʥʪʘ ʨʘʯʫʥʘʿʫ ʩʝ ʟʘ ʨʘʟʣʠʯʠʪʝ ʤʘʪʝʨʠʿʘʣʝ ʠ ʧʨʝʜʩʪʘʚˀʘ 

ʟʘʚʠʩʥʫ ʚʝʣʠʯʠʥʫ ʫ ʦʜʥʦʩʫ ʥʘ ʝʥʝʨʛʠʿʝ ʫʧʘʜʥʦʛ ʟʨʘʯʝˁʘ. ɺʨʝʜʥʦʩʪʠ ʩʫ ʫʟʝʪʝ ʟʘ ʚʘʟʜʫʭ, ʩʘ 

ʩʘʿʪʘ NIST (National Institute of Standards and Technology) (146). ʉʣʠʢʘ 7.9 ʧʨʠʢʘʟʫʿʝ 

ʚʨʝʜʥʦʩʪʠ ʦʚʝ ʚʝʣʠʯʠʥʝ. ʀʥʪʝʨʧʦʣʘʮʠʿʦʤ ʩʫ ʦʜ ʜʠʩʢʨʝʪʥʠʭ ʚʨʝʜʥʦʩʪʠ ʜʦʙʠʿʘʥʝ ʚʨʝʜʥʦʩʪʠ 

ʫ ʮʝʣʦʤ ʝʥʝʨʛʝʪʩʢʦʤ ʦʧʩʝʛʫ ʟʘ ʢʦʿʠ ʿʝ ʩʧʝʮʠʬʠʯʥʘ ʛʘʤʘ ʢʦʥʩʪʘʥʪʘ ʨʘʯʫʥʘʪʘ ʠʟ ʩʧʝʢʪʘʨʘ.  

 ʋ ʬʦʨʤʫʣʠ (5.19)  ʚʨʝʜʥʦʩʪ ʢʚʘʥʪʥʦʛ ʜʦʧʨʠʥʦʩʘ ὴ  ʩʝ ʨʘʯʫʥʘ ʧʦ ʿʝʜʠʥʠʮʠ 

ʘʢʪʠʚʥʦʩʪʠ 252Cf ʫ ʪʨʝʥʫʪʢʫ ʤʝʨʝˁʘ ʩʧʝʢʪʨʘ, ʢʘʦ ʰʪʦ ʿʝ ʚʝ˂ ʥʘʚʝʜʝʥʦ (160): 

ὴ
ὔ Ὁ

ὃ ὅὪ ‐
 

(7.2) 

ɻʜʝ Nd  ʧʨʝʜʩʪʘʚˀʘ ʦʜʙʨʦʿ ʬʦʪʦʥʘ ʧʦ ʿʝʜʠʥʠʮʠ ʚʨʝʤʝʥʘ ʫ ʣʠʥʠʿʠ ʛʘʤʘ ʩʧʝʢʪʨʘ ʝʥʝʨʛʠʿʝ Ὁ. 

ʅʘ ʦʚʘʿ ʥʘʯʠʥ ʨʘʯʫʥʘʪʝ ʩʫ ʩʧʝʮʠʬʠʯʥʝ ʛʘʤʘ ʢʦʥʩʪʘʥʪʝ ʫ ʩʚʘ ʪʨʠ ʩʣʫʯʘʿʘ, 2008. ʛʦʜʠʥʝ, 

2013. ʛʦʜʠʥʝ ʠ 2019. ʛʦʜʠʥʝ. 

 ʋ ʩʣʝʜʝ˂ʠʤ ʪʘʙʝʣʘʤʘ ʥʘʚʝʜʝʥʝ ʩʫ ʧʦ ʢʦʣʦʥʘʤʘ ʝʥʝʨʛʠʿʝ ʜʝʪʝʢʪʦʚʘʥʠʭ ʛʘʤʘ ʣʠʥʠʿʘ ʫ 

ʩʚʘʢʦʤ ʦʜ ʪʨʠ ʩʧʝʢʪʨʘ, ʝʬʠʢʘʩʥʦʩʪ ʜʝʪʝʢʪʦʨʩʢʦʛ ʩʠʩʪʝʤʘ ʟʘ ʜʘʪʫ ʝʥʝʨʛʠʿʫ, ʦʜʙʨʦʿ ʛʘʤʘ 

ʣʠʥʠʿʝ ʫ s-1, ʤʘʩʝʥʠ ʘʧʩʦʨʧʮʠʦʥʠ ʢʦʝʬʠʮʠʿʝʥʪ, ʢʚʘʥʪʥʠ ʧʨʠʥʦʩ ʣʠʥʠʿʝ ʨʘʯʫʥʘʪ ʧʦ ʿʝʜʠʥʠʮʠ 

ʘʢʪʠʚʥʦʩʪʠ ʢʘʣʠʬʦʨʥʠʿʫʤʘ ʫ ʜʘʪʦʤ ʪʨʝʥʫʪʢʫ, ʢʘʦ ʠ ʚʨʝʜʥʦʩʪ ʛʘʤʘ ʢʦʥʩʪʘʥʪʝ ʟʘ ʩʚʘʢʫ ʦʜ 

ʜʘʪʠʭ ʬʦʪʦʥʘ ʟʨʘʯʝˁʘ ʝʥʝʨʛʠʿʘ ʜʝʪʝʢʪʦʚʘʥʠʭ ʛʘʤʘ ʣʠʥʠʿʘ ʫ ʩʧʝʢʪʨʫ ʉʫʤʠʨʘˁʝʤ ʧʦʩʣʝʜˁʝ 

ʢʦʣʦʥʝ ʫ ʪʘʙʝʣʠ ʜʦʙʠʿʘ ʩʝ ʫʢʫʧʥʘ ʩʧʝʮʠʬʠʯʥʘ ʛʘʤʘ ʢʦʥʩʪʘʥʪʘ ʠʟʚʦʨʘ 252Cf . 

 

ʊʘʙʝʣʘ 7.2 ï ʈʘʯʫʥʘˁʝ ʩʧʝʮʠʬʠʯʥʝ ʛʘʤʘ ʢʦʥʩʪʘʥʪʝ ʟʘ ʩʚʘʢʫ ʛʘʤʘ ʣʠʥʠʿʫ ʩʧʝʢʪʘʨʘ ʠʟ 2008. 

ʛʦʜʠʥʝ.  

E(keV) ˩ͺ͙͊ͫͤͦͫͭ͟ ˻͒͋ͪͦ͞ (s-1) ˸͊ͫΦ͔ͦ͟ͺ(cm2/g) p  ɹ  ˥

65.41 0.000625589 0.007218388 0.027061302 0.000218 3.8593E-08 

71.28 0.000688987 0.01564614 0.025588915 0.000429 7.82672E-08 

73.68 0.000709035 0.025169878 0.025203186 0.000671 1.24561E-07 

75.86 0.00072467 0.006349158 0.024927509 0.000166 3.13063E-08 

85.18 0.000768814 0.028760176 0.013770932 0.000707 8.29155E-08 

97.14 0.000788193 0.007634107 0.013310394 0.000183 2.36635E-08 

101.68 0.000788801 0.010997649 0.01321605 0.000263 3.54025E-08 

104.07 0.000788131 0.02577456 0.013184178 0.000618 8.47883E-08 

116.65 0.00077726 0.010015041 0.013218726 0.000243 3.75427E-08 

122.06 0.000770263 0.086545075 0.01333814 0.002123 3.4565E-07 

132.66 0.000754703 0.009523738 0.013754424 0.000238 4.35089E-08 

137.06 0.000747853 0.012698317 0.013998125 0.000321 6.15566E-08 

139.59 0.000743857 0.010808686 0.014157088 0.000275 5.42595E-08 

144.51 0.000736007 0.01201805 0.014505595 0.000309 6.4677E-08 

149.33 0.000728252 0.009485945 0.014897454 0.000246 5.47548E-08 

157.93 0.000714342 0.016817711 0.015720605 0.000445 1.10448E-07 
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161.3 0.000708882 0.009334774 0.016086502 0.000249 6.4564E-08 

170.55 0.000693895 0.020332424 0.017216224 0.000554 1.62573E-07 

189.5 0.000663274 0.011375575 0.020104718 0.000324 1.23467E-07 

191.36 0.000660276 0.01999229 0.020429815 0.000572 2.23675E-07 

196.58 0.000651871 0.008049826 0.021381885 0.000233 9.80786E-08 

198.41 0.000648928 0.006764877 0.021729517 0.000197 8.49262E-08 

203.1 0.00064139 0.005290965 0.031111299 0.000156 9.84929E-08 

205.36 0.000637761 0.004799661 0.031102436 0.000142 9.08295E-08 

210.93 0.000628828 0.016666541 0.031080602 0.000501 3.28326E-07 

217.92 0.000617636 0.011451161 0.031053219 0.00035 2.37074E-07 

227.82 0.000601822 0.005857854 0.031014471 0.000184 1.29954E-07 

240.06 0.00058233 0.012584939 0.030966621 0.000408 3.03571E-07 

241.54 0.000579977 0.012244805 0.03096084 0.000399 2.98337E-07 

247.27 0.000570878 0.007293974 0.030938465 0.000241 1.84695E-07 

249.07 0.000568023 0.009977249 0.030931438 0.000332 2.557E-07 

254.84 0.00055888 0.007482937 0.030908925 0.000253 1.99283E-07 

257.86 0.0005541 0.021352824 0.030897147 0.000728 5.80141E-07 

269.33 0.000535983 0.009712701 0.030852449 0.000342 2.8453E-07 

274.88 0.000527237 0.005517721 0.030830841 0.000198 1.67589E-07 

291.09 0.000501769 0.003854846 0.030767802 0.000145 1.30014E-07 

292.65 0.000499325 0.005895647 0.030761741 0.000223 2.0085E-07 

295.22 0.000495299 0.006311366 0.030751758 0.000241 2.18593E-07 

302 0.000484693 0.004081602 0.030725436 0.000159 1.4765E-07 

306.23 0.000478086 0.009712701 0.030709023 0.000384 3.61004E-07 

311.71 0.000469537 0.005177587 0.030687771 0.000208 1.99314E-07 

313.8 0.000466281 0.003208593 0.030679669 0.00013 1.2518E-07 

316.25 0.000462465 0.009296982 0.030670173 0.00038 3.68446E-07 

326.21 0.000446981 0.011375575 0.030631598 0.000481 4.80524E-07 

330.29 0.000440651 0.008352167 0.030615808 0.000358 3.62168E-07 

332.56 0.000437132 0.010392968 0.030607025 0.000449 4.5728E-07 

335.8 0.000432113 0.003892639 0.030594494 0.00017 1.74878E-07 

342.77 0.000421331 0.006311366 0.030567551 0.000283 2.9657E-07 

348.27 0.000412838 0.009221397 0.030546304 0.000422 4.4901E-07 

351.6 0.000407702 0.008238789 0.030533446 0.000382 4.0993E-07 

357.5 0.00039598 0.011526746 0.030510676 0.00055 5.99965E-07 

359.01 0.000393709 0.010544138 0.030504851 0.000506 5.54211E-07 

363.65 0.000386919 0.001897189 0.030486957 9.27E-05 1.02719E-07 

368.14 0.000380606 0.004421735 0.03046965 0.00022 2.46242E-07 

373.45 0.000373452 0.006575914 0.030449192 0.000333 3.7835E-07 

376.05 0.000370067 0.003605415 0.030439179 0.000184 2.10726E-07 

380.96 0.000363875 0.004270565 0.030420279 0.000222 2.57004E-07 

387.98 0.000355455 0.047618688 0.030393273 0.002531 2.98499E-06 
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396.91 0.00034543 0.011753501 0.030358948 0.000643 7.74729E-07 

409.45 0.000332522 0.002675717 0.030310803 0.000152 1.88705E-07 

422.48 0.000320389 0.004459528 0.030260845 0.000263 3.3625E-07 

455.17 0.000294645 0.002210868 0.030135813 0.000142 1.94484E-07 

457.29 0.000293171 0.002324245 0.03012772 0.00015 2.06387E-07 

465.69 0.000287534 0.001950099 0.030095669 0.000128 1.79611E-07 

468.71 0.000285582 0.003110332 0.030084153 0.000206 2.9019E-07 

474.79 0.000281766 0.004232772 0.03006098 0.000284 4.0514E-07 

486.83 0.000274627 0.003208593 0.030015136 0.000221 3.22592E-07 

496.74 0.000269129 0.009826078 0.029977446 0.00069 1.02733E-06 

529.81 0.000252852 0.003817054 0.029851962 0.000285 4.51148E-07 

535.15 0.00025048 0.003643208 0.029831741 0.000275 4.38763E-07 

540.9 0.000247994 0.004119394 0.02980998 0.000314 5.06099E-07 

588.57 0.000229699 0.00521538 0.029630086 0.000429 7.48209E-07 

591.19 0.000228795 0.001114882 0.029620226 0.000092 1.61236E-07 

608.95 0.000222895 0.000304231 0.029553456 0.000026 4.64147E-08 

641.04 0.000213118 0.004119394 0.029433134 0.000365 6.89126E-07 

667.74 0.000205698 0.003892639 0.029333334 0.000358 7.00401E-07 

723.16 0.000191901 0.016779919 0.029127091 0.001652 3.48024E-06 

756.84 0.000184358 0.003473141 0.029002346 0.000356 7.8138E-07 

873.14 0.000161886 0.004308357 0.028575023 0.000503 1.25469E-06 

996.17 0.000142596 0.00276264 0.028128706 0.000366 1.0258E-06 

1004.7 0.000141397 0.006311366 0.028097978 0.000843 2.381E-06 

1238.07 0.0001141 0.001496587 0.026614136 0.000248 8.16654E-07 

1274.37 0.000110675 0.00680267 0.026435932 0.001161 3.91278E-06 

1313.22 0.000107215 0.00071428 0.026248237 0.000126 4.33924E-07 

1435.62 9.75786E-05 0.00061224 0.025676796 0.000119 4.3703E-07 

1596.13 8.74065E-05 0.001991671 0.024971195 0.000431 1.71611E-06 

2591.87 5.89704E-05 9.75049E-05 0.021524378 0.000031 1.74301E-07 

   

 

ʊʘʙʝʣʘ 7.3 ï ʈʘʯʫʥʘˁʝ ʩʧʝʮʠʬʠʯʥʝ ʛʘʤʘ ʢʦʥʩʪʘʥʪʝ ʟʘ ʩʚʘʢʫ ʛʘʤʘ ʣʠʥʠʿʫ ʩʧʝʢʪʘʨʘ ʠʟ 2013. 

ʛʦʜʠʥʝ. 

E(keV) ˩ͺ͙͊ͫͤͦͫͭ͟ ˻͒͋ͪͦ͞ όs-1) Mas.koef(cm2/g) p  ɹ ɻ 

41.89 0.002453 0.007220366 0.061356583 0.000797 2.04841E-07 

66.54 0.002895 0.014715793 0.026703629 0.001376 2.44554E-07 

69.44 0.00291 0.012831621 0.025957582 0.001194 2.15206E-07 

73.19 0.002922 0.069177979 0.02527428 0.00641 1.1857E-06 

75.43 0.002926 0.116351034 0.024977031 0.010766 2.02836E-06 

86.36 0.002917 0.097234256 0.013711829 0.009025 1.06872E-06 

105.7 0.002828 0.06051354 0.01316948 0.005794 8.06506E-07 
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109.99 0.002801 0.039746393 0.013158079 0.003842 5.56073E-07 

123.84 0.002704 0.258557852 0.013391178 0.025889 4.29327E-06 

138.73 0.002592 0.004153429 0.01410151 0.000434 8.4875E-08 

159.49 0.002434 0.009242068 0.015886949 0.001028 2.60506E-07 

165.93 0.002386 0.002227999 0.016628994 0.000253 6.97671E-08 

172.65 0.002337 0.006505206 0.017498307 0.000754 2.27748E-07 

178.25 0.002296 0.017053816 0.018296853 0.002011 6.55904E-07 

193 0.002193 0.004909849 0.020722625 0.000606 2.42447E-07 

199.39 0.00215 0.012597819 0.021918639 0.001586 6.93342E-07 

212.27 0.002067 0.007605452 0.031075351 0.000996 6.57261E-07 

219.18 0.002024 0.003562047 0.031048285 0.000477 3.24315E-07 

228.42 0.001968 0.007825501 0.031012124 0.001077 7.62583E-07 

242.44 0.001888 0.009200809 0.030957324 0.001319 9.9028E-07 

248.48 0.001855 0.03562047 0.030933741 0.005199 3.9963E-06 

253.22 0.00183 0.013381744 0.030915245 0.00198 1.55021E-06 

258.79 0.001801 0.006271403 0.030893521 0.000943 7.53965E-07 

270.07 0.001744 0.006367675 0.030849568 0.000989 8.23765E-07 

276.29 0.001714 0.009613401 0.030825353 0.001519 1.29367E-06 

296.46 0.001621 0.007247872 0.030746943 0.00121 1.10333E-06 

302.97 0.001593 0.007289131 0.030721671 0.001239 1.15305E-06 

307.17 0.001576 0.004304713 0.030705376 0.00074 6.97794E-07 

327.11 0.001496 0.005845058 0.030628114 0.001058 1.06029E-06 

333.46 0.001471 0.059550824 0.030603544 0.010959 1.11836E-05 

344.15 0.001432 0.010837425 0.030562219 0.002049 2.15502E-06 

358.66 0.001399 0.013024164 0.030506201 0.00252 2.75722E-06 

364.43 0.001383 0.001636616 0.03048395 0.00032 3.55971E-07 

388.05 0.001318 0.207671466 0.030393003 0.042652 5.03037E-05 

397.28 0.001294 0.003163208 0.030357527 0.000662 7.98125E-07 

422.47 0.001232 0.003562047 0.030260883 0.000783 1.00125E-06 

430.99 0.001211 0.000167788 0.030228254 3.75E-05 4.88662E-08 

486.97 0.001089 0.001856665 0.030014603 0.000461 6.74457E-07 

496.78 0.00107 0.005872564 0.029977294 0.001486 2.21308E-06 

529.29 0.001009 0.002640591 0.029853932 0.000708 1.11949E-06 

591.06 0.000908 0.007632958 0.029620715 0.002277 3.9862E-06 

601.96 0.000892 0.002049209 0.02957972 0.000622 1.10813E-06 

640.53 0.000838 0.003809602 0.029435043 0.001231 2.32038E-06 

660.79 0.000812 0.004400985 0.029359285 0.001467 2.84603E-06 

691.6 0.000776 0.003740837 0.029244391 0.001306 2.64109E-06 

722.38 0.000742 0.045935278 0.029129985 0.016761 3.52691E-05 

742.28 0.000722 0.0017879 0.029056219 0.000671 1.44643E-06 

755.73 0.000709 0.009627154 0.02900645 0.003678 8.06184E-06 

777.95 0.000688 0.001664122 0.028924387 0.000655 1.47313E-06 
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801.86 0.000668 0.003273232 0.028836299 0.001328 3.06993E-06 

814.52 0.000657 0.001939184 0.028789749 0.000799 1.87373E-06 

845.51 0.000633 0.00625765 0.028676065 0.002676 6.48894E-06 

872.02 0.000614 0.022004924 0.028579113 0.009702 2.41787E-05 

962.01 0.000559 0.00464854 0.028252041 0.002251 6.11727E-06 

995.07 0.000542 0.016778754 0.02813267 0.008378 2.34538E-05 

1003.53 0.000538 0.03025677 0.02783441 0.015223 4.25223E-05 

1084.64 0.000503 0.001221273 0.027398549 0.000657 1.95207E-06 

1110.73 0.000494 0.002021702 0.02726152 0.001109 3.35674E-06 

1245.33 0.000454 0.001336799 0.026578275 0.000797 2.63937E-06 

1273.46 0.000447 0.048960955 0.026440366 0.029638 9.97925E-05 

1407.13 0.000422 0.002076715 0.025807157 0.001332 4.83798E-06 

1434.74 0.000418 0.001829159 0.025680799 0.001185 4.36646E-06 

1595.58 0.000399 0.003685825 0.024973531 0.0025 9.96178E-06 

2613.5 0.000368 0.002049209 0.021464541 0.001508 8.45959E-06 

 

 

 

ʊʘʙʝʣʘ 7.4 ï ʈʘʯʫʥʘˁʝ ʩʧʝʮʠʬʠʯʥʝ ʛʘʤʘ ʢʦʥʩʪʘʥʪʝ ʧʦ ʛʘʤʘ ʣʠʥʠʿʘʤʘ ʟʘ ʩʧʝʢʪʘʨ ʠʟ 2019. 

ʛʦʜʠʥʝ. 

E(keV) ˩ͺ͙͊ͫͤͦͫͭ͟ ˻͒͋ͪͦ͞ όs-1) MaͫΦ͔ͦ͟ͺ(cm2/g) Pɹ  ɻ 

41.89 0.002453 0.007220366 0.061356583 0.000797 2.04841E-07 

66.54 0.002895 0.014715793 0.026703629 0.001376 2.44554E-07 

69.44 0.00291 0.012831621 0.025957582 0.001194 2.15206E-07 

73.19 0.002922 0.069177979 0.02527428 0.00641 1.1857E-06 

105.7 0.002828 0.06051354 0.01316948 0.005794 8.06506E-07 

109.99 0.002801 0.039746393 0.013158079 0.003842 5.56073E-07 

123.84 0.002704 0.258557852 0.013391178 0.025889 4.29327E-06 

159.49 0.002434 0.009242068 0.015886949 0.001028 2.60506E-07 

165.93 0.002386 0.002227999 0.016628994 0.000253 6.97671E-08 

172.65 0.002337 0.006505206 0.017498307 0.000754 2.27748E-07 

178.25 0.002296 0.017053816 0.018296853 0.002011 6.55904E-07 

193 0.002193 0.004909849 0.020722625 0.000606 2.42447E-07 

199.39 0.00215 0.012597819 0.021918639 0.001586 6.93342E-07 

212.27 0.002067 0.007605452 0.031075351 0.000996 6.57261E-07 

219.18 0.002024 0.003562047 0.031048285 0.000477 3.24315E-07 

228.42 0.001968 0.007825501 0.031012124 0.001077 7.62583E-07 

242.44 0.001888 0.009200809 0.030957324 0.001319 9.9028E-07 

248.48 0.001855 0.03562047 0.030933741 0.005199 3.9963E-06 

253.22 0.00183 0.013381744 0.030915245 0.00198 1.55021E-06 
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276.29 0.001714 0.009613401 0.030825353 0.001519 1.29367E-06 

296.46 0.001621 0.007247872 0.030746943 0.00121 1.10333E-06 

302.97 0.001593 0.007289131 0.030721671 0.001239 1.15305E-06 

307.17 0.001576 0.004304713 0.030705376 0.00074 6.97794E-07 

327.11 0.001496 0.005845058 0.030628114 0.001058 1.06029E-06 

333.46 0.001471 0.059550824 0.030603544 0.010959 1.11836E-05 

344.15 0.001432 0.010837425 0.030562219 0.002049 2.15502E-06 

358.66 0.001399 0.013024164 0.030506201 0.00252 2.75722E-06 

364.43 0.001383 0.001636616 0.03048395 0.00032 3.55971E-07 

388.05 0.001318 0.207671466 0.030393003 0.042652 5.03037E-05 

397.28 0.001294 0.003163208 0.030357527 0.000662 7.98125E-07 

422.47 0.001232 0.003562047 0.030260883 0.000783 1.00125E-06 

430.99 0.001211 0.000167788 0.030228254 3.75E-05 4.88662E-08 

486.97 0.001089 0.001856665 0.030014603 0.000461 6.74457E-07 

496.78 0.00107 0.005872564 0.029977294 0.001486 2.21308E-06 

591.06 0.000908 0.007632958 0.029620715 0.002277 3.9862E-06 

601.96 0.000892 0.002049209 0.02957972 0.000622 1.10813E-06 

640.53 0.000838 0.003809602 0.029435043 0.001231 2.32038E-06 

660.79 0.000812 0.004400985 0.029359285 0.001467 2.84603E-06 

691.6 0.000776 0.003740837 0.029244391 0.001306 2.64109E-06 

722.38 0.000742 0.045935278 0.029129985 0.016761 3.52691E-05 

742.28 0.000722 0.0017879 0.029056219 0.000671 1.44643E-06 

755.73 0.000709 0.009627154 0.02900645 0.003678 8.06184E-06 

814.52 0.000657 0.001939184 0.028789749 0.000799 1.87373E-06 

845.51 0.000633 0.00625765 0.028676065 0.002676 6.48894E-06 

872.02 0.000614 0.022004924 0.028579113 0.009702 2.41787E-05 

962.01 0.000559 0.00464854 0.028252041 0.002251 6.11727E-06 

995.07 0.000542 0.016778754 0.02813267 0.008378 2.34538E-05 

1003.53 0.000538 0.03025677 0.02783441 0.015223 4.25223E-05 

1084.64 0.000503 0.001221273 0.027398549 0.000657 1.95207E-06 

1110.73 0.000494 0.002021702 0.02726152 0.001109 3.35674E-06 

1245.33 0.000454 0.001336799 0.026578275 0.000797 2.63937E-06 

1273.46 0.000447 0.048960955 0.026440366 0.029638 9.97925E-05 

1407.13 0.000422 0.002076715 0.025807157 0.001332 4.83798E-06 

1434.74 0.000418 0.001829159 0.025680799 0.001185 4.36646E-06 

1595.58 0.000399 0.003685825 0.024973531 0.0025 9.96178E-06 

2613.5 0.000368 0.002049209 0.021464541 0.001508 8.45959E-06 
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ʊʘʙʝʣʘ 7.5 ï ɺʨʝʜʥʦʩʪʠ ʩʧʝʮʠʬʠʯʥʝ ʛʘʤʘ ʢʦʥʩʪʘʥʪʝ ʟʘ ʪʨʠ ʨʘʟʣʠʯʠʪʝ ʛʦʜʠʥʝ, ʨʘʯʫʥʘʪʝ ʥʘ 

ʦʩʥʦʚʫ ʩʥʠʤˀʝʥʠʭ ʛʘʤʘ ʩʧʝʢʪʘʨʘ. 

ɻʦʜʠʥʘ ɻ
Ἅ ἵ

ἳἯ ἌἹ Ἳ
 

2008 ρȟυρσρπ  

2013 τȟτςσρπ  

2019 ρȟτψσςρπ  

 

 

7.4 ɼʠʩʢʫʩʠʿʘ ʜʦʙʠʿʝʥʠʭ ʚʨʝʜʥʦʩʪʠ ʛʘʤʘ ʢʦʥʩʪʘʥʪʝ 

ʠʟʚʦʨʘ 252Cf 

 

 ʉʧʝʮʠʬʠʯʥʘ ʛʘʤʘ ʢʦʥʩʪʘʥʪʘ ʮʝʣʦʢʫʧʥʦʛ ʠʟʚʦʨʘ ʨʘʯʫʥʘʪʘ ʧʦ ʿʝʜʠʥʠʮʠ ʘʢʪʠʚʥʦʩʪʠ 
252Cf ʫ ʧʝʨʠʦʜʫ ʦʜ ʧʨʚʦʛ ʜʦ ʧʦʩʣʝʜˁʝʛ ʤʝʨʝˁʘ ʩʧʝʢʪʨʘ ʧʦʨʘʩʣʘ ʿʝ ʟʘ ʯʠʪʘʚ ʨʝʜ ʚʝʣʠʯʠʥʝ. 

ʂʘʜʘ ʩʝ ʧʦʩʤʘʪʨʘ ʩʧʝʢʪʘʨ ʩʥʠʤˀʝʥ 2019.ʛʦʜʠʥʝ, ʥʘʿʠʥʪʝʥʟʠʚʥʠʿʝ ʛʘʤʘ ʣʠʥʠʿʝ ʫ ʩʧʝʢʪʨʫ 

ʧʦʪʠʯʫ ʦʜ ʨʘʜʠʦʥʫʢʣʠʜʘ 154Eu ʠ 249Cf. ʇʦʪʦʤʮʠ ʢʦʿʠ ʧʦʪʠʯʫ ʦʜ 252Cf ʫ ʚʝʠ˂ʥʠ ʧʨʝʜʩʪʘʚˀʘʿʫ 

ʢʨʘʪʢʦʞʠʚʝ˂ʝ ʨʘʜʠʦʥʫʢʣʠʜʝ, ʪʝ ʩʫ ʦʥʠ ʫ ʨʘʚʥʦʪʝʞʠ ʩʘ ˁʠʤ, ʢʘʢʦ ʿʝ ʬʦʨʤʫʣʘ ʟʘ ʢʚʘʥʪʥʠ 

ʧʨʠʥʦʩ ὴ (7.2) ʧʨʦʧʦʨʮʠʦʥʘʣʥʘ ʦʜʥʦʩʫ 
ˍ

. ʇʦʨʝʜ ʢʨʘʪʢʦʞʠʚʝ˂ʠʭ ʧʦʪʦʤʘʢʘ, 

ʜʝʪʝʢʪʦʚʘʥʦ ʿʝ ʠ ʧʨʠʩʫʩʪʚʦ ʜʫʛʦʞʠʚʝ˂ʠʭ ʨʘʜʠʦʥʫʢʣʠʜʘ, ʢʦʿʠ ʤʦʛʫ ʥʘʩʪʘʪʠ ʬʠʩʠʿʦʤ 

ʢʘʣʠʬʦʨʥʠʿʫʤʘ: 137Cs, 154Eu ʠ  155Eu.  

 ʋʢʫʧʥʘ ʛʘʤʘ ʢʦʥʩʪʘʥʪʘ ʠʟʚʦʨʘ ʤʦʞʝ ʜʘ ʩʝ ʧʨʝʜʩʪʘʚʠ ʢʘʦ ʟʙʠʨ ʧʦʿʝʜʠʥʘʯʥʠʭ ʛʘʤʘ 

ʢʦʥʩʪʘʥʪʠ ʟʘ ʩʚʘʢʫ ʦʜ ʝʥʝʨʛʠʿʘ ʬʦʪʦʥʘ ʛʘʤʘ ʟʨʘʯʝˁʘ ʜʝʪʝʢʪʦʚʘʥʠʭ ʫ ʚʠʜʫ ʛʘʤʘ ʣʠʥʠʿʘ ʫ 

ʩʧʝʢʪʨʠʤʘ ʠ ʤʦʞʝ ʜʘ ʩʝ ʧʦʜʝʣʠ ʥʘ ʜʚʘ ʜʝʣʘ. ɱʝʜʘʥ ʧʨʠʧʘʜʘ ʩʚʠʤ ʢʨʘʪʢʦʞʠʚʝ˂ʠʤ ʧʦʪʦʤʮʠʤʘ, 

ʘ ʜʨʫʛʠ ʜʫʛʦʞʠʚʝ˂ʠʤ ʥʫʢʣʠʜʠʤʘ ʢʦʿʠ ʩʫ ʥʘʚʝʜʝʥʠ: 
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(7.3) 

 ɼʝʦ ʩʘ ʢʨʘʪʢʦʞʠʚʝ˂ʠʤ ʧʦʪʦʤʮʠʤʘ ʩʝ ʥʝ ʤʝˁʘ ʪʦʢʦʤ ʚʨʝʤʝʥʘ, ʢʘʢʦ ʩʫ ʩʚʠ ʦʥʠ 

ʚʨʝʤʝʥʘ ʧʦʣʫʨʘʩʧʘʜʘ ʤʥʦʛʦ ʤʘˁʠʭ ʫ ʦʜʥʦʩʫ ʥʘ ʢʘʣʠʬʦʨʥʠʿʫʤ, ʪʝ ʩʝ ʥʘʣʘʟʝ ʫ ʨʘʚʥʦʪʝʞʠ. 

ɼʝʦ ʩʘ ʜʫʛʦʞʠʚʝ˂ʠʤ ʨʘʜʠʦʥʫʢʣʠʜʠʤʘ ʢʦʿʠ ʩʫ ʩʝ ʜʝʪʝʢʪʦʚʘʣʠ ʤʝˁʘ ʩʝ ʚʨʝʤʝʥʦʤ ʠ 

ʧʨʦʧʦʨʮʠʦʥʘʣʘʥ ʿʝ: 

ὴͯ
Ὡ Ὡ

Ὡ
 

(7.4) 
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 ʂʚʘʥʪʥʠ ʧʨʠʥʦʩ ˂ʝ ʠʤʘʪʠ ʢʦʥʩʪʘʥʪʘʥ ʨʘʩʪ, ʢʘʢʦ ˁʝʛʦʚʘ ʧʨʦʤʝʥʘ ʟʘʚʠʩʠ ʦʜ ʦʜʥʦʩʘ 

ʘʢʪʠʚʥʦʩʪʠ ʜʫʛʦʞʠʚʝ˂ʠʭ ʥʫʢʣʠʜʘ ʠ ʘʢʪʠʚʥʦʩʪʠ ʢʘʣʠʬʦʨʥʠʿʫʤʘ 

 ʇʦʤʝʥʫʪʦ ʿʝ ʜʘ ʿʝ ʫ ʩʧʝʢʪʨʠʤʘ ʠʟ 2013. ʠ 2019. ʛʦʜʠʥʝ ʧʨʠʤʝ˂ʝʥʦ ʧʨʠʩʫʩʪʚʦ 

ʢʘʣʠʬʦʨʥʠʿʫʤʘ 249. ɺʨʝʤʝ ʧʦʣʫʨʘʩʧʘʜʘ ʠʟʥʦʩʠ 351 ʛʦʜʠʥʫ ʠ ʨʘʩʧʘʜʘ ʩʝ ʘʣʬʘ ʨʘʩʧʘʜʦʤ ʥʘ 

ʿʝʟʛʨʦ ʢʠʨʠʿʫʤʘ (245Cm) ʫ ʩʢʦʨʦ 100% ʩʣʫʯʘʿʝʚʘ, ʘ ʩʧʦʥʪʘʥʦʤ ʬʠʩʠʿʦʤ 5.0 10-7 %. ɼʚʝ ʣʠʥʠʿʝ 

ʢʦʿʝ ʩʫ ʧʨʠʩʫʪʥʝ ʫ ʩʧʝʢʪʨʠʤʘ ʧʨʠʢʘʟʫʿʝ ʉʣʠʢʘ 7.6. ʉʘʤ 252Cf ʥʝ ʤʦʞʝ ʙʠʣʦ ʢʘʢʚʠʤ ʨʘʩʧʘʜʦʤ 

ʜʘ ʩʪʚʦʨʠ ʿʘʟʛʨʦ 249Cf. Aʢʦ ʩʝ ʧʦʩʤʘʪʨʘ ʧʦʩʪʫʧʘʢ ʜʦʙʠʿʘˁʘ ʢʘʣʠʬʦʨʥʠʿʫʤʦʚʦʛ ʠʟʦʪʦʧʘ 252, 

ʢʦʿʠ ʩʝ ʙʘʟʠʨʘ ʥʘ ʙʦʤʙʘʨʜʦʚʘˁʫ ʤʝʪʝ ʦʜ 242Pu ʫʧʘʜʥʠʤ ʪʝʨʤʘʣʥʠʤ ʥʝʫʪʨʦʥʠʤʘ ʫ ʨʝʘʢʪʦʨʫ. 

ʉʝʨʠʿʦʤ ʥʝʫʪʨʦʥʩʢʠʭ ʟʘʭʚʘʪʘ, ʧʦʚʝ˂ʘʚʘ ʩʝ ʤʘʩʝʥʠ ʙʨʦʿ ʜʦʙʠʿʝʥʠʭ ʿʝʟʛʘʨʘ. ʂʘʢʦ ʿʝ ʚʝ˂ʠʥʘ 

ʥʘʩʪʘʣʠʭ ʿʝʟʛʘʨʘ ʥʝʩʪʘʙʠʣʥʘ ʥʘ ʙʝʪʘ ʨʘʩʧʘʜ, ʫʩʣʝʜ ʧʦʚʝ˂ʘʥʦʛ ʙʨʦʿʘ ʥʝʫʪʨʦʥʘ ʫ ʿʝʟʛʨʫ, ɓ 

ʨʘʩʧʘʜʦʤ ʢʦʿʠ ʜʦʞʠʚˀʘʚʘʿʫ ʥʘʩʪʘʿʫ ʿʝʟʛʨʘ ʩʘ ʚʝ˂ʠʤ ʨʝʜʥʠʤ ʙʨʦʿʝʤ (ʉʣʠʢʘ 6.1). ʇʦʩʪʫʧʘʢ 

ʩʝʧʘʨʘʮʠʿʝ ʢʘʣʠʬʦʨʥʠʿʫʤʘ ʥʘ ʢʨʘʿʫ ʧʨʦʮʝʩʘ, ʢʘʜʘ ʿʝ ʫ ʩʣʫʯʘʿʫ ʭʝʤʠʿʩʢʘ ʩʝʧʘʨʘʮʠʿʘ, ʥʝ ʤʦʞʝ 

ʜʘ ʨʘʟʜʚʦʿʠ ʠʟʦʪʦʧʝ ʨʘʟʣʠʯʠʪʝ ʢʘʣʠʬʦʨʥʠʿʫʤʘ. 

 ʈʘʜʠʦʥʫʢʣʠʜ 154Eu ʩʝ ʪʘʢʦʹʝ ʤʦʞʝ ʜʝʪʝʢʪʦʚʘʪʠ ʫ ʩʚʘ ʪʨʠ ʩʧʝʢʪʨʘ ʢʘʣʠʬʦʨʥʠʿʫʤʦʚʦʛ 

ʠʟʚʦʨʘ. ɺʨʝʤʝ ʧʦʣʫʨʘʩʧʘʜʘ ʠʟʥʦʩʠ 8.601 ʛʦʜʠʥʘ. ʀʤʘ ʜʚʘ ʢʘʥʘʣʘ ʨʘʩʧʘʜʘ, ɓ- ʨʘʩʧʘʜʦʤ ʫ 

99.982% ʩʣʫʯʘʿʝʚʘ ʠ ʫʥʫʪʨʘʰˁʦʤ ʢʦʥʚʝʨʟʠʿʦʤ ʫ 0.018% ʨʘʩʧʘʜʘ. ɽʤʠʪʫʿʝ ʚʝʣʠʢʠ ʙʨʦʿ ʛʘʤʘ 

ʬʦʪʦʥʘ.ʊʘʙʝʣʘ 7.6 ʧʦʢʘʟʫʿʝ ʩʧʠʩʘʢ ʛʘʤʘ ʣʠʥʠʿʘ ʩʘ ʚʝʨʦʚʘʪʥʦ˂ʦʤ ʧʨʝʣʘʟʘ ʢʦʿʝ ʩʝ ʚʠʜʝ ʫ 

ʩʥʠʤˀʝʥʠʤ ʩʧʝʢʪʨʠʤʘ. ʇʦʣʦʞʘʿ ʝʫʨʦʧʠʿʫʤʘ 154 ʫ ʠʟʦʙʘʨʥʦʤ ʥʠʟʫ ʿʝ ʪʘʢʘʚ ʜʘ ʩʝ ʥʘʣʘʟʠ 

ʠʟʤʝʹʫ ʜʚʘ ʩʪʘʙʠʣʥʘ ʠʟʦʪʦʧʘ 

ʊʘʙʝʣʘ 7.6 ï ɻʘʤʘ ʣʠʥʠʿʝ ʢʦʿʝ ʧʦʪʠʯʫ ʦʜ 154Eu ʢʦʿʝ ʩʝ ʤʦʛʫ ʠʜʝʥʪʠʬʠʢʦʚʘʪʠ ʫ ʩʧʝʢʪʨʫ. 

E(keV) pɔ (%) 

123.07 40.4 

247.929 6.89 

591.775 4.95 

723.3 20.06 

756.80 4.52 

873.184 12.08 

996.29 10.48 

1004.76 18.01 

1274.429 34.8 

1596.48 1.79 

  

 ʂʘʢʦ 154Eu ʤʦʞʝ ʜʘ ʩʝ ʜʦʙʠʿʝ ʨʘʩʧʘʜʦʤ 252Cf ʧʫʪʝʤ ʬʠʩʠʿʝ, ʘ ʧʦʣʦʞʘʿ ʠʟʤʝʹʫ ʜʚʘ 

ʩʪʘʙʠʣʥʘ ʥʫʢʣʠʜʘ ʫ ʠʟʦʙʘʨʥʦʤ ʣʘʥʮʫ ʟʥʘʯʠ ʜʘ ʜʦ ˁʝʛʦʚʦʛ ʧʨʠʩʫʩʪʚʘ ʥʝ ʤʦʞʝ ʜʦ˂ʠ 

ʥʘʢʥʘʜʥʠʤ ʨʘʩʧʘʜʠʤʘ ʜʨʫʛʠʭ ʬʠʩʠʦʥʠʭ ʬʨʘʛʤʝʥʘʪʘ, ʪʦ ʙʠ ʟʥʘʯʠʣʦ ʜʘ ʧʦʪʠʯʝ ʠʩʢˀʫʯʠʚʦ 

ʜʠʨʝʢʪʥʦʤ ʬʠʩʠʿʦʤ 252Cf. ʋʯʝʩʪʘʣʦʩʪ ʜʘ ʩʝ ʢʘʣʠʬʦʨʥʠʿʫʤ 252 ʬʠʩʠʿʦʤ ʨʘʩʧʘʜʥʝ ʥʘ 

ʝʫʨʦʧʠʿʫʤ 154 ʠʟʥʦʩʠ 2.58 10-6  ʧʦ ʿʝʜʥʦʿ ʬʠʩʠʿʠ 252Cf. ʄʝʹʫʪʠʤ, 154Eu je ʠ ʧʦʨʝʜ ʥʠʩʢʝ 

ʚʝʨʦʚʘʪʥʦ˂ʝ ʥʘʩʪʘʥʢʘ, ʙʠʦ ʧʨʠʩʫʪʘʥ ʫ ʧʨʚʦʤ ʤʝʨʝˁʫ (160) 
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 ʈʘʜ ʢʦʿʠ ʩʝ ʙʘʚʠ ʦʜʨʝʹʠʚʘˁʝʤ ʩʪʘʨʦʩʪʠ ʢaʣʠʬʦʨʥʠʿʫʤʦʚʠʭ ʠʟʚʦʨʘ (163), ʛʜʝ ʿʝ 

ʨʘʟʤʘʪʨʘʥ ʠ ʛʘʤʘ ʩʧʝʢʪʘʨ ʢʘʣʠʬʦʨʥʠʿʫʤʦʚʦʛ ʠʟʚʦʨʘ ʩʥʠʤʘʥ ʫ ʃʘʙʦʨʘʪʦʨʠʿʠ ʟʘ ʥʫʢʣʝʘʨʥʫ 

ʩʧʝʢʪʨʦʩʢʦʧʠʿʫ ʫ ʅʦʚʦʤ ʉʘʜʫ, ʧʨʠʤʝ˂ʝʥʦ ʿʝ ʩʣʝʜʝ˂ʝ. ɼʘ ʠʟʚʦʨʠ ʢʦʿʠ ʢʦʿʠ ʩʫ ʥʘʧʨʘʚˀʝʥʠ ʫ 

ʧʝʨʠʦʜʫ ʙʠʚʰʝʛ ʉʦʚʿʝʪʩʢʦʛ ʉʘʚʝʟʘ, ʢʘʦ ʠ ʜʘʥʘʰˁʝ ʈʫʩʢʝ ʬʝʜʝʨʘʮʠʿʝ, ʜʦ 2006.ʛʦʜʠʥʝ ʫ ʩʝʙʠ 

ʩʘʜʨʞʝ ʥʝʯʠʩʪʦ˂ʝ ʫ ʚʠʜʫ 154ɽu. ʇʨʠʩʫʩʪʚʦ ʦʚʦʛ ʨʘʜʠʦʠʟʦʪʦʧʘ ʢʘʦ ʥʝʯʠʩʪʦ˂ʝ ʿʝ ʫʩʣʝʜ 

ʢʦʨʠʰ˂ʝˁʘ ʰʠʧʢʠ ʦʜ 154ɽu ʫ ʢʦʥʪʨʦʣʥʠʤ ʤʝʭʘʥʠʟʤʠʤʘ ʫ ʨʝʘʢʪʦʨʠʤʘ ʢʦʿʠ ʩʫ ʦʩʤʠʰˀʝʥʠ ʫ 

ʉʦʚʿʝʪʩʢʦʤ ʉʘʚʝʟʫ (164), ʘ ʧʨʦʠʟʚʦʜʠ ʩʝ ʠ ʫ ɼʠʤʠʪʨʦʚʛʨʘʜʫ ʢʘʦ ʢʘʣʠʙʨʘʮʠʦʥʠ ʠʟʚʦʨ (165). 

ʉʘ ʜʨʫʛʝ ʩʪʨʘʥʝ ʠʟʚʦʨʠ ʢʦʿʠ ʩʫ ʢʦʨʠʰ˂ʝʥʠ ʫ ʨʘʜʫ (163) ʢʦʿʠ ʩʫ ʧʦʨʝʢʣʦʤ ʠʟ ʉʿʝʜʠˁʝʥʠʭ 

ɸʤʝʨʠʯʢʠʭ ɼʨʞʘʚʘ ʧʨʠʤʝ˂ʝʥʦ ʿʝ ʦʜʩʫʩʪʚʦ 154Eu. 

 ʇʦʣʘʟʝ˂ʠ ʦʜ ʧʨʝʪʧʦʩʪʘʚʢʝ ʢʦʿʘ ʿʝ ʠʟʥʝʪʘ ʫ ʥʘʚʝʜʝʥʦʤ ʨʘʜʫ, ʧʨʠʣʠʢʦʤ ʨʘʯʫʥʘ 

ʩʧʝʮʠʬʠʯʥʝ ʛʘʤʘ ʢʦʥʩʪʘʥʪʝ ʠʩʢˀʫʯʝʥʝ ʩʫ ʣʠʥʠʿʝ ʢʦʿʝ ʧʦʪʠʯʫ ʦʜ 154Eu. ʇʦʨʝʜ ʝʫʨʦʧʠʿʫʤʘ, 

ʠʩʢˀʫʯʝʥʝ ʩʫ ʠ ʣʠʥʠʿʝ ʢʦʿʝ ʧʦʪʠʯʫ ʦʜ 249Cf, ʯʠʿʝ ʿʝ ʧʨʠʩʫʩʪʚʦ ʫʩʣʝʜ ʥʝʦʜʚʘʿʘˁʘ ʨʘʟʣʠʯʠʪʠʭ 

ʠʟʦʪʦʧʘ ʢʘʣʠʬʦʨʥʠʿʫʤʘ ʧʨʠʣʠʢʦʤ ʩʝʧʘʨʘʮʠʿʝ ʢʘʣʠʬʦʨʥʠʿʫʤʘ ʫ ʧʨʦʮʝʩʫ ʧʨʦʠʟʚʦʜˁʝ. 

ʇʦʩʪʫʧʢʦʤ ʚʝ˂ ʦʧʠʩʘʥʠʤ, ʠʟʨʘʯʫʥʘʪʝ ʩʫ ʚʨʝʜʥʦʩʪʠ ʩʧʝʮʠʬʠʯʥʝ ʛʘʤʘ ʢʦʥʩʪʘʥʪʝ ʟʘ ʩʚʘ ʪʨʠ 

ʤʝʨʝˁʘ ʩʧʝʢʪʨʘ. ʈʝʟʫʣʪʘʪʠ ʩʫ ʥʘʚʝʜʝʥʠ (ʊʘʙʝʣʘ 7.7). 

ʊʘʙʝʣʘ 7.7 ï ɺʨʝʜʥʦʩʪʠ ʩʧʝʮʠʬʠʯʥʝ ʛʘʤʘ ʢʦʥʩʪʘʥʪʝ ʠʟʚʦʨʘ ʢʘʣʠʬʦʨʥʠʿʫʤʘ ʟʘ ʨʘʟʣʠʯʠʪʝ 

ʛʦʜʠʥʝ ʫ ʩʣʫʯʘʿʫ ʦʜʫʟʠʤʘˁʘ ʜʦʧʨʠʥʦʩʘ 249Cf, 155Eu ʠ 154Eu. 
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ʉʣʠʢʘ 7.10 ï ʇʨʦʤʝʥʘ ʚʨʝʜʥʦʩʪʠ ʩʧʝʮʠʬʠʯʥʝ ʛʘʤʘ ʢʦʥʩʪʘʥʪʝ: a) ʩʘ ʫʨʘʯʫʥʘʪʠʤ ʩʚʠʤ 

ʜʝʪʝʢʪʦʚʘʥʠʤ ʨʘʜʠʦʥʫʢʣʠʜʠʤʘ; b) ʙʝʟ ʨʘʜʠʦʥʫʢʣʠʜʘ ʩʘ ʚʝ˂ʠʤ ʚʨʝʤʝʥʠʤʘ ʧʦʣʫʨʘʩʧʘʜʘ ʫ 

ʦʜʥʦʩʫ ʥʘ 252Cf ʢʦʿʠ ʩʝ ʤʦʛʫ ʩʤʘʪʨʘʪʠ ʥʝʯʠʩʪʦ˂ʘʤʘ. 
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ɿʘʢˀʫʯʘʢ  
 

 ʇʦʪʨʝʙʘ ʟʘ ʫʥʘʧʨʝʹʠʚʘˁʝʤ ʧʦʩʪʦʿʝ˂ʠʭ ʬʫʥʢʮʠʿʘ ʠ ʨʘʟʚʠʿʘˁʝʤ ʥʦʚʠʭ, ʟʘʩʣʫʞʥʘ ʿʝ ʟʘ 

ʢʦʥʩʪʘʥʪʥʦ ʪʨʘʛʘˁʝ ʟʘ ʥʦʚʠʤ ʤʘʪʝʨʠʿʘʣʠʤʘ ʢʦʿʠ ˂ʝ ʪʝ ʥʦʚʝ ʧʨʠʤʝʥʝ ʠ ʦʤʦʛʫ˂ʠʪʠ, ʪʦ ʿʝ ʠ 

ʿʝʜʘʥ ʦʜ ʨʘʟʣʦʛʘ ʜʘ ʩʝ ʫ ʦʚʦʤ ʨʘʜʫ ʧʦʩʚʝʪʠ ʧʘʞˁʘ ʟʘ ʥʝʫʪʨʦʥʩʢʝ ʨʝʘʢʮʠʿʝ ʥʘ ʨʝʥʠʿʫʤʫ. ʇʨʚʠ 

ʜʝʦ ʦʚʦʛ ʨʘʜʘ ʦʙʨʘʹʫʿʝ ʨʝʘʢʮʠʿʝ ʠʟʘʟʚʘʥʝ ʥʝʫʪʨʦʥʠʤʘ ʥʘ ʨʝʥʠʿʫʤʫ. ʈʝʥʠʿʫʤ ʧʨʝʜʩʪʘʚˀʘ 

ʿʝʜʘʥ ʦʜ ʝʣʝʤʝʥʘʪʘ ʢʦʿʠ ʚʝ˂ ʥah ʘʦ ʰʠʨʦʢʫ ʧʨʠʤʝʥʫ. ʈʝʥʠʿʫʤ ʠʤʘ ʚʠʩʦʢʫ ʪʘʯʢʫ ʪʦʧˀʝˁʘ ʠ 

ʚʝʣʠʢʫ ʤʝʭʘʥʠʯʢʫ ʦʪʧʦʨʥʦʩʪ, ʪʝ ʩʝ ʚʝ˂ ʢʦʨʠʩʪʠ ʫ ʘʚʠʦ ʠ ʩʚʝʤʠʨʩʢʦʿ ʠʥʜʫʩʪʨʠʿʠ. ʂʦʨʠʩʪʠ ʩʝ 

ʠ ʢʘʦ ʠʟʚʦʨ ʥʘʧʘʿʘˁʘ ʫ ʩʘʪʝʣʠʪʠʤʘ ʠ ʚʦʿʥʦʿ ʦʧʨʝʤʠ ʛʜʝ ʥʠʿʝ ʤʦʛʫ˂ʝ ʧʨʠʩʫʩʪʚʦ ˀʫʜʩʢʦʛ 

ʬʘʢʪʦʨʘ (117), ʢʘʦ ʠ ʫ ʬʫʥʜʘʤʝʥʪʘʣʠʤ ʠʩʪʨʘʞʠʚʘˁʠʤʘ ʘʩʪʨʦʬʠʟʠʢʝ (4; 5). ʉʚʝ ʿʝ ʰʠʨʘ 

ʧʨʠʤʝʥʘ ʠ ʫ ʤʝʜʠʮʠʥʠ, ʧʨʠʣʠʢʦʤ ʜʠʿʘʛʥʦʩʪʠʢʝ ʠ ʪʝʨʘʧʠʿʝ ʤʘʣʠʛʥʠʭ ʦʙʦˀʝˁʘ (7; 9). ʇʦʨʝʜ 

ʚʠʩʦʢʝ ʪʘʯʢʝ ʪʦʧˀʝˁʘ ʠ ʦʪʧʦʨʥʦʩʪʠ ʥʘ ʤʝʭʘʥʠʯʢʦ ʭʘʙʘˁʝ, ʣʝʛʫʨʝ ʨʝʥʠʿʫʤʘ ʧʦʢʘʟʫʿʫ 

ʦʩʦʙʠʥʝ ʜʦʙʨʦʛ ʥʝʫʪʨʦʥʩʢʦʛ ʘʧʩʦʨʙʝʨʘ (12), ʪʝ ʢʘʢʦ ʥʠʩʫ ʥʘʰʣʝ ʧʨʠʤʝʥʫ ʫ ʧʦʩʪʦʿʝ˂ʠʤ 

ʥʫʢʣʝʘʨʥʠʤ ʨʝʘʢʪʦʨʠʤʘ, ʧʣʘʥʠʨʘ ʩʝ ˁʠʭʦʚʦ ʢʦʨʠʰ˂ʝˁʝ ʫ ʥʘʨʝʜʥʦʿ ʛʝʥʝʨʘʮʠʿʠ ʥʫʢʣʝʘʨʥʠʭ 

ʨʝʘʢʪʦʨʘ.  

 ʂʘʢʦ ʙʠ ʩʝ ʨʝʥʠʿʫʤ ʤʦʛʘʦ ʢʦʨʠʩʪʠʪʠ ʫ ʚʝ˂ʠʥʠ ʥʘʚʝʜʝʥʠʭ ʧʨʠʤʝʥʘ, ʧʦʪʨʝʙʥʦ ʿʝ ʙʠʪʠ 

ʫʧʦʟʥʘʪ ʩʘ ʚʨʝʜʥʦʩʪʠʤʘ ʝʬʠʢʘʩʥʦʛ ʧʨʝʩʝʢʘ ʨʝʘʢʮʠʿʘ ʩʘ ʥʝʫʪʨʦʥʠʤʘ. ʇʦʟʥʘʚʘˁʝ ʦʚʠʭ 

ʚʨʝʜʥʦʩʪʠ ʿʝ ʦʜ ʚʝʣʠʢʦʛ ʟʥʘʯʘʿʘ, ʢʘʢʦ ʟʘ ʧʨʘʢʪʠʯʥʝ ʧʨʠʤʝʥʝ, ʪʘʢʦ ʠ ʟʘ ʨʘʟʚʦʿ, ʧʨʦʚʝʨʫ ʠ 

ʫʥʘʧʨʝʹʠʚʘˁʝ ʨʘʟʫʤʝʚʘˁʘ ʪʝʦʨʠʿʩʢʠʭ ʤʦʜʝʣʘ ʢʦʿʠ ʦʧʠʩʫʿʫ ʥʫʢʣʝʘʨʥʝ ʨʝʘʢʮʠʿʝ ʫ ʮʝʣʠʥʠ. 

ʇʦʩʪʦʿʝ˂ʠ ʪʝʦʨʠʿʩʢʠ ʧʨʦʨʘʯʫʥʠ ʝʬʠʢʘʩʥʠʭ ʧʨʝʩʝʢʘ ʟʘ ʚʝʣʠʢʠ ʙʨʦʿ ʨʝʘʢʮʠʿʘ ʤʦʛʫ ʩʝ ʥʘ˂ʠ 

(74) ʫ ʨʘʟʣʠʯʠʪʠʤ ʙʘʟʘʤʘ ʧʦʜʘʪʘʢʘ, ʜʦʢ ʚʨʝʜʥʦʩʪʠ ʝʬʠʢʘʩʥʠʭ ʧʨʝʩʝʢʘ ʜʦʙʠʿʝʥʝ ʫ 

ʨʘʟʣʠʯʠʪʠʤ ʝʢʩʧʝʨʠʤʝʥʪʠʤʘ ʩʫ ʪʘʢʦʹʝ ʜʦʩʪʫʧʥʝ (13).  ʋʚʠʜʦʤ ʫ ʧʦʩʪʦʿʝ˂ʝ ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʝ 

ʧʦʜʘʪʢʝ, ʤʦʞʝ ʩʝ ʟʘʢˀʫʯʠʪʠ ʜʘ ʟʘ ʨʝʘʢʮʠʿʝ ʠʥʜʫʢʦʚʘʥʝ ʥʝʫʪʨʦʥʠʤʘ ʥʘ ʠʟʦʪʦʧʠʤʘ ʨʝʥʠʿʫʤʘ 

ʝʢʩʧʝʨʠʤʝʥʪʣʘʥʝ ʚʨʝʜʥʦʩʪʠ ʝʬʠʢʘʩʥʠʭ ʧʨʝʩʝʢʘ ʥʝ ʧʦʢʨʠʚʘʿʫ ʩʚʝ ʚʨʩʪʝ ʨʝʘʢʮʠʿʘ ʫ 

ʧʦʪʧʫʥʦʩʪʠ. ʆʚʦ ʩʝ ʧʦʩʝʙʥʦ ʦʜʥʦʩʠ ʥʘ ʝʥʝʨʛʝʪʩʢʠ ʦʧʩʝʛ ʫʧʘʜʥʠʭ ʥʝʫʪʨʦʥʘ, ʛʜʝ ʙʠ ʙʠʣʦ 

ʧʦʪʨʝʙʥʦ ʧʦʟʥʘʚʘʪʠ ʚʨʝʜʥʦʩʪʠ ʝʬʠʢʘʩʥʠʭ ʧʨʝʩʝʢʘ ʟʘ ʝʥʝʨʛʠʿʝ ʥʝʫʪʨʦʥʘ ʠ ʜʦ 20 MeV. ʇʦʨʝʜ 

ʥʝʜʦʩʪʘʪʢʘ ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʠʭ ʧʦʜʘʪʘʢʘ, ʫ ʩʣʫʯʘʿʫ ʜʘ ʩʫ ʦʥʠ ʧʨʠʩʫʪʥʠ, ʧʦʩʪʦʿʠ ʟʥʘʪʥʘ 

ʨʘʟʣʠʢʘ ʫ ʜʦʙʠʿʝʥʠʤ ʚʨʝʜʥʦʩʪʠʤʘ, ʫ ʟʘʚʠʩʥʦʩʪʠ ʦʜ ʝʢʩʧʝʨʠʤʝʥʪʘ ʜʦ ʝʢʩʧʝʨʠʤʝʥʪʘ.  

 ʋ ʨʘʜʫ ʩʫ ʠʩʧʠʪʠʚʘʥʝ ʬʫʥʢʮʠʿʝ ʝʬʠʢʘʩʥʠʭ ʧʨʝʩʝʢʘ ʟʘ ʜʚʝ ʨʝʘʢʘʮʠʿʝ ʥʘ ʨʝʥʠʿʫʤʦʚʠʤ 

ʠʟʦʪʦʧʠʤʘ: 185Re(n,3n)183Re ʠ 187Re(n,p)187W ʫ ʦʧʩʝʛʫ ʦʜ 13,08 MeV ʜʦ 19,50 MeV ʪʝʭʥʠʢʦʤ 

NAXSUN ʢʦʿʘ ʿʝ ʦʩʤʠʰˀʝʥʘ ʦʜ ʩʪʨʘʥʝ ʆʙʿʝʜʠˁʝʥʦʛ ʠʩʪʨʘʞʠʚʘʯʢʦʛ ʮʝʥʪʨʘ ɽʚʨʦʧʩʢʝ 

ʢʦʤʠʩʠʿʝ ʫ ɻʝʝʣʫ (Joint Research Centre - JRC) ʫ ɹʝʣʛʠʿʠ, ʫ ʯʠʿʠʤ ʧʦʩʪʨʦʿʝˁʠʤʘ ʿʝ 

ʝʢʩʧʝʨʠʤʝʥʪ ʠ ʠʟʚʨʰʝʥ. ʊʝʭʥʠʢʝ ʥʝʫʪʨʦʥʩʢʝ ʘʢʪʠʚʘʮʠʦʥʝ ʘʥʘʣʠʟʝ ʩʫ ʦʩʤʠʰˀʝʥʝ ʫʙʨʟʦ 

ʥʘʢʦʥ ʦʪʢʨʠʚʘˁʘ ʥʝʫʪʨʦʥʘ ʠ ʜʘʥʘʩ ʠʤʘʿʫ ʰʠʨʦʢʫ ʧʨʠʤʝʥʫ (19; 20; 21; 22). ʊʝʭʥʠʢʘ ʩʝ ʙʘʟʠʨʘ 

ʦʟʨʘʯʠʚʘˁʫ ʠ ʘʢʪʠʚʘʮʠʿʠ ʚʠʰʝ ʠʜʝʥʪʠʯʥʠʭ ʜʠʩʢʦʚʘ ʩʘʯʠˁʝʥʠʭ ʦʜ ʤʘʪʝʨʠʿʘʣʘ ʢʦʿʠ ʩʝ 

ʠʩʧʠʪʫʿʝ, ʫ ʦʚʦʤ ʩʣʫʯʘʿʫ ʨʝʥʠʿʫʤʘ ʚʠʩʦʢʝ ʯʠʩʪʦ˂ʝ. ʉʚʘʢʠ ʦʜ ʜʠʩʢʦʚʘ ʿʝ ʦʟʨʘʯʠʚʘʥ 

ʥʝʫʪʨʦʥʠʤʘ ʯʠʿʠ ʿʝ ʬʣʫʢʩ ʜʦʙʨʦ ʜʝʬʠʥʠʩʘʥ ʠ ʢʦʿʠ ʿʝ ʰʠʨʦʢʦʛ ʦʧʩʝʛʘ ʝʥʝʨʛʠʿʘ. ʆʚʦ ʿʝ 

ʧʦʩʪʠʛʥʫʪʦ ʨʦʪʠʨʘˁʝʤ ʜʠʩʢʦʚʘ ʥʘ ʧʦʩʝʙʘʥ ʥʘʯʠʥ ʪʦʢʦʤ ʦʟʨʘʯʠʚʘˁʘ ʥʝʫʪʨʦʥʠʤʘ. ʅʘ ʪʘʿ 
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ʥʘʯʠʥ ʩʝ ʧʦʩʪʠʛʣʦ ʜʘ ʿʝ ʩʚʘʢʠ ʦʜ ʜʠʩʢʦʚʘ ʦʟʨʘʯʝʥ ʨʘʟʣʠʯʠʪʠʤ ʬʣʫʢʩʝʚʠʤʘ ʢʦʿʠ ʩʝ 

ʜʝʣʠʤʠʯʥʦ ʧʨʝʢʣʘʧʘʿʫ ʥʘ ʦʜʨʝʹʝʥʠʤ ʝʥʝʨʛʠʿʘʤʘ ʠ ʪʘʢʦ ʩʝ ʧʦʢʨʠʚʘ ʮʝʦ ʝʥʝʨʛʝʪʩʢʠ ʦʧʩʝʛ ʦʜ 

13 ʄʝV ʜʦ 19.5 MeV. ʇʦʨʝʜ ʨʦʪʠʨʘʿʫ˂ʠʭ ʜʠʩʢʦʚʘ, ʢʦʿʠʤʘ ʩʝ ʧʦʢʨʠʚʘ ʰʠʨʦʢ ʦʧʩʝʛ ʝʥʝʨʛʠʿʘ, 

ʿʝʜʘʥ ʜʠʩʢ ʿʝ ʦʟʨʘʯʠʚʘʥ ʧʨʠ ʤʠʨʦʚʘˁʫ ʬʣʫʢʩʦʤ ʤʦʥʦʝʥʝʨʛʝʪʩʢʠʭ ʥʝʫʪʨʦʥʘ ʦʜ 18,1 ʄʝV, 

ʰʪʦ ʿʝ ʩʣʫʞʠʣʦ ʟʘ ʜʦʙʠʿʘˁʝ ʝʬʠʢʘʩʥʦʛ ʧʨʝʩʝʢʘ ʟʘ ʧʦʤʝʥʫʪʫ ʚʨʝʜʥʦʩʪ ʝʥʝʨʛʠʿʘ ʥʝʫʪʨʦʥʘ ʠ 

ʟʘ ʥʦʨʤʘʣʠʟʦʚʘˁʝ ʜʦʙʠʿʝʥʝ ʬʫʥʢʮʠʿʝ ʝʬʠʢʘʩʥʠʭ ʧʨʝʩʝʢʘ. ɸʢʪʠʚʠʨʘʥʘ ʨʘʜʠʦʘʢʪʠʚʥʦʩʪ 

ʜʠʩʢʦʚʘ ʿʝ ʜʝʪʝʢʪʦʚʘʥʘ ʫ ʜʚʘ ʥʘʚʨʘʪʘ ʥʘʢʦʥ ʦʟʨʘʯʠʚʘˁʘ, ʧʨʚʦ ʛʝʨʤʘʥʠʿʫʤʩʢʠʤ ʜʝʪʝʢʪʦʨʦʤ 

ʢʦʘʢʩʠʿʘʣʥʦʛ ʦʙʣʠʢʘ ʩʘ ʨʝʣʘʪʠʚʥʦʤ ʝʬʠʢʘʩʥʦʩʰ˂ʫ ʦʜ 40%, ʜʦʢ ʿʝ  ʜʨʫʛʦ ʤʝʨʝˁʝ ʠʟʚʨʰʝʥʦ 

ʫ HADES ʧʦʜʟʝʤʥʦʿ ʣʘʙʦʨʘʪʦʨʠʿʠ (131; 132) BEGe (Broad Energy Germanium Detector) 

ʜʝʪʝʢʪʦʨʦʤ, ʨʝʣʘʪʠʚʥʝ ʝʬʠʢʘʩʥʦʩʪʠ ʦʜ 50%. 

 ɸʥʘʣʠʟʘ ʨʝʥʠʿʫʤʦʚʠʭ ʜʠʩʢʦʚʘ ʤʝʪʦʜʦʤ NAXSUN ʤʦʞʝ ʩʝ ʧʦ ʝʪʘʧʘʤʘ ʦʧʠʩʘʪʠ: 

¶ ɸʢʪʠʚʘʮʠʿʘ ʰʝʩʪ ʠʜʝʥʪʠʯʥʠʭ ʜʠʩʢʦʚʘ ʥʘʧʨʘʚˀʝʥʠʭ ʦʜ 99,99% ʨʝʥʠʿʫʤʘ ʠʟʚʨʰʝʥʘ ʿʝ 

ʩʥʦʧʦʤ ʥʝʫʪʨʦʥʘ ʯʠʿʠ ʩʫ ʬʣʫʢʩʝʚʠ ʙʠʣʠ ʜʦʙʨʦ ʜʝʬʠʥʠʩʘʥʠ, ʘ ʟʘ ʩʚʘʢʠ ʜʠʩʢ 

ʨʘʟʣʠʯʠʪʠ. 

¶ ɱʝʜʘʥ ʜʠʩʢ ʿʝ ʘʢʪʠʚʠʨʘʥ ʤʦʥʦʝʥʝʨʛʝʪʩʢʠʤ ʥʝʫʪʨʦʥʠʤʘ, ʝʥʝʨʛʠʿʝ 18,1 ʄʝV. 

¶ ʀʥʜʫʢʦʚʘʥʘ ʨʘʜʠʦʘʢʪʠʚʥʦʩʪ ʿʝ ʠʩʧʠʪʠʚʘʥʘ ʛʘʤʘ ʩʧʝʢʪʨʦʩʢʦʧʩʢʦʤ ʘʥʘʣʠʟʦʤ. 

¶ ʋʨʘʹʝʥ ʿʝ ʧʨʦʮʝʩ unfolding-a ʜʘ ʙʠ ʩʝ ʜʦʙʠʣʝ ʬʫʥʢʮʠʿʝ ʝʬʠʢʘʩʥʠʭ ʧʨʝʩʝʢʘ ʟʘ ʨʝʘʢʮʠʿʝ 
185Re(n,3n)183Re ʠ 187Re(n,p)187W ʫ  ʝʥʝʨʛʝʪʩʢʦʤ ʦʧʩʝʛʫ ʦʜ 13,08 MeV ʜʦ 19,50 MeV. 

ɿʘ ʧʨʦʮʝʩ unfolding-a ʥʝʦʧʭʦʜʥʠ ʧʦʜʘʮʠ ʩʫ ʠʥʜʫʢʦʚʘʥʘ ʘʢʪʠʚʥʦʩʪ (ɸk), ʥʝʫʪʨʦʥʩʢʠ 

ʬʣʫʢʩ ʌ ʠ ʧʦʯʝʪʥʘ ʬʫʥʢʮʠʿʘ ʝʬʠʢʘʩʥʦʛ ʧʨʝʩʝʢʘ (ʧʨʝʜʝʬʠʥʠʩʘʥʘ). 

 ʄʝʪʦʜʘ NAXSUN ʥʝ ʜʘʿʝ ʧʨʝʮʠʟʥʝ ʧʦʜʘʪʢʝ ʢʘʦ ʜʨʫʛʝ ʤʝʪʦʜʝ ʢʦʿʝ ʩʝ ʙʘʟʠʨʘʿʫ ʥʘ 

ʤʦʥʦʝʥʝʨʛʝʪʩʢʠʤ ʩʥʦʧʦʚʠʤʘ ʥʝʫʪʨʦʥʘ ʛʜʝ ʩʝ ʜʦʙʠʿʘʿʫ ʜʠʩʢʨʝʪʥʝ ʚʨʝʜʥʦʩʪʠ ʝʬʠʢʘʩʥʠʭ 

ʧʨʝʩʝʢʘ. ʆʥʘ ʠʤʘ ʟʘ ʮʠˀ ʦʜʨʝʹʠʚʘˁʝ ʚʨʝʜʥʦʩʪʠ ʝʬʠʢʘʩʥʦʛ ʧʨʝʩʝʢʘ ʫ ʰʠʨʦʢʦʤ ʝʥʝʨʛʝʪʩʢʦʤ 

ʦʧʩʝʛʫ, ʪʝ ʜʘʿʝ ʦʧʠʩ ʬʫʥʢʮʠʿʝ ʝʬʠʢʘʩʥʠʭ ʧʨʝʩʝʢʘ ʫ ʚʠʜʫ ˁʝʥʦʛ ʦʙʣʠʢʘ, ʧʨʘʛʘ ʥʫʢʣʝʘʨʥʝ 

ʨʝʘʢʮʠʿʝ, ʢʘʦ ʠ ʝʚʝʥʪʫʘʣʥʦʛ ʧʣʘʪʦʘ ʫ ʚʨʝʜʥʦʩʪʠʤʘ.  

 ɼʦʙʠʿʝʥʝ ʬʫʥʢʮʠʿʝ ʝʬʠʢʘʩʥʠʭ ʧʨʝʩʝʢʘ ʟʘ ʦʙʝ ʬʫʥʢʮʠʿʝ ʩʫ ʟʘʪʠʤ ʫʧʦʨʝʹʝʥʝ ʩʘ 

ʜʦʩʪʫʧʥʠʤ ʝʢʩʧʝʨʠʤʝʥʪʣʘʥʠʤ ʚʨʝʜʥʦʩʪʠʤʘ (13), ʢʘʦ ʠ ʩʘ ʜʦʩʪʫʧʥʠʤ ʪʝʦʨʠʿʩʢʠʤ 

ʧʨʦʨʘʯʫʥʠʤʘ ʫ ʨʘʟʣʠʯʠʪʠʤ ʙʘʟʘʤʘ ʧʦʜʘʪʘʢʘ (74). ʇʦʨʝʜ ʪʦʛʘ, ʫ ʦʚʦʤ ʨʘʜʫ ʩʫ ʩʝ ʢʦʨʠʩʪʠʣʘ 

ʜʚʘ ʢʦʜʘ ʟʘ ʠʟʨʘʯʫʥʘʚʘˁʝ ʧʘʨʘʤʝʪʘʨʘ ʫ ʥʫʢʣʝʘʨʥʠʤ ʨʝʘʢʮʠʿʘʤʘ: TALYS 1.9 (84)   ʠ EMPIRE 

3.2.3 (105) ɼʦʙʠʿʝʥʝ ʚʨʝʜʥʦʩʪʠ ʝʬʠʢʘʩʥʠʭ ʧʨʝʩʝʢʘ ʜʦʙʠʿʝʥʝ ʫ ʦʚʦʤ ʨʘʜʫ ʩʫ ʫʧʦʨʝʹʝʥʝ ʩʘ 

ʧʨʦʨʘʯʫʥʠʤʘ ʢʦʿʝ ʜʘʿʫ ʜʚʘ ʢʦʜʘ.  

ʌʫʢʮʠʿʘ ʝʬʠʢʘʩʥʦʛ ʧʨʝʩʝʢʘ ʟʘ ʨʝʘʢʮʠʿʫ 185Re(n,3n)183Re 

 ɿʘ ʝʥʝʨʛʝʪʩʢʠ ʦʧʩʝʛ ʦʜ 13ʄʝV ʜʦ 19.5 MeV ʟʘ ʥʘʚʝʜʝʥʫ ʨʝʘʢʮʠʿʫ ʙʠʣʘ ʿʝ ʜʦʩʪʫʧʥʘ 

ʩʘʤʦ ʿʝʜʥʘ ʚʨʝʜʥʦʩʪ ʝʬʠʢʘʩʥʦʛ ʧʨʝʩʝʢʘ ʟʘ ʝʥʝʨʛʠʿʝ ʫʧʘʜʥʠʭ ʥʝʫʪʨʦʥʘ ʦʜ 14,8 ʄʝV. 

ʈʝʟʫʣʪʘʪʠ ʜʦʙʠʿʝʥʠ ʫ ʦʚʦʤ ʨʘʜʫ ʧʨʝʜʩʪʘʚˀʘʿʫ ʧʨʚʝ ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʦ ʜʦʙʠʿʝʥʝ ʚʨʝʜʥʦʩʪʠ ʟʘ 

ʝʥʝʨʛʠʿʝ ʥʝʫʪʨʦʥʘ ʚʠʰʝ ʦʜ ʧʦʤʝʥʫʪʝ ʟʘ ʨʝʘʢʮʠʿʫ 185Re(n,3n)183Re. ɼʠʨʝʢʪʥʦ ʨʘʯʫʥʘʪʘ 

ʚʨʝʜʥʦʩʪ ʝʬʠʢʘʩʥʦʛ ʧʨʝʩʝʢʘ ʟʘ ʝʥʝʨʛʠʿʝ ʥʝʫʪʨʦʥʘ ʦʜ 18,1 MeV ʩʝ ʜʦʙʨʦ ʩʣʘʞʝ ʩʘ ʧʦʩʪʦʿʝ˂ʠʤ 

ʪʝʦʨʠʿʩʢʠʤ ʧʨʦʨʘʯʫʥʠʤʘ ʠʟ ʧʦʩʪʦʿʝ˂ʠʭ ʙʘʟʘ ʧʦʜʘʪʘʢʘ. ɿʘ ʦʚʫ ʨʝʘʢʮʠʿʫ ʢʦʨʠʰ˂ʝʥʠ ʩʫ ʧʦʜʘʮʠ 
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ʠʟ ENDF/B-VII.0, JEFF ï 3.3, BROND 3.1, JEF 2.2 JENDL ʠ ROSFOND 2010 ʙʘʟʘ. ɼʦʙʠʿʝʥʘ 

ʬʫʥʢʮʠʿʘ ʝʬʠʢʘʩʥʠʭ ʧʨʝʩʝʢʘ ʫ ʮʝʣʦʤ ʦʧʩʝʛʫ 13,08 ï 19,5 ʄʝV ʪʘʢʦʹʝ ʧʦʢʘʟʫʿʝ ʜʦʙʨʦ 

ʩʣʘʛʘˁʝ ʩʘ ʧʦʩʪʦʿʝ˂ʠʤ ʪʝʦʨʠʿʩʢʠʤ ʧʨʦʨʘʯʫʥʠʤʘ. ʌʫʥʢʮʠʿʘ ʠʤʘ ʨʘʩʪ ʚʨʝʜʥʦʩʪʠ ʫ ʮʝʣʦʤ 

ʝʥʝʨʛʝʪʩʢʦʤ ʦʧʩʝʛʫ, ʙʝʟ ʥʘʛʣʠʭ ʧʨʦʤʝʥʘ ʫ ʧʦʥʘʰʘˁʫ, ʰʪʦ ʿʝ ʫ ʩʢʣʘʜʫ ʩʘ ʪʝʦʨʠʿʩʢʠʤ 

ʧʨʝʜʚʠʹʘˁʠʤʘ. ʅʘʿʙʦˀʝ ʩʣʘʛʘˁʝ ʨʝʟʫʣʪʘʪʠ ʫ ʦʚʦʤ ʨʘʜʫ ʠʤʘʿʫ ʩʘ ROSFOND 2010 ʙʘʟʦʤ 

ʧʦʜʘʪʘʢʘ.  

 ʈʝʟʫʣʪʘʪʠ ʜʦʙʠʿʝʥʠ ʟʘ ʬʫʥʢʮʠʿʫ ʝʬʠʢʘʩʥʠʭ ʧʨʝʩʝʢʘ ʟʘ ʨʝʘʢʮʠʿʫ 185Re(n,3n)183Re 

ʫʧʦʨʝʹʝʥʠ ʩʫ ʠ ʩʘ ʚʨʝʜʥʦʩʪʠʤʘ ʢʦʿʝ ʩʫ ʠʟʨʘʯʫʥʘʪʝ TALYS 1.9 ʠ EMPIRE 3.2.3. ʧʨʦʛʨʘʤʠʤʘ. 

ʂʦʜ ʦʙʘ ʧʨʦʛʨʘʤʘ, ʩʚʠ ʧʘʨʘʤʝʪʨʠ ʩʫ ʦʩʪʘʚˀʝʥʠ ʥʘ ʧʦʜʨʘʟʫʤʝʚʘʥʠʤ ʚʨʝʜʥʦʩʪʠʤʘ, ʠʟʫʟʝʚ 

ʧʘʨʘʤʝʪʘʨʘ ʢʦʿʠ ʦʜʨʝʹʫʿʫ ʤʦʜʝʣʝ ʧʦ ʢʦʿʠʤʘ ʩʝ ʨʘʯʫʥʘʿʫ ʛʫʩʪʠʥʝ ʝʥʝʨʛʝʪʩʢʠʭ ʥʠʚʦʘ. ʂʦʜ 

TALYS 1.9 ʠʤʘ ʰʝʩʪ, ʘ ʢʦʜ EMPIRE 3.2.3. ʠʤʘ ʯʝʪʠʨʠ ʤʦʛʫ˂ʝ ʚʨʝʜʥʦʩʪʠ. TALYS 1.9 ʜʘʿʝ 

ʚʨʝʜʥʦʩʪʠ ʝʬʠʢʘʩʥʠʭ ʧʨʝʩʝʢʘ ʥʝʰʪʦ ʚʠʰʝ ʫ ʮʝʣʦʢʫʧʥʦʤ ʝʥʝʨʛʝʪʩʢʦʤ ʦʧʩʝʛʫ ʫ ʧʦʨʝʹʝˁʫ ʩʘ 

ʨʝʟʫʣʪʘʪʠʤʘ ʜʦʙʠʿʝʥʠʤ ʫ ʦʚʦʤ ʨʘʜʫ, ʩʘ ʩʪʘʣʥʠʤ ʧʦʨʘʩʪʦʤ ʚʨʝʜʥʦʩʪʠ ʩʘ ʧʦʚʝ˂ʘˁʝʤ ʝʥʝʨʛʠʿʘ, 

ʰʪʦ ʿʝ ʫ ʩʢʣʘʜʫ ʩʘ ʧʦʩʪʦʿʝ˂ʠʤ ʪʝʦʨʠʿʩʢʠʤ ʧʨʝʜʚʠʹʘˁʠʤʘ ʫ ʙʘʟʘʤʘ ʧʦʜʘʪʘʢʘ, ʢʘʦ ʠ ʩʘ 

ʜʦʙʠʿʝʥʦʤ unfolding ʬʫʥʢʮʠʿʦʤ ʫ ʦʚʤ ʨʘʜʫ. EMPIRE 3.2.3 ʧʨʦʨʘʯʫʥʠ ʜʘʿʫ ʠʩʪʦ ʧʦʥʘʰʘˁʝ 

ʚʨʝʜʥʦʩʪʠ ʝʬʠʢʘʩʥʠʭ ʧʨʝʩʝʢʘ, ʩʘ ʥʝʰʪʦ ʥʠʞʠʤ ʚʨʝʜʥʦʩʪʠʤʘ ʫ ʦʜʥʦʩʫ ʥʘ ʜʦʙʠʿʝʥʫ unfolding 

ʬʫʥʢʮʠʿʫ ʠ ʫ ʦʜʥʦʩʫ ʥʘ ʚʨʝʜʥʦʩʪʠ ʜʦʙʠʿʝʥʝ TALYS 1.9. ʈʘʟʣʠʢʘ ʫ ʧʨʦʨʘʯʫʥʠʤʘ ʚʨʝʜʥʦʩʪʠ 

ʝʬʠʢʘʩʥʠʭ ʧʨʝʩʝʢʘ ʢʦʨʠʰ˂ʝˁʝʤ ʦʚʘ ʜʚʘ ʧʨʦʛʨʘʤʘ ʠʜʝ ʠ ʜʦ 50% ʥʘ ʧʦʿʝʜʠʥʠʤ ʝʥʝʨʛʠʿʘʤʘ. 

ʌʫʢʮʠʿʘ ʝʬʠʢʘʩʥʦʛ ʧʨʝʩʝʢʘ ʟʘ ʨʝʘʢʮʠʿʫ 187Re(n,ʨ)187W 

 ɽʢʩʧʝʨʠʤʝʥʪʘʣʥʠ ʧʦʜʘʮʠ ʟʘ ʦʚʫ ʨʝʘʢʮʠʿʫ ʙʠʣʠ ʩʫ ʧʨʝʪʭʦʜʥʦ ʜʦʩʪʫʧʥʠ ʫ ʦʧʩʝʛʫ 

ʝʥʝʨʛʠʿʘ ʦʜ 13 ʜʦ 15 MeV. ʈʝʟʫʣʪʘʪʠ ʜʦʙʠʿʝʥʠ ʫ ʦʚʦʤ ʨʘʜʫ ʟʘ ʚʨʝʜʥʦʩʪʠ ʝʬʠʢʘʩʥʠʭ ʧʨʝʩʝʢʘ 

ʟʘ ʝʥʝʨʛʠʿʝ ʦʜ 15 ʜʦ 19,5 ʄʝV ʧʨʝʜʩʪʘʚˀʘʿʫ ʧʨʚʝ ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʦ ʜʦʙʠʿʝʥʝ ʚʨʝʜʥʦʩʪʠ 

ʝʬʠʢʘʩʥʠʭ ʧʨʝʩʝʢʘ ʟʘ ʨʝʘʢʮʠʿʫ 187Re(n,ʨ)187W. ɺʨʝʜʥʦʩʪ ʝʬʠʢʘʩʥʦʛ ʧʨʝʩʝʢʘ ʟʘ ʝʥʝʨʛʠʿʫ 

ʥʝʫʪʦʨʥʘ ʦʜ 18,1 ʄʝV, ʢʦʿʘ ʿʝ ʩʣʫʞʠʣʘ ʟʘ ʥʦʨʤʘʣʠʟʘʮʠʿʫ ʬʫʥʢʮʠʿʝ ʝʬʠʢʘʩʥʦʛ ʧʨʝʩʝʢʘ ʠʤʘ 

ʥʝʰʪʦ ʥʠʞʝ ʚʨʝʜʥʦʩʪʠ ʫ ʦʜʥʦʩʫ ʥʘ ʧʦʩʪʦʿʝ˂ʘ ʪʝʦʨʠʿʩʢʝ ʧʨʦʨʘʯʫʥʝ ʠʟ ʨʘʟʣʠʯʠʪʠʭ ʙʘʟʘ 

ʧʦʜʘʪʘʢʘ. ʆʚʝ ʚʨʝʜʥʦʩʪʠ ʝʬʠʢʘʩʥʠʭ ʧʨʝʩʝʢʘ ʫ ʮʝʣʦʤ ʝʥʝʨʛʝʪʩʢʦʤ ʦʧʩʝʛʫ ʨʘʩʪʫ ʩʘ 

ʧʦʚʝ˂ʘˁʝʤ ʝʥʝʨʛʠʿʘ, ʰʪʦ ʩʝ ʨʘʟʣʠʢʫʿʝ ʫ ʦʜʥʦʩʫ ʥʘ ʜʦʙʠʿʝʥʫ ʬʫʥʢʮʠʿʫ ʝʬʠʢʘʩʥʠʭ ʧʨʝʩʝʢʘ ʫ 

ʦʚʦʤ ʨʘʜʫ, ʢʦʿʘ ʠʤʘ ʧʦʨʘʩʪ ʜʦ ʝʥʝʨʛʠʿʝ ʦʜ 16 MeV, ʥʘʢʦʥ ʯʝʛʘ ʩʝ ʧʨʠʤʝ˂ʫʿʝ ʦʜʨʞʘʚʘˁʝ 

ʚʨʝʜʥʦʩʪʠ ʝʬʠʢʘʩʥʠʭ ʧʨʝʩʝʢʘ ʩʘ ʜʘˀʠʤ ʧʦʚʝ˂ʘˁʝʤ ʝʥʝʨʛʠʿʝ. ɿʘ ʨʝʘʢʮʠʿʫ 187Re(n,ʨ)187W, ʫ 

ʮʠˀʫ ʫʧʦʨʝʰʠʚʘˁʘ ʚʨʝʜʥʦʩʪʠ ʢʦʨʠʰ˂ʝʥʝ ʩʫ ʩʣʝʜʝ ʪʝʦʨʠʿʩʢʝ ʙʘʟʝ ʧʦʜʘʪʘʢʘ: NEDF/B-VII.0, 

JEFF-3.3, JENDL/AO ï 2017, FENDL ï 3.1c, EAF ï 2010 ʠ TENDL ï 2017. ʅʘʿʙʦˀʝ ʩʣʘʛʘˁʝ 

ʜʦʙʠʿʝʥʠʭ ʚʨʝʜʥʦʩʪʠ ʝʬʠʢʘʩʥʠʭ ʧʨʝʩʝʢʘ ʫ ʦʚʦʤ ʨʘʜʫ ʩʝ ʧʨʠʤʝ˂ʫʿʝ ʩʘ EAF ï 2010 ʙʘʟʦʤ.  

 ʂʘʦ ʠ ʟʘ ʧʨʝʪʭʦʜʥʫ ʨʝʘʢʮʠʿʫ ʠ ʟʘ ʨʝʘʢʮʠʿʫ 187Re(n,ʨ)187W ʨʘʹʝʥʠ ʩʫ ʧʨʦʨʘʯʫʥʠ 

ʚʨʝʜʥʦʩʪʠ ʝʬʠʢʘʩʥʠʭ ʧʨʝʩʝʢʘ ʧʦʤʦ˂ʫ TALYS 1.9 ʠ EMPIRE 3.2.3. ʧʨʦʛʨʘʤʘ. ʇʨʦʨʘʯʫʥʘʪʝ 

ʚʨʝʜʥʦʩʪʠ ʧʦʢʘʟʫʿʫ ʢʦʥʩʪʘʥʪʘʥ ʧʦʨʘʩʪ ʚʨʝʜʥʦʩʪʠ ʩʘ ʧʦʚʝ˂ʘˁʝʤ ʝʥʝʨʛʠʿʘ ʫʧʘʜʥʠʭ ʥʝʫʪʨʦʥʘ, 

ʰʪʦ ʿʝ ʫ ʩʢʣʘʜʫ ʩʘ ʧʦʩʪʦʿʝ˂ʠʤ ʪʝʦʨʠʿʩʢʠʤ ʧʨʦʨʘʯʫʥʠʤʘ ʠʟ ʥʘʚʝʜʝʥʠʭ ʙʘʟʘ ʧʦʜʘʪʘʢʘ. ʊʘʢʦʹʝ 

ʿʝ ʧʨʠʤʝʪʥʦ ʜʘ TALYS 1.9 ʜʘʿʝ ʚʨʝʜʥʦʩʪʠ ʝʬʠʢʘʩʥʠʭ ʧʨʝʩʝʢʘ ʠ ʜʦ 50% ʚʝ˂ʠʤ ʫ ʦʜʥʦʩʫ ʥʘ 

EMPIRE 3.2.3 ʧʨʦʨʘʯʫʥʝ. TALYS 1.9 ʚʨʝʜʥʦʩʪʠ ʝʬʠʢʘʩʥʠʭ ʧʨʝʩʝʢʘ ʩʫ ʫ ʮʝʣʦʤ ʝʥʝʨʛʝʪʩʢʦʤ 

ʦʧʩʝʛʫ ʚʠʰʝ ʫ ʦʜʥʦʩʫ ʥʘ ʫ ʦʚʦʤ ʨʘʜʫ ʜʦʙʠʿʝʥʫ ʬʫʥʢʮʠʿʫ ʝʬʠʢʘʩʥʠʭ ʧʨʝʩʝʢʘ, ʜʦʢ ʩʫ 
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ʚʨʝʜʥʦʩʪʠ ʢʦʿʝ ʜʘʿʝ EMPIRE 3.2.3 ʥʠʞʝ ʫ ʦʜʥʦʩʫ ʥʘ ʬʫʥʢʮʠʿʫ ʠʟ ʦʚʦʛ ʨʘʜʘ, ʜʦ ʝʥʝʨʛʠʿʘ ʦʜ 

ʦʢʦ 18, ʄʝV.  ʈʘʟʣʠʢʘ ʫ ʧʨʦʨʘʯʫʥʠʤʘ ʜʚʘ ʧʨʦʛʨʘʤʘ ʤʦʞʝ ʜʘ ʠʤʘ ʥʝʢʦʣʠʢʦ ʨʘʟʣʦʛʘ. ɱʝʜʘʥ ʿʝ 

ʥʘʯʠʥ ʥʘ ʢʦʿʠ ʩʝ ʚʨʰʠ ʧʘʨʘʤʝʪʨʠʟʘʮʠʿʘ ʧʨʠʣʠʢʦʤ ʨʘʯʫʥʘˁʘ ʥʫʢʣʝʘʨʥʦʛ ʦʧʪʠʯʢʦʛ ʤʦʜʝʣʘ, 

ʥʘ ʢʦʿʝʤ ʩʝ ʙʘʟʠʨʘʿʫ ʧʨʦʨʘʯʫʥʠ ʫ ʦʙʘ ʧʨʦʛʨʘʤʘ. ʊʘʢʦʹʝ, ʟʘ ʝʥʝʨʛʠʿʝ ʫʧʘʜʥʠʭ ʥʝʫʪʨʦʥʘ ʧʨʝʢʦ 

10 ʄʝV ʜʦʣʘʟʠ ʜʦ ʚʝʣʠʢʦʛ ʫʪʠʮʘʿʘ ʥʘ ʥʘʯʠʥ ʢʘʢʦ ʩʝ ʪʨʝʪʠʨʘʿʫ ʜʦʧʨʠʥʦʩʠ ʧʨʝʜʨʘʚʥʦʪʝʞʥʦʛ 

ʤʦʜʝʣʘ ʫ ʜʚʘ ʧʨʦʛʨʘʤʘ. 

ɺʨʝʜʥʦʩʪʠ ʩʧʝʮʝʬʠʯʥʝ ʛʘʤʘ ʢʦʥʩʪʘʥʪʝ ʠʟʚʦʨʘ 252Cf. 

 ʀʟʦʪʦʧ ʢʘʣʠʬʦʨʥʠʿʫʤʘ 252Cf ʠʤʘ ʰʠʨʦʢʫ ʧʨʘʢʪʠʯʥʫ ʧʨʠʤʝʥʫ, ʦ ʯʝʤʫ ʿʝ ʙʠʣʦ ʨʝʯʠ. 

ʇʦʨʝʜ ʩʪʘʙʠʣʥʦʛ ʠʟʚʦʨʘ ʥʝʫʪʨʦʥʘ, ʢʘʣʠʬʦʨʥʠʿʫʤʦʚ ʠʟʚʦʨ ʧʨʝʜʩʪʘʚˀʘ ʠ ʠʟʚʦʨ ʛʘʤʘ ʟʨʘʣʝˁʘ, 

ʢʘʢʦ ʩʝ ʧʨʠʣʠʢʦʤ ʨʘʩʧʘʜʘ ʬʠʩʠʿʦʤ ʚʝʣʠʢʠ ʧʨʦʿ ʬʠʩʠʦʥʠʭ ʬʨʘʛʤʝʥʘʪʘ ʩʪʚʘʨʘ ʫ ʧʦʙʫʹʝʥʦʤ 

ʩʪʘˁʫ. ʇʨʠʣʠʢʦʤ ʢʦʨʠʰ˂ʝˁʘ ʦʚʦʛ ʨʘʜʠʦʠʟʦʪʦʧʘ ʫ ʤʝʜʠʮʠʥʩʢʝ ʩʚʨʭʝ, ʪʦʢʦʤ ʧʣʘʥʠʨʘˁʘ 

ʫʢʫʧʥʝ ʜʦʟʝ ʢʦʿʫ ˂ʝ ʧʘʮʠʿʝʥʪʠ ʧʨʠʤʠʪʠ ʫʨʘʯʫʥʘʚʘ ʩʝ ʠʩʢˀʫʯʠʚʦ ʥʝʫʪʨʦʥʩʢʦ ʟʨʘʯʝˁʝ, ʢʘʢʦ 

ʦʥʦ ʠʤʘ ʚʠʰʝʩʪʨʫʢʦ ʚʝ˂ʠ ʙʠʦʣʦʰʢʠ ʝʬʝʢʘʪ ʫ ʦʜʥʦʩʫ ʥʘ ʛʘʤʘ ʟʨʘʯʝˁʝ.  

 ʇʨʦʮʝʥʘ ʜʦʟʝ ʢʦʿʫ ʛʘʤʘ ʝʤʠʪʝʨʠ ʜʘʿʫ ʥʘ ʿʝʜʠʥʠʯʥʦʤ ʨʘʩʪʦʿʘʫˁ ʦʜʨʝʹʫʿʝ ʩʝ 

ʩʧʝʮʠʬʠʯʥʦʤ ʛʘʤʘ ʢʦʥʩʪʘʥʪʦʤ ʠ ʦʥʘ ʩʝ ʨʘʯʫʥʘ ʧʦ ʿʝʜʠʥʠʮʠ ʘʢʪʠʚʥʦʩʪʠ. ʋʧʨʘʚʦ ʥʘ ʦʚʘʿ 

ʥʘʯʠʥ ʩʝ ʧʦʢʫʰʘʣʘ ʧʨʦʮʝʥʠʪʠ ʧʨʦʤʝʥʘ ʜʦʟʝ ʿʝʜʥʦʛ ʠʟʚʦʨʘ ʢʘʢʦ ʦʥ ʩʪʘʨʠ, ʫʩʣʝʜ 

ʥʘʛʦʤʠʣʘʚʘˁʘ ʬʠʩʠʦʥʠʭ ʬʨʘʛʤʝʥʘʪʘ, ʨʘʯʫʥʘʿʫ˂ʠ ʩʧʝʮʠʬʠʯʥʫ ʛʘʤʘ ʢʦʥʩʪʘʥʪʫ ʟʘ ʪʨʠ 

ʚʨʝʤʝʥʩʢʘ ʠʥʪʝʨʚʘʣʘ. ʋ ʩʚʘʢʦʤ ʦʜ ʩʧʝʢʪʘʨʘ ʿʝ ʠʜʝʥʪʠʬʠʢʦʚʘʥʦ ʧʨʠʩʫʩʪʚʦ ʨʘʟʣʠʯʠʪʠʭ 

ʨʘʜʠʦʥʫʢʣʠʜʘ ʧʦʤʦʞʫ ʙʘʟʝ ʧʦʜʘʪʘʢʘ ʥʘʧʨʝʚˀʝʥʝ ʫ ʧʨʦʛʨʘʤʫ Genie. ʇʦʨʝʜ ʢʨʘʪʢʦʞʠʚʝ˂ʠʭ 

ʧʦʪʦʤʘʢʘ, ʧʨʠʤʝʪʥʦ ʿʝ ʠ ʧʨʠʩʫʩʪʚʦ ʥʝʢʦʣʠʢʦ ʜʫʛʦʞʠʚʝ˂ʠʭ 154ɽu, 155Eu, 137Cs, ʢʘʦ ʠ 

ʧʨʠʩʫʩʪʚʦ 249Cf. ʀʟʨʘʯʫʥʘʪʘ ʩʧʝʮʠʬʠʯʥʘ ʛʘʤʘ ʢʦʥʩʪʘʥʪʘ ʠʟʚʦʨʘ ʿʝ ʫ ʦʚʦʤ ʠʥʪʝʨʚʘʣʫ ʧʦʨʘʩʣʘ  

ʟʘ ʿʝʜʘʥ ʨʝʜ ʚʝʣʠʯʠʥʝ. ʂʘʢʦ ʿʝ ʫʯʝʩʪʘʣʦʩʪ ʥʘʩʪʘʥʢʘ ʝʫʨʦʧʠʿʫʤʦʚʠʭ ʠʟʦʪʦʧʘ 10-6 ʧʦ ʿʝʜʥʦʿ 

ʬʠʩʠʿʠ ʢʘʣʠʬʦʨʥʠʿʫʤʘ, ʘ ʧʨʠʤʝ˂ʝʥʦ ʿʝ ʧʨʠʩʫʩʪʚʦ ʚʝ˂ ʫ ʧʨʚʦʤ ʤʝʨʝˁʫ, ʧʨʝʪʧʦʩʪʘʚʢʘ ʿʝ ʜʘ 

ˁʠʭʦʚʦ ʧʨʠʩʫʩʪʚʦ ʧʦʪʠʯʝ ʠʟ ʥʝʯʠʩʪʦ˂ʘ ʧʨʠʣʠʢʦʤ ʧʨʘʚˀʝˁʘ ʠʟʚʦʨʘ. ʀʟʨʘʯʫʥʘʪʘ 

ʩʧʝʮʠʬʠʯʥʘ ʛʘʤʘ ʢʦʥʩʪʘʥʪʘ ʙʝʟ ʫʨʘʯʫʥʘʚʘˁʘ ʛʘʤʘ ʣʠʥʠʿʘ ʢʦʿʝ ʦʜ ʧʨʝʪʧʦʩʪʘʚˀʝʥʠʭ 

ʥʝʯʠʩʪʦ˂ʘ ʧʦʪʠʯʫ ʧʦʢʘʟʫʿʝ ʙʣʘʛʠ ʧʦʨʘʩʪ, ʫ ʦʢʚʠʨʫ ʛʨʝʰʘʢʘ. ɹʣʘʛʠ ʧʦʨʘʩʪ ʤʦʞʝ ʩʝ ʧʨʠʧʠʩʘʪʠ 

ʠ ʯʠˁʝʥʠʮʠ ʜʘ ʿʝ ʪʨʝ˂ʠ ʩʧʝʢʪʘʨ ʩʥʠʤʘʥ ʛʝʨʤʘʥʠʿʫʤʩʢʠʤ ʜʝʪʝʢʪʦʨʦʤ ʫ ʦʣʦʚʥʦʿ ʟʘʰʪʠʪʠ, ʛʜʝ 

ʿʝ ʧʨʠʩʫʩʪʚʦ ʬʦʥʩʢʦʛ ʟʨʘʯʝˁʘ ʧʨʠʤʝʪʥʦ ʚʝ˂ʝ, ʦ ʯʝʤʫ ʩʝ ʤʦʞʝ ʚʠʜʝʪʠ ʫ ʨʝʬʝʨʝʥʮʠ (75). ʋ 

ʮʠˀʫ ʨʝʰʘʚʘˁʘ ʦʚʦʛ ʧʨʦʙʣʝʤʘ, ʧʦʪʨʝʙʥʦ ʿʝ ʠʟʚʨʰʠʪʠ ʚʝ˂ʠ ʙʨʦʿ ʤʝʨʝˁʘ ʩʘ ʠʟʚʦʨʠʤʘ 

ʢʘʣʠʬʦʨʥʠʿʫʤʘ ʨʘʟʣʠʯʠʪʝ ʩʪʘʨʦʩʪʠ. 
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ɹʠʦʛʨʘʬʠʿʘ 
ʉʪʨʘʭʠˁʘ ʀʣʠ˂ ʨʦʹʝʥ ʿʝ 22.09.1989. ʛʦʜʠʥʝ ʫ ʉʫʙʦʪʠʮʠ. ʇʦʭʘʹʘʦ 

ʿʝ ʦʩʥʦʚʥʫ ʰʢʦʣʫ ,,ʏʘʢʠ ʃʘʿʦʰ" ʫ ɹʘʯʢʦʿ ʊʦʧʦʣʠ. ʋ ʠʩʪʦʤ ʛʨʘʜʫ 

ʟʘʚʨʰʠʦ ʿʝ ʛʠʤʥʘʟʠʿʫ ,,ɼʦʩʠʪʝʿ ʆʙʨʘʜʦʚʠ˂". ʇʨʠʨʦʜʥʦ-

ʤʘʪʝʤʘʪʠʯʢʠ ʬʘʢʫʣʪʝʪ ʫ ʅʦʚʦʤ ʉʘʜʫ, ʥʘ ɼʝʧʘʨʪʤʘʥʫ ʟʘ ʬʠʟʠʢʫ, 

ʫʧʠʩʘʦ ʿʝ 2008. ʛʦʜʠʥʝ. ɼʠʧʣʦʤʠʨʘʦ ʿʝ 2012. ʛʦʜʠʥʝ, ʥʘʢʦʥ ʯʝʛʘ 

ʫʧʠʩʫʿʝ ʤʘʩʪʝʨ ʩʪʫʜʠʿʝ ʥʘ ʠʩʪʦʤ ʬʘʢʫʣʪʝʪʫ, ʢʦʿʝ ʟʘʚʨʰʘʚʘ 2013. 

ʛʦʜʠʥʝ. ʀʩʪʝ ʛʦʜʠʥʝ ʫʧʠʩʫʿʝ ʜʦʢʪʦʨʩʢʝ ʘʢʘʜʝʤʩʢʝ ʩʪʫʜʠʿʝ ʥʘ 

ʂʘʪʝʜʨʠ ʟʘ ʥʫʢʣʝʘʨʥʫ ʬʠʟʠʢʫ, ɼʝʧʘʨʪʤʘʥʘ ʟʘ ʌʠʟʠʢʫ, ʇʨʠʨʦʜʥʦ-

ʤʘʪʝʤʘʪʠʯʢʦʛ ʬʘʢʫʣʪʝʪʘ ʫ ʅʦʚʦʤ ʉʘʜʫ. ʋʯʝʩʪʚʦʚʘʦ ʥʘ ʧʨʦjʝʢʪʫ 

ʄʠʥʠʩʪʘʨʩʪʚʘ ʧʨʦʩʚʝʪʝ, ʥʘʫʢʝ ʠ ʪʝʭʥʦʣʦʰʢʦʛ ʨʘʟʚʦʿʘ ʆʀ171002 

Ăʅʫʢʣʝʘʨʥʝ ʤʝʪʦʜʝ ʠʩʪʨʘʞʠʚʘˁʘ ʨʝʪʢʠʭ ʜʦʛʘʹʘjʘ ʠ ʢʦʩʤʠʯʢʦʛ 

ʟʨʘʯʝˁʘò. ɿʘʧʦʩʣʝʥ ʥʘ ʌʘʢʫʣʪʝʪʫ ʪʝʭʥʠʯʢʠʭ ʥʘʫʢʘ, ʋʥʠʚʝʨʟʠʪʝʪʘ 

ʫ ʅʦʚʦʤ ʉʘʜʫ ʢʘʦ ʘʩʠʩʪʝʥʪ ʫ ʥʘʩʪʘʚʠ. 
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ʅʘʮʠʦʥʘʣʥʠ ʧʦʨʪʘʣ ʦʪʚʦʨʝʥʝ ʥʘʫʢʝ ï open.ac.rs   

 

1 

ʆʚʘʿ ʆʙʨʘʟʘʮ ʯʠʥʠ ʩʘʩʪʘʚʥʠ ʜʝʦ ʜʦʢʪʦʨʩʢʝ ʜʠʩʝʨʪʘʮʠʿʝ, ʦʜʥʦʩʥʦ 

ʜʦʢʪʦʨʩʢʦʛ ʫʤʝʪʥʠʯʢʦʛ ʧʨʦʿʝʢʪʘ ʢʦʿʠ ʩʝ ʙʨʘʥʠ ʥʘ ʋʥʠʚʝʨʟʠʪʝʪʫ ʫ ʅʦʚʦʤ 

ʉʘʜʫ. ʇʦʧʫˁʝʥ ʆʙʨʘʟʘʮ ʫʢʦʨʠʯʠʪʠ ʠʟʘ ʪʝʢʩʪʘ ʜʦʢʪʦʨʩʢʝ ʜʠʩʝʨʪʘʮʠʿʝ, 

ʦʜʥʦʩʥʦ ʜʦʢʪʦʨʩʢʦʛ ʫʤʝʪʥʠʯʢʦʛ ʧʨʦʿʝʢʪʘ. 

ʇʣʘʥ ʪʨʝʪʤʘʥʘ ʧʦʜʘʪʘʢʘ 

ʅʘʟʠʚ ʧʨʦʿʝʢʪʘ/ʠʩʪʨʘʞʠʚʘˁʘ 

ɸʥʘʣʠʟʘ ʬʫʥʢʮʠʿʘ ʝʬʠʢʘʩʥʠʭ ʧʨʝʩʝʢʘ ʟʘ ʥʝʫʪʨʦʥʩʢʝ ʨʝʘʢʮʠʿʝ ʥʘ 185Re ʠ 187Re ʠ ʘʥʘʣʠʟʘ 

ʩʧʝʮʠʬʠʯʥʝ ʢʦʥʩʪʘʥʪʝ ʛʘʤʘ ʜʦʟʝ ʟa 252Cf 

ʅʘʟʠʚ ʠʥʩʪʠʪʫʮʠʿʝ/ʠʥʩʪʠʪʫʮʠʿʘ ʫ ʦʢʚʠʨʫ ʢʦʿʠʭ ʩʝ ʩʧʨʦʚʦʜʠ ʠʩʪʨʘʞʠʚʘˁʝ 

a) ʇʨʠʨʦʜʥʦ-ʤʘʪʝʤʘʪʠʯʢʠ ʬʘʢʫʣʪʝʪ, ʋʥʠʚʝʨʟʠʪʝʪ ʫ ʅʦʚʦʤ ʉʘʜʫ, ʊʨʛ ɼʦʩʠʪʝʿʘ ʆʙʨʘʜʦʚʠ˂ʘ 3, 

ʅʦʚʠ ʉʘʜ 

ʙ) European Commission, Joint Research Centre ï JRC, Directorate G - Nuclear Safety & Security, 

Unit G.2 - Standards for Nuclear Safety, Security & Safeguards, Retieseweg 111, B-2440, 

Geel/Belgium 

ʅʘʟʠʚ ʧʨʦʛʨʘʤʘ ʫ ʦʢʚʠʨʫ ʢʦʛ ʩʝ ʨʝʘʣʠʟʫʿʝ ʠʩʪʨʘʞʠʚʘˁʝ 

ʆʩʥʦʚʥʘ ʠʩʪʨʘʞʠʚʘˁʘ ï ʄʠʥʠʩʪʘʨʩʪʚʦ ʥʘʫʢʝ, ʧʨʦʩʚʝʪʝ ʠ ʪʝʭʥʦʣʦʰʢʦʛ ʨʘʟʚʦʿʘ 

1. ʆʧʠʩ ʧʦʜʘʪʘʢʘ 

 

1.1 ɺʨʩʪʘ ʩʪʫʜʠʿʝ 

 

ʂʦʨʠʩʪʝ˂ʠ  ʪʝʭʥʠʢʫ ʨʘʟʚʠʿʝʥʫ ʥʘ ɱʈʎ-ɻʝʝʣ, ʦʜʨʝʹʝʥ ʿʝ ʝʬʠʢʘʩʥʠ ʧʨʝʩʝʢ ʟʘ ʨʝʘʢʮʠʿʝ ʠʟʘʟʚʘʥʝ 

ʥʝʫʪʨʦʥʦʤ 187Re (n,p)187W ʠ 185Re (n, 3n)183Re  ʫ ʝʥʝʨʛʝʪʩʢʦʤ ʦʧʩʝʛʫ ʠʟʤʝʹʫ 13.08 ʄʝV ʠ 19.5 

ʄʝV. ʆʚʠ ʧʦʜʘʮʠ ʩʫ ʧʨʚʝ ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʦ ʜʦʙʠʿʝʥʝ ʚʨʝʜʥʦʩʪʠ ʟʘ ʦʚʝ ʥʫʢʣʝʘʨʥʝ ʨʝʘʢʮʠʿʝ ʫ 

ʦʚʦʤ ʝʥʝʨʛʝʪʩʢʦʤ ʨʘʩʧʦʥʫ ʥʝʫʪʨʦʥʘ. ʆʜʨʝʹʝʥʝ ʩʫ ʚʨʝʜʥʩʦʪʠ ʛʘʤʘ ʢʦʥʩʪʘʥʝ 252Cf. 

1.2 ɺʨʩʪʝ ʧʦʜʘʪʘʢʘ 

ʘ) ʢʚʘʥʪʠʪʘʪʠʚʥʠ  

ʙ) ʢʚʘʣʠʪʘʪʠʚʥʠ 

1.3. ʅʘʯʠʥ ʧʨʠʢʫʧˀʘˁʘ ʧʦʜʘʪʘʢʘ 

ʘ) ʘʥʢʝʪʝ, ʫʧʠʪʥʠʮʠ, ʪʝʩʪʦʚʠ 

ʙ) ʢʣʠʥʠʯʢʝ ʧʨʦʮʝʥʝ, ʤʝʜʠʮʠʥʩʢʠ ʟʘʧʠʩʠ, ʝʣʝʢʪʨʦʥʩʢʠ ʟʜʨʘʚʩʪʚʝʥʠ ʟʘʧʠʩʠ 

ʚ) ʛʝʥʦʪʠʧʦʚʠ: ʥʘʚʝʩʪʠ ʚʨʩʪʫ ________________________________ 

ʛ) ʘʜʤʠʥʠʩʪʨʘʪʠʚʥʠ ʧʦʜʘʮʠ: ʥʘʚʝʩʪʠ ʚʨʩʪʫ _______________________ 

ʜ) ʫʟʦʨʮʠ ʪʢʠʚʘ: ʥʘʚʝʩʪʠ ʚʨʩʪʫ_________________________________ 

ʹ) ʩʥʠʤʮʠ, ʬʦʪʦʛʨʘʬʠʿʝ: ʥʘʚʝʩʪʠ ʚʨʩʪʫ_____________________________ 

ʝ) ʪʝʢʩʪ, ʥʘʚʝʩʪʠ ʚʨʩʪʫ _______________________________________ ʞ) ʤʘʧʘ, ʥʘʚʝʩʪʠ ʚʨʩʪʫ 

______________________________________ 
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ʞ) ʤʘʧʘ, ʥʘʚʝʩʪʠ ʚʨʩʪʫ ______________________________________ 

ʟ) ʦʩʪʘʣʦ: ʥʝʫʪʨʦʥʩʢʘ ʘʢʪʠʚʘʮʠʦʥʘ ʤʝʨʝˁʘ, ʩʧʝʢʪʨʠ ʛʘʤʘ ʟʨʘʯʝˁʘ  

1.3 ʌʦʨʤʘʪ ʧʦʜʘʪʘʢʘ, ʫʧʦʪʨʝʙˀʝʥʝ ʩʢʘʣʝ, ʢʦʣʠʯʠʥʘ ʧʦʜʘʪʘʢʘ  

1.3.1 ʋʧʦʪʨʝʙˀʝʥʠ ʩʦʬʪʚʝʨ ʠ ʬʦʨʤʘʪ ʜʘʪʦʪʝʢʝ:  

a) Excel ʬʘʿʣ, ʜʘʪʦʪʝʢʘ __________________ 

b) SPSS ʬʘʿʣ, ʜʘʪʦʪʝʢʘ  __________________ 

c) PDF ʬʘʿʣ, ʜʘʪʦʪʝʢʘ ___________________ 

d) ʊʝʢʩʪ ʬʘʿʣ, ʜʘʪʦʪʝʢʘ __________________ 

e) JPG ʬʘʿʣ, ʜʘʪʦʪʝʢʘ ___________________ 

f) ʉʧʝʢʪʨʠ ʛʘʤʘ ʟʨʘˁʘ ʫ ʬʦʨʤʘʪʫ ʧʨʠʣʘʛʦʹʝʥʦʤ ʟʘ Genie2000 ʩʦʬʪʚʝʨ ʟʘ ʦʙʨʘʜʫ ʧʦʜʘʪʘʢʘ 

1.3.2. ɹʨʦʿ ʟʘʧʠʩʘ (ʢʦʜ ʢʚʘʥʪʠʪʘʪʠʚʥʠʭ ʧʦʜʘʪʘʢʘ) 

ʘ) ʙʨʦʿ ʚʘʨʠʿʘʙʣʠ 2 

ʙ) ʙʨʦʿ ʤʝʨʝˁʘ (ʠʩʧʠʪʘʥʠʢʘ, ʧʨʦʮʝʥʘ, ʩʥʠʤʘʢʘ ʠ ʩʣ.): 7 ʘʢʪʠʚʘʮʠʦʥʠʭ ʤʝʨʝˁʘ ʠ 14 ʛʘʤʘ 

ʩʧʝʢʪʨʦʩʢʦʧʩʢʠʭ ʤʝʨʝˁʘ 

1.3.3. ʇʦʥʦʚˀʝʥʘ ʤʝʨʝˁʘ  

ʘ) ʜʘ 

ʙ) ʥʝ 

 

ʋʢʦʣʦʢʦ ʿʝ ʦʜʛʦʚʦʨ ʜʘ, ʦʜʛʦʚʦʨʠʪʠ ʥʘ ʩʣʝʜʝ˂ʘ ʧʠʪʘˁʘ: 

ʘ) ʚʨʝʤʝʥʩʢʠ ʨʘʟʤʘʢ ʠʟʤʝʜʿʫ ʧʦʥʦʚˀʝʥʠʭ ʤʝʨʘ ʿʝ ______________________________ 

ʙ) ʚʘʨʠʿʘʙʣʝ ʢʦʿʝ ʩʝ ʚʠʰʝ ʧʫʪʘ ʤʝʨʝ ʦʜʥʦʩʝ ʩʝ ʥʘ ________________________________ 

ʚ) ʥʦʚʝ ʚʝʨʟʠʿʝ ʬʘʿʣʦʚʘ ʢʦʿʠ ʩʘʜʨʞʝ ʧʦʥʦʚˀʝʥʘ ʤʝʨʝˁʘ ʩʫ ʠʤʝʥʦʚʘʥʝ ʢʘʦ ____________ 

 

ʅʘʧʦʤʝʥʝ:  ______________________________________________________________ 

 

ɼʘ ʣʠ ʬʦʨʤʘʪʠ ʠ ʩʦʬʪʚʝʨ ʦʤʦʛʫ˂ʘʚʘʿʫ ʜʝˀʝˁʝ ʠ ʜʫʛʦʨʦʯʥʫ ʚʘʣʠʜʥʦʩʪ ʧʦʜʘʪʘʢʘ? 

ʘ) ɼʘ 

ʙ) ʅʝ 

ɸʢʦ ʿʝ ʦʜʛʦʚʦʨ ʥʝ, ʦʙʨʘʟʣʦʞʠʪʠ ______________________________________________ 

_______________________________________________________________________ 

 

 

2. ʇʨʠʢʫʧˀʘˁʝ ʧʦʜʘʪʘʢʘ 
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2.1 ʄʝʪʦʜʦʣʦʛʠʿʘ ʟʘ ʧʨʠʢʫʧˀʘˁʝ/ʛʝʥʝʨʠʩʘˁʝ ʧʦʜʘʪʘʢʘ 

2.1.1. ʋ ʦʢʚʠʨʫ ʢʦʛ ʠʩʪʨʘʞʠʚʘʯʢʦʛ ʥʘʮʨʪʘ ʩʫ ʧʦʜʘʮʠ ʧʨʠʢʫʧˀʝʥʠ?  

ʘ) ʝʢʩʧʝʨʠʤʝʥʪ, ʥʝʫʪʨʦʥʩʢʘ ʘʢʪʠʚʘʮʠʿʘ ʠ ʛʘʤʘ ʩʧʝʢʪʨʦʩʢʦʧʩʢʘ ʤʝʨʝˁʘ 

ʙ) ʢʦʨʝʣʘʮʠʦʥʦ ʠʩʪʨʘʞʠʚʘˁʝ, ʥʘʚʝʩʪʠ ʪʠʧ ________________________________________ 

ʮ) ʘʥʘʣʠʟʘ ʪʝʢʩʪʘ, ʥʘʚʝʩʪʠ ʪʠʧ ________________________________________________ 

ʜ) ʦʩʪʘʣʦ, ʥʘʚʝʩʪʠ ʰʪʘ ______________________________________________________  

 

2.1.2 ʅʘʚʝʩʪʠ ʚʨʩʪʝ ʤʝʨʥʠʭ ʠʥʩʪʨʫʤʝʥʘʪʘ ʠʣʠ ʩʪʘʥʜʘʨʜʝ ʧʦʜʘʪʘʢʘ ʩʧʝʮʠʬʠʯʥʠʭ ʟʘ ʦʜʨʝʹʝʥʫ 

ʥʘʫʯʥʫ ʜʠʩʮʠʧʣʠʥʫ (ʘʢʦ ʧʦʩʪʦʿʝ). 

HPGe ʜʝʪʝʢʪʦʨʠ ʟʘ ʛʘʤʘ ʩʧʝʢʪʨʦʢʩʦʧʩʢʘ ʤʝʨʝˁʘ. 

 

2.2 ʂʚʘʣʠʪʝʪ ʧʦʜʘʪʘʢʘ ʠ ʩʪʘʥʜʘʨʜʠ  

2.2.1. ʊʨʝʪʤʘʥ ʥʝʜʦʩʪʘʿʫ˂ʠʭ ʧʦʜʘʪʘʢʘ 

ʘ) ɼʘ ʣʠ ʤʘʪʨʠʮʘ ʩʘʜʨʞʠ ʥʝʜʦʩʪʘʿʫ˂ʝ ʧʦʜʘʪʢʝ? ɼʘ  ʅʝ 

 

ɸʢʦ ʿʝ ʦʜʛʦʚʦʨ ʜʘ, ʦʜʛʦʚʦʨʠʪʠ ʥʘ ʩʣʝʜʝ˂ʘ ʧʠʪʘˁʘ: 

ʘ) ʂʦʣʠʢʠ ʿʝ ʙʨʦʿ ʥʝʜʦʩʪʘʿʫ˂ʠʭ ʧʦʜʘʪʘʢʘ? __________________________ 

ʙ) ɼʘ ʣʠ ʩʝ ʢʦʨʠʩʥʠʢʫ ʤʘʪʨʠʮʝ ʧʨʝʧʦʨʫʯʫʿʝ ʟʘʤʝʥʘ ʥʝʜʦʩʪʘʿʫ˂ʠʭ ʧʦʜʘʪʘʢʘ? ɼʘ    ʅʝ 

ʚ) ɸʢʦ ʿʝ ʦʜʛʦʚʦʨ ʜʘ, ʥʘʚʝʩʪʠ ʩʫʛʝʩʪʠʿʝ ʟʘ ʪʨʝʪʤʘʥ ʟʘʤʝʥʝ ʥʝʜʦʩʪʘʿʫ˂ʠʭ ʧʦʜʘʪʘʢʘ 

______________________________________________________________________________ 

 

2.2.2. ʅʘ ʢʦʿʠ ʥʘʯʠʥ ʿʝ ʢʦʥʪʨʦʣʠʩʘʥ ʢʚʘʣʠʪʝʪ ʧʦʜʘʪʘʢʘ? ʆʧʠʩʘʪʠ 

ʂʚʘʣʠʪʝʪ ʧʦʜʘʪʘʢʘ ʿʝ ʢʦʥʪʦʣʠʩʘʥ ʤʦʥʠʪʦʨʠʥʛʦʤ ʪʦʢʦʤ ʥʝʫʪʨʦʥʩʢʝ ʘʢʪʠʚʘʮʠʿʝ, ʘʥʘʣʠʟʦʤ 

ʩʥʠʤˀʝʥʠʭ ʛʘʤʘ ʩʧʝʢʪʘʨʘ ʠ ʧʦʨʝʹʝˁʝʤ ʩʘ ʜʦʩʪʫʧʥʠʤ ʧʦʜʘʮʠʤʘ.  

2.2.3. ʅʘ ʢʦʿʠ ʥʘʯʠʥ ʿʝ ʠʟʚʨʰʝʥʘ ʢʦʥʪʨʦʣʘ ʫʥʦʩʘ ʧʦʜʘʪʘʢʘ ʫ ʤʘʪʨʠʮʫ? 

ʂʦʥʪʨʦʣʘ ʫʥʦʩʘ ʿʝ ʠʟʚʨʰʝʥʘ ʚʠʰʝʩʪʫʨʢʠʤ ʧʘʨʘʣʝʣʥʠʤ ʫʥʦʩʦʤ ʠ ʧʨʦʚʝʨʦʤ ʩʘ ʧʦʩʪʦʿʝ˂ʠʤ 

ʩʪʘʥʜʘʨʜʠʤʘ. 

 

3. ʊʨʝʪʤʘʥ ʧʦʜʘʪʘʢʘ ʠ ʧʨʘʪʝ˂ʘ ʜʦʢʫʤʝʥʪʘʮʠʿʘ 

 

3.1. ʊʨʝʪʤʘʥ ʠ ʯʫʚʘˁʝ ʧʦʜʘʪʘʢʘ 

 

3.1.1. ʇʦʜʘʮʠ ˂ʝ ʙʠʪʠ ʜʝʧʦʥʦʚʘʥʠ ʫ - ʨʝʧʦʟʠʪʦʨʠʿʫʤ. 

3.1.2. URL ʘʜʨʝʩʘ  _______________________________________________________________ 

3.1.3. DOI ______________________________________________________________________ 




