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ɼʀʉɽʈʊɸʎɯʗ 

ɼʆʉʃɯɼɾɽʅʅʗ ʂʆɻɽʈɽʅʊʅʀʍ ɯ ɼʀʅɸʄɯʏʅʀʍ ɽʌɽʂʊɯɺ ɺ 

ʗɼɽʈʅʀʍ ʈɽɸʂʎɯʗʍ ʋ ʈɸʄʂɸʍ ʇʈʆʉʊʆʈʆɺʆ-ʏɸʉʆɺʆɻʆ 
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ʉʧʝʮʽʘʣʴʥʽʩʪʴ 01.04.16 ï ʬʽʟʠʢʘ ʷʜʨʘ, ʝʣʝʤʝʥʪʘʨʥʠʭ ʯʘʩʪʠʥʦʢ  

ʽ ʚʠʩʦʢʠʭ ʝʥʝʨʛʽʡ 

 

ʇʦʜʘʻʪʴʩʷ ʥʘ ʟʜʦʙʫʪʪʷ ʥʘʫʢʦʚʦʛʦ ʩʪʫʧʝʥʷ 

ʢʘʥʜʠʜʘʪʘ ʬʽʟʠʢʦ-ʤʘʪʝʤʘʪʠʯʥʠʭ ʥʘʫʢ 
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ɸʅʆʊɸʎɯʗ 

 

ʆʤʝʣʴʯʝʥʢʦ ʉ. ʆ. ɼʦʩʣʽʜʞʝʥʥʷ ʢʦʛʝʨʝʥʪʥʠʭ ʽ ʜʠʥʘʤʽʯʥʠʭ ʝʬʝʢʪʽʚ ʚ 

ʜ̫ʝʨʥʠʭ ʨʝʘʢʮʽʷʭ ʫ ʨʘʤʢʘʭ ʧʨʦʩʪʦʨʦʚʦ-ʯʘʩʦʚʦʛʦ ʘʥʘʣʽʟʫ. ï ʅʘ ʧʨʘʚʘʭ 

ʨʫʢʦʧʠʩʫ. 

ɼʠʩʝʨʪʘʮʽʷ ʥʘ ʟʜʦʙʫʪʪʷ ʥʘʫʢʦʚʦʛʦ ʩʪʫʧʝʥʷ ʢʘʥʜʠʜʘʪʘ ʬʽʟʠʢʦ-

ʤʘʪʝʤʘʪʠʯʥʠʭ ʥʘʫʢ ʟʘ ʬʘʭʦʤ 01.04.16 - ζʌ̔ ʟʠʢʘ ʷʜʨʘ, ʝʣʝʤʝʥʪʘʨʥʠʭ ʯʘʩʪʠʥʦʢ 

ʽ ʚʠʩʦʢʠʭ ʝʥʝʨʛʽʡη. - ɯʥʩʪʠʪʫʪ ʷʜʝʨʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʅɸʅ ʋʢʨʘʾʥʠ, ʂʠʾʚ, 2021. 

ʋ ʜʠʩʝʨʪʘʮʽʾ ʥʘ ʙʘʟʽ ʨʦʟʨʦʙʣʝʥʦʛʦ ʧʨʦʩʪʦʨʦʚʦ-ʯʘʩʦʚʦʛʦ ʘʥʘʣʽʟʫ 

ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʜʚʘ ʤʝʪʦʜʠ-ʤʦʜʝʣʽ: (i) - ʧʨʦʩʪʦʨʦʚʦ-ʯʘʩʦʚʠʡ ʤʝʪʦʜ, ʷʢʠʡ ʧʨʠ 

ʦʙʨʘʭʫʥʢʘʭ ʧʝʨʝʨʽʟʽʚ ʪʘ ʰʚʠʜʢʦʩʪʝʡ ʩʧʽʚʧʘʜʽʥʴ ʚʨʘʭʦʚʫʻ ʥʘʷʚʥʽ ʧʨʦʤʽʞʥʽ 

ʢʦʛʝʨʝʥʪʥʽ ʢʘʥʘʣʠ ʚ ʨʽʟʥʠʭ ʢʣʘʩʘʭ ʷʜʝʨʥʠʭ ʨʝʘʢʮʽʡ ʟʽʪʢʥʝʥʥʷ ʪʘ (ii) - ʤʝʪʦʜ 

ʯʘʩʦʚʠʭ ʨʝʟʦʥʘʥʩʽʚ ʘʙʦ ʤʦʜʝʣʴ ʨʝʟʦʥʘʥʩʥʦʛʦ ʨʦʟʧʘʜʫ (ʄʈʈ) ʧʨʦʤʽʞʥʦʾ 

ʢʦʤʧʘʫʥʜ-ʩʠʩʪʝʤʠ ʚ ʯʘʩʽ, ʷʢʘ ʧʨʠʟʥʘʯʝʥʘ ʜʣʷ ʦʙʨʘʭʫʥʢʫ ʘʥʦʤʘʣʴʥʠʭ 

ʽʥʢʣʶʟʠʚʥʠʭ ʩʧʝʢʪʨʽʚ ʢʽʥʮʝʚʠʭ ʬʨʘʛʤʝʥʪʽʚ ʚ ʜʝʷʢʠʭ ʚʠʩʦʢʦʝʥʝʨʛʝʪʠʯʥʠʭ 

ʨʝʘʢʮʽʷʭ. ɺ ʤʝʞʘʭ ʧʨʦʩʪʦʨʦʚʦ-ʯʘʩʦʚʦʛʦ ʘʥʘʣʽʟʫ ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʤʝʪʦʜʠʢʫ 

ʨʦʟʨʘʭʫʥʢʽʚ ʧʝʨʝʨʽʟʽʚ ʜʣʷ ʙʽʥʘʨʥʠʭ ʨʝʘʢʮʽʡ ʟʽʪʢʥʝʥʥʷ ʥʫʢʣʦʥʽʚ ʟ ʣʝʛʢʠʤʠ ʪʘ 

ʩʝʨʝʜʥʽʤʠ ʷʜʨʘʤʠ, ʜʣʷ ʨʝʘʢʮʽʡ ʟʽʪʢʥʝʥʥʷ ʣʝʛʢʠʭ ʷʜʝʨ, ʘ ʪʘʢʦʞ ʜʣʷ 

ʥʝʧʝʨʠʬʝʨʠʯʥʠʭ ʟʽʪʢʥʝʥʴ ʚʘʞʢʠʭ ʽʦʥʽʚ, ʧʨʠ ʮʴʦʤʫ ʚʩʶʜʠ ʧʽʜʢʨʝʩʣʝʥʘ 

ʚʘʞʣʠʚʽʩʪʴ ʫʨʘʭʫʚʘʥʥʷ ʢʦʛʝʨʝʥʪʥʠʭ ʝʬʝʢʪʽʚ. ɺ ʤʝʞʘʭ ʄʈʈ ʧʨʦʚʝʜʝʥʽ 

ʦʙʨʘʭʫʥʢʠ ʽʥʢʣʶʟʠʚʥʠʭ ʩʧʝʢʪʨʽʚ ʟ ʥʝʪʠʧʦʚʦʶ ʝʢʩʧʦʥʝʥʮʽʘʣʴʥʦ ʩʧʘʜʘʶʯʦʶ 

ʧʦʚʝʜʽʥʢʦʶ ʟ ʨʦʩʪʦʤ ʝʥʝʨʛʽʾ ʜʣʷ ʜʝʷʢʠʭ ʚʠʩʦʢʦʝʥʝʨʛʝʪʠʯʥʠʭ ʨʝʘʢʮʽʡ ʪʘ 

ʜʦʩʣʽʜʞʝʥʘ ʜʠʥʘʤʽʢʘ ʨʦʟʧʘʜʫ ʧʨʦʤʽʞʥʠʭ ʢʦʤʧʘʫʥʜ-ʩʠʩʪʝʤ. 

ɼʠʩʝʨʪʘʮʽʡʥʘ ʨʦʙʦʪʘ ʤʽʩʪʠʪʴ ʯʦʪʠʨʠ ʥʘʫʢʦʚ ̔ʨʦʟʜʽʣʠ. 

ʇʝʨʰʠʡ ʨʦʟʜʽʣ ʧʨʠʩʚʷʯʝʥʦ ʦʛʣʷʜʫ  ̔ʘʥʘʣʽʟʫ ʤʦʞʣʠʚʦʩʪʝʡ ʧʨʦʩʪʦʨʦʚʦ-

ʯʘʩʦʚʦʛʦ ʦʧʠʩʫ ʽʥʪʝʨʬʝʨʝʥʮʽʡʥʠʭ ʝʬʝʢʪʽʚ, ʱʦ ʤʘʶʪʴ ʤʽʩʮʝ ʚ 

ʥʠʟʴʢʦʝʥʝʨʛʝʪʠʯʥʠʭ ʙʽʥʘʨʥʠʭ ʨʝʘʢʮʽʷʭ ʨʦʟʩʽʷʥʥʷ ʥʫʢʣʦʥʽʚ ʥʘ ʷʜʨʘʭ ʧʦʙʣʠʟʫ 

ʽʟʦʣʴʦʚʘʥʠʭ ʨʝʟʦʥʘʥʩʽʚ, ʩʧʦʪʚʦʨʝʥʠʭ ʥʝʨʝʟʦʥʘʥʩʥʠʤ ʬʦʥʦʤ. 

ʈʦʟʛʣʷʥʫʪʦ ʤʦʞʣʠʚʽ ʜʚʘ ʧʨʦʤʽʞʥ ̔ ʢʦʛʝʨʝʥʪʥ ̔ ʢʘʥʘʣʠ ʧʨʦʪʽʢʘʥʥʷ 

ʨʝʘʢʮʽʾ, ʘ ʩʘʤʝ, ʧʨʷʤʠʡ ʽ ʨʝʟʦʥʘʥʩʥʠʡ, ʜʝ ʫʪʚʦʨʶʻʪʴʩʷ ʧʨʦʤʽʞʥʝ ʢʦʤʧʘʫʥʜ-
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ʷʜʨʦ, ʷʢʝ ʨʦʟʧʘʜʘʻʪʴʩʷ ʧʽʩʣʷ ʟʘʪʨʠʤʢʠ. ʄʝʪʦʜ ʚʠʢʦʨʠʩʪʘʥʦ ʜʣʷ ʜʦʩʣʽʜʞʝʥʥʷ 

ʚʧʣʠʚʫ ʥʘʷʚʥʦʩʪʽ ʪʘʢʠʭ ʢʦʛʝʨʝʥʪʥʠʭ ʢʘʥʘʣʽʚ ʥʘ ʯʘʩʠ ʧʨʦʪʽʢʘʥʥʷ ʪʘ ʧʝʨʝʨʽʟʠ 

ʷʜʝʨʥʠʭ ʨʝʘʢʮʽʡ. 

ɺʚʝʜʝʥʦ ʢʦʨʠʛʫʶʯʠʡ ʬʘʟʦʚʠʡ ʧʘʨʘʤʝʪʨ j, ʷʢʠʡ ʦʧʠʩʫʻ ʧʨʦʩʪʦʨʦʚʦ-

ʯʘʩʦʚʠʡ ʟʩʫʚ ʤʽʞ ʜʞʝʨʝʣʘʤʠ ʝʤʽʩʽʾ ʯʘʩʪʠʥʦʢ ʚ ʣʘʙʦʨʘʪʦʨʥʽʡ ʩʠʩʪʝʤʽ ʚʽʜʣʽʢʫ 

(L - ʩʠʩʪʝʤʽ). 

ʅʘʚʝʜʝʥʦ ʧʨʠʢʣʘʜ ʟʘʩʪʦʩʫʚʘʥʥʷ ʨʦʟʨʦʙʣʝʥʦʛʦ ʘʚʪʦʨʦʤ ʧʨʦʩʪʦʨʦʚʦ-

ʯʘʩʦʚʦʛʦ ʤʝʪʦʜʫ ʘʥʘʣʽʟʫ ʧʨʦʮʝʩʽʚ ʟʽʪʢʥʝʥʥʷ ʥʝ ʪʽʣʴʢʠ ʜʦ ʨʝʘʢʮʽʡ, ʱʦ 

ʩʫʧʨʦʚʦʜʞʫʶʪʴʩʷ ʫʪʚʦʨʝʥʥʷʤ ʧʦʦʜʠʥʦʢʦʛʦ ʢʦʤʧʘʫʥʜ-ʨʝʟʦʥʘʥʩʫ, ʘʣʝ ʡ ʜʣʷ 

ʚʠʧʘʜʢʽʚ ʜʝʢʽʣʴʢʦʭ ʨʝʟʦʥʘʥʩʽʚ, ʱʦ ʧʝʨʝʢʨʠʚʘʶʪʴʩʷ. 

ʇʨʦʚʝʜʝʥʦ ʨʦʟʨʘʭʫʥʢʠ ʧʝʨʝʨʽʟʽʚ, ʱʦ ʽʣʶʩʪʨʫʶʪʴ ʚʧʣʠʚ ʬʘʟʦʚʠʭ ʟʩʫʚʽʚ 

ʽ, ʟʦʢʨʝʤʘ, ʬʘʟʦʚʦʛʦ ʧʘʨʘʤʝʪʨʫ j ʥʘ ʢʦʛʝʨʝʥʪʥʽ ʝʬʝʢʪʠ, ʱʦ ʧʨʦʷʚʣʷʶʪʴʩʷ ʚ 

ʟʘʣʝʞʥʦʩʪʽ ʚʠʛʣʷʜʫ ʧʝʨʝʨʽʟʽʚ ʚʽʜ ʚʠʱʝʟʛʘʜʘʥʠʭ ʬʘʟ ʜʣʷ ʢʦʥʢʨʝʪʥʠʭ ʨʝʘʢʮʽʡ 

ʨʦʟʩʽʷʥʥʷ ʥʫʢʣʦʥʽʚ ʥʘ ʷʜʨʘʭ 
12
ʉ, 

16
O, 

28
Si, 

52
Cr, 

56
Fe,

 63
Cu, 

64
Ni ʪʘ 

73
Ge. 

ɺʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʩʝʨʝʜʥʽʡ ʯʘʩ ʧʨʦʮʝʩʽʚ ʟʽʪʢʥʝʥʥʷ ʟ ʥʘʷʚʥʽʩʪʶ ʷʢ 

ʧʦʦʜʠʥʦʢʦʛʦ ʽʟʦʣʴʦʚʘʥʦʛʦ ʨʝʟʦʥʘʥʩʫ, ʪʘʢ ʽ ʜʚʦʭ ʩʫʩʽʜʥʽʭ ʨʝʟʦʥʘʥʩʽʚ, ʱʦ 

ʧʝʨʝʢʨʠʚʘʶʪʴʩʷ, ʧʨʠ ʨʦʟʨʘʭʫʥʢʘʭ ʚ L-ʩʠʩʪʝʤʽ  ̒ ʪʨʠʚʽʘʣʴʥʦʶ ʧʦʟʠʪʠʚʥʦʶ 

ʚʝʣʠʯʠʥʦʶ, ʱʦ ʨʦʟôʷʩʥʶʻ ʧʘʨʘʜʦʢʩʠ ʟʘʪʨʠʤʢʠ-ʚʠʧʝʨʝʜʞʝʥʥʷ, ʱʦ ʤʘʣʠ ʤʽʩʮʝ 

ʚ ʣʽʪʝʨʘʪʫʨʽ ʧʨʠ ʨʦʟʨʘʭʫʥʢʘʭ ʚ ʩʠʩʪʝʤʽ ʮʝʥʪʨʫ ʤʘʩ (ʉ-ʩʠʩʪʝʤʽ). 

ʋ ʜʨʫʛʦʤʫ ʨʦʟʜʽʣʽ ʨʦʟʛʣʷʜʘʶʪʴʩʷ ʪʝʦʨʝʪʠʯʥʽ ʽ ʧʨʘʢʪʠʯʥʽ ʨʦʟʨʦʙʢʠ, ʱʦ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʧʨʦʩʪʦʨʦʚʦ-ʯʘʩʦʚʠʡ ʧʽʜʭʽʜ ʜʣʷ ʚʨʘʭʫʚʘʥʥʷ ʢʦʛʝʨʝʥʪʥʠʭ 

ʝʬʝʢʪʽʚ ʧʨʠ ʟʽʪʢʥʝʥʥʷʭ ʣʝʛʢʠʭ ʷʜʝʨ. 

ʈʦʟʜʽʣ ʧʨʠʩʚʷʯʝʥʦ: (i) - ʘʥʘʣʽʟʫ ʨʘʥʥʽʭ ʨʦʙʽʪ ʩʪʘʮʽʦʥʘʨʥʦʾ ʪʝʦʨʽʾ, ʱʦ 

ʚʢʘʟʫʚʘʣʠ ʥʘ ʥʝʦʙʭʽʜʥʽʩʪʴ ʪʝʦʨʝʪʠʯʥʦʛʦ ʨʦʟʛʣʷʜʫ ʢʦʛʝʨʝʥʪʥʠʭ ʝʬʝʢʪʽʚ ʫ 

ʧʨʦʮʝʩʘʭ ʟʽʪʢʥʝʥʥʷ ʣʝʛʢʠʭ ʷʜʝʨ; (ii ) - ʧʦʙʫʜʦʚʽ ʤʝʪʦʜʦʣʦʛʽʾ ʟʘʩʪʦʩʫʚʘʥʥʷ 

ʧʨʦʩʪʦʨʦʚʦ-ʯʘʩʦʚʦʛʦ ʤʝʪʦʜʫ ʜʣʷ ʪʘʢʠʭ ʧʨʦʮʝʩʽʚ ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʟʘʧʨʦʧʦʥʦʚʘʥʦʛʦ ʘʚʪʦʨʦʤ ʬʦʨʤʘʣʽʟʤʫ, ʧʦʜʽʙʥʦʛʦ ʦʧʠʩʘʥʦʤʫ ʚ ʨʦʟʜʽʣʽ 1, ʪʘ, 

ʢʨʽʤ ʪʦʛʦ, (iii ) - ʧʦʰʠʨʝʥʥʶ ʤʝʪʦʜʠʢʠ ʨʦʟʜʽʣʫ 1 ʜʣʷ ʦʙʨʘʭʫʥʢʫ ʧʝʨʝʨʽʟʽʚ ʪʘ 

ʰʚʠʜʢʦʩʪʝʡ ʩʧʽʚʧʘʜʽʥʴ ʥʘ ʙʽʣʴʰ ʩʢʣʘʜʥʽ ʨʝʘʢʮʽʾ, ʱʦ ʧʨʠʚʦʜʷʪʴ ʜʦ ʫʪʚʦʨʝʥʥʷ 

3-ʭ ʯʘʩʪʠʥʦʢ ʫ ʚʠʭʽʜʥʦʤʫ ʢʘʥʘʣʽ, ʜʚʽ ʟ ʷʢʠʭ ʜʝʪʝʢʪʫʶʪʴʩʷ. 
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ʊʨʝʪʽʡ ʨʦʟʜʽʣ ʧʨʠʩʚʷʯʝʥʦ ʪʝʦʨʝʪʠʯʥʦʤʫ ʘʥʘʣʽʪʠʯʥʦʤʫ ʧʨʦʜʦʚʞʝʥʥʶ 

ʧʨʦʩʪʦʨʦʚʦ-ʯʘʩʦʚʦʛʦ ʧʽʜʭʦʜʫ ʱʦʜʦ ʽʥʪʝʨʬʝʨʝʥʮʽʡʥʠʭ ʷʚʠʱ, ʦʧʠʩʘʥʠʭ ʫ 

ʨʦʟʜʽʣʘʭ 1 ʽ 2 ʜʘʥʦʾ ʜʠʩʝʨʪʘʮʽʡʥʦʾ ʨʦʙʦʪʠ, ʥʘ ʫʨʘʭʫʚʘʥʥʷ ʢʦʛʝʨʝʥʪʥʠʭ ʝʬʝʢʪʽʚ 

ʧʨʠ ʮʝʥʪʨʘʣʴʥʠʭ ʟʽʪʢʥʝʥʥʷʭ ʚʘʞʢʠʭ ʷʜʝʨ, ʜʝ ʧʨʠʥʮʠʧʦʚʠʡ ʨʦʟʛʣʷʜ 

ʫʩʢʣʘʜʥʶʻʪʴʩʷ ʤʥʦʞʠʥʥʽʩʪʶ ʚʠʥʠʢʘʶʯʠʭ ʧʨʦʤʽʞʥʠʭ ʟʙʫʜʞʝʥʠʭ ʩʪʘʥʽʚ. 

ʇʦʢʘʟʘʥʦ, ʱʦ ʤʦʞʣʠʚʘ ʧʝʨʩʧʝʢʪʠʚʘ ʟʘʩʪʦʩʫʚʘʥʥʷ ʟʘʧʨʦʧʦʥʦʚʘʥʦʛʦ ʧʽʜʭʦʜʫ 

ʜʦ ʦʮʽʥʢʠ ʰʚʠʜʢʦʩʪʽ ʩʧʽʚʧʘʜʽʥʴ ʘʙʦ ʧʝʨʝʨʽʟʽʚ ʜʣʷ ʪʘʢʠʭ ʷʜʝʨʥʠʭ ʧʨʦʮʝʩʽʚ, 

ʥʘʧʨʠʢʣʘʜ, ʫ ʥʘʙʣʠʞʝʥʥʽ ʦʜʥʦ-ʯʘʩʪʠʥʢʦʚʠʭ ʘʚʪʦʢʦʨʝʣʷʮʽʡʥʠʭ ʬʫʥʢʮʽʡ ʪʘ 

ʚʠʧʘʜʢʦʚʦʾ ʬʘʟʠ, ʤʦʞʝ ʙʫʪʠ ʧʦʚô̫ ʟʘʥʘ: (i) - ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʤʝʪʦʜʫ 

ɽʨʠʢʩʦʥʦʚʩʴʢʠʭ ʬʣʫʢʪʫʘʮʽʡ ʜʣʷ ʜʦʙʨʝ ʨʦʟʜʽʣʝʥʠʭ ʨʝʟʦʥʘʥʩʽʚ; (ii ) - ʟ 

ʧʘʨʘʤʝʪʨʽʟʘʮʽʻʶ ʉʽʤʦʥʽʫʩʘ ʜʣʷ ʨʝʟʦʥʘʥʩʽʚ, ʱʦ ʧʝʨʝʢʨʠʚʘʶʪʴʩʷ ʪʘ, ʥʘʨʝʰʪʽ; 

(iii ) - ʟ ʤʦʜʽʬʽʢʦʚʘʥʦʶ ʧʘʨʘʤʝʪʨʽʟʘʮʽʻʶ ʉʽʤʦʥʽʫʩʘ ʟ ʧʨʘʚʢʘʤʠ ʪʠʧʫ 

ʃʶʙʦʠhʮ̫ ʜʣʷ ʩʠʣʴʥʦ ʧʝʨʝʢʨʠʪʠʭ ʨʝʟʦʥʘʥʩʽʚ. 

ʋ ʯʝʪʚʝʨʪʦʤʫ ʨʦʟʜʽʣʽ ʨʦʟʛʣʷʜʘʻʪʴʩʷ ʨʦʟʨʦʙʣʝʥʠʡ ʥʘ ʦʩʥʦʚʽ 

ʧʨʦʩʪʦʨʦʚʦ-ʯʘʩʦʚʦʾ ʢʦʥʮʝʧʮʽʾ ʜʦʩʣʽʜʞʝʥʴ ʧʝʨʩʧʝʢʪʠʚʥʠʡ ʤʝʪʦʜ ʯʘʩʦʚʠʭ 

ʨʝʟʦʥʘʥʩʽʚ ʘʙʦ ʤʦʜʝʣʴ ʨʝʟʦʥʘʥʩʥʦʛʦ ʨʦʟʧʘʜʫ ʚ ʯʘʩʽ ʧʨʦʤʽʞʥʦʾ ʢʦʤʧʘʫʥʜ-

ʩʠʩʪʝʤʠ (ʄʈʈ), ʚ ʦʩʥʦʚʽ ʷʢʦʾ ʣʝʞʠʪʴ ʫʥʽʢʘʣʴʥʠʡ ʬʝʥʦʤʝʥʦʣʦʛʽʯʥʠʡ ʟʚôʷʟʦʢ 

ʤʽʞ ɻʘʤʽʣʴʪʦʥʽʘʥʦʤ ʽ ʦʧʝʨʘʪʦʨʦʤ ʯʘʩʫ. 

ʈʦʟʜʽʣ ʧʨʠʩʚʷʯʝʥʦ ʨʦʟʛʣʷʜʫ ʄʈʈ ʧʨʠ ʜʦʩʣʽʜʞʝʥʥʽ ʥʝʪʠʧʦʚʦʾ ʧʦʚʝʜʽʥʢʠ 

ʝʥʝʨʛʝʪʠʯʥʠʭ ʩʧʝʢʪʨʽʚ ʧʦʛʣʠʥʘʥʥʷ ʧʦʦʜʠʥʦʢʠʭ ʢʽʥʮʝʚʠʭ ʬʨʘʛʤʝʥʪʽʚ ʫ 

ʷʜʝʨʥʠʭ ʨʝʘʢʮʽʷʭ ʟʘ ʜʦʧʦʤʦʛʦʶ ʧʽʜʭʦʜʫ, ʷʢʠʡ ʻ ʚʠʤʫʰʝʥʦʶ ʘʣʴʪʝʨʥʘʪʠʚʦʶ 

ʟʘʛʘʣʴʥʦʧʨʠʡʥʷʪʦʤʫ ʧʽʜʭʦʜʫ ʝʥʝʨʛʝʪʠʯʥʠʭ ʨʝʟʦʥʘʥʩʽʚ ʜʣʷ ʧʦʷʩʥʝʥʥʷ 

ʧʦʰʠʨʝʥʠʭ ʧʨʦʷʚʽʚ ʥʝʪʠʧʦʚʦʾ ʚʠʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʦʾ ʩʪʘʪʠʩʪʠʯʥʦʾ ʨʽʚʥʦʚʘʛʠ 

ʧʨʠ ʚʠʩʦʢʦʝʥʝʨʛʝʪʠʯʥʠʭ ʮʝʥʪʨʘʣʴʥʠʭ ʟʽʪʢʥʝʥʥʷʭ. ʎʽ ʯʘʩʦʚʽ ʨʝʟʦʥʘʥʩʠ 

ʬʽʟʠʯʥʦ ʚʽʜʧʦʚʽʜʘʶʪʴ ʫʪʚʦʨʝʥʥʶ ʩʠʣʴʥʦ ʟʙʫʜʞʝʥʠʭ ʜʦʚʛʦʞʠʚʫʯʠʭ ʢʦʤʧʘʫʥʜ-

ʩʠʩʪʝʤ, ʱʦ ʥʝʝʢʩʧʦʥʝʥʮʽʡʥʦ ʨʦʟʧʘʜʘʶʪʴʩʷ ʟ ʯʘʩʦʤ. ʄʘʪʝʤʘʪʠʯʥʦ ʤʝʪʦʜ 

ʙʘʟʫʻʪʴʩʷ ʥʘ ʚʚʝʜʝʥʥʽ ʧʘʨ ʧʘʨʘʤʝʪʨʽʚ ʟ ʨʦʟʤʽʨʥʽʩʪʶ ʯʘʩʫ tn ʽ Űn, ʧʝʨʰʠʡ ʟ ʷʢʠʭ 

ʧʦ ʟʤʽʩʪʫ ʚʽʜʧʦʚʽʜʘʻ ʚʣʘʩʥʦʤʫ ʟʥʘʯʝʥʥʶ ʦʧʝʨʘʪʦʨʘ ʯʘʩʫ ʜʣʷ ʢʦʤʧʘʫʥʜ-

ʩʠʩʪʝʤʠ, ʘ ʜʨʫʛʠʡ - ʧʦʭʠʙʮʽ ʫ ʡʦʛʦ ʚʠʟʥʘʯʝʥʥʽ. ʂʨʽʤ ʪʦʛʦ, ʚʚʝʜʝʥʦ 
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ʢʦʤʧʣʝʢʩʥʠʡ ʧʘʨʘʤʝʪʨ ʉn, ʚʽʜʧʦʚʽʜʘʣʴʥʠʡ ʟʘ ʢʫʪ ʚʠʣʴʦʪʫ ʢʽʥʮʝʚʦʛʦ 

ʜʦʩʣʽʜʞʫʚʘʥʦʛʦ ʬʨʘʛʤʝʥʪʫ ʨʝʘʢʮʽʾ. 

ɺ ʨʦʙʦʪʽ ʧʦʢʘʟʘʥʦ, ʱʦ ʪʘʢʘ ʧʘʨʘʤʝʪʨʽʟʘʮʽʷ ʩʧʨʘʚʝʜʣʠʚʘ ʟʘ ʫʤʦʚʠ 

ʩʠʣʴʥʦ ʧʝʨʝʢʨʠʪʠʭ ʨʝʟʦʥʘʥʩʽʚ (ʪʠʧʦʚʠʭ ʜʣʷ ʟʽʪʢʥʝʥʴ ʚʘʞʢʠʭ ʽʦʥʽʚ), ʜʝ ʣʝʛʢʽ 

ʧʝʨʝʭʦʜʠ ʤʽʞ ʩʠʣʴʥʦ ʥʝʦʨʪʦʛʦʥʘʣʴʥʠʤʠ ʩʪʘʥʘʤʠ ʦʙʫʤʦʚʣʶʶʪʴ ʟʘʪʨʠʤʢʫ ʚ 

ʨʦʟʚʘʣʽ ʚʠʩʦʢʦʟʙʫʜʞʝʥʠʭ ʢʦʤʧʘʫʥʜ-ʩʠʩʪʝʤ. 

ɿʘʧʨʦʧʦʥʦʚʘʥʠʡ ʤʝʪʦʜ ʻ, ʧʦ ʩʫʪʽ, ʧʨʦʤʽʞʥʦʶ ʣʘʥʢʦʶ ʥʘ ʝʥʝʨʛʝʪʠʯʥʽʡ 

ʰʢʘʣʽ (ʨʦʟʛʣʷʜʘʻʪʴʩʷ ʜʽʘʧʘʟʦʥ ʝʥʝʨʛʽʡ ʧʨʠʙʣʠʟʥʦ 0.1 - 10 ɻʝɺ/ʥʫʢʣʦʥ), ʷʢʘ 

ʟʰʠʚʘʻ ʚʞʝ ʚʽʜʦʤʽ ʤʝʪʦʜʠ, ʥʘʧʨʠʢʣʘʜ, ʬʘʡʝʨʙʦʣ-ʤʦʜʝʣʽ (ʤʝʥʰʝ 0.1 

ɻʝɺ/ʥʫʢʣʦʥ) ʘʙʦ ʤʦʜʝʣʽ ʷʜʝʨʥʦʾ ʛʽʜʨʦʜʠʥʘʤʽʢʠ (ʙʽʣʴʰʝ 10 ɻʝɺ/ʥʫʢʣʦʥ). 

ɯʥʘʢʰʝ ʢʘʞʫʯʠ, ʧʨʘʢʪʠʯʥʦʶ ʦʩʦʙʣʠʚʽʩʪʶ ʤʝʪʦʜʫ ʻ ʪʦʡ ʬʘʢʪ, ʱʦ ʚʽʥ 

ʟʘʜʦʚʽʣʴʥʦ ʦʧʠʩʫʻ ʽʥʢʣʶʟʠʚʥʽ ʩʧʝʢʪʨʠ ʷʜʝʨʥʠʭ ʧʨʦʮʝʩʽʚ ʟʽʪʢʥʝʥʥʷ ʫ ʜʦʩʠʪʴ 

ʰʠʨʦʢʦʤʫ ʧʨʦʤʽʞʥʦʤʫ ʜʽʘʧʘʟʦʥʽ ʚʠʩʦʢʠʭ ʝʥʝʨʛʽʡ ʚʽʜ 0.1 ɻʝɺ ʜʦ 10 ɻʝɺ, ʜʝ 

ʤʦʜʝʣʴ ʬʘʡʝʨʙʦʣʘ ʚʞʝ ʥʝ ʜʘʻ ʫʩʧʽʰʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ, ʘ ʤʦʜʝʣʴ ʷʜʝʨʥʦʾ 

ʛʽʜʨʦʜʠʥʘʤʽʢʠ ʱʝ ʥʝ ʟʘʩʪʦʩʦʚʥʘ. ʋ ʪʘʢʦʤʫ ʜʽʘʧʘʟʦʥʽ ʝʥʝʨʛʽʡ ʤʝʪʦʜ ʧʨʘʮʶʻ 

ʜʣʷ ʰʠʨʦʢʦʛʦ ʜʽʘʧʘʟʦʥʫ ʙʦʤʙʘʨʜʫʶʯʠʭ ʯʘʩʪʠʥʦʢ (ʚʽʜ ʧʨʦʪʦʥʽʚ ʜʦ ʷʜʝʨ 
40

Ar) ʽ 

ʧʨʠ ʜʫʞʝ ʰʠʨʦʢʦʤʫ ʚʠʙʦʨʫ ʤʽʰʝʥʝʡ (ʚʽʜ ʷʜʝʨ 
12
ʉ ʜʦ ʷʜʝʨ 

238
U). ɹʽʣʴʰ ʪʦʛʦ, 

ʤʝʪʦʜ ʫʩʧʽʰʥʠʡ ʽ ʜʣʷ ʝʥʝʨʛʽʡ, ʤʝʥʰʠʭ ʟʘ 0.1 ɻʝɺ ʟʘ ʫʤʦʚʠ, ʷʢʱʦ ʚ ʷʢʦʩʪʽ 

ʙʦʤʙʘʨʜʫʶʯʠʭ ʯʘʩʪʠʥʦʢ ʦʙʠʨʘʪʠ ʙʽʣʴʰ ʚʘʞʢʽ ʷʜʨʘ ʟ A>40 (ʥʘʧʨʠʢʣʘʜ, 

ʪʝʩʪʦʚʦ ʨʦʟʛʣʷʜʘʣʦʩʷ ʷʜʨʦ-ʩʥʘʨʷʜ 
132

Xe ʟ ʝʥʝʨʛʽʻʶ 0.044 ɻʝɺ/ʥʫʢʣʦʥ). 

ɺ ʨʦʟʜʽʣʽ ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʢʦʥʢʨʝʪʥʽ ʨʦʟʨʘʭʫʥʢʠ ʜʣʷ ʨʽʟʥʦʤʘʥʽʪʥʠʭ 

ʽʥʢʣʶʟʠʚʥʠʭ ʩʧʝʢʪʨʽʚ ʢʽʥʮʝʚʦʛʦ ʬʨʘʛʤʝʥʪʫ ʚ ʚʠʩʦʢʦʝʥʝʨʛʝʪʠʯʥʠʭ ʨʝʘʢʮʽʷʭ ʫ 

ʨʘʤʢʘʭ ʄʈʈ, ʧʨʦʘʥʘʣʽʟʦʚʘʥʦ ʧʦʨʽʚʥʷʥʥʷ ʟ ʝʢʩʧʝʨʠʤʝʥʪʦʤ, ʢʨʽʤ ʪʦʛʦ, ʥʘ 

ʧʨʠʢʣʘʜʽ ʜʝʢʽʣʴʢʦʭ ʢʦʥʢʨʝʪʥʠʭ ʚʠʩʦʢʦʝʥʝʨʛʝʪʠʯʥʠʭ ʨʝʘʢʮʽʡ ʟʘʧʨʦʧʦʥʦʚʘʥʦ 

ʘʥʘʣʽʟ ʜʠʥʘʤʽʢʠ ʧʦʚʝʜʽʥʢʠ ʢʦʤʧʘʫʥʜ-ʩʠʩʪʝʤʠ ʧʨʠ ʨʦʟʛʣʷʜʽ ʦʙʨʘʭʦʚʘʥʦʾ 

ʘʚʪʦʨʦʤ ʬʫʥʢʮʽʾ ʚʠʞʠʚʘʥʥʷ Lc(t) (ʚʽʨʦʛʽʜʥʦʩʪʽ ʥʝʨʦʟʧʘʜʫ) ʟʙʫʜʞʝʥʦʛʦ 

ʧʨʦʤʽʞʥʦʛʦ ʢʦʤʧʘʫʥʜ-ʢʦʤʧʣʝʢʩʫ ʽ ʡʦʛʦ ʰʚʠʜʢʦʩʪʽ ʨʦʟʧʘʜʫ I(t) (ʚ ʟʘʣʝʞʥʦʩʪʽ 

ʚʽʜ ʯʘʩʫ ʚ ʥʘʙʣʠʞʝʥʥʽ ʚʠʥʠʢʥʝʥʥʷ ʜʝʢʽʣʴʢʦʭ ʯʘʩʦʚʠʭ ʨʝʟʦʥʘʥʩʽʚ). 
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ʋʧʝʨʰʝ ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʬʦʨʤʫʣʫ ʜʣʷ ʦʙʨʘʭʫʥʢʫ ʚʠʱʝʟʘʟʥʘʯʝʥʠʭ 

ʬʫʥʢʮʽʡ ʚʠʞʠʚʘʥʥʷ ʽ ʰʚʠʜʢʦʩʪʝʡ ʨʦʟʧʘʜʫ ʜʣʷ ʜʦʚʽʣʴʥʦʾ ʢʽʣʴʢʦʩʪʽ ʧʘʨ 

ʯʘʩʦʚʠʭ ʧʘʨʘʤʝʪʨʽʚ tn ʽ Űn. 

ɹʘʟʦʚʦʶ ʽʜʝʻʶ ʜʠʥʘʤʽʢʠ ʤʦʜʝʣʽ ʻ ʧʨʠʧʫʱʝʥʥʷ ʰʚʠʜʢʦʛʦ (ʽʥʦʜʽ 

ñʚʠʙʫʭʦʚʦʛʦò ʘʙʦ ñʤʠʪʪʻʚʦʛʦò) ʨʦʟʚʘʣʫ ʢʦʤʧʘʫʥʜ-ʩʠʩʪʝʤʠ ʧʽʩʣʷ ʾʾ ʪʨʠʚʘʣʦʛʦ 

ʽ ʩʪʽʡʢʦʛʦ ʽʩʥʫʚʘʥʥʷ ʧʽʩʣʷ ʫʪʚʦʨʝʥʥʷ ʽʟ ʫʣʘʤʢʽʚ ʙʦʤʙʘʨʜʫʶʯʠʭ ʯʘʩʪʠʥʦʢ ʪʘ 

ʫʣʘʤʢʽʚ ʤʽʰʝʥʽ. 
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ʨʝʟʦʥʘʥʩʽʚ), ʱʦ, ʷʢ ʚʠʷʚʠʣʦʩʷ, ʚʽʟʫʘʣʴʥʦ ʚʠʨʘʞʘʻʪʴʩʷ ʚ ʥʘʷʚʥʦʩʪʽ ʚ 
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ʢʽʥʮʝʚʦʛʦ ʬʨʘʛʤʝʥʪʘ ʝʢʩʧʦʥʝʥʮʽʡʥʦ-ʩʧʘʜʘʶʯʠʭ ʜʽʣʷʥʦʢ (ʟ ʤʦʞʣʠʚʠʤʠ 

ʣʝʛʢʠʤʠ ʦʩʮʠʣʷʮʽʷʤʠ). 

 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʧʨʦʩʪʦʨʦʚʦ-ʯʘʩʦʚʠʡ ʘʥʘʣʽʟ, ʤʝʪʦʜ ʯʘʩʦʚʠʭ ʨʝʟʦʥʘʥʩʽʚ, 

ʢʦʛʝʨʝʥʪʥʽ ʝʬʝʢʪʠ, ʽʥʢʣʶʟʠʚʥʽ ʩʧʝʢʪʨʠ ʢʽʥʮʝʚʠʭ ʬʨʘʛʤʝʥʪʽʚ. 

 

ABSTRACT 

 

Omelchenko S.O. Investigation of coherent and dynamic effects in 

nuclear reactions within the framework of space-time analysis.- Manuscript.  

Ph. D. degree thesis for the physical and mathematical sciences of 01.04.16 

speciality - ζNuclear physics, elementary particles and high energiesη. - Institute 

for Nuclear Research NAS of Ukraine, Kiev, 2021.  

In the dissertation on the basis of the developed space-time analysis two 

methods-models are offered: (i) - space-time method which at calculations of 

cross-sections and velocities of coincidences considers available intermediate 

coherent channels in various classes of nuclear collision reactions and (ii) - a 

method of time resonances or a resonant decay model (MRD) of an intermediate 

compound system over time, which is designed to calculate the anomalous 
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inclusive spectra of the final fragments in some high-energy reactions. Within the 

space-time analysis, the method of cross-section calculations for binary reactions 

of nucleon collisions with light and medium nuclei, for light nucleus collision 

reactions, as well as for non-peripheral collisions of heavy ions is proposed, 

emphasizing the importance of taking into account coherent effects. Within the 

MRD, calculations of inclusive spectra with atypical exponentially decreasing 

behavior with increasing energy for some high-energy reactions were performed, 

and the dynamics of decay of intermediate compound systems was studied. 

The dissertation contains four scientific sections. 

The first section is devoted to the review and analysis of the possibilities of 

space-time description of interference effects occurring in low-energy binary 

reactions of nucleon scattering on nuclei near isolated resonances distorted by a 

nonresonant background. 

Possible two intermediate coherent reaction channels are considered, 

namely, direct and resonant, where an intermediate compound nucleus is formed, 

which decays after the delay. The method was used to study the effect of the 

presence of such coherent channels on the times and cross-sections of nuclear 

reactions. 

A corrective phase parameter ű is introduced, which describes the space-

time shift between the emission sources of particles in the laboratory reference 

system (L - system). 

An example of application of the space-time method of collision processes 

developed by the author is given not only to the reactions accompanied by the 

formation of a single compound resonance, but also for cases of several 

overlapping resonances. 

The calculations of cross-sections illustrating the influence of phase shifts 

and, in particular, the phase parameter ű on the coherent effects, which are 

manifested depending on the type of cross-sections from the above phases for 

specific nucleon scattering reactions on nuclei 
12
ʉ, 

16
O, 

28
Si, 

52
Cr, 

56
Fe,

 63
Cu, 

64
Ni 

and 
73

Ge. 
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It is established that the average time of collision processes with the 

presence of both a single isolated resonance and two adjacent overlapping 

resonances in the calculations in the L - system is a trivial positive value, which 

explains the paradoxes of delay-advance that took place in the literature in the 

calculations in the center of mass system (C - system). 

The second section discusses theoretical and practical developments that 

use a space-time approach to account for coherent effects in light nucleus 

collisions. 

The section is devoted to: (i) - analysis of the early works of stationary 

theory, which indicated the need for theoretical consideration of coherent effects in 

the processes of collision of light nuclei; (ii) - building a methodology for applying 

the space-time method to such processes using the author's proposed formalism 

similar to that described in Section 1, and (iii) extending the methodology of 

Section 1 to calculate cross-sections and coincidence velocities for more complex 

reactions, leading to the formation of 3 particles in the output channel, two of 

which are detected. 

The third section is devoted to the theoretical analytical continuation of the 

space-time approach to interference phenomena described in sections 1 and 2 of 

this dissertation, taking into account the coherent effects in central collisions of 

heavy nuclei, where the fundamental consideration is complicated by the 

multiplicity of intermediate excited states. It is shown that the possible prospect of 

applying the proposed approach to estimating the rate of coincidences or cross-

sections for such nuclear processes, for example, in the approximation of one-

particle autocorrelation functions and the random phase, may be related to: (i) - 

using the Erickson fluctuations method for isolated resonances; (ii) - with 

Simonius parameterization for overlapping resonances and, finally; (iii) - with 

modified Simonius parameterization with Luboszyc type corrections for strongly 

overlapped resonances. 

The fourth section discusses a promising method of temporal resonances 

based on the space-time concept of research or a model of resonant decay in time 
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of an intermediate compound system (MRD), which is based on a unique 

phenomenological relationship between the Hamiltonian and the time operator. 

The section is devoted to the consideration of MRD in the study of atypical 

behavior of energy absorption spectra of single finite fragments in nuclear 

reactions using an approach that is a forced alternative to the conventional 

approach of energy resonances to explain common manifestations of atypical high-

temperature statistical equilibrium. These time resonances physically correspond to 

the formation of highly excited long-lived compound systems that disintegrate 

non-exponentially over time. Mathematically, the method is based on the 

introduction of pairs of parameters with time dimensions tn and Űn, the first of 

which in content corresponds to the eigenvalue of the time operator for the 

compound system, and the second - deviation from its value. In addition, a 

complex parameter ʉn, responsible for the departure angle of the final investigated 

reaction fragment, was introduced. 

The paper shows that such parametrization is valid under the condition of 

strongly overlapping resonances (typical for heavy ion collisions), where light 

transitions between strongly nonorthogonal states cause a delay in the collapse of 

highly excited compound systems. 

The proposed method is essentially an intermediate link on the energy scale 

(energy range of about 0.1 - 10 GeV/nucleon is considered), which crosslink 

already known methods, such as fireball models (less than 0.1 GeV/nucleon) or 

nuclear hydrodynamics models (more than 10 GeV/nucleon). In other words, the 

practical feature of the method is the fact that it satisfactorily describes the 

inclusive spectra of nuclear collision processes in a fairly wide intermediate range 

of high energies from 0.1 GeV to 10 GeV, where the fireball model is no longer 

successful and the nuclear hydrodynamics model is not yet applicable. In this 

energy range, the method works for a wide range of bombarding particles (from 

protons to 
40

Ar nuclei) and with a very wide choice of targets (from 
12

C nuclei to 

238
U nuclei). Moreover, the method is successful for energies less than 0.1 GeV, 
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provided that heavier nuclei with A > 40 are chosen as bombarding particles (for 

example, a 
132

Xe nucleus with an energy of 0.044 GeV/nucleon was tested). 

The section offers specific calculations for various inclusive spectra of the 

final fragment in high-energy reactions within MRD, analyzes the comparison with 

the experiment, in addition, on the example of several specific high-energy 

reactions offers analysis of the behavior of the compound system when considering 

the author's survival function Lc(t) (probability of non-decay) of the excited 

intermediate compound complex and its decay rate I(t) (depending on the time in 

the approach of the occurrence of several time resonances). 

For the first time, a formula for calculating the above-mentioned survival 

functions and decay rates for an arbitrary number of pairs of time parameters tn and 

Űn is proposed. 

The basic idea of the model dynamics is the assumption of rapid (sometimes 

"explosive" or "instantaneous") collapse of the compound system after its long and 

stable existence after the formation of bomb particles and target fragments. 

The limits of application of the method for interpretation of experimental 

data are shown (i.e the condition of occurrence of temporal resonances is shown), 

which, as it turned out, is visually expressed in the presence of experimentally 

observed inclusive energy spectra of a finite fragment of exponentially decreasing 

regions (with possible slight oscillations). 

 

Keywords: space-time analysis, time resonance method, coherent effects, 

inclusive spectra of finite fragments. 

 

ʉʧʠʩʦʢ ʧʫʙʣʽʢʘʮʽʡ ʟʜʦʙʫʚʘʯʘ 

 

ʉʪʘʪʪʽ ʫ ʥʘʫʢʦʚʠʭ ʬʘʭʦʚʠʭ ʚʠʜʘʥʥʷʭ, ʚ ʷʢʠʭ ʦʧʫʙʣʽʢʦʚʘʥʽ ʦʩʥʦʚʥʽ 

ʨʝʟʫʣʴʪʘʪʠ ʜʠʩʝʨʪʘʮʽʾ: 
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ɺʉʊʋʇ 

 

ɸʢʪʫʘʣʴʥʽʩʪʴ ʦʙʨʘʥʦʾ ʪʝʤʠ. ɽʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʡ ʪʝʦʨʝʪʠʯʥʽ 

ʜʦʩʣʽʜʞʝʥʥʷ ʢʦʛʝʨʝʥʪʥʠʭ ʪʘ ʜʠʥʘʤʽʯʥʠʭ ʝʬʝʢʪʽʚ ʫ ʧʨʦʮʝʩʘʭ ʟʽʪʢʥʝʥʴ 

ʤʘʣʦʥʫʢʣʦʥʥʠʭ ʽ ʙʘʛʘʪʦʥʫʢʣʦʥʥʠʭ ʷʜʝʨ, ʥʫʢʣʦʥ-ʷʜʝʨʥʠʭ ʧʨʦʮʝʩʽʚ ʧʨʠʨʦʜʥʦ 

ʪʨʠʚʘʶʪʴ ʟ ʩʝʨʝʜʠʥʠ ʤʠʥʫʣʦʛʦ ʩʪʦʨʽʯʯʷ ʧʦ ʩʴʦʛʦʜʥʽʰʥʽʡ ʜʝʥʴ ʡ ʙʫʜʫʪʴ ʱʝ 

ʜʦʚʛʦ ʘʢʪʫʘʣʴʥʠʤʠ, ʢʨʽʤ ʪʦʛʦ, ʟʘʚʞʜʠ ʤʘʻ ʩʝʥʩ ʧʦʰʫʢ ʥʦʚʠʭ ʤʦʜʝʣʝʡ, ʙʦ 

ʥʘʷʚʥʽ ʤʦʜʝʣʽ ʤʦʞʫʪʴ ʘʙʦ ʥʝ ʪʦʯʥʦ ʦʧʠʩʫʚʘʪʠ ʧʨʦʮʝʩʠ, ʘʙʦ ʧʦʛʘʥʦ ʧʨʘʮʶʚʘʪʠ 

ʫ ʢʦʥʢʨʝʪʥʦʤʫ ʜʽʘʧʘʟʦʥʽ ʝʥʝʨʛʽʡ. 

ʂʦʛʝʨʝʥʪʥʽ ʝʬʝʢʪʠ ʚ ʷʜʝʨʥʠʭ ʧʨʦʮʝʩʘʭ ʟʘʚʞʜʠ ʧʨʝʜʩʪʘʚʣʷʣʠ ʥʘʫʢʦʚʠʡ 

ʽʥʪʝʨʝʩ, ʘ ʟ̔ ʚʚʝʜʝʥʥʷʤ ʚ ʜʽʶ ʩʫʯʘʩʥʠʭ ʢʦʣʘʡʜʝʨʽʚ ʤʘʶʪʴ ʙʘʛʘʪʦ 

ʧʝʨʩʧʝʢʪʠʚʥʠʭ ʥʘʧʨʷʤʢʽʚ, ʥʘʧʨʠʢʣʘʜ, ʚ ʬʝʤʪʦʩʢʦʧʽʯʥʠʭ ʜʦʩʣʽʜʞʝʥʥʷʭ ʟʦʥʠ 

ʟʽʪʢʥʝʥʥʷ ʩʪʦʩʦʚʥʦ, ʥʘʧʨʠʢʣʘʜ, ʾʾ  ʨʦʟʤʽʨʽʚ ʽ ʬʦʨʤʠ. ʎʽ ʧʘʨʘʤʝʪʨʠ ʤʦʞʫʪʴ 

ʙʫʪʠ ʚʘʞʣʠʚʠʤʠ ʧʨʠ ʧʦʜʘʣʴʰʦʤʫ ʦʙʨʘʭʫʚʘʥʥʽ ʛʫʩʪʠʥʠ ʝʥʝʨʛʽʾ ʧʨʠ 

ʚʠʩʦʢʦʝʥʝʨʛʝʪʠʯʥʠʭ ʟʽʪʢʥʝʥʥʷʭ.  

ɺʘʞʣʠʚʠʤ ʚ ʪʘʢʠʭ ʟʽʪʢʥʝʥʥʷʭ ʤʦʞʝ ʙʫʪʠ ʪʘʢʦʞ ʧʦʰʫʢ ʜʠʥʘʤʽʯʥʠʭ 

ʝʬʝʢʪʽʚ, ʧʦʚôʷʟʘʥʠʭ ʟ ʥʝʪʠʧʦʚʦʶ ʚ ʯʘʩʽ ʧʦʚʝʜʽʥʢʦʶ ʢʦʤʧʘʫʥʜ-ʩʠʩʪʝʤ, ʱʦ 

ʩʪʚʦʨʶʶʪʴʩʷ ʟ ʫʣʘʤʢʽʚ ʙʦʤʙʘʨʜʫʶʯʠʭ ʯʘʩʪʠʥʦʢ-ʩʥʘʨʷʜʽʚ ʪʘ ʯʘʩʪʠʥʦʢ-

ʤʽʰʝʥʝʡ. ɸʢʪʫʘʣʴʥʽʩʪʴ ʜʦʩʣʽʜʞʝʥʴ ʪʘʢʦʾ ʧʦʚʝʜʽʥʢʠ ʪʘʢʦʞ ʤʦʞʝ ʙʫʪʠ ʮʽʢʘʚʦʶ 

ʚ ʢʦʥʪʝʢʩʪʽ, ʥʘʧʨʠʢʣʘʜ, ʧʦʰʫʢʫ ʩʠʩʪʝʤ ʟ ʤʦʞʣʠʚʠʤ ʧʦʨʫʰʝʥʥʷʤ 

ʝʢʩʧʦʥʝʥʮʽʡʥʦʛʦ ʟʘʢʦʥʫ ʨʦʟʧʘʜʫ ɻʝʡʛʝʨʘ-ʅʝʪʪʦʣʘ. ɹʽʣʴʰ ʪʦʛʦ, ʜʣʷ ʘʥʘʣʽʟʫ 

ʜʠʥʘʤʽʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʥʦʚʠʭ ʩʪʘʥʽʚ ʤʘʪʝʨʽʾ, ʷʢʽ ʜʦʩʣʽʜʞʫʶʪʴʩʷ ʥʘ 

ʢʦʣʘʡʜʝʨʘʭ RHIC ʪʘ LHC, ʤʦʞʫʪʴ ʩʪʘʪʠ ʫ ʥʘʛʦʜʽ ʽ ʥʦʚʽ ʧʽʜʭʦʜʠ ʥʘ ʟʨʘʟʦʢ 

ʟʘʧʨʦʧʦʥʦʚʘʥʦʾ ʤʦʜʝʣʽ ʨʝʟʦʥʘʥʩʥʦʛʦ ʨʦʟʧʘʜʫ ʫ ʯʘʩʽ ʧʨʦʤʽʞʥʦʾ ʢʦʤʧʘʫʥʜ-

ʩʠʩʪʝʤʠ. 

ʊʦʤʫ ʨʦʙʦʪʘ ʩʪʦʩʫʻʪʴʩʷ ʨʦʟʨʦʙʢʠ ʚ ʤʝʞʘʭ ʧʨʦʩʪʦʨʦʚʦ-ʯʘʩʦʚʦʛʦ ʘʥʘʣʽʟʫ 

ʜʚʦʭ ʥʘʧʨʷʤʢʽʚ/ʤʝʪʦʜʽʚ. ʇʦ-ʧʝʨʰʝ, ʚʧʨʦʚʘʜʞʝʥʦ ʧʦʢʨʦʢʦʚʠʡ ʨʦʟʚʠʪʦʢ 

ʧʨʦʩʪʦʨʦʚʦ-ʯʘʩʦʚʦʛʦ ʤʝʪʦʜʫ ʜʣʷ ʚʨʘʭʫʚʘʥʥʷ ʢʦʛʝʨʝʥʪʥʠʭ ʝʬʝʢʪʽʚ ʚ 

ʧʨʦʤʽʞʥʠʭ ʢʘʥʘʣʘʭ ʨʽʟʥʦʤʘʥʽʪʥʠʭ ʨʝʘʢʮʽʡ, ʘ ʩʘʤʝ, ʩʧʦʯʘʪʢʫ (i) - ʙʽʥʘʨʥʠʭ 

ʨʝʘʢʮʽʡ ʨʦʟʩʽʷʥʥʷ ʥʫʢʣʦʥʽʚ ʥʘ ʣʝʛʢʠʭ ʪʘ ʩʝʨʝʜʥʽʭ ʷʜʨʘʭ ʧʨʠ ʥʠʟʴʢʠʭ ʪʘ 



21 

 

ʩʝʨʝʜʥʽʭ ʝʥʝʨʛʽʷʭ, ʧʦʪʽʤ (ʽʽ) - ʚ ʨʝʘʢʮʽʷʭ ʟʽʪʢʥʝʥʴ ʣʝʛʢʠʭ ʽʦʥʽʚ, ʽ, ʥʘʨʝʰʪʽ, (ʽʽʽ) 

- ʧʨʠ ʮʝʥʪʨʘʣʴʥʠʭ ʚʠʩʦʢʦʝʥʝʨʛʝʪʠʯʥʠʭ ʟʽʪʢʥʝʥʥʷʭ ʚʘʞʢʠʭ ʽʦʥʽʚ. ʇʦ-ʜʨʫʛʝ, 

ʨʦʟʨʦʙʣʝʥʦ ʤʝʪʦʜ ʯʘʩʦʚʠʭ ʨʝʟʦʥʘʥʩʽʚ ʘʙʦ ʤʦʜʝʣʴ ʨʝʟʦʥʘʥʩʥʦʛʦ ʨʦʟʧʘʜʫ 

ʧʨʦʤʽʞʥʦʾ ʚʠʩʦʢʦʟʙʫʜʞʝʥʦʾ ʢʦʤʧʘʫʥʜ-ʩʠʩʪʝʤʠ, ʱʦ ʫʪʚʦʨʶʻʪʴʩʷ ʧʽʩʣʷ 

ʟʽʪʢʥʝʥʥʷ ʯʘʩʪʠʥʢʠ ʪʘ ʤʽʰʝʥʽ, ʜʣʷ ʧʦʷʩʥʝʥʥʷ ʜʠʥʘʤʽʢʠ ʜʝʷʢʠʭ 

ʚʠʩʦʢʦʝʥʝʨʛʝʪʠʯʥʠʭ ʨʝʘʢʮʽʡ, ʢʦʣʠ ʻ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʧʨʦʷʚʠ ʥʝʪʠʧʦʚʦʾ 

ʝʢʧʦʥʝʥʮʽʡʥʦ ʩʧʘʜʘʶʯʦʾ ʟ ʨʦʩʪʦʤ ʝʥʝʨʛʽʾ ʧʦʚʝʜʽʥʢʠ ʽʥʢʣʶʟʠʚʥʠʭ ʩʧʝʢʪʨʽʚ 

ʢʽʥʮʝʚʠʭ ʬʨʘʛʤʝʥʪʽʚ ʚ ʪʘʢʠʭ ʨʝʘʢʮʽʷʭ. 

ɿʚ'ʷʟʦʢ ʨʦʙʦʪʠ ʟ ʥʘʫʢʦʚʠʤʠ ʧʨʦʛʨʘʤʘʤʠ, ʧʣʘʥʘʤʠ, ʪʝʤʘʤʠ. 

ʈʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʴ, ʷʢʽ ʧʦʢʣʘʜʝʥʽ ʚ ʦʩʥʦʚʫ ʜʠʩʝʨʪʘʮʽʾ, ʦʪʨʠʤʘʥʽ ʧʨʠ 

ʚʠʢʦʥʘʥʥʽ ʥʘʫʢʦʚʦ-ʜʦʩʣʽʜʥʠʭ ʪʝʤ ʩʧʦʯʘʪʢʫ ʣʘʙʦʨʘʪʦʨʽʾ ʯʘʩʦʚʦʛʦ ʘʥʘʣʽʟʫ 

ʷʜʝʨʥʠʭ ʧʨʦʮʝʩʽʚ ʽ ʧʽʟʥʽʰʝ ʚʽʜʜʽʣʫ ʪʝʦʨʽʾ ʷʜʝʨʥʠʭ ʧʨʦʮʝʩʽʚ ɯʥʩʪʠʪʫʪʫ ʷʜʝʨʥʠʭ 

ʜʦʩʣʽʜʞʝʥʴ ʅɸʅ ʋʢʨʘʾʥʠ, ʫ ʷʢʠʭ ʘʚʪʦʨ ʙʫʚ ʙʝʟʧʦʩʝʨʝʜʥʽʤ ʚʠʢʦʥʘʚʮʝʤ, ʘ 

ʩʘʤʝ: Ăɸʥʘʣʽʟ ʚʧʣʠʚʫ ʚʠʧʨʦʤʽʥʶʚʘʥʴ ʽ ʜʝʬʦʨʤʘʮʽʾ ʷʜʝʨ ʥʘ ʝʚʦʣʶʮʽʶ ʷʜʝʨʥʠʭ 

ʩʠʩʪʝʤò (ɼʈˉ0104U003885, 2004-2006 ʨʨ.); Ăʂʽʥʝʪʠʢʘ ʡ ʯʘʩʦʚʠʡ ʘʥʘʣʽʟ 

ʷʜʝʨʥʠʭ ʧʨʦʮʝʩʽʚò (ɼʈˉ0106U00114112007-2011 ʨʨ.); Ăʄʝʪʦʜʠ ʯʘʩʦʚʦʛʦ 

ʘʥʘʣʽʟʫ ʫ ʚʠʚʯʝʥʥʽ ʷʜʝʨʥʠʭ ʨʝʘʢʮʽʡ ʽ ʨʦʟʧʘʜʽʚò (ɼʈˉ0112U004492, 2008-2012 

ʨʨ.); ñʄʝʪʦʜʠ ʯʘʩʦʚʦʛʦ ʘʥʘʣʽʟʫ ʫ ʚʠʚʯʝʥʥʽ ʷʜʝʨʥʠʭ ʨʝʘʢʮʽʡ ʽ ʨʦʟʧʘʜʽʚ 

(ʟʘʢʣʶʯʥʠʡ)ò (ɼʈˉ0112U007378, 2012-2016 ʨʨ.); Ăɼʦʩʣʽʜʞʝʥʥʷ ʜʠʥʘʤʽʢʠ ʡ 

ʯʘʩʦʚʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʨʦʮʝʩʽʚ ʚʟʘʻʤʦʜʽʾ ʷʜʝʨ ʽ ʝʣʝʤʝʥʪʘʨʥʠʭ ʯʘʩʪʠʥʦʢ ʫ 

ʰʠʨʦʢʦʤʫ ʜʽʘʧʘʟʦʥʽ ʝʥʝʨʛʽʡò (ɼʈˉ0116U006401017-2021 ʨʨ.); Ăɼʦʩʣʽʜʞʝʥʥʷ 

ʷʜʝʨʥʦʾ ʚʟʘʻʤʦʜʽʾ ʚ ʨʽʟʥʦʤʘʥʽʪʥʠʭ ʷʜʝʨʥʠʭ ʧʨʦʮʝʩʘʭ ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʜʠʬʨʘʢʮʽʡʥʦʾ ʪʝʦʨʽʾ ʡ ʪʝʦʨʽʾ ʛʘʣʴʤʦʚʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷò 

(ɼʈˉ0116U008487, 2017-2021 ʨʨ.). 

ʄʝʪʘ ʽ ʟʘʚʜʘʥʥʷ ʜʦʩʣʽʜʞʝʥʥʷ. ʆʩʥʦʚʥʦʶ ʤʝʪʦʶ ʜʠʩʝʨʪʘʮʽʡʥʦʾ ʨʦʙʦʪʠ 

ʻ ʨʦʟʨʦʙʢʘ, ʫʟʘʛʘʣʴʥʝʥʥʷ ʽ ʧʨʘʢʪʠʯʥʘ ʧʝʨʝʚʽʨʢʘ ʥʘ ʥʘʷʚʥʠʭ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʘʥʠʭ ʜʚʦʭ ʪʝʦʨʝʪʠʯʥʠʭ ʤʝʪʦʜʽʚ-ʤʦʜʝʣʝʡ, ʨʦʟʨʦʙʣʝʥʠʭ 

ʥʘ ʙʘʟʽ ʧʨʦʩʪʦʨʦʚʦ-ʯʘʩʦʚʦʛʦ ʧʽʜʭʦʜʫ. 

ʆʙôʻʢʪʠ ʜʦʩʣʽʜʞʝʥʥʷ: ʙʽʥʘʨʥʽ ʧʨʦʮʝʩʠ ʨʦʟʩʽʷʥʥʷ ʥʫʢʣʦʥʽʚ ʥʘ ʷʜʨʘʭ, 

ʙʽʥʘʨʥʽ ʨʝʘʢʮʽʾ  ʟʘ ʫʯʘʩʪʶ ʣʝʛʢʠʭ ʽ ʚʘʞʢʠʭ ʽʦʥʽʚ, ʘ ʪʘʢʦʞ ʨʝʘʢʮʽʾ  ʟʘ ʫʯʘʩʪʶ 
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ʣʝʛʢʠʭ ʽ ʚʘʞʢʠʭ ʽʦʥʽʚ ʟ ʪʨʴʦʤʘ ʯʘʩʪʠʥʢʘʤʠ ʫ ʚʠʭʽʜʥʦʤʫ ʢʘʥʘʣʽ.  

ʇʨʝʜʤʝʪʠ ʜʦʩʣʽʜʞʝʥʥʷ: ʨʦʟʧʦʜ̔ʣʝʥ̔ ʥʘ ʜʚʽ ʢʘʪʝʛʦʨʽʾ: 

1 ʢʘʪʝʛʦʨʽʷ - ʮʝ ʩʧʦʩʪʝʨʝʞʫʚʘʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʚʠʭʽʜʥʠʭ ʧʨʦʜʫʢʪʽʚ 

ʨʝʘʢʮʽʡ ʧʨʠ ʤʦʜʝʣʶʚʘʥʥʽ ʥʘʷʚʥʦʩʪʽ ʧʨʦʤʽʞʥʠʭ ʢʦʛʝʨʝʥʪʥʠʭ ʢʘʥʘʣʽʚ ʜʣʷ: 

- ʧʨʦʮʝʩʽʚ ʨʦʟʩʽʷʥʥʷ ʥʫʢʣʦʥʽʚ ʥʘ ʣʝʛʢʠʭ ʽ ʩʝʨʝʜʥʽʭ ʷʜʨʘʭ ʘʙʦ ʨʝʘʢʮʽʡ, 

ʱʦ ʚʽʜʙʫʚʘʶʪʴʩʷ ʧʽʜ ʯʘʩ ʟʽʪʢʥʝʥʥʷ ʣʝʛʢʠʭ ʽʦʥʽʚ ʧʨʠ ʥʠʟʴʢʠʭ ʪʘ ʩʝʨʝʜʥʽʭ 

ʝʥʝʨʛʽʷʭ; 

- ʨʝʘʢʮʽʡ, ʱʦ ʚʽʜʙʫʚʘʶʪʴʩʷ ʧʽʜ ʯʘʩ ʟʽʪʢʥʝʥʥʷ ʚʘʞʢʠʭ ʽʦʥʽʚ ʟ 

ʤʽʥʽʤʘʣʴʥʠʤ ʧʨʠʮʽʣʴʥʠʤ ʧʘʨʘʤʝʪʨʦʤ ʧʨʠ ʚʠʩʦʢʠʭ ʝʥʝʨʛʽʷʭ; 

2 ʢʘʪʝʛʦʨʽ̫  - ʦʩʦʙʣʠʚʦʩʪʽ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʽʥʢʣʶʟʠʚʥʠʭ 

ʝʥʝʨʛʝʪʠʯʥʠʭ ʩʧʝʢʪʨʽʚ ʦʢʨʝʤʠʭ ʢʽʥʮʝʚʠʭ ʬʨʘʛʤʝʥʪʽʚ ʫ ʚʠʩʦʢʦʝʥʝʨʛʝʪʠʯʥʠʭ 

ʨʝʘʢʮʽʷʭ ʪʘ ʥʝʪʠʧʦʚʘ ʜʠʥʘʤʽʢʘ ʨʦʟʧʘʜʫ ʧʨʦʤʽʞʥʠʭ ʚʠʩʦʢʦʟʙʫʜʞʝʥʠʭ 

ʢʦʤʧʘʫʥʜ-ʩʠʩʪʝʤ. 

ʄʝʪʦʜʠ ʜʦʩʣʽʜʞʝʥʥʷ: ʫ ʜʠʩʝʨʪʘʮʽʡʥʽʡ ʨʦʙʦʪʽ ʚʠʢʦʨʠʩʪʘʥʦ ʤʝʪʦʜ 

ʘʩʠʤʧʪʦʪʠʢʠ ʭʚʠʣʴʦʚʠʭ ʧʘʢʝʪʽʚ ɻʦʣʴʜʙʝʨʛʝʨʘ-ɺʘʪʩʦʥʘ ʜʣʷ ʧʦʙʫʜʦʚʠ 

ʚʣʘʩʥʦʛʦ ʥʘʙʣʠʞʝʥʥʷ ʧʨʦʩʪʦʨʦʚʦ-ʯʘʩʦʚʦʛʦ  ʘʥʘʣʽʟʫ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʤʦʜʝʣʽ 

ʧʨʦʤʽʞʥʠʭ ʢʦʛʝʨʝʥʪʥʠʭ ʢʘʥʘʣʽʚ; ʢʨʽʤ ʪʦʛʦ, ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʘʩʴ ʚʣʘʩʥʘ ʤʦʜʝʣʴ 

ʨʝʟʦʥʘʥʩʥʦʛʦ ʨʦʟʧʘʜʫ ʚ ʯʘʩʽ ʧʨʦʤʽʞʥʦʾ ʚʠʩʦʢʦʟʙʫʜʞʝʥʦʾ ʢʦʤʧʘʫʥʜ-ʩʠʩʪʝʤʠ. 

ʅʘʫʢʦʚʘ ʥʦʚʠʟʥʘ ʦʪʨʠʤʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ. 

1. ɺʧʝʨʰʝ ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʨʦʟʰʠʨʝʥʥʷ ʜʚʦʭ ʪʝʦʨʝʪʠʯʥʠʭ ʤʦʜʝʣʝʡ ʜʣʷ 

ʦʮʽʥʢʠ ʢʦʛʝʨʝʥʪʥʠʭ ʪʘ ʜʠʥʘʤʽʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʜʝʷʢʠʭ ʷʜʝʨʥʠʭ ʧʨʦʮʝʩʽʚ. 

ʇʝʨʰʘ ʤʦʜʝʣʴ, ʧʦʙʫʜʦʚʘʥʘ ʚ ʨʘʤʢʘʭ ʧʨʦʩʪʦʨʦʚʦ-ʯʘʩʦʚʦʛʦ ʘʥʘʣʽʟʫ, ʩʪʦʩʫʻʪʴʩʷ 

ʚʨʘʭʫʚʘʥʥʷ ʧʨʦʤʽʞʥʠʭ ʢʦʛʝʨʝʥʪʥʠʭ ʢʘʥʘʣʽʚ ʚ ʷʜʝʨʥʠʭ ʨʝʘʢʮʽʷʭ. ɼʨʫʛʘ 

ʤʦʜʝʣʴ ʨʦʟôʷʩʥʶʻ ʥʝʪʠʧʦʚʫ ʧʦʚʝʜʽʥʢʫ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʽʥʢʣʶʟʠʚʥʠʭ 

ʩʧʝʢʪʨʽʚ ʧʦʦʜʠʥʦʢʠʭ ʧʨʦʜʫʢʪʽʚ ʨʝʘʢʮʽʾ ʚ ʚʠʭʽʜʥʦʤʫ ʢʘʥʘʣʽ ʪʘ ʜʠʥʘʤʽʢʫ 

ʨʦʟʚʘʣʫ ʧʨʦʤʽʞʥʦʾ ʚʠʩʦʢʦʟʙʫʜʞʝʥʦʾ ʢʦʤʧʘʫʥʜ-ʩʠʩʪʝʤʠ. 

2. ɺ ʨʘʤʢʘʭ ʧʨʦʩʪʦʨʦʚʦ-ʯʘʩʦʚʦʛʦ ʘʥʘʣʽʟʫ ʚʧʝʨʰʝ ʦʙʨʘʭʦʚʘʥʦ ʜʝʷʢʽ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʜʘʥʽ ʜʣʷ ʧʝʨʝʨʽʟʽʚ, ʬʫʥʢʮʽʡ ʟʙʫʜʞʝʥʥʷ ʘʙʦ ʰʚʠʜʢʦʩʪʝʡ 

ʩʧʽʚʧʘʜʽʥʴ ʪʘ ʧʨʦʚʝʜʝʥʘ ʦʮʽʥʢʘ ʚʘʞʣʠʚʦʩʪʽ ʫʨʘʭʫʚʘʥʥʷ ʥʘʷʚʥʦʩʪʽ ʧʨʦʤʽʞʥʠʭ 

ʢʦʛʝʨʝʥʪʥʠʭ ʢʘʥʘʣʽʚ ʧʨʦʪʽʢʘʥʥʷ ʨʝʘʢʮʽʡ ʨʦʟʩʽʷʥʥʷ ʧʨʦʪʦʥʽʚ ʥʘ ʷʜʨʘʭ 
12
ʉ, 

16
O 
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ʪʘ ʥʝʡʪʨʦʥʽʚ ʥʘ ʷʜʨʘʭ 
28

Si, 
52

Cr, 
56

Fe, 
63

Cu, 
64

Ni, 
73
Ge ʟ ʫʨʘʭʫʚʘʥʥʷʤ 

ʢʦʨʠʛʫʶʯʦʾ ʬʘʟʠ ʧʨʦʩʪʦʨʦʚʦ-ʯʘʩʦʚʦʛʦ ʟʩʫʚʫ j, ʷʢʘ ʚʨʘʭʦʚʫʻ ʢʦʛʝʨʝʥʪʥʽʩʪʴ 

ʧʨʦʤʽʞʥʠʭ ʢʘʥʘʣʽʚ ʨʝʘʢʮʽʡ, ʪʘ ʙʝʟ ʥʝʾ (0j¹ ). 

3. ʈʦʟôʷʩʥʝʥʦ ʜʦʩʠʪʴ ʮʽʢʘʚʠʡ ʧʘʨʘʜʦʢʩ ʟʘʪʨʠʤʢʠ-ʚʠʧʝʨʝʜʞʝʥʥʷ, ʱʦ 

ʧʨʦʷʚʣʷʚʩʷ ʚ ʉ-ʩʠʩʪʝʤʽ (ʩʠʩʪʝʤʽ ʮʝʥʪʨʫ ʤʘʩ) ʫ ʚʠʛʣʷʜʽ ʚʽʜôʻʤʥʦʛʦ ʯʘʩʫ 

ʧʨʦʪʽʢʘʥʥʷ ʨʝʘʢʮʽʾ, ʪʦʙʪʦ ʯʘʩʦʚʦʛʦ ʚʠʧʝʨʝʜʞʝʥʥʷ ʟʘʤʽʩʪʴ ʯʘʩʦʚʦʾ ʟʘʪʨʠʤʢʠ 

ʧʦʙʣʠʟʫ ʦʜʥʦʛʦ (ʘʙʦ ʜʚʦʭ ʧʝʨʝʢʨʠʪʠʭ ʩʫʩʽʜʥʽʭ), ʩʧʦʪʚʦʨʝʥʦʛʦ ʥʝʨʝʟʦʥʘʥʩʥʠʤ 

ʬʦʥʦʤ, ʽʟʦʣʴʦʚʘʥʦʛʦ ʢʦʤʧʘʫʥʜ-ʨʝʟʦʥʘʥʩʫ ʧʨʠ ʨʦʟʩʽʷʥʥʽ ʥʫʢʣʦʥʽʚ ʷʜʨʘʤʠ. 

ʇʦʢʘʟʘʥʦ, ʱʦ ʚ L-ʩʠʩʪʝʤʽ (ʣʘʙʦʨʘʪʦʨʥʽʡ ʩʠʩʪʝʤʽ) ʪʘʢʝ ʯʘʩʦʚʝ ʚʠʧʝʨʝʜʞʝʥʥʷ 

ʢʦʤʧʝʥʩʫʻʪʴʩʷ ʯʘʩʦʚʦʶ ʟʘʪʨʠʤʢʦʶ ʚ ʨʦʟʩʽʷʥʥʽ ʩʢʣʘʜʝʥʦʛʦ ʷʜʨʘ, ʱʦ ʨʫʭʘʻʪʴʩʷ 

ʚʽʜ ʪʦʯʢʠ ʟʽʪʢʥʝʥʥʷ ʜʦ ʨʦʟʧʘʜʫ ʩʢʣʘʜʝʥʦʛʦ ʷʜʨʘ ʽ ʩʝʨʝʜʥʽʡ ʯʘʩ ʧʨʦʪʽʢʘʥʥʷ 

ʨʝʘʢʮʽʾ ʩʪʘʻ ʪʨʠʚʽʘʣʴʥʦ ʧʦʟʠʪʠʚʥʦʶ ʚʝʣʠʯʠʥʦʶ. 

4. ɺʧʝʨʰʝ ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʧʘʨʘʤʝʪʨʠʟʘʮʽʶ ʘʤʧʣʽʪʫʜʠ ʨʝʘʢʮʽʾ, 

ʩʧʨʘʚʝʜʣʠʚʫ ʧʨʠ ʧʨʦʩʪʠʭ ʫʤʦʚʘʭ ɹʘʟʷ-ʅʴʶʪʦʥʘ ʪʘ ʙʽʣʴʰ ʨʝʘʣʽʩʪʠʯʥʠʭ 

ʃʶʙʦʰʠʮʷ, ʱʦ ʨʦʟôʷʩʥʶʻ ʥʝʪʠʧʦʚʫ ʧʦʚʝʜʽʥʢʫ ʰʠʨʦʢʦʛʦ ʢʣʘʩʫ ʽʥʢʣʶʟʠʚʥʠʭ 

ʩʧʝʢʪʨʽʚ ʢʽʥʮʝʚʠʭ ʧʨʦʜʫʢʪʽʚ ʚʠʩʦʢʦʝʥʝʨʛʝʪʠʯʥʠʭ ʨʝʘʢʮʽʡ ʟʽʪʢʥʝʥʥʷ ʜʣʷ 

ʯʘʩʪʠʥʦʢ-ʩʥʘʨʷʜʽʚ ʚʽʜ ʧʨʦʪʦʥʽʚ ʜʦ ʷʜʝʨ 
132
Xe ʽ ʯʘʩʪʠʥʦʢ-ʤʽʰʝʥʝʡ ʚʽʜ 

12
C ʜʦ 

238
U ʚ ʜʽʘʧʘʟʦʥʽ ʝʥʝʨʛʽʡ ʧʨʠʙʣʠʟʥʦ 0.04 - 10 ɻʝɺ/ʥʫʢʣʦʥ. 

ʇʨʘʢʪʠʯʥʝ ʟʥʘʯʝʥʥʷ ʦʪʨʠʤʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ. ʋ ʜʠʩʝʨʪʘʮʽʾ ʨʦʟʚʠʥʝʥʦ 

ʜʚʘ ʪʝʦʨʝʪʠʯʥʽ ʤʝʪʦʜʠ ʜʣʷ ʜʦʩʣʽʜʞʝʥʥʷ ʷʜʝʨʥʠʭ ʧʨʦʮʝʩʽʚ, ʟʘʩʥʦʚʘʥʽ ʥʘ 

ʧʨʦʩʪʦʨʦʚʦ-ʯʘʩʦʚʦʤʫ ʧʽʜʭʦʜʽ, ʷʢʽ ʤʘʶʪʴ ʧʝʨʩʧʝʢʪʠʚʥʝ ʧʨʘʢʪʠʯʥʝ ʟʥʘʯʝʥʥʷ 

ʧʨʠ (i) ʜʦʩʣʽʜʞʝʥʥʷʭ ʽʥʪʝʨʬʝʨʝʥʮʽʡʥʠʭ ʝʬʝʢʪʽʚ ʚ ʷʜʝʨʥʠʭ ʨʝʘʢʮʽʷʭ ʪʘ (ii) 

ʘʥʘʣʽʟʽ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʽʥʢʣʶʟʠʚʥʠʭ ʩʧʝʢʪʨʽʚ ʦʢʨʝʤʦ ʦʙʨʘʥʠʭ ʢʽʥʮʝʚʠʭ 

ʧʨʦʜʫʢʪʽʚ ʚʠʩʦʢʦʝʥʝʨʛʝʪʠʯʥʠʭ ʨʝʘʢʮʽʡ ʪʘ ʧʨʠ ʤʦʜʝʣʶʚʘʥʥʽ ʜʠʥʘʤʽʢʠ 

ʧʨʦʪʽʢʘʥʥʷ ʪʘʢʠʭ ʨʝʘʢʮʽʡ. 

ʈʦʟʰʠʨʝʥʥʷ ʜʦʩʣʽʜʞʝʥʴ ʢʦʛʝʨʝʥʪʥʠʭ ʚʧʣʠʚʽʚ, ʟʘʧʨʦʧʦʥʦʚʘʥʝ ʚ 

ʜʠʩʝʨʪʘʮʽʾ, ʙʫʜʝ ʚ ʧʝʨʩʧʝʢʪʠʚʽ ʩʪʦʩʫʚʘʪʠʩʷ, ʥʘʧʨʠʢʣʘʜ, ʚʜʦʩʢʦʥʘʣʝʥʥʷ 

ʬʝʤʪʦʩʢʦʧʽʯʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʟʦʥʠ ʢʦʣʘʡʜʝʨʥʠʭ ʟʽʪʢʥʝʥʴ ʥʘ ʦʩʥʦʚʽ ʘʥʘʣʽʟʫ 

ʤʦʜʠʬʽʢʦʚʘʥʠʭ ʢʦʨʝʣʷʮʽʡʥʠʭ ʬʫʥʢʮʽʡ ʟʘ ʜʦʧʦʤʦʛʦʶ ʧʘʨʘʤʝʪʨʽʟʘʮʽʾ 

ɻʦʣʴʜʭʘʙʝʨʘ. 
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ʆʢʨʝʤʦʾ ʫʚʘʛʠ ʟʘʩʣʫʛʦʚʫʻ ʤʝʪʦʜ ʨʝʟʦʥʘʥʩʥʦʛʦ ʨʦʟʧʘʜʫ ʚ ʯʘʩʽ (ʘʙʦ ʤʝʪʦʜ 

ʯʘʩʦʚʠʭ ʨʝʟʦʥʘʥʩʽʚ) ʜʣʷ ʚʠʩʦʢʦʟʙʫʜʞʝʥʠʭ ʢʦʤʧʘʫʥʜ-ʩʠʩʪʝʤ, ʨʦʟʨʦʙʣʝʥʠʡ ʚ 

ʨʘʤʢʘʭ ʧʨʦʩʪʦʨʦʚʦ-ʯʘʩʦʚʦʛʦ ʧʽʜʭʦʜʫ ʜʦ ʨʦʟʛʣʷʜʫ ʷʜʝʨʥʠʭ ʧʨʦʮʝʩʽʚ. ɿʘ 

ʜʦʧʦʤʦʛʦʶ ʮʴʦʛʦ ʤʝʪʦʜʫ ʤʦʞʥʘ ʫʩʧʽʰʥʦ ʨʦʟʨʘʭʦʚʫʚʘʪʠ ʜʝʷʢʽ ʥʝʪʠʧʦʚʽ 

ʽʥʢʣʶʟʠʚʥʽ ʩʧʝʢʪʨʠ ʚ ʰʠʨʦʢʦʤʫ ʜʽʘʧʘʟʦʥʽ ʝʥʝʨʛʽʡ, ʤʽʰʝʥʝʡ, ʙʦʤʙʘʨʜʫʶʯʠʭ 

ʯʘʩʪʠʥʦʢ-ʩʥʘʨʷʜʽʚ ʟ ʤʽʥʽʤʘʣʴʥʦʶ ʢʽʣʴʢʽʩʪʶ ʧʘʨʘʤʝʪʨʽʚ, ʱʦ ʧʽʜʙʠʨʘʶʪʴʩʷ. ʗʢ 

ʧʨʦʜʝʤʦʥʩʪʨʦʚʘʥʦ ʚ ʜʘʥʽʡ ʨʦʙʦʪʽ, ʤʝʪʦʜ ʫʩʧʽʰʥʦ ʨʦʟ'ʷʩʥʶʻ ʘʥʦʤʘʣʴʥʫ 

ʩʠʪʫʘʮʽʶ ʚʠʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʦʾ ʩʪʘʪʠʩʪʠʯʥʦʾ ʨʽʚʥʦʚʘʛʠ, ʱʦ ʤʘʻ ʤʽʩʮʝ ʧʨʠ 

ʟʽʪʢʥʝʥʥʷʭ ʜʣʷ ʰʠʨʦʢʦʛʦ ʜʽʘʧʘʟʦʥʫ ʯʘʩʪʠʥʦʢ ʧʨʠ ʚʠʩʦʢʠʭ ʝʥʝʨʛʽʷʭ. 

ʈʝʟʫʣʴʪʘʪʠ ʜʠʩʝʨʪʘʮʽʡʥʦʾ ʨʦʙʦʪʠ ʻ ʚʘʞʣʠʚʠʤʠ ʜʣʷ ʧʦʜʘʣʴʰʦʛʦ 

ʚʠʚʯʝʥʥʷ ʤʘʣʦ- ʽ ʙʘʛʘʪʦ-ʥʫʢʣʦʥʥʠʭ ʩʠʩʪʝʤ, ʜʠʥʘʤʽʢʠ ʧʨʦʮʝʩʽʚ ʨʦʟʩʽʷʥʥʷ, 

ʚʧʣʠʚʫ ʽʥʪʝʨʬʝʨʝʥʮʽʡʥʠʭ ʝʬʝʢʪʽʚ ʫ ʢʦʥʪʝʢʩʪʽ ʨʦʟʫʤʽʥʥʷ ʚʥʫʪʨʽʰʥʽʭ 

ʘʣʛʦʨʠʪʤʽʚ ʾʭ ʧʨʦʪʽʢʘʥʥʷ. ɼʫʞʝ ʚʘʞʣʠʚʠʤ ʽ ʧʝʨʩʧʝʢʪʠʚʥʠʤ ʥʘʧʨʷʤʢʦʤ ʻ 

ʨʦʟʰʠʨʝʥʥʷ ʦʙʣʘʩʪʽ ʚʠʢʦʨʠʩʪʘʥʥʷ ʜʦʩʠʪʴ ʥʝʩʪʘʥʜʘʨʪʥʦʛʦ ʤʝʪʦʜʫ ʯʘʩʦʚʠʭ 

ʨʝʟʦʥʘʥʩʽʚ ʚ ʟʦʥʫ ʫʣʴʪʨʘʨʝʣʷʪʠʚʽʩʪʩʴʢʠʭ ʟʽʪʢʥʝʥʴ, ʷʢ ʽʥʦʜʽ ʚʠʤʫʰʝʥʦʾ 

ʘʣʪɹʝʨʥʘʪʠʚʠ ʩʪʘʥʜʘʨʪʥʠʤ ʨʦʟʛʣʷʜʘʤ, ʱʦ ʙʘʟʫʶʪʴʩʷ ʥʘ ʤʘʪʝʤʘʪʠʯʥʦʤʫ 

ʘʧʘʨʘʪʽ ʩʪʘʥʜʘʨʪʥʠʭ ʝʥʝʨʛʝʪʠʯʥʠʭ ʨʝʟʦʥʘʥʩʽʚ. 

ʎʽ ʧʨʦʩʪʦʨʦʚʦ-ʯʘʩʦʚʽ ʤʝʪʦʜʠ ʻ ʚʘʞʣʠʚʦʶ, ʩʘʤʦʜʦʩʪʘʪʥʴʦʶ ʪʘ 

ʥʝʟʘʣʝʞʥʦʶ ʘʣʴʪʝʨʥʘʪʠʚʦʶ ʘʙʦ ʙʘʟʦʶ ʜʣʷ ʢʦʤʙʽʥʫʚʘʥʥʷ ʟ ʨʽʟʥʦʤʘʥʽʪʥʠʤʠ 

ʤʦʜʝʣʷʤʠ ʨʦʟʨʘʭʫʥʢʽʚ ʽ ʘʥʘʣʽʟʫ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʘʥʠʭ, ʥʘʧʨʠʢʣʘʜ, ʟ 

ʤʦʜʝʣʣʶ ʬʘʡʝʨʙʦʣʘ, ʚʥʫʪʨʽʰʥʴʦʷʜʝʨʥʦʶ ʢʘʩʢʘʜʥʦʶ ʤʦʜʝʣʣʶ ʘʙʦ ʤʦʜʝʣʣʶ 

ʷʜʝʨʥʦʾ ʛʽʜʨʦʜʠʥʘʤʽʢʠ, ʷʢ ʚ ʜʦʩʣʽʜʞʫʚʘʥʽʡ ʚ ʜʘʥʽʡ ʜʠʩʝʨʪʘʮʽʡʥʽʡ ʨʦʙʦʪʽ 

ʦʙʣʘʩʪʽ 0.04 ï 10 ɻʝɺ/ʥʫʢʣʦʥ, ʪʘʢ ʽ ʧʦʟʘ ʥʝʶ. 

ʆʩʦʙʠʩʪʠʡ ʚʥʝʩʦʢ ʟʜʦʙʫʚʘʯʘ. ʆʙʨʘʥʘ ʪʝʤʘ ʜʠʩʝʨʪʘʮʽʾ ʙʘʟʫʻʪʴʩʷ ʥʘ 

ʨʦʟʨʦʙʣʝʥʦʤʫ ʘʚʪʦʨʦʤ ʧʨʦʪʷʛʦʤ ʧʝʚʥʦʛʦ ʯʘʩʫ ʧʨʦʩʪʦʨʦʚʦ-ʯʘʩʦʚʦʤʫ ʧʽʜʭʦʜʽ 

ʜʦ ʘʥʘʣʽʟʫ ʚʥʫʪʨʽʰʥʽʭ ʤʝʭʘʥʽʟʤʽʚ ʷʜʝʨʥʠʭ ʧʨʦʮʝʩʽʚ ʽ, ʧʦ ʩʫʪʽ, ʻ ʫʟʘʛʘʣʴʥʝʥʥʷʤ 

ʟʨʦʙʣʝʥʠʭ ʟʘ ʮʝʡ ʯʘʩ ʚʽʜʧʦʚʽʜʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʪʘ ʦʧʫʙʣʽʢʦʚʘʥʠʭ ʘʚʪʦʨʦʤ 43 

ʨʦʙʽʪ ʫ ʚʠʛʣʷʜʽ ʩʪʘʪʝʡ, ʧʨʝʧʨʠʥʪʽʚ ʪʘ ʪʝʟ ʜʦʧʦʚʽʜʝʡ ʥʘ ʥʘʫʢʦʚʠʭ 

ʢʦʥʬʝʨʝʥʮʽʷʭ. 
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ʋ ʮʠʭ ʨʦʙʦʪʘʭ ʘʚʪʦʨʦʤ ʧʨʝʜʩʪʘʚʣʝʥʦ ʘʥʘʣʽʟ ʪʘ ʦʙʨʘʭʫʥʢʠ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʘʥʠʭ ʟʘ ʜʦʧʦʤʦʛʦʶ ʧʨʦʩʪʦʨʦʚʦ-ʯʘʩʦʚʦʛʦ ʧʽʜʭʦʜʫ ʜʣʷ 

ʨʦʟʛʣʷʜʫ ʧʝʨʝʨʽʟʽʚ ʙʽʥʘʨʥʠʭ ʨʝʘʢʮʽʡ, ʘ ʪʘʢʦʞ ʨʝʘʢʮʽʡ ʟ ʢʽʣʴʢʽʩʪʶ ʯʘʩʪʠʥʦʢ 

ʙʽʣʴʰʝ ʜʚʦʭ ʫ ʚʠʭʽʜʥʦʤʫ ʢʘʥʘʣʽ ʧʨʠ ʟʽʪʢʥʝʥʥ̫ ʭ ʣʝʛʢʠʭ ʪʘ ʚʘʞʢʠʭ ʽʦʥʽʚ. ʂʨʽʤ 

ʪʦʛʦ, ʘʚʪʦʨʦʤ ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʥʦʚʠʡ ʨʦʟʚʠʪʦʢ ʦʨʠʛʽʥʘʣʴʥʦʛʦ ʤʝʪʦʜʫ ʯʘʩʦʚʠʭ 

ʨʝʟʦʥʘʥʩʽʚ (ʘʙʦ ʽʥʘʢʰʝ, ʤʦʜʝʣʽ ʨʝʟʦʥʘʥʩʥʦʛʦ ʨʦʟʧʘʜʫ ʚ ʯʘʩʽ ʩʪʽʡʢʦʾ ʧʨʦʤʽʞʥʦʾ 

ʪʘ ʩʠʣʴʥʦ ʟʙʫʜʞʝʥʦʾ ʢʦʤʧʘʫʥʜ-ʩʠʩʪʝʤʠ) ʜʣʷ ʨʦʟʨʘʭʫʥʢʽʚ ʜʝʷʢʠʭ ʥʝʪʠʧʦʚʠʭ 

ʽʥʢʣʶʟʠʚʥʠʭ ʩʧʝʢʪʨʽʚ ʦʢʨʝʤʦʛʦ ʢʽʥʮʝʚʦʛʦ ʬʨʘʛʤʝʥʪʫ ʫ ʚʠʭʽʜʥʦʤʫ ʢʘʥʘʣʽ ʜʣʷ 

ʷʜʝʨʥʠʭ ʧʨʦʮʝʩʽʚ ʧʨʠ ʚʠʩʦʢʠʭ ʝʥʝʨʛʽʷʭ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʨʽʟʥʠʭ ʪʠʧʽʚ 

ʤʽʰʝʥʝʡ ʽ ʰʠʨʦʢʦʛʦ ʨʷʜʫ ʙʦʤʙʘʨʜʫʶʯʠʭ ʯʘʩʪʠʥʦʢ (ʚʽʜ ʧʨʦʪʦʥʽʚ p ʜʦ ʷʜʝʨ 
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Xe). 

ɸʚʪʦʨ ʜʠʩʝʨʪʘʮʽʾ ʦʩʦʙʠʩʪʦ ʙʨʘʚ ʫʯʘʩʪʴ ʥʘ ʚʩʽʭ ʝʪʘʧʘʭ ʜʦʩʣʽʜʞʝʥʴ, ʘ 

ʩʘʤʝ: ʫ ʨʦʟʨʦʙʮʽ ʪʝʦʨʝʪʠʯʥʦʛʦ ʤʝʪʦʜʫ ʧʨʦʩʪʦʨʦʚʦ-ʯʘʩʦʚʦʛʦ ʘʥʘʣʽʟʫ ʷʜʝʨʥʠʭ 

ʧʨʦʮʝʩʽʚ; ʧʽʜʛʦʪʦʚʮʽ ʨʫʢʦʧʠʩʽʚ ʩʪʘʪʝʡ ʽ ʜʦʧʦʚʽʜʝʡ ʜʦ ʧʫʙʣʽʢʘʮʽʡ; ʚ ʘʥʘʣʽʟʽ, 

ʧʦʰʫʢʫ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʘʥʠʭ, ʱʦ ʧʽʜʪʚʝʨʜʞʫʶʪʴ ʝʬʝʢʪʠʚʥʽʩʪʴ 

ʨʦʟʨʦʙʣʝʥʠʭ ʤʝʪʦʜʽʚ. ɸʚʪʦʨ ʦʩʦʙʠʩʪʦ ʚʠʢʦʥʘʚ ʫʚʝʩʴ ʦʙʩʷʛ ʨʦʙʽʪ ʧʦ 

ʨʦʟʨʘʭʫʥʢʘʭ ʱʦʜʦ ʧʨʘʢʪʠʯʥʦʾ ʧʝʨʝʚʽʨʢʠ ʨʦʟʨʦʙʣʝʥʠʭ ʤʝʪʦʜʽʚ ʥʘ ʧʽʜʩʪʘʚʽ 

ʥʘʷʚʥʠʭ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʘʥʠʭ. 

ɸʧʨʦʙʘʮʽʷ ʨʝʟʫʣʴʪʘʪʽʚ ʜʠʩʝʨʪʘʮʽʾ. ʈʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʴ, 

ʚʠʢʣʘʜʝʥʠʭ ʫ ʜʠʩʝʨʪʘʮʽʡʥʽʡ ʨʦʙʦʪʽ, ʜʦʧʦʚʽʜʘʣʠʩʷ ʥʘ ʤʽʞʥʘʨʦʜʥʠʭ ʽ 

ʚʽʪʯʠʟʥʷʥʠʭ ʢʦʥʬʝʨʝʥʮʽʷʭ, ʫ ʯʠʩʣʽ ʷʢʠʭ: International Symposium on Large-

Scale Collective Motion of Atomic Nuclei, Brolo(Messina) Italy,15-19 Oct.1996; 

International Symposium New Projects and Lines of Research in Nuclear Physics 

(October 24-26, 2002, Messina, Italy); 52-ʛʘ ʄʽʞʥʘʨʦʜʥʘ ʥʘʨʘʜʘ ʟ ʷʜʝʨʥʦ ʾ

ʩʧʝʢʪʨʦʩʢʦʧʽʾ ʪʘ ʩʪʨʫʢʪʫʨʠ ʘʪʦʤʥʦʛʦ ʷʜʨʘ (ʗɼʈʆ-2002, 18-22 ʯʝʨʚʥʷ 2002 ʨ., 

ʤ. ʄʦʩʢʚʘ, ʈʌ); III ʄʽʞʥʘʨʦʜʥʘ ʢʦʥʬʝʨʝʥʮʽʷ "ɸʢʪʫʘʣʴʥʽ ʧʨʦʙʣʝʤʠ ʷʜʝʨʥʦʾ 

ʬʽʟʠʢʠ ʪʘ ʘʪʦʤʥʦʾ ʝʥʝʨʛʝʪʠʢʠ" (ʂʠʾʚ, 2010); 4-th International Conference 

Current Problems in Nuclear Physics and Atomic Energy (NPAE-2012, sept.3-7, 

2012, Kyiv, Ukraine) ʪʘ ʯʠʩʣʝʥʥ̔  ʥʘʫʢʦʚʽ ʱʦʨʽʯʥʽ ʢʦʥʬʝʨʝʥʮʽʾ ɯʥʩʪʠʪʫʪʫ 
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ʷʜʝʨʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʅɸʅ ʋʢʨʘʾʥʠ (ʂʠʾʚ, 2011, 2016, 2017, 2018, 2019, 2020 

ʨʦʢʠ). 

ʇʫʙʣʽʢʘʮʽʾ. ɿʘ ʪʝʤʦʶ ʜʠʩʝʨʪʘʮʽʡʥʦʾ ʨʦʙʦʪʠ ʦʧʫʙʣʽʢʦʚʘʥʦ 43 ʥʘʫʢʦʚ ̔

ʧʨʘʮ,̔ ʟ ʷʢʠʭ 13 - ʫ ʬʘʭʦʚʠʭ ʞʫʨʥʘʣʘʭ, 2 - ʫ ʧʨʝʧʨʠʥʪʘʭ ɯʥʩʪʠʪʫʪʫ ʷʜʝʨʥʠʭ 

ʜʦʩʣʽʜʞʝʥʴ ʅɸʅ ʋʢʨʘʾʥʠ, 3 - ʚ arʍiv.org, 25 - ʫ ʤʘʪʝʨʽʘʣʘʭ ʥʘʫʢʦʚʠʭ 

ʢʦʥʬʝʨʝʥʮʽʡ. 

ʉʪʨʫʢʪʫʨʘ ʜʠʩʝʨʪʘʮʽʾ. ɼʠʩʝʨʪʘʮʽʷ ʩʢʣʘʜʘʻʪʴʩʷ ʟ̔ ʚʩʪʫʧʫ, ʯʦʪʠʨʴʦʭ 

ʨʦʟʜʽʣʽʚ, ʚʠʩʥʦʚʢʽʚ, ʪʨʴʦʭ ʜʦʜʘʪʢʽʚ ʽ ʩʧʠʩʢʫ ʚʠʢʦʨʠʩʪʘʥʠʭ ʜʞʝʨʝʣ ʟ̔ 121 

ʥʘʡʤʝʥʫʚʘʥʥ.̫ ɼʠʩʝʨʪʘʮʽʷ ʤʽʩʪʠʪʴ 61 ʨʠʩʫʥʦʢ ʽ 7 ʪʘʙʣʠʮʴ. ʇʦʚʥʠʡ ʦʙ'ʻʤ 

ʨʦʙʦʪʠ ï 161 ʩʪʦʨʽʥʢʘ, ʦʙôʻʤ ʦʩʥʦʚʥʦʛʦ ʪʝʢʩʪʫ ï 116 ʩʪʦʨʽʥʦʢ. 
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ʈʦʟʜʽʣ 1. ʇʈʆʉʊʆʈʆɺʆ-ʏɸʉʆɺʀʁ ʆʇʀʉ ɯʅʊɽʈʌɽʈɽʅʎɯʁʅʀʍ 

ʗɺʀʑ ʋ ɹɯʅɸʈʅʀʍ ʗɼɽʈʅʀʍ ʇʈʆʎɽʉɸʍ ɺ ʆɹʃɸʉʊɯ 

ɯɿʆʃʔʆɺɸʅʀʍ ʈɽɿʆʅɸʅʉɯɺ, ʉʇʆʊɺʆʈɽʅʀʍ ʅɽʈɽɿʆʅɸʅʉʅʀʄ 

ʌʆʅʆʄ 

 

1.1. ɺʩʪʫʧ 

 

ʄʝʪʦʶ ʨʦʟʜʽʣʫ 1 ʻ ʚʠʚʯʝʥʥʷ ʚʧʣʠʚʫ ʢʦʛʝʨʝʥʪʥʠʭ ʝʬʝʢʪʽʚ ʥʘ ʧʝʨʝʨʽʟʠ 

ʙʽʥʘʨʥʠʭ ʧʨʦʮʝʩʽʚ ʧʨʫʞʥʦʛʦ ʨʦʟʩʽʷʥʥʷ ʥʫʢʣʦʥʽʚ ʥʘ ʣʝʛʢʠʭ ʽ ʩʝʨʝʜʥʽʭ ʷʜʨʘʭ 

ʧʨʠ ʥʠʟʴʢʠʭ ʽ ʩʝʨʝʜʥʽʭ ʝʥʝʨʛʽʷʭ ʽʟ ʟʘʩʪʦʩʫʚʘʥʥʷʤ ʧʨʦʩʪʦʨʦʚʦ-ʯʘʩʦʚʦʛʦ 

ʘʥʘʣʽʟʫ. 

ɻʨʫʧʦʶ ʘʚʪʦʨʽʚ (ʜʠʚ., ʥʘʧʨʠʢʣʘʜ, [1 - 14]) ʙʫʣʦ ʚʠʷʚʣʝʥʦ ʮʽʢʘʚʠʡ 

ʧʘʨʘʜʦʢʩ, ʘ ʩʘʤʝ, ʯʘʩʦʚʝ ʚʠʧʝʨʝʜʞʝʥʥʷ ʧʨʦʪʽʢʘʥʥʷ ʨʝʘʢʮʽʾ ʟʘʤʽʩʪʴ ʯʘʩʦʚʦʾ 

ʟʘʪʨʠʤʢʠ ʧʦʙʣʠʟʫ ʩʧʦʪʚʦʨʝʥʦʛʦ ʽʟʦʣʴʦʚʘʥʦʛʦ ʢʦʤʧʘʫʥʜ-ʨʝʟʦʥʘʥʩʫ ʚ 

ʥʠʟʴʢʦʝʥʝʨʛʝʪʠʯʥʦʤʫ ʨʦʟʩʽʷʥʥʽ ʥʫʢʣʦʥʽʚ ʷʜʨʘʤʠ, ʱʦ ʧʨʦʷʚʣʷʻʪʴʩʷ ʚ ʩʠʩʪʝʤʽ 

ʮʝʥʪʨʫ ʤʘʩ (ʚʥʘʩʣʽʜʦʢ ʥʘʷʚʥʦʩʪʽ ʥʫʣʷ S-ʤʘʪʨʠʮʽ ʫ ʚʝʨʭʥʽʡ ʧʽʚʧʣʦʱʠʥʽ ʝʥʝʨʛʽʡ 

ɽ). ʈʦʟô̫ ʩʥʝʥʥʷ ʮʴʦʛʦ ʧʘʨʘʜʦʢʩʫ ʥʘʚʝʜʝʥʦ ʚ ʨʦʟʜʽʣʽ 1. 

ɹʫʣʦ ʨʦʟʨʦʙʣʝʥʦ ʤʝʪʦʜ ʬʘʟʦʚʦʛʦ ʘʥʘʣʽʟʫ (ʜʠʚ., ʥʘʧʨʠʢʣʘʜ, [15, 16]), ʱʦ 

ʛʨʫʥʪʫʻʪʴʩʷ ʥʘ ʧʦʨʽʚʥʷʥʥ ̔ʘʥʘʣʽʪʠʯʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ, ʦʪʨʠʤʘʥʠʭ ʚ L-ʩʠʩʪʝʤʽ, ʪʘ 

ʨʝʟʫʣʴʪʘʪʽʚ, ʦʪʨʠʤʘʥʠʭ ʚ ʉ-ʩʠʩʪʝʤʽ. ʁʦʛʦ ʟʘʩʪʦʩʫʚʘʥʥʷ ʧʦʢʘʟʘʣʦ, ʱʦ 

ʟʘʟʥʘʯʝʥʠʡ ʧʘʨʘʜʦʢʩ ñʟʘʪʨʠʤʢʠ-ʚʠʧʝʨʝʜʞʝʥʥʷò ʧʦʚʥʽʩʪʶ ʚʠʨʽʰʫʻʪʴʩʷ ʚ L-

ʩʠʩʪʝʤʽ. ɺʠʷʚʠʣʦʩʴ, ʱʦ ʚ L-ʩʠʩʪʝʤʽ ʯʘʩʦʚʝ ʚʠʧʝʨʝʜʞʝʥʥʷ ʢʦʤʧʝʥʩʫʻʪʴʩʷ 

ʯʘʩʦʚʦʶ ʟʘʪʨʠʤʢʦʶ ʚ ʨʦʟʩʽʷʥʥʽ ʩʢʣʘʜʝʥʦʛʦ ʷʜʨʘ, ʱʦ ʨʫʭʘʻʪʴʩʷ ʚʽʜ ʪʦʯʢʠ 

ʟʽʪʢʥʝʥʥʷ ʜʦ ʪʦʯʢʠ ʨʦʟʧʘʜʫ ʩʢʣʘʜʝʥʦʛʦ ʷʜʨʘ. ʂʨʽʤ ʪʦʛʦ, ʚʠʷʚʣʝʥʠʡ ʪʠʤʠ ʞ 

ʘʚʪʦʨʘʤʠ [1] ʟʩʫʚ ʬʘʟ ʟʘ ʨʘʭʫʥʦʢ ʪʘʢʦʛʦ ʨʫʭʫ ʚ L-ʩʠʩʪʝʤʽ, ʧʨʠʟʚʦʜʠʪʴ ʜʦ 

ʤʦʜʠʬʽʢʘʮʽʾ ʩʪʘʥʜʘʨʪʥʠʭ ʬʦʨʤʫʣ ʧʝʨʝʭʦʜʫ ʚʽʜ L-ʩʠʩʪʝʤʠ ʜʦ ʉ-ʩʠʩʪʝʤʠ ʚ 

ʷʜʝʨʥʠʭ ʜʘʥʠʭ ʧʦ ʨʦʟʩʽʷʥʥʶ ʥʫʢʣʦʥʽʚ.  

ʇʨʦʚʝʜʝʥʦ ʧʦʨʽʚʥʷʣʴʥʽ ʨʦʟʨʘʭʫʥʢʠ ʬʫʥʢʮʽʡ ʟʙʫʜʞʝʥʥʷ (ʧʝʨʝʨʽʟʽʚ) 

( )Es  ʥʠʟʴʢʦʝʥʝʨʛʝʪʠʯʥʦʛʦ ʧʨʫʞʥʦʛʦ ʨʦʟʩʽʷʥʥʷ ʧʨʦʪʦʥʽʚ ʷʜʨʘʤʠ 
12
ʉ, 

16
O ʽ 
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ʥʝʡʪʨʦʥʽʚ ʷʜʨʘʤʠ 
28

Si, 
52

Cr, 
56

Fe,
 63

Cu, 
64

Ni, 
73

Ge ʚ ʦʙʣʘʩʪʽ ʩʧʦʪʚʦʨʝʥʠʭ 

ʽʟʦʣʴʦʚʘʥʠʭ ʨʝʟʦʥʘʥʩʽʚ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʟʩʫʚʫ ʬʘʟ ʪʘ ʙʝʟ ʥʴʦʛʦ. 

ɽʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʜʘʥʽ ʧʦ ʧʨʫʞʥʦʤʫ ʨʦʟʩʽʥ̫ʥʶ ʥʝʡʪʨʦʥʽʚ ʙʫʣʠ ʚʟʷʪʽ ʟ 

ʨʦʙʦʪʠ [17]. ɽʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʜʘʥʽ ʜʣʷ ʨʦʟʩʽʷʥʥʷ ʧʨʦʪʦʥʽʚ ʥʘ ʷʜʨʘʭ 
16

O (p,p) 

ʽ 
12
ʉ (p,p) ʙʫʣʠ ʚʟʷʪʽ ʟ ʨʦʙʽʪ [4] ʽ [5] ʚʽʜʧʦʚʽʜʥʦ. 

 

1.2. ʆʩʥʦʚʥʘ ʽʜʝʷ ʧʽʜʭʦʜʫ 

 

ɺʽʜʦʤʦ, ʱʦ ʜʣʷ ʢʘʥʘʣʫ ʧʨʫʞʥʦʛʦ ʨʦʟʩʽʷʥʥʷ ʥʫʢʣʦʥʽʚ ʩʬʝʨʠʯʝʩʢʠʤ 

ʷʜʨʦʤ ʧʦʙʣʠʟʫ ʽʟʦʣʴʦʚʘʥʦʛʦ ʨʝʟʦʥʘʥʩʫ ʧʨʦʪʦʥ-ʥʫʢʣʦʥʥʘ ʘʤʧʣʽʪʫʜʘ ʨʦʟʩʽʷʥʥʷ 

,( )cF Eq ʚ C-ʩʠʩʪʝʤ ̔ʤʦʞʝ ʙʫʪʠ ʟʘʧʠʩʘʥʘ ʷʢ 

 

,  ( ) ( ) ( ),  ,
, 

cF E f E f E
dir l res

q q q= + ,                                         (1.1) 

ʜʝ 

( )( ) ( )
1

,   , + 2 ( ) ( ) exp(2 )2 1  

 2  ï 1[ ( ) ]

f E f E ik l P cos
dir coul l

bexp i

iq q q
ll

d

h
l

l

-
=

¸
³ä +

³   
(1.1a) 

 
 ̔

( ) ( )
1

,   2( ) ( ) ( )

/ 2
( ) 1

/ 2

2 1  2  
,

 

 2

f E ik l P cos exp i
l res l l

be
E E iũres
E E +iũres

xp i
l

q q h

d
è ø
³é ù
é ùê ú

³=

-

-
+

- -

-

      (1.1ʙ) 

 

ʧʨʠʯʦʤʫ ,( ) f E
coul

q ï ʢʫʣʦʥʚ̔ʩɹʢʘ ʘʤʧʣʽʪʫʜʘ ʨʦʟʩʽʷʥʥʷ, b
l
d  ʽ 

l
h  - ʬʘʟʦʚ ̔

ʟʩʫʚʠ l-ʨʦʟʩʽʷʥʥʷ ʚʽʜ ʬʦʥʫ ʪʘ ʢʫʣʦʥʚ̔ʩɹʢʦʾ ʚʟʘʽʤʦʜʽʾ ʚʽʜʧʦʚʽʜʥʦ, k ï ʭʚʠʣʴʦʚʝ 

ʯʠʩʣʦ, q - ʢʫʪ ʨʦʟʩʽʷʥʥʷ ʚ C-ʩʠʩʪʝʤʽ (ʪʫʪ ʤʠ ʥʝʭʪʫʻʤʦ ʩʧʽʥ-ʦʨʙʽʪʘʣʴʥʦʶ 

ʚʟʘʻʤʦʜʽʻʶ ʡ ʨʦʟʛʣʷʜʘʻʤʦ ʥʘʙʣʠʞʝʥʥʷ ʚʘʞʢʠʭ ʷʜʝʨ), E ,Eres ʽ G - ʝʥʝʨʛʽʷ 

ʟʙʫʜʞʝʥʥʷ, ʝʥʝʨʛʽʷ ʨʝʟʦʥʘʥʩʫ ʡ ʰʠʨʠʥʘ ʨʝʟʦʥʘʥʩʥʦʛʦ ʩʪʘʥʫ ʢʦʤʧʘʫʥʜ-ʷʜʨʘ 

ʚʽʜʧʦʚʽʜʥʦ. ʇʝʨʝʧʠʩʫʶʯʠ (1.1) ʫ ʚʠʛʣʷʜʽ 
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( ) 1,   ï /2( /[ ( ï) ] )2cF E A E E iBɻ E E iɻres resq -= + + ,       (1.1ʚ) 

ʜʝ 

() ( )
1

  ,( ) ( ( )2 1 )  b bA f E k l P cos exp i sin
dir l l l

q q d d
-

= + + , 

 

( ) ( ) ( ) ( (, 1 )1  2 )b bB f E ik l P cos exp i cos
dir l l l

q q d d-= + + , 

 

ʤʦʞʥʘ ʦʜʝʨʞʘʪʠ ʪʘʢʠʡ ʚʠʨʘʟ ʜʣʷ ʢʚʘʟʤ̔ʦʥʦʭʨʦʤʘʪʠʯʥʦʛʦ ʧʦʚʥʦʛʦ ʯʘʩʫ 

ʨʦʟʩʽʷʥʥʷ t C(E,q) 

 

,   2 /  ( ) ( ) /   2 /  ,c cE R v argF E R v Et q t q= + µ µ ¹ +D ,        (1.2) 

 

ʫ ʚʠʧʘʜʢʫ ʤʦʥʦʭʨʦʤʘʪʠʯʥʦʛʦ ʧʫʯʢʘ ʯʘʩʪʠʥʦʢ, ʷʢʠʡ ʤʘ̒ ʜʫʞʝ ʤʘʣʠʡ 

ʝʥʝʨʛʝʪʠʯʥʠʡ ʨʦʟʢʠʜ E ɻD . ʋ ʬʦʨʤʫʣʽ (1.2) /v k m=  ï ʰʚʠʜʢʽʩʪʴ 

ʥʫʢʣʦʥʘ, ʱʦ ʥʘʣʽʪʘʻ, R ï ʨʘʜʽʫʩ ʚʟʘʻʤʦʜʽʾ, ʘ ʯʘʩ ʟʘʪʨʠʤʢʠ (ʚʠʧʝʨʝʜʞʝʥʥʷ) 

ctD  ʤʘʻ ʚʠʛʣʷʜ 

 

2 2 1,   ï /2  ï ï( ) ( )[ / 2( ) ( 4]/)c E Re E E Im Rerest q a a a t-D = + +,  (1.3) 

 

ʜʝ   /   ɻB Aa=   ̔

( )[( 2 2 1 /2 ï) ]/ 4ɻ E E ɻrest -= + .                      (1.4) 

 

ɿ (1.3) ʤʦʞʥʘ ʧʦʙʘʯʠʪʠ, ʱʦ ʷʢʱʦ 0 Re ɻa< < , ʪʦ ʚʝʣʠʯʠʥʘ ),(c Et qD  

ʩʪʘʻ ʥʝʛʘʪʠʚʥʦʶ ʚ ʝʥʝʨʛʝʪʠʯʥʦʤʫ ʽʥʪʝʨʚʘʣʽ Rea ʙ̔ ʣʷ ʮʝʥʪʨʫ ʨʝʟʦʥʘʥʩʫ ʧʨʠ 

ʝʥʝʨʛʽʾ / 2E Imres a+ . ʇʨʠ 0 / 1Re ɻa<  ʤʽʥʽʤʘʣʴʥʠʡ ʯʘʩ ʟʘʪʨʠʤʢʠ 

ʚʠʟʥʘʯʘʻʪʴʩʷ ʚʝʣʠʯʠʥʦʶ 2 / 0Rea- < . ʊʘʢʠʤ ʯʠʥʦʤ, ʧʨʠ 0Rea +­ , 

ʽʥʪʝʨʬʝʨʝʥʮʽʷ ʤʽʞ ʨʝʟʦʥʘʥʩʦʤ ʽ ʬʦʥʦʤ ʨʦʟʩʽʷʥʥʷ ʤʦʞʝ ʧʨʠʚʝʩʪʠ ʜʦ ʽʩʪʦʪʥʦʛʦ 
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ʯʘʩʦʚʦʛʦ ʚʠʧʝʨʝʜʞʝʥʥ ̫ʟʘʤʽʩʪʴ ʟʘʪʨʠʤʢʠ! ʊʘʢʘ ʩʠʪʫʘʮʽʷ ʤʦʞʝ ʚʠʥʠʢʘʪʠ ʚ 

ʥʫʣʽ  /2E ires a+  ʘʙʦ ʧʦʣʶʩʽ  /2E iɻres-  ʘʤʧʣʽʪʫʜʠ ʨʦʟʩʽʷʥʥʷ ,( )cF Eq ʚ 

ʥʠʞʥʽʡ ʥʝʬʽʟʠʯʥʽʡ ʧʽʚʧʣʦʱʠʥʽ ʢʦʤʧʣʝʢʩʥʠʭ ʟʥʘʯʝʥʴ ʝʥʝʨʛʽʾ E. ʇʘʨʘʜʦʢʩ 

ñʟʘʪʨʠʤʢʠ-ʚʠʧʝʨʝʜʞʝʥʥʷò (ʪʦʙʪʦ, ʧʝʨʝʭʜ̔ ʚʽʜ ʯʘʩʫ ʟʘʪʨʠʤʢʠ ʜʦ ʯʘʩʫ 

ʚʠʧʝʨʝʜʞʝʥʥʷ ʧʦʙʣʠʟʫ ʽʟʦʣʴʦʚʘʥʦʛʦ ʨʝʟʦʥʘʥʩʫ ʙʘʛʘʪʦʢʘʥʘʣʴʥʦʛʦ ʨʦʟʩʽʷʥʥʷ, 

ʩʧʦʪʚʦʨʝʥʦʛʦ ʥʝʨʝʟʦʥʘʥʩʥʠʤ ʬʦʥʦʤ ʚ C-ʩʠʩʪʝʤʽ) ʙʫʣʦ ʚʠʷʚʣʝʥʦ ʚ [3 - 5, 18]. 

ɯʣʶʩʪʨʘʮʽʷ ʥʘʡʧʨʦʩʪʽʰʦʛʦ ʧʨʠʢʣʘʜʫ ʨʦʟʨʘʭʫʥʢʽʚ ʧʘʨʮʽʘʣʴʥʠʭ ʧʝʨʝʨʽʟʽʚ ʽ 

ʚʽʜʧʦʚʽʜʥʠʭ ʯʘʩʽʚ ʧʨʦʪʽʢʘʥʥʷ ʨʝʘʢʮʽʡ ʟ ʨʦʙʦʪʠ [18] ʥʘʚʝʜʝʥʘ ʥʘ ʨʠʩ. 1.1. 

 

 

ʈʠʩ. 1.1. ʇʘʨʮʽʘʣʴʥʽ ʧʝʨʝʨʽʟʠ ʡ ʚʽʜʧʦʚʽʜʥʽ ʯʘʩʦʚʽ ʟʘʪʨʠʤʢʠ ʧʨʠ ʨʽʟʥʠʭ 

ʟʥʘʯʝʥʥʷʭ ʬʘʟʦʚʠʭ ʟʩʫʚʽʚ, ʜʘʥʽ ʚʟʷʪʽ ʟ [18]. 
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ʅʘ ʨʠʩ. 1.1 ʤʦʞʥʘ ʩʧʦʩʪʝʨʽʛʘʪʠ, ʱʦ ʢʦʞʥʦʤʫ ʤʽʥʽʤʫʤʫ ʧʘʨʮʽʘʣʴʥʦʛʦ 

ʧʝʨʝʨʽʟʫ 
( )
00
l

s  ʚʽʜʧʦʚʽʜʘʻ ʛʣʠʙʦʢʠʡ ʤʽʥʽʤʫʤ ʜʣʷ ʯʘʩʫ ʟʘʪʨʠʤʢʠ, ʧʦʟʥʘʯʝʥʦʤʫ ʚ 

ʨʦʙʦʪʽ [18], ʷʢ 
( )
00
ltD . ʗʢ ʤʦʞʥʘ ʙʘʯʠʪʠ, ʚʝʣʠʯʠʥʠ ʜʣʷ ʪʘʢʠʭ ʤʽʥʽʤʫʤʽʚ 

( )
00
ltD  

ʤʘʶʪʴ ʥʝʛʘʪʠʚʥʽ ʟʥʘʯʝʥʥʷ. 

ʆʜʥʠʤ ʟ ʚʘʨʽʘʥʪʽʚ ʧʦʷʩʥʝʥʥʷ ʧʨʦʷʚʫ ʪʘʢʦʛʦ ʝʬʝʢʪʫ ʤʦʞʝ ʩʣʫʞʠʪʠ ʘʙʦ 

ʧʨʠʧʫʱʝʥʥʷ ʧʨʦ ʪʝ, ʱʦ ʤʘʻ ʤʽʩʮʝ ʚʽʜʙʠʪʪʷ ʚʽʜ ʛʨʘʥʠʮʴ ʝʬʝʢʪʠʚʥʦʛʦ 

ʧʦʪʝʥʮʽʘʣʫ, ʦʙʫʤʦʚʣʝʥʦʛʦ ʟʚ'ʷʟʢʦʤ ʨʝʟʦʥʘʥʩʥʠʭ ʧʨʦʮʝʩʽʚ ʚ ʦʜʥʠʭ ʢʘʥʘʣʘʭ ʟ 

ʥʝʨʝʟʦʥʘʥʩʥʠʤʠ ʚ ʽʥʰʠʭ, ʘʙʦ ʧʨʠʧʫʱʝʥʥʷ ʧʨʦ ʧʨʠʩʢʦʨʶʚʘʣʴʥʫ ʜʽʶ ʪʘʢʦʛʦ 

ʧʦʪʝʥʮʽʘʣʫ. 

ɺ ʨʦʙʦʪʽ [1] ʮʝ ʷʚʠʱʝ ʙʫʣʦ ʨʦʟʛʣʷʥʫʪʦ ʚ L-ʩʠʩʪʝʤʽ, ʜʝ, ʥʘ ʚʽʜʤʽʥʫ ʚʽʜ C-

ʩʠʩʪʝʤʠ, ʫ ʬʦʨʤʫʣʘʭ ʫʨʘʭʦʚʫʻʪʴʩʷ ʪʦʡ ʬʘʢʪ, ʱʦ ʩʢʣʘʜʝʥʝ ʷʜʨʦ ʨʫʭʘʻʪʴʩʷ ʥʘ 

ʚʽʜʩʪʘʥʴ ~Vct (Vc  ï ʰʚʠʜʢʽʩʪʴ ʮʝʥʪʨʫ ʤʘʩ, ʘ t ʚʠʟʥʘʯʘʻʪʴʩʷ ʚʠʨʘʟʦʤ (1.4)) 

ʧʦʢʠ ʥʝ ʨʦʟʧʘʜʝʪʴʩʷ. ɹʫʣʦ ʧʦʢʘʟʘʥʦ, ʱʦ ʨʫʭ ʢʦʤʧʘʫʥʜ-ʷʜʨʘ ʩʧʨʠʯʠʥʷʻ 

ʜʦʜʘʪʢʦʚʫ ʟʤʽʥʫ ʬʘʟʠ ʚ C­L ʧʝʨʝʪʚʦʨʝʥʥʷʭ, ʱʦ ʥʝ ʚʨʘʭʦʚʫʚʘʣʦʩʷ ʨʘʥʽʰʝ. 

ʊʝʧʝʨ ʤʦʞʥʘ ʧʨʦʘʥʘʣʽʟʫʚʘʪʠ ʜʦʢʣʘʜʥʽʰʝ ʽʥʪʝʨʬʝʨʝʥʮʽ ʁʤʽʞ ʧʨʷʤʠʤ ʽ 

ʟʘʪʨʠʤʘʥʠʤ ʢʦʤʧʘʫʥʜ-ʨʝʟʦʥʘʥʩʥʠʤ ʧʨʦʮʝʩaʤʠ ʚ ʙʽʥʘʨʥʽʡ ʨʝʘʢʮʽʾ 

 

x X     y Y+ ­ +                                               (1.5) 

 

 ʜʣʷ ʪʦʛʦ, ʱʦʙ ʧʦʢʘʟʘʪʠ ʷʢʽʩʥʫ ʚʽʜʤʽʥʥʽʩʪʴ ʤʽʞ C- ʽ L-ʩʠʩʪʝʤʘʤʠ. 

ɼ̔ ʘʛʨʘʤʠ ʥʘ ʨʠʩ. 1.1a,ʙ ʧʨʝʜʩʪʘʚʣʷʶʪʴ ʮʽ ʜʚʘ ʧʨʦʮʝʩʠ ʚ L-ʩʠʩʪʝʤʽ, ʘ 

ʩʘʤʝ, ʧʨʝʜʩʪʘʚʣʷʶʪʴ ʰʚʠʜʢʠʡ ʧʨʷʤʠʡ ʽ ʟʘʪʨʠʤʘʥʠʡ ʢʦʤʧʘʫʥʜ-ʨʝʟʦʥʘʥʩʥʠʡ 

ʤʝʭʘʥʽʟʤʠ ʜʣʷ y ʯʘʩʪʠʥʢʠ ʡ Y ʷʜʨʘ, ʱʦ ʝʤʽʪʫʶʪʴʩʷ ʚ ʚʠʭʽʜʥʠʡ ʢʘʥʘʣ. ʆʙʠʜʚʘ 

ʧʨʦʮʝʩʠ ʻ ʤʘʢʨʦʩʢʦʧʯ̔ʥʦ ʥʝʨʦʟʨʽʟʥʝʥʠʤʠ, ʭʦʯʘ ʤʽʢʨʦʩʢʦʧʽʯʥʦ ʮʝ ʟʦʚʩʽʤ ʨʽʟʥʽ 

ʧʨʦʮʝʩʠ. 
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ʈʠʩ. 1.1a. ɼʽʘʛʨʘʤʘ ʧʨʷʤʦʛʦ     ʈʠʩ. 1.1ʙ. ɼʽʘʛʨʘʤʘ ʧʨʦʮʝʩʫ ʟ̔  

                                  ʧʨʦʮʝʩʫ.                             ʩʢʣʘʜʝʥʠʤ ʷʜʨʦʤ. 

 

ʅʘ ʨʠʩ. 1.1a ʟʦʙʨʘʞʝʥʦ ʧʨʷʤʠʡ ʧʨʦʮʝʩ ʝʤʽʩʽʾ ʢʽʥʮʝʚʠʭ ʧʨʦʜʫʢʪʽʚ ʨʝʘʢʮʽʾ 

ʽʟ ʪʦʯʢʠ ʨʦʟʩʽʷʥʥʷ 
0

C , ʘ ʥʘ ʨʠʩ. 1.1ʙ ʧʨʝʜʩʪʘʚʣʝʥʦ ʨʫʭ ʢʦʤʧʘʫʥʜ-ʷʜʨʘ Z
* 
ʽʟ 

ʪʦʯʢʠ 
0

C  ʜʦ ʪʦʯʢʠ 
1

C , ʜʝ ʚʦʥʦ ʨʦʟʧʘʜʘʻʪʴʩʷ ʥʘ ʢʽʥʮʝʚʽ ʧʨʦʜʫʢʪʠ y + Y ʧʽʩʣʷ 

ʧʝʨʝʤʽʱʝʥʥʷ ʥʘ ʚʽʜʩʪʘʥʴ ʤʽʞ ʪʦʯʢʘʤʠ  ʡ 
1

C  (ʷʢʘ ʜʦʨʽʚʥʶ̒  ) ʧʝʨʝʜ 

ʡʦʛʦ ʨʦʟʧʘʜʦʤ. ʊʫʪ VC - ʮʝ ʰʚʠʜʢʽʩʪʴ ʮʝʥʪʨʫ ʤʘʩ ʽ t ʟ (1.4) - ʩʝʨʝʜʥʽʡ ʯʘʩ ʨʫʭʫ 

ʷʜʨʘ Z
*
 [1], ʢʦʣʠ ʨʦʟʢʠʜ ʧʦ ʝʥʝʨʛʽʾ ʥʘʣʽʪʘʶʯʦʾ ʯʘʩʪʠʥʢʠ x ʻ ʜʫʞʝ ʤʘʣʠʤ (

E GD ). 

ɼʣʷ ʩʧʨʦʱʝʥʥʷ ʚʚʘʞʘʪʠʤʝʤʦ, ʱʦ ʽʤʧʫʣʴʩʠ 
1

k   ̔
1

k  (ʘ ʪʘʢʦʞ ʢʫʪʠ 
1
q ʽ 1
q

) ʧʨʘʢʪʠʯʥʦ ʩʧʽʚʧʘʜʘʶʪʴ, ʮʝ ʜʦʩʠʪʴ ʛʘʨʥʦ ʚʠʢʦʥʫʻʪʴʩʷ ʫ ʚʠʧʘʜʢʫ ʜʫʞʝ 

ʚʝʣʠʢʠʭ ʤʘʢʨʦʩʢʦʧʽʯʥʠʭ ʚʽʜʩʪʘʥʝʡ 
1
r  (ʧʦʙʣʠʟʫ ʜʝʪʝʢʪʦʨʘ ʢʽʥʮʝʚʦʾ ʯʘʩʪʠʥʢʠ 

y) ʪʘ ʜʦʙʨʦʾ ʢʫʪʦʚʦ ʾ ʡ ʝʥʝʨʛʝʪʠʯʥʦ ʾ ʨʦʟʜʽʣʴʥʦʾ ʟʜʘʪʥʦʩʪʝʡ (
1 1
q qD  ʪʘ 

1 1
k kD ). ɯ ʜʽʡʩʥʦ, ï ~ /

1 1 1 1
r rq q D  ʽ ï ~ /

1 1 1 1
k k r rD , | | | ï |

1 1 1
r r rD = . ɺ [1] ʜʣʷ 

ʦʜʝʨʞʘʥʥʷ ʚʠʨʘʟʫ ʜʣʷ ʧʝʨʝʨʽʟʫ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠ ʩʝʨʽʶ ʧʝʨʝʪʚʦʨʝʥʴ ʜʣʷ 

ʘʩʠʤʧʪʦʪʠʯʥʦʛʦ ʭʚʠʣʴʦʚʦʛʦ ʧʘʢʝʪʘ ʩʠʩʪʝʤʠ y Y+  ʫ ʚʠʭʽʜʥʦʤʫ ʢʘʥʘʣʽ ʨʝʘʢʮʽʾ 

(5) ʚ L-ʩʠʩʪʝʤʽ: 

0
C ~Vct
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( ),
1 2

( ) ( ) ( )exp( )
1 1 2

( )
( , , , )exp( )

1 2 1 2 11 2 2

( )1/2 ( , )
1 2* exp( )

11 2 2/ 2

const dk g kx xr r i

E t
f

dk g k dk E E k k iy i if f

L
f E E ik r ik r
dir

C
J E E
C L Z ik r ik r
E E iɻres

d d

q q

g

è
é
ê

ø
ù
ù
ù
ú

Y = ñ­¤

- - - ³ñ ñ

³ + +

­+ +
- +

           (1.6) 

 

ɺ ʮʴʦʤʫ ʚʠʨʘʟʽ ( )g kxi  ʽ ( )
1

g ky  ï ʘʤʧʣʽʪʫʜʥʽ ʚʘʛʦʚʽ ʤʥʦʞʥʠʢʠ, ʱʦ 

ʦʧʠʩʫʶʪʴ ʧʦʪʽʢ ʽʤʧʫʣʴʩʫ ʙʦʤʙʘʨʜʫʶʯʦʾ ʯʘʩʪʠʥʢʠ x ʽ ʦʙʤʝʞʝʥʥʷ ʥʘ ʧʦʪʽʢ 

ʽʤʧʫʣʴʩʫ ʢʽʥʮʝʚʦʾ ʯʘʩʪʠʥʢʠ y ʧʨʠ ʨʝʻʩʪʨʘʮʽʾ ʚ ʜʝʪʝʢʪʦʨʽ (b), J
C L­

 - 

ʩʪʘʥʜʘʨʪʥʠʡ ʷʢʦʙʘ̔ʥ ʧʝʨʝʭʦʜʫ ʚʽʜ ʉ-ʩʠʩʪʝʤʠ ʜʦ L-ʩʠʩʪʝʤʽ (ʜʠʚ., ʥʘʧʨʠʢʣʘʜ, 

[19]), 
( )L

f
dir

- ʘʤʧʣʽʪʫʜʘ ʧʨʷʤʦʛʦ ʧʨʦʮʝʩʫ ʚ L-ʩʠʩʪʝʤʽ (ʜʠʚ. ʥʠʞʯʝ (1.15)), 
( )
*
c

Z
g  

ï ʤʥʦʞʥʠʢ ʘʤʧʣʽʪʫʜʠ ʨʝʟʦʥʘʥʩʫ ʜʣʷ ʧʨʦʮʝʩʫ ʨʦʟʧʘʜʫ ʟʙʫʜʞʝʥʦʛʦ ʷʜʨʘ 

*Z y Y­ +  (ʜʠʚ. ʥʠʞʯʝ (1.16)), E ï ʝʥʝʨʛʽʷ ʚʽʜʥʦʩʥʦʛʦ ʨʫʭʫ ʫ ʚʭʽʜʥʦʤʫ ʢʘʥʘʣʽ 

ʚ ʉ-ʩʠʩʪʝʤʽ, Eres  ̔ɻ - ʝʥʝʨʛʽʷ ʡ ʧʦʚʥʘ ʰʠʨʠʥʘ ʨʝʟʦʥʘʥʩʥʦʛʦ ʩʪʘʥʫ ʷʜʨʘ *Z , 

{ , }E k
i i   ̔{ , }E k

f f
 ï ʧʦʚʥʽ ʝʥʝʨʛʽʷ ʡ ʽʤʧʫʣʴʩ ʫ ʚʭʽʜʥʦʤʫ ʡ ʚʠʭʽʜʥʦʤʫ ʢʘʥʘʣʘʭ 

ʚʽʜʧʦʚʽʜʥʦ, 2 2/ (2 )E k m
l l l
=  - ʢʽʥʝʪʠʯʥʘ ʝʥʝʨʛʽʷ l-ʦʾ ʯʘʩʪʠʥʢʠ ʟ ʤʘʩʦʶ m

l
 

(l=1,2 ʚʽʜʧʦʚʽʜʘʻ ʯʘʩʪʠʥʢʘʤ y ʽ Y ʚʽʜʧʦʚʽʜʥʦ), { , }k
l l
q ï ʭʚʠʣʴʦʚʠʡ ʚʝʢʪʦʨ ʽ ʢʫʪ 

ʤʽʞ ʭʚʠʣʴʦʚʠʤ ʚʝʢʪʦʨʦʤ l-ʦʾ ʯʘʩʪʠʥʢʠ ʡ ʭʚʠʣʴʦʚʠʤ ʚʝʢʪʦʨʦʤ k x 

ʙʦʤʙʘʨʜʫʶʯʦʾ ʯʘʩʪʠʥʢʠ, ( )E E
i f

d -  ʪʘ ( )k k
i f

d -  ʻ ʥʘʩʣʽʜʢʦʤ ʟʘʢʦʥʽʚ 

ʟʙʝʨʝʞʝʥʥʷ ʝʥʝʨʛʽʾ ʡ ʽʤʧʫʣʴʩʫ. ʄʥʦʞʥʠʢʠ ʚʠʜʫ 1
1
r- , 1

2
r-, ʘ ʪʘʢʦʞ ʫʩʽ 

ʚʥʫʪʨʽʰʥʽ ʡ ʩʧʽʥʦʚʽ ʢʦʦʨʜʠʥʘʪʠ ʫ ʚʠʨʘʟʽ (1.6) ʜʣʷ ʧʨʦʩʪʦʪʠ ʦʧʫʱʝʥʽ. 
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ɼʘʣʽ ʚʠʜʽʣʠʤʦ ʫ exp( / )E t
f

-  ʜʚʘ ʤʥʦʞʥʠʢʠ exp( / )
1

E t-  ʽ 

exp( / )
2

E t-  ʡ ʧʝʨʝʡʜʝʤʦ ʚ ʽʥʪʝʛʨʘʣʘʭ ʚʠʜʫ ( )exp( / )
1 1 11 1

dk g k ik r iE ty -ñ  ʡ 

exp( / )
2 2 2 2

dk ik r iE t-ñ  ʚʽʜ ʟʤʽʥʥʠʭ 
1,2

k  ʜʦ ʟʤʽʥʥʠʭ

1/2 0( / ) ( / ( ))
1,2 1,2 1,2 1,2 1,2

y i t m k m r t= - , (ʥʘʜʘʣʽ ʙʫʜʝʤʦ ʙʨʘʪʠ ʜʦ ʫʚʘʛʠ ʣʠʰʝ 

ʧʨʦʝʢʮʽʾ ʚʝʢʪʦʨʘ 
1,2

k  ʥʘ ʡʦʛʦ ʩʝʨʝʜʥʻ ʟʥʘʯʝʥʥʷ 0
1,2 1,2

k k¹ ); gy  ʜʣʷ 

ʧʨʦʩʪʦʪʠ ʟʘʧʠʰʝʤʦ ʚ ʃʦʨʝʥʮʝʚʩʢʡ̔ ʬʦʨʤʽ 

 

0/ ( )
1 1 1

g C E E i Eyº - + D                                       (1.7) 

 

ʽ ʨʦʟʛʣʷʥʝʤʦ ʜʫʞʝ ʤʘʣʽ ED  ( E ED ). ʇʽʩʣʷ ʨʦʟʨʘʭʫʥʢʽʚ, ʘʥʘʣʦʛʽʯʥʠʭ 

ʚʠʢʦʥʘʥʠʤ ʚ [20, 21], ʦʜʝʨʞʠʤʦ: 

 

0,
1 2
r rY @­¤  ʜʣʷ 

0/
1 1

0/
1 1

t t r V
i

t t r V
i
t

ë
î
ì
î
í

< +

< + +
                                (1.8)  

 

ʪʘ 

0exp( / ),
1 2

const iE tr r f
Y = - ³­¤  

³ ( )( )0 0 0 0exp( ) exp / ( / ) /
1 1 2 2 1 1 2 2

L
ik r ik r f E t t r V t t r V

i idir
ë è øè ø
ì é ùé ùê úê úí

+ -D - - + - - +

( )
( )1/2

0 0* exp / ( / ) /
1 1 2 2/ 2

C
J
C L Z E t t r V t t r V

i iE E iÃres

g
t t

è øè ø
é ùé ùê úê ú

­+ -D - - - + - - -
- +

 ³ 

}0 0exp( )
1 1 2 2

ik r ik r³ D + D ʜʣʷ 

0/
1 1

0/
1 1

t t r V
i

t t r V
i
t

ë
î
ì
î
í

> +

> + +
.                        (1.9) 
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ʊʫʪ 0 0 /
1,2 1,2 1,2

V k m= ,
1,2 (1,2)
r V tD =

^
, ʜʝ 

(1,2)
V
^  - ʧʨʦʝʢʮʽʷ ʰʚʠʜʢʦʩʪʽ 

ʷʜʨʘ Z
* 
ʥʘ ʥʘʧʨʷʤʦʢ 

1,2
k . ʇʦʯʘʪʢʦʚʠʡ ʤʦʤʝʥʪ t

i
 ʚʠʟʥʘʯʘʻʪʴʩʷ ʬʘʟʦʶ ʚʭʽʜʥʦʛʦ 

ʘʤʧʣʽʪʫʜʥʦʛʦ ʚʘʛʦʚʦʛʦ ʤʥʦʞʥʠʢʘ g
i
 (

argg
it

i E

µ

µ
=  ) (ʜʠʚ. ʚ (1.6)). ʉʝʨʝʜʥʻ 

ʟʥʘʯʝʥʥʷ t ʪʨʠʚʘʣʦʩʪʽ ʨʫʭʫ ʷʜʨʘ Z
*
 ʚ (1.9) ʚʠʟʥʘʯʘʻʪʴʩʷ ʚʠʨʘʟʦʤ (1.4) (ʜʝʪʘʣʽ 

ʜʠʚ., ʥʘʧʨʠʢʣʘʜ, [22]). 

ʇʝʨʝʨʽʟ ʧʨʦʮʝʩʫ ʚʠʟʥʘʯʘʻʪʴʩʷ ʽʥʪʝʛʨʘʣʦʤ ʟʘ ʯʘʩʦʤ ʚʽʜ ʚʝʣʠʯʠʥʠ 

* Ĕ
, ,11 2 1 2

Jr r r rY Y¤ ¤­ ­  ( Ĕ
1

J  ʷʚʣʷʻ ʩʦʙʦʶ ʦʧʝʨʘʪʦʨ ʛʫʩʪʠʥʠ ʧʦʪʦʢʫ ʡʤʦʚʽʨʥʦʩʪʽ 

ʜʣʷ ʯʘʩʪʠʥʢʠ y) ʧʨʦʪʷʛʦʤ ʯʘʩʫ ʨʝʻʩʪʨʘʮʽʾ (ʷʢʝ ʻ ʥʘʙʘʛʘʪʦ ʙʽʣʴʰʠʤ, ʥʽʞ ʯʘʩʦʚʘ 

ʜʦʚʞʠʥʘ ʟʚʠʯʘʡʥʦʛʦ ʭʚʠʣʴʦʚʦʛʦ ʧʘʢʝʪʘ) ʟ ʦʜʥʦʯʘʩʥʠʤ ʽʥʪʝʛʨʫʚʘʥʥʷʤ ʫʟʜʦʚʞ 

ʭʚʠʣʴʦʚʦʛʦ ʧʘʢʝʪʘ ʜʨʫʛʦʾ ʯʘʩʪʠʥʢʠ Y, ʪʦʙʪʦ 

 

2,
* Ĕ( ) ~ , ,2 11 2 1 22,

0 0( / )
2 2 2 2| |,2 1 20

r
max

dt dr Jr r r rrt minmin

V t t r V
i

dt dr r r
t
min

s q º
¤

Y Yñ ñ ­¤ ­¤

- -
¤

º Yñ ñ ­¤

,      (1.10) 

 

ʜʝ 
min
t  ï ʤʽʥʽʤʘʣʴʥʘ ʚʝʣʠʯʠʥʘ ʤʽʞ 0/

1 1
t r V
i
+  ʽ 0/

1 1
t r V
i
+ , 

2,
r

max
ï 

ʤʘʢʩʠʤʘʣʴʥʘ ʚʝʣʠʯʠʥʘ ʤʽʞ 0 0( / )
2 2 2

V t t r V
i
- -  ʽ 0 0( / )

2 2 2
V t t r V

i
t- - -  ʡ 

0
2,

r
min
­  ʜʣʷ ʟʚʠʯʘʡʥʠʭ, ʤʘʣʠʭ ʫ ʧʦʨʽʚʥʷʥʥʽ ʟ 

2,
r

max
, ʭʚʠʣʴʦʚʠʭ ʧʘʢʝʪʽʚ. 

ʄʦʞʥʘ ʣʝʛʢʦ ʧʝʨʝʢʦʥʘʪʠʩʷ, ʱʦ ʧʨʠ ʩʪʘʥʜʘʨʪʥʠʭ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ 

ʫʤʦʚʘʭ ʜʣʷ ʢʚʘʟ̔ʤʦʥʦʭʨʦʤʘʪʠʯʥʠʭ ʭʚʠʣʴʦʚʠʭ ʧʘʢʝʪʽʚ  

 

E ED                                                   (1.10ʘ) 

 

ʽ ʜʣʷ ʽʟʦʣʴʦʚʘʥʠʭ ʨʝʟʦʥʘʥʩʽʚ, ʪʦʙʪʦ ʧʨʠ  
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E GD , 0 2 /t G< ¢                                     (1.10ʙ) 

 

ʽ, ʚʨʘʭʦʚʫʶʯʠ, ʱʦ ʘʙʩʦʣʶʪʥʽ ʚʝʣʠʯʠʥʠ ʚʩʽʭ ʨʽʟʥʠʮʴ  

 

0 0

r rl m

V Vml

- , 1,2l m̧ =                                         (1.10ʚ) 

 

ʥʘʙʘʛʘʪʦ ʤʝʥʰʝ ʯʘʩʫ ʨʝʻʩʪʨʘʮʽʾ, ʦʜʝʨʞʠʤʦ ʜʣʷ ʜʠʬʝʨʝʥʮʽʡʥʦʛʦ ʧʝʨʝʨʽʟʫ 

ʨʦʟʩʽʷʥʥʷ s ʨʝʘʢʮʽʾ (1.5) ʚ L-ʩʠʩʪʝʤʽ (ʜʠʚ. [1, 23 - 25]): 

 

, , ,
0

) ( ) ( )
1

(
incoh interf

E E Es q s q s q
å õ å õ
æ ö æ ö
ç ÷ ç ÷= + ,                      (1-11) 

 

ʜʝ 

2
( )

2 *( )
2 20 ( ) / 4

C
J
C LL Zf

dir E

in

es

co

Er

h g

G
s

å õ
æ ö
ç ÷

­
@ +

- +

                        (1.12) 

 

 ̔

(C)1/2
*(

1
)

2 cos
/ 2

J
C LL Z

in
f
dir

terf

E E ires

g
F

G
s

å õ
æ ö
ç ÷

­
=

- +
.                         (1.13) 

 

ʋ ʩʧʽʚʚʽʜʥʦʰʝʥʥʽ (1.13) ʧʦʚʥʘ ʬʘʟʘ ʜʘʻʪʴʩʷ ʚʠʨʘʟʦʤ 

 

F d b j= + +,                                             (1.14) 

 

(
( (

) ( )1/2 )
*

)
L

arg arg
L

J f
C L dirZ

d g= -
­

,                           (1.14a) 
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{ ) / 2 } 1(  )  E E iresargb G- -+= ,                         (1.14ʙ) 

0 0
1 1 2 2

k r k rj= D + D (ʜʠʚ. (ɼ1) ʫ ɼʦʜʘʪʢʫ 2),           (1.14ʚ) 

 

( )
( , ) ( , )

L
f E J f E

C Ldir dir
q q=

­
,                             (1.15) 

 

( )
*

( , )
,/ 2

C

Z f E
l resE E ires

g
q=

- +
.                                (1.16) 

 

ʋ ʚʠʨʘʟʘʭ (1.15) ʽ (1.16) ( , )f E
dir

q  ʽ ( , )
,

f E
l res

q ï ʮʝ ʜʚʘ ʚʥʝʩʢʠ ʚ 

ʘʤʧʣʽʪʫʜʠ ʨʦʟʩʽʷʥʥʷ ʚ ʉ-ʩʠʩʪʝʤʽ, ʱʦ ʚʠʟʥʘʯʘʶʪʴʩʷ ʟʘ ʬʦʨʤʫʣʘʤʠ (1.1ʘ) ʽ 

(1.1ʙ) ʚʽʜʧʦʚʽʜʥʦ. 

 

1.3. ʈʦʟʚôʷʟʘʥʥʷ ʚ L-ʩʠʩʪʝʤʽ ʧʘʨʘʜʦʢʩʫ ʟʘʪʨʠʤʢʠ-ʚʠʧʝʨʝʜʞʝʥʥʷ, ʱʦ 

ʤʘʚ ʤʽʩʮʝ ʚ ʉ-ʩʠʩʪʝʤʽ 

 

ɿʘʫʚʘʞʠʤʦ, ʱʦ ʚ ʧʦʧʝʨʝʜʥʽʭ ʨʦʙʦʪʘʭ [1 - 10] ʘʥʘʣʽʟʫʚʘʣʠʩʷ ʘʤʧʣʽʪʫʜʠ, 

ʧʝʨʝʨʽʟʠ ʡ ʯʘʩʠ ʧʨʫʞʥʦʛʦ ʨʦʟʩʽʷʥʥʷ ʥʘ ʙʘʟʽ ʬʦʨʤʫʣ (1.1) - (1.1ʚ) ʚ C-ʩʠʩʪʝʤʽ, 

ʚ ʷʢʽʡ ʨʫʭ ʢʦʤʧʘʫʥʜ-ʷʜʨʘ ʚ L-ʩʠʩʪʝʤʽ ʥʝ ʙʨʘʚʩʷ ʜʦ ʫʚʘʛʠ, ʘ ʚ ʜʘʥʽʡ ʨʦʙʦʪʽ 

ʬʦʨʤʫʣʠ (1.11) ï (1.16) ʜʣʷ ʜʠʬʝʨʝʥʮʽʡʥʦʛʦ ʧʝʨʝʨʽʟʫ ʨʦʟʩʽʷʥʥʷ ( ),Es q 

ʦʜʝʨʞʘʥʦ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʨʫʭʫ ʢʦʤʧʘʫʥʜ-ʷʜʨʘ, ʱʦ ʩʫʪʪʻʚʦ ʚʽʜʨʽʟʥʷʻ ʾʭ ʚʽʜ 

ʬʦʨʤʫʣ, ʦʜʝʨʞʘʥʠʭ ʧʨʠ ʩʪʘʥʜʘʨʪʥʦʤʫ ʢʽʥʝʤʘʪʠʯʥʦʤʫ ʧʝʨʝʪʚʦʨʝʥʥʽ ʚʠʨʘʟʫ 

2
( ) (, ),c cE F Es q q=  ʚʽʜ C-ʩʠʩʪʝʤʠ ʜʦ L-ʩʠʩʪʝʤʠ, ʪʦʙʪʦ ʩʘʤʝ ʚ (1.11) ï (1.16) 

ʚʨʘʭʦʚʘʥʦ ʽʥʪʝʨʬʝʨʝʥʮʽ ʁ ʘʤʧʣʽʪʫʜʠ 
( )L

f
dir

 ʡ ʚʝʣʠʯʠʥʠ  

( )1/2
*

( )
/ 2

exp

C
J
C L Z

E E ir
i

es
j

g

G

­

- +
. ʇʘʨʘʤʝʪʨ j (ʜʠʚ. (1.14ʚ) ʽ (ʇ1)), ʷʢ ʨʘʟ ʽ ʚʽʜʦʙʨʘʞʘʻ 

ʚʧʣʠʚ ʨʫʭʫ ʢʦʤʧʘʫʥʜ-ʷʜʨʘ. 
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ʗʢʽʩʥʽ ʜʦʚʦʜʠ ʱʦʜʦ ʚʽʜʩʫʪʥʦʩʪʽ ʚʠʱʝʟʛʘʜʘʥʦʛʦ ʯʘʩʦʚʦʛʦ ʚʠʧʝʨʝʜʞʝʥʥʷ 

ʧʨʠ ʨʦʟʩʽʷʥʥʽ ʧʨʦʪʦʥʽʚ (ʘʙʦ ʥʝʡʪʨʦʥʽʚ) ʚ L- ʩʠʩʪʝʤʽ ʤʦʞʥʘ ʟʚʝʩʪʠ ʜʦ ʪʦʛʦ, ʱʦ 

ʚʝʣʠʯʠʥʘ ( , )L Et qD  ʜʦʨʽʚʥʶʻ ʩʫʤʽ ʜʚʦʭ ʚʝʣʠʯʠʥ, ʘ ʩʘʤʝ: 

1) ʤʘʣʦʛʦ ʧʦʟʠʪʠʚʥʦʛʦ ʯʘʩʫ ʟʘʪʨʠʤʢʠ ʰʚʠʜʢʦʛʦ (ʧʨʷʤʦʛʦ) ʧʨʦʮʝʩʫ, ʱʦ 

ʧʦʚʥʽʩʪʶ ʚʨʘʭʦʚʫʻʪʴʩʷ ʚ C-ʩʠʩʪʝʤʽ, ʽ  

2) ʙʽʣʴʰʦʛʦ ʧʦʟʠʪʠʚʥʦʛʦ ʯʘʩʫ ʟʘʪʨʠʤʢʠ ʨʝʟʦʥʘʥʩʥʦʛʦ ʢʦʤʧʘʫʥʜ-

ʧʨʦʮʝʩʫ, ʷʢʠʡ ʚʠʟʥʘʯʘʻʪʴʩʷ 

(a) ʘʤʧʣʽʪʫʜʦʶ ʨʝʟʦʥʘʥʩʥʦʛʦ ʬʘʢʪʦʨʘ ʪʘ  

(b) ʬʘʟʦʶ 0
1 1

k rD  (1.14ʚ) ʚʠʭʽʜʥʦʾ ʭʚʠʣʽ exp( )
11

ik r . ʆʯʝʚʠʜʥʦ, ʱʦ ʪʘʢʠʡ 

ʯʘʩ ( , )L Et qD  ʚʠʷʚʠʪʴʩʷ ʧʦʟʠʪʠʚʥʠʤ. 

 ʂʨʽʤ ʪʦʛʦ, ʤʦʞʥʘ ʢʽʣʴʢʽʩʥʦ ʦʮʽʥʠʪʠ ʟʘʛʘʣʴʥʠʡ ʯʘʩ ʨʦʟʩʽʷʥʥʷ ʚ L-

ʩʠʩʪʝʤʽ, ʚʨʘʭʦʚʫʶʯʠ ʩʫʧʝʨʧʦʟʠʮʽʶ ʭʚʠʣʴʦʚʠʭ ʧʘʢʝʪʽʚ ʧʨʷʤʦʛʦ ʧʨʦʮʝʩʫ ʡ 

ʧʨʦʮʝʩʫ, ʱʦ ʚʽʜʙʫʚʘʻʪʴʩʷ ʰʣʷʭʦʤ ʫʪʚʦʨʝʥʥʷ ʧʨʦʤʽʞʥʦʛʦ ʢʦʤʧʘʫʥʜ-ʷʜʨʘ 

(ʜʽʘʛʨʘʤʠ ʥʘ ʨʠʩ. 1.1a  ̔1.1ʙ ʚʽʜʧʦʚʽʜʥʦ), ʽ ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ ʦʪʨʠʤʘʥʫ ʨʘʥʽʰʝ 

ʘʩʠʤʧʪʦʪʠʯʥʫ ʛʨʘʥʠʮʶ ʜʣʷ ʭʚʠʣʴʦʚʦʾ ʬʫʥʢʮʽʾ ʥʘʣʽʪʘʶʯʦʛʦ ʥʫʢʣʦʥʘ (1.6).  

 

1.3.1. ʆʮʽʥʢʘ ʟʘʛʘʣʴʥʦʛʦ ʯʘʩʫ ʨʦʟʩʽʷʥʥʷ ʜʣʷ ʙʽʥʘʨʥʠʭ ʨʝʘʢʮʽʡ ʟ 

ʦʜʥʠʤ ʢʦʤʧʘʫʥʜ-ʨʝʟʦʥʘʥʩʦʤ ʚ L-ʩʠʩʪʝʤʽ 

 

ʋ ʙʽʣʴʰ ʨʘʥʥʽʭ ʨʦʙʦʪʘʭ (ʥʘʧʨʠʢʣʘʜ, ʚ [1, 2]) ʘʥʘʣʽʟ ʘʤʧʣʽʪʫʜ, ʧʝʨʝʨʽʟʽʚ ʽ 

ʪʨʠʚʘʣʦʩʪʝʡ ʨʦʟʩʽʷʥʥ ̫ ʧʨʦʚʦʜʠʚʩʷ ʥʘ ʦʩʥʦʚʽ ʬʦʨʤʫʣ (1.1) ï (1.1ʚ) ʚ C-

ʩʠʩʪʝʤʽ, ʫ ʷʢʽʡ ʨʫʭ ʩʢʣʘʜʝʥʦʛʦ ʷʜʨʘ ʚ L-ʩʠʩʪʝʤʽ ʜʦ ʫʚʘʛʠ ʥʝ ʙʨʘʚʩʷ. ɸʣʝ ʧʨʠ 

ʚʨʘʭʫʚʘʥʥʽ ʨʫʭʫ ʩʢʣʘʜʝʥʦʛʦ ʷʜʨʘ, ʱʦ ʨʦʟʧʘʜʘʻʪʴʩʷ, ʚ L-ʩʠʩʪʝʤʽ ʚʠʨʘʟ ʜʣʷ 

ʘʤʧʣʽʪʫʜʠ ʧʨʦʮʝʩʫ, ʱʦ ʡʜʝ ʟ ʫʪʚʦʨʝʥʥʷʤ ʟʙʫʜʞʝʥʦʛʦ ʩʢʣʘʜʝʥʦʛʦ ʷʜʨʘ ʚ 

ʦʙʣʘʩʪʽ ʨʝʟʦʥʘʥʩʫ, ʚ ʉ- ʽ L-ʩʠʩʪʝʤʘʭ ʚʽʜʨʽʟʥʷʶʪʴʩʷ ʥʝ ʣʠʰʝ ʩʪʘʥʜʘʨʪʥʠʤʠ 

ʢʽʥʝʤʘʪʠʯʥʠʤʠ ʧʝʨʝʪʚʦʨʝʥʥʷʤʠ { , } { , }C C L LE Eq qª , ʘʣʝ ʡ ʫʨʘʭʫʚʘʥʥʷʤ 

ʨʫʭʫ ʩʢʣʘʜʝʥʦʛʦ ʷʜʨʘ, ʱʦ ʨʦʟʧʘʜʘʻʪʴʩʷ, ʫʟʜʦʚʞ ʚʽʜʩʪʘʥʽ V tc resD , ʷʢ ʧʦʢʘʟʘʥʦ 

ʥʘ ʨʠʩ. 1.1ʘ,ʙ. ɺ [1, 2] ʬʦʨʤʫʣʠ (1.1) ʽ (1.1a) ʟʘʧʠʩʫʚʘʣʠʩʷ ʚ ʉ-ʩʠʩʪʝʤʽ ʡ 
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ʦʧʠʩʫʚʘʣʠ ʢʦʛʝʨʝʥʪʥʫ ʩʫʤʫ ʽʥʪʝʨʬʝʨʫʶʯʠʭ ʯʣʝʥʽʚ, ʷʢ ʜʣʷ ʧʝʨʝʨʽʟʫ 

2( , ) | ( , ) |C CE F Es q q= , ʪʘʢ ʽ ʜʣʷ ʯʘʩʫ ʟʘʪʨʠʤʢʠ ( , )c Et qD  ʙʝʟ ʫʨʘʭʫʚʘʥʥʷ 

ʤʽʢʨʦʩʢʦʧʽʯʥʦʛʦ ʨʫʭʫ ʩʢʣʘʜʝʥʦʛʦ ʷʜʨʘ ʚʽʜ ʪʦʯʢʠ 
0

C  ʜʦ ʪʦʯʢʠ 
1

C . 

ʄʦʞʥʘ ʦʮʽʥʠʪʠ ʟʘʛʘʣʴʥʫ ʪʨʠʚʘʣʽʩʪʴ ʟʽʪʢʥʝʥʥʷ ʚ L-ʩʠʩʪʝʤʽ, 

ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ ʩʫʧʝʨʧʦʟʠʮʽʶ ʭʚʠʣʴʦʚʠʭ ʧʘʢʝʪʽʚ ʧʨʷʤʦʛʦ ʨʦʟʩʽʷʥʥʷ ʡ 

ʨʦʟʩʽʷʥʥʷ, ʱʦ ʡʜʝ ʟ ʫʪʚʦʨʝʥʥʷʤ ʧʨʦʤʽʞʥʦʛʦ ʩʢʣʘʜʝʥʦʛʦ ʷʜʨʘ (ʚʽʜʧʦʚʽʜʥʦ ʜʦ 

ʜʽʘʛʨʘʤ ʥʘ ʨʠʩ. 1ʘ ʡ 1ʙ), ʷʢʘ ʙʫʣʘ ʦʪʨʠʤʘʥʘ ʥʘʤʠ ʚʠʱʝ (1.8) ï (1.9) ʧʽʩʣʷ ʚʩʽʭ 

ʩʧʨʦʱʝʥʴ ʽʟ ʫʨʘʭʫʚʘʥʥʷʤ ʟʙʝʨʝʞʝʥʥʷ ʝʥʝʨʛʽʾ-ʽʤʧʫʣʴʩʫ ʜʣʷ ʘʩʠʤʧʪʦʪʠʯʥʦʾ 

ʦʙʣʘʩʪʽ (
1,2
r ­¤). 

ʋ ʨʘʤʢʘʭ ʟʘʛʘʣʴʥʦʛʦ ʥʘʙʣʠʞʝʥʥʷ [19, 25] ʟʥʘʭʦʜʠʤʦ ʪʘʢʠʡ ʚʠʨʘʟ ʜʣʷ 

ʩʝʨʝʜʥʴʦʛʦ ʯʘʩʫ ʨʦʟʩʽʷʥʥʷ 

* Ĕ
, ,11 2 1 2

* Ĕ
, ,11 2 1 2

 ï  /2

t j dtr r r r
t
min

j dt

t E
general initial

r r r r
t
min

t

¤
Y Yñ ­¤ ­¤

¤
Y Y

< > = < >º

ñ ­¤ ­¤

D   (1.17) 

(ʜʝ t t
iinitial

< >º ʜʣʷ ʢʚʘʟʤ̔ʦʥʦʭʨʦʤʘʪʠʯʥʠʭ ʯʘʩʪʠʥʦʢ). ʈʝʟʫʣʴʪʘʪ ʧʦʣʷʛʘʻ ʚ 

ʪʦʤʫ, ʱʦ ʤʠ ʦʜʝʨʞʘʣʠ ʪʨʠʚʽʘʣʴʥʠʡ ʧʦʟʠʪʠʚʥʠʡ ʩʝʨʝʜʥʽʡ ʯʘʩ ʟʘʪʨʠʤʢʠ ʜʣʷ L-

ʩʠʩʪʝʤʠ ʙʝʟ ʙʫʜʴ-ʷʢʦʛʦ ʚʠʧʝʨʝʜʞʝʥʥʷ, ʦʙʫʤʦʚʣʝʥʦʛʦ ñʚʽʨʪʫʘʣʴʥʦ 

ʥʝʨʫʭʣʠʚʠʤò ʘʙʦ ñʟʘʤʦʨʦʞʝʥʠʤò ʩʢʣʘʜʝʥʠʤ ʷʜʨʦʤ ʫ ʉ-ʩʠʩʪʝʤʽ.  

ʌʦʨʤʫʣʠ (1.11) ï (1.16) ʻ ʨʝʟʫʣʴʪʘʪʦʤ ʩʘʤʦʫʟʛʦʜʞʝʥʦʛʦ ʧʽʜʭʦʜʫ ʜʦ 

ʨʝʘʣʽʩʪʠʯʥʦʛʦ ʘʥʘʣʽʟʫ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʘʥʠʭ ʧʝʨʝʨʽʟʽʚ ʥʫʢʣʦʥ-ʷʜʝʨʥʦʛʦ 

ʨʦʟʩʽʷʥʥʷ ʚ L-ʩʠʩʪʝʤʽ. ɯ ʥʘ ʥʘʰʫ ʜʫʤʢʫ, ʙʫʜʴ-ʷʢʘ ʩʧʨʦʙʘ ʦʧʠʩʘʪʠ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʜʘʥʽ ʧʝʨʝʨʽʟʽʚ ʥʫʢʣʦʥ-ʷʜʝʨʥʦʛʦ ʨʦʟʩʽʷʥʥʷ ʧʦʙʣʠʟʫ 

ʽʟʦʣʴʦʚʘʥʦʛʦ ʨʝʟʦʥʘʥʩʫ, ʩʧʦʪʚʦʨʝʥʦʛʦ ʥʝʨʝʟʦʥʘʥʩʥʠʤ ʬʦʥʦʤ, ʚ L-ʩʠʩʪʝʤʽ 

ʩʧʦʯʘʪʢʫ ʥʘ ʦʩʥʦʚʽ ʬʦʨʤʫʣʠ (1.1) ʟ ʥʘʩʪʫʧʥʠʤ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʩʪʘʥʜʘʨʪʥʠʭ 

ʢʽʥʝʤʘʪʠʯʥʠʭ ʩʧʽʚʚʽʜʥʦʰʝʥʴ  ʥʝ ʤʘʻ ʥʽʷʢʦʛʦ 

ʧʨʘʢʪʠʯʥʦʛʦ ʬʽʟʠʯʥʦʛʦ ʟʤʽʩʪʫ. ɯ ʧʨʠʯʠʥʘ ʮʴʦʛʦ ʧʦʣʷʛʘʻ ʩʘʤʝ ʚ ʪʦʤʫ, ʱʦ ʚ 

ʮʴʦʤʫ ʚʠʧʘʜʢʫ ʥʝʭʪʫʻʤʦ ʨʝʘʣʴʥʠʤ ʨʫʭʦʤ ʩʢʣʘʜʝʥʦʛʦ ʷʜʨʘ. 

 

{ , } { , }C C L LE Eq qª
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1.4. ʈʦʟʨʘʭʫʥʢʠ ʽʥʪʝʛʨʘʣʴʥʠʭ ʧʝʨʝʨʽʟʽʚ s(E) ʚ L-ʩʠʩʪʝʤʽ 

 

1.4.1. ʈʦʟʨʘʭʫʥʢʠ ʧʝʨʝʨʽʟʽʚ ʽ ʦʮʽʥʢʘ ʚʧʣʠʚʫ ʬʘʟ ʫ ʨʘʥʥʽʭ ʨʦʙʦʪʘʭ 

 

ʋ ʨʦʙʦʪʽ [1] ʙʫʣʦ ʧʨʝʜʩʪʘʚʣʝʥʦ ʨʝʟʫʣʴʪʘʪʠ ʣʠʰʝ ʥʘʡʧʨʦʩʪʽʰʠʭ 

ʨʦʟʨʘʭʫʥʢʽʚ. ʅʘ ʨʠʩ. 1.2 ʟʦʙʨʘʞʝʥʦ ʧʝʨʝʨʽʟʠ ʫ ʚʽʜʥʦʩʥʠʭ ʦʜʠʥʠʮʷʭ ʜʣʷ 

ʜʝʷʢʠʭ ʪʠʧʦʚʠʭ ʚʠʧʘʜʢʽʚ ʟʥʘʯʝʥʴ 
1
bd , ʫʟʷʪʠʭ ʟ ʫʨʘʭʫʚʘʥʥʷʤ 

ʽʥʪʝʨʬʝʨʝʥʮʽʡʥʦʛʦ ʚʥʝʩʢʫ (0j̧ ) ʽ ʙʝʟ ʥʴʦʛʦ (0j= ). ʇʦʨʽʚʥʷʥʥʷ ʨʝʟʫʣʴʪʘʪʽʚ, 

ʧʨʝʜʩʪʘʚʣʝʥʠʭ ʥʘ ʨʠʩ. 1.2ʙ ʟ ʘʥʘʣʦʛʽʯʥʠʤʠ ʨʝʟʫʣʴʪʘʪʘʤʠ, ʧʨʝʜʩʪʘʚʣʝʥʠʤʠ ʥʘ 

ʨʠʩ. 1.2ʛ, ʥʘʦʯʥʦ ʜʝʤʦʥʩʪʨʫʻ ʨʦʣʴ ʬʘʟʠ j, ʘ ʧʦʨʽʚʥʷʥʥʷ ʨʠʩʫʥʢʽʚ 1.2ʙ ʽ 1.2ʚ 

ʘʙʦ ʨʠʩʫʥʢʽʚ 1.2ʛ  ̔1.2ʜ ʧʽʜʢʨʝʩʣʶʻ ʨʦʣʴ ʬʦʥʦʚʦʛʦ ʬʘʟʦʚʦʛʦ ʟʩʫʚʫ 
0
bd  ʧʨʠ 

ʧʝʚʥʠʭ ʟʥʘʯʝʥʥʷʭ j. ɿʘʫʚʘʞʠʤʦ, ʱʦ ʟ̔ ʟʤʽʥʦʶ ʟʥʘʯʝʥʥʷ ʬʘʟʠ j, ʟʥʘʯʝʥʥʷ 

ʨʝʟʦʥʘʥʩʥʦʾ ʝʥʝʨʛʽʾ Eres ʯʘʩʪʠʥʢʠ ʪʝʞ ʟʤʽʥʁ̒ʪʴʩʷ. 

ʄʦʞʥʘ ʟʨʦʙʠʪʠ ʚʠʩʥʦʚʦʢ, ʱʦ ʜʣʷ ʬʘʟʦʚʦʛʦ ʟʩʫʚʫ ʬʦʥʫ 0
0
bd =  ʡ ʨ-

ʭʚʠʣʴʦʚʦʛʦ ʨʝʟʦʥʘʥʩʫ ʘʙʦ ʜʣʷ 0
1
bd =  ʡ s-ʭʚʠʣʴʦʚʦʛʦ ʨʝʟʦʥʘʥʩʫ ʟʥʘʯʝʥʥʷ 

ʧʝʨʝʨʽʟʫ ʥʝ ʟʘʣʝʞʘʪʴ ʚʽʜ ʬʘʟʠ j, ʷʢ ʮʝ ʧʨʷʤʦ ʚʠʧʣʠʚʘʻ ʟ ʬʦʨʤʫʣ (1.1ʘ) ʽ 

(1.1ʙ), ʫ ʪʦʡ ʯʘʩ ʷʢ ʜʣʷ 0
0
bd ¸  ʡ ʨ-ʭʚʠʣʴʦʚʦʛʦ ʨʝʟʦʥʘʥʩʫ ʘʙʦ ʜʣʷ 0

1
bd ¸  ʡ s-

ʭʚʠʣʴʦʚʦʛʦ ʨʝʟʦʥʘʥʩʫ ʽʩʥʫʻ ʧʦʤʽʪʥʘ ʚʽʜʤʽʥʥʽʩʪʴ ʤʽʞ ʨʝʟʫʣʴʪʘʪʘʤʠ 

ʨʦʟʨʘʭʫʥʢʽʚ, ʦʜʝʨʞʘʥʠʤʠ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʚʠʨʘʟʫ (1.14ʚ) ʧʨʠ 0j=   ̔ . 

ʈʝʟʫʣʴʪʘʪʠ ʨʦʟʨʘʭʫʥʢʽʚ, ʧʨʝʜʩʪʘʚʣʝʥʽ ʜʣʷ p-ʭʚʠʣʴʦʚʦʛʦ ʨʝʟʦʥʘʥʩʫ ʟ 

ʧʘʨʘʤʝʪʨʘʤʠ 1l= , ' 0l = , 0q= , ʧʨʦʜʝʤʦʥʩʪʨʫʚʘʣʠ, ʱʦ ʟʘʟʥʘʯʝʥʘ ʚʽʜʤʽʥʥʽʩʪʴ 

ʟʘʣʝʞʠʪʴ ʚʽʜ 
0
bd  ʽ j, ʘ ʜʣʷ ʚʝʣʠʢʠʭ ʟʥʘʯʝʥʴ 

0
bd  (²p/4) ʘʙʦ j (²p/4) ʚʦʥʘ ʩʪʘʻ 

ʽʩʪʦʪʥʦ .ʁ 

ʆʪʞʝ ʧʨʠ ʚʠʙʦʨʽ ʧʘʨʘʤʝʪʨʘ j ʫ ʪʠʭ ʚʠʧʘʜʢʘʭ, ʢʦʣʠ ʻ ʧʨʠʩʫʪʥʽʤ 

ʨʝʟʦʥʘʥʩ, ʦʙʫʤʦʚʣʝʥʠʡ ʟʩʫʚʦʤ ʜʞʝʨʝʣʘ ʚʠʭʽʜʥʠʭ ʭʚʠʣʴ ʜʣʷ ʧʨʦʮʝʩʽʚ ʨʦʟʧʘʜʫ 

ʚʽʜʥʦʩʥʦ ʜʞʝʨʝʣʘ ʧʨʷʤʠʭ ʧʨʦʮʝʩʽʚ, ʟʘʟʥʘʯʝʥʫ ʚʠʱʝ ʚʽʜʤʽʥʥʽʩʪʴ ʥʝʦʙʭʽʜʥʦ 

0j̧
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ʙʨʘʪʠ ʜʦ ʫʚʘʛʠ, ʱʦʙ ʧʨʘʚʠʣʴʥʦ ʤʦʜʠʬʽʢʫʚʘʪʠ ʧʝʨʝʪʚʦʨʝʥʥʷ ʚʽʜ L-ʩʠʩʪʝʤʠ ʜʦ 

ʉ-ʩʠʩʪʝʤʠ ʡ ʥʘʚʧʘʢʠ. 
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ʈʠʩ. 1.2. ɿʘʣʝʞʥʽʩʪʴ s(E) ʧʨʠ 0q= , 1l= , 0l' =  ʟ ʽʥʪʝʨʬʝʨʝʥʮʽʡʥʠʤ ʚʥʝʩʢʦʤ  

( , ʩʫʮʽʣʴʥʘ ʣʽʥʽʷ) ʽ ʙʝʟ ʥʴʦʛʦ (0j= , ʧʫʥʢʪʠʨʥʘ ʣʽʥʽʷ) ʜʣʷ ʜʝʷʢʠʭ 

ʪʠʧʦʚʠʭ ʚʠʧʘʜʢʽʚ ʬʘʟʦʚʠʭ ʟʩʫʚʽʚ: a) /
0

2bd p= , /
1

2bd p= , / 4j p= ; 

ʙ) /
0

4bd p= , , / 2j p= ; ʚ) , , / 2j p= ; 

ʛ) , , j p= ;ʜ) , , j p= . 

 

1.4.2. ʈʦʟʨʘʭʫʥʢʠ ʧʝʨʝʨʽʟʽʚ ʽ ʦʮʽʥʢʘ ʚʧʣʠʚʫ ʬʘʟʠ j ʫ ʨʝʘʣʴʥʠʭ 

ʨʝʘʢʮʽʷʭ 

 

ɼʦʧʦʚʥʠʤʦ ʨʝʟʫʣʴʪʘʪʠ ʨʦʟʨʘʭʫʥʢʽʚ, ʥʘʚʝʜʝʥʠʭ ʫ ʧʽʜʨʦʟʜʽʣʽ 1.3.1, 

ʨʝʟʫʣʴʪʘʪʘʤʠ ʥʘʰʠʭ ʨʦʟʨʘʭʫʥʢʽʚ ʟ ʨʽʟʥʠʭ ʨʦʙʽʪ ʜʣʷ ʧʝʨʝʨʽʟʽʚ ʢʦʥʢʨʝʪʥʠʭ 

ʧʨʦʮʝʩʽʚ ʥʫʢʣʦʥ-ʷʜʝʨʥʦʛʦ ʨʦʟʩʽʷʥʥʷ ʪʘ ʧʦʨʽʚʥʷʻʤʦ ʟ ʚʽʜʧʦʚʽʜʥʠʤʠ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʤʠ ʜʘʥʠʤʠ. ɸʚʪʦʨʦʤ ʚʠʢʦʥʘʥʦ ʨʦʟʨʘʭʫʥʢʠ ʬʫʥʢʮʽʡ 

0j̧

/
1

2bd p= /
0

2bd p= /
1

2bd p=

/
0

4bd p= /
1

2bd p= /
0

2bd p= /
1

2bd p=
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ʟʙʫʜʞʝʥʥʷ s(E) ʜʣʷ ʥʠʟʴʢʦʝʥʝʨʛʝʪʠʯʥʦʛʦ ʧʨʫʞʥʦʛʦ ʨʦʟʩʽʷʥʥʷ ʧʨʦʪʦʥʽʚ 

ʷʜʨʘʤʠ 
12
ʉ, 

16
O ʽ ʥʝʡʪʨʦʥʽʚ ʷʜʨʘʤʠ 

28
Si, 

52
Cr, 

56
Fe,

 63
Cu, 

64
Ni, 

73
Ge ʚ ʦʙʣʘʩʪʽ 

ʩʧʦʪʚʦʨʝʥʠʭ ʟ̔ʦʣʴʦʚʘʥʠʭ ʨʝʟʦʥʘʥʩʽʚ 1.7Eres=  ʄʝɺ ʽ 47ɻ=  ʢʝɺ, 

2.67Eres=  ʄʝɺ ʽ 14.5ɻ=  ʢʝɺ, 55.67Eres=  ʢʝɺ ʽ 0.48ɻ=  ʢʝɺ, 

50.54Eres=  ʢʝɺ ʽ 1.81ɻ=  ʢʝɺ, 27.92Eres=  ʢʝɺ ʽ 0.71ɻ=  ʢʝɺ, 4.4Eres=  

ʢʝɺ ʽ 0.17ɻ=  ʝɺ, 24.74Eres=  ʢʝɺ ʽ 0.7ɻ=  ʢʝɺ, 102.6Eres=  ʝɺ ʽ 3ɻ=  ʝɺ 

ʚʽʜʧʦʚʽʜʥʦ. ɿʥʘʯʝʥʥʷ ʧʘʨʘʤʝʪʨʽʚ ʘʤʧʣʽʪʫʜ ʧʨʷʤʦʛʦ ʡ ʦʢʨʝʤʦ ʨʝʟʦʥʘʥʩʥʦʛʦ 

ʨʦʟʩʽʷʥʥʷ ʚ C-ʩʠʩʪʝʤʽ ʧʨʠ 0l=  ʫ ʬʦʨʤʫʣʘʭ (1.11) ï (1.16) ʧʽʜʽʙʨʘʥʽ ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʩʪʘʥʜʘʨʪʥʦʾ ʧʨʦʮʝʜʫʨʠ. 

ʅʘ ʨʠʩ. 1.3 - 1.10 ʥʘʚʝʜʝʥʦ ʧʦʨʽʚʥʷʥʥʷ ʬʫʥʢʮʽʡ ʟʙʫʜʞʝʥʥʷ s(E) 

ʥʠʟʴʢʦʝʥʝʨʛʝʪʠʯʥʦʛʦ ʧʨʫʞʥʦʛʦ ʨʦʟʩʽʷʥʥʷ ʧʨʦʪʦʥʽʚ ʷʜʨʘʤʠ 
12
ʉ, 

16
O ʟ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʤʠ ʜʘʥʠʤʠ ʟ ʨʦʙʽʪ [4] ʽ [5], ʘ ʪʘʢʦʞ ʨʝʟʫʣʴʪʘʪʽʚ ʨʦʟʨʘʭʫʥʢʽʚ 

ʬʫʥʢʮʽʡ ʟʙʫʜʞʝʥʥʷ ʧʨʫʞʥʦʛʦ ʨʦʟʩʽʷʥʥʷ ʥʝʡʪʨʦʥʽʚ ʷʜʨʘʤʠ 
28

Si, 
52

Cr, 
56

Fe,
 

63
Cu, 

64
Ni ʽ 

73
Ge ʟ ʜʘʥʠʤʠ ʟ ʨʦʙʦʪʠ [17], ʘ ʧʽʜʛʽʥʥʠʡ ʧʘʨʘʤʝʪʨ c ʙʫʚ ʦʙʨʘʥʠʡ 

ʨʽʚʥʠʤ0.01p,p,0.68p,0.948p,0.956p,0.7p, p ʽ 0.67p ʚʽʜʧʦʚʽʜʥʦ. ɺʠʜʥʦ, 

ʱʦ ʚʨʘʭʫʚʘʥʥʷ ʨʫʭʫ ʩʢʣʘʜʝʥʦʛʦ ʷʜʨʘ (0j̧ ) ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʟʥʘʯʥʦʛʦ 

ʧʦʢʨʘɦʝʥʥʷ ʦʧʠʩʫ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʘʥʠʭ. ʌʘʟʠ j (1.14ʚ) ʦʙʯʠʩʣʶʚʘʣʠʩʷ 

ʟʘ ʬʦʨʤʫʣʦ  ʁ(ɼ1) ʟ ɼʦʜʘʪʢʘ 2. 
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ʈʠʩ. 1.3a. ʌʫʥʢʮʽʷ ʟʙʫʜʞʝʥʥʷ ʜʣʷ 
12
ʉ (p, p) ʧʨʠ 0j̧ . 

 

 

ʈʠʩ. 1.3ʙ. ʌʫʥʢʮʽʷ ʟʙʫʜʞʝʥʥʷ ʜʣʷ 
12
ʉ (p, p) ʧʨʠ 0j= . 

 

ʈʠʩ. 1.3ʚ. ʉʢʨ̔ʥ ʟ ʚʠʭʽʜʥʠʤʠ ʜʘʥʠʤʠ ʜʣʷ 
12

C (n, n) ʟ [5]. 
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ʈʠʩ. 1.4ʘ. ʌʫʥʢʮʽʷ ʟʙʫʜʞʝʥʥʷ ʜʣʷ 
16

O (p, p) ʧʨʠ . 

 

ʈʠʩ. 1.4ʙ. ʌʫʥʢʮʽʷ ʟʙʫʜʞʝʥʥʷ ʜʣʷ 
16

O (p, p) ʧʨʠ 0j= .

 

ʈʠʩ. 1.4ʚ. ʉʢʨ̔ʥ ʟ ʚʠʭʽʜʥʠʤʠ ʜʘʥʠʤʠ ʜʣʷ 
16

O (n, n) ʟ [4]. 

0j̧
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ʈʠʩ. 1.5ʘ. ʌʫʥʢʮʽʷ ʟʙʫʜʞʝʥʥʷ ʜʣʷ 
28

Si (n, n) ʧʨʠ . 

ʈʠʩ. 1.5ʙ. ʌʫʥʢʮʽʷ ʟʙʫʜʞʝʥʥʷ ʜʣʷ 
28

Si (n, n) ʧʨʠ 0j= . 

 

ʈʠʩ. 1.5ʚ. ʉʢʨ̔ʥ ʟ ʚʠʭʽʜʥʠʤʠ ʜʘʥʠʤʠ ʜʣʷ 
28

Si (n, n) ʟ [17]. 

0j̧
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ʈʠʩ. 1.6ʘ. ʌʫʥʢʮʽʷ ʟʙʫʜʞʝʥʥʷ ʜʣʷ 
52

Cr(n,n) ʧʨʠ . 

 

ʈʠʩ. 1.6ʙ. ʌʫʥʢʮʽʷ ʟʙʫʜʞʝʥʥʷ ʜʣʷ 
52

Cr(n,n) ʧʨʠ 0j= . 

 

ʈʠʩ. 1.6ʚ. ʉʢʨ̔ʥ ʟ ʚʠʭʽʜʥʠʤʠ ʜʘʥʠʤʠ ʜʣʷ 
52

Cr (n, n) ʟ [17]. 

0j̧
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ʈʠʩ. 1.7ʘ. ʌʫʥʢʮʽʷ ʟʙʫʜʞʝʥʥʷ ʜʣʷ 
56

Fe(n,n) ʧʨʠ . 

 

ʈʠʩ. 1.7ʙ. ʌʫʥʢʮʽʷ ʟʙʫʜʞʝʥʥʷ ʜʣʷ 
56

Fe(n,n) ʧʨʠ 0j= . 

 

ʈʠʩ. 1.7ʚ. ʉʢʨ̔ʥ ʟ ʚʠʭʽʜʥʠʤʠ ʜʘʥʠʤʠ ʜʣʷ 
56

Fe (n, n) ʟ [17]. 

0j̧
































































































































































































































