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ɸʂɸɼɽʄʀʂ ɸɿʀʄʆɺ ʉɸɼʓʂ ɸɿʀʄʆɺʀʏ 

ɺ ʧʣʝʷʜʝ ʟʘʤʝʯʘʪʝʣʴʥʳʭ ʫʯʝʥʳʭ, ʩʪʦʷʚʰʠʭ ʫ ʠʩʪʦʢʦʚ ʬʠʟʠʯʝʩʢʦʡ ʥʘʫʢʠ ʚ ʋʟʙʝʢʠʩʪʘʥʝ ʠ 

ʩʚʦʠʤ ʧʣʦʜʦʪʚʦʨʥʳʤ ʪʨʫʜʦʤ ʚʥʝʩʰʠʭ ʦʛʨʦʤʥʳʡ ʚʢʣʘʜ ʚ ʨʘʟʚʠʪʠʝ ʥʘʫʢʠ ʠ ʢʫʣʴʪʫʨʳ ʥʘʰʝʡ ʩʪʨʘʥʳ, 

ʚʠʜʥʦʝ ʤʝʩʪʦ ʟʘʥʠʤʘʝʪ ʉʘʜʳʢ ɸʟʠʤʦʚʠʯ ɸʟʠʤʦʚ ð ʘʢʘʜʝʤʠʢ, ʟʘʩʣʫʞʝʥʥʳʡ ʜʝʷʪʝʣʴ ʥʘʫʢʠ ʠ ʪʝʭʥʠʢʠ 

ʋʟʙʝʢʠʩʪʘʥʘ, ʣʘʫʨʝʘʪ ɻʦʩʫʜʘʨʩʪʚʝʥʥʦʡ ʧʨʝʤʠʠ ʠʤʝʥʠ ɸʙʫ ʈʘʡʭʦʥʘ ɹʝʨʫʥʠ, ʬʠʟʠʢ, ʪʨʫʜʳ ʠ 

ʜʝʷʪʝʣʴʥʦʩʪʴ ʢʦʪʦʨʦʛʦ ʰʠʨʦʢʦ ʠʟʚʝʩʪʥʳ ʚ ʤʠʨʦʚʦʡ ʦʙʱʝʩʪʚʝʥʥʦʩʪʠ. 

ʉʘʜʳʢ ɸʟʠʤʦʚʠʯ ɸʟʠʤʦʚ ʨʦʜʠʣʩʷ ʚ 1914 ʛʦʜʫ ʚ ʛ.ʊʘʰʢʝʥʪʝ. ʉʦʚʤʝʱʘʷ ʫʯʝʙʫ ʥʘ 

ʤʘʪʝʤʘʪʠʯʝʩʢʦʤ ʬʘʢʫʣʴʪʝʪʝ ʊʘʰʢʝʥʪʩʢʦʛʦ ʧʝʜʘʛʦʛʠʯʝʩʢʦʛʦ ʠʥʩʪʠʪʫʪʘ ʩ ʧʨʘʢʪʠʯʝʩʢʦʡ ʨʘʙʦʪʦʡ, 

ʉ.ɸ.ɸʟʠʤʦʚ ʫʞʝ ʩ 19 ʣʝʪ ʥʘʯʘʣ ʧʨʝʧʦʜʘʚʘʪʴ ʤʘʪʝʤʘʪʠʢʫ ʥʘ ʨʘʙʬʘʢʝ ʉʨʝʜʥʝʘʟʠʘʪʩʢʦʛʦ ʭʣʦʧʢʦʚʦʛʦ 

ʠʥʩʪʠʪʫʪʘ. ɺ 1936 ʛʦʜʫ ʦʥ ʧʦʩʪʫʧʠʣ ʥʘ ʬʠʟʠʢʦ-ʤʘʪʝʤʘʪʠʯʝʩʢʠʡ ʬʘʢʫʣʴʪʝʪ ʉʨʝʜʥʝʘʟʠʘʪʩʢʦʛʦ 

ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ ʠ ʫʩʧʝʰʥʦ ʝʛʦ ʦʢʦʥʯʠʣ ʚ 1940 ʛʦʜʫ. ʋʞʝ ʚ ʵʪʠ ʛʦʜʳ ʫ ʥʝʛʦ 

ʧʨʦʷʚʣʷʝʪʩʷ ʪʘʣʘʥʪ ʠʩʩʣʝʜʦʚʘʪʝʣʷ, ʩʪʨʝʤʣʝʥʠʝ ʢ ʥʘʫʯʥʦʡ ʨʘʙʦʪʝ. ʆʛʨʦʤʥʘ ̫ʪʷʛʘ ʢ ʟʥʘʥʠʷʤ ʤʦʣʦʜʦʛʦ 

ʉ.ɸ.ɸʟʠʤʦʚʘ ʙʳʣʘ ʟʘʤʝʯʝʥʘ, ʠ ʦʥ ʙʳʣ ʢʦʤʘʥʜʠʨʦʚʘʥ ʚ ʟʥʘʤʝʥʠʪʳʡ ʌʠʟʠʯʝʩʢʠʡ ʠʥʩʪʠʪʫʪ ʠʤʝʥʠ 

ʇ.ʅ.ʃʝʙʝʜʝʚʘ ɸʢʘʜʝʤʠʠ ʥʘʫʢ ʉʉʉʈ ʚ ʄʦʩʢʚʝ, ʛʜʝ ʥʘʯʘʣ ʩʚʦʶ ʷʨʢʫʶ ʥʘʫʯʥʫʶ ʜʝʷʪʝʣʴʥʦʩʪʴ. ʅʘʜʦ 

ʩʢʘʟʘʪʴ, ʯʪʦ ʚ ʦʩʫʱʝʩʪʚʣʝʥʠʠ ʵʪʦʛʦ ʩʪʨʝʤʣʝʥʠʷ ʉ.ɸ.ɸʟʠʤʦʚʘ ʙʦʣʴʰʫʶ ʨʦʣʴ ʩʳʛʨʘʣ ʘʢʘʜʝʤʠʢ ʉʫʣʪʘʥ 

ʋʤʘʨʦʚʠʯ ʋʤʘʨʦʚ, ʢʦʪʦʨʳʡ ʚ ʪʝ ʛʦʜʳ ʥʝ ʪʦʣʴʢʦ ʷʚʣʷʣʩʷ ʨʝʢʪʦʨʦʤ ʉɸɻʋ, ʥʦ ʠ ʚʝʣ ʥʘʫʯʥʫʶ ʨʘʙʦʪʫ 

ʥʘ ʢʘʬʝʜʨʝ ʪʝʦʨʝʪʠʯʝʩʢʦʡ ʬʠʟʠʢʠ. ʉ.ɸ.ɸʟʠʤʦʚ ʚʩʝʛʜʘ ʩ ʙʦʣʴʰʦʡ ʙʣʘʛʦʜʘʨʥʦʩʪʴʶ ʚʩʧʦʤʠʥʘʣ 

ʧʦʤʦʱʴ ʠ ʧʦʜʜʝʨʞʢʫ ʉ.ʋ.ʋʤʘʨʦʚʘ ʚ ʵʪʠ ʨʝʰʘʶʱʠʝ ʜʣʷ ʥʝʛʦ ʛʦʜʳ. 

ɺ ʄʦʩʢʚʝ ʉʘʜʳʢ ɸʟʠʤʦʚʠʯ ʘʢʪʠʚʥʦ ʦʢʫʥʫʣʩʷ ʚ ʘʪʤʦʩʬʝʨʫ ʵʥʪʫʟʠʘʟʤʘ ʠ ʩʪʨʘʩʪʥʦʛʦ ʥʘʫʯʥʦʛʦ 

ʧʦʠʩʢʘ, ʢʦʪʦʨʘʷ ʙʳʣʘ ʭʘʨʘʢʪʝʨʥʘ ʜʣʷ ʧʝʨʠʦʜʘ ʩʪʘʥʦʚʣʝʥʠʷ ʥʦʚʦʡ ʬʫʥʜʘʤʝʥʪʘʣʴʥʦʡ ʦʙʣʘʩʪʠ 

ʤʠʢʨʦʬʠʟʠʢʠ, ʩʚʷʟʘʥʥʦʡ ʩ ʠʟʫʯʝʥʠʝʤ ʩʚʦʡʩʪʚ ʵʣʝʤʝʥʪʘʨʥʳʭ ʯʘʩʪʠʮ. ɺ ʵʪʦ ʚʨʝʤʷ ʚ ʌʠʟʠʯʝʩʢʦʤ 

ʠʥʩʪʠʪʫʪʝ ɸʅ ʉʉʉʈ ʨʘʙʦʪʘʣʠ ʚʳʜʘʶʱʠʝʩʷ ʬʠʟʠʢʠ, ʘʢʘʜʝʤʠʢʠ ʉ.ʀ.ɺʘʚʠʣʦʚ, ʀ.ʄ.ʌʨʘʥʢ, 

ɺ.ʀ.ɺʝʢʩʣʝʨ, ɻ.ʉ. ʃʘʥʜʩʙʝʨʛ, ʀ.ɽ.ʊʘʤʤ. ʅʘʫʯʥʳʤ ʨʫʢʦʚʦʜʠʪʝʣʝʤ ʉ.ɸ.ɸʟʠʤʦʚʘ ʩʪʘʣ ʘʢʘʜʝʤʠʢ 

ɺ.ʀ.ɺʝʢʩʣʝʨ. ʉ.ɸ.ɸʟʠʤʦʚ ʨʘʙʦʪʘʣ ʙʦʢ ʦ ʙʦʢ ʩ ʪʘʣʘʥʪʣʠʚʳʤʠ, ʪʦʛʜʘ ʪʘʢʠʤʠ ʞʝ ʢʘʢ ʠ ʦʥ ʤʦʣʦʜʳʤʠ 

ʫʯʝʥʳʤʠ ð ʀ.ʃ.ʈʦʟʝʥʪʘʣʝʤ, ɻ.ɹ.ɾʜʘʥʦʚʳʤ, ʄ.ʀ.ʇʦʜʛʦʨʝʮʢʠʤ, ɾ.ʉ.ʊʘʢʠʙʘʝʚʳʤ, ʚʧʦʩʣʝʜʩʪʚʠʠ 

ʩʪʘʚʰʠʤʠ ʧʝʨʚʦʢʣʘʩʩʥʳʤʠ ʬʠʟʠʢʘʤʠ, ʠ ʜʨʫʞʙʫ ʩ ʢʦʪʦʨʳʤʠ ʉʘʜʳʢ ɸʟʠʤʦʚʠʯ ʩʦʭʨʘʥʠʣ ʥʘ ʚʩʶ 

ʞʠʟʥʴ. ʀʥʠʮʠʘʪʠʚʥʳʡ ʠ ʪʚʦʨʯʝʩʢʠʡ ʧʦʠʩʢ ʉ.ɸ. ɸʟʠʤʦʚʘ ʫʚʝʥʯʘʣʩʷ ʢʨʫʧʥʳʤ ʫʩʧʝʭʦʤ ð ʩʦʚʤʝʩʪʥʦ 

ʩʦ ʩʚʦʠʤʠ ʢʦʣʣʝʛʘʤʠ ʠʤ ʙʳʣʦ ʦʪʢʨʳʪʦ ʩʫʱʝʩʪʚʦʚʘʥʠʝ ʥʝʨʘʚʥʦʚʝʩʥʦʡ ʤʷʛʢʦʡ ʢʦʤʧʦʥʝʥʪʳ 

ʢʦʩʤʠʯʝʩʢʠʭ ʣʫʯʝʡ ʠ ʚʳʧʦʣʥʝʥʳ ʢʣʘʩʩʠʯʝʩʢʠʝ ʨʘʙʦʪʳ ʧʦ ʠʩʩʣʝʜʦʚʘʥʠʶ ʝʝ ʩʚʦʡʩʪʚ. ɺʘʞʥʦ ʧʨʠ ʵʪʦʤ 

ʧʦʜʯʝʨʢʥʫʪʴ, ʯʪʦ ʙʦʣʴʰʫʶ ʨʦʣʴ ʚ ʵʪʠʭ ʠʩʩʣʝʜʦʚʘʥʠʷʭ ʩʳʛʨʘʣʘ ʩʦʟʜʘʥʥʘʷ ʉ.ɸ.ɸʟʠʤʦʚʳʤ 

ʦʨʠʛʠʥʘʣʴʥʘʷ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʘʷ ʢʨʫʛʦʚʘʷ ʫʩʪʘʥʦʚʢʘ. 

ʇʦʩʣʝ ʟʘʱʠʪʳ ʢʘʥʜʠʜʘʪʩʢʦʡ ʜʠʩʩʝʨʪʘʮʠʠ ʠ ʚʦʟʚʨʘʱʝʥʠʷ ʚ ʊʘʰʢʝʥʪ ʚ 1948 ʛʦʜʫ ʉ.ɸ. ɸʟʠʤʦʚ 

ʦʨʛʘʥʠʟʦʚʘʣ ʚ ʌʠʟʠʢʦ-ʪʝʭʥʠʯʝʩʢʦʤ ʠʥʩʪʠʪʫʪʝ ɸʢʘʜʝʤʠʠ ʥʘʫʢ ʋʟʙʝʢʠʩʪʘʥʘ ʣʘʙʦʨʘʪʦʨʠʶ 

ʢʦʩʤʠʯʝʩʢʠʭ ʣʫʯʝʡ ʠ ʧʨʠʩʪʫʧʠʣ ʢ ʠʟʫʯʝʥʠʶ ʰʠʨʦʢʦʛʦ ʢʨʫʛʘ ʧʨʦʙʣʝʤ, ʩʚʷʟʘʥʥʳʭ ʩ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝʤ 

ʯʘʩʪʠʮ ʢʦʩʤʠʯʝʩʢʦʛʦ ʠʟʣʫʯʝʥʠʷ ʩ ʚʝʱʝʩʪʚʦʤ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʵʪʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʠʤ ʙʳʣʦ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʫʩʪʘʥʦʚʣʝʥʦ ʩʫʱʝʩʪʚʦʚʘʥʠʝ ʚʳʩʦʢʦʵʥʝʨʛʠʯʥʳʭ ʯʘʩʪʠʮ, ʫʥʦʩʷʱʠʭ ʟʥʘʯʠʪʝʣʴʥʫʶ 

ʜʦʣʶ ʵʥʝʨʛʠʠ ʧʝʨʚʠʯʥʳʭ ʯʘʩʪʠʮ. ʆʥ ʪʘʢʞʝ ʦʙʥʘʨʫʞʠʣ, ʯʪʦ ʦʪʥʦʰʝʥʠʝ ʧʨʦʙʝʛʘ ʧʦʛʣʦʱʝʥʠʷ ʢ 

ʧʨʦʙʝʛʫ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʘʜʨʦʥʦʚ ʚ ʚʝʱʝʩʪʚʝ ʧʨʠʙʣʠʞʝʥʥʦ ʥʝ ʟʘʚʠʩʠʪ ʦʪ ʤʘʩʩʳ ʷʜʝʨ ʚʝʱʝʩʪʚʘ 

ʤʠʰʝʥʠ. ʕʪʠʤʠ ʨʘʙʦʪʘʤʠ ʬʘʢʪʠʯʝʩʢʠ ʙʳʣʠ ʟʘʣʦʞʝʥʳ ʦʩʥʦʚʳ ʥʦʚʦʛʦ ʥʘʫʯʥʦʛʦ ʥʘʧʨʘʚʣʝʥʠʷ ʧʦ 

ʠʩʩʣʝʜʦʚʘʥʠʶ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ ʵʣʝʤʝʥʪʘʨʥʳʭ ʯʘʩʪʠʮ ʧʨʠ ʚʳʩʦʢʠʭ ʵʥʝʨʛʠʷʭ ʚ ʋʟʙʝʢʠʩʪʘʥʝ. 

ɺ 1954 ʛʦʜʫ ʧʦ ʠʥʠʮʠʘʪʠʚʝ ʉ.ɸ. ɸʟʠʤʦʚʘ ʧʨʠ ʊʘʰʢʝʥʪʩʢʦʤ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʤ ʫʥʠʚʝʨʩʠʪʝʪʝ 

ʙʳʣʘ ʩʦʟʜʘʥʘ ʢʘʬʝʜʨʘ ʷʜʝʨʥʦʡ ʬʠʟʠʢʠ ʠ ʢʦʩʤʠʯʝʩʢʠʭ ʣʫʯʝʡ, ʨʫʢʦʚʦʜʠʪʝʣʝʤ ʢʦʪʦʨʦʡ ʦʥ ʦʩʪʘʚʘʣʩʷ ʜʦ 

ʢʦʥʮʘ ʩʚʦʝʡ ʞʠʟʥʠ. ɼʣʷ ʚʳʧʦʣʥʝʥʠʷ ʨʘʟʨʘʙʦʪʦʢ ʚ ʦʙʣʘʩʪʠ ʧʨʠʢʣʘʜʥʦʡ ʷʜʝʨʥʦʡ ʬʠʟʠʢʠ ʉ.ɸ. ɸʟʠʤʦʚ 

ʚ 1956 ʛʦʜʫ ʦʨʛʘʥʠʟʦʚʘʣ ʧʨʠ ʵʪʦʡ ʢʘʬʝʜʨʝ ʧʨʦʙʣʝʤʥʫʶ ʣʘʙʦʨʘʪʦʨʠʶ, ʦʩʥʘʱʝʥʥʫʶ ʙʝʪʘʪʨʦʥʦʤ, ʥʘ 

ʙʘʟʝ ʢʦʪʦʨʦʡ ʚʧʦʩʣʝʜʩʪʚʠʠ ʙʳʣ ʩʦʟʜʘʥ ʀʥʩʪʠʪʫʪ ʧʨʠʢʣʘʜʥʦʡ ʬʠʟʠʢʠ ʊʘʰʢʝʥʪʩʢʦʛʦ 

ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ. 

ʀʤʝʥʥʦ ʚ ʵʪʠ ʛʦʜʳ ʧʦʷʚʠʣʠʩʴ ʥʦʚʳʝ ʩʪʦʨʦʥʳ ʷʨʢʦʛʦ ʜʘʨʦʚʘʥʠʷ ʉʘʜʳʢʘ ɸʟʠʤʦʚʠʯʘ. ʕʪʦ 

ʧʨʝʞʜʝ ʚʩʝʛʦ ʝʛʦ ʦʨʛʘʥʠʟʘʪʦʨʩʢʠʡ ʪʘʣʘʥʪ ʠ ʫʤʝʥʠʝ ʥʘʭʦʜʠʪʴ ʧʝʨʩʧʝʢʪʠʚʥʫʶ ʤʦʣʦʜʝʞʴ, ʩʧʦʩʦʙʥʦʩʪʴ 

ʥʘʧʨʘʚʣʷʪʴ ʝʝ ʧʨʝʜʩʪʘʚʠʪʝʣʝʡ ʥʘ ʨʝʰʝʥʠʝ ʫʟʣʦʚʳʭ ʥʘʫʯʥʳʭ ʧʨʦʙʣʝʤ ʠ ʩʘʤʦʝ ʛʣʘʚʥʦʝ ð ʝʛʦ ʥʘʫʯʥʘʷ 

ʠʥʪʫʠʮʠʷ, ʧʦʟʚʦʣʷʚʰʘʷ ʧʨʝʜʫʛʘʜʳʚʘʪʴ ʥʘʠʙʦʣʝʝ ʧʝʨʩʧʝʢʪʠʚʥʳʝ, ʢʘʢ ʤʳ ʩʝʡʯʘʩ ʛʦʚʦʨʠʤ, ʧʨʦʨʳʚʥʳʝ 



ʈʝʩʧʫʙʣʠʢʘʥʩʢʘ ̫ʢʦʥʬʝʨʝʥʮʠʷ, ʧʦʩʚʷʱʝʥʥʘ ̫100-ʣʝʪʠʶ ʘʢʘʜʝʤʠʢʘ ʉ.ɸ.ɸʟʠʤʦʚʘ 
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ʥʘʧʨʘʚʣʝʥʠʷ ʥʘʫʯʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ. ʅʝʦʙʭʦʜʠʤʦ ʧʦʜʯʝʨʢʥʫʪʴ, ʯʪʦ ʉ.ɸ. ɸʟʠʤʦʚ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ 

ʨʘʟʚʠʚʘʣ ʠ ʫʢʨʝʧʣʷʣ ʩʚʷʟʠ ʤʝʞʜʫ ʚʳʩʰʝʡ ʰʢʦʣʦʡ ʠ ʘʢʘʜʝʤʠʯʝʩʢʦʡ ʥʘʫʢʦʡ, ʫʞʝ ʙʫʜʫʯʠ ʜʠʨʝʢʪʦʨʦʤ 

ʌʠʟʠʢʦ-ʪʝʭʥʠʯʝʩʢʦʛʦ ʠʥʩʪʠʪʫʪʘ ɸʅ ʋʟʙʝʢʠʩʪʘʥʘ. 

ɼʣʷ ʨʝʰʝʥʠʷ ʚʘʞʥʝʡʰʠʭ ʟʘʜʘʯ ʤʠʢʨʦʬʠʟʠʢʠ ʉ.ɸ.ɸʟʠʤʦʚʫ ʫʜʘʣʦʩʴ ʦʙʲʝʜʠʥʠʪʴ ʮʝʣʫʶ ʛʨʫʧʧʫ 

ʠʥʠʮʠʘʪʠʚʥʳʭ ʠ ʪʘʣʘʥʪʣʠʚʳʭ ʤʦʣʦʜʳʭ ʣʶʜʝʡ, ʤʥʦʛʠʝ ʠʟ ʢʦʪʦʨʳʭ ʷʚʣʷʣʠʩʴ ʚʳʧʫʩʢʥʠʢʘʤʠ ʝʛʦ 

ʢʘʬʝʜʨʳ ʠ ʢʦʪʦʨʳʝ ʚʧʦʩʣʝʜʩʪʚʠʠ ʩʘʤʠ ʩʦʟʜʘʣʠ ʩʚʦʠ ʥʘʫʯʥʳʝ ʥʘʧʨʘʚʣʝʥʠʷ ʠ ʰʢʦʣʳ. ʉʨʝʜʠ ʧʝʨʚʳʭ 

ʫʯʝʥʠʢʦʚ ʉ.ɸ.ɸʟʠʤʦʚʘ ʙʳʣʠ B.C.ʄʘʩʘʛʫʪʦʚ ʠ ʈ.ʂʘʨʠʤʦʚ, ʋ.ɻ.ɻʫʣʘʤʦʚ ʠ ɸ.ɸ.ʖʣʜʘʰʝʚ, 

ʊ.ʉ.ʖʣʜʘʰʙʘʝʚ ʠ ɺ.ʄ. ʏʫʜʘʢʦʚ, ʄ.ʉ.ʖʥʫʩʦʚ ʠ ʀ.ʄ.ʏʝʨʥʦʚ, ʖ.ʇ.ʂʨʘʪʝʥʢʦ ʠ ʜʨʫʛʠʝ. 

ʉʣʝʜʫʝʪ ʦʩʦʙʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʉ.ɸ. ɸʟʠʤʦʚ ʯʝʪʢʦ ʧʦʥʠʤʘʣ ʥʝʚʦʟʤʦʞʥʦʩʪʴ ʨʘʟʚʠʪʠʷ ʥʘʫʢʠ ʚ 

ʠʟʦʣʷʮʠʠ, ʯʪʦ ʥʘʫʢʘ ʧʦ ʩʚʦʝʡ ʩʫʪʠ ʷʚʣʷʝʪʩʷ ʠʥʪʝʨʥʘʮʠʦʥʘʣʴʥʦʡ. ʊʘʢ, ʩ ʢʦʥʮʘ 50-ʭ ʛʦʜʦʚ ʉ.ɸ.ɸʟʠʤʦʚ 

ʠ ʝʛʦ ʫʯʝʥʠʢʠ ʥʝ ʪʦʣʴʢʦ ʫʢʨʝʧʣʷʶʪ ʥʘʫʯʥʳʝ ʩʚʷʟʠ ʩ ʌʠʟʠʯʝʩʢʠʤ ʠʥʩʪʠʪʫʪʦʤ ɸʅ ʉʉʉʈ ʚ ʄʦʩʢʚʝ, ʥʦ 

ʠ ʘʢʪʠʚʥʦ ʧʦʜʢʣʶʯʘʶʪʩʷ ʢ ʠʩʩʣʝʜʦʚʘʥʠʷʤ ʚ ʦʙʣʘʩʪʠ ʬʠʟʠʢʠ ʵʣʝʤʝʥʪʘʨʥʳʭ ʯʘʩʪʠʮ ʚʦ ʚʥʦʚʴ 

ʩʦʟʜʘʥʥʦʤ ʆʙʲʝʜʠʥʝʥʥʦʤ ʠʥʩʪʠʪʫʪʝ ʷʜʝʨʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʚ ɼʫʙʥʝ ʠ ʚ ʀʥʩʪʠʪʫʪʝ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʠ ʪʝʦʨʝʪʠʯʝʩʢʦʡ ʬʠʟʠʢʠ ɸʅ ʉʉʉʈ. ɺ ʠʶʣʝ 1956 ʛʦʜʘ ʤʦʣʦʜʦʡ ʜʦʢʪʦʨ ʬʠʟʠʢʦ-

ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʥʘʫʢ ʉ.ɸ.ɸʟʠʤʦʚ ʚʤʝʩʪʝ ʩ ʋ.ɸ.ɸʨʠʬʦʚʳʤ ʚʳʩʪʫʧʠʣ ʠʥʠʮʠʘʪʦʨʦʤ ʩʦʟʜʘʥʠʷ ʚ 

ʋʟʙʝʢʠʩʪʘʥʝ ʀʥʩʪʠʪʫʪʘ ʷʜʝʨʥʦʡ ʬʠʟʠʢʠ. ʇʨʠ ʧʦʜʜʝʨʞʢʝ ʧʨʘʚʠʪʝʣʴʩʪʚʘ ʨʝʩʧʫʙʣʠʢʠ, ʨʫʢʦʚʦʜʩʪʚʘ 

ɸʢʘʜʝʤʠʠ ʥʘʫʢ ʋʟʙʝʢʠʩʪʘʥʘ ʚ ʣʠʮʝ ʘʢʘʜʝʤʠʢʘ ʍ.ʄ.ɸʙʜʫʣʣʘʝʚʘ, ʪʘʢʠʭ ʚʳʜʘʶʱʠʭʩʷ ʫʯʝʥʳʭ ʠ 

ʦʨʛʘʥʠʟʘʪʦʨʦʚ, ʢʘʢ ʘʢʘʜʝʤʠʢʠ ʀ.ɺ. ʂʫʨʯʘʪʦʚ ʠ ʖ.ɹ. ʍʘʨʠʪʦʥ, ʙʳʣʦ ʧʨʠʥʷʪʦ ʨʝʰʝʥʠʝ ʦʙ 

ʦʨʛʘʥʠʟʘʮʠʠ ʧʝʨʚʦʛʦ ʚ ʎʝʥʪʨʘʣʴʥʦʡ ɸʟʠʠ ʮʝʥʪʨʘ ʷʜʝʨʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʩ ʷʜʝʨʥʳʤ ʨʝʘʢʪʦʨʦʤ ʠ 

ʢʦʤʧʣʝʢʩʦʤ ʬʠʟʠʯʝʩʢʠʭ ʫʩʪʘʥʦʚʦʢ. ʇʨʠ ʵʪʦʤ, ʨʘʟʫʤʝʝʪʩʷ, ʥʝʤʘʣʦʚʘʞʥʫʶ ʨʦʣʴ ʩʳʛʨʘʣʦ ʪʦ 

ʦʙʩʪʦʷʪʝʣʴʩʪʚʦ, ʯʪʦ ʚ ʋʟʙʝʢʠʩʪʘʥʝ ʚ ʪʦ ʚʨʝʤʷ ʫʞʝ ʩʫʱʝʩʪʚʦʚʘʣʠ ʥʘʫʯʥʳʝ ʰʢʦʣʳ ʧʨʦʬʝʩʩʦʨʦʚ 

ʋ.ɸ.ɸʨʠʬʦʚʘ, ʉ.ɸ.ɸʟʠʤʦʚʘ ʠ ʉ.ɺ.ʉʪʘʨʦʜʫʙʮʝʚʘ. ʉʦʪʨʫʜʥʠʯʝʩʪʚʦ ʵʪʠʭ ʫʯʝʥʳʭ ʚ ʦʨʛʘʥʠʟʘʮʠʠ 

ʀʥʩʪʠʪʫʪʘ ʷʜʝʨʥʦʡ ʬʠʟʠʢʠ, ʚ ʧʦʜʙʦʨʝ ʥʘʫʯʥʳʭ ʢʘʜʨʦʚ, ʦʧʨʝʜʝʣʝʥʠʠ ʪʝʤʘʪʠʢʠ ʠ ʦʩʥʦʚʥʳʭ 

ʥʘʧʨʘʚʣʝʥʠʡ ʥʘʫʯʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ, ʦʩʦʙʝʥʥʦ ʚ ʥʝʣʝʛʢʠʡ ʧʝʨʠʦʜ ʩʪʨʦʠʪʝʣʴʩʪʚʘ ʀʥʩʪʠʪʫʪʘ ʠ 

ʩʦʟʜʘʥʠʷ ʚ ʥʝʤ ʥʝʦʙʭʦʜʠʤʦʡ ʤʘʪʝʨʠʘʣʴʥʦ-ʪʝʭʥʠʯʝʩʢʦʡ ʙʘʟʳ ʠ ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ, ʦʙʝʩʧʝʯʠʣʦ 

ʧʨʦʯʥʳʡ ʬʫʥʜʘʤʝʥʪ ʜʘʣʴʥʝʡʰʝʛʦ ʨʘʟʚʠʪʠʷ ʷʜʝʨʥʦʡ ʬʠʟʠʢʠ ʚ ʋʟʙʝʢʠʩʪʘʥʝ. 

ɺ ʧʝʨʠʦʜ ʩ 1962 ʧʦ 1966 ʛʦʜʳ, ʷʚʣʷʷʩʴ ʜʠʨʝʢʪʦʨʦʤ ʀʥʩʪʠʪʫʪʘ ʷʜʝʨʥʦʡ ʬʠʟʠʢʠ, ʉ.ɸ.ɸʟʠʤʦʚ ʥʝ 

ʪʦʣʴʢʦ ʫʢʨʝʧʣʷʣ ʠ ʨʘʟʚʠʚʘʣ ʥʘʧʨʘʚʣʝʥʠʷ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʚ ʦʙʣʘʩʪʠ ʷʜʝʨʥʦʡ 

ʬʠʟʠʢʠ, ʥʦ ʠ ʩʧʦʩʦʙʩʪʚʦʚʘʣ ʰʠʨʦʢʦʤʫ ʚʥʝʜʨʝʥʠʶ ʷʜʝʨʥʦ-ʬʠʟʠʯʝʩʢʠʭ ʤʝʪʦʜʦʚ ʠ ʨʘʟʨʘʙʦʪʦʢ ʚ 

ʜʨʫʛʠʭ ʦʙʣʘʩʪʷʭ ʥʘʫʢʠ, ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʠ ʩʝʣʴʩʢʦʤ ʭʦʟʷʡʩʪʚʝ. ʈʘʟʫʤʝʝʪʩʷ, ʚ ʵʪʠ ʛʦʜʳ ʰʠʨʦʪʘ 

ʥʘʫʯʥʳʭ ʠʥʪʝʨʝʩʦʚ, ʛʣʫʙʠʥʘ ʚʠʜʝʥʠʷ ʬʠʟʠʯʝʩʢʠʭ ʧʨʦʙʣʝʤ ʉ.ɸ. ɸʟʠʤʦʚʘ ʯʨʝʟʚʳʯʘʡʥʦ ʚʦʟʨʦʩʣʠ. ʆʥ 

ʜʝʨʞʘʣ ʚ ʧʦʣʝ ʟʨʝʥʠʷ ʠ ʬʠʟʠʢʫ ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚ, ʠ ʧʨʦʙʣʝʤʳ ʷʜʝʨʥʦʡ ʬʠʟʠʢʠ ʥʠʟʢʠʭ ʠ 

ʧʨʦʤʝʞʫʪʦʯʥʳʭ ʵʥʝʨʛʠʡ, ʠ ʚʦʧʨʦʩʳ ʘʢʪʠʚʘʮʠʦʥʥʦʛʦ ʘʥʘʣʠʟʘ, ʥʦ ʛʣʘʚʥʳʤ ʜʝʣʦʤ ʝʛʦ ʞʠʟʥʠ 

ʧʨʦʜʦʣʞʘʣʘ ʦʩʪʘʚʘʪʴʩʷ ʷʜʝʨʥʘʷ ʬʠʟʠʢʘ ʚʳʩʦʢʠʭ ʵʥʝʨʛʠʡ.  

ɺ ʀʥʩʪʠʪʫʪʝ ʷʜʝʨʥʦʡ ʬʠʟʠʢʠ ɸʅ ʋʟʙʝʢʠʩʪʘʥʘ ʩʦʟʜʘʝʪʩʷ ʦʪʜʝʣ ʬʠʟʠʢʠ ʚʳʩʦʢʠʭ ʵʥʝʨʛʠʡ, ʚʦ 

ʛʣʘʚʝ ʣʘʙʦʨʘʪʦʨʠʡ ʢʦʪʦʨʦʛʦ ʩʪʘʥʦʚʷʪʩʷ ʙʣʠʞʘʡʰʠʝ ʫʯʝʥʠʢʠ ʉ.ɸ.ɸʟʠʤʦʚʘ. ɼʣʷ ʫʛʣʫʙʣʝʥʠʷ 

ʠʩʩʣʝʜʦʚʘʥʠʡ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʯʘʩʪʠʮ ʢʦʩʤʠʯʝʩʢʦʛʦ ʠʟʣʫʯʝʥʠʷ ʩʚʝʨʭʚʳʩʦʢʠʭ ʵʥʝʨʛʠʡ ʩʦʟʜʘʝʪʩʷ 

ʚʳʩʦʢʦʛʦʨʥʘʷ ʫʩʪʘʥʦʚʢʘ ʥʘ ʩʪʘʥʮʠʠ ʂʫʤʙʝʣ, ʩʪʘʚʷʪʩʷ ʵʢʩʧʝʨʠʤʝʥʪʳ ʥʘ ʩʠʥʭʨʦʬʘʟʘʪʨʦʥʝ ʚ ɼʫʙʥʝ, 

ʥʘʯʠʥʘʝʪ ʨʘʟʚʠʚʘʪʴʩʷ ʤʝʪʦʜʠʢʘ ʧʫʟʳʨʴʢʦʚʳʭ ʢʘʤʝʨ. 

ʈʝʟʫʣʴʪʘʪʳ ʩʚʦʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʉ.ɸ.ɸʟʠʤʦʚ ʠ ʝʛʦ ʫʯʝʥʠʢʠ ʜʦʢʣʘʜʳʚʘʶʪ ʥʘ ʢʨʫʧʥʳʭ 

ʤʝʞʜʫʥʘʨʦʜʥʳʭ ʢʦʥʬʝʨʝʥʮʠʷʭ, ʫʩʪʘʥʘʚʣʠʚʘʶʪʩʷ ʩʚʷʟʠ ʩ ɽʚʨʦʧʝʡʩʢʠʤ ʮʝʥʪʨʦʤ ʷʜʝʨʥʳʭ 

ʠʩʩʣʝʜʦʚʘʥʠʡ ʎɽʈʅ ʙʣʠʟ ɾʝʥʝʚʳ. ʅʘʫʯʥʘʷ ʰʢʦʣʘ ʚ ʦʙʣʘʩʪʠ ʬʠʟʠʢʠ ʚʳʩʦʢʠʭ ʵʥʝʨʛʠʡ, ʩʦʟʜʘʥʥʘʷ 

ʉ.ɸ. ɸʟʠʤʦʚʳʤ, ʧʦʣʫʯʠʣʘ ʰʠʨʦʢʦʝ ʤʠʨʦʚʦʝ ʧʨʠʟʥʘʥʠʝ ʙʣʘʛʦʜʘʨʷ ʨʘʙʦʪʘʤ ʧʦ ʠʩʩʣʝʜʦʚʘʥʠʶ 

ʧʨʦʮʝʩʩʦʚ ʫʧʨʫʛʦʛʦ ʨʘʩʩʝʷʥʠʷ ʘʜʨʦʥʦʚ, ʥʝʫʧʨʫʛʦʡ ʜʠʬʨʘʢʮʠʠ ʧʠʦʥʦʚ ʥʘ ʷʜʨʘʭ, ʦʪʢʨʳʪʠʶ 

ʢʦʛʝʨʝʥʪʥʦʡ ʜʠʬʨʘʢʮʠʦʥʥʦʡ ʜʠʩʩʦʮʠʘʮʠʠ ʧʨʦʪʦʥʦʚ, ʠʩʩʣʝʜʦʚʘʥʠʷʤ ʥʝʫʧʨʫʛʠʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ 

ʯʘʩʪʠʮ ʠ ʷʜʝʨ ʩ ʷʜʨʘʤʠ. ɺ ʯʘʩʪʥʦʩʪʠ, ʚ 1964 ʛʦʜʫ ʙʳʣʦ ʦʪʢʨʳʪʦ ʷʚʣʝʥʠʝ ʩʫʞʝʥʠʷ ʜʠʬʨʘʢʮʠʦʥʥʦʛʦ 

ʢʦʥʫʩʘ ʚ ʫʧʨʫʛʦʤ ʧʨʦʪʦʥ-ʧʨʦʪʦʥʥʦʤ ʨʘʩʩʝʷʥʠʠ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʪʝʦʨʝʪʠʯʝʩʢʠʭ ʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ 

ʠʩʩʣʝʜʦʚʘʥʠʡ ʙʳʣʘ ʫʩʪʘʥʦʚʣʝʥʘ ʦʙʱʘʷ ʩʪʨʫʢʪʫʨʘ ʠ ʦʧʨʝʜʝʣʝʥʳ ʦʩʥʦʚʥʳʝ ʤʝʭʘʥʠʟʤʳ ʧʨʦʮʝʩʩʦʚ 

ʤʥʦʞʝʩʪʚʝʥʥʦʛʦ ʦʙʨʘʟʦʚʘʥʠʷ ʯʘʩʪʠʮ ʥʘ ʷʜʨʘʭ. ʊʘʢ, ʙʳʣʦ ʜʦʢʘʟʘʥʦ ʥʘʣʠʯʠʝ ʟʥʘʯʠʪʝʣʴʥʳʭ ʢʘʩʢʘʜʥʳʭ 

ʵʬʬʝʢʪʦʚ ʣʠʰʴ ʚ ʦʙʣʘʩʪʠ ʬʨʘʛʤʝʥʪʘʮʠʠ ʷʜʨʘ ʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʦʙʥʘʨʫʞʝʥʦ ʩʫʱʝʩʪʚʝʥʥʦʝ 

ʚʣʠʷʥʠʝ ʵʬʬʝʢʪʦʚ ʥʝʫʧʨʫʛʠʭ ʧʨʦʤʝʞʫʪʦʯʥʳʭ ʩʦʩʪʦʷʥʠʡ ʥʘ ʬʦʨʤʠʨʦʚʘʥʠʝ ʠʥʢʣʶʟʠʚʥʳʭ ʩʧʝʢʪʨʦʚ ʚ 

ʦʙʣʘʩʪʠ ʬʨʘʛʤʝʥʪʘʮʠʠ ʘʜʨʦʥʘ-ʩʥʘʨʷʜʘ. 

ɹʳʣʦ ʦʙʥʘʨʫʞʝʥʦ ʛʣʫʙʦʢʦʝ ʧʦʜʦʙʠʝ ʩʚʦʡʩʪʚ ʩʠʩʪʝʤ ʚʪʦʨʠʯʥʳʭ ʘʜʨʦʥʦʚ, ʨʦʞʜʝʥʥʳʭ ʚ ʣʝʧʪʦʥ-

ʷʜʝʨʥʳʭ ʠ ʘʜʨʦʥ-ʷʜʝʨʥʳʭ ʩʦʫʜʘʨʝʥʠʷʭ ʧʨʠ ʵʢʚʠʚʘʣʝʥʪʥʳʭ ʵʥʝʨʛʠʷʭ, ʧʝʨʝʜʘʥʥʳʭ ʘʜʨʦʥʥʦʡ ʩʠʩʪʝʤʝ, 

ʯʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʦʚʘʣʦ ʦ ʩʫʱʝʩʪʚʦʚʘʥʠʠ ʝʜʠʥʦʛʦ ʤʝʭʘʥʠʟʤʘ ʘʜʨʦʥʠʟʘʮʠʠ ʧʨʠ ʩʣʘʙʳʭ ʠ ʩʠʣʴʥʳʭ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷʭ. 
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ɺ 1966 ʛʦʜʫ ʉ.ɸ.ɸʟʠʤʦʚ ʚʥʦʚʴ ʚʦʟʛʣʘʚʠʣ ʌʠʟʠʢʦ-ʪʝʭʥʠʯʝʩʢʠʡ ʠʥʩʪʠʪʫʪ ɸʅ ʋʟʙʝʢʠʩʪʘʥʘ, 

ʜʠʨʝʢʪʦʨʦʤ ʢʦʪʦʨʦʛʦ ʦʥ ʦʩʪʘʚʘʣʩʷ ʜʦ ʢʦʥʮʘ ʩʚʦʝʡ ʞʠʟʥʠ. 

ʉ.ɸ. ɸʟʠʤʦʚ ʦʩʫʱʝʩʪʚʣʷʣ ʨʫʢʦʚʦʜʩʪʚʦ ʢʦʤʧʣʝʢʩʥʳʤʠ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʤʠ ʠ ʧʨʠʢʣʘʜʥʳʤʠ 

ʠʩʩʣʝʜʦʚʘʥʠʷʤʠ ʬʠʟʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ ʚ ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚʳʭ ʤʘʪʝʨʠʘʣʘʭ, ʧʣʝʥʢʘʭ ʠ ʧʨʠʙʦʨʥʳʭ 

ʩʪʨʫʢʪʫʨʘʭ. ɽʩʣʠ ʩ ʥʘʫʯʥʦʡ ʪʦʯʢʠ ʟʨʝʥʠʷ ʝʛʦ ʦʩʦʙʦ ʠʥʪʝʨʝʩʦʚʘʣʠ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʝ ʧʨʦʮʝʩʩʳ 

ʬʦʪʦʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʵʥʝʨʛʠʠ ʠ ʤʝʭʘʥʠʟʤʳ ʚʣʠʷʥʠʷ ʨʘʟʣʠʯʥʳʭ ʚʦʟʜʝʡʩʪʚʠʡ ʥʘ 

ʩʚʦʡʩʪʚʘ ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚʳʭ ʤʘʪʝʨʠʘʣʦʚ ʠ ʩʪʨʫʢʪʫʨ, ʪʦ ʩ ʦʨʛʘʥʠʟʘʮʠʦʥʥʦʡ ʪʦʯʢʠ ʟʨʝʥʠʷ ʦʥ ʦʩʦʙʦʝ 

ʚʥʠʤʘʥʠʝ ʫʜʝʣʷʣ ʫʢʨʝʧʣʝʥʠʶ ʢʘʜʨʦʚʦʛʦ ʠ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʦʛʦ ʧʦʪʝʥʮʠʘʣʘ ʀʥʩʪʠʪʫʪʘ, ʰʠʨʦʢʦʤʫ 

ʧʨʘʢʪʠʯʝʩʢʦʤʫ ʠʩʧʦʣʴʟʦʚʘʥʠʶ ʥʘʫʯʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ. ʀʤʝʥʥʦ ʥʘ ʨʝʰʝʥʠʝ ʵʪʠʭ ʥʘʫʯʥʳʭ ʠ 

ʦʨʛʘʥʠʟʘʮʠʦʥʥʳʭ ʟʘʜʘʯ ʦʥ ʦʨʠʝʥʪʠʨʦʚʘʣ ʩʚʦʠʭ ʤʦʣʦʜʳʭ ʪʘʣʘʥʪʣʠʚʳʭ ʫʯʝʥʠʢʦʚ ʈ.ɸ.ʄʫʤʠʥʦʚʘ, 

ʉ.ʍ.ʐʘʤʠʨʟʘʝʚʘ, ʈ.ʗ.ʗʬʘʩʦʚʘ, ʄ.ʄ.ʄʠʨʟʘʙʘʝʚʘ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʦʙʰʠʨʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ 

ʉ.ɸ.ɸʟʠʤʦʚʘ ʠ ʝʛʦ ʫʯʝʥʠʢʦʚ ʙʳʣʠ ʚʳʧʦʣʥʝʥʳ ʚʘʞʥʳʝ ʧʨʘʢʪʠʯʝʩʢʠʝ ʨʘʟʨʘʙʦʪʢʠ, ʧʦʟʚʦʣʠʚʰʠʝ 

ʥʘʣʘʜʠʪʴ ʚ ʀʥʩʪʠʪʫʪʝ ʧʨʦʠʟʚʦʜʩʪʚʦ ʰʠʨʦʢʦʛʦ ʢʣʘʩʩʘ ʬʦʪʦʧʨʝʦʙʨʘʟʦʚʘʪʝʣʝʡ ʠ ʜʝʪʝʢʪʦʨʦʚ ʷʜʝʨʥʦʛʦ 

ʠʟʣʫʯʝʥʠʷ ʜʣʷ ʢʦʩʤʠʯʝʩʢʦʛʦ ʠ ʥʘʟʝʤʥʦʛʦ ʧʨʠʤʝʥʝʥʠʷ. 

ɹʦʣʴʰʫʶ ʨʦʣʴ ʚ ʨʘʟʚʠʪʠʠ ʥʘʫʯʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʠ ʨʘʟʨʘʙʦʪʦʢ ʚ ʦʙʣʘʩʪʠ ʬʠʟʠʢʠ 

ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚ ʩʳʛʨʘʣʦ ʩʦʪʨʫʜʥʠʯʝʩʪʚʦ ʉ.ɸ.ɸʟʠʤʦʚʘ ʩ ʘʢʘʜʝʤʠʢʦʤ ʕ.ʀ.ɸʜʠʨʦʚʠʯʝʤ, ʘ ʪʘʢʞʝ ʩ 

ʄ.ʉ.ʉʘʠʜʦʚʳʤ, ɸ.ʀ.ʃʶʪʦʚʠʯʝʤ. 

ʋ ʉʘʜʳʢʘ ɸʟʠʤʦʚʠʯʘ ʙʳʣʦ ʤʥʦʛʦ ʫʯʝʥʠʢʦʚ, ʢʦʪʦʨʳʤ ʦʥ ʚʩʝʛʜʘ ʧʦʤʦʛʘʣ, ʛʦʨʜʠʣʩʷ ʠʭ 

ʫʩʧʝʭʘʤʠ. ʆʩʦʙʝʥʥʦ ʙʣʠʟʢʠ ʝʤʫ ʙʳʣʠ ʫʯʝʥʠʢʠ, ʩ ʢʦʪʦʨʳʤʠ ʦʥ ʥʘʯʘʣ ʨʘʟʚʠʚʘʪʴ ʷʜʝʨʥʫʶ ʬʠʟʠʢʫ ʚ 

ʋʟʙʝʢʠʩʪʘʥʝ ï ʋʣʫʛ ɻʫʣʘʤʦʚ, ɸʥʚʘʨ ʖʣʜʘʰʝʚ, ʖʨʠʡ ʂʨʘʪʝʥʢʦ, ɺʠʢʪʦʨ ʏʫʜʘʢʦʚ, ʊʦʡʤʘʩ 

ʖʣʜʘʰʙʘʝʚ ʠ ʜʨʫʛʠʝ, ʘ ʪʘʢʞʝ ʇʫʣʘʪ ʈʠʩʢʠʝʚ, ʉʫʣʪʘʥ ʉʫʣʝʡʤʘʥʦʚ, ʀʣʴʭʦʤ ʇʠʨʤʘʪʦʚ, ʩ ʢʦʪʦʨʳʤʠ 

ʦʥ ʨʘʙʦʪʘʣ ʥʘʜ ʧʨʦʝʢʪʦʤ ɹʦʣʴʰʦʡ ʩʦʣʥʝʯʥʦʡ ʧʝʯʠ. ɺ 70-80-ʝ ʛʦʜʳ ʛʨʫʧʧʘ ʝʛʦ ʫʯʝʥʠʢʦʚ ʟʘʱʠʪʠʣʘ 

ʜʦʢʪʦʨʩʢʠʝ ʜʠʩʩʝʨʪʘʮʠʠ. ʉʨʝʜʠ ʥʠʭ ï ʂʘʜʳʨ ɻʫʣʘʤʦʚ, ɹʝʭʟʦʜ ʖʣʜʘʰʝʚ, ʈʘʤʠʟ ʄʫʤʠʥʦʚ ʠ ʜʨʫʛʠʝ.  

ʉ.ɸ.ɸʟʠʤʦʚ ʩʳʛʨʘʣ ʙʦʣʴʰʫʶ ʨʦʣʴ ʚ ʬʦʨʤʠʨʦʚʘʥʠʠ ʠ ʨʘʟʚʠʪʠʠ ʬʠʟʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʚ 

ʉʘʤʘʨʢʘʥʜʝ, ʌʝʨʛʘʥʝ, ɹʫʭʘʨʝ. ʋ ʥʝʛʦ ʙʳʣʦ ʤʥʦʛʦ ʫʯʝʥʠʢʦʚ ʚʦ ʤʥʦʛʠʭ ʦʙʣʘʩʪʷʭ ʬʠʟʠʢʠ, ʚ ʢʦʪʦʨʳʭ 

ʦʥ ʨʘʙʦʪʘʣ. ɼʦʩʪʘʪʦʯʥʦ ʩʢʘʟʘʪʴ, ʯʪʦ ʩʨʝʜʠ ʫʯʝʥʠʢʦʚ ʉ.ɸ. ɸʟʠʤʦʚʘ ð 13 ʣʘʫʨʝʘʪʦʚ ɻʦʩʫʜʘʨʩʪʚʝʥʥʦʡ 

ʧʨʝʤʠʠ ʠʤʝʥʠ ɸʙʫ ʈʘʡʭʦʥʘ ɹʝʨʫʥʠ ʈʝʩʧʫʙʣʠʢʠ ʋʟʙʝʢʠʩʪʘʥ, ʘ ʪʘʢʞʝ ɻʦʩʫʜʘʨʩʪʚʝʥʥʦʡ ʧʨʝʤʠʠ ʈʋʟ ʚ 

ʦʙʣʘʩʪʠ ʥʘʫʢʠ ʠ ʪʝʭʥʠʢʠ. 

ɺ ʥʘʯʘʣʝ 70-ʭ ʛʦʜʦʚ ʉ.ɸ. ɸʟʠʤʦʚ ʦʙʨʘʱʘʝʪʩʷ ʢ ʧʨʦʙʣʝʤʘʤ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʩʦʣʥʝʯʥʦʡ ʵʥʝʨʛʠʠ, 

ʧʨʠʯʝʤ ʠ ʟʜʝʩʴ ʦʥ ʧʦʜʭʦʜʠʪ ʩ ʦʨʠʛʠʥʘʣʴʥʳʭ ʧʦʟʠʮʠʡ ʩʦ ʩʚʦʡʩʪʚʝʥʥʦʡ ʝʤʫ ʩʤʝʣʦʩʪʴʶ, ʛʣʫʙʠʥʦʡ 

ʧʦʩʪʘʥʦʚʢʠ ʧʨʦʙʣʝʤʳ ʠ ʰʠʨʦʪʦʡ ʟʘʤʳʩʣʘ. ʕʪʠ ʚʦʧʨʦʩʳ ʦʥ ʦʙʩʫʞʜʘʝʪ ʩ ʚʝʜʫʱʠʤʠ ʩʧʝʮʠʘʣʠʩʪʘʤʠ 

ʩʪʨʘʥʳ. 

ʉ.ɸ. ɸʟʠʤʦʚ ʚʳʩʪʫʧʠʣ ʩ ʧʨʝʜʣʦʞʝʥʠʝʤ ʦ ʩʪʨʦʠʪʝʣʴʩʪʚʝ ʚ ʋʟʙʝʢʠʩʪʘʥʝ ɹʦʣʴʰʦʡ ʩʦʣʥʝʯʥʦʡ 

ʧʝʯʠ ʪʝʧʣʦʚʦʡ ʤʦʱʥʦʩʪʴʶ ʚ 1 ʄɺʪ. ʕʪʦ ʦʟʥʘʯʘʣʦ, ʯʪʦ ʧʨʝʜʣʘʛʘʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʪʴ ʵʥʝʨʛʠʶ 

ʩʦʣʥʝʯʥʦʛʦ ʠʟʣʫʯʝʥʠʷ ʜʣʷ ʮʝʣʝʡ ʤʘʪʝʨʠʘʣʦʚʝʜʝʥʠʷ ð ʩʦʟʜʘʥʠʷ ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʠ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʩʚʦʡʩʪʚ ʤʘʪʝʨʠʘʣʦʚ ʠ ʢʦʥʩʪʨʫʢʮʠʡ ʚ ʫʩʣʦʚʠʷʭ ʪʝʧʣʦʚʳʭ ʫʜʘʨʦʚ. 

ɺ ʌʠʟʠʢʦ-ʪʝʭʥʠʯʝʩʢʦʤ ʠʥʩʪʠʪʫʪʝ ʩʦʟʜʘʝʪʩʷ ʣʘʙʦʨʘʪʦʨʠʷ, ʘ ʟʘʪʝʤ ʠ ʦʪʜʝʣ 

ʛʝʣʠʦʤʘʪʝʨʠʘʣʦʚʝʜʝʥʠʷ, ʢ ʨʘʙʦʪʝ ʚ ʢʦʪʦʨʦʤ ʉ.ɸ.ɸʟʠʤʦʚ ʧʨʠʚʣʝʢʘʝʪ ʩʚʦʠʭ ʫʯʝʥʠʢʦʚ, ʟʘʥʠʤʘʚʰʠʭʩʷ 

ʨʘʥʝʝ ʜʨʫʛʠʤʠ ʧʨʦʙʣʝʤʘʤʠ: ʊ.ʊ.ʈʠʩʢʠʝʚʘ, ʉ.ʍ.ʉʫʣʝʡʤʘʥʦʚʘ, ʈ.ʍ.ʈʘʭʠʤʦʚʘ, ɻ.ʊ.ɸʜʳʣʦʚʘ, 

ɼ.ɼ.ɻʫʣʷʤʦʚʫ, ʀ.ʀ. ʇʠʨʤʘʪʦʚʘ. ʊʝʤ ʩʘʤʳʤ ʉ.ɸ.ɸʟʠʤʦʚ ʧʦʣʦʞʠʣ ʥʘʯʘʣʦ ʥʦʚʦʤʫ ʥʘʧʨʘʚʣʝʥʠʶ ʥʘʫʢʠ 

ʠ ʪʝʭʥʦʣʦʛʠʠ ʚ ʩʪʨʘʥʝ ï ʩʦʣʥʝʯʥʦʤʫ ʤʘʪʝʨʠʘʣʦʚʝʜʝʥʠʶ ʠ ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʳʤ ʩʦʣʥʝʯʥʳʤ 

ʪʝʭʥʦʣʦʛʠʷʤ. 

ʇʨʝʜʣʦʞʝʥʠʝ ʉ.ɸ.ɸʟʠʤʦʚʘ ʦ ʨʘʟʚʠʪʠʠ ʛʝʣʠʦʤʘʪʝʨʠʘʣʦʚʝʜʝʥʠʷ ʠ ʦ ʩʪʨʦʠʪʝʣʴʩʪʚʝ ɹʦʣʴʰʦʡ 

ʩʦʣʥʝʯʥʦʡ ʧʝʯʠ ʧʦʣʫʯʠʣʦ ʧʦʜʜʝʨʞʢʫ ʧʨʘʚʠʪʝʣʴʩʪʚʘ ʩʪʨʘʥʳ ʠ ʨʝʩʧʫʙʣʠʢʠ, ʣʠʯʥʦ ʐ.ʈ.ʈʘʰʠʜʦʚʘ. 

ɹʦʣʴʰʫʶ ʧʦʤʦʱʴ ʠ ʧʦʜʜʝʨʞʢʫ ʚʦ ʚʩʝʤ ʧʨʦʮʝʩʩʝ ʨʝʘʣʠʟʘʮʠʠ ʵʪʦʛʦ ʫʥʠʢʘʣʴʥʦʛʦ ʧʨʦʝʢʪʘ ʦʢʘʟʘʣ 

ʇʨʝʟʠʜʝʥʪ ʈʝʩʧʫʙʣʠʢʠ ʋʟʙʝʢʠʩʪʘʥ ʀ.ɸ.ʂʘʨʠʤʦʚ, ʢʦʪʦʨʳʡ ʚ ʪʦ ʚʨʝʤʷ ʨʘʙʦʪʘʣ ʟʘʤʝʩʪʠʪʝʣʝʤ 

ʧʨʝʜʩʝʜʘʪʝʣʷ ɻʦʩʧʣʘʥʘ ʨʝʩʧʫʙʣʠʢʠ ʠ ʢʫʨʠʨʦʚʘʣ ʚʦʧʨʦʩʳ ʨʘʟʚʠʪʠʷ ʥʘʫʢʠ. ʉʪʨʦʠʪʝʣʴʩʪʚʦ ʦʙʲʝʢʪʘ 

ñʉʦʣʥʮʝò ʚ ʇʘʨʢʝʥʪʩʢʦʤ ʨʘʡʦʥʝ ʊʘʰ-ʢʝʥʪʩʢʦʡ ʦʙʣʘʩʪʠ ʙʳʣʦ ʥʘʯʘʪʦ ʚ 1981 ʛ. ʠ ʟʘʚʝʨʰʝʥʦ ʚ 1987 

ʛʦʜʫ. ʉ.ɸ. ɸʟʠʤʦʚ ʙʳʣ ʧʦʜʣʠʥʥʦʡ ʜʫʰʦʡ ʚʩʝʛʦ ʧʨʦʝʢʪʘ. ʆʥ ʫʤʝʣ ʩʦʟʜʘʪʴ ʧʦ-ʥʘʩʪʦʷʱʝʤʫ 

ʪʚʦʨʯʝʩʢʫʶ ʦʙʩʪʘʥʦʚʢʫ, ʧʦʣʥʫʶ ʵʥʪʫʟʠʘʟʤʘ, ʢʦʛʜʘ ʢʘʞʜʳʡ, ʢʪʦ ʪʘʢ ʠʣʠ ʠʥʘʯʝ ʙʳʣ ʚʦʚʣʝʯʝʥ ʚ 

ʥʝʟʥʘʢʦʤʳʝ ʝʤʫ ʨʘʥʝʝ ʩʣʦʞʥʝʡʰʠʝ ʧʨʦʙʣʝʤʳ ʧʨʦʝʢʪʘ, ʚʥʝ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʪʦʛʦ, ʢʘʩʘʣʦʩʴ ʣʠ ʵʪʦ 

ʯʠʩʪʦ ʥʘʫʯʥʳʭ ʧʨʦʙʣʝʤ ʛʝʣʠʦʤʘʪʝʨʠʘʣʦʚʝʜʝʥʠʷ ʠʣʠ ʠʥʞʝʥʝʨʥʳʭ ʨʘʩʯʝʪʦʚ ʢʦʥʩʪʨʫʢʮʠʡ ʩʦʣʥʝʯʥʦʡ 

ʧʝʯʠ, ʣʠʙʦ ʩʫʛʫʙʦ ʩʥʘʙʞʝʥʯʝʩʢʠʭ ʚʦʧʨʦʩʦʚ ʙʦʣʴʰʦʡ ʩʪʨʦʡʢʠ, ʦʪʜʘʚʘʣ ʨʘʙʦʪʝ ʚʩʝ ʩʚʦʠ ʩʠʣʳ ʠ 

ʩʧʦʩʦʙʥʦʩʪʠ. ɺ 1986 ʛʦʜʫ ʥʘ ʙʘʟʝ ʌʠʟʠʢʦ-ʪʝʭʥʠʯʝʩʢʦʛʦ ʠʥʩʪʠʪʫʪʘ ʠ ɹʦʣʴʰʦʡ ʩʦʣʥʝʯʥʦʡ ʧʝʯʠ ʧʦ 

ʠʥʠʮʠʘʪʠʚʝ ʉ.ɸ. ɸʟʠʤʦʚʘ ʙʳʣʦ ʦʨʛʘʥʠʟʦʚʘʥʦ ʅʇʆ ñʌʠʟʠʢʘ-ʉʦʣʥʮʝò ɸʢʘʜʝʤʠʠ ʥʘʫʢ ʋʟʙʝʢʠʩʪʘʥʘ, 

ʛʝʥʝʨʘʣʴʥʳʤ ʜʠʨʝʢʪʦʨʦʤ ʢʦʪʦʨʦʛʦ ʦʥ ʦʩʪʘʚʘʣʩʷ ʜʦ ʢʦʥʮʘ ʩʚʦʝʡ ʞʠʟʥʠ. 



ʈʝʩʧʫʙʣʠʢʘʥʩʢʘ ̫ʢʦʥʬʝʨʝʥʮʠʷ, ʧʦʩʚʷʱʝʥʥʘ ̫100-ʣʝʪʠʶ ʘʢʘʜʝʤʠʢʘ ʉ.ɸ.ɸʟʠʤʦʚʘ 
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ʉʪʦʣʴ ʢʦʨʦʪʢʠʡ ʩʨʦʢ ʚʩʪʫʧʣʝʥʠʷ ʵʪʦʛʦ ʫʥʠʢʘʣʴʥʦʛʦ ʦʙʲʝʢʪʘ ʚ ʜʝʡʩʪʚʠʝ ʚʦ ʤʥʦʛʦʤ ʙʳʣ 

ʜʦʩʪʠʛʥʫʪ ʙʣʘʛʦʜʘʨʷ ʪʝʭʥʠʯʝʩʢʠʤ ʥʦʚʰʝʩʪʚʘʤ ʠ ʨʘʟʨʘʙʦʪʢʘʤ ʉ.ɸ.ɸʟʠʤʦʚʘ ʠ ʝʛʦ ʫʯʝʥʠʢʦʚ, 

ʩʚʷʟʘʥʥʳʤ ʩ ʢʦʥʩʪʨʫʢʮʠʝʡ ʩʦʣʥʝʯʥʦʡ ʧʝʯʠ, ʤʝʪʦʜʘʤʠ ʶʩʪʠʨʦʚʢʠ ʟʝʨʢʘʣ ʛʝʣʠʦʩʪʘʪʦʚ ʠ 

ʢʦʥʮʝʥʪʨʘʪʦʨʘ, ʤʝʪʦʜʘʤʠ ʫʧʨʘʚʣʝʥʠʷ ʫʩʪʘʥʦʚʢʦʡ. ʅʘʨʷʜʫ ʩ ʵʪʠʤ, ʧʦʜ ʨʫʢʦʚʦʜʩʪʚʦʤ ʉ.ɸ.ɸʟʠʤʦʚʘ 

ʧʨʦʚʦʜʠʣʠʩʴ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʝ ʠ ʧʨʠʢʣʘʜʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʢʦʪʦʨʳʭ ʙʳʣʠ ʚʧʝʨʚʳʝ ʚ 

ʤʠʨʝ ʧʦʣʫʯʝʥʳ ʩʚʝʜʝʥʠʷ ʦ ʩʠʥʝʨʛʝʪʠʯʝʩʢʠʭ ʵʬʬʝʢʪʘʭ ʚ ʧʨʦʮʝʩʩʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ 

ʢʦʥʮʝʥʪʨʠʨʦʚʘʥʥʦʛʦ ʩʦʣʥʝʯʥʦʛʦ ʠʟʣʫʯʝʥʠʷ ʩ ʤʘʪʝʨʠʘʣʘʤʠ, ʨʘʟʨʘʙʦʪʘʥʳ ʪʝʭʥʦʣʦʛʠʠ ʩʠʥʪʝʟʘ 

ʫʥʠʢʘʣʴʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʥʘ ʙʘʟʝ ʦʢʩʠʜʥʦʡ ʢʝʨʘʤʠʢʠ. 

ɻʝʣʠʦʤʘʪʝʨʠʘʣʦʚʝʜʝʥʠʝ ʠ ɹʦʣʴʰʘʷ ʩʦʣʥʝʯʥʘʷ ʧʝʯʴ ï ʵʪʠʤ ʧʨʦʙʣʝʤʘʤ ʉ.ɸ.ɸʟʠʤʦʚ ʧʦʩʚʷʪʠʣ 

ʦʩʪʘʪʦʢ ʩʚʦʝʡ ʞʠʟʥʠ. ʇʦʩʣʝ ʢʦʥʯʠʥʳ ʉ.ɸ.ɸʟʠʤʦʚʘ ʵʪʦ ʜʝʣʦ ʫʩʧʝʰʥʦ ʧʨʦʜʦʣʞʘʶʪ ʝʛʦ 

ʤʥʦʛʦʯʠʩʣʝʥʥʳʝ ʫʯʝʥʠʢʠ ʠ ʩʦʪʨʫʜʥʠʢʠ. ɺ 1993 ʛʦʜʫ ʥʘ ʙʘʟʝ ʦʙʲʝʢʪʘ ñʉʦʣʥʮʝò ʠ ʦʪʜʝʣʘ 

ʛʝʣʠʦʤʘʪʝʨʠʘʣʦʚʝʜʝʥʠʷ ʌʠʟʠʢʦ-ʪʝʭʥʠʯʝʩʢʦʛʦ ʠʥʩʪʠʪʫʪʘ ʙʳʣ ʦʨʛʘʥʠʟʦʚʘʥ ʀʥʩʪʠʪʫʪ 

ʤʘʪʝʨʠʘʣʦʚʝʜʝʥʠʷ ʚ ʩʦʩʪʘʚʝ ʅʇʆ ñʌʠʟʠʢʘ-ʉʦʣʥʮʝò ʠʤ. ʉ.ɸ.ɸʟʠʤʦʚʘ ɸʅ ʈʋʟ. 

ɺ 2012 ʛʦʜʫ ʙʣʘʛʦʜʘʨʷ ʦʧʨʝʜʝʣʷʶʱʝʡ ʧʦʜʜʝʨʞʢʝ ʇʨʝʟʠʜʝʥʪʘ ʈʝʩʧʫʙʣʠʢʠ ʋʟʙʝʢʠʩʪʘʥ 

ʀ.ɸ.ʂʘʨʠʤʦʚʘ, ʥʘ ʙʘʟʝ ʅʇʆ ñʌʠʟʠʢʘ-ʉʦʣʥʮʝò ɸʅ ʈʋʟ ʙʳʣ ʦʨʛʘʥʠʟʦʚʘʥ ʄʝʞʜʫʥʘʨʦʜʥʳʡ ʠʥʩʪʠʪʫʪ 

ʩʦʣʥʝʯʥʦʡ ʵʥʝʨʛʠʠ.  

ɺ ʩʚʦʠʭ ʚʦʩʧʦʤʠʥʘʥʠʷʭ ʩʫʧʨʫʛʘ ʉ.ɸ.ɸʟʠʤʦʚʘ ʘʢʘʜʝʤʠʢ ʈ.ʍ.ɸʤʠʥʦʚʘ ʧʠʩʘʣʘ:  

çʗ ʟʘʜʫʤʘʣʘʩʴ ʥʘʜ ʪʝʤ, ʯʪʦ ʞʝ ʛʣʘʚʥʦʝ ʙʳʣʦ ʩʜʝʣʘʥʦ ʥʘʰʠʤʠ ʧʝʨʚʳʤʠ ʫʯʝʥʳʤʠ, 

ʦʩʥʦʚʘʪʝʣʷʤʠ ɸʢʘʜʝʤʠʠ ʥʘʫʢ ï ʊ.ʅ. ʂʘʨʳ-ʅʠʷʟʦʚʳʤ, ʍ.ʄ. ɸʙʜʫʣʣʘʝʚʳʤ, ʍ.ʉ. ʉʫʣʝʡʤʘʥʦʚʦʡ, ʉ.ʋ. 

ʋʤʘʨʦʚʳʤ, ʄ.ʊ. ʋʨʘʟʙʘʝʚʳʤ, ʋ.ɸ. ɸʨʠʬʦʚʳʤ, ʊ.ɸ. ʉʘʨʳʤʩʘʢʦʚʳʤ, ɸ.ʉ. ʉʘʜʳʢʦʚʳʤ, ʍ.ʋ. 

ʋʩʤʘʥʦʚʳʤ, ʉ.ʖ. ʖʥʫʩʦʚʳʤ, ʀ.ʄ. ʄʫʤʠʥʦʚʳʤ, ʗ.ɻ. ɻʫʣʷʤʦʚʳʤ, ɺ.ɺ. ɺʘʭʠʜʦʚʳʤ ʠ ʤʥʦʛʠʤʠ 

ʜʨʫʛʠʤʠ, ʩʨʝʜʠ ʢʦʪʦʨʳʭ ʙʳʣ ʠ ʉ.ɸ. ɸʟʠʤʦʚ. 

ʄʥʝ ʢʘʞʝʪʩʷ, ʛʣʘʚʥʦʝ ʚ ʪʦʤ, ʯʪʦ ʙʣʘʛʦʜʘʨʷ ʠʭ ʩʘʤʦʦʪʚʝʨʞʝʥʥʳʤ ʫʩʠʣʠʷʤ ʥʘ ʥʘʰʝʡ ʟʝʤʣʝ 

ʚʥʦʚʴ ʧʦʷʚʠʣʠʩʴ ʨʦʩʪʢʠ ʤʠʨʦʚʦʡ ʥʘʫʢʠ, ʧʦʩʣʝ ʩʪʦʣʝʪʠʡ ʟʘʪʠʰʴʷ ʟʜʝʩʴ ʚʳʨʦʩʣʦ ʫʞʝ ʥʝʩʢʦʣʴʢʦ 

ʧʦʢʦʣʝʥʠʡ ʫʯʝʥʳʭ ï ʵʪʦʡ ʧʣʝʷʜʳ ñʯʫʜʘʢʦʚò, ʢʦʪʦʨʳʝ ʚʤʝʩʪʦ ʪʦʛʦ, ʯʪʦʙʳ ʫʩʪʨʘʠʚʘʪʴ ʩʚʦʶ ʞʠʟʥʴ 

ñʢʘʢ ʚʩʝò, ʧʨʦʩʠʞʠʚʘʶʪ ʚ ʣʘʙʦʨʘʪʦʨʠʷʭ. ʕʪʦ ʧʦʩʪʨʦʝʥʥʳʝ ʠʤʠ ʠʥʩʪʠʪʫʪʳ ʠ ʣʘʙʦʨʘʪʦʨʠʠ, 

ʦʙʝʩʧʝʯʠʚʰʠʝ ʥʝʦʙʭʦʜʠʤʫʶ ʜʣʷ ʥʘʫʢʠ ʩʨʝʜʫ ʦʙʠʪʘʥʠʷ. ɹʳʣʠ ʦʪʜʘʥʳ ʚʩʝ ʩʠʣʳ ʪʦʤʫ, ʯʪʦʙʳ ʥʝ 

ʧʝʨʝʩʳʭʘʣ ʨʫʯʝʡ ʧʝʨʝʜʘʯʠ ʟʥʘʥʠʡ, ʧʦʷʚʠʣʘʩʴ ʧʨʝʝʤʩʪʚʝʥʥʦʩʪʴ ʧʦʢʦʣʝʥʠʡè. 

ʀʤʝʥʥʦ ʵʪʘ ʧʨʝʝʤʩʪʚʝʥʥʦʩʪʴ ʧʦʢʦʣʝʥʠʡ ʧʨʝʜʘʥʥʳʭ ʥʘʫʢʝ ʣʶʜʝʡ, ʘ ʪʘʢʞʝ ʜʦʩʪʠʞʝʥʠʷ ʥʘʰʝʛʦ 

ʥʘʨʦʜʘ ʚ ʧʝʨʠʦʜ ʧʦʩʣʝ ʧʦʣʫʯʝʥʠʷ ʥʝʟʘʚʠʩʠʤʦʩʪʠ, ʥʝʠʟʤʝʥʥʘʷ ʟʘʙʦʪʘ ʇʨʝʟʠʜʝʥʪʘ ʥʘʰʝʡ ʩʪʨʘʥʳ 

ʀ.ɸ.ʂʘʨʠʤʦʚʘ ʦ ʨʘʟʚʠʪʠʠ ʥʘʫʢʠ ʠ ʩʫʜʴʙʘʭ ʫʯʝʥʳʭ ʛʘʨʘʥʪʠʨʫʶʪ ʙʫʜʫʱʝʝ ʥʘʫʢʠ ʋʟʙʝʢʠʩʪʘʥʘ. 

 

ʈʝʜʘʢʮʠʦʥʥʘʷ ʢʦʣʣʝʛʠʷ  



ʈʝʩʧʫʙʣʠʢʘʥʩʢʘ ̫ʢʦʥʬʝʨʝʥʮʠʷ, ʧʦʩʚʷʱʝʥʥʘ ̫100-ʣʝʪʠʶ ʘʢʘʜʝʤʠʢʘ ʉ.ɸ.ɸʟʠʤʦʚʘ 
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I . ʌʀɿʀʂɸ ʗɼʈɸ ʀ ʕʃɽʄɽʅʊɸʈʅʓʍ ʏɸʉʊʀʎ,  

ʀʍ ʇʈʀʂʃɸɼʅʓɽ ɸʉʇɽʂʊʓ 

ʊʆʇʆʃʆɻʀʏɽʉʂʀɽ ʂɸʅɸʃʓ ʆɹʈɸɿʆɺɸʅʀʗ ʗɼɽʈ 
4
ʅɽ ɺ 

16
ʆP-ʉʆʋɼɸʈɽʅʀʗʍ 

ʇʈʀ 3.25 ɸ ɻɻɺ/ʩ 

ʂ. ʆʣʠʤʦʚ, ʂ. ɻ. ɻʫʣʘʤʦʚ, ʉ. ʃ. ʃʫʪʧʫʣʣʘʝʚ, ʍ. ʂ. ʆʣʠʤʦʚ, ɸ. ʂ. ʆʣʠʤʦʚ, ɺ.ʀ. ʇʝʪʨʦʚ, 

ɸ.ɸ. ʖʣʜʘʰʝʚ
 

ʌʠʟʠʢʦ-ʪʝʭʥʠʯʝʩʢʠʡ ʠʥʩʪʠʪʫʪ ʅʇʆ çʌʠʟʠʢʘ-ʉʦʣʥʮʝè ɸʅ ʈʋʟ 

ʛ.ʊʘʰʢʝʥʪ, ɹʦʜʦʤʟʦʨ ʡʫʣʠ, 2ʙ, ʪʝʣ. 235 4397, e-mail:olimov@uzsci.net 

ʆʙʱʝʝ ʯʠʩʣʦ ʚʦʟʤʦʞʥʳʭ ʪʦʧʦʣʦʛʠʯʝʩʢʠʭ ʢʘʥʘʣʦʚ ʨʘʟʚʘʣʘ ʷʜʨʘ ʢʠʩʣʦʨʦʜʘ ʨʘʚʥʦ 22. ɺ 

ʵʢʩʧʝʨʠʤʝʥʪʝ ʥʝ ʥʘʙʣʶʜʘʶʪʩʷ ʪʦʧʦʣʦʛʠʠ (35), (44) ʠ (233), ʚ ʢʦʪʦʨʳʭ ʧʦʣʥʦʩʪʴʶ ʩʦʭʨʘʥʷʝʪʩʷ 

ʠʩʭʦʜʥʳʡ ʟʘʨʷʜ ʩʥʘʨʷʜʘ. ʀʟ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʥʘʙʣʶʜʘʝʤʳʭ 19 ʪʦʧʦʣʦʛʠʡ ʨʘʟʚʘʣʘ ʷʜʝʨ ʢʠʩʣʦʨʦʜʘ 

((1), (2), (3), (4), (5), (6), (7), (8), (22), (23), (24), (25), (26), (222), (223), (224), (2222), (33), (34)) ï 10 

ʚʢʣʶʯʘʶʪ ʜʚʫʭʟʘʨʷʜʥʳʝ ʬʨʘʛʤʝʥʪʳ, ʠʟ ʢʦʪʦʨʳʭ å 80% ʩʦʩʪʘʚʣʷʶʪ Ŭ-ʯʘʩʪʠʮʳ. ɿʜʝʩʴ ʮʠʬʨʳ ʚ ʩʢʦʙʢʘʭ 

ʦʟʥʘʯʘʶʪ ʟʘʨʷʜ ʤʥʦʛʦʟʘʨʷʜʥʦʛʦ ʬʨʘʛʤʝʥʪʘ, ʘ ʠʭ ʯʠʩʣʦ ī ʢʦʣʠʯʝʩʪʚʦ ʫʢʘʟʘʥʥʳʭ ʬʨʘʛʤʝʥʪʦʚ ʟʘ 

ʠʩʢʣʶʯʝʥʠʝʤ ʪʦʧʦʣʦʛʠʠ (1), ʢʦʪʦʨʘʷ ʦʟʥʘʯʘʝʪ ʨʘʟʚʘʣ ʷʜʨʘ ʢʠʩʣʦʨʦʜʘ ʪʦʣʴʢʦ ʥʘ ʦʜʥʦʟʘʨʷʜʥʳʝ 

ʬʨʘʛʤʝʥʪʳ.  

ʆʪʤʝʪʠʤ, ʯʪʦ ʠʟ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʥʘʙʣʶʜʘʝʤʳʭ 3-ʭ ʢʘʥʘʣʦʚ ((26), (224) ʠ (2222)) ʩ 

ʩʫʤʤʘʨʥʳʤ ʟʘʨʷʜʦʤ ʬʨʘʛʤʝʥʪʦʚ ʨʘʚʥʳʤ 8 ʪʦʣʴʢʦ ʚ ʜʚʫʭ ((26) ʠ (2222)) ʩʦʭʨʘʥʷʶʪʩʷ ʚʩʝ ʥʫʢʣʦʥʳ 

ʠʩʭʦʜʥʦʛʦ ʷʜʨʘ ʢʠʩʣʦʨʦʜʘ. ɺ ʪʦʧʦʣʦʛʠʯʝʩʢʦʤ ʢʘʥʘʣʝ (224) 4-ʭ ʟʘʨʷʜʥʳʡ ʬʨʘʛʤʝʥʪ ʩʦʩʪʦʠʪ ʪʦʣʴʢʦ ʠʟ 
7
ɺʝ. ʆʩʥʦʚʥʘʷ ʯʘʩʪʴ (2/3) ʪʦʧʦʣʦʛʠʯʝʩʢʦʛʦ ʢʘʥʘʣʘ ʨʘʟʚʘʣʘ ʷʜʨʘ ʢʠʩʣʦʨʦʜʘ ʥʘ Ŭ-ʯʘʩʪʠʮʫ ʠ 

12
ʉ 

ʨʝʘʣʠʟʫʝʪʩʷ ʟʘ ʩʯʝʪ ʚʳʙʠʚʘʥʠʷ ʦʜʥʦʛʦ ʠʟ Ŭ-ʢʣʘʩʪʝʨʦʚ ʷʜʨʘ ʢʠʩʣʦʨʦʜʘ, ʘ ʦʩʪʘʣʴʥʳʝ ʪʨʠ ʩʣʠʚʘʶʪʩʷ ʚ 

ʷʜʨʦ ʫʛʣʝʨʦʜ-12.  

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʠʟʫʯʝʥʳ ʦʩʦʙʝʥʥʦʩʪʠ ʦʙʨʘʟʦʚʘʥʠʷ ʷʜʝʨ 
4
ʅʝ ʚʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷʭ ʷʜʝʨ 

ʢʠʩʣʦʨʦʜʘ ʩ ʧʨʦʪʦʥʘʤʠ ʧʨʠ 3.25 ɸ ɻʵɺ/ʩ ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʫʨʦʚʥʷʭ ʚʦʟʙʫʞʜʝʥʠʷ ʥʘʣʝʪʘʶʱʝʛʦ ʷʜʨʘ 

ʢʠʩʣʦʨʦʜʘ. ɿʘ ʤʝʨʫ ʚʦʟʙʫʞʜʝʥʠʷ ʷʜʨʘ ʧʨʠʥʷʪʘ ʚʝʣʠʯʠʥʘ ʩʫʤʤʘʨʥʦʛʦ ʟʘʨʷʜʘ (Q) ʤʥʦʛʦʟʘʨʷʜʥʳʭ 

ʬʨʘʛʤʝʥʪʦʚ (z Ó 2). ʅʘ ʨʠʩ. 1 ʧʦʢʘʟʘʥʘ ʟʘʚʠʩʠʤʦʩʪʴ ʩʨʝʜʥʝʡ ʤʥʦʞʝʩʪʚʝʥʥʦʩʪʠ ʷʜʝʨ ʛʝʣʠʡ-4 <n(
4
ʅʝ)> 

ʦʪ Q ʚ 
16
ʆʨ-ʩʦʫʜʘʨʝʥʠʷʭ ʧʨʠ 3.25 ɸ ɻʵɺ/ʩ. ɺʝʣʠʯʠʥʘ <n(

4
ʅʝ)> ʦʧʨʝʜʝʣʷʝʪʩʷ ʟʘʢʦʥʦʤ ʩʦʭʨʘʥʝʥʠʷ 

ʟʘʨʷʜʘ, ʩʝʯʝʥʠʷʤʠ ʪʦʧʦʣʦʛʠʯʝʩʢʠʭ ʢʘʥʘʣʦʚ ʦʙʨʘʟʦʚʘʥʠʷ ʜʚʫʭʟʘʨʷʜʥʳʭ ʬʨʘʛʤʝʥʪʦʚ, 

ʤʥʦʞʝʩʪʚʝʥʥʦʩʪʴʶ ʜʚʫʭʟʘʨʷʜʥʳʭ ʬʨʘʛʤʝʥʪʦʚ ʚ ʜʘʥʥʦʡ ʟʘʨʷʜʦʚʦʡ ʪʦʧʦʣʦʛʠʠ ʠ ʜʦʣʝʡ ʷʜʝʨ 
4
ʅʝ ʚ ʥʝʡ, 

ʘ ʪʘʢʞʝ ʩʦʦʪʥʦʰʝʥʠʝʤ ʚʢʣʘʜʦʚ ʪʦʧʦʣʦʛʠʯʝʩʢʠʭ ʢʘʥʘʣʦʚ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʜʚʫʭʟʘʨʷʜʥʳʭ ʬʨʘʛʤʝʥʪʦʚ ʠ 

ʙʝʟ ʠʭ ʦʙʨʘʟʦʚʘʥʠʷ. ʄʘʢʩʠʤʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ <n(
4
ʅʝ)> ʚ ʛʨʫʧʧʝ ʩ Q = 4 ʦʙʫʩʣʦʚʣʝʥʦ ʪʝʤ, ʯʪʦ 

ʦʩʥʦʚʥʦʡ ʚʢʣʘʜ ʚ ʥʝʝ ʜʘʝʪ ʪʦʧʦʣʦʛʠʷ (22), ʩʝʯʝʥʠʝ ʢʦʪʦʨʦʡ ʩʦʩʪʘʚʣʷʝʪ 36.44 ʤʙʥ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʚʢʣʘʜ 

ʪʦʧʦʣʦʛʠʠ (4) ï ʚʩʝʛʦ ʣʠʰʴ 5.6 ʤʙʥ. ɺ ʪʦʧʦʣʦʛʠʠ (22) ʩʨʝʜʥʷʷ ʤʥʦʞʝʩʪʚʝʥʥʦʩʪʴ ʷʜʝʨ ʛʝʣʠʡ-4 

ʩʦʩʪʘʚʣʷʝʪ 1.56, ʘ ʚ ʮʝʣʦʤ ʚ ʛʨʫʧʧʝ ʩ Q = 4 ï 1.36. ɻʨʫʧʧʘ ʩʦʙʳʪʠʡ ʩ Q = 5 ʩʦʩʪʦʠʪ ʠʟ ʪʦʧʦʣʦʛʠʡ (23) 

ʠ (5). ʆʪʥʦʩʠʪʝʣʴʥʦ ʤʘʣʦʝ ʟʥʘʯʝʥʠʝ ʚʝʣʠʯʠʥʳ <n(
4
ʅʝ)> ʚ ʵʪʦʡ ʛʨʫʧʧʝ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ 

ʤʥʦʞʝʩʪʚʝʥʥʦʩʪʴʶ ʚ ʛʨʫʧʧʝ ʩ Q = 6, ʦʙʫʩʣʦʚʣʝʥʦ ʪʝʤ, ʯʪʦ ʩʝʯʝʥʠʝ ʪʦʧʦʣʦʛʠʯʝʩʢʦʛʦ ʢʘʥʘʣʘ (23), ʚ 

ʢʦʪʦʨʦʤ ʤʦʞʝʪ ʧʨʦʠʩʭʦʜʠʪʴ ʦʙʨʘʟʦʚʘʥʠʝ ʷʜʝʨ 
4
ʅʝ, ʚ 1.5 ʨʘʟʘ ʤʝʥʴʰʝ ʩʝʯʝʥʠʷ ʢʘʥʘʣʘ (5), ʚ ʢʦʪʦʨʦʤ 

ʷʜʨʘ ʛʝʣʠʡ-4 ʥʝ ʦʙʨʘʟʫʶʪʩʷ. ɺʢʣʘʜ ʚ ʛʨʫʧʧʫ Q = 6 ʜʘʶʪ ʪʦʧʦʣʦʛʠʠ (222), (24), (33) ʠ (6), ʧʨʠʯʝʤ ʚ 

ʜʚʫʭ ʧʦʩʣʝʜʥʠʭ ʦʙʨʘʟʦʚʘʥʠʷ ʷʜʝʨ 
4
ʅʝ ʚʦʦʙʱʝ ʥʝ ʧʨʦʠʩʭʦʜʠʪ. ʉʫʤʤʘʨʥʦʝ ʠʥʢʣʶʟʠʚʥʦʝ ʩʝʯʝʥʠʝ 

ʦʙʨʘʟʦʚʘʥʠʷ ʜʚʫʭʟʘʨʷʜʥʳʭ ʬʨʘʛʤʝʥʪʦʚ ʧʦ ʪʦʧʦʣʦʛʠʷʤ (222) ʠ (24) ʩʦʩʪʘʚʣʷʝʪ 105.34 ʤʙʥ, ʚ ʪʦ ʚʨʝʤʷ 

ʢʘʢ ʩʫʤʤʘʨʥʦʝ ʩʝʯʝʥʠʝ ʪʦʧʦʣʦʛʠʯʝʩʢʠʭ ʢʘʥʘʣʦʚ (33) ʠ (6) ï 55.42 ʤʙʥ. ɸʥʘʣʦʛʠʯʥʳʤʠ 

ʨʘʩʩʫʞʜʝʥʠʷʤʠ ʦ ʪʦʧʦʣʦʛʠʯʝʩʢʠʭ ʩʝʯʝʥʠʷʭ ʩ (ʙʝʟ) ʦʙʨʘʟʦʚʘʥʠʝʤ ʜʚʫʭʟʘʨʷʜʥʳʭ ʬʨʘʛʤʝʥʪʦʚ ʤʦʞʥʦ 

ʪʘʢʞʝ ʦʙʦʩʥʦʚʘʪʴ ʧʦʚʝʜʝʥʠʝ ʚʝʣʠʯʠʥʳ <n(
4
ʅʝ)> ʧʨʠ Q = 7 ʠ 8. 

ʅʘ ʨʠʩ. 2 ʧʦʢʘʟʘʥʘ ʩʨʝʜʥʷʷ ʤʥʦʞʝʩʪʚʝʥʥʦʩʪʴ Ŭ-ʯʘʩʪʠʮ ʚ ʪʦʧʦʣʦʛʠʷʭ (2), (22), (222) ʠ (2222). 

ʊʘʤ ʞʝ ʩʧʣʦʰʥʦʡ ʣʠʥʠʝʡ ʧʦʢʘʟʘʥ ʨʝʟʫʣʴʪʘʪ ʘʧʧʨʦʢʩʠʤʘʮʠʠ ʵʪʦʡ ʞʝ ʟʘʚʠʩʠʤʦʩʪʠ. ʅʘ ʧʝʨʚʳʡ ʚʟʛʣʷʜ 

ʵʪʘ ʟʘʚʠʩʠʤʦʩʪʴ ʥʝʧʣʦʭʦ ʬʠʪʠʨʫʝʪʩʷ ʣʠʥʝʡʥʦʡ ʬʫʥʢʮʠʝʡ. ʆʜʥʘʢʦ ʟʥʘʯʝʥʠʝ ʚʝʣʠʯʠʥʳ ɢ
2
 ʥʘ ʦʜʥʫ 

ʩʪʝʧʝʥʴ ʩʚʦʙʦʜʳ ʦʢʘʟʘʣʦʩʴ ʨʘʚʥʳʤ 1.75, ʯʪʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ 18%-ʥʦʡ ʜʦʩʪʦʚʝʨʥʦʩʪʠ. 

ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʜʘʥʥʳʝ (ʩʤ. ʪʘʙʣ.) ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʜʦʣʷ Ŭ-ʯʘʩʪʠʮ ʩʨʝʜʠ ʜʚʫʭʟʘʨʷʜʥʳʭ 

ʬʨʘʛʤʝʥʪʦʚ ʨʘʩʪʝʪ ʩ ʠʭ ʯʠʩʣʦʤ, ʧʨʠʚʦʜʷ ʢ ʦʪʢʣʦʥʝʥʠʶ ʦʪ ʣʠʥʝʡʥʦʡ ʟʘʚʠʩʠʤʦʩʪʠ <n(
4
ʅʝ)> ʦʪ Q. 
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ʈʠʩ. 1. ɿʘʚʠʩʠʤʦʩʪʴ ʩʨʝʜʥʝʡ ʤʥʦʞʝʩʪʚʝʥʥʦʩʪʠ 

ʷʜʝʨ 
4
ʅʝ ʦʪ ʩʫʤʤʘʨʥʦʛʦ ʟʘʨʷʜʘ ʬʨʘʛʤʝʥʪʦʚ ʩ z Ó 2.  

ʈʠʩ. 2. ʉʨʝʜʥʷʷ ʤʥʦʞʝʩʪʚʝʥʥʦʩʪʴ Ŭ-ʯʘʩʪʠʮ ʚ 

ʪʦʧʦʣʦʛʠʷʭ (2), (22), (222) ʠ (2222). 

ʊʘʙʣʠʮʘ  

ɼʦʣʷ Ŭ-ʯʘʩʪʠʮ ʩʨʝʜʠ ʜʚʫʭʟʘʨʷʜʥʳʭ ʬʨʘʛʤʝʥʪʦʚ ʚ ʪʦʧʦʣʦʛʠʷʭ (2), (22), (222) ʠ (2222) 

ʊʦʧʦʣʦʛʠʷ (2) (22) (222) (2222) 

ɼʦʣʷ 0.72 Ñ 0.02 0.76 Ñ 0.01 0.82 Ñ 0.01 0.84 Ñ 0.02 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʦʪʢʣʦʥʝʥʠʝ ʦʪ ʣʠʥʝʡʥʦʡ ʟʘʚʠʩʠʤʦʩʪʠ ʚʝʣʠʯʠʥʳ <n(
4
ʅʝ)> ʚ ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʭ 

ʪʦʧʦʣʦʛʠʷʭ ʦʙʫʩʣʦʚʣʝʥʦ ʨʦʩʪʦʤ ʚʝʨʦʷʪʥʦʩʪʠ ʩʦʭʨʘʥʝʥʠʷ Ŭ-ʯʘʩʪʠʮ ʩ ʫʤʝʥʴʰʝʥʠʝʤ ʩʪʝʧʝʥʠ 

ʚʦʟʙʫʞʜʝʥʠʷ ʬʨʘʛʤʝʥʪʠʨʫʶʱʝʛʦ ʷʜʨʘ, ʯʪʦ, ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʧʦʜʪʚʝʨʞʜʘʝʪ ʥʘʣʠʯʠʝ Ŭ-ʢʣʘʩʪʝʨʥʦʡ 

ʩʪʨʫʢʪʫʨʳ ʷʜʨʘ ʢʠʩʣʦʨʦʜʘ. 

ʂʀʅɽʄɸʊʀʏɽʉʂʀɽ ʆʉʆɹɽʅʅʆʉʊʀ ʆɹʈɸɿʆɺɸʅʀʗ ʗɼɽʈ 
4
ʅɽ ɺ 

16
ʆP-

ʉʆʋɼɸʈɽʅʀʗʍ ʇʈʀ 3.25 ɸ ɻʕɺ/ʉ 

ʂ. ʆʣʠʤʦʚ, ʂ. ɻ. ɻʫʣʘʤʦʚ, ʉ. ʃ. ʃʫʪʧʫʣʣʘʝʚ, ʍ. ʂ. ʆʣʠʤʦʚ, ɸ. ʂ. ʆʣʠʤʦʚ, ɺ.ʀ. ʇʝʪʨʦʚ, 

ɸ.ɸ. ʖʣʜʘʰʝʚ
 

ʌʠʟʠʢʦ-ʪʝʭʥʠʯʝʩʢʠʡ ʠʥʩʪʠʪʫʪ ʅʇʆ çʌʠʟʠʢʘ-ʉʦʣʥʮʝè ɸʅ ʈʋʟ 

ʛ.ʊʘʰʢʝʥʪ, ɹʦʜʦʤʟʦʨ ʡʫʣʠ, 2ʙ, ʪʝʣ. 235 4397, e-mail:olimov@uzsci.net 

ʀʟʚʝʩʪʥʦ, ʯʪʦ ʚ ʯʝʪʥʦ-ʯʝʪʥʳʭ ʣʝʛʢʠʭ ʷʜʨʘʭ ʧʨʝʦʙʣʘʜʘʝʪ Ŭ-ʢʣʘʩʪʝʨʥʘʷ ʩʪʨʫʢʪʫʨʘ. ʕʪʘ ʩʪʨʫʢʪʫʨʘ 

ʜʦʣʞʥʘ ʧʨʦʷʚʣʷʪʴʩʷ, ʧʨʝʞʜʝ ʚʩʝʛʦ, ʚ ʧʨʦʮʝʩʩʘʭ ʬʨʘʛʤʝʥʪʘʮʠʠ ʪʘʢʠʭ ʨʝʣʷʪʠʚʠʩʪʩʢʠʭ ʷʜʝʨ ʧʨʠ 

ʧʝʨʠʬʝʨʠʯʝʩʢʠʭ ʩʦʫʜʘʨʝʥʠʷʭ ʩ ʥʫʢʣʦʥʘʤʠ ʠʣʠ ʷʜʨʘʤʠ. 

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʠʟʫʯʝʥʳ ʢʠʥʝʤʘʪʠʯʝʩʢʠʝ ʦʩʦʙʝʥʥʦʩʪʠ ʦʙʨʘʟʦʚʘʥʠʷ ʷʜʝʨ 
4
ʅʝ ʚʦ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷʭ ʷʜʝʨ ʢʠʩʣʦʨʦʜʘ ʩ ʧʨʦʪʦʥʘʤʠ ʧʨʠ 3.25 ɸ ɻʵɺ/ʩ ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʫʨʦʚʥʷʭ ʚʦʟʙʫʞʜʝʥʠʷ 

ʥʘʣʝʪʘʶʱʝʛʦ ʷʜʨʘ ʢʠʩʣʦʨʦʜʘ. ɿʘ ʤʝʨʫ ʩʪʝʧʝʥʠ ʚʦʟʙʫʞʜʝʥʠʷ ʷʜʨʘ ʤʦʞʥʦ ʧʨʠʥʷʪʴ ʚʝʣʠʯʠʥʫ 

ʩʫʤʤʘʨʥʦʛʦ ʟʘʨʷʜʘ (Q) ʤʥʦʛʦʟʘʨʷʜʥʳʭ ʬʨʘʛʤʝʥʪʦʚ (z Ó 2).  

ʅʘ ʨʠʩ. 1 ʧʦʢʘʟʘʥʳ ʟʘʚʠʩʠʤʦʩʪʠ ʩʨʝʜʥʠʭ ʟʥʘʯʝʥʠʡ ʧʦʣʥʦʛʦ ʠ ʧʦʧʝʨʝʯʥʦʛʦ ʠʤʧʫʣʴʩʘ Ŭ-ʯʘʩʪʠʮ 

ʦʪ ʩʫʤʤʘʨʥʦʛʦ ʟʘʨʷʜʘ ʤʥʦʛʦʟʘʨʷʜʥʳʭ ʬʨʘʛʤʝʥʪʦʚ. ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ, ʧʦʩʢʦʣʴʢʫ ʤʳ ʠʤʝʝʤ ʜʝʣʦ ʩ 

ʢʠʥʝʤʘʪʠʯʝʩʢʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʷʜʝʨ 
4
ʅʝ, ʚʢʣʘʜʳ ʚ ʩʫʤʤʘʨʥʳʡ ʟʘʨʷʜ ʤʥʦʛʦʟʘʨʷʜʥʳʭ ʬʨʘʛʤʝʥʪʦʚ 

ʜʘʶʪ ʪʦʣʴʢʦ ʪʝ ʪʦʧʦʣʦʛʠʠ, ʚ ʢʦʪʦʨʳʭ ʩʦʜʝʨʞʠʪʩʷ ʧʦ ʢʨʘʡʥʝʡ ʤʝʨʝ ʦʜʥʘ Ŭ-ʯʘʩʪʠʮʘ.  

ʀʟ ʨʠʩ. 1 ʚʠʜʥʦ, ʯʪʦ ʥʘʙʣʶʜʘʝʪʩʷ ʪʝʥʜʝʥʮʠʷ ʢ ʫʤʝʥʴʰʝʥʠʶ ʢʘʢ <ʨ>, ʪʘʢ ʠ <ʨt> ʩ ʨʦʩʪʦʤ 

ʚʝʣʠʯʠʥʳ Q, ʪ.ʝ. ʩ ʫʤʝʥʴʰʝʥʠʝʤ ʩʪʝʧʝʥʠ ʚʦʟʙʫʞʜʝʥʠʷ ʷʜʨʘ ʢʠʩʣʦʨʦʜʘ. ɺ ʩʣʫʯʘʝ ʟʘʚʠʩʠʤʦʩʪʠ <ʨ> ʦʪ 

ʚʝʣʠʯʠʥʳ Q, ʚ ʪʦʯʢʘʭ Q = 5 ʠ 7 ʠʤʝʶʪ ʤʝʩʪʦ ʦʪʢʣʦʥʝʥʠʷ ʦʪ ʦʙʱʝʡ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ, ʥʘʙʣʶʜʘʝʤʦʡ ʚ 

ʪʦʯʢʘʭ ʩ ʯʝʪʥʳʤ Q. ɺʦʟʤʦʞʥʦʡ ʧʨʠʯʠʥʦʡ ʪʘʢʦʛʦ ʦʪʢʣʦʥʝʥʠʷ ʤʦʞʝʪ ʙʳʪʴ ʧʝʨʝʩʪʨʘʠʚʘʥʠʝ ʠʩʭʦʜʥʦʡ Ŭ-

ʢʣʘʩʪʝʨʥʦʡ ʩʪʨʫʢʪʫʨʳ, ʥʘʨʷʜʫ ʩ ʦʜʥʦʡ Ŭ-ʯʘʩʪʠʮʝʡ, ʚ 3-ʭ ʠʣʠ 5-ʪʠ ʟʘʨʷʜʥʳʡ ʬʨʘʛʤʝʥʪ, ʜʣʷ ʯʝʛʦ 

ʪʨʝʙʫʝʪʩʷ ʜʦʧʦʣʥʠʪʝʣʴʥʘʷ ʵʥʝʨʛʠʷ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʪʦʯʢʘʤʠ ʧʨʠ Q = 4 ʠ 6. ʆʪʤʝʪʠʤ ʪʘʢʞʝ, ʯʪʦ 

ʪʦʧʦʣʦʛʠʠ (23) ʠ ʦʙʲʝʜʠʥʝʥʥʘʷ (25)+(223) ʨʝʘʣʠʟʫʶʪʩʷ ʩ ʟʘʤʝʪʥʦ ʤʝʥʴʰʝʡ (ʚ ʙʦʣʝʝ, ʯʝʤ 3 ʨʘʟʘ) 

ʚʝʨʦʷʪʥʦʩʪʴʶ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʪʦʧʦʣʦʛʠʷʤʠ (22) ʠ ʦʙʲʝʜʠʥʝʥʥʦʡ (222)+(24) [1]. ʉʨʝʜʥʝʝ ʟʥʘʯʝʥʠʝ 

ʧʦʧʝʨʝʯʥʦʛʦ ʠʤʧʫʣʴʩʘ Ŭ-ʯʘʩʪʠʮ ʦʢʘʟʘʣʦʩʴ ʤʠʥʠʤʘʣʴʥʳʤ ʧʨʠ Q = 6, ʯʪʦ, ʧʦ-ʚʠʜʠʤʦʤʫ, ʩʚʷʟʘʥʦ ʩ 

ʦʧʨʝʜʝʣʷʶʱʠʤ ʚʢʣʘʜʦʤ ʚ ʵʪʫ ʪʦʯʢʫ ʚʦʟʙʫʞʜʝʥʥʦʛʦ ʷʜʨʘ 
12
ʉ*, ʚ ʨʝʟʫʣʴʪʘʪʝ ʨʘʩʧʘʜʘ ʢʦʪʦʨʦʛʦ 
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ʦʙʨʘʟʫʶʪʩʷ 3Ŭ-ʯʘʩʪʠʮʳ. ɼʝʣʦ ʚ ʪʦʤ, ʯʪʦ ʧʦʨʦʛ ʨʘʟʚʘʣʘ ʚʦʟʙʫʞʜʝʥʥʦʛʦ ʷʜʨʘ ʫʛʣʝʨʦʜʘ-12 ʥʘ 3Ŭï

ʯʘʩʪʠʮʳ ʩʦʩʪʘʚʣʷʝʪ ʚʩʝʛʦ 7.37 ʄʵɺ, ʧʨʠʚʦʜʷ ʢ ʤʘʣʳʤ ʟʥʘʯʝʥʠʷʤ ʩʨʝʜʥʝʛʦ ʧʦʣʥʦʛʦ ʠ ʧʦʧʝʨʝʯʥʦʛʦ 

ʠʤʧʫʣʴʩʦʚ, ʪ.ʝ. ʵʪʠ ʨʘʩʧʘʜʥʳʝ ʯʘʩʪʠʮʳ ʚʳʣʝʪʘʶʪ ʧʨʘʢʪʠʯʝʩʢʠ ʧʦ ʥʘʧʨʘʚʣʝʥʠʶ ʜʚʠʞʝʥʠʷ ʷʜʨʘ-

ʢʠʩʣʦʨʦʜʘ.  

ʅʝʩʤʦʪʨʷ ʥʘ ʢʨʘʡʥʶʶ ʧʝʨʠʬʝʨʠʯʥʦʩʪʴ, ʚʝʣʠʯʠʥʘ <ʨt> ʚ ʪʦʯʢʝ Q = 8 ʥʝʩʢʦʣʴʢʦ ʧʨʝʚʳʰʘʝʪ ʝʛʦ 

ʟʥʘʯʝʥʠʝ ʚ ʪʦʯʢʝ Q = 6. ʆʢʦʣʦ 40% ʚʢʣʘʜʘ ʚ ʪʦʯʢʫ Q = 8 ʜʘʝʪ ʪʦʧʦʣʦʛʠʷ (26), ʦʩʥʦʚʥʘʷ ʯʘʩʪʴ ʢʦʪʦʨʦʡ 

ʨʝʘʣʠʟʫʝʪʩʷ ʯʝʨʝʟ ʧʨʷʤʦʝ ʚʳʙʠʚʘʥʠʝ ʦʜʥʦʛʦ ʠʟ Ŭ-ʢʣʘʩʪʝʨʦʚ ʷʜʨʘ ʢʠʩʣʦʨʦʜʘ [2]. ʕʪʦ ʫʪʚʝʨʞʜʝʥʠʝ 

ʩʣʝʜʫʝʪ ʠʟ ʩʦʧʦʩʪʘʚʣʝʥʠʷ <ʨt> ʜʣʷ ʪʦʧʦʣʦʛʠʠ (2222), ʚ ʢʦʪʦʨʦʡ <ʨt> = 174 Ñ 8 ʄʵɺ/ʩ ʠ ʪʦʧʦʣʦʛʠʠ (26), 

ʛʜʝ <ʨt> = 204 Ñ 10 ʄʵɺ/ʩ. ɸʥʘʣʦʛʠʯʥʦʝ ʧʦʚʝʜʝʥʠʝ ʠʤʝʝʪ ʪʘʢʞʝ ʟʘʚʠʩʠʤʦʩʪʴ ʩʨʝʜʥʝʛʦ ʟʥʘʯʝʥʠʷ ʫʛʣʘ 

ʚʳʣʝʪʘ Ŭ-ʯʘʩʪʠʮ ʦʪ ʚʝʣʠʯʠʥʳ Q (ʩʤ. ʨʠʩ. 2). 
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ʈʠʩ. 1. ɿʘʚʠʩʠʤʦʩʪʠ ʧʦʣʥʦʛʦ <ʨ> ʠ ʧʦʧʝʨʝʯʥʦʛʦ <ʨt> 

ʠʤʧʫʣʴʩʦʚ Ŭ-ʯʘʩʪʠʮ ʦʪ ʩʫʤʤʘʨʥʦʛʦ ʟʘʨʷʜʘ 

ʬʨʘʛʤʝʥʪʦʚ ʩ z Ó 2.  

ʈʠʩ. 2. ɿʘʚʠʩʠʤʦʩʪʴ ʩʨʝʜʥʝʛʦ ʟʥʘʯʝʥʠʷ ʫʛʣʘ ʚʳʣʝʪʘ Ŭ-

ʯʘʩʪʠʮ ʚ ʣ.ʩ.ʢ. ʦʪ ʩʫʤʤʘʨʥʦʛʦ ʟʘʨʷʜʘ ʬʨʘʛʤʝʥʪʦʚ ʩ 

zÓ2. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʤʦʞʥʦ ʟʘʢʣʶʯʠʪʴ, ʯʪʦ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʩʪʝʧʝʥʠ ʚʦʟʙʫʞʜʝʥʠʷ 

ʬʨʘʛʤʝʥʪʠʨʫʶʱʝʛʦ ʷʜʨʘ ʢʠʩʣʦʨʦʜʘ ʟʥʘʯʝʥʠʡ ʩʨʝʜʥʠʭ ʧʦʣʥʳʭ ʠ ʧʦʧʝʨʝʯʥʳʭ ʠʤʧʫʣʴʩʦʚ, ʘ ʪʘʢʞʝ 

ʫʛʣʦʚ ʚʳʣʝʪʘ ʷʜʝʨ 
4
ʅʝ ʠʤʝʶʪ ʢʘʯʝʩʪʚʝʥʥʦ ʧʦʜʦʙʥʳʡ ʭʘʨʘʢʪʝʨ.  

ʀʤʧʫʣʴʩʥʳʝ ʩʧʝʢʪʨʳ ʧʨʦʪʦʥʦʚ-ʬʨʘʛʤʝʥʪʦʚ ʠ ʜʝʡʪʨʦʥʦʚ ʦʢʘʟʘʣʠʩʴ ʩʦʚʧʘʜʘʶʱʠʤʠ ʚ ʛʨʫʧʧʘʭ ʩ 

ʥʘʣʠʯʠʝʤ ʠʣʠ ʦʪʩʫʪʩʪʚʠʝʤ ʚ ʩʦʙʳʪʠʠ ʷʜʝʨ 
4
ʅʝ, ʪ.ʝ. ʤʝʭʘʥʠʟʤʳ ʠʭ ʦʙʨʘʟʦʚʘʥʠʷ ʥʝ ʢʦʨʨʝʣʠʨʦʚʘʥʥʳ ʩ 

ʧʦʷʚʣʝʥʠʝʤ ʚ ʩʦʙʳʪʠʠ Ŭ-ʯʘʩʪʠʮ. ʊʘʢʘʷ ʥʝʟʘʚʠʩʠʤʦʩʪʴ ʠʤʝʝʪ ʤʝʩʪʦ ʪʘʢʞʝ ʜʣʷ ʰʠʨʠʥ ʠʤʧʫʣʴʩʥʳʭ 

ʨʘʩʧʨʝʜʝʣʝʥʠʡ ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʭ ʬʨʘʛʤʝʥʪʦʚ.  

ʊʝʥʜʝʥʮʠʷ ʢ ʥʝʟʘʚʠʩʠʤʦʩʪʠ ʠʤʧʫʣʴʩʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʦʪ ʥʘʣʠʯʠʷ ʠʣʠ ʦʪʩʫʪʩʪʚʠʷ ʚ ʩʦʙʳʪʠʠ 

Ŭ-ʯʘʩʪʠʮ ʥʘʙʣʶʜʘʝʪʩʷ ʪʘʢʞʝ ʜʣʷ ʣʝʛʢʠʭ ʟʝʨʢʘʣʴʥʳʭ ʷʜʝʨ 
3
ʅ ʠ 

3
ʅʝ.  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʟʥʘʯʝʥʠʷ ʩʨʝʜʥʠʭ ʧʦʣʥʳʭ ʠ ʧʦʧʝʨʝʯʥʳʭ ʠʤʧʫʣʴʩʦʚ, ʘ ʪʘʢʞʝ ʫʛʣʦʚ ʚʳʣʝʪʘ ʷʜʝʨ 
4
ʅʝ ʟʘʚʠʩʷʪ ʦʪ ʩʪʝʧʝʥʠ ʚʦʟʙʫʞʜʝʥʠʷ ʷʜʨʘ ʢʠʩʣʦʨʦʜʘ ʠ ʠʤʝʶʪ ʢʘʯʝʩʪʚʝʥʥʦ ʧʦʜʦʙʥʳʡ ʭʘʨʘʢʪʝʨ. 

ʉʨʝʜʥʠʝ ʟʥʘʯʝʥʠʷ ʠ ʰʠʨʠʥʳ ʠʤʧʫʣʴʩʥʳʭ ʨʘʩʧʨʝʜʝʣʝʥʠʡ ʣʝʛʢʠʭ ʬʨʘʛʤʝʥʪʦʚ 
1
ʅ, 

2
ʅ, 

3
ʅ ʠ 

3
ʅʝ ʥʝ 

ʟʘʚʠʩʷʪ ʦʪ ʥʘʣʠʯʠʷ ʠʣʠ ʦʪʩʫʪʩʪʚʠʷ ʚ ʩʦʙʳʪʠʠ Ŭ-ʯʘʩʪʠʮ, ʫʢʘʟʳʚʘʷ ʥʘ ʥʝʟʘʚʠʩʠʤʦʩʪʴ ʤʝʭʘʥʠʟʤʦʚ ʠʭ 

ʦʙʨʘʟʦʚʘʥʠʷ. 
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ʇʨʠ ʘʥʘʣʠʟʝ ʢʘʥʘʣʦʚ ʦʙʨʘʟʦʚʘʥʠʷ 3-ʭ ʠʣʠ 4-ʭ a-ʯʘʩʪʠʮ ʚ 
16
ʆʨ-ʩʦʫʜʘʨʝʥʠʷʭ ʧʨʠ 3.25 ɸ ɻʵɺ/ʩ [1] 

ʙʣrʠ ʦʙʥʘʨʫʞʝʥʳ ʥʝʙʦʣʴʰʠʝ ʘʟʠʤʫʪʘʣʴʥʳʝ ʘʩʠʤʤʝʪʨʠʠ ʠ ʢʦʣʣʠʥʝʘʨʥʦʩʪʠ. ɺ ʵʪʦʡ ʨʘʙʦʪʝ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʘʷ ʘʟʠʤʫʪʘʣʴʥʘʷ ʢʦʣʣʠʥʝʘʨʥʦʩʪʴ ʚ ʬʝʥʦʤʝʥʦʣʦʛʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʠʟʦʪʨʦʧʥʦʛʦ 

ʬʘʟʦʚʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ ʦʧʠʩʳʚʘʝʪʩʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʘʨʘʤʝʪʨʘ ʤʦʜʝʣʠ - ʢʦʣʣʠʥʝʘʨʥʦʩʪʠ ʚʝʢʪʦʨʦʚ 

ʠʤʧʫʣʴʩʦʚ ʧʘʨ a-ʯʘʩʪʠʮ. ɺ ʤʦʜʝʣʠ ʢʦʣʣʠʥʝʘʨʥʦʩʪʴ ʙʳʣʘ ʦʩʫʱʝʩʪʚʣʝʥʘ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: ʧʦʩʣʝ 

ʛʝʥʝʨʘʮʠʠ ʢʦʤʧʦʥʝʥʪ ʠʤʧʫʣʴʩʘ ʦʜʥʦʡ ʠʟ a-ʯʘʩʪʠʮ, ʢʦʤʧʦʥʝʥʪʳ ʠʤʧʫʣʴʩʘ ʜʨʫʛʦʡ ʛʝʥʝʨʠʨʦʚʘʣʠʩʴ ʚ 

ʧʨʝʜʝʣʘʭ 4%-ʛʦ ʦʪʣʠʯʠʷ ʦʪ ʟʥʘʯʝʥʠʡ ʩʛʝʥʝʨʠʨʦʚʘʥʥʳʭ ʢʦʤʧʦʥʝʥʪ. ʇʨʠ ʵʪʦʤ ʨʘʟʣʠʯʠʝ ʢʦʤʧʦʥʝʥʪʘ 

ʠʤʧʫʣʴʩʦʚ ʦʙʝʠʭ a-ʯʘʩʪʠʮ ʚ ʧʨʝʜʝʣʘʭ ʩʨʝʜʥʝʡ ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʧʦʛʨʝʰʥʦʩʪʠ ʦʧʨʝʜʝʣʝʥʠʷ ʠʤʧʫʣʴʩʘ 

ʙʳʣʦ ʩʛʝʥʝʨʠʨʦʚʘʥʦ ʨʘʚʥʦʤʝʨʥʦ. 

ɺʤʝʩʪʝ ʩ ʪʝʤ, ʚʦʧʨʦʩ ʦ ʧʨʠʯʠʥʘʭ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʢʦʣʣʠʥʝʘʨʥʦʩʪʠ ʚʝʢʪʦʨʦʚ ʠʤʧʫʣʴʩʦʚ ʧʘʨ a-

ʯʘʩʪʠʮ ʦʩʪʘʝʪʩʷ ʦʪʢʨʳʪʳʤ. ɽʩʪʝʩʪʚʝʥʥʦ ʧʨʝʜʧʦʣʦʞʠʪʴ, ʯʪʦ ʧʨʠʯʠʥʘʤʠ ʚʦʟʥʠʢʥʦʚʝʥʠʷ 

ʢʦʣʣʠʥʝʘʨʥʦʩʪʠ ʚʝʢʪʦʨʦʚ ʠʤʧʫʣʴʩʦʚ ʧʘʨ a-ʯʘʩʪʠʮ ʤʦʛʫʪ ʷʚʣʷʪʴʩʷ ʨʘʩʧʘʜʳ ʥʝʩʪʘʙʠʣʴʥʳʭ ʷʜʝʨ 
8
ɺʝ Ÿ 

a + a ʚ ʦʩʥʦʚʥʦʤ ʠ ʧʝʨʚʦʤ ʚʦʟʙʫʞʜʝʥʥʳʭ ʩʦʩʪʦʷʥʠʷʭ ʩ ʵʥʝʨʛʦʚʳʜʝʣʝʥʠʝʤ 0.1 ʠ 3.04 ʄʵɺ, 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʠ ʷʜʝʨ 
9
ɺŸa+a+p ʩ ʵʥʝʨʛʦʚʳʜʝʣʝʥʠʝʤ 0.3 ʄʵɺ [2]. ʏʪʦʙʳ ʧʨʦʚʝʨʠʪʴ 

ʩʧʨʘʚʝʜʣʠʚʦʩʪʴ ʵʪʦʛʦ ʧʨʝʜʧʦʣʦʞʝʥʠʷ, ʚ ʨʘʟʚʠʚʘʝʤʫʶ ʬʝʥʦʤʝʥʦʣʦʛʠʯʝʩʢʫʶ ʤʦʜʝʣʴ ʠʟʦʪʨʦʧʥʦʛʦ 

ʬʘʟʦʚʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ ʚʤʝʩʪʦ ʧʘʨʘʤʝʪʨʘ ʢʦʣʣʠʥʝʘʨʥʦʩʪʠ ʚʚʝʣʠ ʜʦʧʦʣʥʠʪʝʣʴʥʳʡ ʙʣʦʢ, ʫʯʠʪʳʚʘʶʱʠʡ 

ʨʦʞʜʝʥʠʝ ʠ ʨʘʩʧʘʜ ʧʨʦʤʝʞʫʪʦʯʥʳʭ ʥʝʩʪʘʙʠʣʴʥʳʭ ʷʜʝʨ 
8
ɺʝ Ÿa+ a ʠ 

9
ɺ Ÿ a + a + p. ʇʨʠ ʨʦʟʳʛʨʳʰʝ 

ʨʦʞʜʝʥʠʷ ʷʜʨʘ 
9
ɺ ʨʘʩʩʤʘʪʨʠʚʘʣʠʩʴ ʪʦʣʴʢʦ ʢʘʥʘʣʳ ʩ ʪʨʝʤʷ a-ʯʘʩʪʠʮʘʤʠ, ʚ ʢʦʪʦʨʳʭ ʠʤʝʝʪʩʷ ʥʝ ʤʝʥʝʝ 

ʦʜʥʦʛʦ ʧʨʦʪʦʥʘ-ʬʨʘʛʤʝʥʪʘ.  

ʅʘ ʨʠʩ. 1 ʧʦʢʘʟʘʥʦ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʧʦ ʧʘʨʥʦʤʫ ʘʟʠʤʫʪʘʣʴʥʦʤʫ ʫʛʣʫ (Ůij) i-ʦʡ ʠ j-ʦʡ a-ʯʘʩʪʠʮ. ʊʘʤ 

ʞʝ ʧʨʠʚʝʜʝʥʳ ʠ ʚʳʧʦʣʥʝʥʳʝ ʥʘʤʠ ʤʦʥʪʝ-ʢʘʨʣʦʚʩʢʠʝ ʨʘʩʯʝʪʳ ʧʦ ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʦʡ 

ʬʝʥʦʤʝʥʦʣʦʛʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʠʟʦʪʨʦʧʥʦʛʦ ʬʘʟʦʚʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ ʩ ʫʯʝʪʦʤ ʠ ʙʝʟ ʫʯʝʪʘ ʨʦʞʜʝʥʠʷ ʠ 

ʨʘʩʧʘʜʘ ʥʝʩʪʘʙʠʣʴʥʳʭ ʷʜʝʨ 
8
ɺʝ ʠ 

9
ɺ. ɺʠʜʥʦ, ʯʪʦ ʭʦʨʦʰʝʝ ʩʦʛʣʘʩʠʝ ʨʘʩʯʝʪʘ ʩ ʵʢʩʧʝʨʠʤʝʥʪʦʤ 

ʥʘʙʣʶʜʘʝʪʩʷ ʧʨʠ ʫʯʝʪʝ ʨʦʞʜʝʥʠʷ ʠ ʨʘʩʧʘʜʘ ʧʨʦʤʝʞʫʪʦʯʥʳʭ ʷʜʝʨ 
8
ɺʝ ʠ 

9
ɺ. ʅʘʠʣʫʯʰʝʝ ʩʦʛʣʘʩʠʝ 

ʜʦʩʪʠʛʥʫʪʦ ʧʨʠ ʚʝʨʦʷʪʥʦʩʪʷʭ ʨʦʞʜʝʥʠʷ W(0.1) = 15.4% ʠ W(3.04) = 6.6% ʜʣʷ ʷʜʝʨ 
8
ɺʝ ʠ W(0.3) = 19% 

ʜʣʷ ʷʜʨʘ 
9
ɺ.  

ʅʘ ʨʠʩ. 2 ʧʨʠʚʝʜʝʥʦ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʧʦ ʘʟʠʤʫʪʘʣʴʥʦʡ ʢʦʣʣʠʥʝʘʨʥʦʩʪʠ (b2) ʜʣʷ ʠʥʜʠʚʠʜʫʘʣʴʥʳʭ 

ʘʢʪʦʚ 
16
ʆʨ-ʩʦʫʜʘʨʝʥʠʡ ʩ 3- ʠ 4-ʤʷ a-ʯʘʩʪʠʮʘʤʠ ʚ ʢʦʥʝʯʥʦʤ ʩʦʩʪʦʷʥʠʠ.  

ɻʠʩʪʦʛʨʘʤʤʳ ï ʨʝʟʫʣʴʪʘʪʳ ʨʘʩʯʝʪʦʚ ʧʦ ʧʨʝʜʣʦʞʝʥʥʦʡ ʥʘʤʠ ʤʦʥʪʝ-ʢʘʨʣʦʚʩʢʦʡ ʤʦʜʝʣʠ ʩ ʫʯʝʪʦʤ 

(ʩʧʣʦʰʥʘʷ ʛʠʩʪʦʛʨʘʤʤʘ) ʠ ʙʝʟ ʫʯʝʪʘ (ʰʪʨʠʭʦʚʘʷ ʛʠʩʪʦʛʨʘʤʤʘ) ʨʦʞʜʝʥʠʷ ʥʝʩʪʘʙʠʣʴʥʳʭ ʷʜʝʨ 
8
ɺʝ ʠ 

9
ɺ. 

  

ʈʠʩ.1. ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʧʦ ʧʘʨʥʦʤʫ ʘʟʠʤʫ-ʪʘʣʴʥʦʤʫ ʫʛʣʫ 

(eij ) i-ʦʡ ʠ j-ʦʡ Ŭ-ʯʘʩʪʠʮ. 

ʈʠʩ. 2. b2-ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʚ ʠʥʜʠʚʠʜʫʘʣʴʥʳʭ ʘʢʪʘʭ 
16
ʆʨ-ʩʦʫʜʘʨʝʥʠʡ. 

ʊʘʤ ʞʝ ʧʦʢʘʟʘʥʳ ʠ ʨʘʩʯʝʪʥʳʝ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʧʦ ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʦʡ ʬʝʥʦʤʝʥʦʣʦʛʠʯʝʩʢʦʡ 

ʤʦʜʝʣʠ ʠʟʦʪʨʦʧʥʦʛʦ ʬʘʟʦʚʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ ʩ ʫʯʝʪʦʤ ʠ ʙʝʟ ʫʯʝʪʘ ʦʙʨʘʟʦʚʘʥʠʷ ʥʝʩʪʘʙʠʣʴʥʳʭ ʷʜʝʨ 
8
ɺʝ 

ʠ 
9
ɺ. ɺʠʜʥʦ, ʯʪʦ ʨʘʩʯʝʪʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʩ ʫʯʝʪʦʤ ʦʙʨʘʟʦʚʘʥʠʷ ʥʝʩʪʘʙʠʣʴʥʳʭ ʷʜʝʨ 

8
ɺʝ ʠ 

9
ɺ 

ʫʜʦʚʣʝʪʚʦʨʠʪʝʣʴʥʦ ʦʧʠʩʳʚʘʝʪ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʡ ʩʧʝʢʪʨ (c
2
=3.88 ʧʨʠ 10-ʪʠ ʩʪʝʧʝʥʷʭ ʩʚʦʙʦʜʳ, ʯʪʦ 
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ʩʦʦʪʚʝʪʩʪʚʫʝʪ 95% ʫʨʦʚʥʶ ʟʥʘʯʠʤʦʩʪʠ). ʊʘʢʞʝ ʩʦʚʧʘʜʘʶʪ ʠ ʠʭ ʩʨʝʜʥʠʝ ʟʥʘʯʝʥʠʷ: <b>ʵʢʩʧ =0.13 ° 

0.03; <b>ʨʘʩʯ = 0.13 ° 0.02. ʂʘʢ ʠ ʦʞʠʜʘʣʦʩʴ, ʩʨʝʜʥʝʝ ʟʥʘʯʝʥʠʝ ʨʘʩʯʝʪʥʦʛʦ b2-ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʙʝʟ ʫʯʝʪʘ 

ʨʦʞʜʝʥʠʷ ʚʳʰʝʫʢʘʟʘʥʥʳʭ ʥʝʩʪʘʙʠʣʴʥʳʭ ʷʜʝʨ ʦʢʘʟʘʣʦʩʴ ʨʘʚʥʳʤ ʥʫʣʶ: <b>ʨʘʩʯ = 0.004 ° 0.024 ʠ 

c
2
=21.56 ʧʨʠ 10-ʪʠ ʩʪʝʧʝʥʝʡ ʩʚʦʙʦʜʳ, ʯʪʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʤʝʥʝʝ 2% ʫʨʦʚʥʶ ʟʥʘʯʠʤʦʩʪʠ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʥʘʙʣʶʜʘʝʤʘʷ ʘʟʠʤʫʪʘʣʴʥʘʷ ʢʦʣʣʠʥʝʘʨʥʦʩʪʴ ʚ ʨʦʞʜʝʥʠʠ ʪʨʝʭ 

ʠʣʠ ʯʝʪʳʨʝʭ a-ʯʘʩʪʠʮ ʚ 
16
ʆʨ-ʩʦʫʜʘʨʝʥʠʷʭ ʧʨʠ ʚʳʩʦʢʠʭ ʵʥʝʨʛʠʷʭ ʩʚʷʟʘʥʘ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ 

ʧʨʦʤʝʞʫʪʦʯʥʳʭ ʥʝʩʪʘʙʠʣʴʥʳʭ ʷʜʝʨ 
8
ɺʝ ʠ 

9
ɺ, ʘ ʥʘʡʜʝʥʥʳʝ ʧʘʨʘʤʝʪʨʳ ʥʘʠʣʫʯʰʝʛʦ ʬʠʪʠʨʦʚʘʥʠʷ 

ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʚʝʨʦʷʪʥʦʩʪʷʤ ʦʙʨʘʟʦʚʘʥʠʷ ʵʪʠʭ ʥʝʩʪʘʙʠʣʴʥʳʭ ʷʜʝʨ: W(0.1) = 15.4%, ʘ ʪʘʢʞʝ W(3.04) = 

6.6% ʜʣʷ ʷʜʝʨ 
8
ɺʝ ʠ W(0.3) = 19% ʜʣʷ ʷʜʨʘ 

9
ɺ.  
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ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʠʩʩʣʝʜʦʚʘʥʳ ʧʨʦʮʝʩʩʳ ʘʣʴʪʝʨʥʘʪʠʚʥʦʛʦ ʦʙʨʘʟʦʚʘʥʠʷ 3-ʭ Ŭ-ʯʘʩʪʠʮ ʚ 
16
ʆʨ-

ʩʦʫʜʘʨʝʥʠʷʭ ʧʨʠ 3.25 ɸ ɻʵɺ/ʩ, ʢʘʢ ʨʘʩʧʘʜ ʚʦʟʙʫʞʜʝʥʥʦʛʦ ʷʜʨʘ-ʦʩʪʘʪʢʘ ʩ ʢʚʘʥʪʦʚʳʤʠ ʯʠʩʣʘʤʠ ʪʨʝʭ a-

ʯʘʩʪʠʮ (ʪʦ ʝʩʪʴ 
12
ʉ*), ʪʘʢ ʠ ʧʨʷʤʦʡ ʤʫʣʴʪʠʬʨʘʛʤʝʥʪʥʳʡ ʨʘʟʚʘʣ ʷʜʨʘ ʢʠʩʣʦʨʦʜʘ 

16
ʆ ʙʝʟ ʦʙʨʘʟʦʚʘʥʠʷ 

ʚʦʟʙʫʞʜʝʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ 
12
ʉ*. 

ʇʨʠ ʩʨʘʚʥʠʪʝʣʴʥʦʤ ʘʥʘʣʠʟʝ ʢʘʥʘʣʦʚ ʦʙʨʘʟʦʚʘʥʠʷ 3-ʭ a-ʯʘʩʪʠʮ ʠ ʷʜʝʨ 
12
ʉ ʚ 

16
ʆʨ-ʩʦʫʜʘʨʝʥʠʷʭ 

ʧʨʠ 3.25 ɸ ɻʵɺ/ʩ ʙʳʣʦ ʧʦʢʘʟʘʥʦ [1], ʯʪʦ ʚ ʧʨʝʜʝʣʘʭ ʩʪʘʪʠʩʪʠʯʝʩʢʠʭ ʧʦʛʨʝʰʥʦʩʪʝʡ ʩʦʚʧʘʜʘʶʪ ʩʨʝʜʥʠʝ 

ʤʥʦʞʝʩʪʚʝʥʥʦʩʪʠ ʠ ʩʨʝʜʥʠʝ ʠʤʧʫʣʴʩʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʚʪʦʨʠʯʥʳʭ ʬʨʘʛʤʝʥʪʦʚ ʠ ʟʘʨʷʞʝʥʥʳʭ 

ʯʘʩʪʠʮ, ʦʙʨʘʟʦʚʘʥʥʳʭ ʚ ʵʪʠʭ ʜʚʫʭ ʢʘʥʘʣʘʭ. ʊʘʢʞʝ ʙʳʣʦ ʧʦʣʫʯʝʥʦ, ʯʪʦ ʠ ʩʝʯʝʥʠʷ ʚʳʭʦʜʘ ʵʪʠʭ ʢʘʥʘʣʦʚ 

ʦʯʝʥʴ ʙʣʠʟʢʠʝ. ɺʩʝ ʵʪʦ ʫʢʘʟʳʚʘʣʦ ʥʘ ʪʦ, ʯʪʦ ʦʙʘ ʵʪʠ ʢʘʥʘʣʘ ʨʝʘʣʠʟʫʶʪʩʷ ʧʨʠ ʦʯʝʥʴ ʙʣʠʟʢʠʭ 

ʬʠʟʠʯʝʩʢʠʭ ʫʩʣʦʚʠʷʭ. 

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʚʳʧʦʣʥʝʥ ʘʥʘʣʠʟ ʢʘʥʘʣʘ ʦʙʨʘʟʦʚʘʥʠʷ ʪʨʝʭ a-ʯʘʩʪʠʮ, ʪ.ʝ. ʨʝʘʢʮʠʠ 
16
ʆ + ʨ  3a + ʍ, (1), 

ʛʜʝ ʍ ī ʤʦʞʝʪ ʙʳʪʴ ʦʜʥʦ- ʠʣʠ ʜʚʫʭʟʘʨʷʜʥʳʤ ʬʨʘʛʤʝʥʪʦʤ ʩ ʤʘʩʩʦʚʳʤ ʯʠʩʣʦʤ ɸ ¢ 3. ʂʨʦʤʝ ʪʦʛʦ, ʟʜʝʩʴ 

ʞʝ ʤʦʛʫʪ ʙʳʪʴ ʟʘʨʷʞʝʥʥʳʝ ʧʠʦʥʳ ʠ ʧʨʦʪʦʥ ʦʪʜʘʯʠ, ʝʩʣʠ ʥʝ ʧʨʦʠʟʦʰʣʘ ʥʝʫʧʨʫʛʘʷ ʧʝʨʝʟʘʨʷʜʢʘ 

ʧʦʩʣʝʜʥʝʛʦ ʥʘ ʥʝʡʪʨʦʥ ʠ p
+
-ʤʝʟʦʥ.  

ʏʪʦʙʳ ʚʳʷʩʥʠʪʴ ʜʝʡʩʪʚʠʪʝʣʴʥʦ ʣʠ ʠʤʝʝʪ ʤʝʩʪʦ ʦʙʨʘʟʦʚʘʥʠʝ 3-ʭ Ŭ-ʯʘʩʪʠʮ ʯʝʨʝʟ ʚʦʟʙʫʞʜʝʥʥʦʝ 

ʩʦʩʪʦʷʥʠʝ 
12
ʉ*, ʧʨʦʚʝʜʝʥʦ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʤʝʪʦʜʦʤ ʄʦʥʪʝ-ʂʘʨʣʦ (ʄʂ) ʚ ʨʘʤʢʘʭ ʤʦʜʝʣʠ ʠʟʦʪʨʦʧʥʦʛʦ 

ʬʘʟʦʚʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ. ʇʨʝʜʧʦʣʘʛʘʣʦʩʴ, ʯʪʦ ʚ ʩʠʩʪʝʤʝ ʧʦʢʦʷ ʚʦʟʙʫʞʜʝʥʥʦʛʦ ʷʜʨʘ 
12
ʉ* ʝʛʦ ʧʨʷʤʦʡ 

ʨʘʩʧʘʜ 
12

C*  3a ʠ ʢʘʩʢʘʜʥʳʡ ʨʘʩʧʘʜ 
12

C*
8
ɺʝ*+a 3a ʜʦʣʞʝʥ ʙʳʪʴ ʠʟʦʪʨʦʧʥʳʤ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, 

ʨʘʩʯʝʪ ʦʩʥʦʚʳʚʘʝʪʩʷ ʥʘ ʩʣʝʜʫʶʱʠʭ ʜʚʫʭ ʢʘʥʘʣʘʭ ʠʟʦʪʨʦʧʥʳʭ ʨʘʩʧʘʜʦʚ ʷʜʨʘ 
12

C*:  
16

O + p 
12

C* + X 3a + X, ʩ ʚʝʨʦʷʪʥʦʩʪʴʶ W=0.4 , (2); 
16

O + p  
12

C* + X
8
ɺʝ*+a+ʍ 3a + X, ʩ ʚʝʨʦʷʪʥʦʩʪʴʶ W=0.6. (3). 

ɺ ʨʝʘʢʮʠʠ (3) ʨʘʩʧʘʜ ʥʝʩʪʘʙʠʣʴʥʦʛʦ ʷʜʨʘ 
8
ɺʝ* ʥʘ ʜʚʝ a-ʯʘʩʪʠʮʳ ʛʝʥʝʨʠʨʦʚʘʣʩʷ ʩ ʚʝʨʦʷʪʥʦʩʪʴʶ 

W(0
+
) = 0.67 ʜʣʷ ʦʩʥʦʚʥʦʛʦ ʩʦʩʪʦʷʥʠʷ (J

P
 = 0

+
) ʩ ʵʥʝʨʛʠʝʡ ʚʦʟʙʫʞʜʝʥʠʷ Dɽ* = 0.1 ʄʵɺ ʠ ʩ 

ʚʝʨʦʷʪʥʦʩʪʴʶ W(2
+
) = 0.33 ʜʣʷ ʧʝʨʚʦʛʦ ʚʦʟʙʫʞʜʝʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ (J

P
 = 2

+
) ʩ Dɽ* = 3.04 ʄʵɺ [2]. ɼʦʣʠ 

ʧʨʷʤʦʛʦ ʠ ʢʘʩʢʘʜʥʦʛʦ ʢʘʥʘʣʦʚ ʨʘʩʧʘʜʘ ʷʜʨʘ 
12
C* ʠ ʚʝʨʦʷʪʥʦʩʪʠ ʨʘʩʧʘʜʦʚ ʥʝʩʪʘʙʠʣʴʥʦʛʦ ʷʜʨʘ 

8
ɺʝ* ʥʘ 

ʜʚʝ a-ʯʘʩʪʠʮʳ W(0
+
) ʠ W(2

+
) ʦʧʨʝʜʝʣʠʥʳ ʠʟ ʘʥʘʣʠʟʘ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʫʛʣʘ ʤʝʞʜʫ ʧʘʨʦʡ a-ʯʘʩʪʠʮ DJaa 

ʚ ʨʝʘʢʮʠʠ (1) ʤʝʪʦʜʦʤ, ʧʨʠʚʝʜʝʥʥʦʤ ʚ ʨʘʙʦʪʝ [3]. ʉʨʘʚʥʝʥʠʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʠ ʨʘʩʯʝʪʥʦʡ 

ʟʘʚʠʩʠʤʦʩʪʠ ʩʨʝʜʥʝʛʦ ʧʦʧʝʨʝʯʥʦʛʦ ʠʤʧʫʣʴʩʘ a-ʯʘʩʪʠʮ ðàaTP  ʦʪ ʵʥʝʨʛʠʠ ʚʦʟʙʫʞʜʝʥʠʷ ȹE*, 

ʦʧʨʝʜʝʣʷʝʤʦʡ ʢʘʢ ȹE* = M3a ī 3MŬ, (M3a ī ʠʥʚʘʨʠʘʥʪʥʘʷ ʠ 3Ma ī ʩʫʤʤʘʨʥʘʷ ʤʘʩʩʳ ʪʨʝʭ a-ʯʘʩʪʠʮ) 

ʧʦʢʘʟʘʣʦ ʠʭ ʫʜʦʚʣʝʪʚʦʨʠʪʝʣʴʥʦʝ ʩʦʛʣʘʩʠʝ ʚ ʦʙʣʘʩʪʠ ʤʘʣʳʭ ʟʥʘʯʝʥʠʡ ʵʥʝʨʛʠʡ ʚʦʟʙʫʞʜʝʥʠʷ (ȹE*<15 

ʄʵɺ). ʕʪʦ ʦʙʩʪʦʷʪʝʣʴʩʪʚʦ ʤʳ ʠʥʪʝʨʧʨʝʪʠʨʫʝʤ ʢʘʢ ʧʨʷʤʦʝ ʜʦʢʘʟʘʪʝʣʴʩʪʚʦ ʪʦʛʦ, ʯʪʦ ʯʘʩʪʴ ʨʝʘʢʮʠʠ (1) 

ʤʦʞʝʪ ʨʝʘʣʠʟʦʚʘʪʴʩʷ ʯʝʨʝʟ ʢʘʥʘʣ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʚʦʟʙʫʞʜʝʥʥʦʛʦ ʷʜʨʘ 
12
ʉ*.  
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ɺ ʨʝʟʫʣʴʪʘʪʝ ʘʥʘʣʠʟʘ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʩʦʙʳʪʠʡ ʧʦ ʚʝʣʠʯʠʥʝ ȹE* (ʵʢʚʠʚʘʣʝʥʪʥʦʡ ʩʧʝʢʪʨʫ 

ʠʥʚʘʨʠʘʥʪʥʳʭ ʤʘʩʩ 3-ʭ a-ʯʘʩʪʠʮ), ʙʳʣ ʦʧʨʝʜʝʣʝʥ ʚʢʣʘʜ ʚʦʟʙʫʞʜʝʥʥʦʛʦ ʷʜʨʘ 
12
ʉ*ʚ ʨʝʘʢʮʠʠ (1), 

ʢʦʪʦʨʳʡ ʦʢʘʟʘʣʩʷ ʨʘʚʥʳʤ (38.0 ° 0.8)% ʦʪ ʧʦʣʥʦʛʦ ʩʝʯʝʥʠʷ ʵʪʦʡ ʨʝʘʢʮʠʠ. 
ʃʠʪʝʨʘʪʫʨʘ 

1. ʄ.ɸ. ɹʝʣʦʚ, ʂ.ɻ. ɻʫʣʘʤʦʚ, ɺ.ɺ. ʃʫʛʦʚʦʡ ʠ ʜʨ. ʗʌ 65, 990 (2002).   

2. Ajzenberg-Selove F. Nuclear Physics A 413 1 (1984).   
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There was investigated the motion of a magnetized particle orbiting around in Schwarzschild-like 

black hole with asymptotically uniform magnetic field. The influence of deformation parameter e  on 

effective potential of the radial motion of magnetized particle around non-Schwarzschild black hole using 

Hamilton-Jacobi formalism is studied. We have obtained an area ȹx in which particles could move by 

numerical calculations using for magnetized particles. It is shown that the area ȹx obtained is expanding due 

to the effect of the deformation parametere .  
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ɺʚʝʜʝʥʠʝ. ʉʫʱʥʦʩʪʴ ʙʨʘʭʠʪʝʨʘʧʠʠ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʪʦʤ, ʯʪʦ ʚ ʪʢʘʥʝʚʳʝ ʦʧʫʭʦʣʠ, ʩ ʧʦʤʦʱʴʶ 

ʠʛʣ-ʠʥʪʨʘʩʪʘʪʦʚ, ʚʚʦʜʷʪ ʥʝʩʢʦʣʴʢʦ ʜʝʩʷʪʢʦʚ ʤʠʢʨʦʠʩʪʦʯʥʠʢʦʚ ʨʝʥʪʛʝʥʦʚʩʢʦʛʦ ʠʟʣʫʯʝʥʠʷ ʙʝʟ 

ʦʧʝʨʘʪʠʚʥʦʛʦ ʚʤʝʰʘʪʝʣʴʩʪʚʘ. ʄʠʢʨʦʠʩʪʦʯʥʠʢʠ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʢʘʧʩʫʣʳ ʤʘʣʦʛʦ ʨʘʟʤʝʨʘ ï ʟʝʨʥʘ, 

ʚʥʫʪʨʠ ʢʦʪʦʨʳʭ ʥʘʭʦʜʠʪʩʷ ʨʘʜʠʦʥʫʢʣʠʜ, ʦʙʣʘʜʘʶʱʠʡ ʦʧʨʝʜʝʣʝʥʥʳʤʠ ʷʜʝʨʥʳʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ, 

ʪʘʢʠʤʠ ʢʘʢ: ʥʘʣʠʯʠʝ ʠʟʣʫʯʝʥʠʷ ʥʝʙʦʣʴʰʦʡ ʵʥʝʨʛʠʠ, ʜʣʷ ʵʬʬʝʢʪʠʚʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ʦʧʫʭʦʣʴ ʠ 

ʦʪʩʫʪʩʪʚʠʝ ʚʳʩʦʢʦʵʥʝʨʛʝʪʠʯʝʩʢʦʛʦ ʠʟʣʫʯʝʥʠʷ, ʜʣʷ ʧʨʝʜʦʪʚʨʘʱʝʥʠʷ ʧʦʚʨʝʞʜʝʥʠʷ ʟʜʦʨʦʚʳʭ ʪʢʘʥʝʡ. 

ʀʩʪʦʯʥʠʢʠ ʠʟʣʫʯʝʥʠʷ ʥʘ ʦʩʥʦʚʝ 
131
Cs ʚʧʝʨʚʳʝ ʧʨʠʤʝʥʠʣʠ ʚ 2005 ʛʦʜʫ ʚ ʢʣʠʥʠʢʘʭ ʉʐɸ ʠ ʫʩʪʘʥʦʚʠʣʠ, 

ʯʪʦ 
131
Cs ʙʦʣʝʝ ʙʳʩʪʨʦ ʠ ʵʬʬʝʢʪʠʚʥʦ ʧʦʜʘʚʣʷʝʪ ʨʦʩʪ ʨʘʢʦʚʳʭ ʢʣʝʪʦʢ, ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ 

ʨʘʜʠʦʥʫʢʣʠʜʘʤʠ 
125
I ʠ 

103
Pd, ʢʦʪʦʨʳʝ ʠʩʧʦʣʴʟʫʶʪʩʷ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ. ʉʢʦʨʦʩʪʴ ʨʝʧʦʧʫʣʷʮʠʠ 

ʨʘʢʦʚʳʭ ʢʣʝʪʦʢ ʧʨʦʩʪʘʪʳ ʩʦʩʪʘʚʣʷʝʪ 1.5% ʚ ʜʝʥʴ ʠ ʟʘ 67 ʩʫʪʦʢ ʦʥʘ ʫʜʚʘʠʚʘʝʪʩʷ. ɼʣʷ ʦʪʜʘʯʠ 90% 

ʵʥʝʨʛʠʠ ʠʟʣʫʯʝʥʠʷ ʚ ʦʧʫʭʦʣʴ ʪʨʝʙʫʝʪʩʷ ʚʨʝʤʷ ʨʘʚʥʦʝ ʪʨʝʤ ʧʝʨʠʦʜʘʤ ʧʦʣʫʨʘʩʧʘʜʘ ʨʘʜʠʦʥʫʢʣʠʜʘ. 

ʇʦʵʪʦʤʫ ʩʢʦʨʦʩʪʴ ʫʥʠʯʪʦʞʝʥʠʷ ʨʘʢʦʚʳʭ ʢʣʝʪʦʢ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ 
131

Cs (T1/2=9.6 ʩʫʪ) ʩʫʱʝʩʪʚʝʥʥʦ 

ʚʳʰʝ ʩʢʦʨʦʩʪʠ ʠʭ ʨʝʧʦʧʫʣʷʮʠʠ, ʯʪʦ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʦʩʪʘʚʣʷʝʪ ʰʘʥʩʘ ʥʘ ʠʭ ʚʳʞʠʚʘʥʠʝ ʚ ʦʪʣʠʯʠʝ ʦʪ 
125

I (T1/2= 60 ʩʫʪ) ʠ 
103

Pd (T1/2= 17 ʩʫʪ).  

ʎʝʣʴ. Cʦʟʜʘʥʠʝ ʛʨʘʥʫʣ ʥʘ ʦʩʥʦʚʝ ʙʠʦʧʦʣʠʤʝʨʘ, ʦʙʣʘʜʘʶʱʝʛʦ ʩʝʣʝʢʪʠʚʥʦʡ ʩʦʨʙʮʠʝʡ ʧʦ 

ʦʪʥʦʰʝʥʠʶ ʢ ʨʘʜʠʦʥʫʢʣʠʜʫ 
131

Cs, ʜʣʷ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚ ʙʨʘʭʠʪʝʨʘʧʠʠ. 

ʕʢʩʧʝʨʠʤʝʥʪ. ɼʣʷ ʧʦʣʫʯʝʥʠʷ 
131
Cs ʥʘʠʙʦʣʝʝ ʫʜʦʙʥʘ ʨʝʘʢʮʠʷ ʥʘ ʪʝʧʣʦʚʳʭ ʥʝʡʪʨʦʥʘʭ  

130
Ba(n, g)

131
Ba 

131
Cs (1). 

ʄʘʪʝʨʠʥʩʢʠʡ ʨʘʜʠʦʥʫʢʣʠʜ 
131

Ba ʩ ʊ1/2 = 11.8 ʩʫʪ ʨʘʩʧʘʜʘʝʪʩʷ ʥʘ ʜʦʯʝʨʥʠʡ 
131

Cs, ʢʦʪʦʨʳʡ 

ʧʝʨʝʭʦʜʠʪ ʚ ʩʪʘʙʠʣʴʥʳʡ ʠʟʦʪʦʧ 
131
ʍʝ.  

ʄʘʩʩʦʚʘʷ ʜʦʣʷ ʙʘʨʠʷ ʚ ʩʦʝʜʠʥʝʥʠʷʭ ʩʦʩʪʘʚʣʷʝʪ ï 89,5% ʚ BaO, 52% ʚ Ba(NO3)2, 69% ʚ BaCO3 ʠ 

65% ʚ (BaCl2)Ŀ2H2O. ʂʘʢ ʧʦʢʘʟʘʣʠ ʵʢʩʧʝʨʠʤʝʥʪʳ, ʧʨʠ ʦʙʣʫʯʝʥʠʠ BaO, ʥʘʨʘʙʘʪʳʚʘʝʤʘʷ ʘʢʪʠʚʥʦʩʪʴ 
131
Ba ʛʦʨʘʟʜʦ ʙʦʣʴʰʝ, ʯʝʤ ʧʨʠ ʦʙʣʫʯʝʥʠʠ ʠʜʝʥʪʠʯʥʳʭ ʥʘʚʝʩʦʢ ʜʨʫʛʠʭ ʩʦʝʜʠʥʝʥʠʡ. ɺ ʨʘʙʦʪʝ [1], 



ʈʝʩʧʫʙʣʠʢʘʥʩʢʘ ̫ʢʦʥʬʝʨʝʥʮʠʷ, ʧʦʩʚʷʱʝʥʥʘ ̫100-ʣʝʪʠʶ ʘʢʘʜʝʤʠʢʘ ʉ.ɸ.ɸʟʠʤʦʚʘ 
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ʨʘʟʨʘʙʦʪʘʥʘ ʪʝʭʥʦʣʦʛʠʷ ʚʳʜʝʣʝʥʠʷ ʙʨʘʭʠʪʝʨʘʧʝʚʪʠʯʝʩʢʦʛʦ ʨʘʜʠʦʥʫʢʣʠʜʘ 
131
Cs ʠʟ ʚʳʩʦʢʦʘʢʪʠʚʥʦʛʦ 

ʦʢʩʠʜʘ ʙʘʨʠʷ, ʧʦʩʣʝ ʦʙʣʫʯʝʥʠʷ ʥʘ ʘʪʦʤʥʦʤ ʨʝʘʢʪʦʨʝ ɺɺʈ-ʉʄ ʀʗʌ ɸʅ ʈʋʟ. ʇʦʩʣʝ ʧʦʣʥʦʛʦ ʧʝʨʝʚʦʜʘ 

BaO ʚ ʨʘʩʪʚʦʨ ʚ ʢʠʩʣʦʪʝ HCl, 
131
Cs ʦʪʜʝʣʷʶʪ ʧʫʪʝʤ ʦʩʘʞʜʝʥʠʷ ʠʦʥʦʚ ɺʘ

2+
 ʚ ʚʠʜʝ ʢʘʨʙʦʥʘʪʘ ʚ 

ʩʣʘʙʦʱʝʣʦʯʥʦʡ ʩʨʝʜʝ ʜʦʙʘʚʣʝʥʠʝʤ ʨʘʩʪʚʦʨʘ 1ʄ Na2CO3. 

ʇʦʣʫʯʝʥʥʳʡ ʨʘʩʪʚʦʨ 
131
ʉs ʦʪʜʝʣʷʝʪʩʷ ʦʪ ʦʩʘʜʢʘ BaCO3 ʬʠʣʴʪʨʦʚʘʥʠʝʤ ʩ ʧʦʩʣʝʜʫʶʱʝʡ 

ʧʨʦʤʳʚʢʦʡ ʦʩʘʜʢʘ 0.1 ʄ ʨʘʩʪʚʦʨʦʤ ʘʤʤʠʘʢʘ. ʉʣʝʜʳ ʠʦʥʦʚ ʙʘʨʠʷ ʚ ʬʠʣʴʪʨʘʪʝ ʫʜʘʣʷʶʪʩʷ ʦʩʘʞʜʝʥʠʝʤ 

ʧʨʠ ʜʦʙʘʚʣʝʥʠʠ 3-5 ʤʣ 5ʄ ʨʘʩʪʚʦʨʘ ʩʝʨʥʦʡ ʢʠʩʣʦʪʳ (ʅ2SO4). ʇʦʩʢʦʣʴʢʫ 
131

Cs ʷʚʣʷʝʪʩʷ ʜʦʯʝʨʥʠʤ 

ʨʘʜʠʦʥʫʢʣʠʜʦʤ 
131
Ba, ʧʦʩʣʝ 8-10 ʩʫʪʦʢ, ʥʝʦʙʭʦʜʠʤʳʭ ʜʣʷ ʜʦʩʪʠʞʝʥʠʷ ʨʘʜʠʦʘʢʪʠʚʥʦʛʦ ʨʘʚʥʦʚʝʩʠʷ, 

ʦʩʘʜʦʢ ʢʘʨʙʦʥʘʪʘ ʙʘʨʠʷ ʚʥʦʚʴ ʨʘʩʪʚʦʨʷʝʪʩʷ ʚ ʅʉl ʠ ʧʨʦʚʦʜʠʪʩʷ ʥʦʚʦʝ ʦʪʜʝʣʝʥʠʝ ʮʝʟʠʷ.  

ɺ ʨʝʟʫʣʴʪʘʪʝ ʙʳʣ ʧʦʣʫʯʝʥ ʮʝʣʝʚʦʡ ʨʘʜʠʦʥʫʢʣʠʜ ʩ ʘʢʪʠʚʥʦʩʪʴʶ ʦʪ 10 ʜʦ 25 ʤʂʠ ʥʘ 1 ʛ ʙʘʨʠʷ 

ʧʨʠ 4-ʭ ʢʨʘʪʥʦʤ ʚʳʜʝʣʝʥʠʠ 
131
Cs ʠʟ ʚʳʩʦʢʦʘʢʪʠʚʥʦʛʦ ʨʘʩʪʚʦʨʘ ʙʘʨʠʷ. ʇʦʣʫʯʝʥʥʳʡ ʧʨʝʧʘʨʘʪ ʦʙʣʘʜʘʝʪ 

ʨʘʜʠʦʥʫʢʣʠʜʥʦʡ ʯʠʩʪʦʪʦʡ, ʫʜʦʚʣʝʪʚʦʨʷʶʱʠʡ ʤʝʜʠʮʠʥʢʠʤ ʪʨʝʙʦʚʘʥʠʷʤ [2].  

ʄʝʪʦʜ ʙʠʦʧʦʣʠʤʝʨʦʚʘʥʠʷ. ɼʣʷ ʜʘʣʴʥʝʡʰʝʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʢʦʥʮʝʥʪʨʘʪʘ 
131
Cs, ʥʝʦʙʭʦʜʠʤʦ 

ʨʘʟʨʘʙʦʪʘʪʴ ʤʝʪʦʜʠʢʫ ʦʩʘʞʜʝʥʠʷ 
131
Cs ʥʘ ʛʨʘʥʫʣʘʭ-ʩʦʨʙʝʥʪʘʭ ʠ ʧʦʢʨʳʪʠʝ ʧʦʚʝʨʭʥʦʩʪʠ 

ʨʘʜʠʦʘʢʪʠʚʥʳʭ ʛʨʘʥʫʣ (ʠʣʠ ʟʝʨʝʥ) ʩʣʦʝʤ ʧʦʣʠʤʝʨʘ ʜʣʷ ʧʨʝʜʦʪʚʨʘʱʝʥʠʷ ʜʝʩʦʨʙʮʠʠ 
131

Cs ʩ 

ʧʦʚʝʨʭʥʦʩʪʠ ʛʨʘʥʫʣ ʩʦʨʙʝʥʪʘ. ɼʣʷ ʧʦʣʥʦʛʦ ʠʟʚʣʝʯʝʥʠʷ ʠʦʥʦʚ ʉs
+1

 ʠʟ ʨʘʩʪʚʦʨʘ ʚ ʢʘʯʝʩʪʚʝ ʩʦʨʙʝʥʪʘ 

ʙʳʣ ʚʳʙʨʘʥ ʧʨʠʨʦʜʥʳʡ ʧʦʣʠʤʝʨ ʭʠʪʦʟʘʥ ʚ ʩʤʝʩʠ ʩ ʤʠʢʨʦʮʝʣʣʶʣʦʟʦʡ ʚ ʤʘʩʩʦʚʦʤ ʩʦʦʪʥʦʰʝʥʠʠ 1:4 

(ʭʠʪʦʟʘʥ çʕʚʘʣʘʨè). ʇʝʨʝʨʘʙʦʪʢʫ ʮʝʣʣʶʣʦʟʥʦ-ʭʠʪʦʟʘʥʦʚʦʡ ʩʤʝʩʠ ʚ ʛʨʘʥʫʣʳ ʧʨʦʚʦʜʠʣʠ ʦʩʘʞʜʝʥʠʝʤ 

ʩʤʝʩʠ ʧʦʣʠʤʝʨʦʚ ʚ ʚʠʜʝ ʢʘʧʝʣʴ ʠʟ ʚʳʩʦʢʦʚʷʟʢʦʛʦ (ɖ>5 ʇʘĀʩ) 2õ6% ʫʢʩʫʩʥʦʢʠʩʣʦʛʦ ʬʦʨʤʦʚʦʯʥʦʛʦ 

ʨʘʩʪʚʦʨʘ ʚ 1ʄ NaOH 
131
Cs. ʇʦʣʫʯʝʥʥʳʝ ʛʨʘʥʫʣʳ ʧʦʣʠʤʝʨʥʦʛʦ ʩʦʨʙʝʥʪʘ ʧʦʜʚʝʨʛʘʣʠʩʴ ʚʦʟʜʫʰʥʦʡ 

ʩʫʰʢʝ ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ. ɻʨʘʥʫʣʠʨʦʚʘʥʥʳʡ ʩʦʨʙʝʥʪ ʦʙʣʘʜʘʝʪ ʚʳʩʦʢʦʡ ʤʝʭʘʥʠʯʝʩʢʦʡ 

ʧʨʦʯʥʦʩʪʴʶ ʠ ʦʯʝʥʴ ʤʘʣʦʡ ʥʘʙʫʭʘʝʤʦʩʪʴʶ ʚ ʥʝʡʪʨʘʣʴʥʳʭ ʩʨʝʜʘʭ. ʉʦʨʙʮʠʷ 
131
Cs ʥʘ ʛʨʘʥʫʣʠʨʦʚʘʥʥʦʤ 

ʩʦʨʙʝʥʪʝ ʜʦʩʪʠʛʘʝʪ 95%. 

ɿʘʢʣʶʯʝʥʠʝ. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʦʙʨʘʙʦʪʢʘ ʧʦʣʠʤʝʨʥʦʛʦ ʩʦʨʙʝʥʪʘ ʨʘʩʪʚʦʨʦʤ, ʢʘʢ 

ʧʦʣʠʚʠʥʠʣʦʚʦʛʦ ʩʧʠʨʪʘ, ʪʘʢ ʠ ʬʦʨʤʘʣʴʜʝʛʠʜʘ ʧʨʠʚʦʜʠʪ ʢ ʟʥʘʯʠʪʝʣʴʥʦʤʫ ʫʤʝʥʴʰʝʥʠʶ ʜʝʩʦʨʙʮʠʠ ʠ 

ʧʦʣʫʯʝʥʠʶ ʛʨʘʥʫʣ, ʩʦʭʨʘʥʷʶʱʠʭ ʛʝʨʤʝʪʠʯʥʦʩʪʴ ʚ ʪʝʯʝʥʠʝ 2-2,5 ʥʝʜʝʣʴ ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ. 

ʇʦʣʫʯʝʥʥʳʝ ʜʘʥʥʳʝ ʧʦʟʚʦʣʷʶʪ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʧʨʝʜʣʘʛʘʝʤʫʶ ʪʝʭʥʦʣʦʛʠʶ, ʢʘʢ ʧʝʨʩʧʝʢʪʠʚʥʫʶ ʜʣʷ 

ʧʦʣʫʯʝʥʠʷ ʩʠʜʦʚʳʭ ʤʠʢʨʦʠʩʪʦʯʥʠʢʦʚ ʜʣʷ ʷʜʝʨʥʦʡ ʤʝʜʠʮʠʥʳ. 
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+
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4)
ʀʥʩʪʠʪʫʪ ʷʜʝʨʥʦʡ ʬʠʟʠʢʠ ɸʅ ʈʋʟ,  

100214, ʊʘʰʢʝʥʪ, ʧʦʩ.ʋʣʫʛʙʝʢ, ʋʟʙʝʢʠʩʪʘʥ 

ɺ ʨʘʤʢʘʭ ʬʝʥʦʤʝʥʦʣʦʛʠʯʝʩʢʦʡ ʤʦʜʝʣʠ [1], ʫʯʠʪʳʚʘʷ ʂʦʨʠʦʣʠʩʦʚʦ ʩʤʝʰʠʚʘʥʠʝ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʠʟʚʝʩʪʥʳʭ ʨʦʪʘʮʠʦʥʥʳʭ ʧʦʣʦʩ ʩ ʂp<3
+
, ʠʟʫʯʝʥʳ ʵʬʬʝʢʪʳ ʥʝʘʜʠʘʙʘʪʠʯʥʦʩʪʠ, 

ʧʨʦʷʚʣʷʶʱʠʝʩʷ ʚ ʵʥʝʨʛʠʷʭ ʠ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʭ ʚʦʟʙʫʞʜʝʥʥʳʭ ʩʦʩʪʦʷʥʠʡ [2-4].  

ɺʳʯʠʩʣʝʥʳ ʵʥʝʨʛʠʠ ʠ ʩʪʨʫʢʪʫʨʘ ʚʦʣʥʦʚʳʭ ʬʫʥʢʮʠʡ ʚʦʟʙʫʞʜʝʥʥʳʭ ʩʦʩʪʦʷʥʠʡ. ʕʬʬʝʢʪ 

ʩʤʝʰʠʚʘʥʠʷ ʩʠʣʴʥʦ ʚʣʠʷʝʪ ʥʘ ʚʦʣʥʦʚʳʝ ʬʫʥʢʮʠʠ ʥʠʟʢʦʣʝʞʘʱʠʭ 0
+
 ʠ 2

+ 
- ʧʦʣʦʩ. ɺʳʯʠʩʣʝʥʳ 

ʧʨʠʚʝʜʝʥʥʳʝ ʚʝʨʦʷʪʥʦʩʪʠ E2- ʠ M1- ʧʝʨʝʭʦʜʦʚ. ɺʳʯʠʩʣʝʥʥʳʝ ʟʥʘʯʝʥʠʷ ʦʪʥʦʰʝʥʠʡ ʚʝʨʦʷʪʥʦʩʪʝʡ E2- 

ʧʝʨʝʭʦʜʦʚ ʠ ʢʦʵʬʬʠʮʠʝʥʪʳ ʩʤʝʩʠ ʤʫʣʴʪʠʧʦʣʝʡ d(E2/M1) ʠʟ ʂ
p

=0
+

, 2
+
 and 1

+
 ʧʦʣʦʩ ʩʨʘʚʥʠʚʘʶʪʩʷ ʩ 

ʠʤʝʶʱʠʤʠʩʷ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʤʠ ʜʘʥʥʳʤʠ, ʢʦʪʦʨʳʝ ʜʘʶʪ ʫʜʦʚʣʝʪʚʦʨʠʪʝʣʴʥʦʝ ʩʦʛʣʘʩʠʝ. 
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ʇʦʢʘʟʘʥʦ, ʯʪʦ ʂp=0
+
 ʩʦʩʪʦʷʥʠʷ ʦʢʘʟʳʚʘʶʪʩʷ ʤʝʥʝʝ ʢʦʣʣʝʢʪʠʚʥʳʤʠ, ʯʝʤ ʩʦʩʪʦʷʥʠʷ ʩ ʂp=2

+
 

ʧʦʣʦʩ, ʠ ʤʘʣʘʷ ʢʦʤʧʦʥʝʥʪʘ ʚ ʚʦʣʥʦʚʳʭ ʬʫʥʢʮʠʷʭ ʩʦʩʪʦʷʥʠʡ ʂp=0
+
 ʧʨʠʚʦʜʠʪ ʢ ʩʫʱʝʩʪʚʝʥʥʳʤ 

ʦʪʢʣʦʥʝʥʠʷʤ ʦʪ ʘʜʠʘʙʘʪʠʯʝʩʢʦʡ ʪʝʦʨʠʠ. 

ɺ ʪʘʙʣʠʮʝ ʧʨʠʚʝʜʝʥʳ ʚʳʯʠʩʣʝʥʥʳʝ ʟʥʘʯʝʥʠʷ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʩʤʝʩʠ ʤʫʣʴʪʠʧʦʣʝʡ d(E2/M1) ʜʣʷ 

ʠʟʦʪʦʧʦʚ 
172,174

Yb, ʢʦʪʦʨʳʝ ʩʨʘʚʥʠʚʘʶʪʩʷ ʩ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʤʠ ʜʘʥʥʳʤʠ [3,4]. ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ 

ʥʘʙʣʶʜʘʝʤʳʝ ʂ ʟʘʧʨʝʱʝʥʥʳʝ M1- ʧʝʨʝʭʦʜʳ ʠʟ ʩʦʩʪʦʷʥʠʡ 2l
+
 ʧʦʣʦʩ, ʦʙʲʷʩʥʷʶʪʩʷ ʧʨʠʩʫʪʩʪʚʠʝʤ ʂp

=1
+
 ʢʦʤʧʦʥʝʥʪʦʚ ʚ ʚʦʣʥʦʚʳʭ ʬʫʥʢʮʠʷʭ ʜʘʥʥʳʭ ʧʦʣʦʩ. ʉ ʨʦʩʪʦʤ ʫʛʣʦʚʦʛʦ ʤʦʤʝʥʪʘ I ʢʦʵʬʬʠʮʠʝʥʪ d

(E2/M1) ʜʣʷ ʧʝʨʝʭʦʜʦʚ ʠʟ ʩʦʩʪʦʷʥʠʡ 0
+
 ʠ 2

+ 
ʧʦʣʦʩ ʫʤʝʥʴʰʘʝʪʩʷ. ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʜʳʥʥʳʝ ɺ(ʄ1) 

ʜʣʷ ʧʝʨʝʭʦʜʦʚ I=2 ʠ 4 ʩʦʩʪʦʷʥʠʡ ʂp=2
+ 
ʧʦʣʦʩʳ ʫʢʘʟʳʚʘʶʪ ʥʘ ʥʘʣʠʯʠʝ ʫʚʝʣʠʯʝʥʠʷ ɺ(ʄ1) ʩ ʨʦʩʪʦʤ I, 

ʯʪʦ ʧʦʜʪʚʝʨʞʜʘʶʪ ʨʝʟʫʣʴʪʘʪʳ ʥʘʰʠʭ ʨʘʩʯʝʪʦʚ. 

ʈʝʟʫʣʴʪʘʪʳ ʨʘʩʯʝʪʦʚ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʚ 
170
Yb ʩ ʨʦʩʪʦʤ ʫʛʣʦʚʦʛʦ ʤʦʤʝʥʪʘ I ʫʤʝʥʴʰʝʥʠʝ gR ï 

ʬʘʢʪʦʨʘ ʨʦʪʘʮʠʦʥʥʳʭ ʩʦʩʪʦʷʥʠʡ ʦʩʥʦʚʥʦʡ ʧʦʣʦʩʳ ʩʚʷʟʘʥʦ ʩʦ ʩʤʝʰʠʚʘʥʠʝʤ ʵʪʠʭ ʩʦʩʪʦʷʥʠʡ ʧʦʣʦʩʘʤʠ 

ʩ 1
+
, ʠʤʝʶʱʠʤʠ ʩʠʣʴʥʳʝ ʚʝʨʦʷʪʥʦʩʪʠ ɺ(ʄ1) ʥʘ ʦʩʥʦʚʥʦʝ ʩʦʩʪʦʷʥʠʝ. 

ʊʘʙʣʠʮʘ 

ʀʟʦʪʦʧ I iKi I f K f Eg(Mʵɺ) dʵʢʩʧ. [3,4] dʪʝʦʨ. 
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Yb 

++ 11 2022  1.3871 
1.1

6.11.5 +

--  -8.8 

++ 11 4032  1.2888 
7.0

0.18.2 +

-+  -9.0 

++ 11 4032  1.4704 
9.1

6.36.7 +

--  -2.1 

++ 11 4042  1.3975 
2.0

5.010.1 +

--  -1.9 

++ 12 2022  1.5297 +10 (3) +12.6 

++ 12 4032  1.4404 
2.2

4.15.6 +

-+  +7.8 

++ 11 4032  1.6219 +17.0 (4) +11.3 

++ 12 4042  1.5429 
0.11

0.30.9 +

-+  +8.0 

++ 12 4052  1.6664 
9.1

2.19.6 +

-+  +6.8 

++ 12 2020  1.0393 
5.0

3.03.2 +

-+  +1.0 

++ 12 4040  1.0265 +0.87 (13) +0.49 

++ 12 6060  0.9977 +0.63 (7) +0.30 
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Yb 

++ 11 2022  1.1456 -0.48(8) ʠʣʠ 
200.32 +

¤--  -15.0 

++ 11 2032  1.6329 
4.1

8.08.3 +

--  -17.5 

++ 12 2020  1.4845 +1.7(4) ʠʣʠ 
12.0

10.012.0 +

-+  +0.82 

++ 12 4040  1.4630 
25.0

16.003.0 +

--  +0.40 

++ 13 2020  1.8823 +0.01(8) ʠʣʠ +2.2(5) -0.16 

++ 11 2021  1.5983 +0.23(5) ʠʣʠ 
8.1

1.12.5 +

-+  -0.21 

++ 11 2031  1.6573 +0.50 (5) ʠʣʠ 
4.1

0.16.4 +

-+  +0.65 
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ɿʘʙʦʣʝʚʘʝʤʦʩʪʴ ʠ ʩʤʝʨʪʥʦʩʪʴ ʦʪ ʨʘʢʘ ʩʨʝʜʠ ʥʘʩʝʣʝʥʠʷ ʧʨʦʜʦʣʞʘʶʪ ʥʝʫʢʣʦʥʥʦ ʚʦʟʨʘʩʪʘʪʴ ʚ 

ʤʠʨʝ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʘʢʪʫʘʣʴʥʳʤʠ ʦʩʪʘʶʪʩʷ ʨʘʥʥʷʷ ʜʠʘʛʥʦʩʪʠʢʘ ʟʘʙʦʣʝʚʘʥʠʷ ʠ ʦʧʨʝʜʝʣʝʥʠʝ 

ʵʬʬʝʢʪʠʚʥʦʡ ʪʘʢʪʠʢʠ ʣʝʯʝʥʠʷ. ɼʣʷ ʨʝʰʝʥʠʷ ʵʪʠʭ ʟʘʜʘʯ ʧʨʦʜʦʣʞʘʶʪʩʷ ʧʦʠʩʢ, ʨʘʟʨʘʙʦʪʢʘ ʠ ʚʥʝʜʨʝʥʠʝ 

ʨʘʟʣʠʯʥʳʭ ʤʝʪʦʜʦʚ ʜʠʘʛʥʦʩʪʠʢʠ, ʩʧʦʩʦʙʥʳʭ ʚʳʷʚʣʷʪʴ ʥʘʣʠʯʠʝ ʠ ʧʨʦʛʨʝʩʩʠʨʦʚʘʥʠʝ ʦʧʫʭʦʣʝʚʦʛʦ 

ʧʨʦʮʝʩʩʘ [1-2].  

ɺ ʩʦʚʨʝʤʝʥʥʦʡ ʦʥʢʦʣʦʛʠʠ ʤʥʦʛʦ ʚʳʩʦʢʦʵʬʬʝʢʪʠʚʥʳʭ ʣʫʯʝʚʳʭ ʜʠʘʛʥʦʩʪʠʯʝʩʢʠʭ ʪʝʭʥʦʣʦʛʠʡ ï 

ʫʣʪɹʨʘʟʚʫʢ (ʋɿ), ʨʝʥʪʛʝʥʦʛʨʘʬʠʷ, ʢʦʤʧʴʶʪʝʨʥʘʷ ʪʦʤʦʛʨʘʬʠʷ(ʂʊ), ʤʘʛʥʠʪʥʦ-ʨʝʟʦʥʘʥʩʥʘʷ ʪʦʤʦʛʨʘʬʠʷ 

(ʄʈʊ). ʕʪʦ ʤʝʪʦʜʳ ʧʦʟʚʦʣʷʶʪ ʦʧʨʝʜʝʣʠʪʴ ʬʠʟʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ ʦʧʫʭʦʣʠ. ɺ ʦʪʣʠʯʠʝ ʦʪ ʥʠʭ 

ʠʟʦʪʦʧʥʳʝ ʤʝʪʦʜʳ ʷʚʣʷʶʪʩʷ ʬʫʥʢʮʠʦʥʘʣʴʥʳʤʠ ʠ ʦʥʠ ʧʦʟʚʦʣʷʶʪ ʩ ʫʚʝʨʝʥʥʦʩʪʴʶ ʩʢʘʟʘʪʴ, ʯʪʦ 

ʦʧʫʭʦʣʴ ʟʣʦʢʘʯʝʩʪʚʝʥʥʘʷ ʠʣʠ ʜʦʙʨʦʢʘʯʝʩʪʚʝʥʥʘʷ.  

ʇʦʟʠʪʨʦʥʥʦ-ʵʤʠʩʩʠʦʥʥʘʷ ʪʦʤʦʛʨʘʬʠʷ (ʇʕʊ)ï ʥʦʚʝʡʰʠʡ ʜʠʘʛʥʦʩʪʠʯʝʩʢʠʡ ʤʝʪʦʜ, ʦʩʥʦʚʘʥʥʳʡ 

ʥʘ ʧʨʠʤʝʥʝʥʠʠ ʨʘʜʠʦʬʘʨʤʧʨʝʧʘʨʘʪʦʚ (ʈʌʇ). ɺ ʦʪʣʠʯʠʝ ʦʪ ʂʊ ʠ ʄʈʊ, ʇʕʊ ʧʨʠʤʝʥʷʝʪʩʷ ʥʝ ʜʣʷ 

ʠʟʫʯʝʥʠʷ ʘʥʘʪʦʤʠʯʝʩʢʠʭ ʦʩʦʙʝʥʥʦʩʪʝʡ ʪʢʘʥʝʡ ʠ ʦʨʛʘʥʦʚ, ʘ ʜʣʷ ʜʠʘʛʥʦʩʪʠʢʠ ʠʭ ʬʫʥʢʮʠʦʥʘʣʴʥʦʡ 

ʘʢʪʠʚʥʦʩʪʠ. ʊʝʦʨʝʪʠʯʝʩʢʠ ʧʨʠ ʧʦʤʦʱʠ ʇʕʊ ʤʦʞʥʦ ʠʩʩʣʝʜʦʚʘʪʴ ʣʶʙʦʡ ʬʫʥʢʮʠʦʥʘʣʴʥʳʡ ʧʨʦʮʝʩʩ, 

ʧʨʦʠʩʭʦʜʷʱʠʡ ʚ ʦʨʛʘʥʠʟʤʝ.  

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʧʨʝʜʣʘʛʘʝʪʩʷ ʨʘʟʨʘʙʦʪʘʥʥʘʷ ʥʘʤʠ ʘʣʴʪʝʨʥʘʪʠʚʥʘʷ ʪʝʭʥʦʣʦʛʠʷ ʧʨʦʠʟʚʦʜʩʪʚʘ 

ʨʘʜʠʦʠʟʦʪʦʧʥʦʡ ʧʨʦʜʫʢʮʠʠ ʥʘ ʫʩʢʦʨʠʪʝʣʷʭ ʵʣʝʢʪʨʦʥʦʚ, ʧʨʝʜʥʘʟʥʘʯʝʥʥʘʷ ʜʣʷ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚ ʚʠʜʝ 

ʇʕʊ ʠʩʪʦʯʥʠʢʦʚ ʚ ʧʨʦʮʝʩʩʝ ʜʠʘʛʥʦʩʪʠʢʠ ʨʘʢʘ.  
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ʮʠʢʣʦʪʨʦʥʘʭ ʩ ʧʘʨʘʤʝʪʨʘʤʠ ɽʨ ~20 MeV, Ip=1mA ʠ ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʫʶʪʩʷ ʜʣʷ ʧʨʦʠʟʚʦʜʩʪʚʘ ʇʕʊ 
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Er ʦʙʨʘʟʫʶʪʩʷ ʩ ʜʦʩʪʘʪʦʯʥʦʡ ʜʣʷ ʧʨʠʤʝʥʝʥʠʷ 

ʘʢʪʠʚʥʦʩʪʴʶ, ʚ ʬʦʪʦʷʜʝʨʥʳʭ ʨʝʘʢʮʠʷʭ ʪʠʧʘ (ɔ,n), ʚʦʟʥʠʢʘʶʱʠʭ ʧʨʠ ʦʙʣʫʯʝʥʠʠ ʩʪʘʙʠʣʴʥʳʭ 

ʤʘʪʝʨʠʥʩʢʠʭ ʷʜʝʨ ï ʤʠʰʝʥʝʡ 
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92

Mo, 
165
Er ʠ 

165
Ho ʧʫʯʢʘʤʠ ʪʦʨʤʦʟʥʦʛʦ ʠʟʣʫʯʝʥʠʷ ʛʘʤʤʘ 

ʢʚʘʥʪʦʚ ʫʩʢʦʨʠʪʝʣʝʡ ʵʣʝʢʪʨʦʥʦʚ ʩ ʧʘʨʘʤʝʪʨʘʤʠ (ɽɔ ʪʦʨʤ.)ʤʘʭ =15 MeV, (Ie)max =15ɛA [3]. 

ʇʦʩʢʦʣʴʢʫ, ʪʘʢʠʝ ʫʩʢʦʨʠʪʝʣʠ ʠʤʝʶʪʩʷ ʧʨʘʢʪʠʯʝʩʢʠ ʚʦ ʚʩʝʭ ʦʥʢʦʣʦʛʠʯʝʩʢʠʭ ʮʝʥʪʨʘʭ ʤʠʨʘ, 

ʝʩʪʝʩʪʚʝʥʥʦ ʵʪʦ ʩʫʱʝʩʪʚʝʥʥʦ ʦʙʣʝʛʯʘʝʪ ʧʨʠʤʝʥʠʤʦʩʪʴ ʪʝʭʥʦʣʦʛʠʠ ʥʘ ʤʝʩʪʘʭ. ʄʘʣʦʛʘʙʘʨʠʪʥʳʝ 

ʨʘʜʠʦʣʦʛʠʯʝʩʢʠʝ ʫʩʢʦʨʠʪʝʣʠ ʵʣʝʢʪʨʦʥʦʚ, ʫʩʪʘʥʦʚʣʝʥʥʳʝ ʧʨʘʢʪʠʯʝʩʢʠ ʚʦ ʚʩʝʭ ʦʥʢʦʣʦʛʠʯʝʩʢʠʭ 

ʮʝʥʪʨʘʭ ʤʠʨʘ, ʧʨʝʜʥʘʟʥʘʯʝʥʥʳʝ ʜʣʷ ʣʝʯʝʥʠʷ ʟʣʦʢʘʯʝʩʪʚʝʥʥʳʭ ʦʧʫʭʦʣʝʡ ʧʫʯʢʘʤʠ ʪʦʨʤʦʟʥʦʛʦ 

ʠʟʣʫʯʝʥʠʷ, ʚʧʦʣʥʝ ʧʨʠʛʦʜʥʳ ʜʣʷ ʧʨʦʠʟʚʦʜʩʪʚʘ ʢʦʨʦʪʢʦʞʠʚʫʱʠʭ ʇʕʊ ʠʩʪʦʯʥʠʢʦʚ ʩ ʜʦʩʪʘʪʦʯʥʦʡ 

ʘʢʪʠʚʥʦʩʪʴʶ ʜʣʷ ʜʠʘʛʥʦʩʪʠʯʝʩʢʠʭ ʮʝʣʝʡ ʙʝʟ ʠʟʤʝʥʝʥʠʷ ʠʭ ʩʪʨʫʢʪʫʨʳ ʦʩʥʦʚʥʦʛʦ ʥʘʟʥʘʯʝʥʠʷ. 

ʆʩʦʙʳʝ ʧʨʝʠʤʫʱʝʩʪʚʘ ʪʝʭʥʦʣʦʛʠʠ, ʦʪ ʪʨʘʜʠʮʠʦʥʥʳʭ ʤʝʪʦʜʦʚ ʧʨʦʠʟʚʦʜʩʪʚ ʈʌʇ, ʦʙʝʩʧʝʯʠʚʘʶʪ 

ʠʭ ʧʨʠʚʣʝʢʘʪʝʣʴʥʦʩʪʴ ʠ ʨʝʥʪʘʙʝʣʴʥʦʩʪʴ ʧʨʠʤʝʥʝʥʠʷ ʥʘ ʤʝʩʪʘʭ ʜʣʷ ʨʘʥʥʝʡ ʢʦʤʧʣʝʢʩʥʦʡ ʜʠʘʛʥʦʩʪʠʢʠ 

ʨʘʢʘ.  
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ʅʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʥʘ ʩʪʳʢʝ ʜʚʫʭ ʨʘʟʜʝʣʦʚ ʤʝʜʠʮʠʥʩʢʦʡ ʨʘʜʠʦʣʦʛʠʠ ï ʣʫʯʝʚʦʡ ʪʝʨʘʧʠʠ ʠ 

ʷʜʝʨʥʦʡ ʤʝʜʠʮʠʥʳ ï ʠʥʪʝʥʩʠʚʥʦ ʨʘʟʚʠʚʘʝʪʩʷ ʨʘʜʠʦʥʫʢʣʠʜʥʘʷ ʪʝʨʘʧʠʷ (ʈʅʊ), ʦʜʥʘ ʠʟ ʚʳʩʦʢʠʭ 

ʤʝʜʠʮʠʥʩʢʠʭ ʪʝʭʥʦʣʦʛʠʡ, ʧʨʠʤʝʥʷʝʤʳʭ ʚ ʨʘʟʣʠʯʥʳʭ ʨʘʟʜʝʣʘʭ ʢʣʠʥʠʯʝʩʢʦʡ ʤʝʜʠʮʠʥʳ, ʪʘʢʠʭ ʢʘʢ 

ʦʥʢʦʣʦʛʠʷ ʠ ʵʥʜʦʢʨʠʥʦʣʦʛʠʷ.ɺ ʨʘʟʚʠʪʳʭ ʟʘʨʫʙʝʞʥʳʭ ʩʪʨʘʥʘʭ ʬʫʥʢʮʠʦʥʠʨʫʝʪ ʥʘʣʘʞʝʥʥʘʷ ʩʝʪʴ 

ʮʝʥʪʨʦʚ ʈʅʊ ʨʘʟʣʠʯʥʦʡ ʤʦʱʥʦʩʪʠ [1-4].  

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʧʨʝʜʣʘʛʘʝʪʩʷ ʧʨʠʤʝʥʝʥʠʝ ʵʣʝʢʪʨʦʥʦʚ ʚʥʫʪʨʝʥʥʝʡ ʢʦʥʚʝʨʩʠʠ (ʕɺʂ) ʚ ʈʅʊ ʠ 

ʨʘʟʨʘʙʦʪʘʥʥʫʶ ʥʘʤʠ ʘʣʴʪʝʨʥʘʪʠʚʥʫʶ ʪʝʭʥʦʣʦʛʠʶ ʧʨʦʠʟʚʦʜʩʪʚʘ ʠʩʪʦʯʥʠʢʦʚ ʕɺʂ ʥʘ ʫʩʢʦʨʠʪʝʣʷʭ 

ʵʣʝʢʪʨʦʥʦʚ [5-6]. 

ʅʘ ʦʩʥʦʚʝ ʩʦʙʩʪʚʝʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʠ ʘʥʘʣʠʟʘ ʧʫʙʣʠʢʘʮʠʡ ʜʨʫʛʠʭ ʘʚʪʦʨʦʚ, ʩʦʩʪʘʚʣʝʥ 

ʧʝʨʝʯʝʥʴ ʣʝʯʝʙʥʳʭ ʨʘʜʠʦʠʟʦʪʦʧʦʚ-ʠʩʪʦʯʥʠʢʦʚ ʕɺʂ. ɼʣʷ ʧʨʦʠʟʚʦʜʩʪʚʘ ʨʘʜʠʦʠʟʦʪʦʧʥʦʡ ʧʨʦʜʫʢʮʠʠ ʩ 

ʥʝʦʙʭʦʜʠʤʦʡ ʥʘʯʘʣʴʥʦʡ ʘʢʪʠʚʥʦʩʪʴʶ (ʜʦ 0.5 ʂ) ʚʧʦʣʥʝ ʧʨʠʛʦʜʥʳ ʨʘʜʠʦʣʦʛʠʯʝʩʢʠʝ ʣʠʥʝʡʥʳʝ 
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ʈʝʩʧʫʙʣʠʢʘʥʩʢʘ ̫ʢʦʥʬʝʨʝʥʮʠʷ, ʧʦʩʚʷʱʝʥʥʘ ̫100-ʣʝʪʠʶ ʘʢʘʜʝʤʠʢʘ ʉ.ɸ.ɸʟʠʤʦʚʘ 
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ʫʩʢʦʨʠʪʝʣʠ ʵʣʝʢʪʨʦʥʦʚ ʪʠʧʘ ʃʋʕ-15 ʠ ʃʋʕ-21. ʇʨʠ ʨʘʟʨʫʰʝʥʠʠ ʟʣʦʢʘʯʝʩʪʚʝʥʥʳʭ ʦʧʫʭʦʣʝʡ ʙʦʣʴʰʠʭ 

ʨʘʟʤʝʨʦʚ, ʥʝʦʙʭʦʜʠʤʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʙʦʣʝʝ ʤʦʱʥʳʝ ʣʠʥʝʡʥʳʝ ʫʩʢʦʨʠʪʝʣʠ ʵʣʝʢʪʨʦʥʦʚ ʩ ʧʘʨʘʤʝʪʨʘʤʠ 

Emax.=15-20MʝV, ʩʨʝʜʥʠʤ ʪʦʢʦʤ ʚ ʧʫʯʢʝ Iʩʨʝʜ.=1-5mA, ʦʙʝʩʧʝʯʠʚʘʶʱʠʝ ʦʙʨʘʟʦʚʘʥʠʝ ʚʳʩʦʢʦʘʢʪʠʚʥʳʭ 

ʠʩʪʦʯʥʠʢʦʚ ʕɺʂ ʩ ʥʘʯʘʣʴʥʦʡ ʘʢʪʠʚʥʦʩʪʴʶ ʨʘʚʥʦʡ 2,5-5.0ʂ.  

ʈʝʢʦʤʝʥʜʫʝʤʘʷ ʪʝʭʥʦʣʦʛʠʷ ʧʨʦʠʟʚʦʜʩʪʚʘ ʨʘʜʠʦʠʟʦʪʦʧʥʦʡ ʧʨʦʜʫʢʮʠʠ ʯʠʩʪʳʭ ʠʩʪʦʯʥʠʢʦʚ 

ʵʣʝʢʪʨʦʥʦʚ ʚʥʫʪʨʝʥʥʝʡ ʢʦʥʚʝʨʩʠʠ ʥʘ ʫʩʢʦʨʠʪʝʣʷʭ ʵʣʝʢʪʨʦʥʦʚ ʦʙʝʩʧʝʯʠʚʘʝʪ ʠʥʪʝʥʩʠʚʥʦʝ, ʣʦʢʘʣʴʥʦʝ, 

ʧʨʷʤʦʝ ʨʘʟʨʫʰʝʥʠʝ ʤʦʣʝʢʫʣ ʪʢʘʥʝʡ ʨʘʢʘ, ʥʝ ʥʘʥʦʩʷ ʨʘʜʠʘʮʠʦʥʥʦʛʦ ʚʨʝʜʘ ʠʣʠ ʩʫʱʝʩʪʚʝʥʥʦʡ ʥʘʛʨʫʟʢʠ 

ʟʜʦʨʦʚʳʤ ʦʨʛʘʥʘʤ ʙʦʣʴʥʦʛʦ ʨʘʩʧʦʣʦʞʝʥʥʳʤ ʚ ʦʢʨʫʞʝʥʠʠ ʦʧʫʭʦʣʝʚʦʡ ʦʙʣʘʩʪʠ. ʊʝʭʥʦʣʦʛʠʷ ʷʚʣʷʝʪʩʷ 

ʧʝʨʩʧʝʢʪʠʚʥʦʡ ʠ ʧʨʠʙʳʣʴʥʦʡ ʜʣʷ ʧʨʠʤʝʥʝʥʠʷ ʚ ʢʨʫʧʥʳʭ ʦʥʢʦʣʦʛʠʯʝʩʢʠʭ ʮʝʥʪʨʘʭ ʤʠʨʘ, ʪʘʢʞʝ ʤʦʞʝʪ 

ʩʣʫʞʠʪʴ ʩʪʠʤʫʣʦʤ ʜʣʷ ʙʫʜʫʱʠʭ ʦʪʢʨʳʪʠʡ ʠ ʠʟʦʙʨʝʪʝʥʠʡ ʚ ʦʙʣʘʩʪʠ ʷʜʝʨʥʦʡ ʤʝʜʠʮʠʥʳ. 
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ʀʩʧʦʣʴʟʫʷ ʙʘʟʠʩʥʦʝ ʧʦʣʦʞʝʥʠʝ ʪʝʦʨʠʠ ʩʫʧʝʨʩʪʨʫʥ [1] ʦʙʩʫʞʜʘʶʪʩʷ ʩʪʨʫʢʪʫʨʥʦ-ʜʠʥʘʤʠʯʝʩʢʠʝ 

ʧʨʦʮʝʩʩʳ ʚʦ ʤʥʦʞʝʩʪʚʝ ʯʘʩʪʠʮ ʦʙʣʘʜʘʶʱʠʭ ʧʦʧʝʨʝʯʥʳʤʠ ʠ ʧʨʦʜʦʣʴʥʳʤʠ ʤʦʜʘʤʠ ʢʦʣʝʙʘʥʠʡ, ʠ ʩ 

ʫʯʝʪʦʤ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʧʦʣʝ-ʚʝʱʝʩʪʚʦ ʧʨʝʜʣʘʛʘʝʪʩʷ ʤʝʭʘʥʠʟʤ ʬʦʨʤʠʨʦʚʘʥʠʷ ʢʦʛʝʨʝʥʪʥʦʡ ʦʙʦʣʦʯʢʠ 

ʘʪʦʤʥʦʛʦ ʷʜʨʘ.  

ʉʚʦʡʩʪʚʘ ʚʝʱʝʩʪʚʝʥʥʳʭ ʯʘʩʪʠʮ ʠ ʪʝʣ ʧʦʟʚʦʣʷʶʪ ʧʦʣʘʛʘʪʴ, ʯʪʦ ʥʘʠʤʝʥʴʰʘʷ ʯʘʩʪʠʮʘ, ʠʟ ʢʦʪʦʨʦʡ 

ʦʥʠ ʬʦʨʤʠʨʫʶʪʩʷ, ʪʘʢʞʝ ʦʙʣʘʜʘʝʪ ʧʦʧʝʨʝʯʥʳʤʠ ʠ ʧʨʦʜʦʣʴʥʳʤʠ ʤʦʜʘʤʠ ʢʦʣʝʙʘʥʠʷ [2]. ɽʩʣʠ ʩʯʠʪʘʪʴ, 

ʯʪʦ ʩʚʦʡʩʪʚʘ ʥʘʠʤʝʥʴʰʝʡ ʯʘʩʪʠʮʳ ʦʧʠʩʳʚʘʶʪʩʷ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʤʠ ʚʝʣʠʯʠʥʘʤʠ ʇʣʘʥʢʘ [3], ʪʦ 

ʫʜʘʝʪʩʷ ʦʙʲʷʩʥʠʪʴ ʤʝʭʘʥʠʟʤ ʬʦʨʤʠʨʦʚʘʥʠʷ ʩʚʦʡʩʪʚ ʚʝʱʝʩʪ-ʚʝʥʥʳʭ ʯʘʩʪʠʮ ʠ ʪʝʣ ʥʘ ʨʘʟʣʠʯʥʳʭ 

ʠʝʨʘʨʭʠʯʝʩʢʠʭ ʫʨʦʚʥʷʭ ʩʪʨʫʢʪʫʨʳ, ʘ ʪʘʢʞʝ ʤʝʭʘʥʠʟʤ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʩʠʣʳ ʧʨʠʪʷʞʝʥʠʷ ʤʝʞʜʫ 

ʪʝʣʘʤʠ. ʅʘʠʤʝʥʴʰʫʶ ʯʘʩʪʠʮʫ ʩʣʝʜʫʝʪ ʩʯʠʪʘʪʴ ʧʣʘʥʢʦʚʩʢʦʡ, ʯʘʩʪʦʪʘ ʦʩʮʠʣʣʷʮʠʠ ʢʦʪʦʨʦʡ ʨʘʚʥʘ 

ɻʮ4310 , ʘ ʝʝ ʨʘʟʤʝʨʳ ʩʤ3310- [3]. ʉʦʦʪʥʦʰʝʥʠʝ ʚʝʣʠʯʠʥ ʢʫʣʦʥʦʚʩʢʦʡ ʧʦʩʪʦʷʥʥʦʡ ʠ ʛʨʘʚʠʪʘʮʠʦʥʥʦʡ 

ʧʦʩʪʦʷʥʥʦʡ ʨʘʚʥʦ ʧʨʠʙʣʠʟʠʪʝʣʴʥʦ 1910 . ɽʩʣʠ ʫʯʝʩʪʴ, ʯʪʦ ʯʘʩʪʦʪʘ ʵʣʝʢʪʨʦʥʦʚ ʨʘʚʥʘ ɻʮ2410º , ʪʦ 

ʩʦʦʪʥʦʰʝʥʠʝ ʯʘʩʪʦʪ ʤʝʞʜʫ ʯʘʩʪʠʮʘʤʠ ʇʣʘʥʢʘ ʠ ʯʘʩʪʦʪʦʡ ʵʣʝʢʪʨʦʥʦʚ ʪʘʢʞʝ ʠʤʝʝʪ ʪʦʪ ʞʝ ʧʦʨʷʜʦʢ, 

ʪ.ʝ. 1910 .  

ʉʦʛʣʘʩʥʦ [2], ʢʚʘʥʪʦʤ ʵʥʝʨʛʠʠ ʩʣʝʜʫʝʪ ʩʯʠʪʘʪʴ ʤʠʥʠʤʘʣʴʥʫʶ ʵʥʝʨʛʠʶ ʥʝʦʙʭʦʜʠʤʫʶ ʜʣʷ 

ʠʟʤʝʥʝʥʠʷ ʯʘʩʪʦʪʳ ʯʘʩʪʠʮʳ ʠʣʠ ʩʠʩʪʝʤʳ ʥʘ ʦʜʥʫ ʝʜʠʥʠʮʫ. ʉʠʣʘ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʤʝʞʜʫ ʯʘʩʪʠʮʘʤʠ 

ʧʨʠʚʝʜʝʪ ʢ ʚʟʘʠʤʥʦʤʫ ʠʥʜʫʮʠʨʦʚʘʥʠʶ ʚʠʙʨʠʨʫʶʱʠʭ ʜʠʧʦʣʴʥʳʭ ʤʦʤʝʥʪʦʚ, ʥʘʠʤʝʥʴʰʘʷ ʚʝʣʠʯʠʥʘ, 

ʢʦʪʦʨʦʡ ʨʘʚʥʘ ʵʥʝʨʛʠʠ, ʥʝʦʙʭʦʜʠʤʦʡ ʜʣʷ ʠʟʤʝʥʝʥʠʷ ʯʘʩʪʦʪʳ ʯʘʩʪʠʮʳ ʥʘ ʦʜʥʫ ʝʜʠʥʠʮʫ. 

ʀʥʜʫʮʠʨʦʚʘʥʠʝ ʚʠʙʨʠʨʫʶʱʠʭ ʜʠʧʦʣʴʥʳʭ ʤʦʤʝʥʪʦʚ ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʦʙʨʘʟʦʚʘʥʠʝʤ ʚʠʙʨʠʨʫʶʱʠʭ 

ʧʦʣʦʞʠʪʝʣʴʥʳʭ ʠ ʦʪʨʠʮʘʪʝʣʴʥʳʭ ʟʘʨʷʜʦʚ ʚʦ ʚʟʘʠʤʦʜʝʡʩʪʚʫʶʱʠʭ ʪʝʣʘʭ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʚʟʘʠʤʥʦʛʦ 

ʚʠʙʨʠʨʫʶʱʝʛʦ ʚʣʠʷʥʠʷ ʠʥʜʫʮʠʨʦʚʘʥʥʳʭ ʜʠʧʦʣʴʥʳʭ ʤʦʤʝʥʪʦʚ ʪʝʣ ʧʨʦʠʩʭʦʜʠʪ ʫʚʝʣʠʯʝʥʠʝ ʚʝʣʠʯʠʥʳ 

ʠʥʜʫʮʠʨʦʚʘʥʥʳʭ ʟʘʨʷʜʦʚ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʚʦʟʥʠʢʥʦʚʝʥʠʶ ʩʠʣʳ ʪʷʛʦʪʝʥʠʷ ʤʝʞʜʫ ʥʠʤʠ ʠ ʚʟʘʠʤʥʦʤʫ 

ʩʢʘʯʢʦʦʙʨʘʟʥʦʤʫ ʠʣʠ ʢʚʘʥʪʦʚʘʥʥʦʤʫ ʩʙʣʠʞʝʥʠʶ ʪʝʣ ʜʨʫʛ ʢ ʜʨʫʛʫ [4]. ʅʘ ʚʩʝʭ ʠʝʨʘʨʭʠʯʝʩʢʠʭ 

ʫʨʦʚʥʷʭ ʩʪʨʫʢʪʫʨʳ, ʯʘʩʪʠʮʳ ʠ ʪʝʣʘ ʷʚʣʷʶʪʩʷ ʠʩʪʦʯʥʠʢʘʤʠ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʭ ʚʦʣʥ. ʇʦʵʪʦʤʫ ʚʩʝ 

ʚʠʜʳ ʩʠʣʳ ʧʨʠʪʷʞʝʥʠʷ ʤʝʞʜʫ ʯʘʩʪʠʮʘʤʠ ʠ ʪʝʣʘʤʠ ʠʤʝʶʪ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʫʶ ʧʨʠʨʦʜʫ ʠ, 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʩʠʣʳ ʧʨʠʪʷʞʝʥʠʷ ʠʤʝʶʪ ʢʚʘʥʪʦʚʘʥʥʳʡ ʭʘʨʘʢʪʝʨ.  
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ʈʠʩ.1. ʈʠʩ. 2. 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩ ʦʢʨʫʞʝʥʠʝʤ ʠ ʤʝʞʜʫ ʯʘʩʪʠʮʘʤʠ ʥʘ ʢʘʞʜʦʡ ʦʪʜʝʣʴʥʦ ʚʟʷʪʦʡ 

ʯʘʩʪʠʮʝ ʚʠʙʨʠʨʫʶʱʝʡ ʚʦʣʥʦʚʦʡ ʬʫʥʢʮʠʠ ʦʪʢʣʠʢʘ (ɺʌʆ) ʯʘʩʪʠʮ, ʩ ʢʦʛʝʨʝʥʪʥʦʡ ʦʙʦʣʦʯʢʦʡ. ʉʦʛʣʘʩʥʦ 

ʵʪʦʤʫ ʥʘʙʣʶʜʘʶʱʫʶʩʷ ʛʠʛʘʥʪʩʢʫʶ ʨʝʟʦʥʘʥʩʥʫʶ ʣʠʥʠʶ ʚ ʩʧʝʢʪʨʘʭ ʘʪʦʤʥʳʭ ʷʜʝʨ [5] ʩʣʝʜʫʝʪ 

ʦʙʲʷʩʥʠʪʴ ʢʘʢ ʧʨʦʷʚʣʝʥʠʝ ʢʦʛʝʨʝʥʪʥʦʡ ʦʙʦʣʦʯʢʠ ʘʪʦʤʥʳʭ ʷʜʝʨ, ʢʘʢ ʮʝʣʦʛʦ. ʀʩʧʦʣʴʟʫʷ 

ʧʨʝʜʩʪʘʚʣʝʥʠʠ ʦ ʩʪʨʫʢʪʫʨʝ ʧʨʦʪʦʥʘ, ʧʨʝʜʣʦʞʝʥʥʳʝ ʚ [6] ʠ [7] (ʨʠʩ.1), ʥʘʤʠ ʧʨʝʜʣʘʛʘʝʪʩʷ ʤʝʭʘʥʠʟʤ 

ʬʦʨʤʠʨʦʚʘʥʠʷ ʢʦʛʝʨʝʥʪʥʦʡ ʦʙʦʣʦʯʢʠ ʘʪʦʤʥʦʛʦ ʷʜʨʘ (ʨʠʩ.2), ɺ ʨʘʤʢʘʭ ʵʪʠʭ ʧʨʝʜʩʪʘʚʣʝʥʠʡ ʫʜʘʝʪʩʷ 

ʦʙʲʷʩʥʠʪʴ ʥʘʙʣʶʜʘʶʱʠʝʩʷ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ ʧʨʠ ʠʩʩʣʝʜʦʚʘʥʠʠ ʩʧʝʢʪʨʦʚ ʘʪʦʤʦʚ ʠ ʘʪʦʤʥʦʛʦ ʷʜʨʘ.  
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PARTICLE MOTION AND COLLISIONS AROUND RO TATING REGULAR BLACK  HOLE  

O. Rakhimov, A. Mamadjanov 

Tashkent Pediatric Medical Institute,  

Tashkent 100140, Uzbekistan 

Ulugh Beg Astronomical Institute,  

Tashkent, 100052, Uzbekistan, (+99894) 6084410, ozodbek@astrin.uz  

The capture cross section of magnetized particles with nonvanishing magnetic moment by a 

Schwarzschild black hole immersed in an asymptotically uniform magnetic field has been studied as an 

extension of the approach developed by Zakharov [1] for neutral unmagnetized particles in the Reissnerï

Nordstrºm spacetime. The magnetic moment of the particle is chosen as it was done by de Felice and Sorge 

[2]. It is shown that the spin of the particle sustains the stability of particles circularly orbiting around the 

black hole immersed in a magnetic field, i.e., a spinning particleᾷs motion near the Schwarzschild black hole 

horizon is more stable than that of a particle with zero spin. It is shown that the magnetic parameter 

essentially changes the value of the critical angular momentum and affects the process of capture of the 

particles by the central black hole. Furthermore, the interaction between the magnetic moment of the particle 

and the magnetic field forces stable circular orbits to shift to the central object, and this effect should be 

taken into account in astrophysical scenarios related to the accretion discs and in measuring the spin of the 
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black holes. The magnetized particleᾷs acceleration mechanism near the black hole in an external magnetic 

field is studied. It is shown that due to the magnetic field presence, magnetized particles can accelerate to 

unlimited high energies. 
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ENERGY LOSSES OF SLOWLY ROTATING DEFORME D NEUTRON STARS 

Javlonbek Rayimbaev and Abdullo Hakimov  

Ulugh Beg Astronomical Institute,  

Tashkent, 100052, Uzbekistan, javlon@astrin.uz 

The problems of the general relativistic effects of plasma magnetosphere (Goldreich Julian 1959)[1] of 

the neutron stars are still considering one of the completely unclosed problems. Since many processes on the 

surface and magnetosphere of the neutron stars depend on several parameters of the star [2], it is difficult 

theoretically describe the whole process. One possibility of describing the process is to use the toy models. In 

this work we have studied the magnetosphere of the neutron star in slowly rotating geometry (non-Kerr 

spacetime) with deformation parameter Ὤ= (ὓ/ὶ)3 . We have analyzed Goldreich-Julian charge density 

by solving the Poisson equation for scalar potential using so-called Fourier Bessel transformation method. 

Finally we have found the total energy losses of the neutron stars.  

 

Fig.1 Ratio of polar cap energy losses as a function of deformation coefficient  for a typical neutron star.  

M=2 km, R=10 km. 

In Figure 1 we have shown the dependence of the normalized polar cap energy losses on deformation 

parameter. From this dependence one can easily see that for the case when < 0 the energy losses is 

increasing. With the increase of the negative value of  the energy losses linearly grows.  
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16
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ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʚʳʧʦʣʥʝʥ ʩʨʘʚʥʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ ʩʨʝʜʥʠʭ ʤʥʦʞʝʩʪʚʝʥʥʦʩʪʝʡ ʨʘʟʣʠʯʥʳʭ ʪʠʧʦʚ 

ʯʘʩʪʠʮ ʠ ʬʨʘʛʤʝʥʪʦʚ ʩ ʤʘʩʩʦʚʳʤʠ ʯʠʩʣʘʤʠ ɸ ¢ 4, ʘ ʪʘʢʞʝ ʛʨʫʧʧ ʬʨʘʛʤʝʥʪʦʚ ʩ ʟʘʨʷʜʦʤ z = 3ï7 ʚ 
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ʠʥʢʣʶʟʠʚʥʳʭ ʨʝʘʢʮʠʷʭ: 
16
ʆ + ʨ Ÿ 

2
ʅ + ʍ, (1) ʠ 

16
ʆ + ʨ Ÿ 

3
ʅ + ʍ, (2), ʛʜʝ ʍ ʦʟʥʘʯʘʝʪ ʣʶʙʳʝ 

ʩʦʧʫʪʩʪʚʫʶʱʠʝ ʬʨʘʛʤʝʥʪʳ ʠ ʯʘʩʪʠʮʳ, ʦʙʨʘʟʫʶʱʠʝʩʷ ʩʦʚʤʝʩʪʥʦ ʩ ʪʨʠʛʛʝʨʥʳʤʠ 
2
ʅ ʠ 

3
ʅ ʷʜʨʘʤʠ.  

ʉʨʝʜʥʝʝ ʟʥʘʯʝʥʠʝ ʩʫʤʤʘʨʥʦʛʦ ʟʘʨʷʜʘ ʚʩʝʭ ʬʨʘʛʤʝʥʪʦʚ ʷʜʨʘ ʢʠʩʣʦʨʦʜʘ <(Q)>, ʩʨʝʜʥʠʝ 

ʤʥʦʞʝʩʪʚʝʥʥʦʩʪʠ ʷʜʝʨ 
1
ʅ, 

2
ʅ, 

3
ʅ, 

3
ʅʝ, 

4
ʅʝ, ˊ

Ñ
-ʤʝʟʦʥʦʚ ʠ ʧʨʦʪʦʥʦʚ ʦʪʜʘʯʠ (prʝʩ), ʘ ʪʘʢʞʝ ʛʨʫʧʧʳ 

ʤʥʦʛʦʟʘʨʷʜʥʳʭ ʬʨʘʛʤʝʥʪʦʚ ʩ ʟʘʨʷʜʦʤ z = 3ï7 ʠ ʠʭ ʩʨʝʜʥʠʡ ʟʘʨʷʜ <Q(z = 3ï7)> ʚ ʩʦʙʳʪʠʷʭ ʩ 

ʦʙʨʘʟʦʚʘʥʠʝʤ ʷʜʝʨ 
2
ʅ ʠ 

3
ʅ ʧʨʠʚʝʜʝʥʳ ʚ ʪʘʙʣʠʮʝ 1. 

ʊʘʙʣʠʮʘ 1 

ʊʠʧ ʬʨʘʛʤʝʥʪʘ 

ʠʣʠ ʯʘʩʪʠʮʳ 

ʊʠʧ ʪʨʠʛʛʝʨʘ ʊʠʧ ʪʨʠʛʛʝʨʘ 

2
ʅ 

3
ʅ 

2
ʅ, n(

3
H)=0 

3
ʅ, n(

2
H)=0 

1
ʅ 2.53 Ñ 0.04 2.98 Ñ 0.05 2.33 Ñ 0.04 2.76 Ñ 0.07 

2
ʅ 1.35 Ñ 0.01 0.65 Ñ 0.03 1.33 Ñ 0.02 ï 

3
ʅ 0.25 Ñ 0.01 1.14 Ñ 0.02 ï 1.13 Ñ 0.02 

3
ʅʝ 0.26 Ñ 0.01 0.31 Ñ 0.02 0.26 Ñ 0.02 0.33 Ñ 0.03 

4
ʅʝ 0.83 Ñ 0.02 0.81 Ñ 0.03 0.86 Ñ 0.02 0.91 Ñ 0.04 

z = 3ï7 0.38 Ñ 0.01 0.23 Ñ 0.01 0.47 Ñ 0.01 0.36 Ñ 0.02 

prʝʩ 0.62 Ñ 0.01 0.64 Ñ 0.02 0.62 Ñ 0.01 0.65 Ñ 0.02 

ˊ
+
 0.58 Ñ 0.01 0.68 Ñ 0.02 0.57 Ñ 0.02 0.68 Ñ 0.03 

ˊ
ī
 0.35 Ñ 0.01 0.34 Ñ 0.02 0.36 Ñ 0.01 0.33 Ñ 0.02 

<Q(z = 3ï7)> 1.84 Ñ 0.06 1.01 Ñ 0.06 2.27 Ñ 0.07 1.63 Ñ 0.10 

<(Q)> 8.15 Ñ 0.02 8.02 Ñ 0.03 8.17 Ñ 0.02 8.00 Ñ 0.04 

ʉʨʝʜʥʷʷ ʤʥʦʞʝʩʪʚʝʥʥʦʩʪʴ ʧʨʦʪʦʥʦʚ-ʬʨʘʛʤʝʥʪʦʚ ʚ ʨʝʘʢʮʠʠ (2) ʦʢʘʟʘʣʘʩʴ ʙʦʣʴʰʝ, ʯʝʤ ʚ (2), ʯʪʦ 

ʦʙʫʩʣʦʚʣʝʥʦ ʭʘʨʘʢʪʝʨʦʤ ʧʝʨʚʠʯʥʦʛʦ ʩʦʫʜʘʨʝʥʠʷ ʧʨʦʪʦʥʘ-ʤʠʰʝʥʠ ʩ ʧʨʦʪʦʥʦʤ ʷʜʨʘ ʢʠʩʣʦʨʦʜʘ, 

ʧʨʠʚʦʜʷʱʠʤ ʢ ʜʦʧʦʣʥʠʪʝʣʴʥʦʤʫ ʦʙʨʘʟʦʚʘʥʠʶ ʧʨʦʪʦʥʦʚ-ʬʨʘʛʤʝʥʪʦʚ ʟʘ ʩʯʝʪ ʧʨʷʤʦʛʦ ʚʳʙʠʚʘʥʠʷ ʠʭ ʠʟ 

ʷʜʨʘ ʠ ʥʝʫʧʨʫʛʦʡ ʧʝʨʝʟʘʨʷʜʢʠ ʥʝʡʪʨʦʥʦʚ ʷʜʨʘ 
16
ʆ ʠ ʟʘʨʷʜʦʦʙʤʝʥʥʳʭ ʧʨʦʮʝʩʩʦʚ ʤʝʞʜʫ ʧʨʦʪʦʥʦʤ-

ʤʠʰʝʥʴʶ ʠ ʥʝʡʪʨʦʥʦʤ ʷʜʨʘ. ɺ ʨʝʘʢʮʠʠ (1) ʩʨʝʜʥʠʝ ʤʥʦʞʝʩʪʚʝʥʥʦʩʪʴ ʠ ʟʘʨʷʜ ʛʨʫʧʧʳ ʬʨʘʛʤʝʥʪʦʚ ʩ z 

= 3ï7 ʩʫʱʝʩʪʚʝʥʥʦ ʚʳʰʝ, ʯʝʤ ʚ ʨʝʘʢʮʠʠ (2), ʯʪʦ ʫʢʘʟʳʚʘʝʪ ʥʘ ʙʦʣʝʝ ʚʳʩʦʢʫʶ ʩʪʝʧʝʥʴ ʨʘʟʨʫʰʝʥʠʷ 

ʷʜʨʘ ʢʠʩʣʦʨʦʜʘ ʚ ʨʝʘʢʮʠʷʭ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʷʜʨʘ 
3
ʅ.  

ʉʦʚʧʘʜʝʥʠʝ ʩʨʝʜʥʠʭ ʤʥʦʞʝʩʪʚʝʥʥʦʩʪʝʡ Ŭ-ʯʘʩʪʠʮ ʚ ʨʝʘʢʮʠʷʭ (1) ʠ (2) ʦʙʫʩʣʦʚʣʝʥʦ ʪʝʤ, ʯʪʦ ʜʣʷ 

ʦʙʨʘʟʦʚʘʥʠʷ ʷʜʨʘ ʜʝʡʪʨʦʥʘ ʠʣʠ 
3
ʅ (ʝʩʣʠ ʠʤʝʪʴ ʚ ʚʠʜʫ Ŭ-ʢʣʘʩʪʝʨʥʫʶ ʩʪʨʫʢʪʫʨʫ ʷʜʨʘ ʢʠʩʣʦʨʦʜʘ) 

ʜʦʩʪʘʪʦʯʥʦ ʨʘʟʨʫʰʝʥʠʷ ʦʜʥʦʛʦ Ŭ-ʢʣʘʩʪʝʨʘ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʩʦʭʨʘʥʝʥʠʶ ʚ ʚʦʟʙʫʞʜʝʥʥʦʤ ʷʜʨʝ-ʦʩʪʘʪʢʝ 

ʜʣʷ ʦʙʦʠʭ ʪʠʧʦʚ ʨʝʘʢʮʠʡ ʦʜʠʥʘʢʦʚʦʛʦ ʯʠʩʣʘ Ŭ-ʢʣʘʩʪʝʨʦʚ.  

ʀʟ ʪʘʙʣʠʮʳ 1 ʚʠʜʥʦ, ʯʪʦ ʚʝʣʠʯʠʥʘ <Q> (8.15 Ñ 0.02) ʚ ʠʥʢʣʶʟʠʚʥʳʭ ʨʝʘʢʮʠʷʭ (1) ʙʦʣʴʰʝ, ʯʝʤ ʚ 

(2) ï (8.02 Ñ 0.03). ʕʪʦ ʩʚʷʟʘʥʦ ʩ ʪʝʤ, ʯʪʦ ʦʙʨʘʟʦʚʘʥʠʝ ʜʝʡʪʨʦʥʦʚ ʧʨʦʠʩʭʦʜʠʪ ʩ ʦʜʠʥʘʢʦʚʦʡ 

ʚʝʨʦʷʪʥʦʩʪʴʶ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʧʨʦʪʦʥʘ-ʤʠʰʝʥʠ ʩ ʧʨʦʪʦʥʦʤ ʠʣʠ ʥʝʡʪʨʦʥʦʤ ʷʜʨʘ ʢʠʩʣʦʨʦʜʘ, ʚ ʪʦ 

ʚʨʝʤʷ ʢʘʢ ʦʙʨʘʟʦʚʘʥʠʝ ʷʜʨʘ 
3
ʅ ʧʨʦʠʩʭʦʜʠʪ ʩ ʙʦʣʴʰʝʡ ʚʝʨʦʷʪʥʦʩʪʴʶ ʧʨʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʧʨʦʪʦʥʘ-

ʤʠʰʝʥʠ ʩ ʧʨʦʪʦʥʦʤ ʩʥʘʨʷʜʘ. ʉʦʚʧʘʜʝʥʠʝ ʟʥʘʯʝʥʠʝ ʚʝʣʠʯʠʥʳ <Q> ʚ ʨʝʘʢʮʠʠ (2) ʩ ʠʩʭʦʜʥʳʤ ʟʘʨʷʜʦʤ 

ʷʜʨʘ ʢʠʩʣʦʨʦʜʘ ʫʢʘʟʳʚʘʝʪ ʥʘ ʨʘʚʝʥʩʪʚʦ ʚʢʣʘʜʦʚ ʧʨʦʮʝʩʩʦʚ ʫʚʝʣʠʯʝʥʠʷ ʟʘʨʷʜʘ <Q> (n Ÿ ʨ + ˊ-, np Ÿ 

pn) ʠ ʝʛʦ ʫʤʝʥʴʰʝʥʠʷ (ʨ Ÿ n + ́ +
).  

ʀʥʪʝʨʝʩʥʦ ʦʪʤʝʪʠʪʴ ʧʦʧʘʨʥʦʝ ʩʦʚʧʘʜʝʥʠʝ ʩʨʝʜʥʠʭ ʤʥʦʞʝʩʪʚʝʥʥʦʩʪʝʡ ʩʚʷʟʘʥʥʳʭ ʥʝʡʪʨʦʥʦʚ 

(1.84 Ñ 0.06 ʠ 1.02 Ñ 0.06 ʜʣʷ ʨʝʘʢʮʠʡ (1) ʠ (2)) ʠ ʧʨʦʪʦʥʦʚ (ʩʤ. ʪʘʙʣ. 1) ʜʣʷ ʛʨʫʧʧ ʬʨʘʛʤʝʥʪʦʚ ʩ z = 3ï

7. ʉʨʝʜʥʠʝ ʞʝ ʤʥʦʞʝʩʪʚʝʥʥʦʩʪʠ ʚʩʝʭ ʩʚʷʟʘʥʥʳʭ ʥʝʡʪʨʦʥʦʚ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʦʢʘʟʘʣʠʩʴ ʨʘʚʥʳʤʠ ï 5.60 

Ñ 0.05 ʠ 5.87 Ñ 0.07 ʜʣʷ ʨʝʘʢʮʠʡ (1) ʠ (2), ʘ ʥʝʩʚʷʟʘʥʥʳʭ ʥʝʡʪʨʦʥʦʚ ï 2.25 Ñ 0.06 ʠ 2.11 Ñ 0.08.  

ʆʪʙʦʨ ʩʦʙʳʪʠʡ ʙʝʟ ʦʙʨʘʟʦʚʘʥʠʷ ʷʜʝʨ ʪʨʠʪʠʷ ʚ ʨʝʘʢʮʠʠ (1) ʠ ʜʝʡʪʨʦʥʘ ʚ ʨʝʘʢʮʠʠ (2) ʧʨʠʚʦʜʠʪ ʢ 

ʫʤʝʥʴʰʝʥʠʶ ʩʨʝʜʥʠʭ ʤʥʦʞʝʩʪʚʝʥʥʦʩʪʝʡ ʧʨʦʪʦʥʦʚ-ʬʨʘʛʤʝʥʪʦʚ. ʇʨʠ ʵʪʦʤ ʩʨʝʜʥʠʝ ʤʥʦʞʝʩʪʚʝʥʥʦʩʪʠ 

ʪʨʠʛʛʝʨʥʳʭ ʯʘʩʪʠʮ ʠ ʷʜʝʨ ʛʝʣʠʷ-3 ʦʩʪʘʶʪʩʷ ʦʜʠʥʘʢʦʚʳʤʠ, ʪʦʛʜʘ ʢʘʢ ʩʨʝʜʥʠʝ ʤʥʦʞʝʩʪʚʝʥʥʦʩʪʠ 

ʛʨʫʧʧʳ ʬʨʘʛʤʝʥʪʦʚ ʩ z = 3ï7 ʚʦʟʨʘʩʪʘʶʪ, ʯʪʦ ʩʚʷʟʘʥʦ ʩ ʟʘʢʦʥʘʤʠ ʩʦʭʨʘʥʝʥʠʷ ʙʘʨʠʦʥʥʦʛʦ ʠ 

ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʟʘʨʷʜʦʚ.  

ʈʘʟʥʦʩʪʠ ʩʨʝʜʥʠʭ ʤʥʦʞʝʩʪʚʝʥʥʦʩʪʝʡ ʧʨʦʪʦʥʦʚ-ʬʨʘʛʤʝʥʪʦʚ ʜʣʷ ʨʝʘʢʮʠʡ (1) ʠ (2) ʚ ʩʣʫʯʘʷʭ 

ʥʘʣʠʯʠʷ ʠʣʠ ʦʪʩʫʪʩʪʚʠʷ ʜʝʡʪʨʦʥʘ (ʪʨʠʪʠʷ) ʚ ʩʦʙʳʪʠʠ ʦʩʪʘʶʪʩʷ ʧʨʘʢʪʠʯʝʩʢʠ ʦʜʠʥʘʢʦʚʳʤʠ, ʩʦʩʪʘʚʣʷʷ 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ 0.45 Ñ 0.06 ʠ 0.43 Ñ 0.08. ɺ ʩʣʫʯʘʝ ʦʜʥʦʚʨʝʤʝʥʥʦʛʦ ʦʪʩʫʪʩʪʚʠʷ ʚ ʩʦʙʳʪʠʠ ʷʜʝʨ 
3
ʅʝ ʠ 

3
ʅ ʚ ʨʝʘʢʮʠʠ (1) ʠ ʷʜʝʨ 

3
ʅʝ ʠ 

2
ʅ ʚ ʨʝʘʢʮʠʠ (2) ʵʪʘ ʨʘʟʥʦʩʪʴ ʩʦʩʪʘʚʠʣʘ 0.45 Ñ 0.10. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, 

ʤʦʞʥʦ ʟʘʢʣʶʯʠʪʴ, ʯʪʦ ʦʙʥʘʨʫʞʝʥʘ ʫʩʪʦʡʯʠʚʦʩʪʴ ʧʨʝʚʳʰʝʥʠʷ ʩʨʝʜʥʝʡ ʤʥʦʞʝʩʪʚʝʥʥʦʩʪʠ ʧʨʦʪʦʥʦʚ-

ʬʨʘʛʤʝʥʪʦʚ ʚ ʩʦʙʳʪʠʷʭ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʷʜʨʘ ʪʨʠʪʠʷ ʥʘʜ ʤʥʦʞʝʩʪʚʝʥʥʦʩʪʴʶ ʚ ʩʦʙʳʪʠʷʭ ʩ ʚʳʭʦʜʦʤ 

ʜʝʡʪʨʦʥʘ ʥʝʟʘʚʠʩʠʤʦ ʦʪ ʥʘʣʠʯʠʷ ʠʣʠ ʦʪʩʫʪʩʪʚʠʷ ʚ ʩʦʙʳʪʠʠ ʷʜʝʨ 
3
ʅʝ ʠ 

3
ʅ ʚ ʨʝʘʢʮʠʠ (1) ʠ ʷʜʝʨ 

3
ʅʝ ʠ 

2
ʅ ʚ ʨʝʘʢʮʠʠ (2). ʆʪʤʝʪʠʤ, ʯʪʦ ʥʘʣʠʯʠʝ ʠʣʠ ʦʪʩʫʪʩʪʚʠʝ ʜʝʡʪʨʦʥʘ (ʪʨʠʪʠʷ) ʚ ʩʦʙʳʪʠʠ ʨʝʘʢʮʠʡ (1) ʠ (2) 

ʪʘʢʞʝ ʥʝ ʚʣʠʷʝʪ ʥʘ ʩʨʝʜʥʠʝ ʤʥʦʞʝʩʪʚʝʥʥʦʩʪʠ ʟʘʨʷʞʝʥʥʳʭ ʧʠʦʥʦʚ ʠ ʧʨʦʪʦʥʦʚ ʦʪʜʘʯʠ. 
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ʉʧʝʢʪʨʳ ʧʦʣʥʦʛʦ ʠ ʧʦʧʝʨʝʯʥʦʛʦ ʠʤʧʫʣʴʩʦʚ ʧʨʦʪʦʥʦʚ-ʬʨʘʛʤʝʥʪʦʚ ʦʢʘʟʘʣʠʩʴ ʩʦʚʧʘʜʘʶʱʠʤʠ ʚ 

ʨʝʘʢʮʠʷʭ (1) ʠ (2), ʠʤʧʫʣʴʩʥʳʝ ʠ ʫʛʣʦʚʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʨʦʪʦʥʦʚ-ʬʨʘʛʤʝʥʪʦʚ ʥʝ ʟʘʚʠʩʷʪ ʦʪ ʪʠʧʘ 

ʪʨʠʛʛʝʨʥʦʡ ʯʘʩʪʠʮʳ ï ʜʝʡʪʨʦʥʘ ʠʣʠ ʪʨʠʪʠʷ, ʫʢʘʟʳʚʘʷ ʥʘ ʥʝʢʦʨʨʝʣʠʨʦʚʘʥʥʦʩʪʴ ʤʝʭʘʥʠʟʤʦʚ 

ʦʙʨʘʟʦʚʘʥʠʷ ʧʨʦʪʦʥʦʚ-ʬʨʘʛʤʝʥʪʦʚ ʩ ʚʳʭʦʜʦʤ ʜʝʡʪʨʦʥʦʚ ʠ ʪʨʠʪʠʷ.  

ñSTAGGERINGò-ʕʌʌɽʂʊ ɺ ñYRASTò ʇʆʃʆʉɽ ʂʆʃʃɽʂʊʀɺʅʓʍ ʉʆʉʊʆʗʅʀʀ 

ʇɽʈɽʄɽʅʅʆʁ ʏɽʊʅʆʉʊʀ ʃɸʅʊɸʅʀɼʆɺ ʀ ɸʂʊʀʅʀɼʆɺ 

ɻ.ɸ. ʖʣʜʘʰʝʚʘ, ʄ.ʉ. ʅʘʜʳʨʙʝʢʦʚ ʠ ʆ.ɸ. ɹʦʟʘʨʦʚ 

ʀʥʩʪʠʪʫʪ ʗʜʝʨʥʦʡ ʌʠʟʠʢʠ ɸʅ ʈʋʟ 

ʧʦʩ.ʋʣʫʛʙʝʢ, 100214, ʊʘʰʢʝʥʪ, ʋʟʙʝʢʠʩʪʘʥ 

"Staggering" ɻ ʬʬʝʢʪʳ ʧʨʝʜʩʪʘʚʣʷʶʪ ʨʘʟʚʝʪʚʣʝʥʠʷ ʚʨʘʱʘʪʝʣʴʥʳʭ ʧʦʣʦʩ ʚ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ 

ʩʦʩʪʦʷʥʠʡ, ʦʪʣʠʯʘʶʱʠʭʩʷ ʥʝʩʢʦʣʴʢʠʤʠ ʝʜʠʥʠʮʘʤʠ ʫʛʣʦʚʦʛʦ ʤʦʤʝʥʪʘ [1]. ʊʘʢʠʝ DI=1, DI=2, DI=4 

"staggering" ʵʬʬʝʢʪʳ ʥʘʙʣʶʜʝʥʳ ʚ ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʧʦʣʦʩʘʭ ʩʫʧʝʨ-ʜʝʬʦʨʤʠʨʦʚʘʥʥʳʭ ʷʜʝʨ. ʕʪʦʪ 

ʵʬʬʝʢʪ ʦʯʝʥʴ ʭʦʨʦʰʦ ʠʟʚʝʩʪʥʳ ʚ ʯʝʪʥʦ-ʯʝʪʥʳʭ ʷʜʨʘʭ ʠ ʧʦʟʚʦʣʷʝʪ ʧʨʦʚʝʨʷʪʴ ʨʘʟʣʠʯʥʳʝ 

ʢʦʣʣʝʢʪʠʚʥʳʝ ʤʦʜʝʣʠ. 

ʈʘʩʩʤʦʪʨʠʤ ʥʝʯʝʪʥʦ-ʯʝʪʥʳʡ "staggering" ʵʬʬʝʢʪ, ʢʦʪʦʨʳʡ ʧʨʦʧʦʨʮʠʦʥʘʣʝʥ ʜʠʩʢʨʝʪʥʦʤʫ 

ʧʨʠʙʣʠʞʝʥʠʶ ʧʨʦʠʟʚʦʜʥʦʡ ʯʝʪʚʝʨʪʦʛʦ ʧʦʨʷʜʢʘ ʦʪ ʬʫʥʢʮʠʠ DE(I)=E(I+1)-E(I), ʢʦʪʦʨʳʡ 

ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʬʦʨʤʫʣʦʡ: 

Stag(I)=6DE(I)-4DE(I-1)-4DE(I+1)+DE(I+2)+DE(I-2), 

ʛʜʝ E(I) ï ʵʥʝʨʛʠʷ ʚʦʟʙʫʞʜʝʥʥʳʭ ʫʨʦʚʥʝʡ. ʆʪʤʝʪʠʤ, ʯʪʦ ʩʫʱʝʩʪʚʫʶʪ ʜʨʫʛʠʝ ʘʣʴʪʝʨʥʘʪʠʚʥʳʝ 

ʬʦʨʤʫʣʳ, ʜʣʷ ʦʧʠʩʘʥʠʷ ʧʦʚʝʜʝʥʠʷ ʥʝʯʝʪʥʦ-ʯʝʪʥʦʛʦ DI=1 "staggering" ʵʬʬʝʢʪʘ [1]. ʅʦ ʧʦʚʝʜʝʥʠʝ 

ʵʪʦʛʦ ʵʬʬʝʢʪʘ ʥʝ ʟʘʚʠʩʠʪ ʦʪ ʚʠʜʘ ʵʪʠʭ ʬʦʨʤʫʣ [1]. 

ɺ ʵʪʦʡ ʨʘʙʦʪʝ ʠʩʩʣʝʜʦʚʘʥ DI=1 "staggering" ʵʬʬʝʢʪ ʚ ʵʥʝʨʛʝʪʠʯʝʩʢʦʤ ʩʧʝʢʪʨʝ ʧʦʣʦʞʠʪʝʣʴʥʦʡ ʠ 

ʦʪʨʠʮʘʪʝʣʴʥʦʡ ʯʝʪʥʦʩʪʠ "yrast" ïʧʦʣʦʩʳ ʯʝʪʥʦ-ʯʝʪʥʳʭ ʷʜʝʨ: 
154

Sm, 
160

Gd, 
164

Er, 
220,224

Ra, 
224

Th,
 240

Pu. 

ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ "staggering" ʵʬʬʝʢʪ ʧʦʢʘʟʳʚʘʝʪ "ʟʠʛʟʘʛʦʦʙʨʘʟʥʦʝ" ʧʦʚʝʜʝʥʠʝ ʠ ʠʩʯʝʟʥʦʚʝʥʠʝ ʵʪʦʛʦ 

ʵʬʬʝʢʪʘ ʚ ʵʥʝʨʛʝʪʠʯʝʩʢʦʤ ʩʧʝʢʪʨʝ ʥʝ ʧʨʦʠʩʭʦʜʠʪ ʚ ʧʨʝʜʝʣʘʭ ʥʘʙʣʶʜʘʝʤʦʡ ʦʙʣʘʩʪʠ ʫʛʣʦʚʦʛʦ 

ʤʦʤʝʥʪʘ. 

ʃʠʪʝʨʘʪʫʨʘ 
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Flexibility, fragility, emergence of electronic puddles at deformation of graphene are associated with a 

movement of quantum structures. We used interpretation of quantum mechanics, based on statistical 

quantum ensembles, and obtained an equation and trajectory for these ensembles, that is, for quantum 

oscillator, electron orbits which explain reasonably some unusual properties of grapheme [1]. In magnetic 

field, a long-range ordering can be formed by electron structure, named as an united quantum 

oscillator(UQO),where the number of electrons is correlated with quantum number of oscillator, and the 

energy per one electron is less than energy of valence electron. This energy difference grows with number of 

these electrons (as if UQO attracts them).This could explain the high conductivity, disorder length scale, 

formation of clusters electronic puddles, molecular bond, formation of even a relatively small nebula in 

space, or of different plasma instabilities which can be as the center of nucleosynthesis. Conditions to start of 

nucleosynthesis are discussed. Our results could be addressed to students, astrophysicists, experts in nuclear 

fusion, creators of nanomaterials with desired properties. 
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Cʦʜʝʨʞʘʥʠʝ ʭʠʤʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ ʷʚʣʷʶʪʩʷ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ 

ʧʨʠʨʦʜʥʳʭ ʦʙʲʝʢʪʦʚ ʠ ʧʨʦʠʩʭʦʜʷʱʠʭ ʚ ʥʠʭ ʧʨʦʮʥʩʩʦʚ. ʇʨʦʛʨʝʩʩ ʚ ʵʪʠʭ ʠʩʩʣʝʜʦʚʘʥʠʷʭ ʚ 

ʟʥʘʯʠʪʝʣʴʥʦʡ ʩʪʝʧʝʥʠ ʦʙʫʩʣʦʚʣʝʥ ʪʦʯʥʦʩʪʴʶ ʠ ʜʦʩʪʦʚʝʨʥʦʩʪʴʶ ʠʭ ʢʦʣʠʯʝʩʪʚʝʥʥʦʛʦ ʦʧʨʝʜʝʣʝʥʠʷ.  

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʝʪʦʜʘ ʛʘʤʤʘ-ʘʢʪʠʚʘʮʠʦʥʥʦʛʦ ʘʥʘʣʠʟʘ (ɻɸɸ) ʠʩʩʣʝʜʦʚʘʥʦ 

ʩʦʜʝʨʞʘʥʠʝ ʵʣʝʤʝʥʪʦʚ ʚ ʧʨʦʙʘʭ ʧʦʯʚ ʚʟʷʪʳʭ ʠʟ ʅʫʨʘʪʠʥʩʢʦʛʦ ʛʦʨʥʦ-ʦʨʝʭʦʧʣʦʜʥʦʛʦ ʟʘʧʦʚʝʜʥʠʢʘ.  

ɺʳʙʦʨ ʪʝʨʨʠʪʦʨʠʡ ʠ ʦʙʲʝʢʪʦʚ ʠʩʩʣʝʜʦʚʘʥʠʡ ʙʳʣ ʦʩʫʱʝʩʪʚʣʝʥ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʦʩʥʦʚʥʳʤʠ 

ʧʨʠʥʮʠʧʘʤʠ ʤʦʥʠʪʦʨʠʥʛʘ ʩʦʩʪʦʷʥʠʷ ʦʢʨʫʞʘʶʱʝʡ ʧʨʠʨʦʜʥʦʡ ʩʨʝʜʳ. ʅʘʩʪʦʷʱʝʝ ʠʩʩʣʝʜʦʚʘʥʠʝ 

ʦʙʫʩʣʦʚʣʝʥʦ ʩʣʘʙʦʡ ʠʟʫʯʝʥʥʦʩʪʴʶ ʵʣʝʤʝʥʪʥʦʛʦ ʩʦʩʪʘʚʘ ʧʦʯʚʝʥʥʦʛʦ ʧʦʢʨʦʚʘ ʜʘʥʥʦʡ ʪʝʨʨʠʪʦʨʠʠ. 

ʆʜʥʠʤʠ ʠʟ ʥʘʠʙʦʣʝʝ ʯʫʚʩʪʚʠʪʝʣʴʥʳʭ ʠ ʩʧʝʮʠʬʠʯʝʩʢʠʭ ʢ ʟʘʛʨʷʟʥʝʥʠʷʤ ʯʘʩʪʷʤʠ ʙʠʦʩʬʝʨʳ 

ʷʚʣʷʶʪʩʷ ʧʦʯʚʝʥʥʳʡ ʠ ʨʘʩʪʠʪʝʣʴʥʳʡ ʧʦʢʨʦʚʳ ɿʝʤʣʠ, ʢʦʥʪʨʦʣʴ ʟʘ ʩʦʩʪʦʷʥʠʝʤ ʢʦʪʦʨʳʭ ʦʪʥʦʩʠʪʩʷ ʢ 

ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʤ ʧʨʦʙʣʝʤʘʤ ʩʦʟʜʘʥʠʷ ʠ ʦʭʨʘʥʳ ʦʧʪʠʤʘʣʴʥʦʡ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ. 

ʇʨʠ ʠʟʫʯʝʥʠʠ ʤʠʛʨʘʮʠʠ ʤʠʢʨʦʵʣʝʤʝʥʪʦʚ ʚ ʙʠʦʛʝʦʭʠʤʠʯʝʩʢʠʭ ʮʠʢʣʘʭ ʘʥʘʣʠʟ ʧʦʯʚ ʷʚʣʷʝʪʩʷ 

ʥʝʦʙʭʦʜʠʤʳʤ ʠ ʚʘʞʥʳʤ ʵʪʘʧʦʤ. ɺ ʨʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʦʣʫʯʝʥʘ ʜʦʩʪʘʪʦʯʥʦ ʙʦʣʴʰʘʷ 

ʠʥʬʦʨʤʘʮʠʷ, ʢʦʪʦʨʘʷ ʚ ʜʘʣʴʥʝʡʰʝʤ ʤʦʞʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʜʣʷ ʦʮʝʥʢʠ ʩʦʩʪʦʷʥʠʷ ʧʨʠʨʦʜʥʦʡ ʩʨʝʜʳ. 

ʆʪʙʦʨ ʦʙʨʘʟʮʦʚ ʧʨʦʠʟʚʦʜʠʣʩʷ ʚ ʧʝʨʠʦʜ ʚʝʛʝʪʘʮʠʠ ʠ ʥʘʢʦʧʣʝʥʠʷ ʵʣʝʤʝʥʪʦʚ ʧʠʪʘʥʠʷ. 

ʆʙʨʘʟʮʳ, ʚʳʩʫʰʝʥʥʳʝ ʜʦ ʚʦʟʜʫʰʥʦ-ʩʫʭʦʛʦ ʩʦʩʪʦʷʥʠʷ, ʧʦʩʣʝ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʛʦ ʠʟʤʝʣʴʯʝʥʠʷ ʚ 

ʤʝʣʴʥʠʮʝ ʪʱʘʪʝʣʴʥʦ ʨʘʩʪʠʨʘʣʠ ʚ ʘʛʘʪʦʚʦʡ ʩʪʫʧʢʝ ʜʦ ʧʦʨʦʰʢʦʦʙʨʘʟʥʦʛʦ ʩʦʩʪʦʷʥʠʷ. ʇʦʩʣʝ ʚʟʚʝʱʝʥʠʷ 

ʦʪʙʠʨʘʣʠ ʥʝʦʙʭʦʜʠʤʦʝ ʢʦʣʠʯʝʩʪʚʦ ʧʦʨʦʰʢʘ, ʢʦʪʦʨʦʝ ʨʘʩʬʘʩʦʚʳʚʘʣʠ ʚ ʤʘʨʢʠʨʦʚʘʥʥʳʝ ʫʧʘʢʦʚʢʠ. ɺ 

ʠʩʩʣʝʜʦʚʘʥʠʷʭ ʚʳʙʦʨ ʪʦʛʦ ʠʣʠ ʠʥʦʛʦ ʩʪʘʥʜʘʨʪʘ ʦʧʨʝʜʝʣʷʣʩʷ ʢʦʥʢʨʝʪʥʦʡ ʘʥʘʣʠʪʠʯʝʩʢʦʡ ʟʘʜʘʯʝʡ. 

ʀʩʩʣʝʜʦʚʘʥʠʷ ʧʨʦʚʦʜʠʣʠʩʴ ʤʝʪʦʜʦʤ ɻɸɸ ʥʘ ʙʘʟʝ ʵʣʝʢʪʨʦʥʥʦʛʦ ʫʩʢʦʨʠʪʝʣʷ ʄʠʢʨʦʪʨʦʥʘ ʄʊ-

22ʉ [1]. ʇʨʦʙʳ ʦʙʣʫʯʘʣʠʩʴ ʪʦʨʤʦʟʥʳʤ ʠʟʣʫʯʝʥʠʝʤ ʵʣʝʢʪʨʦʥʦʚ ʩ ʵʥʝʨʛʠʝʡ ~20 ʄʵɺ ʚ ʪʝʯʝʥʠʠ 4-5 

ʯʘʩʦʚ. ʀʟʤʝʨʝʥʠʷ ʛʘʤʤʘ-ʘʢʪʠʚʠʨʦʚʘʥʥʳʭ ʦʙʨʘʟʮʦʚ ʧʨʦʚʦʜʠʣʠʩʴ ʥʘ ʛʘʤʤʘ-ʩʧʝʢʪʨʦʤʝʪʨʝ ʩ Ge(Li) 

ʜʝʪʝʢʪʦʨʦʤ ʩ ʯʫʚʩʪʚʠʪʝʣʴʥʳʤ ʦʙʲʝʤʦʤ 100 ʩʤ
3
 ʠ ʵʥʝʨʛʝʪʠʯʝʩʢʠʤ ʨʘʟʨʝʰʝʥʠʝʤ Dɽg=6,2 ʢʵɺ ʥʘ ʣʠʥʠʠ 

ɽg=1333 ʢʵɺ 
60
ʉʦ. ʈʝʛʠʩʪʨʘʮʠʷ ʠ ʦʙʨʘʙʦʪʢʘ ʘʥʘʣʠʪʠʯʝʩʢʦʡ ʠʥʬʦʨʤʘʮʠʠ ʧʨʦʠʟʚʦʜʠʣʘʩʴ ʩ ʧʦʤʦʱʴʶ 

ʤʥʦʛʦʢʘʥʘʣʴʥʳʭ ʘʥʘʣʠʟʘʪʦʨʦʚ ʠʤʧʫʣʴʩʦʚ.  

 

ʈʠʩ.1. ʉʧʝʢʪʨ ʛʘʤʤʘ-ʘʢʪʠʚʘʮʠʠ ʧʨʦʙʳ ʧʦʯʚʳ ʠʟ ʅʫʨʘʪʠʥʩʢʦʛʦ ʟʘʧʦʚʝʜʥʠʢʘ (ɽʝ=18 ʄʵɺ, ; tʦʙʣ.-4 ʯʘʩ; tʚʳʜ.-1 

ʜʝʥʴ; tʠʟʤ.-2 ʯʘʩ;). 

ʅʘ ʨʠʩ.1 ʚ ʢʘʯʝʩʪʚʝ ʧʨʠʤʝʨʘ ʧʨʠʚʝʜʝʥ ʩʧʝʢʪʨ ʛʘʤʤʘ-ʠʟʣʫʯʝʥʠʡ ʦʜʥʦʛʦ ʠʟ ʦʙʨʘʟʮʦʚ ʧʦʯʚ, ʚʟʷʪʳʝ 

ʠʟ ʅʫʨʘʪʠʥʩʢʦʛʦ ʟʘʧʦʚʝʜʥʠʢʘ. 

ʀʩʩʣʝʜʦʚʘʥʠʷ ʧʦʟʚʦʣʠʣʠ ʦʧʨʝʜʝʣʠʪʴ ʩʦʜʝʨʞʘʥʠʝ ʥʝʢʦʪʦʨʳʭ ʵʣʝʤʝʥʪʦʚ ʚ ʧʨʦʙʘʭ ʧʦʯʚ 

ʅʫʨʘʪʠʥʩʢʦʛʦ ʟʘʧʦʚʝʜʥʠʢʘ.  

mailto:orif@samdu.uz
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ʇʦʣʫʯʝʥʥʳʝ ʜʘʥʥʳʝ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʥʝʢʦʪʦʨʳʝ ʵʣʝʤʝʥʪʳ ʠʤʝʶʪ ʙʦʣʝʝ ʥʠʟʢʠʝ ʟʥʘʯʝʥʠʷ ʚ 

ʧʨʦʙʘʭ ʧʦʯʚ, ʯʪʦ, ʧʦ-ʚʠʜʠʤʦʤʫ, ʦʙʫʩʣʦʚʣʝʥʦ ʦʪʜʘʣʝʥʥʦʩʪʴʶ ʧʦʩʣʝʜʥʠʭ ʦʪ ʟʦʥ ʠʥʪʝʥʩʠʚʥʦʡ 

ʘʥʪʨʦʧʦʛʝʥʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ [2]. 

ʇʨʦʚʝʜʝʥʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʟʚʦʣʠʣʠ ʚʳʷʚʠʪʴ ʨʷʜ ʟʘʢʦʥʦʤʝʨʥʦʩʪʝʡ ʠ ʦʩʦʙʝʥʥʦʩʪʝʡ ʚ 

ʥʘʢʦʧʣʝʥʠʠ ʵʣʝʤʝʥʪʦʚ ʚ ʧʨʦʙʘʭ ʧʦʯʚ ʠ ʧʦʢʘʟʘʪʴ ʚʦʟʤʦʞʥʦʩʪʠ ʠʩʧʦʣʴʟʦʚʘʥʥʦʛʦ ʤʝʪʦʜʘ ʚ ʧʦʜʦʙʥʳʭ 

ʠʩʩʣʝʜʦʚʘʥʠʷʭ. 

ʃʠʪʝʨʘʪʫʨʘ 

1. ɸʞʘʙʦʚ ɸ.ʂ., ʈʘʰʠʜʦʚʘ ɼ.ʐ. ʆʧʨʝʜʝʣʝʥʠʝ ʤʠʢʨʦʵʣʝʤʝʥʪʥʦʛʦ ʩʦʩʪʘʚʘ ʧʦʯʚ ʠ ʨʘʩʪʝʥʠʡ. 
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2. ʉʘʣʠʭʙʘʝʚ ʋ.ʉ., ʠ ʜʨ. ʀʩʩʣʝʜʦʚʘʥʠʝ ʷʜʝʨʥʦ-ʬʠʟʠʯʝʩʢʠʤʠ ʤʝʪʦʜʘʤʠ ʵʣʝʤʝʥʪʥʦʛʦ ʩʦʩʪʘʚʘ ʧʦʯʚ 

ʥʝʢʦʪʦʨʳʭ ʟʘʧʦʚʝʜʥʳʭ ʪʝʨʨʠʪʦʨʠʡ ʋʟʙʝʢʠʩʪʘʥʘ. // ɸʪʦʤʥʘʷ ʵʥʝʨʛʠʷ (ʈʦʩʩʠʷ). ʊ.86, ʚʳʧ.1, ʷʥʚʘʨʴ 
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ʉɽʏɽʅʀʗ ɺʆɿɹʋɾɼɽʅʀʗ ʀɿʆʄɽʈʅʓʍ ʉʆʉʊʆʗʅʀʁ ɺ ʈɽɸʂʎʀʗʍ (g,N) ʀ (N,2N) 

ʅɸ ʗɼʈɸʍ 
85,87

RB 

ʉ.ʈ. ʇʘʣʚʘʥʦʚ
1,2
, ɾ. ʈʘʭʤʦʥʦʚ

3
, ʄ. ʂʘʶʤʦʚ

3
, ʆ.

 
ɾʫʨʘʝʚ

3
 

1
ʅʘʮʠʦʥʘʣʴʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʋʟʙʝʢʠʩʪʘʥʘ. ʌʠʟʠʯʝʩʢʠʡ ʬʘʢʫʣʴʪʝʪ 

2
ʅʀʀ ʧʨʠʢʣʘʜʥʦʡ ʬʠʟʠʢʠ ʅʘʮʠʦʥʘʣʴʥʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ ʋʟʙʝʢʠʩʪʘʥʘ 

3
ʀʥʩʪʠʪʫʪ ʷʜʝʨʥʦʡ ʬʠʟʠʢʠ ɸʅ ʈʋʟ 

ʋʣʫʛʙʝʢ, ʊʘʰʢʝʥʪ, 100214, ʋʟʙʝʢʠʩʪʘʥ 

ɺ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ ʤʝʪʦʜʦʤ ʥʘʚʝʜʝʥʥʦʡ ʘʢʪʠʚʥʦʩʪʠ ʠʩʩʣʝʜʦʚʘʥʳ ʩʝʯʝʥʠʠ ʨʝʘʢʮʠʡ ʪʠʧʘ (g,n) ʠ 

(n,2n) ʥʘ ʷʜʨʘʭ 
85,87
Rb. ʕʢʩʧʝʨʠʤʝʥʪʳ ʧʨʦʚʦʜʠʣʠʩʴ ʥʘ ʥʝʡʪʨʦʥʥʦʤ ʛʝʥʝʨʘʪʦʨʝ ʅɻ-150 ʀʗʌ ɸʅ ʈʋʟ.  

ʅʘʚʝʜʝʥʥʘʷ ʘʢʪʠʚʥʦʩʪʴ ʤʠʰʝʥʝʡ ʠʟʤʝʨʷʣʘʩʴ ʥʘ ʛʘʤʤʘ-ʩʧʝʢʪʨʦʤʝʪʨʝ ʬʠʨʤʳ Canberra, 

ʩʦʩʪʦʷʱʝʤ ʠʟ ʛʝʨʤʘʥʠʝʚʦʛʦ ʜʝʪʝʢʪʦʨʘ HPGe (ʩ ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʴʶ ï 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.  

ʇʦʣʫʯʝʥʥʳʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʧʨʠʚʝʜʝʥʳ ʚ ʪʘʙʣ. 1, 2 ʠ 3. ɺ ʩʣʫʯʘʝ ʨʝʘʢʮʠʠ (g,n) 

ʬʫʥʢʮʠʠ ʚʦʟʙʫʞʜʝʥʠʡ ʧʦʣʫʯʝʥʳ ʧʦ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʤ ʠʟʦʤʝʨʥʳʤ ʦʪʥʦʰʝʥʠʷʤ [4] ʠ ʧʦʣʥʳʤ 

ʩʝʯʝʥʠʷʤ ʬʦʪʦʥʝʡʪʨʦʥʥʦʡ ʨʝʘʢʮʠʠ ůʧ [5]. ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ʩʝʯʝʥʠʡ ʨʝʘʢʮʠʠ 
85
Rb(ɔ,n)

84m
Rb ʠ 

87
Rb(ɔ,n)

86m
Rb ʦʪ ʛʨʘʥʠʯʥʦʡ ʵʥʝʨʛʠʠ ʪʦʨʤʦʟʥʳʭ ʢʚʘʥʪʦʚ ʘʧʧʨʦʢʩʠʤʠʨʦʚʘʣʘʩʴ 

ʬʫʥʢʮʠʝʡ ʃʦʨʝʥʮʘ, ʧʘʨʘʤʝʪʨʳ ʢʦʪʦʨʦʡ (ʧʦʣʦʞʝʥʠʝ ʤʘʢʩʠʤʫʤʘ ʩʝʯʝʥʠʷ Em, ʟʥʘʯʝʥʠʝ ʩʝʯʝʥʠʷ ʚ 

ʤʘʢʩʠʤʫʤʝ ům ʠ ʰʠʨʠʥʘ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʥʘ ʧʦʣʦʚʠʥʝ ʝʛʦ ʚʳʩʦʪʳ ɻ) ʦʧʨʝʜʝʣʷʣʠʩʴ ʤʝʪʦʜʦʤ 

ʥʘʠʤʝʥʴʰʠʭ ʢʚʘʜʨʘʪʦʚ ʧʦ ʥʘʙʦʨʫ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʟʥʘʯʝʥʠʡ. ʇʘʨʘʤʝʪʨʳ ʘʧʧʨʦʢʩʠʤʘʮʠʠ ʠ 

ʠʥʪʝʛʨʘʣʴʥʳʝ ʩʝʯʝʥʠʷ ʨʝʘʢʮʠʠ ʧʨʠʚʝʜʝʥʳ ʚ ʪʘʙʣ. 2. ʇʦʛʨʝʰʥʦʩʪʠ ʦʮʝʥʝʥʳ ʠʩʭʦʜʷ ʠʟ ʩʪʘʪʠʩʪʠʢʠ 

ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʥʳʭ ʦʪʯʝʪʦʚ.  
ʊʘʙʣʠʮʘ 1. 

ʉʝʯʝʥʠʝ ʨʝʘʢʮʠʠ (n,2n) ʥʘ 
85,87

R  

ʈʝʘʢʮʠʷ ɽm, 

ʄʵɺ 
ům, ʤʙ ůg, ʤʙ 

ʀʩʪʦʯʥʠʢ 

85
Rb(n,2n)

 84
Rb 14,0 341Ñ21 964Ñ40 ʅʘʩʪʦʷʱʘʷ ʨʘʙʦʪʘ 

85
Rb(n,2n)

 84
Rb 14,1 - 993Ñ40 [1] 

85
Rb(n,2n)

 84
Rb 14,7 567Ñ68  1122Ñ135  [2] 

85
Rb(n,2n)

 84
Rb

*  
14,0 431 1041 [3] 

87
Rb(n,2n)

 86
Rb

 
14,0 584Ñ40 1170Ñ47 ʅʘʩʪʦʷʱʘʷ ʨʘʙʦʪʘ 

87
Rb(n,2n)

 86
Rb

*  
14,0 452 1108 [3] 

87
Rb(n,2n)

 86
Rb 14,1 - 1206Ñ48 [1] 

87
Rb(n,2n)

 86
Rb 14,5 - 1248Ñ50 [1] 

*
ʈʘʩʯʝʪ ʩʝʯʝʥʠʡ ʧʨʦʚʦʜʠʣʦʩʴ ʧʦ ʧʨʦʛʨʘʤʤʝ TALYS-1.0. 

ɼʣʷ ʦʮʝʥʢʠ ʠ ʩʨʘʚʥʝʥʠʷ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʙʳʣ ʧʨʦʚʝʜʝʥ ʨʘʩʯʝʪ ʩʝʯʝʥʠʷ ʨʝʘʢʮʠʠ 

ʩ ʧʦʤʦʱʴʶ ʧʨʦʛʨʘʤʤʥʦʛʦ ʧʘʢʝʪʘ TALYS-1.0 [3]. ɺ ʢʘʯʝʩʪʚʝ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ɔ-ʢʚʘʥʪʦʚ ʧʦ ʵʥʝʨʛʠʠ ï 

W(Eɔ,Em), ʚʚʠʜʫ ʪʦʛʦ, ʯʪʦ ʪʦʣʱʠʥʘ ʚʦʣʴʬʨʘʤʦʚʦʡ ʤʠʰʝʥʠ-ʢʦʥʚʝʨʪʦʨʘ ʙʳʣʘ 1,05 ʤʤ, ʯʪʦ ʩʫʱʝʩʪʚʝʥʥʦ 

ʤʝʥʴʰʝ ʨʘʜʠʘʮʠʦʥʥʦʡ ʜʣʠʥʳ ʜʣʷ ʚʦʣʴʬʨʘʤʘ, ʢʦʪʦʨʘʷ ʩʦʩʪʘʚʣʷʝʪ ʦʢʦʣʦ 4,1 ʤʤ [6], ʠʩʧʦʣʴʟʦʚʘʣʩʷ 

ʩʧʝʢʪʨ ʐʠʬʬʘ [6]. ʈʝʟʫʣʴʪʘʪʳ ʪʝʦʨʝʪʠʯʝʩʢʠʭ ʨʘʩʯʝʪʦʚ ʧʨʠʚʝʜʝʥʳ ʪʘʢʞʝ ʚ ʪʘʙʣʠʮʝ 2. ʂʘʢ ʚʠʜʥʦ ʠʟ 

ʪʘʙʣʠʮʳ 2, ʟʥʘʯʝʥʠʝ ʩʝʯʝʥʠʷ ʚ ʤʘʢʩʠʤʫʤʝ ům ʠ ʰʠʨʠʥʘ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʥʘ ʧʦʣʦʚʠʥʝ ʝʛʦ ʚʳʩʦʪʳ ɻ ʚʦ 



ʈʝʩʧʫʙʣʠʢʘʥʩʢʘ ̫ʢʦʥʬʝʨʝʥʮʠʷ, ʧʦʩʚʷʱʝʥʥʘ ̫100-ʣʝʪʠʶ ʘʢʘʜʝʤʠʢʘ ʉ.ɸ.ɸʟʠʤʦʚʘ 
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ʚʩʝʭ ʨʘʙʦʪʘʭ ʚ ʧʨʝʜʝʣʘʭ ʧʦʛʨʝʰʥʦʩʪʠ ʠʟʤʝʨʝʥʠʡ ʩʦʛʣʘʩʫʶʪʩʷ ʤʝʞʜʫ ʩʦʙʦʡ. ʕʥʝʨʛʝʪʠʯʝʩʢʦʝ 

ʧʦʣʦʞʝʥʠʝ ʤʘʢʩʠʤʫʤʘ ʩʝʯʝʥʠʷ ʨʝʘʢʮʠʠ 
85
Rb(ɔ,n)

 84m
Rb ʚ ʧʨʝʜʝʣʘʭ ʧʦʛʨʝʰʥʦʩʪʠ ʩʦʚʧʘʜʘʝʪ ʩ ʵʥʝʨʛʠʝʡ 

ʛʠʛʘʥʪʩʢʦʛʦ ʜʠʧʦʣʴʥʦʛʦ ʨʝʟʦʥʘʥʩʘ 
85
Rb, ʦʧʨʝʜʝʣʷʝʤʦʡ ʧʦ ʵʤʧʠʨʠʯʝʩʢʦʤʫ ʩʦʦʪʥʦʰʝʥʠʶ 1/375mE A-= Ö , 

ʢʦʪʦʨʦʡ ʨʘʚʥʦ 17,1 ʄʵɺ.  
ʊʘʙʣʠʮʘ 2.  

ʉʝʯʝʥʠʝ ʨʝʘʢʮʠʠ 
85
Rb(ɔ,n)

 84m
Rb 

ʈʝʘʢʮʠʷ ɽm, 

ʄʵɺ 

ɻ, 

ʄʵɺ 

ům, 

ʤʙ 

ůint,(25 ʄʵɺ)
**  

ʄʵɺĿʤʙ 

ʀʩʪʦʯʥʠʢ 

85
Rb(ɔ,n)

 84m
Rb 17,1Ñ0,1 4,8Ñ0,4 46Ñ4 348Ñ40 ʅʘʩʪʦʷʱʘʷ ʨʘʙʦʪʘ 

85
Rb(ɔ,n)

 84m
Rb

*  
17,1Ñ0,1 4,7Ñ0,3 35 247Ñ14 ʅʘʩʪʦʷʱʘʷ ʨʘʙʦʪʘ 

85
Rb(ɔ,n)

 84m
Rb 18,0Ñ0,3 4,2Ñ0,3 40Ñ5 175 [7] 

85
Rb(ɔ,n)

 84m
Rb 16,9Ñ0,1 4,9Ñ0,5 52Ñ5 - [8] 

85
Rb(ɔ,n)

 84g
Rb

*  
16,8Ñ0,1 4,5Ñ0,2 170 1205Ñ50 ʅʘʩʪʦʷʱʘʷ ʨʘʙʦʪʘ 

85
Rb(ɔ,n)

 84g
Rb

 
18,0Ñ0,3 4,7Ñ0,3 162Ñ16 871 [7] 

85
Rb(ɔ,n)

 84
Rb

*  
16,9Ñ0,1 4,5Ñ0,2 203 1461Ñ58 ʅʘʩʪʦʷʱʘʷ ʨʘʙʦʪʘ 

85
Rb(ɔ,n)

 84
Rb

 
16,8 4.5 194 1052 [5] 

ʇʨʠʤʝʯʘʥʠʝ. 
*
 ůint ï ʠʥʪʝʛʨʘʣʴʥʦʝ ʩʝʯʝʥʠʝ ʨʝʘʢʮʠʠ, ʚʝʨʭʥʠʡ ʧʨʝʜʝʣ ʠʥʪʝʛʨʠʨʦʚʘʥʠʷ ï 25 ʄʵɺ. 

**
ʈʘʩʯʝʪ 

ʩʝʯʝʥʠʡ ʧʨʦʚʦʜʠʣʩ̫ ʧʦ ʧʨʦʛʨʘʤʤʝ TALYS-1.0.  

ʊʘʙʣʠʮʘ 3.  

ʉʝʯʝʥʠʝ ʨʝʘʢʮʠʠ 
87
Rb(ɔ,n)

 86m,g
Rb  

ʈʝʘʢʮʠʷ ɽm, 

ʄʵɺ 

ɻ, 

ʄʵɺ 

ům, 

ʤʙ 

ůint,(25 ʄʵɺ)
**  

ʄʵɺĿʤʙ 

ʀʩʪʦʯʥʠʢ 

87
Rb(ɔ,n)

 86m
Rb 17,1Ñ0,1 4,1Ñ0,5 18Ñ2 116Ñ16 ʅʘʩʪʦʷʱʘʷ ʨʘʙʦʪʘ 

87
Rb(ɔ,n)

 86m
Rb

*  
17,6Ñ0,1 5,1Ñ0,4 18 103Ñ8 ʅʘʩʪʦʷʱʘʷ ʨʘʙʦʪʘ 

87
Rb(ɔ,n)

 86g
Rb

*  
16,7Ñ0,1 5,3Ñ0,3 174 1450Ñ91 ʅʘʩʪʦʷʱʘʷ ʨʘʙʦʪʘ 

85
Rb(ɔ,n)

 84
Rb

*  
16,8Ñ0,1 5,3Ñ0,3 186 1545Ñ90 ʅʘʩʪʦʷʱʘʷ ʨʘʙʦʪʘ 

85
Rb(ɔ,n)

 tot
Rb

 
16,8 4.5 194 1052 [5] 

ʇʨʠʤʝʯʘʥʠʝ. 
*
 ůint ï ʠʥʪʝʛʨʘʣʴʥʦʝ ʩʝʯʝʥʠʝ ʨʝʘʢʮʠʠ, ʚʝʨʭʥʠʡ ʧʨʝʜʝʣ ʠʥʪʝʛʨʠʨʦʚʘʥʠʷ ï 25 ʄʵɺ. 

**
ʈʘʩʯʝʪ 

ʩʝʯʝʥʠʡ ʧʨʦʚʦʜʠʣʩ̫ ʧʦ ʧʨʦʛʨʘʤʤʝ TALYS-1.0.  
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ʋʩʪʘʥʦʚʣʝʥʠʝ ʟʘʢʦʥʦʤʝʨʥʦʩʪʝʡ ʧʝʨʝʜʘʯʠ ʵʥʝʨʛʠʠ ʧʝʨʚʠʯʥʳʭ ʯʘʩʪʠʮ ʚ ʧʨʦʮʝʩʩʘʭ 

ʤʥʦʞʝʩʪʚʝʥʥʦʡ ʛʝʥʝʨʘʮʠʠ ʯʘʩʪʠʮ ʠ ʬʨʘʛʤʝʥʪʘʮʠʠ ʷʜʝʨ ʚʘʞʥʦ ʢʘʢ ʚ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʤ, ʪʘʢ ʠ 

ʪʝʦʨʝʪʠʯʝʩʢʦʤ ʘʩʧʝʢʪʘʭ, ʧʦʩʢʦʣʴʢʫ ʚʦ ʤʥʦʛʠʭ ʪʝʦʨʝʪʠʯʝʩʢʠʭ ʤʦʜʝʣʷʭ ʦʜʥʠʤ ʠʟ ʛʣʘʚʥʳʭ ʧʘʨʘʤʝʪʨʦʚ 

ʷʚʣʷʝʪʩʷ ʬʫʥʢʮʠʷ ʧʝʨʝʨʘʩʧʨʝʜʝʣʝʥʠʷ ʧʝʨʚʠʯʥʦʡ ʵʥʝʨʛʠʠ ʤʝʞʜʫ ʢʦʥʝʯʥʳʤʠ ʧʨʦʜʫʢʪʘʤʠ ʨʝʘʢʮʠʠ, 

ʚʢʣʶʯʘʷ ʬʨʘʛʤʝʥʪʳ ʷʜʨʘ. ʆʜʥʘʢʦ ʢʦʵʬʬʠʮʠʝʥʪʳ ʥʝʫʧʨʫʛʦʩʪʠ ʠʩʩʣʝʜʦʚʘʥʳ, ʚ ʦʩʥʦʚʥʦʤ, ʧʨʠ 

ʫʣʴʪʨʘʚʳʩʦʢʠʭ ʵʥʝʨʛʠʷʭ ʚ ʵʢʩʧʝʨʠʤʝʥʪʘʭ ʧʦ ʢʦʩʤʠʯʝʩʢʠʤ ʣʫʯʘʤ. ʅʘʩʪʦʷʱʘʷ ʨʘʙʦʪʘ ʧʦʩʚʷʱʝʥʘ 

ʠʩʩʣʝʜʦʚʘʥʠʶ ʦʩʦʙʝʥʥʦʩʪʝʡ ʧʝʨʝʜʘʯʠ ʵʥʝʨʛʠʠ ʧʝʨʚʠʯʥʳʭ ʯʘʩʪʠʮ ʚ ʘʢʪʘʭ ʤʥʦʞʝʩʪʚʝʥʥʦʡ ʛʝʥʝʨʘʮʠʠ 

ʯʘʩʪʠʮ ʠ ʬʨʘʛʤʝʥʪʘʮʠʠ ʷʜʝʨ ʚʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷʭ ʧʨʦʪʦʥʦʚ ʩ ʷʜʨʘʤʠ ʫʛʣʝʨʦʜʘ ʠ ʢʠʩʣʦʨʦʜʘ ʧʨʠ 

ʫʤʝʨʝʥʥʳʭ ʵʥʝʨʛʠʷʭ. ʇʨʠʚʝʜʝʥʳ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʠʟʫʯʝʥʠʷ ʧʘʨʮʠʘʣʴʥʳʭ 

ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʥʝʫʧʨʫʛʦʩʪʠ ʦʪʨʠʮʘʪʝʣʴʥʳʭ ʧʠʦʥʦʚ, ʦʙʨʘʟʦʚʘʥʥʳʭ ʚʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷʭ ʷʜʝʨ 

ʢʠʩʣʦʨʦʜʘ ʩ ʧʨʦʪʦʥʘʤʠ ʧʨʠ 3.25 ɸ ɻʵɺ/ʩ ʠ ʧʨʦʪʦʥʦʚ ʩ ʷʜʨʘʤʠ ʫʛʣʝʨʦʜʘ ʧʨʠ 4.2 ʠ 9.9 ɻʵɺ/ʩ. 

http://www.talys.ed/
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ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʡ ʤʘʪʝʨʠʘʣ ʧʦ 
16
ʆʨ- ʠ ʨʉ-ʩʦʫʜʘʨʝʥʠʷʤ ʧʦʣʫʯʝʥ ʩ ʧʦʤʦʱʴʶ 1 ʤ ʚʦʜʦʨʦʜʥʦʡ 

ʠ 2 ʤ ʧʨʦʧʘʥʦʚʦʡ ʧʫʟʳʨʴʢʦʚʳʭ ʢʘʤʝʨ ʃɺʕ ʆʀʗʀ, ʦʙʣʫʯʝʥʥʳʭ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʷʜʨʘʤʠ ʢʠʩʣʦʨʦʜʘ ʩ 

ʠʤʧʫʣʴʩʦʤ 3.25 ɸ ɻʵɺ/ʩ ʠ ʧʨʦʪʦʥʘʤʠ ʩ ʠʤʧʫʣʴʩʘʤʠ 4.2 ʠ 9.9 ɻʵɺ/ʩ ʥʘ ɼʫʙʥʝʥʩʢʦʤ ʩʠʥʭʨʦʬʘʟʦʪʨʦʥʝ. 

ɺ ʵʪʠʭ ʵʢʩʧʝʨʠʤʝʥʪʘʭ ʦʪʨʠʮʘʪʝʣʴʥʳʝ ʧʠʦʥʳ ʠʜʝʥʪʠʬʠʮʠʨʫʶʪʩʷ ʩ ʙʦʣʝʝ 95% ʪʦʯʥʦʩʪʴʶ. 

ʇʘʨʮʠʘʣʴʥʳʡ ʢʦʵʬʬʠʮʠʝʥʪ ʥʝʫʧʨʫʛʦʩʪʠ ʦʪʨʠʮʘʪʝʣʴʥʳʭ ʧʠʦʥʦʚ ʦʧʨʝʜʝʣʷʣʩʷ ʜʝʣʝʥʠʝʤ ʠʭ ʩʫʤʤʘʨʥʦʡ 

ʧʦʣʥʦʡ ʵʥʝʨʛʠʠ ʚ ʠʥʜʠʚʠʜʫʘʣʴʥʦʤ ʩʦʙʳʪʠʠ ʥʘ ʢʠʥʝʪʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ ʩʥʘʨʷʜʘ:  

K  ́= ×ɽi/ɽ0, 

ʛʜʝ ɽi ïʧʦʣʥʘʷ ʵʥʝʨʛʠʷ i-ʛʦ ˊ
ï
-ʤʝʟʦʥʘ ʚ ʩʦʙʳʪʠʠ ʘ, ɽ0 ï ʧʦʣʥʘʷ ʵʥʝʨʛʠʷ ʩʥʘʨʷʜʘ. 

ʂʦʵʬʬʠʮʠʝʥʪʳ ʥʝʫʧʨʫʛʦʩʪʠ ˊ
ï
-ʤʝʟʦʥʦʚ ʚ ʨʉ- ʠ ˊ

+
-ʤʝʟʦʥʦʚ ʚ ˊ

ï
ʉ-ʩʦʫʜʘʨʝʥʠʷʭ ʚʳʯʠʩʣʝʥʳ ʚ 

ʣʘʙʦʨʘʪʦʨʥʦʡ ʩʠʩʪʝʤʝ ʢʦʦʨʜʠʥʘʪ ʘ, ʚ 
16
ʆʨ-ʩʦʫʜʘʨʝʥʠʷʭ ï ʚ ʩʠʩʪʝʤʝ ʧʦʢʦʷ ʷʜʨʘ ʢʠʩʣʦʨʦʜʘ. ɺ ʮʝʣʷʭ 

ʠʩʢʣʶʯʝʥʠʷ ʩʦʭʨʘʥʠʚʰʝʛʦʩʷ ʧʝʨʚʠʯʥʦʛʦ ˊ
ï
-ʤʝʟʦʥʘ ʚ ˊ

ï
ʉ-ʩʦʫʜʘʨʝʥʠʷʭ ʙʳʣ ʚʳʯʠʩʣʝʥ ʢʦʵʬʬʠʮʠʝʥʪ 

ʥʝʫʧʨʫʛʦʩʪʠ ʜʣʷ ˊ
+
-ʤʝʟʦʥʦʚ. ʉʨʝʜʥʠʝ ʟʥʘʯʝʥʠʷ ʧʘʨʮʠʘʣʴʥʳʭ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʥʝʫʧʨʫʛʦʩʪʠ ˊ

ï
-ʤʝʟʦʥʦʚ 

ʚ 
16
ʆʨ-ʠ ʨʉ-ʩʦʫʜʘʨʝʥʠʷʭ ʠ ˊ

+
-ʤʝʟʦʥʦʚ ʚ ˊ

ï
ʉ-ʚʟʘʠʤʦʜʝʡʩʪʚʠʷʭ ʧʨʠʚʝʜʝʥʳ ʚ ʪʘʙʣʠʮʝ. 

ʂʘʢ ʚʠʜʥʦ ʠʟ ʪʘʙʣʠʮʳ ʚʝʣʠʯʠʥʳ <K(ˊ
ï
)> ʜʣʷ 

16
ʆʨ- ʠ ʨʉ-ʩʦʫʜʘʨʝʥʠʡ ʧʨʠ 3.25 ɸ ɻʵɺ/ʩ ʠ 4.2 

ɻʵɺ/ʩ ʩʦʚʧʘʜʘʶʪ ʜʨʫʛ ʩ ʜʨʫʛʦʤ. ʊʘʢʦʝ ʩʦʚʧʘʜʝʥʠʝ ʩʚʷʟʘʥʦ ʩ ʙʣʠʟʦʩʪʴʶ ʧʝʨʚʠʯʥʦʛʦ ʠʤʧʫʣʴʩʘ, ʧʨʠ 

ʢʦʪʦʨʳʭ ʝʱʝ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʦʪʢʨʳʚʘʶʪʩʷ ʢʘʥʘʣʳ ʨʦʞʜʝʥʠʷ ʧʠʦʥʦʚ ʯʝʨʝʟ ʚʝʢʪʦʨʥʳʝ ʤʝʟʦʥʳ. ʇʨʠ 

ʵʪʠʭ ʠʤʧʫʣʴʩʘʭ ʦʩʥʦʚʥʳʤ ʠʩʪʦʯʥʠʢʦʤ ʦʙʨʘʟʦʚʘʥʠʷ ʧʠʦʥʦʚ ʦʩʪʘʶʪʩʷ ȹ-ʠʟʦʙʘʨʳ ʠʣʠ ʧʨʦʮʝʩʩ 

ʥʝʫʧʨʫʛʦʡ ʧʝʨʝʟʘʨʷʜʢʠ ʥʫʢʣʦʥʦʚ. ɼʘʣʝʝ, ʩ ʨʦʩʪʦʤ ʧʝʨʚʠʯʥʦʛʦ ʠʤʧʫʣʴʩʘ ʥʘʙʣʶʜʘʝʪʩʷ ʫʚʝʣʠʯʝʥʠʝ 

ʟʥʘʯʝʥʠʷ <K(ˊ
ï
)>, ʧʦ-ʚʠʜʠʤʦʤʫ, ʩʚʷʟʘʥʥʦʝ ʩ ʦʪʢʨʳʪʠʝʤ ʥʦʚʳʭ ʢʘʥʘʣʦʚ ʦʙʨʘʟʦʚʘʥʠʷ ʧʠʦʥʦʚ ʯʝʨʝʟ 

ʤʝʟʦʥʥʳʝ ʨʝʟʦʥʘʥʩʳ (ɟ-, ɤ-, f-ʤʝʟʦʥʳ ʠ ʜʨ.), ʚ ʨʝʟʫʣʴʪʘʪʝ ʨʘʩʧʘʜʘ ʢʦʪʦʨʳʭ ʨʦʞʜʘʶʪʩʷ ʩʨʘʚʥʠʪʝʣʴʥʦ 

ʙʳʩʪʨʳʝ ʧʠʦʥʳ, ʯʝʤ ʦʪ ʨʘʩʧʘʜʘ ȹ-ʠʟʦʙʘʨ. ɺ ʯʘʩʪʥʦʩʪʠ, ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ ʧʝʨʚʠʯʥʦʡ ʵʥʝʨʛʠʠ ʚ pC-

ʩʦʫʜʘʨʝʥʠʷʭ ʩ 4.2 ʜʦ 9.9 ɻʵɺ/ʩ ʥʘʙʣʶʜʘʝʪʩʷ ʧʨʘʢʪʠʯʝʩʢʠ ʫʜʚʦʝʥʠʝ<K(ˊ
ï
)>. 

ʊʘʣʠʮʘ 

ʉʨʝʜʥʠʝ ʟʥʘʯʝʥʠʷ ʧʘʨʮʠʘʣʴʥʳʭ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʥʝʫʧʨʫʛʦʩʪʠ ˊ
ï
-ʤʝʟʦʥʦʚ ʚ 

16
ʆʨ-ʠ ʨʉ-ʩʦʫʜʘʨʝʥʠʷʭ ʠ ˊ

+
-ʤʝʟʦʥʦʚ ʚ 

ˊ
ï
ʉ-ʚʟʘʠʤʦʜʝʡʩʪʚʠʷʭ 

ʊʠʧ ʩʦʫʜʘʨʝʥʠʷ ʇʝʨʚʠʯʥʘʷ ʵʥʝʨʛʠʷ ʏʠʩʣʦ ʩʦʙʳʪʠʡ 
ʂʦʵʬʬʠʮʠʝʥʪ ʥʝʫʧʨʫʛʦʩʪʠ ˊ

ï
-

ʤʝʟʦʥʦʚ 
16
ʆʨ 3.25 ɸ ɻʵɺ/ʩ 8712 0.035Ñ0.002 

ʨʉ 4.2 ɻʵɺ/ʩ 6736 0.035Ñ0.003 

ʨʉ 9.9 ɻʵɺ/ʩ 19400 0.068Ñ0.001 

ˊ
ï
ʉ 40 ɻʵɺ/ʩ 16864 0.215Ñ0.001

*) 

ʂʦʵʬʬʠʮʠʝʥʪ ʥʝʫʧʨʫʛʦʩʪʠ ʜʣʷ ˊ+-ʤʝʟʦʥʦʚ. ɽʩʣʠ ʫʯʝʩʪʴ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʜʘʥʥʳʝ [1,2] ʜʣʷ ʨʉ-ʩʦʫʜʘʨʝʥʠʡ ʧʨʠ 40 ɻʵɺ/ʩ ʚʝʣʠʯʠʥʘ  <K(ˊï)> 

ʙʫʜʝʪ ʥʘ 10ï12% ʤʝʥʴʰʝ, ʯʝʤ ʪʘʢʦʚʘʷ ʜʣʷ ˊïʉ-ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ. 

ɸʥʘʣʠʟ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʜʘʥʥʳʭ ʧʦ ʩʨʝʜʥʠʤ ʟʥʘʯʝʥʠʷʤ ʧʘʨʮʠʘʣʴʥʦʛʦ ʢʦʵʬʬʠʮʠʝʥʪʘ 

ʥʝʫʧʨʫʛʦʩʪʠ ʥʝʡʪʨʘʣʴʥʳʭ ʧʠʦʥʦʚ <K(ˊ
ʦ
)> ʚ ʠʥʪʝʨʚʘʣʝ ʧʝʨʚʠʯʥʳʭ ʵʥʝʨʛʠʡ 1ï100 ʊʵɺ ʜʣʷ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ ʧʨʦʪʦʥʦʚ ʩ ʷʜʨʘʤʠ ʚʦʟʜʫʭʘ ʘʪʤʦʩʬʝʨʳ ʧʦʢʘʟʘʣ ʝʛʦ ʧʨʘʢʪʠʯʝʩʢʫʶ ʥʝʟʘʚʠʩʠʤʦʩʪʴ ʦʪ 

ʧʝʨʚʠʯʥʦʡ ʵʥʝʨʛʠʠ. ɿʥʘʯʝʥʠʝ ʚʝʣʠʯʠʥʳ <K(ˊ
ʦ
)> ʚ ʵʪʠʭ ʵʢʩʧʝʨʠʤʝʥʪʘʭ ʦʢʘʟʘʣʦʩʴ ʨʘʚʥʳʤ 0.18 Ñ 0.01. 

ɼʣʷ ʧʨʦʪʦʥ-ʷʜʝʨʥʳʭ ʩʦʫʜʘʨʝʥʠʡ ʤʦʞʥʦ ʦʞʠʜʘʪʴ ʩʦʚʧʘʜʝʥʠʝ ʧʘʨʮʠʘʣʴʥʳʭ ʢʦʵʬʬʠʮʠʝʥʪʦʚ 

ʥʝʫʧʨʫʛʦʩʪʠ ʜʣʷ ʥʝʡʪʨʘʣʴʥʳʭ ʠ ʦʪʨʠʮʘʪʝʣʴʥʳʭ ʧʠʦʥʦʚ, ʪʘʢ ʢʘʢ ʦʥʠ ʷʚʣʷʶʪʩʷ ʚʥʦʚʴ ʨʦʞʜʝʥʥʳʤʠ. 

ɼʣʷ ʧʦʣʦʞʠʪʝʣʴʥʳʭ ʧʠʦʥʦʚ ʤʦʞʥʦ ʦʞʠʜʘʪʴ ʥʝʩʢʦʣʴʢʦ ʙʦʣʴʰʠʭ ʟʥʘʯʝʥʠʡ ʠʟ-ʟʘ ʧʨʦʮʝʩʩʦʚ ʥʝʫʧʨʫʛʦʡ 

ʧʝʨʝʟʘʨʷʜʢʠ ʥʘʣʝʪʘʶʱʝʛʦ ʧʨʦʪʦʥʘ-ʩʥʘʨʷʜʘ ʥʘ ʥʝʡʪʨʦʥ ʠ ʧʦʣʦʞʠʪʝʣʴʥʳʡ ʧʠʦʥ.  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʤʦʞʥʦ ʟʘʢʣʶʯʠʪʴ, ʯʪʦ ʧʨʠ ʵʥʝʨʛʠʷʭ ʤʝʥʴʰʝ 5 ɻʵɺ ʧʘʨʮʠʘʣʴʥʳʝ ʢʦʵʬʬʠʮʠʝʥʪʳ 

ʥʝʫʧʨʫʛʦʩʪʠ ʧʠʦʥʦʚ ʥʝ ʟʘʚʠʩʷʪ ʦʪ ʧʝʨʚʠʯʥʦʡ ʵʥʝʨʛʠʠ, ʘ ʧʨʠ ʙʦʣʴʰʠʭ ʟʥʘʯʝʥʠʷʭ ʧʝʨʚʠʯʥʦʡ ʵʥʝʨʛʠʠ 

ʥʘʙʣʶʜʘʝʪʩʷ ʨʦʩʪ ʚʝʣʠʯʠʥʳ <K(ˊ
ï
)>, ʩʚʷʟʘʥʥʳʡ ʩ ʦʪʢʨʳʪʠʝʤ ʢʘʥʘʣʦʚ ʦʙʨʘʟʦʚʘʥʠʷ ʧʠʦʥʦʚ ʯʝʨʝʟ 

ʤʝʟʦʥʥʳʝ ʨʝʟʦʥʘʥʩʳ. ʇʨʠ ʵʥʝʨʛʠʷʭ ʙʦʣʴʰʠʭ 1 ʊʵɺ ʥʘʙʣʶʜʘʝʪʩʷ ʧʨʘʢʪʠʯʝʩʢʦʝ ʧʦʩʪʦʷʥʩʪʚʦ 

ʢʦʵʬʬʠʮʠʝʥʪʘ ʥʝʫʧʨʫʛʦʩʪʠ ʧʠʦʥʦʚ, ʷʚʣʷʶʱʝʝʩʷ ʭʘʨʘʢʪʝʨʥʦʡ ʯʝʨʪʦʡ ʜʠʥʘʤʠʢʠ ʩʠʣʴʥʳʭ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ.  

ʃʠʪʝʨʘʪʫʨʘ 
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ɺ 2012 ʛ. ʧʨʦʚʝʜʝʥʳ ʩʨʘʚʥʠʪʝʣʴʥʳʝ ʘʥʘʣʠʟʳ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʦʜʥʦʤʝʨʥʳʭ ʧʦʧʝʨʝʯʥʳʭ D, ʠ 

ʧʨʦʜʦʣʴʥʳʭ d,
ʠʩʭɽ  ʧʘʨʘʤʝʪʨʦʚ, ʘ ʪʘʢʞʝ ʥʦʚʳʭ ʜʚʫʭʤʝʨʥʳʭ ʧʘʨʘʤʝʪʨʦʚRE  , dR ʠ DR ʜʣʷ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠ ʠʩʢʫʩʩʪʚʝʥʥʳʭ ʛʘʤʤʘ-ʩʝʤʝʡʩʪʚ, ʥʘʠʛʨʘʥʥʳʭ ʥʘ ʦʩʥʦʚʝ ʄʉʆ-ʤʦʜʝʣʠ ʂʚʘʨʢ-

ɻʣʶʦʥʥʳʭ ʉʪʨʫʥ ʩ ʨʘʟʣʠʯʥʳʤʠ ʧʨʝʜʧʦʣʦʞʝʥʠʷʤʠ ʦ ʭʠʤʩʦʩʪʘʚʝ ʧʝʨʚʠʯʥʳʭ ʢʦʩʤʠʯʝʩʢʠʭ ʣʫʯʝʡ 

(ʇʂʃ): ʥʦʨʤʘʣʴʥʳʡ ʭʠʤʩʦʩʪʘʚ (ʄʉʆ-ʤʦʜʝʣʴ) ʩ ʤʝʜʣʝʥʥʦ ʨʘʩʪʫʱʝʡ ʜʦʣʝʡ ʪʷʞʝʣʳʭ ʷʜʝʨ ʠ 

ʫʪʷʞʝʣʸʥʥʳʡ ʭʠʤʩʦʩʪʘʚ (ʅʄʉʆ-ʤʦʜʝʣʴ) ʚ ʦʙʣʘʩʪʠ ʵʥʝʨʛʠʠ 0ɽÓ 10
16

 ʵɺ. ʇʦʣʫʯʝʥʥʳʝ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʧʦ ʦʜʥʦʤʝʨʥʳʤ ʠ ʜʚʫʭʤʝʨʥʳʤ ʧʘʨʘʤʝʪʨʘʤ ʭʦʨʦʰʦ ʩʦʛʣʘʩʫʶʪʩʷ ʩ 

ʪʘʢʠʤʠ ʞʝ ʧʘʨʘʤʝʪʨʘʤʠ, ʧʦʣʫʯʝʥʥʳʝ ʚ ʄʉʆ ʤʦʜʝʣʠ ʠ ʧʨʦʪʠʚʦʨʝʯʘʪ ʜʘʥʥʳʤ ʅʄʉʆ-ʤʦʜʝʣʠ ʩʦʛʣʘʩʥʦ 

ʢʨʠʪʝʨʠʷ ɢ
2
. ɺʩʣʝʜʩʪʚʠʝ ʵʪʦʛʦ ʚ ʜʘʣʴʥʝʡʰʠʭ ʘʥʘʣʠʟʘʭ ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʘʥʥʳʝ ʄʉʆ-ʤʦʜʝʣʠ. 

ʈʘʟʨʘʙʦʪʘʥʳ ʥʘ ʦʩʥʦʚʝ ʜʘʥʥʳʭ ʄʉʆ ï ʤʦʜʝʣʠ ʦʜʥʦʤʝʨʥʳʝ ʠ ʜʚʫʭʤʝʨʥʳʝ ʢʨʠʪʝʨʠʠ ʦʪʙʦʨʘ 

ʠʩʭʦʜʥʳʭ ɔ-ʩʝʤʝʡʩʪʚ, ʦʙʨʘʟʦʚʘʥʥʳʭ ʦʪ (ʨ+Ŭ) ʠ ɸ ï ʩʦʙʳʪʠʡ, ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʥʳʭ ʚ ʨʝʥʪʛʝʥ 

ʵʤʫʣʴʩʠʦʥʥʦʡ ʢʘʤʝʨʝ (ʈʕʂ). ʆʧʨʝʜʝʣʝʥʳ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ɖp+Ŭ = 0.80Ñ0.05, ɖA = 0.63Ñ0.02 ʦʜʥʦʤʝʨʥʳʭ 

ʠ ʜʚʫʤʝʨʥʳʭ ʢʨʠʪʝʨʠʝʚ ʦʪʙʦʨʘ, ʘ ʪʘʢʞʝ ʠʭ ʧʨʠʤʝʩʠ ʇɸ = 0.06Ñ0.01, ʇp+Ŭ = 0.72Ñ0.03. ɼʣʷ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʭʠʤʩʦʩʪʘʚʘ ʠ ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʩʧʝʢʪʨʦʚ ʇʂʃ ʠʩʧʦʣʴʟʦʚʘʥʳ ʦʜʥʦʤʝʨʥʳʝ ʠ ʜʚʫʭʤʝʨʥʳʝ 

ʢʨʠʪʝʨʠʠ ʦʪʙʦʨʘ ʠʩʭʦʜʥʳʭ ʩʝʤʝʡʩʪʚ, ʦʙʨʘʟʦʚʘʥʥʳʭ ʦʪ (ʨ + Ŭ) ï ʯʘʩʪʠʮ ʠ ʷʜʝʨ ʚ ʵʢʩʧʝʨʠʤʝʥʪʝ ʠ ʄʉʆ-

ʤʦʜʝʣʠ. 

ʉ ʧʦʤʦʱʴʶ ʦʜʥʦʤʝʨʥʳʭ ʠ ʜʚʫʭʤʝʨʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʠʟʫʯʝʥʳ ʚ ʵʢʩʧʝʨʠʤʝʥʪʝ ʠ ʄʉʆ-ʤʦʜʝʣʠ 

ʟʘʚʠʩʠʤʦʩʪʠ ʜʦʣʝʡ ȹʨ+Ŭ ʠ ȹɸ ʦʪ ʦʮʝʥʦʯʥʦʡ ʵʥʝʨʛʠʠ lgEʦʮ= A+BĿlg(nʠʩʭĿʉ). ɺʝʣʠʯʠʥʘ ʉ = nʠʩʭ/ n'ʠʩʭ , ʛʜʝ 

nʠʩʭ - ʯʠʩʣʦ ʠʩʭʦʜʥʳʭ ʠ n'ʠʩʭ ï ñʦʤʦʣʦʞʝʥʥʳʭò ʢʚʘʥʪʦʚ ʩʝʤʝʡʩʪʚ, nǋʠʩʭ ï ʯʠʩʣʦ ʠʩʭʦʜʥʳʭ ɔ-ʢʚʘʥʪʦʚ ʩ 

ʵʥʝʨʛʠʷʤʠ ɽɔ > 0.04 ×Eɔ. ʂʦʵʬʬʠʮʠʝʥʪʳ ɸ ʠ ɺ ʦʧʨʝʜʝʣʷʶʪʩʷ ʠʟ ʩʨʘʚʥʝʥʠʷ ʩ ʄʉʆ-ʤʦʜʝʣʴʶ. 

ʈʝʟʫʣʴʪʘʪʳ ʘʥʘʣʠʟʘ ʦʜʥʦʤʝʨʥʳʭ ʠ ʜʚʫʭʤʝʨʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʚ ʵʢʩʧʝʨʠʤʝʥʪʝ ʠ ʚ 

ʄʉʆ-ʤʦʜʝʣʠ ʩ ʨʦʩʪʦʤ ʵʥʝʨʛʠʠ Eʦʮ ʥʘʙʣʶʜʘʝʪʩʷ ʫʤʝʥʴʰʝʥʠʝ ʜʦʣʠ ȹʨ+Ŭ ʜʣʷ ʛʨʫʧʧʳ ʯʘʩʪʠʮ (ʨ + Ŭ) ʠ 

ʫʚʝʣʠʯʝʥʠʝ ʜʦʣʠ ȹɸ ʜʣʷ ʷʜʝʨ ʇʂʃ ʚ ʦʙʣʘʩʪʠ ʵʥʝʨʛʠʡ 0ɽ= 10
16

- 10
17

 ʵɺ. 

ɺʧʝʨʚʳʝ ʤʝʪʦʜʦʤ ʈʕʂ ʚ ʵʢʩʧʝʨʠʤʝʥʪʝ ʩ ʥʝʟʘʚʠʩʠʤʳʤʠ ʦʜʥʦʤʝʨʥʳʤʠ ʠ ʜʚʫʭʤʝʨʥʳʤʠ 

ʧʘʨʘʤʝʪʨʘʤʠ ʚ ʦʙʣʘʩʪʠ ʵʥʝʨʛʠʠ 0ɽ= 3Ŀ10
16
ï10

17
 ʵɺ ʦʮʝʥʝʥʳ ʜʦʣʠ ȹʨ+Ŭ =0,73Ñ0.05 ʠ ȹɸ=0,19Ñ0.04 

ʠʩʭʦʜʥʳʭ ʩʝʤʝʡʩʪʚ. 

ɺ 2013 ʛ. ʠʩʩʣʝʜʦʚʘʥʳ ʧʦʧʝʨʝʯʥʳʝ (R1E , E1R1E) ʠ ʧʨʦʜʦʣʴʥʳʝ (d, D) ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʛʘʤʤʘ-

ʩʝʤʝʡʩʪʚ, ʧʦʟʚʦʣʷʶʱʠʝ ʦʧʨʝʜʝʣʠʪʴ ʥʘʢʣʦʥ ʵʥʝʨʛʝʪʠʯʝʩʢʦʛʦ ʩʧʝʢʪʨʘ ʧʝʨʚʠʯʥʳʭ ɔ-ʢʚʘʥʪʦʚ ʚ ʦʙʣʘʩʪʠ 

ʩʚʝʨʭʚʳʩʦʢʠʭ ʵʥʝʨʛʠʡ Eɔ = 10
14

 ï 10
15

 ʵɺ. ʅʘ ʦʩʥʦʚʝ ʵʪʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʨʘʟʨʘʙʦʪʘʥʳ ʥʦʚʳʝ ʢʨʠʪʝʨʠʠ 

ʦʪʙʦʨʘ ʛʘʤʤʘ-ʩʝʤʝʡʩʪʚ, ʯʫʚʩʪʚʠʪʝʣʴʥʳʝ ʢ ʵʥʝʨʛʝʪʠʯʝʩʢʠʤ ʩʧʝʢʪʨʘʤ ʧʝʨʚʠʯʥʳʭ ʛʘʤʤʘ-ʢʚʘʥʪʦʚ (ʇɻʂ). 

ʀʟ ʘʥʘʣʠʟʘ ʫʛʣʦʚʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʛʘʤʤʘ-ʩʝʤʝʡʩʪʚ, ʦʙʨʘʟʦʚʘʥʥʳʭ ʦʪ ʇɻʂ, ʦʧʨʝʜʝʣʝʥ 

ʧʦʢʘʟʘʪʝʣʴ ɓ ʵʥʝʨʛʝʪʠʯʝʩʢʦʛʦ ʩʧʝʢʪʨʘ. ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʟʥʘʯʝʥʠʷ ɓ ʦʢʘʟʘʣʠʩʴ ʙʣʠʟʢʠʤʠ ʢ 

ʚʯrʠʩʣʝʥʥʳʤ ʟʥʘʯʝʥʠʷʤ, ʧʦʣʫʯʝʥʥʳʤ ʚ ʧʨʝʜʧʦʣʦʞʝʥʠʠ ʧʦʢʘʟʘʪʝʣʷ ʵʥʝʨʛʝʪʠʯʝʩʢʦʛʦ ʩʧʝʢʪʨʘ ʇɻʂ 

ɓ=1.33 (ʩʪʝʧʝʥʴ ʩʦʛʣʘʩʠʷ ʧʦ ʢʨʠʪʝʨʠʶ ɢ
2
 ʩʦʩʪʘʚʣʷʝʪ 90%). 

ʀʩʩʣʝʜʦʚʘʥʳ ʢʦʨʨʝʣʷʮʠʠ ʤʝʞʜʫ ʩʨʝʜʥʠʤ ʯʠʩʣʦʤ < nɔ > ɔ-ʢʚʘʥʪʦʚ ʩʝʤʝʡʩʪʚʘ ʩ ʨʘʟʣʠʯʥʳʤʠ 

ʟʥʘʯʝʥʠʷʤʠ ʧʦʢʘʟʘʪʝʣʷ ʥʘʢʣʦʥʦʚ (ɓ = 1.0, 1.33 ʠ 2.0) ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʩʧʝʢʪʨʦʚ ʇɻʂ. ʕʪʘ 

ʢʦʨʨʝʣʷʮʠʦʥʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ʦʢʘʟʘʣʘʩʴ ʯʫʚʩʪʚʠʪʝʣʴʥʦʡ ʢ ʥʘʢʣʦʥʫ ʵʥʝʨʛʝʪʠʯʝʩʢʦʛʦ ʩʧʝʢʪʨʘ ʇɻʂ. ɺ 

ʨʝʟʫʣʴʪʘʪʝ, ʧʦʩʣʝ ʚʳʯʝʪʘ ʬʦʥʦʚʳʭ ʩʦʙʳʪʠʡ ʦʪ ʷʜʝʨ ʧʝʨʚʠʯʥʳʭ ʢʦʩʤʠʯʝʩʢʠʭ ʣʫʯʝʡ (ʇʂʃ) ʚ 

ʵʢʩʧʝʨʠʤʝʥʪʝ ʦʧʨʝʜʝʣʸʥ ʧʦʢʘʟʘʪʝʣʴ ʥʘʢʣʦʥʘ ʵʥʝʨʛʝʪʠʯʝʩʢʦʛʦ ʩʧʝʢʪʨʘ ɓʵʢʩʧ ʨʘʚʥʳʡ 1.33 Ñ 0.05 . 

ʅʘ ʦʩʥʦʚʝ ʨʘʟʣʠʯʥʳʭ ʵʬʬʝʢʪʠʚʥʳʭ (93%) ʢʨʠʪʝʨʠʝʚ ʦʪʙʦʨʘ ʩʝʤʝʡʩʪʚ ʚ ʵʢʩʧʝʨʠʤʝʥʪʝ 

ʦʧʨʝʜʝʣʝʥʘ ʜʦʣʷ æʵʢʩʧ = 6.8 Ñ 0.3 ʛʘʤʤʘ-ʩʝʤʝʡʩʪʚ, ʦʙʨʘʟʦʚʘʥʥʳʭ ʦʪ ʇɻʂ ʧʦʩʣʝ ʚʳʯʝʪʘ ʠʟ ʵʢʩʧʝʨʠʤʝʥʪʘ 

ʜʦʣʠ ʬʦʥʦʚʳʭ ʩʦʙʳʪʠʡ ʦʪ ʇʂʃ, ʥʘʠʛʨʘʥʥʳʭ ʥʘ ʦʩʥʦʚʝ ʄʉ0 ï ʤʦʜʝʣʠ.  

ɺ 2014 ʛ. ʥʘ ʦʩʥʦʚʝ ʨʘʟʨʘʙʦʪʘʥʥʳʭ ʥʘʤʠ ʚ 2012 ʛ. ʵʬʬʝʢʪʠʚʥʳʭ ʢʨʠʪʝʨʠʝʚ ʙʳʣʠ ʦʪʦʙʨʘʥʳ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʠ ʠʩʢʫʩʩʪʚʝʥʥʳʝ ʠʩʭʦʜʥʳʝ ʛʘʤʤʘ-ʩʝʤʝʡʩʪʚʘ, ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥ-ʥʳʭ ʚ ʈʕʂ, ʦʪ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩ ʷʜʨʘʤʠ ʘʪʦʤʦʚ ʚʦʟʜʫʭʘ ʧʝʨʚʠʯʥʳʭ ʧʨʦʪʦʥʦʚ ʠ Ŭ- ʯʘʩʪʠʮ, ʘ ʪʘʢʞʝ ʷʜʝʨ ʩ ɸ > 4 (ʨ+Ŭ - 

ʠ ɸ ï ʩʝʤʝʡʩʪʚʘ) ʚ ʦʙʣʘʩʪʠ ʵʥʝʨʛʠʡ E0 > 5Ŀ10
15

 ʵɺ. 

ʇʨʦʚʝʜʝʥʥʳʡ ʘʥʘʣʠʟ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʜʘʥʥʳʭ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʵʪʠʭ ʢʨʠʪʝʨʠʝʚ ʠ ʩʨʘʚʥʝʥʠʝ 

ʠʭ ʩ ʜʘʥʥʳʤʠ ʄʉ0-ʤʦʜʝʣʠ ʧʦʟʚʦʣʠʣʠ ʦʮʝʥʠʪʴ ʧʦʢʘʟʘʪʝʣʠ ʥʘʢʣʦʥʦʚ ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʩʧʝʢʪʨʦʚ ʇʂʃ ʚ 

ʦʙʣʘʩʪʠ ʵʥʝʨʛʠʡ E0 > 5Ŀ10
15

 ʵɺ. 

ʆʧʨʝʜʝʣʝʥ ʚ ʵʢʩʧʝʨʠʤʝʥʪʝ ñʇʘʤʠʨò ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʡ ʵʥʝʨʛʝʪʠʯʝʩʢʠʡ ʩʧʝʢʪʨ ʠʩʭʦʜʥʳʭ ɔ- 

ʢʚʘʥʪʦʚ, ʦʙʨʘʟʦʚʘʥʥʳʭ ʦʪ ʧʨʦʪʦʥʦʚ ʠ Ŭ ï ʯʘʩʪʠʮ ʇʂʃ ʚ ʦʙʣʘʩʪʠ ʵʥʝʨʛʠʡ E0 =10
16

 - 5Ŀ10
16

 ʵɺ, ʢʦʪʦʨʳʡ 

ʘʧʧʨʦʢʩʠʤʠʨʫʝʪʩʷ ʩʪʝʧʝʥʥʳʤ ʟʘʢʦʥʦʤ dN/dE0 ~ E0Ȥ
ɔ
 c ʧʦʢʘʟʘʪʝʣʝʤ ɔ = 1.95 Ñ 0.08. ʇʦʣʫʯʝʥʥʳʡ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʡ ʨʝʟʫʣʴʪʘʪ ʩʦʛʣʘʩʫʝʪʩʷ ʚ ʵʪʦʡ ʦʙʣʘʩʪʠ ʵʥʝʨʛʠʠ ʩ ʜʘʥʥʳʤʠ ʄʉ0-ʤʦʜʝʣʠ.  

ʠʩʭR
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ɺ ʵʢʩʧʝʨʠʤʝʥʪʝ ʧʦʣʫʯʝʥ ʩʧʝʢʪʨ ʩʫʤʤʘʨʥʳʭ ʵʥʝʨʛʠʡ Ɇɽʠʩʭ ʜʣʷ ʠʩʭʦʜʥʳʭ ɔ-ʩʝʤʝʡʩʪʚ, 

ʦʙʨʘʟʦʚʘʥʥʳʭ ʦʪ ʧʨʦʪʦʥ+Ŭ ʯʘʩʪʠʮ ʇʂʃ ʚ ʦʙʣʘʩʪʠ Ɇɽʠʩʭ=100-2000 ʊʵɺ, ʢʦʪʦʨʳʡ ʦʧʠʩʳʚʘʝʪʩʷ 

ʩʪʝʧʝʥʥʦʡ ʬʫʥʢʮʠʝʡ ʩ ʧʦʢʘʟʘʪʝʣʝʤ əp+Ŭ = 2.14 Ñ 0.15, ʘ ʪʘʢʞʝ ʜʣʷ ʵʪʠʭ ʩʝʤʝʡʩʪʚ ʠʩʩʣʝʜʦʚʘʥʦ 

ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʧʘʨʘʤʝʪʨʘ ʤʫʣʴʪʠʧʣʠʢʘʮʠʠ ʠʩʭnnd /g= . ɼʣʷ ʵʪʠʭ ʩʝʤʝʡʩʪʚ ʩʨʝʜʥʝʝ ʟʥʘʯʝʥʠʝ d  ʨʘʚʥʦ 

1.81 Ñ 0.07. ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʩʦʛʣʘʩʫʶʪʩʷ ʩ ʜʘʥʥʳʤʠ ʄʉ0-ʤʦʜʝʣʠ.  

ʀʟʫʯʝʥ ʚ ʵʢʩʧʝʨʠʤʝʥʪʝ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʡ ʵʥʝʨʛʝʪʠʯʝʩʢʠʡ ʩʧʝʢʪʨ ʠʩʭʦʜʥʳʭ ɔ- ʢʚʘʥʪʦʚ, ʜʣʷ 

ʛʨʫʧʧ ʧʝʨʚʠʯʥʳʭ ʷʜʝʨ ʩ ʤʘʩʩʦʚʳʤ ʯʠʩʣʦʤ ɸ > 4 ʚ ʦʙʣʘʩʪʠ E0 = 10
16

 - 10
17

 ʵɺ, ʢʦʪʦʨʳʡ 

ʘʧʧʨʦʢʩʠʤʠʨʫʝʪʩʷ ʩʪʝʧʝʥʥʳʤ ʟʘʢʦʥʦʤ dN/dE0 ~ E0Ȥ
ɔ
 ʩ ʧʦʢʘʟʘʪʝʣʝʤ ɔ = 1.48 Ñ 0.07. 

ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʡ ʨʝʟʫʣʴʪʘʪ ʩʦʛʣʘʩʫʝʪʩʷ ʩ ʄʉ0-ʤʦʜʝʣʴʶ, ʘ ʪʘʢʞʝ ʚ ʵʢʩʧʝʨʠʤʝʥʪʝ ʧʦʣʫʯʝʥʦ 

ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʩʧʝʢʪʨʘ ʩʫʤʤʘʨʥʳʭ ʵʥʝʨʛʠʡ Ɇɽʠʩʭ ʜʣʷ ʠʩʭʦʜʥʳʭ ɔ-ʩʝʤʝʡʩʪʚ, ʦʙʨʘʟʦʚʘʥʥʳʭ ʦʪ 

ʧʝʨʚʠʯʥʳʭ ʷʜʝʨ ʩ ʤʘʩʩʦʚʳʤ ʯʠʩʣʦʤ ɸ > 4, ʢʦʪʦʨʦʝ ʭʦʨʦʰʦ ʦʧʠʩʳʚʘʝʪʩʷ ʩʪʝʧʝʥʥʦʡ ʬʫʥʢʮʠʝʡ ʩ 

ʧʦʢʘʟʘʪʝʣʝʤ əɸ = 3.25 Ñ 0.30 ʚ ʦʙʣʘʩʪʠ Ɇɽʠʩʭ=100-2000 ʊʵɺ, ʪʘʢʞʝ ʧʦʩʪʨʦʝʥʦ ʨʘʩʧʨʝʜʝʣʝʥʠʝ 

ʧʘʨʘʤʝʪʨʘ d ʜʣʷ ɔ-ʩʝʤʝʡʩʪʚ ʦʙʨʘʟʦʚʘʥʥʳʭ ʦʪ ʧʝʨʚʠʯʥʳʭ ʷʜʝʨ ʩ ɸ > 4. ʉʨʝʜʥʝʝ ʟʥʘʯʝʥʠʝ ʧʘʨʘʤʝʪʨʘ d
 

ʚ ʵʢʩʧʝʨʠʤʝʥʪʝ ʨʘʚʥʦ 1.35Ñ 0.10. ʇʦʣʫʯʝʥʥʳʝ ʜʘʥʥʳʝ ʚ ʵʢʩʧʝʨʠʤʝʥʪʝ ʭʦʨʦʰʦ ʩʦʛʣʘʩʫʶʪʩʷ ʩ 

ʨʝʟʫʣʴʪʘʪʘʤʠ ʄʉ0-ʤʦʜʝʣʠ. 

ʀʟ ʧʦʣʫʯʝʥʥʳʭ ʜʘʥʥʳʭ ʩʣʝʜʫʝʪ, ʯʪʦ ʧʦʢʘʟʘʪʝʣʴ ʥʘʢʣʦʥʘ əɸ ʩʧʝʢʪʨʘ Ɇɽʠʩʭ ʚ ʵʢʩʧʝʨʠʤʝʥʪʝ ʧʦʯʪʠ 

ʚ 1.5 ʨʘʟʘ ʤʝʥʴʰʝ, ʯʝʤ ʦʪ ʧʦʢʘʟʘʪʝʣʷ əp+Ŭ. ʕʪʦ ʫʢʘʟʳʚʘʝʪ ʥʘ ʪʦ, ʯʪʦ ʚ ɸɸ- ʩʠʣʴʥʳʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷʭ 

ʜʠʩʩʠʧʘʮʠʷ ʵʥʝʨʛʠʠ ɽ0 ʧʨʦʠʩʭʦʜʠʪ ʩʠʣʴʥʝʝ, ʯʝʤ ʚ (ʨ+Ŭ) ɸ ï ʚʟʘʠʤʦʜʝʡʩʪʚʠʷʭ. 

IONOSPHERIC TOTAL EL ECTRON CONTENT VARIA TIONS OBSERVED BEFORE 

EARTHQUAKES:  TASHKENT AND KITAB G PS STATIONS 

H.E. Eshquvatov
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Ulughbek, Tashkent 100214, Uzbekistan 
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Space segment of GPS (Global Positioning System) nominally consists of 24 main satellites and four 

spares. Spacecrafts are moving along six circular orbits at 20200 km with the inclination angle 55
o
 and 

evenly spaced in the longitude by 60
o
. Each GPS satellite emits two high-stable signal at the frequencies f1 = 

1575.42 MHz and f2 = 1227.60 MHz. Anomalous variations of Ionospheric Total Electron Content (TEC) a 

few days before local earthquakes can be regarded as a precursory signals. Since 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 analyze GPS 

derived TEC disturbances from two GPS stations located in Tashkent and Kitab (Uzbekistan), for possible 

earthquake ionospheric precursors. Our analysis encompasses the earthquakes from year 2006 to year 2014 

which occurred mostly in and around Uzbekistan in seismically active zones. The results show anomalous 

increase or decrease of TEC before or during the earthquakes. In general the anomalies occurred 1ï7 days 

before the earthquakes as ionospheric electromagnetic precursors. To identify the anomalous values of TEC 

we calculated diǟerential TEC (dTEC). dTEC is obtained by subtracting monthly averaged diurnal vTEC 

from the values of observed vTEC at each epoch. This procedure removes normal diurnal variations of 

vTEC. The GPS based TEC measurements have been discussed in a number of recent papers as ionospheric 

precursors correlated with the earthquakes [1-4]. 

 

Fig.1. Tashkent station vTEC and dTEC data for the Afghan EQ occurred in January 13, 2012. 
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An absolute estimate of the slant TEC is derived from the code pseudo-ranges as follows: 
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P indicates the pseudo-range observable and the TEC is usually expressed in units of TECU (10
16

el/m
2
). The 

new result observed by new GPS device installed in Tashkent station for the Afghanistan M = 5.0 EQ 

occurred on 13-Jan-2012 is presented in the Fig.1 and fully supports our previous results analyzed by the 

statistical observations that the strong local earthquakes are preceded by the ionospheric precursors. 
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QUANTUM INTERFERENCE  EFFECTS IN CONFORMAL  WEYL GRAVITY  
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Tashkent 100052, Uzbekistan, abdullo@astrin.uz 

General relativistic quantum interference effects in the fourth-order theory of slowly rotating 

conformal Weyl space-time as the phase shift effects of interfering particles in neutron interferometer are 

considered. Using the covariant Klein-Gordon equation in the nonrelativistic approximation, it has been 

shown that the phase shift of the interfering particle in neutron interferometer includes potential terms with 

the Weyl parameter of the conformal fourth-order theory. These terms can be, in principle, detected by 

sensitive interferometer and derived results can be further used in experiments to detect the hidden mass, 

which is responsible for the galactic rotation curve. Comparing results of the measurement of the 

gravitational redshift by the interferometer in the gravitatonal field of the Earth with our theoretical 

prediction it has been obtained for the Weyl parameter as 20 110 cmg - -¢ .  

 

Fig.1. Schematic illustration of alternate paths separated in the vertical direction in a neutron interferometer. 
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The observational data from some black hole candidates suggest the importance of electromagnetic 

fields in the vicinity of a black hole. Highly magnetized disk accretion may play an importance rule, and 

large-scale magnetic field may be formed above the disk surface [1].  

Here we study the motion of a relativistic charged test particle with rest mass ά and charge ή in the 

Kerr-Taub-NUT spacetime in an external magnetic field. We consider the Kerr-Taub-NUT spacetime which 

in a spherical coordinates ( jq, , , rct ) described by the nonzero components of the contravariant metric Ὣ‘ 

[2,3] 

Ὣὸὸ=
S

Ў ὥ2 sin 2— 
 ,  Ὣὸ• =

S

Ўc ὥ(S+ὥc) sin 2—
 ,  Ὣ•• =

S

(S+ὥc)2 sin 2— c
2
Ў
  ,  

  

Ὣὶὶ=
Ў

S
 , Ὣ——=

1

S
 . (1)   

Here parameters S, D, and c are defined as  

( )22 cosqalr ++=S , 222 2 alMrr +--=D , qqc cos2sin2 la -= , (2) 

where l  is the gravitomagnetic charge, MJa= is the specific angular momentum of the compact object 

with total mass M . We assume that the external electromagnetic field is stationary and axisymmetric and 

would not disturb the background geometry of the spacetime.  

In this Kerr-Taub-NUT spacetime magnetosphere, we expect that the dipole magnetic field 

configuration can trap a charged particle within their magnetic bottle, even if it extends close to the black 

hole. The four-vector potential of the black hole dipole has only two nonzero components, ὃὸ and ὃ•, the 

dipole magnetic field and an induced quadruple electric field in the Kerr-Taub-NUT spacetime [5]. For these 

two nonzero components of the four -vector potential in the Kerr black hole are obtained in [6,7,8].  

 

Fig.1. The effective potential of charged test particle in the electromagnetic field around Kerr-Taub-NUT spacetime for 

the different values of dimensionless NUT parameter in the case when specific angular momentum = 0.5ὓ . 

Here, we consider off ïequatorial motion for a charged test particle in the dipole magnetic field of the 

Kerr-Taub-NUT spacetime. By using the condition Ὣ‘=ὴ‘ὴ ά2 with the constants of motion Ὁ and ὒ, we 

can define the effective potential without the kinetic terms (ὴὶ= ὴ—= 0) of the poloidal motion [9] as 

ὠὩὪὪὶ,—ḳ
ὉάὭὲ

ά
=
ή

ά
ὃὸ+

Ὣὸ•

Ὣὸὸ
ὒ

ά
+
ή

ά
ὃ• +

1

Ὣὸὸ
Ὀ

ὒ

ά
+
ή

ά
ὃ•

2
+ Ὣὸὸ

1 2ϳ

, (3) 

where Ὀ= (Ὣὸ•)2 ὫὸὸὫ•• and ὉάὭὲ is the allowed minimum energy for a particle at the injection point. 

In the Fig.1 the radial dependence of the effective potential of charged test particle has been shown for 

various dimensionless NUT parameter values. It shows that the presence of the NUT parameter ὰ slightly 

moves the shape of the effective potential down.  

In conclusion, we have obtained the basic results helping us to understand the motion of a charged test 

particle in the electromagnetic field. Although in this paper we consider the main equations of motion , we 

could not understand how to be a charged particleôs motion (regular or chaotic) and effects by NUT 

parameter (ὰ) on a charged particle when we treat a motion of a charged particle in the electromagnetic field 
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around Kerr-Taub-NUT spacetime. It is a future work to confirm the above suggestion by more detailed 

analysis.  
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The neutral particle motion around rotating regular black hole that was derived from the Ayon-Beato-

Garcia black hole solution by the Newman-Janis algorithm in the preceding paper [Phys. Rev. D 89, 104017, 

(2014)] has been studied. The dependencies of the ISCO (innermost stable circular orbits along geodesics) 

and unstable orbits on the value of the electric charge of the rotating regular black hole have been shown. 

Energy extraction from the rotating regular black hole through various processes has been examined. We 

have found expression of the center of mass energy for the colliding neutral particles coming from infinity, 

based on the BSW (Banados-Silk-West) mechanism. The electric charge Q of rotating regular black hole 

decreases the potential of the gravitational field and the particle needs less bound energy at the circular 

geodesics. This causes the increase of efficiency of the energy extraction through BSW process in the 

presence of the electric charge Q from rotating regular black hole. It has been shown that the efficiency of 

the energy extraction from the rotating regular black hole via the Penrose process decreases with the increase 

of the electric charge Q and is smaller with compare to 20.7 % which is the value for the extreme Kerr black 

hole with the specific angular momentum a=M. 
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ʇʈʆʀɿɺʆɼʉʊɺʆ ɻɸʄʄɸ-ɼɽʌɽʂʊʆʉʂʆʇʆɺ ɻɸʄʄɸʈʀɼ-192 ʅɸ ʆʉʅʆɺɽ 

ʀʉʊʆʏʅʀʂʆɺ ʀʆʅʀɿʀʈʋʖʑɽɻʆ ʀɿʃʋʏɽʅʀʗ ʀʈʀɼʀʗ-192 

ʋ.ʊ.ɸʰʨʘʧʦʚ, ʉ.ʉ.ʍʫʞʘʝʚ, ʉ.ɸ.ɹʘʡʪʝʣʝʩʦʚ  

ʀʥʩʪʠʪʫʪ ʷʜʝʨʥʦʡ ʬʠʟʠʢʠ ɸʜʝʤʠʠ ʥʘʫʢ ʈʋʟ ,  

ʛ.ʊʘʰʢʝʥʪ, ʧʦʩ. ʋʣʫʛʙʝʢ, ʋʟʙʝʢʠʩʪʘʥ 

ʉ ʢʘʞʜʳʤ ʛʦʜʦʤ ʚ ʈʝʩʧʫʙʣʠʢʝ ʋʟʙʝʢʠʩʪʘʥ ʚʚʦʜʷʪʩʷ ʚ ʵʢʩʧʣʫʘʪʘʮʠʶ ʥʦʚʳʝ ʩʪʨʦʠʪʝʣʴʥʳʝ 

ʦʙʲʝʢʪʳ ʧʦ ʜʦʙʳʯʝ, ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʝ ʠ ʧʝʨʝʨʘʙʦʪʢʝ ʛʘʟʦ-ʥʝʬʪʝʧʨʦʜʫʢʪʦʚ (ʋʩʪʶʪʩʢʠʡ 

ɻʘʟʦʭʠʤʠʯʝʩʢʠʡ ʂʦʤʧʣʝʢʩ, ʊʘʣʠʤʘʨʜʞʘʥʩʢʘʷ ʊʕʉ, ʄʫʙʘʨʝʢʩʢʠʡ ʛʘʟʦʧʝʨʝʨʘʙʘʪʳʚʘʶʱʠʡ ʟʘʚʦʜ ʠ 

ʜʨ.), ʛʜʝ ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʫʝʪʩʷ ʨʘʜʠʘʮʠʦʥʥʳʡ ʥʝʨʘʟʨʫʰʘʶʱʝʡ ʢʦʥʪʨʦʣʴ (ʅʂ) ʩʚʘʨʥʳʭ ʩʦʝʜʠʥʝʥʠʡ 

ʪʦʣʩʪʦʩʪʝʥʥʳʭ ʪʨʫʙʦʧʨʦʚʦʜʦʚ, ʟʘʢʨʳʪʳʭ ʝʤʢʦʩʪʝʡ, ʨʘʟʣʠʯʥʳʭ ʫʩʪʘʥʦʚʦʢ ʠ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ 

ʥʘʙʣʶʜʘʝʪʩʷ ʦʩʪʨʘʷ ʧʦʪʨʝʙʥʦʩʪʴ ʚ ʛʘʤʤʘ-ʜʝʬʝʢʪʦʩʢʦʧʘʭ çɻʘʤʤʘʨʠʜ-192è ʫʢʦʤʧʣʝʢʪʦʚʘʥʥʳʭ 

ʨʘʜʠʦʘʢʪʠʚʥʳʤʠ ʠʩʪʦʯʥʠʢaʤʠ ʠʦʥʠʟʠʨʫʶʱʝʛʦ ʠʟʣʫʯʝʥʠʷ (ʀʀʀ) ʀʨʠʜʠʡ-192.  

mailto:b.a.toshmatov@gmail.com
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ɻʘʤʤʘ-ʜʝʬʝʢʪʦʩʢʦʧ ʪʠʧʘ çɻʘʤʤʘʨʠʜ-192è ʚ ʢʦʤʧʣʝʢʪʝ ʩ ʀʀʀ ʀʨʠʜʠʡ-192 ʘʢʪʠʚʥʦʩʪʴʶ 100-

120 ʂʶʨʠ ʷʚʣʷʝʪʩʷ ʧʝʨʝʥʦʩʥʳʤ ʫʥʠʚʝʨʩʘʣʴʥʳʤ ʰʣʘʥʛʦʚʳʤ ʘʧʧʘʨʘʪʦʤ, ʧʨʝʜʥʘʟʥʘʯʝʥʥʳʡ ʜʣʷ 

ʨʘʜʠʦʛʨʘʬʠʯʝʩʢʦʛʦ ʢʦʥʪʨʦʣʷ ʢʘʯʝʩʪʚʘ ʠʟʜʝʣʠʡ ʩ ʨʘʟʣʠʯʥʦʡ ʪʝʭʥʦ-ʣʦʛʠʝʡ ʠʟʛʦʪʦʚʣʝʥʠʷ (ʣʠʪʳʭ 

ʩʚʘʨʥʳʭ, ʢʦʚʘʥʥʳʭ, ʧʨʝʩʩʦʚʘʥʥʳʭ ʠ ʜʨ.) ʙʝʟ ʠʭ ʨʘʟʨʫʰʝʥʠʷ [1]. 

ʀʤʧʦʨʪʠʨʦʚʘʥʠʝ ʟʘʨʫʙʝʞʥʳʭ ʘʥʘʣʦʛʦʚ ʛʘʤʤʘ-ʜʝʬʝʢʪʦʩʢʦʧʘ çɻʘʤʤʘʨʠʜ-192è (ʛʘʤʤʘ-ʨʘʜʠʦʛʨʘʬ 

Delta 880) ʩʚʷʟʘʥʦ ʩ ʪʨʫʜʥʦʩʪʷʤʠ ʧʦ ʧʦʣʫʯʝʥʠʶ ʨʘʟʨʝʰʝʥʠʷ ʥʘ ʚʚʦʟ ʨʘʜʠʦʘʢʪʠʚʥʳʭ ʠʩʪʦʯʥʠʢʦʚ 

ʀʨʠʜʠʡ-192, ʧʨʠʦʙʨʝʪʝʥʠʷ ʠ ʜʦʩʪʘʚʢʠ ʠʟ-ʟʘ ʨʫʙʝʞʘ ʛʘʤʤʘ-ʨʘʜʠʦʛʨʘʬʦʚ, ʫʪʠʣʠʟʘʮʠʠ ʦʪʨʘʙʦʪʘʚʰʠʭ 

ʠʩʪʦʯʥʠʢʦʚ ʀʨʠʜʠʡ-192.  

ɺ ʀʗʌ ɸʅ ʈʋʟ ʛʨʫʧʧʦʡ ʫʯʝʥʳʭ ʠ ʩʧʝʮʠʘʣʠʩʪʦʚ ʩʦʟʜʘʥʘ ʪʝʭʥʦʣʦʛʠʯʝʩʢʘʷ ʣʠʥʠʷ ʧʦ 

ʧʨʦʠʟʚʦʜʩʪʚʫ ʢʘʧʩʫʣʠʨʦʚʘʥʥʳʭ ʠʩʪʦʯʥʠʢʦʚ ʀʨʠʜʠʡ-192 ʠ ʫʢʦʤʧʣʝʢʪʦʚʘʥʠʶ ʛʘʤʤʘ-ʜʝʬʝʢʪʦʩʢʦʧʦʚ 

çɻʘʤʤʘʨʠʜ-192/120ʄè ʦʧʳʪʥʳʤʠ ʦʙʨʘʟʮʘʤʠ ʢʘʧʩʫʣʠʨʦʚʘʥʥʳʭ ʠʩʪʦʯʥʠʢʦʚ ʀʨʠʜʠʡ-192 ʘʢʪʠʚʥʦʩʪʴʶ 

120 ʂʶʨʠ. ʂʘʧʩʫʣʠʨʦʚʘʥʥʳʝ ʠʩʪʦʯʥʠʢʠ ʀʨʠʜʠʡ-192 ʙʳʣʠ ʠʟʛʦʪʦʚʣʝʥʳ ʥʘ ʦʩʥʦʚʝ ʨʘʜʠʦʥʫʢʣʠʜʘ 

ʀʨʠʜʠʡ-192 ʩ ʫʜʝʣʴʥʦʡ ʘʢʪʠʚʥʦʩʪʴʶ 550 ʂʁ ʨʠ/ʛ Ir
192

 ʧʦʣʫʯʝʥʥʦʛʦ ʧʨʠ ʦʙʣʫʯʝʥʠʠ ʧʨʠʨʦʜʥʦʛʦ ʠʨʠʜʠʷ 

ʪʝʧʣʦʚʳʤʠ ʥʝʡʪʨʦʥʘʤʠ ʨʝʘʢʪʦʨʘ ʧʦ ʷʜʝʨʥʦʡ ʨʝʘʢʮʠʠ Ir
191

 (n, g) Ir
192 

[2]. 

ʀʟʫʯʝʥʠʝ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʧʣʦʪʥʦʩʪʠ ʧʦʪʦʢʘ ʪʝʧʣʦʚʳʭ ʥʝʡʪʨʦʥʦʚ ʘʢʪʠʚʥʦʡ ʟʦʥʳ ʨʝʘʢʪʦʨʘ ɺɺʈ-

ʉʄ ʚʜʦʣʴ ʚʝʨʪʠʢʘʣʴʥʦʛʦ ʢʘʥʘʣʘ ʦʙʣʫʯʝʥʠʷ ʧʨʠ ʧʦʤʦʱʠ ʤʘʣʦʛʘʙʘʨʠʪʥʦʛʦ ʪʝʨʤʦ-ʥʝʡʪʨʦʥʥʦʛʦ ʜʘʪʯʠʢʘ 

[3] ʧʦʢʘʟʘʣʦ, ʯʪʦ ʤʘʢʩʠʤʘʣʴʥʘʷ ʚʝʣʠʯʠʥʘ ʧʣʦʪʥʦʩʪʠ ʧʦʪʦʢʘ ʪʝʧʣʦʚʳʭ ʥʝʡʪʨʦʥʦʚ ʥʘʙʣʶʜʘʝʪʩʷ ʥʘ 

ʨʘʩʩʪʦʷʥʠʠ 35-45 ʩʤ ʚʥʠʟʫ ʦʪ ʚʝʨʭʥʝʡ ʪʦʯʢʠ ʚʝʨʪʠʢʘʣʴʥʦʛʦ ʢʘʥʘʣʘ ʦʙʣʫʯʝʥʠʷ. ʊʝʭʥʦʣʦʛʠʯʝʩʢʘʷ 

ʣʠʥʠʷ ʧʨʦʠʟʚʦʜʩʪʚʘ ʢʘʧʩʫʣʠʨʦʚʘʥʥʦʛʦ ʠʩʪʦʯʥʠʢʘ ʀʨʠʜʠʡ-192 ʩʦʩʪʦʠʪ ʠʟ ʩʣʝʜʫʶʱʠʭ ʵʪʘʧʦʚ: ɺʥʘʯʘʣʝ 

ʧʦʜʛʦʪʘʚʣʠʚʘʶʪ ʦʙʨʘʟʮʳ ʜʠʩʢʦ-ʦʙʨʘʟʥʳʭ ʧʣʘʩʪʠʥʦʢ (Å=3,0ʤʤ ʠ h=0,2ʤʤ) ʧʨʠʨʦʜʥʦʛʦ ʠʨʠʜʠʷ, 

ʢʦʪʦʨʳʝ ʫʧʘʢʦʚʳʚʘʶʪ ʚ ʘʣʶʤʠʥʠʝʚʫʶ ʬʦʣʴʛʫ, ʨʘʟʤʝʱʘʶʪ ʚ ʙʣʦʢ ʢʦʥʪʝʡʥʝʨ ʕʂ-22 [4] ʠ ʦʙʣʫʯʘʶʪ ʚ 

ʚʝʨʪʠʢʘʣʴʥʦʤ ʢʘʥʘʣʝ ˉ5-7 ʨʝʘʢʪʦʨʘ ɺɺʈ-ʉʄ ʚ ʪʝʯʝʥʠʠ 1680 ʯʘʩʦʚ ʧʨʠ ʧʦʪʦʢʝ ʪʝʧʣʦʚʳʭ ʥʝʡʪʨʦʥʦʚ 

1,0x10
14 
ʥʝʡʪʨʦʥ/cʤ

2
Öʩʝʢ. ʇʦʩʣʝ ʦʙʣʫʯʝʥʠʷ ʨʘʜʠʦʘʢʪʠʚʥʳʝ ʦʙʨʘʟʮʳ ʠʨʠʜʠʷ ʧʨʦʤʳʚʘʶʪ ʨʘʩʪʚʦʨʦʤ 

ʱʝʣʦʯʠ ʠ ʚʦʜʦʡ, ʚʳʩʫʰʠʚʘʶʪ ʠ ʨʘʟʤʝʱʘʶʪ ʚ ʢʘʧʩʫʣʫ ʠʟ ʥʝʨʞʘʚʝʶʱʝʡ ʩʪʘʣʠ (Å=5,5ʤʤ ʠ h=8,0ʤʤ). 

ɻʝʨʤʝʪʠʟʘʮʠʶ ʢʘʧʩʫʣʳ ʠʩʪʦʯʥʠʢʘ ʀʨʠʜʠʡ-192 ʧʨʦʚʦʜʷʪ ʜʠʩʪʘʥʮʠʦʥʥʦʡ ʘʨʛʦʥʥʦ-ʜʫʛʦʚʦʡ ʩʚʘʨʢʦʡ. 

ʇʨʦʚʝʨʢʫ ʛʝʨʤʝʪʠʯʥʦʩʪʠ ʢʘʧʩʫʣʳ ʠʩʪʦʯʥʠʢʘ ʀʨʠʜʠʷ-192 ʧʨʦʚʦʜʷʪ ʠʤʤʝʨʩʠʦʥʥʳʤ ʤʝʪʦʜʦʤ [5]. 

ɸʢʪʠʚʥʦʩʪʴ ʢʘʧʩʫʣʠʨʦʚʘʥʥʦʛʦ ʠʩʪʦʯʥʠʢʘ ʀʨʠʜʠʡ-192 ʦʧʨʝʜʝʣʷʶʪ ʜʦʟʠʤʝʪʨʠʯʝʩʢʠʤ ʤʝʪʦʜʦʤ. ɺ 

ʟʘʱʠʪʥʦʤ ʙʦʢʩʝ ʈʝʩʧʫʙʣʠʢʘʥʩʢʦʡ ʮʝʥʪʨʘʣʴʥʦʡ ʠʟʦʪʦʧʥʦʡ ʣʘʙʦʨʘʪʦʨʠʠ ʠʥʩʪʠʪʫʪʘ ʢʘʧʩʫʣʠʨʦʚʘʥʥʳʡ 

ʠʩʪʦʯʥʠʢ ʀʨʠʜʠʡ-192 ʨʘʟʤʝʱʘʶʪ ʚ ʜʝʨʞʘʪʝʣʴ ʩ ʛʠʙʢʠʤ ʚʘʣʦʤ ʛʘʤʤʘ-ʜʝʬʝʢʪʦʩʢʦʧʘ ʪʠʧʘ çɻʘʤʤʘʨʠʜ-

192/120ʄè, ʧʨʦʚʦʜʷʪ ʚʘʣʴʮʦʚʢʫ ʢʨʳʰʢʠ ʜʝʨʞʘʪʝʣʷ ʚ ʢʦʨʧʫʩ ʜʝʨʞʘʪʝʣʷ ʩ ʨʘʜʠʦʘʢʪʠʚʥʳʤ ʠʩʪʦʯʥʠʢʦʤ 

ʀʨʠʜʠʡ-192 ʠ ʤʦʥʪʘʞ ʜʝʨʞʘʪʝʣʷ ʩ ʨʘʜʠʦʘʢʪʠʚʥʳʤ ʠʩʪʦʯʥʠʢʦʤ ʀʨʠʜʠʡ-192 ʚ ʨʘʜʠʘʮʠʦʥʥʫʶ ʛʦʣʦʚʢʫ 

ʛʘʤʤʘ-ʜʝʬʝʢʪʦʩʢʦʧʘ ʪʠʧʘ çɻʘʤʤʘʨʠʜ-192/120ʄè.  

ʊʝʩʪʠʨʦʚʘʥʠʝ ʧʦ ʥʝʨʘʟʨʫʰʘʶʱʝʤʫ ʢʦʥʪʨʦʣʶ ʦʪʨʝʟʢʠ ʪʨʫʙʳ (Ï=219 ʤʤ, ʪʦʣʰʠʥʘ=8,0 ʤʤ) ʩʦ 

ʩʚʘʨʥʳʤ ʰʚʦʤ ʯʝʨʝʟ ʜʚʝ ʩʪʝʥʢʠ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʢʘʥʘʚʦʯʥʦʛʦ ʵʪʘʣʦʥʘ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ ˉ11, 

ʨʝʥʪʛʝʥʦʚʩʢʦʡ ʧʣʝʥʢʠ ʪʠʧʘ çKʦdak Industresè AA-400 ʩ ʨʘʟʤʝʨʦʤ 70ʭ300ʤʤ ʩʦ ʩʚʠʥʮʦʚʳʤʠ ʵʢʨʘʥʘʤʠ 

ʠ ʛʘʤʤʘ-ʜʝʬʝʢʪʦʩʢʦʧʘ çɻʘʤʤʘʨʠʜ-192/120ʄè ʩ ʦʧʳʪʥʳʤ ʠʩʪʦʯʥʠʢʦʤ ʀʨʠʜʠʡ-192 ʧʦʢʘʟʘʣʦ, ʯʪʦ 

ʧʦʣʫʯʝʥʥʳʝ ʤʝʪʦʜʦʤ ʧʨʦʩʚʝʯʠʚʘʥʠʷ ʛʘʤʤʘ-ʨʘʜʠʘʮʠʝʡ ʀʀʀ ʀʨʠʜʠʡ-192 ʨʝʥʪʛʝʥʦʚʩʢʠʝ ʩʥʠʤʢʠ ʧʦ 

ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ ʠ ʢʘʯʝʩʪʚʫ, ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʪʨʝʙʦʚʘʥʠʷʤ ɻʆʉʊ-7512-82 çʂʦʥʪʨʦʣʴ 

ʥʝʨʘʟʨʫʰʘʶʱʠʡ. ʉʦʝʜʠʥʝʥʠʷ ʩʚʘʨʥʳʝ. ʈʘʜʠʦʛʨʘʬʠʯʝʩʢʠʡ ʤʝʪʦʜè. 

ʈʘʙʦʪʳ ʚʳʧʦʣʥʝʥʳ ʧʦ ʠʥʥʦʚʘʮʠʦʥʥʦʤʫ ʧʨʦʝʢʪʫ ʌɸ-ʌʀ-ʌ006 ʀ2-ʌɸ-0-61161 çʉʦʟʜʘʥʠʝ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʫʯʘʩʪʢʘ ʧʦ ʧʨʦʠʟʚʦʜʩʪʚʫ ʢʘʧʩʫʣʠʨʦʚʘʥʥʳʭ ʠʩʪʦʯʥʠʢʦʚ ʀʨʠʜʠʷ-192 ʜʣʷ ʛʘʤʤʘ-

ʜʝʬʝʢʪʦʩʢʦʧʦʚ ɻʘʤʤʘʨʠʜ-192è. 
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ʆʩʥʦʚʥʳʤ ʧʨʝʜʤʝʪʦʤ ʠʩʩʣʝʜʦʚʘʥʠʡ ʷʚʣʷʶʪʩʷ ʧʣʘʟʤʝʥʥʳʝ ʉɺʏ ʪʝʭʥʦʣʦʛʠʠ, ʧʨʠ ʢʦʪʦʨʳʭ 

ʚʦʟʥʠʢʘʝʪ ʨʝʟʦʥʘʥʩʥʦʝ ʫʚʝʣʠʯʝʥʠʝ ʵʥʝʨʛʠʠ ʪʦʢʘ. ʅʘ ʦʩʥʦʚʝ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʩ ʚʟʨʳʚʘʶʱʠʤʠʩʷ 

ʧʨʦʚʦʣʦʯʢʘʤʠ (ɺʇ) ʠ ʪʝʦʨʝʪʠʯʝʩʢʠʭ ʨʘʩʯʝʪʦʚ ʙʳʣʘ ʨʘʟʨʘʙʦʪʘʥʘ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʘʷ ʫʩʪʘʥʦʚʢʘ 

çʄʘʛʥʠʪʥʳʡ V ʜʠʧʦʣʴè (MVD). 

ɺ ʵʢʩʧʝʨʠʤʝʥʪʘʭ ʩ ɺʇ ʠʩʩʣʝʜʦʚʘʣʩʷ ʧʨʦʮʝʩʩ ʚʦʟʙʫʞʜʝʥʠʷ ʧʣʘʟʤʳ ʚ ʩʢʨʝʱʝʥʥʳʭ ʧʦʣʷʭ. ɺ 

ʦʩʥʦʚʫ ʧʦʩʪʨʦʝʥʠʷ ʩʭʝʤʳ ʫʩʪʘʥʦʚʢʠ (ʨʠʩ.1 (ʘ,ʙ)) ʙʳʣʠ ʟʘʣʦʞʝʥʳ ʫʩʣʦʚʠʷ ʢʦʤʤʫʪʘʮʠʠ ʩʠʣʴʥʳʭ ʪʦʢʦʚ 

ʩ ʠʥʜʫʢʪʠʚʥʦʡ ʥʘʛʨʫʟʢʦʡ. ʀʥʜʫʢʪʠʚʥʦʩʪʴ Leff ʚʘʨʴʠʨʦʚʘʣʘʩʴ ʚ ʧʨʝʜʝʣʘʭ 5õ30 ʤʢɻʥ. ʀʩʧʦʣʴʟʦʚʘʣʘʩʴ 

ʤʝʜʥʘʷ ʧʨʦʚʦʣʦʯʢʘ ʩ Ï=0,1-0,2 ʤʤ ʩ ʵʤʘʣʝʚʦʡ ʠʟʦʣʷʮʠʝʡ. ɼʣʷ ʠʟʤʝʨʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ RLC ʢʦʥʪʫʨʘ ʜʦ 

ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʧʨʦʠʟʚʦʜʠʣʠ ʢʘʣʠʙʨʦʚʢʫ: ʫʩʪʘʥʘʚʣʠʚʘʣʠ ñʧʝʨʝʤʳʯʢʫò ʠʟ ʧʨʦʚʦʣʦʯʢʠ Ï=5 ʤʤ, ʨʘʚʥʫʶ 

ʧʦ ʟʥʘʯʝʥʠʶ ʠʥʜʫʢʪʠʚʥʦʩʪʠ ɺʇ. ɼʣʠʪʝʣʴʥʦʩʪʴ ʢʘʣʠʙʨʦʚʦʯʥʳʭ ʢʦʣʝʙʘʥʠʡ ʥʘ ʯʘʩʪʦʪʝ 50 ʢɻʮ 

ʩʦʩʪʘʚʣʷʣʘ 250 ʤʢʩʝʢ, ʜʦ ʧʦʣʥʦʛʦ ʟʘʪʫʭʘʥʠʷ. ʅʘ ʨʠʩ.2: ʘ ï ʠʤʧʫʣʴʩ ʪʦʢʘ ʢʘʣʠʙʨʦʚʢʠ 50 ʢɻʮ; ʙ - 

ʠʤʧʫʣʴʩ ʪʦʢʘ ɺʇ ʜʦ ʦʙʨʳʚʘ ʪʦʢʘ; c - ʠʤʧʫʣʴʩ ʪʦʢʘ ɺʇ ʧʦʩʣʝ ʚʟʨʳʚʘ ʩ ʯʘʩʪʦʪʦʡ ~1 ʄɻʮ (ʷʯʝʡʢʘ ʩʝʪʢʠ 

2 ʤʢʩʝʢ ʧʦ ʦʩʠ ʘʙʩʮʠʩʩ, 7 ʢɸ ʧʦ ʦʩʠ ʦʨʜʠʥʘʪ). ɼʣʠʪʝʣʴʥʦʩʪʴ ʦʙʨʳʚʘ ʠʤʧʫʣʴʩʘ ʪʦʢʘ ~0,8õ1,0 ʤʢʩʝʢ. 

ʆʙʨʳʚ ʪʦʢʘ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʤʘʢʩʠʤʫʤʫ ʪʦʢʘ ʠ ʤʘʢʩʠʤʫʤʫ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ. ɺ ʩʪʘʜʠʠ ʦʙʨʳʚʘ ʧʨʦʮʝʩʩ 

ʥʝ ʨʝʛʠʩʪʨʠʨʫʝʪʩʷ, ʪʘʢ ʢʘʢ ʪʦʢ ʠʤʝʝʪ ʯʘʩʪʦʪʫ, ʟʥʘʯʠʪʝʣʴʥʦ ʧʨʝʚʳʰʘʶʱʫʶ ʯʘʩʪʦʪʫ ʨʘʟʚʸʨʪʢʠ 

ʦʩʮʠʣʣʦʛʨʘʬʘ.  

 ʘ 
ʙ 

ʈʠʩ. 1. - ɹʣʦʢ-ʩʭʝʤʘ MVD ʠʟʤʝʨʝʥʠʡ: ʘ) ï MVD; ʙ) ï ɺʇ. 

ɺ ʥʘʰʝʤ ʢʦʣʝʙʘʪʝʣʴʥʦʤ RLC ʢʦʥʪʫʨʝ ʬʦʨʤʠʨʫʶʪʩʷ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʘʷ ʚʦʣʥʘ ʠ ʧʣʘʟʤʝʥʥʳʡ 

ʩʛʫʩʪʦʢ. ʅʠʟʢʦʯʘʩʪʦʪʥʳʝ ʢʦʣʝʙʘʥʠʷ RLC ʢʦʥʪʫʨʘ ʤʦʜʫʣʠʨʫʶʪʩʷ ʚʳʩʦʢʦʯʘʩʪʦʪʥʳʤʠ, ʚʦʟʥʠʢʘʶʱʠʤʠ 

ʚ ʨʝʟʦʥʘʥʩʝ. ʄʘʛʥʠʪʥʘʷ ʠʥʜʫʢʮʠʷ Leff (ʨʠʩ.1ʙ) ʫʩʠʣʠʚʘʝʪ ʥʘʧʨʷʞʝʥʥʦʩʪʴ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ, ʠ ʚʟʨʳʚʳ 

ʧʨʦʚʦʣʦʯʢʠ ʤʦʞʥʦ ʩʯʠʪʘʪʴ çʤʘʛʥʠʪʥʳʤʠè. ɺ ʵʢʩʧʝʨʠʤʝʥʪʘʭ ʩ ɺʇ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʩ 

ʦʜʠʥʦʯʥʳʤʠ ʚʟʨʳʚʘʤʠ. ʅʘ ʵʪʦʡ ʦʩʥʦʚʝ ʙʳʣʘ ʩʧʨʦʝʢʪʠʨʦʚʘʥʘ ʫʩʪʘʥʦʚʢʘ MVD, ʛʜʝ ʢʦʣʠʯʝʩʪʚʦ 

ʚʟʨʳʚʦʚ ʚ ʥʝʧʨʝʨʳʚʥʦʤ ʨʝʞʠʤʝ ʙʳʣʦ ʫʚʝʣʠʯʝʥʦ ʜʦ ʥʝʩʢʦʣʴʢʠʭ ʢɻʮ. 

ɼʘʣʝʝ, ʚ ʵʢʩʧʝʨʠʤʝʥʪʝ ʩ MVD (ʨʠʩ.2(ʘ,ʙ)) ʬʦʨʤʠʨʦʚʘʣʘʩʴ ʧʝʪʣʷ ʪʦʢʘ (ʇʊ) ʚ ʘʪʤʦʩʬʝʨʝ ʚʦʟʜʫʭʘ 

ʚ ʩʢʨʝʱʝʥʥʳʭ ʧʦʣʷʭ. ɺ ʮʝʥʪʨʝ ʨʝʘʢʪʦʨʘ ʙʳʣ ʫʩʪʘʥʦʚʣʝʥ ʘʥʦʜ, ʩʪʝʥʢʠ ʷʚʣʷʣʠʩʴ ʢʘʪʦʜʦʤ. 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. ʀʩʧʦʣʴʟʦʚʘʣʩʷ ʠʩʪʦʯʥʠʢ ʧʦʩʪʦʷʥʥʦʛʦ ʪʦʢʘ ʥʘ 8 

ʢɺ ʤʦʱʥʦʩʪʴʶ 2,5 ʢɺʪ (1 ʥʘ ʨʠʩ.1ʘ). ʀʥʜʫʢʪʠʚʥʦʩʪʴ Leff (3) ʧʨʝʜʩʪʘʚʣʷʣʘ ʩʦʙʦʡ ʧʝʨʚʫʶ ʦʙʤʦʪʢʫ 

ʚʦʢʨʫʛ ʨʝʘʢʪʦʨʘ (4). ʄʘʛʥʠʪʥʦʝ ʧʦʣʝ ʚ ʧʝʨʚʦʡ ʦʙʤʦʪʢʝ ʩʦʟʜʘʚʘʣʦʩʴ ʪʦʢʦʤ ʇʊ I1. ɺʪʦʨʘʷ ʦʙʤʦʪʢʘ (8) 

ʧʦʩʪʦʷʥʥʦʛʦ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʟʘʧʠʪʳʚʘʣʘʩʴ ʦʪ ʠʩʪʦʯʥʠʢʘ ʧʦʩʪʦʷʥʥʦʛʦ ʪʦʢʘ I2. ʇʊ ʚʨʘʱʘʣʘʩʴ, 

ʠʩʧʳʪʳʚʘʷ ʣʘʨʤʦʨʦʚʩʢʫʶ ʧʨʝʮʝʩʩʠʶ. ʊʦʢ ʇʊ ʩʦʩʪʘʚʣʷʣʠ ʵʣʝʢʪʨʦʥʳ ʠ ʠʦʥʳ ʚʦʟʜʫʭʘ, ʚ çʤʘʛʥʠʪʥʳʭè 

ʚʦʣʥʘʭ ʩ ʢʨʫʛʦʚʦʡ ʧʦʣʷʨʠʟʘʮʠʝʡ (ʟʘ ʩʯʝʪ ʚʢʣʶʯʝʥʠʷ ʚ ʮʝʧʴ ʙʦʣʴʰʦʡ ʠʥʜʫʢʪʠʚʥʦʩʪʠ). 
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ʈʠʩ. 2. ʌʦʪʦ ʦʩʮʠʣʣʦʛʨʘʤʤʳ ʠʤʧʫʣʴʩʦʚ: ʘ ï ʪʦʢʘ 

ʢʘʣʠʙʨʦʚʢʠ ʙʝʟ ʧʣʘʟʤʳ; b ï ʪʦʢʘ ɺʇ ʜʦ ʦʙʨʳʚʘ;  

ʩ ï ʪʦ ʞʝ ʧʦʩʣʝ ʦʙʨʳʚʘ. 

ʈʠʩ.3. ʆʩʮʠʣʣʦʛʨʘʤʤʘ ʪʦʢʘ ʦʩʥʦʚʥʦʡ ʨʝʟʦʥʘʥʩʥʦʡ 

ʤʦʜʳ. ɿʘʰʪʨʠʭʦʚʘʥʥʘʷ ʦʙʣʘʩʪʴ -ʵʥʝʨʛʠʷ ʥʘʢʘʯʢʠ. 

ɺ ʵʢʩʧʝʨʠʤʝʥʪʘʭ ʩ ɺʇ ʥʘʙʣʶʜʘʝʪʩʷ ʛʝʥʝʨʘʮʠʷ ʕʄ ʧʦʣʷ ʥʘ ʯʘʩʪʦʪʝ 1 ʄɻʮ, ʢʦʪʦʨʦʝ 

ʠʩʧʦʣʴʟʦʚʘʣʦʩʴ ʚ MVD. 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 ʮʝʥʪʨʘ ʤʘʩʩ. 

ʂʦʵʬʬʠʮʠʝʥʪ ʥʘʢʘʯʢʠ ʵʥʝʨʛʠʠ ʩʦʩʪʘʚʠʣ 390 ʨʘʟ. ʕʪʦ ʷʚʣʷʝʪʩʷ ʨʝʟʫʣʴʪʘʪʦʤ ʫʩʠʣʝʥʠʷ ʪʦʢʘ, ʯʪʦ 

ʧʨʠʚʦʜʠʪ ʢ ʨʘʟʚʘʣʫ ʩʣʦʞʥʳʭ ʩʪʨʫʢʪʫʨ. 

ʃʠʪʝʨʘʪʫʨʘ 

1. ʂʦʣʝʩʥʠʢ ɺ.ɻ., ʋʨʫʩʦʚʘ ɽ.ɺ. ʠ ʜʨ. "ʉʧʦʩʦʙ ʧʦʣʫʯʝʥʠʷ ʷʜʝʨʥʦʡ ʵʥʝʨʛʠʠ" /ʇʘʪʝʥʪ ʈʋʟ ˉ IAP 03701 
ʦʪ 12.10.2005ʛ. 

2. ʂʦʣʝʩʥʠʢ ɺ.ɻ., ʋʨʫʩʦʚʘ ɽ.ɺ., ɹʘʩʦʚʘ ɽ.ʉ. ʠ ʜʨ. "ʉʧʦʩʦʙ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʢʨʝʤʥʠʷ ʠ ʪʠʪʘʥʘ ʧʫʪʝʤ 

ʛʝʥʝʨʘʮʠʠ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ ʯʘʩʪʠʮ SiO2, FeTiO3 ʠ ʤʘʛʥʠʪʥʳʭ ʚʦʣʥ" 

/ʄʝʞʜʫʥʘʨʦʜʥʘʷ ʟʘʷʚʢʘ WIPO/PCT: WO 2012/135872 A1 ʦʪ 04.10.2012. 

ʂʆʄʇɽʅʉʀʈʆɺɸʅʅʓʁ ɿɸʈʗɼ MVD 

ɺ.ɻ.ʂʦʣʝʩʥʠʢ, ɽ.ɺ.ʋʨʫʩʦʚʘ, ɽ.ʉ.ɹʘʩʦʚʘ, ʄ.ɺ.ʋʨʫʩʦʚ* 

ʀʥʩʪʠʪʫʪ ʷʜʝʨʥʦʡ ʬʠʟʠʢʠ ɸʅ ʈʋʟ,  

*ʈʷʟʘʥʩʢʠʡ ʨʘʜʠʦʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ, ʈʦʩʩʠʷ 

ʛ.ʊʘʰʢʝʥʪ, ʧ.ʋʣʫʛʙʝʢ, 100214, ʋʟʙʝʢʠʩʪʘʥ. ʊʝʣ.:(99871)2893592; ʬʘʢʩ:(99871)1503080; e-mail: 

kolesnik@inp.uz, 

ʅʘ ʦʩʥʦʚʝ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʩ ʚʟʨʳʚʘʶʱʠʤʠʩʷ ʧʨʦʚʦʣʦʯʢʘʤʠ (ɺʇ), ʛʜʝ ʠʩʩʣʝʜʦʚʘʣʩʷ ʧʨʦʮʝʩʩ 

ʚʦʟʙʫʞʜʝʥʠʷ ʧʣʘʟʤʳ ʚ ʩʢʨʝʱʝʥʥʳʭ ʧʦʣʷʭ, ʠ ʪʝʦʨʝʪʠʯʝʩʢʠʭ ʨʘʩʯʝʪʦʚ ʙʳʣʘ ʨʘʟʨʘʙʦʪʘʥʘ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʘʷ ʧʣʘʟʤʝʥʥʘʷ ʫʩʪʘʥʦʚʢʘ çʄʘʛʥʠʪʥʳʡ V ʜʠʧʦʣʴè (MVD) [1]. MVD ʧʨʝʜʩʪʘʚʣʷʝʪ 

ʩʦʙʦʡ ʩʠʩʪʝʤʫ ʠʟ ʪʨʝʭ ʚʣʦʞʝʥʥʳʭ ʢʦʣʝʙʘʪʝʣʴʥʳʭ ʢʦʥʪʫʨʦʚ ʩ ʦʙʱʝʡ ʥʘʛʨʫʟʢʦʡ ʚ ʚʠʜʝ ʧʣʘʟʤʝʥʥʦʡ 

ʚʨʘʱʘʶʱʝʡʩʷ ʧʝʪʣʠ ʪʦʢʘ (ʇʊ), ʩʬʦʨʤʠʨʦʚʘʥʥʦʡ ʠʟ ʠʦʥʠʟʦʚʘʥʥʦʡ ʤʘʪʝʨʠʠ ʚʦʟʜʫʭʘ ʠʣʠ ʤʠʥʝʨʘʣʴʥʦʛʦ 

ʩʳʨʴʷ (ʨʠʩ.1). 

ɺʥʝʰʥʠʡ ʨʝʟʦʥʘʥʩʥʳʡ RLC ʢʦʥʪʫʨ ʚʢʣʶʯʘʝʪ ʫʜʘʨʥʫʶ ʧʦʣʦʠʜʘʣʴʥʫʶ ʦʙʤʦʪʢʫ ʚʦʢʨʫʛ 

ʧʣʘʟʤʝʥʥʦʛʦ ʨʝʘʢʪʦʨʘ ʩ ʠʥʪʝʨʚʘʣʦʤ ʨʝʟʦʥʘʥʩʥʳʭ ʯʘʩʪʦʪ (1õ1000) ɻʮ. ɺʣʦʞʝʥʥʳʡ ʧʝʨʚʳʡ 

ʨʝʟʦʥʘʥʩʥʳʡ ʢʦʥʪʫʨ ʦʙʨʘʟʦʚʘʥ ʇʊ ʠʦʥʠʟʦʚʘʥʥʳʭ ʯʘʩʪʠʮ ʩ ʮʠʢʣʠʯʝʩʢʦʡ ʯʘʩʪʦʪʦʡ fʮ ~ 400 ɻʮ (50 ɻʮ õ 

5 ʢɻʮ, ʯʘʩʪʦʪʘ ʟʘʚʠʩʠʪ ʦʪ ʛʝʦʤʝʪʨʠʠ ʠ ʛʘʙʘʨʠʪʦʚ ʢʘʤʝʨʳ). ɺʣʦʞʝʥʥʳʡ ʚʪʦʨʦʡ ʢʦʥʪʫʨ ïɻ ʪʦ 

ʩʦʚʦʢʫʧʥʦʩʪʴ ʟʘʨʷʞʝʥʥʳʭ ʯʘʩʪʠʮ- ʤʠʢʨʦ-ʦʩʮʠʣʣʷʪʦʨʦʚ, ʯʘʩʪʦʪʳ ʢʦʪʦʨʳʭ ʟʘʚʠʩʷʪ ʦʪ ʪʠʧʘ ʯʘʩʪʠʮ, 

ʚʠʜʘ ʨʝʟʦʥʘʥʩʘ, ʚʝʣʠʯʠʥʳ ʨʝʟʫʣʴʪʠʨʫʶʱʝʡ ʤʘʛʥʠʪʥʦʡ ʠʥʜʫʢʮʠʠ. 

ʇʦʣʝ ʚ ʩʠʩʪʝʤʝ MVD ʬʦʨʤʠʨʫʝʪʩʷ ʢʘʢ ʢʚʘʟʠʧʦʩʪʦʷʥʥʦʝ ʵʣʝʢʪʨʠʯʝʩʢʦʝ, ʢʚʘʟʠʧʦʩʪʦʷʥʥʦʝ 

ʤʘʛʥʠʪʥʦʝ ʠ ʚʠʭʨʝʚʦʝ ʤʘʛʥʠʪʥʦʝ, ʢʦʪʦʨʳʝ ʚʥʦʩʷʪ ʩʚʦʡ ʚʢʣʘʜ ʚ ʧʨʦʮʝʩʩ. ʏʘʩʪʦʪʳ ʟʘʚʠʩʷʪ ʦʪ 

ʥʘʧʨʷʞʝʥʠʷ, ʧʦʜʘʚʘʝʤʦʛʦ ʦʪ ʠʩʪʦʯʥʠʢʘ ʧʠʪʘʥʠʷ ʥʘ ʫʜʘʨʥʫʶ ʦʙʤʦʪʢʫ ʚʦ ʚʥʝʰʥʝʤ ʢʦʥʪʫʨʝ. çʋʜʘʨʥʦʝè 

ʥʘʧʨʷʞʝʥʠʝ  Ὗ0 = 7 ʢɺ; ʜʝʡʩʪʚʫʶʱʝʝ ʟʥʘʯʝʥʠʝ ʫʩʢʦʨʷʶʱʝʛʦ ʥʘʧʨʷʞʝʥʠʷ ʧʦʜʜʝʨʞʠʚʘʝʪʩʷ 

ʧʦʩʪʦʷʥʥʳʤ: Ὗʜ= 4,5 ʢɺ. ʕʥʝʨʛʠʷ Ὗʜ ʟʘʨʷʞʘʝʪ ʢʦʥʜʝʥʩʘʪʦʨ ʉ ʠ ʧʨʠ ʨʘʟʨʷʜʝ ʚʳʟʳʚʘʝʪ ʠʦʥʠʟʘʮʠʶ 
ʘʥʦʜ-ʢʘʪʦʜʥʦʛʦ (ɸʂ) ʧʨʦʩʪʨʘʥʩʪʚʘ, ʛʜʝ ʦʙʨʘʟʫʝʪʩʷ ʚʨʘʱʘʶʱʠʡʩʷ ʧʣʘʟʤʝʥʥʳʡ ʰʥʫʨ ï ʇʊ, ʢʦʪʦʨʳʡ 

ʧʨʝʜʩʪʘʚʣʷʝʪ çʥʝʡʪʨʘʣʴʥʳʡ ʟʘʨʷʜè ʩʦ ʩʚʦʡʩʪʚʘʤʠ, ʘʥʘʣʦʛʠʯʥʳʤʠ ʥʝʡʪʨʦʥʫ.  

ʕʣʝʢʪʨʦʥʥʘʷ ʠ ʠʦʥʥʘʷ ʚʝʪʚʠ ʇʊ ʟʘʤʳʢʘʶʪ ʮʝʧʴ ʚ ʧʨʦʤʝʞʫʪʢʝ ɸʂ, ʯʪʦ ʤʦʞʥʦ ʥʘʟʚʘʪʴ 

çʵʥʝʨʛʝʪʠʯʝʩʢʠʤ ʩʦʝʜʠʥʝʥʠʝʤ ʩʛʨʫʧʧʠʨʦʚʘʥʥʳʭ ʩʛʫʩʪʢʦʚ ʟʘʨʷʞʝʥʥʳʭ ʯʘʩʪʠʮè ʠʣʠ 

çʢʦʤʧʝʥʩʠʨʦʚʘʥʥʳʤ ʟʘʨʷʜʦʤè. ʇʊ ʚʨʘʱʘʝʪʩʷ ʚ ʵʢʚʘʪʦʨʠʘʣʴʥʦʡ ʧʣʦʩʢʦʩʪʠ ʚ ʢʦʣʴʮʝ ʤʝʞʜʫ ɸ ʠ ʂ, 
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ʟʘʥʠʤʘʷ ʥʝʢʦʪʦʨʫʶ ʚʳʩʦʪʫ L ʠ ʦʙʲʝʤ V. ɼʚʠʞʝʥʠʝ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ V ʧʨʦʠʩʭʦʜʠʪ ʧʦ ʩʣʦʞʥʦʡ 

ʪʨʘʝʢʪʦʨʠʠ, ʥʘʟʳʚʘʝʤʦʡ ʪʨʘʭʦʠʜʦʡ [2]: ʚ ʵʢʚʘʪʦʨʠʘʣʴʥʦʡ ʧʣʦʩʢʦʩʪʠ ʇʊ ʩʦʚʝʨʰʘʝʪ ʚʨʘʱʝʥʠʝ ʧʦ 

ʦʢʨʫʞʥʦʩʪʠ ʨʘʜʠʫʩʘ, ʨʘʚʥʦʛʦ ʧʦʣʦʚʠʥʝ ʨʘʟʥʦʩʪʠ ʙʦʣʴʰʦʛʦ ʂ ʠ ʤʘʣʦʛʦ ɸ ʨʘʜʠʫʩʦʚ, ʮʝʥʪʨ ʵʪʦʡ 

ʦʢʨʫʞʥʦʩʪʠ ʚʥʫʪʨʠ ʢʦʣʴʮʘ ɸʂ ʜʨʝʡʬʫʝʪ ʧʦ ʦʢʨʫʞʥʦʩʪʠ (ʆ,R) ʩ ʮʝʥʪʨʦʤ ʥʘ ʦʩʠ ʩʠʤʤʝʪʨʠʠ ʦʙʦʠʭ 

ʵʣʝʢʪʨʦʜʦʚ (ʨʠʩ.2). ɺ ʚʝʨʪʠʢʘʣʴʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ ʇʊ ʜʚʠʛʘʝʪʩʷ ʧʦ ʩʧʠʨʘʣʠ ʚʚʝʨʭ ʠ ʚʥʠʟ ʚʦʢʨʫʛ ʦʩʠ, 

ʦʛʨʘʥʠʯʝʥʥʦʡ ʚʳʩʦʪʦʡ L, ʜʨʝʡʬʫʶʱʝʡ ʧʦ (ʆ,R). 

 
  

ʈʠʩ.1. ʇʝʪʣʷ ʪʦʢʘ MVD. ʈʠʩ.2. ʉʣʦʞʥʦʝ ʜʚʠʞʝʥʠʝ ʇʊ.  ʈʠʩ.3.ʌʦʪʦ ʧʨʦʮʝʩʩʘ 

ʦʙʨʘʟʦʚʘʥʠʷ ʄVD ʧʨʠ 8 ʢɺ. 

ɺʦ ʚʣʦʞʝʥʥʦʤ ʢʦʣʝʙʘʪʝʣʴʥʦʤ ʢʦʥʪʫʨʝ ʧʝʨʚʦʛʦ ʫʨʦʚʥʷ ʪʝʯʝʪ ʪʦʢ ʇʊ  Ὅ= 1,76 ʢɸ ʩ 
ʮʠʢʣʠʯʝʩʢʦʡ ʯʘʩʪʦʪʦʡ fʮ. ɺ ʦʙʣʘʩʪʠ ʧʨʦʩʪʨʘʥʩʪʚʘ V ʇʊ ʩʦʚʝʨʰʘʝʪ ʜʚʠʞʝʥʠʝ ʚ ʵʣʝʢʪʨʠʯʝʩʢʦʤ ʠ 

ʤʘʛʥʠʪʥʦʤ ʧʦʣʷʭ ʧʨʠ ʫʩʢʦʨʷʶʱʝʤ ʥʘʧʨʷʞʝʥʠʠ Ὗʜ, ʢʠʥʝʪʠʯʝʩʢʘʷ ʵʥʝʨʛʠʷ ʯʘʩʪʠʮ ʙʫʜʝʪ 

ʫʚʝʣʠʯʠʚʘʪʴʩʷ ʠ ʜʦʩʪʠʛʘʪʴ 4,5 ʢʵɺ. ʇʨʦʠʩʭʦʜʠʪ ʧʨʷʤʦʝ ʧʨʝʦʙʨʘʟʦʚʘʥʠʝ ʵʥʝʨʛʠʠ ʧʦʣʷ ʚ ʢʠʥʝʪʠʯʝʩʢʫʶ 

ʵʥʝʨʛʠʶ ʯʘʩʪʠʮ, ʢʦʪʦʨʳʝ ʫʩʢʦʨʷʶʪʩʷ ʚ ʇʊ. ʊʦʢ ʇʊ ʠʥʜʫʮʠʨʫʝʪ ʚʦʢʨʫʛ ʩʝʙʷ ʚʠʭʨʝʚʦʝ ʤʘʛʥʠʪʥʦʝ 

ʧʦʣʝ, ʚʳʟʳʚʘʶʱʝʝ ʨʝʟʦʥʘʥʩʥʳʝ ʷʚʣʝʥʠʷ. 

ɺʥʫʪʨʝʥʥʠʡ ʚʣʦʞʝʥʥʳʡ ʢʦʥʪʫʨ ʦʙʨʘʟʦʚʘʥ ʟʘʨʷʞʝʥʥʳʤʠ ʯʘʩʪʠʮʘʤʠ, ʢʦʪʦʨʳʝ ʤʦʞʥʦ 

ʦʙʲʝʜʠʥʠʪʴ ʚ ʦʜʠʥ ʤʠʢʨʦ-ʨʝʟʦʥʘʥʩʥʳʡ ʢʦʥʪʫʨ. ʏʘʩʪʠʮʳ ʚʦʚʣʝʢʘʶʪʩʷ ʚ ʧʨʦʮʝʩʩ ʠʦʥʥʦʛʦ ʠ 

ʵʣʝʢʪʨʦʥʥʦʛʦ ʮʠʢʣʦʪʨʦʥʥʦʛʦ ʨʝʟʦʥʘʥʩʘ, ʩ ʯʘʩʪʦʪʘʤʠ ʚ ʠʥʪʝʨʚʘʣʝ (10
4
·10
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)ɻʮ (ʩʘʤʳʝ ʚʳʩʦʢʠʝ 

ʯʘʩʪʦʪʳ ʫ ʵʣʝʢʪʨʦʥʦʚ). ʊʨʠ ʢʦʥʪʫʨʘ ʦʙʨʘʟʫʶʪ ʨʝʟʫʣʴʪʠʨʫʶʱʝʝ ʤʘʛʥʠʪʥʦʝ ʧʦʣʝ, ʢʦʪʦʨʦʝ ʩʦʛʣʘʩʦʚʘʥʦ 

ʩ ʪʦʢʦʤ ʇʊ, ʠ ʚʤʝʩʪʝ ʦʙʨʘʟʫʶʪ ʩʠʩʪʝʤʫ MVD ʩʢʦʤʧʝʥʩʠʨʦʚʘʥʥʦʛʦ ʟʘʨʷʜʘ. ʇʨʠ ʧʦʜʢʣʶʯʝʥʠʠ 

ʪʦʨʦʠʜʘʣʴʥʦʡ ʦʙʤʦʪʢʠ ʩ ʯʘʩʪʦʪʦʡ (50õ400) ɻʮ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ ʩ ʫʜʘʨʥʦʡ ʧʦʣʦʠʜʘʣʴʥʦʡ ʦʙʤʦʪʢʦʡ, 

ʥʘʧʨʘʚʣʝʥʠʝ ʤʘʛʥʠʪʥʦʡ ʵʥʝʨʛʠʠ ʧʦʚʦʨʘʯʠʚʘʝʪʩʷ ʥʘ ʚʩʪʨʝʯʥʦʝ. ɼʚʘ ʥʘʧʨʘʚʣʝʥʠʷ ʜʚʠʞʝʥʠʷ 

ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʡ ʵʥʝʨʛʠʠ ʩʫʱʝʩʪʚʫʶʪ ʦʜʥʦʚʨʝʤʝʥʥʦ, ʵʪʦ ʪʘʢ ʥʘʟʳʚʘʝʤʦʝ çʙʠʬʠʣʷʨʥʦʝ ʜʚʠʞʝʥʠʝè 

ʩʦ ʩʢʦʨʦʩʪʴʶ ʩʚʝʪʘ, ʢʦʪʦʨʦʝ ʚʳʛʣʷʜʠʪ ʥʘ ʦʩʮʠʣʣʦʛʨʘʤʤʝ ʢʘʢ çʧʣʝʪʝʥʢʘè (ʨʠʩ.3), ʚ ʢʦʪʦʨʦʡ 

ʧʨʦʠʩʭʦʜʠʪ ʢʚʘʥʪʦʚʘʥʠʝ ʵʥʝʨʛʠʠ ʠ ʧʝʨʝʭʦʜ ʠʟ ʤʘʛʥʠʪʥʦʡ ʬʘʟʳ ʚ ʵʣʝʢʪʨʠʯʝʩʢʫʶ ʬʘʟʫ. ʇʨʘʢʪʠʯʝʩʢʠ 

ʥʘ ʫʩʪʘʥʦʚʢʝ ʧʦʣʫʯʝʥʦ ʵʣʝʢʪʨʠʯʝʩʪʚʦ ʚ ʥʝʧʨʝʨʳʚʥʦʤ ʨʝʞʠʤʝ 0,9 ʄɺʪ [1]. 
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MVD ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʩʠʩʪʝʤʫ ʠʟ ʪʨʝʭ ʚʣʦʞʝʥʥʳʭ ʨʝʟʦʥʘʥʩʥʳʭ ʢʦʣʝʙʘʪʝʣʴʥʳʭ ʢʦʥʪʫʨʦʚ ʩ 

ʦʙʱʝʡ ʥʘʛʨʫʟʢʦʡ ʚ ʚʠʜʝ ʇʊ. ʅʘ ʢʦʘʢʩʠʘʣʴʥʦ ʨʘʩʧʦʣʦʞʝʥʥʳʝ ʘʥʦʜ ɸ ʠ ʢʘʪʦʜ ʂ ʯʝʨʝʟ ʧʦʣʦʠʜʘʣʴʥʫʶ 

ʦʙʤʦʪʢʫ ʧʣʘʟʤʝʥʥʦʛʦ ʨʝʘʢʪʦʨʘ ʧʦʜʘʝʪʩʷ ʥʘʧʨʷʞʝʥʠʝ: ʫʜʘʨʥʦʝ Ὗ0 = 7 ʢɺ, ʜʝʡʩʪʚʫʶʱʝʝ Ὗʜ= 4,5 ʢɺ. 
ʕʥʝʨʛʠʷ Ὗʜ ʟʘʨʷʞʘʝʪ ʢʦʥʜʝʥʩʘʪʦʨ ʉ ʠ ʧʨʠ ʨʘʟʨʷʜʝ ʚʳʟʳʚʘʝʪ ʠʦʥʠʟʘʮʠʶ ʘʥʦʜ-ʢʘʪʦʜʥʦʛʦ (ɸʂ) 

ʧʨʦʩʪʨʘʥʩʪʚʘ, ʛʜʝ ʦʙʨʘʟʫʝʪʩʷ ʚʨʘʱʘʶʱʠʡʩʷ ʧʣʘʟʤʝʥʥʳʡ ʰʥʫʨ - ʇʊ. ʅʠʟʢʘʷ ʯʘʩʪʦʪʘ ʚʥʝʰʥʝʛʦ RLC 

ʢʦʥʪʫʨʘ ʤʦʜʫʣʠʨʦʚʘʥʘ ʙʦʣʝʝ ʚʳʩʦʢʦʡ ʨʝʟʦʥʘʥʩʥʦʡ ʯʘʩʪʦʪʦʡ ʇʊ - fʨʝʟ, ʢʦʪʦʨʘʷ ʤʦʜʫʣʠʨʦʚʘʥʘ ʩʧʝʢʪʨʦʤ 

ʚʳʩʦʢʠʭ ʨʝʟʦʥʘʥʩʥʳʭ ʯʘʩʪʦʪ ʠʦʥʦʚ ʠ ʵʣʝʢʪʨʦʥʦʚ ʚʝʱʝʩʪʚʘ ʚ ʢʘʤʝʨʝ. 

ʕʣʝʢʪʨʦʥʥʘʷ ʠ ʠʦʥʥʘʷ ʚʝʪʚʠ ʇʊ ʟʘʤʳʢʘʶʪ ʮʝʧʴ ʚ ʧʨʦʤʝʞʫʪʢʝ ɸʂ, ʪʦʢ ʇʊ I= 1,7 ʢɸ. ʀʦʥʳ ʠ 

ʵʣʝʢʪʨʦʥʳ ʣʝʪʷʪ ʥʘʚʩʪʨʝʯʫ ʜʨʫʛ ʜʨʫʛʫ ʧʦ ʦʢʨʫʞʥʦʩʪʠ ʠ ʧʨʝʜʩʪʘʚʣʷʶʪ ʝʜʠʥʦʝ ʵʥʝʨʛʝʪʠʯʝʩʢʦʝ 

ʦʙʨʘʟʦʚʘʥʠʝ ï çʢʦʤʧʝʥʩʠʨʦʚʘʥʥʳʡ ʟʘʨʷʜè, ʦʢʨʫʞʝʥʥʳʡ ʤʘʛʥʠʪʥʳʤ ʧʦʣʝʤ ʚ ʚʠʜʝ ʟʘʤʢʥʫʪʳʭ ʚʦʣʥ ʩ 

ʢʨʫʛʦʚʦʡ ʧʦʣʷʨʠʟʘʮʠʝʡ. ʕʥʝʨʛʠʷ ʩʠʩʪʝʤʳ ʜʝʣʠʪʩʷ ʧʦʨʦʚʥʫ ʥʘ ʢʠʥʝʪʠʯʝʩʢʫʶ ʵʥʝʨʛʠʶ ʟʘʨʷʜʦʚ ʠ 

ʤʘʛʥʠʪʥʫʶ ʵʥʝʨʛʠʶ ʪʦʢʘ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʚʳʨʘʞʝʥʠʝʤ 
ὅὟ2

2
=
άὧ2

2
 [1], ʤʘʛʥʠʪʥʘʷ ʤʦʞʝʪ 

ʥʘʢʘʧʣʠʚʘʪʴʩʷ ʜʦ ʚʳʩʦʢʠʭ ʟʥʘʯʝʥʠʡ ʥʘʧʨʷʞʝʥʥʦʩʪʠ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ (ʜʦ 10
10

 ʊʣ).  

ʂʦʤʧʝʥʩʠʨʦʚʘʥʥʳʡ ʟʘʨʷʜ ʥʘʭʦʜʠʪʩʷ ʚ ʩʦʩʪʦʷʥʠʠ ʜʠʥʘʤʠʯʝʩʢʦʛʦ ʨʘʚʥʦʚʝʩʠʷ ʚ ʮʝʥʪʨʝ ʤʘʩʩ ʜʚʫʭ 

ʧʣʦʩʢʠʭ ʠʥʝʨʮʠʘʣʴʥʳʭ ʩʠʩʪʝʤ ʦʪʩʯʝʪʘ: ʣʘʙʦʨʘʪʦʨʥʦʡ ʩʠʩʪʝʤʳ ʦʪʩʯʝʪʘ ʠ ʩʠʩʪʝʤʳ ʦʪʩʯʝʪʘ ʟʘʨʷʜʘ. ʕʪʦ 

ʦʜʥʦʚʨʝʤʝʥʥʦʝ ʩʫʱʝʩʪʚʦʚʘʥʠʝ ʚ ʜʚʫʭ ʩʠʩʪʝʤʘʭ ʦʙʫʩʣʘʚʣʠʚʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʚʩʪʨʝʯʥʦʛʦ 

(ʙʠʬʠʣʷʨʥʦʛʦ) ʥʘʧʨʘʚʣʝʥʠʷ ʚʝʢʪʦʨʦʚ ʥʘʧʨʷʞʝʥʥʦʩʪʝʡ ʧʦʣʝʡ. ɺ ʢʘʞʜʦʡ ʠʥʝʨʮʠʘʣʴʥʦʡ ʩʠʩʪʝʤʝ ʇʊ 

ʤʦʞʥʦ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʢʘʢ ʟʘʤʢʥʫʪʫʶ ʨʝʟʦʥʘʥʩʥʫʶ ʢʦʣʝʙʘʪʝʣʴʥʫʶ ʩʠʩʪʝʤʫ. 

ʅʘʢʘʯʢʘ ʤʘʛʥʠʪʥʦʡ ʵʥʝʨʛʠʠ ʚ ʢʘʪʫʰʢʝ ʧʨʠʚʦʜʠʪ ʢ ʫʚʝʣʠʯʝʥʠʶ ʢʠʥʝʪʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ 

ʟʘʨʷʞʝʥʥʳʭ ʯʘʩʪʠʮ, ʥʘʢʘʧʣʠʚʘʶʱʠʭ ʤʘʛʥʠʪʥʫʶ ʵʥʝʨʛʠʶ ʇʊ. ʅʘ ʦʩʮʠʣʣʦʛʨʘʤʤʝ ʪʘʢʦʡ ʠʤʧʫʣʴʩ 

ʠʤʝʝʪ ʚʠʜ çʧʣʝʪʝʥʢʠè, ʯʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʙʠʬʠʣʷʨʥʦʤ ʜʚʠʞʝʥʠʠ ʵʥʝʨʛʠʠ. çʇʣʝʪʝʥʢʘè 

ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʜʚʝ ʪʨʘʝʢʪʦʨʠʠ ʧʦʣʷ, ʩʚʠʪʳʭ ʥʘ ʯʘʩʪʦʪʝ fʨʝʟ, ʤʦʜʫʣʠʨʦʚʘʥʥʳʭ ʯʘʩʪʦʪʦʡ RLC 

ʢʦʥʪʫʨʘ ʇʊ. ʇʨʠ ʚʩʪʨʝʯʥʦʤ ʜʚʠʞʝʥʠʠ ʚʦʣʥ ʠʥʜʫʢʪʠʚʥʦʩʪʴ çʠʩʯʝʟʘʝʪè, ʠ ʧʝʨʝʥʦʩ ʵʥʝʨʛʠʠ 

ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʩʦ ʩʢʦʨʦʩʪʴʶ ʩʚʝʪʘ. ʄʘʛʥʠʪʥʘʷ ʵʥʝʨʛʠʷ ʤʦʞʝʪ ʧʝʨʝʭʦʜʠʪʴ ʚ ʵʣʝʢʪʨʠʯʝʩʢʫʶ ʧʨʠ 

ʚʟʘʠʤʥʦʤ ʢʚʘʥʪʦʚʘʥʠʠ ʜʚʫʭ ʙʠʬʠʣʷʨʥʳʭ ʧʦʪʦʢʦʚ ʵʥʝʨʛʠʠ. ʂʘʞʜʘʷ ʦʪʜʝʣʴʥʦ ʚʟʷʪʘʷ 

ʩʚʝʨʭʚʳʩʦʢʦʯʘʩʪʦʪʥʘʷ ʷʯʝʡʢʘ çʧʣʝʪʝʥʢʠè ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʩʛʨʫʧʧʠʨʦʚʘʥʥʫʶ ʵʥʝʨʛʠʶ ʧʦʣʷ.  

ʊʘʢ ʧʨʦʠʩʭʦʜʷʪ ʬʘʟʦʚʳʝ ʧʝʨʝʭʦʜʳ ʵʥʝʨʛʠʠ ʠʣʠ ʠʟʤʝʥʝʥʠʝ ʪʠʧʘ ʬʫʥʜʘʤʝʥʪʘʣʴʥʦʛʦ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ. ʀʤʝʝʪ ʤʝʩʪʦ ʧʨʝʦʙʨʘʟʦʚʘʥʠʝ ʠʤʧʫʣʴʩʘ ʟʘʨʷʜʘ ʚ ʵʥʝʨʛʠʶ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʛʦ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ. ʕʢʩʧʝʨʠʤʝʥʪʳ ʧʦʜʪʚʝʨʞʜʘʶʪ ʯʪʦ ʚ MVD ʧʨʦʠʩʭʦʜʷʪ: ʘ) ʨʘʟʨʫʰʝʥʠʝ 

ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʳ ʨʘʟʣʠʯʥʳʭ ʤʠʥʝʨʘʣʦʚ; ʙ) ʛʝʥʝʨʘʮʠʷ ʤʘʛʥʠʪʥʦʡ ʵʥʝʨʛʠʠ ʩ ʧʝʨʝʭʦʜʦʤ ʚ 

ʵʣʝʢʪʨʠʯʝʩʢʫʶ, ʧʦʣʫʯʝʥʠʝ ʜʦʧʦʣʥʠʪʝʣʴʥʦʡ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ; ʚ) ʫʩʢʦʨʝʥʠʝ ʯʘʩʪʠʮ ʥʘ 

ʩʚʝʨʭʚʳʩʦʢʠʝ ʵʥʝʨʛʠʠ; ʛ) ʚʦʟʤʦʞʥʦʩʪʴ ʧʝʨʝʜʘʯʠ ʵʥʝʨʛʠʠ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ ʙʝʟ ʧʨʦʚʦʜʦʚ. 

ʅʘʧʨʠʤʝʨ, ʚ ʢʦʣʣʘʡʜʝʨʝ ʤʦʞʥʦ ʧʦʣʫʯʠʪʴ ʚʥʫʪʨʝʥʥʠʡ ʢʦʤʧʝʥʩʠʨʦʚʘʥʥʳʡ ʟʘʨʷʜ, ʨʘʚʥʳʡ 

ʚʥʝʰʥʝʤʫ ʢʦʤʧʝʥʩʠʨʦʚʘʥʥʦʤʫ ʟʘʨʷʜʫ, ʠʣʠ ʦʥ ʙʫʜʝʪ ʫʩʢʦʨʷʪʴʩʷ ʥʘ ʚʝʣʠʯʠʥʫ ʨʘʟʥʠʮʳ ʵʥʝʨʛʠʠ ʜʚʫʭ 

ʢʦʤʧʝʥʩʠʨʦʚʘʥʥʳʭ ʟʘʨʷʜʦʚ. ɼʘʥʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʟʚʦʣʷʪ ʫʩʢʦʨʷʪʴ ʯʘʩʪʠʮʳ ʥʘ ʩʚʝʨʭʚʳʩʦʢʠʝ 

ʵʥʝʨʛʠʠ ʥʘ ʥʦʚʦʤ ʧʨʠʥʮʠʧʝ, ʘ ʪʘʢʞʝ ʨʘʟʨʫʰʘʪʴ ʯʘʩʪʠʮʳ ʤʘʪʝʨʠʠ ʜʦ ʩʦʩʪʦʷʥʠʷ ʢʦʥʜʝʥʩʠʨʦʚʘʥʥʦʡ 

ʭʦʣʦʜʥʦʡ ʧʣʘʟʤʳ. ʇʝʨʝʭʦʜ ʵʥʝʨʛʠʠ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʚ ʵʣʝʢʪʨʠʯʝʩʢʫʶ ʵʥʝʨʛʠʶ ʧʨʦʠʩʭʦʜʠʪ 

ʘʥʘʣʦʛʠʯʥʦ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʟʘʢʦʥʘʤʠ ʢʣʘʩʩʠʯʝʩʢʦʡ ʵʣʝʢʪʨʦʜʠʥʘʤʠʢʠ. 
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ɺʚʝʜʝʥʠʝ. ʀʩʩʣʝʜʦʚʘʥʠʝ ʜʨʝʚʥʝʡʰʠʭ ʧʝʨʠʦʜʦʚ ʟʘʨʦʞʜʝʥʠʷ ʠ ʨʘʟʚʠʪʠʷ ʯʝʣʦʚʝʯʝʩʪʚʘ ʠ ʦʩʪʘʥʢʦʚ 

ʝʛʦ ʤʘʪʝʨʠʘʣʴʥʦʡ ʢʫʣʴʪʫʨʳ ʚʩʝʛʜʘ ʙʳʣʠ ʚ ʮʝʥʪʨʝ ʚʥʠʤʘʥʠʷ ʛʝʦʣʦʛʦʚ, ʘʨʭʝʦʣʦʛʦʚ, ʘʥʪʨʦʧʦʣʦʛʦʚ, 

ʠʩʪʦʨʠʢʦʚ, ʧʘʣʝʦʥʪʦʣʦʛʦʚ ʚʩʝʛʦ ʤʠʨʘ. ʊʘʢʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʦʩʦʙʝʥʥʦ ʘʢʪʫʘʣʴʥʳ ʧʦ ʥʘʰʝʤʫ ʨʝʛʠʦʥʫ, 

ʪʘʢ ʢʘʢ ʦʥʠ ʥʘʧʨʘʚʣʝʥʳ ʥʘ ʧʦʣʫʯʝʥʠʝ ʠʥʬʦʨʤʘʮʠʠ ʦʙ ʦʩʦʙʝʥʥʦʩʪʷʭ ʜʨʝʚʥʠʭ ʧʦʩʝʣʝʥʠʡ ʥʘ 

ʪʝʨʨʠʪʦʨʠʠ ʥʘʰʝʡ ʩʪʨʘʥʳ. ʂʦʩʪʠ ʞʠʚʦʪʥʳʭ ʠ ʯʝʣʦʚʝʢʘ, ʢʘʢ ʧʨʘʚʠʣʦ, ʜʦʩʪʘʪʦʯʥʦ ʦʙʠʣʴʥʳ ʚ 

ʘʨʭʝʦʣʦʛʠʯʝʩʢʠʭ ʧʘʤʷʪʥʠʢʘʭ, ʘ ʟʘʯʘʩʪʫʶ ʷʚʣʷʶʪʩʷ ʠ ʥʘʠʙʦʣʝʝ ʤʥʦʛʦʯʠʩʣʝʥʥʳʤʠ ʤʘʪʝʨʠʘʣʘʤʠ [1]. 



ʈʝʩʧʫʙʣʠʢʘʥʩʢʘ ̫ʢʦʥʬʝʨʝʥʮʠʷ, ʧʦʩʚʷʱʝʥʥʘ ̫100-ʣʝʪʠʶ ʘʢʘʜʝʤʠʢʘ ʉ.ɸ.ɸʟʠʤʦʚʘ 
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ʇʦʵʪʦʤʫ ʠʩʩʣʝʜʦʚʘʥʠʝ ʦʩʥʦʚʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ ʠ ʜʨʫʛʠʭ ʤʠʢʨʦʵʣʝʤʝʥʪʦʚ ʚ ʢʦʩʪʷʭ ʤʦʞʝʪ ʜʘʪʴ ʮʝʥʥʫʶ 

ʠʥʬʦʨʤʘʮʠʶ ʦ ʚʦʟʨʘʩʪʝ, ʦʙʨʘʟʝ ʞʠʟʥʠ ʥʘ ɿʝʤʣʝ ʜʦʠʩʪʦʨʠʯʝʩʢʠʭ ʨʝʣʠʢʪʦʚ.  

ʂ ʜʨʝʚʥʠʤ ʢʦʩʪʥʳʤ ʦʩʪʘʥʢʘʤ ʦʪʥʦʩʷʪʩʷ ʥʘʭʦʜʢʠ ʤʝʜʚʝʜʷ ʠ ʘʨʭʘʥʪʨʦʧʘ (home sapience) ʠʟ 

ʜʨʝʚʥʝʡ ʩʪʦʷʥʢʠ ʉʝʣʴʫʥʛʫʨ, ʨʘʩʧʦʣʦʞʝʥʥʦʡ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʖʞʥʦʡ ʌʝʨʛʘʥʳ, ʥʘʡʜʝʥʥʳʤ 

ʊʘʰʢʝʥʪʩʢʠʤ ʦʪʜʝʣʝʥʠʝʤ ʀʥʩʪʠʪʫʪʘ ʘʨʭʝʦʣʦʛʠʠ ɸʅ ʈʋʟ ʚ 1980 ʛʦʜʘʭ [2]. ɼʦʠʩʪʦʨʠʯʝʩʢʠʝ ʦʙʨʘʟʮʳ 

ʠʟ ʙʝʜʨʝʥʥʳʭ ʩʫʩʪʘʚʦʚ ʜʠʥʦʟʘʚʨʦʚ ʠ ʩʣʦʥʦʚ (ʯʝʨʝʧ, ʟʫʙ, ʙʠʚʝʥʴ ʠ ʧʦʯʚʘ) ʙʳʣʠ ʚʟʷʪʳ ʠʟ 

ʛʝʦʣʦʛʠʯʝʩʢʦʛʦ ʤʫʟʝʷ ʈʝʩʧʫʙʣʠʢʠ ʋʟʙʝʢʠʩʪʘʥ [2, 3]. ɺʩʝ ʢʦʩʪʠ ʩʦʭʨʘʥʝʥʳ ʚ ʩʨʝʜʥʝʤ ʩʦʩʪʦʷʥʠʠ, ʠ 

ʧʦʵʪʦʤʫ, ʧʦ ʝʩʪʝʩʪʚʝʥʥʦʡ ʩʦʭʨʘʥʥʦʩʪʠ ʪʢʘʥʝʡ ʢʦʩʪʥʳʭ ʦʩʪʘʥʢʦʚ ʦʪʚʝʯʘʶʪ ʥʘ 2-3 ʙʘʣʣʘ [1].  

ʅʘʤʠ [2] ʙʳʣ ʧʨʦʚʝʜʝʥ ʠʥʩʪʨʫʤʝʥʪʘʣʴʥʳʡ ʥʝʡʪʨʦʥʥʦ-ʘʢʪʠʚʘʮʠʦʥʥʳʡ ʘʥʘʣʠʟ ʵʣʝʤʝʥʪʥʦʛʦ 

ʩʦʩʪʘʚʘ ʠʩʪʦʨʠʯʝʩʢʠʭ ʠ ʜʨʝʚʥʠʭ ʢʦʩʪʝʡ ʠʟ ʩʢʝʣʝʪʦʚ, ʛʜʝ ʙʳʣʦ ʥʘʡʜʝʥʦ ʩʫʱʝʩʪʚʦʚʘʥʠʝ ʧʨʷʤʦʡ 

ʢʦʨʨʝʣʷʮʠʠ ʤʝʞʜʫ ʚʦʟʨʘʩʪʘʤʠ ʩʢʝʣʝʪʦʚ ʠ ʩʦʜʝʨʞʘʥʠʷʤʠ ʢʦʥʮʝʥʪʨʘʮʠʠ ʫʨʘʥʘ ʚ ʥʠʭ, ʥʘʢʦʧʠʚʰʠʭʩʷ ʚ 

ʨʝʟʫʣʴʪʘʪʝ ʜʣʠʪʝʣʴʥʦʛʦ ʢʦʥʪʘʢʪʘ ʩʢʝʣʝʪʦʚ ʩ ʧʦʯʚʦʡ. 

ʎʝʣʴ. ʆʧʨʝʜʝʣʝʥʠʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʨʘʜʦʥʘ ʚ ʜʦʠʩʪʦʨʠʯʝʩʢʠʭ ʠ ʜʨʝʚʥʠʭ ʢʦʩʪʥʳʭ ʦʙʨʘʟʮʘʭ 

ʞʠʚʦʪʥʳʭ ʠ ʣʶʜʝʡ ʩ ʧʦʤʦʱʴʶ ʪʚʝʨʜʦʪʝʣʴʥʦʛʦ ʪʨʝʢʦʚʦʛʦ ʜʝʪʝʢʪʦʨʘ ʪʠʧʘ CR-39 ʠ ʠʟʫʯʝʥʠʝ ʩʢʦʨʦʩʪʠ 

ʵʢʩʭʘʣʷʮʠʠ ʨʘʜʦʥʘ ʚ ʩʠʩʪʝʤʝ çʢʦʩʪʴ/ʧʦʯʚʘè.  

ʕʢʩʧʝʨʠʤʝʥʪ. ʀʟʤʝʣʴʯʝʥʥʳʝ ʚ ʧʦʨʦʰʢʠ ʧʦ m=10 ʛʨʘʤʤ: ï ʢʦʩʪʠ ʜʠʥʦʟʘʚʨʦʚ (ʂɼ1, ʂɼ2), 

ʩʣʦʥʦʚ (ʂʉ1, ʂʉ2), ʤʝʜʚʝʜʷ (ʂʄ), ʘʨʭʘʥʪʨʦʧʘ (ʂɸ) ʠ ʠʭ ʧʦʯʚʳ ʙʳʣʠ ʵʢʩʧʦʥʠʨʦʚʘʥʳ ʚ ʪʝʯʝʥʠʝ 30ï35 

ʜʥʝʡ, ʚʤʝʩʪʝ ʜʝʪʝʢʪʦʨʘʤʠ CR-39 ʚ ʛʝʨʤʝʪʠʯʥʦ ʟʘʢʨʳʪʳʭ ʧʣʘʩʪʠʢʦʚʳʭ ʢʘʤʝʨʘʭ. ʇʦʩʣʝ 

ʵʢʩʧʦʥʠʨʦʚʘʥʠʷ ʜʝʪʝʢʪʦʨʳ ʙʳʣʠ ʫʜʘʣʝʥʳ ʠʟ ʢʘʤʝʨ ʜʣʷ ʭʠʤʠʯʝʩʢʦʛʦ ʪʨʘʚʣʝʥʠʷ ʠ ʧʦʜʩʯʝʪʘ ʩʣʝʜʦʚ Ŭ-

ʯʘʩʪʠʮ. ɺʝʣʠʯʠʥʳ ʦʙʲʝʤʥʦʡ ʘʢʪʠʚʥʦʩʪʠ ʠ ʩʢʦʨʦʩʪʠ ʵʢʩʭʘʣʷʮʠʠ ʨʘʜʦʥʘ ʠʟ ʢʦʩʪʝʡ ʠ ʧʦʯʚ ʙʳʣʠ 

ʦʧʨʝʜʝʣʝʥʳ ʧʦ ʤʝʪʦʜʘʤ, ʦʧʠʩʘʥʥʳʤ ʚ [4].  

ʈʝʟʫʣʴʪʘʪʳ ʠ ʟʘʢʣʶʯʝʥʠʝ. ɺ ʪʘʙʣʠʮʝ 1, ʧʨʠʚʝʜʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʵʢʩʧʝʨʠʤʝʥʪʘ ï ʧʣʦʪʥʦʩʪʴ (ɟ) 

ʪʨʝʢʦʚ Ŭ-ʯʘʩʪʠʮ, ʪʨ/ʩʤ
2
ʜʥ; ʘʢʪʠʚʥʦʩʪʴ ʨʘʜʦʥʘ (ɸRn), ɹʢ/ʤ

3
; ʩʢʦʨʦʩʪʴ ʵʢʩʭʘʣʷʮʠʠ ʨʘʜʦʥʘ (ɽ) ɹʢ/ʯĿʢʛ ʠʟ 

ʢʦʩʪʝʡ ʠ ʧʦʯʚ. 
ʊʘʙʣʠʮʘ 1. 

ʆʙʨʘʟʮʳ ʢʦʩʪʝʡ 

ʠ ʧʦʯʚ 

ɟ, 

ʪʨ/ʩʤ
2
ʜʥ 

ɟʧʦʣ, 
ʪʨ/ʩʤ

2
ʜʥ 

ɸRn,  

ɹʢ/ʤ
3 

Eʢ ʠ ɽʧ, 

ɹʢ/ʯĿʢʛ 

ɽʢ/ɽʧ 

ʂɼ1  

ʧʦʯʚʘ 

295 

97 

241 

43 

1410 

251 

41,73 

7,43 
5,6 

ʂɼ2  

ʇʦʯʚʘ 

245 

97 

191 

43 

1117 

251 

33,06 

7,43 
4,4 

ʂɸ  

ʧʦʯʚʘ 

287 

90 

233 

36 

1360 

210 

40,25 

6,2 
6,5 

ʂʄ  

ʧʦʯʚʘ 

571 

90 

517 

36 

3024 

210 

89,5 

6,2 
14,4 

ʂʉ1  

ʧʦʯʚʘ 

2820 

293 

2766 

239 

16180 

1398 

478,9 

41,4 
11,5 

ʂʉ2  

ʧʦʯʚʘ 

562 

100 

508 

46 

2970 

269 

87,9 

7,9 
11,2 
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ʂʘʢ ʚʠʜʥʦ ʠʟ ʪʘʙʣʠʮʳ 1, ʟʥʘʯʝʥʠʷ ʩʢʦʨʦʩʪʠ ʵʢʩʭʘʣʷʮʠʠ ʨʘʜʦʥʘ ʠʟ ʢʦʩʪʝʡ ʥʘʭʦʜʷʪʩʷ ʚ ʧʨʝʜʝʣʘʭ 

33õ479 ɹʢ/ʯĿʢʛ, ʘ ʠʟ ʧʦʯʚ 6,2õ41,4 ɹʢ/ʯĿʢʛ. ʄʦʞʥʦ ʩʢʘʟʘʪʴ, ʯʪʦ ʩʦʦʪʥʦʰʝʥʠʝ ʚʝʣʠʯʠʥ ɽʢ/ɽʧ, ʠʤʝʶʪ 

ʩʣʘʙʫʶ ʟʘʚʠʩʠʤʦʩʪʴ ʦʪ ʩʨʦʢʘ ʟʘʣʝʛʘʥʠʷ ʩʢʝʣʝʪʦʚ ʚ ʧʦʯʚʘʭ.  
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ʉʈɸɺʅʀʊɽʃʔʅʓʁ ɸʅɸʃʀɿ ʅʆʈʄʀʈʆɺɸʅʅʓʍ ʀʅɺɸʈʀɸʅʊʅʓʍ 

ʀʅʂʃʖɿʀɺʅʓʍ ɼʀʌʌɽʈɽʅʎʀɸʃʔʅʓʍ ʉɽʏɽʅʀʁ ʆɹʈɸɿʆɺɸʅʀʗ ʇʈʆʊʆʅʆɺ-

ʌʈɸɻʄɽʅʊʆɺ ɺ 
16
ʆʈ- ʀ ʈ

20
NE-ʉʆʋɼɸʈɽʅʀʗʍ 

ʕ.ʍ. ɹʘʟʘʨʦʚ, ʉ.ʃ. ʃʫʪʧʫʣʣʘʝʚ
*)
, ɼ.ɸ. ʂʘʨʰʠʝʚ, ɹ.ʉ. ʖʣʜʘʰʝʚ 

ʀʥʩʪʠʪʫʪ ʷʜʝʨʥʦʡ ʬʠʟʠʢʠ ɸʅ ʈʋʟ 

ʛ. ʊʘʰʢʝʥʪ ʧʦʩ. ʋʣʫʛʙʝʢ 

*)
ʌʠʟʠʢʦ-ʪʝʭʥʠʯʝʩʢʠʡ ʠʥʩʪʠʪʫʪ ʅʇʆ "ʌʠʟʠʢʘ-ʉʦʣʥʮʝ" ɸʅ ʈʋʟ, 

ʛ.ʊʘʰʢʝʥʪ, ɹʦʜʦʤʟʦʨ ʡʫʣʠ, 2ʙ,ʪʝʣ. 235 43 97, e-mail: petrov@uzsci.net 

ɺʳʜʝʣʝʥʠʝ ʚʢʣʘʜʦʚ ʨʘʟʣʠʯʥʳʭ ʤʝʭʘʥʠʟʤʦʚ ʚ ʧʨʦʮʝʩʩ ʦʙʨʘʟʦʚʘʥʠʷ ʧʨʦʪʦʥʦʚ-ʬʨʘʛʤʝʥʪʦʚ ʤʦʞʥʦ 

ʦʩʫʱʝʩʪʚʠʪʴ ʬʠʪʠʨʦʚʘʥʠʝʤ ʠʭ ʠʤʧʫʣʴʩʥʳʭ ʩʧʝʢʪʨʦʚ. ɺ ʪʘʙʣʠʮʝ ʧʨʠʚʝʜʝʥʳ ʨʝʟʫʣʴʪʘʪʳ 

ʘʧʧʨʦʢʩʠʤʘʮʠʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʜʘʥʥʳʭ ʬʫʥʢʮʠʝʡ ʚʠʜʘ ʜʣʷ ʧʨʦʪʦʥʦʚ, ʦʙʨʘʟʦʚʘʥʥʳʭ ʚ 
16
ʆʨ- ʠ 

ʨ
20

Ne-ʩʦʫʜʘʨʝʥʠʷʭ ʧʨʠ 3.25 ɸ ɻʵɺ/ʩ ʠ 300 ɻʵɺ/ʩ 

f(p)=a1exp(-b1p
2
)+a2exp(-b2p

2
)+a3exp(-b3p

2
), (1) 

ʊʘʙʣʠʮʘ 1 

ʈʝʟʫʣʴʪʘʪʳ ʘʧʧʨʦʢʩʠʤʘʮʠʠ ʥʦʨʤʠʨʦʚʘʥʥʦʛʦ ʠʥʚʘʨʠʘʥʪʥʦʛʦ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʛʦ ʠʥʢʣʶʟʠʚʥʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ 

ʚ ʘʣ.ʩ.ʢ. ʧʨʦʪʦʥʦʚ-ʬʨʘʛʤʝʥʪʦʚ ʧʦ ʠʤʧʫʣʴʩʫ ʜʣʷ 
16
ʆʨ-ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ ʧʨʠ 3.25 ɸ ɻʵɺ/ʩ [1] ʠ p

20
Ne-ʩʦʫʜʘʨʝʥʠʡ 

ʧʨʠ 300 ɻʵɺ/ʩ [2] ʬʦʨʤʫʣʦʡ (1) 

ʇʘʨʘʤʝʪʨʳ ʊʠʧ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ 

16
ʆʨ P

20
Ne 

ɺʩʝ ʧʨʦʪʦʥʳ 
ʀʩʧʫʱʝʥʥʳʝ 

ʚʧʝʨʝʜ 

ʀʩʧʫʱʝʥʥʳʝ 

ʥʘʟʘʜ 
ɺʩʝ ʧʨʦʪʦʥʳ 

ʀʩʧʫʱʝʥʥʳʝ 

ʚʧʝʨʝʜ  

ʘ1 

b1 

ʘ2 

b2 

ʘ3 

b3 

c
2
/ʯ.ʩ.ʩʚ. 

94.46°3.47 

126.1°3.8 

4.55°0.30 

14.57°0.91 

0.84°0.07 

3.71°0.12 

1.35 

45.29°2.17 

111.9°4.1 

1.80°0.13 

9.83°0.99 

0.56°0.09 

3.28°0.19 

1.12 

49.45°2.88 

149.7°8.4 

3.22°0.46 

24.34°3.91 

0.54°0.24 

8.78°1.23 

0.72 

50.11°2.44 

56.66°2.61 

4.21°0.42 

10.39°0.92 

0.65°0.11 

3.12°0.18 

1.41 

20.53°1.63 

49.19°4.29 

1.93°0.43 

10.19°2.41 

0.77°0.15 

3.30°0.19 

1.01 

ʀʟ ʧʨʠʚʝʜʝʥʥʳʭ ʚ ʪʘʙʣ. 1 ʜʘʥʥʳʭ ʚʠʜʥʦ, ʯʪʦ: 

¶ ʟʥʘʯʝʥʠʝ ʧʘʨʘʤʝʪʨʘ ʥʘʢʣʦʥʘ b1 ʜʣʷ 
16
ʆʨ-ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ ʩʫʱʝʩʪʚʝʥʥʦ, ʙʦʣʴʰʝ, ʯʝʤ ʜʣʷ p

20
Ne-

ʩʦʫʜʘʨʝʥʠʡ. ʋʯʠʪʳʚʘʷ, ʯʪʦ b1 ʧʦ ʬʠʟʠʯʝʩʢʦʤʫ ʩʤʳʩʣʫ ʷʚʣʷʝʪʩʷ ʚʝʣʠʯʠʥʦʡ ʦʙʨʘʪʥʦ 

ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦʡ ʜʠʩʧʝʨʩʠʠ (ʰʠʨʠʥʝ) ʠʤʧʫʣʴʩʥʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ, ʵʪʦ ʦʙʩʪʦʷʪʝʣʴʩʪʚʦ ʫʢʘʟʳʚʘʝʪ 

ʥʘ ʙʦʣʝʝ ʫʟʢʦʝ ʠʤʧʫʣʴʩʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʝ ʧʝʨʚʦʤʫ ʯʣʝʥʫ ʚ (1) ʜʣʷ 
16
ʆʨ-

ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ. ʕʪʦ ʤʦʞʝʪ ʙʳʪʴ ʪʘʢʞʝ ʩʚʷʟʘʥʦ ʩ ʨʘʟʣʠʯʥʳʤʠ ʫʩʣʦʚʠʷʤʠ ʨʝʛʠʩʪʨʘʮʠʠ ʤʝʜʣʝʥʥʳʭ 

ʧʨʦʪʦʥʦʚ ʚ ʚʦʜʦʨʦʜʥʦʡ ʠ ʥʝʦʥ-ʚʦʜʦʨʦʜʥʦʡ ʧʫʟʳʨʴʢʦʚʳʭ ʢʘʤʝʨʘʭ; 

¶ ʟʥʘʯʝʥʠʝ ʧʘʨʘʤʝʪʨʘ ʥʘʢʣʦʥʘ b1 ʜʣʷ ʧʨʦʪʦʥʦʚ, ʣʝʪʷʱʠʭ ʚ ʟʘʜʥʶʶ ʧʦʣʫʩʬʝʨʫ ʚ º1.3 ʨʘʟʘ 

ʙʦʣʴʰʝ, ʯʝʤ ʜʣʷ ʧʨʦʪʦʥʦʚ, ʣʝʪʷʱʠʭ ʚ ʧʝʨʝʜʥʶʶ ʧʦʣʫʩʬʝʨʫ. ʅʘ ʧʨʘʚʜʦʧʦʜʦʙʥʦʩʪʴ ʥʘʡʜʝʥʥʦʛʦ 

ʟʥʘʯʝʥʠʷ ʧʘʨʘʤʝʪʨʘ b1 ʫʢʘʟʳʚʘʝʪ ʪʦʪ ʬʘʢʪ, ʯʪʦ ʟʥʘʯʝʥʠʝ ʧʝʨʚʦʛʦ ʵʢʩʧʦʥʝʥʮʠʘʣʴʥʦʛʦ ʯʣʝʥʘ 

ʚʳʨʘʞʝʥʠʷ (1) ʧʨʠ ʠʟʤʝʥʝʥʠʠ ʠʤʧʫʣʴʩʘ ʧʨʦʪʦʥʘ ʦʪ ʈ º 25 ʄʵɺ/ʩ ʜʦ ʈ º 250 ʄʵɺ/c ʫʤʝʥʴʰʘʝʪʩʷ 

ʧʦʯʪʠ ʥʘ ʯʝʪʳʨʝ ʧʦʨʷʜʢʘ. 

¶ ʟʥʘʯʝʥʠʝ ʧʘʨʘʤʝʪʨʘ ʥʘʢʣʦʥʘ b2 ʜʣʷ ʧʨʦʪʦʥʦʚ, ʣʝʪʷʱʠʭ ʚ ʧʝʨʝʜʥʶʶ ʧʦʣʫʩʬʝʨʫ ʚ ʧʨʝʜʝʣʘʭ 

ʩʪʘʪʠʩʪʠʯʝʩʢʠʭ ʧʦʛʨʝʰʥʦʩʪʝʡ ʦʢʘʟʘʣʦʩʴ ʦʜʠʥʘʢʦʚʳʤ ʜʣʷ 
16
ʆʨ- ʠ p

20
Ne-ʩʦʫʜʘʨʝʥʠʡ; 

¶ ʚ ʧʨʝʜʝʣʘʭ ʩʪʘʪʠʩʪʠʯʝʩʢʠʭ ʧʦʛʨʝʰʥʦʩʪʝʡ ʦʢʘʟʘʣʦʩʴ ʦʜʠʥʘʢʦʚʳʤ ʠ ʟʥʘʯʝʥʠʝ ʧʘʨʘʤʝʪʨʘ 

ʥʘʢʣʦʥʘ b3 ʜʣʷ ʧʨʦʪʦʥʦʚ, ʣʝʪʷʱʠʭ ʚ ʧʝʨʝʜʥʶʶ ʧʦʣʫʩʬʝʨʫ ʜʣʷ ʦʙʦʠʭ ʪʠʧʦʚ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ. 

ʉʣʝʜʫʝʪ ʟʘʤʝʪʠʪʴ, ʯʪʦ ʘʧʧʨʦʢʩʠʤʠʨʫʷ f(p) ʜʣʷ ʧʨʦʪʦʥʦʚ, ʣʝʪʷʱʠʭ ʚ ʧʝʨʝʜʥʶʶ ʧʦʣʫʩʬʝʨʫ ʚ 

ʨ
12
ʉ-ʚʟʘʠʤʦʜʝʡʩʪʚʠʷʭ ʧʨʠ 4.2 ɻʵɺ/ʩ [3] ʬʦʨʤʫʣʦʡ (1) ʜʣʷ ʚʪʦʨʦʛʦ ʧʘʨʘʤʝʪʨʘ ʥʘʢʣʦʥʘ ʤʳ ʪʘʢʞʝ 

ʧʦʣʫʯʠʣʠ b2=10.06 ° 0.99 (ɻʵɺ/ʩ)
-2
, ʯʪʦ ʚ ʧʨʝʜʝʣʘʭ ʩʪʘʪʠʩʪʠʯʝʩʢʠʭ ʧʦʛʨʝʰʥʦʩʪʝʡ ʩʦʚʧʘʜʘʝʪ ʩ 
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ʪʘʢʦʚʳʤʠ ʜʣʷ 
16
ʆʨ- ʠ p

20
Ne-ʩʦʫʜʘʨʝʥʠʡ (ʩʤ. ʪʘʙʣ. 1). ʂ ʩʦʞʘʣʝʥʠʶ, ʠʟ-ʟʘ ʥʝʚʦʟʤʦʞʥʦʩʪʠ ʚ 

ʵʢʩʧʝʨʠʤʝʥʪʝ [3] ʠʜʝʥʪʠʬʠʮʠʨʦʚʘʪʴ ʧʨʦʪʦʥʳ ʩ ʠʤʧʫʣʴʩʘʤʠ ʈ>750 ʄʵɺ/ʩ ʤʳ ʥʝ ʤʦʞʝʤ ʩʨʘʚʥʠʪʴ 

ʟʥʘʯʝʥʠʝ ʪʨʝʪʴʝʛʦ ʧʘʨʘʤʝʪʨʘ ʥʘʢʣʦʥʘ ʩ ʥʘʰʠʤʠ ʜʘʥʥʳʤʠ. ʕʪʠ ʨʝʟʫʣʴʪʘʪʳ ʥʝ ʧʨʦʪʠʚʦʨʝʯʘʪ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʤ ʜʘʥʥʳʤ ʨʘʙʦʪʳ [4], ʚ ʢʦʪʦʨʦʡ ʠʩʩʣʝʜʦʚʘʣʠʩʴ ʠʥʚʘʨʠʘʥʪʥʳʝ ʩʪʨʫʢʪʫʨʥʳʝ 

ʬʫʥʢʮʠʠ f(ʊ) ʙʳʩʪʨʳʭ ʧʨʦʪʦʥʦʚ (ʊ>70 ʄʵɺ), ʚʳʣʝʪʘʶʱʠʭ ʧʦʜ ʨʘʟʣʠʯʥʳʤʠ ʫʛʣʘʤʠ ʚʦ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷʭ ʧʨʦʪʦʥʦʚ ʩ ʨʘʟʥʳʤʠ ʷʜʨʘʤʠ (ʩ ʤʘʩʩʦʚʳʤ ʯʠʩʣʦʤ ʦʪ ɸ=6, ʜʦ ɸ=124) ʧʨʠ 7.5 ɻʵɺ/ʩ. 

ʆʢʘʟʘʣʦʩʴ, ʯʪʦ ʧʨʠ ʬʠʢʩʠʨʦʚʘʥʥʦʤ ʫʛʣʝ ʚʳʣʝʪʘ ʧʨʦʪʦʥʦʚ f(T) ʫʜʦʚʣʝʪʚʦʨʠʪʝʣʴʥʦ ʦʧʠʩʳʚʘʝʪʩʷ ʦʜʥʦʡ 

ʵʢʩʧʦʥʝʥʪʦʡ, ʠ ʟʥʘʯʝʥʠʝ ʧʘʨʘʤʝʪʨʘ ʥʘʢʣʦʥʘ ʚ ʧʨʝʜʝʣʘʭ ʩʪʘʪʠʩʪʠʯʝʩʢʠʭ ʧʦʛʨʝʰʥʦʩʪʝʡ ʥʝ ʟʘʚʠʩʠʪ ʦʪ 

ʤʘʩʩʦʚʦʛʦ ʯʠʩʣʘ ʬʨʘʛʤʝʥʪʠʨʫʶʱʝʛʦ ʷʜʨʘ.  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʤʦʞʥʦ ʟʘʢʣʶʯʠʪʴ, ʯʪʦ ʤʝʭʘʥʠʟʤ ʦʙʨʘʟʦʚʘʥʠʷ ʙʳʩʪʨʳʭ ʧʨʦʪʦʥʦʚ, ʦʩʦʙʝʥʥʦ 

ʣʝʪʷʱʠʭ ʚʧʝʨʝʜ, ʠʤʝʝʪ ʫʥʠʚʝʨʩʘʣʴʥʳʡ ʭʘʨʘʢʪʝʨ, ʚʳʨʘʞʘʶʱʠʡʩʷ ʚ ʥʝʟʘʚʠʩʠʤʦʩʪʠ ʝʛʦ ʦʪ ʧʝʨʚʠʯʥʦʡ 

ʵʥʝʨʛʠʠ ʠ ʪʠʧʘ ʬʨʘʛʤʝʥʪʠʨʫʶʱʝʛʦ ʷʜʨʘ.  
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12
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ʆʙʲʝʜʠʥʝʥʥʳʡ ʠʥʩʪʠʪʫʪ ʷʜʝʨʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ,  

ʛ. ɼʫʙʥʘ, ʈʦʩʩʠʷ 

2)
ʌʠʟʠʢʦ-ʪʝʭʥʠʯʝʩʢʠʡ ʠʥʩʪʠʪʫʪ ɸʅ ʈʋʟ  

ʛ. ʊʘʰʢʝʥʪ, ʋʟʙʝʢʠʩʪʘʥ,
*
E-mail: olimov@uzsci.net 

ɺ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ ʧʨʠʚʝʜʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʝʨʠʬʝʨʠʯʝʩʢʠʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ 

ʤʘʣʦʠʟʫʯʝʥʥʦʛʦ ʨʘʜʠʦʘʢʪʠʚʥʦʛʦ ʷʜʨʘ 
12
N ʩ ʷʜʝʨʥʦʡ ʬʦʪʦʵʤʫʣʴʩʠʝʡ. ɸʥʘʣʠʟʠʨʫʝʤʳʡ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʡ ʤʘʪʝʨʠʘʣ ʧʦʣʫʯʝʥ ʦʙʣʫʯʝʥʠʝʤ ʷʜʝʨʥʦʡ ʵʤʫʣʴʩʠʠ ʚ ʩʤʝʰʘʥʥʦʤ ʧʫʯʢʝ 

ʨʝʣʷʪʠʚʠʩʪʩʢʠʭ ʷʜʝʨ 
12

N, 
10
ʉ ʠ 

7
ɺʝ ʩ ʠʤʧʫʣʴʩʦʤ pʦ = 2A ɻʵɺ/c, ʩʬʦʨʤʠʨʦʚʘʥʥʦʤ ʧʨʠ ʧʝʨʝʟʘʨʷʜʢʝ ʠ 

ʬʨʘʛʤʝʥʪʘʮʠʠ ʧʝʨʚʠʯʥʳʭ ʷʜʝʨ 
12
ʉ. 

 

ʇʨʠ ʧʨʦʩʤʦʪʨʝ ʙʝʟ ʚʳʙʦʨʢʠ 12 ʩʪʦʧʦʢ ʦʙʣʫʯʝʥʥʦʡ ʵʤʫʣʴʩʠʠ ʥʘʡʜʝʥʦ 7241 ʥʝʫʧʨʫʛʠʭ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ, ʚ ʪʦʤ ʯʠʩʣʝ 608 çʙʝʣʳʭè ʟʚʝʟʜ, ʩʦʜʝʨʞʘʱʠʭ ʪʦʣʴʢʦ ʨʝʣʷʪʠʚʠʩʪʩʢʠʝ ʬʨʘʛʤʝʥʪʳ ʚ 

ʫʛʣʦʚʦʤ ʢʦʥʫʩʝ ʜʦ ɗfr < 11
ʦ
. ɺ çʙʝʣʳʭè ʟʚʝʟʜʘʭ, ʢʦʪʦʨʳʝ ʤʦʛʣʠ ʙʳ ʙʳʪʴ ʩʦʟʜʘʥʥʳʤʠ ʷʜʨʘʤʠ 

12
N, 

ʚʳʧʦʣʥʝʥʳ ʠʟʤʝʨʝʥʠʷ ʩʨʝʜʥʠʭ ʧʣʦʪʥʦʩʪʝʡ ŭ-ʵʣʝʢʪʨʦʥʦʚ Nd ʥʘ ʩʣʝʜʘʭ ʧʫʯʢʦʚʳʭ ʷʜʝʨ ʠ ʚʪʦʨʠʯʥʳʭ 

ʬʨʘʛʤʝʥʪʦʚ ʩ ʟʘʨʷʜʘʤʠ Zfr > 2. ʀʦʥʠʟʘʮʠʦʥʥʳʝ ʠʟʤʝʨʝʥʠʷ ʧʦʟʚʦʣʠʣʠ ʦʪʦʙʨʘʪʴ 72 çʙʝʣʳʭè ʟʚʝʟʜ, 

ʫʜʦʚʣʝʪʚʦʨʷʶʱʠʭ ʫʩʣʦʚʠʶ Zpr = 7 ʠ ×Zfr = 7 (ʩʤ. ʪʘʙʣ.1).  

ʈʘʟʚʘʣ ʷʜʨʘ 
12
N ʤʦʞʝʪ ʧʨʦʠʩʭʦʜʠʪʴ ʧʦ ʩʣʝʜʫʶʱʠʤ 13 ʚʦʟʤʦʞʥʳʤ ʪʦʧʦʣʦʛʠʯʝʩʢʠʤ ʢʘʥʘʣʘʤ (1), 

(2), (22), (222), (23), (24), (223), (3), (33), (34), (4), (5) ʠ (6). ɿʜʝʩʴ (1) ʦʟʥʘʯʘʝʪ ʨʘʟʚʘʣ ʷʜʨʘ 
12
N ʪʦʣʴʢʦ 

ʥʘ ʦʜʥʦʟʘʨʷʜʥʳʝ ʬʨʘʛʤʝʥʪʳ. ɼʣʷ ʬʨʘʛʤʝʥʪʦʚ ʩ Zfr Ó 2 ʮʠʬʨʘ ʚ ʩʢʦʙʢʘʭ ʦʟʥʘʯʘʝʪ ʟʘʨʷʜ ʬʨʘʛʤʝʥʪʘ, ʘ 

ʠʭ ʢʦʣʠʯʝʩʪʚʦ ï ʯʠʩʣʦ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʬʨʘʛʤʝʥʪʦʚ. ʇʨʠ ʦʪʙʦʨʝ çʙʝʣʳʭè ʟʚʝʟʜ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ 

ʥʘʙʣʶʜʘʶʪʩʷ ʪʦʣʴʢʦ 8 ʪʦʧʦʣʦʛʠʯʝʩʢʠʭ ʢʘʥʘʣʦʚ (2), (22), (222), (24), (25), (4), (5) ʠ (6).  
ʊʘʙʣʠʮʘ 1 

ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʯʠʩʣʘ çʙʝʣʳʭè ʟʚʝʟʜ ʧʦ ʢʘʥʘʣʘʤ ʜʠʩʩʦʮʠʘʮʠʠ ʩ ʩʫʤʤʘʨʥʳʤ ʟʘʨʷʜʦʤ ʬʨʘʛʤʝʥʪʦʚ 

×Zfr = 7 ʠ ʠʟʤʝʨʝʥʥʳʤ ʟʘʨʷʜʦʤ ʧʫʯʢʦʚʦʛʦ ʩʣʝʜʘ Zpr = 7; ʩʨʝʜʥʷʷ ʩʪʨʦʢʘ ï ʦʪʙʦʨ ʩ ʫʩʣʦʚʠʝʤ ɗfr < 11
ʦ 

(72 ʩʦʙʳʪʠʷ); ʥʠʞʥʷʷ ʩʪʨʦʢʘ ï ʦʪʙʦʨ ʩ ʫʩʣʦʚʠʝʤ ɗfr < 6
ʦ 
(45 ʩʦʙʳʪʠʡ) 

He+5H 2He+3H 3He+H Be+3H Be+He+H B+2H B+He C+H 

9 24 2 10 9 11 3 4 

2 12 2 5 8 9 3 4 

ɼʣʷ ʦʪʙʦʨʘ ʩʦʙʳʪʠʡ ï ʢʘʥʜʠʜʘʪʦʚ ʚ ʛʨʫʧʧʫ ʢʦʛʝʨʝʥʪʥʦʡ ʜʠʩʩʦʮʠʘʮʠʠ 
12

N ʙʳʣʠ ʚʚʝʜʝʥʳ 

ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʦʛʨʘʥʠʯʝʥʠʷ ʥʘ ʫʛʦʣ ʚʳʣʝʪʘ ʬʨʘʛʤʝʥʪʦʚ ɗfr < 6
ʦ
. ʕʪʘ ʚʝʣʠʯʠʥʘ ʦʧʨʝʜʝʣʷʝʪʩʷ 

çʤʷʛʢʠʤè ʦʛʨʘʥʠʯʝʥʠʝʤ ʥʘ ʠʤʧʫʣʴʩ ʬʝʨʤʠ-ʜʚʠʞʝʥʠʷ ʥʫʢʣʦʥʦʚ ʷʜʨʘ-ʩʥʘʨʷʜʘ (ʨt<0.2 ɻʵɺ/ʩ). ʇʦʩʣʝ 

ʪʘʢʦʛʦ ʦʛʨʘʥʠʯʝʥʠʷ ʥʘ ʫʛʦʣ ʚʳʣʝʪʘ ʬʨʘʛʤʝʥʪʦʚ ʩʥʘʨʷʜʘ ʠʟ 72 ʩʦʙʳʪʠʡ ʦʩʪʘʣʦʩʴ 45, ʥʘʠʙʦʣʝʝ ʙʣʠʟʢʠʭ 

ʢ ʫʩʣʦʚʠʶ ʢʦʛʝʨʝʥʪʥʦʩʪʠ ʨʘʟʚʘʣʘ ʷʜʨʘ 
12
N. ʆʪʤʝʪʠʤ, ʯʪʦ ʨʝʘʣʠʟʘʮʠʷ ʫʩʣʦʚʠʷ ʢʦʛʝʨʝʥʪʥʦʩʪʠ, ʪ.ʝ. 

ʤʘʣʦʡ ʢʦʣʣʝʢʪʠʚʥʦʡ ʧʝʨʝʜʘʯʠ ʠʤʧʫʣʴʩʘ ʜʠʩʩʦʮʠʠʨʫʶʱʝʤʫ ʷʜʨʫ, ʧʦʟʚʦʣʷʝʪ ʚʳʜʝʣʠʪʴ ʥʘʠʙʦʣʝʝ 



ʈʝʩʧʫʙʣʠʢʘʥʩʢʘ ̫ʢʦʥʬʝʨʝʥʮʠʷ, ʧʦʩʚʷʱʝʥʥʘ ̫100-ʣʝʪʠʶ ʘʢʘʜʝʤʠʢʘ ʉ.ɸ.ɸʟʠʤʦʚʘ 
 

 46 

ʚʝʨʦʷʪʥʳʝ ʢʦʥʩʪʠʪʫʝʥʪʥʳʝ ʢʣʘʩʪʝʨʳ ʷʜʨʘ 
12
N. ʊʘʢ, ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʧʨʝʜʩʪʘʚʣʝʥʠʝʤ ʦ ʢʣʘʩʪʝʨʥʳʭ 

ʩʪʝʧʝʥʷʭ ʩʚʦʙʦʜʳ, ʩʪʨʫʢʪʫʨʘ ʷʜʨʘ 
12
N ʤʦʞʝʪ ʦʧʨʝʜʝʣʷʪʴʩʷ ʢʦʤʧʦʟʠʮʠʷʤʠ (2Ŭ+d+2p), (

6
Li+Ŭ+2p), 

(
7
Be+Ŭ+p), (2Ŭ+h+p), (

8
B+Ŭ), (

5
Li+h+Ŭ), (

8
B+2d), (

5
Li+h+2d), (

10
B+2ʨ), ʠʣʠ (

11
ʉ+ʨ), (

10
ʉ+d), ʢʦʪʦʨʳʝ 

ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥʳ ʥʠʞʝ. ɺ ʨʷʜʫ ʦʪʤʝʯʝʥʥʳʭ ʢʦʤʧʦʟʠʮʠʡ ʧʦʜʯʝʨʢʥʫʪʳ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ 

ʥʝʥʘʙʣʶʜʘʝʤʳʝ. ʂʦʤʧʦʟʠʮʠʠ ʩ ʫʯʘʩʪʠʝʤ ʷʜʨʘ 
5
Li ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʥʝ ʥʘʙʣʶʜʘʶʪʩʷ ʠʟ-ʟʘ ʝʛʦ 

ʥʝʩʪʘʙʠʣʴʥʦʩʪʠ, ʧʨʠʚʦʜʷ ʚ ʢʦʥʝʯʥʦʤ ʠʪʦʛʝ ʢ ʫʚʝʣʠʯʝʥʠʶ ʚʝʨʦʷʪʥʦʩʪʠ ʨʝʘʣʠʟʘʮʠʠ ʢʘʥʘʣʦʚ (2He+3H) 

ʠ (3He+H), ʪ.ʝ. ʢ ʢʦʤʧʦʟʠʮʠʷʤ (2Ŭ+h+ʨ) ʠ (2Ŭ+2d+ʨ). 

ɺ ʨʘʩʧʨʝʜʝʣʝʥʠʠ 45 ʦʪʦʙʨʘʥʥʳʭ ʩʦʙʳʪʠʡ (ʪʘʙʣ. 1, ʩʨʝʜʥʷʷ ʩʪʨʦʢʘ) ʜʦʣʷ ʢʘʥʘʣʦʚ ʩ ʪʷʞʝʣʳʤʠ 

ʬʨʘʛʤʝʥʪʘʤʠ Zfr>2, ʜʦʩʪʠʛʘʝʪ ʧʨʠʤʝʨʥʦ 2/3, ʠ ʚ ʪʦʞʝ ʚʨʝʤʷ ʚʢʣʘʜ ʢʘʥʘʣʦʚ, ʩʦʜʝʨʞʘʱʠʭ ʪʦʣʴʢʦ ʣʝʛʢʠʝ 

ʬʨʘʛʤʝʥʪʳ He ʠ H, ʦʩʪʘʝʪʩʷ ʜʦʩʪʘʪʦʯʥʦ ʟʥʘʯʠʪʝʣʴʥʳʤ. ɺʳʜʝʣʝʥʥʦʩʪʴ ʢʘʥʘʣʘ (2He+3H) ʤʦʞʥʦ 

ʠʥʪʝʨʧʨʝʪʠʨʦʚʘʪʴ, ʧʨʝʜʧʦʣʘʛʘʷ, ʯʪʦ ʦʜʠʥ ʠʟ ʦʪʤʝʯʝʥʥʳʭ ʪʨʝʭ ʦʜʥʦʟʘʨʷʜʥʳʭ ʬʨʘʛʤʝʥʪʦʚ (3ʅ) 

ʷʚʣʷʝʪʩʷ ʜʝʡʪʨʦʥʦʤ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʩʪʨʫʢʪʫʨʘ ʷʜʨʘ 
12
N ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʢʦʤʧʦʟʠʮʠʶ Ŭ+Ŭ+d+2ʨ. 

ʇʨʠʙʣʠʟʠʪʝʣʴʥʦ ʦʜʠʥʘʢʦʚʫʶ ʚʝʨʦʷʪʥʦʩʪʴ ʠʤʝʶʪ ʢʘʥʘʣʳ Be+He+H ʠ B+2H. ʀʩʭʦʜʷ ʠʟ ʩʦʭʨʘʥʝʥʠʷ 

ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʠ ʙʘʨʠʦʥʥʦʛʦ ʟʘʨʷʜʘ, ʘ ʪʘʢʞʝ ʤʠʥʠʤʫʤʘ ʵʥʝʨʛʠʠ ʚʦʟʙʫʞʜʝʥʠʷ ʷʜʨʘ 
12
N ʜʣʷ 

ʨʝʘʣʠʟʘʮʠʠ ʵʪʠʭ ʢʘʥʘʣʦʚ ʤʦʞʥʦ ʦʞʠʜʘʪʴ, ʯʪʦ ʠʟʦʪʦʧʥʳʝ ʩʪʨʫʢʪʫʨʳ ʵʪʠʭ ʢʘʥʘʣʦʚ ʠʤʝʶʪ ʩʣʝʜʫʶʱʠʡ 

ʚʠʜ ï 
7
Be+Ŭ+p ʠ 

10
B+2ʨ. 

ʀʥʪʝʨʝʩʥʦ ʦʪʤʝʪʠʪʴ ʩʦʚʧʘʜʝʥʠʝ ʩʫʤʤʘʨʥʳʭ ʚʝʨʦʷʪʥʦʩʪʝʡ ʢʘʥʘʣʦʚ ʩ ʚʳʭʦʜʦʤ ʷʜʨʘ Be ʠ ʩ 

ʚʳʭʦʜʦʤ ʷʜʨʘ B. ɺ ʪʦ ʞʝ ʚʨʝʤʷ, ʩʨʝʜʠ ʧʨʦʜʫʢʪʦʚ ʜʠʩʩʦʮʠʘʮʠʠ ʷʜʨʘ 
12
N ʦʪʩʫʪʩʪʚʫʶʪ ʷʜʨʘ ʣʠʪʠʷ. 

ʉʨʝʜʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʥʘʙʣʶʜʘʝʤʳʭ 45 ʩʦʙʳʪʠʡ ʥʘʠʙʦʣʴʰʫʶ ʤʥʦʞʝʩʪʚʝʥʥʦʩʪʴ ʠʤʝʶʪ 

ʦʜʥʦʟʘʨʷʜʥʳʝ ʬʨʘʛʤʝʥʪʳ (2.07 Ñ 0.15), ʯʪʦ ʩʚʷʟʘʥʦ ʩ ʧʨʦʪʦʥʦʠʟʙʳʪʦʯʥʦʩʪʴʶ ʷʜʨʘ 
12
N. ʉʨʝʜʠ 

ʤʥʦʛʦʟʘʨʷʜʥʳʭ ʬʨʘʛʤʝʥʪʦʚ ʜʦʤʠʥʠʨʫʝʪ ʚʳʭʦʜ ʜʚʫʭʟʘʨʷʜʥʳʭ ʬʨʘʛʤʝʥʪʦʚ, ʩʨʝʜʥʷʷ ʤʥʦʞʝʩʪʚʝʥʥʦʩʪʴ 

ʢʦʪʦʨʳʭ ʩʦʩʪʘʚʣʷʝʪ 1.18 Ñ 0.08. ʉʨʝʜʥʠʝ ʤʥʦʞʝʩʪʚʝʥʥʦʩʪʠ 4- ʠ 5-ʟʘʨʷʜʥʳʭ ʬʨʘʛʤʝʥʪʦʚ ʦʢʘʟʘʣʠʩʴ 

ʧʨʘʢʪʠʯʝʩʢʠ ʩʦʚʧʘʜʘʶʱʠʤʠ ʠ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʨʘʚʥʳʤʠ 0.29 Ñ 0.04 ʠ 0.27 Ñ 0.04. 

ɺ ʪʦʧʦʣʦʛʠʯʝʩʢʠʭ ʢʘʥʘʣʘʭ ʜʠʩʩʦʮʠʘʮʠʠ ʷʜʨʘ
12
N ʦʪʩʫʪʩʪʚʫʶʪ ʜʝʡʪʨʦʥʳ ʠ ʷʜʨʘ ʪʨʠʪʠʷ. 

ʅʝʥʘʙʣʶʜʘʝʤʦʩʪʴ ʩʨʝʜʠ ʢʦʥʝʯʥʳʭ ʬʨʘʛʤʝʥʪʦʚ ʜʝʡʪʨʦʥʦʚ ʫʢʘʟʳʚʘʝʪ ʠʣʠ ʥʘ ʠʭ ʦʪʩʫʪʩʪʚʠʝ ʚ ʠʩʭʦʜʥʦʡ 

ʩʪʨʫʢʪʫʨʝ, ʠʣʠ ʥʘ ʦʪʥʦʩʠʪʝʣʴʥʦ ʙʦʣʴʰʫʶ ʧʝʨʝʜʘʯʫ ʠʤʧʫʣʴʩʘ ʷʜʨʫ 
12
N, ʧʨʠʚʦʜʷʱʫʶ ʢ ʨʘʟʨʫʰʝʥʠʶ 

ʜʝʡʪʨʦʥʦʚ. ɺʳʭʦʜ ʷʜʝʨ ʪʨʠʪʠʷ ʩʠʣʴʥʦ ʧʦʜʘʚʣʝʥ ʥʝʡʪʨʦʥʦʜʝʬʠʮʠʪʥʦʩʪʴʶ ʷʜʨʘ 
12
N. ʆʪʩʫʪʩʪʚʠʝ 3-ʭ 

ʟʘʨʷʜʥʳʭ ʬʨʘʛʤʝʥʪʦʚ (
6
Li, 

5
Li) ʩʨʝʜʠ ʧʨʦʜʫʢʪʦʚ ʜʠʩʩʦʮʠʘʮʠʠ ʷʜʨʘ 

12
N ʤʦʞʥʦ ʦʙʲʷʩʥʠʪʴ ʢʘʢ ʠʭ 

ʦʪʩʫʪʩʪʚʠʝʤ ʚ ʠʩʭʦʜʥʦʡ ʢʣʘʩʪʝʨʥʦʡ ʩʪʨʫʢʪʫʨʝ, ʪʘʢ ʠ ʥʝʩʪʘʙʠʣʴʥʦʩʪʴʶ (
5
Li). 
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II. ʌʀɿʀʂɸ ʇʆʃʋʇʈʆɺʆɼʅʀʂʆɺ ʀ ʊɺɽʈɼʆɻʆ ʊɽʃɸ,  

ʀʍ ʇʈʀʂʃɸɼʅʓɽ ɸʉʇɽʂʊʓ 

ʆ ɺʆɿʄʆɾʅʆʉʊʀ ɺʆɿʅʀʂʅʆɺɽʅʀʗ ʌʆʊʆɺʆʃʔʊɸʀʏɽʉʂʀʍ ʕʌʌɽʂʊʆɺ ɺ 

ʂɺɸʅʊʆɺʆʄ ʂʃʀʅɽ 

ʈ.ɸ.ɸʶʭʘʥʦʚ  

ʌʠʟʠʢʦ-ʪʝʭʥʠʯʝʩʢʠʡ ʠʥʩʪʠʪʫʪ ʅʇʆ ñʌʠʟʠʢʘ-ʉʦʣʥʮʝò ɸʅ ʈʋʟ 

ʛ.ʊʘʰʢʝʥʪ, ʫʣ.ɹʦʜʦʤʟʦʨ ʡʫʣʠ, 2ɹ. ʊʝʣ.233-12-71, alia@uzsci.net 

ɺ [1] ʙʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʚ ʢʚʘʥʪʦʚʦʤ ʢʣʠʥʝ, ʪʦ ʝʩʪʴ ʚ ʧʣʘʩʪʠʥʢʝ, ʚʜʦʣʴ ʦʜʥʦʛʦ ʠʟʤʝʨʝʥʠʷ 

ʢʦʪʦʨʦʡ ʤʝʥʷʝʪʩʷ ʝʝ ʪʦʣʱʠʥʘ, ʠʤʝʶʱʘʷ ʥʘʥʦʨʘʟʤʝʨʳ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦʛʦ ʠʟʤʝʥʝʥʠʷ 

ʰʠʨʠʥʳ ʟʘʧʨʝʱʝʥʥʦʡ ʟʦʥʳ ʚʦʟʥʠʢʘʶʪ ʚʩʪʨʦʝʥʥʳʝ ʵʣʝʢʪʨʠʯʝʩʢʠʝ ʧʦʣʷ, ʧʦʜʦʙʥʳʝ ʚʩʪʨʦʝʥʥʳʤ ʧʦʣʷʤ 

ʚ ʚʘʨʠʟʦʥʥʳʭ ʧʦʣʫʧʨʦʚʦʜʥʠʢʘʭ. ʆʯʝʚʠʜʥʦ, ʯʪʦ ʥʝʨʘʚʥʦʚʝʩʥʳʝ ʥʦʩʠʪʝʣʠ, ʚʚʝʜʝʥʥʳʝ ʚ ʪʘʢʫʶ ʩʠʩʪʝʤʫ 

ʩ ʰʠʨʦʢʦʟʦʥʥʦʛʦ ʢʨʘʷ ʧʣʘʩʪʠʥʢʠ (ʪʦ ʝʩʪʴ ʩ ʪʦʥʢʦʛʦ ʪʦʨʮʘ), ʥʘʧʨʠʤʝʨ, ʩʚʝʪʦʤ, ʚʚʠʜʫ ʨʘʟʣʠʯʥʳʭ 

ʧʦʜʚʠʞʥʦʩʪʝʡ ʠ ʜʨʝʡʬʦʚʳʭ ʩʢʦʨʦʩʪʝʡ ʙʫʜʫʪ ʨʘʟʜʝʣʷʪʴʩʷ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ ʠ ʧʦʵʪʦʤʫ  ʚ ʢʣʠʥʝ, ʧʨʠ 

ʧʦʩʪʦʷʥʥʦʡ ʛʝʥʝʨʘʮʠʠ, ʙʫʜʝʪ ʚʦʟʥʠʢʘʪʴ ʧʦʩʪʦʷʥʥʦʝ ʵʣʝʢʪʨʠʯʝʩʢʦʝ ʧʦʣʝ, ʢʘʢ ʵʪʦ ʦʙʳʯʥʦ ʙʳʚʘʝʪ ʚ 

ʚʘʨʠʟʦʥʥʳʭ ʧʦʣʫʧʨʦʚʦʜʥʠʢʘʭ. ʆʮʝʥʠʤ ʚʝʣʠʯʠʥʫ ʨʘʟʥʦʩʪʠ ʧʦʪʝʥʮʠʘʣʦʚ ʵʪʦʛʦ ʧʦʣʷ. 

ʇʫʩʪʴ ʠʤʝʝʪʩʷ ʢʚʘʥʪʦʚʳʡ ʢʣʠʥ, ʫ ʢʦʪʦʨʦʛʦ ʧʦ ʢʦʦʨʜʠʥʘʪʝ x  ʤʝʥʷʝʪʩʷ ʪʦʣʱʠʥʘ, ʪʦ ʝʩʪʴ 

ʧʣʘʩʪʠʥʢʘ, ʙʝʩʢʦʥʝʯʥʘʷ ʧʦ ʢʦʦʨʜʠʥʘʪʝ z, ʧʦ ʢʦʦʨʜʠʥʘʪʝ x  ʠʤʝʶʱʘʷ ʨʘʟʤʝʨ 0x , ʠ ʧʦ ʢʦʦʨʜʠʥʘʪʝ y  

ʧʨʠ 0=x  ʩ ʪʦʣʱʠʥʦʡ 0L , ʘ ʧʨʠ 0xx= , ʪʦʣʱʠʥʦʡ 1L  ( 10 LL > ). ʆʪʩʶʜʘ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʧʦ 

ʢʦʦʨʜʠʥʘʪʝ x  ʤʝʥʷʝʪʩʷ ʰʠʨʠʥʘ ʟʘʧʨʝʱʝʥʥʦʡ ʟʦʥʳ )(xgE , ʟʘʚʠʩʷʱʘʷ ʦʪ ʥʘʢʣʦʥʘ ʜʥʘ ʟʦʥʳ 

ʧʨʦʚʦʜʠʤʦʩʪʠ ʠ ʧʦʪʦʣʢʘ ʚʘʣʝʥʪʥʦʡ ʟʦʥʳ, ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʭ ʚ ʢʚʘʥʪʦʚʦʡ ʷʤʝ, ʦʙʨʘʟʦʚʘʥʥʦʡ 

ʥʘʥʦʨʘʟʤʝʨʥʦʡ ʪʦʣʱʠʥʦʡ ʢʣʠʥʘ 

2
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0gE  - ʰʠʨʠʥʘ ʟʘʧʨʝʱʝʥʥʦʡ ʟʦʥʳ ʚ ʦʙʲʝʤʥʦʤ ʩʣʫʯʘʝ, *

^

*

^ he mm ,  - ʵʬʬʝʢʪʠʚʥʳʝ ʤʘʩʩʳ ʵʣʝʢʪʨʦʥʘ ʠ 

ʜʳʨʢʠ ʚʜʦʣʴ ʪʦʣʱʠʥʳ ʧʣʘʩʪʠʥʢʠ, 010 /)( xLLtg --=a -ʪʘʥʛʝʥʩ ʫʛʣʘ ʥʘʢʣʦʥʘ ʢʚʘʥʪʦʚʦʛʦ ʢʣʠʥʘ. ʂʘʢ 

ʚʠʜʥʦ ʠʟ (1) )(xgE  ʥʝʣʠʥʝʡʥʦ ʟʘʚʠʩʠʪ ʦʪ x, ʯʪʦ ʩʫʱʝʩʪʚʝʥʥʦ ʫʩʣʦʞʥʷʝʪ ʨʘʩʯʝʪ.  ʇʦʵʪʦʤʫ ʨʘʟʣʦʞʠʤ 

)(xgE  ʚ ʨ̫ʜ ʧʦ ʚʝʣʠʯʠʥʝ xtg Öa  (ʧʨʠ ʫʩʣʦʚʠʠ, ʯʪʦ ʦʥʘ ʜʦʩʪʘʪʦʯʥʦ ʤʘʣʘ ʦʪʥʦʩʠʪʝʣʴʥʦ 0L ) ʜʦ 

ʣʠʥʝʡʥʦʛʦ ʯʣʝʥʘ ʚʢʣʶʯʠʪʝʣʴʥʦ:  
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ʊʦ ʝʩʪʴ ʙʫʜʝʤ ʧʨʠʙʣʠʞʝʥʥʦ ʩʯʠʪʘʪʴ, ʯʪʦ ʰʠʨʠʥʘ ʟʘʧʨʝʱʝʥʥʦʡ ʟʦʥʳ ʢʚʘʥʪʦʚʦʛʦ ʢʣʠʥʘ ʣʠʥʝʡʥʦ 

ʟʘʚʠʩʠʪ ʦʪ ʢʦʦʨʜʠʥʘʪʳ x .  

ʇʨʠ ʪʘʢʦʤ ʨʘʩʩʤʦʪʨʝʥʠʠ ʢʚʘʥʪʦʚʳʡ ʢʣʠʥ ʧʦ ʤʥʦʛʠʤ ʧʘʨʘʤʝʪʨʘʤ ʩʪʘʥʦʚʠʪʩʷ ʧʦʜʦʙʝʥ 

ʚʘʨʠʟʦʥʥʦʡ ʩʪʨʫʢʪʫʨʝ ʩ ʣʠʥʝʡʥʦ ʠʟʤʝʥʷʶʱʝʡʩʷ ʰʠʨʠʥʦʡ ʟʘʧʨʝʱʝʥʥʦʡ ʟʦʥʳ, ʢʦʪʦʨʳʝ ʜʦʩʪʘʪʦʯʥʦ 

ʭʦʨʦʰʦ ʠʩʩʣʝʜʦʚʘʥʳ, ʥʘʧʨ. ʚ [2]. ɽʩʣʠ ʥʘ ʪʘʢʦʡ ʢʣʠʥ ʧʦʜʘʚʘʪʴ ʩʚʝʪ ʩ ɻʥʝʨʛʝʡ, ʙʦʣʴʰʝʡ ʤʘʢʩʠʤʘʣʴʥʦʡ 

ʰʠʨʠʥʳ ʟʘʧʨʝʱʝʥʥʦʡ ʟʦʥʳ, ʩʦ ʩʪʦʨʦʥʳ ʪʦʥʢʦʛʦ ʪʦʨʮʘ (ʪʦ ʝʩʪʴ ʠʟʚʥʝ ʥʘ ʧʣʦʩʢʦʩʪʴ 0x ), ʪʦ ʠʟ-ʟʘ 

ʨʘʟʣʠʯʠʷ ʧʦʜʚʠʞʥʦʩʪʝʡ ʠ ʜʨʝʡʬʦʚʳʭ ʩʢʦʨʦʩʪʝʡ ʛʝʥʝʨʠʨʦʚʘʥʥʳʭ ʵʣʝʢʪʨʦʥʦʚ ʠ ʜʳʨʦʢ, 

ʧʝʨʝʤʝʱʘʶʱʠʭʩʷ ʢ ʪʦʣʩʪʦʤʫ ʪʦʨʮʫ, ʚ ʢʣʠʥʝ ʙʫʜʝʪ ʚʦʟʥʠʢʘʪʴ ʨʘʟʥʦʩʪʴ ʧʦʪʝʥʮʠʘʣʦʚ, ʢʦʪʦʨʘʷ ʜʣʷ 

ʚʘʨʠʟʦʥʥʳʭ ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚ ʣʝʛʢʦ ʤʦʞʝʪ ʙʳʪʴ ʚʳʯʠʩʣʝʥʘ. 

ʈʝʰʘʷ ʟʘʜʘʯʫ ʚ ʦʜʥʦʤʝʨʥʦʤ ʧʨʠʙʣʠʞʝʥʠʠ ʜʣʷ ʧʦʣʫʧʨʦʚʦʜʥʠʢʘ p-ʪʠʧʘ, ʧʦʜʩʪʘʚʣʷʷ ʚʝʣʠʯʠʥʫ 

)( 0xgE  ʠʟ (2) ʚ ʬʦʨʤʫʣʫ ʜʣʷ ʥʘʭʦʞʜʝʥʠʷ ʚʘʨʠʟʦʥʥʦʡ ʨʘʟʥʦʩʪʠ ʧʦʪʝʥʮʠʘʣʦʚ [2], ʥʘʭʦʜʠʤ ʚʝʣʠʯʠʥʫ 

ʨʘʟʥʦʩʪʠ ʧʦʪʝʥʮʠʘʣʦʚ ʜʣʷ ʢʚʘʥʪʦʚʦʛʦ ʢʣʠʥʘ: 
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ʛʜʝ ))(/( 00 xpEexg gpm= , pn mm,  - ʧʦʜʚʠʞʥʦʩʪʠ ʵʣʝʢʪʨʦʥʘ ʠ ʜʳʨʢʠ, ʌ - ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʧʘʜʘʶʱʝʛʦ 

ʩʚʝʪʘ, p - ʢʦʥʮʝʥʪʨʘʮʠʷ ʨʘʚʥʦʚʝʩʥʳʭ ʜʳʨʦʢ, e - ʟʘʨʷʜ ʵʣʝʢʪʨʦʥʘ. ʊʦʛʜʘ, ʠʩʧʦʣʴʟʫʷ (3), ʤʦʞʥʦ 

ʦʮʝʥʠʪʴ ʚʝʣʠʯʠʥʫ ʨʘʟʥʦʩʪʠ ʧʦʪʝʥʮʠʘʣʦʚ, ʚʦʟʥʠʢʘʶʱʫʶ ʚ ʢʚʘʥʪʦʚʦʤ ʢʣʠʥʝ ʩ 30=x  Õm, 1000=L  ¡, 

301=L  ¡ ʠ 17.0)( 0 =E xg ʵɺ. ʆʮʝʥʢʠ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʚ ʢʣʠʥe ʥʘ ʦʩʥʦʚʝ ʢʨʠʩʪʘʣʣʘ GaAs, ʧʨʠ 

ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʩʚʝʪʘ 5.2=ʌ Ö10
20

 ʬʦʪʦʥʦʚ/(ʩʤ
2
Öʩ), ʤʦʞʝʪ ʚʦʟʥʠʢʘʪʴ ʨʘʟʥʦʩʪʴ ʧʦʪʝʥʮʠʘʣʦʚ =V 0.16 ɺ. 

ʊʦ ʝʩʪʴ ʩʚʝʪʦʚʘʷ ʠʥʞʝʢʮʠʷ ʵʣʝʢʪʨʦʥʦʚ ʠ ʜʳʨʦʢ ʚ ʢʚʘʥʪʦʚʦʤ ʢʣʠʥʝ ʤʦʞʝʪ ʧʨʠʚʦʜʠʪʴ ʢ 

ʚʦʟʥʠʢʥʦʚʝʥʠʶ ʩʫʱʝʩʪʚʝʥʥʳʭ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʧʦʣʝʡ. 
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METAL -INSULATOR TRANSITON IN DISORDER POLARONI C SYSTEM 
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An interest to polaron physics was renewed by the discovery of high-TC materials and negative 

colossal magneto-resistance of manganites. Most of studies concerns small polaronôs dynamics in regular 

and isotropic lattices and within the simplified Holstein or Frºhlich models. However, experiments show that 

those materials have a layered structure with charge reservoirs between layers. Moreover strong disorder is 

observed in the charge reservoirs that affects to carriers dynamics in layers. 

In order to take into an account the lattice geometry and disorder we use Anderson-extended-Holstein 

model [1], in which Hamiltonian for a disordered system of coupled electrons and phonons is written as  
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Here ie- is site energy, t- is hopping integral, M- is ionôs mass, w- is vibration frequency of ions, )( ii cc+ - 

creation (annihilation) operator of a fermion on site i, )(nf i

C
- is a force between an electron on site i and an 

ion on site n
C

, nzC- is vibration coordinate of an ion on site i. Within proposed model the effect of difference 

of site energies (that mimics onsite disorder) and randomized electron-phonon interaction force on small 

polaron properties such as effective mass and optical conductivity in nonadiabatic and adiabatic regimes 

have been studied.  

Other important parts of our study are Anderson localization and the Mott metal-insulator transition 

[2] in disordered electron-phonon (polaronic) system. As we report early [2] in such a system all parameters 

of polaron are site dependent (disordered too). Due to disordered value of hopping term t, the criteria for 

Anderson localization 
i i

te>  is also site dependent. Then we have situation in which polarons are localized 

in a lattice in randomized way. Similar idea is true for the Mott metal-insulator transition in disordered 

polaronic system. In this case the criteria for the transition 
i i

U t>  is also site-dependent. Our model gives a 

natural explanation of phase separation and stripe formation in cuprates and other low-dimensional 

structures. 
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3 
ʅʘʮʠʦʥʘʣʴʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʋʟʙʝʢʠʩʪʘʥʘ ʠʤ. ʄʠʨʟʦ ʋʣʫʛʙʝʢʘ 

ʛ.ʊʘʰʢʝʥʪ, ʫʣ. ʋʥʠʚʝʨʩʠʪʝʪ 

ʑʝʣʝʚʳʝ ʩʦʣʠʪʦʥʳ ʚ ʢʦʥʜʝʥʩʘʪʘʭ ɹʦʟʝ-ʕʡʥʰʪʝʡʥʘ (ʂɹʕ), ʧʦʤʝʱʝʥʥʳʭ ʥʘ ʦʧʪʠʯʝʩʢʠʭ 

ʨʝʰʝʪʢʘʭ ʷʚʣʷʶʪʩʷ ʚ ʧʦʩʣʝʜʥʝʝ ʚʨʝʤʷ ʦʙʲʝʢʪʘʤʠ ʠʥʪʝʥʩʠʚʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ [1]. ɺ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ 

ʠʩʩʣʝʜʫʝʪʩʷ ʂɹʕ ʥʘ ʤʝʣʢʦʡ ʦʧʪʠʯʝʩʢʦʡ ʨʝʰʝʪʢʝ ʩ ʫʯʝʪʦʤ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ ʚʳʩʰʠʭ ʧʦʨʷʜʢʦʚ. 

ɼʠʥʘʤʠʢʘ ʢʚʘʟʠ-ʦʜʥʦʤʝʨʥʦʛʦ ʂɹʕ ʥʘ ʦʧʪʠʯʝʩʢʦʡ ʨʝʰʝʪʢʝ ʩ ʫʯʝʪʦʤ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ ʚʳʩʦʢʦʛʦ 

ʧʦʨʷʜʢʘ ʦʧʠʩʳʚʘʝʪʩʷ ʦʙʦʙʱʝʥʥʳʤ ʫʨʘʚʥʝʥʠʝʤ ɻʨʦʩʩ-ʇʠʪʘʝʚʩʢʦʛʦ [2], ʢʦʪʦʨʦʝ ʧʦʩʣʝ 

çʦʙʝʟʨʘʟʤʝʨʦʚʘʥʠʷè ʧʨʠʥʠʤʘʝʪ ʚʠʜ  

.0)|(||||)2cos( 2
2

2
10 =++-+ uuuuuxVuiu xxxxt gge   (1) 

ʛʜʝ 1g -ʢʦʵʬʬʠʮʠʝʥʪ ʢʝʨʨʦʚʩʢʦʡ ʥʝʣʠʥʝʡʥʦʩʪʠ ʩʨʝʜʳ, 2g-ʵʬʬʝʢʪʠʚʥʘʷ ʥʝʣʦʢʘʣʴʥʦʩʪʴ, 0Ve  - 

ʛʣʫʙʠʥʘ ʨʝʰʝʪʢʠ. ɺ ʩʣʫʯʘʝ ʤʝʣʢʦʡ ʦʧʪʠʯʝʩʢʦʡ ʨʝʰʝʪʢʠ, ʢʦʛʜʘ 1<<e , ʚʚʦʜʷ ʤʝʜʣʝʥʥʳʝ ʧʝʨʝʤʝʥʥʳʝ 

tT e=  ʠ xX e= , ʠʩʧʦʣʴʟʫʷ ʨʘʟʣʦʞʝʥʠʝ ʚʦʣʥʦʚʦʡ ʬʫʥʢʮʠʠ ʧʦ ʤʦʜʘʤ 

)exp()]exp(),()exp(),([).( itixTXBixTXAtxu --+= e  ʠ ʧʨʝʥʝʙʨʝʛʘʷ ʚʪʦʨʳʤʠ ʧʨʦʠʟʚʦʜʥʳʤʠ ʧʦ xʠ 

ʚʳʩʰʠʤʠ ʩʪʝʧʝʥʷʤʠ e ʤʦʞʥʦ ʧʨʠʜʪʠ ʢ ʫʨʘʚʥʝʥʠʷʤ ʩʚʷʟʘʥʥʳʭ ʤʦʜ [3] 
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ʃʦʢʘʣʠʟʦʚʘʥʥʦʝ ʨʝʰʝʥʠʝ ʫʨʘʚʥʝʥʠʡ ʩʚʷʟʘʥʥʳʭ ʤʦʜ ʚ ʚʠʜʝ ʱʝʣʝʚʦʛʦ ʩʦʣʠʪʦʥʘ ʤʦʞʥʦ 

ʧʦʩʪʨʦʠʪʴ ʤʝʪʦʜʦʤ ʨʘʟʚʠʪʦʡ ʚ ʨʘʙʦʪʝ [4]. ʏʪʦʙʳ ʥʘʡʪʠ ʜʚʠʞʫʱʝʝʩʷ ʩʦʣʠʪʦʥʥʦʝ ʨʝʰʝʥʠʝ ʧʝʨʝʡʜʝʤ ʢ 

ʙʝʛʫʱʠʤ ʢʦʦʨʜʠʥʘʪʘʤ vtx-=x  ʠ ʙʫʜʝʤ ʠʩʢʘʪʴ ʨʝʰʝʥʠʝ ʫʨʘʚʥʝʥʠʷ (2) ʚ ʚʠʜʝ; 

])(exp[)( TiiA A W--D= xqer , ])(exp[)(/1 TiiB B W--D= xqer , ʛʜʝ )2/()2(4 vv -+=D . 

ʧʦʜʩʪʘʚʣʷʷ A  ʠ Bʚ ʫʨʘʚʥʝʥʠʷ ʩʚʷʟʘʥʥʳʭ ʤʦʜ ʠ ʨʝʰʘʷ ʠʭ, ʧʦʣʫʯʠʤ ʨʝʰʝʥʠʷ 
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22 4)4/1/()4/3( gg---= vvg , 22

02/1 W-= Vb  , W=W l .  (4) 

ʀʟ (4) ʚʠʜʥʦ, ʯʪʦ ʫʚʝʣʠʯʝʥʠʝ ʥʝʣʦʢʘʣʴʥʦʩʪʠ 2g ʫʚʝʣʠʯʠʚʘʝʪ ʧʠʢʦʚʫʶ ʘʤʧʣʠʪʫʜʫ ʱʝʣʝʚʦʛʦ 

ʩʦʣʠʪʦʥʘ.  

ɹʳʣʦ ʚʳʧʦʣʥʝʥʦ ʪʘʢʞʝ ʯʠʩʣʝʥʥʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʫʨʘʚʥʝʥʠʷ (2). ʅʘ ʨʠʩ.1 ʧʨʝʜʩʪʘʚʣʝʥʳ 

ʨʝʟʫʣʴʪʘʪʳ ʨʘʩʯʝʪʦʚ ʩʪʦʣʢʥʦʚʝʥʠʷ ʜʚʫʭ ʩʦʣʠʪʦʥʦʚ. 
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ʈʠʩ.1. ʉʪʦʣʢʥʦʚʝʥʠʝ ʜʚʫʭ ʜʚʠʞʫʱʠʭʩʷ ʩʦʣʠʪʦʥʦʚ ʚʠʜʘ (3) ʜʣʷ 10=g , 15.0=e  , 4.0=v  ʠ 05.0=W ʠ 

sgpg 01= . ʉʣʫʯʘʡ (a) 
3

02 2/ sgpg= , (b) 02=g . 

ɺʠʜʥʦ, ʯʪʦ ʚ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʡ ʩʠʩʪʝʤʝ, ʪ.ʝ. ʚ ʂɹʕ ʩ ʚʳʩʦʢʦʛʦ ʧʦʨʷʜʢʘ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷʤʠ 

ʤʦʞʥʦ ʛʝʥʝʨʠʨʦʚʘʪʴ ʥʝ ʪʦʣʴʢʦ ʩʪʦʷʯʠʝ ʱʝʣʝʚʳʝ ʩʦʣʠʪʦʥʳ, ʥʦ ʠ ʜʚʠʞʫʱʠʝʩʷ ʱʝʣʝʚʳʝ ʩʦʣʠʪʦʥʳ. 
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ʚʳʨʘʞʝʥʠʝʤ  

0P

UJ
ff ʭʭʢʟ=h ,   (1) 

ʛʜʝ ff ï ʢʦʵʬʬʠʮʠʝʥʪ ʟʘʧʦʣʥʝʥʠʝ ʬʦʪʦʚʦʣʴʪʘʤʧʝʨʥʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ (ʬʦʪʦɺɸʍ) ʉʕ, Jʢʟ - ʪʦʢ 

ʢʦʨʦʪʢʦʛʦ ʟʘʤʳʢʘʥʠʝ, Uʭʭ - ʥʘʧʨʷʞʝʥʠʝ ʭʦʣʦʩʪʦʛʦ ʭʦʜʘ, P0 ï ʤʦʱʥʦʩʪʴ ʠʟʣʫʯʝʥʠʷ, ʧʘʜʘʶʱʝʛʦ ʥʘ 

ʧʦʚʝʨʭʥʦʩʪʴ ʉʕ. 

ɺ ʪʦʞʝ ʚʨʝʤʷ ʢʦʵʬʬʠʮʠʝʥʪ ʟʘʧʦʣʥʝʥʠʷ ʬʦʪʦɺɸʍ ʉʕ ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʦ ʚʳʨʘʞʝʥʠʶ  

ʭʭʢʟ

ʵʬʵʬ

UJ

UJ
ff = ,   (2) 

ʛʜʝ Jʵʬ-ʵʬʬʝʢʪʠʚʥʦʝ ʟʥʘʯʝʥʠʝ ʪʦʢʘ ʠ Uʵʬ-ʵʬʬʝʢʪʠʚʥʦʝ ʟʥʘʯʝʥʠʝ ʥʘʧʨʷʞʝʥʠʷ ʉʕ. 

ʇʦʜʩʪʘʚʣʷʷ (2) ʥʘ (1) ʜʣʷ ʂʇɼ ʉʕ ʧʦʣʫʯʠʤ 

00 P

P

P

UJ ʵʬʵʬʵʬ
==h ,  (3) 

ʛʜʝ Pʵʬ ʵʬʬʝʢʪʠʚʥʘʷ ʤʦʱʥʦʩʪʴ ʉʕ. 

ʂʘʢ ʠʟʚʝʩʪʥʦ, ʵʬʬʝʢʪʠʚʥʦʝ ʟʥʘʯʝʥʠʝ ʤʦʱʥʦʩʪʠ ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʦ ʢʘʩʘʪʝʣʴʥʦʡ ʪʦʯʢʝ ʢʨʠʚʦʡ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʠʟʤʝʨʝʥʥʦʡ ʬʦʪʦɺɸʍ ʉʕ ʧʨʠ ʦʩʚʝʱʝʥʠʠ [1]. ʆʩʥʦʚʳʚʘʷʩʴ ʥʘ ʵʪʦʡ ʤʝʪʦʜʠʢʝ ʠ ʧʦ 

ʛʝʦʤʝʪʨʠʯʝʩʢʠʤ ʩʦʦʙʨʘʞʝʥʠʷʤ ʤʦʞʥʦ ʚʳʚʝʩʪʠ ʬʦʨʤʫʣʳ, ʦʧʨʝʜʝʣʷʶʱʠʝ ʵʬʬʝʢʪʠʚʥʦʝ ʟʥʘʯʝʥʠʝ 

ʤʦʱʥʦʩʪʠ ʉʕ. ʀʤʝʷ ʚ ʚʠʜʫ ʵʪʦ, ʚ ʨʘʙʦʪʝ [1] ʜʣʷ ʵʬʬʝʢʪʠʚʥʦʡ ʤʦʱʥʦʩʪʠ ʉʕ ʧʦʣʫʯʝʥʦ ʚʳʨʘʞʝʥʠʝ: 
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ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʠʟ (4) ʠ (3) ʜʣʷ ʂʇɼ ʉʕ ʧʦʣʫʯʠʤ 
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ʛʜʝ n1 ʢʦʵʬʬʠʮʠʝʥʪ ʥʝʠʜʝʘʣʴʥʦʩʪʠ ʬʦʪʦ ɺɸʍ ʉʕ, ʚ ʪʦʯʢʝ ʦʧʨʝʜʝʣʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʡ ʤʦʱʥʦʩʪʠ.  
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ɺ ʨʘʙʦʪʝ [2] ʜʣʷ ʪʦʢʘ ʥʘʩʳʱʝʥʠʷ (J0), ʪʦʢʘ ʢʦʨʦʪʢʦʛʦ ʟʘʤʳʢʘʥʠʷ (Jʢʟ) ʠ ʥʘʧʨʷʞʝʥʠʷ ʭʦʣʦʩʪʦʛʦ 

ʭʦʜʘ (Uʭʭ) ʧʦʣʫʯʝʥʳ ʩʣʝʜʫʶʱʠʝ ʚʳʨʘʞʝʥʠʷ: 
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ʛʜʝ J00 - ʪʦʢ ʥʘʩʳʱʝʥʠʷ ʠ U0ʭʭ ï ʥʘʧʨʷʞʝʥʠʝ ʭʦʣʦʩʪʦʛʦ ʭʦʜʘ ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ, ű - ʚʳʩʦʪʘ 

ʧʦʪʝʥʮʠʘʣʴʥʦʛʦ ʙʘʨʴʝʨʘ, n - ʢʦʵʬʬʠʮʠʝʥʪ ʥʝʠʜʝʘʣʴʥʦʩʪʠ ɺɸʍ ʉʕ, ʚ ʪʦʯʢʝ ʦʧʨʝʜʝʣʝʥʠʷ ʪʦʢʘ 

ʢʦʨʦʪʢʦʛʦ ʟʘʤʳʢʘʥʠʷ. 

ɿʘʚʠʩʠʤʦʩʪʴ ʚʳʩʦʪʳ ʧʦʪʝʥʮʠʘʣʴʥʦʛʦ ʙʘʨʴʝʨʘ (ű) ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ ʉʕ ʠʤʝʝʪ ʦʜʠʥʘʢʦʚʳʡ ʚʠʜ ʩ 

ʪʝʤʧʝʨʘʪʫʨʥʦʡ ʟʘʚʠʩʠʤʦʩʪʴʶ ʟʘʧʨʝʱʝʥʥʦʡ ʟʦʥʳ ʧʦʣʫʧʨʦʚʦʜʥʠʢʘ [3]. ʇʦʵʪʦʤʫ, ʵʪʫ ʟʘʚʠʩʠʤʦʩʪʴ 

ʤʦʞʥʦ ʧʨʝʜʩʪʘʚʠʪʴ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ:  

Tgjj -= 0 ,   (9) 

ʛʜʝ ű0- ʚʳʩʦʪʘ ʧʦʪʝʥʮʠʘʣʴʥʦʛʦ ʙʘʨʴʝʨʘ ʉʕ ʧʨʠ ʊ=0 K. ɿʥʘʯʝʥʠʶ ű0 ʤʦʞʥʦ ʦʧʨʝʜʝʣʠʪʴ ʠʟ (7), 

ʵʢʩʪʨʘʧʦʣʠʨʫʷ ʟʘʚʠʩʠʤʦʩʪʴ ʥʘʧʨʷʞʝʥʠʝ ʭʦʣʦʩʪʦʛʦ ʭʦʜʘ ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ (Uʭʭ(T)) ʥʘ TŸ0 K. ɔ- 

ʪʝʤʧʝʨʘʪʫʨʥʳʡ ʢʦʵʬʬʠʮʠʝʥʪ ʚʳʩʦʪʳ ʧʦʪʝʥʮʠʘʣʴʥʦʛʦ ʙʘʨʴʝʨʘ.  

ɺʠʜʥʦ, ʯʪʦ ʧʦʜʩʪʘʚʣʷʷ (6), (7) ʠ (8) ʚ (5) ʤʦʞʥʦ ʧʦʣʫʯʠʪʴ ʘʥʘʣʠʪʠʯʝʩʢʦʝ ʚʳʨʘʞʝʥʠʝ ʜʣʷ ʂʇɼ 

ʉʕ, ʢʦʪʦʨʦʝ ʧʦʟʚʦʣʷʝʪ ʦʧʨʝʜʝʣʠʪʴ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʠʟ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʬʦʪʦ ɺɸʍ.  

ʂʨʦʤʝ ʪʦʛʦ, ʚʳʨʘʞʝʥʠʝ (5) ʥʝ ʷʚʣʷʝʪʩʷ ʪʨʘʥʩʮʝʥʜʝʥʪʥʳʤ ʠ ʚ ʥʝʤ ʧʘʨʘʤʝʪʨʳ ʚʳʨʘʞʝʥʳ 

ʥʘʠʙʦʣʝʝ ʥʘʛʣʷʜʥʦ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʧʦʣʫʯʝʥʥʳʤʠ ʜʨʫʛʠʤʠ ʠʟʚʝʩʪʥʳʤʠ ʤʝʪʦʜʘʤʠ ʠ ʜʨʫʛʠʤʠ ʘʚʪʦʨʘʤʠ 

ʜʣʷ ʂʇɼ ʉʕ [4].  
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ʅɽʃʀʅɽʁʅʆʉʊʔʖ ɺ ɸʅɻɸʈʄʆʅʀʏɽʉʂʆʁ ʃʆɺʋʐʂɽ ɺʀɼɸ X
4 
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ɼʠʥʘʤʠʢʘ ʦʜʥʦʢʦʤʧʦʥʝʥʪʥʦʛʦ ɹʦʟʝ ʢʦʥʜʝʥʩʘʪʘ ʚ ʧʘʨʘʙʦʣʠʯʝʩʢʦʡ ʣʦʚʫʰʢʝ ʠʤʝʝʪ ʫʧʨʦʱʝʥʥʳʡ 

ʭʘʨʘʢʪʝʨ, ʙʣʘʛʦʜʘʨʷ ʪʦʤʫ, ʯʪʦ ʢʦʣʝʙʘʥʠʷ ʰʠʨʠʥʳ ʠ ʢʦʦʨʜʠʥʘʪʳ ʮʝʥʪʨʘ ʤʘʩʩ ʢʦʥʜʝʥʩʘʪʘ ʥʝ ʟʘʚʠʩʷʪ 

ʜʨʫʛ ʦʪ ʜʨʫʛʘ [1]. ɺ ʨʘʙʦʪʝ [2] ʙʳʣ ʨʘʩʩʤʦʪʨʝʥ ʩʣʫʯʘʡ ʘʥʛʘʨʤʦʥʠʯʝʩʢʦʡ ʣʦʚʫʰʢʠ V(x) = x
2
 + m x

4
, ʩ 

ʤʘʣʳʤ ʧʘʨʘʤʝʪʨʦʤ m, ʠ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʚ ʘʥʛʘʨʤʦʥʠʯʝʩʢʦʡ ʣʦʚʫʰʢʝ ʢʦʣʝʙʘʥʠʷ ʰʠʨʠʥʳ ʠ ʢʦʦʨʜʠʥʘʪʳ 

ʮʝʥʪʨʘ ʤʘʩʩ ʢʦʥʜʝʥʩʘʪʘ ʚʟʘʠʤʥʦ ʩʚʷʟʘʥʳ. ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʠʟʫʯʝʥʘ ʜʠʥʘʤʠʢʘ ʢʦʥʜʝʥʩʘʪʘ ʩ 

ʬʦʢʫʩʠʨʫʶʱʝʡ ʥʝʣʠʥʝʡʥʦʩʪʴʶ ʚʦ ʚʥʝʰʥʝʤ ʧʦʪʝʥʮʠʘʣʝ ʚʠʜʘ V(x) = x
4
. ɼʠʥʘʤʠʢʘ ɹʦʟʝ ʢʦʥʜʝʥʩʘʪʘ 

ʦʧʠʩʳʚʘʝʪʩʷ ʫʨʘʚʥʝʥʠʷʤ ɻʨʦʩʩʘ-ʇʠʪʘʝʚʩʢʦʛʦ, 

uuguxVuiu xxt

2||)(
2

1
++-= ,  (1) 

ʛʜʝ ʥʠʞʥʠʝ ʠʥʜʝʢʩʳ t ʠ x ʦʟʥʘʯʘʶʪ ʜʠʬʬʝʨʝʥʮʠʨʦʚʘʥʠʝ ʧʦ ʚʨʝʤʝʥʠ ʠ ʢʦʦʨʜʠʥʘʪʝ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, 

V(x) = x
4
 - ʚʥʝʰʥʝʝ ʧʦʣʝ, g - ʢʦʵʬʬʠʮʠʝʥʪ ʜʚʫʭʯʘʩʪʠʯʥʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ, ʢʦʪʦʨʳʡ ʤʳ ʩʯʠʪʘʝʤ 

ʧʦʣʦʞʠʪʝʣʴʥʳʤ. ɼʣʷ ʚʦʣʥʦʚʦʡ ʬʫʥʢʮʠʠ ʢʦʥʜʝʥʩʘʪʘ u(x,t) ʠʩʧʦʣʴʟʫʝʤ ʩʣʝʜʫʶʱʠʡ ʚʠʜ: 
3 2
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