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ɺɺɽɼɽʅʀɽ 

 

ʌʠʟʠʢʦ-ʪʝʭʥʠʯʝʩʢʠʡ ʠʥʩʪʠʪʫʪ (ʌʊʀ) ʦʨʛʘʥʠʟʦʚʘʥ 4 ʥʦʷʙʨʷ 1943ʛ. ʠ ʚ̫ʣʷʣʩʷ ʧʝʨʚʳʤ 

ʘʢʘʜʝʤʠʯʝʩʢʠʤ ʠʥʩʪʠʪʫʪʦʤ, ʦʩʫʱʝʩʪʚʣʷʶʱʠʤ ʰʠʨʦʢʦʤʘʩʰʪʘʙʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚ ʦʙʣʘʩʪʠ ʬʠʟʠʢʠ ʠ 

ʪʝʭʥʠʢʠ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʚʩʝʡ ʉʨʝʜʥʝʡ ɸʟʠʠ, ʠ ʠʤʝʣ ʥʝʩʢʦʣʴʢʦ ʚʘʞʥʝʡʰʠʭ ʟʘʜʘʯ, ʩʚʷʟʘʥʥʳʭ ʩ 

ʨʘʟʚʠʪʠʝʤ ʥʘʫʢʠ ʠ ʪʝʭʥʠʢʠ ʚʦ ʚʩʝʤ ʨʝʛʠʦʥʝ. ʆʥ ʜʦʣʞʝʥ ʙʳʣ: 

- ʷʚʣʷʪʴʩʷ ʢʘʪʘʣʠʟʘʪʦʨʦʤ ʥʦʚʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʭ ʠ ʧʨʠʢʣʘʜʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʚ 

ʦʙʣʘʩʪʠ ʬʠʟʠʯʝʩʢʠʭ ʠ ʪʝʭʥʠʯʝʩʢʠʭ ʥʘʫʢ; 

- ʩʣʫʞʠʪʴ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʤ ʮʝʥʪʨʦʤ, ʥʘ ʙʘʟʝ ʥʘʫʯʥʳʭ ʥʘʧʨʘʚʣʝʥʠʡ ʢʦʪʦʨʦʛʦ ʩʦʟʜʘʚʘʣʠʩʴ 

ʥʦʚʳʝ ʥʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʝ ʠʥʩʪʠʪʫʪʳ ʠ ʢʘʬʝʜʨʳ ʢʘʢ ʩʘʤʦʡ ʘʢʘʜʝʤʠʠ ʥʘʫʢ, ʪʘʢ ʠ ʚ ʨʘʟʣʠʯʥʳʭ 

ʤʠʥʠʩʪʝʨʩʪʚʘʭ, ʚʝʜʦʤʩʪʚʘʭ ʠ ʚʳʩʰʠʭ ʫʯʝʙʥʳʭ ʟʘʚʝʜʝʥʠʷʭ; 

- ʷʚʣʷʪʴʩʷ ʮʝʥʪʨʦʤ ʧʦʜʛʦʪʦʚʢʠ ʚʳʩʦʢʦʢʚʘʣʠʬʠʮʠʨʦʚʘʥʥʳʭ ʥʘʫʯʥʳʭ ʢʘʜʨʦʚ ʜʣʷ ʥʘʫʢʠ ʠ 

ʩʠʩʪʝʤʳ ʦʙʨʘʟʦʚʘʥʠʷ ʚʩʝʛʦ ʨʝʛʠʦʥʘ.  

ʀʟ ʵʪʠʭ ʟʘʜʘʯ ʚʳʪʝʢʘʶʪ ʩʣʝʜʫʶʱʠʝ ʦʩʦʙʝʥʥʦʩʪʠ ʧʝʨʚʦʥʘʯʘʣʴʥʦʡ ʦʨʛʘʥʠʟʘʮʠʠ ʠ 

ʜʘʣʴʥʝʡʰʝʛʦ ʨʘʟʚʠʪʠʷ ʠʥʩʪʠʪʫʪʘ: 

ʰʠʨʦʢʠʡ ʩʧʝʢʪʨ ʥʘʫʯʥʳʭ ʥʘʧʨʘʚʣʝʥʠʡ ʠ ʢʦʥʮʝʥʪʨʘʮʠʷ ʫʩʠʣʠʡ ʥʘ ʥʘʠʙʦʣʝʝ ʧʝʨʩʧʝʢʪʠʚʥʳʭ 

ʥʘʫʯʥʳʭ ʧʨʦʙʣʝʤʘʭ; 

ʪʝʩʥʘʷ ʩʚʷʟʴ ʩ ʚʳʩʰʠʤʠ ʫʯʝʙʥʳʤʠ ʟʘʚʝʜʝʥʠʷʤʠ ʨʝʛʠʦʥʘ; 

ʦʧʦʨʘ ʥʘ ʤʦʣʦʜʝʞʴ, ʩʪʨʝʤʣʝʥʠʝ ʧʨʠʚʣʝʢʘʪʴ ʚ ʥʘʫʢʫ ʪʘʣʘʥʪʣʠʚʫʶ ʤʦʣʦʜʝʞʴ ʥʘʯʠʥʘʷ ʩʦ 

ʩʪʫʜʝʥʯʝʩʢʦʡ ʩʢʘʤʴʠ; 

ʩʪʨʝʤʣʝʥʠʝ ʢ ʧʨʘʢʪʠʯʝʩʢʦʡ ʨʝʘʣʠʟʘʮʠʠ ʨʝʟʫʣʴʪʘʪʦʚ ʥʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʭ ʨʘʙʦʪ. 

ɺ ʌʊʀ  ʨʘʟʚʠʚʘʣʠʩʴ ʤʥʦʛʠʝ ʩʦʚʨʝʤʝʥʥʳʝ ʥʘʧʨʘʚʣʝʥʠʷ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʭ ʠ ʧʨʠʢʣʘʜʥʳʭ 

ʠʩʩʣʝʜʦʚʘʥʠʡ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʥʘ ʙʘʟʝ ʥʘʫʯʥʳʭ ʥʘʧʨʘʚʣʝʥʠʡ ʠʥʩʪʠʪʫʪʘ ʦʨʛʘʥʠʟʦʚʳʚʘʣʠʩʴ ʨʷʜ ʥʦʚʳʭ 

ʥʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʭ ʠʥʩʪʠʪʫʪʦʚ. ʅʘ ʙʘʟʝ ʧʦʜʨʘʟʜʝʣʝʥʠʡ ʌʊʀ ʚ 1956 ʛ. ʩʦʟʜʘʥ ʀʥʩʪʠʪʫʪ 

ʷʜʝʨʥʦʡ ʬʠʟʠʢʠ, ʚ 1967 ʛ. - ʀʥʩʪʠʪʫʪ ʵʣʝʢʪʨʦʥʠʢʠ. ɺ 1986 ʛ. ʥʘ ʙʘʟʝ ʠʥʩʪʠʪʫʪʘ ʦʨʛʘʥʠʟʦʚʘʥʦ ʅʘʫʯʥʦ-

ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʝ ʦʙʲʝʜʠʥʝʥʠʝ "ʌʠʟʠʢʘ-ʉʦʣʥʮʝ". ɺ 1987 ʛ. ʥʘ ʦʩʥʦʚʝ ʥʘʫʯʥʦ-ʪʝʭʥʠʯʝʩʢʠʭ 

ʨʘʟʨʘʙʦʪʦʢ ʠʥʩʪʠʪʫʪʘ ʚʚʝʜʝʥ ʚ ʵʢʩʧʣʫʘʪʘʮʠʶ ʫʥʠʢʘʣʴʥʳʡ ʦʧʪʠʢʦ-ʟʝʨʢʘʣʴʥʳʡ ʢʦʤʧʣʝʢʩ ʩ ɹʦʣʴʰʦʡ 

ʩʦʣʥʝʯʥʦʡ ʧʝʯʴʶ ʩ ʪʝʧʣʦʚʦʡ ʤʦʱʥʦʩʪʴʶ 1000 ʢɺʪ. ʅʘ ʙʘʟʝ ʵʪʦʛʦ ʢʦʤʧʣʝʢʩʘ ʚ 1993 ʛ. ʩʦʟʜʘʥ 

ʀʥʩʪʠʪʫʪ ʤʘʪʝʨʠʘʣʦʚʝʜʝʥʠʷ, ʚʭʦʜʷʱʠʡ ʚ ʩʦʩʪʘʚ ʅʇʆ "ʌʠʟʠʢʘ-ʉʦʣʥʮʝ" ɸʅ ʈʋʟ. ɹʳʣʠ ʩʦʟʜʘʥʳ 

ʜʝʩʷʪʢʠ ʢʘʬʝʜʨ ʠ ʣʘʙʦʨʘʪʦʨʠʡ ɺʋɿʦʚ ʠ ʅʀʀ, ʢʦʥʩʪʨʫʢʪʦʨʩʢʠʝ ʙʶʨʦ.  

ɽʱʝ ʦʜʥʠʤ ʨʝʟʫʣʴʪʘʪʦʤ ʨʘʟʚʠʪʠʷ ʌʊʀ ʷʚʠʣʦʩʴ ʩʦʟʜʘʥʠʝ ʚ ʋʟʙʝʢʠʩʪʘʥʝ ʥʘʫʯʥʳʭ ʰʢʦʣ ʚ 

ʦʙʣʘʩʪʠ ʬʠʟʠʢʠ ʠ ʪʝʭʥʠʢʠ ʦʙʲʝʜʠʥʷʶʱʠʭ ʚ ʩʚʦʝʤ ʩʦʩʪʘʚʝ ʜʝʩʷʪʢʠ ʠ ʩʦʪʥʠ ʪʘʣʘʥʪʣʠʚʳʭ ʠ 

ʚʳʩʦʢʦʧʨʦʜʫʢʪʠʚʥʳʭ ʚ ʥʘʫʯʥʦʤ ʧʣʘʥʝ  ʫʯʝʥʳʭ ï ʜʦʢʪʦʨʦʚ ʥʘʫʢ, ʧʨʦʬʝʩʩʦʨʦʚ, ʚʘʞʥʝʡʰʠʝ ʥʘʫʯʥʳʝ 

ʨʝʟʫʣʴʪʘʪʳ ʢʦʪʦʨʳʭ, ʦʧʫʙʣʠʢʦʚʘʥʥʳʝ ʚ ʚʝʜʫʱʠʭ ʥʘʫʯʥʳʭ ʞʫʨʥʘʣʘʭ ʤʠʨʘ ʠ ʧʨʝʜʩʪʘʚʣʝʥʥʳʝ ʥʘ 

ʘʚʪʦʨʠʪʝʪʥʳʭ ʥʘʫʯʥʳʭ ʬʦʨʫʤʘʭ, ʧʦʣʫʯʠʣʠ ʰʠʨʦʢʦʝ ʤʠʨʦʚʦʝ ʧʨʠʟʥʘʥʠʝ. ʕʪʠ ʥʘʫʯʥʳʝ ʰʢʦʣʳ, 

ʧʦʣʫʯʠʚʰʠʝ ʤʦʱʥʫʶ ʧʦʜʜʝʨʞʢʫ ʧʦʩʣʝ ʜʦʩʪʠʞʝʥʠʷ ʋʟʙʝʢʠʩʪʘʥʦʤ ʥʝʟʘʚʠʩʠʤʦʩʪʠ, ʦʙʲʝʜʠʥʷʶʪ 

ʫʯʝʥʳʭ ʚ ʩʣʝʜʫʶʱʠʭ ʥʘʧʨʘʚʣʝʥʠʷʭ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʭ ʠ ʧʨʠʢʣʘʜʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ: 

- ʬʠʟʠʢʘ ʚʳʩʦʢʠʭ ʠ ʩʚʝʨʭʚʳʩʦʢʠʭ ʵʥʝʨʛʠʡ; 

- ʬʠʟʠʢʘ ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚ;  

- ʪʝʦʨʠʷ ʪʚʝʨʜʦʛʦ ʪʝʣʘ; 

- ʪʝʦʨʝʪʠʯʝʩʢʘʷ ʬʠʟʠʢʘ; 

- ʧʨʝʦʙʨʘʟʦʚʘʥʠʝ ʩʦʣʥʝʯʥʦʡ ʵʥʝʨʛʠʠ.  

ɺ ʠʥʩʪʠʪʫʪʝ ʨʘʙʦʪʘʶʪ 214 ʯʝʣ., ʚ ʪ.ʯ. 4 ʘʢʘʜʝʤʠʢʘ, 21 ʜʦʢʪʦʨʦʚ ʥʘʫʢ, 33 ʢʘʥʜʠʜʘʪʦʚ ʥʘʫʢ, 90  

ʥʘʫʯʥʳʭ ʩʦʪʨʫʜʥʠʢʦʚ, 10 ʩʪʘʨʰʠʭ ʥʘʫʯʥʳʭ ʩʦʪʨʫʜʥʠʢʦʚ ʩʦʠʩʢʘʪʝʣʝʡ. ɺ ʨʘʟʥʳʝ ʛʦʜʳ ʠʥʩʪʠʪʫʪ 

ʚʦʟʛʣʘʚʣʷʣʠ ʢʨʫʧʥʳʝ ʫʯʝʥʳʝ ʉ.ʉ.ɺʘʩʠʣʴʝʚ, ʋ.ɸ.ɸʨʠʬʦʚ, ʉ.ɸ.ɸʟʠʤʦʚ, ʉ.ʋ.ʋʤʘʨʦʚ, ɻ.ʗ.ʋʤʘʨʦʚ, 

ʂ.ɻ.ɻʫʣʘʤʦʚ.  

ʉ 1999ʛ. ʠʥʩʪʠʪʫʪ ʚʦʟʛʣʘʚʣʷʝʪ ʜ.ʬ-ʤ.ʥ.,  ʧʨʦʬʝʩʩʦʨ ʉ.ʃ.ʃʫʪʧʫʣʣʘʝʚ.  
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ʋʥʠʢʘʣʴʥʳʝ ʥʘʫʯʥʳʝ ʦʙʲʝʢʪʳ ʠ ʧʨʦʠʟʚʦʜʩʪʚʘ: 

- ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʳʡ ʠʟʤʝʨʠʪʝʣʴʥʳʡ ʮʝʥʪʨ ʦʙʨʘʙʦʪʢʠ ʜʘʥʥʳʭ ʩ ʧʫʟʳʨʴʢʦʚʳʭ 

  ʢʘʤʝʨ;  

- ʮʝʥʪʨ ʦʙʨʘʙʦʪʢʠ ʠ ʘʥʘʣʠʟʘ ʠʥʬʦʨʤʘʮʠʠ ʩ ʨʝʥʪʛʝʥʦʵʤʫʣʴʩʠʦʥʥʳʭ ʢʘʤʝʨ; 

- ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʢʦʤʧʣʝʢʩ ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ ʠ ʠʟʫʯʝʥʠʷ ʥʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʦʡ ʜʠʬ  ʬʫʟʠʠ ʚ 

ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚʳʭ ʤʘʪʝʨʠʘʣʘʭ; 

      - ʮʝʭ ʧʦ ʦʧʳʪʥʦʤʫ ʧʨʦʠʟʚʦʜʩʪʚʫ ʢʨʝʤʥʠʝʚʳʭ ʬʦʪʦʵʣʝʤʝʥʪʦʚ ʠ ʙʘʪʘʨʝʡ;  

      - ʠʟʤʝʨʠʪʝʣʴʥʳʝ  ʩʪʝʥʜʳ ʜʣʷ ʠʩʧʳʪʘʥʠʷ ʜʚʠʛʘʪʝʣʝʡ ʉʪʠʨʣʠʥʛʘ;  

      - ʫʥʠʢʘʣʴʥʳʡ ʦʙʲʝʢʪ çɻɽʃʀʆʇʆʃʀɻʆʅè,  

 - ʦʧʳʪʥʦʝ ʧʨʦʠʟʚʦʜʩʪʚʦ ʧʦ ʚʳʧʫʩʢʫ ʥʝʩʪʘʥʜʘʨʪʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ. 

ɿʘ ʛʦʜʳ ʥʝʟʘʚʠʩʠʤʦʩʪʠ ʩʫʱʝʩʪʚʝʥʥʦ ʨʘʩʰʠʨʠʣʠʩʴ ʤʝʞʜʫʥʘʨʦʜʥʳʝ ʩʚʷʟʠ. ʋʯʝʥʳʝ ʠʥʩʪʠʪʫʪʘ 

ʫʯʘʩʪʚʫʶʪ ʚ ʢʨʫʧʥʳʭ ʤʝʞʜʫʥʘʨʦʜʥʳʭ ʧʨʦʛʨʘʤʤʘʭ ʠ ʛʨʘʥʪʘʭ. ʉʦʪʨʫʜʥʠʢʘʤʠ ʠʥʩʪʠʪʫʪʘ ʚ ʧʦʩʣʝʜʥʠʝ 

ʛʦʜʳ ʚʝʣʠʩʴ ʙʦʣʝʝ 30 ʨʘʙʦʪ ʩ ʟʘʨʫʙʝʞʥʳʤʠ ʧʘʨʪʥʝʨʘʤʠ ʧʦ ʨʘʟʣʠʯʥʳʤ ʢʦʥʪʨʘʢʪʘʤ ʠ ʛʨʘʥʪʘʤ, ʪʘʢʠʭ 

ʢʘʢ ɸɹʈ, ʀʅʊɸʉ, ʅɸʊʆ, ʀʅʂʆ ʂʆʇɽʈʅʀʂʋʉ, CRDF, DAAD, TWAS, Erasmus, ʖʅɽʉʂʆ ʠ ʜʨ. 

ʇʨʠ ʠʥʩʪʠʪʫʪʝ ʩʦʟʜʘʥʳ ʤʘʣʳʝ ʧʨʝʜʧʨʠʷʪʠʷ ñQurilishgelioservisò, ñNovo Engineeringò, ñSolar 

Energy Productsò, ñKeramika-quyoshò ʚʳʧʫʩʢʘʶʱʠʝ ʧʦ ʨʘʟʨʘʙʦʪʢʘʤ ʠʥʩʪʠʪʫʪʘ ʩʦʣʥʝʯʥʦ-ʪʝʧʣʦʚʳʝ 

ʫʩʪʘʥʦʚʢʠ ʛʦʨʷʯʝʛʦ ʚʦʜʦʩʥʘʙʞʝʥʠʷ, ʬʦʪʦʵʣʝʢʪʨʠʯʝʩʢʠʝ ʧʘʥʝʣʠ, ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚʳʝ ʜʘʪʯʠʢʠ ʠ 

ʨʘʟʣʠʯʥʳʝ ʢʝʨʘʤʠʯʝʩʢʠʝ ʠʟʜʝʣʠʷ ʜʣʷ ʥʫʞʜ ʨʘʟʣʠʯʥʳʭ ʦʪʨʘʩʣʝʡ ʨʝʩʧʫʙʣʠʢʠ. 

ʀʥʩʪʠʪʫʪʦʤ ʠʟʜʘʸʪʩʷ ʤʝʞʜʫʥʘʨʦʜʥʳʡ ʞʫʨʥʘʣ ñɻʝʣʠʦʪʝʭʥʠʢʘò ʢʦʪʦʨʦʝ ʧʝʨʝʚʦʜʠʪʩʷ ʥʘ 

ʘʥʛʣʠʡʩʢʠʡ ʷʟʳʢ ʠ ʨʘʩʧʨʦʩʪʨʘʥʷʝʪʩʷ ʧʦ ʚʩʝʤʫ ʤʠʨʫ ʢʦʤʧʘʥʠʝʡ Allerton Press. Inc. ʅʴʶ-ʁʦʨʢ, ʉʐɸ 

ʧʦʜ ʥʘʟʚʘʥʠʝʤ ñApplied Solar Energyò.  
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I . ʌʀɿʀʂɸ ʗɼʈɸ ʀ ʕʃɽʄɽʅʊɸʈʅʓʍ ʏɸʉʊʀʎ,  

ʀʍ ʇʈʀʂʃɸɼʅʓɽ ɸʉʇɽʂʊʓ 

ʂ ʈɸɿʈɸɹʆʊʂɽ ADS - ʉʀʉʊɽʄʓ ʅɸ ʆʉʅʆɺɽ ʅɽʁʊʈʆʅʅʆɻʆ ɻɽʅɽʈɸʊʆʈɸ 

ɸʙʜʫʣʣʘʝʚʘ ɻ.ɸ., ʂʦʙʣʠʢ ʖ.ʅ., ʆʩʤʘʥʦʚ ɹ.ʉ., ʍʫʛʘʝʚ ɸ.ɺ., ʖʣʜʘʰʝʚ ɹ.ʉ. 

ʀʥʩʪʠʪʫʪ ʗʜʝʨʥʦʡ ʌʠʟʠʢʠ,  

100214, ʊʘʰʢʝʥʪ, ʋʟʙʝʢʠʩʪʘʥ, e-mail: koblik@inp.uz 

ʈʘʙʦʪʘ ʥʘʧʨʘʚʣʝʥʘ ʥʘ ʨʘʟʨʘʙʦʪʢʫ ʫʩʠʣʠʪʝʣʷ ʧʦʪʦʢʘ ʥʝʡʪʨʦʥʦʚ ʦʪ ʚʥʝʰʥʝʛʦ ʠʩʪʦʯʥʠʢʘ 

ʥʝʡʪʨʦʥʦʚ. ʅʘʣʠʯʠʝ ʪʘʢʦʡ ʫʩʪʘʥʦʚʢʠ ʧʦʟʚʦʣʠʪ ʩʦʟʜʘʪʴ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʫʶ ʙʘʟʫ ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ 

ʷʜʝʨʥʦ-ʬʠʟʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʠ ʩʫʱʝʩʪʚʝʥʥʦ ʨʘʩʰʠʨʠʪʴ ʚʦʟʤʦʞʥʦʩʪʠ ʜʣʷ ʧʨʘʢʪʠʯʝʩʢʦʛʦ 

ʦʙʝʩʧʝʯʝʥʠʷ ʚʥʝʜʨʝʥʠʷ ʥʦʚʳʭ ʥʘʫʢʦʝʤʢʠʭ ʪʝʭʥʦʣʦʛʠʡ. ADS ʩʠʩʪʝʤʳ ʩʧʦʩʦʙʥʳ ʨʘʟʤʥʦʞʘʪʴ 

ʥʝʡʪʨʦʥʳ ñʚʥʝʰʥʝʛʦò ʠʩʪʦʯʥʠʢʘ ʠ ʦʙʝʩʧʝʯʠʚʘʪʴ ʧʦʪʦʢ ʥʝʡʪʨʦʥʦʚ, ʩʨʘʚʥʠʤʳʡ ʩ ʧʦʪʦʢʘʤʠ ʦʪ ʪʠʧʦʚʳʭ 

ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʭ ʨʝʘʢʪʦʨʦʚ. ʂ ʠʭ ʜʦʩʪʦʠʥʩʪʚʘʤ ʩʣʝʜʫʝʪ ʦʪʥʝʩʪʠ ʥʝ ʪʦʣʴʢʦ ʩʧʦʩʦʙʥʦʩʪʴ ʨʘʟʤʥʦʞʘʪʴ 

ʥʝʡʪʨʦʥʳ ʦʪ ñʚʥʝʰʥʝʛʦò ʠʩʪʦʯʥʠʢʘ, ʥʦ  ʠ ʠʩʧʦʣʴʟʦʚʘʪʴ ʠʭ ʢʘʢ ʥʘʢʦʧʠʪʝʣʠ ʷʜʝʨʥʦʛʦ ʪʦʧʣʠʚʘ. 

ʈʘʟʨʘʙʦʪʢʘ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʫʩʪʘʥʦʚʢʠ ʠ ʠʟʤʝʨʝʥʠʝ ʩʝʯʝʥʠʡ ʜʝʣʝʥʠʷ ʷʜʝʨ ʪʦʧʣʠʚʥʳʭ ʵʣʝʤʝʥʪʦʚ 

ʥʝʡʪʨʦʥʘʤʠ, ʚ ʦʙʣʘʩʪʠ ʵʥʝʨʛʠʡ ʜʦ ~ 14 ʄʵɺ, ʩ ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʧʦʛʨʝʰʥʦʩʪʴʶ ʠʟʤʝʨʝʥʠʷ ~ 3% 

ʚʦʩʪʨʝʙʦʚʘʥʥʘʷ ʟʘʜʘʯʘ. ɿʥʘʥʠʝ ʵʪʠʭ ʩʝʯʝʥʠʡ ʩʦʩʪʘʚʣʷʝʪ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʫʶ ʦʩʥʦʚʫ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ 

ʠ ʨʘʩʯʝʪʘ ʧʘʨʘʤʝʪʨʦʚ (ʩʦʩʪʘʚ ʪʦʧʣʠʚʘ, ʨʘʟʤʝʨʳ ʘʢʪʠʚʥʦʡ ʟʦʥʳ, ʭʘʨʘʢʪʝʨʥʦʝ ʚʨʝʤʷ ʵʬʬʝʢʪʠʚʥʦʡ 

ʨʘʙʦʪʳ, ʢʦʵʬʬʠʮʠʝʥʪ ʫʩʠʣʝʥʠʷ ʧʦʪʦʢʘ ʥʝʡʪʨʦʥʦʚ ʠ ʪ.ʜ.) ADS ʩʠʩʪʝʤ. ʇʨʠ ʵʪʦʤ ʪʝʦʨʝʪʠʯʝʩʢʠʝ 

ʧʘʨʘʤʝʪʨʳ ʨʘʟʨʘʙʘʪʳʚʘʝʤʳʭ ADS ʩʠʩʪʝʤ  ʜʦʣʞʥʳ ʙʳʪʴ ʙʣʠʟʢʠ ʢ ʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤ, ʨʝʘʣʠʟʫʝʤʳʤ 

ʥʘ ʧʨʘʢʪʠʢʝ. ɺ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ ʥʝʦʙʭʦʜʠʤʦ ʟʥʘʪʴ ʩʣʝʜʫʶʱʠʝ ʬʠʟʠʯʝʩʢʠʝ  ʧʘʨʘʤʝʪʨʳ ʫʩʪʘʥʦʚʢʠ: 

¶ ʩʦʩʪʘʚ ʷʜʝʨʥʦʡ ʩʤʝʩʠ ʠ ʚʳʜʝʣʷʝʤʘʷ ʵʥʝʨʛʠʷ . 

¶ ʨʘʩʯʝʪ ʫʩʣʦʚʠʷ ʧʦʜʢʨʠʪʠʯʝʩʢʦʛʦ ʨʝʞʠʤʘ ʨʘʙʦʪʳ ʩʠʩʪʝʤʳ. 

¶ ʨʘʩʯʝʪ ʢʦʵʬʬʠʮʠʝʥʪʘ ʫʩʠʣʝʥʠʷ ʧʦ ʥʝʡʪʨʦʥʘʤ ʠ ʧʦ ʚʳʜʝʣʷʝʤʦʡ ʤʦʱʥʦʩʪʠ.  

¶ ʨʘʩʯʝʪ % ʩʦʩʪʘʚʘ ʷʜʝʨʥʦʛʦ ʪʦʧʣʠʚʘ  ʧʨʠ ʧʝʨʚʦʥʘʯʘʣʴʥʦʡ ʟʘʛʨʫʟʢʝ.  

ʅʘ ʨʠʩ.1 ʧʦʢʘʟʘʥʘ ʩʭʝʤʘ ADS ʫʩʪʘʥʦʚʢʠ.  

ʀʩʪʦʯʥʠʢ ʥʝʡʪʨʦʥʦʚ, ʨʘʩʧʦʣʦʞʝʥ ʚ ʮʝʥʪʨʝ 

ʘʢʪʠʚʥʦʡ ʟʦʥʳ (ʩʤʝʩʴ ʥʘʪʫʨʘʣʴʥʦʛʦ ʫʨʘʥʘ), ʠ 

ʩʦʩʪʦʠʪ ʠʟ ʤʠʰʝʥʠ (neutron target) ʠ ʧʫʯʢʘ 

ʜʝʡʪʨʦʥʦʚ (deuteron beam tube), ʧʘʜʘʶʱʠʭ 

ʩʧʨʘʚʘ (beam direction). ɺʥʝʰʥʷʷ ʟʦʥʘ 

ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʪʦʨʠʡ-232. ɺ ʩʠʩʪʝʤʝ 

ʧʨʠʩʫʪʩʪʚʫʶʪ ʪʘʢʞʝ ʟʘʛʣʫʰʢʘ ʧʫʯʢʘ (metal 

target) ʠ ʩʣʦʠ ʛʨʘʬʠʪʘ (graphite) ʠ ʧʦʣʠʵʪʠʣʝʥʘ 

(borated polyethelene) ʜʣʷ ʢʦʥʮʝʥʪʨʘʮʠʠ 

ʥʝʡʪʨʦʥʥʳʭ ʧʦʣʝʡ ʚʥʫʪʨʠ ʫʩʪʘʥʦʚʢʠ. 

ʇʦʪʦʢ ʥʝʡʪʨʦʥʦʚ ʦʪ ʚʥʝʰʥʝʛʦ ʠʩʪʦʯʥʠʢʘ 

ʨʘʚʝʥ 0n. ʈʝʘʢʮʠʷ ʙʠʥʘʨʥʦʛʦ ʜʝʣʝʥʠʷ ʵʪʠʤʠ 

ʥʝʡʪʨʦʥʘʤʠ ʧʨʦʠʟʚʦʣʴʥʦʛʦ ʷʜʨʘ ʘʢʪʠʚʥʦʡ ʟʦʥʳ 

ʝʩʪʴ:  

nkBACn Ö++­+  (1) 

ʛʜʝ A ʠ B ï ʬʨʘʛʤʝʥʪʳ ʙʠʥʘʨʥʦʛʦ ʜʝʣʝʥʠʷ, ʘ n - ʥʝʡʪʨʦʥʳ, k  - ʯʠʩʣʦ ʥʝʡʪʨʦʥʦʚ, ʦʙʨʘʟʦʚʘʚʰʠʭʩʷ ʚ 

ʭʦʜʝ ʨʝʘʢʮʠʠ. ʇʨʠ ʵʪʦʤ, ʠʟ ʯʠʩʣʘ ʦʙʨʘʟʦʚʘʚʰʠʭʩʷ ʥʝʡʪʨʦʥʦʚ ʢʦʣʠʯʝʩʪʚʦ ʥʝʡʪʨʦʥʦʚ efk < kʚʝʜʝʪ 

ʚʥʦʚʴ ʢ ʧʨʦʮʝʩʩʫ ʜʝʣʝʥʠʷ ʜʨʫʛʠʭ ʷʜʝʨ ʩʨʝʜʳ: 

                                    ...)( 000 ­­­ efefef kkk nnn                                                    (2) 

ʠ ʢʦʵʬʬʠʮʠʝʥʪ ʫʩʠʣʝʥʠʷ ʧʦ ʥʝʡʪʨʦʥʘʤ ʝʩʪʴ 
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ʘ ʚʳʜʝʣʷʝʤʘʷ ʧʨʠ ʵʪʦʤ ʤʦʱʥʦʩʪʴ ʫʩʪʘʥʦʚʢʠ: 

                                 
ef

fis

fis
k

E
EP

-

Ö
=Ö=

1

0n
n                                                                   (4) 

 
ʈʠʩ.1 ADS ʩʠʩʪʝʤʘ. 
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ɺʳʨʘʞʝʥʠʝ ʜʣʷ ʤʦʱʥʦʩʪʠ ADS ʩʠʩʪʝʤʳ: 

                                ptp
efp

fis

ef

fis

fis PRIU
kU

U

k

E
EP Ö¹

-
=

-

Ö
=Ö=

)1(1

0 nn
n                            (5) 

ʛʜʝ: fisfis EUe =|| , pU - ʥʘʧʨʷʞʝʥʠʝ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ ʫʩʢʦʨʠʪʝʣʷ,IUP pp =  - ʤʦʱʥʦʩʪʴ 

ʫʩʢʦʨʠʪʝʣʷ ʠ tR  - ʪʝʦʨʝʪʠʯʝʩʢʠʡ ʢʦʵʬʬʠʮʠʝʥʪ ʫʩʠʣʝʥʠʷ, ʦʧʨʝʜʝʣʷʝʤʳʡ ʢʘʢ: 

                                
)1( efp

fis

t
kU

U
R

-
=
n

                                                                                     (6) 

ʅʘ ʧʨʘʢʪʠʢʝ ʩʦʦʪʥʦʰʝʥʠʝ (6) ʪʨʫʜʥʦ ʨʝʘʣʠʟʦʚʘʪʴ ʚ ʯʠʩʪʦʤ ʚʠʜʝ, ʧʦʩʢʦʣʴʢʫ ʥʘ ʤʦʱʥʦʩʪʴ 

ʫʩʪʘʥʦʚʢʠ ʚʣʠʷʝʪ ʧʘʨʘʤʝʪʨ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʫʩʢʦʨʠʪʝʣʷ ʠ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʧʨʦʠʟʚʦʜʩʪʚʘ 

ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ, ʢʦʪʦʨʳʝ ʚ ʩʦʚʦʢʫʧʥʦʩʪʠ ʜʘʶʪ ʤʥʦʞʠʪʝʣʴ, ʨʘʚʥʳʡ ʧʨʦʠʟʚʝʜʝʥʠʶ ʵʪʠʭ 

ʵʬʬʝʢʪʠʚʥʦʩʪʝʡ: 25.0=G , ʛʜʝ 50% ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʫʩʢʦʨʠʪʝʣʷ ʠ ʵʣʝʢʪʨʦʩʪʘʥʮʠʠ. ʊʦʛʜʘ ʜʣʷ 

ʧʨʘʢʪʠʯʝʩʢʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʢʦʵʬʬʠʮʠʝʥʪ ʫʩʠʣʝʥʠʷ ʧʦ ʤʦʱʥʦʩʪʠ ʙʫʜʝʪ ʨʘʚʝʥ: 

                                 
)1(4)1( efp

fis

efp

fis

pract
kU

U

kU

U
GR

-Ö
=

-
=

nn
                                            (7) 

ʅʘʨʘʙʦʪʢʘ ʷʜʝʨʥʦʛʦ ʪʦʧʣʠʚʘ ʧʨʦʠʩʭʦʜʠʪ ʟʘ ʩʯʝʪ ʨʝʘʢʮʠʡ: 

                                UPaThnTh 233
92

233
91

233
90

232
90 ½­½½­½+­+

bb
g                                           (8)  

                               PuNpThnU 239
94

239
93

239
92

238
92 ½­½½­½+­+

bb
g                                          (9) 

ʋʩʣʦʚʠʝʤ ʥʘʨʘʙʦʪʢʠ ʢʦʥʝʯʥʳʭ ʧʨʦʜʫʢʪʦʚ ʜʝʣʝʥʠʷ ʷʚʣʷʝʪʩʷ ʫʩʣʦʚʠʝ ʨʘʚʝʥʩʪʚʘ ʚʝʨʦʷʪʥʦʩʪʠ 

ʨʘʜʠʘʮʠʦʥʥʦʛʦ ʟʘʭʚʘʪʘ ʥʝʡʪʨʦʥʘ ñinputò ʷʜʨʦʤ ʩ ʚʝʨʦʷʪʥʦʩʪʴʶ ʜʝʣʝʥʠʷ ʢʦʥʝʯʥʦʛʦ ʧʨʦʜʫʢʪʘ ʮʝʧʦʯʢʠ 

ʨʝʘʢʮʠʡ, ʪ.ʝ. ñoutputò ʷʜʨʘ. ʋʩʣʦʚʠʝ ʩʪʘʙʠʣʴʥʦʡ ʨʘʙʦʪʳ ʪʘʢʦʡ ADS ʩʠʩʪʝʤʳ ʪʦʛʜʘ ʟʘʧʠʰʝʪʩʷ ʚ ʚʠʜʝ: 

    )(),(_[)()],(_[ outputnfnnucleusoutputinputnnnucleusinput fiscapt Ö=Ö sgs            (10) 

ʉʦʩʪʘʚ ʨʘʙʦʯʝʡ ʩʤʝʩʠ ʚ ʘʢʪʠʚʥʦʡ ʟʦʥʝ, ʩ ʫʯʝʪʦʤ ʪʦʛʦ, ʯʪʦ ʩʝʯʝʥʠʝ ʜʝʣʝʥʠʷ 

)],([)( 233

92 fnUEf ss =  ʤʝʥʷʝʪʩʷ ʚ ʠʥʪʝʨʚʘʣʝ 5.4)(5.1 233

92 << Ufs ʙʘʨʥ, ʚ ʜʠʘʧʘʟʦʥʝ ʵʥʝʨʛʠʠ 

ʥʘʣʝʪʘʶʱʠʭ ʥʝʡʪʨʦʥʦʚ 1010 2 <<- nE ʄʵɺ [1,2], ʦʪʢʫʜʘ 8.2)(233

92 ºUfs . ʙʘʨʥ, ʉʝʯʝʥʠʝ 

ʨʘʜʠʘʮʠʦʥʥʦʛʦ ʟʘʭʚʘʪʘ )],([)( 232

90 gss nThECapt = , ʚ ʜʠʘʧʘʟʦʥʝ 210 3 <<- nE  ʄʵɺ, 

10)],([10 232

90

2 <<- gs nThCapt [1,2], ʦʪʢʫʜʘ 4.0)],([ 232

90 ºgs nThCapt . ʀʟ ʫʩʣʦʚʠʷ (10) ʧʦʣʫʯʘʝʤ 

ʩʦʦʪʥʦʰʝʥʠʝ ʥʘ ʧʣʦʪʥʦʩʪʠ ʩʤʝʩʠ ʷʜʝʨʥʦʛʦ ʪʦʧʣʠʚʘ ʚ ʚʠʜʝ:  

                          148.0
8.2

4.0

)],([

)],([

)(

)(
233

92

232

90

232

90

233

92 º==
fnU

nTh

Thn

Un

f

Capt

s

gs
                                                 (11) 

ʉʦʩʪʘʚ ʩʤʝʩʠ ʷʜʝʨʥʦʛʦ ʪʦʧʣʠʚʘ ʚ ʩʦʦʪʥʦʰʝʥʠʠ%87232

90 ­Th ʠ %13233

92 ­U . 

ɺ ʟʘʢʣʶʯʝʥʠʝ ʦʪʤʝʪʠʤ, ʯʪʦ ʧʦʣʫʯʝʥʥʳʝ ʫʩʣʦʚʠʷ ʧʦʟʚʦʣʠʣʠ ʩʜʝʣʘʪʴ ʦʮʝʥʢʠ ʧʘʨʘʤʝʪʨʦʚ, 

ʥʝʦʙʭʦʜʠʤʳʭ ʜʣʷ ʩʦʟʜʘʥʠʷ ADS ʫʩʪʘʥʦʚʢʠ: 

ʢʦʵʬʬʠʮʠʝʥʪ ʫʩʠʣʝʥʠʷ ʧʦ ʥʝʡʪʨʦʥʘʤ ~ 2 ʧʦʨʷʜʢʘ,  

ʢʦʵʬʬʠʮʠʝʥʪ ʫʩʠʣʝʥʠʷ ʤʦʱʥʦʩʪʠ ~ 110,  

ʫʩʣʦʚʠʝ ʧʦʜʢʨʠʪʠʯʝʩʢʦʛʦ ʨʝʞʠʤʘ ʠ ʝʛʦ ʟʘʚʠʩʠʤʦʩʪʴ ʦʪ ʛʝʦʤʝʪʨʠʯʝʩʢʦʛʦ ʬʘʢʪʦʨʘ ʘʢʪʠʚʥʦʡ 

ʟʦʥʳ ADS  ʩʠʩʪʝʤʳ.  

ʧʨʦʮʝʥʪʥʳʡ ʩʦʩʪʘʚ ʷʜʝʨʥʦʛʦ ʪʦʧʣʠʚʘ ʥʘ ʦʩʥʦʚʝ ʨʝʘʢʮʠʠ (8), ʛʜʝ ʤʳ ʧʦʣʫʯʠʣʠ, ʯʪʦ ʪʦʨʠʷ ï 232 ʠ 

ʫʨʘʥʘ -233 ʩʦʩʪʘʚʣʷʝʪ  87% ʠ 13% ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. 

ʃʠʪʝʨʘʪʫʨʘ 

1. ʄ.ɺ. ɻʦʨʙʘʯʝʚ, ʖ.ʉ. ɿʘʤʷʪʠʥ, ɸ.ɸ. ʃʙʦʚ, ñɺʟʘʠʤʦʜʝʡʩʪʚʠʝ ʠʟʣʫʯʝʥʠʡ ʩ ʷʜʨʘʤʠ ʪʷʞʝʣʳʭ ʵʣʝʤʝʥʪʦʚ ʠ 

ʜʝʣʝʥʠʝ ʷʜʝʨò, ʄʦʩʢʚʘ, ɸʪʦʤʠʟʜʘʪ, 1976.  

2. National Nuclear data Center (www.nndc.bnl.gov) 

http://www.nndc.bnl.gov/
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ʂ ʀʉʇʆʃʔɿʆɺɸʅʀʖ ʇʈɽʇɸʈɸʊɸ çʄɸɻʅɽɺʀʉʊè ɺ GDʅɿʊ 

ɻ.ɸ.ɸʙʜʫʣʣʘʝʚʘ
1
, ɻ.ʊ.ɼʞʫʨʘʝʚʘ

1
, ɸ.ɸ.ʂʠʤ

1
, ʖ.ʅ. ʂʦʙʣʠʢ

1
, ɻ.ɸ. ʂʫʣʘʙʜʫʣʣʘʝʚ

1
, ʐ.ʅ. 

ʉʘʠʪʞʘʥʦʚ
1
, ʀ.ʈ.ʄʘʚʣʷʥʦʚ

2
, ʆ.ɸ. ɸʛʟʘʤʦʚ

3
, ɼ.ʄ. ɸʣʠʤʦʚ

3
, ʅ.ʍʦʜʞʘʝʚʘ

3
, ʍ.ɿ.ʊʫʨʩʫʥʦʚ

4
  

1
ʀʥʩʪʠʪʫʪ ʗʜʝʨʥʦʡ ʌʠʟʠʢʠ ɸʅ ʈʋʟ, 

2
ʊʘʰʢʝʥʪʩʢʘʷ ʄʝʜʠʮʠʥʩʢʘʷ ɸʢʘʜʝʤʠʷ, 

3
ʈʆʅʎ ʄʠʥʟʜʨʘʚʘ 

ʈʝʩʧʫʙʣʠʢʠ ʋʟʙʝʢʠʩʪʘʥ, 
4
ʈʇɸʎ ʄʠʥʟʜʨʘʚʘ ʈʝʩʧʫʙʣʠʢʠ ʋʟʙʝʢʠʩʪʘʥ. 

 

ʆʩʥʦʚʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦ ʅɿʊ ʙʳʣʠ ʚʳʧʦʣʥʝʥʳ ʠ ʚʳʧʦʣʥʷʶʪʩʷ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʩ ʧʨʠʤʝʥʝʥʠʝʤ 

ʧʨʝʧʘʨʘʪʦʚ ʥʘ ʦʩʥʦʚʝ 
10
ɺ. ʇʨʦʚʦʜʠʤʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʢʘʟʳʚʘʶʪ ʯʪʦ, ʵʪʠ ʧʨʝʧʘʨʘʪʳ ʥʝ ʚʩʝʛʜʘ  ʦʢʘʟʳʚʘʝʪʩʷ 

ʵʬʬʝʢʪʠʚʥʳʤʠ. ʇʨʠ ʅɿʊ ʥʝʢʦʪʦʨʳʭ ʛʣʫʙʦʢʦʣʝʞʘʱʠʭ ʦʧʫʭʦʣʝʡ ʥʝ ʚʩʝʛʜʘ ʫʜʘʝʪʩʷ ʩʦʟʜʘʪʴ ʪʨʝʙʫʝʤʫʶ 

ʪʝʨʘʧʝʚʪʠʯʝʩʢʫʶ ʜʦʟʫ. ʉʫʱʝʩʪʚʫʶʪ ʩʣʦʞʥʦʩʪʠ ʩ ʜʦʩʪʘʚʢʦʡ ʠ ʫʜʝʨʞʘʥʠʝʤ ʜʦʩʪʘʪʦʯʥʦʛʦ ʢʦʣʠʯʝʩʪʚʘ 

ʧʨʝʧʘʨʘʪʘ ʚ ʦʧʫʭʦʣʠ.  ʊʨʝʙʫʶʪʩʷ ʧʧʨʝʧʘʨʘʪʳ ʩ ʚʳʩʦʢʠʤ ʛʨʘʜʠʝʥʪʦʤ ʥʘʢʦʧʣʝʥʠʷ ʚ ʦʧʫʭʦʣʠ ʧʦ 

ʦʪʥʦʰʝʥʠʶ ʢ ʟʜʦʨʦʚʦʡ ʪʢʘʥʠ ʠ c ʵʣʝʤʝʥʪʘʤʠ, ʠʤʝʶʱʠʤʠ ʙʦʣʴʰʦʝ ʩʝʯʝʥʠʝ ʟʘʭʚʘʪʘ ʥʝʡʪʨʦʥʦʚ. 

ʇʦʵʪʦʤʫ ʙʳʣʦ ʦʙʨʘʱʝʥʦ ʚʥʠʤʘʥʠʝ ʥʘ ʧʨʝʧʘʨʘʪʳ ʥʘ ʦʩʥʦʚʝ Gd, ʩʝʯʝʥʠʝ ʨʝʘʢʮʠʠ ʟʘʭʚʘʪʘ ʥʝʡʪʨʦʥʦʚ ʦʜʥʦʛʦ 

ʠʟ ʠʟʦʪʦʧʦʚ ʢʦʪʦʨʦʛʦ 66,4 ʨʘʟʘ ʚʳʰʝ, ʯʝʤ 
10
ɺ. ɺʥʘʯʘʣʝ ʩʦʝʜʠʥʝʥʠʷ ʩ ʛʘʜʦʣʠʥʠʝʤ, ʩʧʦʩʦʙʥʳʝ ʩ ʙʦʣʴʰʠʤ 

ʛʨʘʜʠʝʥʪʦʤ ʥʘʢʘʧʣʠʚʘʪʴʩʷ ʚ ʦʧʫʭʦʣʠ, ʙʣrʠ  ʧʨʝʜʣʦʞʝʥʳ ʚ ʢʘʯʝʩʪʚʝ ʢʦʥʪʨʘʩʪʥʦʛʦ ʚʝʱʝʩʪʚʘ ʜʣʷ ʗʄʈ 

ʜʠʘʛʥʦʩʪʠʢʠ. ɽʩʪʝʩʪʚʝʥʥʳʡ Gd ʩʦʩʪʦʠʪ ʠʟ 7 ʩʪʘʙʠʣʴʥʳʭ ʠʟʦʪʦʧʦʚ ʚʢʣʶʯʘʶʱʠʡ 
152

Gd (0,205%), 
154

Gd(2,23) 
155

Gd(15,10), 
156

Gd(20,60), 
157

Gd(15,70), 
158

Gd(24,50), 
160

Gd(21,60). ʀʟ ʥʠʭ 
155

Gd ʠ 
157

Gd 

ʠʤʝʶʪ ʙʦʣʴʰʠʝ (n,g)
 
ʩʝʯʝʥʠʷ, 60800 ʠ 255000 ʙʘʨʥ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʇʨʠ ʨʘʩʧʘʜʝ ʚʦʟʙʫʞʜʝʥʥʳʭ ʷʜʝʨ 

156
Gd ʠ 

158
Gd ʠʩʧʫʩʢʘʶʪʩʷ ɔ-ʢʚʘʥʪʳ (7,88 ʄʵɺ), ʵʣʝʢʪʨʦʥʳ ʚʥʫʪʨʝʥʥʝʡ ʢʦʥʚʝʨʩʠʠ, ʆʞʝ-ʵʣʝʢʪʨʦʥʳ, 

ʵʣʝʢʪʨʦʥʳ ʂʦʩʪʝʨʘ-ʂʨʦʥʠʥʛʘ ʠ ʨʝʥʪʛʝʥʦʚʩʢʦʝ ʠʟʣʫʯʝʥʠʝ. ɺ ʨʘʙʦʪʝ [1], ʙʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʆʞʝ-

ʵʣʝʢʪʨʦʥʳ ʤʦʛʫʪ ʫʚʝʣʠʯʠʪʴ ʦʪʥʦʩʠʪʝʣʴʥʫʶ ʙʠʦʣʦʛʠʯʝʩʢʫʶ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʠ ʪʝʨʘʧʝʚʪʠʯʝʩʢʠʡ ʠʥʜʝʢʩ 

Gdʅɿʊ. ʆʪʤʝʯʝʥʦ ʯʪʦ ʧʨʠ ʟʘʭʚʘʪʝ ʥʝʡʪʨʦʥʦʚ ʠʩʧʫʩʢʘʝʪʩʷ 88% ʵʣʝʢʪʨʦʥʦʚ ʚʥʫʪʨʝʥʥʝʡ ʢʦʥʚʝʨʩʠʠ, 

ʠʤʝʶʱʠʭ ʧʨʦʙʝʛ ʚ ʪʢʘʥʠ 60 ʤʢʤ, ʯʪʦ ʚ 6,7 ʨʘʟ ʙʦʣʴʰʝ ʧʨʦʙʝʛʘ ʯʘʩʪʠʮ, ʦʙʨʘʟʫʶɦ ʠʭʩʷ ʧʨʠ ʨʘʩʧʘʜʝ 
10
ɺ.  ɺ 

ʨʘʙʦʪʝ Shih [2] ʧʨʝʜʣʦʞʝʥʘ ʦʧʪʠʤʘʣʴʥʘʷ ʢʦʥʮʝʥʪʨʘʮʠʷ 
157

Gd - 50-200 ʤʢʛ ʚ 1ʛ ʤʷʛʢʦʡ ʦʧʫʭʦʣʠ, 

ʜʦʩʪʘʪʦʯʥʘʷ ʜʣʷ ʚʳʟʳʚʘʥʠʷ ʮʠʪʦʩʪʘʪʠʯʝʩʢʦʡ ʵʤʠʩʩʠʠ ʯʘʩʪʠʮ. 

ʀʩʧʦʣʴʟʫʝʤʳʝ ʚ ʧʨʘʢʪʠʯʝʩʢʦʡ ʤʝʜʠʮʠʥʝ ʬʘʨʤʘʢʦʣʦʛʠʯʝʩʢʠʝ ʧʨʝʧʘʨʘʪʳ ʥʘ ʦʩʥʦʚʝ Gd ʥʝ ʪʦʢʩʠʯʥʳ. 

ʀʩʧʦʣʴʟʦʚʘʥʠʝ Gd-DTPA (ʄʘʛʥʝʚʠʩʪ), ʚʤʝʩʪʦ ʩʚʦʙʦʜʥʦʛʦ Gd ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʣʦ ʙʦʣʝʝ ʚʳʩʦʢʫʶ 

ʙʝʟʦʧʘʩʥʦʩʪʴ [3]. ʆʜʥʘʢʦ, Gd-DTPA ʙʳʩʪʨʦ ʵʣʠʤʠʥʠʨʫʝʪʩʷ ʠʟ ʦʧʫʭʦʣʝʡ ʠʟ-ʟʘ ʚʳʩʦʢʦʡ 

ʛʠʜʨʦʬʠʣʴʥʦʩʪʠ, ʯʪʦ ʦʩʣʦʞʥʷʝʪ ʝʛʦ ʧʨʠʤʝʥʝʥʠʝ ʚ Gdʅɿʊ. ʄʥʦʛʦʯʠʩʣʝʥʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦ 

ʤʝʪʦʜʘʤ ʜʦʩʪʘʚʢʠ ʠ ʫʜʝʨʞʘʥʠʷ ʜʦʩʪʘʪʦʯʥʦʛʦ ʢʦʣʠʯʝʩʪʚʘ Gd ʚ ʦʧʫʭʦʣʠ, ʪʘʢʠʝ ʢʘʢ ʧʨʷʤʘʷ 

ʚʥʫʪʨʠʦʧʫʭʦʣʝʚʘʷ ʠʥʲʝʢʮʠʷ ʢʦʤʧʣʝʢʩʘ ʛʘʜʦʧʝʥʪʝʥʦʚʦʡ ʢʠʩʣʦʪʳ ʩ ʭʠʪʦʟʘʥʦʤ, Gd-ʩʦʜʝʨʞʘʱʝʡ 

ʵʤʫʣʴʩʠʠ ʠ ʤʠʢʨʦʩʬʝʨ; ʘʨʪʝʨʠʘʣʴʥʦʝ ʚʚʝʜʝʥʠʝ ʤʠʢʨʦʢʘʧʩʫʣ ʩ Gd ʠʣʠ ʠʥʬʫʟʠʷ Gd-ʧʨʝʧʘʨʘʪʦʚ ʚ 

ʦʧʫʭʦʣʴ ʥʝ ʧʦʣʥʦʩʪʴʶ ʨʝʰʘʶʪ ʪʘʢʠʝ ʟʘʜʘʯʠ Gd-ʅɿʊ, ʢʘʢ ʧʦʚʳʰʝʥʠʝ ʢʦʥʮʝʥʪʨʘʮʠʠ Gd ʚ ʦʧʫʭʦʣʷʭ, 

ʜʦʩʪʘʚʢʘ Gd-ʧʨʝʧʘʨʘʪʦʚ ʚ ʪʨʫʜʥʦʜʦʩʪʫʧʥʳʝ ʜʣʷ ʧʨʷʤʦʡ ʠʥʝ̡ʢʮʠʠ ʫʯʘʩʪʢʠ ʪʝʣʘ ʠ ʜʨ. 

ɼʣʷ ʨʝʰʝʥʠʷ ʵʪʠʭ ʟʘʜʘʯ ʪʨʝʙʫʶʪʩʷ ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ. ɺ ʯʘʩʪʥʦʩʪʠ ʠʩʩʣʝʜʦʚʘʥʠʝ 

ʟʘʚʠʩʠʤʦʩʪʠ ʧʦʛʣʦʱʝʥʥʦʡ ʜʦʟʳ ʦʪ ʫʙʳʚʘʥʠʷ ʢʦʥʮʝʥʪʨʘʮʠʠ ʛʘʜʦʣʠʥʠʷ ʠʟ ʦʧʫʭʦʣʠ. ʉ ʵʪʦʡ ʮʝʣʴʶ 

ʥʘʤʠ ʙʳʣ ʨʘʟʨʘʙʦʪʘʥ ʥʦʚʳʡ ʤʝʪʦʜ ʚʠʟʫʘʣʠʟʘʮʠʠ ʄʘʛʥʝʚʠʩʪʘ [4] ʧʨʠ ʚʥʫʪʨʠʦʧʫʭʦʣʝʚʦʤ ʠ 

ʚʥʫʪʨʠʤʳʰʝʯʥʦʤ ʚʚʝʜʝʥʠʠ, ʘ ʪʘʢʞʝ ʠʩʩʣʝʜʦʚʘʥʘ ʬʘʨʤʘʢʦʢʠʥʝʪʠʢʘ ʄʘʛʥʝʚʠʩʪʘ ʫ ʤʳʰʝʡ ʠ ʢʨʳʩ. ɼʣʷ 

ʵʢʩʧʝʨʠʤʝʥʪʘ ʙʳʣʠ ʠʩʧʦʣʴʟʦʚʘʥʳ ʙʝʣʳʝ ʤʳʰʠ ʩ ʧʨʠʚʠʪʳʤʠ ʦʧʫʭʦʣʷʤʠ ʩʘʨʢʦʤʳ ʰʪʘʤʤʘ ʉ180 ʠ 

ʟʜʦʨʦʚʳʝ ʙʝʣʳʝ ʢʨʳʩʳ. ʈʝʥʪʛʝʥʦʩʢʦʧʠʶ ʢʨʳʩ ʠ ʤʳʰʝʡ ʧʨʦʚʦʜʠʣʠ ʥʘ ʨʝʥʪʛʝʥʦʚʩʢʦʡ ʫʩʪʘʥʦʚʢʝ 

Sirescop çSiemensò. ʆʙʨʘʙʦʪʢʫ ʨʝʥʪʛʝʥʦʛʨʘʤʤ ʧʨʦʚʦʜʠʣʠ ʥʘ ʧʨʦʛʨʘʤʤʥʦʤ ʦʙʝʩʧʝʯʝʥʠʠ Image J2x 

2.1.4.7ud2 Wayne Rasband, National Institute of Health, USA. ʈʝʥʪʛʝʥʦʛʨʘʤʤʳ ʤʳʰʝʡ (ʧʝʨʝʜ 

ʠʥʲʝʢʮʠʝʡ, ʯʝʨʝʟ 5, 25 ʠ 35 ʤʠʥ) ʜʣʷ ʜʦʟʳ ʄʘʛʥʝʚʠʩʪʘ 200 ʤʢʣ ʧʨʠʚʝʜʝʥʳ ʥʘ ʨʠʩʫʥʢʝ 1. 
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ʈʠʩ. 1 - ɼʠʥʘʤʠʢʘ ʄʘʛʥʝʚʠʩʪʘ ʧʨʠ ʜʦʟʝ 200 ʤʢʣ. 

ʈʘʟʨʘʙʦʪʘʥʥʳʡ ʤʝʪʦʜ ʚʠʟʫʘʣʠʟʘʮʠʠ ʧʨʝʧʘʨʘʪʘ çʄʘʛʥʝʚʠʩʪè ʧʦʟʚʦʣʠʣ ʦʧʨʝʜʝʣʠʪʴ ʜʠʥʘʤʠʢʫ ʝʛʦ 

ʫʙʳʚʘʥʠʷ ʧʨʠ ʚʥʫʪʨʠʦʧʫʭʦʣʝʚʦʤ ʚʚʝʜʝʥʠʠ ʫ ʤʳʰʝʡ (ʨʠʩ. 2) ʠ ʧʨʠ ʚʥʫʪʨʠʤʳʰʝʯʥʦʤ ʚʚʝʜʝʥʠʠ ʫ 

ʢʨʳʩ.  

  

ʈʠʩ. 2 ï ɼʠʥʘʤʠʢʘ ʫʙʳʚʘʥʠʷ ʄʘʛʥʝʚʠʩʪʘ ʧʨʠ ʚʥʫʪʨʠʦʧʫʭʦʣʝʚʦʤ 

ʚʚʝʜʝʥʠʠ. 

ʈʠʩ. 3 - ɸʪʠʧʠʯʥʳʝ ʦʧʫʭʦʣʝʚʳʝ ʢʣʝʪʢʠ 

ʩʨʝʜʠ ʬʠʙʨʦʟʥʦʡ ʪʢʘʥʠ. 

ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʧʨʠ ʚʥʫʪʨʠʦʧʫʭʦʣʝʚʦʤ ʚʚʝʜʝʥʠʠ ʄʘʛʥʝʚʠʩʪʘ ʦʧʪʠʤʘʣʴʥʘʷ ʢʦʥʮʝʥʪʨʘʮʠʷ 

ʧʨʝʧʘʨʘʪʘ (ʜʦ 80%) ʩʦʭʨʘʥʷʝʪʩʷ ʚ ʪʝʯʝʥʠʝ ʚʨʝʤʝʥʠ 15 - 25 ʤʠʥʫʪ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʚʚʝʜʝʥʥʦʡ ʜʦʟʳ 

ʧʨʝʧʘʨʘʪʘ. ɿʘʪʝʤ ʧʨʦʠʩʭʦʜʠʪ ʜʦʩʪʘʪʦʯʥʦ ʙʩrʪʨʦʝ ʚʳʚʝʜʝʥʠʝ ʄʘʛʥʝʚʠʩʪʘ ʠʟ ʦʧʫʭʦʣʠ. ʅʘ 

ʨʝʥʪʛʝʥʦʛʨʘʤʤʘʭ ʦʪʯʝʪʣʠʚʦ ʚʠʜʥʦ, ʯʪʦ ʥʘ 25 ʤʠʥʫʪʝ ʧʦʷʚʣʷʝʪʩʷ ʧʦʪʝʤʥʝʥʠʝ ʣʝʚʦʡ ʧʦʯʢʠ, ʯʪʦ ʤʦʞʝʪ 

ʩʚʠʜʝʪʝʣʴʩʪʚʦʚʘʪʴ ʦ ʪʦʤ, ʯʪʦ ʚ ʥʝʡ ʘʢʢʫʤʫʣʠʨʫʝʪʩʷ ʟʥʘʯʠʪʝʣʴʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʛʘʜʦʣʠʥʠʷ. ʇʨʠ 

ʚʥʫʪʨʠʤʳʰʝʯʥʦʤ ʚʚʝʜʝʥʠʠ ʄʘʛʥʝʚʠʩʪʘ ʦʧʪʠʤʘʣʴʥʘʷ ʢʦʥʮʝʥʪʨʘʮʠʷ ʧʨʝʧʘʨʘʪʘ (ʜʦ 80%) ʩʦʭʨʘʥʷʝʪʩʷ ʚ 

ʪʝʯʝʥʠʝ 10 ʤʠʥʫʪ. ʇʨʝʜʚʘʨʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ ʧʦʢʘʟʳʚʘʝʪ ʯʪʦ ʧʨʠ ʫʯʝʪʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ 

ʦʧʨʝʜʝʣʝʥʥʦʡ ʟʘʚʠʩʠʤʦʩʪʠ ʫʙʳʚʘʥʠʷ ʄʘʛʥʝʚʠʩʪʘ, ʟʥʘʯʝʥʠʝ ʧʦʛʣʦʱʝʥʥʦʡ ʜʦʟʳ ʚ ʥʝʢʦʪʦʨʳʭ ʩʣʫʯʘʷʭ 

ʤʦʞʝʪ ʦʪʣʠʯʘʪʴʩʷ ʥʘ ʚʝʣʠʯʠʥʫ ~ 30% ʦʪ ʟʥʘʯʝʥʠʷ ʜʦʟʳ ʧʦʣʫʯʝʥʥʦʡ ʙʝʟ ʫʯʝʪʘ ʵʪʦʡ ʟʘʚʠʩʠʤʦʩʪʠ. 

ɼʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʪʝʨʘʧʝʚʪʠʯʝʩʢʦʡ ʜʦʟʳ ʩʦʟʜʘʚʘʝʤʦʡ ʧʫʯʢʦʤ ʵʧʠʪʝʧʣʦʚʳʭ ʥʝʡʪʨʦʥʦʚ ʙʳʣʠ 

ʧʨʦʚʝʜʝʥʳ ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʵʢʩʧʝʨʠʤʝʥʪʳ ʧʦ ʦʙʣʫʯʝʥʠʶ ʦʧʫʭʦʣʝʚʦʛʦ ʤʘʪʝʨʠʘʣʘ (ʘʜʝʥʦʢʘʨʮʠʥʦʤʳ 

ʞʝʣʫʜʢʘ) ʯʝʣʦʚʝʢʘ, ʫʜʘʣʝʥʥʦʛʦ ʚʦ ʚʨʝʤʷ ʧʣʘʥʦʚʦʡ ʭʠʨʫʨʛʠʯʝʩʢʦʡ ʦʧʝʨʘʮʠʠ. ɿʘ ʚʨʝʤʷ ʦʙʣʫʯʝʥʠʷ 20 

ʤʠʥ ʧʦʛʣʦʱʝʥʥʘʷ ʜʦʟʘ ʩʦʩʪʘʚʠʣʘ ʚʝʣʠʯʠʥʫ 7,4 ɻʨʝʷ. ʇʦʩʣʝ ʧʨʦʚʝʜʝʥʠʷ ʛʠʩʪʦʣʦʛʠʯʝʩʢʠʭ ʘʥʘʣʠʟʦʚ 

ʦʙʣʫʯʝʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʥʝ ʙʳʣʦ ʦʙʥʘʨʫʞʝʥʦ ʢʘʢʠʭ ʣʠʙʦ ʨʘʟʣʠʯʠʡ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʢʦʥʪʨʦʣʴʥʳʤʠ 

ʦʙʨʘʟʮʘʤʠ, ʪ.ʝ. ʧʨʠ ʦʙʣʫʯʝʥʠʠ ʦʧʫʭʦʣʝʚʦʛʦ ʤʘʪʝʨʠʘʣʘ in situ ʵʧʠʪʝʧʣʦʚʳʤʠ ʥʝʡʪʨʦʥʘʤʠ ʩ 

ʧʦʛʣʦʱʝʥʥʦʡ ʜʦʟʦʡ 7,4 ɻʨʝʷ ʥʝ ʧʨʦʠʩʭʦʜʠʪ ʚʠʜʠʤʳʭ ʛʠʩʪʦʣʦʛʠʯʝʩʢʠʭ ʠʟʤʝʥʝʥʠʡ (ʨʠʩ.3). ɼʘʥʥʳʡ 

ʨʝʟʫʣʴʪʘʪ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʠʥʪʝʨʝʩ ʜʣʷ ʧʨʘʢʪʠʯʝʩʢʦʡ ʦʥʢʦʣʦʛʠʯʝʩʢʦʡ ʨʘʜʠʦʣʦʛʠʠ, ʧʦʩʢʦʣʴʢʫ ʧʨʠ 

ʜʨʫʛʠʭ ʚʠʜʘʭ ʦʙʣʫʯʝʥʠʷ (ʛʘʤʤʘ-ʦʙʣʫʯʝʥʠʝ) ʧʘʮʠʝʥʪʦʚ ʧʨʠ ʪʘʢʠʭ ʜʦʟʘʭ ʥʘʙʣʶʜʘʶʪʩʷ ʩʠʣʴʥʳʝ 

ʧʦʨʘʞʝʥʠʷ ʪʢʘʥʝʡ. 

ʃʠʪʝʨʘʪʫʨʘ 

1. Martin, R.F., D'Cunha, G., Pardee, M. and Allen, B.J., 1988, Int. J. Radiat. Biol., 54, 205. 

2. Shih, J.L. and Brugger, R.M., 1992, Med Phys 19, 733-44. 

3. Barnhart, J.L., Kuhnert, N., Bakan, D.A. and Berk, R.N., 1987. , Magn. Reson. Imaging 5, 221-31. 

4. G. A. Abdullaeva, Yu. N. Koblik, G. A. Kulabdullaev, Sh. Saytjanov  Gd-NCT investigations at WWR-SM 

reactor of INP UzAS. Nuclear science and its application, Samarkand (Uzbekistan), September 25-28, 2012, ʩ. 

173-174. 
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ʀɿʄɽʈɽʅʀɽ ʉʂʆʈʆʉʊʀ ʕʂʉʍɸʃʗʎʀʀ ʈɸɼʆʅɸ ʀɿ ʇʆʏɺ ɺ ʇʆʃɽɺʓʍ 

ʋʉʃʆɺʀʗʍ  

ɺʘʩʠʜʦʚ ɸ. 

ʀʥʩʪʠʪʫʪ ʷʜʝʨʥʦʡ ʬʠʟʠʢʠ,  

ʊʘʰʢʝʥʪ, ʋʟʙʝʢʠʩʪʘʥ ʊʝʣ. 99871-2893645, e-mail: samad@inp.uz 

ʂʘʢ ʠʟʚʝʩʪʥʦ, ʚ ʦʙʱʫʶ ʦʙʲʝʤʥʫʶ ʘʢʪʠʚʥʦʩʪʴ ʨʘʜʦʥʘ ʚ ʧʦʤʝʱʝʥʠʷʭ ʚʥʦʩʷʪ ʩʚʦʶ ʣʝʧʪʫ ʧʦʯʚʘ 

ʧʦʜ ʟʜʘʥʠʝʤ. ʂʘʢ ʧʦʢʘʟʳʚʘʶʪ ʤʥʦʛʦʯʠʩʣʝʥʥʳʝ ʜʘʥʥʳʝ, ʬʘʢʪʠʯʝʩʢʠʝ ʟʥʘʯʝʥʠʷ ʩʢʦʨʦʩʪʠ ʵʢʩʭʘʣʷʮʠʠ 

ʨʘʜʦʥʘ (ʉʕʈ) ʠʟ ʦʜʠʥʘʢʦʚʦʡ ʧʦʯʚʳ, ʠʟʤʝʨʝʥʥʳʝ ʚ ʣʘʙʦʨʘʪʦʨʥʳʭ ʠ ʧʦʣʝʚʳʭ ʫʩʣʦʚʠʷʭ, ʦʪʣʠʯʘʶʪʩʷ ʚ 

ʜʝʩʷʪʢʠ ʠ ʠʥʦʛʜʘ ʜʘʞʝ ʩʦʪʥʠ ʨʘʟ. ʇʦʪʦʤʫ ʯʪʦ ʚ ʨʝʘʣʴʥʳʭ ʫʩʣʦʚʠʷʭ, ʥʘ ʟʥʘʯʝʥʠʷ ʉʕʈ ʚʣʠʷʝʪ 

ʤʥʦʞʝʩʪʚʦ ʬʘʢʪʦʨʦʚ: ʧʦʜʟʝʤʥʳʝ ʪʨʝʱʠʥʳ ʠ ʨʘʟʣʦʤʳ; ʛʨʘʜʠʝʥʪʳ ʪʝʤʧʝʨʘʪʫʨ ʠ ʜʘʚʣʝʥʠʷ; ʚʣʘʞʥʦʩʪʠ, 

ʧʦʨʠʩʪʦʩʪʠ ʠ ʧʣʦʪʥʦʩʪʠ ʧʦʯʚ. ʕʪʠ ʜʝʩʪʘʙʠʣʠʟʠʨʫʶʱʠʝ ʬʘʢʪʦʨʳ ʧʨʠʨʦʜʳ ʫʚʝʣʠʯʠʚʘʶʪ 

ʢʦʥʚʝʢʮʠʦʥʥʳʝ ʨʘʩʩʪʦʷʥʠʷ ʛʘʟʦʚ ʨʘʜʦʥʘ ʠ ʪʦʨʦʥʘ ʚ ʚʦʟʜʫʰʥʝʡ ʩʨʝʜʝ. ʆʙʳʯʥʳʝ ʙʫʤʘʞʥʳʝ ʬʠʣʴʪʨʳ, 

ʠʩʧʦʣʴʟʫʝʤʳe ʚ ʠʟʤʝʨʠʪʝʣʴʥʳʭ ʢʘʤʝʨʘʭ ʧʨʦʧʫʩʢʘʶʪ ʦʙʝ ʯʘʩʪʠʮʳ, ʠ ʨʘʜʦʥʘ ʠ ʪʦʨʦʥʘ. ɺʠʟʫʘʣʴʥʦʝ 

ʦʧʨʝʜʝʣʝʥʠʝ ʵʥʝʨʛʠʠ Ŭ-ʯʘʩʪʠʮ ʧʦ ʬʦʨʤʝ ʪʨʝʢʦʚ ʦʯʝʥʴ ʪʨʫʜʥʦ. ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʨʝʘʣʴʥʦʛʦ ʟʥʘʯʝʥʠʷ 
222
Rn, ʥʝʦʙʭʦʜʠʤʦ ʫʯʠʪʳʚʘʪʴ ʚʢʣʘʜ 

220
Rn ʠʟ ʦʙʱʝʛʦ ʢʦʣʠʯʝʩʪʚʘ ʪʨʝʢʦʚ, ʠʣʠ ʦʩʪʘʥʦʚʠʪʴ ʧʦʩʪʫʧʣʝʥʠʝ 

220
Rn ʚ ʢʘʤʝʨʫ, ʧʨʠʤʝʥʷʷ ʩʧʝʮʠʘʣʴʥʳʝ ʬʠʣʴʪʨʳ, ʧʨʦʧʫʩʢʘʶʱʠʝ ʪʦʣʴʢʦ ʛʘʟʳ 

222
Rn. ʆʜʥʘʢʦ, ʠʟ-ʟʘ 

ʦʪʩʫʪʩʪʚʠʷ ʪʘʢʠʭ ʬʠʣʴʪʨʦʚ, ʤʳ ʧʨʝʜʧʦʯʣʠ ʧʨʠʤʝʥʠʪʴ ʜʨʫʛʦʡ ʤʝʪʦʜ, ʤʝʪʦʜ ʟʘʜʝʨʞʢʠ 

ʢʦʨʦʪʢʦʞʠʚʫʱʝʛʦ 
220
Rn ʚ ʚʦʟʜʫʭʝ ʢʘʤʝʨʳ, ʩʦʟʜʘʚʘʷ ʠʩʢʫʩʩʪʚʝʥʥʳʝ ʙʘʨʴʝʨʳ ʥʘ ʝʛʦ ʧʫʪʠ. ʎʝʣʴʶ 

ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʷʚʣʷʣʦʩʴ - ʩʦʟʜʘʥʠʝ ʜʚʫʭʢʘʤʝʨʥʦʛʦ ʨʝʛʠʩʪʨʘʪʦʨʘ c ʜʚʫʤʷ ʜʝʪʝʢʪʦʨʘʤʠ CR-39 ʜʣʷ 

ʧʦʣʝʚʦʛʦ ʦʧʨʝʜʝʣʝʥʠʷ ʩʢʦʨʦʩʪʠ ʵʢʩʭʘʣʷʮʠʠ 
220

Rn + 
222
Rn ʠ 

222
Rn ʠʟ ʧʦʯʚ.  

ʅʘ ʨʠʩʫʥʢʝ 1 ʧʦʢʘʟʘʥ ʩʭʝʤʘʪʠʯʝʩʢʠʡ ʚʠʜ ʜʚʫʭʢʘʤʝʨʥʦʛʦ ʠ ʜʚʫʭʜʝʪʝʢʪʦʨʥʦʛʦ ʧʦʣʝʚʦʛʦ 

ʨʝʛʠʩʪʨʘʪʦʨʘ ʨʘʜʦʥʘ. ʈʝʛʠʩʪʨʘʪʦʨ ʨʘʜʦʥʘ ʩʦʩʪʦʠʪ ʠʟ ʜʚʫʭ ʧʣʘʩʪʠʢʦʚʦʡ ʢʘʤʝʨʳ, ʠ ʚ ʢʘʤʝʨʘʭ 

ʫʩʪʘʥʦʚʣʝʥʳ ʜʝʪʝʢʪʦʨʳ CR-39 (ɼ1 ʠ ɼ2), ʠ ʚʭʦʜʥʘʷ ʯʘʩʪʴ ʢʘʤʝʨ ʟʘʢʨʳʪʳ ʙʫʤʘʞʥʳʤʠ ʬʠʣʴʪʨʘʤʠ. 

ʂʘʤʝʨʳ ʠʤʝʶʪ ʙʦʣʴʰʫʶ ʠ ʤʘʣʝʥʴʢʫʶ ʮʠʣʠʥʜʨʠʯʝʩʢʫʶ ʬʦʨʤʫ ʠ ʥʘʭʦʜʷʪʩʷ ʚ ʦʜʥʦʤ, ʪʦʣʴʢʦ ʚʭʦʜʥʳʝ 

ʯʘʩʪʠ ʢʘʤʝʨʳ ʫʩʪʘʥʦʚʣʝʥʳ ʧʨʦʪʠʚʦʧʦʣʦʞʥʦ ʜʨʫʛ ʢ ʜʨʫʛʫ, ʯʪʦʙʳ ʩʦʟʜʘʪʴ ʠʩʢʫʩʩʪʚʝʥʥʳʝ ʙʘʨʴʝʨʳ, 

ʫʜʣʠʥʷʷ ʦʙʨʘʪʥʳʝ ʧʫʪʠ ʜʣʷ ʟʘʜʝʨʞʢʠ Rn-220.  

ʇʨʠʥʮʠʧ ʨʘʙʦʪʳ ʢʘʤʝʨ ʪʘʢʦʚʘ - ʜʝʪʝʢʪʦʨ CR-39 (1) 

ʚ ʢʘʤʝʨʘ-1 ʨʝʛʠʩʪʨʠʨʫʝʪ ʦʜʥʦʚʨʝʤʝʥʥʦ ʦʙʝ ʯʘʩʪʠʮʳ, ʠ 

ʨʘʜʦʥʘ ʠ ʪʦʨʦʥʘ, CR-39 (2) ʢʨʝʧʣʝʥʥʦʡ ʚ ʥʠʞʥʝʡ ʯʘʩʪʠ 

ʢʘʤʝʨʳ-2 ʨʝʛʠʩʪʨʠʨʫʝʪ ʪʦʣʴʢʦ ʨʘʜʦʥʘ-222 ʠ ʠʭ ɼʇʈ, ʘ 

ʢʦʨʦʪʢʦʞʠʚʫʱʠʝ 
220

Rn (T1/2=56 c) ʨʘʩʧʘʜʘʶʪʩʷ ʚ ʧʫʪʠ, ʥʝ 

ʜʦʩʪʠʛʘʷ ʜʦ CR-39 (2). 

ʕʢʩʧʝʨʠʤʝʥʪʳ ʩ ʜʚʫʭʢʘʤʝʨʥʳʤʠ ʨʝʛʠʩʪʨʘʪʦʨʘʤʠ 

ʨʘʜʦʥʘ ʙʳʣʠ ʧʨʦʚʝʜʝʥʳ ʚ ʚʝʩʝʥʥʝʝ ʠ ʣʝʪʥʝʝ ʚʨʝʤʷ ʛʦʜʘ ʚ 

ʧʷʪʠ ʪʦʯʢʘʭ ʫʯʘʩʪʢʠ (20ʭ30 ʤ
2
) ʥʘ ʛʣʫʙʠʥʝ 30-35 ʩʤ ʦʪ 

ʧʦʚʝʨʭʥʦʩʪʠ ʟʝʤʣʠ. ɺʨʝʤʷ ʵʢʩʧʦʟʠʮʠʷ ʢʘʤʝʨ ʩʦʩʪʘʚʠʣʘ 4 

ʜʥʝʡ. ʈʝʟʫʣʴʪʘʪʳ ʵʢʩʭʘʣʷʮʠʠ ʨʘʜʦʥʘ ʠʟ ʧʦʯʚ ʠʟʤʝʨʝʥʥʳʝ, 

ʚʝʩʥʦʡ ʠ ʣʝʪʦʤ ʩʦʩʪʘʚʠʣʠ, 22,1 ʠ 16,4 ɹʢ/ʤ
2
ʯ, 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʆʪʩʶʜʘ ʚʠʜʥʦ, ʯʪʦ ʉʕʈ ʠʤʝʝʪ ʩʝʟʦʥʥʳʡ 

ʭʘʨʘʢʪʝʨ ʧʦʚʝʜʝʥʠʷ ʠ ʝʝ ʟʥʘʯʝʥʠʷ ʚ 1,5 ʨʘʟʘ ʙʦʣʴʰʝ ʚ 

ʚʝʩʝʥʥʝʝ ʚʨʝʤʷ, ʯʝʤ ʚ ʣʝʪʥʝʝ. 

ʊʘʢʞʝ ʙʳʣʠ ʦʧʨʝʜʝʣʝʥʳ ʉʕʈ ʠʟ ʧʷʪʠ ʧʦʯʚ ʚ 

ʣʘʙʦʨʘʪʦʨʥʳʭ ʫʩʣʦʚʠʷʭ ʠ ʠʭ ʟʥʘʯʝʥʠʷ ʣʝʞʘʪ ʚ ʠʥʪʝʨʚʘʣʝ 

0,08 õ 0,12 ɹʢ/ʤ
2
Ŀʯ [1]. ʂʘʢ ʩʣʝʜʫʝʪ ʠʟ ʧʦʣʫʯʝʥʥʳʭ 

ʜʘʥʥʳʭ, ʧʦʣʝʚʳʝ ʟʥʘʯʝʥʠʷ ʉʕʈ ʚ 160 ʠ 220 ʨʘʟ ʙʦʣʴʰʝ 

ʯʝʤ ʣʘʙʦʨʘʪʦʨʥʳʝ, ʜʣʷ ʣʝʪʥʝʛʦ ʠ ʚʝʩʝʥʥʝʛʦ ʚʨʝʤʝʥʠ. 

ʊʘʢʘʷ ʙʦʣʴʰʘʷ ʨʘʟʥʠʮʘ ʚ ʟʥʘʯʝʥʠʷʭ ʵʢʩʭʘʣʷʮʠʠ ʨʘʜʦʥʘ ʠʟ 

ʧʦʯʚ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʪʦʤ, ʯʪʦ ʧʨʠʨʦʜʥʳʝ ʬʘʢʪʦʨʳ ʩʠʣʴʥʦ ʚʣʠʷʶʪ ʥʘ ʨʝʟʫʣʴʪʘʪʳ ʉʕʈ. 

ʃʠʪʝʨʘʪʫʨʘ 

1. Vasidov A., Kist A. A. Measurements of radon exhalation rate from soil samples of the Tashkent area by CR-

39. The 5
th
 EACNSA. Ankara, Turkey, 14-17 Oct. 2008, ïp. 219. 

 
ʈʠʩ. 1. ʉʭʝʤʘʪʠʯʝʩʢʠʡ ʚʠʜ ʜʚʫʭʢʘʤʝʨʥʦʛʦ 

ʠ ʜʚʫʭ ʜʝʪʝʢʪʦʨʥʦʛʦ ʧʦʣʝʚʦʛʦ 

ʨʝʛʠʩʪʨʘʪʦʨʘ ʨʘʜʦʥʘ. 



ʄʝʞʜʫʥʘʨʦʜʥʘʷ ʢʦʥʬʝʨʝʥʮʠʷ, ʧʦʩʚʷʱʝʥʥʘʷ 70-ʣʝʪʠʶ ʌʠʟʠʢʦ-ʪʝʭʥʠʯʝʩʢʦʛʦ ʠʥʩʪʠʪʫʪʘ 
 

 10 

ʉʀʉʊɽʄɸ ʇʆʀʉʂɸ ɹʀɹʃʀʆɻʈɸʌʀʏɽʉʂʆʁ ɹɸɿʓ ɼɸʅʅʓʍ ʂʆʃʃɽʂʎʀʀ ʀʅʀʉ 

ʉ ʉʆʇʋʊʉʊɺʋʖʑʀʄʀ ʇʆʃʅʆʊɽʂʉʊʆɺʓʄʀ ɼʆʂʋʄɽʅʊɸʄʀ ɺ ʀʅʊɽʈʅɽʊ 

ʂʘʜʳʨʦʚʘ ʄ., ʗʭʰʠʣʠʢʦʚ ɸ., ʖʣʜʘʰʝʚ ʍ. 

ʀʥʩʪʠʪʫʪ ʷʜʝʨʥʦʡ ʬʠʟʠʢʠ ɸʅ ʈʋʟ. 

ʊʘʰʢʝʥʪ, ʋʟʙʝʢʠʩʪʘʥ, e-mail: kadyrova@inp.uz  

ʄʝʞʜʫʥʘʨʦʜʥʘʷ ʩʠʩʪʝʤʘ ʷʜʝʨʥʦʡ ʠʥʬʦʨʤʘʮʠʠ (ʀʅʀʉ) ʷʚʣʷʝʪʩʷ ʚʝʜʫʱʝʡ ʤʠʨʦʚʦʡ 

ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʩʠʩʪʝʤʦʡ ʧʦ ʚʦʧʨʦʩʘʤ ʤʠʨʥʦʛʦ ʧʨʠʤʝʥʝʥʠʷ ʷʜʝʨʥʦʡ ʥʘʫʢʠ ʠ ʪʝʭʥʦʣʦʛʠʠ. 

ɸʥʛʣʠʡʩʢʘʷ ʘʙʙʨʝʚʠʘʪʫʨʘ INIS ʦʟʥʘʯʘʝʪ International Nuclear Information System. ʉʠʩʪʝʤʘ ʦʙʨʘʟʦʚʘʥʘ 

ʠ ʠʩʧʦʣʴʟʫʝʪʩʷ ʄʝʞʜʫʥʘʨʦʜʥʳʤ ʘʛʝʥʪʩʪʚʦʤ ʧʦ ʘʪʦʤʥʦʡ ʵʥʝʨʛʠʠ (ʄɸɻɸʊʕ) ʚ ʩʦʪʨʫʜʥʠʯʝʩʪʚʝ ʩ 128 

ʛʦʩʫʜʘʨʩʪʚʘʤʠ ʠ 24 ʤʝʞʜʫʥʘʨʦʜʥʳʤʠ ʦʨʛʘʥʠʟʘʮʠʷʤʠ ï ʯʣʝʥʘʤʠ ʀʅʀʉ. ʕʪʘ ʜʝʮʝʥʪʨʘʣʠʟʦʚʘʥʥʘʷ 

ʠʥʬʦʨʤʘʮʠʦʥʥʘʷ ʩʠʩʪʝʤʘ ʧʦʜʜʝʨʞʠʚʘʝʪ ʙʘʟʫ ʜʘʥʥʳʭ, ʢʦʪʦʨʘʷ ʩʦʜʝʨʞʠʪ ʙʦʣʝʝ 3,4 ʤʣʥ. 

ʙʠʙʣʠʦʛʨʘʬʠʯʝʩʢʠʭ ʩʩʳʣʦʢ ʥʘ ʥʘʫʯʥʫʶ ʣʠʪʝʨʘʪʫʨʫ, ʧʫʙʣʠʢʫʝʤʫʶ ʚʦ ʚʩʝʤ ʤʠʨʝ ʠ ʧʦʩʚʷʱʝʥʥʫʶ 

ʤʠʨʥʦʤʫ ʠʩʧʦʣʴʟʦʚʘʥʠʶ ʷʜʝʨʥʦʡ ʵʥʝʨʛʠʠ. ʂʨʦʤʝ ʪʦʛʦ, ʦʥʘ ʧʦʜʜʝʨʞʠʚʘʝʪ ʩʦʙʨʘʥʠʝ ʦʢʦʣʦ 310 ʪʳʩ. 

online ʧʦʣʥʦʪʝʢʩʪʦʚʳʭ ʜʦʢʫʤʝʥʪʦʚ, ʧʦʣʫʯʝʥʠʝ ʢʦʪʦʨʳʭ ʠʟ ʜʨʫʛʠʭ ʠʩʪʦʯʥʠʢʦʚ ʟʘʪʨʫʜʥʝʥʦ. ʆʩʥʦʚʥʘʷ 

ʚʳʭʦʜʥʘʷ ʧʨʦʜʫʢʮʠʷ ʀʅʀʉ: ʙʘʟʘ ʜʘʥʥʳʭ  ʀʅʀʉ ʄɸɻɸʊʕ ʚ ʩʝʪʠ Internet, ɹɼ ʀʅʀʉ ʥʘ ʜʠʩʢʘʭ CD-

ROM, ʢʦʣʣʝʢʮʠʷ CD-ROM ʩ ʠʟʦʙʨʘʞʝʥʠʷʤʠ ʧʦʣʥʦʪʝʢʩʪʦʚʳʭ ʜʦʢʫʤʝʥʪʦʚ ʊɼʃ ʠ ʤʥʦʛʦʷʟʳʯʥʳʡ 

ʪʝʟʘʫʨʫʩ, ʩʠʩʪʝʤʘʪʠʟʠʨʦʚʘʥʥʳʡ ʥʘʙʦʨ ʜʘʥʥʳʭ ʚ ʷʜʝʨʥʦʡ ʦʙʣʘʩʪʠ, ʧʦʟʚʦʣʷʶʱʠʡ ʦʩʫʱʝʩʪʚʣʷʪʴ ʧʦʠʩʢ 

ʩ ʧʦʤʦʱʴʶ ʢʣʶʯʝʚʳʭ ʪʝʨʤʠʥʦʚ.  

ʋʟʙʝʢʠʩʪʘʥ ʧʨʠʩʦʝʜʠʥʠʣʩʷ ʢ ʀʅʀʉ ʚ 1995 ʠ ʩʪʘʣ 91-ʤ ʝʝ ʯʣʝʥʦʤ. ɺ ʭʦʜʝ ʚʳʧʦʣʥʝʥʠʷ ʧʨʦʝʢʪʘ 

ʪʝʭʥʠʯʝʩʢʦʛʦ ʩʦʪʨʫʜʥʠʯʝʩʪʚʘ ʄɸɻɸʊʕ (2007-2010) UZB/0/003 çʄʦʜʝʨʥʠʟʘʮʠʷ ʀʅʀʉ ʮʝʥʪʨʘ 

ʋʟʙʝʢʠʩʪʘʥʘè ʙʳʣ ʩʦʟʜʘʥ ʚʝʙ ʩʘʡʪ http ://inis.uz ʀʅʀʉ ʮʝʥʪʨʘ ʋʟʙʝʢʠʩʪʘʥʘ. ʉʘʡʪ ʦʙʝʩʧʝʯʠʚʘʝʪ 

ʜʦʩʪʫʧ ʢ ʙʘʟʝ ʜʘʥʥʳʭ ʀʅʀʉ ʠ ʠʥʬʦʨʤʘʮʠʦʥʥʳʤ ʨʝʩʫʨʩʘʤ ʮʝʥʪʨʘ, ʘ ʪʘʢʞʝ ʦʢʘʟʳʚʘʝʪ ʧʨʝʜʦʩʪʘʚʣʝʥʠʝ 

ʫʩʣʫʛ ʧʦ ʜʦʩʪʘʚʢʝ ʧʦʣʥʳʭ ʪʝʢʩʪʦʚ ʪʨʫʜʥʦʜʦʩʪʫʧʥʦʡ ʣʠʪʝʨʘʪʫʨʳ ʠ ʧʫʙʣʠʢʘʮʠʡ, ʠʟʜʘʥʥʳʭ ʚ 

ʋʟʙʝʢʠʩʪʘʥʝ ʧʦ ʷʜʝʨʥʦʡ ʪʝʤʘʪʠʢʝ ʠ ʠʥʬʦʨʤʘʮʠʠ ʠʟ ʨʝʩʫʨʩʥʦʛʦ ʬʦʥʜʘ ʜʣʷ ʀʗʌ ʠ ʜʣʷ ʜʨʫʛʠʭ ʷʜʝʨʥʦ-

ʬʠʟʠʯʝʩʢʠʭ ʦʨʛʘʥʠʟʘʮʠʡ ʋʟʙʝʢʠʩʪʘʥʘ. Web ʩʘʡʪ ʀʅʀʉ ʮʝʥʪʨʘ ʋʟʙʝʢʠʩʪʘʥʘ ʷʚʣʷʝʪʩʷ ʝʜʠʥʩʪʚʝʥʥʳʤ 

ʧʦʨʪʘʣʦʤ ʷʜʝʨʥʳʭ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʨʝʩʫʨʩʦʚ ʠ ʫʩʣʫʛ ʜʣʷ ʩʧʝʮʠʘʣʠʩʪʦʚ ʚ ʦʙʣʘʩʪʠ ʷʜʝʨʥʦʡ ʬʠʟʠʢʠ ʚ 

ʋʟʙʝʢʠʩʪʘʥʝ. 

3 ʘʧʨʝʣʷ 2009 ʛʦʜʘ ʙʳʣ ʦʙʲʷʚʣʝʥ ʩʚʦʙʦʜʥʳʡ ʠ ʥʝʦʛʨʘʥʠʯʝʥʥʳʡ ʜʦʩʪʫʧ ʢ ɹɼ ʀʅʀʉ 

ʧʦʣʴʟʦʚʘʪʝʣʷʤ ʀʥʪʝʨʥʝʪ ʚʦ ʚʩʝʤ ʤʠʨʝ. ʉ 1 ʩʝʥʪʷʙʨʷ 2011 ʛʦʜʘ ʩʪʘʨʘʷ INIS online database ʠʟʲʷʪʘ ʠ 

ʀʅʀʉ ʧʝʨʝʰʝʣ ʥʘ Google ï ʦʩʥʦʚʘʥʥʫʶ ʩʠʩʪʝʤʫ ʧʦʠʩʢʘ, ʢʦʪʦʨʘʷ ʧʦʩʪʦʷʥʥʦ ʩʦʚʝʨʰʝʥʩʪʚʫʝʪʩʷ. 

ʎʝʣʴʶ ʧʨʝʟʝʥʪʘʮʠʠ ʷʚʣʷʝʪʩʷ ʧʦʟʥʘʢʦʤʠʪʴ ʧʦʣʴʟʦʚʘʪʝʣʝʡ ʀʅʀʉ ʩ ʰʠʨʦʢʠʤʠ ʚʦʟʤʦʞʥʦʩʪʷʤʠ 

ʩʠʩʪʝʤʳ ʧʦʠʩʢʘ ʢʦʣʣʝʢʮʠʠ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʨʝʩʫʨʩʦʚ ʙʘʟʳ ʜʘʥʥʳʭ ʀʅʀʉ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʩʦʚʨʝʤʝʥʥʳʭ ʀʥʪʝʨʥʝʪ ʪʝʭʥʦʣʦʛʠʡ. 

ʉʬʝʨʘ ʪʝʤʘʪʠʢʠ ʀʅʀʉ 

ʂʦʣʣʝʢʮʠʷ ʀʅʀʉ ʦʭʚʘʪʳʚʘʝʪ ʚʩʝ ʘʩʧʝʢʪʳ ʤʠʨʥʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʷʜʝʨʥʦʡ ʥʘʫʢʠ ʠ ʪʝʭʥʦʣʦʛʠʠ, 

ʪʘʢʠʝ ʢʘʢ ʷʜʝʨʥʳʝ ʨʝʘʢʪʦʨʳ, ʙʝʟʦʧʘʩʥʦʩʪʴ ʨʝʘʢʪʦʨʦʚ, ʪʝʨʤʦʷʜʝʨʥʳʡ ʩʠʥʪʝʟ, ʧʨʠʤʝʥʝʥʠʷ ʠʟʣʫʯʝʥʠʡ ʠ 

ʨʘʜʠʦʠʟʦʪʦʧʦʚ ʚ ʤʝʜʠʮʠʥʝ, ʩʝʣʴʩʢʦʤ ʭʦʟʷʡʩʪʚʝ, ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʠ ʙʦʨʴʙʝ ʩ ʥʘʩʝʢʦʤʳʤʠ-

ʚʨʝʜʠʪʝʣʷʤʠ, ʘ ʪʘʢʞʝ ʩʤʝʞʥʳʝ ʦʙʣʘʩʪʠ ʷʜʝʨʥʦʡ ʭʠʤʠʠ, ʷʜʝʨʥʦʡ ʬʠʟʠʢʠ ʠ ʤʘʪʝʨʠʘʣʦʚʝʜʝʥʠʷ. ʆʩʦʙʦʝ 

ʚʥʠʤʘʥʠʝ ʫʜʝʣʷʝʪʩʷ ʚʦʟʜʝʡʩʪʚʠʶ ʷʜʝʨʥʦʡ ʵʥʝʨʛʠʠ ʥʘ ʦʢʨʫʞʘʶʱʫʶ ʩʨʝʜʫ, ʵʢʦʥʦʤʠʢʫ ʠ ʟʜʦʨʦʚʴʝ. 

ʆʭʚʘʪʳʚʘʶʪʩʷ ʪʘʢʞʝ ʶʨʠʜʠʯʝʩʢʠʝ ʠ ʩʦʮʠʘʣʴʥʳʝ ʘʩʧʝʢʪʳ, ʩʚʷʟʘʥʥʳʝ ʩ ʷʜʝʨʥʦʡ ʵʥʝʨʛʠʝʡ.  

ɼʦʩʪʫʧ ʢ ʂʦʣʣʝʢʮʠʠ ʀʅʀʉ 

ʂʦʣʣʝʢʮʠʷ ʀʅʀʉ ʙʝʩʧʣʘʪʥʦ ʜʦʩʪʫʧʥʘ ʚ ʀʥʪʝʨʥʝʪʝ, ʠ ʜʦʩʪʫʧ ʤʦʞʝʪ ʙʳʪʴ ʧʦʣʫʯʝʥ ʯʝʨʝʟ ʚʝʙ-

ʩʘʡʪ ʀʅʀʉ http://www.iaea.org/INIS ʠʣʠ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʯʝʨʝʟ http://inis.iaea.org/search/.  

ʇʦʠʩʢ ʚ ʂʦʣʣʝʢʮʠʠ ʀʅʀʉ 

ʇʦʠʩʢ ʚ ʂʦʣʣʝʢʮʠʠ ʀʅʀʉ ʧʨʦʠʟʚʦʜʠʪʩʷ ʩ ʧʦʤʦʱʴʶ Google Search ApplianceÉ. ʕʪʦ ʧʨʦʛʨʘʤʤʘ 

ʪʱʘʪʝʣʴʥʦ ʦʪʣʘʞʝʥʘ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʚʳʩʦʢʦʡ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ, ʧʦʟʚʦʣʷʷ ʧʦʣʴʟʦʚʘʪʝʣʷʤ 

ʨʝʟʫʣʴʪʘʪʠʚʥʦ ʠ ʵʬʬʝʢʪʠʚʥʦ ʠʩʢʘʪʴ ʠ ʧʦʣʫʯʘʪʴ ʠʥʬʦʨʤʘʮʠʶ ʠʟ ʂʦʣʣʝʢʮʠʠ ʀʅʀʉ. ʀʅʀʉ 

ʦʙʝʩʧʝʯʠʚʘʝʪ ʧʦʣʫʯʝʥʠʝ ʠʥʬʦʨʤʘʮʠʠ ʚ ʜʚʫʭ ʦʩʥʦʚʥʳʭ ʨʝʞʠʤʘʭ ʧʦʠʩʢʘ: ʉʪʘʥʜʘʨʪʥʳʡ ʧʦʠʩʢ ʠ 

ʈʘʩʰʠʨʝʥʥʳʡ ʧʦʠʩʢ. 

ʄʥʦʛʦʷʟʳʯʥʳʡ ʧʦʣʴʟʦʚʘʪʝʣʴʩʢʠʡ ʠʥʪʝʨʬʝʡʩ  

ɺʝʙ-ʩʘʡʪ ʜʣʷ ʧʦʠʩʢʘ ʚ ʂʦʣʣʝʢʮʠʠ ʀʅʀʉ ʤʦʞʥʦ ʧʨʦʩʤʘʪʨʠʚʘʪʴ ʥʘ ʣʶʙʦʤ ʠʟ ʩʣʝʜʫʶʱʠʭ 

ʷʟʳʢʦʚ: ʘʥʛʣʠʡʩʢʦʤ, ʘʨʘʙʩʢʦʤ, ʠʩʧʘʥʩʢʦʤ, ʢʠʪʘʡʩʢʦʤ, ʥʝʤʝʮʢʦʤ, ʨʫʩʩʢʦʤ ʠ ʬʨʘʥʮʫʟʩʢʦʤ. 

ʇʦʣʴʟʦʚʘʪʝʣʴ ʤʦʞʝʪ ʚʳʙʨʘʪʴ ʷʟʳʢ ʠʟ ʨʘʩʢʨʳʚʘʶʱʝʛʦʩʷ ʧʝʨʝʯʥʷ, ʢʦʪʦʨʳʡ ʠʤʝʝʪʩʷ ʚ ʨʘʟʜʝʣʝ 

ʟʘʛʦʣʦʚʢʘ ʢʘʞʜʦʡ ʩʪʨʘʥʠʮʳ. ʇʦʩʣʝ ʚʭʦʜʘ ʧʦʣʴʟʦʚʘʪʝʣʷ ʚ ʩʠʩʪʝʤʫ ʘʚʪʦʤʘʪʠʯʝʩʢʠ ʘʢʪʠʚʠʟʠʨʫʝʪʩʷ 

ʧʨʝʜʧʦʯʪʠʪʝʣʴʥʳʡ ʷʟʳʢ, ʩʦʭʨʘʥʝʥʥʳʡ ʚ ʜʘʥʥʳʭ ʧʦʣʴʟʦʚʘʪʝʣʷ (çʄʦʠ ʫʩʪʘʥʦʚʢʠè ʥʘ ʩʪʨʘʥʠʮʝ çʄʦʷ 

mailto:kadyrova@inp.uz
http://inis.uz/
http://www.iaea.org/INIS
http://inis.iaea.org/search/


ʄʝʞʜʫʥʘʨʦʜʥʘʷ ʢʦʥʬʝʨʝʥʮʠʷ, ʧʦʩʚʷʱʝʥʥʘʷ 70-ʣʝʪʠʶ ʌʠʟʠʢʦ-ʪʝʭʥʠʯʝʩʢʦʛʦ ʠʥʩʪʠʪʫʪʘ 
 

 11 

ʀʅʀʉè). ʗʟʳʢ ʧʦ ʞʝʣʘʥʠʶ ʤʦʞʥʦ ʧʦʤʝʥʷʪʴ ʚ ʣʶʙʦʝ ʚʨʝʤʷ ʚ ʭʦʜʝ ʨʘʙʦʪʳ, ʠʩʧʦʣʴʟʫʷ 

ʨʘʩʢʨʳʚʘʶʱʠʡʩʷ ʧʝʨʝʯʝʥʴ ʚ ʟʘʛʦʣʦʚʢʝ, ʧʨʠ ʵʪʦʤ ʷʟʳʢ ʧʦ ʫʤʦʣʯʘʥʠʶ, ʚʳʙʨʘʥʥʳʡ ʚ ʧʨʦʬʠʣʝ 

ʧʦʣʴʟʦʚʘʪʝʣʷ, ʥʝ ʤʝʥʷʝʪʩʷ. ʇʨʠ ʩʣʝʜʫʶʱʝʤ ʚʭʦʜʝ ʧʦʣʴʟʦʚʘʪʝʣʷ ʚ ʩʠʩʪʝʤʫ ʚʥʦʚʴ ʘʢʪʠʚʠʟʠʨʫʶʪʩʷ 

ʷʟʳʢʦʚʳʝ ʫʩʪʘʥʦʚʢʠ, ʟʘʜʘʥʥʳʝ ʚ ʜʘʥʥʳʭ ʧʦʣʴʟʦʚʘʪʝʣʷ. 

ʄʥʦʛʦʷʟʳʯʥʳʡ ʧʦʠʩʢ  

ʄʥʦʛʦʷʟʳʯʥʳʡ ʧʦʠʩʢ ʧʦʟʚʦʣʷʝʪ ʚʚʦʜʠʪʴ ʟʘʧʨʦʩ ʦʜʥʦʚʨʝʤʝʥʥʦ ʥʘ ʩʣʝʜʫʶʱʠʭ ʷʟʳʢʘʭ: 

ʘʥʛʣʠʡʩʢʦʤ, ʘʨʘʙʩʢʦʤ, ʠʩʧʘʥʩʢʦʤ, ʢʠʪʘʡʩʢʦʤ, ʥʝʤʝʮʢʦʤ, ʨʫʩʩʢʦʤ ʠ ʬʨʘʥʮʫʟʩʢʦʤ. ʕʪʘ ʚʦʟʤʦʞʥʦʩʪʴ 

ʨʝʘʣʠʟʫʝʪʩʷ ʯʝʨʝʟ ʠʥʪʝʨʬʝʡʩ ʨʘʩʰʠʨʝʥʥʦʛʦ ʧʦʠʩʢʘ. ʄʥʦʛʦʷʟʳʯʥʳʡ ʧʦʠʩʢ ʧʨʠʤʝʥʷʝʪʩʷ ʪʦʣʴʢʦ ʧʨʠ 

ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʧʨʦʮʝʜʫʨʳ ʨʘʩʰʠʨʝʥʥʦʛʦ ʧʦʠʩʢʘ ʜʣʷ ʟʘʧʨʦʩʦʚ, ʦʧʨʝʜʝʣʝʥʥʳʭ ʢʘʢ çɺʩʝè, çʬʨʘʟʘè ʠʣʠ 

çɺʝʟʜʝè. ʂʦʛʜʘ ʧʦʣʴʟʦʚʘʪʝʣʴ ʚʳʙʠʨʘʝʪ çɺʩʝè, çʬʨʘʟʘè ʠʣʠ çɺʝʟʜʝè, ʥʘ ʧʨʘʚʦʡ ʩʪʦʨʦʥʝ ʵʢʨʘʥʘ ʧʨʠ 

ʧʦʩʪʨʦʝʥʠʠ ʟʘʧʨʦʩʘ ʧʦʷʚʣʷʝʪʩʷ ʤʘʣʝʥʴʢʦʝ ʦʢʥʦ. ʇʦʣʴʟʦʚʘʪʝʣʴ ʤʦʞʝʪ ʫʢʘʟʘʪʴ ʧʨʝʜʧʦʯʪʠʪʝʣʴʥʳʡ ʷʟʳʢ 

ʧʦʠʩʢʘ. ʇʨʝʜʧʦʯʪʠʪʝʣʴʥʳʡ ʷʟʳʢ ʩʦʭʨʘʥʷʝʪʩʷ ʜʦ ʟʘʚʝʨʰʝʥʠʷ ʠʩʧʦʣʥʝʥʠʷ ʟʘʧʨʦʩʘ. ʇʨʠ ʠʩʧʦʣʥʝʥʠʠ 

ʟʘʧʨʦʩʘ ʧʝʨʝʚʝʜʝʥʥʳʝ ʪʝʨʤʠʥʳ ʚ ʨʝʟʫʣʴʪʘʪʘʭ ʧʦʠʩʢʘ ʚʳʜʝʣʝʥʳ. 

ʀʥʪʝʛʨʘʮʠʷ ʄʥʦʛʦʷʟʳʯʥʦʛʦ ʪʝʟʘʫʨʫʩʘ ʀʅʀʉ  

ʅʘ ʧʨʦʪʷʞʝʥʠʠ ʨʷʜʘ ʣʝʪ ʀʅʀʉ ʩʦʟʜʘʚʘʣʘ ʩʚʦʡ ʩʦʙʩʪʚʝʥʥʳʡ ʊʝʟʘʫʨʫʩ ʀʅʀʉ ʠ ʧʨʦʜʦʣʞʘʝʪ 

ʨʘʙʦʪʫ ʧʦ ʝʛʦ ʨʝʛʫʣʷʨʥʦʤʫ ʨʘʩʰʠʨʝʥʠʶ. ʇʦʣʴʟʦʚʘʪʝʣʠ ʂʦʣʣʝʢʮʠʠ ʀʅʀʉ ʚ ʧʨʦʮʝʩʩʝ ʧʦʠʩʢʦʚ ʤʦʛʫʪ 

ʠʩʧʦʣʴʟʦʚʘʪʴ ʵʪʦʪ ʊʝʟʘʫʨʫʩ.  

ʇʨʠ ʧʦʩʪʨʦʝʥʠʠ ʟʘʧʨʦʩʘ ʨʘʩʰʠʨʝʥʥʦʛʦ ʧʦʠʩʢʘ ʠʩʧʦʣʴʟʫʝʪʩʷ ʠʥʪʝʛʨʘʮʠʷ ʄʥʦʛʦʷʟʳʯʥʦʛʦ 

ʪʝʟʘʫʨʫʩʘ ʀʅʀʉ. 

ɼʣʷ ʧʦʠʩʢʘ ʚ ʂʦʣʣʝʢʮʠʠ ʀʅʀʉ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʄʥʦʛʦʷʟʳʯʥʦʛʦ ʪʝʟʘʫʨʫʩʘ ʀʅʀʉ ʠʩʧʦʣʴʟʫʡʪʝ 

ʧʨʦʮʝʜʫʨʫ ʧʦʩʪʨʦʝʥʠʷ ʟʘʧʨʦʩʘ ʨʘʩʰʠʨʝʥʥʦʛʦ ʧʦʠʩʢʘ ʠ ʧʨʦʠʟʚʝʜʠʪʝ ʩʣʝʜʫʶʱʠʝ ʦʧʝʨʘʮʠʠ: 

ʀʩʧʦʣʴʟʫʷ ʧʨʦʮʝʜʫʨʫ ʧʦʩʪʨʦʝʥʠʷ ʟʘʧʨʦʩʘ ʨʘʩʰʠʨʝʥʥʦʛʦ ʧʦʠʩʢʘ, ʚʳʙʨʘʪʴ ʦʜʥʦ ʠʟ ʩʣʝʜʫʶʱʠʭ 

ʧʦʣʝʡ: çɼʝʩʢʨʠʧʪʦʨʳ, DEI ʠʣʠ DECè.  

ʇʦʷʚʣʷʝʪʩʷ ʨʘʩʢʨʳʚʘʶʱʠʡʩʷ ʧʝʨʝʯʝʥʴ ʷʟʳʢʦʚ. ɺʳʙʝʨʠʪʝ ʷʟʳʢ, ʥʘ ʢʦʪʦʨʦʤ ʚʳ ʭʦʪʠʪʝ 

ʠʩʧʦʣʴʟʦʚʘʪʴ ʊʝʟʘʫʨʫʩ ʀʅʀʉ.  

ʂʦʛʜʘ ʚ ʚʳʙʨʘʥʥʳʭ ʧʦʣʷʭ ʚʳ ʥʘʯʠʥʘʝʪʝ ʧʝʯʘʪʘʪʴ ʪʝʢʩʪ, ʧʦʷʚʣʷʝʪʩʷ ʘʚʪʦʤʘʪʠʯʝʩʢʠ ʟʘʧʦʣʥʷʝʤʳʡ 

ʧʝʨʝʯʝʥʴ ʜʝʩʢʨʠʧʪʦʨʦʚ ʥʘ ʚʳʙʨʘʥʥʦʤ ʷʟʳʢʝ.  

ʀʟ ʵʪʦʛʦ ʘʚʪʦʤʘʪʠʯʝʩʢʠ ʟʘʧʦʣʥʷʝʤʦʛʦ ʧʝʨʝʯʥʷ ʚʳʙʝʨʠʪʝ ʢʘʢʦʡ-ʣʠʙʦ ʜʝʩʢʨʠʧʪʦʨ. ʅʘ ʧʨʘʚʦʡ 

ʩʪʦʨʦʥʝ ʵʢʨʘʥʘ, ʦʪʨʘʞʘʶʱʝʛʦ ʧʨʦʮʝʜʫʨʫ ʧʦʩʪʨʦʝʥʠʷ ʟʘʧʨʦʩʘ ʨʘʩʰʠʨʝʥʥʦʛʦ ʧʦʠʩʢʘ, ʧʦʷʚʠʪʩʷ 

çʉʣʦʚʝʩʥʳʡè, ʦʪʨʘʞʘʶʱʠʡ ʦʪʥʦʰʝʥʠʝ ʢ ʚʳʙʨʘʥʥʦʤʫ ʜʝʩʢʨʠʧʪʦʨʫ. ɽʩʣʠ ʥʘ ʟʥʘʢ ç?è ʥʘʚʝʩʪʠ ʤʳʰʴ, 

ʪʦ ʧʦʷʚʠʪʩʷ ʨʘʟʲʷʩʥʝʥʠʝ, ʧʦʢʘʟʳʚʘʶʱʝʝ ʵʪʦ ʦʪʥʦʰʝʥʠʝ.  

ɼʣʷ ʟʘʤʝʥʳ ʜʝʩʢʨʠʧʪʦʨʘ, ʚʳʙʨʘʥʥʦʛʦ ʧʝʨʚʦʥʘʯʘʣʴʥʦ ʧʨʠ ʧʦʩʪʨʦʝʥʠʠ ʟʘʧʨʦʩʘ, ʱʝʣʢʥʠʪʝ ʥʘ 

ʥʝʦʙʭʦʜʠʤʦʤ ʜʝʩʢʨʠʧʪʦʨʝ.  

ɽʩʣʠ ʠʩʧʦʣʴʟʫʝʪʩʷ ʥʝ ʘʥʛʣʠʡʩʢʠʡ ʷʟʳʢ, ʪʦ ʜʣʷ ʧʦʠʩʢʘ ʠʩʧʦʣʴʟʫʝʪʩʷ ʵʢʚʠʚʘʣʝʥʪʥʳʡ ʘʥʛʣʠʡʩʢʠʡ 

ʪʝʨʤʠʥ ʠʟ ʊʝʟʘʫʨʫʩʘ ʀʅʀʉ. ɺ çʉʣʦʚʝʩʥʳʡè ʧʦʢʘʟʳʚʘʝʪʩʷ ʘʥʛʣʠʡʩʢʠʡ ʵʢʚʠʚʘʣʝʥʪ ʠʩʢʦʤʦʛʦ ʪʝʨʤʠʥʘ. 

ʕʪʦʪ ʞʝ ʪʝʨʤʠʥ ʚʳʜʝʣʷʝʪʩʷ ʪʘʢʞʝ ʚ ʨʝʟʫʣʴʪʘʪʘʭ ʧʦʠʩʢʘ.  

ʇʦʠʩʢ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʙʫʣʝʚʳʭ ʦʧʝʨʘʪʦʨʦʚ  
ʇʨʠ ʙʫʣʝʚʦʤ ʧʦʠʩʢʝ ʜʣʷ ʦʛʨʘʥʠʯʝʥʠʷ ʨʝʟʫʣʴʪʘʪʦʚ ʧʦʠʩʢʘ ʠʩʧʦʣʴʟʫʶʪʩʷ ʪʘʢʠʝ ʦʧʝʨʘʪʦʨʳ, ʢʘʢ 

çANDè, çORè ʠʣʠ çNOTè. ʇʦʩʢʦʣʴʢʫ ʧʦʠʩʢ ʚ ʂʦʣʣʝʢʮʠʠ ʀʅʀʉ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʩ ʧʦʤʦʱʴʶ Google 

Search Appliance, ʩʦʙʣʶʜʘʶʪʩʷ ʧʨʘʚʠʣʘ ʙʫʣʝʚʦʛʦ ʧʦʠʩʢʘ, ʦʧʨʝʜʝʣʷʝʤʳʝ ʧʨʦʛʨʘʤʤʥʳʤ ʦʙʝʩʧʝʯʝʥʠʝʤ 

Google. ʇʦ ʫʤʦʣʯʘʥʠʶ ʦʜʠʥ ʧʨʦʙʝʣ ʚ ʟʘʧʨʦʩʝ Google ʚʦʩʧʨʠʥʠʤʘʝʪ ʢʘʢ AND. ɿʥʘʢ ʤʠʥʫʩ (-) ʧʝʨʝʜ 

ʠʩʧʦʣʴʟʫʝʤʳʤ ʚ ʧʦʠʩʢʝ ʪʝʨʤʠʥʦʤ ʦʟʥʘʯʘʝʪ ʦʧʝʨʘʪʦʨ NOT.  

ʀʥʪʝʛʨʘʮʠʷ ʩ ʙʘʟʦʡ ʜʘʥʥʳʭ "ʉʦʚʝʱʘʥʠʷ ʧʦ ʚʦʧʨʦʩʘʤ ʘʪʦʤʥʦʡ ʵʥʝʨʛʠʠ" (MoAE)  

ʉ ʠʥʬʦʨʤʘʮʠʝʡ ʦ ʩʦʚʝʱʘʥʠʷʭ ʧʦ ʚʦʧʨʦʩʘʤ ʘʪʦʤʥʦʡ ʵʥʝʨʛʠʠ ʤʦʞʥʦ ʦʟʥʘʢʦʤʠʪʴʩʷ ʥʘ ʚʝʙ-ʩʘʡʪʝ 

"ʇʦʠʩʢ ʧʦ ʢʦʣʣʝʢʮʠʠ INIS" (ICS). ʇʨʠ ʣʶʙʦʤ ʟʘʧʨʦʩʝ ʥʘ ʩʘʡʪʝ ICS ʧʨʦʠʟʚʦʜʠʪʩʷ ʤʛʥʦʚʝʥʥʳʡ ʧʦʠʩʢ 

ʧʦ ʪʦʤʫ ʞʝ ʟʘʧʨʦʩʫ ʚ ʙʘʟʝ ʜʘʥʥʳʭ MoAE, ʠ ʚ ʚʝʨʭʥʝʡ ʯʘʩʪʠ ʩʪʨʘʥʠʮʳ ʩ ʨʝʟʫʣʴʪʘʪʘʤʠ ʧʦʠʩʢʘ 

ʦʪʦʙʨʘʞʘʝʪʩʷ ʠʥʬʦʨʤʘʮʠʷ ʦ 3 ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʩʦʚʝʱʘʥʠʷʭ, ʢʘʢ ʵʪʦ ʧʦʢʘʟʘʥʦ ʥʠʞʝ. ʑʝʣʢʥʫʚ ʧʦ 

ʥʘʟʚʘʥʠʶ ʩʦʚʝʱʘʥʠʷ, ʧʦʷʚʠʚʰʝʤʫʩʷ ʚ ʨʝʟʫʣʴʪʘʪʘʭ ʧʦʠʩʢʘ, ʧʦʣʴʟʦʚʘʪʝʣʴ ʤʦʞʝʪ ʧʨʠ ʥʘʣʠʯʠʠ ʙʦʣʝʝ 

ʧʦʜʨʦʙʥʦʡ ʠʥʬʦʨʤʘʮʠʠ ʦ ʩʦʚʝʱʘʥʠʠ ʧʨʦʩʤʦʪʨʝʪʴ ʝʝ. ʑʝʣʯʦʢ ʧʦ ʩʩʳʣʢʝ "ʇʦʢʘʟʘʪʴ ʜʨʫʛʠʝ 

ʩʦʚʝʱʘʥʠʷ" ʦʪʦʙʨʘʞʘʝʪ ʧʦʣʥʳʡ ʧʝʨʝʯʝʥʴ ʩʦʚʝʱʘʥʠʡ, ʥʘʡʜʝʥʥʳʭ ʧʦ ʜʘʥʥʦʤʫ ʧʦʠʩʢʦʚʦʤʫ ʟʘʧʨʦʩʫ. 

ʇʦʣʴʟʦʚʘʪʝʣʠ ʤʦʛʫʪ ʩʦʨʪʠʨʦʚʘʪʴ ʥʘʡʜʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʧʦ ʩʪʨʘʥʝ ʠʣʠ ʪʠʧʫ ʩʦʚʝʱʘʥʠʷ. 

ɼʠʥʘʤʠʯʝʩʢʘʷ ʥʘʚʠʛʘʮʠʷ  

ʌʫʥʢʮʠʷ ʜʠʥʘʤʠʯʝʩʢʦʡ ʥʘʚʠʛʘʮʠʠ ʧʦʟʚʦʣʷʝʪ ʪʦʯʥʝʝ ʬʠʣʴʪʨʦʚʘʪʴ ʟʘʧʨʦʩ ʧʦ ʢʦʥʢʨʝʪʥʳʤ 

ʤʝʪʘʜʘʥʥʳʤ, ʪʘʢʠʤ ʢʘʢ ʩʪʨʘʥʘ ʠ ʷʟʳʢ. ʇʦʩʣʝ ʚʚʦʜʘ ʧʦʠʩʢʦʚʦʛʦ ʟʘʧʨʦʩʘ ʥʘ ʩʪʨʘʥʠʮʝ ʩ ʨʝʟʫʣʴʪʘʪʘʤʠ 

ʧʦʠʩʢʘ ʧʦʷʚʣʷʶʪʩʷ ʦʧʮʠʠ ʬʠʣʴʪʨʘ ʜʠʥʘʤʠʯʝʩʢʦʡ ʥʘʚʠʛʘʮʠʠ, ʨʘʟʙʠʪʳʝ ʥʘ ʢʘʪʝʛʦʨʠʠ. ʇʦʩʣʝ ʱʝʣʯʢʘ 



ʄʝʞʜʫʥʘʨʦʜʥʘʷ ʢʦʥʬʝʨʝʥʮʠʷ, ʧʦʩʚʷʱʝʥʥʘʷ 70-ʣʝʪʠʶ ʌʠʟʠʢʦ-ʪʝʭʥʠʯʝʩʢʦʛʦ ʠʥʩʪʠʪʫʪʘ 
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ʥʘ ʦʧʮʠʠ ʬʠʣʴʪʨʘ ʚ ʪʦʡ ʠʣʠ ʠʥʦʡ ʢʘʪʝʛʦʨʠʠ (ʥʘʧʨʠʤʝʨ: ʩʪʨʘʥʘ, ʷʟʳʢ) ʨʝʟʫʣʴʪʘʪʳ ʧʦʠʩʢʘ 

ʬʠʣʴʪʨʫʶʪʩʷ ʩʦʛʣʘʩʥʦ ʚʳʙʨʘʥʥʦʡ ʦʧʮʠʠ.  

ʌʠʣʴʪʨ ʤʦʞʥʦ ʩʥʷʪʴ, ʱʝʣʢʥʫʚ ʥʘ ʠʢʦʥʢʝ ʥʘʧʨʦʪʠʚ ʢʘʞʜʦʡ ʦʧʮʠʠ ʣʠʙʦ ʱʝʣʢʥʫʚ ʥʘ ʜʘʥʥʦʡ 

ʦʧʮʠʠ ʬʠʣʴʪʨʘ ʥʘ ʚʝʨʭʥʝʡ ʥʘʚʠʛʘʮʠʦʥʥʦʡ ʧʘʥʝʣʠ, ʢʘʢ ʧʦʢʘʟʘʥʦ ʥʠʞʝ. ɽʩʣʠ ʩʧʠʩʦʢ ʦʧʮʠʡ ʬʠʣʴʪʨʘ 

ʜʣʷ ʜʘʥʥʦʡ ʢʘʪʝʛʦʨʠʠ ʩʣʠʰʢʦʤ ʚʝʣʠʢ, ʪʦ, ʱʝʣʢʥʫʚ ʥʘ ʠʢʦʥʢʝ ʚ ʟʘʛʦʣʦʚʢʝ çʂʘʪʝʛʦʨʠʷè, ʤʦʞʥʦ 

ʧʨʦʚʝʩʪʠ ʧʦʠʩʢ ʧʦ ʩʢʨʳʪʳʤ ʦʧʮʠʷʤ ʬʠʣʴʪʨʘ ʚ ʵʪʦʡ ʢʘʪʝʛʦʨʠʠ. 

ʆʙʟʦʨ  

ʅʘ ʚʝʙ-ʩʘʡʪ "ʇʦʠʩʢ ʧʦ ʢʦʣʣʝʢʮʠʠ INIS" (ICS) ʜʦʙʘʚʣʝʥʘ ʬʫʥʢʮʠʷ "ʆʙʟʦʨ", ʧʦʟʚʦʣʷʶʱʘʷ 

ʧʦʣʴʟʦʚʘʪʝʣʷʤ ʧʨʦʚʝʩʪʠ ʧʦʠʩʢ ʦʧʨʝʜʝʣʝʥʥʦʡ ʠʥʬʦʨʤʘʮʠʠ ʠ ʙʳʩʪʨʦ ʧʦʣʫʯʠʪʴ ʜʦʩʪʫʧ ʢ ʥʝʡ. ʂʥʦʧʢʘ 

"ʆʙʟʦʨ" ʨʘʩʧʦʣʦʞʝʥʘ ʚ ʤʝʥʶ ʟʘʛʦʣʦʚʢʘ, ʠʤʝʶʱʝʛʦʩʷ ʥʘ ʣʶʙʦʡ ʩʪʨʘʥʠʮʝ ICS.  

ʊʝʥʜʝʥʮʠʠ ʧʦʠʩʢʦʚʳʭ ʟʘʧʨʦʩʦʚ  

ʇʦʣʴʟʦʚʘʪʝʣʠ ʤʦʛʫʪ ʧʨʦʩʤʦʪʨʝʪʴ ʩʘʤʳʝ ʧʦʧʫʣʷʨʥʳʝ ʚ ICS ʟʘʧʨʦʩʳ, ʱʝʣʢʥʫʚ ʢʥʦʧʢʫ "ʆʙʟʦʨ". 

ʆʪʦʙʨʘʞʘʝʪʩʷ ʧʝʨʝʯʝʥʴ ʩʘʤʳʭ ʧʦʧʫʣʷʨʥʳʭ ʟʘʧʨʦʩʦʚ ʚ ʚʠʜʝ ʩʩʳʣʦʢ. ʇʦʣʴʟʦʚʘʪʝʣʴ ʤʦʞʝʪ ʱʝʣʢʥʫʪʴ 

ʣʶʙʫʶ ʠʟ ʩʩʳʣʦʢ ʜʣʷ ʧʦʠʩʢʘ ʧʦ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʤʫ ʟʘʧʨʦʩʫ.  

ʊʝʤʘʪʠʯʝʩʢʠʝ ʢʘʪʝʛʦʨʠʠ 

ʇʦʣʴʟʦʚʘʪʝʣʠ ʤʦʛʫʪ ʣʝʛʢʦ ʠ ʙʳʩʪʨʦ ʧʨʦʠʟʚʦʜʠʪʴ ʧʦʠʩʢ ʧʦ ʪʝʤʘʪʠʯʝʩʢʠʤ ʢʘʪʝʛʦʨʠʷʤ ʩʘʡʪʘ 

"ʇʦʠʩʢ ʧʦ ʢʦʣʣʝʢʮʠʠ INIS" (ICS), ʱʝʣʢʥʫʚ ʢʥʦʧʢʫ "ʆʙʟʦʨ". ʇʦʩʣʝ ʵʪʦʛʦ ʦʪʦʙʨʘʞʘʝʪʩʷ ʧʝʨʝʯʝʥʴ 

ʩʩʳʣʦʢ ʩ ʢʦʜʘʤʠ ʩʘʤʳʭ ʥʦʚʳʭ ʪʝʤʘʪʠʯʝʩʢʠʭ ʢʘʪʝʛʦʨʠʡ ʠ ʠʭ ʦʧʠʩʘʥʠʝʤ. ʇʦʣʴʟʦʚʘʪʝʣʴ ʤʦʞʝʪ 

ʱʝʣʢʥʫʪʴ ʣʶʙʫʶ ʠʟ ʩʩʳʣʦʢ ʜʣʷ ʧʦʠʩʢʘ ʧʦ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʪʝʤʘʪʠʯʝʩʢʦʡ ʢʘʪʝʛʦʨʠʠ.  

My Workspace  

çMy Workspaceè ï ʵʪʦ ʧʦʜʙʦʨʢʘ ʨʝʟʫʣʴʪʘʪʦʚ ʧʦʠʩʢʘ, ʩʦʭʨʘʥʝʥʥʳʭ ʧʦʣʴʟʦʚʘʪʝʣʝʤ ʜʣʷ 

ʧʦʩʣʝʜʫʶʱʝʛʦ ʧʨʦʩʤʦʪʨʘ. ɽʩʣʠ ʚʳ ï ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʥʳʡ ʧʦʣʴʟʦʚʘʪʝʣʴ, ʪʦ ʥʘ ʩʪʨʘʥʠʮʝ ʩ 

ʨʝʟʫʣʴʪʘʪʘʤʠ ʧʦʠʩʢʘ ʥʘʧʨʦʪʠʚ ʢʘʞʜʦʛʦ ʨʝʟʫʣʴʪʘʪʘ ʧʦʷʚʠʪʩʷ ʠʢʦʥʢʘ Save (). ʑʝʣʢʥʠʪʝ ʥʘ ʠʢʦʥʢʝ 

Save, ʠ ʨʝʟʫʣʴʪʘʪ ʧʦʠʩʢʘ ʩʦʭʨʘʥʠʪʩʷ ʥʘ çMy Workspaceè. ʆʪʢʨʳʪʴ çMy Workspaceè ʤʦʞʥʦ ʯʝʨʝʟ 

ʧʫʥʢʪ ʤʝʥʶ çʄʦʷ INISè.  

ɺ ʜʦʢʣʘʜʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚʩʝ ʚʦʟʤʦʞʥʦʩʪʠ ʩʠʩʪʝʤʳ ʧʦʠʩʢʘ INIS Collection Search. 

ʋʉʀʃɽʅʀɽ ʊʆʂɸ ɺ ʇʃɸɿʄɽ ʇʈʀ ʈɽɿʆʅɸʅʉʅʆʄ ɺɿɸʀʄʆɼɽʁʉʊɺʀʀ 

ʕʃɽʂʊʈʆʄɸɻʅʀʊʅʓʍ ɺʆʃʅ ʀ ɿɸʈʗɾɽʅʅʓʍ ʏɸʉʊʀʎ 

ɺ.ɻ.ʂʦʣʝʩʥʠʢ, ɽ.ɺ.ʋʨʫʩʦʚʘ, ɽ.ʉ.ɹʘʩʦʚʘ 

ʀʥʩʪʠʪʫʪ ʷʜʝʨʥʦʡ ʬʠʟʠʢʠ ɸʅ ʈʋʟ. 

e-mail: kolesnik@inp.uz 

ʆʩʥʦʚʥʳʤ ʧʨʝʜʤʝʪʦʤ ʠʩʩʣʝʜʦʚʘʥʠʡ ʷʚʣʷʶʪʩʷ ʥʦʚʳʝ, ʧʣʘʟʤʝʥʥʳʝ ʉɺʏ ʪʝʭʥʦʣʦʛʠʠ, ʧʨʠ 

ʢʦʪʦʨʳʭ ʚʦʟʥʠʢʘʝʪ ʨʝʟʦʥʘʥʩʥʦʝ ʫʚʝʣʠʯʝʥʠʝ ʵʥʝʨʛʠʠ ʪʦʢʘ. ʅʘ ʦʩʥʦʚʝ ʪʝʦʨʝʪʠʯʝʩʢʠʭ ʨʘʩʯʝʪʦʚ ʠ 

ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʙʳʣʘ ʨʘʟʨʘʙʦʪʘʥʘ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʘʷ ʫʩʪʘʥʦʚʢʘ çʄʘʛʥʠʪʥʳʡ V ʜʠʧʦʣʴè (MVD).  

ɺ ʢʘʯʝʩʪʚʝ ʤʦʜʝʣʠ ʨʘʩʩʤʦʪʨʠʤ ʜʚʫʤʝʨʥʫʶ ʩʠʩʪʝʤʫ ʨʝʟʦʥʘʪʦʨʘ (ʨʠʩ.1). ʇʦʣʝ ʚ ʪʘʢʦʡ ʩʠʩʪʝʤʝ 

ʠʤʝʝʪ ʢʦʤʧʦʥʝʥʪʳ ɽx, ɽy, Hz. ɺ ʧʨʦʤʝʞʫʪʢʝ ɸɺ ʧʨʠʣʦʞʝʥʦ ʵʣʝʢʪʨʦʩʪʘʪʠʯʝʩʢʦʝ ʧʦʣʝ 0E
C
, ʘ ʚ CD ʧʦʣʝ 

1E
C

 ʦʙʨʘʪʥʦʛʦ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ 0E
C

 ʥʘʧʨʘʚʣʝʥʠʷ, 01 EE
CC
-= . ʕʣʝʢʪʨʦʥʳ (ʠʤʧʫʣʴʩ ʪʦʢʘ ʜʣʠʪʝʣʴʥʦʩʪʴʶ 

Ű ʠ ʩʢʦʨʦʩʪʴʶ ɡ(x); ɡ(x)=0 ʧʨʠ x=0), ʫʩʢʦʨʷʷʩʴ ʚ ʧʦʣʝ 0E
C
, ʜʦʩʪʠʛʘʶʪ ʦʙʣʘʩʪʠ ʜʨʝʡʬʘ BC, ʥʘ ʚʳʭʦʜʝ ʠʟ 

ʢʦʪʦʨʦʡ ʚ CD ʥʘʯʠʥʘʶʪ ʪʦʨʤʦʟʠʪʴʩʷ ʧʦʣʝʤ 1E
C

 ʧʨʦʪʠʚʦʧʦʣʦʞʥʦʛʦ ʥʘʧʨʘʚʣʝʥʠʷ ʜʦ ɡ(x)=0 ʚ 

ʦʢʨʝʩʪʥʦʩʪʠ D, ʟʘʪʝʤ ʥʘʯʠʥʘʶʪ ʫʩʢʦʨʝʥʥʦ ʜʚʠʛʘʪʴʩʷ ʚ ʦʙʨʘʪʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ. ɼʚʠʞʝʥʠʝ ʵʣʝʢʪʨʦʥʦʚ 

ʩʣʝʚʘ ʥʘʧʨʘʚʦ ʠ ʩʧʨʘʚʘ ʥʘʣʝʚʦ ʩʠʤʤʝʪʨʠʯʥʦ, ʦʪʣʠʯʘʷʩʴ ʪʦʣʴʢʦ ʩʜʚʠʛʦʤ ʬʘʟʳ ʥʘ ʧʦʣʧʝʨʠʦʜʘ. 

ʇʨʝʜʧʦʣʘʛʘʝʤ, ʯʪʦ ʜʚʠʞʝʥʠʝ ʵʣʝʢʪʨʦʥʦʚ ʦʜʥʦʤʝʨʥʦ. 

ɹʫʜʝʤ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʜʚʠʞʝʥʠʝ ʟʘʨʷʞʝʥʥʳʭ ʯʘʩʪʠʮ ʚ ʣʘʙʦʨʘʪʦʨʥʦʡ ʩʠʩʪʝʤʝ (ʃʉ) ʦʪʩʯʝʪʘ ʠ ʚ 

ʩʠʩʪʝʤʝ ʮʝʥʪʨʘ ʤʘʩʩ (ʎʄ) ʠʣʠ ʮʝʥʪʨʘ ʠʥʝʨʮʠʠ. ʃʉ, ʢʘʢ ʠ ʩʠʩʪʝʤʘ ʎʄ, ʷʚʣʷʶʪʩʷ ʜʣʷ ʥʘʩ 

ʠʥʝʨʮʠʘʣʴʥʳʤʠ ʩʠʩʪʝʤʘʤʠ ʦʪʩʯʝʪʘ. ɺ ʦʙʱʝʤ ʩʣʫʯʘʝ ʠʤʧʫʣʴʩ ʯʘʩʪʠʮʳ ʤʦʞʥʦ ʦʧʠʩʘʪʴ ʚʳʨʘʞʝʥʠʝʤ 

2 2/ 1 /ʨ=ʄ(ɡ)ɡ;ʄ(ɡ)ʄ ɡ ʩ¹ -
C C

, ʘ ʧʦʣʥʫʶ ʵʥʝʨʛʠʶ ʯʘʩʪʠʮʳ 
2 2/ 1 /2ɽ ʄʩ ɡ ʩ¹ - , ʛʜʝ ʄ ï ʤʘʩʩʘ 

ʧʦʢʦʷ ʯʘʩʪʠʮʳ, ʠʥʚʘʨʠʘʥʪʥʘʷ ʦʪʥʦʩʠʪʝʣʴʥʦ ʧʨʝʦʙʨʘʟʦʚʘʥʠʡ ʃʦʨʝʥʮʘ. ʊʦʛʜʘ ʚʳʨʘʞʝʥʠʝ 
2 2 2 2 4ɽ ʨ ʩ =ʄ ʩ- ʷʚʣʷʝʪʩʷ ʠʥʚʘʨʠʘʥʪʦʤ ʚ ʠʥʝʨʮʠʘʣʴʥʳʭ ʩʠʩʪʝʤʘʭ ʦʪʩʯʝʪʘ. ɺ ʠʥʝʨʮʠʘʣʴʥʳʭ 
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ʩʠʩʪʝʤʘʭ ʦʪʩʯʝʪʘ ʩʧʨʘʚʝʜʣʠʚʳ ʟʘʢʦʥʳ ʩʦʭʨʘʥʝʥʠʷ ʧʦʣʥʦʡ ʵʥʝʨʛʠʠ ʠ ʠʤʧʫʣʴʩʘ ʩʠʩʪʝʤʳ ʪʝʣïʯʘʩʪʠʮ: 

1 1

n n

i i

i= i=

ɽ =const; p =constä ä
C

, ʛʜʝ iE - ʨʝʣʷʪʠʚʠʩʪʩʢʘʷ ʵʥʝʨʛʠʷ i-ʪʦʡ ʯʘʩʪʠʮʳ, iʨ
C
- ʝʝ ʠʤʧʫʣʴʩ.  

ɺʟʘʠʤʦʜʝʡʩʪʚʠʝ ʵʣʝʢʪʨʦʥʦʚ ʩ ʥʘʣʦʞʝʥʥʳʤ ʧʦʣʝʤ ʦʧʠʩʳʚʘʝʪʩʷ ʩʘʤʦʩʦʛʣʘʩʦʚʘʥʥʦʡ ʩʠʩʪʝʤʦʡ 

ʫʨʘʚʥʝʥʠʡ ʄʘʢʩʚʝʣʣʘ ʠ ʫʨʘʚʥʝʥʠʝʤ ʜʚʠʞʝʥʠʷ ʟʘʨʷʞʝʥʥʦʡ ʯʘʩʪʠʮʳ ʚ ʧʦʣʝ ʧʣʦʩʢʦʡ ʚʦʣʥʳ ʚʜʦʣʴ ʦʩʠ 

x: xɖE=
cɡ

ɡ

dt

d

22 /1-
. ʈʝʰʝʥʠʝ ʩʠʩʪʝʤʳ ʥʘʭʦʜʠʤ ʤʝʪʦʜʦʤ ʠʪʝʨʘʮʠʡ, ʠʩʭʦʜʷ ʠʟ ʧʨʠʙʣʠʞʝʥʠʷ 

ʟʘʜʘʥʥʦʛʦ ʪʦʢʘ ʚ ʟʘʜʘʥʥʦʤ ʵʣʝʢʪʨʦʩʪʘʪʠʯʝʩʢʦʤ ʧʦʣʝ ʙʝʟ ʫʯʝʪʘ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʛʦ ʟʘʨʷʜʘ. ʅʘʡʜʷ ʪʦʢ, 

ʥʘʭʦʜʠʤ ʧʦʣʝ, ʥʘʚʝʜʝʥʥʦʝ ʵʪʠʤ ʪʦʢʦʤ ʚ ʚʠʜʝ ʨʷʜʘ ʌʫʨʴʝ ʧʦ ʚʨʝʤʝʥʠ: 

[ ]TtnixEE
n

xx n
/)12(2exp)( +ä=

¤

-¤=

p , ʘʥʘʣʦʛʠʯʥʦ ʜʣʷ ʢʦʤʧʦʥʝʥʪ ɽy ʠ Hz. ɼʣʷ ʛʘʨʤʦʥʠʢ n nɽ ,H
C C

 ʙʫʜʝʤ 

ʠʤʝʪʴ ʩʪʘʮʠʦʥʘʨʥʳʝ ʫʨʘʚʥʝʥʠʷ ʄʘʢʩʚʝʣʣʘ, ʠʟ ʢʦʪʦʨʳʭ ʦʙʳʯʥʳʤ ʧʫʪʝʤ ʧʦʣʫʯʠʤ ʫʨʘʚʥʝʥʠʝ 

ɻʝʣʴʤʛʦʣʴʮʘ ʜʣʷ ʢʦʤʧʦʥʝʥʪʳ ɽx: 2

2
2 )(1

)(
x

xI

i
xIiEkE n

n

nnxnx
µ

µ
-=+D
w

w , ʛʜʝ 
T

n
n

12
2

+
=pw . ɼʣʷ 

ʦʧʨʝʜʝʣʝʥʠʷ x
n

E  ʠ x
n

H  ʤʦʞʥʦ ʚʦʩʧʦʣʴʟʦʚʘʪʴʩʷ ʦʙʦʙʱʝʥʥʳʤ ʧʨʦʝʢʮʠʦʥʥʳʤ ʤʝʪʦʜʦʤ (ʆʇʄ). 

ʅʘʡʜʷ x
n

E , ʦʧʨʝʜʝʣʷʝʤ ʧʦʣʥʦʝ ʧʦʣʝ 

ɽx(x,y,t) ʠ ʧʦʜʩʪʘʚʣʷʝʤ ʚ ʥʦʚʦʝ ʫʨʘʚʥʝʥʠʝ 

ʜʚʠʞʝʥʠʷ )E+ɖ(E=
cɡ

ɡ

dt

d
x0

22 /1-
. 

ʋʨʘʚʥʝʥʠʝ ʨʝʰʘʝʪʩʷ ʯʠʩʣʝʥʥʦ, ʥʘʧʨʠʤʝʨ 

ʤʝʪʦʜʦʤ ʜʠʩʢʨʝʪʠʟʘʮʠʠ. ɺ ʦʙʱʝʤ ʩʣʫʯʘʝ 

ʦʥʦ ʷʚʣʷʝʪʩʷ ʨʝʦʥʝʣʠʥʝʡʥʳʤ ʠ ʧʨʠ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʤ ʧʦʜʙʦʨʝ ʧʘʨʘʤʝʪʨʦʚ 

ʤʦʞʝʪ ʦʧʠʩʳʚʘʪʴ ʥʝʣʠʥʝʡʥʳʡ 

ʧʘʨʘʤʝʪʨʠʯʝʩʢʠʡ ʨʝʟʦʥʘʥʩ ʚ ʚʠʭʨʝʚʦʤ 

ʧʦʣʝ, ʢʦʪʦʨʳʡ ʷʚʣʷʝʪʩʷ ʧʨʠʯʠʥʦʡ ʥʘʨʘʩʪʘʥʠʷ ʘʤʧʣʠʪʫʜʳ ʢʦʣʝʙʘʥʠʡ. ʈʝʰʘʷ ʫʨʘʚʥʝʥʠʝ, ʥʘʭʦʜʠʤ 

ʥʦʚʳʡ ʧʝʨʠʦʜ ʪʦʢʘ ʠ ʥʦʚʳʡ ʧʦʣʥʳʡ ʪʦʢ ʚ ʚʠʜʝ ʨʷʜʘ ʌʫʨʴʝ. 

ʉ ʧʦʤʦʱʴʶ ʆʇʄ ʧʨʠ ʨʝʰʝʥʠʠ ʟʘʜʘʯʠ ʤʦʞʥʦ ʵʬʬʝʢʪʠʚʥʦ ʫʯʝʩʪʴ ʥʝʩʢʦʣʴʢʦ ʜʝʩʷʪʢʦʚ ʛʘʨʤʦʥʠʢ 

ʧʦʣʷ ʚ ʢʘʞʜʦʡ ʠʪʝʨʘʮʠʠ ʠ ʥʘʭʦʜʠʪʴ ʧʦʣʝ ʚ ʧʝʪʣʝ ʪʦʢʘ (ʇʊ) ʩ ʚʳʩʦʢʦʡ ʪʦʯʥʦʩʪʴʶ. ʈʦʩʪ ʪʦʢʘ ʤʦʞʥʦ 

ʦʙʲʷʩʥʠʪʴ ʫʩʢʦʨʝʥʠʝʤ ʵʣʝʢʪʨʦʥʦʚ ʚ ʧʨʦʤʝʞʫʪʢʝ ɸɺ ʠ ʪʦʨʤʦʞʝʥʠʝʤ ʚ ʧʨʦʤʝʞʫʪʢʝ CD, ʛʜʝ ʵʥʝʨʛʠʷ 

ʪʦʢʘ ʘʢʢʫʤʫʣʠʨʫʝʪʩʷ ʚ ʚʠʜʝ ʇʊ ʚ ʤʘʛʥʠʪʥʦʤ ʧʦʣʝ. 

ɺ ɻʢʩʧʝʨʠʤʝʥʪʝ ʩ MVD ʇʊ ʬʦʨʤʠʨʦʚʘʣʘʩʴ ʚ ʵʢʚʘʪʦʨʠʘʣʴʥʦʡ ʧʣʦʩʢʦʩʪʠ ʫʩʪʨʦʡʩʪʚʘ MVD ʚ 

ʘʪʤʦʩʬʝʨʝ ʚʦʟʜʫʭʘ ʚ ʩʢʨʝʱʝʥʥʳʭ ʧʦʣʷʭ. ʀʟʤʝʨʝʥʠʷ ʧʨʦʠʟʚʦʜʠʣʠʩʴ ʧʦ ʩʭʝʤʝ ʥʘ ʨʠʩ.2(ʘ,ʙ). 

ʈʝʛʠʩʪʨʠʨʦʚʘʣʠʩʴ ʦʩʮʠʣʣʦʛʨʘʤʤʳ ʠ ʪʨʝʢʠ ʠʦʥʠʟʦʚʘʥʥʳʭ ʯʘʩʪʠʮ, ʯʪʦ ʧʦʟʚʦʣʷʣʦ ʬʠʢʩʠʨʦʚʘʪʴ 

ʥʘʧʨʘʚʣʝʥʠʷ ʜʚʠʞʝʥʠʷ ʚʠʭʨʝʡ ʪʦʢʘ ʚ ʜʠʥʘʤʠʢʝ.  

ʀʩʧʦʣʴʟʦʚʘʣʩʷ ʠʩʪʦʯʥʠʢ ʧʦʩʪʦʷʥʥʦʛʦ ʪʦʢʘ ʥʘ 8 ʢɺ ʤʦʱʥʦʩʪʴʶ 2,5 ʢɺʪ (1 ʥʘ ʨʠʩ.2ʘ). 

ʀʥʜʫʢʪʠʚʥʦʩʪʴ Leff 3 ʧʨʝʜʩʪʘʚʣʷʣʘ ʩʦʙʦʡ ʧʝʨʚʫʶ ʦʙʤʦʪʢʫ ʚʦʢʨʫʛ ʨʝʘʢʪʦʨʘ 4. ɺ ʵʢʩʧʝʨʠʤʝʥʪʘʭ 

ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʥʝʩʢʦʣʴʢʦ ʩʲʸʤʥʳʭ ʢʘʤʝʨ ʨʘʟʥʳʭ ʜʠʘʤʝʪʨʦʚ (Ï= 24-160 ʤʤ). ʄʘʛʥʠʪʥʦʝ ʧʦʣʝ ʚ 

ʧʝʨʚʦʡ ʦʙʤʦʪʢʝ ʩʦʟʜʘʚʘʣʦʩʴ ʪʦʢʦʤ ʇʊ I1. ɺʪʦʨʘʷ ʦʙʤʦʪʢʘ 8 ʧʦʩʪʦʷʥʥʦʛʦ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ 

ʟʘʧʠʪʳʚʘʣʘʩʴ ʦʪ ʠʩʪʦʯʥʠʢʘ ʧʦʩʪʦʷʥʥʦʛʦ ʪʦʢʘ I2.  

   
ʘ                                                                ʙ 
ʈʠʩ. 2 (ʘ,ʙ) - ɹʣʦʢ-ʩʭʝʤʘ MVD ʠʟʤʝʨʝʥʠʡ. 

 
ʈʠʩ.1. ʄʦʜʝʣʴʥʦʝ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʨʝʟʦʥʘʪʦʨʘ. 
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ʇʊ ʚʨʘʱʘʣʘʩʴ, ʠʩʧʳʪʳʚʘʷ ʣʘʨʤʦʨʦʚʩʢʫʶ ʧʨʝʮʝʩʩʠʶ ʚ ʩʦʙʩʪʚʝʥʥʦʤ ʙʝʛʫʱʝʤ ʧʦʣʝ I1 ʠ ʚ ʧʦʣʝ 

ʧʦʩʪʦʷʥʥʦʛʦ ʤʘʛʥʠʪʘ I2. ʊʦʢ ʇʊ ʩʦʩʪʘʚʣʷʣʠ ʵʣʝʢʪʨʦʥʳ ʠ ʠʦʥʳ ʚʦʟʜʫʭʘ, ʚ ʚʦʣʥʘʭ ʩ ʢʨʫʛʦʚʦʡ 

ʧʦʣʷʨʠʟʘʮʠʝʡ. ʂʦʣʠʯʝʩʪʚʦ ʵʥʝʨʛʠʠ ʚ ʤʘʛʥʠʪʥʦʡ ʩʦʩʪʘʚʣʷʶʱʝʡ ʚʦ ʤʥʦʛʦ ʨʘʟ ʧʨʝʚʳʰʘʣʦ ʢʦʣʠʯʝʩʪʚʦ 

ʵʥʝʨʛʠʠ ʚ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʩʦʩʪʘʚʣʷʶʱʝʡ ʚʦʣʥʳ ʟʘ ʩʯʝʪ ʚʢʣʶʯʝʥʠʷ ʚ ʮʝʧʴ ʙʦʣʴʰʦʡ ʠʥʜʫʢʪʠʚʥʦʩʪʠ.  

ɺ ʮʝʥʪʨʝ ʨʝʘʢʪʦʨʘ ʙʳʣ ʫʩʪʘʥʦʚʣʝʥ ʘʥʦʜ, ʩʪʝʥʢʠ ʷʚʣʷʣʠʩʴ ʢʘʪʦʜʦʤ. ʕʪʦ ʧʦʟʚʦʣʷʣʦ ʦʩʫʱʝʩʪʚʣʷʪʴ 

ʥʘʢʘʯʢʫ ʵʥʝʨʛʠʠ ʚ ʎʄ ʠʣʠ çʩʞʘʪʠʝè ʵʥʝʨʛʠʠ. ʈʘʟʦʛʨʝʪʳʝ ʘʥʦʜ ʠ ʢʘʪʦʜ ʪʘʢʞʝ ʵʤʠʪʠʨʦʚʘʣʠ ʵʣʝʢʪʨʦʥʳ 

ʠ ʠʦʥʳ. ʇʨʠ ʧʦʜʞʠʛʝ - ʢʨʘʪʢʦʚʨʝʤʝʥʥʦʤ ʟʘʤʳʢʘʥʠʠ ʘʥʦʜ-ʢʘʪʦʜʥʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ, ʚʦʟʙʫʞʜʘʣʠʩʴ 

ʨʝʟʦʥʘʥʩʥʳʝ ʘʚʪʦʢʦʣʝʙʘʥʠʷ. ʋʩʢʦʨʝʥʥʳʝ ʵʣʝʢʪʨʦʥʳ ʠ ʠʦʥʳ ʬʦʨʤʠʨʦʚʘʣʠ ʚʳʩʦʢʦʯʘʩʪʦʪʥʫʶ (50·100 

ʄɻʮ ) ʠ ʥʠʟʢʦʯʘʩʪʦʪʥʫʶ (1·10  ʄɻʮ) ʚʝʪʚʠ ʇʊ. ʊʦʢʠ ʚ ʇʊ I1 ʠ ʚ ʦʙʤʦʪʢʝ ʩʦʣʝʥʦʠʜʘ I2  ʩʦʚʤʝʩʪʥʦ 

ʩʦʟʜʘʚʘʣʠ çʙʝʛʫʱʝʝ ʤʘʛʥʠʪʥʦʝ ʧʦʣʝè ʥʘ ʮʠʢʣʠʯʝʩʢʦʡ ʯʘʩʪʦʪʝ. ʌʦʪʦ (ʨʠʩ.3) ʧʨʝʜʩʪʘʚʣʷʝʪ 

ʤʥʦʛʦʤʦʜʦʚʳʡ ʧʘʢʝʪ ʪʨʝʢʦʚ ʠʦʥʠʟʦʚʘʥʥʳʭ ʯʘʩʪʠʮ ʩʳʨʴʷ. 

 
ʈʠʩ. 3. ʇʘʢʝʪ ʤʘʛʥʠʪʥʳʭ ʚʦʣʥ ʧʨʠ 

ʥʘʧʨʷʞʝʥʠʠ 50 ʢɺ. 

 
ʈʠʩ. 4. ʆʩʮʠʣʣʦʛʨʘʤʤʘ ʪʦʢʘ ʦʩʥʦʚʥʦʡ ʨʝʟʦʥʘʥʩʥʦʡ ʤʦʜʳ. 

ɿʘʰʪʨʠʭʦʚʘʥʥʘʷ ʦʙʣʘʩʪʴ ï ʵʥʝʨʛʠʷ ʥʘʢʘʯʢʠ. 

ʅʘ ʨʠʩ.4 - ʦʩʮʠʣʣʦʛʨʘʤʤʘ ʟʘʪʫʭʘʶʱʠʭ ʢʦʣʝʙʘʥʠʡ ʚ RLC ʢʦʥʪʫʨʝ ʇʊ MVD. ʈʘʟʚʝʨʪʢʘ ʧʦ 

ʛʦʨʠʟʦʥʪʘʣʠ 0,1 ʤʩʝʢ/ʩʤ, ʧʦ ʚʝʨʪʠʢʘʣʠ ï 0,5 ɺ/ʩʤ. ɸʤʧʣʠʪʫʜʘ ʥʘ ʥʘʛʨʫʟʢʝ R=0,3 ʆʤ  (6 ʥʘ ʨʠʩ.2) 

ʜʦʩʪʠʛʘʣʘ 1,75ʢɸ, ʢʨʫʪʠʟʥʘ ʧʝʨʝʜʥʝʛʦ ʬʨʦʥʪʘ ʠʤʧʫʣʴʩʘ ~20 ʤʢʩʝʢ, ʊ=0,14 ʤʩʝʢ, ʯʘʩʪʦʪʘ ʢʦʣʝʙʘʥʠʡ 

fres=7 ʢɻʮ. Leff ʠ ʉeff (ʨʠʩ.2ʙ) ʩʦʩʪʘʚʠʣʠ 18,5Ö10
-6 
ɻʥ ʠ 26,8Ö10

-6
 ʌ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ɿʘʪʫʭʘʶʱʠʝ 

ʢʦʣʝʙʘʥʠʷ ʧʦʚʪʦʨʷʣʠʩʴ ʯʝʨʝʟ 0,5 ʤʩʝʢ. ʇʫʥʢʪʠʨʦʤ ʧʦʢʘʟʘʥʘ ʚʝʣʠʯʠʥʘ ʠʩʭʦʜʥʦʛʦ ʥʘʧʨʷʞʝʥʠʷ 8 ʢɺ ʠ ʚ 

ʨʘʙʦʯʝʤ ʩʦʩʪʦʷʥʠʠ 4 ʢɺ. ʅʘ ʉeff  (ʨʠʩ.2ʙ) ʥʘʧʨʷʞʝʥʠʝ 4 ʢɺ ʧʦʩʪʦʷʥʥʦ ʫʜʝʨʞʠʚʘʣʦʩʴ ʧʨʠ ʤʦʥʦʪʦʥʥʦʤ 

ʦʪ ʮʠʢʣʘ ʢ ʮʠʢʣʫ ʫʩʠʣʝʥʠʠ ʨʝʟʦʥʘʥʩʥʦʛʦ ʪʦʢʘ ʜʦ 1,75 ʢɸ ʥʘ ʯʘʩʪʦʪʝ ~7 ʢɻʮ, ʩ ʤʦʜʫʣʷʮʠʝʡ ʠʤʧʫʣʴʩʦʚ 

ʥʘ ʮʠʢʣʠʯʝʩʢʦʡ ʯʘʩʪʦʪʝ 200 ɻʮ.  

ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʧʦʣʫʯʝʥʘ ʚʨʘʱʘʶʱʘʷʩʷ ʇʊ ʩ ʧʦʩʪʦʷʥʥʦ ʫʜʝʨʞʠʚʘʝʤʳʤ ʪʦʢʦʤ 1,75 ʢɸ ʧʨʠ 

ʥʘʛʨʫʟʢʝ ʥʘ ʩʦʧʨʦʪʠʚʣʝʥʠʠ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʧʨʷʤʦʛʦ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʵʥʝʨʛʠʠ ʯʘʩʪʠʮ - ʵʣʝʢʪʨʦʥʦʚ ʠ 

ʠʦʥʦʚ, ʤʦʱʥʦʩʪʴʶ 0,9 ʄɺʪ, ʦʪ ʠʩʪʦʯʥʠʢʘ ʧʠʪʘʥʠʷ 2,5 ʢɺʪ. ɿʘʨʷʞʝʥʥʳʝ ʯʘʩʪʠʮʳ ʚʦʚʣʝʯʝʥʳ ʚ ʇʊ, 

ʢʦʪʦʨʘʷ ʩʦʚʝʨʰʘʝʪ ʦʩʮʠʣʣʷʪʦʨʥʦ-ʚʨʘʱʘʪʝʣʴʥʳʝ ʜʚʠʞʝʥʠʷ ʚʦʢʨʫʛ ʎʄ. ʂʦʵʬʬʠʮʠʝʥʪ ʥʘʢʘʯʢʠ 

ʩʦʩʪʘʚʠʣ 390 ʨʘʟ. ʕʪʦ ʷʚʣʷʝʪʩʷ ʫʙʝʜʠʪʝʣʴʥʳʤ ʨʝʟʫʣʴʪʘʪʦʤ ʫʩʠʣʝʥʠʷ ʪʦʢʘ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʨʘʟʚʘʣʫ 

ʩʣʦʞʥʳʭ ʩʪʨʫʢʪʫʨ. 
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ʉʆʋɼɸʈɽʅʀʗ ʇʈʆʊʆʅɸ ʉ ʊʈʋɹʂʆʁ ʗɼʈɸ ʕʄʋʃʔʉʀʀ ʇʈʀ ʕʅɽʈɻʀʀ ʇʈʆʊʆʅɸ 

800 ɻʕɺ ɺ ʈɸʄʂɸʍ ʈɽʃʗʊʀɺʀʉʊʉʂʆʁ ɻʀɼʈʆɼʀʅɸʄʀʂʀ ʀɼɽɸʃʔʅʆʁ 

ɾʀɼʂʆʉʊʀ 

ʋ.ʋ.ɸʙʜʫʨʘʭʤʘʥʦʚ, ʂ. ɻ. ɻʫʣʘʤʦʚ, ɺ. ɺ. ʃʫʛʦʚʦʡ, ɺ. ʐ. ʅʘʚʦʪʥʳʡ, ɺ. ʄ. ʏʫʜʘʢʦʚ 

ʌʠʟʠʢʦ-ʪʝʭʥʠʯʝʩʢʠʡ ʠʥʩʪʠʪʫʪ ʅʇʆ "ʌʠʟʠʢʘ-ʉʦʣʥʮʝ" ɸʅ ʈʋ. 

 

ʇʨʝʜʩʢʘʟʘʥʠʷ ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʦʡ ʪʝʦʨʠʷ ʥʝʚʷʟʢʦʡ ʠʜʝʘʣʴʥʦʡ ʞʠʜʢʦʩʪʠ 

ɺ ʨʘʙʦʪʝ [1] ʧʦʢʘʟʘʥʦ, ʯʪʦ ʧʨʠ ʣʦʙʦʚʦʤ ʩʪʦʣʢʥʦʚʝʥʠʠ ʜʚʫʭ ʥʫʢʣʦʥʦʚ ʩ ʵʥʝʨʛʠʝʡ ʥʫʢʣʦʥʘ-

ʩʥʘʨʷʜʘ ʚʳʰʝ 1 ʊʵɺ ʚ ʣʘʙʦʨʘʪʦʨʥʦʡ ʩʠʩʪʝʤʝ (ʣ.ʩ.), ʛʜʝ ʤʠʰʝʥʴ ʧʦʢʦʠʪʩʷ, ʤʦʞʝʪ ʦʙʨʘʟʦʚʘʪʴʩʷ 
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ʤʘʪʝʨʠʷ, ʧʦʜʯʠʥʷʶʱʘʷʩʷ ʟʘʢʦʥʦʤ ʨʝʣʷʪʠʚʠʩʪʩʢʦʡ ʛʠʜʨʦʜʠʥʘʤʠʢʠ. ɺ ʩʠʩʪʝʤʝ ʨʘʚʥʳʭ ʩʢʦʨʦʩʪʝʡ 

ʩʥʘʨʷʜʘ ʠ ʤʠʰʝʥʠ ʥʫʢʣʦʥʳ ʧʨʝʚʨʘʱʘʶʪʩʷ ʚ ʪʦʥʢʠʝ ʣʦʨʝʥʮʝʚʳ ʜʠʩʢʠ, ʧʦʧʝʨʝʯʥʳʝ ʨʘʟʤʝʨʳ ʢʦʪʦʨʳʭ, 

ʦʜʥʘʢʦ, ʥʝ ʤʝʥʷʶʪʩʷ. ʇʨʠ ʩʪʦʣʢʥʦʚʝʥʠʠ ʵʪʠʭ ʜʠʩʢʦʚ ʪʘʢʘʷ ʢʦʥʬʠʛʫʨʘʮʠʷ ʧʨʠʚʦʜʠʪ ʢ ʙʦʣʴʰʦʡ 

ʧʣʦʪʥʦʩʪʠ ʵʥʝʨʛʠʠ ʷʜʝʨʥʦʛʦ ʚʝʱʝʩʪʚʘ ʠ ʚʳʩʦʢʦʡ ʝʛʦ ʪʝʤʧʝʨʘʪʫʨʝ T > ɛc
2
, ʛʜʝ m - ʤʘʩʩʘ p-ʤʝʟʦʥʘ. 

ɺʝʱʝʩʪʚʦ ʜʠʩʢʘ ʩʦʩʪʦʠʪ ʠʟ ʪʦʯʝʯʥʳʭ ʢʚʘʨʢʦʚ ʠ ʛʣʶʦʥʦʚ. ʉʠʣʴʥʦ ʚʟʘʠʤʦʜʝʡʩʪʚʫʶʱʠʝ ʯʘʩʪʠʮʳ ʜʠʩʢʘ 

ʥʘʭʦʜʷʪʩʷ ʥʘ ʤʘʣʳʭ ʨʘʩʩʪʦʷʥʠʷʭ ʦʪ ʩʚʦʠʭ ʩʦʩʝʜʝʡ (ʚ ʦʪʣʠʯʠʝ ʦʪ ʯʘʩʪʠʮ ʛʘʟʘ). ɺ [1] ʧʦʢʘʟʘʥʦ, ʯʪʦ 

ʩʨʘʟʫ ʧʦʩʣʝ ʩʪʦʣʢʥʦʚʝʥʠʷ ʩʠʩʪʝʤʘ ʥʘʯʠʥʘʝʪ ʨʘʩʰʠʨʷʪʴʩʷ ʧʦ ʟʘʢʦʥʘʤ ʨʝʣʷʪʠʚʠʩʪʩʢʦʡ ʛʠʜʨʦʜʠʥʘʤʠʢʠ 

ʠ ʦʙʣʘʜʘʝʪ ʩʚʦʡʩʪʚʘʤʠ ʠʜʝʘʣʴʥʦʡ ʥʝʚʷʟʢʦʡ ʞʠʜʢʦʩʪʠ. ʇʦ ʩʦʚʨʝʤʝʥʥʳʤ ʧʨʝʜʩʪʘʚʣʝʥʠʷʤ ʵʪʘ ʞʠʜʢʦʩʪʴ 

ʷʚʣʷʝʪʩʷ ʢʚʘʨʢ-ʛʣʶʦʥʥʦʡ ʧʣʘʟʤʦʡ, ʢʦʪʦʨʘʷ ʙʳʩʪʨʦ ʨʘʩʰʠʨʷʝʪʩʷ ʠ ʦʩʪʳʚʘʝʪ. ʇʣʘʟʤʘ ʫʯʘʩʪʢʘ ʩʠʩʪʝʤʳ, 

ʦʩʪʳʚ ʜʦ ʪʝʤʧʝʨʘʪʫʨʳ 
2T cmº , ʙʳʩʪʨʦ ʧʨʝʚʨʘʱʘʝʪʩʷ ʚ ʘʜʨʦʥʳ. ɺ ʮʝʣʦʤ ʥʘ ʪʨʝʪʴʝʤ ʵʪʘʧʝ 

ʦʙʨʘʟʫʶʪʩʷ "ʤʝʟʦʥʳ" ʠ ʜʚʘ ʥʫʢʣʦʥʘ. ʉʦʛʣʘʩʥʦ ʨʘʩʯʝʪʘʤ ʨʝʣʷʪʠʚʠʩʪʩʢʦʡ ʛʠʜʨʦʜʠʥʘʤʠʢʠ [1], 

ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʢʚʘʟʠʙʳʩʪʨʦʪ "ʤʝʟʦʥʦʚ" ʩʦʙʳʪʠʷ ʚ ʨʘʟʥʳʭ ʩʠʩʪʝʤʘʭ ʦʪʩʯʝʪʘ ʠʤʝʝʪ ʧʨʠʙʣʠʞʝʥʥʦ 

ʬʦʨʤʫ ɻʘʫʩʩʘ (ʥʦʨʤʘʣʴʥʫʶ ʬʦʨʤʫ). ʆʜʥʘʢʦ, ʦ ʨʘʩʧʨʝʜʝʣʝʥʠʠ ʢʚʘʟʠʙʳʩʪʨʦʪ ʚ ʦʪʜʝʣʴʥʦʤ ʩʦʙʳʪʠʠ 

ʤʦʞʥʦ ʛʦʚʦʨʠʪʴ ʪʦʣʴʢʦ ʧʨʠ ʦʯʝʥʴ ʚʳʩʦʢʦʡ ʤʥʦʞʝʩʪʚʝʥʥʦʩʪʠ. ʊʝʦʨʠʷ [1] ʜʦʧʫʩʢʘʝʪ ʦʙʦʙʱʝʥʠʝ ʥʘ 

ʥʫʢʣʦʥ-ʷʜʝʨʥʳʝ ʩʦʫʜʘʨʝʥʠʷ (ʩʤ. [2]). ʅʫʢʣʦʥ ʠ ʷʜʨʦ ʠʩʧʳʪʳʚʘʶʪ ʩʠʣʴʥʦʝ ʣʦʨʝʥʮʝʚʦ ʩʦʢʨʘʱʝʥʠʝ ʚ 

ʩʠʩʪʝʤʝ ʠʭ ʨʘʚʥʳʭ ʩʢʦʨʦʩʪʝʡ. ʅʫʢʣʦʥ ʤʦʞʝʪ ʚʳʨʝʟʘʪʴ ʠʟ ʷʜʨʘ ʪʨʫʙʢʫ, ʩʝʯʝʥʠʝ ʢʦʪʦʨʦʡ ʨʘʚʥʦ 

ʩʝʯʝʥʠʶ ʥʫʢʣʦʥʘ, ʠ ʧʨʦʚʟʘʠʤʦʜʝʡʩʪʚʦʚʘʪʴ ʣʠʰʴ ʩ ʵʪʦʡ ʯʘʩʪʴʶ ʷʜʨʘ. ʅʘ ʧʝʨʚʦʤ ʵʪʘʧʝ ʩʦʫʜʘʨʝʥʠʷ 

ʥʫʢʣʦʥʘ ʩ ʪʨʫʙʢʦʡ ʷʜʝʨʥʦʝ ʚʝʱʝʩʪʚʦ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʢʘʢ ʩʧʣʦʰʥʘʷ ʩʨʝʜʘ. ʇʦʩʣʝ ʦʙʨʘʟʦʚʘʥʠʷ 

ʤʘʪʝʨʠʠ ʩ ʚʳʩʦʢʦʡ ʧʣʦʪʥʦʩʪʴʶ ʵʥʝʨʛʠʠ ʧʨʦʠʩʭʦʜʠʪ ʦʜʥʦʤʝʨʥʦʝ (ʥʘ ʧʝʨʚʦʡ ʩʪʘʜʠʠ) ʨʘʩʰʠʨʝʥʠʝ 

ʚʝʱʝʩʪʚʘ ʧʦ ʟʘʢʦʥʘʤ ʨʝʣʷʪʠʚʠʩʪʩʢʦʡ ʛʠʜʨʦʜʠʥʘʤʠʢʠ ʠʜʝʘʣʴʥʦʡ ʞʠʜʢʦʩʪʠ, ʪʘʢ ʞʝ ʢʘʢ ʧʨʠ ʣʦʙʦʚʦʤ 

NN-ʩʦʫʜʘʨʝʥʠʠ. ɺ [1] ʧʦʢʘʟʘʥʦ, ʯʪʦ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʘʜʨʦʥʦʚ, ʦʙʨʘʟʦʚʘʥʥʳʭ ʧʨʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ 

ʥʫʢʣʦʥʘ ʩ ʪʨʫʙʢʦʡ, ʧʦ-ʧʨʝʞʥʝʤʫ ʤʦʞʥʦ ʩʯʠʪʘʪʴ ʧʨʠʙʣʠʞʝʥʥʦ ʥʦʨʤʘʣʴʥʳʤ ʨʘʩʧʨʝʜʝʣʝʥʠʝʤ ʚ ʨʘʟʥʳʭ 

ʣʦʨʝʥʮʝʚʳʭ ʩʠʩʪʝʤʘʭ ʦʪʩʯʝʪʘ. ʇʨʠ ʵʪʦʤ ʧʦʜʨʘʟʫʤʝʚʘʝʪʩʷ ʪʘʢ ʥʘʟʳʚʘʝʤʘʷ ʧʘʨʪʦʥ-ʘʜʨʦʥʥʘʷ 

ʜʫʘʣʴʥʦʩʪʴ, ʢʦʛʜʘ ʘʜʨʦʥʳ ʥʘʩʣʝʜʫʶʪ ʢʠʥʝʤʘʪʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʧʘʨʪʦʥʦʚ, ʠʟ ʢʦʪʦʨʳʭ ʦʥʠ ʦʙʨʘʟʫʶʪʩʷ 

ʚ ʧʨʦʮʝʩʩʝ ʘʜʨʦʥʠʟʘʮʠʠ. 

ʉʪʘʪʠʩʪʠʯʝʩʢʠʝ ʤʦʜʝʣʠ ʠ ʧʘʨʘʤʝʪʨʠʯʝʩʢʠ ʠʥʚʘʨʠʘʥʪʥʳʝ ʚʝʣʠʯʠʥʳ 

ɼʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʨʝʜʩʢʘʟʘʥʠʡ ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʦʛʦ ʧʦʜʭʦʜʘ ʠʩʧʦʣʴʟʫʝʤ ʜʚʝ ʤʦʥʪʝ-

ʢʘʨʣʦʚʩʢʠʝ ʤʦʜʝʣʠ ʩ "ʧʨʦʪʠʚʦʧʦʣʦʞʥʳʤ" ʨʘʩʧʨʝʜʝʣʝʥʠʝʤ ʘʜʨʦʥʦʚ ʧʦ ʢʚʘʟʠʙʳʩʪʨʦʪʝ. ʇʝʨʚʘʷ - ʵʪʦ ɻ-

ʤʦʜʝʣʴ, ʚ ʢʦʪʦʨʦʡ ʘʜʨʦʥʳ ʨʘʩʧʨʝʜʝʣʝʥʳ ʧʦ ʟʘʢʦʥʫ ɻʘʫʩʩʘ. ɺʪʦʨʘʷ - ʵʪʦ ʇ-ʤʦʜʝʣʴ, ʚ ʢʦʪʦʨʦʡ 

ʧʣʦʪʥʦʩʪʴ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʘʜʨʦʥʦʚ ʧʦ ʢʚʘʟʠʙʳʩʪʨʦʪʝ h ʨʘʚʥʘ 
1( ) ( )b arh -= -  ʧʨʠ a bh< < ʠ 

( ) 0rh=  ʧʨʠ ah<  ʠ bh>  ("ʧʣʦʩʢʦʝ", ʨʘʚʥʦʤʝʨʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʢʚʘʟʠʙʳʩʪʨʦʪ). ɿʥʘʯʝʥʠʷ 

ʧʘʨʘʤʝʪʨʦʚ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʟʘʢʦʥʘ ɻʘʫʩʩʘ ʚ ɻ-ʤʦʜʝʣʠ ʠ ʧʘʨʘʤʝʪʨʳ a  ʠ b  ʚ ʇ-ʤʦʜʝʣʠ ʥʝ ʠʛʨʘʶʪ ʨʦʣʠ, 

ʪʘʢ ʢʘʢ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʤʳ ʠʩʧʦʣʴʟʫʝʤ ʧʘʨʘʤʝʪʨʠʯʝʩʢʠ ʠʥʚʘʨʠʘʥʪʥʳʝ ʚʝʣʠʯʠʥʳ (ʇʀɺ) 1g , 2g , v : 
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n- ʯʠʩʣʦ ʯʘʩʪʠʮ ʚ ʩʦʙʳʪʠʠ (ʩʦʫʜʘʨʝʥʠʠ). ɽʩʣʠ ʚʝʣʠʯʠʥʳ 1h, 2h , ... , nh  ʚʟʘʠʤʥʦ ʥʝʟʘʚʠʩʠʤʳ ʚ 

ʩʦʙʳʪʠʷʭ ʧʦʜʘʥʩʘʤʙʣʷ ʠ ʨʘʩʧʨʝʜʝʣʝʥʳ ʦʜʠʥʘʢʦʚʦ, ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʇʀɺ ʦʜʥʦʟʥʘʯʥʦ ʦʧʨʝʜʝʣʷʝʪʩʷ 

ʯʠʩʣʦʤ ʯʘʩʪʠʮ n  ʚ ʩʦʙʳʪʠʠ ʧʦʜʘʥʩʘʤʙʣʷ.  ʄʘʪʝʤʘʪʠʯʝʩʢʠʝ ʦʞʠʜʘʥʠʷ ʠ ʜʠʩʧʝʨʩʠʠ ʚʝʣʠʯʠʥ 1g  ʠ 2g  

ʨʘʚʥʳ [3] 
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            (2) 

ɺ ʤʘʪʝʤʘʪʠʯʝʩʢʘʷ ʩʪʘʪʠʩʪʠʢʝ [3] ʥʝ ʧʨʠʚʦʜʷʪʩʷ ʨʘʩʯʝʪʳ ʜʣʷ ʚʝʣʠʯʠʥʳ ɜ. ʆʜʥʘʢʦ, 

ʤʘʪʝʤʘʪʠʯʝʩʢʠʝ ʦʞʠʜʘʥʠʷ ʠ ʜʠʩʧʝʨʩʠʠ ʚʝʣʠʯʠʥʳ ɜ ʧʨʠ ʨʘʟʥʳʭ n  ʚ ɻ-ʤʦʜʝʣʠ  ʤʦʞʥʦ ʦʧʨʝʜʝʣʠʪʴ ʧʦ 

ʤʝʪʦʜʫ ʄʦʥʪʝ-ʂʘʨʣʦ, ʛʝʥʝʨʠʨʫʷ ʢʚʘʟʠʙʳʩʪʨʦʪʳ ʧʦ ʟʘʢʦʥʫ ɻʘʫʩʩʘ ʠ ʧʨʦʚʝʜʷ ʨʘʩʯʸʪʳ ʧʦ ʬʦʨʤʫʣʘʤ (1). 

ɼʣʷ ʵʪʦʛʦ ʧʨʠ ʢʘʞʜʦʤ n  ʙʳʣʦ ʧʨʠʛʦʪʦʚʣʝʥʦ 1 000 000N=      ʩʣʫʯʘʡʥʳʭ ʟʚʝʟʜ; 20, ..., 93n=   , ʪʘʢ ʢʘʢ  

ʤʘʢʩʠʤʘʣʴʥʦʝ n  ʚ ʩʦʙʳʪʠʷʭ, ʦʙʨʘʟʦʚʘʥʥʳʭ ʚ ʵʤʫʣʴʩʠʠ ʧʨʦʪʦʥʘʤʠ ʩ ʵʥʝʨʛʠʝʡ 800ɻʵɺ ʨʘʚʥʦ93, ʘ 

ʚʳʙʦʨ ʟʥʘʯʝʥʠʷ ʤʠʥʠʤʘʣʴʥʦʛʦ 20n=  ʙʫʜʝʪ ʦʙʦʩʥʦʚʘʥ ʥʠʞʝ. ɺʝʣʠʯʠʥʳ  



ʄʝʞʜʫʥʘʨʦʜʥʘʷ ʢʦʥʬʝʨʝʥʮʠʷ, ʧʦʩʚʷʱʝʥʥʘʷ 70-ʣʝʪʠʶ ʌʠʟʠʢʦ-ʪʝʭʥʠʯʝʩʢʦʛʦ ʠʥʩʪʠʪʫʪʘ 
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ʧʦ ʧʦʩʪʨʦʝʥʠʶ ʠʤʝʶʪ ʤʘʪʝʤʘʪʠʯʝʩʢʠʝ ʦʞʠʜʘʥʠʷ, ʨʘʚʥʳʝ 0, ʠ ʜʠʩʧʝʨʩʠʠ, ʨʘʚʥʳʝ 1, ʚ ʢʘʞʜʦʤ 
ʧʦʜʘʥʩʘʤʙʣʝ  ʠ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʚ ʘʥʩʘʤʙʣʝ ʩʦʙʳʪʠʡ ʩ ʨʘʟʣʠʯʥʳʤʠ ʥʘʙʦʨʘʤʠ ʟʥʘʯʝʥʠʡ n , n, s. 

ʄʘʪʝʤʘʪʠʯʝʩʢʘʷ ʩʪʘʪʠʩʪʠʢʘ[3] ʥʝ ʜʘʸʪ ʨʘʩʯʝʪʳ ʜʣʷ ʇ-ʤʦʜʝʣʠ. ʇʦʵʪʦʤʫ ʧʨʦʚʝʜʸʤ ʠʭ ʤʝʪʦʜʦʤ 

ʄʦʥʪʝ-ʂʘʨʣʦ. ɺʝʣʠʯʠʥʳ ( ) / ( )i iz a b ah= - -, 1, 2, ...,i n=     ʚʟʘʠʤʥʦ ʥʝʟʘʚʠʩʠʤʳ ʚ ʩʦʙʳʪʠʷʭ 

ʧʦʜʘʥʩʘʤʙʣʷ ʠ ʨʘʩʧʨʝʜʝʣʝʥʳ  ʨʘʚʥʦʤʝʨʥʦ ʚ ʠʥʪʝʨʚʘʣʝ (0;1).  ʀʩʧʦʣʴʟʫʷ ʧʨʦʩʪʳʝ ʠ ʷʩʥʳʝ 

ʩʦʦʪʥʦʰʝʥʠʷ   
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ʣʝʛʢʦ ʧʦʢʘʟʘʪʴ, ʯʪʦ ʨʘʩʧʨʝʜʝʣʝʥʠʝ  ʚʝʣʠʯʠʥ 1g , 2g , v  ʚ ʇ-ʤʦʜʝʣʠ ʥʝ ʟʘʚʠʩʷʪ ʦʪ ʧʘʨʘʤʝʪʨʦʚ a  ʠ b  ʠ 

ʦʜʥʦʟʥʘʯʥʦ ʦʧʨʝʜʝʣʷʶʪʩʷ ʯʠʩʣʦʤ ʯʘʩʪʠʮ n. ɼʠʩʧʝʨʩʠʠ ʠ ʤʘʪʝʤʘʪʠʯʝʩʢʠʝ ʦʞʠʜʘʥʠʷ ʜʣʷ 1g , 2g , v  ʚ 

ʇ-ʤʦʜʝʣʠ ʤʦʞʥʦ ʦʧʨʝʜʝʣʠʪʴ ʧʦ ʤʝʪʦʜʫ ʄʦʥʪʝ-ʂʘʨʣʦ. ɿʘʪʝʤ ʠʭ ʠʩʧʦʣʴʟʫʝʤ ʚ (3) , ʛʜʝ, ʩʦʛʣʘʩʥʦ [3], 

ʚʝʣʠʯʠʥʳ 1d , 2d , w  ʧʦ ʧʦʩʪʨʦʝʥʠʶ ʠʤʝʶʪ ʤʘʪʝʤʘʪʠʯʝʩʢʠʝ ʦʞʠʜʘʥʠʷ, ʨʘʚʥʳʝ 0, ʠ ʜʠʩʧʝʨʩʠʠ, 

ʨʘʚʥʳʝ 1, ʚ ʢʘʞʜʦʤ ʧʦʜʘʥʩʘʤʙʣʝ ʠ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʚ ʘʥʩʘʤʙʣʝ ʩʦʙʳʪʠʡ ʩ ʨʘʟʣʠʯʥʳʤʠ ʥʘʙʦʨʘʤʠ 
ʟʥʘʯʝʥʠʡ n , a , b . 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʤʳ ʧʦʩʪʨʦʠʣʠ ʪʨʠ  ʪʝʦʨʝʪʠʯʝʩʢʠʝ ʚʝʣʠʯʠʥʳ 1d , 2d , w  ʠ ʥʘ ʦʩʥʦʚʘʥʠʠ ʬʦʨʤʫʣ 

(3) ʤʦʞʝʤ ʧʨʦʚʝʩʪʠ ʢʦʣʠʯʝʩʪʚʝʥʥʦʝ ʩʨʘʚʥʝʥʠʝ ʩʦʦʪʚʝʪʩʪʚʠʷ ʥʦʨʤʘʣʴʥʦʛʦ (ɻ-ʤʦʜʝʣʴ) ʠ "ʧʣʦʩʢʦʛʦ" 

(ʇ-ʤʦʜʝʣʴ) ʪʝʦʨʝʪʠʯʝʩʢʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ  ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʤʫ ʨʘʩʧʨʝʜʝʣʝʥʠʶ ʯʘʩʪʠʮ 

ʠʥʜʠʚʠʜʫʘʣʴʥʦʛʦ ʩʦʙʳʪʠʷ. 

ʉʨʘʚʥʝʥʠʝ ʩ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʤʠ ʜʘʥʥʳʤʠ 

ʇʨʦʪʦʥʘʤʠ ʩ ʵʥʝʨʛʠʝʡ 800 ɻʵɺ ʙʳʣʘ ʦʙʣʫʯʝʥʘ ʷʜʝʨʥʘʷ ʵʤʫʣʴʩʠʷ. ʇʨʠ ʧʨʦʩʤʦʪʨʝ ʧʦ ʩʣʝʜʫ ʙʳʣʠ 

ʥʘʡʜʝʥʳ 1685 ʥʝʫʧʨʫʛʠʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ [4]. ɺ ʣʘʙʦʨʘʪʦʨʥʦʡ ʩʠʩʪʝʤʝ ʠʟʤʝʨʷʣʠʩʴ ʫʛʣʳ ʚʳʣʝʪʘ q  

ʚʪʦʨʠʯʥʳʭ ʟʘʨʷʞʝʥʥʳʭ ʯʘʩʪʠʮ ʩ ʥʘʧʨʘʚʣʝʥʠʝʤ ʧʨʦʪʦʥʘ-ʩʥʘʨʷʜʘ. 

ʂʚʘʟʠʙʳʩʪʨʦʪʘ lnctg( / 2)h q= . ʉʣʘʙʦʠʦʥʠʟʠʨʫʶʱʠʤʠ ʩʯʠʪʘʣʠʩʴ ʯʘʩʪʠʮʳ ʩ 01,4I I< , ʛʜʝ 0I - 

ʠʦʥʠʟʘʮʠʷ ʥʘ ʩʣʝʜʘʭ ʦʜʥʦʟʘʨʷʜʥʳʭ ʨʝʣʷʪʠʚʠʩʪʩʢʠʭ ʯʘʩʪʠʮ. ʇʨʠʥʷʪʳ ʦʙʦʟʥʘʯʝʥʠʷ : n -ʯʠʩʣʦ 

ʩʣʘʙʦʠʦʥʠʟʠʨʫʶʱʠʭ ʯʘʩʪʠʮ ʚ ʩʦʙʳʪʠʠ ʚ ʣ.ʩ., hn  - ʯʠʩʣʦ ʩʠʣʴʥʦ ʠʦʥʠʟʠʨʫʶʱʠʭ ʯʘʩʪʠʮ. ɼʝʪʘʣʠ 

ʵʢʩʧʝʨʠʤʝʥʪʘ ʦʧʠʩʘʥʳ ʚ ʨʘʙʦʪʝ [4].  

ɽʩʣʠ ʧʨʦʪʦʥ ʠʩʧʳʪʳʚʘʝʪ ʣʦʙʦʚʦʝ ʩʦʫʜʘʨʝʥʠʝ ʩ ʷʜʨʦʤ ʠ ʚʳʨʝʟʘʝʪ ʠʟ ʥʝʛʦ ʪʨʫʙʢʫ, ʪʦ ʚʝʨʦʷʪʥʝʝ 

ʚʩʝʛʦ, ʯʪʦ ʯʠʩʣʦn  ʤʦʞʝʪ ʙʳʪʴ ʙʦʣʴʰʠʤ, ʘ ʯʠʩʣʦ hn  - ʤʘʣʳʤ. ʇʨʠ ʩʦʫʜʘʨʝʥʠʠ ʧʨʦʪʦʥʘ ʩ ʪʨʫʙʢʦʡ 

ʦʙʨʘʟʦʚʘʥʠʝ ʤʘʣʦʛʦ ʯʠʩʣʘ ʩʠʣʴʥʦ ʠʦʥʠʟʠʨʫʶʱʠʭ ʯʘʩʪʠʮ ʚ ʣ.ʩ. ʫʢʘʟʳʚʘʝʪ ʥʘ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʧʨʦʪʦʥʘ, 

ʚʳʨʝʟʘʶʱʝʛʦ ʪʨʫʙʢʫ, ʩ ʜʨʫʛʦʡ ʯʘʩʪʴʶ ʷʜʨʘ. ʆʙʨʘʟʦʚʘʥʠʝ ʞʝ ʚ ʩʦʙʳʪʠʠ ʙʦʣʴʰʠʭ ʯʠʩʝʣ ʩʣʘʙʦ ʠ 

ʩʠʣʴʥʦ ʠʦʥʠʟʠʨʫʶʱʠʭ ʯʘʩʪʠʮ ʤʦʞʝʪ ʙʳʪʴ ʩʣʝʜʩʪʚʠʝʤ ʚʥʫʪʨʠʷʜʝʨʥʦʛʦ ʢʘʩʢʘʜʘ.  

ʏʪʦʙʳ ʧʨʠʤʝʥʠʪʴ ʮʝʥʪʨʘʣʴʥʫʶ ʧʨʝʜʝʣʴʥʫʶ ʪʝʦʨʝʤʫ, ʚʦʦʙʨʘʟʠʤ ʥʝʦʛʨʘʥʠʯʝʥʥʦʝ ʧʨʦʜʦʣʞʝʥʠʝ 

ʧʨʦʩʤʦʪʨʘ ʧʦ ʩʣʝʜʫ. ɻʨʫʧʧʠʨʫʷ ʩʦʙʳʪʠʷ ʩ ʨʘʟʣʠʯʥʳʤʠ n  ʚ ʩʣʦʞʥʳʝ ʠʩʧʳʪʘʥʠʷ (ʵʢʩʧʝʨʠʤʝʥʪʳ), 

ʩʦʩʪʦʷʱʠʝ ʠʟ N  ʩʦʙʳʪʠʡ ʢʘʞʜʦʝ, ʚʦʩʧʦʣʴʟʫʝʤʩʷ ʮʝʥʪʨʘʣʴʥʦʡ ʧʨʝʜʝʣʴʥʦʡ ʪʝʦʨʝʤʦʡ ʪʝʦʨʠʠ 

ʚʝʨʦʷʪʥʦʩʪʝʡ : ʧʨʠ ʙʦʣʴʰʦʤ N  ʠ ʩʧʨʘʚʝʜʣʠʚʦʩʪʠ (ʚ ʘʥʩʘʤʙʣʝ ʩʦʙʳʪʠʡ) ɻ- ʠʣʠ  ʇ-ʤʦʜʝʣʠ ʢʘʞʜʘʷ ʠʟ 

ʚʝʣʠʯʠʥ 

1 1 2 2

1 1 1

1 1 1
, ,

N N N

i i i

i i i

d N d d N d w N w
N N N= = =

= = =ä ä ä             (5) 

ʠʤʝʝʪ ʧʨʠʙʣʠʟʠʪʝʣʴʥʦ ʥʦʨʤʘʣʴʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʩ ʧʘʨʘʤʝʪʨʘʤʠ 0ʠ 1 ʠ ʧʦ ʘʙʩʦʣʶʪʥʦʤʫ ʟʥʘʯʝʥʠʶ 

ʜʦʣʞʥʘ ʙʳʪʴ ʤʝʥʴʰʝ 2  ʩ ʚʝʨʦʷʪʥʦʩʪʴʶ 95%º . ʄʳ ʦʪʤʝʯʘʣʠ, ʯʪʦ ʧʨʠ ʣʦʙʦʚʦʤ ʩʪʦʣʢʥʦʚʝʥʠʠ 

ʧʨʦʪʦʥʘ ʩ ʪʨʫʙʢʦʡ ʯʠʩʣʦ n   ʤʦʞʝʪ ʙʳʪʴ ʙʦʣʴʰʠʤ, ʘ ʯʠʩʣʦ hn  - ʤʘʣʳʤ. ʆʪʙʝʨʝʤ ʪʘʢʠʝ ʩʦʙʳʪʠʷ, 

ʥʘʣʦʞʠʚ ʫʩʣʦʚʠʷ: 5hn <  ʠ 20n² . ɺʩʝʛʦ ʠʟʤʝʨʝʥʳ 564 ʩʦʙʳʪʠʷ. ʀʟ ʥʠʭ ʚ 9  ʩʦʙʳʪʠʷʭ 55n² . ʇʨʠ 
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ʧʨʦʚʝʨʢʝ ɻ-ʤʦʜʝʣʠ ʚ ʵʪʠʭ 9ʩʦʙʳʪʠʷʭ ʧʦʣʫʯʝʥʳ ʟʥʘʯʝʥʠʷ 1 1.7d N= , 
2 0.7d N=-  ʠ 0.2w N= , 

a ʧʨʠ ʧʨʦʚʝʨʢʝ ʇ-ʤʦʜʝʣʠ ï ʟʥʘʯʝʥʠʷ 
1 2.7d N= , 

2 16.8d N=  ʠ 8.8w N=- . ʂʘʢ ʚʠʜʥʦ, ʇ-

ʤʦʜʝʣʴ ("ʧʣʦʩʢʦʝ", ʨʘʚʥʦʤʝʨʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʢʚʘʟʠʙʳʩʪʨʦʪ ʚ ʦʪʜʝʣʴʥʳʭ ʩʦʙʳʪʠʷʭ) ʧʨʦʪʠʚʦʨʝʯʠʪ 

ʵʢʩʧʝʨʠʤʝʥʪʫ. ʊʦʛʜʘ ʢʘʢ ɻ-ʤʦʜʝʣʴ ( ɻʘʫʩʩʦʚʦ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʢʚʘʟʠʙʳʩʪʨʦʪ ʚ ʦʪʜʝʣʴʥʳʭ ʩʦʙʳʪʠʷʭ) 

ʩʦʛʣʘʩʫʝʪʩʷ ʩ ʵʢʩʧʝʨʠʤʝʥʪʦʤ.  ʅʦ ɻʘʫʩʩʦʚʦ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʜʣʷ ʢʚʘʟʠʙʳʩʪʨʦʪ ʧʨʝʜʩʢʘʟʳʚʘʝʪʩʷ 

ʨʝʣʷʪʠʚʠʩʪʩʢʦʡ ʛʠʜʨʦʜʠʥʘʤʠʢʦʡ ʜʣʷ ʥʝʚʷʟʢʦʡ ʞʠʜʢʦʩʪʠ, ʦʙʨʘʟʫʶʱʝʡʩʷ ʧʨʠ ʩʦʫʜʘʨʝʥʠʠ ʜʠʩʢʘ 

ʧʨʦʪʦʥʘ ʩ ʪʨʫʙʢʦʡ ʷʜʨʘ ʵʤʫʣʴʩʠʠ. ʇʨʠ ʙʦʣʝʝ ʚʳʩʦʢʦʡ ʵʥʝʨʛʠʠ ʜʠʩʢʠ ʷʜʨʘ ʠ ʧʨʦʪʦʥʘ-ʩʥʘʨʷʜʘ 

ʩʪʘʥʦʚʷʪʩʷ ʙʦʣʝʝ ʫʟʢʠʤʠ. ʇʦʵʪʦʤʫ ʩʪʦʣʢʥʦʚʝʥʠʝ ʧʨʦʪʦʥʘ ʩ ʪʨʫʙʢʦʡ  (ʪʦ ʝʩʪʴ ʚ ʩʦʙʳʪʠʠ ʧʦʜʘʚʣʝʥʳ 

ʩʪʦʣʢʥʦʚʝʥʠʷ ʩ ʧʝʨʠʬʝʨʠʡʥʳʤʠ ʯʘʩʪʷʤʠ ʷʜʨʘ) ʢʘʞʝʪʩʷ ʙʫʜʝʪ ʙʦʣʝʝ ʚʝʨʦʷʪʥʳʤ. ʇʦʵʪʦʤʫ 

ʩʫʱʝʩʪʚʦʚʘʥʠʝ ʩʦʫʜʘʨʝʥʠʡ ʧʨʦʪʦʥʘ ʩ ʪʨʫʙʢʦʡ ʠʥʪʝʨʝʩʥʦ ʙʳʣʦ ʙʳ ʧʦʜʪʚʝʨʜʠʪʴ ʧʨʠ ʙʦʣʝʝ ʚʳʩʦʢʦʡ 

ʵʥʝʨʛʠʠ ʧʨʦʪʦʥʦʚ, ʫʩʢʦʨʝʥʥʳʭ ʥʘ ʊʵʚʘʪʨʦʥʝ ʠʣʠ ʚ ʢʦʩʤʦʩʝ. ʆʪʤʝʪʠʤ ʪʦ, ʯʪʦ ʥʘʰ ʤʝʪʦʜ ʧʦʠʩʢʘ 

ʦʙʨʘʟʦʚʘʥʠʷ ʠʜʝʘʣʴʥʦʡ, ʥʝʚʷʟʢʦʡ ʞʠʜʢʦʩʪʠ (ʧʦ ʩʦʚʨʝʤʝʥʥʳʤ ʧʨʝʜʩʪʘʚʣʝʥʠʷʤ ʢʚʘʨʢ-ʛʣʶʦʥʥʦʡ 

ʧʣʘʟʤʳ) ʣʦʛʠʯʝʩʢʠ ʠ ʪʝʭʥʠʯʝʩʢʠ  ʥʝʟʘʚʠʩʠʤ, ʪʦ ʝʩʪʴ ʦʪʣʠʯʘʝʪʩʷ ʦʪ ʙʦʣʝʝ ʩʣʦʞʥʳʭ ʤʝʪʦʜʦʚ, 

ʠʩʧʦʣʴʟʦʚʘʥʥʳʭ ʫʯʝʥʳʤʠ ɹʨʫʢʭʵʚʝʥʩʢʦʡ ʥʘʮʠʦʥʘʣʴʥʦʡ ʣʘʙʦʨʘʪʦʨʠʠ ʥʘ ʚʩʪʨʝʯʥʳʭ ʧʫʯʢʘʭ 

ʢʦʣʣʘʡʜʝʨʘ ʨʝʣʷʪʠʚʠʩʪʩʢʠʭ ʪʷʞʝʣʳʭ ʠʦʥʦʚ. 
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ʀʩʩʣʝʜʦʚʘʥʠʝ ʦʙʨʘʟʦʚʘʥʠʷ ʚʦʟʙʫʞʜʝʥʥʳʭ ʣʝʛʢʠʭ ʷʜʝʨ ʚ ʘʜʨʦʥ-ʷʜʝʨʥʳʭ ʩʦʫʜʘʨʝʥʠʷʭ ʧʨʠ 

ʚʳʩʦʢʠʭ ʵʥʝʨʛʠʷʭ ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʠʪʴ ʜʦʧʦʣʥʠʪʝʣʴʥʫʶ ʠʥʬʦʨʤʘʮʠʶ ʦ ʧʨʦʠʩʭʦʞʜʝʥʠʠ 

ʤʥʦʛʦʥʫʢʣʦʥʥʳʭ ʩʠʩʪʝʤ (ʜʚʘ ʠ ʙʦʣʝʝ ʣʝʛʯʘʡʰʠʭ ʷʜʝʨ) ʚ ʧʨʦʮʝʩʩʘʭ ʬʨʘʛʤʝʥʪʘʮʠʠ, ʘ ʪʘʢʞʝ ʦ 

ʢʣʘʩʪʝʨʥʦʡ ʩʪʨʫʢʪʫʨʝ, ʢʘʢ ʬʨʘʛʤʝʥʪʠʨʫʶʱʝʛʦ ʷʜʨʘ, ʪʘʢ ʠ ʧʨʦʤʝʞʫʪʦʯʥʳʭ ʥʝʩʪʘʙʠʣʴʥʳʭ ʷʜʝʨ. 

ʅʘʩʪʦʷʱʘʷ ʨʘʙʦʪʘ ʧʦʩʚʷʱʝʥʘ ʠʟʫʯʝʥʠʶ ʦʙʨʘʟʦʚʘʥʠʷ ʚʦʟʙʫʞʜʝʥʥʳʭ ʷʜʝʨ 
9
ɺ* ʠ 

10
ɺ* ʠ 

ʦʧʨʝʜʝʣʝʥʠʶ ʠʭ ʚʢʣʘʜʦʚ ʚ ʢʘʥʘʣʳ ʦʙʨʘʟʦʚʘʥʠʷ ʣʝʛʢʠʭ ʜʚʫʭʷʜʝʨʥʳʭ 
6
Li+

4
ʅe ʠ ʪʨʝʭʷʜʝʨʥʳʭ ʩʠʩʪʝʤ 

2
4
ʅʝ + 

1
ʅ ʚ 

16
ʆʨ-ʩʦʫʜʘʨʝʥʠʷʭ ʧʨʠ 3.25 ɸ ɻʵɺ/ʩ. 

ʉʝʯʝʥʠʷ ʚʳʭʦʜʘ ʚʦʟʙʫʞʜʝʥʥʳʭ ʷʜʝʨ 
9
ɺ* ʠ 

10
ɺ* ʦʧʨʝʜʝʣʷʣʠʩʴ ʥʘ ʦʩʥʦʚʝ ʘʥʘʣʠʟʘ ʩʧʝʢʪʨʦʚ 

ʵʥʝʨʛʠʠ ʚʦʟʙʫʞʜʝʥʠʡ ʩʠʩʪʝʤ 
4
ʅʝ + 

4
ʅʝ

 
+ 

1
ʅ ʠ 

6
Li  + 

4
ʅʝ ʚ ʧʦʣʫʠʥʢʣʶʟʠʚʥʳʭ ʨʝʘʢʮʠʷʭ  

16
ʆ + ʨ Ÿ m

4
ʅʝ + n

1
ʅ + x,                      (1) 

16
ʆ + ʨ Ÿ m

4
ʅʝ + 

6
Li  + ʭ.                      (2) 

ɿʜʝʩʴ m ʦʟʥʘʯʘʝʪ ʯʠʩʣʦ a-ʯʘʩʪʠʮ (ʜʣʷ ʨʝʘʢʮʠʠ (1) m = 2-3, ʘ ʜʣʷ ʨʝʘʢʮʠʠ (2) m = 1-2), n - 

ʯʠʩʣʘ ʧʨʦʪʦʥʦʚ (n = 1-5), ʭ - ʣʶʙrʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʥʘʙʣʶʜʘʝʤʳʝ ʯʘʩʪʠʮʳ ʠ ʬʨʘʛʤʝʥʪʳ, ʪʠʧʳ ʠ 

ʯʠʩʣʦ ʢʦʪʦʨʳʭ ʚʳʪʝʢʘʝʪ ʠʟ ʟʘʢʦʥʦʚ ʩʦʭʨʘʥʝʥʠʷ ʙʘʨʠʦʥʥʦʛʦ ʠ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʟʘʨʷʜʦʚ. ʆʧʨʝʜʝʣʝʥʠʝ 

ʩʝʯʝʥʠʡ ʚʳʭʦʜʘ ʚʦʟʙʫʞʜʝʥʥʳʭ ʷʜʝʨ 
9
ɺ* ʠ 

10
ɺ* ʦʩʥʦʚʘʥʦ ʥʘ ʩʨʘʚʥʝʥʠʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠ ʬʦʥʦʚʳʭ 

ʨʘʩʧʨʝʜʝʣʝʥʠʡ ʧʦ ʵʥʝʨʛʠʷʤ ʚʦʟʙʫʞʜʝʥʠʡ ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʭ ʩʠʩʪʝʤ ʩ ʥʦʨʤʠʨʦʚʢʦʡ ʬʦʥʦʚʳʭ ʩʧʝʢʪʨʦʚ 

ʥʘ ʦʙʣʘʩʪʴ > 10 ʄʵɺ. ʌʦʥʦʚʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʧʦʣʫʯʝʥʦ ʧʝʨʝʤʝʰʠʚʘʥʠʝʤ ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʭ ʯʘʩʪʠʮ ʠʟ 

ʨʘʟʥʳʭ ʩʦʙʳʪʠʡ ʩ ʫʯʝʪʦʤ ʠʭ ʪʦʧʦʣʦʛʠʡ ʧʦ ʯʠʩʣʫ a-ʯʘʩʪʠʮ ʠ ʧʨʦʪʦʥʦʚ.  

ʉʦʛʣʘʩʥʦ [1] ʷʜʨʦ 
9
B* ʠʤʝʝʪ 4 ʚʦʟʙʫʞʜʝʥʥʳʭ ʩʦʩʪʦʷʥʠʡ ʩ ʨʘʩʧʘʜʥʦʡ ʤʦʜʦʡ ʥʘ ʜʚʝ a-ʯʘʩʪʠʮʳ ʠ 

ʧʨʦʪʦʥ: ʩ ʵʥʝʨʛʠʝʡ 0.28, 2.37, 2.83 ʠ 11.62 ʄʵɺ, ʘ ʷʜʨʦ 
10
ɺ* - 3 ʚʦʟʙʫʞʜʝʥʥʳʭ ʩʦʩʪʦʷʥʠʡ ʩ ʨʘʩʧʘʜʦʤ 

ʥʘ ʷʜʨʦ 
6
Li  ʠ a-ʯʘʩʪʠʮʫ ʩ ʵʥʝʨʛʠʝʡ 4.46, 7.96 ʠ 9.58 ʄʵɺ.  

ʉʨʝʜʥʝʝ ʟʥʘʯʝʥʠʝ ʘʙʩʦʣʶʪʥʦʡ ʦʰʠʙʢʠ ʚ ʦʧʨʝʜʝʣʝʥʠʠ ʵʥʝʨʛʠʠ ʚʦʟʙʫʞʜʝʥʠʷ ɽ* = Maaʨ ï 2ʄa ï 

ʄʨ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʡ ʪʨʝʭʷʜʝʨʥʦʡ ʩʠʩʪʝʤʳ (ʛʜʝ Maaʨ - ʵʬʬʝʢʪʠʚʥʘʷ ʤʘʩʩʘ ʷʜʝʨ a, a ʠ ʨ, ʘ ʄa ʠ ʄʨ - 

ʠʭ ʤʘʩʩʳ) ʚʦ ʚʩʝʤ ʠʥʪʝʨʚʘʣʝ ʠʟʤʝʥʝʥʠʷ ɽ* ʩʦʩʪʘʚʣʷʝʪ <ȹɽ*> = 9.9 ʄʵɺ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʝ ʠ ʬʦʥʦʚʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʧʦ ʵʥʝʨʛʠʷʤ ʚʦʟʙʫʞʜʝʥʠʡ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʡ ʩʠʩʪʝʤʳ 

ʧʦʩʪʨʦʝʥʳ ʩ ʰʘʛʦʤ ʚ 10 ʄʵɺ. ʊʘʢ, ʥʘ ʨʠʩ. 1 ʧʦʢʘʟʘʥʳ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʜʣʷ ʩʠʩʪʝʤʳ 

a +a + ʨ. 

mailto:olimov@uzsci.net
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ʈʠʩ. 1. ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʧʦ ʵʥʝʨʛʠʷʤ ʚʦʟʙʫʞʜʝʥʠʡ E* 

ʩʠʩʪʝʤʳ a + a + p ʚ 
16
ʆʨ-ʩʦʫʜʘʨʝʥʠʷʭ ʧʨʠ 3.25 ɸ 

ɻʵɺ/ʩ. ʉʧʣʦʰʥʘʷ ʢʨʠʚʘʷ - ʬʦʥʦʚʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ. 

ʈʠʩ. 2. ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʧʦ ʵʥʝʨʛʠʷʤ ʚʦʟʙʫʞʜʝʥʠʡ 

E* ʩʠʩʪʝʤʳ 
6
Li + a ʚ 

16
ʆʨ-ʩʦʫʜʘʨʝʥʠʷʭ ʧʨʠ 3.25 ɸ 

ɻʵɺ/ʩ. ʉʧʣʦʰʥʘʷ ʢʨʠʚʘʷ - ʬʦʥʦʚʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ. 

ʀʟ ʧʨʠʚʝʜʝʥʥʳʭ ʜʘʥʥʳʭ ʧʦ ʫʨʦʚʥʷʤ ʚʦʟʙʫʞʜʝʥʠʷ (ʨʠʩ. 1) ʩʣʝʜʫʝʪ, ʯʪʦ ʜʣʷ ʷʜʨʘ 
9
B* ʚ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʤ ʩʧʝʢʪʨʝ ɽ* ʩʠʩʪʝʤʳ a +a + ʨ ʜʘʶʪ ʚʢʣʘʜ ʚ ʦʙʣʘʩʪʠ < 10 ʄʵɺ. ʕʪʦ ʦʙʩʪʦʷʪʝʣʴʩʪʚʦ 

ʜʠʢʪʫʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʥʦʨʤʠʨʦʚʢʠ ʬʦʥʦʚʦʛʦ ʩʧʝʢʪʨʘ ʥʘ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʡ ʚ ʦʙʣʘʩʪʠ > 10 ʄʵɺ, ʚ 

ʢʦʪʦʨʦʡ ʧʦʷʚʣʝʥʠʝ ʨʘʩʧʘʜʥʳʭ ʵʬʬʝʢʪʦʚ ʥʝ ʦʞʠʜʘʝʪʩʷ ʠ, ʢʘʢ ʚʠʜʥʦ ʠʟ ʨʠʩ. 1, ʬʦʥʦʚʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ 

ʚ ʵʪʦʡ ʦʙʣʘʩʪʠ ʵʥʝʨʛʠʠ ʚʦʟʙʫʞʜʝʥʠʷ ʭʦʨʦʰʦ ʦʧʠʩʳʚʘʝʪ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʡ ʩʧʝʢʪʨ. ʀʟʙʳʪʦʢ ʯʠʩʣʘ 

ʢʦʤʙʠʥʘʮʠʡ ʚ ʦʙʣʘʩʪʠ < 10 ʄʵɺ ʩʦʩʪʘʚʣʷʝʪ 108, ʯʪʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ (ʩ ʫʯʝʪʦʤ ʧʦʪʝʨʴ ʧʘʨʳ a-ʯʘʩʪʠʮ ʠ 

ʧʨʦʪʦʥʘ ʟʘ ʩʯʝʪ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʠʭ ʩ ʨʘʙʦʯʝʡ ʞʠʜʢʦʩʪʴʶ ʢʘʤʝʨʳ ʥʘ ʜʣʠʥʝ L ¢ 30ʩʤ) ʩʝʯʝʥʠʶ ʚʳʭʦʜʘ 

ʚʦʟʙʫʞʜʝʥʥʦʛʦ ʷʜʨʘ 
9
B*, ʪ.ʝ. ʝʛʦ ʨʘʩʧʘʜʫ ʥʘ ʩʠʩʪʝʤʫ a +a + ʨ, 6.0 Ñ 0.5 ʤʙʥ. ʀʥʪʝʨʝʩʥʦ, ʯʪʦ ʵʪʘ 

ʚʝʣʠʯʠʥʘ ʚ ʧʨʝʜʝʣʘʭ ʩʪʘʪʠʩʪʠʯʝʩʢʠʭ ʧʦʛʨʝʰʥʦʩʪʝʡ ʩʦʚʧʘʜʘʝʪ ʩ ʨʝʟʫʣʴʪʘʪʘʤʠ ʥʘʰʝʡ ʨʘʥʥʝʡ ʨʘʙʦʪʳ ʠ 

ʦʯʝʥʴ ʙʣʠʟʢʘ ʢ ʩʝʯʝʥʠʶ ʚʳʭʦʜʘ ʟʝʨʢʘʣʴʥʦʤʫ ʝʤʫ ʷʜʨʘ 
9
ɺʝ - 6.15 Ñ 0.52 [2]. 

ʅʘ ʨʠʩ. 2 ʧʨʠʚʝʜʝʥʳ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʝ ʠ ʬʦʥʦʚʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʧʦ ʵʥʝʨʛʠʷʤ ʚʦʟʙʫʞʜʝʥʠʡ 

ʩʠʩʪʝʤʳ 
6
Li  + a. ʇʝʨʚʦʝ ʠʟ ʥʠʭ ʧʦʣʫʯʝʥʦ ʩ ʫʯʝʪʦʤ ʧʦʪʝʨʴ ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʭ ʯʘʩʪʠʮ ʚ ʧʫʟʳʨʴʢʦʚʦʡ 

ʢʘʤʝʨʝ ʥʘ ʜʣʠʥʝ ¢ 30 ʩʤ. ʉʧʝʢʪʨʳ ʧʦʩʪʨʦʝʥʳ ʪʘʢʞʝ ʩ ʰʘʛʦʤ ȹɽ= 10 ʄʵɺ, ʪʘʢ ʢʘʢ ʩʨʝʜʥʝʝ ʟʥʘʯʝʥʠʝ 

ʧʦʛʨʝʰʥʦʩʪʠ ʚ ʦʧʨʝʜʝʣʝʥʠʠ ʵʥʝʨʛʠʠ ʚʦʟʙʫʞʜʝʥʠʷ ʜʘʥʥʦʡ ʩʠʩʪʝʤʳ ʦʢʘʟʘʣʦʩʴ ʨʘʚʥʳʤ 8.5 ʄʵɺ. 

ʅʦʨʤʠʨʦʚʢʘ ʬʦʥʦʚʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʥʘ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʡ ʩʧʝʢʪʨ ʧʨʦʠʟʚʝʜʝʥʘ ʚ ʦʙʣʘʩʪʠ ɽ* > 10 

ʄʵɺ, ʯʪʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʧʨʠʚʝʜʝʥʥʳʤ ʚʳʰʝ ʫʨʦʚʥʷʤ ʚʦʟʙʫʞʜʝʥʠʷ ʷʜʨʘ 
10
ɺ*. ɺʠʜʥʦ, ʯʪʦ ʬʦʥʦʚʦʝ 

ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʭʦʨʦʰʦ ʦʧʠʩʳʚʘʝʪ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʡ ʩʧʝʢʪʨ ʚ ʵʪʦʡ ʦʙʣʘʩʪʠ. ʀʟʙʳʪʦʢ ʯʠʩʣʘ 

ʢʦʤʙʠʥʘʮʠʡ ʧʘʨ 
6
Li  + a ʚ ʦʙʣʘʩʪʠ < 10 ʄʵɺ ʩʦʩʪʘʚʣʷʝʪ 40, ʯʪʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʩʝʯʝʥʠʶ ʜʚʫʭʷʜʝʨʥʦʛʦ 

ʨʘʩʧʘʜʘ ʚʦʟʙʫʞʜʝʥʥʦʛʦ ʷʜʨʘ 
10
ɺ* ʥʘ  ʩʠʩʪʝʤʫ 

6
Li  + a, ʨʘʚʥʦʤʫ 1.7 Ñ 0.3 ʤʙʥ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʤʦʞʥʦ ʟʘʢʣʶʯʠʪʴ, ʯʪʦ ʩʫʤʤʘʨʥʳʡ ʚʢʣʘʜ ʩʝʯʝʥʠʡ ʨʘʩʧʘʜʘ ʚʦʟʙʫʞʜʝʥʥʳʭ ʷʜʝʨ 
9
ɺ* ʠ 

10
ɺ* ʚ ʩʝʯʝʥʠʝ ʦʙʨʘʟʦʚʘʥʠʷ a-ʯʘʩʪʠʮ ʩʦʩʪʘʚʣʷʝʪ 13.7 Ñ 0.6 ʤʙʥ. ʂʨʦʤʝ ʪʦʛʦ ʧʦʜʪʚʝʨʞʜʝʥ ʬʘʢʪ 

ʩʦʚʧʘʜʝʥʠʷ ʩʝʯʝʥʠʡ ʚʳʭʦʜʘ ʟʝʨʢʘʣʴʥʳʭ ʷʜʝʨ 
9
ɺʝ ʠ 

9
ɺ, ʪ.ʝ. ʥʘʙʣʶʘʝʪʩʷ ʦʜʠʥʘʢʦʚʦʩʪʴ ʩʝʯʝʥʠʡ 

ʦʙʨʘʟʦʚʘʥʠʷ ʟʝʨʢʘʣʴʥʳʭ ʷʜʝʨ ʥʝ ʪʦʣʴʢʦ ʜʣʷ ʩʪʘʙʠʣʴʥʳʭ ʠʟʦʪʦʧʦʚ [2], ʥʦ ʠ ʜʣʷ ʥʝʩʪʘʙʠʣʴʥʳʭ. 

ʃʠʪʝʨʘʪʫʨʘ 

1. F. Ajzenberg-Selove. Energy Levels of Light Nuclei, A = 5-10. Nucl. Phys. A490, 1 (1988); F.Aisenberg-

Selove. Nucl. Phys. 360A 1(1981); 375A 1(1982); 392A 1(1983); 413A 1(1984); 421A 1(1985).  

2. ʕ.ʍ. ɹʘʟʘʨʦʚ, ɺ.ɺ. ɻʣʘʛʦʣʝʚ ʠ ʜʨ., ʇʠʩʴʤʘ ʚ ɾʕʊʌ 81, 174(2005). 
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ɺʂʃɸɼʓ ɺʆɿɹʋɾɼɽʅʅʓʍ ʗɼɽʈ 
6
LI  ʀ 

7
LI  ɺ ʆɹʈɸɿʆɺɸʅʀɽ ʉʀʉʊɽʄ 

4
ʅɽ+

2
ʅ ʀ 

4
ʅɽ+

3
ʅ ɺ 

16
ʆʈ-ʉʆʋɼɸʈɽʅʀʗʍ ʇʈʀ 3.25 ɸ ɻʕɺ/ʉ 

ʉ. ʃ. ʃʫʪʧʫʣʣʘʝʚ, ɸ. ʂ. ʆʣʠʤʦʚ 

ʌʠʟʠʢʦ-ʪʝʭʥʠʯʝʩʢʠʡ ʠʥʩʪʠʪʫʪ ʅʇʆ "ʌʠʟʠʢʘ-ʉʦʣʥʮʝ" ɸʅ ʈʋʟ 

e-mail: olimov@uzsci.net  

ɺ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʦʚʳʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʜʘʥʥʳʝ ʧʦ ʩʝʯʝʥʠʷʤ ʚʳʭʦʜʘ 

ʚʦʟʙʫʞʜʝʥʥʳʭ ʷʜʝʨ 
6
Li* ʠ 

7
Li*  ʠ ʠʭ ʚʢʣʘʜʘʤ ʚ ʦʙʨʘʟʦʚʘʥʠʝ ʣʝʛʢʠʭ ʜʚʫʭʷʜʝʨʥʳʭ ʩʠʩʪʝʤ 

4
ʅʝ + 

2
ʅ ʠ 

4
ʅʝ 

+ 
3
ʅ ʚ 

16
ʆʨ-ʩʦʫʜʘʨʝʥʠʷʭ ʧʨʠ 3.25 ɸ ɻʵɺ/ʩ. 

ʉʝʯʝʥʠʷ ʚʳʭʦʜʘ ʚʦʟʙʫʞʜʝʥʥʳʭ ʷʜʝʨ 
6
Li* ʠ 

7
Li* ʦʧʨʝʜʝʣʷʣʠʩʴ ʥʘ ʦʩʥʦʚʝ ʘʥʘʣʠʟʘ ʩʧʝʢʪʨʦʚ 

ʵʥʝʨʛʠʠ ʚʦʟʙʫʞʜʝʥʠʡ ʩʠʩʪʝʤ 
4
ʅʝ + 

2
ʅ ʠ 

4
ʅʝ + 

3
ʅ ʚ ʧʦʣʫʠʥʢʣʶʟʠʚʥʳʭ ʨʝʘʢʮʠʷʭ  

16
ʆ + ʨ Ÿ m

4
ʅʝ + n

2
ʅ + x,                      (1) 

16
ʆ + ʨ Ÿ m

4
ʅʝ + n

3
ʅ + ʭ.                      (2) 

ɿʜʝʩʴ m ʦʟʥʘʯʘʝʪ ʯʠʩʣʦ a-ʯʘʩʪʠʮ (m = 1-3), n - ʯʠʩʣʘ ʷʜʝʨ ʜʝʡʪʨʦʥʦʚ ʠ ʪʨʠʪʠʷ (n = 1-3), ʭ - 

ʣʶʙrʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʥʘʙʣʶʜʘʝʤʳʝ ʯʘʩʪʠʮʳ ʠ ʬʨʘʛʤʝʥʪʳ, ʪʠʧʳ ʠ ʯʠʩʣʦ ʢʦʪʦʨʳʭ ʚʳʪʝʢʘʝʪ ʠʟ 

ʟʘʢʦʥʦʚ ʩʦʭʨʘʥʝʥʠʷ ʙʘʨʠʦʥʥʦʛʦ ʠ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʟʘʨʷʜʦʚ. ʆʧʨʝʜʝʣʝʥʠʝ ʩʝʯʝʥʠʡ ʚʳʭʦʜʘ 

ʚʦʟʙʫʞʜʝʥʥʳʭ ʷʜʝʨ 
6
Li* ʠ 

7
Li*  ʦʩʥʦʚʘʥʦ ʥʘ ʚʳʯʠʪʘʪʝʣʴʥʦʡ ʧʨʦʮʝʜʫʨʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠ ʬʦʥʦʚʳʭ 

ʨʘʩʧʨʝʜʝʣʝʥʠʡ ʧʦ ʵʥʝʨʛʠʷʤ ʚʦʟʙʫʞʜʝʥʠʡ ʨʘʩʩʤʘʪʨʠ-ʚʘʝʤʳʭ ʩʠʩʪʝʤ. ɺ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʬʦʥ ʧʦʣʫʯʝʥ 

ʧʝʨʝʤʝʰʠʚʘʥʠʝʤ ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʭ ʯʘʩʪʠʮ ʠʟ ʨʘʟʥʳʭ ʩʦʙʳʪʠʡ ʩ ʫʯʝʪʦʤ ʠʭ ʪʦʧʦʣʦʛʠʡ ʧʦ ʯʠʩʣʫ a-

ʯʘʩʪʠʮ. 

ʉʦʛʣʘʩʥʦ [1] ʷʜʨʘ 
6
Li  ʠʤʝʶʪ 3 ʚʦʟʙʫʞʜʝʥʥʳʭ ʩʦʩʪʦʷʥʠʷ ʩ ʨʘʩʧʘʜʥʦʡ ʤʦʜʦʡ ʥʘ a-ʯʘʩʪʠʮʫ ʠ 

ʜʝʡʪʨʦʥ: 
6
Li(2.19) Ÿ ɔ + d + a, 

6
Li(4.31) Ÿ ɔ + d + a ʠ 

6
Li (5.65) Ÿ d + a (ʚ ʩʢʦʙʢʘʭ ʧʨʠʚʝʜʝʥʳ ʫʨʦʚʥʠ 

ʚʦʟʙʫʞʜʝʥʠʷ ʚ ʄʵɺ), ʘ ʷʜʨʘ 
7
Li  - 8 ʚʦʟʙʫʞʜʝʥʥʳʭ ʩʦʩʪʦʷʥʠʡ ʩ ʨʘʩʧʘʜʦʤ ʥʘ a-ʯʘʩʪʠʮʫ ʠ ʪʨʠʪʠʡ:

 

7
Li (4.63) Ÿ t + a, 

7
Li(6.54) Ÿ t + a, 

7
Li(7.47) Ÿ n + t + a, 

7
Li (9.6) Ÿ ɔ + n + t + a, 

7
Li(10.8) Ÿ ɔ + n + t + 

a, 
7
Li(16.2) Ÿ ɔ + t + a, 

7
Li (21.5) Ÿ ɔ + t + a, 

7
Li(23.5) Ÿ ɔ + t + a.  

ʉʨʝʜʥʝʝ ʟʥʘʯʝʥʠʝ ʘʙʩʦʣʶʪʥʦʡ ʦʰʠʙʢʠ ʚ ʦʧʨʝʜʝʣʝʥʠʠ ʵʥʝʨʛʠʠ ʚʦʟʙʫʞʜʝʥʠʷ ɽ* = M12 ï ʄ1 ï ʄ2 

ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʭ ʜʚʫʭʷʜʝʨʥʳʭ ʩʠʩʪʝʤ (ʛʜʝ ʄ12 - ʵʬʬʝʢʪʠʚʥʘʷ ʤʘʩʩʘ ʷʜʝʨ 1 ʠ 2, ʘ ʄ1 ʠ ʄ2 - ʠʭ 

ʤʘʩʩʳ) ʚʦ ʚʩʝʤ ʠʥʪʝʨʚʘʣʝ ʠʟʤʝʥʝʥʠʷ ɽ* ʩʦʩʪʘʚʣʷʝʪ <ȹɽ*> = 7.5 ʄʵɺ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʠ ʬʦʥʦʚʳʝ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʧʦ ʵʥʝʨʛʠʷʤ ʚʦʟʙʫʞʜʝʥʠʡ ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʭ ʩʠʩʪʝʤ 

ʧʦʩʪʨʦʝʥʳ ʩ ʰʘʛʦʤ ʚ 10 ʄʵɺ, ʪʘʢ, ʥʘ ʨʠʩ. 1 ʧʦʢʘʟʘʥʳ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʜʣʷ ʩʠʩʪʝʤ a + 

d, ʘ ʥʘ ʨʠʩ. 2 - ʜʣʷ a + t.  
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ʈʠʩ. 1. ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʧʦ ʵʥʝʨʛʠʷʤ ʚʦʟʙʫʞʜʝʥʠʡ E* 

ʩʠʩʪʝʤʳ a + d ʚ 
16
ʆʨ-ʩʦʫʜʘʨʝʥʠʷʭ ʧʨʠ 3.25 ɸ ɻʵɺ/ʩ. 

ʉʧʣʦʰʥʘʷ ʢʨʠʚʘʷ - ʬʦʥʦʚʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ. 

ʈʠʩ. 2. ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʧʦ ʵʥʝʨʛʠʷʤ ʚʦʟʙʫʞʜʝʥʠʡ E* 

ʩʠʩʪʝʤʳ a + t ʚ 
16
ʆʨ-ʩʦʫʜʘʨʝʥʠʷʭ ʧʨʠ 3.25 ɸ ɻʵɺ/ʩ. 

ʉʧʣʦʰʥʘʷ ʢʨʠʚʘʷ - ʬʦʥʦʚʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ. 

ʀʟ ʧʨʠʚʝʜʝʥʥʳʭ ʜʘʥʥʳʭ ʧʦ ʫʨʦʚʥʷʤ ʚʦʟʙʫʞʜʝʥʠʷ ʩʣʝʜʫʝʪ, ʯʪʦ ʜʣʷ ʷʜʨʘ 
6
Li* ʚ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʤ ʩʧʝʢʪʨʝ ɽ* ʩʠʩʪʝʤʳ a+d ʦʥʠ ʜʘʶʪ ʚʢʣʘʜ ʚ ʦʙʣʘʩʪʠ < 10 ʄʵɺ. ʇʦʵʪʦʤʫ 

ʥʦʨʤʠʨʦʚʢʘ ʬʦʥʦʚʦʛʦ ʩʧʝʢʪʨʘ ʥʘ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʡ ʧʨʦʠʟʚʝʜʝʥʘ ʚ ʦʙʣʘʩʪʠ > 10 ʄʵɺ. ʂʘʢ ʚʠʜʥʦ ʠʟ 

ʨʠʩ. 1, ʬʦʥʦʚʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʚ ʵʪʦʡ ʦʙʣʘʩʪʠ ʵʥʝʨʛʠʠ ʚʦʟʙʫʞʜʝʥʠʷ ʭʦʨʦʰʦ ʦʧʠʩʳʚʘʝʪ 
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ʄʝʞʜʫʥʘʨʦʜʥʘʷ ʢʦʥʬʝʨʝʥʮʠʷ, ʧʦʩʚʷʱʝʥʥʘʷ 70-ʣʝʪʠʶ ʌʠʟʠʢʦ-ʪʝʭʥʠʯʝʩʢʦʛʦ ʠʥʩʪʠʪʫʪʘ 
 

 20 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʡ ʩʧʝʢʪʨ. ʀʟʙʳʪʦʢ ʯʠʩʣʘ ʢʦʤʙʠʥʘʮʠʡ ʚ ʦʙʣʘʩʪʠ < 10 ʄʵɺ ʩʦʩʪʘʚʣʷʝʪ 143, ʯʪʦ 

ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʩʝʯʝʥʠʶ ʚʳʭʦʜʘ ʚʦʟʙʫʞʜʝʥʥʦʛʦ ʷʜʨʘ 
6
Li*, ʪ.ʝ. ʩʠʩʪʝʤʳ a + d, 7.4 Ñ 0.6 ʤʙʥ. 

ʅʘ ʨʠʩ. 2 ʧʨʠʚʝʜʝʥʳ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʝ ʠ ʬʦʥʦʚʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʧʦ ʵʥʝʨʛʠʷʤ ʚʦʟʙʫʞʜʝʥʠʡ 

ʩʠʩʪʝʤʳ a + t. ɺ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʥʦʨʤʠʨʦʚʢʘ ʬʦʥʦʚʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʥʘ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʡ ʩʧʝʢʪʨ 

ʧʨʦʠʟʚʝʜʝʥʘ ʚ ʦʙʣʘʩʪʠ > 30 ʄʵɺ, ʯʪʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʧʨʠʚʝʜʝʥʥʳʤ ʚʳʰʝ ʫʨʦʚʥʷʤ ʚʦʟʙʫʞʜʝʥʠʷ ʷʜʨʘ 
7
Li*. ɺʠʜʥʦ, ʯʪʦ ʬʦʥʦʚʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʭʦʨʦʰʦ ʦʧʠʩʳʚʘʝʪ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʡ ʩʧʝʢʪʨ ʚ ʵʪʦʡ 

ʦʙʣʘʩʪʠ. ʀʟʙʳʪʦʢ ʯʠʩʣʘ ʢʦʤʙʠʥʘʮʠʡ ʧʘʨ a + t ʚ ʦʙʣʘʩʪʠ < 30 ʄʵɺ ʩʦʩʪʘʚʣʷʝʪ 76, ʯʪʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ 

ʩʝʯʝʥʠʶ ʚʳʭʦʜʘ ʚʦʟʙʫʞʜʝʥʥʦʛʦ ʷʜʨʘ 
7
Li*, ʪ.ʝ. ʩʠʩʪʝʤʳ a + t, 4.0 Ñ 0.5 ʤʙʥ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʤʦʞʥʦ ʟʘʢʣʶʯʠʪʴ, ʯʪʦ ʚʢʣʘʜ ʚʦʟʙʫʞʜʝʥʥʳʭ ʷʜʝʨ 
6
Li* ʠ 

7
Li* ʚ ʩʝʯʝʥʠʝ 

ʦʙʨʘʟʦʚʘʥʠʷ a-ʯʘʩʪʠʮ ʩʦʩʪʘʚʣʷʝʪ 11.4 Ñ 0.8 ʤʙʥ, ʘ ʚʢʣʘʜʳ ʚ ʩʝʯʝʥʠʷ ʚʳʭʦʜʘ ʷʜʝʨ ʜʝʡʪʨʦʥʘ ʠ ʪʨʠʪʠʷ 

ʩʦʩʪʘʚʣʷʶʪ 7.4 Ñ 0.6 ʤʙʥ ʠ 4.0 Ñ 0.5 ʤʙʥ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. 

ʃʠʪʝʨʘʪʫʨʘ 

1. F. Ajzenberg-Selove, Nucl. Phys. A490, 1(1988). 

ʆɹʈɸɿʆɺɸʅʀɽ ʐɽʉʊʀʅʋʂʃʆʅʅʓʍ ʉʀʉʊɽʄ ʀ ʗɼɽʈ ɺ 
16 
ʆʈ-ʉʆʋɼɸʈɽʅʀʗʍ 

ʇʈʀ 3.25 ɸ ɻʕɺ/ʉ 

ʂ. ʆʣʠʤʦʚ, ɸ. ʈ. ʂʫʨʙʘʥʦʚ, ʉ. ʃ. ʃʫʪʧʫʣʣʘʝʚ, ɸ. ʂ. ʆʣʠʤʦʚ, ɺ. ʀ. ʇʝʪʨʦʚ 

ʌʠʟʠʢʦ-ʪʝʭʥʠʯʝʩʢʠʡ ʠʥʩʪʠʪʫʪ ʅʇʆ "ʌʠʟʠʢʘ-ʉʦʣʥʮʝ" ɸʅ ʈʋʟ 
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ɺ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʠʟʫʯʝʥʠʷ ʦʙʨʘʟʦʚʘʥʠʷ 6-ʥʫʢʣʦʥʥʳʭ ʩʠʩʪʝʤ ʠ 

ʷʜʝʨ ʩ ʚʳʭʦʜʦʤ ʟʘʨʷʞʝʥʥʳʭ ʧʠʦʥʦʚ ʚ ʥʝʧʝʨʠʬʝʨʠʯʝʩʢʠʭ 
16
ʆʨ-ʩʦʫʜʘʨʝʥʠʷʭ ʧʨʠ 3.25 ɸ ɻʵɺ/ʩ ʩ 

ʧʦʤʦʱʴʶ ʩʨʘʚʥʠʪʝʣʴʥʦʛʦ ʘʥʘʣʠʟʘ ʩʨʝʜʥʠʭ ʤʥʦʞʝʩʪʚʝʥʥʦʩʪʝʡ ʨʘʟʣʠʯʥʳʭ ʬʨʘʛʤʝʥʪʦʚ ʩ ɸ ¢ 3 ʚ 

ʧʦʣʫʠʥʢʣʶʟʠʚʥʳʭ ʨʝʘʢʮʠʷʭ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʠʣʠ ʙʝʟ ʦʙʨʘʟʦʚʘʥʠʷ ʟʘʨʷʞʝʥʥʳʭ ʧʠʦʥʦʚ:  
16
ʆ + ʨ Ÿ 

6
Li  + ʭ,              (1)     

16
ʆ + ʨ Ÿ 

4
ʅʝ + 

2
ʅ + ʭ,                (2) 

16
ʆ + ʨ Ÿ 

3
ʅʝ + 

3
ʅ + ʭ,     (3)     

16
ʆ + ʨ Ÿ 

3
ʅʝ + 

3
ʅe + ʭ,              (4)

 

16
ʆ + ʨ Ÿ 

3
ʅ + 

3
ʅ + ʭ,       (5)     

16
ʆ + ʨ Ÿ 

2
ʅ + 

2
ʅ + 

2
H + ʭ,         (6) 

ɿʜʝʩʴ ʭ ʦʟʥʘʯʘʝʪ ʘʣʴʪʝʨʥʘʪʠʚʥʦ ʦʜʥʦ- ʠʣʠ ʜʚʫʭʟʘʨʷʜʥʳʡ ʬʨʘʛʤʝʥʪ ʩ ɸ Ò 3, ʧʨʦʪʦʥ ʦʪʜʘʯʠ ʠʣʠ 

ʧʠʦʥ, ʪ.ʝ. ʜʨʫʛʠʝ ʚʦʟʤʦʞʥʳʝ ʢʘʥʘʣʳ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʬʨʘʛʤʝʥʪʦʚ ʩʦʧʨʦʚʦʞʜʝʥʠʷ ʩ ʤʘʩʩʦʚʳʤʠ 

ʯʠʩʣʘʤʠ ɸ ² 4 ʥʝ ʨʘʩʩʤʘʪʨʠʚʘʣʠʩʴ.  

ɺ ʪʘʙʣʠʮʝ ʧʨʠʚʝʜʝʥʳ ʩʨʝʜʥʠʝ ʤʥʦʞʝʩʪʚʝʥʥʦʩʪʠ ʯʘʩʪʠʮ ʩʦʧʨʦʚʦʞʜʝʥʠʷ ʠ ʯʠʩʣʘ ʩʦʙʳʪʠʡ ʜʣʷ 

ʦʙʲʝʜʠʥʝʥʥʳʭ ʧʦ ʪʠʧʘʤ ʤʥʦʛʦʥʫʢʣʦʥʥʳʭ ʩʠʩʪʝʤ (1)ï(6) ʜʣʷ ʩʦʙʳʪʠʡ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʠ ʙʝʟ 

ʦʙʨʘʟʦʚʘʥʠʷ ʧʠʦʥʦʚ. 

ʏʠʩʣʦ 

ʧʠʦʥʦʚ, n  ́

N

ʩʦʙ 

ʏʘʩʪʠʮʳ ʩʦʧʨʦʚʦʞʜʝʥʠʷ 

1
H nfr 

2
H 

3
H 

3
He prec 

n(ˊ
Ñ
)  ² 1 623 3.30 Ñ 0.05 3.01 Ñ 0.05 0.83 Ñ 0.03 0.34 Ñ 0.02 0.34Ñ 0.02 0.55 Ñ 0.02 

n(ˊ
Ñ
) = 0 276 3.36 Ñ 0.06 2.84 Ñ 0.06 0.80 Ñ 0.04 0.36 Ñ 0.03 0.37Ñ 0.03 0.67 Ñ 0.02 

n(ˊ
-
) ² 1 367 3.89 Ñ 0.06 2.50 Ñ 0.06 0.75 Ñ 0.04 0.31 Ñ 0.02 0.41Ñ 0.02 0.57 Ñ 0.02 

n(ˊ
+
) ² 1 455 3.00 Ñ 0.05 3.42 Ñ 0.05 0.84 Ñ 0.03 0.35 Ñ 0.02 0.28Ñ 0.02 0.51 Ñ 0.02 

ɺʠʜʥʦ, ʯʪʦ ʯʠʩʣʦ ʩʦʙʳʪʠʡ ʩ ʨʦʞʜʝʥʠʝʤ ʧʠʦʥʦʚ ʚ ʨʝʘʢʮʠʷʭ (1)-(6) ʚ 2.26 ʨʘʟʘ ʙʦʣʴʰʝ ʯʠʩʣʘ 

ʩʦʙʳʪʠʡ ʙʝʟ ʠʭ ʦʙʨʘʟʦʚʘʥʠʷ. ʉʨʝʜʥʠʝ ʤʥʦʞʝʩʪʚʝʥʥʦʩʪʠ ʬʨʘʛʤʝʥʪʦʚ ʩ ɸ ¢ 3 ʧʨʘʢʪʠʯʝʩʢʠ ʩʦʚʧʘʣʠ ʜʣʷ 

ʦʙʦʠʭ ʢʣʘʩʩʦʚ ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʭ ʩʦʙʳʪʠʡ. ʄʥʦʞʝʩʪʚʝʥʥʦʩʪʴ ʧʨʦʪʦʥʦʚ-ʬʨʘʛʤʝʥʪʦʚ ʚ ʛʨʫʧʧʝ ʩ n(ˊ
Ñ
) ² 

1 ʥʘ 0.29 ʙʦʣʴʰʝ, ʯʝʤ ʥʝʡʪʨʦʥʦʚ-ʬʨʘʛʤʝʥʪʦʚ. ɺ ʛʨʫʧʧʝ ʞʝ ʙʝʟ ʦʙʨʘʟʦʚʘʥʠʷ ʟʘʨʷʞʝʥʥʳʭ ʧʠʦʥʦʚ ʵʪʘ 

ʨʘʟʥʦʩʪʴ ʚʦʟʨʘʩʪʘʝʪ ʜʦ 0.52 Ñ 0.08, ʯʪʦ ʫʢʘʟʳʚʘʝʪ ʥʘ ʧʝʨʝʜʘʯʫ ʟʘʨʷʜʘ ʧʨʦʪʦʥʘ-ʤʠʰʝʥʠ ʥʝʡʪʨʦʥʘʤ 

ʷʜʨʘ-ʩʥʘʨʷʜʘ (pn Ÿ np). ʂʘʢ ʠ ʦʞʠʜʘʣʦʩʴ, ʠʟ-ʟʘ ʩʦʚʧʘʜʝʥʠʷ ʩʨʝʜʥʠʭ ʤʥʦʞʝʩʪʚʝʥʥʦʩʪʝʡ ʬʨʘʛʤʝʥʪʦʚ 

ʩʦʧʨʦʚʦʞʜʝʥʠʷ ʩ ɸ = 2-3 ʚ ʧʨʝʜʝʣʘʭ ʩʪʘʪʠʩʪʠʯʝʩʢʠʭ ʧʦʛʨʝʰʥʦʩʪʝʡ ʦʢʘʟʘʣʠʩʴ ʙʣʠʟʢʠʤʠ ʠ ʩʨʝʜʥʠʝ 

ʤʥʦʞʝʩʪʚʝʥʥʦʩʪʠ ʥʫʢʣʦʥʦʚ-ʬʨʘʛʤʝʥʪʦʚ ʚ ʦʙʝʠʭ ʛʨʫʧʧʘʭ, ʩʦʩʪʘʚʣʷʶʱʠʭ 6.31 Ñ 0.07 ʠ 6.20 Ñ 0.08 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ.  

ɹʣʠʟʦʩʪʴ ʤʥʦʞʝʩʪʚʝʥʥʦʩʪʝʡ ʯʘʩʪʠʮ ʩʦʧʨʦʚʦʞʜʝʥʠʷ - ʬʨʘʛʤʝʥʪʦʚ ʩ ɸ = 2-3 ʫʢʘʟʳʚʘʝʪ ʥʘ 

ʥʝʫʯʘʩʪʠʝ ʟʘʨʷʜʘ ʧʨʦʪʦʥʘ-ʤʠʰʝʥʠ ʚ ʠʭ ʬʦʨʤʠʨʦʚʘʥʠʠ. ʈʦʞʜʝʥʠʝ ʧʠʦʥʦʚ ʧʨʠʚʦʜʠʪ ʣʠʰʴ ʢ ʨʘʟʣʠʯʠʶ 

ʤʥʦʞʝʩʪʚʝʥʥʦʩʪʝʡ ʧʨʦʪʦʥʦʚ-, ʥʝʡʪʨʦʥʦʚ-ʬʨʘʛʤʝʥʪʦʚ ʠ ʧʨʦʪʦʥʦʚ ʦʪʜʘʯʠ, ʥʝ ʚʣʠʷʷ ʥʘ 

ʤʥʦʞʝʩʪʚʝʥʥʦʩʪʴ ʜʝʡʪʨʦʥʦʚ, ʪʨʠʪʠʷ ʠ 
3
ʅʝ, ʪ.ʝ. ʦʥʦ ʦʙʫʩʣʦʚʣʝʥʦ ʟʘʨʷʜʦʦʙʤʝʥʥʳʤʠ ʧʨʦʮʝʩʩʘʤʠ ʤʝʞʜʫ 

ʧʨʦʪʦʥʦʤ-ʤʠʰʝʥʴʶ ʠ ʥʝʡʪʨʦʥʘʤʠ ʷʜʨʘ-ʩʥʘʨʷʜʘ, ʘ ʪʘʢʞʝ ʧʨʦʮʝʩʩʘʤʠ ʥʝʫʧʨʫʛʦʡ ʧʝʨʝʟʘʨʷʜʢʠ ʧʨʦʪʦʥʘ-
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ʤʠhʝʥʠ ʠʣʠ ʥʫʢʣʦʥʦʚ ʷʜʨʘ-ʩʥʘʨʷʜʘ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʤʦʞʥʦ ʟʘʢʣʶʯʠʪʴ, ʯʪʦ ʘʥʘʣʠʟ ʤʥʦʞʝʩʪʚʝʥʥʦʩʪʠ 

ʜʝʡʪʨʦʥʦʚ, ʪʨʠʪʠʷ ʠ 
3
ʅʝ ʙʝʟ ʨʘʟʜʝʣʝʥʠʷ ʩʦʙʳʪʠʡ ʧʦ ʛʨʫʧʧʘʤ ʩ ʨʦʞʜʝʥʠʝʤ ˊ

+
- ʠʣʠ ˊ

-
-ʤʝʟʦʥʦʚ ʥʝ 

ʧʦʟʚʦʣʷʝʪ ʫʩʪʘʥʦʚʠʪʴ ʩʚʷʟʠ ʤʝʞʜʫ ʠʭ ʛʝʥʝʨʘʮʠʝʡ ʠ ʧʨʦʮʝʩʩʦʤ ʬʨʘʛʤʝʥʪʘʮʠʠ.  

ɺ ʩʚʷʟʠ ʩ ʵʪʠ ʤʳ ʨʘʩʩʤʦʪʨʝʣʠ ʩʨʝʜʥʠʝ ʤʥʦʞʝʩʪʚʝʥʥʦʩʪʠ ʯʘʩʪʠʮ ʩʦʧʨʦʚʦʞʜʝʥʠʷ ʠ ʣʝʛʢʠʭ 

ʬʨʘʛʤʝʥʪʦʚ ʦʪʜʝʣʴʥʦ ʚ ʛʨʫʧʧʘʭ ʩʦʙʳʪʠʡ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʠʣʠ ˊ
+
- ʠʣʠ ˊ

-
-ʤʝʟʦʥʦʚ. 

ʂʘʢ ʚʠʜʥʦ ʠʟ ʪʘʙʣʠʮʳ, ʥʘʠʙʦʣʴʰʘʷ ʤʥʦʞʝʩʪʚʝʥʥʦʩʪʴ ʧʨʦʪʦʥʦʚ-ʬʨʘʛʤʝʥʪʦʚ ʥʘʙʣʶʜʘʝʪʩʷ ʚ 

ʛʨʫʧʧʝ ʩ n(ˊ
-
) ² 1, ʤʥʦʞʝʩʪʚʝʥʥʦʩʪʴ ʞʝ ʥʝʡʪʨʦʥʦʚ-ʬʨʘʛʤʝʥʪʦʚ ʚ ʵʪʦʡ ʛʨʫʧʧʝ - ʤʠʥʠʤʘʣʴʥʘ, ʯʪʦ 

ʩʚʷʟʘʥʦ ʩ ʧʦʚʳʰʝʥʥʦʡ ʚʝʨʦʷʪʥʦʩʪʴʶ ʦʙʨʘʟʦʚʘʥʠʷ ˊ
-
-ʤʝʟʦʥʦʚ ʦʪ ʧʨʦʮʝʩʩʘ ʧʝʨʝʟʘʨʷʜʢʠ n Ÿ p + ˊ

-
, 

ʧʨʠʚʦʜʷʱʝʡ ʦʜʥʦʚʨʝʤʝʥʥʦ ʢ ʫʚʝʣʠʯʝʥʠʶ ʯʠʩʣʘ ʧʨʦʪʦʥʦʚ ʠ ʫʤʝʥʴʰʝʥʠʶ ʯʠʩʣʘ ʥʝʡʪʨʦʥʦʚ. ʇʦ ʵʪʦʡ 

ʧʨʠʯʠʥʝ ʨʘʟʥʦʩʪʴ ʤʝʞʜʫ ʩʨʝʜʥʠʤʠ ʤʥʦʞʝʩʪʚʝʥʥʦʩʪʷʤʠ ʧʨʦʪʦʥʦʚ- ʠ ʥʝʡʪʨʦʥʦʚ-ʬʨʘʛʤʝʥʪʦʚ ʚ ʵʪʦʡ 

ʛʨʫʧʧʝ ʤʘʢʩʠʤʘʣʴʥʘ. ɼʣʷ ʛʨʫʧʧʳ ʩ n(ˊ
+
) ² 1 ʥʘʙʣʶʜʘʝʪʩʷ ʦʙʨʘʪʥʦʝ ʩʦʦʪʥʦʰʝʥʠʝ ʤʥʦʞʝʩʪʚʝʥʥʦʩʪʝʡ 

ʥʫʢʣʦʥʦʚ-ʬʨʘʛʤʝʥʪʦʚ. 

ʆʩʥʦʚʥʘʷ ʯʘʩʪʴ ˊ
-
-ʤʝʟʦʥʦʚ ʦʙʨʘʟʫʝʪʩʷ ʟʘ ʩʯʝʪ ʥʝʫʧʨʫʛʦʡ ʧʝʨʝʟʘʨʷʜʢʠ ʥʝʡʪʨʦʥʦʚ ʷʜʨʘ 

ʢʠʩʣʦʨʦʜʘ ʠʟ-ʟʘ ʤʘʣʦʩʪʠ ʧʝʨʚʠʯʥʦʡ ʵʥʝʨʛʠʠ. ɺ ʦʙʨʘʟʦʚʘʥʠʝ ʞʝ ˊ
+
-ʤʝʟʦʥʦʚ ʜʘʶʪ ʚʢʣʘʜ ʧʨʦʮʝʩʩʳ 

ʥʝʫʧʨʫʛʦʡ ʧʝʨʝʟʘʨʷʜʢʠ ʢʘʢ ʧʨʦʪʦʥʦʚ ʷʜʨʘ-ʩʥʘʨʷʜʘ, ʪʘʢ ʠ ʧʨʦʪʦʥʘ-ʤʠʰʝʥʠ. ʅʘʙʣʶʜʘʝʤʦʝ ʚ 

ʵʢʩʧʝʨʠʤʝʥʪʝ ʨʘʟʣʠʯʠʝ ʚ ʯʠʩʣʘʭ ʩʦʙʳʪʠʡ ʩ n(ˊ
-
) ² 1 ʠ n(ˊ

+
) ² 1 ʦʙʫʩʣʦʚʣʝʥʦ ʠʤʝʥʥʦ ʜʦʧʦʣʥʠʪʝʣʴʥʳʤ 

ʚʢʣʘʜʦʤ ʧʨʦʮʝʩʩʘ ʥʝʫʧʨʫʛʦʡ ʧʝʨʝʟʘʨʷʜʢʠ ʧʨʦʪʦʥʘ-ʤʠʰʝʥʠ (ʨ Ÿ n + ˊ
+
). ʇʦ ʵʪʦʡ ʧʨʠʯʠʥʝ ʥʝʣʴʟʷ 

ʫʪʚʝʨʞʜʘʪʴ, ʯʪʦ ʚʩʝ ʩʦʙʳʪʠʷ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ˊ
+
-ʤʝʟʦʥʦʚ ʩʚʷʟʘʥʳ ʩ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝʤ ʧʨʦʪʦʥʘ-ʤʠʰʝʥʠ 

ʩ ʧʨʦʪʦʥʘʤʠ ʷʜʨʘ. ʅʘ ʚʢʣʘʜ ʵʪʦʛʦ ʜʦʧʦʣʥʠʪʝʣʴʥʦʛʦ ʠʩʪʦʯʥʠʢʘ ʦʙʨʘʟʦʚʘʥʠʷ ˊ
+
-ʤʝʟʦʥʦʚ ʪʘʢʞʝ 

ʫʢʘʟʳʚʘʝʪ 12% ʧʨʝʚʳʰʝʥʠʝ ʩʨʝʜʥʝʡ ʤʥʦʞʝʩʪʚʝʥʥʦʩʪʠ ʧʨʦʪʦʥʦʚ ʦʪʜʘʯʠ ʚ ʛʨʫʧʧʝ ʩʦʙʳʪʠʡ ʩ n(ˊ
-
) ² 1 

ʥʘʜ ʛʨʫʧʧʦʡ ʩ n(ˊ
+
) ² 1. ɼʦʧʦʣʥʠʪʝʣʴʥʦʝ ʯʠʩʣʦ ʩʦʙʳʪʠʡ ʚ ʛʨʫʧʧʝ ʩ n(ˊ

+
) ² 1, ʦʙʨʘʟʦʚʘʚʰʠʭʩʷ ʚ 

ʧʨʦʮʝʩʩʝ ʧʝʨʝʟʘʨʷʜʢʠ ʧʨʦʪʦʥʘ-ʤʠʰʝʥʠ (ʨ Ÿ n + ˊ
+
), ʧʨʠʚʦʜʠʪ ʪʘʢʞʝ ʢ ʫʤʝʥʴʰʝʥʠʶ ʘʙʩʦʣʶʪʥʦʡ 

ʨʘʟʥʦʩʪʠ ʩʨʝʜʥʠʭ ʤʥʦʞʝʩʪʚʝʥʥʦʩʪʝʡ ʷʜʝʨ 
3
ʅ ʠ 

3
ʅʝ ʚ ʵʪʦʡ ʛʨʫʧʧʝ. ʀʟ ʪʘʙʣʠʮʳ ʚʠʜʥʦ, ʪʝʤ ʥʝ ʤʝʥʝʝ, 

ʯʪʦ ʩʨʝʜʥʠʝ ʤʥʦʞʝʩʪʚʝʥʥʦʩʪʠ ʷʜʝʨ 
3
ʅ (

3
ʅʝ) ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ˊ

-
(ˊ

+
)-ʤʝʟʦʥʦʚ ʚ ʧʨʝʜʝʣʘʭ 

ʩʪʘʪʠʩʪʠʯʝʩʢʠʭ ʧʦʛʨʝʰʥʦʩʪʝʡ ʩʦʚʧʘʜʘʶʪ ʜʨʫʛ ʩ ʜʨʫʛʦʤ. ʊʘʢʞʝ ʚʠʜʥʦ, ʯʪʦ ʩʨʝʜʥʠʝ ʤʥʦʞʝʩʪʚʝʥʥʦʩʪʠ 

ʷʜʝʨ 
3
ʅ (

3
ʅʝ) ʢʦʨʨʝʣʠʨʦʚʘʥʥʳ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ˊ

+
(ˊ
-
)-ʤʝʟʦʥʦʚ. ʆʪʤʝʪʠʤ, ʯʪʦ ʧʨʠ ʥʝʫʯʝʪʝ a-

ʢʣʘʩʪʝʨʥʦʡ ʩʪʨʫʢʪʫʨʳ ʷʜʨʘ-ʢʠʩʣʦʨʦʜʘ, ʥʘʧʨʠʤʝʨ, ʦʪʥʦʰʝʥʠʝ ʚʝʨʦʷʪʥʦʩʪʝʡ ʚʳʭʦʜʦʚ ʷʜʝʨ 
3
ʅʝ ʜʣʷ 

ʩʣʫʯʘʝʚ ʚʳʙʠʚʘʥʠʷ ʦʜʥʦʛʦ ʥʝʡʪʨʦʥʘ ʠ ʧʨʦʪʦʥʘ ʷʜʨʘ-ʢʠʩʣʦʨʦʜʘ ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʨʦʩʪʦʡ 

ʢʦʤʙʠʥʘʪʦʨʠʢʦʡ ʥʫʢʣʦʥʦʚ ʚ ʦʩʪʘʪʦʯʥʦʤ ʷʜʨʝ ʠ ʨʘʚʥʦ ()/( ) = 1.17. ɺ ʥʘʰʝʤ 

ʵʢʩʧʝʨʠʤʝʥʪʝ ʵʪʦ ʦʪʥʦʰʝʥʠʝ ʨʘʚʥʦ 1.46 Ñ 0.03, ʯʪʦ ʫʢʘʟʳʚʘʝʪ ʥʘ ʦʙʨʘʟʦʚʘʥʠʝ ʠʭ ʟʥʘʯʠʪʝʣʴʥʦʡ ʯʘʩʪʠ 

ʟʘ ʩʯʝʪ ʚʳʙʠʚʘʥʠʷ ʦʜʥʦʛʦ ʠʟ ʥʝʡʪʨʦʥʦʚ a-ʢʣʘʩʪʝʨʘ ʷʜʨʘ ʢʠʩʣʦʨʦʜʘ. 

ʀʟ-ʟʘ ʨʘʚʝʥʩʪʚʘ ʯʠʩʣʘ ʧʨʦʪʦʥʦʚ ʠ ʥʝʡʪʨʦʥʦʚ ʚ ʜʝʡʪʨʦʥʝ, ʩʨʝʜʥʠʝ ʤʥʦʞʝʩʪʚʝʥʥʦʩʪʠ ʷʜʝʨ 
2
ʅ ʚʦ 

ʚʩʝʭ ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʭ ʛʨʫʧʧʘʭ ʦʢʘʟʘʣʠʩʴ ʦʜʠʥʘʢʦʚʳʤʠ, ʪ.ʝ. ʧʨʦʪʦʥʦʠʟʙʳʪʦʯʥʦʩʪʴ ʠʣʠ 

ʥʝʡʪʨʦʥʦʠʟʙʳʪʦʯʥʦʩʪʴ ʷʜʨʘ-ʦʩʪʘʪʢʘ ʦʜʠʥʘʢʦʚʦ ʚʣʠʷʝʪ ʥʘ ʚʝʨʦʷʪʥʦʩʪʴ ʦʙʨʘʟʦʚʘʥʠʷ ʜʝʡʪʨʦʥʦʚ. ʕʪʦ 

ʪʘʢʞʝ ʫʢʘʟʳʚʘʝʪ ʥʘ ʦʪʣʠʯʠʝ ʤʝʭʘʥʠʟʤʦʚ ʬʦʨʤʠʨʦʚʘʥʠʷ ʜʝʡʪʨʦʥʦʚ ʠ ʪʨʝʭʥʫʢʣʦʥʥʳʭ ʟʝʨʢʘʣʴʥʳʭ ʷʜʝʨ. 

ʇʝʨʚʳʡ ʠʟ ʥʠʭ ʩʚʷʟʘʥ ʚ ʟʥʘʯʠʪʝʣʴʥʦʡ ʩʪʝʧʝʥʠ ʩ ʨʘʟʨʫʰʝʥʠʝʤ a-ʢʣʘʩʪʝʨʦʚ ʷʜʨʘ ʢʠʩʣʦʨʦʜʘ [1] ʠ 

ʨʘʩʧʘʜʘʤʠ ʚʦʟʙʫʞʜʝʥʥʳʭ ʷʜʝʨ-ʦʩʪʘʪʢʦʚ ʪʠʧʘ 
6
Li* [2], 

10
ɺ* ʠ 

14
N*, ʪʦʛʜʘ ʢʘʢ ʚʪʦʨʦʡ ʦʧʨʝʜʝʣʷʝʪʩʷ ʚ 

ʦʩʥʦʚʥʦʤ ʚʳʙʠʚʘʥʠʝʤ ʦʜʥʦʛʦ ʠʟ ʥʫʢʣʦʥʦʚ a-ʢʣʘʩʪʝʨʘ. 

ɺ ʩʦʚʦʢʫʧʥʦʩʪʠ ʧʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʤʦʞʥʦ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʢʘʢ ʫʢʘʟʘʥʠʝ ʥʘ 

ʢʦʨʨʝʣʠʨʦʚʘʥʥʦʩʪʴ ʧʨʦʮʝʩʩʦʚ ʦʙʨʘʟʦʚʘʥʠʷ ʧʠʦʥʦʚ ʠ ʟʝʨʢʘʣʴʥʳʭ ʷʜʝʨ 
3
ʅ ʠ 

3
ʅʝ ʚ 

16
ʆʨ-ʩʦʫʜʘʨʝʥʠʷʭ 

ʧʨʠ 3.25 ɸ ɻʵɺ/ʩ. ʕʪʠ ʢʦʨʨʝʣʷʮʠʠ ʚʳʭʦʜʘ ʟʝʨʢʘʣʴʥʳʭ ʷʜʝʨ 
3
ʅ (

3
ʅʝ) ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ˊ

+
(ˊ
-
)-ʤʝʟʦʥʦʚ 

ʦʙʫʩʣʦʚʣʝʥʳ ʧʝʨʝʟʘʨʷʜʢʦʡ ʧʨʦʪʦʥʘ (ʥʝʡʪʨʦʥʘ) ʷʜʨʘ ʢʠʩʣʦʨʦʜʘ ʧʨʠ ʠʭ ʚʳʙʠʚʘʥʠʠ, ʚ ʦʩʥʦʚʥʦʤ, ʠʟ Ŭ-

ʢʣʘʩʪʝʨʘ. ɿʘʚʠʩʠʤʦʩʪʴ ʩʨʝʜʥʠʭ ʤʥʦʞʝʩʪʚʝʥʥʦʩʪʝʡ ʧʨʦʪʦʥʦʚ-, ʥʝʡʪʨʦʥʦʚ-ʬʨʘʛʤʝʥʪʦʚ ʠ ʧʨʦʪʦʥʦʚ 

ʦʪʜʘʯʠ ʦʪ ʥʘʣʠʯʠʷ ʟʘʨʷʞʝʥʥʳʭ ʧʠʦʥʦʚ ʚ ʩʦʙʳʪʠʠ ʦʙʫʩʣʦʚʣʝʥʘ ʤʝʭʘʥʠʟʤʦʤ ʠʭ ʦʙʨʘʟʦʚʘʥʠʷ. ʅʝʩʤʦʪʨʷ 

ʥʘ ʪʦ, ʯʪʦ ʚʳʭʦʜ ʟʝʨʢʘʣʴʥʳʭ ʧʨʦʪʦʥʦʠʟʙʳʪʦʯʥʳʭ ʠʣʠ ʥʝʡʪʨʦʥʦʠʟʙʳʪʦʯʥʳʭ ʷʜʝʨ ʢʦʨʨʝʣʠʨʦʚʘʥ ʩ 

ʟʘʨʷʜʦʤ ʧʠʦʥʘ ʚ ʨʝʘʢʮʠʠ, ʩʨʝʜʥʝʝ ʯʠʩʣʦ ʩʚʷʟʘʥʥʳʭ ʥʫʢʣʦʥʦʚ ʚʦ ʬʨʘʛʤʝʥʪʘʭ ʩʦʧʨʦʚʦʞʜʝʥʠʷ ʩ ɸ = 2-3 

ʦʪ ʥʝʛʦ ʥʝ ʟʘʚʠʩʠʪ. ʉʨʝʜʥʠʝ ʤʥʦʞʝʩʪʚʝʥʥʦʩʪʠ ʟʘʨʷʞʝʥʥʳʭ ʧʠʦʥʦʚ ʪʘʢʞʝ ʥʝ ʟʘʚʠʩʷʪ ʦʪ ʪʠʧʘ 

ʨʘʩʩʤʦʪʨʝʥʥʳʭ ʤʥʦʛʦʥʫʢʣʦʥʥʳʭ ʩʠʩʪʝʤ ʠ ʷʜʝʨ. 
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ʆɹʈɸɿʆɺɸʅʀɽ ɿɽʈʂɸʃʔʅʓʍ ʉɽʄʀʅʋʂʃʆʅʅʓʍ ʉʀʉʊɽʄ ʀ ʗɼɽʈ ɺ 
16
ʆʈ-

ʉʆʋɼɸʈɽʅʀʗʍ ʇʈʀ 3.25 ɸ ɻʕɺ/ʉ 

ɸ.ʈ. ʂʫʨʙʘʥʦʚ, ɺ.ʀ. ʇʝʪʨʦʚ, ɸ. ɸ. ʖʣʜʘʰʝʚ 

ʌʠʟʠʢʦ-ʪʝʭʥʠʯʝʩʢʠʡ ʠʥʩʪʠʪʫʪ ʅʇʆ "ʌʠʟʠʢʘ-ʉʦʣʥʮʝ" ɸʅ ʈʋʟ 

 

ʀʟʫʯʝʥʠʝ ʦʙʨʘʟʦʚʘʥʠʷ ʤʥʦʛʦʥʫʢʣʦʥʥʳʭ ʟʝʨʢʘʣʴʥʳʭ ʩʠʩʪʝʤ ʠ ʷʜʝʨ ʚ ʥʝʧʝʨʠʬʝʨʠʯʝʩʢʠʭ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷʭ ʯʘʩʪʠʮ ʠ ʷʜʝʨ ʩ ʷʜʨʘʤʠ ʧʨʠ ʚʳʩʦʢʠʭ ʵʥʝʨʛʠʷʭ ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʠʪʴ ʠʥʬʦʨʤʘʮʠʶ ʦ 

ʚʣʠʷʥʠʠ ʩʪʨʫʢʪʫʨʳ ʠʩʭʦʜʥʳʭ ʬʨʘʛʤʝʥʪʠʨʫʶʱʠʭ ʷʜʝʨ ʠ ʧʨʦʤʝʞʫʪʦʯʥʳʭ ʤʥʦʛʦʥʫʢʣʦʥʥʳʭ ʩʦʩʪʦʷʥʠʡ, 

ʘ ʪʘʢʞʝ ʟʘʨʷʜʦʦʙʤʝʥʥʳʭ ʧʨʦʮʝʩʩʦʚ ʤʝʞʜʫ ʩʥʘʨʷʜʦʤ ʠ ʤʠʰʝʥʴʶ ʥʘ ʩʦʩʪʘʚ ʠ ʚʳʭʦʜ ʢʦʥʝʯʥʳʭ 

ʧʨʦʜʫʢʪʦʚ ʨʝʘʢʮʠʠ.  

ʄʳ ʚʳʧʦʣʥʠʣʠ ʩʨʘʚʥʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ ʩʨʝʜʥʠʭ ʤʥʦʞʝʩʪʚʝʥʥʦʩʪʝʡ ʨʘʟʣʠʯʥʳʭ ʬʨʘʛʤʝʥʪʦʚ ʩ ɸ ¢ 

3 ʚ ʧʦʣʫʠʥʢʣʶʟʠʚʥʳʭ ʨʝʘʢʮʠʷʭ ʩ ʫʯʘʩʪʠʝʤ ʟʝʨʢʘʣʴʥʳʭ 7-ʥʫʢʣʦʥʥʳʭ ʩʠʩʪʝʤ ʠ ʷʜʝʨ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ 

ʠʣʠ ʙʝʟ ʦʙʨʘʟʦʚʘʥʠʷ ʟʘʨʷʞʝʥʥʳʭ ʧʠʦʥʦʚ:  
16
ʆ + ʨ Ÿ 

7
Li  + ʭ,                      (1)         

16
ʆ + ʨ Ÿ 

7
ɺʝ + ʭ,                        (2) 

16
ʆ + ʨ Ÿ 

4
ʅʝ + 

3
ʅʝ + ʭ,           (3)         

16
ʆ + ʨ Ÿ 

4
ʅʝ + 

3
ʅ + ʭ,                (4)

 

16
ʆ + ʨ Ÿ

3
ʅʝ + 

2
ʅ + 

2
ʅ + ʭ,     (5)         

16
ʆ + ʨ Ÿ 

3
ʅ + 

2
ʅ + 

2
H + ʭ.         (6) 

ɿʜʝʩʴ ʭ ʦʟʥʘʯʘʝʪ ʘʣʴʪʝʨʥʘʪʠʚʥʦ ʦʜʥʦ- ʠʣʠ ʜʚʫʭʟʘʨʷʜʥʳʡ ʬʨʘʛʤʝʥʪ ʩ ɸ Ò 3, ʧʨʦʪʦʥ ʦʪʜʘʯʠ ʠʣʠ 

ʧʠʦʥ, ʪ.ʝ. ʜʨʫʛʠʝ ʚʦʟʤʦʞʥʳʝ ʢʘʥʘʣʳ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʬʨʘʛʤʝʥʪʦʚ ʩʦʧʨʦʚʦʞʜʝʥʠʷ ʩ ʤʘʩʩʦʚʳʤʠ 

ʯʠʩʣʘʤʠ ɸ ² 4 ʥʝ ʨʘʩʩʤʘʪʨʠʚʘʣʠʩʴ.  

ɺ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ ʤʳ ʚʳʧʦʣʥʠʣʠ ʨʘʟʜʝʣʝʥʠʝ ˊ
+
-ʤʝʟʦʥʦʚ ʠ ʧʨʦʪʦʥʦʚ ʚ ʠʥʪʝʨʚʘʣʝ ʠʤʧʫʣʴʩʦʚ 

1.25 < p < 1.75 ɻʵɺ/ʩ ʩʦʛʣʘʩʥʦ ʧʨʦʮʝʜʫʨʝ [1], ʯʪʦ ʧʦʟʚʦʣʠʣʦ ʙʦʣʝʝ ʪʦʯʥʦ ʚʳʯʠʩʣʠʪʴ ʩʨʝʜʥʶʶ 

ʤʥʦʞʝʩʪʚʝʥʥʦʩʪʴ ʧʨʦʪʦʥʦʚ, ʥʝʡʪʨʦʥʦʚ, ˊ
+
-ʤʝʟʦʥʦʚ, ʧʨʦʪʦʥʦʚ ʦʪʜʘʯʠ, ʘ ʪʘʢʞʝ ʧʦʣʫʯʠʪʴ ʠʥʬʦʨʤʘʮʠʶ 

ʦ ʨʦʣʠ ʟʘʨʷʜʦʦʙʤʝʥʥʳʭ ʧʨʦʮʝʩʩʦʚ.  

ɺ ʪʘʙʣʠʮʝ ʧʨʠʚʝʜʝʥʳ ʩʨʝʜʥʠʝ ʤʥʦʞʝʩʪʚʝʥʥʦʩʪʠ ʯʘʩʪʠʮ ʩʦʧʨʦʚʦʞʜʝʥʠʷ ʠ ʯʠʩʣʘ ʩʦʙʳʪʠʡ ʜʣʷ 

ʦʙʲʝʜʠʥʝʥʥʳʭ ʧʦ ʪʠʧʘʤ ʤʥʦʛʦʥʫʢʣʦʥʥʳʭ ʩʠʩʪʝʤ (1)ï(6) ʜʣʷ ʩʦʙʳʪʠʡ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʠ ʙʝʟ 

ʦʙʨʘʟʦʚʘʥʠʷ ʧʠʦʥʦʚ. 

ʏʠʩʣʦ 

ʧʠʦʥʦʚ, n  ́
Nʩʦʙ 

ʏʘʩʪʠʮʳ ʩʦʧʨʦʚʦʞʜʝʥʠʷ 

1
H nfr 

2
H 

3
H 

3
He prec 

n(ˊ
Ñ
)  ² 1 629 3.09 Ñ 0.05 2.84Ñ 0.05 0.66Ñ 0.03 0.29 Ñ 0.02 0.30 Ñ 0.02 0.56 Ñ 0.02 

n(ˊ
Ñ
) = 0 292 3.08 Ñ 0.10 2.76 Ñ 0.10 0.70 Ñ 0.04 0.31 Ñ 0.03 0.32 Ñ 0.03 0.66 Ñ 0.03 

n(ˊ
-
) ² 1 376 3.55 Ñ 0.06 2.42 Ñ 0.06 0.70 Ñ 0.03 0.27 Ñ 0.02 0.32 Ñ 0.02 0.63 Ñ 0.02 

n(ˊ
+
) ² 1 458 2.79 Ñ 0.05 3.26 Ñ 0.05 0.63 Ñ 0.03 0.31 Ñ 0.02 0.27 Ñ 0.02 0.53 Ñ 0.02 

ɺʠʜʥʦ, ʯʪʦ ʯʠʩʣʦ ʩʦʙʳʪʠʡ ʩ ʨʦʞʜʝʥʠʝʤ ʧʠʦʥʦʚ ʚ ʨʝʘʢʮʠʷʭ (1)-(6) ʚ 2.15 ʨʘʟʘ ʙʦʣʴʰʝ ʯʠʩʣʘ 

ʩʦʙʳʪʠʡ ʙʝʟ ʠʭ ʦʙʨʘʟʦʚʘʥʠʷ. ʉʨʝʜʥʠʝ ʤʥʦʞʝʩʪʚʝʥʥʦʩʪʠ ʬʨʘʛʤʝʥʪʦʚ ʩ ɸ ¢ 3 ʥʘʭʦʜʷʪʩʷ ʚ ʭʦʨʦʰʝʤ 

ʩʦʛʣʘʩʠʠ ʜʣʷ ʦʙʦʠʭ ʢʣʘʩʩʦʚ ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʭ ʩʦʙʳʪʠʡ. ʈʦʞʜʝʥʠʝ ʧʠʦʥʦʚ ʧʨʠʚʦʜʠʪ ʣʠʰʴ ʢ ʨʘʟʣʠʯʠʶ 

ʤʥʦʞʝʩʪʚʝʥʥʦʩʪʝʡ ʧʨʦʪʦʥʦʚ ʦʪʜʘʯʠ, ʪ.ʝ. ʦʥʦ ʦʙʫʩʣʦʚʣʝʥʦ ʟʘʨʷʜʦʦʙʤʝʥʥʳʤʠ ʧʨʦʮʝʩʩʘʤʠ ʤʝʞʜʫ 

ʧʨʦʪʦʥʦʤ-ʤʠʰʝʥʴʶ ʠ ʥʝʡʪʨʦʥʘʤʠ ʷʜʨʘ-ʩʥʘʨʷʜʘ, ʘ ʪʘʢʞʝ ʧʨʦʮʝʩʩʘʤʠ ʥʝʫʧʨʫʛʦʡ ʧʝʨʝʟʘʨʷʜʢʠ ʧʨʦʪʦʥʘ-

ʤʠʰʝʥʠ ʠʣʠ ʥʫʢʣʦʥʦʚ ʷʜʨʘ-ʩʥʘʨʷʜʘ. ʅʘʠʙʦʣʴʰʘʷ ʤʥʦʞʝʩʪʚʝʥʥʦʩʪʴ ʧʨʦʪʦʥʦʚ-ʬʨʘʛʤʝʥʪʦʚ 

ʥʘʙʣʶʜʘʝʪʩʷ ʚ ʛʨʫʧʧʝ ʩ n(ˊ
-
) ² 1, ʤʥʦʞʝʩʪʚʝʥʥʦʩʪʴ ʞʝ ʥʝʡʪʨʦʥʦʚ-ʬʨʘʛʤʝʥʪʦʚ ʚ ʵʪʦʡ ʛʨʫʧʧʝ - 

ʤʠʥʠʤʘʣʴʥʘ, ʯʪʦ ʩʚʷʟʘʥʦ ʩ ʧʦʚʳʰʝʥʥʦʡ ʚʝʨʦʷʪʥʦʩʪʴʶ ʦʙʨʘʟʦʚʘʥʠʷ ˊ
-
-ʤʝʟʦʥʦʚ ʦʪ ʧʨʦʮʝʩʩʘ 

ʧʝʨʝʟʘʨʷʜʢʠ n Ÿ p + ˊ
-
, ʧʨʠʚʦʜʷʱʝʡ ʦʜʥʦʚʨʝʤʝʥʥʦ ʢ ʫʚʝʣʠʯʝʥʠʶ ʯʠʩʣʘ ʧʨʦʪʦʥʦʚ ʠ ʫʤʝʥʴʰʝʥʠʶ 

ʯʠʩʣʘ ʥʝʡʪʨʦʥʦʚ. ʇʦ ʵʪʦʡ ʧʨʠʯʠʥʝ ʨʘʟʥʦʩʪʴ ʤʝʞʜʫ ʩʨʝʜʥʠʤʠ ʤʥʦʞʝʩʪʚʝʥʥʦʩʪʷʤʠ ʧʨʦʪʦʥʦʚ- ʠ 

ʥʝʡʪʨʦʥʦʚ-ʬʨʘʛʤʝʥʪʦʚ ʚ ʵʪʦʡ ʛʨʫʧʧʝ ʤʘʢʩʠʤʘʣʴʥʘ. 

ɼʣʷ ʛʨʫʧʧʳ ʩ n(ˊ
+
) ² 1 ʥʘʙʣʶʜʘʝʪʩʷ ʦʙʨʘʪʥʦʝ ʩʦʦʪʥʦʰʝʥʠʝ ʤʥʦʞʝʩʪʚʝʥʥʦʩʪʝʡ ʥʫʢʣʦʥʦʚ-

ʬʨʘʛʤʝʥʪʦʚ. ʄʥʦʞʝʩʪʚʝʥʥʦʩʪʴ ʧʨʦʪʦʥʦʚ-ʬʨʘʛʤʝʥʪʦʚ ʚ ʧʝʨʚʦʡ ʛʨʫʧʧʝ ʥʘ 0.25 Ñ 0.07 ʙʦʣʴʰʝ, ʯʝʤ 

ʥʝʡʪʨʦʥʦʚ-ʬʨʘʛʤʝʥʪʦʚ. ɺ ʛʨʫʧʧʝ ʞʝ ʙʝʟ ʦʙʨʘʟʦʚʘʥʠʷ ʟʘʨʷʞʝʥʥʳʭ ʧʠʦʥʦʚ ʵʪʘ ʨʘʟʥʦʩʪʴ ʩʦʩʪʘʚʠʣʘ 0.32 

Ñ 0.14, ʯʪʦ ʧʨʘʢʪʠʯʝʩʢʠ ʩʦʚʧʘʜʘʝʪ ʩ ʨʘʟʥʦʩʪʴʶ ʜʣʷ ʧʝʨʚʦʡ ʛʨʫʧʧʳ. ʂʘʢ ʠ ʦʞʠʜʘʣʦʩʴ, ʠʟ-ʟʘ ʩʦʚʧʘʜʝʥʠʷ 

ʩʨʝʜʥʠʭ ʤʥʦʞʝʩʪʚʝʥʥʦʩʪʝʡ ʬʨʘʛʤʝʥʪʦʚ ʩʦʧʨʦʚʦʞʜʝʥʠʷ ʩ ɸ = 2-3 ʚ ʧʨʝʜʝʣʘʭ ʩʪʘʪʠʩʪʠʯʝʩʢʠʭ 

ʧʦʛʨʝʰʥʦʩʪʝʡ ʦʢʘʟʘʣʠʩʴ ʦʜʠʥʘʢʦʚʳʤʠ ʠ ʩʨʝʜʥʠʝ ʤʥʦʞʝʩʪʚʝʥʥʦʩʪʠ ʥʫʢʣʦʥʦʚ-ʬʨʘʛʤʝʥʪʦʚ ʚ ʦʙʝʠʭ 

ʛʨʫʧʧʘʭ, ʩʦʩʪʘʚʣʷʶʱʠʭ 5.93 Ñ 0.07 ʠ 5.84 Ñ 0.14 ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ɹʣʠʟʦʩʪʴ ʤʥʦʞʝʩʪʚʝʥʥʦʩʪʝʡ ʯʘʩʪʠʮ 

ʩʦʧʨʦʚʦʞʜʝʥʠʷ - ʬʨʘʛʤʝʥʪʦʚ ʩ ɸ = 2-3 ʫʢʘʟʳʚʘʝʪ ʥʘ ʥʝʫʯʘʩʪʠʝ ʟʘʨʷʜʘ ʧʨʦʪʦʥʘ-ʤʠʰʝʥʠ ʚ ʠʭ 

ʬʦʨʤʠʨʦʚʘʥʠʠ.  
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ʏʠʩʣʦ ʩʦʙʳʪʠʡ ʩ n(ˊ
+
) ² 1 ʥʘ 22% ʧʨʝʚʳʰʘʝʪ ʯʠʩʣʦ ʩʦʙʳʪʠʡ ʩ n(ˊ

-
) ² 1, ʯʪʦ ʩʚʷʟʘʥʦ ʩ 

ʜʦʧʦʣʥʠʪʝʣʴʥʳʤ ʚʢʣʘʜʦʤ ʧʨʦʮʝʩʩʘ ʧʝʨʝʟʘʨʷʜʢʠ ʧʨʦʪʦʥʘ-ʤʠʰʝʥʠ. ʅʘ ʚʢʣʘʜ ʵʪʦʛʦ ʜʦʧʦʣʥʠʪʝʣʴʥʦʛʦ 

ʠʩʪʦʯʥʠʢʘ ʦʙʨʘʟʦʚʘʥʠʷ ˊ
+
-ʤʝʟʦʥʦʚ ʪʘʢʞʝ ʫʢʘʟʳʚʘʝʪ 19% ʧʨʝʚʳʰʝʥʠʝ <n(prec)> ʚ ʛʨʫʧʧʝ ʩʦʙʳʪʠʡ ʩ 

n(ˊ
-
) ² 1 ʥʘʜ ʛʨʫʧʧʦʡ ʩ n(ˊ

+
) ² 1. ʀʟ ʪʘʙʣʠʮʳ ʚʠʜʥʦ, ʯʪʦ ʩʨʝʜʥʠʝ ʤʥʦʞʝʩʪʚʝʥʥʦʩʪʠ ʷʜʝʨ 

3
ʅ (

3
ʅʝ) ʩ 

ʦʙʨʘʟʦʚʘʥʠʝʤ ˊ
-
(ˊ

+
)-ʤʝʟʦʥʦʚ ʚ ʧʨʝʜʝʣʘʭ ʩʪʘʪʠʩʪʠʯʝʩʢʠʭ ʧʦʛʨʝʰʥʦʩʪʝʡ ʩʦʚʧʘʜʘʶʪ ʜʨʫʛ ʩ ʜʨʫʛʦʤ. 

ʊʘʢʞʝ ʚʠʜʥʦ, ʯʪʦ ʩʨʝʜʥʠʝ ʤʥʦʞʝʩʪʚʝʥʥʦʩʪʠ ʷʜʝʨ 
3
ʅ (

3
ʅʝ) ʩʣʘʙʦ ʢʦʨʨʝʣʠʨʦʚʘʥʥʳ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ 

ˊ
+
(ˊ
-
)-ʤʝʟʦʥʦʚ.  

ʉʨʝʜʥʠʝ ʤʥʦʞʝʩʪʚʝʥʥʦʩʪʠ ʷʜʝʨ 
2
ʅ ʚʦ ʚʩʝʭ ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʭ ʛʨʫʧʧʘʭ ʚ ʧʨʝʜʝʣʘʭ 

ʩʪʘʪʠʩʪʠʯʝʩʢʠʭ ʧʦʛʨʝʰʥʦʩʪʝʡ ʦʢʘʟʘʣʠʩʴ ʦʜʠʥʘʢʦʚʳʤʠ, ʪ.ʝ. ʧʨʦʪʦʥʦʠʟʙʳʪʦʯʥʦʩʪʴ ʠʣʠ 

ʥʝʡʪʨʦʥʦʠʟʙʳʪʦʯʥʦʩʪʴ ʷʜʨʘ-ʦʩʪʘʪʢʘ ʦʜʠʥʘʢʦʚʦ ʚʣʠʷʝʪ ʥʘ ʚʝʨʦʷʪʥʦʩʪʴ ʦʙʨʘʟʦʚʘʥʠʷ ʜʝʡʪʨʦʥʦʚ. ʕʪʦ 

ʪʘʢʞʝ ʫʢʘʟʳʚʘʝʪ ʥʘ ʦʪʣʠʯʠʝ ʤʝʭʘʥʠʟʤʦʚ ʬʦʨʤʠʨʦʚʘʥʠʷ ʜʝʡʪʨʦʥʦʚ ʠ ʪʨʝʭʥʫʢʣʦʥʥʳʭ ʟʝʨʢʘʣʴʥʳʭ ʷʜʝʨ. 

ʇʝʨʚʳʡ ʠʟ ʥʠʭ ʩʚʷʟʘʥ ʩ ʨʘʟʨʫʰʝʥʠʝʤ a-ʢʣʘʩʪʝʨʦʚ ʷʜʨʘ 
16

O ʠ ʨʘʩʧʘʜʘʤʠ ʚʦʟʙʫʞʜʝʥʥʳʭ ʷʜʝʨ-ʦʩʪʘʪʢʦʚ 

ʪʠʧʘ 
6
Li* [2], 

10
ɺ* ʠ 

14
N*, ʪʦʛʜʘ ʢʘʢ ʚʪʦʨʦʡ ʚ ʦʩʥʦʚʥʦʤ ʚʳʙʠʚʘʥʠʝʤ ʦʜʥʦʛʦ ʠʟ ʥʫʢʣʦʥʦʚ a-ʢʣʘʩʪʝʨʘ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʩʣʘʙʘʷ ʢʦʨʨʝʣʠʨʦʚʘʥʥʦʩʪʴ ʧʨʦʮʝʩʩʦʚ ʦʙʨʘʟʦʚʘʥʠʷ ʧʠʦʥʦʚ ʠ ʟʝʨʢʘʣʴʥʳʭ ʷʜʝʨ 
3
ʅ 

ʠ 
3
ʅʝ ʥʝ ʤʦʞʝʪ ʩʣʫʞʠʪʴ ʜʦʢʘʟʘʪʝʣʴʩʪʚʦʤ ʩʚʷʟʠ ʤʝʭʘʥʠʟʤʦʚ ʦʙʨʘʟʦʚʘʥʠʷ ʧʠʦʥʦʚ ʠ ʟʝʨʢʘʣʴʥʳʭ ʷʜʝʨ 

3
ʅ 

ʠ 
3
ʅʝ, ʘ ʷʚʣʷʝʪʩʷ ʣʠʰʴ ʠʥʜʠʢʘʪʦʨʦʤ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʧʨʦʪʦʥʘ-ʤʠʰʝʥʠ ʩ ʧʨʦʪʦʥʦʤ ʠʣʠ ʥʝʡʪʨʦʥʦʤ 

ʷʜʨʘ-ʩʥʘʨʷʜʘ. ɿʘʚʠʩʠʤʦʩʪʴ ʩʨʝʜʥʠʭ ʤʥʦʞʝʩʪʚʝʥʥʦʩʪʝʡ ʧʨʦʪʦʥʦʚ-, ʥʝʡʪʨʦʥʦʚ-ʬʨʘʛʤʝʥʪʦʚ ʠ ʧʨʦʪʦʥʦʚ 

ʦʪʜʘʯʠ ʦʪ ʥʘʣʠʯʠʷ ʟʘʨʷʞʝʥʥʳʭ ʧʠʦʥʦʚ ʚ ʩʦʙʳʪʠʠ ʦʙʫʩʣʦʚʣʝʥʘ ʤʝʭʘʥʠʟʤʦʤ ʠʭ ʦʙʨʘʟʦʚʘʥʠʷ. ʅʝʩʤʦʪʨʷ 

ʥʘ ʪʦ, ʯʪʦ ʚʳʭʦʜ ʟʝʨʢʘʣʴʥʳʭ ʧʨʦʪʦʥʦʠʟʙʳʪʦʯʥʳʭ ʠʣʠ ʥʝʡʪʨʦʥʦʠʟʙʳʪʦʯʥʳʭ ʷʜʝʨ ʢʦʨʨʝʣʠʨʦʚʘʥ ʩ 

ʟʘʨʷʜʦʤ ʧʠʦʥʘ ʚ ʨʝʘʢʮʠʠ, ʩʨʝʜʥʝʝ ʯʠʩʣʦ ʩʚʷʟʘʥʥʳʭ ʥʫʢʣʦʥʦʚ ʚʦ ʬʨʘʛʤʝʥʪʘʭ ʩʦʧʨʦʚʦʞʜʝʥʠʷ ʩ ɸ = 2-3 

ʦʪ ʥʝʛʦ ʥʝ ʟʘʚʠʩʠʪ. ʉʨʝʜʥʠʝ ʤʥʦʞʝʩʪʚʝʥʥʦʩʪʠ ʟʘʨʷʞʝʥʥʳʭ ʧʠʦʥʦʚ ʪʘʢʞʝ ʥʝ ʟʘʚʠʩʷʪ ʦʪ ʪʠʧʘ 

ʨʘʩʩʤʦʪʨʝʥʥʳʭ ʤʥʦʛʦʥʫʢʣʦʥʥʳʭ ʩʠʩʪʝʤ. 

ʃʠʪʝʨʘʪʫʨʘ 

1. ʂ. ʆʣʠʤʦʚ, ɸ. ʂʫʨʙʘʥʦʚ, ʉ. ʃ. ʃʫʪʧʫʣʣʘʝʚ ʠ ʜʨ., ʗʌ 72, 636 (2009). 

2. ʂ. ʆʣʠʤʦʚ, ɺ. ɺ. ɻʣʘʛʦʣʝʚ, ʂ. ɻ. ɻʫʣʘʤʦʚ ʠ ʜʨ. ʗʌ 76, 934 (2013). 

ʆɹʈɸɿʆɺɸʅʀɽ ʇʀʆʅʅʓʍ ʂʃɸʉʊɽʈʆɺ ɺ ȷʉ- ʀ ʉʉ-ʉʆʋɼɸʈɽʅʀʗʍ ʇʈʀ 4.2 ɸ 

ɻʕɺ/ʉ 

ɺ.ʀ. ʇʝʪʨʦʚ
1
, ʉ.ɸ. ʐʘʨʠʧʦʚʘ

2
, ɸ.ɸ. ʖʣʜʘʰʝʚ

1
, ʐ.ɸ. ɸʰʠʨʦʚ

3
 

1
ʌʠʟʠʢʦ-ʪʝʭʥʠʯʝʩʢʠʡ ʠʥʩʪʠʪʫʪ ʅʇʆ çʌʠʟʠʢʘ-ʉʦʣʥʮʝè ɸʅ ʈʋʟ, 

2
ʉʘʤʘʨʢʘʥʜʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ 

ʫʥʠʚʝʨʩʠʪʝʪ ʠʤ. ɸ. ʅʘʚʦʠ, 
3
ɻʫʣʠʩʪʘʥʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ 

 

ɺ ʨʘʙʦʪʝ ʧʨʠʚʦʜʷʪʩʷ ʥʦʚʳʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʜʘʥʥʳʝ ʧʦ ʦʙʨʘʟʦʚʘʥʠʶ ʤʥʦʛʦʧʠʦʥʥʳʭ 

ʢʣʘʩʪʝʨʦʚ ʚʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷʭ Ŭ-ʯʘʩʪʠʮ ʠ ʷʜʝʨ ʫʛʣʝʨʦʜʘ ʩ ʷʜʨʘʤʠ ʫʛʣʝʨʦʜʘ ʧʨʠ 4.2 ɸ ɻʵɺ/ʩ, 

ʚʳʜʝʣʝʥʥʳʭ ʩ ʧʦʤʦʱʴʶ ʙʠʥʘʨʥʦʛʦ ɺ-ʘʣʛʦʨʠʪʤʘ [1]. ɺ ʵʪʦʤ ʘʣʛʦʨʠʪʤʝ ʩʫʱʝʩʪʚʝʥʥʳʤ ʷʚʣʷʝʪʩʷ 

ʧʨʘʚʠʣʴʥʳʡ ʚʳʙʦʨ ʟʥʘʯʝʥʠʝ ʧʘʨʘʤʝʪʨʘ ʦʙʨʝʟʘʥʠʷ, ʧʨʝʜʩʪʘʚʣʷʶʱʝʛʦ ʩʦʙʦʡ ʨʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ 4-

ʩʢʦʨʦʩʪʷʤʠ ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʭ ʧʘʨ ʧʠʦʥʦʚ. ʇʠʦʥʥʳʝ ʢʣʘʩʪʝʨʳ ʚʳʜʝʣʷʣʠʩʴ ʠʟ ʦʙʣʘʩʪʠ ʬʨʘʛʤʝʥʪʘʮʠʠ 

ʤʠʰʝʥʠ - ʷʜʨʘ ʫʛʣʝʨʦʜʘ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʯʠʩʣʦ ʠʩʪʦʯʥʠʢʦʚ ʦʙʨʘʟʦʚʘʥʠʷ ʤʥʦʛʦʧʠʦʥʥʳʭ ʢʣʘʩʪʝʨʦʚ 

ʨʘʚʥʦ ʝʜʠʥʠʮʝ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʟʥʘʯʝʥʠʝ ʧʘʨʘʤʝʪʨʘ ʦʙʨʝʟʘʥʠʷ bcut ʚʟʪ̫ʦ ʪʘʢʠʤ, ʯʪʦʙʳ ʢʦʣʠʯʝʩʪʚʦ 

ʜʚʫʭʩʪʨʫʡʥʳʭ ʩʦʙʳʪʠʡ ʥʝ ʙʳʣʦ ʙʦʣʴʰʝ ʧʦʛʨʝʰʥʦʩʪʠ ʦʧʨʝʜʝʣʝʥʠʷ ʯʠʩʣʘ ʦʜʥʦʩʪʨʫʡʥʳʭ ʩʦʙʳʪʠʡ [1]. 

ɺ ʥʘʰʝʤ ʩʣʫʯʘʝ ʟʥʘʯʝʥʠʷ bcut ʦʢʘʟʘʣʠʩʴ ʨʘʚʥʳʤʠ 7.8 ʠ 6.8 ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʜʣʷ ʉʉ- Ŭʉ-ʩʦʫʜʘʨʝʥʠʡ. 

ʏʠʩʣʘ ʚʳʜʝʣʝʥʥʳʭ ʦʜʥʦ- ʠ ʜʚʫʭʩʪʨʫʡʥʳʭ ʩʦʙʳʪʠʡ ʦʢʘʟʘʣʠʩʴ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʨʘʚʥʳʤʠ 8503 ʠ 92 ʜʣʷ 

ʉʉ- ʠ 3420 ʠ 56 ʜʣʷ Ŭʉ-ʩʦʫʜʘʨʝʥʠʡ. 

ʅʘ ʨʠʩ. 1(ʘ,ʙ) ʧʨʝʜʩʪʘʚʣʝʥʳ ʟʘʚʠʩʠʤʦʩʪʠ ʤʘʩʩʳ (<ʄcl>) ʠ ʰʠʨʠʥʳ (ɻ) ʧʠʦʥʥʳʭ ʢʣʘʩʪʝʨʦʚ ʦʪ 

ʯʠʩʣʘ ʧʠʦʥʦʚ (n )́ ʚ ʥʠʭ. ɺʠʜʥʦ, ʯʪʦ ʵʪʠ ʟʘʚʠʩʠʤʦʩʪʠ ʚ ʧʨʝʜʝʣʘʭ ʩʪʘʪʠʩʪʠʯʝʩʢʠʭ ʧʦʛʨʝʰʥʦʩʪʝʡ 

ʩʦʚʧʘʜʘʶʪ ʜʣʷ ʦʙʦʠʭ ʪʠʧʦʚ ʩʦʫʜʘʨʝʥʠʡ. ɿʘʚʠʩʠʤʦʩʪʴ <ʄcl> ʦʪ ʯʠʩʣʘ ʧʠʦʥʦʚ ʫʜʦʚʣʝʪʚʦʨʠʪʝʣʴʥʦ 

ʦʧʠʩʳʚʝʪʩʷ  ʣʠʥʝʡʥʦʡ ʟʘʚʠʩʠʤʦʩʪʴʶ:  

<ʄcl> = a + b n  ́                   (1) 

cʦ ʟʥʘʯʝʥʠʷʤʠ ʧʘʨʘʤʝʪʨʦʚ a = -0.31 Ñ 0.02 ʠ b = 0.35 Ñ0.01, ʟʘʚʠʩʠʤʦʩʪʠ ʞʝ ɻ ʦʪ n  ́ʧʦʢʘʟʳʚʘʶʪ 

ʪʝʥʜʝʥʮʠʶ ʢ ʥʘʩʳʱʝʥʠʶ ʩ ʨʦʩʪʦʤ ʯʠʩʣʘ ʧʠʦʥʦʚ ʚ ʢʣʘʩʪʝʨʝ. ʉʣʝʜʫʝʪ ʟʘʤʝʪʠʪʴ, ʯʪʦ ʤʘʩʩʘ ʢʣʘʩʪʝʨʘ 

ʨʘʩʪʝʪ ʙʳʩʪʨʝʝ, ʯʝʤ ʩʫʤʤʳ ʤʘʩʩ ʧʠʦʥʦʚ ʚ ʢʣʘʩʪʝʨʝ. 

 



ʄʝʞʜʫʥʘʨʦʜʥʘʷ ʢʦʥʬʝʨʝʥʮʠʷ, ʧʦʩʚʷʱʝʥʥʘʷ 70-ʣʝʪʠʶ ʌʠʟʠʢʦ-ʪʝʭʥʠʯʝʩʢʦʛʦ ʠʥʩʪʠʪʫʪʘ 
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ʈʠʩ. 1. ɿʘʚʠʩʠʤʦʩʪʠ ʩʨʝʜʥʠʭ ʟʥʘʯʝʥʠʡ ʤʘʩʩ(ʘ) ʠ ʰʠʨʠʥ(ʙ) ʧʠʦʥʥʳʭ ʢʣʘʩʪʝʨʦʚ ʦʪ ʯʠʩʣʘ ʧʠʦʥʦʚ ʚ ʥʠʭ ʜʣʷ 

Ŭʉ(ƺ)- ʠ ʉʉ(ǒ)-ʩʦʫʜʘʨʝʥʠʡ ʧʨʠ 4.2 ɸ ɻʵɺ/ʩ. ʇʨʷʤʘʷ ʣʠʥʠʷ - ʨʝʟʫʣʴʪʘʪ ʘʧʧʨʦʢʩʠʤʘʮʠʠ ʣʠʥʝʡʥʦʡ 
ʟʘʚʠʩʠʤʦʩʪʴʶ (1). 
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ʈʠʩ. 2. ɿʘʚʠʩʠʤʦʩʪʠ ʩʨʝʜʥʠʭ ʟʥʘʯʝʥʠʡ ʧʦʣʥʦʛʦ ʠʤʧʫʣʴʩʘ (ʘ)  ʠ ʫʛʣʘ ʚʳʣʝʪʘ (ʙ)  ʧʠʦʥʥʳʭ ʢʣʘʩʪʝʨʦʚ ʦʪ 

ʯʠʩʣʘ ʧʠʦʥʦʚ ʚ ʥʠʭ ʜʣʷ Ŭʉ(ƺ)- ʠ ʉʉ(ǒ)-ʩʦʫʜʘʨʝʥʠʡ ʧʨʠ 4.2 ɸ ɻʵɺ/ʩ.  

ʅʘ ʨʠʩ. 2 ʧʨʠʚʝʜʝʥʳ ʟʘʚʠʩʠʤʦʩʪʠ ʩʨʝʜʥʠʭ ʟʥʘʯʝʥʠʡ ʧʦʣʥʦʛʦ ʠʤʧʫʣʴʩʘ (ʘ) ʠ ʫʛʣʦʚ ʚʳʣʝʪʘ (ʙ) 

ʧʠʦʥʥʳʭ ʢʣʘʩʪʝʨʦʚ ʚ ʩ.ʮ.ʠ. ʨʨ-ʩʦʫʜʘʨʝʥʠʷ ʦʪ ʯʠʩʣʘ ʧʠʦʥʦʚ ʚ ʥʠʭ. ɺʠʜʥʦ, ʯʪʦ ʩʨʝʜʥʠʝ ʟʥʘʯʝʥʠʷ 

ʧʦʣʥʦʛʦ ʠʤʧʫʣʴʩʘ ʪʘʢʞʝ ʣʠʥʝʡʥʦ ʨʘʩʪʫʪ ʩ ʫʚʝʣʠʯʝʥʠʝʤ n ,́ ʪʦʛʜʘ ʢʘʢ ʟʘʚʠʩʠʤʦʩʪʠ ʩʨʝʜʥʠʭ ʫʛʣʦʚ 

ʚʳʣʝʪʘ ʢʣʘʩʪʝʨʦʚ ʥʘʯʠʥʘʷ ʩ  n  ́= 6 ʷʚʥʦ ʚʳʭʦʜʷʪ ʥʘ ʧʣʘʪʦ, ʫʢʘʟʳʚʘʷ ʥʘ ʢʦʣʣʠʤʘʮʠʶ ʚʳʣʝʪʘ ʢʣʘʩʪʝʨʦʚ 

ʚ ʟʘʜʥʶʶ ʧʦʣʫʩʬʝʨʫ. ʇʨʠ ʵʪʦʤ ʦʩʥʦʚʥʘʷ ʯʘʩʪʴ ʢʣʘʩʪʝʨʦʚ ʩ n  ́= 5 ʚʳʣʝʪʘʶʪ ʚ ʟʘʜʥʶʶ ʧʦʣʫʩʬʝʨʫ ʚ 

ʩ.ʮ.ʠ. ʨʨ-ʩʦʫʜʘʨʝʥʠʷ. ʆʪʤʝʪʠʤ ʪʘʢʞʝ, ʯʪʦ ʩʨʝʜʥʠʝ ʫʛʣʳ ʚʳʣʝʪʘ ʧʠʦʥʥʳʭ ʢʣʘʩʪʝʨʦʚ ʚ Ŭʉ-ʩʦʫʜʘʨʝʥʠʷʭ 

ʩʠʩʪʝʤʘʪʠʯʝʩʢʠ ʙʦʣʴʰʝ, ʯʝʤ ʚ ʉʉ-ʩʪʦʣʢʥʦʚʝʥʠʷʭ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʤʦʞʥʦ ʟʘʢʣʶʯʠʪʴ, ʯʪʦ ʩʨʝʜʥʠʝ ʟʥʘʯʝʥʠʷ ʤʘʩʩ ʧʠʦʥʥʳʭ ʢʣʘʩʪʝʨʦʚ ʠ ʠʭ ʰʠʨʠʥ 

ʥʝ ʟʘʚʠʩʷʪ ʦʪ ʪʠʧʘ ʩʦʫʜʘʨʝʥʠʷ. ʉʨʝʜʥʠʝ ʟʥʘʯʝʥʠʷ ʤʘʩʩ ʢʣʘʩʪʝʨʦʚ ʩ ʯʠʩʣʦʤ ʧʠʦʥʦʚ ʚ ʥʠʭ ʨʘʩʪʫʪ 

ʙʳʩʪʨʝʝ, ʯʝʤ ʫʜʚʦʝʥʥʘʷ ʤʘʩʩʘ ʧʠʦʥʘ. 

ʍɸʈɸʂʊɽʈʀʉʊʀʂʀ ʂɸʅɸʃʆɺ ʉ ʆɹʈɸɿʆɺɸʅʀɽʄ ɿɽʈʂɸʃʔʅʓʍ ʗɼɽʈ 
7
BE ʀ 

7
LI  ɺ 

16
ʆʈ-ɺɿɸʀʄʆɼɽʁʉʊɺʀʗʍ ʇʈʀ 3.25 ɸ ɻʕɺ/ʉ 

ɹ.ʉ. ʖʣʜʘʰʝʚ
1
, ɸ.ɸ. ʖʣʜʘʰʝʚ

2
, ʉ.ʃ. ʃʫʪʧʫʣʣʘʝʚ

2
, ʕ.ʍ.ɹʘʟʘʨʦʚ

1
, ɼ.ɸ. ʂʘʨʰʠʝʚ

1
  

1
ʀʥʩʪʠʪʫʪ ʗʜʝʨʥʦʡ ʌʠʟʠʢʠ ɸʅ ʈʋʟ, 

2
ʌʠʟʠʢʦ-ʪʝʭʥʠʯʝʩʢʠʡ ʠʥʩʪʠʪʫʪ ʅʇʆ "ʌʠʟʠʢʘ-ʉʦʣʥʮʝ" 

ɸʅ ʈʋʟ  

ʈʘʩʩʤʦʪʨʝʥʠʝ ʨʘʟʣʠʯʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʬʨʘʛʤʝʥʪʦʚ ʠ ʯʘʩʪʠʮ, ʦʙʨʘʟʦʚʘʥʥʳʭ  ʚ ʥʫʢʣʦʥ-ʷʜʝʨʥʳʭ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷʭ ʚ ʢʘʥʘʣʘʭ ʩ ʚʳʭʦʜʦʤ ʟʝʨʢʘʣʴʥʳʭ ʷʜʝʨ ʥʘʧʨʘʚʣʝʥʦ ʥʘ ʠʟʫʯʝʥʠʝ ʢʦʣʣʝʢʪʠʚʥʳʭ 

ʩʚʦʡʩʪʚ ʷʜʝʨʥʦʡ ʤʘʪʝʨʠʠ.  



ʄʝʞʜʫʥʘʨʦʜʥʘʷ ʢʦʥʬʝʨʝʥʮʠʷ, ʧʦʩʚʷʱʝʥʥʘʷ 70-ʣʝʪʠʶ ʌʠʟʠʢʦ-ʪʝʭʥʠʯʝʩʢʦʛʦ ʠʥʩʪʠʪʫʪʘ 
 

 25 

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ, ʚʳʧʦʣʥʝʥʥʦʡ ʥʘ ʩʪʘʪʠʩʪʠʢʝ ʚ 8688 ʧʦʣʥʦʩʪʴʶ ʠʟʤʝʨʝʥʥʳʭ 
16
ʆʨ-ʩʦʙʳʪʠʡ, 

ʧʨʠʚʦʜʷʪʩʷ ʨʘʟʣʠʯʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʯʘʩʪʠʮ ʚ ʢʘʥʘʣʘʭ ʩ ʚʳʭʦʜʦʤ ʟʝʨʢʘʣʴʥʳʭ ʷʜʝʨ 
7
Be ʠ 

7
Li. ɺ ʵʪʠʭ 

ʢʘʥʘʣʘʭ, ʢʘʢ ʚʠʜʥʦ ʠʟ ʪʘʙʣ.1, ʚ ʧʨʝʜʝʣʘʭ ʩʪʘʪʠʩʪʠʯʝʩʢʠʭ ʧʦʛʨʝʰʥʦʩʪʝʡ ʧʦʧʘʨʥʦ ʩʦʚʧʘʜʘʶʪ ʯʠʩʣʘ 

ʘʩʩʦʮʠʠʨʦʚʘʥʥʳʭ ʬʨʘʛʤʝʥʪʦʚ ʩ ʟʘʨʷʜʦʤ Z = 2. 
ʊʘʙʣʠʮʘ 1.  

ʏʠʩʣʘ ʩʦʙʳʪʠʡ ʧʦ ʢʘʥʘʣʘʤ ʩ ʚʳʭʦʜʦʤ ʷʜʝʨ 
7
Li  ʠ 

7
Be ʧʨʠ ʨʘʟʥʦʡ ʤʥʦʞʝʩʪʚʝʥʥʦʩʪʠ ʘʩʩʦʮʠʠʨʦʚʘʥʥʳʭ 

ʷʜʝʨ ʛʝʣʠʷ. 

ʂʘʥʘʣʳ 
ʏʠʩʣʦ ʬʨʘʛʤʝʥʪʦʚ ʩ ʟʘʨʷʜʦʤ Z = 2 

ɺʩʝ 
0 1 2 

7
Li+é 57 83 19 159 

7
Be+é 54 78 22 154 

ʂʠʥʝʤʘʪʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʟʝʨʢʘʣʴʥʳʭ ʷʜʝʨ ʩ ɸ = 7 ʦʢʘʟʘʣʠʩʴ ʦʯʝʥʴ ʙʣʠʟʢʠʤʠ, ʘ ʩʨʝʜʥʠʝ 

ʟʥʘʯʝʥʠʷ ʧʦʣʥʳʭ ʠʤʧʫʣʴʩʦʚ <P7Li> =22.70 Ñ  0.07 ɻʵɺ/ʩ, <P7Be > = 22.65 Ñ  0.16  ɻʵɺ/ʩ ī ʧʨʘʢʪʠʯʝʩʢʠ 

ʩʦʚʧʘʣʠ. ʉʨʝʜʥʠʝ ʤʥʦʞʝʩʪʚʝʥʥʦʩʪʠ ʠ ʢʠʥʝʤʘʪʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʬʨʘʛʤʝʥʪʦʚ ʠ ʟʘʨʷʞʝʥʥʳʭ 

ʯʘʩʪʠʮ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣ.2. 
ʊʘʙʣʠʮʘ 2.  

ʉʨʝʜʥʠʝ ʟʥʘʯʝʥʠʷ ʤʥʦʞʝʩʪʚʝʥʥʦʩʪʠ, ʠʤʧʫʣʴʩʦʚ, ʢʠʥʝʪʠʯʝʩʢʠʭ ʵʥʝʨʛʠʡ ʯʘʩʪʠʮ ʠ ʬʨʘʛʤʝʥʪʦʚ ʚ 

ʢʘʥʘʣʘʭ ʩ ʚʳʭʦʜʦʤ ʷʜʝʨ 
7
Li ʠ 

7
Be. 

ʍʘʨʘʢ- 

ʪʝʨʠʩʪʠʢʘ 

ʂʘʥʘʣʳ 
7
Be 

7
Li  

npm 0.42 Ñ 0.04 0.43 Ñ 0.04 

np 2.89 Ñ 0.12 3.00 Ñ 0.11 

nd 0.53 Ñ 0.05 0.52 Ñ 0.05 

nt 0.20 Ñ 0.03 0.17 Ñ 0.03 

n -́ 0.44 Ñ 0.05 0.29 Ñ 0.04 

nˊ+ 0.36 Ñ 0.05 0.56 Ñ 0.05 

n
4
He 0.61 Ñ 0.05 0.63 Ñ 0.05 

n
3
He 0.18 Ñ 0.03 0.13 Ñ 0.03 

ppm (ɻʵɺ/ʩ) 0.65 Ñ 0.03 0.71 Ñ 0.04 

p -́(ɻʵɺ/ʩ) 0.61 Ñ 0.04 0.64 Ñ 0.06 

pˊ+(ɻʵɺ/ʩ) 0.52 Ñ 0.04 0.53 Ñ 0.04 

Ekap (ʄʵɺ) 139.4 Ñ 9.4 140.0 Ñ 8.5 

Ekad(ʄʵɺ) 45.0 Ñ 5.4 38.2 Ñ 4.6 

Ekat(ʄʵɺ) 34.0 Ñ 6.3 32.6 Ñ 7.7 

Ekapm(ʄʵɺ) 1542.0 Ñ 71 1413.0 Ñ 72 

ʂʘʢ ʚʠʜʥʦ ʠʟ ʪʘʙʣ.2, ʩʨʝʜʥʠʝ ʤʥʦʞʝʩʪʚʝʥʥʦʩʪʠ ʷʜʝʨ d, t, 
3
He ʠ 

 4
He ʚ ʟʝʨʢʘʣʴʥʳʭ ʢʘʥʘʣʘʭ ʚ 

ʧʨʝʜʝʣʘʭ ʦʜʥʦʢʨʘʪʥʳʭ ʩʪʘʪʠʩʪʠʯʝʩʢʠʭ ʧʦʛʨʝʰʥʦʩʪʝʡ ʩʦʚʧʘʜʘʶʪ, ʯʪʦ ʫʢʘʟʳʚʘʝʪ ʥʘ ʙʣʠʟʦʩʪʴ 

ʬʠʟʠʯʝʩʢʠʭ ʫʩʣʦʚʠʡ ʠʭ ʬʦʨʤʠʨʦʚʘʥʠʷ. ʇʨʝʜʩʪʘʚʣʷʝʪ ʠʥʪʝʨʝʩ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʪʴ ʵʬʬʝʢʪʳ, ʩʚʷʟʘʥʥʳʝ 

ʩ ʧʝʨʝʟʘʨʷʜʢʦʡ  ʧʨʦʪʦʥʘ-ʤʠʰʝʥʠ. 

ɺ ʪʦʧʦʣʦʛʠʠ (422), ʢʦʛʜʘ ʚʝʨʦʷʪʥʦʩʪʴ ʧʝʨʚʠʯʥʦʛʦ ʢʘʩʢʘʜʥʦʛʦ ʧʨʦʮʝʩʩʘ ʤʘʣʘ, ʚʝʨʦʷʪʥʝʝ ʚʩʝʛʦ, 

ʧʨʦʪʦʥ-ʤʠʰʝʥʴ ʩʪʘʣʢʠʚʘʝʪʩʷ ʩ ʥʝʡʪʨʦʥʦʤ ʩʥʘʨʷʜʘ. ɸʥʘʣʠʟ ʠʟʦʪʦʧʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ ʪʦʧʦʣʦʛʠʠ (422) 

ʧʦʢʘʟʘʣ, ʯʪʦ 4-ʟʘʨʷʜʥʳʡ ʬʨʘʛʤʝʥʪ ʷʚʣʷʝʪʩʷ  ʷʜʨʦʤ 
7
Be. ʊʦʧʦʣʦʛʠʷ (322) ʩ ʙʦʣʴʰʝʡ ʚʝʨʦʷʪʥʦʩʪʴʶ 

ʤʦʞʝʪ ʨʝʘʣʠʟʦʚʘʪʴʩʷ ʧʨʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʧʨʦʪʦʥʘ-ʤʠʰʝʥʠ ʩ ʧʨʦʪʦʥʦʤ ʩʥʘʨʷʜʘ, ʥʘ ʯʪʦ ʫʢʘʟʳʚʘʶʪ 

ʜʘʥʥʳʝ ʪʘʙʣ. 3. ɺ ʩʘʤʦʤ ʜʝʣʝ, ʩʨʝʜʥʷʷ ʤʥʦʞʝʩʪʚʝʥʥʦʩʪʴ ˊ
-
-ʤʝʟʦʥʦʚ ʚ ʪʦʧʦʣʦʛʠʠ (422) ʩʫʱʝʩʪʚʝʥʥʦ 

ʚʳʰʝ, ʯʝʤ ʚ ʪʦʧʦʣʦʛʠʠ (322). ɼʣʷ ʤʥʦʞʝʩʪʚʝʥʥʦʩʪʝʡ ˊ
+
-ʤʝʟʦʥʦʚ ʞʝ ʥʘʙʣʶʜʘʝʪʩʷ ʦʙʨʘʪʥʘʷ ʢʘʨʪʠʥʘ. ɺ 

ʩʦʚʦʢʫʧʥʦʩʪʠ, ʵʪʦ ʫʢʘʟʳʚʘʝʪ ʥʘ ʙʦʣʴʰʫʶ ʨʦʣʴ ʧʨʦʮʝʩʩʦʚ ʥʝʫʧʨʫʛʦʡ ʧʝʨʝʟʘʨʷʜʢʠ ʥʫʢʣʦʥʦʚ ʷʜʨʘ 

ʢʠʩʣʦʨʦʜʘ ʨʨ  Ÿʨn+ˊ
+
 ʠ ʨn  Ÿʨp+ˊ

ī
. 

ʊʘʙʣʠʮʘ 3. 

ʉʨʝʜʥʠʝ ʤʥʦʞʝʩʪʚʝʥʥʦʩʪʠ ʟʘʨʷʞʝʥʥʳʭ ʧʠʦʥʦʚ ʚ ʟʝʨʢʘʣʴʥʳʭ ʪʦʧʦʣʦʛʠʷʭ (422) ʠ (322). 

ʊʠʧ ʯʘʩʪʠʮʳ ʊʦʧʦʣʦʛʠʷ 

422 322 

<n ́ ï> 0.45 Ñ 0.15 0.10 Ñ 0.07 

<n ́ +> 0.27 Ñ 0.09 0.58 Ñ 0.15 

ʇʨʝʜʩʪʘʚʣʝʥʥʳʝ ʚ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʨʝʟʫʣʴʪʘʪʳ ʝʱʝ ʨʘʟ ʧʦʜʪʚʝʨʞʜʘʶʪ ʥʘʰʠ ʙʦʣʝʝ ʨʘʥʥʠʝ ʚʳʚʦʜʳ 

ʦ ʩʫʱʝʩʪʚʝʥʥʦʡ ʨʦʣʠ Ŭ-ʢʣʘʩʪʝʨʥʦʡ ʩʪʨʫʢʪʫʨʳ ʷʜʨʘ ʢʠʩʣʦʨʦʜʘ ʚ ʧʨʦʮʝʩʩʝ ʬʦʨʤʠʨʦʚʘʥʠʷ ʢʦʥʝʯʥʳʭ 
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ʤʥʦʛʦʥʫʢʣʦʥʥʳʭ ʬʨʘʛʤʝʥʪʦʚ. ɼʣʷ ʧʨʦʮʝʩʩʦʚ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʟʝʨʢʘʣʴʥʳʭ ʷʜʝʨ 
7
Be ʠ 

7
Li  ʚʘʞʥʦ 

ʘʥʘʣʠʟʠʨʦʚʘʪʴ ʢʘʥʘʣʳ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʟʘʨʷʞʝʥʥʳʭ ʧʠʦʥʦʚ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʠʜʝʥʪʠʬʠʮʠʨʦʚʘʪʴ ʪʠʧ 

ʧʝʨʚʠʯʥʦʛʦ ʥʫʢʣʦʥ-ʥʫʢʣʦʥʥʦʛʦ ʩʦʫʜʘʨʝʥʠʷ. 

ɼʀʉʉʆʎʀɸʎʀʗ ʗɼɽʈ 
12

N ʉ ʀʄʇʋʃʔʉʆʄ 2 A ɻʕɺ/ʉ  ɺ ʗɼɽʈʅʆʁ 

ʌʆʊʆɻʈɸʌʀʏɽʉʂʆʁ ʕʄʋʃʔʉʀʀ 

ʂ. ʆʣʠʤʦʚ
1)
, ɼ. ɸ. ɸʨʪʝʤʝʥʢʦʚ

2)
, ɺ. ɹʨʘʜʥʦʚʘ

2)
, ʇ. ʀ. ɿʘʨʫʙʠʥ

2)
,  ʀ. ɻ. ɿʘʨʫʙʠʥʘ

2)
, ʈ. ʈ. 

ʂʘʪʪʘʙʝʢʦʚ
2, 3)
, ʅ. ʂ. ʂʦʨʥʝʛʨʫʮʘ

2)
, ʂ. ɿ. ʄʘʤʘʪʢʫʣʦʚ

2,4)
, ɺ. ɺ. ʈʫʩʘʢʦʚʘ

2)  

1)
ʌʠʟʠʢʦ-ʪʝʭʥʠʯʝʩʢʠʡ ʠʥʩʪʠʪʫʪ ɸʅ ʈʋʟ, 

2)
ʆʙʲʝʜʠʥʝʥʥʳʡ ʠʥʩʪʠʪʫʪ ʷʜʝʨʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ, ɼʫʙʥʘ, 

ʈʦʩʩʠʷ. 
3)
ʀʥʩʪʠʪʫʪ ʗʜʝʨʥʦʡ ʌʠʟʠʢʠ ɸʅ ʈʋʟ, 

4)
ɼʞʠʟʘʢʩʢʠʡ ʧʝʜʘʛʦʛʠʯʝʩʢʠʡ ʠʥʩʪʠʪʫʪ, ɼʞʠʟʘʢ.

 

E-mail: olimov@uzsci.net 

ʇʫʯʦʢ ʷʜʝʨ 
12

N ʧʦʣʫʯʝʥ ʦʪʙʦʨʦʤ ʠʟ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ ʧʝʨʚʠʯʥʦʛʦ ʧʫʯʢʘ ʷʜʝʨ 
12
C ʩ ʠʤʧʫʣʴʩʦʤ 2A 

ɻʵɺ/c ʚ ʷʜʝʨʥʦʡ ʬʦʪʦʵʤʫʣʴʩʠʠ. ʇʨʝʜʩʪʘʚʣʝʥʥʳʡ ʥʠʞʝ ʘʥʘʣʠʟ ʦʩʥʦʚʳʚʘʝʪʩʷ ʥʘ ʧʨʦʩʤʦʪʨʝ 

ʦʙʣʫʯʝʥʥʦʡ ʵʤʫʣʴʩʠʠ ʧʦ ʩʣʝʜʘʤ ʧʝʨʚʠʯʥʳʭ ʯʘʩʪʠʮ ʩ ʟʘʨʷʜʘʤʠ, ʚʠʟʫʘʣʴʥʦ ʦʮʝʥʠʚʘʝʤʳʤʠ ʢʘʢ Zpr > 2, 

ʥʘ ʜʣʠʥʝ ʦʢʦʣʦ 1088 ʤ. ʅʘʡʜʝʥʦ 7241 ʥʝʫʧʨʫʛʦʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ, ʚ ʪʦʤ ʯʠʩʣʝ 608 çʙʝʣʳʭè ʟʚʝʟʜ, 

ʩʦʜʝʨʞʘʱʠʭ ʪʦʣʴʢʦ ʨʝʣʷʪʠʚʠʩʪʩʢʠʝ ʬʨʘʛʤʝʥʪʳ ʚ ʫʛʣʦʚʦʤ ʢʦʥʫʩʝ ʜʦ ɗfr < 11
ʦ
. ɺ çʙʝʣʳʭè ʟʚʝʟʜʘʭ, 

ʢʦʪʦʨʳʝ ʤʦʛʣʠ ʙʳ ʙʳʪʴ ʩʦʟʜʘʥʳ ʷʜʨʘʤʠ 
12

N, ʚʳʧʦʣʥʝʥʳ ʠʟʤʝʨʝʥʠʷ ʩʨʝʜʥʠʭ ʧʣʦʪʥʦʩʪʝʡ ŭ-ʵʣʝʢʪʨʦʥʦʚ 

Nd ʥʘ ʩʣʝʜʘʭ ʧʫʯʢʦʚʳʭ ʷʜʝʨ ʠ ʚʪʦʨʠʯʥʳʭ ʬʨʘʛʤʝʥʪʦʚ ʩ ʟʘʨʷʜʘʤʠ Zfr > 2.  

ʀʩʩʣʝʜʦʚʘʥʠʷ ʢʣʘʩʪʝʨʠʟʘʮʠʠ ʥʫʢʣʦʥʦʚ ʚ ʤʘʣʦʠʟʫʯʝʥʥʦʤ ʨʘʜʠʦʘʢʪʠʚʥʦʤ ʷʜʨʝ 
12

N, ʷʚʣʷʝʪʩʷ 

ʣʦʛʠʯʝʩʢʠʤ ʰʘʛʦʤ ʚ ʨʘʟʚʠʪʠʠ ʠʩʩʣʝʜʦʚʘʥʠʡ ʢʣʘʩʪʝʨʥʦʡ ʩʪʨʫʢʪʫʨʳ ʷʜʝʨ 
7
Be, 

8
B ʠ 

9
C. ʗʜʨʦ 

12
N 

ʟʘʚʝʨʰʘʝʪ ʵʪʫ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʷʜʝʨ ʚ ʮʝʧʠ ʨʝʘʢʮʠʡ ʚ ʘʩʪʨʦʬʠʟʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʘʭ ʙʳʩʪʨʦʛʦ 

ʧʦʜʭʚʘʪʘ ʧʨʦʪʦʥʦʚ. ʕʪʦ ʷʜʨʦ ʦʙʝʩʧʝʯʠʚʘʝʪ ʘʣʴʪʝʨʥʘʪʠʚʥʳʡ ʩʮʝʥʘʨʠʡ ʩʠʥʪʝʟʘ ʠʟʦʪʦʧʘ 
12

C. 

ɼʣʷ çʙʝʣʳʭè ʟʚʝʟʜ 
12

N ʤʦʞʥʦ ʙʳʣʦ ʦʞʠʜʘʪʴ ʣʠʜʠʨʦʚʘʥʠʷ ʢʘʥʘʣʦʚ 
11

C + p (ʧʦʨʦʛ 0.6 ʄʵɺ), 
8
B + 

4
He (ʧʦʨʦʛ 8 ʄʵɺ) ʠ p + 

7
Be + 

4
He, ʘ ʪʘʢʞʝ ʢʘʥʘʣʦʚ ʩʚʷʟʘʥʥʳʭ ʩ ʢʣʘʩʪʝʨʥʦʡ ʜʠʩʩʦʮʠʘʮʠʝʡ ʷʜʨʘ-

ʦʩʥʦʚʳ 
7
Be. ʆʩʦʙʝʥʥʦʩʪʴʶ ʢʦʛʝʨʝʥʪʥʦʡ ʜʠʩʩʦʮʠʘʮʠʠ ʷʜʨʘ 

12
N, ʚ ʦʪʣʠʯʠʝ ʦʪ ʙʦʣʝʝ ʣʝʛʢʠʭ ʷʜʝʨ ʥʘ 

ʛʨʘʥʠʮʝ ʧʨʦʪʦʥʥʦʡ ʩʪʘʙʠʣʴʥʦʩʪʠ, ʤʦʞʝʪ ʩʪʘʪʴ ʚʢʣʘʜ ʨʘʩʧʘʜʦʚ ʥʝʩʚʷʟʘʥʥʳʭ ʷʜʝʨ 
8
Be ʠ

 9
B. ɺ 

ʯʘʩʪʥʦʩʪʠ, ʧʦʨʦʛ ʢʘʥʘʣʘ 
3
He + 

9
Bg.s.. ʩʦʩʪʘʚʣʷʝʪ 10 ʄʵɺ. ʅʝʙʦʣʴʰʘʷ ʨʘʟʥʠʮʘ ʚ ʵʥʝʨʛʠʠ ʩʚʷʟʠ ʧʦ 

ʩʨʘʚʥʝʥʠʶ ʩ ʢʘʥʘʣʘʤʠ, ʩʦʜʝʨʞʘʱʠʤʠ ʬʨʘʛʤʝʥʪʳ ʩ ʟʘʨʷʜʦʤ Zfr > 2, ʚʝʜʝʪ ʢ ʧʨʝʜʧʦʣʦʞʝʥʠʶ ʦ 

ʚʦʟʤʦʞʥʦʡ ʜʚʦʡʩʪʚʝʥʥʦʩʪʠ ʷʜʨʘ 
12

N. ʉ ʦʜʥʦʡ ʩʪʦʨʦʥʳ ʝʛʦ ʦʩʥʦʚʘ ʤʦʞʝʪ ʙʳʪʴ ʧʨʝʜʩʪʘʚʣʝʥʘ  

ʩʚʷʟʘʥʥʳʤʠ ʷʜʨʘʤʠ 
7
Be ʠ 

8
B, ʘ ʩ ʜʨʫʛʦʡ ï ʥʝʩʚʷʟʘʥʥʳʤʠ 

8
Beg.s. ʠ 

9
Bg.s..  

ʀʟʤʝʨʝʥʠʝ ʚ ʦʙʣʫʯʝʥʥʦʡ ʵʤʫʣʴʩʠʠ ʧʣʦʪʥʦʩʪʠ ŭ-ʵʣʝʢʪʨʦʥʦʚ Nd ʥʘ ʩʣʝʜʘʭ ʢʘʥʜʠʜʘʪʦʚ 
12

N 

ʧʦʟʚʦʣʠʣʦ ʦʪʦʙʨʘʪʴ 72 çʙʝʣʳʭè ʟʚʝʟʜʳ, ʫʜʦʚʣʝʪʚʦʨʷʶʱʠʭ ʫʩʣʦʚʠʶ Zpr = 7 ʠ ×Zfr = 7 [1]. 

ʀʜʝʥʪʠʬʠʢʘʮʠʷ ʩʣʝʜʦʚ ʧʦ ʟʘʨʷʜʫ ʧʦʟʚʦʣʷʝʪ ʚʦʩʩʪʘʥʦʚʠʪʴ ʟʘʨʷʜʦʚʫʶ ʪʦʧʦʣʦʛʠʶ çʙʝʣʳʭè ʟʚʝʟʜ, 

ʩʦʟʜʘʥʥʳʭ ʷʜʨʘʤʠ 
12

N. ʅʘ ʦʩʥʦʚʝ ʵʪʠʭ ʜʘʥʥʳʭ ʚʢʣʘʜ ʷʜʝʨ 
12

N ʚ ʧʫʯʦʢ ʦʮʝʥʠʚʘʝʪʩʷ ʚ 14 % (ʙʝʟ ʫʯʝʪʘ 

ʷʜʝʨ H ʠ He). ʉʦʛʣʘʩʥʦ ʥʘʢʦʧʣʝʥʥʦʡ ʩʪʘʪʠʩʪʠʢʝ çʙʝʣʳʭè ʟʚʝʟʜ, ʩʦʟʜʘʥʥʳʭ ʷʜʨʘʤʠ 
10
ʉ ʠ 

7
Be, ʚʢʣʘʜ 

ʵʪʠʭ ʠʟʦʪʦʧʦʚ ʩʦʩʪʘʚʣʷʝʪ ʧʨʠʤʝʨʥʦ ʧʦ 43%. ɼʣʷ ʠʟʦʪʦʧʦʚ Zfr > 2 ʧʦ Zfr ʦʧʨʝʜʝʣʷʝʪʩʷ ʠ ʤʘʩʩʦʚʦʝ ʯʠʩʣʦ 

A fr.  

ɼʣʷ ʜʘʣʴʥʝʡʰʝʛʦ ʦʪʙʦʨʘ ʩʦʙʳʪʠʡ ʢʦʛʝʨʝʥʪʥʦʡ ʜʠʩʩʦʮʠʘʮʠʠ, ʩʦʜʝʨʞʘʱʠʭ ʪʦʣʴʢʦ ʬʨʘʛʤʝʥʪʳ  

ʷʜʝʨ 
12

N (ʥʝ çʫʯʘʩʪʥʠʢʦʚè ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ), ʫʩʣʦʚʠʝ ʥʘ ʫʛʣʦʚʦʡ  ʢʦʥʫʩ ʙʳʣʦ ʫʞʝʩʪʦʯʝʥʦ ʜʦ ɗfr < 6
ʦ
. 

ʕʪʘ ʚʝʣʠʯʠʥʘ ʦʧʨʝʜʝʣʷʝʪʩʷ çʤʷʛʢʠʤè ʦʛʨʘʥʠʯʝʥʠʝʤ ʥʘ ʠʤʧʫʣʴʩ ʬʝʨʤʠ-ʜʚʠʞʝʥʠʷ ʥʫʢʣʦʥʦʚ. ɺ 

ʨʘʩʧʨʝʜʝʣʝʥʠʠ 45 ʦʪʦʙʨʘʥʥʳʭ ʩʦʙʳʪʠʡ ʜʦʣʷ ʢʘʥʘʣʦʚ ʩ ʪʷʞʝʣʳʤʠ ʬʨʘʛʤʝʥʪʘʤʠ Zfr > 2 ʜʦʩʪʠʛʘʝʪ 

ʧʨʠʤʝʨʥʦ 2/3, ʠ ʚʢʣʘʜ ʢʘʥʘʣʦʚ, ʩʦʜʝʨʞʘʱʠʭ ʪʦʣʴʢʦ ʣʝʛʢʠʝ ʬʨʘʛʤʝʥʪʳ He ʠ H, ʦʩʪʘʝʪʩʷ ʜʦʩʪʘʪʦʯʥʦ 

ʟʥʘʯʠʪʝʣʴʥʳʤ. ɿʘʤʝʪʥʳʡ ʚʢʣʘʜ ʧʨʝʜʝʣʴʥʦ çʭʨʫʧʢʦʛʦè 
8
B ʫʢʘʟʳʚʘʝʪ ʥʘ çʭʦʣʦʜʥʫʶè ʬʨʘʛʤʝʥʪʘʮʠʶ ʩ 

ʤʠʥʠʤʘʣʴʥʳʤ ʚʦʟʤʫʱʝʥʠʝʤ ʩʪʨʫʢʪʫʨʳ ʷʜʝʨ 
12

N. ʅʝʦʞʠʜʘʥʥʦ ʙʦʣʴʰʦʡ ʦʢʘʟʘʣʘʩʴ ʩʪʘʪʠʩʪʠʢʘ ʩʦʙʳʪʠʡ 

ʚ ʢʘʥʘʣʝ 2He + 3H. ʀʩʭʦʜʷ ʠʟ ʬʘʢʪʘ ʧʨʠʙʣʠʟʠʪʝʣʴʥʦʛʦ ʨʘʚʝʥʩʪʚʘ ʚʝʨʦʷʪʥʦʩʪʠ ʢʘʥʘʣʦʚ 2He ʠ He + 2H 

ʧʨʠ ʜʠʩʩʦʮʠʘʮʠʠ ʷʜʨʘ 
7
Be [2], a ʪʘʢʞʝ ʦʩʥʦʚʳ 

7
Be ʚ ʷʜʨʘʭ 

8
B [3] ʠ 

9
C [4], ʩʣʝʜʦʚʘʣʦ ʙʳ ʦʞʠʜʘʪʴ ʜʣʷ 

ʷʜʨʘ 
12

N ʧʨʠʙʣʠʟʠʪʝʣʴʥʦʛʦ ʨʘʚʝʥʩʪʚʘ ʚʝʨʦʷʪʥʦʩʪʝʡ ʢʘʥʘʣʦʚ 2He + 3H ʠ 3He + H.  

ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʯʠʩʣʘ çʙʝʣʳʭè ʟʚʝʟʜ ʧʦ ʢʘʥʘʣʘʤ ʜʠʩʩʦʮʠʘʮʠʠ ʩ ʩʫʤʤʘʨʥʳʤ ʟʘʨʷʜʦʤ ʬʨʘʛʤʝʥʪʦʚ 

×Zfr = 7 ʠ ʠʟʤʝʨʝʥʥʳʤ ʟʘʨʷʜʦʤ ʧʫʯʢʦʚʦʛʦ ʩʣʝʜʘ Zpr = 7 ʩ ʫʩʣʦʚʠʝʤ ʦʪʙʦʨʘ ɗfr < 11
ʦ 
(72 ʩʦʙʳʪʠʷ) ʠ ɗfr < 

6
ʦ 
 (45 ʩʦʙʳʪʠʡ) ʧʨʠʚʝʜʝʥʦ ʚ ʪʘʙʣʠʮʝ. 

ɗfr He+5H 2He+3H 3He+H 
7
Be+3H 

7
Be+He+H 

8
B+2H 

8
B+He C+H 

< 11
ʦ
 9 24 2 10 9 11 3 4 

< 6
ʦ
 2 12 2 5 8 9 3 4 

ʉʫʱʝʩʪʚʝʥʥʳʤ ʚʦʧʨʦʩʦʤ ʷʚʣʷʝʪʩʷ ʚʢʣʘʜ ʩʨʝʜʠ ʬʨʘʛʤʝʥʪʦʚ Zpr > 2 ʨʘʩʧʘʜʦʚ ʥʝʩʪʘʙʠʣʴʥʦʛʦ ʷʜʨʘ 
8
Beg.s. ʠʟ ʦʩʥʦʚʥʦʛʦ ʩʦʩʪʦʷʥʠʷ. ɺ ʩʣʫʯʘʝ ʷʜʨʘ 

12
N ʚ ʨʘʩʧʨʝʜʝʣʝʥʠʠ ʧʦ ʫʛʣʘʤ ʨʘʟʣʝʪʘ Ū(He + He) ʜʣʷ 
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çʙʝʣʳʭè ʟʚʝʟʜ  2He + 3H ʠ 3He + H ʥʘʡʜʝʥʳ ʜʚʘ ʢʘʥʜʠʜʘʪʘ ʚ ʨʘʩʧʘʜ ʷʜʨʘ 
8
Be ʠʟ ʦʩʥʦʚʥʦʛʦ ʩʦʩʪʦʷʥʠʷ 

0
+
. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚʢʣʘʜ ʷʜʝʨ 

8
Be ʦʮʝʥʠʚʘʝʪʩʷ ʥʘ ʫʨʦʚʥʝ 4 Ñ 2 %. ɼʣʷ ʩʦʩʝʜʥʠʭ ʷʜʝʨ 

12
C [5],

 10
C [1], 

10
B[6] ʠ

 14
N [7] ʦʥ ʩʦʩʪʘʚʣʷʣ ʧʦʨʷʜʢʘ 20%. ʆʜʥʘʢʦ, ʜʘʥʥʳʝ ʧʦ Ū(He + He) ʥʝ ʠʩʢʣʶʯʘʶʪ ʚʦʟʤʦʞʥʦʩʪʠ 

ʜʠʩʩʦʮʠʘʮʠʠ ʧʦ ʢʘʥʘʣʫ 2He ʯʝʨʝʟ ʨʘʩʧʘʜ  ʷʜʨʘ 
8
Be 2

+ 
ʠʟ ʧʝʨʚʦʛʦ ʚʦʟʙʫʞʜʝʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ 2

+
. 

ʇʨʠ ʧʦʠʩʢʝ ʘʥʘʣʦʛʠʠ ʩ ʷʜʨʦʤ 
9
C ʧʫʪʝʤ ʟʘʤʝʥʳ ʦʜʥʦʛʦ ʠʟ ʚʥʝʰʥʠʭ ʧʨʦʪʦʥʦʚ ʚ ʩʠʩʪʝʤʝ 2p + 

7
Be 

ʥʘ Ŭ-ʢʣʘʩʪʝʨ ʚʦʟʥʠʢʘʝʪ ʟʘʪʨʫʜʥʝʥʠʝ, ʩʦʩʪʦʷʱʝʝ ʚ ʩʣʝʜʫʶʱʝʤ. ɺʝʨʦʷʪʥʦʩʪʴ ʢʘʥʘʣʦʚ, ʜʣʷ ʢʦʪʦʨʳʭ 

ʪʨʝʙʫʝʪʩʷ ʚʳʩʦʢʦʵʥʝʨʛʝʪʠʯʝʩʢʦʝ ʨʘʩʱʝʧʣʝʥʠʝ Ŭ-ʢʣʘʩʪʝʨʘ ʚ ʷʜʨʝ 
12

N, ʧʨʠʤʝʨʥʦ ʩʦʚʧʘʜʘʝʪ ʩʦ 

ʟʥʘʯʝʥʠʷʤʠ ʜʣʷ ʢʘʥʘʣʦʚ, ʢʦʪʦʨʳʝ ʤʦʞʥʦ ʘʩʩʦʮʠʠʨʦʚʘʪʴ ʪʦʣʴʢʦ ʩ ʦʪʜʝʣʝʥʠʝʤ Ŭ-ʢʣʘʩʪʝʨʘ. ʇʦ-

ʚʠʜʠʤʦʤʫ, çʧʨʦʩʪʘʷè ʢʘʨʪʠʥʘ ʷʜʨʘ 
12

N ʢʘʢ ʩʪʨʫʢʪʫʨʳ p + 
7
Be + 

4
He ʷʚʣʷʝʪʩʷ ʥʝʜʦʩʪʘʪʦʯʥʦʡ. ʉʢʦʨʝʝ, 

ʢʣʘʩʪʝʨʥʘʷ ʩʪʨʫʢʪʫʨʘ ʦʩʥʦʚʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʷʜʨʘ 
12

N ʧʨʝʜʩʪʘʝʪ ʢʘʢ ʩʣʦʞʥʘʷ ʩʤʝʩʴ ʩʦʩʪʦʷʥʠʡ ʷʜʨʘ-

ʦʩʥʦʚʳ 
7
Be ʠ ʚʦʟʤʦʞʥʳʭ ʢʦʥʬʠʛʫʨʘʮʠʡ ʧʨʦʪʦʥʦʚ ʠ ʣʝʛʯʘʡʰʠʭ ʷʜʝʨ. 
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ʈɸʉʑɽʇʃɽʅʀɽ ʗɼɽʈ 
12
ʉ ʇʆɼ ɼɽʁʉʊɺʀɽʄ ʅɽʁʊʈʆʅʆɺ ʉ ʕʅɽʈɻʀɽʁ 14 ʄʕɺ. 
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1,4)
, ʂ. ʆʣʠʤʦʚ

3)
, ɺ. ɺ. ʈʫʩʘʢʦʚʘ

1)  

1)
ʆʙʲʝʜʠʥʝʥʥʳʡ ʠʥʩʪʠʪʫʪ ʷʜʝʨʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ, ɼʫʙʥʘ, ʈʦʩʩʠʷ. 

2)
ʀʥʩʪʠʪʫʪ ʗʜʝʨʥʦʡ ʌʠʟʠʢʠ ɸʅ ʈʋ, 

ʊʘʰʢʝʥʪ, ʋʟʙʝʢʠʩʪʘʥ. 
3)
ʌʠʟʠʢʦ-ʪʝʭʥʠʯʝʩʢʠʡ ʠʥʩʪʠʪʫʪ ɸʅ ʈʋ, ʊʘʰʢʝʥʪ, ʋʟʙʝʢʠʩʪʘʥ. 

4)
ɼʞʠʟʘʢʩʢʠʡ 

ʧʝʜʘʛʦʛʠʯʝʩʢʠʡ ʠʥʩʪʠʪʫʪ, ɼʞʠʟʘʢ, ʋʟʙʝʢʠʩʪʘʥ.
 

 

ʗʜʝʨʥʘʷ ʵʤʫʣʴʩʠʷ, ʦʙʣʫʯʝʥʥʘʷ ʥʝʡʪʨʦʥʘʤʠ ʩ ʵʥʝʨʛʠʝʡ ʩʚʳʰʝ ʧʦʨʦʛʘ ʨʝʘʢʮʠʠ 
12

C(n,nô)3Ŭ 

ʧʦʟʚʦʣʷʝʪ ʠʟʫʯʘʪʴ ʘʥʩʘʤʙʣʠ Ŭ-ʯʘʩʪʠʮ, ʨʦʞʜʝʥʥʳʭ ʧʨʠ ʨʘʩʱʝʧʣʝʥʠʷ ʷʜʝʨ ʫʛʣʝʨʦʜʘ ʠʟ ʩʦʩʪʘʚʘ 

ʵʤʫʣʴʩʠʠ. ɺ ʥʘʩʪʦʷʱʝʤ ʵʢʩʧʝʨʠʤʝʥʪʝ ʤʦʥʦʵʥʝʨʛʝʪʠʯʥʳʝ ʥʝʡʪʨʦʥʳ ʛʝʥʝʨʠʨʦʚʘʣʠʩʴ ʚ ʨʝʘʢʮʠʠ 

ʩʣʠʷʥʠʷ ʜʝʡʪʨʦʥʦʚ ʩ ʵʥʝʨʛʠʝʡ ʧʦʨʷʜʢʘ ʩʦʪʝʥ ʂʵɺ ʩ ʪʨʠʪʦʥʘʤʠ d + t Ÿ n(14.1 ʄʵɺ) + Ŭ. ʈʝʟʫʣʴʪʘʪʳ 

ʪʘʢʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʟʚʦʣʷʶʪ ʧʦʣʫʯʠʪʴ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʝ ʩʚʝʜʝʥʠʷ ʦ ʚʝʨʦʷʪʥʦʩʪʷʭ ʨʘʟʣʠʯʥʳʭ 

ʩʧʠʥʦʚʳʭ ʩʦʩʪʦʷʥʠʡ ʢʣʘʩʪʝʨʦʚ ʚ ʷʜʨʘʭ. 

ʗʜʨʦ 
12

C ʷʚʣʷʝʪʩʷ ʧʨʠʟʥʘʥʥʦʡ çʣʘʙʦʨʘʪʦʨʠʝʡè ʜʣʷ ʨʘʟʚʠʪʠʡ ʢʦʥʮʝʧʮʠʡ Ŭ-ʯʘʩʪʠʯʥʦʡ 

ʢʣʘʩʪʝʨʠʟʘʮʠʠ ʚ ʷʜʝʨʥʦʡ ʤʘʪʝʨʠʠ ʩ ʫʯʝʪʦʤ ʢʚʘʥʪʦʚʳʭ ʵʬʬʝʢʪʦʚ.  ʉʫʱʝʩʪʚʫʝʪ ʚʦʟʤʦʞʥʦʩʪʴ 

ʧʨʠʩʫʪʩʪʚʠʷ ʚ ʦʩʥʦʚʥʦʤ ʩʦʩʪʦʷʥʠʠ ʷʜʨʘ 
12

Cg.s. ʧʘʨ Ŭ-ʢʣʘʩʪʝʨʦʚ, ʠʤʝʶʱʠʭ çʩʢʨʳʪʳʡè ʩʧʠʥ S = 2 (D-

ʚʦʣʥʘ). ʇʦʜʭʦʜʷʱʝʡ ʙʘʟʠʩʥʦʡ ʢʦʥʬʠʛʫʨʘʮʠʝʡ ʠ ʚ ʵʪʦʤ ʩʣʫʯʘʝ ʷʚʣʷʝʪʩʷ ʧʝʨʚʦʝ ʚʦʟʙʫʞʜʝʥʥʦʝ 

ʩʦʩʪʦʷʥʠʝ ʷʜʨʘ  
8
Be2+ ʩʦ ʩʧʠʥʦʤ ʠ ʯʝʪʥʦʩʪʴʶ S = 2

+
. ɺ ʢʣʘʩʩʠʯʝʩʢʦʤ ʧʦʜʭʦʜʝ, ʤʦʞʥʦ ʧʨʝʜʩʪʘʚʠʪʴ 

ʧʨʦʪʠʚʦʧʦʣʦʞʥʦ ʥʘʧʨʘʚʣʝʥʥʦʝ çʚʨʘʱʝʥʠʝè ʜʚʫʭ Ŭ-ʢʣʘʩʪʝʨʦʚ ʩ ʫʛʣʦʚʳʤʠ ʤʦʤʝʥʪʘʤʠ S = 2 ʚʦʢʨʫʛ 

ʦʙʱʝʛʦ ʮʝʥʪʨʘ, ʧʨʝʜʩʪʘʚʣʝʥʥʦʛʦ ʪʨʝʪʴʠʤ Ŭ-ʢʣʘʩʪʝʨʦʤ. ʊʦʛʜʘ ʦʩʪʘʶʱʘʷʩʷ ʢʦʤʙʠʥʘʮʠʷ çʙʦʣʝʝ 

ʫʜʘʣʝʥʥʳʭ ʚʨʘʱʘʶʱʠʭʩʷè Ŭ-ʢʣʘʩʪʝʨʦʚ ʜʦʣʞʥʘ ʠʤʝʪʴ ʫʛʣʦʚʦʡ ʤʦʤʝʥʪ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʡ ʙʳ 

ʦʩʥʦʚʥʦʤʫ ʩʦʩʪʦʷʥʠʶ ʷʜʨʘ 
8
Beg.s. cʦ ʩʧʠʥʦʤ ʠ ʯʝʪʥʦʩʪʴʶ S = 0

+
 (S-ʚʦʣʥʘ). ɺ ʠʪʦʛʝ ʩʫʧʝʨʧʦʟʠʮʠʷ 

ʧʘʨʥʳʭ ʩʦʩʪʦʷʥʠʡ Ŭ-ʢʣʘʩʪʝʨʦʚ ʚʝʜʝʪ ʢ ʥʫʣʝʚʦʤʫ ʟʥʘʯʝʥʠʶ ʩʧʠʥʘ 
12

Cg.s.. ʂʦʥʝʯʥʦ, ʵʪʘ ʫʧʨʦʱʝʥʥʘʷ 

ʩʭʝʤʘ ʪʨʝʙʫʝʪ ʢʚʘʥʪʦʚʦʤʝʭʘʥʠʯʝʩʢʦʛʦ ʨʘʩʩʤʦʪʨʝʥʠʷ, ʫʯʠʪʳʚʘʶʱʝʛʦ ʪʦʞʜʝʩʪʚʝʥʥʦʩʪʴ Ŭ-ʢʣʘʩʪʝʨʦʚ. 

ʊʝʤ ʥʝ ʤʝʥʝʝ, ʦʥʘ ʫʢʘʟʳʚʘʝʪ ʥʘ ʧʨʦʚʝʨʷʝʤʦʝ ʩʣʝʜʩʪʚʠʝ ï ʦʪʥʦʰʝʥʠʝ ʩʝʯʝʥʠʡ ʦʙʨʘʟʦʚʘʥʠʷ  ʜʚʫʭ 

ʨʘʟʣʠʯʥʳʭ ʩʦʩʪʦʷʥʠʡ 
8
Be ʚ ʨʝʘʢʮʠʷʭ ʚʳʙʠʚʘʥʠʷ Ŭ-ʯʘʩʪʠʮ ʠʟ ʷʜʝʨ 

12
Cg.s. ʙʝʟ ʧʝʨʝʜʘʯʠ ʫʛʣʦʚʦʛʦ 

ʤʦʤʝʥʪʘ. ʇʨʠ çʤʛʥʦʚʝʥʥʦʤè ʚʳʙʠʚʘʥʠʠ ʦʜʥʦʛʦ ʠʟ Ŭ-ʢʣʘʩʪʝʨʦʚ ʦʩʪʘʚʰʘʷʩʷ Ŭ-ʧʘʨʫ ʤʦʞʝʪ ʚʦʟʥʠʢʘʪʴ 

ʢʘʢ 
8
Be2+ ʩ ʚʝʨʦʷʪʥʦʩʪʴʶ 2/3 ʠ ʢʘʢ 

8
Beg.s. ʩ ʚʝʨʦʷʪʥʦʩʪʴʶ 1/3.  

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʥʘ ʩʪʘʪʠʩʪʠʢʝ 200 ʩʦʙʳʪʠʡ ʠʟʫʯʘʣʠʩʴ Ŭ-ʯʘʩʪʠʯʥʳʝ ʨʘʩʱʝʧʣʝʥʠʷ ʷʜʝʨ 
12
ʉ ʚ 

ʷʜʝʨʥʦʡ ʵʤʫʣʴʩʠʠ, ʦʙʣʫʯʝʥʥʦʡ ʥʝʡʪʨʦʥʘʤʠ ʩ ʵʥʝʨʛʠʝʡ 14.1 ʄʵɺ. ɺʳʧʦʣʥʝʥʳ ʠʟʤʝʨʝʥʠʷ ʧʨʦʙʝʛʦʚ ʚ 

ʵʤʫʣʴʩʠʠ ʠ ʦʪʥʦʩʠʪʝʣʴʥʳʭ ʫʛʣʦʚ ʚʳʣʝʪʘ Ŭ-ʯʘʩʪʠʮ, ʦʙʨʘʟʦʚʘʚʰʠʭʩʷ ʚ ʨʝʘʢʮʠʠ 
12

C(n,nô)3Ŭ ʠ ʧʦʣʫʯʝʥʳ 

ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʥʘ ʦʩʥʦʚʝ ʧʨʦʛʨʘʤʤʳ SRIM ʧʦ ʵʥʝʨʛʠʠ Ŭ-ʯʘʩʪʠʯʥʳʭ.  ʆʙʨʘʟʦʚʘʥʠʝ 80% 3Ŭ ʪʨʦʝʢ 

ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʚʦʟʙʫʞʜʝʥʠʷʤ ʷʜʨʘ 
12

C ʦʪ ʧʦʨʦʛʘ  ʜʦ  14 ʄʵɺ (ʨʠʩ. 1). ɺʢʣʘʜ ʚ ʵʪʫ ʨʝʘʢʮʠʶ ʨʘʩʧʘʜʦʚ 

http://becquerel.jinr.ru/


ʄʝʞʜʫʥʘʨʦʜʥʘʷ ʢʦʥʬʝʨʝʥʮʠʷ, ʧʦʩʚʷʱʝʥʥʘʷ 70-ʣʝʪʠʶ ʌʠʟʠʢʦ-ʪʝʭʥʠʯʝʩʢʦʛʦ ʠʥʩʪʠʪʫʪʘ 
 

 28 

ʯʝʨʝʟ ʦʩʥʦʚʥʦʝ (0
+
) ʠ ʧʝʨʚʦʝ (2

+
) ʚʦʟʙʫʞʜʝʥʥʦʝ ʩʦʩʪʦʷʥʠʝ ʧʨʦʤʝʞʫʪʦʯʥʳʭ ʷʜʝʨ 

8
Be ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ 

ʦʮʝʥʠʚʘʝʪʩʷ ʦʢʦʣʦ 25%  ʠ  30% ʧʦ ʜʘʥʥʳʤ ʨʠʩ. 2, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʉ ʧʦʟʠʮʠʠ 3Ŭ-ʢʣʘʩʪʝʨʥʦʡ ʢʘʨʪʠʥʳ 

ʵʪʠ ʜʘʥʥʳʝ ʫʢʘʟʳʚʘʶʪ ʥʘ ʧʨʠʩʫʪʩʪʚʠʝ ʩʫʧʝʨʧʦʟʠʮʠʠ ʩʦʩʪʦʷʥʠʡ 0
+
 ʠ 2

+
 ʷʜʨʘ 

8
Be 

 
ʩ ʪʘʢʠʤʠ  

ʚʝʨʦʷʪʥʦʩʪʷʤʠ ʚ ʦʩʥʦʚʥʦʤ ʩʦʩʪʦʷʥʠʠ ʷʜʨʘ 
12
ʉ.  

ʉʧʝʢʪʨ ʧʦ ʵʥʝʨʛʠʠ Ŭ-ʯʘʩʪʠʯʥʳʭ ʧʘʨ ʠʤʝʝʪ ʩʣʦʞʥʦʩʪʴ ʚ ʠʥʪʝʨʧʨʝʪʘʮʠʠ ʠʟ-ʟʘ ʢʦʤʙʠʥʘʪʦʨʠʢʠ 

ʚʥʦʩʠʤʦʡ ʪʨʦʡʥʳʤ ʦʙʨʘʟʦʚʘʥʠʝʤ Ŭ-ʯʘʩʪʠʮ. ɺʳʧʦʣʥʝʥ ʩʨʘʚʥʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ ʟʘʚʠʩʠʤʦʩʪʠ ʟʥʘʯʝʥʠʡ 

ʵʥʝʨʛʠʠ, ʧʨʠʧʠʩʳʚʘʝʤʳʭ Ŭ-ʯʘʩʪʠʮʘʤ, ʦʪ ʠʭ ʧʨʦʙʝʛʘ ʚ ʨʘʟʣʠʯʥʳʭ ʪʠʧʘʭ ʵʤʫʣʴʩʠʠ ʧʦ ʧʨʦʛʨʘʤʤʘʤ 

ʤʦʜʝʣʠʨʦʚʘʥʠʷ SRIM ʠ GEANT4. ɼʘʥʥʳʡ ʵʢʩʧʝʨʠʤʝʥʪ ʧʦʟʚʦʣʠʪ ʧʨʦʪʝʩʪʠʨʦʚʘʪʴ ʧʨʝʜʩʢʘʟʘʥʠʷ ʵʪʠʭ 

ʤʦʜʝʣʝʡ. ʆʜʥʘʢʦ ʫʞʝ ʩʝʡʯʘʩ ʩ ʪʝʤ ʤʦʞʥʦ ʫʪʚʝʨʞʜʘʪʴ, ʯʪʦ ʟʥʘʯʠʪʝʣʴʥʳʡ ʚʢʣʘʜ ʨʘʩʧʘʜʦʚ 
8
Be, ʘ ʪʘʢʞʝ 

ʩʝʧʘʨʘʮʠʷ ʚʳʙʠʪʳʭ Ŭ-ʯʘʩʪʠʮ ʤʦʛʫʪ ʜʘʪʴ ʦʩʥʦʚʫ ʜʣʷ ʠʥʪʝʨʧʨʝʪʘʮʠʠ ʨʝʘʢʮʠʠ 
12

C(n,nô)3Ŭ ʥʘ ʦʩʥʦʚʝ 

ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʠ ʪʝʦʨʝʪʠʯʝʩʢʠʭ ʤʦʜʝʣʝʡ. 

  
ʈʠʩ. 2. ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʟʥʘʯʝʥʠʡ ʵʥʝʨʛʠʠ ʪʨʦʝʢ Ŭ-

ʯʘʩʪʠʮ Q3Ŭ. ʚ ʨʘʩʱʝʧʣʝʥʠʷʭ 
12

C(n,nô)3Ŭ, 

ʚʳʟʚʘʥʥʳʭ ʥʝʡʪʨʦʥʘʤʠ ʩ ʵʥʝʨʛʠʝʡ 14 ʄʵɺ. 

 

ʈʠʩ. 3. ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʟʥʘʯʝʥʠʡ ʵʥʝʨʛʠʠ ʧʘʨ Ŭ-ʯʘʩʪʠʮ Q2Ŭ ʚ 

ʨʘʩʱʝʧʣʝʥʠʷʭ 
12

C(n,nô)3Ŭ, ʚʳʟʚʘʥʥʳʭ ʥʝʡʪʨʦʥʘʤʠ ʩ ʵʥʝʨʛʠʝʡ 

14 ʄʵɺ. ʅʘ ʚʩʪʘʚʢʝ: ʫʚʝʣʠʯʝʥʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ Q2Ŭ, ʚ 

ʜʠʘʧʘʟʦʥʝ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʤ ʨʘʩʧʘʜʘʤ ʯʝʨʝʟ ʦʩʥʦʚʥʦʝ  

ʩʦʩʪʦʷʥʠʝ (0
+
) ʷʜʝʨ 

8
Be. 

ʉʦʦʪʥʦʰʝʥʠʝ ʚʳʭʦʜʦʚ Ŭ-ʯʘʩʪʠʯʥʳʭ ʧʘʨ, ʚ ʨʦʞʜʝʥʥʳʭ ʨʘʩʱʝʧʣʝʥʠʠ ʷʜʝʨ 
12

C ʯʝʨʝʟ ʩʦʩʪʦʷʥʠʷ 
8
Be2+ ʠ 

8
Beg.s. ʚʳʟʚʘʥʥʳʭ ʩʦʫʜʘʨʝʥʠʷʤʠ ʥʝ ʩʦʧʨʦʚʦʞʜʘʝʤʳʤʠ ʧʝʨʝʜʘʯʝʡ ʫʛʣʦʚʦʛʦ ʤʦʤʝʥʪʘ, 

ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʢʣʶʯʝʚʳʤ ʧʘʨʘʤʝʪʨʦʤ ʜʣʷ ʧʨʦʚʝʨʢʠ ʩʧʠʥʦʚʦʡ ʩʪʨʫʢʪʫʨʳ 
12

C ʚ ʨʘʤʢʘʭ ʢʘʨʪʠʥʳ Ŭ-

ʢʣʘʩʪʝʨʠʟʘʮʠʠ. ɸʥʘʣʠʟ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ ʚ ʷʜʝʨʥʦʡ ʵʤʫʣʴʩʠʠ, ʦʙʣʫʯʝʥʥʦʡ ʥʝʡʪʨʦʥʘʤʠ ʩ ʵʥʝʨʛʠʝʡ 

ʚʙʣʠʟʠ ʧʦʨʦʛʘ ʨʘʩʱʝʧʣʝʥʠʷ 
12

C, ʧʦʟʚʦʣʷʝʪ ʦʧʨʝʜʝʣʠʪʴ ʵʪʫ ʠ ʜʨʫʛʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʨʝʘʢʮʠʠ
 

12
C(n,nô)3Ŭ. 

ʆʇʈɽɼɽʃɽʅʀɽ ɼʆʃʀ ʉɽʄɽʁʉʊɺ, ʆɹʈɸɿʆɺɸʅʅʓʍ ʇɽʈɺʀʏʅʓʄʀ ɻɸʄʄɸ ï 

ʀɿʃʋʏɽʅʀʗʄʀ ʉɺɽʈʍɺʓʉʆʂʀʍ ʕʅɽʈɻʀʁ 

ʍ. ʅʫʨʠʪʜʠʥʦʚ, ʀ. ɸʙʩʘʣʷʤʦʚʘ, ʅ. ʅ. ʂʫʣʘʭʤʝʜʦʚ,  ɼ. ɹ. ʐʘʷʢʫʙʦʚ 

ʌʠʟʠʢʦ-ʊʝʭʥʠʯʝʩʢʠʡ ʠʥʩʪʠʪʫʪ ʅʇʆ çʌʠʟʠʢʘ-ʉʦʣʥʮʝè ɸʅ ʈʋʟ, 
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ɺ ʨʘʙʦʪʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʥʦʚʳʡ ʘʣʴʪʝʨʥʘʪʠʚʥʳʡ ʤʝʪʦʜ ʨʝʛʠʩʪʨʘʮʠʠ ʧʝʨʚʠʯʥʳʭ ʛʘʤʤʘ 

ʠʟʣʫʯʝʥʠʡ (ʇɻʀ), ʦʩʥʦʚʘʥʥʳʡ ʥʘ ʘʥʘʣʠʟʝ ʜʘʥʥʳʭ, ʧʦʣʫʯʝʥʥʳʭ ʚ ʵʢʩʧʝʨʠʤʝʥʪʘʭ ʩ 

ʢʨʫʧʥʦʤʘʩʰʪʘʙʥʳʤʠ ʨʝʥʪʛʝʥ-ʵʤʫʣʴʩʠʦʥʥʳʤʠ ʢʘʤʝʨʘʤʠ (ʈʕʂ). 

ɼʣʷ ʚʳʜʝʣʝʥʠʷ ʵʣʝʢʪʨʦʥʥʦ-ʬʦʪʦʥʥʳʭ ʩʝʤʝʡʩʪʚ, ʦʙʨʘʟʦʚʘʥʥʳʭ ʚ ʈʕʂ ʧʝʨʚʠʯʥʳʤʠ ɔ-ʢʚʘʥʪʘʤʠ 

ʥʘ ʙʦʣʴʰʦʤ ʬʦʥʝ ʩʦʙʳʪʠʡ ʦʪ ʧʨʦʪʦʥʦʚ ʠ ʷʜʝʨ, ʨʘʟʨʘʙʦʪʘʥʳ ʵʬʬʝʢʪʠʚʥʳʝ ʢʨʠʪʝʨʠʠ ʦʪʙʦʨʘ. ʉ ʵʪʦʡ 

ʮʝʣʴʶ ʧʨʦʚʝʜʝʥʦ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʧʨʦʭʦʞʜʝʥʠʷ ʵʣʝʢʪʨʦʥʥʦ-ʬʦʪʦʥʥʳʭ ʢʘʩʢʘʜʦʚ (ʕʌʂ) ʯʝʨʝʟ 

ʘʪʤʦʩʬʝʨʫ ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʧʦʢʘʟʘʪʝʣʷʭ ʥʘʢʣʦʥʦʚ ʠʭ ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʩʧʝʢʪʨʦʚ. ʄʦʜʝʣʴ, ʟʘʣʦʞʝʥʥʘʷ ʚ 

ʧʨʦʛʨʘʤʤʫ ʨʘʟʚʠʪʠʷ ʕʌʂ, ʙʳʣʘ ʵʢʚʠʚʘʣʝʥʪʥʘ ʧʨʠʙʣʠʞʝʥʠʶ ɸ ʢʘʩʢʘʜʥʦʡ ʪʝʦʨʠʠ. ʀʥʪʝʛʨʘʣʴʥʳʝ ʠ 

ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʝ ʩʝʯʝʥʠʷ ʧʨʦʮʝʩʩʦʚ ʪʦʨʤʦʟʥʦʛʦ ʠʟʣʫʯʝʥʠʷ ʠ ʦʙʨʘʟʦʚʘʥʠʷ ʧʘʨ ʙʳʣʠ ʚʳʯʠʩʣʝʥʳ ʧʦ 

ʬʦʨʤʫʣʘʤ ɹʝʪʝ-ɻʘʡʪʣʝʨʘ ʩ ʫʯʝʪʦʤ ʵʢʨʘʥʠʨʦʚʘʥʠʷ ʷʜʨʘ ʚʥʝʰʥʠʤʠ ʵʣʝʢʪʨʦʥʘʤʠ. ɼʣʷ 

ʚʳʩʦʢʦʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʵʣʝʢʪʨʦʥʦʚ ʠ ʧʦʟʠʪʨʦʥʦʚ ʩ ʵʥʝʨʛʠʝʡ Ee Ó 10 ʊʵɺ ʫʯʠʪʳʚʘʣʩʷ ʵʬʬʝʢʪ ʃʘʥʜʘʫ-

ʇʦʤʝʨʘʥʯʫʢʘ-ʄʠʛʜʘʣʘ [1]. 

ʇʨʠ ʤʦʜʝʣʠʨʦʚʘʥʠʠ ʕʌʂ ʫʯʠʪʳʚʘʣʦʩʴ ʦʙʨʘʟʦʚʘʥʠʝ ɔ-ʢʚʘʥʪʘʤʠ ʵʣʝʢʪʨʦʥ-ʧʦʟʠʪʨʦʥʥʳʭ ʧʘʨ; 

ʪʦʨʤʦʟʥʦʝ ʠʟʣʫʯʝʥʠʝ ʵʣʝʢʪʨʦʥʦʚ (ʧʦʟʠʪʨʦʥʦʚ) ʚ ʧʦʣʝ ʷʜʨʘ; ʤʥʦʛʦʢʨʘʪʥʦʝ ʢʫʣʦʥʦʚʩʢʦʝ ʨʘʩʩʝʷʥʠʝ. 

ʈʦʟʳʛʨʳʰ ʠʩʢʫʩʩʪʚʝʥʥʳʭ ɔ-ʩʝʤʝʡʩʪʚ, ʦʙʨʘʟʦʚʘʥʥʳʭ ʦʪ ʇɻʀ, ʥʘʯʠʥʘʣʩʷ ʩ ʛʨʘʥʠʮʳ ʘʪʤʦʩʬʝʨʳ ʥʘ 
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ʚʳʩʦʪʝ 50 ʢʤ. ʕʥʝʨʛʝʪʠʯʝʩʢʠʡ ʩʧʝʢʪʨ ʧʝʨʚʠʯʥʳʭ ɔ-ʢʚʘʥʪʦʚ ʫ ʛʨʘʥʠʮʳ ʘʪʤʦʩʬʝʨʳ ʟʘʜʘʚʘʣʩʷ ʚ ʚʠʜʝ 

N(>Eɔ) ~ Eɔ
-ɓ
. ʈʘʩʯʝʪ ʧʨʦʚʦʜʠʣʩʷ ʜʣʷ ʨʘʟʣʠʯʥʳʭ ʟʥʘʯʝʥʠʡ ʧʦʢʘʟʘʪʝʣʷ ʩʧʝʢʪʨʘ ɓ=1 ʠ 2, ʥʘʯʠʥʘʷ ʩ 

ʤʠʥʠʤʘʣʴʥʦʛʦ ʟʥʘʯʝʥʠʷ Eɔ = 100 ʊʵɺ. ʀʩʢʫʩʩʪʚʝʥʥʳʝ ʩʝʤʝʡʩʪʚʘ ʦʪ ʇɻʀ ʦʪʙʠʨʘʣʠʩʴ ʘʥʘʣʦʛʠʯʥʦ 

ʫʩʣʦʚʠʷʤ ʦʪʙʦʨʘ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʜʘʥʥʳʭ ʈʕʂ ʇʘʤʠʨʩʢʦʛʦ ʩʦʪʨʫʜʥʠʯʝʩʪʚʘ. ʇʨʠ ʵʪʦʤ ʚ 

ʨʘʟʳʛʨʘʥʥʳʭ ʩʦʙʳʪʠʷʭ ʫʯʠʪʳʚʘʣʠʩʴ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʨʝʛʠʩʪʨʘʮʠʠ ʕʌʂ ʚ ʠʥʪʝʨʚʘʣʝ ʵʥʝʨʛʠʡ Eɔ = 2-4 

ʊʵɺ ʠ ɔ-ʩʝʤʝʡʩʪʚ ʩ ʵʥʝʨʛʠʷʤʠ ×Eɔ = 30-1000 ʊʵɺ, ʥʘʙʣʶʜʘʝʤʳʝ ʚ ʵʢʩʧʝʨʠʤʝʥʪʝ. ʋʛʣʦʚʦʝ 

ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʇɻʀ ʧʦ cos ɗ ʥʘ ʛʨʘʥʠʮʝ ʘʪʤʦʩʬʝʨʳ ʧʨʠʥʠʤʘʣʦʩʴ ʠʟʦʪʨʦʧʥʳʤ ʚ ʠʥʪʝʨʚʘʣʝ ʟʝʥʠʪʥʳʭ 

ʫʛʣʦʚ ɗ = 0-45Á. ɺ ʢʘʯʝʩʪʚʝ ʢʨʠʪʝʨʠʷ ʚʳʜʝʣʝʥʠʷ ʩʝʤʝʡʩʪʚ, ʩʦʟʜʘʚʘʝʤʳʭ ʧʝʨʚʠʯʥʳʤ ɔ-ʠʟʣʫʯʝʥʠʝʤ 

ʨʘʩʩʤʘʪʨʠʚʘʣʘʩʴ ʧʦʧʝʨʝʯʥʘʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ R1E ɔ-ʩʝʤʝʡʩʪʚ, ʛʜʝ R1E ī ʨʘʩʩʪʦʷʥʠʝ ʥʘʙʣʶʜʘʝʤʦʛʦ ɔ-

ʢʚʘʥʪʘ ʩ ʤʘʢʩʠʤʘʣʴʥʦʡ ʵʥʝʨʛʠʝʡ ʦʪ ʮʝʥʪʨʘ ʩʝʤʝʡʩʪʚʘ. 

 
ʈʠʩ. 1. ɼʠʬʬʝʨʝʥʮʠʘʣʴʥʳʝ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʚʝʣʠʯʠʥ  R1E ʠ E1R1E, ʨʘʟʳʛʨʘʥʥʳʭ ʧʨʠ ʧʦʢʘʟʘʪʝʣʷʭ ʩʧʝʢʪʨʦʚ ʇɻʀ ɓ 

= 1 (ʩʧʣʦʰʥʘʷ ʣʠʥʠʷ) ʠ ɓ = 2 (ʧʫʥʢʪʠʨʥʘʷ).  

ʅʘ ʨʠʩ. 1ʘ ʧʨʠʚʝʜʝʥʳ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʝ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʚʝʣʠʯʠʥʳ R1E ʠʩʢʫʩʩʪʚʝʥʥʳʭ ɔ-

ʩʝʤʝʡʩʪʚ, ʨʘʟʳʛʨʘʥʥʳʭ ʧʨʠ ʧʦʢʘʟʘʪʝʣʷʭ ɓ=1 ʠ ɓ=2. ɺʠʜʥʦ, ʯʪʦ ʩʚʳʰʝ 96 %  ɔ-ʩʝʤʝʡʩʪʚ ʠʤʝʶʪ 

ʟʥʘʯʝʥʠʷ R1E < 6 ʤʤ. ʈʘʩʧʨʝʜʝʣʝʥʠʝ R1E ʧʨʠ ʧʦʢʘʟʘʪʝʣʝ ɓ = 2 ʥʦʩʠʪ ʘʥʘʣʦʛʠʯʥʳʡ ʭʘʨʘʢʪʝʨ, ʧʨʠʯʝʤ 

ʜʦʣʷ ʩʦʙʳʪʠʡ ʩ R1E < 6 ʤʤ ʝʱʝ ʙʦʣʴʰʝ.  

ʅʘ ʨʠʩ. 1ʙ ʧʨʠʚʦʜʷʪʩʷ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʝ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

E1R1E ʠʩʢʫʩʩʪʚʝʥʥʳʭ ʩʝʤʝʡʩʪʚ, ʨʘʟʳʛʨʘʥʥʳʭ ʧʨʠ ʧʦʢʘʟʘʪʝʣʷʭ ɓ=1 ʠ ɓ=2,  (ʛʜʝ E1 - ʤʘʢʩʠʤʘʣʴʥʘʷ 

ʵʥʝʨʛʠʷ (ʚ ʊʵɺ) ʣʠʜʠʨʫʶʱʝʛʦ ʥʘʙʣʶʜʘʝʤʦʛʦ ɔ-ʢʚʘʥʪʘ, ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦʡ ʧʦʧʝʨʝʯʥʦʤʫ ʠʤʧʫʣʴʩʫ 

ʣʠʜʠʨʫʶʱʠʭ ɔ-ʢʚʘʥʪʦʚ ʧʨʠ ʦʧʨʝʜʝʣʝʥʥʦʡ ʚʳʩʦʪʝ Hɔ ʠʭ ʦʙʨʘʟʦʚʘʥʠʷ). ʀʟ ʨʠʩʫʥʢʘ ʚʠʜʥʦ, ʯʪʦ 

ʟʥʘʯʠʪʝʣʴʥʘʷ ʯʘʩʪʴ ʩʦʙʳʪʠʡ (95 %) ʚʝʣʠʯʠʥʳ E1R1E < 140 ʊʵɺ ʤʤ. 

ʀʩʧʦʣʴʟʫʷ ʵʪʠ ʢʨʠʪʝʨʠʠ, ʤʦʞʥʦ ʚʳʜʝʣʷʪʴ ʩʝʤʝʡʩʪʚʘ, ʦʙʨʘʟʦʚʘʥʥʳʝ ʇɻʀ ʚ ʈʕʂ. ʇʨʠ ʵʪʦʤ 

ʚʘʞʥʦʝ ʟʥʘʯʝʥʠʝ ʧʨʠʦʙʨʝʪʘʝʪ ʦʮʝʥʢʘ ʜʦʣʠ ʬʦʥʦʚʳʭ ʩʝʤʝʡʩʪʚ, ʚʦʟʥʠʢʘʶʱʠʭ ʦʪ ʘʜʨʦʥ-ʷʜʝʨʥʳʭ ʠ 

ʜ̫ʨʦ-ʷʜʝʨʥʳʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ ʧʝʨʚʠʯʥʳʭ ʢʦʩʤʠʯʝʩʢʠʭ ʣʫʯʝʡ ʚ ʘʪʤʦʩʬʝʨʝ, ʫʜʦʚʣʝʪʚʦʨʷʶʱʠʭ 

ʚʳʰʝʫʢʘʟʘʥʥʳʤ ʢʨʠʪʝʨʠʷʤ ʦʪʙʦʨʘ. ɼʣʷ ʦʮʝʥʢʠ ʜʦʣʠ ʬʦʥʦʚʳʭ ʩʦʙʳʪʠʡ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ 

ʠʩʢʫʩʩʪʚʝʥʥʳʝ ʩʝʤʝʡʩʪʚʘ, ʨʘʟʳʛʨʘʥʥʳʝ ʤʝʪʦʜʦʤ ʄʦʥʪʝ-ʂʘʨʣʦ ʧʨʠ ʧʨʦʭʦʞʜʝʥʠʷ ʷʜʝʨʥʦ-

ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʛʦ ʢʘʩʢʘʜʘ ʚ ʘʪʤʦʩʬʝʨʝ, ʥʘ ʦʩʥʦʚʝ ʄʉʆ-ʤʦʜʝʣʠ ʂʚʘʨʢ-ɻʣʶʦʥʥʳʭ ʉʪʨʫʥ [2], ʢʦʪʦʨʘʷ 

ʭʦʨʦʰʦ ʦʧʠʩʳʚʘʝʪ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʩʠʣʴʥʳʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ, ʧʦʣʫʯʝʥʥʳʝ ʚ ʵʢʩʧʝʨʠʤʝʥʪʘʭ ʥʘ 

ʫʩʢʦʨʠʪʝʣʷʭ ʠ ʚ ʢʦʩʤʠʯʝʩʢʠʭ ʣʫʯʘʭ ʧʨʠ ʩʚʝʨʭʚʳʩʦʢʠʭ ʵʥʝʨʛʠʷʭ E0 =10
15
ï10

16
 ʵɺ. ʂ ʠʩʢʫʩʩʪʚʝʥʥʳʤ ɔ-

ʩʝʤʝʡʩʪʚʘʤ ʧʨʠʤʝʥʷʣʠʩʴ ʢʨʠʪʝʨʠʠ ʜʣʷ ʚʳʜʝʣʝʥʠʷ ʬʦʥʦʚʳʭ ʩʦʙʳʪʠʡ: 

                                                R1E  < 5 ʤʤ, E1R1E < 60 ʊʵɺ Ŀ ʤʤ.                                            (1) 

ɹʳʣʦ ʨʘʩʩʤʦʪʨʝʥʦ N= 1785 ʩʦʙʳʪʠʡ, ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʥʳʭ ʚ ʵʢʩʧʝʨʠʤʝʥʪʘʭ ʩ ʈʕʂ ʇʘʤʠʨʩʢʦʛʦ 

ʩʦʪʨʫʜʥʠʯʝʩʪʚʘ, ʫʜʦʚʣʝʪʚʦʨʷʶʱʠʤ ʫʩʣʦʚʠʷʤ: ʵʥʝʨʛʠʷ ʩʝʤʝʡʩʪʚ ×Eɔ = 30-1000 ʊʵɺ, ʯʠʩʣʦ 

ʥʘʙʣʶʜʘʝʤʳʭ ʕʌʂ nɔ Ó 3, ʤʠʥʠʤʘʣʴʥʘʷ ʵʥʝʨʛʠʷ ɔ-ʢʚʘʥʪʦʚ min
ɔE Ó 2 ʊʵɺ, ʨʘʜʠʫʩ, ʦʛʨʘʥʠʯʠʚʘʶʱʠʡ 

ʩʝʤʝʡʩʪʚʦ R0=15 ʩʤ. ʀʟ ʵʪʠʭ ʩʦʙʳʪʠʡ ʜʣʷ ʚʳʜʝʣʝʥʠʷ ʩʝʤʝʡʩʪʚ, ʦʙʨʘʟʦʚʘʥʥʳʭ ʧʝʨʚʠʯʥʳʤʠ ɔ-

ʠʟʣʫʯʝʥʠʷʤʠ ʚ ʵʢʩʧʝʨʠʤʝʥʪʝ ʙʳʣʠ ʠʩʧʦʣʴʟʦʚʘʥʳ ʩʣʝʜʫʶʱʠʝ ʢʨʠʪʝʨʠʠ ʦʪʙʦʨʘ: 

                                                 R1E  < 6 ʤʤ, E1R1E < 350 ʊʵɺ Ŀ ʤʤ.                                         (2) 

ʘ) ʙ) 
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ɺ ʨʝʟʫʣʴʪʘʪʝ ʙʳʣʦ ʦʪʦʙʨʘʥʦ N=268 ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʩʦʙʳʪʠʡ, ʪ. ʝ. ʜʦʣʷ ʧʨʦʰʝʜʰʠʭ ʧʦ 

ʢʨʠʪʝʨʠʷʤ ʦʪʙʦʨʘ (2) ʩʝʤʝʡʩʪʚ ʩʦʩʪʘʚʣʷʝʪ ȹ
ʵʢʩʧ 
= 15.2 Ñ 0.8 %. ʆʮʝʥʢʘ ʜʦʣʠ ʬʦʥʦʚʳʭ ʩʦʙʳʪʠʡ, 

ʧʨʦʚʝʜʝʥʥʘʷ ʥʘ ʦʩʥʦʚʝ ʄʉʆ ï ʤʦʜʝʣʠ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʢʨʠʪʝʨʠʡ ʦʪʙʦʨʘ (1), ʜʘʝʪ ʟʥʘʯʝʥʠʝ ʤʦʜ
ʬD = 7.2 Ñ 

0.5 %. ʊʘʢʠʤ ʦʙʨʘʟʦʤ ʜʦʣʷ ʩʝʤʝʡʩʪʚ, ʦʙʨʘʟʦʚʘʥʥʳʭ ʇɻʀ ʚ ʵʢʩʧʝʨʠʤʝʥʪʝ ʧʦʩʣʝ ʚʳʯʝʪʘ ʬʦʥʦʚʳʭ 

ʩʦʙʳʪʠʡ ʩʦʩʪʘʚʣʷʝʪ ʵʢʩʧ
ɔD = ȹ

ʵʢʩʧ 
- ʤʦʜ

ʬD = 8 Ñ 1 % . 
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ɺ ʨʘʙʦʪʝ ʧʨʠʚʝʜʝʥʳ ʨʝʟʫʣʴʪʘʪʳ, ʧʦʣʫʯʝʥʥʳʝ ʚ ʵʢʩʧʝʨʠʤʝʥʪʝ ñʇʘʤʠʨò c ʢʨʫʧʥʦʤʘʩʰʪʘʙʥʳʤʠ 

ʨʝʥʪʛʝʥ-ʵʤʫʣʴʩʠʦʥʥʳʤʠ ʢʘʤʝʨʘʤʠ (ʈʕʂ) ʚ ʦʙʣʘʩʪʠ ʵʥʝʨʛʠʡ E0 Ó 10
14

 ʵɺ. ʈʘʟʨʘʙʦʪʘʥʳ ʢʨʠʪʝʨʠʠ 

ʦʪʙʦʨʘ ɔ-ʩʝʤʝʡʩʪʚ, ʦʙʨʘʟʦʚʘʥʥʳʭ ʧʝʨʚʠʯʥʳʤʠ ʛʘʤʤʘ-ʠʟʣʫʯʝʥʠʷʤʠ (ʇɻʀ). ʅʘ ʦʩʥʦʚʝ ʘʥʘʣʠʟʘ 

ʧʦʧʝʨʝʯʥʳʭ ʠ ʧʨʦʜʦʣʴʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʪʘʢʠʭ ʩʝʤʝʡʩʪʚ ʧʦʣʫʯʝʥʳ ʜʘʥʥʳʝ ʦ ʚʝʣʠʯʠʥʝ ʜʦʣʠ ʩʝʤʝʡʩʪʚ 

ʦʪ ʇɻʀ. 

ʇʨʦʚʝʜʝʥʥʳʝ ʥʘʤʠ ʘʥʘʣʠʟ [1,2,3] ʧʦʢʘʟʘʣ ʚʦʟʤʦʞʥʦʩʪʴ ʚʳʜʝʣʝʥʠʷ ʠʩʢʫʩʩʪʚʝʥʥʳʭ ɔ-ʩʝʤʝʡʩʪʚ, 

ʩʦʟʜʘʥʥʳʭ ʇɻʀ, ʥʘ ʦʩʥʦʚʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʨʘʟʣʠʯʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʩʝʤʝʡʩʪʚ ʦʪ ʦʜʠʥʦʯʥʳʭ ɔ-ʢʚʘʥʪʦʚ. 

ɼʣʷ ʵʪʦʛʦ ʤʝʪʦʜʦʤ ʄʦʥʪʝ-ʂʘʨʣʦ ʙʳʣ ʧʨʦʤʦʜʝʣʠʨʦʚʘʥ ʧʨʦʮʝʩʩ ʪʨʸʭʤʝʨʥʦʛʦ ʨʘʟʚʠʪʠʷ ʵʣʝʢʪʨʦʥʥʦ-

ʬʦʪʦʥʥʦʛʦ ʢʘʩʢʘʜʘ (ʕʌʂ) ʦʪ ʧʝʨʚʠʯʥʳʭ ɔ-ʢʚʘʥʪʦʚ ʩ ʛʨʘʥʠʮʳ ʘʪʤʦʩʬʝʨʳ. ʕʥʝʨʛʝʪʠʯʝʩʢʠʡ ʩʧʝʢʪʨ 

ʧʝʨʚʠʯʥʳʭ ɔ-ʢʚʘʥʪʦʚ ʫ ʛʨʘʥʠʮʳ ʘʪʤʦʩʬʝʨʳ ʟʘʜʘʚʘʣʩʷ ʚ ʚʠʜʝ N(>E0) ~ E0
-ɓ
. ʈʘʩʯʝʪ ʧʨʦʚʦʜʠʣʩʷ ʜʣʷ 

ʟʥʘʯʝʥʠʡ ɓ=1, ʠ 2, ʥʘʯʠʥʘʷ ʩ ʤʠʥʠʤʘʣʴʥʦʛʦ ʟʥʘʯʝʥʠʷ E0min= 100 ʊʵɺ. ʋʛʣʦʚʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ɔ-

ʢʚʘʥʪʦʚ ʧʨʠʥʠʤʘʣʦʩʴ ʠʟʦʪʨʦʧʥʳʤ ʚ ʠʥʪʝʨʚʘʣʝ ʟʝʥʠʪʥʳʭ ʫʛʣʦʚ 0-45Á. ʈʘʩʯʝʪ ʠʥʪʝʛʨʘʣʴʥʳʭ ʩʝʯʝʥʠʡ 

ʧʨʦʮʝʩʩʦʚ ʜʣʷ ʚʳʩʦʢʦʵʥʝʨʛʠʯʥʳʭ ʯʘʩʪʠʮ ʧʨʦʚʦʜʠʣʩʷ ʩ ʫʯʝʪʦʤ ʵʬʬʝʢʪʘ ʃʘʥʜʘʫ-ʇʦʤʝʨʘʥʯʫʢʘ-

ʄʠʛʜʘʣʘ [4]. ʅʘ ʫʨʦʚʥʝ ʥʘʙʣʶʜʝʥʠʷ ʠʩʢʫʩʩʪʚʝʥʥʳʝ ʩʝʤʝʡʩʪʚʘ ʦʪʙʠʨʘʣʠʩʴ ʧʦ ʢʨʠʪʝʨʠʷʤ ʦʪʙʦʨʘ 

ʧʘʤʠʨʩʢʦʛʦ ʵʢʩʧʝʨʠʤʝʥʪʘ. 

ʅʘ ʨʠʩ. 1ʘ ʧʨʠʚʝʜʝʥʦ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʧʦʧʝʨʝʯʥʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ R1E 

ʠʩʢʫʩʩʪʚʝʥʥʳʭ ɔ-ʩʝʤʝʡʩʪʚ, ʨʘʟʳʛʨʘʥʥʳʭ ʧʨʠ ʧʦʢʘʟʘʪʝʣʷʭ ɓ=1 ʠ ɓ=2. ɺʠʜʥʦ, ʯʪʦ ʧʨʠ ɓ=1 ʩʚʳʰʝ 96 % 

ɔ-ʩʝʤʝʡʩʪʚ ʠʤʝʶʪ ʟʥʘʯʝʥʠʷ R1E < 6 ʤʤ. ʇʨʠ ɓ = 2 ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʥʦʩʠʪ ʘʥʘʣʦʛʠʯʥʳʡ ʭʘʨʘʢʪʝʨ, ʧʨʠʯʝʤ 

ʜʦʣʷ ʩʦʙʳʪʠʡ ʩ R1E < 6 ʤʤ ʝʱʝ ʙʦʣʴʰʝ.  

ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʧʨʦʜʦʣʴʥʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ D = ænɔ(ri < r0) / nɔ (ʨʠʩ. 1ʙ), ʛʜʝ r0 = 7 ʤʤ ʨʘʩʩʪʦʷʥʠʝ 

i-ʛʦ ɔ-ʢʚʘʥʪʘ ʦʪ ʮʝʥʪʨʘ ʠʩʢʫʩʩʪʚʝʥʥʳʭ ʩʝʤʝʡʩʪʚ, ʨʘʟʳʛʨʘʥʥʳʭ ʧʨʠ ʧʦʢʘʟʘʪʝʣʷʭ ɓ=1 ʠ ɓ=2, 

ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʜʣʷ ʟʥʘʯʠʪʝʣʴʥʦʡ ʯʘʩʪʠ ʩʦʙʳʪʠʡ (95 %) ʚʝʣʠʯʠʥʳ D > 0.15. 

ʀʩʧʦʣʴʟʫʷ ʵʪʠ ʢʨʠʪʝʨʠʠ, ʤʦʞʥʦ ʚʳʜʝʣʷʪʴ ʩʝʤʝʡʩʪʚʘ, ʦʙʨʘʟʦʚʘʥʥʳʝ ʧʝʨʚʠʯʥʳʤʠ ʛʘʤʤʘ-

ʠʟʣʫʯʝʥʠʷʤʠ ʚ ʈʕʂ. ʇʨʠ ʵʪʦʤ ʚʘʞʥʦʝ ʟʥʘʯʝʥʠʝ ʧʨʠʦʙʨʝʪʘʝʪ ʦʮʝʥʢʘ ʜʦʣʠ ʬʦʥʦʚʳʭ ʩʝʤʝʡʩʪʚ, 

ʚʦʟʥʠʢʘʶʱʠʭ ʦʪ ʘʜʨʦʥ-ʷʜʝʨʥʳʭ ʠ ʷʜʨʦ-ʷʜʝʨʥʳʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ ʧʝʨʚʠʯʥʳʭ ʢʦʩʤʠʯʝʩʢʠʭ ʣʫʯʝʡ ʚ 

ʘʪʤʦʩʬʝʨʝ, ʫʜʦʚʣʝʪʚʦʨʷʶʱʠʭ ʚʳʰʝʫʢʘʟʘʥʥʳʤ ʢʨʠʪʝʨʠʷʤ ʦʪʙʦʨʘ. ɼʣʷ ʦʮʝʥʢʠ ʜʦʣʠ ʬʦʥʦʚʳʭ ʩʦʙʳʪʠʡ 

ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʠʩʢʫʩʩʪʚʝʥʥʳʝ ʩʝʤʝʡʩʪʚʘ, ʨʘʟʳʛʨʘʥʥʳʝ ʥʘ ʦʩʥʦʚʝ ʄʉʆïʤʦʜʝʣʠ ʂʚʘʨʢ-ɻʣʶʦʥʥʳʭ 

ʉʪʨʫʥ [5], ʢʦʪʦʨʘʷ ʭʦʨʦʰʦ ʦʧʠʩʳʚʘʝʪ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʩʠʣʴʥʳʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ, ʧʦʣʫʯʝʥʥʳʝ ʚ 

ʵʢʩʧʝʨʠʤʝʥʪʘʭ ʥʘ ʫʩʢʦʨʠʪʝʣʷʭ ʠ ʚ ʢʦʩʤʠʯʝʩʢʠʭ ʣʫʯʘʭ ʧʨʠ ʩʚʝʨʭʚʳʩʦʢʠʭ ʵʥʝʨʛʠʷʭ E0 = 10
15
ï10

16
 ʵɺ. 

ɼʣʷ ʵʪʠʭ ʠʩʢʫʩʩʪʚʝʥʥʳʭ ɔ-ʩʝʤʝʡʩʪʚ ʧʨʠʤʝʥʷʣʠʩʴ ʢʨʠʪʝʨʠʠ ʜʣʷ ʚʳʜʝʣʝʥʠʷ ʬʦʥʦʚʳʭ ʩʦʙʳʪʠʡ: 

R1E  < 5 ʤʤ, D > 0.40 .                                                                  (1) 
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ʈʠʩ. 1. ɼʠʬʬʝʨʝʥʮʠʘʣʴʥʳʝ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʧʦʧʝʨʝʯʥʳʭ ʠ ʧʨʦʜʦʣʴʥʳʭ ʚʝʣʠʯʠʥ  R1E(ʘ) ʠ D(ʙ), ʨʘʟʳʛʨʘʥʥʳʭ ʧʨʠ 

ʧʦʢʘʟʘʪʝʣʷʭ ʩʧʝʢʪʨʦʚ ʇɻʀ ɓ = 1 (ʩʧʣʦʰʥʘʷ ʣʠʥʠʷ) ʠ ɓ = 2 (ʧʫʥʢʪʠʨʥʘʷ). 

ɹʳʣʦ ʨʘʩʩʤʦʪʨʝʥʦ N = 1785 ʩʦʙʳʪʠʡ, ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʥʳʭ ʚ ʵʢʩʧʝʨʠʤʝʥʪʘʭ ʩ ʈʕʂ ʇʘʤʠʨʩʢʦʛʦ 

ʩʦʪʨʫʜʥʠʯʝʩʪʚʘ, ʫʜʦʚʣʝʪʚʦʨʷʶʱʠʤ ʩʣʝʜʫʶʱʠʤ ʫʩʣʦʚʠʷʤ: ʵʥʝʨʛʠʷ ʩʝʤʝʡʩʪʚ ×Eɔ = 30-1000 ʊʵɺ, 

ʯʠʩʣʦ ʥʘʙʣʶʜʘʝʤʳʭ ʕʌʂ nɔ Ó 3, ʤʠʥʠʤʘʣʴʥʘʷ ʵʥʝʨʛʠʷ ɔ-ʢʚʘʥʪʦʚ min
ɔE Ó 2 ʊʵɺ, ʨʘʜʠʫʩ, 

ʦʛʨʘʥʠʯʠʚʘʶʱʠʡ ʩʝʤʝʡʩʪʚʦ R0=15 ʩʤ. ʀʟ ʵʪʠʭ ʩʦʙʳʪʠʡ ʜʣʷ ʚʳʜʝʣʝʥʠʷ ʩʝʤʝʡʩʪʚ, ʦʙʨʘʟʦʚʘʥʥʳʭ 

ʧʝʨʚʠʯʥʳʤʠ ɔ-ʠʟʣʫʯʝʥʠʷʤʠ ʙʳʣʠ ʠʩʧʦʣʴʟʦʚʘʥʳ ʩʣʝʜʫʶʱʠʝ ʢʨʠʪʝʨʠʠ ʦʪʙʦʨʘ: 

                                                 R1E  < 6 ʤʤ, D > 0.15 .                                                           (2)     

ɺ ʨʝʟʫʣʴʪʘʪʝ ʙʳʣʦ ʦʪʦʙʨʘʥʦ N=273 ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʩʦʙʳʪʠʡ, ʪ. ʝ. ʜʦʣʷ ʧʨʦʰʝʜʰʠʭ ʧʦ 

ʢʨʠʪʝʨʠʷʤ ʦʪʙʦʨʘ (2) ʩʝʤʝʡʩʪʚ ʩʦʩʪʘʚʣʷʝʪ ȹ
ʵʢʩʧ 
= 13.9 Ñ 0.7 %. ʆʮʝʥʢʘ ʜʦʣʠ ʬʦʥʦʚʳʭ ʩʦʙʳʪʠʡ, 

ʧʨʦʚʝʜʝʥʥʘʷ ʥʘ ʦʩʥʦʚʝ ʄʉʆïʤʦʜʝʣʠ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʚʳʰʝʫʢʘʟʘʥʥʳʭ ʢʨʠʪʝʨʠʝʚ ʦʪʙʦʨʘ (1), ʜʘʝʪ 

ʟʥʘʯʝʥʠʝ ʤʦʜ
ʬD = 7.0 Ñ 0.5 %. ʊʘʢʠʤ ʦʙʨʘʟʦʤ ʜʦʣʷ ʩʝʤʝʡʩʪʚ, ʦʙʨʘʟʦʚʘʥʥʳʭ ʧʝʨʚʠʯʥʳʤʠ ɔ-ʠʟʣʫʯʝʥʠʷʤʠ 

ʚ ʵʢʩʧʝʨʠʤʝʥʪʝ ʧʦʩʣʝ ʚʳʯʝʪʘ ʬʦʥʦʚʳʭ ʩʦʙʳʪʠʡ ʩʦʩʪʘʚʣʷʝʪ   ʵʢʩʧ
ɔD = ȹ

ʵʢʩʧ 
- ʤʦʜ

ʬD = 6.9 Ñ 1 % . 

ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʦ ʜʦʣʠ ʚʳʩʦʢʦʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʛʘʤʤʘ ʣʫʯʝʡ ʚ ʵʢʩʧʝʨʠʤʝʥʪʝ ñʇʘʤʠʨò 

ʧʦʟʚʦʣʷʪ ʥʘʡʪʠ ʠʥʜʠʚʠʜʫʘʣʴʥʳʝ ʠʩʪʦʯʥʠʢʠ, ʢʦʪʦʨʳʝ ʧʨʦʜʚʠʥʫʪ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚ ʦʙʣʘʩʪʴ 
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 ʵɺ. 
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ʆ ɺʆɿʄʆɾʅʆʉʊʀ ʀʉʇʆʃʔɿʆɺɸʅʀʗ ʄʆʅʀʊʆʈʀʅɻɸ ɺɸʈʀɸʎʀʁ ʇʆʊʆʂɸ 

ɿɸʈʗɾɽʅʅʓʍ ʏɸʉʊʀʎ ʀ ʅɽʁʊʈʆʅʆɺ ʄɸʃʓʍ ʕʅɽʈɻʀʁ ɼʃʗ 

ʂʈɸʊʂʆʉʈʆʏʅʆɻʆ ʇʈʆɻʅʆɿʀʈʆɺɸʅʀʗ ɿɽʄʃɽʊʈʗʉɽʅʀʁ 

ɸ. ʋ. ʄʘʢʩʫʜʦʚ
1)
, ʊ.ɸʣʠʤʦʚ

2)
, ɹ.ʄʘʭʤʫʜʦʚ

2)
, ɺ.ʀ. ʇʝʪʨʦʚ

1)
, ʅ.ʐ. ʉʘʠʜʭʘʥʦʚ

1)
 

1)
 ʌʊʀ ʅʇʆ ñʌʠʟʠʢʘ-ʉʦʣʥʮʝò ɸʅ ʈʋʟ. 

2)
 ʉʘʤʘʨʢʘʥʜʩʢʠʡ ɻʦʩʫʜʘʨʩʪʚʝʥʥʳʡ  ʫʥʠʚʝʨʩʠʪʝʪ. 

 

ʂʦʣʠʯʝʩʪʚʝʥʥʦʡ ʠ ʥʘʜʝʞʥʦʡ ʤʝʪʦʜʠʢʠ ʧʨʦʛʥʦʟʘ ʟʝʤʣʝʪʨʷʩʝʥʠʷ ʣʶʙʦʛʦ ʚʨʝʤʝʥʥʦʛʦ ʫʨʦʚʥʷ 

(ʜʦʣʛʦʩʨʦʯʥʦʡ, ʢʨʘʪʢʦʩʨʦʯʥʦʡ) ʜʦ ʩʠʭ ʧʦʨ ʥʝ ʩʫʱʝʩʪʚʫʝʪ. ʆʩʥʦʚʥʳʤ ʧʨʝʧʷʪʩʪʚʠʝʤ ʷʚʣʷʝʪʩʷ 

ʤʥʦʛʦʬʘʢʪʦʨʥʦʩʪʴ ʪʘʢʦʡ ʤʝʪʦʜʠʢʠ ʠ ʦʪʩʫʪʩʪʚʠʝ ʥʘʜʝʞʥʳʭ ʧʨʝʢʫʨʩʦʨʦʚ ʷʚʣʝʥʠʷ. 

ɺʳʧʦʣʥʝʥʥʳʝ ʩʦʪʨʫʜʥʠʢʘʤʠ ʅʀʀʗʌ ʄɻʋ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚʘʨʠʘʮʠʡ ʧʦʪʦʢʘ ʥʝʡʪʨʦʥʦʚ ʚʙʣʠʟʠ 

ʧʦʚʝʨʭʥʦʩʪʠ ɿʝʤʣʠ ʧʨʠʚʝʣʠ ʢ ʦʪʢʨʳʪʠʶ ʠʭ ʩʚʷʟʠ ʩ ʜʠʥʘʤʠʯʝʩʢʠʤʠ ʧʨʦʮʝʩʩʘʤʠ ʚ ʟʝʤʥʦʡ ʢʦʨʝ. 

ʕʢʩʧʝʨʠʤʝʥʪʳ ʧʨʦʚʦʜʠʣʠʩʴ ʥʝʟʘʚʠʩʠʤʦ ʢʘʢ ʚ ʩʝʡʩʤʠʯʝʩʢʠ-ʘʢʪʠʚʥʦʡ ʟʦʥʝ, ʪʘʢ ʠ ʚ ʩʝʡʩʤʠʯʝʩʢʠ-

ʘ) 
ʙ) 



ʄʝʞʜʫʥʘʨʦʜʥʘʷ ʢʦʥʬʝʨʝʥʮʠʷ, ʧʦʩʚʷʱʝʥʥʘʷ 70-ʣʝʪʠʶ ʌʠʟʠʢʦ-ʪʝʭʥʠʯʝʩʢʦʛʦ ʠʥʩʪʠʪʫʪʘ 
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ʩʧʦʢʦʡʥʦʡ ʟʦʥʝ[1]. ɹʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ ʚʦʟʨʘʩʪʘʥʠʝ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʧʦʪʦʢʘ ʥʝʡʪʨʦʥʦʚ ʦʪ ɿʝʤʣʠ ʚ 2-3,5 

ʨʘʟʘ ʧʨʠʤʝʨʥʦ ʟʘ ʩʫʪʢʠ ʜʦ ʟʝʤʣʝʪʨʷʩʝʥʠʡ, ʵʧʠʮʝʥʪʨʳ ʢʦʪʦʨʳʭ ʥʘʭʦʜʠʣʠʩʴ ʥʘ ʨʘʩʩʪʦʷʥʠʷʭ ʦʪ 120 ʜʦ 

900ʢʤ. ʇʦʩʢʦʣʴʢʫ ʚ ʚʘʨʠʘʮʠʷʭ ʧʦʪʦʢʘ ʥʝʡʪʨʦʥʦʚ ʚʙʣʠʟʠ ɿʝʤʥʦʡ ʢʦʨʳ ʧʨʦʷʚʣʷʝʪʩʷ ʜʠʥʘʤʠʯʝʩʢʦʝ 

ʩʦʩʪʦʷʥʠʝ ʩʘʤʦʡ ʢʦʨʳ, ʪʦ ʚʦʟʥʠʢʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʪʘʢʠʭ ʷʚʣʝʥʠʡ, ʢʘʢ 

ʟʝʤʣʝʪʨʷʩʝʥʠʷ, ʩʚʷʟʘʥʥʳʝ ʩ ʜʝʬʦʨʤʘʮʠʷʤʠ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʙʳʣʘ ʧʦʜʪʚʝʨʞʜʝʥʘ ʩʚʷʟʴ ʤʝʞʜʫ 

ʚʝʣʠʯʠʥʦʡ ʚʦʟʨʘʩʪʘʥʠʷ ʥʝʡʪʨʦʥʥʦʛʦ ʧʦʪʦʢʘ ʠ ʢʣʘʩʩʦʤ ʟʝʤʣʝʪʨʷʩʝʥʠʷ. 

ʉʦʪʨʫʜʥʠʢʘʤʠ ʌʊʀ ʅʇʆ çʌʠʟʠʢʘ-ʉʦʣʥʮʝè ɸʅ ʈʋʟ ʙʳʣʘ ʨʘʟʨʘʙʦʪʘʥʘ ʵʣʝʢʪʨʦʥʥʘʷ ʫʩʪʘʥʦʚʢʘ 

ʜʣʷ ʨʝʛʠʩʪʨʘʮʠʠ ʨʘʜʠʘʣʴʥʦʛʦ ʧʦʪʦʢʘ ʥʝʡʪʨʦʥʦʚ ʠʟ ʥʝʜʨ ɿʝʤʣʠ. ɽʝ ʨʘʟʤʝʱʝʥʠʝ ʥʘ ʫʨʦʚʥʝ ʥʠʞʝ 

ʛʦʨʠʟʦʥʪʘ ʧʦʟʚʦʣʠʣʦ ʩʫʱʝʩʪʚʝʥʥʦ ʩʥʠʟʠʪʴ ʧʦʚʝʨʭʥʦʩʪʥʳʡ ʬʦʥ ʨʝʛʠʩʪʨʘʮʠʠ [2]. ʅʘʙʣʶʜʝʥʠʷ ʩ ʝʝ 

ʧʦʤʦʱʴʶ ʧʦʢʘʟʘʣʠ ʥʘʣʠʯʠʝ ʦʪʜʝʣʴʥʳʭ ʧʠʢʦʚ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʧʦʪʦʢʦʚ ʥʝʡʪʨʦʥʥʳʭ ʠ ʟʘʨʷʞʝʥʥʳʭ 

ʯʘʩʪʠʮ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴʶ ʚ 2-3 ʜʥʷ. ʆʢʘʟʘʣʦʩʴ, ʯʪʦ ʧʦʣʫʯʝʥʥʳʝ ʤʘʢʩʠʤʫʤʳ ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʥʳʭ 

ʩʠʛʥʘʣʦʚ ʧʨʘʢʪʠʯʝʩʢʠ ʩʦʚʧʘʜʘʣʠ ʩʦ ʚʨʝʤʝʥʝʤ ʟʝʤʣʝʪʨʷʩʝʥʠʡ, ʵʧʠʮʝʥʪʨʳ ʢʦʪʦʨʳʭ ʥʘʭʦʜʠʣʠʩʴ ʚ 

ʂʠʨʛʠʟʠʠ, ʊʫʨʮʠʠ, ʗʧʦʥʠʠ ʠ ʊʳʚʝ. ʅʘ ʨʠʩʫʥʢʝ ʧʦʢʘʟʘʥʘ ʣʦʢʘʣʠʟʘʮʠʷ ʵʧʠʮʝʥʪʨʦʚ ʟʝʤʣʝʪʨʷʩʝʥʠʡ, ʠʭ 

ʜʘʪʳ ʠ ʩʫʪʦʯʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʧʦʪʦʢʘ ʥʝʡʪʨʦʥʦʚ. 

ʉʠʛʥʘʣʳ ʧʦʷʚʣʷʣʠʩʴ ʟʘ 2-3 ʜʥʷ ʜʦ ʟʝʤʥʳʭ ʪʦʣʯʢʦʚ ʠ ʚʳʜʝʣʷʣʠʩʴ ʥʘʜ ʬʦʥʦʚʳʤ ʫʨʦʚʥʝʤ ʥʘ 

ʥʝʩʢʦʣʴʢʦ ʧʦʨʷʜʢʦʚ ʨʘʟ, ʠʩʯʝʟʘʷ ʧʦʩʣʝ ʩʦʙʳʪʠʡ. ʉ ʧʦʤʦʱʴʶ ʥʝʡʪʨʦʥʥʦʛʦ ʩʫʧʝʨʤʦʥʠʪʦʨʘ ʉʘʤɻʋ 

ʥʘʤʠ ʪʘʢʞʝ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʟʘ ʩʫʪʢʠ ʜʦ ʪʦʣʯʢʦʚ 25-26 ʤʘʷ 2013 ʛ. ʦʙʱʠʡ ʬʦʥ ʦʪ ʥʝʡʪʨʦʥʥʳʭ 

ʧʦʪʦʢʦʚ ʥʠʟʢʦʡ ʵʥʝʨʛʠʠ ʚ ʊʘʰʢʝʥʪʩʢʦʡ, ʠ ʉʘʤʘʨʢʘʥʜʩʢʦʡ ʦʙʣʘʩʪʷʭ ʫʚʝʣʠʯʠʣʩʷ ʧʦʯʪʠ ʚ ʜʚʘ ʨʘʟʘ. 

 
ʈʠʩʫʥʦʢ. ʈʘʩʧʨʝʜʝʣʝʥʠʝ  ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʥʳʭ ʤʘʢʩʠʤʘʣʴʥʳʭ ʠʤʧʫʣʴʩʦʚ ʚ ʜʘʪʳ ʟʝʤʣʝʪʨʷʩʝʥʠʡ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʤʳ ʠʤʝʝʤ ʪʝʦʨʝʪʠʯʝʩʢʦʝ ʦʙʦʩʥʦʚʘʥʠʝ ʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʝ 

ʫʢʘʟʘʥʠʝ ʥʘ ʚʦʟʤʦʞʥʦʩʪʴ ʢʨʘʪʢʦʩʨʦʯʥʦʛʦ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʟʝʤʣʝʪʨʷʩʝʥʠʡ ʷʜʝʨʥʦ-ʬʠʟʠʯʝʩʢʠʤʠ 

ʤʝʪʦʜʘʤʠ ʥʘ ʦʩʥʦʚʝ ʠʟʫʯʝʥʠʷ ʢʦʨʨʝʣʷʮʠʦʥʥʳʭ ʩʚʷʟʝʡ ʤʝʞʜʫ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʚʨʝʤʝʥʥʦʛʦ ʧʨʦʬʠʣʷ 

ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʧʦʪʦʢʦʚ ʥʝʡʪʨʦʥʦʚ, ʟʘʨʷʞʝʥʥʳʭ ʯʘʩʪʠʮ ʠ ʵʧʠʮʝʥʪʨʦʤ ʟʝʤʣʝʪʨʷʩʝʥʠʷ. ʈʝʰʝʥʠʝ ʪʘʢʦʡ 

ʩʣʦʞʥʦʡ ʧʨʦʙʣʝʤʳ  ʚʦʟʤʦʞʥʦ ʥʘ ʦʩʥʦʚʝ ʧʨʠʤʝʥʝʥʠʷ ʥʦʚʦʛʦ ʤʝʪʦʜʘ ʠ ʨʘʩʰʠʨʝʥʠʷ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʙʘʟʳ ʚ ʥʦʚʳʭ ʫʩʣʦʚʠʷʭ ʩ ʦʧʝʨʘʪʠʚʥʳʤ ʝʝ ʘʥʘʣʠʟʦʤ. ʈʝʘʣʠʟʘʮʠʷ ʥʦʚʦʛʦ ʤʝʪʦʜʘ 

ʪʨʝʙʫʝʪ ʦʨʛʘʥʠʟʘʮʠʠ ʤʦʥʠʪʦʨʠʥʛʘ ʧʦʪʦʢʦʚ ʥʝʡʪʨʦʥʦʚ ʠ ʟʘʨʷʞʝʥʥʳʭ ʯʘʩʪʠʮ ʦʪ ʟʝʤʥʦʡ ʢʦʨʳ ʩ 

ʧʦʤʦʱʴʶ ʢʦʤʧʴʶʪʝʨʥʦʡ ʤʠʥʠʩʝʪʠ ʦʙʩʝʨʚʘʪʦʨʠʡ ʚ ʩʝʡʩʤʠʯʝʩʢʠ ʘʢʪʠʚʥʳʭ ʨʝʛʠʦʥʘʭ ʈʝʩʧʫʙʣʠʢʠ (ʚ ʛʛ. 

ʊʘʰʢʝʥʪʝ, ʉʘʤʘʨʢʘʥʜ ʠ ʌʝʨʛʘʥʘ). ʅʘʙʣʶʜʝʥʠʷ ʟʘ ʚʘʨʠʘʮʠʷʤʠ ʧʦʪʦʢʘ ʥʝʡʪʨʦʥʦʚ  ʠ ʟʘʨʷʞʝʥʥʳʭ 

ʯʘʩʪʠʮ ʧʦʟʚʦʣʠʪ ʥʝ ʪʦʣʴʢʦ ʧʨʦʛʥʦʟʠʨʦʚʘʪʴ ʚʨʝʤʷ ʟʝʤʣʝʪʨʷʩʝʥʠʷ ʩ ʙʦʣʴʰʦʡ ʩʪʘʪʠʩʪʠʯʝʩʢʦʡ 

ʪʦʯʥʦʩʪʴʶ, ʥʦ ʠ ʜʘʩʪ ʚʦʟʤʦʞʥʦʩʪʴ ʚʧʝʨʚʳʝ ʦʧʨʝʜʝʣʠʪʴ ʢʦʦʨʜʠʥʘʪʳ ʵʧʠʮʝʥʪʨʘ ʚʦʟʤʦʞʥʦʛʦ 

ʟʝʤʣʝʪʨʷʩʝʥʠʷ, ʧʦʩʢʦʣʴʢʫ ʚ ʧʨʝʜʣʘʛʘʝʤʦʡ ʢʦʥʬʠʛʫʨʘʮʠʠ ʥʘʙʣʶʜʝʥʠʷ ʙʫʜʝʪ ʦʭʚʘʯʝʥʘ ʚʩʷ ʪʝʨʨʠʪʦʨʠʠ 

ʨʝʩʧʫʙʣʠʢʠ.  
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1. ɺʦʣʦʜʠʯʝʚ ʅ.ʅ., ʂʫʞʝʚʩʢʠʡ ɹ.ʅ., ʅʝʯʘʝʚ ʆ.ʖ. ʠ ʜʨ. // ʉʦʣʥʝʯʥʦ-ʣʫʥʥʦ-ʟʝʤʥʳʝ ʩʚʷʟʠ: ʚʩʧʣʝʩʢʠ 

ʥʝʡʪʨʦʥʥʦʛʦ ʠʟʣʫʯʝʥʠʷ ʠ ʩʝʡʩʤʦʘʢʪʠʚʥʦʩʪʴ. // ɸʩʪʨʦʥʦʤʠʯʝʩʢʠʡ ʚʝʩʪʥʠʢ, 2000, ʪ. 34, ˉ 2, ʩ. 1-13 

2. ʊ.ʉ. ʖʣʜʘʰʙʘʝʚ, ɸ.ʋ. ʄʘʢʩʫʜʦʚ  Ìʈʘʟʨʘʙʦʪʢʘ ʤʝʪʦʜʠʢʠ ʨʝʛʠʩʪʨʘʮʠʠ ʧʨʝʜʚʝʩʪʥʠʢʦʚ ʟʝʤʣʝʪʨʷʩʝʥʠʡ ʧʦ 
ʥʘʙʣʶʜʝʥʠʷʤ  ʚʨʝʤʝʥʥʳʭ ʚʘʨʠʘʮʠʡ ʧʦʪʦʢʘ ʢʦʩʤʠʯʝʩʢʠʭ ʣʫʯʝʡ ʠ ʥʝʡʪʨʦʥʦʚÌ // ɼɸʅ ʈʋʟ, 2010, ˉ 3. 

ʩ.37-41.  
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ʋʉʊɸʅʆɺʂɸ ɼʃʗ ʈɽɻʀʉʊʈɸʎʀʀ ʇʆʊʆʂʆɺ ʅɽʁʊʈʆʅʆɺ ʀ ɿɸʈʗɾɽʅʅʓʍ 

ʏɸʉʊʀʎ ʅʀɿʂʀʍ ʕʅɽʈɻʀʁ, ʗɺʃʗʖʑʀʍʉʗ ʇʈɽɼɺɽʉʊʅʀʂɸʄʀ 

ɿɽʄʃɽʊʈʗʉɽʅʀʁ 

ʉ.ʃ.ʃʫʪʧʫʣʣʘʝʚ, ɸ.ʋ.ʄʘʢʩʫʜʦʚ, ʍ.ʅʫʨʠʪʜʠʥʦʚ 

ʌʠʟʠʢʦ-ʪʝʭʥʠʯʝʩʢʠʡ ʠʥʩʪʠʪʫʪ ʅʇʆ çʌʠʟʠʢʘ-ʉʦʣʥʮʝè ɸʅ ʈʋʟ 

 

ɺ ʨʘʙʦʪʝ ʦʧʠʩʳʚʘʝʪʩʷ ʵʣʝʢʪʨʦʥʥʘʷ ʫʩʪʘʥʦʚʢʘ, ʧʦʟʚʦʣʷʶʱʘʷ ʨʝʛʠʩʪʨʠʨʦʚʘʪʴ ʧʦʪʦʢʠ 

ʟʘʨʷʞʝʥʥʳʭ ʯʘʩʪʠʮ ʠ ʥʝʡʪʨʦʥʦʚ, ʧʨʠʭʦʜʷʱʠʭ ʚ ʨʘʜʠʘʣʴʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ ʠʟ ʛʣʫʙʠʥ ɿʝʤʣʠ ʠ 

ʷʚʣʷʶʱʠʭʩʷ ʧʦ ʩʦʚʨʝʤʝʥʥʳʤ ʧʨʝʜʩʪʘʚʣʝʥʠʷʤ çʦʪʢʣʠʢʦʤè ʪʝʢʪʦʥʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ ʥʘ 

ʥʘʢʘʧʣʠʚʘʝʤʳʝ ʚ ʟʝʤʥʦʡ ʢʦʨʝ ʥʘʧʨʷʞʝʥʠʡ.  

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʦʧʠʩʘʥʘ ʫʩʪʘʥʦʚʢʘ ʥʘ ʦʩʥʦʚʝ 2ˊ ʛʝʦʤʝʪʨʠʠ, ʚʢʣʶʯʘʶʱʘʷ ʩʮʠʥʪʠʣʣʷʮʠʦʥʥʳʝ 

ʩʯʝʪʯʠʢʠ ʠ ʥʝʡʪʨʦʥʥʳʝ ʜʝʪʝʢʪʦʨʳ (ʨʠʩ.1). ʆʥʘ ʩʤʦʥʪʠʨʦʚʘʥʘ  ʚ ʧʦʤʝʱʝʥʠʠ ʮʦʢʦʣʴʥʦʛʦ ʵʪʘʞʘ ʟʜʘʥʠʠ 

ʌʊʀ. ʈʘʟʤʝʨ ʫʩʪʘʥʦʚʢʠ ʩʦʩʪʘʚʣʷʝʪ 1ʤ
2
  [1].  ʉʮʠʥʪʠʣʣʷʮʠʦʥʥʳʝ ʜʝʪʝʢʪʦʨʳ ʠʟʛʦʪʦʚʣʝʥʳ ʠʟ 

ʩʮʠʥʪʠʣʠʨʫʶʱʝʡ ʧʣʘʩʪʤʘʩʩʳ ʪʠʧʘ ʈʆʈʆʈ, ʦʪʢʘʣʠʙʨʦʚʘʥʳ ʠ ʚʳʨʦʚʥʝʥʳ ʩʠʛʥʘʣʳ ʧʦ ʧʣʦʱʘʜʠ. 

ɻʝʥʝʨʠʨʦʚʘʥʥʳʝ ʤʝʜʣʝʥʥʳʝ ʥʝʡʪʨʦʥʳ (
220

Rn(n,Ŭ)Si) ʧʨʠ ʨʘʩʧʘʜʝ c ʵʥʝʨʛʦʚʳʜʝʣʝʥʠʝʤ 4,78 ʄʵɺ,  

ʩʦʟʜʘʶʪ ʚ ʩʮʠʥʪʠʣʣʷʪʦʨʝ ʙʦʣʴʰʦʡ ʩʮʠʥʪʠʣʣʷʮʠʦʥʥʳʡ ʠʤʧʫʣʴʩ, ʢʦʪʦʨʳʡ ʣʝʛʢʦ ʦʪʣʠʯʘʝʪʩʷ ʦʪ ʬʦʥʘ. 

ʆʩʥʦʚʥʳʝ ʙʣʦʢʠ ʫʩʪʘʥʦʚʢʠ, ʩʮʠʥʪʠʣʣʷʮʠʦʥʥʳʝ ʩʯʝʪʯʠʢʠ 1 ʠ 2 ʧʨʦʣʦʞʝʥʳ ʫʛʣʝʨʦʜʥʳʤʠ 

ʧʦʛʣʦʪʠʪʝʣʷʤʠ 3 ʠ ʨʘʟʜʝʣʷʶʪ  ʥʝʡʪʨʦʥʥʳʝ ʩʯʝʪʯʠʢʠ 4. ɼʘʥʥʘʷ ʫʩʪʘʥʦʚʢʘ, ʚ ʦʪʣʠʯʠʝ ʦʪ ʜʨʫʛʠʭ 

ʤʝʪʦʜʠʯʝʩʢʠʭ ʫʩʪʘʥʦʚʦʢ, ʧʦʟʚʦʣʷʝʪ ʨʝʛʠʩʪʨʠʨʦʚʘʪʴ ʩ ʧʦʤʦʱʴʶ ʨʘʟʣʠʯʥʳʭ ʜʝʪʝʢʪʦʨʦʚ ʚʘʨʠʘʮʠʠ 

ʧʦʪʦʢʦʚ ʟʘʨʷʞʝʥʥʳʭ ʯʘʩʪʠʮ ʠ ʥʝʡʪʨʦʥʦʚ, ʯʪʦ ʜʘʩʪ ʚʦʟʤʦʞʥʦʩʪʴ ʜʦʩʪʦʚʝʨʥʦ ʧʨʦʛʥʦʟʠʨʦʚʘʪʴ 

ʟʝʤʣʝʪʨʷʩʝʥʠʷ.  ɺ ʩʮʠʥʪʠʣʣʷʮʠʦʥʥʦʤ ʠʤʧʫʣʴʩʝ ʦʪ ʧʨʦʪʦʥʦʚ ʦʪʜʘʯʠ (ʠʣʠ ʜʨʫʛʠʭ ʪʷʞʝʣʳʭ ʯʘʩʪʠʮ) ʚ 

ʦʩʥʦʚʥʦʤ, ʙʳʩʪʨʦʡ ʢʦʤʧʦʥʝʥʪʝ ʩʦʜʝʨʞʘʪʩʷ ʩʨʘʚʥʠʪʝʣʴʥʦ ʤʝʥʴʰʘʷ ʯʘʩʪʴ ʩʚʝʪʘ, ʘ ʥʘ ʤʝʜʣʝʥʥʫʶ 

ʢʦʤʧʦʥʝʥʪʫ ʧʨʠʭʦʜʠʪʩʷ ʦʪʥʦʩʠʪʝʣʴʥʦ ʙʦʣʴʰʝ ʩʚʝʪʘ. ʉʦ ʩʧʝʮʠʘʣʴʥʦ ʦʪʦʙʨʘʥʥʳʤʠ ʌʕʋ ʧʨʠ 

ʨʝʛʠʩʪʨʘʮʠʠ ʤʝʜʣʝʥʥʳʭ ʥʝʡʪʨʦʥʦʚ ʤʦʞʥʦ ʜʦʩʪʠʯʴ ʫʟʢʦʡ ʰʠʨʠʥʳ ʧʠʢʘ [2]. ʇʨʠʤʝʨ ʨʝʛʠʩʪʨʘʮʠʠ  

ʧʦʣʫʯʝʥʥʳʭ ʜʘʥʥʳʭ ʧʨʠʚʝʜʝʥ ʥʘ ʨʠʩʫʥʢʝ 2. ʕʪʠ ʜʘʥʥʳʝ ʧʦʣʫʯʝʥʳ ʜʦ  ʟʝʤʣʝʪʨʷʩʝʥʠʡ ʚ ʂʠʨʛʠʟʠʠ, 

ʗʧʦʥʠʠ ʠ ʊʫʨʮʠʠ. 

ɼʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʜʦʣʠ ʥʝʡʪʨʦʥʥʳʭ ʠ ʟʘʨʷʞʝʥʥʳʭ ʯʘʩʪʠʮ ʧʨʦʚʝʜʝʥʳ ʠʟʤʝʨʝʥʠʷ ʩʠʛʥʘʣʦʚ ʩ 

ʦʪʢʣʶʯʝʥʥʳʤʠ ʥʝʡʪʨʦʥʥʳʤʠ ʩʯʝʪʯʠʢʘʤʠ ʩ ʚʢʣʶʯʝʥʥʳʤʠ ʩʮʠʥʪʠʣʣʷʮʠʦʥʥʳʤʠ ʜʝʪʝʢʪʦʨʘʤʠ, ʧʨʠ 

ʵʪʦʤ ʦʙʲʝʤ ʨʝʛʠʩʪʨʠʨʫʝʤʳʭ ʩʠʛʥʘʣʦʚ ʩʥʠʟʠʣʩʷ ʥʝ ʟʥʘʯʠʪʝʣʴʥʦ.  

    ˉʢʘʥʘʣʘ ɸʀ 
  ʈʠʩ.1  ʆʙʱʠʡ ʚʠʜ ʫʩʪʘʥʦʚʢʠ.                                         ʈʠʩ.2. ɼʠʘʛʨʘʤʤʘ ʧʦʪʦʢʦʚ ʩʠʛʥʘʣʦʚ 

ʇʦʪʦʢʠ ʥʝʡʪʨʦʥʦʚ ʠ ʟʘʨʷʞʝʥʥʳʭ ʯʘʩʪʠʮ ʥʠʟʢʦʡ ʵʥʝʨʛʠʠ ʦʪ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ Ŭ-ʯʘʩʪʠʮ ʩ ʷʜʨʘʤʠ 

ʵʣʝʤʝʥʪʦʚ ɿʝʤʥʦʡ ʢʦʨʳ, ʧʝʨʝʜ ʟʝʤʥʳʤʠ ʪʦʣʯʢʘʤʠ ʟʘ  2-3 ʩʫʪʦʢ ʥʘʯʠʥʘʶʪ ʨʘʩʪʠ ʚ ʜʝʩʷʪʢʠ ʨʘʟ, ʘ  

ʧʦʩʣʝ ʩʦʙʳʪʠʷ ʧʘʜʘʶʪ ʜʦ ʬʦʥʦʚʳʭ ʟʥʘʯʝʥʠʡ. ʅʘʤ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ, ʯʪʦ ʫʩʪʘʥʦʚʣʝʥʥʘʷ ʢʦʨʨʝʣʷʮʠʷ 

ʨʝʟʢʦʛʦ ʠʟʤʝʥʝʥʠʷ ʩʠʛʥʘʣʘ ʦʪʥʦʩʠʪʝʣʴʥʦ ʬʦʥʘ ʦʪ ʧʦʪʦʢʦʚ ʥʝʡʪʨʦʥʦʚ ʠ ʟʘʨʷʞʝʥʥʳʭ ʯʘʩʪʠʮ ʤʦʞʝʪ 

ʩʣʫʞʠʪʴ ʙʘʟʦʡ ʜʣʷ ʨʘʟʚʠʪʠʷ ʢʨʘʪʢʦʩʨʦʯʥʦʛʦ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʟʝʤʣʝʪʨʷʩʝʥʠʡ ʷʜʝʨʥʦ-ʬʠʟʠʯʝʩʢʠʤʠ 

ʤʝʪʦʜʘʤʠ.  

ʃʠʪʝʨʘʪʫʨʘ 
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ʀʉʉʃɽɼʆɺɸʅʀɽ ʌʃʋʂʊʋɸʎʀʀ ʀʅʊɽʅʉʀɺʅʆʉʊʀ ʂʆʉʄʀʏɽʉʂʀʍ ʃʋʏɽʁ ʀ 

ɿɸɺʀʉʀʄʆʉʊʀ ʈɽɿʆʅɸʅʉʅʆʁ ʏɸʉʊʆʊʓ ʆʊ ɾɽʉʊʂʆʉʊʀ ɻɽʆʄɸɻʅʀʊʅʆɻʆ 

ʆɹʈɽɿɸʅʀʗ 

ɹ. ʄ. ʄʘʭʤʫʜʦʚ, ʊ.ɸ.ɸʣʠʤʦʚ, ɿ.ɼ.ʄʠʨʪʦʰʝʚ 

ʉʘʤʘʨʢʘʥʜʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ, ʉʘʤʘʨʢʘʥʜ, ʋʟʙʝʢʠʩʪʘʥ 

 

ʇʦ ʧʷʪʠʤʠʥʫʪʥʳʤ ʠ ʯʘʩʦʚʳʤ ʜʘʥʥʳʤ ʨʝʛʠʩʪʨʘʮʠʠ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʢʦʩʤʠʯʝʩʢʠʭ ʣʫʯʝʡ (ʂʃ) ʥʘ 

ɿʝʤʣʝ (ʄʦʩʢʚʘ, ʈʠʤ, ɽʨʝʚʘʥ, ʄʝʢʩʠʢʦ, ʂʦʨʜʦʙʘ ʠ ʉʘʤʘʨʢʘʥʜ) ʨʘʩʩʯʠʪʘʥʳ ʩʧʝʢʪʨʳ ʤʦʱʥʦʩʪʠ 

ʬʣʫʢʪʫʘʮʠʠ ʂʃ ʜʣʷ ʨʘʟʣʠʯʥʳʭ ʧʝʨʠʦʜʦʚ ʨʝʛʠʩʪʨʘʮʠʠ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʚ ʩʧʝʢʪʨʘʭ ʤʦʱʥʦʩʪʠ 

ʬʣʫʢʪʫʘʮʠʠ ʢʦʩʤʠʯʝʩʢʠʭ ʣʫʯʝʡ ʠ ʤʝʞʧʣʘʥʝʪʥʦʛʦ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ, ʚ ʧʝʨʠʦʜʳ, ʢʦʛʜʘ ʥʘʙʣʶʜʘʣʠʩʴ 

ʚʳʩʦʢʦʩʢʦʨʦʩʪʥʳʝ ʧʦʪʦʢʠ ʩʦʣʥʝʯʥʦʛʦ ʚʝʪʨʘ, ʦʙʥʘʨʫʞʠʚʘʶʪʩʷ ʧʠʢʠ ʥʘ ʦʜʥʦʡ  ʠ ʪʦʡ ʞʝ ʯʘʩʪʦʪʝ. 

ʌʣʫʢʪʫʘʮʠʠ ʢʦʩʤʠʯʝʩʢʠʭ ʣʫʯʝʡ (ʂʃ) ʦʧʨʝʜʝʣʷʶʪʩʷ ʭʘʨʘʢʪʝʨʦʤ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʯʘʩʪʠʮ ʚ 

ʤʘʛʥʠʪʥʳʭ ʧʦʣʷʭ ʩʦʣʥʝʯʥʦʛʦ ʚʝʪʨʘ, ʟʥʘʥʠʝ ʢʦʪʦʨʳʭ ʢʨʘʡʥʝ ʚʘʞʥʦ ʜʣʷ ʧʨʘʢʪʠʯʝʩʢʠʭ ʮʝʣʝʡ, ʜʣʷ 

ʧʦʣʫʯʝʥʠʷ ʩʚʝʜʝʥʠʡ ʦ ʧʨʦʮʝʩʩʘʭ, ʧʨʦʪʝʢʘʶʱʠʭ ʚ ʤʝʞʧʣʘʥʝʪʥʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ.  

ɺ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ ʠʩʩʣʝʜʫʶʪʩʷ ʬʣʫʢʪʫʘʮʠʠ ʢʦʩʤʠʯʝʩʢʠʭ ʣʫʯʝʡ ʜʣʷ ʨʘʟʣʠʯʥʳʭ ʧʝʨʠʦʜʦʚ 

ʨʝʛʠʩʪʨʘʮʠʠ ʩ ʠʟʚʝʩʪʥʳʤʠ ʟʥʘʯʝʥʠʷʤʠ ʩʢʦʨʦʩʪʠ ʩʦʣʥʝʯʥʦʛʦ ʚʝʪʨʘ ʠ ʥʘʧʨʷʞʝʥʥʦʩʪʠ ʤʝʞʧʣʘʥʝʪʥʦʛʦ 

ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ (ʄʄʇ). 

ʂʘʢ ʠʟʚʝʩʪʥʦ [1-5], ʩʧʝʢʪʨ ʬʣʫʢʪʫʘʮʠʠ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʢʦʩʤʠʯʝʩʢʠʭ ʣʫʯʝʡ  
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ʛʜʝ, ŭớ- ʘʥʠʟʦʪʨʦʧʠʷ ʢʦʩʤʠʯʝʩʢʠʭ ʣʫʯʝʡ; ʬʫʥʢʪʫʘʮʠʷ  ɸ - ʨʝʟʦʥʘʥʩʥʳʡ ʤʥʦʞʠʪʝʣʴ, ʢʦʪʦʨʳʡ ʠʤʝʝʪ 

ʨʝʟʦʥʘʥʩ ʥʘ ʯʘʩʪʦʪʝ, ʟʘʚʠʩʷʱʝʡ ʦʪ ʅ (ʥʘʧʨʷʞʝʥʥʦʩʪʠ ʄʄʇ), V (ʩʢʦʨʦʩʪʠ ʩʦʣʥʝʯʥʦʛʦ ʚʝʪʨʘ) ʠ i  

(ʵʬʬʝʢʪʠʚʥʦʛʦ  ʢʦʩʠʥʫʩʘ ʧʠʪʯ-ʫʛʣʘ)  ʩʦʛʣʘʩʥʦ ʬʦʨʤʫʣʝ 

R
HVf
m

300=                                                                    (2) 

ʂʘʢ ʚʠʜʥʦ ʠʟ ʬʦʨʤʫʣʳ (1), ʨʝʟʦʥʘʥʩʥʘʷ ʬʫʥʢʮʠʷ ʩʫʱʝʩʪʚʝʥʥʦ ʟʘʚʠʩʠʪ ʦʪ ʩʢʦʨʦʩʪʠ ʩʦʣʥʝʯʥʦʛʦ 

ʚʝʪʨʘ. ʕʪʦ ʦʟʥʘʯʘʝʪ, ʯʪʦ ʦʥʘ ʩʠʣʴʥʦ ʤʝʥʷʝʪʩʷ ʚʦ ʚʨʝʤʷ ʧʨʦʭʦʞʜʝʥʠʷ ʚʳʩʦʢʦʩʢʦʨʦʩʪʥʳʭ ʧʦʪʦʢʦʚ 

ʩʦʣʥʝʯʥʦʛʦ ʚʝʪʨʘ. ʅʝʦʙʭʦʜʠʤʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʬʦʨʤʫʣʘ (1) ʦʧʨʝʜʝʣʷʝʪ ʩʚʷʟʴ ʤʝʞʜʫ ʩʧʝʢʪʨʦʤ 

ʬʣʫʢʪʫʘʮʠʠ ʂʃ ʠ ʄʄʇ ʜʣʷ ʯʘʩʪʠʮ ʩ ʬʠʢʩʠʨʦʚʘʥʥʦʡ ʵʥʝʨʛʠʝʡ (ʞʝʩʪʢʦʩʪʴʶ), ʘ ʨʝʘʣʴʥʳʝ ʧʨʠʙʦʨʳ 

ʨʝʛʠʩʪʨʠʨʫʶʪ ʯʘʩʪʠʮʳ ʚ ʰʠʨʦʢʦʤ ʜʠʘʧʘʟʦʥʝ ʵʥʝʨʛʠʡ. 

ɼʣʷ ʪʦʛʦ, ʯʪʦʙʳ ʧʦʣʫʯʠʪʴ ʚʳʨʘʞʝʥʠʝ, ʦʧʠʩʳʚʘʶʱʝʝ ʩʧʝʢʪʨ ʤʦʱʥʦʩʪʠ ʬʣʫʢʪʫʘʮʠʠ ʂʃ ʜʣʷ 

ʨʝʘʣʴʥʦʛʦ ʧʨʠʙʦʨʘ, ʚʦʩʧʦʣʴʟʫʝʤʩʷ ʤʝʪʦʜʦʤ, ʧʨʝʜʣʦʞʝʥʥʳʤ ʆʫʵʥʩʦʤ [6]. ʆʥʦ ʧʦʣʫʯʘʝʪʩʷ ʫʤʥʦʞʝ-

ʥʠʝʤ ʚʳʨʘʞʝʥʠʷ (1) ʥʘ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʫʶ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ ʜʘʥʥʦʛʦ ʧʨʠʙʦʨʘ ʜʣʷ ʨʘʟʣʠʯʥʳʭ 

ʫʯʘʩʪʢʦʚ ʵʥʝʨʛʝʪʠʯʝʩʢʦʛʦ (ʞʝʩʪʢʦʩʪʥʦʛʦ) ʩʧʝʢʪʨʘ ʧʝʨʚʠʯʥʦʛʦ ʢʦʩʤʠʯʝʩʢʦʛʦ ʠʟʣʫʯʝʥʠʷ. ʇʨʠ ʵʪʦʤ 

ʠʥʪʝʛʨʠʨʦʚʘʥʠʝ ʧʨʦʚʦʜʠʪʩʷ ʧʦ ʚʩʝʤʫ ʜʠʘʧʘʟʦʥʫ ʵʥʝʨʛʠʡ ʩ ʫʯʝʪʦʤ ʷʚʥʦʡ ʟʘʚʠʩʠʤʦʩʪʠ ʨʝʟʦʥʘʥʩʥʦʡ 

ʯʘʩʪʦʪʳ ʦʪ ʵʥʝʨʛʠʠ. ɼʣʷ ʥʝʡʪʨʦʥʥʦʛʦ ʤʦʥʠʪʦʨʘ ʚʳʨʘʞʝʥʠʝ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʡ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ 

(ʢʦʵʬʬʠʮʠʝʥʪ ʩʚʷʟʠ) W(R)  ʧʨʠʚʝʜʝʥʦ ʚ ʨʘʙʦʪʝ [7].  

ʈʝʟʫʣʴʪʘʪʳ ʨʘʩʯʝʪʦʚ ʟʘʚʠʩʠʤʦʩʪʠ ʨʝʟʦʥʘʥʩʥʦʡ ʬʫʥʢʮʠʠ ʦʪ ʨʝʟʦʥʘʥʩʥʦʛʦ ʧʝʨʠʦʜʘ ʜʣʷ 

ʨʘʟʣʠʯʥʳʭ RC ʚʯrʠʩʣʝʥʳ ʜʣʷ ʟʥʘʯʝʥʠʡ ʥʘʧʨʷʞʝʥʥʦʩʪʠ ʄʄʇ ʅ = 5.0 ʥʊʣ ʠ ʩʢʦʨʦʩʪʠ ʩʦʣʥʝʯʥʦʛʦ 

ʚʝʪʨʘ V =300 ʢʤ/ʩ. ʌʫʥʢʮʠʷ A(f) ʧʨʠʦʙʨʝʪʘʝʪ ʨʝʟʦʥʘʥʩʥʦʝ ʧʦʚʝʜʝʥʠʝ, ʧʦʵʪʦʤʫ ʠʤʝʝʪ ʩʤʳʩʣ ʛʦʚʦʨʠʪʴ 

ʦʙ ʵʬʬʝʢʪʠʚʥʦʡ ʨʝʟʦʥʘʥʩʥʦʡ ʯʘʩʪʦʪʝ ʜʣʷ ʢʘʞʜʦʡ ʠʟ ʩʪʘʥʮʠʠ ʂʃ, ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʥʘ ʨʘʟʣʠʯʥʳʭ 

ʰʠʨʦʪʘʭ ʠ ʠʤʝʶʱʠʭ ʨʘʟʥʳʝ Rc. ʕʪʦ ʦʙʲʷʩʥʷʝʪʩʷ ʪʝʤ, ʯʪʦ ʧʦ ʤʝʨʝ ʫʤʝʥʴʰʝʥʠʷ ʰʠʨʦʪʳ, 

ʛʝʦʤʘʛʥʠʪʥʘʷ ʞʝʩʪʢʦʩʪʴ ʦʙʨʝʟʘʥʠʷ ʫʚʝʣʠʯʠʚʘʝʪʩʷ, ʠ ʵʪʦ ʧʨʦʚʦʜʠʪ ʢ ʩʜʚʠʛʫ ʨʝʟʦʥʘʥʩʥʦʡ ʯʘʩʪʦʪʳ ʚ 

ʥʠʟʢʦʯʘʩʪʦʪʥʫʶ ʦʙʣʘʩʪʴ ʩʧʝʢʪʨʘ. 

ʅʘ ʨʠʩ. 1 ʧʨʠʚʝʜʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʨʘʩʯʝʪʦʚ, ʧʦʢʘʟʳʚʘʶʱʠʝ ʟʘʚʠʩʠʤʦʩʪʠ ʨʝʟʦʥʘʥʩʥʦʛʦ ʧʝʨʠʦʜʘ ʊ 

ʦʪ ʞʝʩʪʢʦʩʪʠ ʦʙʨʝʟʘʥʠʷ ʜʣʷ ʬʠʢʩʠʨʦʚʘʥʥʳʭ ʟʥʘʯʝʥʠʡ ʧʨʦʠʟʚʝʜʝʥʠʷ VH  ʚ ʩʨʘʚʥʝʥʠʠ ʩ ʵʢʩʧʝʨʠ-

ʤʝʥʪʘʣʴʥʳʤʠ ʜʘʥʥʳʤʠ. ʂʘʢ ʚʠʜʥʦ ʠʟ ʨʠʩ. 1, ʜʣʷ ʩʪʘʥʮʠʡ ʩ ʞʝʩʪʢʦʩʪʴʶ, ʤʝʥʴʰʝʡ 4 ɻɺ, ʨʝʟʦʥʘʥʩʥʳʝ 

ʯʘʩʪʦʪʳ ʦʜʠʥʘʢʦʚʳ, ʪʘʢ ʢʘʢ ʥʠʟʢʦʰʠʨʦʪʥʳʝ ʩʪʘʥʮʠʠ (ʩ R<4 ɻɺ) ʥʘʠʙʦʣʝʝ ʯʫʚʩʪʚʠʪʝʣʴʥʳ ʢ ʯʘʩʪʠʮʘʤ 



ʄʝʞʜʫʥʘʨʦʜʥʘʷ ʢʦʥʬʝʨʝʥʮʠʷ, ʧʦʩʚʷʱʝʥʥʘʷ 70-ʣʝʪʠʶ ʌʠʟʠʢʦ-ʪʝʭʥʠʯʝʩʢʦʛʦ ʠʥʩʪʠʪʫʪʘ 
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ʩ ʦʜʠʥʘʢʦʚʳʤʠ ʞʝʩʪʢʦʩʪʷʤʠ. ɼʣʷ ʩʪʘʥʮʠʠ ʩ R>4 ɻʚ ʨʝʟʦʥʘʥʩʥʳʡ ʧʝʨʠʦʜ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʟʘ ʩʯʝʪ 

ʫʚʝʣʠʯʝʥʠʷ ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʜʦʣʠ ʨʝʛʠʩʪʨʠʨʫʝʤʳʭ ʚʳʩʦʢʦʵʥʝʨʛʠʯʥʳʭ ʯʘʩʪʠʮ. ɼʣʷ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ 

ʧʨʦʚʝʨʢʠ ʵʪʦʛʦ ʵʬʬʝʢʪʘ ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʤʝʪʦʜ ʩʧʝʢʪʨʦʚ ʤʦʱʥʦʩʪʠ [8], ʢʘʢ ʥʘʠʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʳʡ ʜʣʷ 

ʚʳʷʚʣʝʥʠʷ ʬʣʫʢʪʫʘʮʠʠ ʂʃ ʚʦ ʚʨʝʤʝʥʥʳʭ ʨʷʜʘʭ. ʏʪʦʙʳ ʠʟʙʝʞʘʪʴ ʧʦʙʦʯʥʳʭ ʵʬʬʝʢʪʦʚ, ʥʘʧʨʠʤʝʨ, 

ʧʦʷʚʣʝʥʠʷ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʧʠʢʦʚ ʠʣʠ ʠʟʤʝʥʝʥʠʷ ʥʘʢʣʦʥʘ ʩʧʝʢʪʨʘ ʚʦ ʚʨʝʤʷ ʩʦʣʥʝʯʥʳʭ ʚʩʧʳʰʝʢ ʠ 

ʌʦʨʙʫʰ-ʧʦʥʠʞʝʥʠʡ, ʙʳʣ ʚʳʙʨʘʥ ʧʝʨʠʦʜ ʩ ʥʠʟʢʦʡ ʩʦʣʥʝʯʥʦʡ ʘʢʪʠʚʥʦʩʪʴʶ. ɼʣʷ ʘʥʘʣʠʟʘ 

ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʯʘʩʦʚʳʝ ʜʘʥʥʳʝ ʥʝʡʪʨʦʥʥʳʭ ʤʦʥʠʪʦʨʦʚ ʩʪʘʥʮʠʡ  ʄʦʩʢʚʘ, ʈʠʤ, ɽʨʝʚʘʥ, ʄʝʢʩʠʢʦ, 

ʂʦʨʜʦʙʘ ʠ ʉʘʤʘʨʢʘʥʜ. ʕʪʠ ʩʪʘʥʮʠʠ ʠʤʝʶʪ ʩʫʱʝʩʪʚʝʥʥʦ ʨʘʟʣʠʯʘʶʱʠʝʩʷ ʢʦʵʬʬʠʮʠʝʥʪʳ ʩʚʷʟʠ, 

ʢʦʪʦʨʳʝ ʥʝʦʙʭʦʜʠʤʳ ʜʣʷ ʥʘʙʣʶʜʝʥʠʷ ʨʝʟʦʥʘʥʩʥʦʡ ʯʘʩʪʦʪʳ ʥʘ ʨʘʟʥʳʭ ʰʠʨʦʪʘʭ. 

 
ʈʠʩ. 1. ʈʘʩʯʝʪʥʳʝ ʟʘʚʠʩʠʤʦʩʪʠ ʨʝʟʦʥʘʥʩʥʦʛʦ ʧʝʨʠʦʜʘ ʦʪ ʞʝʩʪʢʦʩʪʠ ʦʙʨʝʟʘʥʠʷ Rc ʜʣʷ 

ʬʠʢʩʠʨʦʚʘʥʥʳʭ ʟʥʘʯʝʥʠʡ HV  (ʩʧʣʦʰʥʳʝ ʣʠʥʠʠ) ʚ ʩʨʘʚʥʝʥʠʠ ʩ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʤʠ ʜʘʥʥʳʤʠ: ʘ- ʈʠʤ; 

ʙ - ɽʨʝʚʘʥ; ʚ - ʉʘʤʘʨʢʘʥʜ; ʛ - ʄʝʢʩʠʢʦ; ʜ - ʂʦʨʜʠʙʘ. 

ɹʳʣʠ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥʳ ʜʘʥʥʳʝ, ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʥʳʝ ʚ ʧʝʨʠʦʜʳ (17-19 ʩʝʥʪʷʙʨʴ 2012ʛ., 16-18 

ʘʧʨʝʣʴ 2012ʛ., 22-24 ʦʢʪʷʙʨʴ 2012ʛ., 10-12 ʠʶʥʴ 2012ʛ.). ɺ ʪʝʯʝʥʠʝ ʵʪʠʭ ʧʝʨʠʦʜʦʚ, ʢʘʢ ʧʨʘʚʠʣʦ, 

ʥʘʙʣʶʜʘʣʘʩʴ ʟʥʘʯʠʪʝʣʴʥʘʷ ʘʥʠʟʦʪʨʦʧʠʷ ʢʦʩʤʠʯʝʩʢʠʭ ʣʫʯʝʡ, ʯʪʦ ʷʚʣʷʝʪʩʷ ʦʧʨʝʜʝʣʷʶʱʠʤ ʫʩʣʦʚʠʝʤ 

ʩʚʷʟʠ ʤʝʞʜʫ ʧʨʦʮʝʩʩʘʤʠ ʚ ʢʦʩʤʠʯʝʩʢʠʭ ʣʫʯʘʭ ʠ ʄʄʇ. ɺʳʙʨʘʥʥʳʝ ʧʝʨʠʦʜʳ ʦʪʣʠʯʘʶʪʩʷ ʛʣʘʜʢʠʤ, ʙʝʟ 

ʩʢʘʯʢʦʚ, ʧʦʚʝʜʝʥʠʝʤ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʩʦʣʥʝʯʥʦʛʦ ʚʝʪʨʘ. ɼʚʘ ʧʝʨʠʦʜʘ ʧʨʠʭʦʜʷʪʩʷ ʥʘ ʤʘʢʩʠʤʫʤʳ 

ʩʧʦʢʦʡʥʳʭ ʚʳʩʦʢʦʩʢʦʨʦʩʪʥʳʭ ʧʦʪʦʢʦʚ, ʠ ʜʚʘ ʦʪʥʦʩʷʪʩʷ ʢ ʩʧʦʢʦʡʥʦʤʫ ʥʠʟʢʦʩʢʦʨʦʩʪʥʦʤʫ ʩʦʣʥʝʯʥʦʤʫ 

ʚʝʪʨʫ. ʍʘʨʘʢʪʝʨʠʩʪʠʢʠ ʩʦʣʥʝʯʥʦʛʦ ʚʝʪʨʘ ʠ ʄʄʇ ʚʳʙʨʘʥʥʳʭ ʧʝʨʠʦʜʦʚ ʧʨʠʚʝʜʝʥʦ ʥʠʞʝ. ʇʨʠ 

ʚʳʯʠʩʣʝʥʠʠ ʩʧʝʢʪʨʦʚ ʤʦʱʥʦʩʪʠ ʥʝ ʧʨʦʠʟʚʦʜʠʣʘʩʴ ʬʠʣʴʪʨʘʮʠʷ ʜʘʥʥʳʭ, ʯʪʦʙʳ ʧʦʢʘʟʘʪʴ ʧʨʠʩʫʪʩʪʚʠʝ 

ʪʘʢʠʭ ʨʝʘʣʴʥʳʭ ʧʠʢʦʚ ʚ ʩʫʪʦʯʥʳʭ ʠ ʧʦʣʫʩʫʪʦʯʥʳʭ ʚʘʨʠʘʮʠʷʭ ʠ ʚʤʝʩʪʝ ʩ ʪʝʤ ʩʨʘʚʥʠʪʴ ʘʤʧʣʠʪʫʜʫ 

ʵʪʠʭ ʧʠʢʦʚ ʩ ʠʟʫʯʘʝʤʳʤʠ ʧʠʢʘʤʠ ʨʝʟʦʥʘʥʩʥʳʭ ʯʘʩʪʦʪ.  

 ̄ ʇʝʨʠʦʜʳ 
ʅʘʧʨʷʞʝʥʥʦʩʪʴ ʄʄʇ,  

ʥʊʣ 

ʉʢʦʨʦʩʪʴ ʩʦʣʥʝʯʥʦʛʦ ʚʝʪʨʘ, 

ʢʤ/ʩ 

1 17-19 ʩʝʥʪʷʙʨʴ 2012 6,3 Ñ 1,0 421Ñ 30 

2 16-18 ʘʧʨʝʣʴ 2012 5,9Ñ0,8 658Ñ 35 

3 22-24 ʦʢʪʷʙʨʴ 2012 6,2Ñ 1,2 413Ñ 30 

4 10-12 ʠʶʥʴ 2012 6,1Ñ 1,0 647Ñ 35 

ʂʘʢ ʚʠʜʥʦ ʠʟ ʨʠʩ. 1, ʨʝʟʫʣʴʪʘʪʳ ʨʘʩʯʝʪʦʚ ʟʘʚʠʩʠʤʦʩʪʠ ʨʝʟʦʥʘʥʩʥʦʛʦ ʧʝʨʠʦʜʘ ʦʪ ʞʝʩʪʢʦʩʪʠ  Rc    

ʭʦʨʦʰʦ ʩʦʛʣʘʩʫʶʪʩʷ ʩ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʤʠ ʜʘʥʥʳʤʠ. ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʪʦʯʢʠ ʣʦʞʘʪʩʷ ʥʘ ʢʨʠʚʳʝ, 

ʨʘʩʩʯʠʪʘʥʥʳʝ ʜʣʷ ʟʥʘʯʝʥʠʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʄʄʇ ʠ ʩʦʣʥʝʯʥʦʛʦ ʚʝʪʨʘ, ʩ ʚʳʙʨʘʥʥʳʤʠ ʧʝʨʠʦʜʘʤʠ. ʕʪʦ 

ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʩʧʝʢʪʨ ʤʦʱʥʦʩʪʠ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʢʦʩʤʠʯʝʩʢʠʭ ʣʫʯʝʡ ʟʘʚʠʩʠʪ ʦʪ ʩʧʝʢʪʨʘ ʤʦʱʥʦʩʪʠ 

ʄʄʇ. 

ʀʟʫʯʝʥʠʝ ʩʧʝʢʪʨʦʚ ʤʦʱʥʦʩʪʠ ʂʃ, ʚʳʯʠʩʣʝʥʥʳʭ ʜʣʷ ʚʳʰʝʫʢʘʟʘʥʥʳʭ ʧʝʨʠʦʜʦʚ ʜʣʷ ʨʘʟʣʠʯʥʳʭ 

ʩʪʘʥʮʠʡ, ʧʦʢʘʟʘʣʦ ʥʘʣʠʯʠʝ ʧʠʢʦʚ ʩ ʧʝʨʠʦʜʦʤ 16-17 ʯ, ʢʦʪʦʨʳʝ ʜʦʩʪʘʪʦʯʥʦ ʷʚʥʦ ʚʳʜʝʣʷʶʪʩʷ ʩʨʝʜʠ 

ʥʘʙʣʶʜʘʝʤʳʭ ʧʠʢʦʚ. ɸʤʧʣʠʪʫʜʘ ʵʪʠʭ 16-17-ʯʘʩʦʚʳʭ ʧʠʢʦʚ ʧʨʝʚʳʰʘʝʪ ʘʤʧʣʠʪʫʜʫ ʧʦʣʫʩʫʪʦʯʥʦʡ 

ʚʦʣʥʳ. ɼʣʷ ʚʳʷʩʥʝʥʠʷ ʜʦʩʪʦʚʝʨʥʦʩʪʠ ʵʪʠʭ ʧʠʢʦʚ ʜʘʥʥʳʝ ʧʨʦʚʝʨʷʣʠʩʴ ʤʝʪʦʜʦʤ ʚʟʘʠʤʥʦʡ ʢʦʨʨʝʣʷʮʠʠ 

ʩʧʝʢʪʨʦʚ ʤʦʱʥʦʩʪʠ ʜʣʷ ʧʘʨʥʳʭ 6 ʩʪʘʥʮʠʡ. ʆʙʥʘʨʫʞʝʥʘ ʚʳʩʦʢʘʷ ʚʟʘʠʤʥʘʷ ʢʦʨʨʝʣʷʮʠʷ ʜʘʥʥʳʭ. 
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ʕʪʠ ʞʝ 16-17-ʯʘʩʦʚʳʝ ʧʠʢʠ ʚʳʜʝʣʝʥʳ ʠ ʚ ʩʧʝʢʪʨʘʭ ʤʦʱʥʦʩʪʠ ʄʄʇ ʚ ʪʝ ʞʝ ʚʨʝʤʝʥʥʳʝ 

ʠʥʪʝʨʚʘʣʳ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʤʦʞʥʦ ʩʯʠʪʘʪʴ, ʯʪʦ ʚʘʨʠʘʮʠʠ ʢʦʩʤʠʯʝʩʢʠʭ ʣʫʯʝʡ ʩ ʧʝʨʠʦʜʦʤ 16-17 ʯ, ʧʦ-

ʚʠʜʠʤʦʤʫ, ʚʳʟʚʘʥʳ ʤʦʜʫʣʷʮʠʝʡ ʧʦʪʦʢʦʚ ʤʝʞʧʣʘʥʝʪʥʳʤ ʤʘʛʥʠʪʥʳʤ ʧʦʣʝʤ. 
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ANOMALOUS VARIATION IN GPS TEC PRIOR TO THE 26 MAY 2013 BULUNGôUR 

EARTHQUAKE  

H. E. Eshkuvatov
1,2 

1
Institute of Nuclear Physics, Ulughbek, 

2
Ulugh Beg Astronomical Institute,  

e-mail: husan@astrin.uz  

We investigate the morphological characteristics of anomalous variations in Global Positioning 

System Total Electron Content (GPS TEC) prior to the local earthquakes occurred in year 2013 by the 

method of the statistical analysis using data of Kitab station (with Geographic Latitude (N) 39
Á
 08', 

Longitude (E) 66
Á
53'. To identify the anomalous values of TEC we calculate the differential TEC (dTEC) 

which is obtained by subtracting monthly averaged diurnal vTEC from the values of observed vTEC at each 

epoch of the day. This procedure removes normal diurnal variations of vTEC.  

The results show anomalous 

enhancements before the local earthquakes, for 

example, before strong earthquake of magnitude 

of 5.7 occurred on 26 May 2013 near the north-

east of Samarkand, Uzbekistan. Anomalies are 

occurred 3-4 days before the local earthquakes 

and we regard them as an ionospheric 

electromagnetic precursors. The present results 

are in good agreement with the previous 

observations on ionospheric earthquake 

precursors reported by various researchers. 

In our preceding study [1] we produced 

Total Electron Content (TEC) time series 

Tashkent and Kitab and applied them to detect 

anomalous TEC signals preceding or 

accompanying the local earthquakes occurred in 

years 2006 - 2012. For example, [2] also 

reported a TEC decrease the day preceding the 

December 2003, M6.6, San Simeon earthquake in the central California and [3] on 11 April 2012,an Ms8.6 

earthquake struck the west coast of Northern Sumatra, Indonesia, (Geographic lat.02.311.N, Lon. 93.063.E, 

depth 22.9 km) as a result of strike-slip faulting within the oceanic lithosphere of the Indo-Australia plate. 

Earthquakes are [4] one of the most destructive and harmful natural disasters, especially in recent years, the 

2008/5/12 Wenchuan M7.9 earthquake, the 2011/3/11 Tohoku M9.0 earthquake and the 2012/4/11 Sumatra 

M8.6 earthquake have caused a significant impact to the human life. 

On 26-May-2013, at 11:08 (LT), the M = 5.7 Bulung'ur earthquake occurred in Uzbekistan. The 

epicenter with Geographic Latitude (N) 39
Á
92' and Longitude (E) 67

Á
39' was located in the territory of the 

 
Fig.1. Vertical and Differential TEC variations  Kitab for 

Bo'lung'ur, Uzbekistan M=5.7 EQ occurred on 26-May-2013 

in comparison with the monthly mean. P character denotes the 

precursor day. 
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Bulung'ur district of Samarkand region at the distance less than one hundred kms from the GPS station 

operating in Kitab. Earthquake was not deep and had a local character. This favorable setting allowed us to 

test the capability of the GPS system to detect the ionospheric perturbations produced by a moderate size 

earthquake. High magnitude local earthquake have ionospheric precursors (the sample result is shown in Fig. 

1). 
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IONOSPHERIC EARTHQUA KE PRECURSORS OBSERVED USING TASHKENT AND 

KITAB GPS STATIONS D ATA  
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2
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Anomalous variations of ionospheric total electron content (TEC) a few days before local earthquakes 

can be regarded as a precursory signals. We analyze data from two GPS stations operating in Tashkent and 

Kitab for the possible earthquake ionospheric precursors. We have studied GPS derived TEC disturbances 

related to the earthquakes which occurred in and around Uzbekistan in 2006-2010 years from two GNSS 

stations located in Tashkent and Kitab. The obtained results have revealed a fine agreement with the TEC 

anomalies observed during the strong earthquakes and we demonstrate the capabilities of the GPS technique 

to detect ionospheric perturbations caused by a local earthquake.  

The Global Navigation Satellite System (GNSS) data can be used to measure the ionospheric TEC, the 

technique has received our attention as a potential tool to detect ionospheric perturbations related to the 

earthquakes. We have studied TEC disturbances which occurred in 2006-2010 around Uzbekistan using two 

Uzbekistan GNSS stations located in Tashkent and Kitab.  

TEC is a frequently used quantity in ionospheric science. Since the number of electrons approximately 

equals to the number of positive ions, the TEC represents a suitable parameter for the degree of ionization. 

The TEC is defined as the integral over the electron density distribution Ne along a defined path s: 

dsNTEC eñ= .                                                       (1) 

Since Ne is a volumetric density and TEC is defined by the integral over a path, the TEC can be 

thought as the total number of electrons that is contained in a volume with a cross section area being equal to 

1 m
2
 and length being equal to the path length. The common unit used for measuring the TEC is called Total 

Electron Content unit (TECU) and 1 TECU is equivalent to 10
16

 el/m
2
. Depending on local time, Solar 

activity, geomagnetic conditions, region of the Earth, etc., the vTEC can vary from about 1 to 180 TECU. 

We have analyzed GPS derived TEC  disturbances  from  two  GPS  stations  located  in  Tashkent  

and  Kitab,  for possible  earthquake  ionospheric  precursors from year 2006 to year 2010 which occurred 

mostly in and around Uzbekistan in seismically active zones. We study TEC anomalies in the light of the 

earthquakes that occurred within 1000 km from the observing stations during the period of observation. We 

produce TEC time series over both sites and apply them to detect anomalous TEC signals accompanying the 

earthquakes.  

To identify the anomalous values of TEC we calculated differential TEC (dTEC). dTEC is obtained by 

subtracting 15 days backward running mean of vTEC  from  the  values  of  observed vTEC at each epoch. It 

removes normal variations in TEC. A thorough analysis of the data shows abnormal variations in TEC in the 

form of enhancements. For a detail study of the data, we have calculated dTEC values for all the months and 

examined the anomalous TEC variations before the earthquakes (the sample results are shown in Fig. 1 and 

Fig. 2). 

The results show anomalous enhancements which occur 2ï5 days before the earthquakes. The 

obtained results have revealed a fine agreement with the TEC anomalies observed during the strong 
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earthquake in Tashkent and we demonstrate the capabilities of the GPS technique to detect ionospheric 

perturbations caused by a local earthquake. The GPS based TEC measurements have been discussed in a 

number of recent papers as ionospheric precursors correlated with the earthquakes [1-6]. 

Concluding the Tashkent and Kitab GPS data analysis for years 2006- 2010 we can state that 

ionospheric data in F-layer obtained on ground based navigation stations in Tashkent and Kitab are used for 

analysis of earthquake precursors. In general the anomalies occurred 2-5 days before the earthquakes as 

precursors. The similar anomalies were detected in Kitab GPS station which is at the distance of about 350 

kms from the epicentre. 

 
Fig.1. Tashkent station TEC and DTEC data for the 6.5 M Kyrgyzstan EQ occurred in October 5, 2008 

 
Fig.2. Kitab station TEC and DTEC data for the 6.5 M Kyrgyzstan EQ occurred in October 5, 2008 
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ʇʈʀɺɽɼɽʅʅʓɽ ɺɽʈʆʗʊʅʆʉʊʀ ɽ2-ʇɽʈɽʍʆɼʆɺ ɺ ʅɽɸʂʉʀɸʃʔʅʓʍ ʏɽʊʅʆ-

ʏɽʊʅʓʍ ʗɼʈɸʍ 
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180100 ʋʟʙʝʢʠʩʪʘʥ, ʂʘʨʰʠ, ʪʝʣ.+998-91-460-06-24 nodirbekov@inp.uz 

ʅʘ ʦʩʥʦʚʝ ʥʝʘʜʠʘʙʘʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʚ ʧʨʠʙʣʠʞʝʥʠʠ ʩ ʧʨʦʠʟʚʦʣʴʥʦʡ ʥʝʘʢʩʠʘʣʴʥʦʩʪʴʶ 

ʨʘʩʩʤʦʪʨʝʥʳ ʧʨʠʚʝʜʝʥʥʳʝ ʚʝʨʦʷʪʥʦʩʪʠ ɽ2-ʧʝʨʝʭʦʜʦʚ ʚ ʵʥʝʨʛʝʪʠʯʝʩʢʦʤ ʩʧʝʢʪʨʝ ʚʦʟʙʫʞʜʝʥʥʳʭ 

ʩʦʩʪʦʷʥʠʠ ground, g ʠ b-ʧʦʣʦʩ ʥʝʘʢʩʠʘʣʴʥʳʭ ʯʝʪʥʦ-ʯʝʪʥʳʭ ʷʜʝʨ. 

ʀʟʫʯʝʥʳ ʚʣʠʷʥʠʷ ʧʘʨʘʤʝʪʨʘ ʤʷʛʢʦʩʪʠ ʷʜʨʘ m, ʦʧʨʝʜʝʣʷʶʱʝʝ, ʜʝʬʦʨʤʠʨʫʝʤʦʩʪʴ ʬʦʨʤʳ ʷʜʨʘ, 

ʥʘ ʟʥʘʯʝʥʠʷ ʚʝʨʦʷʪʥʦʩʪʝʡ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʢʚʘʜʨʫʧʦʣʴʥʳʭ ʧʝʨʝʭʦʜʦʚ ʤʝʞʜʫ ʚʦʟʙʫʞʜʝʥʥʳʤʠ ʫʨʦʚʥʷʤʠ 

ʜʝʬʦʨʤʠʨʫʝʤʳʭ ʥʝʘʢʩʠʘʣʴʥʳʭ ʯʝʪʥʦ-ʯʝʪʥʳʭ ʷʜʝʨ. ɺʳʯʠʩʣʝʥʳ ɽ2-ʧʝʨʝʭʦʜʳ ʚʥʫʪʨʠ ground, g ʠ b-
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ʧʦʣʦʩ ʚ ʝʜʠʥʠʮʘʭ (Q0/4p)
2
. ʊʘʢʞʝ ʚʳʯʠʩʣʝʥʳ ɽ2-ʧʝʨʝʭʦʜʳ ʤʝʞʜʫ ʵʪʠʤʠ ʧʦʣʦʩʘʤʠ. ʇʨʦʚʝʜʝʥʳ 

ʩʨʘʚʥʝʥʠʷ ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʩ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʤʠ ʜʘʥʥʳʤʠ ʜʣʷ ʷʜʝʨ 
150

Nd, 
152,154

Sm, 
154,156

Gd, 
156,158,160

Dy, 
162,164,166,168

Er, 
166,168

Yb, 
168,170

Hf, 
228,230,232

Th, 
232,234,238

U, 
240

Pu, 
248
Cm. ʇʦʜʨʦʙʥʦ 

ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥʳ ʚʝʪʚʣʝʥʠʷ ʧʨʠʚʝʜʝʥʥʳʭ ʚʝʨʦʷʪʥʦʩʪʝʡ ɽ2-ʧʝʨʝʭʦʜʳ ʚʥʫʪʨʠ ʚʳʰʝʫʢʘʟʘʥʥʳʭ ʧʦʣʦʩ. 

ɺʆɿɹʋɾɼɽʅʀɽ ʀɿʆʄɽʈʅʓʍ ʉʆʉʊʆʗʅʀʁ ɺ ʈɽɸʂʎʀʀ ʊʀʇɸ (N,2N) ʅɸ ʗɼʈɸʍ 
198,200

HG  

ʉ.ʈ. ʇʘʣʚʘʥʦʚ
1,2

 ɻ.ʉ. ʇʘʣʚʘʥʦʚʘ
2
,  ʆ.ʕ. ʐʘʤʫʨʘʜʦʚ

1
, ʆ. ɾʫʨʘʝʚ

3
  

1
ʅʘʮʠʦʥʘʣʴʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʋʟʙʝʢʠʩʪʘʥʘ, 

 2
ʅʀʀ ʧʨʠʢʣʘʜʥʦʡ ʬʠʟʠʢʠ ʅʘʮʠʦʥʘʣʴʥʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ 

ʋʟʙʝʢʠʩʪʘʥʘ, 
3
ʀʥʩʪʠʪʫʪ ʷʜʝʨʥʦʡ ʬʠʟʠʢʠ ɸʅ ʈʋʟ,  

e-mail: satimbay@yandex.ru  

ʀʩʩʣʝʜʦʚʘʥʠʝ ʠʟʦʤʝʨʥʳʭ ʦʪʥʦʰʝʥʠʡ ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʠʪʴ ʠʥʬʦʨʤʘʮʠʶ ʦ ʤʝʭʘʥʠʟʤʝ ʨʝʘʢʮʠʠ, ʚ 

ʯʘʩʪʥʦʩʪʠ, ʦ ʤʦʤʝʥʪʝ ʠʥʝʨʮʠʠ ʷʜʨʘ, ʦ ʩʧʠʥʦʚʦʡ ʟʘʚʠʩʠʤʦʩʪʠ ʧʣʦʪʥʦʩʪʠ ʫʨʦʚʥʝʡ ʠ ʦ ʭʘʨʘʢʪʝʨʝ 

ʧʝʨʝʭʦʜʦʚ ʤʝʞʜʫ ʚʳʩʦʢʦʚʦʟʙʫʞʜʝʥʥʳʤʠ ʷʜʝʨʥʳʤʠ ʩʦʩʪʦʷʥʠʷʤʠ. ɼʘʥʥʳʝ ʦʙ ʠʟʦʤʝʨʥʳʭ ʦʪʥʦʰʝʥʠʷʭ 

ʚʳʭʦʜʦʚ ʷʜʝʨʥʳʭ ʨʝʘʢʮʠʡ ʥʝʦʙʭʦʜʠʤʳ ʜʣʷ ʧʦʧʦʣʥʝʥʠʷ ʷʜʝʨʥʳʭ ʜʘʥʥʳʭ ʚ ʵʪʦʡ ʦʙʣʘʩʪʠ ʠ ʜʣʷ 

ʦʧʪʠʤʠʟʘʮʠʠ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʧʨʠ ʧʨʦʚʝʜʝʥʠʠ ʘʥʘʣʠʪʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʤʝʪʦʜʘʤʠ ʘʢʪʠʚʘʮʠʦʥʥʦʛʦ 

ʘʥʘʣʠʟʘ.  

ʎʝʣʴʶ ʜʘʥʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʷʚʣʷʝʪʩʷ ʧʦʣʫʯʝʥʠʝ ʥʦʚʳʭ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʜʘʥʥʳʭ ʦʙ 

ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʚʝʨʦʷʪʥʦʩʪʠ ʚʦʟʙʫʞʜʝʥʠʷ ʠʟʦʤʝʨʥʳʭ ʩʦʩʪʦʷʥʠʡ ʢʦʥʝʯʥʦʛʦ ʷʜʨʘ ʚ ʥʝʡʪʨʦʥʥʳʭ 

ʨʝʘʢʮʠʷʭ ʪʠʧʘ (n,2n) ʥʘ ʷʜʨʘʭ  
198,200

Hg . 

ʕʢʩʧʝʨʠʤʝʥʪʳ ʧʨʦʚʦʜʠʣʠʩʴ ʥʘ ʥʝʡʪʨʦʥʥʦʤ ʛʝʥʝʨʘʪʦʨʝ ʅɻ-150 ʀʗʌ ɸʅ ʈʋʟ [1]. ʅʝʡʪʨʦʥʥʳʡ 

ʛʝʥʝʨʘʪʦʨ ʅɻ-150 ʨʝʘʣʠʟʫʝʪ ʧʦʪʦʢʠ ʙʳʩʪʨʳʭ ʥʝʡʪʨʦʥʦʚ ʩ ʵʥʝʨʛʠʷʤʠ ~ 2.4 ʠ 14 ʄʵɺ ʠʟ ʨʝʘʢʮʠʡ D+d 

ð> 
3
He+n ʠʣʠ T+d ð> Ŭ+n ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʜʝʡʪʝʨʠʝʚʳʭ ʠ ʪʨʠʪʠʝʚʳʭ ʤʠʰʝʥʝʡ. ʇʨʠ ʵʪʦʤ ʧʦʪʦʢʠ 

ʥʝʡʪʨʦʥʦʚ ʩʦʩʪʘʚʣʷʶʪ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ~ 10
8
 ʠ 10

10
 ʥ/ʩʝʢ. ɺʨʝʤʷ ʦʙʣʫʯʝʥʠʷ ʥʝʡʪʨʦʥʥʳʤ ʧʦʪʦʢʦʤ ʩ 

ʵʥʝʨʛʠʝʡ 14 ʄʵɺ ʩʦʩʪʘʚʣʷʝʪ 50 ʤʠʥ. ʄʦʥʠʪʦʨʠʨʦʚʘʥʠʝ ʧʦʪʦʢʘ ʥʝʡʪʨʦʥʦʚ ʦʩʫʱʝʩʪʚʣʣ̫ʦʩʴ ʩ ʧʦʤʦʱʴʶ 

ʧʣʘʩʪʠʥʢʠ ʠʟ ʘʣʶʤʠʥʠʷ ʥʘʪʫʨʘʣʴʥʦʛʦ ʠʟʦʪʦʧʥʦʛʦ ʩʦʩʪʘʚʘ, ʢʦʪʦʨʳʝ ʦʙʣʫʯʘʣʠʩʴ ʚʤʝʩʪʝ ʩ ʤʠʰʝʥʷʤʠ. ɺ 

ʢʘʯʝʩʪʚʝ ʤʠʰʝʥʝʡ  ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʦʙʨʘʟʮʳ ʦʢʩʠʜʘ ʨʪʫʪʠ (HgO)ʚʝʩʦʤ 2·3 ʛ ʚ ʚʠʜʝ ʜʠʩʢʘ ʜʠʘʤʝʪʨʦʤ 

15ʤʤ.  

ʅʘʚʝʜʝʥʥʘʷ ɔ-ʘʢʪʠʚʥʦʩʪʴ ʤʠʰʝʥʝʡ ʠʟʤʝʨʷʣʘʩʴ ʥʘ ʛʘʤʤʘ-ʩʧʝʢʪʨʦʤʝʪʨʝ ʬʠʨʤʳ Canberra, 

ʩʦʩʪʦʷʱʝʤ ʠʟ ʛʝʨʤʘʥʠʝʚʦʛʦ ʜʝʪʝʢʪʦʨʘ HPGe (ʩ ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʴʶ - 15 %, ʨʘʟʨʝʰʝʥʠʝʤ 

ʜʣʷ ʣʠʥʠʠ 
60

Co 1332 ʢʵɺ ï 1,8 ʢʵɺ), ʮʠʬʨʦʚʦʛʦ ʘʥʘʣʠʟʘʪʦʨʘ DSA 1000 ʠ ʧʝʨʩʦʥʘʣʴʥʦʛʦ ʢʦʤʧʴʶʪʝʨʘ ʩ 

ʧʨʦʛʨʘʤʤʥʳʤ ʧʘʢʝʪʦʤ Genie 2000 ʜʣʷ ʥʘʙʦʨʘ ʠ ʦʙʨʘʙʦʪʢʠ ʛʘʤʤʘ-ʩʧʝʢʪʨʦʚ. ɻʘʤʤʘ-ʩʧʝʢʪʨʦʤʝʪʨ ʧʦ 

ʵʥʝʨʛʠʠ ʢʘʣʠʙʨʦʚʘʣʠ ʩ ʧʦʤʦʱʴʶ ʩʪʘʥʜʘʨʪʥʦʛʦ ʥʘʙʦʨʘ ʠʩʪʦʯʥʠʢʦʚ ʆʉɻʀ. ʀʟʤʝʨʝʥʠʷ ʚʳʧʦʣʥʷʣʠ ʚ 

ʩʪʘʥʜʘʨʪʥʦʡ ʛʝʦʤʝʪʨʠʠ, ʚ ʢʦʪʦʨʦʡ ʛʨʘʜʫʠʨʦʚʘʣʠ ʜʝʪʝʢʪʦʨ ʧʦ ʵʬʬʝʢʪʠʚʥʦʩʪʠ.  
ʊʘʙʣʠʮʘ 1.  

ʀʩʩʣʝʜʫʝʤʳʝ ʷʜʝʨʥʳʝ ʨʝʘʢʮʠʠ ʠ ʩʧʝʢʪʨʦʩʢʦʧʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʷʜʝʨ-ʧʨʦʜʫʢʪʦʚ ʨʝʘʢʮʠʡ 

ʗʜʝʨʥʘʷ ʨʝʘʢʮʠʷ Q, ʄʵɺ I
ˊ
 T1/2 Eɔ, ʢʵɺ Iɔ, % p 

198
Hg(n,2n)

197m
Hg

 
- 8,56 13/2

+
 23,8 ʯ 133,9 30,2 0,93 

198
Hg(n,2n)

197,g
Hg

 
- 8,49 1/2

-
 64,1 ʯ 191,5 0,55  

200
Hg(n,2n)

199m
Hg

 
- 8,03 13/2

+
 42,6 ʤʠʥ 158 58 1 

ʂʘʣʠʙʨʦʚʢʘ ʛʘʤʤʘ ʩʧʝʢʪʨʦʤʝʪʨʘ ʧʦ ʵʥʝʨʛʠʠ  ʧʨʦʚʦʜʠʣʦʩʴ ʩ ʧʦʤʦʱʴʶ ʩʪʘʥʜʘʨʪʥʦʛʦ ʥʘʙʦʨʘ 

ʛʘʤʤʘ ʠʩʪʦʯʥʠʢʦʚ ʆʉɻʀ. ʀʟʤʝʨʝʥʠʷ ʚʳʧʦʣʥʷʣʠ ʚ ʩʪʘʥʜʘʨʪʥʦʡ ʛʝʦʤʝʪʨʠʠ, ʚ ʢʦʪʦʨʦʡ ʧʨʦʚʦʜʠʣʘʩʴ 

ʛʨʘʜʫʠʨʦʚʢʘ ʜʝʪʝʢʪʦʨʘ ʧʦ ʵʬʬʝʢʪʠʚʥʦʩʪʠ [2]. ʇʦʜ ʵʬʬʝʢʪʠʚʥʦʩʪʴʶ ʟʜʝʩʴ ʧʦʥʠʤʘʝʤ ʦʪʥʦʰʝʥʠʝ ʯʠʩʣʘ 

ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʥʳʭ ʠʤʧʫʣʴʩʦʚ ʚ ʬʦʪʦʧʠʢʘʭ ʢ ʦʙʱʝʤʫ ʯʠʩʣʫ ʢʚʘʥʪʦʚ, ʠʩʧʫʱʝʥʥʳʭ ʚ ʪʝʣʝʩʥʳʡ ʫʛʦʣ 

4p.  

ɿʘʩʝʣʝʥʠʝ ʠʟʦʤʝʨʥʦʛʦ ʠ ʦʩʥʦʚʥʦʛʦ ʫʨʦʚʥʝʡ ʠʜʝʥʪʠʬʠʮʠʨʦʚʘʣʠ ʧʦ g-ʣʠʥʠʷʤ. 

ʉʧʝʢʪʨʦʩʢʦʧʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʷʜʝʨ-ʧʨʦʜʫʢʪʦʚ ʨʝʘʢʮʠʠ (g,2n), ʥʝʦʙʭʦʜʠʤʳʝ ʜʣʷ ʦʙʨʘʙʦʪʢʠ 

ʨʝʟʫʣʴʪʘʪʦʚ ʠʟʤʝʨʝʥʠʡ, ʚʟʷʪʳ ʠʟ ʨʘʙʦʪ [3]  ʠ ʧʨʠʚʝʜʝʥʳ ʚ ʪʘʙʣ.1, ʛʜʝ I
ˊ
 ï ʩʧʠʥ ʠ ʯʝʪʥʦʩʪʴ ʫʨʦʚʥʷ , T1/2 

ï ʧʝʨʠʦʜ ʧʦʣʫʨʘʩʧʘʜʘ ʷʜʨʘ, Iɔ - ʠʥʪʝʥʩʠʚʥʦʩʪʴ  ɔ - ʢʚʘʥʪʦʚ ʜʘʥʥʦʡ ʵʥʝʨʛʠʠ ʥʘ ʨʘʩʧʘʜ,  p - 

ʢʦʵʬʬʠʮʠʝʥʪ ʚʝʪʚʣʝʥʠʷ ɔïʧʝʨʝʭʦʜʘ. ʉʭʝʤʘ ʨʘʩʧʘʜʘ 
197
Hg ʠ 

199
Hg ʧʨʠʚʝʜʝʥʘ ʥʘ ʨʠʩ.1. 

ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʩʝʯʝʥʠʡ  ʨʝʘʢʮʠʡ  (n,2n) ʠʩʧʦʣʴʟʦʚʘʣʦʩʴ ʩʦʦʪʥʦʰʝʥʠʝ: 

mailto:satimbay@yandex.ru
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x x m m m m mx

m m m x x x x x

S I N F

S I N F

l e qs

s l e q
= ,                                            

ʛʜʝ 

[ ] [ ])exp(1)exp()exp(1)( cʧo ttttF lll -----= ; 

S ï ʧʣʦʱʘʜʴ ʬʦʪʦʧʠʢʘ ʚ ɔ ïʩʧʝʢʪʨʝ;  ɚ=0,693/T1/2 ï ʧʦʩʪʦʷʥʥʘʷ ʨʘʩʧʘʜʘ;  Ů - ʵʬʬʝʢʪʠʚʥʦʩʪʴ 

ʩʧʝʢʪʨʦʤʝʪʨʘ; I- ʠʥʪʝʥʩʠʚʥʦʩʪʴ  ɔ - ʢʚʘʥʪʦʚ ʜʘʥʥʦʡ ʵʥʝʨʛʠʠ ʥʘ ʨʘʩʧʘʜ; q - ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʦʩʪʴ 

ʠʩʧʦʣʴʟʫʝʤʦʛʦ ʠʟʦʪʦʧʘ; N ï ʯʠʩʣʦ ʷʜʝʨ ʠʩʩʣʝʜʫʝʤʦʛʦ ʠʟʦʪʦʧʘ ʚ ʦʙʨʘʟʮʝ;   t0, tn, tc ï ʚʨʝʤʷ ʦʙʣʫʯʝʥʠʷ, 

ʧʘʫʟʳ ʠ ʠʟʤʝʨʝʥʠʷ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ.  ʀʥʜʝʢʩ x ʦʪʥʦʩʠʪʩʷ ʢ ʠʟʫʯʘʝʤʦʤʫ ʷʜʨʫ, ʘ ʠʥʜʝʢʩ m ï ʢ ʤʦʥʠʪʦʨʫ. 

ʇʦ ʜʘʥʥʳʤ ʤʦʥʠʪʦʨʥʦʡ ʨʝʘʢʮʠʠ ʙʳʣʠ ʨʘʩʩʯʠʪʘʥʳ ʩʝʯʝʥʠʷ ʠʩʩʣʝʜʫʝʤʳʭ ʨʝʘʢʮʠʡ. ɺ ʢʘʯʝʩʪʚʝ 

ʤʦʥʠʪʦʨʥʦʡ ʨʝʘʢʮʠʠ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ 
27

Al(n,Ŭ)
24

Na (T1/2=15 ʯ, Eɔ=1368 ʢʵɺ), ʩʝʯʝʥʠʝ ʢʦʪʦʨʦʛʦ ʨʘʚʥʦ: 

ům =114° 6 ʤʙʥ ʧʨʠ  En =14,6°0,3 ʄʵɺ [4]. 

ʇʦʣʫʯʝʥʥʳʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʦʙ ʩʝʯʝʥʠʡ ʠ ʠʟʦʤʝʨʥʳʭ ʦʪʥʦʰʝʥʠʷʭ ʩʝʯʝʥʠʡ 

ʨʝʘʢʮʠʠ (n,2n) ʥʘ ʷʜʨʘʭ 
198,200

Hg  ʧʨʠʚʝʜʝʥʳ ʚ ʪʘʙʣ. 2. ʂʘʢ ʚʠʜʥʦ ʠʟ ʪʘʙʣʠʮʝ ʜʘʥʥʳʝ ʚʩʝʭ ʨʘʙʦʪ ʚ 

ʧʨʝʜʝʣʘʭ ʧʦʛʨʝʰʥʦʩʪʝʡ ʠʟʤʝʨʝʥʠʡ ʩʦʛʣʘʩʫʶʪʩʷ. ɸʙʩʦʣʶʪʥʘʷ ʦʰʠʙʢʘ ʠʟʦʤʝʨʥʳʭ ʦʪʥʦʰʝʥʠʡ ʩʝʯʝʥʠʡ 

ʨʝʘʢʮʠʡ ʦʧʨʝʜʝʣʷʝʪʩʷ ʩʪʘʪʠʩʪʠʯʝʩʢʦʡ ʧʦʛʨʝʰʥʦʩʪʴʶ ʩʯʝʪʦʚ ʚ ʬʦʪʦʧʠʢʝ ʠʟʤʝʨʷʝʤʦʡ g-ʣʠʥʠʠ, 

ʵʬʬʝʢʪʠʚʥʦʩʪʴʶ ʨʝʛʠʩʪʨʘʮʠʠ g-ʠʟʣʫʯʝʥʠʷ ʠ ʦʰʠʙʢʦʡ ʟʥʘʯʝʥʠʡ ʩʝʯʝʥʠʡ ʤʦʥʠʪʦʨʦʚ. ʀʟ ʜʘʥʥʳʭ, 

ʧʨʠʚʝʜʝʥʥʳʭ ʚ ʪʘʙʣʠʮʝ ʪʘʢʞʝ ʚʠʜʥʦ, ʯʪʦ ʚ ʩʣʫʯʘʝ ʨʝʘʢʮʠʠ 
200

Hg(n,2n)
199m
Hg  ʚʩʝʛʦ ʜʚʝ ʨʘʙʦʪʳ. 

ʊʘʙʣʠʮʘ 2.  

ʉʝʯʝʥʠʷ ʦʩʥʦʚʥʦʛʦ ʠ ʠʟʦʤʝʨʥʦʛʦ ʩʦʩʪʦʷʥʠʡ 

ʗʜʝʨʥʘʷ 

ʨʝʘʢʮʠʷ 

En, 

ʄʵɺ 

ů, ʤʙʥ  

ům/ůg 

 

ʀʩʪʦʯʥʠʢ m g 

198
Hg(n,2n)

197
Hg 

14,0 900°70 940°75 0,96°0,11 
ʅʘʩʪʦʷʱʘʷ 

ʨʘʙʦʪʘ 

14.1 - - 0,80°0,10 [5] 

14.4 885°80 1125°100 0,79°0,10 [6] 

14.7 910°85 1010°140 0,90°0.15 [7] 

14,02 930°60 1110°110 0,84°0,10 [8] 

200
Hg(n,2n)

199m
Hg 

14,0 820°100 - 0,39°0,05 
ʅʘʩʪʦʷʱʘʷ 

ʨʘʙʦʪʘ 

14.4 789°120. - 0,37°0,06 [6] 

ɼʣʷ ʩʨʘʚʥʝʥʠʷ ʩ ʵʢʩʧʝʨʠʤʝʥʪʦʤ ʥʘʤʠ ʧʨʦʚʝʜʝʥʳ ʨʘʩʯʝʪ ʠʟʦʤʝʨʥʳʭ ʦʪʥʦʰʝʥʠʡ ʧʦ 

ʩʪʘʪʠʩʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʷʜʨʘ (ʜʣʷ 
198
Hg) . ʋʣʫʯʰʠʪʴ ʢʦʣʠʯʝʩʪʚʝʥʥʦʝ ʩʦʛʣʘʩʠʝ ʨʘʩʯʝʪʦʚ ʩ 

ʵʢʩʧʝʨʠʤʝʥʪʦʤ ʫʜʘʣʦʩʴ ʧʨʠ ʬʠʢʩʘʮʠʠ ʧʘʨʘʤʝʪʨʘ ʩʧʠʥʦʚʦʛʦ ʦʛʨʘʥʠʯʝʥʠʷ s. ʇʨʠ ʵʪʦʤ 

ʫʜʦʚʣʝʪʚʦʨʠʪʝʣʴʥʦʝ ʩʦʛʣʘʩʠʝ ʜʦʩʪʠʛʘʝʪʩʷ ʧʨʠ 3s=>. 

ʇʦʣʫʯʝʥʥʳʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʧʦ ʠʟʦʤʝʨʥʳʤ ʦʪʥʦʰʝʥʠʷʤ ʩʝʯʝʥʠʡ ʨʝʘʢʮʠʡ (n,2n) 

ʥʘ ʷʜʨʘʭ 
198,200

Hg  ʤʦʛʫʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ ʧʨʠ ʚʳʷʩʥʝʥʠʠ ʤʝʭʘʥʠʟʤʘ ʨʝʘʢʮʠʡ, ʩʦʟʜʘʥʠʷ 

ʪʝʦʨʝʪʠʯʝʩʢʠʭ ʤʦʜʝʣʝʡ ʜʣʷ ʦʧʠʩʘʥʠʷ ʪʘʢʠʭ ʨʝʘʢʮʠʡ ʠ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʠʥʬʦʨʤʘʮʠʠ ʦ ʩʚʦʡʩʪʚʘʭ 

ʚʳʩʦʢʦʚʦʟʙʫʞʜʝʥʥʳʭ ʩʦʩʪʦʷʥʠʡ ʷʜʝʨ, ʘ ʪʘʢʞʝ ʨʘʩʰʠʨʝʥʠʷ ʙʘʟʳ ʷʜʝʨʥʳʭ ʜʘʥʥʳʭ ʧʦ ʠʟʦʤʝʨʥʳʤ 

ʦʪʥʦʰʝʥʠʷʤ. ʇʦʜʦʙʥʳʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʜʘʥʥʳʝ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʦʪʩʫʪʩʪʚʫʶʪ ʜʣʷ ʙʦʣʴʰʠʥʩʪʚʘ 

ʷʜʝʨ. ʊʘʢʞʝ ʧʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʤʦʛʫʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ ʚ ʧʨʠʢʣʘʜʥʦʡ ʷʜʝʨʥʦʡ ʬʠʟʠʢʝ.  

ʃʠʪʝʨʘʪʫʨʘ 
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ɺʆɿɹʋɾɼɽʅʀɽ ʀɿʆʄɽʈʅʓʍ ʉʆʉʊʆʗʅʀʁ ɺ ʈɽɸʂʎʀʀ (N,2N) ʅɸ ʗɼʈɸʍ 

ʊɽʃʃʋʈɸ-120,122,124,128,130 

ʉ.ʈ.ʇʘʣʚʘʥʦʚ
1,2
, ɾ.ʈʘʭʤʦʥʦʚ

3
, ʄ.ʂʘʶʤʦʚ

3
,  ʄ.ʀ.ʄʘʤʘʶʩʫʧʦʚʘ

1
, ʆ.ɾʫʨʘʝʚ

3
  

1
ʅʘʮʠʦʥʘʣʴʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʋʟʙʝʢʠʩʪʘʥʘ, 

2
ʅʀʀ ʧʨʠʢʣʘʜʥʦʡ ʬʠʟʠʢʠ ʅʘʮʠʦʥʘʣʴʥʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ 

ʋʟʙʝʢʠʩʪʘʥʘ 
3
ʀʥʩʪʠʪʫʪ ʷʜʝʨʥʦʡ ʬʠʟʠʢʠ ɸʅ ʈʋʟ,  

e-mail: satimbay@yandex.ru  

ʗʜʝʨʥʳʝ ʨʝʘʢʮʠʠ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʢʦʥʝʯʥʦʛʦ ʷʜʨʘ ʚ ʦʧʨʝʜʝʣʝʥʥʳʭ ʢʚʘʥʪʦʚʳʭ ʩʦʩʪʦʷʥʠʷʭ ʩʪʘʣʠ 

ʦʜʥʠʤ ʠʟ ʦʩʥʦʚʥʳʭ ʠʩʪʦʯʥʠʢʦʚ ʥʦʚʦʡ ʠʥʬʦʨʤʘʮʠʠ ʦ ʤʝʭʘʥʠʟʤʝ ʵʪʠʭ ʨʝʘʢʮʠʡ ʠ ʩʪʨʫʢʪʫʨʝ 

ʦʙʨʘʟʫʶʱʠʭʩʷ ʚ ʥʠʭ ʷʜʝʨ. ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʚʝʨʦʷʪʥʦʩʪʝʡ ʟʘʩʝʣʝʥʠʷ ʚʦʟʙʫʞʜʝʥʥʳʭ ʩʦʩʪʦʷʥʠʡ 

ʢʦʥʝʯʥʦʛʦ ʷʜʨʘ ʦʧʨʝʜʝʣʷʝʪʩʷ ʩʧʝʢʪʨʦʤ ʚʳʣʝʪʘʶʱʠʭ ʯʘʩʪʠʮ, ʘ ʪʘʢʞʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʩʦʩʪʘʚʥʦʛʦ 

ʷʜʨʘ. ɺ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ ʤʝʪʦʜʦʤ ʥʘʚʝʜʝʥʥʦʡ ʘʢʪʠʚʥʦʩʪʠ ʠʩʩʣʝʜʦʚʘʥʳ ʠʟʦʤʝʨʥʳʝ ʦʪʥʦʰʝʥʠʷ 

ʚʳʭʦʜʦʚ ʠ ʩʝʯʝʥʠʡ ʨʝʘʢʮʠʠ ʪʠʧʘ (n,2n) ʥʘ ʷʜʨʘʭ ʪʝʣʣʫʨʘ-120,122,124,128,130. 

ʀʩʩʣʝʜʦʚʘʥʠʷ ʧʨʦʚʦʜʠʣʠʩʴ ʥʘ  ʥʝʡʪʨʦʥʥʦʤ ʛʝʥʝʨʘʪʦʨʝ ʅɻ-150 ʀʥʩʪʠʪʫʪʘ ʷʜʝʨʥʦʡ ʬʠʟʠʢʠ ɸʅ 

ʈʋʟ. ɺʨʝʤʷ ʦʙʣʫʯʝʥʠʷ ʥʝʡʪʨʦʥʥʳʤ ʧʦʪʦʢʦʤ ʩ ʵʥʝʨʛʠʝʡ 14 ʄʵɺ ʩʦʩʪʘʚʣʷʝʪ 30-40 ʤʠʥ. ɺ ʢʘʯʝʩʪʚʝ 

ʤʠʰʝʥʠ ʠʩʧʦʣʴʟʦʚʘʣʠ ʦʙʨʘʟʝʮ ʪʝʣʣʫʨʘ ʚ ʝʩʪʝʩʪʚʝʥʥʦʡ ʩʤʝʩʠ ʠʟʦʪʦʧʦʚ. ɼʣʷ ʧʦʣʫʯʝʥʠʷ ʘʙʩʦʣʶʪʥʳʭ 

ʟʥʘʯʝʥʠʡ ʩʝʯʝʥʠʡ ʨʝʘʢʮʠʠ ʠʩʧʦʣʴʟʦʚʘʣʠ ʤʝʪʦʜ ʤʦʥʠʪʦʨʦʚ, ʪ.ʝ. ʤʝʪʦʜ ʩʨʘʚʥʝʥʠʷ ʚʳʭʦʜʦʚ ʠ ʩʝʯʝʥʠʡ 

ʠʩʩʣʝʜʫʝʤʦʡ ʠ ʤʦʥʠʪʦʨʥʦʡ ʨʝʘʢʮʠʠ. ʅʘʚʝʜʝʥʥʘʷ ʘʢʪʠʚʥʦʩʪʴ ʤʠʰʝʥʝʡ ʠʟʤʝʨʷʣʘʩʴ ʥʘ ʛʘʤʤʘ-

ʩʧʝʢʪʨʦʤʝʪʨʝ ʬʠʨʤʳ Canberra, ʩʦʩʪʦʷʱʝʤ ʠʟ ʛʝʨʤʘʥʠʝʚʦʛʦ ʜʝʪʝʢʪʦʨʘ HPGe (ʩ ʦʪʥʦʩʠʪʝʣʴʥʦʡ 

ʵʬʬʝʢʪʠʚʥʦʩʪʴʶ - 15 %, ʨʘʟʨʝʰʝʥʠʝʤ ʜʣʷ ʣʠʥʠʠ 
60

Co 1332 ʢʵɺ ï 1,8 ʢʵɺ), ʮʠʬʨʦʚʦʛʦ ʘʥʘʣʠʟʘʪʦʨʘ 

DSA 1000 ʠ ʧʝʨʩʦʥʘʣʴʥʦʛʦ ʢʦʤʧʴʶʪʝʨʘ ʩ ʧʨʦʛʨʘʤʤʥʳʤ ʧʘʢʝʪʦʤ Genie 2000 ʜʣʷ ʥʘʙʦʨʘ ʠ ʦʙʨʘʙʦʪʢʠ 

ʛʘʤʤʘ-ʩʧʝʢʪʨʦʚ. ɻʘʤʤʘ-ʩʧʝʢʪʨʳ ʤʠʰʝʥʝʡ ʥʘʯʠʥʘʣʠ ʠʟʤʝʨʷʪʴ ʧʦʩʣʝ ʧʘʫʟʳ 3-50 ʯ ʠ ʠʟʤʝʨʷʣʠ ʚ 

ʪʝʯʝʥʠʝ 60 ʤʠʥ. ɻʘʤʤʘ-ʩʧʝʢʪʨ (n,2n)-ʨʝʘʢʮʠʠ ʥʘ ʠʟʦʪʦʧʘʭ ʪʝʣʣʫʨʘ ʧʨʠʚʝʜʝʥ ʥʘ ʨʠʩ. 1. 

 
ʈʠʩ. 1. ɻʘʤʤʘ-ʩʧʝʢʪʨ (n,2n)-ʨʝʘʢʮʠʠ ʥʘ ʠʟʦʪʦʧʘʭ ʪʝʣʣʫʨʘ 

ɿʘʩʝʣʝʥʠʝ ʠʟʦʤʝʨʥʦʛʦ ʠ ʦʩʥʦʚʥʦʛʦ ʫʨʦʚʥʝʡ ʠʜʝʥʪʠʬʠʮʠʨʦʚʘʣʠ ʧʦ g-ʣʠʥʠʷʤ. 

ʉʧʝʢʪʨʦʩʢʦʧʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʷʜʝʨ-ʧʨʦʜʫʢʪʦʚ ʨʝʘʢʮʠʡ  (g,n) ʠ (n,2n), ʥʝʦʙʭʦʜʠʤʳʝ ʜʣʷ 

ʦʙʨʘʙʦʪʢʠ ʨʝʟʫʣʴʪʘʪʦʚ ʠʟʤʝʨʝʥʠʡ, ʚʟʷʪʳ ʠʟ ʨʘʙʦʪ [1].   

ʈʝʟʫʣʴʪʘʪʳ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʜʘʥʥʳʭ, ʧʦʣʫʯʝʥʥʳʭ ʚ ʜʘʥʥʦʡ ʨʘʙʦʪʝ, ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣ. 1 ʠ 

2. ʆʰʠʙʢʠ ʠʟʤʝʨʝʥʠʡ, ʧʨʠʚʝʜʝʥʥʳʝ ʚ ʵʪʠʭ ʪʘʙʣʠʮʘʭ ʦʧʨʝʜʝʣʷʶʪʩʷ ʩʪʘʪʠʩʪʠʯʝʩʢʦʡ ʧʦʛʨʝʰʥʦʩʪʴʶ 

ʩʯʝʪʦʚ ʚ ʬʦʪʦʧʠʢʝ ʠʟʤʝʨʷʝʤʦʡ g-ʣʠʥʠʠ ʠ ʵʬʬʝʢʪʠʚʥʦʩʪʴʶ ʨʝʛʠʩʪʨʘʮʠʠ g-ʠʟʣʫʯʝʥʠʷ. ɺ ʪʘʙʣ. 1 ʠ 2.  

ʪʘʢʞʝ ʧʨʠʚʝʜʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʜʨʫʛʠʭ ʨʘʙʦʪ. ʂʘʢ ʚʠʜʥʦ ʠʟ ʵʪʦʡ ʪʘʙʣʠʮʳ ʥʘʰʠ ʨʝʟʫʣʴʪʘʪʳ ʧʦ ʩʝʯʝʥʠʶ 

ʦʙʨʘʟʦʚʘʥʠʷ ʠʟʦʤʝʨʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʚ ʨʝʘʢʮʠʠ  
120

Te(n,2n)
119

Te ʚ ʧʨʝʜʝʣʘʭ ʧʦʛʨʝʰʥʦʩʪʝʡ ʩʦʛʣʘʩʫʶʪʩʷ 

ʩ ʜʘʥʥʳʤʠ ʨʘʙʦʪʳ [2].  

ʈʝʟʫʣʴʪʘʪʳ ʧʦ ʩʝʯʝʥʠʶ ʦʙʨʘʟʦʚʘʥʠʷ ʦʩʥʦʚʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʭʦʨʦʰʦ ʩʦʛʣʘʩʫʶʪʩʷ ʤʝʞʜʫ ʩʦʙʦʡ. ɺ 

ʩʣʫʯʘʝ ʨʝʘʢʮʠʠ 
122

Te(n,2n)
121

Te ʜʘʥʥʳʝ ʚʩʝʭ ʨʘʙʦʪ ʚ ʧʨʝʜʝʣʘʭ ʧʦʛʨʝʰʥʦʩʪʝʡ ʩʦʛʣʘʩʫʶʪʩʷ ʤʝʞʜʫ 

ʩʦʙʦʡ. 

mailto:satimbay@yandex.ru
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ʊʘʙʣʠʮʘ 1 

ʉʝʯʝʥʠʷ ʨʝʘʢʮʠʡ (n,2n) ʥʘ ʠʟʦʪʦʧʘʭ ʪʝʣʣʫʨʘ 

ʈʝʘʢʮʠʷ 
En, 

ʄʵɺ 

ů, ʤʙ 
ʀʩʪʦʯʥʠʢ 

m g 

120
Te(n,2n)

119
Te 

14,0 

14,1 

14,5 

14.7 

571Ñ55 

547Ñ49 

750Ñ41 

597Ñ56 

560Ñ51 

601Ñ46 

553Ñ27 

- 

ʅʘʩʪʦʷʱʘʷ ʨʘʙʦʪʘ 

[2] 

[3] 

[4] 

122
Te(n,2n)

121
Te 

14,0 

14,1 

14,6 

14,7 

697Ñ65 

757Ñ70 

640Ñ33 

646Ñ62 

710Ñ50 

746Ñ60 

694Ñ35 

- 

ʅʘʩʪʦʷʱʘʷ ʨʘʙʦʪʘ 

[2] 

[3] 

[4] 

124
Te(n,2n)

123
Te 

14,0 

14,1 

14,6 

960Ñ70 

847Ñ64 

629Ñ30 

ʩʪʘʙʠʣʴʥʦʝ 

ʩʪʘʙʠʣʴʥʦʝ 

ʩʪʘʙʠʣʴʥʦʝ 

ʅʘʩʪʦʷʱʘʷ ʨʘʙʦʪʘ 

[2] 

[3] 

128
Te(n,2n)

127
Te

 

14,0 

14,1 

14,6 

14,7 

- 

- 

- 

- 

550Ñ30 

540Ñ40 

481Ñ23 

536Ñ60 

ʅʘʩʪʦʷʱʘʷ ʨʘʙʦʪʘ 

[2] 

[3] 

[4] 

130
Te(n,2n)

129
Te

 

14,0 

14,1 

14,6 

14,7 

960Ñ58 

1030Ñ52 

1014Ñ56 

1101Ñ102 

732Ñ51 

- 

- 

- 

ʅʘʩʪʦʷʱʘʷ ʨʘʙʦʪʘ 

[2] 

[3] 

[4] 

ɼʣʷ ʨʝʘʢʮʠʠ 
124

Te(n,2n)
123m

Te ʥʘʰʠ ʨʝʟʫʣʴʪʘʪʳ ʚ ʧʨʝʜʝʣʘʭ ʧʦʛʨʝʰʥʦʩʪʠ ʩʦʛʣʘʩʫʶʪʩʷ ʩ ʜʘʥʥʳʤʠ 

ʨʘʙʦʪʳ [2], ʨʝʟʫʣʴʪʘʪʳ ʨʘʙʦʪʳ [3] ʟʘʥʠʞʝʥʳ. ʄʦʞʝʪ ʙʳʪʴ ʵʪʦ ʩʚʷʟʘʥʦ ʩ ʧʦʚʝʜʝʥʠʝʤ ʬʫʥʢʮʠʠ 

ʚʦʟʙʫʞʜʝʥʠʡ ʵʪʦʡ ʨʝʘʢʮʠʠ ʧʨʠ ʚʳʩʦʢʠʭ ʵʥʝʨʛʠʷʭ. ɺ ʩʣʫʯʘʝ ʨʝʘʢʮʠʠ 
128

Te(n,2n)
128

Te ʨʝʟʫʣʴʪʘʪʳ ʚʩʝʭ 

ʨʘʙʦʪ ʚ ʧʨʝʜʝʣʘʭ ʧʦʛʨʝʰʥʦʩʪʠ ʭʦʨʦʰʦ ʩʦʛʣʘʩʫʶʪʩʷ. ɼʣʷ ʨʝʘʢʮʠʠ 
130

Te(n,2n)
129

Te ʩʝʯʝʥʠʷ 

ʦʙʨʘʟʦʚʘʥʠʷ ʠʟʦʤʝʨʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʦʧʨʝʜʝʣʝʥʳ ʚ ʨʘʙʦʪʘʭ [2,3,4]. ʕʪʠ ʨʝʟʫʣʴʪʘʪʳ ʭʦʨʦʰʦ 

ʩʦʛʣʘʩʫʶʪʩʷ ʤʝʞʜʫ ʩʦʙʦʡ. ɺ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ ʪʘʢʞʝ ʦʧʨʝʜʝʣʝʥʦ ʩʝʯʝʥʠʝ ʚʦʟʙʫʞʜʝʥʠʷ ʦʩʥʦʚʥʦʛʦ 

ʩʦʩʪʦʷʥʠʷ. ʅʘ ʦʩʥʦʚʝ ʨʝʟʫʣʴʪʘʪʦʚ, ʧʨʠʚʝʜʝʥʥʳʭ ʚ ʪʘʙʣ.1, ʤʦʞʥʦ ʦʧʨʝʜʝʣʠʪʴ ʠʟʦʤʝʨʥʳʝ ʦʪʥʦʰʝʥʠʷ 

ʩʝʯʝʥʠʡ ʨʝʘʢʮʠʡ, ʢʦʪʦʨʳʝ ʧʨʠʚʝʜʝʥʳ ʚ ʪʘʙʣ. 2.  
ʊʘʙʣʠʮʘ 2  

ʀʟʦʤʝʨʥʳʝ ʦʪʥʦʰʝʥʠʷ ʩʝʯʝʥʠʡ ʨʝʘʢʮʠʠ ʪʠʧʘ (n,2n) ʥʘ ʠʟʦʪʦʧʘʭ ʪʝʣʣʫʨʘ 

ʈʝʘʢʮʠʷ ům/ůg En, ʄʵɺ ʀʩʪʦʯʥʠʢ 

120
Te(n,2n)

119
Te 

1,02Ñ0,13 

0,91Ñ0,11 

1,35Ñ0,09 

14,0 

14,1 

14,6 

ʅʘʩʪʦʷʱʘʷ ʨʘʙʦʪʘ 

[2] 

[3] 

122
Te(n,2n)

121
Te 

0,98Ñ0,11 

1,01Ñ0,12 

0,92Ñ0,07 

14,0 

14,1 

14,6 

ʅʘʩʪʦʷʱʘʷ ʨʘʙʦʪʘ 

[2] 

[3] 

124
Te(n,2n)

123
Te 0,62Ñ0,06

*
 14,0 ʅʘʩʪʦʷʱʘʷ ʨʘʙʦʪʘ 

128
Te(n,2n)

127
Te

 
1,20Ñ0,16

* 
14,0 ʅʘʩʪʦʷʱʘʷ ʨʘʙʦʪʘ 

130
Te(n,2n)

129
Te

 
1,31Ñ0,12 14,0 ʅʘʩʪʦʷʱʘʷ ʨʘʙʦʪʘ 

                      *
ʇʨʠʚʝʜʝʥʦ ʟʥʘʯʝʥʠʝ /m totr s s=  

ɺ ʩʣʫʯʘʝ ʨʝʘʢʮʠʠ (n,2n) ʥʘ ʷʜʨʝ 
124

Te ʦʙʨʘʟʫʝʪʩʷ ʠʟʦʤʝʨ
 123m

Te, ʦʩʥʦʚʥʦʝ ʩʦʩʪʦʷʥʠʝ ʢʦʪʦʨʦʛʦ 

ʩʪʘʙʠʣʴʥʦ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʠʟʦʤʝʨʥʳʝ ʦʪʥʦʰʝʥʠʷ ʩʝʯʝʥʠʡ ʨʝʘʢʮʠʠ ʦʧʨʝʜʝʣʷʶʪʩʷ ʢʘʢ ʦʪʥʦʰʝʥʠʷ 

ʩʝʯʝʥʠʷ ʦʙʨʘʟʦʚʘʥʠʷ ʠʟʦʤʝʨʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʢ ʦʙʱʝʤʫ ʩʝʯʝʥʠʶ ʨʝʘʢʮʠʠ - /m totr s s= . ʇʦ ʜʘʥʥʳʤ, 

ʧʨʠʚʝʜʝʥʥʳʤ ʚ ʪʘʙʣ.1, ʤʦʞʥʦ ʧʦʩʪʨʦʠʪʴ ʬʫʥʢʮʠʠ ʚʦʟʙʫʞʜʝʥʠʡ ʨʝʘʢʮʠʡ. ʂʘʢ ʚʠʜʥʦ, ʯʝʪʢʦʡ 

ʟʘʚʠʩʠʤʦʩʪʠ ʠʟʦʤʝʨʥʦʛʦ ʦʪʥʦʰʝʥʠʷ ʚʳʭʦʜʘ ʠ ʩʝʯʝʥʠʡ ʨʝʘʢʮʠʠ ʪʠʧʘ  (n,2n) ʥʘ ʠʟʦʪʦʧʘʭ ʪʝʣʣʫʨʘ ʦʪ 

ʤʘʩʩʦʚʦʛʦ ʯʠʩʣʘ ɸ, ʯʠʩʣʘ ʧʨʦʪʦʥʦʚ ʠ ʯʠʩʣʘ ʥʝʡʪʨʦʥʦʚ, ʥʝ ʥʘʙʣʶʜʘʝʪʩʷ.  
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ʈʝʟʫʣʴʪʘʪʳ, ʧʦʣʫʯʝʥʥʳʝ ʚ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ, ʤʦʛʫʪ ʙʳʪ ʠʩʧʦʣʴʟʦʚʘʥʳ ʜʣʷ ʨʝʰʝʥʠʷ 

ʧʨʠʢʣʘʜʥʳʭ ʟʘʜʘʯ, ʘ ʪʘʢʞʝ ʧʨʠ ʧʣʘʥʠʨʦʚʘʥʠʠ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʧʦ ʠʟʫʯʝʥʠʶ ʠʟʦʤʝʨʥʳʭ ʦʪʥʦʰʝʥʠʡ ʚ 

ʬʦʪʦʷʜʝʨʥʳʭ ʨʝʘʢʮʠʷʭ ʠ ʧʨʠ ʠʟʫʯʝʥʠʠ ʤʝʭʘʥʠʟʤʘ ʨʝʘʢʮʠʡ.  
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ʀʟʚʝʩʪʥʦ, ʯʪʦ ʚ ʨʘʩʪʝʥʠʷʭ, ʚ ʪʦʤ ʯʠʩʣʝ ʠʭ ʟʝʨʥʘʭ, ʦʙʥʘʨʫʞʠʚʘʝʪʩʷ ʙʦʣʝʝ 70 ʭʠʤʠʯʝʩʢʠʭ 

ʵʣʝʤʝʥʪʦʚ. ʅʘ ʜʦʣʶ ʉ, ʆ, ʅ ʠ N ʧʨʠʭʦʜʠʪʩʷ ʦʢʦʣʦ 95% ʩʫʭʦʛʦ ʚʝʱʝʩʪʚʘ ʨʘʩʪʝʥʠʡ ʠ ʦʥʠ ʥʘʟʳʚʘʶʪʩʷ 

ʦʨʛʘʥʦʛʝʥʥʳʤʠ. ʕʪʠ ʵʣʝʤʝʥʪʳ ʚʤʝʩʪʝ ʩ P, K, Ca, Mg, S, Fe,B, Cu, Mn, Zn, Mo, V, Co, I ʩʯʠʪʘʶʪʩʷ, 

çʙʝʟʫʩʣʦʚʥʦè ʥʝʦʙʭʦʜʠʤʳʤʠ, ʘ ʦʢʦʣʦ ʜʝʩʷʪʠ ʵʣʝʤʝʥʪʦʚ (Al, Si, F, Li , Ag ʠ ʥʝʢʦʪʦʨʳʝ ʜʨʫʛʠʝ) 

ʩʯʠʪʘʶʪʩʷ ʫʩʣʦʚʥʦ ʥʝʦʙʭʦʜʠʤʳʤʠ ʜʣʷ ʨʘʩʪʝʥʠʡ. ʗʜʝʨʥʦ-ʬʠʟʠʯʝʩʢʠʝ ʤʝʪʦʜʳ ʘʥʘʣʠʟʘ ʧʦʟʚʦʣʷʶʪ 

ʥʘʭʦʜʠʪʴ ʩʦʜʝʨʞʘʥʠʷ ʟʥʘʯʠʪʝʣʴʥʦʡ ʯʘʩʪʠ ʵʪʠʭ ʵʣʝʤʝʥʪʦʚ. 

ɻʣʘʚʥʦʝ ʧʨʝʠʤʫʱʝʩʪʚʦ ʤʝʪʦʜʘ ʠʥʩʪʨʫʤʝʥʪʘʣʴʥʦʛʦ ʥʝʡʪʨʦʥʥʦʛʦ ʘʢʪʠʚʘʮʠʦʥʥʦʛʦ ʘʥʘʣʠʟʘ 

(ʀʅAA) ʧʨʠ ʠʟʫʯʝʥʠʠ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʤʘʪʝʨʠʘʣʦʚ ʩʦʩʪʦʠʪ ʚ ʪʦʤ, ʯʪʦ ʥʘ ʤʘʪʨʠʯʥʳʭ ʵʣʝʤʝʥʪʘʭ C, H, 

N, 0 ʦʙʨʘʟʫʝʪʩʷ ʦʯʝʥʴ ʥʝʟʥʘʯʠʪʝʣʴʥʘʷ ʘʢʪʠʚʥʦʩʪʴ ʨʘʜʠʦʥʫʢʣʠʜʦʚ, ʠʟʣʫʯʘʶʱʠʭ g-ʣʫʯʠ, ʢʦʪʦʨʳʝ ʥʝ 

ʤʝʰʘʶʪ ʧʨʦʚʝʜʝʥʠʶ ʘʥʘʣʠʟʘ. ɼʝʣʦ ʚ ʪʦʤ, ʯʪʦ ʨʝʘʢʮʠʷ ʟʘʭʚʘʪʘ ʪʝʧʣʦʚʳʭ ʥʝʡʪʨʦʥʦʚ ʥʘ ʤʘʣʦ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʭ ʠʟʦʪʦʧʘʭ ʫʛʣʝʨʦʜʘ ʠ ʚʦʜʦʨʦʜʘ -
13
C(n,ɔ)

14
C ʠ 

2
H(n,ɔ)

3
H - ʦʙʨʘʟʫʝʪ ʨʘʜʠʦʥʫʢʣʠʜʳ ʩ 

ʦʯʝʥʴ ʤʘʣʝʥʴʢʦʡ ʘʢʪʠʚʥʦʩʪʴʶ ʠ ʥʝ ʠʟʣʫʯʘʶʱʠʝ ʛʘʤʤʘ ï ʢʚʘʥʪʳ. ɸ ʥʘ ʥʝʢʦʪʦʨʳʭ ʜʨʫʛʠʭ ʠʟʦʪʦʧʘʭ ʧʦ 

ʨʝʘʢʮʠʷʤ 
18
O(n,ɔ)

19
0 ʠ 

15
N(n,ɔ)

16
N ʦʙʨʘʟʫʶʪʩʷ ʦʯʝʥʴ ʢʦʨʦʪʢʦʞʠʚʫʱʠʝ ʨʘʜʠʦʥʫʢʣʠʜʳ - 

19
0 (27 ʩ) ʠ 

16
N 

(7,1 ʩ). ɺʩʝ ʵʪʠ ʨʝʘʢʮʠʠ ʠʤʝʶʪ ʯʨʝʟʚʳʯʘʡʥʦ ʥʠʟʢʠʝ ʧʦʧʝʨʝʯʥʳʝ ʩʝʯʝʥʠʷ ʟʘʭʚʘʪʘ ʪʝʧʣʦʚʳʭ ʥʝʡʪʨʦʥʦʚ  

ʠ ʧʦʵʪʦʤʫ ʠʭ ʨʘʜʠʦʘʢʪʠʥʳʝ ʧʨʦʜʫʢʪʳ ʩʦʚʝʨʰʝʥʥʦ ʥʝ ʚʣʠʷʶʪ ʥʘ ʦʧʨʝʜʝʣʝʥʠʝ ʩʣʝʜʦʚʳʭ ʢʦʣʠʯʝʩʪʚ 

ʵʣʝʤʝʥʪʦʚ. ʇʦʵʪʦʤʫ ʷʜʝʨʥʦ-ʬʠʟʠʯʝʩʢʠʝ ʤʝʪʦʜʳ ʧʦʣʫʯʠʣʠ ʰʠʨʦʢʦʝ ʧʨʠʤʝʥʝʥʠʝ ʧʨʠ ʠʩʩʣʝʜʦʚʘʥʠʷʭ 

ʙʠʦʤʝʜʠʮʠʥʩʢʠʭ ʧʨʦʙʣʝʤ [1-3]. ɺ ʠʥʩʪʠʪʫʪʝ ʷʜʝʨʥʦʡ ʬʠʟʠʢʠ ʵʪʦʪ ʤʝʪʦʜ ʰʠʨʦʢʦ ʧʨʘʢʪʠʢʦʚʘʣʩʷ ʜʣʷ 

ʨʝʰʝʥʠʷ ʤʥʦʛʦʯʠʩʣʝʥʥʳʭ ʧʨʦʙʣʝʤ ʤʝʜʠʮʠʥʳ, ʙʠʦʣʦʛʠʠ ʠ ʩʝʣʴʩʢʦʛʦ ʭʦʟʷʡʩʪʚʘ [2-6]. 

ʎʝʣʴ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʩʨʘʚʥʠʪʝʣʴʥʦʤ ʘʥʘʣʠʟʝ ʤʠʥʝʨʘʣʴʥʦʛʦ ʩʦʩʪʘʚʘ ʟʝʨʝʥ ʦʜʥʦʛʦ 

ʩʦʨʪʘ ʤʝʩʪʥʦʡ çʙʦʛʘʨʥʦʡè ʧ ʠ ʠʤʧʦʨʪʠʨʫʝʤʦʡ ʠʟ ʩʦʩʝʜʥʝʛʦ ʛʦʩʫʜʘʨʩʪʚʘ ʧʰʝʥʠʮʳ ʧʦ ʦʪʥʦʰʝʥʠʶ 

ʤʷʛʢʦʡ ʠ ʪʚʝʨʜʦʡ ʧʰʝʥʠʮʳ ʈʌ. ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ  ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʤʝʪʦʜʠʢʠ ʀʅɸɸ, ʨʘʟʨʘʙʦʪʘʥʥʦʡ ʚ 

ʣʘʙʦʨʘʪʦʨʠʠ ʘʢʪʠʚʘʮʠʦʥʥʦʛʦ ʘʥʘʣʠʟʘ ʀʗʌ ɸʅ ʈʋɿ. 

ʆʙʨʘʟʮʳ ʤʘʩʩʦʡ 50 ʤʛ ʫʧʘʢʦʚʳʚʘʣʠ ʚ ʤʘʨʢʠʨʦʚʘʥʥʳʝ ʧʦʣʠʵʪʠʣʝʥʦʚʳʝ ʧʘʢʝʪʳ. 

ʇʦʜʛʦʪʦʚʣʝʥʥʳʝ ʦʙʨʘʟʮʳ ʧʦʜʚʝʨʛʘʣʠ ʀʅɸɸ, ʠ ʩʦʜʝʨʞʘʥʠʝ ʵʣʝʤʝʥʪʦʚ ʦʧʨʝʜʝʣʷʣʠ ʩ ʧʨʠʤʝʥʝʥʠʝʤ  

ʨʘʥʝʝ ʥʘʤʠ ʦʧʫʙʣʠʢʦʚʘʥʥʦʡ ʤʝʪʦʜʠʢʠ [3,4]. ɺ ʢʘʯʝʩʪʚʝ ʠʩʪʦʯʥʠʢʘ ʥʝʡʪʨʦʥʦʚ ʩ ʧʦʪʦʢʦʤ 6Ā10
13
ʩʤ

-2
ʩ

-1 

ʠʩʧʦʣʴʟʦʚʘʣʠ ʷʜʝʨʥʳʡ ʨʝʘʢʪʦʨ ɺɺʈ-ʉʄ ʀʗʌ ɸʅ ʈʋʟ. ɺʨʝʤʝʥʥʳʝ ʨʝʞʠʤʳ ʦʙʣʫʯʝʥʠʷ (tʦʙʣ) ʠ 

ñʦʩʪʳʚʘʥʠʷò (tʦʭʣ), ʚʳʙʨʘʥʥʳʝ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʧʝʨʠʦʜʦʚ ʧʦʣʫʨʘʩʧʘʜʘ (ʊ1/2) ʠʩʧʦʣʴʟʫʝʤʳʭ 

ʨʘʜʠʦʥʫʢʣʠʜʦʚ, ʙʳʣʠ ʩʣʝʜʫʶʱʠʤʠ: ʘ) ɼʣʷ ʢʦʨʦʪʢʦʞʠʚʫʱʠʭ (ʊ1/20<10 ʤʠʥ) - tʦʙʣ=15 ʩ, tʦʭʣ=10 ʤʠʥ; ʙ) 

ɼʣʷ ʩʨʝʜʥʝʞʠʚʫʱʠʭ (10 ʤʠʥ<T1/2<1 ʩʫʪʢʠ) - tʦʙʣ =15 ʯ, tʦʭʣ = 10 ʩʫʪʦʢ; ʚ) ɼʣʷ ʜʦʣʛʦʞʠʚʫʱʠʭ (1 

ʩʫʪʢʠ<T1/2<1 ʛʦʜ - tʦʭʣ) = 30 ʜʥʝʡ.  ɼʣʷ ʠʟʤʝʨʝʥʠʷ ʥʘʚʝʜʝʥʥʦʡ ʘʢʪʠʚʥʦʩʪʠ ʦʙʨʘʟʮʦʚ ʠʩʧʦʣʴʟʦʚʘʣʠ 

ʛʘʤʤʘ-ʩʧʝʢʪʨʦʤʝʪʨ ʬʠʨʤʳ CANBERRA, ʦʩʥʘʱʝʥʥʳʡ ʛʝʨʤʘʥʠʝʚʳʤ ʜʝʪʝʢʪʦʨʦʤ ʩ ʯʫʚʩʪʚʠʪʝʣʴʥʳʤ 

ʦʙʲʝʤʦʤ V=120 ʩʤ
3 
ʠ ʵʥʝʨʛʝʪʠʯʝʩʢʠʤ ʨʘʟʨʝʰʝʥʠʝʤ 1,8 ʢʵɺ ʧʦ ʛʘʤʤʝ - ʣʠʥʠʠ 

60
Co 1330 ʢʵɺ.  

ʇʦ ʵʪʦʡ ʤʝʪʦʜʠʢʝ ʧʦʛʨʝʰʥʦʩʪʴ ʠʟʤʝʨʝʥʠʷ ʦʩʥʦʚʥʳʭ ʵʣʝʤʝʥʪʦʚ ʥʝ ʧʨʝʚʳʰʘʝʪ 20%. ʇʨʝʜʝʣʳ 

ʦʧʨʝʜʝʣʝʥʠʷ ʙʦʣʴʰʠʥʩʪʚʘ ʵʣʝʤʝʥʪʦʚ  ʥʘʤʥʦʛʦ ʥʠʞʝ ʠʟʤʝʨʝʥʥʳʭ ʩʦʜʝʨʞʘʥʠʡ. ʅʘʤʠ  ʚ ʦʙʨʘʟʮʘʭ 

ʥʘʡʜʝʥʦ ʩʦʜʝʨʞʘʥʠʝ 27 ʭʠʤʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ. ɺ ʪʘʙʣʠʮʝ ʧʨʠʚʝʜʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʧʨʦʚʝʜʝʥʥʳʭ 

ʘʥʘʣʠʟʦʚ. 
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ʈʝʟʫʣʴʪʘʪʳ ʘʥʘʣʠʟʘ ʠ ʩʨʘʚʥʝʥʠʝ ʠʭ ʩ ʣʠʪʝʨʘʪʫʨʥʳʤʠ ʜʘʥʥʳʤʠ (RUS). (ɿʜʝʩʴ: ʤʩ- ʤʷʛʢʠʡ ʩʦʨʪ; ʪʩ ï ʪʚʝʨʜʳʡ 

ʩʦʨʪ) 

ʕʣʝʤʝʥʪ UZB KAZ 
RUS 

ʕʣʝʤʝʥʪ UZB KAZ 
RUS 

ʤʩ ʊʩ ʤʩ ʪʩ 

Ag 0.037 0.029   La 0.019 0.025   

Au 0.0034 0.0048   Mg 1320 1260 1080 1140 

Ba 2.9 10   Mn 39 47 38 37 

Br 0.53 3.6   Mo 0.99 0.79 0,24 0,42 

Ca 470 580 540 620 Na 68 68 80 80 

Cl 490 450 290 300 Ni <1.0 3.7 0,428 0,216 

Co 0.025 0.042 0,054 0,0054 Rb 1.1 1.4   

Cr 0.27 0.21  0,055 Sb 0.009 0.012   

Cs <0.005 <0.005   Sc 0.0062 0.0042   

Cu 2.1 2.4 4,7 5,3 Se 0.073 <0.01 0,29  

Fe 63 52 54 53 Sr 15 11 1,93 2,03 

Hf <0.001 0.0049   Th <0.005 0.0087   

Hg <0.005 <0.005   Zn 22 31 27,9 28,1 

K 4400 3300 3370 3250      

ʉʨʘʚʥʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ ʜʘʥʥʳʭ ʧʦʟʚʦʣʷʝʪ ʩʣʝʜʫʶʱʠʝ ʚʳʚʦʜʳ: 

1.ʄʝʪʦʜ ʀʅɸɸ ʜʦʧʦʣʥʠʪʝʣʴʥʦ ʦʙʝʩʧʝʯʠʚʘʝʪ ʜʘʥʥʳʝ ʧʦ 13 ʭʠʤʠʯʝʩʢʠʤ ʵʣʝʤʝʥʪʘʤ - Ag, Au, Br, 

Ba, Cr, Sc, Sb, Rb, La, Cs, Hg, Hf, Th, ʦ ʙʠʦʣʦʛʠʯʝʩʢʦʡ ʨʦʣʠ ʢʦʪʦʨʳʭ ʣʠʪʝʨʘʪʫʨʥʳʭ ʜʘʥʥʳʭ ʥʝ 

ʜʦʩʪʘʪʦʯʥʦ. 

2. ɺ ʧʝʨʝʯʥʝ ʩʝʨʪʠʬʠʮʠʨʫʝʤʳʭ ʵʣʝʤʝʥʪʦʚ ʠʤʝʶʪʩʷ Zr, Ti, Sn, Al , B, V, I, S, ʢʦʪʦʨʳʝ 

ʧʨʠʤʝʥʷʝʤʳʤ ʥʘʤʠ ʚʘʨʠʘʥʪʦʤ ʀʅɸɸ ʚʧʨʷʤʫʶ ʥʝ ʦʧʨʝʜʝʣʷʶʪʩʷ. ɼʣʷ ʠʩʩʣʝʜʫʝʤʦʛʦ ʦʙʲʝʢʪʘ 

ʥʝʦʙʭʦʜʠʤʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʜʨʫʛʠʝ ʚʘʨʠʘʥʪʳ ʷʜʝʨʥʦ-ʬʠʟʠʯʝʩʢʠʭ ʤʝʪʦʜʦʚ. 

3. ʉʦʩʪʘʚʳ ʤʝʩʪʥʦʡ ʠ ʠʤʧʦʨʪʠʨʫʝʤʦʡ ʧʰʝʥʠʮʳ ʧʦ ʭʠʤʠʯʝʩʢʠʤ ʵʣʝʤʝʥʪʘʤ Ca, Ag, Fe, Mg, Mn, 

Mo, Na, Rb, Cl, Cs, Cu, La, Hg ʚ ʧʨʝʜʝʣʘʭ 20% ʧʦʛʨʝʰʥʦʩʪʠ ʧʨʘʢʪʠʯʝʩʢʠ ʩʦʚʧʘʜʘʶʪ ʤʝʞʜʫ ʩʦʙʦʡ.  

4.ɿʘʤʝʪʥʘʷ ʨʘʟʥʠʮʘ (ʙʦʣʝʝ 20%) ʚ ʢʦʥʮʝʥʪʨʘʮʠʷʭ ʦʙʥʘʨʫʞʝʥʘ ʜʣʷ ʪʘʢʠʭ ʵʣʝʤʝʥʪʦʚ, ʢʘʢ Au, Br, 

Ba, Co, K, Sb, Sc, Zn, Ni. 

5.ʈʝʟʫʣʴʪʘʪʳ ʧʦ ʪʘʢʠʤ ʵʣʝʤʝʥʪʘʤ, ʢʘʢ Ba, Br, Hf, Sr ʦʪʣʠʯʘʶʪʩʷ ʟʥʘʯʠʪʝʣʴʥʦ. ʅʘʧʨʠʤʝʨ, ʭʦʪʷ 

ʨʝʟʫʣʴʪʘʪʳ ʧʦ ʤʝʩʪʥʦʤʫ ʠ ʠʤʧʦʨʪʠʨʫʝʤʦʤʫ ʩʦʨʪʘʤ ʧʰʝʥʠʮʳ ʧʦ Sr ʥʘʭʦʜʷʪʩʷ ʚ ʧʨʝʜʝʣʘʭ 

ʧʦʛʨʝʰʥʦʩʪʠ ʘʥʘʣʠʟʘ, ʥʦ  ʦʪ ʜʘʥʥʳʭ ʧʦ ʩʨʘʚʥʠʚʘʝʤʳʤ ʩʦʨʪʘʤ ʧʰʝʥʠʮʳ ʦʥʠ ʦʪʣʠʯʘʶʪʩʷ ʙʦʣʝʝ, ʯʝʤ 

ʥʘ 80%. 

ʅʘʤʠ ʨʘʟʨʘʙʦʪʘʥ ʤʝʪʦʜʠʢʘ ʀʅɸɸ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʩʦʜʝʨʞʘʥʠʷ ʘʟʦʪʘ, ʘ ʯʝʨʝʟ ʥʝʛʦ ʠ ʙʝʣʢʘ, ʚ  

ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʢʫʣʴʪʫʨʘʭ (ʚ ʪʦʤ ʯʠʩʣʝ ʚ ʧʰʝʥʠʮʝ). ɼʣʷ ʵʪʦʛʦ ʧʨʠʤʝʥʷʝʪʩʷ ʜʨʫʛʦʡ ʚʘʨʠʘʥ 

ʤʝʪʦʜʘ, ʦʩʥʦʚʘʥʥʳʡ ʥʘ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʷʜʝʨʥʦʡ ʫʩʪʘʥʦʚʢʠ ï ʥʝʡʪʨʦʥʥʦʛʦ ʛʝʥʝʨʘʪʦʨʘ ʅɻ-150 [5-7]. 

ʀʩʧʳʪʘʥʠʝ ʤʝʪʦʜʠʢʠ ʦʩʫʱʝʩʪʚʣʝʥ ʧʫʪʸʤ ʩʨʘʚʥʝʥʠʷ ʨʝʟʫʣʴʪʘʪʦʚ ʭʠʤʠʯʝʩʢʦʛʦ ʤʝʪʦʜʘ ʂʴʝʣʴʜʘʣʷ 

(ʂʍʄ), ʧʨʠʥʷʪʦʛʦ ʚʦ ʚʩʝʤ ʤʠʨʝ ʚ ʢʘʯʝʩʪʚʝ ʩʪʘʥʜʘʨʪʥʦʛʦ, ʩ ʜʘʥʥʳʤʠ ɸɸɹʅ. ɹʳʣʠ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥʳ 

ʪʨʠ ʤʝʩʪʥʳʭ ʩʦʨʪʘ ʧʰʝʥʠʮʳ, ʚ ʪʦʤ ʯʠʩʣʝ ʪʦʛʦ ʩʦʨʪʘ, ʧʦ ʢʦʪʦʨʦʤʫ ʜʘʥʥʳʝ ʧʦ ʭʠʤʠʯʝʩʢʠʤ ʵʣʝʤʝʥʪʘʤ 

ʧʨʝʜʩʪʘʚʣʷʶʪʩʷ ʚʳʰʝ.  

ʂʴʝʣʴʜʘʣ ʀʅɸɸ 
ɼʦʧʫʩʪʠʤʦʝ 

ʨʘʩʭʦʞʜʝʥʠʝ 

ʌʘʢʪʠʯʝʩʢʦʝ 

ʨʘʩʭʦʞʜʝʥʠʝ 

ɸʟʦʪ ,% ɹʝʣʦʢ, % ɸʟʦʪ ,% ɹʝʣʦʢ, % ɸʟʦʪ ,% ɹʝʣʦʢ, % ɸʟʦʪ ,% 
ɹʝʣʦʢ, 

% 

2,11 12,02 2,28 13,00 0,46 1,53 0,17 0,98 

ʈʝʟʫʣʴʪʘʪʳ, ʧʦʣʫʯʝʥʥʳʝ ʜʚʫʤʷ ʤʝʪʦʜʘʤʠ, ʩʦʚʧʘʜʘʶʪ  ʤʝʞʜʫ ʩʦʙʦʡ ʩ ʧʦʛʨʝʰʥʦʩʪʴʶ ʥʝ ʙʦʣʝʝ 5 

%. ʇʨʠʯʸʤ ɸɸɹʅ ʦʙʝʩʧʝʯʠʚʘʝʪ ʣʫʯʰʫʶ ʩʭʦʜʠʤʦʩʪʴ ʩ ʪʨʝʙʦʚʘʥʠʷʤʠ ʩʝʨʪʠʬʠʢʘʮʠʠ (ɻʆʉʊ 10846-91). 

ɼʠʘʧʘʟʦʥ ʠʟʤʝʨʝʥʠʷ ʩʦʜʝʨʞʘʥʠʷ ʘʟʦʪʘ ʦʪ 8 ʜʦ 18%  ʧʨʷʤʦʣʠʥʝʝʥ ʠ ʧʨʦʧʦʨʮʠʦʥʘʣʝʥ ʨʝʘʣʴʥʳʤ 

ʟʥʘʯʝʥʠʷʤ ʙʝʣʢʘ ʚ ʟʝʨʥʝ. ʇʦʛʨʝʰʥʦʩʪʴ ʦʧʨʝʜʝʣʝʥʠʷ ʩʦʜʝʨʞʘʥʠʷ ʘʟʦʪʘ ʤʝʪʦʜʦʤ ɸɸɹʅ ʥʝ  ʧʨʝʚʳʰʘʝʪ 

ʧʦʛʨʝʰʥʦʩʪʠ ʦʙʱʝʧʨʠʥʷʪʦʛʦ ʚ ʤʠʨʦʚʦʡ ʧʨʘʢʪʠʢʝ ʭʠʤʠʯʝʩʢʦʛʦ ʤʝʪʦʜʘ ʂʴʝʣʴʜʘʣʷ. ʄʝʪʦʜʠʢʘ 

ʠʩʧʦʣʴʟʦʚʘʥʘ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʙʝʣʢʘ ʚ ʥʝʢʦʪʦʨʳʭ ʩʦʨʪʘʭ ʟʝʨʥʦʚʳʭ ʠ ʟʝʨʥʦʙʦʙʦʚʳʭ ʢʫʣʴʪʫʨ 
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ɸʂʊʀɺɸʎʀʆʅʅʆɻʆ ɸʅɸʃʀɿɸ  

ʄʫʭʘʤʤʝʜʦʚ ʉ., ɼʘʥʠʣʦʚʘ ɽ.ɸ., ʆʩʠʥʩʢʘʷ ʅ.ʉ., ʍʘʡʜʘʨʦʚ ɸ., ʇʘʨʜʘʝʚ ʆ. 

ʀʥʩʪʠʪʫʪ ʷʜʝʨʥʦʡ ʬʠʟʠʢʠ ɸʅ ʈʋʟ,  

e-mail: suyun@inp.uz   

ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʩʦʩʪʘʚʘ ʧʨʦʜʫʢʪʦʚ ʧʠʪʘʥʠʷ (ʚ ʪʦʤ ʯʠʩʣʝ ʧʨʦʜʫʢʪʦʚ ʜʝʪʩʢʦʛʦ ʧʠʪʘʥʠʷ ʇɼʇ) 

ʧʨʠʤʝʥʷʶʪʩʷ ʨʘʟʣʠʯʥʳʝ ʤʝʪʦʜʳ ʘʥʘʣʠʟʘ. ʆʜʥʘʢʦ, ʷʜʝʨʥʦ-ʬʠʟʠʯʝʩʢʠʝ ʤʝʪʦʜʳ ʷʚʣʷʶʪʩʷ ʥʘʠʙʦʣʝʝ 

ʚʘʞʥʳʤʠ ʧʨʠ ʨʝʰʝʥʠʠ ʧʨʦʙʣʝʤʳ ʦʧʨʝʜʝʣʝʥʠʷ ʤʠʢʨʦʵʣʝʤʝʥʪʥʦʛʦ ʩʦʩʪʘʚʘ ʪʘʢʠʭ ʤʘʪʝʨʠʘʣʦʚ [1-3]. 

ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʚ ʨʝʛʣʘʤʝʥʪʠʨʫʶʱʠʭ ʜʦʢʫʤʝʥʪʘʭ ʧʦʯʪʠ ʦʪʩʫʪʩʪʚʫʶʪ ʜʘʥʥʳʝ ʧʦ ʤʥʦʛʠʤ 

ʤʠʢʨʦʵʣʝʤʝʥʪʘʤ.  

ʎʝʣʴ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʳ ʟʘʢʣʶʯʘʣʘʩʴ ʚ ʠʟʫʯʝʥʠʠ ʚʦʟʤʦʞʥʦʩʪʠ ʧʨʠʤʝʥʝʥʠʷ ʠʥʩʪʨʫʤʝʥʪʘʣʴʥʦʛʦ 

ʥʝʡʪʨʦʥʥʦ-ʘʢʪʠʚʘʮʠʦʥʥʦʛʦ ʘʥʘʣʠʟʘ (ʀʅɸɸ) ʜʣʷ ʦʮʝʥʢʠ ʩʦʦʪʚʝʪʩʪʚʠʷ ʵʣʝʤʝʥʪʥʦʛʦ ʩʦʩʪʘʚʘ ʥʝʢʦʪʦʨʳʭ 

ʩʦʨʪʦʚ ʠʤʧʦʨʪʠʨʫʝʤʳʭ ʇɼʇ ʜʘʥʥʳʤ ʧʦ ʜʦʧʫʩʪʠʤʳʤ ʢʦʥʮʝʥʪʨʘʮʠʷʤ [4-6].  

ɼʣʷ ʧʨʦʚʝʜʝʥʠʷ ʘʥʘʣʠʟʦʚ ʙʨʘʣʠ ʦʙʨʘʟʮʳ ʠʤʧʦʨʪʠʨʫʝʤʳʭ ʧʷʪʠ ʚʠʜʦʚ ʜʝʪʩʢʦʛʦ ʧʠʪʘʥʠʷ: 1) 

HEINZ - ʟʝʨʥʦʚʘʷ ʬʨʫʢʪʦʚʦ-ʤʦʣʦʯʥʘʷ ʢʘʰʢʘ (12 ʚʠʪʘʤʠʥʦʚ + Ca, I, Fe, Zn); 2) ʄɸʃʖʊʂɸ - ɼ 

ʤʦʣʦʯʥʘʷ ʩʤʝʩʴ ʜʣʷ ʜʝʪʝʡ ʦʪ 0 ʜʦ 6 ʤʝʩʷʮʝʚ; 3) ʄɸʃʓʐ ʤʦʣʦʯʥʘʷ ʩʤʝʩʴ ʩ ʨʠʩʦʚʦʡ ʤʫʢʦʡ; 4) 

ʂɸʐʂɸ ʄʀʅʋʊʂɸ - ʆʚʩʷʥʳʝ ʭʣʦʧʴʷ ʩ ʚʠʰʥʝʡ; 5)Bʘby Premium - ʙʝʟ ʤʦʣʦʯʥʘʷ ʢʘʰʘ ʩ ʨʠʩʦʤ ʠ 

ʯʝʨʥʦʩʣʠʚʦʤ. 

ʆʙʨʘʟʮʳ ʤʘʩʩʦʡ 50 ʤʛ ʫʧʘʢʦʚʳʚʘʣʠ ʚ ʤʘʨʢʠʨʦʚʘʥʥʳʝ ʧʦʣʠʵʪʠʣʝʥʦʚʳʝ ʧʘʢʝʪʳ. 

ʇʦʜʛʦʪʦʚʣʝʥʥʳʝ ʦʙʨʘʟʮʳ ʧʦʜʚʝʨʛʘʣʠ ʀʅɸɸ, ʠ ʩʦʜʝʨʞʘʥʠʝ ʵʣʝʤʝʥʪʦʚ ʦʧʨʝʜʝʣʷʣʠ ʩ ʧʨʠʤʝʥʝʥʠʝʤ  

ʀʅɸɸ. ɺ ʢʘʯʝʩʪʚʝ ʠʩʪʦʯʥʠʢʘ ʥʝʡʪʨʦʥʦʚ ʩ ʧʦʪʦʢʦʤ 6Ā10
13
ʩʤ

-2
ʩ

-1 
ʠʩʧʦʣʴʟʦʚʘʣʠ ʷʜʝʨʥʳʡ ʨʝʘʢʪʦʨ ɺɺʈ-

ʉʄ ʀʗʌ ɸʅ ʈʋʟ. ɺʨʝʤʝʥʥʳʝ ʨʝʞʠʤʳ ʦʙʣʫʯʝʥʠʷ (tʦʙʣ) ʠ ñʦʩʪʳʚʘʥʠʷò (tʦʭʣ), ʚʳʙʨʘʥʥʳʝ ʚ ʟʘʚʠʩʠʤʦʩʪʠ 

ʦʪ ʧʝʨʠʦʜʦʚ ʧʦʣʫʨʘʩʧʘʜʘ (ʊ1/2) ʠʩʧʦʣʴʟʫʝʤʳʭ ʨʘʜʠʦʥʫʢʣʠʜʦʚ, ʙʳʣʠ ʩʣʝʜʫʶʱʠʤʠ: ʘ) ɼʣʷ 

ʢʦʨʦʪʢʦʞʠʚʫʱʠʭ (ʊ1/20<10 ʤʠʥ) - tʦʙʣ=15 ʩ, tʦʭʣ=10 ʤʠʥ; ʙ) ɼʣʷ ʩʨʝʜʥʝʞʠʚʫʱʠʭ (10 ʤʠʥ<T1/2<1 ʩʫʪʢʠ) - 

tʦʙʣ =15 ʯ, tʦʭʣ = 10 ʩʫʪʦʢ; ʚ) ɼʣʷ ʜʦʣʛʦʞʠʚʫʱʠʭ (1 ʩʫʪʢʠ<T1/2<1 ʛʦʜ - tʦʭʣ) = 30 ʜʥʝʡ.  ɼʣʷ ʠʟʤʝʨʝʥʠʷ 

ʥʘʚʝʜʝʥʥʦʡ ʘʢʪʠʚʥʦʩʪʠ ʦʙʨʘʟʮʦʚ ʠʩʧʦʣʴʟʦʚʘʣʠ ʛʘʤʤʘ-ʩʧʝʢʪʨʦʤʝʪʨ ʬʠʨʤʳ CANBERRA, ʦʩʥʘʱʝʥʥʳʡ 

ʛʝʨʤʘʥʠʝʚʳʤ ʜʝʪʝʢʪʦʨʦʤ ʩ ʯʫʚʩʪʚʠʪʝʣʴʥʳʤ ʦʙʲʝʤʦʤ V=120 ʩʤ
3 
ʠ ʵʥʝʨʛʝʪʠʯʝʩʢʠʤ ʨʘʟʨʝʰʝʥʠʝʤ 1,8 

ʢʵɺ ʧʦ ʛʘʤʤʝ - ʣʠʥʠʠ 
60

Co 1330 ʢʵɺ. ʅʘ ʩʧʝʢʪʨʦʤʝʪʨʝ ʦʙʨʘʙʦʪʢʘ ʜʘʥʥʳʭ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʧʦ 

ʧʨʦʛʨʘʤʤʝ GENIE 2000.  

ʄʝʪʦʜ ʧʦʟʚʦʣʠʣ ʫʩʪʘʥʦʚʠʪʴ ʩʦʩʪʘʚ ʇɼʇ ʧʦ 26 ʭʠʤʠʯʝʩʢʠʤ ʵʣʝʤʝʥʪʘʤ (ʪʘʙʣ.1). 

ɺʠʜʥʦ, ʯʪʦ ʥʝʢʦʪʦʨʳʝ ʈɿʕ S(m ,La, Eu, Hf), As, Cs, Se, Sr, Hg, Sb ʦʙʥʘʨʫʞʠʚʘʶʪʩʷ ʥʝ ʚʦ ʚʩʝʭ 

ʦʙʨʘʟʮʘʭ. ʅʘʡʜʝʥʦ ʩʦʜʝʨʞʘʥʠʝ ʟʥʘʯʠʪʝʣʴʥʦʛʦ ʯʠʩʣʘ ʨʝʛʣʘʤʝʥʪʠʨʫʝʤʳʭ ʭʠʤʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ - Mg, 

Ca, Fe, Zn ʠ ʜʨ. 

ɸʥʘʣʠʟ ʨʝʟʫʣʴʪʘʪʦʚ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʠʭ ʩʭʦʜʠʤʦʩʪʠ ʧʦ ʦʙʨʘʟʮʘʤ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ, ʯʪʦ 

ʩʦʜʝʨʞʘʥʠʷ ʭʠʤʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ ʚ ʨʘʟʣʠʯʥʳʭ ʇɼʇ .ʦʪʣʠʯʘʶʪʩʷ ʟʥʘʯʠʪʝʣʴʥʦ. ʅʘʧʨʠʤʝʨ, 

ʩʦʜʝʨʞʘʥʠʝ ʤʘʛʥʠʷ ʥʘʭʦʜʠʪʩʷ ʚ ʠʥʪʝʨʚʘʣʝ ʢʦʥʮʝʥʪʨʘʮʠʡ, ʦʪʣʠʯʘʶʱʠʭʩʷ  ʙʦʣʝʝ, ʯʝʤ ʚ 6 ʨʘʟ, ʨʪʫʪʠ 9, 

ʭʣʦʨʘ 35, ʭʨʦʤʘ 2, ʮʠʥʢʘ 3,8 ʨʘʟʘ ʠ ʪ.ʜ. ʇʦ-ʚʠʜʠʤʦʤʫ, ʵʪʦ ʦʙʫʩʣʦʚʣʝʥʦ ʩʦʩʪʘʚʦʤ ʠʥʛʨʝʜʠʝʥʪʦʚ, 

ʠʩʧʦʣʴʟʦʚʘʥʥʳʭ ʜʣʷ ʧʨʠʛʦʪʦʚʣʝʥʠʷ ʇɼʇ. ʂʨʦʤʝ ʪʦʛʦ, ʨʘʥʝʝ ʜʨʫʛʠʤʠ ʠʩʩʣʝʜʦʚʘʪʝʣʷʤʠ ʙʳʣʦ 

ʧʦʢʘʟʘʥʦ, ʯʪʦ ʪʘʢʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʚ ʭʠʤʠʯʝʩʢʠʭ ʩʦʩʪʘʚʘʭ ʨʘʩʪʠʪʝʣʴʥʦʛʦ ʩʳʨʴʷ ʦʙʳʯʥʦ ʥʘʙʣʶʜʘʝʪʩʷ 

ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʨʝʛʠʦʥʘ ʠʭ ʧʨʦʨʘʩʪʘʥʠʷ, ʩʦʩʪʘʚʘ ʧʦʯʚʳ ʠ ʧʦʜʢʦʨʤʢʠ.  

ʉ ʪʦʯʢʠ ʟʨʝʥʠʷ ʧʨʠʛʦʜʥʦʩʪʠ ʇɼʇ ʜʣʷ ʧʦʪʨʝʙʣʝʥʠʷ, ʧʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʩʨʘʚʥʠʚʘʣʠ ʩ 

ʨʝʛʣʘʤʝʥʪʥʳʤʠ ʜʘʥʥʳʤʠ.  

mailto:suyun@inp.uz
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ʊʘʙʣʠʮʘ 1 

ʉʦʜʝʨʞʘʥʠʝ ʤʠʢʨʦʵʣʝʤʝʥʪʦʚ ʚ ʜʝʪʩʢʠʭ ʩʤʝʩʷʭ, ʤʢʛ/ʛ 

ʍʠʤʠʯʝʩʢʠʡ 

ʵʣʝʤʝʥʪ 

ʀʩʩʣʝʜʦʚʘʥʥʳʝ ʦʙʨʘʟʮʳ ʇɼʇ 

1 2 3 4 5 

Mg 578 638 947 2210 310 

Cl 4650 1940 2860 9190 144 

Mn 8.0 0.51 1.6 22 6.0 

Na 3070 1930 1800 6590 54.6 

K 6350 4820 7120 1820 870 

Mo 0.32 0.27 0.38 1.0 0.57 

Au 0.0033 0.0021 0.0017 0.0028 0.0033 

Br 7.9 4.0 8.5 1.6 0.18 

Ca 6100 3990 6040 <100 160 

Sm <0.001 <0.001 <0.001 <0.001 0.0035 

As <0.01 <0.01 <0.01 <0.01 0.086 

La <0.01 <0.01 <0.01 <0.01 0.014 

Se <0.1 0.16 0.11 <0.1 <0.1 

Hg <0.001 <0.001 0.0093 <0.001 <0.001 

Cr 0.29 0.24 0.23 0.50 0.26 

Hf 0.016 <0.01 <0.01 <0.01 <0.01 

Sr 10.5 8.5 <1.0 <1.0 <1.0 

Ag <0.01 0.041 <0.01 0.014 0.036 

Cs 0.026 <0.01 0.020 <0.01 <0.01 

Sc 0.0049 0.0045 0.0043 0.0034 0.0043 

Rb 6.7 3.1 10.2 2.6 0.25 

Fe 117 74.9 90.4 31.4 97.6 

Zn 45.1 38.1 38.9 10.0 11.3 

Co 0.021 0.012 0.017 0.011 0.010 

Eu 0.0033 0.0034 0.0042 0.036 <0.001 

Sb 0.018 0.018 <0.01 <0.01 <0.01 

ʊʘʙʣʠʮʘ 2 

ʉʨʘʚʥʝʥʠʝ ʨʝʛʣʘʤʝʥʪʥʳʭ ʜʘʥʥʳʭ (1) ʩ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʤʠ ʜʘʥʥʳʤʠ (2) ʜʣʷ ʪʦʚʘʨʥʦʡ ʛʨʫʧʧʳ ʇɼʇ 

ʥʘ ʦʩʥʦʚʝ ʟʝʨʥʦʚʦʡ ʤʫʢʠ 

ʄʫʢʘ Na K Ca Mg Fe 

ʈʝʛ ʕʢʩ ʈʝʛ ʕʢʩ ʈʝʛ ʕʢʩ ʈʝʛ ʕʢʩ ʈʝʛ ʕʢʩ 

ʈʠʩʦʚʘʷ - 193 50 482 20 399 30 63.8 1.3 74,9 

ʆʚʩʷʥʘʷ - 659 180 182 56 <100 110 221 1.5 3.14 

ɺʠʜʥʦ, ʯʪʦ ʩʦʛʣʘʩʠʝ ʠʤʝʝʪʩʷ ʪʦʣʴʢʦ ʧʦ ʢʘʣʠʶ, ʘ ʧʦ ʦʩʪʘʣʴʥʳʤ ʵʣʝʤʝʥʪʘʤ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ 

ʨʝʟʫʣʴʪʘʪʳ ʜʦʩʪʘʪʦʯʥʦ ʩʠʣʴʥʦ ʦʪʣʠʯʘʶʪʩʷ ʦʪ ʨʝʛʣʘʤʝʥʪʥʳʭ. ʇʦ-ʚʠʜʠʤʦʤʫʕ ʵʪʦ ʤʦʞʥʦ ʦʙʲʩʥʠʪʴ ʪʝʤ, 

ʯʪʦ ʚ ʩʦʩʪʘʚ ʠʩʩʣʝʜʦʚʘʥʥʳʭ ʇɼʇ ʚʢʣʶʯʝʥʳ ʠ ʜʨʫʛʠʝ ʜʦʙʘʚʢʠ. ʅʘʧʨʠʤʝʨ, . ʚ ʩʦʩʪʘʚʝ ʢʘʰʢʠ 

çʄʠʥʫʪʢʘè ʢʨʦʤʝ ʦʚʩʷʥʳʭ ʭʣʦʧʴʝʚ ʜʦʙʘʚʣʝʥʘ ʚʠʰʥʷ.  

ʇʦʧʨʦʙʫʝʤ ʩʨʘʚʥʠʪʴ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʩ ʩʫʪʦʯʥʦʡ ʧʦʪʨʝʙʥʦʩʪʴʶ, ʤʛ/ʩʫʪʢʠ (ɼʣʷ 

ʩʣʫʯʘʷ ʧʦʪʨʝʙʣʝʥʠʷ 1000 ʛ ʇɼʇ ʚ ʩʫʪʢʠ). ɺ ʪʘʙʣʠʮʝ 3 ʧʨʠʚʝʜʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʪʘʢʦʛʦ ʩʨʘʚʥʝʥʠʷ. 

ɺʠʜʥʦ, ʯʪʦ ʚ ʙʦʣʴʰʠʥʩʪʚʝ ʠʩʩʣʝʜʦʚʘʥʥʳʭ ʦʙʨʘʟʮʦʚ ʇɼʇ ʥʝʪ ʩʦʦʪʚʝʪʩʪʚʠʝ ʤʝʞʜʫ  

ʨʝʢʦʤʝʥʜʦʚʘʥʥʦʡ ʩʫʪʦʯʥʦʡ ʧʦʪʨʝʙʥʦʩʪʴʶ ʚ ʤʠʢʨʦʵʣʝʤʝʥʪʘʭ ʠ ʧʦʣʫʯʝʥʥʳʤʠ ʨʝʟʫʣʴʪʘʪʘʤʠ. ʀʟ 

ʜʘʥʥʳʭ ʪʘʙʣʠʮʳ ʩʣʝʜʫʝʪ, ʯʪʦ ʧʨʠʥʠʤʘʝʤʫʶ ʩʫʪʦʯʥʫʶ ʜʦʟʫ ʤʦʞʥʦ ʫʤʝʥʴʰʘʪʴ ʚ 10 ʨʘʟ.   

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʤʝʪʦʜ ʀʅɸɸ ʠʩʧʦʣʴʟʦʚʘʥ ʜʣʷ ʠʟʫʯʝʥʠʷ ʤʠʥʝʨʘʣʴʥʦʛʦ ʩʦʩʪʘʚʘ 5 ʦʙʨʘʟʮʦʚ ʠʟ 

ʥʝʢʦʪʦʨʳʭ ʧʦʜʛʨʫʧʧ ʧʨʦʜʫʢʪʦʚ ʜʝʪʩʢʦʛʦ ʧʠʪʘʥʠʷ. ɺ ʠʩʩʣʝʜʦʚʘʥʥʳʭ ʇɼʇ ʥʘʡʜʝʥʳ ʢʦʥʮʝʥʪʨʘʮʠʠ 26 

ʤʠʢʨʦʵʣʝʤʝʥʪʦʚ. ʈʝʟʫʣʴʪʘʪʳ ʩʨʘʚʥʝʥʳ ʩ ʨʝʛʣʘʤʝʥʪʥʳʤʠ ʜʘʥʥʳʤʠ ʠ ʩʫʪʦʯʥʳʤʠ ʧʦʪʨʝʙʥʦʩʪʷʤʠ 

ʯʝʣʦʚʝʢʘ ʚ ʤʠʢʨʦʵʣʝʤʝʥʪʘʭ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʠʩʩʣʝʜʦʚʘʥʥʳʝ ʛʨʫʧʧʳ ʇɼʇ ʦʪʚʝʯʘʶʪ ʪʨʝʙʦʚʘʥʠʷʤ ʥʝ ʧʦ 

ʚʩʝʤʫ ʤʠʢʨʦʵʣʝʤʝʥʪʥʦʤʫ ʩʦʩʪʘʚʫ.  
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ʊʘʙʣʠʮʘ 3 

ʉʨʘʚʥʝʥʠʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʩ ʩʫʪʦʯʥʦʡ ʧʦʪʨʝʙʥʦʩʪʴʶ ʯʝʣʦʚʝʢʘ ʚ ʤʠʢʨʦʵʣʝʤʝʥʪʘʭ, 

ʤʛ/ʢʛ 

ʍʠʤʠʯʝʩʢʠʝ ʵʣʝʤʝʥʪʳ Co Fe Mn Mo Zn 

ʉʫʪʦʯʥʘʷ ʧʦʪʨʝʙʥʦʩʪʴ 0.1-0.2 15-20 5-6 0.2-0.3 10-12 

ʆʙʨʘʟʮʳ 

1.  0.021 117 8.0 0.32 45.1 

2.  0.012 74.9 0.51 0.27 38.1 

3.  0.017 90.4 1.6 0.38 38.9 

4.  0.011 31.4 22 0.10 100 

5.  0.010 97.6 6 0.57 11.3 
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R. Yarmukhamedov and O. R. Tojiboev 
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A reliable estimation of rates of different nuclear astrophysical processes responsible for the light 

element abundance via the pp-chain and the CNO cycle is one of most important problems of modern 

nuclear astrophysics. A solution of this problem is in turn impossible without obtain rather low energy cross 

sections ůaA(E) (or equivalently the astrophysical S factors SaA(E)) for these reactions, where E is the relative 

kinetic energy of colliding particles.  

One of the possible solutions of this problem is based on the idea that owing to strong Coulomb 

repulsion of colliding particles (a and A) and rather low value of the binding energy of the captured particles 

(for example, proton or Ŭ-particle), at stellar energies the amplitude of the direct capture A(a,ɔ)B reaction of 

astrophysical interest proceeds through the tail of the overlap integral for the nucleus B in the binary (A+a)-

channel, and, hence, is completely determined by the Coulomb interaction, binding energy and the respective 

asymptotic normalization coefficient (ANC) for the nucleus B in the binary (A+a )-channel (or denoted by 

A+a ­B everywhere below).  

In the present review work, the basic modern methods of determination of ANCs for the overlap 

integral for the nucleus B in the binary (A+a )-channel of astrophysical interest are presented (e.g., see 

review [1] in detail and references therein). Here, the results of the application of the specific asymptotic 

normalization coefficients both for the extrapolation of the astrophysical S factors to solar energy regions 

(E¢ 25 keV, including E=0) and for the calculations of the rates at stellar temperatures for some specific 

radiative capture A(a,ɔ)B reactions of the pp-chain and the CNO cycle are presented and discussed.  

For example, in [2,3] the ANC-values for 
7
Be+p­8

B, Ŭ+
3
He ­7

Be(g.s.) and Ŭ+
3
He ­7

Be(E*=0.429 

MeV) were obtained from the analysis of the nuclear-astrophysical 
7
Be (p,ɔ)

 8
B and 

3
He (Ŭ,ɔ)

 7
Be reactions, 

which are one of the main links in the pp-chain of solar hydrogen burning and their rates determine how 

much the 
7
Be and 

8
B branches of the the pp-chain contribute to solar hydrogen burning. Note that the 

aforementioned ANC-values are in a good agreement with those obtained independently from the analysis of 

the peripheral 
7
Be(d,n)

8
B, 

12
C(d,

6
Li)

8
Be and 

12
C(

3
He,Be

7
)
8
Be reactions. The obtained ANC-values, which 

really determine the absolute normalization of the direct astrophysical S factors for the aforementioned 

reactions at solar energies [4], including E=0, were used for the extrapolation of the experimental 

http://base.garant.ru/12160959/5/
http://www.znaytovar.ru/new557.html
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astrophysical S factors, S17(E) and S43(E), in the point E=0. The result of this extrapolation led to the values 

of S17(0)=23.4Ñ0.6 eV b [2] and S43(0)=0.613Ñ0.045 keV b [3]. These values can be used as the main input 

data for a correct estimation of the neutrino flux [5]. 
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Recently, Petr HoŚava suggested a new candidate quantum field theory of gravity with a dynamical 

critical exponent equal to z = 3 in the UV (ultraviolet). This theory is a nonrelativistic power-counting 

renormalizable theory in four dimensions, which admits the Lifshitz scale invariance in time and space that 

reduces to Einsteinôs general relativity at large scales [1,2]. Here we will study the particle motion around 

black hole immersed external asymptotically uniform magnetic field in HoŚava -Lifshitz theory.  

The static and spherical symmetric spacetime metric of the black hole with mass M in HoŚava -

Lifshitz gravity takes form (see e.g, [3]) 

    (1) 

where the metric functions  and  depend on the radial coordinate r only.We consider the Kehagias and 

Sfetsoss asymptotically flat solution [4], given by      

  (2) 

The 4-vector potential  of the electromagnetic field will take a form [5]: 

  (3) 

The orthonormal components of the electromagnetic fields measured by fixed observer with the four-

velocity components ;  are given by 

expressions 

 
(5) 

which depend on the lapse function of the metric (1). In the limit of flat spacetime, i.e. for and 

2M/r Ÿ 0, expressions (4) ï (5) gives 

=B       (6) 

=B      (7) 

As expected, expressions (6) ï (7) coincides with the solutions for the homogeneous magnetic field in 

the Newtonian spacetime.It is very important to study in detail the motion of charged particles around a 

black hole in HoŚava-Lifshitz gravity immersed in a uniform magnetic field given by 4-vector potential (3) 

with the aim to find astrophysical evidence for the existence of KS parameter ɤ.We shall study the motion of 

the charged test particles around black hole in HoŚava-Lifshitz gravity using the Hamilton-Jacobi equation 

    (8) 

where e and m are the charge and the mass of a test particle, respectively. Since t and ű are the Killing 

variables one can write the action in the form 

S=-       (9) 

where the conserved quantities E and L are the energy and the angular momentum of a test particle at 

infinity. Substituting it into equation (8) one can get the equation for inseparable part of the action 
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+ ) ] (10) 

One can easily separate variables in this equation in the equatorial plane ɗ= /́2 and obtain the 

equation for radial motion 

      (11) 

where s is the proper time along the trajectory of a particle and 

{[ +(       (12) 

where the dimensionless parameter is introduced. Here we have changed Ÿ /m and  Ÿ /m . 

The effective potential besides the energy, the angular momentum, the KS parameter ɤ and the radius of the 

motion also depends on the dimensionless parameter  which characterizes the relative 

influence of a uniform magnetic field on the motion of the charged particles. In Fig. 1 the radial dependence 

of the effective potential of the radial motion of the charged particle around black hole for the different 

values of the dimensionless parameter  and magnetic parameter are shown. 

 
Fig. 1: Radial dependence of the effective potential of the radial motion of the charged particle around black hole 

immersed in a uniform magnetic field in Hoĝrava-Lifshitz gravity.  

In the left graph the effective potential of the radial motion of the charged particle around black hole 

has been shown for the different values of the dimensionless parameter , the values of the momentum 

L/mM= 4.3 and the magnetic parameter = 0.03 are fixed. For comparison we have also plotted this 

dependence in the case of the Schwarzschild black hole, corresponding to >>1. In the right graph the 

effective potential of the radial motion of the charged particle around black hole has been shown for the 

different values of the the magnetic parameter , the values of the momentum L/mM= 4.3 and the 

dimensionless parameter = 1 are fixed. 

In order to find solution for the ISCO radius of  we assume that the external magnetic field is 

absent.The expression (11) can now be written as 

f(r)= ](       (13) 

Using the equation (13) and the condition of occurrence of circular orbits: f(r) = 0 , f ǋ(r) = 0 , one can 

easily find expressions for energy and angular momentum of  a circular orbit of radius rc, which are given 

as 

         (14) 

(15) 

 

where notation  has been used. For the existing circular orbits the expression for angular 

momentum (15) of the test particle requires, in particular, that r ī 3M Ó 0. Consequently, one can easily 

find minimum radius for circular orbits  : 
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=          (16) 

where  . The obtained equation (16) is the original one.  

As it was expected in the limiting case when >> 1, i.e. when metric (1) coincides with the well 

known Schwarzschild metric, one can easily obtain the known result for minimal radius of circular orbits 

around the Schwarzschild black hole as  

The minimum radius for a stable circular orbit will occur at point of inflexion of the function f(r), or in 

other words where the supplement conditions f(r) = fǋ(r) = 0 

with the relation fǋǋ(r) Ó 0 are satisfied. The numerical results for the values of ISCO radii for the 

different values of the parameter in the case of Ó 0.5 are given in the table I (the second line). From the 

results one can easily get in the limit of Schwarzschild spacetime  the standard value for ISCO 

radius as = 6M. 

Table 1 

The innermost stable circular orbits around black hole and the critic values of the momentum of the particles 

fallingdown to the central black hole in Hoĝrava-Lifshitz gravity. 

 
Constraints for the KS parameter from the Solar system tests were found as (5.660 3.1) 

x .The similar constraints for the parameter  have been found from the 

quantum interference effects . One can easily compare the obtained numerical results with observational data 

for ISCO radius for some candidates of rotating black holes. One can obtain the lower value for the 

parameter as . 
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Being apparently the simplest geometric theory of gravitation, in Einsteins general relativity, a number 

of fundamental problems regarding the nature of singularities, dark energy and dark matter, and quantization 

of gravitational interactions is appearing. To solve the mentioned problems, theorists are forced to use 

alternative theories of gravity. Recently a number of works has been devoted to the study of potentially 

observable processes around various non-Kerr black holes [1]. Therefore, a unified description of analogs of 

the Schwarzschild and Kerr solutions in various theories of gravity would be most useful for testing the 

alternatives to general relativity. Such a model was suggested by Johannsen and Psaltis [2], who considered 

deviations from the Schwarzschild and Kerr solutions and found a regular spacetime outside the event 

horizon, which reduces to the Kerr one, when the deformation parameters vanish. The Johannsen and Psaltis 

metric is not a vacuum solution of the Einstein equations but is obtained in a kind of perturbative way in 

order to include various possible deviations from the Kerr solution in alternative theories of gravity.  

Here we will study massless particles motion in the vicinity of a black hole of mass M in the presence 

of deformation parameter described by the space-time metric ([2]):  
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ds2 = - (1-
2Mr

S 2
)(1+ h)dt2 +

S 2(1+ h)

D + a2hsin2 q
dr 2 + S 2dq 2 -

-
4aMr sin2 q

S 2
(1+ h)df dt +sin2 q [ S 2 +

a2( S 2 + 2Mr )sin2 q

S 2
(1+ h)]df 2

                                    (1)    

2 2 2r a MrD= + -  ,   
2 2 2 2cosr a qS = + ,    

3

4
( , )

M r
h r q e=

ä
 .                                                     (2) 

Here a  is angular momentum per total mass of black hole M and  is the  Ů  deformation parameter. 

Adopting the celestial coordinates is very convenient to describe the image(shadow) [3]: 

a = lim
r
0
­

( - r
0

2 sin2 q
0

dj

dr
)                                                                                                        (3) 

0

2

0lim
r

d
r

dr

q
b

­¤
=                                                                                                                        (4) 

since here an observer far away from the black hole is considered 
0r ­¤ , 

0q is the angular coordinate of 

the observer, i.e. the inclination angle between the rotation axis of the black hole and the line of sight of the 

observer. 

 
Fig. 1. Silhouette of the image(shadow) cast by a non-Kerr black hole situated at the origin of coordinates with 

inclination angle ɗ =ˊ/2, having a rotation parameter a and a deformation parameter Ů.  

Upper row, left: a/M =0.45 , Ů= 0 (solid line), Ů=-5 (dashed line),  and Ů=-10 (dashed-dotted line). 

Upper row, right: a/M =0.5 , Ů=0 (solid line), Ů=-5 (dashed line), and Ů=-10 (dashed-dotted line). Lower row, 

left: a/M =0.55 , Ů=0 (solid line), Ů=5 (dashed line), and Ů=10 (dashed-dotted line). Lower row, right: a/M 

=0.6 , Ů=0 (solid line), Ů=5 (dashed line), and Ů=10 (dashed-dotted line). The shadow corresponds to each 

curve and the region inside it. 

Fig.1 Silhouette of the image(shadow) cast by black hole situated at the origin of coordinates with 

inclination angle 0q=ˊ/2  having a black hole angular momentum a=0.5 and for the different value of 

deformation parameter Ů. We have analyzed how the shadow of the black hole is distorted by the presence of 

the deformation parameter Ů. We have shown that with increasing deformation parameter Ů, the radius of the 

image (shadow) of the black hole decreases[4]. 
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Neutron stars provide a natural laboratory to study extremely dense matter. In the interiors of such 

stars, the density can reach up to several times the nuclear saturation density 
3

0 0.16n fm-º . At such high 

densities quarks could be squeezed out of nucleons to form quark matter. It has been suggested that strange 

quark matter that consists of comparable numbers of u, d, and s quarks may be the stable ground state of 

normal quark matter.  

Here we will be concerned with the possibility to distinguish neutron star from the strange star from 

the spin down of pulsar.  

Assume that the oblique rotating magnetized star is observed as radio pulsar through magnetic dipole 

radiation. Then the luminosity of the relativistic star in the case of a purely dipolar radiation, and the power 

radiated in the form of dipolar electromagnetic radiation, is given by [1] 

 L
em

=
W

R

4 R6"B
0

2

6c3
sin2 c  (1) 

where tilde denotes the general relativistic value of the corresponding quantity, subscript R  denotes the 

value of the corresponding quantity at r R=   and c is the inclination angle between magnetic and 

rotational axes. In this report we will use the spacetime of slowly rotating relativistic star which in a 

coordinate system ( , , , )t r q j has the following form: 

 2 2 ( ) 2 2 ( ) 2 2 2 2 2 2 2 2sin 2 ( ) sinr rds e dt e dr r d r d r r dtdq q j w q jF L=- + + + -  (2) 

where metric functions  ( )rF  and ( )rL  are completely known for outside of the star and given as: 

 
2 ( ) 2 ( )2

(1 )r rM
e e

r

F - L= - =  (3) 

32 /J rw= , ( , )J I M R= W is the total angular momentum of the star with total mass M  and moment of 

inertia ( , )I M RW is the angular velocity of the star. 

The equivalent Newtonian expression for the rate of electromagnetic energy loss through dipolar 

radiation [2] 

 
4 6 2

20

3
( ) sin

6

R
em Newt

R B
L

c
c

W
=  (4) 

it is easy to realize that the general relativistic corrections emerging in expression (1) are due partly to the 

magnetic field amplification at the stellar surface 

 

3

0 0

0 2
R

B B R
f

B m
= =

" "
   ,          

3
2

3

3 2
[ln (1 )]

8
R R

R M M
f N

M R r
=- + +  (5) 

and partly to the increase in the effective rotational angular velocity produced by the gravitational redshift 

 
2

( ) ( )
2

R
R

N R M r
r

R r M R

-
W =W =W

-
 (6) 

Expression (1) could be used to investigate the rotational evolution of magnetized neutron stars with 

predominant dipolar magnetic field anchored in the crust which converts its rotational energy into 

electromagnetic radiation. 

Following the simple arguments proposed more than forty years ago [3], it is possible to relate the 

electromagnetic energy loss emL  directly to the loss of rotational kinetic energy rotE  defined as 
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rotE d x e jg r du-F= ñ  (7) 

where r is the stellar energy density and factor g is defined as follow 

                                                    
1/ 2 ( )

00

00

[ (1 )]
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g

dudu
g - -F= - +  

/i idx dtdu=  is the three velocity of conducting medium defined by [1], gab is the components of the 

spacetime metric (2), Greek indices run from 0 to 3, Latin indices from 1 to 3, and hatted quantities (
Ĕidu) 

are defined in the orthonormal frame carried by the static observers in the stellar interior. One can introduce 

the general relativistic moment of the inertia of the star as [1],[4]: 

 "I = d3x g e- F (r ) r r 2 sin2 qò  (8) 

whose Newtonian limit gives the well-known expression, 
2

.

2
( )

5
NewtI I MR= ="   the energy budget is then 

readily written as 

 #E
rot

=
d

dt
(
1

2
"I W 2) = - L

em
 (9) 

Expression (9) can also be written in a more useful form in terms of the pulsarôs most important observables: 

the period P  and its time derivative /P dP dt=# . Using expression (1) and (9), it is not difficult to show that 
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 (10) 

Also in this case it is not difficult to realize that general relativistic corrections will be introduced 

through the amplification of the magnetic field and of the stellar angular velocity, as well as of the stellar 

moment of inertia.For a given compact star, the effects of general relativity on electromagnetic luminosity 

can be characterized only by the single compactness parameter /M R which is different for the neutron and 

strange star. Let us mention so called canonical neutron star model used by many authors. This artificial 

model does not imply any specific EOS, but just assumes the typical values of M and R :   M = 1.4M  ,  

R= 10 km. Using the data for the mass, the radius, the moment of inertia of neutron stars and strange stars 

from the recent paper [5] we have calculated the ratio of spin down of neutron star to one of the strange star 

on the base of formula (10) for the compact stars of the different masses. Results are summarized in the 

Table 1 from where one can see that the strange star is spinning down approximately 5 times faster than that 

of the neutron star. According to the astrophysical observations the majority of pulsars have the periods of 1 

s and period derivatives of  
1610-   to 

1410- . Since period derivatives are in the range of about two orders one 

may conclude that the neutron stars have less period derivative with compare to the strange stars.  

Table 1  

The dependence of the ratio ( ) /( )SS NSPP PP# #from the different parameters of the compact object: mass (in 

units of solar mass), radii and moment of inertia of the Strange ( , )SS SSR I and Neutron ( , )NS NSR I stars. 

Data for strange and neutron stars are obtained from the recent paper by [5]. 

( ) /( )SS NSPP PP# # 4,34463 4.53723 5.1094 6.16863 

/M M  1.2 1.3 1.4 1.5 

,SSR km 7.48 7.62 7.69 7.68 

,NSR km 11.75 11.72 11.7 11.68 

45 2, 10SSI gm cm³  0.65 0.74 0.825 0.9 

45 2, 10NSI gm cm³  1.08 1.2 1.36 1.72 
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ʉʊʈʋʂʊʋʈɸ ʉʋʑɽʉʊɺɽʅʅʆɻʆ ʉʇɽʂʊʈɸ ʀ ɼʀʉʂʈɽʊʅʓʁ ʉʇɽʂʊʈ ʆʇɽʈɸʊʆʈɸ 

ʕʅɽʈɻʀʀ ɼɺʋʍʕʃɽʂʊʈʆʅʅʓʍ ʉʀʉʊɽʄ ɺ ʇʈʀʄɽʉʅʆʁ ʄʆɼɽʃʀ ʍɸɹɹɸʈɼɸ ɺ 
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ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʤʦʜʝʣʴ ʍʘʙʙʘʨʜʘ ʷʚʣʷʝʪʩʷ ʦʜʥʦʡ ʠʟ ʥʘʠʙʦʣʝʝ ʠʥʪʝʥʩʠʚʥʦ ʠʟʫʯʘʝʤʳʭ 

ʤʥʦʛʦʵʣʝʢʪʨʦʥʥʳʭ ʤʦʜʝʣʝʡ ʤʝʪʘʣʣʘ [1]. ʆʜʥʘʢʦ ʜʦ ʩʠʭ ʧʦʨ ʧʦʣʫʯʝʥʦ ʦʯʝʥʴ ʤʘʣʦ ʪʦʯʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ 

ʜʣʷ ʩʧʝʢʪʨʘ ʠ ʚʦʣʥʦʚʳʭ ʬʫʥʢʮʠʡ ʢʨʠʩʪʘʣʣʘ, ʦʧʠʩʳʚʘʝʤʦʛʦ ʤʦʜʝʣʴʶ ʍʘʙʙʘʨʜʘ. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ 

ʧʨʝʜʩʪʘʚʣʷʝʪ ʙʦʣʴʰʦʡ ʠʥʪʝʨʝʩ ʧʦʣʫʯʝʥʠʝ ʪʦʯʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʜʣʷ ʵʪʦʡ ʤʦʜʝʣʠ. ɺ ʨʘʙʦʪʝ [1] ʙʳʣʘ 

ʠʟʫʯʝʥʘ ʩʧʝʢʪʨ ʠ ʚʦʣʥʦʚʳʝ ʬʫʥʢʮʠʠ ʩʠʩʪʝʤʳ ʜʚʫʭ ʵʣʝʢʪʨʦʥʦʚ ʚ ʢʨʠʩʪʘʣʣʝ, ʦʧʠʩʳʚʘʝʤʦʤ 

ʛʘʤʠʣʴʪʦʥʠʘʥʦʤ ʍʘʙʙʘʨʜʘ.   

ɺ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʚʦʧʨʦʩʳ ʦ ʚʦʟʤʫʱʝʥʠʠ ʩʧʝʢʪʨʘ ʦʧʝʨʘʪʦʨʘ ʩʠʥʛʣʝʪʘ 
sH  

ʤʦʜʝʣʠ, ʚ ʢʦʪʦʨʦʡ ʥʘ ʨʝʰʝʪʢʝ ʧʦʷʚʣʷʝʪʩʷ ʧʨʠʤʝʩʴ. ʀʩʩʣʝʜʫʝʪʩʷ ʦʧʝʨʘʪʦʨ ʵʥʝʨʛʠʠ ʜʚʫʭʵʣʝʢʪʨʦʥʥʳʭ 

ʩʠʩʪʝʤ ʚ ʧʨʠʤʝʩʥʦʡ ʤʦʜʝʣʠ ʍʘʙʙʘʨʜʘ ʩʠʥʛʣʝʪʥʦʤʫ ʩʦʩʪʦʷʥʠʶ ʠ ʦʧʠʩʳʚʘʝʪʩʷ ʩʪʨʫʢʪʫʨʘ 

ʩʫʱʝʩʪʚʝʥʥʦʛʦ ʩʧʝʢʪʨʘ ʠ ʧʦʣʫʯʘʝʪʩʷ ʥʠʞʥʷʷ ʠ ʚʝʨʭʥʷʷ ʦʮʝʥʢʘ ʜʣʷ ʢʦʣʠʯʝʩʪʚʘ ʪʦʯʝʢ ʜʠʩʢʨʝʪʥʦʛʦ 

ʩʧʝʢʪʨʘ ʵʪʦʡ ʩʠʩʪʝʤʳ. ʅʘʩʢʦʣʴʢʦ ʥʘʤ ʠʟʚʝʩʪʥʦ, ʪʘʢʠʝ ʟʘʜʘʯʠ ʨʘʥʝʝ ʥʝ ʠʩʩʣʝʜʦʚʘʣʠʩʴ.  

ɻʘʤʠʣʴʪʦʥʠʘʥ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʡ ʩʠʩʪʝʤʳ ʠʤʝʝʪ ʚʠʜ 
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ʛʜʝ A  -)( 0A  ʵʥʝʨʛʠʷ ʵʣʝʢʪʨʦʥʘ ʚ ʨʝʛʫʣʷʨʥʦʤ (ʧʨʠʤʝʩʥʦʤ) ʫʟʣʝ ʨʝʰʝʪʢʝ, B  -)( 0B  ʠʥʪʝʛʨʘʣ 

ʧʝʨʝʥʦʩʘ ʵʣʝʢʪʨʦʥʘ ʩ ʨʝʛʫʣʷʨʥʦʛʦ (ʧʨʠʤʝʩʥʦʛʦ) ʫʟʣʘ ʥʘ ʩʦʩʝʜʥʠʤʠ ʫʟʣʘʤʠ; ʜʣʷ ʫʜʦʙʩʪʚʘ ʩʯʠʪʘʝʤ, ʯʪʦ 

0>B , -t  ʚʝʢʪʦʨ ʙʣʠʞʘʡʰʝʛʦ ʩʦʩʝʜʘ, ʪ. ʝ. ʧʦ t ʚʝʜʝʪʩʷ ʩʫʤʤʠʨʦʚʘʥʠʝ ʧʦ ʙʣʠʞʘʡʰʠʤ ʩʦʩʝʜʷʤ; U  

-)( 0U  ʧʘʨʘʤʝʪʨ ʢʫʣʦʥʦʚʩʢʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʜʚʫʭ ʵʣʝʢʪʨʦʥʦʚ ʥʘ ʨʝʛʫʣʷʨʥʦʤ (ʧʨʠʤʝʩʥʦʤ) ʫʟʣʝ, 

-g  ʩʧʠʥʦʚʳʡ ʠʥʜʝʢʩ (¬ ʠʣʠ ®), ʘ 
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g,ma  ʠ g,ma  ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʦʧʝʨʘʪʦʨ ʨʦʞʜʝʥʠʷ ʠ ʫʥʠʯʪʦʞʝʥʠʷ 

ʵʣʝʢʪʨʦʥʘ ʚ ʫʟʣʝ 
nZmÍ , ʯʝʨʝʟ ¬ ʠ ® ʦʙʦʟʥʘʯʝʥʳ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʟʥʘʯʝʥʠʷ ʩʧʠʥʘ 
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(3)  

ʀʟʚʝʩʪʥʦ, ʯʪʦ ʩʧʝʢʪʨʘʣʴʥʳʝ ʩʚʦʡʩʪʚʘ ʦʧʝʨʘʪʦʨʘ ʵʥʝʨʛʠʠ ʜʚʫʭʵʣʝʢʪʨʦʥʥʳʭ ʩʠʩʪʝʤ ʚ ʧʨʠʤʝʩʥʦʡ 

ʤʦʜʝʣʠ ʍʘʙʙʘʨʜʘ ʚ ʩʠʥʛʣʝʪʥʦʤʫ ʩʦʩʪʦʷʥʠʶ, ʪʝʩʥʦ ʩʚʷʟʘʥʳ ʩʦ ʩʧʝʢʪʨʘʣʴʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ ʦʧʝʨʘʪʦʨʘ 
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ʃʝʤʤʘ 1. ʏʠʩʣʦ ]2;2[0 nn BABAzz +-Î=  ʷʚʣʷʝʪʩʷ ʩʦʙʩʪʚʝʥʥʳʤ ʟʥʘʯʝʥʠʝʤ ʦʧʝʨʘʪʦʨʘ 

1

~
H  ʪʦʛʜʘ ʠ ʪʦʣʴʢʦ ʪʦʛʜʘ, ʢʦʛʜʘ ʦʥʦ ʷʚʣʷʝʪʩʷ ʥʫʣʝʤ ʬʫʥʢʮʠʠ )(znD . 

ʉʨʘʚʥʠʚʘʷ ʬʦʨʤʫʣʳ (3) ʠ (5) ʠ ʠʩʧʦʣʴʟʫʷ ʪʝʥʟʦʨʥʳʝ ʧʨʦʠʟʚʝʜʝʥʠʷ ʛʠʣʴʙʝʨʪʦʚʳʭ ʧʨʦʩʪʨʘʥʩʪʚ ʠ 

ʪʝʥʟʦʨʥʳʝ ʧʨʦʠʟʚʝʜʝʥʠʷ ʦʧʝʨʘʪʦʨʦʚ ʚ ʛʠʣʴʙʝʨʪʦʚʳʭ ʧʨʦʩʪʨʘʥʩʪʚʘʭ [2], ʤʦʞʥʦ ʫʙʝʜʠʪʴʩʷ, ʯʪʦ 

ʦʧʝʨʘʪʦʨ 
sH 2

~
 ʤʦʞʥʦ ʧʨʝʜʩʪʘʚʠʪʴ ʚ ʚʠʜʝ ,
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ʧʨʦʩʪʨʘʥʩʪʚʝ 1

~
E , ʘ ʦʧʝʨʘʪʦʨ K  ʷʚʣʷʝʪʩʷ ʠʥʪʝʛʨʘʣʴʥʳʡ ʦʧʝʨʘʪʦʨ ʚʠʜʘ: 
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ʢʚʘʟʠʠʤʧʫʣʴʩ ʜʚʫʭʵʣʝʢʪʨʦʥʥʦʡ ʧʦʜʩʠʩʪʝʤʳ, ʣʝʛʢʦ, ʤʦʞʥʦ ʫʙʝʜʠʪʴʩʷ, ʯʪʦ ʦʧʝʨʘʪʦʨ K  ʷʚʣʷʝʪʩʷ 

ʢʦʥʝʯʥʦʤʝʨʥʳʡ ʦʧʝʨʘʪʦʨ. ʇʨʠ ʬʠʢʩʠʨʦʚʘʥʥʦʤ ʟʥʘʯʝʥʠʠ ʧʦʣʥʦʛʦ ʢʚʘʟʠʠʤʧʫʣʴʩʘ ʜʚʫʭʵʣʝʢʪʨʦʥʥʦʡ 

ʧʦʜʩʠʩʪʝʤʳ ʨʘʥʛ ʦʧʝʨʘʪʦʨʘ K  ʥʝ ʧʨʝʚʦʩʭʦʜʠʪ 2. ʋʯʠʪʳʚʘʷ, ʯʪʦ ʩʫʱʝʩʪʚʝʥʥʳʝ ʩʧʝʢʪʨʳ ʦʧʝʨʘʪʦʨʦʚ 
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ʩʧʝʢʪʨʘ ʦʧʝʨʘʪʦʨʘ 1

~
H , ʤʦʞʥʦ ʦʧʠʩʘʪʴ ʩʧʝʢʪʨ ʦʧʝʨʘʪʦʨʘ 

sH 2

~
. 

ʊʝʦʨʝʤʘ 5. ʇʫʩʪʴ ʨʘʟʤʝʨʥʦʩʪʴ ʨʝʰʝʪʢʠ 
nZ  ʨʘʚʝʥ 3. ʊʦʛʜʘ ʩʫʱʝʩʪʚʝʥʥʳʡ ʩʧʝʢʪʨ ʦʧʝʨʘʪʦʨʘ 

sH 2

~
 ʩʦʩʪʦʠʪ ʠʟ ʦʙʲʝʜʠʥʝʥʠʷ ʥʝ ʙʦʣʝʝ ʪʨʝʭ ʦʪʨʝʟʢʦʚ ʠ ʜʣʷ ʯʠʩʣʘ ʪʨʝʭʯʘʩʪʠʯʥʳʭ ʉʉ 

(ʜʚʫʭʵʣʝʢʪʨʦʥʥʳʭ ʧʨʠʤʝʩʥʳʭ ʩʦʩʪʦʷʥʠʡ) ʠʤʝʝʪ ʤʝʩʪʦ ʩʦʦʪʥʦʰʝʥʠʝ .53 ¢¢N   

ʀʩʩʣʝʜʦʚʘʥʳ ʪʘʢʞʝ ʜʨʫʛʠʝ ʩʣʫʯʘʠ. 

ʃʠʪʝʨʘʪʫʨʘ 
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ʉʂʆʈʆʉʊʀ ʈɽɸʂʎʀʁ ɼɽʃɽʅʀʗ 
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TH ʅɸ ɺʊʆʈʀʏʅʓʍ ʅɽʁʊʈʆʅɸʍ, 

ɻɽʅɽʈʀʈʋɽʄʓʍ  ʅɸ ʋʉʊɸʅʆɺʂɽ çʂɺʀʅʊɸè ʇʈʀ ʆɹʃʋʏɽʅʀʀ ɽɽ ʇʋʏʂʆʄ 

ɼɽʁʊʈʆʅʆɺ ʉ ʕʅɽʈɻʀɽʁ 4 ɻʕɺ 

ʀ. ɸʜʘʤ
1,2
, ʀ. ɺʨʟʘʣʦʚʘ

1
, ʃ. ɿʘʚʦʨʢʘ

1
 , ʄ.ɻ. ʂʘʜʳʢʦʚ

1
, ʉ. ʄʫʭʘʤʤʝʜʦʚ

4
, ɺ.ʉ. ʇʨʦʥʩʢʠʭ

1
,  

ɸ.ɸ. ʉʦʣʥʳʰʢʠʥ
1
 ɺ.ʀ. ʉʪʝʛʘʡʣʦʚ

1
, ʉ.ʀ. ʊʶʪʶʥʥʠʢʦʚ

1
, ɺ.ʀ. ʌʫʨʤʘʥ

1
, ɾ. ʍʫʰʚʘʢʪʦʚ

1,4
, 

ɺ.ʄ. ʎʫʧʢʦ-ʉʠʪʥʠʢʦʚ
1
, ɺ.ɺ. ʏʠʣʘʧ

3 

1
ʆʙʲʝʜʠʥʝʥʥʳʡ ʀʥʩʪʠʪʫʪ ʗʜʝʨʥʳʭ ʀʩʩʣʝʜʦʚʘʥʠʡ, ɼʫʙʥʘ, ʈʦʩʩʠʷ. 

2
ʀʥʩʪʠʪʫʪ ʗʜʝʨʥʦʡ ʌʠʟʠʢʠ ʏʝʰʩʢʦʡ 

ɸʢʘʜʝʤʠʠ ʅʘʫʢ, ʈʞʝʞ, ʏʝʭʠʷ. 
3
ʎʝʥʪʨ ʌʠʟʠʢʦ-ʊʝʭʥʠʯʝʩʢʠʭ ʇʨʦʝʢʪʦʚ çɸʪʦʤʵʥʝʨʛʦʤʘʰè ʄʦʩʢʚʘ, 

ʈʦʩʩʠʷ. 
4
ʀʥʩʪʠʪʫʪ ʗʜʝʨʥʦʡ ʌʠʟʠʢʠ ɸʅ ʈʋʟ,ʊʘʰʢʝʥʪ, ʋʟʙʝʢʠʩʪʘʥ  

 

ʕʢʩʧʝʨʠʤʝʥʪ ʙʳʣ ʚʳʧʦʣʥʝʥ ʥʘ ʫʩʪʘʥʦʚʢʝ çʂʚʠʥʪʘè(ʤʘʩʩʠʚʥʘʷ ʩʙʦʨʢʘ ʠʟ ʫʨʘʥʘ 
nat

U, ~500 ʢʛ.) 

ʥʘ ʧʫʯʢʝ ʜʝʡʪʨʦʥʦʚ ʅʫʢʣʦʪʨʦʥʘ ʃʌɺʕ ʆʀʗʀ. ʆʙʨʘʟʝʮ
232

Th (ʤʘʩʩʘ ʦʙʨʘʟʮʘ = 0.212 ʛ.) ʙʳʣ 
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ʫʩʪʘʥʦʚʣʝʥ ʚʥʫʪʨʠ ʩʙʦʨʢʠ, ʢʘʢ ʵʪʦ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩ. 1.ʆʙʣʫʯʝʥʠʝ ʩʙʦʨʢʠ (ʤʠʰʝʥʠ) ʧʫʯʢʦʤ ʜʝʡʪʨʦʥʦʚ 

ʩ ʵʥʝʨʛʠʝʡ 4 ɻʵɺ ʜʣʠʣʦʩʴ 744 ʤʠʥ.ʇʨʠ ʵʪʦʤ ʠʥʪʝʛʨʘʣʴʥʳʡ ʧʦʪʦʢ ʜʝʡʪʨʦʥʦʚ ʥʘ ʤʠʰʝʥʠ ʟʘ ʪʘʢʦʝ 

ʚʨʝʤʷ ʦʙʣʫʯʝʥʠʷ ʩʦʩʪʘʚʠʣ ʚʝʣʠʯʠʥʫ ʨʘʚʥʫʶ1.78(16)ɽ+13. ʇʦʩʣʝ ʦʙʣʫʯʝʥʠʷ ʦʙʨʘʟʝʮ 
232

Th ʠʟʚʣʝʢʘʣʩʷ 

ʠʟ ʫʩʪʘʥʦʚʢʠ ʠ ʪʨʘʥʩʧʦʨʪʠʨʦʚʘʣʩʷ  ʚ ʃʗʇ ʆʀʗʀ, ʛʜʝ ʩ ʧʦʤʦʱʴʶ HPGe-ʜʝʪʝʢʪʦʨʘ ʤʥʦʛʦʢʨʘʪʥʦ ʩ 

ʨʘʟʣʠʯʥʳʤʠ ʚʨʝʤʝʥʥʳʤʠ ʠʥʪʝʨʚʘʣʘʤʠ ʙʳʣʠ ʧʨʦʚʝʜʝʥʳ ʠʟʤʝʨʝʥʠʷ ʝʛʦ ɔ-ʩʧʝʢʪʨʘ. ʇʦʣʫʯʝʥʥʳʝ 

ʩʧʝʢʪʨʳ ʦʙʨʘʙʘʪʳʚʘʣʠʩʴ ʩʪʘʥʜʘʨʪʥʦʡ ʧʨʦʛʨʘʤʤʦʡ  DEIMOS-32ʠ ʧʘʢʝʪʦʤ ʩʧʝʮʠʘʣʴʥʳʭ ʧʨʦʛʨʘʤʤ, 

ʢʦʪʦʨʳʝ ʦʙʝʩʧʝʯʠʚʘʣʠ ʧʦʧʨʘʚʢʠ ʥʘ ʩʘʤʦʧʦʛʣʦʱʝʥʠʝ ɔ-ʢʚʘʥʪʦʚ ʚ ʦʙʨʘʟʮʝ, ʥʘ ʵʬʬʝʢʪʠʚʥʦʩʪʴ 

ʜʝʪʝʢʪʦʨʘ, ʥʘ ʥʝʫʩʪʦʡʯʠʚʦʩʪʴ ʧʫʯʢʘ ʜʝʡʪʨʦʥʦʚ ʠ ʪ. ʜ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʜʘʥʥʳʝ ʦ 

ʩʢʦʨʦʩʪʷʭ (n,f)-, (n,ɔ)-, (n,2n)-ʠ ʜʨʫʛʠʭ ʨʝʘʢʮʠʡ. ɺ ʪʘʙʣʠʮʝ 1 ʧʨʠʚʝʜʝʥʳ ʚʝʣʠʯʠʥʳ ʩʢʦʨʦʩʪʝʡ ʨʝʘʢʮʠʡ 

ʜʣʷ ʦʩʥʦʚʥʳʭ ʧʨʦʜʫʢʪʦʚ, ʦʙʨʘʟʫʶʱʠʭʩʷ ʚ ʨʝʟʫʣʴʪʘʪʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʚʪʦʨʠʯʥʳʭ ʥʝʡʪʨʦʥʦʚ ʩ 
232

Th.ɼʣʷ ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʧʨʦʜʫʢʪʦʚ ʜʝʣʝʥʠʷ 
232

Thʥʘʤʠ ʙʳʣʠ ʚʳʯʠʩʣʝʥʳ ʦʪʥʦʰʝʥʠʷ ʩʢʦʨʦʩʪʝʡ 

ʨʝʘʢʮʠʡ ʢʫʤʫʣʷʪʠʚʥʳʤ ʚʳʭʦʜʘʤ, ʚʟʷʪʳʭ ʠʟ ʙʠʙʣʠʦʪʝʢʠ JEFF ʨʠʩ.2. 

 
ʈʠʩ.1. ʇʦʣʦʞʝʥʠʝ ʦʙʨʘʟʮʘ 

232
Th ʚʦ ʚʨʝʤʷ 

ʦʙʣʫʯʝʥʠʷ ʥʘ ʫʩʪʘʥʦʚʢʝ çʂʚʠʥʪʘè. 

ʊʘʙʣʠʮʘ.1.  

ʉʢʦʨʦʩʪʠ ʨʝʘʢʮʠʡ ʜʣʷ ʦʩʥʦʚʥʳʭ ʧʨʦʜʫʢʪʦʚ, 

ʦʙʨʘʟʫʶʱʠʭʩʷ ʚ ʨʝʟʫʣʴʪʘʪʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʚʪʦʨʠʯʥʳʭ 

ʥʝʡʪʨʦʥʦʚ ʩ
232

Th. 
 

ʈʝʘʢʮʠʠ R, [*10
-27

] 

(n,ɔ) 149(16) 

(n,2n) 63(17) 

(n,f) 240(24) 

 

 
ʈʠʩ.2. ʆʪʥʦʰʝʥʠʝ ʩʢʦʨʦʩʪʝʡ ʨʝʘʢʮʠʡ ʢ ʚʳʭʦʜʘʤ ʨʘʜʠʦʥʫʢʣʠʜʦʚ ʧʨʠ ʜʝʣʝʥʠʠ 

232
Th. (ʂʫʤʫʣʷʪʠʚʥʳʝ ʚʳʭʦʜʳ ʠʟ 

JEFFʚʝʨʩʠʠ 3.1.2, En=14ʄʵɺ). 
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I I . ʌʀɿʀʂɸ ʇʆʃʋʇʈʆɺʆɼʅʀʂʆɺ ʀ ʊɺɽʈɼʆɻʆ ʊɽʃɸ,  

ʀʍ ʇʈʀʂʃɸɼʅʓɽ ɸʉʇɽʂʊʓ 

ʂ ɺʆʇʈʆʉʋ ʆɹ ɸʅʆʄɸʃʔʅʆʄ ʇʆɺɽɼɽʅʀʀ ʕʃɽʂʊʈʆʌʀɿʀʏɽʉʂʀʍ 

ʇɸʈɸʄɽʊʈʆɺ ʉʃʆʀʉʊʓʍ ʂʈʀʉʊɸʃʃʆɺ ɸ
III

B
VI

 ɺ ʆɹʃɸʉʊʀ ʅʀɿʂʀʍ 

ʊɽʄʇɽʈɸʊʋʈ 

ɸʙʜʠʥʦʚ ɸ.ʐ.
1
, ɹʘʙʘʝʚʘ ʈ.ʌ.

2
, ʈʟʘʝʚ ʈ.ʄ.

1.2
, ɸʤʠʨʦʚʘ ʉ.ʀ.

1 

1
ɹʘʢʠʥʩʢʠʡ ɻʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʋʥʠʚʝʨʩʠʪʝʪ, 

2
ɸʟʝʨʙʘʡʜʞʘʥʩʢʠʡ ɻʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʕʢʦʥʦʤʠʯʝʩʢʠʡ ʋʥʠʚʝʨʩʠʪʝʪ, ɹʘʢʫ, ɸʟʝʨʙʘʡʜʞʘʥʩʢʘʷ ʈʝʩʧʫʙʣʠʢʘ,  

ɸz 1145, ʛ. ɹʘʢʫ, ʫʣ. ɿ. ʍʘʣʠʣʦʚʘ, 23, ʊʝʣ.: (994 12) 5397373, ʝ-mail: abdinov-axmed@yandex.ru, 

abdinov_axmed@yahoo.com, Babaeva-Rena@yandex.ru 

ʄʦʥʦʢʨʠʩʪʘʣʣʳ ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚʳʭ ʩʦʝʜʠʥʝʥʠʡ ɸ
III

B
VI

 ʩʦ ʩʣʦʠʩʪʦʡ ʩʪʨʫʢʪʫʨʦʡ ʫʞʝ ʙʦʣʴʰʝ 60 

ʣʝʪ ʠʥʪʝʥʩʠʚʥʦ, ʘ ʪʘʢʞʝ ʩ ʙʦʣʴʰʠʤ ʥʘʫʯʥʳʤ ʠ ʧʨʘʢʪʠʯʝʩʢʠʤ ʠʥʪʝʨʝʩʦʤ ʠʩʩʣʝʜʫʁ ʪʩʷ ʩʧʝʮʠʘʣʠʩʪʘʤʠ 

ʨʘʟʣʠʯʥʦʛʦ ʧʨʦʬʠʣʷ. ʕʪʦ, ʧʨʝʞʜʝ ʚʩʝʛʦ, ʚʳʟʚʘʥʦ ʦʙʣʘʜʘʥʠʝʤ ʠʤʠ ʚʝʩʤɹʘ ʥʝʦʙʳʯʥʳʭ ʜʣʷ ʤʥʦʛʠʭ 

ʰʠʨʦʢʦʠʟʚʝʩʪʥʳʭ ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚ ʬʠʟʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ. ɺ ʨʘʥʥʠʭ ʨʘʙʦʪʘʭ ʚʳʷʚʣʝʥʘ ʥʝʟʘʤʝʥʠʤʦʩʪʴ 

ʵʪʠʭ ʤʘʪʝʨʠʘʣʦʚ ʜʣʷ ʠʟʫʯʝʥʠʷ ʨʷʜʘ ʦʧʪʠʯʝʩʢʠʭ, ʵʣʝʢʪʨʠʯʝʩʢʠʭ, ʬʦʪʦʵʣʝʢʪʨʠʯʝʩʢʠʭ, 

ʣʶʤʠʥʝʩʮʝʥʪʥʳʭ ʷʚʣʝʥʠʡ ʚ ʪʚʝʨʜʳʭ ʪʝʣʘʭ. ʉʧʝʮʠʬʠʯʝʩʢʘʷ ʩʣʦʠʩʪʘʷ ʩʪʨʫʢʪʫʨʘ ʧʦʟʚʦʣʷʝʪ ʣʝʛʢʦ 

ʩʦʟʜʘʪʴ ʦʙʨʘʟʮʳ ʩ ʨʘʟʣʠʯʥʦʡ ʪʦʣʱʠʥʦʡ (ʚʧʣʦʪʴ ʜʦ ʥʝʩʢʦʣʴʢʦ ʤʢʤ) ʩ ʘʪʦʤʘʨʥʦ ʛʣʘʜʢʦʡ (ʟʝʨʢʘʣʴʥʦʡ) 

ʧʦʚʝʨʭʥʦʩʪʴʶ ʧʫʪʝʤ ʧʨʦʩʪʦʛʦ ʩʢʘʣʳʚʘʥʠʷ ʠʟ ʢʨʫʧʥʳʭ ʩʣʠʪʢʦʚ. 

ɺʳʰʝʧʝʨʝʯʠʩʣʝʥʥʳʝ ʦʩʦʙʝʥʥʦʩʪʠ ʜʝʣʘʶʪ ʩʣʦʠʩʪʳʝ ʢʨʠʩʪʘʣʣʳ ʩʦʝʜʠʥʝʥʠʡ ɸ
III

B
VI

 ʧʝʨ-

ʩʧʝʢʪʠʚʥʳʤʠ ʤʘʪʝʨʠʘʣʘʤʠ ʥʝ ʪʦʣʴʢʦ ʜʣʷ ʠʟʫʯʝʥʠʷ ʦʩʦʙʝʥʥʦʩʪʝʡ ʤʥʦʛʠʭ ʦʧʪʠʯʝʩʢʠʭ, ʬʦʪʦ-

ʵʣʝʢʪʨʠʯʝʩʢʠʭ, ʣʶʤʠʥʝʩʮʝʥʪʥʳʭ, ʵʣʝʢʪʨʠʯʝʩʢʠʭ, ʠ ʚʦʦʙʱʝ ʢʦʤʧʣʝʢʩʘ ʥʝʨʘʚʥʦʚʝʩʥʳʭ ʵʣʝʢʪʨʦʥʥʳʭ 

ʷʚʣʝʥʠʡ ʚ ʧʦʣʫʧʨʦʚʦʜʥʠʢʘʭ, ʘ ʪʘʢʞʝ ʜʣʷ ʩʦʟʜʘʥʠʷ ʨʘʟʥʦʦʙʨʘʟʥʳʭ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʵʣʝʤʝʥʪʦʚ ʥʘ ʠʭ 

ʦʩʥʦʚʝ ʜʣʷ ʦʧʪʦ- ʠ ʪʚʝʨʜʦʪʝʣʴʥʦʡ ʵʣʝʢʪʨʦʥʠʢʠ (ʤʘʣʦʛʘʙʘʨʠʪʥʳʭ ʢʦʛʝʨʝʥʪʥʳʭ ʠ ʥʝʢʦʛʝʨʝʥʪʥʳʭ 

ʭʦʣʦʜʥʳʭ ʠʩʪʦʯʥʠʢʦʚ ʩʚʝʪʘ, ʙʳʩʪʨʦʜʝʡʩʪʚʫʶʱʠʭ ʧʝʨʝʢʣʶʯʘʪʝʣʝʡ, ʬʦʪʦʪʨʠʛʛʝʨʦʚ ʙʝʟ p-n ʧʝʨʝʭʦʜʘ, 

ʦʧʪʠʯʝʩʢʠʭ ʬʠʣʴʪʨʦʚ, ʬʦʪʦʧʨʠʝʤʥʠʢʦʚ) ʩ ʫʧʨʘʚʣʷʝʤʳʤʠ ʧʘʨʘʤʝʪʨʘʤʠ ʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ. 

ʆʜʥʘʢʦ ʥʝʩʤʦʪʨʷ ʥʘ ʪʘʢʠʝ ʙʦʣʴʰʠʝ ʚʦʟʤʦʞʥʦʩʪʠ ʜʣʷ ʥʘʫʢʠ ʠ ʧʨʘʢʪʠʢʠ, ʜʦ ʩʠʭ ʧʦʨ ʵʪʠ 

ʧʦʣʫʧʨʦʚʦʜʥʠʢʠ ʥʝ ʥʘʰʣʠ ʰʠʨʦʢʦʝ ʧʨʠʤʝʥʝʥʠʝ ʜʣʷ ʤʘʩʩʦʚʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ ʨʘʟʣʠʯʥʳʭ 

ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʵʣʝʤʝʥʪʦʚ. ʆʩʥʦʚʥʘʷ ʧʨʠʯʠʥʘ ʧʦʩʣʝʜʥʝʛʦ, ʧʨʝʞʜʝ ʚʩʝʛʦ, ʷʚʣʷʝʪʩʷ ʘʥʦʤʘʣʠʷ ʚ 

ʦʩʦʙʝʥʥʦʩʪʷʭ ʠ ʟʥʘʯʠʪʝʣʴʥʳʡ ʨʘʟʙʨʦʩ ʯʠʩʣʝʥʥʳʭ ʟʥʘʯʝʥʠʡ ʦʩʥʦʚʥʳʭ ʵʣʝʢʪʨʦʬʠʟʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ 

(ʵʣʝʢʪʨʦʧʨʦʚʦʜʠʤʦʩʪʠ, ʧʦʜʚʠʞʥʦʩʪʠ ʩʚʦʙʦʜʥʳʭ ʥʦʩʠʪʝʣʝʡ ʟʘʨʷʜʘ, ʠʥʪʝʛʨʘʣʴʥʦʡ 

ʬʦʪʦʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ, ʧʦʨʦʛʦʚʦʛʦ ʥʘʧʨʷʞʝʥʠʷ ʜʣʷ ʧʝʨʝʢʣʶʯʝʥʠʷ, ʵʣʝʢʪʨʦʣʶʤʠʥʝʩʮʝʥʮʠʠ ʠ ʪ.ʧ.) 

ʜʣʷ ʨʘʟʣʠʯʥʳʭ ʦʙʨʘʟʮʦʚ, ʩʨʝʟʘʥʥʳʭ ʜʘʞʝ ʠʟ ʨʘʟʣʠʯʥʳʭ ʫʯʘʩʪʢʦʚ ʦʜʥʦʛʦ ʠ ʪʦʛʦ ʞʝ 

ʤʦʥʦʢʨʠʩʪʘʣʣʠʯʝʩʢʦʛʦ ʩʣʠʪʢʘ; ʟʘʚʠʩʠʤʦʩʪʠ ʟʥʘʯʝʥʠʡ ʫʢʘʟʘʥʥʳʭ ʬʠʟʠʯʝʩʢʠʭ ʚʝʣʠʯʠʥ ʥʝ ʪʦʣʴʢʦ ʦʪ 

ʧʨʦʠʩʭʦʞʜʝʥʠʷ, ʘ ʪʘʢʞʝ ʦʪ ʧʨʝʜʳʩʪʦʨʠʠ ʠʩʩʣʝʜʫʝʤʦʛʦ ʦʙʨʘʟʮʘ, ʦʪ ʚʥʝʰʥʠʭ ʫʩʣʦʚʠʡ, ʧʨʠ ʢʦʪʦʨʳʭ 

ʧʨʦʚʦʜʷʪʩʷ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʠʟʤʝʨʝʥʠʷ ʠʣʠ ʞʝ ʵʢʩʧʣʫʘʪʘʮʠʷ. ɼʦʣʛʠʝ ʛʦʜʳ ʧʨʠʯʠʥʳ 

ʦʙʥʘʨʫʞʝʥʥʳʭ ʘʥʦʤʘʣʠʡ ʦʩʪʘʚʘʣʠʩʴ ʥʝ ʚʳʷʩʥʝʥʥʳʤʠ ʠ ʟʘʛʘʜʦʯʥʳʤʠ. 

ʇʨʦʚʝʜʝʥʥʳʝ ʥʘʤʠ ʢʦʤʧʣʝʢʩʥʳʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʵʣʝʢʪʨʦʬʠʟʠʯʝʩʢʠʭ 

ʧʘʨʘʤʝʪʨʦʚ ʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʫʢʘʟʘʥʥʳʭ ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚ, ʘ ʪʘʢʞʝ ʠʭ ʘʥʘʣʠʟ ʩ ʫʯʝʪʦʤ ʨʝʟʫʣʴʪʘʪʦʚ, 

ʧʦʣʫʯʝʥʥʳʭ ʧʨʠ ʠʟʫʯʝʥʠʠ ʠʭ ʦʧʪʠʯʝʩʢʠʭ, ʬʦʪʦʵʣʝʢʪʨʠʯʝʩʢʠʭ, ʵʣʝʢʪʨʦʣʶʤʠʥʝʩʮʝʥʪʥʳʭ ʩʚʦʡʩʪʚ 

ʧʦʟʚʦʣʠʣʦ ʧʨʝʜʣʦʞʠʪʴ ʵʥʝʨʛʝʪʠʯʝʩʢʫʶ ʤʦʜʝʣʴ ʜʣʷ ʦʙʲʷʩʥʝʥʠʷ ʩ ʝʜʠʥʳʭ ʧʦʟʠʮʠʡ ʧʨʠʯʠʥ 

ʦʙʥʘʨʫʞʝʥʥʳʭ ʘʥʦʤʘʣʠʡ ʠ ʨʘʟʥʦʛʣʘʩʠʡ. 

ɺ ʯʘʩʪʥʦʩʪʠ, ʚ ʰʠʨʦʢʦʤ ʜʠʘʧʘʟʦʥʝ ʠʟʤʝʥʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ (ʦʪ 77ʂ ʜʦ 600ʂ), ʚʥʝʰʥʝʛʦ 

ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ (ʦʪ ʧʨʝʜʝʣʴʥʦ ʩʣʘʙʦʛʦ, ʚʧʣʦʪʴ ʜʦ ʥʘʧʨʷʞʝʥʠʷ ʧʝʨʝʢʣʶʯʝʥʠʷ) ʠ ʫʨʦʚʥʷ 

ʣʝʛʠʨʦʚʘʥʠʷ ʨʝʜʢʦʟʝʤʝʣʴʥʳʤʠ ʵʣʝʤʝʥʪʘʤʠ (ʈɿʕ) ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʠʩʩʣʝʜʦʚʘʥʳ ʟʘʚʠʩʠʤʦʩʪʠ 

ʵʣʝʢʪʨʦʧʨʦʚʦʜʥʦʩʪʠ, ʢʦʵʬʬʠʮʠʝʥʪʘ ʍʦʣʣʘ, ʧʦʜʚʠʞʥʦʩʪʠ ʠ ʢʦʥʮʝʥʪʨʘʮʠʠ ʩʚʦʙʦʜʥʳʭ ʥʦʩʠʪʝʣʝʡ 

ʟʘʨʷʜʘ ʚ ʯʠʩʪʳʭ ʠ ʣʝʛʠʨʦʚʘʥʥʳʭ ʈɿʕ (ʛʘʜʦʣʠʥʠʝʤ, ʛʦʣʴʤʠʝʤ, ʜʠʩʧʨʦʟʠʝʤ) ʧʨʠ ʨʘʟʣʠʯʥʳʭ 

ʩʦʜʝʨʞʘʥʠʷʭ (10
-5
õ10

-1
 ʘʪ.%) ʚʚʝʜʝʥʥʦʡ ʧʨʠʤʝʩʠ. ʂʘʢ ʯʠʩʪʳʝ (ʩʧʝʮʠʘʣʴʥʦ ʥʝ ʣʝʛʠʨʦʚʘʥʥʳʝ), ʪʘʢ ʠ 

ʣʝʛʠʨʦʚʘʥʥʳʝ ʈɿʕ ʦʙʨʘʟʮʳ ʩʢʘʣʳʚʘʣʠʩʴ ʠʟ ʨʘʟʣʠʯʥʳʭ ʫʯʘʩʪʢʦʚ ʦʜʥʦʛʦ ʠ ʪʦʛʦ ʞʝ ʩʣʠʪʢʘ, ʠʣʠ ʞʝ 

ʨʘʟʣʠʯʥʳʭ ʤʦʥʦʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʩʣʠʪʢʦʚ.  

ʆʢʘʟʘʣʦʩʴ, ʯʪʦ ʧʨʠ ʚʳʩʦʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ (ʧʨʠ ʊÓ300õ350 ʂ) ʚʦ ʚʩʝʭ ʠʩʩʣʝʜʫʝʤʳʭ, ʘ ʪʘʢʞʝ ʚ 

ʣʝʛʠʨʦʚʘʥʥʳʭ ʈɿʕ ʥʝ ʤʝʥʝʝ NʈɿʕÓ10
-2
ʘʪ.% ʦʙʨʘʟʮʘʭ ʟʥʘʯʝʥʠʷ ʵʣʝʢʪʨʦʬʠʟʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʠ ʭʦʜ 

ʠʭ ʪʝʤʧʝʨʘʪʫʨʥʦʡ ʟʘʚʠʩʠʤʦʩʪʠ ʜʣʷ ʨʘʟʣʠʯʥʳʭ ʦʙʨʘʟʮʦʚ ʧʦʯʪʠ ʥʝ ʦʪʣʠʯʘʶʪʩʷ. ɺ ʥʠʭ ʧʨʠ ʵʪʦʤ ʥʝ 

ʥʘʙʣʶʜʘʝʪʩʷ ʪʘʢʞʝ ʟʘʚʠʩʠʤʦʩʪʴ ʵʣʝʢʪʨʦʧʨʦʚʦʜʥʦʩʪʠ ʦʪ ʚʥʝʰʥʝʛʦ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʥʘʧʨʷʞʝʥʠʷ. 
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ɺ ʦʙʣʘʩʪʠ ʥʠʟʢʠʭ ʪʝʤʧʝʨʘʪʫʨ ʟʥʘʯʠʪʝʣʴʥʦ, ʠʥʦʛʜʘ ʥʝʩʢʦʣʴʢʦ ʧʦʨʷʜʢʘ ʦʪʣʠʯʘʶʪʩʷ ʯʠʩʣʝʥʥʳʝ 

ʟʥʘʯʝʥʠʷ ʵʣʝʢʪʨʦʧʨʦʚʦʜʥʦʩʪʠ, ʧʦʜʚʠʞʥʦʩʪʠ ʩʚʦʙʦʜʥʳʭ ʥʦʩʠʪʝʣʝʡ ʟʘʨʷʜʘ ʜʣʷ ʨʘʟʣʠʯʥʳʭ ʦʙʨʘʟʮʦʚ. 

ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʦʙʥʘʨʫʞʝʥʥʦʝ ʨʘʩʭʦʞʜʝʥʠʝ ʥʝ ʟʘʚʠʩʠʪ ʦʪ ʭʠʤʠʯʝʩʢʦʡ ʧʨʠʨʦʜʳ ʚʚʝʜʝʥʥʦʡ 

ʧʨʠʤʝʩʠ, ʥʦ ʟʥʘʯʠʪʝʣʴʥʳʤ ʦʙʨʘʟʦʤ ʤʝʥʷʝʪʩʷ ʩ Nʈɿʕ. ʇʨʠʯʝʤ ʧʦʩʣʝʜʥʠʡ ʠʤʝʝʪ ʥʝʤʦʥʦʪʦʥʥʳʡ 

ʭʘʨʘʢʪʝʨ ï ʩ ʨʦʩʪʦʤ Nʈɿʕ, ʩʥʘʯʘʣʘ (ʜʦ Nʈɿʕå10
-3
õ10

-4
 ʘʪ.%) ʨʘʩʭʦʞʜʝʥʠʝ ʫʚʝʣʠʯʠʚʘʝʪʩʷ, ʘ ʜʘʣʝʝ 

ʫʤʝʥʴʰʘʷʩʴ, ʧʨʠ NʈɿʕÓ10
-2
 ʘʪ.% ʧʦʯʪʠ ʩʦʚʩʝʤ ʠʩʯʝʟʘʝʪ. 

ɺ ʦʙʣʘʩʪʠ ʥʠʟʢʠʭ ʪʝʤʧʝʨʘʪʫʨ ʢʘʢ ʚ ʯʠʩʪʳʭ, ʪʘʢ ʠ ʣʝʛʠʨʦʚʘʥʥʳʭ ʥʝ ʙʦʣʝʝ Nʈɿʕå10
-2
 ʘʪ.% 

ʦʙʨʘʟʮʘʭ ʧʨʠ ʥʘʧʨʷʞʝʥʠʷʭ UÓUʇɿʃ, ʛʜʝ Uʇɿʃ- ʥʘʧʨʷʞʝʥʠʝ ʧʦʣʥʦʛʦ ʟʘʧʦʣʥʝʥʠʷ ʣʦʚʫʰʝʢ, ʟʥʘʯʝʥʠʷ 

ʵʣʝʢʪʨʦʧʨʦʚʦʜʥʦʩʪʠ (ů) ʠ ʧʦʜʚʠʞʥʦʩʪʠ ʩʚʦʙʦʜʥʳʭ ʥʦʩʠʪʝʣʝʡ ʟʘʨʷʜʘ (ɛ) ʩ U ʫʚʝʣʠʯʠʚʘʝʪʩʷ. 

ɺ ʦʙʣʘʩʪʠ ʥʠʟʢʠʭ ʪʝʤʧʝʨʘʪʫʨ ʟʘʚʠʩʠʤʦʩʪʠ ů ʠ ɛ ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ (ʊ), ʘ ʪʘʢʞʝ ʦʪ ʥʘʧʨʞ̫ʝʥʥʦʩʪʠ 

ʚʥʝʰʥʝʛʦ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ (ɽ) ʥʝ ʧʦʜʯʠʥʷʶʪʩʷ ʧʨʝʜʩʢʘʟʳʚʘʝʤʦʡ ʪʝʦʨʠʠ ʜʣʷ ʫʧʦʨʷʜʦʯʝʥʥʳʭ 

ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚ ʠ ʠʤʝʶʪ ʟʥʘʯʠʪʝʣʴʥʦ ʙʦʣʝʝ ʨʝʟʢʠʡ, ʚʝʨʥʝʝ ʘʢʪʠʚʘʮʠʦʥʥʳʡ 

ʭʘʨʘʢʪʝʨ. ʉ ʨʦʩʪʦʤ ʠʤʝʶʱʝʛʦʩʷ ʤʝʩʪʦ ʧʨʠ 77 ʂ ʟʥʘʯʝʥʠʷ ʪʝʤʥʦʚʦʡ ʫʜʝʣʴʥʦʡ ʧʨʦʚʦʜʠʤʦʩʪʠ (ůʊ0) 

ʧʦʢʘʟʘʪʝʣʴ ʩʪʝʧʝʥʠ ʚ ʟʘʚʠʩʠʤʦʩʪʷʭ ʵʣʝʢʪʨʦʬʠʟʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʦʪ ʊ ʠ ɽ, ʚʝʨʥʝʝ ʟʥʘʯʝʥʠʠ ʵʥʝʨʛʠʠ 

ʘʢʪʠʚʘʮʠʠ ʵʣʝʢʪʨʦʧʨʦʚʦʜʥʦʩʪʠ ʠ ʧʦʜʚʠʞʥʦʩʪʠ ʫʚʝʣʠʯʠʚʘʝʪʩʷ. 

ʇʨʠ ʵʪʦʤ ʟʘʚʠʩʠʤʦʩʪʴ ʢʦʵʬʬʠʮʠʝʥʪʘ ʍʦʣʣʘ (ʠʣʠ ʞʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʩʚʦʙʦʜʥʳʭ ʥʦʩʠʪʝʣʝʡ 

ʟʘʨʷʜʘ) ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ, ʪʝʤʥʦʚʦʡ ʫʜʝʣʴʥʦʡ ʧʨʦʚʦʜʠʤʦʩʪʠ (ůʊ0) ʠ ʫʨʦʚʥʷ ʣʝʛʠʨʦʚʘʥʠʷ (Nʈɿʕ) ʥʝ 

ʥʘʙʣʶʜʘʝʪʩʷ. 

ɸʥʘʣʠʟ ʧʦʣʫʯʝʥʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʩ ʫʯʝʪʦʤ ʩʫʱʝʩʪʚʫʶʱʠʭ ʪʝʦʨʝʪʠʯʝʩʢʠʭ 

ʧʨʝʜʩʪʘʚʣʝʥʠʡ ʦʙ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚʘʭ ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚ, ʘ ʪʘʢʞʝ ʩʫʱʝʩʪʚʫʶʱʠʭ ʢ ʥʘʩʪʦʷʱʝʤʫ 

ʚʨʝʤʝʥʠ ʠʥʬʦʨʤʘʮʠʡ ʦ ʩʪʨʫʢʪʫʨʝ ʠ ʵʣʝʢʪʨʦʥʥʳʭ ʩʚʦʡʩʪʚʘʭ ʢʨʠʩʪʘʣʣʦʚ ɸ
III

B
VI

 ʩʦ ʩʣʦʠʩʪʦʡ 

ʩʪʨʫʢʪʫʨʦʡ ʧʦʟʚʦʣʷʝʪ ʩʢʘʟʘʪʴ, ʯʪʦ ʚʩʝ ʦʙʥʘʨʫʞʝʥʥʳʝ ʘʥʦʤʘʣʠʠ ʵʣʝʢʪʨʦʬʠʟʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʠ 

ʧʘʨʘʤʝʪʨʦʚ, ʧʨʝʞʜʝ ʚʩʝʛʦ, ʦʙʫʩʣʦʚʣʝʥʳ ʩ ʥʘʣʠʯʠʝʤ ʚ ʥʠʭ ʢʨʫʧʥʦʤʘʩʰʪʘʙʥʳʭ ʜʝʬʝʢʪʦʚ. ɺʩʣʝʜʩʪʚʠʝ 

ʯʝʛʦ, ʚ ʩʚʦʙʦʜʥʳʭ ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʟʦʥʘʭ ʦʪʜʝʣʴʥʳʭ ʦʙʨʘʟʮʦʚ ʚʦʟʥʠʢʘʁ ʪ ʨʝʢʦʤʙʠʥʘʮʠʦʥʥʳʝ ʠ 

ʜʨʝʡʬʦʚʳʝ ʙʘʨʴʝʨʳ. ʇʝʨʚʳʝ ʠʟ ʥʠʭ ʚʳʟʳʚʘʶʪ ʘʥʦʤʘʣʠʠ ʚ ʛʝʥʝʨʘʮʠʦʥʥʦ-ʨʝʢʦʤʙʠʥʘʮʠʦʥʥʳʭ 

ʧʨʦʮʝʩʩʘʭ ʚʦʦʙʱʝ, ʠ ʚ ʬʦʪʦʵʣʝʢʪʨʠʯʝʩʢʠʭ ʷʚʣʝʥʠʷʭ ʚ ʯʘʩʪʥʦʩʪʠ. ʉʦ ʚʪʦʨʳʤʠ, ʪ.ʝ. ʜʨʝʡʬʦʚʳʤʠ 

ʙʘʨʴʝʨʘʤʠ, ʛʣʘʚʥʳʤ ʦʙʨʘʟʦʤ, ʩʚʷʟʘʥʳ ʘʥʦʤʘʣʠʠ ʵʣʝʢʪʨʦʬʠʟʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ. 

ʇʨʝʜʣʦʞʝʥʘ ʦʧʠʨʘʶʱʘʷʩʷ ʥʘ ʜʚʫʭʙʘʨʴʝʨʥʫʶ ʵʥʝʨʛʝʪʠʯʝʩʢʫʶ ʤʦʜʝʣʴ ʯʘʩʪʠʯʥʦ-ʥʝʫʧʦ-

ʨʷʜʦʯʝʥʥʦʛʦ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʛʦ ʧʦʣʫʧʨʦʚʦʜʥʠʢʘ ʢʦʥʢʨʝʪʥʘʷ ʵʥʝʨʛʝʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʩ ʩʦʦʪ-

ʚʝʪʩʪʚʫʶʱʠʤʠ ʵʣʝʢʪʨʦʥʥʳʤʠ ʧʝʨʝʭʦʜʘʤʠ, ʢʦʪʦʨʘʷ ʚʧʦʣʥʝ ʚ ʩʠʣʝ ʢʘʯʝʩʪʚʝʥʥʦ ʫʜʦʚʣʝʪʚʦʨʠʪʝʣʴʥʦ 

ʦʙʲʷʩʥʠʪʴ ʚʩʝ ʦʙʥʘʨʫʞʝʥʥʳʝ ʚ ʵʢʩʧʝʨʠʤʝʥʪʝ ʩʧʝʮʠʬʠʯʝʩʢʠʝ (çʘʥʦʤʘʣʴʥʳʝè) ʦʩʦʙʝʥʥʦʩʪʠ 

ʵʣʝʢʪʨʦʬʠʟʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʚ ʧʦʣʫʧʨʦʚʦʜʥʠʢʘʭ ʪʠʧʘ ʢʨʠʩʪʘʣʣʦʚ ʩʦʝʜʠʥʝʥʠʡ ɸ
III

B
V
 ʩʦ ʩʣʦʠʩʪʦʡ 

ʩʪʨʫʢʪʫʨʦʡ.  

ɺʆɿɼɽʁʉʊɺʀɽ ʂʆʅʎɽʅʊʈʀʈʆɺɸʅʅʆɻʆ ʉɺɽʊɸ ʅɸ ɻɽʊɽʈʆʌʆʊʆ-

ʇʈɽʆɹʈɸɿʆɺɸʊɽʃʀ çʇʈʆɿʈɸʏʅʆʁè ʂʆʅʉʊʈʋʂʎʀʀ ʉ GAAS ʈ-N ʇɽʈɽʍʆɼʆʄ 

ɸʙʜʫʢʘʜʳʨʦʚ ʄ.ɸ., ɸʭʤʝʜʦʚʘ ʅ.ɸ., ɻʘʥʠʝʚ ɸ.ʉ., ɼʞʫʤʘʥʠʷʟʦʚ ʀ.ʆ 

ʋʥʠʚʝʨʩʠʪʝʪ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ,  

ʛ. ʊʘʰʢʝʥʪ 

ɺʘʞʥʳʤ ʧʨʝʠʤʫʱʝʩʪʚʦʤ ʛʝʪʝʨʦʬʦʪʦʧʨʝʦʙʨʘʟʦʚʘʪʝʣʝʡ (ɻʌʇ) ʷʚʣʷʝʪʩʷ ʠʭ ʩʧʦʩʦʙʥʦʩʪʴ 

ʵʬʬʝʢʪʠʚʥʦ ʧʨʝʦʙʨʘʟʦʚʳʚʘʪʴ ʢʦʥʮʝʥʪʨʠʨʦʚʘʥʥʦʝ ʩʦʣʥʝʯʥʦʝ ʠʟʣʫʯʝʥʠʝ, ʚʩʣʝʜʩʪʚʠʝ ʯʝʛʦ 

ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦ ʢ ʩʪʝʧʝʥʠ ʢʦʥʮʝʥʪʨʠʚʘʥʠʷ ʩʥʠʞʘʝʪʩʷ ʧʣʦʱʘʜʴ ʠ ʩʪʦʠʤʦʩʪʴ ɻʌʇ [1]. ɺʤʝʩʪʝ ʩ ʪʝʤ, 

ʧʨʝʦʙʨʘʟʦʚʘʥʠʝ ʢʦʥʮʝʥʪʨʠʨʦʚʘʥʥʦʛʦ ʩʚʝʪʘ ʚ ʫʩʣʦʚʠʷʭ ʙʝʟ ʩʧʝʮʠʘʣʴʥʦʛʦ ʦʭʣʘʞʜʝʥʠʷ ɻʌʇ 

ʩʨʘʚʥʠʪʝʣʴʥʦ ʤʘʣʦ ʠʟʫʯʝʥʳ [2]. 

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʥʘʤʠ ʠʩʩʣʝʜʦʚʘʥʳ ɻʌʇ ʩʦ ʩʪʨʫʢʪʫʨʦʡ 

pAl0,8Ga0,2As/pGaAs/nGaAsnAlGaAs/nGaP (ʨʠʩ.ʘ), ʧʦʣʫʯʝʥʥʳʝ ʤʝʪʦʜʦʤ ʞʠʜʢʦʬʘʟʥʦʡ ʵʧʠʪʘʢʩʠʠ. 

ʊʦʣʱʠʥʘ ʩʣʦʷ pGaAs å 0,5é1 ʤʢʤ (2), nGaAså 2é3 ʤʢʤ (3), p ʠ n AlGaAså5 ʤʢʤ (1,4). ʂʦʥʮʝʥʪʨʘʮʠʷ 

ʵʣʝʢʪʨʦʥʦʚ ʠ ʜʳʨʦʢ ʚ ʩʣʦʷʭ n ʠ p-ʪʠʧʘ ʧʨʦʚʦʜʠʤʦʩʪʠ ʙʣʠʟʢʠ ʢ ʟʥʘʯʝʥʠʷʤ, ʦʙʳʯʥʦ ʠʩʧʦʣʴʟʫʝʤʳʤ ʚ 

GaAs/AlGaAs ɻʌʇ. ʆʤʠʯʝʩʢʠʝ ʢʦʥʪʘʢʪʳ ʧʦʣʫʯʝʥʳ ʥʘ ʦʩʥʦʚʝ Ag+Ni. ʂ ʧʦʜʣʦʞʢʝ (5) ʠ ʩʣʦʶ pAlGaAs 

(1), ʙʳʣʠ ʥʘʥʝʩʝʥʳ ʢʦʥʪʘʢʪʳ ʧʦʣʦʩʦʚʦʡ ʬʦʨʤʳ (6,7), ʛʜʝ ʨʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʧʦʣʦʩʘʤʠ ~1 ʤʤ, ʰʠʨʠʥʘ 

ʢʘʞʜʦʡ ʧʦʣʦʩʳ ~ 100 ʤʢʤ. ʉʪʨʫʢʪʫʨʘ ɻʌʇ ʫʩʪʘʥʦʚʣʝʥʘ ʥʘ ʤʝʜʥʳʡ ʜʝʨʞʘʪʝʣʴ ʩʝʪʯʘʪʦʡ ʬʦʨʤʳ ʩ 

ʪʳʣʴʥʦʡ ʩʪʦʨʦʥʳ ʢʨʠʩʪʘʣʣʘ ʠʟ GaP (8).  




