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ʉʦʚʨʝʤʝʥʥʳʝ ʧʨʦʙʣʝʤʳ ʬʠʟʠʢʠ ʠ ʪʝʭʥʦʣʦʛʠʡ. VI-ʷ ʄʝʞʜʫʥʘʨʦʜʥʘʷ ʤʦʣʦʜʝʞ-

ʥʘʷ ʥʘʫʯʥʘʷ ʰʢʦʣʘ-ʢʦʥʬʝʨʝʥʮʠʷ, 17-21 ʘʧʨʝʣʷ 2017 ʛ.: ʊʝʟʠʩʳ ʜʦʢʣʘʜʦʚ. ʏʘʩʪʴ 2. 

ʄ.: ʅʀʗʋ ʄʀʌʀ, 2017.- 360 ʩ. 

 

 

ʄʝʞʜʫʥʘʨʦʜʥʘ ̫ʤʦʣʦʜʝʞʥʘʷ ʥʘʫʯʥʘʷ ʰʢʦʣʘ-ʢʦʥʬʝʨʝʥʮʠ ̫çʉʦʚʨʝʤʝʥʥʳʝ 

ʧʨʦʙʣʝʤʳ ʬʠʟʠʢʠ ʠ ʪʝʭʥʦʣʦʛʠʡè ʚ 2017 ʛʦʜʫ ʧʦʩʚʷʱʝʥʘ 75-ʣʝʪʠʶ ʅʘʮʠʦʥʘʣʴʥʦʛʦ 

ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʦʛʦ ʷʜʝʨʥʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ çʄʀʌʀè ʠ 95-ʣʝʪʠʶ ʘʢʘʜʝʤʠʢʘ ʅ.ɻ. 

ɹʘʩʦʚʘ. ʄʝʞʜʫʥʘʨʦʜʥʳʝ ʤʦʣʦʜʝʞʥʳʝ ʥʘʫʯʥʳʝ ʰʢʦʣʳ-ʢʦʥʬʝʨʝʥʮʠʠ çʉʦʚʨʝʤʝʥ-

ʥʳʝ ʧʨʦʙʣʝʤʳ ʬʠʟʠʢʠ ʠ ʪʝʭʥʦʣʦʛʠʡè ʧʨʦʭʦʜʷʪ ʥʘ ʙʘʟʝ ʅʀʗʋ ʄʀʌʀ ʠ ʌʀɸʅ 

ʝʞʝʛʦʜʥʦ. ʎʝʣʴʶ ʥʘʫʯʥʦʡ ʰʢʦʣʳ ʷʚʣʷʝʪʩʷ ʧʨʠʚʣʝʯʝʥʠʝ ʤʦʣʦʜʳʭ ʫʯʝʥʳʭ, ʘʩʧʠ-

ʨʘʥʪʦʚ, ʩʪʫʜʝʥʪʦʚ ʠ ʰʢʦʣʴʥʠʢʦʚ ʢ ʦʙʩʫʞʜʝʥʠʶ ʘʢʪʫʘʣʴʥʳʭ ʥʘʫʯʥʳʭ ʧʨʦʙʣʝʤ 

ʩʦʚʨʝʤʝʥʥʦʡ ʬʫʥʜʘʤʝʥʪʘʣʴʥʦʡ ʠ ʧʨʠʢʣʘʜʥʦʡ ʬʠʟʠʢʠ, ʷʜʝʨʥʳʭ ʠ ʬʠʟʠʯʝʩʢʠʭ ʪʝʭ-

ʥʦʣʦʛʠʡ, ʧʦʚʳʰʝʥʠʝ ʢʚʘʣʠʬʠʢʘʮʠʠ ʙʫʜʫʱʠʭ ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ ʠ ʧʨʠʚʣʝʯʝʥʠʝ ʤʦ-

ʣʦʜʳʭ ʢʘʜʨʦʚ ʚ ʥʘʫʢʫ ʠ ʦʙʨʘʟʦʚʘʥʠʝ. ʃʝʢʪʦʨʘʤʠ ʰʢʦʣ ʧʨʠʛʣʘʰʘʶʪʩʷ ʚʝʜʫʱʠʝ ʚ 

ʤʠʨʝ ʫʯʝʥʳʝ ʧʦ ʧʝʨʝʜʦʚʳʤ ʥʘʧʨʘʚʣʝʥʠʷʤ ʬʠʟʠʢʠ, ʪʝʭʥʦʣʦʛʠʠ, ʪʝʭʥʠʢʠ ʠ ʦʙʨʘʟʦ-

ʚʘʥʠʷ. ʌʦʨʤʘʪ ʰʢʦʣʳ ʧʨʝʜʫʩʤʘʪʨʠʚʘʝʪ ʜʦʢʣʘʜʳ ʤʦʣʦʜʳʭ ʫʯʝʥʳʭ ʥʘ ʫʩʪʥʦʡ ʠ 

ʩʪʝʥʜʦʚʦʡ ʩʝʢʮʠʷʭ. 

ʉʙʦʨʥʠʢ ʪʝʟʠʩʦʚ ʜʦʢʣʘʜʦʚ VI ʄʝʞʜʫʥʘʨʦʜʥʦʡ ʤʦʣʦʜʸʞʥʦʡ ʥʘʫʯʥʦʡ ʰʢʦ-

ʣʳ ʦʙʲʝʜʠʥʠʣ ʨʘʙʦʪʳ ʰʢʦʣʴʥʠʢʦʚ, ʩʪʫʜʝʥʪʦʚ, ʘʩʧʠʨʘʥʪʦʚ ʠ ʤʦʣʦʜʳʭ ʫʯʝʥʳʭ, 

ʚʳʧʦʣʥʝʥʥʳʝ ʚ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʭ ʮʝʥʪʨʘʭ ʠ ʣʘʙʦʨʘʪʦʨʠʷʭ ʈʌ, ʩʪʨʘʥ ʉʅɻ ʠ ʟʘʨʫ-

ʙʝʞʴʷ. ɺ ʨʘʤʢʘʭ VI ʄʝʞʜʫʥʘʨʦʜʥʦʡ ʤʦʣʦʜʸʞʥʦʡ ʥʘʫʯʥʦʡ ʰʢʦʣʳ-ʢʦʥʬʝʨʝʥʮʠʠ 

ʦʨʛʘʥʠʟʦʚʘʥʳ ʪʝʤʘʪʠʯʝʩʢʠʝ ʩʝʢʮʠʠ: ʗʜʝʨʥʘʷ ʬʠʟʠʢʘ ʠ ʪʝʭʥʦʣʦʛʠʠ, ʪʝʦʨʝʪʠʯʝʩʢʘʷ 

ʬʠʟʠʢʘ ʠ ʘʩʪʨʦʬʠʟʠʢʘ, ʃʘʟʝʨʥʘʷ ʬʠʟʠʢʘ, ʬʠʟʠʢʘ ʪʚʝʨʜʦʛʦ ʪʝʣʘ, ʦʧʪʠʢʘ ʠ ʬʠʟʠʢʘ 

ʧʣʘʟʤʳ, IT ï ʪʝʭʥʦʣʦʛʠʠ, ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʝ ʩʠʩʪʝʤʳ, ʢʠʙʝʨʙʝʟʦʧʘʩʥʦʩʪʴ, ʀʥʞʝ-

ʥʝʨʥʦ-ʬʠʟʠʯʝʩʢʠʝ ʪʝʭʥʦʣʦʛʠʠ ʜʣʷ ʙʠʦʤʝʜʠʮʠʥʳ, ʕʣʝʢʪʨʦʥʠʢʘ, ʘʚʪʦʤʘʪʠʢʘ, ʩʧʠʥ-

ʪʨʦʥʠʢʘ, ʥʘʥʦʪʝʭʥʦʣʦʛʠʠ, ʘ ʪʘʢʞʝ ʜʦʢʣʘʜʳ ʥʘ ʘʥʛʣʠʡʩʢʦʤ ʷʟʳʢʝ. 
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ʆ ʄʝʞʜʫʥʘʨʦʜʥʦʡ ʤʦʣʦʜʸʞʥʦʡ ʥʘʫʯʥʦʡ ʰʢʦʣʝ-ʢʦʥʬʝʨʝʥʮʠʠ 

 

ʄʝʞʜʫʥʘʨʦʜʥʳʝ ʤʦʣʦʜʝʞʥʳʝ ʥʘʫʯʥʳʝ ʰʢʦʣʳ-ʢʦʥʬʝʨʝʥʮʠʠ çʉʦ-

ʚʨʝʤʝʥʥʳʝ ʧʨʦʙʣʝʤʳ ʬʠʟʠʢʠ ʠ ʪʝʭʥʦʣʦʛʠʡè ʧʨʦʭʦʜʷʪ ʥʘ ʙʘʟʝ ʅʀʗʋ 

ʄʀʌʀ ʠ ʌʀɸʅ ʝʞʝʛʦʜʥʦ. ʎʝʣʴ ʁʥʘʫʯʥʦʡ ʰʢʦʣʳ ʷʚʣʷʝʪʩʷ ʧʨʠʚʣʝʯʝʥʠʝ 

ʤʦʣʦʜʳʭ ʫʯʝʥʳʭ, ʘʩʧʠʨʘʥʪʦʚ, ʩʪʫʜʝʥʪʦʚ ʠ ʰʢʦʣʴʥʠʢʦʚ ʢ ʦʙʩʫʞʜʝʥʠʶ 

ʘʢʪʫʘʣʴʥʳʭ ʥʘʫʯʥʳʭ ʧʨʦʙʣʝʤ ʩʦʚʨʝʤʝʥʥʦʡ ʬʫʥʜʘʤʝʥʪʘʣʴʥʦʡ ʠ ʧʨʠʢʣʘʜ-

ʥʦʡ ʬʠʟʠʢʠ, ʷʜʝʨʥʳʭ ʠ ʬʠʟʠʯʝʩʢʠʭ ʪʝʭʥʦʣʦʛʠʡ, ʧʦʚʳʰʝʥʠʝ ʢʚʘʣʠʬʠʢʘ-

ʮʠʠ ʙʫʜʫʱʠʭ ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ ʠ ʧʨʠʚʣʝʯʝʥʠʝ ʤʦʣʦʜʳʭ ʢʘʜʨʦʚ ʚ ʥʘʫʢʫ ʠ 

ʦʙʨʘʟʦʚʘʥʠʝ. ʃʝʢʪʦʨʘʤʠ ʰʢʦʣ ʧʨʠʛʣʘʰʘʶʪʩʷ ʚʝʜʫʱʠʝ ʚ ʤʠʨʝ ʫʯʝʥʳʝ ʧʦ 

ʧʝʨʝʜʦʚʳʤ ʥʘʧʨʘʚʣʝʥʠʷʤ ʬʠʟʠʢʠ, ʪʝʭʥʦʣʦʛʠʠ, ʪʝʭʥʠʢʠ ʠ ʦʙʨʘʟʦʚʘʥʠʷ. 

ʌʦʨʤʘʪ ʰʢʦʣʳ ʧʨʝʜʫʩʤʘʪʨʠʚʘʝʪ ʜʦʢʣʘʜʳ ʤʦʣʦʜʳʭ ʫʯʝʥʳʭ ʥʘ ʫʩʪʥʦʡ ʠ 

ʩʪʝʥʜʦʚʦʡ ʩʝʢʮʠʷʭ. ʉʙʦʨʥʠʢ ʪʝʟʠʩʦʚ ʜʦʢʣʘʜʦʚ VI ʄʝʞʜʫʥʘʨʦʜʥʦʡ ʤʦʣʦ-

ʜʸʞʥʦʡ ʥʘʫʯʥʦʡ ʰʢʦʣʳ ʦʙʲʝʜʠʥʠʣ ʨʘʙʦʪʳ ʩʪʫʜʝʥʪʦʚ, ʘʩʧʠʨʘʥʪʦʚ ʠ ʤʦʣʦ-

ʜʳʭ ʫʯʝʥʳʭ, ʚʳʧʦʣʥʝʥʥʳʝ ʚ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʭ ʮʝʥʪʨʘʭ ʠ ʣʘʙʦʨʘʪʦʨʠʷʭ 

ʈʌ, ʩʪʨʘʥ ʉʅɻ ʠ ʟʘʨʫʙʝʞʴʷ. ɺ ʨʘʤʢʘʭ VI ʄʝʞʜʫʥʘʨʦʜʥʦʡ ʤʦʣʦʜʸʞʥʦʡ 

ʥʘʫʯʥʦʡ ʰʢʦʣʳ-ʢʦʥʬʝʨʝʥʮʠʠ ʦʨʛʘʥʠʟʦʚʘʥʳ ʪʝʤʘʪʠʯʝʩʢʠʝ ʩʝʢʮʠʠ: ʗʜʝʨ-

ʥʘʷ ʬʠʟʠʢʘ ʠ ʪʝʭʥʦʣʦʛʠʠ, ʪʝʦʨʝʪʠʯʝʩʢʘʷ ʬʠʟʠʢʘ ʠ ʘʩʪʨʦʬʠʟʠʢʘ, ʃʘʟʝʨʥʘʷ 

ʬʠʟʠʢʘ, ʬʠʟʠʢʘ ʪʚʝʨʜʦʛʦ ʪʝʣʘ, ʦʧʪʠʢʘ ʠ ʬʠʟʠʢʘ ʧʣʘʟʤʳ, IT ï ʪʝʭʥʦʣʦʛʠʠ, 

ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʝ ʩʠʩʪʝʤʳ, ʢʠʙʝʨʙʝʟʦʧʘʩʥʦʩʪʴ, ʀʥʞʝʥʝʨʥʦ-ʬʠʟʠʯʝʩʢʠʝ 

ʪʝʭʥʦʣʦʛʠʠ ʜʣʷ ʙʠʦʤʝʜʠʮʠʥʳ, ʕʣʝʢʪʨʦʥʠʢʘ, ʘʚʪʦʤʘʪʠʢʘ, ʩʧʠʥʪʨʦʥʠʢʘ, 

ʥʘʥʦʪʝʭʥʦʣʦʛʠʠ, ʘ ʪʘʢʞʝ ʜʦʢʣʘʜʳ ʥʘ ʘʥʛʣʠʡʩʢʦʤ ʷʟʳʢʝ. ʄʝʞʜʫʥʘʨʦʜʥʘʷ 

ʤʦʣʦʜʝʞʥʘʷ ʥʘʫʯʥʘʷ ʰʢʦʣʘ-ʢʦʥʬʝʨʝʥʮʠʷ çʉʦʚʨʝʤʝʥʥʳʝ ʧʨʦʙʣʝʤʳ ʬʠʟʠ-

ʢʠ ʠ ʪʝʭʥʦʣʦʛʠʡè ʚ 2017 ʛʦʜʫ ʧʦʩʚʷʱʝʥʘ 75-ʣʝʪʠʶ ʅʘʮʠʦʥʘʣʴʥʦʛʦ ʠʩʩʣʝ-

ʜʦʚʘʪʝʣʴʩʢʦʛʦ ʷʜʝʨʥʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ çʄʀʌʀè ʠ 95-ʣʝʪʠʶ ʘʢʘʜʝʤʠʢʘ 

ʅ.ɻ. ɹʘʩʦʚʘ. 

 

ʄʝʩʪʦ ʧʨʦʚʝʜʝʥʠʷ 

VI ʄʝʞʜʫʥʘʨʦʜʥʘʷ ʤʦʣʦʜʸʞʥʘʷ ʥʘʫʯʥʘʷ ʰʢʦʣʘ-ʢʦʥʬʝʨʝʥʮʠʷ ʧʨʦʡ-

ʜʝʪ ʩ 17 ʧʦ 21 ʘʧʨʝʣʷ 2017 ʛʦʜʘ ʚ ʄʦʩʢʚʝ ʥʘ ʙʘʟʝ ʅʘʮʠʦʥʘʣʴʥʦʛʦ ʠʩʩʣʝʜʦ-

ʚʘʪʝʣʴʩʢʦʛʦ ʷʜʝʨʥʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ ʄʀʌʀ ʠ ʌʠʟʠʯʝʩʢʦʛʦ ʠʥʩʪʠʪʫʪʘ ʠʤ. 

ʇ.ʅ. ʃʝʙʝʜʝʚʘ ʈɸʅ. 

 

ʈʘʙʦʯʠʡ ʷʟʳʢ ʰʢʦʣʳ: ʨʫʩʩʢʠʡ ʠ ʘʥʛʣʠʡʩʢʠʡ 

 

ʆʨʛʘʥʠʟʘʪʦʨʳ ʤʝʞʜʫʥʘʨʦʜʥʦʡ ʤʦʣʦʜʸʞʥʦʡ ʥʘʫʯʥʦʡ ʰʢʦʣʳ-

ʢʦʥʬʝʨʝʥʮʠʠ 

 

¶ ʅʘʮʠʦʥʘʣʴʥʳʡ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʷʜʝʨʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʄʀʌʀ 

¶ ʌʠʟʠʯʝʩʢʠʡ ʠʥʩʪʠʪʫʪ ʠʤ. ʇ.ʅ. ʃʝʙʝʜʝʚʘ ʈɸʅ 
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ʉʦʧʨʝʜʩʝʜʘʪʝʣʠ ʧʨʦʛʨʘʤʤʥʦʛʦ ʢʦʤʠʪʝʪʘ 

¶ ʉʪʨʠʭʘʥʦʚ ʄʠʭʘʠʣ ʅʠʢʦʣʘʝʚʠʯ ï ʨʝʢʪʦʨ ʅʀʗʋ ʄʀʌʀ 

¶ ʂʨʦʭʠʥ ʆʣʝʛ ʅʠʢʦʣʘʝʚʠʯ ï ʘʢʘʜʝʤʠʢ ʈɸʅ, ʥʘʫʯʥʳʡ ʨʫʢʦ-

ʚʦʜʠʪʝʣʴ ɺʳʩʰʝʡ ʰʢʦʣʳ ʬʠʟʠʢʦʚ ʠʤ. ʅ.ɻ. ɹʘʩʦʚʘ ʅʀʗʋ 

ʄʀʌʀ 

 

 

ʇʨʦʛʨʘʤʤʥʳʡ ʢʦʤʠʪʝʪ: 

¶ ʂʘʨʮʝʚ ʇ.ʌ. (ʅʀʗʋ ʄʀʌʀ) ï ʦʪʚʝʪʩʪʚʝʥʥʳʡ ʩʝʢʨʝʪʘʨʴ 

¶ ɹʘʨʙʘʰʠʥʘ ʅ.ʉ. (ʅʀʗʋ ʄʀʌʀ) 

¶ ɺʝʩʥʘ ɽ.ɹ. (ʅʀʗʋ ʄʀʌʀ) 

¶ ʂʘʙʘʰʠʥ ɸ.ɺ. (CNRS, ʌʨʘʥʮʠʷ) 

¶ ʂʘʣʠʥ ɹ.ɸ. (ʅʀʗʋ ʄʀʌʀ) 

¶ ʂʘʨʛʠʥ ʅ.ʀ. (ʅʀʗʋ ʄʀʌʀ) 

¶ ʂʘʩʫʤʦʚʘ ʈ.ɼ. (ɹɻʋ, ɸʟʝʨʙʘʡʜʞʘʥ) 

¶ ʂʦʤʦʯʢʠʥʘ ɽ.ɸ. (ʅʀʗʋ ʄʀʌʀ) 

¶ ʂʦʥʦʚ ɺ.ʀ. (ʀʆʌɸʅ) 

¶ ʂʦʪʦʚʘ ʉ.ʇ. (ʉʌ ʌʀɸʅ) 

¶ ʂʫʟʥʝʮʦʚ ɸ.ʇ. (ʅʀʗʋ ʄʀʌʀ) 

¶ ʂʫʣʴʯʠʥ ʖ.ʅ. (ɼʚʆ ʈɸʅ, ʅʀʗʋ ʄʀʌʀ) 

¶ ʂʫʨʥʘʝʚ ɺ.ɸ. (ʅʀʗʋ ʄʀʌʀ) 

¶ ʃʝʦʥʦʚʘ ʅ.ʄ. (ʅʀʗʋ ʄʀʌʀ) 

¶ ʄʠʩʶʨʠʥ ʉ.ʖ. (ʅʀʗʋ ʄʀʌʀ) 

¶ ʅʠʢʠʪʘʝʚ ɺ.ɻ. (ʅʀʗʋ ʄʀʌʀ) 

 

 

ʇʨʝʜʩʝʜʘʪʝʣʴ ʦʨʛʘʥʠʟʘʮʠʦʥʥʦʛʦ ʢʦʤʠʪʝʪʘ 

 

¶ ɿʘʚʝʩʪʦʚʩʢʘʷ ʀʨʠʥʘ ʅʠʢʦʣʘʝʚʥʘ ï ʜʠʨʝʢʪʦʨ ʀʥʞʝʥʝʨʥʦ-

ʬʠʟʠʯʝʩʢʦʛʦ ʠʥʩʪʠʪʫʪʘ ʙʠʦʤʝʜʠʮʠʥʳ ʅʀʗʋ ʄʀʌʀ 

¶ ʗʰʠʥ ʀʛʦʨʴ ʀʚʘʥʦʚʠʯ ï ʠ.ʦ. ʜʝʢʘʥʘ ɺʐʌ ʠʤ. ʅ.ɻ. ɹʘʩʦʚʘ 

ʅʀʗʋ ʄʀʌʀ 
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ʆʨʛʘʥʠʟʘʮʠʦʥʥʳʡ ʢʦʤʠʪʝʪ 

¶ ɸʥʘʥʩʢʘʷ ɸ.ɸ. (ʅʀʗʋ ʄʀʌʀ, ʌʀɸʅ) ï ʦʪʚʝʪʩʪʚʝʥʥʳʡ  

ʩʝʢʨʝʪʘʨʴ 

¶ ɸʣʝʱʝʥʢʦ ʖ.ɸ. (ʌʀɸʅ, ʅʀʗʋ ʄʀʌʀ) 

¶ ɸʣʭʠʤʦʚʘ ʄ.ɸ. (ʅʀʗʋ ʄʀʌʀ) 

¶ ɺʠʰʠʚʘʥʶʢ ɸ.ɺ. (ʅʀʗʋ ʄʀʌʀ) 

¶ ɻʨʠʛʦʨʴʝʚʘ ʄ.ʉ. (ʅʀʗʋ ʄʀʌʀ, ʌʀɸʅ) 

¶ ɽʚʩʦʚʠʯ ɸ.ɺ. (ʅʀʗʋ ʄʀʌʀ) 

¶ ʂʘʟʘʢʝʚʠʯ ɺ.ʉ. (ʉʌ ʌʀɸʅ) 

¶ ʂʘʨʧʦʚ ʅ.ɺ. (ʅʀʗʋ ʄʀʌʀ) 

¶ ʂʦʟʣʦʚʩʢʘʷ ʅ.ɸ. (ʂʫʙʘʥʩʢʠʡ ɻʋ) 

¶ ʂʦʪʦʚʘ ʅ.ɽ. (CGG, ɺʝʣʠʢʦʙʨʠʪʘʥʠʷ, ʅʀʗʋ ʄʀʌʀ) 

¶ ʄʘʣʦʚ ɸ.ʅ. (ʀɻʄʋ) 

¶ ʇʘʨʬʝʥʦʚ ɸ.ɺ. (LC&MO çʃʘʟʝʨʥʳʝ ʪʝʭʥʦʣʦʛʠʠè, ʉʐɸ) 

¶ ʈʦʜʠʦʥʦʚʘ ʆ.ɺ. (ʅʀʗʋ ʄʀʌʀ) 

¶ ʌʨʦʥʷ ɸ.ɸ. (ʅʀʗʋ ʄʀʌʀ, ʌʀɸʅ) 

¶ ʗʮʝʥʢʦ ʃ.ʇ. (ʀʌ ʅɸʅ, ʋʢʨʘʠʥʘ) 
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ȴəɒɑəɑɜəɚ-ɠɔɓɔɣɑɝɖɔɑ ɞɑɡəɚɗɚɏɔɔ ɐɗɫ ɍɔɚɘɑɐɔɢɔəɧ 

 

ʇʆʈʀʉʊʓʁ ʂʈɽʄʅʀʁ ɼʃʗ ʉʆɿɼɸʅʀʗ ʂʆʅʊɽʁʅɽʈʆɺ ɼʃʗ 

ɸɼʈɽʉʅʆʁ ɼʆʉʊɸɺʂʀ ʃɽʂɸʈʉʊɺ 

ɸʙʨʘʤʦʚʘ ɽ.ʅ., ʍʦʨʪ ɸ.ʄ., ʗʢʦʚʝʥʢʦ ɸ.ɻ., ʂʦʨʥʠʣʦʚʘ ɼ.ʉ., ʉʣʠʧ-

ʯʝʥʢʦ ɽ.ɸ., ʇʨʦʭʦʨʦʚ ɼ.ʀ.
 24 

ʀʉʉʃɽɼʆɺɸʅʀɽ ʇʈʆʎɽʉʉʆɺ ʈɸʉʊɺʆʈɽʅʀʗ ʅɸʅʆʂʈʀ-

ʉʊɸʃʃʆɺ ʂʈɽʄʅʀʗ ɺ ɺʆɼʅʓʍ ʈɸʉʊɺʆʈɸʍ ʄɽʊʆɼʆʄ 

ʉʇɽʂʊʈʆʉʂʆʇʀʀ ʂʆʄɹʀʅɸʎʀʆʅʅʆɻʆ ʈɸʉʉɽʗʅʀʗ ʉɺɽ-

ʊɸ 

ɸʣʳʢʦʚʘ ɸ.ʌ., ʊʠʤʦʰʝʥʢʦ ɺ.ʖ. 26 

ʄɽʊʆɼ ʉʇɽʂʊʈʆʉʂʆʇʀʀ ʂʆʄɹʀʅɸʎʀʆʅʅʆɻʆ ʈɸʉʉɽʗ-

ʅʀʗ ɼʃʗ ʆʎɽʅʂʀ ʉʊɸʌʀʃʆʂʆʂʂʆɺʆʁ ʀʅʌɽʂʎʀʀ ɺ 

ʅɪɹʅʓʍ ʄʀʅɼɸʃʀʅɸʍ 

ɸʩʘʜʦʚʘ ɸ.ɸ., ʊʠʤʯʝʥʢʦ ɽ.ɺ., ʊʠʤʯʝʥʢʦ ʇ.ɽ., ɿʘʨʫʙʠʥʘ ɽ.ɻ., ɹʫʨʝʥ-

ʢʦʚ ɽ.ʉ., ʀʪʷʢʩʦʚ ʖ.ɼ. 29 

ʌʆʊʆʌʀɿʀʏɽʉʂʀɽ ʉɺʆʁʉʊɺɸ ʅʆɺʆɻʆ ʀʅʌʈɸʂʈɸʉʅʆɻʆ 

ʌʆʊʆʉɽʅʉɽɹʀʃʀɿɸʊʆʈɸ ʅɸ ʆʉʅʆɺɽ ɹɸʂʊɽʈʀʆʍʃʆʈʀʅɸ 

ɸʭʣʶʩʪʠʥʘ ɽ.ɺ., ʄʝʝʨʦʚʠʯ ɻ.ɸ., ʌʠʣʦʥʝʥʢʦ ɽ.ɺ., ʃʦʱʝʥʦʚ ɺ.ɹ.
 31 

ɼɽʊɽʂʊʀʈʆɺɸʅʀɽ ʅɸʅʆʈɸɿʄɽʈʅʓʍ ɹʀʆʃʆɻʀʏɽʉʂʀʍ 

ʆɹʒɽʂʊʆɺ ʄɽʊʆɼʆʄ ʇʆɺɽʈʍʅʆʉʊʅʆɻʆ ʇʃɸɿʄʆʅʅʆɻʆ 

ʈɽɿʆʅɸʅʉɸ 

ɹʦʛʘʪʳʨʴ ɺ. ɻ., ɺʘʡʥʝʨ ʖ.ɻ. 33 

ʀʉʉʃɽɼʆɺɸʅʀɽ ʄʆʈʌʆʌʋʅʂʎʀʆʅɸʃʔʅʆɻʆ ʉʆʉʊʆʗʅʀʗ 

ʊ-ʃʀʄʌʆʎʀʊʆɺ ʄɽʊʆɼʆʄ ʂʆɻɽʈɽʅʊʅʆʁ ʌɸɿʆɺʆʁ 

ʄʀʂʈʆʉʂʆʇʀʀ 

ɹʦʣʦʪʦʚʘ ɸ.ɸ., ɿʚʝʨʞʭʦʚʩʢʠʡ ɺ.ɼ., ɺʳʰʝʥʩʢʘʷ ʊ.ɺ., ʂʨʝʪʫʰʝʚ ɸ.ɺ., 

ɽʚʜʦʢʠʤʦʚ ɸ.ɸ.
 34 

ʄɽʊʆɼʀʂʀ ʀɿʋʏɽʅʀʗ ʕʅɼʆɻɽʅʅʆʁ ʌʃʋʆʈɽʉʎɽʅʎʀʀ ɺ 

ɾʀɺʓʍ ʂʃɽʊʂɸʍ ʄɽʊʆɼʆʄ FLIM 

ɹʦʨʫʣʝʚʘ ɽ. ɸ. Kalinina S. 36 
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ɺʃʀʗʅʀɽ ɻʀʇɽʈɹɸʈʀʏɽʉʂʆʁ ʆʂʉʀɻɽʅɸʎʀʀ ʅɸ ʌʆʉ-

ʌʆʈʉʆɼɽʈɾɸʑʀɽ ʄɽʊɸɹʆʃʀʊʓ ɻʆʃʆɺʅʆɻʆ ʄʆɿɻɸ ʏɽ-

ʃʆɺɽʂɸ 

ɺʘʩʶʢʦʚʘ ʆ.ʈ., ʄʘʥʞʫʨʮʝʚ ɸ.ɺ., ʉʝʨʛʝʝʚʘ ɺ.ɺ. ʉʝʤʝʥʦʚʘ ʅ.ɸ., 

ɸʭʘʜʦʚ ʊ.ɸ. 38 

ʇʆʀʉʂ ʉɺʗɿɸʅʅʆʉʊʀ ʅɸ ʈɸɿʃʀʏʅʓʍ ʕʊɸʇɸʍ ʈɸɿɺʀʊʀʗ 

ɸɹʉɸʅʉʅʓʍ ʈɸɿʈʗɼʆɺ ʉ ʇʆʄʆʑʔʖ ʅɽʃʀʅɽʁʅʆʁ ʂʆʈ-

ʈɽʃʗʎʀʆʅʅʆʁ ʌʋʅʂʎʀʀ 

ɻʨʠʱʝʥʢʦ ɸ.ɸ., ʂʫʟʥʝʮʦʚʘ ɻ.ɼ., ʉʳʩʦʝʚ ʀ.ɺ.
 

40 

ʀʉʉʃɽɼʆɺɸʅʀɽ ʕʌʌɽʂʊʀɺʅʆʉʊʀ ʅʆɺʆɻʆ ʌʆʊʆʉɽʅʉʀ-

ɹʀʃʀɿɸʊʆʈɸ ʅɸ ʆʉʅʆɺɽ ɹʆʈʀʈʆɺɸʅʅʆɻʆ ʍʃʆʈʀʅɸ ɽ6 

ɼʃʗ ʌʆʊʆɼʀʅɸʄʀʏɽʉʂʆʁ ʊɽʈɸʇʀʀ ʆʇʋʍʆʃɽʁ 

ɼʝʤʴʷʥʦʚʠʯ ɸ.ɺ., ʂʘʧʣʘʥ ʄ.ɸ., ɹʫʨʤʠʩʪʨʦʚʘ ʅ.ɺ.
 

42 

ʀʉʇʆʃʔɿʆɺɸʅʀɽ ʄʆɼɽʃʀ ʊʈɽʍʉʃʆʁʅʆʁ ʇʃʆʉʂʆʁ 

ʉʊɽʅʂʀ ɼʃʗ ʈɸʉʏɽʊɸ ʊɽʈʄʀʏɽʉʂʆɻʆ ʉʆʇʈʆʊʀɺʃɽʅʀʗ 

ʕʃɽʄɽʅʊʆɺ ʂʆʅʉʊʈʋʂʎʀʀ ʋʉʊʈʆʁʉʊɺɸ ʊʈɸʅʉʂʈɸʅʀ-

ɸʃʔʅʆʁ ʄɸɻʅʀʊʅʆʁ ʉʊʀʄʋʃʗʎʀʀ 

ɽʬʨʝʤʦʚ ɺ.ɺ., ʂʦʨʦʣʝʚ ʄ.ʖ.
 44 

ʆʉʆɹɽʅʅʆʉʊʀ ʈɸʄɸʅʆɺʉʂʆɻʆ ʈɸʉʉɽʗʅʀʗ ʉɽʈɽɹʈʗʅʓʍ 

ʇʃɽʅʆʂ ʈɸɿʃʀʏʅʆʁ ʐɽʈʆʍʆɺɸʊʆʉʊʀ ɼʃʗ ɼɽʊɽʂʊʀʈʆ-

ɺɸʅʀʗ ɸʃʔɹʋʄʀʅɸ ʏɽʃʆɺɽʏɽʉʂʆɻʆ ʉʓɺʆʈʆʊʆʏʅʆɻʆ 

(ʇʈʀ ʉɽʇʉʀʉɽ) 

ɿʶʙʠʥ ɸ.ʖ., ʂʦʥʩʪʘʥʪʠʥʦʚʘ ɽ.ʀ., ʄʘʪʚʝʝʚʘ ʂ.ʀ., ʉʣʝʞʢʠʥ ɺ.ɸ., 

ɹʨʶʭʘʥʦʚ ɺ.ɺ. 46 

ɺʃʀʗʅʀɽ ʆɼʅʆʉʊɽʅʅʓʍ ʋɻʃɽʈʆɼʅʓʍ ʅɸʅʆʊʈʋɹʆʂ ʅɸ 

ʕʃɽʂʊʈʆʇʈʆɺʆɼʅʆʉʊʔ ɾʀɼʂʆɻʆ ʉʀʃʀʂʆʅɸ 

ʀʚʘʥʦʚʘ ɽ.ɺ. 48 

ɼʀɸɻʅʆʉʊʀʂɸ ɿɸɹʆʃɽɺɸʅʀʁ ʂʆʉʊʅʆʁ ʊʂɸʅʀ ʇʆ ɼɸʅ-

ʅʓʄ 
1
ʅ ʄʈʉ 

ʀʚʘʥʮʦʚʘ ɸ.ʉ., ʄʝʥʴʱʠʢʦʚ ʇ.ɽ., ʉʝʤʝʥʦʚʘ ʅ.ɸ., ɸʭʘʜʦʚ ʊ.ɸ. 50 

ʕʌʌɽʂʊʓ ʉʀʅɽʈɻʀɿʄɸ ʇʈʀ ʂʆʄɹʀʅʀʈʆɺɸʅʅʓʍ ɺʆɿ-

ɼɽʁʉʊɺʀʗʍ ʌʀɿʀʏɽʉʂʀʍ ʀ ʍʀʄʀʏɽʉʂʀʍ ɸɻɽʅʊʆɺ ɺ 

ʆʅʂʆʃʆɻʀʀ 

ʂʦʤʘʨʦʚʘ ʃ.ʅ., ʃʷʧʫʥʦʚʘ ɽ.ʈ., ɸʤʦʩʦʚʘ ʅ.ɺ.
 52 
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ʀɿʋʏɽʅʀɽ ʄʆɼʀʌʀʂɸʎʀʀ ʇʈʆʊʀɺʆʆʇʋʍʆʃɽɺʆɻʆ ʕʌ-

ʌɽʂʊɸ ʇʈʀ ʂʆʄɹʀʅʀʈʆɺɸʅʅʆʄ ʇʈʀʄɽʅɽʅʀʀ ʀʅɻʀɹʀ-

ʊʆʈʆɺ NOS ʉ ɻʀʇʆʂʉʀʏɽʉʂʀʄʀ ʎʀʊʆʊʆʂʉʀʂɸʅʊɸʄʀ 

ʂʦʨʥʝʝʚʘ ʊ.ʉ., ʌʠʣʠʤʦʥʦʚʘ ʄ.ɺ., ʉʘʤʩʦʥʦʚʘ ɸ.ʉ., ʏʝʩʥʘʢʦʚʘ ɽ.ɸ., 

ʄʘʢʘʨʯʫʢ ɺ.ʄ., ʂʦʤʘʨʦʚʘ ʃ.ʅ.
 54 

ʀʉʇʆʃʔɿʆɺɸʅʀɽ ʄɽʊʆɼɸ ʌʋʅʂʎʀʆʅɸʃɸ ʇʃʆʊʅʆʉʊʀ 

DFT/B3LYP ɼʃʗ ʇʆʉʊʈʆɽʅʀʗ ʄʆɼɽʃɽʁ ʄʆʅʆʄɽʈʆɺ ʄʆ-

ʅʆɻʀɼʈʆʂʉʀɸɿɸʋʈɸʎʀʃʆɺ 

ʂʦʨʦʣʴʢʦʚ ɼ.ʉ., ʕʣʴʢʠʥ ʄ.ɼ., ɸʣʳʢʦʚʘ ʆ.ʄ., ʉʤʠʨʥʦʚ ɺ.ɺ.
 56 

ʆʇʊʀʄʀɿɸʎʀʗ IN VIVO ʄɽʊʆɼɸ 
31

P ʄɸɻʅʀʊʅʆ-

ʈɽɿʆʅɸʅʉʅʆʁ ʉʇɽʂʊʈʆʉʂʆʇʀʀ 

ʄʘʥʞʫʨʮʝʚ ɸ.ɺ., ɸʭʘʜʦʚ ʊ.ɸ., ʉʝʤʝʥʦʚʘ ʅ.ɸ. 59 

ʀʄʇʋʃʔʉʅɸʗ ʇʆʉʃɽɼʆɺɸʊɽʃʔʅʆʉʊʔ MEGA-PRESS ɺ 

ʆʇʈɽɼɽʃɽʅʀʀ ʅɽʁʈʆɼɽɼʀɸʊʆʈʅʆɻʆ ʉʊɸʊʋʉɸ ʋ ʇɸʎʀ-

ɽʅʊʆɺ ʉ ʃʏʄʊ IN VIVO 

ʄʝʥʴʱʠʢʦʚ ʇ.ɽ., ɸʭʘʜʦʚ ʊ.ɸ., ʉʝʤʝʥʦʚʘ ʅ.ɸ.. 61 

ʄɸɻʅʀʊʅʓɽ ɺʀʍʈʀ ʂɸʂ ʕʌʌɽʂʊʀɺʅʓɽ ʅɸʅʆʅɸɻʈɽɺɸ-

ʊɽʃʀ ɺ ʄɸɻʅʀʊʅʆʁ ɻʀʇɽʈʊɽʈʄʀʀ 

ʅʝʩʤʝʷʥʦʚ ʄ.ʉ., ʕʧʰʪʝʡʥ ʅ.ɹ., ʋʩʦʚ ʅ.ɸ. 63 

ʀɿʄɽʈɽʅʀɽ ɹʀʆʂʀʅɽʊʀʏɽʉʂʀʍ ʇɸʈɸʄɽʊʈʆɺ I-131 ʇʈʀ 
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ɺʆɼɽ ɼʃʗ ʅɸʇʈɸɺʃɽʅʅʆɻʆ ʂɽʈɸʄʀʏɽʉʂʆɻʆ ʀʉʊʆʏʅʀ-

ʂɸ ʅɸ ʆʉʅʆɺɽ ʀʊʊɽʈɹʀʗ-169 ɼʃʗ ɺʓʉʆʂʆɼʆɿʆɺʆʁ ɹʈɸ-

ʍʀʊɽʈɸʇʀʀ 

ɸʨʪʘʤʦʥʦʚ ʉ.ɸ., ʊʳʯʢʠʥ ʀ.ʉ., ɸʥʦʭʠʥ ʖ.ʅ., ʏʘʫʰʘʥʩʢʠʡ ʉ.ɸ., ɸʢʫ-

ʣʠʥʠʯʝʚ ʉ.ɺ.
 192 

ʅʆɺʓɽ ʈɸʉʏɽʊʅʓɽ ʉʆʆʊʅʆʐɽʅʀʗ ɼʃʗ ʊɽʇʃʆʆʊɼɸʏʀ ʂ 

ʉʈɽɼɸʄ ɺ ʆɹʃɸʉʊʀ ʉɺɽʈʍʂʈʀʊʀʏɽʉʂʆɻʆ ɼɸɺʃɽʅʀʗ 

ʇʈʀ ʇʆɼʒɽʄʅʆʄ ɼɺʀɾɽʅʀʀ ɺ ɺɽʈʊʀʂɸʃʔʅʓʍ ʂɸʅɸ-

ʃɸʍ 

ɹʘʠʩʦʚ ɸ.ʄ., ɼʝʝʚ ɺ.ʀ. 193 

ɺʆɿʄʆɾʅʆʉʊʔ ʇʈʀʄɽʅɽʅʀʗ ʇʃʆʉʂʆʇɸʈɸʃɽʃʔʅʆʁ 

ʂɸʄɽʈʓ PPC40 ɼʃʗ ʂʃʀʅʀʏɽʉʂʆʁ ɼʆɿʀʄɽʊʈʀʀ ʉʈɽɼʅɽ-

ʕʅɽʈɻɽʊʀʏɽʉʂʆɻʆ ʈɽʅʊɻɽʅʆɺʉʂʆɻʆ ʀɿʃʋʏɽʅʀʗ 

ɹʘʫʣʠʥ ɸ.ɸ, ʉʫʭʠʭ ɽ.ʉ., ʉʫʭʠʭ ʃ.ɻ., ʐʝʡʥʦ ʀ.ʅ.
 196 

ʀʉʉʃɽɼʆɺɸʅʀɽ ɺʃʀʗʅʀʗ ʉʆʉʊɸɺɸ ʅʀʂɽʃɽɺʓʍ ʉʇʃɸ-

ɺʆɺ-ʇʈʀʇʆɽɺ ʅɸ ʉʊʈʋʂʊʋʈʅʆ-ʌɸɿʆɺʆɽ ʉʆʉʊʆʗʅʀɽ 

ʉʆɽɼʀʅɽʅʀʁ ʂʆʈʈʆɿʀʆʅʅʆʉʊʆʁʂʀʍ ʉʊɸʃɽʁ 

ɹʘʯʫʨʠʥʘ ɼ.ʄ., ʂʘʣʠʥ ɹ.ɸ., ʀʚʘʥʥʠʢʦʚ ɸ.ɸ., ʉʫʯʢʦʚ ɸ.ʅ., ʉʝʚʨʶʢʦʚ 

ʆ.ʅ., ʇʝʥʷʟʴ ʄ.ɸ., ʌʝʜʦʪʦʚ ʀ.ɺ. 199 

ʈɽɿʋʃʔʊɸʊʓ ʄʆɼɽʃʀʈʆɺɸʅʀʗ ʊɽʇʃʆɻʀɼʈɸɺʃʀʏɽʉʂʀʍ 

ʇʈʆʎɽʉʉʆɺ ɺ ʆʍʃɸɾɼɸɽʄʆʁ ʅɸʊʈʀɽʄ ʕʂʉʇɽʈʀʄɽʅ-

ʊɸʃʔʅʆʁ ʉɹʆʈʂɽ ɺ ʇʈʀɹʃʀɾɽʅʀʀ ɸʅʀɿʆʊʈʆʇʅʆɻʆ ʇʆ-

ʈʀʉʊʆɻʆ ʊɽʃɸ 

ɹʘʷʩʭʘʣʘʥʦʚ ʄ. ɺ., ɺʣʘʩʦʚ ʄ.ʅ., ʂʦʨʩʫʥ ɸ.ʉ., ʄʝʨʠʥʦʚ ʀ.ɻ., ʉʠʣʴʚʝ-

ʩʪʨʦʚ ɺ.ɺ. 201 

ʆʉʆɹɽʅʅʆʉʊʀ ʈɸʉʇʈɽɼɽʃɽʅʀʗ ʅɽʁʊʈʆʅʅʆɻʆ ʇʆʃʗ ɺ 

ʈɸɿʃʀʏʅʓʍ ɼʆɿʀʄɽʊʈʀʏɽʉʂʀʍ ʌɸʅʊʆʄɸʍ 

ɹʫʩʳʛʠʥ ɸ.ʉ., ɸʥʠʢʠʥ ʄ.ʅ., ʅʘʡʤʫʰʠʥ ɸ.ɻ. 203 
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ʄɸʉʉʓ ɹʆɿʆʅʆɺ ʍʀɻɻʉɸ ɺ ʅʄʉʉʄ ʉ ʉʈ-ʅɸʈʋʐɽʅʀɽʄ: 

ʇʈɽɼɽʃ ʉʄ 

ɻʦʣʝʥʝʚ ɽ.ɸ., ɻʫʨʩʢʘʷ ɸ.ɺ.
 205 

ʄɽʊʆɼʀʂɸ ʆɹʈɸɹʆʊʂʀ ʀʅʌʆʈʄɸʎʀʀ ʅɽʁʊʈʆʅʅʆɻʆ ɼɽ-

ʊɽʂʊʆʈɸ ʉʇɽʂʊʈʆʄɽʊʈɸ ʇɸʄɽʃ 

ɻʦʨʷʯʝʚʘ ɺ.ʉ., ɺʦʨʦʥʦʚ ʉ.ɸ., ʄʠʭʘʡʣʦʚ ɺ.ɺ. 207 

ʄʆɼɽʃʀʈʆɺɸʅʀɽ ʊʈɽʇʇʀʅɻ-ʕʌʌɽʂʊɸ ɺ ʕʂʉʇɽʈʀʄɽʅʊɽ 

çʊʈʆʀʎʂ ʅʖ-ʄɸʉʉè 

ɻʨʠʛʦʨʴʝʚʘ ʇ.ɺ. 209 

ʉʈɽɼʉʊɺɸ ʉʂɺʆɿʅʆɻʆ ʇʈʆɽʂʊʀʈʆɺɸʅʀʗ ʀ ɼʀʅɸʄʀʏɽ-

ʉʂʆɻʆ ʊɽʉʊʀʈʆɺɸʅʀʗ ɸʉʋʊʇ ɸʊʆʄʅʓʍ ʉʊɸʅʎʀʁ 

ɾʫʢʦʚ ʀ.ʄ., ɺʝʨʜʷʥ ɸ.ɻ., ʊʦʣʦʢʦʥʩʢʠʡ ɸ.ʆ. 211 

ɹɸʈʆʄɽʊʈʀʏɽʉʂʀʁ ʕʌʌɽʂʊ ɺ ʀʅʊɽʅʉʀɺʅʆʉʊʀ ʆʂʆʃʆ-

ɻʆʈʀɿʆʅʊɸʃʔʅʓʍ ʄʖʆʅʆɺ ʂʆʉʄʀʏɽʉʂʀʍ ʃʋʏɽʁ ʇʆ 

ɼɸʅʅʓʄ ʂʆʆʈɼʀʅɸʊʅʆ-ʊʈɽʂʆɺʆɻʆ ɼɽʊɽʂʊʆʈɸ ɼɽʂʆʈ 

ɿʘʡʮʝʚʘ ɼ.ɺ., ʂʦʢʦʫʣʠʥ ʈ.ʇ. 213 

ʀʉʇʆʃʔɿʆɺɸʅʀɽ ɹʓʉʊʈʓʍ ʈɽɸʂʊʆʈʆɺ ʉʆ ʉɺʀʅʎʆɺʓʄ 

ʊɽʇʃʆʅʆʉʀʊɽʃɽʄ ɼʃʗ ɺʓɾʀɻɸʅʀʗ ɸʄɽʈʀʎʀʗ-241 

ɿʝʚʷʢʠʥ ɸ.ʉ., ʍʦʨʘʩʘʥʦʚ ɻ.ʃ., ʉʘʤʦʭʠʥ ɼ.ʉ. 217 

ʀɿʄɽʈɽʅʀʗ ʕʅɽʈɻɽʊʀʏɽʉʂʆʁ ɿɸɺʀʉʀʄʆʉʊʀ ʇʆʃʅʓʍ 

ʉɽʏɽʅʀʁ ʗɼɽʈʅʓʍ ʈɽɸʂʎʀʁ 
8
He + Si ʠ 

11
Li + Si 

ɿʝʨʥʳʰʢʠʥ ɺ.ɸ., ʇʝʥʠʦʥʞʢʝʚʠʯ ʖ.ʕ., ʉʦʙʦʣʝʚ ʖ.ɻ. 219 

ɼʀʅɸʄʀʂɸ ʈɸɿʃɪʊɸ ɼɺʋʍʂʆʄʇʆʅɽʅʊʅʆɻʆ ʂɺɸɿʀʆɼ-

ʅʆʄɽʈʅʆɻʆ ɹʆɿɽ-ʕʁʅʐʊɽʁʅʆɺʉʂʆɻʆ ʂʆʅɼɽʅʉɸʊɸ: 

ʌɸɿʆɺɸʗ ɼʀɸɻʈɸʄʄɸ, ɸɺʊʆʄʆɼɽʃʔʅʓɽ ʈɽʐɽʅʀʗ ʀ 

ɼʀʉʇɽʈʉʀʆʅʅʓɽ ʋɼɸʈʅʓɽ ɺʆʃʅʓ 

ʀʚʘʥʦʚ ʉ. ʂ., ʂʘʤʯʘʪʥʦʚ ɸ. ʄ. 221 

ʆɹʅɸʈʋɾɽʅʀɽ ʈɽʅʊɻɽʅʆɺʉʂʆɻʆ ʀɿʃʋʏɽʅʀʗ ʇʈʀ ʉɾɸ-

ʊʀʀ ʇʔɽɿʆʕʃɽʂʊʈʀʂɸ ɺ ɺɸʂʋʋʄɽ 

ʀʚʘʱʫʢ ʆ.ʆ., ʑʘʛʠʥ ɸ.ɺ., ʂʫʙʘʥʢʠʥ ɸ.ʉ., ʅʠʢʫʣʠʥ ʀ.ʉ., ʆʣʝʡʥʠʢ 

ɸ.ʅ. 224 

ɼɽʊɽʂʊʀʈʋʖʑɸʗ ʉʀʉʊɽʄɸ çʂɸʇʈʀɿè ɼʃʗ ʈɽɻʀʉʊʈɸʎʀʀ 

ʇʈʆɼʋʂʊʆɺ ʗɼɽʈʅʓʍ ʈɽɸʂʎʀʁ 

ʀʩʘʪʘʝʚ ʊ., ʃʫʢʴʷʥʦʚ ʉ.ʄ., ʄʝʥʜʠʙʘʝʚ ʂ., ʇʝʥʠʦʥʞʢʝʚʠʯ ʖ.ʕ., 

ʉʝʨʝʜʘ ʖ.ʄ. 226 

ʈɸʉʇʆʃʆɾɽʅʀʗ ʊʆʇʃʀɺɸ ɺ ʊɺʉ ɹʓʉʊʈʆɻʆ ʈɽɸʂʊʆʈɸ 

ʂʘʨʘʞʝʣʝʚʩʢʘʷ ʖ.ɽ., ʂʦʣʝʩʦʚ ɺ.ɺ., ʂʘʟʘʥʩʢʠʡ ʖ.ɸ. 228 
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ʀʉʉʃɽɼʆɺɸʅʀɽ ʉɺɽʊʆɺʓʍʆɼʆɺ ʉʎʀʅʊʀʃʃʗʎʀʆʅʅʓʍ 

ʇʃɸʉʊʀʅ ɼʃʗ ʄʆɼʋʃɽʁ ɸɼʈʆʅʅʓʍ ʂɸʃʆʈʀʄɽʊʈʆɺ CBM 

ʀ MPD ʕʂʉʇɽʈʀʄɽʅʊʆɺ 

ʂʘʨʧʫʰʢʠʥ ʅ.ʄ. 230 

ʈʆʉʉʀʁʉʂʀɽ ʄɽʊʆɼʀʂʀ ɼɽʊɽʂʊʀʈʆɺɸʅʀʗ ʈɽɸʂʊʆʈʅʓʍ 

ɸʅʊʀʅɽʁʊʈʀʅʆ 

ʂʠʨʩʘʥʦʚʘ ʖ. ɸ., ʀʚʘʥʦʚ ɸ. ɺ. 232 

ʊɽʈʄʆʍʀʄʀʏɽʉʂɸʗ ʉʊɸɹʀʃʔʅʆʉʊʔ ʉʄɽʐɸʅʅʆɻʆ ʅʀʊ-

ʈʀɼʅʆɻʆ ʗɼɽʈʅʆɻʆ ʊʆʇʃʀɺɸ ɼʃʗ ʇɽʈʉʇɽʂʊʀɺʅʓʍ 

ʗɼɽʈʅʓʍ ʕʅɽʈɻɽʊʀʏɽʉʂʀʍ ʋʉʊɸʅʆɺʆʂ 

ʂʨʠʚʦʚ ʄ.ʇ., ʂʠʨʝʝʚ ɻ.ɸ., ʊʝʥʠʰʝʚ ɸ.ɺ., ʉʢʫʧʦʚ ʄ.ɺ., ɻʣʫʰʝʥʢʦʚ 

ɸ.ɽ.
 234 

ʉʊɸʊʋʉ ʈɸɼʀʆʀɿʆʊʆʇʅʆɻʆ ʂʆʄʇʃɽʂʉɸ ʈʀʎ-80 ʀ ʈɸɿ-

ʈɸɹʆʊʂɸ ʄʀʐɽʅʅʓʍ ʋʉʊʈʆʁʉʊɺ ɼʃʗ ʇʈʆʀɿɺʆɼʉʊɺɸ 

ʄɽɼʀʎʀʅʉʂʀʍ ʈɸɼʀʆʅʋʂʃʀɼʆɺ 

ʂʨʦʪʦʚ ʉ.ɸ., ɽʨʤʦʣʝʥʢʦ ʖ.ɽ., ɹʘʨʟʘʭ ɸ.ɽ., ɹʘʪʠʩʪ ʃ.ʂ., ʌʝʜʦʨʦʚ 

ɼ.ɺ., ʀʚʘʥʦʚ ɺ.ʉ. , ʄʦʨʦʟ ʌ.ɺ., ʄʦʣʢʘʥʦʚ ʇ.ʃ., ʆʨʣʦʚ ʉ.ʖ., ɺʦʣʢʦʚ 

ʖ.ʄ., ʇʘʥʪʝʣʝʝʚ ɺ.ʅ. 236 

ʕʂʉʇɽʈʀʄɽʅʊɸʃʔʅʆɽ ʀʉʉʃɽɼʆɺɸʅʀɽ ɿɸɺʀʉʀʄʆʉʊʀ 

ʄʀʅʀʄɸʃʔʅʆɻʆ ʅɽʉʊɸʎʀʆʅɸʈʅʆɻʆ ʂʈʀʊʀʏɽʉʂʆɻʆ 

ʊɽʇʃʆɺʆɻʆ ʇʆʊʆʂɸ ʆʊ ɼɸɺʃɽʅʀʗ ɺ ɾʀɼʂʆʄ ɸɿʆʊɽ 

ʂʫʟʴʤʝʥʢʦʚ ɼ.ʄ., ʃʠʪʚʠʥʮʦʚʘ ʖ.ɽ., ʄʘʨʯʝʥʢʦ ɸ.ʉ., ʃʘʫʘʨ ʉ., ɼʝ-

ʣʦʚ ʄ.ʀ., ʂʫʮʝʥʢʦ ʂ.ɺ., ʃʘʚʨʫʭʠʥ ɸ.ɸ 237 

ʇʈʆʎɽʉʉʓ ɺʃʀʗʖʑʀɽ ʅɸ ʌɸɿʆɺʓʁ ʉʆʉʊɸɺ ʄɸʊʈʀʎʓ 

ʇʆʃʋʏɽʅʅʆʁ ʄɽʊʆɼʆʄ ʉɺʉ 

ʂʫʟʴʤʠʥ ɺ.ʉ., ʇʦʩʦʭʦʚ ɼ.ɺ. 240 

ʀɿʄɽʈɽʅʀʗ ʕʅɽʈɻɽʊʀʏɽʉʂʆʁ ɿɸɺʀʉʀʄʆʉʊʀ ʇʆʃʅʓʍ 

ʉɽʏɽʅʀʁ ʗɼɽʈʅʓʍ ʈɽɸʂʎʀʁ 
6
He + Si ʠ 

9
Li + Si ɺ ɼʀɸʇɸ-

ɿʆʅɽ ʕʅɽʈɻʀʀ ʇʋʏʂɸ ɺ 5 - 50 ʄʵɺ/ʅʋʂʃʆʅ 

ʃʘʰʤʘʥʦʚ ʅ.ɸ., ʇʝʥʠʦʥʞʢʝʚʠʯ ʖ.ʕ., ʉʦʙʦʣʝʚ ʖ.ɻ.
 242 

ʇʆʀʉʂ ɼʆʃɻʆɾʀɺʋʑʀʍ ʊʆʇʆʃʆɻʀʏɽʉʂʀʍ ʈɽʐɽʅʀʁ 

ʇʆʃɽɺʓʍ ʅɽʃʀʅɽʁʅʓʍ ʋʈɸɺʅɽʅʀʁ 

ʃʠʟʫʥʦʚʘ ʄ.ɸ., ʂʫʜʨʷʚʮʝʚ ɸ.ɽ.
 244 

ʃʀɺʅɽɺɸʗ ʋʉʊɸʅʆɺʂɸ ʂʃɸʉʊɽʈʅʆɻʆ ʊʀʇɸ ʅɽɺʆɼ-ʐɸʃ 

ʃʠʢʠʡ ʆ.ʀ., ʐʫʣʴʞʝʥʢʦ ʀ.ɸ., ʗʰʠʥ ʀ.ʀ. 246 

ʏʀʉʃɽʅʅʆɽ ʄʆɼɽʃʀʈʆɺɸʅʀɽ ɼʀʅɸʄʀʂʀ ʕʃɽʂʊʈʆʅʆɺ 

ɺ ʄʀʂʈʆʊʈʆʅɽ 

ʃʦʟʝʝʚ ʖ.ʖ., ɹʘʰʤʘʢʦʚ ʖ.ɸ., ɼʶʙʢʦʚ ɺ.ʉ. 248 
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ʀʉʉʃɽɼʆɺɸʅʀɽ ʌʆʊʆɼɽʊɽʂʊʆʈʆɺ ɼʃʗ ʇɽʈɽɼʅʀʍ ɸɼ-

ʈʆʅʅʓʍ ʂɸʃʆʈʀʄɽʊʈʆɺ CBM ʀ MPD ʕʂʉʇɽʈʀʄɽʅʊʆɺ 

ʃʫʢʴʷʥʦʚ ʂ.ɸ. 250 

ʂɺɸʅʊʆɺʓʁ ɼɺʆʁʅʆʁ ʕʃɽʂʊʈʀʏɽʉʂʀʁ ʉʃʆʁ 

ʃʶʪʦʚʘ ʄ.ʕ., ʅʝʢʨʘʩʦʚ ʉ.ɸ.
 252 

ʄʆɼɽʃʀʈʆɺɸʅʀɽ ʌʀɿʀʏɽʉʂʀʍ ʇʈʆʎɽʉʉʆɺ ʄɽʊʆɼʆʄ 

ʄʆʅʊɽ-ʂɸʈʃʆ 

ʄʘʤʝʜʦʚ ɿʘʫʨ ʀʣʴʛʘʤ ʦʛʣʳ
 254 

ʉʋʇɽʈʉʀʄʄɽʊʈʀʏʅʓɽ ʊɽʆʈʀʀ ʉ ʅɸʈʋʐɽʅʅʆʁ ʃʆʈɽʅʎ-

ʀʅɺɸʈʀɸʅʊʅʆʉʊʔʖ 

ʄʘʨʘʢʫʣʠʥ ɸ.ʆ.
 256 

ɼʀɸɻʅʆʉʊʀʂɸ ʇɽʈɽʍʆɼʅʓʍ ʇʈʆʎɽʉʉʆɺ ʊɽʇʃʆʆɹʄɽʅɸ 

ɺ ɾʀɼʂʆʄ ɸɿʆʊɽ ʉ ʇʆʄʆʑʔʖ ɸʅɸʃʀɿɸ ʌʃʋʂʊʋɸʎʀʁ 
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ʇʆʈʀʉʊʓʁ ʂʈɽʄʅʀʁ ɼʃʗ ʉʆɿɼɸʅʀʗ  

ʂʆʅʊɽʁʅɽʈʆɺ ɼʃʗ ɸɼʈɽʉʅʆʁ ɼʆʉʊɸɺʂʀ ʃɽʂɸʈʉʊɺ 

 

ɸʙʨʘʤʦʚʘ ɽ.ʅ., ʍʦʨʪ ɸ.ʄ., ʗʢʦʚʝʥʢʦ ɸ.ɻ., ʂʦʨʥʠʣʦʚʘ ɼ.ʉ., 

ʉʣʠʧʯʝʥʢʦ ɽ.ɸ., ʇʨʦʭʦʨʦʚ ɼ.ʀ. 
 

ʄʦʩʢʦʚʩʢʠʡ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ. ʀʥʩʪʠʪʫʪ ʪʦʥʢʠʭ ʭʠʤʠ-

ʯʝʩʢʠʭ ʪʝʭʥʦʣʦʛʠʡ, ʄʦʩʢʚʘ 

8(916) 043-71-91, overmind11@rambler.ru 

 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʘʜʨʝʩʥʘʷ ʜʦʩʪʘʚʢʘ ʣʝʢʘʨʩʪʚʝʥʥʳʭ ʩʨʝʜʩʪʚ ʢ 

ʧʘʪʦʣʦʛʠʯʝʩʢʠʤ ʟʦʥʘʤ ʦʨʛʘʥʠʟʤʘ ʯʝʣʦʚʝʢʘ ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ 

ʥʘʠʙʦʣʝʝ ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʥʘʧʨʘʚʣʝʥʠʡ ʠʩʩʣʝʜʦʚʘʥʠʡ ʚ ʦʙʣʘʩʪʠ ʤʝ-

ʜʠʮʠʥʳ. ʈʘʟʨʘʙʦʪʢʘ ʙʝʟʦʧʘʩʥʳʭ ʢʦʥʪʝʡʥʝʨʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʜʣʷ ʘʜ-

ʨʝʩʥʦʡ ʜʦʩʪʘʚʢʠ ʣʝʢʘʨʩʪʚ ʚ ʦʨʛʘʥʠʟʤ ʯʝʣʦʚʝʢʘ ʷʚʣʷʝʪʩʷ ʦʜʥʦʡ ʠʟ 

ʚʘʞʥʝʡʰʠʭ ʟʘʜʘʯ ʩʧʝʮʠʘʣʠʩʪʦʚ ʨʘʟʥʳʭ ʥʘʫʯʥʳʭ ʥʘʧʨʘʚʣʝʥʠʡ 

(ʙʠʦʣʦʛʦʚ, ʤʘʪʝʨʠʘʣʦʚʝʜʦʚ, ʤʝʜʠʢʦʚ). ʇʦʨʠʩʪʳʡ ʢʨʝʤʥʠʡ (por-Si) 

ʫʜʦʚʣʝʪʚʦʨʷʝʪ ʙʦʣʴʰʠʥʩʪʚʫ ʪʨʝʙʦʚʘʥʠʡ, ʧʨʝʜʲʷʚʣʷʝʤʳʭ ʢ ʤʘʪʝʨʠ-

ʘʣʘʤ ʧʦʜʦʙʥʦʛʦ ʧʨʝʜʥʘʟʥʘʯʝʥʠʷ (ʙʠʦʩʦʚʤʝʩʪʠʤʦʩʪʴ, ʙʠʦʜʦʩʪʫʧ-

ʥʦʩʪʴ, ʩʧʦʩʦʙʥʦʩʪʴ ʢ ʙʠʦʜʝʛʨʘʜʘʮʠʠ, ʥʝʪʦʢʩʠʯʥʦʩʪʴ). 

ʇʨʠ ʠʟʛʦʪʦʚʣʝʥʠʠ ʢʦʥʪʝʡʥʝʨʦʚ ʠʟ por-Si ʥʝʦʙʭʦʜʠʤʦ ʧʦʜʙʠʨʘʪʴ 

ʧʘʨʘʤʝʪʨʳ ʤʘʪʝʨʠʘʣʘ (ʨʘʜʠʘʣʴʥʳʝ ʠ ʦʩʝʚʳʝ ʨʘʟʤʝʨʳ ʧʦʨ, ʪʦʣʱʠʥʘ 

ʩʪʝʥʦʢ ʤʝʞʜʫ ʧʦʨʘʤʠ, ʨʘʟʤʝʨ ʥʘʥʦʯʘʩʪʠʮ) ʜʣʷ ʣʝʢʘʨʩʪʚʝʥʥʳʭ 

ʩʨʝʜʩʪʚ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʨʘʟʤʝʨʦʚ ʠʭ ʤʦʣʝʢʫʣ ʠ ʘʜʩʦʨʙʮʠʦʥʥʳʭ 

ʩʚʦʡʩʪʚ ʣʝʢʘʨʩʪʚ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʘʢʪʫʘʣʴʥʘʷ ʟʘʜʘʯʘ ï  ʫʩʪʘʥʦʚʣʝʥʠʝ 

ʚʟʘʠʤʦʩʚʷʟʝʡ ʤʝʞʜʫ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʠʩʭʦʜʥʦʛʦ ʢʨʝʤʥʠʷ (ʢʨʠ-

ʩʪʘʣʣʦʛʨʘʬʠʯʝʩʢʘʷ ʦʨʠʝʥʪʘʮʠʷ, ʪʠʧ ʠ ʢʦʥʮʝʥʪʨʘʮʠʷ ʧʨʠʤʝʩʝʡ, ʜʝ-

ʬʝʢʪʥʦʩʪʴ ʩʪʨʫʢʪʫʨʳ ʠ ʪ.ʜ.) ʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ ʧʨʦ-

ʮʝʩʩʘ ʧʦʣʫʯʝʥʠʷ por-Si (ʧʣʦʪʥʦʩʪʴ ʪʦʢʘ, ʚʨʝʤʷ, ʪʝʤʧʝʨʘʪʫʨʘ ʪʨʘʚ-

ʣʝʥʠʷ ʠ ʪ.ʜ.) ʩ ʦʜʥʦʡ ʩʪʦʨʦʥʳ ʠ ʧʘʨʘʤʝʪʨʘʤʠ ʛʦʪʦʚʦʛʦ ʤʘʪʝʨʠʘʣʘ ʩ 

ʜʨʫʛʦʡ. 

ʀʟʫʯʝʥʘ ʚʟʘʠʤʦʩʚʷʟʴ ʤʝʞʜʫ ʫʩʣʦʚʠʷʤʠ ʧʦʣʫʯʝʥʠʷ por-Si ʠ ʝʛʦ 

ʧʘʨʘʤʝʪʨʘʤʠ (ʨʘʜʠʘʣʴʥʳʝ ʠ ʦʩʝʚʳʝ ʨʘʟʤʝʨʳ ʧʦʨ, ʪʦʣʱʠʥʘ ʩʪʝʥʦʢ 

ʤʝʞʜʫ ʧʦʨʘʤʠ, ʨʘʟʤʝʨ ʥʘʥʦʯʘʩʪʠʮ) ʥʘ ʦʙʨʘʟʮʘʭ n- ʠ ʨ-ʪʠʧʘ ʧʨʦʚʦ-

ʜʠʤʦʩʪʠ. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʨʘʜʠʘʣʴʥʳʝ ʨʘʟʤʝʨʳ ʧʦʨ ʥʘ n-ʪʠʧʝ 

ʢʨʝʤʥʠʷ ʚʘʨʴʠʨʫʶʪʩʷ ʦʪ ʥʝʩʢʦʣʴʢʠʭ ʥʘʥʦʤʝʪʨʦʚ ʜʦ ʤʠʢʨʦʤʝʪʨʦʚ ʚ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʫʩʣʦʚʠʡ ʧʦʣʫʯʝʥʠʷ por-Si (ʢʦʥʮʝʥʪʨʘʮʠʷ ʧʨʠʤʝʩʠ, 
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ʧʣʦʪʥʦʩʪʴ ʪʦʢʘ ʪʨʘʚʣʝʥʠʷ, ʩʦʩʪʘʚ ʪʨʘʚʠʪʝʣʷ, ʚʨʝʤʷ ʧʨʦʮʝʩʩʘ ʘʥʦ-

ʜʠʨʦʚʘʥʠʷ). ʇʨʠ ʵʪʦʤ ʪʦʣʱʠʥʘ ʩʣʦʸʚ por-Si ʥʘ n-ʪʠʧʝ ʢʨʝʤʥʠʷ ʤʦ-

ʞʝʪ ʜʦʩʪʠʛʘʪʴ 180 ʤʠʢʨʦʤʝʪʨʦʚ ʟʘ ʚʨʝʤʷ ʪʨʘʚʣʝʥʠʷ 30 ʤʠʥʫʪ. ʈʘ-

ʜʠʘʣʴʥʳʝ ʨʘʟʤʝʨʳ ʧʦʨ ʥʘ ʨ- ʢʨʝʤʥʠʠ ʧʨʠ ʘʥʘʣʦʛʠʯʥʳʭ ʫʩʣʦʚʠʷʭ 

ʧʨʦʮʝʩʩʘ ʪʨʘʚʣʝʥʠʷ ʩʦʩʪʘʚʣʷʶʪ ʜʝʩʷʪʢʠ ʥʘʥʦʤʝʪʨʦʚ, ʪʦʣʱʠʥʘ ʩʣʦ-

ʸʚ por-Si ʥʘ ʨ-ʪʠʧʝ ʥʝ ʧʨʝʚʳʰʘʝʪ 70 ʤʠʢʨʦʤʝʪʨʦʚ ʟʘ ʪʦ ʞʝ ʚʨʝʤʷ 

ʪʨʘʚʣʝʥʠʷ. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʩʣʦʠ, ʧʦʣʫʯʘʝʤʳʝ ʥʘ n-ʪʠʧʝ ʧʣʘʩʪʠʥ 

ʢʨʝʤʥʠʷ, ʦʙʣʘʜʘʶʪ ʛʦʨʘʟʜʦ ʙʦʣʴʰʝʡ ʤʝʭʘʥʠʯʝʩʢʦʡ ʧʨʦʯʥʦʩʪʴʶ ʧʦ 

ʩʨʘʚʥʝʥʠʶ ʩʦ ʩʣʦʷʤʠ ʥʘ ʨ-ʪʠʧʝ.  

ʅʘ ʦʩʥʦʚʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʜʘʥʥʳʭ ʧʦʩʪʨʦʝʥʘ ʤʦʜʝʣʴ ʭʠʤʠ-

ʯʝʩʢʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʢʨʝʤʥʠʷ ʩ ʠʦʥʦʤ-ʪʨʘʚʠʪʝʣʝʤ (HF2)
-
, ʢʦʪʦ-

ʨʘʷ ʩʫʱʝʩʪʚʝʥʥʦ ʦʙʣʝʛʯʘʝʪ ʚʳʙʦʨ ʧʘʨʘʤʝʪʨʦʚ ʠʩʭʦʜʥʦʛʦ ʢʨʝʤʥʠʷ ʠ 

ʫʩʣʦʚʠʡ ʧʦʣʫʯʝʥʠʷ por-Si ʩ ʟʘʨʘʥʝʝ ʟʘʜʘʥʥʳʤʠ ʨʘʟʤʝʨʥʳʤʠ ʧʘʨʘ-

ʤʝʪʨʘʤʠ. 

ʇʨʝʜʣʦʞʝʥʳ ʧʘʨʘʤʝʪʨʳ por-Si ʜʣʷ ʠʟʛʦʪʦʚʣʝʥʠʷ ʢʦʥʪʝʡʥʝʨʦʚ 

ʜʣʷ ʣʝʢʘʨʩʪʚ ʥʝʚʨʦʣʦʛʠʯʝʩʢʦʛʦ ʜʝʡʩʪʚʠʷ ʪʠʧʘ ʢʘʨʙʘʤʘʟʝʧʠʥʘ. 

ʈʝʟʫʣʴʪʘʪʳ ʧʦʣʫʯʝʥʳ ʚ ʨʘʤʢʘʭ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʟʘʜʘʥʠʷ ʄʠ-

ʥʠʩʪʝʨʩʪʚʘ ʆʙʨʘʟʦʚʘʥʠʷ ʠ ʅʘʫʢʠ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ ʠ  ɻʨʘʥʪʘ 

ʇʨʝʟʠʜʝʥʪʘ ʈʌ ʧʦ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʡ ʧʦʜʜʝʨʞʢʝ ʚʝʜʫʱʠʭ ʥʘʫʯʥʳʭ 

ʰʢʦʣ ʈʌ (ʅʐ-7946.2016.11.) 
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ʀʉʉʃɽɼʆɺɸʅʀɽ ʇʈʆʎɽʉʉʆɺ ʈɸʉʊɺʆʈɽʅʀʗ  

ʅɸʅʆʂʈʀʉʊɸʃʃʆɺ ʂʈɽʄʅʀʗ ɺ ɺʆɼʅʓʍ ʈɸʉʊɺʆʈɸʍ 

ʄɽʊʆɼʆʄ ʉʇɽʂʊʈʆʉʂʆʇʀʀ ʂʆʄɹʀʅɸʎʀʆʅʅʆɻʆ 

ʈɸʉʉɽʗʅʀʗ ʉɺɽʊɸ 

 

ɸ.ʌ. ɸʣʳʢʦʚʘ
 1
, ɺ.ʖ.

 
ʊʠʤʦʰʝʥʢʦ

1,2 
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ʅʀʗʋ ʄʀʌʀ,  ʂʘʰʠʨʩʢʦʝ ʰ. 31, 115409 ʄʦʩʢʚʘ, ʈʦʩʩʠʷ 

1
ʄɻʋ ʠʤ. ʄ.ɺ.ʃʦʤʦʥʦʩʦʚʘ, ʃʝʥʠʥʩʢʠʝ ɻʦʨʳ 1, ʩʪʨ.2 ,119992 ʄʦʩʢʚʘ, 

ʈʦʩʩʠʷ 

e-mail: waiste15@bk.ru 

 

ʂʨʝʤʥʠʝʚʳʝ ʥʘʥʦʯʘʩʪʠʮʳ (ʅʏ), ʚ ʪʦʤ ʯʠʩʣʝ ʥʘʥʦʢʨʠʩʪʘʣʣʳ 

ʢʨʝʤʥʠʷ, ʰʠʨʦʢʦ ʠʩʩʣʝʜʫʶʪʩʷ ʜʣʷ ʧʨʠʤʝʥʝʥʠʡ ʚ ʙʠʦʤʝʜʠʮʠʥʝ, ʚ 

ʯʘʩʪʥʦʩʪʠ, ʚ ʢʘʯʝʩʪʚʝ ʘʢʪʠʚʥʳʭ ʵʣʝʤʝʥʪʦʚ ʙʠʦʩʝʥʩʦʨʦʚ ʠ ʚ ʦʩʥʦʚʘʭ 

ʥʦʚʳʭ ʧʨʝʧʘʨʘʪʦʚ ʜʣʷ ʪʝʨʘʥʦʩʪʠʢʠ (ʦʜʥʦʚʨʝʤʝʥʥʦʡ ʜʠʘʛʥʦʩʪʠʢʠ ʠ 

ʪʝʨʘʧʠʠ) ʦʥʢʦʣʦʛʠʯʝʩʢʠʭ ʠ ʜʨʫʛʠʭ ʩʦʮʠʘʣʴʥʦ-ʟʥʘʯʠʤʳʭ ʟʘʙʦʣʝʚʘ-

ʥʠʡ. ɼʠʘʛʥʦʩʪʠʢʫ ʥʘʢʦʧʣʝʥʠʷ ʠ ʚʳʚʝʜʝʥʠʷ ʅʏ ʚ ʠʩʩʣʝʜʫʝʤʳʭ ʦʙʲ-

ʝʢʪʘʭ ʤʦʞʥʦ ʦʩʫʱʝʩʪʚʣʷʪʴ ʧʨʠ ʧʦʤʦʱʠ ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʢʦʤʙʠʥʘ-

ʮʠʦʥʥʦʛʦ (ʨʘʤʘʥʦʚʩʢʦʛʦ) ʨʘʩʩʝʷʥʠʷ ʩʚʝʪʘ. ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʧʨʠʚʦ-

ʜʠʪʩʷ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʨʘʩʪʚʦʨʝʥʠʷ ʧʦʨʠʩʪʦʛʦ 

ʢʨʝʤʥʠʷ ʠ ʢʨʝʤʥʠʝʚʳʭ ʥʘʥʦʥʠʪʝʡ ʚ ʚʦʜʥʳʭ ʩʨʝʜʘʭ. 

ʀʟʚʝʩʪʥʦ, ʯʪʦ ʧʦʨʠʩʪʳʡ ʢʨʝʤʥʠʡ (ʇʂ) [2], ʢʨʝʤʥʠʝʚʳʝ ʥʘʥʦʥʠ-

ʪʠ (ʂʅʅ) [5], ʠ ʧʦʣʫʯʘʝʤʳʝ ʠʟ ʥʠʭ ʅʏ [4], ʘ ʪʘʢʞʝ ʣʘʟʝʨʥʦ-

ʘʙʣʠʨʦʚʘʥʥʳʝ ʅʏ Si [1,3] ʠ ʅʏ SiC [6] ʠʤʝʶʪ ʙʦʣʴʰʦʡ ʧʦʪʝʥʮʠʘʣ 

ʜʣʷ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚ ʪʝʨʘʥʦʩʪʠʢʝ [1,2,5], ʘ ʪʘʢʞʝ, ʚ ʢʘʯʝʩʪʚʝ ʢʦʥ-

ʪʨʘʩʪʥʳʭ ʘʛʝʥʪʦʚ ʜʣʷ ʦʧʪʠʯʝʩʢʦʡ ʙʠʦʚʠʟʫʘʣʠʟʘʮʠʠ [3,4,6]. ɹʳʣʘ 

ʦʙʥʘʨʫʞʝʥʘ ʬʦʪʦʣʶʤʠʥʝʩʮʝʥʮʠʷ (ʌʃ) ʣʘʟʝʨʥʦ-ʘʙʣʠʨʦʚʘʥʥʳʭ ʅʏ 

Si, ʢʦʪʦʨʘʷ ʦʙʲʷʩʥʷʝʪʩʷ ʠʟʣʫʯʘʪʝʣʴʥʦʡ ʨʝʢʦʤʙʠʥʘʮʠʝʡ ʵʢʩʠʪʦʥʦʚ, 

ʬʦʪʦʚʦʟʙʫʞʜʝʥʥʳʭ ʚ ʥʘʥʦʢʨʠʩʪʘʣʣʘʭ ʢʨʝʤʥʠʷ ʩ ʨʘʟʤʝʨʘʤʠ 3-5 ʥʤ. 

ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʪʘʢʠʝ ʅʏ ʤʦʛʫʪ ʵʬʬʝʢʪʠʚʥʦ ʥʘʢʘʧʣʠʚʘʪʴʩʷ ʨʘʢʦ-

ʚʳʭ ʢʣʝʪʢʘʭ ʠ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʜʣʷ ʠʭ ʣʶʤʠʥʝʩ-

ʮʝʥʪʥʦʡ ʜʠʘʛʥʦʩʪʠʢʠ [3]. ʅʝʜʘʚʥʦ ʙʳʣʘ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʥʘ ʜʠʘ-

ʛʥʦʩʪʠʢʘ ʥʘʢʦʧʣʝʥʠʷ ʠ ʚʳʚʝʜʝʥʠʷ ʅʏ ʢʨʝʤʥʠʷ ʚ ʨʘʢʦʚʳʭ ʢʣʝʪʢʘʭ, 

ʢʦʪʦʨʳʝ ʤʦʞʥʦ ʨʘʩʩʤʦʪʨʝʪʴ ʧʨʠ ʧʦʤʦʱʠ ʤʠʢʨʦʨʘʤʘʥʦʚʩʢʦʡ ʩʧʝʢ-

ʪʨʦʩʢʦʧʠʠ [4].  

ɺ ʨʘʙʦʪʝ ʠʩʩʣʝʜʦʚʘʣʠʩʴ ʨʘʩʪʚʦʨʝʥʠʷ ʅʏ ʧʦʨʠʩʪʦʛʦ ʢʨʝʤʥʠʷ ʠ 

ʂʅʅ ʚ ʜʠʩʪʠʣʣʠʨʦʚʘʥʥʦʡ ʚʦʜʝ ʠ ʚ ʬʠʟʠʦʣʦʛʠʯʝʩʢʦʤ ʨʘʩʪʚʦʨʝ 
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(0.9% NaCl) ʚ ʪʝʯʝʥʠʝ 2 ʥʝʜʝʣʴ. ʀʩʧʦʣʴʟʦʚʘʣʘʩʴ ʫʩʪʘʥʦʚʢʘ ʧʦ ʨʝʛʠ-

ʩʪʨʘʮʠʠ ʢʦʤʙʠʥʘʮʠʦʥʥʦ ʨʘʩʩʝʷʥʥʦʛʦ ʩʚʝʪʘ (ʂʈʉ) ʥʘ ʙʘʟʝ ʤʦʥʦʭʨʦ-

ʤʘʪʦʨʘ ɼʌʉ-52 ʧʨʠ ʚʦʟʙʫʞʜʝʥʠʠ ʩʚʝʪʦʤ ʘʨʛʦʥʦʚʦʛʦ (514 ʥʤ) ʠʣʠ 

ʛʝʣʠʡ-ʥʝʦʥʦʚʦʛʦ (633 ʥʤ) ʣʘʟʝʨʦʚ. ʀʥʪʝʥʩʠʚʥʦʩʪʴ ʣʘʟʝʨʥʦʛʦ ʚʦʟ-

ʙʫʞʜʝʥʠʷ ʦʩʣʘʙʣʷʣʘʩʴ ʜʦ ʫʨʦʚʥʷ, ʥʝ ʧʨʠʚʦʜʷʱʝʛʦ ʢ ʟʘʤʝʪʥʳʤ ʪʝʧ-

ʣʦʚʳʤ ʠʟʤʝʥʝʥʠʷʤ ʣʠʥʠʠ ʂʈʉ. ʋʤʝʥʴʰʝʥʠʝ ʨʘʟʤʝʨʦʚ ʢʨʝʤʥʠʝʚʳʭ 

ʥʘʥʦʢʨʠʩʪʘʣʣʦʚ ʚ ʠʩʩʣʝʜʫʝʤʳʭ ʦʙʨʘʟʮʘʭ ʨʝʛʠʩʪʨʠʨʦʚʘʣʦʩʴ ʧʦ ʠʟ-

ʤʝʥʝʥʠʶ ʧʦʣʦʞʝʥʠʷ ʣʠʥʠʠ ʂʈʉ, ʯʪʦ ʩʚʷʟʳʚʘʣʦʩʴ ʩ ʫʩʠʣʝʥʠʝʤ ʵʬ-

ʬʝʢʪʘ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʛʦ ʦʛʨʘʥʠʯʝʥʠʷ (ʢʦʥʬʘʡʤʝʥʪʘ) ʬʦʥʦʥʦʚ ʚ 

ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʨʝʰʝʪʢʝ ʢʨʝʤʥʠʷ.  

ʇʨʠ ʠʩʩʣʝʜʦʚʘʥʠʠ ʂʅʅ ʙʳʣʦ ʦʙʥʘʨʫʞʝʥʦ, ʯʪʦ ʦʥʠ ʫʩʪʦʡʯʠʚʳ ʢ 

ʨʘʩʪʚʦʨʝʥʠʶ, ʢʘʢ ʚ ʚʦʜʝ, ʪʘʢ ʠ ʚ ʬʠʟʨʘʩʪʚʦʨʝ, ʚ ʪʝʯʝʥʠʝ, ʢʘʢ ʤʠʥʠ-

ʤʫʤ, 2 ʥʝʜʝʣʴ, ʯʪʦ ʦʙʲʷʩʥʷʝʪʩʷ ʜʦʩʪʘʪʦʯʥʦ ʙʦʣʴʰʠʤʠ ʥʘʯʘʣʴʥʳʤʠ 

ʨʘʟʤʝʨʘʤʠ ʂʅʅ, ʧʨʝʚʳʰʘʶʱʠʝ 100 ʥʤ. ɺ ʧʨʦʚʝʜʝʥʥʦʡ ʩʝʨʠʠ ʵʢʩ-

ʧʝʨʠʤʝʥʪʦʚ ʩ ʤʝʟʦʧʦʨʠʩʪʳʤ ʇʂ, ʥʘʙʣʶʜʘʣʩʷ ʩʜʚʠʛ ʧʦʣʦʩʳ ʂʈʉ ʥʘ 

1-5 ʩʤ
-1
 ʧʨʠ ʥʘʭʦʞʜʝʥʠʠ ʦʙʨʘʟʮʦʚ ʚ ʚʦʜʝ ʚ ʪʝʯʝʥʠʝ ʧʝʨʠʦʜʘ ʚʨʝʤʝ-

ʥʠ ʦʪ 1 ʜʦ 24 ʯ, ʯʪʦ ʦʙʲʷʩʥʷʝʪʩʷ ʫʤʝʥʴʰʝʥʠʝʤ ʨʘʟʤʝʨʦʚ ʥʘʥʦʢʨʠ-

ʩʪʘʣʣʦʚ ʢʨʝʤʥʠʷ ʩ 8-10 ʜʦ 3-4 ʥʤ ʚ ʧʨʦʮʝʩʩʝ ʠʭ ʨʘʩʪʚʦʨʝʥʠʷ. ʇʦʣʫ-

ʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʦ ʚʦʟʤʦʞʥʦʩʪʠ ʢʦʥʪʨʦʣʠʨʫʝ-

ʤʦʛʦ ʠʟʤʝʥʝʥʠʷ ʨʘʟʤʝʨʦʚ ʅʏ ʢʨʝʤʥʠʷ ʚ ʚʦʜʥʳʭ ʩʠʩʪʝʤʘʭ, ʯʪʦ ʧʦʟ-

ʚʦʣʷʝʪ ʪʦʯʥʝʝ ʦʧʨʝʜʝʣʠʪʴ ʦʙʣʘʩʪʴ ʠʭ ʙʠʦʤʝʜʠʮʠʥʩʢʠʭ ʧʨʠʤʝʥʝʥʠʡ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʤʝʟʦʧʦʨʠʩʪʳʡ ʢʨʝʤʥʠʡ, ʢʨʝʤʥʠʝʚʳʝ ʥʘʥʦʥʠ-

ʪʠ, ʩʧʝʢʪʨʦʩʢʦʧʠʷ ʢʦʤʙʠʥʘʮʠʦʥʥʦʛʦ ʨʘʤʘʥʦʚʩʢʦʛʦ ʨʘʩʩʝʷʥʠʷ ʩʚʝʪʘ 

(ʂʈʉ). 
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ʄɽʊʆɼ ʉʇɽʂʊʈʆʉʂʆʇʀʀ ʂʆʄɹʀʅɸʎʀʆʅʅʆɻʆ  

ʈɸʉʉɽʗʅʀʗ ɼʃʗ ʆʎɽʅʂʀ ʉʊɸʌʀʃʆʂʆʂʂʆɺʆʁ  

ʀʅʌɽʂʎʀʀ ɺ ʅɪɹʅʓʍ ʄʀʅɼɸʃʀʅɸʍ 
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1 ʉʘʤʘʨʩʢʠʡ ʥʘʮʠʦʥʘʣʴʥʳʡ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤʝʥʠ ʘʢʘ-

ʜʝʤʠʢʘ ʉ. ʇ. ʂʦʨʦʣʸʚʘ (ʉʘʤʘʨʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ), ʉʘʤʘʨʘ 
2 ʄʝʜʠʮʠʥʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ çʈʝʘʚʠʟè, ʉʘʤʘʨʘ 

355709638@mail.ru 

 

ɺ ʉʘʤʘʨʩʢʦʡ ʦʙʣʘʩʪʠ ʧʦ ʜʘʥʥʳʤ ʤʝʜʠʮʠʥʩʢʠʭ ʩʪʘʪʠʩʪʠʯʝʩʢʠʭ 

ʦʨʛʘʥʠʟʘʮʠʡ 65% ʚʩʝʭ ʟʘʙʦʣʝʚʘʥʠʡ ʧʨʠʭʦʜʠʪʩʷ ʥʘ ʃʆʈ ʟʘʙʦʣʝʚʘ-

ʥʠʷ, ʢʘʢ ʧʨʘʚʠʣʦ, ʙʦʣʴʰʘʷ ʯʘʩʪʴ ʠʟ ʥʠʭ ʩʚʷʟʘʥʳ ʩ ʍʊ (ʭʨʦʥʠʯʝʩʢʠʤ 

ʪʦʥʟʠʣʣʠʪʦʤ). ʀʩʪʦʯʥʠʢʘʤʠ ʠʥʬʝʢʮʠʠ ʷʚʣʷʶʪʩʷ ʙʦʣʴʥʳʝ, ʘ ʚ ʥʝʢʦ-

ʪʦʨʳʭ ʩʣʫʯʘʷʭ ï ʥʦʩʠʪʝʣʠ ʙʦʣʝʟʥʠ, ʫ ʢʦʪʦʨʳʭ ʥʝʪ ʷʚʥʳʭ ʩʠʤʧʪʦ-

ʤʦʚ. ʍʨʦʥʠʯʝʩʢʠʡ ʪʦʥʟʠʣʣʠʪ ʷʚʣʷʝʪʩʷ ʩʣʝʜʩʪʚʠʝ ʥʝʦʜʥʦʢʨʘʪʥʦʛʦ 

ʟʘʙʦʣʝʚʘʥʠʷ ʘʥʛʠʥʦʡ, ʥʝʜʦʩʪʘʪʦʯʥʦʛʦ ʣʝʯʝʥʠʷ. ʋʯʠʪʳʚʘʷ ʧʦʩʣʝʜ-

ʥʠʝ ʜʘʥʥʳʝ ʦ ʙʦʣʴʰʦʤ ʨʘʟʥʦʦʙʨʘʟʠʠ ʚʠʜʦʚ ʚʦʟʙʫʜʠʪʝʣʝʡ ʠ ʪʝʥʜʝʥ-

ʮʠʠ ʚʩʝ ʙʦʣʝʝ ʯʘʩʪʦʛʦ ʚʳʷʚʣʝʥʠʷ ʫʩʣʦʚʥʦïʧʘʪʦʛʝʥʥʳʭ ʤʠʢʨʦʦʨʛʘ-

ʥʠʟʤʦʚ, ʩʪʘʥʦʚʠʪʩʷ ʘʢʪʫʘʣʴʥʳʤ ʦʧʨʝʜʝʣʝʥʠʝ ʤʠʢʨʦʬʣʦʨʳ ʛʣʦʪʢʠ ʠ 

ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ ʝʝ ʢ ʘʥʪʠʙʠʦʪʠʢʘʤ.  

ɺ ʭʦʜʝ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʙʳʣʦ ʠʩʩʣʝʜʦʚʘʥʦ 8 ʦʙʨʘʟʮʦʚ ʨʘʟʣʠʯʥʳʭ 

ʰʪʘʤʧʦʚ ʩʪʘʬʠʣʦʢʦʢʢʘ ATCC ˉ25923 (ʛʨʫʧʧʘ I) ʠ ATCC ˉ35591 

(ʛʨʫʧʧʘ II), ʥʘʭʦʜʷʱʠʭʩʷ ʚ ʩʣʶʥʝ ʧʘʮʠʝʥʪʦʚ ʠ ʬʠʟʨʘʩʪʚʦʨʝ. ʀʩʩʣʝ-

ʜʫʝʤʳʝ ʦʙʨʘʟʮʳ ʧʦʜʚʝʨʛʘʣʠʩʴ ʣʝʯʝʥʠʶ ʘʥʪʠʙʠʦʪʠʢʦʤ ɸʤʦʢʩʠʢʣʘʚ 

ʜʦʟʠʨʦʚʢʦʡ 500ʤʛ/10 ʤʣ. 

ʉʧʝʢʪʨʘʣʴʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʠʟʫʯʘʣʠʩʴ ʩ ʧʦʤʦʱʴʶ ʵʢʩʧʝʨʠ-

ʤʝʥʪʘʣʴʥʦʛʦ ʩʪʝʥʜʘ, ʚʢʣʶʯʘʶʱʝʛʦ ʚ ʩʝʙʷ ʚʳʩʦʢʦʨʘʟʨʝʰʘʶʱʠʡ 

ʮʠʬʨʦʚʦʡ ʩʧʝʢʪʨʦʤʝʪʨ Andor Shamrock sr-303i ʩ ʚʩʪʨʦʝʥʥʦʡ ʦʭʣʘ-

ʞʜʘʝʤʦʡ ʢʘʤʝʨʦʡ DV420A-OE, ʚʦʣʦʢʦʥʥʦ-ʦʧʪʠʯʝʩʢʠʡ ʟʦʥʜ ʜʣʷ 

ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʢʦʤʙʠʥʘʮʠʦʥʥʦʛʦ ʨʘʩʩʝʷʥʠʷ RPB785, ʩʦʚʤʝʱʸʥʥʳʡ 

ʩ ʣʘʟʝʨʥʳʤ ʤʦʜʫʣʝʤ LuxxMaster LML-785.0RB-04 (ʩ ʨʝʛʫʣʠʨʫʝʤʦʡ 

ʤʦʱʥʦʩʪʴʶ ʜʦ 500 ʤɺʪ, ʜʣʠʥʘ ʚʦʣʥʳ 785 ʥʤ). ɺʳʜʝʣʝʥʠʝ ʂʈ ʩʧʝʢ-

ʪʨʘ ʥʘ ʬʦʥʝ ʘʚʪʦʬʣʫʦʨʝʩʮʝʥʮʠʠ ʧʨʦʚʦʜʠʣʦʩʴ ʤʝʪʦʜʦʤ ʧʦʣʠʥʦʤʠ-

ʘʣʴʥʦʡ ʘʧʧʨʦʢʩʠʤʘʮʠʠ ʬʣʫʦʨʝʩʮʝʥʪʥʦʡ ʩʦʩʪʘʚʣʷʶʱʝʡ ʠ ʚʳʯʠʪʘ-
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ʥʠʷ ʝʸ ʠʟ ʨʝʛʠʩʪʨʠʨʫʝʤʳʭ ʩʧʝʢʪʨʦʚ. ʆʙʨʘʙʦʪʢʫ ʩʧʝʢʪʨʦʚ ʂʈ ʧʨʦ-

ʚʦʜʠʣʠ ʚ ʧʨʦʛʨʘʤʤʝ Wolfram Mathematica 8.  

ʇʨʦʚʝʜʝʥ ʘʥʘʣʠʟ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʣʝʯʝʥʠʷ ʩʪʘʬʠʣʦʢʦʢʢʘ ʚ ʥʝʙ-

ʥʳʭ ʤʠʥʜʘʣʠʥʘʭ ʩ ʧʦʤʦʱʴʶ ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʢʦʤʙʠʥʘʮʠʦʥʥʦʛʦ ʨʘʩ-

ʩʝʷʥʠʷ (ʂʈ). ʋʩʪʘʥʦʚʣʝʥʳ ʩʧʝʢʪʨʘʣʴʥʳʝ ʠʟʤʝʥʝʥʠʷ ʧʨʠ ʣʝʯʝʥʠʠ 

ʥʸʙʥʳʭ ʤʠʥʜʘʣʠʥ ʘʥʪʠʙʠʦʪʠʢʦʤ ɸʤʦʢʩʠʢʣʘʚ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʧʨʠ 

ʜʦʟʠʨʦʚʢʝ ʘʥʪʠʙʠʦʪʠʢʘ 500ʤʛ/10 ʤʣ ʠʩʯʝʟʘʶʪ ʣʠʥʠʠ ʥʘ ʚʦʣʥʦʚʳʭ 

ʯʠʩʣʘʭ 735 ʩʤ
-1
 ʠ 783 ʩʤ

-1
, 986 ʩʤ

-1
 ʠ 1635 ʩʤ

-1
, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ 

ʘʜʝʥʠʥʫ, ʮʠʪʦʟʠʥʫ, ʧʨʦʪʝʠʥʘʤ ʠ ʘʤʠʜʫ I. 

ɺʚʝʜʝʥʳ ʦʧʪʠʯʝʩʢʠʝ ʢʦʵʬʬʠʮʠʝʥʪʳ, ʧʦʟʚʦʣʷʶʱʠʝ ʦʮʝʥʠʪʴ ʵʬ-

ʬʝʢʪʠʚʥʦʩʪʴ ʣʝʯʝʥʠʷ ʩʪʘʬʠʣʦʢʦʢʢʦʚʦʡ ʠʥʬʝʢʮʠʠ. 
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ʌʆʊʆʌʀɿʀʏɽʉʂʀɽ ʉɺʆʁʉʊɺɸ ʅʆɺʆɻʆ  

ʀʅʌʈɸʂʈɸʉʅʆɻʆ ʌʆʊʆʉɽʅʉɽɹʀʃʀɿɸʊʆʈɸ ʅɸ  

ʆʉʅʆɺɽ ɹɸʂʊɽʈʀʆʍʃʆʈʀʅɸ 

 

ɸʭʣʶʩʪʠʥʘ ɽ.ɺ.
1
, ʄʝʝʨʦʚʠʯ ɻ.ɸ.

2
, ʌʠʣʦʥʝʥʢʦ ɽ.ɺ.

3
,  

ʃʦʱʝʥʦʚ ɺ.ɹ.
1,2

 
 

1 ʅʀʗʋ ʄʀʌʀ, ʄʦʩʢʚʘ 
2 ʀʆʌ ʈɸʅ ʠʤ. ʇʨʦʭʦʨʦʚʘ, ʄʦʩʢʚʘ 
3
ʌɻɹʋ çʅʄʀʈʎè ʄɿ ʈʌ, ʄʦʩʢʚʘ 

89151826294, katya_ahlyustina@mail.ru 

 

ʌʦʪʦʩʝʥʩʠʙʠʣʠʟʘʪʦʨʳ (ʌʉ) ʥʘ ʦʩʥʦʚʝ ʙʘʢʪʝʨʠʦʭʣʦʨʠʥʘ (ɹʍ) 

ʠʟʫʯʘʶʪʩʷ ʚ ʢʘʯʝʩʪʚʝ ʧʦʪʝʥʮʠʘʣʴʥʳʭ ʘʛʝʥʪʦʚ ʜʣʷ ʬʦʪʦʜʠʥʘʤʠʯʝ-

ʩʢʦʡ ʪʝʨʘʧʠʠ (ʌɼʊ) ʦʥʢʦʣʦʛʠʯʝʩʢʠʭ ʠ ʥʝʦʥʢʦʣʦʛʠʯʝʩʢʠʭ ʟʘʙʦʣʝ-

ʚʘʥʠʡ [1]. ʆʥʠ ʧʦʛʣʦʱʘʶʪ ʚ ʩʧʝʢʪʨʘʣʴʥʦʤ ʜʠʘʧʘʟʦʥʝ 750-850 ʥʤ, 

ʛʜʝ ʛʣʫʙʠʥʘ ʧʨʦʥʠʢʥʦʚʝʥʠʷ ʩʚʝʪʘ ʚ ʙʠʦʪʢʘʥʴ  ʤʘʢʩʠʤʘʣʴʥʘ [2]. ʌʉ 

ʜʦʣʞʝʥ ʦʙʝʩʧʝʯʠʚʘʪʴ ʚʳʩʦʢʫʶ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʌɼʊ ʚ ʰʠʨʦʢʦʤ 

ʜʠʘʧʘʟʦʥʝ ʝʛʦ ʢʦʥʮʝʥʪʨʘʮʠʡ ʚ ʙʠʦʪʢʘʥʠ. 

ʎʝʣʴ ʨʘʙʦʪʳ - ʠʟʫʯʝʥʠʝ ʧʦʛʣʦʱʝʥʠʷ ʠ ʬʣʫʦʨʝʩʮʝʥʮʠʠ ʥʦʚʦʛʦ 

ʢʘʪʠʦʥʥʦʛʦ ʌʉ [3] ʥʘ ʦʩʥʦʚʝ ɹʍ ʚ ʰʠʨʦʢʦʤ ʜʠʘʧʘʟʦʥʝ ʢʦʥʮʝʥʪʨʘ-

ʮʠʡ.  

 
ʈʠʩ.1. ɿʘʚʠʩʠʤʦʩʪʴ ʧʦʛʣʦʱʝʥʠʷ ʌʉ ʥʘ ʦʩʥʦʚʝ ɹʍ 

 ʦʪ ʝʛʦʢʦʥʮʝʥʪʨʘʮʠʠ 
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ʈʠʩ.2.  ʀʥʪʝʥʩʠʚʥʦʩʪʴ ʬʣʫʦʨʝʩʮʝʥʮʠʠ ʧʨʝʧʘʨʘʪʘ ʚ ʟʘʚʠʩʠʤʦʩʪʠ 

ʦʪ ʢʦʥʮʝʥʪʨʘʮʠʠ  

ʇʦʢʘʟʘʥʦ, ʯʪʦ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʧʦʛʣʦʱʝʥʠʷ (ʈʠʩʫʥʦʢ 1) ʠ ʬʣʫʦ-

ʨʝʩʮʝʥʮʠʠ (ʈʠʩʫʥʦʢ 2) ʥʦʚʦʛʦ ʌʉ ʥʘ ʦʩʥʦʚʝ ʢʘʪʠʦʥʥʦʛʦ ʧʨʦʠʟʚʦʜ-

ʥʦʛʦ ɹʍ ʣʠʥʝʡʥʦ ʟʘʚʠʩʷʪ ʦʪ ʝʛʦ ʢʦʥʮʝʥʪʨʘʮʠʠ ʚ ʰʠʨʦʢʦʤ ʜʠʘʧʘ-

ʟʦʥʝ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʤ ʨʝʘʣʴʥʳʤ ʟʥʘʯʝʥʠʷʤ ʚ ʙʠʦʪʢʘʥʠ, ʩʝʥʩʠʙʠ-

ʣʠʟʠʨʦʚʘʥʥʦʡ ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ ʌɼʊ. ʕʪʦ ʧʦʟʚʦʣʷʝʪ ʩʜʝʣʘʪʴ ʚʳʚʦʜ ʦ 

ʪʦʤ, ʯʪʦ ʥʦʚʳʡ ʌʉ ʙʣʘʛʦʜʘʨʷ ʢʫʣʦʥʦʚʩʢʦʤʫ ʦʪʪʘʣʢʠʚʘʥʠʶ ʤʝʞʜʫ 

ʧʦʣʦʞʠʪʝʣʴʥʦ ʟʘʨʷʞʝʥʥʳʤʠ ʤʦʣʝʢʫʣʘʤʠ ʠ ʥʘʥʦʩʪʨʫʢʪʫʨʠʨʦʚʘʥʥʦʡ 

ʣʝʢʘʨʩʪʚʝʥʥʦʡ ʬʦʨʤʝ ʥʝ ʘʛʨʝʛʠʨʫʝʪ ʚ ʙʠʦʪʢʘʥʠʠ ʵʪʦ ʜʘʝʪ ʚʦʟʤʦʞ-

ʥʦʩʪʴ ʦʙʝʩʧʝʯʠʪʴ ʚʳʩʦʢʫʶ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʌɼʊ. 

 

ʃʠʪʝʨʘʪʫʨʘ 

1. Rovers, J. P., M. L. de Jode, H. Rezzoug, and M. F. Grahn.  In vi-

vo photodynamic characteristics of the near-infrared photosensitizer 

5,10,15,20-tetrakis(M-hydroxyphenyl) bacteriochlorin. Photochem. 

Photobiol. Vol.72. P.358-364 (2000). 

2. M.Oertel, S. I. Schastak, A. Tannapfel,et al. Novel bacteriochlo-

rine for high tissue-penetration: photodynamic properties in human bili-

ary tract cancer cells in vitro and in a mouse tumour model. J. Photo-

chem. Photobiol. Vol. 71.      P.1-10 (2003).  

3. ʄ.ɸ. ɻʨʠʥ, ɻ.ɸ. ʄʝʝʨʦʚʠʯ, ʀ.ɻ. ʊʠʛʘʥʦʚʘ ʠ ʜʨ. ʉʧʦʩʦʙ ʬʦʪʦ-

ʜʠʥʘʤʠʯʝʩʢʦʡ ʪʝʨʘʧʠʠ ʣʦʢʘʣʴʥʳʭ ʦʯʘʛʦʚ ʠʥʬʝʢʮʠʠ. ʇʘʪʝʥʪ ʈʌ 

ˉ2610566  (2017). 
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ɼɽʊɽʂʊʀʈʆɺɸʅʀɽ ʅɸʅʆʈɸɿʄɽʈʅʓʍ  

ɹʀʆʃʆɻʀʏɽʉʂʀʍ ʆɹʒɽʂʊʆɺ ʄɽʊʆɼʆʄ  

ʇʆɺɽʈʍʅʆʉʊʅʆɻʆ ʇʃɸɿʄʆʅʅʆɻʆ ʈɽɿʆʅɸʅʉɸ 

 

ɹʦʛʘʪʳʨʴ ɺ. ɻ.
1,2
, ɺʘʡʥʝʨ ʖ.ɻ.

1 

 
1
ʀʥʩʪʠʪʫʪ ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʈɸʅ, ʊʨʦʠʮʢ, ʄʦʩʢʚʘ 

2
ʄʦʩʢʦʚʩʢʠʡ ʬʠʟʠʢʦ-ʪʝʭʥʠʯʝʩʢʠʡ ʠʥʩʪʠʪʫʪ, ɼʦʣʛʦʧʨʫʜʥʳʡ 

+7(977)6104755, bogatyr@phystech.edu 

 

ʕʬʬʝʢʪ ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʧʣʘʟʤʝʥʥʦʛʦ ʨʝʟʦʥʘʥʩʘ ʠʩʧʦʣʴʟʫʝʪʩʷ ʚ 

ʙʠʦʥʘʣʠʟʝ ʚ ʵʢʩʧʝʨʠʤʝʥʪʘʭ ʩ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝʤ ʨʘʩʪʚʦʨʝʥʥʦʛʦ ʚ 

ʞʠʜʢʦʩʪʠ ʦʙʨʘʟʮʘ ʩ ʧʦʚʝʨʭʥʦʩʪʴʶ. ʕʪʦ ʤʥʦʛʦʦʙʝʱʘʶʱʠʡ ʤʝʪʦʜ, 

ʧʦʟʚʦʣʷʶʱʠʡ ʧʦʣʫʯʘʪʴ ʧʦʜʨʦʙʥʫʶ ʠʥʬʦʨʤʘʮʠʶ ʦʙ ʦʙʨʘʟʮʝ. ʇʨʦ-

ʜʦʣʴʥʦʝ ʨʘʟʨʝʰʝʥʠʝ ʷʚʣʷʝʪʩʷ ʦʧʨʝʜʝʣʷʶʱʠʤ ʬʘʢʪʦʨʦʤ, ʦʛʨʘʥʠʯʠ-

ʚʘʶʱʠʝ ʤʠʥʠʤʘʣʴʥʳʡ ʨʘʟʤʝʨ ʥʘʙʣʶʜʘʝʤʳʭ ʦʙʲʝʢʪʦʚ, ʯʪʦ ʙʳʣʦ 

ʫʩʪʘʥʦʚʣʝʥʦ ʝʱʸ ʜʘʚʥʦ ʧʨʠ ʨʘʟʚʠʪʠʠ ʤʝʪʦʜʘ. ʈʘʟʨʝʰʝʥʠʝ ʦʧʨʝʜʝ-

ʣʷʝʪʩʷ ʜʣʠʥʥʦʡ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʧʣʘʟʤʦʥʘ(ʧʦʨʷʜʢʘ 1ʤʢʤ ʚ Al ʠ 

20ʤʢʤ ʚ Au). ʅʘʥʦʧʣʝʥʢʠ ʠʟ ʟʦʣʦʪʘ, ʠʩʧʦʣʴʟʫʝʤʳʝ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ 

ʥʘʠʙʦʣʴʰʝʡ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ ʤʝʪʦʜʘ, ʠʥʝʨʪʥʳʡ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ 

ʠʩʧʦʣʴʟʦʚʘʪʴ ʠʭ ʜʣʷ ʙʠʦʘʥʘʣʠʪʠʢʠ. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʦʙʣʘʩʪʴ ʠʟʤʝ-

ʨʝʥʠʷ ʧʨʝʚʳʰʘʝʪ ʥʝʩʢʦʣʴʢʦ ʜʝʩʷʪʢʦʚ ʤʠʢʨʦʤʝʪʨʦʤ ʠ ʥʝ ʧʨʝʜʧʨʠ-

ʥʠʤʘʣʠʩʴ ʧʦʧʳʪʢʠ ʠʟʫʯʘʪʴ ʦʙʲʝʢʪʳ ʤʝʥʴʰʝʛʦ ʤʘʩʰʪʘʙʘ, ʥʘʙʣʶʜʘ-

ʣʦʩʴ ʧʨʠʩʦʝʜʠʥʝʥʠʝ ʦʙʲʝʢʪʦʚ ʧʦʨʷʜʢʘ 10ʤʢʤ. ʆʙʲʝʢʪʳ ʤʝʥʴʰʝʛʦ 

ʨʘʟʤʝʨʘ ʙʳʣʠ ʨʘʱʤʳʪʳ, ʯʪʦ ʦʙʲʷʩʥʷʝʪʩʷ ʦʧʪʠʯʝʩʢʠʤʠ ʦʛʨʘʥʠʯʝʥʠ-

ʷʤʠ, ʚʥʦʩʠʤʳʤʠ ʢʦʥʩʪʨʫʢʮʠʝʡ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʫʩʪʘʥʦʚʢʠ. 

ɼʘʥʥʘʷ ʨʘʙʦʪʘ ʜʝʤʦʥʩʪʨʠʨʫʝʪ, ʯʪʦ, ʚʦʧʨʝʢʠ ʧʨʝʜʧʦʣʦʞʝʥʠʷʤ, ʦʙʲ-

ʝʢʪʳ ʨʘʟʤʝʨʦʤ ʧʦʨʷʜʢʘ ʜʝʩʷʪʢʦʚ ʥʘʥʦʤʝʪʨʦʚ. ʕʪʦ ʧʦʟʚʦʣʷʝʪ ʧʦʜ-

ʩʯʠʪʳʚʘʪʴ ʯʘʩʪʠʮʳ, ʟʘʢʨʝʧʠʚʰʠʝʩʷ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʩʝʥʩʦʨʘ, ʚʤʝʩʪʦ 

ʘʥʘʣʠʟʘ ʫʩʨʝʜʥʝʥʥʦʡ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʛʨʫʧʧ ʩʚʷʟʘʥʥʳʭ ʯʘʩʪʠʮ. 

ʃʠʪʝʨʘʪʫʨʘ 
OpticReal-time Detection of Single Immobilized Nanoparticles by Surface 

Plasmon Resonance Imaging Alexander Zybin Yurii A. Kuritsyn Evgeny L. 

Gurevich Vladimir V. Temchura Klaus ¦berla Kay Niemax Received: 1 Octo-

ber 2009 / Accepted: 23 November 2009 É Springer Science+Business Media, 

LLC 2009. 
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ʂʦʛʝʨʝʥʪʥʘʷ ʬʘʟʦʚʘʷ ʤʠʢʨʦʩʢʦʧʠʷ ï ʦʜʥʘ ʠʟ ʥʘʠʙʦʣʝʝ ʜʠʥʘʤʠʯ-

ʥʦ ʨʘʟʚʠʚʘʶʱʠʭʩʷ ʦʙʣʘʩʪʝʡ ʦʧʪʠʯʝʩʢʦʡ ʤʠʢʨʦʩʢʦʧʠʠ, ʦʪʢʨʳʚʘʶ-

ʱʘʷ ʥʦʚʳʝ ʚʦʟʤʦʞʥʦʩʪʠ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʙʠʦʦʙʲʝʢʪʦʚ, ʯʪʦ ʦʙʫ-

ʩʣʦʚʣʝʥʦ ʩʦʯʝʪʘʥʠʝʤ ʨʷʜʘ ʦʩʦʙʝʥʥʦʩʪʝʡ: ʧʨʦʚʝʜʝʥʠʝʤ ʧʨʠʞʠʟʥʝʥ-

ʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʢʣʝʪʢʠ, ʨʝʛʠʩʪʨʘʮʠʝʡ ʦʧʪʠʯʝʩʢʠ ʧʨʦʟʨʘʯʥʳʭ 

ʢʣʝʪʦʢ ʙʝʟ ʬʠʢʩʘʮʠʠ ʠ ʦʢʨʘʰʠʚʘʥʠʷ. ʆʜʥʘʢʦ, ʧʨʠʤʝʥʝʥʠʝ ʢʦʛʝ-

ʨʝʥʪʥʦʡ ʬʘʟʦʚʦʡ ʤʠʢʨʦʩʢʦʧʠʠ ʚ ʤʝʜʠʮʠʥʩʢʦʡ ʧʨʘʢʪʠʢʝ ʠ ʙʠʦʬʠ-

ʟʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʷʭ ʦʛʨʘʥʠʯʝʥʦ ʥʝʜʦʩʪʘʪʦʯʥʳʤ ʫʨʦʚʥʝʤ ʨʘʟ-

ʚʠʪʠʷ ʘʣʛʦʨʠʪʤʦʚ ʧʦʣʫʯʝʥʠʷ ʜʠʘʛʥʦʩʪʠʯʝʩʢʠ ʟʥʘʯʠʤʦʡ ʠʥʬʦʨʤʘ-

ʮʠʠ ʦʙ ʦʙʲʝʢʪʝ. 

ʆʜʥʦʡ ʠʟ ʚʘʞʥʝʡʰʠʭ ʟʘʜʘʯ ʬʘʟʦʚʦʡ ʤʠʢʨʦʩʢʦʧʠʠ ʷʚʣʷʝʪʩʷ ʠʟʫ-

ʯʝʥʠʝ ʚʥʫʪʨʝʥʥʠʭ ʩʪʨʫʢʪʫʨ ʢʣʝʪʢʠ. ɼʣʷ ʨʝʰʝʥʠʷ ʵʪʦʡ ʟʘʜʘʯʠ ʙʳʣ 

ʧʨʝʜʣʦʞʝʥ ʤʝʪʦʜ ʠʥʪʝʛʨʘʣʴʥʳʭ ʬʫʥʢʮʠʡ [1,2]. ʀʥʪʝʛʨʘʣʴʥʘʷ 

ʬʫʥʢʮʠʷ ʧʣʦʱʘʜʠ ʬʘʟʦʚʦʛʦ ʠʟʦʙʨʘʞʝʥʠʷ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʟʘʚʠ-

ʩʠʤʦʩʪʴ ʧʣʦʱʘʜʠ ʦʙʣʘʩʪʠ ʪʦʧʦʛʨʘʤʤʳ, ʦʛʨʘʥʠʯʝʥʥʦʡ ʠʟʦʣʠʥʠʝʡ ʦʪ 

ʫʨʦʚʥʷ ʠʟʦʣʠʥʠʠ hi, ʠʟʤʝʨʷʝʪʩʷ ʚ ʤʢʤ
2
: 

 

,   (1) 

 

ʛʜʝ f(x,y,hi) - ʬʠʛʫʨʘ, ʦʙʨʘʟʫʶʱʘʷʩʷ ʚ ʨʝʟʫʣʴʪʘʪʝ ʧʝʨʝʩʝʯʝʥʠʷ h(x,y) 

ʧʣʦʩʢʦʩʪʴʶ hi, ʀʥʪʝʛʨʘʣʴʥʘʷ ʬʫʥʢʮʠʷ ʌʘʟʦʚʦʛʦ ʦʙʲʝʤʘ ʧʨʝʜʩʪʘʚ-

ʣʷʝʪ ʩʦʙʦʡ ʟʘʚʠʩʠʤʦʩʪʴ ʬʘʟʦʚʦʛʦ ʦʙʲʝʤʘ ʦʙʣʘʩʪʠ ʪʦʧʦʛʨʘʤʤʳ, 

ʦʛʨʘʥʠʯʝʥʥʦʡ ʠʟʦʣʠʥʠʝʡ ʦʪ ʫʨʦʚʥʷ ʠʟʦʣʠʥʠʠ hi, ʠʟʤʝʨʷʝʪʩʷ ʚ ʤʢʤ
3
:  

 

 ,    (2) 

ʛʜʝ Lx, Ly ï ʨʘʟʤʝʨʳ ʚʩʝʛʦ ʬʘʟʦʚʦʛʦ ʠʟʦʙʨʘʞʝʥʠʷ. 
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ʉ ʧʦʤʦʱʴʶ ʠʥʪʝʛʨʘʣʴʥʳʭ ʬʫʥʢʮʠʡ ʬʘʟʦʚʳʭ ʠʟʦʙʨʘʞʝʥʠʡ ʦʧʨʝ-

ʜʝʣʷʶʪʩʷ ʛʨʘʥʠʮʳ ʩʪʨʫʢʪʫʨʥʳʭ ʟʦʥ ʢʣʝʪʢʠ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʤʦʞʥʦ 

ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʚʣʠʷʥʠʝ ʨʘʟʣʠʯʥʳʭ ʬʘʢʪʦʨʦʚ ʥʘ ʦʪʜʝʣʴʥʳʝ ʦʙʣʘʩʪʠ 

ʢʣʝʪʢʠ.  

ɸʧʨʦʙʘʮʠʷ ʧʨʝʜʣʦʞʝʥʥʦʡ ʤʝʪʦʜʠʢʠ ʚʳʧʦʣʥʝʥʘ ʥʘ ʤʦʜʝʣʷʭ ʬʘ-

ʟʦʚʳʭ ʠʟʦʙʨʘʞʝʥʠʡ ʊ-ʣʠʤʬʦʮʠʪʦʚ ʠ ʥʘ ʢʣʝʪʢʘʭ - ʊ-ʣʠʤʬʦʮʠʪʘʭ 

ʜʦʥʦʨʦʚ ï ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʧʘʨʘʣʣʝʣʴʥʦʛʦ ʤʝʪʦʜʘ ʬʣʫʦʨʝʩʮʝʥʪʥʳʭ 

ʟʦʥʜʦʚ.  

ɺʳʧʦʣʥʝʥʦ ʠʩʩʣʝʜʦʚʘʥʠʝ ʊ-ʣʠʤʬʦʮʠʪʦʚ ʜʦʥʦʨʦʚ ʚ ʥʦʨʤʘʣʴʥʦʤ 

ʩʦʩʪʦʷʥʠʠ ʠ ʧʦʜ ʜʝʡʩʪʚʠʝʤ NaCN ʠ FCCP. ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʠʩʩʣʝ-

ʜʦʚʘʥʠʷ ʙʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʧʨʠ ʚʦʟʜʝʡʩʪʚʠʠ ʠʥʛʠʙʠʪʦʨʦʚ ʥʘ ʊ-

ʣʠʤʬʦʮʠʪ ʧʨʦʠʩʭʦʜʠʪ ʧʘʜʝʥʠʝ ʝʛʦ ʤʠʪʦʭʦʥʜʨʠʘʣʴʥʦʛʦ ʧʦʪʝʥʮʠʘʣʘ, 

ʧʨʦʷʚʣʷʶʱʝʛʦʩʷ ʠʟʤʝʥʝʥʠʠ ʬʘʟʦʚʳʭ ʧʘʨʘʤʝʪʨʦʚ. 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʘʥʘʣʠʟʘ ʜʘʥʥʳʭ, ʧʦʣʫʯʝʥʥʳʭ ʧʨʠ ʩʨʘʚʥʠʪʝʣʴʥʦʤ 

ʠʩʩʣʝʜʦʚʘʥʠʠ ʊ-ʣʠʤʬʦʮʠʪʦʚ ʜʦʥʦʨʦʚ ʠ ʧʘʮʠʝʥʪʦʚ ʩ ʨʘʩʩʝʷʥʥʳʤ 

ʩʢʣʝʨʦʟʦʤ, ʙʳʣʠ ʚʳʷʚʣʝʥʳ ʟʥʘʯʠʤʳʝ ʧʘʨʘʤʝʪʨʳ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʝ 

ʥʦʨʤʘʣʴʥʦʝ ʠ ʘʢʪʠʚʠʨʦʚʘʥʥʦʝ ʩʦʩʪʦʷʥʠʝ ʢʣʝʪʢʠ. ʈʘʟʨʘʙʦʪʘʥʥʘʷ 

ʤʝʪʦʜʠʢʘ ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʘʪʴ ʢʦʣʠʯʝʩʪʚʝʥʥʫʶ ʠʥʬʦʨʤʘʮʠʶ ʦʙ 

ʦʙʲʝʢʪʝ ʩ ʧʦʤʦʱʴʶ ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ (ʠʥʪʝʛʨʘʣʴʥʳʭ) ʬʫʥʢʮʠʡ ʬʘ-

ʟʦʚʦʛʦ ʠʟʦʙʨʘʞʝʥʠʷ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʨʘʟʚʠʚʘʝʪʩʷ ʥʦʚʳʡ ʤʝʪʦʜ ʘʥʘ-

ʣʠʟʘ ʬʘʟʦʚʳʭ ʠʟʦʙʨʘʞʝʥʠʡ, ʩʧʦʩʦʙʥʳʡ ʥʘʡʪʠ ʧʨʠʤʝʥʝʥʠʝ ʚ ʜʠʘ-

ʛʥʦʩʪʠʯʝʩʢʠʭ ʮʝʥʪʨʘʭ ʢʨʦʚʠ, ʩ ʮʝʣʴʶ ʫʧʨʦʩʪʠʪʴ ʠ ʫʜʝʰʝʚʠʪʴ ʧʨʦ-

ʮʝʜʫʨʫ ʘʥʘʣʠʟʘ ʢʨʦʚʠ. 

ʃʠʪʝʨʘʪʫʨʘ 
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ʄɽʊʆɼʀʂʀ ʀɿʋʏɽʅʀʗ ʕʅɼʆɻɽʅʅʆʁ  

ʌʃʋʆʈɽʉʎɽʅʎʀʀ ɺ ɾʀɺʓʍ ʂʃɽʊʂɸʍ ʄɽʊʆɼʆʄ FLIM 
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ʀʟʤʝʥʝʥʠʷ ʵʥʜʦʛʝʥʥʦʡ ʬʣʫʦʨʝʩʮʝʥʮʠʠ ʩʣʫʞʘʪ ʦʜʥʠʤ ʠʟ ʧʦʢʘʟʘ-

ʪʝʣʝʡ ʪʨʘʥʩʬʦʨʤʘʮʠʠ ʙʠʦʭʠʤʠʯʝʩʢʦʛʦ ʩʪʘʪʫʩʘ ʢʣʝʪʦʢ, ʯʪʦ ʥʘ ʩʝʛʦ-

ʜʥʷʰʥʠʡ ʜʝʥʴ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʥʦ ʜʣʷ ʮʝʣʦʛʦ ʨʷʜʘ ʵʥʜʦʛʝʥʥʳʭ 

ʬʣʫʦʨʦʬʦʨʦʚ. ʅʘʠʙʦʣʝʝ ʧʨʦʜʫʢʪʠʚʥʳʤ ʤʝʪʦʜʦʤ ʠʩʩʣʝʜʦʚʘʥʠʷ ʵʥ-

ʜʦʛʝʥʥʦʡ ʬʣʫʦʨʝʩʮʝʥʮʠʠ ʷʚʣʷʝʪʩʷ ʤʝʪʦʜ FLIM (fluorescence 

lifetime imaging microscopy) [1, 2]. ʇʦʵʪʦʤʫ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʝ ʤʝ-

ʪʦʜʠʢ ʠʩʩʣʝʜʦʚʘʥʠʡ ʘʚʪʦʬʣʫʦʨʝʩʮʝʥʮʠʠ ʞʠʚʳʭ ʢʣʝʪʦʢ ʤʝʪʦʜʦʤ 

FLIM, ʨʘʩʰʠʨʷʶʱʠʭ ʜʠʘʧʘʟʦʥ ʨʝʰʘʝʤʳʭ ʩ ʝʛʦ ʧʦʤʦʱʴʶ ʟʘʜʘʯ, 

ʷʚʣʷʝʪʩʷ ʘʢʪʫʘʣʴʥʳʤ. 

ʎʝʣʴ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʳ ʟʘʢʣʶʯʘʣʘʩʴ ʚ ʧʦʜʙʦʨʝ ʫʩʣʦʚʠʡ ʨʝʛʠ-

ʩʪʨʘʮʠʠ ʵʥʜʦʛʝʥʥʦʡ ʬʣʫʦʨʝʩʮʝʥʮʠʠ ʚ ʦʧʫʭʦʣʝʚʳʭ ʢʣʝʪʢʘʭ ʤʝʪʦ-

ʜʦʤ FLIM ʠ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʜʣʷ ʦʙʨʘʙʦʪʢʠ ʧʦʣʫʯʝʥʥʳʭ 

ʠʟʦʙʨʘʞʝʥʠʡ, ʩ ʮʝʣʴʶ ʚʳʜʝʣʝʥʠʷ ʬʣʫʦʨʝʩʮʝʥʮʠʠ ʬʣʘʚʠʥʦʚ ʠ 

NADH. ʆʜʥʦʚʨʝʤʝʥʥʦ, ʵʪʠʤ ʞʝ ʤʝʪʦʜʦʤ ʦʩʫʱʝʩʪʚʣʷʣʘʩʴ ʧʨʦʚʝʨʢʘ 

ʵʬʬʝʢʪʘ ɺʘʨʙʫʨʛʘ ʥʘ ʥʝʦʧʫʭʦʣʝʚʳʭ ʢʣʝʪʢʘʭ.  

ɺ ʧʨʦʚʝʜʝʥʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʘʭ ʜʝʪʝʢʮʠʶ ʚʨʝʤʝʥʠ ʞʠʟʥʠ ʦʩʫ-

ʱʝʩʪʚʣʷʣʠ ʩ ʧʦʤʦʱʴʶ ʢʦʥʬʦʢʘʣʴʥʦʛʦ ʬʣʫʦʨʝʩʮʝʥʪʥʦʛʦ ʤʠʢʨʦʩʢʦ-

ʧʘ ʩ ʚʨʝʤʝʥʥʳʤ ʨʘʟʨʝʰʝʥʠʝʤ MicroTime 200 (PicoQuant GmbH, 

ɻʝʨʤʘʥʠʷ). ɼʣʷ ʦʙʨʘʙʦʪʢʠ ʠʟʦʙʨʘʞʝʥʠʡ ʠʩʧʦʣʴʟʦʚʘʣʦʩʴ ʧʨʦ-

ʛʨʘʤʤʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ PicoHarp ʠ SymPhoTime (PicoQuant GmbH, 

ɻʝʨʤʘʥʠʷ). 

ɼʝʪʝʢʮʠʶ ʚʨʝʤʝʥʠ ʞʠʟʥʠ ʬʣʫʦʨʝʩʮʝʥʮʠʠ ʥʝʦʧʫʭʦʣʝʚʳʭ ʢʣʝʪʦʢ 

(Hacat - ʠʤʤʦʨʪʘʣʠʟʦʚʘʥʥʳʝ ʢʝʨʘʪʠʥʦʮʠʪʳ ʯʝʣʦʚʝʢʘ). ʚ ʢʫʣʴʪʫ-

ʨʘʣʴʥʦʡ ʩʨʝʜʝ ʩ ʛʣʶʢʦʟʦʡ ʠ ʙʝʟ ʚʳʧʦʣʥʷʣʠ ʥʘ ʜʚʫ-ʬʦʪʦʥʥʦʤ ʣʘ-

ʟʝʨʥʦʤ ʩʢʘʥʠʨʫʶʱʝʤ ʤʠʢʨʦʩʢʦʧʝ (LSM, 710 NLO, Carl Zeiss, ʁʝ-

ʥʘ, ɻʝʨʤʘʥʠʷ). ʆʙʨʘʙʦʪʢʘ ʠʟʦʙʨʘʞʝʥʠʡ ʧʨʦʠʟʚʦʜʠʣʘʩʴ ʩ ʠʩʧʦʣʴʟʦ-

ʚʘʥʠʝʤ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ B&H (Becker & Hickl GmbH, 

ɹʝʨʣʠʥ, ɻʝʨʤʘʥʠʷ) [1]. 

ɼʣʷ ʚʦʟʙʫʞʜʝʥʠʷ ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʪʚʝʨʜʦʪʝʣʴʥʳʡ ʣʘʟʝʨ ʩ ʜʣʠʥʦʡ 
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ʚʦʣʥʳ ʚʦʟʙʫʞʜʝʥʠʷ 473 ʥʤ (PerkinElmer, USA), ʘ ʜʣʷ ʜʝʪʝʢʮʠʠ 

ʬʣʫʦʨʝʩʮʝʥʮʠʠ ï ʬʠʣʴʪʨ 500/14-25 ʥʤ (Semrock, ʉʐɸ).  

ʊʠʪʘʥ-ʩʘʧʬʠʨʦʚʳʡ ʣʘʟʝʨ ʩ ʜʣʠʥʥʦʡ ʚʦʣʥʳ ʚʦʟʙʫʞʜʝʥʠʷ 900 ʥʤ 

ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʜʣʷ ʜʚʫ-ʬʦʪʦʥʥʦʛʦ ʚʦʟʙʫʞʜʝʥʠʷ, ʘ ʜʝʪʝʢʮʠʷ ʬʣʫʦ-

ʨʝʮʝʥʮʠʠ ʧʨʦʚʦʜʠʣʘʩʴ ʬʠʣʴʪʨʘʤʠ ʜʣʷ ʬʣʘʚʠʥʦʚ 530/43ʥʤ ʠ ʜʣʷ 

NADH 460/60 ʥʤ (AHF Analysentechnik, ʊʶʙʠʥʛʝʥ, ɻʝʨʤʘʥʠʷ) [1]. 

ʄʝʪʦʜʦʤ FLIM ʙʳʣʠ ʠʟʫʯʝʥʳ ʦʩʦʙʝʥʥʦʩʪʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʚʨʝ-

ʤʝʥʠ ʞʠʟʥʠ ʬʣʫʦʨʦʬʦʨʦʚ ʚ ʦʧʫʭʦʣʝʚʳʭ ʢʣʝʪʢʘʭ. ɹʳʣʦ ʧʦʢʘʟʘʥʦ, 

ʯʪʦ ʩʠʛʥʘʣ ʨʘʩʧʨʝʜʝʣʝʥ ʚ ʢʣʝʪʢʘʭ ʥʝʨʘʚʥʦʤʝʨʥʦ, ʠʩʪʦʯʥʠʢʦʤ ʝʛʦ 

ʷʚʣʷʶʪʩʷ ʦʨʛʘʥʝʣʣʦʧʦʜʦʙʥʳʝ ʩʪʨʫʢʪʫʨʳ, ʢʦʪʦʨʳʝ ʧʨʠ ʩʧʝʮʠʬʠʯʝ-

ʩʢʦʤ ʦʢʨʘʰʠʚʘʥʠʠ Mitotracker Orange (Thermo Scientific, ʉʐɸ) 

ʦʧʨʝʜʝʣʷʣʠʩʴ ʢʘʢ ʤʠʪʦʭʦʥʜʨʠʠ [2]. 

ʇʦ ʣʠʪʝʨʘʪʫʨʥʳʤ ʜʘʥʥʳʤ ʠʟʚʝʩʪʥʦ, ʯʪʦ ʚʳʩʦʢʘʷ ʢʦʥʮʝʥʪʨʘʮʠʷ 

ʛʣʶʢʦʟʳ ʚ ʢʫʣʴʪʫʨʘʣʴʥʦʡ ʩʨʝʜʝ ʦʧʫʭʦʣʝʚʳʭ ʢʣʝʪʦʢ ʤʦʞʝʪ ʟʥʘʯʠ-

ʪʝʣʴʥʦ ʩʥʠʟʠʪʴ ʫʨʦʚʝʥʴ ʤʠʪʦʭʦʥʜʨʠʘʣʴʥʦʛʦ ʜʳʭʘʥʠʷ, ʘ  ʧʦʥʠʞʝʥ-

ʥʘʷ ʢʦʥʮʝʥʪʨʘʮʠʷ ï ʥʘʦʙʦʨʦʪ, ʧʦʢʘʟʳʚʘʝʪ ʝʛʦ ʙʦʣʝʝ ʚʳʩʦʢʠʡ ʫʨʦ-

ʚʝʥʴ [3]. ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ, ʧʨʦʚʝʨʷʣʩʷ ʵʪʦʪ ʵʬʬʝʢʪ ʥʘ ʥʝʦʧʫʭʦʣʝ-

ʚʳʭ ʢʣʝʪʢʘʭ, ʢʦʪʦʨʳʝ ʠʥʢʫʙʠʨʦʚʘʣʠʩʴ ʚ ʙʝʟ ʛʣʶʢʦʟʥʦʡ ʢʫʣʴʪʫ-

ʨʘʣʴʥʦʡ ʩʨʝʜʝ 6 ʠ 12 ʯʘʩʦʚ. ɿʘ ʜʘʥʥʦʝ ʚʨʝʤʷ ʠʥʢʫʙʘʮʠʠ ʵʬʬʝʢʪ 

ɺʘʨʙʫʨʛʘ ʚ ʥʝʦʧʫʭʦʣʝʚʳʭ ʢʣʝʪʢʘʭ ʚʳʷʚʣʝʥ ʥʝ ʙʳʣ.  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʩ ʧʦʤʦʱʴʶ ʨʘʟʨʘʙʦʪʘʥʥʳʭ ʤʝʪʦʜʠʢ, ʚ ʦʩʥʦʚʝ 

ʢʦʪʦʨʳʭ ʣʝʞʠʪ ʤʝʪʦʜ FLIM, ʙʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ:  

ʠʩʪʦʯʥʠʢʦʤ ʵʥʜʦʛʝʥʥʦʡ ʬʣʫʦʨʝʩʮʝʮʠʠ ʚ ʦʧʫʭʦʣʝʚʳʭ ʢʣʝʪʢʘʭ 

ʷʚʣʷʶʪʩʷ ʤʠʪʦʭʦʥʜʨʠʠ; 

ʵʬʬʝʢʪ ɺʘʨʙʫʨʛʘ ʧʨʠ 6 ʠ 12 ʯʘʩʘʭ ʠʥʢʫʙʘʮʠʠ ʚ ʦʪʩʫʪʩʪʚʠʠ ʛʣʶ-

ʢʦʟʳ ʚ ʢʫʣʴʪʫʨʘʣʴʥʦʡ ʩʨʝʜʝ ʥʝʦʧʫʭʦʣʝʚʳʭ ʢʣʝʪʦʢ ʥʝ ʥʘʙʣʶʜʘʝʪʩʷ.  

ʃʠʪʝʨʘʪʫʨʘ 
1. S. Kalinina, W. Becker, A. Ruck. Correlative NAD(P)H ï FLIM and ox-

ygen sensing ï PLIM for metabolic mapping. J. Biophotonics. P. 1-12 (2016). 

2. ɽ. Boruleva, V. Zherdeva. Detection of flavin fluorescence in lung ade-

nocarcinoma cells by FLIM. J. Photonics & Lasers in Medicine. P. 275-276 

(2016). 

3. M. Potter, E. Newport. The Warburg effect: 80 years on J. Biochemical 

Society Transactions. P. 1499ï1505 (2016). 
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ɺʚʝʜʝʥʠʝ 

ɻʠʧʝʨʙʘʨʠʯʝʩʢʘʷ ʦʢʩʠʛʝʥʘʮʠʷ (ɻɹʆ) ʷʚʣʷʝʪʩʷ ʪʝʨʘʧʝʚʪʠʯʝʩʢʠʤ 

ʤʝʪʦʜʦʤ, ʘʢʪʠʚʥʦ ʧʨʠʤʝʥʷʝʤʳʤ ʧʨʠ ʨʘʟʣʠʯʥʦʡ ʧʘʪʦʣʦʛʠʠ, ʚ ʪʦʤ 

ʯʠʩʣʝ, ʛʦʣʦʚʥʦʛʦ ʤʦʟʛʘ [1]. ʆʜʥʘʢʦ, ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʳʝ ʙʠʦʭʠʤʠʯʝ-

ʩʢʠʝ ʤʝʭʘʥʠʟʤʳ ʨʘʙʦʪʳ ɻɹʆ ʚ ʪʦʯʥʦʩʪʠ ʥʝ ʫʩʪʘʥʦʚʣʝʥʳ. ʎʝʣʴʶ 

ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʠʩʩʣʝʜʦʚʘʥʠʝ ʵʬʬʝʢʪʦʚ ɻɹʆ ʥʘ ʵʥʝʨʛʝʪʠ-

ʯʝʩʢʠʡ ʤʝʪʘʙʦʣʠʟʤ ʛʦʣʦʚʥʦʛʦ ʤʦʟʛʘ ʯʝʣʦʚʝʢʘ ʧʦ ʜʘʥʥʳʤ ʬʦʩʬʦʨ-

ʥʦʡ (
31
P) ʤʘʛʥʠʪʥʦ-ʨʝʟʦʥʘʥʩʥʦʡ ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʛʦʣʦʚʥʦʛʦ ʤʦʟʛʘ. 

ʄʘʪʝʨʠʘʣʳ ʠ ʤʝʪʦʜʳ 

ɺ ʠʩʩʣʝʜʦʚʘʥʠʠ ʧʨʠʥʷʣʦ ʫʯʘʩʪʠʝ 17 ʟʜʦʨʦʚʳʭ ʠʩʧʳʪʫʝʤʳʭ. ʀʩ-

ʧʦʣʴʟʦʚʘʥ ʤʘʛʥʠʪʥʦ-ʨʝʟʦʥʘʥʩʥʳʡ ʪʦʤʦʛʨʘʬ Philips Achieva 3.0 T ʠ 

ʈʏ ʢʘʪʫʰʢʘ 
31

P/
1
H. ʉʧʝʢʪʨʦʩʢʦʧʠʯʝʩʢʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʧʨʦʚʦʜʠʣʦʩʴ 

ʜʚʘʞʜʳ ï ʜʦ ʠ ʩʨʘʟʫ ʧʦʩʣʝ ʯʘʩʦʚʦʛʦ ʩʝʘʥʩʘ ɻɹʆ, ʠ ʜʣʠʣʦʩʴ ʧʦ 15 

ʤʠʥʫʪ ʢʘʞʜʦʝ. ʃʦʢʘʣʠʟʘʮʠʷ ʠ ʚʦʟʙʫʞʜʝʥʠʝ ʠʥʪʝʨʝʩʫʶʱʝʛʦ ʦʙʲʸʤʘ 

ʦʩʫʱʝʩʪʚʣʷʣʘʩʴ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ISIS. ʈʘʩʧʦ-

ʣʦʞʝʥʠʝ ʩʧʝʢʪʨʦʩʢʦʧʠʯʝʩʢʦʛʦ ʦʙʲʸʤʘ ʠʥʪʝʨʝʩʘ, ʨʘʟʜʝʣʸʥʥʦʛʦ ʥʘ 

ʚʦʢʩʝʣʠ ʨʘʟʤʝʨʦʤ 40ʭ40ʭ30 ʤʤ ʢʘʞʜʳʡ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩ. 1. 

ɼʣʷ ʢʘʞʜʦʛʦ ʚʦʢʩʝʣʷ ʧʦʣʫʯʝʥʥʳʝ ʩʧʝʢʪʨʳ ʙʳʣʠ ʦʙʨʘʙʦʪʘʥʳ ʩ 

ʧʦʤʦʱʴʶ ʧʨʦʛʨʘʤʤʳ SpectroView. ʇʣʦʱʘʜʠ ʧʠʢʦʚ ʢʘʞʜʦʛʦ ʤʝʪʘ-

ʙʦʣʠʪʘ ʬʦʩʬʦʨʥʦʛʦ ʩʧʝʢʪʨʘ ʜʦ ɻɹʆ, ʥʦʨʤʠʨʦʚʘʥʥʳʝ ʥʘ ʩʫʤʤʫ 

ʧʣʦʱʘʜʝʡ ʚʩʝʭ ʧʠʢʦʚ (ʩʫʤʤʘʨʥʳʡ ʬʦʩʬʦʨ), ʩʨʘʚʥʠʚʘʣʠʩʴ ʩ ʩʦʦʪ-

ʚʝʪʩʪʚʫʶʱʠʤʠ ʟʥʘʯʝʥʠʷʤʠ ʚ ʩʧʝʢʪʨʘʭ ʧʦʩʣʝ ɻɹʆ. ɺʳʯʠʩʣʝʥʦ pH ʚ 

ʤʦʟʛʝ ʜʦ ʠ ʧʦʩʣʝ ɻɹʆ. ʇʦ ʢʨʠʪʝʨʠʶ ʄʘʥʥʘ-ʋʠʪʥʠ ʦʧʨʝʜʝʣʷʣʘʩʴ 

ʜʦʩʪʦʚʝʨʥʦʩʪʴ ʤʝʞʛʨʫʧʧʦʚʳʭ ʨʘʟʣʠʯʠʡ.  

ʈʝʟʫʣʴʪʘʪʳ 

ʈʝʟʫʣʴʪʘʪʳ ʜʦʩʪʦʚʝʨʥʳʭ (p<0.05) ʠʟʤʝʥʝʥʠʡ ʧʨʠ ʧʨʦʚʝʜʝʥʠʠ 

ɻɹʆ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣʠʮʝ 1. 

mailto:deulya57@gmail.com
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ʊʘʙʣʠʮʘ 1. ʕʬʬʝʢʪ ɻɹʆ ʥʘ ʧʦʚʝʜʝʥʠʝ ʢʨʝʘʪʠʥʬʦʩʬʘʪʘ (PCr), Ŭ-

ʨʝʟʦʥʘʥʩʘ ʤʦʣʝʢʫʣʳ ɸʊʌ (a-ATP) ʠ ʚʥʫʪʨʠʢʣʝʪʦʯʥʦʛʦ pH ʚ ʛʦʣʦʚʥʦʤ 

ʤʦʟʛʝ ʯʝʣʦʚʝʢʘ. 

 ɼʆ ɻɹʆ ʇʆʉʃɽ ɻɹʆ p-value 

 ʩʨʝʜʥʝʝ ʦʪʢʣʦʥʝʥʠʝ ʩʨʝʜʥʝʝ ʦʪʢʣʦʥʝʥʠʝ  

PCr 0,152 0,016 0,147 0,017 0,021 

a-ATP 0,220 0,023 0,231 0,027 0,003 

pH 6,97 0,005 6,95 0,007 0,015 

ɼʦʩʪʦʚʝʨʥʦʛʦ ʚʣʠʷʥʠʷ ɻɹʆ ʥʘ ʜʨʫʛʠʝ ʤʝʪʘʙʦʣʠʪʳ ʥʝ ʚʳʷʚʣʝʥʦ. 

ʆʙʩʫʞʜʝʥʠʝ 

ʇʦʢʘʟʘʥʦ, ʯʪʦ ɻɹʆ ʦʢʘʟʳʚʘʝʪ ʚʣʠʷʥʠʝ ʥʘ ʵʥʝʨʛʝʪʠʯʝʩʢʠʡ ʤʝʪʘ-

ʙʦʣʠʟʤ ʛʦʣʦʚʥʦʛʦ ʤʦʟʛʘ ʯʝʣʦʚʝʢʘ. ʆʙʥʘʨʫʞʝʥʦ ʚʦʟʜʝʡʩʪʚʠʝ ʥʘ 

ʢʨʘʡʥʝ ʚʘʞʥʳʡ ʧʘʨʘʤʝʪʨ ï ɸʊʌ. ɺʳʷʚʣʝʥʥʦʝ ʠʟʤʝʥʝʥʠʝ pH ʚ ʤʦʟ-

ʛʝ ʪʘʢʞʝ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦʙ ʘʢʪʠʚʘʮʠʠ ʵʥʝʨʛʝʪʠʢʠ, ʧʦʩʢʦʣʴʢʫ ʦʪ 

ʟʥʘʯʝʥʠʷ pH ʟʘʚʠʩʠʪ ʘʢʪʠʚʥʦʩʪʴ ʬʝʨʤʝʥʪʦʚ, ʫʯʘʩʪʚʫʶʱʠʭ ʚ ʥʝʡʨʦ-

ʥʘʣʴʥʦʤ ʮʠʢʣʝ ʂʨʝʙʩʘ [2]. 

 
ʈʠʩʫʥʦʢ 1. ʈʘʩʧʦʣʦʞʝʥʠʝ ʩʧʝʢʪʨʦʩʢʦʧʠʯʝʩʢʦʛʦ ʦʙʲʸʤʘ ʩ ʨʘʟʜʝʣʝʥʠʝʤ 

ʥʘ ʠʥʜʠʚʠʜʫʘʣʴʥʳʝ ʚʦʢʩʝʣʠ 

ʃʠʪʝʨʘʪʫʨʘ 
1. Stephen R. Hyperbaric oxygen ï its mechanisms and efficacy, 2012 

2. Dobson GP, Yamamoto E, Hochachka PW. Phosphofructokinase control: 

nature and reversal of pH-dependent ATP inhibition. Am J Physiol. 1986 

Jan;250(1 Pt 2):R71-6. 
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ʇʆʀʉʂ ʉɺʗɿɸʅʅʆʉʊʀ ʅɸ ʈɸɿʃʀʏʅʓʍ ʕʊɸʇɸʍ  

ʈɸɿɺʀʊʀʗ ɸɹʉɸʅʉʅʓʍ ʈɸɿʈʗɼʆɺ ʉ ʇʆʄʆʑʔʖ  

ʅɽʃʀʅɽʁʅʆʁ ʂʆʈʈɽʃʗʎʀʆʅʅʆʁ ʌʋʅʂʎʀʀ 

 

ɸ.ɸ. ɻʨʠʱʝʥʢʦ
1
, ɻ.ɼ. ʂʫʟʥʝʮʦʚʘ

2
, ʀ.ɺ. ʉʳʩʦʝʚ

1 

 
1
ʉʘʨʘʪʦʚʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤ. ʅ.ɻ. ʏʝʨʥʳʰʝʚʩʢʦʛʦ 
2
 ʀʥʩʪʠʪʫʪ ʚʳʩʰʝʡ ʥʝʨʚʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ ʠ ʥʝʡʨʦʬʠʟʠʦʣʦʛʠʠ ʈɸʅ 

E-mail: vili_von@mail.ru 

 

ɼʣʷ ʢʘʞʜʦʡ ʢʨʳʩʳ ʩʪʨʦʠʣʠʩʴ ʩʫʨʨʦʛʘʪʥʳʝ ʧʘʨʳ ʚʨʝʤʝʥʥʳʭ ʨʷ-

ʜʦʚ ʧʫʪʸʤ ʧʝʨʝʩʪʘʥʦʚʢʠ ʨʝʘʣʠʟʘʮʠʡ [1] ð ʚʩʝʛʦ 90 ʧʘʨ. ʉ ʠʭ ʠʩ-

ʧʦʣʴʟʦʚʘʥʠʝʤ ʩʪʨʦʠʣʩʷ ʜʦʚʝʨʠʪʝʣʴʥʳʡ ʠʥʪʝʨʚʘʣ, ʜʣʷ ʯʝʛʦ ʙʨʘʣʠʩʴ 

ʤʠʥʠʤʘʣʴʥʦʝ ʠ ʤʘʢʩʠʤʘʣʴʥʦʝ ʟʥʘʯʝʥʠʷ ʚ ʢʘʞʜʳʡ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʦʪʦʯʝʯʥʘʷ (ʜʣʷ ʦʜʥʦʛʦ ʢʦʥʢʨʝʪʥʦʛʦ ʤʦʤʝʥʪʘ ʚʨʝ-

ʤʝʥʠ) ʜʦʚʝʨʠʪʝʣʴʥʘʷ ʚʝʨʦʷʪʥʦʩʪʴ ʩʦʩʪʘʚʣʷʣʘ 98,9%, ʫʨʦʚʝʥʴ ʟʥʘ-

ʯʠʤʦʩʪʠ ð 1,1%. ʇʦʩʢʦʣʴʢʫ ʠʤʝʣʦ ʤʝʩʪʦ ʤʥʦʞʝʩʪʚʝʥʥʦʝ ʪʝʩʪʠʨʦ-

ʚʘʥʠʝ, ʯʘʩʪʴ ʨʝʟʫʣʴʪʘʪʦʚ (ʧʦʨʷʜʢʘ 1,1% ʟʥʘʯʝʥʠʡ) ʤʦʛʣʠ ʦʢʘʟʘʪʴʩʷ 

ʟʥʘʯʠʤʳʤʠ ʩʣʫʯʘʡʥʦ. ɼʣʷ ʢʘʞʜʦʛʦ ʨʘʟʨʷʜʘ ʙʳʣʦ ʨʘʩʩʯʠʪʘʥʦ ʯʠʩʣʦ 

ʟʥʘʯʠʤʳʭ (ʚʳʰʝ ʫʨʦʚʥʷ ʟʥʘʯʠʤʦʩʪʠ) ʚʳʚʦʜʦʚ ʦ ʩʚʷʟʘʥʥʦʩʪʠ ʥʘ 

ʢʘʞʜʦʤ ʠʟ ʯʝʪʳʨʸʭ ʠʥʪʝʨʚʘʣʦʚ: [-5; -3] ʩ ʜʦ ʥʘʯʘʣʘ ʨʘʟʨʷʜʘ (ʬʦʥʦ-

ʚʘʷ ʘʢʪʠʚʥʦʩʪʴ), [-2; 0] ʩ (ʧʨʝʠʢʪʘʣʴʥʘʷ ʘʢʪʠʚʥʦʩʪʴ), [0; 2] ʩ (ʥʘʯʘʣʦ 

ʨʘʟʨʷʜʘ, ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʠʥʪʝʨʚʘʣʫ ʧʦʪʝʨʠ ʩʚʷʟʘʥʥʦʩʪʠ, ʦʙʥʘʨʫʞʝʥ-

ʥʦʤʫ ʚ [2]) ʠ [2; 4] ʩ (ʧʦʜʜʝʨʞʘʥʠʝ ʨʘʟʨʷʜʘ). ʅʘʙʦʨʳ ʵʪʠʭ ʟʥʘʯʝʥʠʡ, 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʨʘʟʥʳʤ ʨʘʟʨʷʜʘʤ ʦʜʥʦʡ ʠ ʪʦʡ ʞʝ ʢʨʳʩʳ, ʪʝʩʪʠ-

ʨʦʚʘʣʠʩʴ ʩ ʧʦʤʦʱʴʶ t-ʪʝʩʪʘ ʉʪʴʶʜʝʥʪʘ ʥʘ ʟʥʘʯʠʤʦʝ ʦʪʣʠʯʠʝ ʦʪ 

ʩʣʫʯʘʡʥʦʛʦ ʜʦʩʪʠʞʠʤʦʛʦ ʫʨʦʚʥʷ. ɺ ʪʘʙʣʠʮʝ ʧʨʠʚʝʜʝʥʳ ʨʝʟʫʣʴʪʘʪʳ 

ʜʣʷ ʚʩʝʭ ʨʘʩʩʤʦʪʨʝʥʥʳʭ ʞʠʚʦʪʥʳʭ, ʟʥʘʢʘʤʠ ʦʪʤʝʯʝʥʳ: ç+è ʯʠʩʣʦ 

ʚʳʚʦʜʦʚ ʟʥʘʯʠʤʦ ʚʳʰʝ ʩʣʫʯʘʡʥʦ ʚʦʟʤʦʞʥʦʛʦ, ç-è ʯʠʩʣʦ ʚʳʚʦʜʦʚ 

ʟʥʘʯʠʤʦ ʥʠʞʝ ʩʣʫʯʘʡʥʦ ʚʦʟʤʦʞʥʦʛʦ, ç0è ʯʠʩʣʦ ʚʳʚʦʜʦʚ ʟʥʘʯʠʤʦ 

ʥʝ ʦʪʣʠʯʘʝʪʩʷ ʦʪ ʩʣʫʯʘʡʥʦ ʚʦʟʤʦʞʥʦʛʦ (ʚʩʝ ʚʳʚʦʜʳ ʥʘ ʫʨʦʚʥʝ ʟʥʘ-

ʯʠʤʦʩʪʠ 5%). 

ɺʠʜʥʦ, ʯʪʦ ʜʣʷ ʨʘʟʥʳʭ ʞʠʚʦʪʥʳʭ ʨʝʟʫʣʴʪʘʪʳ ʩʠʣʴʥʦ ʨʘʟʣʠʯʥʳʝ. 

ʇʨʠ ʵʪʦʤ ʩʚʷʟʴ ʫʜʘʸʪʩʷ ʦʙʥʘʨʫʞʠʪʴ ʚʦ ʚʩʝʭ 4 ʨʘʩʩʤʦʪʨʝʥʥʳʭ ʠʥ-

ʪʝʨʚʘʣʘʭ, ʥʦ ʙʦʣʴʰʝ ʚʩʝʛʦ ʚ ʧʨʝʠʢʪʘʣʴʥʦʡ ʬʘʟʝ, ʘ ʤʝʥʴʰʝ ʚʩʝʛʦ ð 

ʚ ʧʝʨʚʳʝ 2 ʩ ʨʘʟʨʷʜʘ, ʯʪʦ ʚ ʮʝʣʦʤ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʚʳʚʦʜʘʤ ʨʘʙʦʪʳ 

[2]. 
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ʂʨʳʩʘ 

 ̄

[-5; -3] 

baseline 

[-2; 0] 

preictal 

[0; 2] 

decoupling 

[2; 4] 

maintanance 

2 0 + + + 

5 0 0 - 0 

6 0 0 0 0 

7 + + 0 + 

9 0 0 0 0 

10 0 0 0 0 

14 + + 0 0 

 
ʊʘʙʣʠʮʘ 1. ʈʝʟʫʣʴʪʘʪʳ t-ʪʝʩʪʘ ʉʪʴʶʜʝʥʪʘ 

1.  

2. ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʧʦʜʜʝʨʞʢʝ ʈʌʌʀ, ʛʨʘʥʪ ˉ16-34-

00203 ʠ ʉʪʠʧʝʥʜʠʠ ʇʨʝʟʠʜʝʥʪʘ ʜʣʷ ʧʦʜʜʝʨʞʢʠ ʤʦʣʦʜʳʭ ʫʯʸʥʳʭ 

ʉʇ-1510.2015.4. 

3.  

4. ʃʠʪʝʨʘʪʫʨʘ 

5.  

6. 1. J. Theiler, S. Eubank, A. Longtin, B. Galdrikian, and J.D. 

Farmer. Testing for nonlinearity in time series: the method of surrogate 

data. Physica D 58 (1992) 77ï94. 

7. 2. ʉʳʩʦʝʚʘ ʄ. ɺ., ʉʠʪʥʠʢʦʚʘ ɽ. ʖ., ʉʳʩʦʝʚ ʀ. ɺ. ʊʘʣʘʤʦ-

ʢʦʨʪʠʢʘʣʴʥʳʝ ʤʝʭʘʥʠʟʤʳ ʠʥʠʮʠʘʮʠʠ ʧʦʜʜʝʨʞʘʥʠʷ ʠ ʧʨʝʢʨʘʱʝʥʠʷ 

ʧʠʢ-ʚʦʣʥʦʚʳʭ ʨʘʟʨʷʜʦʚ ʫ ʢʨʳʩ WAG/Rij // ɾʫʨʥʘʣ ʚʳʩʰʝʡ ʥʝʨʚʥʦʡ 

ʜʝʷʪʝʣʴʥʦʩʪʠ. 2016. ʊ. 66. N 1. ʉ. 103-112. 
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ʆʙʥʠʥʩʢ 
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ɸʢʪʫʘʣʴʥʦʩʪʴ. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ  ʬʦʪʦʜʠʥʘʤʠʯʝʩʢʘʷ  ʪʝʨʘʧʠʷ 

(ʌɼʊ) ʟʘʥʠʤʘʝʪ ʦʜʥʦ ʠʟ ʚʝʜʫʱʠʭ ʤʝʩʪ ʚ ʣʦʢʘʣʴʥʦʤ ʣʝʯʝʥʠʠ ʧʦ-

ʚʝʨʭʥʦʩʪʥʳʭ ʟʣʦʢʘʯʝʩʪʚʝʥʥʳʭ ʦʧʫʭʦʣʝʚʳʭ ʟʘʙʦʣʝʚʘʥʠʡ. ʕʬʬʝʢʪʳ, 

ʩʚʷʟʘʥʥʳʝ ʩ ʜʘʥʥʳʤ ʚʠʜʦʤ ʣʝʯʝʥʠʷ, ʦʙʫʩʣʦʚʣʝʥʳ ʥʝʩʢʦʣʴʢʠʤʠ 

ʬʘʢʪʦʨʘʤʠ: ʧʨʷʤʦʝ ʬʦʪʦʧʦʚʨʝʞʜʝʥʠʝ ʢʣʝʪʦʢ, ʨʘʟʨʫʰʝʥʠʝ ʩʦʩʫʜʠ-

ʩʪʦʡ ʩʝʪʠ ʦʧʫʭʦʣʠ ʠ ʘʢʪʠʚʘʮʠʠ ʠʤʤʫʥʥʦʛʦ ʦʪʚʝʪʘ[1,2]. ɺ ʥʘʩʪʦʷ-

ʱʝʝ ʚʨʝʤʷ ʦʜʥʠʤ ʠʟ ʛʣʘʚʥʳʭ ʥʘʧʨʘʚʣʝʥʠʡ ʚ ʌɼʊ ʷʚʣʷʝʪʩʷ ʨʘʟʨʘ-

ʙʦʪʢʘ ʥʦʚʳʭ ʌʉ, ʢʦʪʦʨʳʝ ʙʳ ʦʙʝʩʧʝʯʠʚʘʣʠ ʜʦʩʪʘʪʦʯʥʳʡ ʪʝʨʘʧʝʚ-

ʪʠʯʝʩʢʠʡ ʵʬʬʝʢʪ ʧʨʠ ʤʠʥʠʤʘʣʴʥʦʤ ʧʦʚʨʝʞʜʝʥʠʠ ʦʢʨʫʞʘʶʱʠʭ 

ʟʜʦʨʦʚʳʭ ʪʢʘʥʝʡ ʠ ʦʪʩʫʪʩʪʚʠʠ ʦʙʱʝʪʦʢʩʠʯʝʩʢʦʛʦ ʜʝʡʩʪʚʠʷ. ɺ ʣʝʯʝ-

ʥʠʠ ʟʣʦʢʘʯʝʩʪʚʝʥʥʳʭ ʥʦʚʦʦʙʨʘʟʦʚʘʥʠʡ ʙʦʣʴʰʦʡ ʠʥʪʝʨʝʩ ʚ ʢʘʯʝʩʪʚʝ 

ʬʦʪʦʩʝʥʩʠʙʠʣʠʟʘʪʦʨʦʚ ʚʳʟʳʚʘʶʪ ʧʨʦʠʟʚʦʜʥʳʝ ʨʷʜʘ ʭʣʦʨʦʬʠʣʣʘ. 

ʊʘʢʞʝ ʚʝʜʫʪʩʷ ʘʢʪʠʚʥʳʝ ʨʘʙʦʪʳ ʧʦ ʩʦʟʜʘʥʠʶ ʣʠʧʦʩʦʤʘʣʴʥʳʭ ʬʦʨʤ 

ʌʉ, ʢʦʪʦʨʳʝ ʧʨʦʷʚʣʷʶʪ ʥʘ ʧʦʨʷʜʦʢ ʙʦʣʴʰʫʶ ʩʚʝʪʦʚʫʶ ʪʦʢʩʠʯ-

ʥʦʩʪʴ, ʧʨʠ ʦʪʩʫʪʩʪʚʠʠ ʪʝʤʥʦʚʦʡ ʪʦʢʩʠʯʥʦʩʪʠ, ʧʦʚʳʰʘʶʪ ʩʝʣʝʢʪʠʚ-

ʥʦʩʪʴ ʥʘʢʦʧʣʝʥʠʷ ʚ ʦʧʫʭʦʣʠ, ʯʪʦ ʫʚʝʣʠʯʠʚʘʝʪ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʌɼʊ 

ʥʘ ʙʦʣʝʝ ʤʘʣʳʭ ʜʦʟʘʭ ʌʉ ʠ ʯʪʦ ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ ʩʥʠʞʘʝʪ ʧʦʚʨʝʞʜʝ-

ʥʠʝ ʥʦʨʤʘʣʴʥʳʭ ʪʢʘʥʝʡ ʠ ʩʥʠʞʘʝʪ ʦʙʱʝʪʦʢʩʠʯʝʩʢʦʝ ʜʝʡʩʪʚʠʝ ʥʘ 

ʦʨʛʘʥʠʟʤ.[3] ɺ ʀʥʩʪʠʪʫʪʝ ʵʣʝʤʝʥʪʦʦʨʛʘʥʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ ʠʤ. 

ɸ.ʅ. ʅʝʩʤʝʷʥʦʚʘ ʈɸʅ ʙʳʣ ʩʠʥʪʝʟʠʨʦʚʘʥ ʙʦʨʠʨʦʚʘʥʥʳʡ ʭʣʦʨʠʥ, ʘ ʚ 

ɻʆʋ ɺʇʆ ʇʄɻʄʋ ʠʤ. ʀ.ʄ. ʉʝʯʝʥʦʚʘ ʥʘ ʢʘʬʝʜʨʝ ʬʘʨʤʘʮʝʚʪʠʯʝ-

ʩʢʦʡ ʪʝʭʥʦʣʦʛʠʠ ʠ ʬʘʨʤʘʢʦʣʦʛʠʠ ʙʳʣʘ ʨʘʟʨʘʙʦʪʘʥʘ ʠ ʩʠʥʪʝʟʠʨʦʚʘ-

ʥʘ ʥʦʚʘʷ ʣʝʢʘʨʩʪʚʝʥʥʘʷ ʬʦʨʤʘ çɹʦʨʭʣʦʨʠʥ ʣʠʧʦʩʦʤʘʣʴʥʳʡ ʣʠʦʬʠ-

ʣʠʟʘʪè. 

ʎʝʣʴ ʨʘʙʦʪʳ: ʦʮʝʥʢʘ ʬʦʪʦʜʠʥʘʤʠʯʝʩʢʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʥʦʚʦʛʦ 

ʌʉ ʥʘ ʨʘʟʥʳʭ ʤʦʜʝʣʷʭ ʧʝʨʝʚʠʚʘʝʤʳʭ ʦʧʫʭʦʣʝʡ. 

ɿʘʜʘʯʠ ʠʩʩʣʝʜʦʚʘʥʠʷ:  
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Å ʠʟʫʯʠʪʴ ʜʠʥʘʤʠʢʫ ʥʘʢʦʧʣʝʥʠʷ ʣʠʧʦʩʦʤʘʣʴʥʦʛʦ ʙʦʨʠʨʦʚʘʥ-

ʥʦʛʦ ʭʣʦʨʠʥʘ ʚ ʦʧʫʭʦʣʝʚʦʡ ʠ ʟʜʦʨʦʚʦʡ ʪʢʘʥʷʭ;   

Å ʠʟʫʯʠʪʴ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʌɼʊ ʩ ʨʘʟʥʳʤʠ ʜʦʟʘʤʠ ʌʉ ʥʘ ʨʘʟ-

ʥʳʭ ʦʧʫʭʦʣʝʚʳʭ ʰʪʘʤʤʘʭ. 

ʄʝʪʦʜʳ ʠ ʤʘʪʝʨʠʘʣʳ. ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʥʘ 2 ʚʠʜʘʭ ʞʠʚʦʪʥʳʭ: 

ʙʝʩʧʦʨʦʜʥʳʝ ʢʨʳʩʳ ʩ ʧʝʨʝʚʠʪʦʡ ʧʦʜ ʢʦʞʫ ʚ ʦʙʣʘʩʪʴ ʙʝʜʨʘ ʩʘʨʢʦ-

ʤʦʡ ʄ-1 ʠ ʛʝʧʘʪʦʢʘʨʮʠʥʦʤʦʡ ʈʉ-1,  ʠ ʤʳʰʠ: ʙʝʩʧʦʨʦʜʥʳʝ ʩ ʠʤ-

ʧʣʘʥʪʠʨʦʚʘʥʥʦʡ ʵʤʙʨʠʦʢʘʨʮʠʥʦʤʦʡ ʕʨʣʠʭʘ,  ɻʠʙʨʠʜʳ ʉ57BL/6  ʩ 

ʠʤʧʣʘʥʪʠʨʦʚʘʥʥʦʡ ʄʝʣʘʥʦʤʦʡ ɺ-16. 

ʇʝʨʝʜ ʩʝʘʥʩʦʤ ʌɼʊ ʧʨʦʚʦʜʠʣʠ ʠʟʤʝʨʝʥʠʷ ʥʘʢʦʧʣʝʥʠʷ ʌʉ ʚ 

ʦʧʫʭʦʣʝʚʦʡ ʠ ʟʜʦʨʦʚʦʡ ʪʢʘʥʷʭ ʥʘ ʜʠʘʛʥʦʩʪʠʯʝʩʢʦʤ ʩʧʝʢʪʨʦʤʝʪʨʠ-

ʯʝʩʢʦʤ ʢʦʤʧʣʝʢʩʝ çLesa-1è. ɹʦʨʠʨʦʚʘʥʥʳʡ ʭʣʦʨʠʥ ʚʚʦʜʠʣʠ ʚʥʫʪ-

ʨʠʙʨʶʰʠʥʥʦ ʠ ʚʥʫʪʨʠʚʝʥʥʦ ʚ ʜʦʟʘʭ 1,25; 2,5; 5,0; 10,0 ʤʛ/ʢʛ ʚʝʩʘ 

ʞʠʚʦʪʥʦʛʦ. ʆʙʣʫʯʝʥʠʝ ʧʨʦʚʦʜʠʣʦʩʴ ʥʘ çɸʪʢʫʩ-2è - ʧʦʣʫʧʨʦʚʦʜʥʠ-

ʢʦʚʦʤ ʣʘʟʝʨʥʦʤ ʘʧʧʘʨʘʪʝ. ʇʣʦʪʥʦʩʪʴ ʵʥʝʨʛʠʠ ʣʘʟʝʨʥʦʛʦ ʠʟʣʫʯʝʥʠʷ 

ʩʦʩʪʘʚʣʷʣʘ 100,150,300 ɼʞ/ʩʤ
2
. ʕʬʬʝʢʪʠʚʥʦʩʪʴ ʣʝʯʝʥʠʷ ʦʮʝʥʠʚʘʣʠ 

ʧʦ ʢʦʵʬʬʠʮʠʝʥʪʫ ʘʙʩʦʣʶʪʥʦʛʦ ʧʨʠʨʦʩʪʘ ʦʧʫʭʦʣʠ (ʂ), ʧʦ ʪʦʨʤʦʞʝ-

ʥʠʶ ʨʦʩʪʘ ʦʧʫʭʦʣʠ (ʊʈʆ%) ʠ ʧʦ ʧʦʣʥʦʡ ʨʝʛʨʝʩʩʠʠ ʦʧʫʭʦʣʠ (ʇʈ 

%). 

ʈʝʟʫʣʴʪʘʪʳ. ʆʧʪʠʤʘʣʴʥʦʝ ʚʨʝʤʷ ʧʨʦʚʝʜʝʥʠʷ ʣʘʟʝʨʥʦʛʦ ʦʙʣʫʯʝ-

ʥʠʷ ʧʦʩʣʝ ʚʚʝʜʝʥʠʷ ʌʉ ʥʘʩʪʫʧʘʝʪ ʯʝʨʝʟ 2,5 -3,5 ʯʘʩʘ ʚ ʟʘʚʠʩʠʤʦʩʪʠ 

ʦʪ ʛʠʩʪʦʣʦʛʠʯʝʩʢʦʡ ʬʦʨʤʳ ʦʧʫʭʦʣʠ, ʢʦʛʜʘ ʠʥʜʝʢʩ ʢʦʥʪʨʘʩʪʥʦʩʪʠ 

ʜʦʩʪʠʛʘʝʪ ʩʚʦʝʛʦ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʟʥʘʯʝʥʠʷ. 

ʇʦʩʣʝ ʧʨʦʚʝʜʝʥʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʙʳʣʠ ʫʩʪʘʥʦʚʣʝʥʳ ʧʘʨʘʤʝʪ-

ʨʳ ʧʨʦʚʝʜʝʥʠʷ ʌɼʊ ʩ ʣʠʧʦʩʦʤʘʣʴʥʳʤ ʙʦʨʠʨʦʚʘʥʥʳʤ  ʭʣʦʨʠʥʦʤ 

ɽ6 ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʧʦʣʥʦʡ ʨʝʛʨʝʩʩʠʠ ʦʧʫʭʦʣʠ ʫ 100 % ʞʠʚʦʪʥʳʭ 

ʜʣʷ ʨʘʟʥʳʭ ʦʧʫʭʦʣʝʚʳʭ ʰʪʘʤʤʦʚ. 

ʃʠʪʝʨʘʪʫʨʘ 

1. ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʘʩʧʝʢʪʳ ʬʦʪʦʜʠʥʘʤʠʯʝʩʢʦʡ ʪʝʨʘʧʠʠ / ʧʦʜ.ʨʝʜ. 

ɸ.ʌ. ʎʳʙʘ ʠ ʄ.ɸ. ʂʘʧʣʘʥʘ  - ʂʘʣʫʛʘ: ʀʟʜʘʪʝʣʴʩʪʚʦ ʥʘʫʯʥʦʡ ʣʠʪʝʨʘʪʫʨʳ 

ʅ.ʌ. ɹʦʯʢʘʨʸʚʦʡ, 2010. ï 112 ʩ., ʠʣ. 

2. ʎʳʙ ɸ.ʌ., ʂʘʧʣʘʥ ʄ.ɸ., ʈʦʤʘʥʢʦ ʖ.ʉ., ʇʦʧʫʯʠʝʚ ɺ.ɺ. çʌʦʪʦʜʠʥʘ-

ʤʠʯʝʩʢʘʷ ʪʝʨʘʧʠʷè, ʄʦʩʢʚʘ: ʆʆʆ ʄʝʜʠʮʠʥʩʢʦʝ ʠʥʬʦʨʤʘʮʠʦʥʥʦʝ 

ʘʛʝʥʪʩʪʚʦè, 2009. - 192 ʩ. 

3. ʄʝʝʨʦʚʠʯ ʀ.ɻ., ʆʙʦʨʦʪʦʚʘ ʅ.ɸ. ʇʨʠʤʝʥʝʥʠʝ ʣʠʧʦʩʦʤ ʚ ʬʦʪʦʭʠʤʠʦ-

ʪʝʨʘʧʠʠ: 2. ʃʠʧʦʩʦʤʘʣʴʥʳʝ ʬʦʨʤʳ ʜʣʷ ʩʦʟʜʘʥʠʷ ʬʦʪʦʘʢʪʠʚʠʨʫʝʤʳʭ ʣʠ-

ʧʦʩʦʤʘʣʴʥʳʭ ʧʨʝʧʘʨʘʪʦʚ ʠ ʚ ʢʘʯʝʩʪʚʝ ʤʦʜʝʣʝʡ ʜʣʷ ʬʦʪʦʙʠʦʣʦʛʠʯʝʩʢʠʭ  

ʠʩʩʣʝʜʦʚʘʥʠʡ // ʈʦʩʩʠʡʩʢʠʡ ʙʠʦʪʝʨʘʧʝʚʪʠʯʝʩʢʠʡ ʞʫʨʥʘʣ. 2004. ʊ. 3. ˉ 1. 

ʉ. 7ï13. 
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ʀʉʇʆʃʔɿʆɺɸʅʀɽ ʄʆɼɽʃʀ ʊʈɽʍʉʃʆʁʅʆʁ  

ʇʃʆʉʂʆʁ ʉʊɽʅʂʀ ɼʃʗ ʈɸʉʏɽʊɸ ʊɽʈʄʀʏɽʉʂʆɻʆ  

ʉʆʇʈʆʊʀɺʃɽʅʀʗ ʕʃɽʄɽʅʊʆɺ ʂʆʅʉʊʈʋʂʎʀʀ 

ʋʉʊʈʆʁʉʊɺɸ ʊʈɸʅʉʂʈɸʅʀɸʃʔʅʆʁ ʄɸɻʅʀʊʅʆʁ 

ʉʊʀʄʋʃʗʎʀʀ 

 

ɽʬʨʝʤʦʚ ɺ.ɺ., ʂʦʨʦʣʝʚ ʄ.ʖ. 
 

ʅʘʮʠʦʥʘʣʴʥʳʡ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʷʜʝʨʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ çʄʀʌʀè, 

ʄʦʩʢʚʘ 

8(925)789-35-70, VVEfremov@mephi.ru 

 

ʅʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʤ ʤʝʪʦʜʦʤ ʥʝʠʥʚʘʟʠʚʥʦʛʦ ʚʦʟʜʝʡ-

ʩʪʚʠʷ ʥʘ ʨʘʟʣʠʯʥʳʝ ʫʯʘʩʪʢʠ ʢʦʨʳ ʛʦʣʦʚʥʦʛʦ ʤʦʟʛʘ ʷʚʣʷʝʪʩʷ 

ʪʨʘʥʩʢʨʘʥʠʘʣʴʥʘʷ ʤʘʛʥʠʪʥʘʷ ʩʪʠʤʫʣʷʮʠʷ (ʜʘʣʝʝ ʊʄʉ). ʉʫʪʴ ʜʘʥ-

ʥʦʡ ʤʝʪʦʜʠʢʠ ʩʦʩʪʦʠʪ ʚ ʪʦʤ, ʯʪʦ ʥʝʡʨʦʥʳ ʢʦʨr ʛʦʣʦʚʥʦʛʦ ʤʦʟʛʘ 

ʩʪʠʤʫʣʠʨʫʝʪʩʷ ʧʨʠ ʧʦʤʦʱʠ ʢʦʨʦʪʢʠʭ ʤʘʛʥʠʪʥʳʭ ʠʤʧʫʣʴʩʦʚ. ɺ ʦʪ-
ʣʠʯʠʝ ʦʪ ʜʨʫʛʠʭ ʤʝʪʦʜʦʚ, ʊʄʉ ʥʝ ʩʦʧʨʷʞʝʥʘ ʩ ʙʦʣʝʚʳʤʠ ʦʱʫʱʝ-

ʥʠʷʤʠ ʠ ʧʦʵʪʦʤʫ ʤʦʞʝʪ ʧʨʠʤʝʥʷʪʴʩʷ ʚ ʢʘʯʝʩʪʚʝ ʜʠʘʛʥʦʩʪʠʯʝʩʢʦʡ 

ʧʨʦʮʝʜʫʨʳ ʚ ʘʤʙʫʣʘʪʦʨʥʳʭ ʫʩʣʦʚʠʷʭ [1]. 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʘʧʧʘʨʘʪʳ, ʧʦʟʚʦʣʷʶʱʠʝ ʧʨʦʚʦʜʠʪʴ ʥʫʞʥʳʝ 

ʧʨʦʮʝʜʫʨʳ, ʷʚʣʷʶʪʩʷ ʢʨʫʧʥʦʛʘʙʘʨʠʪʥʳʤʠ, ʯʪʦ ʟʘʪʨʫʜʥʷʝʪ ʠʭ ʧʝʨʝ-

ʤʝʱʝʥʠʝ ʠ ʧʨʝʧʷʪʩʪʚʫʝʪ ʰʠʨʦʢʦʤʫ ʧʨʠʤʝʥʝʥʠʶ. ɸʢʪʫʘʣʴʥʦʡ ʧʨʦ-

ʙʣʝʤʦʡ ʷʚʣʷʝʪʩʷ ʩʦʟʜʘʥʠʝ ʧʦʨʪʘʪʠʚʥʦʛʦ ʫʩʪʨʦʡʩʪʚʘ. 

ɺ ʧʨʦʝʢʪʠʨʫʝʤʦʡ ʢʦʥʩʪʨʫʢʮʠʠ [2] ʪʝʧʣʦ, ʚʳʜʝʣʷʶʱʝʝʩʷ ʩ ʧʦ-

ʚʝʨʭʥʦʩʪʠ ʢʘʪʫʰʢʠ, ʧʨʦʭʦʜʷ ʯʝʨʝʟ ʩʣʦʠ ʪʝʨʤʦʧʘʩʪʳ ʠ ʨʘʟʜʝʣʠʪʝʣʴ-

ʥʫʶ ʧʣʘʩʪʠʥʫ, ʩʥʠʤʘʝʪʩʷ ʮʠʨʢʫʣʠʨʫʶʱʝʡ ʚʦʜʦʡ [3]. 

ʇʨʦʮʝʩʩ ʧʝʨʝʥʦʩʘ ʪʝʧʣʘ ʦʪ ʥʘʛʨʝʪʦʛʦ ʪʝʣʘ ʢ ʭʦʣʦʜʥʦʤʫ ʪʝʧʣʦʥʦ-

ʩʠʪʝʣʶ ʯʝʨʝʟ ʪʚʝʨʜʫʶ ʩʪʝʥʢʫ ʦʧʨʝʜʝʣʷʝʪʩʷ ʩʦʚʦʢʫʧʥʳʤ ʜʝʡʩʪʚʠʝʤ 

ʵʣʝʤʝʥʪʘʨʥʳʭ ʷʚʣʝʥʠʡ. ʆʪ ʧʨʦʚʦʜʦʚ ʢʘʪʫʰʢʠ ʢ ʨʘʟʜʝʣʠʪʝʣʴʥʦʡ 

ʩʪʝʥʢʝ ʧʝʨʝʥʦʩ ʪʝʧʣʦʪʳ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʴʶ, ʢʦʥ-

ʚʝʢʮʠʝʡ ʠ ʪʝʧʣʦʚʳʤ ʠʟʣʫʯʝʥʠʝʤ; ʯʝʨʝʟ ʨʘʟʜʝʣʠʪʝʣʴʥʫʶ ʩʪʝʥʢʫ ï 

ʪʦʣʴʢʦ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʴʶ; ʦʪ ʧʦʚʝʨʭʥʦʩʪʠ ʩʪʝʥʢʠ ʢ ʚʦʜʝ ï ʢʦʥ-

ʚʝʢʮʠʝʡ ʠ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʴʶ.  

ɼʣʷ ʨʘʩʯʝʪʘ ʪʝʨʤʠʯʝʩʢʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʠʩʧʦʣʴʟʫʝʤ ʤʦʜʝʣʴ 

ʪʨʝʭʩʣʦʡʥʦʡ ʧʣʦʩʢʦʡ ʩʪʝʥʢʠ, ʚ ʢʦʪʦʨʦʡ: ʜʚʘ ʢʨʘʡʥʠʭ ʩʣʦʷ ï ʪʝʨʤʦ-

ʧʘʩʪʘ; ʩʨʝʜʥʠʡ ʩʣʦʡ ʫʯʠʪʳʚʘʝʪ ʪʦʣʱʠʥʫ ʨʘʟʜʝʣʠʪʝʣʴʥʦʡ ʧʣʘʩʪʠʥʳ 
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ʠ ʩʪʝʥʢʠ ʪʨʫʙʳ; ʪʝʤʧʝʨʘʪʫʨʳ ʥʘ ʧʦʚʝʨʭʥʦʩʪʷʭ ʨʘʟʜʝʣʠʪʝʣʴʥʦʡ 

ʩʪʝʥʢʠ ʩʯʠʪʘʝʤ ʦʜʠʥʘʢʦʚʳʤʠ ʠ ʨʘʚʥʳʤʠ 20Áʉ. 

 

ʈʠʩ.1. ʊʝʧʣʦʧʝʨʝʜʘʯʘ ʯʝʨʝʟ ʪʨʝʭʩʣʦʡʥʫʶ ʧʣʦʩʢʫʶ ʩʪʝʥʢʫ; ʭʘʨʘʢʪʝʨ 

ʠʟʤʝʥʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ ʚ ʪʝʧʣʦʥʦʩʠʪʝʣʷʭ ʠ ʨʘʟʜʝʣʷʶʱʝʡ ʠʭ ʩʪʝʥʢʝ 
 

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʧʨʦʠʟʚʝʜʝʥ ʨʘʩʯʝʪ ʪʝʧʣʦʚʳʭ ʧʦʪʦʢʦʚ ʩ ʫʯʝʪʦʤ 

ʪʝʨʤʠʯʝʩʢʠʭ ʩʦʧʨʦʪʠʚʣʝʥʠʡ ʜʣʷ ʢʦʥʩʪʨʫʢʮʠʡ ʠʟ ʨʘʟʣʠʯʥʳʭ ʤʘʪʝ-

ʨʠʘʣʦʚ ʠ ʩʜʝʣʘʥ ʚʳʙʦʨ ʢʦʥʩʪʨʫʢʮʠʦʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ. 

ʃʠʪʝʨʘʪʫʨʘ 

1. ʉʠʩʪʝʤʳ ʢʦʤʧʣʝʢʩʥʦʡ ʵʣʝʢʪʨʦʤʘʛʥʠʪʦʪʝʨʘʧʠʠ: ʋʯʝʙʥʦʝ ʧʦ-

ʩʦʙʠʝ ʜʣʷ ʚʫʟʦʚ / ʇʦʜ ʨʝʜ. ɸ.ʄ. ɹʝʨʢʫʪʦʚʘ, ɺ.ʀ. ɾʫʣʝʚʘ, ɻ.ɸ. ʂʫ-

ʨʘʝʚʘ, ɽ.ʄ. ʇʨʦʰʠʥʘ. ï ʄ.: ʃʘʙʦʨʘʪʦʨʠʷ ɹʘʟʦʚʳʭ ɿʥʘʥʠʡ, 2000 ʛ. ï 

376 ʩʪʨ.; 

2. ɽʬʨʝʤʦʚ ɺ.ɺ., ʂʦʨʦʣʝʚ ʄ.ʖ., ʈʘʟʨʘʙʦʪʢʘ ʢʣʶʯʝʚʳʭ ʵʣʝʤʝʥ-

ʪʦʚ ʠ ʦʧʨʝʜʝʣʝʥʠʝ ʦʩʥʦʚʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʢʦʡʣʘ ʤʦʙʠʣʴʥʦʡ ʫʩʪʘ-

ʥʦʚʢʠ ʪʨʘʥʩʢʨʘʥʠʘʣʴʥʦʡ ʤʘʛʥʠʪʥʦʡ ʩʪʠʤʫʣʷʮʠʠ // ʄʦʣʦʜʝʞʥʳʡ 

ʥʘʫʯʥʳʡ ʚʝʩʪʥʠʢ. ï 2016. - ˉ7. ï ʩʪʨ. 56-64; 

3. ɽʬʨʝʤʦʚ ɺ.ɺ., ʂʦʨʦʣʝʚ ʄ.ʖ., ɺʳʙʦʨ ʩʧʦʩʦʙʘ ʦʭʣʘʞʜʝʥʠʷ ʠ 

ʨʘʩʯʝʪ ʧʦʪʝʨʴ ʜʘʚʣʝʥʠʷ ʚ ʵʣʝʤʝʥʪʘʭ ʩʠʩʪʝʤʳ ʮʠʨʢʫʣʷʮʠʠ ʪʝʧʣʦʥʦ-

ʩʠʪʝʣʷ ʫʩʪʨʦʡʩʪʚʘ ʪʨʘʥʩʢʨʘʥʠʘʣʴʥʦʡ ʤʘʛʥʠʪʥʦʡ ʩʪʠʤʫʣʷʮʠʠ // 

ʊʝʦʨʠʷ. ʇʨʘʢʪʠʢʘ. ʀʥʥʦʚʘʮʠʠ. ï 2016. - ˉ8. ï ʩʪʨ. 4-12. 
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ʆʉʆɹɽʅʅʆʉʊʀ ʈɸʄɸʅʆɺʉʂʆɻʆ ʈɸʉʉɽʗʅʀʗ  

ʉɽʈɽɹʈʗʅʓʍ ʇʃɽʅʆʂ ʈɸɿʃʀʏʅʆʁ ʐɽʈʆʍʆɺɸʊʆʉʊʀ 

ɼʃʗ ɼɽʊɽʂʊʀʈʆɺɸʅʀʗ ɸʃʔɹʋʄʀʅɸ ʏɽʃʆɺɽʏɽʉʂʆɻʆ 

ʉʓɺʆʈʆʊʆʏʅʆɻʆ (ʇʈʀ ʉɽʇʉʀʉɽ) 

 

ɿʶʙʠʥ ɸ.ʖ.
1
, ʂʦʥʩʪʘʥʪʠʥʦʚʘ ɽ.ʀ.

2
, ʄʘʪʚʝʝʚʘ ʂ.ʀ.

1
,  

ʉʣʝʞʢʠʥ ɺ.ɸ.
2
, ɹʨʶʭʘʥʦʚ ɺ.ɺ.

.1 

 
1
ɹʘʣʪʠʡʩʢʠʡ ʬʝʜʝʨʘʣʴʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤ. ʀ.ʂʘʥʪʘ, ʂʘʣʠʥʠʥʛʨʘʜ, 

ʈʦʩʩʠʷ 
2
ʂʘʣʠʥʠʥʛʨʘʜʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ, ʈʦʩʩʠʷ 

Eïmail: azubin@mail.ru 

 

ʈʘʤʘʥʦʚʩʢʘʷ ʩʧʝʢʪʨʦʩʢʦʧʠʷ ʰʠʨʦʢʦ ʧʨʠʤʝʥʷʝʪʩʷ ʚ ʤʝʜʠʮʠʥʝ 

ʜʣʷ ʥʝʠʥʚʘʟʠʚʥʦʡ ʜʠʘʛʥʦʩʪʠʢʠ ʟʘʙʦʣʝʚʘʥʠʡ [1]. ʆʜʥʘʢʦ 

ʦʙʥʘʨʫʞʠʪʴ ʟʘʙʦʣʝʚʘʥʠʝ ʥʘ ʨʘʥʥʝʡ ʩʪʘʜʠʠ ʧʨʦʙʣʝʤʘʪʠʯʥʦ ʚ ʩʚʷʟʠ ʩ 

ʤʘʣʦʡ ʢʦʥʮʝʥʪʨʘʮʠʝʡ ʠʥʪʝʨʝʩʫʶʱʠʭ ʤʦʣʝʢʫʣ, ʠ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, 

ʩʣʘʙʳʤ ʩʠʛʥʘʣʦʤ ʨʘʤʘʥʦʚʩʢʦʛʦ ʩʠʛʥʘʣʘ. ʇʦʚʝʨʭʥʦʩʪʥʳʝ ʧʣʘʟʤʦʥʳ, 

ʚʦʟʥʠʢʘʶʱʠʡ ʥʘ ʰʝʨʦʭʦʚʘʪʦʡ ʩʝʨʝʙʨʷʥʦʡ ʧʣʝʥʢʝ ʧʨʠ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʩ ʦʧʪʠʯʝʩʢʠʤ ʠʟʣʫʯʝʥʠʝʤ, ʤʥʦʛʦʢʨʘʪʥʦ 

ʫʚʝʣʠʯʠʚʘʶʱʠʡ (~10
6
) ʨʘʤʘʥʦʚʩʢʠʡ ʩʠʛʥʘʣ ʩ ʭʦʨʦʰʠʤ ʩʨʦʜʩʪʚʦ ʩ 

ʢʣʝʪʦʯʥʳʤʠ ʦʨʛʘʥʝʣʣʘʤʠ ʜʝʣʘʝʪ ʠʭ ʧʝʨʩʧʝʢʪʠʚʥʳʤ ʤʘʪʝʨʠʘʣʦʤ 

[2]. 

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʤʝʪʦʜʘʤʠ ʤʠʢʨʦʨʘʤʘʥʦʚʩʢʦʡ ʩʧʝʢʪʨʦʩʢʦʧʠʠ 

ʧʨʦʚʝʜʝʥʦ ʠʟʫʯʝʥʠʝ ʨʘʩʩʝʷʥʠʷ ʩʝʨʝʙʨʷʥʳʭ ʧʣʝʥʦʢ ʨʘʟʣʠʯʥʦʡ ʰʠ-

ʨʦʭʦʚʘʪʦʩʪʠ, ʜʣʷ ʧʦʩʣʝʜʫʶʱʝʛʦ ʜʝʪʝʢʪʠʨʦʚʘʥʠʷ ʤʦʣʝʢʫʣ ʩʳʚʦʨʦ-

ʪʦʯʥʦʛʦ ʯʝʣʦʚʝʯʝʩʢʦʛʦ ʘʣʴʙʫʤʠʥʘ, ʚʳʜʝʣʝʥʥʦʛʦ ʠʟ ʧʣʘʟʤʳ ʟʜʦʨʦ-

ʚʦʛʦ ʯʝʣʦʚʝʢʘ ʠ ʧʣʘʟʤʳ ʠʥʬʠʮʠʨʦʚʘʥʥʦʛʦ (ʩʝʧʩʠʩ) ʯʝʣʦʚʝʢʘ. ʉʝ-

ʨʝʙʨʷʥʳʝ ʧʣʝʥʢʠ ʨʘʟʣʠʯʥʦʡ ʩʪʝʧʝʥʠ ʰʝʨʦʭʦʚʘʪʦʩʪʠ (d = 0,25·0,75 

ʤʢʤ) ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʤʝʪʦʜʦʤ ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʦʛʦ ʦʩʘʞʜʝʥʠʷ ʧʦ 

ʤʝʪʦʜʠʢʝ [3]. 

ʂʈ-ʩʧʝʢʪʨʳ ʧʦʣʫʯʝʥʳ ʥʘ ʫʩʪʘʥʦʚʢʝ Centaur U ʧʨʠ ʚʦʟʙʫʞʜʝʥʠʠ 

ʪʚʝʨʜʦʪʝʣʴʥʳʤ ʣʘʟʝʨʦʤ l = 632 ʥʤ ʩ ʜʠʦʜʥʦʡ ʥʘʢʘʯʢʦʡ - DPSS 

(ʤʦʱʥʦʩʪʴ ʠʟʣʫʯʝʥʠʷ 50 ʤɺʪ).  

ɺ ʂʈ-ʩʧʝʢʪʨʘʭ ʘʣʴʙʫʤʠʥʘ ʟʜʦʨʦʚʦʛʦ ʠ ʠʥʬʠʮʠʨʦʚʘʥʥʦʛʦ ʯʝʣʦ-

ʚʝʢʘ (ʨʠʩ.1) ʥʘʙʣʶʜʘʶʪʩʷ ʢʦʣʝʙʘʪʝʣʴʥʳʝ ʧʦʣʦʩʳ ʥʘ 1347 ʩʤ
-1
 ʠ 

1607 ʩʤ
-1
, ʢʦʪʦʨʳʝ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʘʤʠʜʘ I ʠ II ʛʨʫʧʧʘʤ [Q], ʧʨʠʯʝʤ 

ʩʦʦʪʥʦʰʝʥʠʝ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʜʘʥʥʳʭ ʧʦʣʦʩ ʚ ʩʧʝʢʪʨʘʭ ʘʣʴʙʫʤʠʥʘ 

mailto:azubin@mail.ru
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ʟʜʦʨʦʚʦʛʦ ʠ ʠʥʬʠʮʠʨʦʚʘʥʥʦʛʦ ʯʝʣʦʚʝʢʘ ʥʝʦʜʠʥʘʢʦʚʘ: ʚ ʩʧʝʢʪʨʘʭ 

ʘʣʴʙʫʤʠʥʘ ʟʜʦʨʦʚʦʛʦ ʯʝʣʦʚʝʢʘ ʜʦʤʠʥʠʨʫʝʪ ʧʦʣʦʩʘ ʥʘ 1347 ʩʤ
-1
, ʘ 

ʠʥʬʠʮʠʨʦʚʘʥʥʦʛʦ ï ʥʘ 1607 ʩʤ
-1
. 

 
ʈʠʩ. 1. ʉʧʝʢʪʨʳ ʂʈ ʘʣʴʙʫʤʠʥʘ ʯʝʣʦʚʝʯʝʩʢʦʛʦ ʩʳʚʦʨʦʪʦʯʥʦʛʦ ʟʜʦʨʦʚʦ-

ʛʦ ʯʝʣʦʚʝʢʘ (ʩʠʥʷʷ ʣʠʥʠʷ) ʠ ʟʘʨʘʞʝʥʥʦʛʦ (ʢʨʘʩʥʘʷ ʣʠʥʠʷ), ʦʩʘʞʜʝʥʥʳʝ ʥʘ 

ʧʦʚʝʨʭʥʦʩʪʴ ʩʝʨʝʙʨʷʥʦʡ ʧʣʝʥʢʠ ʩ ʪʦʣʱʠʥʦʡ ʩʥʷʪʠʷ d=0,5 ʤʢʤ.  

ʇʨʝʜʧʦʣʘʛʘʝʤ, ʯʪʦ ʜʘʥʥʳʡ ʵʬʬʝʢʪ ʩʚʷʟʘʥ ʩ ʢʦʥʬʦʨʤʘʮʠʝʡ ʙʝʣ-

ʢʦʚʦʡ ʤʦʣʝʢʫʣʳ ʧʨʠ ʠʥʬʠʮʠʨʦʚʘʥʠʠ. 

ʃʠʪʝʨʘʪʫʨʘ 
1. Kenny Kong, Catherine Kendall, Nicholas Stone, Ioan Notingher. Raman 

spectroscopy for medical diagnostics - From in-vitro biofluid assays to in-vivo 

cancer detection. Advanced Drug Delivery Reviews. Vol. 89. P. 121-134 

(2015) 

2. Anna A. Semenova, Alexander P. Semenov, Elena A. Gudilina and al. 

Nanostructured silver materials for noninvasive medical diagnostics by surface-

enhanced Raman spectroscopy. Focus Article, Mendeleev Commun. Vol. 26. P. 

177ï186 (2016) 

3. ɺ.ɸ. ʉʣʝʞʢʠʥ, ʈ.ɺ. ɻʦʨʣʦʚ. ʇʣʘʟʤʦʥʥʳʡ ʨʝʟʦʥʘʥʩ ʚ ʩʧʣʦʰʥʳʭ ʩʝ-

ʨʝʙʨʷʥʳʭ ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʠʭ ʠ ʭʠʤʠʯʝʩʢʠʭ ʧʣʝʥʢʘʭ ʠ ʝʛʦ ʧʨʦʷʚʣʝʥʠʝ ʚ 

ʩʧʝʢʪʨʘʭ ʬʣʫʦʨʝʩʮʝʥʮʠʠ ʤʦʣʝʢʫʣ ʨʦʜʘʤʠʥʘ 6ɾ ʚ ʪʦʥʢʠʭ ʧʣʝʥʢʘʭ ʧʦʣʠʚʠ-

ʥʠʣʦʚʦʛʦ ʩʧʠʨʪʘ. ʀʟʚʝʩʪʠʷ ʂɻʊʋ. ˉ 20. C.115-122 (2011) 

4. Qi Xiao et al. Direct observation of the binding process between protein 

and quantum dots by in situ surface plasmon resonance measurements. 

Nanotechnology. Vol. 20. P. 325101 (7pp) (2009) 
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ɺʃʀʗʅʀɽ ʆɼʅʆʉʊɽʅʅʓʍ ʋɻʃɽʈʆɼʅʓʍ  

ʅɸʅʆʊʈʋɹʆʂ ʅɸ ʕʃɽʂʊʈʆʇʈʆɺʆɼʅʆʉʊʔ ɾʀɼʂʆɻʆ 

ʉʀʃʀʂʆʅɸ 

 

ʀʚʘʥʦʚʘ ɽ.ɺ.
1 

 
1 ʅʀʊʋ ʄʀʉʠʉ, ʄʦʩʢʚʘ 

+79670952244,bobrysheva_ev@mail.ru 

 

ɺ ʧʨʦʮʝʩʩʝ ʠʟʫʯʝʥʠʷ ʧʨʦʚʦʜʷʱʠʭ ʩʠʣʠʢʦʥʦʚ ʙʳʣʦ ʚʳʜʚʠʥʫʪʦ 

ʧʨʝʜʧʦʣʦʞʝʥʠʝ ʦ ʚʣʠʷʥʠʠ ʦʜʥʦʩʪʝʥʥʳʭ ʫʛʣʝʨʦʜʥʳʭ ʥʘʥʦʪʨʫʙʦʢ 

(ʆʋʅʊ) ʥʘ ʩʚʦʡʩʪʚʘ ʞʠʜʢʠʭ ʩʠʣʠʢʦʥʦʚ. ʆʋʅʊ ʚʩʪʨʘʠʚʘʶʪʩʷ ʚ ʩʠ-

ʣʠʢʦʥ ʠ ʤʦʛʫʪ ʬʦʨʤʠʨʦʚʘʪʴ ʚʟʘʠʤʦʩʚʷʟʘʥʥʳʝ ʩʝʪʠ ʤʝʞʜʫ ʩʠʣʠʢʦ-

ʥʦʚʦʡ ʤʘʪʨʠʮʝʡ ʠ ʫʛʣʝʨʦʜʥʳʤʠ ʥʘʥʦʪʨʫʙʢʘʤʠ. ʇʦʵʪʦʤʫ ʥʠʟʢʘʷ 

ʟʘʛʨʫʟʢʘ ʪʘʢʠʭ ʤʘʪʝʨʠʘʣʦʚ ʤʦʞʝʪ ʦʙʝʩʧʝʯʠʪʴ ʪʨʝʙʫʝʤʫʶ ʵʣʝʢʪʨʦ-

ʧʨʦʚʦʜʥʦʩʪʴ ʠ ʦʜʥʦʚʨʝʤʝʥʥʦ ʩʦʭʨʘʥʠʪʴ ʤʝʭʘʥʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ 

ʵʣʘʩʪʦʤʝʨʥʦʡ ʤʘʪʨʠʮʳ, ʯʪʦ ʜʝʣʘʝʪ ʥʘʥʦʪʨʫʙʢʠ ʠʜʝʘʣʴʥʳʤʠ ʜʣʷ 

ʪʘʢʦʛʦ ʧʨʠʤʝʥʝʥʠʷ. 

ʏʪʦʙʳ ʦʮʝʥʠʪʴ ʚʣʠʷʥʠʝ ʆʋʅʊ ʚ ʢʘʯʝʩʪʚʝ ʨʝʰʝʥʠʷ ʜʣʷ ʦʙʝʩʧʝ-

ʯʝʥʠʷ ʧʨʦʚʦʜʠʤʦʩʪʠ ʚ ʩʠʣʠʢʦʥʝ, ʙʳʣʠ ʧʨʦʚʝʜʝʥʳ ʩʝʨʠʠ ʠʩʧʳʪʘʥʠʡ 

ʢʦʤʧʦʟʠʪʘ ʥʘ ʦʩʥʦʚʝ ʩʠʣʠʢʦʥʘ, ʢʦʪʦʨʳʡ ʙʳʣ ʧʦʜʛʦʪʦʚʣʝʥ ʩ ʠʩʧʦʣʴ-

ʟʦʚʘʥʠʝʤ ʆʋʅʊ ʤʝʪʦʜʦʤ ʩʤʝʰʝʥʠʷ. ɾʠʜʢʠʡ ʩʠʣʠʢʦʥ ʩʤʝʰʠʚʘʣʩʷ 

ʩ ʥʘʥʦʪʨʫʙʢʘʤʠ ʩ ʧʦʤʦʱʴʶ ʤʠʢʩʝʨʘ ʜʦ ʜʦʩʪʠʞʝʥʠʷ ʦʜʥʦʨʦʜʥʦʡ 

ʩʝʨʦʡ ʤʘʩʩʳ, ʚ ʧʨʦʮʝʩʩʝ ʩʤʝʰʝʥʠʷ ʥʘʥʦʪʨʫʙʢʠ ʩʪʘʙʠʣʠʟʠʨʦʚʘʣʠ 

ʧʫʪʝʤ ʜʦʙʘʚʣʝʥʠʷ ʩʧʝʮʠʘʣʴʥʳʭ ʘʛʝʥʪʦʚ, ʫʤʝʥʴʰʘʶʱʠʭ ʚʝʨʦʷʪ-

ʥʦʩʪʴ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʘʛʣʦʤʝʨʘʪʦʚ ʚ ʩʤʝʩʠ. ɿʘʪʝʤ ʧʦʣʫʯʝʥʥʫʶ 

ʩʤʝʩʴ ʚʫʣʢʘʥʠʟʦʚʘʣʠ ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʠ ʧʨʦʚʦʜʠʣʠ ʠʩ-

ʧʳʪʘʥʠʷ ʥʘ ʵʣʝʢʪʨʦʧʨʦʚʦʜʥʦʩʪʴʶ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ ʙʳʣʦ ʩʜʝʣʘʥʦ 

ʥʝʩʢʦʣʴʢʦ ʦʙʨʘʟʮʦʚ ʩ ʨʘʟʥʦʡ ʢʦʥʮʝʥʪʨʘʮʠʡ ʥʘʥʦʪʨʫʙʦʢ ʚ ʩʦʩʪʘʚʝ. 

ɿʘʪʝʤ ʙʳʣʦ ʠʟʤʝʨʝʥʘ ʵʣʝʢʪʨʦʧʨʦʚʦʜʥʦʩʪʴ ʦʙʨʘʟʮʦʚ. ʅʘ ʨʠʩʫʥʢʝ 1 

ʚʠʜʥʦ, ʯʪʦ ʧʨʠ ʩʚʝʨʭʥʠʟʢʠʭ ʢʦʥʮʝʥʪʨʘʮʠʷʭ ʆʋʅʊ ʚ ʩʠʣʠʢʦʥʝ ʤʦ-

ʞʝʪ ʫʩʪʘʥʦʚʠʪʴʩʷ ʚʳʩʦʢʘʷ ʧʨʦʚʦʜʠʤʦʩʪʴ, ʧʨʠ ʧʦʚʳʰʝʥʠʠ ʢʦʥʮʝʥ-

ʪʨʘʮʠʠ ʧʨʦʚʦʜʠʤʦʩʪʴ ʩʥʠʞʘʝʪʩʷ, ʧʦʩʣʝ ʧʨʝʦʜʦʣʝʥʠʷ ʚ 4% ʵʣʝʢʪʨʦ-

ʧʨʦʚʦʜʥʦʩʪʴ ʚʳʭʦʜʠʪ ʥʘ ʧʣʘʪʦ ʚ 10
1 
ʆʤ. 
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ʃʠʪʝʨʘʪʫʨʘ 

1. ɹʫʣʷʨʩʢʠʡ ʉ.ɺ. ʋʛʣʝʨʦʜʥʳʝ ʥʘʥʦʪʨʫʙʢʠ: ʪʝʭʥʦʣʦʛʠʷ, ʫʧʨʘʚ-

ʣʝʥʠʝ ʩʚʦʡʩʪʚʘʤʠ, ʧʨʠʤʝʥʝʥʠʝ (ʆʆʆ ʉʪʨʝʞʝʥʴ.2011) 

2. ʐʝʪʮ ʄ. ʉʠʣʠʢʦʥʦʚʳʡ ʢʘʫʯʫʢ. (ʃʝʥʠʥʛʨʘʜ, ʍʠʤʠʷ, 1975) 
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ɼʀɸɻʅʆʉʊʀʂɸ ɿɸɹʆʃɽɺɸʅʀʁ ʂʆʉʊʅʆʁ ʊʂɸʅʀ ʇʆ 

ɼɸʅʅʓʄ 
1
ʅ ʄʈʉ 

 

ʀʚʘʥʮʦʚʘ ɸ.ʉ.
1,3

, ʄʝʥʴʱʠʢʦʚ ʇ.ɽ.
1,2,3
, ʉʝʤʝʥʦʚʘ ʅ.ɸ.

1,2
, ɸʭʘʜʦʚ ʊ.ɸ.

1
 

 
1 ʅʀʀ ʅɼʍʠʊ, ʄʦʩʢʚʘ 

2 ʀʍʌ ʈɸʅ, ʄʦʩʢʚʘ 
3
ʅʀʗʋ ʄʀʌʀ, ʄʦʩʢʚʘ 

+79853515955, merkush@ro.ru 

 

ʆʩʪʝʦʧʦʨʦʟ ʠ ʦʩʪʝʦʧʝʥʠʷ ð ʩʠʩʪʝʤʥʳʝ ʟʘʙʦʣʝʚʘʥʠʷ ʩʢʝʣʝʪʘ, ʭʘ-

ʨʘʢʪʝʨʠʟʫʶʱʠʝʩʷ ʩʥʠʞʝʥʠʝʤ ʤʠʥʝʨʘʣʴʥʦʡ ʧʣʦʪʥʦʩʪʠ ʢʦʩʪʝʡ 

(ʄʇʂ), ʯʪʦ ʚʣʝʯʝʪ ʟʘ ʩʦʙʦʡ ʧʦʚʳʰʝʥʠʝ ʨʠʩʢʘ ʧʝʨʝʣʦʤʦʚ. ɺ ʥʘʩʪʦ-

ʷʱʝʝ ʚʨʝʤʷ ʩʪʘʥʜʘʨʪʥʳʤ ʤʝʪʦʜʦʤ ʜʠʘʛʥʦʩʪʠʢʠ ʦʩʪʝʦʧʦʨʦʟʘ ʷʚʣ̫-

ʝʪʩʷ ʜʝʥʩʠʪʦʤʝʪʨʠʷ. ʅʘʠʙʦʣʝʝ ʠʥʬʦʨʤʘʪʠʚʥʳʤ ʥʝʠʥʚʘʟʠʚʥʳʤ ʤʝ-

ʪʦʜʦʤ ʦʧʨʝʜʝʣʝʥʠʷ ʄʇʂ ʪʢʘʥʠ ʷʚʣʷʝʪʩʷ ʂʊ-ʜʝʥʩʠʪʦʤʝʪʨʠʷ.  

ɺ ʪʝʯʝʥʠʝ ʞʠʟʥʠ ʫ ʯʝʣʦʚʝʢʘ ʢʨʘʩʥʳʡ ʢʦʩʪʥʳʡ ʤʦʟʛ (ʂʂʄ) ʟʘʤʝ-

ʥʷʝʪʩʷ ʞʝʣʪʳʤ ʢʦʩʪʥʳʤ ʤʦʟʛʦʤ (ɾʂʄ). ʇʨʠ ʦʩʪʝʦʧʦʨʦʟʝ ʵʪʦʪ 

ʧʨʦʮʝʩʩ ʫʩʢʦʨʷʝʪʩʷ [1]. ʃʦʢʘʣʠʟʠʨʦʚʘʥʥʘʷ ʧʨʦʪʦʥʥʘʷ ʤʘʛʥʠʪʥʦ-

ʨʝʟʦʥʘʥʩʥʘʷ ʩʧʝʢʪʨʦʩʢʦʧʠʷ (
1
ʅ ʄʈʉ) ð ʫʥʠʢʘʣʴʥʳʡ ʤʝʪʦʜ, ʧʦʟʚʦ-

ʣʷʶʱʠʡ in vivo ʦʧʨʝʜʝʣʷʪʴ ʢʦʥʮʝʥʪʨʘʮʠʠ ʧʨʦʪʦʥʩʦʜʝʨʞʘʱʠʭ ʩʦ-

ʝʜʠʥʝʥʠʡ ʚ ʨʘʟʣʠʯʥʳʭ ʪʢʘʥʷʭ. ɺ ʩʧʝʢʪʨʘʭ 
1
ʅ ʄʈʉ ʚ ʛʫʙʯʘʪʦʤ ʚʝ-

ʱʝʩʪʚʝ (ɻɺ) ʧʦʟʚʦʥʢʘ ʧʨʠʩʫʪʩʪʚʫʶʪ ʩʠʛʥʘʣʳ ʚʦʜʳ ʠ ʞʠʨʘ (ʨʠʩ.1ɹ). 

ʆʪʥʦʰʝʥʠʝ ʠʥʪʝʥʩʠʚʥʦʩʪʝʡ ʩʠʛʥʘʣʘ ʞʠʨʘ ʢ ʩʠʛʥʘʣʫ ʚʦʜʳ (LWR) 

ʦʧʨʝʜʝʣʝʥʦ ʩʦʦʪʥʦʰʝʥʠʝʤ ʂʂʄ ʠ ɾʂʄ (ʩʠʛʥʘʣʘ ʚʦʜʳ ʚ ʙʦʣʴʰʝʡ 

ʩʪʝʧʝʥʠ ʭʘʨʘʢʪʝʨʠʟʫʝʪ ʂʂʄ, ʩʠʛʥʘʣ ʞʠʨʘ ð ɾʂʄ[2]). ʆʩʥʦʚʥʦʡ 

ʮʝʣʴʶ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʩʦʧʦʩʪʘʚʣʝʥʠʝ ʜʘʥʥʳʭ ʤʝʪʦʜʠʢ ʜʣʷ 

ʨʘʟʨʘʙʦʪʢʠ ʜʠʘʛʥʦʩʪʠʢʠ ʦʩʪʝʦʧʝʥʠʠ ʠ ʦʩʪʝʦʧʦʨʦʟʘ ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ 
1
ʅ ʄʈʉ. 

ɹʳʣʠ ʧʦʣʫʯʝʥʳ ʜʘʥʥʳʝ 12 ʧʘʮʠʝʥʪʦʚ (ʩʨʝʜʥʠʡ ʚʦʟʨʘʩʪ 

10,9Ñ0,6). ʇʦ ʜʘʥʥʳʤ 
1
ʅ ʄʈʉ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʣʫʯʘʣʠ ʦʪʥʦʰʝʥʠʝ 

LWR (ʣʦʢʘʣʠʟʘʮʠʠ STEAM ʩ ʧʘʨʘʤʝʪʨʘʤʠ TE=12,8ms, TR=3000ms, 

ʨʘʟʤʝʨ ʚʦʢʩʝʣʘ 20Ĭ15Ĭ10 ʤʤ ʨʘʩʧʦʣʘʛʘʣʠ ʚ ɻɺ ʧʦʟʚʦʥʢʦʚ L3, L4, 

L5 (ʨʠʩ. 1ɸ)). ʉʢʘʥʠʨʦʚʘʥʠʝ ʧʨʦʚʦʜʠʣʦʩʴ ʥʘ ʄʈʊ Philips 

AchievaTX 3,0 Tʣ. ʉ ʧʦʤʦʱʴʶ ʂʊ-ʜʝʥʩʠʪʦʤʝʪʨʠʠ ʙʳʣʘ ʦʧʨʝʜʝʣʝʥʘ 

ʄʇʂ [ʤʛ/ʩʤ
3
] ʚ ʪʝʭ ʞʝ ʧʦʟʚʦʥʢʘʭ.  

mailto:merkush@ro.ru
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ʈʠʩ.1. ɿʦʥʘ ʚʦʢʩʝʣʷ ʜʣʷ 

1
ʅ ʄʈʉ (ɸ). ʊʠʧʠʯʥʳʡ ʚʠʜ ʩʧʝʢʪʨʘ (ɹ). 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʙʳʣʘ ʦʙʥʘʨʫʞʝʥʘ ʜʦʩʪʦʚʝʨʥʘʷ (p<0.001) ʦʙʨʘʪʥʘʷ 

ʢʦʨʨʝʣʷʮʠʷ ʤʝʞʜʫ LWR ʠ ʄʇʂ ʪʢʘʥʠ (ʨʠʩ.2). 

 
ʈʠʩ.2. ʂʦʨʨʝʣʷʮʠʦʥʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ʤʝʞʜʫ LWR ʠ ʄʇʂ 

ɼʘʥʘʷ ʢʦʨʨʝʣʷʮʠʷ ʫʢʘʟʳʚʘʝʪ ʥʘ ʩʚʷʟʴ ʄʇʂ ʩ ʦʪʥʦʩʠʪʝʣʴʥʳʤʠ 

ʩʦʜʝʨʞʘʥʠʷʤʠ ʂʂʄ ʠ ɾʂʄ ʚ ɻɺ ʧʦʟʚʦʥʢʦʚ, ʯʪʦ ʧʦʪʝʥʮʠʘʣʴʥʦ 

ʤʦʞʝʪ ʟʘʣʦʞʠʪʴ ʦʩʥʦʚʫ ʜʠʘʛʥʦʩʪʠʯʝʩʢʦʛʦ ʤʝʪʦʜʘ ʦʩʪʝʦʧʝʥʠʠ ʠ 

ʦʩʪʝʦʧʦʨʦʟʘ ʥʘ ʦʩʥʦʚʝ ʜʘʥʥʳʭ 1ʅ ʄʈʉ, ʙʦʣʝʝ ʙʝʟʣʦʧʘʩʪʥʦʛʦ ʤʝʪʦ-

ʜʘ, ʯʝʤ ʂʊ ʜʝʥʩʠʪʦʤʝʪʨʠʷ (ʦʪʩʫʪʩʪʚʠʝ ʨʘʜʠʘʮʠʦʥʥʦʡ ʜʦʟʳ).  

ʃʠʪʝʨʘʪʫʨʘ 

1. A. Cohen. Increased Marrow Adiposity in Premenopausal Women 

with Osteoporosis. J. Clin Endocr. Metab. Vol 97 P 2782-91 (2012) 

2. G. Manenti Osteoporosis detection by 3T DTI and MRS in women 

older than 60 years. Aging. Clin Exp Res R. Vol 25 P 31-34 (2013) 
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ʕʌʌɽʂʊʓ ʉʀʅɽʈɻʀɿʄɸ ʇʈʀ ʂʆʄɹʀʅʀʈʆɺɸʅʅʓʍ 

ɺʆɿɼɽʁʉʊɺʀʗʍ ʌʀɿʀʏɽʉʂʀʍ ʀ ʍʀʄʀʏɽʉʂʀʍ  

ɸɻɽʅʊʆɺ ɺ ʆʅʂʆʃʆɻʀʀ 

 

ʂʦʤʘʨʦʚʘ ʃ.ʅ.
1
, ʃʷʧʫʥʦʚʘ ɽ.ʈ.

1
, ɸʤʦʩʦʚʘ ʅ.ɺ.

1 

 

1 ï ʆʙʥʠʥʩʢʠʡ ʠʥʩʪʠʪʫʪ ʘʪʦʤʥʦʡ ʵʥʝʨʛʝʪʠʢʠ ï ʬʠʣʠʘʣ ʅʘʮʠʦʥʘʣʴʥʦ-

ʛʦ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʦʛʦ ʷʜʝʨʥʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ çʄʀʌʀè, ʛ. ʆʙʥʠʥʩʢ 

+7-910-913-43-80; komarova_l411@mail.ru 

 

ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʟʘʢʦʥʦʤʝʨʥʦʩʪʝʡ ʧʨʦʷʚʣʝʥʠʷ 

ʢʦʤʙʠʥʠʨʦʚʘʥʥʦʛʦ ʜʝʡʩʪʚʠʷ ʨʘʟʣʠʯʥʳʭ ʬʘʢʪʦʨʦʚ ʨʘʜʠʘʮʠʦʥʥʦʡ ʠ 

ʥʝʨʘʜʠʘʮʠʦʥʥʦʡ ʧʨʠʨʦʜʳ ʥʘ ʞʠʚʳʝ ʦʨʛʘʥʠʟʤʳ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ 

ʘʢʪʫʘʣʴʥʫʶ ʧʨʦʙʣʝʤʫ ʨʘʜʠʦʙʠʦʣʦʛʠʠ, ʠʤʝʶʱʫʶ ʬʫʥʜʘʤʝʥʪʘʣʴ-

ʥʫʶ ʠ ʧʨʘʢʪʠʯʝʩʢʫʶ ʟʥʘʯʠʤʦʩʪʴ. ʈʘʥʝʝ ʙʳʣ ʚʳʷʚʣʝʥ ʮʝʣʳʡ ʨʷʜ 

ʦʙʱʠʭ ʟʘʢʦʥʦʤʝʨʥʦʩʪʝʡ ʩʠʥʝʨʛʠʯʝʩʢʠʭ ʵʬʬʝʢʪʦʚ, ʨʝʛʠʩʪʨʠʨʫʝʤʳʭ 

ʧʨʠ ʦʜʥʦʚʨʝʤʝʥʥʦʤ ʜʝʡʩʪʚʠʠ ʠʦʥʠʟʠʨʫʶʱʝʛʦ ʠʟʣʫʯʝʥʠʷ ʩ ʜʨʫʛʠʤʠ 

ʥʝʨʘʜʠʘʮʠʦʥʥʳʤʠ ʬʘʢʪʦʨʘʤʠ [1,2]. ʂ ʥʠʤ ʤʦʞʥʦ ʦʪʥʝʩʪʠ ʥʘʣʠʯʠʝ 

ʦʧʪʠʤʘʣʴʥʦʛʦ ʩʦʦʪʥʦʰʝʥʠʷ ʚʦʟʜʝʡʩʪʚʫʶʱʠʭ ʬʘʢʪʦʨʦʚ ʜʣʷ ʜʦʩʪʠ-

ʞʝʥʠʷ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʩʠʥʝʨʛʠʟʤʘ; ʟʘʚʠʩʠʤʦʩʪʴ ʩʠʥʝʨʛʠʟʤʘ ʦʪ ʠʥ-

ʪʝʥʩʠʚʥʦʩʪʠ ʧʨʠʤʝʥʷʝʤʳʭ ʬʠʟʠʯʝʩʢʠʭ ʬʘʢʪʦʨʦʚ ʠ ʥʝʢʦʪʦʨʳʝ ʜʨʫ-

ʛʠʝ. ɹʳʣʘ ʧʨʝʜʣʦʞʝʥʘ ʦʨʠʛʠʥʘʣʴʥʘʷ ʢʦʥʮʝʧʮʠʷ ʠ ʤʘʪʝʤʘʪʠʯʝʩʢʘʷ 

ʤʦʜʝʣʴ, ʦʧʠʩʳʚʘʶʱʘʷ ʠ ʧʨʦʛʥʦʟʠʨʫʶʱʘʷ ʫʢʘʟʘʥʥʳʝ ʟʘʢʦʥʦʤʝʨʥʦ-

ʩʪʠ. ɼʘʥʥʘʷ ʤʦʜʝʣʴ ʙʘʟʠʨʫʝʪʩʷ ʥʘ ʧʨʝʜʧʦʣʦʞʝʥʠʠ, ʯʪʦ ʩʠʥʝʨʛʠʟʤ 

ʦʙʫʩʣʦʚʣʝʥ ʦʙʨʘʟʦʚʘʥʠʝʤ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʧʦʚʨʝʞʜʝʥʠʡ ʟʘ ʩʯʝʪ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʥʝʢʦʪʦʨʳʭ ʩʫʙʧʦʚʨʝʞʜʝʥʠʡ, ʬʦʨʤʠʨʫʝʤʳʭ ʠʦʥʠ-

ʟʠʨʫʶʱʝʡ ʨʘʜʠʘʮʠʝʡ ʠ ʥʝʠʦʥʠʟʠʨʫʶʱʠʤ ʘʛʝʥʪʦʤ. ʇʨʝʜʣʦʞʝʥʥʘʷ 

ʤʦʜʝʣʴ ʭʦʨʦʰʦ ʦʧʠʩʳʚʘʣʘ ʧʦʣʫʯʝʥʥʳʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʜʘʥʥʳʝ 

[1, 2]. ʆʜʥʘʢʦ, ʵʪʠ ʨʝʟʫʣʴʪʘʪʳ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʧʨʠ ʦʜʥʦʚʨʝʤʝʥʥʦʤ 

ʧʨʠʤʝʥʝʥʠʠ ʚʨʝʜʥʳʭ ʬʘʢʪʦʨʦʚ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ ʚ ʦʩʥʦʚʥʦʤ ʥʘ 

ʤʠʢʨʦʦʨʛʘʥʠʟʤʳ. ɼʣʷ ʧʨʦʚʝʨʢʠ ʫʥʠʚʝʨʩʘʣʴʥʦʩʪʠ ʵʪʠʭ ʟʘʢʦʥʦʤʝʨ-

ʥʦʩʪʝʡ ʙʳʣ ʧʨʦʚʝʜʝʥ ʢʦʣʠʯʝʩʪʚʝʥʥʳʡ ʘʥʘʣʠʟ ʧʨʦʷʚʣʝʥʠʡ ʵʬʬʝʢʪʦʚ 

ʩʠʥʝʨʛʠʟʤʘ ʧʨʠ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʤ ʜʝʡʩʪʚʠʠ ʜʨʫʛʠʭ ʘʛʝʥʪʦʚ ʥʘ 

ʢʣʝʪʢʠ ʤʣʝʢʦʧʠʪʘʶʱʠʭ. 

ɼʣʷ ʧʦʚʳʰʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʣʝʯʝʥʠʷ ʨʘʢʦʚʳʭ ʟʘʙʦʣʝʚʘʥʠʡ ʚ 

ʢʣʠʥʠʯʝʩʢʦʡ ʧʨʘʢʪʠʢʝ ʦʯʝʥʴ ʰʠʨʦʢʦ ʧʨʠʤʝʥʷʝʪʩʷ ʢʦʤʙʠʥʘʮʠʷ ʮʠ-

ʪʦʩʪʘʪʠʢʦʚ ʩ ʛʠʧʝʨʪʝʨʤʠʝʡ. ʆʜʥʘʢʦ, ʨʝʘʣʴʥʳʡ ʘʥʘʣʠʟ ʩʠʥʝʨʛʠʯʝ-

ʩʢʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʵʪʠʭ ʘʛʝʥʪʦʚ ʬʘʢʪʠʯʝʩʢʠ ʦʪʩʫʪʩʪʚʫʝʪ. ɺ ʜʘʥ-
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ʥʦʡ ʨʘʙʦʪʝ ʧʨʦʚʝʜʝʥ ʢʦʣʠʯʝʩʪʚʝʥʥʳʡ ʘʥʘʣʠʟ ʵʬʬʝʢʪʦʚ ʩʠʥʝʨʛʠʟʤʘ 

ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʨʝʟʫʣʴʪʘʪʦʚ, ʦʧʫʙʣʠʢʦʚʘʥʥʳʭ ʜʨʫʛʠʤʠ ʘʚʪʦʨʘʤʠ 

[3] ʧʦ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʤʫ ʜʝʡʩʪʚʠʶ ʛʠʧʝʨʪʝʨʤʠʠ (37-43̄ ʉ) ʠ 

ʮʠʩʧʣʘʪʠʥʳ ʨʘʟʣʠʯʥʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ (0-10 ʤʢʛ/ʤʣ) ʥʘ ʢʣʝʪʢʠ ʢʠ-

ʪʘʡʩʢʦʛʦ ʭʦʤʷʯʢʘ. ɼʣʷ ʢʦʣʠʯʝʩʪʚʝʥʥʦʡ ʦʮʝʥʢʠ ʩʠʥʝʨʛʠʟʤʘ ʤʳ ʠʩ-

ʧʦʣʴʟʦʚʘʣʠ ʢʦʵʬʬʠʮʠʝʥʪ ʩʠʥʝʨʛʠʯʝʩʢʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ (k), 

ʦʧʨʝʜʝʣʷʝʤʳʡ ʚʳʨʘʞʝʥʠʝʤ  

k = (N1 + N2 + N3)/(N1 + N2),                                              (1)  

ʛʜʝ N1 - ʯʠʩʣʦ ʵʬʬʝʢʪʠʚʥʳʭ ʧʦʚʨʝʞʜʝʥʠʡ ʧʦʩʣʝ ʜʝʡʩʪʚʠʷ ʦʜʥʦʡ 

ʮʠʩʧʣʘʪʠʥʳ; N2 - ʯʠʩʣʦ ʵʬʬʝʢʪʠʚʥʳʭ ʧʦʚʨʝʞʜʝʥʠʡ ʧʦʩʣʝ ʜʝʡʩʪʚʠʷ 

ʦʜʥʦʡ ʛʠʧʝʨʪʝʨʤʠʠ; N3 ï ʯʠʩʣʦ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʵʬʬʝʢʪʠʚʥʳʭ ʧʦ-

ʚʨʝʞʜʝʥʠʡ, ʬʦʨʤʠʨʫʝʤʳʭ ʧʨʠ ʢʦʤʙʠʥʠʨʦʚʘʥʥʦʤ ʚʦʟʜʝʡʩʪʚʠʠ ʠ 

ʦʙʫʩʣʘʚʣʠʚʘʶʱʠʭ ʩʠʥʝʨʛʠʟʤ.  

ʇʦʣʫʯʝʥʥʘʷ ʥʘʤʠ ʟʘʚʠʩʠʤʦʩʪʴ ʢʦʵʬʬʠʮʠʝʥʪʘ ʩʠʥʝʨʛʠʟʤʘ ʧʦʩʣʝ-

ʜʦʚʘʪʝʣʴʥʦʛʦ ʜʝʡʩʪʚʠʷ ʮʠʩʧʣʘʪʠʥʳ ʠ ʛʠʧʝʨʪʝʨʤʠʠ ʜʣʷ ʜʚʫʭ ʢʦʥ-

ʮʝʥʪʨʘʮʠʡ ʮʠʩʧʣʘʪʠʥʳ (2 ʠ 4 ʤʢʛ/ʤʣ) ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ, ʧʨʠ ʢʦʪʦʨʦʡ 

ʧʨʦʠʩʭʦʜʠʣʦ ʚʦʟʜʝʡʩʪʚʠʝ, ʧʦʢʘʟʘʣʘ, ʯʪʦ ʚ ʦʙʦʠʭ ʩʣʫʯʘʷʭ ʩʫʱʝʩʪʚʫ-

ʝʪ ʦʧʪʠʤʘʣʴʥʘʷ ʪʝʤʧʝʨʘʪʫʨʘ, ʧʨʠ ʢʦʪʦʨʦʡ ʥʘʙʣʶʜʘʝʪʩʷ ʤʘʢʩʠʤʫʤ 

ʩʠʥʝʨʛʠʯʝʩʢʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ. ʃʶʙʦʝ ʦʪʢʣʦʥʝʥʠʝ ʜʝʡʩʪʚʫʶʱʝʡ 

ʪʝʤʧʝʨʘʪʫʨʳ ʦʪ ʦʧʪʠʤʘʣʴʥʦʡ ʧʨʠʚʦʜʠʪ ʢ ʩʥʠʞʝʥʠʶ ʵʬʬʝʢʪʠʚʥʦʩʪʠ 

ʩʠʥʝʨʛʠʟʤʘ. ʉʦʚʦʢʫʧʥʦʩʪʴ ʵʪʠʭ ʜʘʥʥʳʭ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʧʨʠ 

ʫʤʝʥʴʰʝʥʠʠ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʦʜʥʦʛʦ ʠʟ ʘʛʝʥʪʦʚ ʩʣʝʜʦʚʘʣʦ ʧʦʥʠʞʘʪʴ 

ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʜʨʫʛʦʛʦ ʜʝʡʩʪʚʫʶʱʝʛʦ ʬʘʢʪʦʨʘ ʜʣʷ ʩʦʭʨʘʥʝʥʠʷ 

ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʩʠʥʝʨʛʠʟʤʘ.  
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ʅʝʫʜʦʚʣʝʪʚʦʨʠʪʝʣʴʥʘʷ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʚ ʩʦʯʝʪʘʥʠʠ ʩ ʚʳʩʦʢʦʡ 

ʪʦʢʩʠʯʥʦʩʪʴʶ ʩʫʱʝʩʪʚʫʶʱʠʭ ʩʨʝʜʩʪʚ ʪʝʨʘʧʠʠ ʦʧʫʭʦʣʝʡ ʪʨʝʙʫʝʪ 

ʨʘʟʨʘʙʦʪʢʠ ʥʦʚʳʭ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʭ ʧʦʜʭʦʜʦʚ ʚ ʦʥʢʦʣʦʛʠʠ, ʚ ʪʦʤ 

ʯʠʩʣʝ ʩʦʟʜʘʥʠʷ ʪʝʭʥʦʣʦʛʠʡ ʥʘʧʨʘʚʣʝʥʥʦʡ, ʮʝʣʝʚʦʡ ʜʦʩʪʘʚʢʠ ʧʨʦʪʠ-

ʚʦʦʧʫʭʦʣʝʚʳʭ ʭʠʤʠʦʧʨʝʧʘʨʘʪʦʚ ʢ ʤʝʩʪʫ ʣʦʢʘʣʠʟʘʮʠʠ ʦʧʫʭʦʣʠ, ʚ 

ʪʦʤ ʯʠʩʣʝ ʠ ʚ ʩʘʤʠʭ ʦʧʫʭʦʣʝʚʳʭ ʥʦʚʦʦʙʨʘʟʦʚʘʥʠʷʭ [1]. ɺ ʣʘʙʦʨʘ-

ʪʦʨʠʠ ʨʘʜʠʘʮʠʦʥʥʦʡ ʬʘʨʤʘʢʦʣʦʛʠʠ ʄʈʅʎ ʠʤ. ɸ.ʌ. ʎʳʙʘ ï ʬʠʣʠʘʣ 

ʌɻɹʋ çʅʄʀʈʎè ʄʠʥʟʜʨʘʚʘ ʈʦʩʩʠʠ ʙʳʣʠ ʩʠʥʪʝʟʠʨʦʚʘʥʳ ʥʦʚʳʝ 

ʦʨʠʛʠʥʘʣʴʥʳʝ ʚʝʱʝʩʪʚʘ ï ʧʨʦʠʟʚʦʜʥʳʝ ʠʟʦʪʠʦʤʦʯʝʚʠʥʳ ï ʦʙʨʘʪʠ-

ʤʳʝ ʠʥʛʠʙʠʪʦʨʳ ʩʠʥʪʘʟ ʦʢʩʠʜʘ ʘʟʦʪʘ, ʢʦʪʦʨʳʝ ʚ ʰʠʨʦʢʦʤ ʨʷʜʝ ʠʩ-

ʩʣʝʜʦʚʘʥʠʡ ʧʦʢʘʟʘʣʠ ʩʝʙʷ ʢʘʢ ʵʬʬʝʢʪʠʚʥʳʝ ʨʘʜʠʦʧʨʦʪʝʢʪʦʨʳ ʠ 

ʧʨʦʪʠʚʦʦʧʫʭʦʣʝʚʳʝ ʘʛʝʥʪʳ [2].  

ɺ ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ ʚ ʢʘʯʝʩʪʚʝ ʩʨʝʜʩʪʚ ʪʘʨʛʝʪʥʦʡ ʪʝʨʘʧʠʠ ʦʧʫʭʦ-

ʣʝʡ ʘʢʪʠʚʥʦ ʨʘʟʚʠʚʘʝʪʩʷ ʢʣʘʩʩ ʛʠʧʦʢʩʠʯʝʩʢʠʭ ʮʠʪʦʪʦʢʩʠʢʘʥʪʦʚ 

(ɻʎʊ), ʤʠʰʝʥʴʶ ʢʦʪʦʨʳʭ ʷʚʣʷʶʪʩʷ ʛʠʧʦʢʩʠʯʝʩʢʠʝ ʢʣʝʪʢʠ ʦʧʫʭʦʣʠ 

ï ʘʧʨʠʦʨʠ ʨʝʟʠʩʪʝʥʪʥʳʝ ʢ ʨʘʜʠʦ- ʠ ʭʠʤʠʦʪʝʨʘʧʠʠ. ʀʟʫʯʝʥʠʝ ʚʦʟ-

ʤʦʞʥʦʩʪʠ ʧʦʚʳʰʝʥʠʷ ʪʘʨʛʝʪʥʦʩʪʠ ʠ ʪʝʨʘʧʝʚʪʠʯʝʩʢʦʡ ʵʬʬʝʢʪʠʚʥʦ-

ʩʪʠ ɻʎʊ ʬʘʨʤʘʢʦʣʦʛʠʯʝʩʢʠʤʠ ʩʨʝʜʩʪʚʘʤʠ, ʧʦʪʝʥʮʠʘʣʴʥʦ ʩʧʦʩʦʙ-

ʥʳʤʠ ʚ ʟʥʘʯʠʪʝʣʴʥʦʡ ʤʝʨʝ ʩʝʣʝʢʪʠʚʥʦ ʩʝʥʩʠʙʠʣʠʟʠʨʦʚʘʪʴ ʦʧʫʭʦʣʴ 

ʢ ʜʝʡʩʪʚʠʶ ʪʘʢʠʭ ʧʨʝʧʘʨʘʪʦʚ, ʷʚʣʷʝʪʩʷ ʘʢʪʫʘʣʴʥʳʤ [3]. 

ʎʝʣʴʶ ʨʘʙʦʪʳ ʷʚʠʣʘʩʴ ʦʮʝʥʢʘ ʚʦʟʤʦʞʥʦʩʪʠ ʤʦʜʠʬʠʢʘʮʠʠ ʧʨʦ-

ʪʠʚʦʦʧʫʭʦʣʝʚʦʛʦ ʵʬʬʝʢʪʘ ʧʨʠ ʢʦʤʙʠʥʠʨʦʚʘʥʥʦʤ ʧʨʠʤʝʥʝʥʠʠ ʠʥ-

ʛʠʙʠʪʦʨʦʚ NOS ʠ ʛʠʧʦʢʩʠʯʝʩʢʠʭ ʮʠʪʦʪʦʢʩʠʢʘʥʪʦʚ. 
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ʀʩʩʣʝʜʦʚʘʥʠʷ ʧʦ ʠʟʫʯʝʥʠʶ ʧʨʦʪʠʚʦʦʧʫʭʦʣʝʚʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ 

ʙʳʣʠ ʧʨʦʚʝʜʝʥʳ ʥʘ ʤʳʰʘʭ-ʩʘʤʮʘʭ ʛʠʙʨʠʜʦʚ F1 ʩ ʧʝʨʝʚʠʪʦʡ ʢʘʨʮʠ-

ʥʦʤʦʡ ʣʝʛʢʠʭ ʃʴʶʠʩ ʚ ʣʘʪʝʨʘʣʴʥʫʶ ʧʦʚʝʨʭʥʦʩʪʴ ʧʨʘʚʦʛʦ ʙʝʜʨʘ.  

ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʢʦʤʙʠʥʠʨʦʚʘʥʥʦʝ ʧʨʠʤʝʥʝʥʠʝ 

ʠʥʛʠʙʠʪʦʨʘ NOS ʀʊʄ-2 ʠ ʛʠʧʦʢʩʠʯʝʩʢʦʛʦ ʮʠʪʦʪʦʢʩʠʢʘʥʪʘ ʄʝʪʨʦ-

ʥʠʜʘʟʦʣʘ ʦʢʘʟʳʚʘʝʪ ʚʳʨʘʞʝʥʥʳʡ ʫʩʪʦʡʯʠʚʳʡ ʧʨʦʪʠʚʦʦʧʫʭʦʣʝʚʳʡ 

ʵʬʬʝʢʪ, ʧʨʝʚʦʩʭʦʜʷʱʠʡ ʵʬʬʝʢʪ ʦʪ ʠʟʦʣʠʨʦʚʘʥʥʦʛʦ ʧʨʠʤʝʥʝʥʠʷ 

ʠʩʩʣʝʜʫʝʤʳʭ ʚʝʱʝʩʪʚ. ʂʨʦʤʝ ʪʦʛʦ, ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʠʩʩʣʝʜʦʚʘ-

ʥʠʷ ʟʘʚʠʩʠʤʦʩʪʠ ʧʨʦʪʠʚʦʦʧʫʭʦʣʝʚʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʦʪ ʜʦʟʠʨʦʚʦʢ 

ʠ ʚʨʝʤʝʥʥʳʭ ʠʥʪʝʨʚʘʣʦʚ ʤʝʞʜʫ ʠʥʲʝʢʮʠʷʤʠ ʠʩʩʣʝʜʫʝʤʳʭ ʚʝʱʝʩʪʚ 

ʚʳʷʚʠʣʠ ʦʧʪʠʤʘʣʴʥʫʶ ʩʭʝʤʫ ʩʦʯʝʪʘʥʥʦʛʦ ʧʨʠʤʝʥʝʥʠʷ ʄʝʪʨʦʥʠʜʘ-

ʟʦʣʘ ʠ ʀʊʄ2 ʚ ʥʝʪʦʢʩʠʯʝʩʢʠʭ ʜʦʟʘʭ ʩ ʠʥʪʝʨʚʘʣʦʤ ʚʚʝʜʝʥʠʷ ʚ 120 

ʤʠʥʫʪ ï ʦʧʫʭʦʣʴ ʩʪʘʪʠʩʪʠʯʝʩʢʠ ʟʥʘʯʠʤʦ ʤʝʥʴʰʝ ʥʘ 50% ʚ ʩʨʘʚʥʝ-

ʥʠʠ ʩ ʢʦʥʪʨʦʣʝʤ.  

ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʡ ʤʦʛʫʪ ʥʘʡʪʠ ʧʨʠʤʝʥʝʥʠʝ ʚ ʩʦʩʪʘʚʝ 

ʢʦʤʧʣʝʢʩʥʦʡ ʨʘʜʠʦ- ʠ ʭʠʤʠʦʪʝʨʘʧʠʠ ʦʥʢʦʣʦʛʠʯʝʩʢʠʭ ʟʘʙʦʣʝʚʘʥʠʡ 

ʜʣʷ ʧʦʚʳʰʝʥʠʷ ʝʸ ʵʬʬʝʢʪʠʚʥʦʩʪʠ, ʪʘʨʛʝʪʥʦʩʪʠ ʠ ʩʥʠʞʝʥʠʷ ʪʦʢʩʠʯ-

ʥʦʩʪʠ ʟʘ ʩʯʝʪ ʢʦʤʙʠʥʠʨʦʚʘʥʥʦʛʦ ʧʨʠʤʝʥʝʥʠʷ ʵʣʝʢʪʨʦʥʘʢʮʝʧʪʦʨʥʦ-

ʛʦ ʩʦʝʜʠʥʝʥʠʷ, ʩʧʦʩʦʙʥʦʛʦ ʦʢʘʟʳʚʘʪʴ ʨʘʜʠʦʩʝʥʩʠʙʠʣʠʟʠʨʫʝʱʝʝ 

ʜʝʡʩʪʚʠʝ, ʠ ʠʥʛʠʙʠʪʦʨʘ NOS ʀʊʄ2, ʦʙʣʘʜʘʶʱʝʛʦ ʧʨʦʪʠʚʦʦʧʫʭʦ-

ʣʝʚʳʤ ʵʬʬʝʢʪʦʤ ʠ ʩʧʦʩʦʙʥʳʤ ʩʝʣʝʢʪʠʚʥʦ ʟʘʱʠʱʘʪʴ ʥʦʨʤʘʣʴʥʳʝ 

ʪʢʘʥʠ ʧʨʠ ʨʘʜʠʦʪʝʨʘʧʠʠ. 
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ʀʉʇʆʃʔɿʆɺɸʅʀɽ ʄɽʊʆɼɸ ʌʋʅʂʎʀʆʅɸʃɸ  

ʇʃʆʊʅʆʉʊʀ DFT/B3LYP ɼʃʗ ʇʆʉʊʈʆɽʅʀʗ ʄʆɼɽʃɽʁ  
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ɺʚʝʜʝʥʠʝ. ʄʦʥʦʛʠʜʨʦʢʩʠʘʟʘʫʨʘʮʠʣʳ ʧʦʣʫʯʘʶʪʩʷ ʧʨʠ ʟʘʤʝʥʝ 

ʦʜʥʦʛʦ ʠʟ ʢʘʨʙʦʥʦʚʳʭ ʬʨʘʛʤʝʥʪʦʚ (ʉ=ʆ) ʤʦʣʝʢʫʣʳ 5- ʠ 6- ʘʟʘʫʨʘ-

ʮʠʣʘ ʥʘ ʛʠʜʨʦʢʩʠʣʴʥʫʶ ʛʨʫʧʧʫ (ʆʅ). 

ʎʝʣʴʶ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʧʦʩʪʨʦʝʥʠʝ ʩʪʨʫʢʪʫʨʥʦ-ʜʠʥʘʤʠʯʝʩʢʠʭ 

ʤʦʜʝʣʝʡ ʤʦʥʦʛʠʜʨʦʢʩʠʘʟʘʫʨʘʮʠʣʦʚ ʥʘ ʦʩʥʦʚʘʥʠʠ ʦʮʝʥʢʠ ʧʘʨʘʤʝʪ-

ʨʦʚ ʘʜʠʘʙʘʪʠʯʝʩʢʦʛʦ ʧʦʪʝʥʮʠʘʣʘ ʪʘʫʪʦʤʝʨʦʚ ʠ ʢʦʥʬʦʨʤʝʨʦʚ ʩʦʝʜʠ-

ʥʝʥʠʡ, ʚʳʷʚʣʝʥʠʝ ʧʨʠʟʥʘʢʦʚ ʠʭ ʩʧʝʢʪʨʘʣʴʥʦʡ ʠʜʝʥʪʠʬʠʢʘʮʠʠ. ʄʦ-

ʜʝʣʴʥʳʝ ʨʘʩʯʝʪʳ ʛʝʦʤʝʪʨʠʯʝʩʢʦʡ ʠ ʵʣʝʢʪʨʦʥʥʦʡ ʩʪʨʫʢʪʫʨʳ ʤʦʣʝ-

ʢʫʣ ʚʳʧʦʣʥʝʥʳ ʚ ʨʘʤʢʘʭ ʤʝʪʦʜʘ ʬʫʥʢʮʠʦʥʘʣʘ ʧʣʦʪʥʦʩʪʠ 

DFT/B3LYP [4]. 

ʈʝʟʫʣʴʪʘʪʳ ʤʦʜʝʣʴʥʳʭ ʨʘʩʯʝʪʦʚ ʠ ʠʭ ʘʥʘʣʠʟ. ʆʧʪʠʤʠʟʘʮʠʷ 

ʠʩʭʦʜʥʦʡ ʛʝʦʤʝʪʨʠʠ 2- ʠ 4-ʤʦʥʦʛʠʜʨʦʢʩʠʘʟʘʫʨʘʮʠʣʦʚ (ʪʘʫʪʦʤʝʨʳ 

N1H ʠ N3H) ʦʩʫʱʝʩʪʚʣʝʥʘ ʚ ʧʨʝʜʧʦʣʦʞʝʥʠʠ ʧʣʦʩʢʦʡ (ʩʠʤʤʝʪʨʠʷ 

ʉs) ʩʪʨʫʢʪʫʨʳ ʤʦʣʝʢʫʣ. ʂʦʥʬʦʨʤʝʨʳ (ʂ1 ʠ ʂ2) ʢʘʞʜʦʛʦ ʪʘʫʪʦʤʝʨʘ 

ʩʚʷʟʘʥʳ ʩ ʧʦʣʦʞʝʥʠʝʤ ʛʠʜʨʦʢʩʠʣʴʥʦʛʦ ʬʨʘʛʤʝʥʪʘ ʦʪʥʦʩʠʪʝʣʴʥʦ 

ʰʝʩʪʠʯʣʝʥʥʦʛʦ ʘʟʘʮʠʢʣʘ, ʯʪʦ ʦʧʨʝʜʝʣʷʝʪʩʷ ʟʥʘʯʝʥʠʝʤ ʜʚʫʛʨʘʥʥʦʛʦ 

ʫʛʣʘ D1(N1C2OH) ʠ D2(N3C4OH). ɼʣʷ ʢʦʥʬʦʨʤʝʨʘ ʂ1 ʫʛʣʳ D1 =0Ü 

ʠ D2=0Ü, ʜʣʷ ʢʦʥʬʦʨʤʝʨʘ ʂ2 ʦʥʠ ʧʨʠʥʠʤʘʶʪ ʟʥʘʯʝʥʠʝ 180Ü. 

ɼʣʠʥʳ  ʚʘʣʝʥʪʥʳʭ ʩʚʷʟʝʡ: Rʉ=ʆ =1.3-1.34 ¡, Rʉʆ =1.2-1.21 ¡, ROH 

0.96-0.97 ¡, ʯʪʦ ʩʦʛʣʘʩʫʝʪʩʷ ʩ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳ-

ʤʠ ʜʘʥʥʳʤʠ, ʧʨʠʚʝʜʝʥʥʳʤʠ ʚ ʤʦʥʦʛʨʘʬʠʠ ʫʧʦʤʷʥʫʪʦʡ ʚ ʨʘʙʦʪʝ [3]. 

ɿʥʘʯʝʥʠʷ ʚʘʣʝʥʪʥʳʭ ʫʛʣʦʚ CNH ʤʦʛʫʪ ʦʪʣʠʯʘʪʴʩʷ ʦʪ ʩʪʘʥʜʘʨʪʥʳʭ 

ʟʥʘʯʝʥʠʡ (120Ü) ʥʘ ʚʝʣʠʯʠʥʫ ~6Ü, ʯʪʦ ʠʤʝʝʪ ʤʝʩʪʦ ʠ ʚ ʘʟʘʫʨʘʮʠʣʘʭ [3]. 

ʈʘʟʥʦʩʪʴ ʟʥʘʯʝʥʠʡ ʫʢʘʟʘʥʥʦʛʦ ʚʘʣʝʥʪʥʦʛʦ ʫʛʣʘ ~ 5Ü, ʦʜʥʘʢʦ ʨʘʩʭʦʞʜʝ-

ʥʠʷ ʚ ʭʘʨʘʢʪʝʨʝ ʧʦʣʦʩ, ʠʥʪʝʨʧʨʝʪʠʨʦʚʘʥʥʳʭ, ʢʘʢ ʢʨʫʪʠʣʴʥʳʝ ʢʦʣʝʙʘ-

ʥʠʷ (ɢʆʅ) ʟʥʘʯʠʪʝʣʴʥʳ, ʯʪʦ ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʚ ʟʘʜʘʯʘʭ ʠʜʝʥʪʠʬʠ-

ʢʘʮʠʠ ʪʘʫʪʦʤʝʨʦʚ ʠ ʢʦʥʬʦʨʤʝʨʦʚ ʤʦʥʦʛʠʜʨʦʢʩʠʘʟʘʫʨʘʮʠʣʦʚ. ʆʮʝʥʢʠ 

ʟʥʘʯʝʥʠʡ ʜʣʠʥ ʚʘʣʝʥʪʥʳʭ ʩʚʷʟʝʡ RC=O ~ 1.2 ¡, RCO ~ 1.33 ¡, ROH ~ 0.96 

mailto:kof@aspu.ru


 
 

 
 

Инженерно-физические технологии для биомедицины 

57 

¡ ʩʦʛʣʘʩʫʶʪʩʷ ʩ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʤʠ ʜʘʥʥʳʤʠ, ʧʨʠʚʝʜʝʥʥʳʤʠ ʚ ʤʦ-

ʥʦʛʨʘʬʠʠ, ʫʧʦʤʷʥʫʪʦʡ ʚ ʨʘʙʦʪʝ [2]. 

ʈʝʟʫʣʴʪʘʪʳ ʪʝʦʨʝʪʠʯʝʩʢʦʡ ʠʥʪʝʨʧʨʝʪʘʮʠʠ ʢʦʣʝʙʘʪʝʣʴʥʳʭ ʩʧʝʢ-

ʪʨʦʚ ʤʦʥʦʛʠʜʨʦʢʩʠʘʟʘʫʨʘʮʠʣʦʚ ʩʦʧʦʩʪʘʚʣʝʥʳ ʩ ʠʤʝʶʱʠʤʠʩʷ ʵʢʩ-

ʧʝʨʠʤʝʥʪʘʣʴʥʳʤʠ ʜʘʥʥʳʤʠ ʧʦ ʀʂ ʩʧʝʢʪʨʘʤ ʜʘʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʚ 

ʟʘʤʦʨʦʞʝʥʥʳʭ ʤʘʪʨʠʮʘʭ.  

ʇʨʦʘʥʘʣʠʟʠʨʫʝʤ ʧʦʣʫʯʝʥʥʳʝ ʤʦʜʝʣʴʥʳʝ ʢʦʣʝʙʘʪʝʣʴʥʳʝ ʩʧʝʢ-

ʪʨʳ ʤʦʥʦʛʠʜʨʦʢʩʠʘʟʘʫʨʘʮʠʣʦʚ. ʇʦʣʦʩʘ, ʠʥʪʝʨʧʨʝʪʠʨʦʚʘʥʥʘʷ ʢʘʢ 

ʢʦʣʝʙʘʥʠʝ ʩʚʷʟʠ ʉʅ, ʨʘʩʧʦʣʘʛʘʝʪʩʷ ʚ ʜʠʘʧʘʟʦʥʝ 3000-3070 ʩʤ
-1
, ʷʚ-

ʣʷʝʪʩʷ ʠʥʪʝʥʩʠʚʥʦʡ ʚ ʩʧʝʢʪʨʝ ʂʈ (97-135 ¡
4
/ʘ.ʝ.ʤ.). ʉʦʛʣʘʩʥʦ ʨʘʩ-

ʯʝʪʘʤ ʠʤʝʝʪ ʤʝʩʪʦ ʩʤʝʱʝʥʠʝ ʫʢʘʟʘʥʥʳʭ ʧʦʣʦʩ ʚ ʢʦʨʦʪʢʦʚʦʣʥʦʚʳʡ 

ʜʠʘʧʘʟʦʥ ʢʦʣʝʙʘʪʝʣʴʥʦʛʦ ʩʧʝʢʪʨʘ ʥʘ ʚʝʣʠʯʠʥʫ ~ 50 ʩʤ
-1
 ʜʣʷ 6- ʛʠʜ-

ʨʦʢʩʠʘʟʘʫʨʘʮʠʣʘʭ. ɺʦʟʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʵʪʦʛʦ ʬʘʢʪʘ ʢʘʢ ʧʨʠ-

ʟʥʘʢʘ ʩʧʝʢʪʨʘʣʴʥʦʡ ʠʜʝʥʪʠʬʠʢʘʮʠʠ. ʆʪʤʝʪʠʤ, ʯʪʦ ʠʥʪʝʛʨʘʣʴʥʘʷ 

ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʧʦʣʦʩ ʚ ʀʂ ʩʧʝʢʪʨʘʭ, ʠʥʪʝʨʧʨʝʪʠʨʦʚʘʥʥʳʭ ʢʘʢ ʚʘ-

ʣʝʥʪʥʳʝ ʢʦʣʝʙʘʥʠʷ ʩʚʷʟʝʡ ʉʅ, ʥʝʟʥʘʯʠʪʝʣʴʥʘ (~10 ʢʤ/ʤʦʣʴ). 

ʇʦʣʦʩʳ ʩʣʘʙʦʡ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʚ ʜʠʘʧʘʟʦʥʝ 600-500 ʩʤ
-1
, ʠʥʪʝʨ-

ʧʨʝʪʠʨʦʚʘʥʳ ʧʦ ʬʦʨʤʝ ʢʘʢ ʜʝʬʦʨʤʘʮʠʦʥʥʳʝ ʢʦʣʝʙʘʥʠʷ ʚʘʣʝʥʪʥʳʭ 

ʫʛʣʦʚ ʰʝʩʪʠʯʣʝʥʥʦʛʦ ʮʠʢʣʘ (ɔ) ʠ ʬʨʘʛʤʝʥʪʦʚ ʉʆ (ɓʉʆ) ʠ ʉ=ʆ 

(ɓʉ=ʆ). ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʧʦʣʦʩ ʫʢʘʟʘʥʥʦʛʦ ʜʠʘʧʘʟʦʥʘ ʚ ʟʘʜʘʯʘʭ ʩʧʝʢ-

ʪʨʘʣʴʥʦʡ ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʩʦʝʜʠʥʝʥʠʡ ʥʝʮʝʣʝʩʦʦʙʨʘʟʥʦ. 

ʏʘʩʪʦʪʘ ʚʘʣʝʥʪʥʦʛʦ ʢʦʣʝʙʘʥʠʷ (qC=O) ʩʚʷʟʠ ʉ=ʆ ʷʚʣʷʝʪʩʷ ʭʘʨʘʢ-

ʪʝʨʠʩʪʠʯʝʩʢʦʡ ʧʦ ʯʘʩʪʦʪʝ ʠ ʠʥʪʝʥʩʠʚʥʦʩʪʠ. 

ʉʜʚʠʛ ʩʧʝʢʪʨʘʣʴʥʳʭ ʧʦʣʦʩ ʪʘʫʪʦʤʝʨʦʚ N1H ʠ N3H ʚ ʜʠʘʧʘʟʦʥʝ 

ʚr ʰʝ 1200 ʩʤ
-1
 ʤʦʞʝʪ ʜʦʩʪʠʛʘʪʴ ʚʝʣʠʯʠʥʳ ~ 70 ʩʤ

-1
. ʇʨʠ ʵʪʦʤ ʦʥʠ 

ʤʦʛʫʪ ʨʘʟʣʠʯʘʪʴʩʷ ʧʦ ʠʥʪʝʨʧʨʝʪʘʮʠʠ. ɺ ʜʠʘʧʘʟʦʥʝ ʥʠʞʝ 1200 ʩʤ
-1
 

ʭʘʨʘʢʪʝʨʠʩʪʠʯʥʦʩʪʴ ʢʦʣʝʙʘʥʠʡ ʧʦ ʬʦʨʤʝ ʩʦʭʨʘʥʷʝʪʩʷ. 

ʇʦʣʦʩʳ, ʦʪʥʝʩʝʥʥʳʝ ʢ ʩʢʝʣʝʪʥʳʤ ʢʦʣʝʙʘʥʠʷʤ ʰʝʩʪʠʯʣʝʥʥʦʛʦ 

ʮʠʢʣʘ (ʜʠʘʧʘʟʦʥ 1700-160 ʩʤ
-1
) ʚ ʨʘʟʣʠʯʥʳʭ ʪʘʫʪʦʤʝʨʘʭ ʠʤʝʶʪ 

ʙʦʣʴʰʫʶ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʚ ʀʂ ʩʧʝʢʪʨʘʭ, ʠ ʵʪʠ ʟʥʘʯʝʥʠʷ ʤʦʞʥʦ ʠʩ-

ʧʦʣʴʟʦʚʘʪʴ ʚ ʟʘʜʘʯʘʭ ʩʧʝʢʪʨʘʣʴʥʦʡ ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʪʘʫʪʦʤʝʨʦʚ. 

ɺ ʜʠʘʧʘʟʦʥʝ 1500 -1200 ʩʤ
-1
 ʩʧʝʢʪʨʘʣʴʥʳʝ ʧʦʣʦʩʳ ʦʪʥʝʩʝʥʳ ʢ 

ʜʝʬʦʨʤʘʮʠʦʥʥʳʤ ʢʦʣʝʙʘʥʠʷʤ ʩʚʷʟʝʡ NH (ɓNH) ʠ ʛʠʜʨʦʢʩʠʣʴʥʦʛʦ 

ʬʨʘʛʤʝʥʪʘ (ɓʆH). ʀʭ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʟʘʚʠʩʠʪ ʦʪ ʚʟʘʠʤʥʦʛʦ ʨʘʩʧʦʣʦ-

ʞʝʥʠʷ ʬʨʘʛʤʝʥʪʦʚ. ʕʪʦʪ ʬʘʢʪ ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʜʣʷ ʩʧʝʢʪʨʘʣʴ-

ʥʦʡ ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʢʦʥʬʦʨʤʝʨʦʚ ʠʩʩʣʝʜʫʝʤʦʛʦ ʪʘʫʪʦʤʝʨʘ. 

ʆʮʝʥʢʠ ʢʫʙʠʯʝʩʢʠʭ (FSSS ~2560 ʩʤ
-1
) ʠ ʢʚʘʨʪʠʯʥʳʭ (FSSSS ~ 1480 

ʩʤ
-1
) ʘʥʛʘʨʤʦʥʠʯʝʩʢʠʭ ʩʠʣʦʚʳʭ ʧʦʩʪʦʷʥʥʳʭ ʩʚʷʟʝʡ ʆʅ ʧʨʠʚʦʜʷʪ ʢ 
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ʩʜʚʠʛʫ ʧʦʣʦʩ, ʠʥʪʝʨʧʨʝʪʠʨʦʚʘʥʥʳʭ ʢʘʢ ʚʘʣʝʥʪʥʳʝ ʢʦʣʝʙʘʥʠʷ ʛʠʜ-

ʨʦʢʩʠʣʴʥʦʛʦ ʬʨʘʛʤʝʥʪʘ ʚ ʜʣʠʥʥʦʚʦʣʥʦʚʳʡ ʜʠʘʧʘʟʦʥ ʥʘ ʚʝʣʠʯʠʥʫ 

~180 ʩʤ
-1
. ʕʪʦ ʩʦʛʣʘʩʫʝʪʩʷ ʩ ʦʮʝʥʢʦʡ ʘʥʛʘʨʤʦʥʠʯʝʩʢʦʛʦ ʩʤʝʱʝʥʠʷ 

ʧʦʣʦʩ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʤʘʩʰʪʘʙʠʨʫʶʱʝʛʦ ʩʦʦʪʥʦʰʝʥʠʷ ɜʘʥʛ = 

ɜʛ(aɜʛ+b) ʩ ʧʘʨʘʤʝʪʨʘʤʠ ( a = -8,4E-06; b = 0,9813) ʠʟ ʧʫʙʣʠʢʘʮʠʡ 

[2,3]. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʫʢʘʟʘʥʥʦʛʦ ʩʦʦʪʥʦʰʝʥʠʷ ʜʣʷ ʜʠʘʧʘʟʦʥʘ 1800-

1200 ʩʤ
-1
 ʧʨʠʚʦʜʠʪ ʢ ʨʘʩʭʦʞʜʝʥʠʶ ~20 ʩʤ

-1
ʩ ʦʮʝʥʢʦʡ ʧʦʣʦʞʝʥʠʷ 

ʧʦʣʦʩ ʧʦ ʩʦʦʪʥʦʰʝʥʠʷʤ (2, 3). ɺ ʜʠʘʧʘʟʦʥʝ ʥʠʞʝ 1200 ʩʤ
-1
 ʨʘʩʭʦʞ-

ʜʝʥʠʝ ʚ ʦʮʝʥʢʘʭ ʘʥʛʘʨʤʦʥʠʯʝʩʢʦʛʦ ʩʤʝʱʝʥʠʷ ʧʦʣʦʩ ʩʥʠʞʘʝʪʩʷ 

ʚʜʚʦʝ. ʋʢʘʟʘʥʥʳʝ ʨʘʩʭʦʞʜʝʥʠʷ ʥʝ ʚʣʠʷʶʪ ʥʘ ʠʥʪʝʨʧʨʝʪʘʮʠʶ ʬʫʥ-

ʜʘʤʝʥʪʘʣʴʥʳʭ ʢʦʣʝʙʘʥʠʡ, ʪ.ʢ. ʦʥʠ ʩʫʱʝʩʪʚʝʥʥʦ ʤʝʥʴʰʝ ʟʥʘʯʝʥʠʡ 

ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʱʝʣʝʡ ʤʝʜʫ ʩʦʩʝʜʥʠʤʠ ʢʦʣʝʙʘʪʝʣʴʥʳʤʠ ʩʦʩʪʦʷʥʠ-

ʷʤʠ. 
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ɺʚʝʜʝʥʠʝ 

ʌʦʩʬʦʨʥʘʷ ʄʈ ʩʧʝʢʪʨʦʩʢʦʧʠʷ ï ʫʥʠʢʘʣʴʥʳʡ ʩʧʦʩʦʙ ʧʨʠʞʠʟ-

ʥʝʥʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʵʥʝʨʛʝʪʠʯʝʩʢʦʛʦ ʤʝʪʘʙʦʣʠʟʤʘ ʚ ʛʦʣʦʚʥʦʤ 

ʤʦʟʛʝ ʯʝʣʦʚʝʢʘ. ʀʩʩʣʝʜʦʚʘʥʠʷ ʥʘ ʷʜʨʝ 
31

P ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʣʠ 

ʩʚʦʶ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʚ ʠʩʩʣʝʜʦʚʘʥʠʷʭ ʄʈ ʥʝʛʘʪʠʚʥʦʡ ʧʘʪʦʣʦʛʠʠ, 

ʥʘʧʨʠʤʝʨ, ʰʠʟʦʬʨʝʥʠʠ [1, 2]. ʇʨʘʢʪʠʯʝʩʢʠ ʟʥʘʯʠʤʦʡ ʟʘʜʘʯʝʡ ʷʚʣʷ-

ʝʪʩʷ ʧʨʝʦʜʦʣʝʥʠʝ ʧʨʦʙʣʝʤ, ʩʚʷʟʘʥʥʳʭ ʩ ʥʠʟʢʦʡ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴʶ 

ʷʜʨʘ 
31

P, ʠ, ʢʘʢ ʩʣʝʜʩʪʚʠʝ, ʥʠʟʢʦʛʦ ʩʠʛʥʘʣ/ʰʫʤʘ (SNR) 
31

P ʩʧʝʢʪʨʦʚ. 

ʎʝʣʴʶ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʦʧʪʠʤʠʟʘʮʠʷ ʤʝʪʦʜʦʚ ʧʦʣʫʯʝʥʠʷ 
31

P ʩʧʝʢ-

ʪʨʦʚ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʚʨʝʤʝʥʥʳʭ ʟʘʪʨʘʪ ʠ SNR ʩ ʧʦʤʦʱʴʶ ʨʘʟʚʷʟʢʠ 

ʦʪ ʧʨʦʪʦʥʦʚ (decoupling) ʠ ʷʜʝʨʥʦʛʦ ʫʩʠʣʝʥʠʷ ʆʚʝʨʭʘʫʟʝʨʘ (NOE). 

ʄʘʪʝʨʠʘʣʳ ʠ ʤʝʪʦʜʳ 

ɺ ʠʩʩʣʝʜʦʚʘʥʠʠ ʥʘ ʄʈ ʪʦʤʦʛʨʘʬʝ Philips Achieva 3.0T ʩ ʠʩʧʦʣʴ-

ʟʦʚʘʥʠʝʤ ʈʏ ʢʘʪʫʰʢʠ 
31

P/
1
H ʧʨʠʥʷʣʦ ʫʯʘʩʪʠʝ 10 ʟʜʦʨʦʚʳʭ ʠʩʧʳʪʫ-

ʝʤʳʭ. ʉʧʝʢʪʨʦʩʢʦʧʠʯʝʩʢʠʡ ʦʙʲʸʤ ʨʘʟʤʝʨʦʤ 80x60x60 ʤʤ ʨʘʟʤʝ-

ʱʘʣʩʷ ʪʘʢ ʚ ʤʦʟʛʦʚʦʝ ʚʝʱʝʩʪʚʦ. ɼʣʷ ʣʦʢʘʣʠʟʘʮʠʠ ʠʩʧʦʣʴʟʦʚʘʣʘʩʴ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ISIS ʩ ʧʘʨʘʤʝʪʨʘʤʠ: TE = 0,1 ʤʩ, FA = 35Á, 

Samples=1024, BW=4000 ɻʮ, ʯʠʩʣʦ ʥʘʢʦʧʣʝʥʠʡ NSA = 64. ʇʨʠʤʝ-

ʥʷʣʩʷ ʰʠʨʦʢʦʧʦʣʦʩʥʳʡ decoupling, ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ Waltz 4. ɺ 

ʧʝʨʚʦʡ ʩʝʨʠʠ ʠʩʩʣʝʜʦʚʘʥʠʷ ʦʩʫʱʝʩʪʚʣʷʣʩʷ ʥʘʙʦʨ 3 ʩʧʝʢʪʨʦʚ ʩ ʨʘʟ-

ʣʠʯʥʳʤ ʚʨʝʤʝʥʝʤ ʧʦʚʪʦʨʝʥʠʷ (TR) = 2, 3 ʠ 4 ʩ. ɺʦ ʚʪʦʨʦʡ ʩʝʨʠʠ 

TR=3 ʩ, ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ Waltz 16 ʜʣʷ NOE ʩ ʠʟʤʝʥʝʥʠʝʤ ʧʘʨʘ-

ʤʝʪʨʘ çʚʨʝʤʷ ʩʤʝʰʠʚʘʥʠʷè (mix time = 0, 250, 500, 750, 1000, 1250, 

1500, 1750, 2000, 2250, 2500 ʤʩ).  

ʆʙʨʘʙʦʪʢʘ ʩʧʝʢʪʨʦʚ ʧʨʦʚʝʜʝʥʘ ʚ ʧʨʦʛʨʘʤʤʝ SpectroView. ɺ ʧʝʨ-

ʚʦʡ ʩʝʨʠʠ ʜʣʷ ʢʘʞʜʦʛʦ ʠʩʧʳʪʫʝʤʦʛʦ ʧʦʜʩʯʠʪʳʚʘʣʩʷ ʧʨʠʨʦʩʪ SNR 

(ʚ %) ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ TR. ɺʦ ʚʪʦʨʦʡ ʩʝʨʠʠ SNR ʢʘʞʜʦʛʦ ʧʠʢʘ ʜʣʷ 

ʢʘʞʜʦʛʦ mix time ʥʦʨʤʠʨʦʚʘʣʩʷ ʥʘ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʡ ʵʪʦʤʫ ʧʠʢʫ 

SNR ʧʨʠ mix time = 0. 

ʈʝʟʫʣʴʪʘʪʳ 

mailto:Andrey.man.93@gmail.com
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ʇʦ ʠʪʦʛʘʤ ʧʝʨʚʦʡ ʩʝʨʠʠ ʥʘʠʙʦʣʴʰʠʡ ʧʨʠʨʦʩʪ SNR ʧʨʠ ʩʦʭʨʘʥʝ-

ʥʠʠ ʚʨʝʤʝʥʠ ʥʘ ʥʘʙʦʨ ʩʧʝʢʪʨʘ ʧʦʩʪʦʷʥʥʳʤ ʦʙʥʘʨʫʞʝʥ ʧʨʠ ʫʚʝʣʠ-

ʯʝʥʠʠ TR ʩ 2 ʜʦ 3 ʩ. ʇʦʣʫʯʝʥʥʳʝ ʧʦ ʠʪʦʛʘʤ ʚʪʦʨʦʡ ʩʝʨʠʠ ʛʨʘʬʠʢʠ 

ʦʪʥʦʩʠʪʝʣʴʥʦʛʦ ʠʟʤʝʥʝʥʠʷ SNR ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ mix time ʚʝʜʫʪ 

ʩʝʙʷ ʩʭʦʞʠʤ ʩ ʧʨʠʚʝʜʸʥʥʳʤ ʥʘ ʨʠʩʫʥʢʝ 1 ʛʨʘʬʠʢʦʤ ʜʣʷ ʧʠʢʘ ʬʦʩ-

ʬʦʵʪʘʥʦʣʘʤʠʥʘ PE, ʩʥʘʯʘʣʘ ʥʘʨʘʩʪʘʷ, ʟʘʪʝʤ ʩ ʦʧʨʝʜʝʣʸʥʥʦʛʦ ʤʦ-

ʤʝʥʪʘ ʥʘ ʫʨʦʚʥʝ 1500ï2000 ʤʩ ʚʳʭʦʜʷ ʥʘ ʧʣʘʪʦ. ʀʩʢʣʶʯʝʥʠʝʤ ʷʚ-

ʣʷʝʪʩʷ ʛʨʘʬʠʢ ʜʣʷ PCr, ʢʦʪʦʨʳʡ ʚʳʰʝʣ ʥʘ ʧʣʘʪʦ ~ ʥʘ 2250 ʤʩ. ʄʘʢ-

ʩʠʤʘʣʴʥʳʝ ʟʥʘʯʝʥʠʷ ʧʨʠʨʦʩʪʘ ʟʘ ʩʯʸʪ NOE ʩʦʩʪʘʚʠʣʠ 40%. 

 
ʈʠʩʫʥʦʢ 1. ʆʪʥʦʩʠʪʝʣʴʥʦʝ ʠʟʤʝʥʝʥʠʝ SNR ʜʣʷ ʧʠʢʘ PE ʚ ʟʘʚʠʩʠʤʦʩʪʠ 

ʦʪ ʧʘʨʘʤʝʪʨʘ mix time 

ʆʙʩʫʞʜʝʥʠʝ 

ʇʘʨʘʤʝʪʨ mixing time, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʡ ʚʨʝʤʷ, ʚ ʪʝʯʝʥʠʝ ʢʦʪʦ-

ʨʦʛʦ ʧʨʦʠʩʭʦʜʠʪ ʦʙʣʫʯʝʥʠʝ ʧʨʦʪʦʥʦʚ ʜʣʷ ʷʜʝʨʥʦʛʦ ʫʩʠʣʝʥʠʷ 

ʆʚʝʨʭʘʫʟʝʨʘ, ʦʛʨʘʥʠʯʝʥ ʧʘʨʘʤʝʪʨʦʤ TR ʠ ʚʨʝʤʝʥʝʤ ʩʥʷʪʠʷ ʩʧʝʢ-

ʪʨʘ, ʢʦʪʦʨʦʝ ʩʦʩʪʘʚʣʷʝʪ ~500 ʤʩ. ʇʦ ʠʪʦʛʘʤ ʚʪʦʨʦʡ ʩʝʨʠʠ ʦʢʘʟʘ-

ʣʦʩʴ, ʯʪʦ ʟʥʘʯʝʥʠʷ, ʙʦʣʴʰʠʝ 1500 ʤʩ, ʧʨʠʨʦʩʪʘ SNR ʥʝ ʜʘʜʫʪ ʥʠ 

ʜʣʷ ʢʘʢʦʛʦ ʧʠʢʘ, ʢʨʦʤʝ PCr, ʨʦʩʪ ʢʦʪʦʨʦʛʦ ʧʨʝʢʨʘʱʘʝʪʩʷ ʧʨʠ mix 

time = ~2500 ʤʩ. ʇʨʠ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʠʩʧʦʣʴʟʦʚʘʪʴ TR<3 s, mix time 

ʪʦʞʝ ʫʤʝʥʴʰʠʪʩʷ, ʦʜʥʘʢʦ ʜʦ ʟʥʘʯʝʥʠʡ ~1500 ʤʩ ʵʪʦ ʥʝ ʧʨʠʚʝʜʸʪ ʢ 

ʧʦʪʝʨʷʤ ʚ ʩʠʛʥʘʣʝ ʟʘ ʩʯʸʪ NOE (ʢʨʦʤʝ ʧʠʢʘ PCr, ʯʪʦ ʥʝ ʢʨʠʪʠʯʥʦ, 

ʧʦʩʢʦʣʴʢʫ ʝʛʦ SNR ʠ ʙʝʟ ʪʦʛʦ ʥʘʠʙʦʣʴʰʠʡ ʚ 
31

P ʩʧʝʢʪʨʝ ʤʦʟʛʘ ʯʝ-

ʣʦʚʝʢʘ). 
ʉʩʳʣʢʠ 

1. Manzhurtsev A.V. et al. Russ Chem Bull (2016) 65: 1630 

2. Du F. et al. JAMA Psychiatry. 2014 Jan;71(1):19-27.  
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ʀʄʇʋʃʔʉʅɸʗ ʇʆʉʃɽɼʆɺɸʊɽʃʔʅʆʉʊʔ MEGA -PRESS 

ɺ ʆʇʈɽɼɽʃɽʅʀʀ ʅɽʁʈʆɼɽɼʀɸʊʆʈʅʆɻʆ ʉʊɸʊʋʉɸ ʋ 

ʇɸʎʀɽʅʊʆɺ ʉ ʃʏʄʊ IN VIVO 

 

ʄʝʥʴʱʠʢʦʚ ʇ.ɽ.
1,2,3

, ɸʭʘʜʦʚ ʊ.ɸ.
1
, ʉʝʤʝʥʦʚʘ ʅ.ɸ.

1,2 

 
1 ʅʀʀ ʅɼʍʠʊ, ʄʦʩʢʚʘ 

2 ʀʍʌ ʈɸʅ, ʄʦʩʢʚʘ 
3
ʅʀʗʋ ʄʀʌʀ, ʄʦʩʢʚʘ 

+79031203033., peeterem@gmail.com 

 

ʇʨʠ ʣʝʛʢʦʡ ʯʝʨʝʧʥʦ-ʤʦʟʛʦʚʦʡ ʪʨʘʚʤʝ (ʃʏʄʊ) ʦʙʳʯʥʦ ʥʝ 

ʥʘʙʣʶʜʘʝʪʩʷ ʠʟʤʝʥʝʥʠʡ ʘʥʘʪʦʤʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʳ ʧʦ ʜʘʥʥʳʤ ʄʈʊ 

ʠ ʂʊ, ʦʜʥʘʢʦ ʚ ʨʷʜʝ ʩʣʫʯʘʝʚ ʚ ʦʪʩʨʦʯʝʥʥʦʤ ʧʝʨʠʦʜʝ ʤʦʞʝʪ ʧʨʠʚʦ-

ʜʠʪʴ ʢ ʨʘʟʣʠʯʥʳʤ ʵʤʦʮʠʦʥʘʣʴʥʳʤ ʠ ʢʦʛʥʠʪʠʚʥʳʤ ʨʘʩʩʪʨʦʡʩʪʚʘʤ. 

ʇʨʠʯʠʥʦʡ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʧʦʚʨʝʞʜʝʥʠʡ ʤʦʛʫʪ ʙʳʪʴ ʧʦʩʪʪʨʘʚʤʘ-

ʪʠʯʝʩʢʠʝ ʥʘʨʫʰʝʥʠʷ ʥʝʡʨʦʭʠʤʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ ʪʦʨʤʦʞʝ-

ʥʠʷ/ʚʦʟʙʫʞʜʝʥʠʷ. ɺ ʥʘʰʝʡ ʨʘʙʦʪʝ ʚʧʝʨʚʳʝ in vivo ʦʧʨʝʜʝʣʷʣʠʩʴ 

ʢʦʥʮʝʥʪʨʘʮʠʠ ʦʩʥʦʚʥʳʭ ʪʦʨʤʦʟʥʦʛʦ (ɔ-ʘʤʠʥʦʤʘʩʣʷʥʦʡ ʢʠʩʣʦ-

ʪʳ(GABA)) ʠ ʚʦʟʙʫʞʜʘʶʱʝʛʦ (ʛʣʫʪʘʤʘʪ(Glu)) ʥʝʡʨʦʤʝʜʠʘʪʦʨʦʚ ʫ 

ʜʝʪʝʡ ʩ ʃʏʄʊ ʚ ʦʩʪʨʦʤ ʧʝʨʠʦʜʝ ʩ ʧʦʤʦʱʴʶ ʠʤʧʫʣʴʩʥʦʡ ʧʦʩʣʝʜʦ-

ʚʘʪʝʣʴʥʦʩʪʠ (ʀʇ) MEGA-PRESS (ʩʪʘʥʜʘʨʪʥʦʡ (GABA+) [1] ʠ ʩ 

ʩʠʤʤʝʪʨʠʯʥʳʤ ʧʦʜʘʚʣʝʥʠʝʤ ʩʠʛʥʘʣʘ ʦʪ ʤʘʢʨʦʤʦʣʝʢʫʣ (GABA-) 

[2].  

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʚ ʦʙʱʝʡ ʩʣʦʞʥʦʩʪʠ ʧʨʠʥʠʤʘʣʦ ʫʯʘʩʪʠʝ 19 ʜʝ-

ʪʝʡ. ɺ ʛʨʫʧʧʫ ʧʘʮʠʝʥʪʦʚ (n=11, ʩʨʝʜʥʠʡ ʚʦʟʨʘʩʪï14.3Ñ2.3,) ʚʭʦʜʠʣʠ 

ʜʝʪʠ, ʩ ʜʠʘʛʥʦʟʦʤ ʃʏʄʊ ʚ ʦʩʪʨʦʤ ʧʝʨʠʦʜʝ (ʚʨʝʤʷ ʧʦʩʣʝ ʩ ʤʦʤʝʥʪʘ 

ʪʨʘʚʤʳ 40Ñ17 ʯʘʩʦʚ). ʂʦʥʪʨʦʣʴʥʘʷ ʛʨʫʧʧʘ ʥʦʨʤʳ ʚʢʣʶʯʘʣʘ ʚ ʩʝʙʷ 8 

ʜʝʪʝʡ (ʩʨʝʜʥʠʡ ʚʦʟʨʘʩʪ-15.0Ñ1.9). ʉʙʦʨ ʜʘʥʥʳʭ ʦʩʫʱʝʩʪʚʣʷʣʩʷ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʄʈ ʩʢʘʥʝʨʘ Philips 3.0T AchievaTX. ʇʦʤʠʤʦ ʜʠʘ-

ʛʥʦʩʪʠʯʝʩʢʠʭ ʠʟʦʙʨʘʞʝʥʠʡ ʧʨʦʪʦʢʦʣ ʚʢʣʶʯʘʣ ʚ ʩʝʙʷ [GABA+] 

MEGA-PRESS ʩʧʝʢʪʨ (TE=68ms, TR=1600ms, 14 ʤʩ ʯʘʩʪʦʪʥʦ-

ʩʝʣʝʢʪʠʨʫʶʱʠʡ ʠʤʧʫʣʴʩ (ʏʉʀ), ʧʨʠʤʝʥʷʝʤʳʡ ʚ ʦʙʣʘʩʪʠ 1.9ppm ʠ 

7.56ppm) ʠ [GABA-] MEGA-PRESS ʩʧʝʢʪʨ ʩ ʩʠʤʤʝʪʨʠʯʥʳʤ ʧʦʜʘʚ-

ʣʝʥʠʝʤ ʩʠʛʥʘʣʘ ɸʇ (TE=80ms, TR=1600ms, 20 ʤʩ ʏʉʀ, ʧʨʠʤʝʥʷʝ-

ʤʳʡ ʧʨʠ ŭ =1.9ppm ʠ 1.5ppm).  

ʇʦ ʜʘʥʥʳʤ ʩʪʘʪʠʩʪʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ ʩʧʝʢʪʨʦʚ GABA- ʦʪʤʝʯʘʝʪ-

ʩʷ ʜʦʩʪʦʚʝʨʥʦʝ ʫʚʝʣʠʯʝʥʠʝ [GABA] ʥʘ 36% ʫ ʛʨʫʧʧʳ ʧʘʮʠʝʥʪʦʚ ʩ 
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ʃʏʄʊ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʛʨʫʧʧʦʡ ʥʦʨʤʳ, ʧʨʠ ʵʪʦʤ [GABA+] ʧʦʢʘʟʳ-

ʚʘʝʪ ʣʠʰʴ ʪʨʝʥʜ ʢ ʫʚʝʣʠʯʝʥʠʶ (ʨʠʩ 1)  

 
ʈʠʩ.1. ɼʠʘʛʨʘʤʤʘ ʨʘʟʤʘʭʘ [GABA-] (ɸ). ɼʠʘʛʨʘʤʤʘ ʨʘʟʤʘʭʘ [GABA+] 

(ɹ). 

ʅʘʡʜʝʥʥʦʝ ʫʚʝʣʠʯʝʥʠʝ [GABA-] ʚʝʨʦʷʪʥʝʝ ʚʩʝʛʦ ʷʚʣʷʶʪʩʷ ʩʣʝʜ-

ʩʪʚʠʝʤ ʩʥʠʞʝʥʠʷ ʵʢʩʧʨʝʩʩʠʠ ʨʝʮʝʧʪʦʨʦʚ, ʩʚʷʟʳʚʘʶʱʠʭ GABA. 

ʀʟʤʝʥʝʥʥʳʝ ʫʨʦʚʥʠ [GABA-] ʤʦʛʫʪ ʚʳʩʪʫʧʘʪʴ ʚ ʨʦʣʠ ʤʘʨʢʝʨʦʚ 

ʚʦʟʤʦʞʥʳʭ ʢʦʛʥʠʪʠʚʥʳʭ ʥʘʨʫʰʝʥʠʡ ʧʦʩʣʝ ʧʝʨʝʥʝʩʝʥʥʦʡ ʃʏʄʊ. 

ɺʘʞʥʳʤ ʤʝʪʦʜʠʯʝʩʢʠʤ ʟʘʢʣʶʯʝʥʠʝʤ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʜʝ-

ʤʦʥʩʪʨʘʮʠʷ ʙʦʣʴʰʝʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʀʇ GABA- MEGA-PRESS ʩ 

ʩʠʤʤʝʪʨʠʯʥʳʤ ʧʦʜʘʚʣʝʥʠʝʤ ʩʠʛʥʘʣʦʚ ɸʇ, ʯʝʤ ʀʇ GABA+ MEGA, 

ʩʧʝʢʪʨʳ ʢʦʪʦʨʦʡ ʩʦʜʝʨʞʘʪ ʩʫʤʤʘʨʥʳʡ ʩʠʛʥʘʣ GABA+ɸʇ, ʚ ʦʧʨʝ-

ʜʝʣʝʥʠʠ ʠʟʤʝʥʝʥʠʷ [GABA].  

ʃʠʪʝʨʘʪʫʨʘ 
1. M. Mescher, H. Merkle et al. Simultaneous in vivo spectral editing and 

water suppression. NMR Biomed. Vol.11. P.266ï72 (1998) 

2. R. Edden, P. Barker et al. Macromolecule-suppressed GABA-edited 

magnetic resonance spectroscopy at 3T. Magn Reson Med. Vol.68. Issue 3, 

P.657-61 (2012). 
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ʄɸɻʅʀʊʅʓɽ ɺʀʍʈʀ ʂɸʂ ʕʌʌɽʂʊʀɺʅʓɽ  

ʅɸʅʆʅɸɻʈɽɺɸʊɽʃʀ ɺ ʄɸɻʅʀʊʅʆʁ ɻʀʇɽʈʊɽʈʄʀʀ 

 

ʅʝʩʤʝʷʥʦʚ ʄ.ʉ.
1
, ʕʧʰʪʝʡʥ ʅ.ɹ.

1
, ʋʩʦʚ ʅ.ɸ.

1,2 

 
1
ʅʀʗʋ ʄʀʌʀ, ʄʦʩʢʚʘ 

2
ʀɿʄʀʈɸʅ, ʊʨʦʠʮʢ, ʄʦʩʢʚʘ 

ʢʦʥʪ. ʪʝʣ.: 8 (910) 5412619, e-mail: mackey55@mail.ru 

 

ɺ ʤʘʛʥʠʪʥʦʡ ʛʠʧʝʨʪʝʨʤʠʠ [1], ʜʣʷ ʣʦʢʘʣʴʥʦʛʦ ʥʘʛʨʝʚʘ ʙʠʦʣʦʛʠ-

ʯʝʩʢʠʭ ʩʨʝʜ ʚ ʧʝʨʝʤʝʥʥʦʤ ʤʘʛʥʠʪʥʦʤ ʧʦʣʝ ʠʩʧʦʣʴʟʫʶʪʩʷ, ʚ ʦʩʥʦʚ-

ʥʦʤ, ʩʫʧʝʨʧʘʨʘʤʘʛʥʠʪʥʳʝ ʥʘʥʦʯʘʩʪʠʮʳ ʞʝʣʝʟʘ ʠ ʝʛʦ ʦʢcʠʜʦʚ ʩ 

ʨʘʟʤʝʨʘʤʠ d ~ 10 - 15 ʥʤ, ʩʫʱʝʩʪʚʝʥʥʦ ʤʝʥʴʰʠʤʠ ʜʠʘʤʝʪʨʘ ʦʜʥʦ-

ʜʦʤʝʥʥʦʩʪʠ, Dc = 26 nm. ʕʪʦ ʧʦʟʚʦʣʷʝʪ ʫʤʝʥʴʰʠʪʴ ʘʤʧʣʠʪʫʜʫ ʧʝ-

ʨʝʤʝʥʥʦʛʦ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʜʦ ʟʥʘʯʝʥʠʡ H0 º 100 ʕ, ʙʝʟʦʧʘʩʥʳʭ ʧʦ 

ʙʠʦʤʝʜʠʮʠʥʩʢʠʤ ʧʦʢʘʟʘʪʝʣʷʤ. ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ, ʩ ʧʦʤʦʱʴʶ ʯʠʩ-

ʣʝʥʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʚʧʝʨʚʳʝ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʤʘʛʥʠʪʥʳʝ ʚʠʭʨʝ-

ʚʳʝ ʩʦʩʪʦʷʥʠʷ [2], ʨʝʘʣʠʟʫʶʱʠʝʩʷ ʚ ʤʘʛʥʠʪʥʳʭ ʥʘʥʦʯʘʩʪʠʮʘʭ ʩ 

ʨʘʟʤʝʨʘʤʠ D > Dc, ʦʙʣʘʜʘʶʪ ʙʦʣʴʰʠʤ ʫʜʝʣʴʥʳʤ ʧʦʛʣʦʱʝʥʠʝʤ 

ʵʥʝʨʛʠʠ, ʠ ʤʦʛʫʪ ʙʳʪʴ ʫʩʧʝʰʥʦ ʠʩʧʦʣʴʟʦʚʘʥʳ ʚ ʤʘʛʥʠʪʥʦʡ ʛʠʧʝʨ-

ʪʝʨʤʠʠ.  

 

ʈʠʩ.1. ʕʥʝʨʛʝʪʠʯʝʩʢʘʷ ʜʠʘʛʨʘʤʤʘ ʦʜʥʦʨʦʜʥʳʭ, ʠ ʚʠʭʨʝʚʳʭ ʤʠʢʨʦʤʘʛʥʠʪ-

ʥʳʭ ʩʦʩʪʦʷʥʠʡ ʚ ʢʚʘʟʠʩʬʝʨʠʯʝʩʢʦʡ ʥʘʥʦʯʘʩʪʠʮʝ ʞʝʣʝʟʘ. ɺʩʪʘʚʢʘ ʧʦʢʘʟʳ-

ʚʘʝʪ ʟʘʚʠʩʠʤʦʩʪʴ ʤʘʛʥʠʪʥʦʛʦ ʤʦʤʝʥʪʘ ʚʠʭʨʷ ʦʪ ʜʠʘʤʝʪʨʘ ʯʘʩʪʠʮʳ. 

ʂʘʢ ʧʦʢʘʟʳʚʘʝʪ ʚʩʪʘʚʢʘ ʚ ʈʠʩ. 1, ʚ ʠʥʪʝʨʚʘʣʝ ʜʠʘʤʝʪʨʦʚ D = 30 ï 

42 ʥʤ ʧʦʣʥʳʡ ʧʨʠʚʝʜʝʥʥʳʡ ʤʘʛʥʠʪʥʳʡ ʤʦʤʝʥʪ ʯʘʩʪʠʮʳ ʚ ʚʠʭʨʝ-
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ʚʦʤ ʩʦʩʪʦʷʥʠʠ ʦʩʪʘʝʪʩʷ ʜʦʩʪʘʪʦʯʥʦ ʙʦʣʴʰʠʤ, Me/Ms = 0.3 ï 0.6, ʛʜʝ 

Ms = 1700 emu/cm
3
 ʝʩʪʴ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʴ ʥʘʩʳʱʝʥʠʷ ʞʝʣʝʟʘ. ʇʨʠ 

ʵʪʦʤ, ʢʘʢ ʧʦʢʘʟʳʚʘʝʪ ʈʠʩ. 2, ʧʦʣʝ ʧʝʨʝʤʘʛʥʠʯʠʚʘʥʠʷ ʚʠʭʨʷ ʚ ʵʪʦʤ 

ʠʥʪʝʨʚʘʣʝ ʜʠʘʤʝʪʨʦʚ ʥʝ ʧʨʝʚʳʰʘʝʪ 100 ʕ, ʘ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʝ 

ʫʜʝʣʴʥʦʝ ʧʦʛʣʦʱʝʥʠʝ ʵʥʝʨʛʠʠ ʩʦʩʪʘʚʣʷʝʪ ʧʦʨʷʜʢʘ 1-2 ʢɺʪ ʥʘ ʛʨʘʤʤ 

ʚʝʱʝʩʪʚʘ. ʉʫʱʝʩʪʚʝʥʥʦ, ʯʪʦ ʧʨʠ ʵʪʦʤ ʪʝʧʣʦ ʛʝʥʝʨʠʨʫʝʪʩʷ ʚ ʦʙʲʝʤʝ, 

ʚ (D/d)
3
 ʨʘʟ ʧʨʝʚʳʰʘʶʱʝʤ ʦʙʲʝʤ ʩʫʧʝʨʧʘʨʘʤʘʛʥʠʪʥʦʡ ʥʘʥʦʯʘʩʪʠ-

ʮʳ.  

 

ʈʠʩ.2. ʅʠʟʢʦʯʘʩʪʦʪʥʳʝ ʧʝʪʣʠ ʛʠʩʪʝʨʝʟʠʩʘ ʥʘʥʦʯʘʩʪʠʮʳ ʞʝʣʝʟʘ ʜʠʘʤʝʪʨʦʤ 

D = 36 ʥʤ ʥʘ ʯʘʩʪʦʪʝ f = 10
6
 ʛʮ ʜʣʷ ʨʘʟʣʠʯʥʳʭ ʥʝʧʨʠʚʦʜʠʤʳʭ ʥʘʧʨʘʚʣʝ-

ʥʠʡ, (1) ɤ = ɣ = 0.0; (2) ɤ = 0.955, ɣ = /́4; (3) ɤ = /́4, ɣ = 0; (4), ɤ = ɣ = 

/́8, ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʦʩʷʤ ʣʝʛʢʦʛʦ ʥʘʤʘʛʥʠʯʠʚʘʥʠʷ ʥʘ-

ʥʦʯʘʩʪʠʮʳ ʞʝʣʝʟʘ.  

 

ʃʠʪʝʨʘʪʫʨʘ 

1. E.A. P®rigo, G. Hemery, O. Sandre, D. Ortega, E. Garaio, F. 

Plazaola, and F. J. Teran. Fundamentals and advances in magnetic hy-

perthermia. Applied Physics Review. Vol. 2, P.041302 (2015). 

2. N.A. Usov and J.W. Tucker. Non-uniform equilibrium micromag-

netic structures in small ellipsoidal particles. Material Science Forum. 

Vol. 373-376, PP.429-432 (2001).  
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ʀɿʄɽʈɽʅʀɽ ɹʀʆʂʀʅɽʊʀʏɽʉʂʀʍ ʇɸʈɸʄɽʊʈʆɺ I-131 

ʇʈʀ ʈɸɼʀʆʁʆɼʊɽʈɸʇʀʀ ɹʆʃʔʅʓʍ  

ʊʀʈɽʆʊʆʂʉʀʂʆɿʆʄ ɼʃʗ ʉʆʉʊɸɺʃɽʅʀʗ  

ʈɽʂʆʄɽɼɸʎʀʁ ʈɸɼʀɸʎʀʆʅʅʆʁ ɹɽɿʆʇɸʉʅʆʉʊʀ 

 

ʅʠʢʠʪʝʥʢʦʚ ɸ.ʇ.
1
ʈʫʩʘʥʦʚʘ ɸ.ʅ.

1
, ɻʘʨʙʫʟʦʚ ʇ.ʀ.

2
,  

ɽʬʠʤʝʥʢʦ ʀ.ɸ.
1 

 

1ïʅʘʮʠʦʥʘʣʴʥʳʡ ʀʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʗʜʝʨʥʳʡ ʋʥʠʚʝʨʩʠʪʝʪ çʄʀʌʀè 

(ʅʀʗʋ ʄʀʌʀ) ʆʙʥʠʥʩʢʠʡ ʀʥʩʪʠʪʫʪ ɸʪʦʤʥʦʡ ʕʥʝʨʛʝʪʠʢʠ (ʀɸʊʕ), ʆʙ-

ʥʠʥʩʢ 

2ïʄʝʜʠʮʠʥʩʢʠʡ ʈʘʜʠʦʣʦʛʠʯʝʩʢʠʡ ʅʘʫʯʥʳʡ ʎʝʥʪʨ ʠʤ. ɸ.ʌ. ʎʳʙʘ ï ʬʠ-

ʣʠʘʣ ʌɻɹʋ çʅʄʀʈʎè ʄʠʥʟʜʨʘʚʘ ʈʦʩʩʠʠ, ʆʙʥʠʥʩʢ 

+7(919) 034-5246 

antonnikitenkov@gmail.com 

 

ʈʘʜʠʘʮʠʦʥʥʘʷ ʟʘʱʠʪʘ ʷʚʣʷʝʪʩʷ ʥʝʦʪʲʝʤʣʝʤʦʡ ʯʘʩʪʴʶ ʨʘʜʠʦ-

ʥʫʢʣʠʜʥʦʡ ʪʝʨʘʧʠʠ. ʄʝʨʳ ʨʘʜʠʘʮʠʦʥʥʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ ʜʣʷ ʧʘʮʠʝʥ-

ʪʦʚ, ʧʦʜʚʝʨʛʘʶʱʠʭʩʷ ʪʝʨʘʧʠʠ 131-I, ʚʩʝ ʝʱʝ ʦʩʪʘʶʪʩʷ ʧʨʝʜʤʝʪʦʤ 

ʧʦʩʪʦʷʥʥʳʭ ʜʠʩʢʫʩʩʠʡ[1].  

ʎʝʣʴ ʠʩʩʣʝʜʦʚʘʥʠʷ ʟʘʢʣʶʯʘʣʘʩɹ ʚ ʧʨʦʚʝʜʝʥʠʠ ʙʠʦʢʠʥʝʪʠʯʝʩʢʠʭ 

ʠʟʤʝʨʝʥʠʡ  131-I ʫ ʧʘʮʠʝʥʪʦʚ ʩ ʪʠʨʝʦʪʦʢʩʠʢʦʟʦʤ  ʚ ʧʨʦʮʝʩʩʩʝ   ʜʠʘ-

ʛʥʦʩʪʠʢʠ ʠ ʨʘʜʠʦʡʦʜʪʝʨʘʧʠʠ ʜʣʷ ʩʦʩʪʘʚʣʝʥʠʷ ʨʝʢʦʤʝʥʜʘʮʠʡ ʧʦ  

ʨʘʜʠʘʮʠʦʥʥʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ.  

ʄʘʪʝʨʠʘʣʳ ʠ ʤʝʪʦʜʳ : ʀʩʩʣʝʜʦʚʘʥʠʷ ʧʨʦʚʦʜʠʣʠʩʴ ʚ ʦʪʜʝʣʝʥʠʠ 

ʨʘʜʠʦʭʠʨʫʨʛʠʯʝʩʢʦʛʦ ʣʝʯʝʥʠʷ ʦʪʢʨʳʪʳʤʠ ʨʘʜʠʦʥʫʢʣʠʜʘʤʠ ʢʣʠʥʠ-

ʢʠ ʄʈʅʎ ʩ ʷʥʚʘʨʷ  ʧʦ ʬʝʚʨʘʣʴ 2017 ʛʦʜʘ.  ʅʘ ʜʠʘʛʥʦʩʪʠʯʝʩʢʦʤ 

ʵʪʘʧʝ ʫ  ʧʘʮʠʝʥʪʦʚ ʩ ʪʠʨʝʦʪʦʢʩʠʢʦʟʦʤ ʧʨʦʚʝʜʝʥʳ ʠʟʤʝʨʝʥʠʠʷ  

ʥʘʢʦʧʣʝʥʠʷ ʠ ʚʳʚʝʜʝʥʠʷ ʨʘʜʠʦʬʘʨʤʧʨʝʧʘʨʘʪʘ 131-I ʯʝʨʝʟ 2, 4, 24 ʠ 

48ʯʘʩʦʚ, ʘ ʧʦʩʣʝ ʚʚʝʜʝʥʠʷ ʣʝʯʝʙʥʦʡ ʘʢʪʠʚʥʦʩʪʠ ʠʟʤʝʨʷʣʠ ʤʦɦ-

ʥʦʩʪʴ ʜʦʟʳ ʥʘ ʨʘʩʩʪʦʷʥʠʠ 1 ʤ  ʦʪ  ʪʝʣʘ ʧʘʮʠʝʥʪʘ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ 

ʫʜʝʨʞʘʥʠʷ  131-I ʚ ʱʠʪʦʚʠʜʥʦʡ ʞʝʣʝʟʝ. ɺʳʯʠʩʣʝʥʠʷ, ʦʩʥʦʚʘʥʥʳʝ 

ʥʘ ʠʟʤʝʨʝʥʠʠ ʙʠʦʢʠʥʝʪʠʢʠ ʨʘʜʠʦʘʢʪʠʚʥʦʛʦ ʡʦʜʘ ʚʦ ʚʩʝʤ ʪʝʣʝ ʠ 

ʱʠʪʦʚʠʜʥʦʡ ʞʝʣʝʟʝ  ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʧʨʠ ʦʧʨʝʜʝʣʝʥʠʠ ʬʨʘʢʮʠʡ ʟʘ-

ʭʚʘʪʘ ʱʠʪʦʚʠʜʥʦʡ ʞʝʣʝʟʦʡ ʠ ʵʢʩʪʨʘʪʠʨʝʦʠʜʥʦʡ ʬʨʘʢʮʠʠ ʠ ʵʬʬʝʢ-

ʪʠʚʥʳʭ ʧʝʨʠʦʜʦʚ ʧʦʣʫʚʳʚʝʜʝʥʠʷ. ʇʝʨʠʦʜ ʩʦʙʣʶʜʝʥʠʷ ʤʝʨ ʨʘʜʠʘ-

ʮʠʦʥʥʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ ʧʨʠ ʢʦʥʪʘʢʪʘʭ ʩ ʯʣʝʥʘʤʠ ʩʝʤʴʠ ʠ ʦʢʨʫʞʘʶ-

ʱʠʤʠ ʧʘʮʠʝʥʪʘ ʣʶʜʝʡ  ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʠʟ ʵʪʠʭ ʧʘʨʘʤʝʪʨʦʚ ʠ ʥʦʨ-

ʤʘʪʠʚʥʳʭ ʜʦʟʦʚʳʭ ʥʘʛʨʫʟʦʢ.  

mailto:antonnikitenkov@gmail.com
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ʈʝʟʫʣʴʪʘʪʳ: ɼʣʷ ʘʥʘʣʠʟʘ ʙʳʣʠ ʠʩʧʦʣʴʟʦʚʘʥʳ ʜʘʥʥʳʝ ʧʨʦʩʧʝʢ-

ʪʠʚʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ 30 ʧʘʮʠʝʥʪʦʚ. ʅʘʙʣʶʜʘʣʘʩʴ ʚʳʩʦʢʘʷ ʠʟʤʝʥ-

ʯʠʚʦʩʪʴ ʙʠʦʢʠʥʝʪʠʢʠ 131-I: ʤʘʢʩʠʤʘʣʴʥʦʝ ʧʦʛʣʦʱʝʥʠʝ 131-I ʚ ʠɦ-

ʪʦʚʠʜʥʦʡ ʞʝʣʝʟʝ ʚ ʜʠʘʧʘʟʦʥʝ 16%-92% ʩʨʝʜʥʝʝ ʟʥʘʯʝʥʠʝ ʩʦʩʪʘʚʠʣʦ 

60,7 % (Ñ 3 %). ʉʨʝʜʥʠʡ ʵʬʬʝʢʪʠʚʥʳʡ ʧʝʨʠʦʜ ʧʦʣʫʨʘʩʧʘʜʘ 131-I ʚ 

ʦʩʪʘʣʴʥʳʭ ʯʘʩʪʷʭ ʪʝʣʘ ʩʦʩʪʘʚʣʷʣ 7,56 ʯʘʩʦʚ. ʉʨʝʜʥʠʡ ʠʟʤʝʨʝʥʥʳʡ 

ʥʘʯʘʣʴʥʳʡ ʫʨʦʚʝʥʴ ʜʦʟʳ  ʥʘ ʨʘʩʩʪʦʷʥʠʠ 1,0 ʤ ʧʦʩʣʝ ʚʚʝʜʝʥʠʷ 131-I 

ʙʳʣ 30,4 ʤʢɿʚ/ʯ (ʜʠʘʧʘʟʦʥ 14ï55 ʤʢɿʚ). ʅʘ ʦʩʥʦʚʝ ʠʟʤʝʨʝʥʥʦʡ ʙʠʦ-

ʢʠʥʝʪʠʢʠ ʨʘʜʠʦʘʢʪʠʚʥʦʛʦ ʡʦʜʘ ʠ ʤʦʱʥʦʩʪʠ ʜʦʟʳ ʙʳʣʠ ʜʘʥʳ ʧʦ-

ʜʨʦʙʥʳʝ ʠʥʩʪʨʫʢʮʠʠ ʜʣʷ ʦʛʨʘʥʠʯʝʥʠʷ ʚʦʟʜʝʡʩʪʚʠʷ ʦʢʨʫʞʘʶʱʠʭ 

ʣʶʜʝʡ. 

ɿʘʢʣʶʯʝʥʠʝ 

ʇʨʦʚʝʜʝʥʠʝ ʬʘʢʪʠʯʝʩʢʠʭ ʙʠʦʢʠʥʝʪʠʯʝʩʢʠʭ ʠʟʤʝʨʝʥʠʡ ʤʦʞʝʪ 

ʫʩʪʨʘʥʠʪʴ ʚʣʠʷʥʠʝ ʦʰʠʙʦʢ ʚʘʨʠʘʙʝʣʴʥʦʩʪʠ, ʩʚʷʟʘʥʥʳʭ ʩ ʠʥʜʠʚʠʜʫ-

ʘʣʴʥʳʤʠ ʦʩʦʙʝʥʥʦʩʪʷʤʠ ʬʘʨʤʘʢʦʢʠʥʝʪʠʢʠ ʧʨʝʧʘʨʘʪʘ  131-I ʫ ʧʘʮʠ-

ʝʥʪʦʚ ʩ ʪʠʨʝʦʪʦʢʩʠʢʦʟʦʤ. ʆʪʤʝʯʝʥʥʘʷ ʠʟʤʝʥʯʠʚʦʩʪʴ ʚ ʙʠʦʢʠʥʝʪʠʢʝ 

131-I ʩʨʝʜʠ ʧʘʮʠʝʥʪʦʚ ʪʠʨʝʦʪʦʢʩʠʢʦʟʦʤ ʫʩʠʣʠʚʘʝʪ ʧʦʪʨʝʙʥʦʩʪʴ ʚ 

ʩʧʝʮʠʬʠʯʝʩʢʠʭ ʙʠʦʢʠʥʝʪʠʯʝʩʢʠʭ ʠʟʤʝʨʝʥʠʷʭ ʨʘʜʠʡʦʜʘ ʫ ʧʘʮʠʝʥ-

ʪʦʚ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʩʦʩʪʘʚʣʝʥʠʷ ʨʝʢʦʤʝʥʜʘʮʠʡ ʨʘʜʠʘʮʠʦʥʥʦʡ ʙʝʟ-

ʦʧʘʩʥʦʩʪʠ. 

 

ʃʠʪʝʨʘʪʫʨʘ 

1. DS Ross, N Engl, J Med. Radioiodine therapy for hyperthyroid-

ism.364(6):P.542ï550 (2011). 

2. Culver CM, Dworkin HJ. J Nucl Med . Radiation safety considera-

tions for post-iodine-131 hyperthyroid therapy.;32(1):P.169ï173 (1991). 
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ʇʈʀʄɽʅɽʅʀɽ ʊɽʂʉʊʋʈʅʓʍ ʍɸʈɸʂʊɽʈʀʉʊʀʂ ɼʃʗ 

ʆʇʈɽɼɽʃɽʅʀʗ ɺɸʈʀɸʅʊʆɺ ʆʉʊʈʆɻʆ  

ʃʀʄʌʆɹʃɸʉʊʅʆɻʆ ʃɽʁʂʆɿɸ 

 

ʇʦʣʷʢʦʚ ɽ.ɺ.
1
, ʅʠʢʠʪʘʝʚ ɺ.ɻ.

 1
, ʇʨʦʥʠʯʝʚ ɸ.ʅ.

1
, ɼʤʠʪʨʠʝʚʘ ɺ.ɺ.

1
, 

ʄʦʞʝʥʢʦʚʘ ɸ.ɺ.
 2
, ʊʫʧʠʮʳʥ ʅ.ʅ.

 2
, ʌʨʝʥʢʝʣʴ ʄ.ɸ.

 1
, 

 
1
ʅʘʮʠʦʥʘʣʴʥʳʡ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʷʜʝʨʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ çʄʀʌʀè, ʄʦʩʢʚʘ 

2
ʈʦʩʩʠʡʩʢʠʡ ʦʥʢʦʣʦʛʠʯʝʩʢʠʡ ʥʘʫʯʥʳʡ ʮʝʥʪʨ ʠʤ. ʅ.ʅ.ɹʣʦʭʠʥʘ, ʄʦʩʢʚʘ  

ʢʦʥʪ. ʪʝʣ +7-903-005-68-98, e-mail, ʜʦʢʣʘʜʯʠʢʘ voterstreit@inbox.ru 

 

ɼʠʘʛʥʦʩʪʠʢʘ ʦʩʪʨʳʭ ʣʠʤʬʦʙʣʘʩʪʥʳʭ ʣʝʡʢʦʟʦʚ (ʆʃʃ) ʠ ʠʭ ʚʘʨʠ-

ʘʥʪʦʚ ʙʘʟʠʨʫʝʪʩʷ ʥʘ ʤʦʨʬʦʣʦʛʠʯʝʩʢʦʡ, ʮʠʪʦʭʠʤʠʯʝʩʢʦʡ ʠ ʠʤʤʫʥʦ-

ʬʝʥʦʪʠʧʠʯʝʩʢʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʝ  ʢʣʝʪʦʢ ʣʝʡʢʝʤʠʯʝʩʢʦʛʦ ʧʫʣʘ. ɼʦ 

ʥʘʩʪʦʷʱʝʛʦ ʚʨʝʤʝʥʠ ʥʝ ʫʜʘʣʦʩʴ ʚʳʷʚʠʪʴ ʩʫʱʝʩʪʚʝʥʥʳʭ ʢʦʨʨʝʣʷʮʠʡ 

ʤʝʞʜʫ  ʩʪʨʫʢʪʫʨʦʡ ʙʣʘʩʪʦʚ ʠ ʠʭ ʠʤʤʫʥʦʬʝʥʦʪʠʧʠʯʝʩʢʠʤ ʩʪʘʪʫʩʦʤ. 

ʇʨʠ ʦʙʳʯʥʦʡ ʩʚʝʪʦʚʦʡ ʤʠʢʨʦʩʢʦʧʠʠ ʛʝʪʝʨʦʛʝʥʥʦʩʪʴ ʙʣʘʩʪʥʦʡ ʧʦ-

ʧʫʣʷʮʠʠ  ʢʦʥʩʪʘʪʠʨʫʝʪʩʷ ʢʘʢ ʚ ʩʣʫʯʘʷʭ ʊ-, ʪʘʢ  ʠ ɺ- ʚʘʨʠʘʥʪʦʚ 

ʆʃʃ. ɺ ʨʘʙʦʪʝ ʧʦʢʘʟʘʥʦ ʧʨʠʤʝʥʝʥʠʝ  ʢʦʤʧʴʶʪʝʨʥʦʡ ʤʠʢʨʦʩʢʦʧʠʠ  

ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ  ʚʘʨʠʘʥʪʦʚ ʦʩʪʨʦʛʦ ʣʠʤʬʦʙʣʘʩʪʥʦʛʦ ʣʝʡʢʦʟʘ[1].    

ʎʝʣʴ ʜʘʥʥʦʡ ʨʘʙʦʪʳ - ʦʮʝʥʢʘ ʧʨʠʤʝʥʝʥʠʷ ʪʝʢʩʪʫʨʥʳʭ ʭʘʨʘʢʪʝ-

ʨʠʩʪʠʢ ʥʘ ʦʩʥʦʚʝ ʚʝʡʚʣʝʪ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʠ ʤʘʪʨʠʮʳ ʜʣʠʥ ʩʝʨʠʡ  

ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ  ʊ- ʠ ɺ- ʚʘʨʠʘʥʪʦʚ ʆʃʃ. 

ɺ ʭʦʜʝ ʚʳʧʦʣʥʝʥʠʷ ʨʘʙʦʪʳ ʩʬʦʨʤʠʨʦʚʘʥʘ ʚʳʙʦʨʢʘ ʧʨʝʧʘʨʘʪʦʚ  

33 ʙʦʣʴʥʳʭ, ʠʟ ʥʠʭ ʫ 15 ʙʳʣ ʫʩʪʘʥʦʚʣʝʥ ʊ-ʆʃʃ, ʫ 18 ɺ-ʆʃʃ. ʄʦʨ-

ʬʦʮʠʪʦʭʠʤʠʯʝʩʢʦʝ ʠ ʠʤʤʫʥʦʬʝʥʦʪʠʧʠʯʝʩʢʦʝ  ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʨʦʚʝ-

ʜʝʥʳ ʚ ʣʘʙʦʨʘʪʦʨʠʠ ʠʤʤʫʥʦʣʦʛʠʠ ʛʝʤʦʧʦʵʟʘ ʈʆʅʎ ʠʤ. ʅ.ʅ, ɹʣʦ-

ʭʠʥʘ (ʟʘʚʝʜʫʶʱʠʡ ʣʘʙʦʨʘʪʦʨʠʝʡ ʧʨʦʬʝʩʩʦʨ ʜ.ʤ.ʥ. ʅ.ʅ. ʊʫʧʠʮʳʥ). 

ʉʠʩʪʝʤʘ ʜʣʷ ʩʲʝʤʢʠ ʠʟʦʙʨʘʞʝʥʠʡ ʚʢʣʶʯʘʝʪ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥ-

ʥʳʡ ʤʠʢʨʦʩʢʦʧ Olympus BX43 ʩ ʢʘʤʝʨʦʡ Imperx IPX-4M1ST-

GCFB. 

ʇʦʣʫʯʝʥʦ 6456 ʠʟʦʙʨʘʞʝʥʠʡ  ʣʠʤʬʦʙʣʘʩʪʦʚ ʢʦʩʪʥʦʛʦ ʤʦʟʛʘ,  ʠʟ 

ʥʠʭ 3754 ʫ ʙʦʣʴʥʳʭ ʩ ʊ-ʆʃʃ, 2702 ʩ ɺ-ʆʃʃ. ɼʣʷ ʧʦʣʫʯʝʥʥʳʭ  

ʠʟʦʙʨʘʞʝʥʠʡ  ʨʘʩʩʯʠʪʳʚʘʣʠʩʴ  ʪʝʢʩʪʫʨʥʳʝ ʠ ʚʝʡʚʣʝʪ ʭʘʨʘʢʪʝʨʠ-

ʩʪʠʢʠ ʧʦ ʮʚʝʪʦʚʳʤ ʢʦʤʧʦʥʝʥʪʘʤ ʧʦʣʫʪʦʥʦʚʳʭ ʠʟʦʙʨʘʞʝʥʠʡ ʮʚʝʪʦ-

ʚʳʭ ʤʦʜʝʣʝʡ RGB, XYZ, HSL, Lab, Luv, LHC, HLS, HSV, YUV, 

YIQ, YCbCr, CMY. ʇʝʨʚʳʡ ʧʨʠʟʥʘʢ PMAX  ʷʚʣʷʝʪʩʷ  ʟʥʘʯʝʥʠʝʤ 

ʚʝʡʚʣʝʪ ʧʨʠʟʥʘʢʘ çʤʘʢʩʠʤʘʣʴʥʳʡ ʚʝʡʚʣʝʪ ʢʦʵʬʬʠʮʠʝʥʪè, ʨʘʩʩʯʠ-
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ʪʘʥʥʳʡ ʚ ʮʚʝʪʦʚʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ HSV ʜʣʷ ʢʦʦʨʜʠʥʘʪʳ I (ʩʚʝʪʣʦʪʘ).  

ɺʪʦʨʦʡ ʧʨʠʟʥʘʢ PIPS  ʷʚʣʷʝʪʩʷ  ʟʥʘʯʝʥʠʝʤ ʪʝʢʩʪʫʨʥʦʛʦ ʧʨʠʟʥʘʢʘ 

çʜʦʣʠ ʠʟʦʙʨʘʞʝʥʠʷ ʚ ʩʝʨʠʷʭè, ʨʘʩʩʯʠʪʘʥʥʦʛʦ ʧʦ ʤʘʪʨʠʮʝ ʜʣʠʥ ʩʝ-

ʨʠʡ ʚ ʮʚʝʪʦʚʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ YCbCr ʜʣʷ ʩʠʥʝʡ ʮʚʝʪʦʨʘʟʥʦʩʪʥʦʡ 

ʢʦʤʧʦʥʝʥʪʳ  Cb. ɼʣʷ ʨʘʟʜʝʣʝʥʠʝ ʜʘʥʥʳʭ ʨʘʩʩʤʘʪʨʠʚʘʣʠʩʴ ʦʙʦʙ-

ʱʝʥʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʄMAX  ʠ ʄIPS, ʦʧʨʝʜʝʣʷʝʤʳʝ ʢʘʢ ʩʨʝʜʥʠʝ 

ʟʥʘʯʝʥʠʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢ PMAX  ʠ ʈIPS ʜʣʷ ʛʨʫʧʧʳ ʢʣʝʪʦʢ ʦʜʥʦʛʦ ʧʘ-

ʮʠʝʥʪʘ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʢʣʘʩʩʠʬʠʢʘʪʦʨʘ ɹʘʡʝʩʘ ʩ ʬʫʥʢʮʠʷʤʠ ʨʘʩ-

ʩʪʦʷʥʠʷ ɽʚʢʣʠʜʘ, ʄʘʥʭʝʪʪʝʥʘ ʠ ʏʝʙʳʰʝʚʘ ʚ ʜʚʫʤʝʨʥʦʤ ʧʨʦʩʪʨʘʥ-

ʩʪʚʝ ʧʨʠʟʥʘʢʦʚ[2]. 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦ ʦʮʝʥʢʝ ʧʨʠʤʝʥʠʤʦʩʪʠ ʪʝʢʩʪʫʨʥʳʭ 

ʠ ʚʝʡʚʣʝʪ ʧʨʠʟʥʘʢʦʚ ʪʦʯʥʦʩʪʴ ʨʘʟʜʝʣʝʥʠʷ ʊ-ʆʃʃ ʠ ɺ-ʆʃʃ ʚʘʨʠʘʥ-

ʪʦʚ ʦʩʪʨʦʛʦ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʢʣʘʩʩʠʬʠʢʘʪʦʨʘ ɹʘʡʝʩʘ ʩʦʩʪʘʚʠʣʘ  

92% ʜʣʷ ʨʘʩʰʠʨʝʥʥʦʡ ʚʳʙʦʨʢʠ. ʈʘʥʝʝ ʙʳʣʘ ʜʦʩʪʠʛʥʫʪʘ ʪʦʯʥʦʩʪʴ 

87% ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʣʠʥʝʡʥʦʛʦ ʢʣʘʩʩʠʬʠʢʘʪʦʨʘ ʠ ʪʝʢʩʪʫʨʥʳʭ ʧʨʠ-

ʟʥʘʢʦʚ[1].  

ɺ ʜʘʣʴʥʝʡʰʝʤ ʧʨʝʜʧʦʣʘʛʘʝʪʩʷ ʧʨʦʜʦʣʞʠʪʴ ʨʘʙʦʪʫ ʧʦ ʨʘʩʰʠʨʝ-

ʥʠʶ ʚʳʙʦʨʢʠ ʧʘʮʠʝʥʪʦʚ ʠ ʧʦʠʩʢʫ ʦʧʪʠʤʘʣʴʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʨʘʟ-

ʜʝʣʝʥʠʷ ʧʨʠ ʦʧʨʝʜʝʣʝʥʠʠ ʚʘʨʠʘʥʪʦʚ ʦʩʪʨʦʛʦ ʣʠʤʬʦʙʣʘʩʪʥʦʛʦ ʣʝʡ-

ʢʦʟʘ.  
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ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʚʘʞʥʦʡ ʠ ʘʢʪʫʘʣʴʥʦʡ ʷʚʣʷʝʪʩʷ ʧʨʦʙʣʝʤʘ ʩʦ-

ʟʜʘʥʠʷ ʵʬʬʝʢʪʠʚʥʳʭ ʩʨʝʜʩʪʚ ʠ ʤʝʪʦʜʦʚ ʢʘʧʩʫʣʠʨʦʚʘʥʠʷ, ʘʜʨʝʩʥʦʡ 

ʜʦʩʪʘʚʢʠ ʠ ʫʧʨʘʚʣʷʝʤʦʛʦ ʚʳʩʚʦʙʦʞʜʝʥʠ ̫ʙʠʦʣʦʛʠʯʝʩʢʠ ʘʢʪʠʚʥʳʭ 

ʚʝʱʝʩʪʚ, ʚ ʯʘʩʪʥʦʩʪʠ, ʣʝʢʘʨʩʪʚʝʥʥʳʭ ʧʨʝʧʘʨʘʪʦʚ, ʚ ʞʠʚʳʭ ʦʨʛʘ-

ʥʠʟʤʘʭ. ʈʝʰʝʥʠʝ ʵʪʦʡ ʧʨʦʙʣʝʤʳ ʤʥʦʛʦʢʨʘʪʥʦ ʧʦʚʳʩʠʪ ʵʬʬʝʢʪʠʚ-

ʥʦʩʪʴ ʣʝʢʘʨʩʪʚʝʥʥʦʡ ʪʝʨʘʧʠʠ. ɹʠʦʤʠʤʝʪʠʯʝʩʢʠʝ ʤʝʤʙʨʘʥʥʳʝ ʚʝʟʠ-

ʢʫʣʳ - ʣʠʧʦʩʦʤʳ ï ʧʨʝʜʩʪʘʚʣʷʶʪ ʙʦʣʴʰʦʡ ʠʥʪʝʨʝʩ ʜʣʷ ʨʘʟʨʘʙʦʪʢʠ 

ʫʧʨʘʚʣʷʝʤʳʭ ʩʨʝʜʩʪʚ ʢʘʧʩʫʣʠʨʦʚʘʥʠʷ ʠ ʜʦʩʪʘʚʢʠ ʣʝʢʘʨʩʪʚ ʚʚʠʜʫ 

ʠʭ ʙʠʦʩʦʚʤʝʩʪʠʤʦʩʪʠ ʠ ʩʫʙʤʠʢʨʦʥʥʳʭ ʨʘʟʤʝʨʦʚ, ʩʧʦʩʦʙʩʪʚʫʶʱʠʭ 

ʠʭ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʶ ʯʝʨʝʟ ʢʨʦʚʦʪʦʢ ʚ ʦʨʛʘʥʠʟʤʝ ʯʝʣʦʚʝʢʘ. 

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʧʨʠʚʦʜʷʪʩʷ ʨʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚʣʠʷʥʠʷ 

ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʠ ʤʘʛʥʠʪʥʳʭ ʚʦʟʜʝʡʩʪʚʠʡ ʥʘ ʥʘʥʦʢʦʤʧʦʟʠʪʥʳʝ ʣʠ-

ʧʦʩʦʤʳ, ʬʫʥʢʮʠʦʥʘʣʠʟʠʨʦʚʘʥʥʳʝ ʧʦʣʠʤʝʨʥʳʤʠ ʤʦʣʝʢʫʣʘʤʠ ʠ ʥʝ-

ʦʨʛʘʥʠʯʝʩʢʠʤʠ ʥʘʥʦʯʘʩʪʠʮʘʤʠ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʤʠ ʯʫʚʩʪʚʠʪʝʣʴ-

ʥʦʩʪʴ ʢ ʚʥʝʰʥʠʤ ʬʠʟʠʯʝʩʢʠʤ ʚʦʟʜʝʡʩʪʚʠʷʤ. ʉʠʥʪʝʟʠʨʦʚʘʥʥʳʝ 

ʥʘʤʠ ʬʦʩʬʘʪʠʜʠʣʭʦʣʠʥʦʚʳʝ ʣʠʧʦʩʦʤʳ ʠʤʝʶʪ ʚ ʩʚʦʝʤ ʩʦʩʪʘʚʝ ʤʦ-

ʣʝʢʫʣʳ ʘʤʬʠʬʠʣʴʥʦʛʦ ʧʦʣʠʢʘʪʠʦʥʘ ʩʪʝʘʨʦʠʣʩʧʝʨʤʠʥʘ, ʦʙʝʩʧʝʯʠ-

ʚʘʶʱʝʛʦ ʩʚʷʟʳʚʘʥʠʝ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʣʠʧʦʩʦʤ ʥʘʥʦʯʘʩʪʠʮ ʤʘʛʥʝʪʠ-

ʪʘ, ʟʦʣʦʪʘ ʠ ʧʦʣʠʘʥʠʦʥʦʚ. ʅʘʥʦʯʘʩʪʠʮʳ ʤʘʛʥʝʪʠʪʘ ʦʙʝʩʧʝʯʠʚʘʶʪ 

ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ ʪʘʢʠʭ ʚʝʟʠʢʫʣ ʢ ʥʝʪʝʨʤʠʯʝʩʢʠʭ ʬʠʟʠʯʝʩʢʠʤ ʚʦʟ-

ʜʝʡʩʪʚʠʷʤ - ʠʤʧʫʣʴʩʘʤ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ ʠ ʤʘʛʥʠʪʥʳʤ ʧʦʣʷʤ. 

ɼʣʷ ʢʦʣʠʯʝʩʪʚʝʥʥʦʡ ʦʮʝʥʢʠ ʵʬʬʝʢʪʦʚ ʜʝʢʘʧʩʫʣʷʮʠʠ ʧʦʜ ʜʝʡ-

ʩʪʚʠʝ ʚʥʝʰʥʠʭ ʬʠʟʠʯʝʩʢʠʭ ʚʦʟʜʝʡʩʪʚʠʡ ʠʩʧʦʣʴʟʦʚʘʣʘʩʴ ʩʪʘʥʜʘʨʪ-

ʥʘʷ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʘʷ ʤʝʪʦʜʠʢʘ, ʦʩʥʦʚʘʥʥʘʷ ʥʘ ʠʟʤʝʨʝʥʠʠ ʠʟʤʝ-
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ʥʝʥʠʡ ʧʨʦʚʦʜʠʤʦʩʪʠ ʩʫʩʧʝʥʟʠʠ ʣʠʧʦʩʦʤ ʧʦʩʣʝ ʚʥʝʰʥʠʭ ʚʦʟʜʝʡ-

ʩʪʚʠʡ, ʦʙʫʩʣʦʚʣʠʚʘʶʱʠʭ ʚʳʩʚʦʙʦʞʜʝʥʠʝ ʩʦʜʝʨʞʘʱʝʛʦʩʷ ʚ ʣʠʧʦ-

ʩʦʤʘʭ ʵʣʝʢʪʨʦʣʠʪʘ (NaCl). ɼʣʷ ʵʪʦʛʦ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʬʦʨʤʠʨʦʚʘ-

ʣʠʩʴ ʣʠʧʦʩʦʤʳ, ʩʦʜʝʨʞʘʱʠʝ ʚʦ ʚʥʫʪʨʝʥʥʝʤ ʦʙʲʝʤʝ ʢʦʥʮʝʥʪʨʠʨʦ-

ʚʘʥʥʳʡ ʨʘʩʪʚʦʨ NaCl. ɼʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚʦʟʜʝʡʩʪʚʠʷ ʠʤʧʫʣʴʩʥʦʛʦ 

ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ ʥʘ ʚʝʟʠʢʫʣʳ ʧʨʦʙʠʨʢʘ ʩ ʨʘʩʪʚʦʨʦʤ, ʩʦʜʝʨʞʘ-

ʱʠʤ ʥʘʥʦʢʦʤʧʦʟʠʪʥʳʝ ʣʠʧʦʩʦʤʳ, ʧʦʤʝʱʘʣʘʩʴ ʤʝʞʜʫ ʦʙʢʣʘʜʢʘʤʠ 

ʫʩʪʘʥʦʚʢʠ, ʩʧʦʩʦʙʥʦʡ ʛʝʥʝʨʠʨʦʚʘʪʴ ʠʤʧʫʣʴʩʳ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ 

ʥʘʥʦʩʝʢʫʥʜʥʦʡ ʜʣʠʪʝʣʴʥʦʩʪʠ ʥʘʧʨʷʞʝʥʥʦʩʪʴʶ ʜʦ 45 ʢɺ ʢɺ. ʋʩʪʘ-

ʥʦʚʣʝʥʦ, ʯʪʦ ʧʨʠ ʥʘʧʨʷʞʝʥʥʦʩʪʠ ʧʦʣʷ ʙʦʣʝʝ 15 ʢɺ ʪʘʢʠʝ ʠʤʧʫʣʴʩʳ 

ʧʨʠʚʦʜʷʪ ʢ ʨʘʟʨʫʰʝʥʠʶ ʥʘʥʦʢʦʤʧʦʟʠʪʥʳʭ ʣʠʧʦʩʦʤ ʠ ʚʳʭʦʜʫ ʢʘʧ-

ʩʫʣʠʨʦʚʘʥʥʳʭ ʚʝʱʝʩʪʚ ʥʘʨʫʞʫ [1]. ʊʘʢʞʝ ʠʟʫʯʘʣʦʩʴ ʚʦʟʜʝʡʩʪʚʠʝ 

ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʥʘ ʥʘʥʦʢʦʤʧʦʟʠʪʥʳʝ ʣʠʧʦʩʦʤʳ. ɺ ʜʘʥʥʦʤ ʵʢʩʧʝ-

ʨʠʤʝʥʪʝ ʧʨʦʙʠʨʢʘ ʩ ʚʦʜʥʦʡ ʩʫʩʧʝʥʟʠʝʡ ʣʠʧʦʩʦʤ ʠʥʢʫʙʠʨʦʚʘʣʘʩʴ ʚ 

ʧʦʣʝ ʧʦʩʪʦʷʥʥʦʛʦ ʤʘʛʥʠʪʘ (2000 - 7000 ʕ) ʚ ʪʝʯʝʥʠʝ ʯʘʩʘ, ʧʦʩʣʝ 

ʯʝʛʦ ʠʩʩʣʝʜʦʚʘʣʠʩʴ  ʠʟʤʝʥʝʥʠʷ ʧʨʦʚʦʜʠʤʦʩʪʠ ʨʘʩʪʚʦʨʘ. ʇʦʜ ʜʝʡ-

ʩʪʚʠʝʤ ʚʥʝʰʥʝʛʦ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʬʦʨʤʘ ʣʠʧʦʩʦʤ ʤʝʥʷʣʘʩʴ ʩʦ 

ʩʬʝʨʠʯʝʩʢʦʡ ʥʘ ʵʣʣʠʧʩʦʠʜʘʣʴʥʫʶ.  

ʇʦʣʫʯʝʥʥʳʝ ʚ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ ʨʝʟʫʣʴʪʘʪʳ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ 

ʥʘʥʦʩʠʩʪʝʤʳ ʥʘ ʦʩʥʦʚʝ ʬʫʥʢʮʠʦʥʘʣʠʟʠʨʦʚʘʥʥʳʭ ʧʨʦʚʦʜʷʱʠʤʠ 

ʥʘʥʦʯʘʩʪʠʮʘʤʠ ʣʠʧʦʩʦʤ, ʤʦʛʫʪ ʧʦʩʣʫʞʠʪʴ ʦʩʥʦʚʦʡ ʜʣʷ ʩʦʟʜʘʥʠʷ 

ʥʦʚʳʭ ʵʬʬʝʢʪʠʚʥʳʭ ʩʨʝʜʩʪʚ ʢʘʧʩʫʣʠʨʦʚʘʥʠʷ, ʘʜʨʝʩʥʦʡ ʜʦʩʪʘʚʢʠ ʠ 

ʫʧʨʘʚʣʷʝʤʦʛʦ ʚʳʩʚʦʙʦʞʜʝʥʠʷ ʨʘʟʣʠʯʥʳʭ ʙʠʦʣʦʛʠʯʝʩʢʠ ʘʢʪʠʚʥʳʭ 

ʚʝʱʝʩʪʚ ʚ ʚʦʜʥʳʭ ʩʨʝʜʘʭ, ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʜʣʷ ʙʠʦʤʝʜʠʮʠʥʩʢʠʭ ʠ 

ʜʨʫʛʠʭ ʧʨʠʤʝʥʝʥʠʡ. ʈʘʙʦʪʘ ʧʦʜʜʝʨʞʘʥʘ ʈʦʩʩʠʡʩʢʠʤ ʅʘʫʯʥʳʤ 

ʌʦʥʜʦʤ (ʧʨʦʝʢʪ 14-12-01379). 

1. ɻʫʣʷʝʚ ʖ.ɺ., ʠ ʜʨ., ɼʠʩʪʘʥʮʠʦʥʥʘʷ ʘʢʪʠʚʘʮʠʷ ʩ ʧʦʤʦʱʴʶ ʠʤ-

ʧʫʣʴʩʥʦʛʦ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ ʥʘʥʦʢʦʤʧʦʟʠʪʥʳʭ ʤʠʢʨʦʢʘʧʩʫʣ ʥʘ 

ʦʩʥʦʚʝ ʢʦʤʧʣʝʢʩʦʚ ʣʠʧʠʜʦʚ, ʧʦʣʠʤʝʨʦʚ ʠ ʧʨʦʚʦʜʷʱʠʭ ʥʘʥʦʯʘʩʪʠʮ, 

ɾʫʨʥʘʣ ʨʘʜʠʦʵʣʝʢʪʨʦʥʠʢʠ, 2014, ˉ11, ʉʪʨ. 1ï32. 
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ʀɿʋʏɽʅʀɽ ɺʃʀʗʅʀʗ ɼʆʂʉʆʈʋɹʀʎʀʅɸ ʅɸ  

ʈɸɼʀʆʏʋɺʉʊɺʀʊɽʃʔʅʆʉʊʔ ʄɽɿɽʅʍʀʄɸʃʔʅʓʍ 

ʉʊɺʆʃʆɺʓʍ ʂʃɽʊʆʂ ʏɽʃʆɺɽʂɸ 

 

ʈʝʚʢʦʚʘ ɺ.ɸ
1
., ʇʫʛʘʯʝʚʘ ʄ.ʅ.

1
, ʂʦʤʘʨʦʚʘ ʃ.ʅ.

1 

 

1 ï ʆʙʥʠʥʩʢʠʡ ʠʥʩʪʠʪʫʪ ʘʪʦʤʥʦʡ ʵʥʝʨʛʝʪʠʢʠ ï ʬʠʣʠʘʣ ʅʘʮʠʦʥʘʣʴʥʦ-

ʛʦ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʦʛʦ ʷʜʝʨʥʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ çʄʀʌʀè, ʛ. ʆʙʥʠʥʩʢ 

+7-930-753-13-63; rv5858@ya.ru 

 

ʉʦʚʨʝʤʝʥʥʘʷ ʠʥʪʝʥʩʠʚʥʘʷ ʧʨʦʪʠʚʦʦʧʫʭʦʣʝʚʘʷ ʭʠʤʠʦʪʝʨʘʧʠʷ 

ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʤʥʦʛʦʯʠʩʣʝʥʥʳʤʠ ʧʦʙʦʯʥʳʤʠ ʵʬʬʝʢʪʘʤʠ, ʢʦʪʦ-

ʨʳʝ ʫʩʠʣʠʚʘʶʪ ʠʥʪʦʢʩʠʢʘʮʠʶ, ʚʳʟʳʚʘʶʪ ʪʦʢʩʠʯʝʩʢʦʝ ʧʦʚʨʝʞʜʝʥʠʝ 

ʢʣʝʪʦʢ ʚʥʫʪʨʝʥʥʠʭ ʦʨʛʘʥʦʚ ʠ ʟʘʯʘʩʪʫʶ ʦʢʘʟʳʚʘʶʪʩʷ ʣʠʤʠʪʠʨʫʶ-

ʱʠʤ ʬʘʢʪʦʨʦʤ ʜʣʷ ʧʨʦʜʦʣʞʝʥʠʷ ʣʝʯʝʥʠʷ [1]. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʚʦʟʥʠ-

ʢʘʶʪ  ʦʧʨʝʜʝʣʸʥʥʳʝ ʧʨʝʜʧʦʩʳʣʢʠ ʜʣʷ ʨʘʟʨʘʙʦʪʢʠ ʥʦʚʳʭ ʧʦʜʭʦʜʦʚ 

ʩ ʥʘʠʤʝʥʴʰʠʤ ʚʨʝʜʥʳʤ ʚʦʟʜʝʡʩʪʚʠʝʤ ʥʘ ʦʨʛʘʥʠʟʤ ʯʝʣʦʚʝʢʘ ʧʨʠ 

ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʣʝʢʘʨʩʪʚʝʥʥʳʭ ʧʨʝʧʘʨʘʪʦʚ ʠ ʣʫʯʝʚʦʡ ʪʝʨʘʧʠʠ. 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʦʙʱʝʧʨʠʥʷʪʘ ʤʝʪʦʜʠʢʘ ʦʧʨʝʜʝʣʝʥʠʷ ʧʨʦʪʠ-

ʚʦʦʧʫʭʦʣʝʚʦʛʦ ʜʝʡʩʪʚʠʷ, ʦʨʠʝʥʪʠʨʦʚʘʥʥʘʷ ʥʘ ʦʮʝʥʢʫ ʩʢʦʨʦʩʪʠ ʨʦ-

ʩʪʘ ʦʧʫʭʦʣʠ  [1]. ɹʦʣʴʰʦʝ ʟʥʘʯʝʥʠʝ ʧʨʠʜʘʸʪʩʷ ʜʘʥʥʳʤ, ʧʦʣʫʯʝʥ-

ʥʳʤ ʥʘ ʤʦʜʝʣʷʭ, ʩʚʦʡʩʪʚʘ ʢʦʪʦʨʳʭ ʥʘʠʙʦʣʝʝ ʧʨʠʙʣʠʞʝʥʳ ʢ ʩʚʦʡ-

ʩʪʚʘʤ ʦʪʜʝʣʴʥʳʭ ʦʧʫʭʦʣʝʡ ʯʝʣʦʚʝʢʘ ï ʥʘ ʢʣʝʪʦʯʥʳʭ ʣʠʥʠʷʭ.  

ɹʳʣʘ ʠʟʫʯʝʥʘ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʜʝʡʩʪʚʠʷ ʧʨʦʪʠʚʦʦʧʫʭʦʣʝʚʦʛʦ 

ʧʨʝʧʘʨʘʪʘ ʜʦʢʩʦʨʫʙʠʮʠʥʘ ʚ ʩʦʯʝʪʘʥʠʠ ʩ ɔ- ʦʙʣʫʯʝʥʠʝʤ ʥʘ ʨʦʩʪ 

ʄʉʂ (ʤʝʟʝʥʭʠʤʘʣʴʥʳʭ ʩʪʚʦʣʦʚʳʭ ʢʣʝʪʦʢ) ʯʝʣʦʚʝʢʘ. 

ʆʮʝʥʢʘ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʜʦʢʩʦʨʫʙʠʮʠʥʘ, ɔ- ʦʙʣʫʯʝʥʠʷ ʠ ʩʦʯʝʪʘʥ-

ʥʦʝ ʜʝʡʩʪʚʠʝ ʜʦʢʩʦʨʫʙʠʮʠʥ + ɔ- ʦʙʣʫʯʝʥʠʝ ʧʨʦʚʦʜʠʣʦʩʴ ʥʘ ʄʉʂ 

ʯʝʣʦʚʝʢʘ. ʇʨʠ ʧʦʣʫʯʝʥʠʠ ʢʫʣʴʪʫʨ ʄʉʂ ʠʩʪʦʯʥʠʢʦʤ ʢʦʩʪʥʦʛʦ ʤʦʟʛʘ 

ʩʣʫʞʠʣʠ ʩʪʝʨʠʣʴʥʳʝ ʧʫʥʢʪʘʪʳ ʠʟ ʛʨʫʜʠʥʳ ʠʣʠ ʛʨʝʙʥʷ ʧʦʜʚʟʜʦʰ-

ʥʦʡ ʢʦʩʪʠ ʚʟʨʦʩʣʳʭ ʛʝʤʘʪʦʣʦʛʠʯʝʩʢʠ ʟʜʦʨʦʚʳʭ ʧʘʮʠʝʥʪʦʚ, ʢʦʪʦ-

ʨʳʤ ʧʨʦʚʦʜʠʣʦʩʴ ʧʣʘʥʦʚʦʝ ʜʠʘʛʥʦʩʪʠʯʝʩʢʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʚ ʢʣʠ-

ʥʠʢʝ ʄʈʅʎ ʠʤ. ɸ. ʌ. ʎʳʙʘ. 

ʉʫʩʧʝʥʟʠʠ ʢʣʝʪʦʢ ʦʙʣʫʯʘʣʠ ʚ ʩʪʝʨʠʣʴʥʳʭ ʧʝʥʠʮʠʣʣʠʥʦʚʳʭ 

ʬʣʘʢʦʥʘʭ ʥʘ ʘʧʧʘʨʘʪʝ çʈʦʢʫʩ ɸʄè (ʛʘʤʤʘ-ʣʫʯʠ ʉʦ
60
, ʤʦʱʥʦʩʪʴ 

ʜʦʟʳ 1,419  ɻʨ/ʤʠʥ) ʚ ʜʦʟʝ 4 ɻʨ ʠ ʯʝʨʝʟ 15-20 ʤʠʥ ʧʦʩʣʝ ʦʙʣʫʯʝʥʠʷ 

ʚʳʩʝʚʘʣʠ ʚʦ ʬʣʘʢʦʥʳ ʂʘʨʨʝʣʷ ʩ ʧʣʦʱʘʜʴʶ ʜʥʘ 25 ʩʤ
2
. ɺ ʧʠʪʘʪʝʣʴ-

ʥʫʶ ʩʨʝʜʫ ʨʘʩʪʫʱʠʭ  ʢʫʣʴʪʫʨ ʄʉʂ ʥʘ ʩʪʘʜʠʠ 60-80% ʢʦʥʬʣʶʵʥʪ-
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ʥʦʩʪʠ ʧʨʠʙʘʚʣʷʣʠ ʨʘʩʪʚʦʨ ʜʦʢʩʦʨʫʙʠʮʠʥʘ ʚ ʢʦʥʮʝʥʪʨʘʮʠʠ 0,001 

ʤʛ/ʤʣ. ɺʳʞʠʚʘʝʤʦʩʪʴ ʦʧʨʝʜʝʣʷʣʠ ʧʦ ʯʠʩʣʫ ʢʦʣʦʥʠʡ, ʬʦʨʤʠʨʫʝʤʳʭ 

ʢ 8 ʩʫʪʢʘʤ ʧʦʩʣʝ ʚʳʩʝʚʘ. ʆʙʨʘʟʦʚʘʚʰʠʝʩʷ ʢʦʣʦʥʠʠ ʢʣʝʪʦʢ ʬʠʢʩʠ-

ʨʦʚʘʣʠ ʵʪʘʥʦʣʦʤ, ʢʨʘʩʠʣʠ ʧʦ ʈʦʤʘʥʦʚʩʢʦʤʫ-ɻʠʤʟʘ, ʟʘʪʝʤ ʧʨʦʚʦʜʠ-

ʣʠ ʚʠʟʫʘʣʴʥʳʡ ʧʦʜʩʯʝʪ ʢʦʣʠʯʝʩʪʚʘ ʚʳʨʦʩʰʠʭ ʢʦʣʦʥʠʡ ʥʘ ʧʦʚʝʨʭ-

ʥʦʩʪʠ ʬʣʘʢʦʥʘ ʂʘʨʨʝʣʷ, ʠʩʧʦʣʴʟʫʷ ʠʥʚʝʨʪʠʨʦʚʘʥʥʳʡ ʤʠʢʨʦʩʢʦʧ.  

ɹʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʚʳʞʠʚʘʝʤʦʩʪʴ ʢʣʝʪʦʢ ʧʦʩʣʝ ʦʙʣʫʯʝʥʠʷ ʩʦ-

ʩʪʘʚʣʷʣʘ 40%, ʜʝʡʩʪʚʠʝ ʜʦʢʩʦʨʫʙʠʮʠʥʘ ʚ ʢʦʥʮʝʥʪʨʘʮʠʠ 0,001 ʤʛ/ʤʣ 

ʥʝ ʟʥʘʯʠʪʝʣʴʥʦ ʩʥʠʞʘʣʦ ʚʳʞʠʚʘʝʤʦʩʪʴ ʄʉʂ (93%), ʧʨʠ ʢʦʤʙʠʥʠ-

ʨʦʚʘʥʥʦʤ ʜʝʡʩʪʚʠʠ ʭʠʤʠʦʧʨʝʧʘʨʘʪʘ ʠ ʦʙʣʫʯʝʥʠʷ ʚʳʞʠʚʘʝʤʦʩʪʴ 

ʤʝʟʝʥʭʠʤʘʣʴʥʳʭ ʩʪʚʦʣʦʚʳʭ ʢʣʝʪʦʢ ʩʦʩʪʘʚʠʣʘ 157%. ʕʪʦ ʩʚʠʜʝ-

ʪʝʣʴʩʪʚʫʝʪ ʦ ʭʦʨʦʰʦ ʚʳʨʘʞʝʥʥʦʤ ʟʘʱʠʪʥʦʤ ʜʝʡʩʪʚʠʠ ʭʠʤʠʦʧʨʝʧʘ-

ʨʘʪʘ. 

ɺ ʜʘʣʴʥʝʡʰʝʤ ʠʩʩʣʝʜʦʚʘʥʠʝ ʙʫʜʝʪ ʧʨʦʜʦʣʞʝʥʦ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠ-

ʝʤ ʤʝʪʦʜʠʢʠ ʬʨʘʢʮʠʦʥʠʨʦʚʘʥʥʦʛʦ ʦʙʣʫʯʝʥʠʷ. 

 

ʃʠʪʝʨʘʪʫʨʘ 

1. Elkind, M.M. The radiobiology of cultured mammalian cells / 

M.M. Elkind, G.F. // Gordon and Breach Sci. Publ., 1967. 

2. ʉʢʦʧʠʥ, ʇ.ʀ.  ʀʟʫʯʝʥʠʝ ʚʣʠʷʥʠʷ ʧʨʝʧʘʨʘʪʦʚ ʘʥʪʠʦʢʩʠʜʘʥʪ-

ʥʦʛʦ ʜʝʡʩʪʚʠʷ ʥʘ ʬʠʟʠʦʣʦʛʠʯʝʩʢʠʝ ʨʝʘʢʮʠʠ ʞʠʚʦʪʥʳʭ, ʧʦʣʫʯʘʶ-

ʱʠʭ ʧʨʦʪʠʚʦʦʧʫʭʦʣʝʚʫʶ ʭʠʤʠʦʪʝʨʘʧʠʶ/  ʇ.ʀ. ʉʢʦʧʠʥ ʠ ʜʨ.// ɹʠʦ-

ʤʝʜʠʮʠʥʘ. ï 2011. ï̄  3. ï C. 70-75.  
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ʇʆʃʋʏɽʅʀɽ ʀ ʄʆɼʀʌʀʂɸʎʀʗ ɺʆʃʆʂʅʀʉʊʆɻʆ  

ʄɸʊɽʈʀɸʃɸ ʅɸ ʆʉʅʆɺɽ ʇʆʃʀɺʀʅʀʃʇʀʈʈʆʃʀɼʆʅɸ 

ʄɽʊʆɼʆʄ ʕʃɽʂʊʈʆʌʆʈʄʆɺɸʅʀʗ ɼʃʗ ʇʈʀʄɽʅɽʅʀʗ 

ɺ ɹʀʆʄɽɼʀʎʀʅɽ 

 

ʈʫʪʝʥʙʝʨʛ ɺ.ɼ.
1,2 

 

ʉʪʫʜʝʥʪ (ʤʘʛʠʩʪʨʘʥʪ) 
1
ʄʦʩʢʦʚʩʢʠʡ ʬʠʟʠʢʦ-ʪʝʭʥʠʯʝʩʢʠʡ ʠʥʩʪʠʪʫʪ (ɻʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨ-

ʩʠʪʝʪ), ʄʦʩʢʚʘ, ʈʦʩʩʠʷ 
2
ʅʘʮʠʦʥʘʣʴʥʳʡ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʮʝʥʪʨ çʂʫʨʯʘʪʦʚʩʢʠʡ ʠʥʩʪʠʪʫʪè, 

ʄʦʩʢʚʘ, ʈʦʩʩʠʷ 

+7 (915) 26-26-685, rutenberg@phystech.edu 

 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʤʘʪʝʨʠʘʣʳ ʥʘ ʦʩʥʦʚʝ ʧʦʣʠʤʝʨʘ ʧʦʣʠʚʠʥʠʣ-

ʧʠʨʨʦʣʠʜʦʥʘ (ʇɺʇ) ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʫʶʪʩʷ ʚ ʨʘʟʥʦʦʙʨʘʟʥʳʭ ʦʙʣʘ-

ʩʪʷʭ. ʆʜʥʘʢʦ ʦʩʥʦʚʥʳʤ ʷʚʣʷʝʪʩʷ ʝʛʦ ʧʨʠʤʝʥʝʥʠʝ ʚ ʤʝʜʠʮʠʥʝ: ʨʘʥʝ-

ʚʳʝ ʧʦʚʷʟʢʠ; ʜʣʷ ʚʳʚʝʜʝʥʠʷ ʪʦʢʩʠʯʥʳʭ ʩʨʝʜʩʪʚ; ʚ ʢʘʯʝʩʪʚʝ ʦʩʥʦʚʳ 

ʧʣʘʟʤʦʟʘʤʝʥʷʶʱʠʭ ʨʘʩʪʚʦʨʦʚ; ʧʨʦʜʣʝʥʠʝ ʜʝʡʩʪʚʠʷ ʣʝʢʘʨʩʪʚ; ʘʥʪʠ-

ʙʘʢʪʝʨʠʘʣʴʥʳʝ ʘʛʝʥʪʳ; ʤʘʪʨʠʮʳ ʜʣʷ ʢʫʣʴʪʠʚʠʨʦʚʘʥʠʷ ʢʣʝʪʦʢ; ʘʜ-

ʨʝʩʥʘʷ ʜʦʩʪʘʚʢʘ ʣʝʢʘʨʩʪʚ; ʩʪʦʤʘʪʦʣʦʛʠʯʝʩʢʠʝ ʢʦʤʧʦʟʠʪʳ ʠ ʤʥʦʛʦʝ 

ʜʨʫʛʦʝ.  

ʐʠʨʦʢʦʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʚ ʤʝʜʠʮʠʥʝ ʧʦʣʠʤʝʨ ʧʦʣʫʯʠʣ ʙʣʘʛʦ-

ʜʘʨʷ ʥʘʣʠʯʠʶ ʫʥʠʢʘʣʴʥʳʭ ʩʚʦʡʩʪʚ: ʦʪʩʫʪʩʪʚʠʝ ʪʦʢʩʠʯʥʦʩʪʠ, ʨʘʩ-

ʪʚʦʨʠʤʦʩʪʴ ʚ ʙʦʣʴʰʠʥʩʪʚʝ ʦʨʛʘʥʠʯʝʩʢʠʭ ʨʘʩʪʚʦʨʠʪʝʣʷʭ, ʭʦʨʦʰʠʝ 

ʘʜʛʝʟʠʦʥʥʳʝ ʩʚʦʡʩʪʚʘ, ʩʢʣʦʥʥʦʩʪʴ ʢ ʢʦʤʧʣʝʢʩʥʦʦʙʨʘʟʦʚʘʥʠʶ, ʙʠʦ-

ʩʦʚʤʝʩʪʠʤʦʩʪʴ. 

ʆʜʠʥ ʠʟ ʩʧʦʩʦʙʦʚ ʧʦʣʫʯʝʥʠʷ ʤʘʪʝʨʠʘʣʦʚ ʥʘ ʦʩʥʦʚʝ ʇɺʇ ʵʪʦ ʤʝ-

ʪʦʜ ʵʣʝʢʪʨʦʬʦʨʤʦʚʘʥʠʷ (ʕʌ). ʕʌ-ʧʨʦʮʝʩʩï ʬʦʨʤʦʚʘʥʠʝ ʚʦʣʦʢʦʥ ʚ 

ʵʣʝʢʪʨʠʯʝʩʢʦʤ ʧʦʣʝ ʚ ʨʝʟʫʣʴʪʘʪʝ ʜʝʡʩʪʚʠʷ ʵʣʝʢʪʨʦʩʪʘʪʠʯʝʩʢʠʭ ʩʠʣ 

ʥʘ ʩʪʨʫʶ ʧʦʣʠʤʝʨʥʦʛʦ ʨʘʩʪʚʦʨʘ. ʕʣʝʢʪʨʦʬʦʨʤʦʚʘʥʠʝ ʵʪʦ ʫʜʦʙʥʳʡ 

ʪʝʭʥʦʣʦʛʠʯʥʳʡ ʤʝʪʦʜ ʧʦʣʫʯʝʥʠʷ ʥʝʪʢʘʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʠʟ ʚʦʣʦʢʦʥ 

ʤʠʢʨʦʥʥʦʛʦ ʠ ʩʫʙʤʠʢʨʦʥʥʦʛʦ ʜʠʘʧʘʟʦʥʘ.  ʇʨʝʠʤʫʱʝʩʪʚʦ ʜʘʥʥʦʛʦ 

ʤʝʪʦʜʘ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʪʦʤ, ʯʪʦ, ʠʟʤʝʥʷʷ ʧʘʨʘʤʝʪʨʳ ʫʩʪʘʥʦʚʢʠ ʠ ʧʘ-

ʨʘʤʝʪʨʳ ʨʘʩʪʚʦʨʘ, ʤʦʞʥʦ ʚʣʠʷʪʴ ʥʘ ʤʦʨʬʦʣʦʛʠʶ ʧʦʣʫʯʝʥʥʦʛʦ ʚʝ-

ʱʝʩʪʚʘ. 

ʄʝʪʦʜʦʤ ʵʣʝʢʪʨʦʬʦʨʤʦʚʘʥʠʷ ʙʳʣ ʠʩʩʣʝʜʦʚʘʥ ʧʨʦʮʝʩʩ ʦʙʨʘʟʦ-

ʚʘʥʠʷ ʚʦʣʦʢʦʥ ʠʟ ʨʘʩʪʚʦʨʦʚ ʇɺʇ ʨʘʟʣʠʯʥʳʭ ʤʦʣʷʨʥʳʭ ʤʘʩʩ (35, 
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360, 1 300 ʢɼʘ), ʚ ʢʘʯʝʩʪʚʝ ʨʘʩʪʚʦʨʠʪʝʣʷ ʠʩʧʦʣʴʟʦʚʘʣʠ ʜʠʩʪʠʣʣʠʨʦ-

ʚʘʥʥʫʶ ʚʦʜʫ ʠ ʜʠʩʪʠʣʣʠʨʦʚʘʥʥʫʶ ʚʦʜʫ/ʩʧʠʨʪ (1:1). ɼʘʥʥʳʡ ʤʝʪʦʜ 

ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʘʪʴ ʤʘʪʝʨʠʘʣʳ, ʢʦʪʦʨʳʝ ʧʦ ʩʪʨʫʢʪʫʨʝ ʠ ʩʚʦʡʩʪʚʘʤ 

ʧʦʭʦʞʠ ʥʘ ʥʘʪʠʚʥʳʝ ʪʢʘʥʠ ʦʨʛʘʥʠʟʤʘ. ʇʦʵʪʦʤʫ ʪʘʢʠʝ ʤʘʪʝʨʠʘʣʳ 

ʥʘʭʦʜʷʪ ʰʠʨʦʢʦʝ ʧʨʠʤʝʥʝʥʠʝ ʚ ʤʝʜʠʮʠʥʝ. 

ɼʣʷ ʪʦʛʦ, ʯʪʦʙʳ ʧʦʜʦʙʨʘʪʴ ʦʧʪʠʤʘʣʴʥʳʝ ʧʘʨʘʤʝʪʨʳ ʧʨʦʮʝʩʩʘ 

ʵʣʝʢʪʨʦʬʦʨʤʦʚʘʥʠʷ, ʙʳʣʠ ʠʩʩʣʝʜʦʚʘʥʳ ʵʣʝʢʪʨʦʧʨʦʚʦʜʷʱʠʝ ʠ ʨʝʦ-

ʣʦʛʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʨʘʩʪʚʦʨʦʚ. ʈʝʟʫʣʴʪʘʪʳ ʨʝʦʣʦʛʠʯʝʩʢʠʭ ʠʩʩʣʝ-

ʜʦʚʘʥʠʡ ʧʦʟʚʦʣʠʣʠ ʫʩʪʘʥʦʚʠʪʴ ʢʦʥʮʝʥʪʨʘʮʠʶ ʇɺʇ, ʜʦʩʪʘʪʦʯʥʫʶ 

ʜʣʷ ʥʘʯʘʣʘ ʧʨʦʮʝʩʩʘ ʚʦʣʦʢʥʦʦʙʨʘʟʦʚʘʥʠʷ ʚ ʵʣʝʢʪʨʠʯʝʩʢʦʤ 

ʧʦʣʝ.ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʚʷʟʢʦʩʪʴ ʠ ʵʣʝʢʪʨʦʧʨʦʚʦʜʥʦʩʪʴ ʨʘʩʪʚʦʨʦʚ 

ʪʘʢʞʝ ʟʘʚʠʩʷʪ ʦʪ ʪʠʧʘ ʨʘʩʪʚʦʨʠʪʝʣʷ. 

ɺ ʧʨʦʮʝʩʩʝ ʚʳʧʦʣʥʝʥʠʷ ʨʘʙʦʪʳ ʫʜʘʣʦʩʴ ʧʦʜʦʙʨʘʪʴ ʦʧʪʠʤʘʣʴʥʳʝ 

ʟʥʘʯʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ ʧʨʦʮʝʩʩʘ ʵʣʝʢʪʨʦʬʦʨʤʦʚʘʥʠʷ, ʯʪʦ ʧʦʟʚʦʣʠʣʦ 

ʧʦʣʫʯʠʪʴ ʚʦʣʦʢʥʠʩʪʳʡ ʤʘʪʝʨʠʘʣ ʥʘ ʦʩʥʦʚʝ ʇɺʇ ʩʦ ʩʨʝʜʥʠʤ ʜʠʘ-

ʤʝʪʨʦʤ ʚʦʣʦʢʦʥ ʦʪ 0.5 ʤʢʤ ʜʦ 4 ʤʢʤ.  

ʀʩʩʣʝʜʦʚʘʥʳ ʤʝʪʦʜʳ ʩʰʠʚʢʠ ʚʦʣʦʢʥʠʩʪʦʛʦ ʤʘʪʝʨʠʘʣʘ ʥʘ ʦʩʥʦʚʝ 

ʇɺʇ ʩ ʮʝʣʴʶ ʝʛʦ ʧʝʨʝʚʝʜʝʥʠʷ ʚ ʥʝʨʘʩʪʚʦʨʠʤʦʝ ʩʦʩʪʦʷʥʠʝ. ʆʙʥʘ-

ʨʫʞʝʥʦ, ʯʪʦ ʧʦʩʣʝ ʧʦʤʝʱʝʥʠʷ ʚ ʚʦʜʫ ʚʦʣʦʢʥʠʩʪʘʷ ʩʪʨʫʢʪʫʨʘ ʩʰʠ-

ʪʦʛʦ ʤʘʪʝʨʠʘʣʘ ʩʦʭʨʘʥʷʝʪʩʷ, ʧʦʣʫʯʝʥʥʳʝ ʤʘʪʝʨʠʘʣʳ ʦʙʣʘʜʘʶʪ ʚʳ-

ʩʦʢʦʡ ʩʪʝʧʝʥʴʶ ʚʣʘʛʦʚʧʠʪʳʚʘʝʤʦʩʪʠ. ʉ ʮʝʣʴʶ ʠʟʫʯʝʥʠʷ ʤʝʭʘʥʠʟʤʘ 

ʩʰʠʚʘʥʠʷ ʤʘʪʝʨʠʘʣʘ, ʙʳʣʠ ʠʟʫʯʝʥʳ ʀʂ ʩʧʝʢʪʨʳ ʦʙʨʘʟʮʦʚ ʜʦ ʠ ʧʦ-

ʩʣʝ ʩʰʠʚʢʠ. ʇʦʣʫʯʝʥʥʳʡ ʤʘʪʝʨʠʘʣ ʙʣʠʟʦʢ ʧʦ ʩʚʦʝʡ ʩʪʨʫʢʪʫʨʝ ʠ 

ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʤ ʩʚʦʡʩʪʚʘʤ ʢ ʜʝʮʝʣʣʶʣʷʨʠʟʠʨʦʚʘʥʥʳʤ ʪʢʘʥʷʤ 

ʚʥʝʢʣʝʪʦʯʥʦʛʦ ʤʘʪʨʠʢʩʘ, ʧʦʵʪʦʤʫ ʪʘʢʠʝ ʤʘʪʝʨʠʘʣʳ ʤʦʛʫʪ ʥʘʡʪʠ 

ʰʠʨʦʢʦʝ ʧʨʠʤʝʥʝʥʠʝ ʚ ʤʝʜʠʮʠʥʝ ʚ ʢʘʯʝʩʪʚʝ ʨʘʥʦʟʘʞʠʚʣʷʶʱʠʭ ʧʦ-

ʚʷʟʦʢ ʠ ʢʦʤʧʦʥʝʥʪʦʚ ʪʢʘʥʝʠʥʞʝʨʝʥʳʭ ʢʦʥʩʪʨʫʢʮʠʡ. 
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ʀʉʉʃɽɼʆɺɸʅʀɽ ʄɽʍɸʅʀɿʄɸ ʌʆʈʄʀʈʆɺɸʅʀʗ  

ʃɸɿɽʈʅʆɻʆ ʉɺɸʈʅʆɻʆ ʐɺɸ ʇʈʀ ʀʉʇʆʃʔɿʆɺɸʅʀʀ 

ʇʈʀʇʆʗ ʅɸ ʆʉʅʆɺɽ ʋɻʃɽʈʆɼʅʓʍ ʅɸʅʆʊʈʋɹʆʂ ʀ 

ɹɽʃʂɸ 

 

ʈʷʙʢʠʥ ɼ.ʀ., ʈʠʤʰʘʥ ʀ.ɹ., ɻʝʨʘʩʠʤʝʥʢʦ ɸ.ʖ.
 

 

ʅʀʋ ʄʀʕʊ, ʄʦʩʢʚʘ, ɿʝʣʝʥʦʛʨʘʜ 
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ʃʘʟʝʨʥʘʷ ʩʚʘʨʢʘ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʪʢʘʥʝʡ ʷʚʣʷʝʪʩʷ ʘʣʴʪʝʨʥʘʪʠʚʦʡ 

ʪʨʘʜʠʮʠʦʥʥʳʤ ʩʧʦʩʦʙʘʤ ʠʭ ʩʦʝʜʠʥʝʥʠʷ. ʃʘʟʝʨʥʳʝ ʩʚʘʨʥʳʝ ʰʚʳ 

ʥʝʪʦʢʩʠʯʥʳ, ʛʝʨʤʝʪʠʯʥʳ ʜʣʷ ʞʠʜʢʦʩʪʝʡ ʠ ʦʙʣʘʜʘʶʪ ʤʘʣʳʤʠ ʛʝʦ-

ʤʝʪʨʠʯʝʩʢʠʤʠ ʨʘʟʤʝʨʘʤʠ. 

ʉ ʮʝʣʴʶ ʧʦʚʳʰʝʥʠʷ ʧʨʦʯʥʦʩʪʠ ʩʚʘʨʥʦʛʦ ʩʦʝʜʠʥʝʥʠʷ ʠ ʩʥʠʞʝ-

ʥʠʷ ʚʨʝʤʝʥʠ ʨʝʛʝʥʝʨʘʮʠʠ ʩʚʘʨʠʚʘʝʤʳʭ ʪʢʘʥʝʡ ʠʩʧʦʣʴʟʫʶʪʩʷ ʩʧʝ-

ʮʠʘʣʴʥʳʝ ʣʘʟʝʨʥʳʝ ʧʨʠʧʦʠ. ʂʘʢ ʧʨʘʚʠʣʦ ʵʪʦ ʚʦʜʥʳʝ ʜʠʩʧʝʨʩʠʠ 

ʙʝʣʢʦʚ. ɺ ʢʘʯʝʩʪʚʝ ʦʜʥʦʛʦ ʠʟ ʢʦʤʧʦʥʝʥʪʦʚ ʣʘʟʝʨʥʦʛʦ ʧʨʠʧʦʷ ʚʦʟ-

ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʫʛʣʝʨʦʜʥʳʭ ʥʘʥʦʪʨʫʙʦʢ (ʋʅʊ) [1] 

ʎʝʣʴʶ ʠʩʩʣʝʜʦʚʘʥʠʷ ʷʚʣʷʝʪʩʷ ʦʧʨʝʜʝʣʝʥʠʝ ʤʝʭʘʥʠʟʤʘ ʬʦʨʤʠ-

ʨʦʚʘʥʠʷ ʩʚʘʨʥʦʛʦ ʰʚʘ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʧʨʠʧʦʷ ʥʘ ʦʩʥʦʚʝ ʚʦʜʥʦʡ 

ʜʠʩʧʝʨʩʠʠ ʋʅʊ ʠ ʙʳʯʴʝʛʦ ʩʳʚʦʨʦʪʦʯʥʦʛʦ ʘʣʴʙʫʤʠʥʘ (ɹʉɸ). 

ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʘʷ ʫʩʪʘʥʦʚʢʘ ʜʣʷ ʣʘʟʝʨʥʦʡ ʩʚʘʨʢʠ ʙʠʦʣʦʛʠʯʝ-

ʩʢʠʭ ʪʢʘʥʝʡ ʦʩʥʦʚʘʥʘ ʥʘ ʜʠʦʜʥʦʤ ʣʘʟʝʨʝ ʩ ʜʣʠʥʦʡ ʚʦʣʥʳ 808 ʥʤ. 

ʋʩʪʘʥʦʚʢʘ ʦʩʥʘʱʝʥʘ ʦʙʨʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʥʦʡ ʩʚʷʟʴʶ. 

ɺ ʢʘʯʝʩʪʚʝ ʙʠʦʪʢʘʥʠ ʠʩʧʦʣʴʟʦʚʘʣʘʩʴ ʢʦʞʘ ʩʚʠʥʴʠ. ɺ ʪʘʙʣʠʮʝ 1 

ʧʨʝʜʩʪʘʚʣʝʥʳ ʟʥʘʯʝʥʠʷ ʧʨʦʯʥʦʩʪʝʡ ʥʘ ʨʘʟʨʳʚ. ʆʪʥʦʩʠʪʝʣʴʥʘʷ 

ʧʨʦʯʥʦʩʪʴ ʥʘ ʨʘʟʨʳʚ ʚʳʯʠʩʣʷʣʘʩʴ ʢʘʢ ʦʪʥʦʰʝʥʠʝ ů/ům, %, ʛʜʝ ům = 

10,3 Ñ 1,9 ʄʇʘ, ůʩʨ - ʩʨʝʜʥʷʷ ʧʨʦʯʥʦʩʪʴ ʥʘ ʨʘʟʨʳʚ ʰʚʘ. 

ʄʘʢʩʠʤʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ ʧʨʦʯʥʦʩʪʠ ʥʘ ʨʘʟʨʳʚ ʩʦʦʪʚʝʪʩʪʚʫʝʪ 

ʪʝʤʧʝʨʘʪʫʨʘʤ ʩʚʘʨʢʠ 50-55Üʉ [2, 3]. 

ʊʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ ʜʝʥʘʪʫʨʘʮʠʠ ʘʣʴʙʫʤʠʥʘ ʙʳʣʠ 

ʦʧʨʝʜʝʣʝʥʳ ʤʝʪʦʜʦʤ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʡ ʩʢʘʥʠʨʫʶʱʝʡ ʢʘʣʦʨʠʤʝʪ-

ʨʠʠ ʩ ʧʦʤʦʱʴʶ ʪʝʨʤʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘʪʦʨʘ Mettler TA4000. 

ɺʩʝ ɼʉʂ ʢʨʠʚʳʝ ʩʨʘʚʥʠʚʘʣʠʩʴ ʩ ʪʝʨʤʦʛʨʘʤʤʘʤʠ ʘʣʴʙʫʤʠʥʘ ʩ 

20% ʩʦʜʝʨʞʘʥʠʝʤ ʚʦʜʳ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʡʩʷ ʧʠʢʦʤ ʜʝʥʘʪʫʨʘʮʠʠ 

ʧʨʠ ʊʜ = 56,2°0,4Üʉ. 
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ʊʘʙʣʠʮʘ 1. ʇʨʦʯʥʦʩʪʠ ʥʘ ʨʘʟʨʳʚ ʣʘʟʝʨʥʳʡ ʩʚʘʨʥʳʭ ʰʚʦʚ, ʧʦʣʫʯʝʥʥʳʭ 

ʧʨʠ ʨʘʟʥʳʭ ʪʝʤʧʝʨʘʪʫʨʘʭ 

T, Üʉ ůʩʨ, ʄʇʘ ů/ům, % T, Üʉ ůʩʨ, ʄʇʘ ů/ům, % 

40Ñ1 0,13Ñ0.01 1,2 55Ñ1 0,26Ñ0.01 2,5 

45Ñ1 0,15Ñ0.02 1,4 60Ñ1 0,22Ñ0.01 2,1 

50Ñ1 0,26Ñ0.03 2,6 65Ñ1 0,143Ñ0.03 1,4 

 

ʄʘʢʩʠʤʘʣʴʥʘ ʧʨʦʯʥʦʩʪʴ ʣʘʟʝʨʥʦʛʦ ʩʚʘʨʥʦʛʦ ʰʚʘ ʧʨʠ ʠʩʧʦʣʴʟʦ-

ʚʘʥʠʠ ʧʨʠʧʦʷ ʥʘ ʦʩʥʦʚʝ ʚʦʜʥʦ-ʙʝʣʢʦʚʦʡ ʜʠʩʧʝʨʩʠʠ ʘʣʴʙʫʤʠʥʘ ʜʦ-

ʩʪʠʛʘʣʘʩʴ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ ʩʚʘʨʢʠ ʚ ʜʠʘʧʘʟʦʥʝ 50-55Üʉ. ʊʝʤʧʝʨʘʪʫ-

ʨʘ ʜʝʥʘʪʫʨʘʮʠʠ ʙʳʯʴʝʛʦ ʩʳʚʦʨʦʪʦʯʥʦʛʦ ʘʣʴʙʫʤʠʥʘ ʨʘʚʥʘ 56,2Ñ2Üʉ. 

ʀʟ ʯʝʛʦ ʩʣʝʜʫʝʪ, ʯʪʦ ʦʩʥʦʚʥʳʤ ʬʘʢʪʦʨʦʤ ʬʦʨʤʠʨʦʚʘʥʠʷ ʣʘʟʝʨʥʦʛʦ 

ʩʚʘʨʥʦʛʦ ʩʦʝʜʠʥʝʥʠʷ ʷʚʣʷʝʪʩʷ ʜʝʥʘʪʫʨʘʮʠʷ ʚʭʦʜʷʱʝʛʦ ʚ ʩʦʩʪʘʚ ʣʘ-

ʟʝʨʥʦʛʦ ʧʨʠʧʦʷ ʙʝʣʢʘ. 
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ʀʩʩʣʝʜʦʚʘʥʠʝ ʠ ʧʨʠʤʝʥʝʥʠʝ ʩʠʩʪʝʤ ʢʦʤʧʴʶʪʝʨʥʦʡ ʤʠʢʨʦʩʢʦ-

ʧʠʠ ʧʨʠ ʜʠʘʛʥʦʩʪʠʢʝ ʦʩʪʨʳ ʣʝʡʢʦʟʦʚ ʪʨʝʙʫʝʪ ʧʨʦʚʝʜʝʥʠʷ ʩʣʦʞʥʳʭ 

ʠ ʟʘʪʨʘʪʥʳʭ ʤʥʦʛʦʬʘʢʪʦʨʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ, ʧʦʵʪʦʤʫ ʟʘʜʘʯʫ ʧʨʦ-

ʝʢʪʠʨʦʚʘʥʠʷ ʥʝʦʙʭʦʜʠʤʦ ʨʝʰʘʪʴ ʧʦ ʯʘʩʪʷʤ, ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʦʙʲ-

ʝʜʠʥʝʥʠʝʤ ʯʘʩʪʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ. 

ɸʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʘʷ ʦʙʨʘʙʦʪʢʘ ʢʣʝʪʦʢ ʢʨʦʚʠ ʚʢʣʶʯʘʝʪ ʨʷʜ ʵʪʘ-

ʧʦʚ: ʧʨʝʜʚʘʨʠʪʝʣʴʥʫʶ ʦʙʨʘʙʦʪʢʫ; ʦʧʠʩʘʥʠʝ ʠʩʩʣʝʜʫʝʤʳʭ ʦʙʲʝʢʪʦʚ 

ʥʘ ʷʟʳʢʝ ʧʨʠʟʥʘʢʦʚ; ʢʣʘʩʩʠʬʠʢʘʮʠʶ (ʥʘʧʨʠʤʝʨ, ʧʦ ʪʠʧʫ ʢʣʝʪʢʠ 

ʙʣʘʩʪ ð ʥʝʙʣʘʩʪ). 

ʆʩʦʙʝʥʥʦʩʪʷʤʠ, ʟʘʪʨʫʜʥʷʶʱʠʤʠ ʘʥʘʣʠʟ ʤʠʢʨʦʩʢʦʧʠʯʝʩʢʠʭ 

ʠʟʦʙʨʘʞʝʥʠʡ, ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʭ ʢʣʝʪʦʢ ʢʨʦʚʠ, ʷʚʣʷʝʪʩʷ ʙʣʠʟʦʩʪʴ ʚ 

ʧʨʦʩʪʨʘʥʩʪʚʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʢʣʘʩʪʝʨʦʚ ʨʘʟʥʳʭ ʪʠʧʦʚ, ʯʪʦ ʚ ʮʝʣʦʤ 

ʨʷʜʝ ʩʣʫʯʘʝʚ ʦʙʲʷʩʥʷʝʪʩʷ ʟʥʘʯʠʪʝʣʴʥʳʤ ʚʠʟʫʘʣʴʥʳʤ ʩʭʦʜʩʪʚʦʤ 

ʙʣʘʩʪʥʳʭ ʠ ʥʝʙʣʘʩʪʥʳʭ ʢʣʝʪʦʢ. 

ʈʘʙʦʪʘ ʧʦʩʚʷʱʝʥʘ ʘʢʪʫʘʣʴʥʦʤʫ ʥʘʧʨʘʚʣʝʥʠʶ ʦʮʝʥʢʠ ʠʥʬʦʨʤʘ-

ʪʠʚʥʦʩʪʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʦʧʠʩʘʥʥʳʭ ʚ ʩʪʘʪʴʝ[1].  

ʎʝʣʴʶ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʠʥ-

ʬʦʨʤʘʪʠʚʥʦʩʪʠ ʪʝʢʩʪʫʨʥʳʭ ʠ ʚʝʡʚʣʝʪ ʭʘʨʘʢʪʝʨʠʩʪʠʢ, ʧʦ ʦʪʜʝʣʴʥʦ-

ʩʪʠ ʠ ʚ ʩʦʯʝʪʘʥʠʷʭ, ʠʩʧʦʣʴʟʫʝʤʳʭ ʧʨʠ ʦʧʠʩʘʥʠʠ ʷʜʝʨ ʣʝʡʢʦʮʠʪʦʚ 

ʜʣʷ ʜʠʘʛʥʦʩʪʠʢʠ ʦʩʪʨʳʭ ʣʝʡʢʦʟʦʚ. 

ɼʣʷ ʧʨʦʚʝʜʝʥʠʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʩʬʦʨʤʠʨʦʚʘʥʘ ʚʳʙʦʨʢʘ ʠʟ 45 ʛʝ-

ʤʘʪʦʣʦʛʠʯʝʩʢʠʭ ʧʨʝʧʘʨʘʪʦʚ (17 ʧʨʝʧʘʨʘʪʦʚ ʧʝʨʠʬʝʨʠʯʝʩʢʦʡ ʢʨʦʚʠ 

ʠ 28 ʧʨʝʧʘʨʘʪʦʚ ʢʦʩʪʥʦʛʦ ʤʦʟʛʘ ʠʟ ʥʠʭ: 12 ʧʨʝʧʘʨʘʪʦʚ ʩ ʊ-ʆʃʃ ʠ  

16 ʩ ɺ-ʆʃʃ). 

ɺʩʝ ʧʨʝʧʘʨʘʪʳ ʙʳʣʠ ʬʠʢʩʠʨʦʚʘʥʳ ʠ ʦʢʨʘʰʝʥʳ ʧʦ ʤʝʪʦʜʫ ʄʘʡ-

ɻʨʶʥʚʘʣʴʜ-ʈʦʤʘʥʦʚʩʢʦʛʦ.  ʄʦʨʬʦʣʦʛʠʯʝʩʢʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʤʘʟʢʦʚ 
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ʢʨʦʚʠ ʠ ʘʩʧʠʨʘʪʦʚ ʢʦʩʪʥʦʛʦ ʤʦʟʛʘ ʦʩʫʱʝʩʪʚʣʷʣʦʩʴ ʚ ʣʘʙʦʨʘʪʦʨʠʠ 

ʠʤʤʫʥʦʣʦʛʠʠ ʛʝʤʦʧʦʵʟʘ ʌɻɹʋ çʈʆʅʎ ʠʤ. ʅ.ʅ. ɹʣʦʭʠʥʘè ʄɿ ʈʌ 

ʜʚʫʤʷ ʵʢʩʧʝʨʪʘʤʠ. ɼʠʘʛʥʦʟ ʆʃʃ ʙʳʣ ʫʩʪʘʥʦʚʣʝʥ ʥʘ ʦʩʥʦʚʘʥʠʠ 

ʤʦʨʬʦʣʦʛʠʯʝʩʢʦʛʦ, ʮʠʪʦʭʠʤʠʯʝʩʢʦʛʦ ʠ ʠʤʤʫʥʦʬʝʥʦʪʠʧʠʯʝʩʢʦʛʦ 

ʠʩʩʣʝʜʦʚʘʥʠʡ. 

ɼʣʷ ʦʮʝʥʢʠ ʠʥʬʦʨʤʘʪʠʚʥʦʩʪʠ ʪʝʢʩʪʫʨʥʳʭ ʠ ʚʝʡʚʣʝʪ ʭʘʨʘʢʪʝʨʠ-

ʩʪʠʢ  ʧʨʠʤʝʥʷʣʠʩʴ ʦʙʲʝʢʪʠʚʥʳʝ ʧʘʨʘʤʝʪʨʳ, ʠʤʝʥʫʝʤʳʝ ʦʧʝʨʘʮʠ-

ʦʥʥʳʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʠʩʩʣʝʜʦʚʘʥʠʷ (ʪʝʩʪʘ): ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ, 

ʩʧʝʮʠʬʠʯʥʦʩʪʴ ʠ ʪʦʯʥʦʩʪʴ[2]. 

ʇʦʣʫʯʝʥʳ ʧʨʝʜʚʘʨʠʪʝʣʴʥʳʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʜʘʥʥʳʝ. ʏʫʚ-

ʩʪʚʠʪʝʣʴʥʦʩʪʴ  ʊ-ʆʃʃ ʠ ɺ-ʆʃʃ 81%, ʜʦʥʦʨʦʚ ʠ ʊ-ʆʃʃ 78%, ʜʦʥʦ-

ʨʳ ʠ ɺ-ʆʃʃ 82%. ʉʧʝʮʠʬʠʯʥʦʩʪʴ: ʊ-ʆʃʃ ʠ ɺ-ʆʃʃ 80%, ʜʦʥʦʨʦʚ 

ʠ ʊ-ʆʃʃ 77%, ʜʦʥʦʨʳ ʠ ɺ-ʆʃʃ 84%. ʊʦʯʥʦʩʪʴ ʊ-ʆʃʃ ʠ ɺ-ʆʃʃ 

80%, ʜʦʥʦʨʦʚ ʠ ʊ-ʆʃʃ 79%, ʜʦʥʦʨʳ ʠ ɺ-ʆʃʃ 83%. ʇʦʣʫʯʝʥʥʳʝ  

ʨʝʟʫʣʴʪʘʪʳ  ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʦ ʙʣʠʟʦʩʪʠ ʢʣʘʩʪʝʨʦʚ ʢʣʝʪʦʢ ʚ ʧʨʠ-

ʟʥʘʢʦʚʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ. ɸʢʪʫʘʣʴʥʳʤ  ʥʘʧʨʘʚʣʝʥʠʝʤ ʷʚʣʷʝʪʩʷ ʜʘʣʴ-

ʥʝʡʰʠʡ ʧʦʠʩʢ ʦʧʪʠʤʘʣʴʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʜʣʷ ʨʘʟʜʝʣʝʥʠʷ ʢʣʝʪʦʢ, 

ʧʦʜʙʦʨ ʢʣʘʩʩʠʬʠʢʘʪʦʨʘ  ʠ ʬʫʥʢʮʠʡ ʨʘʩʩʪʦʷʥʠʷ.  

ʇʨʝʜʧʦʣʘʛʘʝʤʦʝ ʨʘʟʚʠʪʠʝ ʨʘʙʦʪʳ ʚ ʥʘʧʨʘʚʣʝʥʠʠ ʧʨʠʤʝʥʠʤʦʩʪʠ 

ʪʝʢʩʪʫʨʥʳʭ ʠ ʚʝʡʚʣʝʪ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʚʤʝʩʪʝ ʠ ʧʦ ʨʘʟʜʝʣʴʥʦʩʪʠ ʜʣʷ 

ʨʘʩʰʠʨʝʥʥʦʡ ʚʳʙʦʨʢʠ. 
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ʉʦʛʣʘʩʥʦ ʜʘʥʥʳʤ ʩʪʘʪʠʩʪʠʢʠ ʧʨʠ  ʧʦʞʘʨʘʭ 76% ʩʤʝʨʪʝʡ ʧʨʦʠʩ-

ʭʦʜʠʪ ʚ ʨʝʟʫʣʴʪʘʪʝ ʦʪʨʘʚʣʝʥʠʷ ʧʨʦʜʫʢʪʘʤʠ ʛʦʨʝʥʠʷ, ʚ ʪʦʤ ʯʠʩʣʝ ʠ 

ʫʛʘʨʥʳʤ ʛʘʟʦʤ (ʉʆ).  ʉʦʛʣʘʩʥʦ ʧʨʦʝʢʪʫ ʛʘʟʧʨʦʤʘ  çʀʥʬʦʨʤʘʮʠʦʥ-

ʥʘʷ ʢʘʤʧʘʥʠʷ ʧʦ ʧʨʦʬʠʣʘʢʪʠʢʝ ʦʪʨʘʚʣʝʥʠʡ ʫʛʘʨʥʳʤ ʛʘʟʦʤè, ʧʨʦʚʝ-

ʜʝʥʘ ʩʪʘʪʠʩʪʠʢʘ ʦʪʨʘʚʣʝʥʠʡ ʫʛʘʨʥʳʤ ʛʘʟʦʤ ʚ ʂɹʈ, ʟʘ ʧʝʨʠʦʜ ʜʝʢʘʙ-

ʨʷ ʤʝʩʷʮʘ 2015 ʛʦʜʘ ʠ ʩʦʩʪʘʚʠʣʘ 13 ʯʝʣʦʚʝʢ.[1] ʀʩʭʦʜʷ ʠʟ ʚʳʰʝʩʢʘ-

ʟʘʥʥʦʛʦ, ʨʘʟʨʘʙʦʪʢʘ ʥʦʚʳʭ ʤʝʪʦʜʦʚ ʠ ʪʝʭʥʦʣʦʛʠʡ ʜʣʷ ʫʩʪʨʘʥʝʥʠʷ 

ʦʪʨʘʚʣʷʶʱʝʛʦ ʜʝʡʩʪʚʠʷ ʫʛʘʨʥʦʛʦ ʛʘʟʘ ʷʚʣʷʝʪʩʷ ʚʝʩʴʤʘ ʘʢʪʫʘʣʴʥʦʡ 

ʟʘʜʘʯʝʡ. ʇʦʠʩʢʦʤ ʤʝʪʦʜʦʚ ʧʦʟʚʦʣʷʶʱʠʭ ʵʬʬʝʢʪʠʚʥʦ  ʫʩʪʨʘʥʠʪʴ 

ʦʪʨʘʚʣʷʶʱʝʝ ʜʝʡʩʪʚʠʷ ʫʛʘʨʥʦʛʦ ʛʘʟʘ   ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʟʘʥʠʤʘ-

ʶʪʩʷ  ʚ ʚʝʜʫʱʠʭ ʤʠʨʦʚʳʭ  ʥʘʫʯʥʳʭ ʮʝʥʪʨʘʭ. ɹʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ, 

ʯʪʦ ʧʨʦʮʝʩʩ ʦʪʨʘʚʣʝʥʠʷ ʫʛʘʨʥʳʤ ʛʘʟʦʤ ʦʨʛʘʥʠʟʤʘ ʯʝʣʦʚʝʢʘ ʩʚʷʟʘʥ 

ʩ ʬʦʨʤʠʨʦʚʘʥʠʝʤ ʢʦʤʧʣʝʢʩʘ ʛʝʤʦʛʣʦʙʠʥʘ ʩ ʫʛʘʨʥʳʤ ʛʘʟʦʤ.[2] ʉʪʘ-

ʙʠʣʴʥʦʩʪʴ ʢʦʤʧʣʝʢʩʘ Hbʉʆ  ʧʨʝʚʳʰʘʝʪ ʩʪʘʙʠʣʴʥʦʩʪʴ ʢʦʤʧʣʝʢʩʘ ʩ 

ʢʠʩʣʦʨʦʜʦʤ - ʦʢʩʠʛʝʤʦʛʣʦʙʠʥʘ  ʢʨʦʚʠ, ʯʪʦ ʚʳʟʳʚʘʝʪ ʛʠʧʦʢʩʠʶ.  

ʆʙʱʠʤ ʧʦʜʭʦʜʦʤ ʚ ʨʝʰʝʥʠʠ ʧʨʦʙʣʝʤʳ ʫʩʪʨʘʥʝʥʠʷ ʛʠʧʦʢʩʠʠ ʷʚʣʷ-

ʝʪʩʷ ʣʦʢʘʣʴʥʦʝ ʧʦʚʳʰʝʥʠʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʆ2  ʚ ʪʢʘʥʠ ʧʫʪʝʤ ʝʛʦ 

ʜʠʬʬʫʟʠʠ ʠʟʚʥʝ ʯʝʨʝʟ ʢʦʞʥʳʡ ʧʦʢʨʦʚ. ʐʠʨʦʢʦ ʠʩʧʦʣʴʟʫʝʪʩʷ ʚ 

ʧʨʘʢʪʠʢʝ ʤʝʪʦʜ -  ʧʨʠʥʫʜʠʪʝʣʴʥʦʡ ʚʝʥʪʠʣʷʮʠʠ ʣʝʛʢʠʭ ʯʠʩʪʳʤ ʢʠʩ-

ʣʦʨʦʜʦʤ ʠ ʤʝʪʦʜ ʛʠʧʝʨʙʘʨʠʯʝʩʢʦʡ ʦʢʩʠʛʝʥʘʮʠʠ. 

ʎʝʣʴʶ ʥʘʩʪʦʷʱʝʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʷʚʣʷʝʪʩʷ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʝ 

ʦʧʨʝʜʝʣʝʥʠʝ ʧʨʠʤʝʥʝʥʠʷ ʦʧʪʠʯʝʩʢʠʭ ʤʝʪʦʜʦʚ ʜʣʷ ʫʩʪʨʘʥʝʥʠʷ 

ʦʪʨʘʚʣʷʶʱʝʛʦ ʜʝʡʩʪʚʠʷ ʫʛʘʨʥʦʛʦ ʛʘʟʘ ʠ ʠʭ ʵʬʬʝʢʪʠʚʥʦʩʪʴ. 

ɺ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʧʦ 

ʠʟʫʯʝʥʠʶ  ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʠʟʣʫʯʝʥʠʷ ʣʘʟʝʨʘ in vivo ʩ ʜʣʠʥʘʤʠ 

ʚʦʣʥ 530 ʥʤ, 540 ʥʤ ʠ 570 ʥʤ ʜʣʷ ʣʦʢʘʣʴʥʦʛʦ ʧʦʚʳʰʝʥʠʷ 

ʫʨʦʚʥʷ ʢʠʩʣʦʨʦʜʘ ʚ ʦʙʣʘʩʪʠ ʦʙʣʫʯʝʥʠʷ. ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʧʨʦ-

ʚʦʜʠʣʠʩʴ ʠʩʩʣʝʜʦʚʘʥʠʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʣʘʟʝʨʦʚ, ʘ ʩʪʝʧʝʥʴ ʥʘʩʳ-
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ʱʝʥʠʷ ʢʠʩʣʦʨʦʜʦʤ ʙʠʦʪʢʘʥʠ ʚ ʦʙʣʘʩʪʠ ʦʙʣʫʯʝʥʠʷ ʬʠʢʩʠʨʦʚʘʣʘʩʴ 

ʥʘ ʩʝʨʪʠʬʠʮʠʨʦʚʘʥʥʦʤ ʧʨʠʙʦʨʝ, ʧʨʝʜʩʪʘʚʣʝʥʥʦʤ ʥʘ ʨʠʩ.1. 

 
 

ʈʠʩ.1 ʊʨʘʥʩʢʫʪʘʥʪʥʳʡ ʤʦʥʠʪʦʨ 

ʩʝʨʠʠ ʊʉʄ-300. 

ʈʠʩ.2 ʩʧʝʢʪʨ ʧʦʛʣʦʱʝʥʠʷ Hb, HbCO ʠ 

HbO2  ʚ ʜʠʘʧʘʟʦʥʝ ʜʣʠʥ ʚʦʣʥ  475-655 ʥʤ 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʨʦʚʝʜʝʥʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʪʘʢʠʝ 

ʜʘʥʥʳʝ, ʢʘʢ ʫʨʦʚʝʥʴ ʦʢʩʠʛʝʥʘʮʠʠ ʙʠʦʪʢʘʥʠ in vivo, ʜʣʷ ʨʘʟʣʠʯʥʳʭ 

ʠʩʧʳʪʫʝʤʳʭïʜʦʙʨʦʚʦʣʴʮʝʚ, ʩʧʝʢʪʨʳ ʧʦʛʣʦʱʝʥʠʷ  ʛʝʤʦʛʣʦʙʠʥʘ 

(Hb) ʦʢʩʠʛʝʤʦʛʣʦʙʠʥʘ (HbO2) ʠ ʢʘʨʙʦʢʩʠʛʝʤʦʛʣʦʙʠʥʘ (HbCO) 

ʧʨʝʜʩʪʘʚʣʝʥʥʳʝ ʥʘ ʨʠʩ.2. 

ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʜʘʣʠ ʥʘʫʯʥʫʶ ʦʩʥʦʚʫ ʜʣʷ ʨʘʟʨʘʙʦʪʢʠ 

ʣʘʟʝʨʥʦ-ʦʧʪʠʯʝʩʢʦʡ ʪʝʭʥʦʣʦʛʠʠ ʫʩʪʨʘʥʝʥʠʷ ʦʪʨʘʚʣʷʶʱʝʛʦ ʜʝʡ-

ʩʪʚʠʷ ʫʛʘʨʥʦʛʦ ʛʘʟʘ. ʇʨʠʤʝʥʝʥʠʝ ʜʘʥʥʦʛʦ ʤʝʪʦʜʘ ʩʫʱʝʩʪʚʝʥʥʦ ʤʦ-

ʞʝʪ ʩʦʢʨʘʪʠʪʴ ʧʦʪʝʨʠ ʧʨʠ ʦʪʨʘʚʣʝʥʠʠ ʫʛʘʨʥʳʤ ʛʘʟʦʤ. ʉʫʱʝʩʪʚʝʥ-

ʥʳʤ ʷʚʣʷʝʪʩʷ ʪʦʪ ʬʘʢʪ, ʯʪʦ ʧʨʝʜʣʦʞʝʥʥʘʷ ʪʝʭʥʦʣʦʛʠʷ ʤʦʞʝʪ ʥʘʡʪʠ 

ʰʠʨʦʢʦʝ ʧʨʠʤʝʥʝʥʠʝ. 
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ɺ ʧʦʩʣʝʜʥʝʝ ʚʨʝʤʷ ʜʣʷ ʧʨʠʤʝʥʝʥʠʷ ʚ ʙʠʦʤʝʜʠʮʠʥʝ ʘʢʪʠʚʥʦ ʠʩ-

ʩʣʝʜʫʶʪʩʷ ʥʝʪʦʢʩʠʯʥʳʝ ʥʘʥʦʯʘʩʪʠʮʳ ʥʘ ʦʩʥʦʚʝ ʢʨʝʤʥʠʷ, ʬʦʨʤʠʨʫ-

ʝʤʳʝ ʣʘʟʝʨʥʦʡ ʘʙʣʷʮʠʝʡ [1]. ɺ ʥʘʰʝʡ ʨʘʙʦʪʝ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʠ ʠʩ-

ʩʣʝʜʦʚʘʥʳ ʥʘʥʦʯʘʩʪʠʮʳ, ʬʦʨʤʠʨʫʝʤʳʝ ʣʘʟʝʨʥʦʡ ʘʙʣʷʮʠʝʡ ʪʚʝʨʜʦ-

ʪʝʣʴʥʳʭ ʤʠʰʝʥʝʡ Si ʠ SiC ʚ ʜʝʠʦʥʠʟʦʚʘʥʥʦʡ ʚʦʜʝ ʠʣʠ ʚ ʚʦʜʥʦʤ 

ʨʘʩʪʚʦʨʝ ʙʠʦʧʦʣʠʤʝʨʘ (ʜʝʢʩʪʨʘʥ). ɸʙʣʷʮʠʷ ʚʳʧʦʣʥʷʣʘʩʴ 100 ʬʩ 

ʣʘʟʝʨʥʳʤʠ ʠʤʧʫʣʴʩʘʤʠ. ʂʦʥʮʝʥʪʨʘʮʠʷ ʥʘʥʦʯʘʩʪʠʮ ʚ ʨʘʩʪʚʦʨʝ ʩʦ-

ʩʪʘʚʣʷʣʘ 100 ʤʢʛ/ʤʣ, ʘ ʠʭ ʨʘʟʤʝʨʳ, ʦʧʨʝʜʝʣʝʥʥʳʝ ʧʦ ʜʘʥʥʳʤ ʧʨʦ-

ʩʚʝʯʠʚʘʶʱʝʡ ʵʣʝʢʪʨʦʥʥʦʡ ʤʠʢʨʦʩʢʦʧʠʠ, ʩʦʩʪʘʚʠʣʠ 10-50 ʥʤ. ʉʫʩ-

ʧʝʥʟʠʠ ʙʳʣʠ ʠʩʩʣʝʜʦʚʘʥʳ ʤʝʪʦʜʦʤ ʜʠʥʘʤʠʯʝʩʢʦʛʦ ʨʘʩʩʝʷʥʠ̫ ʩʚʝʪʘ 

(ɼʈʉ), ʚ ʨʝʟʫʣʴʪʘʪʝ ʯʝʛʦ ʙʳʣʠ ʦʧʨʝʜʝʣʝʥʳ ʵʣʝʢʪʨʦʢʠʥʝʪʠʯʝʩʢʠʡ 

ʧʦʪʝʥʮʠʘʣ ʠ ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʠʝ ʨʘʟʤʝʨʳ ʥʘʥʦʯʘʩʪʠʮ. ʊʘʢʞʝ ʚ 

ʩʪʘʥʜʘʨʪʥʦʤ ʩʧʝʢʪʨʦʬʦʪʦʤʝʪʨʝ ʙʳʣʠ ʠʟʤʝʨʝʥʳ ʩʧʝʢʪʨʳ ʦʧʪʠʯʝ-

ʩʢʦʛʦ ʧʦʛʣʦʱʝʥʠʷ ʩʫʩʧʝʥʟʠʡ. 

ʅʘ ʨʠʩ. 1 ʧʨʝʜʩʪʘʚʣʝʥʳ ʪʠʧʠʯʥʳʝ ʩʧʝʢʪʨʳ ʧʦʛʣʦʱʝʥʠʷ ʩʚʝʪʘ 

ʥʘʥʦʯʘʩʪʠʮʘʤʠ. ɺʠʜʥʦ, ʯʪʦ ʫ ʥʘʥʦʯʘʩʪʠʮ Si ʧʦʛʣʦʱʝʥʠʝ ʙʦʣʴʰʝ, 

ʯʪʦ ʦʙʫʩʣʦʚʣʝʥʦ ʠʭ ʤʝʥʴʰʝʡ ʰʠʨʠʥʦʡ ʟʘʧʨʝʱʝʥʥʦʡ ʟʦʥʳ. ʀʟ ʨʠʩ.2 

ʚʠʜʥʦ, ʯʪʦ ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʠʝ ʨʘʟʤʝʨʳ ʥʘʥʦʯʘʩʪʠʮ SiC ʤʝʥʴʰʝ 

ʨʘʟʤʝʨʦʚ ʥʘʥʦʯʘʩʪʠʮ Si, ʯʪʦ ʤʦʞʝʪ ʙʳʪʴ ʩʚʷʟʘʥʦ ʩ ʤʝʥʴʰʝʡ ʚʝʨʦ-

ʷʪʥʦʩʪʴʶ ʩʪʝʭʠʦʤʝʪʨʠʯʝʩʢʦʡ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ SiC. ɼʦʙʘʚʣʝʥʠʝ 

ʜʝʢʩʪʨʘʥʘ ʧʨʠʚʦʜʠʪ ʢ ʫʤʝʥʴʰʝʥʠʶ ʨʘʟʤʝʨʦʚ ʥʘʥʦʯʘʩʪʠʮ Si, ʯʪʦ 

ʤʦʞʥʦ ʦʙʲʷʩʥʠʪʴ ʦʛʨʘʥʠʯʝʥʠʝʤ ʧʨʦʮʝʩʩʦʚ ʜʠʬʬʫʟʠʠ ʠ ʢʨʠʩʪʘʣʣʠ-

ʟʘʮʠʠ ʥʘʥʦʯʘʩʪʠʮ Si ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʤʦʣʝʢʫʣ ʧʦʣʠʩʘʭʘʨʠʜʘ. 
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ʈʠʩ.1. ʉʧʝʢʪʨʳ ʧʦʛʣʦʱʝʥʠʷ ʩʚʝʪʘ ʚʦʜʥʳʤʠ ʩʫʩ-

ʧʝʥʟʠʷʤʠ ʥʘʥʦʯʘʩʪʠʮ Si ʠ SiC. 
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ʈʠʩ.2. ʇʦʣʫʯʝʥʥʳʝ ʠʟ ʩʧʝʢʪʨʦʚ ɼʈʉ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʥʘʥʦʯʘʩʪʠʮ ʧʦ ʨʘʟʤʝ-

ʨʘʤ ʜʣʷ SiC, Si ʠ Si+dextran.  

 

ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʦ ʚʦʟʤʦʞʥʦʩʪʠ ʫʧʨʘʚ-

ʣʝʥʠʷ ʦʧʪʠʯʝʩʢʠʤʠ ʩʚʦʡʩʪʚʘʤʠ ʠ ʨʘʟʤʝʨʘʤʠ ʥʘʥʦʯʘʩʪʠʮ ʥʘ ʦʩʥʦʚʝ 

ʢʨʝʤʥʠʷ ʧʨʠ ʣʘʟʝʨʥʦʡ ʘʙʣʷʮʠʠ ʚ ʞʠʜʢʦʩʪʠ. ʊʘʢ, ʧʦʛʣʦʱʝʥʠʝ ʩʚʝʪʘ 

ʚʠʜʠʤʦʛʦ ʜʠʘʧʘʟʦʥʘ ʩʧʝʢʪʨʘ ʥʘʥʦʯʘʩʪʠʮʘʤʠ ʯʠʩʪʦʛʦ ʢʨʝʤʥʠʷ ʤʦʞ-

ʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʜʣʷ ʬʦʪʦʠʥʜʫʮʠʨʦʚʘʥʥʦʡ ʛʠʧʝʨʪʝʨʤʠʠ ʦʧʫʭʦʣʝʡ.  

 

ʃʠʪʝʨʘʪʫʨʘ 

1. A. V. Kabashin, V. Yu. Timoshenko. Nanomedicine 11 (17) 

2247-2250 (2016). 
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ʀʟʛʦʪʦʚʣʝʥʠʝ ʨʝʥʪʛʝʥʦʚʩʢʠʭ ʪʨʫʙʦʢ ʜʣʷ ʘʧʧʘʨʘʪʦʚ ʢʦʤʧʴʶʪʝʨ-

ʥʦʡ ʪʦʤʦʛʨʘʬʠʠ ʠ ʘʥʛʠʦʛʨʘʬʠʠ ʪʨʝʙʫʝʪ ʥʘʜʝʞʥʳʭ ʤʝʪʦʜʦʚ ʩʦʝʜʠ-

ʥʝʥʠʷ, ʢʦʪʦʨʳʝ ʜʦʣʞʥʳ ʦʙʝʩʧʝʯʠʪʴ ʜʦʣʛʦʚʨʝʤʝʥʥʦʝ ʬʫʥʢʮʠʦʥʠʨʦ-

ʚʘʥʠʝ ʦʙʦʨʫʜʦʚʘʥʠʷ. ʆʩʥʦʚʥʳʤ ʵʥʝʨʛʦʥʘʧʨʷʞʝʥʥʳʤ ʵʣʝʤʝʥʪʦʤ 

ʪʨʫʙʢʠ ʷʚʣʷʝʪʩʷ ʘʥʦʜ, ʢʦʪʦʨʳʡ ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʠʪʴ ʟʘ ʢʦʨʦʪʢʦʝ 

ʚʨʝʤʷ ʚʳʩʦʢʠʡ ʬʣʶʝʥʩ ʨʝʥʪʛʝʥʦʚʩʢʦʛʦ ʠʟʣʫʯʝʥʠʷ. ɸʥʦʜ ʨʝʥʪʛʝ-

ʥʦʚʩʢʦʡ ʪʨʫʙʢʠ ʩʦʩʪʦʠʪ ʠʟ ʜʚʫʭ ʦʩʥʦʚʥʳʭ ʵʣʝʤʝʥʪʦʚ ï ʜʠʩʢʘ ʠʟ 

ʥʠʟʢʦʣʝʛʠʨʦʚʘʥʥʦʛʦ ʤʦʣʠʙʜʝʥʦʚʦʛʦ ʩʧʣʘʚʘ ʤʘʨʢʠ TZM, ʩ ʥʘʧʳ-

ʣʝʥʥʦʡ ʥʘ ʥʝʛʦ ʤʝʪʦʜʦʤ ʛʘʟʦʬʘʟʥʦʛʦ ʦʩʘʞʜʝʥʠʷ ʚʦʣʴʬʨʘʤʦʚʦʡ ʜʦ-

ʨʦʞʢʦʡ, ʠ ʜʠʩʢʘ-ʦʭʣʘʜʠʪʝʣʷ, ʠʟʛʦʪʦʚʣʝʥʥʦʛʦ ʠʟ ʚʳʩʦʢʦʧʣʦʪʥʦʛʦ 

ʛʨʘʬʠʪʘ ʄʇɻ-6. ʆʥʠ ʜʦʣʞʥʳ ʙʳʪʴ ʩʦʝʜʠʥʝʥʳ ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʯʪʦ-

ʙʳ ʦʙʝʩʧʝʯʠʪʴ ʥʘʜʸʞʥʦʝ ʠ ʜʣʠʪʝʣʴʥʦʝ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʝ  ʠʟʜʝʣʠʷ 

ʚ ʫʩʣʦʚʠʷʭ ʚʳʩʦʢʠʭ ʪʝʤʧʝʨʘʪʫʨ (ʜʦ 1500 Áʉ) ʠ ʢʘʩʘʪʝʣʴʥʳʭ ʥʘʛʨʫ-

ʟʦʢ, ʚʳʟʚʘʥʥʳʭ ʙʳʩʪʨʳʤ ʚʨʘʱʝʥʠʝʤ ʘʥʦʜʘ (ʜʦ 9000 ʦʙ/ʤʠʥ). ʀʟʚʝ-

ʩʪʝʥ ʩʧʦʩʦʙ ʩʦʝʜʠʥʝʥʠʷ ʤʦʣʠʙʜʝʥʦʚʦʛʦ ʩʧʣʘʚʘ TZM ʠ ʚʳʩʦʢʦʧʣʦʪ-

ʥʦʛʦ ʛʨʘʬʠʪʘ ʩ ʧʦʤʦʱʴʶ ʢʦʥʪʘʢʪʥʦ-ʨʝʘʢʪʠʚʥʦʡ ʧʘʡʢʠ ʮʠʨʢʦʥʠ-

ʝʤ[1]. ʇʘʡʢʘ ʧʨʦʚʦʜʠʪʩʷ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʘʭ ʚʳʰʝ ʪʝʤʧʝʨʘʪʫʨʳ ʵʚ-

ʪʝʢʪʠʢʠ Mo-Zr (1550 Áʉ). ʇʨʠ ʪʘʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ ʧʦʩʣʝ ʦʭʣʘʞʜʝ-

ʥʠʷ ʤʦʛʫʪ ʚʦʟʥʠʢʘʪʴ ʚʳʩʦʢʠʝ ʪʝʨʤʦʥʘʧʨʷʞʝʥʠʷ ʚ ʧʘʷʥʦʤ ʩʦʝʜʠʥʝ-

ʥʠʠ, ʯʪʦ ʤʦʞʝʪ ʚʧʦʩʣʝʜʩʪʚʠʠ ʧʦʚʣʠʷʪʴ ʥʘ ʝʛʦ ʥʘʜʝʞʥʦʩʪʴ. ʇʦʵʪʦʤʫ 

ʙʦʣʝʝ ʧʨʝʜʧʦʯʪʠʪʝʣʴʥʳʤ ʷʚʣʷʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʧʨʠʧʦʝʚ ʩ ʤʝʥʴ-

ʰʝʡ ʪʝʤʧʝʨʘʪʫʨʦʡ ʧʣʘʚʣʝʥʠʷ. ɼʣʷ ʧʘʡʢʠ ʫʛʣʝʨʦʜʩʦʜʝʨʞʘʱʠʭ ʤʘ-

ʪʝʨʠʘʣʦʚ ʧʨʠʤʝʥʷʶʪ ʩʧʣʘʚʳ ʥʘ ʦʩʥʦʚʝ ʩʝʨʝʙʨʘ, ʘʢʪʠʚʠʨʦʚʘʥʥʳʝ 

ʪʠʪʘʥʦʤ ʠʣʠ ʮʠʨʢʦʥʠʝʤ [2,3], ʦʜʥʘʢʦ ʪʘʢʠʝ ʧʨʠʧʦʠ ʥʝ ʦʙʝʩʧʝʯʠʚʘ-

ʶʪ ʜʦʩʪʘʪʦʯʥʫʶ ʪʝʨʤʦʩʪʦʡʢʦʩʪʴ ʩʦʝʜʠʥʝʥʠʷ. ʎʝʣʴʶ ʥʘʩʪʦʷʱʝʡ 

ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʨʘʟʨʘʙʦʪʢʘ ʧʨʠʧʦʷ, ʦʙʣʘʜʘʶʱʝʛʦ ʧʨʠʝʤʣʝʤʦʡ 

mailto:fed_ivan@mail.ru
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ʪʝʤʧʝʨʘʪʫʨʦʡ ʧʣʘʚʣʝʥʠʷ (ʜʦ 1400 Áʉ) ʠ ʦʙʝʩʧʝʯʠʚʘʶʱʝʛʦ ʚʳʩʦʢʫʶ 

ʪʝʨʤʦʩʪʦʡʢʦʩʪʴ ʧʘʷʥʦʛʦ ʩʦʝʜʠʥʝʥʠʷ. 

ʇʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʨʘʟʨʘʙʦʪʢʠ ʪʝʭʥʦʣʦʛʠʠ ʧʦʣʫʯʝʥʠʷ 

ʧʦʨʦʰʢʦʚʦʛʦ ʧʨʠʧʦʷ Ti-40Zr-8.5Nb-1.5Be ʠ ʨʝʞʠʤʦʚ ʚʳʩʦʢʦʪʝʤʧʝ-

ʨʘʪʫʨʥʦʡ ʧʘʡʢʠ ʩʧʣʘʚʘ TZM ʠ ʛʨʘʬʠʪʘ ʄʇɻ-6. ʆʧʨʝʜʝʣʝʥ ʬʘʟʦʚʳʡ 

ʩʦʩʪʘʚ ʧʨʠʧʦʷ, ʠʟʫʯʝʥʦ ʩʪʨʫʢʪʫʨʥʦ-ʬʘʟʦʚʦʝ ʩʦʩʪʦʷʥʠʝ ʠ ʚʣʠʷʥʠʝ 

ʤʝʭʘʥʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʠ ʧʦʚʝʨʭʥʦʩʪʠ ʛʨʘʬʠʪʘ ʥʘ ʧʨʦʯʥʦʩʪʴ ʧʘʷ-

ʥʳʭ ʩʦʝʜʠʥʝʥʠʡ, ʧʨʦʚʝʜʝʥʳ ʵʢʩʧʝʨʠʤʝʥʪʳ ʧʦ ʦʮʝʥʢʝ ʫʩʪʦʡʯʠʚʦʩʪʠ 

ʧʘʷʥʦʛʦ ʩʦʝʜʠʥʝʥʠʷ ʢ ʚʦʟʜʝʡʩʪʚʠʶ ʚʳʩʦʢʠʭ (ʜʦ 1680 Áʉ) ʪʝʤʧʝʨʘ-

ʪʫʨ. ʉʧʘʷʥ ʘʥʦʜ ʜʠʘʤʝʪʨʦʤ 100 ʤʤ ï ʨʠʩ.1, ʢʦʪʦʨʳʡ ʚʳʜʝʨʞʘʣ ʥʘ 

ʧʨʝʜʚʘʨʠʪʝʣʴʥʳʭ ʠʩʧʳʪʘʥʠʷʭ 5 ʮʠʢʣʦʚ ʚʨʘʱʝʥʠʷ ʜʦ 5000  ʦʙ/ʤʠʥ. 

ʚ ʪʝʯʝʥʠʠ 1 ʤʠʥʫʪʳ ʩ ʨʝʟʢʦʡ ʦʩʪʘʥʦʚʢʦʡ ʟʘ 2 ʩʝʢʫʥʜʳ. 

  
ʈʠʩ.1. ʘ) ʄʠʢʨʦʩʪʨʫʢʪʫʨʘ ʧʘʷʥʦʛʦ ʩʦʝʜʠʥʝʥʠʷ ʩʧʣʘʚ TZMïʛʨʘʬʠʪ 

ʄʇɻ-6, ʙ) ʬʨʘʛʤʝʥʪ ʘʥʦʜʘ ʜʠʘʤʝʪʨʦʤ 100 ʤʤ ʧʦʩʣʝ ʠʩʧʳʪʘʥʠʡ 

 

ʃʠʪʝʨʘʪʫʨʘ 

1. Non-destructive evaluation of brazed joints by means of acoustic 

emission, H. Traxler , W. Arnold , W. Knabl1 and P. R Dhammer, Jour-

nal of Acoustic Emission 20 (2002), pp.257-264, ISSN: 0730-0050 

2. Brazing of C/C Composites and Ni Base Alloys With Ag-Cu-Ti 

and Fe-Based Braze Filler Alloys Toshi-Taka Ikeshoji, Tetsutaro 

Amanuma, Akio Suzumura, Takahisa Yamazaki , Tokyo Institute of 

Technology, Tokyo, Japan 

3. Kinetics of carbon fiber reinforced composite brazed by Ag-10Ti 

active braze, W.Qu, H.Li, Z. Zhang and H. Zhuang, Beijing/CN 

а) б) 
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ʆʇʊʀʏɽʉʂɸʗ ʆʎɽʅʂɸ ʉʆʉʊɸɺɸ ʂʆʉʊʅʓʍ  

ʀʄʇʃɸʅʊɸʊʆɺ ɺ ʇʈʆʎɽʉʉɽ ʀʍ ʆɹʈɸɹʆʊʂʀ  

 

ʌʨʦʣʦʚ ʆ.ʆ.
1
, ʊʠʤʯʝʥʢʦ ʇ.ɽ.

1
, ʊʠʤʯʝʥʢʦ ɽ.ɺ.

1
, ɺʦʣʦʚʘ ʃ.ʊ.

2
,  

ɼʦʣʛʫʰʢʠʥ ɼ.ɸ.
2
, ʄʝʱʝʨʷʢʦʚ ɺ.ɼ.

1
 

 
1 ʉʘʤʘʨʩʢʠʡ ʥʘʮʠʦʥʘʣʴʥʳʡ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤʝʥʠ  

ʘʢʘʜʝʤʠʢʘ ʉ.ʇ. ʂʦʨʦʣʝʚʘ (ʉʘʤʘʨʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ), ʉʘʤʘʨʘ 
2 ʉʘʤʘʨʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʤʝʜʠʮʠʥʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ, ʉʘʤʘʨʘ 

ʢʦʥʪ. ʪʝʣ: 89370702139, e-mail: laser-optics.timchenko@mail.ru 

 

ɺʦʩʩʪʘʥʦʚʣʝʥʠʝ ʢʦʩʪʥʦʡ ʪʢʘʥʠ ʧʦʩʣʝ ʧʝʨʝʣʦʤʦʚ ʷʚʣʷʝʪʩʷ ʚʘʞ-

ʥʦʡ ʤʝʜʠʢʦ-ʩʦʮʠʘʣʴʥʦʡ ʧʨʦʙʣʝʤʦʡ ʩʦʚʨʝʤʝʥʥʦʛʦ ʤʠʨʘ. ʂʦʩʪʥʳʝ 

ʠʤʧʣʘʥʪʘʪʳ ʠʩʧʦʣʴʟʫʶʪʩʷ ʚ ʨʝʢʦʥʩʪʨʫʢʪʠʚʥʦʡ ʭʠʨʫʨʛʠʠ ʜʣʷ ʚʦʩ-

ʩʪʘʥʦʚʣʝʥʠʷ ʩʪʨʫʢʪʫʨʥʦʡ ʮʝʣʦʩʪʥʦʩʪʠ ʢʦʩʪʝʡ ʠ ʧʦʚʳʰʝʥʠʷ ʦʩʪʝʦ-

ʛʝʥʥʦʛʦ ʧʦʪʝʥʮʠʘʣʘ ʢʦʩʪʥʦʡ ʪʢʘʥʠ [1]. ɼʣʷ ʪʨʘʥʩʧʣʘʥʪʘʮʠʠ ʠʩ-

ʧʦʣʴʟʫʶʪʩʷ ʢʘʢ ʘʫʪʦʣʦʛʠʯʥʳʡ, ʪʘʢ ʠ ʘʣʣʦʛʝʥʥʳʡ ʤʘʪʝʨʠʘʣ. ɼʝʤʠ-

ʥʝʨʘʣʠʟʦʚʘʥʥʳʡ ʣʠʦʬʠʣʠʟʠʨʦʚʘʥʥʳʡ ʢʦʩʪʥʳʡ ʤʘʪʨʠʢʩ ʦʪʣʠʯʘʝʪʩʷ 

ʚʳʨʘʞʝʥʥʦʡ ʦʩʪʝʦʠʥʜʫʢʪʠʚʥʦʩʪʴʶ, ʦʜʥʘʢʦ ʝʸ ʧʨʦʷʚʣʝʥʠʷ ʠ ʩʪʨʫʢ-

ʪʫʨʥʘʷ ʧʨʦʯʥʦʩʪʴ ʤʘʪʝʨʠʘʣʘ ʟʘʚʠʩʷʪ ʦʪ ʩʧʦʩʦʙʦʚ ʝʛʦ ʦʙʨʘʙʦʪʢʠ. 

ʂʦʩʪʥʳʝ ʠʤʧʣʘʥʪʘʪʳ ʜʦʣʞʥʳ ʙʳʪʴ ʥʝʠʤʤʫʥʦʛʝʥʥʳʤʠ, ʙʠʦʨʝʟʦʨ-

ʙʠʨʫʝʤʳʤʠ, ʦʙʣʘʜʘʪʴ ʦʧʨʝʜʝʣʸʥʥʳʤʠ ʬʠʟʠʢʦ-ʤʝʭʘʥʠʯʝʩʢʠʤʠ ʠ 

ʭʠʤʠʢʦ-ʙʠʦʣʦʛʠʯʝʩʢʠʤʠ ʩʚʦʡʩʪʚʘʤʠ [2]. ʇʦʵʪʦʤʫ ʢʦʥʪʨʦʣʴ ʩʦʩʪʘʚʘ 

ʘʣʣʦʛʝʥʥʦʡ ʢʦʩʪʥʦʡ ʪʢʘʥʠ ʚ ʧʨʦʮʝʩʩʝ ʝʸ ʧʦʣʫʯʝʥʠʷ ʠ ʦʙʨʘʙʦʪʢʠ 

ʷʚʣʷʝʪʩʷ ʚʝʩʴʤʘ ʘʢʪʫʘʣʴʥʦʡ ʧʨʦʙʣʝʤʦʡ ʧʨʠ ʩʦʟʜʘʥʠʠ ʦʧʪʠʤʘʣʴʥʦʛʦ 

ʧʨʦʪʦʢʦʣʘ ʠʟʛʦʪʦʚʣʝʥʠʷ ʠʤʧʣʘʥʪʘʪʘ. 

ʆʙʲʝʢʪʘʤʠ ʠʩʩʣʝʜʦʚʘʥʠʷ ʷʚʣʷʣʠʩʴ ʦʙʨʘʟʮʳ ʜʝʤʠʥʝʨʘʣʠʟʦʚʘʥ-

ʥʦʡ ʢʦʩʪʥʦʡ ʪʢʘʥʠ ʨʘʟʤʝʨʘʤʠ 5*5*5 ʤʤ., ʧʦʣʫʯʝʥʥʳʝ ʨʘʟʣʠʯʥʳʤʠ 

ʩʧʦʩʦʙʘʤʠ, ʚ ʪʦʤ ʯʠʩʣʝ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʥʠʟʢʦʯʘʩʪʦʪʥʦʛʦ ʫʣʴʪʨʘʟʚʫ-

ʢʘ ʠ ʦʙʨʘʙʦʪʢʦʡ ʜʝʪʝʨʛʝʥʪʘʤʠ.  

ʎʝʣʴ ʨʘʙʦʪʳ: ʠʩʩʣʝʜʦʚʘʥʠʝ ʚʣʠʷʥʠʷ ʫʣʴʪʨʘʟʚʫʢʦʚʦʡ ʦʙʨʘʙʦʪʢʠ 

ʥʘ ʩʦʩʪʘʚ ʢʦʩʪʥʳʭ ʠʤʧʣʘʥʪʘʪʦʚ. 

ʆʧʪʠʯʝʩʢʠʡ ʢʦʥʪʨʦʣʴ ʩʦʩʪʘʚʘ ʙʳʣ ʨʘʥʝʝ ʦʩʫʱʝʩʪʚʣʝʥ ʥʘ ʦʙʨʘʟ-

ʮʘʭ ʧʦʨʦʰʢʘ ʛʠʜʨʦʢʩʠʘʧʘʪʠʪʘ [3]. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʩʪʝʧʝʥʴ ʦʙʨʘ-

ʙʦʪʢʠ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʠʟʤʝʥʝʥʠʷʤʠ ʚ ʩʧʝʢʪʨʘʭ ʂʈ ʥʘ ʚʦʣʥʦʚʳʭ 

ʯʠʩʣʘʭ 959 ʩʤ
-1
 ʠ 1065 ʩʤ

-1
, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʬʦʩʬʘʪ- ʠ ʢʘʨʙʦʥʘʪ-

ʠʦʥʘʤ. ʇʨʠ ʫʚʝʣʠʯʝʥʠʠ ʚʨʝʤʝʥʠ ʜʝʤʠʥʝʨʘʣʠʟʘʮʠʠ ʥʘʙʣʶʜʘʝʪʩʷ 
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ʩʥʠʞʝʥʠʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʤʠʥʝʨʘʣʴʥʳʭ ʚʝʱʝʩʪʚ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ 

ʦʨʛʘʥʠʯʝʩʢʦʤʫ ʢʦʤʧʦʥʝʥʪʫ. 

ɺ ʢʘʯʝʩʪʚʝ ʦʩʥʦʚʥʦʛʦ ʤʝʪʦʜʘ ʠʩʩʣʝʜʦʚʘʥʠʡ ʙʠʦʠʤʧʣʘʥʪʘʪʦʚ ʙʳʣ 

ʠʩʧʦʣʴʟʦʚʘʥ ʤʝʪʦʜ ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʢʦʤʙʠʥʘʮʠʦʥʥʦʛʦ ʨʘʩʩʝʷʥʠʷ, 

ʨʝʘʣʠʟʫʝʤʳʡ ʩ ʧʦʤʦʱʴʶ ʚʳʩʦʢʦʨʘʟʨʝʰʘʶʱʝʛʦ ʩʧʝʢʪʨʦʤʝʪʨʘ 

Shamrock sr-303i ʩʦ ʚʩʪʨʦʝʥʥʦʡ ʦʭʣʘʞʜʘʝʤʦʡ ʢʘʤʝʨʦʡ DV420A-OE, 

ʦʙʝʩʧʝʯʠʚʘʶʱʝʡ ʩʧʝʢʪʨʘʣʴʥʦʝ ʨʘʟʨʝʰʝʥʠʝ 0,15 ʥʤ, ʠ ʣʘʟʝʨʥʦʛʦ 

ʤʦʜʫʣʷ LuxxMaster LML-785.0RD-04. ɼʠʘʧʘʟʦʥ ʩʢʘʥʠʨʦʚʘʥʠʷ ʜʣʠʥ 

ʚʦʣʥ ʦʪ 190 ʥʤ ʜʦ 1200 ʥʤ; ʨʘʟʨʝʰʝʥʠʝ ʢʘʤʝʨʳ 1024*255 ʧʠʢʩʝʣʝʡ, 

ʤʦʱʥʦʩʪʴ ʣʘʟʝʨʘ 50-500 ʤɺʪ.  

ʀʩʩʣʝʜʦʚʘʥʳ ʦʩʦʙʝʥʥʦʩʪʠ ʩʧʝʢʪʨʦʚ ʢʦʤʙʠʥʘʮʠʦʥʥʦʛʦ ʜʣʷ ʢʦʩʪ-

ʥʳʭ ʠʤʧʣʘʥʪʦʚ, ʠʟʛʦʪʦʚʣʝʥʥʳʭ ʧʦ ʨʘʟʣʠʯʥʳʤ ʧʨʦʪʦʢʦʣʘʤ ʜʝʤʠʥʝ-

ʨʘʣʠʟʘʮʠʠ. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʧʨʦʮʝʩʩ ʜʝʤʠʥʝʨʘʣʠʟʘʮʠʠ ʭʘʨʘʢʪʝʨʠ-

ʟʫʝʪʩʷ ʨʘʟʣʠʯʠʝʤ ʥʘ ʚʦʣʥʦʚʳʭ ʯʠʩʣʘʭ 428, 585, 960, 1065, 1243 ʠ 

1555 ʩʤ
-1
, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʟʥʘʯʠʤʳʤ ʜʣʷ ʢʘʯʝʩʪʚʘ ʠʤʧʣʘʥʪʘʪʘ 

ʢʦʤʧʦʥʝʥʪʘʤ: ʛʠʜʨʦʢʩʠʘʧʘʪʠʪʫ ʠ ʢʦʣʣʘʛʝʥʫ (ʘʤʠʜ I ʠ ʘʤʠʜ II). 

ʉʧʝʢʪʨʦʩʢʦʧʠʷ ʢʦʤʙʠʥʘʮʠʦʥʥʦʛʦ ʨʘʩʩʝʷʥʠʷ ʤʦʞʝʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦ-

ʚʘʥʘ ʜʣʷ ʦʮʝʥʢʠ ʢʘʯʝʩʪʚʘ ʢʦʩʪʥʳʭ ʠʤʧʣʘʥʪʘʪʦʚ ʚ ʧʨʦʮʝʩʩʝ ʠʭ ʦʙ-

ʨʘʙʦʪʢʠ.  

ʇʨʦʚʝʜʸʥ ʜʚʫʤʝʨʥʳʡ ʘʥʘʣʠʟ ʚʚʝʜʸʥʥʳʭ ʦʧʪʠʯʝʩʢʠʭ ʢʦʵʬʬʠʮʠ-

ʝʥʪʦʚ, ʧʦʟʚʦʣʷʶʱʠʭ ʦʮʝʥʠʪʴ ʢʘʯʝʩʪʚʦ ʢʦʩʪʥʳʭ ʠʤʧʣʘʥʪʘʪʦʚ, ʠʟʛʦ-

ʪʦʚʣʝʥʥʳʭ ʧʦ ʨʘʟʣʠʯʥʳʤ ʧʨʦʪʦʢʦʣʘʤ ʜʝʤʠʥʝʨʘʣʠʟʘʮʠʠ c ʠʩʧʦʣʴ-

ʟʦʚʘʥʠʝʤ ʫʣʴʪʨʘʟʚʫʢʘ. 

 

ʃʠʪʝʨʘʪʫʨʘ 

1. I.A. Kirilova. "Demineralized bone graft as a stimulator of bone 

formation: current concepts," Spine Surgery, number 3, 105-110 (2004). 

2. G.N. Berchenko. "Bone grafts in traumatology and orthopedics" 

Biomaterials, ˉ9, 4-5 (2008). 

3. P.E. Timchenko. et al. "Spectral analysis of allogeneic hydroxyap-

atite powders" J. Phys.: Conf. Ser. 784 012060 (2017). 
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ɺɿɸʀʄʆɼɽʁʉʊɺʀʗ ɸʃʔɹʋʄʀʅɸ ʉ Fe (III)  
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1
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2
,  ɻʘʨʠʬʫʣʣʠʥ ɸ.ɼ.

3
, 

 ɺʦʣʦʰʠʥ ʉ.ɺ.
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1
 ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛʩʢʠʡ ʥʘʮʠʦʥʘʣʴʥʳʡ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʫʥʠʚʝʨʩʠ-

ʪʝʪ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ, ʤʝʭʘʥʠʢʠ ʠ ʦʧʪʠʢʠ, 

2 ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ, 

3 ʈʦʩʩʠʡʩʢʠʡ ʥʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʠʥʩʪʠʪʫʪ ʛʝʤʘʪʦʣʦʛʠʠ ʠ 

ʪʨʘʥʩʬʫʟʠʦʣʦʛʠʠ, ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛ, ʈʦʩʩʠʷ 

ʉʪʫʜʝʥʪ, guz.xisamowa@yandex.ru., ljusja@mail.ru 

 

ɺʩʝʛʦ ʚ ʦʨʛʘʥʠʟʤʝ ʯʝʣʦʚʝʢʘ ʥʘʭʦʜʠʪʩʷ ʪʨʠ-ʯʝʪʳʨʝ ʛʨʘʤʤʘ ʞʝʣʝ-

ʟʘ. ʇʨʠʯʝʤ ʙʦʣʴʰʘʷ ʝʛʦ ʯʘʩʪʴ (3,5 ʤʛ) ʩʚʷʟʘʥʘ ʠ ʧʝʨʝʥʦʩʠʪʩʷ ʙʝʣ-

ʢʘʤʠ ʧʣʘʟʤʳ ʢʨʦʚʠ: ʛʝʤʦʛʣʦʙʠʥʦʤ (68% ʞʝʣʝʟʘ ʚʩʝʛʦ ʦʨʛʘʥʠʟʤʘ), 

ʬʝʨʨʠʪʠʥʦʤ (27% ʦʪ ʚʩʝʛʦ ʞʝʣʝʟʘ) ʠ ʪʨʘʥʩʬʝʨʨʠʥʦʤ (0,1% ʦʪ ʚʩʝʛʦ 

ʞʝʣʝʟʘ). ʆʜʥʘʢʦ ʠʟʚʝʩʪʥʦ, ʯʪʦ ʠʥʦʛʜʘ ʧʨʦʠʩʭʦʜʠʪ ʥʝʩʧʝʮʠʬʠʯʝʩʢʦʝ 

ʩʚʷʟʳʚʘʥʠʝ ʢʘʪʠʦʥʦʚ ʞʝʣʝʟʘ ʩ ʜʨʫʛʠʤʠ ʪʨʘʥʩʧʦʨʪʥʳʤʠ ʙʝʣʢʘʤʠ. ɺ 

ʯʘʩʪʥʦʩʪʠ, ʩ ʘʣʴʙʫʤʠʥʦʤ. ʕʪʦʪ ʧʨʦʮʝʩʩ ʥʘʙʣʶʜʘʝʪʩʷ ʧʨʠ çʧʝʨʝ-

ʛʨʫʟʢʝè ʦʨʛʘʥʠʟʤʘ ʞʝʣʝʟʦʤ, ʪ.ʝ. ʚʳʩʦʢʠʤ ʫʨʦʚʥʝʤ ʥʘʩʳʱʝʥʠʷ 

ʪʨʘʥʩʬʝʨʨʠʥʘ (ʦʩʥʦʚʥʦʛʦ ʧʝʨʝʥʦʩʯʠʢʘ ʞʝʣʝʟʘ ʚ ʧʣʘʟʤʝ). 

ɺʚʠʜʫ ʤʘʣʦʠʟʫʯʝʥʥʦʩʪʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʘʣʴʙʫʤʠʥʦʚ ʩ ʢʘʪʠʦʥʘ-

ʤʠ ʞʝʣʝʟʘ ʚ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʙʳʣʦ ʧʨʦʚʝʜʝʥʦ ʀʂ-

ʩʧʝʢʪʨʦʤʝʪʨʠʯʝʩʢʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʠʭ ʢʦʤʧʣʝʢʩʦʦʙʨʘʟʦʚʘʥʠʷ. ʀʟ-

ʤʝʨʝʥʠʷ ʦʩʫʱʝʩʪʚʣʷʣʠʩʴ ʥʘ ʀʂ-ʌʫʨʴʝ ʩʧʝʢʪʨʦʤʝʪʨʝ Bruker Tensor 

37. 
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ʉʇɽʂʊʈɸʃʔʅʓʁ ɸʅɸʃʀɿ ʉʊʈʋʂʊʋʈʅʓʍ 

ʀɿʄɽʅɽʅʀʁ ʂʃɸʇɸʅʆɺ ʉɽʈɼʎɸ ʇʈʀ ɺʓʇʆʃʅɽʅʀʀ 

ʀʍ ɼɽʎɽʃʃʖʃʗʈʀɿɸʎʀʀ  

 

ʐʘʣʢʦʚʩʢʘʷ ʇ.ʖ.
 1
, ʊʠʤʯʝʥʢʦ ɽ.ɺ.

 1
, ʊʠʤʯʝʥʢʦ ʇ.ɽ.

 1
,  

ɺʦʣʦʚʘ ʃ.ʊ.
 2
, ɼʦʣʛʫʰʢʠʥ ɼ.ɸ.

2
, ʊʨʘʧʝʟʥʠʢʦʚ ɼ.ʉ.

 1 

 

1
 ʉʘʤʘʨʩʢʠʡ ʥʘʮʠʦʥʘʣʴʥʳʡ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤʝʥʠ 

ʘʢʘʜʝʤʠʢʘ ʉ.ʇ. ʂʦʨʦʣʝʚʘ (ʉʘʤʘʨʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ), ʉʘʤʘʨʘ 
2
 ʀʥʩʪʠʪʫʪ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʤʝʜʠʮʠʥʳ ʠ ʙʠʦʪʝʭʥʦʣʦʛʠʡ 

 (ʉʘʤɻ-ʄʋ), ʉʘʤʘʨʘ 

ʢʦʥʪ. ʪʝʣ+79170365341, e-mail: pshalkovkaya@mail.ru 

 

ʇʨʦʙʣʝʤʘ ʣʝʯʝʥʠʷ ʙʦʣʝʟʥʝʡ ʢʣʘʧʘʥʦʚ ʩʝʨʜʮʘ ʫ ʣʶʜʝʡ ʷʚʣʷʝʪʩʷ 

ʧʨʠʦʨʠʪʝʪʥʦʡ ʟʘʜʘʯʝʡ ʩʦʚʨʝʤʝʥʥʦʡ ʤʝʜʠʮʠʥʳ. ɿʘʙʦʣʝʚʘʥʠʷ ʢʣʘʧʘ-

ʥʦʚ ʷʚʣʷʶʪʩʷ ʦʜʥʦʡ ʠʟ ʦʩʥʦʚʥʳʭ ʧʨʠʯʠʥ ʙʦʣʝʟʥʝʡ ʩʝʨʜʮʘ ʠ ʥʝʨʝʜ-

ʢʦ ʧʨʠʚʦʜʷʪ ʢ ʩʤʝʨʪʠ ʧʘʮʠʝʥʪʘ [1, 2]. ʆʜʠʥ ʠʟ ʤʝʪʦʜʦʚ ʩʦʟʜʘʥʠʷ  

ʠʤʧʣʘʥʪʘʪʦʚ ʜʣʷ ʟʘʤʝʱʝʥʠʷ ʧʘʪʦʣʦʛʠʯʝʩʢʠ ʠʟʤʝʥʝʥʥʳʭ ʢʣʘʧʘʥʦʚ 

ʩʝʨʜʮʘ ï ʜʝʮʝʣʣʶʣʷʨʠʟʘʮʠʷ ʥʘʪʠʚʥʳʭ ʪʢʘʥʝʡ [3]. 

ɺ ʢʘʯʝʩʪʚʝ ʤʘʪʝʨʠʘʣʘ ʠʩʩʣʝʜʦʚʘʥʠʷ ʠʩʧʦʣʴʟʦʚʘʥʳ ʥʘʪʠʚʥʳʝ ʠ 

ʜʝʮʝʣʣʶʣʷʨʠʟʦʚʘʥʥʳʝ ʘʦʨʪʘʣʴʥʳʝ ʠ ʤʠʪʨʘʣʴʥʳʝ ʢʣʘʧʘʥʳ ʧʦʣʦʚʦʟ-

ʨʝʣʳʭ ʙʘʨʘʥʦʚ. ɼʝʮʝʣʣʶʣʷʨʠʟʘʮʠʶ ʧʨʦʚʦʜʠʣʠ ʩʦʛʣʘʩʥʦ ʧʨʦʪʦʢʦʣʫ, 

ʧʨʝʜʦʩʪʘʚʣʝʥʥʦʤʫ ʧʨʦʬʝʩʩʦʨʦʤ ɸ. ʃʠʭʪʝʥʙʝʨʛʦʤ (ɼʶʩʩʝʣʴʜʦʨʬ, 

ɻʝʨʤʘʥʠʷ). ʆʙʨʘʟʮʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʙʳʣʠ ʠʟʛʦʪʦʚʣʝʥʳ ʧʦ ʪʝʭʥʦʣʦ-

ʛʠʠ çʃʠʦʧʣʘʩʪèÈ (ʊʋ-9398-001-01963143-2004). 

ʉʧʝʢʪʨʘʣʴʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʦʙʨʘʟʮʦʚ ʠʟʫʯʘʣʠ ʩ ʧʦʤʦʱʴʶ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ʩʪʝʥʜʘ, ʚʢʣʶʯʘʶʱʝʛʦ ʚ ʩʝʙʷ ʚʳʩʦʢʦʨʘʟʨʝʰʘ-

ʶʱʠʡ ʮʠʬʨʦʚʦʡ ʩʧʝʢʪʨʦʤʝʪʨ Shamrock sr-303i ʩ ʚʩʪʨʦʝʥʥʦʡ ʦʭʣʘ-

ʞʜʘʝʤʦʡ ʢʘʤʝʨʦʡ DV420A-OE, ʚʦʣʦʢʦʥʥʦ-ʦʧʪʠʯʝʩʢʠʡ ʟʦʥʜ ʜʣʷ 

ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʢʦʤʙʠʥʘʮʠʦʥʥʦʛʦ ʨʘʩʩʝʷʥʠʷ RPB785, ʩʦʚʤʝʱʸʥʥʳʡ 

ʩ ʣʘʟʝʨʥʳʤ ʤʦʜʫʣʝʤ LuxxMaster LML-785.0RB-04 (ʩ ʨʝʛʫʣʠʨʫʝʤʦʡ 

ʤʦʱʥʦʩʪʴʶ ʜʦ 500 ʤɺʪ, ʜʣʠʥʘ ʚʦʣʥʳ 785 ʥʤ).  

ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʨʦʚʝʜʝʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʦʣʫʯʝʥʳ ʩʣʝʜʫʶʱʠʝ 

ʚʳʚʦʜʳ: 

- ɺ ʧʨʦʮʝʩʩʝ ʜʝʮʝʣʣʶʣʷʨʠʟʘʮʠʠ ʢʣʘʧʘʥʦʚ ʩʝʨʜʮʘ ʚʳʷʚʣʝʥʦ ʥʝ-

ʟʥʘʯʠʪʝʣʴʥʦʝ ʫʤʝʥʴʰʝʥʠʝ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʥʘ ʚʦʣʥʦʚʳʭ ʯʠʩʣʘʭ 

1440ʩʤ
-1
, 1062ʩʤ

-1
, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʣʠʧʠʜʘʤ ʠ ʛʣʠʢʦʟʘʠʤʠʥʦʛʣʠ-

ʢʘʥʘʤ, ʘ ʪʘʢʞʝ ʫʤʝʥʴʰʝʥʠʝ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʥʘ ʚʦʣʥʦʚʳʭ ʯʠʩʣʘʭ 812 
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ʩʤ
-1
 ʠ 1340 ʩʤ

-1
, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʬʦʩʬʦʜʠʵʬʠʨʥʦʡ ʩʚʷʟʠ ʈʅʂ ʠ 

ʥʫʢʣʝʠʥʦʚʳʭ ʢʠʩʣʦʪ (ɼʅʂ); 

- ʇʨʦʚʝʜʝʥ ʜʚʫʤʝʨʥʳʡ ʘʥʘʣʠʟ, ʧʦʟʚʦʣʠʚʰʠʡ ʩʨʘʚʥʠʪʴ ʠʟʤʝʥʝ-

ʥʠʷ ʦʩʥʦʚʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ ʥʘʪʠʚʥʳʭ ʦʙʨʘʟʮʦʚ ʠ ʦʙʨʘʟʮʦʚ, ʧʦʜ-

ʚʝʨʛʥʫʪʳʭ ʜʝʮʝʣʣʶʣʷʨʠʟʘʮʠʠ. 

 

ʃʠʪʝʨʘʪʫʨʘ 

1. ʆ.ʉ. ɼʘʥʠʣʠʥʘ. ʂʦʤʧʣʝʢʩ ʩʫʪʦʯʥʦʛʦ ʤʦʥʠʪʦʨʠʥʛʘ ʛʝʤʦʜʠʥʘ-

ʤʠʯʝʩʢʠʭ ʧʦʢʘʟʘʪʝʣʝʡ ʩʝʨʜʝʯʥʦ-ʩʦʩʫʜʠʩʪʦʡ ʩʠʩʪʝʤʳ ʯʝʣʦʚʝʢʘ. 
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ʈɸɿʈɸɹʆʊʂɸ ʀ ʀʉʉʃɽɼʆɺɸʅʀɽ ʅɽʊʂɸʅʆɻʆ  

ɺʆʃʆʂʅʀʉʊʆɻʆ ʄɸʊɽʈʀɸʃɸ ɼʃʗ ʉʆɿɼɸʅʀʗ  

ʀʅʉʋʃʀʅʆʉʆɼɽʈɾɸʑɽɻʆ ɹʀʆʉʆɺʄɽʉʊʀʄʆɻʆ 

ʂʆʅʊɽʁʅɽʈɸ ɼʃʗ ʃʖɼɽʁ ʉ ʉɸʍɸʈʅʓʄ ɼʀɸɹɽʊʆʄ 

 

ʐʘʨʠʢʦʚ ʈ.ɺ. 

 
ʄʦʩʢʦʚʩʢʠʡ ʌʠʟʠʢʦ-ʊʝʭʥʠʯʝʩʢʠʡ ʀʥʩʪʠʪʫʪ (ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠ-

ʚʝʨʩʠʪʝʪ), ʄʦʩʢʚʘ 

ʅʘʮʠʦʥʘʣʴʥʳʡ ʀʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʎʝʥʪʨ çʂʫʨʯʘʪʦʚʩʢʠʡ ʀʥʩʪʠ-

ʪʫʪè, ʄʦʩʢʚʘ 

+7-906-084-25-69, romanpb4@gmail.com 

 

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʠʩʩʣʝʜʦʚʘʥ ʧʨʦʮʝʩʩ ʧʦʣʫʯʝʥʠʷ ʥʝʪʢʘʥʳʭ ʚʦ-

ʣʦʢʥʠʩʪʳʭ ʤʘʪʝʨʠʘʣʦʚ ʥʘ ʦʩʥʦʚʝ ʧʦʣʠʵʪʠʣʝʥʪʝʨʝʬʪʘʣʘʪʘ (ʇʕʊʌ) 

ʤʝʪʦʜʦʤ ʵʣʝʢʪʨʦʬʦʨʤʦʚʘʥʠʷ, ʘ ʪʘʢʞʝ ʠʭ ʩʚʦʡʩʪʚʘ. ʊʘʢʠʝ ʤʘʪʝʨʠʘ-

ʣʳ ʥʘ ʦʩʥʦʚʝ ʇʕʊʌ ʧʨʠʤʝʥʷʶʪʩʷ ʚ ʦʙʣʘʩʪʷʭ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ, ʘ 

ʪʘʢʞʝ ʠʩʧʦʣʴʟʫʶʪʩʷ ʚ ʙʠʦʤʝʜʠʮʠʥʩʢʠʭ ʨʘʟʨʘʙʦʪʢʘʭ. 

ʇʦʣʫʯʝʥʥʳʡ ʤʘʪʝʨʠʘʣ ʧʨʝʜʧʦʣʘʛʘʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʪʴ ʜʣʷ ʩʦʟʜʘ-

ʥʠʷ ʚʥʫʪʨʝʥʥʝʛʦ ʩʣʦʷ ʠʥʩʫʣʠʥʦʩʦʜʝʨʞʘʱʝʛʦ ʙʠʦʩʦʚʤʝʩʪʠʤʦʛʦ 

ʢʦʥʪʝʡʥʝʨʘ, ʧʨʝʜʥʘʟʥʘʯʝʥʥʦʡ ʜʣʷ ʣʝʯʝʥʠʷ ʩʘʭʘʨʥʦʛʦ ʜʠʘʙʝʪʘ 1-ʛʦ 

ʪʠʧʘ. [1, 2] 

ɼʣʷ ʧʦʣʫʯʝʥʠʷ ʚʦʣʦʢʥʠʩʪʦʡ ʩʪʨʫʢʪʫʨʳ ʚ ʭʦʜʝ ʨʘʙʦʪʳ ʙʳʣ ʠʩ-

ʧʦʣʴʟʦʚʘʥ ʤʝʪʦʜ ʵʣʝʢʪʨʦʬʦʨʤʦʚʘʥʠʷ, ʢʦʪʦʨʳʡ ʧʨʠʚʦʜʠʪ ʢ ʦʙʨʘʟʦ-

ʚʘʥʠʶ ʚʦʣʦʢʦʥ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʵʣʝʢʪʨʦʩʪʘʪʠʯʝʩʢʠʭ ʩʠʣ ʧʦʩʪʦʷʥʥʦʛʦ 

ʚʥʝʰʥʝʛʦ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ ʥʘ ʟʘʨʷʞʝʥʥʫʶ ʩʪʨʫʶ ʧʦʣʠʤʝʨʥʦʛʦ 

ʨʘʩʪʚʦʨʘ. 

ɹʳʣʠ ʧʨʦʠʟʚʝʜʝʥʳ ʨʝʦʣʦʛʠʯʝʩʢʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʨʘʩʪʚʦʨʦʚ ʧʦ-

ʣʠʤʝʨʘ ʥʘ ʦʩʥʦʚʝ ʇʕʊʌ ʚ ʛʝʢʩʘʬʪʦʨʠʟʦʧʨʦʧʘʥʦʣʝ (ɻʌʀʇ) ʩ ʵʣʝʢ-

ʪʨʦʧʨʦʚʦʜʥʦʡ ʜʦʙʘʚʢʦʡ ʠ ʙʝʟ ʥʝʝ. ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʵʣʝʢʪʨʦʨʝʦʣʦʛʠ-

ʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʨʘʩʪʚʦʨʦʚ ʇʕʊʌ ʚ ɻʌʀʇ ʩ ʢʦʥʮʝʥʪʨʘʮʠʷʤʠ 

ʚ ʥʠʭ ʧʦʣʠʤʝʨʘ ʦʪ 1% ʜʦ 12 % ʦʧʨʝʜʝʣʝʥʘ ʢʦʥʮʝʥʪʨʘʮʠʷ ʢʨʦʩʩʦʚʝ-

ʨʘ, ʙʦʣʝʝ 6 %, ʘ ʪʘʢʞʝ ʨʘʟʨʘʙʦʪʘʥʳ ʨʝʞʠʤʳ ʧʦʣʫʯʝʥʠʷ ʥʝʪʢʘʥʳʭ 

ʚʦʣʦʢʥʠʩʪʳʭ ʤʘʪʝʨʠʘʣʦʚ ʥʘ ʦʩʥʦʚʝ ʨʘʩʪʚʦʨʦʚ ʩ ʢʦʥʮʝʥʪʨʘʮʠʷʤʠ 6 

%, 9 % ʠ 12 %. 

ɼʣʷ ʫʩʪʨʘʥʝʥʠʷ ʜʝʬʝʢʪʦʚ ʚʦʣʦʢʦʥ ʫʚʝʣʠʯʠʚʘʣʠ ʵʣʝʢʪʨʦʧʨʦʚʦʜ-

ʥʦʩʪʴ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʜʦʙʘʚʢʠ ï ʪʝʪʨʘʙʫʪʠʣʘʤʤʦʥʠʡ ʡʦʜʠʜ 
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(ʊɹɸʁ). ʕʣʝʢʪʨʦʧʨʦʚʦʜʥʦʩʪʴ ʪʘʢʠʭ ʨʘʩʪʚʦʨʦʚ ʚʘʨʴʠʨʦʚʘʣʘʩʴ ʦʪ 2,5 

ʜʦ 120 ʤʢʉʤ/ʩʤ. 

ɼʣʷ ʧʦʣʫʯʝʥʠʷ ʚʦʣʦʢʥʠʩʪʦʡ ʩʪʨʫʢʪʫʨʳ ʠʟ ʧʦʣʠʤʝʨʥʦʛʦ ʨʘʩʪʚʦ-

ʨʘ ʥʘ ʦʩʥʦʚʝ ʇʕʊʌ ʪʘʢʞʝ ʚʘʨʴʠʨʦʚʘʣʠʩʴ ʪʘʢʠʝ ʧʘʨʘʤʝʪʨʳ ʬʦʨʤʦ-

ʚʘʥʠʷ, ʢʘʢ ʥʘʧʨʷʞʝʥʠʝ, ʨʘʩʩʪʦʷʥʠʝ ʦʪ ʢʘʧʠʣʣʷʨʘ ʜʦ ʦʩʘʜʠʪʝʣʴʥʦʛʦ 

ʵʣʝʢʪʨʦʜʘ, ʨʘʩʭʦʜ ʧʦʣʠʤʝʨʥʦʛʦ ʨʘʩʪʚʦʨʘ. 

ɺ ʭʦʜʝ ʵʢʩʧʝʨʠʤʝʥʪʘ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʥʝʪʢʘʥʳʝ ʚʦʣʦʢʥʠʩʪʳʝ ʤʘ-

ʪʝʨʠʘʣʳ, ʘ ʪʘʢʞʝ ʧʨʦʚʝʜʝʥʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʠʭ ʩʪʨʫʢʪʫʨʥʳʭ ʠ ʤʝʭʘ-

ʥʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ. ʅʝʢʦʪʦʨʳʝ ʩʪʨʫʢʪʫʨʥʳʝ ʧʘʨʘʤʝʪʨʳ ʧʨʝʜʩʪʘʚʣʝ-

ʥʳ ʚ ʪʘʙʣʠʮʝ 1. 

ʇʨʦʚʝʜʝʥʥʳʝ ʢʣʝʪʦʯʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʩʦʚʤʝʩʪʥʦ ʩ ʣʘʙʦʨʘʪʦʨʠ-

ʝʡ ʛʝʥʝʪʠʢʠ ʩʪʚʦʣʦʚʳʭ ʢʣʝʪʦʢ çʄʝʜʠʢʦ-ʛʝʥʝʪʠʯʝʩʢʦʛʦ ʥʘʫʯʥʦʛʦ 

ʮʝʥʪʨʘè ʫʩʪʘʥʦʚʠʣʠ, ʯʪʦ ʤʘʪʝʨʠʘʣʳ ʷʚʣʷʶʪʩʷ ʥʝ ʪʦʢʩʠʯʥʳʤʠ ʠ 

ʠʤʝʶʪ ʭʦʨʦʰʠʝ ʘʥʪʠʘʜʛʝʟʠʦʥʥʳʝ ʩʚʦʡʩʪʚʘ. 

ʉʜʝʣʘʥ ʚʳʚʦʜ ʦ ʚʦʟʤʦʞʥʦʩʪʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʤʘʪʝʨʠʘʣʘ ʥʘ ʦʩʥʦ-

ʚʝ ʇʕʊʌ ʜʣʷ ʩʦʟʜʘʥʠʷ ʠʥʩʫʣʠʥʦʩʦʜʝʨʞʘʱʝʛʦ ʙʠʦʩʦʚʤʝʩʪʠʤʦʛʦ 

ʢʦʥʪʝʡʥʝʨʘ. 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʥʘ ʦʙʦʨʫʜʦʚʘʥʠʠ ʨʝʩʫʨʩʥʳʭ ʮʝʥʪʨʦʚ ʂʫʨʯʘ-

ʪʦʚʩʢʦʛʦ ʢʦʤʧʣʝʢʩʘ ʅɹʀʂʉ-ʪʝʭʥʦʣʦʛʠʡ. ɸʚʪʦʨ ʚʳʨʘʞʘʝʪ ʙʣʘʛʦ-

ʜʘʨʥʦʩʪʴ ʩʚʦʝʤʫ ʥʘʫʯʥʦʤʫ ʨʫʢʦʚʦʜʠʪʝʣʶ ʊʝʥʯʫʨʠʥʫ ʊ.ʍ. 

 

ʃʠʪʝʨʘʪʫʨʘ 

1. Chen S. H. et al. Effect of TheraCyte-encapsulated parathyroid 

cells on lumbar fusion in a rat model // Eur. Spine J. -Sep. 21(9). - P. 

1734-1739. - 2012.  

2. Bruin et al. Maturation and function of human embryonic stem 

cell-derived pancreatic progenitors in macroencapsulation devices fol-

lowing transplant into mice // Diabetologia. -- Sep. 56(9). - P. 1987-

1998. - 2013.  

ʊʘʙʣʠʮʘ 1. ʉʪʨʫʢʪʫʨʥʳʝ ʧʘʨʘʤʝʪʨʳ ʦʙʨʘʟʮʦʚ ʥʘ ʦʩʥʦʚʝ ʇʕʊʌ. 

ˉ 

ʦʙʨʘʟ-

ʮʘ 

ɼʠʘʤʝʪʨ ʚʦ-

ʣʦʢʥʘ 

ʇʣʦʪʥʦʩʪʴ 

ʦʙʨʘʟʮʘ, 

ʛ/ʩʤ3 

ʇʣʦʪ-

ʥʦʩʪʴ ʫʧʘ-

ʢʦʚʢʠ, % 

ʄʘʢʩ 

ʧʦʨʳ, ʤʢʤ 

1 0,61Ñ0,17 ʤʢʤ 0,17 ʛ/ʩʤ
3
 12,1 % 2,3 ʤʢʤ 

2 0,16Ñ0,05 ʤʢʤ 0,25 ʛ/ʩʤ
3
 17,9 % 2,5 ʤʢʤ 

3 0,21Ñ0,06 ʤʢʤ 0,20 ʛ/ʩʤ
3
 14,5 % 2,3 ʤʢʤ 

4 1,66Ñ0,33 ʤʢʤ 0,18 ʛ/ʩʤ
3
 13,1 % 7,5 ʤʢʤ 
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1
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1
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1
ʅʀʗʋ ʄʀʌʀ, ʄʦʩʢʚʘ 

2
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ʆʜʥʦʡ ʠʟ ʮʝʥʪʨʘʣʴʥʳʭ ʧʨʦʙʣʝʤ ʩʦʚʨʝʤʝʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʦ 

ʤʘʛʥʠʪʥʦʡ ʛʠʧʝʨʪʝʨʤʠʠ [1] ʷʚʣʷʝʪʩʷ ʘʥʘʣʠʟ ʚʣʠʷʥʠʷ ʩʠʣʴʥʦʛʦ ʤʘʛ-

ʥʠʪʦ- ʜʠʧʦʣʴʥʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʥʘ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʧʦʛʣʦʱʝʥʠʷ 

ʵʥʝʨʛʠʠ ʧʝʨʝʤʝʥʥʦʛʦ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʘʥʩʘʤʙʣʝʤ ʤʘʛʥʠʪʥʳʭ ʥʘʥʦ-

ʯʘʩʪʠʮ. ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʩ ʧʦʤʦʱʴʶ ʯʠʩʣʝʥʥʦʛʦ ʨʝʰʝʥʠʷ ʩʪʦʭʘ-

ʩʪʠʯʝʩʢʦʛʦ ʫʨʘʚʥʝʥʠʷ ʃʘʥʜʘʫ- ʃʠʬʰʠʮʘ ʚʳʯʠʩʣʷʝʪʩʷ ʫʜʝʣʴʥʦʝ ʧʦ-

ʛʣʦʱʝʥʠʝ ʵʥʝʨʛʠʠ ʧʝʨʝʤʝʥʥʦʛʦ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʘʥʩʘʤʙʣʝʤ ʢʣʘ-

ʩʪʝʨʦʚ ʥʘʥʦʯʘʩʪʠʮ ʤʘʛʥʝʪʠʪʘ, ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʫʝʤʳʭ ʚ ʙʠʦʤʝʜʠ-

ʮʠʥʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʷʭ. ɺ ʨʘʟʚʠʚʘʝʤʦʤ ʧʦʜʭʦʜʝ ʧʨʠʥʠʤʘʶʪʩʷ ʚʦ 

ʚʥʠʤʘʥʠʝ ʢʘʢ ʪʝʧʣʦʚʳʝ ʬʣʫʢʪʫʘʮʠʠ ʤʘʛʥʠʪʥʳʭ ʤʦʤʝʥʪʦʚ ʥʘʥʦʯʘ-

ʩʪʠʮ, ʪʘʢ ʠ ʚʣʠʷʥʠʝ ʩʠʣʴʥʦʛʦ ʤʘʛʥʠʪʦ- ʜʠʧʦʣʴʥʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ 

ʤʝʞʜʫ ʥʘʥʦʯʘʩʪʠʮʘʤʠ ʧʣʦʪʥʦʛʦ ʢʣʘʩʪʝʨʘ ʥʘ ʝʛʦ ʤʘʛʥʠʪʥʳʝ ʭʘʨʘʢ-

ʪʝʨʠʩʪʠʢʠ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʤʘʛʥʠʪʦ- ʜʠʧʦʣʴʥʦʛʦ ʚʟʘ-

ʠʤʦʜʝʡʩʪʚʠʷ ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʣʦʪʥʦʩʪʴʶ ʟʘʧʦʣʥʝʥʠʷ ʢʣʘʩʪʝʨʘ 

h = NpV/Vcl, ʛʜʝ Np ʝʩʪʴ ʩʨʝʜʥʝʝ ʯʠʩʣʦ ʤʘʛʥʠʪʥʳʭ ʥʘʥʦʯʘʩʪʠʮ ʚ ʪʠ-

ʧʠʯʥʦʤ ʢʣʘʩʪʝʨʝ ʘʥʩʘʤʙʣʷ, V ʝʩʪʴ ʦʙʲʝʤ ʥʘʥʦʯʘʩʪʠʮʳ, ʘ Vcl ʝʩʪʴ 

ʦʙʲʝʤ ʢʚʘʟʠ- ʩʬʝʨʠʯʝʩʢʦʛʦ ʢʣʘʩʪʝʨʘ. ʈʠʩ. 1 ʧʦʢʘʟʳʚʘʝʪ ʫʜʝʣʴʥʦʝ 

ʧʦʛʣʦʱʝʥʠʝ ʵʥʝʨʛʠʠ ʧʝʨʝʤʝʥʥʦʛʦ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʩ ʘʤʧʣʠʪʫʜʦʡ 

H = 100 ʕ ʠ ʯʘʩʪʦʪʦʡ f = 400 ʢɻʮ ʘʥʩʘʤʙʣʝʤ ʩʣʫʯʘʡʥʳʭ ʢʣʘʩʪʝʨʦʚ 

ʥʘʥʦʯʘʩʪʠʮ ʤʘʛʥʝʪʠʪʘ ʩ ʨʘʟʣʠʯʥʦʡ ʧʣʦʪʥʦʩʪʴʶ ʟʘʧʦʣʥʝʥʠʷ ʚ ʠʥ-

ʪʝʨʚʘʣʝ 0.005 ¢ h < 0.4. ʂʘʢ ʚʠʜʥʦ ʠʟ ʈʠʩ. 1, ʜʣʷ ʨʘʟʨʝʞʝʥʥʦʛʦ ʢʣʘ-

ʩʪʝʨʘ ʥʘʥʦʯʘʩʪʠʮ ʤʘʛʥʝʪʠʪʘ ʫʜʝʣʴʥʦʝ ʧʦʛʣʦʱʝʥʠʝ ʵʥʝʨʛʠʠ ʤʦʞʝʪ 

ʜʦʩʪʠʛʘʪʴ ʟʥʘʯʝʥʠʡ ʧʦʨʷʜʢʘ 250 ï 300 ɺʪ ʥʘ ʛʨʘʤʤ ʚʝʱʝʩʪʚʘ. ʆʜʥʘ-

ʢʦ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʧʘʨʘʤʝʪʨʘ h ʫʜʝʣʴʥʦʝ ʧʦʛʣʦʱʝʥʠʝ ʵʥʝʨʛʠʠ ʩʫʱʝ-

ʩʪʚʝʥʥʦ ʫʤʝʥʴʰʘʝʪʩʷ. ɿʘʚʠʩʠʤʦʩʪʴ ʫʜʝʣʴʥʦʛʦ ʧʦʛʣʦʱʝʥʠʷ ʵʥʝʨʛʠʠ 

ʦʪ ʩʨʝʜʥʝʛʦ ʜʠʘʤʝʪʨʘ ʥʘʥʦʯʘʩʪʠʮ, ʭʘʨʘʢʪʝʨʥʘʷ ʜʣʷ ʘʥʩʘʤʙʣʷ ʩʣʘʙʦ 

ʚʟʘʠʤʦʜʝʡʩʪʚʫʶʱʠʭ ʤʘʛʥʠʪʥʳʭ ʥʘʥʦʯʘʩʪʠʮ [2], ʩʦʭʨʘʥʷʝʪʩʷ ʠ ʧʨʠ 

ʫʚʝʣʠʯʝʥʠʠ ʧʘʨʘʤʝʪʨʘ h, ʥʦ ʩʪʘʥʦʚʠʪʩʷ ʤʝʥʝʝ ʚʳʨʘʞʝʥʥʦʡ. ɺ ʨʘʙʦ-
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ʪʝ ʧʦʢʘʟʘʥʦ ʪʘʢʞʝ, ʯʪʦ ʥʘʣʠʯʠʝ ʢʦʨʨʝʣʷʮʠʡ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʤ 

ʨʘʩʧʨʝʜʝʣʝʥʠʠ ʥʘʧʨʘʚʣʝʥʠʡ ʣʝʛʢʠʭ ʦʩʝʡ ʘʥʠʟʦʪʨʦʧʠʠ ʦʪʜʝʣʴʥʳʭ 

ʥʘʥʦʯʘʩʪʠʮ ʢʣʘʩʪʝʨʘ ʩʣʘʙʦ ʚʣʠʷʝʪ ʥʘ ʫʜʝʣʴʥʦʝ ʧʦʛʣʦʱʝʥʠʝ ʵʥʝʨʛʠʠ 

ʢʣʘʩʪʝʨʦʤ ʚ ʧʝʨʝʤʝʥʥʦʤ ʤʘʛʥʠʪʥʦʤ ʧʦʣʝ. 

 

 
ʈʠʩ.1. ʋʜʝʣʴʥʦʝ ʧʦʛʣʦʱʝʥʠʝ ʵʥʝʨʛʠʠ ʘʥʩʘʤʙʣʝʤ ʢʣʘʩʪʝʨʦʚ ʥʘʥʦʯʘʩʪʠʮ 

ʤʘʛʥʝʪʠʪʘ ʩ ʨʘʟʣʠʯʥʦʡ ʩʨʝʜʥʝʡ ʧʣʦʪʥʦʩʪʴʶ h  ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʩʨʝʜʥʝʛʦ 

ʜʠʘʤʝʪʨʘ ʥʘʥʦʯʘʩʪʠʮ D. 
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ʈɸʉʏɽʊ ɻɽʆʄɽʊʈʀʀ ɻʈɽɹɽʅʏɸʊʓʍ ʌʀʃʔʊʈʆɺ ɼʃʗ 

ʇʈʆʊʆʅʅʆʁ ʃʋʏɽɺʆʁ ʊɽʈɸʇʀʀ 

 

ʗʢʦʚʣʝʚ ʀ.ɸ., ɸʢʫʣʠʥʠʯʝʚ ʉ.ɺ. 
 

ʀʥʩʪʠʪʫʪ ʷʜʝʨʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʈɸʅ, ʛ. ʊʨʦʠʮʢ 

yakovlev@med.inr.ru 

 

ʇʨʦʪʦʥʥʘʷ ʣʫʯʝʚʘʷ ʪʝʨʘʧʠʷ ʷʚʣʷʝʪʩʷ ʦʜʥʦʡ ʠʟ ʧʝʨʩʧʝʢʪʠʚʥʳʭ 

ʨʘʜʠʘʮʠʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʣʝʯʝʥʠʷ ʦʥʢʦʣʦʛʠʯʝʩʢʠʭ ʟʘʙʦʣʝʚʘʥʠʡ. 

ʇʦ ʩʧʦʩʦʙʫ ʧʦʜʚʝʜʝʥʠʷ ʜʦʟʳ ʢ ʦʯʘʛʫ ʨʘʟʣʠʯʘʶʪ ʤʝʪʦʜʳ ʩʢʘʥʠʨʦʚʘ-

ʥʠʷ ʪʦʥʢʠʤ ʧʫʯʢʦʤ ʠ ʧʘʩʩʠʚʥʦʛʦ ʨʘʩʩʝʷʥʠʷ ʧʨʦʪʦʥʦʚ. ʉʯʠʪʘʝʪʩʷ, 

ʯʪʦ ʧʝʨʚʳʡ ʧʦʜʭʦʜ ʧʦʟʚʦʣʷʝʪ ʜʦʩʪʠʯʴ ʙʦʣʝʝ ʢʘʯʝʩʪʚʝʥʥʦʛʦ ʣʝʯʝ-

ʥʠʷ, ʦʜʥʘʢʦ ʩʫʱʝʩʪʚʫʝʪ ʨʷʜ ʩʣʫʯʘʝʚ, ʢʦʛʜʘ ʤʦʞʝʪ ʙʳʪʴ ʚʦʩʪʨʝʙʦʚʘʥ 

ʚʘʨʠʘʥʪ ʩ ʨʘʩʩʝʷʥʠʝʤ ʧʫʯʢʘ. ɺ ʥʘʰʝʤ ʠʥʩʪʠʪʫʪʝ ʨʘʟʚʠʚʘʝʪʩʷ ʠʤʝʥ-

ʥʦ ʧʦʩʣʝʜʥʠʡ ʤʝʪʦʜ. 

ʊʝʭʥʠʢʘ ʬʦʨʤʠʨʦʚʘʥʠʷ ʜʦʟʦʚʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʟʘ ʩʯʝʪ ʧʘʩʩʠʚ-

ʥʦʛʦ ʨʘʩʩʝʷʥʠʷ ʧʨʦʪʦʥʦʚ ʧʨʝʜʧʦʣʘʛʘʝʪ ʫʩʪʘʥʦʚʢʫ ʨʘʟʣʠʯʥʳʭ ʬʦʨ-

ʤʠʨʫʶʱʠʭ ʫʩʪʨʦʡʩʪʚ ʥʘ ʧʫʪʠ ʧʫʯʢʘ ʜʣʷ ʤʦʜʠʬʠʢʘʮʠʠ ʵʥʝʨʛʝʪʠʯʝ-

ʩʢʦʛʦ ʠ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʡ. ʆʜʥʠʤ ʠʟ ʪʘʢʠʭ 

ʫʩʪʨʦʡʩʪʚ ʷʚʣʷʶʪʩʷ ʛʨʝʙʝʥʯʘʪʳʝ ʬʠʣʴʪʨʳ [1], ʢʦʥʩʪʨʫʢʮʠʷ ʢʦʪʦ-

ʨʳʭ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʥʘʙʦʨ ʧʣʘʩʪʠʥ-ʧʦʛʣʦʪʠʪʝʣʝʡ ʨʘʟʣʠʯʥʦʡ 

ʬʦʨʤʳ, ʪʦʣʱʠʥʳ ʠ ʰʠʨʠʥʳ (ʨʠʩ 1). 

 

 
ʈʠʩ.1. ʇʨʠʤʝʨ ʩʝʯʝʥʠʷ ʛʨʝʙʝʥʯʘʪʦʛʦ ʬʠʣʴʪʨʘ  

 

ɼʣʷ ʚʳʯʠʩʣʝʥʠʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʦʜʦʙʥʳʭ ʩʠʩʪʝʤ ʬʦʨʤʠʨʦʚʘʥʠʷ 

ʥʘʤʠ ʨʘʟʨʘʙʦʪʘʥʘ ʧʨʦʛʨʘʤʤʘ FilterCalc, ʠʩʧʦʣʴʟʫʶʱʘʷ ʘʥʘʣʠʪʠʯʝ-

ʩʢʫʶ ʤʦʜʝʣʴ ʨʘʩʯʝʪʘ ʜʣʷ ʧʦʜʙʦʨʘ ʧʘʨʘʤʝʪʨʦʚ ʛʝʦʤʝʪʨʠʠ. ʆʪʜʝʣʴ-

ʥʳʡ ʤʦʜʫʣʴ ʵʪʦʡ ʧʨʦʛʨʘʤʤʳ ʦʪʚʝʯʘʝʪ ʟʘ ʧʨʦʚʝʨʢʫ ʨʝʟʫʣʴʪʘʪʘ ʩ ʠʩ-

ʧʦʣʴʟʦʚʘʥʠʝʤ ʤʝʪʦʜʘ ʄʦʥʪʝ-ʂʘʨʣʦ, ʜʣʷ ʯʝʛʦ ʢ ʧʨʦʛʨʘʤʤʝ ʧʦʜʢʣʶ-

ʯʝʥ ʧʘʢʝʪ ʧʨʦʛʨʘʤʤ SRNA [2]. ʉʠʩʪʝʤʘ FilterCalc ʧʦʟʚʦʣʷʝʪ ʢʘʢ 

ʘʚʪʦʤʘʪʠʯʝʩʢʠ, ʪʘʢ ʠ ʚʨʫʯʥʫʶ ʠʟʤʝʥʷʪʴ ʩʦʦʪʥʦʰʝʥʠʝ ʚʢʣʘʜʦʚ ʚʩʝʭ 

ʢʦʤʧʦʥʝʥʪ ʛʨʝʙʝʥʯʘʪʦʛʦ ʬʠʣʴʪʨʘ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʦʧʪʠʤʘʣʴʥʦʛʦ ʨʝ-

ʟʫʣʴʪʘʪʘ. 

mailto:yakovlev@med.inr.ru
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ʅʘ ʦʩʥʦʚʝ ʧʨʦʚʝʜʝʥʥʳʭ ʨʘʩʯʝʪʦʚ ʥʘʤʠ ʩʢʦʥʩʪʨʫʠʨʦʚʘʥʳ ʠ ʠʟʛʦ-

ʪʦʚʣʝʥʳ ʥʘ ʩʪʘʥʢʘʭ ʩ ʏʇʋ ʬʦʨʤʠʨʫʶʱʠʝ ʫʩʪʨʦʡʩʪʚʘ, ʢʦʪʦʨʳʝ ʙʳ-

ʣʠ ʧʨʦʪʝʩʪʠʨʦʚʘʥʳ ʚ ʭʦʜʝ ʩʝʘʥʩʘ ʨʘʙʦʪʳ ʣʠʥʝʡʥʦʛʦ ʫʩʢʦʨʠʪʝʣʷ 

ʧʨʦʪʦʥʦʚ ʀʗʀ ʈɸʅ. ɻʣʫʙʠʥʥʳʝ ʢʨʠʚʳʝ ʜʦʟʦʚʳʭ ʨʘʩʧʨʝʜʝʣʝʥʠʡ ʚ 

ʮʝʥʪʨʝ ʬʦʨʤʠʨʫʝʤʳʭ ʧʦʣʝʡ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʨʘʟʣʠʯʥʳʤ ʬʠʣʴ-

ʪʨʘʤ, ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʨʠʩʫʥʢʘʭ 2-3. 

ʌʣʫʢʪʫʘʮʠʷ ʜʦʟʳ ʚ ʦʙʣʘʩʪʠ ʧʣʘʪʦ ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʦʛʦ ʧʠʢʘ 

ɹʨʵʛʛʘ ʜʣʷ ʣʫʯʰʠʭ ʨʝʟʫʣʴʪʘʪʦʚ ʩʦʩʪʘʚʠʣʘ <5%, ʯʪʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ 

ʪʨʝʙʦʚʘʥʠʷʤ ʢ ʨʘʚʥʦʤʝʨʥʦʩʪʠ ʪʝʨʘʧʝʚʪʠʯʝʩʢʦʛʦ ʧʫʯʢʘ. ʆʜʥʘʢʦ ʚ 

ʧʦʣʫʯʝʥʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʜʘʥʥʳʭ ʟʘʬʠʢʩʠʨʦʚʘʥʳ ʥʝʢʦʪʦʨʳʝ 

ʦʪʢʣʦʥʝʥʠʷ ʦʪ ʧʨʝʜʚʘʨʠʪʝʣʴʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʚʳʯʠʩʣʝʥʠʡ. ʕʪʦ ʤʦʛ-

ʣʦ ʙʳʪʴ ʚʳʟʚʘʥʦ ʫʧʨʦʱʝʥʠʝʤ ʤʦʜʝʣʠ ʧʘʜʘʶʱʝʛʦ ʧʫʯʢʘ ʠ ʦʪʩʫʪ-

ʩʪʚʠʝʤ ʚ ʨʘʩʯʝʪʥʦʡ ʛʝʦʤʝʪʨʠʠ ʥʝʢʦʪʦʨʳʭ ʵʣʝʤʝʥʪʦʚ ʨʝʘʣʴʥʦʡ ʩʠ-

ʩʪʝʤʳ ʬʦʨʤʠʨʦʚʘʥʠʷ ʧʫʯʢʘ. ɺ ʜʘʣʴʥʝʡʰʝʤ ʧʨʝʜʧʦʣʘʛʘʝʪʩʷ ʚʥʝʩʪʠ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʢʦʨʨʝʢʪʠʨʦʚʢʠ ʧʨʠ ʨʘʩʯʝʪʝ ʠ ʠʟʛʦʪʦʚʣʝʥʠʠ ʬʦʨ-

ʤʠʨʫʶʱʠʭ ʫʩʪʨʦʡʩʪʚ. 

 

  
ʈʠʩ. 2. ɻʣʫʙʠʥʥʳʝ ʜʦʟʦʚʳʝ ʢʨʠʚʳʝ ʧʫʯʢʘ ʧʨʦʪʦʥʦʚ 209 ʄʵɺ ʜʣʷ 

ʛʨ. ʬʠʣʴʪʨʦʚ ʩ ʰʠʨʠʥʦʡ ʤʦʜʫʣʷʮʠʠ 50 ʤʤ (ʩʣʝʚʘ) ʠ 25 ʤʤ (ʩʧʨʘʚʘ)  

 
ʈʠʩ. 3. ɻʣʫʙʠʥʥʘʷ ʜʦʟʦʚʘʷ ʢʨʠʚʘʷ ʧʫʯʢʘ ʧʨʦʪʦʥʦʚ160 ʄʵɺ ʜʣʷ 

ʛʨ. ʬʠʣʴʪʨʘ ʩ ʰʠʨʠʥʦʡ ʤʦʜʫʣʷʮʠʠ 50 ʤʤ 

 

ʃʠʪʝʨʘʪʫʨʘ 
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ʀʄʇʋʃʔʉʅʓʁ ʃɸɿɽʈʅʓʁ ɼɸʃʔʅʆʄɽʈ ʅɸ ʆʉʅʆɺɽ 

ʂʈɽʄʅʀɽɺʆɻʆ ʌʆʊʆʋʄʅʆɾʀʊɽʃʗ 

 

ɸʥʪʦʥʦʚʘ ɸ.ʄ., ʂʘʧʣʠʥ ɺ.ɸ.
 

 

ʅʘʮʠʦʥʘʣʴʥʳʡ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʷʜʝʨʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ çʄʀʌʀè, 

ʄʦʩʢʚʘ 
+79852896546, frau.antonova.alexandra@yandex.ru 

 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʨʘʟʚʠʚʘʶʪʩʷ ʪʝʭʥʦʣʦʛʠʠ ʣʘʟʝʨʥʳʭ ʜʘʣʴʥʦ-

ʤʝʨʦʚ (ʜʘʣʝʝ ʃʀɼɸʈ), ʥʘʧʨʠʤʝʨ, ʚ ʩʚʷʟʠ ʩ ʨʝʘʣʠʟʘʮʠʷʤʠ ʠʜʝʡ ʠʟ-

ʤʝʨʝʥʠʷ ʨʘʩʩʪʦʷʥʠʷ ʜʦ ʩʪʘʮʠʦʥʘʨʥʳʭ ʦʙʲʝʢʪʦʚ ʩ ʚʳʩʦʢʦʡ ʪʦʯʥʦ-

ʩʪʴʶ 

ʆʜʥʦʡ ʠʟ ʘʣʴʪʝʨʥʘʪʠʚʥʳʭ ʨʝʘʣʠʟʘʮʠʡ ʃʀɼɸʈʘ ʷʚʣʷʝʪʩʷ ʠʩ-

ʧʦʣʴʟʦʚʘʥʠʝ ʚ ʥʝʤ ʜʘʪʯʠʢʘ ʣʘʟʝʨʥʦʛʦ ʠʟʣʫʯʝʥʠʷ ʢʨʝʤʥʠʝʚʦʛʦ ʬʦ-

ʪʦʫʤʥʦʞʠʪʝʣʷ Si-ʌʕʋ[1]. Si-ʌʕʋ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʬʦʪʦʜʝʪʝʢ-

ʪʦʨ ʠʟ ʫʧʦʨʷʜʦʯʝʥʥʦʡ ʤʘʪʨʠʮʳ p-n-ʧʝʨʝʭʦʜʦʚ, ʨʘʙʦʪʘʶʱʠʭ ʚ ʦʛʨʘ-

ʥʠʯʝʥʥʦʤ ʛʝʡʛʝʨʦʚʩʢʦʤ ʨʝʞʠʤʝ. ʇʣʶʩʘʤʠ Si-ʌʕʋ ʷʚʣʷʶʪʩʷ ʯʫʚ-

ʩʪʚʠʪʝʣʴʥʦʩʪʴ ʢ ʝʜʠʥʠʯʥʳʤ ʬʦʪʦʥʘʤ, ʩʧʦʩʦʙʥʦʩʪʴ ʠʟʤʝʨʷʪʴ ʠʥʪʝʥ-

ʩʠʚʥʦʩʪʴ ʩʚʝʪʘ, ʦʪʣʠʯʥʦʝ ʘʤʧʣʠʪʫʜʥʦʝ ʨʘʟʨʝʰʝʥʠʝ, ʥʝʯʫʚʩʪʚʠʪʝʣʴ-

ʥʦʩʪʴ ʢ ʤʘʛʥʠʪʥʳʤ ʧʦʣʷʤ ʜʦ 7ʊʣ ʠ ʚʳʩʦʢʦʝ ʚʨʝʤʝʥʥʦʝ ʨʘʟʨʝʰʝʥʠʝ. 

ʆʧʳʪʥʘʷ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʣʘʙʦʨʘʪʦʨʥʦʡ ʫʩʪʘʥʦʚʢʠ ʃʀɼɸʈʘ 

(ʩʭʝʤʘ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩ.1) ʩʦʩʪʦʠʪ ʠʟ: 

- ʨʝʛʠʩʪʨʠʨʫʶʱʝʛʦ ʤʦʜʫʣʷ (1) ʩ Si-ʌʕʋ, ʫʟʢʦʧʦʣʦʩʥʳʤ ʬʠʣʴ-

ʪʨʦʤ, ʰʠʨʦʢʦʧʦʣʦʩʥʳʤ 1ɻɻʮ ʫʩʠʣʠʪʝʣʝʤ ʩ ʂ=100, ʤʝʩʪʦʤ ʜʣʷ 

ʥʝʡʪʨʘʣʴʥʳʭ ʬʠʣʴʪʨʦʚ. ʂʦʥʩʪʨʫʢʮʠʷ ʩʜʝʣʘʥʘ ʠʟ pla ʧʣʘʩʪʠʢʘ; 

- ʦʙʲʝʢʪʠʚʘ (2);  

- ʣʘʟʝʨʘ(3), ʢʦʪʦʨʳʡ ʩʚʝʪʠʪ ʥʘ ʵʢʨʘʥ(4) ʚ ʦʙʣʘʩʪʴ ʦʧʪʠʯʝʩʢʦʡ 

ʦʩʠ. 

ʇʨʝʠʤʫʱʝʩʪʚʘʤʠ ʃʀɼɸʈʦʚ ʩ Si-ʌʕʋ ʷʚʣʷʝʪʩʷ ʚʳʩʦʢʦʝ ʙʳʩʪ-

ʨʦʜʝʡʩʪʚʠʝ, ʃʀɼɸʈ ʥʘ ʝʛʦ ʦʩʥʦʚʝ ʚʳʠʛʨʳʚʘʝʪ ʚ ʯʫʚʩʪʚʠʪʝʣʴʥʦ-

ʩʪʠ[2]. ʉʠʩʪʝʤʘ ʩʧʦʩʦʙʥʘ ʧʦʢʘʟʳʚʘʪ ɹʭʦʨʦʰʠʝ ʚʨʝʤʝʥʥʳʝ ʧʘʨʘʤʝʪ-

ʨʳ, ʧʦʟʚʦʣʷʶʱʠʝ ʜʣʷ ʩʪʘʮʠʦʥʘʨʥʳʭ ʦʙʲʝʢʪʦʚ ʧʦʣʫʯʘʪʴ ʢʦʦʨʜʠʥʘʪ-

ʥʦʝ ʨʘʟʨʝʰʝʥʠʝ ʜʦ 1 ʤʤ ʜʘʞʝ ʧʨʠ ʨʝʛʠʩʪʨʘʮʠʠ ʚʩʝʛʦ ʥʝʩʢʦʣʴʢʠʭ 

ʬʦʪʦʥʦʚ ʚ ʠʤʧʫʣʴʩʝ. ʅʘ ʨʠʩ.2 ʧʨʝʜʩʪʘʚʣʝʥ ʘʤʧʣʠʪʫʜʥʳʡ ʩʧʝʢʪʨ ʩ 

Si-ʌʕʋ ʧʨʠ ʨʝʛʠʩʪʨʘʮʠʠ ʚ ʩʨʝʜʥʝʤ ʦʢʦʣʦ ʪʨʝʭ ʬʦʪʦ-ʵʣʝʢʪʨʦʥʦʚ, ʘ 
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ʥʘ ʨʠʩ.3 ʧʨʝʜʩʪʘʚʣʝʥ ʚʨʝʤʝʥʥʦʡ ʩʧʝʢʪʨ, ʧʦʣʫʯʝʥʥʳʡ ʧʨʠ ʨʝʛʠʩʪʨʘ-

ʮʠʠ ʠʤʧʫʣʴʩʦʚ ʦʪ ʣʘʟʝʨʘ ʩ ʜʣʠʪʝʣʴʥʦʩʪʴʶ ʠʤʧʫʣʴʩʘ 30 ʧʩ. 

 
ʈʠʩ. 1. ʉʭʝʤʘ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʣʘʙʦʨʘʪʦʨʥʦʡ ʫʩʪʘʥʦʚʢʠ ʃʀɼɸʈʘ. 

 
ʈʠʩ. 2 ɸʤʧʣʠʪʫʜʥʳʡ ʩʧʝʢʪʨ ʤʦʜʫʣʷ 

ʩ Si-ʌʕʋ. 

ʈʠʩ.3 ɺʨʝʤʝʥʥʦʝ ʨʘʟʨʝʰʝʥʠʝ ʤʦʜʫ-

ʣʷ ʩ Si-ʌʕʋ. 

ɸʥʘʣʦʛʠʯʥʳʝ ʩʠʩʪʝʤʳ ʤʦʛʣʠ ʙʳ ʧʨʠʤʝʥʷʪʴʩʷ ʜʣʷ ʩʦʟʜʘʥʠʷ 

ʙʳʩʪʨʦʜʝʡʩʪʚʫʶʱʠʭ ʤʘʪʨʠʯʥʳʭ 3-D ʃʀɼɸʈʦʚ [3]. 

 

ʃʠʪʝʨʘʪʫʨʘ 
1. Agishev R., et al. About the potential of liders with different photodetec-

tors under daytime sky radiation. EPJ Web of Conference. Vol. 119. P.25009 

(2016). 

2. Agishev R., et al. Lidar with SiPM: Some capabilities and limitations in 

real environment. Optics & Laser Technology. V. 49. P. 86ï90 (2013).  

3. Stettner,R., et al. Three dimensional flash ladar focal planes and time de-

pendent imaging. International Symposium on Spectral Sensing Research, Bar 

Harbor, Maine (2006).
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ɸɺʊʆʅʆʄʅʆɽ ʇʀʊɸʅʀɽ ʇʆɼʉʀʉʊɽʄʓ ɹɸɿʆɺʓʍ 

ʉʊɸʅʎʀʁ ʉɽʊɽʁ ʉʆʊʆɺʆʁ ʉɺʗɿʀ ï ʂɸʂ ʇʋʊʔ ʂ 
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ʆʜʥʦʡ ʠʟ ʘʢʪʫʘʣʴʥʳʭ ʟʘʜʘʯ ʜʣʷ ʦʧʝʨʘʪʦʨʦʚ ʩʦʪʦʚʦʡ ʩʚʷʟʠ, ʥʘ ʩʝ-

ʛʦʜʥʷʰʥʠʡ ʜʝʥʴ, ʷʚʣʷʝʪʩʷ ʧʦʚʳʰʝʥʠʝ ʵʥʝʨʛʦʵʬʬʝʢʪʠʚʥʦʩʪʠ ʧʦʜ-

ʩʠʩʪʝʤʳ ʙʘʟʦʚʳʭ ʩʪʘʥʮʠʡ. ʍʦʪʷ ʵʥʝʨʛʦʧʦʪʨʝʙʣʝʥʠʝ ʦʪʜʝʣʴʥʦʡ ʙʘ-

ʟʦʚʦʡ ʩʪʘʥʮʠʠ ʥʝʚʝʣʠʢʦ ʠ ʩʦʩʪʘʚʣʷʝʪ ʚ ʩʨʝʜʥʝʤ 3-7 ʢɺʪ, ʟʘʪʨʘʪʳ ʥʘ 

ʵʥʝʨʛʦʩʥʘʙʞʝʥʠʝ ʩʦʩʪʘʚʣʷʶʪ 50-60% ʦʪ ʚʩʝʭ ʦʧʝʨʘʮʠʦʥʥʳʭ ʟʘʪʨʘʪ, 

ʩʚʷʟʘʥʥʳʭ ʩ ʵʢʩʧʣʫʘʪʘʮʠʝʡ ʩʪʘʥʮʠʠ. ʇʦʜʩʠʩʪʝʤʘ ʙʘʟʦʚʳʭ ʩʪʘʥʮʠʡ 

ʥʘʩʯʠʪʳʚʘʝʪ ʪʳʩʷʯʠ ʙʘʟʦʚʳʭ ʩʪʘʥʮʠʡ, ʧʦʵʪʦʤʫ ʩʥʠʞʝʥʠʝ ʵʥʝʨʛʦʟʘ-

ʪʨʘʪ ʦʪʢʨʳʚʘʝʪ ʟʥʘʯʠʪʝʣʴʥʳʝ ʚʦʟʤʦʞʥʦʩʪʠ ʜʣʷ ʩʥʠʞʝʥʠʷ ʩʝʙʝʩʪʦ-

ʠʤʦʩʪʠ ʩʚʷʟʠ. 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʫʨʦʚʝʥʴ ʬʘʢʪʠʯʝʩʢʦʛʦ ʧʨʦʥʠʢʥʦʚʝʥʠʷ ʩʦʪʦ-

ʚʦʡ ʩʚʷʟʠ ʩʨʝʜʠ ʚʟʨʦʩʣʦʛʦ ʥʘʩʝʣʝʥʠʷ ʈʝʩʧʫʙʣʠʢʠ ʂʘʟʘʭʩʪʘʥ ʙʣʠʟʦʢ 

ʢ 100%, ʪ.ʝ. ʵʪʘʧ ʵʢʩʪʝʥʩʠʚʥʦʛʦ ʨʘʟʚʠʪʠʷ (ʪ.ʝ. ʨʘʟʚʠʪʠʷ ʟʘ ʩʯʝʪ 

ʙʳʩʪʨʦʛʦ ʨʦʩʪʘ ʘʙʦʥʝʥʪʩʢʦʡ ʙʘʟʳ) ʟʘʚʝʨʰʝʥ. ɼʘʣʴʥʝʡʰʝʝ ʨʘʟʚʠʪʠʝ 

ʨʳʥʢʘ ʩʦʪʦʚʦʡ ʩʚʷʟʠ ʧʨʦʠʩʭʦʜʠʪ ʟʘ ʩʯʝʪ ʨʘʩʰʠʨʝʥʠʷ ʧʘʢʝʪʘ ʫʩʣʫʛ 

(ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ, ʟʘ ʩʯʝʪ ʫʩʣʫʛ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ) ʠ ʩʥʠʞʝʥʠʷ ʠʭ 

ʩʪʦʠʤʦʩʪʠ. ɺ ʦʪʜʝʣʴʥʦʝ ʥʘʧʨʘʚʣʝʥʠʝ ʚʳʜʝʣʷʝʪʩʷ ʦʙʝʩʧʝʯʝʥʠʝ ʩʦʪʦ-

ʚʦʡ ʩʚʷʟʠ ʥʘ ʪʝʨʨʠʪʦʨʠʷʭ ʩ ʤʘʣʦʡ ʧʣʦʪʥʦʩʪʴʶ ʥʘʩʝʣʝʥʠʷ, ʚʜʦʣʴ 

ʘʚʪʦʪʨʘʩʩ ʠ ʞʝʣʝʟʥʳʭ ʜʦʨʦʛ. 

ɺ ʪʘʢʠʭ ʫʩʣʦʚʠʷʭ ʚʘʞʥʦʡ ʟʘʜʘʯʝʡ ʩʪʘʥʦʚʠʪʩʷ ʩʥʠʞʝʥʠʝ ʦʧʝʨʘ-

ʮʠʦʥʥʳʭ ʟʘʪʨʘʪ ʥʘ ʵʢʩʧʣʫʘʪʘʮʠʶ ʩʝʪʠ, ʚ ʢʦʪʦʨʳʭ ʥʘʠʙʦʣʝʝ ʟʥʘʯʠ-

ʪʝʣʴʥʘʷ ʯʘʩʪʴ ʧʨʠʭʦʜʠʪʩʷ ʥʘ ʵʣʝʢʪʨʦʩʥʘʙʞʝʥʠʝ (40-50% ʦʪ ʦʙʱʠʭ 

ʟʘʪʨʘʪ ʥʘ ʵʢʩʧʣʫʘʪʘʮʠʶ ʩʠʩʪʝʤʳ ʙʘʟʦʚʳʭ ʩʪʘʥʮʠʡ). ɼʣʷ ʙʘʟʦʚʳʭ 

ʩʪʘʥʮʠʡ, ʨʘʟʤʝʱʝʥʥʳʭ ʚ ʪʨʫʜʥʦʜʦʩʪʫʧʥʳʭ ʠ ʫʜʘʣʝʥʥʳʭ ʤʝʩʪʘʭ, 

ʜʦʣʷ ʵʪʠʭ ʟʘʪʨʘʪ ʝʱʝ ʚʳʰʝ, ʪ.ʢ. ʪʨʝʙʫʝʪʩʷ ʣʠʙʦ ʩʪʨʦʠʪʴ ʧʨʦʪʷʞʝʥ-

ʥʳʝ ʣʠʥʠʠ ʵʣʝʢʪʨʦʧʝʨʝʜʘʯ, ʣʠʙʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʘʚʪʦʥʦʤʥʳʝ ʠʩʪʦʯ-

ʥʠʢʠ ʵʥʝʨʛʠʠ (ʦʙʳʯʥʦ ʜʠʟʝʣʴʥʳʝ ʛʝʥʝʨʘʪʦʨʳ). 

ʕʥʝʨʛʦʧʦʪʨʝʙʣʝʥʠʝ ʢʦʥʢʨʝʪʥʦʡ ʙʘʟʦʚʦʡ ʩʪʘʥʮʠʠ ʩʠʣʴʥʦ ʟʘʚʠʩʠʪ 

ʦʪ ʩʦʩʪʘʚʘ ʦʙʦʨʫʜʦʚʘʥʠʷ. ɻʨʫʙʦ ʙʘʟʦʚʫʶ ʩʪʘʥʮʠʶ ʤʦʞʥʦ ʧʨʝʜʩʪʘ-
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ʚʠʪʴ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: ʚ ʧʦʤʝʱʝʥʠʠ (ʢʦʥʪʝʡʥʝʨʝ) ʥʘ ʩʪʦʡʢʘʭ 

ʨʘʩʧʦʣʘʛʘʝʪʩʷ ʦʩʥʦʚʥʦʝ ʦʙʦʨʫʜʦʚʘʥʠʝ ʩʪʘʥʮʠʠ (ʨʘʜʠʦʤʦʜʫʣʠ, ʮʠʬ-

ʨʦʚʳʝ ʤʦʜʫʣʠ ʠ ʪ.ʧ.), ʝʛʦ ʥʦʨʤʘʣʴʥʘʷ ʨʘʙʦʪʘ ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ ʚʩʧʦ-

ʤʦʛʘʪʝʣʴʥʳʤ ʦʙʦʨʫʜʦʚʘʥʠʝʤ: ʩʠʩʪʝʤʦʡ ʧʠʪʘʥʠʷ (ʚʢʣʶʯʘʶʱʝʡ 

ʪʘʢʞʝ ʙʣʦʢ ʙʝʩʧʝʨʝʙʦʡʥʦʛʦ ʧʠʪʘʥʠʷ ʩ ʘʢʢʫʤʫʣʷʪʦʨʘʤʠ) ʠ ʩʠʩʪʝʤʘ 

ʢʣʠʤʘʪ-ʢʦʥʪʨʦʣʷ. ɺ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʯʠʩʣʘ ʨʘʜʠʦʤʦʜʫʣʝʡ ʤʘʢʩʠ-

ʤʘʣʴʥʦʝ ʵʥʝʨʛʦʧʦʪʨʝʙʣʝʥʠʝ ʙʘʟʦʚʦʡ ʩʪʘʥʮʠʠ ʩʪʘʥʜʘʨʪʘ GSM ʩʦ-

ʩʪʘʚʣʷʝʪ ʦʪ 2-3 ʢɺʪ (1 ʨʘʜʠʤʦʜʫʣʴ) ʜʦ 5-6 ʢɺʪ (6 ʨʘʜʠʦʤʦʜʫʣʝʡ) [1].  

ʕʥʝʨʛʦʧʦʪʨʝʙʣʝʥʠʝ ʙʘʟʦʚʦʡ ʩʪʘʥʮʠʠ ʟʘʚʠʩʠʪ ʪʘʢʞʝ ʦʪ ʨʷʜʘ 

ʚʥʝʰʥʠʭ ʬʘʢʪʦʨʦʚ. ʂʦʣʝʙʘʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ ʥʘʨʫʞʥʦʛʦ ʚʦʟʜʫʭʘ 

ʧʨʠʚʦʜʷʪ ʢ ʠʟʤʝʥʝʥʠʶ ʥʘʛʨʫʟʢʠ ʥʘ ʩʠʩʪʝʤʫ ʦʭʣʘʞʜʝʥʠʷ. ɸʤʧʣʠʪʫ-

ʜʘ ʢʦʣʝʙʘʥʠʡ ʵʥʝʨʛʦʧʦʪʨʝʙʣʝʥʠʷ ʧʨʠ ʵʪʦʤ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʤʦʱʥʦʩʪʠ 

ʢʦʥʜʠʮʠʦʥʝʨʘ, ʚʭʦʜʷʱʝʛʦ ʚ ʩʠʩʪʝʤʫ ʦʭʣʘʞʜʝʥʠʷ (ʦʪ 0.8 ʜʦ 2 ʢɺʪ). 

ʇʠʢ ʵʥʝʨʛʦʧʦʪʨʝʙʣʝʥʠʷ ʧʨʠʭʦʜʠʪʩʷ ʥʘ ʩʦʣʥʝʯʥʳʝ ʣʝʪʥʠʝ ʜʥʠ. ʉʠ-

ʩʪʝʤʘ ʵʥʝʨʛʦʩʥʘʙʞʝʥʠʷ ʜʦʣʞʥʘ ʦʙʝʩʧʝʯʠʚʘʪʴ ʥʝʦʙʭʦʜʠʤʳʡ ʟʘʧʘʩ 

ʤʦʱʥʦʩʪʠ ʜʣʷ ʧʨʦʭʦʞʜʝʥʠʷ ʵʪʦʛʦ ʧʠʢʘ. ʕʥʝʨʛʦʧʦʪʨʝʙʣʝʥʠʝ ʩʣʘʙʦ 

ʟʘʚʠʩʠʪ ʦʪ ʩʧʦʩʦʙʘ ʨʘʟʤʝʱʝʥʠʷ ʩʪʘʥʮʠʠ (ʢʦʥʪʝʡʥʝʨ, ʧʦʤʝʱʝʥʠʝ) 

[2]. ɺ ʩʣʫʯʘʝ ʩʦʚʨʝʤʝʥʥʳʭ ʩʪʘʥʮʠʡ, ʦʙʦʨʫʜʦʚʘʥʥʳʭ ʩʠʩʪʝʤʘʤʠ 

ʵʥʝʨʛʦʩʙʝʨʝʞʝʥʠʷ, ʧʦʪʨʝʙʣʷʝʤʘʷ ʤʦʱʥʦʩʪʴ ʟʘʚʠʩʠʪ ʪʘʢʞʝ ʦʪ ʯʠʩʣʘ 

ʘʢʪʠʚʥʳʭ ʘʙʦʥʝʥʪʦʚ. 

ɺʳʜʝʣʷʶʪʩʷ ʜʚʘ ʦʩʥʦʚʥʳʭ, ʭʦʪʷ ʠ ʪʝʩʥʦ ʚʟʘʠʤʦʩʚʷʟʘʥʥʳʭ, 

ʥʘʧʨʘʚʣʝʥʠʷ: ʩʥʠʞʝʥʠʝ ʵʥʝʨʛʦʧʦʪʨʝʙʣʝʥʠʷ ʙʘʟʦʚʦʡ ʩʪʘʥʮʠʠ ʠ ʠʩ-

ʧʦʣʴʟʦʚʘʥʠʝ ʘʣʴʪʝʨʥʘʪʠʚʥʳʭ ʠʩʪʦʯʥʠʢʦʚ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ. ʇʦ ʤʝʨʝ 

ʩʥʠʞʝʥʠʷ ʵʥʝʨʛʦʧʦʪʨʝʙʣʝʥʠʷ ʙʘʟʦʚʦʡ ʩʪʘʥʮʠʠ, ʧʨʠʤʝʥʝʥʠʝ ʘʣʴ-

ʪʝʨʥʘʪʠʚʥʳʭ ʠʩʪʦʯʥʠʢʦʚ ʵʥʝʨʛʠʠ ʩʪʘʥʦʚʠʪʩʷ ʚʩʝ ʙʦʣʝʝ ʦʧʨʘʚʜʘʥ-

ʥʳʤ, ʦʜʥʘʢʦ ʚ ʮʝʣʦʤ ʥʠʰʘ ʠʭ ʧʨʠʤʝʥʝʥʠʷ ʦʩʪʘʝʪʩʷ ʩʠʣʴʥʦ ʦʛʨʘʥʠ-

ʯʝʥʘ. 

ɸʣʴʪʝʨʥʘʪʠʚʥʳʡ ʠʩʪʦʯʥʠʢ ʵʥʝʨʛʠʠ ð ʩʧʦʩʦʙ, ʫʩʪʨʦʡʩʪʚʦ ʠʣʠ 

ʩʦʦʨʫʞʝʥʠʝ, ʧʦʟʚʦʣʷʶʱʝʝ ʧʦʣʫʯʘʪʴ ʵʣʝʢʪʨʠʯʝʩʢʫʶ ʵʥʝʨʛʠʶ (ʠʣʠ 

ʜʨʫʛʦʡ ʪʨʝʙʫʝʤʳʡ ʚʠʜ ʵʥʝʨʛʠʠ) ʠʟ ʵʥʝʨʛʠʠ ʚʦʟʦʙʥʦʚʣʷʝʤʳʭ ʠʣʠ 

ʧʨʘʢʪʠʯʝʩʢʠ ʥʝʠʩʯʝʨʧʘʝʤʳʭ ʧʨʠʨʦʜʥʳʭ ʨʝʩʫʨʩʦʚ ʠ ʷʚʣʝʥʠʡ ʠ ʟʘ-

ʤʝʥʷʶʱʝʝ ʩʦʙʦʡ ʪʨʘʜʠʮʠʦʥʥʳʝ ʠʩʪʦʯʥʠʢ ʵʥʝʨʛʠʠ. ʉʦʦʪʚʝʪʩʪʚʝʥʥʦ, 

ʘʣʴʪʝʨʥʘʪʠʚʥʘʷ ʵʥʝʨʛʝʪʠʢʘ ʚʢʣʶʯʘʝʪ ʨʘʟʣʠʯʥʳʝ ʛʨʫʧʧʳ ʪʝʭʥʦʣʦ-

ʛʠʡ: ʩʦʣʥʝʯʥʘʷ ʵʥʝʨʛʝʪʠʢʘ (ʩʦʣʥʝʯʥʳʝ ʢʦʣʣʝʢʪʦʨʳ, ʬʦʪʦʵʣʝʢʪʨʠʯʝ-

ʩʢʠʝ ʵʣʝʤʝʥʪʳ), ʚʝʪʨʦʵʥʝʨʛʝʪʠʢʘ, ʥʝʪʨʘʜʠʮʠʦʥʥʘʷ ʛʠʜʨʦʵʥʝʨʛʝʪʠʢʘ 

(ʤʠʢʨʦ ɻʕʉ, ʧʨʠʣʠʚʥʳʝ ɻʕʉ ʠ ʪ.ʜ.), ʙʠʦʪʦʧʣʠʚʦ, ʛʝʦʪʝʨʤʘʣʴʥʘʷ 

ʵʥʝʨʛʝʪʠʢʘ. ɺ ʧʦʩʣʝʜʥʝʝ ʜʝʩʷʪʠʣʝʪʠʝ ʘʣʴʪʝʨʥʘʪʠʚʥʦʡ ʵʥʝʨʛʝʪʠʢʝ 

ʫʜʝʣʷʝʪʩʷ ʤʥʦʛʦ ʚʥʠʤʘʥʠʷ, ʤʥʦʛʠʝ ʩʪʨʘʥʳ ʠʤʝʶʪ ʧʨʦʝʢʪʳ ʨʘʟʚʠ-
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ʪʠʷ ʘʣʴʪʝʨʥʘʪʠʚʥʦʡ ʵʥʝʨʛʝʪʠʢʠ. ʇʨʠ ʵʪʦʤ ʩʝʙʝʩʪʦʠʤʦʩʪʴ ʧʦʣʫʯʘʝ-

ʤʦʡ ʵʥʝʨʛʠʠ, ʟʘʯʘʩʪʫʶ ʥʝ ʧʦʟʚʦʣʷʝʪ ʥʘʧʨʷʤʫʶ ʢʦʥʢʫʨʠʨʦʚʘʪʴ ʩ 

ʪʨʘʜʠʮʠʦʥʥʦʡ ʵʥʝʨʛʝʪʠʢʦʡ. (ʇʨʠʯʠʥʳ: ʤʘʣʘʷ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʘʷ 

ʧʣʦʪʥʦʩʪʴ ʵʥʝʨʛʠʠ, ʥʝʧʦʩʪʦʷʥʥʳʡ ʚʦ ʚʨʝʤʝʥʠ ʚʳʭʦʜ ʵʥʝʨʛʠʠ, ʛʝʦ-

ʛʨʘʬʠʯʝʩʢʠʝ ʧʨʠʚʷʟʢʠ). 

ʇʨʠʤʝʥʝʥʠʝ ʘʣʴʪʝʨʥʘʪʠʚʥʳʭ ʠʩʪʦʯʥʠʢʦʚ ʵʥʝʨʛʠʠ ʚ ʩʠʩʪʝʤʝ 

ʵʥʝʨʛʦʩʥʘʙʞʝʥʠʷ ʙʘʟʦʚʦʡ ʩʪʘʥʮʠʠ ʦʙʣʘʜʘʝʪ ʦʧʨʝʜʝʣʝʥʥʦʡ ʩʧʝʮʠ-

ʬʠʢʦʡ. ɺʦ-ʧʝʨʚʳʭ, ʚʳʜʘʚʘʝʤʘʷ ʤʦʱʥʦʩʪʴ ʜʦʣʞʥʘ ʥʘʭʦʜʠʪʩʷ ʚ ʜʠʘ-

ʧʘʟʦʥʝ 2-5 ʢɺʪ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʩʦʩʪʘʚʘ ʦʙʦʨʫʜʦʚʘʥʠʷ ʩʪʘʥʮʠʠ. 

ɺʦ-ʚʪʦʨʳʭ, ʩʠʩʪʝʤʘ ʵʥʝʨʛʦʩʥʘʙʞʝʥʠʷ ʜʦʣʞʥʘ ʙʳʪʴ ʩʧʦʩʦʙʥʘ ʜʣʠ-

ʪʝʣʴʥʦʝ ʚʨʝʤʷ ʨʘʙʦʪʘʪʴ ʙʝʟ ʫʯʘʩʪʠʷ ʯʝʣʦʚʝʢʘ ʠ ʪʨʝʙʦʚʘʪʴ ʤʠʥʠ-

ʤʘʣʴʥʦʛʦ ʦʙʩʣʫʞʠʚʘʥʠʷ, ʠ, ʥʘʢʦʥʝʮ, ʤʝʩʪʦʧʦʣʦʞʝʥʠʝ ʩʪʘʥʮʠʠ ʥʝ 

ʤʦʞʝʪ ʧʨʠʚʷʟʳʚʘʪʴʩʷ ʢ ʧʦʣʦʞʝʥʠʶ ʠʩʪʦʯʥʠʢʘ ʵʥʝʨʛʠʠ. ʅʘ ʤʦʡ 

ʚʟʛʣʷʜ, ʵʪʠʤ ʪʨʝʙʦʚʘʥʠʷʤ ʦʪʚʝʯʘʝʪ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʬʦʪʦʵʣʝʢʪʨʠʯʝ-

ʩʢʠʭ ʵʣʝʤʝʥʪʦʚ (ʩʦʣʥʝʯʥʳʝ ʙʘʪʘʨʝʠ) ʩʦʚʤʝʩʪʥʦ ʩ ʚʝʪʨʦʛʝʥʝʨʘʪʦʨʘ-

ʤʠ. 

ɺʝʪʨʦʚʳʝ ʵʥʝʨʛʝʪʠʯʝʩʢʠʝ ʫʩʪʘʥʦʚʢʠ ʚʳʧʫʩʢʘʶʪʩʷ ʩʝʨʠʡʥʦ (ʧʨʝ-

ʠʤʫʱʝʩʪʚʝʥʥʦ ʟʘʨʫʙʝʞʥʳʤʠ ʧʨʦʠʟʚʦʜʠʪʝʣʷʤʠ). ʆʩʥʦʚʥʘʷ ʩʣʦʞ-

ʥʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚʝʪʨʦʛʝʥʝʨʘʪʦʨʦʚ ʩʦʩʪʦʠʪ ʚ ʥʝʧʦʩʪʦʷʥʩʪʚʝ 

ʚʳʜʘʚʘʝʤʦʡ ʠʤʠ ʤʦʱʥʦʩʪʠ. ɹʦʣʝʝ ʪʦʛʦ, ʚʝʪʨʦʛʝʥʝʨʘʪʦʨʳ ʤʦʛʫʪ ʨʘ-

ʙʦʪʘʪʴ ʪʦʣʴʢʦ, ʝʩʣʠ ʩʠʣʘ ʚʝʪʨʘ ʥʘʭʦʜʠʪʩʷ ʚ ʦʧʨʝʜʝʣʝʥʥʦʤ ʜʠʘʧʘ-

ʟʦʥʝ [3]. ʅʝʧʦʩʪʦʷʥʩʪʚʦ ʢʦʤʧʝʥʩʠʨʫʝʪʩʷ ʟʘ ʩʯʝʪ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʘʢ-

ʢʫʤʫʣʷʪʦʨʥʦʡ ʙʘʪʘʨʝʠ ʠʣʠ ʠʥʦʛʦ (ʜʦʧʦʣʥʠʪʝʣʴʥʦʛʦ) ʠʩʪʦʯʥʠʢʘ 

ʵʥʝʨʛʠʠ. ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʘʢʢʫʤʫʣʷʪʦʨʥʘʷ ʙʘʪʘʨʝʷ ʜʦʣʞʥʘ 

ʫʜʦʚʣʝʪʚʦʨʷʪʴ ʧʦʚʳʰʝʥʥʳʤ ʪʨʝʙʦʚʘʥʠʷʤ ʢ ʯʠʩʣʫ ʮʠʢʣʦʚ ʧʝʨʝʟʘ-

ʨʷʜʢʠ. [4].  

ʌʦʪʦʵʣʝʢʪʨʠʯʝʩʢʠʝ ʵʣʝʤʝʥʪʳ. ʂʘʢ ʠ ʚ ʩʣʫʯʘʝ ʩ ʚʝʪʨʦʛʝʥʝʨʘʪʦ-

ʨʘʤʠ, ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʩʦʣʥʝʯʥʳʭ ʧʘʥʝʣʝʡ ʩʠʣʴʥʦ 

ʟʘʚʠʩʠʪ ʦʪ ʧʦʛʦʜʥʳʭ ʫʩʣʦʚʠʡ. ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʧʠʢ ʤʦʱʥʦʩʪʠ 

ʩʦʣʥʝʯʥʳʭ ʧʘʥʝʣʝʡ ʩʦʚʧʘʜʘʝʪ ʩ ʧʠʢʦʤ ʧʦʪʨʝʙʣʝʥʠʷ ʵʥʝʨʛʠʠ ʩʠʩʪʝ-

ʤʦʡ ʦʭʣʘʞʜʝʥʠʷ ɹʉ. ʉʫʱʝʩʪʚʫʝʪ ʤʥʦʛʦ ʨʘʟʣʠʯʥʳʭ ʪʠʧʦʚ ʩʦʣʥʝʯ-

ʥʳʭ ʧʘʥʝʣʝʡ: ʤʥʦʛʦʩʣʦʡʥʳʝ ʠ ʦʜʥʦʩʣʦʡʥʳʝ ʥʘ ʦʩʥʦʚʝ ʘʨʩʝʥʠʜʘ 

ʛʘʣʣʠʷ, ʥʘ ʦʩʥʦʚʝ ʤʦʥʦʢʠʩʪʘʣʣʠʯʝʩʢʦʛʦ ʠ ʧʦʣʠʢʨʠʩʪʘʣʣʠʯʝʩʢʦʛʦ 

ʢʨʝʤʥʠʷ, ʪʦʥʢʦʧʣʝʥʦʯʥʳʝ ʉʌʕʊ (ʧʨʠʚʝʜʝʥʳ ʚ ʧʦʨʷʜʢʝ ʫʙʳʚʘʥʠʷ 

ʂʇɼ ʠ ʩʪʦʠʤʦʩʪʠ).  

ʉʦʚʤʝʩʪʥʦʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʚʝʪʨʦʛʝʥʝʨʘʪʦʨʦʚ ʠ ʬʦʪʦʵʣʝʢʪʨʠʯʝ-

ʩʢʠʭ ʵʣʝʤʝʥʪʦʚ ʷʚʣʷʝʪʩʷ ʥʘʠʣʫʯʰʠʤ ʨʝʰʝʥʠʝʤ ʜʣʷ ʘʚʪʦʥʦʤʥʦʛʦ 

ʧʠʪʘʥʠʷ ʙʘʟʦʚʳʭ ʩʪʘʥʮʠʡ ʩʝʪʝʡ ʩʦʪʦʚʦʡ ʩʚʷʟʠ (ʨʠʩ. 1.). ɺ ʪʘʢʦʡ ʩʠ-
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ʩʪʝʤʝ ʦʙʦʨʫʜʦʚʘʥʠʝ ʢʦʤʧʝʥʩʘʮʠʠ ʢʦʣʝʙʘʥʠʡ ʤʦʱʥʦʩʪʠ ʜʝʣʘʝʪʩʷ 

ʦʙʱʠʤ, ʘ ʩʘʤʠ ʢʦʣʝʙʘʥʠʷ ʩʛʣʘʞʠʚʘʶʪʩʷ. ʉʠʩʪʝʤʘ ʧʦʜʦʙʥʦʛʦ ʥʝ ʟʘ-

ʚʠʩʠʪ ʧʦʣʥʦʩʪʴʶ ʦʪ ʨʘʙʦʪʳ ʚʝʪʨʦʛʝʥʝʨʘʪʦʨʘ, ʠ ʘʢʢʫʤʫʣʷʪʦʨʳ ʪʘʢ-

ʞʝ ʟʘʨʷʞʘʶʪʩʷ ʦʪ ʩʦʣʥʝʯʥʦʡ ʧʘʥʝʣʠ. 

 
ʈʠʩ. 1. ɻʠʙʨʠʜʥʘʷ ʩʭʝʤʘ ʧʦʜʢʣʶʯʝʥʠʷ ʚʝʪʨʦʛʝʥʝʨʘʪʦʨʘ ʠ ʬʦʪʦʵʣʝʢʪʨʠʯʝ-

ʩʢʠʭ ʵʣʝʤʝʥʪʦʚ 

 

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʪʘʢʠʭ ʤʦʜʝʣʝʡ ʧʦʟʚʦʣʷʝʪ ʦʮʝʥʠʪʴ ʩʝʙʝʩʪʦʠʤʦʩʪʴ 

ʵʥʝʨʛʠʠ, ʧʦʣʫʯʘʝʤʦʡ ʧʨʠ ʧʦʤʦʱʠ ʛʠʙʨʠʜʥʦʡ ʩʠʩʪʝʤʳ, ʠ ʝʝ ʟʘʚʠʩʠ-

ʤʦʩʪʴ ʦʪ ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʫʩʣʦʚʠʡ, ʩʦʩʪʘʚʘ ʛʠʙʨʠʜʥʦʡ ʩʠʩʪʝʤʳ, ʮʝʥ 

ʥʘ ʵʥʝʨʛʦʥʦʩʠʪʝʣʠ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʚʳʙʨʘʪʴ ʦʧʪʠʤʘʣʴʥʦʝ ʨʝʰʝʥʠʝ 

ʜʣʷ ʢʦʥʢʨʝʪʥʦʛʦ ʩʣʫʯʘʷ. ʆʜʥʘʢʦ ʥʘʣʠʯʠʝ ʧʦʜʦʙʥʳʭ ʩʨʝʜʩʪʚ ʥʝ ʠʩ-

ʢʣʶʯʘʝʪ ʨʠʩʢʠ, ʩʚʷʟʘʥʥʳʝ ʩ ʥʝʧʨʘʚʠʣʴʥʦʡ ʦʮʝʥʢʦʡ ʧʘʨʘʤʝʪʨʦʚ ʩʠ-

ʩʪʝʤʳ, ʥʝ ʩʥʠʤʘʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʧʨʦʚʝʜʝʥʠʷ ʘʥʘʣʠʟʘ ʢʣʠʤʘʪʠʯʝ-

ʩʢʠʭ ʬʘʢʪʦʨʦʚ ʠ ʩʦʟʜʘʥʠʷ ʩʣʫʞʙ ʧʦ ʦʙʩʣʫʞʠʚʘʥʠʶ ʩʦʦʪʚʝʪʩʪʚʫʶ-

ʱʠʭ ʫʩʪʘʥʦʚʦʢ. 
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ʀʟʫʯʝʥʠʝ ʚʣʠʷʥʠʷ ʧʨʦʮʝʩʩʦʚ ʩʝʛʨʝʛʘʮʠʠ ʥʘ ʦʩʥʦʚʝ ʨʘʜʠʘʮʠʦʥ-

ʥʦïʠʥʜʫʮʠʨʦʚʘʥʥʦʡ ʥʝʩʪʘʙʠʣʴʥʦʩʪʠ ʦʩʘʞʜʝʥʠʡ MnS ʠ ʧʦʜʯʠʥʝʥ-

ʥʦʛʦ ʝʤʫ ʚʣʠʷʥʠʷ ʷʜʝʨʥʦʡ ʪʨʘʥʩʤʫʪʘʮʠʠ ʥʘ ʤʠʢʨʦʩʪʨʫʢʪʫʨʥʳʝ ʠʟ-

ʤʝʥʝʥʠʷ ʤʘʪʝʨʠʘʣʦʚ ʢʦʥʩʪʨʫʢʮʠʡ ʟʘ ʚʨʝʤʷ ʵʢʩʧʣʫʘʪʘʮʠʠ ʵʥʝʨʛʝʪʠ-

ʯʝʩʢʠʭ ʠ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʭ ʨʝʘʢʪʦʨʦʚ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʚʘʞʥʫ  ʁ

ʥʘʫʯʥʦ-ʪʝʭʥʠʯʝʩʢʫ  ʁʟʘʜʘʯʫ. 

ʈʘʥʝʝ ʚʳʧʦʣʥʝʥʥʳʝ ʨʘʩʯʸʪʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʷʜʝʨʥʦʡ ʪʨʘʥʩʤʫ-

ʪʘʮʠʠ ʚ ʩʪʘʣʷʭ, ʠʩʧʦʣʴʟʫʝʤʳʭ ʜʣʷ ʨʘʟʣʠʯʥʳʭ ʠʟʜʝʣʠʡ ʨʝʘʢʪʦʨʥʦʡ 

ʪʝʭʥʠʢʠ, ʧʦʢʘʟʘʣʠ, ʯʪʦ ʩʪʝʧʝʥʴ ʚʣʠʷʥʠʷ ʵʬʬʝʢʪʦʚ ʷʜʝʨʥʦʡ ʪʨʘʥʩ-

ʤʫʪʘʮʠʠ ʥʘ ʠʟʤʝʥʝʥʠʝ ʩʪʨʫʢʪʫʨʥʦʡ ʩʪʘʙʠʣʴʥʦʩʪʠ ʥʘʭʦʜʠʪʩʷ ʚ ʧʨʝ-

ʜʝʣʘʭ ʨʝʩʫʨʩʘ ʵʢʩʧʣʫʘʪʘʮʠʠ [1]. ʆʜʥʘʢʦ ʚ ʩʦʯʝʪʘʥʠʠ ʩ ʥʝʦʙʨʘʪʠ-

ʤ ʤrʠ ʠʟʤʝʥʝʥʠʷʤʠ ʤʠʢʨʦʩʪʨʫʢʪʫʨʳ ʚʩʣʝʜʩʪʚʠʝ ʧʨʦʮʝʩʩʦʚ ʤʠʛʨʘ-

ʮʠʠ ʠ ʩʝʛʨʝʛʘʮʠʠ ʥʘ ʛʨʘʥʠʮʝ ʟʝʨʝʥ, ʪʨʘʥʩʤʫʪʘʮʠʦʥʥʳʝ ʵʬʬʝʢʪʳ 

ʤʦʛʫʪ ʦʢʘʟʘʪʴʩʷ ʬʘʢʪʦʨʘʤʠ, ʩʧʦʩʦʙʩʪʚʫʶʱʠʤʠ ʦʛʨʘʥʠʯʝʥʠʶ ʵʢʩ-

ʧʣʫʘʪʘʮʠʦʥʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ. 

ʈʝʘʣʠʟʦʚʘʥʘ ʠʥʬʦʨʤʘʮʠʦʥʥʘʷ ʩʠʩʪʝʤʘ ʜʣʷ ʤʦʜʝʣʠʨʦʚʘʥʠ ̫ʜʝ-

ʪʝʨʤʠʥʠʨʦʚʘʥʥʳʭ ʧʨʦʮʝʩʩʦʚ ʷʜʝʨʥʦʡ ʪʨʘʥʩʤʫʪʘʮʠʠ ʚ ʢʦʥʩʪʨʫʢʮʠ-

ʦʥʥʳʭ ʤʘʪʝʨʠʘʣʘʭ ʧʨʠ ʦʙʣʫʯʝʥʠʠ ʦʪ ʠʩʪʦʯʥʠʢʦʚ ʥʝʡʪʨʦʥʦʚ [2]. 

ʀʥʬʦʨʤʘʮʠʦʥʥʘʷ ʩʠʩʪʝʤʘ ʚʳʧʦʣʥʝʥʘ ʚ ʚʠʜʝ ʤʥʦʛʦʩʪʨʘʥʠʯʥʦʛʦ 

ʩʘʡʪʘ ʠ ʥʘʭʦʜʠʪʩʷ ʚ ʩʚʦʙʦʜʥʦʤ ʜʦʩʪʫʧʝ ʜʣʷ ʧʦʣʴʟʦʚʘʪʝʣʝʡ ʠʥʪʝʨ-

ʥʝʪ-ʨʝʩʫʨʩʦʚ. ɺʩʪʨʦʝʥʥʳʡ ʢʦʥʩʪʨʫʢʪʦʨ ʧʦʟʚʦʣʷʝʪ ʤʦʜʝʣʠʨʦʚʘʪʴ 

ʩʭʝʤʳ ʥʫʢʣʠʜʥʳʭ ʧʨʝʚʨʘʱʝʥʠʡ, ʧʦ ʢʦʪʦʨʳʤ ʩʠʩʪʝʤʘ ʘʚʪʦʤʘʪʠʯʝ-

ʩʢʠ ʧʨʦʚʦʜʠʪ ʨʘʩʯʸʪ ʠʟʤʝʥʝʥʠʡ ʥʫʢʣʠʜʥʦʛʦ ʩʦʩʪʘʚʘ ʤʘʪʝʨʠʘʣʘ ʧʨʠ 

ʦʙʣʫʯʝʥʠʠ. ɺʩʪʨʦʝʥʥʘʷ ʙʘʟʘ ʜʘʥʥʳʭ (ɹɼ) ʷʜʝʨʥʳʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ 

ʥʝʡʪʨʦʥʦʚ ʩ ʘʪʦʤʘʤʠ ʚʝʱʝʩʪʚʘ ʨʝʘʣʠʟʦʚʘʥʘ ʥʘ ʦʩʥʦʚʝ ʚʩʝʩʪʦʨʦʥʥʝʡ 

ʷʜʝʨʥʦʡ ʙʠʙʣʠʦʪʝʢʠ ʜʘʥʥʳʭ FENDL-3.1 [3] ʦʪ ʄɸɻɸʊʕ ʜʣʷ ʠʥʪʝ-
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ʛʨʠʨʦʚʘʥʥʳʭ ʧʨʠʣʦʞʝʥʠʡ ʠ ʩʧʨʘʚʦʯʥʳʭ ʜʘʥʥʳʭ ʧʦ ʥʝʡʪʨʦʥʥʦ-

ʬʠʟʠʯʝʩʢʠʤ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤ ʠʩʪʦʯʥʠʢʦʚ ʙʳʩʪʨʳʭ ʥʝʡʪʨʦʥʦʚ.  

ʎʝʣʴ ʨʘʙʦʪʳ ï ʧʨʦʚʝʩʪʠ ʦʮʝʥʢʫ ʩʪʝʧʝʥʠ ʥʝʩʪʘʙʠʣʴʥʦʩʪʠ ʚʳʜʝ-

ʣʝʥʠʡ ʪʠʧʘ ʄnS ʚ ʩʪʘʣʷʭ ʧʨʠ ʨʝʘʢʪʦʨʥʦʤ ʦʙʣʫʯʝʥʠʠ ʥʘ ʦʩʥʦʚʝ ʨʘʩ-

ʯʸʪʦʚ ʩʦʜʝʨʞʘʥʠʷ ʤʘʨʛʘʥʮʘ ʠ ʩʝʨʳ ʩʨʝʜʩʪʚʘʤʠ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ 

ʩʠʩʪʝʤʳ. 

ɺ ʦʙʱʝʡ ʧʦʩʪʘʥʦʚʢʝ ʟʘʜʘʯʘ ʨʘʩʯʝʪʘ ʪʨʘʥʩʤʫʪʘʮʠʡ [4] ʩʚʦʜʠʪʩʷ ʢ 

ʨʝʰʝʥʠʶ ʟʘʜʘʯʠ ʂʦʰʠ ʜʣʷ ʩʠʩʪʝʤʳ ʣʠʥʝʡʥʳʭ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʭ 

ʫʨʘʚʥʝʥʠʡ ʩ ʧʦʩʪʦʷʥʥʳʤʠ ʢʦʵʬʬʠʮʠʝʥʪʘʤʠ ʨʘʟʤʝʨʥʦʩʪʠ n: 

ὃÖὢὸ    (1) 

ʩ ʥʘʯʘʣʴʥʳʤʠ ʫʩʣʦʚʠʷʤʠ ʜʣʷ ʚʝʢʪʦʨʘ ʥʫʢʣʠʜʥʦʛʦ ʩʦʩʪʘʚʘ 

ὢπ ὢ     (2) 

ʛʜʝ ὢὸ ï ʚʝʢʪʦʨ ʧʝʨʝʤʝʥʥʳʭ ὼ ʨʘʟʤʝʨʥʦʩʪʠ n, ὢÍὙ , A ï ʤʘʪʨʠ-

ʮʘ ʩʢʦʨʦʩʪʝʡ ʨʝʘʢʮʠʡ ʨʘʟʤʝʨʥʦʩʪʠ ὲ ὲ, ʚʩʝ ʢʦʦʨʜʠʥʘʪʳ ὼ ʚʝʢʪʦ-

ʨʘ ὢὸ ʥʝʦʪʨʠʮʘʪʝʣʴʥʳ, ὼ ï ʢʦʥʮʝʥʪʨʘʮʠʷ ʷʜʝʨ ʥʫʢʣʠʜʘ i. ɺ ʩʠ-

ʩʪʝʤʝ ʢʦʦʨʜʠʥʘʪ Ὑ  ʤʘʪʨʠʮʘ ʩʠʩʪʝʤʳ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʢʘʢ ʤʘʪʨʠʮʘ 

ʦʧʝʨʘʪʦʨʘ ὃȡὙ­Ὑ .  

ɽʩʣʠ A ï ʜʠʘʛʦʥʘʣʴʥʳʡ ʦʧʝʨʘʪʦʨ, ʪʦʛʜʘ ʚʳʯʠʩʣʝʥʠʝ Ὡ  ʧʨʦʱʝ 

ʚʩʝʛʦ ʧʨʦʚʦʜʠʪʴ ʚ ʩʦʙʩʪʚʝʥʥʦʤ ʙʘʟʠʩʝ  ʠ ʨʝʰʝʥʠʝ ʫʨʘʚʥʝʥʠʷ (1) ʩ 

ʥʘʯʘʣʴʥʳʤ ʫʩʣʦʚʠʝʤ (2) ʝʩʪʴ  

ὢὸ Ὡ ὢȟὸÍὙ    (3) 

ʃʠʪʝʨʘʪʫʨʘ 
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ʉʦʟʜʘʥʠʝ ʥʦʚʳʭ ʢʦʤʧʦʟʠʮʠʦʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʥʘ ʦʩʥʦʚʝ ʥʘʥʦʯʘ-

ʩʪʠʮ (ʅʏ) ʧʝʨʩʧʝʢʪʠʚʥʦ ʚ ʩʠʣʫ ʪʦʛʦ, ʯʪʦ ʫʥʠʢʘʣʴʥʳʝ ʩʚʦʡʩʪʚʘ ʅʏ, 

ʧʦʤʝʱʝʥʥʳʭ ʚ ʨʘʟʣʠʯʥʳʝ ʤʘʪʨʠʮʳ ʩʦʭʨʘʥʷʶʪʩʷ ʠ ʜʘʞʝ ʫʩʠʣʠʚʘ-

ʶʪʩʷ ʧʨʠ ʵʪʦʤ. ʅʘʠʙʦʣʝʝ ʧʝʨʩʧʝʢʪʠʚʥʳʤʠ ʦʙʣʘʩʪʷʤʠ ʧʨʠʤʝʥʝʥʠʷ 

ʤʘʪʝʨʠʘʣʦʚ ʥʘ ʦʩʥʦʚʝ ʦʢʩʠʜʘ ʛʨʘʬʝʥʘ (ʆɻ) ʠ ʥʘʥʦʯʘʩʪʠʮ ʙʣʘʛʦʨʦʜ-

ʥʳʭ ʤʝʪʘʣʣʦʚ ʷʚʣʷʶʪʩʷ ʢʘʪʘʣʠʟ, ʪʦʧʣʠʚʥʳʝ ʵʣʝʤʝʥʪʳ, ʭʠʤʠʯʝʩʢʠʝ 

ʩʝʥʩʦʨʳ ʠ ʙʠʦʣʦʛʠʯʝʩʢʠʝ ʧʨʠʣʦʞʝʥʠʷ. 

ɺ ʨʘʙʦʪʝ ʧʨʦʚʝʜʝʥʦ ʠʩʩʣʝʜʦʚʘʥʠʝ ʚʣʠʷʥʠʷ ʥʘʥʦʯʘʩʪʠʮ ʟʦʣʦʪʘ ʠ 

ʩʝʨʝʙʨʘ ʥʘ ʵʣʝʢʪʨʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʦʢʩʠʜʘ ʛʨʘʬʝʥʘ, ʧʦʣʫʯʝʥʥʦʛʦ 

ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʤ ʤʝʪʦʜʦʤ ʍʘʤʤʝʨʩʘ. ʀʟ ʠʟʤʝʨʝʥʠʡ ʤʝʪʦʜʘʤʠ 

ʵʣʝʢʪʨʦʥʥʦʡ ʠ ʘʪʦʤʥʦʡ ʩʠʣʦʚʦʡ ʤʠʢʨʦʩʢʦʧʠʠ ʫʩʪʘʥʦʚʣʝʥʳ ʨʘʟʤʝ-

ʨʳ ʥʘʥʦʯʘʩʪʠʮ, ʢʦʪʦʨʳʝ ʣʝʞʘʪ ʚ ʜʠʘʧʘʟʦʥʝ ʦʪ 10 ʜʦ 20 ʥʤ ʜʣʷ ʟʦʣʦ-

ʪʘ, ʠ ʦʪ ʝʜʠʥʠʮ ʥʤ ʜʦ ʥʝʩʢʦʣʴʢʠʭ ʩʦʪ ʥʤ ʜʣʷ ʩʝʨʝʙʨʘ. [1 ] 

ɼʣʷ ʩʠʥʪʝʟʘ ʥʘʥʦʯʘʩʪʠʮ ʟʦʣʦʪʘ ʠʩʧʦʣʴʟʦʚʘʥ ʮʠʪʨʘʪʥʳʡ ʤʝʪʦʜ. 

ʆʪʣʠʯʠʪʝʣʴʥʦʡ ʦʩʦʙʝʥʥʦʩʪʴʶ ʵʪʦʛʦ ʤʝʪʦʜʘ ʷʚʣʷʝʪʩʷ ʪʦ, ʯʪʦ ʮʠʪ-

ʨʘʪ-ʘʥʠʦʥ ʦʜʥʦʚʨʝʤʝʥʥʦ ʚʳʩʪʫʧʘʝʪ ʚ ʨʦʣʠ ʩʪʘʙʠʣʠʟʘʪʦʨʘ ʠ ʚʦʩʩʪʘ-

ʥʦʚʠʪʝʣʷ. ʕʪʦʪ ʤʝʪʦʜ ʧʦʣʫʯʝʥʠʷ ʥʘʥʦʯʘʩʪʠʮ ʟʦʣʦʪʘ, ʧʨʠʤʝʥʠʤ ʠ ʢ 

ʧʦʣʫʯʝʥʠʶ ʥʘʥʦʯʘʩʪʠʮ ʩʝʨʝʙʨʘ. ʅʦ, ʪʘʢ ʢʘʢ ʩʝʨʝʙʨʦ ʙʦʣʝʝ ʘʢʪʠʚ-

ʥʳʡ ʤʝʪʘʣʣ, ʯʝʤ ʟʦʣʦʪʦ, ʪʦ ʩʠʥʪʝʟ ʥʘʥʦʯʘʩʪʠʮ ʩʝʨʝʙʨʘ ʧʨʦʠʩʭʦʜʠʪ 

ʙʦʣʝʝ ʩʣʦʞʥʦ ʠʟ-ʟʘ ʩʧʦʩʦʙʥʦʩʪʠ ʩʝʨʝʙʨʘ ʢ ʙʳʩʪʨʦʤʫ ʦʢʠʩʣʝʥʠʶ ʠ 

ʘʛʨʝʛʘʮʠʠ. [2]  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚʚʝʜʝʥʠʝ ʥʘʥʦʯʘʩʪʠʮ Au ʠ Ag ɺ ʆɻ ʧʨʠʚʦʜʠʪ ʢ 

ʫʚʝʣʠʯʝʥʠʶ ʵʣʝʢʪʨʦʧʨʦʚʦʜʥʦʩʪʠ ʥʘ ʧʦʨʷʜʦʢ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʠʩ-

ʭʦʜʥʳʤʠ ʦʙʨʘʟʮʘʤʠ ʧʨʠ ʪʝʨʤʦʦʙʨʘʙʦʪʢʘʭ ʜʦ 250ʉ. ɺ ʧʦʩʣʝʜʫʶ-

ʱʝʤ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʪʝʤʧʝʨʘʪʫʨʳ ʵʪʘ ʧʨʦʚʦʜʠʤʦʩʪʴ ʫʤʝʥʴʰʘʝʪʩʷ ʠ 

ʩʪʨʝʤʠʪʩʷ ʢ ʟʥʘʯʝʥʠʶ ʜʣʷ ʆɻ ʙʝʟ ʅʏ. ʅʘʙʣʶʜʘʝʤʳʡ ʵʬʬʝʢʪ ʧʨʦ-

ʷʚʣʷʝʪ ʟʘʚʠʩʠʤʦʩʪʴ ʦʪ ʩʦʜʝʨʞʘʥʠʷ ʥʘʥʦʯʘʩʪʠʮ ʚ ʆɻ. [3] 
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ʃʦʧʘʪʢʠ ʪʫʨʙʠʥ ʛʘʟʦʪʫʨʙʠʥʥʳʭ ʜʚʠʛʘʪʝʣʝʡ, ʨʘʙʦʪʘʶʱʠʭ ʧʨʠ 

ʪʝʤʧʝʨʘʪʫʨʘʭ ʜʦ 800ÁC, ʷʚʣʷʶʪʩʷ ʦʜʥʦʡ ʠʟ ʩʘʤʳʭ ʚʳʩʦʢʦʥʘʛʨʫ-

ʞʝʥʥʳʭ ʜʝʪʘʣʝʡ, ʧʦʵʪʦʤʫ ʢ ʞʘʨʦʧʨʦʯʥʳʤ ʩʧʣʘʚʘʤ ʜʣʷ ʥʠʭ ʧʨʝʜʲ-

ʷʚʣʷʶʪʩʷ ʦʩʦʙʝʥʥʦ ʚʳʩʦʢʠʝ ʪʨʝʙʦʚʘʥʠʷ. ɼʣʷ ʧʨʦʤʳʰʣʝʥʥʦʛʦ ʧʨʦ-

ʠʟʚʦʜʩʪʚʘ ʞʘʨʦʧʨʦʯʥʳʭ ʩʧʣʘʚʦʚ ʧʨʠ ʪʝʨʤʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʝ ʦʯʝʥʴ 

ʚʘʞʥʘ ʪʦʯʥʦʩʪʴ ʧʦʜʜʝʨʞʘʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ. ʇʨʠ ʧʨʦʠʟʚʦʜʩʪʚʝ 

ʩʣʦʞʥʦʣʝʛʠʨʦʚʘʥʥʳʭ ʩʧʣʘʚʦʚ ʧʦʛʨʝʰʥʦʩʪʴ ʥʝ ʜʦʣʞʥʘ ʧʨʝʚʳʰʘʪʴ 

Ñ2 ÁC. ɼʣʷ ʨʝʰʝʥʠʷ ʵʪʦʡ ʟʘʜʘʯʠ ʙʳʣʦ ʨʘʟʨʘʙʦʪʘʥʦ ʧʨʦʛʨʘʤʤʥʦʝ 

ʦʙʝʩʧʝʯʝʥʠʝ ʩʠʩʪʝʤʳ ʪʝʨʤʦʩʪʘʪʠʨʦʚʘʥʠʷ, ʩʪʨʫʢʪʫʨʥʘʷ ʩʭʝʤʘ ʢʦʪʦ-

ʨʦʡ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩʫʥʢʝ 1 [1], [2]. 

 

ʈʠʩ.1. ʉʪʨʫʢʪʫʨʥʘʷ ʩʭʝʤʘ ʩʠʩʪʝʤʳ ʪʝʨʤʦʩʪʘʪʠʨʦʚʘʥʠʷ 

ʈʝʛʫʣʠʨʦʚʘʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʣʦʧʘʪʦʢ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʧʦʩʨʝʜ-

ʩʪʚʦʤ ʜʚʫʭ ʢʘʥʘʣʦʚ ʨʝʛʫʣʷʪʦʨʘ ʄɺ100 ï ʦʜʠʥ ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ 

ʦʭʣʘʞʜʝʥʠʷ ʚʝʥʪʠʣʷʪʦʨʦʤ ʯʝʨʝʟ ʯʘʩʪʦʪʥʳʡ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʴ (ʘʥʘ-

ʣʦʛʦʚʳʡ ʚʳʭʦʜ), ʘ ʜʨʫʛʦʡ (ʩ ʚʳʭʦʜʦʤ ʥʘ ʐʀʄ) ʜʣʷ ʥʘʛʨʝʚʘ ʩ ʧʦ-

ʤʦʱʴʶ ʊʕʅ (ʜʠʩʢʨʝʪʥʳʡ ʚʳʭʦʜ). ɼʣʷ ʢʦʥʪʨʦʣʷ ʪʝʤʧʝʨʘʪʫʨʳ ʥʘ 

ʘʥʘʣʦʛʦʚʳʝ ʚʭʦʜʳ ʄɺ100 ʧʦʜʢʣʶʯʝʥʳ ʧʠʨʦʤʝʪʨ ʠ ʧʣʘʪʠʥʦʚʘʷ 

ʪʝʨʤʦʧʘʨʘ. 
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ɼʣʷ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʦʧʝʨʘʪʦʨʘ ʩ ʩʠʩʪʝʤʦʡ 

ʙʳʣʘ ʨʘʟʨʘʙʦʪʘʥʘ ʤʥʝʤʦʩʭʝʤʘ, ʧʨʝʜʩʪʘʚʣʝʥʥʘʷ ʥʘ ʨʠʩʫʥʢʝ 2. 

 

 
ʈʠʩ.2. ʄʥʝʤʦʩʭʝʤʘ ʫʧʨʘʚʣʝʥʠʷ ʩʠʩʪʝʤʦʡ 

ʄʘʩʩʠʚʳ ʟʥʘʯʝʥʠʡ ʫʩʪʘʚʦʢ ʜʣʷ ʪʝʨʤʦʩʪʘʪʠʨʦʚʘʥʠʷ ʠ ʩʦʦʪʚʝʪ-

ʩʪʚʫʶʱʠʝ ʠʤ ʚʨʝʤʝʥʘ ʚʳʜʝʨʞʢʠ ʭʨʘʥʷʪʩʷ ʚ ɹɼʈɺ ʠ ʧʝʨʝʜʘʶʪʩʷ ʚ 

ʫʧʨʘʚʣʷʶʱʫʶ ʧʨʦʛʨʘʤʤʫ. ʈʝʛʫʣʷʪʦʨ ʘʥʘʣʠʟʠʨʫʝʪ ʠʟʤʝʥʝʥʠʝ ʚʝʣʠ-

ʯʠʥʳ ʫʩʪʘʚʢʠ ï ʝʩʣʠ ʦʥʦ ʨʘʩʪʸʪ, ʪʦ ʟʘʜʝʡʩʪʚʫʝʪʩʷ ʢʦʥʪʫʨ ʇʀɼ-

ʨʝʛʫʣʠʨʦʚʘʥʠʷ, ʦʪʚʝʯʘʶʱʠʡ ʟʘ ʥʘʛʨʝʚ ʣʦʧʘʪʢʠ, ʚ ʧʨʦʪʠʚʥʦʤ ʩʣʫʯʘʝ 

ï ʢʦʥʪʫʨ, ʦʪʚʝʯʘʶʱʠʡ ʟʘ ʝʸ ʦʭʣʘʞʜʝʥʠʝ. ʊʝʩʪʠʨʦʚʘʥʠʝ ʧʦʣʫʯʝʥʥʦʡ 

ʩʠʩʪʝʤʳ ʧʦʢʘʟʘʣʦ ʝʸ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʴ ʚ ʧʨʝʜʝʣʘʭ ʪʨʝʙʫʝʤʦʡ ʪʦʯ-

ʥʦʩʪʠ. 
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ʄʦʱʥʳʝ MOSFET ʠ IGBT-ʪʨʘʥʟʠʩʪʦʨʳ ʩʦʩʪʘʚʣʷʶʪ ʦʩʥʦʚʫ ʩʠ-

ʣʦʚʦʡ ʵʣʝʢʪʨʦʥʠʢʠ. ʉʦʚʨʝʤʝʥʥʳʝ ʪʨʘʥʟʠʩʪʦʨʳ ʩʧʦʩʦʙʥʳ ʢʦʤʤʫʪʠ-

ʨʦʚʘʪʴ ʪʦʢʠ ʚ ʥʝʩʢʦʣʴʢʦ ʩʦʪʝʥ ʘʤʧʝʨ, ʚʝʣʠʯʠʥʘ ʨʘʩʩʝʠʚʘʝʤʦʡ ʚ ʥʠʭ 

ʤʦʱʥʦʩʪʠ ʤʦʞʝʪ ʜʦʩʪʠʛʘʪʴ 1 ʢɺʪ. ʈʘʙʦʪʘ ʚ ʪʘʢʠʭ ʨʝʞʠʤʘʭ ʤʦʞʝʪ 

ʚʳʟʚʘʪʴ ʩʠʣʴʥʳʡ ʧʝʨʝʛʨʝʚ ʢʨʠʩʪʘʣʣʘ ʪʨʘʥʟʠʩʪʦʨʘ ʩ ʧʦʩʣʝʜʫʶʱʠʤʠ 

ʥʝʛʘʪʠʚʥʳʤʠ ʧʦʩʣʝʜʩʪʚʠʷʤʠ. ʕʪʦ ʪʨʝʙʫʝʪ ʢʦʥʪʨʦʣʷ ʢʘʯʝʩʪʚʘ ʦʪʚʦ-

ʜʘ ʪʝʧʣʘ ʦʪ ʘʢʪʠʚʥʦʡ ʦʙʣʘʩʪʠ ʢʨʠʩʪʘʣʣʘ (p-n-ʧʝʨʝʭʦʜʘ) ʢ ʢʦʨʧʫʩʫ 

ʪʨʘʥʟʠʩʪʦʨʘ ʠ ʜʘʣʝʝ ʯʝʨʝʟ ʨʘʜʠʘʪʦʨ ʚ ʦʢʨʫʞʘʶʱʫʶ ʩʨʝʜʫ. 

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʜʣʷ ʠʟʤʝʨʝʥʠʷ ʪʝʧʣʦʚʦʛʦ ʠʤʧʝʜʘʥʩʘ ʤʦʱʥʳʭ 

MOSFET  ʠ IGBT-ʪʨʘʥʟʠʩʪʦʨʦʚ ʧʨʝʜʣʦʞʝʥ ʥʦʚʳʡ ʦʨʠʛʠʥʘʣʴʥʳʡ 

ʤʝʪʦʜ [1], ʚ ʢʦʪʦʨʦʤ ʚʣʠʷʥʠʝ ʪʨʝʥʜʘ ʪʝʤʧʝʨʘʪʫʨʳ ʢʦʨʧʫʩʘ ʚ ʧʨʦ-

ʮʝʩʩʝ ʠʟʤʝʨʝʥʠʷ ʪʝʧʣʦʚʦʛʦ ʠʤʧʝʜʘʥʩʘ ʩʫʱʝʩʪʚʝʥʥʦ ʩʥʠʞʝʥʦ. ɺ 

ʦʪʣʠʯʠʝ ʦʪ ʜʨʫʛʠʭ ʤʝʪʦʜʦʚ, ʦʙʲʝʢʪ ʨʘʟʦʛʨʝʚʘʝʪʩʷ ʤʦʜʫʣʠʨʦʚʘʥʥʦʡ 

ʧʦ ʛʘʨʤʦʥʠʯʝʩʢʦʤʫ ʟʘʢʦʥʫ ʤʦʱʥʦʩʪʴʶ. ʆʧʨʝʜʝʣʝʥʠʝ ʢʦʤʧʦʥʝʥʪ ʪʝʧ-

ʣʦʚʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʦʩʥʦʚʘʥʦ ʥʘ ʘʥʘʣʠʟʝ ʟʘʚʠʩʠʤʦʩʪʠ ʤʦʜʫʣʷ Zth(f) ʠ 

ʬʘʟʳ ű(f) ʪʝʧʣʦʚʦʛʦ ʠʤʧʝʜʘʥʩʘ, ʘ ʪʘʢʞʝ ʝʛʦ ʚʝʱʝʩʪʚʝʥʥʦʡ ʯʘʩʪʠ Re Zth(f) 

ʦʪ ʯʘʩʪʦʪʳ ʤʦʜʫʣʷʮʠʠ ʛʨʝʶʱʝʡ ʤʦʱʥʦʩʪʠ. ʂʦʤʧʦʥʝʥʪʳ ʪʝʧʣʦʚʦʛʦ ʩʦ-

ʧʨʦʪʠʚʣʝʥʠʷ ʧʨʦʷʚʣʷʶʪʩʷ ʚ ʚʠʜʝ ʧʦʣʦʛʠʭ ʫʯʘʩʪʢʦʚ ʠʣʠ ʪʦʯʝʢ ʧʝʨʝʛʠ-

ʙʘ ʥʘ ʯʘʩʪʦʪʥʦʡ ʟʘʚʠʩʠʤʦʩʪʠ Zth(f) ʠ Re Zth(f), ʘ ʪʘʢʞʝ ʵʢʩʪʨʝʤʫʤʦʚ ʥʘ 

ʯʘʩʪʦʪʥʦʡ ʟʘʚʠʩʠʤʦʩʪʠ ʬʘʟʳ ű(f). ɼʘʥʥʳʡ ʤʝʪʦʜ ʚʳʯʠʩʣʝʥʠʷ ʘʤʧʣʠ-

ʪʫʜʳ ʧʝʨʝʤʝʥʥʦʡ ʩʦʩʪʘʚʣʷʶʱʝʡ ʪʝʤʧʝʨʘʪʫʨʳ, ʧʦʟʚʦʣʷʝʪ ʦʧʨʝʜʝʣʠʪʴ 

ʟʥʘʯʝʥʠʝ T1(f) ʩ ʚʳʩʦʢʦʡ ʪʦʯʥʦʩʪʴʶ, ʯʪʦ ʦʙʫʩʣʦʚʣʝʥʦ ʙʦʣʴʰʠʤ ʦʙʲʝ-

ʤʦʤ ʚʳʙʦʨʢʠ ʧʨʠ ʜʠʩʢʨʝʪʥʦʤ ʧʨʝʦʙʨʘʟʦʚʘʥʠʠ ʌʫʨʴʝ (N å 1500). ʂʘʢ 

ʩʣʝʜʩʪʚʠʝ, ʵʪʦ ʜʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʧʨʦʚʦʜʠʪʴ ʠʟʤʝʨʝʥʠʷ ʧʨʠ ʦʪʥʦʩʠ-

ʪʝʣʴʥʦ ʥʝʙʦʣʴʰʠʭ ʛʨʝʶʱʠʭ ʪʦʢʘʭ, ʧʦʩʢʦʣʴʢʫ ʘʤʧʣʠʪʫʜʳ ʢʦʣʝʙʘʥʠʡ 

ʪʝʤʧʝʨʘʪʫʨʳ ʧʝʨʝʭʦʜʘ ʥʘ ʫʨʦʚʥʝ 1 ʉ ʚʧʦʣʥʝ ʜʦʩʪʘʪʦʯʥʦ ʜʣʷ ʦʧʨʝʜʝ-

ʣʝʥʠʷ Zth(f) ʩ ʜʦʩʪʘʪʦʯʥʦʡ ʪʦʯʥʦʩʪʴʶ. 

ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʢʦʤʧʦʥʝʥʪ ʪʝʧʣʦʚʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ, ʚʢʣʶʯʘʷ 

ʢʦʤʧʦʥʝʥʪʫ çʧʝʨʝʭʦʜ-ʢʦʨʧʫʩè, ʧʨʦʚʦʜʠʣʠʩʴ ʠʟʤʝʨʝʥʠʷ ʟʘʚʠʩʠʤʦ-
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ʩʪʠ ʤʦʜʫʣʷ Zth(f) ʠ ʬʘʟʳ ű(f) ʪʝʧʣʦʚʦʛʦ ʠʤʧʝʜʘʥʩʘ, ʘ ʪʘʢʞʝ ʝʛʦ ʚʝ-

ʱʝʩʪʚʝʥʥʦʡ ʯʘʩʪʠ Re Zth(f) ʦʪ ʯʘʩʪʦʪʳ ʤʦʜʫʣʷʮʠʠ ʛʨʝʶʱʝʡ ʤʦʱʥʦ-

ʩʪʠ [2].. ɼʣʷ ʚʳʷʚʣʝʥʠʷ ʦʩʦʙʝʥʥʦʩʪʝʡ  Re Zth(f) ʧʨʦʚʦʜʠʣʦʩʴ ʚʳʯʠʩ-

ʣʝʥʠʝ ʧʨʦʠʟʚʦʜʥʦʡ dRe Zth/df ʠ ʧʦʩʪʨʦʝʥʠʝ ʟʘʚʠʩʠʤʦʩʪʠ  (dRe 

Zth/df)
-1
 ʦʪ ʪʝʧʣʦʚʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ Rth. ʂʦʤʧʦʥʝʥʪʳ ʪʝʧʣʦʚʦʛʦ ʩʦ-

ʧʨʦʪʠʚʣʝʥʠʷ ʦʧʨʝʜʝʣʷʶʪʩʷ ʧʦ ʧʦʣʦʞʝʥʠʶ ʤʘʢʩʠʤʫʤʦʚ ʦʪʥʦʩʠʪʝʣʴ-

ʥʦ ʦʩʠ ʘʙʩʮʠʩʩ. ɼʚʘ ʤʘʢʩʠʤʫʤʘ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʢʦʤʧʦʥʝʥʪʘʤ ʪʝʧʣʦ-

ʚʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ çʧʝʨʝʭʦʜ-ʢʦʨʧʫʩè ʠ çʧʝʨʝʭʦʜ-ʨʘʜʠʘʪʦʨè. ʀʭ 

ʟʥʘʯʝʥʠʷ ʨʘʚʥʳ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ 0,91 ʠ 1,02 ʂ/ɺʪ. 

ʇʨʦʚʝʜʝʥʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʚ ʦʪʣʠʯʠʝ ʦʪ ʩʪʘʥ-

ʜʘʨʪʥʳʭ ʤʝʪʦʜʦʚ ʠʟʤʝʨʝʥʠʷ ʪʝʧʣʦʚʦʛʦ ʠʤʧʝʜʘʥʩʘ, ʚ ʢʦʪʦʨʳʭ 

ʥʘʛʨʝʚ ʪʨʘʥʟʠʩʪʦʨʦʚ ʦʩʫʱʝʩʪʚʣʷʶʪ ʦʜʥʦʢʨʘʪʥʳʤ ʠʤʧʫʣʴʩʦʤ ʠʣʠ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴʶ ʠʤʧʫʣʴʩʦʚ ʛʨʝʶʱʝʛʦ ʪʦʢʘ, ʚ ʤʦʜʫʣʷʮʠʦʥʥʦʤ 

ʤʝʪʦʜʝ ʚʣʠʷʥʠʝ ʪʨʝʥʜʘ ʪʝʤʧʝʨʘʪʫʨʳ ʢʦʨʧʫʩʘ ʥʘ ʨʝʟʫʣʴʪʘʪʳ ʠʟʤʝ-

ʨʝʥʠʷ ʩʫʱʝʩʪʚʝʥʥʦ ʩʥʠʞʝʥʦ. ʇʨʠ ʵʪʦʤ ʧʨʦʮʝʩʩ ʠʟʤʝʨʝʥʠʷ ʪʝʧʣʦʚʦ-

ʛʦ ʠʤʧʝʜʘʥʩʘ ʤʦʞʝʪ ʦʩʫʱʝʩʪʚʣʷʪʴʩʷ ʧʨʠ ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʝʙʦʣʴʰʠʭ 

ʛʨʝʶʱʠʭ ʪʦʢʘʭ, ʧʦʩʢʦʣʴʢʫ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʚʳʩʦʢʦʡ ʪʦʯʥʦʩʪʠ ʠʟ-

ʤʝʨʝʥʠʷ ʪʝʧʣʦʚʦʛʦ ʠʤʧʝʜʘʥʩʘ ʘʤʧʣʠʪʫʜʘ ʧʝʨʝʤʝʥʥʦʡ ʩʦʩʪʘʚʣʷʶ-

ʱʝʡ ʪʝʤʧʝʨʘʪʫʨʳ ʧʝʨʝʭʦʜʘ, ʦʧʨʝʜʝʣʷʝʤʘʷ ʜʠʩʢʨʝʪʥʳʤ ʌʫʨʴʝ-

ʧʨʝʦʙʨʘʟʦʚʘʥʠʝʤ ʧʨʠ ʙʦʣʴʰʦʤ ʦʙʲʝʤʝ ʚʳʙʦʨʢʠ, ʤʦʞʝʪ ʩʦʩʪʘʚʣʷʪʴ 

ʚʝʣʠʯʠʥʫ ʤʝʥʴʰʝ 1 ʉ. 
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ʆʪʢʨʳʪʠʝ ʩʧʣʘʚʦʚ ɻʝʡʩʣʝʨʘ ʧʨʠʚʝʣʦ ʢ ʨʘʟʜʝʣʝʥʠʶ ʠʭ ʥʘ ʦʪ-

ʜʝʣʴʥʳʝ, ʘʢʪʠʚʥʦ ʨʘʟʚʠʚʘʶʱʠʝʩʷ ʦʙʣʘʩʪʠ, ʚ ʢʦʪʦʨʳʭ ʠʟʫʯʘʶʪ ʨʘʟ-

ʣʠʯʥʳʝ ʬʠʟʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ. ɺ ʥʘʧʨʘʚʣʝʥʠʷʭ ʩʧʠʥʪʨʦʥʠʢʠ ʧʦʜʦʙ-

ʥʳʝ ʩʧʣʘʚʳ ʠʩʧʦʣʴʟʫʶʪʩʷ ʚ ʢʘʯʝʩʪʚʝ ʤʘʪʝʨʠʘʣʦʚ ʜʣʷ ʵʣʝʢʪʨʦʥʥʳʭ 

ʫʩʪʨʦʡʩʪʚ, ʦʩʥʦʚʘʥʥʳʭ ʥʘ ʵʬʬʝʢʪʘʭ ʩʧʠʥʦʚʦʛʦ ʪʦʢʦʧʝʨʝʥʦʩʘ [1]. 

ʆʜʥʘʢʦ ʤʘʪʝʨʠʘʣʳ ʜʣʷ ʥʠʭ ʜʦʣʞʥʳ ʦʙʣʘʜʘʪʴ ʨʷʜʦʤ ʪʨʝʙʦʚʘʥʠʡ: 

ʠʤʝʪʴ ʤʘʣʳʝ ʛʝʦʤʝʪʨʠʯʝʩʢʠʝ ʨʘʟʤʝʨʳ ʠ ʧʨʠ ʵʪʦʤ ʩʦʭʨʘʥʷʪʴ ʦʧʨʝ-

ʜʝʣʝʥʥʫʶ ʢʨʠʩʪʘʣʣʠʯʝʩʢʫʶ ʩʪʨʫʢʪʫʨʫ ʜʣʷ ʧʨʦʷʚʣʝʥʠʷ  ʩʚʦʡʩʪʚ ʚʳ-

ʩʦʢʦʡ ʩʧʠʥ ʧʦʣʷʨʠʟʘʮʠʠ. ʊʝʦʨʝʪʠʯʝʩʢʠ, ʫʯʝʥʳʤʠ ʙʳʣʦ ʧʨʝʜʩʢʘʟʘ-

ʥʦ, ʯʪʦ ʩʧʣʘʚʳ  Mn2FeAl, Mn2FeGa, Mn2FeSn ʤʦʛʫʪ ʩʦʦʪʚʝʪʩʪʚʦʚʘʪʴ 

ʚʩʝʤ ʚʳʰʝ ʧʝʨʝʯʠʩʣʝʥʥʳʤ ʪʨʝʙʦʚʘʥʠʷʤ, ʥʦ ʢ ʥʘʩʪʦʷʱʝʤʫ ʤʦʤʝʥʪʫ 

ʪʘʢ ʠ ʥʝ ʙʳʣʠ ʠʩʩʣʝʜʦʚʘʥʳ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ. 

ʅʘʤʠ ʙʳʣʘ ʧʨʠʥʷʪʘ ʧʦʧʳʪʢʘ ʧʦʣʫʯʝʥʠʷ ʜʘʥʥʳʭ ʩʧʣʘʚʦʚ ʚ ʚʠʜʝ 

ʙʳʩʪʨʦʟʘʢʘʣʝʥʥʳʭ ʣʝʥʪ. ɼʘʥʥʳʡ ʤʝʪʦʜ, ʧʦ ʥʘʰʝʤʫ ʤʥʝʥʠʶ, ʷʚʣʷ-

ʝʪʩʷ ʥʘʠʙʦʣʝʝ ʧʝʨʩʧʝʢʪʠʚʥʳʤ, ʦʥ ʧʦʟʚʦʣʷʝʪ ʢʦʥʪʨʦʣʠʨʦʚʘʪʴ ʪʦʣ-

ʱʠʥʫ ʧʦʣʫʯʝʥʥʳʭ ʣʝʥʪ, ʢʦʪʦʨʘʷ ʩʧʦʩʦʙʥʘ ʜʦʩʪʠʛʘʪʴ ʧʦʨʷʜʢʘ  10
-6
 

ʤ, ʠ ʩʦʟʜʘʚʘʪʴ ʚʳʩʦʢʠʡ ʛʨʘʜʠʝʥʪ ʪʝʤʧʝʨʘʪʫʨ, ʩ ʧʦʤʦʱʴʶ ʢʦʪʦʨʦʛʦ 

ʤʦʞʥʦ ʫʧʨʘʚʣʷʪʴ ʧʘʨʘʤʝʪʨʘʤʠ ʩʪʨʫʢʪʫʨʳ. 

ʈʘʟʣʠʚʢʘ ʧʨʦʚʦʜʠʣʘʩʴ ʥʘ ʫʩʪʘʥʦʚʢʝ Melt Spinner SC ʚ ʠʥʝʨʪʥʦʡ 

ʘʪʤʦʩʬʝʨʝ ʘʨʛʦʥʘ.  ʈʘʩʧʣʘʚʣʝʥʥʳʡ ʤʝʪʘʣʣ ʚʳʜʘʚʣʠʚʘʣʩʷ ʠʟ ʪʠʛʣʷ 

ʧʦʜ ʠʟʙʳʪʦʯʥʳʤ ʜʘʚʣʝʥʠʝʤ ʧʦʨʷʜʢʘ 0,2Ŀ10
5
 ʇʘ ʠ ʥʝʧʨʝʨʳʚʥʦ 

ʥʘʙʨʳʟʛʠʚʘʣʩʷ ʥʘ ʦʭʣʘʞʜʘʝʤʳʡ ʤʝʜʥʳʡ ʙʘʨʘʙʘʥ ʜʠʘʤʝʪʨʦʤ 22 ʩʤ, 

ʰʠʨʠʥʘ ʟʘʟʦʨʘ ʤʝʞʜʫ ʪʠʛʣʝʤ ʠ ʙʘʨʘʙʘʥʦʤ ʩʦʩʪʘʚʣʷʣʘ 200 ʤʢʤ, ʫʛ-

ʣʦʚʘʷ ʩʢʦʨʦʩʪʴ ʙʘʨʘʙʘʥʘ ʙʳʣʘ ʨʘʚʥʘ 20 ʤ/ʩ. ʀʩʭʦʜʷ ʠʟ ʨʝʟʫʣʴʪʘʪʦʚ 

ʪʝʨʤʦʛʨʘʚʠʤʝʪʨʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ, ʨʘʟʣʠʚʢʘ ʦʩʫʱʝʩʪʚʣʷʣʘʩʴ ʧʨʠ 

ʪʝʤʧʝʨʘʪʫʨʝ 1450 Áʉ. ʇʦʣʫʯʝʥʥʳʝ ʦʙʨʘʟʮʳ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʨʠ-

ʩʫʥʢʝ 1. 
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ʉʦʩʪʘʚʳ Mn2FeAl (ʨʠʩ. 1ʘ) ʠ Mn2FeGa (ʨʠʩ. 1ʙ) ʧʦʣʥʦʩʪʴʶ 

ʦʧʨʘʚʜʘʣʠ ʦʞʠʜʘʥʠʷ ʧʦ ʛʝʦʤʝʪʨʠʯʝʩʢʠʤ ʧʘʨʘʤʝʪʨʘʤ, ʯʝʛʦ ʥʝʣʴʟʷ 

ʩʢʘʟʘʪʴ ʦ ʪʨʝʪʴʝʤ ʩʦʩʪʘʚʝ Mn2FeSn  (ʨʠʩ. 1ʚ),  ʛʜʝ ʩʧʣʘʚ ʧʦʣʫʯʠʣʩʷ 

ʚ ʚʠʜʝ ʯʠʧʩʦʚ, ʥʝʞʝʣʠ ʣʝʥʪ.   

 

 
ʈʠʩ.1. ɺʥʝʰʥʠʡ ʚʠʜ ʦʙʨʘʟʮʦʚ ʩʦʩʪʘʚʘ: ʘ) Mn2FeAl  

ʙ) Mn2FeGa ʚ) Mn2FeSn  

 

ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʩʢʘʥʠʨʫʶʱʝʛʦ ʵʣʝʢʪʨʦʥʥʦʛʦ ʤʠʢʨʦʩʢʦʧʘ (ʉʕʄ) 

Tescan Vega 3, ʧʦʣʫʯʝʥʥʳʝ ʣʝʥʪʳ ʷʚʣʷʶʪʩʷ ʦʜʥʦʬʘʟʥʳʤʠ. 

ʈʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʳʡ ʘʥʘʣʠʟ, ʧʨʦʚʝʜʝʥʥʳʡ ʥʘ ʜʠʬʨʘʢʪʦʤʝʪʨʝ 

ɼʠʬʨʝʡ 401, ʧʦʢʘʟʘʣ, ʯʪʦ ʙʳʩʪʨʦʟʘʢʘʣʝʥʥʳʝ ʣʝʥʪʳ ʩʦʩʪʘʚʘ 

Mn2FeGa ʠʤʝʶʪ ʛʨʘʥʝʮʝʥʪʨʠʨʦʚʘʥʥʫʶ ʢʫʙʠʯʝʩʢʫʶ ʢʨʠʩʪʘʣʣʠʯʝ-

ʩʢʫʶ ʩʪʨʫʢʪʫʨʫ ʩ ʧʘʨʘʤʝʪʨʦʤ ʨʝʰʝʪʢʠ ʘ = 0,3733 ʥʤ, ʯʪʦ ʭʦʨʦʰʦ 

ʩʦʛʣʘʩʫʝʪʩʷ ʩ ʣʠʪʝʨʘʪʫʨʥʳʤʠ ʜʘʥʥʳʤʠ. ʃʝʥʪʳ ʩʦʩʪʘʚʘ Mn2FeAl 

ʦʙʣʘʜʘʶʪ ʧʨʠʤʠʪʠʚʥʦʡ ʢʫʙʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʦʡ ʩ ʧʝʨʠʦʜʦʤ ʨʝʰʝʪ-

ʢʠ ʘ  =  0,6346 ʥʤ, ʯʪʦ ʥʝ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʪʝʦʨʝʪʠʯʝʩʢʠʤ ʨʘʩʯʝʪʘʤ.  

ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʧʨʦʚʝʜʝʥʥʦʡ ʨʘʙʦʪʳ, ʟʘʜʘʥʥʳʝ ʧʘʨʘʤʝʪʨʳ ʚ ʤʝ-

ʪʦʜʝ ʧʦʣʫʯʝʥʠʷ ʙʳʩʪʨʦʡ ʟʘʢʘʣʢʠ ʧʦʜʦʰʣʠ ʣʠʰʴ ʜʣʷ ʩʦʩʪʘʚʘ 

Mn2FeGa, ʦʜʥʘʢʦ ʜʘʣʴʥʝʡʰʠʤʠ ʧʣʘʥʘʤʠ ʷʚʣʷʝʪʩʷ ʠʭ ʢʦʨʨʝʢʪʠʨʦʚʢʘ 

ʜʣʷ ʢʘʞʜʦʛʦ ʠʟ ʩʦʩʪʘʚʦʚ.  

 

ʃʠʪʝʨʘʪʫʨʘ 

1. A.G. Petukhov, A.N. Chantis, and D.O. Demchenko. Resonant 

Enhancement of Tunneling Magnetoresistance in Double-Barrier Mag-

netic Heterostructures. Physical Review Letters. Vol.89. P.107205 

(2002). 
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ʍɸʈɸʂʊɽʈʀʉʊʀʂʀ ʅɸʅʆʈɸɿʄɽʈʅʓʍ ʇʃɽʅʆʂ  

ʅʀʍʈʆʄɸ ʀ ʅɽʈɾɸɺɽʖʑɽʁ ʉʊɸʃʀ 

 

ɻʦʨʷʯʢʦ ɸ.ʀ.
1
, ɹʫʟʴʢʦ ɺ.ʖ.

1,2
, ʄʠʨʦʥʝʥʢʦ ɸ.ɸ

1
, ɺʘʩʶʪʠʥʘ ʄ.ʇ.

1 

 
1 ʂʫʙʘʥʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ, ʂʨʘʩʥʦʜʘʨ 

2 ʃʘʙʦʨʘʪʦʨʠʷ ʤʦʣʝʢʫʣʷʨʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʭʠʤʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ ʠ 

 ʩʦʝʜʠʥʝʥʠʡ ɿɸʆ ʈʄʎ "ʖʛʪʝʭʠʥʬʦʨʤ", ʂʨʘʩʥʦʜʘʨ 

8-918-4808858., Alexandr_g_i@mail.ru 

 

ʅʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʩʫʱʝʩʪʚʫʝʪ ʧʦʪʨʝʙʥʦʩʪʴ ʚ ʪʦʥʢʦʩʣʦʡʥʳʭ 

ʤʝʪʘʣʣʠʯʝʩʢʠʭ ʤʘʛʥʠʪʥʳʭ ʧʣʝʥʢʘʭ, ʩʧʦʩʦʙʥʳʭ ʦʙʣʘʜʘʪʴ ʧʨʦʟʨʘʯ-

ʥʦʩʪʴʶ ʚ ʚʠʜʠʤʦʤ ʜʠʘʧʘʟʦʥʝ, ʦʪʩʝʢʘʪʴ ʠʟʣʫʯʝʥʠʝ ʙʣʠʞʥʝʛʦ ʋʌ-

ʜʠʘʧʘʟʦʥʘ ʠ ʭʘʨʘʢʪʝʨʠʟʦʚʘʪʴʩʷ ʵʬʬʝʢʪʠʚʥʳʤ ʧʦʛʣʦʱʝʥʠʝʤ ʧʘʨʘ-

ʟʠʪʥʳʭ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʭ ʠʟʣʫʯʝʥʠʡ ʚʳʩʦʢʠʭ ʠ ʩʚʝʨʭʚʳʩʦʢʠʭ ʯʘ-

ʩʪʦʪ. ʊʘʢʠʝ ʧʣʝʥʢʠ ʤʦʛʫʪ ʧʨʠʤʝʥʷʪʴʩʷ ʚ ʢʘʯʝʩʪʚʝ ʦʪʥʦʩʠʪʝʣʴʥʦ 

ʧʨʦʟʨʘʯʥʳʭ ʟʘʱʠʪʥʳʭ ʧʦʢʨʳʪʠʡ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʵʣʝʢʪʨʦʤʘʛʥʠʪ-

ʥʦʡ ʩʦʚʤʝʩʪʠʤʦʩʪʠ (ʕʄʉ) ʤʠʢʨʦʵʣʝʢʪʨʦʥʥʦʡ ʪʝʭʥʠʢʠ, ʫʩʪʨʦʡʩʪʚ 

ʩʚ̫ʟʠ ʠ ʧʝʨʝʜʘʯʠ ʠʥʬʦʨʤʘʮʠʠ. ʂʘʢ ʧʦʢʘʟʳʚʘʝʪ ʠʤʝʶʱʠʡʩʷ ʦʧʳʪ, 

ʤʘʛʥʠʪʥʳʝ ʥʘʥʦʨʘʟʤʝʨʥʳʝ ʤʘʛʥʠʪʥʳʝ ʧʣʝʥʢʠ ʬʝʨʨʦʤʘʛʥʠʪʥʳʭ ʤʝ-

ʪʘʣʣʦʚ (Fe, Co, Ni) ʠ ʠʭ ʙʠʥʘʨʥʳʭ ʩʧʣʘʚʦʚ ʢ ʩʦʞʘʣʝʥʠʶ ʭʘʨʘʢʪʝʨʠ-

ʟʫʶʪʩʷ ʧʣʦʭʦʡ ʫʩʪʦʡʯʠʚʦʩʪʴʶ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʦʢʠʩʣʝʥʠʶ ʢʠʩʣʦ-

ʨʦʜʦʤ ʚʦʟʜʫʭʘ ʠ ʧʘʨʘʤʠ ʚʦʜʳ ʠ ʙʝʟ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʟʘʱʠʪʥʳʭ ʧʦ-

ʢʨʳʪʠʡ ʠʟ ʙʣʘʛʦʨʦʜʥʳʭ ʤʝʪʘʣʣʦʚ ʥʝ ʧʦʜʭʦʜʷʪ ʜʣʷ ʵʪʦʡ ʮʝʣʠ. 

ʅʘʤʠ ʙʳʣʘ ʨʘʩʩʤʦʪʨʝʥʘ ʧʨʠʤʝʥʠʤʦʩʪʴ ʤʘʛʥʝʪʨʦʥʥʦʛʦ ʤʝʪʦʜʘ ʩ 

ʘʨʛʦʥʦʚʦʡ ʧʣʘʟʤʦʡ ʜʣʷ ʥʘʧʳʣʝʥʠʷ ʧʣʝʥʦʢ ʤʘʛʥʠʪʥʦʛʦ ʥʠʭʨʦʤʘ 

ʤʘʨʢʠ ʍ15ʅ60 ʠ ʤʘʛʥʠʪʥʦʡ ʥʝʨʞʘʚʝʶʱʝʡ ʩʪʘʣʠ ʤʘʨʢʠ 40ʍ13.  

ʆʙʥʘʨʫʞʝʥʦ, ʯʪʦ ʥʘʥʦʨʘʟʤʝʨʥʳʝ ʧʦʢʨʳʪʠʷ ʥʠʭʨʦʤʘ ʠ ʥʝʨʞʘʚʝ-

ʶʱʝʡ ʩʪʘʣʠ 40ʍ13 ʪʦʣʱʠʥʦʡ ʜʦ 75 ʥʤ ʥʘ ʙʦʨʦʩʠʣʠʢʘʪʥʦʤ ʩʪʝʢʣʝ 

ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʭʦʨʦʰʝʡ ʫʩʪʦʡʯʠʚʦʩʪʴʶ ʢ ʦʢʠʩʣʝʥʠʶ ʚʦʟʜʫʭʦʤ 

ʜʦ 300
0
ʉ, ʦʙʣʘʜʘʶʪ ʫʜʦʚʣʝʪʚʦʨʠʪʝʣʴʥʦʡ ʧʨʦʟʨʘʯʥʦʩʪʴʶ ʚ ʚʠʜʠʤʦʤ 

ʜʠʘʧʘʟʦʥʝ, ʵʬʬʝʢʪʠʚʥʦ ʦʪʩʝʢʘʶʪ ʠʟʣʫʯʝʥʠʝ ʙʣʠʞʥʝʛʦ ʋʌ-

ʜʠʘʧʘʟʦʥʘ ʠ ʠʤʝʶʪ ʚʳʨʘʞʝʥʥʳʝ ʤʘʛʥʠʪʥʳʝ ʠ ʵʢʨʘʥʠʨʫʶʱʠʝ ʭʘ-

ʨʘʢʪʝʨʠʩʪʠʢʠ. ʆʜʥʘʢʦ ʤʘʛʥʠʪʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʥʘʥʦʨʘʟʤʝʨʥʳʭ 

ʧʣʝʥʦʢ ʥʠʭʨʦʤʘ ʟʘʤʝʪʥʦ ʚʳʰʝ ʤʘʛʥʠʪʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʣʝʥʦʢ 

ʥʝʨʞʘʚʝʶʱʝʡ ʩʪʘʣʠ 40ʍ13 ʧʨʠ ʦʜʠʥʘʢʦʚʦʡ ʪʦʣʱʠʥʝ. ʇʦ ʚʠʜʠʤʦʤʫ 

ʵʪʦ ʩʚʷʟʘʥʦ ʩ ʪʝʤ ʬʘʢʪʦʤ ʯʪʦ ʚ ʧʨʦʮʝʩʩʝ ʤʘʛʥʝʪʨʦʥʥʦʛʦ ʥʘʧʳʣʝʥʠʷ 
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ʙʦʣʴʰʘʷ ʜʦʣʷ ʤʘʛʥʠʪʥʦʡ ʘʫʩʪʝʥʠʪʥʦʡ ʬʘʟʳ ʚ ʥʝʨʞʘʚʝʶʱʝʡ ʩʪʘʣʠ 

40ʍ13 ʨʘʟʨʫʰʘʝʪʩʷ. 

ɺʳʧʦʣʥʝʥʥʳʝ ʠʟʤʝʨʝʥʠʷ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʧʨʦʚʦʜʠʤʦʩʪʠ ʧʦʣʫ-

ʯʝʥʥʳʭ ʥʘʥʦʨʘʟʤʝʨʥʳʭ ʧʣʝʥʦʢ ʥʠʭʨʦʤʘ ʠ ʥʝʨʞʘʚʝʶʱʝʡ ʩʪʘʣʠ 

40ʍ13 ʥʘ ʧʦʜʣʦʞʢʘʭ ʙʦʨʦʩʠʣʠʢʘʪʥʦʛʦ ʩʪʝʢʣʘ ʪʦʣʱʠʥʦʡ 0,15 ʧʦʢʘ-

ʟʘʣʠ ʩʠʣʴʥʫʶ ʟʘʚʠʩʠʤʦʩʪʴ ʧʨʦʚʦʜʠʤʦʩʪʠ ʦʪ ʪʦʣʱʠʥʳ ʤʝʪʘʣʣʠʯʝ-

ʩʢʦʛʦ ʩʣʦʷ (ʨʠʩʫʥʦʢ 1). 

 

 
ʈʠʩ.1. ʇʨʦʚʦʜʠʤʦʩʪʴ ʥʘʥʦʨʘʟʤʝʨʥʳʭ ʧʣʝʥʦʢ ʥʠʭʨʦʤʘ ʍ15ʅ60 ʠ ʥʝʨʞʘʚʝ-

ʶʱʝʡ ʩʪʘʣʠ 40ʍ13 

 

ʕʣʝʢʪʨʠʯʝʩʢʘʷ ʧʨʦʚʦʜʠʤʦʩʪʴ ʥʘʥʦʨʘʟʤʝʨʥʳʭ ʤʘʛʥʠʪʥʳʭ ʧʣʝʥʦʢ 

ʥʠʭʨʦʤʘ ʟʘʤʝʪʥʦ ʚʳʰʝ, ʯʝʤ ʜʣʷ ʧʣʝʥʦʢ ʥʝʨʞʘʚʝʶʱʝʡ ʩʪʘʣʠ 40ʍ13 

ʢʘʢ ʥʘ ʧʦʜʣʦʞʢʘʭ ʠʟ ʙʦʨʦʩʠʣʠʢʘʪʥʦʛʦ ʩʪʝʢʣʘ, ʪʘʢ ʠ ʥʘ ʧʦʜʣʦʞʢʘʭ 

ʠʟ ʩʠʪʘʣʣʘ. ʇʝʨʝʭʦʜ ʦʪ ʧʦʜʣʦʞʝʢ ʠʟ ʙʦʨʦʩʠʣʠʢʘʪʥʦʛʦ ʢ ʩʠʪʘʣʣʫ 

ʧʨʠʚʦʜʠʪ ʢ ʩʥʠʞʝʥʠʶ ʧʨʦʚʦʜʠʤʦʩʪʠ ʧʦʣʫʯʘʝʤʳʭ ʥʘʥʦʨʘʟʤʝʨʥʳʭ 

ʧʣʝʥʦʢ ʥʠʭʨʦʤʘ ʠ ʥʝʨʞʘʚʝʶʱʝʡ ʩʪʘʣʠ 40ʍ13 ʚ 2,2-1,7 ʨʘʟʘ ʚ ʟʘʚʠ-

ʩʠʤʦʩʪʠ ʦʪ ʪʦʣʱʠʥʳ ʤʝʪʘʣʣʠʯʝʩʢʦʡ ʧʣʝʥʢʠ. 

ʅʘ ʦʩʥʦʚʘʥʠʠ ʧʨʦʚʝʜʝʥʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʤʦʞʥʦ ʨʝʢʦʤʝʥʜʦ-

ʚʘʪʴ ʥʘʥʦʨʘʟʤʝʨʥʳʝ ʧʣʝʥʢʠ ʥʠʭʨʦʤʘ ʍ15ʅ60 ʚ ʢʘʯʝʩʪʚʝ ʦʩʥʦʚʳ 

ʧʦʣʫʧʨʦʟʨʘʯʥʳʭ ʤʘʛʥʠʪʥʳʭ ʧʦʢʨʳʪʠʡ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʕʄʉ. 
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ʆʇʈɽɼɽʃɽʅʀɽ ʈɽɾʀʄʆɺ ʈɽɿɸʅʀʗ ʅɸ ʆʉʅʆɺɽ  

ʀʉʇʆʃʔɿʆɺɸʅʀʗ ʂʆʅʊʈʆʃʗ ʇʈʆʎɽʉʉɸ ʈɽɿɸʅʀʗ 

 

ɻʫʩʝʚ ɸ.ɺ.
1 

 
1 ʅʊʀ ʅʀʗʋ ʄʀʌʀ, ʛ. ʅʦʚʦʫʨʘʣʴʩʢ 

ʢʦʥʪ. ʪʝʣ: (34370)93746., e-mail: antongusev88@gmail.com 

 

ʕʬʬʝʢʪʠʚʥʦʩʪʴ ʨʘʙʦʪʳ ʩʦʚʨʝʤʝʥʥʳʭ ʤʝʪʘʣʣʦʦʙʨʘʙʘʪʳʚʘʶʱʠʭ 

ʩʠʩʪʝʤ ʚʦ ʤʥʦʛʦʤ ʦʧʨʝʜʝʣʷʝʪʩʷ ʨʝʞʠʤʘʤʠ ʨʝʟʘʥʠʷ. ɺʳʙʦʨ ʵʬʬʝʢ-

ʪʠʚʥʦʛʦ ʨʝʞʠʤʘ ʦʩʦʙʝʥʥʦ ʘʢʪʫʘʣʝʥ ʥʘ ʥʘʯʘʣʴʥʦʡ ʩʪʘʜʠʠ ʟʘʧʫʩʢʘ 

ʠʟʜʝʣʠʡ ʚ ʧʨʦʠʟʚʦʜʩʪʚʦ (ʧʝʨʠʦʜ ʦʩʚʦʝʥʠʷ).  

ʎʝʣʴʶ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʩʦʟʜʘʥʠʝ ʤʝʪʦʜʘ ʘʚʪʦʤʘʪʠʯʝʩʢʦʛʦ ʦʧʨʝ-

ʜʝʣʝʥʠʷ ʨʝʞʠʤʦʚ ʨʝʟʘʥʠʷ ʩʘʤʦʡ ʩʠʩʪʝʤʦʡ ʫʧʨʘʚʣʝʥʠʷ ʩʪʘʥʢʘ. 

ɼʣʷ ʜʦʩʪʠʞʝʥʠʷ ʧʦʩʪʘʚʣʝʥʥʦʡ ʮʝʣʠ ʨʝʰʘʣʘʩʴ ʟʘʜʘʯʘ ʚʳʷʚʣʝʥʠʷ 

ʠʥʬʦʨʤʘʪʠʚʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʩʪʨʫʞʢʦʦʙʨʘʟʦʚʘʥʠʷ, ʘ ʪʘʢʞʝ ʢʦʨʨʝʣʷ-

ʮʠʦʥʥʳʭ ʩʚʷʟʝʡ ʠ ʩʧʝʢʪʨʘʣʴʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʨʦʮʝʩʩʘ ʩʪʨʫʞʢʦ-

ʦʙʨʘʟʦʚʘʥʠʷ ʩ ʚʠʙʨʦʩʠʛʥʘʣʘʤʠ ʚ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʩʠʩʪʝʤʝ.  

ʆʩʥʦʚʘʥʠʝʤ ʜʣʷ ʦʧʠʩʘʥʠʷ ʧʨʦʮʝʩʩʘ ʨʝʟʘʥʠʷ ʤʝʪʦʜʘʤʠ ʚʝʨʦʷʪ-

ʥʦʩʪʥʦʛʦ ʘʥʘʣʠʟʘ ʩʣʫʯʘʡʥʳʭ ʧʨʦʮʝʩʩʦʚ ʠ ʧʦʚʝʜʝʥʠʷ ʜʠʥʘʤʠʯʝʩʢʠʭ 

ʩʠʩʪʝʤ ʧʨʠ ʩʣʫʯʘʡʥʳʭ ʚʦʟʜʝʡʩʪʚʠʷʭ [1] ʷʚʣʷʶʪʩʷ ʚʳʧʦʣʥʝʥʥʳʝ 

ʨʘʥʝʝ ʠʩʩʣʝʜʦʚʘʥʠʷ [2] ʧʦ ʠʟʫʯʝʥʠʶ ʬʠʟʠʯʝʩʢʠʭ ʷʚʣʝʥʠʡ ʧʨʦʮʝʩʩʘ 

ʨʝʟʘʥʠʷ.  

ʋʧʨʫʛʘʷ ʜʠʥʘʤʠʯʝʩʢʘʷ ʩʠʩʪʝʤʘ - ʩʪʘʥʦʢ, ʠʥʩʪʨʫʤʝʥʪ, ʟʘʛʦʪʦʚʢʘ 

ʩ ʥʝʢʦʪʦʨʳʤ ʜʦʧʫʱʝʥʠʝʤ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʢʘʢ ʣʠʥʝʡʥʘʷ ʩʠʩʪʝʤʘ ʩ 

ʦʜʥʠʤ ʚʭʦʜʦʤ ʠ ʧʦʩʪʦʷʥʥʳʤʠ ʧʘʨʘʤʝʪʨʘʤʠ (ʜʣʷ ʜʘʥʥʦʛʦ ʨʝʞʠʤʘ 

ʨʝʟʘʥʠʷ), ʨʠʩʫʥʦʢ 1.  

 
ʈʠʩ. 1. ʃʠʥʝʡʥʘʷ ʩʠʩʪʝʤʘ ʩ ʦʜʥʠʤ ʚʭʦʜʦʤ 

 

ʂʦʥʪʨʦʣʴ ʧʨʦʮʝʩʩʘ ʨʝʟʘʥʠʝ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʧʦ ʩʣʝʜʫʶʱʝʤʫ ʘʣ-

ʛʦʨʠʪʤʫ: ʅʘ ʨʘʟʥʳʭ ʩʢʦʨʦʩʪʷʭ ʨʝʟʘʥʠʷ ʧʦʣʫʯʝʥʳ ʦʩʮʠʣʣʦʛʨʘʤʤʳ 

ʥʘʧʨʷʞʝʥʠʡ ʩʠʛʥʘʣʦʚ ʩ ʚʠʙʨʦʧʨʝʦʙʨʘʟʦʚʘʪʝʣʷ. ɼʘʣʝʝ, ʧʦʣʫʯʝʥʥʳʝ 

ʜʘʥʥʳʝ, ʩʦʛʣʘʩʥʦ ʬʦʨʤʫʣʝ ʧʨʝʦʙʨʘʟʫʶʪʩʷ ʩ ʧʦʤʦʱʴʶ ʙʳʩʪʨʦʛʦ 
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ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʌʫʨʴʝ. ɿʘʪʝʤ ʠʟ ʚʩʝʛʦ ʩʧʝʢʪʨʘ ʚʳʜʝʣʷʝʪʩʷ ʜʠʘʧʘ-

ʟʦʥ ʯʘʩʪʦʪ ʩʪʨʫʞʢʦʦʙʨʘʟʦʚʘʥʠʷ ʧʦ ʤʘʢʩʠʤʘʣʴʥʦʤʫ ʧʠʢʫ. 

ɿʘʪʝʤ ʧʨʦʠʟʚʦʜʠʪʩʷ ʨʘʩʯʝʪ ʩʧʝʢʪʨʘʣʴʥʦʡ  ʧʣʦʪʥʦʩʪʠ ʤʦʱʥʦʩʪʠ 

ʚʠʙʨʦʫʩʢʦʨʝʥʠʷ Gy ʩʦʛʣʘʩʥʦ ʬʦʨʤʫʣʝ[1]: 
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ʏʝʨʝʟ ʧʝʨʝʜʘʪʦʯʥʫʶ ʬʫʥʢʮʠʶ ʩʠʩʪʝʤʳ (ʚ ʥʘʱʝʤ ʩʣʫʯʘʝ H=1) 

ʥʘʭʦʜʠʪʩʷ ʩʧʝʢʪʨʘʣʴʥʘʷ ʧʣʦʪʥʦʩʪʴ ʥʘ ʚʭʦʜʝ ʩʠʩʪʝʤʳ: 
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ʆʧʨʝʜʝʣʷʝʤ ʟʥʘʯʝʥʠʝ ȹʭ, ʩʦʛʣʘʩʥʦ: 
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ɺʳʯʠʩʣʝʥʥʦʝ ʟʥʘʯʝʥʠʝ ȹʭ ʩʨʘʚʥʠʚʘʝʪʩʷ ʩ ʚʝʣʠʯʠʥʦʡ ʪʦʣʱʠʥʳ ʩʨʝ-

ʟʘʝʤʦʛʦ ʩʣʦʷ ï ʘ. ʀʟʤʝʥʝʥʠʝ (ʧʦʜʙʦʨ) ʩʢʦʨʦʩʪʠ ʨʝʟʘʥʠʷ ʧʨʦʠʟʚʦʜʷʪ 

ʪʦ ʪʝʭ ʧʦʨ, ʢʦʛʜʘ ʙʫʜʝʪ ʚʳʧʦʣʥʷʪʴʩʷ ʫʩʣʦʚʠʝ: ȹʭ/ʘ=1 , ʪ.ʝ. ʘ=ȹʭ. 

ʅʘʰʠʤʠ ʠʩʩʣʝʜʦʚʘʥʠʷʤʠ (ʠʟʫʯʝʥʠʝ ʜʝʬʦʨʤʘʮʠʦʥʥʳʭ ʧʘʨʘʤʝʪ-

ʨʦʚ ʩʪʨʫʞʢʦʦʙʨʘʟʦʚʘʥʠʷ, ʨʝʟʫʣʴʪʘʪʳ ʠʟʥʦʩʘ ʣʝʟʚʠʡ)[3] ʧʦʢʘʟʘʥʦ, 

ʯʪʦ ʧʨʠ ʚʳʧʦʣʥʝʥʠʠ ʜʘʥʥʦʛʦ ʫʩʣʦʚʠʷ ʤʳ ʠʤʝʝʤ ʠʩʢʦʤʳʡ ʵʬʬʝʢ-

ʪʠʚʥʳʡ ʨʝʞʠʤ ʨʝʟʘʥʠʷ.  

ʃʠʪʝʨʘʪʫʨʘ 

1. ɹʝʥʜʘʪ ɼʞ. ʇʨʠʤʝʥʝʥʠʝ ʢʦʨʨʝʣʷʮʠʦʥʥʦʛʦ ʠ ʩʧʝʢʪʨʘʣʴʥʦʛʦ ʘʥʘ-

ʣʠʟʘ / ɼʞ. ɹʝʥʜʘʪ, ɸ. ʇʠʨʩʦʣ.- ʄʠʨ 1983-312 ʩ., ʠʣ. 

2. ɻʫʩʝʚ ɸ.ɺ. ʆ ʩʚʷʟʠ ʜʝʬʦʨʤʘʮʠʦʥʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʩʪʨʫʞʢʦʦʙʨʘ-

ʟʦʚʘʥʠʷ ʩ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʢʦʣʝʙʘʥʠʡ ʧʨʠ ʨʝʟʘʥʠʠ / ɸ.ɺ. ɻʫʩʝʚ, ɺ. 

ɺ ɿʘʢʫʨʘʝʚ, ɸ. ɻ. ʅʠʯʢʦʚ // ɺʝʢʪʦʨ ʥʘʫʢʠ ʊʦʣʴʷʪʪʠʥʩʢʦʛʦ ʛʦʩʫʜʘʨ-

ʩʪʚʝʥʥʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ. ʊʦʣʴʷʪʪʠ: ï 2015. ï ˉ 3-1. ï ʉ.52ï59.  

3. ɻʫʩʝʚ ɸ. ɺ. ʇʨʦʮʝʩʩ ʩʪʨʫʞʢʦʦʙʨʘʟʦʚʘʥʠʷ ʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʠʟ-

ʥʦʩʘ ʠʥʩʪʨʫʤʝʥʪʘ ʧʨʠ ʪʦʯʝʥʠʠ ʢʦʥʩʪʨʫʢʮʠʦʥʥʳʭ ʩʪʘʣʝʡ / ɸ.ɺ. ɻʫ-

ʩʝʚ, ɺ. ɺ ɿʘʢʫʨʘʝʚ // ɺʝʩʪʥʠʢ ʀʨʢʫʪʩʢʦʛʦ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʪʝʭʥʠ-

ʯʝʩʢʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ. ʀʨʢʫʪʩʢ: - 2016. - ˉ11. ï ʉ. 24-36. 
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ʅʘʮʠʦʥʘʣʴʥʳʡ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʷʜʝʨʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ çʄʀʌʀè, ʛʦʨʦʜ 

ʄʦʩʢʚʘ 

ʪʝʣ. 8 916 115 87 67, e-mail: e.a.dovg@yandex.ru 

 

ʈʘʟʚʠʪʠʝ ʥʘʥʦʪʝʭʥʦʣʦʛʠʡ ʥʝʚʦʟʤʦʞʥʦ ʙʝʟ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʤʦ-

ʜʝʨʥʠʟʘʮʠʠ ʩʦʧʫʪʩʪʚʫʶʱʠʭ ʢʦʥʪʨʦʣʴʥʦ-ʠʟʤʝʨʠʪʝʣʴʥʳʭ ʧʨʠʙʦʨʦʚ. 

ʆʜʥʠʤʠ ʠʟ ʢʣʶʯʝʚʳʭ ʠʥʩʪʨʫʤʝʥʪʦʚ ʷʚʣʷʶʪʩʷ ʩʢʘʥʠʨʫʶʱʠʝ ʟʦʥʜʦ-

ʚʳʝ ʤʠʢʨʦʩʢʦʧʳ (ʉɿʄ) ʠ ʥʘʥʦʪʚʝʨʜʦʤʝʨʳ, ʢʘʯʝʩʪʚʦ ʠ ʧʨʦʠʟʚʦʜʠ-

ʪʝʣʴʥʦʩʪʴ ʢʦʪʦʨʳʭ ʚʦ ʤʥʦʛʦʤ ʦʧʨʝʜʝʣʷʶʪʩʷ ʵʣʝʢʪʨʦʥʠʢʦʡ ʩʠʩʪʝʤ 

ʫʧʨʘʚʣʝʥʠʷ, ʚʢʣʶʯʘʶʱʝʡ ʚ ʩʝʙʷ ʩʣʦʞʥʫʶ ʩʦʚʦʢʫʧʥʦʩʪʴ ʩʠʩʪʝʤ 

ʘʚʪʦʤʘʪʠʯʝʩʢʦʛʦ ʨʝʛʫʣʠʨʦʚʘʥʠʷ (ʉɸʈ), ʧʨʝʮʠʟʠʦʥʥʳʭ ʠʟʤʝʨʠʪʝʣʴ-

ʥʳʭ ʩʠʩʪʝʤ ʠ ʩʠʩʪʝʤʳ ʩʙʦʨʘ ʜʘʥʥʳʭ. ʋʩʧʝʭ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ 

ʥʘʧʨʷʤʫʶ ʟʘʚʠʩʠʪ ʦʪ ʥʘʣʠʯʠʷ ʘʜʝʢʚʘʪʥʳʭ ʤʝʪʦʜʦʚ ʨʘʩʯʝʪʘ, ʧʦ-

ʩʢʦʣʴʢʫ ʦʩʥʦʚʥʘʷ ʧʨʦʙʣʝʤʘ ʟʘʜʘʯʠ ʩʠʥʪʝʟʘ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʪʦʤ, ʯʪʦ 

ʦʙʝʩʧʝʯʠʪʴ ʥʫʞʥʳʡ ʧʝʨʝʭʦʜʥʳʡ ʧʨʦʮʝʩʩ ʤʦʛʫʪ ʤʥʦʛʠʝ ʩʠʩʪʝʤʳ 

ʘʚʪʦʤʘʪʠʯʝʩʢʦʛʦ ʫʧʨʘʚʣʝʥʠʷ. ʀʟ ʘʥʘʣʠʟʘ [1, 2] ʩʣʝʜʫʝʪ, ʯʪʦ ʚʝʜʫ-

ʱʠʝ ʤʠʨʦʚʳʝ ʩʧʝʮʠʘʣʠʩʪʳ ʚ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʡ ʦʙʣʘʩʪʠ ʚʳʜʝʣʷʶʪ 

ʥʝʩʢʦʣʴʢʦ ʧʦʜʭʦʜʦʚ ʢ ʨʝʰʝʥʠʶ ʟʘʜʘʯʠ ʫʚʝʣʠʯʝʥʠʷ ʙʳʩʪʨʦʜʝʡʩʪʚʠʷ 

ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ ʥʘʥʦʧʝʨʝʤʝʱʝʥʠʷʤʠ, ʧʨʠ ʵʪʦʤ ʯʝʪʢʠʭ ʢʨʠʪʝ-

ʨʠʝʚ ʚʳʷʚʣʝʥʠʷ ʦʧʪʠʤʫʤʘ ʥʝʪ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʩʚʦʶ ʘʢʪʫʘʣʴʥʦʩʪʴ 

ʩʦʭʨʘʥʷʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʨʘʟʨʘʙʦʪʢʠ ʪʝʭʥʠʯʝʩʢʠʭ ʨʝʰʝʥʠʡ ʧʦ ʧʦ-

ʚʳʰʝʥʠʶ ʙʳʩʪʨʦʜʝʡʩʪʚʠʷ ʩʦʚʨʝʤʝʥʥʳʭ ʧʨʝʮʠʟʠʦʥʥʳʭ ʧʨʠʙʦʨʦʚ 

ʥʘʥʦʤʘʩʰʪʘʙʥʦʛʦ ʨʘʟʨʝʰʝʥʠʷ, ʘ ʪʘʢʞʝ ʩʦʟʜʘʥʠʷ ʪʝʦʨʝʪʠʯʝʩʢʦʡ ʙʘ-

ʟʳ ʜʣʷ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʦʧʠʩʘʥʠʷ ʧʨʦʠʩʭʦʜʷʱʠʭ ʬʠʟʠʯʝʩʢʠʭ ʧʨʦ-

ʮʝʩʩʦʚ. 

ʎʝʣʴʶ ʜʘʥʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʷʚʣʷʝʪʩʷ ʫʥʠʬʠʢʘʮʠʷ ʉɸʈ, ʩʧʦ-

ʩʦʙʩʪʚʫʶʱʠʭ ʫʤʝʥʴʰʝʥʠʶ ʚʨʝʤʝʥʠ ʩʢʘʥʠʨʦʚʘʥʠʷ ʉɿʄ ʧʨʠ ʩʦʭʨʘ-

ʥʝʥʠʠ ʢʘʯʝʩʪʚʘ ʠʟʦʙʨʘʞʝʥʠʷ ʟʘ ʩʯʝʪ ʙʦʣʝʝ ʦʧʪʠʤʘʣʴʥʦʛʦ ʧʦʜʙʦʨʘ 

ʧʘʨʘʤʝʪʨʦʚ ʨʝʛʫʣʷʪʦʨʘ, ʧʫʪʝʤ ʠʭ ʨʘʟʨʘʙʦʪʢʠ ʥʘ ʦʩʥʦʚʝ ʤʝʪʦʜʘ, ʠʟ-

ʣʦʞʝʥʥʦʛʦ ʚ [3]. 
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ʉʣʝʜʫʷ ʧʨʠʥʷʪʦʡ ʣʦʛʠʢʝ ʨʘʟʨʘʙʦʪʢʠ ʩʠʩʪʝʤ ʘʚʪʦʤʘʪʠʯʝʩʢʦʛʦ ʨʝ-

ʛʫʣʠʨʦʚʘʥʠʷ, ʙʣʠʟʢʠʭ ʢ ʦʧʪʠʤʘʣʴʥʳʤ, ʜʣʷ ʧʨʝʮʠʟʠʦʥʥʳʭ ʧʨʠʙʦʨʦʚ 

ʥʘʥʦʤʘʩʰʪʘʙʥʦʛʦ ʨʘʟʨʝʰʝʥʠʷ ʥʝʦʙʭʦʜʠʤʦ ʨʘʟʨʘʙʦʪʘʪʴ ʨʝʛʫʣʷʪʦʨ, 

ʦʙʝʩʧʝʯʠʚʘʶʱʠʡ ʚ ʟʘʤʢʥʫʪʦʡ ʩʠʩʪʝʤʝ ʢʚʘʟʠʘʧʝʨʠʦʜʠʯʝʩʢʠʡ ʧʝʨʝ-

ʭʦʜʥʳʡ ʧʨʦʮʝʩʩ. ɹʦʣʝʝ ʪʦʛʦ, ʨʝʰʝʥʠʝ ʜʦʣʞʥʦ ʙʳʪʴ ʫʥʠʬʠʮʠʨʦʚʘʥ-

ʥʳʤ. ʆʙʳʯʥʦ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʚʝʜʝʥʠʷ ʉɸʈ ʉɿʄ ʦʛʨʘʥʠʯʠʚʘ-

ʶʪʩʷ ʧʝʨʝʜʘʪʦʯʥʦʡ ʬʫʥʢʮʠʝʡ ʧʝʪʣʠ ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʥʝ ʚʳʰʝ ʪʨʝʪʴ-

ʝʛʦ ʧʦʨʷʜʢʘ [4].  ɼʘʥʥʳʡ ʩʣʫʯʘʡ ʧʦʜʨʦʙʥʦ ʨʘʩʩʤʦʪʨʝʥ ʚ [3], ʛʜʝ 

ʙʳʣʘ ʧʨʝʜʣʦʞʝʥʘ ʠ ʘʧʨʦʙʠʨʦʚʘʥʘ ʤʝʪʦʜʠʢʘ, ʦʩʥʦʚʘʥʥʘʷ ʥʘ ʧʨʠ-

ʙʣʠʞʝʥʥʦʤ ʦʧʨʝʜʝʣʝʥʠʠ ʜʦʙʨʦʪʥʦʩʪʠ ʢʦʨʥʝʡ ʢʫʙʠʯʝʩʢʦʛʦ ʭʘʨʘʢʪʝ-

ʨʠʩʪʠʯʝʩʢʦʛʦ ʧʦʣʠʥʦʤʘ. ʕʪʦ ʧʦʟʚʦʣʠʣʦ ʜʦʙʠʪʴʩʷ ʩʫʱʝʩʪʚʝʥʥʦʛʦ 

ʫʣʫʯʰʝʥʠʷ ʢʘʯʝʩʪʚʝʥʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʉɿʄ. ʊʝʤ ʥʝ ʤʝʥʝʝ, ʧʨʠ 

ʧʨʘʢʪʠʯʝʩʢʦʡ ʨʝʘʣʠʟʘʮʠʠ ʨʘʟʨʘʙʦʪʘʥʥʳʭ ʪʝʭʥʠʯʝʩʢʠʭ ʨʝʰʝʥʠʡ 

ʚʦʟʤʦʞʥʳ ʩʣʦʞʥʦʩʪʠ ʚ ʪʦʤ ʩʣʫʯʘʝ, ʝʩʣʠ ʦʙʲʝʢʪ ʫʧʨʘʚʣʝʥʠʷ ʦʢʘ-

ʞʝʪʩʷ ʥʝʤʠʥʠʤʘʣʴʥʦ-ʬʘʟʦʚʦʡ ʩʠʩʪʝʤʦʡ. ʊʦʛʜʘ ʢʦʨʨʝʢʪʥʦʤʫ ʦʧʠʩʘ-

ʥʠʶ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʧʝʨʝʜʘʪʦʯʥʘʷ ʬʫʥʢʮʠʷ ʧʝʪʣʠ ʨʝʛʫʣʠʨʦʚʘʥʠʷ 

ʙʦʣʝʝ ʚʳʩʦʢʦʛʦ ʧʦʨʷʜʢʘ. ʋʯʠʪʳʚʘʷ ʦʩʦʙʝʥʥʦʩʪʠ ʩʠʩʪʝʤ ʘʚʪʦʤʘʪʠ-

ʯʝʩʢʦʛʦ ʨʝʛʫʣʠʨʦʚʘʥʠʷ, ʜʦʤʠʥʠʨʫʶʱʠʤ ʧʦʣʶʩʦʤ ʜʦʣʞʝʥ ʷʚʣʷʪʴʩʷ 

ʜʝʡʩʪʚʠʪʝʣʴʥʳʡ. ʇʦʵʪʦʤʫ ʧʨʝʜʣʘʛʘʝʪʩʷ ʥʘ ʦʩʥʦʚʝ  ʦʛʨʘʥʠʯʝʥʠʡ, 

ʧʦʣʫʯʝʥʥʳʭ ʠʩʭʦʜʷ ʠʟ ʧʨʦʩʪʳʭ ʜʦʩʪʘʪʦʯʥʳʭ ʫʩʣʦʚʠʡ ʫʩʪʦʡʯʠʚʦʩʪʠ 

ʫʨʘʚʥʝʥʠʡ ʚʳʩʦʢʦʛʦ ʧʦʨʷʜʢʘ [5], ʧʦʥʠʟʠʪʴ ʧʦʨʷʜʦʢ ʤʦʜʝʣʠ ʉɸʈ ʠ 

ʠʩʧʦʣʴʟʦʚʘʪʴ ʨʘʟʨʘʙʦʪʘʥʥʳʡ ʚ [3] ʤʝʪʦʜ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ ʙʳʣʠ ʧʦ-

ʩʪʨʦʝʥʳ ʤʘʪʝʤʘʪʠʯʝʩʢʠʝ ʤʦʜʝʣʠ ʚʧʣʦʪʴ ʜʦ ʧʷʪʦʛʦ ʧʦʨʷʜʢʘ ʩ ʧʦʩʣʝ-

ʜʫʶʱʠʤ ʧʦʥʠʞʝʥʠʝʤ ʩʪʝʧʝʥʠ ʭʘʨʘʢʪʝʨʠʩʪʠʯʝʩʢʦʛʦ ʫʨʘʚʥʝʥʠʷ ʜʦ 

ʪʨʝʪʴʝʡ. ʈʘʟʨʘʙʦʪʘʥʥʘʷ ʚ ʠʪʦʛʝ ʉɸʈ ʩʜʝʣʘʥʘ ʧʫʪʝʤ ʢʘʩʢʘʜʠʨʦʚʘʥʠʷ 

PID-ʨʝʛʫʣʷʪʦʨʘ ʠʟ [3] ʠ ʫʩʠʣʠʪʝʣʷ ʩ ʠʟʤʝʥʷʝʤʳʤʠ ʧʘʨʘʤʝʪʨʘʤʠ. 

ʇʦʣʫʯʝʥʥʘʷ ʩʠʩʪʝʤʘ ʦʪʚʝʯʘʝʪ ʧʨʝʜʲʷʚʣʷʝʤʳʤ ʪʨʝʙʦʚʘʥʠʷʤ ʢ ʝʝ 

ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʶ. ʈʘʟʚʠʪʠʝ ʧʦʜʦʙʥʦʛʦ ʧʦʜʭʦʜʘ ʧʦʟʚʦʣʠʪ ʩʦʟʜʘʪʴ 

ʫʥʠʚʝʨʩʘʣʴʥʳʡ ʨʝʛʫʣʷʪʦʨ ʠ ʫʧʨʦʩʪʠʪʴ ʧʨʦʮʝʜʫʨʫ ʨʘʟʨʘʙʦʪʢʠ ʩʠ-

ʩʪʝʤʳ, ʙʣʠʟʢʦʡ ʢ ʦʧʪʠʤʘʣʴʥʦʡ. ʂʨʦʤʝ ʪʦʛʦ, ʦʧʠʩʘʥʥʳʡ ʩʧʦʩʦʙ ʧʦ-

ʥʠʞʝʥʠʷ ʧʦʨʷʜʢʘ ʦʪʢʨʳʚʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʩʪʘʥʜʘʨʪʠʟʘʮʠʠ ʨʝʰʝʥʠʡ. 

ʕʪʦ ʥʝ ʪʦʣʴʢʦ ʵʬʬʝʢʪʠʚʥʦ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʫʩʢʦʨʝʥʠʷ ʧʨʦʮʝʩʩʘ ʨʘʟ-

ʨʘʙʦʪʢʠ, ʥʦ ʠ ʵʢʦʥʦʤʠʯʝʩʢʠ ʙʦʣʝʝ ʮʝʣʝʩʦʦʙʨʘʟʥʦ.  
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ɸʢʪʫʘʣʴʥʦʩʪʴ. ʅʠʪʨʠʜʳ ʨʷʜʘ ʵʣʝʤʝʥʪʦʚ ʪʨʝʪʴʝʡ ʛʨʫʧʧʳ, ʧʨʝʜ-

ʩʪʘʚʣʷʶʱʠʝ ʪʘʢʠʝ III-N ʤʘʪʝʨʠʘʣʳ ʢʘʢ AlN, InN ʠ GaN, ʧʨʝʪʝʥʜʫ-

ʶʪ ʩʝʛʦʜʥʷ ʥʘ ʪʘʢʫʶ ʞʝ ʬʫʥʜʘʤʝʥʪʘʣʴʥʫʶ ʨʦʣʴ, ʢʘʢʫʶ ʚ ʩʚʦʸ ʚʨʝ-

ʤʷ ʩʳʛʨʘʣ ʢʨʝʤʥʠʡ. ʊʦʣʴʢʦ ʩ 2000 ʛʦʜʘ ʪʝʭʥʦʣʦʛʠʷ ʚʳʨʘʱʠʚʘʥʠʷ 

ʢʨʠʩʪʘʣʣʦʚ III-N ʛʨʫʧʧʳ ʚʳʰʣʘ ʥʘ ʫʨʦʚʝʥʴ ʰʠʨʦʢʦʛʦ ʧʨʠʟʥʘʥʠʷ 

ʢʘʢ ʬʫʥʜʘʤʝʥʪʘʣʴʥʦʡ ʥʘʫʢʦʡ, ʪʘʢ ʠ ʧʨʦʤʳʰʣʝʥʥʦʩʪʴʶ, ʯʪʦ ʧʨʠʚʝ-

ʣʦ ʢ ʩʦʟʜʘʥʠʶ ʤʥʦʛʦʤʠʣʣʠʘʨʜʥʦʛʦ ʜʦʣʣʘʨʦʚʦʛʦ ʨʳʥʢʘ. ʀ ʵʪʦ ʥʝ-

ʩʤʦʪʨʷ ʥʘ ʜʦʩʪʘʪʦʯʥʦ ʥʠʟʢʠʡ ʫʨʦʚʝʥʴ ʨʘʟʚʠʪʠʷ ʪʝʭʥʦʣʦʛʠʠ ʧʨʦʠʟ-

ʚʦʜʩʪʚʘ ʧʨʠʙʦʨʦʚ ʥʘ ʦʩʥʦʚʝ III-N ʤʘʪʝʨʠʘʣʦʚ. ʇʨʦʛʨʝʩʩ, ʧʨʦʠʟʦ-

ʰʝʜʰʠʡ ʚ ʧʦʩʣʝʜʥʝʝ ʜʝʩʷʪʠʣʝʪʠʝ, ʪʨʝʙʫʝʪ ʩʝʛʦʜʥʷ ʨʝʰʝʥʠʷ ʦʩʥʦʚ-

ʥʦʡ ʧʨʦʙʣʝʤʳ, ʩʜʝʨʞʠʚʘʶʱʝʡ ʜʘʣʴʥʝʡʰʝʝ ʨʘʟʚʠʪʠʝ ʜʘʥʥʦʡ ʪʝʭʥʦ-

ʣʦʛʠʠ, ï ʦʙʝʩʧʝʯʝʥʠʷ ʚʳʨʘʱʠʚʘʥʠʷ III-N ʩʪʨʫʢʪʫʨ ʥʝʦʙʭʦʜʠʤʦʛʦ 

ʢʘʯʝʩʪʚʘ. ɼʣʷ ʵʪʦʛʦ ʥʝʦʙʭʦʜʠʤʦ ʨʝʰʠʪʴ ʟʘʜʘʯʠ ʘʥʘʣʠʟʘ ʠ ʦʧʪʠʤʠ-

ʟʘʮʠʠ ʧʨʦʮʝʩʩʦʚ ʚ ʫʩʪʘʥʦʚʢʘʭ ʵʧʠʪʘʢʩʠʘʣʴʥʦʛʦ ʨʦʩʪʘ, ʠ, ʢʘʢ ʩʣʝʜ-

ʩʪʚʠʝ, ʦʧʪʠʤʠʟʘʮʠʠ ʠʭ ʢʦʥʩʪʨʫʢʮʠʡ. 

ʎʝʣʴ. ʇʨʝʜʩʪʘʚʠʪʴ ʨʝʟʫʣʴʪʘʪʳ ʘʥʘʣʠʟʘ ʧʨʦʙʣʝʤʳ ʦʧʪʠʤʠʟʘʮʠʠ 

ʧʨʦʮʝʩʩʦʚ ʚʳʨʘʱʠʚʘʥʠʷ III -N ʤʘʪʝʨʠʘʣʦʚ ʚ ʨʝʘʢʪʦʨʘʭ ʛʘʟʦʬʘʟʥʦʡ 

ʵʧʠʪʘʢʩʠʠ ʠʥʜʫʢʮʠʦʥʥʦʛʦ ʥʘʛʨʝʚʘ ʩ ʚʨʘʱʘʶʱʝʡʩʷ ʧʦʜʣʦʞʢʦʡ. 

ʇʨʘʢʪʠʯʝʩʢʘʷ ʟʥʘʯʠʤʦʩʪʴ. ɸʚʪʦʨʦʤ ʙʳʣ ʠʩʩʣʝʜʦʚʘʥ ʨʷʜ ʧʨʦ-

ʤʳʰʣʝʥʥʳʭ ʨʝʘʢʪʦʨʦʚ ʛʘʟʦʬʘʟʥʦʡ ʵʧʠʪʘʢʩʠʠ ʠʥʜʫʢʮʠʦʥʥʦʛʦ 

ʥʘʛʨʝʚʘ ʩ ʚʨʘʱʘʶʱʠʤʩʷ ʧʦʜʣʦʞʢʦʜʝʨʞʘʪʝʣʝʤ. ɸʥʘʣʠʟ ʧʦʣʫʯʝʥʥʳʭ 

ʨʝʟʫʣʴʪʘʪʦʚ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʦʟʚʦʣʠʣ ʚʳʷʚʠʪʴ 

ʮʝʣʳʡ ʨʷʜ ʥʝʜʦʩʪʘʪʢʦʚ ʧʨʦʤʳʰʣʝʥʥʳʭ ʫʩʪʘʥʦʚʦʢ, ʦʪʨʘʞʘʶʱʠʭʩʷ, 

ʚ ʢʦʥʝʯʥʦʤ ʩʯʸʪʝ, ʥʘ ʢʘʯʝʩʪʚʝ ʚʳʨʘʱʠʚʘʝʤʳʭ ʩʪʨʫʢʪʫʨ. ʂ ʦʩʥʦʚʥʦʡ 

ʧʨʦʙʣʝʤʝ ʦʪʥʦʩʠʪʩʷ ʟʥʘʯʠʪʝʣʴʥʘʷ ʥʝʨʘʚʥʦʤʝʨʥʦʩʪʴ ʨʘʩʧʨʝʜʝʣʝʥʠʷ 

ʪʝʧʣʦʚʦʛʦ ʧʦʣʷ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʧʦʜʣʦʞʢʦʜʝʨʞʘʪʝʣʷ ʠ, ʢʘʢ ʩʣʝʜ-

ʩʪʚʠʝ, ʧʦʜʣʦʞʢʠ. ʅʝʨʘʚʥʦʤʝʨʥʦʩʪʴ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨ 

(ʨʠʩ. 1) ʚʳʟʳʚʘʝʪ ʧʦʷʚʣʝʥʠʝ ʚʳʩʦʢʦʛʦ ʧʨʦʮʝʥʪʘ ʜʠʩʣʦʢʘʮʠʡ ʠ ʥʝ-
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ʦʜʥʦʨʦʜʥʦʩʪʠ ʦʧʪʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʚʳʨʘʱʠʚʘʝʤʳʭ ʥʘ ʦʜʥʦʡ ʧʦʜ-

ʣʦʞʢʝ ʩʪʨʫʢʪʫʨ [1].  

ʇʨʦʘʥʘʣʠʟʠʨʦʚʘʥʳ ʧʨʠʯʠʥʳ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʫʢʘʟʘʥʥʳʭ ʥʝʦʜʥʦ-

ʨʦʜʥʦʩʪʝʡ. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʩʚʷʟʘʥʳ ʦʥʠ ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ ʩ ʥʝʦʧ-

ʪʠʤʘʣʴʥʦʡ ʢʦʥʬʠʛʫʨʘʮʠʝʡ ʧʦʪʦʢʘ ʥʝʩʫʱʝʛʦ ʛʘʟʘ ʠ ʠʥʜʫʢʪʦʨʘ. ɼʘ-

ʥʳ ʚʳʚʦʜʳ ʧʦ ʚʦʟʤʦʞʥʳʤ ʧʫʪʷʤ ʧʨʝʦʜʦʣʝʥʠʷ ʫʢʘʟʘʥʥʳʭ ʧʨʦʙʣʝʤ. 

ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʨʝʜʣʘʛʘʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʪʴ ʚ ʦʨʛʘʥʠ-

ʟʘʮʠʠ ʧʨʦʮʝʩʩʘ ʧʦʚʳʰʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʫʢʘʟʘʥʥʳʭ ʨʝʘʢʪʦʨʦʚ, 

ʯʪʦ ʧʦʟʚʦʣʠʪ ʧʦʚʳʩʠʪʴ ʢʘʯʝʩʪʚʦ ʚʳʨʘʱʠʚʘʝʤʳʭ ʩʪʨʫʢʪʫʨ ʠ ʩʦʢʨʘ-

ʪʠʪʴ ʚʨʝʤʷ ʠʭ ʨʦʩʪʘ [2]. 
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tems of power quality of stand-alone power systems. EasternEuropean 
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ʇʆʃʋ-ɻɽʁʉʃɽʈɸ ʉʆʉʊɸɺɸ FeNb0.8Ti 0.2Sb 

 

ɿʫʝʚʘ ɺ.ʖ.
1
, ɺʦʨʦʥʠʥ ɸ.ʀ.

1
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1 ʅʀʊʋ çʄʀʉʠʉè, ʄʦʩʢʚʘ 
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ʅʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʧʨʦʙʣʝʤʘ ʵʬʬʝʢʪʠʚʥʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 

ʵʥʝʨʛʠʠ ʧʨʠʚʣʝʢʘʝʪ ʤʥʦʛʦ ʚʥʠʤʘʥʠʷ. ʆʜʥʠʤ ʠʟ ʨʝʰʝʥʠʡ ʵʪʦʡ ʧʨʦ-

ʙʣʝʤʳ ʷʚʣʷʶʪʩʷ ʪʝʨʤʦʵʣʝʢʪʨʠʯʝʩʢʠʝ ʤʘʪʝʨʠʘʣʳ, ʢʦʪʦʨʳʝ ʧʦʟʚʦ-

ʣʷʶʪ ʥʘʧʨʷʤʫʶ ʧʨʝʦʙʨʘʟʦʚʳʚʘʪʴ ʪʝʧʣʦʚʫʶ ʵʥʝʨʛʠʶ ʚ ʵʣʝʢʪʨʠʯʝ-

ʩʢʫʶ. 

ʆʩʥʦʚʥʳʝ ʫʩʠʣʠʷ ʩʬʦʢʫʩʠʨʦʚʘʥʳ ʥʘ ʧʦʠʩʢʝ ʤʘʪʝʨʠʘʣʘ ʩ ʚʳʩʦ-

ʢʦʡ ʪʝʨʤʦʵʣʝʢʪʨʠʯʝʩʢʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʴʶ. ʉʘʤʳʤʠ ʣʫʯʰʠʤʠ ʥʘ 

ʜʘʥʥʳʡ ʤʦʤʝʥʪ ʷʚʣʷʶʪʩʷ ʩʧʣʘʚʳ ʥʘ ʦʩʥʦʚʝ ʭʘʣʴʢʦʛʝʥʠʜʦʚ ʚʠʩʤʫʪʘ 

ʠ ʩʫʨʴʤʳ, ʢʦʪʦʨʳʝ ʧʨʠʤʝʥʠʤʳ ʚ ʦʙʣʘʩʪʠ ʥʠʟʢʠʭ ʪʝʤʧʝʨʘʪʫʨ, ʜʨʫ-

ʛʠʤ ʞʝ ʤʘʪʝʨʠʘʣʘʤ ʧʦʢʘ ʥʝ ʫʜʘʚʘʣʦʩʴ ʧʨʠʙʣʠʟʠʪʴʩʷ ʢ ʪʘʢʠʤ ʞʝ 

ʟʥʘʯʝʥʠʷʤ. Cʧʣʘʚʳ ʧʦʣʫ-ɻʝʡʩʣʝʨʘ ʠʤʝʶʪ ʦʛʨʦʤʥʳʡ ʧʦʪʝʥʮʠʘʣ ʜʣʷ 

ʵʪʦʛʦ ʠ ʧʨʠʤʝʥʠʤʳ ʚ ʦʙʣʘʩʪʠ ʩʨʝʜʥʠʭ ʪʝʤʧʝʨʘʪʫʨ ʜʦ 1000 ʂ. 

ʎʝʣʴʶ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʦʧʪʠʤʠʟʘʮʠʷ ʩʧʦʩʦʙʦʚ ʧʦʣʫʯʝ-

ʥʠʷ ʩʧʣʘʚʦʚ ʧʦʣʫ-ɻʝʡʩʣʝʨʘ ʩʦʩʪʘʚʘ FeNb0.8Ti0.2Sb. 

ʅʝʦʙʭʦʜʠʤʳʤ ʢʘʯʝʩʪʚʦʤ ʪʝʨʤʦʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʤʘʪʝʨʠʘʣʘ ʚʳ-

ʩʪʫʧʘʝʪ ʥʘʣʠʯʠʝ ʢʦʤʧʣʝʢʩʘ ʬʠʟʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʭ 

ʧʨʠʝʤʣʝʤʳʡ ʜʣʷ ʜʘʥʥʦʡ ʟʘʜʘʯʠ ʂʇɼ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ. ʊʝʨʤʦʵʣʝʢ-

ʪʨʠʯʝʩʢʠʡ ʤʘʪʝʨʠʘʣ ʜʦʣʞʝʥ ʦʙʣʘʜʘʪʴ ʚʳʩʦʢʦʡ ʪʝʨʤʦʕɼʉ, ʵʣʝʢʪʨʦ-

ʧʨʦʚʦʜʥʦʩʪʴʶ ʠ ʤʘʣʦʡ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʴʶ, ʢʦʪʦʨʘʷ ʜʦʩʪʠʛʘʝʪʩʷ ʟʘ 

ʩʯʝʪ ʨʘʩʩʝʠʚʘʥʠʷ ʬʦʥʦʥʦʚ ʥʘ ʛʨʘʥʠʮʘʭ ʟʝʨʝʥ, ʚʦʟʥʠʢʘʶʱʝʛʦ ʚ ʨʝ-

ʟʫʣʴʪʘʪʝ ʥʘʥʦʩʪʨʫʢʪʫʨʠʨʦʚʘʥʠʷ [1]. 

ɺ ʣʠʪʝʨʘʪʫʨʥʳʭ ʠʩʪʦʯʥʠʢʘʭ ʥʘʠʙʦʣʝʝ ʯʘʩʪʦ ʚʩʪʨʝʯʘʝʪʩʷ ʤʝʪʦʜ 

ʧʦʣʫʯʝʥʠʷ ʩʧʣʘʚʦʚ ʧʦʣʫ-ɻʝʡʩʣʝʨʘ ʧʫʪʝʤ ʣʝʚʠʪʘʮʠʦʥʥʦʡ ʧʣʘʚʢʠ ʩ 

ʧʦʩʣʝʜʫʶʱʠʤ ʤʝʭʘʥʠʯʝʩʢʠʤ ʜʠʩʧʝʨʛʠʨʦʚʘʥʠʝʤ ʠ ʢʦʤʧʘʢʪʠʨʦʚʘ-

ʥʠʝʤ [2, 3]. 

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʨʘʩʩʤʦʪʨʝʥ ʧʨʦʮʝʩʩ ʧʨʠʛʦʪʦʚʣʝʥʠʷ ʠʩʩʣʝʜʫʝ-

ʤʦʛʦ ʪʝʨʤʦʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʤʘʪʝʨʠʘʣʘ ʥʝʩʢʦʣʴʢʠʤʠ ʤʝʪʦʜʘʤʠ. ʇʦ-

ʤʠʤʦ ʦʩʥʦʚʥʦʛʦ ʤʝʪʦʜʘ ʧʦʣʫʯʝʥʠʷ ʙʳʣ ʧʨʠʤʝʥʝʥ ʤʝʪʦʜ ʚʳʩʦʢʦ-

ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʩʘʤʦʨʘʩʧʨʦʩʪʨʘʥʷʶʱʝʛʦʩʷ ʩʠʥʪʝʟʘ, ʙʣʘʛʦʜʘʨʷ ʢʦ-

ʪʦʨʦʤʫ ʫʜʘʝʪʩʷ ʩʵʢʦʥʦʤʠʪʴ ʪʨʫʜʦʚʳʝ ʠ ʚʨʝʤʝʥʥʳʝ ʨʝʩʫʨʩʳ. 
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ʇʦʩʣʝ ʩʠʥʪʝʟʠʨʦʚʘʥʠʷ ʦʙʨʘʟʮʦʚ ʙʳʣ ʧʨʦʚʝʜʝʥ ʨʝʥʪʛʝʥʦʬʘʟʦʚʳʡ 

ʘʥʘʣʠʟ, ʛʜʝ ʧʦʣʫʯʝʥʘ ʦʩʥʦʚʥʘʷ ʬʘʟʘ, ʥʦ ʪʘʢʞʝ ʤʦʞʥʦ ʫʚʠʜʝʪʴ ʥʝ-

ʟʥʘʯʠʪʝʣʴʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʧʨʠʤʝʩʥʦʡ ʬʘʟʳ, ʯʪʦ ʚʠʜʥʦ ʠʟ ʨʠʩʫʥʢʘ 1. 

 

 
ʈʠʩ.1. ɼʠʬʨʘʢʪʦʛʨʘʤʤʘ  FeNb0.8Ti0.2Sb 

 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʚʳʧʦʣʥʝʥʠʷ ʨʘʙʦʪʳ ʦʞʠʜʘʝʪʩʷ ʦʧʪʠʤʠʟʘʮʠʷ ʪʝʭ-

ʥʦʣʦʛʠʠ ʧʦʣʫʯʝʥʠʷ ʩʧʣʘʚʦʚ ʧʦʣʫ-ɻʝʡʩʣʝʨʘ ʩʦʩʪʘʚʘ FeNb0.8Ti0.2Sb ʩ 

ʮʝʣʴʶ ʫʜʘʣʝʥʠʷ ʚʪʦʨʠʯʥʦʡ ʬʘʟʳ, ʯʪʦ ʧʨʠʚʝʜʝʪ ʢ ʟʥʘʯʠʪʝʣʴʥʦʤʫ 

ʫʚʝʣʠʯʝʥʠʶ ʪʝʨʤʦʵʣʝʢʪʨʠʯʝʩʢʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʚ ʦʙʣʘʩʪʠ ʪʝʤʧʝ-

ʨʘʪʫʨ ʜʦ 1000 ʂ. 
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ʀʥʪʝʥʩʠʚʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʩʚʦʡʩʪʚ ʫʛʣʝʨʦʜʥʳʭ ʥʘʥʦʪʨʫʙʦʢ 

(ʜʘʣʝʝ ʋʅʊ) ʥʘʯʘʣʠʩʴ ʩ ʨʘʙʦʪ [1,2].  ʋʅʊ ʦʙʣʘʜʘʶʪ ʫʥʠʢʘʣʴʥʳʤʠ 

ʬʠʟʠʯʝʩʢʠʤʠ ʩʚʦʡʩʪʚʘʤʠ: ʵʣʝʢʪʨʠʯʝʩʢʠʤʠ, ʤʘʛʥʠʪʥʳʤʠ ʠ ʦʧʪʠʯʝ-

ʩʢʠʤʠ [3,4], ʢʦʪʦʨʳʝ  ʠʩʧʦʣʴʟʫʶʪʩʷ ʚ ʨʘʟʣʠʯʥʳʭ ʦʙʣʘʩʪʷʭ ʪʝʭʥʠʢʠ, 

ʤʝʜʠʮʠʥʳ ʠ ʙʠʦʣʦʛʠʠ. 

ʊʝʦʨʝʪʠʯʝʩʢʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʋʅʊ ʥʘʯʘʣʠʩʴ ʩ ʦʧʠʩʘʥʠʷ ʠʭ 

ʩʪʨʫʢʪʫʨʳ ʠ ʩʠʤʤʝʪʨʠʠ. ɹʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʩʪʨʫʢʪʫʨʘ ʋʅʊ ʦʨʛʘ-

ʥʠʯʝʩʢʠ ʩʚʷʟʘʥʘ ʩʦ ʩʪʨʫʢʪʫʨʦʡ ʛʨʘʬʝʥʘ, ʨʘʙʦʪʳ [5, 6]. ɼʣʷ ʠʟʫʯʝ-

ʥʠʷ ʩʚʦʡʩʪʚ ʋʅʊ ʙʳʣʠ ʨʘʩʩʯʠʪʘʥʳ ʬʦʥʦʥʥʳʝ ʜʠʩʧʝʨʩʠʦʥʥʳʝ ʟʘʚʠ-

ʩʠʤʦʩʪʠ ʜʣʷ ʛʨʘʬʝʥʘ (ʈʠʩ. 1) ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʠʣʦʚʳʭ ʢʦʥʩʪʘʥʪ, 

ʨʘʙʦʪʘ [4]. 

 

ʈʠʩ. 1.  ʌʦʥʦʥʥʳʝ ʜʠʩʧʝʨʩʠʦʥʥʳʝ ʟʘʚʠʩʠʤʦʩʪʠ ʜʣʷ ʛʨʘʬʝʥʘ 

ɺ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ ʤʝʪʦʜʦʤ ʢʨʘʪʥʦʡ ʟʦʥʳ ɹʨʠʣʣʶʵʥʘ ʨʘʩʩʯʠ-

ʪʘʥʳ ʬʦʥʦʥʥʳʝ ʜʠʩʧʝʨʩʠʦʥʥʳʝ ʟʘʚʠʩʠʤʦʩʪʠ ʥʝʢʦʪʦʨʳʭ ʋʅʊ ʠ ʧʦ-

ʩʪʨʦʝʥʳ ʚʝʢʪʦʨʳ ʧʦʣʷʨʠʟʘʮʠʠ ʦʧʪʠʯʝʩʢʠʭ ʬʦʥʦʥʦʚ, ʦʜʥʘ ʠʟ ʟʘʚʠ-

ʩʠʤʦʩʪʝʡ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ (ʈʠʩ. 2) 

ʀʩʧʦʣʴʟʫʷ ʪʦʪ ʬʘʢʪ, ʯʪʦ ʥʝʧʨʠʚʦʜʠʤʳʝ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʛʨʫʧʧʳ 

ʩʠʤʤʝʪʨʠʠ ʫʛʣʝʨʦʜʥʦʡ ʥʘʥʦʪʨʫʙʢʠ (3,3) ʩʦʚʧʘʜʘʶʪ ʩ ʠʟʚʝʩʪʥʳʤʠ 

ʥʝʧʨʠʚʦʜʠʤʳʤʠ ʧʨʝʜʩʪʘʚʣʝʥʠʷʤʠ ʛʨʫʧʧʳ ʚʦʣʥʦʚʦʛʦ ʚʝʢʪʦʨʘ ʧʨʦ-
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ʩʪʨʘʥʩʪʚʝʥʥʦʡ ʛʨʫʧʧʳ, ʤʳ ʧʨʦʚʝʣʠ ʩʠʤʤʝʪʨʠʡʥʳʡ ʘʥʘʣʠʟ ʬʦʥʦʥʦʚ 

ʵʪʦʡ ʋʅʊ ʚ ʮʝʥʪʨʝ ʟʦʥʳ ɹʨʠʣʣʶʵʥʘ. 

 
ʋʛʣʝʨʦʜʥʘʷ ʥʘʥʦ-

ʪʨʫʙʢʘ (2,2) [5]. 
 

ʇʦ ʦʩʠ ʘʙʩʮʠʩʩ ʦʪʣʦʞʝʥ ʚʦʣʥʦʚʦʡ 

ʚʝʢʪʦʨ ʚ ʦʪʥʦʩʠʪʝʣʴʥʳʭ ʝʜʠʥʠʮʘʭ. ʇʦ 

ʦʩʠ ʦʨʜʠʥʘʪ - ʯʘʩʪʦʪʘ ʚ ʩʤ
-1
. 

ʈʠʩ. 2. ʌʦʥʦʥʥʳʝ ʜʠʩʧʝʨʩʠʦʥʥʳʝ ʟʘʚʠʩʠʤʦʩʪʠ ʜʣʷ ʋʅʊ (2,2) 

ʇʨʦʚʝʜʝʥʥʳʡ ʘʥʘʣʠʟ ʧʦʟʚʦʣʷʝʪ ʩʜʝʣʘʪʴ ʚʳʚʦʜ, ʯʪʦ ʜʣʷ ʋʅʊ 

ʨʘʟʥʦʛʦ ʪʠʧʘ ʩ ʥʝʙʦʣʴʰʠʤ ʜʠʘʤʝʪʨʦʤ ʤʦʞʥʦ ʪʦʯʥʦ ʦʧʨʝʜʝʣʠʪʴ 

ʚʝʢʪʦʨʳ ʧʦʣʷʨʠʟʘʮʠʠ ʥʝʢʦʪʦʨʳʭ ʬʦʥʦʥʦʚ. ʇʦʜʦʙʥʳʡ ʩʠʤʤʝʪʨʠʡ-

ʥʳʡ ʘʥʘʣʠʟ ʧʦʣʝʟʝʥ ʢʘʢ ʜʣʷ ʠʥʪʝʨʧʨʝʪʘʮʠʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ 

ʜʘʥʥʳʭ, ʪʘʢ ʠ ʜʣʷ ʧʨʦʚʝʨʢʠ ʥʘʜʝʞʥʦʩʪʠ ʪʝʦʨʝʪʠʯʝʩʢʠʭ ʤʦʜʝʣʝʡ 
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ɸʢʪʫʘʣʴʥʦʩʪʴ ʜʘʥʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʦʙʫʩʣʦʚʣʝʥʘ ʘʢʪʠʚʥʳʤ ʨʘʟʚʠ-

ʪʠʝʤ ʩʦʚʨʝʤʝʥʥʳʭ ʠʟʤʝʨʠʪʝʣʴʥʳʭ ʧʨʠʙʦʨʦʚ ʠ ʢʦʤʧʣʝʢʩʦʚ ʚ ʚʠʜʫ 

ʚʩʝ ʙʦʣʴʰʝʛʦ ʧʨʠʤʝʥʝʥʠʷ ʤʠʢʨʦʧʨʦʮʝʩʩʦʨʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ ʧʨʦ-

ʮʝʩʩʘʤʠ ʠʟʤʝʨʝʥʠʷ ʠ ʢʦʥʪʨʦʣʷ. 

ʎʝʣʴ - ʨʘʟʨʘʙʦʪʢʘ ʠʟʤʝʨʠʪʝʣʴʥʦʛʦ ʫʩʠʣʠʪʝʣʷ, ʩʦʩʪʦʷʱʝʛʦ ʠʟ 

ʙʣʦʢʦʚ ʘʪʪʝʥʶʘʪʦʨʘ, ʫʩʠʣʠʪʝʣʷ ʠ ʙʫʬʝʨʦʚ-ʦʛʨʘʥʠʯʠʪʝʣʝʡ ʩ ʮʠʬʨʦ-

ʚʳʤ ʫʧʨʘʚʣʝʥʠʝʤ.  

ʇʨʘʢʪʠʯʝʩʢʘʷ ʟʥʘʯʠʤʦʩʪʴ ʨʘʙʦʪʳ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʨʘʟʨʘʙʦʪʘʥʥʦʡ  

ʩʭʝʤʝ ʠʟʤʝʨʠʪʝʣʴʥʦʛʦ ʫʩʠʣʠʪʝʣʷ, ʧʦʩʪʨʦʝʥʥʦʡ ʥʘ ʥʝʜʦʨʦʛʦʡ ʠ ʜʦ-

ʩʪʫʧʥʦʡ ʵʣʝʤʝʥʪʥʦʡ ʙʘʟʝ, ʢʦʪʦʨʘʷ ʤʦʞʝʪ ʙʳʪʴ ʧʨʠʤʝʥʝʥʘ ʚʦ ʤʥʦ-

ʞʝʩʪʚʝ ʟʘʜʘʯ ʧʦ ʢʦʥʪʨʦʣʶ ʠ ʠʟʤʝʨʝʥʠʶ ʟʘʜʘʥʥʳʭ ʚʝʣʠʯʠʥ.  

ʇʨʠʥʮʠʧʠʘʣʴʥʘʷ ʩʭʝʤʘ ʫʟʣʘ ʧʦʢʘʟʘʥʘ ʥʘ ʨʠʩʫʥʢʝ 1. ɺʭʦʜʥʦʡ ʘʪ-

ʪʝʥʶʘʪʦʨ ʨʝʘʣʠʟʦʚʘʥ ʥʘ ʤʠʢʨʦʩʭʝʤʝ DD1- AD7377arz100 ʩ ʙʫʬʝ-

ʨʦʤ-ʦʛʨʘʥʠʯʠʪʝʣʝʤ ʥʘ DA1 - LF356. ʎʝʧʠ ʟʘʱʠʪʳ ʥʝ ʧʦʢʘʟʘʥʳ, ʪʘʢ 

ʢʘʢ ʦʥʠ ʥʘʭʦʜʷʪʩʷ ʚ ʧʨʝʜʳʜʫʱʝʤ ʫʟʣʝ ʢʦʤʤʫʪʘʪʦʨʘ ʢʘʥʘʣʦʚ. 

AD7376 ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʮʠʬʨʦʚʦʡ ʧʦʪʝʥʮʠʦʤʝʪʨ ʥʘ 128 ʧʦʣʦ-

ʞʝʥʠʡ, ʫʧʨʘʚʣʷʝʤʳʡ ʧʦ ʪʨʸʭʧʨʦʚʦʜʥʦʡ ʰʠʥʝ SPI [1]. ʀʟʤʝʨʷʝʤʦʝ 

ʥʘʧʨʷʞʝʥʠʝ ʧʦʜʘʸʪʩʷ ʥʘ ʧʠʥ A (1). ɺʳʭʦʜʥʦʝ ʥʘʧʨʷʞʝʥʠʝ ʩʥʠʤʘʝʪ-

ʩʷ ʩ ʧʠʥʘ W, ʧʠʥ B ʧʦʜʢʣʶʯʸʥ ʢ ʦʙʱʝʤʫ ʧʨʦʚʦʜʫ ʜʣʷ ʨʝʘʣʠʟʘʮʠʠ 

ʜʝʣʠʪʝʣʷ ʥʘʧʨʷʞʝʥʠʷ.   ɺʭʦʜʥʦʡ ʩʠʛʥʘʣ ʜʦʣʞʝʥ ʣʝʞʘʪʴ ʚ ʧʨʦʤʝ-

ʞʫʪʢʝ 0-27V(+0,7V). 

ʂʦʵʬʬʠʮʠʝʥʪ ʦʩʣʘʙʣʝʥʠʷ ʚʳʯʠʩʣʷʝʪʩʷ ʧʦ ʬʦʨʤʫʣʝ 1: 

128

D
UaUw=     (1) 

ɹʣʦʢ ʫʩʠʣʠʪʝʣʷ ʩʦʙʨʘʥ ʥʘ ʆʋ LF356 (DA2) ʠ 572ʇɸ1(DD4), ʢʦ-

ʪʦʨʳʡ ʚʢʣʶʯʸʥ ʢʘʢ ʫʧʨʘʚʣʷʝʤʘʷ ʢʦʜʦʤ ʤʘʪʨʠʮʘ ʨʝʟʠʩʪʦʨʦʚ R-2R ʚ 

ʮʝʧʴ ʆʉ DA2. ʂʦʵʬʬʠʮʠʝʥʪ ʫʩʠʣʝʥʠʷ ʟʘʜʘʸʪʩʷ 10-ʶ ʙʠʪʘʤʠ ʠʥ-

ʬʦʨʤʘʮʠʠ D0-D9. D9 ʚʩʝʛʜʘ ʨʘʚʝʥ ʣʦʛʠʯʝʩʢʦʡ ʝʜʠʥʠʮʝ. ɺʳʭʦʜʥʦʡ 

ʩʠʛʥʘʣ ʫʩʠʣʠʪʝʣʷ ʦʛʨʘʥʠʯʝʥ DA3 ʥʘ ʫʨʦʚʥʝ 4.9-5 ʚʦʣʴʪ ʜʣʷ ʩʦʛʣʘ-

ʩʦʚʘʥʠʷ ʩ ʠʟʤʝʨʠʪʝʣʴʥʳʤʠ ʚʭʦʜʘʤʠ ɸʎʇ. 
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ʈʠʩ.1. ʇʨʠʥʮʠʧʠʘʣʴʥʘʷ ʩʭʝʤʘ ʢʦʤʙʠʥʠʨʦʚʘʥʥʦʛʦ ʠʟʤʝʨʠʪʝʣʴʥʦʛʦ ʫʩʠʣʠ-

ʪʝʣʷ. 

ɼʣʷ ʫʧʨʘʚʣʝʥʠʷ ʂ. ʫʩʠʣʝʥʠʷ ʧʦ ʰʠʥʝ SPI ʧʨʠʤʝʥʷʶʪʩʷ ʜʚʘ 

ʩʜʚʠʛʦʚʳʭ ʨʝʛʠʩʪʨʘ 74HC595 (DD2,DD3). ʂʦʵʬʬʠʮʠʝʥʪ ʫʩʠʣʝʥʠʷ 

ʚʳʯʠʩʣʷʝʪʩʷ ʧʦ ʬʦʨʤʫʣʝ 2 [2]: 

ä -

-=
10

2

1

i

i

id

Ku   (2) 

ʇʨʠ ʵʪʦʤ, ʤʠʥʠʤʘʣʴʥʳʡ ʂʫ ʨʘʚʝʥ 1, ʤʘʢʩʠʤʘʣʴʥʳʡ - 1024. 
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ɺʠʭʨʝʚʳʝ ʢʦʣʝʙʘʥʠʷ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ ʚ ʬʝʨʨʦʤʘʛʥʠʪʥʳʭ ʥʘʥʦ-

ʩʪʨʫʢʪʫʨʘʭ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʩʧʠʥ-ʧʦʣʷʨʠʟʦʚʘʥʥʦʛʦ ʪʦʢʘ ʚʳʟʳʚʘʶʪ ʚ 

ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʙʦʣʴʰʦʡ ʠʥʪʝʨʝʩ [1], [2]. ɺ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ ʵʪʦ 

ʩʚʷʟʘʥʦ ʩ ʧʦʪʝʥʮʠʘʣʴʥʳʤʠ ʧʨʠʣʦʞʝʥʠʷʤʠ ʪʘʢʠʭ ʩʪʨʫʢʪʫʨ ʚ ʦʙʣʘ-

ʩʪʠ ʪʝʣʝʢʦʤʤʫʥʠʢʘʮʠʡ ʚ ʢʘʯʝʩʪʚʝ ʟʘʜʘʶʱʠʭ ʉɺʏ-ʛʝʥʝʨʘʪʦʨʦʚ. ɺ 

ʣʠʪʝʨʘʪʫʨʝ ʠʭ ʧʨʠʥʷʪʦ ʥʘʟʳʚʘʪʴ çʚʠʭʨʝʚʳʝ ʩʧʠʥ-ʪʨʘʥʩʬʝʨʥʳʝ 

ʥʘʥʦʦʩʮʠʣʣʷʪʦʨʳè (ɺʉʊʅʆ). ʆʩʥʦʚʥʳʤʠ ʥʝʜʦʩʪʘʪʢʘʤʠ ʪʘʢʠʭ ʦʩ-

ʮʠʣʣʷʪʦʨʦʚ ʷʚʣʷʝʪʩʷ ʥʠʟʢʘʷ ʚʳʭʦʜʥʘʷ ʤʦʱʥʦʩʪʴ ʛʝʥʝʨʠʨʫʝʤʳʭ ʢʦ-

ʣʝʙʘʥʠʡ ʧʦʨʷʜʢʘ ʝʜʠʥʠʮ ʠ ʜʦʣʝʡ ʤʠʢʨʦʚʘʪʪ. ʇʦʵʪʦʤʫ ʚʘʞʥʦʡ ʷʚʣʷ-

ʝʪʩʷ ʟʘʜʘʯʘ ʩʠʥʭʨʦʥʠʟʘʮʠʠ ʠ ʩʣʦʞʝʥʠʷ ʤʦʱʥʦʩʪʝʡ ɺʉʊʅʆ. ɼʣʷ 

ʦʧʨʝʜʝʣʝʥʠʷ ʫʩʣʦʚʠʡ ʩʠʥʭʨʦʥʠʟʤʘ ʚ ʘʥʩʘʤʙʣʝ ʚʟʘʠʤʦʩʚʷʟʘʥʥʳʭ 

ʦʩʮʠʣʣʷʪʦʨʦʚ ʥʝʦʙʭʦʜʠʤʦ ʦʧʨʝʜʝʣʠʪʴ ʫʩʣʦʚʠʷ ʬʘʟʦʚʦʡ ʩʠʥʭʨʦʥʠ-

ʟʘʮʠʠ ʠ ʫʩʪʦʡʯʠʚʦʩʪʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ ʩʪʘʮʠʦʥʘʨʥʦʛʦ ʨʝʞʠʤʘ. ɺ 

ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʠʩʩʣʝʜʫʝʪʩʷ ʬʘʟʦʚʘʷ ʜʠʥʘʤʠʢʘ ʚ ʜʚʫʤʝʨʥʦʤ ʘʥʩʘʤ-

ʙʣʝ ɺʉʊʅʆ. 

ʄʘʪʝʤʘʪʠʯʝʩʢʦʡ ʤʦʜʝʣʴʶ ʚʟʘʠʤʦʩʚʷʟʘʥʥʳʭ ɺʉʊʅʆ ʷʚʣʷʝʪʩʷ 

ʩʠʩʪʝʤʘ ʩʚʷʟʘʥʥʳʭ ʫʨʘʚʥʝʥʠʡ ʊʠʣʷ [1]-[3] ʜʣʷ ʢʦʦʨʜʠʥʘʪ ʚʝʢʪʦʨʘ 

ʚʠʭʨʷ ʚ ʧʣʦʩʢʦʩʪʠ ʦʙʨʘʟʮʘ iX , ʢʦʪʦʨʦʝ ʟʘʧʠʰʝʤ ʚ ʚʠʜʝ: 

( ) ( ) ( )
j i

i i
z i i i st,i i int j

j 1..N

d d
G k D 0

dt dt

¸

=

å õ
³ - - - - =æ ö

ç ÷

X X
e X X F X F X , 

ʛʜʝ G  - ʛʠʨʦʢʦʥʩʪʘʥʪʘ, iD  - ʢʦʥʩʪʘʥʪʳ ʟʘʪʫʭʘʥʠʷ, ( )ik X  - ʥʝʣʠ-

ʥʝʡʥʘʷ ʬʫʥʢʮʠʷ iX , ʭʘʨʘʢʪʝʨʠʟʫʶʱʘʷ ʵʥʝʨʛʠʶ ʚʠʭʨʷ [1], st,iF  - 

ʩʠʣʳ, ʩʚʷʟʘʥʥʳʝ ʩ ʧʝʨʝʥʦʩʦʤ ʩʧʠʥʦʚʦʛʦ ʤʦʤʝʥʪʘ ʠ intF  ʩʠʣʳ ʚʟʘʠ-

ʤʦʜʝʡʩʪʚʠʷ i-ʦʛʦ ʚʠʭʨʷ ʩʦ ʚʩʝʤʠ ʦʩʪʘʣʴʥʳʤʠ ʵʣʝʤʝʥʪʘʤʠ ʘʥʩʘʤʙʣʷ 

(ʢʦʣʠʯʝʩʪʚʦ ʵʣʝʤʝʥʪʦʚ ʨʘʚʥʦ N). ʆʪ ʩʠʩʪʝʤʳ ʫʨʘʚʥʝʥʠʡ ʊʠʣʷ ʧʝ-

ʨʝʡʜʝʤ ʢ ʬʘʟʦʚʦʤʫ ʧʨʠʙʣʠʞʝʥʠʶ. ɼʣʷ ʵʪʦʛʦ ʙʫʜʝʤ ʧʨʝʜʧʦʣʘʛʘʪʴ, 

ʯʪʦ ʢʘʞʜʳʡ ʠʟ ʦʩʮʠʣʣʷʪʦʨʦʚ ʥʘʭʦʜʠʪʩʷ ʚ ʚʦʟʙʫʞʜʝʥʥʦʤ ʩʦʩʪʦʷʥʠʠ 

ʠ ʟʘʧʘʩ ʧʦ ʩʘʤʦʚʦʟʙʫʞʜʝʥʠʶ ʜʦʩʪʘʪʦʯʥʦ ʙʦʣʴʰʦʡ. ʊʦʛʜʘ ʤʦʞʥʦ 
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ʩʯʠʪʘʪʴ, ʯʪʦ ʘʤʧʣʠʪʫʜʳ ʢʦʣʝʙʘʥʠʡ ʦʩʮʠʣʣʷʪʦʨʦʚ ʫʩʪʘʥʘʚʣʠʚʘʶʪʩʷ 

ʙʳʩʪʨʝʝ, ʯʝʤ ʬʘʟʳ (ʚʳʭʦʜ ʥʘ ʧʨʝʜʝʣʴʥʳʡ ʮʠʢʣ ʧʨʦʠʩʭʦʜʠʪ ʙʳʩʪ-

ʨʝʝ) ʠ, ʚ ʧʨʠʙʣʠʞʝʥʠʠ, ʤʦʞʥʦ ʩʯʠʪʘʪʴ, ʯʪʦ 

() ()i i 0i
t

t lim t X
­¤

= =X X . ɺ ʪʘʢʦʤ ʧʨʠʙʣʠʞʝʥʠʠ ʩʠʩʪʝʤʘ ʫʨʘʚʥʝʥʠʡ 

ʜʣʷ ʬʘʟ iq ʢʘʞʜʦʛʦ ɺʉʊʅʆ ʧʨʠʤʝʪ ʚʠʜ 

( )
N

i
i ij j i

j 1, j i

d
sin

dt

q
w l q q

= ¸

= + Ö -ä , 

ʛʜʝ iw - ʧʘʨʮʠʘʣʴʥʳʝ ʯʘʩʪʦʪʳ ʢʘʞʜʦʛʦ ʦʩʮʠʣʣʷʪʦʨʘ, ijl  - ʧʘʨʘʤʝʪ-

ʨʳ ʩʚʷʟʠ i-ʦʛʦ ʦʩʮʠʣʣʷʪʦʨʘ ʩ j-ʳʤ, ʫʙʳʚʘʶʱʠʝ ʧʦ ʤʝʨʝ ʫʜʘʣʝʥʠʷ ʦʪ 

ʥʝʛʦ i-ʦʛʦ, ʪ.ʝ. ij ij1 dl , ʛʜʝ ijd  - ʨʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ɺʉʊʅʆ.  

ɸʥʘʣʠʟ ʧʦʣʫʯʝʥʥʦʡ ʩʠʩʪʝʤʳ ʬʘʟʦʚʳʭ ʫʨʘʚʥʝʥʠʡ ʧʦʢʘʟʳʚʘʝʪ, 

ʯʪʦ ʥʘʨʷʜʫ ʩʦ ʩʪʘʮʠʦʥʘʨʥʳʤʠ ʨʝʞʠʤʘʤʠ ʨʘʚʥʳʭ ʬʘʟ ʚ ʜʘʥʥʦʡ ʩʠ-

ʩʪʝʤʝ ʥʘʙʣʶʜʘʶʪʩʷ ʩʣʦʞʥʳʝ ʭʘʦʪʠʯʝʩʢʠʝ ʨʝʞʠʤʳ ʠ ʪ.ʥ. çʭʠʤʝʨ-

ʥʳʝè ʩʦʩʪʦʷʥʠʷ, ʧʨʠ ʢʦʪʦʨʳʤ ʯʘʩʪʴ ʦʩʮʠʣʣʷʪʦʨʦʚ ʟʘʩʠʥʭʨʦʥʠʟʠʨʦ-

ʚʘʥʳ ʧʦ ʬʘʟʝ, ʘ ʯʘʩʪʴ ʨʘʙʦʪʘʶʪ ʚ ʭʘʦʪʠʯʝʩʢʦʤ ʨʝʞʠʤʝ. ɼʣʷ ʩʣʦʞʝ-

ʥʠʷ ʤʦʱʥʦʩʪʝʡ ʥʝʦʙʭʦʜʠʤʦ, ʯʪʦʙʳ ʥʝʠʜʝʥʪʠʯʥʦʩʪʴ ʚ ʨʘʟʤʝʨʘʭ 

ɺʉʊʅʆ ʙʳʣʘ ʤʠʥʠʤʘʣʴʥʦʡ (ʧʦʨʷʜʢʘ ʝʜʠʥʠʮ ʥʤ ʧʨʠ ʜʠʘʤʝʪʨʝ ʦʙ-

ʨʘʟʮʦʚ ʚ ʩʦʪʥʠ ʥʤ).   

ʈʝʟʫʣʴʪʘʪʳ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʚ ʨʘʤʢʘʭ ʛʨʘʥʪʘ ʇʨʝʟʠʜʝʥʪʘ ʜʣʷ ʤʦ-

ʣʦʜʳʭ ʢʘʥʜʠʜʘʪʦʚ ʥʘʫʢ ˉ ʄʂ-7026.2016.8.  
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ʕʃɽʂʊʈʆʅʅʓʁ ʊʆʇʆʃʆɻʀʏɽʉʂʀʁ ʇɽʈɽʍʆɼ ɺ  

ʊʆʅʂʀʍ ʇʃɽʅʂɸʍ InSe 
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ʀʟʚʝʩʪʥʦ, ʯʪʦ ʵʣʝʢʪʨʦʥʥʳʝ ʩʚʦʡʩʪʚʘ ʤʘʪʝʨʠʘʣʦʚ ʟʥʘʯʠʪʝʣʴʥʳʤ 

ʦʙʨʘʟʦʤ ʟʘʚʠʩʷʪ ʦʪ ʠʭ ʨʘʟʤʝʨʥʦʩʪʠ. ʇʦʤʠʤʦ ʰʠʨʦʢʦ ʠʟʫʯʝʥʥʳʭ 

ʢʚʘʥʪʦʚʦʨʘʟʤʝʨʥʳʭ ʵʬʬʝʢʪʦʚ ʤʦʛʫʪ ʥʘʙʣʶʜʘʪʴʩʷ ʵʬʬʝʢʪʳ ʩʚʷʟʘʥ-

ʥʳʝ ʩ ʠʟʤʝʥʝʥʠʝʤ ʩʠʤʤʝʪʨʠʠ ʢʨʠʩʪʘʣʣʘ. ɺ ʢʘʯʝʩʪʚʝ ʧʨʠʤʝʨʦʚ 

ʤʦʞʥʦ ʥʘʟʚʘʪʴ ʧʦʷʚʣʝʥʠʝ ʩʦʩʪʦʷʥʠʡ ʩ ʜʠʨʘʢʦʚʩʢʠʤ ʟʘʢʦʥʦʤ ʜʠʩ-

ʧʝʨʩʠʠ ʚ ʦʜʥʦʩʣʦʡʥʦʤ ʛʨʘʬʠʪʝ ʠ ʧʝʨʝʭʦʜ ʥʝʧʨʷʤʦʟʦʥʥʳʡ ï ʧʨʷʤʦ-

ʟʦʥʥʳʡ ʧʦʣʫʧʨʦʚʦʜʥʠʢ ʚ ʦʜʥʦʩʣʦʡʥʦʤ ʜʠʩʫʣʴʬʠʜʝ ʤʦʣʠʙʜʝʥʘ. ʍʘ-

ʨʘʢʪʝʨʥʳʤ ʜʣʷ ʫʢʘʟʘʥʥʳʭ ʚʳʰʝ ʧʨʠʤʝʨʦʚ ʷʚʣʷʝʪʩʷ ɺʘʥ-ʜʝʨ-

ɺʘʘʣʴʩʦʚʩʢʠʡ ʪʠʧ ʩʚʷʟʠ ʤʝʞʜʫ ʩʣʦʷʤʠ ʚ ʦʜʥʦʤ ʢʨʠʩʪʘʣʣʦʛʨʘʬʠʯʝ-

ʩʢʦʤ ʥʘʧʨʘʚʣʝʥʠʠ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʦʪʥʦʩʠʪʝʣʴʥʦ ʣʝʛʢʦ ʠʟʦʣʠʨʦʚʘʪʴ 

ʠ ʚʳʨʘʱʠʚʘʪʴ ʦʪʜʝʣʴʥʳʝ ʩʣʦʠ. ʇʦʜʦʙʥʳʝ ʵʬʬʝʢʪʳ ʚʦʟʤʦʞʥʳ ʠ ʚ 

ʥʝʢʦʪʦʨʳʭ ʜʨʫʛʠʭ ʤʘʪʝʨʠʘʣʘʭ. ɺ ʯʘʩʪʥʦʩʪʠ, ʜʣʷ ʪʦʥʢʠʭ ʧʣʝʥʦʢ ʨʷ-

ʜʘ ʭʘʣʴʢʦʛʝʥʠʜʦʚ ʧʨʝʜʩʢʘʟʘʥ ʧʝʨʝʭʦʜ ʃʠʬʰʠʮʘ, ʧʨʠ ʢʦʪʦʨʦʤ ʧʘʨʘ-

ʙʦʣʠʯʝʩʢʘʷ ʬʦʨʤʘ ʚʘʣʝʥʪʥʦʡ ʟʦʥʳ ʤʝʥʷʝʪʩʷ ʥʘ ʬʦʨʤʫ çʤʝʢʩʠʢʘʥ-

ʩʢʘʷ ʰʣʷʧʘè [1].  

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ Si(111) ʙʳʣʠ ʩʬʦʨʤʠʨʦʚʘʥʳ 

ʪʦʥʢʠʝ ʧʣʝʥʢʠ InSe ʪʦʣʱʠʥʦʡ 1-6 ʩʣʦʝʚ, ʛʜʝ ʢʘʞʜʳʡ ʩʣʦʡ InSe ʩʚ̫-

ʟʘʥ ʩ ʩʦʩʝʜʥʠʤ ɺʘʥ-ʜʝʨ-ɺʘʘʣʴʩʦʚʦʡ ʩʚʷʟʴʶ ʠ ʩʦʩʪʦʠʪ ʠʟ 4 ʘʪʦʤʥʳʭ 

ʩʣʦʝʚ (ʜʘʣʝʝ ʏʉ), ʘ ʠʤʝʥʥʦ: Se-In-In-Se. ɸʪʦʤʥʘʷ ʩʪʨʫʢʪʫʨʘ ʧʣʝʥʦʢ 

ʙr ʣʘ ʠʟʫʯʝʥʘ ʤʝʪʦʜʦʤ ʩʢʘʥʠʨʫʶʱʝʡ ʪʫʥʥʝʣʴʥʦʡ ʤʠʢʨʦʩʢʦʧʠʠ 

(ʉʊʄ), ʘ ʵʣʝʢʪʨʦʥʥʘʷ ʩʪʨʫʢʪʫʨʘ - ʤʝʪʦʜʦʤ ʫʣʴʪʨʘʬʠʦʣʝʪʦʚʦʡ ʬʦ-

ʪʦʵʣʝʢʪʨʦʥʥʦʡ ʩʧʝʢʪʨʦʩʢʦʧʠʠ (ʋʌʕʉ). ʂʘʢ ʧʦʢʘʟʘʥʦ ʥʘ ʈʠʩ. 1, ʜʣʷ 

ʧʦʢʨʳʪʠʡ ʦʪ 3 ʏʉ ʥʘʙʣʶʜʘʝʪʩʷ ʦʙʳʯʥʘʷ ʧʘʨʘʙʦʣʠʯʝʩʢʘʷ ʬʦʨʤʘ 

ʟʦʥʳ ʚ ʪʦʯʢʝ ɻ. ɼʣʷ ʧʦʢʨʳʪʠʡ ʪʦʣʱʠʥʦʡ ʚ 2 ʏʉ ʠ 1 ʏʉ ʜʝʡʩʪʚʠ-

ʪʝʣʴʥʦ ʥʘʙʣʶʜʘʝʪʩʷ ʠʟʤʝʥʝʥʠʝ ʬʦʨʤʳ ʟʦʥʳ ʚ ʪʦʯʢʝ ɻ ʥʘ ʬʦʨʤʫ 

çʤʝʢʩʠʢʘʥʩʢʘʷ ʰʣʷʧʘè.  

ʈʘʥʝʝ ʙʳʣʦ ʧʦʢʘʟʘʥʦ [3], ʯʪʦ  ʧʦʜʦʙʥʘʷ ʬʦʨʤʘ ʟʦʥ ʤʦʞʝʪ ʩʧʦ-

ʩʦʙʩʪʚʦʚʘʪʴ ʫʣʫʯʰʝʥʠʶ ʧʦʢʘʟʘʪʝʣʝʡ ʪʝʨʤʦʵʣʝʢʪʨʠʯʝʩʢʠʭ ʵʣʝʤʝʥ-
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ʪʦʚ, ʯʪʦ ʜʝʣʘʝʪ ʧʝʨʩʧʝʢʪʠʚʥʳʤ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʪʦʥʢʠʭ ʧʣʝʥʦʢ  ʩ 

ʪʘʢʠʤʠ ʩʚʦʡʩʪʚʘʤʠ ʚ ʙʫʜʫʱʠʭ ʧʨʠʙʦʨʘʭ. 

 
ʈʠʩ.1. ʉʨʘʚʥʝʥʠʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʧʦʣʫʯʝʥʥʦʡ ʠ ʨʘʩʯʝʪʥʦʡ [2] ʵʣʝʢ-

ʪʨʦʥʥʦʡ ʩʪʨʫʢʪʫʨʳ InSe ʨʘʟʣʠʯʥʦʡ ʪʦʣʱʠʥʳ (1-4 ʏʉ). 
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ʉʦʟʜʘʥʠʝ ʧʨʠʙʦʨʦʚ ʜʣʷ ʜʝʪʝʢʪʠʨʦʚʘʥʠʷ ʛʘʟʦʚ ʚ ʚʦʟʜʫʰʥʦʡ ʩʨʝʜʝ 

ʷʚʣʷʝʪʩʷ ʦʜʥʦʡ ʠʟ ʚʘʞʥʝʡʰʠʭ ʟʘʜʘʯ ʩʦʚʨʝʤʝʥʥʦʡ ʵʣʝʢʪʨʦʥʠʢʠ. 

ʂʨʦʤʝ ʪʦʛʦ, ʦʩʥʦʚʥʦʝ ʪʨʝʙʦʚʘʥʠʝ ʜʣʷ ʜʘʣʴʥʝʡʰʝʛʦ ʨʘʟʚʠʪʠʷ ʵʣʝʢ-

ʪʨʦʥʠʢʠ ʚ ʵʪʦʡ ʦʙʣʘʩʪʠ ï ʩʦʟʜʘʥʠʝ ʵʥʝʨʛʦʵʬʬʝʢʪʠʚʥʳʭ ʤʘʪʝʨʠʘʣʦʚ, 

ʦʙʣʘʜʘʶʱʠʭ ʭʦʨʦʰʝʡ ʚʦʩʧʨʦʠʟʚʦʜʠʤʦʩʪʴʶ ʩʚʦʡʩʪʚ ʠ ʠʥʝʨʪʥʦʩʪʴʶ 

ʢ ʚʦʟʜʝʡʩʪʚʠʷʤ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ. 

ɺʚʠʜʫ ʩʧʝʮʠʬʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ, ʧʨʦʷʚʣʷʶʱʠʭʩʷ ʧʨʠ ʧʝʨʝʭʦʜʝ 

ʚʝʱʝʩʪʚ ʚ ʥʘʥʦʨʘʟʤʝʨʥʦʝ ʩʦʩʪʦʷʥʠʝ, ʬʫʥʢʮʠʦʥʘʣʴʥʳʝ ʥʘʥʦʤʘʪʝʨʠ-

ʘʣʳ ʚʳʟʳʚʘʶʪ ʚʩʝ ʙʦʣʴʰʠʡ ʠʥʪʝʨʝʩ, ʚ ʪʦʤ ʯʠʩʣʝ, ʧʦʣʫʯʝʥʠʝ ʤʝ-

ʪʘʣʣʦʫʛʣʝʨʦʜʥʳʭ ʢʦʙʘʣʴʪʩʦʜʝʨʞʘʱʠʭ ʥʘʥʦʢʦʤʧʦʟʠʪʦʚ, ʜʠʩʧʝʨʛʠ-

ʨʦʚʘʥʥʳʭ ʚ ʫʛʣʝʨʦʜʥʫʶ ʤʘʪʨʠʮʫ ʥʘ ʦʩʥʦʚʝ ʀʂ-ʧʠʨʦʣʠʟʦʚʘʥʥʦʛʦ 

ʧʦʣʠʘʢʨʠʣʦʥʠʪʨʠʣʘ (ʇɸʅ), ʠ ʠʩʩʣʝʜʦʚʘʥʠʝ ʩʪʨʫʢʪʫʨʥʳʭ ʭʘʨʘʢʪʝ-

ʨʠʩʪʠʢ ʩʠʥʪʝʟʠʨʦʚʘʥʥʦʛʦ ʤʘʪʝʨʠʘʣʘ. ʂʦʤʧʣʝʢʩ ʩʚʦʡʩʪʚ ʤʝʪʘʣʣʦ-

ʫʛʣʝʨʦʜʥʳʭ ʥʘʥʦʢʦʤʧʦʟʠʪʦʚ ʦʧʨʝʜʝʣʷʝʪʩʷ ʥʝ ʪʦʣʴʢʦ ʩʧʝʮʠʬʠʯʝ-

ʩʢʦʡ ʵʣʝʢʪʨʦʥʥʦʡ ʩʪʨʫʢʪʫʨʦʡ ʧʦʣʠʩʦʧʨʷʞʝʥʥʦʡ ʩʠʩʪʝʤʳ, ʥʦ ʠ 

ʧʨʠʨʦʜʦʡ ʤʝʪʘʣʣʘ.  

ʅʘ ʨʠʩʫʥʢʝ 1 ʧʨʝʜʩʪʘʚʣʝʥʘ ʪʝʭʥʦʣʦʛʠʯʝʩʢʘʷ ʩʭʝʤʘ ʩʠʥʪʝʟʘ ʢʦ-

ʙʘʣʴʪʩʦʜʝʨʞʘʱʝʛʦ ʇɸʅ. ʇʦʣʫʯʝʥʥʳʝ ʧʣʝʥʢʠ ʦʪʞʠʛʘʣʠ ʚ ʨʘʟʣʠʯ-

ʥʳʭ ʚʨʝʤʝʥʥʳʭ ʠ ʪʝʤʧʝʨʘʪʫʨʥʳʭ ʨʝʞʠʤʘʭ ʚ ʢʘʤʝʨʝ ʀʂ-ʦʪʞʠʛʘ [1-

2]. 

ʄʝʥʷʷ ʢʦʥʮʝʥʪʨʘʮʠʶ ʤʦʜʠʬʠʮʠʨʫʶʱʝʡ ʜʦʙʘʚʢʠ ʠ ʫʩʣʦʚʠʷ ʩʠʥ-

ʪʝʟʘ ʪʦʥʢʠʭ ʧʣʝʥʦʢ (ʪʝʤʧʝʨʘʪʫʨʫ ʠ ʚʨʝʤʷ ʧʝʨʚʦʛʦ ʠ ʚʪʦʨʦʛʦ ʵʪʘʧʘ 

ʀʂ-ʦʪʞʠʛʘ), ʧʦʣʫʯʘʣʠ ʧʣʝʥʢʠ ʩ ʨʘʟʣʠʯʥʳʤʠ ʵʣʝʢʪʨʦʬʠʟʠʯʝʩʢʠʤʠ 

ʩʚʦʡʩʪʚʘʤʠ (ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʧʣʝʥʦʢ R=10
4
·10

11
 ʆʤ) ʠ ʨʘʟʣʠʯʥʦʡ 

ʪʦʣʱʠʥʳ (d=70·300 ʥʤ). 
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ʈʠʩ. 1. ʉʭʝʤʘ ʩʠʥʪʝʟʘ ʪʦʥʢʠʭ ʧʣʝʥʦʢ ʢʦʙʘʣʴʪʩʦʜʝʨʞʘʱʝʛʦ ʇɸʅ 

 

 

ʃʠʪʝʨʘʪʫʨʘ 

1. ʊ. ɸ.ɹʝʜʥʘʷ, ʉ. ʇ. ʂʦʥʦʚʘʣʝʥʢʦ, ʊ. ɺ. ʉʝʤʝʥʠʩʪʘʷ, ɺ. ɺ. ʇʝʪ-

ʨʦʚ, ɸ. ʅ. ʂʦʨʦʣʝʚ. ʀʟʛʦʪʦʚʣʝʥʠʝ ʛʘʟʦʯʫʚʩʪʚʠʪʝʣʴʥʳʭ ʵʣʝʤʝʥʪʦʚ 

ʩʝʥʩʦʨʘ ʜʠʦʢʩʠʜ ʘʟʦʪʘ ʠ ʭʣʦʨʘ ʥʘ ʦʩʥʦʚʝ ʢʦʙʘʣʴʪʩʦʜʝʨʞʘʱʝʛʦ ʧʦ-

ʣʠʘʢʨʠʣʦʥʠʪʨʠʣʘ. ʀʟʚʝʩʪʠʷ ʚʳʩʰʠʭ ʫʯʝʙʥʳʭ ʟʘʚʝʜʝʥʠʡ. ʕʣʝʢʪʨʦ-

ʥʠʢʘ. ˉ 4(96). ʉ. 66 (2012). 

2. G.P. Karpacheva, K. A. Bagdasarova, G. N. Bondarenko, L. M. 

Zemtsov, D. G. Muratov, N. S. Perov. CoïCarbon Nanocomposites 

Based on IR-Pyrolyzed Polyacrylonitrile Polymer Science. Vol. 51. ˉ 

11-12. P. 1297 (2009). 
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ʉʊʈʋʂʊʋʈɸ ʀ ʉɺʆʁʉʊɺɸ ʅʆɺʓʍ ʉʊʈʋʂʊʋʈʅʓʍ  

ʈɸɿʅʆɺʀɼʅʆʉʊɽʁ ɻʈɸʌɽʅɸ, ʉʌʆʈʄʀʈʆɺɸʅʅʓʍ ʀɿ 

ʎɽʇʆʏɽʂ ʂɸʈɹʀʅɸ 

 

ʂʦʯʝʥʛʠʥ ɸ.ɽ
 1
, ɹʝʣʝʥʢʦʚ ɽ.ɸ.

1 

 
1 ʏʝʣʷʙʠʥʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ, ʏʝʣʷʙʠʥʩʢ 

+7(351)7997117, kochengin.ae@gmail.com 

 

ʉʦʟʜʘʥʠʶ ʥʘʥʦʵʣʝʢʪʨʦʥʥʳʭ ʫʩʪʨʦʡʩʪʚ ʪʦʣʴʢʦ ʥʘ ʦʩʥʦʚʝ ʛʨʘʬʝʥʘ 

ʧʨʝʧʷʪʩʪʚʫʝʪ ʦʪʩʫʪʩʪʚʠʝ ʚ ʝʛʦ ʵʣʝʢʪʨʦʥʥʦʡ ʩʪʨʫʢʪʫʨʝ ʟʘʧʨʝʱʝʥʥʦʡ 

ʟʦʥʳ ʥʘ ʫʨʦʚʥʝ ʵʥʝʨʛʠʠ ʌʝʨʤʠ. ʇʦʵʪʦʤʫ ʚ ʵʣʝʢʪʨʦʥʥʳʭ ʫʩʪʨʦʡ-

ʩʪʚʘʭ ʛʨʘʬʝʥʦʚʳʝ ʩʣʦʠ ʢʦʤʙʠʥʠʨʫʶʪ ʩ ʜʨʫʛʠʤʠ ʤʘʪʝʨʠʘʣʘʤʠ. ʆʜ-

ʥʘʢʦ, ʢʨʦʤʝ ʦʙʱʝʠʟʚʝʩʪʥʦʛʦ ʛʝʢʩʘʛʦʥʘʣʴʥʦʛʦ ʛʨʘʬʝʥʘ ʚʦʟʤʦʞʥʦ 

ʩʫʱʝʩʪʚʦʚʘʥʠʝ ʜʨʫʛʠʭ ʧʦʣʠʤʦʨʬʥʳʭ ʨʘʟʥʦʚʠʜʥʦʩʪʝʡ [1], ʢʦʪʦʨʳʝ 

ʚʝʨʦʷʪʥʦ ʤʦʛʫʪ ʠʤʝʪʴ ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚʳʝ ʩʚʦʡʩʪʚʘ.  

ʄʦʜʝʣʴʥʦ ʧʦʩʪʨʦʠʪʴ ʩʪʨʫʢʪʫʨʫ ʥʦʚʳʭ ʧʦʣʠʤʦʨʬʦʚ ʛʨʘʬʝʥʘ 

ʤʦʞʥʦ ʚ ʨʝʟʫʣʴʪʘʪʝ ʩʰʠʚʢʠ ʢʘʨʙʠʥʦʚʳʭ ʮʝʧʦʯʝʢ [2]. ʇʨʠ ʧʦʤʦʱʠ 

ʵʪʦʡ ʤʦʜʝʣʴʥʦʡ ʩʭʝʤʳ ʙʳʣʠ ʧʦʩʪʨʦʝʥʳ ʩʝʤʥʘʜʮʘʪʴ ʩʪʨʫʢʪʫʨʥʳʭ 

ʨʘʟʥʦʚʠʜʥʦʩʪʝʡ ʛʨʘʬʝʥʦʚʳʭ ʩʣʦʝʚ ʠʟ ʢʦʪʦʨʳʭ ʯʝʪʳʨʝ ʥʦʚʳʭ ʩʪʨʫʢ-

ʪʫʨʳ ʠʟ ʘʪʦʤʦʚ ʚ ʜʚʫʭ ʢʨʠʩʪʘʣʣʦʛʨʘʬʠʯʝʩʢʠ ʨʘʟʣʠʯʥʳʭ ʩʦʩʪʦʷʥʠʠ 

ʠ ʦʜʠʥʥʘʜʮʘʪʴ ʧʦʣʠʤʦʨʬʦʚ ʠʟ ʘʪʦʤʦʚ ʚ ʪʨʝʭ ʩʦʩʪʦʷʥʠʷʭ. ʈʘʩʯʝʪ 

ʩʪʨʫʢʪʫʨʳ ʥʦʚʳʭ ʧʦʣʠʤʦʨʬʦʚ ʛʨʘʬʝʥʘ ʙʳʣ ʚʳʧʦʣʥʝʥ ʤʝʪʦʜʘʤʠ 

ʪʝʦʨʠʠ ʬʫʥʢʮʠʦʥʘʣʘ ʧʣʦʪʥʦʩʪʠ ʚ ʛʨʘʜʠʝʥʪʥʦʤ ʧʨʠʙʣʠʞʝʥʠʠ.  

ɺ ʨʝʟʫʣʴʪʘʪʝ ʨʘʩʯʝʪʦʚ ʫʩʪʘʥʦʚʣʝʥʦ ʚʦʟʤʦʞʥʦʩʪʴ ʫʩʪʦʡʯʠʚʦʛʦ 

ʩʫʱʝʩʪʚʦʚʘʥʠʷ ʧʷʪʥʘʜʮʘʪʠ ʥʦʚʳʭ ʧʦʣʠʤʦʨʬʥʳʭ ʨʘʟʥʦʚʠʜʥʦʩʪʝʡ 

ʛʨʘʬʝʥʘ, ʩʦʩʪʦʷʱʠʭ ʠʟ ʫʛʣʝʨʦʜʥʳʭ ʘʪʦʤʦʚ ʚ ʜʚʫʭ (ʨʠʩ.1) ʠʣʠ ʪʨʝʭ 

ʨʘʟʣʠʯʥʳʭ ʢʨʠʩʪʘʣʣʦʛʨʘʬʠʯʝʩʢʠʭ ʧʦʟʠʮʠʷʭ. ʂʨʠʩʪʘʣʣʠʯʝʩʢʠʝ ʨʝ-

ʰʝʪʢʠ ʩʝʤʠ ʩʪʨʫʢʪʫʨʥʳʭ ʨʘʟʥʦʚʠʜʥʦʩʪʝʡ ʛʨʘʬʝʥʘ ʧʨʷʤʦʫʛʦʣʴʥʳʝ 

ʠ ʝʱʝ ʚʦʩʤɹʠ ʢʦʩʦʫʛʦʣʴʥʳʝ. ʏʠʩʣʦ ʘʪʦʤʦʚ ʚ ʵʣʝʤʝʥʪʘʨʥʳʭ ʷʯʝʡʢʘʭ 

ʛʨʘʬʝʥʦʚʳʭ ʩʣʦʝʚ ʠʟʤʝʥʷʝʪʩʷ ʦʪ 2 ʜʦ 12. ʋʜʝʣʴʥʘʷ ʨʘʟʥʦʩʪʥʘʷ 

ʵʥʝʨʛʠʷ ȹEtotal, ʚʳʯʠʩʣʝʥʥʘʷ ʜʣʷ ʥʝʛʝʢʩʘʛʦʥʘʣʴʥʳʭ ʧʦʣʠʤʦʨʬʦʚ 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʛʨʘʬʝʥʘ L6 ʚʘʨʴʠʨʫʝʪʩʷ ʚ ʜʠʘʧʘʟʦʥʝ ʦʪ 0.3 ʜʦ 1.55 

ʵɺ/ʘʪ., ʘ ʵʥʝʨʛʠʷ ʩʫʙʣʠʤʘʮʠʠ Esub ï ʚ ʜʠʘʧʘʟʦʥʝ 6.25 ʜʦ 7.48 ʵɺ/ʘʪ. 

ʕʥʝʨʛʠʷ ʩʫʙʣʠʤʘʮʠʠ ʜʣʷ ʧʦʣʠʤʦʨʬʦʚ L4-6-8a, L4-6-8b, L4-6-8c, L4-6-8e ʠ 

L4-6-8f ʦʢʘʟʘʣʘʩʴ ʚʳʰʝ ʟʥʘʯʝʥʠʡ ʩʫʙʣʠʤʘʮʠʦʥʥʦʡ ʵʥʝʨʛʠʠ ʦʩʥʦʚʥʳʭ 

ʧʦʣʠʤʦʨʬʦʚ ʛʨʘʬʝʥʘ (L4-8, L3-12 ʠ L4-6-12), ʥʦ ʥʠʞʝ ʯʝʤ ʵʥʝʨʛʠʷ ʘʪʦ-

ʤʠʟʘʮʠʠ ʛʝʢʩʘʛʦʥʘʣʴʥʦʛʦ ʛʨʘʬʝʥʘ. ʐʠʨʠʥʘ ʟʘʧʨʝʱʝʥʥʦʡ ʟʦʥʳ ʜʣʷ 
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ʚʦʩʴʤʠ ʧʦʣʠʤʦʨʬʦʚ ʥʫʣʝʚʘʷ, ʘ ʜʣʷ ʦʩʪʘʣʴʥʳʭ ʩʦʩʪʘʚʣʷʝʪ ʦʪ 0.13 ʜʦ 

0.59 ʵɺ.   

 

 
ʈʠʩ.1. ɻʨʘʬʝʥʦʚʳʝ ʩʣʦʠ ʠʟ ʘʪʦʤʦʚ ʚ ʜʚʫʭ ʨʘʟʣʠʯʥʳʭ ʘʪʦʤʥʳʭ ʧʦʟʠʮʠʡ: (a)  

L4-6-8a; (b) L4-6-8b; (c)  L4-10; (d) L4-12. 

 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʬʠʥʘʥʩʦʚʦʡ ʧʦʜʜʝʨʞʢʝ ʌʦʥʜʘ ʧʝʨʩʧʝʢ-

ʪʠʚʥʳʭ ʥʘʫʯʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʏʝʣɻʋ. 
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ʅʘʮʠʦʥʘʣʴʥʳʡ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʷʜʝʨʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ çʄʀʌʀè, 

ʄʦʩʢʚʘ. 

89854556445, nastyakuleshova94@gmail.com 

 

ʅʘʥʦʯʘʩʪʠʮʳ ʫʛʣʝʨʦʜʘ ʧʦ ʩʚʦʠʤ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʤ ʩʚʦʡʩʪʚʘʤ 

ʟʘʥʠʤʘʶʪ ʧʨʦʤʝʞʫʪʦʯʥʦʝ ʧʦʣʦʞʝʥʠʝ ʤʝʞʜʫ ʙʦʣʴʰʦʡ ʤʦʣʝʢʫʣʦʡ ʠ 

ʪʚʝʨʜʳʤ ʪʝʣʦʤ. ʉʦʯʝʪʘʥʠʝ ʥʝʦʙʳʯʥʳʭ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ 

ʥʘʥʦʯʘʩʪʠʮ ʫʛʣʝʨʦʜʘ ʧʨʠʚʣʝʢʘʝʪ ʢ ʥʠʤ ʠʥʪʝʨʝʩ ʢʘʢ ʢ ʫʥʠʢʘʣʴʥʳʤ 

ʦʙʲʝʢʪʘʤ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ. ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʥʘʠʙʦʣʝʝ 

ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʥʘʧʨʘʚʣʝʥʠʡ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʥʘʥʦʜʠʩʧʝʨʩʥʳʭ ʘʣʤʘʟʦʚ 

ʥʝʦʙʭʦʜʠʤʦ ʠʩʩʣʝʜʦʚʘʥʠʝ ʠʭ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ.  

ʎʝʣʴʶ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʠʩʩʣʝʜʦʚʘʥʠʝ ʪʝʨʤʠʯʝʩʢʦʡ ʠ ʦʢʠʩʣʠ-

ʪʝʣʴʥʦʡ ʩʪʘʙʠʣʴʥʦʩʪʠ, ʪʝʧʣʦʬʠʟʠʯʝʩʢʠʭ ʠ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʭ 

ʩʚʦʡʩʪʚ ʥʘʥʦʘʣʤʘʟʦʚ ʜʝʪʦʥʘʮʠʦʥʥʦʛʦ ʩʠʥʪʝʟʘ,  ʦʙʨʘʟʦʚʘʥʥʳʭ ʚ 

ʧʨʦʜʫʢʪʘʭ ʜʝʪʦʥʘʮʠʠ ʚʟʨʳʚʯʘʪʦʡ ʩʤʝʩʠ ʪʨʦʪʠʣ/ʛʝʢʩʦʛʝʥ 50/50. 

ɹʳʣʠ ʧʨʦʚʝʜʝʥʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʘʣʤʘʟʥʦʛʦ ʧʦʨʦʰʢʘ çɼʅɸ ï 

ʉʇʅè ʚ ʠʥʪʝʨʚʘʣʝ ʪʝʤʧʝʨʘʪʫʨ 30 ï 1490̄ʉ ʤʝʪʦʜʦʤ ʩʠʥʭʨʦʥʥʦʛʦ 

ʪʝʨʤʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ ʚ ʩʨʝʜʝ ʘʨʛʦʥʘ ʠ ʚʦʟʜʫʭʘ. ʇʦʩʣʝ ʪʝʨʤʦʦʙʨʘ-

ʙʦʪʢʠ ʧʨʦʚʦʜʠʣʩʷ ʘʥʘʣʠʟ ʤʠʢʨʦʩʪʨʫʢʪʫʨʳ ʧʨʦʙʳ ʧʦʨʦʰʢʘ ʤʝʪʦʜʦʤ 

ʨʘʩʪʨʦʚʦʡ ʵʣʝʢʪʨʦʥʥʦʡ ʤʠʢʨʦʩʢʦʧʠʠ, ʘ ʪʘʢʞʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʬʘʟʦ-

ʚʦʛʦ ʩʦʩʪʘʚʘ ʦʙʨʘʟʮʘ ʤʝʪʦʜʦʤ ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʦʛʦ ʘʥʘʣʠʟʘ. 

ʇʨʠ ʥʘʛʨʝʚʝ ɼʅɸ ʚ ʘʢʪʠʚʥʦʡ ʩʨʝʜʝ ʚʦʟʜʫʭʘ ʚʦʟʤʦʞʥʳ ʦʢʠʩʣʝ-

ʥʠʝ ʠ ʜʝʩʪʨʫʢʮʠʷ (ʘʤʦʨʬʠʟʠʮʠʷ ʠ  ʛʨʘʬʠʪʠʟʘʮʠʷ) [1]. ʇʨʦʮʝʩʩ 

ʦʢʠʩʣʝʥʠʷ ɼʅɸ ʥʘʯʠʥʘʝʪʩʷ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ ʚʳʰʝ 500Áʉ. 

ʇʦ ʤʝʪʦʜʫ ʂʠʩʩʠʥʜʞʝʨʘ ʙʳʣʘ ʦʧʨʝʜʝʣʝʥʘ ʵʥʝʨʛʠʷ ʘʢʪʠʚʘʮʠʠ 

ʧʨʦʮʝʩʩʘ ʦʢʠʩʣʝʥʠʷ ɼʅɸ ɽʘ= 195,6 ʢɼʞ/ʤʦʣʴ, ʧʦʣʫʯʝʥʥʳʡ ʨʝʟʫʣʴ-

ʪʘʪ ʩʦʧʦʩʪʘʚʠʤ ʩ ʣʠʪʝʨʘʪʫʨʥʳʤʠ ʜʘʥʥʳʤʠ [2, 3]. 

ʇʨʠ ʥʘʛʨʝʚʝ ʚ ʠʥʝʨʪʥʦʡ ʩʨʝʜʝ ʷʚʥʳʭ ʧʨʠʟʥʘʢʦʚ ʦʢʠʩʣʝʥʠʷ ʦʙ-

ʨʘʟʮʘ ʥʝ ʥʘʙʣʶʜʘʣʦʩʴ. ɿʘʤʝʪʥʳʝ ʩʪʨʫʢʪʫʨʥʳʝ ʠʟʤʝʥʝʥʠʷ ʜʦ 600Áʉ 

ʧʦʣʥʦʩʪʴʶ ʦʪʩʫʪʩʪʚʫʶʪ. ʈʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʳʡ ʘʥʘʣʠʟ ʦʙʨʘʟʮʦʚ 

ʚʳʷʚʠʣ, ʯʪʦ ʧʦʩʣʝ ʪʝʨʤʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʠ ʧʦʨʦʰʢʘ ɼʅɸ ï ʉʇʅ ʜʦ 

ʪʝʤʧʝʨʘʪʫʨʳ 900Áʉ ʙʳʣʦ ʦʙʥʘʨʫʞʝʥʦ ʧʦʷʚʣʝʥʠʝ ʬʘʟʳ ʛʨʘʬʠʪʘ, ʢʦ-

ʪʦʨʦʡ ʥʝ ʙʳʣʦ ʚ ʠʩʭʦʜʥʦʤ ʦʙʨʘʟʮʝ. 
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ʇʨʦʚʝʜʝʥʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʩʚʦʡʩʪʚ ʥʘʥʦʘʣʤʘʟʦʚ ʜʝʪʦʥʘʮʠʦʥʥʦ-

ʛʦ ʩʠʥʪʝʟʘ ʧʦʢʘʟʘʣʠ, ʧʨʠ ʥʘʛʨʝʚʝ ʚʳʰʝ 900ʉ̄ ʚʦʟʤʦʞʥʳ ʩʪʨʫʢʪʫʨ-

ʥʳʝ ʠʟʤʝʥʝʥʠʷ ʥʘʥʦʘʣʤʘʟʘ ï ʝʛʦ ʘʤʦʨʬʠʟʘʮʠʷ ʠ ʯʘʩʪʠʯʥʘʷ ʛʨʘʬʠ-

ʪʠʟʘʮʠʷ. ɸʤʦʨʬʥʘʷ ʫʛʣʝʨʦʜʥʘʷ ʬʘʟʘ ʠʤʝʝʪ ʛʨʘʬʠʪʦʧʦʜʦʙʥʫʶ 

ʩʪʨʫʢʪʫʨʫ.  

 

 
ʈʠʩ. 1. ʊʝʨʤʦʛʨʘʤʤʳ ʦʢʠʩʣʝʥʠʷ ɼʅɸ ʚ ʚʦʟʜʫʭʝ ʜʠʘʧʘʟʦʥʝ 25-800Áʉ 

ʧʨʠ ʩʢʦʨʦʩʪʷʭ ʥʘʛʨʝʚʘ: 1- ɜ1=10 ʂ/ʤʠʥ, 2- ɜ2=20 ʂ/ʤʠʥ, 3- ɜ3=50 ʂ/ʤʠʥ 

 

 
ʈʠʩ. 2. ʊʝʨʤʦʛʨʘʤʤʘ ʛʨʘʬʠʪʠʟʘʮʠʠ ɼʅɸ , ʥʘʛʨʝʚ ʚ ʘʨʛʦʥʝ ʜʦ 900Üʉ, 

ʩʢʦʨʦʩʪʴ ʥʘʛʨʝʚʘ ɜ=10ʂ/ʤʠʥ, ʩ ʦʭʣʘʞʜʝʥʠʝʤ: 1 ïʊɻ ʥʘʛʨʝʚʘ, 2 ï ɼʉʂ 

ʥʘʛʨʝʚʘ, 3 ï ʊɻ ʦʭʣʘʞʜʝʥʠʷ, 4 ï ɼʉʂ ʦʭʣʘʞʜʝʥʠʷ. 

 

ʃʠʪʝʨʘʪʫʨʘ 
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ɻʠʜʨʦʵʣʝʢʪʨʠʯʝʩʢʠʡ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʴ ʨʘʩʭʦʜʘ ʩ ʤʘʛʥʠʪʦʞʠʜ-

ʢʦʩʪʥʳʤ ʩʝʥʩʦʨʦʤ (ɻʕʇʈ ʩ ʄɾʉ) ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʨʘʟʲʝʤʥʳʡ 

ʢʦʨʧʫʩ ʮʠʣʠʥʜʨʠʯʝʩʢʦʡ ʬʦʨʤʳ, ʚʳʧʦʣʥʝʥʥʳʡ ʠʟ ʦʨʛʩʪʝʢʣʘ ʤʠʥʠ-

ʤʘʣʴʥʦʡ ʪʦʣʱʠʥʳ. ɺ ʢʦʨʧʫʩʝ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʷ ʞʝʩʪʢʦ ʢʨʝʧʠʪʩʷ 

ʤʘʛʥʠʪʦʞʠʜʢʦʩʪʥʳʡ ʩʝʥʩʦʨ ï ʪʦʥʢʦʩʪʝʥʥʘʷ ʦʙʦʣʦʯʢʘ ʠʟ ʵʣʘʩʪʠʯ-

ʥʦʡ ʨʝʟʠʥʳ, ʟʘʧʦʣʥʝʥʥʘʷ ʤʘʛʥʠʪʥʦʡ ʞʠʜʢʦʩʪʴʶ. ʅʘ ʢʦʨʧʫʩʝ ɻʕʇʈ 

ʟʘʢʨʝʧʣʝʥʳ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʝ ʢʘʪʫʰʢʠ, ʩ ʢʦʪʦʨʳʭ ʩʥʠʤʘʝʪʩʷ ʪʦʢʦ-

ʚʳʡ ʩʠʛʥʘʣ [1]. 

ʆʪ ʭʘʨʘʢʪʝʨʘ ʚʦʟʜʝʡʩʪʚʠʷ ʧʦʪʦʢʘ ʞʠʜʢʦʩʪʠ ʥʘ ʄɾʉ, ʟʘʚʠʩʷʪ 

ʤʥʦʛʠʝ ʬʘʢʪʦʨʳ, ʚʣʠʷʶʱʠʝ ʥʘ ʢʘʯʝʩʪʚʦ ʨʘʙʦʪʳ ʫʩʪʨʦʡʩʪʚʘ: ʜʦʣʛʦ-

ʚʝʯʥʦʩʪʴ ʦʙʦʣʦʯʢʠ ʩʝʥʩʦʨʘ; ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ ʄɾʉ ʢ ʠʟʤʝʥʝʥʠʶ 

ʩʢʦʨʦʩʪʠ ʧʦʪʦʢʘ; ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʩʝʥʩʦʨʘ ʧʦʪʦʢʫ ʞʠʜʢʦʩʪʠ ʧʨʠ ʨʝ-

ʛʫʣʠʨʦʚʘʥʠʠ ʨʘʩʭʦʜʘ [1]. ʎʝʣʴʶ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʨʘʩʯʝʪ ʩʢʦʨʦʩʪʠ 
ʪʝʯʝʥʠʷ ʞʠʜʢʦʩʪʠ ʚ ʮʠʣʠʥʜʨʠʯʝʩʢʦʡ ʧʨʦʪʦʯʥʦʡ ʯʘʩʪʠ ʛʠʜʨʦʵʣʝʢ-

ʪʨʠʯʝʩʢʦʛʦ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʷ ʨʘʩʭʦʜʘ ʞʠʜʢʦʩʪʠ ʩ ʤʘʛʥʠʪʦʞʠʜʢʦʩʪ-

ʥʳʤ ʩʝʥʩʦʨʦʤ.  

ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʩʢʦʨʦʩʪʝʡ ʚ ʩʝʯʝʥʠʠ ʵʣʣʠʧʪʠʯʝʩʢʦʡ ʪʨʫʙʳ ʧʨʠ-

ʥʠʤʘʝʪ ʚʠʜ [2]: 
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ʄʘʢʩʠʤʘʣʴʥʘʷ ʧʦ ʩʝʯʝʥʠʶ ʩʢʦʨʦʩʪʴ ʥʘ ʦʩʠ ʵʣʣʠʧʪʠʯʝʩʢʦʡ ʪʨʫ-
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ɼʣʷ ʜʘʣʴʥʝʡʰʝʛʦ ʦʧʨʝʜʝʣʝʥʠʷ ʩʢʦʨʦʩʪʠ ʧʨʦʚʦʜʠʪʩʷ ʨʘʩʯʝʪ ʦʙ-

ʪʝʢʘʥʠʷ ʩʬʝʨʠʯʝʩʢʦʡ ʦʙʦʣʦʯʢʠ, ʚ ʢʦʪʦʨʫʶ ʟʘʢʣʶʯʝʥʘ ʤʘʛʥʠʪʥʘʷ 
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ʞʠʜʢʦʩʪʴ ʩ ʫʯʝʪʦʤ ʧʨʦʬʠʣʷ ʩʢʦʨʦʩʪʠ ʚ ʮʠʣʠʥʜʨʠʯʝʩʢʦʡ ʧʨʦʪʦʯʥʦʡ 

ʯʘʩʪʠ. 

ɺ ʨʝʟʫʣʴʪʘʪʝ, ʧʦʣʫʯʝʥʘ ʪʘʥʛʝʥʮʠʘʣʴʥʘʷ ʩʦʩʪʘʚʣʷʶʱʘʷ ʩʢʦʨʦʩʪʠ:  
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ʛʜʝ :  V¤ - ʩʢʦʨʦʩʪʴ ʧʦʪʦʢʘ ʞʠʜʢʦʩʪʠ, ʤ/ʩ; ʘ ï ʨʘʜʠʫʩ ʩʬʝʨʳ ʦʙ-

ʪʝʢʘʥʠʷ, ʤʤ; R ï ʨʘʩʩʪʦʷʥʠʝ ʦʪ ʮʝʥʪʨʘ ʩʬʝʨʳ ʜʦ ʪʦʯʢʠ, ʛʜʝ ʚʝʜʝʪʩʷ 

ʨʘʩʯʝʪ ʩʢʦʨʦʩʪʠ, ʤʤ; q = 0,p. 

ʈʘʜʠʘʣʴʥʘʷ ʩʦʩʪʘʚʣʷʶʱʘʷ ʩʢʦʨʦʩʪʠ: 
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ʉ ʫʯʸʪʦʤ ʨʘʟʤʝʨʦʚ ʧʨʦʪʦʯʥʦʡ ʯʘʩʪʠ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʷ ʨʘʩʭʦʜʘ 

ʦʧʨʝʜʝʣʷʶʪʩʷ ʪʘʥʛʝʥʮʠʘʣʴʥʘʷ ʠ ʨʘʜʠʘʣʴʥʘʷ ʩʦʩʪʘʚʣʷʶʱʠʝ ʩʢʦʨʦ-

ʩʪʠ (ʨʠʩ. 1). 

 
ʈʠʩ. 1. ʊʘʥʛʝʥʮʠʘʣʴʥʘʷ ʠ ʨʘʜʠʘʣʴʥʘʷ ʩʦʩʪʘʚʣʷʶʱʠʝ ʩʢʦʨʦʩʪʠ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʦʧʨʝʜʝʣʝʥʳ ʪʘʥʛʝʥʮʠʘʣʴʥʘʷ ʠ ʨʘ-

ʜʠʘʣʴʥʘʷ ʩʦʩʪʘʚʣʷʶʱʠʝ ʩʢʦʨʦʩʪʠ ʪʝʯʝʥʠʷ ʞʠʜʢʦʩʪʠ ʚ ʮʠʣʠʥʜʨʠʯʝ-

ʩʢʦʡ ʧʨʦʪʦʯʥʦʡ ʯʘʩʪʠ ʛʠʜʨʦʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʷ ʨʘʩ-

ʭʦʜʘ ʩ ʤʘʛʥʠʪʦʞʠʜʢʦʩʪʥʳʤ ʩʝʥʩʦʨʦʤ ʠ ʧʦʩʪʨʦʝʥʳ ʨʘʩʯʝʪʥʳʝ ʟʘʚʠ-

ʩʠʤʦʩʪʠ. 
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ʀʉʉʃɽɼʆɺɸʅʀɽ ʃʖʄʀʅɽʉʎɽʅʊʅʓʍ ʉɺʆʁʉʊɺ 

ʉʊɸʅʅɸʊɸ ʂɸʃʔʎʀʗ, ɸʊʀɺʀʈʆɺɸʅʅʆɻʆ ʀʆʅɸʄʀ 

ʈɽɼʂʆɿɽʄɽʃʔʅʓʍ ʄɽʊɸʃʃʆɺ 

 

ʄʘʨʴʠʥʘ ʋ.ɸ., ʄʘʨʴʠʥ ɸ.ʇ., ɺʦʨʦʙʴʝʚ ɺ.ɸ.
 

 

ʉʝʚʝʨʦ-ʂʘʚʢʘʟʩʢʠʡ ʬʝʜʝʨʘʣʴʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ, ʛ. ʉʪʘʚʨʦʧʦʣʴ 

8-919-736-83-05, ulyana-ne@mail.ru 

 

ʅʘ ʩʦʚʨʝʤʝʥʥʦʤ ʵʪʘʧʝ ʨʘʟʚʠʪʠʷ ʥʘʫʢʠ ʠ ʪʝʭʥʠʢʠ ʧʦʠʩʢ ʥʦʚʳʭ 

ʣʶʤʠʥʝʩʮʝʥʪʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʷʚʣʷʝʪʩʷ ʘʢʪʫʘʣʴʥʦʡ ʥʘʫʯʥʦʡ ʟʘʜʘ-

ʯʝʡ. ɺ ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ ʘʢʪʠʚʥʦ ʠʩʩʣʝʜʫʶʪʩʷ ʥʝ ʪʦʣʴʢʦ ʩʪʦʢʩʦʚʳʝ ʠ 

ʘʥʪʠʩʪʦʢʩʦʚʳʝ ʣʶʤʠʥʦʬʦʨʳ, ʠʟʣʫʯʘʶʱʠʝ ʚ ʚʠʜʠʤʦʤ ʜʠʘʧʘʟʦʥʝ 

ʩʧʝʢʪʨʘ, ʥʦ ʠ ʣʶʤʠʥʦʬʦʨʳ, ʠʟʣʫʯʘʶʱʠʝ ʚ ʙʣʠʞʥʝʡ ʠ ʩʨʝʜʥʝʡ ʀʂ-

ʦʙʣʘʩʪʷʭ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʛʦ ʩʧʝʢʪʨʘ. 

ʇʨʠ ʠʩʩʣʝʜʦʚʘʥʠʠ ʣʶʤʠʥʝʩʮʝʥʪʥʦʡ ʩʪʨʫʢʪʫʨʳ ʥʘ ʦʩʥʦʚʝ ʩʪʘʥ-

ʥʘʪʘ ʢʘʣʴʮʠʷ CaSnO3, ʣʝʛʠʨʦʚʘʥʥʦʡ ʠʦʥʘʤʠ ʥʝʢʦʪʦʨʳʭ ʨʝʜʢʦʟʝ-

ʤʝʣʴʥʳʭ ʵʣʝʤʝʥʪʦʚ (ʈɿʕ), ʙʳʣʘ ʦʙʥʘʨʫʞʝʥʘ ʣʶʤʠʥʝʩʮʝʥʮʠʷ ʚ ʚʠ-

ʜʠʤʦʡ ʦʙʣʘʩʪʠ ʩʧʝʢʪʨʘ ʠ ʀʂ-ʣʶʤʠʥʝʩʮʝʥʮʠʷ, ʥʝ ʠʟʚʝʩʪʥʘʷ ʨʘʥʝʝ 

[1].  

ʉʪʨʫʢʪʫʨʘ CaSnO3 ʙʳʣʘ ʧʦʣʫʯʝʥʘ ʪʚʝʨʜʦʬʘʟʥʳʤ ʤʝʪʦʜʦʤ. ɼʣʷ 

ʵʪʦʛʦ ʙʳʣʠ ʦʧʨʦʙʦʚʘʥʳ ʨʘʟʣʠʯʥʳʝ ʨʝʞʠʤʳ ʩʠʥʪʝʟʘ ʠ ʧʦʜʦʙʨʘʥʳ 

ʥʘʠʙʦʣʝʝ ʦʧʪʠʤʘʣʴʥʳʝ ʪʝʤʧʝʨʘʪʫʨʥʦ-ʚʨʝʤʝʥʥʳʝ ʧʘʨʘʤʝʪʨʳ ʧʨʦ-

ʢʘʣʢʠ [2]. ʉʠʥʪʝʟ ʦʩʫʱʝʩʪʚʣʷʣʩʷ ʚ ʦʢʠʩʣʠʪʝʣʴʥʦʡ ʘʪʤʦʩʬʝʨʝ ʧʨʠ 

ʪʝʤʧʝʨʘʪʫʨʝ 1250 
ʦ
ʉ ʚ ʪʝʯʝʥʠʝ 18 ʯʘʩʦʚ. ɺ ʢʘʯʝʩʪʚʝ ʘʢʪʠʚʘʪʦʨʦʚ 

ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʩʣʝʜʫʶʱʠʝ ʈɿʕ: Yb, Er, Ho, Tm. 

ɺ ʭʦʜʝ ʠʩʩʣʝʜʦʚʘʥʠʡ ʀʂ-ʣʶʤʠʥʝʩʮʝʥʮʠʷ ʦʙʥʘʨʫʞʝʥʘ ʚ ʦʜʥʦʘʢ-

ʪʠʚʘʪʦʨʥʳʭ ʩʪʨʫʢʪʫʨʘʭ: CaSnO3:Yb
3+

 (ʤʘʢʩʠʤʫʤ ʩʦʦʪʚʝʪʩʪʚʫʝʪ 

ʜʣʠʥʝ ʚʦʣʥʳ 998 ʥʤ ʧʨʠ ʚʦʟʙʫʞʜʝʥʠʠ ʦʙʨʘʟʮʦʚ ʣʘʟʝʨʦʤ ʩ ʜʣʠʥʦʡ 

ʚʦʣʥʳ 960 ʥʤ), CaSnO3:Er
3+

 (ʤʘʢʩʠʤʫʤ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʜʣʠʥʝ ʚʦʣʥʳ 

1550 ʥʤ ʧʨʠ ʚʦʟʙʫʞʜʝʥʠʠ ʦʙʨʘʟʮʦʚ ʣʘʟʝʨʦʤ ʩ ʜʣʠʥʦʡ ʚʦʣʥʳ 

811 ʥʤ), CaSnO3:Tm
3+

 (ʤʘʢʩʠʤʫʤ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʜʣʠʥʝ ʚʦʣʥʳ 

1780 ʥʤ ʧʨʠ ʚʦʟʙʫʞʜʝʥʠʠ ʦʙʨʘʟʮʦʚ ʣʘʟʝʨʦʤ ʩ ʜʣʠʥʦʡ ʚʦʣʥʳ 811 ʥʤ). 

ʇʦʣʫʯʝʥʳ ʪʘʢʞʝ ʜʚʫʭʘʢʪʠʚʘʪʦʨʥʳʝ ʣʶʤʠʥʝʩʮʝʥʪʥʳʝ ʩʪʨʫʢʪʫ-

ʨʳ: CaSnO3:Yb
3+

,Er
3+

 (ʤʘʢʩʠʤʫʤ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʜʣʠʥʝ ʚʦʣʥʳ 

1550 ʥʤ ʧʨʠ ʚʦʟʙʫʞʜʝʥʠʠ ʦʙʨʘʟʮʦʚ ʣʘʟʝʨʦʤ ʩ ʜʣʠʥʦʡ ʚʦʣʥʳ 

960 ʥʤ), CaSnO3:Yb
3+

,Ho
3+

 (ʤʘʢʩʠʤʫʤʳ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʜʣʠʥʘʤ ʚʦʣʥ 

1190 ʠ 2000 ʥʤ ʧʨʠ ʚʦʟʙʫʞʜʝʥʠʠ ʦʙʨʘʟʮʦʚ ʣʘʟʝʨʦʤ ʩ ʜʣʠʥʦʡ ʚʦʣʥʳ 
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960 ʥʤ), CaSnO3:Yb
3+

,Tm
3+

 (ʤʘʢʩʠʤʫʤʳ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʜʣʠʥʘʤ 

ʚʦʣʥ 800 ʠ 1780 ʥʤ ʧʨʠ ʚʦʟʙʫʞʜʝʥʠʠ ʦʙʨʘʟʮʦʚ ʣʘʟʝʨʦʤ ʩ ʜʣʠʥʦʡ 

ʚʦʣʥʳ 960 ʥʤ). 

ɼʣʷ ʚʩʝʭ ʧʝʨʝʯʠʩʣʝʥʥʳʭ ʚʳʰʝ ʣʶʤʠʥʝʩʮʝʥʪʥʳʭ ʩʦʩʪʘʚʦʚ ʫʩʪʘ-

ʥʦʚʣʝʥʳ ʥʘʠʙʦʣʝʝ ʦʧʪʠʤʘʣʴʥʳʝ ʟʥʘʯʝʥʠʷ ʢʦʥʮʝʥʪʨʘʮʠʡ ʘʢʪʠʚʘʪʦ-

ʨʦʚ, ʧʨʠ ʢʦʪʦʨʳʭ ʥʘʙʣʶʜʘʝʪʩʷ ʥʘʠʙʦʣʴʰʘʷ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʀʂ-

ʣʶʤʠʥʝʩʮʝʥʮʠʠ [3].  

ɼʦʧʦʣʥʠʪʝʣʴʥʦ ʙʳʣʦ ʠʟʫʯʝʥʦ ʚʣʠʷʥʠʝ ʧʣʘʚʥʝʡ ʠ ʠʭ ʢʦʥʮʝʥʪʨʘ-

ʮʠʡ ʥʘ ʦʧʪʠʢʦ-ʬʠʟʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʣʶʤʠʥʝʩʮʝʥʪʥʳʭ ʩʪʨʫʢʪʫʨ. 

ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʧʣʘʚʝʥʴ SnCl2 (3 % ʦʪ ʤʘʩʩʳ) ʫʣʫʯʰʘʝʪ ʜʠʬʬʫ-

ʟʠʶ ʢʦʤʧʦʥʝʥʪʦʚ ʚ ʪʚʝʨʜʦʤ ʨʘʩʪʚʦʨʝ, ʪʝʤ ʩʘʤʳʤ ʩʥʠʞʘʷ ʪʝʤʧʝʨʘ-

ʪʫʨʫ ʧʣʘʚʣʝʥʠʷ ʠ ʫʩʢʦʨʷʷ ʧʨʦʮʝʩʩ ʬʦʨʤʠʨʦʚʘʥʠʷ ʬʘʟʳ CaSnO3. 

ɺʚʝʜʝʥʠʝ ʧʣʘʚʥʝʡ Na2CO3, NaCl, Li 2CO3, LiCl  ʧʦʚʳʰʘʝʪ ʠʥʪʝʥ-

ʩʠʚʥʦʩʪʴ ʣʶʤʠʥʝʩʮʝʥʮʠʠ. ʅʘʠʣʫʯʰʠʝ ʨʝʟʫʣʴʪʘʪʳ ʧʦʣʫʯʝʥʳ ʧʨʠ 

ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʧʣʘʚʥʷ Na2CO3.  

ʉʠʥʪʝʟ ʠ ʠʩʩʣʝʜʦʚʘʥʠʝ ʣʶʤʠʥʝʩʮʝʥʪʥʳʭ ʩʚʦʡʩʪʚ ʥʦʚʳʭ ʀʂ-

ʣʶʤʠʥʦʬʦʨʦʚ ʥʘ ʦʩʥʦʚʝ ʩʪʘʥʥʘʪʘ ʢʘʣʴʮʠʷ, ʘ ʪʘʢʞʝ ʩʪʘʥʥʘʪʦʚ ʜʨʫ-

ʛʠʭ ʱʝʣʦʯʥʦʟʝʤʝʣʴʥʳʭ ʤʝʪʘʣʣʦʚ, ʙʫʜʝʪ ʧʨʝʜʤʝʪʦʤ ʥʘʰʠʭ ʜʘʣʴ-

ʥʝʡʰʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʧʦʩʢʦʣʴʢʫ ʵʪʘ ʪʝʤʘ ʠʤʝʝʪ ʥʘʫʯʥʫʶ ʠ ʧʨʘʢ-

ʪʠʯʝʩʢʫʶ ʟʥʘʯʠʤʦʩʪʴ. 

 

ʃʠʪʝʨʘʪʫʨʘ 

1. ʋ.ɸ. ʄʘʨʴʠʥʘ, ɺ.ɸ. ɺʦʨʦʙʴʝʚ. ʀʩʩʣʝʜʦʚʘʥʠʝ ʣʶʤʠʥʝʩʮʝʥʪ-

ʥʳʭ ʩʚʦʡʩʪʚ ʩʪʘʥʥʘʪʘ ʢʘʣʴʮʠʷ CaSnO3, ʘʢʪʠʚʠʨʦʚʘʥʥʦʛʦ ʠʦʥʘʤʠ 
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3. ʋ.ɸ. ʄʘʨʴʠʥʘ, ɺ.ɸ. ɺʦʨʦʙʴʝʚ, ɸ.ʇ. ʄʘʨʴʠʥ.  ɺʣʠʷʥʠʝ ʢʦʥ-

ʮʝʥʪʨʘʮʠʠ ʧʨʠʤʝʩʠ Yb ʠ ʪʠʧʘ ʧʣʘʚʥʷ ʥʘ ʣʶʤʠʥʝʩʮʝʥʪʥʳʝ ʩʚʦʡʩʪʚʘ 

CaSnO3:Yb. ʅʘʫʯʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʠ ʨʘʟʨʘʙʦʪʢʠ ʤʦʣʦʜʳʭ ʫʯʝʥʳʭ: 

ʤʘʪʝʨʠʘʣʳ XIV ʄʝʞʜʫʥʘʨʦʜʥʦʡ ʤʦʣʦʜʝʞʥʦʡ ʥʘʫʯʥʦ-ʧʨʘʢʪʠʯʝʩʢʦʡ 

ʢʦʥʬʝʨʝʥʮʠʠ, ʛ. ʅʦʚʦʩʠʙʠʨʩʢ, 31 ʦʢʪʷʙʨʷ, 9 ʥʦʷʙʨʷ (2016). 
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ʕʂʉʇɽʈʀʄɽʅʊɸʃʔʅʆɽ ʀʉʉʃɽɼʆɺɸʅʀɽ 

ʀʄʇʋʃʔʉʅʓʍ ʈɽɾʀʄʆɺ ʈɸɹʆʊʓ ʄʅʆɻʆʉʃʆʁʅʓʍ 

ɸɺʊʆʕʄʀʉʉʀʆʅʅʓʍ ʗʏɽɽʂ ʇʃɸʅɸʈʅʆɻʆ ʊʀʇɸ 

 

ʄʘʩʣʝʥʥʠʢʦʚʘ ʀ.ʉ.
1
, ʂʦʤʘʨʦʚ ɼ.ɸ.

1,2
, ʄʘʩʣʝʥʥʠʢʦʚ ʉ.ʇ.

1 

 
1 ʅʀʗʋ ʄʀʌʀ, ʄʦʩʢʚʘ 

2 ɸʆ ñʅʇʇ ñʊʦʨʠʡò, ʄʦʩʢʚʘ 

(495)788-56-99 ʜʦʙ.92-65, maslennira@yandex.ru 

 

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʘʚʪʦʵʤʠʩʩʠʦʥʥʳʭ ʠʩʪʦʯʥʠʢʦʚ ʵʣʝʢʪʨʦʥʦʚ ʷʚʣʷ-

ʝʪʩʷ ʦʜʥʠʤ ʠʟ ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʥʘʧʨʘʚʣʝʥʠʡ ʚ ʩʦʚʨʝʤʝʥʥʦʡ ʚʘʢʫʫʤ-

ʥʦʡ ʵʣʝʢʪʨʦʥʠʢʝ. ʆʙʣʘʩʪʴ ʧʨʠʤʝʥʝʥʠʷ ʪʘʢʠʭ ʠʩʪʦʯʥʠʢʦʚ ʚʝʩʴʤʘ 

ʰʠʨʦʢʘ - ʚʘʢʫʫʤʥʳʝ ʉɺʏ ʧʨʠʙʦʨʳ, ʨʝʥʪʛʝʥʦʚʩʢʠʝ ʠʩʪʦʯʥʠʢʠ, ʠʩ-

ʪʦʯʥʠʢʠ ʩʚʝʪʘ, ʧʣʦʩʢʠʝ ʜʠʩʧʣʝʡʥʳʝ ʵʢʨʘʥʳ ʠ ʪ.ʜ.  

ʉʨʝʜʠ ʦʩʥʦʚʥʳʭ ʧʨʝʠʤʫʱʝʩʪʚ ʘʚʪʦʵʤʠʩʩʠʦʥʥʳʭ ʩʪʨʫʢʪʫʨ ʤʦʞ-

ʥʦ ʚʳʜʝʣʠʪʴ ʠʭ ʤʛʥʦʚʝʥʥʫʶ ʛʦʪʦʚʥʦʩʪʴ ʢ ʨʘʙʦʪʝ ʠ ʫʧʨʘʚʣʷʝʤʦʩʪʴ 

ʧʨʠ ʦʪʥʦʩʠʪʝʣʴʥʦ ʤʘʣʳʭ ʚʝʣʠʯʠʥʘʭ ʥʘʧʨʷʞʝʥʠʡ. ɺ ʤʦʱʥʳʭ ʉɺʏ 

ʧʨʠʙʦʨʘʭ ʩʦ ʩʪʘʥʜʘʨʪʥʳʤʠ ʪʝʨʤʦʵʤʠʩʩʠʦʥʥʳʤʠ ʢʘʪʦʜʘʤʠ ʠʩʧʦʣʴ-

ʟʫʶʪʩʷ ʫʧʨʘʚʣʷʶʱʠʝ ʠʤʧʫʣʴʩʳ ʥʘʧʨʷʞʝʥʠʷ ʩ ʘʤʧʣʠʪʫʜʘʤʠ ʚ ʥʝ-

ʩʢʦʣʴʢʦ ʢʠʣʦʚʦʣʴʪ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʘʚʪʦʢʘʪʦʜʳ ʧʦʟʚʦʣʷʶʪ ʧʝʨʝʡʪʠ ʢ 

ʫʧʨʘʚʣʝʥʠʶ ʧʨʠ ʥʘʧʨʷʞʝʥʠʷʭ ʚ ʩʦʪʥʠ ʚʦʣʴʪ. ʕʪʦ ʤʦʞʝʪ ʩʫʱʝ-

ʩʪʚʝʥʥʦ ʩʥʠʟʠʪʴ ʵʥʝʨʛʦʧʦʪʨʝʙʣʝʥʠʝ ʠ ʛʘʙʘʨʠʪʳ ʠʩʧʦʣʴʟʫʝʤʳʭ ʠʩ-

ʪʦʯʥʠʢʦʚ ʧʠʪʘʥʠʷ. 

ʎʝʣʴʶ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʠʩʩʣʝʜʦʚʘʥʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 

ʤʥʦʛʦʩʣʦʡʥʳʭ ʘʚʪʦʵʤʠʩʩʠʦʥʥʳʭ ʷʯʝʝʢ ʧʣʘʥʘʨʥʦʛʦ ʪʠʧʘ [1], ʚʳʷʚ-

ʣʝʥʠʝ ʦʛʨʘʥʠʯʝʥʠʡ ʠʤʧʫʣʴʩʥʳʭ ʨʝʞʠʤʦʚ ʫʧʨʘʚʣʝʥʠʷ ʘʚʪʦʢʘʪʦʜʘʤʠ 

ʚ ʩʦʩʪʘʚʝ ʤʦʱʥʳʭ ʵʣʝʢʪʨʦʚʘʢʫʫʤʥʳʭ ʧʨʠʙʦʨʦʚ. ɺ ʧʨʦʚʝʜʝʥʥʦʤ 

ʮʠʢʣʝ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʙʳʣʠ ʠʩʩʣʝʜʦʚʘʥʳ ʦʙʨʘʟʮʳ ʷʯʝʝʢ, ʚ ʢʦʪʦʨʳʭ 

ʧʨʠʤʝʥʷʣʠʩʴ ʵʤʠʪʠʨʫʶʱʠʝ ʩʪʨʫʢʪʫʨʳ ʩ ʧʣʦʱʘʜʴʶ 0,2ï1,0 ʤʤ
2
. 

ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʧʦʟʚʦʣʠʣʠ ʚʳʷʚʠʪʴ ʭʘʨʘʢʪʝʨʥʳʝ ʦʩʦ-

ʙʝʥʥʦʩʪʠ ʨʝʞʠʤʦʚ ʫʧʨʘʚʣʝʥʠʷ ʵʤʠʩʩʠʦʥʥʳʤʠ ʷʯʝʡʢʘʤʠ, ʧʨʦʷʚʣʷ-

ʶʱʠʝʩ,̫ ʚ ʯʘʩʪʥʦʩʪʠ, ʚ ʟʘʪʷʛʠʚʘʥʠʠ ʥʘʨʘʩʪʘʥʠʷ ʪʦʢʘ ʵʤʠʩʩʠʠ ʠ 

ʬʦʨʤʠʨʦʚʘʥʠʠ ʢʦʨʦʪʢʠʭ ʙʨʦʩʢʦʚ ʝʤʢʦʩʪʥʦʛʦ ʪʦʢʘ ʥʘ ʬʨʦʥʪʘʭ ʠʤ-

ʧʫʣʴʩʦʚ ʫʧʨʘʚʣʷʶʱʝʛʦ ʥʘʧʨʷʞʝʥʠʷ. 

ʈʘʙʦʪʘ ʷʯʝʝʢ ʩʦʧʨʦʚʦʞʜʘʣʘʩʴ ʣʦʢʘʣʴʥʳʤʠ ʵʣʝʢʪʨʠʯʝʩʢʠʤʠ ʨʘʟ-

ʨʷʜʘʤʠ, ʢʦʪʦʨʳʝ ʬʠʢʩʠʨʦʚʘʣʠʩʴ ʧʦ ʭʘʨʘʢʪʝʨʥʳʤ ʚʳʙʨʦʩʘʤ ʥʘ ʦʩ-

ʮʠʣʣʦʛʨʘʤʤʘʭ ʠʤʧʫʣʴʩʥʳʭ ʩʠʛʥʘʣʦʚ. ʇʦʜ ʚʦʟʜʝʡʩʪʚʠʝʤ ʨʘʟʨʷʜʥʳʭ 
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ʷʚʣʝʥʠʡ ʧʨʦʠʩʭʦʜʠʣʘ ʜʝʛʨʘʜʘʮʠʷ ʵʤʠʪʠʨʫʶʱʠʭ ʩʪʨʫʢʪʫʨ, ʢʦʪʦʨʘʷ 

ʩʦʧʨʦʚʦʞʜʘʣʘʩʴ ʨʝʟʢʠʤʠ ʠʟʤʝʥʝʥʠʷʤʠ ʵʤʠʩʩʠʦʥʥʳʭ ʩʚʦʡʩʪʚ ʷʯʝʝʢ 

ʠ ʧʨʠʚʦʜʠʣʘ ʢ ʠʭ ʚʳʭʦʜʫ ʠʟ ʩʪʨʦʷ. 

ʉʪʘʙʠʣʴʥʦʩʪʴ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʘʚʪʦʵʤʠʩʩʠʦʥʥʳʭ ʷʯʝʝʢ ʫʣʫʯʰʘ-

ʣʘʩʴ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʚ ʩʭʝʤʘʭ ʫʧʨʘʚʣʝʥʠʷ ʚʳʩʦʢʦʦʤʥʳʭ ʙʘʣ-

ʣʘʩʪʥʳʭ ʩʦʧʨʦʪʠʚʣʝʥʠʡ (>10
4
 ʆʤ), ʯʪʦ ʩʚʷʟʘʥʦ ʩʦ ʩʥʠʞʝʥʠʝʤ ʤʦʱ-

ʥʦʩʪʠ ʣʦʢʘʣʴʥʳʭ ʨʘʟʨʷʜʦʚ. ʕʪʠ ʨʝʟʫʣʴʪʘʪʳ ʫʢʘʟʳʚʘʶʪ ʥʘ ʪʦ, ʯʪʦ 

ʧʨʠ ʩʦʟʜʘʥʠʠ ʘʚʪʦʵʤʠʩʩʠʦʥʥʳʭ ʢʘʪʦʜʦʚ ʜʣʷ ʤʦʱʥʳʭ ʧʨʠʙʦʨʦʚ 

ʤʠʢʨʦʩʝʢʫʥʜʥʦʛʦ ʜʠʘʧʘʟʦʥʘ ʦʪʜʝʣʴʥʳʝ ʷʯʝʡʢʠ ʝʜʠʥʦʡ ʵʤʠʪʠʨʫʶ-

ʝɦʡ ʩʪʨʫʢʪʫʨʳ ʜʦʣʞʥʳ ʠʤʝʪʴ ʩʦʙʩʪʚʝʥʥʳʝ ʙʘʣʣʘʩʪʥʳʝ ʩʦʧʨʦʪʠʚ-

ʣʝʥʠ.̫ 

ʀʩʩʣʝʜʦʚʘʥʠʷ ʚʨʝʤʝʥʥʦʡ ʩʪʘʙʠʣʴʥʦʩʪʠ ʧʘʨʘʤʝʪʨʦʚ ʷʯʝʝʢ ʧʦʢʘ-

ʟʘʣʠ, ʯʪʦ ʚʦ ʚʨʝʤʷ ʧʝʨʚʳʭ ʯʘʩʦʚ ʨʘʙʦʪʳ ʚ ʨʝʟʫʣʴʪʘʪʝ ʬʦʨʤʦʚʢʠ 

ʵʤʠʩʩʠʦʥʥʦʛʦ ʢʘʪʦʜʘ ʝʛʦ ʪʦʢ ʩʥʠʞʘʝʪʩʷ, ʘ ʚʦʣʴʪʘʤʧʝʨʥʳʝ ʭʘʨʘʢʪʝ-

ʨʠʩʪʠʢʠ ʩʤʝʱʘʶʪʩʷ ʚ ʦʙʣʘʩʪʴ ʧʦʚʳʰʝʥʥʳʭ ʥʘʧʨʷʞʝʥʠʡ. ʇʦʩʣʝʜʫ-

ʶʱʘʷ ʨʘʙʦʪʘ ʷʯʝʝʢ ʧʨʦʠʩʭʦʜʠʣʘ ʚ ʩʪʘʙʠʣʴʥʦʤ ʨʝʞʠʤʝ ʠ ʩʦʧʨʦʚʦʞ-

ʜʘʣʘʩʴ ʧʦʩʪʝʧʝʥʥʳʤ ʨʦʩʪʦʤ ʵʤʠʩʩʠʦʥʥʦʛʦ ʪʦʢʘ, ʯʪʦ ʩʚʷʟʘʥʦ ʩ ʧʨʦ-

ʮʝʩʩʘʤʠ ʫʩʪʘʥʦʚʣʝʥʠʷ ʨʘʚʥʦʚʝʩʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʤʝʞʜʫ ʘʜʩʦʨʙʮʠʝʡ ʠ 

ʜʝʩʦʨʙʮʠʝʡ ʦʩʪʘʪʦʯʥʳʭ ʛʘʟʦʚ [2].  

ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʜʣʷ ʜʣʠʪʝʣʴʥʦʡ ʠ ʩʪʘ-

ʙʠʣʴʥʦʡ ʨʘʙʦʪʳ ʘʚʪʦʵʤʠʩʩʠʦʥʥʳʭ ʩʪʨʫʢʪʫʨ ʚ ʩʦʩʪʘʚʝ ʚʘʢʫʫʤʥʳʭ 

ʉɺʏ ʧʨʠʙʦʨʦʚ ʥʝʦʙʭʦʜʠʤʦ ʦʙʝʩʧʝʯʝʥʠʝ ʫʩʣʦʚʠʡ ʨʘʙʦʪʳ ʢʘʪʦʜʘ 

ʧʨʠ ʩʨʝʜʥʝʡ ʧʣʦʪʥʦʩʪʠ ʪʦʢʦʦʪʙʦʨʘ ʥʝ ʙʦʣʝʝ ~0,1 ɸ/ʩʤ
2
 [2]. 
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sd-ʕʃɽʂʊʈʆʅʅʓʁ ʉʇʀʅʆɺʓʁ ʈɽɿʆʅɸʅʉ ɺ  

ʌɽʈʈʆʄɸɻʅʀʊʅʓʍ ʄɸʊɽʈʀɸʃɸʍ 
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ɺ ʧʦʩʣʝʜʥʝʝ ʚʨʝʤʷ ʚʦʟʨʦʩ ʘʢʪʠʚʥʳʡ ʠʥʪʝʨʝʩ ʢ ʛʝʥʝʨʘʮʠʠ ʠ ʜʝ-

ʪʝʢʪʠʨʦʚʘʥʠʶ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʭ ʚʦʣʥ ʪʝʨʘʛʝʨʮʦʚʦʛʦ (ʊɻʮ) ʜʠʘʧʘ-

ʟʦʥʘ ʯʘʩʪʦʪ [1]-[2]. ʇʝʨʩʧʝʢʪʠʚʥʳʤ ʷʚʣʷʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʩʧʠʥʦ-

ʚʦʡ ʠʥʞʝʢʮʠʠ ʚ ʤʘʛʥʠʪʥʳʭ ʧʝʨʝʭʦʜʘʭ, ʢʦʪʦʨʘʷ ʧʨʠʚʦʜʠʪ ʢ ʠʥʚʝʨʩ-

ʥʦʡ ʟʘʩʝʣʝʥʥʦʩʪʠ ʩʧʠʥʦʚʳʭ ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʧʦʜʟʦʥ. ɹʳʣ ʧʦʣʫʯʝʥ 

ʨʷʜ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʧʦ ʛʝʥʝʨʘʮʠʠ ʊɻʮ-ʚʦʣʥ ʚ 

ʩʪʨʫʢʪʫʨʘʭ ʪʠʧʘ çʬʝʨʨʦ ʠʣʠ ʘʥʪʠʬʝʨʨʦ-ʤʘʛʥʠʪʥʘʷ ʧʣʝʥʢʘ - ʤʝʪʘʣ-

ʣʠʯʝʩʢʠʡ ʩʪʝʨʞʝʥʴè [2]. ʅʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʚʘʞʥʦʡ ʷʚʣʷʝʪʩʷ 

ʟʘʜʘʯʘ ʜʝʪʝʢʪʠʨʦʚʘʥʠʷ ʊɻʮ ʚʦʣʥ ʚ ʪʘʢʠʭ ʧʝʨʝʭʦʜʘʭ. ɺ ʜʘʥʥʦʡ ʨʘʙʦ-

ʪʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʤʘʪʝʤʘʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʠ ʫʩʣʦʚʠʷ ʚʦʟʥʠʢʥʦʚʝ-

ʥʠʷ ʨʝʟʦʥʘʥʩʘ ʚ ʤʘʛʥʠʪʥʳʭ ʧʝʨʝʭʦʜʘʭ ʟʘ ʩʯʝʪ sd-ʦʙʤʝʥʥʦʛʦ ʚʟʘʠ-

ʤʦʜʝʡʩʪʚʠʷ ʤʝʞʜʫ ʵʣʝʢʪʨʦʥʘʤʠ ʧʨʦʚʦʜʠʤʦʩʪʠ ʠ ʤʘʛʥʠʪʥʦʡ ʨʝʰʝʪ-

ʢʠ [2],[3]. 

ʈʘʩʩʤʦʪʨʠʤ ʤʦʜʝʣʴ, ʚ ʢʦʪʦʨʦʡ ʧʣʦʩʢʦ ʧʦʣʷʨʠʟʦʚʘʥʥʘʷ ʵʣʝʢʪʨʦ-

ʤʘʛʥʠʪʥʘʷ ʚʦʣʥʘ ʧʘʜʘʝʪ ʥʘ ʧʣʝʥʢʫ ʬʝʨʨʦʤʘʛʥʠʪʥʦʛʦ ʤʘʪʝʨʠʘʣʘ, ʚ 

ʢʦʪʦʨʳʡ ʠʥʞʝʢʪʠʨʫʶʪʩʷ ʩʧʠʥʳ ʠʟ ʩʦʩʝʜʥʝʛʦ ʩʣʦʷ ʬʝʨʨʦʤʘʛʥʝʪʠʢʘ 

ï ʠʥʞʝʢʪʦʨʘ. ɽʩʣʠ ʪʦʣʱʠʥʘ ʧʣʝʥʢʠ ʤʘʣʘ, ʪʦ ʥʘ ʵʣʝʢʪʨʦʥʳ ʧʨʦʚʦ-

ʜʠʤʦʩʪʠ ʜʝʡʩʪʚʫʝʪ ʦʜʥʦʨʦʜʥʦʝ ʧʝʨʝʤʝʥʥʦʝ ʤʘʛʥʠʪʥʦʝ ʧʦʣʝ 

() ( )0 0t cos tw=H H . ʅʘʤʘʛʥʠʯʝʥʥʦʩʪʴ ()tm  ʵʣʝʢʪʨʦʥʦʚ ʧʨʦʚʦʜʠ-

ʤʦʩʪʠ ʦʧʠʩʳʚʘʝʤ ʫʨʘʚʥʝʥʠʝʤ ʧʨʝʮʝʩʩʠʠ ʩʣʝʜʫʶʱʝʛʦ ʚʠʜʘ [2],[3]: 

[ ] [ ]
'

0
t x

ga g
t

µ µ -
+ + ³ + ³ + =

µ µ

m J m m
m M m H , 

ʛʜʝ ()=J J m  - ʧʣʦʪʥʦʩʪʴ ʧʦʪʦʢʘ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ ʥʦʩʠʪʝʣʝʡ ʪʦʢʘ. 

g - ʛʠʨʦʤʘʛʥʠʪʥʦʝ ʦʪʥʦʰʝʥʠʝ, a - ʙʝʟʨʘʟʤʝʨʥʘʷ ʢʦʥʩʪʘʥʪʘ sd-

ʦʙʤʝʥʘ,  'm  - ʨʘʚʥʦʚʝʩʥʘʷ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʴ ʵʣʝʢʪʨʦʥʦʚ, t - ʚʨʝʤʷ 

ʩʧʠʥʦʚʦʡ ʨʝʣʘʢʩʘʮʠʠ.  

ɺʳʙʨʘʥʘ ʩʠʩʪʝʤʘ ʢʦʦʨʜʠʥʘʪ, ʚ ʢʦʪʦʨʦʡ ʧʣʦʩʢʦʩʪʴ yz ʩʦʚʧʘʜʘʝʪ ʩ 

ʧʣʦʩʢʦʩʪʴʶ ʧʣʝʥʢʠ, ʦʩʴ z ʧʘʨʘʣʣʝʣʴʥʘ ʣʝʛʢʦʡ ʦʩʠ ʘʥʠʟʦʪʨʦʧʠʠ ʠ 
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ʥʘʧʨʘʚʣʝʥʠʶ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ ʨʝʰʝʪʢʠ M, ʘ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʘʷ 

ʚʦʣʥʘ ʧʘʜʘʝʪ ʚ ʥʘʧʨʘʚʣʝʥʠʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʵʣʝʢʪʨʦʥʦʚ ʧʨʦʚʦʜʠ-

ʤʦʩʪʠ (ʦʩʴ x), ʪʘʢ ʯʪʦ () () (){ }y zt 0,H t ,H t=H .  

ɽʩʣʠ ʯʘʩʪʦʪʘ ʕʄ-ʚʦʣʥʳ 0w  ʩʨʘʚʥʠʤʘ ʩ ʯʘʩʪʦʪʦʡ sd-ʦʙʤʝʥʘ 

MgaW= , ʪʦ ʦʥʘ ʥʘ ʥʝʩʢʦʣʴʢʦ ʧʦʨʷʜʢʦʚ ʧʨʝʚʦʩʭʦʜʠʪ ʯʘʩʪʦʪʫ ʬʝʨ-

ʨʦʤʘʛʥʠʪʥʦʛʦ ʨʝʟʦʥʘʥʩʘ ʧʣʝʥʢʠ. ʅʘʤʘʛʥʠʯʝʥʥʦʩʪʴ ʨʝʰʝʪʢʠ ʥʝ 

ʫʩʧʝʚʘʝʪ ʤʝʥʷʪʴʩʷ ʚʦ ʚʨʝʤʝʥʠ ʩ ʯʘʩʪʦʪʦʡ 0w  ʠ ʩʦʭʨʘʥʷʝʪ ʠʩʭʦʜʥʦʝ 

ʧʦʣʦʞʝʥʠʝ, ʘ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʴ ʵʣʝʢʪʨʦʥʦʚ ()tm  ʧʨʝʮʝʩʩʠʨʫʝʪ ʚʦ-

ʢʨʫʛ ʚʝʢʪʦʨʘ M  ʩ ʯʘʩʪʦʪʦʡ 0w, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʨʝʟʦʥʘʥʩʥʦʤʫ ʧʦ-

ʛʣʦʱʝʥʠʶ ʕʄ ʚʦʣʥʳ ʥʘ ʯʘʩʪʦʪʝ, ʙʣʠʟʢʦʡ ʢ W. 

ʇʦʣʫʯʝʥʥʳʝ ʯʠʩʣʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʜʣʷ ʪʠʧʠʯ-

ʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʧʦʢʘʟʳʚʘʶʪ ʚʦʟʤʦʞʥʦʩʪʴ ʧʨʠʤʝʥʝʥʠʷ ʨʝʟʦʥʘʥʩʥʦ-

ʛʦ ʵʬʬʝʢʪʘ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʭʘʨʘʢʪʝʨʘ ʧʦʣʷʨʠʟʘʮʠʠ ʕʄ-ʚʦʣʥʳ. 

ɼʘʥʥʳʡ ʵʬʬʝʢʪ ʤʦʞʝʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥ ʜʣʷ ʯʘʩʪʦʪʥʦʡ ʬʠʣʴʪʨʘ-

ʮʠʠ ʠ ʜʝʪʝʢʪʠʨʦʚʘʥʠʷ ʊɻʮ-ʩʠʛʥʘʣʦʚ. 

ʈʝʟʫʣʴʪʘʪʳ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʚ ʨʘʤʢʘʭ ʚʳʧʦʣʥʝʥʠʷ ʛʦʩʫʜʘʨʩʪʚʝʥ-

ʥʦʛʦ ʟʘʜʘʥʠʷ ʄʠʥʦʙʨʥʘʫʢʠ ʈʦʩʩʠʠ ˉ8.8109.2017/ɹʏ.  
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ʄʝʪʦʜʘʤʠ ʢʦʤʧʴʶʪʝʨʥʦʛʦ ʠ ʧʨʠʙʦʨʥʦ-ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʤʦʜʝ-

ʣʠʨʦʚʘʥʠʷ ʧʨʦʚʝʜʝʥʦ ʠʩʩʣʝʜʦʚʘʥʠʝ ʩʪʨʫʢʪʫʨ ʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʨʝ-

ʟʦʥʘʥʩʥʦ-ʪʫʥʥʝʣʴʥʳʭ ʜʠʦʜʦʚ ʜʣʷ ʩʫʙʛʘʨʤʦʥʠʯʝʩʢʠʭ ʩʤʝʩʠʪʝʣʝʡ 

(ʉɻʉ) [1-3]. ɺ ʢʘʯʝʩʪʚʝ ʘʢʪʠʚʥʦʛʦ ʵʣʝʤʝʥʪʘ ʉɻʉ ʨʘʩʩʤʘʪʨʠʚʘʣʩʷ 

ʨʝʟʦʥʘʥʩʥʦ-ʪʫʥʥʝʣʴʥʳʡ ʜʠʦʜ (ʈʊɼ), ʠʤʝʶʱʠʡ ʘʥʪʠʩʠʤʤʝʪʨʠʯʥʫʶ 

ɺɸʍ [4]. 

 ɺʘʨʴʠʨʫʷ ʧʘʨʘʤʝʪʨʳ ʩʪʨʫʢʪʫʨʳ, ʚʝʣʠʯʠʥʫ ʚʥʝʰʥʝʛʦ ʥʘʧʨʷʞʝ-

ʥʠʷ ʤʦʞʥʦ ʧʦʣʫʯʠʪʴ ʟʘʚʠʩʠʤʦʩʪʠ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʧʨʦʭʦʞʜʝʥʠʷ 

ʜʚʫʭʙʘʨʴʝʨʥʦʡ ʩʪʨʫʢʪʫʨʳ ʦʪ ʵʥʝʨʛʠʠ ʵʣʝʢʪʨʦʥʘ, ʠ ʧʨʠ ʧʦʜʘʯʝ 

ʚʥʝʰʥʝʛʦ ʥʘʧʨʷʞʝʥʠʷ. 

ɼʘʥʥʘʷ ʤʦʜʝʣʴ ʤʦʞʝʪ ʙʳʪʴ ʨʘʩʧʨʦʩʪʨʘʥʝʥʘ ʥʘ ʛʝʪʝʨʦʩʪʨʫʢʪʫʨʳ 

ʩʦʩʪʦʷʱʠʝ ʠʟ ʙʦʣʴʰʝʛʦ ʯʠʩʣʘ ʢʚʘʥʪʦʚʳʭ ʷʤ ʠ ʙʘʨʴʝʨʦʚ ʠʩʧʦʣʴʟʦ-

ʚʘʪʴʩʷ ʜʣʷ ʘʥʘʣʠʟʘ ʜʨʫʛʠʭ ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚʳʭ ʛʝʪʝʨʦʩʪʨʫʢʪʫʨ ʥʘ 

ʦʩʥʦʚʝ ʩʦʝʜʠʥʝʥʠʡ A
III

B
V
, A

II
B

VI
 ʠ ʙʦʣʝʝ ʩʣʦʞʥʳʭ ʪʨʦʡʥʳʭ ʠ ʯʝʪ-

ʚʝʨʥʳʭ. ʄʦʜʝʣʠʨʦʚʘʥʠʝ ʧʦʟʚʦʣʷʝʪ ʜʣʷ ʢʦʥʢʨʝʪʥʦʡ ʛʝʪʝʨʦʩʪʨʫʢʪʫ-

ʨʳ (ʟʘʜʘʥ ʤʘʪʝʨʠʘʣ, ʪʦʣʱʠʥʳ ʩʣʦʝʚ ʙʘʨʴʝʨʦʚ ʠ ʢʚʘʥʪʦʚʳʭ ʷʤ) ʨʘʩ-

ʩʯʠʪʘʪʴ ʦʧʪʠʤʘʣʴʥʫʶ ʧʝʨʚʦʥʘʯʘʣʴʥʫʶ ʵʥʝʨʛʠʶ ʯʘʩʪʠʮʳ, ʪ. ʝ. ʦʧ-

ʪʠʤʘʣʴʥʫʶ ʢʦʥʮʝʥʪʨʘʮʠʶ ʧʨʠʤʝʩʠ ʚ ʦʙʣʘʩʪʠ ʢʦʥʪʘʢʪʦʚ ʢ ʩʪʨʫʢʪʫ-

ʨʝ, ʠ ʧʦʣʫʯʠʪʴ ʟʥʘʯʝʥʠʝ ʚʥʝʰʥʝʛʦ ʥʘʧʨʷʞʝʥʠʷ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʝ 

ʫʩʣʦʚʠʶ ʨʝʟʦʥʘʥʩʥʦʛʦ ʪʫʥʥʝʣʠʨʦʚʘʥʠʷ ʵʣʝʢʪʨʦʥʦʚ. 

ɺʘʨʠʘʮʠʷ ʩʦʩʪʘʚʘ ʠ ʰʠʨʠʥʳ ʙʘʨʴʝʨʦʚ ʧʦʟʚʦʣʷʝʪ ʦʧʨʝʜʝʣʠʪʴ ʠʭ 

ʦʧʪʠʤʘʣʴʥʳʝ ʟʥʘʯʝʥʠʷ ʜʣʷ ʦʩʫʱʝʩʪʚʣʝʥʠʷ ʪʫʥʥʝʣʠʨʦʚʘʥʠʷ ʵʣʝʢ-

ʪʨʦʥʦʚ ʠʟ ʣʝʚʦʛʦ ʢʦʥʪʘʢʪʘ ʚ ʧʨʘʚʳʡ ʧʨʠ ʚʥʝʰʥʝʤ ʥʘʧʨʷʞʝʥʠʠ ʤʝ-

ʥʝʝ 0,1 ɺ, ʪ. ʝ. ʧʦʣʫʯʠʪʴ ʤʘʢʩʠʤʘʣʴʥʦ ʚʦʟʤʦʞʥʦʝ ʟʥʘʯʝʥʠʝ ʢʦʵʬʬʠ-

ʮʠʝʥʪʘ ʧʨʦʭʦʞʜʝʥʠʷ ʩʪʨʫʢʪʫʨʳ.  

ʅʝʩʠʤʤʝʪʨʠʯʥʘʷ ʢʦʥʩʪʨʫʢʮʠʷ ʧʨʝʜʦʪʚʨʘʱʘʝʪ ʪʫʥʥʝʣʠʨʦʚʘʥʠʝ 
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ʵʣʝʢʪʨʦʥʦʚ ʠʟ ʧʨʘʚʦʛʦ ʙʘʨʴʝʨʘ ʚ ʣʝʚʳʡ ʧʨʠ ʩʤʝʥʝ ʧʦʣʷʨʥʦʩʪʠ 

ʚʭʦʜʥʦʛʦ ʥʘʧʨʷʞʝʥʠʷ, ʪ. ʝ. ʦʙʝʩʧʝʯʠʚʘʝʪ ʚʝʥʪʠʣʴʥʳʝ ʩʚʦʡʩʪʚʘ 

ʩʪʨʫʢʪʫʨʳ. ɹʳʣʘ ʦʧʨʝʜʝʣʝʥʘ ʩʪʨʫʢʪʫʨʘ ʧʨʠʙʦʨʘ (ʨʠʩ.1). ʇʫʪʝʤ 

ʥʘʜʣʝʞʘʱʝʛʦ ʚʳʙʦʨʘ ʪʦʣʱʠʥʳ ʩʧʝʡʩʝʨʘ ʠ ʧʘʨʘʤʝʪʨʦʚ ʢʚʘʥʪʦʚʦʡ 

ʷʤʳ, ʤʦʞʥʦ ʦʧʪʠʤʠʟʠʨʦʚʘʪʴ ɺɸʍ ʜʠʦʜʦʚ ʜʣʷ ʩʫʙʛʘʨʤʦʥʠʯʝʩʢʠʭ 

ʩʤʝʩʠʪʝʣʝʡ, ʚ ʯʘʩʪʥʦʩʪʠ ʫʚʝʣʠʯʠʪʴ ʢʨʫʪʠʟʥʫ ʠ ʧʠʢʦʚʳʡ ʪʦʢ ʜʠʦʜʦʚ. 

 
ʈʠʩ. 1. ʉʪʨʫʢʪʫʨʘ ʧʨʠʙʦʨʘ 

ʈʘʟʨʘʙʦʪʘʥʥʘʷ ʩʪʨʫʢʪʫʨʘ ʤʦʞʝʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʘ ʧʨʠ ʚʳʧʨʷʤ-

ʣʝʥʠʠ ʧʝʨʝʤʝʥʥʦʛʦ ʪʦʢʘ ʩ ʘʤʧʣʠʪʫʜʦʡ ʥʘʧʨʷʞʝʥʠʷ ʤʝʥʝʝ 0,1 ɺ, ʯʪʦ 

ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʪʠʧʠʯʥʦʤʫ ʫʨʦʚʥʠ ʥʘʧʨʷʞʝʥʠʡ ʚ ʘʥʪʝʥʥʳʭ ʫʩʪʨʦʡ-

ʩʪʚʘʭ. 
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ʥʳʭ ʫʨʦʚʥʝʡ ʚ ʪʨʝʭʙʘʨʴʝʨʥʳʭ ʩʪʨʫʢʪʫʨʘʭ. ʇʠʩʴʤʘ ʚ ɾʕʊʌ, ʊ.82, 

ˉ 4, C.228-233 (2005). 

3. W.ʋ. Liu, D.P. Steenson. Investigation of subharmonic mixer 

based on a quantum barrier device. IEEE Transactions on Microwave 

Theory and Techniques, V.48, P.757-763 (2002). 

4. ʅ.ɺ. ɸʣʢʝʝʚ. ɸʥʘʣʠʟ ʰʫʤʦʚʳʭ ʠ ʜʠʥʘʤʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ 

ʩʫʙʛʘʨʤʦʥʠʯʝʩʢʦʛʦ ʩʤʝʩʠʪʝʣʷ ʥʘ ʨʝʟʦʥʘʥʩʥʦ-ʪʫʥʥʝʣʴʥʦʤ ʜʠʦʜʝ. 

ʈʘʜʠʦʪʝʭʥʠʢʘ ʠ ʵʣʝʢʪʨʦʥʠʢʘ. ʊ.49, ˉ10, ʉ.1258-1263 (2004). 
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ʂɺɸʅʊʆɺɸʗ ʗʄɸ ʅʆɺʆɻʆ ʊʀʇɸ ʅɸ ʆʉʅʆɺɽ ɻʈɸʌɽʅɸ 

 

ʇʝʭ ʇ.ʃ, ʉʠʣʠʥ ɸ.ʇ. 
 

ʌʀɸʅ, ʄʦʩʢʚʘ 

8-926-402-81-79, pavel.pekh@phystech.edu 

 
ɻʨʘʬʝʥ ʷʚʣʷʝʪʩʷ ʧʝʨʩʧʝʢʪʠʚʥʳʤ ʤʘʪʝʨʠʘʣʦʤ ʜʣʷ ʙʫʜʫʱʝʡ ʵʣʝʢ-

ʪʨʦʥʠʢʠ [1], ʧʦʜʚʠʞʥʦʩʪʴ ʥʦʩʠʪʝʣʝʡ ʚ ʛʨʘʬʝʥʝ ʤʦʞʝʪ ʜʦʩʪʠʛʘʪʴ 

2*10^5 cm^2/Vs [2]. ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʤʳ ʠʩʩʣʝʜʫʝʤ ʵʥʝʨʛʝʪʠʯʝʩʢʠʡ 

ʩʧʝʢʪʨ ʩʚʷʟʘʥʥʳʭ ʩʦʩʪʦʷʥʠʡ ʚ ʧʣʘʥʘʨʥʦʤ ʜʚʦʡʥʦʤ ʛʝʪʝʨʦʧʝʨʝʭʦʜʝ, 

ʩʦʩʪʘʚʣʝʥʥʦʤ ʠʟ ʙʝʩʱʝʣʝʚʳʭ ʛʨʘʬʝʥʦʚ ʩ ʨʘʚʥʳʤʠ ʨʘʙʦʪʘʤʠ ʚʳʭʦ-

ʜʘ, ʥʦ ʨʘʟʥʳʤʠ ʩʢʦʨʦʩʪʷʤʠ ʌʝʨʤʠ. ʂʘʢ ʧʦʢʘʟʳʚʘʶʪ ʵʢʩʧʝʨʠʤʝʥʪʳ 

[3], ʩʢʦʨʦʩʪʴ ʌʝʨʤʠ ʛʨʘʬʝʥʘ ʩʫʱʝʩʪʚʝʥʥʦ ʟʘʚʠʩʷʪ ʦʪ ʪʦʛʦ ʥʘ ʢʘʢʫʶ 

ʧʦʜʣʦʞʢʫ ʦʥ ʥʘʥʝʩʝʥ. ɺ ʯʘʩʪʥʦʩʪʠ, ʤʳ ʧʨʝʜʣʘʛʘʝʤ ʜʝʣʘʪʴ ʠʩʩʣʝʜʫ-

ʝʤʳʝ ʩʪʨʫʢʪʫʨʳ ʧʫʪʝʤ ʥʘʥʝʩʝʥʠʷ ʣʠʩʪʘ ʛʨʘʬʝʥʘ ʥʘ ʢʦʤʧʦʟʠʪʥʫʶ 

ʧʦʜʣʦʞʢʫ, ʩʦʩʪʘʚʣʝʥʥʫʶ ʠʟ ʪʨʝʭ ʨʘʟʥʳʭ ʜʠʵʣʝʢʪʨʠʯʝʩʢʠʭ ʤʘʪʝʨʠʘ-

ʣʦʚ. 

ʕʣʝʢʪʨʦʥʳ ʚʙʣʠʟʠ ʜʦʣʠʥʳ K ʦʧʠʩʳʚʘʶʪʩʷ ʫʨʘʚʥʝʥʠʝʤ ɼʠʨʘʢʘ 

[4] 

(ʕ Ö ʎÐʕ %ʕ 

ʛʜʝ Ö-ʩʢʦʨʦʩʪʴ ʌʝʨʤʠ, ʎ-ʩʠʛʤʘ-ʤʘʪʨʠʮʳ ʇʘʫʣʠ, Ð-ʦʧʝʨʘʪʦʨ ʠʤ-

ʧʫʣʴʩʘ, %ïɻ ʥʝʨʛʠʷ, ʕ-ʦʛʠʙʘʶʱʘʷ ʩʧʠʥʦʨʥʘʷ ʚʦʣʥʦʚʘʷ ʬʫʥʢʮʠʷ ʥʦ-

ʩʠʪʝʣʝʡ, ʧʨʦʬʠʣʴ ʩʢʦʨʦʩʪʠ ʌʝʨʤʠ 

Ö

ừ
Ừ

ứ ÖȟØ Ä
ςȟ

ÖȟÄς Ø Ä
ς

ÖȟØ Ä
ςȢ

ȟ 

ɼʚʠʞʝʥʠʝ ʚʜʦʣʴ ʦʩʠ y ʩʚʦʙʦʜʥʦ, ʧʦʵʪʦʤʫ ʨʝʰʝʥʠʝ ʩʧʝʢʪʨʘʣʴʥʦ-

ʛʦ ʫʨʘʚʥʝʥʠʷ ʠʤʝʝʪ ʚʠʜ ʕØȟÙ ʕØȟËÅ  ʙʝʛʫʱʝʡ ʚʦʣʥʳ ʩ ʠʤ-

ʧʫʣʴʩʦʤ Ë. ʇʨʠ ʩʣʝʜʫʶʱʝʤ ʚʳʙʦʨʝ ʩʦʦʪʥʦʰʝʥʠʡ ʤʝʞʜʫ ʩʢʦʨʦʩʪʷ-

ʤʠ ʌʝʨʤʠ 
Ö
Ö Á ρȟ

Ö
Ö Ã ρȟ

Ö
Ö ρ ʨʝʘʣʠʟʫʝʪʩʷ ʩʣʫ-

ʯʘʡ ʢʚʘʥʪʦʚʦʡ ʷʤʳ ʥʦʚʦʛʦ ʪʠʧʘ. ɼʚʠʞʫʱʝʡʩʷ ʵʣʝʢʪʨʦʥ ʥʘʭʦʜʠʪʩʷ ʚ 

ʵʬʬʝʢʪʠʚʥʦʡ ʢʚʘʥʪʦʚʦʡ ʷʤʝ, ʟʘʚʠʩʷʱʝʡ ʦʪ ʠʤʧʫʣʴʩʘ Ë, ʫ ʢʦʪʦʨʦʡ 
Ö Ö Ë-ʣʝʚʳʡ ʙʘʨʴʝʨ, Ö Ö Ë-ʧʨʘʚʳʡ ʙʘʨʴʝʨ.  



 
 
 
 

Электроника, автоматика, спинтроника, нанотехнологии 

152 

ʈʝʰʘʷ ʫʨʘʚʥʝʥʠʝ ɼʠʨʘʢʘ, ʤʦʞʥʦ ʧʦʣʫʯʠʪʴ, ʯʪʦ ʩʧʝʢʪʨ %

ÖËÚË, ʛʜʝ ÃÏÓςËÄЍÚ ρ , ! ÁÃÚ ÚÁ

Ã, " Ú ρЍÁ ÚЍÃ Ú. ʅʘ ʈʠʩ. 1 ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʝʰʝʥʠʷ 
ʜʠʩʧʝʨʩʠʦʥʥʦʛʦ ʫʨʘʚʥʝʥʠʷ ʜʣʷ ʩʠʤʤʝʪʨʠʯʥʦʡ ʠ ʘʩʠʤʤʝʪʨʠʯʥʦʡ 

ʢʚʘʥʪʦʚʳʭ ʷʤ ʥʦʚʦʛʦ ʪʠʧʘ. 

ɺ ʩʠʤʤʝʪʨʠʯʥʦʡ ʢʚʘʥʪʦʚʦʡ ʷʤʝ ʦʩʥʦʚʥʦʝ ʩʦʩʪʦʷʥʠʝ ʩʫʱʝʩʪʚʫʝʪ 

ʚʩʝʛʜʘ, ʘ ʚ ʘʩʠʤʤʝʪʨʠʯʥʦʡ - ʪʦʣʴʢʦ ʥʘʯʠʥʘʷ ʩ ʢʦʥʝʯʥʦʛʦ ʠʤʧʫʣʴʩʘ 

Ë
Ѝ

. ʇʦʵʪʦʤʫ ʧʦʜʦʙʥʦʛʦ ʨʦʜʘ ʛʝʪʝʨʦʩʪʨʫʢʪʫʨʳ ʤʦʞʥʦ 

ʠʩʧʦʣʴʟʦʚʘʪʴ ʜʣʷ ʬʠʣʴʪʨʘʮʠʠ ʩʠʛʥʘʣʦʚ ʧʦ ʠʤʧʫʣʴʩʘʤ. ɸʩʠʤʧʪʦʪʠ-

ʯʝʩʢʦʝ ʧʦʚʝʜʝʥʠʝ ʧʨʠ ʙʦʣʴʰʠʭ ʠʤʧʫʣʴʩʘʭ ʚ ʦʙʦʠʭ ʩʣʫʯʘʷʭ ʩʦʚʧʘ-

ʜʘʝʪ.  

 

ʈʠʩ.1. ʕʥʝʨʛʝʪʠʯʝʩʢʠʡ ʩʧʝʢʪʨ ʨʘʟʥʳʭ ʢʚʘʥʪʦʚʳʭ ʷʤ ʥʦʚʦʛʦ ʪʠʧʘ. 

ʉʧʣʦʰʥʳʤʠ ʣʠʥʠʷʤʠ ʦʙʦʟʥʘʯʝʥʘ ʟʘʚʠʩʠʤʦʩʪʴ %Ä
ÖÂ ʦʪ ËÄ ʜʣʷ ʥʝ-

ʩʢʦʣʴʢʠʭ ʫʨʦʚʥʝʡ. ʇʫʥʢʪʠʨʥʳʤʠ ʣʠʥʠʷʤʠ ʦʙʦʟʥʘʯʝʥʳ ʩʣʝʜʫʶʱʠʝ 

ʢʨʠʚʳʝ: ËÄ, ÁËÄ ʠ ÃËÄ. A a=c=2. B a=2, c=3. 

ʃʠʪʝʨʘʪʫʨʘ 

1. X. Li, H. Wang, et.al. Room-temperature all-semiconducting sub-

10-nm grapheme nanoribbon field-effect transistors. Phys. Rev. Lett., 

100, 206803 (2008). 

2. Z. Jiang, M. Klima, et.al. Ultrahigh electron mobility in suspend 

graphene. Solid St. Commun., 146, 351 (2009). 

3. C. Hwang, D.A. Siegel, et.al. Fermi velocity engineering in gra-

phene by substrate modification. Scientific Reports, 2, 590 (2012). 

4. ʇ.ɺ. ʈʘʪʥʠʢʦʚ, ɸ.ʇ. ʉʠʣʠʥ. ʈʘʟʤʝʨʥʦʝ ʢʚʘʥʪʦʚʘʥʠʝ ʚ ʛʨʘʬʝ-

ʥʦʚʳʭ ʧʣʘʥʘʨʥʳʭ ʛʝʪʝʨʦʩʪʨʫʢʪʫʨʘʭ: ʧʩʝʚʜʦʩʧʠʥʦʚʦʝ ʨʘʩʱʝʧʣʝʥʠʝ 

ʵʥʝʨʛʝʪʠʯʝʩʢʦʛʦ ʩʧʝʢʪʨʘ, ʧʨʠʛʨʘʥʠʯʥʳʝ ʩʦʩʪʦʷʥʠʷ ʠ ʵʢʩʠʪʦʥʳ. 

ɾʕʊʌ, 141, 582 (2012). 
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ɸʅɸʃʀɿ ʕʃɽʂʊʈʆɼʀʅɸʄʀʏɽʉʂʀʍ ʍɸʈɸʂʊɽʈʀʉʊʀʂ 

ʃɸʄʇʓ ɹɽɻʋʑɽʁ ɺʆʃʅʓ W-ɼʀɸʇɸɿʆʅɸ 

 

ʇʣʦʩʢʠʭ ɸ.ʕ.
1
, ʂʘʨʝʪʥʠʢʦʚʘ.ʊ.ɸ.

1 

 
1 ʉɻʋ ʠʤʝʥʠ ʅ.ɻ.ʏʝʨʥʳʰʝʚʩʢʦʛʦ, ʛ.ʉʘʨʘʪʦʚ 

ʢʦʥʪ. ʪʝʣ: 89276256408, e-mail: andreyploskih@gmail.com 

 

ɺ ʜʘʥʥʦʤ ʜʦʢʣʘʜʝ ʧʨʝʜʩʪʘʚʣʝʥʦ ʠʩʩʣʝʜʦʚʘʥʠʝ ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ ʠ 

ʵʣʝʢʪʨʦʜʠʥʘʤʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʟʘʤʝʜʣʷʶʱʠʭ ʩʠʩʪʝʤ (ɿʉ) ʪʠʧʘ 

ʩʜʚʦʝʥʥʦʡ ʛʨʝʙʝʥʢʠ ʚ ʧʨʷʤʦʫʛʦʣʴʥʦʤ ʚʦʣʥʦʚʦʜʝ ʩ ʧʣʦʩʢʠʤ ʵʣʝʢ-

ʪʨʦʥʥʳʤ ʧʫʯʢʦʤ [1]. ɸʚʪʦʨʳ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʧʨʝʜʩʪʘʚʣʷʶʪ ʨʘʟʨʘ-

ʙʦʪʢʫ ʧʦʜʦʙʥʳʭ ʧʨʠʙʦʨʦʚ ʚ ʜʠʘʧʘʟʦʥʝ 95-110 ɻɻʮ. ʇʨʘʢʪʠʯʝʩʢʘʷ 

ʮʝʥʥʦʩʪʴ ʨʘʙʦʪʳ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʚʦʟʤʦʞʥʦʩʪʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʜʘʥʥʦ-

ʛʦ ʧʨʠʙʦʨʘ ʢʘʢ ʚ ʢʘʯʝʩʪʚʝ ʃɹɺ-ʫʩʠʣʠʪʝʣʷ W-ʜʠʘʧʘʟʦʥʘ, ʪʘʢ ʠ 

ʚʭʦʜʥʦʡ ʩʝʢʮʠʠ ʜʣʷ ʫʤʥʦʞʠʪʝʣʷ ʯʘʩʪʦʪʳ (ʈʠʩ.1) ʩ ʚʳʭʦʜʥʦʡ ʩʝʢ-

ʮʠʝʡ G-ʜʠʘʧʘʟʦʥʘ (0.2 ʊɻʮ) [2]. ʇʨʦʚʝʜʝʥʘ ʦʧʪʠʤʠʟʘʮʠʷ ʛʝʦʤʝʪʨʠ-

ʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʜʣʷ ʵʣʝʢʪʨʦʥʥʦʛʦ ʧʫʯʢʘ ʩ ʥʘʧʨʷʞʝʥʠʝʤ 20 ʢɺ ʠ 

ʨʘʩʩʯʠʪʘʥʳ ʦʩʥʦʚʥʳʝ ʵʣʝʢʪʨʦʜʠʥʘʤʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ɿʉ. 

 

 
ʈʠʩ.1. ʉʭʝʤʘ ʩʝʢʮʠʦʥʠʨʦʚʘʥʥʦʛʦ ʫʩʠʣʠʪʝʣʷ. 1 ð ʵʣʝʢʪʨʦʥʥʘʷ ʧʫʰʢʘ, 2 ð 

ʟʘʤʝʜʣʷʶʱʘʷ ʩʠʩʪʝʤʘ, 3 ð ʵʣʝʢʪʨʦʥʥʳʡ ʧʫʯʦʢ, 4 ð ʢʦʣʣʝʢʪʦʨ 

 

ʃʠʪʝʨʘʪʫʨʘ 

1. Ryskin N.M., Rozhnev A.G., Karetnikova T.A., et al. // 

Radiophys. Quantum Electron. 2014. Vol. 56, No. 8-9. p. 542. 

2. ʊ.ɸ. ʂʘʨʝʪʥʠʢʦʚʘ, ɸ.ɻ. ʈʦʞʥʸʚ, ʅ.ʄ. ʈʳʩʢʠʥ, ʂ.ɺ. ɹʝʣʦʚ. // 

ʄʘʪʝʨʠʘʣʳ ʢʦʥʬʝʨʝʥʮʠʠ ɸʇʕʇ 2016, ʛ.ʉʘʨʘʪʦʚ. ʊ.1. ʉ. 58-61. 
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ʉʆɿɼɸʅʀɽ ʀ ʀʉʉʃɽɼʆɺɸʅʀɽ ʇɸʈɸʄɽʊʈʆɺ ʇʈʀɹʆʈɸ 

ʅɸ ʆʉʅʆɺɽ ʉʊʈʋʂʊʋʈʓ ʇʆʃʋʇʈʆɺʆɼʅʀʂ-

ʋɻʃɽʈʆɼʅʓɽ ʅɸʅʆʊʈʋɹʂʀ ɼʃʗ ɼɽʊɽʂʊʀʈʆɺɸʅʀʗ 

ʆʇʊʀʏɽʉʂʆɻʆ ʀɿʃʋʏɽʅʀʗ 

 

ʇʦʣʦʭʠʥ ɸ.ɸ.
1
, ɻʝʨʘʩʠʤʝʥʢʦ ɸ.ʖ.

1
, ɼʫʜʠʥ ɸ.ɸ.

1
,  

ʀʯʢʠʪʠʜʟʝ ʃ.ʇ.
1
, ʂʠʮʶʢ ɽ.ʇ.

 3
, ʆʨʣʦʚ ɸ.ʇ.

 2
, ʇʘʚʣʦʚ ɸ.ɸ.

 2
,  

ʐʘʤʘʥ ʖ.ʇ.
 3
 

 
1 ʅʘʮʠʦʥʘʣʴʥʳʡ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ çʄʀʕʊè, ʄʦʩʢʚʘ 

2 ʀʥʩʪʠʪʫʪ ʥʘʥʦʪʝʭʥʦʣʦʛʠʡ ʤʠʢʨʦʵʣʝʢʪʨʦʥʠʢʠ ʈɸʅ, ʄʦʩʢʚʘ 
3
 ʅʇʂ çʊʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʮʝʥʪʨè, ʄʦʩʢʚʘ 

+79261003238, a.a.polohin@gmail.com 

 

ʅʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʦʧʪʠʯʝʩʢʦʝ ʠʟʣʫʯʝʥʠʝ ʰʠʨʦʢʦ ʧʨʠʤʝʥʷʝʪ-

ʩʷ ʚʦ ʚʩʝʭ ʩʬʝʨʘʭ ʞʠʟʥʠ. ɺ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʦʩʦʙʦ ʚʘʞʥʳʤ ʩʪʘʥʦʚʠʪ-

ʩʷ ʢʦʥʪʨʦʣʴ ʠʩʧʦʣʴʟʫʝʤʦʛʦ ʠʟʣʫʯʝʥʠʷ ʩ ʧʦʤʦʱʴʶ ʜʝʪʝʢʪʦʨʦʚ ʠʟʣʫ-

ʯʝʥʠʷ. ɺʩʝ ʩʫʱʝʩʪʚʫʶʱʠʝ ʥʘ ʜʘʥʥʳʡ ʤʦʤʝʥʪ ʜʝʪʝʢʪʦʨʳ ʧʦ ʧʨʠʥ-

ʮʠʧʫ ʨʘʙʦʪʳ ʤʦʞʥʦ ʨʘʟʜʝʣʠʪʴ ʥʘ ʜʚʘ ʦʩʥʦʚʥʳʭ ʪʠʧʘ: ʬʦʪʦʪʝʨʤʠʯʝ-

ʩʢʠʝ ʠ ʬʦʪʦʵʣʝʢʪʨʠʯʝʩʢʠʝ [1]. ʂʘʞʜʳʡ ʠʟ ʜʘʥʥʳʭ ʪʠʧʦʚ ʦʙʣʘʜʘʝʪ 

ʩʚʦʠʤʠ ʥʝʜʦʩʪʘʪʢʘʤʠ, ʢʦʪʦʨʳʝ ʤʦʞʥʦ ʠʟʙʝʞʘʪʴ, ʠʩʧʦʣʴʟʫʷ ʪʝʭʥʦ-

ʣʦʛʠʶ ʫʛʣʝʨʦʜʥʳʭ ʥʘʥʦʪʨʫʙʦʢ (ʋʅʊ). 

ʈʘʟʨʘʙʦʪʘʥ ʤʘʪʨʠʯʥʳʡ ʜʝʪʝʢʪʦʨ ʥʘ ʦʩʥʦʚʝ ʋʅʊ, ʩʦʩʪʦʷʱʠʡ ʠʟ 

16 ʯʫʚʩʪʚʠʪʝʣʴʥʳʭ ʵʣʝʤʝʥʪʦʚ, ʚʳʧʦʣʥʝʥʥʳʭ ʥʘ ʝʜʠʥʦʡ ʧʦʣʫʧʨʦ-

ʚʦʜʥʠʢʦʚʦʡ ʧʦʜʣʦʞʢʝ (ʈʠʩ.1ʘ). ʂʘʞʜʳʡ ʯʫʚʩʪʚʠʪʝʣʴʥʳʡ ʵʣʝʤʝʥʪ 

ʩʦʜʝʨʞʠʪ 10000 ʯʫʚʩʪʚʠʪʝʣʴʥʳʭ ʷʯʝʝʢ, ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʚ ʚʠʜʝ 

ʢʚʘʜʨʘʪʘ 100ʭ100, ʩ ʨʘʩʩʪʦʷʥʠʝʤ ʤʝʞʜʫ ʥʠʤʠ 5 ʤʢʤ. 

ʆʩʥʦʚʥʦʡ ʪʦʧʦʣʦʛʠʝʡ ʯʫʚʩʪʚʠʪʝʣʴʥʳʭ ʷʯʝʝʢ ʷʚʣʷʝʪʩʷ ʜʚʫʭʵʣʝʢ-

ʪʨʦʜʥʘʷ ʩʠʩʪʝʤʘ [2], ʪʦ ʝʩʪʴ ʷʯʝʡʢʠ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʦʪʚʝʨʩʪʠʷ, 

ʧʨʦʭʦʜʷʱʠʝ ʯʝʨʝʟ ʩʣʦʡ ʤʝʪʘʣʣʠʟʘʮʠʠ ʠ ʜʠʵʣʝʢʪʨʠʢʘ ʢ ʧʦʣʫʧʨʦʚʦʜ-

ʥʠʢʫ, ʦʪ ʢʦʪʦʨʦʛʦ ʤʘʩʩʠʚ ʋʅʊ ʧʨʦʨʘʩʪʘʝʪ ʢ ʚʝʨʭʥʝʤʫ ʩʣʦʶ 

(ʈʠʩ.1ʙ). ʆʩʥʦʚʦʡ ʚʩʝʡ ʩʪʨʫʢʪʫʨʳ ʷʚʣʷʝʪʩʷ ʧʦʜʣʦʞʢʘ ʠʟ ʤʦʥʦʢʨʠ-

ʩʪʘʣʣʠʯʝʩʢʦʛʦ ʢʨʝʤʥʠʷ. ɺʝʨʭʥʠʡ ʩʣʦʡ ï ʘʣʶʤʠʥʠʝʚʘʷ ʤʝʪʘʣʣʠʟʘ-

ʮʠʷ. ʇʦʜ ʤʝʪʘʣʣʠʟʘʮʠʝʡ ʥʘʭʦʜʠʪʩʷ ʩʣʝʜʫʶʱʠʡ ʩʣʦʡ ï ʜʠʵʣʝʢʪʨʠ-

ʯʝʩʢʠʡ, ʚʳʧʦʣʥʝʥʥʳʡ ʠʟ ʪʝʨʤʠʯʝʩʢʠ ʦʢʠʩʣʝʥʥʦʛʦ ʢʨʝʤʥʠʷ, ʪʦʣʱʠ-

ʥʦʡ 0,5 ʤʢʤ. 
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ʈʠʩ. 1. ʊʦʧʦʣʦʛʠʠ ʤʘʪʨʠʯʥʦʛʦ ʜʝʪʝʢʪʦʨʘ ʥʘ ʦʩʥʦʚʝ ʤʘʩʩʠʚʘ ʋʅʊ (ʘ) ʠ 

ʯʫʚʩʪʚʠʪʝʣʴʥʦʡ ʷʯʝʡʢʠ (ʙ): 

1 ï ʯʫʚʩʪʚʠʪʝʣʴʥʳʡ ʵʣʝʤʝʥʪ, 2 ï ʢʦʥʪʘʢʪʥʘʷ ʧʣʦʱʘʜʢʘ ʯʫʚʩʪʚʠʪʝʣʴʥʦ-

ʛʦ ʵʣʝʤʝʥʪʘ,3 ï ʢʦʥʪʘʢʪʥʘʷ ʤʝʪʘʣʣʠʟʘʮʠʷ, 4 ï ʢʦʥʪʘʢʪʥʦʝ ʦʢʥʦ ʢʨʝʤʥʝʚʦʡ 

ʧʦʜʣʦʞʢʠ, 5 ï ʫʛʣʝʨʦʜʥʳʝ ʥʘʥʦʪʨʫʙʢʠ, 6 ï ʚʝʨʭʥʠʡ ʩʣʦʡ (ʤʝʪʘʣʣʠʟʘʮʠʷ), 7 

ï ʦʢʩʠʜ ʢʨʝʤʥʠʷ (ʠʟʦʣʷʪʦʨ), 8 ï ʢʨʝʤʥʝʚʘʷ ʧʦʜʣʦʞʢʘ 

 

ʇʘʨʘʤʝʪʨʳ ʤʘʪʨʠʯʥʦʛʦ ʜʝʪʝʢʪʦʨʘ ʥʘ ʦʩʥʦʚʝ ʋʅʊ, ʪʘʢʠʝ ʢʘʢ ʨʘ-

ʙʦʯʠʡ ʜʠʘʧʘʟʦʥ ʜʣʠʥ ʚʦʣʥ, ʙʳʩʪʨʦʜʝʡʩʪʚʠʝ ʠ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ, 

ʙʳʣʠ ʠʩʩʣʝʜʦʚʘʥʳ ʩ ʧʦʤʦʱʴʶ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʫʩʪʘʥʦʚʢʠ. ʈʘ-

ʙʦʯʠʡ ʜʠʘʧʘʟʦʥ ʜʣʠʥ ʚʦʣʥ (ʟʘʚʠʩʠʤʦʩʪʴ ʬʦʪʦʕɼʉ ʚʩʝʭ 16 ʯʫʚʩʪʚʠ-

ʪʝʣʴʥʳʭ ʵʣʝʤʝʥʪʦʚ ʤʘʪʨʠʯʥʦʛʦ ʜʝʪʝʢʪʦʨʘ ʦʪ ʜʣʠʥʳ ʚʦʣʥʳ ʧʘʜʘʶ-

ʱʝʛʦ ʠʟʣʫʯʝʥʠʷ) ʩʦʩʪʘʚʠʣ 400-1200 ʥʤ. ɹʳʩʪʨʦʜʝʡʩʪʚʠʝ ʥʝ ʧʨʝʚʳ-

ʩʠʣʦ 30 ʤʢʩ. ʂʨʠʚʳʝ ʟʘʚʠʩʠʤʦʩʪʠ ʬʦʪʦʕɼʉ ʯʫʚʩʪʚʠʪʝʣʴʥʳʭ ʵʣʝ-

ʤʝʥʪʦʚ ʦʪ ʤʦʱʥʦʩʪʠ ʧʘʜʘʶʱʝʛʦ ʣʘʟʝʨʥʦʛʦ ʠʟʣʫʯʝʥʠʷ ʠʤʝʣʠ ʥʝʣʠ-

ʥʝʡʥʳʡ ʭʘʨʘʢʪʝʨ, ʯʪʦ ʤʦʞʝʪ ʩʚʠʜʝʪʝʣʴʩʪʚʦʚʘʪʴ ʦ ʧʨʦʮʝʩʩʝ ʥʘʩʳ-

ʱʝʥʠʷ, ʧʨʦʠʩʭʦʜʷʱʠʤ ʚ ʤʘʪʨʠʯʥʦʤ ʜʝʪʝʢʪʦʨʝ.  

ʄʘʪʨʠʯʥʳʡ ʜʝʪʝʢʪʦʨ ʥʘ ʦʩʥʦʚʝ ʋʅʊ ʧʦ ʤʝʨʝ ʨʘʟʚʠʪʠʷ ʠ ʩʦʚʝʨ-

ʰʝʥʩʪʚʦʚʘʥʠʷ ʪʝʭʥʦʣʦʛʠʠ ʜʦʣʞʝʥ ʦʙʝʩʧʝʯʠʪʴ ʙʦʣʝʝ ʚʳʩʦʢʠʝ ʧʘʨʘ-

ʤʝʪʨʳ, ʯʝʤ ʫ ʥʳʥʝ ʩʫʱʝʩʪʚʫʶʱʠʭ ʧʦʣʫʧʨʦʚʜʥʠʢʦʚʳʭ ʜʝʪʝʢʪʦʨʦʚ. 

ʃʠʪʝʨʘʪʫʨʘ 
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ʆʜʥʦʡ ʠʟ ʦʩʥʦʚʥʳʭ ʵʢʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʙʣʝʤ ʯʝʣʦʚʝʯʝʩʪʚʘ ʥʘ ʪʝ-

ʢʫʱʝʤ ʵʪʘʧʝ ʨʘʟʚʠʪʠʷ ʷʚʣʷʝʪʩʷ ʧʨʦʙʣʝʤʘ ʨʘʟʨʫʰʝʥʠʷ ʦʟʦʥʦʚʦʛʦ 

ʩʣʦʷ, ʩʦʧʨʦʚʦʞʜʘʶʱʝʝʩʷ ʫʤʝʥʴʰʝʥʠʝʤ ʢʦʥʮʝʥʪʨʘʮʠʠ ʦʟʦʥʘ ʠ, ʚ 

ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ, ʧʦʚʳʰʝʥʠʝʤ ʢʦʥʮʝʥʪʨʘʮʠʠ ʚ ʘʪʤʦʩʬʝʨʝ ʫʛʣʝʢʠʩ-

ʣʦʛʦ, ʫʛʘʨʥʦʛʦ ʛʘʟʦʚ ʠ ʤʝʪʘʥʘ. ʇʨʝʜʣʘʛʘʝʤʳʡ ʘʧʧʘʨʘʪ ʢʣʘʩʩʘ 

CanSat ʙʳʣ ʨʘʟʨʘʙʦʪʘʥ ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ ʧʝʨʠʦʜʠʯʝʩʢʠʭ ʟʘʤʝʨʦʚ ʧʘ-

ʨʘʤʝʪʨʦʚ ʩʦʩʪʘʚʘ ʘʪʤʦʩʬʝʨʳ ʠ ʢʦʥʪʨʦʣʷ ʟʘ ʩʦʩʪʦʷʥʠʝʤ ʟʝʤʥʦʛʦ ʧʦ-

ʢʨʦʚʘ. 

ʂʨʦʤʝ ʫʧʨʘʚʣʷʶʱʝʡ, ʧʨʠʝʤʦ-ʧʝʨʝʜʘʶʱʝʡ ʩʠʩʪʝʤ ʠ ʩʠʩʪʝʤʳ 

ʧʠʪʘʥʠʷ [1, 2], ʫʩʪʘʥʦʚʣʝʥʘ ʬʫʥʢʮʠʦʥʘʣʴʥʘʷ ʥʘʛʨʫʟʢʘ, ʩ ʧʦʤʦʱʴʶ 

ʢʦʪʦʨʦʡ ʠʜʝʪ ʦʪʩʣʝʞʠʚʘʥʠʝ ʠʟʤʝʥʝʥʠʡ ʩʣʝʜʫʶʱʠʭ ʧʦʢʘʟʘʪʝʣʝʡ 

ʘʪʤʦʩʬʝʨʳ: ʢʦʥʮʝʥʪʨʘʮʠʷ ʦʟʦʥʘ, ʤʝʪʘʥʘ, ʫʛʘʨʥʦʛʦ, ʫʛʣʝʢʠʩʣʦʛʦ 

ʛʘʟʘ, ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʫʣʴʪʨʘʬʠʦʣʝʪʦʚʦʛʦ ʠʟʣʫʯʝʥʠʷ. ʌʫʥʢʮʠʦʥʘʣʴ-

ʥʘʷ ʥʘʛʨʫʟʢʘ ʜʦʧʦʣʥʝʥʘ ʧʣʘʪʬʦʨʤʦʡ ʩ ʢʘʤʝʨʘʤʠ, ʚʳʧʦʣʥʷʶʱʠʤʠ 

ʩʲʝʤʢʫ ʚ ʯʝʪʳʨʝʭ ʩʧʝʢʪʨʘʣʴʥʳʭ ʜʠʘʧʘʟʦʥʘʭ. ʇʨʠ ʩʦʟʜʘʥʠʠ ʢʦʨʧʫʩʘ 

ʘʧʧʘʨʘʪʘ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʪʝʭʥʦʣʦʛʠʠ 3D ʧʝʯʘʪʠ. 

ɺʦ ʚʨʝʤʷ ʪʝʩʪʦʚʳʭ ʟʘʧʫʩʢʦʚ ʥʘ ʚʳʩʦʪʳ ʜʦ 1 ʢʤ ʙʳʣʘ ʧʦʜʪʚʝʨ-

ʞʜʝʥʘ ʙʝʩʧʝʨʝʙʦʡʥʦʩʪʴ ʨʘʙʦʪʳ ʩʣʫʞʝʙʥʳʭ ʩʠʩʪʝʤ ʠ ʩʪʘʙʠʣʴʥʦʩʪʴ 

ʟʘʧʠʩʠ ʧʦʢʘʟʘʪʝʣʝʡ ʢʦʥʮʝʥʪʨʘʮʠʠ ʛʘʟʦʚ ʠ ʤʫʣʴʪʠʩʧʝʢʪʨʘʣʴʥʳʭ 

ʠʟʦʙʨʘʞʝʥʠʡ ʧʦʚʝʨʭʥʦʩʪʠ ɿʝʤʣʠ ʥʘ ʩʲʝʤʥʳʡ ʥʦʩʠʪʝʣʴ ʧʘʤʷʪʠ ʘʧ-

ʧʘʨʘʪʘ. ʅʘ ʦʩʥʦʚʝ ʟʘʧʠʩʘʥʥʦʡ ʠʥʬʦʨʤʘʮʠʠ ʩ ʜʘʪʯʠʢʦʚ ʛʘʟʦʚ, ʜʘʚʣʝ-

ʥʠʷ ʠ ʪʝʤʧʝʨʘʪʫʨʳ ʧʨʦʠʟʚʦʜʠʣʩʷ ʨʘʩʯʝʪ ʢʦʥʮʝʥʪʨʘʮʠʠ ʛʘʟʦʚ ʠ 

ʩʪʨʦʠʣʠʩʴ ʚʝʨʪʠʢʘʣʴʥʳʝ ʧʨʦʬʠʣʠ ʢʦʥʮʝʥʪʨʘʮʠʡ ʢʦʥʪʨʦʣʠʨʫʝʤʳʭ 

ʢʦʤʧʦʥʝʥʪ ʘʪʤʦʩʬʝʨʳ. ɼʣʷ ʧʦʩʪʨʦʝʥʠʷ ʢʘʨʪ ʚʝʛʝʪʘʮʠʦʥʥʳʭ ʠʥʜʝʢ-

ʩʦʚ (ʈʠʩ.2) ʧʨʦʠʟʚʦʜʠʣʘʩʴ ʦʙʨʘʙʦʪʢʘ ʤʫʣʴʪʠʩʧʝʢʪʨʘʣʴʥʳʭ ʠ ʛʝʦʧʦ-

ʟʠʮʠʦʥʥʳʭ ʜʘʥʥʳʭ ʜʣʷ ʨʘʩʯʝʪʘ ʚʝʛʝʪʘʮʠʦʥʥʦʛʦ ʠʥʜʝʢʩʘ NDVI ʩ 

ʧʨʠʚʷʟʢʦʡ ʢ ʢʦʦʨʜʠʥʘʪʘʤ ʟʝʤʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ. ʇʨʦʛʨʘʤʤʥʳʝ ʢʦʤ-

ʧʦʥʝʥʪʳ ʦʙʨʘʙʦʪʢʠ ʜʘʥʥʳʭ ʙʳʣʠ ʨʘʟʨʘʙʦʪʘʥʳ ʚ ʩʨʝʜʝ Matlab. 
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ʈʠʩ.1 ʆʙʱʘʷ ʧʨʠʥʮʠʧʠʘʣʴʥʘʷ ʩʭʝʤʘ ʥʘʥʦʩʧʫʪʥʠʢʘ. 

 
ʈʠʩ.2 ʂʘʨʪʘ ʚʝʛʝʪʘʮʠʦʥʥʳʭ ʠʥʜʝʢʩʦʚ ʧʦʚʝʨʭʥʦʩʪʠ ɿʝʤʣʠ 

ʇʨʝʜʣʘʛʘʝʤʦʝ ʨʝʰʝʥʠʝ ʦʙʝʩʧʝʯʠʚʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʤʥʦʛʦʨʘʟʦʚʦ-

ʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ, ʠ ʤʦʞʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʚ ʵʢʦʣʦʛʠʯʝʩʢʠʭ, ʤʝʪʝʦ-

ʨʦʣʦʛʠʯʝʩʢʠʭ, ʥʘʫʯʥʳʭ, ʘ ʪʘʢʞʝ ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʭ ʮʝʣʷʭ. 
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ɿɸɺʀʉʀʄʆʉʊʔ ʄɸɻʅʀʊʅʓʍ ʉɺʆʁʉʊɺ ʄɸʉʉʀɺʆɺ CO 

ʅɸʅʆʇʈʆɺʆʃʆʂ ʆʊ ʌʆʈʄʓ ʉʀɻʅɸʃɸ ʀ ʏɸʉʊʆʊʓ 

ʊʆʂɸ ʕʃɽʂʊʈʆʆʉɸɾɼɽʅʀʗ 
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ʄʘʩʩʠʚʳ ʚʳʩʦʢʦʫʧʦʨʷʜʦʯʝʥʥʳʭ ʥʘʥʦʧʨʦʚʦʣʦʢ ʧʨʠʚʣʝʢʘʶʪ ʦʩʦ-

ʙʦʝ ʚʥʠʤʘʥʠʝ ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ ʚ ʩʚʷʟʠ ʩ ʠʭ ʚʳʜʘʶʱʠʤʠʩʷ ʤʘʛʥʠʪ-

ʥʳʤʠ  ʠ ʩʪʨʫʢʪʫʨʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ ʠ ʷʚʣʷʶʪʩʷ ʧʝʨʩʧʝʢʪʠʚʥʳʤ ʤʘ-

ʪʝʨʠʘʣʦʤ ʜʣʷ ʩʦʟʜʘʥʠʷ ʥʦʩʠʪʝʣʝʡ ʠʥʬʦʨʤʘʮʠʠ ʚʳʩʦʢʦʡ ʧʣʦʪʥʦʩʪʠ 

ʠ ʰʠʨʦʢʦʛʦ ʩʧʝʢʪʨʘ ʜʨʫʛʠʭ ʫʩʪʨʦʡʩʪʚ [1]. 

ʀʩʩʣʝʜʫʝʤʳʝ ʧʨʦʚʦʣʦʢʠ ʵʣʝʢʪʨʦʦʩʘʞʜʘʣʠʩʴ ʚ ʧʦʨʠʩʪʳʝ ʤʘʪʨʠ-

ʮʳ Al 2O3, ʜʠʘʤʝʪʨ ʧʦʨ ʚ ʢʦʪʦʨʳʭ ʩʦʩʪʘʚʣʷʣ 2 ʥʤ, ʠʭ ʜʣʠʥʘ - ʧʦʨʷʜ-

ʢʘ 2 ʤʢʤ. ʕʣʝʢʪʨʦʣʠʪ 0.1 ʤʦʣʴ/ʣ CoSO4, 7H2O ʠ 0.5 ʤʦʣʴ/ʣ ʙʦʨʥʦʡ 

ʢʠʩʣʦʪʳ. ʇʨʦʚʦʣʦʢʠ ʧʦʣʫʯʘʣʠʩʴ ʧʝʨʝʤʝʥʥʳʤ ʪʦʢʦʤ ʩʠʥʫʩʦʠʜʘʣʴ-

ʥʦʡ ʠ ʪʨʝʫʛʦʣʴʥʦʡ ʬʦʨʤʳ ʩʠʛʥʘʣʘ ʩ ʯʘʩʪʦʪʦʡ 200, 400, 800 ʠ 1000 

ɻʮ, ʧʨʠ ʧʦʩʪʦʷʥʥʦʤ ʥʘʧʨʷʞʝʥʠʠ V=15 ɺ. 

ʆʙʨʘʟʮʳ ʙʳʣʠ ʠʩʩʣʝʜʦʚʘʥʳ ʥʘ ʚʠʙʨʘʮʠʦʥʥʦʤ ʤʘʛʥʠʪʦʤʝʪʨʝ 

LakeShore VSM ʤʝʪʦʜʦʤ ʢʨʠʚʳʭ ʧʝʨʝʤʘʛʥʠʯʠʚʘʥʠʷ ʧʝʨʚʦʛʦ ʧʦ-

ʨʷʜʢʘ (FORC) [2], ʜʘʥʥʳʝ ʙʳʣʠ ʦʙʨʘʙʦʪʘʥʳ ʩ ʧʦʤʦʱʴʶ ʧʨʦʛʨʘʤʤ-

ʥʦʛʦ ʧʘʢʝʪʘ FORCinel [3]. ʅʘ ʨʠʩʫʥʢʝ 1 ʧʨʝʜʩʪʘʚʣʝʥʳ FORC-

ʜʠʘʛʨʘʤʤʳ ʧʦʣʫʯʝʥʥʳʭ ʦʙʨʘʟʮʦʚ. ʉ ʫʚʝʣʠʯʝʥʠʝʤ ʯʘʩʪʦʪʳ ʧʝʨʝ-

ʤʝʥʥʦʛʦ ʩʠʥʫʩʦʠʜʘʣʴʥʦʛʦ ʪʦʢʘ ʩ 200 ʜʦ 400 ɻʮ (ʨʠʩʫʥʦʢ 1 (ʘ, ʙ)) 

ʥʘʙʣʶʜʘʝʪʩʷ ʫʤʝʥʴʰʝʥʠʝ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʧʦʣʝʡ ʢʦʵʨʮʠʪʠʚʥʦʩʪʠ, ʠ 

ʫʚʝʣʠʯʠʚʘʝʪʩʷ  ʨʘʩʧʨʝʜʝʣʝʥʠʝ  ʧʦʣʝʡ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ, ʯʪʦ ʤʦʞʥʦ 

ʩʚʷʟʘʪʴ ʩ ʟʘʧʦʣʥʝʥʠʝʤ ʧʦʨ, ʫʚʝʣʠʯʝʥʠʝʤ ʦʜʥʦʨʦʜʥʦʩʪʠ ʠ ʜʣʠʥʳ 

ʥʘʥʦʧʨʦʚʦʣʦʢ. ʇʨʠ ʫʚʝʣʠʯʝʥʠʠ ʯʘʩʪʦʪʳ ʜʦ 1000 ɻʮ (ʨʠʩʫʥʦʢ 1, ʚ) 

FORC-ʜʠʘʛʨʘʤʤʘ ʧʨʝʜʩʪʘʚʣʷʝʪ ʢʣʘʩʩʠʯʝʩʢʫʶ ʜʫʛʦʚʫʶ ʢʘʨʪʠʥʫ, 

ʭʘʨʘʢʪʝʨʥʫʶ ʜʣʷ ʭʦʨʦʰʦ ʚʟʘʠʤʦʜʝʡʩʪʚʫʶʱʠʭ ʛʦʤʦʛʝʥʥʳʭ ʥʘʥʦ-

ʧʨʦʚʦʣʦʢ.  
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ʈʠʩ.1. FORC-ʜʠʘʛʨʘʤʤʳ ʦʙʨʘʟʮʦʚ ʘ) sin, 200 ɻʮ, ʙ) sin, 400 ɻʮ, ʚ) sin, 

1000 ɻʮ, ʛ)  triang., 400 ɻʮ, ʜ) triang., 800 ɻʮ, ʝ) triang., 1000 ɻʮ. 

 

FORC-ʜʠʘʛʨʘʤʤʳ ʦʙʨʘʟʮʦʚ, ʧʦʣʫʯʝʥʥʳʭ ʪʨʝʫʛʦʣʴʥʦʡ ʬʦʨʤʦʡ 

ʩʠʛʥʘʣʘ ʧʨʠ ʯʘʩʪʦʪʘʭ 400 ʠ 800 ɻʮ (ʨʠʩʫʥʦʢ 1 (ʛ, ʜ)), ʧʨʝʜʩʪʘʚʣʷʶʪ 

ʩʦʙʦʡ ʨʘʟʨʦʟʥʝʥʥʫʶ ʤʥʦʛʦʧʠʢʦʚʫʶ ʩʪʨʫʢʪʫʨʫ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʩʜʝ-

ʣʘʪʴ ʧʨʝʜʧʦʣʦʞʝʥʠʝ ʦ ʥʝʦʜʥʦʨʦʜʥʦʩʪʠ ʧʦʣʫʯʝʥʥʳʭ ʧʨʦʚʦʣʦʢ. ʇʨʠ 

ʫʚʝʣʠʯʝʥʠʠ ʯʘʩʪʦʪʳ ʜʦ 1000 ɻʮ (ʨʠʩʫʥʦʢ 1 (ʝ)) ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʧʨʠ-

ʦʙʨʝʪʘʝʪ ʩʪʨʫʢʪʫʨʫ ʩ ʥʠʟʢʠʤʠ ʧʦʣʷʤʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʠ ʢʦʵʨʮʠ-

ʪʠʚʥʳʭ ʩʠʣ, ʯʪʦ ʤʦʞʝʪ ʙʳʪʴ ʩʚʷʟʘʥʦ ʩ ʥʘʨʘʩʪʘʥʠʝʤ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ 

ʦʙʨʘʟʮʘ Co ʧʣʸʥʢʠ. 
 

ʃʠʪʝʨʘʪʫʨʘ 

1. A. Ramazani, çOptimized microstructure and magneticproperties 

in arrays of ac electrodeposited Co nanowires induced by the 

continuousand pulse electrodeposition,è J. Phys. D: Appl. Phys, ʪ. 40, 

pp. 5533-5536, 2007. 

2. C.R Pike, çCharacterizing interactions in fine magnetic particle 

systems using first order reversal curves,è Journal of Applied Physics, ʪ. 

85, ˉ 9, pp. 6660-6667, 1999. 

3. R. J. Harrison, çFORCinel: An improved algorithm for calculating 

first-order reversal curve distributions using locallyweighted regression 

smoothing,è Geochem. Geophys. Geosyst., 9, 

Q05016,doi:10.1029/2008GC001987., 2008. 

1 2 3 4

-2

2

H
u

(k
O

e
)

Hc(kOe) 1 2 3

-2

2

H
u

(k
O

e
)

Hc(kOe) 1 2 3

-2

2

-2

2
H

u
(k

O
e

)

Hc(kOe)

1 2 3

-2

2

Hc(kOe)

H
u

(k
O

e
)

1 2 3

-2

2

H
u

(k
O

e
)

Hc(kOe)

͊ύ ͋ύ ͍ύ 

͎ύ ͒ύ ͔ύ 



 
 
 
 

Электроника, автоматика, спинтроника, нанотехнологии 

160 

ʄɸɻʅʀʊʅʓɽ, ʊʈɸʅʉʇʆʈʊʅʓɽ ʉɺʆʁʉʊɺɸ ʀ ʕʌʌɽʂʊ 

ʍʆʃʃɸ ɹʓʉʊʈʆɿɸʂɸʃɽʅʅʓʍ ʃɽʅʊ ʉʇʃɸɺɸ  

ɻɽʁʉʃɽʈɸ Fe43.5Mn 34Al15Ni7.5 
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ʉʨʝʜʠ ʩʧʣʘʚʦʚ ɻʝʡʩʣʝʨʘ ʙʦʣʴʰʦʡ ʠʥʪʝʨʝʩ ʜʣʷ ʧʨʘʢʪʠʯʝʩʢʦʛʦ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʧʨʝʜʩʪʘʚʣʷʶʪ ʪʘʢʠʝ, ʛʜʝ X ʠ Y ï ʧʝʨʝʭʦʜʥʳʝ 3d-

ʵʣʝʤʝʥʪʳ ʦʪ Ti ʜʦ Ni, ʘ Z ï s-, p-ʵʣʝʤʝʥʪʳ ʪʨʝʪʴʝʛʦ ʧʝʨʠʦʜʘ ʪʘʙʣʠ-

ʮʳ ʄʝʥʜʝʣʝʝʚʘ. ʕʪʠ ʩʧʣʘʚʳ ʤʦʛʫʪ ʧʨʠʤʝʥʷʪʴʩʷ ʜʣʷ ʤʘʛʥʠʪʦʦʧʪʠ-

ʯʝʩʢʦʡ ʟʘʧʠʩʠ ʠ ʷʨʢʠʤ ʧʨʠʤʝʨʦʤ ʤʦʞʝʪ ʧʦʩʣʫʞʠʪʴ ʩʠʩʪʝʤʘ 

Fe2MnAl. ʇʝʨʚʦʧʨʠʥʮʠʧʥʳʝ ʨʘʩʯʝʪʳ ʵʣʝʢʪʨʦʥʥʦʡ ʩʪʨʫʢʪʫʨʳ ʫʢʘ-

ʟʳʚʘʶʪ ʥʘ ʦʪʩʫʪʩʪʚʠʝ ʫ ʥʝʝ ʵʣʝʢʪʨʦʥʦʚ ʩʦ ʩʧʠʥʦʤ Ź ʠ ʦʯʝʥʴ ʤʘʣʦʝ 

ʢʦʣʠʯʝʩʪʚʦ ʵʣʝʢʪʨʦʥʦʚ ʩʦ ʩʧʠʥʦʤ ŷ ʚʙʣʠʟʠ ʧʦʚʝʨʭʥʦʩʪʠ ʌʝʨʤʠ [1], 

ʯʪʦ ʚ ʩʦʚʦʢʫʧʥʦʩʪʠ ʩʦ ʩʣʘʙʦʡ ʟʘʚʠʩʠʤʦʩʪʴʶ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʦʪ ʪʝʤ-

ʧʝʨʘʪʫʨʳ ʧʦʟʚʦʣʷʝʪ ʩʯʠʪʘʪʴ Fe2MnAl  ʧʨʝʜʩʪʘʚʠʪʝʣʝʤ ʧʦʣʫʤʝʪʘʣ-

ʣʦʚ. ʆʜʥʘʢʦ, ʩʧʣʘʚ ʠʤʝʝʪ ʪʝʤʧʝʨʘʪʫʨʫ ʂʶʨʠ ʊʉ ~ 150 ʂ [2], ʢʦʪʦʨʘʷ 

ʷʚʣʷʝʪʩʷ ʥʝʜʦʩʪʘʪʦʯʥʦʡ ʜʣʷ ʰʠʨʦʢʦʛʦ ʧʨʘʢʪʠʯʝʩʢʦʛʦ ʧʨʠʤʝʥʝʥʠʷ. 

ʅʘʤʘʛʥʠʯʝʥʥʦʩʪʴ ʜʘʥʥʦʛʦ ʩʧʣʘʚʘ ʪʘʢʞʝ ʧʣʦʭʦ ʚʳʭʦʜʠʪ ʥʘ ʥʘʩʳʱʝ-

ʥʠʝ. ʂʘʢ ʠʟʚʝʩʪʥʦ, ʵʣʝʢʪʨʦʥʥʘʷ ʩʪʨʫʢʪʫʨʘ ʩʧʣʘʚʦʚ ɻʝʡʩʣʝʨʘ ʟʘʚʠ-

ʩʠʪ ʦʪ ʩʪʝʭʠʦʤʝʪʨʠʠ ʠ ʥʘʣʠʯʠʠ ʣʝʛʠʨʫʶʱʠʭ ʵʣʝʤʝʥʪʦʚ. ʉ ʫʯʝʪʦʤ 

ʪʦʛʦ, ʯʪʦ ʩʠʩʪʝʤʘ Fe2MnAl(Ni) ʧʦʢʘʟʘʣʘ ʭʦʨʦʰʠʝ ʩʚʝʨʭʧʣʘʩʪʠʯʥʳʝ 

ʩʚʦʡʩʪʚʘ [3], ʯʪʦ ʪʘʢʞʝ ʦʯʝʥʴ ʚʘʞʥʦ ʜʣʷ ʧʨʘʢʪʠʯʝʩʢʠʭ ʧʨʠʤʝʥʝʥʠʡ, 

ʥʘʤʠ ʙʳʣʦ ʧʨʠʥʷʪʦ ʨʝʰʝʥʠʝ ʠʩʧʦʣʴʟʦʚʘʪʴ Ni ʢʘʢ ʜʦʧʠʨʫʶʱʠʡ 

ʣɻʝʤʝʥʪ ʠ ʠʩʩʣʝʜʦʚʘʪʴ ʤʘʛʥʠʪʥʳʝ, ʪʨʘʥʩʧʦʨʪʥʳʝ ʩʚʦʡʩʪʚʘ ʠ ʵʬ-

ʬʝʢʪ ʍʦʣʣʘ ʙʳʩʪʨʦʟʘʢʘʣʝʥʥʳʭ ʣʝʥʪ Fe43.5Mn34Al 15Ni7.5. 

ʆʙʨʘʟʮʳ ʚ ʚʠʜʝ ʣʝʥʪ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʤʝʪʦʜʦʤ ʙʳʩʪʨʦʡ ʟʘʢʘʣʢʠ 

ʠʟ ʨʘʩʧʣʘʚʘ (ʤʝʪʦʜʦʤ ʩʧʠʥʥʠʥʛʦʚʘʥʠʷ). ʉʨʝʜʥʠʡ ʨʘʟʤʝʨ ʟʝʨʝʥ ʚ 

ʣʝʥʪʘʭ ʙʳʣ ʦʢʦʣʦ 5 ʤʢʤ, ʘ ʪʦʣʱʠʥʘ ʣʝʥʪ ʙʳʣʘ ʦʢʦʣʦ 50 ʤʢʤ. 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʤʠʢʨʦʩʪʨʫʢʪʫʨʳ ʧʦʢʘʟʘʣʦ, ʯʪʦ ʦʙʨʘʟʮʳ ʜʚʫʭʬʘʟ-

ʥʳʝ. ʇʨʝʠʤʫʱʝʩʪʚʝʥʥʘʷ ʬʘʟʘ Ŭ ʆʎʂ ʟʘʥʠʤʘʝʪ 88% ʦʪ ʦʙʱʝʛʦ ʦʙ̡-

ʝʤʘ, ʘ ʬʘʟʘ ɔ' ɻʎʂ ʟʘʥʠʤʘʝʪ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ 12%. ʇʘʨʘʤʝʪʨʳ ʨʝʰʝ-

ʪʦʢ ʩʦʩʪʘʚʣʷʶʪ 0.2912 ʥʤ ʠ 0.3669 ʥʤ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʚ ʪʦ ʚʨʝʤʷ 
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ʢʘʢ ʥʝʜʦʧʠʨʦʚʘʥʥʳʡ ʩʧʣʘʚ Fe2MnAl  ʙʳʣ ʦʜʥʦʬʘʟʥʳʤ ʧʦ ʪʠʧʫ ʫʧʦ-

ʨʷʜʦʯʝʥʠʷ ɸ2 ʩ ʧʘʨʘʤʝʪʨʦʤ ʨʝʰʝʪʢʠ 0.5836 ʥʤ [2]. 

ʂʨʠʚʳʝ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ ʠʤʝʶʪ ʪʠʧʠʯʥʳʡ ʭʘʨʘʢʪʝʨ ʜʣʷ ʬʝʨʨʦ-

ʤʘʛʥʠʪʥʳʭ ʤʘʪʝʨʠʘʣʦʚ, ʦʥʠ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʧʦʣʫʯʝʥʥʳʡ ʩʧʣʘʚ 

ʜʦʩʪʠʛʘʝʪ ʥʘʩʳʱʝʥʠʷ ʚ ʤʘʣʳʭ ʧʦʣʷʭ ʚ ʰʠʨʦʢʦʤ ʪʝʤʧʝʨʘʪʫʨʥʦʤ 

ʜʠʘʧʘʟʦʥʝ, ʠʩʢʣʶʯʝʥʠʝ ʩʦʩʪʘʚʣʷʝʪ ʪʝʤʧʝʨʘʪʫʨʘ 350 ʂ, ʧʨʠ ʢʦʪʦʨʦʡ 

ʚʳʭʦʜ ʥʘ ʥʘʩʳʱʝʥʠʝ ʧʨʦʠʩʭʦʜʠʪ ʧʣʦʭʦ. ɿʥʘʯʝʥʠʝ ʥʘʤʘʛʥʠʯʝʥʥʦ-

ʩʪʠ ʥʘʩʳʱʝʥʠʷ ʩʦʩʪʘʚʣʷʝʪ 92 ɸĿʤ
2
/ʢʛ ʧʨʠ 10 ʂ. 

ʀʥʪʝʨʝʩ ʧʨʝʜʩʪʘʚʣʷʝʪ ʘʥʦʤʘʣʴʥʦʝ ʧʦʚʝʜʝʥʠʝ ʫʜʝʣʴʥʦʛʦ ʵʣʝʢ-

ʪʨʦʩʦʧʨʦʪʠʚʣʝʥʠʷ. ʆʥʦ ʪʘʢʞʝ ʩʣʘʙʦ ʤʝʥʷʝʪʩʷ ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ, ʢʘʢ 

ʠ ʚ ʩʧʣʘʚʝ  Fe2MnAl, ʦʜʥʘʢʦ ʊʉ ʠʤʝʝʪ ʟʥʘʯʝʥʠʝ ʤʥʦʛʦ ʙʦʣʴʰʝ 350 

ʂ, ʯʪʦ ʟʥʘʯʠʪʝʣʴʥʦ ʚʳʰʝ ʊʉ ʨʦʜʠʪʝʣʴʩʢʦʛʦ ʩʦʩʪʘʚʘ. ʇʨʠ ʪʝʤʧʝʨʘ-

ʪʫʨʝ ~ 200 ʂ ʧʨʦʠʩʭʦʜʠʪ ʨʝʟʢʘʷ ʩʤʝʥʘ ʭʦʜʘ ʫʜʝʣʴʥʦʛʦ ʵʣʝʢʪʨʦʩʦ-

ʧʨʦʪʠʚʣʝʥʠʷ ʩ ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚʦʛʦ ʥʘ ʤʝʪʘʣʣʠʯʝʩʢʠʡ. 

ʉ ʮʝʣʴʶ ʜʘʣʴʥʝʡʰʝʛʦ ʦʧʨʝʜʝʣʝʥʠʷ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʘʥʦʤʘʣʴʥʦʛʦ 

ʠ ʥʦʨʤʘʣʴʥʦʛʦ ʵʬʬʝʢʪʦʚ ʍʦʣʣʘ ʙʳʣʠ ʩʥʷʪʳ ʢʨʠʚʳʝ ʍʦʣʣʦʚʩʢʦʛʦ 

ʩʦʧʨʦʪʠʚʣʝʥʠʷ. ɿʥʘʯʝʥʠʷ ʭʦʣʣʦʚʩʢʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʫʚʝʣʠʯʠʚʘ-

ʶʪʩʷ ʩ ʧʦʥʠʞʝʥʠʝʤ ʪʝʤʧʝʨʘʪʫʨʳ ʦʪ 2.1Ā10
-6
 ʆʤĀʩʤ ʜʦ 3.1Ā10

-6
 ʆʤĀʩʤ 

ʚ ʧʦʣʷʭ ʥʘʩʳʱʝʥʠʷ. ʂʨʠʚʳʝ ʪʘʢʞʝ ʠʤʝʶʪ ʭʘʨʘʢʪʝʨ ʪʠʧʠʯʥʳʡ ʜʣʷ 

ʬʝʨʨʦʤʘʛʥʠʪʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʠ ʛʦʚʦʨʷʪ ʦ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦʡ ʨʦʣʠ 

ʜʳʨʦʯʥʦʡ ʧʨʦʚʦʜʠʤʦʩʪʠ ʩʧʣʘʚʘ. ɺʳʯʠʩʣʝʥʥʳʝ ʛʨʘʬʠʯʝʩʢʠʤ ʤʝʪʦ-

ʜʦʤ ʢʦʵʬʬʠʮʠʝʥʪʳ ʘʥʦʤʘʣʴʥʦʛʦ ʠ ʥʦʨʤʘʣʴʥʦʛʦ ʵʬʬʝʢʪʦʚ ʍʦʣʣʘ 

ʠʤʝʶʪ ʟʥʘʯʝʥʠʷ ʧʦʨʷʜʢʘ 10
-2
 ʠ 10

-3
 ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ.    
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ʉʪʨʫʢʪʫʨʳ ʥʘ ʦʩʥʦʚʝ ZnO ʧʨʠʚʣʝʢʘʶʪ ʙʦʣʴʰʦʝ ʚʥʠʤʘʥʠʝ ʙʣʘ-

ʛʦʜʘʨʷ ʥʘʣʠʯʠʶ ʫʥʠʢʘʣʴʥʳʭ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʠ ʦʧʪʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ. 

ɹʣʘʛʦʜʘʨʷ ʙʦʣʴʰʦʡ ʵʥʝʨʛʠʠ ʩʚʷʟʠ ʵʢʩʠʪʦʥʘ (60 ʤʵɺ) ʦʢʩʠʜ ʮʠʥʢʘ 

ʧʝʨʩʧʝʢʪʠʚʝʥ ʜʣʷ ʛʝʥʝʨʘʮʠʠ ʠʟʣʫʯʝʥʠʷ ʚ ʙʣʠʞʥʝʤ ʫʣʴʪʨʘʬʠʦʣʝʪʝ 

(ʋʌ) ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʘʭ, ʜʦʩʪʠʛʘʶʱʠʭ 550 ʂ. ʎʝʣʴʶ ʥʘʩʪʦʷʱʝʡ 

ʨʘʙʦʪʳ ʷʚʠʣʦʩʴ ʠʟʫʯʝʥʠʝ ʚʣʠʷʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ ʦʪʞʠʛʘ ʥʘ ʣʶʤʠ-

ʥʝʩʮʝʥʮʠʶ ʥʘʥʦʩʪʝʨʞʥʝʡ ZnO. 

ʅʘʥʦʩʪʝʨʞʥʠ ʦʢʩʠʜʘ ʮʠʥʢʘ ʧʦʣʫʯʘʣʠ, ʟʦʣʴ-ʛʝʣʴ ʤʝʪʦʜʦʤ ʥʘ 

ʩʪʝʢʣʷʥʥʳʭ ʧʦʜʣʦʞʢʘʭ ʩ ʟʘʪʨʘʚʦʯʥʳʤ ʩʣʦʝʤ. ɼʘʣʝʝ ʦʙʨʘʟʮʳ ʦʪʞʠ-

ʛʘʣʠ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʘʭ 160, 200, 250, 300, 350, 400 ʠ 450ÁC ʚ ʪʝʯʝ-

ʥʠʝ ʯʘʩʘ. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʧʦʣʫʯʝʥʥʳʝ ʥʘʥʦʩʪʝʨʞʥʠ ʦʙʣʘʜʘʶʪ 

ʛʝʢʩʘʛʦʥʘʣʴʥʦʡ ʬʦʨʤʦʡ, ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦʝ ʥʘʧʨʘʚʣʝʥʠʝ ʨʦʩʪʘ 

ʙʣʠʟʢʦʝ ʢ ʥʦʨʤʘʣʴʥʦʤʫ. ʇʨʠ ʵʪʦʤ ʫ ʦʙʨʘʟʮʦʚ ʧʨʝʦʙʣʘʜʘʝʪ ʢʨʠʩʪʘʣ-

ʣʠʯʝʩʢʘʷ ʦʨʠʝʥʪʘʮʠʷ (002), ʭʘʨʘʢʪʝʨʥʘʷ ʜʣʷ ʥʘʥʦʩʪʦʣʙʠʢʦʚ ZnO. 

ʂʘʢ ʧʦʢʘʟʘʣʠ ʨʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʣʶʤʠʥʝʩʮʝʥʮʠʠ ʥʘʥʦ-

ʩʪʝʨʞʥʝʡ ZnO, ʚ ʠʭ ʩʧʝʢʪʨʝ ʠʟʣʫʯʝʥʠʷ (ʠʟʤʝʨʝʥʠʷ ʧʨʦʚʦʜʠʣʠʩʴ 

ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ) ʧʨʝʦʙʣʘʜʘʶʪ ʵʢʩʠʪʦʥʥʦʝ (380ʥʤ), ʟʝ-

ʣʝʥʦʝ (520 ʥʤ) ʠ ʢʨʘʩʥʦʝ (600 ʥʤ) ʩʚʝʯʝʥʠʝ. 

ʅʘ ʨʠʩʫʥʢʝ 1 ʧʦʢʘʟʘʥʦ ʚʣʠʷʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʦʪʞʠʛʘ ʥʘ ʠʥʪʝʥ-

ʩʠʚʥʦʩʪʴ ʧʦʣʦʩ ʚʠʜʠʤʦʡ ʠ ʵʢʩʠʪʦʥʥʦʡ ʣʶʤʠʥʝʩʮʝʥʮʠʠ. 

ʅʘʠʙʦʣʝʝ ʠʥʪʝʥʩʠʚʥʘʷ ʋʌ ʣʶʤʠʥʝʩʮʝʥʮʠʷ ʥʘʙʣʶʜʘʝʪʩʷ ʧʨʠ 

ʪʝʤʧʝʨʘʪʫʨʝ ʦʪʞʠʛʘ 400Áʉ, ʢʦʛʜʘ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʚʠʜʠʤʦʛʦ ʩʚʝʯʝ-

ʥʠʷ ʤʠʥʠʤʘʣʴʥʘ. ʅʘʠʙʦʣʝʝ ʠʥʪʝʥʩʠʚʥʘʷ ʚʠʜʠʤʘʷ ʣʶʤʠʥʝʩʮʝʥʮʠʷ 

ʥʘʙʣʶʜʘʝʪʩʷ ʫ ʥʝʦʪʦʞʞʝʥʥʦʛʦ ʦʙʨʘʟʮʘ 25 Áʉ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʚʝʣʠʢʘ 

ʢʦʥʮʝʥʪʨʘʮʠʷ ʚʘʢʘʥʩʠʡ ʮʠʥʢʘ ʠ ʢʠʩʣʦʨʦʜʘ, ʘ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʫʚʝ-

ʣʠʯʠʚʘʝʪʩʷ ʚʝʨʦʷʪʥʦʩʪʴ ʦʙʨʘʟʦʚʘʥʠʷ ʮʝʥʪʨʦʚ VZn ï VO, ʥʘ ʥʘʣʠʯʠʝ 

ʢʦʪʦʨʳʭ ʫʢʘʟʳʚʘʣʦʩʴ ʚ ʨʘʙʦʪʝ [1]. ʉʥʠʞʝʥʠʝ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʚʠʜʠ-

ʤʦʡ ʣʶʤʠʥʝʩʮʝʥʮʠʠ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ ʦʪʞʠʛʘ 250ÁC ʤʦʞʝʪ ʙʳʪʴ 

ʩʚʷʟʘʥʦ ʩ ʫʤʝʥʴʰʝʥʠʝʤ ʢʦʥʮʝʥʪʨʘʮʠʠ ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʜʝʬʝʢʪʦʚ ʟʘ 
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ʩʯʝʪ ʜʝʩʦʨʙʮʠʠ ʛʠʜʨʦʢʩʠ- ʠ ʘʢʚʘʢʦʤʧʣʝʢʩʦʚ ʮʠʥʢʘ ʩ ʧʦʚʝʨʭʥʦʩʪʠ 

ʥʘʥʦʩʪʝʨʞʥʝʡ. 

 
ʈʠʩ.1. ɺʣʠʷʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʦʪʞʠʛʘ ʥʘ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʬʦʪʦʣʶʤʠʥʝʩʮʝʥ-

ʮʠʠ ʥʘʥʦʩʪʝʨʞʥʝʡ ʦʢʩʠʜʘ ʮʠʥʢʘ: ʩʠʥʠʡ ʮʚʝʪ - ʵʢʩʠʪʦʥʥʘʷ ʣʶʤʠʥʝʩʮʝʥʮʠʷ 

(ʤʘʢʩʠʤʫʤ 380 ʥʤ), ʟʝʣʝʥʳʡ - ʧʦʣʦʩʘ ʩʚʝʯʝʥʠʷ ʩ ʤʘʢʩʠʤʫʤʦʤ 520 ʥʤ, 

ʢʨʘʩʥʳʡ - ʩ ʤʘʢʩʠʤʫʤʦʤ 600 ʥʤ 

 

ɼʘʣʴʥʝʡʰʠʡ ʨʦʩʪ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʩʚʝʯʝʥʠʷ ʧʨʠ ʦʪʞʠʛʝ ʜʦ 350 Áʉ 

ʩʚʷʟʘʥ ʩ ʨʦʩʪʦʤ ʢʦʥʮʝʥʪʨʘʮʠʠ ʘʩʩʦʮʠʠʨʦʚʘʥʥʳʭ ʮʝʥʪʨʦʚ ʣʶʤʠʥʝʩ-

ʮʝʥʮʠʠ ʟʘ ʩʯʝʪ ʫʚʝʣʠʯʝʥʠʷ ʢʦʥʮʝʥʪʨʘʮʠʠ ʚʘʢʘʥʩʠʡ ʮʠʥʢʘ ʚ ʦʙʲʝʤʝ 

ʩʪʝʨʞʥʝʡ. ʇʘʜʝʥʠʝ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʢʘʢ ʵʢʩʠʪʦʥʥʦʡ ʪʘʢ ʠ ʚʠʜʠʤʦʡ 

ʣʶʤʠʥʝʩʮʝʥʮʠʠ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʘʭ ʦʪʞʠʛʘ ʙʦʣʝʝ 400 Áʉ, ʧʦ-

ʚʠʜʠʤʦʤʫ, ʧʨʦʠʩʭʦʜʠʪ ʚ ʨʝʟʫʣʴʪʘʪʝ ʬʦʨʤʠʨʦʚʘʥʠʷ ʙʦʣʴʰʦʛʦ ʢʦʣʠ-

ʯʝʩʪʚʘ ʙʝʟʠʟʣʫʯʘʪʝʣʴʥʳʭ ʮʝʥʪʨʦʚ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʨʦʩʪʘ ʢʦʣʠʯʝʩʪʚʘ 

ʜʝʬʝʢʪʦʚ, ʦʙʣʘʜʘʶʱʠʭ ʚʳʩʦʢʦʡ ʵʥʝʨʛʠʝʡ ʘʢʪʠʚʘʮʠʠʠ ʠ ʢʦʤʧʣʝʢʩʦʚ 

ʩ ʠʭ ʫʯʘʩʪʠʝʤ. 

 

ʃʠʪʝʨʘʪʫʨʘ 

1. R. Vidya, P. Ravindran, H. Fjellvag and other Energetics of intrin-

sic defects and their complexes in ZnO investigated by density function-

al calculations PHYSICAL REVIEW B Vol.83, P.045206 (2011) 
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ʉʝʚʝʨʦ-ɺʦʩʪʦʯʥʳʡ ʬʝʜʝʨʘʣʴʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤ. ʄ.ʂ. ɸʤʤʦʩʦʚʘ, 

ʛ. ʗʢʫʪʩʢ 

ʂʦʥʪ. ʪʝʣ.: +79992451327 

E-mail: Solovevbogdan@gmail.com 

 

ʎʝʣʴʶ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʠʩʩʣʝʜʦʚʘʥʠʝ ʚʦʟʜʝʡʩʪʚʠʷ ʦʙʨʘ-

ʙʦʪʢʠ ʚ ʧʣʘʟʤʝ SF6 ʥʘ ʩʪʨʫʢʪʫʨʥʳʝ ʠ ʵʣʝʢʪʨʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʦʢʩʠ-

ʜʘ ʛʨʘʬʝʥʘ. ɺʚʝʜʝʥʠʝ ʘʪʦʤʦʚ ʬʪʦʨʘ ʚ ʩʪʨʫʢʪʫʨʫ ʦʢʩʠʜʘ ʛʨʘʬʝʥʘ 

(ʆɻ) ʟʘ ʩʯʝʪ ʩʠʣʴʥʳʭ ʩʚʷʟʝʡ C-F ʧʦʚʳʰʘʝʪ ʝʛʦ ʦʢʠʩʣʠʪʝʣʴʥʫʶ ʠ 

ʪʝʧʣʦʚʫʶ ʩʪʘʙʠʣʴʥʦʩʪʴ ʜʦ ʪʝʤʧʝʨʘʪʫʨ 400 
0
ʉ [1], ʯʪʦ ʠʤʝʝʪ ʥʝʤʘ-

ʣʦʚʘʞʥʦʝ ʟʥʘʯʝʥʠʝ ʧʨʠ ʩʦʟʜʘʥʠʠ ʥʘʥʦʵʣʝʢʪʨʦʥʥʳʭ ʧʨʠʙʦʨʦʚ. 
ʌʪʦʨʠʨʦʚʘʥʥʳʡ ʆɻ ʧʨʝʜʩʪʘʚʣʷʝʪ ʠʥʪʝʨʝʩ ʜʣʷ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʧʨʠ-

ʣʦʞʝʥʠʡ ʚ ʢʘʯʝʩʪʚʝ ʙʠʦʩʝʥʩʦʨʦʚ, ʢʦʥʪʨʘʩʪʥʳʭ ʮʝʥʪʨʦʚ ʚ ʄʈʊ ʠ 

ʋɿʀ [2]. ɺ ʨʘʙʦʪʝ ʬʪʦʨʠʨʦʚʘʥʠʝ ʆɻ, ʧʦʣʫʯʝʥʥʦʛʦ ʤʦʜʠʬʠʮʠʨʦʚʘʥ-

ʥʳʤ ʤʝʪʦʜʦʤ ʍʘʤʤʝʨʩʘ, ʧʨʦʚʝʜʝʥʦ ʚ ʧʣʘʟʤʝ SF6 ʚ ʜʠʘʧʘʟʦʥʝ ʤʦʱ-

ʥʦʩʪʝʡ ʦʪ 100 ʜʦ 350 ɺʪ, ʜʣʠʪʝʣʴʥʦʩʪʴʶ ʜʦ 10 ʤʠʥ ʧʨʠ ʩʢʦʨʦʩʪʠ 

ʧʦʪʦʢʘ ʛʘʟʘ ʦʪ 50 ʜʦ 100 ʩʤ
3
/ʤʠʥ. ʕʣʝʢʪʨʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ʠʟʤʝʨʷʣʠʩʴ ʜʚʫʭʟʦʥʜʦʚʳʤ ʤʝʪʦʜʦʤ. ɼʣʷ ʛʝʥʝʨʘʮʠʠ ʧʣʘʟʤʳ ʠʩʧʦʣʴ-

ʟʦʚʘʥʳ ʠʥʜʫʢʮʠʦʥʥʳʝ ʠ ʝʤʢʦʩʪʥʳʝ ʛʝʥʝʨʘʪʦʨʳ. ʀʟʤʝʨʝʥʠʷ ʩʧʝʢ-

ʪʨʦʚ ʢʦʤʙʠʥʘʮʠʦʥʥʦʛʦ ʨʘʩʩʝʷʥʠʷ (çʀʥʪʝʛʨʘ ʉʧʝʢʪʨʘè, ʅʊ ʄɼʊ) ʥʝ 

ʧʦʢʘʟʘʣʠ ʫʚʝʣʠʯʝʥʠʷ ʧʠʢʘ D, ʦʪʥʦʩʠʪʝʣʴʥʦ ʣʠʥʠʠ G, ʯʪʦ ʦʟʥʘʯʘʝʪ 

ʦʪʩʫʪʩʪʚʠʝ ʟʘʤʝʪʥʦʛʦ ʜʝʬʝʢʪʦʦʙʨʘʟʦʚʘʥʠʷ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʆɻ. ʀʟ 

ʠʩʩʣʝʜʦʚʘʥʠʡ ʤʝʪʦʜʦʤ ʵʥʝʨʛʦʜʠʩʧʝʨʩʠʦʥʥʦʛʦ ʘʥʘʣʠʟʘ (çINCA En-

ergyè, Oxford Instruments) ʦʙʥʘʨʫʞʝʥʦ, ʯʪʦ ʩʦʜʝʨʞʘʥʠʝ ʬʪʦʨʘ ʥʘ 

ʧʦʚʝʨʭʥʦʩʪʠ ʆɻ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦ ʤʦʱʥʦʩʪʠ ʧʣʘʟ-

ʤʳ, ʪʘʢʞʝ, ʢʘʢ ʠ ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ ʚʨʝʤʝʥʠ ʦʙʨʘʙʦʪʢʠ.  ʀʟʤʝʨʝʥʠʷ 

ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ (çEcopia 5000 HMSè) ʧʦʢʘʟʘʣʠ ʧʦʩʪʝ-

ʧʝʥʥʦʝ ʚʦʟʨʘʩʪʘʥʠʝ ʩʦʧʨʦʪʠʚʣʝʥʠʡ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʚʨʝʤʝʥʠ ʵʢʩ-

ʧʦʟʠʮʠʠ ʦʙʨʘʟʮʦʚ ʚ ʧʣʘʟʤʝ. ʅʘ ʨʠʩʫʥʢʝ 1 ʧʦʢʘʟʘʥʦ, ʯʪʦ ʵʪʦ ʫʚʝʣʠ-

ʯʝʥʠʝ ʩʦʜʝʨʞʘʥʠʷ ʬʪʦʨʘ ʠʜʝʪ ʢʘʢ ʦʪʥʦʩʠʪʝʣʴʥʦ ʢʦʣʠʯʝʩʪʚʘ ʢʠʩʣʦ-

ʨʦʜʘ, ʪʘʢ ʠ ʫʛʣʝʨʦʜʘ. ʇʨʝʜʧʦʣʦʞʠʪʝʣʴʥʦ, ʵʪʦ ʦʙʫʩʣʦʚʣʝʥʦ ʪʝʤ, ʯʪʦ 

ʧʨʠ ʚʦʟʜʝʡʩʪʚʠʠ ʧʣʘʟʤʳ ʧʨʦʠʩʭʦʜʠʪ ʬʦʨʤʠʨʦʚʘʥʠʝ C ï F ʩʚʷʟʝʡ ʩ 

mailto:Solovevbogdan@gmail.com
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ʫʛʣʝʨʦʜʥʦʡ ʤʘʪʨʠʮʝʡ ʆɻ ʠ ʫʜʘʣʝʥʠʝ ʛʠʜʨʦʢʩʠʣʴʥʳʭ ʠ ʵʧʦʢʩʠʜʥʳʭ 

ʛʨʫʧʧ. ɺ ʨʘʙʦʪʝ ʧʨʦʚʦʜʠʪʩʷ ʦʙʩʫʞʜʝʥʠʝ ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ. 

 

 
 

ʈʠʩ.1.ɿʘʚʠʩʠʤʦʩʪʴ F/C ʠ F/O ʦʪ ʚʨʝʤʝʥʠ ʦʙʨʘʙʦʪʢʠ ʚ ʧʣʘʟʤʝ SF6. 

 

ʃʠʪʝʨʘʪʫʨʘ 

1. Mathkar A., Narayanan T.N., Alemany L.B, Cox P., Nguyen P., 

Gao G., P. Chang, R. Romero-Aburto, Mani S. A., and P. M. Ajayan. 

Synthesis of Fluorinated Graphene Oxide and its Amphiphobic Proper-

ties. Part. Part. Syst. Charact., 30, 266ï272. (2013) 

2. R. Romero-Aburto, Y. Wang, W. C. Lee, K. K. Manga, P. K. Ang, 

J. Lu, Y. P. Liu, C. T. Lim, K. P. Loh. Fluorinated Graphene for Pro-

moting Neuro-Induction of Stem Cells. Adv. Mater., 24 (31), ʨ.4285-

4290 (2012) 
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ʅɸʅʆʂʈʀʉʊɸʃʃʓ GASB ɺʓʈɸʑɽʅʅʓɽ ʄɽʊʆɼʆʄ 

ʊɺɪʈɼʆʌɸɿʅʆʁ ʕʇʀʊɸʂʉʀʀ ʀ ɺʉʊʈʆɽʅʅʓɽ ɺ  

ʄʆʅʆʂʈʀʉʊɸʃʃʀʏɽʉʂʀʁ ʂʈɽʄʅʀʁ 

 

ɽ.ʖ. ʉʫʙʙʦʪʠʥ 
ʘ
, ʄ.ɺ. ɹʦʞʝʥʢʦ 

ʘ
, ɽ.ɸ. ʏʫʩʦʚʠʪʠʥ 

a
,  

ɼ.ʃ. ɻʦʨʦʰʢʦ 
a, b 
, ʉ.ɸ. ɼʦʮʝʥʢʦ 

a,b
, ʉ.ɺ. ʏʫʩʦʚʠʪʠʥʘ 

a
,  

ɸ.ɺ. ʐʝʚʣʷʛʠʥ 
a
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a, b
, ɸ.ʂ. ɻʫʪʘʢʦʚʩʢʠʡ 

c,d 

a 
ʀʥʩʪʠʪʫʪ ʘʚʪʦʤʘʪʠʢʠ ʠ ʧʨʦʮʝʩʩʦʚ ʫʧʨʘʚʣʝʥʠʷ ɼɺʆ ʈɸʅ, ʫʣ. ʈʘʜʠʦ 5, 

690041 ɺʣʘʜʠʚʦʩʪʦʢ, ʈʦʩʩʠʷ 
b
 ɼʘʣʴʥʝʚʦʩʪʦʯʥʳʡ ʬʝʜʝʨʘʣʴʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ, ʐʢʦʣʘ ʝʩʪʝʩʪʚʝʥʥʳʭ 

ʥʘʫʢ, ʫʣ. ʉʫʭʘʥʦʚʘ 8, 690950 ɺʣʘʜʠʚʦʩʪʦʢ, ʈʦʩʩʠʷ 
c
 ʀʥʩʪʠʪʫʪ ʬʠʟʠʢʠ ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚ ʠʤ. ɸ.ɺ. ʈʞʘʥʦʚʘ, ʉʆ ʈɸʅ, ʧp. ʘʢ. 

ʃʘʚpʝʥʪʴʝʚʘ 13, 630090 ʅʦʚʦʩʠʙʠʨʩʢ, ʈʦʩʩʠʷ 
d
 ʅʦʚʦʩʠʙʠʨʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ, ʫʣ. ʇʠʨʦʛʦʚʘ 2, 630090 

ʅʦʚʦʩʠʙʠʨʩʢ, ʈʦʩʩʠʷ 

ɸʚʪʦʨ-ʜʦʢʣʘʜʯʠʢ: ɽ.ʖ. ʉʫʙʙʦʪʠʥ, +7-914-795-04-51, jons712@mail.ru 

 

ʈʘʟʚʠʪʠʝ ʩʦʚʨʝʤʝʥʥʳʭ ʢʨʝʤʥʠʝʚʳʭ ʠʥʪʝʛʨʘʣʴʥʳʭ ʩʭʝʤ (ʀʉ) 

ʩʪʦʣʢʥʫʣʦʩʴ ʩ ʧʨʦʙʣʝʤʘʤʠ ʥʠʟʢʦʡ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʠ ʧʦʪʝʨʷʤʠ 

ʚ ʤʝʪʘʣʣʠʯʝʩʢʠʭ ʤʝʞʩʦʝʜʠʥʝʥʠʷʭ. ɺʦʟʤʦʞʥʳʤ ʨʝʰʝʥʠʝʤ ʷʚʣʷʝʪʩʷ 

ʧʝʨʝʭʦʜ ʥʘ ʦʧʪʠʯʝʩʢʠʝ ʤʝʞʩʦʝʜʠʥʝʥʠʷ [1]. ʇʦʩʢʦʣʴʢʫ ʩʘʤ ʧʦ ʩʝʙʝ 

ʢʨʝʤʥʠʡ ʥʝ ʤʦʞʝʪ ʵʬʬʝʢʪʠʚʥʦ ʠʟʣʫʯʘʪʴ ʩʚʝʪ ʚ ʦʢʥʘʭ ʧʨʦʟʨʘʯʥʦʩʪʠ 

ʢʚʘʨʮʝʚʦʛʦ ʦʧʪʦʚʦʣʦʢʥʘ (0.8 ï 1.67 ʤʢʤ) ʠ ʧʦʛʣʦʱʘʪʴ ʝʛʦ ʥʘ ʜʣʠʥʝ 

ʚʦʣʥʳ ʙʦʣʝʝ 1.1 ʤʢʤ, ʪʦ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʢʨʝʤʥʠʷ ʥʝʦʙʭʦʜʠʤʦ 

ʩʬʦʨʤʠʨʦʚʘʪʴ ʪʦʥʢʠʡ ʩʣʦʡ, ʠʣʠ ʤʘʩʩʠʚ ʥʘʥʦʢʨʠʩʪʘʣʣʦʚ ʧʨʷʤʦʟʦʥ-

ʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʩ ʧʦʜʭʦʜʷʱʝʡ ʰʠʨʠʥʦʡ ʟʘʧʨʝʱʝʥʥʦʡ ʟʦʥʳ. ʆʜʥʠʤ 

ʠʟ ʪʘʢʠʭ ʤʘʪʝʨʠʘʣʦʚ ʷʚʣʷʝʪʩʷ ʘʥʪʠʤʦʥʠʜ ʛʘʣʣʠʷ (GaSb).  

ɽʩʪʴ ʜʚʝ ʦʩʥʦʚʥʳʝ ʧʨʦʙʣʝʤʳ ʧʨʠ ʛʝʪʝʨʦʵʧʠʪʘʢʩʠʠ GaSb ʥʘ 

ʢʨʝʤʥʠʝʚʦʡ ʧʦʜʣʦʞʢʝ: (I) ʚ ʦʪʣʠʯʠʝ ʦʪ ʢʨʝʤʥʠʷ GaSb ʠʤʝʝʪ ʧʦʣʷʨ-

ʥʫʶ ʢʨʠʩʪʘʣʣʠʯʝʩʢʫʶ ʨʝʰʝʪʢʫ; (II) ʢʨʝʤʥʠʡ ʠ GaSb ʠʤʝʶʪ ʙʦʣʴ-

ʰʦʝ ʥʝʩʦʦʪʚʝʪʩʪʚʠʝ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʨʝʰʝʪʦʢ (ʦʢʦʣʦ 12.6%), ʯʪʦ 

ʧʨʠʚʦʜʠʪ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʙʦʣʴʰʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʜʝʬʝʢʪʦʚ. ʆʞʠʜʘʝʪ-

ʩʷ, ʯʪʦ ʬʦʨʤʠʨʦʚʘʥʠʝ GaSb ʚ ʚʠʜʝ ʥʘʥʦʢʨʠʩʪʘʣʣʦʚ (ʅʂ) ʨʘʟʤʝʨʦʤ 

ʤʝʥʝʝ 50 ʥʤ ʚʤʝʩʪʦ ʩʧʣʦʰʥʦʡ ʧʣʝʥʢʠ GaSb ʧʦʤʦʞʝʪ ʨʝʰʠʪʴ ʵʪʫ 

ʧʨʦʙʣʝʤʫ, ʧʦʵʪʦʤʫ ʮʝʣʴʶ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʩʪʘʣʦ ʩʦʟʜʘʥʠʝ ʚʩʪʨʦʝʥ-

ʥʳʭ ʚ ʢʨʝʤʥʠʡ ʅʂ GaSb. ʅʘʥʦʢʨʠʩʪʘʣʣʳ ʙʳʣʠ ʩʬʦʨʤʠʨʦʚʘʥʳ ʤʝ-

ʪʦʜʦʤ ʪʚʝʨʜʦʬʘʟʥʦʡ ʵʧʠʪʘʢʩʠʠ (ʊʌʕ) ʚ ʩʦʯʝʪʘʥʠʠ ʩ ʦʪʞʠʛʦʤ ʧʨʠ 

ʪʝʤʧʝʨʘʪʫʨʝ 200 ï 500 ÁC, ʘ ʚʩʪʨʘʠʚʘʥʠʝ ʚ ʢʨʝʤʥʠʡ ʦʩʫʱʝʩʪʚʣʷʣʦʩʴ 
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ʤʝʪʦʜʦʤ ʤʦʣʝʢʫʣʷʨʥʦ-ʣʫʯʝʚʦʡ ʵʧʠʪʘʢʩʠʠ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʘʭ 300 ï

 500 Áʉ.  

ʅʘ ʦʩʥʦʚʘʥʠʠ ʜʘʥʥʳʭ ʇʕʄ, ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜ ʦ ʪʦʤ, ʯʪʦ 

ʧʨʠʤʝʥʸʥʥʳʡ ʤʝʪʦʜ ʨʦʩʪʘ ʧʦʢʨʳʚʘʶʱʝʛʦ ʩʣʦʷ Si ʧʦʟʚʦʣʷʝʪ ʧʦʣʥʦ-

ʩʪʴʶ ʚʩʪʨʦʠʪʴ ʅʂ GaSb (ʨʠʩ. 1). ʏʪʦʙʳ ʧʦʢʘʟʘʪʴ ʚʦʟʤʦʞʥʦʩʪʴ ʫʚʝ-

ʣʠʯʝʥʠʷ ʢʦʣʠʯʝʩʪʚʘ ʩʣʦʸʚ ʅʂ GaSb ʙʳʣʘ ʩʬʦʨʤʠʨʦʚʘʥʘ ʜʚʫʭʩʣʦʡ-

ʥʘʷ ʢʨʝʤʥʠʝʚʘʷ ʛʝʪʝʨʦʩʪʨʫʢʪʫʨʘ, ʢʦʪʦʨʘʷ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʤʦ-

ʥʦʢʨʠʩʪʘʣʣʠʯʝʩʢʠʝ ʩʣʦʠ ʢʨʝʤʥʠʷ ʩ ʚʩʪʨʦʝʥʥʳʤʠ ʅʂ GaSb. ʅʝʩʦʦʪ-

ʚʝʪʩʪʚʠʝ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʨʝʰʝʪʦʢ ʅʂ GaSb ʠ Si ʙʳʣʦ ʧʦʯʪʠ ʧʦʣ-

ʥʦʩʪʴʶ ʨʝʣʘʢʩʠʨʦʚʘʥʦ ʟʘ ʩʯʸʪ ʢʨʘʝʚʳʭ ʜʠʩʣʦʢʘʮʠʡ, ʦʙʨʘʟʦʚʘʚʰʠʭ-

ʩʷ ʧʦ ʚʩʝʤʫ ʧʝʨʠʤʝʪʨʫ ʅʂ.  

 

 
ʈʠʩ. 1. ʆʙʟʦʨʥʦʝ ʇʕʄ ʠʟʦʙʨʘʞʝʥʠʝ ʧʦʧʝʨʝʯʥʦʛʦ ʩʝʯʝʥʠʷ ʦʜʥʦʩʣʦʡʥʦ-

ʛʦ ʦʙʨʘʟʮʘ (ʘ) ʠ ʠʟʦʙʨʘʞʝʥʠʝ ʇʕʄɺʈ ʚʳʙʨʘʥʥʦʛʦ ʅʂ GaSb (ʙ) ʩ ʩʦʦʪʚʝʪ-

ʩʪʚʫʶʱʝʡ ʢʘʨʪʠʥʦʡ ɹʇʌ (ʚ). 

ʈʘʙʦʪʘ ʙʳʣʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʧʦʜʜʝʨʞʢʝ ʈʦʩʩʠʡʩʢʦʛʦ ʬʦʥʜʘ ʬʫʥ-

ʜʘʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ (ʛʨʘʥʪʳ ˉ 17-52-52013 ʄʅʊ_a ʠ ˉ 

16-29-03240 ʦʬʠ-ʤ). ʀʩʩʣʝʜʦʚʘʥʠʷ ʇʕʄɺʈ ʙʳʣʠ ʧʨʦʚʝʜʝʥʳ ʩ ʠʩ-

ʧʦʣʴʟʦʚʘʥʠʝʤ ʦʙʦʨʫʜʦʚʘʥʠʷ ʮʝʥʪʨʘ ʢʦʣʣʝʢʪʠʚʥʦʛʦ ʧʦʣʴʟʦʚʘʥʠʷ 

"ʅʘʥʦʩʪʨʫʢʪʫʨʳ". 

ʃʠʪʝʨʘʪʫʨʘ 

[1] D.A.B. Miller, Proc. IEEE Spec. Issue Silicon Photonics 97 PP. 

1166ï1185 (2009). 
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ʀɿʄɽʈɽʅʀɽ ʅɸʇʈʗɾɽʅʅʆɻʆ ʉʆʉʊʆʗʅʀʗ  

ʂɽʈɸʄʀʏɽʉʂʀʍ ʄɸʊɽʈʀɸʃʆɺ ʋʃʔʊʈɸɿɺʋʂʆɺʓʄ 

ʄɽʊʆɼʆʄ 

 

ʊʨʷʧʳʰʢʦ ɸ. ɺ., ʄʠʥʠʥ ʉ. ʀ. 
 

 ʈʦʩʩʠʡʩʢʘʷ ʌʝʜʝʨʘʮʠʷ, ʆʙʥʠʥʩʢʠʡ ʠʥʩʪʠʪʫʪ ʘʪʦʤʥʦʡ ʵʥʝʨʛʝʪʠʢʠ ʀɸʊʕ 

ʅʀʗʋ ʄʀʌʀ 

Stoolik@gmail.com, 920 6175170.  
 

ʂʝʨʘʤʠʯʝʩʢʠʝ ʤʘʪʝʨʠʘʣʳ ʥʘ ʦʩʥʦʚʝ ʦʢʩʠʜʘ ʘʣʶʤʠʥʠʷ ʙʣʘʛʦʜʘʨʷ 

ʚʳʩʦʢʠʤ ʧʦʢʘʟʘʪʝʣʷʤ ʩʚʦʡʩʪʚ ʥʘʭʦʜʷʪ ʧʨʠʤʝʥʝʥʠʝ ʚ ʩʘʤʳʭ ʨʘʟʥʦ-

ʦʙʨʘʟʥʳʭ ʦʙʣʘʩʪʷʭ ʪʝʭʥʠʢʠ. ʆʜʥʘ ʠʟ ʥʠʭ - ʘʪʦʤʥʘʷ ʵʥʝʨʛʝʪʠʢʘ, ʠʩ-

ʧʳʪʳʚʘʶʱʘʷ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʧʦʪʨʝʙʥʦʩʪʴ ʚ ʢʨʫʧʥʦʛʘʙʘʨʠʪʥʳʭ 

ʠʟʦʣʷʪʦʨʘʭ ʧʨʦʭʦʜʦʢ ʜʣʷ ʘʪʦʤʥʳʭ ʵʣʝʢʪʨʦʩʪʘʥʮʠʡ. ʂʨʫʧʥʦʛʘʙʘ-

ʨʠʪʥʳʝ ʚʳʩʦʢʦʧʨʦʯʥʳʝ ʢʝʨʘʤʠʯʝʩʢʠʝ ʠʟʦʣʷʪʦʨʳ ʜʣʷ ʤʝʪʘʣʣʦʢʝʨʘ-

ʤʠʯʝʩʢʠʭ ʫʟʣʦʚ ʧʨʦʭʦʜʦʢ ʩʨʝʜʥʝʛʦ ʥʘʧʨʷʞʝʥʠʷ ʜʦʣʞʥʳ ʦʪʚʝʯʘʪʴ 

ʪʨʝʙʦʚʘʥʠʷʤ ʧʦʚʳʰʝʥʥʦʡ ʤʝʭʘʥʠʯʝʩʢʦʡ ʠ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʧʨʦʯʥʦ-

ʩʪʠ, ʛʝʨʤʝʪʠʯʥʦʩʪʠ ʚ ʫʩʣʦʚʠʷʭ ʪʝʨʤʦʮʠʢʣʠʯʝʩʢʠʭ, ʭʠʤʠʯʝʩʢʠʭ ʠ 

ʨʘʜʠʘʮʠʦʥʥʳʭ ʥʘʛʨʫʟʦʢ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʢʝʨʘʤʠʢʘ, ʠʩʧʦʣʴʟʫʝʤʘʷ 

ʜʣʷ ʠʭ ʠʟʛʦʪʦʚʣʝʥʠʷ, ʜʦʣʞʥʘ ʦʙʣʘʜʘʪʴ ʚʳʩʦʢʠʤ ʫʨʦʚʥʝʤ ʤʝʭʘʥʠʯʝ-

ʩʢʠʭ ʠ ʵʣʝʢʪʨʦʬʠʟʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ[1]. 

ɼʣʷ ʦʮʝʥʢʠ ʧʨʦʯʥʦʩʪʥʳʭ ʩʚʦʡʩʪʚ ʢʝʨʘʤʠʢʠ ʠʩʧʦʣʴʟʫʶʪʩʷ ʚʝʣʠ-

ʯʠʥʳ ʧʨʝʜʝʣʘ ʧʨʦʯʥʦʩʪʠ ʧʨʠ ʩʞʘʪʠʠ ůʩʞ ʠ ʠʟʛʠʙʝ ůʠʟʛ, ʧʨʠʯʝʤ 

ʧʨʦʯʥʦʩʪʴ ʢʦʥʩʪʨʫʢʮʠʦʥʥʦʡ ʠ ʠʥʩʪʨʫʤʝʥʪʘʣʴʥʦʡ ʢʝʨʘʤʠʢʠ ʯʘʱʝ 

ʦʮʝʥʠʚʘʝʪʩʷ ʧʨʝʜʝʣʦʤ ʧʨʦʯʥʦʩʪʠ ʧʨʠ ʠʟʛʠʙʝ [2].  ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ 

ʮʝʣʦʩʪʥʦʩʪʠ ʢʝʨʘʤʠʢʠ, ʥʝʦʙʭʦʜʠʤʦ ʝʝ ʢʦʥʪʨʦʣʠʨʦʚʘʪʴ ʥʝʨʘʟʨʫʰʘ-

ʶʱʠʤʠ ʤʝʪʦʜʘʤʠ ʢʦʥʪʨʦʣʷ. ʋʣʴʪʨʘʟʚʫʢʦʚʦʡ ʤʝʪʦʜ ʢʦʥʪʨʦʣʷ ʧʦʟ-

ʚʦʣʷʝʪ ʦʧʨʝʜʝʣʷʪʴ ʥʘʣʠʯʠʝ ʥʝʩʧʣʦʰʥʦʩʪʝʡ ʚ ʢʝʨʘʤʠʢʝ. ɺ ʢʝʨʘʤʠ-

ʯʝʩʢʠʭ ʠʟʜʝʣʠʷʭ ʤʦʛʫʪ ʦʙʨʘʟʦʚʳʚʘʪʴʩʷ ʥʝʩʧʣʦʰʥʦʩʪʠ (ʪʨʝʱʠʥʳ), 

ʝʩʣʠ ʚʥʫʪʨʝʥʥʠʝ ʥʘʧʨʷʞʝʥʠʷ ʩʢʣʘʜʳʚʘʶʪʩʷ ʩ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʤʠ. 

ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʚʥʫʪʨʝʥʥʠʭ ʥʘʧʨʷʞʝʥʠʡ ʚ ʢʝʨʘʤʠʯʝʩʢʠʭ ʠʟʜʝʣʠʷʭ 

ʧʨʝʜʣʦʞʝʥ ʤʝʪʦʜ ʘʢʫʩʪʦʫʧʨʫʛʦʩʪʠ.  

ʇʦ ʟʘʚʠʩʠʤʦʩʪʠ ʩʢʦʨʦʩʪʠ ʠ ʟʘʪʫʭʘʥʠʷ ʫʣʴʪʨʘʟʚʫʢʦʚʳʭ ʚʦʣʥ ʚ 

ʤʘʪʝʨʠʘʣʝ ʦʧʨʝʜʝʣʷʶʪʩʷ ʫʧʨʫʛʦʩʪʥʳʝ ʠ ʧʨʦʯʥʦʩʪʥʳʝ ʭʘʨʘʢʪʝʨʠ-

ʩʪʠʢʠ [3]. ʀʟʤʝʨʝʥʠʝ ʩʢʦʨʦʩʪʠ ʧʨʦʜʦʣʴʥʳʭ ʠ ʧʦʧʝʨʝʯʥʳʭ ʚʦʣʥ ʚ 

ʢʝʨʘʤʠʯʝʩʢʠʭ ʠʟʜʝʣʠʷʭ ʜʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʧʦʣʫʯʠʪʴ ʯʠʩʣʝʥʥʳʝ 

ʟʥʘʯʝʥʠʷ ʤʦʜʫʣʝʡ ʫʧʨʫʛʦʩʪʠ [4]. ʇʨʝʜʣʦʞʝʥʦ ʪʘʢʞʝ ʦʧʨʝʜʝʣʝʥʠʝ 
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ʥʘʧʨʷʞʝʥʠʡ ʚ ʢʝʨʘʤʠʯʝʩʢʠʭ ʠʟʜʝʣʠʷʭ ʧʦ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʡ ʢʘʣʠʙ-

ʨʦʚʢʝ ʫʣʴʪʨʘʟʚʫʢʦʚʦʛʦ ʫʩʪʨʦʡʩʪʚʘ ʥʘ ʥʘʩʪʨʦʝʯʥʦʤ ʩʪʝʥʜʝ, ʧʦʟʚʦ-

ʣʷʶʱʝʤ ʩʦʟʜʘʚʘʪʴ ʥʘʧʨʷʞʝʥʥʳʝ ʩʦʩʪʦʷʥʠʷ ʚ ʠʟʜʝʣʠʠ. ʀʟʤʝʨʷʷ 

ʩʢʦʨʦʩʪʴ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʧʨʦʜʦʣʴʥʳʭ ʠ ʧʦʧʝʨʝʯʥʳʭ ʫʣʴʪʨʘʟʚʫʢʦ-

ʚʳʭ ʚʦʣʥ, ʘ ʪʘʢʞʝ ʠʭ ʘʤʧʣʠʪʫʜʫ ʥʘ ʥʘʩʪʨʦʝʯʥʦʤ ʩʪʝʥʜʝ, ʤʦʞʥʦ ʧʦ-

ʩʪʨʦʠʪʴ ʛʨʘʬʠʢʠ ʩʦʦʪʚʝʪʩʪʚʠʷ ʠʟʤʝʥʝʥʠʷ ʵʪʠʭ ʚʝʣʠʯʠʥ ʦʪ ʥʘʧʨʷ-

ʞʝʥʠʡ. 

ɺ ʭʦʜʝ ʨʘʙʦʪʳ, ʧʨʠ ʧʦʤʦʱʠ ʫʣʴʪʨʘʟʚʫʢʦʚʳʭ ʤʝʪʦʜʦʚ ʢʦʥʪʨʦʣʷ, 

ʙʳʣʘ ʠʩʩʣʝʜʦʚʘʥʘ ʟʘʚʠʩʠʤʦʩʪʴ ʪʘʢʠʭ ʚʝʣʠʯʠʥ, ʢʘʢ ʩʢʦʨʦʩʪʴ ʧʨʦ-

ʜʦʣʴʥʦʡ ʠ ʧʦʧʝʨʝʯʥʦʡ ʚʦʣʥ ʠ ʠʭ ʟʘʪʫʭʘʥʠʷ ʦʪ ʧʨʠʣʦʞʝʥʥʦʡ 

ʥʘʛʨʫʟʢʠ. ʋʚʝʣʠʯʝʥʠʝ ʥʘʛʨʫʟʢʠ ʥʘ ʦʙʨʘʟʝʮ ʧʨʦʠʟʚʦʜʠʣʦʩʴ ʧʨʠ ʧʦ-

ʤʦʱʠ ʩʪʨʫʙʮʠʥʳ. ʅʘ ʨʠʩʫʥʢʝ 1 ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʠʟʤʝʨʝ-

ʥʠʷ ʜʣʷ ʧʨʦʜʦʣʴʥʦʡ ʫʣʴʪʨʘʟʚʫʢʦʚʦʡ ʚʦʣʥʳ. 

 
ʈʠʩʫʥʦʢ 1. ʀʟʤʝʥʝʥʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʨʦʜʦʣʴʥʦʡ ʫʣʴʪʨʘʟʚʫʢʦʚʦʡ ʚʦʣʥʳ 

ʧʨʠ ʠʟʤʝʥʝʥʠʠ ʥʘʛʨʫʟʢʠ; ʘ ï ʙʝʟ ʧʨʠʣʦʞʝʥʥʦʡ ʥʘʛʨʫʟʢʠ; ʙ ï ʧʨʠ ʧʦʚʦʨʦʪʝ 

ʨʫʢʦʷʪʢʠ ʩʪʨʫʙʮʠʥʳ ʥʘ 90 ʛʨʘʜʫʩʦʚ; ʚ ï ʧʨʠ ʧʦʚʦʨʦʪʝ ʨʫʢʦʷʪʢʠ ʩʪʨʫʙʮʠ-

ʥʳ ʥʘ 180 ʛʨʘʜʫʩʦʚ; ʛ - ʧʨʠ ʧʦʚʦʨʦʪʝ ʨʫʢʦʷʪʢʠ ʩʪʨʫʙʮʠʥʳ ʥʘ 270 ʛʨʘʜʫʩʦʚ. 

ʂʘʢ ʚʠʜʥʦ ʠʟ ʨʠʩʫʥʢʘ, ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ ʥʘʛʨʫʟʢʠ ʥʘ ʦʙʨʘʟʝʮ ʫʚʝ-

ʣʠʯʠʚʘʝʪʩʷ ʘʤʧʣʠʪʫʜʘ ʩʠʛʥʘʣʘ. ʊʘʢʞʝ ʙʳʣʦ ʟʘʬʠʢʩʠʨʦʚʘʥʦ ʥʝʟʥʘ-

ʯʠʪʝʣʴʥʦʝ ʫʚʝʣʠʯʝʥʠʝ ʚʨʝʤʝʥʠ ʧʨʠʭʦʜʘ, ʯʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦʙ 

ʫʤʝʥʴʰʝʥʠʠ ʩʢʦʨʦʩʪʠ ʚʦʣʥʳ. 
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3 ï ʕʥʛʝʣʴʙʨʝʭʪ ʖ.ʂ., ʅʠʛʫʣ ʋ.ʂ. ʅʝʣʠʥʝʡʥʳʝ ʚʦʣʥʳ ʜʝʬʦʨʤʘʮʠʠ. ʄ.: 

ʅʘʫʢʘ, 1981; 

4 ï ɹʦʙʨʝʥʢʦ ɺ.ʄ., ɺʘʥʛʝʣʠ ʄ.ʉ., ʂʫʮʝʥʢʦ ɸ.ʅ. ɸʢʫʩʪʠʯʝʩʢʘʷ ʪʝʥʟʦʤʝʪ-

ʨʠʷ. ʂʠʰʠʥʝʚ, ʐʪʠʠʥʮʘ, 1991. 
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ʍɸʈɸʂʊɽʈʀʉʊʀʂʀ ɹʀʆʄɽɼʀʎʀʅʉʂʀʍ ʅɸʅʆʈʆɹʆʊʆɺ 

ʅɸ ʆʉʅʆɺɽ ʋɻʃɽʈʆɼʅʓʍ ʅɸʅʆʉʊʈʋʂʊʋʈ 

 

ʊʫʬʠʢʦʚ ɽ.ɺ.
1
, ɹʫʟʴʢʦ ɺ.ʖ.

1,2
, ʏʫʡʢʦ ɻ.ʖ.

1,3 

 
1 ʂʫʙʘʥʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ, ʂʨʘʩʥʦʜʘʨ 

2 ʃʘʙʦʨʘʪʦʨʠʷ ʤʦʣʝʢʫʣʷʨʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʭʠʤʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ ʠ ʩʦ-

ʝʜʠʥʝʥʠʡ ɿɸʆ ʈʄʎ "ʖʛʪʝʭʠʥʬʦʨʤ", ʂʨʘʩʥʦʜʘʨ 
3 ʂʫʙʘʥʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʤʝʜʠʮʠʥʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ, ʂʨʘʩʥʦʜʘʨ 

8-961-5286663, tufikov@bk.ru 

 

ʉ ʨʘʟʚʠʪʠʝʤ ʥʘʥʦʪʝʭʥʦʣʦʛʠʡ ʩʪʘʥʦʚʠʪʩʷ ʚʦʟʤʦʞʥʳʤ ʩʦʟʜʘʥʠʝ 

ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʥʘʥʦʨʘʟʤʝʨʥʳʭ ʙʠʦʤʝʜʠʮʠʥʩʢʠʭ ʫʩʪʨʦʡʩʪʚ 

(ʥʘʥʦʨʦʙʦʪʦʚ) ʜʣʷ ʪʨʘʥʩʧʦʨʪʘ ʠ ʠʥʞʝʢʮʠʠ ʣʝʢʘʨʩʪʚʝʥʥʳʭ ʚʝʱʝʩʪʚ 

ʢ ʘʪʘʢʦʚʘʥʥʳʤ ʚʠʨʫʩʘʤʠ ʠʣʠ ʙʘʢʪʝʨʠʷʤʠ ʢʣʝʪʢʘʤ. ʅʝʩʤʦʪʨʷ ʥʘ 

ʦʙʠʣʠʝ ʨʘʟʣʠʯʥʳʭ ʧʨʝʜʩʪʘʚʣʝʥʠʡ ʢʘʢ ʤʦʛʫʪ ʚʳʛʣʷʜʝʪʴ ʙʠʦʤʝʜʠ-

ʮʠʥʩʢʠʝ ʥʘʥʦʨʦʙʦʪʳ, ʧʨʘʢʪʠʯʝʩʢʠ ʯʘʩʪʴ ʵʪʠʭ ʧʨʝʜʩʪʘʚʣʝʥʠʠ ʣʠʰʝ-

ʥʘ ʙʘʟʠʩʘ ʩʦʚʨʝʤʝʥʥʦʡ ʩʪʨʫʢʪʫʨʥʦʡ ʭʠʤʠʠ. ʅʘʤʠ ʙʳʣʠ ʨʘʩʩʤʦʪʨʝ-

ʥʳ ʨʘʟʣʠʯʥʳʝ ʚʘʨʠʘʥʪʳ ʩʪʨʫʢʪʫʨ ʙʠʦʤʝʜʠʮʠʥʩʢʠʭ ʥʘʥʦʨʦʙʦʪʦʚ ʥʘ 

ʦʩʥʦʚʝ ʧʨʘʢʪʠʯʝʩʢʠ ʩʫʱʝʩʪʚʫʶʱʠʭ ʠ ʜʦʩʪʘʪʦʯʥʦ ʭʦʨʦʰʦ ʠʟʫʯʝʥ-

ʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʤʠ ʠ ʪʝʦʨʝʪʠʯʝʩʢʠʤʠ ʨʘʩʯʝʪʥʳʤʠ ʤʝʪʦʜʘʤʠ 

ʫʛʣʝʨʦʜʥʳʭ ʥʘʥʦʩʪʨʫʢʪʫʨ ʪʠʧʘ ʘʣʤʘʟʥʳʭ ʥʘʥʦʢʨʠʩʪʘʣʣʠʪʦʚ, ʫʛʣʝ-

ʨʦʜʥʳʭ ʥʘʥʦʪʨʫʙʦʢ ʠ ʘʣʤʘʟʥʳʭ ʥʘʥʦʥʠʪʝʡ. 

ʄʦʜʝʣʠʨʦʚʘʥʠʝ ʦʩʥʦʚʥʳʭ ʫʟʣʦʚ ʠ ʩʪʨʫʢʪʫʨʳ ʥʘʥʦʨʦʙʦʪʦʚ 

ʧʧʨʦʠʟʚʦʜʠʣʦʩʴ ʥʘʤʠ ʤʝʪʦʜʦʤ ʤʦʣʝʢʫʣʷʨʥʦʡ ʤʝʭʘʥʠʢʠ ʩ ʠʩʧʦʣʴ-

ʟʦʚʘʥʠʝʤ ʩʠʣʦʚʦʛʦ ʧʦʣʷ ʄʄ+. ʅʘʤʠ ʙʳʣʦ ʦʙʥʘʨʫʞʝʥʦ, ʯʪʦ ʤʠʥʠ-

ʤʘʣʴʥʳʡ ʨʘʟʤʝʨ ʫʩʪʨʦʡʩʪʚʘ ʪʠʧʘ ʥʘʥʦʰʧʨʠʮʘ ʩʦʩʪʦʷʱʝʛʦ ʠʟ ʥʘʥʦ-

ʨʘʟʤʝʨʥʦʡ ʘʣʤʘʟʥʦʡ ʪʨʠʛʦʥʘʣʴʥʦʡ ʧʠʨʘʤʠʜʳ ʩ ʮʝʥʪʨʘʣʴʥʳʤ ʢʘʥʘ-

ʣʦʤ ʠ ʫʛʣʝʨʦʜʥʦʡ ʥʘʥʦʪʨʫʙʢʠ ʜʠʘʤʝʪʨʦʤ 0,7-0,8 ʥʤ ʢʘʢ ʥʘʥʦʢʦʥ-

ʪʝʡʥʝʨʘ, ʧʨʠʛʦʜʥʦʛʦ ʜʣʷ ʠʥʞʝʢʮʠʠ ʦʜʥʦʡ ʤʘʣʦʡ ʤʦʣʝʢʫʣʳ ʣʝʢʘʨ-

ʩʪʚʝʥʥʦʛʦ ʚʝʱʝʩʪʚʘ, ʩʦʩʪʘʚʣʷʝʪ ʦʢʦʣʦ 420-430 ʘʪʦʤʦʚ ʫʛʣʝʨʦʜʘ ʠ 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʠʤʝʝʪ ʜʣʠʥʫ ʦʢʦʣʦ 3,3-3,4 ʥʤ. ɺ ʩʚʦʶ ʦʯʝʨʝʜʴ ʤʠ-

ʥʠʤʘʣʴʥʳʡ ʨʘʟʤʝʨ ʫʩʪʨʦʡʩʪʚʘ ʪʠʧʘ ʥʘʥʦʰʧʨʠʮʘ, ʩʦʩʪʦʷʱʝʛʦ ʠʟ 

ʥʘʥʦʨʘʟʤʝʨʥʦʡ ʘʣʤʘʟʥʦʡ ʪʨʠʛʦʥʘʣʴʥʦʡ ʧʠʨʘʤʠʜʳ ʩ ʮʝʥʪʨʘʣʴʥʳʤ 

ʢʘʥʘʣʦʤ ʠ ʫʛʣʝʨʦʜʥʦʡ ʥʘʥʦʪʨʫʙʢʠ ʜʠʘʤʝʪʨʦʤ 1,0-1,1 ʥʤ ʢʘʢ ʥʘʥʦ-

ʢʦʥʪʝʡʥʝʨʘ, ʧʨʠʛʦʜʥʦʛʦ ʜʣʷ ʠʥʞʝʢʮʠʠ ʜʝʩʷʪʠ ʤʘʣʳʭ ʤʦʣʝʢʫʣ ʣʝ-

ʢʘʨʩʪʚʝʥʥʳʭ ʚʝʱʝʩʪʚ, ʩʦʩʪʘʚʣʷʝʪ ʦʢʦʣʦ 1100-1150 ʘʪʦʤʦʚ ʫʛʣʝʨʦʜʘ 

ʠ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʠʤʝʝʪ ʜʣʠʥʫ ʦʢʦʣʦ 9,4-9,5 ʥʤ. 
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ɺ ʢʘʯʝʩʪʚʝ ʦʨʛʘʥʦʚ ʜʚʠʞʝʥʠʷ ʙʠʦʤʝʜʠʮʠʥʩʢʠʭ ʥʘʥʦʨʦʙʦʪʦʚ ʥʘ 

ʦʩʥʦʚʝ ʨʘʩʩʤʦʪʨʝʥʥʳʭ ʫʛʣʝʨʦʜʥʳʭ ʥʘʥʦʩʪʨʫʪʫʨ ʚ ʚʠʜʝ ʥʘʥʦʰʧʨʠ-

ʮʘ ʥʘʤʠ ʙʳʣʠ ʨʘʩʩʤʦʪʨʝʥʳ ʘʣʤʘʟʥʳʝ ʥʘʥʦʥʠʪʠ ʢʘʢ ʘʥʘʣʦʛʠ ʞʛʫʪʠ-

ʢʦʚ ʫ ʧʨʦʩʪʝʡʰʠʭ ʤʠʢʨʦʦʨʛʘʥʠʟʤʦʚ. ʇʦʩʨʝʜʩʪʚʦʤ ʤʝʪʦʜʘ ʤʦʣʝʢʫ-

ʣʷʨʥʦʡ ʜʠʥʘʤʠʢʠ ʥʘʤʠ ʦʙʥʘʨʫʞʝʥʦ, ʯʪʦ ʤʠʥʠʤʘʣʴʥʳʡ ʨʘʟʤʝʨ ʘʣ-

ʤʘʟʥʦʡ ʥʘʥʦʥʠʪʠ, ʥʝʦʙʭʦʜʠʤʦʡ ʜʣʷ ʦʩʫʱʝʩʪʚʣʝʥʠʷ ʜʚʠʞʝʥʠʷ 

ʥʘʥʦʰʧʨʠʮʘ ʯʝʨʝʟ ʢʦʤʙʠʥʘʮʠʶ ʚʨʘʱʘʪʝʣʴʥʦ-ʢʦʣʝʙʘʪʝʣʴʥʳʭ ʜʚʠ-

ʞʝʥʠʡ ʧʩʝʚʜʦʞʛʫʪʠʢʘ, ʩʦʩʪʘʚʣʷʝʪ ʦʢʦʣʦ 240 ʘʪʦʤʦʚ ʫʛʣʝʨʦʜʘ ʠ 

ʠʤʝʝʪ ʜʣʠʥʫ ʦʢʦʣʦ 0,5 ʥʤ. ʊʝʤ ʥʝ ʤʝʥʝʝ, ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ ʤʦʜʝʣʠʨʦ-

ʚʘʥʠʷ ʦʢʘʟʳʚʘʝʪʩʷ, ʯʪʦ ʥʘʠʙʦʣʝʝ ʦʧʪʠʤʘʣʴʥʳʤ ʚʘʨʠʘʥʪʦʤ ʜʣʷ ʜʚʠ-

ʞʝʥʠʷ ʪʘʢʦʛʦ ʥʘʥʦʨʦʙʦʪʘ ʚ ʚʦʜʥʦʡ ʩʨʝʜʝ ʷʚʣʷʝʪʩʷ ʚʨʘʱʝʥʠʝ ʜʣʠʥ-

ʥʦʛʦ ʩʧʠʨʘʣʝʚʠʜʥʦʛʦ ʞʛʫʪʠʢʘ ʥʘ ʦʩʥʦʚʝ ʘʣʤʘʟʥʦʡ ʥʘʥʦʥʠʪʠ ʨʘʟʤʝ-

ʨʦʤ ʦʢʦʣʦ 750-800 ʘʪʦʤʦʚ ʫʛʣʝʨʦʜʘ ʠ ʜʣʠʥʦʡ ʦʢʦʣʦ 2,5 ʥʤ ʚ ʩʢʨʫ-

ʯʝʥʥʦʤ ʩʦʩʪʦʷʥʠʠ. ʕʪʦ ʧʨʠʚʦʜʠʪ ʢ ʤʠʥʠʤʘʣʴʥʦʤʫ ʨʘʟʤʝʨʫ ʥʘʥʦʨʦ-

ʙʦʪʘ ʜʣʷ ʜʦʩʪʘʚʢʠ 10 ʤʘʣʳʭ ʤʦʣʝʢʫʣ ʣʝʢʘʨʩʪʚʝʥʥʳʭ ʚʝʱʝʩʪʚ ʦʢʦʣʦ 

1850-1950 ʘʪʦʤʦʚ ʫʛʣʝʨʦʜʘ ʩ ʤʘʢʩʠʤʘʣʴʥʳʤ ʜʠʘʤʝʪʨʦʤ 1,3-1,35 ʥʤ 

ʠ ʩʨʝʜʥʝʡ ʜʣʠʥʦʡ ʦʢʦʣʦ 11,9-12,0 ʥʤ. 

ɼʘʣʝʝ ʥʘʤʠ ʙʳʣʠ ʨʘʩʩʤʦʪʨʝʥʳ ʩʪʨʫʢʪʫʨʳ ʙʠʦʤʝʜʠʮʠʥʩʢʠʭ 

ʥʘʥʦʨʦʙʦʪʦʚ ʩ ʢʦʣʠʯʝʩʪʚʦʤ ʦʨʛʘʥʦʚ ʜʚʠʞʝʥʠʷ ʜʦ 8 ʝʜʠʥʠʮ. ʆʙʥʘ-

ʨʫʞʝʥʦ, ʯʪʦ ʜʣʷ ʤʘʣʳʭ ʥʘʥʦʨʦʙʦʪʦʚ ʤʘʢʩʠʤʘʣʴʥʦʝ ʯʠʩʣʦ ʞʛʫʪʠʢʦ-

ʚʳʭ ʦʨʛʘʥʦʚ ʜʚʠʞʝʥʠʷ ʥʘ ʦʩʥʦʚʝ ʘʣʤʘʟʥʳʭ ʥʘʥʦʥʠʪʝʡ ʥʝ ʜʦʣʞʥʦ 

ʧʨʝʚʳʰʘʪʴ 4 ʝʜʠʥʠʮ, ʧʦʩʢʦʣʴʢʫ ʧʨʠ ʙʦʣʴʰʝʤ ʯʠʩʣʝ ʞʛʫʪʠʢʦʚ 

ʥʘʙʣʶʜʘʝʪʩʷ ʠʭ ʤʝʞʤʦʣʝʢʫʣʷʨʥʳʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʧʨʠ ʜʚʠʞʝʥʠʠ ʚ 

ʞʠʜʢʦʩʪʠ, ʯʪʦ ʜʘʝʪ ʥʝʦʧʪʠʤʘʣʴʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʢʦʥʚʝʨʩʠʠ 

ʚʨʘʱʘʪʝʣʴʥʦ-ʢʦʣʝʙʘʪʝʣʴʥʳʭ ʜʚʠʞʝʥʠʡ ʧʩʝʚʜʦʞʛʫʪʠʢʦʚ ʚ ʧʦʩʪʫʧʘ-

ʪʝʣʴʥʳʝ ʧʝʨʝʤʝʱʝʥʠʝ ʥʘʥʦʨʦʙʦʪʘ. ʉʦʛʣʘʩʥʦ ʨʝʟʫʣʴʪʘʪʘʤ ʧʨʦʚʝ-

ʜʝʥʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ, ʥʘʠʙʦʣʝʝ ʦʧʪʠʤʘʣʴʥʳʝ ʩʪʨʫʢʪʫʨʳ ʫʛʣʝ-

ʨʦʜʥʳʭ ʥʘʥʦʨʦʙʦʪʦʚ ʥʘ ʦʩʥʦʚʝ ʥʘʥʦʰʧʨʠʮʘ ʩʦʩʪʦʷʱʝʛʦ ʠʟ ʥʘʥʦ-

ʨʘʟʤʝʨʥʦʡ ʘʣʤʘʟʥʦʡ ʪʨʠʛʦʥʘʣʴʥʦʡ ʧʠʨʘʤʠʜʳ ʩ ʮʝʥʪʨʘʣʴʥʳʤ ʢʘʥʘ-

ʣʦʤ ʠ ʫʛʣʝʨʦʜʥʦʡ ʥʘʥʦʪʨʫʙʢʠ ʜʦʣʞʥʳ ʠʤʝʪʴ 3-4 ʧʩʝʚʜʦʞʛʫʪʠʢʘ ʥʘ 

ʦʩʥʦʚʝ ʘʣʤʘʟʥʳʭ ʥʘʥʦʥʠʪʝʡ. 
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ʄɸʊɽʄɸʊʀʏɽʉʂɸʗ ʄʆɼɽʃʔ ʇʆʃʗʈʀɿɸʎʀʆʅʅʆɻʆ 

ʅʀɿʂʆʅɸʇʆʈʅʆɻʆ ʇʈɽʆɹʈɸɿʆɺɸʊɽʃʗ ʀʄʇʋʃʔʉʅʓʍ 

ʈɸʉʍʆɼʆɺ 
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ɸʚʪʦʤʘʪʠʟʘʮʠʷ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʧʨʦʮʝʩʩʦʚ ʷʚʣʷʝʪʩʷ ʩʫʱʝ-

ʩʪʚʝʥʥʳʤ ʫʩʣʦʚʠʝʤ ʧʦʚʳʰʝʥʠʷ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʪʨʫʜʘ ʠ ʫʣʫʯ-

ʰʝʥʠʷ ʢʘʯʝʩʪʚʘ ʧʨʦʠʟʚʦʜʩʪʚʘ. ʆʜʥʠʤʠ ʠʟ ʚʘʞʥʝʡʰʠʭ ʧʘʨʘʤʝʪʨʦʚ, 

ʢʦʪʦʨʳʝ ʧʦʜʚʝʨʛʘʶʪʩʷ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʤʫ ʢʦʥʪʨʦʣʶ, ʷʚʣʷʶʪʩʷ 

ʩʢʦʨʦʩʪʴ ʠ ʦʙʲʸʤ ʨʘʙʦʯʠʭ ʞʠʜʢʦʩʪʝʡ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʥʝʦʙʭʦʜʠʤʦ-

ʩʪʠ ʧʦʚʩʝʤʝʩʪʥʦʛʦ ʚʥʝʜʨʝʥʠʷ ʠ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʷ ʩʠʩʪʝʤ ʘʚʪʦʤʘ-

ʪʠʯʝʩʢʦʛʦ ʢʦʥʪʨʦʣʷ, ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʠ ʫʧʨʘʚʣʝʥʠʷ ʧʦʪʦʢʘʤʠ ʪʝʭʥʦ-

ʣʦʛʠʯʝʩʢʠʭ ʞʠʜʢʦʩʪʝʡ. 

ʇʨʠ ʚʥʝʜʨʝʥʠʠ ʚ ʧʨʦʠʟʚʦʜʩʪʚʦ ʠʤʧʫʣʴʩʥʦʛʦ ʩʧʦʩʦʙʘ ʧʦʜʘʯʠ 

ʚʦʟʥʠʢʘʝʪ ʟʘʜʘʯʘ ʠʟʤʝʨʝʥʠʷ ʦʙʲʸʤʘ ʞʠʜʢʦʩʪʠ ʚ ʝʜʠʥʠʯʥʦʤ ʠʤ-

ʧʫʣʴʩʝ. 

ɸʥʘʣʠʟ ʩʫʱʝʩʪʚʫʶʱʠʭ ʠ ʠʩʧʦʣʴʟʫʝʤʳʭ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʧʨʝ-

ʦʙʨʘʟʦʚʘʪʝʣʝʡ ʠʤʧʫʣʴʩʥʦʛʦ ʨʘʩʭʦʜʘ ʧʦʟʚʦʣʠʣ ʩʜʝʣʘʪʴ ʚʳʚʦʜ, ʯʪʦ ʚ 

ʦʩʥʦʚʥʦʤ ʧʨʠ ʠʟʤʝʨʝʥʠʠ ʠʤʧʫʣʴʩʥʦʛʦ ʨʘʩʭʦʜʘ ʠʟʤʝʨʷʶʪ ʩʨʝʜʥʠʡ 

ʨʘʩʭʦʜ ʞʠʜʢʦʩʪʠ. ɼʣʷ ʤʛʥʦʚʝʥʥʦʛʦ ʞʝ ʠʟʤʝʨʝʥʠʷ ʚ ʦʩʥʦʚʥʦʤ ʠʩ-

ʧʦʣʴʟʫʶʪ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʠ ʠʤʧʫʣʴʩʥʦʛʦ ʨʘʩʭʦʜʘ, ʧʨʠʥʮʠʧ ʜʝʡ-

ʩʪʚʠʷ ʢʦʪʦʨʳʭ ʦʩʥʦʚʘʥ ʥʘ ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʠʭ ʤʝʪʦʜʘʭ ʠ ʧʨʝʦʙʨʘ-

ʟʦʚʘʪʝʣʠ ʠʤʧʫʣʴʩʥʦʛʦ ʨʘʩʭʦʜʘ ʩ ʥʝʧʨʝʨʳʚʥʦ ʜʚʠʞʫʱʠʤʩʷ ʪʝʣʦʤ. 

ʆʜʥʘʢʦ ʦʥʠ ʥʝ ʫʜʦʚʣʝʪʚʦʨʷʶʪ ʪʨʝʙʦʚʘʥʠʷʤ ʙʳʩʪʨʦʜʝʡʩʪʚʠʷ, 

ʧʨʝʜʲʷʚʣʷʝʤʳʭ ʢ ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʤ ʩʠʩʪʝʤʘʤ ʘʚʪʦʤʘʪʠʯʝʩʢʦʛʦ 

ʫʧʨʘʚʣʝʥʠʷ, ʘ ʩʚʝʨʭʙʳʩʪʨʦʜʝʡʩʪʚʫʶʱʠʝ ʫʣʴʪʨʘʟʚʫʢʦʚʳʝ ʧʨʝʦʙʨʘ-

ʟʦʚʘʪʝʣʠ ʠʤʧʫʣʴʩʥʦʛʦ ʨʘʩʭʦʜʘ ʥʝ ʤʦʛʫʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ ʥʘ  

ʪʨʫʙʦʧʨʦʚʦʜʘʭ ʤʘʣʦʛʦ ʜʠʘʤʝʪʨʘ. ʇʦʣʦʞʠʪʝʣʴʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʧʦʣʫ-

ʯʝʥʳ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʜʣʷ ʠʟʤʝʨʝʥʠʷ ʠʤʧʫʣʴʩʥʳʭ ʨʘʩʭʦʜʦʚ ʛʠʜ-

ʨʦʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷʨʠʟʘʮʠʦʥʥʦʛʦ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣ ̫ʠʤʧʫʣʴʩʥʳʭ 

ʨʘʩʭʦʜʦʚ (ʇʅʇʀʈ). ʆʥ ʜʦʣʞʝʥ ʦʪʚʝʯʘʪʴ ʨʷʜʫ ʪʨʝʙʦʚʘʥʠʡ: ʧʨʦʪʦʯ-

ʥʘʷ ʯʘʩʪʴ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʷ ʨʘʩʭʦʜʘ ʜʦʣʞʥʘ ʦʙʣʘʜʘʪʴ ʤʠʥʠʤʘʣʴʥʳʤ 

ʛʠʜʨʘʚʣʠʯʝʩʢʠʤ ʩʦʧʨʦʪʠʚʣʝʥʠʝʤ; ʬʦʨʤʘ ʵʣʝʢʪʨʦʜʦʚ ʥʝ ʜʦʣʞʥʘ ʩʦ-

ʟʜʘʚʘʪʴ ʜʦʧʦʣʥʠʪʝʣʴʥʦʛʦ ʛʠʜʨʘʚʣʠʯʝʩʢʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʧʦʪʦʢʫ ʠ 
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ʥʝ ʩʧʦʩʦʙʩʪʚʦʚʘʪʴ ʦʙʨʘʟʦʚʘʥʠʶ ʫʥʠʧʦʣʷʨʥʦʛʦ ʟʘʨʷʜʘ; ʧʦʣʷʨʠʟʘʮʠʷ 

ʨʘʙʦʯʝʡ ʩʨʝʜʳ ʜʦʣʞʥʘ ʦʩʫʱʝʩʪʚʣʷʪʴʩʷ ʚʦ ʚʩʸʤ ʦʙʲʸʤʝ ʧʨʝʦʙʨʘʟʦ-

ʚʘʪʝʣʷ; ʢʦʥʩʪʨʫʢʮʠʷ ʇʅʇʀʈ ʜʦʣʞʥʘ ʙʳʪʴ ʪʝʭʥʦʣʦʛʠʯʥʦʡ [1]. 

ʇʦʣʫʯʠʤ, ʯʪʦ ʧʨʦʪʦʯʥʘʷ ʯʘʩʪʴ ʜʦʣʞʥʘ ʧʦʚʪʦʨʷʪʴ ʬʦʨʤʫ ʧʦʜʚʦ-

ʜʷʱʝʛʦ ʪʨʫʙʦʧʨʦʚʦʜʘ, ʘ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʠʤʝʪʴ ʮʠʣʠʥʜʨʠʯʝʩʢʫʶ 

ʬʦʨʤʫ, ʧʨʠʯʸʤ ʦʩʴ ʮʠʣʠʥʜʨʘ ʜʦʣʞʥʘ ʙʳʪʴ ʧʘʨʘʣʣʝʣʴʥʘ ʫʩʨʝʜʥʸʥ-

ʥʦʤʫ ʚʝʢʪʦʨʫ ʩʢʦʨʦʩʪʠ ʪʝʯʝʥʠʷ ʞʠʜʢʦʩʪʠ. ʕʣʝʢʪʨʦʜʳ ʇʅʇʀʈ ʥʝ 

ʜʦʣʞʥʳ ʩʦʟʜʘʚʘʪʴ ʜʦʧʦʣʥʠʪʝʣʴʥʦʛʦ ʛʠʜʨʘʚʣʠʯʝʩʢʦʛʦ ʩʦʧʨʦʪʠʚʣʝ-

ʥʠʷ ʠ ʚ ʪʦʞʝ ʚʨʝʤʷ ʜʦʣʞʥʳ ʦʙʝʩʧʝʯʠʚʘʪʴ ʧʦʣʷʨʠʟʘʮʠʶ ʞʠʜʢʦʩʪʠ 

ʚʦ ʚʩʸʤ ʦʙʲʸʤʝ ʇʅʇʀʈ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʙʳʣʠ ʚʳʙʨʘʥʳ ʵʣʝʢʪʨʦʜʳ ʚ 

ʚʠʜʝ ʮʠʣʠʥʜʨʠʯʝʩʢʠʭ ʧʦʣʫʢʦʣʝʮ. ʉ ʮʝʣʴʶ ʠʩʢʣʶʯʝʥʠʷ ʦʙʨʘʟʦʚʘ-

ʥʠʷ ʫʥʠʧʦʣʷʨʥʦʛʦ ʟʘʨʷʜʘ ʥʘʧʨʷʞʸʥʥʦʩʪʴ ʵʣʝʢʪʨʦʩʪʘʪʠʯʝʩʢʦʛʦ ʧʦʣʷ 

ʚ ʤʝʞʵʣʝʢʪʨʦʜʥʦʤ ʧʨʦʤʝʞʫʪʢʝ ʥʝ ʧʨʝʚʳʰʘʝʪ 10
6
-10

7
 ɺ/ʤ. 

ɺ ʪʘʢʦʡ ʢʦʥʩʪʨʫʢʮʠʠ ʧʣʦʪʥʦʩʪʴ ʧʦʣʥʦʛʦ ʧʦʪʦʢʘ ʇʅʇʀʈ ʦʧʨʝ-

ʜʝʣʷʝʪʩʷ ʜʚʫʤʷ ʩʦʩʪʘʚʣʷʶʱʠʤʠ: ʪʦʢʦʤ ʧʨʦʚʦʜʠʤʦʩʪʠ, ʚʝʣʠʯʠʥʘ 

ʢʦʪʦʨʦʛʦ ʥʝ ʟʘʚʠʩʠʪ ʦʪ ʩʢʦʨʦʩʪʠ ʪʝʯʝʥʠʷ ʞʠʜʢʦʩʪʠ ʠ ʧʦʪʦʢʦʤ ʧʦ-

ʣʷʨʠʟʘʮʠʠ, ʚʝʣʠʯʠʥʘ ʢʦʪʦʨʦʛʦ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʘ ʩʢʦʨʦʩʪʠ ʜʚʠʞʝ-

ʥʠʷ ʞʠʜʢʦʩʪʠ ʚ ʤʝʞʵʣʝʢʪʨʦʜʥʦʤ ʧʨʦʤʝʞʫʪʢʝ. 

ɼʣʷ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʡ ʬʦʨʤʳ ʧʨʦʪʦʯʥʦʡ ʯʘʩʪʠ ʠ ʨʘʩʧʦʣʦʞʝʥʠʷ 

ʵʣʝʢʪʨʦʜʦʚ ʇʅʇʀʈ ʤʦʞʥʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʥʘʠʙʦʣʴʰʠʡ ʠʥʪʝʨʝʩ 

ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʩʪʘʚʣʷʶʱʘʷ ʧʦʣʥʦʛʦ ʪʦʢʘ Jy. ʉ ʫʯʸʪʦʤ, ʯʪʦ: Vx=0, 

Vy=0, Ex=0, ʩʦʩʪʘʚʣʷʶʱʘʷ Jy ʫʨʘʚʥʝʥʠʷ ʧʦʣʥʦʛʦ ʪʦʢʘ ʤʦʞʝʪ ʙʳʪʴ 

ʧʨʝʜʩʪʘʚʣʝʥʘ ʚ ʩʣʝʜʫʶʱʝʤ ʚʠʜʝ: 

;
z

P
V

z

V
PEbpj

y

z
z

yíæeí
µ

µ
+

µ

µ
+=

 
ʛʜʝ Jy ï ʧʨʦʝʢʮʠʷ ʚʝʢʪʦʨʘ ʧʦʣʷʨʥʦʛʦ ʪʦʢʘ ʥʘ ʦʩʴ y, ɸ/ʤ

2
; 

Py ï ʧʨʦʝʢʮʠʷ ʚʝʢʪʦʨʘ ʧʦʣʷʨʠʟʘʮʠʠ ʥʘ ʦʩʴ y, ʂʣ/ʤ; 

Vz ï ʧʨʦʝʢʮʠʷ ʚʝʢʪʦʨʘ ʩʢʦʨʦʩʪʠ ʥʘ ʦʩʴ z, ʤ/ʩʝʢ. 

ɼʘʥʥʦʝ ʫʨʘʚʥʝʥʠʝ ʷʚʣʷʝʪʩʷ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʤʦʜʝʣʴʶ ʇʅʇʀʈ. 

ʃʠʪʝʨʘʪʫʨʘ 

ʌʨʦʣʦʚʘ ʄ. ɸ. ʋʧʨʘʚʣʝʥʠʝ ʧʦʜʘʯʝʡ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʞʠʜʢʦʩʪʝʡ 

ʚ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʤ ʦʙʦʨʫʜʦʚʘʥʠʠ ʥʘ ʙʘʟʝ ʧʦʣʷʨʠʟʘʮʠʦʥʥʦʛʦ 

ʥʠʟʢʦʥʘʧʦʨʥʦʛʦ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʷ ʠʤʧʫʣʴʩʥʳʭ ʨʘʩʭʦʜʦʚ: 

ʜʠʩ.ʢʘʥʜ.ʪʝʭʥ.ʥʘʫʢ. ʉɻʊʋ, ʉʘʨʘʪʦʚ, 2000. 
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ʆʉʎʀʃʃʗʎʀʀ ɹɸʃʃʀʉʊʀʏɽʉʂʆʁ ʇʈʆɺʆɼʀʄʆʉʊʀ 
 

ʏʫʙʘʨʦʚʘ ɸ.ʅ.
1 

 
1 ʉʘʤʘʨʩʢʠʡ ʥʘʮʠʦʥʘʣʴʥʳʡ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ 

ʠʤ. ʉ.ʇ. ʂʦʨʦʣʝʚʘ, ʉʘʤʘʨʘ 
+79033085424, alenchubarova@gmail.com 

 

ʊʝʤʘ ʨʘʙʦʪʳ ʥʘʭʦʜʠʪʩʷ ʚ ʨʘʤʢʘʭ ʦʜʥʦʛʦ ʠʟ ʧʨʠʦʨʠʪʝʪʥʳʭ 

ʥʘʧʨʘʚʣʝʥʠʡ ʨʘʟʚʠʪʠʷ ʥʘʫʢʠ ʠ ʪʝʭʥʦʣʦʛʠʡ ʚ ʈʦʩʩʠʠ ð ʥʘʥʦʬʠʟʠʢʘ 

ʠ ʥʘʥʦʵʣʝʢʪʨʦʥʠʢʘ. ʅʠʟʢʦʨʘʟʤʝʨʥʳʝ ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚʳʝ ʩʪʨʫʢʪʫ-

ʨʳ ð ʦʩʥʦʚʘ ʤʥʦʛʠʭ ʥʘʫʯʥʳʭ ʦʪʢʨʳʪʠʡ. ʉʨʝʜʠ ʥʠʭ ʢʚʘʥʪʦʚʘʥʠʝ 

ʧʨʦʚʦʜʠʤʦʩʪʠ, ʢʫʣʦʥʦʚʩʢʘʷ ʙʣʦʢʘʜʘ ʠ ʜʨ. ʊʘʢʠʝ ʩʪʨʫʢʪʫʨʳ ʥʘʰʣʠ 

ʰʠʨʦʢʦʝ ʧʨʠʤʝʥʝʥʠʝ ʥʘ ʧʨʘʢʪʠʢʝ. ʅʘ ʠʭ ʦʩʥʦʚʝ ʩʦʟʜʘʥʳ ʧʦʣʫʧʨʦ-

ʚʦʜʥʠʢʦʚʳʝ ʣʘʟʝʨʳ, ʬʦʪʦʧʨʠʝʤʥʠʢʠ, ʦʧʪʠʯʝʩʢʠʝ ʤʦʜʫʣʷʪʦʨʳ, 

ʥʘʥʦʪʨʘʥʟʠʩʪʦʨʳ ʨʘʟʥʦʡ ʢʦʥʬʠʛʫʨʘʮʠʠ ʠ ʤʥʦʛʠʝ ʜʨʫʛʠʝ ʫʩʪʨʦʡ-

ʩʪʚʘ. ʇʦʵʪʦʤʫ ʦʧʠʩʘʥʠʝ ʪʨʘʥʩʧʦʨʪʘ ʵʣʝʢʪʨʦʥʦʚ ʚ ʢʚʘʥʪʦʚʦʡ ʥʠʪʠ 

ʷʚʣʷʝʪʩʷ ʢʨʘʡʥʝ ʚʘʞʥʦʡ ʟʘʜʘʯʝʡ. 
ʎʝʣʴ ʨʘʙʦʪʳ: ʠʩʩʣʝʜʦʚʘʥʠʝ ʧʨʦʚʦʜʠʤʦʩʪʠ ʢʚʘʥʪʦʚʦʡ ʥʠʪʠ ʚ 

ʙʘʣʣʠʩʪʠʯʝʩʢʦʤ ʨʝʞʠʤʝ ʤʝʪʦʜʦʤ ʘʩʩʦʮʠʘʪʠʚʥʳʭ ʘʣʛʝʙʨ [1], [2] ʩ 

ʫʯʝʪʦʤ ʨʘʩʩʝʷʥʠʷ ʵʣʝʢʪʨʦʥʦʚ ʥʘ ʥʝʦʜʥʦʨʦʜʥʦʩʪʷʭ ʩʪʝʥʦʢ ʥʠʪʠ.  
ɼʣʷ ʨʘʩʯʝʪʘ ʧʨʦʚʦʜʠʤʦʩʪʠ ʠʩʧʦʣʴʟʫʝʪʩʷ ʬʦʨʤʫʣʘ ʃʘʥʜʘʫʵʨʘ.  
ʂʘʢ ʠʟʚʝʩʪʥʦ, ʙʘʣʣʠʩʪʠʯʝʩʢʘʷ ʧʨʦʚʦʜʠʤʦʩʪʴ ʢʚʘʥʪʫʝʪʩʷ. ɽʝ ʟʘ-

ʚʠʩʠʤʦʩʪʴ ʦʪ ʧʨʠʣʦʞʝʥʥʦʛʦ ʧʦʪʝʥʮʠʘʣʘ ʠʤʝʝʪ ʚʠʜ ʣʝʩʪʥʠʮʳ, ʩʦ-

ʜʝʨʞʘʱʝʡ ʪʘʢ ʥʘʟʳʚʘʝʤʳʝ ʢʫʣʦʥʦʚʩʢʠʝ ʩʪʫʧʝʥʴʢʠ. ɺ ʨʘʙʦʪʘʭ [3], 

[4] ʪʝʦʨʝʪʠʯʝʩʢʠ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʚ ʢʚʘʥʪʦʚʦʡ ʥʠʪʠ ʥʘʥʦʪʨʘʥʟʠʩʪʦʨʘ 

ʤʦʛʫʪ ʥʘʙʣʶʜʘʪʴʩʷ ʦʩʮʠʣʣʷʮʠʠ ʢʦʥʜʘʢʪʘʥʩʘ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʭʠ-

ʤʠʯʝʩʢʦʛʦ ʧʦʪʝʥʮʠʘʣʘ. ɸʥʘʣʦʛʠʯʥʳʡ ʵʬʬʝʢʪ ʫʜʘʝʪʩʷ ʧʦʢʘʟʘʪʴ ʠ 

ʤʝʪʦʜʦʤ ʘʩʩʦʮʠʘʪʠʚʥʳʭ ʘʣʛʝʙʨ.  
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ʅɸʂʃɽʇɸ 
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ʀɸʊʕ ʅʀʗʋ ʄʀʌʀ, ʛ. ʆʙʥʠʥʩʢ 

ʂʦʥʪ. ʪʝʣ.: 89108624049, e-mail: dichulkov@gmail.com 

 

ɼʣʷ ʩʦʝʜʠʥʝʥʠʷ ʤʝʞʜʫ ʩʦʙʦʡ ʚʩʝʭ ʫʩʪʨʦʡʩʪʚ ʠ ʘʛʨʝʛʘʪʦʚ ʗʕʋ 

ʪʨʝʙʫʝʪʩʷ ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʪʨʫʙʦʧʨʦʚʦʜʦʚ. ʆʙʱʘʷ ʧʨʦʪʷʞʝʥ-

ʥʦʩʪʴ ʚʩʝʭ ʪʨʫʙʦʧʨʦʚʦʜʦʚ ɸʕʉ ʩʦʩʪʘʚʣʷʝʪ ʦʢʦʣʦ ʩʦʪʥʠ ʢʠʣʦʤʝʪ-

ʨʦʚ. ʉʪʦʠʤʦʩʪʴ ʪʨʫʙʦʧʨʦʚʦʜʦʚ ʤʦʞʝʪ ʜʦʩʪʠʛʘʪʴ 10% ʦʪ ʩʪʦʠʤʦʩʪʠ 

ʚʩʝʡ ʩʪʘʥʮʠʠ [1].  

ʊʨʫʙʦʧʨʦʚʦʜʳ ʥʘ ɸʕʉ ʧʦʜʚʝʨʞʝʥʳ ʨʘʟʣʠʯʥʳʤ ʨʘʟʨʫʰʘʶʱʠʤ 

ʬʘʢʪʦʨʘʤ: ʚʳʩʦʢʦʝ ʜʘʚʣʝʥʠʝ ʚʥʫʪʨʠ ʪʨʫʙʦʧʨʦʚʦʜʦʚ, ʚʠʙʨʘʮʠʠ, 

ʠʦʥʠʟʘʮʠʦʥʥʦʝ ʠʟʣʫʯʝʥʠʝ, ʚʳʩʦʢʘʷ ʪʝʤʧʝʨʘʪʫʨʘ ʠ ʪ.ʜ. ʇʨʠ ʨʘʟʨʫ-

ʰʝʥʠʠ ʦʩʦʙʦ ʦʪʚʝʪʩʪʚʝʥʥʳʭ ʪʨʫʙʦʧʨʦʚʦʜʦʚ ʙʝʟʦʧʘʩʥʘʷ ʵʢʩʧʣʫʘʪʘ-

ʮʠʷ ʘʪʦʤʥʦʡ ʩʪʘʥʮʠʠ ʦʢʘʟʳʚʘʝʪʩʷ ʧʦʜ ʫʛʨʦʟʦʡ. ɼʣʷ ʧʨʦʚʝʜʝʥʠʷ ʜʦ-

ʨʦʛʦʩʪʦʷʱʠʭ ʨʝʤʦʥʪʥʳʭ ʨʘʙʦʪ ʥʝʦʙʭʦʜʠʤʘ ʧʦʣʥʘʷ ʦʩʪʘʥʦʚʢʘ ʷʜʝʨ-

ʥʦʛʦ ʨʝʘʢʪʦʨʘ, ʯʪʦ, ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʚʣʝʯʝʪ ʢ ʙʦʣʴʰʠʤ ʬʠʥʘʥʩʦʚʳʤ 

ʟʘʪʨʘʪʘʤ.  

ɺʩʝ ʚʳʰʝ ʧʝʨʝʯʠʩʣʝʥʥʳʝ ʬʘʢʪʦʨʳ ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʦ ʪʦʤ, ʯʪʦ 

ʥʝʦʙʭʦʜʠʤʦ ʚʳʧʦʣʥʷʪʴ ʮʝʣʳʡ ʢʦʤʧʣʝʢʩ ʧʨʦʮʝʜʫʨ, ʥʘʧʨʘʚʣʝʥʥʳʭ 

ʥʘ ʦʙʝʩʧʝʯʝʥʠʝ ʫʚʝʣʠʯʝʥʠʷ ʥʘʜʝʞʥʦʩʪʠ ʪʨʫʙʦʧʨʦʚʦʜʦʚ ɸʕʉ, ʘ 

ʢʦʥʢʨʝʪʥʦ ʠʭ ʩʚʘʨʥʳʭ ʩʦʝʜʠʥʝʥʠʡ, ʪʘʢ ʢʘʢ ʠʤʝʥʥʦ ʦʥʠ, ʚ ʚʠʜʫ ʦʩʦ-

ʙʝʥʥʦʩʪʝʡ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʧʨʦʮʝʩʩʘ, ʧʦʜʚʝʨʞʝʥʳ ʥʘʠʙʦʣʴʰʝʤʫ 

ʨʘʟʨʫʰʝʥʠʶ ʠʟ-ʟʘ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʚ ʥʠʭ ʦʩʪʘʪʦʯʥʳʭ ʥʘʧʨʷʞʝʥʠʷ ʠ 

ʦʩʪʘʪʦʯʥʳʭ ʜʝʬʦʨʤʘʮʠʡ ʧʨʠ ʩʚʘʨʢʝ. ʂ ʪʦʤʫ ʞʝ ʚʦ ʚʨʝʤʷ ʵʢʩʧʣʫʘ-

ʪʘʮʠʠ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʝ ʥʘʧʨʷʞʝʥʠʷ ʙʫʜʫʪ ʩʢʣʘʜʳʚʘʪʴʩʷ ʩ ʦʩʪʘ-

ʪʦʯʥʳʤʠ ʥʘʧʨʷʞʝʥʠʷʤʠ, ʯʪʦ ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ ʧʨʝʚʳʰʝʥʠʶ ʧʨʝ-

ʜʝʣʘ ʧʨʦʯʥʦʩʪʠ ʤʝʪʘʣʣʘ ʠ ʚʳʟʚʘʪʴ ʦʙʨʘʟʦʚʘʥʠʝ ʪʨʝʱʠʥ [2].  

ʎʝʣʴ ʨʘʙʦʪʳ: ʨʘʟʨʘʙʦʪʘʪʴ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʝ ʫʩʪʨʦʡʩʪʚʦ ʩʥʷ-

ʪʠʷ ʦʩʪʘʪʦʯʥʳʭ ʥʘʧʨʷʞʝʥʠʡ ʚ ʩʚʘʨʥʳʭ ʩʦʝʜʠʥʝʥʠʷʭ ʪʨʫʙʦʧʨʦʚʦʜʦʚ 

ɸʕʉ ʧʦʩʣʝ ʠʭ ʚʳʧʦʣʥʝʥʠʷ ʤʝʪʦʜʦʤ ʫʣʴʪʨʘʟʚʫʢʦʚʦʛʦ ʥʘʢʣʝʧʘ.  
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ʉʫʪʴ ʤʝʪʦʜʘ ʩʦʩʪʦʠʪ ʚ ʪʦʤ, ʯʪʦ ʙʣʘʛʦʜʘʨʷ ʫʣʴʪʨʘʟʚʫʢʦʚʳʤ ʢʦʣʝ-

ʙʘʥʠʷʤ ʥʘ ʪʦʨʮʝ ʘʢʫʩʪʠʯʝʩʢʦʛʦ ʫʣʴʪʨʘʟʚʫʢʦʚʦʛʦ ʚʦʣʥʦʚʦʜʘ ʧʨʦʠʩ-

ʭʦʜʠʪ ʠʟʤʝʥʝʥʠʝ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʳ ʤʝʪʘʣʣʘ ʧʨʠ ʝʛʦ ʧʣʘ-

ʩʪʠʯʝʩʢʦʤ ʜʝʬʦʨʤʠʨʦʚʘʥʠʠ. ɺ ʩʚʘʨʥʦʤ ʩʦʝʜʠʥʝʥʠʠ ʵʪʦ ʧʦʟʚʦʣʷʝʪ 

ʩʥʷʪʴ ʦʩʪʘʪʦʯʥʳʝ ʥʘʧʨʷʞʝʥʠʷ ʟʘ ʩʯʝʪ ʪʦʛʦ, ʯʪʦ ʜʠʩʣʦʢʘʮʠʷʤ ʧʝʨʝ-

ʜʘʸʪʩʷ ʵʥʝʨʛʠʷ, ʥʝʦʙʭʦʜʠʤʘʷ ʜʣʷ ʪʦʛʦ, ʯʪʦʙʳ ʦʥʠ ʚʝʨʥʫʣʠʩʴ ʚ ʠʩ-

ʭʦʜʥʦʝ ʩʦʩʪʦʷʥʠʝ ʧʦʩʣʝ ʜʝʬʦʨʤʘʮʠʠ [3].  

ɼʣʷ ʧʦʚʳʰʝʥʠʷ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ, ʘ ʪʘʢʞʝ ʫʚʝʣʠʯʝʥʠʷ ʢʘʯʝ-

ʩʪʚʘ ʩʥʷʪʠʷ ʦʩʪʘʪʦʯʥʳʭ ʥʘʧʨʷʞʝʥʠʡ ʤʝʪʦʜʦʤ ʫʣʴʪʨʘʟʚʫʢʦʚʦʛʦ 

ʥʘʢʣʝʧʘ ʥʝʦʙʭʦʜʠʤʦ ʨʘʟʨʘʙʦʪʘʪʴ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʝ ʫʩʪʨʦʡʩʪʚʦ. 

ʆʥʦ ʜʦʣʞʥʦ ʩʦʩʪʦʷʪʴ ʠʟ ʩʣʝʜʫʶʱʠʭ ʵʣʝʤʝʥʪʦʚ: 

 ʄʘʛʥʠʪʦʩʪʨʠʢʮʠʦʥʥʦʛʦ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʷ, ʩ ʧʦʤʦʱʴʶ ʢʦʪʦ-

ʨʦʛʦ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʫʣʴʪʨʘʟʚʫʢʦʚʦʡ ʥʘʢʣʝʧ; 

 ʋʣʴʪʨʘʟʚʫʢʦʚʦʛʦ ʛʝʥʝʨʘʪʦʨʘ, ʜʣʷ ʧʠʪʘʥʠʷ ʤʘʛʥʠʪʦʩʪʨʠʢʮʠ-

ʦʥʥʦʛʦ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʷ; 

 ɸʚʪʦʥʦʤʥʦʡ ʩʠʩʪʝʤʳ ʦʭʣʘʞʜʝʥʠʷ, ʜʣʷ ʦʭʣʘʞʜʝʥʠʷ ʤʘʛʥʠ-

ʪʦʩʪʨʠʢʮʠʦʥʥʦʛʦ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʷ; 

 ʄʝʭʘʥʠʟʤʘ ʧʝʨʝʤʝʱʝʥʠʷ ʠ ʰʘʛʦʚʦʛʦ ʜʚʠʛʘʪʝʣʷ, ʜʣʷ ʧʝʨʝ-

ʤʝʱʝʥʠʷ ʧʦʜʚʠʞʥʦʡ ʯʘʩʪʠ ʫʩʪʨʦʡʩʪʚʘ ʚʜʦʣʴ ʩʚʘʨʥʦʛʦ ʩʦʝʜʠʥʝʥʠʷ; 

 ʇʨʦʛʨʘʤʤʠʨʫʝʤʦʛʦ ʣʦʛʠʯʝʩʢʦʛʦ ʢʦʥʪʨʦʣʣʝʨʘ, ʜʣʷ ʫʧʨʘʚʣʝ-

ʥʠʷ ʫʩʪʨʦʡʩʪʚʦʤ; 

 ʋʣʴʪʨʘʟʚʫʢʦʚʦʛʦ ʧʴʝʟʦʧʨʝʦʙʨʘʟʦʚʘʪʝʣʷ ʩ ʯʘʩʪʦʪʦʡ ʧʨʦʧʫʩ-

ʢʘʥʠʷ 20 ʢɻʮ, ʜʣʷ ʦʩʫʱʝʩʪʚʣʝʥʠʷ ʢʦʥʪʨʦʣʷ ʚʳʧʦʣʥʝʥʠʷ ʫʣʴʪʨʘʟʚʫ-

ʢʦʚʦʛʦ ʥʘʢʣʝʧʘ; 

 ʅʘʧʨʘʚʣʷʶʱʝʡ, ʜʣʷ ʬʠʢʩʘʮʠʠ ʫʩʪʨʦʡʩʪʚʘ ʥʘ ʪʨʫʙʦʧʨʦʚʦʜʝ. 
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ʇʈʆɽʂʊʀʈʆɺɸʅʀɽ ɺʆʉʇʈʀʅʀʄɸʖʑɽɻʆ ʕʃɽʄɽʅʊɸ 

ɺʆʃʆʂʆʅʅʆ-ʆʇʊʀʏɽʉʂʆɻʆ ɼɸʊʏʀʂɸ ʈɸʉʍʆɼɸ ʀ  

ʇɸʈɸʄɽʊʈʆɺ ɾʀɼʂʆʉʊʅʓʍ ʉʈɽɼ 

 

ʐʘʯʥʝʚʘ ɽ.ɸ.
1,2
, ʄʫʨʘʰʢʠʥʘ ʊ.ʀ.

2 

 
1 ʌɻɹʆʋ ɺʆ ʇʝʥʟʝʥʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ, ʇʝʥʟʘ 

2 ʌɻɹʆʋ ɺʆ ʇʝʥʟʝʥʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠ-

ʪʝʪ, ʇʝʥʟʘ 

+79656375890, e_shachneva@mail.ru 

 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʩʫʱʝʩʪʚʫʝʪ ʤʥʦʞʝʩʪʚʦ ʩʧʦʩʦʙʦʚ ʠ ʫʩʪʘʥʦ-

ʚʦʢ ʜʣʷ ʚʦʩʧʨʦʠʟʚʝʜʝʥʠʷ ʠ ʠʟʤʝʨʝʥʠʷ ʨʘʩʭʦʜʘ ʞʠʜʢʦʩʪʠ [1, 2]. ʅʦ 

ʦʩʥʦʚʥʦʡ ʠʭ ʥʝʜʦʩʪʘʪʦʢ ʚ ʩʣʦʞʥʦʩʪʠ ʪʝʭʥʠʯʝʩʢʦʡ ʨʝʘʣʠʟʘʮʠʠ ʠ 

ʥʝʦʧʨʘʚʜʘʥʥʦ ʚʳʩʦʢʦʡ ʩʣʦʞʥʦʩʪʠ ʧʨʦʚʝʜʝʥʠʷ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʠ 

ʠʟʤʝʨʝʥʠʡ, ʚʣʠʷʥʠʝ ʥʘ ʨʝʟʫʣʴʪʘʪ ʠʟʤʝʨʝʥʠʷ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʭ ʧʦ-

ʤʝʭ. 

 
ʈʠʩ.1. ʋʧʨʦʱʝʥʥʘʷ ʢʦʥʩʪʨʫʢʮʠʷ ɺʕ  ʠ ʩʭʝʤʘ ʩʠʣ, ʜʝʡʩʪʚʫʶʱʠʭ ʚ ʫʟʣʝ ɺʕ 

 

ɺ ʨʘʙʦʪʝ [3] ʘʚʪʦʨʳ ʧʨʝʜʣʦʞʠʣʠ ʥʦʚʳʡ ʩʧʦʩʦʙ ʠ ʚʦʣʦʢʦʥʥʦ-

ʦʧʪʠʯʝʩʢʠʡ ʜʘʪʯʠʢ (ɺʆɼ) ʜʣʷ ʠʟʤʝʨʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ ʞʠʜʢʦʩʪʥʦʛʦ 

ʧʦʪʦʢʘ. ʉʪʦʠʪ ʟʘʜʘʯʘ ʦʧʨʝʜʝʣʝʥʠʷ ʢʦʥʩʪʨʫʢʪʠʚʥʦ-ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ 

ʧʘʨʘʤʝʪʨʦʚ ʜʘʪʯʠʢʘ ʠ, ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ, ʚʦʩʧʨʠʥʠʤʘʶʱʝʛʦ ʵʣʝ-

ʤʝʥʪʘ (ɺʕ) ʚ ʚʠʜʝ ʧʣʘʩʪʠʥʳ ʩ ʦʪʨʘʞʘʶʱʝʡ ʧʦʚʝʨʭʥʦʩʪʴʶ (ʦʪʨʘʞʘ-
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ʪʝʣʴ), ʦʩʫʱʝʩʪʚʣʷʶʱʝʛʦ ʧʨʝʦʙʨʘʟʦʚʘʥʠʝ ʧʘʨʘʤʝʪʨʦʚ ʧʦʪʦʢʘ ʚ ʠʟ-

ʤʝʥʝʥʠʝ ʧʘʨʘʤʝʪʨʦʚ ʦʧʪʠʯʝʩʢʦʛʦ ʩʠʛʥʘʣʘ [4].  

ʅʘ ʨʠʩʫʥʢʝ 1 ʧʨʝʜʩʪʘʚʣʝʥʘ ʫʧʨʦʱʝʥʥʘʷ ʢʦʥʩʪʨʫʢʮʠʷ ɺʕ ʠ 

ʩʭʝʤʘ ʩʠʣ, ʜʝʡʩʪʚʫʶʱʠʭ ʚ ʫʟʣʝ ʚʦʩʧʨʠʥʠʤʘʶʱʝʛʦ ʵʣʝʤʝʥʪʘ ʜʘʪʯʠ-

ʢʘ.  

ɺ ʢʘʯʝʩʪʚʝ ɺʕ ʚʳʙʨʘʥ ʩʠʣʴʬʦʥ, ʥʦ ʥʝ ʠʩʢʣʶʯʝʥʘ ʚʦʟʤʦʞʥʦʩʪʴ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʜʨʫʛʠʭ ʫʧʨʫʛʠʭ ʵʣʝʤʝʥʪʦʚ (ʥʘʧʨʠʤʝʨ, ʧʦʣʫʩʬʝʨʠʯʝ-

ʩʢʦʡ  ʤʝʤʙʨʘʥʳ). 

 

ʃʠʪʝʨʘʪʫʨʘ 

1. Fluid Flow Measurement in Astronauts Life Support Systems / 

T.I. Murashkina, E.A. Badeevʘ, E.A. Shachneva, etc.//Biomedical En-

gineering. ï Vol. 49.- No 5.- January 2016. ïpp.295-299 

2. [ʕʣʝʢʪʨ. ʚʝʨʩʠʷ: http://link 

.springer.com/article/10.1007/s10527-016-9552-z] 

3.  Development of fiber optic sensor for fluid flow of astronauts' 

life-support system/ E.A. Shachneva and T.I. Murashkina//Journal of 

Physics: Conference Series 735(2016)012036. - International Confer-

ence of Young Scientists and Specialists "Optics-2015" 12ï16 October 

2015, St. Petersburg, Russia 

4. ʇʘʪʝʥʪ ʈʌ 2419765. ʄʇʂ G01 B 21/00.ɺʦʣʦʢʦʥʥʦ-

ʦʧʪʠʯʝʩʢʠʡ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʴ ʫʛʣʦʚʦʛʦ ʧʝʨʝʤʝʱʝʥʠʷ / ʄʫʨʘʰʢʠʥʘ 

ʊ.ʀ., ʇʠʚʢʠʥ ɸ.ɻ., ʉʝʨʝʙʨʷʢʦʚ ɼ.ʀ., ʖʨʦʚʘ ʆ.ɺ. ɹʶʣ. ˉ 15.ʦʧʫʙʣ. 

27.05.2011.  

http://iopscience.iop.org/journal/1742-6596
http://iopscience.iop.org/journal/1742-6596
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ʕʃɽʂʊʈʀʏɽʉʂʀɽ ʀ ʃʖʄʀʅɽʉʎɽʅʊʅʓɽ ʉɺʆʁʉʊɺɸ 

ʂʆʄʇʆɿʀʊʅʓʍ ʉʃʆɽɺ ʌʊʆʈʀɼɸ ʃʀʊʀʗ,  

ʉʆɼɽʈɾɸʑʀʍ ʅɸʅʆʏɸʉʊʀʎʓ ʄɽʊɸʃʃʆɺ 

 

ʐʠʧʠʣʦʚʘ ʆ.ʀ., ʏʝʨʥʳʭ ɸ.ɸ. 
 

1 ʀʨʢʫʪʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ, ʀʨʢʫʪʩʢ 

89149007824, 4me4you@bk.ru 

 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʚʝʜʫʪʩʷ ʘʢʪʠʚʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʨʘʟʣʠʯʥʳʭ 

ʩʨʝʜ, ʩʦʜʝʨʞʘʱʠʭ ʤʝʪʘʣʣʠʯʝʩʢʠʝ ʥʘʥʦʯʘʩʪʠʮʳ ʩ ʮʝʣʴʶ ʩʦʟʜʘʥʠʷ ʥʘ 

ʦʩʥʦʚʝ ʜʘʥʥʳʭ ʢʦʤʧʦʟʠʪʦʚ ʥʦʚʳʭ ʪʠʧʦʚ ʬʦʪʦʥʥʳʭ ʠ ʦʧʪʦʵʣʝʢ-

ʪʨʦʥʥʳʭ ʫʩʪʨʦʡʩʪʚ. ʉʫʱʝʩʪʚʫʶʱʠʝ ʤʝʪʦʜʳ ʧʦʣʫʯʝʥʠʷ ʪʘʢʠʭ ʩʨʝʜ 

ʷʚʣʷʶʪʩʷ ʜʦʩʪʘʪʦʯʥʦ ʩʣʦʞʥʳʤʠ ʠ ʟʘʪʨʘʪʥʳʤʠ. ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʩ 

ʧʦʤʦʱʴʶ ʧʨʦʩʪʳʭ ʠ ʥʝʜʦʨʦʛʠʭ ʤʝʪʦʜʠʢ ʩʦʟʜʘʥʳ ʩʣʦʠ ʱʝʣʦʯʥʦ-

ʛʘʣʦʠʜʥʳʭ ʩʦʝʜʠʥʝʥʠʡ, ʩʦʜʝʨʞʘʱʠʝ ʤʝʪʘʣʣʠʯʝʩʢʠʝ ʥʘʥʦʯʘʩʪʠʮʳ, 

ʢʦʪʦʨʳʝ, ʢʘʢ ʧʦʢʘʟʘʣʠ ʧʨʦʚʝʜʝʥʥʳʝ ʠʟʤʝʨʝʥʠʷ, ʦʙʣʘʜʘʶʪ ʤʝʤʨʠ-

ʩʪʦʨʥʳʤʠ ʠ ʣʶʤʠʥʝʩʮʝʥʪʥʳʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ. 

1. ʈʘʟʨʘʙʦʪʘʥʘ ʧʨʦʩʪʘʷ ʠʦʥʥʦ-ʧʣʘʟʤʝʥʥʘʷ ʪʝʭʥʦʣʦʛʠʷ ʩʠʥʪʝʟʘ 

ʢʦʤʧʦʟʠʪʥʳʭ ʧʣʝʥʦʢ ʬʪʦʨʠʜʘ ʣʠʪʠʷ ʪʦʣʱʠʥʦʡ 200-500 ʥʤ, ʩʦʜʝʨ-

ʞʘʱʠʭ ʥʘʥʦʯʘʩʪʠʮʳ ʤʝʜʠ, ʥʘ ʦʩʥʦʚʝ ʤʘʛʥʝʪʨʦʥʥʦʛʦ ʨʘʩʧʳʣʝʥʠʷ 

[1]. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʚʦʣʴʪ-ʘʤʧʝʨʥʘʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʧʣʝʥʢʠ, ʠʟ-

ʤʝʨʝʥʥʘʷ ʩ ʧʦʤʦʱʴʶ ʪʫʥʥʝʣʴʥʦʛʦ ʤʠʢʨʦʩʢʦʧʘ, ʠʤʝʝʪ ʧʦʨʦʛʦʚʳʡ 

ʭʘʨʘʢʪʝʨ, ʪ.ʝ. ʧʣʝʥʢʘ ʦʙʣʘʜʘʝʪ ʤʝʤʨʠʩʪʦʨʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ (ʨʠʩ. 1). 

ʅʘʧʨʷʞʝʥʠʝ ʧʝʨʝʭʦʜʘ ʠʟ ʚʳʩʦʢʦʦʤʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʚ ʥʠʟʢʦʦʤʥʦʝ 

ʨʘʚʥʦ 0,67Ñ0,03 ɺ. ʉʦʧʨʦʪʠʚʣʝʥʠʝ ʧʣʝʥʢʠ ʚ ʚʳʩʦʢʦʦʤʥʦʤ 

ʩʦʩʪʦʷʥʠʠ ʩʦʩʪʘʚʠʣʦ Roff = (2,5Ñ0,04)Ĭ10
8
,  ʆʤ, ʚ ʥʠʟʢʦʦʤʥʦʤ ï Ron 

= (1,5Ñ0,08)Ĭ10
7
 ʆʤ, ʪ.ʝ. ʦʪʥʦʰʝʥʠʝ Roff/Ron = 17 ʧʨʝʚʳʰʘʝʪ 

ʟʥʘʯʝʥʠʷ, ʢʦʪʦʨʳʝ ʙʳʣʠ ʠʟʤʝʨʝʥʳ  ʚ ʘʥʘʣʦʛʠʯʥʳʭ ʫʩʪʨʦʡʩʪʚʘʭ, 

ʧʦʣʫʯʝʥʥʳʭ ʩ ʧʦʤʦʱʴʶ ʩʫʱʝʩʪʚʝʥʥʦ ʙʦʣʝʝ ʩʣʦʞʥʳʭ ʠ ʜʦʨʦʛʠʭ 

ʪʝʭʥʦʣʦʛʠʡ [2].  

2. ʀʩʩʣʝʜʦʚʘʥʳ ʩʧʝʢʪʨʳ ʣʶʤʠʥʝʩʮʝʥʮʠʠ ʢʨʠʩʪʘʣʣʦʚ LiF, ʦʙʣʫ-

ʯʝʥʥʳʭ ʧʫʯʢʦʤ ʠʦʥʦʚ Ag ʩ ʵʥʝʨʛʠʝʡ 150 ʢʵɺ. ʉʧʝʢʪʨ ʣʶʤʠʥʝʩʮʝʥ-

ʮʠʠ, ʚʦʟʙʫʞʜʘʝʤʦʡ ʣʘʟʝʨʥʳʤ ʠʟʣʫʯʝʥʠʝʤ ʩ ʜʣʠʥʦʡ ʚʦʣʥʳ 375 ʥʤ, 

ʧʨʠ ʨʘʟʥʳʭ ʜʦʟʘʭ ʠʦʥʥʦʛʦ ʦʙʣʫʯʝʥʠʷ ʠʟʦʙʨʘʞʝʥ ʥʘ ʨʠʩ.2. ʀʟ ʨʠ-

ʩʫʥʢʘ ʚʠʜʥʦ, ʯʪʦ ʥʘʨʷʜʫ ʩ ʧʦʣʦʩʘʤʠ ʣʶʤʠʥʝʩʮʝʥʮʠʠ ʩ ʤʘʢʩʠʤʫʤʘ-

ʤʠ ʧʨʠ 550 ʠ 680 ʥʤ, ʭʘʨʘʢʪʝʨʥʳʤʠ ʜʣʷ F2 ʠ F3
+
- ʮʝʥʪʨʦʚ ʦʢʨʘʩʢʠ, 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʢʦʪʦʨʳʝ ʦʙʨʘʟʦʚʘʣʠʩʴ ʚ ʪʦʥʢʦʤ ʧʦʚʝʨʭʥʦʩʪʥʦʤ 
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ʩʣʦʝ ʚ ʨʝʟʫʣʴʪʘʪʝ ʠʦʥʥʦʛʦ ʦʙʣʫʯʝʥʠʷ, ʚ ʩʧʝʢʪʨʝ ʧʨʠʩʫʪʩʪʚʫʝʪ 

ʪʝʨʤʠʯʝʩʢʠ ʩʪʘʙʠʣʴʥʘʷ ʧʦʣʦʩʘ ʣʶʤʠʥʝʩʮʝʥʮʠʠ ʩ ʤʘʢʩʠʤʫʤʦʤ ʥʘ 

460 ʥʤ. ʇʦʣʦʩʘ ʦʙʫʩʣʦʚʣʝʥʘ ʬʦʨʤʠʨʦʚʘʥʠʝʤ ʩʫʙʥʘʥʦʨʘʟʤʝʨʥʳʭ 

ʟʘʨʷʞʝʥʥʳʭ ʢʣʘʩʪʝʨʦʚ ʩʝʨʝʙʨʘ Ag(n
+
), ʦʙʣʘʜʘʶʱʠʭ ʣʶʤʠʥʝʩʮʝʥʪ-

ʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ. ʇʨʠ ʙʦʣʴʰʠʭ ʜʦʟʘʭ ʦʙʣʫʯʝʥʠʷ (3Ĭ10
17

 ʠʦʥ/ʩʤ
2
, 

ʩʤ. ʚʨʝʟʢʫ ʥʘ ʨʠʩ.2), ʯʘʩʪʴ ʢʣʘʩʪʝʨʦʚ ʢʦʘʛʫʣʠʨʫʝʪ ʚ ʯʘʩʪʠʮʳ ʥʘʥʦ-

ʨʘʟʤʝʨʥʦʛʦ ʤʘʩʰʪʘʙʘ, ʫ ʢʦʪʦʨʳʭ ʣʶʤʠʥʝʩʮʝʥʮʠʷ ʦʪʩʫʪʩʪʚʫʝʪ, ʧʦ-

ʵʪʦʤʫ, ʢʘʢ ʧʦʢʘʟʘʥʦ ʥʘ ʚʨʝʟʢʝ ʨʠʩ.2, ʦʪʥʦʩʠʪʝʣʴʥʳʡ ʚʢʣʘʜ ʠʟʣʫʯʝ-

ʥʠʷ ʢʣʘʩʪʝʨʦʚ ʚ ʩʫʤʤʘʨʥʳʡ ʩʧʝʢʪʨ ʫʤʝʥʴʰʘʝʪʩʷ. 

ʈʠʩ.1 
 

ʈʠʩ.2 

ʃʠʪʝʨʘʪʫʨʘ 

1.ʇʘʪʝʥʪ ʥʘ ʧʦʣʝʟʥʫʶ ʤʦʜʝʣʴ (ʤʝʤʨʠʩʪʦʨʥʳʡ ʧʝʨʝʢʣʶʯʘʪʝʣʴ) 

ˉ 159146 , ʟʘʷʚʢʘ ˉ  2015134900 ʦʪ 18.08.2015. ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥ 

18 ʘʚʛʫʩʪʘ 2016. 

2.ʖ.ɺ. ʍʨʘʧʦʚʠʮʢʘʷ ʠ ʜʨ. ʇʠʩʴʤʘ ʚ ɾʊʌ ʪʦʤ 40. ʚʳʧ. 7. ʩ. 87-

95. 2014 
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ɺ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʚʣʠʷʥʠʷ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʭ ʫʩʣʦʚʠʡ ʦʙʨʘʙʦʪʢʠ ʥʘ ʵʣʝʢʪʨʦʬʠʟʠʯʝ-

ʩʢʠʝ ʩʚʦʡʩʪʚʘ ʤʘʪʝʨʠʘʣʦʚ, ʧʨʠʤʝʥʷʝʤʳʭ ʚ ʫʩʪʨʦʡʩʪʚʘʭ ʜʣʷ ʨʝʛʠ-

ʩʪʨʘʮʠʠ ʠʟʦʙʨʘʞʝʥʠʡ ʚ ʙʣʠʞʥʝʡ ʀʂ-ʦʙʣʘʩʪʠ ʜʣʠʥ ʚʦʣʥ. 

ɼʣʷ ʚʠʟʫʘʣʠʟʘʮʠʠ ʠʟʦʙʨʘʞʝʥʠʡ ʚ ʙʣʠʞʥʝʡ ʀʂ-ʦʙʣʘʩʪʠ ʠʩʧʦʣʴ-

ʟʫʶʪʩʷ ʵʣʝʢʪʨʦʥʥʦ-ʦʧʪʠʯʝʩʢʠʝ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʠ ʠ ʚʪʦʨʠʯʥʦ-

ʵʣʝʢʪʨʦʥʥʳʝ ʫʤʥʦʞʠʪʝʣʠ, ʧʨʠʤʝʥʷʝʤʳʝ, ʚ ʯʘʩʪʥʦʩʪʠ, ʚ ʧʨʠʙʦʨʘʭ 

ʥʦʯʥʦʛʦ ʚʠʜʝʥʠʷ. ɼʣʷ ʩʦʟʜʘʥʠʷ ʚʪʦʨʠʯʥʦ-ʵʣʝʢʪʨʦʥʥʳʭ ʫʤʥʦʞʠʪʝ-

ʣʝʡ ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʫʶʪʩʷ ʩʧʝʮʠʘʣʴʥʳʝ ʩʚʠʥʮʦʚʦ-ʩʠʣʠʢʘʪʥʳʝ 

ʩʪʝʢʣʘ. ʌʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʝ ʧʨʦʮʝʩʩʳ, ʧʨʦʠʩʭʦʜʷʱʠʝ ʚ ʩʪʝʢʣʝ, ʦʢʘ-

ʟʳʚʘʶʪ ʩʫʱʝʩʪʚʝʥʥʦʝ ʚʣʠʷʥʠʝ ʥʘ ʵʣʝʢʪʨʦʬʠʟʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʠ 

ʦʧʨʝʜʝʣʷʶʪ ʚʘʞʥʳʝ ʜʣʷ ʵʢʩʧʣʫʘʪʘʮʠʠ ʧʨʠʙʦʨʦʚ ʧʨʠʤʝʥʝʥʠʷ ʭʘ-

ʨʘʢʪʝʨʠʩʪʠʢʠ. 

ʀʟʤʝʨʝʥʠʷ ʵʣʝʢʪʨʦʧʨʦʚʦʜʥʦʩʪʠ ʧʨʦʚʦʜʠʣʠʩʴ ʚ ʧʨʦʮʝʩʩʝ ʥʘʛʨʝ-

ʚʘ, ʠʟʦʪʝʨʤʠʯʝʩʢʦʛʦ ʦʪʞʠʛʘ ʧʨʠ ʦʧʨʝʜʝʣʝʥʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʠ 

ʦʭʣʘʞʜʝʥʠʷ ʦʙʨʘʟʮʘ. ʕʢʩʧʝʨʠʤʝʥʪʳ ʧʨʦʚʦʜʠʣʠʩʴ ʧʨʠ ʜʚʫʭ ʫʩʣʦʚʠ-

ʷʭ. ɺ ʧʝʨʚʦʤ ʩʣʫʯʘʝ ï ʚ ʪʝʯʝʥʠʝ ʚʩʝʛʦ ʚʨʝʤʝʥʠ ʵʢʩʧʝʨʠʤʝʥʪʘ ʯʝʨʝʟ 

ʦʙʨʘʟʝʮ ʧʨʦʧʫʩʢʘʣʩʷ ʵʣʝʢʪʨʠʯʝʩʢʠʡ ʪʦʢ ʦʜʥʦʛʦ ʥʘʧʨʘʚʣʝʥʠʷ, ʚʦ 

ʚʪʦʨʦʤ ʩʣʫʯʘʝ ï ʜʣʷ ʠʩʢʣʶʯʝʥʠʷ ʚʣʠʷʥʠʷ ʵʣʝʢʪʨʦʤʘʩʩʦʧʝʨʝʥʦʩʘ 

ʧʨʦʧʫʩʢʘʣʠ ʪʦʢ ʩ ʧʝʨʝʤʝʥʦʡ ʧʦʣʷʨʥʦʩʪʠ (ʧʦ ~ 2 ʤʠʥʫʪʳ ʥʘ ʦʜʥʦ 

ʠʟʤʝʨʝʥʠʝ) [1]. 

ʇʨʠ ʧʦʩʪʦʷʥʥʦʤ ʧʨʦʧʫʩʢʘʥʠʠ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʪʦʢʘ ʵʣʝʢʪʨʦʧʨʦ-

ʚʦʜʥʦʩʪʴ ʩʚʠʥʮʦʚʦ-ʩʠʣʠʢʘʪʥʦʛʦ ʩʪʝʢʣʘ ʉ87-2 ʩʦ ʚʨʝʤʝʥʝʤ ʧʨʠ ʚʩʝʭ 

ʪʝʤʧʝʨʘʪʫʨʘʭ ʦʪʞʠʛʘ ʫʤʝʥʴʰʘʝʪʩʷ [2]. ɼʣʷ ʩʚʠʥʮʦʚʦ-ʩʠʣʠʢʘʪʥʦʛʦ 

ʩʪʝʢʣʘ ʉ78-4 ʠ ʙʦʨʘʪʥʦ-ʙʘʨʠʝʚʦʛʦ ʩʪʝʢʣʘ ʉ78-5 ʵʣʝʢʪʨʦʧʨʦʚʦʜ-

ʥʦʩʪʴ ʧʨʠ ʧʦʩʪʦʷʥʥʦʤ ʧʨʦʧʫʩʢʘʥʠʠ ʪʦʢʘ ʫʚʝʣʠʯʠʚʘʝʪʩʷ [3,4]. 

ʉʨʘʚʥʝʥʠʝ ʜʚʫʭ ʢʨʠʚʳʭ ʩʚʠʥʮʦʚʦ-ʩʠʣʠʢʘʪʥʦʛʦ ʩʪʝʢʣʘ ʉ87-2, 

ʧʦʣʫʯʝʥʥʳʭ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 450 Áʉ ʜʣʷ ʧʦʩʪʦʷʥʥʦʛʦ ʠ ʟʥʘʢʦʧʝʨʝ-

ʤʝʥʥʦʛʦ ʪʦʢʘ, ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʚ ʧʨʦʮʝʩʩʝ ʥʘʛʨʝʚʘ ʜʦ ʪʝʤʧʝʨʘʪʫʨʳ 
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ʦʪʞʠʛʘ ʩ ʥʝʧʨʝʨʳʚʥʳʤ ʧʨʦʧʫʩʢʘʥʠʝʤ ʪʦʢʘ ʧʨʦʚʦʜʠʤʦʩʪʴ ʩʪʝʢʣʘ 

ʚʦʟʨʘʩʪʘʝʪ, ʧʨʠʯʝʤ ʥʘ ʦʜʠʥ ʧʦʨʷʜʦʢ ʚʝʣʠʯʠʥʳ ʙʦʣʴʰʝ, ʯʝʤ ʩʦʦʪ-

ʚʝʪʩʪʚʫʶʱʝʝ ʚʦʟʨʘʩʪʘʥʠʝ ʜʣʷ ʩʣʫʯʘʷ ʟʥʘʢʦʧʝʨʝʤʝʥʥʦʛʦ ʪʦʢʘ. ɺ 

ʧʨʦʮʝʩʩʝ ʦʪʞʠʛʘ ʧʨʠ ʧʦʩʪʦʷʥʥʦʤ ʧʨʦʧʫʩʢʘʥʠʠ ʪʦʢʘ ʧʨʦʚʦʜʠʤʦʩʪʴ 

ʫʤʝʥʴʰʘʝʪʩʷ ʥʘ ~ 1,5 ʧʦʨʷʜʢʘ ʚʝʣʠʯʠʥʳ, ʘ ʧʨʠ ʟʥʘʢʦʧʝʨʝʤʝʥʥʦʤ 

ʧʨʦʧʫʩʢʘʥʠʠ ʪʦʢʘ ʥʘʦʙʦʨʦʪ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʥʘ ~ 0,5 ʧʦʨʷʜʢʘ. ʇʨʠ 

ʧʦʩʪʦʷʥʥʦʤ ʧʨʦʧʫʩʢʘʥʠʠ ʪʦʢʘ ʢʦʣʠʯʝʩʪʚʦ ʵʣʝʢʪʨʠʯʝʩʪʚʘ ʧʨʦʰʝʜ-

ʰʝʛʦ ʯʝʨʝʟ ʦʙʨʘʟʝʮ ʩʦʩʪʘʚʣʷʣʦ 5,6Ĭ10
ï2

 ʂʣ. ʕʪʦ ʦʟʥʘʯʘʝʪ, ʯʪʦ ʧʨʠ 

ʧʦʩʪʦʷʥʥʦʤ ʧʨʦʧʫʩʢʘʥʠʠ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʪʦʢʘ ʵʣʝʢʪʨʦʤʘʩʩʦʧʝʨʝ-

ʥʦʩ ʦʢʘʟʳʚʘʝʪ ʩʫʱʝʩʪʚʝʥʥʦ ʚʣʠʷʥʠʝ ʥʘ ʩʪʨʫʢʪʫʨʫ ʠ ʥʘ ʵʣʝʢʪʨʦʧʨʦ-

ʚʦʜʥʦʩʪʴ ʩʪʝʢʣʘ. 

ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʚʨʝʤʷ ʜʦʩʪʠʞʝʥʠʷ ʬʘʟʦʚʦʛʦ ʨʘʚʥʦʚʝʩʠʷ ʚ 

ʩʪʝʢʣʘʭ ʟʘʚʠʩʠʪ ʦʪ ʢʦʣʠʯʝʩʪʚʘ ʵʣʝʢʪʨʠʯʝʩʪʚʘ, ʧʨʦʰʝʜʰʝʛʦ ʯʝʨʝʟ 

ʦʙʨʘʟʝʮ. ʇʨʠ ʧʦʩʪʦʷʥʥʦʤ ʧʨʦʧʫʩʢʘʥʠʠ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʪʦʢʘ ʚ ʦʜ-

ʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ ʚʨʝʤʷ ʜʦʩʪʠʞʝʥʠʷ ʬʘʟʦʚʦʛʦ ʨʘʚʥʦʚʝʩʠʷ ʫʚʝʣʠʯʠ-

ʚʘʝʪʩʷ ʥʘ 20ï30 % ʧʦ ʩʨʘʚʥʝʥʠʶ ʩʦ ʟʥʘʢʦʧʝʨʝʤʝʥʥʳʤ ʧʨʦʧʫʩʢʘʥʠ-

ʝʤ ʪʦʢʘ. ʀʟ ʵʪʦʛʦ ʩʣʝʜʫʝʪ, ʯʪʦ ʧʦʩʪʦʷʥʥʦʝ ʧʨʦʧʫʩʢʘʥʠʝ ʵʣʝʢʪʨʠʯʝ-

ʩʢʦʛʦ ʪʦʢʘ (ʧʝʨʝʥʦʩ ʠʦʥʦʚ ʚ ʦʜʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ) ʧʨʝʧʷʪʩʪʚʫʝʪ ʦʙ-

ʨʘʟʦʚʘʥʠʶ ʥʦʚʦʡ ʬʘʟʳ. ʇʦʜʦʙʥʳʝ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ ʥʘʙʣʶʜʘʶʪʩʷ ʚʦ 

ʚʩʝʭ ʠʩʩʣʝʜʦʚʘʥʥʳʭ ʩʪʝʢʣʘʭ. 
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ʇʆʃʋʏɽʅʀɽ ʅɸʅʆʇʈʆɺʆʃʆʂ ʅʀʊʈʀɼɸ ɸʃʖʄʀʅʀʗ 

ʄɽʊʆɼʆʄ ʀʄʇʋʃʔʉʅʆɻʆ ʃɸɿɽʈʅʆɻʆ ʆʉɸɾɼɽʅʀʗ ʀ 
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ʖʥʫʩʦʚʘ ʅ.ʈ., ʂʘʨʛʠʥ ʅ.ʀ., ʈʳʥʜʷ ʉ.ʄ, ɻʫʩʝʚ ɸ.ʉ.,  

ɸʥʪʦʥʝʥʢʦ ʉ.ɺ., ʊʠʤʦʬʝʝʚ A.A. 

 
ʅʘʮʠʦʥʘʣʴʥʳʡ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʷʜʝʨʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ çʄʀʌʀè, 

ʛ.ʄʦʩʢʚʘ 

e-mail: naida.yunusova1994@mail.ru 

 

ʉʦʯʝʪʘʥʠʝ ʫʥʠʢʘʣʴʥʳʭ ʩʚʦʡʩʪʚ ʥʠʪʨʠʜʘ ʘʣʶʤʠʥʠʷ (AlN) ʪʘʢʠʭ 

ʢʘʢ ʙʦʣʴʰʘʷ ʰʠʨʠʥʘ ʟʘʧʨʝʱʝʥʥʦʡ ʟʦʥʳ (6,2 ʵɺ), ʚʳʩʦʢʘʷ ʪʝʧʣʦ-

ʧʨʦʚʦʜʥʦʩʪʴ (320 ɺʪ/ʤĿʂ ʧʨʠ 300 K), ʚʳʩʦʢʦʝ ʟʥʘʯʝʥʠʝ ʥʘʧʨʷʞʝʥ-

ʥʦʩʪʠ ʧʦʣʷ ʧʨʦʙʦʷ (17 ʢɺ/ʤʤ) ʠ ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʝʚʳʩʦʢʘʷ ʩʪʦʠʤʦʩʪʴ 

ʜʝʣʘʶʪ ʝʛʦ ʧʝʨʩʧʝʢʪʠʚʥʳʤ ʤʘʪʝʨʠʘʣʦʤ ʜʣʷ ʧʨʠʤʝʥʝʥʠʷ ʚ ʧʨʠʙʦʨʘʭ 

ʩʠʣʦʚʦʡ ʠ ʉɺʏ ʵʣʝʢʪʨʦʥʠʢʠ. ʅʠʪʨʠʜ ʘʣʶʤʠʥʠʷ ʤʦʞʝʪ ʧʨʠʤʝʥʷʪʴ-

ʩʷ ʚ ʢʘʯʝʩʪʚʝ ʧʦʜʣʦʞʢʠ ʧʨʠ ʩʦʟʜʘʥʠʠ ʠʥʪʝʛʨʘʣʴʥʳʭ ʩʭʝʤ, ʤʦʱʥʳʭ 

ʪʨʘʥʟʠʩʪʦʨʦʚ ʠ ʚ ʢʘʯʝʩʪʚʝ ʜʠʵʣʝʢʪʨʠʯʝʩʢʠʭ, ʧʘʩʩʠʚʠʨʫʶʱʠʭ ʠ ʪʝʧ-

ʣʦʦʪʚʦʜʷʱʠʭ ʩʣʦʝʚ ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚʳʭ ʧʨʠʙʦʨʦʚ [1, 2]. 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʠʥʪʝʥʩʠʚʥʦ ʨʘʟʨʘʙʘʪʳʚʘʶʪʩʷ ʛʝʪʝʨʦʩʪʨʫʢʪʫ-

ʨ  rʜʣʷ ʥʫʞʜ ʤʠʢʨʦʵʣʝʢʪʨʦʥʠʢʠ, ʩʚʷʟʠ ʠ ʚʳʯʠʩʣʠʪʝʣʴʥʦʡ ʪʝʭʥʠʢʠ. 

ʆʩʦʙʳʡ ʠʥʪʝʨʝʩ ʚʳʟʳʚʘʶʪ ʥʘʥʦʨʘʟʤʝʨʥʳʝ ʵʣʝʤʝʥʪʳ ʠʟ ʥʘʥʦʧʨʦ-

ʚʦʣʦʢ ʠ ʥʠʪʝʚʠʜʥʳʭ ʢʨʠʩʪʘʣʣʦʚ. 

ʎʝʣʴʶ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʙʳʣʦ ʧʦʣʫʯʝʥʠʝ ʦʙʨʘʟʮʦʚ ʥʘʥʦʧʨʦʚʦʣʦʢ 

ʥʠʪʨʠʜʘ ʘʣʶʤʠʥʠʷ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʧʦʜʣʦʞʝʢ Si (100) ʧʨʠ ʠʤʧʫʣʴ-

ʩʥʦʤ ʣʘʟʝʨʥʦʤ ʨʘʩʧʳʣʝʥʠʠ ʢʝʨʘʤʠʯʝʩʢʦʡ ʤʠʰʝʥʠ AlN. 

ɼʣʷ ʜʦʩʪʠʞʝʥʠʷ ʧʦʩʪʘʚʣʝʥʥʦʡ ʮʝʣʠ ʧʨʦʚʦʜʠʣʦʩʴ ʨʘʩʧʳʣʝʥʠʝ 

ʢʝʨʘʤʠʯʝʩʢʦʡ ʤʠʰʝʥʠ AlN ʩʪʝʭʠʦʤʝʪʨʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ ʩ ʧʦʤʦʱʴʶ 

ʵʢʩʠʤʝʨʥʦʛʦ ʣʘʟʝʨʘ KrF ʩ ʜʣʠʥʦʡ ʚʦʣʥʳ 248 ʥʤ, ʜʣʠʪʝʣʴʥʦʩʪʴʶ 

ʠʤʧʫʣʴʩʘ 20 ʥʩ ʠ ʯʘʩʪʦʪʦʡ ʩʣʝʜʦʚʘʥʠʷ ʠʤʧʫʣʴʩʦʚ 15 ɻʮ ʚ ʫʩʣʦʚʠʷʭ 

ʚʘʢʫʫʤʘ ʧʨʠ ʦʩʪʘʪʦʯʥʦʤ ʜʘʚʣʝʥʠʠ 10
-5
 ï 10

-6
 ʇʘ. ɼʘʣʝʝ ʠʩʧʘʨʝʥʥʳʡ 

ʣʘʟʝʨʦʤ ʤʘʪʝʨʠʘʣ ʤʠʰʝʥʠ ʦʩʘʞʜʘʣʩʷ ʥʘ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʥʘʛʨʝʪʫʶ 

ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚʫʶ ʧʦʜʣʦʞʢʫ Si (100). ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʦʙ-

ʨʘʟʮʳ ʥʘʥʦʧʨʦʚʦʣʦʢ AlN ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʚ ʜʠʘʧʘʟʦʥʝ ʪʝʤʧʝʨʘʪʫʨ 

700 ï 850 Áʉ. ʅʘ ʨʠʩ. 1 ʧʨʝʜʩʪʘʚʣʝʥʳ ʈʕʄ ʠʟʦʙʨʘʞʝʥʠ ̫ʦʙʨʘʟʮʦʚ 

ʥʘʥʦʧʨʦʚʦʣʦʢ AlN, ʧʦʣʫʯʝʥʥʳʭ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʘʭ ʧʦʜʣʦʞʢʠ 700 

Áʉ (ʘ) ʠ 800 Áʉ (ʙ). 
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                             ʘ                                       ʙ 
ʈʠʩ.1 ʈʕʄ ʠʟʦʙʨʘʞʝʥʠʷ ʦʙʨʘʟʮʦʚ ʥʘʥʦʧʨʦʚʦʣʦʢ AlN, ʦʩʘʞʜʝʥʥʳʭ ʧʨʠ 

ʩʣʝʜʫʶʱʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ ʧʦʜʣʦʞʢʠ: ʘ ï 700Áʉ, ʙ - 800Áʉ. 

ʂʘʢ ʚʠʜʥʦ ʠʟ ʨʠʩ. 1 ʜʠʘʤʝʪʨ ʧʦʣʫʯʝʥʥʳʭ ʧʨʦʚʦʣʦʢ ʥʘʭʦʜʠʪʩʷ ʚ 

ʜʠʘʧʘʟʦʥʝ ʦʪ 35 ʜʦ 50 ʥʤ. ʅʘ ʢʦʥʮʘʭ ʥʘʥʦʧʨʦʚʦʣʦʢ ʥʘʙʣʶʜʘʶʪʩʷ 

ʢʘʧʣʠ ʚ ʚʠʜʝ ʧʦʣʫʩʬʝʨʳ ʩ ʜʠʘʤʝʪʨʦʤ ʨʘʚʥʳʤ ʜʠʘʤʝʪʨʫ ʨʘʩʪʫʱʝʡ 

ʧʨʦʚʦʣʦʢʠ. ʅʘʥʦʧʨʦʚʦʣʦʢʠ ʨʘʚʥʦʤʝʨʥʦ ʧʦʢʨʳʚʘʶʪ ʚʩʶ ʧʦʚʝʨʭ-

ʥʦʩʪʴ ʦʙʨʘʟʮʘ. ʊʘʢʞʝ ʧʨʦʠʩʭʦʜʠʪ ʨʦʩʪ ʥʝʩʢʦʣʴʢʠʭ ʥʘʥʦʧʨʦʚʦʣʦʢ ʠʟ 

ʦʜʥʦʛʦ ʦʩʥʦʚʘʥʠʷ, ʪ.ʝ. ʨʦʩʪ ʚ ʚʠʜʝ ʢʦʨʘʣʣʦʚ. 

ʆʙʨʘʟʦʚʘʥʠʝ ʥʘʥʦʧʨʦʚʦʣʦʢ AlN ʩʢʦʨʝʝ ʚʩʝʛʦ ʠʜʸʪ ʧʦ ʤʝʭʘʥʠʟʤʫ 

ʧʘʨ ï ʞʠʜʢʦʩʪʴ ï ʢʨʠʩʪʘʣʣ (ʇɾʂ). ʇʨʠ ʨʘʩʧʳʣʝʥʠʠ ʤʠʰʝʥʠ AlN ʚ 

ʚʘʢʫʫʤʝ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʧʦʜʣʦʞʢʠ ʦʩʘʞʜʘʝʪʩʷ ʠʟʙʳʪʦʯʥʳʡ Al, ʢʦ-

ʪʦʨʳʡ ʧʨʠ ʧʣʘʚʣʝʥʠʠ ʩʦʙʠʨʘʝʪʩʷ ʚ ʚʠʜʝ ʥʘʥʦʢʘʧʝʣʴ, ʷʚʣʷʶʱʠʭʩʷ 

ʢʘʪʘʣʠʟʘʪʦʨʘʤʠ ʨʦʩʪʘ ʥʘʥʦʧʨʦʚʦʣʦʢ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʦʩʫʱʝʩʪʚʣʷ-

ʝʪʩʷ ʩʘʤʦʢʘʪʘʣʠʪʠʯʝʩʢʠʡ ʨʦʩʪ ʥʘʥʦʧʨʦʚʦʣʦʢ, ʪ.ʢ. ʚ ʢʘʯʝʩʪʚʝ ʢʘʪʘ-

ʣʠʟʘʪʦʨʘ ʨʦʩʪʘ ʠʩʧʦʣʴʟʫʝʪʩʷ ʵʣʝʤʝʥʪ ʩʦʝʜʠʥʝʥʠʷ AlN. 

ʃʠʪʝʨʘʪʫʨʘ: 
1. M. Hirano, K. Kato, T. Isobe and T. Hirano// Sintering and characteriza-

tion of fully dense aluminium nitride ceramics /Journal of Materials Science, 

1993, Vol. 28, P. 4725 ï 4730. 

2. ʇʫʨʳʞʠʥʩʢʠʡ ʉ.ɿ., ʇʝʙʘʣʢ ɼ.ɺ., ʂʘʣʘʰʥʠʢʦʚ ɸ.ʖ. // ʄʠʢʨʦʩʪʨʫʢ-

ʪʫʨʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʚʝʨʭʥʦʩʪʠ ʧʣʘʪ ʠʟ ʥʠʪʨʠʜʘ ʘʣʶʤʠʥʠʷ ʨʘʟʣʠʯʥʳʭ 

ʧʨʦʠʟʚʦʜʠʪʝʣʝʡ / ɺ ʤʠʨʝ ʥʘʫʯʥʳʭ ʦʪʢʨʳʪʠʡ, 2015, ˉ 8, ʉ. 216 ï 231. 
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ʊʝʧʣʦʚʳʝ ʥʝʡʪʨʦʥʳ ï ʵʪʦ ʩʚʦʙʦʜʥʳʝ ʥʝʡʪʨʦʥʳ, ʢʠʥʝʪʠʯʝʩʢʘʷ 

ʵʥʝʨʛʠʷ ʢʦʪʦʨʳʭ ʙʣʠʟʢʘ ʢ ʩʨʝʜʥʝʡ ʵʥʝʨʛʠʠ ʪʝʧʣʦʚʦʛʦ ʜʚʠʞʝʥʠʷ 

ʤʦʣʝʢʫʣ ʛʘʟʘ ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ (å 0.025 ʵɺ). ʀʭ ʥʘʣʠʯʠʝ 

ʦʙʫʩʣʦʚʣʝʥʦ ʜʚʫʤʷ ʬʘʢʪʦʨʘʤʠ: ʚʟʘʠʤʦʜʝʡʩʪʚʠʝʤ ʢʦʩʤʠʯʝʩʢʠʭ ʣʫ-

ʯʝʡ ʩ ʘʪʤʦʩʬʝʨʦʡ ʠ ʚʝʨʭʥʠʤʠ ʩʣʦʷʤʠ ʛʨʫʥʪʘ, ʘ ʪʘʢʞʝ ʚʳʭʦʜʦʤ 

ʥʝʡʪʨʦʥʦʚ, ʦʙʨʘʟʫʶʱʠʭʩʷ ʚ ʛʨʫʥʪʝ ʟʘ ʩʯʝʪ ʝʩʪʝʩʪʚʝʥʥʦʡ ʨʘʜʠʦʘʢ-

ʪʠʚʥʦʩʪʠ (ʚ ʦʩʥʦʚʥʦʤ ʦʪ ʨʘʜʦʥʘ ʯʝʨʝʟ (Ŭ,n) - ʨʝʘʢʮʠʠ ʩ ʣʝʛʢʠʤʠ ʷʜ-

ʨʘʤʠ, ʚʭʦʜʷʱʠʤʠ ʚ ʩʦʩʪʘʚ ʛʨʫʥʪʘ). ʇʨʠ ʵʪʠʭ ʨʝʘʢʮʠʷʭ ʦʙʨʘʟʫʶʪʩʷ 

ʙʩrʪʨʳʝ ʥʝʡʪʨʦʥʳ, ʢʦʪʦʨʳʝ ʯʝʨʝʟ ʥʝʢʦʪʦʨʦʝ ʚʨʝʤʷ ʪʝʨʤʘʣʠʟʫʶʪʩʷ 

[1]. 

ʋʩʪʘʥʦʚʢʘ çʅʝʡʪʨʦʥè ʩʦʩʪʦʠʪ ʠʟ 4 ʥʝʡʪʨʦʥʥʳʭ ʜʝʪʝʢʪʦʨʦʚ. ʈʝ-

ʛʠʩʪʨʘʮʠʠ ʪʝʧʣʦʚʳʭ ʥʝʡʪʨʦʥʦʚ ʧʨʦʠʩʭʦʜʠʪ ʙʣʘʛʦʜʘʨʷ ʩʮʠʥʪʠʣʣʷ-

ʪʦʨʫ ZnS(Ag) + 6LiF (ʩʮʠʥʪʠʣʣʷʪʦʨ  ʨʘʩʧʦʣʦʞʝʥ ʚ ʦʩʥʦʚʘʥʠʠ ʜʠʬ-

ʬʫʟʦʨʘ, ʚʳʧʦʣʥʝʥʥʦʛʦ ʚ ʚʠʜʝ ʫʩʝʯʝʥʥʦʡ ʯʝʪʳʨʝʭʛʨʘʥʥʦʡ ʧʠʨʘʤʠ-

ʜʳ, ʥʘ ʚʝʨʰʠʥʝ ʢʦʪʦʨʦʡ ʨʘʩʧʦʣʦʞʝʥ ʬʦʪʦʵʣʝʢʪʨʦʥʥʳʡ ʫʤʥʦʞʠʪʝʣʴ 

ʌʕʋ-200), ʢʦʪʦʨʳʡ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʙʝʣʳʡ ʧʦʨʦʰʦʢ ʚ ʚʠʜʝ ʛʨʘ-

ʥʫʣ, ʟʘʣʘʤʠʥʠʨʦʚʘʥʥʳʡ ʚ ʧʦʣʠʵʪʠʣʝʥʦʚʫʶ ʧʣʝʥʢʫ (ʩʨʝʜʥʷʷ ʪʦʣʱʠ-

ʥʘ ʩʣʦʷ 30 ʤʛ/ʩʤ2). ʈʝʘʢʮʠʷ ʟʘʭʚʘʪʘ ʥʝʡʪʨʦʥʘ: 6Li + n Ÿ T + a + 

4.78 ʄʵɺ. ʕʬʬʝʢʪʠʚʥʦʩʪʴ ʨʝʛʠʩʪʨʘʮʠʠ ʥʝʡʪʨʦʥʦʚ ʪʘʢʠʤ ʩʮʠʥʪʠʣ-

ʣʷʪʦʨʦʤ ʩʦʩʪʘʚʣʷʝʪ ʦʢʦʣʦ 20%. ʂʦʥʩʪʨʫʢʮʠʷ ʥʝʡʪʨʦʥʥʦʛʦ ʜʝʪʝʢʪʦ-

ʨʘ ʧʨʠʚʝʜʝʥʘ ʥʘ ʨʠʩ. 1. ʕʬʬʝʢʪʠʚʥʘʷ ʧʣʦʱʘʜʴ ʜʝʪʝʢʪʦʨʘ ʩʦʩʪʘʚʣʷʝʪ 

0.75 ʤ2 [2,3]. 
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ʈʠʩ. 1. ʂʦʥʩʪʨʫʢʮʠʷ ʥʝʡʪʨʦʥʥʦʛʦ ʜʝʪʝʢʪʦʨʘ. 1 - ʌʕʋ-200; 2 - ʩʮʠʥ-

ʪʠʣʣʷʪʦʨ ZnS(Ag) + 6LiF; 

3 - ʩʚʝʪʦʟʘʱʠʪʥʳʡ ʢʦʨʧʫʩ ʜʝʪʝʢʪʦʨʘ; 4 - ʩʚʝʪʦʦʪʨʘʞʘʶʱʝʝ ʧʦʢʨʳ-

ʪʠʝ. 
 

 

ɼʝʪʝʢʪʦʨʳ ʫʩʪʘʥʦʚʣʝʥʳ ʥʘ ʨʘʟʥʳʭ ʫʨʦʚʥʷʭ ʦʪʥʦʩʠʪʝʣʴʥʦ ʛʨʫʥʪʘ 

ʦʪ -3 ʤ ʜʦ 6 ʤ. ʕʪʦ ʧʦʟʚʦʣʷʝʪ ʧʨʦʚʦʜʠʪʴ ʠʟʤʝʨʝʥʠʷ ʧʦʜ ʨʘʟʥʦʡ 

ʪʦʣʱʠʥʦʡ ʧʦʛʣʦʪʠʪʝʣʷ (ʙʝʪʦʥʘ). ʊʘʢʞʝ ʚʘʞʥʦ ʨʘʩʩʪʦʷʥʠʝ ʦʪ ʛʨʘʥʠ-

ʮʳ ʨʘʟʜʝʣʘ çʟʝʤʣʷ-ʚʦʟʜʫʭè, ʚʙʣʠʟʠ ʢʦʪʦʨʦʡ ʝʩʪʴ ʛʨʘʜʠʝʥʪ ʢʦʥʮʝʥ-

ʪʨʘʮʠʠ ʥʝʡʪʨʦʥʦʚ [3]. ʈʘʟʤʝʱʝʥʠʝ ʜʝʪʝʢʪʦʨʘ ˉ1 ʚ ʧʦʜʚʘʣʝ ʜʝʣʘʝʪ 

ʝʛʦ ʦʩʦʙʝʥʥʦ ʯʫʚʩʪʚʠʪʝʣʴʥʳʤ ʢ ʚʘʨʠʘʮʠʷʤ ʢʦʥʮʝʥʪʨʘʮʠʠ ʨʘʜʦʥʘ ʚ 

ʛʨʫʥʪʝ ʠ ʚ ʙʝʪʦʥʝ. ʉʭʝʤʘ ʨʘʟʤʝʱʝʥʠʷ ʜʝʪʝʢʪʦʨʦʚ ʫʩʪʘʥʦʚʢʠ 

çʅʝʡʪʨʦʥè ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩ. 2. 

D4

D3

D1

D2

ʕʂ ʅɽɺʆɼ

ɹʘʩʩʝʡʥ 2000 ʤ
3

ʂʦʨʧʫʩ 47

 
ʈʠʩ. 2. ʉʭʝʤʘ ʨʘʟʤʝʱʝʥʠʷ ʜʝʪʝʢʪʦʨʦʚ ʫʩʪʘʥʦʚʢʠ çʅʝʡʪʨʦʥè. 

 

 

ɼʘʥʥʳʝ ʩ ʫʩʪʘʥʦʚʢʠ çʅʝʡʪʨʦʥè ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʩʫʪʦʯʥʳʝ 

ʬʘʡʣʳ, ʩʦʜʝʨʞʘʱʠʝ ʜʘʪʫ ʠ ʚʨʝʤʷ ʟʘʧʠʩʠ, ʪʝʤʧ ʩʯʝʪʘ, ʜʘʚʣʝʥʠʝ, 

ʪʝʤʧ ʩʯʝʪʘ ʰʫʤʦʚʳʭ ʠʤʧʫʣʴʩʦʚ, ʦʪʥʦʩʠʪʝʣʴʥʘʷ ʠ ʘʙʩʦʣʶʪʥʘʷ 

ʚʣʘʞʥʦʩʪʴ. ɿʘʧʠʩʴ ʜʘʥʥʳʭ ʧʨʦʠʩʭʦʜʠʪ ʦʜʠʥ ʨʘʟ ʚ ʧʷʪʴ ʤʠʥʫʪ. ʈʘʟ-

ʨʘʙʦʪʘʥʘ ʤʝʪʦʜʠʢʘ ʧʦʜʛʦʪʦʚʢʠ ʠ ʦʙʨʘʙʦʪʢʠ, ʜʘʥʥʳʭ ʫʩʪʘʥʦʚʢʠ, 

3

2

1

4
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ʧʦʟʚʦʣʷʶʱʠʝ ʚʥʦʩʠʪʴ ʧʦʧʨʘʚʢʫ ʥʘ ʙʘʨʦʤʝʪʨʠʯʝʩʢʠʡ ʵʬʬʝʢʪ. ʈʘʩ-

ʩʤʦʪʨʝʥʳ ʧʦʚʝʜʝʥʠʝ ʙʘʨʦʤʝʪʨʠʯʝʩʢʠʭ  ʠ ʪʝʤʧʝʨʘʪʫʨʥʳʭ ʢʦʵʬʬʠ-

ʮʠʝʥʪʦʚ, ʘ ʪʘʢ ʞʝ ʚʣʠʷʥʠʝ ʘʪʤʦʩʬʝʨʥʳʭ ʵʬʬʝʢʪʦʚ ʥʘ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʚʘʨʠʘʮʠʡ ʪʝʧʣʦʚʳʭ ʥʝʡʪʨʦʥʦʚ. 

 

ʃʠʪʝʨʘʪʫʨʘ 

1. ɺ.ɼ. ɸʣʣʝʥ. ʈʝʛʠʩʪʨʘʮʠʷ ʥʝʡʪʨʦʥʦʚ.// ʇʦʜ ʨʝʜʘʢʮʠʝʡ 

ɹ.ɺ.ʈʳʙʘʢʦʚʘ, 1962, ʩ.13-14. 

2. ɼ.ʄ. ɻʨʦʤʫʰʢʠʥ, ɸ.ɸ. ʇʝʪʨʫʭʠʥ, ʖ.ɺ. ʉʪʝʥʴʢʠʥ ʠ ʜʨ. ʈʝ-

ʛʠʩʪʨʘʮʠʷ ʧʦʪʦʢʘ ʪʝʧʣʦʚʳʭ ʥʝʡʪʨʦʥʦʚ ʚʙʣʠʟʠ ʧʦʚʝʨʭʥʦʩʪʠ ɿʝʤʣʠ. 

// ʀʟʚ. ʈɸʅ. ʉʝʨʠʷ ʬʠʟʠʯ., ʪ. 73, ˉ 3, 2009, ʩ. 426-428. 

3. ɼ.ʄ. ɻʨʦʤʫʰʢʠʥ, ɸ.ɸ. ʇʝʪʨʫʭʠʥ, ʖ.ɺ. ʉʪʝʥʴʢʠʥ ʠ ʜʨ. ʈʝ-

ʛʠʩʪʨʘʮʠʷ ʧʦʪʦʢʘ ʪʝʧʣʦʚʳʭ ʥʝʡʪʨʦʥʦʚ ʚʙʣʠʟʠ ʧʦʚʝʨʭʥʦʩʪʠ ɿʝʤʣʠ. 

// ʀʟʚ. ʈɸʅ. ʉʝʨʠʷ ʬʠʟʠʯ., ʪ. 73, ˉ 3, 2009, ʩ. 425-427. 
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ʊʆʅʂʆʉʊɽʅʅʓʁ ʂʉɽʅʆʅʆɺʓʁ ɻɸʄʄɸ-ɼɽʊɽʂʊʆʈ ʉ 

ʈɸɹʆʏʀʄ ʆɹʒɽʄʆʄ ʏɽʊʓʈɽ ʃʀʊʈɸ 

 

ɸʙʨʘʤʦʚ ɸ.ɺ.
1
, ɺʣʘʩʠʢ ʂʌ.

 2
, ɼʤʠʪʨʠʝʥʢʦ ɺ.ɺ.

2
, ʐʫʩʪʦʚ ɸ.ɽ.

2
 

 
1 ʅʀʎ çʂʫʨʯʘʪʦʚʩʢʠʡ ʠʥʩʪʠʪʫʪè, ʄʦʩʢʚʘ 

2
 ʅʀʗʋ ʄʀʌʀ, ʄʦʩʢʚʘ 

+79652691910, abramov.mephi07a@gmail.com 

 

ɸʢʪʫʘʣʴʥʦʩʪʴ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʩʦʩʪʦʠʪ ʚ ʪʦʤ, ʯʪʦ ʚʧʝʨʚʳʝ ʙʳʣ 

ʦʧʠʩʘʥ ʥʦʚʝʡʰʠʡ ʪʦʥʢʦʩʪʝʥʥʳʡ ʢʩʝʥʦʥʦʚʳʡ ʛʘʤʤʘ-ʩʧʝʢʪʨʦʤʝʪʨ 

(ʂɻʉ) ʩ ʨʘʙʦʯʠʤ ʦʙʲʝʤʦʤ ʚ ʯʝʪʳʨʝ ʣʠʪʨʘ ʠ ʙʳʣʘ ʧʨʦʚʝʨʝʥʘ ʝʛʦ ʨʘ-

ʙʦʪʦʩʧʦʩʦʙʥʦʩʪʴ ʚ ʣʘʙʦʨʘʪʦʨʥʳʭ ʫʩʣʦʚʠʷʭ [1]. 

ɺ ʨʘʤʢʘʭ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʙʳʣ ʧʨʦʚʝʜʝʥ ʩʨʘʚʥʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ 

ʨʘʟʥʳʭ ʪʠʧʦʚ ʛʘʤʤʘ-ʜʝʪʝʢʪʦʨʦʚ ʠ ʚʳʙʨʘʥ ʥʘʠʣʫʯʰʠʡ ʚʘʨʠʘʥʪ ʜʣʷ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚ ʢʦʥʚʝʡʝʨʥʦʡ ʫʩʪʘʥʦʚʢʝ ʧʦ ʩʦʨʪʠʨʦʚʢʝ ʨʘʜʠʦʘʢ-

ʪʠʚʥʳʭ ʦʪʭʦʜʦʚ. ʂʨʦʤʝ ʪʦʛʦ, ʙʳʣʠ ʦʧʠʩʘʥʳ ʢʦʥʩʪʨʫʢʪʠʚʥʳʝ ʦʩʦ-

ʙʝʥʥʦʩʪʠ ʥʦʚʦʛʦ ʂɻʉ, ʤʝʪʦʜʠʢʘ ʧʨʦʚʝʨʢʠ ʝʛʦ ʥʘ ʪʝʯʴ, ʠʩʧʳʪʘʥʠʷ 

ʚʳʩʦʢʠʤ ʥʘʧʨʷʞʝʥʠʝʤ, ʢʦʪʦʨʦʝ ʧʦʜʘʝʪʩʷ ʥʘ ʢʘʪʦʜ ʠ ʩʝʪʢʫ [2]. ʇʦ-

ʩʣʝ ʩʙʦʨʢʠ ʠ ʥʘʧʦʣʥʝʥʠʷ ʂɻʉ ʧʨʦʚʦʜʠʣʠʩʴ ʵʢʩʧʝʨʠʤʝʥʪʳ, ʚ ʢʦʪʦ-

ʨʳʭ ʠʩʪʦʯʥʠʢʠ ʠʟʣʫʯʝʥʠʷ ʥʘʭʦʜʠʣʠʩʴ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦ ʛʣʘʚʥʦʡ 

ʦʩʠ ʜʝʪʝʢʪʦʨʘ ʥʘ ʨʘʩʩʪʦʷʥʠʝ Ὀ ʦʪ ʜʝʪʝʢʪʦʨʘ, ʚ ʭʦʜʝ ʢʦʪʦʨʳʭ ʥʘʡʜʝ-

ʥʳ ʵʥʝʨʛʝʪʠʯʝʩʢʠʝ ʨʘʟʨʝʰʝʥʠʷ ʜʣʷ ʣʠʥʠʡ ʨʘʟʥʳʭ ʵʥʝʨʛʠʡ. 

ʅʘ ʦʩʥʦʚʝ ʧʨʦʚʝʜʝʥʥʳʭ ʠʩʧʳʪʘʥʠʡ ʙʳʣʠ ʧʦʩʪʨʦʝʥʳ ʟʘʚʠʩʠʤʦ-

ʩʪʠ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʨʝʛʠʩʪʨʘʮʠʠ ʠ ʵʥʝʨʛʝʪʠʯʝʩʢʦʛʦ ʨʘʟʨʝʰʝʥʠʷ ʜʝ-

ʪʝʢʪʦʨʘ [3]. ʕʥʝʨʛʝʪʠʯʝʩʢʦʝ ʨʘʟʨʝʰʝʥʠʝ ʜʝʪʝʢʪʦʨʘ ʩʦʩʪʘʚʠʣʦ ςȢσϷ  
ʜʣʷ ʵʥʝʨʛʠʠ ʛʘʤʤʘ-ʢʚʘʥʪʦʚ ‎˒ φφς ̞̋,ˏ ʯʪʦ ʧʨʠʤʝʨʥʦ ʚ ʧʷʪʴ ʨʘʟ 

ʣʫʯʰʝ, ʯʝʤ ʫ ʩʮʠʥʪʠʣʣʷʮʠʦʥʥʦʛʦ ʛʘʤʤʘ-ʜʝʪʝʢʪʦʨʘ ὔὥὍὝὰ [4]. 

ʇʨʦʚʝʜʝʥʳʡ ʘʥʘʣʠʟ ʨʝʟʫʣʴʪʘʪʦʚ ʧʦʢʘʟʘʣ, ʯʪʦ ʜʘʥʥʳʡ ʩʧʝʢʪʨʦ-

ʤʝʪʨ ʫʜʦʚʣʝʪʚʦʨʷʝʪ ʚʩʝʤ ʪʨʝʙʦʚʘʥʠʷʤ ʧʦ ʠʩʧʦʣʴʟʦʚʘʥʠʶ ʝʛʦ ʚ ʢʦʥ-

ʚʝʡʝʨʥʦʡ ʫʩʪʘʥʦʚʢʝ ʜʣʷ ʩʦʨʪʠʨʦʚʢʠ ʨʘʜʠʦʘʢʪʠʚʥʳʭ ʦʪʭʦʜʦʚ. 

 

 

ʃʠʪʝʨʘʪʫʨʘ 

1. ɸ.ɻ. ɼʫʭʚʘʣʦʚ. ʉʠʩʪʝʤʘ ʦʯʠʩʪʢʠ ʢʩʝʥʦʥʘ ʠ ʝʛʦ ʩʤʝʩʠ ʩ ʚʦʜʦ-

ʨʦʜʦʤ ʜʣʷ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚ ʛʘʤʤʘ: ʧʦʷʩʥʠʪʝʣʴʥʘʷ ʟʘʧʠʩʢʘ ʢ ʜʠ-

ʧʣʦʤʥʦʤʫ ʧʨʦʝʢʪʫ, 2001. 

mailto:abramov.mephi07a@gmail.com


 
 
 
 

Ядерная физика и технологии, теоретическая физика и астрофизика 

191 

2. ʂ.ʅ. ʄʫʭʠʥ. ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʘʷ ʷʜʝʨʥʘʷ ʬʠʟʠʢʘ. ʊʦʤ 1. ʌʠ-

ʟʠʢʘ ʘʪʦʤʥʦʛʦ ʷʜʨʘ. ʋʯʝʙʥʠʢ ʜʣʷ ʚʫʟʦʚ. (ʄ.: ɸʪʦʤʠʟʜʘʪ. 1974). 

3. ʄ.ɸ. ɸʥʠʢʝʝʚʘ, ʂ.ɸ. ɹʦʷʨʯʫʢ ʠ ʉ.ɽ. ʋʣʠʥ. ʆʙʥʘʨʫʞʝʥʠʝ ʨʘ-

ʜʠʦʘʢʪʠʚʥʦʛʦ ʢʦʩʤʠʯʝʩʢʦʛʦ ʤʫʩʦʨʘ ʩ ʙʦʨʪʘ ʢʦʩʤʠʯʝʩʢʦʛʦ ʘʧʧʘʨʘʪʘ. 

ɺʦʧʨʦʩʳ ʵʣʝʢʪʨʦʤʝʭʘʥʠʢʠ. ʊ.126. ʉʪʨ.13-18 (2012). 

4. ɼ. ʈʝʡʣʠ, ʅ. ʕʥʩʣʠʥ, ʍ. ʉʤʠʪ ʠ ʉ. ʂʨʝʡʥʝʨ. ʇʘʩʩʠʚʥʳʡ ʥʝ-

ʨʘʟʨʫʰʘʶʱʠʡ ʘʥʘʣʠʟ ʷʜʝʨʥʳʭ ʤʘʪʝʨʠʘʣʦʚ (PANDA). ʇʝʨʝʚʦʜ ʠ 

ʘʜʘʧʪʘʮʠʷ ɺʅʀʀɸ ʠʤ. ʅ.ʃ. ɼʫʭʦʚʘ (2005). 
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ʈɸʉʇʈɽɼɽʃɽʅʀɽ ʇʆɻʃʆʑɪʅʅʆʁ ʄʆʑʅʆʉʊʀ ɼʆɿʓ ɺ 

ɺʆɼɽ ɼʃʗ ʅɸʇʈɸɺʃɽʅʅʆɻʆ ʂɽʈɸʄʀʏɽʉʂʆɻʆ  

ʀʉʊʆʏʅʀʂɸ ʅɸ ʆʉʅʆɺɽ ʀʊʊɽʈɹʀʗ-169 ɼʃʗ  

ɺʓʉʆʂʆɼʆɿʆɺʆʁ ɹʈɸʍʀʊɽʈɸʇʀʀ 

 

ʉ.ɸ. ɸʨʪʘʤʦʥʦʚ
1
, ʀ.ʉ. ʊʳʯʢʠʥ

1
, ʖ.ʅ. ɸʥʦʭʠʥ

1
,  

ʉ.ɸ. ʏʘʫʰʘʥʩʢʠʡ
2
, ʉ.ɺ. ɸʢʫʣʠʥʠʯʝʚ

2
. 

 
1
ʀɸʊʕ ʅʀʗʋ ʄʀʌʀ ʛ. ʆʙʥʠʥʩʢ 

2
ʀʗʀ ʈɸʅ ʛ. ʊʨʦʠʮʢ 

 

ʈʘʙʦʪʘ ʩʚʷʟʘʥʘ ʩ ʠʩʩʣʝʜʦʚʘʥʠʝʤ ʥʦʚʦʛʦ ʥʘʧʨʘʚʣʝʥʥʦʛʦ 

ʪʨʦʩʦʚʦʛʦ ʠʩʪʦʯʥʠʢʘ ʥʘ ʦʩʥʦʚʝ ʨʘʜʠʦʥʫʢʣʠʜʘ ʠʪʪʝʨʙʠʷ-169 ʜʣʷ 

ʧʨʠʤʝʥʝʥʠʷ ʚ ʪʝʨʘʧʝʚʪʠʯʝʩʢʠʭ ʘʧʧʘʨʘʪʘʭ ʧʨʠ ʧʨʦʚʝʜʝʥʠʠ 

ʚʳʩʦʢʦʜʦʟʦʚʦʡ ʙʨʘʭʠʪʝʨʘʧʠʠ (ɺɼɹ).  

ɸʢʪʫʘʣʴʥʦʩʪʴ ʚʳʙʨʘʥʥʦʡ ʪʝʤʳ ʦʙʫʩʣʦʚʣʝʥʘ ʪʝʤ, ʯʪʦ ʥʦʚʳʡ 

ʠʩʪʦʯʥʠʢ ʦʙʣʘʜʘʝʪ ʨʷʜʦʤ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʠ ʪʝʨʘʧʝʚʪʠʯʝʩʢʠʭ 

ʧʨʝʠʤʫʱʝʩʪʚ, ʘ ʪʘʢʞʝ ʧʦʟʚʦʣʷʝʪ ʦʙʝʩʧʝʯʠʪʴ ʚʦʟʤʦʞʥʦʩʪʴ 

ʠʤʧʦʨʪʦʟʘʤʝʱʝʥʠʷ ʜʦʨʦʛʦʩʪʦʷʱʠʭ ʠʨʠʜʠʝʚʳʭ ɺɼɹ-ʠʩʪʦʯʥʠʢʦʚ 

ʧʨʠ ʙʦʣʝʝ ʥʠʟʢʦʡ ʩʪʦʠʤʦʩʪʠ ʠʩʪʦʯʥʠʢʘ ʠ ʣʝʯʝʥʠʷ.  

ʎʝʣʴ ʨʘʙʦʪʳ - ʨʘʟʨʘʙʦʪʢʘ ʬʠʟʠʯʝʩʢʠʭ ʦʩʥʦʚ ʠ ʤʝʪʦʜʦʚ 

ʧʨʦʠʟʚʦʜʩʪʚʘ ʥʦʚʦʛʦ ʧʦʢʦʣʝʥʠʷ ʠʩʪʦʯʥʠʢʦʚ ʜʣʷ ʙʨʘʭʠʪʝʨʘʧʠʠ, 

ʩʦʜʝʨʞʘʱʠʭ ʠʪʪʝʨʙʠʡ. ʀʩʪʦʯʥʠʢʠ ʜʦʣʞʥʳ ʙʳʪʴ ʵʢʦʥʦʤʠʯʝʩʢʠ ʠ 

ʪʝʨʘʧʝʚʪʠʯʝʩʢʠ ʧʨʝʜʧʦʯʪʠʪʝʣʴʥʝʝ ʠʤʝʶʱʠʭʩʷ ʠʩʪʦʯʥʠʢʦʚ ʩ 

ʠʨʠʜʠʝʤ ʠ ʢʦʙʘʣʴʪʦʤ, ʜʦʣʞʥʳ ʫʜʦʚʣʝʪʚʦʨʷʪʴ ʪʨʝʙʦʚʘʥʠʷʤ ʧʦ 

ʘʢʪʠʚʥʦʩʪʠ ʠ ʜʦʧʫʩʢʘʪʴ ʠʭ ʧʨʠʤʝʥʝʥʠʝ ʚ ʦʙʣʝʛʯʝʥʥʳʭ 

ʪʝʨʘʧʝʚʪʠʯʝʩʢʠʭ ʘʧʧʘʨʘʪʘʭ. ʅʦʚʳʝ ʠʩʪʦʯʥʠʢʠ ʜʦʣʞʥʳ ʙʳʪʴ 

ʵʬʬʝʢʪʠʚʥʳ ʢʘʢ ʚ ʚʳʩʦʢʦʜʦʟʦʚʦʡ (HDR), ʪʘʢ ʠ ʚ ʠʤʧʫʣʴʩʥʦʡ (PRD) 

ʙʨʘʭʠʪʝʨʘʧʠʠ. 
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ʅʆɺʓɽ ʈɸʉʏɽʊʅʓɽ ʉʆʆʊʅʆʐɽʅʀʗ ɼʃʗ  

ʊɽʇʃʆʆʊɼɸʏʀ ʂ ʉʈɽɼɸʄ ɺ ʆɹʃɸʉʊʀ  

ʉɺɽʈʍʂʈʀʊʀʏɽʉʂʆɻʆ ɼɸɺʃɽʅʀʗ ʇʈʀ ʇʆɼʒɽʄʅʆʄ 

ɼɺʀɾɽʅʀʀ ɺ ɺɽʈʊʀʂɸʃʔʅʓʍ ʂɸʅɸʃɸʍ 

 

ɹʘʠʩʦʚ ɸ.ʄ.
1
, ɼʝʝʚ ɺ.ʀ.

1
 

 

1
ʅʀʗʋ çʄʀʌʀè, ʄʦʩʢʚʘ 

ʢʦʥʪ. ʪʝʣ.: 89267001087, e-mail: baisov75@gmail.com 

 

ʈʘʟʨʘʙʦʪʢʘ ʩʦʚʝʨʰʝʥʥʳʭ ʤʝʪʦʜʦʚ ʨʘʩʯʝʪʘ ʪʝʧʣʦʦʙʤʝʥʘ ʚ ʩʨʝʜʘʭ 

ʩ ʩʠʣʴʥʦ ʠʟʤʝʥʷʶʱʠʤʠʩʷ ʪʝʧʣʦʬʠʟʠʯʝʩʢʠʤʠ ʩʚʦʡʩʪʚʘʤʠ ï ʦʜʥʘ ʠʟ 

ʢʣʶʯʝʚʳʭ ʥʘʫʯʥʦ-ʪʝʭʥʠʯʝʩʢʠʭ ʧʨʦʙʣʝʤ, ʪʨʝʙʫʶʱʠʭ ʩʚʦʝʛʦ ʨʝʰʝ-

ʥʠʷ ʧʨʠ ʩʦʟʜʘʥʠʠ ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʷʜʝʨʥʳʭ ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʫʩʪʘʥʦ-

ʚʦʢ ʩ ʚʦʜʦʡ ʩʚʝʨʭʢʨʠʪʠʯʝʩʢʦʛʦ ʜʘʚʣʝʥʠʷ [1]. ʅʝʦʙʭʦʜʠʤʦ ʧʦʣʫʯʠʪʴ 

ʜʦʩʪʘʪʦʯʥʦ ʧʨʦʩʪʦʝ ʜʣʷ ʧʨʠʤʝʥʝʥʠʷ ʚ ʠʥʞʝʥʝʨʥʦʡ ʧʨʘʢʪʠʢʝ ʩʦʦʪ-

ʥʦʰʝʥʠʝ, ʢʦʪʦʨʦʝ ʧʨʝʜʩʢʘʟʳʚʘʣʦ ʙʳ ʩ ʧʨʠʝʤʣʝʤʦʡ ʪʦʯʥʦʩʪʴʶ ʢʦ-

ʵʬʬʠʮʠʝʥʪ ʪʝʧʣʦʦʪʜʘʯʠ ʢ ʚʦʜʝ ʩʚʝʨʭʢʨʠʪʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ, 

ʜʚʠʞʫʱʝʡʩʷ ʚ ʢʘʥʘʣʘʭ ʩʣʦʞʥʦʡ ʢʦʥʬʠʛʫʨʘʮʠʠ, ʥʝ ʪʦʣʴʢʦ ʚ ʫʩʣʦʚʠ-

ʷʭ ʥʦʨʤʘʣʴʥʦʛʦ ʪʝʧʣʦʦʙʤʝʥʘ, ʥʦ ʪʘʢʞʝ ʠ ʚ ʨʝʞʠʤʘʭ ʫʣʫʯʰʝʥʥʦʡ 

ʠʣʠ ʫʭʫʜʰʝʥʥʦʡ ʪʝʧʣʦʦʪʜʘʯʠ [2]. 

ɼʣʷ ʪʦʛʦ ʯʪʦʙʳ ʨʝʰʠʪʴ ʧʦʩʪʘʚʣʝʥʥʫʶ ʟʘʜʘʯʫ, ʚ ʩʚʷʟʠ ʩ ʦʛʨʘʥʠ-

ʯʝʥʥʦʩʪʴʶ ʦʧʳʪʥʳʭ ʜʘʥʥʳʭ ʦ ʪʝʧʣʦʦʪʜʘʯʝ ʧʨʠ ʪʝʯʝʥʠʠ ʚʦʜʳ ʚ 

ʧʫʯʢʘʭ ʩʪʝʨʞʥʝʡ ʙʳʣ ʧʨʦʚʝʜʝʥ ʪʱʘʪʝʣʴʥʳʡ ʘʥʘʣʠʟ ʨʝʟʫʣʴʪʘʪʦʚ 

ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʩ ʤʦʜʝʣʠʨʫʶʱʠʤʠ ʩʨʝʜʘʤʠ (ʜʠʦʢʩʠʜ ʫʛʣʝʨʦʜʘ, 

ʬʨʝʦʥʳ). ɺ ʢʘʯʝʩʪʚʝ ʙʘʟʦʚʦʡ ʟʘʚʠʩʠʤʦʩʪʠ ʚʳʙʨʘʥʘ ʬʦʨʤʫʣʘ, ʧʨʝʜ-

ʣʦʞʝʥʥʘʷ ʚ ʩʪʘʪʴʝ [3] ʜʣʷ ʨʝʞʠʤʦʚ ʥʦʨʤʘʣʴʥʦʛʦ ʪʝʧʣʦʦʙʤʝʥʘ ʚ 

ʢʨʫʛʣʳʭ ʪʨʫʙʘʭ, 
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ʚ ʢʦʪʦʨʦʡ ʚʣʠʷʥʠʝ ʠʟʤʝʥʝʥʠʷ ʬʠʟʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʩʨʝʜʳ ʩ ʪʝʤ-

ʧʝʨʘʪʫʨʦʡ ʥʘ ʪʝʧʣʦʦʪʜʘʯʫ ʫʯʠʪʳʚʘʝʪʩʷ ʜʚʫʤʷ ʧʦʧʨʘʚʦʯʥʳʤʠ ʤʥʦ-

ʞʠʪʝʣʷʤʠ ʢ ʠʟʚʝʩʪʥʦʤʫ ʫʨʘʚʥʝʥʠʶ ɼʠʪʪʫʩʘïɹʦʣʪʝʨʘ ʜʣʷ ʧʦʩʪʦʷʥ-

ʥʳʭ ʩʚʦʡʩʪʚ. 

ɸʥʘʣʠʟ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʜʘʥʥʳʭ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʚ ʚʠʜʝ ʦʪ-

ʥʦʰʝʥʠʷ ʯʠʩʝʣ ʅʫʩʩʝʣʴʪʘ Nuʞ.ʵ, ʨʘʩʩʯʠʪʘʥʥʳʭ ʧʦ ʵʢʩʧʝʨʠʤʝʥ-
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ʪʘʣʴʥʳʤ ʜʘʥʥʳʤ, ʢ ʯʠʩʣʘʤ ʅʫʩʩʝʣʴʪʘ Nuʞ.ʥ, ʚʳʯʠʩʣʝʥʥʳʤ ʧʦ 

ʬʦʨʤʫʣʝ (1) ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʚ ʢʘʯʝʩʪʚʝ ʭʘʨʘʢʪʝʨʥʦʛʦ ʨʘʟʤʝʨʘ 

ʛʠʜʨʘʚʣʠʯʝʩʢʦʛʦ ʜʠʘʤʝʪʨʘ dʛ, ʧʦʟʚʦʣʠʣ ʩʜʝʣʘʪʴ ʩʣʝʜʫʶʱʝʝ ʟʘʢʣʶ-

ʯʝʥʠʝ. ʇʨʠ ʦʧʨʝʜʝʣʝʥʠʠ ʪʝʧʣʦʦʪʜʘʯʠ ʚ ʨʝʞʠʤʘʭ ʫʣʫʯʰʝʥʥʦʛʦ ʠʣʠ 

ʫʭʫʜʰʝʥʥʦʛʦ ʪʝʧʣʦʦʙʤʝʥʘ ʚ ʨʘʩʯʝʪʥʦʝ ʫʨʘʚʥʝʥʠʝ ʚ ʦʙʱʝʤ ʩʣʫʯʘʝ 

ʥʝʦʙʭʦʜʠʤʦ ʚʚʦʜʠʪʴ ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʧʦʧʨʘʚʢʠ, ʫʯʠʪʳʚʘʶʱʠʝ ʚʦʟ-

ʜʝʡʩʪʚʠʝ ʥʘ ʧʦʪʦʢ ʘʨʭʠʤʝʜʦʚʳʭ ʩʠʣ ʠ ʪʝʨʤʠʯʝʩʢʦʛʦ ʫʩʢʦʨʝʥʠʷ, 

ʚʦʟʥʠʢʘʶʱʠʭ ʚ ʥʝʠʟʦʪʝʨʤʠʯʝʩʢʦʡ ʩʨʝʜʝ ʚ ʧʩʝʚʜʦʢʨʠʪʠʯʝʩʢʦʡ ʦʙ-

ʣʘʩʪʠ ʧʘʨʘʤʝʪʨʦʚ. ɺ ʩʠʩʪʝʤʘʭ ʩ ʢʘʥʘʣʘʤʠ ʦʭʣʘʞʜʝʥʠʷ ʥʝʙʦʣʴʰʦʛʦ 

ʛʠʜʨʘʚʣʠʯʝʩʢʦʛʦ ʜʠʘʤʝʪʨʘ, ʯʪʦ ʭʘʨʘʢʪʝʨʥʦ ʜʣʷ ʘʢʪʠʚʥʳʭ ʟʦʥ ʷʜʝʨ-

ʥʳʭ ʨʝʘʢʪʦʨʦʚ, ʦʧʨʝʜʝʣʷʶʱʠʤ ʷʚʣʷʝʪʩʷ ʧʦʩʣʝʜʥʠʡ ʬʘʢʪʦʨ (ʪʝʨʤʠ-

ʯʝʩʢʦʝ ʫʩʢʦʨʝʥʠʝ). ʇʦʢʘʟʘʥʦ, ʯʪʦ ʚʣʠʷʥʠʝ ʵʪʦʛʦ ʬʘʢʪʦʨʘ ʥʘ ʪʝʧʣʦ-

ʦʪʜʘʯʫ ʤʦʞʥʦ ʫʯʝʩʪʴ ʩ ʧʦʤʦʱʴʶ ʜʚʫʭ ʢʦʤʧʣʝʢʩʥʳʭ ʢʨʠʪʝʨʠʝʚ, ʩʦ-

ʩʪʘʚʣʝʥʥʳʭ ʠʟ ʙʝʟʨʘʟʤʝʨʥʳʭ ʯʠʩʝʣ ʈʝʡʥʦʣʴʜʩʘ Re = Gdʛ/ɛ, ʪʝʨʤʠ-

ʯʝʩʢʦʛʦ ʫʩʢʦʨʝʥʠʷ KA = qɓ/(Gcp) ʠ ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʵʥʪʘʣʴʧʠʠ (h ï

 hm)/hm ʚ ʬʦʨʤʝ Km = Rem0,5/KAm ʠ Kh = KmÖ(h ï hm)/hm, ʛʜʝ 

ʠʥʜʝʢʩ m ʦʟʥʘʯʘʝʪ, ʯʪʦ ʧʘʨʘʤʝʪʨʳ ʩʨʝʜʳ ʚʳʙʠʨʘʶʪʩʷ ʧʨʠ ʧʩʝʚʜʦ-

ʢʨʠʪʠʯʝʩʢʦʡ ʪʝʤʧʝʨʘʪʫʨʝ tm. 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʦʙʨʘʙʦʪʢʠ ʙʦʣʴʰʦʛʦ ʤʘʩʩʠʚʘ ʦʧʳʪʥʳʭ ʜʘʥʥʳʭ, ʧʦ-

ʣʫʯʝʥʥʳʭ ʧʨʠ ʜʚʠʞʝʥʠʠ ʚʦʜʳ ʠ ʤʦʜʝʣʠʨʫʶʱʠʭ ʩʨʝʜ ʚ ʢʨʫʛʣʳʭ 

ʪʨʫʙʘʭ, ʢʦʣʴʮʝʚʳʭ ʢʘʥʘʣʘʭ ʠ ʧʫʯʢʘʭ ʩʪʝʨʞʥʝʡ, ʙʳʣ ʥʘʡʜʝʥ ʩʣʝʜʫ-

ʶʱʠʡ ʦʙʱʠʡ ʚʠʜ ʜʚʫʭ ʧʦʧʨʘʚʦʯʥʳʭ ʬʫʥʢʮʠʡ Y1,2 ʢ ʬʦʨʤʫʣʝ (1): 

),c + exp( + 1 = 1,2
2

212121 hh,,, KKbaY
 (2) 

ʛʜʝ ʢʦʵʬʬʠʮʠʝʥʪʳ a1,2, b1,2, c1,2 ʦʧʨʝʜʝʣʝʥʳ ʧʦ ʜʘʥʥʳʤ ʜʣʷ 

ʨʝʞʠʤʦʚ ʫʣʫʯʰʝʥʥʦʡ (ʠʥʜʝʢʩ 1) ʠ ʫʭʫʜʰʝʥʥʦʡ (ʠʥʜʝʢʩ 2) ʪʝʧʣʦʦʪ-

ʜʘʯʠ ʠ ʟʘʚʠʩʷʪ ʦʪ ʩʚʦʡʩʪʚ ʪʝʧʣʦʦʙʤʝʥʥʦʡ ʩʨʝʜʳ. ʇʦʢʘʟʘʥʦ ʪʘʢʞʝ, 

ʯʪʦ ʚ ʩʣʫʯʘʝ ʩʤʝʰʘʥʥʳʭ ʨʝʞʠʤʦʚ ʪʝʧʣʦʦʙʤʝʥʘ ʧʦʧʨʘʚʦʯʥʳʡ ʤʥʦ-

ʞʠʪʝʣʴ Y ʤʦʞʝʪ ʙʳʪʴ ʨʘʩʩʯʠʪʘʥ ʢʘʢ ʩʫʧʝʨʧʦʟʠʮʠʷ ʬʫʥʢʮʠʡ Y1 ʠ 

Y2: 

,YYY  21)1( zz +-=
 (3) 

ʛʜʝ z = exp(ï 0,5Km2) ï ʚʝʩʦʚʦʡ ʢʦʵʬʬʠʮʠʝʥʪ. 

ʉʦʚʦʢʫʧʥʦʩʪʴ ʩʦʦʪʥʦʰʝʥʠʡ (1) ï (3) ʧʦʟʚʦʣʷʝʪ ʨʘʩʩʯʠʪʳʚʘʪʴ ʢʦ-

ʵʬʬʠʮʠʝʥʪ ʪʝʧʣʦʦʪʜʘʯʠ ʧʨʠ ʪʫʨʙʫʣʝʥʪʥʦʤ ʪʝʯʝʥʠʠ ʚʦʜʳ ʚ ʢʘʥʘʣʘʭ 

ʩʣʦʞʥʦʡ ʬʦʨʤʳ (ʚ ʪʦʤ ʯʠʩʣʝ ʚ ʧʫʯʢʘʭ ʩʪʝʨʞʥʝʡ) ʚ ʰʠʨʦʢʦʡ ʦʙʣʘ-

ʩʪʠ ʠʟʤʝʥʝʥʠʷ ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ ʠ ʨʝʞʠʤʥʳʭ ʧʘʨʘʤʝʪʨʦʚ, ʧʨʠ ʵʪʦʤ 
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ʨʘʩʭʦʞʜʝʥʠʝ ʤʝʞʜʫ ʨʝʟʫʣʴʪʘʪʘʤʠ ʨʘʩʯʝʪʦʚ ʠ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʚ ʦʩ-

ʥʦʚʥʦʤ ʥʝ ʧʨʝʚʳʰʘʝʪ Ñ 15ï20 %. 
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ɺʆɿʄʆɾʅʆʉʊʔ ʇʈʀʄɽʅɽʅʀʗ ʇʃʆʉʂʆʇɸʈɸʃɽʃʔʅʆʁ 

ʂɸʄɽʈʓ PPC40 ɼʃʗ ʂʃʀʅʀʏɽʉʂʆʁ ɼʆɿʀʄɽʊʈʀʀ 

ʉʈɽɼʅɽʕʅɽʈɻɽʊʀʏɽʉʂʆɻʆ ʈɽʅʊɻɽʅʆɺʉʂʆɻʆ 
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ʈʘʟʚʠʪʠʝ ʪʝʭʥʦʣʦʛʠʡ ʚ ʩʦʚʨʝʤʝʥʥʦʤ ʤʠʨʝ ʜʘʶʪ ʚʦʟʤʦʞʥʦʩʪʠ 

ʠʩʩʣʝʜʦʚʘʪʴ ʠ ʚʥʝʜʨʷʪʴ ʚʩʸ ʥʦʚʳʝ ʧʦʜʭʦʜʳ ʠ ʠʭ ʤʦʜʠʬʠʢʘʮʠʠ, ʢʦ-

ʪʦʨʳʝ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʩʝʨʴʝʟʥʳʤ ʪʨʝʙʦʚʘʥʠʷʤ, ʧʨʝʜʲʷʚʣʷʝʤʳʤ ʢ 

ʣʫʯʝʚʦʡ ʪʝʨʘʧʠʠ. ʉʫʱʝʩʪʚʫʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʤʦʜʠʬʠʢʘʮʠʠ ʤʝʪʦʜʦʚ 

ʣʫʯʝʚʦʡ ʪʝʨʘʧʠʠ, ʠʩʧʦʣʴʟʫʷ ʜʦʟʜʦʧʦʣʥʷʶʱʠʝ ʘʛʝʥʪʳ, ʩʦʜʝʨʞʘʱʠʝ 

ʚ ʩʦʩʪʘʚʝ ʷʜʨʘ ʪʷʞʸʣʳʭ ʵʣʝʤʝʥʪʦʚ (Z Ó 53). ɺ ʜʘʥʥʦʤ ʧʨʦʮʝʩʩʝ ʧʦ-

ʩʣʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʬʦʪʦʥʦʚ ʩ ʷʜʨʘʤʠ ʪʷʞʝʣʳʭ ʵʣʝʤʝʥʪʦʚ ʨʦʞʜʘ-

ʝʪʩʷ ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʭʘʨʘʢʪʝʨʠʩʪʠʯʝʩʢʠʭ ʬʦʪʦʥʦʚ ʨʝʥʪʛʝʥʦʚ-

ʩʢʦʛʦ ʠʟʣʫʯʝʥʠʷ ʠ ʥʠʟʢʦʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʆʞʝ-ʵʣʝʢʪʨʦʥʦʚ. ɺʪʦʨʠʯ-

ʥʦʝ ʥʠʟʢʦʵʥʝʨʛʝʪʠʯʝʩʢʦʝ ʠʟʣʫʯʝʥʠʝ ʠʦʥʠʟʠʨʫʝʪ ʙʣʠʟʣʝʞʘʱʠʝ ʘʪʦ-

ʤʳ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʣʘʚʠʥʦʦʙʨʘʟʥʦʡ ʨʝʘʢʮʠʠ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʚʳʩʦ-

ʢʦʘʢʪʠʚʥʳʭ ʨʘʜʠʢʘʣʦʚ, ʯʪʦ, ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʚʝʜʝʪ ʢ ʨʘʟʨʫʰʝʥʠʶ 

ʤʘʢʨʦʤʦʣʝʢʫʣ ɼʅʂ ʠ ʈʅʂ, ʙʝʣʢʦʚ ʠ ʨʘʟʣʠʯʥʳʭ ʩʪʨʫʢʪʫʨ ʢʣʝʪʢʠ. 

ɽʩʣʠ ʜʦʟʦʜʦʧʦʣʥʷʶʱʠʡ ʘʛʝʥʪ ʥʘʭʦʜʠʪʩʷ ʚ ʢʣʝʪʢʝ ʦʧʫʭʦʣʠ (ʚ ʷʜʨʝ 

ʠʣʠ ʜʨʫʛʠʭ ʢʨʠʪʠʯʝʩʢʠʭ ʦʨʛʘʥʘʭ ʢʣʝʪʢʠ), ʪʦ ʧʨʦʮʝʩʩ ʤʦʞʝʪ ʟʥʘʯʠ-

ʪʝʣʴʥʦ ʫʚʝʣʠʯʠʪʴ ʚʝʨʦʷʪʥʦʩʪʴ ʛʠʙʝʣʠ ʦʧʫʭʦʣʝʚʳʭ ʢʣʝʪʦʢ ʠ ʧʨʠ 

ʵʪʦʤ ʩʥʠʟʠʪʴ ʜʦʟʦʚʳʝ ʥʘʛʨʫʟʢʠ ʥʘ ʟʜʦʨʦʚʳʝ ʪʢʘʥʠ ʯʝʣʦʚʝʢʘ ʠ ʦʨʛʘ-

ʥʳ [1,2,3]. 

ɼʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʥʘʠʙʦʣʝʝ ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʨʝʥʪ-

ʛʝʥʦʚʩʢʦʝ ʠʟʣʫʯʝʥʠʝ, ʪʘʢ ʢʘʢ ʧʨʦʮʝʩʩʳ ʬʦʪʦʵʬʬʝʢʪʘ ʠ ʢʦʤʧʪʦʥʦʚ-

ʩʢʦʛʦ ʨʘʩʩʝʠʚʘʥʠʷ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʧʨʦʪʝʢʘʶʪ ʚ ʩʨʝʜʥʝʵʥʝʨʛʝʪʠ-

ʯʝʩʢʦʤ ʜʠʘʧʘʟʦʥʝ.  ʊʘʢʞʝ, ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʨʝʥʪʛʝʥʦʚʩʢʦʡ ʪʨʫʙʢʠ 

ʧʦʟʚʦʣʷʪ ʧʦʚʳʩʠʪʴ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʣʫʯʝʚʦʡ ʪʝʨʘʧʠʠ ʨʘʟʣʠʯʥʳʭ ʚʠ-

ʜʦʚ ʦʧʫʭʦʣʝʡ, ʚ ʪʦʤ ʯʠʩʣʝ ʨʘʜʠʦʨʝʟʠʩʪʝʥʪʥʳʭ, ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ 

ʧʨʦʩʪʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ. 
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ʇʨʝʜʣʘʛʘʝʤʳʡ ʧʨʦʝʢʪ ʧʦʩʚʷʱʝʥ ʪʝʦʨʝʪʠʯʝʩʢʦʤʫ ʠ ʵʢʩʧʝʨʠʤʝʥ-

ʪʘʣʴʥʦʤʫ ʠʩʩʣʝʜʦʚʘʥʠʶ ʚʦʟʤʦʞʥʦʩʪʠ ʧʨʦʚʝʜʝʥʠʷ ʣʫʯʝʚʦʡ ʪʝʨʘʧʠʠ 

ʟʣʦʢʘʯʝʩʪʚʝʥʥʳʭ ʦʧʫʭʦʣʝʡ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʨʘʟʨʝʰʝʥʥʳʭ ʢ ʧʨʠ-

ʤʝʥʝʥʠʶ ʢʣʠʥʠʯʝʩʢʠʭ ʠʩʪʦʯʥʠʢʦʚ ʬʦʪʦʥʦʚ (ʨʝʥʪʛʝʥʦʚʩʢʠʭ ʪʨʫʙʦʢ) 

ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʜʦʟʦʜʦʧʦʣʥʷʶʱʠʭ, ʚ ʪʦʤ ʯʠʩʣʝ ʨʝʥʪʛʝʥʦʢʦʥʪʨʘʩʪ-

ʥʳʭ ʘʛʝʥʪʦʚ ʚ ʦʧʫʭʦʣʠ. 

ʆʜʥʘʢʦ, ʜʣʷ ʨʝʘʣʠʟʘʮʠʠ ʧʨʦʝʢʪʘ ʪʨʝʙʫʝʪʩʷ ʧʦʜʨʦʙʥʦʝ ʠʟʫʯʝʥʠʝ 

ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʠ ʜʦʟʦʚʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʨʝʥʪʛʝʥʦʚʩʢʦʡ ʪʨʫʙʢʠ. 

ʅʘʠʙʦʣʴʰʫʶ ʧʦʧʫʣʷʨʥʦʩʪʴ ʚ ʢʣʠʥʠʯʝʩʢʦʡ ʜʦʟʠʤʝʪʨʠʠ ʧʦʣʫʯʠʣʠ 

ʮʠʣʠʥʜʨʠʯʝʩʢʠʝ (ʩʯʠʪʘʝʪʩʷ ʚʪʦʨʳʤ ʵʪʘʣʦʥʦʤ ʜʦʟʠʤʝʪʨʠʠ) ʠ ʧʣʦ-

ʩʢʦʧʘʨʘʣʣʝʣʴʥʳʝ ʢʘʤʝʨʳ, ʢʦʪʦʨʳʝ ʦʪʣʠʯʘʶʪʩʷ ʥʝ ʪʦʣʴʢʦ ʛʝʦʤʝʪ-

ʨʠʯʝʩʢʦʡ ʬʦʨʤʦʡ, ʥʦ ʠ ʠʟʤʝʨʷʝʤʳʤ ʜʠʘʧʘʟʦʥʦʤ ʵʥʝʨʛʠʡ ʠʦʥʠʟʠ-

ʨʫʶʱʝʛʦ ʠʟʣʫʯʝʥʠʷ. ɺ ʊʦʤʩʢʦʤ ʦʙʣʘʩʪʥʦʤ ʦʥʢʦʣʦʛʠʯʝʩʢʦʤ ʜʠʩ-

ʧʘʥʩʝʨʝ ʠʤʝʝʪʩʷ ʨʝʥʪʛʝʥʦʚʩʢʘʷ ʪʨʫʙʢʘ Xstrahl300, ʢʦʪʦʨʘʷ ʧʦʟʚʦʣʷ-

ʝʪ ʛʝʥʝʨʠʨʦʚʘʪʴ ʠʟʣʫʯʝʥʠʷ ʚ ʜʠʘʧʘʟʦʥʝ ʥʘʧʨʷʞʝʥʠʡ ʪʨʫʙʢʠ ʦʪ 60 

ʜʦ 300 ʢɺ, ʘ ʪʘʢ ʞʝ ʜʣʷ ʮʝʣʝʡ ʢʣʠʥʠʯʝʩʢʦʡ ʜʦʟʠʤʝʪʨʠʠ ʠʤʝʝʪʩʷ 

ʧʣʦʩʢʦʧʘʨʘʣʣʝʣʴʥʘʷ ʢʘʤʝʨʘ PPC40 ʧʦ ʧʘʩʧʦʨʪʫ  ʦʪʢʘʣʠʙʨʦʚʘʥʥʘʷ  

ʜʣʷ ʠʟʤʝʨʝʥʠʡ ʬʦʪʦʥʦʚ ʚʳʩʦʢʠʭ ʵʥʝʨʛʠʠ ʚ ʜʠʘʧʘʟʦʥʝ ʦʪ 
60
ʉo ʠ ʮʠ-

ʣʠʥʜʨʠʯʝʩʢʘʷ ʢʘʤʝʨʘ FC65-G  ʧʦ ʧʘʩʧʦʨʪʫ ʦʪʢʘʣʠʙʨʦʚʘʥʥʘʷ ʜʣʷ 

ʠʟʤʝʨʝʥʠʡ ʨʝʥʪʛʝʥʦʚʩʢʦʛʦ ʠʟʣʫʯʝʥʠʷ ʠ ʬʦʪʦʥʦʚ ʚʳʩʦʢʠʭ ʵʥʝʨʛʠʠ ʚ 

ʜʠʘʧʘʟʦʥʝ ʦʪ 
60
ʉo. 

ʆʜʥʠʤ ʠʟ ʛʣʘʚʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʚʣʠʷʶʱʠʭ ʥʘ ʪʦʯʥʦʩʪʴ ʠʟʤʝʨʝ-

ʥʠʷ ʜʦʟʳ ʷʚʣʷʝʪʩʷ ʯʫʚʩʪʚʠʪʝʣʴʥʳʡ ʦʙʲʝʤ ʢʘʤʝʨʳ ʚ ʢʦʪʦʨʦʤ ʧʨʦʠʩ-

ʭʦʜʠʪ ʩʙʦʨ ʠʟʤʝʨʷʝʤʦʛʦ ʟʘʨʷʜʘ ʠ ʝʛʦ ʛʝʦʤʝʪʨʠʯʝʩʢʦʝ ʨʘʩʧʦʣʦʞʝ-

ʥʠʝ. ʇʣʦʩʢʦʧʘʨʘʣʣʝʣʴʥʘʷ ʢʘʤʝʨʘ PPC40 ʠʤʝʝʪ ʯʫʚʩʪʚʠʪʝʣʴʥʳʡ 

ʦʙʲʸʤ ʨʘʚʥʳʡ 0,40 ʩʤ
3
, ʢʦʪʦʨʳʡ ʷʚʣʷʝʪʩʷ ʟʥʘʯʠʪʝʣʴʥʦ ʤʝʥʴʰʝ ʯʫʚ-

ʩʪʚʠʪʝʣʴʥʦʛʦ ʦʙʲʸʤʘ ʮʠʣʠʥʜʨʠʯʝʩʢʘʷ ʢʘʤʝʨʘ FC65-G ʨʘʚʥʦʛʦ 0,65 

ʩʤ
3
, ʘ ʪʘʢ ʞʝ ʢʦʥʩʪʨʫʢʮʠʷ ʠ ʤʘʪʝʨʠʘʣ ʠʟʛʦʪʦʚʣʝʥʠʷ ʩʚʦʜʠʪ ʢ ʤʠʥʠ-

ʤʫʤʫ ʵʬʬʝʢʪʳ ʦʙʨʘʪʥʦʛʦ ʨʘʩʩʝʷʥʠʷ. ʉʪʦʠʪ ʦʙʨʘʪʠʪʴ ʚʥʠʤʘʥʠʝ ʥʘ 

ʨʘʩʧʦʣʦʞʝʥʠʝ ʵʬʬʝʢʪʠʚʥʦʡ ʪʦʯʢʠ ʫ ʧʣʦʩʢʦʧʘʨʘʣʣʝʣʴʥʦʡ ʢʘʤʝʨʳ, 

ʢʦʪʦʨʘʷ ʥʘʭʦʜʠʪʩʷ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʚʭʦʜʥʦʛʦ ʦʢʥʘ, ʘ ʟʥʘʯʠʪ ʪʘʢʘʷ 

ʛʝʦʤʝʪʨʠʷ ʧʦʟʚʦʣʠʪ ʠʟʤʝʨʷʪʴ ʘʙʩʦʣʶʪʥʫʶ ʜʦʟʫ ʩ ʚʳʩʦʢʠʤ ʨʘʟʨʝ-

ʰʝʥʠʝʤ ʪʨʝʙʫʝʤʦʛʦ ʜʣʷ ʜʘʣʴʥʝʡʰʝʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʜʦʟʦʚʳʭ ʨʘʩ-

ʧʨʝʜʝʣʝʥʠʝ ʚ ʦʙʲʝʤʝ ʤʠʰʝʥʠ. 

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʧʣʦʩʢʦʧʘʨʘʣʣʝʣʴʥʦʡ ʢʘʤʝʨʳ PPC40 ʚ ʟʥʘʯʠʪʝʣʴ-

ʥʦʡ ʤʝʨʝ ʧʦʩʧʦʩʦʙʩʪʚʫʝʪ ʩʥʠʞʝʥʠʶ ʧʦʛʨʝʰʥʦʩʪʠ ʧʦʣʫʯʝʥʥʳʭ ʠʟ-

ʤʝʨʝʥʠʡ ʜʦʟʳ ʦʪ ʨʝʥʪʛʝʥʦʚʩʢʦʡ ʪʨʫʙʢʠ. ʆʜʥʘʢʦ, ʧʦ ʧʘʩʧʦʨʪʫ 

PPC40 ʥʝ ʧʨʝʜʥʘʟʥʘʯʝʥʘ ʜʣʷ ʠʟʤʝʨʝʥʠʡ ʨʝʥʪʛʝʥʦʚʩʢʦʛʦ ʠʟʣʝʯʝʥʠʷ. 
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ʉʫʱʝʩʪʚʫʝʪ ʤʝʪʦʜʠʢʘ ʧʝʨʝʢʨʝʩʪʥʦʡ ʢʘʣʠʙʨʦʚʢʠ ʠʦʥʠʟʘʮʠʦʥʥʳʭ 

ʢʘʤʝʨ ʧʦ ʦʪʢʘʣʠʙʨʦʚʘʥʥʦʡ ʵʪʘʣʦʥʥʦʡ ʢʘʤʝʨʝ ʥʘ ʵʪʘʣʦʥʥʦʤ ʠʩʪʦʯ-

ʥʠʢʝ 
60

Co ʦʧʠʩʘʥʥʘʷ ʚ ʤʝʞʜʫʥʘʨʦʜʥʦʤ ʧʨʦʪʦʢʦʣʝ TRS-398[4]. ʀʩ-

ʧʦʣʴʟʫʷ ʤʝʪʦʜʠʢʫ ʧʝʨʝʢʨʝʩʪʥʦʡ ʢʘʣʠʙʨʦʚʢʠ ʚʦʟʤʦʞʥʦ ʦʪʢʘʣʠʙʨʦ-

ʚʘʪʴ ʧʣʦʩʢʦʧʘʨʘʣʣʝʣʴʥʫʶ ʢʘʤʝʨʫ PPC40 ʧʦ ʦʪʢʘʣʠʙʨʦʚʘʥʥʦʡ ʮʠ-

ʣʠʥʜʨʠʯʝʩʢʦʡ ʢʘʤʝʨʳ FC65-G ʥʘ ʵʪʘʣʦʥʥʦʤ ʠʩʪʦʯʥʠʢʝ 
60

Co. 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʦʣʫʯʝʥʥʳʝ ʢʘʣʠʙʨʦʚʦʯʥʳʝ ʢʦʵʬʬʠʮʠʝʥʪʳ ʧʦʟʚʦ-

ʣʷʪ ʠʩʧʦʣʴʟʦʚʘʪʴ ʧʣʦʩʢʦʧʘʨʘʣʣʝʣʴʥʦʡ ʢʘʤʝʨʫ ʜʣʷ ʠʟʤʝʨʝʥʠʡ ʚ 

ʨʝʥʪʛʝʥʦʚʩʢʦʤ ʜʠʘʧʘʟʦʥʝ, ʘ ʩʣʝʜʦʚʘʪʝʣʴʥʦ ʧʦʟʚʦʣʷʪ ʛʦʚʦʨʠʪʴ ʦ ʜʦ-

ʩʪʦʚʝʨʥʦʩʪʠ ʧʦʣʫʯʝʥʥʳʭ ʠʟʤʝʨʝʥʠʡ ʩʨʝʜʥʝʵʥʝʨʛʝʪʠʯʝʩʢʦʛʦ ʨʝʥʪ-

ʛʝʥʦʚʩʢʦʛʦ ʠʟʣʫʯʝʥʠʷ ʩ ʚʳʩʦʢʦʡ ʪʦʯʥʦʩʪʴʶ 

ʎʝʣʴʶ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʠʩʩʣʝʜʦʚʘʥʠʝ ʚʦʟʤʦʞʥʦʩʪʠ ʧʨʠ-

ʤʝʥʝʥʠʷ ʧʣʦʩʢʦʧʘʨʘʣʣʝʣʴʥʦʡ ʢʘʤʝʨʳ PPC40 ʚ ʩʨʝʜʥʝʵʥʝʨʛʝʪʠʯʝ-

ʩʢʦʤ ʨʝʥʪʛʝʥʦʚʩʢʦʤ ʜʠʘʧʘʟʦʥʝ ʜʣʷ ʜʘʣʴʥʝʡʰʝʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 

ʢʘʤʝʨʳ ʢʘʢ ʜʦʟʠʤʝʪʨʠʯʝʩʢʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ʧʨʠʤʝʥʷʝʤʦʛʦ ʜʣʷ 

ʪʦʯʥʦʡ ʦʮʝʥʢʠ ʘʙʩʦʣʶʪʥʳʭ ʜʦʟʦʚʳʭ ʨʘʩʧʨʝʜʝʣʝʥʠʡ ʨʝʥʪʛʝʥʦʚʩʢʦʛʦ 

ʠʟʣʫʯʝʥʠʷ. 
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ʃʶʙʦʝ ʩʣʦʞʥʦʝ ʧʦ ʩʚʦʝʡ ʢʦʥʩʪʨʫʢʮʠʠ ʠʟʜʝʣʠʝ ʩʦʜʝʨʞʠʪ ʚ ʩʝʙʝ 

ʤʥʦʞʝʩʪʚʦ ʥʝʨʘʟʲʝʤʥʳʭ ʩʦʝʜʠʥʝʥʠʡ, ʧʦʣʫʯʝʥʥʳʭ ʪʝʤ ʠʣʠ ʠʥʳʤ 

ʩʧʦʩʦʙʦʤ. ɺ ʨʷʜʝ ʩʣʫʯʘʝʚ, ʥʘʧʨʠʤʝʨ, ʜʣʷ ʩʦʝʜʠʥʝʥʠʷ ʨʘʟʥʦʨʦʜʥʳʭ 

ʤʘʪʝʨʠʘʣʦʚ, ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʪʦʥʢʦʩʪʝʥʥʳʭ ʢʦʥʩʪʨʫʢʮʠʡ ʠʣʠ 

ʧʨʠ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʩʦʟʜʘʥʠʷ ʩʦʝʜʠʥʝʥʠʷ ʚ ʪʨʫʜʥʦʜʦʩʪʫʧʥʳʭ ʤʝ-

ʩʪʘʭ ʝʜʠʥʩʪʚʝʥʥʳʤ ʤʝʪʦʜʦʤ ʷʚʣʷʝʪʩʷ ʧʘʡʢʘ.  

ɺʳʩʦʢʫʶ ʧʨʦʯʥʦʩʪʴ ʧʘʷʥʦʛʦ ʩʦʝʜʠʥʝʥʠʷ ʦʙʝʩʧʝʯʠʚʘʝʪ ʜʠʬʬʫ-

ʟʠʦʥʥʘʷ ʧʘʡʢʘ, ʢʦʛʜʘ ʟʘʪʚʝʨʜʝʚʘʥʠʝ ʰʚʘ ʧʨʦʠʩʭʦʜʠʪ ʚ ʧʨʦʮʝʩʩʝ 

ʠʟʦʪʝʨʤʠʯʝʩʢʦʡ ʚʳʜʝʨʞʢʠ, ʠ ʬʦʨʤʠʨʫʝʪʩʷ ʥʘʠʙʦʣʝʝ ʦʜʥʦʨʦʜʥʘʷ 

ʩʪʨʫʢʪʫʨʘ [1,2]. ɼʣʷ ʩʦʝʜʠʥʝʥʠʷ ʩʪʘʣʝʡ ʰʠʨʦʢʦ ʧʨʠʤʝʥʷʶʪʩʷ ʥʠʢʝ-

ʣʝʚʳʝ ʙʦʨʩʦʜʝʨʞʘʱʠʝ ʧʨʠʧʦʠ ʚ ʚʠʜʝ ʘʤʦʨʬʥʦʡ ʣʝʥʪʳ. ʆʜʥʘʢʦ ʩʫ-

ʱʝʩʪʚʫʝʪ ʧʨʦʙʣʝʤʘ ʦʙʨʘʟʦʚʘʥʠʷ ʟʦʥʳ, ʦʙʦʛʘʱʝʥʥʦʡ ʙʦʨʠʜʘʤʠ 

ʚʙʣʠʟʠ ʰʚʘ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʟʥʘʯʠʪʝʣʴʥʦʤʫ ʩʥʠʞʝʥʠʶ ʫʜʘʨʥʦʡ ʚʷʟ-

ʢʦʩʪʠ, ʧʨʦʯʥʦʩʪʠ [3], ʪʝʨʤʦʩʪʦʡʢʦʩʪʠ, ʘ ʪʘʢʞʝ ʢʦʨʨʦʟʠʦʥʥʦʡ ʩʪʦʡ-

ʢʦʩʪʠ.  

ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʩʪʦʠʪ ʟʘʜʘʯʘ ʠʟʫʯʠʪʴ ʧʨʦʮʝʩʩʳ ʬʦʨʤʠʨʦʚʘʥʠʷ 

ʜʘʥʥʦʡ ʟʦʥʳ, ʘ ʪʘʢʞʝ ʚʦʟʤʦʞʥʦʩʪʴ ʝʝ ʫʩʪʨʘʥʝʥʠʷ ʚ ʩʪʘʣʷʭ ʩ ʨʘʟ-

ʣʠʯʥʦʡ ʤʠʢʨʦʩʪʨʫʢʪʫʨʦʡ ʠ ʩʦʩʪʘʚʦʤ. ʆʩʥʦʚʥʦʡ ʮʝʣʴʶ ʨʘʙʦʪʳ ʷʚ-

ʣʷʝʪʩʷ ʠʩʩʣʝʜʦʚʘʥʠʝ ʵʚʦʣʶʮʠʠ ʩʪʨʫʢʪʫʨʳ ʧʘʷʥʦʛʦ ʩʦʝʜʠʥʝʥʠʷ ʚ 

ʧʨʦʮʝʩʩʝ ʜʠʬʬʫʟʠʦʥʥʦʡ ʧʘʡʢʠ ʵʪʠʭ ʩʪʘʣʝʡ ʢʣʘʩʩʠʯʝʩʢʠʤʠ ʥʠʢʝʣʝ-

ʚʳʤʠ ʧʨʠʧʦʷʤʠ ʩʠʩʪʝʤʳ Ni-Cr-Si-B ʩ ʨʘʟʣʠʯʥʳʤ ʩʦʜʝʨʞʘʥʠʝʤ ʣʝ-

ʛʠʨʫʶʱʠʭ ʵʣʝʤʝʥʪʦʚ.  

ɺ ʢʘʯʝʩʪʚʝ ʠʩʩʣʝʜʫʝʤʳʭ ʤʘʪʝʨʠʘʣʦʚ ʠʩʧʦʣʴʟʦʚʘʥʳ ʥʦʚʘʷ ʞʘʨʦ-

ʧʨʦʯʥʘʷ ʢʦʤʧʣʝʢʩʥʦ-ʣʝʛʠʨʦʚʘʥʥʘʷ ʪʨʫʜʥʦʩʚʘʨʠʚʘʝʤʘʷ ʩʪʘʣʴ ʬʝʨ-

ʨʠʪʥʦ-ʤʘʨʪʝʥʩʠʪʥʦʛʦ ʢʣʘʩʩʘ 16ʍ12ʄɺʉʌɹʈ ʠ ʩʪʘʣʴ ʘʫʩʪʝʥʠʪʥʦʛʦ 

ʢʣʘʩʩʘ 12ʍ18ʅ10ʊ. ɺ ʢʘʯʝʩʪʚʝ ʧʨʠʧʦʝʚ ʚ ʨʘʙʦʪʝ ʧʨʠʤʝʥʷʣʠ 
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ʘʤʦʨʬʥʳʝ ʣʝʥʪʦʯʥʳʝ ʩʧʣʘʚʳ ʉʊɽʄɽʊ 1301ɸ (Ni-7Cr-3,5Fe-4,5Si-

2,6B), ʉʊɽʄɽʊ 1350 (Ni-19Cr-9Co-6Si-5,5Mo-1,3B), Ni-7Cr-7,5Si-

1,5B ʠ Ni-22Cr-7,5Si-1,5B ʤʘʩ.%, ʢʦʪʦʨʳʝ  ʠʟʛʦʪʘʚʣʠʚʘʣʠ ʚ ʚʠʜʝ 

ʬʦʣʴʛ ʧʦ ʪʝʭʥʦʣʦʛʠʠ ʙʳʩʪʨʦʛʦ ʟʘʪʚʝʨʜʝʚʘʥʠʷ ʨʘʩʧʣʘʚʘ.  

ʇʦ ʠʟʫʯʝʥʥʳʤ ʤʠʢʨʦʩʪʨʫʢʪʫʨʘʤ ʧʦʣʫʯʝʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʚʳʷʚ-

ʣʝʥʦ ʪʨʠ ʤʦʨʬʦʣʦʛʠʯʝʩʢʠʭ ʟʦʥʳ ʙʦʨʠʜʦʚ. ʂʨʦʤʝ ʪʦʛʦ, ʧʦʩʣʝ ʧʘʡʢʠ 

ʘʫʩʪʝʥʠʪʥʦʡ ʩʪʘʣʠ 12ʍ18ʅ10ʊ ʚ ʦʢʦʣʦʰʦʚʥʦʡ ʟʦʥʝ ʦʙʨʘʟʫʝʪʩʷ ʥʝ-

ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ Ŭ-ʬʘʟʳ ʞʝʣʝʟʘ, ʦʥʘ ʚʳʷʚʣʝʥʘ ʚʙʣʠʟʠ ʦʙʨʘʟʦ-

ʚʘʚʰʠʭʩʷ ʙʦʨʠʜʦʚ. ʆʜʥʘʢʦ ʙʦʨʠʜʳ ʦʙʨʘʟʫʶʪʩʷ ʥʝ ʪʦʣʴʢʦ ʚʙʣʠʟʠ Ŭ-

ʬʘʟʳ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ ʬʘʟʦʚʳʡ ʧʝʨʝʭʦʜ ʠʟ ɔ-ʬʘʟʳ ʞʝʣʝʟʘ ʚ Ŭ-ʬʘʟʫ ʥʝ 

ʷʚʣʷʝʪʩʷ ʦʩʥʦʚʥʦʡ ʠ ʝʜʠʥʩʪʚʝʥʥʦʡ ʧʨʠʯʠʥʦʡ ʚʳʜʝʣʝʥʠʷ ʵʪʠʭ ʯʘ-

ʩʪʠʮ. ʆʧʨʝʜʝʣʝʥʦ, ʯʪʦ ʙʦʨʠʜ ʚ ʦʢʦʣʦʰʦʚʥʦʡ ʟʦʥʝ ʠʤʝʝʪ ʩʪʨʫʢʪʫʨʫ 

Cr2B, ʚ ʢʦʪʦʨʦʤ ʨʘʩʪʚʦʨʝʥʦ ʟʥʘʯʠʪʝʣʴʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʞʝʣʝʟʘ ʠ ʙʦ-

ʣʝʝ ʪʦʯʥʳʡ ʩʦʩʪʘʚ ʚʳʛʣʷʜʠʪ, ʢʘʢ (Cr,Fe)2B. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʦʥ ʦʙʨʘ-

ʟʫʝʪʩʷ ʥʝ ʠʟ-ʟʘ ʫʤʝʥʴʰʝʥʠʷ ʨʘʩʪʚʦʨʠʤʦʩʪʠ ʧʨʠ ʦʭʣʘʞʜʝʥʠʠ ʩʦʝʜʠ-

ʥʝʥʠʷ, ʘ ʚʦ ʚʨʝʤʷ ʠʟʦʪʝʨʤʠʯʝʩʢʦʡ ʚʳʜʝʨʞʢʠ.  

ʆʧʨʝʜʝʣʝʥʦ, ʯʪʦ ʭʨʦʤ ʩʠʣʴʥʦ ʚʣʠʷʝʪ ʥʘ ʩʪʨʫʢʪʫʨʫ ʧʘʷʥʦʛʦ ʩʦ-

ʝʜʠʥʝʥʠʷ. ɽʩʣʠ ʝʛʦ ʩʦʜʝʨʞʘʥʠʝ ʚ ʧʨʠʧʦʝ ʙʦʣʴʰʝ, ʯʝʤ ʚ ʩʪʘʣʠ, ʢʦ-

ʣʠʯʝʩʪʚʦ ʙʦʨʠʜʦʚ ʚʙʣʠʟʠ ʰʚʘ ʫʤʝʥʴʰʘʝʪʩʷ. ʆʜʥʘʢʦ ʚ ʮʝʥʪʨʝ ʰʚʘ 

ʦʙʨʘʟʫʶʪʩʷ ʬʘʟʳ, ʢʦʪʦʨʳʝ ʥʝ ʠʩʯʝʟʘʶʪ ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ ʚʨʝʤʝʥʠ 

ʵʢʩʧʦʟʠʮʠʠ. ɼʘʥʥʳʝ ʬʘʟʳ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʙʦʨʠʜʳ ʨʘʟʣʠʯʥʳʭ 

ʩʦʩʪʘʚʦʚ, ʘ ʪʘʢʞʝ ʚ ʩʦʝʜʠʥʝʥʠʠ 16ʍ12ʄɺʉʌɹʈ/ʉʊɽʄɽʊ 

1350/16ʍ12ʄɺʉʌɹʈ ʥʘʨʷʜʫ ʩ ʙʦʨʠʜʦʤ ʚʳʷʚʣʝʥʦ ʥʘʣʠʯʠʝ ʩʠʣʠʮʠ-

ʜʘ. ʉʦʩʪʘʚ ʜʘʥʥʳʭ ʙʦʨʠʜʦʚ ʦʪʣʠʯʝʥ ʦʪ ʦʙʨʘʟʦʚʘʥʥʳʭ ʚ ʦʢʦʣʦʰʦʚ-

ʥʦʡ ʟʦʥʝ. 
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ʄʦʜʝʣʠʨʦʚʘʥʠʝ ʪʝʧʣʦʛʠʜʨʘʚʣʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ ʚ ʘʢʪʠʚʥʳʭ ʟʦ-

ʥʘʭ ʩʦʚʨʝʤʝʥʥʳʭ ʙʳʩʪʨʳʭ ʨʝʘʢʪʦʨʦʚ, ʩʦʩʪʘʚʣʝʥʥʳʭ ʠʟ ʙʝʩʯʝʭʣʦ-

ʚʳʭ ʊɺʉ ʠ ʦʭʣʘʞʜʘʝʤʳʭ ʞʠʜʢʦʤʝʪʘʣʣʠʯʝʩʢʠʤ ʪʝʧʣʦʥʦʩʠʪʝʣʝʤ, 

ʪʨʝʙʫʝʪ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʪʨʝʭʤʝʨʥʳʭ ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʤʦʜʝʣʝʡ. ʀʩ-

ʧʦʣʴʟʦʚʘʥʠʝ ʧʨʠʙʣʠʞʝʥʠʷ ʘʥʠʟʦʪʨʦʧʥʦʛʦ ʧʦʨʠʩʪʦʛʦ ʪʝʣʘ [1] ʧʦʟ-

ʚʦʣʷʝʪ ʨʝʰʠʪʴ ʧʦʩʪʘʚʣʝʥʥʫʶ ʟʘʜʘʯʫ ʩ ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʝʚʳʩʦʢʠʤʠ 

ʟʘʪʨʘʪʘʤʠ ʨʝʩʫʨʩʦʚ ʕɺʄ. 

ʎʝʣʴʶ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʳ ʷʚʣʷʣʦʩʴ ʪʝʩʪʠʨʦʚʘʥʠʝ ʧʨʦʛʨʘʤʤʥʦʛʦ 

ʤʦʜʫʣʷ APMod, ʨʘʟʨʘʙʦʪʘʥʥʦʛʦ ʜʣʷ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʧʨʦʮʝʩʩʦʚ ʪʝʧ-

ʣʦʤʘʩʩʦʧʝʨʝʥʦʩʘ ʚ ʘʢʪʠʚʥʳʭ ʟʦʥʘʭ ʠ ʪʝʧʣʦʦʙʤʝʥʥʦʤ ʦʙʦʨʫʜʦʚʘʥʠʠ 

ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʨʝʘʢʪʦʨʦʚ ʚ ʧʨʠʙʣʠʞʝʥʠʠ ʘʥʠʟʦʪʨʦʧʥʦʛʦ ʧʦʨʠʩʪʦʛʦ 

ʪʝʣʘ. ʊʝʩʪʠʨʦʚʘʥʠʝ ʦʩʫʱʝʩʪʚʣʷʣʦʩʴ ʚ ʭʦʜʝ ʨʘʩʯʸʪʥʦʛʦ ʠʩʩʣʝʜʦʚʘ-

ʥʠʷ ʪʝʯʝʥʠʷ ʥʘʪʨʠʝʚʦʛʦ ʪʝʧʣʦʥʦʩʠʪʝʣʷ ʚ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʪʝʧ-

ʣʦʚʳʜʝʣʷʶʱʝʡ ʩʙʦʨʢʝ ʩ ʯʘʩʪʠʯʥʦʡ ʙʣʦʢʘʜʦʡ ʧʨʦʭʦʜʥʦʛʦ ʩʝʯʝʥʠʷ. 

ʉʙʦʨʢʘ [2] ʩʦʜʝʨʞʘʣʘ 169 ʛʣʘʜʢʠʭ ʮʠʣʠʥʜʨʠʯʝʩʢʠʭ ʩʪʝʨʞʥʝʚʳʭ 

ʵʣʝʤʝʥʪʦʚ, ʯʘʩʪʴ ʠʟ ʢʦʪʦʨʳʭ ʥʘʛʨʝʚʘʣʘʩʴ ʵʣʝʢʪʨʠʯʝʩʢʠʤ ʪʦʢʦʤ. 

ʄʦʜʝʣʠʨʦʚʘʥʠʝ ʪʝʯʝʥʠʷ ʥʘʪʨʠʝʚʦʛʦ ʪʝʧʣʦʥʦʩʠʪʝʣʷ ʚ ʩʙʦʨʢʝ ʚʳ-

ʧʦʣʥʷʣʦʩʴ ʜʣʷ ʩʣʫʯʘ ̫ʯʘʩʪʠʯʥʦʡ ʙʣʦʢʘʜʳ ʧʨʦʭʦʜʥʦʛʦ ʩʝʯʝʥʠʷ ʧʨʠ 

21% ʧʝʨʝʢʨʳʪʠʠ ʫʛʣʦʚʦʡ ʯʘʩʪʠ ʧʦʧʝʨʝʯʥʦʛʦ ʩʝʯʝʥʠʷ ʩʙʦʨʢʠ. ʇʝʨ-

ʚʳʡ ʵʪʘʧ ʵʪʦʛʦ ʪʝʩʪʠʨʦʚʘʥʠʷ ʙʳʣ ʦʧʠʩʘʥ ʚ ʨʘʙʦʪʝ [3]. 

ɺ ʦʪʣʠʯʠʝ ʦʪ ʨʝʟʫʣʴʪʘʪʦʚ ʧʝʨʚʦʛʦ ʵʪʘʧʘ, ʧʦʢʘʟʘʚʰʝʛʦ ʨʘʙʦʪʦ-

ʩʧʦʩʦʙʥʦʩʪʴ ʤʦʜʫʣʷ APMod ʠ ʭʦʨʦʰʝʝ ʢʦʣʠʯʝʩʪʚʝʥʥʦʝ ʠ ʢʘʯʝ-

ʩʪʚʝʥʥʦʝ ʩʦʚʧʘʜʝʥʠʝ ʨʘʩʯʸʪʥʳʭ ʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʭʘʨʘʢʪʝʨʠ-

ʩʪʠʢ ʧʨʦʮʝʩʩʘ ʪʝʯʝʥʠʷ ʥʘʪʨʠʝʚʦʛʦ ʪʝʧʣʦʥʦʩʠʪʝʣʷ, ʚ ʜʘʥʥʦʡ ʨʘʙʦʪʝ 

ʦʩʥʦʚʥʦʝ ʚʥʠʤʘʥʠʝ ʫʜʝʣʷʣʦʩʴ ʫʩʪʘʥʦʚʣʝʥʠʶ ʧʨʠʯʠʥ ʨʘʩʭʦʞʜʝʥʠʷ 
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ʨʝʟʫʣʴʪʘʪʦʚ ʨʘʩʯʝʪʘ ʠ ʵʢʩʧʝʨʠʤʝʥʪʘ ʚ ʦʧʨʝʜʝʣʝʥʠʠ ʧʦʣʷ ʪʝʤʧʝʨʘ-

ʪʫʨʳ ʟʘ ʙʣʦʢʘʜʦʡ ʠ ʦʧʪʠʤʠʟʘʮʠʠ ʠʩʧʦʣʴʟʫʝʤʦʡ ʨʘʩʯʝʪʥʦʡ ʩʝʪʢʠ. 

ʆʧʪʠʤʠʟʘʮʠʷ ʨʘʩʯʝʪʥʦʡ ʩʝʪʢʠ ʧʦʟʚʦʣʠʣʘ ʫʤʝʥʴʰʠʪʴ ʯʠʩʣʦ ʵʣʝ-

ʤʝʥʪʦʚ ʨʘʟʙʠʝʥʠʷ ʩ 106470 ʜʦ 3888 ʵʣʝʤʝʥʪʦʚ, ʯʪʦ ʨʝʟʢʦ ʩʦʢʨʘʪʠʣʦ 

ʚʨʝʤʷ ʚʳʧʦʣʥʝʥʠʷ ʨʘʩʯʝʪʘ ʧʨʠ ʩʦʭʨʘʥʝʥʠʠ ʪʦʯʥʦʩʪʠ ʧʦʣʫʯʝʥʥʳʭ 

ʨʝʟʫʣʴʪʘʪʦʚ. ʂʘʢ ʠ ʥʘ ʧʝʨʚʦʤ ʵʪʘʧʝ ʪʝʩʪʠʨʦʚʘʥʠʷ ʙʳʣʦ ʧʦʣʫʯʝʥʦ 

ʭʦʨʦʰʝʝ ʢʘʯʝʩʪʚʝʥʥʦʝ ʠ ʢʦʣʠʯʝʩʪʚʝʥʥʦʝ ʩʦʚʧʘʜʝʥʠʝ ʛʠʜʨʦʜʠʥʘʤʠ-

ʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʦʪʦʢʘ ʥʘʪʨʠʝʚʦʛʦ ʪʝʧʣʦʥʦʩʠʪʝʣʷ ʚ ʦʙʣʘʩʪʠ 

ʟʘ ʙʣʦʢʘʜʦʡ. ʇʨʠ ʵʪʦʤ ʩʦʭʨʘʥʷʣʦʩʴ ʟʘʤʝʪʥʦʝ ʨʘʩʭʦʞʜʝʥʠʝ ʨʘʩʯʝʪ-

ʥʳʭ ʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʧʦʣʝʡ ʪʝʤʧʝʨʘʪʫʨʳ. 

ɺʳʧʦʣʥʝʥʥʳʝ ʚʘʨʠʘʥʪʥʳʝ ʨʘʩʯʝʪʳ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʦʩʥʦʚʥʦʡ ʧʨʠ-

ʯʠʥʦʡ ʵʪʦʛʦ ʨʘʩʭʦʞʜʝʥʠʷ ʷʚʣʷʝʪʩʷ ʦʧʠʩʘʥʠʝ ʙʣʦʢʘʜʳ ʚ ʧʨʦʛʨʘʤʤ-

ʥʦʤ ʤʦʜʫʣʝ ʧʫʪʝʤ ʟʘʜʘʥʠʷ ʚʳʩʦʢʦʛʦ ʛʠʜʨʘʚʣʠʯʝʩʢʦʛʦ ʩʦʧʨʦʪʠʚʣʝ-

ʥʠʷ ʚ ʦʙʣʘʩʪʠ ʙʣʦʢʘʜʳ. ʄʦʜʝʣʠʨʫʝʤʘʷ ʪʘʢʠʤ ʦʙʨʘʟʦʤ ʙʣʦʢʘʜʘ 

ʦʩʪʘʝʪʩʷ ʯʘʩʪʠʯʥʦ ʧʨʦʥʠʮʘʝʤʦʡ, ʚ ʦʪʣʠʯʠʝ ʦʪ ʥʝʧʨʦʥʠʮʘʝʤʦʡ ʙʣʦ-

ʢʘʜʳ ʚ ʵʢʩʧʝʨʠʤʝʥʪʝ. ʉʧʨʘʚʝʜʣʠʚʦʩʪʴ ʜʘʥʥʦʛʦ ʚʳʚʦʜʘ ʧʦʜʪʚʝʨʞʜʘ-

ʝʪʩʷ ʪʝʤ, ʯʪʦ ʫʚʝʣʠʯʝʥʠʝ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʙʣʦʢʘʜʳ ʧʨʠʚʦʜʠʪ ʢ 

ʫʣʫʯʰʝʥʠʶ ʩʦʚʧʘʜʝʥʠʷ ʨʝʟʫʣʴʪʘʪʦʚ ʨʘʩʯʝʪʘ ʩ ʵʢʩʧʝʨʠʤʝʥʪʦʤ. 

ɺ ʮʝʣʦʤ ʧʨʦʚʝʜʝʥʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʜʪʚʝʨʞʜʘʶʪ ʨʘʙʦʪʦʩʧʦ-

ʩʦʙʥʦʩʪʴ ʧʨʦʛʨʘʤʤʥʦʛʦ ʤʦʜʫʣʷ APMod. 
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ʆʧʨʝʜʝʣʝʥʠʝ ʜʦʟʦʚʦʡ ʥʘʛʨʫʟʢʠ ʥʘ ʙʠʦʣʦʛʠʯʝʩʢʠʝ ʪʢʘʥʠ ʦʪ 

ʥʝʡʪʨʦʥʥʦʛʦ ʠʟʣʫʯʝʥʠʷ ʥʘ ʧʨʘʢʪʠʢʝ ʜʣʷ ʢʦʥʢʨʝʪʥʦʛʦ ʦʨʛʘʥʠʟʤʘ 

ʚʩʝʛʜʘ ʧʨʝʜʩʪʘʚʣʷʝʪ ʦʧʨʝʜʝʣʝʥʥʫʶ ʩʣʦʞʥʦʩʪʴ. ɸ ʪʘʢʞʝ ʥʝ ʚʩʝʛʜʘ 

ʠʤʝʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴ ʧʨʦʚʦʜʠʪʴ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʤʝʪʦʜʳ ʠʩ-

ʩʣʝʜʦʚʘʥʠʷ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʵʥʝʨʛʠʠ ʠʟʣʫʯʝʥʠʷ ʚʥʫʪʨʠ ʦʨʛʘʥʠʟʤʘ ʥʘ 

ʜʦʟʠʤʝʪʨʠʯʝʩʢʠʭ ʬʘʥʪʦʤʘʭ. ʇʦʵʪʦʤʫ ʩʫʱʝʩʪʚʫʶʪ ʢʦʤʧʴʶʪʝʨʥʳʝ 

ʤʝʪʦʜʳ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʠʟʣʫʯʝʥʠʷ ʚ ʜʦʟʠʤʝʪʨʠʯʝ-

ʩʢʠʭ ʬʘʥʪʦʤʘʭ. 

ɺ ʬʘʥʪʦʤʝ ʜʦʣʞʥʳ ʙʳʪʴ ʚʦʩʧʨʦʠʟʚʝʜʝʥʳ ʛʝʦʤʝʪʨʠʯʝʩʢʠʝ ʬʦʨ-

ʤʳ ʦʙʣʫʯʘʝʤʦʛʦ ʪʝʣʘ, ʫʩʣʦʚʠʷ ʧʦʛʣʦʱʝʥʠʷ ʠ ʨʘʩʩʝʷʥʠʷ ʧʨʠʤʝʥʷʝ-

ʤʦʛʦ ʠʟʣʫʯʝʥʠʷ. ʌʘʥʪʦʤ ʜʦʣʞʝʥ ʩʦʩʪʦʷ ʠʟ ʪʢʘʥʝʵʢʚʠʚʘʣʝʥʪʥʦʛʦ 

ʤʘʪʝʨʠʘʣʘ: ʵʬʬʝʢʪʠʚʥʳʡ ʘʪʦʤʥʳʡ ʥʦʤʝʨ ʠ ʧʣʦʪʥʦʩʪʴ ʪʢʘʥʝʵʢʚʠʚʘ-

ʣʝʥʪʥʦʛʦ ʚʝʱʝʩʪʚʘ ʠ ʪʢʘʥʠ ʦʨʛʘʥʠʟʤʘ ʨʘʚʥʳ [1]. 

ɺ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ ʚ ʧʨʦʛʨʘʤʤʥʦʤ ʩʨʝʜʩʪʚʝ MCU-PTR ʙʳʣʘ 

ʨʘʟʨʘʙʦʪʘʥʘ ʨʘʩʯʝʪʥʘʷ ʤʦʜʝʣʴ, ʢʦʪʦʨʘʷ ʩʦʩʪʦʷʣʘ ʠʟ ʩʣʝʜʫʶʱʠʭ 

ʢʦʤʧʦʥʝʥʪʦʚ (ʈʠʩʫʥʦʢ 1): ʜʦʟʠʤʝʪʨʠʯʝʩʢʠʡ ʬʘʥʪʦʤ; ʠʩʪʦʯʥʠʢ 

ʥʝʡʪʨʦʥʦʚ; ʦʢʨʫʞʝʥʥʳʡ ʧʦʛʣʦʪʠʪʝʣʝʤ ʥʘʧʨʘʚʣʷʶʱʠʡ ʢʘʥʘʣ. ɺ 

ʧʨʦʛʨʘʤʤʝ MCU-PTR ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʧʦ ʤʝʪʦʜʫ 

ʄʦʥʪʝ-ʂʘʨʣʦ [2]. ɼʣʷ ʨʝʛʠʩʪʨʘʮʠʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʧʫʯʢʘ ʥʝʡʪʨʦʥ-

ʥʦʛʦ ʠʟʣʫʯʝʥʠʷ ʧʦ ʛʣʫʙʠʥʝ ʜʦʟʠʤʝʪʨʠʯʝʩʢʠʡ ʬʘʥʪʦʤ ʙʳʣ ʨʘʟʜʝʣʸʥ 

ʥʘ 36 ʟʦʥ ʩ ʰʠʨʠʥʦʡ 0,5 ʩʤ. ʌʘʥʪʦʤ ʛʦʣʦʚʳ ʤʦʜʝʣʠʨʦʚʘʣʩʷ ʨʘʟʣʠʯ-

ʥʦʛʦ ʩʦʩʪʘʚʘ (ʊʘʙʣʠʮʘ 1). ʄʦʜʝʣʠʨʦʚʘʣʘʩʴ ʧʣʦʪʥʦʩʪʴ ʧʦʪʦʢʘ ʨʘʚʥʘʷ 

10
9
 ʩʤ

-2
Āʩ

-1 ɻ ʧʠʪʝʧʦʚʳʭ ʥʝʡʪʨʦʥʦʚ ʩ ʵʥʝʨʛʠʝʡ ʦʪ 1 ʢʵɺ ʜʦ 30 ʢʵɺ [3]. 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʨʘʩʯʝʪʦʚ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʧʫʯʢʘ 

ʥʝʡʪʨʦʥʥʦʛʦ ʠʟʣʫʯʝʥʠʷ ʚ ʜʦʟʠʤʝʪʨʠʯʝʩʢʠʭ ʬʘʥʪʦʤʘʭ ʜʣʷ ʩʣʝʜʫʶ-

ʱʠʭ ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʛʨʫʧʧ ʥʝʡʪʨʦʥʦʚ: 0ï0,5 ʵɺ ï ʪʝʧʣʦʚʳʝ, 0,5 ʵɺ ï 

10 ʢʵɺ ï ʵʧʠʪʝʧʣʦʚʳʝ, ʚʳʰʝ 10 ʢʵɺ ï ʙʳʩʪʨʳʝ. 
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ʊʘʙʣʠʮʘ 1. ʉʦʩʪʘʚ ʜʦʟʠʤʝʪʨʠʯʝʩʢʠʭ ʬʘʥʪʦʤʦʚ 

 ATOM Brain Water 

ʇʣʦʪʥʦʩʪʴ, ʛ/ʩʤ
3 

1,07 1,04 1,00 

ɺʦʜʦʨʦʜ, % 8,16 10,7 11,2 

ʂʠʩʣʦʨʦʜ, % 26,49 71,2 88,8 

ʋʛʣʝʨʦʜ, % 53,6 14,5 ï 

ɸʟʦʪ, % 1,53 2,2 ï 

ʍʣʦʨ, % 0,19 ï ï 

ʄʘʛʥʠʡ, % 9,98 ï ï 

 

 
ʈʠʩ.1. ʄʦʜʝʣʴ ʜʦʟʠʤʝʪʨʠʯʝʩʢʦʛʦ ʬʘʥʪʦʤʘ ʠ ʥʘʧʨʘʚʣʷʶʱʝʛʦ ʢʘʥʘʣʘ 
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ʄɸʉʉʓ ɹʆɿʆʅʆɺ ʍʀɻɻʉɸ ɺ ʅʄʉʉʄ ʉ  

ʉʈ-ʅɸʈʋʐɽʅʀɽʄ: ʇʈɽɼɽʃ ʉʄ 

 

ɽ.ɸ.ɻʦʣʝʥʝʚ
1
, ɸ.ɺ.ɻʫʨʩʢʘʷ

2 

 
1 ʉʘʤʘʨʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ, ʉʘʤʘʨʘ 
2 ʉʘʤʘʨʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ, ʉʘʤʘʨʘ 

89033088173, immortal9NOD9@gmail.com 

 

ʉʪʘʥʜʘʨʪʥʘʷ ʤʦʜʝʣʴ (ʉʄ) ʬʠʟʠʢʠ ʵʣʝʤʝʥʪʘʨʥʳʭ ʯʘʩʪʠʮ ʩʧʨʘ-

ʚʝʜʣʠʚʘ ʣʠʰʴ ʥʘ ʦʧʨʝʜʝʣʝʥʥʦʤ ʤʘʩʰʪʘʙʝ ʵʥʝʨʛʠʠ. ɺ ʩʚʷʟʠ ʩ ʧʦʚʳ-

ʰʝʥʠʝʤ ʤʦʱʥʦʩʪʠ ʫʩʢʦʨʠʪʝʣʴʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ, ʧʨʦʷʚʣʷʶʪʩʷ 

ʦʪʢʣʦʥʝʥʠʷ [1] ʦʪ ʧʨʝʜʩʢʘʟʘʥʠʡ ʉʄ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʙʳʪʴ ʦʧʠʩʘʥʳ 

ʚ ʨʘʩʰʠʨʝʥʥʳʭ ʤʦʜʝʣʷʭ, ʚ ʯʘʩʪʥʦʩʪʠ, ʤʦʛʫʪ ʙʳʪʴ ʜʘʥʳ ʧʨʝʜʩʢʘʟʘ-

ʥʠʷ ʜʣʷ ʵʪʠʭ ʦʪʢʣʦʥʝʥʠʡ. ʅʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʘʢʪʠʚʥʦ ʧʨʦʚʝʨʷʝʪ-

ʩʷ ʥʘ ɹɸʂ ʩʫʧʝʨʩʠʤʤʝʪʨʠʷ. ʆʪʜʝʣʴʥʦʡ ʟʘʜʘʯʝʡ ʷʚʣʷʝʪʩʷ ʦʧʠʩʘʥʠʝ 

ʷʚʣʝʥʠʷ ʥʘʨʫʰʝʥʠʷ ʉʈ-ʠʥʚʘʨʠʘʥʪʥʦʩʪʠ ʚ ʨʘʤʢʘʭ ʩʫʧʝʨʩʠʤʤʝʪʨʠʯ-

ʥʳʭ ʤʦʜʝʣʝʡ [2-4]. 

ɺ ʨʘʙʦʪʝ ʦʧʨʝʜʝʣʝʥ ʩʝʢʪʦʨ ʍʠʛʛʩʘ ʩ ʚʢʣʶʯʝʥʠʝʤ ʷʚʥʦʛʦ ʠ ʩʧʦʥ-

ʪʘʥʥʦʛʦ ʥʘʨʫʰʝʥʠʡ ʉʈ-ʠʥʚʘʨʠʘʥʪʥʦʩʪʠ, ʘ ʪʘʢʞʝ ʩʤʝʰʠʚʘʥʠʷ ʉʈ-

ʯʝʪʥʳʭ ʠ ʉʈ-ʥʝʯʝʪʥʳʭ ʩʦʩʪʦʷʥʠʡ ʙʦʟʦʥʦʚ ʍʠʛʛʩʘ ʚ ʥʝʤʠʥʠʤʘʣʴʥʦʡ 

ʩʫʧʝʨʩʠʤʤʝʪʨʠʯʥʦʡ ʤʦʜʝʣʠ. ɺʳʯʠʩʣʝʥ ʙʘʟʠʩ ʤʘʩʩʦʚʳʭ ʩʦʩʪʦʷʥʠʡ 

ʙʦʟʦʥʦʚ ʍʠʛʛʩʘ ʩ ʫʩʣʦʚʠʷʤʠ ʩʫʱʝʩʪʚʦʚʘʥʠʷ ʤʠʥʠʤʫʤʘ ʧʦʪʝʥʮʠʘʣʘ. 

ʈʘʩʩʯʠʪʘʥʳ ʤʘʩʩʳ ʪʨʝʭ ʥʝʡʪʨʘʣʴʥʳʭ ʙʦʟʦʥʦʚ ʍʠʛʛʩʘ, ʫʜʦʚʣʝʪʚʦ-

ʨʷʶʱʠʝ ʩʣʫʯʘʶ ʣʝʛʯʘʡʰʝʛʦ ʙʦʟʦʥʘ ʍʠʛʛʩʘ ʩʪʘʥʜʘʨʪʥʦʡ ʤʦʜʝʣʠ ʩ 

ʤʘʩʩʦʡ 125 ɻʵɺ.  

ʇʨʦʘʥʘʣʠʟʠʨʦʚʘʥʳ ʥʦʚʳʝ ʦʙʣʘʩʪʠ ʚʦʟʤʦʞʥʳʭ ʟʥʘʯʝʥʠʡ ʩʚʦʙʦʜ-

ʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʤʦʜʝʣʠ ʩ ʫʯʝʪʦʤ ʧʦʧʨʘʚʦʢ ʢ ʧʘʨʘʤʝʪʨʘʤ ʧʦʪʝʥʮʠ-

ʘʣʘ ʍʠʛʛʩʘ. 

ʇʨʦʚʝʜʝʥ ʨʘʩʯʝʪ ʧʦʧʨʘʚʦʢ ʢ ʉʈ-ʥʘʨʫʰʘʶʱʠʤ ʧʘʨʘʤʝʪʨʘʤ ʧʦ-

ʪʝʥʮʠʘʣʘ ʍʠʛʛʩʘ, ʢʦʪʦʨʳʝ ʚʚʦʜʷʪ ʜʦʧʦʣʥʠʪʝʣʴʥʦʝ ʷʚʥʦʝ ʉʈ-

ʥʘʨʫʰʝʥʠʝ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʚ ʧʦʪʝʥʮʠʘʣ ʍʠʛʛʩʘ, ʘ ʪʘʢʞʝ ʨʝʰʘʶʪ 

ʧʨʦʙʣʝʤʫ ʦʪʨʠʮʘʪʝʣʴʥʳʭ ʤʘʩʩ ʧʦʩʣʝ ʧʨʦʮʝʜʫʨʳ ʧʝʨʝʭʦʜʘ ʢ ʬʠʟʠ-

ʯʝʩʢʦʤʫ ʙʘʟʠʩʫ. 

ʇʨʠʚʝʜʝʥʳ ʘʥʘʣʠʪʠʯʝʩʢʠʝ ʚʳʨʘʞʝʥʠʷ ʜʣʷ ʧʦʧʨʘʚʦʢ. ʀʭ ʟʥʘʯʝ-

ʥʠʷ ʦʙʲʷʩʥʷʶʪʩʷ ʵʬʬʝʢʪʠʚʥʳʤʠ ʚʢʣʘʜʘʤʠ ʠʟ ʩʝʢʪʦʨʘ ʩʢʚʘʨʢʦʚ ʪʨʝ-

ʪʝɹʛʦ ʧʦʢʦʣʝʥʠʷ. 
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ʈʘʩʩʯʠʪʘʥʳ ʤʘʩʩʳ ʪʨʝʭ ʣʝʛʯʘʡʰʠʭ ʙʦʟʦʥʦʚ ʍʠʛʛʩʘ ʚ ʦʜʥʦʧʝʪʣʝ-

ʚʦʤ ʧʨʠʙʣʠʞʝʥʠʠ ʜʣʷ ʥʝʩʢʦʣʴʢʠʭ ʥʘʙʦʨʦʚ ʬʠʢʩʠʨʦʚʘʥʥʳʭ ʧʘʨʘ-

ʤʝʪʨʦʚ ʤʦʜʝʣʠ, ʫʜʦʚʣʝʪʚʦʨʷʶʱʠʭ ʩʣʫʯʘʶ ʣʝʛʯʘʡʰʝʛʦ ʙʦʟʦʥʘ 

ʍʠʛʛʩʘ ʩ ʤʘʩʩʦʡ 125 ɻʵɺ ʠ ʦʪʜʝʣʴʥʦ ʩʮʝʥʘʨʠʶ ʤʝʜʣʝʥʥʦʛʦ ʩʢʘʪʳ-

ʚʘʥʠʷ ʚ ʢʦʥʝʯʥʦʪʝʤʧʝʨʘʪʫʨʥʦʤ ʨʘʩʰʠʨʝʥʠʠ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʡ ʤʦ-

ʜʝʣʠ.  

ɺʳʙʨʘʥʳ ʜʚʘ ʚʦʟʤʦʞʥʳʭ ʩʮʝʥʘʨʠʷ ʨʝʘʣʠʟʘʮʠʠ ʥʝʩʢʦʣʴʢʠʭ ʙʦ-

ʟʦʥʦʚ ʍʠʛʛʩʘ ʚ ʬʠʟʠʢʝ ʵʣʝʤʝʥʪʘʨʥʳʭ ʯʘʩʪʠʮ. ʉʪʘʥʜʘʨʪʥʳʡ ʩʮʝʥʘ-

ʨʠʡ ʙʦʟʦʥʘ ʍʠʛʛʩʘ ʩ ʥʘʠʤʝʥʴʰʝʡ ʚʦʟʤʦʞʥʦʡ ʤʘʩʩʦʡ 125 ɻʵɺ ʥʝ 

ʜʦʧʫʩʢʘʝʪ ʩʫʱʝʩʪʚʦʚʘʥʠʷ ʜʨʫʛʠʭ ʯʘʩʪʠʮ ʤʝʥʴʰʝʡ ʤʘʩʩʳ ʠ ʦʪʚʝʯʘʝʪ 

ʨʝʟʫʣʴʪʘʪʘʤ ʥʘʙʣʶʜʝʥʠʡ ʥʘ ɹɸʂ. ɺʪʦʨʦʡ ʩʮʝʥʘʨʠʡ ʦʩʥʦʚʘʥ ʥʘ 

ʦʛʨʘʥʠʯʝʥʠʷʭ ʵʣʝʢʪʨʦʩʣʘʙʦʛʦ ʙʘʨʠʦʛʝʥʝʟʠʩʘ ʠ ʪʨʝʙʦʚʘʥʠʠ ʢ ʤʘʩʩʝ 

ʣʝʛʯʘʡʰʝʛʦ ʙʦʟʦʥʘ ʍʠʛʛʩʘ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ ʫʩʣʦʚʠʷʤ ʩʠʣʴʥʦʛʦ 

ʬʘʟʦʚʦʛʦ ʧʝʨʝʭʦʜʘ ʧʝʨʚʦʛʦ ʨʦʜʘ. ʇʨʠʚʝʜʝʥʳ ʦʙʦʩʥʦʚʘʥʠʷ ʥʝʥʘ-

ʙʣʶʜʘʝʤʦʩʪʠ ʣʝʛʢʦʛʦ ʙʦʟʦʥʘ ʍʠʛʛʩʘ ʥʘ ʫʩʢʦʨʠʪʝʣʴʥʦʤ ʵʢʩʧʝʨʠ-

ʤʝʥʪʝ ʟʘ ʩʯʝʪ ʚʦʟʤʦʞʥʦʛʦ ʨʘʩʧʘʜʘ ʣʝʛʯʘʡʰʝʡ ʯʘʩʪʠʮʳ ʥʘ ʥʝʡʪʨʘ-

ʣʠʥʦ - ʢʘʥʜʠʜʘʪ ʥʘ ʨʦʣʴ ʯʘʩʪʠʮʳ ʪʝʤʥʦʡ ʤʘʪʝʨʠʠ, ʥʝʜʝʪʝʢʪʠʨʫʝ-

ʤʫʶ ʯʘʩʪʠʮʫ. 

ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʤʦʛʫʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ ʧʨʠ ʧʣʘʥʠʨʦ-

ʚʘʥʠʠ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʥʘ ɹɸʂ. ɸ ʪʘʢʞʝ ʜʣʷ ʜʘʣʴʥʝʡʰʠʭ ʪʝʦʨʝʪʠʯʝ-

ʩʢʠʭ ʨʘʩʯʝʪʦʚ ʩʚʦʡʩʪʚ ʩʫʧʝʨʩʠʤʤʝʪʨʠʯʥʳʭ ʤʦʜʝʣʝʡ. 
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15 ʠʶʥʷ 2006 ʛʦʜʘ ʩ ʢʦʩʤʦʜʨʦʤʘ ɹʘʡʢʦʥʫʨ ʙʳʣ ʟʘʧʫʱʝʥ ʩʧʫʪʥʠʢ 

ʈɽʉʋʈʉ-ɼʂ1, ʥʘ ʢʦʪʦʨʦʤ ʫʩʪʘʥʦʚʣʝʥ ʤʘʛʥʠʪʥʳʡ ʩʧʝʢʪʨʦʤʝʪʨ 

ʇɸʄɽʃɸ. ʉʧʫʪʥʠʢ ʈɽʉʋʈʉ-ɼʂ1 ʠʤʝʣ ʵʣʣʠʧʪʠʯʝʩʢʫʶ ʦʨʙʠʪʫ ʚʳ-

ʩʦʪʦʡ 350-610 ʢʤ ʩ ʥʘʢʣʦʥʝʥʠʝʤ 70,4Á [1]. ʇʨʠ ʧʦʤʦʱʠ ʥʝʡʪʨʦʥʥʦ-

ʛʦ ʜʝʪʝʢʪʦʨʘ [2], ʚʭʦʜʷʱʝʛʦ ʚ ʩʦʩʪʘʚ ʧʨʠʙʦʨʘ ʇɸʄɽʃɸ ʠ ʩʣʫʞʘ-

ʱʝʛʦ ʜʣʷ ʫʣʫʯʰʝʥʠʷ ʨʘʟʜʝʣʝʥʠʷ ʨʝʛʠʩʪʨʠʨʫʝʤʳʭ ʚ ʢʘʣʦʨʠʤʝʪʨʝ 

ʵʣʝʢʪʨʦʥʦʚ ʠ ʧʨʦʪʦʥʦʚ ʤʦʞʥʦ ʙʳʣʦ ʪʘʢʞʝ ʠʩʩʣʝʜʦʚʘʪʴ ʧʦʪʦʢʠ 

ʥʝʡʪʨʦʥʦʚ ʥʘ ʦʨʙʠʪʝ [3,4]. ɼʝʪʝʢʪʦʨ ʠʤʝʝʪ ʬʦʥʦʚʳʡ ʢʘʥʘʣ ʠʟʤʝʨʝ-

ʥʠʡ, ʟʘʧʠʩʳʚʘʶʱʠʡ ʧʦʣʥʦʝ ʯʠʩʣʦ ʥʝʡʪʨʦʥʦʚ, ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʥʳʭ 

ʟʘ ʧʨʦʤʝʞʫʪʢʠ ʚʨʝʤʝʥʠ ʤʝʞʜʫ ʨʝʛʠʩʪʨʘʮʠʝʡ ʟʘʨʷʞʝʥʥʳʭ ʯʘʩʪʠʮ 

ʩʧʝʢʪʨʦʤʝʪʨʦʤ ʇɸʄɽʃɸ. ɺ ʯʘʩʪʥʦʩʪʠ, ʚ ʨʘʙʦʪʘʭ [3, 4] ʧʦ ʜʘʥʥʳʤ 

ʬʦʥʦʚʦʛʦ ʢʘʥʘʣʘ ʧʨʦʠʟʚʦʜʠʣʩʷ ʧʦʠʩʢ ʥʝʡʪʨʦʥʦʚ ʩʦʣʥʝʯʥʦʛʦ ʧʨʦ-

ʠʩʭʦʞʜʝʥʠʷ. 

ʅʝʡʪʨʦʥʥʳʡ ʜʝʪʝʢʪʦʨ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ 36 ʮʠʣʠʥʜʨʠʯʝʩʢʠʭ 

ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʳʭ ʩʯʸʪʯʠʢʦʚ, ʥʘʧʦʣʥʝʥʥʳʭ 
3
He ʧʨʠ ʜʘʚʣʝʥʠʠ 7 

ʘʪʤʦʩʬʝʨ [2]. ɼʚʝ ʧʣʦʩʢʦʩʪʠ ʧʦ 18 ʩʯʝʪʯʠʢʦʚ ʧʨʦʩʣʦʝʥʳ ʧʦʣʠʵʪʠ-

ʣʝʥʦʤ, ʚ ʢʦʪʦʨʦʤ ʥʝʡʪʨʦʥʳ ʟʘʤʝʜʣʷʶʪʩʷ ʜʦ ʪʝʧʣʦʚʳʭ ʵʥʝʨʛʠʡ, ʯʪʦ 

ʧʦʟʚʦʣʷʝʪ ʠʭ ʨʝʛʠʩʪʨʠʨʦʚʘʪʴ ʩ ʵʬʬʝʢʪʠʚʥʦʩʪʴʶ ʦʢʦʣʦ 10%. ʉʯʝʪ 

ʯʠʩʣʘ ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʥʳʭ ʥʝʡʪʨʦʥʦʚ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʵʣʝʢʪʨʦʥʥʳʤ 

ʩʯʝʪʯʠʢʦʤ, ʨʘʟʨʷʜʥʦʩʪʴ ʢʦʪʦʨʦʛʦ ï 4 ʙʠʪʘ. ʇʨʠ ʧʝʨʝʧʦʣʥʝʥʠʠ ʧʦʢʘ-

ʟʘʥʠʷ ʩʯʝʪʯʠʢʘ ʩʙʨʘʩʳʚʘʶʪʩʷ ʚ ʥʦʣʴ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʦʰʠʙʢʘʤ ʧʨʠ 

ʙʦʣʴʰʦʤ ʪʝʤʧʝ ʩʯʝʪʘ ʥʝʡʪʨʦʥʦʚ. ɺ ʨʘʙʦʪʝ [4] ʜʣʷ ʩʥʠʞʝʥʠʷ ʵʬʬʝʢ-

ʪʘ ʧʝʨʝʧʦʣʥʝʥʠʷ ʧʘʤʷʪʠ ʨʘʩʩʤʘʪʨʠʚʘʣʠʩʴ ʪʦʣʴʢʦ ʚʨʝʤʝʥʥʳʝ ʠʥʪʝʨ-

ʚʘʣʳ ʨʝʛʠʩʪʨʘʮʠʠ ʥʝʡʪʨʦʥʦʚ, ʥʝ ʧʨʝʚʳʰʘʶʱʠʝ 15 ʤʩ (ʧʨʠ ʩʨʝʜʥʝʤ 

ʟʥʘʯʝʥʠʠ ʜʣʠʪʝʣʴʥʦʩʪʠ ʵʪʠʭ ʠʥʪʝʨʚʘʣʦʚ 30 ʤʩ). ɹʳʣʠ ʧʨʦʘʥʘʣʠʟʠ-

ʨʦʚʘʥʳ ʩʦʣʥʝʯʥʳʝ ʩʦʙʳʪʠʷ ʟʘ 2006 ï 2015 ʛ., ʚ ʢʦʪʦʨʳʭ ʤʦʛʣʠ ʙʳʪʴ 

ʛʝʥʝʨʠʨʦʚʘʥʳ ʥʝʡʪʨʦʥʳ, ʧʨʠʯʝʤ ʚ ʥʝʢʦʪʦʨʳʭ ʠʟ ʥʠʭ ʥʘʙʣʶʜʘʣʠʩʴ 

ʫʢʘʟʘʥʠʷ ʥʘ ʨʝʛʠʩʪʨʘʮʠʶ ʵʬʬʝʢʪʘ. ʆʜʥʘʢʦ, ʭʦʪʷ ʜʘʥʥʳʡ ʤʝʪʦʜ ʠ 

ʧʦʟʚʦʣʠʣ ʠʟʙʝʞʘʪʴ ʦʰʠʙʦʢ, ʩʚʷʟʘʥʥʳʭ ʩ ʧʝʨʝʧʦʣʥʝʥʠʝʤ ʧʘʤʷʪʠ, ʥʦ 

ʧʨʠ ʵʪʦʤ ʟʥʘʯʠʪʝʣʴʥʦ ʫʤʝʥʴʰʠʣ ʩʪʘʪʠʩʪʠʯʝʩʢʫʶ ʦʙʝʩʧʝʯʝʥʥʦʩʪʴ 
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ʨʝʟʫʣʴʪʘʪʦʚ. ʇʦʵʪʦʤʫ ʬʣʫʢʪʫʘʮʠʠ ʧʦʪʦʢʦʚ ʥʝʡʪʨʦʥʦʚ, ʩʚʷʟʘʥʥʳʝ ʩ 

ʧʝʨʝʧʦʣʥʝʥʠʝʤ ʩʯʝʪʯʠʢʦʚ (ʩʤ. ʨʘʙʦʪʫ [3]) ʠ ʥʠʟʢʘʷ ʩʪʘʪʠʩʪʠʯʝʩʢʘʷ 

ʦʙʝʩʧʝʯʝʥʥʦʩʪʴ (ʩʤ. ʨʘʙʦʪʫ [4]) ʥʝ ʧʦʟʚʦʣʠʣʠ ʩʜʝʣʘʪʴ ʦʜʥʦʟʥʘʯʥʦʛʦ 

ʟʘʢʣʶʯʝʥʠʷ ʦ ʨʝʛʠʩʪʨʘʮʠʠ ʥʝʡʪʨʦʥʦʚ ʩʦʣʥʝʯʥʦʛʦ ʧʨʦʠʩʭʦʞʜʝʥʠʷ. 

ʇʦʵʪʦʤʫ ʙʳʣʘ ʨʘʟʨʘʙʦʪʘʥʘ ʤʝʪʦʜʠʢʘ, ʦʩʥʦʚʘʥʥʘʷ ʥʘ ʜʦʧʦʣʥʠ-

ʪʝʣʴʥʦʤ ʘʥʘʣʠʟʝ ʨʘʙʦʪʳ ʜʝʪʝʢʪʦʨʘ ʥʝʡʪʨʦʥʦʚ. ʀʩʧʦʣʴʟʫʷ ʟʘʚʠʩʠ-

ʤʦʩʪʠ ʪʝʤʧʘ ʩʯʝʪʘ ʦʪ ʰʠʨʦʪʳ, ʙʳʣʠ ʦʧʨʝʜʝʣʝʥʳ ʤʠʥʠʤʘʣʴʥʳʝ ʟʥʘ-

ʯʝʥʠʷ ʧʦʢʘʟʘʥʠʡ ʬʦʥʦʚʦʛʦ ʢʘʥʘʣʘ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʚʨʝʤʝʥʥʦʛʦ 

ʠʥʪʝʨʚʘʣʘ ʠʟʤʝʨʝʥʠʡ. ʕʪʦ ʧʦʟʚʦʣʠʣʦ ʧʨʦʚʝʩʪʠ ʢʦʨʨʝʢʪʠʨʦʚʢʫ ʜʘʥ-

ʥʳʭ ʚ ʪʝʭ ʩʣʫʯʘʷʭ, ʢʦʛʜʘ ʠʟ-ʟʘ çʩʙʨʦʩʘè ʩʯʝʪʯʠʢʘ ʤʠʥʠʤʘʣʴʥʦʝ ʟʥʘ-

ʯʝʥʠʝ ʪʝʤʧʘ ʩʯʝʪʘ ʥʝ ʜʦʩʪʠʛʘʣʦʩʴ. ʂʦʨʨʝʢʪʠʨʦʚʢʘ ʧʨʦʚʦʜʠʣʘʩʴ ʜʣʷ 

ʢʘʞʜʦʡ ʠʟ ʧʣʦʩʢʦʩʪʝʡ ʥʝʡʪʨʦʥʥʦʛʦ ʜʝʪʝʢʪʦʨʘ, ʪʘʢ ʢʘʢ ʠʭ ʪʝʤʧʳ 

ʩʯʝʪʘ ʩʣʝʛʢʘ ʦʪʣʠʯʘʣʠʩʴ. ʇʦʩʣʝ ʚʚʝʜʝʥʠʷ ʢʦʨʨʝʢʮʠʠ ʣʠʥʝʡʥʘʷ ʟʘ-

ʚʠʩʠʤʦʩʪʴ ʧʦʢʘʟʘʥʠʡ ʩʯʝʪʯʠʢʘ ʦʪ ʜʣʠʪʝʣʴʥʦʩʪʠ ʠʥʪʝʨʚʘʣʘ ʠʟʤʝʨʝ-

ʥʠʡ ʩʦʭʨʘʥʷʣʘʩʴ ʚʧʣʦʪʴ ʜʦ 100 ʤʩ, ʯʪʦ ʟʥʘʯʠʪʝʣʴʥʦ ʚʳʰʝ ʩʨʝʜʥʝʛʦ 

ʟʥʘʯʝʥʠʷ (30 ʤʩ). ʕʪʦ ʧʦʟʚʦʣʠʣʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ 

ʪʝʤʧʦʚ ʩʯʝʪʘ ʚʨʝʤʝʥʥʳʝ ʠʥʪʝʨʚʘʣʳ ʙʦʣʴʰʝʡ, ʯʝʤ ʨʘʥʝʝ ʜʣʠʪʝʣʴʥʦ-

ʩʪʠ ʠ ʪʘʢʠʤ ʦʙʨʘʟʦʤ ʫʤʝʥʴʰʠʪʴ ʬʣʫʢʪʫʘʮʠʠ ʪʝʤʧʦʚ ʩʯʝʪʘ. ʇʦʩʣʝ 

ʧʨʦʚʝʜʝʥʥʦʡ ʢʦʨʨʝʢʮʠʠ ʩʪʘʪʠʩʪʠʯʝʩʢʠʝ ʬʣʫʢʪʫʘʮʠʠ ʪʝʤʧʦʚ ʩʯʝʪʘ 

ʥʝʡʪʨʦʥʦʚ ʥʝ ʧʨʝʚʳʰʘʶʪ 1-2%, ʯʪʦ ʚʧʦʣʥʝ ʜʦʩʪʘʪʦʯʥʦ ʜʣʷ ʚʳʜʝ-

ʣʝʥʠʷ ʵʬʬʝʢʪʘ ʦʪ ʩʦʣʥʝʯʥʳʭ ʥʝʡʪʨʦʥʦʚ ʥʘ ʫʨʦʚʥʝ ʥʝʩʢʦʣʴʢʠʭ ʧʨʦ-

ʮʝʥʪʦʚ. 
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ʦʙʱʝʥʠʷ ʧʦ ʬʠʟʠʢʝ ˉ10, 32-37 (2016) 
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ʄʆɼɽʃʀʈʆɺɸʅʀɽ ʊʈɽʇʇʀʅɻ-ʕʌʌɽʂʊɸ ɺ  

ʕʂʉʇɽʈʀʄɽʅʊɽ çʊʈʆʀʎʂ ʅʖ-ʄɸʉʉè 

 

ɻʨʠʛʦʨʴʝʚʘ ʇ.ɺ.
1,2

 
 

1 ʄʌʊʀ, ɼʦʣʛʦʧʨʫʜʥʳʡ 

2 ʀʗʀ ʈɸʅ, ʊʨʦʠʮʢ 

8-977-330-45-28, grigorieva@inr.ru 

 

ɺ ʵʢʩʧʝʨʠʤʝʥʪʝ çʊʨʦʠʮʢ ʥʶ-ʤʘʩʩè ʧʨʦʚʦʜʠʪʩʷ ʠʟʤʝʨʝʥʠʝ ʠʥʪʝ-

ʛʨʘʣʴʥʦʛʦ ʩʧʝʢʪʨʘ ʵʣʝʢʪʨʦʥʦʚ, ʦʙʨʘʟʫʶʱʠʭʩʷ ʚ ʙʝʪʘ-ʨʘʩʧʘʜʝ ʪʨʠ-

ʪʠʷ. ɺ ʜʘʥʥʳʡ ʤʦʤʝʥʪ ʩʧʝʢʪʨ ʠʩʩʣʝʜʫʝʪʩʷ ʥʘ ʧʨʝʜʤʝʪ ʥʘʣʠʯʠʷ 

ʧʨʠʤʝʩʠ ʩʪʝʨʠʣʴʥʳʭ  ʥʝʡʪʨʠʥʦ. ɺ ʩʣʫʯʘʝ, ʝʩʣʠ ʛʠʧʦʪʝʟʘ ʩʫʱʝʩʪʚʦ-

ʚʘʥʠʷ ʩʪʝʨʠʣʴʥʳʭ ʥʝʡʪʨʠʥʦ ʩ ʤʘʩʩʘʤʠ ʚ ʜʠʘʧʘʟʦʥʝ ʜʦ 5 ʢʵɺ ʚʝʨʥʘ, 

ʪʦ ʵʪʦʪ ʵʬʬʝʢʪ ʤʦʞʝʪ ʙʳʪʴ ʥʘʙʣʶʜʘʝʤ ʢʘʢ ʠʩʢʘʞʝʥʠʝ ʵʥʝʨʛʝʪʠʯʝ-

ʩʢʦʛʦ ʩʧʝʢʪʨʘ ʵʣʝʢʪʨʦʥʦʚ [1].  

ɹʝʪʘ-ʨʘʩʧʘʜ ʧʨʦʠʩʭʦʜʠʪ ʚ ʙʝʟʦʢʦʥʥʦʤ ʪʨʠʪʠʝʚʦʤ ʠʩʪʦʯʥʠʢʝ. 

ʊʨʘʥʩʧʦʨʪʠʨʦʚʢʘ ʵʣʝʢʪʨʦʥʦʚ ʜʦ ʩʧʝʢʪʨʦʤʝʪʨʘ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʧʨʠ 

ʧʦʤʦʱʠ ʩʚʝʨʭʧʨʦʚʦʜʷʱʝʡ ʤʘʛʥʠʪʥʦʡ ʩʠʩʪʝʤʳ. ʉʧʝʢʪʨʦʤʝʪʨ ʨʘʙʦ-

ʪʘʝʪ ʧʦ ʧʨʠʥʮʠʧʫ ʵʣʝʢʪʨʦʩʪʘʪʠʯʝʩʢʦʛʦ ʙʘʨʴʝʨʘ [2]. ɺ ʜʝʪʝʢʪʦʨ ʧʦ-

ʧʘʜʘʶʪ ʪʦʣʴʢʦ ʵʣʝʢʪʨʦʥʳ ʩ ʵʥʝʨʛʠʝʡ ʚʳʰʝ ʥʘ ʵʣʝʢʪʨʦʜʝ ʩʧʝʢʪʨʦ-

ʤʝʪʨʘ ʠ ʣʝʪʷʱʠʝ ʚ ʜʠʘʧʘʟʦʥʝ ʫʛʣʦʚ, ʦʧʨʝʜʝʣʝʥʥʳʭ ʢʦʥʬʠʛʫʨʘʮʠʝʡ 

ʤʘʛʥʠʪʥʳʭ ʧʦʣʝʡ.   

ʕʣʝʢʪʨʦʥ ʤʦʞʝʪ ʚʳʡʪʠ ʠʟ ʠʩʪʦʯʥʠʢʘ ʠ ʧʦʧʘʩʪʴ ʚ ʩʧʝʢʪʨʦʤʝʪʨ 

ʪʦʣʴʢʦ ʚ ʪʦʤ ʩʣʫʯʘʝ ʝʩʣʠ ʫʛʦʣ ɗ ʤʝʞʜʫ ʚʝʢʪʦʨʦʤ ʩʢʦʨʦʩʪʠ ʠ ʦʩʴʶ 

ʤʝʥʴʰʝ ʫʛʣʘ ʟʘʭʚʘʪʘ ɗ_a, ʦʧʨʝʜʝʣʷʝʤʦʛʦ ʦʪʥʦʰʝʥʠʝʤ ʤʘʛʥʠʪʥʳʭ 

ʧʦʣʝʡ ʚ ʧʠʥʯ-ʤʘʛʥʠʪʝ (ʥʘ ʚʭʦʜʝ ʚ ʩʧʝʢʪʨʦʤʝʪʨ) ʠ ʠʩʪʦʯʥʠʢʝ. 

ɽʩʣʠ ɗ ʙʦʣʴʰʝ ʫʛʣʘ ʦʪʨʘʞʝʥʠʷ ɗ_r, ʦʧʨʝʜʝʣʷʝʤʦʛʦ ʦʪʥʦʰʝʥʠʝʤ 

ʤʘʛʥʠʪʥʳʭ ʧʦʣʝʡ ʚ ʠʩʪʦʯʥʠʢʝ ʠ ʪʨʘʥʩʧʦʨʪʥʦʤ ʢʘʥʘʣʝ, ʪʦ ʵʣʝʢʪʨʦʥ 

ʟʘʧʠʨʘʝʪʩʷ ʤʝʞʜʫ ʤʘʛʥʠʪʥʳʤʠ ʧʨʦʙʢʘʤʠ ʠ ʥʘʭʦʜʷʪʩʷ ʚ ʠʩʪʦʯʥʠʢʝ 

ʧʦʢʘ ʧʦʣʥʦʩʪʴʶ ʥʝ ʪʝʨʷʶʪ ʩʚʦʶ ʵʥʝʨʛʠʶ ʠʣʠ ʥʝ ʚʳʩʘʞʠʚʘʶʪʩʷ ʥʘ 

ʩʪʝʥʢʠ (ʪʨʝʧʧʠʥʛ-ʵʬʬʝʢʪ). ɺ ʩʣʫʯʘʝ ɗ_a  < ɗ < ɗ_r ʵʣʝʢʪʨʦʥ ʚʳʣʝʪʘ-

ʝʪ ʯʝʨʝʟ ʟʘʜʥʶʶ ʧʨʦʙʢʫ ʠʣʠ ʥʘʧʨʷʤʫʶ, ʠʣʠ ʦʪʨʘʟʠʚʰʠʩʴ ʦʪ ʧʨʦʙʢʠ 

ʚ ʧʠʥʯ-ʤʘʛʥʠʪʝ.  

ʏʘʩʪʴ ʵʣʝʢʪʨʦʥʦʚ ʚ ʨʝʟʫʣʴʪʘʪʝ ʩʪʦʣʢʥʦʚʝʥʠʡ ʩ ʛʘʟʦʤ ʤʝʥʷʶʪ 

ʫʛʦʣ ʩʚʦʝʡ ʩʢʦʨʦʩʪʠ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʦʩʠ ʠʩʪʦʯʥʠʢʘ ʠ ʤʦʛʫʪ ʧʦ-

ʧʘʩʪʴ ʚ ʩʧʝʢʪʨʦʤʝʪʨ. ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʪʘʢʠʭ ʵʣʝʢʪʨʦʥʦʚ ʧʦ ʵʥʝʨʛʠʷʤ 

ʩʫʱʝʩʪʚʝʥʥʦ ʦʪʣʠʯʘʝʪʩʷ ʦʪ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʵʣʝʢʪʨʦʥʦʚ, ʧʦʧʘʚʰʠʭ ʚ 
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ʩʧʝʢʪʨʦʤʝʪʨ ʥʘʧʨʷʤʫʶ. ʊʨʝʧʧʠʥʛ-ʵʬʬʝʢʪ ʚʥʦʩʠʪ ʚʢʣʘʜ ʚ ʩʠʩʪʝʤʘ-

ʪʠʯʝʩʢʫʶ ʦʰʠʙʢʫ ʠʟʤʝʨʝʥʠʷ ʩʧʝʢʪʨʘ ʵʣʝʢʪʨʦʥʦʚ ʚ ʢʨʠʪʠʯʝʩʢʦʡ ʜʣʷ 

ʧʦʠʩʢʘ ʩʪʝʨʠʣʴʥʳʭ ʥʝʡʪʨʠʥʦ ʦʙʣʘʩʪʠ. 

ɿʘ ʩʯʝʪ ʨʘʩʩʝʷʥʠʷ ʥʘ ʤʘʣʳʝ ʫʛʣʳ ʟʘʧʝʨʪʳʡ ʵʣʝʢʪʨʦʥ ʥʝ ʤʦʞʝʪ 

ʧʦʧʘʩʪʴ ʚ ʩʧʝʢʪʨʦʤʝʪʨ, ʧʦʪʦʤʫ ʯʪʦ ʜʣʷ ʵʪʦʛʦ ʝʤʫ ʥʫʞʥʦ ʟʘ ʦʜʥʦ 

ʩʪʦʣʢʥʦʚʝʥʠʝ ʠʟʤʝʥʠʪʴ ʩʚʦʡ ʫʛʦʣ ʥʘ ʚʝʣʠʯʠʥʫ ʙʦʣʴʰʫʶ, ʯʝʤ  ɗ_r-

ɗ_a=7.3Á. ɺ ʪʘʢʦʡ ʩʠʪʫʘʮʠʠ ʛʣʘʚʥʫʶ ʨʦʣʴ ʠʛʨʘʶʪ ʧʨʦʮʝʩʩʳ ʨʘʩʩʝʷ-

ʥʠʷ ʥʘ ʙʦʣʴʰʠʝ ʫʛʣʳ, ʩʦʧʨʷʞʝʥʥʳʝ ʩ ʙʦʣʴʰʠʤʠ ʧʦʪʝʨʷʤʠ ʵʥʝʨʛʠʠ. 

ʂʦʣʠʯʝʩʪʚʦ ʟʘʧʝʨʪʳʭ ʵʣʝʢʪʨʦʥʦʚ, ʧʦʢʠʥʫʚʰʠʭ ʣʦʚʫʰʢʫ, ʥʝ ʟʘ-

ʚʠʩʠʪ ʦʪ ʵʥʝʨʛʠʠ ʵʪʠʭ ʵʣʝʢʪʨʦʥʦʚ. ʕʪʦʪ ʚʳʚʦʜ ʙʳʣ ʧʦʣʫʯʝʥ ʚ ʨʝ-

ʟʫʣʴʪʘʪʝ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʠ ʧʦʢʘʟʘʥ ʥʘ ʈʠʩ. 1. ʉʧʝʢʪʨ ʚʳʣʝʪʝʚʰʠʭ 

ʵʣʝʢʪʨʦʥʦʚ ʟʘʚʠʩʠʪ ʪʦʣʴʢʦ ʦʪ ʩʦʦʪʥʦʰʝʥʠʷ ʩʝʯʝʥʠʡ ʥʝʫʧʨʫʛʠʭ ʠ 

ʢʚʘʟʠʫʧʨʫʛʠʭ ʨʝʘʢʮʠʡ ʠ ʵʥʝʨʛʠʠ ʵʣʝʢʪʨʦʥʘ. 

 
ʈʠʩ.1. ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʧʦʪʝʨʴ ʵʥʝʨʛʠʠ ʵʣʝʢʪʨʦʥʘʤʠ, ʟʘʧʝʨʪʳʤʠ ʚ ʠʩʪʦʯʥʠ-

ʢʝ, ʜʣʷ ʨʘʟʥʦʡ ʥʘʯʘʣʴʥʦʡ ʵʥʝʨʛʠʠ. 

ʃʠʪʝʨʘʪʫʨʘ 

1.D. N. Abdurashitov et al., ñThe current status of "Troitsk nu-mass" 

experiment in search for sterile neutrinoò, JINST 10, no. 10, T10005 

(2015). 

2.P. V. Grigorieva, A. A. Nozik, V. S. Pantuev, and A. K. 

Skasyrskaya, ñThe role of electron scattering from registration detector 

in the ñTroitsk nu-massò MAC-E type spectrometerò, Nucl. Instrum. 

Meth. A 832, (2016). 
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ʉʈɽɼʉʊɺɸ ʉʂɺʆɿʅʆɻʆ ʇʈʆɽʂʊʀʈʆɺɸʅʀʗ ʀ  

ɼʀʅɸʄʀʏɽʉʂʆɻʆ ʊɽʉʊʀʈʆɺɸʅʀʗ ɸʉʋʊʇ ɸʊʆʄʅʓʍ 

ʉʊɸʅʎʀʁ 

 

ɾʫʢʦʚ ʀ.ʄ., ɺʝʨʜʷʥ ɸ.ɻ., ʊʦʣʦʢʦʥʩʢʠʡ ɸ.ʆ.
 

 

ʂʘʬʝʜʨʘ ˉ2 çɸʚʪʦʤʘʪʠʢʘè, ʅʀʗʋ ʄʀʌʀ, ʛ. ʄʦʩʢʚʘ 

ʊʝʣ. 8-963-612-84-39, e-mail, zhukovim@yandex.ru 

 

ʉʪʘʥʜʘʨʪ ʄʕʂ 61513, ʦʧʠʩʳʚʘʶʱʠʡ ʞʠʟʥʝʥʥʳʡ ʮʠʢʣ ʘʚʪʦʤʘ-

ʪʠʟʠʨʦʚʘʥʥʳʭ ʩʠʩʪʝʤ ʫʧʨʘʚʣʝʥʠʷ, ʩʦʜʝʨʞʠʪ ʫʢʘʟʘʥʠʷ ʧʦ ʧʨʦʚʝʜʝ-

ʥʠʶ ʚʝʨʠʬʠʢʘʮʠʠ ʠ ʪʝʩʪʠʨʦʚʘʥʠʷ ʧʨʦʝʢʪʘ, ʢʦʪʦʨʦʝ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ 

ʜʠʥʘʤʠʯʝʩʢʦʝ ʪʝʩʪʠʨʦʚʘʥʠʝ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʧʦʣʥʦʤʘʩʰʪʘʙʥʦʡ 

ʬʠʟʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʩʪʘʥʮʠʠ. 

ʄʦʜʝʣʴ ʩʪʘʥʮʠʠ ʤʦʞʝʪ ʙʳʪʴ ʩʦʟʜʘʥʘ ʥʘ ʦʩʥʦʚʝ ʜʘʥʥʳʭ, ʧʦʣʫ-

ʯʝʥʥʳʭ ʠʟ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʩʠʩʪʝʤ ʫʧʨʘʚʣʝʥʠʷ. ɼʘʥʥʳʝ ʩʠʩʪʝʤʳ 

ʠʩʧʦʣʴʟʫʶʪ ʧʨʦʝʢʪʥʳʝ ʦʨʛʘʥʠʟʘʮʠʠ ʜʣʷ ʬʦʨʤʠʨʦʚʘʥʠʷ ʪʝʭʥʠʯʝ-

ʩʢʦʛʦ ʧʨʦʝʢʪʘ ʥʘ ɸʉʋʊʇ, ʢ ʥʠʤ ʦʪʥʦʩʠʪʩʷ ʩʠʩʪʝʤʘ SmartPlant. 

SmartPlant ʚʢʣʶʯʘʝʪ ʥʝʩʢʦʣʴʢʦ ʧʨʦʛʨʘʤʤʥʳʭ ʧʨʦʜʫʢʪʦʚ ï 

SmartPlant P&ID, SmartPlant 3D ʠ SmartPlant Foundation ï, ʠʩʧʦʣʴ-

ʟʫʶʱʠʭ ʝʜʠʥʦʝ ʭʨʘʥʠʣʠʱʝ ʜʘʥʥʳʭ ʧʦʜ ʫʧʨʘʚʣʝʥʠʝʤ ʉʋɹɼ Oracle. 

ɿʘʜʘʯʘ ʪʝʩʪʠʨʦʚʘʥʠʷ ʘʣʛʦʨʠʪʤʦʚ ʫʧʨʘʚʣʝʥʠʷ ʘʢʪʫʘʣʴʥʘ ʚ ʚʠʜʫ 

ʫʚʝʣʠʯʝʥʠʷ ʦʙʲʸʤʦʚ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʥʘ ʘʪʦʤʥʳʭ ʩʪʘʥʮʠʷʭ. ʕʪʫ ʜʠ-

ʥʘʤʠʢʫ ʤʦʞʥʦ ʫʚʠʜʝʪʴ ʚ ʧʨʦʝʢʪʘʭ ɺʅʀʀɸ ʠʤ. ɼʫʭʦʚʘ. ɿʘ ʧʦʩʣʝʜ-

ʥʠʝ 20 ʣʝʪ ʚ ʧʨʦʝʢʪʘʭ ʵʥʝʨʛʦʙʣʦʢʦʚ ʟʥʘʯʠʪʝʣʴʥʦ ʫʚʝʣʠʯʠʣʦʩʴ ʢʦ-

ʣʠʯʝʩʪʚʦ ʠ ʩʣʦʞʥʦʩʪʴ ʠʟʤʝʨʠʪʝʣʴʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ʠ ʦʙʲʝʢʪʦʚ 

ʫʧʨʘʚʣʝʥʠʷ. ʕʪʦ ʪʨʝʙʫʝʪ ʨʘʟʨʘʙʦʪʢʠ ʩʨʝʜʩʪʚ ʜʠʥʘʤʠʯʝʩʢʦʛʦ ʪʝʩʪʠ-

ʨʦʚʘʥʠʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʘʢʪʫʘʣʴʥʳʭ ʧʨʦʝʢʪʥʳʭ ʜʘʥʥʳʭ [1]. 

ʉʦʚʤʝʩʪʥʦ ʩ ɺʅʀʀɸ ʠʤ. ɼʫʭʦʚʘ ʩʧʝʮʠʘʣʠʩʪʳ ʢʘʬʝʜʨʳ ˉ2 

çɸʚʪʦʤʘʪʠʢʘè ʨʘʟʨʘʙʦʪʘʣʠ ʩʠʩʪʝʤʫ ʩʢʚʦʟʥʦʛʦ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʠ 

ʜʠʥʘʤʠʯʝʩʢʦʛʦ ʪʝʩʪʠʨʦʚʘʥʠʷ ʧʨʦʝʢʪʘ ɸʉʋʊʇ. ʕʪʠ ʩʨʝʜʩʪʚʘ ʠʥʪʝ-

ʛʨʠʨʦʚʘʥʳ ʚ ʩʦʩʪʘʚ ʧʨʦʛʨʘʤʤʥʦʡ ʧʣʘʪʬʦʨʤʳ GET-R1, ʢʦʪʦʨʘʷ ʠʩ-

ʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʩʠʩʪʝʤ ʫʧʨʘʚʣʝʥʠʷ ʥʘ ʙʘʟʝ ʊʇʊʉ 

ʅʊ ʠ ʊʇʊʉ ʉɹ. 

ʉʠʩʪʝʤʘ ʩʢʚʦʟʥʦʛʦ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʩʠʩʪʝʤʫ 

ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʉɸʇʈ-ʊ, ʠʩʧʦʣʴʟʫʝʤʫʶ ʧʨʠ ʩʦʟʜʘʥʠʠ ʪʝʭʥʦʣʦʛʠ-

ʯʝʩʢʠʭ ʘʣʛʦʨʠʪʤʦʚ, ʚʭʦʜʷʱʠʭ ʚ ʩʦʩʪʘʚ ʪʝʭʥʠʯʝʩʢʦʛʦ ʟʘʜʘʥʠʷ ʥʘ 

ɸʉʋʊʇ. ɺ ʉɸʇʈ-ʊ ʨʘʟʨʘʙʦʪʘʥʳ ʚʩʪʨʦʝʥʥʳʝ ʩʨʝʜʩʪʚʘ ʚʝʨʠʬʠʢʘ-

mailto:zhukovim@yandex.ru
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ʮʠʠ ʧʨʦʝʢʪʘ ʠ ʩʨʝʜʩʪʚʘ ʩʢʨʠʧʪʦʚʦʛʦ ʪʝʩʪʠʨʦʚʘʥʠʷ, ʪʘʢʞʝ ʚ ʩʠʩʪʝʤʝ 

ʨʘʟʨʘʙʦʪʘʥʳ ʠʥʪʝʛʨʘʮʠʦʥʥʳʝ ʨʝʰʝʥʠʷ ʩ ʨʘʟʣʠʯʥʳʤʠ ʠʥʬʦʨʤʘʮʠ-

ʦʥʥʳʤʠ ʩʠʩʪʝʤʘʤʠ ʫʧʨʘʚʣʝʥʠʷ ʠʥʞʝʥʝʨʥʳʤʠ ʜʘʥʥʳʤʠ, ʚ ʪʦʤ ʯʠʩ-

ʣʝ SmartPlant Foundation. 

ʇʨʦʝʢʪʥʘʷ ʠʥʬʦʨʤʘʮʠʷ ʠʟ SmartPlant Foundation ʠʩʧʦʣʴʟʫʝʪʩʷ 

ʧʨʠ ʩʦʟʜʘʥʠʷ ʘʢʪʫʘʣʴʥʦʡ ʤʦʜʝʣʠ ʷʜʝʨʥʦʛʦ ʦʩʪʨʦʚʘ, ʤʦʜʝʣʝʡ ʪʝʧʣʦ-

ʛʠʜʨʘʚʣʠʯʝʩʢʠʭ ʠ ʵʣʝʢʪʨʦʪʝʭʥʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ. ʇʦʣʫʯʝʥʥʳʝ ʤʦ-

ʜʝʣʠ ʦʙʲʝʜʠʥʷʶʪʩʷ ʚ ʝʜʠʥʫʶ ʧʦʣʥʦʤʘʩʰʪʘʙʥʫʶ ʤʦʜʝʣʴ ʬʠʟʠʯʝ-

ʩʢʠʭ ʧʨʦʮʝʩʩʦʚ, ʢʦʪʦʨʘʷ ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʧʨʦʚʝʨʢʠ ʘʣʛʦʨʠʪʤʦʚ 

ɸʉʋʊʇ ʥʘ ʩʫʧʝʨʢʦʤʧʴʶʪʝʨʘʭ ʩ ʧʦʤʦʱʴʶ ʩʝʨʚʠʩʘ ʩʢʨʠʧʪʦʚʦʛʦ ʪʝ-

ʩʪʠʨʦʚʘʥʠʷ. 

 

ʃʠʪʝʨʘʪʫʨʘ: 

1. ɺ.ʃ. ʂʠʰʢʠʥ, ɸ.ɼ. ʅʘʨʠʮ. ʕʚʦʣʶʮʠʷ ʧʨʦʛʨʘʤʤʥʦ-

ʪʝʭʥʠʯʝʩʢʠʭ ʩʨʝʜʩʪʚ ʫʨʦʚʥʷ ʘʚʪʦʤʘʪʠʯʝʩʢʦʛʦ ʫʧʨʘʚʣʝʥʠʷ ɸʉʋ ʊʇ 

ʘʪʦʤʥʳʭ ʠ ʪʝʧʣʦʚʳʭ ʵʣʝʢʪʨʦʩʪʘʥʮʠʡ // ɼʦʢʣʘʜʳ ɹɻʋʀʈ, 2015. 
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ɹɸʈʆʄɽʊʈʀʏɽʉʂʀʁ ʕʌʌɽʂʊ ɺ ʀʅʊɽʅʉʀɺʅʆʉʊʀ 

ʆʂʆʃʆɻʆʈʀɿʆʅʊɸʃʔʅʓʍ ʄʖʆʅʆɺ ʂʆʉʄʀʏɽʉʂʀʍ 

ʃʋʏɽʁ ʇʆ ɼɸʅʅʓʄ ʂʆʆʈɼʀʅɸʊʅʆ-ʊʈɽʂʆɺʆɻʆ  

ɼɽʊɽʂʊʆʈɸ ɼɽʂʆʈ 

 

ɿʘʡʮʝʚʘ ɼ.ɺ., ʂʦʢʦʫʣʠʥ ʈ.ʇ. 

 
ʅʘʮʠʦʥʘʣʴʥʳʡ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʷʜʝʨʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ çʄʀʌʀè, ʛ. 

ʄʦʩʢʚʘ 

ʪʝʣ. 8 (916) 510-94-27, e-mail: zaytseva2@mail.ru 

 

ʏʘʩʪʦʪʘ ʩʦʙʳʪʠʡ, ʦʙʨʘʟʦʚʘʥʥʳʭ ʚ ʨʝʟʫʣʴʪʘʪʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ 

ʢʦʩʤʠʯʝʩʢʠʭ ʣʫʯʝʡ ʚ ʘʪʤʦʩʬʝʨʝ ʠ ʨʝʛʠʩʪʨʠʨʫʝʤʳʭ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ 

ɿʝʤʣʠ, ʧʦʜʚʝʨʞʝʥʘ ʚʘʨʠʘʮʠʷʤ, ʩʚʷʟʘʥʥʳʤ ʩ ʩʦʩʪʦʷʥʠʝʤ ʘʪʤʦʩʬʝʨʳ 

(ʘʪʤʦʩʬʝʨʥʦʝ ʜʘʚʣʝʥʠʝ, ʚʳʩʦʪʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʠ, 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʧʣʦʪʥʦʩʪʠ ʚʦʟʜʫʭʘ, ʚʣʘʛʦʩʦʜʝʨʞʘʥʠʝ ʠ ʪ.ʧ.). ʈʦʩʪ 

ʘʪʤʦʩʬʝʨʥʦʛʦ ʜʘʚʣʝʥʠʷ ʧʨʠʚʦʜʠʪ ʢ ʫʚʝʣʠʯʝʥʠʶ ʤʘʩʩʳ ʚʝʱʝʩʪʚʘ 

ʥʘʜ ʪʦʯʢʦʡ ʥʘʙʣʶʜʝʥʠʷ ʠ ʢ ʫʤʝʥʴʰʝʥʠʶ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʟʘ ʩʯʝʪ 

ʧʦʛʣʦʱʝʥʠʷ ʥʘʠʤʝʥʝʝ ʵʥʝʨʛʠʯʥʳʭ ʯʘʩʪʠʮ ʚ ʘʪʤʦʩʬʝʨʝ. ʕʪʦ ʷʚʣʝʥʠʝ 

ʥʘʟʳʚʘʝʪʩʷ ʙʘʨʦʤʝʪʨʠʯʝʩʢʠʤ ʵʬʬʝʢʪʦʤ ʠ ʧʨʠʙʣʠʞʝʥʥʦ ʦʧʠʩʳʚʘʝʪ-

ʩʷ ʚʚʝʜʝʥʠʝʤ ʪʘʢ ʥʘʟʳʚʘʝʤʦʛʦ ʙʘʨʦʤʝʪʨʠʯʝʩʢʦʛʦ ʢʦʵʬʬʠʮʠʝʥʪʘ. 

ɼʣʷ ʤʶʦʥʦʚ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʵʥʝʨʛʠʠ ʙʘʨʦʤʝʪʨʠʯʝʩʢʠʡ ʵʬʬʝʢʪ 

ʙʳʩʪʨʦ ʫʙʳʚʘʝʪ [1]. 

ɺ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ ʘʥʘʣʠʟʠʨʫʶʪʩʷ ʜʘʥʥʳʝ ʵʢʩʧʝʨʠʤʝʥʪʘ ʧʦ ʨʝ-

ʛʠʩʪʨʘʮʠʠ ʦʢʦʣʦʛʦʨʠʟʦʥʪʘʣʴʥʳʭ ʤʶʦʥʦʚ ʢʦʩʤʠʯʝʩʢʠʭ ʣʫʯʝʡ ʩ ʧʦ-

ʤʦʱʴʶ ʢʦʦʨʜʠʥʘʪʥʦ-ʪʨʝʢʦʚʦʛʦ ʜʝʪʝʢʪʦʨʘ ɼɽʂʆʈ [2] ʟʘ ʧʝʨʠʦʜ 

2012ï2016 ʛʛ. ɼʝʪʝʢʪʦʨ ɼɽʂʆʈ, ʧʨʝʜʥʘʟʥʘʯʝʥʥʳʡ ʜʣʷ ʠʩʩʣʝʜʦʚʘ-

ʥʠʡ ʤʥʦʛʦʯʘʩʪʠʯʥʳʭ ʩʦʙʳʪʠʡ ʠ ʦʜʠʥʦʯʥʳʭ ʤʶʦʥʦʚ ʧʨʠ ʙʦʣʴʰʠʭ 

ʟʝʥʠʪʥʳʭ ʫʛʣʘʭ, ʨʘʟʚʝʨʥʫʪ ʚʦʢʨʫʛ ʯʝʨʝʥʢʦʚʩʢʦʛʦ ʚʦʜʥʦʛʦ ʜʝʪʝʢʪʦʨʘ 

ʅɽɺʆɼ. ɼʝʪʝʢʪʦʨ ʚʢʣʶʯʘʝʪ 8 ʩʫʧʝʨʤʦʜʫʣʝʡ (ʉʄ) ʦʙʱʝʡ ʧʣʦʱʘ-

ʜʴʶ ~ 70 ʤ2. ʂʘʞʜʳʡ ʩʫʧʝʨʤʦʜʫʣʴ ʩʦʩʪʦʠʪ ʠʟ ʚʦʩʴʤʠ ʚʝʨʪʠʢʘʣʴ-

ʥʳʭ ʧʣʦʩʢʦʩʪʝʡ ʩʪʨʠʤʝʨʥʳʭ ʪʨʫʙʦʢ. ʇʣʦʩʢʦʩʪʠ ʢʘʤʝʨ ʦʩʥʘʱʝʥʳ 

ʜʚʫʭʢʦʦʨʜʠʥʘʪʥʦʡ ʩʠʩʪʝʤʦʡ ʩʯʠʪʳʚʘʥʠʷ ʠʟ ʚʥʝʰʥʠʭ ʩʪʨʠʧʦʚ, ʧʦʟ-

ʚʦʣʷʶʱʝʡ ʣʦʢʘʣʠʟʦʚʘʪʴ ʪʨʝʢʠ ʟʘʨʷʞʝʥʥʳʭ ʯʘʩʪʠʮ ʩ ʪʦʯʥʦʩʪʴʶ ~ 

1 ʩʤ ʧʦ ʢʘʞʜʦʡ ʢʦʦʨʜʠʥʘʪʝ (X, Y). ʋʛʣʦʚʘʷ ʪʦʯʥʦʩʪʴ ʨʝʢʦʥʩʪʨʫʢ-

ʮʠʠ ʪʨʝʢʦʚ ʤʶʦʥʦʚ, ʧʨʦʭʦʜʷʱʠʭ ʯʝʨʝʟ ʉʄ, ʩʦʩʪʘʚʣʷʝʪ ʦʢʦʣʦ 0.7 ̄ʠ 

0.8̄  ʜʣʷ ʧʨʦʝʢʮʠʦʥʥʳʭ ʟʝʥʠʪʥʳʭ ʠ ʘʟʠʤʫʪʘʣʴʥʳʭ ʫʛʣʦʚ ʩʦʦʪʚʝʪ-

ʩʪʚʝʥʥʦ. ɸʥʘʣʠʟʠʨʫʶʪʩʷ ʩʦʙʳʪʠʷ, ʚʦʩʩʪʘʥʦʚʣʝʥʥʳʝ ʧʦ ʜʘʥʥʳʤ ʩʫ-
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ʧʝʨʤʦʜʫʣʝʡ ʚ ʧʨʦʪʠʚʦʧʦʣʦʞʥʳʭ ʢʦʨʦʪʢʠʭ ʛʘʣʝʨʝʷʭ, ʧʨʠʯʝʤ ʩʝʛ-

ʤʝʥʪʳ ʪʨʝʢʘ, ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʥʳʝ ʚ ʜʚʫʭ ʉʄ, ʩʦʛʣʘʩʫʶʪʩʷ ʤʝʞʜʫ 

ʩʦʙʦʡ ʚ ʧʨʝʜʝʣʘʭ ʢʦʥʫʩʘ ʨʘʩʪʚʦʨʦʤ 5Á. ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʧʨʝʜʧʦʣʘʛʘ-

ʝʪʩʷ, ʯʪʦ ʯʝʨʝʟ ʵʪʠ ʉʄ ʧʨʦʰʣʘ ʦʜʥʘ ʠ ʪʘ ʞʝ ʯʘʩʪʠʮʘ (ʤʶʦʥ ʩ ʵʥʝʨ-

ʛʠʝʡ ʥʝ ʤʝʥʝʝ 7 ɻʵɺ, ʯʪʦ ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʦʪʝʨʷʤʠ ʵʥʝʨʛʠʠ ʚ ʙʘʩ-

ʩʝʡʥʝ ʅɽɺʆɼ). ʊʘʢʠʝ ʩʦʙʳʪʠʷ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʟʝʥʠʪʥʳʤ ʫʛʣʘʤ ʦʪ 

85Á ʜʦ ʛʦʨʠʟʦʥʪʘ. ʉʨʝʜʥʝʝ ʟʥʘʯʝʥʠʝ ʟʝʥʠʪʥʦʛʦ ʫʛʣʘ ʩʦʩʪʘʚʣʷʝʪ 

82.5Á; ʨʘʩʯʝʪʥʦʝ ʟʥʘʯʝʥʠʝ ʩʨʝʜʥʝʡ ʵʥʝʨʛʠʠ ʤʶʦʥʦʚ ʦʢʦʣʦ 100 ɻʵɺ. 

ʈʘʥʝʝ ʚʘʨʠʘʮʠʠ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʦʢʦʣʦʛʦʨʠʟʦʥʪʘʣʴʥʳʭ ʤʶʦʥʦʚ ʥʝ 

ʠʩʩʣʝʜʦʚʘʣʠʩʴ. 

ʇʨʦʚʝʜʝʥ ʦʪʙʦʨ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʜʘʥʥʳʭ ʪʨʝʭ ʩʝʨʠʡ ʠʟʤʝʨʝ-

ʥʠʡ: 10-ʡ, 11-ʡ ʠ ʥʘʯʘʣʘ 12-ʡ ʩʝʨʠʡ ʟʘ ʧʝʨʠʦʜʳ 03.05.2012 ï 

01.03.2013, 05.06.2013-08.04.2015, 16.07.2015-20.10.2016 ʩʦʦʪʚʝʪ-

ʩʪʚʝʥʥʦ. ɺʩʝʛʦ ʚ ʘʥʘʣʠʟ ʙʳʣʦ ʚʢʣʶʯʝʥʦ 842 ʥʘʙʦʨʘ ʧʨʦʜʦʣʞʠʪʝʣʴ-

ʥʦʩʪʴʶ ʦʪ 10 ʜʦ 40 ʯʘʩʦʚ çʞʠʚʦʛʦ ʚʨʝʤʝʥʠè ʥʘʙʣʶʜʝʥʠʡ (ʩʫʤʤʘʨ-

ʥʘʷ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ 25967 ʯʘʩʦʚ). ʆʙʥʘʨʫʞʝʥʦ, ʯʪʦ ʚ ʯʘʩʪʦʪʝ 

ʩʦʙʳʪʠʡ ʧʨʠʩʫʪʩʪʚʫʶʪ ʠʟʤʝʥʝʥʠʷ, ʟʥʘʯʠʪʝʣʴʥʦ ʧʨʝʚʳʰʘʶʱʠʝ ʩʪʘ-

ʪʠʩʪʠʯʝʩʢʠʝ ʧʦʛʨʝʰʥʦʩʪʠ ʠʟʤʝʨʝʥʠʡ. ɽʩʪʝʩʪʚʝʥʥʦ ʧʨʝʜʧʦʣʦʞʠʪʴ, 

ʯʪʦ ʵʪʠ ʚʘʨʠʘʮʠʠ ʩʚʷʟʘʥʳ ʩ ʠʟʤʝʥʝʥʠʝʤ ʤʝʪʝʦʨʦʣʦʛʠʯʝʩʢʠʭ ʫʩʣʦ-

ʚʠʡ (ʘʪʤʦʩʬʝʨʥʦʛʦ ʜʘʚʣʝʥʠʷ ʠ ʚʳʩʦʪʥʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʪʝʤʧʝʨʘ-

ʪʫʨ).  

ʏʘʩʪʦʪʘ ʩʦʙʳʪʠʡ, ʦʪʦʙʨʘʥʥʳʭ ʚ ʪʝʯʝʥʠʝ ʦʜʥʦʛʦ ʠʟ ʧʝʨʠʦʜʦʚ 11 

ʩʝʨʠʠ, ʧʨʝʜʩʪʘʚʣʝʥʘ ʪʦʯʢʘʤʠ ʥʘ ʨʠʩ. 1 (ʢʘʞʜʘʷ ʪʦʯʢʘ ʩʦʦʪʚʝʪʩʪʚʫʝʪ 

ʦʪʜʝʣʴʥʦʤʫ ʥʘʙʦʨʫ); ʣʠʥʠʝʡ ʧʨʝʜʩʪʘʚʣʝʥʳ ʫʩʨʝʜʥʝʥʥʳʝ ʟʘ ʚʨʝʤʷ 

ʥʘʙʦʨʦʚ ʟʥʘʯʝʥʠʷ ʘʪʤʦʩʬʝʨʥʦʛʦ ʜʘʚʣʝʥʠʷ. ʍʦʨʦʰʦ ʟʘʤʝʪʥʘ ʦʪʨʠ-

ʮʘʪʝʣʴʥʘʷ ʢʦʨʨʝʣʷʮʠʷ ʯʘʩʪʦʪʳ ʩʦʙʳʪʠʡ ʩ ʜʘʚʣʝʥʠʝʤ: ʵʢʩʪʨʝʤʘʣʴʥʦ 

ʚʳʩʦʢʠʤ ʟʥʘʯʝʥʠʷʤ ʘʪʤʦʩʬʝʨʥʦʛʦ ʜʘʚʣʝʥʠʷ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʤʠʥʠ-

ʤʘʣʴʥʳʝ ʟʥʘʯʝʥʠʷ ʯʘʩʪʦʪʳ ʩʦʙʳʪʠʡ; ʩ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ, ʧʦʚʳʰʝʥ-

ʥʳʡ ʪʝʤʧ ʩʯʝʪʘ ʩʦʙʳʪʠʡ ʥʘʙʣʶʜʘʝʪʩʷ, ʢʘʢ ʧʨʘʚʠʣʦ, ʚ ʧʝʨʠʦʜʳ ʨʝʟ-

ʢʦʛʦ ʧʘʜʝʥʠʷ ʘʪʤʦʩʬʝʨʥʦʛʦ ʜʘʚʣʝʥʠʷ.  

ʏʘʩʪʦʪʘ ʩʦʙʳʪʠʡ ʙʳʣʘ ʘʧʧʨʦʢʩʠʤʠʨʦʚʘʥʘ ʬʫʥʢʮʠʝʡ ʚʠʜʘ:  

0 p(1 )iF F Pb= + D
 ; 

P P PD = -< >
,   (1) 

ʛʜʝ P ï ʪʝʢʫʱʝʝ ʟʥʘʯʝʥʠʝ ʜʘʚʣʝʥʠʷ ʜʣʷ ʜʘʥʥʦʛʦ ʥʘʙʦʨʘ, <P> ï 

ʫʩʨʝʜʥʝʥʥʦʝ ʟʘ ʚʩʶ ʩʝʨʠʶ ʠʟʤʝʨʝʥʠʡ ʜʘʚʣʝʥʠʝ,  ɓP ï ʙʘʨʦʤʝʪʨʠʯʝ-

ʩʢʠʡ ʢʦʵʬʬʠʮʠʝʥʪ.  

ʂʦʨʨʝʣʷʮʠʷ ʤʝʞʜʫ ʯʘʩʪʦʪʦʡ ʩʦʙʳʪʠʡ ʠ ʘʪʤʦʩʬʝʨʥʳʤ ʜʘʚʣʝʥʠʝʤ 

ʜʣʷ ʚʩʝʡ 11 ʩʝʨʠʠ ʥʘʙʣʶʜʝʥʠʡ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩ. 2. ʃʠʥʝʡʥʘʷ 
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ʘʧʧʨʦʢʩʠʤʘʮʠʷ ʧʦʣʫʯʝʥʥʦʡ ʟʘʚʠʩʠʤʦʩʪʠ ʧʦ ʤʝʪʦʜʫ ʥʘʠʤʝʥʴʰʠʭ 

ʢʚʘʜʨʘʪʦʚ (ʣʠʥʠʷ ʥʘ ʨʠʩʫʥʢʝ) ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʠʪʴ ʦʮʝʥʢʫ ʙʘʨʦʤʝʪ-

ʨʠʯʝʩʢʦʛʦ ʢʦʵʬʬʠʮʠʝʥʪʘ ʜʣʷ ʜʘʥʥʦʛʦ ʢʣʘʩʩʘ ʩʦʙʳʪʠʡ.  

ʉʨʝʜʥʠʝ ʟʥʘʯʝʥʠʷ ʘʪʤʦʩʬʝʨʥʦʛʦ ʜʘʚʣʝʥʠʷ ʟʘ ʧʝʨʠʦʜ ʵʢʩʧʝʨʠ-

ʤʝʥʪʘ ʠ ʦʮʝʥʢʠ ʙʘʨʦʤʝʪʨʠʯʝʩʢʦʛʦ ʢʦʵʬʬʠʮʠʝʥʪʘ ʜʣʷ ʦʪʜʝʣʴʥʳʭ 

ʩʝʨʠʡ, ʘ ʪʘʢʞʝ ʟʘ ʚʝʩʴ ʧʝʨʠʦʜ ʥʘʙʣʶʜʝʥʠʡ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣʠʮʝ 

1. ʂʘʢ ʚʠʜʥʦ ʠʟ ʪʘʙʣʠʮʳ, ʦʮʝʥʢʠ ʙʘʨʦʤʝʪʨʠʯʝʩʢʦʛʦ ʢʦʵʬʬʠʮʠʝʥʪʘ 

ʜʣʷ ʨʘʟʥʳʭ ʩʝʨʠʡ ʫʜʦʚʣʝʪʚʦʨʠʪʝʣʴʥʦ ʩʦʛʣʘʩʫʶʪʩʷ ʤʝʞʜʫ ʩʦʙʦʡ. 

ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʧʦʣʫʯʝʥʥʳʝ ʦʮʝʥʢʠ ʚʢʣʶʯʘʶʪ ʥʝ ʪʦʣʴʢʦ ʨʝ-

ʘʣʴʥʦʝ ʠʟʤʝʥʝʥʠʝ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʦʢʦʣʦʛʦʨʠʟʦʥʪʘʣʴʥʳʭ ʤʶʦʥʦʚ, ʥʦ 

ʠ ʘʧʧʘʨʘʪʥʫʶ ʩʦʩʪʘʚʣʷʶʱʫʶ, ʩʚʷʟʘʥʥʫʶ ʩ ʚʦʟʤʦʞʥʳʤ ʠʟʤʝʥʝʥʠʝʤ 

ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʨʝʛʠʩʪʨʘʮʠʠ ʠ ʦʪʙʦʨʘ ʩʦʙʳʪʠʡ ʧʨʠ ʠʟʤʝʥʝʥʠʠ ʘʪ-

ʤʦʩʬʝʨʥʦʛʦ ʜʘʚʣʝʥʠʷ. 
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ʈʠʩ. 1 ʀʟʤʝʥʝʥʠʝ ʯʘʩʪʦʪʳ ʩʦʙʳʪʠʡ ʠ ʜʘʚʣʝʥʠʷ ʚ ʧʝʨʠʦʜ ʦʢʪʷʙʨʴ 2014 ï 

ʘʧʨʝʣʴ 2015 ʛʛ. 
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ʈʠʩ. 2 ʂʦʨʨʝʣʷʮʠʷ ʯʘʩʪʦʪʳ ʩʦʙʳʪʠʡ ʠ ʜʘʚʣʝʥʠʷ ʜʣʷ 11-ʡ ʩʝʨʠʠ ʥʘʙʣʶ-

ʜʝʥʠʡ. ʃʠʥʠʷ ï ʘʧʧʨʦʢʩʠʤʘʮʠʷ (1). 

ʊʘʙʣʠʮʘ 1. ʉʚʦʜʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʦʮʝʥʢʠ ʙʘʨʦʤʝʪʨʠʯʝʩʢʦʛʦ ʢʦʵʬʬʠʮʠ-

ʝʥʪʘ ʜʣʷ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʦʢʦʣʦʛʦʨʠʟʦʥʪʘʣʴʥʳʭ ʤʶʦʥʦʚ ʢʦʩʤʠʯʝʩʢʠʭ ʣʫʯʝʡ 

ʧʦ ʜʘʥʥʳʤ ʥʘʩʪʦʷʱʝʛʦ ʵʢʩʧʝʨʠʤʝʥʪʘ. 
 

 
ʉʝʨʠʷ 10 11 12 10-12 

 <P>, ʤʤ ʨʪ. 

ʩʪ. 
746.34 747.02 746.09 746.48 

 ɓP, %./ʤʤ 

ʨʪ. ʩʪ. 

-

(0.169Ñ0.013) 
-(0.201Ñ0.008) 

-

(0.178Ñ0.012) 
-(0.189Ñ0.006) 

 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʚ ʅʘʫʯʥʦ-ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʤ ʮʝʥʪʨʝ ʅɽɺʆɼ. 

ʃʠʪʝʨʘʪʫʨʘ 

1. ʃ.ʀ. ɼʦʨʤʘʥ ʄʝʪʝʦʨʦʣʦʛʠʯʝʩʢʠʝ ʵʬʬʝʢʪʳ ʢʦʩʤʠʯʝʩʢʠʭ ʣʫʯʝʡ 

(ʄ.: ʅʘʫʢʘ, 1972). 

2. ʅ.ʉ. ɹʘʨʙʘʰʠʥʘ ʠ ʜʨ. ʂʦʦʨʜʠʥʘʪʥʳʡ ʜʝʪʝʢʪʦʨ ʜʣʷ ʠʩʩʣʝʜʦʚʘ-

ʥʠʷ ʛʦʨʠʟʦʥʪʘʣʴʥʦʛʦ ʧʦʪʦʢʘ ʢʦʩʤʠʯʝʩʢʠʭ ʣʫʯʝʡ // ʇʨʠʙʦʨʳ ʠ ʪʝʭ-

ʥʠʢʘ ʵʢʩʧʝʨʠʤʝʥʪʘ. ˉ 6. ʉ. 20 (2000). 
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ʀʉʇʆʃʔɿʆɺɸʅʀɽ ɹʓʉʊʈʓʍ ʈɽɸʂʊʆʈʆɺ ʉʆ  

ʉɺʀʅʎʆɺʓʄ ʊɽʇʃʆʅʆʉʀʊɽʃɽʄ ɼʃʗ ɺʓɾʀɻɸʅʀʗ 

ɸʄɽʈʀʎʀʗ-241 

 

ɸ.ʉ. ɿʝʚʷʢʠʥ, ɻ.ʃ. ʍʦʨʘʩʘʥʦʚ, ɼ.ʉ. ʉʘʤʦʭʠʥ 
 

ʀɸʊʕ ʅʀʗʋ ʄʀʌʀ, ʆʙʥʠʥʩʢ 

+7 (48439) 7-94-90 ʜʦʙ. 476 ,alexzev1991@mail.ru 

 

ʎʝʣʴʶ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʜʝʤʦʥʩʪʨʘʮʠʷ ʧʝʨʩʧʝʢʪʠʚ ʧʦ ʠʩ-

ʧʦʣʴʟʦʚʘʥʠʶ ʙʳʩʪʨʳʭ ʩʚʠʥʮʦʚʳʭ ʨʝʘʢʪʦʨʦʚ ʤʘʣʦʡ ʠ ʩʨʝʜʥʝʡ ʤʦʱ-

ʥʦʩʪʠ ʜʣʷ ʫʥʠʯʪʦʞʝʥʠʷ ʵʢʦʣʦʛʠʯʝʩʢʠ ʦʧʘʩʥʦʛʦ ʧʨʦʜʫʢʪʘ ʆʗʊ ʘʤʝ-

ʨʠʮʠʷ-241. ɺʝʨʦʷʪʥʦʩʪʴ ʝʛʦ ʜʝʣʝʥʠʷ ʚ ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʥʘʪʨʠʝʚʳʭ 

ʨʝʘʢʪʦʨʘʭ ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʝʚʝʣʠʢʘ, ʥʝ ʙʦʣʝʝ 6-10%, ʯʪʦ ʦʙʫʩʣʦʚʣʝʥʦ 

ʥʝʜʦʩʪʘʪʦʯʥʦʡ ʞʸʩʪʢʦʩʪʴʶ ʥʝʡʪʨʦʥʦʚ: ʩʨʝʜʥʷʷ ʵʥʝʨʛʠʷ ʥʝʡʪʨʦʥʦʚ 

ʚ ʘʢʪʠʚʥʳʭ ʟʦʥʘʭ  ʵʪʠʭ ʨʝʘʢʪʦʨʘʭ ʥʝ ʧʨʝʚʳʰʘʝʪ 0,5 ʄʵɺ [1]. ɺ ʨʝ-

ʘʢʪʦʨʘʭ ʤʘʣʦʡ ʠ ʩʨʝʜʥʝʡ ʤʦʱʥʦʩʪʠ ʤʦʞʥʦ ʜʦʙʠʪʴʩʷ ʫʚʝʣʠʯʝʥʠʷ 

ʞʝʩʪʢʦʩʪʠ ʩʧʝʢʪʨʘ ʥʝʡʪʨʦʥʦʚ ʧʝʨʝʭʦʜʦʤ ʥʘ ʪʷʞʝʣʳʡ ʞʠʜʢʦʤʝʪʘʣ-

ʣʠʯʝʩʢʠʡ ʪʝʧʣʦʥʦʩʠʪʝʣʴ ʠ ʤʝʪʘʣʣʠʯʝʩʢʦʝ ʪʦʧʣʠʚʦ[2]. ɼʘʥʥʳʡ ʧʝ-

ʨʝʭʦʜ ʜʘʩʪ ʨʦʩʪ ʚʝʨʦʷʪʥʦʩʪʠ ʜʝʣʝʥʠʷ Am-241 (ʨʠʩ.1) ʜʦ ʚʝʣʠʯʠʥʳ 

ʙʦʣʝʝ ʯʝʤ  10% [3]. ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʧʨʠʚʦʜʷʪʩʷ ʚʝʨʦʷʪʥʦʩʪʠ ʜʝʣʝ-

ʥʠʷ 
241

Am ʚ ʥʝʡʪʨʦʥʥʳʭ ʩʧʝʢʪʨʘʭ ʨʘʟʣʠʯʥʳʭ ʨʝʘʢʪʦʨʦʚ, ʘ ʪʘʢ ʞʝ 

ʧʨʠʚʦʜʷʪʩʷ ʥʝʢʦʪʦʨʳʝ ʧʘʨʘʤʝʪʨʳ ʵʪʠʭ ʨʝʘʢʪʦʨʦʚ (ʪʘʙʣʠʮʘ 1). 

 
ʊʘʙʣʠʮʘ 1.  ʆʩʥʦʚʥʳʝ ʧʨʦʝʢʪʥʳʝ ʧʘʨʘʤʝʪʨʳ ʨʝʘʢʪʦʨʦʚ 

ɹʈʋʎ ʠ ɹʈʋʎ-ʄ 

ʇʘʨʘʤʝʪʨʳ ɹʈʋʎ ɹʈʋʎ-ʄ 

ʊʝʧʣʦʚʘʷ ʤʦʱʥʦʩʪʴ, ʄɺʪ 0,5 0,5 

ʂʦʣʠʯʝʩʪʚʦ ʪʚʵʣʦʚ ʚ ʊɺʉ 252 120 

ɼʠʘʤʝʪʨ ʘʢʪʠʚʥʦʡ ʟʦʥʳ, ʤʤ 618 700 

ɺʳʩʦʪʘ ʘʢʪʠʚʥʦʡ ʟʦʥʳ, ʤʤ 620 700 

ʊʦʧʣʠʚʦ UO2 U+Zr10% 

ʆʙʦʛʘʱʝʥʠʝ ʫʨʘʥʘ, % 19,7 19,7 
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ʈʠʩ. 1. ɺʝʨʦʷʪʥʦʩʪʠ ʜʝʣʝʥʠʷ 

241
Am, PfAm241, 

ʚ ʥʝʡʪʨʦʥʥʳʭ ʩʧʝʢʪʨʘʭ ʨʘʟʣʠʯʥʳʭ ʨʝʘʢʪʦʨʦʚ: 

-ʈɹɽʎ-M ʩ ʪʦʧʣʠʚʦʤ (U+Pu)N ʠ ʪʝʧʣʦʥʦʩʠʪʝʣʷʤʠ Pb-Bi ʠ 
208

Pb, 

-ɹʅ-600 ʩ ʪʦʧʣʠʚʦʤ UO2 ʠ ʥʘʪʨʠʝʚʳʤ ʪʝʧʣʦʥʦʩʠʪʝʣʝʤ, 

-ɹʈʋʎ ʩ ʪʦʧʣʠʚʦʤ UO2 ʠ ʪʝʧʣʦʥʦʩʠʪʝʣʷʤʠ 
nat

Pb ʠ 
208

Pb, 

-ɹʈʋʎ-ʄ ʩ ʪʦʧʣʠʚʦʤ U+Zr10% ʠ ʪʝʧʣʦʥʦʩʠʪʝʣʷʤʠ 
nat

Pb ʠ 
208

Pb 
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ʩʨʝʜʩʪʚʦʤ ʘʥʘʣʠʟʘ ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʧʦʪʝʨʴ ʠʩʩʣʝʜʫʝʤʳʭ ʯʘʩʪʠʮ ʚ 

ʤʘʪʝʨʠʘʣʝ ʜʝʪʝʢʪʦʨʦʚ ʢʨʝʤʥʠʝʚʦʛʦ ʪʝʣʝʩʢʦʧʘ. ʇʨʦʚʝʜʝʥ ʘʥʘʣʠʟ 
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ɼʠʥʘʤʠʢʘ ʙʦʟʝ-ʵʡʥʰʪʝʡʥʦʚʩʢʦʛʦ ʢʦʥʜʝʥʩʘʪʘ ʷʚʣʷʝʪʩʷ ʧʨʝʜʤʝ-

ʪʦʤ ʘʢʪʠʚʥʳʭ ʩʦʚʨʝʤʝʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ. ʂ ʥʘʩʪʦʷʱʝʤʫ ʚʨʝʤʝʥʠ 

ʚʳʧʦʣʥʝʥʦ ʤʥʦʞʝʩʪʚʦ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠ ʪʝʦʨʝʪʠʯʝʩʢʠʭ ʨʘʙʦʪ 

ʧʦ ʠʟʫʯʝʥʠʶ ʩʦʣʠʪʦʥʦʚ, ʚʠʭʨʝʡ, ʜʠʩʧʝʨʩʠʦʥʥʳʭ ʫʜʘʨʥʳʭ ʚʦʣʥ ʠ 

ʜʨʫʛʠʭ ʩʪʨʫʢʪʫʨ, ʢʦʪʦʨʳʝ ʦʧʨʝʜʝʣʷʶʪ ʭʘʨʘʢʪʝʨʥʳʝ ʯʝʨʪʳ ʧʦʚʝʜʝ-

ʥʠʷ ʢʦʥʜʝʥʩʘʪʘ ʚ ʨʘʟʣʠʯʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʫʩʣʦʚʠʷʭ. ʆʜʥʦʡ 

ʠʟ ʦʩʥʦʚʥʳʭ ʟʘʜʘʯ, ʦʪʥʦʩʷʱʠʭʩʷ ʢ ʵʪʦʤʫ ʥʘʧʨʘʚʣʝʥʠʶ ʠʩʩʣʝʜʦʚʘ-

ʥʠʡ, ʷʚʣʷʝʪʩʷ ʠʟʫʯʝʥʠʝ ʜʠʥʘʤʠʢʠ ʨʘʟʣʸʪʘ ʢʦʥʜʝʥʩʘʪʘ ʧʦʩʣʝ ʚʳ-

ʢʣʶʯʝʥʠʷ ʣʦʚʫʰʢʠ, ʫʜʝʨʞʠʚʘʶʱʝʛʦ ʵʪʦʪ ʢʦʥʜʝʥʩʘʪ, ʧʦʩʢʦʣʴʢʫ ʚʦ 

ʤʥʦʛʠʭ ʵʢʩʧʝʨʠʤʝʥʪʘʭ ʨʝʟʫʣʴʪʘʪʳ ʬʠʢʩʠʨʫʶʪʩʷ ʧʦʩʣʝ ʨʘʟʣʸʪʘ ʢʦʥ-

ʜʝʥʩʘʪʘ ʜʦ ʩʦʩʪʦʷʥʠʷ, ʢʦʛʜʘ ʨʘʟʤʝʨʳ ʦʙʣʘʢʘ ʜʦʩʪʘʪʦʯʥʦ ʚʝʣʠʢʠ ʜʣʷ 

ʧʨʦʚʝʜʝʥʠʷ ʠʟʤʝʨʝʥʠʡ (ʩʤ., ʥʘʧʨʠʤʝʨ, ʵʢʩʧʝʨʠʤʝʥʪʳ [1, 2]). ʊʝʦʨʝ-

ʪʠʯʝʩʢʠ ʵʪʘ ʧʨʦʙʣʝʤʘ ʙʳʣʘ ʠʩʩʣʝʜʦʚʘʥʘ ʜʣʷ ʢʦʥʜʝʥʩʘʪʘ, ʩʦʩʪʦʷʱʝ-

ʛʦ ʠʟ ʦʜʥʦʡ ʢʦʤʧʦʥʝʥʪʳ, ʠ ʙʳʣʦ ʥʘʡʜʝʥʦ ʭʦʨʦʰʝʝ ʩʦʛʣʘʩʠʝ ʤʝʞʜʫ 

ʪʝʦʨʠʝʡ ʠ ʵʢʩʧʝʨʠʤʝʥʪʦʤ. ʆʜʥʘʢʦ ʩʠʪʫʘʮʠʷ ʩʫʱʝʩʪʚʝʥʥʦ ʤʝʥʷʝʪʩʷ 

ʜʣʷ ʩʣʫʯʘʷ ʢʦʥʜʝʥʩʘʪʘ, ʩʦʩʪʦʷʱʝʛʦ ʠʟ ʥʝʩʢʦʣʴʢʠʭ ʢʦʤʧʦʥʝʥʪ, ʢʦ-

ʛʜʘ, ʥʘʧʨʠʤʝʨ, ʢʦʥʜʝʥʩʠʨʫʶʪʩʷ ʘʪʦʤʳ ʜʚʫʭ ʨʘʟʥʳʭ ʚʠʜʦʚ, ʜʚʫʭ 

ʨʘʟʥʳʭ ʠʟʦʪʦʧʦʚ ʦʜʥʦʛʦ ʚʠʜʘ ʘʪʦʤʦʚ ʠʣʠ ʦʜʥʦʛʦ ʚʠʜʘ ʘʪʦʤʦʚ ʚ 

ʜʚʫʭ ʨʘʟʥʳʭ ʢʚʘʥʪʦʚʳʭ ʩʦʩʪʦʷʥʠʷʭ ʪʘʢʠʭ, ʯʪʦ ʨʘʟʥʦʩʪʴ ʵʥʝʨʛʠʡ 

ʫʨʦʚʥʝʡ ʵʪʠʭ ʩʦʩʪʦʷʥʠʡ ʤʥʦʛʦ ʤʝʥʴʰʝ ʪʝʤʧʝʨʘʪʫʨʳ ʢʦʥʜʝʥʩʘʪʘ. ɺ 

ʯʘʩʪʥʦʩʪʠ, ʚ ʜʚʫʭʢʦʤʧʦʥʝʥʪʥʳʭ ʢʦʥʜʝʥʩʘʪʘʭ ʥʝʦʙʭʦʜʠʤʦ ʨʘʟʣʠ-

ʯʘʪʴ ʩʣʫʯʘʠ ʦʪʥʦʩʠʪʝʣʴʥʦ ʩʠʣʴʥʦʛʦ ʚʟʘʠʤʥʦʛʦ ʦʪʪʘʣʢʠʚʘʥʠʷ ʢʦʤ-

ʧʦʥʝʥʪ, ʢʦʛʜʘ ʦʥʠ ʥʝ ʩʤʝʰʠʚʘʶʪʩʷ, ʠ ʦʪʥʦʩʠʪʝʣʴʥʦ ʩʣʘʙʦʛʦ ʚʟʘʠʤ-

ʥʦʛʦ ʦʪʪʘʣʢʠʚʘʥʠʷ, ʢʦʛʜʘ ʦʥʠ ʩʤʝʰʠʚʘʶʪʩʷ, ʪʦ ʝʩʪʴ ʟʘʥʠʤʘʶʪ ʦʜʠʥ 

ʠ ʪʦʪ ʞʝ ʦʙʲʸʤ. ʕʪʦ ʨʘʟʣʠʯʠʝ ʬʘʟʦʚʳʭ ʩʦʩʪʦʷʥʠʡ ʢʦʥʜʝʥʩʘʪʘ ʩʫʱʝ-

ʩʪʚʝʥʥʳʤ ʦʙʨʘʟʦʤ ʚʣʠʷʝʪ ʥʘ ʜʠʥʘʤʠʢʫ ʢʦʥʜʝʥʩʘʪʘ, ʚ ʪʦʤ ʯʠʩʣʝ ʠ 
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ʥʘ ʜʠʥʘʤʠʢʫ ʝʛʦ ʨʘʟʣʸʪʘ. ɼʦ ʩʠʭ ʧʦʨ ʵʪʘ ʜʠʥʘʤʠʢʘ ʙʳʣʘ ʠʩʩʣʝʜʦʚʘ-

ʥʘ ʥʝʜʦʩʪʘʪʦʯʥʦ ʧʦʣʥʦ. ɺ ʩʪʘʪʴʝ [3] ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʥʝʢʦʪʦʨʳʝ 

ʯʘʩʪʥʳʝ ʨʝʟʫʣʴʪʘʪʳ, ʠʣʣʶʩʪʨʠʨʫʶʱʠʝ ʨʘʟʣʠʯʠʝ ʤʝʞʜʫ ʩʣʫʯʘʷʤʠ 

ʨʘʟʣʸʪʘ ʦʜʥʦʢʦʤʧʦʥʝʥʪʥʦʛʦ ʠ ʜʚʫʭʢʦʤʧʦʥʝʥʪʥʦʛʦ ʢʦʥʜʝʥʩʘʪʘ, ʦʜ-

ʥʘʢʦ ʚ ʵʪʦʡ ʩʪʘʪʴʝ ʘʚʪʦʨ ʠʩʧʦʣʴʟʦʚʘʣ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʯʠʩʣʝʥʥʳʝ 

ʤʝʪʦʜʳ. ɺ ʥʘʩʪʦʷʱʝʤ ʜʦʢʣʘʜʝ ʙʫʜʝʪ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʠʤʝʶʪʩʷ ʠʥʪʝ-

ʨʝʩʥʳʝ ʩʠʪʫʘʮʠʠ, ʢʦʛʜʘ ʤʦʞʥʦ ʧʨʦʚʝʩʪʠ ʧʦʣʥʦʝ ʘʥʘʣʠʪʠʯʝʩʢʦʝ ʠʩ-

ʩʣʝʜʦʚʘʥʠʝ ʚ ʨʘʤʢʘʭ ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʦʛʦ ʧʨʠʙʣʠʞʝʥʠʷ, ʠʩʧʦʣʴʟʦ-

ʚʘʥʥʦʛʦ ʨʘʥʝʝ ʚ ʦʜʥʦʢʦʤʧʦʥʝʥʪʥʦʤ ʩʣʫʯʘʝ. ʉʨʘʚʥʝʥʠʝ ʩ ʯʠʩʣʝʥ-

ʥʳʤʠ ʨʘʩʯʸʪʘʤʠ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʭʦʪʷ ʥʘ ʧʨʦʤʝʞʫʪʦʯʥʳʭ ʩʪʘʜʠʷʭ 

ʧʨʦʮʝʩʩʘ ʨʘʟʣʸʪʘ ʜʠʩʧʝʨʩʠʦʥʥʳʝ ʵʬʬʝʢʪʳ ʤʦʛʫʪ ʠʛʨʘʪʴ ʥʝʢʦʪʦʨʫʶ 

ʨʦʣʴ, ʪʝʤ ʥʝ ʤʝʥʝʝ ʥʘ ʘʩʠʤʧʪʦʪʠʯʝʩʢʦʡ ʩʪʘʜʠʠ, ʥʘʠʙʦʣʝʝ ʠʥʪʝʨʝʩ-

ʥʦʡ ʜʣʷ ʵʢʩʧʝʨʠʤʝʥʪʘ, ʜʠʩʧʝʨʩʠʦʥʥʳʝ ʵʬʬʝʢʪʳ ʩʪʘʥʦʚʷʪʩʷ ʯʨʝʟ-

ʚʳʯʘʡʥʦ ʤʘʣʳʤʠ ʠ ʠʤʠ ʤʦʞʥʦ ʧʨʝʥʝʙʨʝʯʴ. ʉʫʱʝʩʪʚʝʥʥʫʶ ʨʦʣʴ ʚ 

ʪʘʢʠʭ ʙʣʘʛʦʧʨʠʷʪʥʳʭ ʜʣʷ ʘʥʘʣʠʪʠʯʝʩʢʦʡ ʪʝʦʨʠʠ ʩʣʫʯʘʝʚ ʠʛʨʘʝʪ 

ʧʨʝʜʧʦʣʦʞʝʥʠʝ ʦʙ ʘʚʪʦʤʦʜʝʣʴʥʦʤ ʭʘʨʘʢʪʝʨʝ ʵʚʦʣʶʮʠʠ ʧʨʦʬʠʣʝʡ 

ʧʣʦʪʥʦʩʪʝʡ ʠ ʩʢʦʨʦʩʪʝʡ ʢʦʤʧʦʥʝʥʪ. ʆʜʥʘʢʦ ʙʫʜʝʪ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʵʪʦ 

ʧʨʝʜʧʦʣʦʞʝʥʠʝ ʥʝ ʚʧʦʣʥʝ ʘʜʝʢʚʘʪʥʦ ʦʧʠʩʳʚʘʝʪ ʜʠʥʘʤʠʢʫ, ʢʦʛʜʘ 

ʥʘʯʘʣʴʥʦʝ ʩʦʩʪʦʷʥʠʝ ʢʦʥʜʝʥʩʘʪʦʚ ʧʝʨʝʜ ʠʭ ʦʩʚʦʙʦʞʜʝʥʠʝʤ ʠʟ ʣʦ-

ʚʫʰʢʠ ʥʘʭʦʜʠʪʩʷ ʚʙʣʠʟʠ ʛʨʘʥʠʮʳ ʬʘʟʦʚʦʛʦ ʧʝʨʝʭʦʜʘ ʤʝʞʜʫ ʩʤʝ-

ʰʠʚʘʥʠʝʤ ʠ ʥʝʩʤʝʰʠʚʘʥʠʝʤ ʢʦʤʧʦʥʝʥʪ, ʠ ʚ ʵʪʦʤ ʩʣʫʯʘʝ ʟʘʜʘʯʘ 

ʪʨʝʙʫʝʪ ʯʠʩʣʝʥʥʦʛʦ ʨʝʰʝʥʠʷ. ʊʝʤ ʥʝ ʤʝʥʝʝ ʜʘʞʝ ʚ ʩʣʫʯʘʝ ʥʝʩʤʝ-

ʰʠʚʘʶʱʠʭʩʷ ʢʦʤʧʦʥʝʥʪ ʤʦʞʥʦ ʚʳʜʝʣʠʪʴ ʭʘʨʘʢʪʝʨʥʳʡ ʩʣʫʯʘʡ, ʢʦ-

ʛʜʘ ʦʜʥʫ ʠʟ ʢʦʤʧʦʥʝʥʪ ʤʦʞʥʦ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʢʘʢ ʧʦʨʰʝʥʴ, ʜʚʠʛʘ-

ʶʱʠʡ ʜʨʫʛʫʶ ʢʦʤʧʦʥʝʥʪʫ. ɼʣʷ ʪʘʢʦʡ ʠʜʝʘʣʠʟʠʨʦʚʘʥʥʦʡ ʩʠʪʫʘʮʠʠ 

ʨʘʟʣʸʪ ʢʦʥʜʝʥʩʘʪʘ ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʦʙʨʘʟʦʚʘʥʠʝʤ ʜʠʩʧʝʨʩʠʦʥʥʦʡ 

ʫʜʘʨʥʦʡ ʚʦʣʥʳ ʚ ʦʜʥʦʡ ʢʦʤʧʦʥʝʥʪʝ ʠ ʚʦʣʥʳ ʨʘʟʨʝʞʝʥʠʷ ʚ ʜʨʫʛʦʡ 

ʢʦʤʧʦʥʝʥʪʝ. ʈʘʟʚʠʪʘʷ ʜʣʷ ʵʪʦʛʦ ʩʣʫʯʘʷ ʪʝʦʨʠʷ ʭʦʨʦʰʦ ʩʦʛʣʘʩʫʝʪʩʷ 

ʩ ʯʠʩʣʝʥʥʳʤʠ ʨʝʟʫʣʴʪʘʪʘʤʠ. ʈʝʟʫʣʴʪʘʪʳ ʨʘʙʦʪʳ ʧʦʟʚʦʣʷʶʪ ʧʨʝʜ-

ʩʢʘʟʘʪʴ ʭʘʨʘʢʪʝʨʥʳʝ ʯʝʨʪʳ ʷʚʣʝʥʠʷ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʧʘʨʘʤʝʪʨʦʚ 

ʢʦʥʜʝʥʩʘʪʘ. 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʧʦʜʜʝʨʞʢʝ ʈʌʌʀ, ʛʨʘʥʪ 16-01-00398. 
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ʆɹʅɸʈʋɾɽʅʀɽ ʈɽʅʊɻɽʅʆɺʉʂʆɻʆ ʀɿʃʋʏɽʅʀʗ ʇʈʀ 
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ɺ ʨʘʙʦʪʝ ʚʧʝʨʚʳʝ ʦʙʥʘʨʫʞʝʥʘ ʛʝʥʝʨʘʮʠʷ ʨʝʥʪʛʝʥʦʚʩʢʦʛʦ ʠʟʣʫ-

ʯʝʥʠʷ ʧʨʠ ʩʞʘʪʠʠ ʠ ʧʦʩʣʝʜʫʶʱʝʤ ʦʪʧʫʩʢʝ ʧʴʝʟʦʵʣʝʢʪʨʠʢʘ ʚ ʚʘʢʫ-

ʫʤʝ. ɼʣʷ ʧʨʦʚʝʜʝʥʠʷ ʵʢʩʧʝʨʠʤʝʥʪʘ ʙʳʣʘ ʩʦʙʨʘʥʘ ʫʩʪʘʥʦʚʢʘ, ʧʦʟʚʦ-

ʣʷʶʱʘʷ ʩʞʠʤʘʪʴ ʧʴʝʟʦʵʣʝʢʪʨʠʯʝʩʢʫʶ ʢʝʨʘʤʠʢʫ ʚ ʚʘʢʫʫʤʝ ʠ ʠʟʤʝ-

ʨʷʪʴ ʩʧʝʢʪʨʳ ʨʝʥʪʛʝʥʦʚʩʢʦʛʦ ʠʟʣʫʯʝʥʠʷ (ʈʀ). ɺ ʵʢʩʧʝʨʠʤʝʥʪʘʭ 

ʧʨʠʤʝʥʷʣʘʩʴ ʩʙʦʨʢʘ ʠʟ ʜʚʫʭ ʢʝʨʘʤʠʯʝʩʢʠʭ ʮʠʣʠʥʜʨʦʚ, ʧʦʣʷʨʠʟʦ-

ʚʘʥʥʳʭ ʚʜʦʣʴ ʦʩʠ. ʎʠʣʠʥʜʨʳ ʫʩʪʘʥʘʚʣʠʚʘʣʠʩʴ ʚ ʚʘʢʫʫʤʥʦʡ ʢʘʤʝʨʝ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ ʩ ʧʨʦʪʠʚʦʧʦʣʦʞʥʦ ʥʘʧʨʘʚʣʝʥʥʳʤʠ ʚʝʢʪʦʨʘʤʠ ʧʦ-

ʣʷʨʠʟʘʮʠʠ ʠ ʧʦʜʚʝʨʛʘʣʠʩʴ ʩʞʘʪʠʶ. ʇʨʦʪʠʚʦʧʦʣʦʞʥʳʝ ʢʦʥʮʳ ʩʙʦʨ-

ʢʠ ʟʘʟʝʤʣʷʣʠʩʴ, ʘ ʚ ʮʝʥʪʨʝ ʩʙʦʨʢʠ ʧʨʠ ʩʞʘʪʠʠ ʚʳʨʘʙʘʪʳʚʘʣʦʩʴ ʚʳ-

ʩʦʢʦʝ ʥʘʧʨʷʞʝʥʠʝ ʦʪʨʠʮʘʪʝʣʴʥʦʡ ʧʦʣʷʨʥʦʩʪʠ. ʉʧʝʢʪʨ ʈʀ ʠʟʤʝʨʷʣ-

ʩ ̫ʧʨʠ ʩʞʘʪʠʠ ʩʙʦʨʢʠ ʩ ʩʠʣʦʡ ʜʦ 4 kN. ʉʧʝʢʪʨ ʈʀ, ʠʟʤʝʨʝʥʥʳʡ ʚ 

ʪʝʯʝʥʠʝ 180 ʩʝʢ ʧʨʠ ʜʘʚʣʝʥʠʠ ʦʩʪʘʪʦʯʥʦʛʦ ʛʘʟʘ ʚ ʢʘʤʝʨʝ 1 ʤʊʦʨʨ, 

ʧʨʝʜʩʪʘʚʣʝʥ ʥʘ ʨʠʩʫʥʢʝ 1. ʇʨʠ ʘʪʤʦʩʬʝʨʥʦʤ ʜʘʚʣʝʥʠʠ ʈʀ ʥʝ 

ʥʘʙʣʶʜʘʣʦʩʴ.  

 
                                                  ʈʠʩ. 1. ʩʧʝʢʪʨ ʈʀ ʧʨʠ ʩʞʘʪʠʠ      
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ɺ ʩʧʝʢʪʨʘʭ ʚʠʜʥʳ ʧʠʢʠ ʭʘʨʘʢʪʝʨʠʩʪʠʯʝʩʢʦʛʦ ʠʟʣʫʯʝʥʠʷ ʘʪʦʤʦʚ 

ʢʝʨʘʤʠʢʠ ʠ ʦʢʨʫʞʘʶʱʠʭ ʤʘʪʝʨʠʘʣʦʚ ʥʘ ʬʦʥʝ ʪʦʨʤʦʟʥʦʛʦ ʠʟʣʫʯʝ-

ʥʠʷ. ʇʦ-ʚʠʜʠʤʦʤʫ, ʈʀ ʧʨʦʠʟʚʦʜʠʪʩʷ ʵʣʝʢʪʨʦʥʘʤʠ, ʢʦʪʦʨʳʝ ʫʩʢʦ-

ʨʷʶʪʩʷ ʚ ʵʣʝʢʪʨʠʯʝʩʢʦʤ ʧʦʣʝ, ʚʦʟʥʠʢʘʶʱʝʤʫ ʙʣʘʛʦʜʘʨʷ ʧʴʝʟʦʵʣʝʢ-

ʪʨʠʯʝʩʢʦʤʫ ʵʬʬʝʢʪʫ ʧʨʠ ʠʟʤʝʥʝʥʠʠ ʩʠʣʳ, ʧʨʠʣʦʞʝʥʥʦʡ ʢ ʩʙʦʨʢʝ. 
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ɼɽʊɽʂʊʀʈʋʖʑɸʗ ʉʀʉʊɽʄɸ çʂɸʇʈʀɿè ɼʃʗ  

ʈɽɻʀʉʊʈɸʎʀʀ ʇʈʆɼʋʂʊʆɺ ʗɼɽʈʅʓʍ ʈɽɸʂʎʀʁ 
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ʉʦʚʨʝʤʝʥʥʦʝ ʨʘʟʚʠʪʠʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʪʝʭʥʠʢʠ ʧʦʟʚʦʣʷʝʪ 

ʩʦʟʜʘʚʘʪʴ ʫʩʪʘʥʦʚʢʠ ʠ ʧʨʦʚʦʜʠʪʴ ʠʟʤʝʨʝʥʠʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʝ-

ʪʦʜʠʢʠ ʤʝʯʝʥʳʭ ʘʪʦʤʦʚ (ʨʝʛʠʩʪʨʘʮʠʷ ʢʘʞʜʦʛʦ ʩʦʙʳʪʠʷ). ʕʪʦ ʦʩʦ-

ʙʝʥʥʦ ʚʘʞʥʦ ʧʨʠ ʨʘʙʦʪʝ ʩ ʚʪʦʨʠʯʥʳʤʠ ʧʫʯʢʘʤʠ ʨʘʜʠʦʘʢʪʠʚʥʳʭ 

ʷʜʝʨ, ʠʩʩʣʝʜʦʚʘʥʠʝ ʢʦʪʦʨʳʭ ʧʨʝʜʩʪʘʚʣʷʝʪ ʦʧʨʝʜʝʣʝʥʥʳʝ ʤʝʪʦʜʠʯʝ-

ʩʢʠʝ ʪʨʫʜʥʦʩʪʠ ʠʟ-ʟʘ ʠʭ ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʠʟʢʠʭ ʠʥʪʝʥʩʠʚʥʦʩʪʝʡ (10
-3
-

10
-4
), ʠ ʥʝʦʙʭʦʜʠʤʦʩʪʴʶ ʨʝʛʠʩʪʨʘʮʠʠ ʩ ʤʘʢʩʠʤʘʣʴʥʦʡ ʵʬʬʝʢʪʠʚʥʦ-

ʩʪʴʶ [1]. ʇʦ ʵʪʦʡ ʧʨʠʯʠʥʝ ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʧʨʝʮʠʟʠʦʥ-

ʥʳʝ ʧʦʟʠʮʠʦʥʥʦ-ʯʫʚʩʪʚʠʪʝʣʴʥʳʝ ʜʝʪʝʢʪʦʨʳ, ʧʦʟʚʦʣʷʶʱʠʝ ʠʟʚʣʝ-

ʢʘʪʴ ʤʘʢʩʠʤʫʤ ʠʥʬʦʨʤʘʮʠʠ ʦ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʭ ʩʘʤʦʛʦ ʧʫʯʢʘ, ʘ 

ʪʘʢʞʝ ʦ ʧʨʦʜʫʢʪʘʭ ʠʭ ʨʝʘʢʮʠʡ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʧʨʝʜʧʦʯʪʝʥʠʝ ʦʪʜʘ-

ʝʪʩʷ ʩʦʟʜʘʥʠʶ ʰʠʨʦʢʦʘʧʝʨʪʫʨʥʳʭ ʤʥʦʛʦʧʘʨʘʤʝʪʨʦʚʳʭ ʫʩʪʘʥʦʚʦʢ. 

ɼʘʥʥʘʷ ʨʘʙʦʪʘ ʧʦʩʚʷʱʝʥʘ ʨʘʟʨʘʙʦʪʢʝ ʠ ʢʘʣʠʙʨʦʚʢʝ ʧʨʝʮʠʟʠʦʥ-

ʥʦʛʦ ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚʦʛʦ ʧʦʟʠʮʠʦʥʥʦ-ʯʫʚʩʪʚʠʪʝʣʴʥʦʛʦ ʪʝʣʝʩʢʦʧʘ, 

ʢʦʪʦʨʳʡ ʦʙʝʩʧʝʯʠʚʘʝʪ ʙʦʣʴʰʦʡ ʪʝʣʝʩʥʳʡ ʫʛʦʣ ʨʝʛʠʩʪʨʘʮʠʠ, ʚʳʩʦ-

ʢʦʝ ʫʛʣʦʚʦʝ ʨʘʟʨʝʰʝʥʠʝ  ʠ ʦʜʥʦʟʥʘʯʥʫʶ ʠʜʝʥʪʠʬʠʢʘʮʠʶ ʚʩʝʛʦ 

ʩʧʝʢʪʨʘ ʧʨʦʜʫʢʪʦʚ ʷʜʝʨʥʳʭ ʨʝʘʢʮʠʡ. 

ʅʘʩʪʦʷʱʠʡ ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚʳʡ ʪʝʣʝʩʢʦʧ ʙʳʣ ʨʘʟʤʝʱʝʥ ʚ ʬʦ-

ʢʘʣʴʥʦʡ ʧʣʦʩʢʦʩʪʠ ʘʭʨʦʤʘʪʠʯʝʩʢʦʛʦ ʬʨʘʛʤʝʥʪ-ʩʝʧʘʨʘʪʦʨʘ 

COMBAS (ʨʠʩʫʥʦʢ 1). ʄʦʜʫʣʴ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʢʦʤʙʠʥʘʮʠʶ ʠʟ 

ʪʦʥʢʠʭ ʢʨʝʤʥʠʝʚʳʭ ȹE-ʜʝʪʝʢʪʦʨʦʚ, 16-ʩʪʨʠʧʦʚʳʭ ʢʦʦʨʜʠʥʘʪʥʳʭ 

ʜʝʪʝʢʪʦʨʦʚ ʠ ʩʮʠʥʪʠʣʣʷʮʠʦʥʥʦʛʦ E-ʜʝʪʝʢʪʦʨʘ [2]. ʇʨʦʚʝʜʝʥʳ ʢʘ-

ʣʠʙʨʦʚʢʠ ʥʘ ʠʩʪʦʯʥʠʢʝ ʘʣʴʬʘ ʯʘʩʪʠʮ 
226

Ra ʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʫʯ-

ʢʦʚ ʥʝʡʪʨʦʥʦʜʝʬʠʮʠʪʥʳʭ ʷʜʝʨ. ʂʘʯʝʩʪʚʦ ʠʟʦʪʦʧʥʦʡ ʠʜʝʥʪʠʬʠʢʘ-

ʮʠʠ ʧʨʦʜʫʢʪʦʚ ʷʜʝʨʥʳʭ ʨʝʘʢʮʠʡ, ʧʦʣʫʯʝʥʥʳʭ ʚ ʨʝʘʢʮʠʷʭ ʬʨʘʛʤʝʥ-
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ʪʘʮʠʠ 
22

Ne ʧʨʠ ʵʥʝʨʛʠʷʭ 40 ʄʵɺ/ʥʫʢʣʦʥ ʩ ʧʦʤʦʱʴʶ ʜʝʪʝʢʪʠʨʫʶ-

ʱʝʡ ʩʠʩʪʝʤʳ, ʠʣʣʶʩʪʨʠʨʫʝʪʩʷ ʥʘ ʨʠʩʫʥʢʝ 2. 

 

 

 

ʈʠʩ.1 ɹʣʦʢ-ʩʭʝʤʘ ʜʝʪʝʢʪʠʨʫʶʱʝʡ ʩʠʩʪʝʤʳ 

 

 

 

ʈʠʩ.2 ʀʜʝʥʪʠʬʠʢʘʮʠʦʥʥʘʷ ʤʘʪʨʠʮʘ ʧʨʦʜʫʢʪʦʚ ʷʜʝʨʥʳʭ ʨʝʘʢʮʠʡ ȹE4- 

ECsI 

 

ʃʠʪʝʨʘʪʫʨʘ  

1.ʖ.ʕ. ʇʝʥʠʦʥʞʢʝʚʠʯ . ʇʫʯʢʠ ʨʘʜʠʦʘʢʪʠʚʥʳʭ ʷʜʝʨ ï ʕʏɸʗ, 

ʪʦʤ 25, ʚʳʧʫʩʢ 24, (1998). 

2.ʉ.ʄ. ʃʫʢʴʷʥʦʚ ʠ ʜʨ. ʇʨʝʧʨʠʥʪ P13-2000-283. 
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ʈɸʉʇʆʃʆɾɽʅʀʗ ʊʆʇʃʀɺɸ ɺ ʊɺʉ  

ɹʓʉʊʈʆɻʆ ʈɽɸʂʊʆʈɸ 

 

ʂʘʨʘʞʝʣʝʚʩʢʘʷ ʖ.ɽ.
1
, ʂʦʣʝʩʦʚ ɺ.ɺ.

1
, ʖ.ɸ. ʂʘʟʘʥʩʢʠʡ

1 

 
1
 ʀɸʊʕ ʅʀʗʋ ʄʀʌʀ, ʂʘʣʫʞʩʢʘʷ ʦʙʣ. ʛʦʨ. ʆʙʥʠʥʩʢ 

8-980-710-76-78., e-mail:karazhielievskaia@mail.ru 

 

ɺ ʩʚʷʟʠ ʩ ʜʦʩʪʘʪʦʯʥʦ ʘʢʪʠʚʥʳʤ ʚʚʝʜʝʥʠʝʤ ʚ ʩʪʨʦʡ ʥʦʚʳʭ ʙʣʦʢʦʚ 

ʨʝʘʢʪʦʨʦʚ ʥʘ ʙʳʩʪʨʳʭ ʥʝʡʪʨʦʥʘʭ ʘʢʪʫʘʣʴʥʦʡ ʦʩʪʘʝʪʩʷ ʧʨʦʙʣʝʤʘ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʧʣʫʪʦʥʠʷ ʚ ʢʘʯʝʩʪʚʝ ʪʦʧʣʠʚʘ. ʆʩʥʦʚʥʳʤ ʩʧʦʩʦʙʦʤ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʧʣʫʪʦʥʠʷ ʷʚʣʷʝʪʩʷ ʩʦʟʜʘʥʠʝ ʪ.ʥ. MOX-ʪʦʧʣʠʚʘ ʠʟ 

ʩʤʝʩʠ ʜʠʦʢʩʠʜʘ ʫʨʘʥʘ ʠ ʜʠʦʢʩʠʜʘ ʧʣʫʪʦʥʠʷ. ʇʨʠ ʵʪʦʤ ʩʦʟʜʘʥʠʝ 

ʩʤʝʰʘʥʥʦʛʦ ʫʨʘʥ-ʧʣʫʪʦʥʠʝʚʦʛʦ ʪʦʧʣʠʚʘ ʷʚʣʷʝʪʩʷ ʜʦʩʪʘʪʦʯʥʦʡ ʟʘ-

ʪʨʘʪʥʳʤ ʧʨʦʮʝʩʩʦʤ. 

ɺ ʨʘʙʦʪʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴ ʨʘʟʜʝʣʴʥʦʛʦ ʠʩʧʦʣʴʟʦ-

ʚʘʥʠʷ ʫʨʘʥʦʚʦʛʦ ʠ ʧʣʫʪʦʥʠʝʚʦʛʦ ʪʦʧʣʠʚʘ ʚ ʊɺʉ ʨʝʘʢʪʦʨʘ ɹʅ-1200. 

ʄʳ ʥʝ ʢʘʩʘʣʠʩʴ ʪʝʧʣʦʬʠʟʠʯʝʩʢʠʭ ʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʙʣʝʤ ʠ 

ʦʛʨʘʥʠʯʠʣʠʩʴ ʩʨʘʚʥʝʥʠʝʤ ʥʝʡʪʨʦʥʥʦ-ʬʠʟʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʠ 

ʧʘʨʘʤʝʪʨʦʚ ʢʘʤʧʘʥʠʠ ʊɺʉ ʩʦ ʩʤʝʰʘʥʥʳʤ ʠ ʨʘʟʜʝʣʴʥʳʤ ʨʘʩʧʦʣʦ-

ʞʝʥʠʝʤ ʫʨʘʥʦʚʦʛʦ ʠ ʧʣʫʪʦʥʠʝʚʦʛʦ ʪʦʧʣʠʚʘ. 

ɼʣʷ ʨʘʩʯʝʪʘ ʠʩʧʦʣʴʟʦʚʘʣʘʩʴ ʤʦʜʝʣʴ ʊɺʉ ʨʝʘʢʪʦʨʘ ɹʅ-1200, 

ʠʟʦʙʨʘʞʝʥʥʘʷ ʥʘ ʨʠʩʫʥʢʝ 1. ʊɺʉ ʨʝʘʢʪʦʨʘ ʩʦʩʪʦʠʪ  ʠʟ ʰʝʩʪʠʛʨʘʥ-

ʥʦʡ ʯʝʭʣʦʚʦʡ ʪʨʫʙʳ, ʚʥʫʪʨʠ ʢʦʪʦʨʦʡ ʥʘʭʦʜʠʪʩʷ 271 ʪʚʵʣ. ʊʝʧʣʦʥʦ-

ʩʠʪʝʣʝʤ ʷʚʣʷʝʪʩʷ ʥʘʪʨʠʡ[1]. ʄʘʩʩʦʚʘʷ ʜʦʣʷ ʧʣʫʪʦʥʠʷ ʚ ʩʤʝʩʠ ʫʨʘʥʘ 

ʠ ʧʣʫʪʦʥʠʷ ʙʳʣʘ ʧʨʠʥʷʪʘ ʨʘʚʥʦʡ 17,77 %. ʅʝʡʪʨʦʥʥʦ-ʬʠʟʠʯʝʩʢʠʝ 

ʨʘʩʯʝʪʳ ʠ ʨʘʩʯʝʪʳ ʚʳʛʦʨʘʥʠʷ ʧʨʦʚʦʜʠʣʠʩʴ ʩ ʧʦʤʦʱʴʶ ʧʨʦʛʨʘʤʤ-

ʥʦʛʦ ʢʦʜʘ Serpent 2. 

ʇʨʦʚʝʜʝʥʥʳʝ ʨʘʩʯʝʪʳ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʧʨʠ ʩʦʭʨʘʥʝʥʠʠ ʩʦʦʪʥʦʰʝ-

ʥʠʷ ʫʨʘʥʘ ʠ ʧʣʫʪʦʥʠʷ ʚ ʊɺʉ ʠ ʨʘʟʤʝʱʝʥʠʠ ʪʚʵʣʦʚ ʩ ʧʣʫʪʦʥʠʝʚʳʤ 

ʪʦʧʣʠʚʦʤ ʨʘʚʥʦʤʝʨʥʦ ʤʝʞʜʫ ʪʚʵʣʘʤʠ ʩ ʫʨʘʥʦʚʳʤ ʪʦʧʣʠʚʦʤ ʟʥʘʯʝ-

ʥʠʝ Kʵʬʬ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʠʟʤʝʥʷʝʪʩʷ ʠ ʩʦʩʪʘʚʣʷʝʪ 1,2267+/- 0.0003 

ʜʣʷ MOX ʪʦʧʣʠʚʘ ʠ 1,2299+/- 0.0003 ʜʣʷ ʨʘʟʜʝʣʴʥʦʛʦ ʨʘʟʤʝʱʝʥʠʷ 

ʫʨʘʥʦʚʦʛʦ ʠ ʧʣʫʪʦʥʠʝʚʦʛʦ ʪʦʧʣʠʚʘ. 
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ʈʠʩ. 1. ʊɺʉ ʨʝʘʢʪʦʨʘ ɹʅ-1200 ʩ MOX-ʪʦʧʣʠʚʦʤ. 

 

ʊʘʢʞʝ ʥʘʤʠ ʙʳʣʠ ʧʨʦʚʝʜʝʥʳ ʨʘʩʯʝʪʳ ʢʘʤʧʘʥʠʠ ʜʣʷ ʩʣʝʜʫʶʱʠʭ 

ʯʝʪʳʨʝʭ ʩʣʫʯʘʝʚ: 

- MOX-ʪʦʧʣʠʚʦ; 

- ʨʘʚʥʦʤʝʨʥʦʝ ʨʘʩʧʦʣʦʞʝʥʠʝ ʪʚʵʣʦʚ ʩ ʫʨʘʥʦʚʳʤ ʠ ʧʣʫʪʦʥʠʝʚʳʤ 

ʪʦʧʣʠʚʦʤ; 

- ʚʘʨʠʘʥʪ ʩʦ ʩʛʫʱʝʥʠʝʤ ʧʣʫʪʦʥʠʝʚʳʭ ʪʚʵʣʦʚ ʚ ʨʘʡʦʥʝ ʮʝʥʪʨʘ 

ʊɺʉ; 

- ʚʘʨʠʘʥʪ ʩʦ ʩʛʫʱʝʥʠʝʤ ʫʨʘʥʦʚʳʭ ʪʚʵʣʦʚ ʚ ʨʘʡʦʥʝ ʮʝʥʪʨʘ ʊɺʉ. 

   ɼʣʷ ʢʘʞʜʦʛʦ ʚʘʨʠʘʥʪʘ ʨʘʩʩʯʠʪʘʥʦ ʠʟʤʝʥʝʥʠʝ ʟʘʧʘʩʘ ʨʝʘʢʪʠʚ-

ʥʦʩʪʠ ʜʣʷ ʚʩʝʭ ʯʝʪʳʨʝʭ ʩʣʫʯʘʝʚ ʨʘʟʤʝʱʝʥʠʷ ʪʦʧʣʠʚʘ. 

 

ʃʠʪʝʨʘʪʫʨʘ 

1. ɸ.ɺ. ʏʫʡʢʠʥʘ, ʄ.ʉ ɸʥʠʢʠʥ., ɸ.ʉ. ʅʫʨʢʠʥ. ʇʝʨʩʧʝʢʪʠʚʥʳʝ 

ʚʠʜʳ ʪʦʧʣʠʚʥʳʭ ʢʦʤʧʦʟʠʮʠʡ ʜʣʷ ʧʨʦʝʢʪʘ ʨʝʘʢʪʦʨʥʦʡ ʫʩʪʘʥʦʚʢʠ 

ɹʅ-1200. (ʊʦʤʩʢ: Cʙʦʨʥʠʢ ʜʦʢʣʘʜʦʚ XX ʄʝʞʜʫʥʘʨʦʜʥʦʡ ʥʘʫʯʥʦ-

ʧʨʘʢʪʠʯʝʩʢʦʡ ʢʦʥʬʝʨʝʥʮʠʠ ʩʪʫʜʝʥʪʦʚ, ʘʩʧʠʨʘʥʪʦʚ ʠ ʤʦʣʦʜʳʭ ʫʯʝ-

ʥʳʭ, 2014) 
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ʀʉʉʃɽɼʆɺɸʅʀɽ ʉɺɽʊʆɺʓʍʆɼʆɺ  

ʉʎʀʅʊʀʃʃʗʎʀʆʅʅʓʍ ʇʃɸʉʊʀʅ ɼʃʗ ʄʆɼʋʃɽʁ  

ɸɼʈʆʅʅʓʍ ʂɸʃʆʈʀʄɽʊʈʆɺ CBM ʀ MPD  

ʕʂʉʇɽʈʀʄɽʅʊʆɺ 

 

ʂʘʨʧʫʰʢʠʥ ʅ.ʄ. 
 

ʄʦʩʢʦʚʩʢʠʡ ʬʠʟʠʢʦ-ʪʝʭʥʠʯʝʩʢʠʡ ʠʥʩʪʠʪʫʪ, ɼʦʣʛʦʧʨʫʜʥʳʡ 
ʀʥʩʪʠʪʫʪ ʷʜʝʨʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʈʦʩʩʠʡʩʢʦʡ ʘʢʘʜʝʤʠʠ ʥʘʫʢ, ʄʦʩʢʚʘ 

+7 (905) 594-15-32, nkarpushkin@mail.ru 
 

ɼʣʷ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʩʦʙʳʪʠʡ ʧʦ ʮʝʥʪʨʘʣʴʥʦʩʪʠ ʠ ʦʧʨʝʜʝʣʝʥʠʷ 

ʦʨʠʝʥʪʘʮʠʠ ʧʣʦʩʢʦʩʪʠ ʨʝʘʢʮʠʠ ʚ ʀʗʀ ʈɸʅ ʨʘʟʨʘʙʘʪʳʚʘʶʪʩʷ, ʠʟʛʦ-

ʪʘʚʣʠʚʘʶʪʩʷ ʠ ʪʝʩʪʠʨʫʶʪʩʷ ʤʦʜʫʣʠ ʜʣʷ ʧʝʨʝʜʥʠʭ ʘʜʨʦʥʥʳʭ ʢʘʣʦ-

ʨʠʤʝʪʨʦʚ ʫʩʪʘʥʦʚʦʢ CBM (ʌɸʀʈ, ɼʘʨʤʰʪʘʜʪ, ɻʝʨʤʘʥʠʷ) [1] ʠ 

MPD (ʅʀʂɸ, ɼʫʙʥʘ) [2]. ʅʘ ʵʪʠʭ ʫʩʪʘʥʦʚʢʘʭ ʧʣʘʥʠʨʫʝʪʩʷ ʠʟʫʯʝʥʠʝ 

ʩʚʦʡʩʪʚ ʩʠʣʴʥʦ ʚʟʘʠʤʦʜʝʡʩʪʚʫʶʱʝʡ ʩʚʝʨʭʧʣʦʪʥʦʡ ʘʜʨʦʥʥʦʡ ʤʘʪʝ-

ʨʠʠ, ʚʦʟʥʠʢʘʶʱʝʡ ʧʨʠ ʩʪʦʣʢʥʦʚʝʥʠʠ ʨʝʣʷʪʠʚʠʩʪʩʢʠʭ ʷʜʝʨ.  

ʂʘʞʜʳʡ ʤʦʜʫʣʴ ʢʘʣʦʨʠʤʝʪʨʦʚ ʩʦʩʪʦʠʪ ʠʟ ʯʝʨʝʜʫʶʱʠʭʩʷ ʩʣʦʝʚ 

ʩʚʠʥʮʘ ʠ ʩʮʠʥʪʠʣʣʷʮʠʦʥʥʳʭ ʧʣʘʩʪʠʥ, ʩʚʝʪ ʩ ʢʦʪʦʨʳʭ ʩʦʙʠʨʘʝʪʩʷ ʠ 

ʧʝʨʝʜʘʝʪʩʷ ʩ ʧʦʤʦʱʴʶ ʧʝʨʝʠʟʣʫʯʘʶʱʝʛʦ ʦʧʪʦʚʦʣʦʢʥʘ  ʥʘ ʬʦʪʦʜʝ-

ʪʝʢʪʦʨʳ HAMAMATSU  MPPC S12572-010P, ʫʩʪʘʥʦʚʣʝʥʥʳʝ ʥʘ 

ʟʘʜʥʝʡ ʧʘʥʝʣʠ ʤʦʜʫʣʷ. ʈʘʟʤʝʨ ʯʫʚʩʪʚʠʪʝʣʴʥʦʡ ʦʙʣʘʩʪʠ ʬʦʪʦʜʝʪʝʢ-

ʪʦʨʘ ʩʦʩʪʘʚʣʷʝʪ 3ʭ3 ʤʤ
2
 ʩ ʰʘʛʦʤ ʧʠʢʩʝʣʷ 10 ʤʢʤ, ʫʩʠʣʝʥʠʝ 

1.35Ĭ10
5
, ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʨʝʛʠʩʪʨʘʮʠʠ ʬʦʪʦʥʦʚ 10%. ʇʝʨʝʠʟʣʫʯʘʶ-

ʱʝʝ ʦʧʪʦʚʦʣʦʢʥʦ ʚʢʣʝʠʚʘʝʪʩʷ ʚ ʢʘʥʘʚʢʫ ʥʘ ʦʜʥʦʡ ʠʟ ʧʦʚʝʨʭʥʦʩʪʝʡ 

ʩʮʠʥʪʠʣʣʷʮʠʦʥʥʦʡ ʧʣʘʩʪʠʥʳ. ʈʘʟʤʝʨʳ ʩʮʠʥʪʠʣʣʷʮʠʦʥʥʦʡ ʧʣʘʩʪʠ-

ʥʳ ʜʣʷ ʘʜʨʦʥʥʦʛʦ ʢʘʣʦʨʠʤʝʪʨʘ ʉɺʄ ʩʦʩʪʘʚʣʷʶʪ 200 ʭ 200 ʤʤ
2
,
 

ʪʦʣʱʠʥʘ 4ʤʤ. ʂʘʥʘʚʢʘ ʜʣʷ ʚʢʣʝʡʢʠ ʦʧʪʦʚʦʣʦʢʥʘ ʠʤʝʝʪ ʬʦʨʤʫ 

ʦʢʨʫʞʥʦʩʪʠ. ɼʣʷ ʢʘʣʦʨʠʤʝʪʨʘ ʄʇɼ ʧʦʧʝʨʝʯʥʳʝ ʨʘʟʤʝʨʳ ʧʣʘʩʪʠʥʳ 

ï 150 ʭ 150 ʤʤ
2
, ʪʦʣʱʠʥʘ ï 4ʤʤ, ʢʘʥʘʚʢʘ ʠʤʝʝʪ ʬʦʨʤʫ ʩʧʠʨʘʣʠ. 

ʎʝʣʴ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʟʘʢʣʶʯʘʣʘʩʴ ʚ ʠʩʩʣʝʜʦʚʘʥʠʠ ʩʚʝʪʦʚʳʭʦʜʘ 

ʩʮʠʥʪʠʣʣʷʮʠʦʥʥʳʭ ʧʣʘʩʪʠʥ. ɺʝʣʠʯʠʥʘ ʩʚʝʪʦʚʳʭʦʜʘ ʷʚʣʷʝʪʩʷ ʚʘʞ-

ʥʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʦʡ ʢʘʢ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʵʥʝʨʛʝʪʠʯʝʩʢʦʛʦ ʨʘʟʨʝ-

ʰʝʥʠʷ ʚʩʝʛʦ ʢʘʣʦʨʠʤʝʪʨʘ, ʪʘʢ ʠ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʚʦʟʤʦʞʥʦʩʪʠ ʝʛʦ 

ʢʘʣʠʙʨʦʚʢʠ ʥʘ ʧʫʯʢʘʭ ʤʶʦʥʦʚ. 

ʀʟʤʝʨʝʥʠʷ ʩʚʝʪʦʚʳʭʦʜʘ ʦʪʜʝʣʴʥʳʭ ʩʮʠʥʪʠʣʣʷʮʠʦʥʥʳʭ ʧʣʘʩʪʠʥ 

ʧʨʦʚʦʜʠʣʠʩʴ ʚ ʀʗʀ ʈɸʅ ʥʘ ʠʟʤʝʨʠʪʝʣʴʥʦʤ ʩʪʝʥʜʝ, ʧʦʟʚʦʣʷʶʱʝʤ 

mailto:nkarpushkin@mail.ru
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ʧʨʦʚʦʜʠʪʴ ʠʟʤʝʨʝʥʠʷ ʩ ʠʩʪʦʯʥʠʢʦʤ ɓ-ʠʟʣʫʯʝʥʠʷ 
90
Sr. ɼʣʷ ʦʪʙʦʨʘ 

ʩʦʙʳʪʠʡ, ʚʳʟʚʘʥʥʳʭ ʧʦʧʘʜʘʥʠʝʤ ʵʣʝʢʪʨʦʥʦʚ ʚ ʠʩʩʣʝʜʫʝʤʫʶ ʧʣʘ-

ʩʪʠʥʫ, ʧʦʜ ʦʙʨʘʟʮʦʤ ʧʣʘʩʪʠʥʳ ʙʳʣ ʫʩʪʘʥʦʚʣʝʥ ʬʦʪʦʵʣʝʢʪʨʦʥʥʳʡ 

ʫʤʥʦʞʠʪʝʣʴ HAMAMATSU  R7525 ʩ ʧʣʘʩʪʤʘʩʩʦʚʳʤ ʩʮʠʥʪʠʣʣʷʪʦ-

ʨʦʤ ʜʠʘʤʝʪʨʦʤ 25ʤʤ, ʧʠʪʘʝʤʳʡ ʦʪ ʦʪʜʝʣʴʥʦʛʦ ʠʩʪʦʯʥʠʢʘ ʚʳʩʦʢʦʛʦ 

ʥʘʧʨʷʞʝʥʠʷ (CAEN Mod.N126). ʉʠʛʥʘʣ ʦʪ ʄʈʈʉ ʯʝʨʝʟ ʧʨʝʜʫʩʠʣʠ-

ʪʝʣʴ ʩ ʢʦʵʬʬʠʮʠʝʥʪʦʤ ʫʩʠʣʝʥʠʷ 300 ʧʦʜʘʚʘʣʩʷ ʥʘ ʚʭʦʜʥʦʡ ʢʘʥʘʣ 

ʙʳʩʪʨʦʛʦ 16+1 ʢʘʥʘʣʴʥʦʛʦ ɸʎʇ CAEN DT 5742 ʩ ʯʘʩʪʦʪʦʡ ʜʠʩʢʨʝ-

ʪʠʟʘʮʠʠ 5ɻɻʮ. ɼʣʷ ʟʘʧʫʩʢʘ ɸʎʇ ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʩʠʛʥʘʣ ʩ ʌʕʋ. 

ʆʮʠʬʨʦʚʘʥʥʳʝ ʩʠʛʥʘʣʳ ʩʯʠʪʳʚʘʣʠʩʴ ʯʝʨʝʟ ʰʠʥʫ USB ʠ ʦʙʨʘʙʘʪʳ-

ʚʘʣʠʩʴ ʩ ʧʦʤʦʱʴʶ ʢʦʤʧʴʶʪʝʨʘ. 

ʅʘ ʈʠʩ.1 ʧʦʢʘʟʘʥʳ ʨʝʟʫʣʴʪʘʪʳ ʠʟʤʝʨʝʥʠʡ ʩʚʝʪʦʚʳʭʦʜʘ ʚʜʦʣʴ 

ʜʠʘʛʦʥʘʣʠ ʩʮʠʥʪʠʣʣʷʮʠʦʥʥʳʭ ʧʣʘʩʪʠʥ ʜʣʷ ʢʘʣʦʨʠʤʝʪʨʦʚ CBM ʠ 

MPD, ʚʳʧʦʣʥʝʥʥʳʝ ʩ ʰʘʛʦʤ 2 ʩʤ. 

  
ʈʠʩ1. ʉʣʝʚʘ, ʟʘʚʠʩʠʤʦʩʪʴ ʩʚʝʪʦʚʳʭʦʜʘ ʦʪ ʪʦʯʢʠ ʧʨʦʭʦʞʜʝʥʠʷ ʤʶʦʥʦʚ 

ʚʜʦʣʴ ʜʠʘʛʦʥʘʣʠ ʧʣʘʩʪʠʥʳ ʜʣʷ ʤʦʜʫʣʷ ʢʘʣʦʨʠʤʝʪʨʘ CBM. ʉʧʨʘʚʘ, ʘʥʘʣʦ-

ʛʠʯʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ʜʣʷ ʧʣʘʩʪʠʥʳ ʤʦʜʫʣʷ ʢʘʣʦʨʠʤʝʪʨʘ MPD. 

ʋʜʝʣʴʥʳʡ ʩʚʝʪʦʚʳʭʦʜ ʩʦʩʪʘʚʠʣ 7.5Ñ0.4 ʬʦʪʦʵʣʝʢʪʨʦʥʦʚ/ʄʵɺ 

ʜʣʷ ʧʣʘʩʪʠʥʳ ʤʦʜʫʣʷ ʢʘʣʦʨʠʤʝʪʨʘ ʉɺʄ ʠ 13Ñ0.7 ʬʦʪʦʵʣʝʢʪʨʦ-

ʥʦʚ/ʄʵɺ ʜʣʷ ʧʣʘʩʪʠʥʳ ʤʦʜʫʣʷ ʢʘʣʦʨʠʤʝʪʨʘ MPD. ʇʦʣʫʯʝʥʥʳʝ 

ʟʥʘʯʝʥʠʷ ʩʚʝʪʦʚʳʭʦʜʦʚ ʩʮʠʥʪʠʣʣʷʮʠʦʥʥʳʭ ʧʣʘʩʪʠʥ ʫʜʦʚʣʝʪʚʦʨʷʶʪ 

ʧʨʝʜʲʷʚʣʷʝʤʳʤ ʪʨʝʙʦʚʘʥʠʷʤ ʢ ʩʦʟʜʘʚʘʝʤʳʤ ʢʘʣʦʨʠʤʝʪʨʘʤ.  

ʃʠʪʝʨʘʪʫʨʘ 
1. J. Bielcik et al., Technical Design Report for the CBM experiment. 

https://repository.gsi.de/search?p=id:%22GSI-2015-02020%22 

2. ʀ.ʅ. ʄʝʰʢʦʚ ʠ ʜʨ., ʊʝʭʥʠʯʝʩʢʠʡ ʧʨʦʝʢʪ ʫʩʢʦʨʠʪʝʣʴʥʦʛʦ ʢʦʤʧʣʝʢʩʘ 

NICA. http://nucloweb.jinr.ru/nica/TDR/2015/TDR_Volume_1.pdf 

https://repository.gsi.de/search?p=id:%22GSI-2015-02020%22
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ʈʆʉʉʀʁʉʂʀɽ ʄɽʊʆɼʀʂʀ ɼɽʊɽʂʊʀʈʆɺɸʅʀʗ  

ʈɽɸʂʊʆʈʅʓʍ ɸʅʊʀʅɽʁʊʈʀʅʆ 

 

ʂʠʨʩʘʥʦʚʘ ʖ. ɸ., ʀʚʘʥʦʚ ɸ. ɺ. 
 

ɼʀʊʀ ʅʀʗʋ ʄʀʌʀ, ʛ. ɼʠʤʠʪʨʦʚʛʨʘʜ 

89020082880, yuyuyu@mail.ru 

 

ʅʝʡʪʨʠʥʦ ʷʚʣʷʝʪʩʷ ʩʘʤʦʡ ʟʘʛʘʜʦʯʥʦʡ ʠ ʩʘʤʦʡ ʤʘʣʦ ʠʟʫʯʝʥʥʦʡ 

ʯʘʩʪʠʮʝʡ ʚʦ ɺʩʝʣʝʥʥʦʡ. ʀʩʪʦʨʠʷ ʝʝ ʠʟʫʯʝʥʠʷ ʥʘʯʘʣʘʩʴ ʙʦʣʝʝ 80 ʣʝʪ 

ʥʘʟʘʜ, ʧʦʩʣʝ ʪʦʛʦ, ʢʘʢ ɺʦʣʴʬʛʘʥʛ ʇʘʫʣʠ ʪʝʦʨʝʪʠʯʝʩʢʠ ʧʨʝʜʩʢʘʟʘʣ 

ʩʫʱʝʩʪʚʦʚʘʥʠʝ ʥʝʡʪʨʠʥʦ. ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʯʘʩʪʠʮʘ ʙʳʣʘ ʦʙʥʘ-

ʨʫʞʝʥʘ ʚ 1956 ʛ. ʇʦʟʜʥʝʝ ʙʳʣ ʩʜʝʣʘʥ ʚʳʚʦʜ ʦ ʩʫʱʝʩʪʚʦʚʘʥʠʠ ʜʚʫʭ 

ʨʘʟʥʳʭ ʥʝʡʪʨʠʥʦ: ʦʜʥʦ ʨʦʞʜʘʝʪʩʷ ʚ ‍ȟ ʜʨʫʛʦʝ ʚ ‍  ʨʘʩʧʘʜʝ. ɺ 

ʦʧʳʪʝ ʈ. ɼʵʚʠʩʘ ʥʘ ʷʜʝʨʥʦʤ ʨʝʘʢʪʦʨʝ ʙʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʵʪʦ ʨʘʟ-

ʥʳʝ ʯʘʩʪʠʮʳ ï ʥʝʡʪʨʠʥʦ ʠ ʘʥʪʠʥʝʡʪʨʠʥʦ[1]. ɺʦ ʚʪʦʨʦʡ ʧʦʣʦʚʠʥʝ 

ʍʍ ʚʝʢʘ ʙʳʣʠ ʦʪʢʨʳʪʳ ʝʱʝ ʜʚʘ ʪʠʧʘ ʥʝʡʪʨʠʥʦ: ʤʶʦʥʥʦʝ ʠ ʪʘʦʥʥʦʝ 

ʩʦ ʩʚʦʠʤʠ ʘʥʪʠʯʘʩʪʠʮʘʤʠ. ɺʩʝʛʦ ʩʝʡʯʘʩ ʠʟʚʝʩʪʥʦ ʪʨʠ ʘʢʪʠʚʥʳʭ ʪʠ-

ʧʘ ʥʝʡʪʨʠʥʦ: ʵʣʝʢʪʨʦʥʥʦʝ, ʤʶʦʥʥʦʝ ʠ ʪʘʦʥʥʦʝ. 

ɺʘʞʥʫʶ ʨʦʣʴ ʚ ʨʘʟʚʠʪʠʠ ʥʝʡʪʨʠʥʥʦʡ ʬʠʟʠʢʠ ʠʛʨʘʶʪ ʷʜʝʨʥʳʝ 

ʨʝʘʢʪʦʨʳ. ʉ ʠʭ ʧʦʤʦʱʴʶ ʷʜʝʨʥʳʭ ʙʳʣʦ ʩʜʝʣʘʥʦ ʪʨʠ ʚʘʞʥʳʭ ʦʪ-

ʢʨʳʪʠʷ ʚ ʬʠʟʠʢʝ ʥʝʡʪʨʠʥʦ: ʦʙʥʘʨʫʞʝʥʠʝ ʥʝʡʪʨʠʥʦ, ʧʦʜʪʚʝʨʞʜʝʥʠʝ 

ʩʫʱʝʩʪʚʦʚʘʥʠʡ ʦʩʮʠʣʣʷʮʠʡ ʩʦʣʥʝʯʥʳʭ ʥʝʡʪʨʠʥʦ, ʘ ʪʘʢʞʝ ʙʳʣʠ ʦʪ-

ʢʨʳʪʳ ʦʩʮʠʣʣʷʮʠʠ ʵʣʝʢʪʨʦʥʥʳʭ ʥʝʡʪʨʠʥʦ ʚ ʪʘʦʥʥʳʝ. 

ɹʫʨʥʘʷ ʧʦʩʪʘʥʦʚʢʘ ʥʝʡʪʨʠʥʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʥʘ ʷʜʝʨʥʳʭ ʨʝ-

ʘʢʪʦʨʘʭ ʥʘʯʘʣʘʩʴ ʚ 80ʭ ʛʦʜʘʭ ʧʨʦʰʣʦʛʦ ʩʪʦʣʝʪʠʷ, ʧʦʩʣʝ ʦʙʥʘʨʫʞʝ-

ʥʠʷ ʥʝʭʚʘʪʢʠ ʩʦʣʥʝʯʥʳʭ ʥʝʡʪʨʠʥʦ. ʆʜʥʠʤ ʠʟ ʦʙʲʷʩʥʝʥʠʡ ʵʪʦʛʦ ʬʝ-

ʥʦʤʝʥʘ ʙʳʣʠ ʥʝʡʪʨʠʥʥʳʝ ʦʩʮʠʣʣʷʮʠʠ[2]. ʉʨʘʟʫ ʧʦʩʣʝ ʵʪʦʛʦ ʥʘʯʘ-

ʣʠʩʴ ʵʢʩʧʝʨʠʤʝʥʪʳ ʧʦ ʧʦʠʩʢʫ ʥʝʡʪʨʠʥʥʳʭ ʦʩʮʠʣʣʷʮʠʡ. ɺ ʉʦʚʝʪ-

ʩʢʦʤ ʉʦʶʟʝ ʵʪʠʤ ʟʘʥʠʤʘʣʠʩʴ ʜʚʝ ʛʨʫʧʧʳ: ʦʜʥʘ ʥʘ ʈʦʚʝʥʩʢʦʡ ɸʕʉ, 

ʜʨʫʛʘʷ ʥʘ ʨʝʘʢʪʦʨʝ ʚ ʂʨʘʩʥʦʷʨʩʢʝ. ɺʩʝ ʛʨʫʧʧʳ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʥʘ 

ʈʦʚʝʥʩʢʦʡ ɸʕʉ ʥʘʟʚʘʥʳ ʵʢʩʧʝʨʠʤʝʥʪʘʤʠ ʥʘ ʙʣʠʟʢʠʭ ʨʘʩʩʪʦʷʥʠʷʭ, 

ʪ.ʢ. ʨʘʩʩʪʦʷʥʠʷ ʜʦ ʷʜʝʨʥʦʛʦ ʨʝʘʢʪʦʨʘ ʚ ʵʪʠʭ ʠʟʤʝʨʝʥʠʷʭ ʥʝ ʧʨʝʚʳ-

ʰʘʣʠ 100 ʤ. ɺ ʂʨʘʩʥʦʷʨʩʢʝ ʞʝ ʠʟ-ʟʘ ʥʝʜʦʩʪʘʪʢʘ ʬʠʥʘʥʩʠʨʦʚʘʥʠʷ ʜʦ 

ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʜʝʣʦ ʪʘʢ ʠ ʥʝ ʜʦʰʣʦ. ɺ ʧʨʦʚʦʜʠʤʳʭ ʦʧʳʪʘʭ ʦʩʮʠʣ-

ʣʷʮʠʡ ʦʙʥʘʨʫʞʝʥʦ ʥʝ ʙʳʣʦ. ʈʝʟʫʣʴʪʘʪʳ ʵʢʩʧʝʨʠʤʝʥʪʦʚ, ʢʘʢ ʧʨʘʚʠ-

ʣʦ, ʧʨʝʜʩʪʘʚʣʷʣʠ ʚ ʚʠʜʝ ʛʨʘʬʠʢʦʚ ʦʛʨʘʥʠʯʝʥʠʡ ʥʘ ʧʘʨʘʤʝʪʨʳ ʦʩ-

ʮʠʣʣʷʮʠʡ. ʉʣʝʜʫʶʱʠʤ ʥʝʡʪʨʠʥʥʳʤ ʵʢʩʧʝʨʠʤʝʥʪʦʤ ʚ ʉʉʉʈ ʩʪʘʣ 
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ʛʘʣʣʠʡ-ʛʝʨʤʘʥʠʝʚʳʡ ʵʢʩʧʝʨʠʤʝʥʪ, ʠʜʝʷ ʦʩʥʦʚʥʦʡ ʨʝʘʢʮʠʠ ʢʦʪʦʨʦʛʦ 

ʙʳʣʘ ʧʨʝʜʣʦʞʝʥʘ ʝʱʝ ʚ 1965ʛ. ɺ.ɸ. ʂʫʟʴʤʠʥʳʤ. ʇʦʟʜʥʝʝ, ʚ 1989 

ʛʦʜʫ, ʩʪʘʨʪʦʚʘʣʘ ʫʩʪʘʥʦʚʢʘ ʥʘ ʂʘʚʢʘʟʝ ʚ ɹʘʢʩʘʥʩʢʦʡ ʥʝʡʪʨʠʥʥʦʡ 

ʦʙʩʝʨʚʘʪʦʨʠʠ ʀʗʀ ʈɸʅ. ɸ ʵʢʩʧʝʨʠʤʝʥʪ ʩ ʛʘʣʣʠʝʤ ʚ ɹʅʆ ʧʨʦʜʦʣ-

ʞʘʝʪʩʷ ʜʦ ʩʠʭ ʧʦʨ. ʊʘʢʞʝ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʚ ʈʦʩʩʠʠ ʧʨʦʚʦʜʷʪʩʷ 

ʜʚʘ ʵʢʩʧʝʨʠʤʝʥʪʘ, ʠʩʧʦʣʴʟʫʶʱʠʭ ʦʪʥʦʩʠʪʝʣʴʥʳʡ ʤʝʪʦʜ ʠʟʤʝʨʝʥʠʷ: 

ʥʘ ʂʘʣʠʥʠʥʩʢʦʡ ɸʕʉ ʠ ʚ ʅʀʀ ʷʜʝʨʥʳʭ ʨʝʘʢʪʦʨʦʚ ʚ ɼʠʤʠʪʨʦʚʛʨʘ-

ʜʝ. ʆʜʠʥ ʵʢʩʧʝʨʠʤʝʥʪ ʨʘʟʨʘʙʦʪʘʥ ʢʦʣʣʘʙʦʨʘʮʠʝʡ ʀʊʕʌ-ʆʀʗʀ-

ʀʗʀ ʠ ʥʘʟʳʚʘʝʪʩʷ DAANS. ɺ ʢʘʯʝʩʪʚʝ ʜʝʪʝʢʪʦʨʘ ʠʩʧʦʣʴʟʫʝʪʩʷ 

ʩʠʣʴʥʦ ʩʝʢʮʠʦʥʠʨʦʚʘʥʥʳʡ ʜʝʪʝʢʪʦʨ ʥʘ ʙʘʟʝ ʧʣʘʩʪʠʯʝʩʢʦʛʦ ʩʮʠʥ-

ʪʠʣʣʷʪʦʨʘ. ʕʪʦʪ ʜʝʪʝʢʪʦʨ ʧʝʨʚʦʥʘʯʘʣʴʥʦ ʙʳʣ ʧʨʝʜʣʦʞʝʥ ʜʣʷ ʜʠ-

ʩʪʘʥʮʠʦʥʥʦʛʦ ʢʦʥʪʨʦʣʷ ʨʘʙʦʪʳ ʨʝʘʢʪʦʨʘ, ʥʦ ʩʝʡʯʘʩ ʦʥ ʚʳʧʦʣʥʷʝʪ 

ʤʥʦʞʝʩʪʚʦ ʠ ʜʨʫʛʠʭ ʟʘʜʘʯ. ʆʥ ʧʦʣʥʦʩʪʴʶ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʪʨʝʙʦʚʘ-

ʥʠʷʤ ʄɸɻɸʊʕ. ɺʪʦʨʦʡ ʵʢʩʧʝʨʠʤʝʥʪ ʧʨʝʜʣʦʞʝʥ ʇʀʗʌ ʚ ʢʦʣʣʘʙʦ-

ʨʘʮʠʠ ʩ ʂʫʨʯʘʪʦʚʩʢʠʤ ʠʥʩʪʠʪʫʪʦʤ. ɽʛʦ ʥʘʟʚʘʣʠ NEUTRINO-4 ʩ 

ʫʢʘʟʘʥʠʝʤ ʮʝʣʠ ʧʦʠʩʢʘ 4-ʛʦ ʩʦʩʪʦʷʥʠʷ ʥʝʡʪʨʠʥʦ. ɺ ʥʝʤ ʠʩʧʦʣʴʟʫ-

ʝʪʩʷ ʜʣʠʥʥʳʡ ʩʝʢʮʠʦʥʠʨʦʚʘʥʥʳʡ ʜʝʪʝʢʪʦʨ ʚʙʣʠʟʠ ʨʝʘʢʪʦʨʘ ʉʄ-3, 

ʚʳʙʨʘʥʥʦʛʦ ʠʟ-ʟʘ ʢʦʤʧʘʢʪʥʦʛʦ ʨʘʟʤʝʨʘ, ʯʪʦʙʳ ʠʩʪʦʯʥʠʢ ʤʦʛ ʩʯʠ-

ʪʘʪʴʩʷ ʪʦʯʝʯʥʳʤ, ʠ ʚ ʥʝʤ ʥʝ ʧʨʦʠʩʭʦʜʠʣʦ ʨʘʟʤʳʚʘʥʠʷ ʩʧʝʢʪʨʘ ʟʘ 

ʩʯʝʪ ʦʩʮʠʣʣʷʮʠʡ. ʆʩʮʠʣʣʷʮʠʠ ʨʝʛʠʩʪʨʠʨʫʶʪʩʷ ʪʦʣʴʢʦ ʚ ʜʝʪʝʢʪʦʨʝ. 

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʜʝʪʝʢʪʦʨʦʚ ʘʥʪʠʥʝʡʪʨʠʥʦ ʩʪʘʥʦʚʠʪʩʷ ʯʨʝʟʚʳ-

ʯʘʡʥʦ ʘʢʪʫʘʣʴʥʳʤ ʚ ʩʠʣʫ ʩʣʝʜʫʶʱʠʭ ʦʙʩʪʦʷʪʝʣʴʩʪʚ. ɺʦ-ʧʝʨʚʳʭ, 

ʤʝʥʷʝʪʩʷ ʭʘʨʘʢʪʝʨ ʵʢʩʧʣʫʘʪʘʮʠʠ ʫʞʝ ʧʦʩʪʨʦʝʥʥʳʭ ɸʕʉ. ʉʫʱʝ-

ʩʪʚʝʥʥʦ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʜʣʠʪʝʣʴʥʦʩʪʴ ʢʘʤʧʘʥʠʡ, ʯʪʦ ʚʝʜʝʪ ʢ ʧʝʨʝ-

ʩʤʦʪʨʫ ʩʪʘʨʳʭ ʤʝʪʦʜʦʚ ʢʦʥʪʨʦʣʷ ʨʘʙʦʪʳ ʨʝʘʢʪʦʨʘ. ɺʦ-ʚʪʦʨʳʭ, 

ʥʘʤʝʯʝʥʦ ʩʪʨʦʠʪʝʣʴʩʪʚʦ ʥʦʚʦʛʦ ʧʦʢʦʣʝʥʠʷ ʨʝʘʢʪʦʨʦʚ ʥʘ ʙʳʩʪʨʳʭ 

ʥʝʡʪʨʦʥʘʭ (ʈɹʅ), ʜʣʠʪʝʣʴʥʦʩʪʴ ʪʦʧʣʠʚʥʦʛʦ ʮʠʢʣʘ ʢʦʪʦʨʳʭ ʤʦʞʝʪ 

ʩʦʩʪʘʚʣʷʪʴ ʪʨʠïʯʝʪʳʨʝ ʛʦʜʘ. ʆʪʩʫʪʩʪʚʠʝ ʧʨʷʤʳʭ ʤʝʪʦʜʦʚ ʢʦʥʪʨʦʣʷ 

ʨʘʙʦʪʳ ʈɹʅ ʚ ʨʝʘʣʴʥʦʤ ʤʘʩʰʪʘʙʝ ʚʨʝʤʝʥʠ ʧʨʠ ʩʪʦʣʴ ʧʨʦʜʦʣʞʠ-

ʪʝʣʴʥʳʭ ʢʘʤʧʘʥʠʷʭ ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ ʩʥʠʞʝʥʠʶ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʠʭ 

ʨʘʙʦʪʳ. ʇʦʵʪʦʤʫ ʚ ʩʦʚʨʝʤʝʥʥʦʤ ʤʠʨʝ ʟʘʜʘʯʘ ʜʝʪʝʢʪʠʨʦʚʘʥʠʷ ʨʝʘʢ-

ʪʦʨʥʳʭ ʘʥʪʠʥʝʡʪʨʠʥʦ ʩʪʘʥʦʚʠʪʩʷ ʚʩʸ ʙʦʣʝʝ ʟʥʘʯʠʤʦʡ ʜʣʷ ʘʪʦʤʥʦʡ 

ʵʥʝʨʛʝʪʠʢʠ. 
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ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʚ ʙʳʩʪʨʳʭ ʨʝʘʢʪʦʨʘʭ, ʪʠʧʘ ɹʈɽʉʊ, ʤʦʥʦʥʠʪʨʠʜ-

ʥʦʛʦ ʫʨʘʥ-ʧʣʫʪʦʥʠʝʚʦʛʦ ʪʦʧʣʠʚʘ ʚʳʩʦʢʦʡ ʧʣʦʪʥʦʩʪʠ (ʩʚʳʰʝ 12 

ʛ/ʩʤ
3
) [1-2] ʠ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʠ (ʩʚʳʰʝ 15 ɺʪ/(ʤĿʂ)) ʧʦʟʚʦʣʷʝʪ 

ʦʙʝʩʧʝʯʠʪʴ ʂɺɸ å 1.06, ʩ ʦʪʢʘʟʦʤ ʦʪ ʫʨʘʥʦʚʦʛʦ ʙʣʘʥʢʝʪʘ, ʚʦʟʤʦʞ-

ʥʦʩʪʴ ʨʘʙʦʪʳ ʚ ʨʘʚʥʦʚʝʩʥʦʤ ʨʝʞʠʤʝ ʩ ʤʠʥʠʤʘʣʴʥʳʤ ʟʘʧʘʩʦʤ ʨʝʘʢ-

ʪʠʚʥʦʩʪʠ, ʠʩʢʣʶʯʘʷ ʧʨʦʠʟʚʦʜʩʪʚʦ ʧʣʫʪʦʥʠʷ ʦʨʫʞʝʡʥʦʛʦ ʢʘʯʝʩʪʚʘ 

[3].  

ʆʜʥʘʢʦ ʧʨʠ ʧʦʚʳʰʝʥʥʳʭ ʪʝʤʧʝʨʘʪʫʨʘʭ, ʥʝ ʜʦʩʪʠʛʘʷ ʪʝʤʧʝʨʘʪʫ-

ʨʳ ʧʣʘʚʣʝʥʠʷ, ʥʠʪʨʠʜʥʦʝ ʪʦʧʣʠʚʦ ʨʘʟʣʘʛʘʝʪʩʷ ʥʘ ʛʘʟʦʦʙʨʘʟʥʳʡ 

ʘʟʦʪ ʠ ʞʠʜʢʠʡ ʤʝʪʘʣʣ (ʫʨʘʥ, ʧʣʫʪʦʥʠʡ).  
ʅʝʦʙʭʦʜʠʤʦ ʧʦʜʯʝʨʢʥʫʪʴ, ʯʪʦ ʧʦʷʚʣʝʥʠʝ ʞʠʜʢʦʡ ʬʘʟʳ ʫʨʘʥʘ 

ʠʣʠ ʧʣʫʪʦʥʠʷ ʥʝʜʦʧʫʩʪʠʤʦ ʚ ʧʨʦʮʝʩʩʝ ʵʢʩʧʣʫʘʪʘʮʠʠ ʥʠʪʨʠʜʥʦʛʦ 

ʷʜʝʨʥʦʛʦ ʪʦʧʣʠʚʘ ʚ ʩʚʷʟʠ ʩ ʠʭ ʚʳʩʦʢʦʡ ʭʠʤʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʴʶ ʠ, 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʚʳʩʦʢʦʡ ʩʢʦʨʦʩʪʴʶ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩ ʢʦʥʩʪʨʫʢʮʠ-

ʦʥʥʳʤʠ ʤʘʪʝʨʠʘʣʘʤʠ. 

ʇʦʵʪʦʤʫ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʥʠʪʨʠʜʥʦʛʦ ʪʦʧʣʠʚʘ ʚ ʷʜʝʨʥʦʤ ʨʝ-

ʘʢʪʦʨʝ ʥʝʦʙʭʦʜʠʤʦ ʠʤʝʪʴ ʥʘʜʝʞʥʳʝ ʜʘʥʥʳʝ ʦ ʪʝʨʤʦʭʠʤʠʯʝʩʢʦʡ 

ʩʪʘʙʠʣʴʥʦʩʪʠ ʥʠʪʨʠʜʥʦʛʦ ʪʦʧʣʠʚʘ ʚ ʠʩʭʦʜʥʦʤ ʩʦʩʪʦʷʥʠʠ ʠ ʚ ʧʨʦ-

ʮʝʩʩʝ ʦʙʣʫʯʝʥʠʷ ʚ ʰʠʨʦʢʦʤ ʜʠʘʧʘʟʦʥʝ ʪʝʤʧʝʨʘʪʫʨ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ 

ʮʝʣʴʶ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʩʪʘʣʠ ʠʟʫʯʝʥʠʝ ʢʠʥʝʪʠʢʠ ʜʠʩʩʦʮʠʘʮʠʠ 

ʉʅʋʇ ʪʦʧʣʠʚʘ. 

ʄʝʪʦʜʠʢʘ ʠʩʩʣʝʜʦʚʘʥʠʷ ʪʝʨʤʦʩʪʘʙʠʣʴʥʦʩʪʠ ʙʳʣʘ ʦʩʥʦʚʘʥʘ ʥʘ 

ʪʝʨʤʦʛʨʘʚʠʤʝʪʨʠʯʝʩʢʠʭ ʠʟʤʝʨʝʥʠʷʭ ʚ ʘʪʤʦʩʬʝʨʝ ʛʝʣʠʷ, ʩʦʚʤʝʱʝʥ-

ʥʳʭ ʩ ʤʘʩʩ-ʩʧʝʢʪʨʦʤʝʪʨʠʯʝʩʢʠʤʠ ʠʟʤʝʨʝʥʠʷʤʠ ʦʪʭʦʜʷʱʠʭ ʛʘʟʦʚ ʥʘ 

ʢʚʘʜʨʦʫʧʦʣʴʥʦʤ ʤʘʩʩ-ʩʧʝʢʪʨʦʤʝʪʨʝ, ʠ ʧʦʩʣʝʜʫʶʱʝʤ ʤʠʢʨʦʘʥʘʣʠʟʝ 

ʦʙʨʘʟʮʦʚ ʥʘ ʵʣʝʢʪʨʦʥʥʦʤ ʤʠʢʨʦʩʢʦʧʝ. ɺ ʢʘʯʝʩʪʚʝ ʦʙʨʘʟʮʦʚ ʜʣʷ ʠʩ-
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ʩʣʝʜʦʚʘʥʠʷ ʠʩʧʦʣʴʟʦʚʘʣʠ ʩʧʝʯʝʥʥʳʝ ʪʘʙʣʝʪʢʠ ʥʠʪʨʠʜʦʚ, ʧʦʣʫʯʝʥ-

ʥʳʝ ʢʘʨʙʦʪʝʨʤʠʯʝʩʢʠʤ ʩʠʥʪʝʟʦʤ ʠʟ ʠʩʭʦʜʥʳʭ ʜʠʦʢʩʠʜʦʚ ʫʨʘʥʘ ʠ 

ʧʣʫʪʦʥʠʷ.  

ʕʢʩʧʝʨʠʤʝʥʪʳ ʧʦ ʦʧʨʝʜʝʣʝʥʠʶ ʪʝʨʤʦʭʠʤʠʯʝʩʢʦʡ ʩʪʘʙʠʣʴʥʦʩʪʠ 

ʧʨʦʚʦʜʠʣʠʩʴ ʧʦ ʤʝʪʦʜʠʢʝ, ʦʧʠʩʘʥʥʦʡ ʚ ʨʘʙʦʪʝ [4]. 
ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʨʦʜʝʣʘʥʥʦʡ ʨʘʙʦʪʳ ʧʦʣʫʯʝʥʳ ʥʦʚʳʝ ʪʝʨʤʦʛʨʘʚʠ-

ʤʝʪʨʠʯʝʩʢʠʝ ʜʘʥʥʳʝ ʧʦ ʥʠʪʨʠʜʫ ʫʨʘʥʘ ʠ ʩʤʝʰʘʥʥʦʤʫ ʥʠʪʨʠʜʥʦʤʫ 

ʪʦʧʣʠʚʫ:  

-ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʩʤʝʰʘʥʥʳʡ ʥʠʪʨʠʜ ʥʘʯʠʥʘʝʪ ʠʥʪʝʥʩʠʚʥʦ ʠʩ-

ʧʘʨʷʪʴʩʷ ʧʨʠ ʙʦʣʝʝ ʥʠʟʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ, ʯʝʤ ʥʠʪʨʠʜ ʫʨʘʥʘ. ʉʢʦ-

ʨʦʩʪʴ ʧʦʪʝʨʠ ʤʘʩʩʳ ʩʤʝʰʘʥʥʦʛʦ ʥʠʪʨʠʜʘ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 2000 
ʦ
ʉ 

ʚʳʰʝ, ʯʝʤ ʥʠʪʨʠʜʘ ʫʨʘʥʘ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 2100 
ʦ
ʉ; 

-ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ ʤʠʢʨʦʨʝʥʪʛʝʥʦʩʧʝʢʨʪʘʣʴʥʦʛʦ ʘʥʘʣʠʟʘ  ʠʩʩʣʝʜʫ-

ʝʤʳʭ ʦʙʨʘʟʮʦʚ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʚ ʩʤʝʰʘʥʥʦʤ ʫʨʘʥ-ʧʣʫʪʦʥʠʝʚʦʤ 

ʥʠʪʨʠʜʝ ʧʦʪʝʨʷ ʤʘʩʩʳ ʧʨʦʠʩʭʦʜʠʪ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʟʘ ʩʯʝʪ ʥʠʪ-

ʨʠʜʘ ʧʣʫʪʦʥʠʷ; 

 ʅʘ ʦʩʥʦʚʘʥʠʠ ʵʪʠʭ ʜʘʥʥʳʭ ʜʣʷ ʙʝʟʦʧʘʩʥʳʭ ʫʩʣʦʚʠʡ ʵʢʩʧʣʫʘʪʘ-

ʮʠʠ ʪʚʵʣʦʚ ʩ ʛʝʣʠʝʚʳʤ ʧʦʜʩʣʦʝʤ ʪʝʤʧʝʨʘʪʫʨʘ ʚ ʮʝʥʪʨʝ ʪʦʧʣʠʚʘ ʥʝ 

ʜʦʣʞʥʘ ʧʨʝʚʳʰʘʪʴ 1700 Áʉ. 
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ʉʊɸʊʋʉ ʈɸɼʀʆʀɿʆʊʆʇʅʆɻʆ ʂʆʄʇʃɽʂʉɸ ʈʀʎ-80 ʀ 

ʈɸɿʈɸɹʆʊʂɸ ʄʀʐɽʅʅʓʍ ʋʉʊʈʆʁʉʊɺ ɼʃʗ  

ʇʈʆʀɿɺʆɼʉʊɺɸ ʄɽɼʀʎʀʅʉʂʀʍ ʈɸɼʀʆʅʋʂʃʀɼʆɺ 
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ɺ ʅʀʎ çʂʫʨʯʘʪʦʚʩʢʠʡ ʀʥʩʪʠʪʫʪè, ʇʀʗʌ ʙʳʣ ʩʢʦʥʩʪʨʫʠʨʦʚʘʥ 

ʮʠʢʣʦʪʨʦʥ ʚʳʩʦʢʦʡ ʪʦʯʥʦʩʪʠ ʉ-80 ʩ ʵʥʝʨʛʠʝʡ ʚʳʚʝʜʝʥʥʦʛʦ ʧʨʦʪʦʥ-

ʥʦʛʦ ʧʫʯʢʘ 40-80 ʄʵɺ ʠ ʩʠʣʦʡ ʪʦʢʘ ʜʦ 200 ʤʢɸ. ɺ ʥʘʩʪʦʷʱʠʡ ʤʦ-

ʤʝʥʪ ʠʜʝʪ ʨʘʙʦʪʘ ʧʦ ʦʧʪʠʤʠʟʘʮʠʠ ʚʥʝʰʥʝʛʦ ʧʨʦʪʦʥʥʦʛʦ ʧʫʯʢʘ. ʆʩ-

ʥʦʚʥʦʡ ʮʝʣʴʶ ʉ-80 ʷʚʣʷʝʪʩʷ ʧʨʦʠʟʚʦʜʩʪʚʦ ʤʝʜʠʮʠʥʩʢʠʭ ʨʘʜʠʦ-

ʥʫʢʣʠʜʦʚ ʜʣʷ ʜʠʘʛʥʦʩʪʠʢʠ ʠ ʪʝʨʘʧʠʠ ʨʘʟʣʠʯʥʳʭ ʟʘʙʦʣʝʚʘʥʠʡ. ɼʘʥ-

ʥʳʡ ʮʠʢʣʦʪʨʦʥ ʪʘʢʞʝ ʧʨʝʜʥʘʟʥʘʯʝʥ ʜʣʷ ʣʝʯʝʥʠʷ ʟʘʙʦʣʝʚʘʥʠʡ ʦʨʛʘ-

ʥʦʚ ʟʨʝʥʠʷ ʧʫʪʝʤ ʦʙʣʫʯʝʥʠʷ ʟʣʦʢʘʯʝʩʪʚʝʥʥʳʭ ʦʙʨʘʟʦʚʘʥʠʡ ʚʥʫʪʨʠ 

ʛʣʘʟʘ. ʅʘ ʧʫʯʢʝ ʮʠʢʣʦʪʨʦʥʘ ʉ-80 ʙʳʣ ʩʢʦʥʩʪʨʫʠʨʦʚʘʥ ʨʘʜʠʦʠʟʦ-

ʪʦʧʥʳʡ ʢʦʤʧʣʝʢʩ ʈʀʎ-80 (ʈʘʜʠʦʠʟʦʪʦʧʥʳʡ ʢʦʤʧʣʝʢʩ ʥʘ ʮʠʢʣʦ-

ʪʨʦʥʝ ʉ-80), ʦʙʝʩʧʝʯʠʚʘʶʱʠʡ ʧʦʣʫʯʝʥʠʝ ʠʩʪʦʯʥʠʢʦʚ ʚʳʩʦʢʦʡ ʘʢ-

ʪʠʚʥʦʩʪʠ ʧʨʘʢʪʠʯʝʩʢʠ ʜʣʷ ʚʩʝʛʦ ʧʝʨʝʯʥʷ ʤʝʜʠʮʠʥʩʢʠʭ ʨʘʜʠʦ-

ʥʫʢʣʠʜʦʚ, ʧʨʦʠʟʚʝʜʝʥʥʳʭ ʚ ʫʩʢʦʨʠʪʝʣʷʭ. ɺʘʞʥʦʡ ʦʩʦʙʝʥʥʦʩʪʴʶ 

ʈʀʎ-80 ̫ ʚʣʷʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʤʘʩʩ-ʩʝʧʘʨʘʪʦʨʘ, ʦʙʝʩʧʝʯʠʚʘʶʱʝʝ 

ʧʨʦʠʟʚʦʜʩʪʚʦ ʨʘʟʜʝʣʝʥʥʳʭ ʨʘʜʠʦʥʫʢʣʠʜʦʚ ʚʳʩʦʢʦʡ ʩʪʝʧʝʥʠ ʯʠʩʪʦ-

ʪʳ, ʠʤʝʶʱʠʭ ʙʦʣʴʰʦʝ ʟʥʘʯʝʥʠʝ ʜʣʷ ʤʝʜʠʮʠʥʩʢʠʭ ʮʝʣʝʡ. ɺ ʥʘʩʪʦ-

ʷʱʝʝ ʚʨʝʤʷ ʥʘ ʈʀʎ-80 ʨʘʟʨʘʙʘʪʳʚʘʶʪʩʷ ʤʠʰʝʥʥʳʝ ʧʨʦʪʦʪʠʧʳ ʜʣʷ 

ʧʨʦʠʟʚʦʜʩʪʚʘ ʨʘʜʠʦʥʫʢʣʠʜʦʚ. ɺ ʜʘʥʥʦʤ ʦʙʟʦʨʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʝ-

ʟʫʣʴʪʘʪʳ ʠʩʧʳʪʘʥʠʷ ʨʘʟʣʠʯʥʳʭ ʤʠʰʝʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʜʣʷ ʧʨʦʠʟ-

ʚʦʜʩʪʚʘ ʨʘʜʠʦʠʟʦʪʦʧʦʚ 
67

Cu, 
82

Sr, 
223,224

Ra ʠ ʜʨʫʛʠʭ ʵʣʝʤʝʥʪʦʚ.   
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ʕʂʉʇɽʈʀʄɽʅʊɸʃʔʅʆɽ ʀʉʉʃɽɼʆɺɸʅʀɽ  

ɿɸɺʀʉʀʄʆʉʊʀ ʄʀʅʀʄɸʃʔʅʆɻʆ ʅɽʉʊɸʎʀʆʅɸʈʅʆɻʆ 

ʂʈʀʊʀʏɽʉʂʆɻʆ ʊɽʇʃʆɺʆɻʆ ʇʆʊʆʂɸ ʆʊ ɼɸɺʃɽʅʀʗ ɺ 

ɾʀɼʂʆʄ ɸɿʆʊɽ 
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ʅʘʩʪʫʧʣʝʥʠʝ ʢʨʠʟʠʩʘ ʪʝʧʣʦʦʪʜʘʯʠ ʚ ʪʝʧʣʦʦʙʤʝʥʥʦʤ ʦʙʦʨʫʜʦʚʘ-

ʥʠʠ ʧʨʠʚʦʜʠʪ ʢ ʩʫʱʝʩʪʚʝʥʥʦʤʫ ʫʚʝʣʠʯʝʥʠʶ ʪʝʤʧʝʨʘʪʫʨʳ ʦʭʣʘʞʜʘ-

ʝʤʦʡ ʧʦʚʝʨʭʥʦʩʪʠ, ʯʪʦ ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ ʨʘʟʨʫʰʝʥʠʶ ʫʩʪʨʦʡʩʪʚʘ. 

ɺ ʨʘʙʦʪʘʭ [1, 2] ʧʦʢʘʟʘʥʦ, ʯʪʦ ʜʣʷ ʞʠʜʢʦʛʦ ʘʟʦʪʘ ʧʨʠ ʨʝʟʢʦʤ ʫʚʝʣʠ-

ʯʝʥʠʠ ʤʦʱʥʦʩʪʠ ʪʝʧʣʦʚʳʜʝʣʝʥʠʷ ʚ ʥʘʛʨʝʚʘʪʝʣʝ ʦʪ ʥʫʣʝʚʦʛʦ ʫʨʦʚʥʷ 

ʢʨʠʟʠʩ ʪʝʧʣʦʦʪʜʘʯʠ ʧʨʦʠʩʭʦʜʠʪ ʧʨʠ ʪʝʧʣʦʚʳʭ ʧʦʪʦʢʘʭ q ʟʥʘʯʠ-

ʪʝʣʴʥʦ ʥʠʞʝ, ʯʝʤ ʚʝʣʠʯʠʥʘ ʧʝʨʚʦʛʦ ʢʨʠʪʠʯʝʩʢʦʛʦ ʪʝʧʣʦʚʦʛʦ ʧʦʪʦʢʘ 

qʢʨ1 [3], ʧʦʣʫʯʝʥʥʦʛʦ ʧʨʠ ʤʝʜʣʝʥʥʦʤ ʫʚʝʣʠʯʝʥʠʠ ʪʝʧʣʦʚʦʡ ʥʘʛʨʫʟ-

ʢʠ. ɹʫʜʝʤ ʥʘʟʳʚʘʪʴ ʤʠʥʠʤʘʣʴʥʫʶ ʚʝʣʠʯʠʥʫ ʪʝʧʣʦʚʦʛʦ ʧʦʪʦʢʘ, ʧʨʠ 

ʢʦʪʦʨʦʡ ʧʨʦʠʩʭʦʜʠʪ ʢʨʠʟʠʩ ʢʠʧʝʥʠʷ ʧʨʠ ʠʤʧʫʣʴʩʥʦʤ ʪʝʧʣʦʚʳʜʝ-

ʣʝʥʠʠ, ʥʝʩʪʘʮʠʦʥʘʨʥʳʤ ʢʨʠʪʠʯʝʩʢʠʤ ʪʝʧʣʦʚʳʤ ʧʦʪʦʢʦʤ qʢʨ, ʤʠʥ.  

ɺ ʧʨʝʜʳʜʫʱʠʭ ʨʘʙʦʪʘʭ [4] ʘʚʪʦʨʘʤʠ ʙʳʣʦ ʧʨʦʚʝʜʝʥʦ ʪʝʦʨʝʪʠʯʝ-

ʩʢʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʫʩʣʦʚʠʡ ʥʘʩʪʫʧʣʝʥʠʷ ʢʨʠʟʠʩʘ ʪʝʧʣʦʦʪʜʘʯʠ ʧʨʠ 

ʠʤʧʫʣʴʩʥʦʤ ʪʝʧʣʦʚʳʜʝʣʝʥʠʠ ʠ ʨʘʟʨʘʙʦʪʘʥʘ ʤʦʜʝʣʴ, ʧʦʟʚʦʣʷʶʱʘʷ 

ʨʘʩʩʯʠʪʘʪʴ ʟʥʘʯʝʥʠʝ ʤʠʥʠʤʘʣʴʥʦʛʦ ʥʝʩʪʘʮʠʦʥʘʨʥʦʛʦ ʢʨʠʪʠʯʝʩʢʦʛʦ 

ʪʝʧʣʦʚʦʛʦ ʧʦʪʦʢʘ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʜʘʚʣʝʥʠʷ ʠ ʨʦʜʘ ʞʠʜʢʦʩʪʠ. ɹʳ-

ʣʘ ʧʦʣʫʯʝʥʘ ʬʦʨʤʫʣʘ ʜʣʷ ʨʘʩʯʝʪʘ qʢʨ, ʤʠʥ ʧʨʠ ʥʘʙʨʦʩʝ ʤʦʱʥʦʩʪʠ 

ʪʝʧʣʦʚʳʜʝʣʝʥʠʷ ʚ ʧʨʠʙʣʠʞʝʥʠʠ ʧʣʦʩʢʦʛʦ ʥʘʛʨʝʚʘʪʝʣʷ: 
3/1
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.  (1) 

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʜʘʥʥʳʝ ʧʦ 

ʚʣʠʷʥʠʶ ʜʘʚʣʝʥʠʷ ʥʘ ʚʝʣʠʯʠʥʫ qʢʨ, ʤʠʥ ʚ ʞʠʜʢʦʤ ʘʟʦʪʝ. ʅʘ ʨʠʩ. 1 

ʧʦʢʘʟʘʥ ʛʨʘʬʠʢ ʟʘʚʠʩʠʤʦʩʪʠ ʢʨʠʪʠʯʝʩʢʠʭ ʤʠʥʠʤʘʣʴʥʳʭ ʪʝʧʣʦʚʳʭ 

ʧʦʪʦʢʦʚ ʦʪ ʧʨʠʚʝʜʝʥʥʦʛʦ ʜʘʚʣʝʥʠʷ. ʂʘʢ ʚʠʜʥʦ ʠʟ ʨʠʩʫʥʢʘ, ʧʨʠ ʜʘʚ-

ʣʝʥʠʷʭ, ʤʝʥʴʰʠʭ ʛʨʘʥʠʯʥʦʛʦ ʟʥʘʯʝʥʠʷ pʛʨ º 2 ʘʪʤ., ʵʢʩʧʝʨʠʤʝʥ-
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ʪʘʣʴʥʳʝ ʜʘʥʥʳʝ ʭʦʨʦʰʦ ʩʦʚʧʘʜʘʶʪ ʩ ʨʘʩʯʝʪʦʤ ʧʦ ʬʦʨʤʫʣʝ (1). ʇʨʠ 

ʜʘʚʣʝʥʠʷʭ ʚʳʰʝ ʛʨʘʥʠʯʥʦʛʦ, ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʟʥʘʯʝʥʠʷ 

qʢʨ, ʤʠʥ ʦʢʘʟʘʣʠʩʴ ʚʝʩʴʤʘ ʙʣʠʟʢʠʤʠ ʢ ʟʥʘʯʝʥʠʷʤ ʚʪʦʨʦʛʦ ʢʨʠʪʠʯʝ-

ʩʢʦʛʦ ʪʝʧʣʦʚʦʛʦ ʧʦʪʦʢʘ [5]: 
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ʛʜʝ b - ʧʦʩʪʦʷʥʥʘʷ ʃʘʧʣʘʩʘ. 

 
ʈʠʩʫʥʦʢ 1. ɿʘʚʠʩʠʤʦʩʪʴ ʢʨʠʪʠʯʝʩʢʠʭ ʪʝʧʣʦʚʳʭ ʧʦʪʦʢʦʚ ʦʪ ʧʨʠʚʝʜʝʥ-

ʥʦʛʦ ʜʘʚʣʝʥʠʷ ʚ ʞʠʜʢʦʤ ʘʟʦʪʝ. 1 ï ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʜʘʥʥʳʝ; 2, 3 ï

 ʨʘʩʯʝʪ ʧʦ ʬʦʨʤʫʣʘʤ (1) ʠ (2). 

 

ɿʘʢʣʶʯʝʥʠʝ 

ʅʘ ʦʩʥʦʚʝ ʧʦʣʫʯʝʥʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʜʘʥʥʳʭ ʧʨʦʚʝʜʝʥʦ 

ʫʪʦʯʥʝʥʠʝ ʟʘʚʠʩʠʤʦʩʪʠ ʤʠʥʠʤʘʣʴʥʦʛʦ ʥʝʩʪʘʮʠʦʥʘʨʥʦʛʦ ʢʨʠʪʠʯʝ-

ʩʢʦʛʦ ʪʝʧʣʦʚʦʛʦ ʧʦʪʦʢʘ ʦʪ ʜʘʚʣʝʥʠʷ ʜʣʷ ʞʠʜʢʦʛʦ ʘʟʦʪʘ. ɿʥʘʥʠʝ ʚʝ-

ʣʠʯʠʥʳ qʢʨ, ʤʠʥ ʥʝʦʙʭʦʜʠʤʦ ʜʣʷ ʨʘʟʚʠʪʠʷ ʧʦʥʠʤʘʥʠʷ ʥʝ ʪʦʣʴʢʦ 

ʬʠʟʠʢʠ ʢʠʧʝʥʠʷ, ʥʦ ʠ ʜʣʷ ʨʝʰʝʥʠʷ ʧʨʠʢʣʘʜʥʳʭ ʟʘʜʘʯ, ʪʘʢʠʭ ʢʘʢ 

ʨʘʟʨʘʙʦʪʢʘ ʩʠʩʪʝʤ ʦʭʣʘʞʜʝʥʠʷ, ʦʩʦʙʝʥʥʦ ʧʨʠ ʩʪʘʙʠʣʠʟʘʮʠʠ ʩʚʝʨʭ-

ʧʨʦʚʦʜʥʠʢʦʚʳʭ ʫʩʪʨʦʡʩʪʚ. 
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ʀʩʩʣʝʜʦʚʘʥʠʝ ʚʳʧʦʣʥʝʥʦ ʟʘ ʩʯʝʪ ʛʨʘʥʪʘ ʈʦʩʩʠʡʩʢʦʛʦ ʥʘʫʯʥʦʛʦ 

ʬʦʥʜʘ (ʧʨʦʝʢʪ ˉ 16- 19-10548). 
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ʇʈʆʎɽʉʉʓ ɺʃʀʗʖʑʀɽ ʅɸ ʌɸɿʆɺʓʁ ʉʆʉʊɸɺ  

ʄɸʊʈʀʎʓ ʇʆʃʋʏɽʅʅʆʁ ʄɽʊʆɼʆʄ ʉɺʉ 

 

ʂʫʟʴʤʠʥ ɺ.ʉ.
 1
, ʇʦʩʦʭʦʚ ɼ.ɺ.

1 

 
1
ʊʦʤʩʢʠʡ ʧʦʣʠʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ, 634034, ʛ.ʊʦʤʩʢ, ʧʨ. ʃʝʥʠʥʘ, 30 

ʢʦʥʪ. ʪʝʣ. 89234036474, e-mail: vsk23@tpu.ru 

 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ 

ʥʘʢʦʧʣʝʥʦ ʧʦʨʷʜʢʘ ʧʷʪʠʩʦʪ ʰʝʩʪʠʜʝʩʷʪʠ ʤʠʣʣʠʦʥʦʚ ʢʫʙʠʯʝʩʢʠʭ 

ʤʝʪʨʦʚ ʨʘʜʠʦʘʢʪʠʚʥʳʭ ʦʪʭʦʜʦʚ, 50% ʠʟ ʢʦʪʦʨʳʭ ʥʘʭʦʜʷʪʩʷ ʚʦ ʚʨʝ-

ʤʝʥʥʳʭ ʭʨʘʥʠʣʠʱʘʭ ʜʦ ʜʘʣʴʥʝʡʰʝʡ ʧʝʨʝʨʘʙʦʪʢʠ. [1] 

ʅʘ ʜʘʥʥʦʤ ʵʪʘʧʝ ʨʝʘʣʠʟʦʚʘʥʳ ʜʚʘ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʘ ʧʦ 

ʠʤʤʦʙʠʣʠʟʘʮʠʠ ʈɸʆ ʚ ʤʘʪʨʠʮʳ, ʮʝʤʝʥʪʠʨʦʚʘʥʠʝ ʠ ʠʩʧʦʣʴʟʦʚʘʥʠʝ 

ʤʘʪʨʠʮ ʥʘ ʦʩʥʦʚʝ ʩʪʝʢʣʘ. ʉ ʪʦʯʢʠ ʟʨʝʥʠʷ ʵʢʦʣʦʛʠʯʝʩʢʦʡ ʙʝʟʦʧʘʩʥʦ-

ʩʪʠ ʧʨʠ ʭʨʘʥʝʥʠʠ ʨʘʜʠʦʘʢʪʠʚʥʳʭ ʦʪʭʦʜʦʚ ʚ ʪʝʯʝʥʠʠ ʜʝʩʷʪʢʦʚ ʠ ʩʦ-

ʪʝʥ ʪʳʩʷʯ ʣʝʪ ʩʪʝʢʣʷʥʥʳʝ ʤʘʪʨʠʮʳ ʥʝ ʤʦʛʫʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ 

ʜʣʷ ʠʤʤʦʙʠʣʠʟʘʮʠʠ ʦʪʭʦʜʦʚ, ʩʦʜʝʨʞʘʱʠʭ ʜʦʣʛʦʞʠʚʫʱʠʝ ʨʘʜʠʦ-

ʥʫʢʣʠʜʳ. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʘʢʪʠʚʥʦ ʧʨʦʜʦʣʞʘʝʪʩʷ ʧʦʠʩʢ ʥʦʚʳʭ 

ʠʤʤʦʙʠʣʠʟʘʮʠʦʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ, ʣʠʰʝʥʥʳʭ ʜʘʥʥʳʭ ʥʝʜʦʩʪʘʪʢʦʚ 

[2]. 

ʀʩʭʦʜʥʘʷ ʰʠʭʪʘ ʛʦʪʦʚʠʣʘʩʴ ʠʟ ʨʘʩʯʝʪʘ ʥʘ ʧʨʦʭʦʞʜʝʥʠʝ ʩʣʝʜʫ-

ʶʱʝʡ ʵʢʟʦʪʝʨʤʠʯʝʩʢʦʡ ʨʝʘʢʮʠʠ: 

Al  + Nd2O3 = NdAlO3 + Nd 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʥʘʛʨʝʚʘʥʠʷ ʠʩʭʦʜʥʦʛʦ ʦʙʨʘʟʮʘ ʜʦ ʪʝʤʧʝʨʘʪʫʨʳ 

ʦʢʦʣʦ 500 ï 600 ʂ (ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʧʦʜʛʦʪʦʚʢʠ ʠʩʭʦʜʥʦʡ ʰʠʭʪʳ 

ʢʦʤʧʦʥʝʥʪʦʚ) ʥʘ ʢʨʦʤʢʘʭ ʪʦʨʮʦʚ ʠʥʠʮʠʠʨʦʚʘʣʘʩʴ ʚʦʣʥʘ ʛʦʨʝʥʠʷ, 

ʢʦʪʦʨʘʷ ʨʘʩʧʨʦʩʪʨʘʥʷʣʘʩʴ ʧʦ ʦʙʲʝʤʫ ʦʙʨʘʟʮʘ.  

ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʨʝʥʪʛʝʥʦʬʘʟʦʚʳʤ ʘʥʘʣʠʟʦʤ, ʥʘʙʣʶʜʘʝʪʩʷ ʦʙ-

ʨʘʟʦʚʘʥʠʝ ʧʝʨʦʚʩʢʠʪʥʦʡ ʬʘʟʳ ʚ ʥʝʟʥʘʯʠʪʝʣʴʥʳʭ ʢʦʣʠʯʝʩʪʚʘʭ ʧʦ-

ʨʷʜʢʘ 10-12 %, ɿʥʘʯʠʪʝʣʴʥʘʷ ʯʘʩʪʴ ʘʣʶʤʠʥʠʷ ʥʝ ʨʝʘʛʠʨʫʝʪ ʩ ʦʙʨʘ-

ʟʦʚʘʥʠʝʤ ʧʝʨʦʚʩʢʠʪʘ ʚ ʩʣʝʜʩʪʚʠʠ ʥʝʜʦʩʪʘʪʦʯʥʦʛʦ ʵʥʝʨʛʝʪʠʯʝʩʢʦʛʦ 

ʚʳʭʦʜʘ ʨʝʘʢʮʠʠ. 

ɺ ʮʝʣʷʭ ʧʦʣʫʯʝʥʠʷ ʥʘʠʙʦʣʝʝ ʧʦʜʭʦʜʷʱʝʛʦ ʧʦ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤ 

ʨʝʟʫʣʴʪʘʪʘ ʙʳʣʠ ʧʦʜʛʦʪʦʚʣʝʥʳ ʦʙʨʘʟʮʳ ʩ ʨʘʟʣʠʯʥʳʤ ʩʦʜʝʨʞʘʥʠʝʤ 

ʥʠʢʝʣʝʚʦʡ ʜʦʙʘʚʢʠ (10-30 ʚʝʩ. %), ʢʘʢ ʦʜʥʠʤ ʠʟ ʤʝʪʦʜʦʚ ʫʧʨʘʚʣʝ-

ʥʠʷ ʉɺʉ, ʠ ʨʘʟʣʠʯʥʳʤ ʜʘʚʣʝʥʠʝʤ ʧʨʝʩʩʦʚʘʥʠʷ (15-30 ʄʇʘ). 
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ʂʨʦʤʝ ʪʦʛʦ, ʚʚʝʜʝʥʠʝ ʥʠʢʝʣʷ ʚ ʰʠʭʪʫ ʢʦʤʧʦʥʝʥʪʦʚ ʜʦʣʞʥʦ ʧʨʠ-

ʚʦʜʠʪʴ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʨʘʟʣʠʯʥʳʭ ʘʣʣʶʤʠʥʠʜʦʚ ʥʠʢʝʣʷ, ʘ ʚʢʣʶʯʝ-

ʥʠʝ Ni2Al 3 ʩʧʦʩʦʙʥʦ ʫʚʝʣʠʯʠʪʴ ʧʨʦʯʥʦʩʪʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ʚʩʣʝʜʩʪʚʠʝ ʠʩʢʘʞʝʥʥʦʡ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʨʝʰʝʪʢʠ. 

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʤʝʭʘʥʠʯʝʩʢʦʡ ʘʢʪʠʚʘʮʠʠ ʧʦʟʚʦʣʷʝʪ ʫʚʝʣʠʯʠʪʴ 

ʭʠʤʠʯʝʩʢʫʶ ʘʢʪʠʚʥʦʩʪʴ ʚʝʱʝʩʪʚʘ ʟʘ ʩʯʸʪ ʫʚʝʣʠʯʝʥʠʷ ʝʛʦ ʚʥʫʪʨʝʥ-

ʥʝʡ ʵʥʝʨʛʠʠ. ʇʦʜʦʙʥʳʡ ʧʨʦʮʝʩʩ ʚʦʟʤʦʞʥʦ ʦʩʫʱʝʩʪʚʠʪʴ ʚ ʫʩʪʨʦʡ-

ʩʪʚʘʭ, ʨʝʘʣʠʟʫʶʱʠʭ ʨʘʟʣʠʯʥʳʝ ʤʝʭʘʥʠʟʤʳ ʩʠʣʦʚʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ 

ʥʘ ʰʠʭʪʫ; ʚ ʨʝʟʫʣʴʪʘʪʝ ʧʨʠʦʙʨʝʪʝʥʥʘʷ ʤʝʭʘʥʠʯʝʩʢʘʷ ʵʥʝʨʛʠʷ 

ʥʘʢʘʧʣʠʚʘʝʪʩʷ ʚ ʚʠʜʝ ʩʪʨʫʢʪʫʨʥʳʭ ʜʝʬʝʢʪʦʚ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʨʝ-

ʰʝʪʢʠ. ɿʘʧʘʩʝʥʥʘʷ ʵʥʝʨʛʠʷ, ʧʦʣʫʯʝʥʥʘʷ ʧʦʜ ʚʦʟʜʝʡʩʪʚʠʝʤ ʤʝʭʘʥʠ-

ʯʝʩʢʦʡ ʘʢʪʠʚʘʮʠʠ, ʚʳʩʚʦʙʦʞʜʘʝʪʩʷ ʧʨʠ ʧʨʦʚʝʜʝʥʠʠ ʩʠʥʪʝʟʘ ʩ ʧʦ-

ʚʳʰʝʥʠʝʤ ʪʝʤʧʝʨʘʪʫʨʳ, ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʤʝʭʘʥʦʘʢ-

ʪʠʚʘʮʠʠ ʧʦʟʚʦʣʷʝʪ ʨʘʩʰʠʨʠʪʴ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʛʦʨʝʥʠʷ ʩʠʩʪʝʤʳ. 

ʇʦʜ ʜʝʡʩʪʚʠʝʤ ʤʝʭʘʥʠʯʝʩʢʦʡ ʘʢʪʠʚʘʮʠʠ ʧʨʦʠʩʭʦʜʠʪ ʫʤʝʥʴʰʝ-

ʥʠʝ ʨʘʟʤʝʨʘ ʯʘʩʪʠʮ, ʪʝʤ ʩʘʤʳʤ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʧʣʦʱʘʜʴ ʢʦʥʪʘʢʪʘ 

ʯʘʩʪʠʮ ʚ ʩʤʝʩʠ, ʧʦʚʳʰʘʝʪʩʷ ʨʝʘʢʮʠʦʥʥʘʷ ʩʧʦʩʦʙʥʦʩʪʴ ʪʚʸʨʜʳʭ ʨʝʘ-

ʛʝʥʪʦʚ, ʫʤʝʥʴʰʘʝʪʩʷ ʪʝʤʧʝʨʘʪʫʨʘ ʠʥʠʮʠʠʨʦʚʘʥʠʷ ʨʝʘʢʮʠʠ, ʩʥʠʞʘ-

ʝʪʩʷ ʧʦʨʠʩʪʦʩʪʴ, ʧʦʚʳʰʘʝʪʩʷ ʧʨʦʯʥʦʩʪʴ, ʫʣʫʯʰʘʶʪʩʷ ʧʣʘʩʪʠʯʝʩʢʠʝ 

ʩʚʦʡʩʪʚʘ ʤʘʪʝʨʠʘʣʦʚ. 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʤʝʭʘʥʠʯʝʩʢʦʡ ʘʢʪʠʚʘʮʠʠ ʜʦʩʪʠʛʘʝʪʩʷ ʙʦʣʝʝ ʦʜʥʦ-

ʨʦʜʥʘʷ ʩʪʨʫʢʪʫʨʘ ʠʩʭʦʜʥʦʛʦ ʦʙʨʘʟʮʘ, ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʧʦʚʝʨʭʥʦʩʪʴ 

ʩʦʧʨʠʢʦʩʥʦʚʝʥʠʷ ʢʦʤʧʦʥʝʥʪʦʚ ʩʤʝʩʠ, ʪʘʢ ʢʘʢ ʯʘʩʪʠʮʳ ʩʪʘʥʦʚʷʪʩʷ 

ʙʦʣʝʝ ʤʝʣʢʠʤʠ. 
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ʀɿʄɽʈɽʅʀʗ ʕʅɽʈɻɽʊʀʏɽʉʂʆʁ ɿɸɺʀʉʀʄʆʉʊʀ 

ʇʆʃʅʓʍ ʉɽʏɽʅʀʁ ʗɼɽʈʅʓʍ ʈɽɸʂʎʀʁ 
6
He + Si ʠ 

9
Li + Si 

ɺ ɼʀɸʇɸɿʆʅɽ ʕʅɽʈɻʀʀ ʇʋʏʂɸ ɺ 5 - 50 ʄʵɺ/ʅʋʂʃʆʅ 
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1,2
, ʖ.ʕ. ʇʝʥʠʦʥʞʢʝʚʠʯ 

1,2 
 , ʖ.ɻ. ʉʦʙʦʣʝʚ 

1
, 
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ʈʦʩʩʠʷ 
2 ʄʀʌʀ, ʅʘʮʠʦʥʘʣʴʥʳʡ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʷʜʝʨʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ, 

115409, ʂʘʰʠʨʩʢʦʝ ʰʦʩʩʝ- 31, ʄʦʩʢʚʘ, ʈʦʩʩʠʷ; 

ʢʦʥʪ. ʪʝʣ. 8-925-299-69-95 
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ʇʨʝʜʩʪʘʚʣʝʥʳ ʦʧʠʩʘʥʠʝ ʫʩʪʘʥʦʚʢʠ 4 ́ ʛʘʤʤʘ ï ʩʧʝʢʪʨʦʤʝʪʨʘ, 

ʠʩʧʦʣʴʟʫʝʤʦʡ ʚ ʵʢʩʧʝʨʠʤʝʥʪʝ, ʪʨʘʥʩʤʠʩʩʠʦʥʥʳʝ ʤʝʪʦʜʠʢʠ, ʩ ʧʦ-

ʤʦʱʴʶ ʢʦʪʦʨʳʭ ʧʨʦʚʦʜʠʣʦʩʴ ʧʨʷʤʦʝ ʠʟʤʝʨʝʥʠʝ ůR(E) [1-3]. ʇʦʣʫ-

ʯʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʧʦʣʥʳʭ ʩʝʯʝʥʠʡ ʨʝʘʢʮʠʡ ʩ ʧʫʯʢʘʤʠ ʵʢʟʦʪʠʯʝʩʢʠʭ 

ʷʜʝʨ (
6
He, 

9
Li) ʚ ʜʠʘʧʘʟʦʥʝ ʵʥʝʨʛʠʠ ʧʫʯʢʘ ʚ 5 - 50 ʄʵɺ/ʥʫʢʣʦʥ. 

ʇʨʦʚʝʜʝʥ ʨʘʩʯʝʪ ʬʫʥʢʮʠʠ ʦʪʢʣʠʢʘ ʩʧʝʢʪʨʦʤʝʪʨʘ ʩ ʧʦʤʦʱʴʶ ʢʦʜʘ 

ʄʦʥʪʝ-ʂʘʨʣʦ Geant-4. 

 

ʈʠʩ.1    ʉʭʝʤʘ ʫʩʪʘʥʦʚʢʠ ʜʣʷ ʠʟʤʝʨʝʥʠʷ ʧʦʣʥʳʭ ʩʝʯʝʥʠʡ ʨʝʘʢʮʠʡ ʤʝʪʦʜʦʤ 

4ˊ ʩʮʠʥʪʠʣʣʷʮʠʦʥʥʦʛʦ ɔ-ʩʧʝʢʪʨʦʤʝʪʨʘ. 

 

ʈʠʩ.2   3D-ʚʠʜ 4 -́ɔ ʩʧʝʢʪʨʦʤʝʪʨʘ ʫʩʪʘʥʦʚʢʠ MULTI 
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ʈʠʩ.3. ʕʥʝʨʛʝʪʠʯʝʩʢʠʝ ʟʘʚʠʩʠʤʦʩʪʠ ʧʦʣʥʳʭ ʩʝʯʝʥʠʡ ʨʝʘʢʮʠʠ 

6
He+Si(ʩʣʝʚʘ) ʠ 

9
Li+Si(ʩʧʨʘʚʘ). [4-6] 
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ʇʆʀʉʂ ɼʆʃɻʆɾʀɺʋʑʀʍ ʊʆʇʆʃʆɻʀʏɽʉʂʀʍ  

ʈɽʐɽʅʀʁ ʇʆʃɽɺʓʍ ʅɽʃʀʅɽʁʅʓʍ ʋʈɸɺʅɽʅʀʁ 
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1,2

, ʂʫʜʨʷʚʮʝʚ ɸ.ɽ.
3 

 
1 ʋʪʨʝʭʪʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ, ʋʪʨʝʭʪ 
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ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʚʝʣʩʷ ʧʦʠʩʢ ʥʦʚʳʭ ʜʦʣʛʦʞʠʚʫʱʠʭ ʩʦʩʪʦʷʥʠʡ ʚ 

ʢʣʘʩʩʠʯʝʩʢʦʡ ʪʝʦʨʠʠ ʧʦʣʷ ʒ  ʚ ʨʘʤʢʘʭ (1+1) ʠʟʤʝʨʝʥʠʡ. 

ɺ ʨʘʙʦʪʝ ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʤʝʪʦʜ çʨʘʟʨʝʟʘʥʠʷ ʠ ʚʩʪʘʚʢʠè (ʈʠʩ.1) 

ʜʣʷ ʢʦʥʩʪʨʫʠʨʦʚʘʥʠʷ ʥʘʯʘʣʴʥʦʛʦ ʫʩʣʦʚʠʷ ʜʣʷ ʯʠʩʣʝʥʥʦʛʦ ʨʝʰʝʥʠʷ 

ʫʨʘʚʥʝʥʠʷ ʜʚʠʞʝʥʠʷ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʙʳʣʠ ʥʘʡʜʝʥʳ ʥʦʚʳʝ ʜʦʣʛʦʞʠ-

ʚʫʱʠʝ ʩʦʩʪʦʷʥʠʷ ʚ ʨʘʟʣʠʯʥʳʭ ʪʦʧʦʣʦʛʠʯʝʩʢʠʭ ʩʝʢʪʦʨʘʭ. 

ɺ ʧʨʝʜʳʜʫʱʠʭ ʨʘʙʦʪʘʭ [1] ʙʳʣʦ ʦʙʥʘʨʫʞʝʥʦ ʜʦʣʛʦʞʠʚʫʱʝʝ ʩʚʷ-

ʟʘʥʥʦʝ ʩʦʩʪʦʷʥʠʝ ʙʠʦʥ ʚ ʩʪʦʣʢʥʦʚʝʥʠʷʭ ʢʠʥʢʘ + ʠ ʘʥʪʠʢʠʥʢʘ +. ɺ 
ʪʝʢʫʱʝʡ ʨʘʙʦʪʝ ʚ ʥʝʪʦʧʦʣʦʛʠʯʝʩʢʦʤ ʩʝʢʪʦʨʝ ʙʳʣ ʧʦʣʫʯʝʥ ʥʦʚʳʡ 

ʢʘʯʝʩʪʚʝʥʥʳʡ ʩʧʦʩʦʙ ʦʧʠʩʘʥʠʷ ʬʦʨʤʳ ʨʘʥʝʝ ʥʘʙʣʶʜʘʝʤʦʛʦ ʙʠʦʥʘ. 

ɺ ʩʝʢʪʦʨʝ ʩ ʥʝʪʨʠʚʠʘʣʴʥʳʤ ʪʦʧʦʣʦʛʠʯʝʩʢʠʤ ʟʘʨʷʜʦʤ ʥʘʡʜʝʥʳ 

ʚʳʩʦʢʦʚʦʟʙʫʞʜʝʥʥʳʝ ʩʦʩʪʦʷʥʠʷ ʥʘʜ ʢʠʥʢʦʤ [1]. ʆʙʥʘʨʫʞʝʥʦ ʥʝ-

ʩʢʦʣʴʢʦ ʧʫʪʝʡ ʩʙʨʦʩʘ ʵʥʝʨʛʠʠ. ʂʨʦʤʝ ʠʩʧʫʩʢʘʥʠʷ ʚʦʣʥʦʚʳʭ ʧʘʢʝ-

ʪʦʚ ʤʘʣʦʡ ʘʤʧʣʠʪʫʜʳ ʙʳʣʦ, ʚʧʝʨʚʳʝ, ʦʙʥʘʨʫʞʝʥʦ ʷʚʣʝʥʠʝ ʨʦʞʜʝ-

ʥʠʷ +-+ ʧʘʨ, ʢʘʢ ʦʜʠʥ ʠʟ ʩʧʦʩʦʙʦʚ ʩʙʨʦʩʘ ʵʥʝʨʛʠʠ. ʇʨʠ ʵʪʦʤ ʧʨʦ-

ʠʩʭʦʜʠʪ ʩʤʝʥʘ ʪʦʧʦʣʦʛʠʯʝʩʢʦʛʦ ʟʘʨʷʜʘ ʢʠʥʢʘ, ʥʘʭʦʜʷʱʝʛʦʩʷ ʚ ʮʝʥ-

ʪʨʘʣʴʥʦʡ ʟʦʥʝ ʣʦʢʘʣʠʟʘʮʠʠ ʨʝʰʝʥʠʷ. ʇʨʠ ʤʝʥʴʰʠʭ ʵʥʝʨʛʠʷʭ ʚʦʟ-

ʙʫʞʜʝʥʠʷ ʚʦʟʥʠʢʘʝʪ ʜʦʣʛʦʞʠʚʫʱʝʝ ʢʦʣʝʙʘʪʝʣʴʥʦʝ ʚʦʟʙʫʞʜʝʥʥʦʝ 

ʩʦʩʪʦʷʥʠʝ ʢʠʥʢʘ. ʗʚʣʝʥʠʝ ʢʦʣʝʙʣʶʱʝʛʦʩʷ ʢʠʥʢʘ [2] ʷʚʣʷʝʪʩʷ ʢʦ-

ʥʝʯʥʦʡ ʩʪʘʜʠʝʡ ʚʩʝʭ ʨʘʩʩʤʦʪʨʝʥʥʳʭ ʩʧʦʩʦʙʦʚ ʚʦʟʙʫʞʜʝʥʠʷ. ʊʘʢʦʝ 

ʚʦʟʙʫʞʜʝʥʥʦʝ ʩʦʩʪʦʷʥʠʝ ʢʠʥʢʘ ʩ ʪʝʯʝʥʠʝʤ ʚʨʝʤʝʥʠ ʧʝʨʝʭʦʜʠʪ ʚ 

ʣʠʥʝʘʨʠʟʦʚʘʥʥʦʝ, ʨʘʥʝʝ ʠʟʚʝʩʪʥʦʝ ʨʝʰʝʥʠʝ - ʜʠʩʢʨʝʪʥʫʶ ʤʦʜʫ ʚʦʟ-

ʙʫʞʜʝʥʠʷ ʢʠʥʢʘ. 

ʅʝʩʤʦʪʨʷ ʥʘ ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʥʦʚʳʭ ʨʝʟʫʣʴʪʘʪʦʚ, ʤʝʪʦʜ 

çʨʘʟʨʝʟʘʥʠʷ ʠ ʚʩʪʘʚʢʠè ʚ ʧʨʠʤʝʥʝʥʠʠ ʢ ʤʦʜʝʣʠ ʒ  ʠʤʝʝʪ ʰʠʨʦʢʠʡ 

ʩʧʝʢʪʨ ʥʝʨʝʰʝʥʥʳʭ ʚʦʧʨʦʩʦʚ.  

ɼʘʥʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʥʘʧʨʘʚʣʝʥʳ ʥʝ ʪʦʣʴʢʦ ʚ ʩʪʦʨʦʥʫ ʪʝʦʨʠʠ 

ʧʦʣʷ. ʆʞʠʜʘʝʪʩʷ, ʯʪʦ ʥʘʡʜʝʥʥʳʝ ʨʝʰʝʥʠʷ ʩ ʙʦʣʴʰʦʡ ʚʝʨʦʷʪʥʦʩʪʴʶ 
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ʩʧʦʩʦʙʥʳ ʨʝʘʣʠʟʦʚʳʚʘʪʴʩʷ ʥʘ ʨʘʥʥʠʭ ʵʪʘʧʘʭ ʵʚʦʣʶʮʠʠ ɺʩʝʣʝʥʥʦʡ 

ʚ ʘʩʪʨʦʬʠʟʠʢʝ. ʈʝʟʫʣʴʪʘʪʳ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʦʧʫʙʣʠʢʦʚʘʥ r[3].  

 
ʈʠʩ.1ʌʦʨʤʠʨʦʚʘʥʠʝ ʥʘʯʘʣʴʥʦʛʦ ʫʩʣʦʚʠʷ ʤʝʪʦʜʦʤ çʨʘʟʨʝʟʘʥʠʷ ʠ ʚʩʪʘʚʢʠè. 

ʅʘʯʘʣʴʥʦʝ ʫʩʣʦʚʠʝ ʬʦʨʤʠʨʫʝʪʩʷ ʠʟ ʜʚʫʭ ʧʦʣʦʚʠʥ ʢʠʥʢʘ (ʰʪʨʠʭʦʚʘʷ ʣʠ-

ʥʠʷ), ʤʝʞʜʫ ʢʦʪʦʨʳʤʠ ʚʩʪʘʚʣʝʥ ʦʜʠʥ ʧʝʨʠʦʜ ʵʣʣʠʧʪʠʯʝʩʢʦʛʦ ʩʠʥʫʩʘ 

(ʩʧʣʦʰʥʘʷ ʣʠʥʠʷ). 
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P.359-386 (1997)]. 

2. ʆ.ʌ. ʆʢʩʪʦʙʠ ʠ ʀ.ɺ. ɹʘʨʘʰʝʥʢʦʚ. ɸʩʠʤʧʪʦʪʠʯʝʩʢʦʝ ʨʘʟʣʦʞʝ-

ʥʠʝ ʜʣʷ ʨʘʩʢʘʯʠʚʘʶʱʝʛʦʩʷ ʢʠʥʢʘ. ʊʝʦʨʝʪʠʯʝʩʢʘʷ ʄʘʪʝʤʘʪʠʯʝʩʢʘʷ 

ʌʠʟʠʢʘ. ʊ.159 ʉʪʨ.527-535 (2009) [O.F. Oxtoby and I.V. 
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ʃʠʢʠʡ ʆ.ʀ., ʐʫʣʴʞʝʥʢʦ ʀ.ɸ., ʗʰʠʥ ʀ.ʀ. 
 

ʅʘʮʠʦʥʘʣʴʥʳʡ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʷʜʝʨʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ çʄʀʌʀè, 

ʅʘʫʯʥʦ-ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʡ ʮʝʥʪʨ ʅɽɺʆɼ, ʄʦʩʢʚʘ, ʈʦʩʩʠʷ 

ʊʝʣ.: 8 (965) 116-72-06, e-mail: OILikiy@mephi.ru 

 

ɺ ʅʀʗʋ ʄʀʌʀ ʥʘ ʙʘʟʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ʢʦʤʧʣʝʢʩʘ (ʕʂ) 

ʅɽɺʆɼ ʩʦʟʜʘʝʪʩʷ ʫʩʪʘʥʦʚʢʘ ʅɽɺʆɼ-ʐɸʃ [1, 2], ʧʨʝʜʥʘʟʥʘʯʝʥʥʘʷ 

ʜʣʷ ʨʝʛʠʩʪʨʘʮʠʠ ʰʠʨʦʢʠʭ ʘʪʤʦʩʬʝʨʥʳʭ ʣʠʚʥʝʡ (ʐɸʃ) ʚ ʜʠʘʧʘʟʦʥʝ 

ʵʥʝʨʛʠʡ ʧʝʨʚʠʯʥʳʭ ʢʦʩʤʠʯʝʩʢʠʭ ʣʫʯʝʡ 1015-1017 ʵɺ. ʋʩʪʘʥʦʚʢʘ 

ʙʫʜʝʪ ʨʘʙʦʪʘʪʴ ʩʦʚʤʝʩʪʥʦ ʩ ʯʝʨʝʥʢʦʚʩʢʠʤ ʚʦʜʥʳʤ ʜʝʪʝʢʪʦʨʦʤ ʅɽ-

ɺʆɼ [3] ʠ ʢʦʦʨʜʠʥʘʪʥʳʤ ʜʝʪʝʢʪʦʨʦʤ ɼɽʂʆʈ [4], ʘ ʪʘʢʞʝ ʩ ʫʩʪʘ-

ʥʦʚʢʘʤʠ ʋʈɸʅ [5] ʠ ʊʈɽʂ [6], ʢʦʪʦʨʳʝ ʩʝʡʯʘʩ ʪʘʢʞʝ ʩʦʟʜʘʶʪʩʷ ʥʘ 

ʙʘʟʝ ʕʂ. ʆʥʘ ʧʦʟʚʦʣʠʪ ʦʧʨʝʜʝʣʷʪʴ ʧʦʣʦʞʝʥʠʝ ʦʩʠ, ʤʦʱʥʦʩʪʴ ʠ 

ʥʘʧʨʘʚʣʝʥʠʝ ʧʨʠʭʦʜʘ ʐɸʃ, ʨʝʛʠʩʪʨʠʨʫʝʤʳʭ ʧʝʨʝʯʠʩʣʝʥʥʳʤʠ ʚʳ-

ʰʝ ʫʩʪʘʥʦʚʢʘʤʠ ʠ ʜʝʪʝʢʪʦʨʘʤʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ʢʦʤʧʣʝʢʩʘ. ʊʘʢ 

ʢʘʢ ʅɽɺʆɼ-ʐɸʃ ʩʦʟʜʘʝʪʩʷ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʫʥʠʚʝʨʩʠʪʝʪʘ ʩ ʧʣʦʪʥʦʡ 

ʟʘʩʪʨʦʡʢʦʡ ʠ ʝʝ ʜʝʪʝʢʪʠʨʫʶʱʘʷ ʩʠʩʪʝʤʘ ʥʝ ʤʦʞʝʪ ʙʳʪʴ ʨʘʟʚʝʨʥʫʪʘ 

ʚ ʝʜʠʥʦʡ ʧʣʦʩʢʦʩʪʠ, ʢʘʢ ʵʪʦ ʜʝʣʘʝʪʩʷ ʚʦ ʤʥʦʛʠʭ ʫʩʪʘʥʦʚʢʘʭ ʜʣʷ ʨʝ-

ʛʠʩʪʨʘʮʠʠ ʐɸʃ, ʧʨʠ ʝʝ ʩʦʟʜʘʥʠʠ ʠʩʧʦʣʴʟʫʝʪʩʷ ʢʣʘʩʪʝʨʥʳʡ ʧʦʜʭʦʜ 

ʢ ʦʨʛʘʥʠʟʘʮʠʠ ʨʝʛʠʩʪʨʠʨʫʶʱʝʡ ʩʠʩʪʝʤʳ ʠ ʘʥʘʣʠʟʫ ʵʢʩʧʝʨʠʤʝʥ-

ʪʘʣʴʥʳʭ ʜʘʥʥʳʭ.  

ʂʣʘʩʪʝʨ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʥʝʟʘʚʠʩʠʤʳʡ ʵʣʝʤʝʥʪ ʫʩʪʘʥʦʚʢʠ, 

ʢʦʪʦʨʳʡ ʚʢʣʶʯʘʝʪ 16 ʩʯʝʪʯʠʢʦʚ ʜʣʷ ʨʝʛʠʩʪʨʘʮʠʠ ʵʣʝʢʪʨʦʥ-

ʬʦʪʦʥʥʦʡ ʢʦʤʧʦʥʝʥʪʳ ʐɸʃ, ʨʘʟʜʝʣʝʥʥʳʭ ʥʘ ʯʝʪʳʨʝ ʜʝʪʝʢʪʠʨʫʶ-

ʱʠʝ ʩʪʘʥʮʠʠ (ɼʉ) ʠ ʦʙʲʝʜʝʥʥʳʭ ʨʝʛʠʩʪʨʠʨʫʶʱʝʡ ʵʣʝʢʪʨʦʥʠʢʦʡ 

ʢʣʘʩʪʝʨʘ. ʕʣʝʢʪʨʦʥʠʢʘ ʢʣʘʩʪʝʨʘ ʦʩʫʱʝʩʪʚʣʷʝʪ ʦʮʠʬʨʦʚʢʫ ʘʥʘʣʦʛʦ-

ʚʳʭ ʩʠʛʥʘʣʦʚ ʩʦ ʩʯʝʪʯʠʢʦʚ, ʦʪʙʦʨ ʩʦʙʳʪʠʡ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʟʘʜʘʥ-

ʥʦʡ ʢʨʘʪʥʦʩʪʴʶ ʩʨʘʙʘʪʳʚʘʥʠʷ ɼʉ ʚ ʪʝʯʝʥʠʝ ʫʩʪʘʥʦʚʣʝʥʥʳʭ ʚʨʝ-

ʤʝʥʥʳʭ ʚʦʨʦʪ, ʬʦʨʤʠʨʦʚʘʥʠʝ ʚʨʝʤʝʥʥʦʡ ʤʝʪʢʠ ʩʦʙʳʪʠʡ ʠ ʤʦʥʠʪʦ-

ʨʠʨʦʚʘʥʠʝ ʨʘʙʦʯʠʭ ʧʘʨʘʤʝʪʨʦʚ ʢʣʘʩʪʝʨʘ. ʀʥʬʦʨʤʘʮʠʷ ʦ ʟʘʨʝʛʠ-

ʩʪʨʠʨʦʚʘʥʥʳʭ ʩʦʙʳʪʠʷʭ ʠ ʤʦʥʠʪʦʨʠʨʫʝʤʳʭ ʧʘʨʘʤʝʪʨʘʭ ʧʦʩʪʫʧʘʝʪ 

ʚ ʮʝʥʪʨʘʣʴʥʳʡ ʧʫʥʢʪ ʫʧʨʘʚʣʝʥʠʷ, ʩʙʦʨʘ ʠ ʦʙʨʘʙʦʪʢʠ ʜʘʥʥʳʭ. ʉʦ-

ʙʳʪʠʷ ʐɸʃ ʬʦʨʤʠʨʫʶʪʩʷ ʠʟ ʣʦʢʘʣʴʥʳʭ ʩʦʙʳʪʠʡ, ʟʘʨʝʛʠʩʪʨʠʨʦ-
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ʚʘʥʥʳʭ ʨʘʟʣʠʯʥʳʤʠ ʢʣʘʩʪʝʨʘʤʠ, ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʠʭ ʚʨʝʤʝʥʥʳʤʠ 

ʤʝʪʢʘʤʠ. 

ɺ 2015-2016 ʛʛ. ʙʳʣʘ ʩʦʟʜʘʥʘ ʠ ʚʚʝʜʝʥʘ ʚ ʵʢʩʧʣʫʘʪʘʮʠʶ ʧʝʨʚʘʷ 

ʦʯʝʨʝʜʴ ʮʝʥʪʨʘʣʴʥʦʡ ʯʘʩʪʠ ʫʩʪʘʥʦʚʢʠ ʅɽɺʆɼ-ʐɸʃ, ʢʦʪʦʨʘʷ ʩʦ-

ʩʪʦʠʪ ʠʟ ʯʝʪʳʨʝʭ ʢʣʘʩʪʝʨʦʚ, ʨʘʟʤʝʱʝʥʥʳʭ ʥʘ ʨʘʟʣʠʯʥʳʭ ʚʳʩʦʪʘʭ 

ʥʘ ʧʣʦʱʘʜʠ 104 ʤ2 ʚʦʢʨʫʛ ʕʂ ʅɽɺʆɼ. ʊʝʩʪʦʚʳʝ ʠ ʵʢʩʧʝʨʠʤʝʥ-

ʪʘʣʴʥʳʝ ʩʝʨʠʠ, ʧʨʦʚʝʜʝʥʥʳʝ ʥʘ 4 ʢʣʘʩʪʝʨʘʭ ʮʝʥʪʨʘʣʴʥʦʡ ʯʘʩʪʠ 

ʫʩʪʘʥʦʚʢʠ ʧʦʢʘʟʘʣʠ ʚʦʟʤʦʞʥʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʢʣʘʩʪʝʨʥʦʛʦ ʧʦʜ-

ʭʦʜʘ ʜʣʷ ʨʝʛʠʩʪʨʘʮʠʠ ʠ ʧʦʩʣʝʜʫʶʱʝʛʦ ʘʥʘʣʠʟʘ ʜʘʥʥʳʭ. 

ɺ ʜʦʢʣʘʜʝ ʦʙʩʫʞʜʘʶʪʩʷ ʦʩʦʙʝʥʥʦʩʪʠ ʢʣʘʩʪʝʨʥʦʛʦ ʧʦʜʭʦʜʘ ʠ ʨʝ-

ʛʠʩʪʨʠʨʫʶʱʝʡ ʩʠʩʪʝʤʳ ʣʠʚʥʝʚʦʡ ʫʩʪʘʥʦʚʢʠ ʅɽɺʆɼ-ʐɸʃ. ʇʨʠ-

ʚʦʜʷʪʩʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʢʣʘʩʪʝʨʦʚ ʣʠʚʥʝʚʦʡ ʫʩʪʘʥʦʚʢʠ ʠ ʠʭ ʦʩʥʦʚ-

ʥʳʭ ʵʣʝʤʝʥʪʦʚ. 
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2
 ʌʠʟʠʯʝʩʢʠʡ ʠʥʩʪʠʪʫʪ ʠʤ. ʇ.ʅ. ʃʝʙʝʜʝʚʘ ʈɸʅ 
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ʀʜʝʷ ʤʠʢʨʦʪʨʦʥʘ ʙʳʣʘ ʚʳʜʚʠʥʫʪʘ ʚ ʌʀɸʅʝ ʘʢʘʜʝʤʠʢʦʤ ɺʝʢʩ-

ʣʝʨʦʤ ʚ 1944 ʛ. [1]. ʄʠʢʨʦʪʨʦʥ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʮʠʢʣʠʯʝʩʢʠʡ 

ʨʝʟʦʥʘʥʩʥʳʡ ʫʩʢʦʨʠʪʝʣʴ ʵʣʝʢʪʨʦʥʦʚ ʩ ʧʝʨʝʤʝʥʥʦʡ ʢʨʘʪʥʦʩʪʴʶ. 

ʋʥʠʢʘʣʴʥʳʝ ʛʝʦʤʝʪʨʠʯʝʩʢʠʝ ʠ ʵʥʝʨʛʝʪʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ ʫʩʢʦʨʝʥ-

ʥʦʛʦ ʚ ʤʠʢʨʦʪʨʦʥʝ ʧʫʯʢʘ ʜʝʣʘʶʪ ʧʨʠʚʣʝʢʘʪʝʣʴʥʳʤ ʝʛʦ ʠʩʧʦʣʴʟʦʚʘ-

ʥʠʝ ʚ ʢʘʯʝʩʪʚʝ, ʢʘʢ ʠʥʞʝʢʪʦʨʘ ʵʣʝʢʪʨʦʥʦʚ ʚ ʩʠʥʭʨʦʪʨʦʥ, ʪʘʢ ʠ ʚ 

ʢʘʯʝʩʪʚʝ ʜʨʘʡʚʝʨʘ ʚ ʵʢʩʧʝʨʠʤʝʥʪʘʭ ʧʦ ʛʝʥʝʨʘʮʠʠ ʢʦʛʝʨʝʥʪʥʦʛʦ ʪʝ-

ʨʘʛʝʨʮʦʚʦʛʦ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʛʦ ʠʟʣʫʯʝʥʠʷ, ʚ ʣʘʟʝʨʘʭ ʥʘ ʩʚʦʙʦʜʥʳʭ 

ʵʣʝʢʪʨʦʥʘʭ [2]. ɺ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ ʩ ʧʦʤʦʱʴʶ ʢʦʤʧʴʶʪʝʨʥʦʛʦ 

ʤʦʜʝʣʠʨʦʚʘʥʠʷ, ʧʨʦʠʟʚʝʜʝʥ ʨʘʩʯʸʪ ʪʨʝʭʤʝʨʥʦʡ ʜʠʥʘʤʠʢʠ ʵʣʝʢʪʨʦ-

ʥʦʚ ʚ ʢʣʘʩʩʠʯʝʩʢʦʤ ʤʠʢʨʦʪʨʦʥʝ ʌʀɸʅ ʥʘ ʵʥʝʨʛʠʶ 6,5 ʄʵɺ. ɺ ʢʘ-

ʯʝʩʪʚʝ ʫʩʢʦʨʷʶʱʝʛʦ ʵʣʝʤʝʥʪʘ ʠʩʧʦʣʴʟʫʝʪʩʷ ʮʠʣʠʥʜʨʠʯʝʩʢʠʡ ʨʝʟʦ-

ʥʘʪʦʨ, ʨʘʙʦʪʘʶʱʠʡ ʚ ʩʘʥʪʠʤʝʪʨʦʚʦʤ ʜʠʘʧʘʟʦʥʝ ʚʦʣʥ. ʆʩʥʦʚʥʳʤ 

ʦʪʣʠʯʠʝʤ ʵʪʦʛʦ ʨʝʟʦʥʘʪʦʨʘ ʷʚʣʷʝʪʩʷ ʥʘʣʠʯʠʝ ʧʨʦʣʝʪʥʳʭ ʦʪʚʝʨʩʪʠʡ 

ʜʣʷ ʫʩʢʦʨʷʝʤʳʭ ʵʣʝʢʪʨʦʥʦʚ. ʕʬʬʝʢʪʠʚʥʦʩʪʴ ʧʨʦʚʦʜʠʤʦʛʦ ʯʠʩʣʝʥ-

ʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʚ ʟʥʘʯʠʪʝʣʴʥʦʡ ʩʪʝʧʝʥʠ ʦʧʨʝʜʝʣʷʝʪʩʷ ʢʦʨ-

ʨʝʢʪʥʦʩʪʴʶ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʫʩʢʦʨʷʶʱʝʛʦ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʚ 

ʨʝʟʦʥʘʪʦʨʝ. ʇʨʦʠʟʚʝʜʝʥʘ ʦʮʝʥʢʘ ʜʦʣʠ ʵʣʝʢʪʨʦʥʦʚ, ʠʩʧʫʱʝʥʥʳʭ 

ʪʝʨʤʦʢʘʪʦʜʦʤ ʠ ʧʦʧʘʚʰʠʭ ʚ ʧʨʦʣʝʪʥʦʝ ʦʢʥʦ ʨʝʟʦʥʘʪʦʨʘ. ɼʝʪʘʣʴʥʦ 

ʠʟʫʯʝʥ ʧʨʦʮʝʩʩ ʟʘʭʚʘʪʘ ʵʣʝʢʪʨʦʥʦʚ, ʠʥʞʝʢʪʠʨʦʚʘʥʥʳʭ ʩ ʵʤʠʪʪʝʨʘ ʚ 

ʫʩʪʦʡʯʠʚʳʡ ʨʝʞʠʤ ʫʩʢʦʨʝʥʠʷ ʥʘ ʥʘʯʘʣʴʥʳʭ ʢʨʫʛʦʚʳʭ ʦʨʙʠʪʘʭ. 

ʆʩʦʙʦʝ ʚʥʠʤʘʥʠʝ ʫʜʝʣʝʥʦ ʤʝʭʘʥʠʟʤʫ ʬʦʨʤʠʨʦʚʘʥʠʷ ʵʣʝʢʪʨʦʥʥʳʭ 

ʩʛʫʩʪʢʦʚ. ʀʩʩʣʝʜʦʚʘʥʦ ʚʣʠʷʥʠʝ ʦʩʥʦʚʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʤʠʢʨʦʪʨʦʥʘ 

(ʥʘʧʨʷʞʝʥʥʦʩʪʠ ʫʩʢʦʨʷʶʱʝʛʦ ʉɺʏ ʧʦʣʷ ʠ ʚʝʜʫʱʝʛʦ ʤʘʛʥʠʪʥʦʛʦ 

ʧʦʣʷ) ʥʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʵʣʝʢʪʨʦʥʥʦʛʦ ʧʫʯʢʘ (ʵʥʝʨʛʝʪʠʯʝʩʢʠʡ ʨʘʟ-

ʙʨʦʩ, ʧʦʧʝʨʝʯʥʳʝ ʠ ʧʨʦʜʦʣʴʥʳʡ ʨʘʟʤʝʨʳ), ʚʳʚʦʜʠʤʦʛʦ ʠʟ ʤʠʢʨʦ-

ʪʨʦʥʘ. ʅʘʡʜʝʥʳ ʟʥʘʯʝʥʠʷ ʦʩʥʦʚʥʳʭ ʧʘʨʘʤʝʪʨʦʚ, ʦʪʚʝʯʘʶʱʠʝ ʦʧ-

ʪʠʤʘʣʴʥʦʡ ʥʘʩʪʨʦʡʢʝ ʤʠʢʨʦʪʨʦʥʘ. ʈʘʩʩʤʘʪʨʠʚʘʝʤʳʡ ʤʠʢʨʦʪʨʦʥ 

ʩʣʫʞʠʪ ʠʥʞʝʢʪʦʨʦʤ ʩʠʥʭʨʦʪʨʦʥʘ ñʇʘʭʨʘò [3]. ʕʪʦʪ ʤʠʢʨʦʪʨʦʥ 
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ʪʘʢʞʝ ʤʦʞʝʪ ʵʬʬʝʢʪʠʚʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʜʣʷ ʠʟʫʯʝʥʠʷ ʩʚʦʡʩʪʚ 

ʪʦʨʤʦʟʥʦʛʦ ʠ ʧʝʨʝʭʦʜʥʦʛʦ ʠʟʣʫʯʝʥʠʡ ʨʝʣʷʪʠʚʠʩʪʩʢʠʭ ʵʣʝʢʪʨʦʥʦʚ ʚ 

ʩʣʦʞʥʳʭ ʩʪʨʫʢʪʫʨʘʭ. ʈʝʟʫʣʴʪʘʪʳ ʧʨʦʚʝʜʝʥʥʦʛʦ ʘʥʘʣʠʟʘ ʤʦʛʫʪ ʧʦ-

ʩʣʫʞʠʪʴ ʦʩʥʦʚʦʡ ʜʣʷ ʧʦʚʳʰʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 

ʤʠʢʨʦʪʨʦʥʘ ʌʀɸʅ. 

 

 
ʈʠʩ.1. ɼʠʥʘʤʠʢʘ ʵʣʝʢʪʨʦʥʦʚ ʚ ʤʠʢʨʦʪʨʦʥʝ 

 

ʃʠʪʝʨʘʪʫʨʘ 

1. ɺʝʢʩʣʝʨ ɺ.ʀ. // ɼʦʢʣ. ɸʅ ʉʉʉʈ, 1944, ʚʳʧ. 43, ʩ. 346. 

2. Kazakevich G.M. et al. //Phys. Rev. ST Accel. Beams, 2009, 

vol. 12, n. 4. 

3. ʉʫʙʙʦʪʠʥ ɻ.ɻ., ʉʝʨʦʚ ɸ.ɺ. ñʂʚʘʟʠʥʘʢʦʧʠʪʝʣʴʥʳʡ ʨʝʞʠʤ ʨʘ-
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ʇʨʠ ʠʟʫʯʝʥʠʠ ʩʚʦʡʩʪʚ ʩʠʣʴʥʦ ʚʦʟʙʫʞʜʝʥʥʦʡ ʘʜʨʦʥʥʦʡ ʤʘʪʝʨʠʠ 

ʚʦʧʨʦʩ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʩʦʙʳʪʠʡ ʧʦ ʮʝʥʪʨʘʣʴʥʦʩʪʠ ʠ ʦʧʨʝʜʝʣʝʥʠʝ 

ʧʣʦʩʢʦʩʪʠ ʨʝʘʢʮʠʠ ʷʚʣʷʶʪʩʷ ʦʜʥʠʤʠ ʠʟ ʢʣʶʯʝʚʳʭ ʧʫʥʢʪʦʚ ʚ 

ʵʢʩʧʝʨʠʤʝʥʪʝ. ɼʣʷ ʚʳʧʦʣʥʝʥʠʷ ʵʪʦʡ ʮʝʣʠ ʠʩʧʦʣʴʟʫʝʪʩʷ ʧʝʨʝʜʥʠʡ 

ʘʜʨʦʥʥʳʡ ʢʘʣʦʨʠʤʝʪʨ (FHCAL), ʤʦʜʫʣʠ ʜʣʷ ʢʦʪʦʨʦʛʦ 

ʨʘʟʨʘʙʘʪʳʚʘʶʪʩʷ ʠ ʢʦʥʩʪʨʫʠʨʫʶʪʩʷ ʚ ʀʗʀ ʈɸʅ [2]. 

ʆʩʥʦʚʥʳʤʠ ʵʣʝʤʝʥʪʘʤʠ ʵʪʠʭ ʤʦʜʫʣʝʡ ʷʚʣʷʶʪʩʷ ʩʚʠʥʮʦʚʳʝ 

ʧʣʘʩʪʠʥʳ ʠ ʩʮʠʥʪʠʣʣʷʮʠʦʥʥʳʝ ʧʣʘʩʪʠʥʳ ʩ ʚʢʣʝʝʥʥʳʤ 

ʩʧʝʢʪʨʦʩʤʝʱʘʶʱʠʤ ʦʧʪʦʚʦʣʦʢʥʦʤ, ʢʦʪʦʨʳʝ ʚʤʝʩʪʝ ʦʙʨʘʟʫʶʪ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʡ ʨʷʜ ʚʥʫʪʨʠ ʤʦʜʫʣʷ. ʉʮʠʥʪʠʣʣʷʮʠʦʥʥʳʡ ʩʚʝʪ ʩ 

ʵʪʠʭ ʧʣʘʩʪʠʥ ʚʳʚʦʜʠʪʩʷ ʥʘ ʤʠʢʨʦʧʠʢʩʝʣʴʥʳʝ ʣʘʚʠʥʥʳʝ 

ʬʦʪʦʜʝʪʝʢʪʦʨʳ HAMAMATSU MPPC S12572-010P [1], 

ʦʙʝʩʧʝʯʠʚʘʶʱʠʝ ʙʦʣʴʰʦʡ ʜʠʥʘʤʠʯʝʩʢʠʡ ʜʠʘʧʘʟʦʥ 

ʨʝʛʠʩʪʨʠʨʫʝʤʳʭ ʩʠʛʥʘʣʦʚ. ʊʘʢʦʡ ʚʠʜ ʦʙʝʩʧʝʯʠʚʘʝʪ ʚʳʩʦʢʦʝ 

ʵʥʝʨʛʝʪʠʯʝʩʢʦʝ ʨʘʟʨʝʰʝʥʠʝ, ʦʜʥʦʨʦʜʥʦʝ ʧʦ ʚʩʝʡ ʧʣʦʱʘʜʠ 

ʜʝʪʝʢʪʦʨʘ. 

ʎʝʣʴ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʟʘʢʣʶʯʘʣʘʩʴ ʚ ʠʟʤʝʨʝʥʠʠ ʦʩʥʦʚʥʳʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʣʘʚʠʥʥʳʭ ʬʦʪʦʜʝʪʝʢʪʦʨʦʚ, ʪʘʢʠʭ, ʢʘʢ ʫʩʠʣʝʥʠʝ ʠ 

ʦʧʪʠʯʝʩʢʘʷ ʩʚʷʟʴ, ʘ ʪʘʢʞʝ ʠʟʤʝʨʝʥʠʝ ʟʘʚʠʩʠʤʦʩʪʠ ʫʩʠʣʝʥʠʷ ʠ 

ʥʘʧʨʷʞʝʥʠʷ ʧʨʦʙʦʷ ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ. 

ɼʘʥʥʳʝ ʠʟʤʝʨʝʥʠʷ ʧʨʦʚʦʜʠʣʠʩʴ ʥʘ ʩʧʝʮʠʘʣʴʥʦ ʩʦʙʨʘʥʥʦʤ 

ʩʪʝʥʜʝ ʚ ʀʗʀ ʈɸʅ. ʉʠʛʥʘʣ, ʧʦʣʫʯʝʥʥʳʡ ʧʨʠ ʧʦʧʘʜʘʥʠʠ ʬʦʪʦʥʦʚ ʥʘ 

MPPC, ʧʨʦʭʦʜʠʣ ʯʝʨʝʟ ʧʨʝʜʫʩʠʣʠʪʝʣʴ ʠ ʧʦʜʘʚʘʣʩʷ ʥʘ ɸʎʇ, 

ʟʘʧʫʩʢʘʝʤʳʡ ʩ ʧʦʤʦʱʴʶ ʪʨʠʛʛʝʨʘ. ʆʮʠʬʨʦʚʘʥʥʳʝ ʩʠʛʥʘʣʳ 

ʦʙʨʘʙʘʪʳʚʘʣʠʩʴ ʩ ʧʦʤʦʱʴʶ ʢʦʤʧʴʶʪʝʨʘ.  

ɼʣʷ ʜʘʥʥʳʭ ʬʦʪʦʜʠʦʜʦʚ ʙʳʣʠ ʠʟʤʝʨʝʥʳ ʦʩʥʦʚʥʳʝ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ, ʪʘʢʠʝ, ʢʘʢ ʫʩʠʣʝʥʠʝ ʠ ʦʧʪʠʯʝʩʢʘʷ ʩʚʷʟʴ, ʘ ʪʘʢʞʝ 

ʟʘʚʠʩʠʤʦʩʪʠ ʫʩʠʣʝʥʠʷ ʠ ʥʘʧʨʷʞʝʥʠʷ ʧʨʦʙʦʷ ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ. 
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ɺʳʚʦʜʳ, ʩʜʝʣʘʥʥʳʝ ʧʨʠ ʠʩʩʣʝʜʦʚʘʥʠʠ ʵʪʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ, 

ʧʦʟʚʦʣʠʣʠ ʙʦʣʝʝ ʪʦʥʢʦ ʥʘʩʪʨʘʠʚʘʪʴ ʩʯʠʪʳʚʘʶʱʫʶ ʘʧʧʘʨʘʪʫʨʫ ʜʣʷ 

ʦʙʝʩʧʝʯʝʥʠʷ ʙʦʣʴʰʝʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʚ ʫʩʣʦʚʠʷʭ ʠʟʤʝʥʝʥʠʷ 

ʪʝʤʧʝʨʘʪʫʨʳ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ. 
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ʀʟʚʝʩʪʥʳ ʪʨʠ ʢʣʘʩʩʠʯʝʩʢʠʭ ʤʦʜʝʣʠ ʜʚʦʡʥʦʛʦ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ 

ʩʣʦʷ (ɼʕʉ): ɻʝʣʴʤʛʦʣʴʮʘ, ɻʫʠ-ʏʘʧʤʝʥʘ ʠ ʐʪʝʨʥʘ [1-4]. ɺ ʩʚʷʟʠ ʩ 

ʠʥʪʝʥʩʠʚʥʳʤʠ ʠʩʩʣʝʜʦʚʘʥʠʷʤʠ ʚ ʦʙʣʘʩʪʠ ʢʚʘʥʪʦʚʦʡ ʛʠʜʨʦʜʠʥʘʤʠ-

ʢʠ [2], ʪʝʦʨʠʠ ʩʚʝʨʭʪʝʢʫʯʝʩʪʠ, ʢʨʠʦʛʝʥʥʳʭ ʩʚʦʡʩʪʚ ʨʘʩʪʚʦʨʦʚ ʠʟʦ-

ʪʦʧʦʚ ʛʝʣʠʷ [3] ʩʫʱʝʩʪʚʫʝʪ ʠʥʪʝʨʝʩ ʚ ʫʯʝʪʝ ʢʚʘʥʪʦʚʦʤʝʭʘʥʠʯʝʩʢʦ-

ʛʠʭ ʩʚʦʡʩʪʚ ɼʕʉ. ɼʠʬʬʫʟʥʳʡ ʢʚʘʥʪʦʚʳʡ

 

ɼʕʉ ʦʧʠʩʳʚʘʝʪʩʷ ʢʨʘʝ-

ʚʦʡ ʟʘʜʘʯʝʡ ʜʣʷ ʧʦʪʝʥʮʠʘʣʘ ʩʘʤʦʩʦʛʣʘʩʦʚʘʥʥʦʛʦ ʧʦʣʷjʠ ʚʦʣʥʦʚʦʡ 

ʬʫʥʢʮʠʠ yʯʘʩʪʠʮ ʧʣʘʟʤʳ ʨʘʩʪʚʦʨʘ ʠʣʠ ʛʘʟʘ: 
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ʛʜʝ x ï ʨʘʩʩʪʦʷʥʠʝ ʦʪ ʛʨʘʥʠʮʳ ʧʣʘʟʤʳ, t ï ʚʨʝʤʷ, L
 
ï ʰʠʨʠʥʘ ɼʕʉ, 

Ů ï ʜʠʵʣʝʢʪʨʠʯʝʩʢʘʷ ʧʦʩʪʦʷʥʥʘʷ, , , nʉ q m
° °

ï ʢʦʥʮʝʥʪʨʘʮʠʠ, ʟʘʨ̫-

ʜr  ʠ ʤʘʩʩʳ ʢʘʪʠʦʥʦʚ ʠ ʘʥʠʦʥʦʚ, ï ʧʦʩʪʦʷʥʥʘʷ ʇʣʘʥʢʘ, Vï

ʧʦʪʝʥʮʠʘʣʴʥʘʷ ʵʥʝʨʛʠʷ ʩʠʩʪʝʤʳ. ʄʦʜʝʣʠʨʦʚʘʥʠʝ ʢʚʘʥʪʦʚʦʛʦ ɼʕʉ 

ʦʩʫʱʝʩʪʚʣʷʣʦʩʴ ʥʘ ʦʩʥʦʚʝ ʄʂʈ. ɽʛʦ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʘʥʘʣʦʛʠʯʥʳ 

ʢʣʘʩʩʠʯʝʩʢʦʤʫ ɼʕʉ, ʥʦ ʠʤʝʶʪ ʦʩʦʙʝʥʥʦʩʪʠ: ʟʘʚʠʩʠʤʦʩʪʴ ʦʪ ʤʘʩʩʳ 

ʠʦʥʦʚ, ʥʝʩʢʦʣʴʢʦ ʤʘʩʰʪʘʙʦʚ, ʚ ʯʘʩʪʥʦʩʪʠ, d0 ï ʢʚʘʥʪʦʚʳʡ ʘʥʘʣʦʛ 

ʨʘʜʠʫʩʘ ɼʝʙʘʷ: ( )4 2 2

0 04 .d e m m Ce
+ -

= +è ø
ê ú ʀʩʩʣʝʜʦʚʘʣʩʷ ʢʘʢ  

ʩʪʘʮʠʦʥʘʨʥʳʡ, ʪʘʢ ʠ ʜʠʥʘʤʠʯʝʩʢʠʡ ɼʕʉ, ʚ ʪʦʤ ʯʠʩʣʝ ʩ ʫʯʝʪʦʤ ʪʦʢʘ 

ʵʤʠʩʩʠʠ, ʪʝʤʧʝʨʘʪʫʨʳ ʠ ʩʦʨʪʦʚ ʯʘʩʪʠʮ, ʛʘʟʦʢʠʥʝʪʠʯʝʩʢʦʛʦ ʜʘʚʣʝ-

ʥʠʷ, ʤʦʣʝʢʫʣʷʨʥʦʛʦ ʪʨʝʥʠʷ ʠ ʪ.ʧ.  ʅʘ ʨʠʩ.1 ʜʘʥʳ ʛʨʘʬʠʢʠ ʧʦʪʝʥʮʠ-

ʘʣʘ ʠ ʢʦʥʮʝʥʪʨʘʮʠʡ ʵʣʝʢʪʨʦʥʦʚ ʠ ʠʦʥʦʚ ʧʨʠ ʰʠʨʠʥʝ ɼʕʉ ʨʘʚʥʦʡ d0 

~ 0,18 ʤʢʤ, u=0,01 ɺ, ʨʘʚʥʦʚʝʩʥʘʷ ʢʦʥʮʝʥʪʨʘʮʠʷ C0=10
15
ʤ
ï3

, ʪʝʤʧʝ-

ʨʘʪʫʨʘ T=5 K (ʫʨʦʚʝʥʴ ʌʝʨʤʠ TF < 0,001 K). ʕʪʦʪ ʚʘʨʠʘʥʪ ʩʦʦʪʚʝʪ-

ʩʪʚʫʝʪ, ʥʘʧʨʠʤʝʨ, ʩʣʫʯʘʶ ʤʝʞʟʚʝʟʜʥʦʡ ʧʣʘʟʤʳ ʠʣʠ ʢʚʘʥʪʦʚʳʤ ʨʘʩ-

ʪʚʦʨʘʤ.  ʈʝʟʫʣʴʪʘʪʳ ʨʘʩʯʝʪʘ: ʥʘʠʙʦʣʴʰʘʷ ʢʦʥʮʝʥʪʨʘʮʠʷ ʘʥʠʦʥʦʚ ï 

10
7
C0, ʢʘʪʠʦʥʦʚ ï C0, ʥʘʧʨʷʞʝʥʥʦʩʪʴ E0 ~ 0,4 ʄɺ/ʤ. ʇʨʠ x=0,1d0  
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ʩʫʤʤʘʨʥʘʷ ʵʥʝʨʛʠʷ ʵʣʝʢʪʨʦʥʦʚ ʩʦʩʪʘʚʣʷʝʪ ʧʨʘʢʪʠʯʝʩʢʠ 8% ʦʪ ʝʛʦ 

ʵʥʝʨʛʠʠ ʚ ʵʣʝʢʪʨʠʯʝʩʢʦʤ ʧʦʣʝ, ʘ ʧʨʠ x=0,5d0  ʦʪʨʠʮʘʪʝʣʴʥʘ ʠ ʨʘʚʥʘ 

ʦʢʦʣʦ ï3%.  

 
ʈʠʩ.1. ɻʨʘʬʠʢʠ ʧʦʪʝʥʮʠʘʣʘ ʠ ʢʦʥʮʝʥʪʨʘʮʠʡ ʠʦʥʦʚ ʚ ʩʪʘʮʠʦʥʘʨʥʦʤ ɼʕʉ  
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ɼʣʷ ʨʝʰʝʥʠʷ ʟʘʜʘʯ, ʩʚʷʟʘʥʥʳʭ ʩ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝʤ ʯʘʩʪʠʮ ʚ 

ʩʨʝʜʝ ʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝʤ ʠʟʣʫʯʝʥʠʷ ʩ ʚʝʱʝʩʪʚʦʤ, ʰʠʨʦʢʦ ʧʨʠʤʝ-

ʥʷʶʪʩʷ ʤʝʪʦʜʳ ʄʦʥʪʝ-ʂʘʨʣʦ (ʄʂ). ʄʦʜʝʣʠʨʦʚʘʥʠʝ ʤʝʪʦʜʦʤ ʄʂ 

ʦʩʥʦʚʘʥʦ ʥʘ ʧʨʷʤʦʤ ʨʘʩʯʝʪʝ ʪʨʘʝʢʪʦʨʠʡ ʦʪʜʝʣʴʥʳʭ ʯʘʩʪʠʮ ʧʨʠ ʚʝ-

ʨʦʷʪʥʦʩʪʥʦʤ ʦʧʠʩʘʥʠʠ ʨʘʟʣʠʯʥʳʭ ʧʨʦʮʝʩʩʦʚ. ɼʣʷ ʧʦʣʫʯʝʥʠʷ ʨʝʘ-

ʣʠʩʪʠʯʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʠʥʜʠʚʠʜʫʘʣʴʥʳʭ ʪʨʘʝʢʪʦ-

ʨʠʡ ʧʦʚʪʦʨʷʝʪʩʷ ʤʥʦʛʦʢʨʘʪʥʦ. 

ɺ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ ʨʘʩʯʝʪʦʚ ʠʩʧʦʣʴʟʫʝʪʩʷ ʧʨʦ-

ʛʨʘʤʤʥʳʡ ʧʘʢʝʪ MC Towhee [1]. ʉ ʝʛʦ ʧʦʤʦʱʴʶ ʚʳʧʦʣʥʝʥ ʘʥʘʣʠʟ 

ʟʘʚʠʩʠʤʦʩʪʠ ʪʦʯʥʦʩʪʠ ʨʘʩʩʯʠʪʳʚʘʝʤʳʭ ʟʥʘʯʝʥʠʡ ʜʘʚʣʝʥʠʷ ʦʪ ʢʦ-

ʣʠʯʝʩʪʚʘ ʤʦʣʝʢʫʣ ʚ ʩʠʩʪʝʤʝ ʧʨʠ ʟʘʜʘʥʥʳʭ ʪʝʤʧʝʨʘʪʫʨʝ ʠ ʧʣʦʪʥʦ-

ʩʪʠ. ʈʘʩʯʝʪʳ ʚʳʧʦʣʥʝʥʳ ʥʘ ʧʨʠʤʝʨʝ ʧʣʦʪʥʦʛʦ ʛʘʟʦʦʙʨʘʟʥʦʛʦ ʘʟʦʪʘ, 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʤʦʣʝʢʫʣ ʢʦʪʦʨʦʛʦ ʦʧʠʩʳʚʘʝʪʩʷ ʤʦʜʠʬʠʮʠʨʦʚʘʥ-

ʥʳʤ ʧʦʪʝʥʮʠʘʣʦʤ ɹʫʢʠʥʛʝʤʘ (Exp-6).  

ɼʣʷ ʧʨʦʚʝʜʝʥʠʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʙʳʣʠ ʚʳʙʨʘʥʳ ʩʠʩʪʝʤʳ, ʩʦʜʝʨ-

ʞʘʱʠʝ 125, 216, 512 ʠ 1000 ʤʦʣʝʢʫʣ ʘʟʦʪʘ. ʇʘʨʘʤʝʪʨʳ ʧʦʪʝʥʮʠʘʣʘ 

Exp-6 ʜʣʷ ʤʦʣʝʢʫʣ ʘʟʦʪʘ ʟʘʠʤʩʪʚʦʚʘʥʳ ʠʟ [2]. ʈʝʟʫʣʴʪʘʪʳ ʨʘʩʯʝʪʦʚ 

ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣʠʮʘʭ 1 ʠ 2, ʛʜʝ ʧʦʢʘʟʘʥʘ ʩʪʘʪʠʩʪʠʢʘ ʦʪʢʣʦʥʝ-

ʥʠʡ ʨʘʩʯʝʪʥʳʭ ʟʥʘʯʝʥʠʡ ʜʘʚʣʝʥʠʷ (ʪʘʙʣʠʮʘ 1) ʠ ʚʥʫʪʨʝʥʥʝʡ ʵʥʝʨ-

ʛʠʠ (ʪʘʙʣʠʮʘ 2), ʚʳʧʦʣʥʝʥʥʳʭ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʘʢʝʪʘ MC Tow-

hee, ʦʪ ʜʘʥʥʳʭ ʤʦʜʝʣʠʨʦʚʘʥʠʷ [2]. 
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ʊʘʙʣʠʮʘ 1. ʉʪʘʪʠʩʪʠʢʘ ʦʪʢʣʦʥʝʥʠʡ ʨʘʩʯʝʪʥʳʭ ʟʥʘʯʝʥʠʡ ʜʘʚʣʝʥʠʷ ʦʪ 

ʜʘʥʥʳʭ ʄʂ [1] ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʯʠʩʣʘ ʯʘʩʪʠʮ 

ʆʪʢʣʦʥʝʥʠʝ, % T, K 
 ʏʠʩʣʦ ʯʘʩʪʠʮ ʚ ʩʠʩʪʝʤʝ 

125 216 512 1000 

ʉʨʝʜʥʝʝ ʟʥʘʯʝ-

ʥʠʝ 

505,5 0,301773 0,285732 0,076805 0,046622 

2022 0,125072 0,116453 0,047295 0,037575 

10110 0,147343 0,082564 0,053527 0,0126 

× 0,187905 0,159208 0,058582 0,032545 

ʄʘʢʩʠʤʘʣʴʥʦʝ 

ʟʥʘʯʝʥʠʝ 

505,5 0,668005 0,553679 0,170899 0,059393 

2022 0,355558 0,299548 0,069783 0,076848 

10110 0,230827 0,155013 0,085356 0,03076 

× 0,668005 0,553679 0,170899 0,076848 

 

ʊʘʙʣʠʮʘ 2. ʉʪʘʪʠʩʪʠʢʘ ʦʪʢʣʦʥʝʥʠʡ ʨʘʩʯʝʪʥʳʭ ʟʥʘʯʝʥʠʡ ʚʥʫʪʨʝʥʥʝʡ 

ʵʥʝʨʛʠʠ ʦʪ ʜʘʥʥʳʭ ʄʂ [1] ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʯʠʩʣʘ ʯʘʩʪʠʮ 

ʆʪʢʣʦʥʝʥʠʝ, % T, K 
 ʏʠʩʣʦ ʯʘʩʪʠʮ ʚ ʩʠʩʪʝʤʝ 

125 216 512 1000 

ʉʨʝʜʥʝʝ ʟʥʘʯʝ-

ʥʠʝ 

505,5 2,622128 2,718044 2,549605 2,488589 

2022 0,295867 0,217535 0,055479 0,051037 

10110 0,142668 0,056962 0,040168 0,111503 

× 0,982097 0,956462 0,838263 0,839885 

ʄʘʢʩʠʤʘʣʴʥʦʝ 

ʟʥʘʯʝʥʠʝ 

505,5 14,36395 14,55542 14,67106 14,60547 

2022 0,778767 0,699703 0,125031 0,09127 

10110 0,255224 0,097703 0,086227 0,148154 

× 14,36395 14,55542 14,67106 14,60547 

 

ʂʘʢ ʚʠʜʥʦ ʠʟ ʪʘʙʣʠʮ 1 ʠ 2, ʫʚʝʣʠʯʝʥʠʝ ʯʠʩʣʘ ʯʘʩʪʠʮ ʚ ʩʠʩʪʝʤʝ 

ʧʨʠʚʦʜʠʪ ʚ ʧʦʚʳʰʝʥʠʶ ʪʦʯʥʦʩʪʠ ʨʘʩʯʝʪʦʚ ʜʘʚʣʝʥʠʷ ʚ ʩʠʩʪʝʤʝ ʧʨʠ 

ʟʘʜʘʥʥʳʭ ʪʝʤʧʝʨʘʪʫʨʝ ʠ ʧʣʦʪʥʦʩʪʠ. 
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ɺʘʞʥʝʡʰʝʡ ʧʨʦʙʣʝʤʦʡ ʩʦʚʨʝʤʝʥʥʦʡ ʪʝʦʨʝʪʠʯʝʩʢʦʡ ʬʠʟʠʢʠ ʷʚ-

ʣʷʝʪʩʷ ʥʝʩʦʚʤʝʩʪʠʤʦʩʪʴ ʧʨʠʥʮʠʧʦʚ ʢʚʘʥʪʦʚʦʡ ʪʝʦʨʠʠ ʧʦʣʷ ʠ ʦʙ-

ʱʝʡ ʪʝʦʨʠʠ ʦʪʥʦʩʠʪʝʣʴʥʦʩʪʠ: ʚʦʧʨʦʩʳ ʧʦʩʪʨʦʝʥʠʷ ʥʝʧʨʦʪʠʚʦʨʝʯʠ-

ʚʦʡ ʢʚʘʥʪʦʚʦʡ ʪʝʦʨʠʠ ʛʨʘʚʠʪʘʮʠʠ ʦʩʪʘʶʪʩʷ ʦʪʢʨʳʪʳʤʠ. ɺʳʭʦʜʦʤ 

ʠʟ ʩʣʦʞʠʚʰʝʛʦʩʷ ʧʦʣʦʞʝʥʠʷ ʤʦʞʝʪ ʩʪʘʪʴ ʦʛʨʘʥʠʯʝʥʠʝ ʦʙʣʘʩʪʠ 

ʧʨʠʤʝʥʠʤʦʩʪʠ ʨʷʜʘ ʧʦʩʪʫʣʘʪʦʚ, ʥʘ ʢʦʪʦʨʳʭ ʧʦʩʪʨʦʝʥʘ ʩʦʚʨʝʤʝʥʥʘʷ 

ʪʝʦʨʠʷ ʛʨʘʚʠʪʘʮʠʠ, ʠ ʦʪʢʘʟ ʦʪ ʥʠʭ ʥʘ ʚʳʩʦʢʠʭ ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʤʘʩ-

ʰʪʘʙʘʭ. ʆʜʥʠʤ ʠʟ ʚʘʨʠʘʥʪʦʚ ʪʘʢʦʡ ʤʦʜʠʬʠʢʘʮʠʠ ʪʝʦʨʠʠ ʷʚʣʷʝʪʩʷ 

ʦʪʢʘʟ ʦʪ ʣʦʨʝʥʮ-ʠʥʚʘʨʠʘʥʪʥʦʩʪʠ ʢʘʢ ʬʫʥʜʘʤʝʥʪʘʣʴʥʦʡ ʩʠʤʤʝʪʨʠʠ. 

ʈʷʜ ʣʦʨʝʥʮ-ʥʘʨʫʰʘʶʱʠʭ ʤʦʜʠʬʠʢʘʮʠʡ ʵʡʥʰʪʝʡʥʦʚʩʢʦʡ ʦʙʱʝʡ 

ʪʝʦʨʠʠ ʦʪʥʦʩʠʪʝʣʴʥʦʩʪʠ ʭʦʨʦʰʦ ʟʘʨʝʢʦʤʝʥʜʦʚʘʣ ʩʝʙʷ ʩ ʪʦʯʢʠ ʟʨʝ-

ʥʠʷ ʣʫʯʰʝʡ ʩʦʚʤʝʩʪʠʤʦʩʪʠ ʩ ʢʚʘʥʪʦʚʦʡ ʪʝʦʨʠʝʡ ʧʦʣʷ: ʪʘʢ, ʚʝʩʴʤʘ 

ʧʝʨʩʧʝʢʪʠʚʥʳʤ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʥʝʨʝʣʷʪʠʚʠʩʪʩʢʠʡ ʧʦʜʭʦʜ ʢ ʢʚʘʥʪʦ-

ʚʘʥʠʶ ʛʨʘʚʠʪʘʮʠʠ, ʧʨʝʜʣʦʞʝʥʥʳʡ ʇ. ʍʦʨʘʚʦʡ [1], ʦʩʥʦʚʘʥʥʳʡ ʥʘ 

ʟʘʤʝʥʝ ʣʦʨʝʥʮ-ʠʥʚʘʨʠʘʥʪʥʦʩʪʠ ʪʨʝʙʦʚʘʥʠʝʤ ʘʥʠʟʦʪʨʦʧʥʦʡ ʤʘʩ-

ʰʪʘʙʥʦʡ ʠʥʚʘʨʠʘʥʪʥʦʩʪʠ ʚ ʦʙʣʘʩʪʠ ʚʳʩʦʢʠʭ ʵʥʝʨʛʠʡ. ʅʠʟʢʦʵʥʝʨʛʝ-

ʪʠʯʝʩʢʠʡ ʧʨʝʜʝʣ ʪʝʦʨʠʠ ʍʦʨʘʚʳ - ʭʨʦʥʦʤʝʪʨʠʯʝʩʢʘʷ ʪʝʦʨʠʷ ʛʨʘʚʠ-

ʪʘʮʠʠ - ʷʚʣʷʝʪʩʷ ʯʘʩʪʥʳʤ ʩʣʫʯʘʝʤ ʪʘʢ ʥʘʟʳʚʘʝʤʦʡ ʪʝʦʨʠʠ ʕʡʥ-

ʰʪʝʡʥ-ʵʬʠʨ ʛʨʘʚʠʪʘʮʠʠ[2], ʚ ʢʦʪʦʨʦʡ ʥʘʨʫʰʝʥʠʝ ʣʦʨʝʥʮ-

ʠʥʚʘʨʠʘʥʪʥʦʩʪʠ ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ ʚʨʝʤʝʥʠʧʦʜʦʙʥʳʤ ʚʝʢʪʦʨʥʳʤ ʧʦ-

ʣʝʤ ʩ ʝʜʠʥʠʯʥʦʡ ʥʦʨʤʦʡ,  ʥʘʟʳʚʘʝʤʳʤ ʵʬʠʨʦʤ, ʤʠʥʠʤʘʣʴʥʦ ʩʚʷ-

ʟʘʥʥʳʤ ʩ ʵʡʥʰʪʝʡʥʦʚʩʢʦʡ ʛʨʘʚʠʪʘʮʠʝʡ. 

ʅʘʨʫʰʝʥʠʝ ʣʦʨʝʥʮ-ʠʥʚʘʨʠʘʥʪʥʦʩʪʠ ʧʨʠ ʚʳʩʦʢʠʭ ʵʥʝʨʛʠʷʭ, ʢʘʢ 

ʧʨʘʚʠʣʦ, ʧʨʠʚʦʜʠʪ ʪʘʢʞʝ ʢ ʩʫʱʝʩʪʚʝʥʥʦʤʫ ʥʘʨʫʰʝʥʠʶ ʚ ʦʙʣʘʩʪʠ 

ʥʠʟʢʠʭ ʵʥʝʨʛʠʡ, ʧʦʵʪʦʤʫ ʠʥʪʝʨʝʩ ʧʨʝʜʩʪʘʚʣʷʶʪ ʤʦʜʝʣʠ, ʚ ʢʦʪʦʨʳʭ 

ʣʦʨʝʥʮ-ʠʥʚʘʨʠʘʥʪʥʦʩʪʴ ʦʙʨʘʟʫʝʪʩʷ ʜʠʥʘʤʠʯʝʩʢʠ ʢʘʢ ʵʬʬʝʢʪʠʚʥʘʷ 

ʩʠʤʤʝʪʨʠʷ ʚ ʧʨʝʜʝʣʝ ʥʠʟʢʠʭ ʵʥʝʨʛʠʡ. ʆʜʠʥ ʠʟ ʪʘʢʠʭ ʤʝʭʘʥʠʟʤʦʚ 

ʦʩʥʦʚʘʥ ʥʘ ʩʫʧʝʨʩʠʤʤʝʪʨʠʠ [3]. ʅʘʩʪʦʷʱʘʷ ʨʘʙʦʪʘ ʧʦʩʚʷʱʝʥʘ ʩʫ-

ʧʝʨʩʠʤʤʝʪʨʠʯʥʳʤ ʤʦʜʝʣʷʤ ʩ ʥʘʨʫʰʝʥʥʦʡ ʣʦʨʝʥʮʝʚʦʡ ʩʠʤʤʝʪʨʠʝʡ. 

ʄʦʜʝʣʠ ʩʦ ʩʢʘʣʷʨʥʳʤʠ ʠ ʚʝʢʪʦʨʥʳʤʠ ʩʫʧʝʨʤʫʣʴʪʠʧʣʝʪʘʤʠ ʠʟʫʯʝ-
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ʥʳ ʥʘ ʢʦʤʧʦʥʝʥʪʥʦʤ ʫʨʦʚʥʝ. ʇʨʦʚʝʜʝʥʳ ʧʦʩʪʨʦʝʥʠʝ ʠ ʘʥʘʣʠʟ ʩʫ-

ʧʝʨʩʠʤʤʝʪʨʠʯʥʳʭ ʧʨʝʦʙʨʘʟʦʚʘʥʠʡ ʠ ʣʘʛʨʘʥʞʠʘʥʦʚ ʜʣʷ ʩʢʘʣʷʨʥʦʛʦ 

ʠ ʚʝʢʪʦʨʥʦʛʦ ʣʦʨʝʥʮ-ʥʘʨʫʰʘʶʱʠʭ ʩʫʧʝʨʤʫʣʴʪʠʧʣʝʪʦʚ ʚ ʢʦʤʧʦʥʝʥ-

ʪʘʭ ʠ ʧʨʦʚʝʨʢʘ ʩʦʦʪʚʝʪʩʪʚʠʷ ʨʝʟʫʣʴʪʘʪʦʚ ʘʥʘʣʦʛʠʯʥʳʤ ʩʫʧʝʨʧʦʣʝ-

ʚʳʤ ʤʦʜʝʣʷʤ [4]. ʅʘʡʜʝʥʦ, ʧʨʠ ʢʘʢʠʭ ʫʩʣʦʚʠʷʭ ʩʫʱʝʩʪʚʫʶʪ ʥʝʪʨʠ-

ʚʠʘʣʴʥʳʝ ʣʦʨʝʥʮ-ʥʘʨʫʰʘʶʱʠʝ ʤʦʜʝʣʠ ʜʣʷ ʩʢʘʣʷʨʥʦʛʦ ʠ ʚʝʢʪʦʨʥʦ-

ʛʦ ʩʫʧʝʨʤʫʣʴʪʠʧʣʝʪʦʚ, ʘ ʪʘʢʞʝ ʢʘʢʫʶ ʨʦʣʴ ʧʨʠ ʵʪʦʤ ʠʛʨʘʝʪ ʩʫʱʝ-

ʩʪʚʦʚʘʥʠʝ ʣʘʛʨʘʥʞʠʘʥʘ ʪʝʦʨʠʠ. ʉʫʧʝʨʩʠʤʤʝʪʨʠʯʥʘʷ ʤʦʜʝʣʴ ʛʨʘʚʠ-

ʪʘʮʠʦʥʥʦʛʦ ʩʫʧʝʨʤʫʣʴʪʠʧʣʝʪʘ ʨʘʩʩʤʦʪʨʝʥʘ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʫ-

ʧʝʨʧʦʣʝʚʦʛʦ ʬʦʨʤʘʣʠʟʤʘ ʢʘʢ ʩʫʧʝʨʩʠʤʤʝʪʨʠʯʥʦʝ ʨʘʩʰʠʨʝʥʠʝ ʤʦ-

ʜʝʣʠ ʕʡʥʰʪʝʡʥ-ʵʬʠʨ ʛʨʘʚʠʪʘʮʠʠ: ʧʦʜʨʦʙʥʦ ʠʟʫʯʝʥʘ ʪʝʦʨʠʷ ʣʠʥʝ-

ʘʨʠʟʦʚʘʥʥʦʡ ʛʨʘʚʠʪʘʮʠʠ ʩ ʥʘʨʫʰʝʥʥʦʡ ʣʦʨʝʥʮ-ʠʥʚʘʨʠʘʥʪʥʦʩʪʴʶ, 

ʦʩʥʦʚʘʥʥʘʷ ʥʘ ʢʦʥʩʪʨʫʢʮʠʠ ʩʫʧʝʨʧʦʣʷ ʵʬʠʨʘ, ʛʨʘʚʠʪʘʮʠʦʥʥʦʛʦ ʩʫ-

ʧʝʨʧʦʣʷ ʠ ʣʠʥʝʡʥʦʛʦ ʢʦʤʧʝʥʩʘʪʦʨʘ, ʭʘʨʘʢʪʝʨʥʦʛʦ ʜʣʷ ʥʝʤʠʥʠʤʘʣʴ-

ʥʳʭ ʤʦʜʝʣʝʡ N=1 ʩʫʧʝʨʛʨʘʚʠʪʘʮʠʠ [5]. ʇʨʦʚʝʜʝʥʦ ʩʨʘʚʥʝʥʠʝ ʪʝʦ-

ʨʝʪʠʯʝʩʢʠʭ ʠ ʬʝʥʦʤʝʥʦʣʦʛʠʯʝʩʢʠʭ ʩʣʝʜʩʪʚʠʡ ʩʫʧʝʨʩʠʤʤʝʪʨʠʯʥʳʭ 

ʣʦʨʝʥʮ-ʥʘʨʫʰʘʶʱʠʭ ʤʦʜʝʣʝʡ: ʩʢʘʣʷʨʥʦʛʦ, ʚʝʢʪʦʨʥʦʛʦ ʠ ʛʨʘʚʠʪʘ-

ʮʠʦʥʥʦʛʦ ʩʫʧʝʨʤʫʣʴʪʠʧʣʝʪʦʚ; ʨʘʩʩʤʦʪʨʝʥ ʚʦʧʨʦʩ ʦ ʩʢʦʨʦʩʪʷʭ ʨʘʩ-

ʧʨʦʩʪʨʘʥʝʥʠʷ ʤʘʣʳʭ ʚʦʟʤʫʱʝʥʠʡ ʨʘʟʣʠʯʥʦʡ ʩʧʠʨʘʣʴʥʦʩʪʠ.  

ɸʚʪʦʨ ʚʳʨʘʞʘʝʪ ʙʣʘʛʦʜʘʨʥʦʩʪʴ ʩʚʦʝʤʫ ʥʘʫʯʥʦʤʫ ʨʫʢʦʚʦʜʠʪʝʣʶ 

ʉ. ʄ. ʉʠʙʠʨʷʢʦʚʫ. 
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ʇʨʠ ʨʘʙʦʪʝ ʩ ʪʝʧʣʦʦʙʤʝʥʥʳʤ ʦʙʦʨʫʜʦʚʘʥʠʝʤ ʧʨʝʜʩʪʘʚʣʷʝʪ ʠʥ-

ʪʝʨʝʩ ʚʦʟʤʦʞʥʦʩʪʴ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʠ ʜʠʘʛʥʦʩʪʠʢʠ ʧʝʨʝʭʦʜʥʳʭ 

ʨʝʞʠʤʦʚ ʦʪ ʢʦʥʚʝʢʮʠʠ ʢ ʧʫʟʳʨʴʢʦʚʦʤʫ ʢʠʧʝʥʠʶ ʠ ʦʪ ʨʝʞʠʤʘ ʨʘʟ-

ʚʠʪʦʛʦ ʧʫʟʳʨʴʢʦʚʦʛʦ ʢ ʧʣʝʥʦʯʥʦʤʫ ʢʠʧʝʥʠʶ. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ 

ʠʟʚʝʩʪʥʳ ʤʝʪʦʜʳ, ʠʩʧʦʣʴʟʫʶʱʠʝ ʜʣʷ ʜʠʘʛʥʦʩʪʠʢʠ ʘʥʘʣʠʟ ʪʝʤʧʝʨʘ-

ʪʫʨʥʳʭ ʬʣʫʢʪʫʘʮʠʡ ʪʝʧʣʦʦʪʜʘʶʱʝʡ ʧʦʚʝʨʭʥʦʩʪʠ. ʇʝʨʚʳʡ ʤʝʪʦʜ 

ʦʩʥʦʚʘʥ ʥʘ ʩʪʘʪʠʩʪʠʯʝʩʢʦʤ ʘʥʘʣʠʟʝ ʜʠʩʧʝʨʩʠʠ ʬʣʫʢʪʫʘʮʠʡ ʪʝʤʧʝ-

ʨʘʪʫʨʳ [1]; ʚʪʦʨʦʡ ʤʝʪʦʜ ʠʩʧʦʣʴʟʫʝʪ ʘʥʘʣʠʟ ʘʤʧʣʠʪʫʜʦ-ʯʘʩʪʦʪʥʦʡ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʬʣʫʢʪʫʘʮʠʡ ʪʝʤʧʝʨʘʪʫʨʳ ʠ ʥʘʰʝʣ ʩʚʦʝ ʧʨʠʤʝʥʝʥʠʝ 

ʜʣʷ ʧʨʝʜʩʢʘʟʘʥʠʷ ʥʘʩʪʫʧʣʝʥʠʷ ʢʨʠʟʠʩʘ ʪʝʧʣʦʦʙʤʝʥʘ [2]. ʎʝʣʴʶ 

ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʘʧʨʦʙʘʮʠʷ ʵʪʠʭ ʤʝʪʦʜʠʢ ʜʠʘʛʥʦʩʪʠʢʠ ʧʝ-

ʨʝʭʦʜʥʳʭ ʨʝʞʠʤʦʚ ʜʣʷ ʞʠʜʢʦʛʦ ʘʟʦʪʘ, ʠʤʝʶʱʝʛʦ ʛʠʩʪʝʨʠʟʠʩ ʢʨʠ-

ʚʦʡ ʢʠʧʝʥʠʷ. 

ɺ ʵʢʩʧʝʨʠʤʝʥʪʘʭ ʦʧʨʝʜʝʣʷʣʠʩʴ ʤʛʥʦʚʝʥʥʳʝ ʟʥʘʯʝʥʠʷ ʦʪʥʝʩʝʥ-

ʥʦʡ ʢ ʧʦʚʝʨʭʥʦʩʪʠ ʥʘʛʨʝʚʘʪʝʣʷ ʛʝʥʝʨʠʨʫʝʤʦʡ ʪʝʧʣʦʚʦʡ ʤʦʱʥʦʩʪʠ 

q(Ű) ʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʡ ʧʝʨʝʛʨʝʚ ʧʨʦʚʦʣʦʢʠ ȹʊ(Ű) ʦʪʥʦʩʠʪʝʣʴʥʦ 

ʪʝʤʧʝʨʘʪʫʨʳ ʞʠʜʢʦʩʪʠ. ʅʘ ʨʠʩ. 1ʘ ʧʨʝʜʩʪʘʚʣʝʥʘ ʢʨʠʚʘʷ ʢʠʧʝʥʠʷ 

ʞʠʜʢʦʛʦ ʘʟʦʪʘ, ʧʦʣʫʯʝʥʥʘʷ ʧʦ ʫʩʨʝʜʥʝʥʥʳʤ ʟʥʘʯʝʥʠʷ ʪʝʧʣʦʚʳʭ 

ʧʦʪʦʢʦʚ ʠ ʧʝʨʝʛʨʝʚʦʚ ʥʘʛʨʝʚʘʪʝʣʷ ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ ʠ ʫʤʝʥʴʰʝʥʠʠ q. 

ʂʘʢ ʚʠʜʥʦ, ʢʨʠʚʘʷ ʢʠʧʝʥʠʷ ʠʤʝʝʪ ʷʨʢʦ ʚʳʨʘʞʝʥʥʳʡ ʛʠʩʪʝʨʝʟʠʩ. ʅʘ 

ʨʠʩ. 1ʙ ʧʦʢʘʟʘʥʘ ʟʘʚʠʩʠʤʦʩʪʴ ʩʨʝʜʥʝʢʚʘʜʨʘʪʠʯʥʦʛʦ ʦʪʢʣʦʥʝʥʠʷ s 

ʤʛʥʦʚʝʥʥʳʭ ʟʥʘʯʝʥʠʡ ʧʝʨʝʛʨʝʚʘ ʥʘʛʨʝʚʘʪʝʣʷ ʦʪ q. ʇʨʠ ʫʚʝʣʠʯʝʥʠʠ 

ʪʝʧʣʦʚʦʛʦ ʧʦʪʦʢʘ ʚ ʧʝʨʝʭʦʜʥʦʡ ʦʙʣʘʩʪʠ ʦʪ ʢʦʥʚʝʢʮʠʠ ʢ ʧʫʟʳʨʴʢʦ-

ʚʦʤʫ ʢʠʧʝʥʠʶ (ʪʦʯʢʠ 4 ʠ 5) ʥʘʙʣʶʜʘʝʪʩʷ ʣʦʢʘʣʴʥʳʡ ʤʘʢʩʠʤʫʤ 

ʩʨʝʜʥʝʢʚʘʜʨʘʪʠʯʥʦʛʦ ʦʪʢʣʦʥʝʥʠʷ, ʚ ʜʘʣʴʥʝʡʰʝʤ, ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ 

ʪʝʧʣʦʚʦʛʦ ʧʦʪʦʢʘ ʚʧʣʦʪʴ ʜʦ ʥʘʩʪʫʧʣʝʥʠʷ ʢʨʠʟʠʩʘ ʪʝʧʣʦʦʪʜʘʯʠ 

(ʪʦʯʢʘ 10), s ʫʙʳʚʘʝʪ.  
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ɸ) ɹ) 

 
ɺ) 

ʈʠʩʫʥʦʢ 1. ɸ. ï ʂʨʠʚʘʷ ʢʠʧʝʥʠʷ ʞʠʜʢʦʛʦ ʘʟʦʪʘ, ɹ. ï ʟʘʚʠʩʠʤʦʩʪʴ ʩʨʝʜ-

ʥʝʢʚʘʜʨʘʪʠʯʥʦʛʦ ʦʪʢʣʦʥʝʥʠʷ ʤʛʥʦʚʝʥʥʳʭ ʟʥʘʯʝʥʠʡ ʧʝʨʝʛʨʝʚʘ ʥʘʛʨʝʚʘʪʝʣʷ 

ʦʪ ʪʝʧʣʦʚʦʛʦ ʧʦʪʦʢʘ, ɺ. - ï ʟʘʚʠʩʠʤʦʩʪʴ ʧʦʢʘʟʘʪʝʣʷ ʩʪʝʧʝʥʠ a ʦʪ ʪʝʧʣʦʚʦ-

ʛʦ ʧʦʪʦʢʘ. ʉʠʤʚʦʣʳ: 1 ï ʨʝʞʠʤ ʢʦʥʚʝʢʪʠʚʥʦʛʦ ʪʝʧʣʦʦʤʙʝʥʘ, 2 - ʧʫʟʳʨʴʢʦ-

ʚʦʝ ʢʠʧʝʥʠʝ ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ ʪʝʧʣʦʚʦʛʦ ʧʦʪʦʢʘ, 3 ïʧʣʝʥʦʯʥʦʝ ʢʠʧʝʥʠʝ, 4 

ʨʝʞʠʤʳ ʧʫʟʳʨʴʢʦʚʦʛʦ ʢʠʧʝʥʠʷ ʠ ʢʦʥʚʝʢʪʠʚʥʦʛʦ ʪʝʧʣʦʦʙʤʝʥʘ ʧʨʠ ʫʤʝʥʴ-

ʰʝʥʠʠ ʪʝʧʣʦʚʦʛʦ ʧʦʪʦʢʘ , 5 ï ʦʙʱʠʡ ʤʘʩʩʠʚ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʜʘʥʥʳʭ. 

 

ɸʤʧʣʠʪʫʜʥʦ-ʯʘʩʪʦʪʥʳʡ ʘʥʘʣʠʟ ʬʣʫʢʪʫʘʮʠʡ ʧʝʨʝʛʨʝʚʘ ʥʘʛʨʝʚʘ-

ʪʝʣʷ ʧʨʦʚʦʜʠʣʩʷ ʧʨʠ ʧʦʤʦʱʠ ʙʳʩʪʨʦʛʦ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʌʫʨʴʝ. ʇʦ-

ʣʫʯʝʥʥʳʝ ʟʘʚʠʩʠʤʦʩʪʠ ʘʤʧʣʠʪʫʜʳ A ʪʝʤʧʝʨʘʪʫʨʥʳʭ ʬʣʫʢʪʫʘʮʠʡ 

ʦʪ ʯʘʩʪʦʪʳ n ʘʧʧʨʦʢʩʠʤʠʨʦʚʘʣʘʩʴ ʬʫʥʢʮʠʝʡ ʚʠʜʘ A = CÖn-a. ʅʘ 

ʨʠʩ. 1ʚ ʧʦʢʘʟʘʥ ʛʨʘʬʠʢ ʟʘʚʠʩʠʤʦʩʪʠ ʧʦʢʘʟʘʪʝʣʷ ʩʪʝʧʝʥʠ a ʦʪ ʩʨʝʜ-

ʥʝʡ ʚʝʣʠʯʠʥʳ ʪʝʧʣʦʚʦʛʦ ʧʦʪʦʢʘ. ʇʨʠ ʟʥʘʯʝʥʠʷʭ ʪʝʧʣʦʚʳʭ ʧʦʪʦʢʦʚ, 
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ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʟʘʢʠʧʘʥʠʶ ʞʠʜʢʦʩʪʠ (qeb, ʪʦʯʢʠ 4 ʠ 5) ʠ ʥʘʩʪʫʧ-

ʣʝʥʠʶ ʢʨʠʟʠʩʘ ʪʝʧʣʦʦʪʜʘʯʠ (qcr1, ʪʦʯʢʘ 10), ʘ ʪʘʢʞʝ ʚ ʟʘʢʨʠʟʠʩʥʦʡ 

ʦʙʣʘʩʪʠ (ʪʦʯʢʠ 11-13), ʧʦʢʘʟʘʪʝʣʴ ʩʪʝʧʝʥʠ ʧʨʠʙʣʠʞʘʝʪʩʷ ʢ ʝʜʠʥʠʮʝ 

(ʬʣʠʢʢʝʨ-ʰʫʤ), ʯʪʦ ʭʘʨʘʢʪʝʨʠʟʫʝʪ ʥʘʩʪʫʧʣʝʥʠʝ ʥʝʨʘʚʥʦʚʝʩʥʦʛʦ 

ʬʘʟʦʚʦʛʦ ʧʝʨʝʭʦʜʘ ʚ ʞʠʜʢʦʩʪʠ. ɺʘʞʥʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʜʘʥʥʘʷ ʟʘʚʠ-

ʩʠʤʦʩʪʴ ʪʘʢʞʝ ʠʤʝʝʪ ʛʠʩʪʝʨʝʟʠʩ ʚ ʦʙʣʘʩʪʠ ʧʝʨʝʭʦʜʘ ʦʪ ʢʦʥʚʝʢʮʠʠ ʢ 

ʧʫʟʳʨʴʢʦʚʦʤʫ ʢʠʧʝʥʠʶ. 

 

ɿʘʢʣʶʯʝʥʠʝ 

ʅʘ ʦʩʥʦʚʝ ʨʘʩʩʤʦʪʨʝʥʥʳʭ ʤʝʪʦʜʦʚ ʘʥʘʣʠʟʘ ʪʝʤʧʝʨʘʪʫʨʥʳʭ 

ʬʣʫʢʪʫʘʮʠʡ ʚʦʟʤʦʞʥʦ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʝ ʧʝʨʝʭʦʜʘ ʢ ʧʫʟʳʨʴʢʦʚʦʤʫ 

ʢʠʧʝʥʠʶ ʠ ʥʘʩʪʫʧʣʝʥʠʷ ʢʨʠʟʠʩʘ ʪʝʧʣʦʦʪʜʘʯʠ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʧʨʝʜ-

ʣʦʞʝʥʥʳʭ ʤʝʪʦʜʦʚ ʧʦʟʚʦʣʷʝʪ ʩʦʟʜʘʪʴ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʫʶ ʩʠʩʪʝʤʫ 

ʜʣʷ ʜʠʘʛʥʦʩʪʠʢʠ ʧʝʨʝʭʦʜʥʳʭ ʧʨʦʮʝʩʩʦʚ ʚ ʢʨʠʦʛʝʥʥʦʡ ʪʝʭʥʠʢʝ. ʀʩ-

ʩʣʝʜʦʚʘʥʠʝ ʚʳʧʦʣʥʝʥʦ ʟʘ ʩʯʝʪ ʛʨʘʥʪʘ ʈʦʩʩʠʡʩʢʦʛʦ ʥʘʫʯʥʦʛʦ ʬʦʥʜʘ 

(ʧʨʦʝʢʪ ˉ 16- 19-10548). 

 

ʃʠʪʝʨʘʪʫʨʘ 

Lu J.F., Peng X.F., Bourouga B. Nucleate boiling modes of 

subcooled water on fine wires submerged in a pool // Experimental Heat 

Transfer. 2006. V. 19. ˉ 2. ʈ. 95ï111. 

ʈʝʰʝʪʥʠʢʦʚ ɸ.ɺ., ʉʢʦʢʦʚ ɺ.ʅ., ʂʦʚʝʨʜʘ ɺ.ʇ., ʉʢʨʠʧʦʚ ɺ.ʇ., 

ʄʘʞʝʡʢʦ ʅ.ɸ., ɺʠʥʦʛʨʘʜʦʚ ɸ.ɺ., ʌʣʠʢʝʨ-ʰʫʤ ʠ ʩʘʤʦʦʨʛʘʥʠʟʦʚʘʥ-

ʥʘʷ ʢʨʠʪʠʯʥʦʩʪʴ ʚ ʢʨʠʟʠʩʥʳʭ ʨʝʞʠʤʘʭ ʢʠʧʝʥʠʷ // ʇʨʠʢʣʘʜʥʘʷ ʤʝ-

ʭʘʥʠʢʘ ʠ ʪʝʭʥʠʯʝʩʢʘʷ ʬʠʟʠʢʘ. 2002. ʊ. 43. ˉ 1. ʩʪʨ. 131ï136. 
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ʈɸɿʈɸɹʆʊʂɸ ʋʉʊʈʆʁʉʊɺɸ ɼʃʗ ʆɹʃʋʏɽʅʀʗ  

ʇʆʃʀʄɽʈʅʓʍ ʄɸʊɽʈʀɸʃʆɺ ɸʃʔʌɸ-ʏɸʉʊʀʎɸʄʀ 

 

ʄʘʪʨʦʩʦʚʘ ʄ.ʖ., ʃʠʪʚʠʥʝʥʢʦ ʆ.ɺ. 
 

ʠʥʞʝʥʝʨʥʦ-ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʠʥʩʪʠʪʫʪ ï ʬʠʣʠʘʣ ʅʘʮʠʦʥʘʣʴʥʦʛʦ ʠʩʩʣʝʜʦ-

ʚʘʪʝʣʴʩʢʦʛʦ ʷʜʝʨʥʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ çʄʀʌʀè, ɼʠʤʠʪʨʦʚʛʨʘʜ 

+79278281197, IVIary.IVIatr@yandex.ru 

 

ɸʥʘʣʠʟ ʨʘʜʠʘʮʠʦʥʥʦ-ʭʠʤʠʯʝʩʢʠʭ ʧʨʝʚʨʘʱʝʥʠʡ ʧʦʣʠʤʝʨʥʳʭ ʤʘ-

ʪʝʨʠʘʣʦʚ, ʨʘʜʠʦʣʠʟʘ ʚʝʱʝʩʪʚ ʠ ʦʧʨʝʜʝʣʝʥʠʝ ʨʘʜʠʘʮʠʦʥʥʦʡ ʩʪʦʡʢʦ-

ʩʪʠ ʷʚʣʷʶʪʩʷ ʘʢʪʫʘʣʴʥʳʤʠ ʠʩʩʣʝʜʦʚʘʥʠʷʤʠ ʚ ʩʚʷʟʠ ʩ ʥʝʦʙʭʦʜʠʤʦ-

ʩʪʴʶ ʩʦʟʜʘʥʠʷ ʥʦʚʳʭ ʢʦʤʧʦʟʠʮʠʦʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʚ ʘʪʦʤʥʦʡ ʠ 

ʘʚʠʘʮʠʦʥʥʦ-ʢʦʩʤʠʯʝʩʢʦʡ ʪʝʭʥʠʢʝ. ɺʩʣʝʜʩʪʚʠʝ ʯʝʛʦ ʥʝʦʙʭʦʜʠʤʦ 

ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʠ ʠʟʛʦʪʦʚʣʝʥʠʝ ʫʩʪʨʦʡʩʪʚ ʜʣʷ ʧʦʤʝʱʝʥʠʷ ʚ ʨʘʜʠʘ-

ʮʠʦʥʥʦʝ ʧʦʣʝ ʤʘʪʝʨʠʘʣʘ, ʯʪʦ ʠ ʷʚʣʷʝʪʩʷ ʮʝʣʴʶ ʜʘʥʥʦʡ ʨʘʙʦʪʳ. ɺ 

ʢʘʯʝʩʪʚʝ ʠʩʧʦʣʴʟʫʝʤʳʭ ʤʘʪʝʨʠʘʣʦʚ ʜʣʷ ʘʨʤʠʨʦʚʘʥʠʷ ʘʚʠʘʮʠʦʥʥʦ-

ʢʦʩʤʠʯʝʩʢʠʭ ʢʦʤʧʦʟʠʪʦʚ ʧʨʠʤʝʥʷʶʪʩʷ ʢʘʢ ʪʝʨʤʦ- ʪʘʢ ʠ ʨʝʘʢʪʦʧʣʘ-

ʩʪʳ. 

ʆʜʠʥ ʠʟ ʪʝʨʤʦʨʝʘʢʪʠʚʥʳʭ ʧʦʣʠʤʝʨʦʚ ï ɼʎʇɼ ï ʧʦʣʠʤʝʨ ʩ ʫʥʠ-

ʢʘʣʴʥʳʤʠ ʧʦʪʨʝʙʠʪʝʣʴʩʢʠʤʠ ʩʚʦʡʩʪʚʘʤʠ: ʥʠʟʢʦʡ ʧʣʦʪʥʦʩʪʴʶ, ʚʳ-

ʩʦʢʦʡ ʧʨʦʯʥʦʩʪʴʶ, ʫʩʪʦʡʯʠʚʦʩʪʴʶ ʧʨʠ ʚʳʩʦʢʠʭ ʠ ʥʠʟʢʠʭ ʪʝʤʧʝʨʘ-

ʪʫʨʘʭ, ʩʪʦʡʢʦʩʪʴʶ ʢ ʚʦʟʜʝʡʩʪʚʠʶ ʭʠʤʠʯʝʩʢʠʭ ʨʝʘʛʝʥʪʦʚ. ɼʣʷ ʠʩ-

ʩʣʝʜʦʚʘʥʠʷ ʨʘʜʠʘʮʠʦʥʥʦʡ ʩʪʦʡʢʦʩʪʠ ʜʘʥʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʚʦʟʥʠʢʣʘ 

ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʨʘʟʨʘʙʦʪʢʠ ʫʩʪʨʦʡʩʪʚʘ ʢʦʥʢʨʝʪʥʦʛʦ ʬʦʨʤʘʪʘ ʠʟ-ʟʘ 

ʬʦʨʤʳ ʦʙʨʘʟʮʦʚ (20Ĭ10Ĭ2 ʤʤ), ʧʦʣʫʯʝʥʥʳʭ ʨʝʘʢʮʠʦʥʥʦ-

ʠʥʞʝʢʪʦʨʥʳʤ ʬʦʨʤʦʚʘʥʠʝʤ. 

ɺ ʭʦʜʝ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʫʩʪʨʦʡʩʪʚʘ ʙʳʣʘ ʧʨʝʜʣʦʞʝʥʘ ʢʦʥʬʠʛʫʨʘ-

ʮʠʷ ʢʦʥʩʪʨʫʢʮʠʠ ʩʦʛʣʘʩʥʦ ʧʨʠʣʦʞʝʥʥʦʡ ʩʭʝʤʝ (ʨʠʩ. 1). 

ʊʘʢ ʢʘʢ ʦʙʣʫʯʘʝʤʳʝ ʦʙʨʘʟʮʳ ʧʣʘʥʠʨʫʝʪʩʷ ʯʘʩʪʦ ʤʝʥʷʪʴ, ʜʣʷ 

ʫʜʦʙʩʪʚʘ ʜʝʨʞʘʪʝʣʴ (ʨʠʩ. 2) ʧʣʘʥʠʨʫʝʪʩʷ ʚʳʧʦʣʥʠʪʴ ʚ ʇ-ʦʙʨʘʟʥʦʡ 

ʬʦʨʤʝ, ʯʪʦ ʩʚʷʟʘʥʥʦ ʩ ʬʦʨʤʦʡ ʠʩʩʣʝʜʫʝʤʦʛʦ ʦʙʨʘʟʮʘ. ʂʨʝʧʣʝʥʠʝ 

ʜʝʨʞʘʪʝʣʷ ʥʝʦʙʭʦʜʠʤʦ ʚʳʧʦʣʥʠʪʴ ʚʠʥʪʦʚʳʤ ʢʨʝʧʝʞʦʤ ʜʣʷ ʚʦʟ-

ʤʦʞʥʦʩʪʠ ʧʝʨʝʤʝʱʝʥʠʷ ʠ ʬʠʢʩʘʮʠʠ, ʘ ʪʘʢ ʞʝ ʜʣʷ ʠʟʤʝʥʝʥʠʷ ʜʦʟʦ-

ʚʦʡ ʥʘʛʨʫʟʢʠ ʚʘʨʴʠʨʦʚʘʥʠʝʤ ʨʘʩʩʪʦʷʥʠʷ, ʘ ʥʝ ʟʘ ʩʯʝʪ ʵʢʩʧʦʟʠʮʠʠ. 

ʈʘʟʤʝʱʝʥʠʝ ʠʩʪʦʯʥʠʢʘ ʚʥʠʟʫ ʫʩʪʘʥʦʚʢʠ ʦʙʦʩʥʦʚʘʥʥʦ ʪʝʤ, ʯʪʦ 

ʧʨʠ ʨʘʩʧʦʣʦʞʝʥʠʠ ʠʟʣʫʯʘʪʝʣʷ ʥʘʜ ʦʙʨʘʟʮʦʤ ʧʨʦʠʩʭʦʜʠʪ ʦʩʘʞʜʝʥʠʝ 
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ʚʳʙʠʪʦʡ ʧʳʣʠ ʘʣʴʬʘ-ʯʘʩʪʠʮʘʤʠ [1] (ʠʣʠ ʷʜʨʘʤʠ ʦʪʜʘʯʠ) ʩ ʚʝʨʭʥʝʡ 

ʧʣʦʩʢʦʩʪʠ ʠʩʪʦʯʥʠʢʘ. 

 
ʈʠʩ.1. ʉʭʝʤʘ ʫʩʪʨʦʡʩʪʚʘ ʜʣʷ ʦʙʣʫʯʝʥʠʷ ʧʦʣʠʤʝʨʥʳʭ ʤʘʪʝʨʠʘʣʦʚ, ʟʜʝʩʴ 

ʘ ï ʜʝʨʞʘʪʝʣʴ ʦʙʨʘʟʦʚ, ʙ ï ʫʛʣʫʙʣʝʥʠʝ ʜʣʷ ʠʩʪʦʯʥʠʢʘ 244Cm 

 

 

ʘ) ʙ) 
ʈʠʩ.2. ʘ) ɼʝʨʞʘʪʝʣʴ, ʚʠʜ ʩʚʝʨʭʫ, ʙ) ɼʝʨʞʘʪʝʣʴ, ʚʠʜ ʩʙʦʢʫ 

ɿʜʝʩʴ R5 ï ʚʥʫʪʨʝʥʥʠʡ ʨʘʜʠʫʩ ʢʨʝʧʝʞʘ ʜʝʨʞʘʪʝʣʷ, R6 ï ʥʘʨʫʞʥʳʡ 

ʜʠʘʤʝʪʨ ʢʨʝʧʝʞʘ ʜʝʨʞʘʪʝʣʷ, ʨʘʟʤʝʨʳ ʫʢʘʟʘʥʳ ʚ ʤʠʣʣʠʤʝʪʨʘʭ 

ɼʘʥʥʦʝ ʫʩʪʨʦʡʩʪʚʦ ʜʦʣʞʥʦ ʦʙʝʩʧʝʯʠʪʴ ʤʘʢʩʠʤʘʣʴʥʦʝ ʫʜʦʙʩʪʚʦ 

ʠ ʥʘʜʝʞʥʦʩʪʴ ʜʣʷ ʦʙʣʫʯʝʥʠʷ ʠʩʩʣʝʜʫʝʤʳʭ ʦʙʨʘʟʮʦʚ, ʯʪʦ ʚ ʜʘʣʴ-

ʥʝʡʰʝʤ ʙʫʜʝʪ ʧʨʦʚʝʨʝʥʦ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ. 

ʃʠʪʝʨʘʪʫʨʘ 

1. ɺ.ɺ. ʂʘʰʢʦʚʩʢʠʡ. ʉʧʝʮʠʘʣʴʥʳʡ ʬʠʟʠʯʝʩʢʠʡ ʧʨʘʢʪʠʢʫʤ. 

(ʊʦʤʩʢ: ʀʟʜ-ʚʦ ʊʦʤʩʢʦʛʦ ʧʦʣʠʪʝʭʥʠʯʝʩʢʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ. 2010). 
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ʄʆɼɽʃʀʈʆɺɸʅʀɽ ʀ ʈɸʉʏɪʊ ʇʈʆʎɽʉʉʆɺ ɺ  

ʄʅʆɻʆʇʆʃʆʉʂʆɺʆʁ ʇʈʆʇʆʈʎʀʆʅɸʃʔʅʆʁ ʂɸʄɽʈɽ 

 

ʄʝʣʴʥʠʢʦʚ ɸ.ɸ
 

 

ʄʌʊʀ (ɻʋ), ʛʦʨʦʜ ɼʦʣʛʦʧʨʫʜʥʳʡ 

8926 668 32 05, alex-9.06@mail.ru 

 

ɿʘʜʘʯʘ: ʈʘʟʨʘʙʦʪʢʘ, ʠʟʛʦʪʦʚʣʝʥʠʝ, ʫʩʪʘʥʦʚʢʘ ʠ ʥʘʣʘʜʢʘ ʜʠʘʛʥʦ-

ʩʪʠʯʝʩʢʦʛʦ ʫʩʪʨʦʡʩʪʚʘ ʜʣʷ ʠʟʤʝʨʝʥʠʡ ʠʤʧʫʣʴʩʥʦʛʦ ʪʦʢʘ, ʧʦʧʝʨʝʯ-

ʥʳʭ ʧʨʦʬʠʣʝʡ ʠ ʧʦʣʦʞʝʥʠʷ ʮʝʥʪʨʘ ʪʷʞʝʩʪʠ ʧʫʯʢʘ ʧʨʦʪʦʥʦʚ ʩ ʧʘ-

ʨʘʤʝʪʨʘʤʠ: ʵʥʝʨʛʠʷ ʧʨʦʪʦʥʦʚ 100õ250 ʄʵɺ; ʨʘʟʤʝʨ ʧʫʯʢʘ ʧʦ ʦʩʥʦ-

ʚʘʥʠʶ 20õ50 ʤʤ; ʯʘʩʪʦʪʘ ʩʣʝʜʦʚʘʥʠʷ ʠʤʧʫʣʴʩʦʚ 1õ50 ɻʮ; ʜʣʠʪʝʣʴ-

ʥʦʩʪʴ ʠʤʧʫʣʴʩʘ 10õ180 ʤʢʩ; ʠʤʧʫʣʴʩʥʳʡ ʪʦʢ 1õ1000 ʥɸ. 

ʇʨʘʢʪʠʯʝʩʢʘʷ ʟʥʘʯʠʤʦʩʪʴ ʨʘʙʦʪʳ: ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʯʠʩ-

ʣʝʥʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʠ ʘʥʘʣʠʪʠʯʝʩʢʘʷ ʦʮʝʥʢʘ ʢʣʶʯʝʚʳʭ ʨʘʙʦʯʠʭ 

ʧʘʨʘʤʝʪʨʦʚ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦʡ ʢʘʤʝʨʳ ʣʝʞʘʪ ʚ ʦʩʥʦʚʝ ʠʟʛʦʪʦʚʣʝ-

ʥʠʷ ʨʝʘʣʴʥʦʛʦ ʧʨʠʙʦʨʘ- ʠʟʤʝʨʠʪʝʣʷ ʤʘʣʳʭ ʪʦʢʦʚ ʜʣʷ ʦʙʣʫʯʘʪʝʣʴ-

ʥʦʛʦ ʩʪʝʥʜʘ ʀʗʀ. ʈʘʟʨʘʙʦʪʘʥʥʘʷ ʠ ʠʩʧʳʪʘʥʥʘʷ ʩʠʩʪʝʤʘ ʥʝʨʘʟʨʫ-

ʰʘʶʱʝʡ ʜʠʘʛʥʦʩʪʠʢʠ ʧʫʯʢʘ ʫʩʢʦʨʠʪʝʣʷ ʧʦʟʚʦʣʷʝʪ ʧʨʦʚʦʜʠʪʴ ʦʙʣʫ-

ʯʝʥʠʷ ʦʙʨʘʟʮʦʚ ʩ ʢʦʥʪʨʦʣʝʤ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʠ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦ-

ʚʨʝʤʝʥʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʫʯʢʘ ʚ ʨʝʞʠʤʝ ʨʝʘʣʴʥʦʛʦ ʚʨʝʤʝʥʠ. 

ʈʠʩ.1. ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʪʝʥʮʠʘʣʘ(ɺ) ʚ ʢʘʤʝʨʝ ʧʨʠ ʥʘʧʨʷ-

ʞʝʥʠʠ ʤʝʞʜʫ ʧʦʣʦʩʢʘʤʠ ʠ ʧʣʦʩʢʠʤ ʵʣʝʢʪʨʦʜʦʤ 1500ɺ 
ʅʘ ʦʩʥʦʚʘʥʠʠ ʧʦʣʫʯʝʥʥʦʡ ʤʦʜʝʣʠ ʠ ʪʝʦʨʠʠ ʧʨʦʭʦʞʜʝʥʠʷ ʟʘʨʷ-

ʞʝʥʥʳʭ ʯʘʩʪʠʮ ʯʝʨʝʟ ʚʝʱʝʩʪʚʦ [3] ʠ ʦʩʥʦʚ ʧʨʦʮʝʩʩʦʚ ʛʘʟʦʚʦʛʦ ʨʘʟ-

ʨʷʜʘ [1,2] ʙʳʣʠ ʩʜʝʣʘʥʳ ʥʝʢʦʪʦʨʳʝ ʦʮʝʥʢʠ. ʅʘʧʨʠʤʝʨ, ʥʘʧʨʷʞʝʥʠʝ 

ʧʨʦʙʦʷ ʢʘʤʝʨʳ, ʘ ʪʘʢʞʝ ʥʝʦʙʭʦʜʠʤʘʷ ʨʘʟʥʦʩʪʴ ʧʦʪʝʥʮʠʘʣʦʚ ʜʣʷ 
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ʨʘʙʦʪʳ ʚ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦʤ ʨʝʞʠʤʝ, ʢʦʣʠʯʝʩʪʚʦ ʧʝʨʚʠʯʥʳʭ ʵʣʝʢ-

ʪʨʦʥʦʚ ʠʦʥʠʟʘʮʠʠ ʦʪ 1 ʯʘʩʪʠʮʳ. ɹʦʣʝʝ ʪʦʛʦ, ʫʯʪʝʥʳ ʷʚʣʝʥʠʷ ʟʘʭʚʘ-

ʪʘ ʵʣʝʢʪʨʦʥʦʚ ʢʠʩʣʦʨʦʜʦʤ ʠ ʨʝʢʦʤʙʠʥʘʮʠʠ. ʆʧʨʝʜʝʣʝʥ ʣʘʚʠʥʥʳʡ 

ʢʦʵʬʬʠʮʠʝʥʪ ʫʩʠʣʝʥʠʷ ʩʠʩʪʝʤʳ ʠ ʩʤʦʜʝʣʠʨʦʚʘʥʦ ʢʦʣʠʯʝʩʪʚʦ ʵʣʝʢ-

ʪʨʦʥʦʚ, ʧʨʠʣʝʪʘʶʱʠʭ ʥʘ ʢʘʞʜʫʶ ʧʣʘʩʪʠʥʢʫ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʧʨʦ-

ʩʪʨʘʥʩʪʚʝʥʥʦʛʦ ʨʘʟʨʝʰʝʥʠʷ. ʈʘʩʯʝʪʳ ʫʯʠʪʳʚʘʶʪ, ʯʪʦ ʫʩʢʦʨʠʪʝʣʴ 

ʥʘʭʦʜʠʪʩʷ ʚ ʪʦʥʥʝʣʝ ʩ ʚʣʘʞʥʳʤ ʚʦʟʜʫʭʦʤ. 

 

ʃʠʪʝʨʘʪʫʨʘ 

1. G. CHARPAK and F. SAULI. MULTIWIRE PROPORTIONAL 

CHAMBERS AND DRIFT CHAMBERS. CERN, Geneva. Switzerland 

(1979) 

2. S.I. Potashev, S.V. Akulinichev. A thin-walled air-ionization 

chamber for proton therapy. Nuclear Instruments and Methods in Phys-

ics research (2004) 

    3. ʂ. ʅ. ʄʫʭʠʥ. ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʘʷ ʷʜʝʨʥʘʷ ʬʠʟʠʢʘ. ʄʦʩʢʚʘ. 

ʕʥʝʨʛʦʘʪʦʤʠʟʜʘʪ (1983). 
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ʕʂʉʇɽʈʀʄɽʅʊ TUNKA -GRANDE 

 

ʄʦʥʭʦʝʚ ʈ.ɼ.
1
 ʦʪ ʢʦʣʣʘʙʦʨʘʮʠʠ ʊʫʥʢʘ

 

 
1 ʌʝʜʝʨʘʣʴʥʦʝ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʝ ʙʶʜʞʝʪʥʦʝ ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʝ ʫʯʨʝʞʜʝ-

ʥʠʝ  ʚʳʩʰʝʛʦ ʦʙʨʘʟʦʚʘʥʠʷ çʀʨʢʫʪʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪè, 

ʅʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʠʥʩʪʠʪʫʪ ʧʨʠʢʣʘʜʥʦʡ ʬʠʟʠʢʠ,  

ʀʨʢʫʪʩʢ, ʈʦʩʩʠʷ. 

89149443249, makaay08@rambler.ru 

 

ʉʮʠʥʪʠʣʣʷʮʠʦʥʥʘʷ ʫʩʪʘʥʦʚʢʘ Tunka-Grande ʚʭʦʜʠʪ ʚ ʩʦʩʪʘʚ 

ʝʜʠʥʦʛʦ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ʢʦʤʧʣʝʢʩʘ, ʨʘʩʧʦʣʦʞʝʥʥʦʛʦ ʚ ʊʫʥ-

ʢʠʥʩʢʦʡ ʜʦʣʠʥʝ (ʨʝʩʧʫʙʣʠʢʘ ɹʫʨʷʪʠʷ, ʈʦʩʩʠʷ) ʚ 50 ʢʤ ʦʪ ʦʟʝʨʘ ɹʘʡ-

ʢʘʣ. ɼʘʥʥʳʡ ʢʦʤʧʣʝʢʩ ʪʘʢʞʝ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʫʩʪʘʥʦʚʢʫ ʊʫʥʢʘ-133 

[1], ʨʝʛʠʩʪʨʠʨʫʶʱʫʶ ʯʝʨʝʥʢʦʚʩʢʦʝ ʠʟʣʫʯʝʥʠʝ ʐɸʃ, ʠ ʫʩʪʘʥʦʚʢʫ 

Tunka-Rex [2], ʧʨʝʜʥʘʟʥʘʯʝʥʥʫʶ ʜʣʷ ʜʝʪʝʢʪʠʨʦʚʘʥʠʷ ʨʘʜʠʦʠʟʣʫʯʝ-

ʥʠʷ ʐɸʃ. ɿʘʜʘʯʝʡ ʩʦʚʤʝʩʪʥʦʡ ʨʘʙʦʪʳ ʫʩʪʘʥʦʚʦʢ ʷʚʣʷʝʪʩʷ ʜʝʪʘʣʴ-

ʥʦʝ ʠʟʫʯʝʥʠʝ ʵʥʝʨʛʝʪʠʯʝʩʢʦʛʦ ʩʧʝʢʪʨʘ ʠ ʤʘʩʩʦʚʦʛʦ ʩʦʩʪʘʚʘ ʧʝʨʚʠʯ-

ʥʳʭ ʢʦʩʤʠʯʝʩʢʠʭ ʣʫʯʝʡ ʚ ʜʠʘʧʘʟʦʥʝ ʵʥʝʨʛʠʡ 10 ʇɻ ɺ - 1000 ʇʵɺ, ʘ 

ʪʘʢʞʝ ʧʦʠʩʢ ʜʠʬʬʫʟʥʦʛʦ ʛʘʤʤʘ-ʠʟʣʫʯʝʥʠʷ ʚ ʜʠʘʧʘʟʦʥʝ ʵʥʝʨʛʠʡ 50 

ʇʵɺ - 500 ʇʵɺ.  

ɺ ʜʦʢʣʘʜʝ ʧʨʠʚʝʜʝʥʦ ʦʧʠʩʘʥʠʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ʢʦʤ-

ʧʣʝʢʩʘ, ʧʨʝʜʩʪʘʚʣʝʥʳ ʧʝʨʚʳʝ ʧʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ, ʫʢʘʟʘʥʳ 

ʧʝʨʩʧʝʢʪʠʚʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʢʦʩʤʠʯʝʩʢʠʭ ʣʫʯʝʡ ʧʨʠ ʦʜʥʦʚʨʝʤʝʥʥʦʡ 

ʨʝʛʠʩʪʨʘʮʠʠ ʯʝʨʝʥʢʦʚʩʢʦʡ ʠ ʟʘʨʷʞʝʥʥʦʡ ʢʦʤʧʦʥʝʥʪ, ʘ ʪʘʢʞʝ ʨʘ-

ʜʠʦʠʟʣʫʯʝʥʠʷ ʐɸʃ, ʦʙʩʫʞʜʘʶʪʩʷ ʚʦʧʨʦʩʳ, ʩʚʷʟʘʥʥʳʝ ʩ ʦʧʨʝʜʝʣʝ-

ʥʠʝʤ ʧʦʪʦʢʘ ʜʠʬʬʫʟʥʦʛʦ ʛʘʤʤʘ-ʠʟʣʫʯʝʥʠʷ. 

ʃʠʪʝʨʘʪʫʨʘ 
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ʅɸɹʃʖɼɸʊɽʃʔʅʓɽ ʆɻʈɸʅʀʏɽʅʀʗ ʅɸ ʇɸʈɸʄɽʊʈʓ 

ʂʆʉʄʆʃʆɻʀʏɽʉʂʀʍ ʉʋʇɽʈʉʊʈʋʅ 

 

ʄʫʭʘʝʚʘ ɸ.ʀ.
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, ʉʘʞʠʥʘ ʆ.ʉ.

2 

 
1 ɻʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ çɼʫʙʥʘè, ʛ. ɼʫʙʥʘ, 89875957834, 

mukhae-va.alfya@yandex.ru 

2 ɻʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʘʩʪʨʦʥʦʤʠʯʝʩʢʠʡ ʠʥʩʪʠʪʫʪ  

ʠʤ. ʇ.ʂ. ʐʪʝʨʥʙʝʨʛʘ, ʄɻʋ, ʛ. ʄʦʩʢʚʘ 

 

ʇʦʩʣʝʜʥʝʝ ʚʨʝʤʷ ʩʪʘʥʦʚʠʪʩʷ ʚʩʝ ʙʦʣʝʝ ʨʘʟʥʦʦʙʨʘʟʥʳʤʠ ʪʠʧʳ 

ʪʝʦʨʝʪʠʯʝʩʢʠ ʚʦʟʤʦʞʥʳʭ ʢʦʩʤʠʯʝʩʢʠʭ ʩʪʨʫʥ, ʢʦʪʦʨʳʝ ʭʘʨʘʢʪʝʨʠ-

ʟʫʶʪʩʷ ʥʝ ʪʦʣʴʢʦ ʰʠʨʦʢʠʤ ʜʠʘʧʘʟʦʥʦʤ ʵʥʝʨʛʠʡ, ʥʦ ʠ ʧʨʠʥʮʠʧʠ-

ʘʣʴʥʦ ʨʘʟʣʠʯʥʳʤ ʧʨʦʠʩʭʦʞʜʝʥʠʝʤ. ʈʘʙʦʪʘ ʧʦʩʚʷʱʝʥʘ ʧʦʠʩʢʫ 

ʥʘʙʣʶʜʘʪʝʣʴʥʦʡ ʧʨʦʚʝʨʢʠ ʛʠʧʦʪʝʟʳ ʩʫʧʝʨʩʪʨʫʥ, ʘ ʠʤʝʥʥʦ, ʚʳʷʚʣʝ-

ʥʠʶ ʥʘʙʣʶʜʘʪʝʣʴʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ, ʧʦʟʚʦʣʷʶʱʠʭ ʨʘʟʣʠʯʘʪʴ ʪʠʧʳ 

ʢʦʩʤʦʣʦʛʠʯʝʩʢʠʭ ʩʫʧʝʨʩʪʨʫʥ.   

ʅʘʪʷʞʝʥʠʝ ʢʦʩʤʠʯʝʩʢʠʭ ʩʪʨʫʥ ʦʧʠʩʳʚʘʝʪʩʷ ʫʨʘʚʥʝʥʠʷʤʠ: 

 

 

 

 

 

ʀʩʭʦʜʷ ʠʟ ʨʘʜʠʦʜʘʥʥʳʭ ʢʦʩʤʠʯʝʩʢʠʭ ʤʠʩʩʠʡ WMAP ʠ Planck 

[2], ʘ  ʪʘʢ ʞʝ ʠʩʧʦʣʴʟʫʷ ʤʝʪʦʜ ʧʦʠʩʢʘ ʛʨʘʚʠʪʘʮʠʦʥʥʦ-ʣʠʥʟʦʚʳʭ ʩʦ-

ʙʳʪʠʡ, ʤʳ ʦʧʨʝʜʝʣʠʣʠ ʩʨʝʜʥʝʝ ʟʥʘʯʝʥʠʝ ʜʝʬʠʮʠʪʘ ʫʛʣʘ [1] (

. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʠʩʧʦʣʴʟʫʷ ʩʣʝʜʫʶʱʠʝ ʤʝʪʦʜʳ, ʙʳʣʠ ʧʦʣʫʯʝʥʳ 

ʦʛʨʘʥʠʯʝʥʠʷ ʥʘ ʥʘʪʷʞʝʥʠʝ ʢʦʩʤʠʯʝʩʢʠʭ ʩʪʨʫʥ: 

ʉʪʨʫʥʥʳʝ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʩʝʪʝʡ ʠ ʧʦʠʩʢ ʢʫʤʫʣʷʪʠʚʥʳʭ ʦʛʨʘʥʠ-

ʯʝʥʠʡ ʧʦ ʨʝʣʠʢʪʦʚʦʤʫ ʠʟʣʫʯʝʥʠʶ; 
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ʇʦʠʩʢ ʦʪʜʝʣʴʥʳʭ ʢʘʥʜʠʜʘʪʦʚ ʚ ʢʦʩʤʠʯʝʩʢʠʝ ʩʪʨʫʥʳ (ʘʣʛʦʨʠʪʤ 

Canny ʜʣʷ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʧʦ ʠʟʤʝʨʝʥʠʶ ʨʝʣʠʢʪʦʚʦʛʦ ʠʟʣʫʯʝʥʠʷ), ʘ 

ʪʘʢ ʞʝ ʤʝʪʦʜ ʩʚʝʨʪʢʠ ʩ ʦʨʪʦʥʦʨʤʘʣʴʥʳʤʠ ʬʫʥʢʮʠʷʤʠ. 

ʀʪʘʢ, ʜʦʧʫʩʪʠʤʳʡ ʠʥʪʝʨʚʘʣ ʜʣʷ ʥʘʪʷʞʝʥʠʷ ʢʦʩʤʦʣʦʛʠʯʝʩʢʦʡ 

FD-ʩʪʨʫʥʳ: 

 

 

 
ɿʘʤʝʪʠʤ, ʯʪʦ ʧʦʣʫʯʝʥʥʦʝ ʦʛʨʘʥʠʯʝʥʠʝ ʥʝ ʟʘʚʠʩʠʪ ʦʪ ʢʦʣʠʯʝʩʪʚʘ 

F-ʩʪʨʫʥ.  ɺʳʨʘʞʝʥʠʝ ʩʦʛʣʘʩʫʝʪʩʷ ʩ ʦʮʝʥʢʘʤʠ ʜʨʫʛʠʭ ʘʚʪʦʨʦʚ (

)  ʠ ʫʪʦʯʥʷʝʪ ʠʭ ʩʦʦʙʨʘʟʥʦ ʥʘʙʣʶʜʘʪʝʣʴ-

ʥʳʤ ʜʘʥʥʳʤ. ʇʨʠ ʙʦʣʴʰʠʭ, ʥʦ ʜʦʧʫʩʪʠʤʳʭ ʥʘʙʣʶʜʝʥʠʷʤʠ, ʟʥʘʯʝ-

ʥʠʷʭ ʜʝʬʠʮʠʪʘ ʫʛʣʘ (ʯʪʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʤʝʥʴʰʠʤ ʩʢʦʨʦʩʪʷʤ ʜʚʠʞʝ-

ʥʠʷ ʩʪʨʫʥʳ), ʤʠʥʠʤʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ ʥʘʪʷʞʝʥʠʷ ʜʦʩʪʠʛʘʝʪ ʚʝʣʠʯʠ-

ʥʳ ʧʦʨʷʜʢʘ . ɼʣʷ ʩʪʨʫʥ, ʜʚʠʞʫʱʠʭʩʷ ʩ ʦʢʦʣʦʩʚʝʪʦʚʳʤʠ ʩʢʦ-

ʨʦʩʪʷʤʠ, ʤʠʥʠʤʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ ʥʘʪʷʞʝʥʠʷ ʩʪʘʥʦʚʠʪʩʷ ʧʦʨʷʜʢʘ 

. 
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ʇʨʝʜʩʪʘʚʣʝʥʥʘʷ ʨʘʙʦʪʘ ʧʦʩʚʷʱʝʥʘ ʨʘʟʨʘʙʦʪʢʝ ʤʝʪʦʜʘ ʚʦʩʩʪʘ-

ʥʦʚʣʝʥʠʷ ʤʥʦʛʦʧʨʦʚʦʣʦʯʥʳʭ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʳʭ ʢʘʤʝʨ (ʄʇʂ), ʚ 

ʢʦʪʦʨʳʭ ʧʨʠ ʨʘʙʦʪʝ ʚ ʠʥʪʝʥʩʠʚʥʳʭ ʨʘʜʠʘʮʠʦʥʥʳʭ ʧʦʣʷʭ ʚʦʟʥʠʢʘ-

ʶʪ ʟʦʥʳ ʩ ʩʘʤʦʧʦʜʜʝʨʞʠʚʘʶʱʠʤʠʩʷ ʩʧʦʥʪʘʥʥʳʤʠ ʪʦʢʘʤʠ. ʕʪʦʪ 

ʬʝʥʦʤʝʥ ʷʚʣʷʝʪʩʷ ʩʝʛʦʜʥʷ ʥʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʸʥʥʳʤ ʪʠʧʦʤ ʩʪʘ-

ʨʝʥʠʷ ʄʇʂ ʠ ʥʘʟʳʚʘʝʪʩʷ ʄʘʣʴʪʝʨ ʵʬʬʝʢʪʦʤ (ʄʕ) [1]. 

ʋʚʝʣʠʯʝʥʠʝ ʚʨʝʤʝʥʠ ʞʠʟʥʠ ʜʝʪʝʢʪʦʨʦʚ ʚ ʵʢʩʧʝʨʠʤʝʥʪʘʭ ʥʘ 

ɹʦʣʴʰʦʤ ʘʜʨʦʥʥʦʤ ʢʦʣʣʘʡʜʝʨʝ (ɹɸʂ) ʩʪʘʣʦ ʚʘʞʥʦʡ ʧʨʘʢʪʠʯʝʩʢʦʡ 

ʟʘʜʘʯʝʡ, ʚ ʩʚʷʟʠ ʩ ʟʘʧʣʘʥʠʨʦʚʘʥʥʳʤ ʥʘ 2018 ʛʦʜ ʫʚʝʣʠʯʝʥʠʝʤ ʩʚʝ-

ʪʠʤʦʩʪʠ ʧʫʯʢʘ ʜʦ 5³10
34

 ʩʤ
-2
ʩʝʢ

-1
. ʉ ʨʦʩʪʦʤ ʵʥʝʨʛʠʠ ʠ ʠʥʪʝʥʩʠʚʥʦ-

ʩʪʠ ʧʫʯʢʦʚ ʯʘʩʪʠʮ ʚ ʵʢʩʧʝʨʠʤʝʥʪʘʭ ʧʨʦʪʝʢʘʥʠʝ ʧʨʦʮʝʩʩʦʚ ʩʪʘʨʝʥʠʷ 

ʚ ʜʝʪʝʢʪʦʨʘʭ ɹɸʂ ʙʫʜʝʪ ʪʦʣʴʢʦ ʫʩʢʦʨʷʪʴʩʷ. 

ʇʨʦʷʚʣʝʥʠʝ ʄʕ ʚ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʳʭ ʢʘʤʝʨʘʭ ʧʨʠʚʦʜʠʪ ʢ ʠʩʢʘ-

ʞʝʥʠʶ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʜʘʥʥʳʭ, ʘʚʘʨʠʡʥʳʤ ʩʙʨʦʩʘʤ ʚʳʩʦʢʦ-

ʚʦʣʴʪʥʳʭ ʩʠʩʪʝʤ ʧʠʪʘʥʠʷ, ʙʦʣʴʰʠʤ ʣʦʢʘʣʴʥʦ ʥʘʢʦʧʣʝʥʥʳʤ ʜʦʟʘʤ 

ʥʘ ʘʥʦʜʥʳʭ ʧʨʦʚʦʣʦʯʢʘʭ ʠ ʤʠʢʨʦʧʨʦʙʦʷʤ ʚ ʨʘʙʦʯʝʤ ʦʙʲʸʤʝ. ʋʞʝ 

ʩʝʛʦʜʥʷ ʤʥʦʛʠʝ ʄʇʂ ʵʢʩʧʝʨʠʤʝʥʪʘ LHCb ʧʝʨʠʦʜʠʯʝʩʢʠ ʜʝʤʦʥ-

ʩʪʨʠʨʫʶʪ ʩʧʦʥʪʘʥʥʳʝ ʤʘʣʴʪʝʨʦʚʩʢʠʝ ʪʦʢʠ ʧʨʠ ʨʘʙʦʪʝ ʥʘ ʧʫʯʢʝ 

ɹɸʂ.  ʀ ʧʨʦʙʣʝʤʘ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʵʪʠʭ ʜʝʪʝʢʪʦʨʦʚ ʦʪ ʧʨʦʷʚʣʝʥʠʡ 

ʄʕ ʫʞʝ ʩʝʡʯʘʩ ʷʚʣʷʝʪʩʷ ʘʢʪʫʘʣʴʥʦʡ.  

ʇʦʷʚʣʝʥʠʝ ʄʕ ʚʳʟʚʘʥʦ ʦʙʨʘʟʦʚʘʥʠʝʤ ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʡ ʧʣʸʥʢʠ 

ʥʘ ʢʘʪʦʜʝ. ɼʣʷ ʧʦʜʘʚʣʝʥʠʷ ʄʕ ʪʨʝʙʫʝʪʩʷ ʫʜʘʣʠʪʴ ʵʪʫ ʧʣʸʥʢʫ ʩ ʢʘ-

ʪʦʜʘ ʣʠʙʦ ʟʥʘʯʠʪʝʣʴʥʦ ʫʤʝʥʴʰʠʪʴ ʝʸ ʨʝʟʠʩʪʠʚʥʦʩʪʴ. ɼʦ ʩʠʭ ʧʦʨ 

ʜʣʷ ʧʦʜʘʚʣʝʥʠʷ ʄʕ ʚ ʨʘʙʦʯʫʶ ʛʘʟʦʚʫʶ ʩʤʝʩʴ ʜʦʙʘʚʣʷʣʠʩʴ ʧʘʨʳ 

ʚʦʜʳ ʠʣʠ ʩʧʠʨʪʘ [2]. ʆʜʥʘʢʦ ʵʪʠ ʜʦʙʘʚʢʠ ʥʝ ʫʩʪʨʘʥʷʶʪ, ʥʦ ʣʠʰʴ 

ʛʘʩʷʪ ʤʘʣʴʪʝʨʦʚʩʢʠʝ ʪʦʢʠ, ʧʦʢʘ ʠʩʧʦʣʴʟʫʝʪʩʷ ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʘʷ 

ʛʘʟʦʚʘʷ ʩʤʝʩʴ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ, ʘ ʪʘʢʞʝ ʠʟ-ʟʘ ʨʠʩʢʘ ʭʠʤʠʯʝʩʢʦʛʦ ʚʟʘ-

ʠʤʦʜʝʡʩʪʚʠʷ ʜʦʙʘʚʦʢ ʩ ʢʦʥʩʪʨʫʢʮʠʦʥʥʳʤʠ ʤʘʪʝʨʠʘʣʘʤʠ, ʜʘʥʥʳʝ 
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ʤʝʪʦʜʳ ʥʝ ʧʨʠʤʝʥʠʤʳ ʢʘʢ ʜʣʷ ʄʇʂ ʵʢʩʧʝʨʠʤʝʥʪʘ LHCb, ʪʘʢ ʠ 

ʤʥʦʛʠʭ ʜʨʫʛʠʭ ʜʝʪʝʢʪʦʨʦʚ [3]. ʇʦʵʪʦʤʫ ʚ LHCb ʧʨʠʤʝʥʷʝʪʩʷ ʚʳʩʦ-

ʢʦʚʦʣʴʪʥʘʷ ʪʨʝʥʠʨʦʚʢʘ ʚ ʨʘʙʦʯʝʡ ʛʘʟʦʚʦʡ ʩʤʝʩʠ ʜʣʠʪʝʣʴʥʦʩʪʴʶ ʜʦ 

500-600 ʯʘʩʦʚ. 

ɼʣʷ ʫʩʢʦʨʝʥʠʷ ʠ ʫʣʫʯʰʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ 

ʨʘʟʨʘʙʦʪʘʥ ʤʝʪʦʜ ʪʨʝʥʠʨʦʚʢʠ ʚ ʨʘʟʨʷʜʝ ʨʘʙʦʯʝʡ ʩʤʝʩʠ ʩ ʜʦʙʘʚʣʝ-

ʥʠʝʤ 2% ʢʠʩʣʦʨʦʜʘ. ʕʪʠʤ ʤʝʪʦʜʦʤ ʚʦʩʩʪʘʥʦʚʣʝʥʳ ʯʝʪʳʨʝ ʄʇʂ, 

ʩʥʷʪʳʝ ʩ ʫʩʪʘʥʦʚʢʠ LHCb ʠʟ-ʟʘ ʥʝʦʜʥʦʢʨʘʪʥʳʭ ʧʨʦʷʚʣʝʥʠʡ ʄʕ. ɺ 

ʨʝʟʫʣʴʪʘʪʝ ʧʨʠʤʝʥʝʥʠʷ ʥʦʚʦʡ ʤʝʪʦʜʠʢʠ ʚʦʩʩʪʘʥʦʚʣʝʥʠʝ ʨʘʙʦʯʠʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʄʇʂ ʧʨʦʠʩʭʦʜʠʪ ʚʩʝʛʦ ʟʘ 4-6 ʯʘʩʦʚ, ʯʪʦ ʥʘ ʧʦʨʷʜʦʢ 

ʙʳʩʪʨʝʝ ʠʩʧʦʣʴʟʫʝʤʳʭ ʩʝʛʦʜʥʷ ʤʝʪʦʜʦʚ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ. ʉʨʘʚʥʝ-

ʥʠʝ ʪʦʢʦʚ ʧʨʠ ʪʨʝʥʠʨʦʚʢʝ ʄʇʂ ʚ ʨʘʙʦʯʝʡ ʛʘʟʦʚʦʡ ʩʤʝʩʠ ʠ ʥʦʚʦʡ 

ʩʤʝʩʠ ʩ ʜʦʙʘʚʣʝʥʠʝʤ 2% O2 ʧʨʝʜʩʪʘʚʣʝʥʦ ʥʘ ʈʠʩ. 1. 

 
ʈʠʩ. 1. ʄʘʣʴʪʝʨʦʚʩʢʠʝ ʪʦʢʠ ʚ ʧʨʦʮʝʩʩʝ ʪʨʝʥʠʨʦʚʢʠ:  ʚ ʨʘʙʦʯʝʡ 

ʛʘʟʦʚʦʡ ʩʤʝʩʠ 55%Ar + 40%CO2 + 5%CF4 ʧʨʠ ʥʘʧʨʷʞʝʥʠʠ 2.6-2.7 ʢɺ 

 ʚ ʨʘʙʦʯʝʡ ʩʤʝʩʠ ʩ 2%O2 ʧʨʠ ʥʘʧʨʷʞʝʥʠʠ 2.7-2.85 ʢɺ. 

ɺʩʝ ʄʇʂ, ʚʦʩʩʪʘʥʦʚʣʝʥʥʳʝ ʥʦʚʳʤ ʤʝʪʦʜʦʤ, ʫʩʧʝʰʥʦ ʨʘʙʦʪʘʶʪ 

ʥʘ ʧʫʯʢʝ ɹɸʂ, ʧʦʢʘʟʳʚʘʷ ʜʦʣʛʦʚʨʝʤʝʥʥʳʡ ʭʘʨʘʢʪʝʨ ʜʦʩʪʠʛʥʫʪʳʭ 

ʨʝʟʫʣʴʪʘʪʦʚ. ʆʯʝʚʠʜʥʦ, ʯʪʦ ʜʘʥʥʳʡ ʤʝʪʦʜ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʤʦʞʝʪ 

ʙʳʪʴ ʧʨʠʤʝʥʸʥ ʜʣʷ ʜʝʪʝʢʪʦʨʦʚ ʚ ʜʨʫʛʠʭ ʵʢʩʧʝʨʠʤʝʥʪʘʭ. 

ʃʠʪʝʨʘʪʫʨʘ 
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Proportional Chambers in the HERMES Spectrometer. Nucl. Instrum. 

Meth. Phys. Res. A. V. 591. P.353-366 (2008). 

3. Vaôvra J. Physics and Chemistry of Aging ï Early Developments. 
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ʉʊʀʄʋʃʗʎʀʗ ʈɸʉʊɽʅʀʁ ʄʀʂʈʆɼʆɿɸʄʀ ʈɸɼʀɸʎʀʀ 

 

ʅʠʢʠʪʠʥʘ ʃ.ɸ, ʉʪʝʧʘʥʦʚ ɺ.ɽ, ʅʘʫʤʦʚʘ ʂ.ɸ, ʄʠʨʦʥʦʚʘ ɺ.ʇ. 
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ʗʢʫʪʩʢ 

ʢ.ʪ. 89142655273, 122nila@gmail.com 

 

ʀʟʚʝʩʪʥʦ, ʧʦʣʦʞʠʪʝʣʴʥʦʝ ʚʦʟʜʝʡʩʪʚʠʝ ʨʘʜʠʘʮʠʠ ʥʘ ʨʦʩʪ ʠ ʚʩʭʦ-

ʞʝʩʪʴ ʨʘʩʪʝʥʠʡ. ʀ ʵʪʘ ʩʪʠʤʫʣʠʨʫʶʱʘʷ ʜʦʟʘ ʦʙʣʫʯʝʥʠʷ ʜʣʷ ʢʫʣʴ-

ʪʫʨʥʳʭ ʨʘʩʪʝʥʠʡ ʩʦʩʪʘʚʣʷʝʪ 8 ɿʚ[1]. ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʧʦʢʘʟʘʥʳ ʨʝ-

ʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʡ ʚʣʠʷʥʠʷ ʩʚʝʨʭʤʘʣʳʭ ʜʦʟ ʨʘʜʠʘʮʠʠ ʥʘ ʨʘʟ-

ʣʠʯʥʳʝ ʚʠʜʳ ʨʘʩʪʝʥʠʡ.  

ʆʙʲʝʢʪʦʤ ʠʩʩʣʝʜʦʚʘʥʠʡ ʙʳʣʠ ʩʝʤʝʥʘ ʧʰʝʥʠʮʳ ʩʦʨʪʘ çʇʨʠʣʝʥ-

ʩʢʘʷ 19è, ʦʚʮʘ ʩʦʨʪʘ çʇʦʢʨʦʚʩʢʠʡ 9è ʠ ʫʢʨʦʧ ʩʦʨʪʘ çʄʘʤʦʥʪè. 

ɺʩʝʛʦ ʠʤʝʣʦʩʴ 3 ʦʙʨʘʟʮʘ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚʣʠʷʥʠʷ ʤʘʣʳʭ ʜʦʟ 

ʥʘ ʩʝʤʝʥʘ ʦʚʩʘ ʠ ʧʰʝʥʠʮʳ: ʢʦʥʪʨʦʣʴʥʳʡ ʦʙʨʘʟʝʮ (50 ʰʪ); ʩʝʤʝʥʘ 

ʧʦʣʫʯʠʚʰʫʶ ʜʦʟʫ ʨʘʜʠʘʮʠʦʥʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ï 672 ʤʢɿʚ (50 ʰʪ); 

ʧʦʤʝʱʝʥʥʳʝ ʚ ʢʦʥʪʝʡʥʝʨ ʩ ʢʘʣʠʡ-40 (3,024 ʤʢɿʚ-50 ʰʪ.). ɼʣʷ ʠʩ-

ʩʣʝʜʦʚʘʥʠʷ ʚʩʭʦʞʝʩʪʠ ʠ ʩʢʦʨʦʩʪʠ ʨʦʩʪʘ ʩʝʤʷʥ ʫʢʨʦʧʘ ʙʳʣʠ ʦʪʦ-

ʙʨʘʥʳ 3 ʦʙʨʘʟʮʘ ʦʙʣʫʯʝʥʥʳʝ ʨʘʜʠʦʥʫʢʣʠʜʘʤʠ ʘʤʝʨʠʮʠʷ Am-241 

(45 ʤʢɿʚ -500 ʰʪ.), ʝʚʨʦʧʠʷ Eu-152  (29,1 ʤʢɿʚ -500 ʰʪ.), ʢʘʣʠʷ-40 

K-40 (15,3 ʤʢɿʚ-500ʰʪ) ʠ ʢʦʥʪʨʦʣʴʥʳʡ ʦʙʨʘʟʝʮ (500 ʰʪ.) 

ʉʝʤʝʥʘ ʦʚʩʘ ʠ ʧʰʝʥʠʮʳ ʧʨʦʨʘʱʠʚʘʣʠ ʜʦ ʧʦʷʚʣʝʥʠʷ ʧʨʦʨʦʩʪʢʦʚ 

ʧʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ 20ʉ̊ ʥʘ ʫʚʣʘʞʥʝʥʥʳʭ ʤʘʨʣʷʭ ʚ ʯʘʰʘʭ 

ʇʝʪʨʠ. ʉʝʤʝʥʘ ʫʢʨʦʧʘ ʧʨʦʨʘʱʠʚʘʣʠ  ʚ ʢʦʨʦʙʢʘʭ ʩ ʟʝʤʣʝʡ ʚ ʣʘʙʦʨʘ-

ʪʦʨʠʠ ʧʨʠ ʥʦʨʤʘʣʴʥʳʭ ʫʩʣʦʚʠʷʭ. 

 
ʊʘʙʣʠʮʘ 1. ʈʝʟʫʣʴʪʘʪʳ ʚʩʭʦʞʝʩʪʠ 

ʦʚʩʘ ʩʦʨʪʘ çʇʦʢʨʦʚʩʢʠʡ 9è 

ʊʘʙʣʠʮʘ 2. ɺʩʭʦʞʝʩʪʴ ʩʝʤʷʥ ʧʰʝ-

ʥʠʮʳ ʩʦʨʪʘ çʇʨʠʣʝʥʩʢʘʷ 19è 
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ʂʘʢ ʧʦʢʘʟʘʥʦ ʚ ʪʘʙʣʠʮʝ ˉ 1 ʥʘ 6-ʡ ʜʝʥʴ ʫ ʩʝʤʷʥ ʦʚʩʘ, ʦʙʣʫʯʝʥ-

ʥʳʭ ʢʘʣʠʝʤ-40, ʚʩʭʦʞʝʩʪʴ ʩʦʩʪʘʚʣʷʝʪ 70%, ʫ ʢʦʥʪʨʦʣʴʥʦʛʦ ï 48 %, 

ʧʦʣʫʯʠʚʰʠʭ ʜʦʟʫ 672 ʤʢɿʚ  - 64%. ʀʟ ʪʘʙʣʠʮʳ 2 ʚʠʜʥʦ, ʯʪʦ ʧʦʢʘʟʘ-

ʪʝʣʠ ʚʩʭʦʞʝʩʪʠ ʩʝʤʷʥ ʧʰʝʥʠʮʳ ʧʦʣʫʯʠʚʰʠʭ ʜʦʟʫ 672 ʤʢɿʚ  -  68%, 

ʢʦʥʪʨʦʣʴʥʦʛʦ ʦʙʨʘʟʮʘ ï 64%, ʦʙʣʫʯʝʥʥʳʭ ʢʘʣʠʝʤ-40 ï 72%. 
ʊʘʙʣʠʮʘ 3. ɺʩʭʦʞʝʩʪʴ ʩʝʤʷʥ ʫʢʨʦʧʘ ʩʦʨʪʘ çʄʘʤʦʥʪè 

ɼʥʠ: ʂʦʥʪʨʦʣʴ ʂ-40 ɸʤʝʨʠʮʠʡ (Am) ɽʚʨʦʧʠʡ (Eu) 

7 ʜʝʥʴ 144 136 168 151 

10 ʜʝʥʴ 280 220 310 220 

15 ʜʝʥʴ 313 309 367 362 

ʊʘʙʣʠʮʘ 3 ʦʪʨʘʞʘʝʪ ʨʝʟʫʣʴʪʘʪʳ ʚʩʭʦʞʝʩʪʠ ʩʝʤʷʥ ʫʢʨʦʧʘ, ʫ ʢʦʥ-

ʪʨʦʣʴʥʳʭ ʦʙʨʘʟʮʦʚ ʚʩʭʦʞʝʩʪʴ ï 63%, ʦʙʣʫʯʝʥʥʳʭ: ʢʘʣʠʝʤ ï 62%, 

ʘʤʝʨʠʮʠʝʤ ï 73%, ʝʚʨʦʧʠʝʤ ï 72%.  

 

ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʢʦʥ-

ʪʨʦʣʴʥʳʤ ʦʙʨʘʟʮʦʤ, ʫ ʩʝʤʷʥ ʦʚʩʘ, ʩʪʠʤʫʣʠʨʦʚʘʥʥʳʭ ʢʘʣʠʝʤ-40 ʠ 

ʧʦʣʫʯʠʚʰʠʭ ʜʦʟʫ ʚ 672 ʤʢɿʚ, ʚʳʩʦʪʘ ʧʨʦʨʦʩʪʦʚ ʚʳʰʝ 1.24 ʨʘʟʘ ʠ ʚ 

1.14 ʨʘʟʘ. ʋ ʩʝʤʷʥ ʧʰʝʥʠʮʳ ʩʪʠʤʫʣʠʨʦʚʘʥʥʳʭ K-40 ʠ ʧʦʣʫʯʠʚʰʠʭ 

ʜʦʟʫ 672 ʤʢɿʚ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʢʦʥʪʨʦʣʴʥʳʤ ʦʙʨʘʟʮʦʤ, ʚʳʩʦʪʘ ʚ 1.4 

ʠ 1.125 ʨʘʟ ʙʦʣʴʰʝ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʋ ʚʩʝʭ ʩʝʤʷʥ ʫʢʨʦʧʘ ʧʦʣʫʯʠʚ-

ʰʠʝ ʨʘʜʠʘʮʠʦʥʥʳʝ ʜʦʟʳ ʚʳʩʦʪʘ ʧʨʦʨʦʩʪʢʦʚ ʚʳʰʝ, ʯʝʤ ʫ ʢʦʥʪʨʦʣʴ-

ʥʳʭ ʦʙʨʘʟʮʦʚ: ʧʦ ʢʘʣʠʶ-40 ʚ 1.24 ʨʘʟʘ, Am-241 ʚ 1.15 ʨʘʟ, Eu-152 ʚ 

1.19 ʨʘʟ ʙʦʣʴʰʝ. ʈʘʩʩʯʠʪʘʝʤ ʢʦʵʬʬʠʮʠʝʥʪʳ ʫʜʝʣʴʥʦʡ ʜʦʟʦʚʦʡ ʵʬ-

ʬʝʢʪʠʚʥʦʩʪʠ ʧʦ ʢʘʣʠʶ-40, ʘʤʝʨʠʮʠʶ-241, ʝʚʨʦʧʠʶ-152 ʜʣʷ ʩʝʤʷʥ 

ʫʢʨʦʧʘ. ʇʦ ʬʦʨʤʫʣʝ: 

‐̞̕̕
̖̝̃̒̏̇̆̒̓Ϸ

̅̏̈́ ̍ ̋˔̃
                 (1) 

ʇʦ K-40 ‐̞̕̕ τȟπυ; Am-241 ‐̞̕̕ ρȟφς; Eu-152 ‐̞̕̕ ςȟτχ 

ɼʦʢʘʟʘʥʦ, ʯʪʦ ʩʪʠʤʫʣʷʮʠʷ ʨʘʩʪʝʥʠʡ ʢʘʣʠʝʤ-40 ʜʘʶʪ ʚʳʩʦʢʫʶ 

ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʨʘʜʠʘʮʠʦʥʥʦʡ ʩʪʠʤʫʣʷʮʠʠ, ʵʪʦ ʩʚʷʟʘʥʦ ʩ ʪʝʤ, ʯʪʦ 

ʵʥʝʨʛʠʷ ʛʘʤʤʘ ʠʟʣʫʯʝʥʠʷ ʂ-40 ʚ 5 ʨʘʟ ʙʦʣʴʰʝ ʵʥʝʨʛʠʠ ʛʘʤʤʘ ʠʟʣʫ-

ʯʝʥʠʷ ʜʦʯʝʨʥʠʭ ʧʨʦʜʫʢʪʦʚ ʨʘʩʧʘʜʘ ʫʨʘʥʘ 238(Pb-214). 
ʃʠʪʝʨʘʪʫʨʘ: 
ɻʫʜʢʦʚ ʀ.ʅ., ʂʫʜʷʰʝʚʘ ɸ.ɻ., ʄʦʩʢʘʣʸʚ ɸ.ɸ. ʈʘʜʠʦʙʠʦʣʦʛʠʷ ʩ ʦʩʥʦʚʘ-

ʤʠ ʨʘʜʠʦʵʢʦʣʦʛʠʠ : ʫʯʝʙʥʦʝ ʧʦʩʦʙʠʝ / ʀ.ʅ. ɻʫʜʢʦʚ, ɸ.ɻ. ʂʫʜʷʰʝʚʘ, ɸ.ɸ. 

ʄʦʩʢʘʣʸʚ. ï ʉʳʢʪʳʚʢʘʨ :ʀʟʜ-ʚʦʉʳʢʪɻʋ, 2015. 

  



 
 
 
 

Ядерная физика и технологии, теоретическая физика и астрофизика 

272 

ʌʀɿʀʏɽʉʂʀɽ ɸʉʇɽʂʊʓ ʇʈʀʄɽʅɽʅʀʗ ɺʓɻʆʈɸʖʑʀʍ 

ʇʆɻʃʆʊʀʊɽʃɽʁ ɺ ʈɽʂʊʆʈɸʍ ʊʀʇɸ ɺɺʕʈ-1000 

 

ʅʠʢʦʣʘʝʚ ʖ.ʖ., ʉʘʚʘʥʜʝʨ ɺ.ʀ. 
 

ʅʀʗʋ ʄʀʌʀ, ʛ. ʄʦʩʢʚʘ 

 

ɺ ʨʝʘʢʪʦʨʘʭ ʪʠʧʘ ɺɺʕʈ-1000 ʜʣʷ ʧʦʚʳʰʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʪʦʧʣʠʚʘ ʧʨʠʤʝʥʷʶʪʩʷ ʯʘʩʪʠʯʥʳʝ ʧʝʨʝʛʨʫʟʢʠ. ʇʦʩʣʝ 

ʧʝʨʝʛʨʫʟʢʠ ʨʝʘʢʪʦʨ ʥʘʯʠʥʘʝʪ ʥʦʚʫʶ ʢʘʤʧʘʥʠʶ ʩ ʥʝʢʦʪʦʨʳʤ ʟʘʧʘ-

ʩʦʤ ʨʝʘʢʪʠʚʥʦʩʪʠ, ʢʦʪʦʨʳʡ ʥʝʦʙʭʦʜʠʤʦ ʩʢʦʤʧʝʥʩʠʨʦʚʘʪʴ. ʆʜʥʦʡ 

ʠʟ ʛʣʘʚʥʳʭ ʩʠʩʪʝʤ ʢʦʤʧʝʥʩʘʮʠʠ ʠʟʙʳʪʦʯʥʦʡ ʨʝʘʢʪʠʚʥʦʩʪʠ ʷʚʣʷʝʪʩʷ 

ʞʠʜʢʦʩʪʥʘʷ ʩʠʩʪʝʤʘ ʨʝʛʫʣʠʨʦʚʘʥʠʷ. ʆʥʘ ʦʙʣʘʜʘʝʪ ʤʥʦʛʠʤʠ ʧʨʝ-

ʠʤʫʱʝʩʪʚʘʤʠ, ʦʜʥʘʢʦ ʠʤʝʶʪʩʷ ʠ ʦʪʨʠʮʘʪʝʣʴʥʳʝ ʤʦʤʝʥʪʳ. ɺ 

ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ ʵʪʦ ʥʝʛʘʪʠʚʥʦʝ ʚʣʠʷʥʠʝ ʙʦʨʥʦʛʦ ʧʦʛʣʦʪʠʪʝʣʷ, ʨʘʩ-

ʪʚʦʨʝʥʥʦʛʦ ʚ ʟʘʤʝʜʣʠʪʝʣʝ ʥʘ  ʪʝʤʧʝʨʘʪʫʨʥʳʡ ʢʦʵʬʬʠʮʠʝʥʪ ʨʝʘʢ-

ʪʠʚʥʦʩʪʠ ʧʦ ʟʘʤʝʜʣʠʪʝʣʶ-ʪʝʧʣʦʥʦʩʠʪʝʣʶ. ɼʣʷ ʧʨʦʪʠʚʦʜʝʡʩʪʚʠʷ 

ʵʪʦʤʫ ʵʬʬʝʢʪʫ ʚ ʨʝʘʢʪʦʨʘʭ ɺɺʕʈ ʥʝʢʦʪʦʨʘʷ  ʯʘʩʪʴ ʠʟʙʳʪʦʯʥʦʡ ʨʝ-

ʘʢʪʠʚʥʦʩʪʠ ʢʦʤʧʝʥʩʠʨʫʝʪʩʷ ʚʳʛʦʨʘʶʱʠʤ ʧʦʛʣʦʪʠʪʝʣʝʤ. ʇʨʠʩʫʪ-

ʩʪʚʠʝ ʚʳʛʦʨʘʶʱʝʛʦ ʧʦʛʣʦʪʠʪʝʣʷ ʚ ʪʦʧʣʠʚʝ ʚʣʠʷʝʪ ʥʘ ʚʠʜ ʬʫʥʢʮʠʦ-

ʥʘʣʴʥʦʡ ʟʘʚʠʩʠʤʦʩʪʠ ʢʦʵʬʬʠʮʠʝʥʪʘ ʨʘʟʤʥʦʞʝʥʠʷ ʊɺʉ ʦʪ ʩʨʝʜʥʝʛʦ 

ʚʳʛʦʨʘʥʠʷ ʪʦʧʣʠʚʘ ʚ ʥʝʡ ʠ ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ ʠʟʤʝʥʝʥʠʶ ʩʨʝʜʥʝʛʦ 

ʚʛrʦʨʘʥʠʷ ʚʳʛʨʫʞʘʝʤʦʛʦ ʪʦʧʣʠʚʘ. ʇʦʵʪʦʤʫ ʞʝʣʘʪʝʣʴʥʦ ʟʘʨʘʥʝʝ 

ʦʮʝʥʠʪʴ, ʧʨʠ  ʢʘʢʠʭ ʫʩʣʦʚʠʷʭ ʚʳʛʦʨʘʶʱʠʡ ʧʦʛʣʦʪʠʪʝʣʴ ʙʫʜʝʪ ʧʨʠ-

ʚʦʜʠʪʴ ʢ ʩʥʠʞʝʥʠʶ ʚʳʛʦʨʘʥʠʷ ʚʳʛʨʫʞʘʝʤʦʛʦ ʪʦʧʣʠʚʘ, ʧʦ ʩʨʘʚʥʝ-

ʥʠʶ ʩ ʯʠʩʪʦ ʞʠʜʢʦʩʪʥʦʡ ʩʠʩʪʝʤʦʡ ʢʦʤʧʝʥʩʘʮʠʠ ʠʟʙʳʪʦʯʥʦʡ ʨʝʘʢ-

ʪʠʚʥʦʩʪʠ. 

ʎʝʣʴʶ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʙʫʜʝʪ ʨʘʩʯʝʪ ʩ ʛʘʜʦʣʠʥʠʝʤ. 

ɹʫʜʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʙʘʣʘʥʩʥʘʷ ʤʦʜʝʣʴ ʧʝʨʝʛʨʫʟʦʢ. ʈʘʩʩʤʘʪʨʠ-

ʚʘʝʪʩʷ n-ʢʨʘʪʥʘʷ ʩʭʝʤʘ ʧʝʨʝʛʨʫʟʦʢ ʪʦʧʣʠʚʘ ʙʝʟ ʧʝʨʝʩʪʘʥʦʚʦʢ ʊɺʉ. 

ɸʢʪʠʚʥʘʷ ʟʦʥʘ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʙʝʩʢʦʥʝʯʥʦʡ ʧʝʨʠʦʜʠʯʝʩʢʦʡ ʨʝʰʝʪ-

ʢʦʡ, ʩʦʩʪʦʷʱʝʡ ʠʟ ʧʦʣʠʷʯʝʝʢ, ʢʘʞʜʘʷ ʠʟ ʢʦʪʦʨʳʭ ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ 

ʩʦʩʪʦʠʪ ʠʟ  ʦʜʠʥʘʢʦʚʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʊɺʉ ʩ ʨʘʟʣʠʯʥʳʤʠ ʚʨʝʤʝʥʘʤʠ 

ʚʳʜʝʨʞʢʠ.  

ä
=

¤¤ =
n

i

i

ʊɺʉPOLY tBK
n

tBK
1

))((
1

))((  



 
 
 
 

Ядерная физика и технологии, теоретическая физика и астрофизика 

273 

ɼʣʷ ʊɺʉ, ʩʦʩʪʦʷʱʝʡ ʠʟ ʦʜʥʦʪʠʧʥʳʭ ʪʚʵʣʦʚ ʦʜʥʦʛʦ ʦʙʦʛʘʱʝʥʠʷ, 

ʟʘʚʠʩʠʤʦʩʪʴ ʢʦʵʬʬʠʮʠʝʥʪʘ ʨʘʟʤʥʦʞʝʥʠʷ ʦʪ ʚʳʛʦʨʘʥʠʷ ʪʦʧʣʠʚʘ 

ʥʦʩʠʪ ʧʨʠʙʣʠʞʝʥʥʦ ʣʠʥʝʡʥʳʡ ʭʘʨʘʢʪʝʨ ʚʠʜʘ 

BKBK ʊɺʉʊɺʉ Ö-= ¤¤ a)0()(  

ɼʣʷ ʘʥʘʣʠʟʘ ʤʳ ʚʳʜʝʣʠʤ ʪʨʠ ʭʘʨʘʢʪʝʨʥʳʭ ʪʠʧʘ ʟʘʚʠʩʠʤʦʩʪʝʡ 

ʣʠʥʝʡʥʦʛʦ ʚʠʜʘ, ʠʟʦʙʨʘʞʝʥʥʳʭ ʥʘ ʈʠʩ. 1, ʩʦʩʪʦʷʱʠʝ ʠʟ ʦʪʜʝʣʴʥʳʭ 

ʣʠʥʝʡʥʳʭ ʦʪʨʝʟʢʦʚ, ʥʦ ʧʨʠ ʵʪʦʤ ʩʘʤʘ ʟʘʚʠʩʠʤʦʩʪʴ ʷʚʣʷʝʪʩʷ ʥʝʧʨʝ-

ʨʳʚʥʦʡ.  

 
ʈʠʩʫʥʦʢ 1. ʄʦʜʝʣʴʥʳʝ ʟʘʚʠʩʠʤʦʩʪʠ ʢʦʵʬʬʠʮʠʝʥʪʘ ʨʘʟʤʥʦʞʝʥʠʷ ʊɺʉ  ʦʪ 

ʚʳʛʦʨʘʥʠʷ ʪʦʧʣʠʚʘ. 

 

ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʨʘʩʯʝʪʦʚ ʟʘʧʘʩ ʨʝʘʢʪʠʚʥʦʩʪʠ, ʢʦʤʧʝʥʩʠʨʫʝʤʳʡ 

ʚʳʛʦʨʘʶʱʠʤ ʧʦʛʣʦʪʠʪʝʣʝʤ, ʙʫʜʝʪ ʨʘʚʝʥ 
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KKK
ʊɺʕɻd  

ʯʪʦ ʩʦʩʪʘʚʣʷʝʪ ʪʨʝʪʴʶ ʯʘʩʪʴ ʦʪ ʦʙʱʝʛʦ ʟʘʧʘʩʘ ʨʝʘʢʪʠʚʥʦʩʪʠ, ʢʦʪʦ-

ʨʫʶ ʥʝʦʙʭʦʜʠʤʦ ʩʢʦʤʧʝʥʩʠʨʦʚʘʪʴ ʟʘ ʢʘʤʧʘʥʠʶ. ʅʝʦʙʭʦʜʠʤʦ, ʯʪʦ 

ʚʳʛʦʨʘʶʱʠʡ ʧʦʛʣʦʪʠʪʝʣʴ ʧʦʣʥʦʩʪʴʶ ʚʳʛʦʨʘʝʪ ʟʘ ʦʜʠʥ ʮʠʢʣ ʦʙʣʫ-

ʯʝʥʠʷ ʪʦʧʣʠʚʘ. ɹʝʟ ʧʦʪʝʨʠ ʚʳʛʦʨʘʥʠʷ ʩʠʩʪʝʤʘ ʢʦʤʧʝʥʩʘʮʠʠ ʥʘ ʦʩ-

ʥʦʚʝ ʚʳʛʦʨʘʶʱʝʛʦ ʧʦʛʣʦʪʠʪʝʣʷ ʥʝ ʜʦʣʞʥʘ ʧʨʝʚʳʰʘʪʴ 1/3, ʘ ʞʠʜ-

ʢʦʩʪʥʘʷ ʩʠʩʪʝʤʘ ʢʦʤʧʝʥʩʘʮʠʠ 2/3 ʦʪ ʦʙʱʝʛʦ ʦʙʲʝʤʘ ʨʝʘʢʪʠʚʥʦʩʪʠ, 

ʧʨʝʜʥʘʟʥʘʯʝʥʥʦʡ ʜʣʷ ʢʦʤʧʝʥʩʘʮʠʠ. ɺ ʦʙʱʝʤ ʩʣʫʯʘʝ n-ʢʨʘʪʥʦʡ 

ʍʘʨʘʢʪʝʨʥʳʝ ʟʘʚʠʩʠʤʦʩʪʠ Kinf ʦʪ ʚʳʛʦʨʘʥʠʷ ʧʨʠ ʨʘʟʣʠʯʥʦʤ 
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ʩʭʝʤʳ ʧʝʨʝʛʨʫʟʢʠ ʵʪʘ ʜʦʣʷ,  ʩʦʩʪʘʚʣʷʝʪ 1/n ʯʘʩʪʴ ʦʪ ʧʦʣʥʦʛʦ ʦʙʲʝʤʘ 

ʢʦʤʧʝʥʩʠʨʫʝʤʦʡ ʨʝʘʢʪʠʚʥʦʩʪʠ. 

ʃʠʪʝʨʘʪʫʨʘ: 
1.ɹʘʪʴ ɻ.ɸ. ʆʩʥʦʚʳ ʪʝʦʨʠʠ ʠ ʤʝʪʦʜʳ ʨʘʩʯʝʪʘ ʷʜʝʨʥʳʭ ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ 

ʨʝʘʢʪʦʨʦʚ. ʋʯʝʙʥʦʝ ʧʦʩʦʙʠʝ ʜʣʷ ʚʫʟʦʚ. ï 1982. 

2.ʉʘʘʜʫ ɸ. ɼ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʚʳʛʦʨʘʶʱʠʭ ʧʦʛʣʦʪʠʪʝʣʝʡ ʚ ʨʝʘʢʪʦʨʘʭ 

ʪʠʧʘ ɺɺʕʈ //ʄʦʩʢʚʘ: ʄʀʌʀ. ï 2006.  
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ʊʈʀʊʀʁ ɺ ɺʆɼʅʓʍ ʕʂʆʉʀʉʊɽʄɸʍ ʈɽʉʇʋɹʃʀʂʀ 

ʉɸʍɸ (ʗʂʋʊʀʗ) 

 

ʅʦʛʦʚʠʮʳʥʘ ɽ.ʀ.,  ʉʪʝʧʘʥʦʚ ɺ.ɽ. 
 

çʉʝʚʝʨʦ-ɺʦʩʪʦʯʥʳʡ ʬʝʜʝʨʘʣʴʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤ. ʄ.ʂ. ɸʤʤʦʩʦʚʘè, ʛ. 

ʗʢʫʪʩʢ 

ʢ.ʪ. 89627351767, n.dynia@inbox.ru 

 

ʅʘ ʩʝʛʦʜʥʷ ʪʨʠʪʠʝʚʦʝ ʟʘʛʨʷʟʥʝʥʠʝ ʚʦʜʥʳʭ ʵʢʦʩʠʩʪʝʤ ʟʘʥʠʤʘʝʪ 

ʦʩʦʙʦʝ ʤʝʩʪʦ, ʤʦʞʥʦ ʩʢʘʟʘʪʴ ʦʥʘ ʷʚʣʷʝʪʩʷ ʦʜʥʦʡ ʠʟ ʛʣʘʚʥʳʭ ʧʨʦ-

ʙʣʝʤ ʚ ʨʘʜʠʦʵʢʦʣʦʛʠʠ, ʪ.ʢ. ʦʩʥʦʚʥʳʤ ʠʩʪʦʯʥʠʢʦʤ ʥʘʭʦʞʜʝʥʠʷ ʪʨʠ-

ʪʠʷ ʚ ʧʨʠʨʦʜʝ ʩʣʫʞʠʪ ʚʦʜʘ. ʕʪʦ ʦʙʫʩʣʦʚʣʝʥʦ ʦʪʩʫʪʩʪʚʠʝʤ ʥʘʜʝʞ-

ʥʳʭ ʩʠʩʪʝʤ ʣʦʢʘʣʠʟʘʮʠʠ ʨʘʜʠʦʥʫʢʣʠʜʘ ʚ ʩʠʩʪʝʤʘʭ ʚʦʜʦʦʯʠʩʪʢʠ. 

ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʚʳʩʦʢʘʷ ʤʠʛʨʘʮʠʦʥʥʘʷ ʩʧʦʩʦʙʥʦʩʪʴ ʜʝʣʘʝʪ ʵʪʦʪ 

ʨʘʜʠʦʥʫʢʣʠʜ ʛʣʦʙʘʣʴʥʳʤ ʟʘʛʨʷʟʥʠʪʝʣʝʤ ʚʦʜʥʳʭ ʵʢʦʩʠʩʪʝʤ ɿʝʤʣʠ. 

ʎʝʣʴʶ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʦʧʨʝʜʝʣʝʥʠʝ ʩʦʜʝʨʞʘʥʠʷ ʪʨʠʪʠʷ 

ʚ ʚʦʜʘʭ ʈʝʩʧʫʙʣʠʢʠ ʉʘʭʘ (ʗʢʫʪʠʷ) ʧʨʠʙʦʨʦʤ Hidex SL-300 (ʯʫʚ-

ʩʪʚʠʪʝʣʴʥʦʩʪʴ ʜʦ 1 ɹʢ) ʠ ʝʛʦ ʩʨʘʚʥʝʥʠʝ ʩ ʥʦʨʤʘʤʠ ʨʘʜʠʘʮʠʦʥʥʦʡ 

ʙʝʟʦʧʘʩʥʦʩʪʠ.  

ɼʘʥʥʘʷ ʨʘʙʦʪʘ ʧʦʩʚʷʱʝʥʘ ʠʩʩʣʝʜʦʚʘʥʠʶ ʩʦʜʝʨʞʘʥʠʷ ʪʨʠʪʠʷ ʚ 

ʦʙʨʘʟʮʘʭ ʚʦʜʳ ʠʟ ʦʢʨʝʩʪʥʦʩʪʝʡ ʆʡʤʷʢʦʥʩʢʦʛʦ, ʅʘʤʩʢʦʛʦ, ʋʩʪʴ-

ɸʣʜʘʥʩʢʦʛʦ, ɺʠʣʶʡʩʢʦʛʦ ʫʣʫʩʦʚ ʠ ʩʝʣ ʂʦʙʷʡʩʢʦʛʦ ʨʘʡʦʥʘ, ʘ ʪʘʢʞʝ 

ʠʟ ʦʢʨʫʛʦʚ ʛ. ʗʢʫʪʢʘ. ʀʟʤʝʨʝʥʠʝ ʧʨʦʙ ʧʨʦʚʦʜʠʣʠʩʴ ʥʘ ʞʠʜʢʦʩʪʥʦʤ 

ʩʮʠʥʪʠʣʣʷʮʠʦʥʥʦʤ ʩʧʝʢʪʨʦʤʝʪʨʝ SL-300 ʧʨʦʠʟʚʦʜʩʪʚʘ ʬʠʨʤʳ 

Hidex, ʌʠʥʣʷʥʜʠʷ. 

ɹʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʪʨʠʪʠʷ ʦʙʨʘʟʫʝʪʩʷ ʧʨʠ ʷʜʝʨʥʳʭ ʠ, ʛʣʘʚʥʳʤ 

ʦʙʨʘʟʦʤ, ʪʝʨʤʦʷʜʝʨʥʳʭ ʚʟʨʳʚʘʭ. ʉ 1974 ʧʦ 1987 ʛʦʜʳ ʥʘ ʪʝʨʨʠʪʦ-

ʨʠʠ ʗʢʫʪʠʠ ʙʳʣʦ ʧʨʦʠʟʚʝʜʝʥʦ 12 ʤʠʨʥʳʭ ʧʦʜʟʝʤʥʳʭ ʷʜʝʨʥʳʭ 

ʚʟʨʳʚʦʚ (ʙʦʣʴʰʠʥʩʪʚʦ ʠʟ ʢʦʪʦʨʳʭ ʪʝʨʤʦʷʜʝʨʥʳʝ) ʚ ʨʝʟʫʣʴʪʘʪʝ 

ʜʚʫʭ ʠʟ ʥʠʭ ð çʂʨʠʩʪʘʣʣʘè ʠ çʂʨʘʪʦʥʘ-3è ð ʧʨʦʠʟʦʰʣʦ ʟʘʛʨʷʟʥʝ-

ʥʠʝ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ ʧʨʦʜʫʢʪʘʤʠ ʷʜʝʨʥʦʛʦ ʜʝʣʝʥʠʷ.  

ɺ ʂʦʙʷʡʩʢʦʤ ʫʣʫʩʝ 9 ʘʚʛʫʩʪʘ 1978 ʛʦʜʘ ʙʳʣ ʦʩʫʱʝʩʪʚʣʝʥ ʤʠʨ-

ʥʳʡ ʧʦʜʟʝʤʥʳʡ ʷʜʝʨʥʳʡ ʚʟʨʳʚ çʂʨʘʪʦʥ-4è. ʉʢʚʘʞʠʥʘ ʨʘʩʧʦʣʦʞʝ-

ʥʘ ʚ 19 ʢʤ ʦʪ ʙʣʠʞʘʡʰʝʛʦ ʥʘʩʝʣʝʥʥʦʛʦ ʧʫʥʢʪʘ ï ʥʘʩʣʝʛʘ ɸʨʳʢʪʘʭ 

(ʶʞʥʦʤ ʙʝʨʝʛʝ ʦʟ. ʅʠʜʞʠʣʠ) ʠ ʚ 20 ʢʤ ʦʪ ʧ. ʊʝʷ. 

ɺ ʵʪʦʤ ʨʘʡʦʥʝ ʦʙʨʘʟʮʳ ʚʦʜʳ (ʨʝʢ, ʦʟʝʨ, ʜʦʞʜʝʚʳʭ ʦʩʘʜʢʦʚ, ʚʦʜ 

ʠʟ ʩʥʝʛʘ) ʙʳʣʠ ʦʪʦʙʨʘʥʳ ʠʟ ʦʜʠʥʥʘʜʮʘʪʠ ʪʦʯʝʢ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʠʩ-

mailto:n.dynia@inbox.ru
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ʩʣʝʜʦʚʘʥʠʷ ʧʦʢʘʟʘʣʦ, ʯʪʦ ʚ ʩʨʝʜʥʝʤ ʩʦʜʝʨʞʘʥʠʝ ʪʨʠʪʠʷ ʚ ʦʢʨʝʩʪʥʦ-

ʩʪʷʭ ʩʝʣʘ ʏʘʛʜʘ ʩʦʩʪʘʚʣʷʝʪ 5,373Ñ1,138 ɹʢ/ʣ. ʉʦʜʝʨʞʘʥʠʝ ʪʨʠʪʠʷ ʚ 

ʧʨʦʙʝ ʚʦʜʳ ʠʟ ʦʟʝʨʘ ʅʠʜʞʠʣʠ ʚ ʩ. ɸʨʳʢʪʘʭ ʧʦʢʘʟʘʣʦ 10,05Ñ1,39 

ɹʢ/ʣ. ʆʙʨʘʟʝʮ ʚʦʜʳ ʚʙʣʠʟʠ ʧʦʩʝʣʢʘ ʊʝʷ ʠʟ ʦʟ. ɼʶʥʢʘʷʥ ʩʪʘʣʦ ʨʘʚ-

ʥʳʤ 10,05Ñ1,65 ɹʢ/ʣ.  

ʊʘʢʞʝ ʧʨʦʙʳ ʙʳʣʠ ʦʪʦʙʨʘʥʳ ʚ ʦʢʨʝʩʪʥʦʩʪʷʭ ʆʡʤʷʢʦʥʩʢʦʛʦ ʨʘʡ-

ʦʥʘ. ʈʝʟʫʣʴʪʘʪʳ, ʢʦʪʦʨʳʭ ʧʦʢʘʟʘʥʳ ʚ ʪʘʙʣʠʮʝ 1. 

 
ʊʘʙʣʠʮʘ 1. ʇʨʦʙʳ ʠʟ ʆʡʤʷʢʦʥʩʢʦʛʦ ʨʘʡʦʥʘ 

ˉ ʂʦʦʨʜʠʥʘʪʳ ʄʝʩʪʥʦʩʪʴ ʇʨʠʤʝʯʘʥʠʝ ɹʢ/ʣ 

1 
N  63Ü24ᾳ33ᾴ 

E 140Ü44ᾳ24ᾴ 
ʂʶʙʶʤʵ ʚʦʜʘ ʩ ʛʦʨʳ 12,68Ñ1,12 

2  ʂʶʙʶʤʵ 
ʜʦʨʦʞʥʳʡ ʨʫʯʝ-

ʝʢ 
9,46Ñ0,65 

3 
N  63Ü25ᾳ50,8ᾴ 

E 140Ü36ᾳ41,3ᾴ 

ʂʶʙʶʤʵ 

 

ʜʦʥʥʘʷ ʚʦʜʘ ʙʦ-

ʣʦʪʘ 
10,12Ñ1,2 

4  ʣʘʛʝʨʴ ʜʦʞʜʝʚʘʷ ʚʦʜʘ 13,63Ñ1,32 

5  ʂʶʙʶʤʵ 
ʚʦʜʘ ʠʟ ʛʦʨʥʦʛʦ 

ʨʫʯʝʡʢʘ 
13,22Ñ1,62 

 

ʈʝʟʫʣʴʪʘʪ ʩʦʜʝʨʞʘʥʠʷ ʪʨʠʪʠʷ ʚ ʧʨʦʙʝ ʅʘʤʩʢʦʛʦ ʫʣʫʩʘ ʩʦʩʪʘʚʣʷ-

ʝʪ 9,54Ñ0,27 ɹʢ/ʣ. ʆʙʲʝʤʥʘʷ ʘʢʪʠʚʥʦʩʪʴ ʪʨʠʪʠʷ ʚ ʚʦʜʝ ʠʟ ʋʩʪʴ-

ɸʣʜʘʥʩʢʦʛʦ ʨʘʡʦʥʘ ʩʦʩʪʘʚʣʷʝʪ 2,92Ñ0,65 ɹʢ/ʣ. ʀʟʤʝʨʝʥʠʷ ʧʨʦʙ ʠʟ 

ʦʟ. ʂʝʪʝʭ ɺʠʣʶʡʩʢʦʛʦ ʨʘʡʦʥʘ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʩʦʜʝʨʞʘʥʠʷ ʪʨʠʪʠʷ 

18,23Ñ1,24 ɹʢ/ʣ. 

ɺ ʩʪʦʣʠʮʝ ʈʝʩʧʫʙʣʠʢʠ ʉʘʭʘ (ʗʢʫʪʠʷ) ʚ ʛ. ʗʢʫʪʩʢʝ ʧʨʦʙʳ ʙʳʣʠ 

ʦʪʦʙʨʘʥʳ ʠʟ 5 ʪʦʯʝʢ. ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʠʟʤʝʨʝʥʠʷ ʢʦʥʮʝʥʪʨʘʮʠʷ ʪʨʠ-

ʪʠʷ ʚ ʦʢʨʫʛʘʭ ʛ. ʗʢʫʪʩʢʘ ʢʦʣʝʙʣʝʪʩʷ ʚʦʢʨʫʛ ʩʨʝʜʥʝʡ ʚʝʣʠʯʠʥʳ 

11,65Ñ0,95 ɹʢ/ʣ. ɹʳʣ ʚʟʷʪ ʢʦʥʜʝʥʩʘʪ ʦʢʥʘ, ʨʝʟʫʣʴʪʘʪʳ ʠʟʤʝʨʝʥʠʷ 

ʢʦʪʦʨʦʛʦ ʩʦʩʪʘʚʠʣʠ 3,76Ñ0,53 ɹʢ/ʣ. 

ʇʦ ʜʘʥʥʳʤ ʅʈɹ 99/2009 ʫʨʦʚʝʥʴ ʚʤʝʰʘʪʝʣʴʩʪʚʘ ʧʦ ʩʦʜʝʨʞʘʥʠʶ 

ʪʨʠʪʠʷ ʚ ʧʠʪʴʝʚʦʡ ʚʦʜʝ ʩʦʩʪʘʚʣʷʝʪ 7600 ɹʢ/ʢʛ. 

 ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʚ ʠʟʤʝʨʝʥʥʳʭ ʚʦʜʘʭ ʦʙʲʝʤʥʘʷ 

ʘʢʪʠʚʥʦʩʪʴ ʪʨʠʪʠʷ ʚʘʨʴʠʨʫʝʪ ʦʪ 3,76Ñ0,53 ʜʦ 18,23Ñ1,24 ɹʢ/ʣ. ʀʩ-

ʭʦʜʷ ʠʟ ʵʪʦʛʦ, ʦʙʥʘʨʫʞʝʥʥʳʡ ʥʘʤʠ ʤʘʢʩʠʤʫʤ ʨʘʚʝʥ  18,23Ñ1,24 

ɹʢ/ʣ, ʯʪʦ ʚ 416,89 ʨʘʟ ʤʝʥʴʰʝ ʇɼʂ.  ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʩʦʜʝʨʞʘʥʠʝ ʅ-

3 ʚ ʚʦʜʘʭ ʈʝʩʧʫʙʣʠʢʠ ʉʘʭʘ (ʗʢʫʪʠʷ) ʥʝ ʧʨʝʚʳʰʘʝʪ ʇɼʂ ʧʦ ʥʦʨʤʘʤ 
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ʨʘʜʠʘʮʠʦʥʥʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ  ʅʈɹ 99/2009 ʠ ʥʝ ʩʦʩʪʘʚʣʷʝʪ ʫʛʨʦʟʳ 

ʜʣʷ ʟʜʦʨʦʚʴʷ ʥʘʩʝʣʝʥʠʷ  ʠ  ʟʘʛʨʷʟʥʝʥʠʷ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ.  

 

ʃʠʪʝʨʘʪʫʨʘ: ʅʦʨʤʳ ʨʘʜʠʘʮʠʦʥʥʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ (ʅʈɹ-99). ʉʘ-

ʥʠʪʘʨʥʳʝ ʧʨʘʚʠʣʘ. ʉʇ 2.6.1.758-99 (ʫʪʚ. ʄʠʥʟʜʨʘʚʦʤ ʈʌ ʦʪ 

7.07.2009) ˉ47. 
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ʀʉʉʃɽɼʆɺɸʅʀɽ ʆʉʆɹɽʅʅʆʉʊɽʁ ʈɸɹʆʊʓ  

ʇʀʈʆʕʃɽʂʊʈʀʏɽʉʂʆɻʆ ʀʉʊʆʏʅʀʂɸ  

ʈɽʅʊɻɽʅʆɺʉʂʆɻʆ ʀɿʃʋʏɽʅʀʗ 

 

ɸ.ʅ. ʆʣʝʡʥʠʢ
1,*)
, ʆ.ʆ ʀʚʘʱʫʢ

1)
, ɺ.ʖ. ʀʦʥʠʜʠ

2)
  ɸ.ɸ. ʂʣʝʥʠʥ

1)
, 

ɸ.ʉ.ʂʫʙʘʥʢʠʥ
1), 3)
, ʄ.ɺ. ʄʠʰʫʥʠʥ

1)
, ɸ.ʉ. ʏʝʧʫʨʥʦʚ

1),2)
, 

 ɸ.ɺ. ʑʘʛʠʥ
1), 4) 

 
1) 
ʃʘʙʦʨʘʪʦʨʠʷ ʨʘʜʠʘʮʠʦʥʥʦʡ ʬʠʟʠʢʠ, ɹʝʣʛʦʨʦʜʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ 

ʥʘʮʠʦʥʘʣʴʥʳʡ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ, ɹʝʣʛʦʨʦʜ, ʈʦʩʩʠʷ 
2) 
ʅʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʠʥʩʪʠʪʫʪ ʠʤ. ɼ.ɺ. ʉʢʦʙʝʣʴʮʳʥʘ ʄɻʋ ʠʤ 

ʄ.ɺ. ʃʦʤʦʥʦʩʦʚʘ, ʄʦʩʢʚʘ, ʈʦʩʩʠʷ
 

3) 
ʌʠʟʠʯʝʩʢʠʡ ʠʥʩʪʠʪʫʪ ʘʢʘʜʝʤʠʠ ʥʘʫʢ (ʌʀɸʅ), ʊʨʦʠʮʢ, ʄʦʩʢʚʘ, ʈʦʩʩʠʷ

 

4) 
ʍʘʨʴʢʦʚʩʢʠʡ ʬʠʟʠʢʦ-ʪʝʭʥʠʯʝʩʢʠʡ ʠʥʩʪʠʪʫʪ, ʍʘʨʴʢʦʚ, ʋʢʨʘʠʥʘ

 

*
andreyoleynik92@mail.ru

 

 

ʇʠʨʦʵʣʝʢʪʨʠʯʝʩʢʠʡ ʵʬʬʝʢʪ ʚ ʤʦʥʦʢʨʠʩʪʘʣʣʘʭ ʥʠʦʙʘʪʘ ʠʣʠ 

ʪʘʥʪʘʣʘʪʘ ʣʠʪʠʷ ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʜʣʷ ʛʝʥʝʨʘʮʠʠ ʨʝʥʪʛʝʥʦʚʩʢʦʛʦ 

ʠʟʣʫʯʝʥʠʷ ʩ ʵʥʝʨʛʠʝʡ ʚʧʣʦʪʴ ʜʦ ʥʝʩʢʦʣʴʢʠʭ ʩʦʪʝʥ ʢʵɺ [1], ʯʪʦ ʧʦʟ-

ʚʦʣʷʝʪ ʩʦʟʜʘʚʘʪʴ ʧʠʨʦʵʣʝʢʪʨʠʯʝʩʢʠʝ ʠʩʪʦʯʥʠʢʠ ʨʝʥʪʛʝʥʦʚʩʢʦʛʦ 

ʠʟʣʫʯʝʥʠʷ [2]. 

ɺ ʨʘʙʦʪʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝ-

ʜʦʚʘʥʠʠ ʟʘʚʠʩʠʤʦʩʪʠ ʚʣʠʷʥʠʷ ʨʘʟʣʠʯʥʳʭ ʧʘʨʘʤʝʪʨʦʚ (ʩʢʦʨʦʩʪʴ 

ʠʟʤʝʥʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ ʢʨʠʩʪʘʣʣʘ, ʩʦʦʪʥʦʰʝʥʠʝ ʪʦʢʦʚ ʛʝʥʝʨʠʨʫʝ-

ʤʳʭ ʧʨʠ ʧʠʨʦʵʣʝʢʪʨʠʯʝʩʢʦʤ ʵʬʬʝʢʪʝ) ʥʘ ʚʳʭʦʜ ʠ ʵʥʝʨʛʠʶ ʛʝʥʝʨʠ-

ʨʫʝʤʦʛʦ ʨʝʥʪʛʝʥʦʚʩʢʦʛʦ ʠʟʣʫʯʝʥʠʷ. ʇʦʢʘʟʘʥʦ ʚʣʠʷʥʠʝ ʵʣʝʢʪʨʠʯʝ-

ʩʢʠʭ ʧʨʦʙʦʝʚ ʥʘ ʜʠʥʘʤʠʢʫ ʚʳʭʦʜʘ ʨʝʥʪʛʝʥʦʚʩʢʦʛʦ ʠʟʣʫʯʝʥʠʷ ʧʨʠ 

ʧʠʨʦʵʣʝʢʪʨʠʯʝʩʢʦʤ ʵʬʬʝʢʪʝ. 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʬʠʥʘʥʩʦʚʦʡ ʧʦʜʜʝʨʞʢʝ ʧʨʦʛʨʘʤʤʳ ʄʠ-

ʥʠʩʪʝʨʩʪʚʘ ʦʙʨʘʟʦʚʘʥʠʷ ʠ ʥʘʫʢʠ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ ʜʣʷ ʚʳʩ-

ʰʠʭ ʫʯʝʙʥʳʭ ʟʘʚʝʜʝʥʠʡ, ʧʨʦʝʢʪ ˉ14.578.21.0192 

(RFMEFI57816X0192). 

ʃʠʪʝʨʘʪʫʨʘ 

1. Brownridge, J. D. // Nature,  358,  pp.  277-278 (1992). 

2. http://amptek.com/products/cool-x-pyroelectric-x-ray-generator/ 

  

http://amptek.com/products/cool-x-pyroelectric-x-ray-generator/
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ʄɽʍɸʅʀʏɽʉʂʀɽ ʍɸʈɸʂʊɽʈʀʉʊʀʂʀ ʅɽʆɼʅʆʈʆɼʅʓʍ 

ʉʊʈʋʂʊʋʈ, ʇʆʃʋʏɸɽʄʓʍ ʇʈʀ  

ɺʓʉʆʂʆʊɽʄʇɽʈɸʊʋʈʅʆʁ ɼʀʌʌʋɿʀʆʅʅʆʁ ʇɸʁʂɽ 

ʈɽɸʂʊʆʈʅʓʍ  ʂʆʈʈʆɿʀʆʅʅʆʉʊʆʁʂʀʍ ʉʊɸʃɽʁ 

ɹʓʉʊʈʆɿɸʂɸʃɪʅʅʓʄʀ ʉʇʃɸɺɸʄʀ-ʇʈʀʇʆʗʄʀ  

Ni-(Cr) -5..6Si-3..5Be 

 

ʇʝʥʷʟʴ ʄ.ɸ.
1
, ʀʚʘʥʥʠʢʦʚ ɸ.ɸ.

1
, ʉʝʚʨʶʢʦʚ ʆ.ʅ.

1
, ɹʘʯʫʨʠʥʘ ɼ.ʄ.

1
, 

ʌʝʜʦʪʦʚ ʀ.ɺ.
1
 

 
1 ʅʘʮʠʦʥʘʣʴʥʳʡ ʀʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʗʜʝʨʥʳʡ ʋʥʠʚʝʨʩʠʪʝʪ çʄʀʌʀè, 

ʄʦʩʢʚʘ 

+79151096155, amilenna@icloud.com 

 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʜʣʷ ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʦʡ ʜʠʬʬʫʟʠʦʥʥʦʡ 

ʧʘʡʢʠ ʨʝʘʢʪʦʨʥʳʭ ʢʦʨʨʦʟʠʦʥʥʦʩʪʦʡʢʠʭ ʩʪʘʣʝʡ ʨʘʟʣʠʯʥʳʭ ʢʣʘʩʩʦʚ 

ʠʩʧʦʣʴʟʫʶʪ ʙʳʩʪʨʦʟʘʢʘʣʝʥʥʳʝ ʥʠʢʝʣʝʚʳʝ ʩʧʣʘʚʳ-ʧʨʠʧʦʠ, ʩʦʜʝʨ-

ʞʘʱʠʝ ʙʦʨ. ʇʨʠʤʝʥʝʥʠʝ ʜʘʥʥʳʭ ʩʧʣʘʚʦʚ ʧʨʠʚʦʜʠʪ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʚ 

ʜʠʬʬʫʟʠʦʥʥʦʡ ʟʦʥʝ ʩʣʦʞʥʦʡ ʛʝʪʝʨʦʛʝʥʥʦʡ ʩʪʨʫʢʪʫʨʳ, ʢʦʪʦʨʘʷ ʩʦ-

ʜʝʨʞʠʪ ʚʳʜʝʣʝʥʠʷ ʧʨʦʤʝʞʫʪʦʯʥʳʭ ʬʘʟ, ʪʘʢʠʭ ʢʘʢ ʩʠʣʠʮʠʜʳ ʠ ʙʦ-

ʨʠʜʳ [1]. ʊʘʢʘʷ ʩʪʨʫʢʪʫʨʘ ʥʝʛʘʪʠʚʥʦ ʩʢʘʟʳʚʘʝʪʩʷ ʥʘ ʧʨʦʯʥʦʩʪʥʳʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʭ ʩʦʝʜʠʥʝʥʠʷ ʦʩʦʙʝʥʥʦ ʧʨʠ ʜʠʥʘʤʠʯʝʩʢʠʭ ʥʘʛʨʫʟ-

ʢʘʭ [2]. 

ɼʣʷ ʫʩʪʨʘʥʝʥʠʷ ʜʘʥʥʦʡ ʩʪʨʫʢʪʫʨʳ ʚ ʧʘʷʥʦʤ ʰʚʝ ʧʨʝʜʣʦʞʝʥʦ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʙʝʟʙʦʨʠʩʪʳʭ ʩʧʣʘʚʦʚ-ʧʨʠʧʦʝʚ ʥʘ ʦʩʥʦʚʝ ʩʠʩʪʝʤʳ 

Ni-Si-Be. ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʡ ʙʳʣʠ ʚʳʙʨʘʥʳ ʰʠʨʦʢʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥ-

ʥʳʝ ʨʝʘʢʪʦʨʥʳʝ ʩʪʘʣʠ ʘʫʩʪʝʥʠʪʥʘʷ 12ʍ18ʅ10ʊ ʠ ʬʝʨʨʠʪʦ-

ʤʘʨʪʝʥʩʠʪʥʘʷ 16ʍ12ʄɺʉʌɹʈ ʠ ʧʨʦʚʝʜʝʥʘ ʧʘʡʢʘ. 

ʎʝʣʴʶ ʨʘʙʦʪʳ ʙʳʣʦ ʦʧʨʝʜʝʣʝʥʠʝ ʤʝʭʘʥʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 

ʧʘʷʥʳʭ ʦʙʨʘʟʮʦʚ ʩ ʧʦʤʦʱʴʶ ʠʩʧʳʪʘʥʠʡ ʥʘ ʦʜʥʦʦʩʥʦʝ ʨʘʩʪʷʞʝʥʠʝ 

ʠ ʫʜʘʨʥʫʶ ʚʷʟʢʦʩʪʴ, ʠʩʩʣʝʜʦʚʘʥʠʝ ʬʨʘʢʪʦʛʨʘʬʠʠ ʠ ʧʨʦʬʠʣʝʡ ʠʟʣʦ-

ʤʦʚ ʤʝʪʦʜʘʤʠ ʵʣʝʢʪʨʦʥʥʦʡ ʤʠʢʨʦʩʢʦʧʠʠ, ʘ ʪʘʢʞʝ ʠʟʤʝʨʝʥʠʡ ʤʠʢ-

ʨʦʪʚʝʨʜʦʩʪʠ ʥʝʨʘʟʲʝʤʥʳʭ ʩʦʝʜʠʥʝʥʠʡ. 

ʇʦʣʫʯʝʥʥʳʝ ʟʥʘʯʝʥʠʷ ʧʨʝʜʝʣʘ ʧʨʦʯʥʦʩʪʠ ʠ ʨʘʙʦʪʳ ʚʷʟʢʦʛʦ ʨʘʟ-

ʨʫʰʝʥʠʷ ʜʣʷ ʩʦʝʜʠʥʝʥʠʡ, ʧʘʷʥʥʳʭ ʨʘʟʨʘʙʦʪʘʥʥʳʤʠ ʧʨʠʧʦʷʤʠ, 

ʧʨʝʚʦʩʭʦʜʷʪ ʨʝʟʫʣʴʪʘʪʳ, ʧʦʣʫʯʝʥʥʳʝ ʥʘ ʦʙʨʘʟʮʘʭ ʩʦʝʜʠʥʝʥʥʳʭ ʩ 

ʧʦʤʦʱʴʶ ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʫʝʤʦʛʦ ʙʦʨʠʩʪʦʛʦ ʧʨʠʧʦʷ Ni-3,5Fe-7,5Cr-
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4,5Si-2,6B, ʤʘʩʩ.% (ʘʥʘʣʦʛ ʩʧʣʘʚʘ BNi-2 [3]), ʯʪʦ ʦʪʨʘʞʝʥʦ ʥʘ ʨʠ-

ʩʫʥʢʝ 1. 

ʇʦʢʘʟʘʥʦ, ʯʪʦ ʚ ʩʣʫʯʘʝ ʧʝʨʚʳʭ ʧʘʷʥʳʝ ʰʚʳ ʙʦʣʝʝ ʧʣʘʩʪʠʯʥʳʝ ʠ 

ʠʤʝʶʪ ʦʜʥʦʨʦʜʥʫʶ ʩʪʨʫʢʪʫʨʫ, ʩ ʦʪʩʫʪʩʪʚʠʝʤ ʛʝʪʝʨʦʛʝʥʥʦʩʪʝʡ ʚ 

ʜʠʬʬʫʟʠʦʥʥʦʡ ʟʦʥʝ. ʅʘ ʦʩʥʦʚʝ ʧʦʣʫʯʝʥʥʳʭ ʜʘʥʥʳʭ ʤʦʞʥʦ ʩʜʝʣʘʪʴ 

ʚʳʚʦʜ, ʯʪʦ ʟʘʤʝʥʘ ʙʦʨʘ ʥʘ ʙʝʨʠʣʣʠʡ ʚ ʥʠʢʝʣʝʚʦʤ ʩʧʣʘʚʝ-ʧʨʠʧʦʝ 

ʧʦʟʚʦʣʷʝʪ ʫʣʫʯʰʠʪʴ ʤʝʭʘʥʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʩʦʝʜʠʥʝʥʠʡ. 

ʇʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʥʘ ʚʦʟʤʦʞʥʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʨʘʟʨʘʙʦʪʘʥʥʦʛʦ 

ʧʨʠʧʦʷ ʜʣʷ ʩʦʝʜʠʥʝʥʠʷ ʵʥʝʨʛʦʥʘʧʨʷʞʝʥʥʳʭ ʵʣʝʤʝʥʪʦʚ ʠʟ ʨʝʘʢʪʦʨ-

ʥʳʭ ʩʪʘʣʝʡ ʨʘʟʣʠʯʥʦʛʦ ʢʣʘʩʩʘ. 

 

  
ʈʠʩ.1. ʇʨʦʯʥʦʩʪʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʘʷʥʳʭ ʩʦʝʜʠʥʝʥʠʡ 
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ʄʝʪʦʜʳ ʨʘʩʯʝʪʘ ʧʝʨʝʥʦʩʘ ʥʝʡʪʨʦʥʦʚ ʠʩʧʦʣʴʟʫʶʪ ʚ ʬʠʟʠʢʝ ʨʝʘʢ-

ʪʦʨʦʚ, ʚ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʤ ʢʦʥʪʨʦʣʝ ʧʨʠ ʠʟʛʦʪʦʚʣʝʥʠʠ ʠ ʧʝʨʝʨʘʙʦʪ-

ʢʠ ʷʜʝʨʥʦʛʦ ʪʦʧʣʠʚʘ, ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʛʣʫʙʠʥʳ ʚʳʛʦʨʘʥʠʷ ʦʙʣʫ-

ʯʝʥʥʦʛʦ ʪʦʧʣʠʚʘ, ʧʨʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ ʙʠʦʣʦʛʠʯʝʩʢʦʡ ʟʘʱʠʪʳ, ʘ 

ʪʘʢʞʝ ʜʣʷ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʷ ʧʨʦʮʝʜʫʨ ʠʟʤʝʨʝʥʠʡ ʠʟʣʫʯʝʥʠʷ ʜʣʷ 

ʩʠʩʪʝʤʳ ʫʯʝʪʘ ʠ ʢʦʥʪʨʦʣʷ ʷʜʝʨʥʳʭ ʤʘʪʝʨʠʘʣʦʚ. 

ʄʝʪʦʜ ʚʳʯʠʩʣʝʥʠʷ, ʢʦʪʦʨʳʡ ʦʩʥʦʚʘʥ ʥʘ ʨʦʟʳʛʨʳʰʝ ʚʝʨʦʷʪʥʦ-

ʩʪʝʡ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʥʝʡʪʨʦʥʦʚ, ʥʘʟʳʚʘʝʪʩʷ ʤʝʪʦʜʦʤ ʄʦʥʪʝ-ʂʘʨʣʦ. 

ʉʫʱʝʩʪʚʫʝʪ ʤʥʦʛʦ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʭ ʧʨʦʛʨʘʤʤ ʠ ʨʘʩʯʝʪʥʳʭ 

ʢʦʜʦʚ, ʨʝʘʣʠʟʫʶʱʠʭ ʤʝʪʦʜ ʄʦʥʪʝ-ʂʘʨʣʦ. ʄʝʞʜʫʥʘʨʦʜʥʦ-

ʧʨʠʟʥʘʥʥʳʤʠ ʷʚʣʷʶʪʩʷ ʩʣʝʜʫʶʱʠʝ ʧʘʢʝʪʳ ʧʨʦʛʨʘʤʤ: MMKKENO 

ʠ MMKC (ɻʅʎ ʈʌ-ʌʕʀ, ʈʦʩʩʠʷ), MCU (ʅʀʎ ʂʀ, ʈʦʩʩʠʷ), MCNP 

(ʉʐɸ), KENO-3D(ʉʐɸ), MONK (ɺʝʣʠʢʦʙʨʠʪʘʥʠʷ) ʠ ʜʨ. ʕʪʠ ʧʨʦ-

ʛʨʘʤʤʳ ʧʦʟʚʦʣʷʶʪ ʧʦʣʫʯʘʪʴ ʪʦʯʥʳʝ ʨʝʰʝʥʠʷ ʙʣʘʛʦʜʘʨʷ ʩʦʟʜʘʥʠʶ 

ʪʨʝʭʤʝʨʥʦʡ ʛʝʦʤʝʪʨʠʠ, ʠʤʠʪʠʨʫʶʱʝʡ ʦʙʲʝʢʪ ʠ ʤʦʜʝʣʠʨʦʚʘʥʠʶ 

ʨʝʘʣʴʥʦʛʦ ʧʝʨʝʥʦʩʘ ʥʝʡʪʨʦʥʦʚ ʚ ʚʝʱʝʩʪʚʝ. 

ɺʳʩʦʢʘʷ ʪʦʯʥʦʩʪʴ ʚʝʨʠʬʠʮʠʨʦʚʘʥʥʳʭ ʨʘʩʯʝʪʥʳʭ ʢʦʜʦʚ ʥʘ ʦʩʥʦ-

ʚʝ ʤʝʪʦʜʘ ʄʦʥʪʝ-ʂʘʨʣʦ ʜʦʩʪʠʛʘʝʪʩʷ ʟʘ ʩʯʝʪ ʧʦʪʨʝʙʣʝʥʠʷ ʦʛʨʦʤʥʳʭ 

ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ ʨʝʩʫʨʩʦʚ ʠ ʦʧʨʝʜʝʣʷʝʪʩʷ ʚ ʦʩʥʦʚʥʦʤ ʧʦʛʨʝʰʥʦ-

ʩʪʴʶ, ʩ ʢʦʪʦʨʦʡ ʦʧʨʝʜʝʣʝʥʳ ʩʝʯʝʥʠʷ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʥʝʡʪʨʦʥʦʚ ʩ 

ʷʜʨʘʤʠ ʚʝʱʝʩʪʚʘ. 

ɸʣʛʦʨʠʪʤʳ ʥʘ ʦʩʥʦʚʝ ʛʨʫʧʧʦʚʳʭ ʠ ʧʦʜʛʨʫʧʧʦʚʳʭ ʧʦʜʭʦʜʦʚ, ʠʩ-

ʧʦʣʴʟʫʝʤʳʝ ʧʨʠ ʨʝʰʝʥʠʠ ʫʨʘʚʥʝʥʠʷ ɹʦʣʴʮʤʘʥʘ [1], ʥʝ ʪʨʝʙʫʶʪ 

ʙʦʣʴʰʠʭ ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ ʤʦʱʥʦʩʪʝʡ. ʀʟʚʝʩʪʥʦ, ʯʪʦ ʪʦʯʥʦʩʪʴ ʠʩ-

ʢʦʤʳʭ ʬʫʥʢʮʠʦʥʘʣʦʚ (keff, (ʌV)=ÚÚvæEʌ(r,E)dVdE, ű(æE,r,ɋ), 
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Ɇt(E,r,ɋ)) ʚ ʪʘʢʠʭ ʨʝʰʝʥʠʷʭ ʥʠʞʝ, ʦʜʥʘʢʦ ʚ ʨʷʜʝ ʩʣʫʯʘʝʚ ʚʦʟʤʦʞʥʦ 

ʧʦʣʫʯʠʪʴ ʪʦʯʥʳʝ ʠ ʥʘʜʝʞʥʳʝ ʨʝʰʝʥʠʷ [2]. 

ɺ ʨʘʙʦʪʝ ʨʝʘʣʠʟʦʚʘʥ ʠʪʝʨʘʮʠʦʥʥʳʡ ʧʨʦʮʝʩʩ ʨʝʰʝʥʠʷ ʫʨʘʚʥʝʥʠʷ 

ʚʠʜʘ [1] ʜʣʷ ʫʩʣʦʚʥʦ-ʢʨʠʪʠʯʝʩʢʦʡ ʟʘʜʘʯʠ ʚ ʜʠʬʬʫʟʠʦʥʥʦʤ 28-ʤʠ 

ʛʨʫʧʧʦʚʦʤ ʧʨʠʙʣʠʞʝʥʠʠ: 
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ʈʘʩʯʝʪ ʧʨʦʚʝʜʝʥ ʜʣʷ ʧʦʜʢʨʠʪʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ ʠʟ ʩʬʝʨʳ 

238PuO2. ʇʨʠ ʵʪʦʤ ʠʩʧʦʣʴʟʦʚʘʣʘʩʴ ʩʠʩʪʝʤʘ ʛʨʫʧʧʦʚʳʭ ʢʦʥʩʪʘʥʪ 

ɹʅɸɹ [3] ʠ ʨʝʢʦʤʝʥʜʘʮʠʠ ʘʚʪʦʨʦʚ [4], ʯʪʦ ʧʦʟʚʦʣʠʣʦ ʢʦʨʨʝʢʪʥʦ 

ʩʨʘʚʥʠʪʴ ʧʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ, ʩ ʜʘʥʥʳʤʠ ʧʨʠʚʝʜʝʥʥʳʤʠ ʚ ʨʘ-

ʙʦʪʝ [5]. 

ɼʣʷ ʦʨʛʘʥʠʟʘʮʠʠ ʠʪʝʨʘʮʠʦʥʥʦʛʦ ʧʨʦʮʝʩʩʘ ʥʝʦʙʭʦʜʠʤʦ ʟʘʜʘʪʴ 

ʩʧʝʢʪʨ ʥʝʡʪʨʦʥʦʚ ɢf(E) (Ů(i) = Úɢf(E)dE), ʩʧʝʢʪʨ ʥʝʡʪʨʦʥʦʚ ʩʧʦʥʪʘʥ-

ʥʦʛʦ ʜʝʣʝʥʠʷ ɢsf(E) ʠ ʩʧʝʢʪʨ ʥʝʡʪʨʦʥʦʚ (a,n)-ʨʝʘʢʮʠʡ ɢan(E). 

ʉʧʝʢʪʨʳ ɢf(E), ɢsf(E) ʭʦʨʦʰʦ ʠʟʫʯʝʥʳ ʠ ʠʟʚʝʩʪʥʳ ʜʣʷ ʙʦʣʴʰʠʥʩʪʚʘ 

ʜʝʣʷʱʠʭʩʷ ʥʫʢʣʠʜʦʚ. 

ʉʧʝʢʪʨ ʥʝʡʪʨʦʥʦʚ ɢan(E) ʧʦʣʫʯʝʥ ʧʫʪʝʤ ʘʧʧʨʦʢʩʠʤʘʮʠʠ ʜʘʥʥʳʭ 

ʨʘʙʦʪ [5] ʬʫʥʢʮʠʝʡ ʚʠʜʘ: ɢan(E) = aī1 (2ˊ)ī1/2Āexp(ī(Eīb)2/2a2), 

ʘ = 0,81, b = 2,5. 

ɺ ʨʘʙʦʪʝ, ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʜʘʥʥʳʭ ʦ ʚʳʭʦʜʝ ʥʝʡʪʨʦʥʦʚ [5] ʠ 

ʤʥʦʛʦʛʨʫʧʧʦʚʳʭ ʧʦʜʭʦʜʦʚ, ʧʦʣʫʯʝʥ 28-ʛʨʫʧʧʦʚʦʡ ʩʧʝʢʪʨ ʧʣʦʪʥʦ-

ʩʪʠ ʧʦʪʦʢʘ ʥʝʡʪʨʦʥʦʚ (ű(E),1/ʤ2/ʩ/ʄʵɺ) ʠ ʚʝʣʠʯʠʥʘ ʧʦʜʢʨʠʪʠʯʥʦ-

ʩʪʠ ~1/(1īkeff). ʈʝʟʫʣʴʪʘʪʳ ʭʦʨʦʰʦ ʩʦʛʣʘʩʫʶʪʩʷ ʩ ʨʝʟʫʣʴʪʘʪʘʤʠ, 

ʧʦʣʫʯʝʥʥʳʤʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʨʘʩʯʝʪʥʦʛʦ ʢʦʜʘ ʧʨʦʛʨʘʤʤʳ 

ANISN [5] ʠ SCALE-4.3 (KENO-V.a, ENDF/B-V). 
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ʉɺʗɿʔ ɼʀʅɸʄʀʏɽʉʂʆʁ ʀ ʉʈɽɼʅɽʁ ʉʂʆʈʆʉʊɽʁ 

ʇʆʊʆʂɸ ʊɽʇʃʆʅʆʉʀʊɽʃʗ ɺ ʂɸʅɸʃɸʍ ʉʃʆɾʅʆʁ 

ʌʆʈʄʓ 

 

ʇʠʩʘʨʝʚʩʢʠʡ ʄ.ʀ.
1
, ʌʝʜʦʩʝʝʚ ɺ.ʅ.

1
, ɹʘʣʙʝʨʢʠʥʘ ʖ.ʅ.

2 

 
1
ʅʘʮʠʦʥʘʣʴʥʳʡ ʀʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʗʜʝʨʥʳʡ ʋʥʠʚʝʨʩʠʪʝʪ çʄʀʌʀè, 

ʄʦʩʢʚʘ 
2
ʅʀʎ çʂʫʨʯʘʪʦʚʩʢʠʡ ʠʥʩʪʠʪʫʪè, ʄʦʩʢʚʘ 

ʊʝʣ.:+7(917)536-30-34, e-mail: Peace579@mail.ru 

 

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʧʨʝʜʣʦʞʝʥʘ ʩʚʷʟʴ ʤʝʞʜʫ ʜʠʥʘʤʠʯʝʩʢʦʡ ʩʢʦʨʦ-

ʩʪʴʶ ʠ ʩʨʝʜʥʝʡ ʩʢʦʨʦʩʪʴʶ ʧʦʪʦʢʘ ʪʝʧʣʦʥʦʩʠʪʝʣʷ ʚ ʢʘʥʘʣʝ ʩʣʦʞʥʦʡ 

ʛʝʦʤʝʪʨʠʠ, ʥʘ ʦʩʥʦʚʝ ʢʦʪʦʨʦʡ ʧʦʩʪʨʦʝʥʘ ʤʦʜʝʣʴ ʦʙʦʙʱʝʥʠʷ ʵʢʩʧʝ-

ʨʠʤʝʥʪʘʣʴʥʳʭ ʜʘʥʥʳʭ ʧʦ ʪʝʧʣʦʦʪʜʘʯʝ ʨʘʟʣʠʯʥʳʭ ʧʦʨʠʩʪʳʭ ʩʪʨʫʢ-

ʪʫʨ. ʇʦ ʤʦʜʝʣʠ ʧʦʣʫʯʝʥʳ ʨʘʩʯʝʪʥʳʝ ʬʦʨʤʫʣʳ ʜʣʷ ʨʘʩʯʝʪʘ ʪʝʧʣʦ-

ʦʪʜʘʯʠ   ʧʫʯʢʦʚ ʩʪʝʨʞʥʝʡ ʧʨʠ ʧʦʧʝʨʝʯʥʦʤ ʦʙʪʝʢʘʥʠʠ ʧʦʪʦʢʦʤ 

ʞʠʜʢʦʩʪʠ. ʆʪʤʝʯʝʥʦ, ʯʪʦ ʤʦʜʝʣʴ ʦʧʠʩʳʚʘʝʪ ʧʨʝʜʝʣʴʥʳʡ ʩʣʫʯʘʡ 

ʦʪʨʳʚʥʳʭ ʪʝʯʝʥʠʡ ʚ ʠʟʚʠʣʠʩʪʳʭ ʢʘʥʘʣʘʭ, ʢʦʛʜʘ ʪʝʧʣʦʥʦʩʠʪʝʣʴ ʧʦ-

ʩʪʦʷʥʥʦ ʤʝʥʷʝʪ ʥʘʧʨʘʚʣʝʥʠʝ ʩʚʦʝʛʦ ʜʚʠʞʝʥʠʷ ʠ ʠʥʪʝʥʩʠʚʥʦ ʧʝʨʝ-

ʤʝʰʠʚʘʝʪʩʷ ʚ ʩʦʦʙʱʘʶʱʠʭʩʷ ʢʘʥʘʣʘʭ. ɼʠʥʘʤʠʯʝʩʢʫʶ ʩʢʦʨʦʩʪʴ 

ʧʨʝʜʣʦʞʝʥʦ ʦʧʨʝʜʝʣʷʪʴ ʯʝʨʝʟ ʤʦʱʥʦʩʪʴ ʥʘ ʧʨʦʢʘʯʢʫ. ʂʦʵʬʬʠʮʠʝʥʪ 

ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦʩʪʠ ʚ ʦʙʱʝʤ ʩʣʫʯʘʝ ʟʘʚʠʩʠʪ ʦʪ ʛʝʦʤʝʪʨʠʠ ʢʘʥʘʣʘ 

ʠ ʯʠʩʣʘ Re. ʇʨʝʜʣʦʞʝʥʳ ʨʘʩʯʝʪʥʳʝ ʬʦʨʤʫʣʳ ʢʦʵʬʬʠʮʠʝʥʪʘ ʧʨʦ-

ʧʦʨʮʠʦʥʘʣʴʥʦʩʪʠ ʜʣʷ ʰʠʨʦʢʦʛʦ ʜʠʘʧʘʟʦʥʘ ʰʘʛʦʚ ʩʪʝʨʞʥʝʚʳʭ ʫʧʘ-

ʢʦʚʦʢ ʠ ʯʠʩʝʣ Re. ʇʨʦʚʝʜʝʥʦ ʩʨʘʚʥʝʥʠʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʜʘʥ-

ʥʳʭ ʠ ʨʘʩʯʝʪʥʳʭ ʟʥʘʯʝʥʠʡ, ʧʦʢʘʟʳʚʘʶʱʝʝ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʴ 

ʧʨʝʜʣʦʞʝʥʥʦʡ ʤʦʜʝʣʠ ʠ ʨʘʩʯʝʪʥʳʭ ʬʦʨʤʫʣ, ʧʦʣʫʯʝʥʥʳʭ ʧʦ ʥʝʡ.  

ɺ ʨʘʙʦʪʘʭ [1,2] ʧʨʠʚʦʜʷʪʩʷ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʜʘʥʥʳʝ ʧʦ ʛʠʜ-

ʨʘʚʣʠʯʝʩʢʦʤʫ ʩʦʧʨʦʪʠʚʣʝʥʠʶ ʠ ʪʝʧʣʦʦʪʜʘʯʝ ʚ ʧʦʧʝʨʝʯʥʦ ʦʙʪʝʢʘʝ-

ʤʳʭ ʧʫʯʢʘʭ ʪʨʫʙ, ʘ ʪʘʢʞʝ ʧʨʝʜʣʘʛʘʶʪʩʷ ʵʤʧʠʨʠʯʝʩʢʠʝ ʬʦʨʤʫʣʳ 

ʜʣʷ ʠʥʞʝʥʝʨʥʳʭ ʨʘʩʯʝʪʦʚ(ʨʠʩʫʥʦʢ 1). 

ʆʩʥʦʚʘʥʠʷʤʠ ʢ ʧʨʦʚʝʜʝʥʠʶ ʥʦʚʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʦʩʣʫʞʠʣʦ ʜʚʘ 

ʬʘʢʪʦʨʘ. ɺʦ-ʧʝʨʚʳʭ, ʧʦʩʪʨʦʝʥʠʝ ʝʜʠʥʦʡ ʬʠʟʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʜʣʷ 

ʦʙʦʙʱʝʥʠʷ ʜʘʥʥʳʭ ʣʶʙʳʭ ʩʪʨʫʢʪʫʨ. ɺʦ-ʚʪʦʨʳʭ, ʫʪʦʯʥʝʥʥʦʝ ʦʙʦʙ-

ʱʝʥʠʝ ʜʘʥʥʳʭ ʧʦʧʝʨʝʯʥʦʛʦ ʦʙʪʝʢʘʥʠʷ ʩʪʝʨʞʥʝʚʳʭ ʩʙʦʨʦʢ. 

mailto:Peace579@mail.ru
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ʈʠʩʫʥʦʢ 1. ɿʘʚʠʩʠʤʦʩʪʴ ʢʦʤʧʣʝʢʩʘ ʪʝʧʣʦʦʪʜʘʯʠ ʦʪ ʯʠʩʣʘ Re ʜʣʷ ʢʦʨʠ-

ʜʦʨʥʳʭ ʧʫʯʢʦʚ: 1-1,008 1,008³  , 2-1,013 1,013³  , 3-1,020 1,020³  , 4-

1,026 1,026³  , 5-1,053 1,053³  , 6-1,65 2,00³  , 7-1,30 1,30³ , 8-

1,30 2,60³ , 9 ï ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʟʥʘʯʝʥʠʷ ɸ.ɸ. ɾʫʢʘʫʩʢʘʩʘ  [1]. 

 

ʃʀʊɽʈɸʊʋʈɸ 

1. ɾʫʢʘʫʩʢʘʩ ɸ.ɸ., ʄʘʢʘʨʷʚʠʯʫʩ ɺ., ʐʣʘʥʯʷʫʩʢʘʩ ɸ. ʊʝʧʣʦ-

ʦʪʜʘʯʘ ʧʫʯʢʦʚ ʪʨʫʙ ʚ ʧʦʧʝʨʝʯʥʦʤ ʧʦʪʦʢʝ ʞʠʜʢʦʩʪʠ. ʀʟʜʘʪʝʣʴʩʪʚʦ 

çʄʀʅʊʀʉè ɺʠʣʴʥʫʩ-1968. 

2. ɾʫʢʘʫʩʢʘʩ ɸ.ɸ. ʂʦʥʚʝʢʪʠʚʥʳʡ ʧʝʨʝʥʦʩ ʚ ʪʝʧʣʦʦʙʤʝʥʥʠʢʘʭ. 
ʀʟʜʘʪʝʣʴʩʪʚʦ çʅʘʫʢʘè. 1982ʛ. 
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ʇʆʃʋʏɽʅʀɽ ʄɸʊʈʀʎʓ ʅɸ ʆʉʅʆɺɽ ɸʃʃʖʄʀʅʀɼɸ 

ʅɽʆɼʀʄɸ ʉ ɺʂʃʖʏɽʅʀɽʄ  

ʈɽɸʂʎʀʆʅʅʆ-ʉʇʆʉʆɹʅʆʁ ʅʀʂɽʃɽɺʆʁ ɼʆɹɸɺʂʆʁ ɺ 

ʈɽɾʀʄɽ ʊɽʍʅʆʃʆɻʀʏɽʉʂʆɻʆ ɻʆʈɽʅʀʗ 

 

ʇʦʩʦʭʦʚ ɼ.ɺ.
1
, ʂʫʟʴʤʠʥ ɺ.ʉ.

1
. 

 
1
ʊʦʤʩʢʠʡ ʧʦʣʠʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ, 634034, ʛ.ʊʦʤʩʢ, ʧʨ. ʃʝʥʠʥʘ, 30 

ʢʦʥʪ. ʪʝʣ. 89234410022, e-mail: posokhov.d.v@gmail.com 

 

ʇʨʦʙʣʝʤʘ ʦʙʨʘʱʝʥʠʷ ʩ ʨʘʜʠʦʘʢʪʠʚʥʳʤʠ ʦʪʭʦʜʘʤʠ ʷʚʣʷʝʪʩʷ ʦʜ-

ʥʦʡ ʠʟ ʥʘʠʙʦʣʝʝ ʚʘʞʥʳʭ ʚ ʷʜʝʨʥʦʡ ʦʪʨʘʩʣʠ.  ɼʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʠʭ 

ʙʝʟʦʧʘʩʥʦʛʦ ʭʨʘʥʝʥʠʷ ʠʩʧʦʣʴʟʫʶʪʩʷ ʨʘʟʣʠʯʥʳʝ ʪʝʭʥʦʣʦʛʠʠ ʠʤʤʦ-

ʙʠʣʠʟʘʮʠʠ ʨʘʜʠʦʘʢʪʠʚʥʳʤʠ ʦʪʭʦʜʘʤʠ ʚ ʥʦʚʳʝ ʩʪʘʙʠʣʴʥʳʝ ʤʘʪʨʠʯ-

ʥʳʝ ʤʘʪʝʨʠʘʣʳ, ʢʦʪʦʨʳʝ ʜʦʣʞʥʳ ʦʙʣʘʜʘʪʴ ʦʧʨʝʜʝʣʝʥʥʳʤ ʥʘʙʦʨʦʤ 

ʭʠʤʠʯʝʩʢʠʭ ʠ ʬʠʟʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ. 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ 

ʥʘʢʦʧʣʝʥʦ ʧʦʨʷʜʢʘ ʧʷʪʠʩʦʪ ʰʝʩʪʠʜʝʩʷʪʠ ʤʠʣʣʠʦʥʦʚ ʢʫʙʠʯʝʩʢʠʭ 

ʤʝʪʨʦʚ ʨʘʜʠʦʘʢʪʠʚʥʳʭ ʦʪʭʦʜʦʚ, 50% ʠʟ ʢʦʪʦʨʳʭ ʥʘʭʦʜʷʪʩʷ ʚʦ ʚʨʝ-

ʤʝʥʥʳʭ ʭʨʘʥʠʣʠʱʘʭ ʜʦ ʜʘʣʴʥʝʡʰʝʡ ʧʝʨʝʨʘʙʦʪʢʠ. ʇʦʤʠʤʦ ʵʪʦʛʦ, 

ʢʘʞʜʳʡ ʛʦʜ ʝʱʝ ʦʙʨʘʟʫʝʪʩʷ ʧʦʨʷʜʢʘ ʧʷʪʠ ʤʠʣʣʠʦʥʦʚ ʢʫʙʠʯʝʩʢʠʭ 

ʤʝʪʨʦʚ. [1] 

ʅʘ ʪʝʨʨʠʪʦʨʠʠ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ ʨʝʘʣʠʟʫʶʪʩʷ ʜʚʘ ʪʝʭʥʦ-

ʣʦʛʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʘ ʠʤʤʦʙʠʣʠʟʘʮʠʠ ʨʘʜʠʦʘʢʪʠʚʥʳʭ ʦʪʭʦʜʦʚ: 

ʦʩʪʝʢʣʦʚʳʚʘʥʠʝ ʠ ʮʝʤʝʥʪʠʨʦʚʘʥʠʝ. ʅʦ ʧʨʠ ʜʦʣʛʦʚʨʝʤʝʥʥʦʤ ʭʨʘʥʝ-

ʥʠʠ ʩʪʝʢʣʷʥʥʳʝ ʤʘʪʨʠʮʳ ʥʝ ʤʦʛʫʪ ʦʙʝʩʧʝʯʠʪʴ ʜʦʣʛʦʚʨʝʤʝʥʥʦʝ 

ʭʨʘʥʝʥʠʝ ʨʘʜʠʦʥʫʢʣʠʜʦʚ, ʧʨʝʜʩʪʘʚʣʷʶʱʠʭ ʫʛʨʦʟʫ ʚ ʪʝʯʝʥʠʠ ʩʦʪʝʥ 

ʪʳʩʷʯ ʣʝʪ. ʅʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʧʦʠʩʢ ʥʦʚʳʭ ʤʘʪʝʨʠʘʣʦʚ ʜʣʷ ʠʤ-

ʤʦʙʠʣʠʟʘʮʠʠ ʨʘʜʠʦʘʢʪʠʚʥʳʭ ʦʪʭʦʜʦʚ ʘʢʪʠʚʥʦ ʚʝʜʝʪʩʷ. 

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʧʨʦʠʟʚʦʜʩʪʚʦ ʤʘʪʨʠʯʥʦʛʦ ʤʘ-

ʪʝʨʠʘʣʘ ʥʘ ʦʩʥʦʚʝ ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʦʛʦ ʧʝʨʦʚʩʢʠʪʘ, ʧʦʣʫʯʝʥʥʦʛʦ 

ʪʝʭʥʦʣʦʛʠʝʡ ʩʘʤʦʨʘʩʧʨʦʩʪʨʘʥʷʶʱʝʛʦʩʷ ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʦʛʦ 

ʩʠʥʪʝʟʘ, ʦʙʣʘʜʘʶʱʝʛʦ ʨʷʜʦʤ ʧʨʝʠʤʫʱʝʩʪʚ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʪʨʘʜʠ-

ʮʠʦʥʥʳʤʠ ʪʝʭʥʦʣʦʛʠʷʤʠ ʠʟʛʦʪʦʚʣʝʥʠʷ ʪʘʢʠʤʠ ʢʘʢ:  

- ʧʨʦʩʪʦʪʘ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʩʭʝʤʳ;  

- ʤʘʣʳʝ ʵʥʝʨʛʝʪʠʯʝʩʢʠʝ ʟʘʪʨʘʪʘʤʠ;  

- ʚʳʩʦʢʘʷ ʩʢʦʨʦʩʪʴ ʩʠʥʪʝʟʘ ʧʨʦʜʫʢʪʘ;  
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- ʚʦʟʤʦʞʥʦʩʪʴ ʧʦʣʫʯʝʥʠʷ ʤʘʪʝʨʠʘʣʘ ʩ ʟʘʜʘʥʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ. 

[2] 

ʇʦʩʣʝ ʧʝʨʝʤʝʰʠʚʘʥʠʷ ʚ ʢʫʙʠʯʝʩʢʦʤ ʩʤʝʩʠʪʝʣʝ, ʠ ʚʘʢʫʫʤʥʦʡ 

ʩʫʰʢʠ ʧʦʣʫʯʝʥʥʘʷ ʰʠʭʪʘ ʧʨʝʩʩʦʚʘʣʘʩʴ ʚ ʮʠʣʠʥʜʨʠʯʝʩʢʠʝ ʦʙʨʘʟʮʳ 

ʜʠʘʤʝʪʨʦʤ 30 ʤʤ ʠ ʚʳʩʦʪʦʡ 12ï15 ʤʤ ʧʨʠ ʨʘʟʣʠʯʥʦʤ ʜʘʚʣʝʥʠʠ ï 

15, 20, 25, 30 ʄʇʘ, ʩ ʮʝʣʴʶ ʧʦʣʫʯʝʥʠʷ ʦʙʨʘʟʮʦʚ ʨʘʟʥʦʡ ʧʣʦʪʥʦʩʪʠ 

ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʤ ʧʫʪʝʤ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʧʨʠ ʩʦʟʜʘʥʠʠ ʧʝ-

ʨʦʚʩʢʠʪʥʦʡ ʠʤʤʦʙʠʣʠʟʘʮʠʦʥʥʦʡ ʤʘʪʨʠʮʳ ʥʘ ʦʩʥʦʚʝ ʘʣʶʤʠʥʠʷ 

ʥʝʦʙʭʦʜʠʤʦ ʚʚʝʜʝʥʠʝ ʨʝʘʢʮʠʦʥʥʦ-ʩʧʦʩʦʙʥʦʡ ʥʠʢʝʣʝʚʦʡ ʜʦʙʘʚʢʠ ʚ 

ʠʩʭʦʜʥʫʶ ʰʠʭʪʫ, ʚʩʣʝʜʩʪʚʠʝ ʥʝʜʦʩʪʘʪʦʯʥʦʛʦ ʵʥʝʨʛʝʪʠʯʝʩʢʦʛʦ ʚʳ-

ʭʦʜʘ ʨʝʘʢʮʠʠ.  

ʊʘʢʞʝ ʧʨʦʚʝʜʝʥʘ ʦʮʝʥʢʘ ʠʟʤʝʥʝʥʠʷ ʬʘʟʦʚʦʛʦ ʩʦʩʪʘʚʘ ʜʣʷ ʦʙʨʘʟ-

ʮʦʚ, ʧʦʜʛʦʪʦʚʣʝʥʥʳʭ ʩ ʜʘʚʣʝʥʠʝʤ ʧʨʝʩʩʦʚʘʥʠʷ 15, 20, 25 ʠ 30 ʄʇʘ. 

ʇʦʣʫʯʝʥʳ ʩʨʘʚʥʠʪʝʣʴʥʳʝ ʢʘʨʪʠʥʳ ʬʘʟʦʚʳʭ ʩʦʩʪʘʚʦʚ ʦʙʨʘʟʮʦʚ ʩ 

ʨʘʟʣʠʯʥʳʤʠ ʩʦʩʪʘʚʘʤʠ ï ʙʝʟ ʜʦʙʘʚʣʝʥʠʷ ʥʠʢʝʣʷ ʠ ʩ ʝʛʦ ʜʦʙʘʚʢʦʡ. 

ʈʝʟʫʣʴʪʘʪʳ ʧʦʟʚʦʣʷʶʪ ʛʦʚʦʨʠʪʴ ʦ ʧʨʠʛʦʜʥʦʩʪʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʧʝ-

ʨʦʚʩʢʠʪʥʦʡ ʤʘʪʨʠʮʳ ʜʣʷ ʠʤʤʦʙʠʣʠʟʘʮʠʠ ɺɸʆ. 

 

ʃʠʪʝʨʘʪʫʨʘ 

1. ʄ. ʉʢʘʯʝʢ, ʆʙʨʘʱʝʥʠʝ ʩ ʦʪʨʘʙʦʪʘʚʰʠʤ ʪʦʧʣʠʚʦʤ ʠ ʨʘʜʠʦ-

ʘʢʪʠʚʥʳʤʠ ʦʪʭʦʜʘʤʠ ɸʕʉ, ʀʟʜʘʪʝʣʴʩʪʚʦ: ʄʕʀ, 488 ʩ. 

2. ʀʪʠʥ ɺ.ʀ., ʅʘʡʙʦʨʦʜʝʥʢʦ ʖ.ʉ. ɺʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʳʡ ʩʠʥ-

ʪʝʟ ʠʥʪʝʨʤʝʪʘʣʣʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ. ï ʊʦʤʩʢ: ʀʟʜ ʚʦ ʊɻʋ, 1989. ï 

214 ʩ. 
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ʉʆʃʅɽʏʅɸʗ ɺʉʇʓʐɽʏʅɸʗ ɸʂʊʀɺʅʆʉʊʔ ɺ 

2006 - 2016 ɻɻ ʇʆ ɼɸʅʅʓʄ ʉʇɽʂʊʈʆʄɽʊʈʆɺ  

ʇɸʄɽʃɸ ʀ ɸʈʀʅɸ 
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1 ʅʀʗʋ ʄʀʌʀ, ʄʦʩʢʚʘ 

8-962-919-94-75., SARodenko@mephi.ru 

 

ɺʘʞʥʝʡʰʝʡ ʟʘʜʘʯʝʡ ʢʦʩʤʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʷʚʣʷʝʪʩʷ ʦʙʝʩ-

ʧʝʯʝʥʠʝ ʨʘʜʠʘʮʠʦʥʥʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ ʵʢʠʧʘʞʝʡ ʠ ʘʧʧʘʨʘʪʫʨʳ ʢʦʩ-

ʤʠʯʝʩʢʠʭ ʢʦʨʘʙʣʝʡ ʥʘ ʦʢʦʣʦʟʝʤʥʦʡ ʦʨʙʠʪʝ ʠ ʧʨʠ ʤʝʞʧʣʘʥʝʪʥʳʭ 

ʧʝʨʝʣʝʪʘʭ. ʉʦʣʥʝʯʥʳʝ ʢʦʩʤʠʯʝʩʢʠʝ ʣʫʯʠ (ʉʂʃ) ʦʪʥʦʩʷʪʩʷ ʢ ʥʘʠʙʦ-

ʣʝʝ ʦʧʘʩʥʳʤ ʠ ʥʘʠʤʝʥʝʝ ʧʨʝʜʩʢʘʟʫʝʤʳʤ ʷʚʣʝʥʠʷʤ ʢʦʩʤʠʯʝʩʢʦʡ 

ʧʦʛʦʜʳ, ʪ.ʢ. ʧʦʪʦʢʠ ʵʥʝʨʛʠʯʥʳʭ ʟʘʨʷʞʝʥʥʳʭ ʯʘʩʪʠʮ ʤʦʛʫʪ ʚʦʟʨʘʩ-

ʪʘʪʴ ʥʘ ʧʦʨʷʜʢʠ ʚ ʪʝʯʝʥʠʝ ʥʝʩʢʦʣʴʢʠʭ ʤʠʥʫʪ ʠ ʜʝʨʞʘʪʴʩʷ ʥʘ ʚʳʩʦ-

ʢʦʤ ʫʨʦʚʥʝ ʥʝʩʢʦʣʴʢʦ ʯʘʩʦʚ, ʘ ʠʥʦʛʜʘ ʠ ʜʥʝʡ.  

ʉʂʃ ʧʦʷʚʣʷʶʪʩʷ ʥʘ ʦʨʙʠʪʝ ɿʝʤʣʠ ʧʦʩʣʝ ʤʦʱʥʳʭ ʵʥʝʨʛʦʚʳʜʝʣʝ-

ʥʠʡ ʥʘ ʉʦʣʥʮʝ, ʩʚʷʟʘʥʥʳʭ ʩʦ ʚʩʧʳʰʢʘʤʠ ʠ ʢʦʨʦʥʘʣʴʥʳʤʠ ʚʳʙʨʦ-

ʩʘʤʠ ʤʘʩʩ. ʅʝʩʤʦʪʨʷ ʥʘ ʜʦʚʦʣʴʥʦ ʜʣʠʥʥʫʶ ʠʩʪʦʨʠʶ ʠʟʤʝʨʝʥʠʡ 

ʉʂʃ (ʩ 1942 ʛ.) ʜʦ ʩʠʭ ʧʦʨ ʦʱʫʱʘʝʪʩʷ ʦʩʪʨʳʡ ʥʝʜʦʩʪʘʪʦʢ ʵʢʩʧʝʨʠ-

ʤʝʥʪʘʣʴʥʳʭ ʜʘʥʥʳʭ, ʦʩʦʙʝʥʥʦ ʚ ʨʝʣʷʪʠʚʠʩʪʩʢʦʤ ʜʠʘʧʘʟʦʥʝ ʵʥʝʨʛʠʡ 

(T > 1 ɻʵɺ), ʛʜʝ ʟʘ ʚʩʶ ʠʩʪʦʨʠʶ ʥʘʙʣʶʜʝʥʠʡ ʩ 1942 ʛ. ʟʘʨʝʛʠʩʪʨʠ-

ʨʦʚʘʥʦ ʚʩʝʛʦ 71 ʩʦʙʳʪʠʝ. ʈʘʥʝʝ ʪʘʢʠʝ ʩʦʙʳʪʠʷ, ʥʝʩʫʱʠʝ ʥʘʠʙʦʣʴ-

ʰʫʶ ʫʛʨʦʟʫ ʜʣʷ ʯʝʣʦʚʝʢʘ ʠ ʘʧʧʘʨʘʪʫʨʳ, ʤʦʛʣʠ ʠʟʫʯʘʪʴʩʷ ʪʦʣʴʢʦ ʩ 

ʧʦʤʦʱʴʶ ʥʘʟʝʤʥʳʭ ʫʩʪʘʥʦʚʦʢ. 

ɺ ʨʘʙʦʪʝ ʧʨʠʚʦʜʷʪʩʷ ʜʘʥʥʳʝ ʩʦʚʤʝʩʪʥʳʭ ʧʨʝʮʠʟʠʦʥʥʳʭ ʠʟʤʝʨʝ-

ʥʠʡ ʧʦʪʦʢʦʚ ʉʂʃ ʩʧʝʢʪʨʦʤʝʪʨʘʤʠ çʇɸʄɽʃɸè ʠ çɸʈʀʅɸè ʥʘ 

ʙʦʨʪʫ ʂɸ çʈʝʩʫʨʩ-ɼʂ1è [1]. ɺ ʩʦʚʦʢʫʧʥʦʩʪʠ ʵʢʩʧʝʨʠʤʝʥʪʳ ʦʭʚʘ-

ʪʳʚʘʶʪ ʥʝʜʦʩʪʠʞʠʤʳʡ ʜʦ ʧʦʩʣʝʜʥʝʛʦ ʚʨʝʤʝʥʠ ʜʠʘʧʘʟʦʥ ʵʥʝʨʛʠʡ 

ʩʦʣʥʝʯʥʳʭ ʧʨʦʪʦʥʦʚ ʦʪ ʜʝʩʷʪʢʦʚ ʄʵɺ ʜʦ ʥʝʩʢʦʣʴʢʠʭ ɻʵɺ. 

ʉʧʝʢʪʨʦʤʝʪʨʘʤʠ ʟʘ ʚʨʝʤʷ ʨʘʙʦʪʳ ʥʘ ʦʨʙʠʪʝ ʩ ʠʶʥʷ 2006 ʛʦʜʘ ʧʦ 

ʷʥʚʘʨʴ 2016 ʛʦʜʘ ʚʩʝʛʦ ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʦ 94 ʚʦʟʨʘʩʪʘʥʠʷ ʠʥʪʝʥʩʠʚ-

ʥʦʩʪʠ ʧʦʪʦʢʘ ʧʨʦʪʦʥʦʚ ʚ ʦʢʦʣʦʟʝʤʥʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ, ʚʳʟʚʘʥʥʦʝ 

ʩʦʣʥʝʯʥʳʤ ʩʦʙʳʪʠʷʤ. ʀʟ ʥʠʭ ʚ 57 ʦʙʥʘʨʫʞʝʥʳ ʧʨʦʪʦʥʳ ʩ ʵʥʝʨʛʠʡ 

ʚʳʰʝ 100 ʄʵɺ ʠ ʚ 3 ʚʳʰʝ 1 ɻʵɺ. ɼʣʷ ʵʪʠʭ 3-ʭ ʩʘʤʳʭ ʤʦʱʥʳʭ ʩʦ-

ʙʳʪʠʡ ʧʨʠʚʦʜʷʪʩʷ ʚʦʩʩʪʘʥʦʚʣʝʥʥʳʝ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʝ ʵʥʝʨʛʝʪʠ-
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ʯʝʩʢʠʝ ʩʧʝʢʪʨʳ ʧʨʦʪʦʥʦʚ (ʧʨʠʚʦʜʠʪʩʷ ʩʨʘʚʥʝʥʠʝ ʩʧʝʢʪʨʦʚ ʩ ʜʘʥ-

ʥʳʤʠ ʤʦʥʠʪʦʨʦʚ GOES). 

 

ʃʠʪʝʨʘʪʫʨʘ 
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ʋʃʔʊʈɸʅʀɿʂʆʏɸʉʊʆʊʅʓɽ ʂʆʄʇʈɽʉʉʀʆʅʅʓɽ  

ʂʆʃɽɹɸʅʀʗ ɺ ʄɸɻʅʀʊʆʉʌɽʈɽ. ɸʅɸʃʀɿ ɼɸʅʅʓʍ 

ʉʇʋʊʅʀʂʆɺʆʁ ʉʀʉʊɽʄʓ THEMIS  
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2 ʀʥʩʪʠʪʫʪ ʉʦʣʥʝʯʥʦ-ɿʝʤʥʦʡ ʌʠʟʠʢʠ ʉʆ ʈɸʅ, ʛ. ʀʨʢʫʪʩʢ 

+79246003475, avrubcov@mail.ru 

 

ʀʩʩʣʝʜʦʚʘʥʘ ʢʦʤʧʨʝʩʩʠʦʥʥʘʷ ʧʫʣʴʩʘʮʠʷ Pc5 ʩʦ ʟʥʘʯʠʪʝʣʴʥʦʡ 

ʧʦʣʦʠʜʘʣʴʥʦʡ ʢʦʤʧʦʥʝʥʪʦʡ, ʦʙʥʘʨʫʞʝʥʥʘʷ ʚ ʜʘʥʥʳʭ ʩʧʫʪʥʠʢʦʚʦʡ 

ʩʠʩʪʝʤʳ THEMIS. ɹʳʣʠ ʚʳʯʠʩʣʝʥʳ ʧʘʨʘʤʝʪʨʳ ʧʫʣʴʩʘʮʠʠ ʠ ʦʧʨʝ-

ʜʝʣʝʥʳ ʧʘʨʘʤʝʪʨʳ ʩʨʝʜʳ ʚ ʤʦʤʝʥʪ ʧʨʦʭʦʞʜʝʥʠʷ ʚʦʣʥʳ. ʇʨʦʚʝʜʝʥʘ 

ʵʢʩʪʨʘʧʦʣʷʮʠʷ ʜʘʥʥʳʭ ʢʦʥʮʝʥʪʨʘʮʠʠ ʜʣʷ ʫʯʸʪʘ ʯʘʩʪʠʮ ʩ ʥʠʟʢʦʡ 

ʵʥʝʨʛʠʝʡ, ʘ ʪʘʢʞʝ ʠʩʧʦʣʴʟʦʚʘʥ ʮʠʬʨʦʚʦʡ ʬʠʣʴʪʨ ʜʣʷ ʚʳʜʝʣʝʥʠʷ 

ʥʠʟʢʦʯʘʩʪʦʪʥʳʭ ʢʦʤʧʦʥʝʥʪ ʜʘʚʣʝʥʠʷ ʠ ʥʘʧʨʷʞʝʥʥʦʩʪʠ ʤʘʛʥʠʪʥʦʛʦ 

ʧʦʣʷ [1,2]. ʉ ʧʦʤʦʱʴʶ ʚʝʡʚʣʝʪ-ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʧʦʩʪʨʦʝʥʳ ʜʠʥʘ-

ʤʠʯʝʩʢʠʝ ʩʧʝʢʪʨʳ [3]. ʇʦ ʥʘʡʜʝʥʥʳʤ ʧʘʨʘʤʝʪʨʘʤ ʩʨʝʜʳ ʙʳʣʦ ʧʨʦ-

ʚʝʜʝʥʦ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʯʘʩʪʦʪʳ ʬʫʥʜʘʤʝʥʪʘʣʴʥʦʡ ʛʘʨʤʦʥʠʢʠ ʩʪʦʷ-

ʯʝʡ ʘʣʴʬʚʝʥʦʚʩʢʦʡ ʚʦʣʥʳ ʠ ʚʳʯʠʩʣʝʥʘ ʩʦʦʪʚʝʪʩʪʚʫʶʱʘʷ ʘʣʴʬʚʝ-

ʥʦʚʩʢʘʷ ʩʢʦʨʦʩʪʴ ʚʦʣʥʳ. ɹʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʥʘʙʣʶʜʘʝʤʘʷ ʯʘʩʪʦʪʘ 

ʧʫʣʴʩʘʮʠʠ ʙʣʠʟʢʘ ʢ ʘʣʴʬʚʝʥʦʚʩʢʦʡ ʯʘʩʪʦʪʝ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʩʜʝʣʘʥ 

ʚʳʚʦʜ, ʯʪʦ ʥʘʙʣʶʜʘʝʤʘʷ ʚʦʣʥʘ ʷʚʣʷʝʪʩʷ ʘʣʴʬʚʝʥʦʚʩʢʦʡ. 

ɼʘʥʥʘʷ ʨʘʙʦʪʘ ʯʘʩʪʠʯʥʦ ʧʦʜʜʝʨʞʘʥʘ ʛʨʘʥʪʦʤ ʈʌʌʀ ˉ 16-05-

00254.  
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ʉʫʱʝʩʪʚʫʶʪ ʨʘʟʣʠʯʥʳʝ ʧʦʜʭʦʜʳ ʢ ʦʙʨʘʙʦʪʢʝ ʨʝʟʫʣʴʪʘʪʦʚ ʪʝʧ-

ʣʦʚʦʛʦ ʢʦʥʪʨʦʣʷ. ʅʘʧʨʠʤʝʨ, ʧʨʝʦʙʨʘʟʦʚʘʥʠʝ ʤʘʩʩʠʚʘ ʪʝʨʤʦʛʨʘʤʤ ʚ 

ʠʩʢʫʩʩʪʚʝʥʥʫʶ ʬʘʟʦʛʨʘʤʤʫ, ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ ʦʜʥʦʤʝʨʥʦʛʦ ʧʨʝʦʙʨʘ-

ʟʦʚʘʥʠʷ ʌʫʨʴʝ [1], ʠʣʠ ʬʦʨʤʠʨʦʚʘʥʠʝ ʪʨʝʭʤʝʨʥʦʛʦ ʠʟʦʙʨʘʞʝʥʠʷ, 

ʪʨʝʪʴʠʤ ʠʟʤʝʨʝʥʠʝʤ ʢʦʪʦʨʦʛʦ ʩʣʫʞʠʪ ʚʨʝʤʷ ʥʘʛʨʝʚʘ [2]. ɼʘʥʥʳʝ 

ʘʣʛʦʨʠʪʤʳ ʩʫʱʝʩʪʚʝʥʥʦ ʦʙʣʝʛʯʘʶʪ ʧʨʦʮʝʩʩ ʨʘʩʰʠʬʨʦʚʢʠ ʪʝʨʤʦ-

ʛʨʘʤʤ, ʦʜʥʘʢʦ ʠʤʝʶʪ ʚʳʩʦʢʫʶ ʪʨʫʜʦʝʤʢʦʩʪʴ.  

ʎʝʣʴʶ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʷʚʣʷʣʦʩʴ ʧʦʚʳʰʝʥʠʝ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʘʣ-

ʛʦʨʠʪʤʘ ʠ ʩʥʠʞʝʥʠʝ ʪʨʫʜʦʝʤʢʦʩʪʠ.    

ʂʦʥʪʨʦʣʴ ʙʳʣ ʧʨʦʠʟʚʝʜʝʥ ʥʘ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʡ ʫʩʪʘʥʦʚʢʝ 

ʪʝʧʣʦʚʦʛʦ ʢʦʥʪʨʦʣʷ. ɺ ʢʘʯʝʩʪʚʝ ʦʙʲʝʢʪʘ ʢʦʥʪʨʦʣʷ ʙʳʣ ʠʩʧʦʣʴʟʦʚʘʥ 

ʪʨʝʭʩʣʦʡʥʳʡ ʦʙʨʘʟʝʮ ʩ ʦʙʰʠʚʢʘʤʠ ʠʟ ʫʛʣʝʧʣʘʩʪʠʢʘ ʩ ʧʦʣʠʤʝʨʥʳʤ 

ʩʦʪʦʚʳʤ ʟʘʧʦʣʥʠʪʝʣʝʤ ʠ ʩ ʠʩʢʫʩʩʪʚʝʥʥʳʤ ʨʘʩʩʣʦʝʥʠʝʤ ʚ ʚʠʜʝ ʢʣʠ-

ʥʘ.  

ɺ ʨʝʟʫʣʴʪʘʪʝ ʢʦʥʪʨʦʣʷ ʙʳʣ ʧʦʣʫʯʝʥ ʤʘʩʩʠʚ ʠʟ 122 ʪʝʨʤʦʛʨʘʤʤ ʩ 

ʨʘʟʨʝʰʝʥʠʝʤ 408x240. ʇʨʠʤʝʨ ʪʝʨʤʦʛʨʘʤʤ ʚ ʥʘʯʘʣʝ ʠʟʤʝʨʝʥʠʷ ʠ 

ʧʨʠ ʥʘʛʨʝʚʝ ʜʝʬʝʢʪʘ ʧʨʠʚʝʜʝʥ ʥʘ ʨʠʩ. 1. 

ʅʘ ʧʝʨʚʦʤ ʵʪʘʧʝ ʦʙʨʘʙʦʪʢʠ ʧʨʦʚʦʜʠʣʦʩʴ ʧʨʝʦʙʨʘʟʦʚʘʥʠʝ ʪʝʧʣʦ-

ʚʳʭ ʠʟʦʙʨʘʞʝʥʠʡ ʚ ʯʠʩʣʦʚʳʝ ʤʘʪʨʠʮʳ, ʵʣʝʤʝʥʪʘʤʠ ʢʦʪʦʨʳʭ ʷʚʣʷ-

ʶʪʩʷ ʟʥʘʯʝʥʠʷ ʷʨʢʦʩʪʠ ʚ ʛʨʘʜʘʮʠʠ ʩʝʨʦʛʦ ʢʘʞʜʦʛʦ ʠʟ ʧʠʢʩʝʣʝʡ 

ʠʟʦʙʨʘʞʝʥʠʷ. ɼʣʷ ʜʘʣʴʥʝʡʰʝʛʦ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʙʳʣ ʧʨʠʤʝʥʝʥ ʨʦ-

ʙʘʩʪʥʳʡ ʤʝʪʦʜ ʦʮʝʥʢʠ ʥʘʢʣʦʥʘ, ʦʩʥʦʚʘʥʥʳʡ ʥʘ ʚʳʯʠʩʣʝʥʠʠ ʤʝʜʠʘ-

ʥʳ ʚʩʝʭ ʚʦʟʤʦʞʥʳʭ ʯʘʩʪʥʳʭ ʫʛʣʦʚ ʥʘʢʣʦʥʘ ʛʨʘʬʠʢʘ ʨʦʩʪʘ ʪʝʤʧʝʨʘ-

ʪʫʨʳ.  

ʆʙʨʘʙʦʪʢʘ ʯʠʩʣʦʚʳʭ ʤʘʪʨʠʮ ʧʨʦʚʦʜʠʣʘʩʴ ʚ ʩʨʝʜʝ ʷʟʳʢʘ ʧʨʦ-

ʛʨʘʤʤʠʨʦʚʘʥʠʷ Dyalog APL [3]. ʇʦʣʫʯʝʥʥʘʷ ʚ ʭʦʜʝ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ 

ʯʠʩʣʦʚʘʷ ʤʘʪʨʠʮʘ ʩʢʦʨʦʩʪʝʡ ʥʘʛʨʝʚʘ ʤʦʞʝʪ ʘʥʘʣʠʟʠʨʦʚʘʪʴʩʷ 

ʨʘʟʣʠʯʥʳʤʠ ʤʝʪʦʜʘʤʠ, ʥʘʧʨʠʤʝʨ, ʤʝʪʦʜʘʤʠ ʢʣʘʩʪʝʨʥʦʛʦ ʘʥʘʣʠʟʘ 
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[5]. ʅʘʠʙʦʣʝʝ ʥʘʛʣʷʜʥʳʡ ʨʝʟʫʣʴʪʘʪ ʜʘʝʪ ʦʙʨʘʪʥʦʝ ʧʨʝʦʙʨʘʟʦʚʘʥʠʝ 

ʵʪʦʡ ʤʘʪʨʠʮʳ ʚ ʠʩʢʫʩʩʪʚʝʥʥʫʶ ʪʝʨʤʦʛʨʘʤʤʫ ʩʚʷʟʘʥʥʫʶ ʩ ʠʥʪʝʥ-

ʩʠʚʥʦʩʪʴʶ ʠʟʤʝʥʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ ʪʦʯʝʢ ʧʦʚʝʨʭʥʦʩʪʠ. ʇʦʣʫʯʝʥʥʘʷ 

ʚ ʭʦʜʝ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʠʩʢʫʩʩʪʚʝʥʥʘʷ ʪʝʨʤʦʛʨʘʤʤʘ ʧʨʝʜʩʪʘʚʣʝʥʘ 

ʥʘ  ʨʠʩ. 1. 

ʊʝʤʧʝʨʘʪʫʨʥʳʡ ʩʠʛʥʘʣ ʦʪ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʜʝʬʝʢʪʘ ʠ ʩʦʪʦʚʦʛʦ 

ʟʘʧʦʣʥʠʪʝʣʷ ʠʤʝʝʪ ʩʫʱʝʩʪʚʝʥʥʦ ʙʦʣʝʝ ʚʳʩʦʢʠʡ ʫʨʦʚʝʥʴ, ʯʝʤ ʥʘ 

ʣʶʙʦʡ ʠʟ ʪʝʨʤʦʛʨʘʤʤ ʠʩʭʦʜʥʦʛʦ ʤʘʩʩʠʚʘ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʙʳʣ ʨʘʟʨʘʙʦʪʘʥ ʥʦʚʳʡ ʤʝʪʦʜ ʨʝʟʫʣʴʪʘʪʦʚ ʘʢʪʠʚ-

ʥʦʛʦ ʪʝʧʣʦʚʦʛʦ ʢʦʥʪʨʦʣʷ, ʢʦʪʦʨʳʡ ʩʫʱʝʩʪʚʝʥʥʦ ʦʙʣʝʛʯʘʝʪ ʘʥʘʣʠʟ 

ʨʝʟʫʣʴʪʘʪʦʚ ʘʢʪʠʚʥʦʛʦ ʪʝʧʣʦʚʦʛʦ ʢʦʥʪʨʦʣʷ ʠ ʠʤʝʝʪ ʟʥʘʯʠʪʝʣʴʥʦ 

ʤʝʥʴʰʫʶ ʪʨʫʜʦʝʤʢʦʩʪʴ, ʯʝʤ ʠʤʝʶʱʠʝʩʷ ʘʥʘʣʦʛʠ. 

 

   

ʈʠʩ. 1. ʇʨʠʤʝʨʳ ʪʝʨʤʦʛʨʘʤʤ -ʘ, ʙ. ʀʩʢʫʩʩʪʚʝʥʥʘʷ ʪʝʨʤʦʛʨʘʤʤʘ ïʚ. 
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ʗɼɽʈʅɸʗ ʕʅɽʈɻʀʗ, ɽɪ ʀʉʇʆʃʔɿʆɺɸʅʀɽ 

 ʈɸɼʀɸʎʀʆʅʅɸʗ ɹɽɿʆʇɸʉʅʆʉʊʔ 

 

ʈʫʩʷʝʚʘ ʂ. ɸ.
1
 

 
1 
ɼʠʤʠʪʨʦʚʛʨʘʜʩʢʠʡ ʠʥʞʝʥʝʨʥʦ-ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʠʥʩʪʠʪʫʪ ï ʬʠʣʠʘʣ 

ʅʀʗʋ ʄʀʌʀ, ɼʠʤʠʪʨʦʚʛʨʘʜ 

 

ʅʘ ʜʘʥʥʳʡ ʤʦʤʝʥʪ ʤʳ ʥʝ ʤʦʞʝʤ ʧʨʝʜʩʪʘʚʠʪʴ ʞʠʟʥʴ ʙʝʟ ʷʜʝʨʥʦʡ 

ʵʥʝʨʛʠʠ. ʆʩʥʦʚʥʦʝ ʤʝʩʪʦ ʧʨʠʤʝʥʝʥʠʷ ʷʜʝʨʥʦʡ ʵʥʝʨʛʠʠ: ʘʪʦʤʥʳʝ 

ʵʣʝʢʪʨʦʩʪʘʥʮʠʠ, ʙʣʘʛʦʜʘʨʷ ʠʤ ʚ ʥʘʰʠʭ ʜʦʤʘʭ ʝʩʪʴ ʩʚʝʪ ʠ ʪʝʧʣʦ. 

ʊʝʤʘ ʷʜʝʨʥʦʡ ʵʥʝʨʛʠʠ ʦʩʪʘʝʪʩʷ ʘʢʪʫʘʣʴʥʦʡ ʧʦ ʩʝʡ ʜʝʥʴ.  

ʎʝʣʴʶ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʠʟʫʯʝʥʠʝ ʠʩʪʦʨʠʠ ʷʜʝʨʥʦʡ ʵʥʝʨʛʠʠ, 

ʦʧʨʝʜʝʣʝʥʠʝ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʷʜʝʨʥʦʡ ʵʥʝʨʛʠʠ, ʘ ʪʘʢʞʝ ʨʘʩʩʤʦʪʨʝ-

ʥʠʝ ʚʦʧʨʦʩʘ ʦ ʨʘʜʠʘʮʠʦʥʥʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ, ʢʘʢ ʥʝʦʪʲʝʤʣʝʤʦʡ ʯʘ-

ʩʪʠ ʷʜʝʨʥʦʡ ʵʥʝʨʛʠʠ.    

ʆʩʥʦʚʦʡ ʩʦʚʨʝʤʝʥʥʦʡ ʷʜʝʨʥʦʡ ʬʠʟʠʢʠ ʤʦʞʥʦ ʩʯʠʪʘʪʴ ʦʪʢʨʳʪʠʝ 

ʥʝʡʪʨʦʥʘ ʚ 1932 ʛʦʜʫ ʘʥʛʣʠʡʩʢʠʤ ʬʠʟʠʢʦʤ ɼʞʝʡʤʩʦʤ ʏʝʜʚʠʢʦʤ. 

ʗʜʝʨʥʘʷ ʵʥʝʨʛʠʷ (ʘʪʦʤʥʘʷ), ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʵʥʝʨʛʠʶ, ʢʦʪʦ-

ʨʘʷ ʩʦʜʝʨʞʠʪʩʷ ʚ ʘʪʦʤʥʳʭ ʷʜʨʘʭ ʠ ʚʳʜʝʣʷʝʪʩʷ ʧʨʠ ʷʜʝʨʥʳʭ ʨʝʘʢ-

ʮʠʷʭ ʠ ʨʘʜʠʦʘʢʪʠʚʥʦʤ ʨʘʩʧʘʜʝ [1]. 

ʇʦʩʣʝ ʦʪʢʨʳʪʠʷ ʥʝʡʪʨʦʥʘ ʕʥʨʠʢʦ ʌʝʨʤʠ ʧʨʦʚʸʣ ʩʝʨʠʶ ʵʢʩʧʝ-

ʨʠʤʝʥʪʦʚ, ʚ ʢʦʪʦʨʳʭ ʨʘʟʣʠʯʥʳʝ ʷʜʨʘ ʧʦʜʚʝʨʛʘʣʠʩʴ ʩʪʦʣʢʥʦʚʝʥʠʶ ʩ 

ʵʪʠʤʠ ʥʦʚʳʤʠ ʯʘʩʪʠʮʘʤʠ.  ʉ ʧʦʤʦʱʴʶ ʵʪʠʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʙʳʣʦ 

ʦʙʥʘʨʫʞʝʥʦ, ʯʪʦ ʥʝʡʪʨʦʥʳ ʥʠʟʢʦʡ ʵʥʝʨʛʠʠ ʯʘʩʪʦ ʧʦʛʣʦʱʘʶʪʩʷ ʷʜ-

ʨʦʤ ʩ ʠʩʧʫʩʢʘʥʠʝʤ ʬʦʪʦʥʘ. ɼʣʷ ʪʦʛʦ ʯʪʦʙʳ ʠʩʩʣʝʜʦʚʘʪʴ ʵʪʫ ʨʝʘʢ-

ʮʠʶ, ʵʢʩʧʝʨʠʤʝʥʪ ʧʦʚʪʦʨʷʣʩʷ ʥʝʦʜʥʦʢʨʘʪʥʦ ʜʣʷ ʚʩʝʭ ʵʣʝʤʝʥʪʦʚ 

ʧʝʨʠʦʜʠʯʝʩʢʦʡ ʪʘʙʣʠʮʝ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʙʳʣʠ ʦʙʥʘʨʫʞʝʥʳ ʥʦʚʳʝ ʨʘ-

ʜʠʦʘʢʪʠʚʥʳʝ ʠʟʦʪʦʧʳ ʵʣʝʤʝʥʪʦʚ. 

ʅʠʣʴʩ ɹʦʨ ʠ ɼʞʦʥ ʋʠʣʝʨ ʩʦʟʜʘʣʠ ʵʣʝʤʝʥʪʘʨʥʫʶ ʪʝʦʨʠʶ ʜʝʣʝ-

ʥʠʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʢʘʧʝʣʴʥʦʡ ʤʦʜʝʣʠ ʷʜʨʘ. ʊʘʢʞʝ ʜʝʣʝʥʠʝ ʷʜʝʨ 

ʤʦʞʝʪ ʙʳʪʴ ʜʦʩʪʠʛʥʫʪʦ ʩ ʧʦʤʦʱʴʶ ʙʳʩʪʨʳʭ ʘʣʴʬʘ-ʯʘʩʪʠʮ, ʧʨʦʪʦ-

ʥʦʚ ʠʣʠ ʜʝʡʪʨʦʥʦʚ. ʅʦ ʵʪʠ ʯʘʩʪʠʮʳ, ʚ ʦʪʣʠʯʠʝ ʦʪ ʥʝʡʪʨʦʥʦʚ, ʜʦʣʞ-

ʥʳ ʦʙʣʘʜʘʪʴ ʙʦʣʴʰʦʡ ʵʥʝʨʛʠʝʡ ʜʣʷ ʧʨʝʦʜʦʣʝʥʠʷ ʢʫʣʦʥʦʚʩʢʦʛʦ ʙʘ-

ʨʴʝʨʘ ʷʜʨʘ. 

ɼʣʷ ʚʳʩʚʦʙʦʞʜʝʥʠʷ ʷʜʝʨʥʦʡ ʵʥʝʨʛʠʠ ʩʫʱʝʩʪʚʫʶʪ ʵʢʟʦʪʝʨʤʠʯʝ-

ʩʢʠʝ ʷʜʝʨʥʳʝ ʨʝʘʢʮʠʠ: 

¶ ʮʝʧʥʘʷ ʷʜʝʨʥʘʷ ʨʝʘʢʮʠʷ; 
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¶ ʪʝʨʤʦʷʜʝʨʥʳʡ ʩʠʥʪʝʟ; 

¶ ʨʘʜʠʦʘʢʪʠʚʥʳʡ ʨʘʩʧʘʜ. 

ʅʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʷʜʝʨʥʘʷ ʵʥʝʨʛʠʷ ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʫʝʪʩʷ ʚʦ 

ʤʥʦʛʠʭ ʦʪʨʘʩʣʷʭ ʵʢʦʥʦʤʠʢʠ. ʇʦ ʚʩʝʤʫ ʤʠʨʫ ʨʘʩʧʦʣʦʞʝʥʳ ʘʪʦʤʥʳʝ 

ʵʣʝʢʪʨʦʩʪʘʥʮʠʠ, ʚ ʈʦʩʩʠʠ ʠʭ 10. ʆʥʠ ʠʛʨʘʶʪ ʙʦʣʴʰʫʶ ʨʦʣʴ ʚ ʨʘʟ-

ʚʠʪʠʠ ʨʝʛʠʦʥʘ, ʚ ʢʦʪʦʨʦʤ ʦʥʠ ʥʘʭʦʜʷʪʩʷ ʠ ʩʪʨʘʥʳ ʚ ʮʝʣʦʤ. ʊʘʢʞʝ 

ʷʜʝʨʥʘʷ ʵʥʝʨʛʠʷ ʧʨʠʤʝʥʷʝʪʩʷ ʚ ʩʪʨʦʠʪʝʣʴʩʪʚʝ ʧʦʜʚʦʜʥʳʭ ʣʦʜʦʢ, 

ʥʘʜʚʦʜʥʳʭ ʢʦʨʘʙʣʝʡ ʩ ʷʜʝʨʥʳʤʠ ʵʥʝʨʛʝʪʠʯʝʩʢʠʤʠ ʫʩʪʘʥʦʚʢʘʤʠ, 

ʤʘʩʩʦʚʦʝ ʧʨʠʤʝʥʝʥʠʝ ʚ ʙʠʦʣʦʛʠʠ, ʩʝʣʴʩʢʦʤ ʭʦʟʷʡʩʪʚʝ, ʤʝʜʠʮʠʥʝ, ʚ 

ʦʩʚʦʝʥʠʠ ʢʦʩʤʦʩʘ ʥʘʰʣʠ ʨʘʜʠʦʘʢʪʠʚʥʳʝ ʠʟʦʪʦʧʳ. 

ʈʘʟʚʠʚʘʷ ʷʜʝʨʥʫʶ ʵʥʝʨʛʝʪʠʢʫ ʚ ʠʥʪʝʨʝʩʘʭ ʵʢʦʥʦʤʠʢʠ, ʥʝʣʴʟʷ ʟʘ-

ʙʳʚʘʪʴ ʠ ʦ ʙʝʟʦʧʘʩʥʦʩʪʠ ʠ ʟʜʦʨʦʚʴʝ ʣʶʜʝʡ, ʪʘʢ ʢʘʢ ʦʰʠʙʢʠ ʤʦʛʫʪ 

ʧʨʠʚʝʩʪʠ ʢ ʢʘʪʘʩʪʨʦʬʠʯʝʩʢʠʤ ʧʦʩʣʝʜʩʪʚʠʷʤ. ɺʩʝʛʦ ʩ ʤʦʤʝʥʪʘ 

ʥʘʯʘʣʘ ʵʢʩʧʣʫʘʪʘʮʠʠ ʘʪʦʤʥʳʭ ʩʪʘʥʮʠʡ ʚ 14 ʩʪʨʘʥʘʭ ʤʠʨʘ ʧʨʦʠʟʦ-

ʰʣʦ ʙʦʣʝʝ 150 ʠʥʮʠʜʝʥʪʦʚ ʠ ʘʚʘʨʠʡ ʨʘʟʣʠʯʥʦʡ ʩʪʝʧʝʥʠ ʩʣʦʞʥʦʩʪʠ. 

ʅʘʠʙʦʣʝʝ ʭʘʨʘʢʪʝʨʥʳʝ ʠʟ ʥʠʭ: ʚ 1957 ʛ. ï ʚ ʋʠʥʜʩʢʝʡʣʝ (ɸʥʛʣʠʷ), ʚ 

1959 ʛ. ï ʚ ʉʘʥʪʘ-ʉʶʟʘʥʥʝ (ʉʐɸ),  ʚ 1961 ʛ. ï  ʚ  ɸʡʜʘʭʦ-ʌʦʣʩʝ  

(ʉʐɸ), ʚ 1979 ʛ. ï ʥʘ ɸʕʉ ʊʨʠ-ʄʘʡʣ-ɸʡʣʝʥʜ (ʉʐɸ), ʚ 1986 ʛ. ï ʥʘ 

ʏʝʨʥʦʙʳʣʴʩʢʦʡ ɸʕʉ (ʙʳʚʰʠʡ ʉʉʉʈ, ʩʝʡʯʘʩ ʋʢʨʘʠʥʘ), ʚ 2011ʛ. ï 

ʥʘ ɸʕʉ ʌʫʢʫʩʠʤʘ-1(ʗʧʦʥʠʷ). ɺ ʩʚʷʟʠ ʩ ʙʦʣʴʰʠʤ ʢʦʣʠʯʝʩʪʚʦʤ 

ʞʝʨʪʚ, ʘ ʪʘʢʞʝ ʟʘʨʘʞʝʥʥʳʭ ʨʘʜʠʦʘʢʪʠʚʥʳʤʠ ʚʝʱʝʩʪʚʘʤʠ ʪʝʨʨʠʪʦ-

ʨʠʡ , ʚʩʢʦʨʝ ʙʳʣ ʧʨʠʥʷʪ ʪʝʨʤʠʥ ʨʘʜʠʘʮʠʦʥʥʘʷ ʙʝʟʦʧʘʩʥʦʩʪʴ. 

ʈʘʜʠʘʮʠʦʥʥʘʷ ʙʝʟʦʧʘʩʥʦʩʪʴ ï ʵʪʦ ʩʦʩʪʦʷʥʠʝ ʟʘʱʠʱʝʥʥʦʩʪʠ 

ʥʘʩʪʦʷʱʝʛʦ ʠ ʙʫʜʫʱʝʛʦ ʧʦʢʦʣʝʥʠʡ ʣʶʜʝʡ ʦʪ ʚʨʝʜʥʦʛʦ ʜʣʷ ʠʭ ʟʜʦ-

ʨʦʚʴʷ ʚʦʟʜʝʡʩʪʚʠʷ ʠʦʥʠʟʠʨʫʶʱʝʛʦ ʠʟʣʫʯʝʥʠʷ [3]. 

ɺʩʝʛʦ ʝʩʪʴ ʪʨʠ ʦʩʥʦʚʥʳʭ ʧʨʠʥʮʠʧʘ ʦʙʝʩʧʝʯʝʥʠʷ ʨʘʜʠʘʮʠʦʥʥʦʡ 

ʙʝʟʦʧʘʩʥʦʩʪʠ: 

1. ʇʨʠʥʮʠʧ ʦʙʦʩʥʦʚʘʥʠʷ; 

2. ʇʨʠʥʮʠʧ ʦʧʪʠʤʠʟʘʮʠʠ; 

3. ʇʨʠʥʮʠʧ ʥʦʨʤʠʨʦʚʘʥʠʷ. 

ʊʘʢʞʝ ʝʩʪʴ ʧʫʪʠ ʦʙʝʩʧʝʯʝʥʠʷ ʨʘʜʠʘʮʠʦʥʥʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ: 

¶ ʨʘʜʠʘʮʠʦʥʥʘʷ ʙʝʟʦʧʘʩʥʦʩʪʴ ʥʘ ʦʙʲʝʢʪʝ ʠ ʚʦʢʨʫʛ ʥʝʛʦ; 

¶ ʨʘʜʠʘʮʠʦʥʥʘʷ ʙʝʟʦʧʘʩʥʦʩʪʴ ʧʝʨʩʦʥʘʣʘ; 

¶ ʨʘʜʠʘʮʠʦʥʥʘʷ ʙʝʟʦʧʘʩʥʦʩʪʴ ʥʘʩʝʣʝʥʠʷ. 

ɼʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʨʘʜʠʘʮʠʦʥʥʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ ʥʘ ʪʝʨʨʠʪʦʨʠʠ 

ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ ʜʝʡʩʪʚʫʶʪ ʧʨʘʚʠʣʘ ʠ ʥʦʨʤʳ, ʪʘʢʠʝ ʢʘʢ 

çʉʘʥʠʪʘʨʥʳʝ ʧʨʘʚʠʣʘ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʠ ʵʢʩʧʣʫʘʪʘʮʠʠ ʘʪʦʤʥʳʭ 
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ʩʪʘʥʮʠʡ (ʉʇ ɸʉ-2003)è, çʇʨʘʚʠʣʘ ʨʘʜʠʘʮʠʦʥʥʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ ʧʨʠ 

ʵʢʩʧʣʫʘʪʘʮʠʠ ʘʪʦʤʥʳʭ ʩʪʘʥʮʠʡ (ʇʈɹ ɸʉ-99)è, çʅʦʨʤʳ ʨʘʜʠʘʮʠʦʥ-

ʥʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ (ʅʈɹ-99/2009)è ʠ ʜʨʫʛʠʝ. 

 

ɹʀɹʃʀʆɻʈɸʌʀʏɽʉʂʀʁ ʉʇʀʉʆʂ: 

1. ʗʜʝʨʥʘʷ ʵʥʝʨʛʠʷ// Wikipedia.org: ʩʚʦʙʦʜʥʘʷ ʵʥʮʠʢʣʦʧʝʜʠʷ. 

2013. URL: https://ru.wikipedia.org/wiki/Ядерная_энергия; 

2. ɸʢʘʪʦʚ ɸ.ɸ. ʗʜʝʨʥʘʷ ʵʥʝʨʛʠʷ ʥʘ ʩʣʫʞʙʝ ʯʝʣʦʚʝʯʝʩʪʚʘ. (ʄ: 

ʈʦʩʘʪʦʤ. 2009) 

3. ʈʘʜʠʘʮʠʦʥʥʘʷ ʙʝʟʦʧʘʩʥʦʩʪʴ// Wikipedia.org: ʩʚʦʙʦʜʥʘʷ ʵʥ-

ʮʠʢʣʦʧʝʜʠʷ. 2013. URL: 

https://ru.wikipedia.org/wiki/Радиационная_безопасность; 

4. ʉ. ɺ. ɼʦʨʦʞʢʦ. ʈʘʜʠʘʮʠʦʥʥʘʷ ʙʝʟʦʧʘʩʥʦʩʪʴ. 

(ʄʥ:ʊʝʭʥʦʧʨʠʥʪ. 2003) 
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ʍɸʈɸʂʊɽʈʀʉʊʀʂʀ ɺʉʇʃɽʉʂʆɺ ʕʃɽʂʊʈʆʅʆɺ,  

ʉɺʗɿɸʅʅʓʍ ʉ ɻɸʄʄɸ-ɺʉʇʓʐʂɸʄʀ ɸʊʄʆʉʌɽʈʅʆɻʆ 

ʇʈʆʀʉʍʆɾɼɽʅʀʗ 

 

ʉʘʚʫʰʢʠʥʘ ʃ.ɺ., ɸʣʝʢʩʘʥʜʨʠʥ ʉ.ɸ., ɻʘʣʴʧʝʨ ɸ.ʄ., ʂʦʣʜʘʰʦʚ ʉ.ɺ.
 

 

ʅʘʮʠʦʥʘʣʴʥʳʡ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʷʜʝʨʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ çʄʀʌʀè,      

ʄʦʩʢʚʘ 

8 916 993 43 13, LVSavushkina@mephi.ru 

 

ɺʩʧʳʰʢʠ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʧʦʪʦʢʘ ʛʘʤʤʘ ʠʟʣʫʯʝʥʠʷ, ʠʜʫʱʝʛʦ ʦʪ 

ɿʝʤʣʠ (TGF ï ʛʘʤʤʘ ʚʩʧʳʰʢʠ ʟʝʤʥʦʛʦ ʧʨʦʠʩʭʦʞʜʝʥʠʷ) ʚʧʝʨʚʳʝ 

ʙʳʣʠ ʦʙʥʘʨʫʞʝʥʳ ʚ 1994 ʛ. [1] ʘʧʧʘʨʘʪʫʨʦʡ ʥʘ ʩʧʫʪʥʠʢʝ  BATSE. 

ʆʜʥʠʤ ʠʟ ʤʝʭʘʥʠʟʤʦʚ ʠʭ ʛʝʥʝʨʘʮʠʠ ʷʚʣʷʝʪʩʷ ʪʦʨʤʦʟʥʦʝ ʠʟʣʫʯʝʥʠʝ 

ʨʝʣʷʪʠʚʠʩʪʩʢʠʭ ʵʣʝʢʪʨʦʥʦʚ, ʫʩʢʦʨʝʥʥʳʭ ʵʣʝʢʪʨʠʯʝʩʢʠʤ ʧʦʣʝʤ ʘʪ-

ʤʦʩʬʝʨʳ ʥʘʜ ʛʨʦʟʦʚʳʤʠ ʦʙʣʘʢʘʤʠ [2]. 

ʂʘʢ ʠʟʚʝʩʪʥʦ, ʦʩʥʦʚʥʘʷ ʜʦʣʷ ʚʩʧʣʝʩʢʦʚ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʚʳʩʦʢʦ-

ʵʥʝʨʛʠʯʥʳʭ ʵʣʝʢʪʨʦʥʦʚ, ʩʚʷʟʘʥʥʳʭ ʩ ʚʳʩʳʧʘʥʠʷʤʠ ʵʣʝʢʪʨʦʥʦʚ ʠʟ 

ʨʘʜʠʘʮʠʦʥʥʦʛʦ ʧʦʷʩʘ ɿʝʤʣʠ ʠʤʝʝʪ ʛʨʦʟʦʚʫʶ ʧʨʠʨʦʜʫ (70-80%) [3]. 

ɹʦʣʴʰʠʥʩʪʚʦ ʵʪʠʭ ʚʩʧʣʝʩʢʦʚ ʚʳʟʚʘʥʦ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʤ ʚʦʟʤʫʱʝ-

ʥʠʝʤ, ʬʦʨʤʠʨʫʝʤʳʤ ʤʦʣʥʠʝʚʳʤ ʨʘʟʨʷʜʦʤ. ʅʦ ʥʝʢʦʪʦʨʳʝ ʚʩʧʣʝʩʢʠ 

ʤʦʛʫʪ ʠʤʝʪʴ ʜʨʫʛʦʝ ʧʨʦʠʩʭʦʞʜʝʥʠʝ, ʥʘʧʨʠʤʝʨ, ʩʚʷʟʘʥʥʦʝ ʩ ʣʘʚʠʥʦʡ 

ʨʝʣʷʪʠʚʠʩʪʩʢʠʭ ʫʙʝʛʘʶʱʠʭ ʵʣʝʢʪʨʦʥʦʚ (ʤʝʭʘʥʠʟʤ ɻʫʨʝʚʠʯʘ [2] - 

ʧʨʦʮʝʩʩ ʧʨʠ ʢʦʪʦʨʦʤ ʵʣʝʢʪʨʦʥʳ ʫʩʢʦʨʷʶʪʩʷ ʜʦ ʚʳʩʦʢʠʭ ʵʥʝʨʛʠʡ, ʚ 

ʢʚʘʟʠʵʣʝʢʪʨʦʩʪʘʪʠʯʝʩʢʠʭ ʧʦʣʷʭ [4] ʦʙʨʘʟʫʶʱʠʭʩʷ ʥʘʜ ʛʨʦʟʦʚʳʤʠ 

ʦʙʣʘʢʘʤʠ ʧʦʩʣʝ ʧʦʣʦʞʠʪʝʣʴʥʦʛʦ ʨʘʟʨʷʜʘ ʦʙʣʘʢʦ-ʟʝʤʣʷ). ɺ ʵʪʦʤ 

ʩʣʫʯʘʝ ʚʩʧʣʝʩʢʠ ʵʣʝʢʪʨʦʥʦʚ, ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʥʳʝ ʚ ʩʧʫʪʥʠʢʦʚʳʭ 

ʵʢʩʧʝʨʠʤʝʥʪʘʭ çɸʈʀʅɸè ʠ çɺʉʇʃɽʉʂè, ʤʦʛʫʪ ʩʦʧʨʦʚʦʞʜʘʪʴʩʷ 

ʚʩʧʳʰʢʘʤʠ ʠʟʣʫʯʝʥʠʷ, ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʥʳʤʠ ʩʧʫʪʥʠʢʦʤ RHESSI 

(ʅɸʉɸ). 

 ɼʘʥʥʘʷ ʨʘʙʦʪʘ ʧʦʩʚʷʱʝʥʘ ʠʩʩʣʝʜʦʚʘʥʠʶ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʚʩʧʣʝʩ-

ʢʦʚ ʚʳʩʦʢʦʵʥʝʨʛʠʯʥʳʭ ʵʣʝʢʪʨʦʥʦʚ, ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʥʳʭ ʚ ʦʢʦʣʦ-

ʟʝʤʥʦʤ ʢʦʩʤʠʯʝʩʢʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ ʧʦʜ ʨʘʜʠʘʮʠʦʥʥʳʤ ʧʦʷʩʦʤ ɿʝʤ-

ʣʠ, ʢʦʨʨʝʣʠʨʫʶʱʠʭ ʩ ʛʘʤʤʘ-ʚʩʧʳʰʢʘʤʠ ʘʪʤʦʩʬʝʨʥʦʛʦ ʧʨʦʠʩʭʦʞ-

ʜʝʥʠʷ. ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʠʩʧʦʣʴʟʫʶʪʩʷ ʙʘʟʳ ʜʘʥʥʳʭ ʚʩʧʣʝʩʢʦʚ    

ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʧʦʪʦʢʘ ʚʳʩʦʢʦʵʥʝʨʛʠʯʥʳʭ ʵʣʝʢʪʨʦʥʦʚ ʩ ʵʥʝʨʛʠʷʤʠ 

ʦʪ 3 ʜʦ 30 ʄʵɺ, ʧʦʣʫʯʝʥʥʳʭ ʚ ʩʧʫʪʥʠʢʦʚʳʭ ʵʢʩʧʝʨʠʤʝʥʪʘʭ çɸʈʀ-

ʅɸè ʠ çɺʉʇʃɽʉʂè ʠ TGFs ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʥʳʝ ʉʦʣʥʝʯʥʳʤ ʉʧʝʢ-
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ʪʨʦʤʝʪʨʦʤ (RHESSI) ʠʟʤʝʨʷʶʱʠʤ ʛʘʤʤʘ-ʠʟʣʫʯʝʥʠʝ ʩ ʵʥʝʨʛʠʷʤʠ ʜʦ 

17 ʄʵɺ [5].  

 

ʃʠʪʝʨʘʪʫʨʘ 

1. G.J. Fishman, P.N. Bhat, R. Mallozzi, J.M. Horack, T. Koshut, 

C. Kouveliotou, G.N. Pendleton, C.A. Meegan, R.B. Wilson, W.S. 

Paciesas,  S.J. Goodman, H.J. Christian. Discovery of Intense Gamma ï 

Ray Flashes of Atmospheric Origin.  Science. Vol.264. P.1313. (1994).  

2. A.V. Gurevich, G.M. Milikh, and  R.A.  Roussel-Dupre. Runa-
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thunderstorm. Phys. Lett. A. Vol.165. P.463-468. (1992).  
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ɹʓʉʊʈʓʁ ʅɸʊʈʀɽɺʓʁ ʈɽɸʂʊʆʈ ɹʆʃʔʐʆʁ  

ʄʆʑʅʆʉʊʀ ʉ ɸʂʉʀɸʃʔʅʆʁ ɻɽʊɽʈʆɻɽʅʅʆʉʊʔʖ  

ɸʂʊʀɺʅʆʁ ɿʆʅʓ 

 

ʕ.ʈ. ʉʠʪʜʠʢʦʚ
1
,  ɸ.ʄ. ʊʝʨʝʭʦʚʘ

1
, ʀ.ɺ. ɼʝʤʝʥʝʚʘ

1
 

 
1
ʀɸʊʕ ʅʀʗʋ ʄʀʌʀ, ʛ. ʆʙʥʠʥʩʢ, ʈʦʩʩʠʷ, 

Email: emilsitdikov@gmail.com, ʪʝʣ: +79206113575 

 

ɺ ʧʨʦʝʢʪʘʭ ʙʫʜʫʱʠʭ ʙʳʩʪʨʳʭ ʨʝʘʢʪʦʨʦʚ ʧʨʝʜʧʦʣʘʛʘʝʪʩʷ ʠʩʧʦʣʴ-

ʟʦʚʘʪʴ ʠʥʥʦʚʘʮʠʦʥʥʳʝ ʠ ʘʧʨʦʙʠʨʦʚʘʥʥʳʝ ʪʝʭʥʠʯʝʩʢʠʝ ʨʝʰʝʥʠʷ. ɺ 

ʢʘʯʝʩʪʚʝ ʧʝʨʩʧʝʢʪʠʚʥʦʡ ʘʢʪʠʚʥʦʡ ʟʦʥʳ ʙʳʩʪʨʳʭ ʨʝʘʢʪʦʨʦʚ ʙʳʣʠ 

ʧʨʝʜʣʦʞʝʥʳ ʟʦʥʳ (ʘ.ʟ) ʩ ʘʢʩʠʘʣʴʥʦʡ ʠ ʨʘʜʠʘʣʴʥʦʡ ʛʝʪʝʨʦʛʝʥʥʦʩʪʴʶ 

[1]. 

ʎʝʣʴ ʨʘʙʦʪʳ ï ʨʘʩʩʤʦʪʨʝʪʴ ʨʘʟʣʠʯʥʳʝ ʚʘʨʠʘʥʪʳ ʘʢʩʠʘʣʴʥʳʭ 

ʧʨʦʩʣʦʝʢ ʠʟ ʦʙʝʜʥʝʥʥʦʛʦ ʫʨʘʥʘ ʠ ʦʧʨʝʜʝʣʠʪʴ ʦʧʪʠʤʘʣʴʥʳʡ ʚʘʨʠʘʥʪ 

ʢʦʤʧʦʥʦʚʢʠ ʘ.ʟ. ʙʳʩʪʨʦʛʦ ʥʘʪʨʠʝʚʦʛʦ ʨʝʘʢʪʦʨʘ ʜʣʷ ʜʦʩʪʠʞʝʥʠʷ 

ʣʫʯʰʠʭ ʥʝʡʪʨʦʥʥʦ-ʬʠʟʠʯʝʩʢʠʭ ʠ ʚʦʩʧʨʦʠʟʚʦʜʷʱʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 

ʘʢʪʠʚʥʦʡ ʟʦʥʳ. 

ɹʳʣʠ ʚʳʧʦʣʥʝʥʳ ʩʣʝʜʫʶʱʠʝ ʟʘʜʘʯʠ: 

¶ ʩʦʟʜʘʥʘ ʤʦʜʝʣʴ ʘ.ʟ. ʙʳʩʪʨʦʛʦ ʥʘʪʨʠʝʚʦʛʦ ʨʝʘʢʪʦʨʘ ʙʦʣʴʰʦʡ 

ʤʦʱʥʦʩʪʠ ʠ ʦʧʨʝʜʝʣʝʥʳ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʵʥʝʨʛʦʚʳʜʝʣʝʥʠʷ 

ʧʦ ʚʳʩʦʪʝ ʘ.ʟ., ʅʇʕʈ, ʂɺ; 

¶ ʩʦʟʜʘʥʳ ʤʦʜʝʣʠ ʘ.ʟ. ʩ ʘʢʩʠʘʣʴʥʳʤʠ ʧʨʦʩʣʦʡʢʘʤʠ ʠʟ ʦʙʝʜ-

ʥʝʥʥʦʛʦ ʫʨʘʥʘ ʠ ʦʧʨʝʜʝʣʝʥʳ ʪʘʢʠʝ ʞʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʘ.ʟ. 

ʇʘʨʘʤʝʪʨʳ ʤʦʜʝʣʠ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʛʦ ʨʝʘʢʪʦʨʘ: ʊʝʧʣʦʚʘʷ ʤʦʱ-

ʥʦʩʪʴ ï 2800 ʄɺʪ, ʵʢʚʠʚʘʣʝʥʪʥʳʡ ʜʠʘʤʝʪʨ ʘ.ʟ. - 4200 ʤʤ, ʚʳʩʦʪʘ 

ʙʝʟ ʧʨʦʩʣʦʡʢʠ - 850 ʤʤ, ʪʦʣʱʠʥʳ ʧʨʦʩʣʦʝʢ -  100/150/200/250 ʤʤ, 

ʚʠʜ ʪʦʧʣʠʚʘ - (U-Pu)O2, ʦʙʦʛʘʱʝʥʠʝ ʪʦʧʣʠʚʘ ï 18%, ʚʦʩʧʨʦʠʟʚʦʜʷ-

ʱʠʡ ʤʘʪʝʨʠʘʣ - UO2, ɓeff = 0,35%ȹk/k. 

ɺ ʨʘʙʦʪʝ ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʧʨʦʛʨʘʤʤʥʳʡ ʢʦʤʧʣʝʢʩ TRIGEX.   

ʅʘ ʨʠʩ.1. ʠ ʚ ʪʘʙʣ. 1. ʧʨʝʜʩʪʘʚʣʝʥʳ  ʩʨʘʚʥʝʥʠʝ ʨʘʩʩʯʠʪʘʥʥʳʭ 

ʚʘʨʠʘʥʪʦʚ ʘ.ʟ.  

ɺ ʜʦʢʣʘʜʝ ʧʨʠʚʝʜʝʥʳ ʥʘʠʙʦʣʝʝ ʦʧʪʠʤʘʣʴʥʳʝ ʚʘʨʠʘʥʪʳ ʠʟ ʨʘʩ-

ʩʤʦʪʨʝʥʥʳʭ ʚ ʨʘʙʦʪʝ. ʂʘʢ ʚʠʜʥʦ ʠʟ ʨʠʩ.1. ʥʘʣʠʯʠʝ ʧʨʦʩʣʦʡʢʠ  

ʥʘʨʫʰʘʝʪ ʧʨʠʚʳʯʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʵʥʝʨʛʦʚʳʜʝʣʝʥʠʷ ʧʦ ʚʳʩʦʪʝ. 

ʏʪʦ ʢʘʩʘʝʪʩʷ ʅʇʕʈ, ʪʦ ʧʨʦʩʣʦʡʢʘ ʥʠʞʝ ʘʢʪʠʚʥʦʡ ʟʦʥʳ ʧʦʢʘʟʘʣʘ 

ʩʝʙʷ ʩ ʥʘʠʣʫʯʰʝʡ ʩʪʦʨʦʥʳ ï ʦʪʨʠʮʘʪʝʣʴʥʦʝ ʟʥʘʯʝʥʠʝ ʅʇʕʈ, ʢʦʪʦ-

mailto:emilsitdikov@gmail.com
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ʨʦʝ ʘʥʘʣʦʛʠʯʥʦ ʟʥʘʯʝʥʠʶ -1,5 ɓeff  ʜʣʷ ʤʦʜʝʣʠ ʨʝʘʢʪʦʨʘ ASTRID c 

ʉFV - ʟʦʥʦʡ. ʅʘʠʙʦʣʴʰʠʡ ʂɺ ʜʦʩʪʠʛʘʝʪʩʷ ʩ ʧʨʦʩʣʦʡʢʦʡ ʚ ʮʝʥʪʨʝ 

ʘ.ʟ. ʇʨʠʚʝʜʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʷʚʣʷʶʪʩʷ ʧʨʝʜʚʘʨʠʪʝʣʴʥʳʤʠ ʠ ʪʨʝ-

ʙʫʶʪ ʜʘʣʴʥʝʡʰʠʭ ʫʪʦʯʥʝʥʠʡ ʠ ʜʦʨʘʙʦʪʦʢ. 

ʃʠʪʝʨʘʪʫʨʘ 
1. ɺ.ɸ. ɽʣʠʩʝʝʚ. ɺʳʙʦʨ ʠ ʦʙʦʩʥʦʚʘʥʠʝ ʦʩʥʦʚʥʳʭ ʬʠʟʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪ-

ʨʦʚ ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʘʢʪʠʚʥʳʭ ʟʦʥ ʙʳʩʪʨʦʛʦ ʵʥʝʨʛʝʪʠʯʝʩʢʦʛʦ ʨʝʘʢʪʦʨʘ 

ʙʦʣʴʰʦʡ ʤʦʱʥʦʩʪʠ: ʜʠʩ. ʢʘʥʜ. ʪʝʭ. ʥʘʫʢ. ʀɸʊʕ, ʆʙʥʠʥʩʢ (2000). 

2. N. Devictor. Pre-conceptual design study of ASTRID core. IAEA 

technical meeting on innovative fast reactor designs with enhanced negative 

reactivity feedback features, Vienna (27-29 February 2012). 

 

 

 
ʄʦʜʝʣʴ ʅʇʕʈ, 

ɓeff 

ʂɺ 

ɹʝʟ ʧʨʦ-

ʩʣʦʡʢʠ 

0,74 1,19 

*25ʩʤ, ʚ 

ʮʝʥʪʨʝ ʘ.ʟ., 

ʙʝʟ ʦʜʥʦʛʦ 

ʚʥʝʰʥʝʛʦ 

ʨʷʜʘ ʊɺʉ 

 

0,39 

 

1,59 

**25ʩʤ, ʥʠ-

ʞʝ ʮʝʥʪʨʘ 

ʘ.ʟ., ʙʝʟ 

ʜʚʫʭ ʚʥʝʰ-

ʥʠʭ ʨʷʜʦʚ 

ʊɺʉ 

 

 

-1,53 

 

 

1,36 

 

 

ʈʠʩ.1. ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʩʨʝʜʥʝʛʦ ʵʥʝʨʛʦʚʳ-

ʜʝʣʝʥʠʷ ʚ ʮʝʥʪʨʘʣʴʥʦʡ ʊɺʉ ʘʢʪʠʚʥʦʡ ʪʦʥʳ 

ʧʦ ʚʳʩʦʪʝ 

ʊʘʙʣʠʮʘ 1. ɿʥʘʯʝʥʠʷ ʅʇʕʈ ʠ 

ʂɺ ʨʘʟʣʠʯʥʳʭ ʤʦʜʝʣʝʡ ʢʦʤʧʦ-

ʥʦʚʢʠ ʘ.ʟ. 
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ʆ ʈɸɿʄɽʈʅʆʉʊʗʍ ʕʅɽʈɻʀʀ ʀ ʊɽʄʇɽʈɸʊʋʈʓ 
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ʌʘʢʪ: ʵʥʝʨʛʠʷ (ʘʜʜʠʪʠʚʥʘʷ ʚʝʣʠʯʠʥʘ) ʠ ʪʝʤʧʝʨʘʪʫʨʘ (ʥʝʘʜʜʠ-

ʪʠʚʥʘʷ ʚʝʣʠʯʠʥʘ) ʝʩʪʴ ʥʝʩʨʘʚʥʠʤʳʝ ʢʦʣʠʯʝʩʪʚʝʥʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠ-

ʢʠ ʪʝʧʣʦʚʳʭ ʷʚʣʝʥʠʡ. ɽʩʣʠ ʚʳʨʘʞʘʪʴʩʷ ʙʦʣʝʝ ʪʦʯʥʦ, ʥʝʩʨʘʚʥʠʤʳʝ 

ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʫ ʥʠʭ ʜʦʣʞʥʳ ʙʳʪʴ ʨʘʟʥʳʝ ʨʘʟ-

ʤʝʨʥʦʩʪʠ, ʢʘʢ ʧʨʠʟʥʘʢ ʥʝʩʨʘʚʥʠʤʦʩʪʠ, ʘ ʪʝʦʨʠʠ, ʤʦʜʝʣʠ ʠ ʠʥʳʝ 

ʧʨʠʜʫʤʢʠ ʯʝʣʦʚʝʢʘ ʥʝ ʜʦʣʞʥʳ ʧʨʦʪʠʚʦʨʝʯʠʪʴ ʜʘʥʥʦʤʫ ʬʘʢʪʫ. ʅʦ, 

ʧʨʦʪʠʚʦʨʝʯʠʷ ʠʤʝʶʪʩʷ. ʀʭ ʥʘʜʣʝʞʠʪ ʫʩʪʨʘʥʠʪʴ ï ʥʘ ʵʪʦ ʥʘʮʝʣʝʥʘ 

ʥʘʩʪʦʷʱʘʷ ʨʘʙʦʪʘ ʠ ʝʝ ʪʝʟʠʩʳ. 

ʇʨʘʢʪʠʯʝʩʢʘʷ ʟʥʘʯʠʤʦʩʪʴ ʨʘʙʦʪʳ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʦʧʨʝʜʝʣʝʥʠʠ 

ʨʘʟʤʝʨʥʦʩʪʠ ʪʝʤʧʝʨʘʪʫʨʳ ʢʘʢ ʨʘʟʤʝʨʥʦʩʪʠ ʵʥʝʨʛʠʠ, ʦʪʥʝʩʝʥʥʦʡ ʢ  

ʨʘʟʤʝʨʥʦʩʪʠ ʢʦʣʠʯʝʩʪʚʘ ʚʝʱʝʩʪʚʘ. ʆʧʨʝʜʝʣʝʥʠʝ ʦʙʦʩʥʦʚʘʥʦ ʠ ʢʦʥ-

ʢʨʝʪʥʦʝ, ʯʪʦ ʫʤʘʣʷʝʪ ʧʨʦʜʦʣʞʝʥʠʝ ʪʦʣʢʦʚʘʥʠʡ ʵʥʝʨʛʠʠ ʠ ʪʝʤʧʝʨʘ-

ʪʫʨʳ. 

ʂʘʢ ʪʦʣʴʢʦ ʥʠ ʪʦʣʢʫʶʪ ʪʝʧʣʦʪʫ, ʪʝʤʧʝʨʘʪʫʨʫ ʠ ʠʭ ʨʘʟʤʝʨʥʦʩʪʠ. 

ʅʘʧʨʠʤʝʨ, ʚ ʠʟʚʝʩʪʥʦʤ ʫʯʝʙʥʠʢʝ ʧʦ ʬʠʟʠʢʝ [1] ʪʘʢ: çʪʝʤʧʝʨʘʪʫʨʘ 

ʠʤʝʝʪ ʨʘʟʤʝʨʥʦʩʪʴ ʵʥʝʨʛʠʠè. ʏʪʦʙʳ ʧʨʠʜʘʪʴ ʠʤ ʧʝʨʚʦʟʜʘʥʥʳʡ ʚʠʜ, 

ʝʩʣʠ ʚʳʨʘʞʘʪʴʩʷ ʦʙʨʘʟʥʦ, ʝʩʪʝʩʪʚʝʥʥʦ ʦʙʨʘʪʠʪʴʩʷ ʢ ʠʩʪʦʨʠʠ. ɸ ʦʥʘ 

ʪʘʢʦʚʘ. ʊʝʤʧʝʨʘʪʫʨʫ, ʢʘʢ ʭʘʨʘʢʪʝʨʠʩʪʠʢʫ ʪʝʧʣʦʚʳʭ ʷʚʣʝʥʠʡ, ʯʝʣʦ-

ʚʝʢ ʧʨʠʤʝʥʷʝʪ ʩ ʥʝʟʘʧʘʤʷʪʥʳʭ ʚʨʝʤʝʥ, ʘ ʵʥʝʨʛʠʶ ʚʩʝʛʦ ʥʝʩʢʦʣʴʢʦ 

ʩʪʦʣʝʪʠʡ. ʅʘʧʨʠʤʝʨ, ʩ. ʂʘʨʥʦ ʨʘʩʩʫʞʜʘʣ ʦ ʪʝʧʣʦʨʦʜʝ, ʘ ʥʝ ʦʙ ʵʥʝʨ-

ʛʠʠ [2]. ʈʘʙʦʪʫ ʦʥ ʥʘʟʳʚʘʣ ʜʚʠʞʫʱʝʡ ʩʠʣʦʡ ʠ ʩʯʠʪʘʣ ʨʘʟʥʦʩʪʴ ʪʝʤ-

ʧʝʨʘʪʫʨ ʫʩʣʦʚʠʝʤ ʨʘʚʥʦʚʝʩʠʷ ʪʝʧʣʦʨʦʜʘ: çʤʳ ʩʯʠʪʘʝʤ ʟʜʝʩʴ ʠʟ-

ʣʠʰʥʠʤ ʦʙʲʷʩʥʷʪʴ, ʯʪʦ ʪʘʢʦʝ ʢʦʣʠʯʝʩʪʚʦ ʪʝʧʣʦʨʦʜʘ ʠʣʠ ʢʦʣʠʯʝ-

ʩʪʚʦ ʪʝʧʣʘ (ʤʳ ʫʧʦʪʨʝʙʣʷʝʤ ʦʙʘ ʚʳʨʘʞʝʥʠʷ ʙʝʟ ʨʘʟʣʠʯʠʷ)... ʄʳ 

ʪʘʢʞʝ ʥʝ ʦʙʲʷʩʥʷʝʤ, ʯʪʦ ʪʘʢʦʝ ʩʢʨʳʪʘʷ ʪʝʧʣʦʪʘ, ʪʝʤʧʝʨʘʪʫʨʘ, ʪʝʧ-

ʣʦʝʤʢʦʩʪʴ ʠ ʪ.ʜ.: ʯʠʪʘʪʝʣʴ ʜʦʣʞʝʥ ʟʥʘʪʴ ʵʪʠ ʧʦʥʷʪʠʷ... ʇʦʚʩʶʜʫ, 

ʛʜʝ ʠʤʝʝʪʩʷ ʨʘʟʥʦʩʪʴ ʪʝʤʧʝʨʘʪʫʨ, ʤʦʞʝʪ ʧʨʦʠʩʭʦʜʠʪʴ ʚʦʟʥʠʢʥʦʚʝ-

ʥʠʝ ʜʚʠʞʫʱʝʡ ʩʠʣʳé ʧʦʚʩʶʜʫ, ʛʜʝ ʤʦʞʥʦ ʟʘʪʨʘʪʠʪʴ ʵʪʫ ʩʠʣʫ, 

ʚʦʟʤʦʞʥʦ ʦʙʨʘʟʦʚʘʪʴ ʨʘʟʥʦʩʪʴ ʪʝʤʧʝʨʘʪʫʨ, ʚʦʟʤʦʞʥʦ ʥʘʨʫʰʠʪʴ 

ʨʘʚʥʦʚʝʩʠʝ ʪʝʧʣʦʨʦʜʘè.  
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ʇʦʩʢʦʣʴʢʫ ʦʩʥʦʚʦʧʦʣʦʞʥʠʢ ʪʝʨʤʦʜʠʥʘʤʠʢʠ ʥʝ ʜʘʣ ʥʘʜʣʝʞʘʱʠʭ 

ʦʧʨʝʜʝʣʝʥʠʡ ʪʝʧʣʦʪʳ ʠ ʪʝʤʧʝʨʘʪʫʨʳ, ʧʨʠʰʣʦʩʴ ʦʙʨʘʪʠʪʴʩʷ ʢ ʜʝ-

ʤʦʥʫ ʤʘʢʩʚʝʣʣʘ ï ʤʳʩʣʝʥʥʦʤʫ ʵʢʩʧʝʨʠʤʝʥʪʫ 1867 ʛʦʜʘ, ʦʥ ʞʝ ï 

ʚʦʦʙʨʘʞʘʝʤʦʝ ʨʘʟʫʤʥʦʝ ʩʫʱʝʩʪʚʦ ʤʠʢʨʦʩʢʦʧʠʯʝʩʢʦʛʦ ʨʘʟʤʝʨʘ, 

ʧʨʠʜʫʤʘʥʥʦʝ ʜʣʷ ʠʣʣʶʩʪʨʘʮʠʠ ʢʘʞʫʱʝʛʦʩʷ ʧʘʨʘʜʦʢʩʘ ʪʝʨʤʦʜʠʥʘ-

ʤʠʢʠ; ʝʤʫ ʫʜʘʣʦʩʴ ʨʝʰʠʪʴ ʫʥʠʢʘʣʴʥʫʶ ʟʘʜʘʯʫ: ʥʘʛʨʝʪʴ ʠ ʦʭʣʘʜʠʪʴ 

ʛʘʟ ʧʨʘʢʪʠʯʝʩʢʠ ʙʝʟ ʟʘʪʨʘʪ ʵʥʝʨʛʠʠ ʠ ʩʦʚʝʨʰʝʥʠʷ ʨʘʙʦʪʳ. ɼʝʤʦʥʘ 

ʧʦʧʨʦʩʠʣʠ ʨʝʰʠʪʴ ʝʱʝ ʦʜʥʫ ʟʘʜʘʯʫ: ʧʝʨʝʤʝʩʪʠʪʴ ʠʟ ʛʘʟʘ, ʟʘʢʣʶ-

ʯʝʥʥʦʛʦ ʚ ʠʟʦʣʠʨʦʚʘʥʥʫʶ ʠ ʥʝʜʝʬʦʨʤʠʨʫʝʤʫʶ ʝʤʢʦʩʪʴ, ʯʘʩʪʴ ʛʘʟʘ, 

ʘ ʙʦʣʝʝ ʢʦʥʢʨʝʪʥʦ, ʝʛʦ ʩʨʝʜʥʝʩʪʘʪʠʩʪʠʯʝʩʢʫʶ ʤʦʣʝʢʫʣʫ, ʚ ʜʨʫʛʫʶ 

ʪʘʢʫʶ ʞʝ ʝʤʢʦʩʪʴ, ʥʦ ʧʫʩʪʫʶ, ʥʝ ʤʝʥʷʷ ʥʠʢʦʠʤ ʦʙʨʘʟʦʤ ʧʦʚʝʜʝʥʠʝ 

ʤʦʣʝʢʫʣʳ. ɼʝʤʦʥ ʨʝʰʠʣ ʠ ʵʪʫ ʟʘʜʘʯʫ, ʠ ʚʦʪ ʯʪʦ ʧʦʣʫʯʠʣʦʩʴ. 

ɺ ʦʙʦʠʭ ʩʦʩʫʜʘʭ ʦʢʘʟʘʣʠʩʴ ʦʜʠʥʘʢʦʚʳʝ ʛʘʟʳ ʩ ʦʜʠʥʘʢʦʚʳʤ 

ʧʦʚʝʜʝʥʠʝʤ ʩʨʝʜʥʝʩʪʘʪʠʩʪʠʯʝʩʢʠʭ ʤʦʣʝʢʫʣ, ʝʜʠʥʦʡ ʯʠʩʣʦʚʦʡ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʦʡ ʢʦʪʦʨʦʛʦ ʷʚʣʷʝʪʩʷ ʧʨʦʠʟʚʝʜʝʥʠʝ ʬʫʥʜʘʤʝʥʪʘʣʴʥʦʡ 

ʬʠʟʠʯʝʩʢʦʡ ʢʦʥʩʪʘʥʪʳ, ʧʦʩʪʦʷʥʥʦʡ ɹʦʣʴʮʤʘʥʘ Ὧ, ʥʘ 

ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʫʶ ʪʝʤʧʝʨʘʪʫʨʫ Ὕ, ʘ ʠʤʝʥʥʦ:  

╔ ὯὝ. 

ʂʦʣʠʯʝʩʪʚʦ ʤʦʣʝʢʫʣ ʚ ʝʤʢʦʩʪʷʭ ʨʘʟʥʦʝ, ʥʦ ɼʝʤʦʥ ʥʘʟʚʘʣ ʵʪʦ 

ʦʙʩʪʦʷʪʝʣʴʩʪʚʦ ʥʝʩʫʱʝʩʪʚʝʥʥʳʤ, ʠʙʦ ʥʝʪ, ʠ ʚʨʷʜ ʣʠ ʠʤʝʝʪʩʷ, 

ʢʦʣʠʯʝʩʪʚʦ ʤʦʣʝʢʫʣ, ʦʪʣʠʯʘʶʱʝʝ ʛʘʟ ʦʪ ʯʝʛʦ-ʪʦ ʠʥʦʛʦ. ʆʧʠʨʘʷʩʴ ʥʘ 

ʜʘʥʥʦʝ ʦʩʥʦʚʘʥʠʝ, ɼʝʤʦʥ ʟʘʢʣʶʯʠʣ, ʯʪʦ ʫ ʚʥʫʪʨʝʥʥʝʡ ʵʥʝʨʛʠʠ ʛʘʟʘ 

Ὗ (ʘʜʜʠʪʠʚʥʦʡ ʬʠʟʠʯʝʩʢʦʡ ʚʝʣʠʯʠʥʳ) ʠ ʫ ʝʛʦ ʪʝʤʧʝʨʘʪʫʨʳ Ὕ 
(ʥʝʘʜʜʠʪʠʚʥʦʡ ʬʠʟʠʯʝʩʢʦʡ ʚʝʣʠʯʠʥʳ) ʨʘʟʥʳʝ ʨʘʟʤʝʨʥʦʩʪʠ. ʆʥʠ 

ʦʪʣʠʯʘʶʪʩʷ ʜʨʫʛ ʦʪ ʜʨʫʛʘ ʥʘ ʨʘʟʤʝʨʥʦʩʪʴ ʢʦʣʠʯʝʩʪʚʘ ʚʝʱʝʩʪʚʘ. ɺ 

ʩʠʤʚʦʣʘʭ ʜʘʥʥʦʝ ʟʘʢʣʶʯʝʥʠʝ ʚʳʨʘʞʘʝʪʩʷ ʪʘʢ: 

ÄÉÍὟ ,-4 , 

ÄÉÍὉ ÄÉÍὝ ,-4 . , 

ÄÉÍὯ ρ. 
ʃʠʪʝʨʘʪʫʨʘ 

1.ʂʫʨʩ ʦʙʱʝʡ ʬʠʟʠʢʠ: ʫʯ. ʇʦʩʦʙʠʝ ʜʣʷ ʚʪʫʟʦʚ/ʃʘʥʜʘʫ ʃ.ɼ., 

ɸʭʠʝʟʝʨ ɸ.ʀ., ʃʠʬʰʠʮ ɽ.ʄ. ï 2-ʝ ʠʟʜ. ʀʩʧʨ. ï ʤ.: ʥʘʫʢʘ, 1969, 

ʩ.160. 

2. ɺʪʦʨʦʝ ʥʘʯʘʣʦ ʪʝʨʤʦʜʠʥʘʤʠʢʠ / ʂʘʨʥʦ ʉ., ʂʣʘʫʟʠʫʩ ʈ.ʀ. ʜʨ., 

4-ʝ ʠʟʜ. ï ʤ.: urss: ʃʠʙʨʦʢʦʤ, 2012, ʩ. 22. 
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ʂʆʈʈʆɿʀʆʅʅʆʉʊʆʁʂʀɽ ʇʆʈʆʐʂʆɺʓɽ ʉʇʃɸɺʓ 

ɼʃʗ ɺʓʉʆʂʆʕʅɽʈɻɽʊʀʏɽʉʂʀʍ ʇʆʉʊʆʗʅʅʓʍ  

ʄɸɻʅʀʊʆɺ ʉʀʉʊɽʄʓ  Fe-TM -Nd-REM-B 

 

ʉʦʨʦʢʦʚʠʢʦʚ ʄ.ʅ. , ʉʘʚʠʥ ɺ.ɺ., ʉʘʚʠʥʘ ʃ.ɸ., ʃʷʭʦʚʘ ʅ.ɻ. 
 

ɹʘʣʪʠʡʩʢʠʡ ʬʝʜʝʨʘʣʴʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤ. ʀ. ʂʘʥʪʘ 

ʪʝʣ.:8-999-420-19-26,e-mail:msorokovikov96@mail.ru 

 

ʇʦʣʫʯʝʥʠʝ ʧʦʨʦʰʢʦʚʳʭ ʩʧʣʘʚʦʚ ʷʚʣʷʝʪʩʷ ʥʝʦʙʭʦʜʠʤʳʤ ʪʝʭʥʦ-

ʣʦʛʠʯʝʩʢʠʤ ʧʝʨʝʜʝʣʦʤ ʧʨʠ ʧʨʦʠʟʚʦʜʩʪʚʝ ʧʦʩʪʦʷʥʥʳʭ ʤʘʛʥʠʪʦʚ ʩʠ-

ʩʪʝʤʳ Fe-TM-Nd-REM-B [1].  ʇʦʚʳʰʝʥʥʘʷ ʨʝʘʢʮʠʦʥʥʘʷ ʩʧʦʩʦʙ-

ʥʦʩʪʴ ʈɿʄ-ʩʦʜʝʨʞʘʱʝʛʦ ʩʧʣʘʚʘ ʥʘʢʣʘʜʳʚʘʝʪ ʩʫʱʝʩʪʚʝʥʥʳʝ ʦʛʨʘ-

ʥʠʯʝʥʠʷ ʥʘ ʪʝʭʥʦʣʦʛʠʶ ʧʦʣʫʯʝʥʠʷ ʠ ʧʦʩʣʝʜʫʶʱʝʡ ʧʝʨʝʨʘʙʦʪʢʠ 

ʧʦʨʦʰʢʦʚ ʚ ʩʧʝʯʝʥʥʳʝ ʤʘʛʥʠʪʳ.  

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʙʳʣʘ ʨʝʰʝʥʘ ʟʘʜʘʯʘ ʧʦʚʳʰʝʥʠʷ ʢʦʨʨʦʟʠʦʥʥʦʡ 

ʩʪʦʡʢʦʩʪʠ ʧʦʨʦʰʢʦʚʳʭ ʩʧʣʘʚʦʚ ʩʠʩʪʝʤʳ Fe-TM-Nd-REM-B ʧʨʠ 

ʭʨʘʥʝʥʠʠ ʚ ʝʩʪʝʩʪʚʝʥʥʳʭ ʫʩʣʦʚʠʷʭ ʠ ʧʦʩʣʝʜʫʶʱʝʡ ʠʭ ʧʝʨʝʨʘʙʦʪʢʠ 

ʚ ʤʘʛʥʠʪʳ ʤʝʪʦʜʦʤ ʠʟʤʝʣʴʯʝʥʠʷ ʚ ʞʠʜʢʦʡ ʩʨʝʜʝ,  ʢʦʤʧʘʢʪʠʨʦʚʘʥʠʷ 

ʚ ʤʘʛʥʠʪʥʦʤ ʧʦʣʝ ʠ ʩʧʝʢʘʥʠʷ ʚ ʚʘʢʫʫʤʝ ʠʣʠ ʟʘʱʠʪʥʦʡ ʘʪʤʦʩʬʝʨʝ.    

ɼʣʷ ʜʦʩʪʠʞʝʥʠʷ ʧʦʩʪʘʚʣʝʥʥʦʡ ʮʝʣʠ ʠʩʧʦʣʴʟʦʚʘʣʘʩʴ ʪʝʭʥʦʣʦʛʠʷ 

ʟʘʢʘʣʢʠ ʠʟ ʞʠʜʢʦʛʦ ʩʦʩʪʦʷʥʠʷ (ɿɾʉ) ʤʝʪʦʜʦʤ ʨʘʩʧʳʣʝʥʠʷ ʩʪʨʫʠ 

ʨʘʩʧʣʘʚʘ ʧʦʪʦʢʦʤ ʠʥʝʨʪʥʦʛʦ ʛʘʟʘ (ɻʈʇ). ɹʘʟʦʚʳʝ ʨʝʞʠʤʳ ɻʈʇ 

ʧʨʦʮʝʩʩʘ ʦʧʠʩʘʥʳ ʚ  [2]. ɺ ʦʙʣʘʩʪʠ ʬʘʟʦʚʳʭ ʨʘʚʥʦʚʝʩʠʡ, ʢʦʪʦʨʘʷ 

ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʙʘʟʦʚʳʤ ʩʦʩʪʘʚʘʤ ɿɾʉ-ʩʧʣʘʚʦʚ ʜʣʷ ʧʦʩʪʦʷʥʥʳʭ 

ʤʘʛʥʠʪʦʚ,   ʚ ʨʘʙʦʪʝ ʦʩʫʱʝʩʪʚʣʝʥʦ ʜʦʧʦʣʥʠʪʝʣʴʥʦʝ ʣʝʛʠʨʦʚʘʥʠʝ 

ʩʧʣʘʚʦʚ ʜʨʫʛʠʤʠ REM ʠ TM-ʢʦʤʧʦʥʝʥʪʘʤʠ, ʚʣʠʷʶʱʠʤʠ ʥʘ ʤʘʛ-

ʥʠʪʥʳʝ ʩʚʦʡʩʪʚʘ ʦʩʥʦʚʥʦʡ ʬʘʟʳ (Fe14Nd2B), ʬʘʟʦʚʳʡ ʩʦʩʪʘʚ  ʠ 

ʩʪʨʫʢʪʫʨʫ ʩʧʣʘʚʦʚ,  ʦʧʨʝʜʝʣʷʶʱʠʭ ʤʘʛʥʠʪʥʳʝ ʩʚʦʡʩʪʚʘ ʦʙʨʘʟʮʘ. 

ɺ ʨʘʙʦʪʝ ʧʦʢʘʟʘʥʦ ʩʫʱʝʩʪʚʦʚʘʥʠʝ  ʚ ʠʩʩʣʝʜʦʚʘʥʥʳʭ ɻʈʇ ʩʧʣʘ-

ʚʘʭ ʘʤʦʨʬʥʦʛʦ ʩʦʩʪʦʷʥʠʷ (ɸʉ) ʜʚʫʭ ʪʠʧʦʚ, ʦʪʣʠʯʘʶʱʠʭʩʷ ʭʠʤʠʯʝ-

ʩʢʠʤ ʩʦʩʪʘʚʦʤ ʘʤʦʨʬʥʦʛʦ ʩʧʣʘʚʘ: ɸʉ1 ï ʙʣʠʟʦʢ ʢ ʩʦʩʪʘʚʫ ʬʘʟʳ 

Fe14Nd2B;  ɸʉ2 ï ʩʧʣʘʚ ʩʦʩʪʘʚʘ ʪʨʦʡʥʦʡ ʵʚʪʝʢʪʠʢʠ ʥʘ ʦʩʥʦʚʝ Nd.  

ʆʙʨʘʟʦʚʘʥʠʝ ʜʚʫʭ ʪʠʧʦʚ ɸʉ ʧʨʦʠʩʭʦʜʠʪ  ʠʟ-ʟʘ ʩʣʦʞʥʦʛʦ ʧʨʦʮʝʩʩʘ 

ʟʘʪʚʝʨʜʝʚʘʥʠʷ ʧʝʨʝʦʭʣʘʞʜʝʥʥʦʛʦ ʨʘʩʧʣʘʚʘ ʚ ʘʤʦʨʬʥʦ-

ʢʨʠʩʪʘʣʣʠʯʝʩʢʫʶ ʩʤʝʩʴ. ʇʨʠ ʵʪʦʤ, ɸʉ1  ʦʙʨʘʟʫʝʪʩʷ  ʥʝʩʢʦʣʴʢʠʤʠ 

ʩʧʦʩʦʙʘʤʠ: ʘʤʦʨʬʠʟʘʮʠʷ ʨʘʩʧʣʘʚʘ ʧʨʠ  ʚʳʩʦʢʦʡ ʩʢʦʨʦʩʪʠ ʦʭʣʘ-

ʞʜʝʥʠʷ (Ó10
6
 ʂ/ʩ) ʩʬʝʨʠʯʝʩʢʦʡ ʢʘʧʣʠ  ʤʘʣʦʛʦ ʜʠʘʤʝʪʨʘ (Ò 10 ʤʢʤ) 
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ʚ ʛʘʟʦʚʦʡ ʩʨʝʜʝ;  ʟʘʪʚʝʨʜʝʚʘʥʠʝ  ʪʦʥʢʦʛʦ ʩʣʦʷ ʨʘʩʧʣʘʚʘ (Ò 10 ʤʢʤ) 

ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʩʬʝʨʠʯʝʩʢʦʡ ʪʚʝʨʜʦʡ ʯʘʩʪʠʮʳ (ʜʠʘʤʝʪʨʦʤ Ó 100 

ʤʢʤ) ʦʭʣʘʞʜʘʝʤʦʡ ʩʦ ʩʢʦʨʦʩʪʴʶ ʙʣʠʟʢʦʡ ʢ 10
6
 ʂ/ʩ ʚ ʛʘʟʦʚʦʡ ʩʨʝʜʝ.   

ʉʦʦʪʚʝʪʩʪʚʝʥʥʦ, ɸʉ2 ʦʙʨʘʟʫʝʪʩʷ ʥʘ ʬʨʦʥʪʝ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ 

Fe14Nd2B  ʠʣʠ ʚ ʧʨʦʤʝʞʫʪʢʘʭ ʤʝʞʜʫ ʨʘʩʪʫʱʠʤʠ ʢʨʠʩʪʘʣʣʠʪʘʤʠ ʠʟ 

ʧʝʨʝʦʭʣʘʞʜʝʥʥʦʛʦ ʨʘʩʧʣʘʚʘ, ʦʙʦʛʘʱʝʥʥʦʛʦ  ʢ  ʤʦʤʝʥʪʫ  ʟʘʪʚʝʨʜʝ-

ʚʘʥʠʷ   Nd,  ʠ  ʦʭʣʘʞʜʘʝʤʦʛʦ  ʩʦ   ʩʢʦʨʦʩʪʴʶ  ʙʣʠʟʢʦʡ  10
5 
ʂ/ʩ. ɺʦʟ-

ʥʠʢʥʦʚʝʥʠʝ ʪʘʢʠʭ ʞʝ ʜʚʫʭ ʪʠʧʦʚ ɸʉ ʚ ʩʧʣʘʚʘʭ ʙʣʠʟʢʦʛʦ  ʩʦʩʪʘʚʘ  

ʧʦʣʫʯʝʥʥʳʭ ʤʝʪʦʜʦʤ ʞʠʜʢʦʬʘʟʥʦʛʦ ʩʧʝʢʘʥʠʷ ʚʳʷʚʣʝʥʦ ʧʨʠ ʠʭ ʦʙ-

ʨʘʙʦʪʢʝ ʤʝʪʦʜʦʤ ʩʧʝʮʠʘʣʴʥʦʡ ʧʣʘʩʪʠʯʝʩʢʦʡ ʜʝʬʦʨʤʘʮʠʠ (high 

pressure torsion) ʚ [3]. 

 

ʃʠʪʝʨʘʪʫʨʘ 
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ʆʛʥʝʩʪʦʡʢʠʝ ʧʦʞʘʨʦʙʝʟʦʧʘʩʥʳʝ ʤʘʪʝʨʠʘʣʳ ʠʩʧʦʣʴʟʫʶʪʩʷ ʚ ʩʦ-

ʟʜʘʥʠʠ ʩʧʝʮʦʜʝʞʜʳ, ʦʙʣʘʜʘʶʱʝʡ ʢʦʤʧʣʝʢʩʦʤ ʟʘʱʠʪʥʳʭ ʩʚʦʡʩʪʚ ʚ 

ʵʢʩʪʨʝʤʘʣʴʥʳʭ ʩʠʪʫʘʮʠʷʭ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʢ ʪʝʢʩʪʠʣʴʥʳʤ ʤʘʪʝʨʠʘ-

ʣʘʤ ʧʨʝʜʲʷʚʣʷʝʪʩʷ ʨʷʜ ʩʧʝʮʠʘʣʴʥʳʭ ʪʨʝʙʦʚʘʥʠʡ, ʧʦʵʪʦʤʫ ʘʢʪʫʘʣʴ-

ʥʦʡ ʷʚʣʷʝʪʩʷ ʟʘʜʘʯʘ ʤʦʜʠʬʠʢʘʮʠʠ ʫʞʝ ʠʟʚʝʩʪʥʳʭ ʧʦʣʠʤʝʨʥʳʭ ʤʘ-

ʪʝʨʠʘʣʦʚ. 

ʅʘʧʨʘʚʣʝʥʥʦʝ ʠʟʤʝʥʝʥʠʝ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʭ, ʤʝʭʘʥʠʯʝʩʢʠʭ ʠ 

ʭʠʤʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʧʦʣʠʤʝʨʦʚ ʤʦʞʥʦ ʜʦʩʪʠʯʴ ʧʦʩʨʝʜʩʪʚʦʤ ʤʦʜʠ-

ʬʠʢʘʮʠʠ ʧʦʣʠʤʝʨʦʚ. ɺʳʜʝʣʷʶʪ: ʩʪʨʫʢʪʫʨʥʦʝ, ʢʦʤʧʦʟʠʮʠʦʥʥʦʝ, 

ʭʠʤʠʯʝʩʢʦʝ ʠ ʬʠʟʠʯʝʩʢʦʝ ʤʦʜʠʬʠʮʠʨʦʚʘʥʠʝ [1]. 

ʄʦʜʠʬʠʢʘʮʠʶ ʤʦʞʥʦ ʦʩʫʱʝʩʪʚʣʷʪʴ ʥʘ ʩʪʘʜʠʠ ʧʝʨʝʨʘʙʦʪʢʠ ʧʦ-

ʣʠʤʝʨʘ ʚ ʠʟʜʝʣʠʝ; ʧʨʠ ʦʙʨʘʙʦʪʢʝ ʛʦʪʦʚʦʛʦ ʧʦʣʠʤʝʨʘ; ʧʨʠ ʦʙʨʘʙʦʪʢʝ 

ʛʦʪʦʚʦʛʦ ʠʟʜʝʣʠʷ.  

ʆʜʥʠʤ ʠʟ ʚʠʜʦʚ ʬʠʟʠʯʝʩʢʦʡ ʤʦʜʠʬʠʢʘʮʠʠ ʧʨʠ ʧʦʣʫʯʝʥʠʠ ʧʦ-

ʣʠʤʝʨʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʷʚʣʷʝʪʩʷ ʧʨʠʤʝʥʝʥʠʝ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʡ 

ʩʚʝʨʭʚʳʩʦʢʦʯʘʩʪʦʪʥʦʡ (ʉɺʏ) ʦʙʨʘʙʦʪʢʠ ʤʘʪʝʨʠʘʣʘ[2]. 

ʄʦʜʠʬʠʢʘʮʠʷ ʉɺʏ ʠʟʣʫʯʝʥʠʝʤ ʠʤʝʝʪ ʨʷʜ ʧʨʝʠʤʫʱʝʩʪʚ: ʦʙʲʝʤ-

ʥʦʝ ʧʨʦʥʠʢʥʦʚʝʥʠʝ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʡ ʚʦʣʥʳ ʚ ʩʪʨʫʢʪʫʨʫ ʤʘʪʝʨʠʘ-

ʣʘ; ʦʯʝʥʴ ʚʳʩʦʢʘ ʩʢʦʨʦʩʪʴ ʚʦʟʜʝʡʩʪʚʠʷ; ʥʝ ʟʘʛʨʷʟʥʷʝʪ ʠʟʜʝʣʠʝ ʚ 

ʧʨʦʮʝʩʩʝ ʚʦʟʜʝʡʩʪʚʠʷ; ʚʦʟʤʦʞʥʦʩʪʴ ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʤʦʱʥʦʩʪʠ ʉɺʏ 

ʠʟʣʫʯʝʥʠʷ [3]. 

ʎʝʣʴʶ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ  ʠʟʫʯʝʥʠʝ ʧʨʠʤʝʥʝʥʠʷ ʉɺʏ ʠʟʣʫʯʝʥʠʷ 

ʥʘ ʩʪʘʜʠʠ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʡ ʦʙʨʘʙʦʪʢʠ ʧʨʠ ʤʦʜʠʬʠʢʘʮʠʠ ʧʦʣʠʘʢ-

ʨʠʣʦʥʠʪʨʠʣʴʥʳʭ ʚʦʣʦʢʦʥ ʦʛʥʝʟʘʤʝʜʣʠʪʝʣʴʥʦʡ ʩʠʩʪʝʤʦʡ ʩ ʮʝʣʴʶ 

ʩʦʟʜʘʥʠʷ ʧʦʞʘʨʦʙʝʟʦʧʘʩʥʳʭ ʤʘʪʝʨʠʘʣʦʚ. ʆʙʲʝʢʪʘʤʠ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʷʚʣʷʝʪʩʷ ʩʚʝʞʝʩʬʦʨʤʦʚʘʥʥʦʝ ʠ ʢʦʥʜʠʮʠʦʥʥʦʝ ʇɸʅ ʚʦʣʦʢʥʘ. 

ɺ ʢʘʯʝʩʪʚʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚʳʙʨʘʥʘ ʦʛʥʝʟʘʤʝʜʣʠʪʝʣʴʥʘʷ ʩʠʩʪʝʤʘ 

(ʆɻɿʉ), ʩʦʜʝʨʞʘʱʘʷ ʬʦʩʬʦʨ-ʙʦʨ ʩʦʝʜʠʥʝʥʠʷ. ʉʦʝʜʠʥʝʥʠʷ ʆɻɿʉ 

ʭʦʨʦʰʦ ʨʘʩʪʚʦʨʠʤʳ ʚ ʚʦʜʝ ʠ ʤʦʛʫʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ ʚ ʢʘʯʝʩʪʚʝ 
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ʧʨʦʧʠʪʦʯʥʳʭ ʨʘʩʪʚʦʨʦʚ ʜʣʷ ʧʦʣʠʘʢʨʠʣʦʥʠʪʨʠʣʴʥʳʭ ʚʦʣʦʢʦʥ ʩ ʮʝ-

ʣʴʶ ʧʦʚʳʰʝʥʠʷ ʠʭ ʦʛʥʝʩʪʦʡʢʦʩʪʠ. 

ʇʨʦʮʝʩʩ ʤʦʜʠʬʠʮʠʨʦʚʘʥʠʷ ʛʦʪʦʚʦʛʦ ʚʦʣʦʢʥʘ ʚʢʣʶʯʘʣ ʩʣʝʜʫʶ-

ʱʠʝ ʩʪʘʜʠʠ: ʧʨʝʜʚʘʨʠʪʝʣʴʥʫʶ ʉɺʏ ʦʙʨʘʙʦʪʢʫ; ʧʨʦʧʠʪʢʫ ʚʦʣʦʢʥʘ 

ʚʦʜʥʳʤʠ ʨʘʩʪʚʦʨʘʤʠ ʆɻɿʉ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 20Áʉ ʧʨʠ ʤʦʜʫʣʝ ʚʘʥ-

ʥʳ ʄʚ =5; ʪʝʨʤʦʦʙʨʘʙʦʪʢʫ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 150Áʉ ʚ ʪʝʯʝʥʠʠ 10 

ʤʠʥ.; ʧʨʦʤʳʚʢʫ ʭʦʣʦʜʥʦʡ ʚʦʜʦʡ ʠ ʪʝʤʧʝʨʘʪʫʨʦʡ 40Áʉ, ʜʣʷ ʫʜʘʣʝ-

ʥʠʷ ʥʝʧʨʦʨʝʘʛʠʨʦʚʘʚʰʝʛʦ ʧʨʝʧʘʨʘʪʘ; ʩʫʰʢʫ ʜʦ ʧʦʩʪʦʷʥʥʦʡ ʤʘʩʩʳ. 

ʇʦʞʘʨʥʘʷ ʙʝʟʦʧʘʩʥʦʩʪʴ ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʦʛʦ ʚʦʣʦʢʥʘ ʦʧʨʝʜʝʣʷ-

ʣʘʩʴ ʧʦ ʩʧʦʩʦʙʥʦʩʪʠ ʤʘʪʝʨʠʘʣʘ ʟʘʛʦʨʘʪʴʩʷ, ʧʦʜʜʝʨʞʠʚʘʪʴ ʠ ʨʘʩʧʨʦ-

ʩʪʨʘʥʷʪʴ ʧʨʦʮʝʩʩ ʛʦʨʝʥʠʷ. ʂʠʩʣʦʨʦʜʥʳʡ ʠʥʜʝʢʩ (ʂʀ) ʤʦʜʠʬʠʮʠʨʦ-

ʚʘʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʦʧʨʝʜʝʣʠʤ ʧʦ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʧʦʣʫʯʝʥʥʦʤʫ 

ʢʦʢʩʦʚʦʤʫ ʦʩʪʘʪʢʫ. ʂʀ ʨʘʩʩʯʠʪʳʚʘʝʪʩʷ ʩʦʛʣʘʩʥʦ ʬʦʨʤʫʣʝ (1): 

ʂʀ = 17,5 + 0,4ʂʆ       (1) 

ʂʀ = 0,34  ʂʆ + 19,6   (2) 

ʕʬʬʝʢʪʠʚʥʦʩʪʴ ʤʦʜʠʬʠʢʘʮʠʠ ʧʨʠʚʝʜʝʥʘ ʚ ʪʘʙʣ.1. 

 
ʊʘʙʣʠʮʘ 1ʕʬʬʝʢʪʠʚʥʦʩʪʴ ʤʦʜʠʬʠʢʘʮʠʠ 

ʇʘʨʘʤʝʪʨʳ ʵʢʩʧʝʨʠ-

ʤʝʥʪʘ                           

 

ʉʦʩʪʘʚ ʦʙʨʘʟʮʘ                                           

ʂʠʩʣʦʨʦʜʥʳʡ ʠʥʜʝʢʩ 

ʉɺʏ ʇʨʦʧʠʪʢʘ  ʇʨʦʤʳʚʢʘ 

ʉʚʝʞʝʩʬʦʨʤʦʚʘʥʥʦʝ 

ʇɸʅ ʚʦʣʦʢʥʦ  

+ ʆɻɿʉ 

- 27,5 21 

+ 31 24 

ʂʦʥʜʠʮʠʦʥʥʦʝ ʇɸʅ 

ʚʦʣʦʢʥʦ  

+ ʆɻɿʉ 

- 24 19 

+ 26 20 

 

ɺʳʩʦʢʦʝ ʧʨʝʦʙʨʘʟʦʚʘʥʠʝ ʵʥʝʨʛʠʠ ʉɺʏ ʠʟʣʫʯʝʥʠʷ ʚ ʪʝʧʣʦʚʫʶ ʥʘ 

ʩʪʘʜʠʠ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʛʦ ʤʦʜʠʬʠʮʠʨʦʚʘʥʠʷ ʇɸʅ ʚʦʣʦʢʦʥ ʆɻɿʉ 

ʧʦʚʳʰʘʝʪ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʭʠʤʠʯʝʩʢʦʡ ʤʦʜʠʬʠʢʘʮʠʠ ʢʘʢ ʩʚʝ-

ʞʝʩʬʦʨʤʦʚʘʥʥʦʛʦ, ʪʘʢ ʠ ʢʦʥʜʠʮʠʦʥʥʦʛʦ ʚʦʣʦʢʥʘ. 
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ɹʫʜʫʱʝʝ ʷʜʝʨʥʦʡ ʵʥʝʨʛʝʪʠʢʠ ʩʚʷʟʘʥʦ ʩ ʨʘʟʚʠʪʠʝʤ ʨʝʘʢʪʦʨʥʳʭ 

ʫʩʪʘʥʦʚʦʢ ʥʘ ʙʳʩʪʨʳʭ ʥʝʡʪʨʦʥʘʭ ʩ ʥʘʪʨʠʝʚʳʤ (ɹʅ) ʠ ʩʚʠʥʮʦʚʳʤ 

(ɹʈɽʉʊ) ʪʝʧʣʦʥʦʩʠʪʝʣʷʤʠ. 

ʈʝʘʢʪʦʨʳ ɹʅ, ʥʘʠʙʦʣʝʝ ʦʩʚʦʝʥʥʳʝ ʢ ʥʘʩʪʦʷʱʝʤʫ ʚʨʝʤʝʥʠ, ʭʘ-

ʨʘʢʪʝʨʠʟʫʶʪʩʷ ʚʳʩʦʢʠʤʠ ʪʝʧʣʦʚʳʤʠ ʧʦʪʦʢʘʤʠ ʠ ʪʝʤʧʝʨʘʪʫʨʘʤʠ ʚ 

ʘʢʪʠʚʥʦʡ ʟʦʥʝ. ɼʦʩʪʠʞʝʥʠʝ ʛʣʫʙʦʢʠʭ ʚʳʛʦʨʘʥʠʡ ʪʦʧʣʠʚʘ ʚ ʪʘʢʠʭ 

ʫʩʣʦʚʠʷʭ ʚʦʟʤʦʞʥʦ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʣʝʛʢʦʧʣʘʚʢʠʭ ʪʝʧʣʦʧʨʦʚʦ-

ʜʷʱʠʭ ʩʣʦʝʚ ʤʝʞʜʫ ʪʦʧʣʠʚʦʤ ʠ ʦʙʦʣʦʯʢʦʡ, ʚ ʯʘʩʪʥʦʩʪʠ, ʩʣʦʝʚ ʠʟ 

ʩʚʠʥʮʘ ʠ ʝʛʦ ʩʧʣʘʚʦʚ. ʇʨʠʤʝʥʝʥʠʝ ʪʝʧʣʦʧʨʦʚʦʜʷʱʠʭ ʩʣʦʝʚ ʩʥʠʞʘ-

ʝʪ ʪʝʤʧʝʨʘʪʫʨʫ ʪʦʧʣʠʚʘ, ʝʛʦ ʨʘʩʧʫʭʘʥʠʝ ʠ ʛʘʟʦʚʳʜʝʣʝʥʠʝ, ʧʦʚʳʰʘ-

ʝʪ ʨʘʜʠʘʮʠʦʥʥʫʶ ʩʪʦʡʢʦʩʪʴ ʪʚʵʣʦʚ. ɺʳʩʦʢʘʷ ʭʠʤʠʯʝʩʢʘʷ ʘʢʪʠʚ-

ʥʦʩʪʴ ʩʚʠʥʮʘ, ʧʨʠʚʦʜʷʱʘʷ ʢ ʝʛʦ ʟʥʘʯʠʪʝʣʴʥʦʤʫ ʢʦʨʨʦʟʠʦʥʥʦʤʫ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʶ ʩ ʦʙʦʣʦʯʢʦʡ, ʤʦʞʝʪ ʙʳʪʴ ʩʥʠʞʝʥʘ ʚʚʝʜʝʥʠʝʤ ʚ 

ʩʚʠʥʝʮ ʥʝʢʦʪʦʨʳʭ ʜʦʙʘʚʦʢ [1]. 

ʇʨʦʚʝʜʝʥʥʳʝ ʦʮʝʥʢʠ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʚ ʪʚʵʣʘʭ, ʧʨʠ ʟʘʟʦʨʝ ʤʝʞʜʫ 

ʪʦʧʣʠʚʦʤ ʠ ʦʙʦʣʦʯʢʦʡ ʚ 0,1 ʤʤ, ʪʝʨʤʠʯʝʩʢʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʞʠʜ-

ʢʦʤʝʪʘʣʣʠʯʝʩʢʦʛʦ ʪʝʧʣʦʧʨʦʚʦʜʷʱʝʛʦ ʩʣʦʷ ʦʢʘʟʳʚʘʝʪʩʷ ʩʦʧʦʩʪʘʚʠ-

ʤʳʤ ʩ ʪʝʨʤʠʯʝʩʢʠʤ ʩʦʧʨʦʪʠʚʣʝʥʠʝʤ ʛʨʘʥʠʮ ʢʦʥʪʘʢʪʘ ʨʘʩʧʣʘʚʘ ʩ 

ʪʦʧʣʠʚʦʤ ʠ ʦʙʦʣʦʯʢʦʡ. ʉ ʫʚʝʣʠʯʝʥʠʝʤ ʛʣʫʙʠʥʳ ʚʳʛʦʨʘʥʠʷ, ʪʝʧʣʦ-

ʧʨʦʚʦʜʥʦʩʪʴ ʪʦʧʣʠʚʘ ʙʫʜʝʪ ʫʤʝʥʴʰʘʪʴʩʷ, ʘ ʪʝʨʤʠʯʝʩʢʠʝ ʩʦʧʨʦʪʠʚ-

ʣʝʥʠʷ, ʚʝʨʦʷʪʥʦ, ʙʫʜʫʪ ʚʦʟʨʘʩʪʘʪʴ ʚ ʩʚʷʟʠ ʩ ʥʘʢʦʧʣʝʥʠʝʤ ʥʘ ʧʦ-

ʚʝʨʭʥʦʩʪʷʭ ʪʦʧʣʠʚʘ ʠ ʦʙʦʣʦʯʢʠ ʛʘʟʦʦʙʨʘʟʥʳʭ ʧʨʦʜʫʢʪʦʚ ʜʝʣʝʥʠʷ. ɺ 

ʨʝʟʫʣʴʪʘʪʝ, ʪʝʤʧʝʨʘʪʫʨʘ ʚ ʮʝʥʪʨʝ ʪʦʧʣʠʚʘ ʙʫʜʝʪ ʫʚʝʣʠʯʠʚʘʪʴʩʷ. 

ʋʢʘʟʘʥʥʳʝ ʚʳʰʝ ʬʘʢʪʦʨʳ ʜʦʣʞʥʳ ʫʯʠʪʳʚʘʪʴʩʷ ʧʨʠ ʧʨʦʚʝʜʝʥʠʠ 

ʨʘʩʯʝʪʦʚ ʪʝʧʣʦʚʦʛʦ ʨʝʞʠʤʘ ʪʚʵʣʦʚ ʠ ʨʝʘʢʪʦʨʥʦʡ ʫʩʪʘʥʦʚʢʠ ʚ ʮʝ-

ʣʦʤ. 

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʧʨʦʚʝʜʝʥʦ ʨʘʩʯʝʪʥʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʪʝʨʤʠʯʝ-

ʩʢʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʦʙʣʘʩʪʠ ʢʦʥʪʘʢʪʘ ʧʦʚʝʨʭʥʦʩʪʠ ʪʝʧʣʦʦʙʤʝʥʘ ʠ 

ʨʘʩʧʣʘʚʘ ʩʚʠʥʮʘ. ʉ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʛʝʦʤʝʪʨʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʦʙʣʘ-
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ʩʪʠ ʢʦʥʪʘʢʪʘ, ʨʘʟʨʘʙʦʪʘʥʥʦʡ ʥʘ ʦʩʥʦʚʘʥʠʠ ʘʥʘʣʠʟʘ ʠʟʦʙʨʘʞʝʥʠʡ 

ʢʦʥʪʘʢʪʥʳʭ ʧʦʚʝʨʭʥʦʩʪʝʡ ʩʪʘʣʠ ʠ ʩʚʠʥʮʘ, ʧʨʦʚʝʜʝʥ ʨʘʩʯʝʪ ʢʦʥ-

ʪʘʢʪʥʳʭ ʩʦʧʨʦʪʠʚʣʝʥʠʡ ʤʝʞʜʫ ʨʘʩʧʣʘʚʦʤ ʩʚʠʥʮʘ ʠ ʧʦʚʝʨʭʥʦʩʪʴʶ 

ʩʪʘʣʠ ʕʇ-823. ʈʝʟʫʣʴʪʘʪʳ ʨʘʩʯʝʪʦʚ ʩʦʧʦʩʪʘʚʣʝʥʳ ʩ ʵʢʩʧʝʨʠʤʝʥ-

ʪʘʣʴʥʳʤʠ ʜʘʥʥʳʤʠ, ʧʦʣʫʯʝʥʥʳʤʠ ʤʝʪʦʜʦʤ ʥʘʛʨʝʚʘ ʠʤʧʫʣʴʩʦʤ ʣʘ-

ʟʝʨʘ ʩʚʠʥʮʘ ʠ ʝʛʦ ʩʧʣʘʚʦʚ ʚ ʪʠʛʣʷʭ ʠʟ ʩʪʘʣʝʡ ʕʇ-823 ʠ 12ʍ18ʅ10ʊ 

[2]. 
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ʆʜʥʠʤ ʠʟ ʧʘʨʘʤʝʪʨʦʚ ʚ ʤʦʜʝʣʠ ʨʘʩʯʸʪʘ ʢʠʥʝʪʠʢʠ ʨʝʘʢʪʦʨʘ ʷʚʣʷ-

ʝʪʩʷ ʨʝʘʢʪʠʚʥʦʩʪʴ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʘʷ ʩʪʝʧʝʥʴ ʦʪʢʣʦʥʝʥʠʷ ʨʝʘʢʪʦʨʘ 

ʦʪ ʝʛʦ ʢʨʠʪʠʯʝʩʢʦʛʦ ʩʦʩʪʦʷʥʠʷ. 

ʀʟʚʝʩʪʥʦ 2 ʚʘʨʠʘʥʪʘ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚʨʝʤʝʥʥʦʛʦ ʨʝʞʠʤʘ (ʢʠʥʝʪʠ-

ʢʠ) ʨʝʘʢʪʦʨʘ. 

ʇʦ ʚʘʨʠʘʥʪʫ I ʟʘʚʠʩʠʤʦʩʪʴ ʤʦʱʥʦʩʪʠ ʷʜʝʨʥʦʛʦ ʨʝʘʢʪʦʨʘ ʦʪ ʚʨʝ-

ʤʝʥʠ ʦʧʨʝʜʝʣʷʶʪ ʩʠʩʪʝʤʦʡ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʭ ʫʨʘʚʥʝʥʠʡ [1], ʩʦ-

ʩʪʦʷʱʝʡ ʠʟ ʥʝʩʪʘʮʠʦʥʘʨʥʦʛʦ ʜʠʬʬʫʟʠʦʥʥʦʛʦ ʫʨʘʚʥʝʥʠʷ ʚʪʦʨʦʛʦ 

ʧʦʨʷʜʢʘ ʧʦ ʢʦʦʨʜʠʥʘʪʘʤ ʜʣʷ ʧʦʪʦʢʘ F ʪʝʧʣʦʚʳʭ ʥʝʡʪʨʦʥʦʚ ʠ 6-ʠ 

ʫʨʘʚʥʝʥʠʡ ʜʣʷ ʩʢʦʨʦʩʪʠ ʠʟʤʝʥʝʥʠʷ ʢʦʥʮʝʥʪʨʘʮʠʠ ʦʩʢʦʣʢʦʚ ʜʝʣʝ-

ʥʠʷ (ʷʜʝʨ-ʵʤʠʪʪʝʨʦʚ) Ci, ʠʩʧʫʩʢʘʶʱʠʭ ʟʘʧʘʟʜʳʚʘʶʱʠʝ ʥʝʡʪʨʦʥʳ : 

 = DDF ï SaF + S   ʠ    = bik¤SaF ï liCi,  (I) 

ʇʫʪʸʤ ʫʧʨʦʱʝʥʠʡ ʠ ʜʦʧʫʱʝʥʠʡ, ʟʘʜʘʯʫ ʩʚʦʜʷʪ ʢ ʩʣʫʯʘʶ ʪʦʯʝʯ-

ʥʦʛʦ ʨʝʘʢʪʦʨʘ ʩ ʦʜʥʦʡ ʛʨʫʧʧʦʡ ʟʘʧʘʟʜʳʚʘʶʱʠʭ ʥʝʡʪʨʦʥʦʚ, ʭʘʨʘʢ-

ʪʝʨʠʟʫʝʤʦʡ ʩʨʝʜʥʝʚʟʚʝʰʝʥʥʦʡ ʧʦʩʪʦʷʥʥʦʡ ʨʘʩʧʘʜʘ l. ʊʦʛʜʘ ʨʝʰʝ-

ʥʠʝ ʩʠʩʪʝʤʳ (I) ʤʦʞʥʦ ʧʨʝʜʩʪʘʚʠʪʴ ʘʥʘʣʠʪʠʯʝʩʢʦʡ ʬʦʨʤʫʣʦʡ [2, c. 

30] ʜʣʷ ʧʣʦʪʥʦʩʪʠ ʧʦʪʦʢʘ ʥʝʡʪʨʦʥʦʚ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʚʨʝʤʝʥʠ. ɺ 

ʯʘʩʪʥʦʩʪʠ ʜʣʷ ʧʘʨʘʤʝʪʨʦʚ l = 0,001 ʩ; l = 0,077 ʩ
-1
; b = 0,0064 ʠ ʨʝ-

ʘʢʪʠʚʥʦʩʪʠ r = 0,003: 

nr = F/F0 = 1,88exp(0,07t) ï 0,88 exp(-3.4t),   (1) 

ʛʜʝ F = un, F0 = un0,   u ï ʩʢʦʨʦʩʪʴ ʥʝʡʪʨʦʥʦʚ ʚ ʦʜʥʦʩʢʦʨʦʩʪʥʦʤ 

ʧʨʠʙʣʠʞʝʥʠʠ. 

ʇʦ ʚʘʨʠʘʥʪʫ II ʠʟʥʘʯʘʣʴʥʦ ʨʘʩʩʤʘʪʨʠʚʘʶʪ ʪʦʯʝʯʥʫʶ ʤʦʜʝʣʴ ʨʝ-

ʘʢʪʦʨʘ ʩ ʦʜʥʦʡ ʛʨʫʧʧʦʡ ʟʘʧʘʟʜʳʚʘʶʱʠʭ ʥʝʡʪʨʦʥʦʚ ʧʨʠ ʩʣʘʙʳʭ 

ʚʦʟʤʫʱʝʥʠʷʭ ʢʨʠʪʠʯʥʦʩʪʠ [3]. ʊʘʢʘʷ ʤʦʜʝʣʴ ʧʨʠʙʣʠʞʝʥʥʦ ʦʧʠʩʳ-

ʚʘʝʪ ʚʨʝʤʝʥʥʦʝ ʧʦʚʝʜʝʥʠʝ ʤʦʱʥʦʩʪʠ ʨʝʘʢʪʦʨʘ ʩʠʩʪʝʤʦʡ ʜʚʫʭ ʜʠʬ-

ʬʝʨʝʥʮʠʘʣʴʥʳʭ ʫʨʘʚʥʝʥʠʡ ʧʝʨʚʦʛʦ ʧʦʨʷʜʢʘ: 

   ʠ       (II ) 
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ʅʘʤʠ ʧʨʝʜʧʨʠʥʷʪʘ ʧʦʧʳʪʢʘ ʚʳʷʩʥʠʪʴ, ʢʘʢʦʡ ʠʟ ʵʪʠʭ ʜʚʫʭ ʚʘʨʠ-

ʘʥʪʦʚ ʨʝʰʝʥʠʷ ʫʨʘʚʥʝʥʠʡ ʢʠʥʝʪʠʢʠ ʨʝʘʢʪʦʨʘ ʣʫʯʰʝ ʧʦʜʭʦʜʠʪ ʜʣʷ 

ʘʥʘʣʠʟʘ ʠʟʤʝʥʝʥʠʷ ʧʦʪʦʢʘ ʥʝʡʪʨʦʥʦʚ, ʘ ʪʘʢʞʝ ʤʦʱʥʦʩʪʠ ʨʝʘʢʪʦʨʘ, 

ʧʨʠ ʤʥʦʛʦʢʨʘʪʥʳʭ ʩʢʘʯʢʘʭ ʨʝʘʢʪʠʚʥʦʩʪʠ. ʉ ʵʪʦʡ ʮʝʣʴʶ ʩʦʩʪʘʚʣʝʥʘ 

ʫʥʠʚʝʨʩʘʣʴʥʘʷ ʧʨʦʛʨʘʤʤʘ CNR ʯʠʩʣʝʥʥʦʛʦ ʨʝʰʝʥʠʷ ʩʠʩʪʝʤʳ ʜʠʬ-

ʬʝʨʝʥʮʠʘʣʴʥʳʭ ʫʨʘʚʥʝʥʠʡ (II), ʘ ʢʨʦʤʝ ʪʦʛʦ, ʜʣʷ r = 0,003 ʤʝʪʦʜʦʤ 

ʠʩʢʣʶʯʝʥʠʷ ʧʦʣʫʯʝʥʦ ʘʥʘʣʠʪʠʯʝʩʢʦʝ ʨʝʰʝʥʠʝ: 

nr = n/n0 = 1,815exp(0,0652t) ï 0,815exp(-3,54t),  (2) 

Cr = C/C 0 = 0,982exp(0,0652t) + 0,018exp(-3,54t),  (3) 

ʧʨʠ ʚʳʚʦʜʝ ʢʦʪʦʨʦʛʦ ʧʨʠʥʷʪʳ ʪʝ ʞʝ ʟʥʘʯʝʥʠʷ l, l, b, ʯʪʦ ʧʨʠ ʚʳʚʦ-

ʜʝ ʬʫʥʢʮʠʠ (1). ɺ ʬʦʨʤʫʣʘʭ (2), (3) n0 ʠ C0 ï ʧʣʦʪʥʦʩʪʴ ʥʝʡʪʨʦʥʦʚ ʠ 

ʢʦʥʮʝʥʪʨʘʮʠʷ ʷʜʝʨ-ʵʤʠʪʪʝʨʦʚ ʧʝʨʝʜ ʩʢʘʯʢʦʤ ʨʝʘʢʪʠʚʥʦʩʪʠ. 

ʌʫʥʢʮʠʠ (1), (2) ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʪʦʯʢʦʡ ʧʝʨʝʛʠʙʘ ʚ ʤʦʤʝʥʪ 

ʚʨʝʤʝʥʠ tʧ º 2 ʩ. ɺ ʵʪʦʪ ʤʦʤʝʥʪ ʦʪʥʦʩʠʪʝʣʴʥʦʝ ʨʘʩʭʦʞʜʝʥʠʝ ʟʥʘʯʝ-

ʥʠʡ ʵʪʠʭ ʬʫʥʢʮʠʡ ʜʦʩʪʠʛʘʝʪ ʦʢʦʣʦ 5%.  

ʏʠʩʣʝʥʥʦʝ ʨʝʰʝʥʠʝ ʩʠʩʪʝʤʳ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʭ ʫʨʘʚʥʝʥʠʡ (II) 

ʨʝʘʣʠʟʦʚʘʥʦ ʧʦ ʤʝʪʦʜʫ ʕʡʣʝʨʘ ʥʘ ʷʟʳʢʝ Free Pascal. ʇʨʦʛʨʘʤʤʦʡ 

CNR ʥʘ ʵʢʨʘʥ ʚʳʚʦʜʠʪʩʷ ʪʘʙʣʠʮʘ ʟʥʘʯʝʥʠʡ ʬʫʥʢʮʠʡ nr, Cr ʠ ʠʭ 

ʧʨʦʠʟʚʦʜʥʳʭ dnr/dt, dCr/dt ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʚʨʝʤʝʥʠ. ɺ ʧʨʦʛʨʘʤʤʝ 

ʧʨʝʜʫʩʤʦʪʨʝʥʳ ʚʦʟʤʦʞʥʦʩʪʠ ʚʳʙʦʨʘ ʚʨʝʤʝʥʥʦʛʦ ʠʥʪʝʨʚʘʣʘ ʚʳʚʦ-

ʜʠʤʳʭ ʟʥʘʯʝʥʠʡ ʠ ʝʛʦ ʜʝʣʝʥʠʷ ʥʘ ʙʦʣʝʝ ʤʝʣʢʠʝ ʰʘʛʠ ʧʦ ʚʨʝʤʝʥʠ dt 

ʜʣʷ ʫʪʦʯʥʝʥʠʷ ʚʳʯʠʩʣʝʥʠʡ. ʈʝʟʫʣʴʪʘʪʳ ʦʧʨʝʜʝʣʝʥʠʷ nr ʠ Cr ʧʦ ʧʨʦ-

ʛʨʘʤʤʝ CNR ʩʦʚʧʘʜʘʶʪ ʩ ʘʥʘʣʠʪʠʯʝʩʢʠʤ ʨʝʰʝʥʠʝʤ (2), (3) ʚ ʧʨʝʜʝ-

ʣʘʭ ʧʦʛʨʝʰʥʦʩʪʠ ʦʢʦʣʦ 0,01%. 

 
ʈʠʩ. 1. ɿʘʚʠʩʠʤʦʚʩʪʴ ʧʦʣʦʞʝʥʠʷ ʧʝʨʝʛʠʙʘ tʧ1 ʦʪ ʨʝʘʢʪʠʚʥʦʩʪʠ ɟ 

ʥʘ ʛʨʘʬʠʢʘʭ ʬʫʥʢʮʠʠ (2) ʠ ʪʦʯʝʢ ʧʝʨʝʛʠʙʘ tʧ2 ʥʘ ʛʨʘʬʠʢʘʭ, ʧʦ-

ʩʪʨʦʝʥʥʳʭ ʧʫʪʸʤ ʯʠʩʣʝʥʥʦʛʦ ʨʝʰʝʥʠʷ ʩʠʩʪʝʤʳ (3). 

ʂʘʢ ʚʠʜʥʦ ʠʟ ʨʠʩʫʥʢʘ, ʧʨʠ r > 0,0055 ʚʨʝʤʷ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʝ 

ʧʦʣʦʞʝʥʠʶ ʪʦʯʢʠ ʧʝʨʝʛʠʙʘ tʧ1, ʦʧʨʝʜʝʣʷʝʤʦʝ ʧʦ ʨʝʰʝʥʠʶ ʩʠʩʪʝʤʳ 

(I), ʩʪʘʥʦʚʠʪʩʷ ʦʪʨʠʮʘʪʝʣʴʥʳʤ, ʯʪʦ ʣʠʰʝʥʦ ʬʠʟʠʯʝʩʢʦʛʦ ʩʤʳʩʣʘ. 

ʅʘʧʨʦʪʠʚ, ʦʧʨʝʜʝʣʷʝʤʦʝ ʧʨʦʛʨʘʤʤʦʡ CNR ʧʦʣʦʞʝʥʠʝ ʪʦʯʝʢ ʧʝʨʝ-
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ʛʠʙʘ tʧ2 ʦʩʪʘʸʪʩʷ, ʢʘʢ ʠ ʜʦʣʞʥʦ ʙʳʪʴ, ʚ ʧʦʣʦʞʠʪʝʣʴʥʦʡ ʦʙʣʘʩʪʠ ʧʦ 

ʦʩʠ ʚʨʝʤʝʥʠ. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʩʠʩʪʝʤʘ ʫʨʘʚʥʝʥʠʡ (II) ʣʫʯʰʝ ʦʧʠʩʳ-

ʚʘʝʪ ʢʠʥʝʪʠʢʫ ʪʦʯʝʯʥʦʛʦ ʨʝʘʢʪʦʨʘ, ʯʝʤ ʩʠʩʪʝʤʘ ʫʨʘʚʥʝʥʠʡ (I). 

ʀʟ ʘʥʘʣʠʟʘ ʩʠʩʪʝʤʳ (II) ʩʣʝʜʫʝʪ, ʯʪʦ ʚ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ t = 0 ʩʨʘ-

ʟʫ ʧʦʩʣʝ ʩʢʘʯʢʘ ʨʝʘʢʪʠʚʥʦʩʪʠ dnr/dt = r/l, dCr/dt = 0. ʕʪʠʤ ʬʦʨʤʫ-

ʣʘʤ ʚ ʪʦʯʥʦʩʪʠ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʨʝʟʫʣʴʪʘʪʳ ʧʨʦʛʨʘʤʤʳ CNR. ʉʦ-

ʛʣʘʩʥʦ ʬʦʨʤʫʣʘʤ (2), (3) ʧʨʠ t ­ ¤ lim[nr(t)/Cr(t)] = 1,815/0,982 = 

1,847. ʀʤʝʥʥʦ ʢ ʵʪʦʤʫ ʟʥʘʯʝʥʠʶ ʘʩʠʤʧʪʦʪʠʯʝʩʢʠ ʧʨʠʙʣʠʞʘʝʪʩʷ 

ʧʦʩʪʨʦʝʥʥʘʷ ʧʦ ʧʨʦʛʨʘʤʤʝ CNR ʬʫʥʢʮʠʷ [nr(t)/Cr(t)] ʧʦʩʣʝ ʪʦʯʢʠ 

ʧʝʨʝʛʠʙʘ. 

ʇʦʢʘʟʘʥʦ, ʯʪʦ ʧʦ ʧʨʦʛʨʘʤʤʝ CNR ʤʦʞʥʦ ʩʪʨʦʠʪʴ ʛʨʘʬʠʢʠ ʠʟʤʝ-

ʥʝʥʠʷ ʤʦʱʥʦʩʪʠ ʨʝʘʢʪʦʨʘ, ʢʦʛʜʘ ʧʨʦʤʝʞʫʪʢʠ ʚʨʝʤʝʥʠ ʤʝʞʜʫ ʧʦ-

ʩʣʝʜʦʚʘʪʝʣʴʥʳʤʠ ʩʢʘʯʢʘʤʠ ʨʝʘʢʪʠʚʥʦʩʪʠ ʥʝ ʧʨʝʚʳʰʘʶʪ ʚʨʝʤʝʥʠ 

ʧʝʨʝʭʦʜʥʦʛʦ ʨʝʞʠʤʘ ʨʝʘʢʪʦʨʘ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ ʧʦʣʦʞʝʥʠʶ ʪʦʯ-

ʢʠ ʧʝʨʝʛʠʙʘ tʧ. 

ʇʨʝʜʣʘʛʘʝʤʘʷ ʢ ʩʚʦʙʦʜʥʦʤʫ ʜʦʩʪʫʧʫ ʧʨʦʛʨʘʤʤʘ CNR ʤʦʞʝʪ 

ʩʣʫʞʠʪʴ ʦʩʥʦʚʦʡ ʜʣʷ ʨʘʟʨʘʙʦʪʢʠ ʩʪʫʜʝʥʯʝʩʢʠʭ ʣʘʙʦʨʘʪʦʨʥʳʭ ʨʘʙʦʪ 

ʧʦ ʢʠʥʝʪʠʢʝ ʠ ʜʠʥʘʤʠʢʝ ʷʜʝʨʥʳʭ ʨʝʘʢʪʦʨʦʚ. ɼʘʥʥʘʷ ʧʨʦʛʨʘʤʤʘ 

ʪʘʢʞʝ ʚʳʧʦʣʥʝʥʘ ʥʘ ʷʟʳʢʝ Python, ʯʪʦ ʧʦʚʳʰʘʝʪ ʚʘʨʠʘʪʠʚʥʦʩʪʴ ʝʝ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ. 
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ʆʜʠʥ ʠʟ ʧʝʨʚʳʭ ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʨʝʘʢʪʦʨʦʚ ɺɺʕʈ-210 ʙʳʣ 

ʥʘʤʠ ʚʳʙʨʘʥ, ʧʦʩʢʦʣʴʢʫ ʧʦ ʥʝʤʫ ʠʤʝʝʪʩʷ ʥʘʠʙʦʣʴʰʝʝ ʢʦʣʠʯʝʩʪʚʦ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʜʘʥʥʳʭ. ɼʣʷ ʫʯʝʙʥʳʭ ʮʝʣʝʡ ʫʧʨʦʱʝʥʥʦʝ ʤʝʪʦ-

ʜʠʯʝʩʢʦʝ ʧʦʩʦʙʠʝ [1] ʜʦ ʩʠʭ ʧʦʨ ʧʨʝʜʩʪʘʚʣʷʝʪ ʥʝʩʦʤʥʝʥʥʳʡ ʠʥʪʝ-

ʨʝʩ, ʧʦʩʢʦʣʴʢʫ ʩʦʜʝʨʞʠʪ ʤʥʦʞʝʩʪʚʦ ʬʦʨʤʫʣ ʩ ʘʨʠʬʤʝʪʠʯʝʩʢʠʤʠ 

ʨʘʩʯʸʪʘʤʠ ʩ ʪʦʯʥʦʩʪʴʶ ʣʦʛʘʨʠʬʤʠʯʝʩʢʦʡ ʣʠʥʝʡʢʠ, ʜʦʚʝʜʸʥʥʳʤʠ ʜʦ 

ʢʦʥʢʨʝʪʥʳʭ ʯʠʩʝʣ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʙʳʪʴ ʚʟʷʪʳ ʢʘʢ ʦʧʦʨʥʳʝ ʧʨʠ ʦʪ-

ʣʘʜʢʝ ʧʨʦʛʨʘʤʤ, ʩʦʩʪʘʚʣʷʝʤʳʭ ʥʘ ʩʦʚʨʝʤʝʥʥʳʭ ʷʟʳʢʘʭ ʚʳʩʦʢʦʛʦ 

ʫʨʦʚʥʷ. ɺ ʨʘʩʯʸʪʝ ʷʜʝʨʥʦʛʦ ʨʝʘʢʪʦʨʘ ʚʳʯʠʩʣʝʥʥʳʝ ʚʝʣʠʯʠʥʳ ʠʟʤʝ-

ʥʷʶʪʩʷ ʚ ʧʨʝʜʝʣʘʭ ʦʪ 10
-24

 ʜʦ 10
24

. 

ʉ ʮʝʣʴʶ ʦʮʝʥʢʠ ʧʦʛʨʝʰʥʦʩʪʠ ʚʳʯʠʩʣʝʥʠʡ ʨʘʩʯʝʪʘ ʷʜʝʨʥʳʭ ʨʝ-

ʘʢʪʦʨʦʚ ʚ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ ʩʦʩʪʘʚʣʝʥʘ ʧʨʦʛʨʘʤʤʘ PWR_210 ʥʘ 

ʷʟʳʢʝ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ Free Pascal. ʅʘʰʘ ʧʨʦʛʨʘʤʤʘ ʬʦʨʤʘʪʠʨʫ-

ʝʪ ʚʳʚʦʜʠʤʳʝ ʨʝʟʫʣʴʪʘʪʳ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʜʘʥʥʳʤʠ ʩ ʪʦʯʥʦʩʪʴʶ 

ʣʦʛʘʨʠʬʤʠʯʝʩʢʦʡ ʣʠʥʝʡʢʠ. ʇʦʩʢʦʣʴʢʫ ʚ ʥʸʤ ʧʨʠ ʟʘʧʠʩʠ ʟʥʘʯʝʥʠʡ 

ʣʶʙʦʡ ʚʳʯʠʩʣʝʥʥʦʡ ʬʠʟʠʯʝʩʢʦʡ ʚʝʣʠʯʠʥʳ a ʝʸ ʘʙʩʦʣʶʪʥʘʷ ʧʦ-

ʛʨʝʰʥʦʩʪʴ Da ʥʝ ʫʢʘʟʳʚʘʝʪʩʷ, ʪʦ ʩʯʠʪʘʝʤ, ʯʪʦ ʵʪʘ ʧʦʛʨʝʰʥʦʩʪʴ ʥʝ 

ʧʨʝʚʦʩʭʦʜʠʪ ʦʜʥʦʡ ʝʜʠʥʠʮʳ ʧʦʩʣʝʜʥʝʡ ʟʥʘʯʘʱʝʡ ʮʠʬʨʳ ʯʠʩʣʘ. 

ʇʨʠ ʨʝʰʝʥʠʠ ʬʠʟʠʯʝʩʢʠʭ ʟʘʜʘʯ ʟʥʘʯʘʱʠʤʠ ʧʨʠʥʠʤʘʶʪ ʚʩʝ ʮʠʬʨʳ 

ʚ ʜʝʩʷʪʠʯʥʦʤ ʠʟʦʙʨʘʞʝʥʠʠ, ʢʨʦʤʝ ʥʫʣʝʡ, ʩʪʦʷʱʠʭ ʚ ʥʘʯʘʣʝ ʯʠʩʣʘ. 

ɺʦ Free Pascal ʬʦʨʤʘʪ real ʧʨʝʜʫʩʤʘʪʨʠʚʘʝʪ ʚʳʚʦʜ ʜʦ 11 ʟʥʘʢʦʚ 

ʧʦʩʣʝ ʟʘʧʷʪʦʡ. ʊʘʢ ʢʘʢ ʬʦʨʤʘʪʠʨʦʚʘʥʠʝ ʯʠʩʝʣ, ʚʳʚʦʜʠʤʳʭ ʥʘ 

ʵʢʨʘʥ, ʥʝ ʠʟʤʝʥʷʝʪ ʯʠʩʣʦ ʠʭ ʟʥʘʯʘʱʠʭ ʮʠʬʨ ʚ ʷʯʝʡʢʘʭ ʧʘʤʷʪʠ, ʪʦ 

ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʧʦʛʨʝʰʥʦʩʪʴʶ ʣʶʙʦʛʦ ʧʨʠʙʣʠʞʸʥʥʦʛʦ ʩ ʪʦʯʥʦʩʪʴʶ 

ʣʦʛʘʨʠʬʤʠʯʝʩʢʦʡ ʣʠʥʝʡʢʠ ʯʠʩʣʘ a ʙʫʜʝʪ ʚʝʣʠʯʠʥʘ  

da = Da/|A ï a|,    (1) 

ʛʜʝ A ï ʟʥʘʯʝʥʠʝ ʪʦʡ ʞʝ ʬʠʟʠʯʝʩʢʦʡ ʚʝʣʠʯʠʥʳ a, ʥʦ ʚʳʯʠʩʣʝʥʥʦʝ 

ʧʦ ʥʘʰʝʡ ʧʨʦʛʨʘʤʤʝ PWR-210. 

ʅʠʞʝ ʚ ʢʘʯʝʩʪʚʝ ʧʨʠʤʝʨʘ ʧʨʠʚʝʜʝʥʘ ʧʨʦʛʨʘʤʤʘ ʪʝʧʣʦʚʦʛʦ ʨʘʩ-

ʯʸʪʘ PWR-210t.pas (3 ʂɹ), ʢʘʢ ʯʘʩʪʴ ʚʩʝʡ ʧʨʦʛʨʘʤʤʳ PWR-210.pas 

(38 ʂɹ).  
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ʈʠʩ. ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʦʰʠʙʢʠ ʦʢʨʫʛʣʝʥʠʷ. 

 

 

ʇʦʩʪʨʦʝʥʘ ʛʠʩʪʦʛʨʘʤʤʘ ʠ ʣʠʥʠʷ ʪʨʝʥʜʘ, ʢʦʪʦʨʘʷ ʫʢʘʟʳʚʘʝʪ ʥʘ 

ʪʦ, ʯʪʦ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʷʚʣʷʝʪʩʷ ʙʣʠʟʢʠʤ ʢ ʩʠʤʤʝʪʨʠʯʥʦʤʫ. ʅʘʤʠ 

ʨʘʩʩʯʠʪʘʥʦ ʚ Excel ʧʨʠ ʧʦʤʦʱʠ ʩʪʘʪʠʩʪʠʯʝʩʢʦʡ ʬʫʥʢʮʠʠ ʉʂʆʉ 

ʯʠʩʣʝʥʥʦʝ ʟʥʘʯʝʥʠʝ ʘʩʠʤʤʝʪʨʠʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʨʝʟʫʣʴʪʘʪʦʚ: 

As = В dὥ dὥ .     (2) 

ɼʠʩʧʝʨʩʠʷ ʘʩʠʤʤʝʪʨʠʠ ʨʘʩʩʯʠʪʘʥʘ ʧʦ ʬʦʨʤʫʣʝ: 

D(As) = 6(n ï 1)/[(n + 1)(n + 3)],   (n = 128).              (3) 

ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʧʦʛʨʝʰʥʦʩʪʠ da ʩʠʤʤʝʪʨʠʯ-

ʥʦ ʧʨʠ ʫʩʣʦʚʠʠ, ʯʪʦ |A| ¢ 3 ὈὃίȢ ɼʣʷ ʥʘʰʠʭ ʜʘʥʥʳʭ 

ɸs = ʉʂʆʉ = 0,16 << 3 Ὀὃί = 0,64, 

ʯʪʦ ʥʝʩʦʤʥʝʥʥʦ ʫʢʘʟʳʚʘʝʪ ʥʘ ʩʠʤʤʝʪʨʠʶ ʛʠʩʪʦʛʨʘʤʤʳ. 

ʇʦ ʨʘʟʨʘʙʦʪʘʥʥʳʤ ʥʘʤʠ ʧʨʦʛʨʘʤʤʘʤ PWR-210 ʨʘʩʯʸʪʘ ʚʦ-

ʜʦ-ʚʦʜʷʥʦʛʦ ʵʥʝʨʛʝʪʠʯʝʩʢʦʛʦ ʨʝʘʢʪʦʨʘ ɺɺʕʈ-210 ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ 

ʩʨʝʜʥʠʡ ʤʦʜʫʣʴ ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʧʦʛʨʝʰʥʦʩʪʠ ʨʘʩʯʝʪʦʚ ʦʢʦʣʦ 130 

ʬʠʟʠʯʝʩʢʠʭ ʚʝʣʠʯʠʥ, ʧʨʠʚʝʜʝʥʥʳʭ ʚ ʨʘʙʦʪʝ [1, ʩ. 109 - 120], ʩʦ-

ʩʪʘʚʣʷʝʪ º0,03%. ʊʘʢʘʷ ʪʦʯʥʦʩʪʴ ʧʦʟʚʦʣʷʝʪ ʚʳʷʚʠʪʴ ʢʦʨʨʝʣʷʮʠʶ 

ʤʝʞʜʫ ʤʦʱʥʦʩʪʴʶ ʠ ʨʷʜʦʤ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʪʘʢʠʭ ʢʘʢ ʩʨʝʜʥʠʡ ʪʝʧ-

ʣʦʚʦʡ ʧʦʪʦʢ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʊɺʕʃʦʚ, ʩʨʝʜʥʷʷ ʫʜʝʣʴʥʘʷ ʵʥʝʨʛʝʪʠ-

ʯʝʩʢʘʷ ʥʘʛʨʫʟʢʘ, ʤʘʢʩʠʤʘʣʴʥʘʷ ʩʢʦʨʦʩʪʴ ʚ ʩʨʝʜʥʝʤ ʩʝʯʝʥʠʠ ʨʝʘʢʪʦ-

ʨʘ ʠ ʧʨʦʯʝʝ. 

ʇʨʝʜʣʘʛʘʝʤʘʷ ʢ ʩʚʦʙʦʜʥʦʤʫ ʜʦʩʪʫʧʫ ʧʨʦʛʨʘʤʤʘ PWR_210 ʤʦ-

ʞʝʪ ʩʣʫʞʠʪʴ ʦʩʥʦʚʦʡ ʜʣʷ ʨʘʟʨʘʙʦʪʢʠ ʩʪʫʜʝʥʯʝʩʢʠʭ ʣʘʙʦʨʘʪʦʨʥʳʭ 

ʨʘʙʦʪ ʧʦ ʨʘʩʯʸʪʫ ʷʜʝʨʥʳʭ ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʩʫʜʦʚʳʭ ʫʩʪʘʥʦʚʦʢ. 

 

ʃʠʪʝʨʘʪʫʨʘ 

1. ʈʫʤʷʥʮʝʚ, ɻ.ʗ. ʈʘʩʯʸʪ ʷʜʝʨʥʳʭ ʨʝʘʢʪʦʨʦʚ ʥʘ ʪʝʧʣʦʚʳʭ 

ʥʝʡʪʨʦʥʘʭ / ɻ.ʗ. ʈʫʤʷʥʮʝʚ. - ʄ.: ɸʪʦʤʠʟʜʘʪ, 1967. - 124 ʩ. 
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ʈɽɻʀʉʊʈɸʎʀʗ ʀ ʆɹʈɸɹʆʊʂɸ ʆʇʊʀʏɽʉʂʀʍ  

ʉʀɻʅɸʃʆɺ ɼʃʗ ɼʀɸɻʅʆʉʊʀʂʀ ʇʋʏʂɸ 

 

ʊʠʪʦʚ ɸ.ʀ.
1,2
, ʏʝʨʤʦʰʝʥʮʝʚ ɼ.ɸ

1,2
 

 

1
 ʄʌʊʀ(ɻʋ) 
2 
ʀʗʀ ʈɸʅ 

8-915-041-89-06, santitov2008@gmail.com 

 

ʅʘ ʣʠʥʝʡʥʦʤ ʫʩʢʦʨʠʪʝʣʝ ʀʗʀ ʈɸʅ ʧʦʩʪʝʧʝʥʥʦ ʨʘʟʚʠʚʘʝʪʩʷ 

ʜʠʘʛʥʦʩʪʠʢʘ ʥʘ ʦʩʥʦʚʝ ʨʝʛʠʩʪʨʘʮʠʠ ʨʘʟʣʠʯʥʳʭ ʦʧʪʠʯʝʩʢʠʭ 

ʠʟʦʙʨʘʞʝʥʠʡ, ʬʦʨʤʠʨʫʝʤʳʭ ʧʫʯʢʦʤ, ʥʘʧʨʠʤʝʨ, ʣʶʤʠʥʝʩʮʝʥʪʥʳʝ 

ʵʢʨʘʥʳ, ʠʦʥʠʟʘʮʠʦʥʥʳʝ ʤʦʥʠʪʦʨʳ, ʤʦʥʠʪʦʨ ʩʚʝʯʝʥʠʷ ʦʩʪʘʪʦʯʥʦʛʦ 

ʛʘʟʘ. [1]. ʅʝʩʢʦʣʴʢʦ ʣʝʪ ʥʘʟʘʜ ʪʘʢʘʷ ʩʠʩʪʝʤʘ ʜʠʘʛʥʦʩʪʠʢʠ ʙʳʣʘ ʚʦʩ-

ʪʨʝʙʦʚʘʥʘ ʚ ʦʜʥʦʤ ʤʝʩʪʝ, ʩʝʡʯʘʩ ï ʚ ʧʷʪʠ ʨʘʟʣʠʯʥʳʭ ʤʝʩʪʘʭ ʫʩʢʦ-

ʨʠʪʝʣʴʥʦʛʦ ʢʦʤʧʣʝʢʩʘ. 

ʆʩʥʦʚʥʘʷ ʧʨʦʙʣʝʤʘ ʵʪʦʛʦ ʪʠʧʘ ʜʠʘʛʥʦʩʪʠʢʠ ï ʨʘʜʠʘʮʠʦʥʥʘʷ 

ʩʪʦʡʢʦʩʪʴ ʫʩʪʨʦʡʩʪʚ ʚʠʜʝʦʩʲʝʤʢʠ (CMOS-, CCD-ʢʘʤʝʨʳ, ʠ ʪ.ʜ.). 

ɺ ʩʣʫʯʘʝ ʩʠʣʴʥʦʪʦʯʥʦʛʦ ʫʩʢʦʨʠʪʝʣʷ ʵʪʠ ʫʩʪʨʦʡʩʪʚʘ ʜʦʣʞʥʳ ʙʳʪʴ 

ʫʜʘʣʝʥʳ ʦʪ ʦʩʠ ʧʫʯʢʘ ʥʘ ʥʝʩʢʦʣʴʢʦ ʤʝʪʨʦʚ, ʧʨʠʯʝʤ ʥʘʠʣʫʯʰʝʝ ʠʭ 

ʨʘʩʧʦʣʦʞʝʥʠʝ - ʟʘ ʣʦʢʘʣʴʥʦʡ ʟʘʱʠʪʦʡ ʚ ʜʘʥʥʦʡ ʪʦʯʢʝ ʠʣʠ ʜʘʞʝ ʟʘ 

ʦʩʥʦʚʥʦʡ ʟʘʱʠʪʦʡ ʠʦʥʦʧʨʦʚʦʜʘ (ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʢʦʨʠʜʦʨʳ ʠ ʧʦ-

ʤʝʱʝʥʠʷ, ʧʦʜʚʘʣʴʥʳʝ ʵʪʘʞʠ), ʢʦʛʜʘ ʜʣʠʥʘ ʦʧʪʠʯʝʩʢʦʡ ʪʨʘʩʩʳ ʤʦ-

ʞʝʪ ʜʦʩʪʠʛʘʪʴ ʜʝʩʷʪʢʘ ʤʝʪʨʦʚ. 

ʎʝʣʴʶ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʧʦʩʪʨʦʝʥʠʝ ʟʝʨʢʘʣʴʥʦ-ʣʠʥʟʦʚʦʛʦ  

ʪʨʘʢʪʘ ʩʦ ʩʣʝʜʫʶʱʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ:  

1) ʌʠʟʠʯʝʩʢʠʝ: ʦʪʩʫʪʩʪʚʠʝ ʪʨʘʝʢʪʦʨʥʳʭ ʧʦʪʝʨʴ ʩʚʝʪʦʚʦʛʦ ʧʦʪʦʢʘ  

ʚ ʨʘʤʢʘʭ ʛʝʦʤʝʪʨʠʯʝʩʢʦʡ ʦʧʪʠʢʠ, ʤʘʢʩʠʤʘʣʴʥʦ ʚʦʟʤʦʞʥʳʡ ʢʦ-

ʵʬʬʠʮʠʝʥʪ ʟʘʭʚʘʪʘ ʩʚʝʪʦʚʦʛʦ ʧʦʪʦʢʘ ʩ ʫʯʝʪʦʤ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ 

ʪʨʝʙʦʚʘʥʠʡ ʠ ʜʠʘʤʝʪʨʘ ʩʚʝʪʦʠʟʣʫʯʘʶʱʝʡ ʦʙʣʘʩʪʠ ʚ ʧʨʝʜʝʣʘʭ 10-

100 ʤʤ. 

2) ʊʝʭʥʦʣʦʛʠʯʝʩʢʠʝ: ʤʘʩʰʪʘʙʠʨʫʝʤʦʩʪʴ ʠʟ ʥʘʙʦʨʘ ʙʘʟʦʚʳʭ 

ʩʝʢʮʠʡ, ʟʘʱʠʪʘ ʦʪ ʧʦʧʘʜʘʥʠʷ ʧʳʣʠ ʥʘ ʦʧʪʠʯʝʩʢʠʝ ʵʣʝʤʝʥ-

ʪʳ, ʦʪʩʫʪʩʪʚʠʝ ʚʥʝʰʥʠʭ ʠ ʚʥʫʪʨʝʥʥʠʭ ʙʣʠʢʦʚ, ʞʝʩʪʢʘʷ ʬʠʢʩʘʮʠʷ 

ʦʧʪʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ ʠ ʩʦʩʝʜʥʠʭ ʩʝʢʮʠʡ ʜʨʫʛ ʩ ʜʨʫ-

ʛʦʤ, ʚʦʟʤʦʞʥʦʩʪʴ ʨʫʯʥʦʡ ʨʝʛʫʣʠʨʦʚʢʠ ʠ ʬʠʢʩʘʮʠʠ ʧʦʣʦʞʝʥʠʷ ʦʪ-

ʜʝʣʴʥʦʡ ʣʠʥʟʳ ʚʜʦʣʴ ʩʝʢʮʠʠ, ʢʨʝʧʣʝʥʠʝ ʩʠʩʪʝʤʳ ʢ ʚʥʝʰʥʠʤ ʦʧʦʨ-

ʥʳʤ ʩʪʦʡʢʘʤ. 

mailto:santitov2008@gmail.com


 
 
 
 

Ядерная физика и технологии, теоретическая физика и астрофизика 

315 

ʇʨʝʞʜʝ, ʯʝʤ ʥʘʯʘʪʴ ʩʦʙʠʨʘʪʴ ʜʘʥʥʳʡ ʪʨʘʢʪ, ʥʝʦʙʭʦʜʠʤʦ  

ʨʘʩʩʯʠʪʘʪʴ ʥʝʦʙʭʦʜʠʤʳʝ ʦʧʪʠʤʘʣʴʥʳʝ ʧʘʨʘʤʝʪʨʳ, ʜʣʷ ʵʪʦʛʦ ʠʩ-

ʧʦʣʴʟʫʝʪʩʷ ʧʘʢʝʪ ʤʫʣʴʪʠʬʠʟʠʯʝʩʢʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ COMSOL 

Multiphysics. ɺ ʥʝʤ ʩʪʨʦʠʪʩʷ ʤʦʜʝʣʴ ʪʨʘʢʪʘ, ʨʘʩʩʯʠʪʳʚʘʶʪʩʷ ʧʘʨʘ-

ʤʝʪʨʳ, ʢʦʪʦʨʳʝ ʫʜʦʚʣʝʪʚʦʨʷʶʪ ʧʦʩʪʘʚʣʝʥʥʦʡ ʟʘʜʘʯʝ, ʠʟʫʯʘʝʪʩʷ ʚʝ-

ʣʠʯʠʥʘ ʩʚʝʪʦʚʳʭ ʧʦʪʝʨʴ. ʉʨʘʟʫ ʙʳʣʦ ʧʦʩʪʘʚʣʝʥʦ ʦʛʨʘʥʠʯʝʥʠʝ ʥʘ 

ʯʠʩʣʦ ʵʣʝʤʝʥʪʦʚ ʪʨʘʢʪʘ: ʥʝ ʙʦʣʝʝ 3 ʟʝʨʢʘʣ, ʥʝ ʙʦʣʝʝ 9 ʣʠʥʟ. ʅʝʣʴʟʷ 

ʟʘʙʳʚʘʪʴ ʠ ʦ ʤʘʩʰʪʘʙʠʨʫʝʤʦʩʪʠ ʩʠʩʪʝʤʳ. ɺʩʝ ʵʣʝʤʝʥʪʳ ʪʨʘʢʪʘ 

ʤʘʢʩʠʤʘʣʴʥʦ ʧʨʠʙʣʠʞʝʥʳ ʢ ʨʝʘʣʴʥʦʩʪʠ. [1]. 

ʇʦʩʣʝ ʩʦʟʜʘʥʠʷ ʦʧʪʠʤʘʣʴʥʦʡ ʤʦʜʝʣʠ, ʝʸ ʥʝʦʙʭʦʜʠʤʦ  

ʩʧʨʦʝʢʪʠʨʦʚʘʪʴ. ɼʣʷ ʜʘʥʥʦʡ ʟʘʜʘʯʠ ʠʩʧʦʣʴʟʫʝʪʩʷ ʧʘʢʝʪ Solid-

works. ɺ ʥʝʤ ʠʜʝʘʣʴʥʘʷ ʤʦʜʝʣʴ ʙʫʜʝʪ ʧʦʜʦʛʥʘʥʘ ʧʦʜ ʨʝʘʣʴʥʳʝ ʪʝʭ-

ʥʦʣʦʛʠʯʝʩʢʠʝ ʪʨʝʙʦʚʘʥʠʷ ʠ ʚʦʟʤʦʞʥʦʩʪʠ. 

ʇʘʨʘʣʣʝʣʴʥʦ ʩ ʨʝʘʣʠʟʘʮʠʝʡ ʪʨʘʢʪʘ ʚʝʜʝʪʩʷ ʨʘʙʦʪʘ ʧʦ ʩʦʟʜʘʥʠʶ   

ʩʧʦʩʦʙʘ ʯʠʩʣʝʥʥʦʡ ʢʦʤʧʴʶʪʝʨʥʦʡ ʦʙʨʘʙʦʪʢʠ ʚʠʜʝʦʠʟʦʙʨʘʞʝ-

ʥʠʷ, ʧʦʣʫʯʘʝʤʦʛʦ ʯʝʨʝʟ ʪʘʢʦʡ ʪʨʘʢʪ (ʠʣʠ ʙʝʟ ʥʝʛʦ) ʧʨʠ ʨʝʛʠʩʪʨʘʮʠʠ 

ʧʦʜ ʧʨʦʠʟʚʦʣʴʥʳʤ ʫʛʣʦʤ. ɼʘʥʥʦʝ ʧʨʠʣʦʞʝʥʠʝ ʜʦʣʞʥʦ ʙʳʪʴ ʩʦʟʜʘ-

ʥʦ ʚ LabVIEW. 

 

ʃʠʪʝʨʘʪʫʨʘ 

1. ʉ.ɸ. ɻʘʚʨʠʣʦʚ. ʀʦʥʠʟʘʮʠʦʥʥʳʡ ʤʦʥʠʪʦʨ ʧʦʧʝʨʝʯʥʦʛʦ ʩʝʯʝ-

ʥʠʷ ʫʩʢʦʨʝʥʥʦʛʦ ʧʫʯʢʘ ʟʘʨʷʞʝʥʥʳʭ ʯʘʩʪʠʮ. 

2. ɻ.ʉ. ʃʘʥʜʩʙʝʨʛ. ʆʧʪʠʢʘ. 
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ʈɸɿʈɸɹʆʊʂɸ ʂʆʅʉʊʈʋʂʎʀʀ ʄɸʂɽʊɸ ɹʓʉʊʈʓʍ 

ʉʎʀʅʊʀʃʃʗʎʀʆʅʅʓʍ ɼɽʊɽʂʊʆʈʆɺ  

ɻɸʄʄɸ-ʊɽʃɽʉʂʆʇɸ çɻɸʄʄɸ-400è ʀ ʈɽɿʋʃʔʊɸʊʓ ɽɻʆ  

ʅɸʊʋʈʅʓʍ ʀʉʇʓʊɸʅʀʁ 

 

ʊʦʥ ʆ., ɻʘʣʴʧʝʨ ɸ.ʄ., ʈʫʥʮʦ ʄ.ʌ. 

 
ʅʘʮʠʦʥʘʣʴʥʳʡ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʷʜʝʨʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ çʄʀʌʀè,  

ʄʦʩʢʚʘ 

8 916 687 37 34, ton_koreec@mail.ru 

 

ʉʦʚʨʝʤʝʥʥʳʝ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦ ʢʦʩʤʦʣʦʛʠʠ, 

ʘʩʪʨʦʥʦʤʠʠ, ʬʠʟʠʢʝ ʯʘʩʪʠʮ ʚʳʩʦʢʠʭ ʵʥʝʨʛʠʡ ʠ ʢʦʩʤʠʯʝʩʢʠʭ ʣʫʯʝʡ 

ʩʪʘʚʷʪ ʨʷʜ ʧʨʦʙʣʝʤ, ʢʦʪʦʨʳʝ ʥʝʣʴʟʷ ʨʝʰʠʪʴ ʙʝʟ ʧʨʠʚʣʝʯʝʥʠʷ ʨʝ-

ʟʫʣʴʪʘʪʦʚ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʦ ʚʥʝʘʪʤʦʩʬʝʨʥʦʡ ʛʘʤʤʘ-ʘʩʪʨʦʥʦʤʠʠ ʚr -

ʩʦʢʠʭ ʵʥʝʨʛʠʡ (10
8
-10

12 
ʵɺ). ɼʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʛʘʤʤʘ-ʠʟʣʫʯʝʥʠʷ ʚ 

ʜʠʘʧʘʟʦʥʝ ʚʳʩʦʢʠʭ ʵʥʝʨʛʠʡ ʠ ʧʦʣʫʯʝʥʠʷ ʜʘʥʥʳʭ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ 

ʧʨʠʨʦʜʳ çʪʝʤʥʦʡ ʤʘʪʝʨʠʠè ʚʦ ɺʩʝʣʝʥʥʦʡ, ʨʘʟʚʠʪʠʷ ʪʝʦʨʠʠ ʧʨʦʠʩ-

ʭʦʞʜʝʥʠʷ ʚʳʩʦʢʦʵʥʝʨʛʠʯʥʳʭ ʢʦʩʤʠʯʝʩʢʠʭ ʣʫʯʝʡ ʠ ʬʠʟʠʢʠ ʵʣʝʤʝʥ-

ʪʘʨʥʳʭ ʯʘʩʪʠʮ, ʧʦʪʨʝʙʦʚʘʣʦʩʴ ʩʦʟʜʘʥʠʝ ʘʧʧʘʨʘʪʘ ʩ ʣʫʯʰʠʤ ʫʛʣʦ-

ʚʳʤ ʠ ʵʥʝʨʛʝʪʠʯʝʩʢʠʤ ʨʘʟʨʝʰʝʥʠʝʤ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʩʫʱʝʩʪʚʫʶ-

ʱʠʤʠ ʥʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ (FERMI LAT, AMS-02). ɼʣʷ ʨʝʰʝʥʠʷ 

ʚʳʰʝʫʢʘʟʘʥʥʳʭ ʧʨʦʙʣʝʤ ʩʦʟʜʘʥ ʤʝʞʜʫʥʘʨʦʜʥʳʡ ʧʨʦʝʢʪ çɻʘʤʤʘ ï 

400è [1]. ɺ ʩʦʩʪʘʚ ʛʘʤʤʘ-ʪʝʣʝʩʢʦʧʘ çɻɸʄʄɸ-400è ʚʭʦʜʷʪ ʩʣʝʜʫ-

ʶʱʠʝ ʩʠʩʪʝʤʳ ʠ ʜʝʪʝʢʪʦʨʳ: ʘʥʪʠʩʦʚʧʘʜʘʪʝʣʴʥʘʷ ʩʠʩʪʝʤʘ 

(ɸʉ), ʢʦʥʚʝʨʪʝʨ - ʪʨʝʢʝʨ (ʂ), ʚʨʝʤʷʧʨʦʣʝʪʥʘʷ ʩʠʩʪʝʤʘ (ɺʇʉ), ʢʦʦʨ-

ʜʠʥʘʪʥʦ-ʯʫʚʩʪʚʠʪʝʣʴʥʳʡ ʢʘʣʦʨʠʤʝʪʨ (ʂʂ1, ʂʂ2), ʩʮʠʥʪʠʣʣʷʮʠʦʥ-

ʥʳʝ ʜʝʪʝʢʪʦʨʳ ʢʘʣʦʨʠʤʝʪʨʘ (ʉɼʂ), ʩʠʩʪʝʤʘ ʬʦʨʤʠʨʦʚʘʥʠʷ ʪʨʠʛ-

ʛʝʨʥʳʭ ʠ ʩʯʝʪʥʳʭ ʩʠʛʥʘʣʦʚ (ʉʊ). ɺ ʙʳʩʪʨʳʭ ʩʮʠʥʪʠʣʣʷʮʠʦʥʥʳʭ 

ʜʝʪʝʢʪʦʨʥʳʭ ʩʠʩʪʝʤʘʭ ɸʉ, ɺʇʉ ʠ ʉɼʂ, ʠʤʝʶʱʠʭ ʨʘʟʤʝʨʳ ʢʘʞʜʦ-

ʛʦ ʠʟ ʜʝʪʝʢʪʦʨʦʚ 1000ʭ1000 ʤʤ
2
 ʠ ʨʘʟʙʠʪʳʭ ʥʘ ʧʦʣʦʩʳ  ʩ ʨʘʟʤʝʨʘʤʠ 

1000ʭ100ʭ10 ʤʤ
3 

 ʧʨʝʜʧʦʣʘʛʘʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʪʴ ʥʘʠʙʦʣʝʝ ʧʝʨʩʧʝʢ-

ʪʠʚʥʳʝ ʢʨʝʤʥʠʝʚʳʝ ʬʦʪʦʫʤʥʦʞʠʪʝʣʠ (SiPM), ʢʦʪʦʨʳʝ  ʜʣʷ ʢʦʩʤʠ-

ʯʝʩʢʦʛʦ ʥʘʫʯʥʦʛʦ ʧʨʠʙʦʨʦʩʪʨʦʝʥʠʠ ʫʜʦʚʣʝʪʚʦʨʷʶʪ ʩʪʨʦʛʠʤ ʦʛʨʘ-

ʥʠʯʝʥʠʷʤ: ʰʠʨʦʢʠʡ ʜʠʘʧʘʟʦʥ ʨʘʙʦʯʠʭ ʪʝʤʧʝʨʘʪʫʨ, ʫʩʪʦʡʯʠʚʦʩʪʴ ʢ 

ʤʝʭʘʥʠʯʝʩʢʠʤ ʚʦʟʜʝʡʩʪʚʠʷʤ, ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʴ ʚ ʚʘʢʫʫʤʝ, ʤʠʥʠ-

ʤʘʣʴʥʘʷ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ ʢ ʤʘʛʥʠʪʥʦʤʫ ʧʦʣʶ [2], [3].  
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ʈʘʟʨʘʙʦʪʘʥʘ ʦʧʪʠʤʘʣʴʥʘʷ ʢʦʥʩʪʨʫʢʮʠʷ ʢʨʝʧʣʝʥʠʷ SiPM ʢ ʙʳʩʪ-

ʨʳʤ ʧʣʘʩʪʤʘʩʩʦʚʳʤ ʩʮʠʥʪʠʣʣʷʪʦʨʘʤ BC-408.  ɹʳʣʘ ʚʳʧʦʣʥʝʥʳ 

ʢʦʥʩʪʨʫʢʪʦʨʩʢʘʷ ʜʦʢʫʤʝʥʪʘʮʠʷ ʠ 3D ʤʦʜʝʣʴ ʚ ʩʠʩʪʝʤʝ ʘʚʪʦʤʘʪʠʟʠ-

ʨʦʚʘʥʥʦʛʦ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ (AutoCad ʠ UG NX 8.5).  

ʅʘ ʦʩʥʦʚʘʥʠʠ ʚʳʧʦʣʥʝʥʥʦʡ ʢʦʥʩʪʨʫʢʪʦʨʩʢʦʡ ʜʦʢʫʤʝʥʪʘʮʠʠ ʙr -

ʣʠ ʩʦʙʨʘʥʳ ʵʣʝʤʝʥʪʳ ʤʘʢʝʪʘ ʜʝʪʝʢʪʦʨʘ. ɹʳʣʠ ʧʨʦʠʟʚʝʜʝʥʳ ʠʟʤʝ-

ʨʝʥʠʷ ʘʤʧʣʠʪʫʜʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ. ʇʨʠ ʨʝʛʠʩʪʨʘʮʠʠ ʯʘʩʪʠʮ ʢʦʩ-

ʤʠʯʝʩʢʦʛʦ ʠʟʣʫʯʝʥʠʷ, ʙʳʣʠ ʠʟʤʝʨʝʥʳ ʘʤʧʣʠʪʫʜʥʳʝ ʩʧʝʢʪʨʳ ʩ ʜʝ-

ʪʝʢʪʦʨʦʚ ɸʉ, ʉ1, ʉ2, ʉ3 ʩ ʫʧʨʘʚʣʝʥʠʝʤ ʦʪ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʜʝʪʝʢ-

ʪʦʨʦʚ ʠ ʦʪ ʩʦʚʧʘʜʝʥʠʡ ʩʠʛʥʘʣʦʚ SiPM, ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʥʘ ʧʨʦʪʠʚʦ-

ʧʦʣʦʞʥʳʭ ʪʦʨʮʘʭ ʜʝʪʝʢʪʦʨʦʚ. ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʠʟʤʝʨʝʥʠʡ ʙʳʣʘ 

ʦʧʨʝʜʝʣʝʥʘ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʜʝʪʝʢʪʦʨʦʚ. ʇʨʠ ʦʙʱʝʤ ʯʠʩʣʝ ʩʦʙʳʪʠʡ 

20000 ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʜʝʪʝʢʪʦʨʘ ʩʦʦʪʚʝʪʩʪʚʫʝʪ 99,995 %. 

 

ʃʠʪʝʨʘʪʫʨʘ 

1. ʊʝʭʥʠʯʝʩʢʠʡ ʧʨʦʝʢʪ. ʇʦʷʩʥʠʪʝʣʴʥʘʷ ʟʘʧʠʩʢʘ. ʂʦʤʧʣʝʢʩ ʥʘʫʯ-

ʥʦʡ ʘʧʧʘʨʘʪʫʨʳ çɻɸʄʄɸ-400è. ʂʥʠʛʘ 1. ʅʘʟʥʘʯʝʥʠʝ ʠ ʦʙʣʘʩʪʴ 

ʧʨʠʤʝʥʝʥʠʷ. ʂɹʄʐ.400001.000 ʇɿ ʢʥ. 1 (2014). 

2. ʖ.ʂ. ɸʢʠʤʦʚ. ʌʦʪʦʥʥʳʝ ʤʝʪʦʜʳ ʨʝʛʠʩʪʨʘʮʠʠ ʠʟʣʫʯʝʥʠʡ. 

(ɼʫʙʥʘ : ʆʙʲʝʜʠʥʝʥʥʳʡ ʠʥ-ʪ ʷʜʝʨʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ, 2014). 

3. ʇ.ɾ. ɹʫʞʘʥ, ɽ.ɸ. ɻʝʦʨʛʠʝʚʩʢʘʷ, ɹ.ɸ. ɼʦʣʛʦʰʝʠʥ, ɸ.ʃ. ʀʣʴʠʥ, 

ɺ.ɸ. ʂʘʥʮʝʨʦʚ, ɺ.ɸ. ʂʘʧʣʠʥ, ɸ.ʀ. ʂʘʨʘʢʘʰ, ʉ.ʅ. ʂʣʝʤʠʥ, ɸ.ɼ. 

ʇʣʝʰʢʦ, ɽ.ɺ. ʇʦʧʦʚʘ, ʉ.ʖ. ʉʤʠʨʥʦʚ, ʃ.ɸ. ʌʠʣʘʪʦʚ. ʊʚʝʨʜʦʪʝʣʴ-

ʥʳʡ ʵʣʝʢʪʨʦʥʥʳʡ ʫʤʥʦʞʠʪʝʣʴ ʤʥʦʛʦʮʝʣʝʚʦʛʦ ʥʘʟʥʘʯʝʥʠʷ ʥʘ ʦʩʥʦ-

ʚʝ ʛʝʡʛʝʨʦʚʩʢʠʭ ʤʠʢʨʦʷʯʝʝʢ. (ʄ: ʇʨʠʢʣʘʜʥʘʷ ʬʠʟʠʢʘ, 2003). 
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ʀɿʄɽʈɽʅʀɽ ɺɽʈʆʗʊʅʆʉʊʀ ʄɸʃʆɻʆ ʅɸɻʈɽɺɸ  

ʋʃʔʊʈɸʍʆʃʆɼʅʓʍ ʅɽʁʊʈʆʅʆɺ ʀ ʌɸʂʊʆʈɸ ʇʆʊɽʈʔ 

ʅɸ ɹɽɿɺʆɼʆʈʆɼʅʆʄ ʄɸʉʃɽ FOMBLINTM ʉ  

ʈɸɿʃʀʏʅʓʄ ʉʈɽɼʅʀʄ ʄʆʃɽʂʋʃʗʈʅʓʄ ɺɽʉʆʄ 

 

ʊʫʨʣʳʙʝʢʫʣʳ ʂ.
1,2

, ʃr ʯʘʛʠʥ ɽ.ɺ.
2
 

 

1 ɻʦʩʫʜʘʨʩʪʚʝʥʥʦʝ ʙʶʜʞʝʪʥʦʝ ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʝ ʫʯʨʝʞʜʝʥʠʝ ʚʳʩʰʝʛʦ 

ʦʙʨʘʟʦʚʘʥʠʷ ʄʦʩʢʦʚʩʢʦʡ ʦʙʣʘʩʪʠ çʋʥʠʚʝʨʩʠʪʝʪ çɼʫʙʥʘè, ɼʫʙʥʘ 

2 ʆʙʲʝʜʠʥʝʥʥʳʡ ʠʥʩʪʠʪʫʪ ʷʜʝʨʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʃʘʙʦʨʘʪʦʨʠʷ 

ʥʝʡʪʨʦʥʥʦʡ ʬʠʟʠʢʠ ʠʤ. ʀ.ʄ ʌʨʘʥʢʘ, ɼʫʙʥʘ 

+7(999)963-82-36, kilishbek-t@mail.ru 

 

ʅʝʡʪʨʦʥʳ ʦʯʝʥʴ ʥʠʟʢʠʭ ʵʥʝʨʛʠʡ(710 ʥʵɺ-º ) ʢʦʪʦʨʳʝ ʥʘʟʳʚʘʶʪʩʷ 

ʫʣʴʪʨʘʭʦʣʦʜʥʳʤʠ (ʋʍʅ), ʦʙʣʘʜʘʶʪ ʫʥʠʢʘʣʴʥʳʤ ʩʚʦʡʩʪʚʦʤ ð ʠʭ 

ʤʦʞʥʦ ʭʨʘʥʠʪʴ ʚ ʤʘʪʝʨʠʘʣʴʥʳʭ ʠ ʤʘʛʥʠʪʥʳʭ ʣʦʚʫʰʢʘʭ [1]. ʕʪʦ 

ʷʚʣʝʥʠʝ ʜʘʝʪ ʥʦʚʳʝ ʚʦʟʤʦʞʥʦʩʪʠ ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʠ 

ʠʟʫʯʝʥʠʷ ʥʝʢʦʪʦʨʳʭ ʚʦʧʨʦʩʦʚ ʬʫʥʜʘʤʝʥʪʘʣʴʥʦʡ ʬʠʟʠʢʠ, ʬʠʟʠʢʠ 

ʯʘʩʪʠʮ, ʘʪʦʤʥʦʛʦ ʷʜʨʘ ʠ ʘʩʪʨʦʬʠʟʠʢʠ [2]. ʆʜʠʥ ʠʟ ʪʘʢʠʭ 

ʵʢʩʧʝʨʠʤʝʥʪʦʚ ð ʠʟʤʝʨʝʥʠʝ ʚʨʝʤʝʥʠ ʞʠʟʥʠ ʩʚʦʙʦʜʥʦʛʦ ʥʝʡʪʨʦʥʘ. 

ʅʘʩʪʦʷʱʘʷ ʨʘʙʦʪʘ ʷʚʣʷʝʪʩʷ ʯʘʩʪʴʶ ʧʦʜʛʦʪʦʚʢʠ ʢ ʵʢʩʧʝʨʠʤʝʥʪʫ 

ʧʦ ʠʟʤʝʨʝʥʠʶ ʚʨʝʤʝʥʠ ʞʠʟʥʠ ʥʝʡʪʨʦʥʘ. ʎʝʣʴʶ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ 

ʩʨʘʚʥʝʥʠʝ ʨʘʟʣʠʯʥʳʭ ʪʠʧʦʚ ʙʝʟʚʦʜʦʨʦʜʥʦʛʦ ʤʘʩʣʘ Fomblin
1
 ʧʦ 

ʚʝʨʦʷʪʥʦʩʪʠ ʧʦʣʥʳʭ ʧʦʪʝʨʴ ʠ ʚʝʨʦʷʪʥʦʩʪʠ ʤʘʣʦʛʦ ʥʘʛʨʝʚʘ ʜʣʷ 

ʦʧʨʝʜʝʣʝʥʠʷ ʥʘʠʙʦʣʝʝ ʧʦʜʭʦʜʷʱʝʛʦ ʤʘʩʣʘ, ʢʦʪʦʨʦʝ ʤʦʞʥʦ 

ʠʩʧʦʣʴʟʦʚʘʪʴ ʚ ʢʘʯʝʩʪʚʝ ʧʦʢʨʳʪʠʷ ʩʪʝʥʦʢ ʣʦʚʫʰʢʠ ʋʍʅ ʚ 

ʧʣʘʥʠʨʫʝʤʦʤ ʵʢʩʧʝʨʠʤʝʥʪʝ ʧʦ ʠʟʤʝʨʝʥʠʶ ʚʨʝʤʝʥʠ ʞʠʟʥʠ 

ʥʝʡʪʨʦʥʘ. 

ɺ ʜʘʥʥʦʡ ʩʪʘʪʴʝ ʦʙʨʘʙʦʪʘʥʳ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʜʘʥʥʳʝ 

ʠʟʤʝʨʝʥʠʡ, ʧʨʦʚʝʜʸʥʥʳʭ ʩ ʮʝʣʴʶ ʦʧʨʝʜʝʣʠʪʴ ʚʝʨʦʷʪʥʦʩʪʴ ʪʘʢ 

ʥʘʟʳʚʘʝʤʦʛʦ çʤʘʣʦʛʦ ʥʘʛʨʝʚʘè ʠ ʢʦʵʬʬʠʮʠʝʥʪ ʧʦʪʝʨʴ ʋʍʅ ʥʘ 

ʧʦʚʝʨʭʥʦʩʪʠ ʨʘʟʣʠʯʥʳʭ ʪʠʧʦʚ ʙʝʟʚʦʜʦʨʦʜʥʦʛʦ ʤʘʩʣʘ Fomblin. 

ʗʚʣʝʥʠʝ çʤʘʣʦʛʦ ʥʘʛʨʝʚʘè ð ʥʝʫʧʨʫʛʦʝ ʦʪʨʘʞʝʥʠʝ ʋʍʅ ʩ ʤʘʣʦʡ 

ʧʝʨʝʜʘʯʝʡ ʵʥʝʨʛʠʠ, ʷʚʣʷʝʪʩʷ ʠʩʪʦʯʥʠʢʦʤ ʩʠʩʪʝʤʘʪʠʯʝʩʢʠʭ 

                                                           
1
Fomblin ð ʪʦʨʛʦʚʦʝ ʥʘʟʚʘʥʠʝ ʬʪʦʨʧʦʣʠʤʝʨʥʳʭ ʞʠʜʢʠʭ ʩʦʝʜʠʥʝʥʠʡ, 

ʠʤʝʶʱʠʭ ʨʘʟʣʠʯʥʳʝ ʬʠʟʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʠ ʰʠʨʦʢʫʶ ʦʙʣʘʩʪʴ ʧʨʠʤʝʥʝ-

ʥʠʷ, ʥʘʧʨʠʤʝʨ ʚ ʚʘʢʫʫʤʥʦʡ ʪʝʭʥʠʢʝ [3]. 
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ʧʦʛʨʝʰʥʦʩʪʝʡ ʚ ʵʢʩʧʝʨʠʤʝʥʪʝ ʧʦ ʠʟʤʝʨʝʥʠʶ ʚʨʝʤʝʥʠ ʞʠʟʥʠ 

ʥʝʡʪʨʦʥʘ. ʄʠʥʠʤʘʣʴʥʳʡ ʢʦʵʬʬʠʮʠʝʥʪ ʧʦʪʝʨʴ ʥʝʦʙʭʦʜʠʤ ʜʣʷ 

ʫʤʝʥʴʰʝʥʠʷ ʚʝʨʦʷʪʥʦʩʪʠ ʧʦʛʣʦʱʝʥʠʷ ʋʍʅ ʥʘ ʩʪʝʥʢʘʭ.   ɺ 

ʨʝʟʫʣʴʪʘʪʝ  ʠʟʤʝʨʝʥʠʡ ʩʜʝʣʘʥ ʚʳʚʦʜ ʦ ʪʦʤ, ʢʘʢʦʡ ʠʤʝʥʥʦ ʪʠʧ  

ʤʘʩʣʘ ʣʫʯʰʝ ʧʦʜʭʦʜʠʪ ʜʣʷ ʧʦʢʨʳʪʠʷ ʦʙʲʸʤʘ ʭʨʘʥʝʥʠʷ ʋʍʅ ʧʨʠ 

ʠʟʤʝʨʝʥʠʠ ʚʨʝʤʝʥʠ ʞʠʟʥʠ ʥʝʡʪʨʦʥʘ. 

 

ʃʠʪʝʨʘʪʫʨʘ 

1. ɿʝʣʴʜʦʚʠʯ ʗ.ɹ.- ɾʕʊʌ, 1959, ʪ.36, ʩ.1952. 

2. ʉʝʨʝʙʨʦʚ ɸ.ʇ., ʋʌʅ 185(11)1179-1201 (2015) 

3. ttp://www.solvay.com/en/binaries/Fomblin-PFPE-Lubes-for-

Vaccum-Applications_EN-220533.pdf 
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ʄʀʂʈʆʀʉʊʆʏʅʀʂ ɼʃʗ ʅʀɿʂʆɼʆɿʆɺʆʁ 

ɹʈɸʍʀʊɽʈɸʇʀʀ ʅɸ ʆʉʅʆɺɽ ʀʊʊɽʈɹʀʗ-169 

 

ʀ.ʉ. ʊʳʯʢʠʥ
1
, ʉ.ɺ. ɸʢʫʣʠʥʠʯʝʚ

2
, ʖ.ʅ. ɸʥʦʭʠʥ

1
,  

ʉ.ɸ. ʏʘʫʰʘʥʩʢʠʡ
2
, ʉ.ɸ. ɸʨʪʘʤʦʥʦʚ

1
. 

 
1
ʀʌʀɹ ʅʀʗʋ ʄʀʌʀ, ʛ. ʆʙʥʠʥʩʢ 

2
ʀʥʩʪʠʪʫʪ ʷʜʝʨʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʈɸʅ, ʛ. ʄʦʩʢʚʘ 

 

ʀʟʛʦʪʦʚʣʝʥʠʷ  ʨʘʜʠʦʘʢʪʠʚʥʳʭ ʠʩʪʦʯʥʠʢʦʚ ʥʘ ʦʩʥʦʚʝ ʡʦʜʘ-125 ʠ 

ʧʘʣʣʘʜʠʷ-103 ʪʨʝʙʫʝʪ ʧʨʠʤʝʥʝʥʠʷ  ʨʘʜʠʦʭʠʤʠʯʝʩʢʠʭ ʪʝʭʥʦʣʦʛʠʡ ʠ 

ʩʙʦʨʢʠ ʩ ʤʘʥʠʧʫʣʷʪʦʨʘʤʠ, ʚʳʧʦʣʥʷʝʤʳʭ ʚ ʛʦʨʷʯʠʭ ʢʘʤʝʨʘʭ, ʯʪʦ 

ʟʥʘʯʠʪʝʣʴʥʦ ʫʜʦʨʦʞʘʝʪ ʧʨʦʮʝʩʩ ʠʟʛʦʪʦʚʣʝʥʠʷ ʠʩʪʦʯʥʠʢʦʚ. ʇʨʝʜʣʘ-

ʛʘʝʪʩʷ ʪʝʭʥʦʣʦʛʠʷ, ʢʦʪʦʨʘʷ ʙʳ ʧʦʣʥʦʩʪʴʶ çʦʙʝʩʧʝʯʠʚʘʣʘ ʭʦʣʦʜ-

ʥʫʶè ʩʙʦʨʢʫ  ʪʘʢʠʭ ʠʩʪʦʯʥʠʢʦʚ. ʇʦʩʣʝ ʘʢʪʠʚʘʮʠʠ ʩʦʙʨʘʥʥʦʛʦ çʭʦ-

ʣʦʜʥʦʛʦ ʠʩʪʦʯʥʠʢʘè ʚ ʨʝʘʢʪʦʨʝ ʥʘ ʪʝʧʣʦʚʳʭ ʥʝʡʪʨʦʥʘʭ, ʨʘʜʠʘʮʠ-

ʦʥʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ çʛʦʨʷʯʝʛʦè ʠʩʪʦʯʥʠʢʘ (ʩʧʝʢʪʨ, ʘʢʪʠʚʥʦʩʪʴ) 

ʩʦʦʪʚʝʪʩʪʚʦʚʘʣʠ ʙʳ ʪʨʝʙʫʝʤʳʤ ʟʥʘʯʝʥʠʷʤ, ʧʦʩʣʝ 1-3 ʜʥʝʚʥʦʡ ʚʳ-

ʜʝʨʞʢʠ. ʀʩʪʦʯʥʠʢʠ ʥʘ ʦʩʥʦʚʝ ʠʪʪʝʨʙʠʷ-169 ʩ ʩʝʨʜʝʯʥʠʢʦʤ ʠʟ ʢʚʘʨ-

ʮʝʚʦʛʦ ʩʪʝʢʣʘ, ʣʝʛʠʨʦʚʘʥʥʦʛʦ ʠʪʪʝʨʙʠʝʤ, ʜʘʩʪ ʚʦʟʤʦʞʥʦcʪʴ ʩʦʟʜʘʪʴ 

ʪʝʭʥʦʣʦʛʠʶ ʙʝʟ ʩʙʦʨʢʠ ʚ çʛʦʨʷʯʝʡ ʢʘʤʝʨʝè ʠ ʩʙʦʨʢʠ ʩ ʤʘʥʠʧʫʣʷʪʦ-

ʨʘʤʠ, ʯʪʦ ʩʠʣʴʥʦ ʫʧʨʦʩʪʠʪ ʩʘʤ ʧʨʦʮʝʩʩ ʩʙʦʨʢʠ ʠ ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʠ 

ʠʩʪʦʯʥʠʢʦʚ, ʘ ʪʘʢʞʝ ʩʫʱʝʩʪʚʝʥʥʦ ʫʤʝʥʴʰʠʪ ʮʝʥʫ ʠʩʪʦʯʥʠʢʘ ʧʦ 

ʩʨʘʚʥʝʥʠʶ ʩ ʟʘʨʫʙʝʞʥʳʤʠ. 
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ʄʋʃʔʊʀʉɽʂʊʆʈʅʓʁ ʉʎʀʅʊʀʃʃʗʎʀʆʅʅʓʁ  

ɼɽʊɽʂʊʆʈ ʐɸʃ ʅɸ ʆʉʅʆɺɽ ʆʇʊʆɺʆʃʆʂʆʅʅʆɻʆ  

ʉɺɽʊʆʉɹʆʈɸ 

 

ʋʥʘʪʣʦʢʦʚ ʀ.ɹ., ɸʤʧʠʣʦʛʦʚ ʅ.ɺ., ʗʰʠʥ ʀ.ʀ. 

 
ʅʘʮʠʦʥʘʣʴʥʳʡ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʷʜʝʨʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ çʄʀʌʀè 

ʅʘʫʯʥʦ-ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʡ ʮʝʥʪʨ ʅɽɺʆɼ, ʄʦʩʢʚʘ, ʈʦʩʩʠʷ 

ʢʦʥʪ. ʪʝʣ. 8-968-685-68-42, e-mail: unatlokov@mail.ru 

 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʚ ʅʆʎ ʅɽɺʆɼ (ʅʀʗʋ ʄʀʌʀ) ʩʦʟʜʘʝʪʩʷ 

ʫʩʪʘʥʦʚʢʘ ʅɽɺʆɼ-ʐɸʃ [1] ʜʣʷ ʨʝʛʠʩʪʨʘʮʠʠ ʰʠʨʦʢʠʭ ʘʪʤʦʩʬʝʨ-

ʥʳʭ ʣʠʚʥʝʡ (ʐɸʃ) ʩʦʚʤʝʩʪʥʦ ʩ ʜʨʫʛʠʤʠ ʜʝʪʝʢʪʦʨʘʤʠ ʵʢʩʧʝʨʠʤʝʥ-

ʪʘʣʴʥʦʛʦ ʢʦʤʧʣʝʢʩʘ. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʨʘʟʚʝʨʥʫʪʘ ʮʝʥʪʨʘʣʴʥʘʷ 

ʯʘʩʪʴ ʫʩʪʘʥʦʚʢʠ ʅɽɺʆɼ-ʐɸʃ, ʢʦʪʦʨʘʷ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʤʘʩʩʠʚ 

ʜʝʪʝʢʪʦʨʦʚ, ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʥʘ ʢʨʳʰʘʭ ʣʘʙʦʨʘʪʦʨʥʳʭ ʢʦʨʧʫʩʦʚ 

ʄʀʌʀ ʚʦʢʨʫʛ ʢʦʤʧʣʝʢʩʘ ʅɽɺʆɼ. ʉʮʠʥʪʠʣʣʷʮʠʦʥʥʳʡ ʜʝʪʝʢʪʦʨ 

ʮʝʥʪʨʘʣʴʥʦʡ ʯʘʩʪʠ ʅɽɺʆɼ-ʐɸʃ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʩʯʝʪʯʠʢ ʧʠ-

ʨʘʤʠʜʘʣʴʥʦʡ ʬʦʨʤʳ, ʚ ʢʦʪʦʨʦʤ ʌʕʋ ʥʘʧʨʘʚʣʝʥ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦ 

ʧʣʦʩʢʦʩʪʠ ʩʮʠʥʪʠʣʣʷʪʦʨʘ ʠ ʩʦʙʠʨʘʝʪ ʬʦʪʦʥʳ ʦʪ ʩʮʠʥʪʠʣʣʷʮʠʦʥʥʳʭ 

ʚʩʧʳʰʝʢ. ɼʣʷ ʫʚʝʣʠʯʝʥʠʷ ʧʣʦʱʘʜʠ ʫʩʪʘʥʦʚʢʠ ʙʳʣ ʨʘʟʨʘʙʦʪʘʥ ʥʦ-

ʚʳʡ ʜʝʪʝʢʪʦʨ ʥʘ ʦʩʥʦʚʝ ʤʫʣʴʪʠʩʝʢʪʦʨʥʦʛʦ ʜʝʪʝʢʪʦʨʘ, ʩʦʟʜʘʥʥʦʛʦ 

ʜʣʷ ʵʢʩʧʝʨʠʤʝʥʪʘ ɹɸʈʉ-ʐɸʃ [2]. 

ʄʫʣʴʪʠʩʝʢʪʦʨʥʳʡ ʩʮʠʥʪʠʣʣʷʮʠʦʥʥʳʡ ʜʝʪʝʢʪʦʨ ʥʘ ʦʩʥʦʚʝ ʦʧʪʦ-

ʚʦʣʦʢʦʥʥʦʛʦ ʩʚʝʪʦʩʙʦʨʘ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʢʦʥʩʪʨʫʢʮʠʶ ʠʟ ʚʦʩʴ-

ʤʠ ʪʨʘʧʝʮʠʝʚʠʜʥʳʭ ʩʮʠʥʪʠʣʣʷʮʠʦʥʥʳʭ ʩʙʦʨʦʢ, ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʚ 

ʚʠʜʝ ʚʦʩʴʤʠʫʛʦʣʴʥʠʢʘ ʚ ʩʚʝʪʦʠʟʦʣʠʨʦʚʘʥʥʦʤ ʚʣʘʛʦʟʘʱʠʱʸʥʥʦʤ 

ʢʦʨʧʫʩʝ (ʩʤ. ʨʠʩ.1). ʏʫʚʩʪʚʠʪʝʣʴʥʘʷ ʧʣʦʱʘʜʴ ʜʝʪʝʢʪʦʨʘ ʩʦʩʪʘʚʣʷʝʪ 

1 ʤ2. ʂʘʞʜʘʷ ʩʙʦʨʢʘ ʩʦʩʪʦʠʪ ʠʟ ʜʚʫʭ ʧʣʘʩʪʠʥ ʠʟ ʧʣʘʩʪʠʯʝʩʢʦʛʦ 

ʩʮʠʥʪʠʣʣʷʪʦʨʘ ʪʦʣʱʠʥʦʡ ʧʦ 2 ʩʤ, ʤʝʞʜʫ ʢʦʪʦʨʳʤʠ ʨʘʩʧʦʣʦʞʝʥ 

ʩʣʦʡ ʦʧʪʠʯʝʩʢʦʛʦ ʩʠʣʠʢʦʥʘ ʩ ʚʢʣʝʝʥʥʳʤʠ ʦʧʪʠʯʝʩʢʠʤʠ ʩʧʝʢʪʨʦ-

ʩʤʝʱʘʶʱʠʤʠ ʚʦʣʦʢʥʘʤʠ (Kuraray Y-11, ʜʠʘʤʝʪʨ 1 ʤʤ, ʗʧʦʥʠʷ). ʀʟ 

ʢʘʞʜʦʡ ʩʮʠʥʪʠʣʣʷʮʠʦʥʥʦʡ ʩʙʦʨʢʠ ʚʳʭʦʜʠʪ ʧʦ 11 ʦʧʪʠʯʝʩʢʠʭ ʚʦʣʦ-

ʢʦʥ, ʢʦʪʦʨʳʝ ʩʦʙʨʘʥʳ ʚ ʮʝʥʪʨʝ ʢʦʥʩʪʨʫʢʮʠʠ ʚ ʧʫʯʦʢ, ʢʦʪʦʨʳʡ 

ʥʘʧʨʘʚʣʝʥ ʢ ʚʭʦʜʥʦʤʫ ʦʢʥʫ ʌʕʋ-115ʄ. 

ʌʕʋ-115ʄ ʠʤʝʝʪ ʜʠʥʘʤʠʯʝʩʢʠʡ ʜʠʘʧʘʟʦʥ ~104 ʬ.ʵ., ʢʦʵʬʬʠʮʠ-

ʝʥʪ ʫʩʠʣʝʥʠʷ ~106 ʧʨʠ ʨʘʙʦʯʝʤ ʥʘʧʨʷʞʝʥʠʠ ʧʠʪʘʥʠʷ 2100 ɺ. ʌʦʪʦ-

ʢʘʪʦʜ ʌʕʋ-115ʄ ʦʧʪʠʤʠʟʠʨʦʚʘʥ ʜʣʷ ʨʝʛʠʩʪʨʘʮʠʠ ʟʝʣʝʥʦʡ ʯʘʩʪʠ 

mailto:unatlokov@mail.ru
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ʚʠʜʠʤʦʛʦ ʩʧʝʢʪʨʘ. ʀʩʩʣʝʜʦʚʘʥʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʜʝʪʝʢʪʦʨʘ ʧʦʢʘʟʘ-

ʣʠ, ʯʪʦ ʜʝʪʝʢʪʦʨ ʠʤʝʝʪ ʭʦʨʦʰʦ ʨʘʟʨʝʰʠʤʳʡ ʤʶʦʥʥʳʡ ʧʠʢ (ʩʚʝʪʦ-

ʚʳʭʦʜ ʦʢʦʣʦ 67 ʬ.ʵ.), ʥʝʦʜʥʦʨʦʜʥʦʩʪʴ ʦʜʥʦʛʦ ʩʝʢʪʦʨʘ ~9%, ʧʨʠ ʠʩ-

ʧʦʣʴʟʦʚʘʥʠʠ ʩʚʝʪʦʧʦʛʣʦʱʘʶʱʠʭ ʤʘʩʦʢ, ʢʦʪʦʨʳʝ ʢʦʤʧʝʥʩʠʨʫʶʪ 

ʥʝʨʘʚʥʦʤʝʨʥʦʩʪʴ ʨʘʩʧʦʣʦʞʝʥʠʷ ʩʧʢʝʪʨʦʩʤʝʱʘʶʱʠʭ ʚʦʣʦʢʦʥ. ɺ 

ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʠʜʝʪ ʩʙʦʨʢʘ ʧʝʨʚʦʛʦ ʢʣʘʩʪʝʨʘ ʚʪʦʨʦʡ ʦʯʝʨʝʜʠ 

ʫʩʪʘʥʦʚʢʠ ʅɽɺʆɼ-ʐɸʃ.  

 

 
ʈʠʩ.1. ʄʫʣʴʪʠʩʝʢʪʦʨʥʳʡ ʩʮʠʥʪʠʣʣʷʮʠʦʥʥʳʡ ʜʝʪʝʢʪʦʨ 

 

ʃʠʪʝʨʘʪʫʨʘ 

1. ʀ.ɸ. ʐʫʣʴʞʝʥʢʦ, ʄ.ɹ. ɸʤʝʣʴʯʘʢʦʚ, ʅ.ʉ. ɹʘʨʙʘʰʠʥʘ ʠ ʜʨ. 

ʇʨʦʝʢʪ ʫʩʪʘʥʦʚʢʠ ʅɽɺʆɼ-ʐɸʃ ʜʣʷ ʨʝʛʠʩʪʨʘʮʠʠ ʰʠʨʦʢʠʭ ʘʪʤʦ-

ʩʬʝʨʥʳʭ ʣʠʚʥʝʡ. ʀʟʚʝʩʪʠʷ ʈɸʅ. ʉʝʨʠʷ ʬʠʟʠʯʝʩʢʘʷ. 2013. ʊ. 77. 

2. ɸʤʝʣʴʯʘʢʦʚ ʄ.ɹ. ʠ ʜʨ. ʇʨʦʝʢʪ ʵʢʩʧʝʨʠʤʝʥʪʘ ɹɸʈʉ-ʐɸʃ ʜʣʷ 

ʧʦʠʩʢʘ ʥʦʚʳʭ ʬʠʟʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ ʚ ʢʦʩʤʠʯʝʩʢʠʭ ʣʫʯʘʭ. // ʀʟʚ 

ʈɸʅ, ʩʝʨ.ʬʠʟʠʯ. 2005. ʊ. 69, ʉ. 391. 
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ʉʇʆʉʆɹ ʄɽʍɸʅʀʏɽʉʂʆʁ ʆɹʈɸɹʆʊʂʀ  

ʋɿʂʆʇʈʆʌʀʃʔʅʓʍ ʂʆʃʔʎɽɺʓʍ ʂɸʅɸɺʆʂ ɺ  

ʂʆʈʇʋʉʅʆʄ ʆɹʆʈʋɼʆɺɸʅʀʀ ʆʊɺɽʊʉʊɺɽʅʅʆɻʆ 

ʅɸɿʅɸʏɽʅʀʗ 

 

ʋʩʤʘʥʦʚ ʄ.ɿ.
1,2

, ʊʝʨʝʭʦʚ ɺ.ʄ.
2
, ɺʠʥʥʠʢʦʚ ɺ.ʉ.

2 

 
1 ʅʀʗʋ ʄʀʌʀ, ʛ. ʄʦʩʢʚʘ 

2 ɿʠʆ-ʇʦʜʦʣʴʩʢ, ʄʦʩʢʦʚʩʢʘʷ ʦʙʣʘʩʪʴ, ʛ. ʇʦʜʦʣʴʩʢ 

8-916-372-86-72, marat12u@yandex.ru 

 

ʆʙʲʝʢʪʦʤ, ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʤ ʚ ʜʦʢʣʘʜʝ, ʷʚʣʷʝʪʩʷ ʪʝʭʥʦʣʦʛʠʷ ʠ 

ʠʥʩʪʨʫʤʝʥʪ ʜʣʷ ʤʝʭʘʥʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʠ ʫʟʢʦʧʨʦʬʠʣʴʥʳʭ ʢʦʣʴʮʝ-

ʚʳʭ ʢʘʥʘʚʦʢ ʚ ʢʦʨʧʫʩʥʦʤ ʦʙʦʨʫʜʦʚʘʥʠʠ. 

ɸʢʪʫʘʣʴʥʦʩʪʴ ʨʘʙʦʪʳ ʧʦʜʪʚʝʨʞʜʝʥʘ:  

1. ʇʦʩʪʘʥʦʚʣʝʥʠʝʤ ʇʨʘʚʠʪʝʣʴʩʪʚʘ ʈʌ N 715 ʦʪ 19 ʘʚʛʫʩʪʘ 

2013 ʛ. "ʆʙ ʦʩʫʱʝʩʪʚʣʝʥʠʠ ʙʶʜʞʝʪʥʳʭ ʠʥʚʝʩʪʠʮʠʡ ʚ ʩʪʨʦʠʪʝʣʴ-

ʩʪʚʦ 2 ʩʝʨʠʡʥʳʭ ʫʥʠʚʝʨʩʘʣʴʥʳʭ ʘʪʦʤʥʳʭ ʣʝʜʦʢʦʣʦʚ" ʫʪʚʝʨʞʜʝʥʘ 

ʩʪʨʘʪʝʛʠʷ ʧʦʩʪʨʦʡʢʠ ʜʚʫʭ ʘʪʦʤʥʳʭ ʣʝʜʦʢʦʣʦʚ ʠ ʨʘʟʚʠʪʠʷ ʘʪʦʤʥʦʛʦ 

ʬʣʦʪʘ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ ʚ 2015-2020 ʛʦʜʘʭ [1]. 

2. ɻʦʩʫʜʘʨʩʪʚʝʥʥʳʤ ʟʘʢʘʟʯʠʢʦʤ ɻʦʩʫʜʘʨʩʪʚʝʥʥʦʡ ʢʦʨʧʦʨʘʮʠ-

ʝʡ ʧʦ ʘʪʦʤʥʦʡ ʵʥʝʨʛʠʠ "ʈʦʩʘʪʦʤ", ʠ ʟʘʢʘʟʯʠʢʦʤ (ʟʘʩʪʨʦʡʱʠʢʦʤ) - 

ʌɻʋʇ çɸʪʦʤʬʣʦʪè. 

ʎʝʣʴ ʨʘʙʦʪʳ: ʨʘʟʨʘʙʦʪʢʘ ʠ ʚʥʝʜʨʝʥʠʝ ʥʦʚʦʡ ʪʝʭʥʦʣʦʛʠʷ ʤʝʭʘʥʠ-

ʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʠ ʠ ʢʦʥʩʪʨʫʢʮʠʠ ʪʨʝʧʘʥʠʨʫʶʱʝʡ ʛʦʣʦʚʢʠ ʜʣʷ: 

1. ʩʥʠʞʝʥʠʷ ʮʠʢʣʘ ʤʝʭʘʥʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʠ ʢʘʞʜʦʡ ʫʟʢʦʧʨʦ-

ʬʠʣʴʥʦʡ ʢʦʣʴʮʝʚʦʡ ʢʘʥʘʚʢʠ ʚ  ʢʦʨʧʫʩʝ ʤʦʨʩʢʦʛʦ ʨʝʘʢʪʦʨʘ; 

2. ʦʙʝʩʧʝʯʝʥʠʷ ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʨʘʟʛʨʫʟʦʯʥʦʛʦ ʢʘ-

ʥʘʣʘ ʧʘʪʨʫʙʢʘ ʧʨʠʚʘʨʢʠ ʢʘʩʩʝʪ ʧʘʨʦʛʝʥʝʨʘʪʦʨʘ. 

ʇʝʨʝʜ çɿʠʆ-ʇʦʜʦʣʴʩʢè ʧʦʩʪʘʚʣʝʥʘ ʟʘʜʘʯʘ ʠʟʛʦʪʦʚʣʝʥʠʷ ʚ ʫʩʪʘ-

ʥʦʚʣʝʥʥʳʝ ʩʨʦʢʠ ʥʦʚʦʛʦ ʨʝʘʢʪʦʨʘ ʜʣʷ ʘʪʦʤʥʦʛʦ ʣʝʜʦʢʦʣʘ çɸʨʢʪʠ-

ʢʘè. ʆʜʥʦʡ ʠʟ ʩʣʦʞʥʝʡʰʠʭ ʦʧʝʨʘʮʠʡ ʩʪʘʣʦ ʚʳʧʦʣʥʝʥʠʝ ʫʟʢʦʧʨʦ-

ʬʠʣʴʥʳʭ ʢʦʣʴʮʝʚʳʭ ʢʘʥʘʚʦʢ, ʜʣʷ ʨʝʰʝʥʠʷ  ʢʦʪʦʨʦʡ ʥʝ ʙʳʣʦ ʘʥʘʣʦ-

ʛʦʚ, ʢʨʦʤʝ ʦʙʨʘʙʦʪʢʠ ʨʝʟʮʦʤ ʢʦʥʩʪʨʫʢʮʠʠ "ʆʂɹʄ ɸʬʨʠʢʘʥʪʦʚ". 

ʉʣʦʞʥʦʩʪʴ ʦʙʨʘʙʦʪʢʠ ʜʘʥʥʦʛʦ ʧʘʟʘ ʩʦʩʪʦʠʪ ʚ ʪʦʤ, ʯʪʦ ʦʪʥʦʰʝʥʠʝ 

ʜʠʘʤʝʪʨʘ ʢ ʰʠʨʠʥʝ ʧʘʟʘ ʩʦʩʪʘʚʣʷʝʪ - 28, ʘ ʦʪʥʦʰʝʥʠʝ ʛʣʫʙʠʥʳ ʢ 

ʰʠʨʠʥʝ ʧʘʟʘ - 8,5, ʠ ʧʨʦʪʷʞʝʥʥʦʩʪʴ 310 ʤʤ ʦʪ çʟʝʨʢʘʣʘè ʧʘʪʨʫʙʢʘ 

ʜʦ ʝʛʦ ʜʦʥʥʦʡ ʯʘʩʪʠ.  
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ɼʣʷ ʨʝʰʝʥʠʷ ʜʘʥʥʦʡ ʟʘʜʘʯʠ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥʳ ʢʦʥʩʪʨʫʢʮʠʠ 

ʨʝʞʫʱʝʛʦ ʠʥʩʪʨʫʤʝʥʪʘ[2], ʧʨʦʚʝʜʝʥʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʜʘʥʥʦʛʦ ʚʦ-

ʧʨʦʩʘ[3], ʩʦʩʪʘʚʣʝʥʳ ʠ ʚʥʝʜʨʝʥʳ ʚ ʧʨʦʠʟʚʦʜʩʪʚʦ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ 

ʨʝʢʦʤʝʥʜʘʮʠʠ.  

ʀʩʧʦʣʴʟʫʷ ʨʘʟʨʘʙʦʪʘʥʥʳʝ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʧʨʠʸʤʳ, ʦʙʝʩʧʝʯʝʥʳ 

ʛʝʦʤʝʪʨʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ ʨʘʟʛʨʫʟʦʯʥʦʛʦ ʢʘʥʘʣʘ ʧʘʪʨʫʙʢʘ ʧʨʠʚʘʨ-

ʢʠ ʢʘʩʩʝʪ ʧʘʨʦʛʝʥʝʨʘʪʦʨʘ. ʂʘʢ ʨʝʟʫʣʴʪʘʪ, ʩʥʠʞʝʥ ʮʠʢʣ ʠʟʛʦʪʦʚʣʝ-

ʥʠʷ ʢʘʞʜʦʡ ʢʦʣʴʮʝʚʦʡ ʢʘʥʘʚʢʠ ʩ 6 ʩʫʪʦʢ ʜʦ 7 ʯʘʩʦʚ. ʈʝʟʫʣʴʪʘʪʳ 

ʠʩʧʳʪʘʥʠʡ ʚʥʝʜʨʝʥʳ ʚ ʧʨʦʠʟʚʦʜʩʪʚʦ. ʇʦʜʘʥʘ ʟʘʷʚʢʘ ʚ ʈʆʉʇɸ-

ʊɽʅʊ ʥʘ ʧʨʝʜʧʦʣʘʛʘʝʤʦʝ ʠʟʦʙʨʝʪʝʥʠʝ. 

 
ʈʠʩ.1. ʀʟʦʙʨʘʞʝʥʠʝ, ʨʘʟʨʘʙʦʪʘʥʥʦʛʦ ʠ ʠʟʛʦʪʦʚʣʝʥʥʦʛʦ ʠʥʩʪʨʫʤʝʥʪʘ.  

ʃʠʪʝʨʘʪʫʨʘ 

1. ʇʦʩʪʘʥʦʚʣʝʥʠʝ ʇʨʘʚʠʪʝʣʴʩʪʚʘ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ ʦʪ 19 

ʘʚʛʫʩʪʘ 2013 ʛ. ˉ 715 ʛ. ʄʦʩʢʚʘ "ʆʙ ʦʩʫʱʝʩʪʚʣʝʥʠʠ ʙʶʜʞʝʪʥʳʭ 

ʠʥʚʝʩʪʠʮʠʡ ʚ ʩʪʨʦʠʪʝʣʴʩʪʚʦ 2 ʩʝʨʠʡʥʳʭ ʫʥʠʚʝʨʩʘʣʴʥʳʭ ʘʪʦʤʥʳʭ 

ʣʝʜʦʢʦʣʦʚ". 

2. ʇʘʪʝʥʪ ʉʐɸ US 20030026668 A1. 

3. ʅ. ɼ. ʊʨʦʠʮʢʠʡ. ɻʣʫʙʦʢʦʝ ʩʚʝʨʣʝʥʠʝ. (ʃ: ʄʘʰʠʥʦʩʪʨʦʝʥʠʝè, 

1971). 
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ɸʂʋʉʊʀʏɽʉʂʀɽ ɺʆɿʄʋʑɽʅʀʗ ʇʈʀ ʇɽʈɽʍʆɼʅʓʍ 

ʇʈʆʎɽʉʉɸʍ ɺ ɸʂʊʀɺʅʆʁ ɿʆʅɽ ɺɺʕʈ-1000/1200 

 

ʌʠʣʦʥʦʚ ɺ.ɺ
1
., ʌʠʣʦʥʦʚʘ ʖ.ʉ

2
. 

 
1,2 
ʅʊʋʋ çʂʇʀ ʠʤ. ʀ.ʀ ʉʠʢʦʨʩʢʦʛʦè, ʂʠʝʚ

 

+38 (093) 596-84-65, filonov.vladislav@mail.ru 
 

 
ʉʧʝʮʠʬʠʯʝʩʢʠʤ ʚʦʟʙʫʜʠʪʝʣʝʤ ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʠʭ ʘʚʪʦʢʦʣʝʙʘʥʠʡ 

ʚ ʘʢʪʠʚʥʦʡ ʟʦʥʝ ʤʦʞʝʪ ʙʳʪʴ ʩʘʤʦ ʪʦʧʣʠʚʦ, ʢʦʪʦʨʦʝ ʩʧʦʩʦʙʥʦ ʠʟʣʫ-

ʯʘʪʴ ʘʢʫʩʪʠʯʝʩʢʠʝ ʚʦʣʥʳ ʚʦʟʙʫʞʜʝʥʠʷ. ɺ ʫʩʣʦʚʠʷʭ ʦʪʩʫʪʩʪʚʠʷ ʘʥʠ-

ʟʦʪʨʦʧʠʠ ʪʦʧʣʠʚʥʫʶ ʪʘʙʣʝʪʢʫ ʤʦʞʥʦ ʨʘʩʩʤʦʪʨʝʪʴ, ʢʘʢ ʪʝʨʤʦʫʧʨʫʛʠʡ 

ʵʣʝʤʝʥʪ [1]. ɺ ʩʪʘʮʠʦʥʘʨʥʳʭ ʨʝʞʠʤʘʭ ʧʦʣʝ ʵʥʝʨʛʦʚʳʜʝʣʝʥʠʷ ʚ ʪʘʙ-

ʣʝʪʢʝ ʦʩʝʩʠʤʤʝʪʨʠʯʥʦ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʚ ʪʝʨʤʠʯʝʩʢʦʤ ʤʝʭʘʥʠʟʤʝ 

ʛʝʥʝʨʘʮʠʠ ʘʢʫʩʪʠʯʝʩʢʦʡ ʚʦʣʥʳ [2] ʦʪʩʫʪʩʪʚʫʝʪ ʥʝʦʜʥʦʨʦʜʥʦʩʪʴ, ʚʳ-

ʟʚʘʥʥʘʷ ʠʟʤʝʥʝʥʠʝʤ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʧʦʣʷ. ʅʝʩʪʘʮʠʦʥʘʨʥʳʝ ʧʨʦʮʝʩ-

ʩʳ ʧʨʠʚʦʜʷʪ ʢ ʪʦʤʫ, ʯʪʦ ʣʦʢʘʣʴʥʳʝ ʦʙʣʘʩʪʠ ʠʤʝʶʪ ʨʘʟʥʫʶ ʩʪʝʧʝʥʴ 

ʨʘʩʰʠʨʝʥʠʷ. ʈʘʩʩʤʦʪʨʠʤ ʢʣʘʩʩʠʯʝʩʢʠʡ ʧʨʠʤʝʨ ʚʚʝʜʝʥʠʷ ʦʪʨʠʮʘ-

ʪʝʣʴʥʦʡ ʨʝʘʢʪʠʚʥʦʩʪʠ, ʠʥʳʤʠ ʩʣʦʚʘʤʠ ʠʟʤʝʥʝʥʠʷ ʥʝʡʪʨʦʥʥʦʡ ʤʦʱ-

ʥʦʩʪʠ ʨʝʘʢʪʦʨʘ. ɺ ʪʝʨʤʦʫʧʨʫʛʦʡ ʧʦʩʪʘʥʦʚʢʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʘʢʫ-

ʩʪʠʯʝʩʢʦʡ ʚʦʣʥʳ ʙʝʟ ʫʯʝʪʘ ʵʬʬʝʢʪʦʚ ʦʪʨʘʞʝʥʠʷ ʤʦʞʝʪ ʙʳʪʴ ʦʧʠʩʘʥʦ 

ʫʨʘʚʥʝʥʠʷʤʠ (1). ɺ ʧʨʝʜʧʦʣʦʞʝʥʠʠ ʦʩʝʚʦʡ ʩʠʤʤʝʪʨʠʠ ʟʘʜʘʯʘ ʥʝ-

ʩʢʦʣʴʢʦ ʫʧʨʦʱʘʝʪʩʷ. 
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  (1) 

ʈʝʟʫʣʴʪʘʪʳ ʨʘʩʯʝʪʦʚ ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʦ ʪʦʤ, ʯʪʦ ʘʤʧʣʠʪʫʜʘ ʘʢʫ-

ʩʪʠʯʝʩʢʦʡ ʚʦʣʥʳ ʤʦʞʝʪ ʜʦʩʪʠʛʘʪʴ ʥʝʩʢʦʣʴʢʠʭ ʜʝʩʷʪʢʦʚ ʧʘʩʢʘʣʴ (ʨʠʩ 

1). 

ɺʦʧʨʦʩ ʦ ʪʦʤ, ʢʘʢʦʝ ʚʣʠʷʥʠʝ ʩ ʧʨʘʢʪʠʯʝʩʢʦʡ ʪʦʯʢʠ ʟʨʝʥʠʷ ʤʦʛʫʪ 

ʦʢʘʟʘʪʴ ʜʘʥʥʳʝ ʘʢʫʩʪʠʯʝʩʢʠʝ ʚʦʣʥʳ ʥʘ ʦʙʨʘʟʦʚʘʥʠʝ ʦʙʱʝʡ ʘʚʪʦʢʦʣʝ-

ʙʘʪʝʣʴʥʦʡ ʢʘʨʪʠʥʳ, ʦʩʪʘʝʪʩʷ ʧʦ-ʧʨʝʞʥʝʤʫ ʦʪʢʨʳʪ. ʊʘʢʞʝ ʚʦʟʥʠʢʘʝʪ 

ʚʦʧʨʦʩ ʦ ʚʦʟʤʦʞʥʦʩʪʠ ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʜʘʥʥʳʭ ʚʦʣʥ ʩʫʱʝʩʪʚʫʶʱʠʤʠ 

ʩʠʩʪʝʤʘʤʠ ʘʢʫʩʪʠʯʝʩʢʦʡ ʩʧʝʢʪʨʦʤʝʪʨʠʠ, ʘ ʠʤʝʥʥʦ ʠʭ ʦʪʜʝʣʝʥʠʷ ʦʪ 

ʰʫʤʦʚ, ʚʳʟʚʘʥʥʳʭ ʘʥʦʤʘʣʴʥʳʤʠ ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʠʤʠ ʧʨʦʮʝʩʩʘʤʠ 

[2]. 

mailto:filonov.vladislav@mail.ru
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ʈʠʩʫʥʦʢ 1 ï ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʘʢʫʩʪʠʯʝʩʢʦʛʦ ʜʘʚʣʝʥʠʷ ʥʘ ʣʠʥʠʠ, ʧʨʦ-

ʭʦʜʷʱʝʡ ʧʘʨʘʣʣʝʣʴʥʦ ʘʢʩʠʘʣʴʥʦʡ ʦʩʠ (ʯʝʨʝʟ ʪʦʯʢʫ 2 ʤʤ;2 ʤʤ;0) ʚ ʬʨʘʛʤʝʥ-

ʪʝ ʥʘʙʦʨʘ ʪʦʧʣʠʚʥʳʭ ʪʘʙʣʝʪʦʢ ʚ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ 0.1 ʩ 

 

ʅʝʩʤʦʪʨʷ ʥʘ ʪʦ, ʯʪʦ ʦʙʱʘʷ ʛʝʥʝʨʠʨʫʝʤʘʷ ʘʢʫʩʪʠʯʝʩʢʘʷ ʤʦʱʥʦʩʪʴ 

ʚ ʊɺʕʃ ʤʘʣʘ, ʚ ʠʥʪʝʛʨʘʣʴʥʦʤ ʩʦʦʪʥʦʰʝʥʠʠ ʜʣʷ ʚʩʝʡ ʘʢʪʠʚʥʦʡ ʟʦʥʳ 

ʵʪʘ ʚʝʣʠʯʠʥʘ ʠʤʝʝʪ ʜʦʩʪʘʪʦʯʥʦʝ ʟʥʘʯʝʥʠʝ ʜʣʷ ʚʦʟʙʫʞʜʝʥʠʷ ʢʦʣʝʙʘ-

ʥʠʡ ʚ ʩʠʩʪʝʤʝ ʩ ʧʫʣʴʩʘʮʠʝʡ ʚ ʥʝʩʢʦʣʴʢʦ ʜʝʩʷʪʢʦʚ ʧʘʩʢʘʣʴ. ʅʘʧʨʠ-

ʤʝʨ, ʢʦʪʦʨʘʷ ʤʦʞʝʪ ʙʳʪʴ ʧʦʣʫʯʝʥʘ ʚ ʪʝʧʣʦʥʦʩʠʪʝʣʝ ʩ ʥʝʩʫʱʝʡ ʯʘʩʪʦ-

ʪʦʡ 2000ˊ ʠ ʘʤʧʣʠʪʫʜʦʡ ʦʙʲʸʤʥʦʛʦ ʵʥʝʨʛʦʚʳʜʝʣʝʥʠʷ ʟʘ ʩʯʝʪ ʟʘʤʝʜ-

ʣʝʥʠʷ ʥʝʡʪʨʦʥʦʚ ʚ 2 ʄɺʪ/ʤ
3
 ʧʨʠ ʫʩʣʦʚʠʠ ʦʪʩʫʪʩʪʚʠʷ ʘʢʫʩʪʠʯʝʩʢʠʭ 

ʧʦʪʝʨʴ ʧʨʠ ʧʝʨʝʭʦʜʝ ʚʦʣʥʳ ʤʝʞʜʫ ʩʨʝʜʘʤʠ. 

 

ʃʠʪʝʨʘʪʫʨʘ: 

ɺʦʣʦʚʠʢ ɺ.ɼ. ʆ ʛʝʥʝʨʘʮʠʠ ʫʧʨʫʛʠʭ ʚʦʣʥ ʧʫʯʢʘʤʠ ʟʘʨʷʞʝʥʳʭ ʯʘ-

ʩʪʠʮ ʚ ʩʪʘʙʠʣʴʥʳʭ ʞʠʜʢʦʩʪʷʭ / ɺ.ɼ. ɺʦʣʦʚʠʢ, ɸ.ʀ. ʂʘʣʠʥʠʯʝʥʢʦ, 

ɺ.ʊ. ʃʘʟʫʨʠʢ, ɻ. ʌ. ʇʦʧʦʚ. // ɾʊʌ. 1979. ʊ.49, ˉ 6. ʉ. 1343-1345. 

ɹʦʞʢʦʚ ɸ.ʀ. ʀʩʩʣʝʜʦʚʘʥʠʝ ʚʦʣʥʦʚʦʡ ʟʦʥʳ ʪʝʨʤʦʦʧʪʠʯʝʩʢʦʛʦ 

ʠʟʣʫʯʘʪʝʣʷ / ɸ.ʀ. ɹʦʞʢʦʚ, ɸ. ʀ. ʄʘʣʷʨʦʚʩʢʠʡ, ɺ.ɻ. ʄʠʭʘʡʣʝʚʠʯ // 

ɸʢʫʩʪ. ʞʫʨʥ. 1979. ʊ.25, ˉ 6. ʉ. 820-824. 
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ʕʂʉʇʈɽʉʉ ʄɽʊʆɼ ʆɹʅɸʈʋɾɽʅʀʗ  

ʅɽɻɽʈʄɽʊʀʏʅʆʉʊʀ ʊɺʉ ɺ ɺʆɼʆ-ɺʆɼʗʅʓʍ  

ʈɽɸʂʊʆʈɸʍ ʇʆɼ ɼɸɺʃɽʅʀɽʄ 

 

ʌʠʨʩʦʚ ɻ.ɸ., ɽʬʠʤʦʚ ɽ.ʀ. 
 

ɼʀʊʀ ʅʀʗʋ ʄʀʌʀ, ʛ. ɼʠʤʠʪʨʦʚʛʨʘʜ 

ʪʝʣ. 89278337170, jotto07@mail.ru 

 

ʆʩʥʦʚʥʳʤ ʧʨʝʧʷʪʩʪʚʠʝʤ ʥʘ ʧʫʪʠ ʫʚʝʣʠʯʝʥʠʷ ʢʦʵʬʬʠʮʠʝʥʪʘ ʠʩ-

ʧʦʣʴʟʦʚʘʥʠʷ ʫʩʪʘʥʦʚʣʝʥʥʦʡ ʤʦʱʥʦʩʪʠ ʜʣʷ ɸʕʉ, ʨʘʙʦʪʘʶʱʠʭ ʚ ʙʘ-

ʟʦʚʦʤ ʨʝʞʠʤʝ, ʷʚʣʷʝʪʩʷ ʧʝʨʝʛʨʫʟʢʘ ʷʜʝʨʥʦʛʦ ʪʦʧʣʠʚʘ. ʇʣʘʥʦʚʦ-

ʧʨʝʜʫʧʨʝʜʠʪʝʣʴʥʳʡ ʨʝʤʦʥʪ ʦʙʳʯʥʦ ʧʣʘʥʠʨʫʶʪ ʥʘ ʩʨʦʢ ʧʝʨʝʛʨʫʟʢʠ. 

ʇʦʵʪʦʤʫ ʜʣʷ ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ ʧʦʚʳʰʝʥʠʷ ʵʥʝʨʛʦʚʳʨʘʙʦʪʢʠ ʮʝʣʝʩʦ-

ʦʙʨʘʟʥʦ ʙʳʣʦ ʙʳ ʫʤʝʥʴʰʠʪʴ ʚʨʝʤʷ ʧʝʨʝʛʨʫʟʢʠ. ʂʨʠʪʠʯʝʩʢʠʡ ʧʫʪʴ 

ʧʝʨʝʛʨʫʟʢʠ ʚ ʟʥʘʯʠʪʝʣʴʥʦʡ ʩʪʝʧʝʥʠ ʦʧʨʝʜʝʣʷʝʪʩʷ ʢʦʥʪʨʦʣʝʤ ʛʝʨʤʝ-

ʪʠʯʥʦʩʪʠ ʦʙʦʣʦʯʝʢ (ʂɻʆ) ʪʚʵʣʦʚ. 

ʉʦʙʩʪʚʝʥʥʦ, ʂɻʆ ʦʜʥʦʡ ʪʝʧʣʦʚʳʜʝʣʷʶʱʝʡ ʩʙʦʨʢʠ (ʊɺʉ) ʧʨʦ-

ʚʦʜʠʪʩʷ ʚ ʪʝʯʝʥʠʝ 30 ʤʠʥʫʪ. ʉ ʫʯʝʪʦʤ ʪʨʘʥʩʧʦʨʪʥʦ-

ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʦʧʝʨʘʮʠʡ ʥʘ ʢʦʥʪʨʦʣʴ ʦʜʥʦʡ ʊɺʉ ʧʨʘʢʪʠʯʝʩʢʠ 

ʫʭʦʜʠʪ 2 ʯʘʩʘ. ʂɻʆ ʫʚʝʣʠʯʠʚʘʝʪ ʜʣʠʪʝʣʴʥʦʩʪʴ ʧʝʨʝʛʨʫʟʢʠ ʥʘ ʚʨʝʤʷ, 

ʥʝʦʙʭʦʜʠʤʦʝ ʜʣʷ ʝʛʦ ʧʨʦʚʝʜʝʥʠʷ. 

ʌʘʢʪʠʯʝʩʢʠ ʠʤʝʝʪ ʤʝʩʪʦ ʩʣʝʜʫʶʱʝʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʚʨʝʤʝʥʠ 

ʂɻʆ ʦʜʥʦʡ ʊɺʉ: 30 ʤʠʥ ï ʠʟʚʣʝʯʝʥʠʝ ʢʘʩʩʝʪʳ ʠʟ ʨʝʘʢʪʦʨʘ ʠ ʧʝʨʝ-

ʤʝʱʝʥʠʝ ʢ ʧʝʥʘʣʫ; 30 ʤʠʥ ï ʫʩʪʘʥʦʚʢʘ ʢʘʩʩʝʪʳ ʚ ʧʝʥʘʣ ʠ ʝʛʦ ʛʝʨʤʝ-

ʪʠʟʘʮʠʷ; 30 ʤʠʥ ï ʧʨʦʚʝʜʝʥʠʝ ʂɻʆ; 30 ʤʠʥ ï ʨʘʟʛʝʨʤʝʪʠʟʘʮʠʷ ʧʝ-

ʥʘʣʘ ʠ ʠʟʚʣʝʯʝʥʠʝ ʠʟ ʥʝʛʦ ʢʘʩʩʝʪʳ. ʅʘʠʙʦʣʝʝ ʜʣʠʪʝʣʴʥʘʷ ʦʧʝʨʘʮʠʷ 

ï ʠʟʚʣʝʯʝʥʠʝ ʊɺʉ, ʢʦʪʦʨʘʷ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʩʦ ʩʢʦʨʦʩʪʴʶ, ʥʝ ʧʨʝ-

ʚʳʰʘʶʱʝʡ 0,3 ʤ/ʤʠʥ. ʇʝʨʝʤʝʱʝʥʠʝ ʞʝ ʊɺʉ ʚʥʝ ʘʢʪʠʚʥʦʡ ʟʦʥʳ 

ʚʦʟʤʦʞʥʦ ʩʦ ʩʢʦʨʦʩʪʴʶ 15 ʤ/ʤʠʥ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʟʘʪʨʘʪʘʤʠ ʚʨʝ-

ʤʝʥʠ ʥʘ ʧʝʨʝʜʚʠʞʝʥʠʝ ʊɺʉ ʧʦ ʛʦʨʠʟʦʥʪʘʣʠ ʤʦʞʥʦ ʧʨʝʥʝʙʨʝʯʴ. 

ɺʩʝ ʤʝʪʦʜʳ ʢʦʥʪʨʦʣʷ ʦʩʥʦʚʘʥʳ ʥʘ ʟʘʛʨʫʟʢʝ ʊɺʉ ʚ ʟʘʤʢʥʫʪʳʡ 

ʦʙʲʝʤ, ʚ ʢʦʪʦʨʳʡ ʧʨʠʥʫʜʠʪʝʣʴʥʦ ʚʳʚʦʜʷʪ ʧʨʦʜʫʢʪʳ ʜʝʣʝʥʠʷ ʠ ʠʟ 

ʢʦʪʦʨʦʛʦ ʦʪʙʠʨʘʶʪ ʧʨʦʙʳ ʜʣʷ ʨʘʜʠʦʭʠʤʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ. ɺ ʟʘʚʠ-

ʩʠʤʦʩʪʠ ʦʪ ʚʳʙʦʨʘ ʩʨʝʜʳ (ʚʦʜʘ ʠʣʠ ʧʘʨ), ʟʘʧʦʣʥʷʶʱʝʡ ʟʘʤʢʥʫʪʳʡ 

ʦʙʲʝʤ, ʨʘʟʣʠʯʘʶʪ "ʤʦʢʨʳʡ" ʠ "ʩʫʭʦʡ" ʩʧʦʩʦʙʳ ʢʦʥʪʨʦʣʷ.  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚʩʝ ʠʟʚʝʩʪʥʳʝ ʩʧʦʩʦʙʳ ʦʙʥʘʨʫʞʝʥʠʷ ʨʘʟʛʝʨʤʝ-

ʪʠʟʠʨʦʚʘʥʥʳʭ ʪʚʵʣʦʚ ʠʤʝʶʪ ʩʫʱʝʩʪʚʝʥʥʳʡ ʥʝʜʦʩʪʘʪʦʢ: ʙʦʣʴʰʦʝ 
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ʚʨʝʤʷ ʧʨʦʚʝʜʝʥʠʷ ʠʟʤʝʨʝʥʠʡ ʠ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʦʩʫʱʝʩʪʚʣʝʥʠʷ ʜʦ-

ʧʦʣʥʠʪʝʣʴʥʳʭ ʪʨʘʥʩʧʦʨʪʥʦ-ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʦʧʝʨʘʮʠʡ. ɺ ʩʚʷʟʠ ʩ 

ʵʪʠʤ ʥʝʦʙʭʦʜʠʤʦ ʧʨʝʜʣʦʞʠʪʴ ʠ ʨʘʟʨʘʙʦʪʘʪʴ ʥʦʚʳʝ ʤʝʪʦʜʳ ʂɻʆ 

ʪʚʵʣʦʚ, ʧʦʟʚʦʣʷʶʱʠʭ ʦʧʨʝʜʝʣʠʪʴ ʊɺʉ ʩ ʥʝʛʝʨʤʝʪʠʯʥʳʤʠ ʪʚʵʣʘʤʠ 

ʙʝʟ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʟʘʪʨʘʪ ʚʨʝʤʝʥʠ, ʪ.ʝ. ʚ ʧʨʦʮʝʩʩʝ ʚʳʧʦʣʥʝʥʠʷ 

ʰʪʘʪʥʦʡ ʪʨʘʥʩʧʦʨʪʥʦ-ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʦʧʝʨʘʮʠʠ, ʥʘʧʨʠʤʝʨ, ʧʨʠ 

ʠʟʚʣʝʯʝʥʠʠ ʊɺʉ ʠʟ ʘʢʪʠʚʥʦʡ ʟʦʥʳ. 

ʇʝʨʩʧʝʢʪʠʚʥʳʤ ʤʝʪʦʜʦʤ ʢʦʥʪʨʦʣʷ ʨʘʚʥʦʤʝʨʥʦʩʪʠ ʜʝʣʷʱʝʛʦʩʷ 

ʤʘʪʝʨʠʘʣʘ ʚ ʪʦʧʣʠʚʥʦʤ ʩʝʨʜʝʯʥʠʢʝ ʷʚʣʷʝʪʩʷ ʤʝʪʦʜ ʘʢʪʠʚʥʦʛʦ ʛʘʤ-

ʤʘ-ʩʢʘʥʠʨʦʚʘʥʠʷ, ʩʫʱʥʦʩʪʴ ʢʦʪʦʨʦʛʦ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʢʨʘʪʢʦʚʨʝʤʝʥ-

ʥʦʡ ʵʢʩʧʦʟʠʮʠʠ ʢʘʞʜʦʛʦ ʫʯʘʩʪʢʘ ʪʚʵʣʘ ʚ ʥʝʡʪʨʦʥʥʦʤ ʧʦʣʝ ʠ ʚ ʧʦ-

ʩʣʝʜʫʶʱʝʡ ʨʝʛʠʩʪʨʘʮʠʠ ʛʘʤʤʘ-ʠʟʣʫʯʝʥʠʷ ʦʪ ʢʦʨʦʪʢʦʞʠʚʫʱʠʭ 

ʦʩʢʦʣʢʦʚ ʜʝʣʝʥʠʷ.  

ʊʘʢ ʢʘʢ ʚ ʦʩʥʦʚʥʦʤ ʠʟʦʪʦʧʳ ʧʨʦʜʫʢʪʦʚ ʜʝʣʝʥʠʷ ʷʚʣʷʶʪʩʷ ʨʘ-

ʜʠʦʘʢʪʠʚʥʳʤʠ, ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʧʨʝʜʧʦʣʦʞʝʥʠʝ, ʯʪʦ ʘʥʘʣʠʟ ʠʭ ʨʘʩ-

ʧʨʝʜʝʣʝʥʠʷ, ʧʨʦʚʝʜʝʥʥʳʡ ʥʘ ʦʩʥʦʚʝ ʠʟʤʝʨʝʥʠʷ ʩʦʙʩʪʚʝʥʥʦʛʦ ʠʟʣʫ-

ʯʝʥʠʷ, ʠ ʩʦʧʦʩʪʘʚʣʝʥʠʷ ʩ ʨʘʩʯʝʪʥʳʤʠ ʟʥʘʯʝʥʠʷʤʠ ʘʢʪʠʚʥʦʩʪʠ ʛʘʟʦ-

ʚʳʭ ʠ ʣʝʪʫʯʠʭ ʧʨʦʜʫʢʪʦʚ ʜʝʣʝʥʠʷ ʧʦʟʚʦʣʠʪ ʦʧʨʝʜʝʣʠʪʴ ʥʘʣʠʯʠʝ 

ʠʩʪʝʯʝʥʠʷ ʛʘʟʦʚ ʯʝʨʝʟ ʦʙʦʣʦʯʢʫ. 

ʉʥʘʯʘʣʘ ʧʨʠʚʦʜʷʪʩʷ ʜʘʥʥʳʝ ʦʙ ʦʙʨʘʟʦʚʘʥʠʠ ʧʨʦʜʫʢʪʦʚ ʜʝʣʝʥʠʷ 

ʜʣʷ ʪʦʧʣʠʚʘ ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʨʝʘʢʪʦʨʦʚ. ʊʘʢʞʝ ʠʟʚʝʩʪʥʦ, ʯʪʦ, ʠʩ-

ʧʦʣʴʟʫʷ ʩʦʙʩʪʚʝʥʥʦʝ ɔ-ʠʟʣʫʯʝʥʠʝ ʪʦʧʣʠʚʥʦʡ ʤʘʪʨʠʮʳ, ʤʦʞʥʦ 

ʦʧʨʝʜʝʣʠʪʴ ʘʢʪʠʚʥʦʩʪʴ, ʠ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʢʦʣʠʯʝʩʪʚʦ ʧʨʦʜʫʢʪʦʚ 

ʜʝʣʝʥʠʷ, ʥʘʭʦʜʷʱʠʭʩʷ ʚ ʪʚʵʣʝ [1]. ʈʝʛʠʩʪʨʠʨʫʝʤʳʝ ʠʟʦʪʦʧʳ ʫʜʦʙʥʦ 

ʨʘʟʜʝʣʠʪʴ ʥʘ ʪʨʠ ʢʣʘʩʩʘ: ʛʘʟʦʦʙʨʘʟʥʳʝ, ʚʦʟʛʦʥʷʶʱʠʝʩʷ ʠ ʪʚʸʨʜʳʝ. 

ɻʘʟʦʦʙʨʘʟʥʳʝ (ʠʥʝʨʪʥʳʝ ʛʘʟʳ) ʩʣʘʙʦ ʚʟʘʠʤʦʜʝʡʩʪʚʫʶʪ ʩ ʤʘʪʝʨʠʘ-

ʣʘʤʠ ʘʢʪʠʚʥʦʡ ʟʦʥʳ, ʠ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ ʬʦʨʤʠʨʦʚʘʥʠʷ ʠʭ ʘʢʪʠʚʥʦ-

ʩʪʠ ʣʝʛʯʝ ʚʩʝʛʦ ʦʧʠʩʘʪʴ ʚ ʨʘʤʢʘʭ ʧʨʦʩʪʦʡ ʬʠʟʠʯʝʩʢʦʡ ʤʦʜʝʣʠ, ʦʩ-

ʥʦʚʘʥʥʦʡ ʥʘ ʧʨʦʮʝʩʩʝ ʤʠʛʨʘʮʠʠ ʧʨʦʜʫʢʪʦʚ ʜʝʣʝʥʠʷ ʚ ʤʘʪʨʠʮʝ ʪʦʧ-

ʣʠʚʘ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʥʦʡ ʜʠʬʬʫʟʠʠ [2]. ɺʦʟʛʦʥʷʶʱʠʝʩʷ (ʡʦʜʳ,
 
ʮʝ-

ʟʠʠ ʠ ʨʫʙʠʜʠʠ) ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʘʭ, ʢʦʪʦʨʳʝ ʠʤʝʶʪ ʤʝʩʪʦ ʚ ʤʘʪʨʠʮʝ 

ʛʦʨʶʯʝʛʦ, ʥʘʭʦʜʠʪʩʷ ʚ ʛʘʟʦʦʙʨʘʟʥʦʤ ʩʦʩʪʦʷʥʠʠ, ʠ ʧʦʚʝʜʝʥʠʝ ʠʭ 

ʩʭʦʜʥʦ ʩ ʧʦʚʝʜʝʥʠʝʤ ʠʥʝʨʪʥʳʭ ʛʘʟʦʚ. ʉʪʝʧʝʥʴ ʠʣʠ ʭʘʨʘʢʪʝʨ ʥʝʛʝʨ-

ʤʝʪʠʯʥʦʩʪʠ ʜʘʸʪ ʜʝʪʘʣʴʥʳʡ ʘʥʘʣʠʟ ñʪʚʸʨʜʳʭò ʧʨʦʜʫʢʪʦʚ ʜʝʣʝʥʠʷ, 

ʛʣʘʚʥʳʤ ʦʙʨʘʟʦʤ ʩʪʨʦʥʮʠʷ, ʙʘʨʠʷ ʠ ʫʨʘʥʘ, ʠʤʝʶʱʠʭʩʷ ʚ ʪʝʧʣʦʥʦ-

ʩʠʪʝʣʝ ʥʘ ʤʦʤʝʥʪ ʠʟʤʝʨʝʥʠʷ. ʅʘʠʙʦʣʴʰʠʡ ʠʥʪʝʨʝʩ ʧʨʝʜʩʪʘʚʣʷʝʪ 

ʠʟʤʝʨʝʥʠʝ ʘʢʪʠʚʥʦʩʪʠ ʦʪʜʝʣʴʥʳʭ ʵʣʝʤʝʥʪʦʚ ʧʝʨʚʦʡ ʠʣʠ ʚʪʦʨʦʡ 

ʛʨʫʧʧʳ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʧʨʦʜʫʢʪʦʚ ʜʝʣʝʥʠʷ [2].  
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ʆʪʢʣʦʥʝʥʠʝ ʠʟʤʝʨʝʥʥʦʡ ʘʢʪʠʚʥʦʩʪʠ ʥʝʢʦʪʦʨʳʭ ʧʨʦʜʫʢʪʦʚ ʜʝʣʝ-

ʥʠʷ ʦʪ ʥʦʨʤʠʨʫʝʤʳʭ ʪʘʙʣʠʯʥʳʭ ʟʥʘʯʝʥʠʡ ʥʘ ʟʘʜʘʥʥʫʶ ʚʝʣʠʯʠʥʫ 

ʧʦʟʚʦʣʠʪ ʩʜʝʣʘʪʴ ʚʳʚʦʜ ʦʙ ʠʭ ʦʪʩʫʪʩʪʚʠʠ ʚ ʪʦʧʣʠʚʥʦʡ ʤʘʪʨʠʮʝ ʠ 

ʩʜʝʣʘʪʴ ʧʨʝʜʧʦʣʦʞʝʥʠʝ ʦ ʪʦʤ, ʯʪʦ ʣʝʛʢʦʧʦʜʚʠʞʥʳʝ ʵʣʝʤʝʥʪʳ ʯʝʨʝʟ 

ʤʠʢʨʦʪʨʝʱʠʥʫ ʧʦʢʠʥʫʣʠ ʧʨʦʩʪʨʘʥʩʪʚʦ ʧʦʜ ʦʙʦʣʦʯʢʦʡ ʧʦʜ ʜʝʡ-

ʩʪʚʠʝʤ ʧʝʨʝʧʘʜʘ ʜʘʚʣʝʥʠʷ. ɼʨʫʛʠʤʠ ʩʣʦʚʘʤʠ, ʤʦʞʥʦ ʟʘʨʝʛʠʩʪʨʠʨʦ-

ʚʘʪʴ ʬʘʢʪ ʨʘʟʛʝʨʤʝʪʠʟʘʮʠʠ ʦʙʦʣʦʯʢʠ. 

ʆʜʥʘʢʦ, ʜʣʷ ʨʝʘʣʠʟʘʮʠʠ ʦʧʠʩʘʥʥʦʛʦ ʩʧʦʩʦʙʘ ʥʝʦʙʭʦʜʠʤʦ ʨʘʟʨʘ-

ʙʦʪʘʪʴ ʩʧʝʢʪʨʦʤʝʪʨ ʥʘ ʦʩʥʦʚʝ ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚʦʛʦ ʜʝʪʝʢʪʦʨʘ 

(ʥʘʧʨʠʤʝʨ Ge-Li), ʢʦʪʦʨʳʡ ʧʦʟʚʦʣʠʣ ʙʳ ʚ ʪʝʯʝʥʠʝ ʟʘʜʘʥʥʦʛʦ ʠʥ-

ʪʝʨʚʘʣʘ ʚʨʝʤʝʥʠ ʠ ʧʨʠ ʟʘʜʘʥʥʳʭ ʫʩʣʦʚʠʷʭ ʧʨʦʚʝʩʪʠ ʠʟʤʝʨʝʥʠʝ ɔ-

ʠʟʣʫʯʝʥʠʷ ʪʦʧʣʠʚʥʦʡ ʤʘʪʨʠʮʳ. ʂ ʪʦʤʫ ʞʝ ʜʣʷ ʧʦʚʳʰʝʥʠʷ ʪʦʯʥʦʩʪʠ 

ʠ ʜʦʩʪʦʚʝʨʥʦʩʪʠ ʠʟʤʝʨʝʥʠʡ ʤʦʞʥʦ ʦʧʨʝʜʝʣʠʪʴ ʧʦ ʪʘʙʣʠʯʥʳʤ ʜʘʥ-

ʥʳʤ ʦʪʢʣʦʥʝʥʠʝ ʘʢʪʠʚʥʦʩʪʠ ʥʝʢʦʪʦʨʳʭ ʧʦʜʚʠʞʥʳʭ ʵʣʝʤʝʥʪʦʚ ʠʟ 

ʧʝʨʚʦʡ ʠʣʠ ʚʪʦʨʦʡ ʛʨʫʧʧʳ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʵʣʝʤʝʥʪʘʤ ʧʷʪʦʡ ʛʨʫʧ-

ʧʳ, ʢʦʪʦʨʳʝ ʨʘʩʪʚʦʨʷʶʪʩʷ ʚ ʪʦʧʣʠʚʝ ʠ ʥʝ ʚʳʭʦʜʷʪ ʟʘ ʧʨʝʜʝʣʳ ʪʦʧ-

ʣʠʚʥʦʡ ʤʘʪʨʠʮʳ. 

ʇʨʝʜʣʦʞʝʥʥʳʡ ʤʝʪʦʜ ʙʝʩʧʨʦʙʦʪʙʦʨʥʦʡ ɔ-ʩʧʝʢʪʨʦʤʝʪʨʠʠ ʘʢʪʠʚ-

ʥʦʩʪʠ ʪʝʧʣʦʥʦʩʠʪʝʣʷ ʧʝʨʚʦʛʦ ʢʦʥʪʫʨʘ ʨʝʘʢʪʦʨʦʚ ʪʠʧʘ ɺɺʕʈ-1000 

ʩʫʱʝʩʪʚʝʥʥʦ ʧʦʚʳʰʘʝʪ ʠʥʬʦʨʤʘʪʠʚʥʦʩʪʴ ʦ ʩʦʩʪʦʷʥʠʠ ʘʢʪʠʚʥʦʡ 

ʟʦʥʳ ʨʝʘʢʪʦʨʘ. ʂʨʦʤʝ ʪʦʛʦ, ʦʥ ʧʦʟʚʦʣʷʝʪ ʦʪʢʘʟʘʪʴʩʷ ʦʪ ʥʝʦʧʝʨʘʪʠʚ-

ʥʳʭ ʠ ʪʨʫʜʦʸʤʢʠʭ ʨʘʜʠʦʭʠʤʠʯʝʩʢʠʭ ʤʝʪʦʜʦʚ ʘʥʘʣʠʟʘ ʠ ʘʚʪʦʤʘʪʠ-

ʟʠʨʦʚʘʪʴ ʚʝʩʴ ʧʨʦʮʝʩʩ ʘʥʘʣʠʟʘ ʠ ʦʮʝʥʢʠ ʩʦʩʪʦʷʥʠʷ ʘʢʪʠʚʥʦʡ ʟʦʥʳ. 

ʄʳ ʩʯʠʪʘʝʤ, ʯʪʦ ʵʪʦ ʩʘʤʳʡ ʵʬʬʝʢʪʠʚʥʳʡ ʩʧʦʩʦʙ ʦʙʥʘʨʫʞʝʥʠʷ ʥʝ-

ʛʝʨʤʝʪʠʯʥʳʭ ʊɺʉ, ʪʘʢ ʢʘʢ ʧʨʘʢʪʠʯʝʩʢʠ ʚʝʩʴ ʧʨʦʮʝʩʩ ʘʥʘʣʠʟʘ ʥʝ-

ʛʝʨʤʝʪʠʯʥʦʩʪʠ ʩʚʦʜʠʪʩʷ ʢ 15-20 ʤʠʥʫʪʘʤ, ʥʝʦʙʭʦʜʠʤʳʤ ʜʣʷ ʠʟʤʝ-

ʨʝʥʠʷ ɔ-ʩʧʝʢʪʨʦʚ ʩʧʝʢʪʨʦʤʝʪʨʦʤ. 
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ʢʦʥʪ. ʪʝʣ: 8(920) 871-15-54, e-mail:RVFomin@mephi.ru 

 

ɺ ʥʘʩʪʦʷʱʠʡ ʤʦʤʝʥʪ ʨʘʩʰʠʨʝʥʠʝ ʧʨʦʠʟʚʦʜʩʪʚʘ ʨʘʜʠʦʥʫʢʣʠʜʘ 

ʤʝʜʠʮʠʥʩʢʦʛʦ ʥʘʟʥʘʯʝʥʠʷ 
99
Mo ʜʣʷ ʜʠʘʛʥʦʩʪʠʢʠ ʦʥʢʦʣʦʛʠʯʝʩʢʠʭ 

ʟʘʙʦʣʝʚʘʥʠʡ ʧʦ-ʧʨʝʞʥʝʤʫ ʷʚʣʷʝʪʩʷ ʘʢʪʫʘʣʴʥʳʤ. ʇʦʵʪʦʤʫ ʫʚʝʣʠʯʝ-

ʥʠʝ ʥʘʨʘʙʦʪʢʠ ʵʪʦʛʦ ʠʟʦʪʦʧʘ ʚ ʬʠʣʠʘʣʝ ʅʀʌʍʀ ʠʤ. ʃ.ʗ. ʂʘʨʧʦʚʘ 

(ʛ. ʆʙʥʠʥʩʢ) ʷʚʣʷʝʪʩʷ ʚʘʞʥʦʡ ʥʘʨʦʜʥʦ-ʭʦʟʷʡʩʪʚʝʥʥʦʡ ʟʘʜʘʯʝʡ. ʆʩ-

ʥʦʚʥʦʝ ʚʥʠʤʘʥʠʝ ʧʨʠ ʵʪʦʤ ʤʦʞʝʪ ʫʜʝʣʷʪʴʩʷ ʤʦʜʝʨʥʠʟʘʮʠʠ ʤʠʰʝ-

ʥʝʡ, ʨʘʩʧʦʣʘʛʘʶʱʠʭʩʷ ʚ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʤ ʢʘʥʘʣʝ ʚ ʘʢʪʠʚʥʦʡ ʟʦʥʝ 

ʨʝʘʢʪʦʨʘ. 

ɺ ʨʘʙʦʪʝ [1] ʙʳʣʘ ʧʨʝʜʩʪʘʚʣʝʥʘ ʧʨʝʮʠʟʠʦʥʥʘʷ ʤʦʜʝʣʴ ʘʢʪʠʚʥʦʡ 

ʟʦʥʳ ʨʝʘʢʪʦʨʘ ɺɺʈ-ʮ, ʧʦʟʚʦʣʷʶʱʘʷ ʧʨʦʚʦʜʠʪʴ ʨʘʩʯʝʪʥʳʝ ʠʩʩʣʝʜʦ-

ʚʘʥʠʷ ʧʦ ʫʣʫʯʰʝʥʠʶ ʥʘʨʘʙʦʪʢʠ 
99
Mo ʚ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʢʘʥʘʣʘʭ. 

ʇʨʠ ʵʪʦʤ ʫʚʝʣʠʯʝʥʠʝ ʥʘʨʘʙʦʪʢʠ 
99
Mo ʤʦʞʝʪ ʙʳʪʴ ʧʦʣʫʯʝʥʦ ʢʘʢ ʩ 

ʧʦʤʦʱʴʶ ʤʦʜʝʨʥʠʟʘʮʠʠ ʤʠʰʝʥʝʡ, ʪʘʢ ʠ ʩ ʧʦʤʦʱʴʶ ʫʣʫʯʰʝʥʠʷ 

ʥʝʡʪʨʦʥʥʦ-ʬʠʟʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʘʢʪʠʚʥʦʡ ʟʦʥʳ ʨʝʘʢʪʦʨʘ [2]. 

ʇʝʨʚʦʥʘʯʘʣʴʥʘʷ ʤʦʜʝʨʥʠʟʘʮʠʷ ʤʠʰʝʥʠ ʟʘʢʣʶʯʘʣʘʩʴ ʚ ʩʦʟʜʘʥʠʠ 

ʙʳʩʪʨʦʨʘʟʙʦʨʥʦʡ ʤʠʰʝʥʠ ʧʦ ʪʠʧʫçʪʨʫʙʘ ʚ ʪʨʫʙʝè. ʄʝʞʜʫ ʚʥʫʪ-

ʨʝʥʥʝʡ ʠ ʥʘʨʫʞʥʦʡ ʪʨʫʙʘʤʠ ʧʦʤʝʱʘʝʪʩʷ ʩʤʝʩʴ ʚʳʩʦʢʦʦʙʦʛʘʱʝʥʥʦ-

ʛʦ U3O8 ʠ ZnO. ʆʜʥʦʚʨʝʤʝʥʥʦ ʚ ʢʘʥʘʣ ʫʩʪʘʥʘʚʣʠʚʘʝʪʩʷ ʥʝ ʙʦʣʝʝ 

ʜʚʫʭ ʤʠʰʝʥʝʡ. ɿʘ ʩʯʝʪ ʢʦʥʩʪʨʫʢʮʠʠ ʚ ʤʦʜʝʨʥʠʟʠʨʦʚʘʥʥʦʡ ʤʠʰʝʥʠ 

ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ ʦʭʣʘʞʜʝʥʠʝ ʧʨʦʪʝʢʘʶʱʝʡ ʯʝʨʝʟ ʥʝʝ ʚʦʜʦʡ ʠ  ʙʦʣʝʝ 

ʧʦʣʥʦ ʠʩʧʦʣʴʟʫʝʪʩʷ ʧʨʦʩʪʨʘʥʩʪʚʦ ʢʘʥʘʣʘ. ʆʜʥʘʢʦ ʧʨʠ ʪʘʢʦʡ ʢʦʥ-

ʩʪʨʫʢʮʠʠ ʤʠʰʝʥʠ ʮʝʥʪʨʘʣʴʥʘʷ ʯʘʩʪʴ ʪʨʫʙʳ ʥʝ ʠʩʧʦʣʴʟʫʝʪʩʷ, ʧʦ-

ʵʪʦʤʫ ʙʳʣ ʨʘʩʩʤʦʪʨʝʥ ʤʦʜʝʨʥʠʟʠʨʦʚʘʥʥʳʡ ʚʘʨʠʘʥʪ ʤʠʰʝʥʠ (ʨʠʩʫ-

ʥʦʢ 1). 
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ʈʠʩ.1. ʄʦʜʝʣʴ ʤʦʜʝʨʥʠʟʠʨʦʚʘʥʥʦʡ ʤʠʰʝʥʠ ʜʣʷ ʥʘʨʘʙʦʪʢʠ 
99

Mo 

 

ʇʨʦʚʝʜʝʥʥʳʝ ʨʘʩʯʝʪʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʢʘʟʳʚʘʶʪ ʚʦʟʤʦʞʥʦʩʪʴ 

ʫʚʝʣʠʯʝʥʠʷ ʥʘʨʘʙʦʪʢʠ 
99
Mo ʥʘ 20%. ʆʩʥʦʚʥʳʝ ʧʨʦʙʣʝʤʳ ʧʨʠ ʠʩ-

ʧʦʣʴʟʦʚʘʥʠʠ ʪʘʢʦʡ ʤʦʜʝʨʥʠʟʠʨʦʚʘʥʥʦʡ ʤʠʰʝʥʠ ʩʚʷʟʘʥʳ ʩ ʫʚʝʣʠ-

ʯʝʥʠʝʤ ʵʥʝʨʛʦʚʳʜʝʣʝʥʠʷ ʚ ʤʠʰʝʥʠ, ʢʦʪʦʨʦʝ ʪʘʢʞʝ ʚʦʟʨʘʩʪʘʝʪ ʥʘ 

18% ʠ ʫʤʝʥʴʰʝʥʠʝʤ ʧʨʦʭʦʜʥʦʛʦ ʩʝʯʝʥʠʷ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʫʚʝʣʠʯʝ-

ʥʠʁ ʪʝʤʧʝʨʘʪʫʨʳ ʚʦʜʳ.  

 

ʃʠʪʝʨʘʪʫʨʘ 

1. ɺ.ɺ. ʂʦʣʝʩʦʚ, ʆ.ʖ. ʂʦʯʥʦʚ, ʈ.ɺ. ʌʦʤʠʥ. ʆʮʝʥʢʘ ʫʚʝʣʠʯʝʥʠʷ 

ʧʨʦʠʟʚʦʜʩʪʚʘ 
99
ʄʦ ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʢʦʤʧʦʥʦʚʢʘʭ ʘʢʪʠʚʥʦʡ ʟʦʥʳ ʥʘ 

ʨʝʘʢʪʦʨʝ ɺɺʈ-ʮ. ʗʜʝʨʥʘʷ ʵʥʝʨʛʝʪʠʢʘ, ʀʟʚ. ɺʋɿʦʚ, ˉ1, 2013,ʩ.110-

116. 

2. R.V. Fomin , V.V. Kolesov, O.Yu. Kochnov. Modernization of the 

VVR-TS reactor core for the increasing of the radionuclides production. 

IOP Conf. Series: Journal of Physics: Conf. Series 781 012031(2017). 



 
 
 
 

Ядерная физика и технологии, теоретическая физика и астрофизика 

332 

ʈɽɾʀʄʅɸʗ ɼʀɸɻʅʆʉʊʀʂɸ ʈɽɸʂʊʆʈɸ ɹʅ-600 ʉ  

ʀʉʇʆʃʔɿʆɺɸʅʀɽʄ ʄɽʊʆɼɸ ɻʈʋʇʇʆɺʆɻʆ ʋʏɽʊɸ  

ɸʈɻʋʄɽʅʊʆɺ 

 

ʏʝʣʝʙʠʝʚ ʈ. ɸ., ʉʢʦʤʦʨʦʭʦʚ ɸ. ʆ. 

 
ʀɸʊʕ ʅʀʗʋ ʄʀʌʀ, ʛ. ʆʙʥʠʥʩʢ 

89208901110, rkchelebiev@gmail.com 

ʀɸʊʕ ʅʀʗʋ ʄʀʌʀ, ʛ. ʆʙʥʠʥʩʢ 

 

ʎʝʣʴ ʨʘʙʦʪʳ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʧʦʩʪʨʦʝʥʠʠ ʜʠʘʛʥʦʩʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ  

ɸʕʉ ʧʨʠ ʧʦʤʦʱʠ ʤʝʪʦʜʘ ʛʨʫʧʧʦʚʦʛʦ ʫʯʸʪʘ ʘʨʛʫʤʝʥʪʦʚ (ʄɻʋɸ). 

ɼʣ̫ ʧʦʩʪʨʦʝʥʠʷ ʜʠʘʛʥʦʩʪʠʯʝʩʢʠʭ ʤʦʜʝʣʝʡ ʙʳʣʠ ʚʳʙʨʘʥʳ ʩʣʝʜʫʶ-

ʱʠʝ ʧʝʨʚʠʯʥʳʝ ʧʘʨʘʤʝʪʨʳ: ʤʦʱʥʦʩʪʴ ʨʝʘʢʪʦʨʘ, ʦʙʦʨʦʪʳ ʪʨʸʭ ɻʎʅ 

ʠ ʪʝʤʧʝʨʘʪʫʨʳ ʥʘ ʚʭʦʜʝ ʠ ʚʳʭʦʜʝ ʰʝʩʪʠ ʇʊʆ, ʦʩʥʦʚʘʥʥʳʝ ʥʘ ʠʩ-

ʧʦʣʴʟʦʚʘʥʠʠ ʙʘʟʳ ʜʘʥʥʳʭ ʧʦ ʨʝʞʠʤʥʳʤ ʧʘʨʘʤʝʪʨʘʤ ʨʝʘʢʪʦʨʘ ɹʅ-

600. 

ɺ ʢʘʯʝʩʪʚʝ  ʜʠʘʛʥʦʩʪʠʯʝʩʢʠʭ ʧʨʠʟʥʘʢʦʚ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʨʘʩʩʦ-

ʛʣʘʩʦʚʘʥʠʷ ʤʝʞʜʫ ʪʝʤʧʝʨʘʪʫʨʘʤʠ  ʥʘ  ʚʳʭʦʜʝ  ʨʘʟʣʠʯʥʳʭ  ʇʊʆ  ʠ   

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤʠ ʦʮʝʥʢʘʤʠ, ʧʦʣʫʯʝʥʥʳʤʠ ʧʦ ʤʦʜʝʣʷʤ ʚʠʜʘ: 

 

Ὕ̜̖̃ ὪὔȟὋᴆȟὝᴆ̃  ̖

 

(

1) 

ʛʜʝ 'ᴆ ʠ 4ᴆ̃  ̖ - ʚʝʢʪʦʨʳ ʨʘʩʭʦʜʦʚ ʠ ʪʝʤʧʝʨʘʪʫʨ ʪʝʧʣʦʥʦʩʠʪʝʣʷ ʥʘ 

ʚʭʦʜʝ ʨʝʘʢʪʦʨʘ, 4ᴆ̜̃ ̖- ʪʝʤʧʝʨʘʪʫʨʘ ʪʝʧʣʦʥʦʩʠʪʝʣʷ ʥʘ ʚʳʭʦʜʝ ʨʝʘʢ-

ʪʦʨʘ. 

ʄʝʪʦʜ ʛʨʫʧʧʦʚʦʛʦ ʫʯʸʪʘ ʘʨʛʫʤʝʥʪʦʚ ʚʳʧʦʣʥʷʝʪ ʵʚʨʠʩʪʠʯʝʩʢʫʶ 

ʩʘʤʦʦʨʛʘʥʠʟʘʮʠʶ ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʤʦʜʝʣʝʡ ʩʣʦʞʥʳʭ ʩʠʩʪʝʤ. ʇʦʜ 

ʪʝʨʤʠʥʦʤ ʩʘʤʦʦʨʛʘʥʠʟʘʮʠʷ ʧʦʥʠʤʘʝʪʩʷ ñʧʨʦʮʝʩʩ ʩʘʤʦʧʨʦʠʟʚʦʣʴ-

ʥʦʛʦ (ʩʧʦʥʪʘʥʥʦʛʦ) ʫʚʝʣʠʯʝʥʠʷ ʧʦʨʷʜʢʘ, ʠʣʠ ʦʨʛʘʥʠʟʘʮʠʠ ʚ ʩʠʩʪʝ-

ʤʝ, ʩʦʩʪʦʷʱʝʡ ʠʟ ʤʥʦʛʠʭ ʵʣʝʤʝʥʪʦʚ, ʧʨʦʠʩʭʦʜʷʱʠʡ ʧʦʜ ʜʝʡʩʪʚʠʝʤ 

ʚʥʝʰʥʝʡ ʩʨʝʜʳò [1]. ɼʘʥʥʳʡ ʤʝʪʦʜ ʦʩʥʦʚʘʥ ʥʘ ʨʝʢʫʨʩʠʚʥʦʤ ʩʝʣʝʢ-

ʪʠʚʥʦʤ ʦʪʙʦʨʝ ʧʦʣʠʥʦʤʠʘʣʴʥʳʭ ʤʦʜʝʣʝʡ, ʢʦʪʦʨʳʝ ʷʚʣʷʶʪʩʷ  ʧʦʜ-

ʤʥʦʞʝʩʪʚʦʤ  ʧʦʣʠʥʦʤʘ ʂʦʣʤʦʛʦʨʦʚʘ-ɻʘʙʦʨʘ: 

9ØȟȣȟØ Á ÁØ ÁØØ Á ØØØ  ȣ 

ʅʘʠʙʦʣʝʝ ʯʘʩʪʦ ʠʩʧʦʣʴʟʫʶʪʩʷ ʦʧʦʨʥʳʝ ʬʫʥʢʮʠʠ: 

mailto:rkchelebiev@gmail.com
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¶ ʣʠʥʝʡʥʘʷ;  

¶ ʤʫʣʴʪʠʣʠʥʝʡʥʘʷ;  

¶ ʢʚʘʜʨʘʪʠʯʥʘʷ. 

 

ʂʘʞʜʘʷ ʦʧʦʨʥʘʷ ʬʫʥʢʮʠʷ ʠʤʝʝʪ ʪʦʣʴʢʦ ʜʚʘ ʘʨʛʫʤʝʥʪʘ. ʋʩʣʦʞ-

ʥʝʥʠʝ ʤʦʜʝʣʠ ʧʨʦʠʩʭʦʜʠʪ ʟʘ ʩʯʸʪ ʫʚʝʣʠʯʝʥʠʷ ʯʠʩʣʘ ʬʘʢʪʠʯʝʩʢʠ 

ʫʯʠʪʳʚʘʝʤʳʭ ʧʝʨʝʤʝʥʥʳʭ: ʥʘ ʧʝʨʚʦʤ ʨʷʜʫ ʩʝʣʝʢʮʠʠ ʛʝʥʝʨʠʨʫʶʪʩʷ 

ʤʦʜʝʣʠ, ʩʦʜʝʨʞʘʱʠʝ ʧʦ ʜʚʘ ʘʨʛʫʤʝʥʪʘ, ʘ ʚʪʦʨʦʤ - ʧʦ ʯʝʪʳʨʝ, ʥʘ 

ʪʨʝʪʴʝʤ - ʧʦ ʚʦʩʝʤʴ. ɿʘʪʝʤ ʚʳʙʠʨʘʶʪʩʷ ʥʝʩʢʦʣʴʢʦ ʥʘʠʣʫʯʰʠʭ ʤʦ-

ʜʝʣʝʡ, ʢʦʪʦʨʳʝ ʫʯʘʩʪʚʫʶʪ ʚ ʜʘʣʴʥʝʡʰʝʡ ʨʘʙʦʪʝ ʘʣʛʦʨʠʪʤʘ (ʩʤʦʪ-

ʨʠʪʝ ʨʠʩ. 1).  

ʄɻʋɸ ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʧʨʷʤʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʩʣʦʞʥʳʭ ʩʠ-

ʩʪʝʤ ʧʦ ʥʝʙʦʣʴʰʦʤʫ ʯʠʩʣʫ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʜʘʥʥʳʭ. 

 

 
ʈʠʩ. 1. ʉʪʨʫʢʪʫʨʘ ʩʝʪʠ ʜʣʷ 3-ʭ ʨʷʜʦʚ ʩʝʣʝʢʮʠʠ 

 

ʄʦʜʫʣʴ gmdh, ʨʝʘʣʠʟʫʶʱʠʡ ʤʝʪʦʜ ʛʨʫʧʧʦʚʦʛʦ ʫʯʸʪʘ ʘʨʛʫʤʝʥ-

ʪʦʚ, ʙʳʣ ʥʘʧʠʩʘʥ ʥʘ ʷʟʳʢʝ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ Python. ɺ ʢʘʯʝʩʪʚʝ 

ʩʧʝʮʠʬʠʢʘʮʠʠ ʠʩʧʦʣʴʟʦʚʘʣʘʩʴ ʨʝʘʣʠʟʘʮʠʷ ʄɻʋɸ ʥʘ IBM APL2 [3]. 

ʌʫʥʢʮʠʷ learn ʜʘʥʥʦʛʦ ʤʦʜʫʣʷ ʠʤʝʝʪ ʘʨʛʫʤʝʥʪʳ:  

¶ ʤʘʪʨʠʮʫ ʚʭʦʜʥʳʭ ʜʘʥʥʳʭ;  

¶ ʣʦʛʠʯʝʩʢʠʡ ʚʝʢʪʦʨ, ʨʘʟʜʝʣʷʶʱʠʡ ʚʳʙʦʨʢʫ ʥʘ ʦʙʫʯʘʶʱʫʶ ʠ 

ʧʨʦʚʝʨʦʯʥʫʶ;  
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¶ ʦʧʦʨʥʫʶ ʬʫʥʢʮʠʶ;  

¶ ʢʨʠʪʝʨʠʡ ʩʝʣʝʢʮʠʠ  

¶ ʯʠʩʣʦ ʧʝʨʝʤʝʥʥʳʭ, ʧʨʦʧʫʩʢʘʝʤʳʭ ʥʘ ʩʣʝʜʫʶʱʠʡ ʨʷʜ ʩʝ-

ʣʝʢʮʠʠ.  

 

ʋʢʘʟʘʥʥʘʷ ʬʫʥʢʮʠʷ ʚʳʯʠʩʣʷʝʪ ʢʦʵʬʬʠʮʠʝʥʪʳ ʯʘʩʪʥʳʭ ʤʦʜʝʣʝʡ 

ʧʦ ʤʝʪʦʜʫ ʥʘʠʤʝʥʴʰʠʭ ʢʚʘʜʨʘʪʦʚ. ɼʣʷ ʚʳʯʠʩʣʝʥʠʷ ʧʨʝʜʩʢʘʟʳʚʘʝ-

ʤʳʭ ʟʥʘʯʝʥʠʡ ʠʤʝʝʪʩʷ ʬʫʥʢʮʠʷ  predict. 

ʄʦʜʝʣʠ ʩʪʨʦʠʣʠʩʴ  ʥʘ  ʙʘʟʝ  ʧʝʨʚʳʭ  80 ʪʦʯʝʢ 22 ʤʠʢʨʦʢʘʤʧʘ-

ʥʠʠ,  ʯʪʦʙʳ ʚ ʜʘʣʴʥʝʡʰʝʤ ʠʩʧʦʣʴʟʦʚʘʪʴ   ʠʭ   ʜʣʷ   ʥʝʟʘʚʠʩʠʤʦʛʦ   

ʧʨʝʜʩʢʘʟʘʥʠʷ   ʠ ʜʠʘʛʥʦʩʪʠʨʦʚʘʥʠʷ ʧʦ ʦʩʪʘʚʰʠʤʩʷ ʜʘʥʥʳʤ. ʉ ʮʝ-

ʣʴʶ ʩʨʘʚʥʝʥʠʷ ʙʳʣʘ ʧʦʩʪʨʦʝʥʘ ʤʦʜʝʣʴ ʧʨʝʜʩʢʘʟʘʥʠʷ ʚʳʭʦʜʥʳʭ 

ʪʝʤʧʝʨʘʪʫʨ, ʦʩʥʦʚʘʥʥʘʷ ʥʘ ʫʨʘʚʥʝʥʠʠ ʪʝʧʣʦʚʦʛʦ ʙʘʣʘʥʩʘ. 

ɿʘʪʝʤ, ʥʘ ʦʩʥʦʚʝ ʄɻʋɸ ʙʳʣʘ ʧʨʦʚʝʨʝʥʘ ʚʦʟʤʦʞʥʦʩʪʴ ʜʠʘʛʥʦ-

ʩʪʠʨʦʚʘʥʠʷ ʨʝʞʠʤʘ ʨʘʙʦʪʳ ʨʝʘʢʪʦʨʘ ɹʅ-600. ɼʣʷ ʧʨʦʚʝʨʢʠ ʯʫʚ-

ʩʪʚʠʪʝʣʴʥʦʩʪʠ ʜʠʘʛʥʦʩʪʠʨʦʚʘʥʠʷ ʚ ʜʘʥʥʳʝ ʚʚʦʜʠʣʠʩʴ ʚʦʟʤʫʱʝʥʠʷ, 

ʚʣʠʷʥʠʝ ʢʦʪʦʨʳʭ ʠʩʩʣʝʜʦʚʘʣʦʩʴ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʢʫʤʫʣʷʪʠʚʥʦʡ 

ʩʫʤʤʳ ʚʝʣʠʯʠʥ ʦʰʠʙʦʢ ʧʨʝʜʩʢʘʟʘʥʠʡ ʠ ʤʥʦʛʦʤʝʨʥʦʛʦ ʩʪʘʪʠʩʪʠʯʝ-

ʩʢʦʛʦ ʤʝʪʦʜʘ  ʧʨʦʚʝʨʢʠ ʛʠʧʦʪʝʟ, ʘ ʠʤʝʥʥʦ, ʩʪʘʪʠʩʪʠʢʠ ʍʦʪʝʣʣʠʥʛʘ. 
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ɺʆʉʉʊɸʅʆɺʃɽʅʀɽ ʇɸʈɸʄɽʊʈʆɺ ʐɸʃ ʇʆ ɼɸʅʅʓʄ 
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1
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ʉʮʠʥʪʠʣʣʷʮʠʦʥʥʘʷ ʫʩʪʘʥʦʚʢʘ Tunka-Grande ʠ ʫʩʪʘʥʦʚʢʘ Tunka-

Rex [1], ʨʝʛʠʩʪʨʠʨʫʶʱʘʷ ʨʘʜʠʦʠʟʣʫʯʝʥʠʝ ʐɸʃ, ʚʭʦʜʷʪ ʚ ʩʦʩʪʘʚ 

ʦʙʩʝʨʚʘʪʦʨʠʠ TAIGA (Tunka Advanced Instrument for cosmic ray 

physics and Gamma Astronomy) [2], ʨʘʩʧʦʣʦʞʝʥʥʦʡ ʚ ʊʫʥʢʠʥʩʢʦʡ 

ʜʦʣʠʥʝ (ʨʝʩʧʫʙʣʠʢʘ ɹʫʨʷʪʠʷ, ʈʦʩʩʠʷ) ʚ 50 ʢʤ ʦʪ ʦʟʝʨʘ ɹʘʡʢʘʣ.  

ɿʘʜʘʯʝʡ ʩʦʚʤʝʩʪʥʦʡ ʨʘʙʦʪʳ ʫʩʪʘʥʦʚʦʢ ʷʚʣʷʝʪʩʷ ʠʩʩʣʝʜʦʚʘʥʠʝ 

ʵʥʝʨʛʝʪʠʯʝʩʢʦʛʦ ʩʧʝʢʪʨʘ ʠ ʤʘʩʩʦʚʦʛʦ ʩʦʩʪʘʚʘ ʧʝʨʚʠʯʥʳʭ ʢʦʩʤʠʯʝ-

ʩʢʠʭ ʣʫʯʝʡ ʚ ʜʠʘʧʘʟʦʥʝ ʵʥʝʨʛʠʡ 10
16

-10
18

 ʵɺ. 

ʇʨʠ ʚʦʩʩʪʘʥʦʚʣʝʥʠʠ ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʥʳʭ ʩʦʙʳʪʠʡ ʐɸʃ ʧʦ 

ʜʘʥʥʳʤ ʫʩʪʘʥʦʚʦʢ ʦʧʨʝʜʝʣʷʶʪʩʷ ʪʘʢʠʝ ʧʘʨʘʤʝʪʨʳ, ʢʘʢ ʧʦʣʥʦʝ ʯʠʩ-

ʣʦ ʯʘʩʪʠʮ ʚ ʣʠʚʥʝ, ʝʛʦ ʥʘʧʨʘʚʣʝʥʠʝ ʧʨʠʭʦʜʘ, ʢʦʦʨʜʠʥʘʪʳ ʦʩʠ ʚ 

ʧʣʦʩʢʦʩʪʠ ʫʩʪʘʥʦʚʢʠ - x ʠ y, ʘ ʪʘʢʞʝ ʵʥʝʨʛʠʷ ʧʝʨʚʠʯʥʦʡ ʯʘʩʪʠʮʳ ɽ0. 

ɺ ʜʦʢʣʘʜʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʤʦʜʝʣʠʨʦʚʘʥʠʷ [3] ʠ ʦʙʨʘ-

ʙʦʪʢʠ ʩʦʙʳʪʠʡ, ʘ ʪʘʢʞʝ ʦʙʩʫʞʜʘʶʪʩʷ ʧʝʨʩʧʝʢʪʠʚʳ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʧʝʨʚʠʯʥʦʛʦ ʢʦʩʤʠʯʝʩʢʦʛʦ ʠʟʣʫʯʝʥʠʷ ʩ ʵʥʝʨʛʠʝʡ ʚʳʰʝ 10
17

 ʵɺ ʚ 

ʨʘʤʢʘʭ ʩʦʚʤʝʩʪʥʦʡ ʨʘʙʦʪʳ ʫʩʪʘʥʦʚʦʢ Tunka-Grande ʠ Tunka-Rex. 
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(ECAL) ɼʃʗ ʕʂʉʇɽʈʀʄɽʅʊɸ HADES 
 

ʐʘʙʘʥʦʚ ɸ. ʀ.
1,2
, ʈʝʰʝʪʠʥ ɸ. ʀ.
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1 ʄʌʊʀ, ʄʦʩʢʚʘ 
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ʕʢʩʧʝʨʠʤʝʥʪ HADES (High Acceptance Dielectron Spectrometer 

ð ʜʠʵʣʝʢʪʨʦʥʥʳʡ ʩʧʝʢʪʨʦʤʝʪʨ ʚʳʩʦʢʦʛʦ ʨʘʟʨʝʰʝʥʠʷ, GSI, ɻʝʨʤʘ-

ʥʠʷ) ʥʘʮʝʣʝʥ ʥʘ ʠʩʩʣʝʜʦʚʘʥʠʝ ʬʘʟʦʚʦʡ ʜʠʘʛʨʘʤʤʳ ʢʚʘʥʪʦʚʦʡ ʭʨʦ-

ʤʦʜʠʥʘʤʠʢʠ. ʇʨʝʜʧʦʣʘʛʘʝʪʩʷ, ʯʪʦ ʚ ʛʦʨʷʯʝʡ ʠ ʧʣʦʪʥʦʡ ʷʜʝʨʥʦʡ 

ʩʨʝʜʝ ʜʦʣʞʥʳ ʠʟʤʝʥʷʪʴʩʷ ʤʘʩʩʘ ʠ ʰʠʨʠʥʘ ʚʝʢʪʦʨʥʳʭ ʤʝʟʦʥʦʚ, ʢʦ-

ʪʦʨʳʝ ʤʦʞʥʦ ʠʟʤʝʨʠʪʴ ʧʦ ʩʧʝʢʪʨʫ ʠʥʚʘʨʠʘʥʪʥʳʭ ʤʘʩʩ ʵʣʝʢʪʨʦʥ-

ʧʦʟʠʪʨʦʥʥʳʭ ʧʘʨ. ʆʜʥʠʤ ʠʟ ʦʩʥʦʚʥʳʭ ʬʦʥʦʚʳʭ ʧʨʦʮʝʩʩʦʚ ʧʨʠ 

ʵʪʦʤ ʷʚʣʷʝʪʩʷ ʨʘʩʧʘʜ ˊ
0
 Ÿ ɔe

+
e

-
, ʧʦʵʪʦʤʫ ʜʣʷ ʘʥʘʣʠʟʘ ʜʘʥʥʳʭ ʥʝʦʙ-

ʭʦʜʠʤʦ ʟʥʘʪʴ ʚʳʭʦʜ ʥʝʡʪʨʘʣʴʥʳʭ ʧʠʦʥʦʚ ʚ ʧʨʦʮʝʩʩʝ ʚʟʘʠʤʦʜʝʡ-

ʩʪʚʠʷ ʪʷʞʸʣʳʭ ʷʜʝʨ. ʉ ʵʪʦʡ ʮʝʣʴʶ, ʘ ʪʘʢʞʝ ʜʣʷ ʫʣʫʯʰʝʥʠʷ ʨʘʟʜʝ-

ʣʝʥʠʷ ʵʣʝʢʪʨʦʥʦʚ ʠ ʧʠʦʥʦʚ ʙʳʣʦ ʧʨʝʜʣʦʞʝʥʦ ʫʩʪʘʥʦʚʠʪʴ ʚ ʜʦʧʦʣ-

ʥʝʥʠʝ ʢ ʩʫʱʝʩʪʚʫʶʱʠʤ ʜʝʪʝʢʪʦʨʘʤ ʫʩʪʘʥʦʚʢʠ HADES ʯʝʨʝʥʢʦʚ-

ʩʢʠʡ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʡ ʢʘʣʦʨʠʤʝʪʨ ECAL. 

ECAL ʙʫʜʝʪ ʩʦʩʪʦʷʪʴ ʠʟ 978 ʜʝʪʝʢʪʦʨʥʳʭ ʤʦʜʫʣʝʡ, ʦʙʲʝʜʠʥʸʥ-

ʥʳʭ ʚ 6 ʩʝʢʪʦʨʦʚ, ʧʝʨʝʢʨʳʚʘʶʱʠʭ ʧʦʣʷʨʥʳʡ ʫʛʦʣ ʦʪ 12 ʜʦ 45
0 
ʠ 

ʧʦʯʪʠ ʧʦʣʥʳʡ ʘʟʠʤʫʪʘʣʴʥʳʡ ʫʛʦʣ. ɺ ʥʘʩʪʦʷʱʠʡ ʤʦʤʝʥʪ ʜʝʪʝʢʪʦʨ 

ʥʘʭʦʜʠʪʩʷ ʚ ʩʪʘʜʠʠ ʩʙʦʨʢʠ ʠ ʪʝʩʪʠʨʦʚʘʥʠʷ ʦʪʜʝʣʴʥʳʭ ʤʦʜʫʣʝʡ, ʘ ʢ 

2018 ʛʦʜʫ ʧʣʘʥʠʨʫʝʪʩʷ ʩʦʙʨʘʪʴ 4 ʩʝʢʪʦʨʘ ʠ ʧʦʜʛʦʪʦʚʠʪʴ ʜʝʪʝʢʪʦʨ ʢ 

ʧʝʨʚʦʤʫ ʬʠʟʠʯʝʩʢʦʤʫ ʩʝʘʥʩʫ. ʀʩʧʳʪʘʥʠʷ ʤʦʜʫʣʝʡ ʧʨʦʭʦʜʷʪ ʩ ʠʩ-

ʧʦʣʴʦʚʘʥʠʝʤ ʢʦʩʤʠʯʝʩʢʠʭ ʣʫʯʝʡ ʚ ʢʘʯʝʩʪʚʝ ʤʠʥʠʤʘʣʴʥʳʭ ʠʦʥʠʟʠ-

ʨʫʶʱʠʭ ʯʘʩʪʠʮ (Minimum Ionizing Particle ï MIP). ɼʣʷ ʚʳʨʘʙʦʪʢʠ 

ʪʨʠʛʛʝʨʥʦʛʦ ʩʠʛʥʘʣʘ ʩʣʫʞʠʪ ʩʭʝʤʘ ʩʦʚʧʘʜʝʥʠʷ ʦʪ ʜʚʫʭ ʩʮʠʥʪʠʣʣʷ-

ʮʠʦʥʥʳʭ ʜʝʪʝʢʪʦʨʦʚ. ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʪʝʩʪʦʚ ʧʦʜʙʠʨʘʝʪʩʷ ʦʧʪʠ-

ʤʘʣʴʥʦʝ ʨʘʙʦʯʝʝ ʥʘʧʨʷʞʝʥʠʝ, ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʨʦʟʨʘʯʥʦʩʪʴ ʦʧʪʠʯʝ-

ʩʢʦʛʦ ʪʨʘʢʪʘ ʣʘʟʝʨʥʦʡ ʢʘʣʠʙʨʦʚʦʯʥʦʡ ʩʠʩʪʝʤʳ ʠ ʚʳʨʘʙʘʪʳʚʘʶʪʩʷ 

ʨʝʢʦʤʝʥʜʘʯʠʠ ʧʦ ʫʩʪʨʘʥʝʥʠʶ ʜʝʬʝʢʪʦʚ ʦʪʜʝʣʴʥʳʭ ʤʦʜʫʣʝʡ. 

ɺ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ ʦʧʠʩʘʥʘ ʧʨʦʮʝʜʫʨʘ ʠʩʧʳʪʘʥʠʡ ʯʝʨʝʥʢʦʚ-

ʩʢʠʭ ʜʝʪʝʢʪʦʨʥʳʭ ʤʦʜʫʣʝʡ, ʘ ʪʘʢʞʝ ʧʨʠʚʝʜʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʪʝʩʪʦʚ 

ʥʘ ʢʦʩʤʠʯʝʩʢʠʭ ʣʫʯʘʭ. 
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ʄʆɼɽʃʀʈʆɺɸʅʀɽ ʄʀɻʈɸʎʀʆʅʅʓʍ ʇʈʆʎɽʉʉʆɺ ɺ 

ʇʆʏɺɽ ʉ ʇʆʄʆʑʔʖ ʄɽʊʆɼʆɺ ʉʆɺʈɽʄɽʅʅʆʁ  
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ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʦʪʩʫʪʩʪʚʫʝʪ ʜʦʩʪʘʪʦʯʥʘʷ ʠʥʬʦʨʤʘʮʠʷ ʦ ʜʚʠ-

ʞʫʱʠʭ ʩʠʣʘʭ ʠ ʧʘʨʘʤʝʪʨʘʭ ʤʠʛʨʘʮʠʦʥʥʳʭ ʧʨʦʮʝʩʩʦʚ ʚ ʧʦʯʚʘʭ, ʯʪʦ 

ʟʘʪʨʫʜʥʷʝʪ ʨʝʰʝʥʠʝ ʤʥʦʛʠʭ ʟʘʜʘʯ ʧʦ ʧʨʝʜʦʪʚʨʘʱʝʥʠʶ ʧʦʩʣʝʜʩʪʚʠʡ 

ʨʘʜʠʦʘʢʪʠʚʥʦʛʦ ʟʘʛʨʷʟʥʝʥʠʷ. ʅʘʧʨʠʤʝʨ, ʥʝ ʦʧʨʝʜʝʣʝʥʘ çʨʘʟʤʝʨ-

ʥʦʩʪʴ ʩʘʤʦʡ ʧʦʯʚʳè, ʯʪʦ ʚʘʞʥʦ ʜʣʷ ʦʧʠʩʘʥʠʷ ʛʝʦʤʝʪʨʠʠ ʨʘʩʧʨʝʜʝ-

ʣʝʥʠʷ ʨʘʜʠʦʥʫʢʣʠʜʦʚ ʚ ʩʨʝʜʝ, ʪ.ʝ. ʚ ʧʦʯʚʝ. 

ɺʩʝ ʧʨʦʮʝʩʩʳ, ʧʨʦʠʩʭʦʜʷʱʠʝ ʚ ʧʦʯʚʝ, ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʢʘʢ 

ʜʠʬʬʫʟʠʦʥʥʳʝ. ʅʦ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʚʠʜʘ ʧʦʯʚʳ ʩʢʦʨʦʩʪʴ ʜʚʠʞʝ-

ʥʠʷ ʨʘʜʠʦʥʫʢʣʠʜʦʚ ʤʦʞʝʪ ʠʤʝʪʴ ʙʦʣʴʰʫʶ ʩʢʦʨʦʩʪʴ (ʩʫʧʝʨʜʠʬʬʫ-

ʟʠʦʥʥʳʝ ʧʨʦʮʝʩʩʳ) ʠʣʠ ʤʝʥʴʰʫʶ ʩʢʦʨʦʩʪʴ (ʩʫʙʜʠʬʬʫʟʠʦʥʥʳʝ 

ʧʨʦʮʝʩʩʳ) ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʪʦʡ, ʢʦʪʦʨʘʷ ʫʩʪʘʥʘʚʣʠʚʘʝʪʩʷ ʧʨʠ ʛʘʫʩ-

ʩʦʚʩʢʦʤ (ʥʦʨʤʘʣʴʥʦʤ) ʨʘʩʧʨʝʜʝʣʝʥʠʠ.  

ʉʣʝʜʩʪʚʠʝʤ ʧʨʠʤʝʥʝʥʠʷ ʧʦʜʭʦʜʦʚ ʬʨʘʢʪʘʣʴʥʦʡ ʛʝʦʤʝʪʨʠʠ ʢ 

ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʡ ʟʘʜʘʯʝ ʷʚʣʷʝʪʩʷ ʦʪʢʘʟ ʦʪ ʛʘʫʩʩʦʚʘ ʜʠʬʬʫʟʠʦʥʥʦʛʦ 

ʫʨʘʚʥʝʥʠʷ ʠ ʪʨʘʜʠʮʠʦʥʥʦʛʦ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʦ ʧʨʦʮʝʩʩʘʭ ʧʝʨʝʥʦʩʘ 

ʢʘʢ ʦ ʩʣʫʯʘʡʥʦʤ ʙʨʦʫʥʦʚʩʢʦʤ ʜʚʠʞʝʥʠʠ ʯʘʩʪʠʮ ʚ ʩʨʝʜʝ. ʅʝʦʙʭʦ-

ʜʠʤʳʝ ʦʙʦʙʱʝʥʠʷ ʜʦʩʪʠʛʘʶʪʩʷ ʟʘ ʩʯʝʪ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʤʝʪʦʜʦʚ 

ʩʪʨʘʥʥʦʡ (ʩʦʚʨʝʤʝʥʥʦʡ), ʠʣʠ ʜʨʦʙʥʦʡ, ʜʠʥʘʤʠʢʠ ï ʘʥʘʣʠʪʠʯʝʩʢʦʛʦ 

ʘʧʧʘʨʘʪʘ, ʘʜʝʢʚʘʪʥʦʛʦ ʩʣʦʞʥʳʤ ʥʝʣʠʥʝʡʥʳʤ ʜʠʥʘʤʠʯʝʩʢʠʤ ʩʠʩʪʝ-

ʤʘʤ ʩ ʤʥʦʛʦʤʘʩʰʪʘʙʥʳʤʠ ʢʦʨʨʝʣʷʮʠʷʤʠ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ-ʚʨʝʤʝʥʠ. 

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʥʝʩʪʘʥʜʘʨʪʥʳʭ ʧʦʜʭʦʜʦʚ ʢ ʠʟʫʯʝʥʠʶ ʤʠʛʨʘʮʠʠ 

ʨʘʜʠʦʥʫʢʣʠʜʦʚ ʚ ʧʦʯʚʝ ʧʦʟʚʦʣʠʪ ʧʦʣʫʯʠʪʴ ʥʦʚʳʝ ʜʘʥʥʳʝ ʠ ʧʨʝʜ-

ʩʪʘʚʣʝʥʠʷ ʦ ʜʚʠʞʫʱʠʭ ʩʠʣʘʭ ʠ ʧʘʨʘʤʝʪʨʘʭ ʤʠʛʨʘʮʠʦʥʥʳʭ ʧʨʦʮʝʩ-

ʩʦʚ. ɸ ʪʘʢʞʝ ʩ ʧʦʤʦʱʴʶ ʤʝʪʦʜʦʚ ʩʪʨʘʥʥʦʡ (ʩʦʚʨʝʤʝʥʥʦʡ) ʜʠʥʘʤʠ-

ʢʠ, ʚʦʟʤʦʞʥʦ ʧʨʘʢʪʠʯʝʩʢʠ ʨʝʘʣʠʟʦʚʘʪʴ ʙʦʣʝʝ ʪʦʯʥʳʝ ʦʮʝʥʢʠ ʜʚʠ-
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ʞʫʱʠʭ ʩʠʣ ʠ ʧʘʨʘʤʝʪʨʦʚ ʤʠʛʨʘʮʠʦʥʥʳʭ ʧʨʦʮʝʩʩʦʚ ʚ ʧʦʯʚʘʭ, ʠ ʦʮʝ-

ʥʠʪʴ, ʥʘʩʢʦʣʴʢʦ ʠʟʤʝʥʷʪʩʷ ʨʝʟʫʣʴʪʘʪʳ, ʧʦʣʫʯʝʥʥʳʝ ʚ ʨʘʤʢʘʭ ʪʨʘ-

ʜʠʮʠʦʥʥʦʛʦ ʧʦʜʭʦʜʘ. 
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ʇʨʝʜʩʢʘʟʘʥʠʝ, ʘ ʟʘʪʝʤ ʠ ʦʪʢʨʳʪʠʝ ʙʦʟʦʥʘ ʍʠʛʛʩʘ ʥʘ LHC, ʩʪʘʣʠ 

ʦʪʧʨʘʚʥʦʡ ʪʦʯʢʦʡ ʨʘʟʚʠʪʠʷ ʥʦʚʦʡ ʩʪʨʘʥʠʮʳ ʚ ʬʠʟʠʢʝ ʵʣʝʤʝʥʪʘʨ-

ʥʳʭ ʯʘʩʪʠʮ. ʄʝʭʘʥʠʟʤʳ ʩʧʦʥʪʘʥʥʦʛʦ ʥʘʨʫʰʝʥʠʷ ʩʠʤʤʝʪʨʠʠ, ʵʢʩ-

ʧʝʨʠʤʝʥʪʘʣʴʥʦ ʧʦʜʪʚʝʨʞʜʝʥʳ, ʘ ʵʪʦ ʟʥʘʯʠʪ, ʯʪʦ ʉʪʘʥʜʘʨʪʥʘʷ ʤʦ-

ʜʝʣʴ (ʉʄ) ʩʪʘʥʦʚʠʪʩʷ ʧʦʣʥʦʮʝʥʥʦʡ ʪʝʦʨʠʝʡ. ɹʦʟʦʥ ʍʠʛʛʩʘ ʩʪʘʥʦ-

ʚʠʪʩʷ ʚʘʞʥʝʡʰʠʤ ʟʚʝʥʦʤ ʚ ʉʄ, ʜʦʧʦʣʥʷʷ ʪʨʠ ʚʠʜʘ ʚʟʘʠʤʦʜʝʡ-

ʩʪʚʠʷ, ʯʝʪʚʝʨʪʳʤ ï ʶʢʘʚʩʢʠʤ, ʧʝʨʝʥʦʩʠʤʳʤ ʭʠʛʛʩʦʚʩʢʠʤ ʙʦʟʦʥʦʤ.  

ɸʢʪʫʘʣʴʥʦʩʪʴ ʠʩʩʣʝʜʦʚʘʥʠʡ ʥʝ ʧʦʜʚʝʨʛʘʝʪʩʷ ʩʦʤʥʝʥʠʷʤ, ʦʪʢʨʳ-

ʪʠʝ ʙʦʟʦʥʘ ʍʠʛʛʩʘ ʧʦʚʣʝʢʣʦ ʟʘ ʩʦʙʦʡ ʚʦʟʥʠʢʥʦʚʝʥʠʝ ʥʦʚʳʭ ʪʝʦʨʠʡ 

ʠ ʥʦʚʳʭ ʚʦʧʨʦʩʦʚ. ʆʜʥʠʤ ʠʟ ʥʠʭ ʷʚʣʷʝʪʩʷ ʚʦʧʨʦʩ ʦ ʨʘʩʰʠʨʝʥʠʠ 

ʩʢʘʣʷʨʥʦʛʦ ʩʝʢʪʦʨʘ ʉʄ [1-3]. ʉʄ ʪʨʝʙʫʝʪ: çʅʘʨʫʰʝʥʠʶ ʵʣʝʢʪ-

ʨʦʩʣʘʙʦʡ ʩʠʤʤʝʪʨʠʠ - ʙʳʪʴ!è, ʥʦ ʥʝ ʛʦʚʦʨʠʪ ʥʘʤ ʦ ʪʦʤ, ʢʘʢ ʠʤʝʥʥʦ 

ʨʘʙʦʪʘʝʪ ʜʘʥʥʳʡ ʤʝʭʘʥʠʟʤ. ɼʣʷ ʦʙʲʷʩʥʝʥʠʷ ʜʘʥʥʦʛʦ ʬʘʢʪʘ ʪʨʝʙʫ-

ʝʪʩʷ ʨʘʩʩʤʦʪʨʝʥʠʝ ʥʦʚʳʭ ʤʦʜʝʣʝʡ. ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʠʟʫʯʝʥʦ ʤʠʥʠ-

ʤʘʣʴʥʦʝ ʨʘʩʰʠʨʝʥʠʝ ʉʄ, ʪʘʢ ʥʘʟʳʚʘʝʤʘʷ  ʤʠʥʠʤʘʣʴʥʘʷ ʩʫʧʝʨʩʠʤ-

ʤʝʪʨʠʯʥʘʷ ʩʪʘʥʜʘʨʪʥʘʷ ʤʦʜʝʣʴ (ʄʉʉʄ). 

ɺ ʨʘʙʦʪʝ ʨʘʩʩʤʦʪʨʝʥ ʜʚʫʭʜʫʙʣʝʪʥʳʡ ʧʦʪʝʥʮʠʘʣ ʩ  ʜʝʡʩʪʚʠʪʝʣʴ-

ʥʳʤʠ ɚ1é4 ʠ ʢʦʤʧʣʝʢʩʥʳʤʠ ɚ5, ɚ6, ɚ7 ʧʘʨʘʤʝʪʨʘʤʠ, ʢʦʪʦʨʳʡ ʥʝ ʷʚ-

ʣʷʝʪʩʷ CP-ʠʥʚʘʨʠʘʥʪʥʳʤ. ʕʪʦ ʧʦʟʚʦʣʷʝʪ ʚʚʝʩʪʠ ʚ ʪʝʦʨʠʶ ʥʦʚʳʝ 

ʠʩʪʦʯʥʠʢʠ CP-ʥʘʨʫʰʝʥʠʷ, ʦʪʣʠʯʥʳʝ ʦʪ ʬʘʟʳ ʤʘʪʨʠʮʳ ʂʘʙʠʙʙʦ-

ʂʦʙʘʷʰʠ-ʄʘʩʢʘʚʳ. ɺ ʨʘʙʦʪʝ ʧʦʩʪʨʦʝʥ ʵʬʬʝʢʪʠʚʥʳʡ ʧʦʪʝʥʮʠʘʣ 

ʄʉʉʄ ʥʘ ʵʥʝʨʛʝʪʠʯʝʩʢʦʤ ʤʘʩʰʪʘʙʝ mtop, ʢʦʪʦʨʳʡ ʠʤʝʝʪ ʬʦʨʤʫ 

ʜʚʫʭʜʫʙʣʝʪʥʦʛʦ ʧʦʪʝʥʮʠʘʣʘ. ʇʘʨʘʤʝʪʨʳ ɚ1é7 ʵʬʬʝʢʪʠʚʥʦʛʦ ʧʦʪʝʥ-

ʮʠʘʣʘ ʷʚʥʦ ʚʳʯʠʩʣʝʥʳ ʠ ʚʳʨʘʞʘʶʪʩʷ ʯʝʨʝʟ ʧʘʨʘʤʝʪʨʳ ʚʟʘʠʤʦʜʝʡ-

ʩʪʚʠʷ ʙʦʟʦʥʦʚ ʍʠʛʛʩʘ ʩʦ ʩʢʘʣʷʨʥʳʤʠ ʢʚʘʨʢʘʤʠ.  

ɺ ʨʘʙʦʪʝ ʧʦʣʫʯʝʥʳ ʚʳʨʘʞʝʥʠʷ ʜʣʷ ʪʨʦʡʥʳʭ ʠ ʯʝʪʚʝʨʥʳʭ ʢʦʥ-

ʩʪʘʥʪ ʩʘʤʦʜʝʡʩʪʚʠʷ ʙʦʟʦʥʦʚ ʍʠʛʛʩʘ ʩ ʨʘʜʠʘʮʠʦʥʥʳʤʠ ʧʦʧʨʘʚʢʘʤʠ 

ʚ ʜʚʫʭʜʫʙʣʝʪʥʦʡ ʤʦʜʝʣʠ ʩ ʥʘʨʫʰʝʥʠʝʤ CP-ʠʥʚʘʨʠʘʥʪʥʦʩʪʠ. ɺ ʵʪʦʡ 

ʤʦʜʝʣʠ ʠʤʝʶʪʩʷ ʪʨʠ ʥʝʡʪʨʘʣʴʥʳʭ ʙʦʟʦʥʘ ʍʠʛʛʩʘ h1, h2, h3, ʢʦʪʦʨʳʝ 
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ʷʚʣʷʶʪʩʷ ʩʤʝʰʘʥʥʳʤʠ ʩʦʩʪʦʷʥʠʷʤʠ ʜʚʫʭ CP-ʯʝʪʥʳʭ (h ʠ H) ʠ ʦʜ-

ʥʦʛʦ CP-ʥʝʯʝʪʥʦʛʦ (A) ʙʦʟʦʥʘ ʍʠʛʛʩʘ. ɺʝʨʰʠʥʳ hihjhk ʠ hihjhkhl ʨʘʩ-

ʩʯʠʪʘʥʳ ʚ ʦʜʥʦʧʝʪʣʝʚʦʤ ʧʨʠʙʣʠʞʝʥʠʠ ʠ ʤʦʛʫʪ ʤʝʥʷʪʴʩʷ ʚ ʟʘʚʠʩʠ-

ʤʦʩʪʠ ʦʪ ʧʘʨʘʤʝʪʨʦʚ ʤʦʜʝʣʠ, ʧʨʦʚʝʜʝʥʦ ʩʨʘʚʥʝʥʠʝ ʩʦ ʩʣʫʯʘʝʤ CP-

ʩʦʭʨʘʥʝʥʠʷ [4].  

ʀʩʩʣʝʜʦʚʘʥʠʝ ʢʦʥʩʪʘʥʪ ʩʘʤʦʜʝʡʩʪʚʠʷ ʙʦʟʦʥʦʚ ʍʠʛʛʩʘ ʷʚʣʷʝʪʩʷ 

ʦʜʥʦʡ ʠʟ ʦʩʥʦʚʥʳʭ ʟʘʜʘʯ ɹʦʣʴʰʦʛʦ ʘʜʨʦʥʥʦʛʦ ʢʦʣʣʘʡʜʝʨʘ ʠ ʙʫʜʫ-

ʱʠʭ ʫʩʢʦʨʠʪʝʣʝʡ. ʇʦʩʣʝ ʦʪʢʨʳʪʠʷ ʙʦʟʦʥʘ ʍʠʛʛʩʘ ʙʦʣʴʰʦʝ ʚʥʠʤʘ-

ʥʠʝ ʫʜʝʣʷʝʪʩʷ ʠʟʫʯʝʥʠʶ ʝʛʦ ʩʚʦʡʩʪʚ, ʚ ʪʦʤ ʯʠʩʣʝ ʠʟʤʝʨʝʥʠʶ ʢʦʥ-

ʩʪʘʥʪ ʩʘʤʦʜʝʡʩʪʚʠʷ ʠ ʩʨʘʚʥʝʥʠʶ ʠʭ ʩʦ ʟʥʘʯʝʥʠʷʤʠ, ʧʦʣʫʯʝʥʥʳʤʠ ʚ 

ʪʝʦʨʝʪʠʯʝʩʢʠʭ ʤʦʜʝʣʷʭ. ʇʘʨʘʤʝʪʨʳ ʵʬʬʝʢʪʠʚʥʦʛʦ ʧʦʪʝʥʮʠʘʣʘ 

ʦʧʨʝʜʝʣʷʶʪ ʩʦʦʪʥʦʰʝʥʠʷ ʤʝʞʜʫ ʤʘʩʩʘʤʠ ʠ ʢʦʥʩʪʘʥʪʘʤʠ ʩʘʤʦʜʝʡ-

ʩʪʚʠʷ. ʀʩʩʣʝʜʦʚʘʥʠʝ ʵʪʠʭ ʩʦʦʪʥʦʰʝʥʠʡ ʷʚʣʷʝʪʩʷ ʚʘʞʥʦʡ ʟʘʜʘʯʝʡ 

ʜʣʷ ʧʦʥʠʤʘʥʠʷ ʧʨʠʨʦʜʳ ʥʘʨʫʰʝʥʠʷ ʢʘʣʠʙʨʦʚʦʯʥʦʡ ʩʠʤʤʝʪʨʠʠ.  

ʉʘʤʦʜʝʡʩʪʚʠʝ ʭʠʛʛʩʦʚʩʢʠʭ ʧʦʣʝʡ ʧʨʠʚʦʜʠʪ ʢ ʥʝʪʨʠʚʠʘʣʴʥʦʡ 

ʩʪʨʫʢʪʫʨʝ ʚʘʢʫʫʤʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʩ ʥʝʥʫʣʝʚʳʤ ʟʥʘʯʝʥʠʝʤ ʧʦʣʷ, ʚʳ-

ʟʳʚʘʶʱʠʤ ʩʧʦʥʪʘʥʥʦʝ ʥʘʨʫʰʝʥʠʝ SU(2)xU(1) ʩʠʤʤʝʪʨʠʠ. ʇʦʩʪʨʦ-

ʝʥʠʝ ʵʬʬʝʢʪʠʚʥʦʛʦ ʧʦʪʝʥʮʠʘʣʘ ʪʨʝʙʫʝʪ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠʟʤʝ-

ʨʝʥʠʡ ʪʨʦʡʥʳʭ ʠ ʯʝʪʚʝʨʥʳʭ ʚʝʨʰʠʥ ʩʘʤʦʜʝʡʩʪʚʠʷ ʙʦʟʦʥʦʚ ʍʠʛʛʩʘ 

ʯʝʨʝʟ ʩʝʯʝʥʠʷ ʤʥʦʛʦʯʘʩʪʠʯʥʦʛʦ ʨʦʞʜʝʥʠʷ ʠ ʨʘʩʧʘʜʘ, ʯʪʦ ʷʚʣʷʝʪʩʷ 

ʥʝʪʨʠʚʠʘʣʴʥʦʡ ʠ ʚʘʞʥʦʡ ʟʘʜʘʯʝʡ ʜʣʷ ʩʦʚʨʝʤʝʥʥʳʭ  ʠ ʙʫʜʫʱʠʭ 

ʫʩʢʦʨʠʪʝʣʝʡ.  
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ʇʨʠʚʦʜʷʪʩʷ ʩʧʝʢʪʨ ʢʦʩʤʠʯʝʩʢʠʭ ʣʫʯʝʡ ʧʦ ʯʠʩʣʫ ʟʘʨʝʛʠʩʪʨʠʨʦ-

ʚʘʥʥʳʭ ʥʝʡʪʨʦʥʦʚ, ʧʦʣʫʯʝʥʥʳʡ ʥʘ ʫʩʪʘʥʦʚʢʝ ʜʣʷ ʨʝʛʠʩʪʨʘʮʠʠ 

ʥʝʡʪʨʦʥʥʦʡ ʢʦʤʧʦʥʝʥʪʳ ʰʠʨʦʢʠʭ ʘʪʤʦʩʬʝʨʥʳʭ ʣʠʚʥʝʡ (ʐɸʃ) 

ʇʈʀɿʄɸ-32 [1]. ʅʝʡʪʨʦʥʥʘʷ ʢʦʤʧʦʥʝʥʪʘ ʐɸʃ, ʨʝʛʠʩʪʨʠʨʫʝʤʘʷ 

ʫʩʪʘʥʦʚʢʦʡ, ʦʙʨʘʟʫʝʪʩʷ ʧʨʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʚʳʩʦʢʦʵʥʝʨʛʠʯʥʳʭ 

ʘʜʨʦʥʦʚ ʣʠʚʥʷ ʩ ʷʜʨʘʤʠ ʘʪʦʤʦʚ ʘʪʤʦʩʬʝʨʳ ʠ ʧʦʚʝʨʭʥʦʩʪʠ ɿʝʤʣʠ ʠ 

ʥʝʩʝʪ ʚʘʞʥʫʶ ʠʥʬʦʨʤʘʮʠʶ ʦ ʨʘʟʚʠʪʠʠ ʐɸʃ [2]. ʋʩʪʘʥʦʚʢʘ 

ʇʈʀɿʄɸ-32 ʨʘʙʦʪʘʝʪ ʚ ʥʝʧʨʝʨʳʚʥʦʤ ʨʝʞʠʤʝ ʥʘʙʦʨʘ ʠʥʬʦʨʤʘʮʠʠ 

ʦʢʦʣʦ 5 ʣʝʪ. ʈʘʥʝʝ ʥʘ ʫʩʪʘʥʦʚʢʝ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʚʨʝʤʝʥʥʳʝ ʨʘʩʧʨʝ-

ʜʝʣʝʥʠʷ ʨʝʛʠʩʪʨʠʨʫʝʤʳʭ ʪʝʧʣʦʚʳʭ ʥʝʡʪʨʦʥʦʚ, ʪ. ʝ. ʟʘʜʝʨʞʝʢ ʚʨʝ-

ʤʝʥʠ ʠʭ ʨʝʛʠʩʪʨʘʮʠʠ ʦʪʥʦʩʠʪʝʣʴʥʦ ʤʦʤʝʥʪʘ ʧʨʠʭʦʜʘ ʬʨʦʥʪʘ ʐɸʃ 

ʠ ʬʫʥʢʮʠʠ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʭ ʨʘʩʧʨʝʜʝʣʝʥʠʡ ʥʝʡʪʨʦʥʦʚ ʐɸʃ [3]. 

ʋʩʪʘʥʦʚʢʘ ʇʈʀɿʄɸ-32 ʨʘʩʧʦʣʦʞʝʥʘ ʚʥʫʪʨʠ ʟʜʘʥʠʷ ʵʢʩʧʝʨʠ-

ʤʝʥʪʘʣʴʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʅɽɺʆɼ ʠ ʩʦʩʪʦʠʪ ʠʟ 32 ʵʥ-ʜʝʪʝʢʪʦʨʦʚ (ʨʠ-

ʩʫʥʦʢ 1). ʇʣʦʱʘʜʴ ʢʘʞʜʦʛʦ ʵʥ-ʜʝʪʝʢʪʦʨʘ ʩʦʩʪʘʚʣʷʝʪ 0.36 ʤ2, ʜʣʷ 

ʨʝʛʠʩʪʨʘʮʠʠ ʥʝʡʪʨʦʥʦʚ ʠʩʧʦʣʴʟʫʝʪʩʷ ʪʦʥʢʠʡ ʩʣʦʡ ʥʝʦʨʛʘʥʠʯʝʩʢʦʛʦ 

ʩʮʠʥʪʠʣʣʷʪʦʨʘ ZnS(Ag) ʠ LiF, ʛʜʝ Li ʦʙʦʛʘʱʝʥ ʜʦ 90% 6Li. ʕʥ-

ʜʝʪʝʢʪʦʨ ʧʦʟʚʦʣʷʝʪ ʦʜʥʦʚʨʝʤʝʥʥʦ ʨʝʛʠʩʪʨʠʨʦʚʘʪʴ ʜʚʝ ʢʦʤʧʦʥʝʥʪʳ 

ʰʠʨʦʢʠʭ ʘʪʤʦʩʬʝʨʥʳʭ ʣʠʚʥʝʡ: ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʫʶ ʠ ʥʝʡʪʨʦʥʥʫʶ ʚ 

ʦʙʣʘʩʪʠ ʵʥʝʨʛʠʡ ʢʦʩʤʠʯʝʩʢʠʭ ʣʫʯʝʡ 1013 ï 1016 ʵɺ.  

ʇʨʠʚʦʜʷʪʩʷ ʨʝʟʫʣʴʪʘʪʳ ʦʙʨʘʙʦʪʢʠ ʜʘʥʥʳʭ ʟʘ 4.5 ʛʦʜʘ ʨʘʙʦʪʳ 

ʫʩʪʘʥʦʚʢʠ, ʚʨʝʤʷ ʨʘʙʦʪʳ ʫʩʪʘʥʦʚʢʠ ʩʦʩʪʘʚʣʷʝʪ ʦʢʦʣʦ 95%. ʈʘʩʧʨʝ-

ʜʝʣʝʥʠʝ ʧʦ ʯʠʩʣʫ ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʥʳʭ ʥʝʡʪʨʦʥʦʚ ʥʘʢʘʧʣʠʚʘʣʘʩʴ ʩ 

ʜʦʧʦʣʥʠʪʝʣʴʥʳʤ ʫʩʣʦʚʠʝʤ: ʦʩʴ ʐɸʃ ʜʦʣʞʥʘ ʙʳʪʴ ʚ ʧʨʝʜʝʣʘʭ ʦʙ-

ʣʘʩʪʠ ʫʩʪʘʥʦʚʢʠ. ɺ ʪʝʯʝʥʠʝ ʠʩʧʦʣʴʟʦʚʘʥʥʦʛʦ ʚʨʝʤʝʥʠ ʨʘʙʦʪʳ ʫʩʪʘ-

ʥʦʚʢʠ ʙʳʣʦ ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʦ ʙʦʣʝʝ 90 000 ʪʘʢʠʭ ʩʦʙʳʪʠʡ, ʫʜʦʚʣʝ-

ʪʚʦʨʷʶʱʠʭ ʫʩʣʦʚʠʷʤ ʦʪʙʦʨʘ. ɼʣʷ ʥʘʭʦʞʜʝʥʠʷ ʦʩʠ ʐɸʃ ʠʩʧʦʣʴʟʦ-



 
 
 
 

Ядерная физика и технологии, теоретическая физика и астрофизика 

343 

ʚʘʣʘʩʴ ʩʪʘʥʜʘʨʪʥʘʷ ʧʨʦʮʝʜʫʨʘ ʤʝʪʦʜ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʧʨʘʚʜʦʧʦʜʦ-

ʙʠʷ [4]. ɼʣʷ ʵʪʠʭ ʩʦʙʳʪʠʡ ʙʳʣ ʧʦʣʫʯʝʥ ʠʥʪʝʛʨʘʣʴʥʳʡ ʩʧʝʢʪʨ ʪʝʧ-

ʣʦʚʳʭ ʥʝʡʪʨʦʥʦʚ ʐɸʃ (ʨʠʩʫʥʦʢ 2). ʀʟʤʝʨʝʥʥʳʡ ʩʧʝʢʪʨ ʤʦʞʥʦ 

-
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ʈʠʩ.2. ʀʥʪʝʛʨʘʣʴʥʳʡ ʩʧʝʢʪʨ ʐɸʃ ʧʦ ʯʠʩʣʫ ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʥʳʭ 

ʥʝʡʪʨʦʥʦʚ. 

 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʚ ʨʘʤʢʘʭ ʛʨʘʥʪʘ ʇʨʝʟʠʜʝʥʪʘ ʈʦʩʩʠʡʩʢʦʡ ʌʝ-

ʜʝʨʘʮʠʠ ʜʣʷ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʡ ʧʦʜʜʝʨʞʢʠ ʤʦʣʦʜʳʭ ʨʦʩʩʠʡʩʢʠʭ ʫʯʝ-

ʥʳʭ - ʢʘʥʜʠʜʘʪʦʚ ʥʘʫʢ (ʄʂ-7597.2016.2) ʥʘ ʫʥʠʢʘʣʴʥʦʡ ʥʘʫʯʥʦʡ 

ʫʩʪʘʥʦʚʢʝ çʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʡ ʢʦʤʧʣʝʢʩ ʅɽɺʆɼè ʧʨʠ ʧʦʜʜʝʨʞʢʝ 
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ʄʠʥʦʙʨʥʘʫʢʠ ʈʌ (ʛʨʘʥʪ RFMEFI59114X0002, ʇʨʦʛʨʘʤʤʘ ʧʦʚʳʰʝ-

ʥʠʷ ʢʦʥʢʫʨʝʥʪʦʩʧʦʩʦʙʥʦʩʪʠ ʅʀʗʋ ʄʀʌʀ 02.ʘ03.21.0005 ʦʪ 

27.08.2013) ʠ ʈʦʩʩʠʡʩʢʦʛʦ ʬʦʥʜʘ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ 

(ʛʨʘʥʪ 16-32-00054). 
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ʀʟʚʝʩʪʥʦ, ʯʪʦ ʥʝʢʦʪʦʨʳʝ ʩʦʝʜʠʥʝʥʠʷ ʤʦʛʫʪ ʩʥʠʞʘʪʴ ʵʬʬʝʢʪʠʚ-

ʥʦʩʪʴ ʨʝʛʠʩʪʨʘʮʠʠ ʨʘʜʠʦʘʢʪʠʚʥʦʛʦ ʠʟʣʫʯʝʥʠʷ ʚ ʞʠʜʢʦʤ ʩʮʠʥʪʠʣ-

ʣʷʪʦʨʝ. ʇʦʜʦʙʥʦʝ ʷʚʣʝʥʠʝ ʦʙʫʩʣʦʚʣʠʚʘʝʪʩʷ ʚ ʦʩʥʦʚʥʦʤ ʜʚʫʤʷ ʧʨʠ-

ʯʠʥʘʤʠ. ɺʦ-ʧʝʨʚʳʭ, ʨʝʛʠʩʪʨʘʮʠʠ ʩʮʠʥʪʠʣʣʷʮʠʡ ʤʦʛʫʪ ʤʝʰʘʪʴ 

ʦʢʨʘʰʝʥʥʳʝ ʩʦʝʜʠʥʝʥʠʷ. ɺʦ-ʚʪʦʨʳʭ, ʧʨʠʯʠʥʦʡ ʛʘʰʝʥʠʷ ʤʦʞʝʪ 

ʙʳʪʴ ʪʦ, ʯʪʦ ʤʦʣʝʢʫʣʳ ʠʩʩʣʝʜʫʝʤʦʛʦ ʚʝʱʝʩʪʚʘ ʠʣʠ ʝʛʦ ʨʘʩʪʚʦʨʠʪʝ-

ʣʷ ʤʝʰʘʶʪ ʧʝʨʝʜʘʯʝ ʵʥʝʨʛʠʠ ʚʦʟʙʫʞʜʝʥʠʷ ʤʦʣʝʢʫʣʘʤ ʩʮʠʥʪʠʣʣʷ-

ʪʦʨʘ. ʕʪʠ ʜʚʘ ʤʝʭʘʥʠʟʤʘ ʦʧʨʝʜʝʣʷʶʪ ʦʧʪʠʯʝʩʢʦʝ ʠ ʭʠʤʠʯʝʩʢʦʝ ʛʘ-

ʰʝʥʠʝ [1]. 

ʎʝʣʴʶ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʦʧʨʝʜʝʣʝʥʠʝ ʟʘʚʠʩʠʤʦʩʪʠ ʵʬ-

ʬʝʢʪʠʚʥʦʩʪʠ ʨʝʛʠʩʪʨʘʮʠʠ 
40
K ʦʪ ʧʘʨʘʤʝʪʨʘ ʛʘʰʝʥʠʷ. 

ʈʘʙʦʪʘ ʧʨʦʚʦʜʠʣʘʩʴ ʥʘ ʩʧʝʢʪʨʦʤʝʪʨʠʯʝʩʢʦʡ ʫʩʪʘʥʦʚʢʝ ʉʂʉ-

07ʇ-ɹ11 çʂʦʥʜʦʨè. ɼʣʷ ʫʯʝʪʘ ʷʚʣʝʥʠʷ ʛʘʰʝʥʠʷ, ʩ ʧʦʤʦʱʴʶ ʧʨʦ-

ʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ çLiquid Masterè, ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʨʝʦʙʨʘʟʦ-

ʚʘʥʥʳʡ ʩʧʝʢʪʨʘʣʴʥʳʡ ʠʥʜʝʢʩ ʚʥʝʰʥʝʛʦ ʩʪʘʥʜʘʨʪʘ (tSIE). ɺ ʢʘʯʝ-

ʩʪʚʝ ʚʥʝʰʥʝʛʦ ʩʪʘʥʜʘʨʪʘ ʠʩʧʦʣʴʟʫʝʪʩʷ ʵʪʘʣʦʥʥʳʡ ʠʩʪʦʯʥʠʢ 
137

Cs.  

ɺ ʢʘʯʝʩʪʚʝ ʠʩʪʦʯʥʠʢʘ ʙʝʪʘ-ʠʟʣʫʯʝʥʠʷ ʙʳʣ ʠʩʧʦʣʴʟʦʚʘʥ ʭʣʦʨʠʜ 

ʢʘʣʠʷ. ɺ ʪʘʙʣʠʮʝ 1 ʧʨʝʜʩʪʘʚʣʝʥʳ ʦʩʥʦʚʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʦʣʫ-

ʯʝʥʥʦʛʦ ʠʩʪʦʯʥʠʢʘ [2, 3]. 

 

ʊʘʙʣʠʮʘ 1 ï ʆʩʥʦʚʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʠʩʪʦʯʥʠʢʘ ʥʘ ʦʩʥʦʚʝ KCl 

ʄʘʩʩʘ KCl, ʛ 3,93Ñ0,01 

ɸʢʪʠʚʥʦʩʪʴ, ɹʢ 63,9Ñ0,6 

ʆʙʲʝʤ KCl, ʩʤ
3
 1,98 

ʉʢʦʨʦʩʪʴ ʩʯʝʪʘ ʠʤʧʫʣʴʩʦʚ, ʠʤʧʫʣʴʩ/ʩ 54,8 

ʕʬʬʝʢʪʠʚʥʦʩʪʴ ʨʝʛʠʩʪʨʘʮʠʠ, % 85,8Ñ1,5 

ɺ ʢʘʯʝʩʪʚʝ ʛʘʩʠʪʝʣʷ ʙʳʣ ʚʳʙʨʘʥ ʨʘʩʪʚʦʨ ʘʟʦʪʥʦʡ ʢʠʩʣʦʪʳ ʚ 

ʩʧʠʨʪʝ ʚ ʧʨʦʧʦʨʮʠʠ 1:19 [4]. 
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ɺʦ ʬʣʘʢʦʥ ʚʥʦʩʠʣʩʷ ʬʠʢʩʠʨʦʚʘʥʥʳʡ ʦʙʲʝʤ ʨʘʩʪʚʦʨʘ ʛʘʩʠʪʝʣʷ. 

ʇʦʩʣʝ ʯʝʛʦ ʧʨʦʚʦʜʠʣʠʩʴ ʠʟʤʝʨʝʥʠʷ ʩʢʦʨʦʩʪʠ ʩʯʝʪʘ ʠʤʧʫʣʴʩʦʚ ʙʝʟ 

ʚʥʝʰʥʝʛʦ ʩʪʘʥʜʘʨʪʘ, ʘ ʟʘʪʝʤ ʩ ʚʥʝʰʥʠʤ ʩʪʘʥʜʘʨʪʦʤ, ʜʣʷ ʚʳʯʠʩʣʝ-

ʥʠʷ ʧʘʨʘʤʝʪʨʘ ʛʘʰʝʥʠʷ. ʕʬʬʝʢʪʠʚʥʦʩʪʴ ʨʝʛʠʩʪʨʘʮʠʠ ʚʳʯʠʩʣʷʣʘʩʴ 

ʧʦʩʣʝ ʢʘʞʜʦʛʦ ʜʦʙʘʚʣʝʥʠʷ ʛʘʩʠʪʝʣʷ. ʅʘ ʨʠʩʫʥʢʝ 1 ʧʨʝʜʩʪʘʚʣʝʥʳ 

ʧʦʣʫʯʝʥʥʳʝ ʟʘʚʠʩʠʤʦʩʪʠ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʨʝʛʠʩʪʨʘʮʠʠ ʦʪ ʧʘʨʘʤʝʪʨʘ 

ʛʘʰʝʥʠʷ tSIE. 

 
ʈʠʩʫʥʦʢ 1 ï ɿʘʚʠʩʠʤʦʩʪʴ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʨʝʛʠʩʪʨʘʮʠʠ 

40
K ʦʪ ʧʘʨʘʤʝʪʨʘ 

ʛʘʰʝʥʠʷ tSIE 

 

ʉʇʀʉʆʂ ʃʀʊɽʈɸʊʋʈʓ: 
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ʧʦʜ ʨʝʜ. ɹ.ʇ. ʅʠʢʦʣʴʩʢʦʛʦ. ï ʄ.: ʠʟʜʘʪʝʣʴʩʪʚʦ çʄʠʨè, 1981. ï 80 ʩ. 

2. ʐ.ɿ. ʀʙʨʘʛʠʤʦʚ. ʗʜʝʨʥʘʷ ʛʝʦʬʠʟʠʢʘ: ʧʦʩʦʙʠʝ ʜʣʷ ʩʘʤʦʩʪʦʷ-
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ʆʇʈɽɼɽʃɽʅʀɽ ɿɸɺʀʉʀʄʆʉʊʀ ʕʌʌɽʂʊʀɺʅʆʉʊʀ  

ʈɽɻʀʉʊʈɸʎʀʀ K-40 ʆʊ ʆʇʊʀʏɽʉʂʆɻʆ ɻɸʐɽʅʀʗ  

 

ʖʩʫʧʦʚ ɸ.ʅ.
1
, ʃʠʪʚʠʥʝʥʢʦ ʆ.ɺ.

1 

 
1 ɼʠʤʠʪʨʦʚʛʨʘʜʩʢʠʡ ʠʥʞʝʥʝʨʥʦ-ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʠʥʩʪʠʪʫʪ ï ʬʠʣʠʘʣ 

ʅʀʗʋ ʄʀʌʀ 

+79084823194, yusupov_anton1502@mail.ru 

 

ʀʟʚʝʩʪʥʦ, ʯʪʦ ʥʝʢʦʪʦʨʳʝ ʩʦʝʜʠʥʝʥʠʷ ʤʦʛʫʪ ʩʥʠʞʘʪʴ ʵʬʬʝʢʪʠʚ-

ʥʦʩʪʴ ʨʝʛʠʩʪʨʘʮʠʠ ʨʘʜʠʦʘʢʪʠʚʥʦʛʦ ʠʟʣʫʯʝʥʠʷ ʚ ʞʠʜʢʦʤ ʩʮʠʥʪʠʣ-

ʣʷʪʦʨʝ. ɺ ʨʘʙʦʪʝ [1] ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʦʧʨʝʜʝʣʝʥʠʷ ʵʬʬʝʢ-

ʪʠʚʥʦʩʪʠ ʨʝʛʠʩʪʨʘʮʠʠ 
40

K ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʭʠʤʠʯʝʩʢʦʛʦ ʛʘʰʝʥʠʷ. 

ɺ ʨʘʙʦʪʝ ʙʳʣ ʩʜʝʣʘʥ ʚʳʚʦʜ, ʯʪʦ ʠʟʤʝʥʝʥʠʝʤ ʵʬʬʝʢʪʠʚʥʦʩʪʴʶ ʨʝʛʠ-

ʩʪʨʘʮʠʠ ʤʦʞʥʦ ʧʨʝʥʝʙʨʝʯʴ. ʎʝʣʴʶ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʦʧʨʝ-

ʜʝʣʝʥʠʝ ʟʘʚʠʩʠʤʦʩʪʠ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʨʝʛʠʩʪʨʘʮʠʠ ʦʪ ʦʧʪʠʯʝʩʢʦʛʦ 

ʛʘʰʝʥʠʷ. 

ʈʘʙʦʪʘ ʧʨʦʚʦʜʠʣʘʩʴ ʥʘ ʩʧʝʢʪʨʦʤʝʪʨʠʯʝʩʢʦʡ ʫʩʪʘʥʦʚʢʝ ʉʂʉ-

07ʇ-ɹ11 çʂʦʥʜʦʨè. ɼʣʷ ʠʩʢʣʶʯʝʥʠʷ ʷʚʣʝʥʠʷ ʭʠʤʠʯʝʩʢʦʛʦ ʛʘʰʝʥʠʷ 

ʚ ʢʘʯʝʩʪʚʝ ʨʘʜʠʘʪʦʨʘ ʙʳʣʘ ʚʳʙʨʘʥʘ ʜʠʩʪʠʣʣʠʨʦʚʘʥʥʘʷ ʚʦʜʘ. 

ɺ ʢʘʯʝʩʪʚʝ ʠʩʪʦʯʥʠʢʘ ʙʝʪʘ ʠʟʣʫʯʝʥʠʷ ʙʳʣ ʚʳʙʨʘʥ ʭʣʦʨʠʜ ʢʘʣʠʷ. 

ʆʩʥʦʚʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʦʣʫʯʝʥʥʦʛʦ ʠʩʪʦʯʥʠʢʘ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ 

ʪʘʙʣʠʮʝ 1 [2]. 

 

ʊʘʙʣʠʮʘ 1 ï ʆʩʥʦʚʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʠʩʪʦʯʥʠʢʘ ʥʘ ʦʩʥʦʚʝ KCl 

ʄʘʩʩʘ KCl, ʛ 3,33Ñ0,01 

ɸʢʪʠʚʥʦʩʪʴ, ɹʢ 54,1Ñ0,6 

ʉʢʦʨʦʩʪʴ ʩʯʝʪʘ ʠʤʧʫʣʴʩʦʚ, ʠʤʧʫʣʴʩ/ʩ 18,4 

ʕʬʬʝʢʪʠʚʥʦʩʪʴ ʨʝʛʠʩʪʨʘʮʠʠ, % 34,0Ñ1,6 

 

ɺ ʢʘʯʝʩʪʚʝ ʦʢʨʘʰʠʚʘʶʱʝʛʦ ʚʝʱʝʩʪʚʘ ʙʳʣ ʚʳʙʨʘʥ ʤʝʜʠʮʠʥʩʢʠʡ 

ʨʘʩʪʚʦʨ ʡʦʜʘ. ɺʳʙʦʨ ʦʙʲʷʩʥʷʝʪʩʷ ʪʝʤ, ʯʪʦ ʧʨʠʤʝʩʠ ʞʝʣʪʦʛʦ ʠ ʢʨʘʩ-

ʥʦʛʦ ʮʚʝʪʘ ʷʚʣʷʶʪʩʷ ʩʠʣʴʥʳʤʠ ʦʧʪʠʯʝʩʢʠʤʠ ʛʘʩʠʪʝʣʷʤʠ [3]. 

ʅʘ ʨʠʩʫʥʢʝ 1 ʧʨʝʜʩʪʘʚʣʝʥʳ ʧʦʣʫʯʝʥʥʳʝ ʟʥʘʯʝʥʠʷ ʩʢʦʨʦʩʪʠ ʩʯʝ-

ʪʘ ʠʤʧʫʣʴʩʦʚ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʢʦʥʮʝʥʪʨʘʮʠʠ ʚʥʝʩʝʥʥʦʛʦ ʢʨʘʩʷʱʝ-

ʛʦ ʨʘʩʪʚʦʨʘ. 
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ʈʠʩʫʥʦʢ 1 ï ɿʘʚʠʩʠʤʦʩʪʴ ʩʢʦʨʦʩʪʠ ʩʯʝʪʘ ʠʤʧʫʣʴʩʦʚ 

40
K ʦʪ ʢʦʥʮʝʥʪʨʘʮʠʠ 

ʦʧʪʠʯʝʩʢʦʛʦ ʛʘʩʠʪʝʣʷ 

 

ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʘʧʧʨʦʢʩʠʤʠʨʫʶʪʩʷ ʫʙʳʚʘʶʱʝʡ ʵʢʩʧʦ-

ʥʝʥʪʦʡ ʩ ʢʦʵʬʬʠʮʠʝʥʪʦʤ ʢʦʨʨʝʣʷʮʠʠ 0,99, ʯʪʦ ʩʦʛʣʘʩʫʶʪʩʷ ʩ ʟʘʢʦ-

ʥʦʤ ɹʫʛʝʨʘ-ʃʘʤʙʝʨʪʘ-ɹʝʨʘ.  
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2. ʐ.ɿ. ʀʙʨʘʛʠʤʦʚ. ʗʜʝʨʥʘʷ ʛʝʦʬʠʟʠʢʘ: ʧʦʩʦʙʠʝ ʜʣʷ ʩʘʤʦʩʪʦʷ-
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ʀʉʉʃɽɼʆɺɸʅʀɽ ʍɸʈɸʂʊɽʈʀʉʊʀʂ ʇʃɽʅʆʂ CdTe, 

ʇʆʃʋʏɽʅʅʓʍ ʄɽʊʆɼʆʄ ɺɸʂʋʋʄʅʆɻʆ  

ɼʀʉʂʈɽʊʅʆɻʆ ʀʉʇɸʈɽʅʀʗ 

 
ʇʘʧʠʢʷʥ ɸ.ʂ.

1
, ɻʝʚʦʨʛ̫ ʥ ɺ.ɸ.

1
, ɻʣʘʜʳʰʝʚ ʇ.ʇ.

2 

 

1 ʈʦʩʩʠʡʩʢʦ-ɸʨʤ̫ ʥʩʢʠʡ (ʉʣʘʚʷʥʩʢʠʡ) ʫʥʠʚʝʨʩʠʪʝʪ, ɸʨʤʝʥʠʷ  
2 
ʄʝʞʜʫʥʘʨʦʜʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʧʨʠʨʦʜʳ, ʦʙʱʝʩʪʚʘ ʠ ʯʝʣʦʚʝʢʘ çɼʫʙʥʘè, 

ʈʦʩʩʠʷ 

(+374)94261260, arman.smkl@gmail.com 

 

CdTe ʧʨʝʜʩʪʘʚʣʷʝʪ ʙʦʣʴʰʦʡ ʠʥʪʝʨʝʩ ʢʘʢ ʦʜʠʥ ʠʟ ʥʘʠʙʦʣʝʝ ʧʝʨ-

ʩʧʝʢʪʠʚʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʜʣʷ ʩʦʟʜʘʥʠʷ ʵʬʬʝʢʪʠʚʥʳʭ ʪʦʥʢʦʧʣʝʥʦʯ-

ʥʳʭ ʩʦʣʥʝʯʥʳʭ ʵʣʝʤʝʥʪʦʚ. ɺ ʨʘʙʦʪʝ ʚʧʝʨʚʳʝ ʤʝʪʦʜʦʤ ʚʘʢʫʫʤʥʦʛʦ 

ʜʠʩʢʨʝʪʥʦʛʦ ʠʩʧʘʨʝʥʠʷ (ɺɼʀ) ʧʦʣʫʯʝʥʳ ʧʣʝʥʢʠ CdTe ʠ ʠʩʩʣʝʜʦʚʘ-

ʥʳ ʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ. ɺ ʯʘʩʪʥʦʩʪʠ, ʠʩʩʣʝʜʦʚʘʥʳ ʚʣʠʷʥʠʝ ʪʝʭʥʦʣʦ-

ʛʠʯʝʩʢʠʭ ʫʩʣʦʚʠʡ ʬʦʨʤʠʨʦʚʘʥʠʷ  ʧʣʝʥʦʢ CdTe ʥʘ ʠʭ ʦʧʪʠʯʝʩʢʠʝ, 

ʩʪʨʫʢʪʫʨʥʳʝ ʠ ʤʦʨʬʦʣʦʛʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ, ʚ ʪʦʤ ʯʠʩʣʝ ʠ ʥʘ 

ʠʭ ʵʣʝʤʝʥʪʥʳʡ ʩʦʩʪʘʚ. ɺ ʢʘʯʝʩʪʚʝ ʧʦʜʣʦʞʝʢ ʜʣʷ ʦʩʘʞʜʝʥʠʷ ʧʣʝʥʦʢ 

CdTe ɎɗɕɔɑɢɍɔɈɆɑɎɗɢ ɗɘɋɐɑɥɓɓɡɋ ɕɑɆɗɘɎɓɡ ɊɎɆɒɋɘɖɔɒ 20ɒɒ Ɏ 

ɘɔɑɟɎɓɔɏ 1ɒɒ. ʈʝʥʪʛʝʥʦʚʩʢʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʚʩʝ 

ʧʣʝʥʢʠ, ʧʦʣʫʯʝʥʥʳʝ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʘʭ ʧʦʜʣʦʞʢʠ 100
0
C, 200

0
C ʠ 

300
0
C ʠʤʝʶʪ ʛʝʢʩʘʛʦʥʘʣʴʥʫʶ ʩʪʨʫʢʪʫʨʫ ʩ ʜʦʤʠʥʠʨʫʶʱʠʤ ʜʠʬʨʘʢ-

ʮʠʦʥʥʳʤ ʧʠʢʦʤ ʦʪ ʧʣʦʩʢʦʩʪʠ (111). ʆʙʥʘʨʫʞʝʥʦ, ʯʪʦ ʠʥʪʝʥʩʠʚ-

ʥʦʩʪʴ ʜʠʬʨʘʢʮʠʦʥʥʦʛʦ ʧʠʢʘ (111) ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʩ ʫʤʝʥʴʰʝʥʠʝʤ 

ʪʝʤʧʝʨʘʪʫʨʳ ʧʦʜʣʦʞʢʠ. ʀʟ ʨʝʥʪʛʝʥʦʚʩʢʠʭ ʠʟʤʝʨʝʥʠʡ ʨʘʩʩʯʠʪʘʥ 

ʩʨʝʜʥʠʡ ʨʘʟʤʝʨ ʟʝʨʥʘ, ʢʦʪʦʨʳʡ  ʩʦʩʪʘʚʣʷʝʪ ʦʢʦʣʦ 53.9 ʥʤ, 42.1ʥʤ ʠ 

57.4 ʥʤ ʜʣʷ ʪʦʥʢʠʭ ʧʣʝʥʦʢ, ʧʦʣʫʯʝʥʥʳʭ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʘʭ 100
0
C, 

175
0
C and 250

0
C, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. 

ʀʟʤʝʨʝʥʳ ʩʧʝʢʪʨʳ ʧʨʦʧʫʩʢʘʥʠʷ ʠ ʦʪʨʘʞʝʥʠʷ ʧʣʝʥʦʢ CdTe ʚ 

ʜʠʘʧʘʟʦʥʝ ʦʪ 400ʥʤ ʜʦ 1000ʥʤ. ʅʘ ʦʩʥʦʚʝ ʵʪʠʭ ʠʟʤʝʨʝʥʠʡ ʦʧʨʝʜʝ-

ʣʝʥʳ ʚʣʠʷʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʧʦʜʣʦʞʢʠ ʥʘ ʢʦʵʬʬʠʮʠʝʥʪ ʧʦʛʣʦʱʝʥʠʷ, 

ʦʧʪʠʯʝʩʢʫ  ʁʰʠʨʠʥʫ ʟʘʧʨʝʱʝʥʥʦʡ ʟʦʥʳ ʠ ʥʘ ʰʠʨʠʥʫ ʭʚʦʩʪʦʚ ʋʨʙʘ-

ʭʘ. ʇʦʣʫʯʝʥʥr ʝ ʟʥʘʯʝʥʠʷ ʰʠʨʠʥʳ ʟʘʧʨʝʱʝʥʥʦʡ ʟʦʥʳ (1.49 eV - 

1.50 eV) ʩʦʚʧʘʜʘʶʪ ʩ ʰʠʨʠʥʦʡ ʟʘʧʨʝʱʝʥʥʦʡ ʟʦʥʳ ʦʙʲʸʤʥʦ-

ʛʦ ʢʨʠʩʪʘʣʣʘ ʪʝʣʣʫʨʠʜʘ ʢʘʜʤʠʷ.  
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ʀʩʩʣʝʜʦʚʘʥʠʷ ʩ ʧʦʤʦʱʴʶ ʘʪʦʤʥʦ-ʩʠʣʦʚʦʛʦ ʤʠʢʨʦʩʢʦʧʘ ʧʦʢʘʟʘ-

ʣʠ, ʯʪʦ ʧʣʝʥʢʠ CdTe ʠʤʝʶʪ ʦʜʥʦʨʦʜʥʫʶ ʠ ʛʣʘʜʢʫʶ ʧʦʚʝʨʭʥʦʩʪʴ ʩ 

ʰʝʨʦʭʦʚʘʪʦʩʪʴʶ ʤʝʥʴʰʝ 25 ʥʤ. ʉʨʝʜʥʠʝ ʨʘʟʤʝʨʳ ʟʝʨʝʥ, ʧʦʣʫʯʝʥ-

ʥʳʝ ʥʘ ʦʩʥʦʚʝ ɸʉʄ ʠʟʤʝʨʝʥʠʡ ʩʦʚʧʘʜʘʝʪ ʩʦ ʩʨʝʜʥʠʤʠ ʨʘʟʤʝʨʘʤʠ 

ʟʝʨʝʥ ʨʘʩʩʯʠʪʘʥʥʳʝ ʠʟ ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʳʭ  ʠʟʤʝʨʝʥʠʡ. 

ʀʩʩʣʝʜʦʚʘʥʠʷ ʵʣʝʤʝʥʪʥʦʛʦ ʩʦʩʪʘʚʘ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʤʝʪʦʜ ɺɼʀ 

ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʘʪʴ ʧʣʝʥʢʠ CdTe, ʩʦʩʪʘʚ ʢʦʪʦʨʳʭ ʧʦʚʪʦʨʷʝʪ ʩʪʝ-

ʭʠʦʤʝʪʨʠʯʝʩʢʠʡ ʩʦʩʪʘʚ ʠʩʭʦʜʥʦʛʦ ʠʩʧʘʨʷʝʤʦʛʦ ʩʦʝʜʠʥʝʥʠʷ. 

a)    

b)   

c)    
ʈʠʩ.1. ɸʉʄ ʠʟʦʙʨʘʞʝʥʠʝ ʠ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʨʘʟʤʝʨʘ ʟʝʨʝʥ ʧʣʝʥʦʢ CdTe 

ʪʝʤʧʝʨʘʪʫʨʘʭ (a) 100
0
C, (b) 175

0
C and (c) 250

0
C. 

 

ʇʦʢʘʟʘʥʦ, ʯʪʦ ʤʝʪʦʜ ɺɼʀ, ʧʦʟʚʦʣʷʝʪ ʚʳʨʘʱʠʚʘʪʴ ʧʣʝʥʢʠ CdTe 

ʩʪʝʭʠʦʤʝʪʨʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ ʩ ʚʳʩʦʢʠʤ ʩʦʚʝʨʰʝʥʩʪʚʦʤ ʢʨʠʩʪʘʣʣʠ-

ʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʳ. 

 

ʃʠʪʝʨʘʪʫʨʘ 

 

V.A. Gevorkyan, L. A. Hakhoyan, N. R. Mangasaryan, P. P. Glady-

shev, Chalcogenide Letters, Vol. 13, No. 8, August 2016, p. 331 ï 338. 
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ɼʝʤʝʥʝʚʘ ʀ.ɺ. 298  ɼʦʮʝʥʢʦ ʉ.ɸ. 166 

ɼʝʤʴʷʥʦʚʠʯ ɸ.ɺ. 42  ɼʨʫʞʠʥʠʥ ʂ.ʇ. 105 

ɼʤʠʪʨʠʝʚʘ ɸ.ʅ. 187  ɼʫʜʠʥ ɸ.ɸ. 154 

ɼʤʠʪʨʠʝʚʘ ɺ.ɺ. 67, 77  ɼʶʙʢʦʚ ɺ.ʉ. 248 

ɼʤʠʪʨʠʝʥʢʦ ɺ.ɺ. 190   

 ɽ  

ɽʚʜʦʢʠʤʦʚ ɸ.ɸ. 34  ɽʬʠʤʝʥʢʦ ʀ.ɸ. 65 

ɽʨʤʘʢʦʚ ʉ.ɺ. 92  ɽʬʠʤʦʚ ɽ.ʀ. 309, 327 

ɽʨʤʦʣʝʥʢʦ ʖ.ɽ. 236  ɽʬʨʝʤʦʚ ɺ.ɺ. 44 

 ɾ  

ɾʠʣʝʥʢʦʚ ɸ.ɸ. 122  ɾʫʢʦʚ ʀ.ʄ. 211 

 ɿ  

ɿʘʚʝʩʪʦʚʩʢʘʷ ʀ.ʅ. 81  ɿʝʚʷʢʠʥ ɸ.ʉ. 217, 330 

ɿʘʡʮʝʚʘ ɼ.ɺ. 213  ɿʝʨʥʳʰʢʠʥ ɺ.ɸ. 219 

ɿʘʢʘʪʠʣʦʚʘ ɽ.ʀ. 138  ɿʦʪʦʚ ɸ.ɺ. 132 

ɿʘʨʫʙʠʥʘ ɽ.ɻ. 29  ɿʫʝʚʘ ɺ.ʖ. 124 

ɿʚʝʨʞʭʦʚʩʢʠʡ ɺ.ɼ. 34  ɿʶʙʠʥ ɸ.ʖ. 46 

 ʀ  

ʀʚʘʥʥʠʢʦʚ ɸ.ɸ. 83, 199, 279  ʀʚʘʱʫʢ ʆ.ʆ. 224, 278 

ʀʚʘʥʦʚ ɸ. ɺ. 232, 312  ʀʛʥʘʪʴʝʚ ɺ.ʉ. 128 

ʀʚʘʥʦʚ ɺ.ʉ. 236  ʀʦʥʠʜʠ ɺ.ʖ. 278 

ʀʚʘʥʦʚ ʉ. ʂ. 221  ʀʩʘʪʘʝʚ ʊ. 226 

ʀʚʘʥʦʚʘ ɺ. ɺ. 126  ʀʪʷʢʩʦʚ ʖ.ɼ. 29 

ʀʚʘʥʦʚʘ ɽ.ɺ. 48  ʀʯʢʠʪʠʜʟʝ ʃ.ʇ. 154 

ʀʚʘʥʮʦʚʘ ɸ.ʉ. 50   
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 ʂ  

ʂʘʙʘʰʠʥ ɸ.ɺ. 81  ʂʦʣʝʩʦʚ ɺ.ɺ. 228, 330 

ʂʘʟʘʥʩʢʠʡ ʖ.ɸ. 228  ʂʦʤʘʨʦʚ ɼ.ɸ. 145 

ʂʘʣʠʥ ɹ.ɸ. 83, 199  ʂʦʤʘʨʦʚʘ ʃ.ʅ. 52, 54, 71 

ʂʘʤʯʘʪʥʦʚ ɸ. ʄ. 221  ʂʦʥʦʚʘʣʝʥʢʦ ʉ.ʇ. 134 

ʂʘʧʣʘʥ ʄ.ɸ. 42  ʂʦʥʩʪʘʥʪʠʥʦʚʘ ɽ.ʀ. 46 

ʂʘʧʣʠʥ ɺ.ɸ. 98  ʂʦʨʥʝʝʚʘ ʊ.ʉ. 54 

ʂʘʧʨʘʥʦʚ ʄ.ɺ. 130  ʂʦʨʥʠʣʦʚʘ ɼ.ʉ. 24 

ʂʘʨʘʞʝʣʝʚʩʢʘʷ ʖ.ɽ. 228  ʂʦʨʦʣʝʚ ʄ.ʖ. 44 

ʂʘʨʛʠʥ ʅ.ʀ. 184  ʂʦʨʦʣʴʢʦʚ ɼ.ʉ. 56 

ʂʘʨʝʪʥʠʢʦʚʘ.ʊ.ɸ. 153  ʂʦʨʩʫʥ ɸ.ʉ. 201 

ʂʘʨʤʦʢʦʚ ɸ. ʄ. 182  ʂʦʯʝʥʛʠʥ ɸ.ɽ. 136 

ʂʘʨʧʝʥʢʦʚ ɼ.ʖ. 113, 160  ʂʦʯʥʦʚ ʆ.ʖ. 330 

ʂʘʨʧʫʰʢʠʥ ʅ.ʄ. 230  ʂʨʝʪʫʰʝʚ ɸ.ɺ. 34 

ʂʘʪʢʦʚʘ ʆ.ʉ. 130  ʂʨʠʚʦʚ ʄ.ʇ. 234 

ʂʠʙʠʨʝʚ ʀ.ɸ. 132  ʂʨʦʪʦʚ ʉ.ɸ. 236 

ʂʠʤ ɺ.ʇ. 69  ʂʨʫʛʣʦʚ ɸ.ɹ. 307 

ʂʠʨʝʝʚ ɻ.ɸ. 234  ʂʨʫʛʣʦʚ ɺ.ɹ 307 

ʂʠʨʩʘʥʦʚʘ ʖ. ɸ. 232  ʂʫʙʘʥʢʠʥ ɸ.ʉ. 224, 278 

ʂʠʮʶʢ ɽ.ʇ. 154  ʂʫʜʨʷʚʮʝʚ ɸ.ɽ. 244 

ʂʣʝʥʠʥ ɸ.ɸ. 278  ʂʫʟʥʝʮʦʚʘ ɻ.ɼ. 40 

ʂʣʠʤʫʰʢʠʥ ɼ.ʖ. 290  ʂʫʟʴʤʝʥʢʦʚ ɼ.ʄ. 237, 258 

ʂʥʳʰʝʚ ɺ.ɺ. 281  ʂʫʟʴʤʠʥ ɺ.ʉ. 240, 286 

ʂʦʢʦʫʣʠʥ ʈ.ʇ. 213  ʂʫʣʝʰʦʚʘ ɸ.ɺ. 138 

ʂʦʢʰʘʨʦʚ ʖ.ɸ. 69  ʂʫʨʢʠʥ ɸ.ʄ. 162 

ʂʦʣʜʘʰʦʚ ʉ.ɺ. 296  ʂʫʮʝʥʢʦ ʂ.ɺ. 237, 258 

 ʃ  

ʃʘʚʨʫʭʠʥ ɸ.ɸ. 237, 258  ʃʫʢʴʷʥʦʚ ʂ.ɸ. 250 

ʃʘʫʘʨ ʉ. 237, 258  ʃʫʢʴʷʥʦʚ ʉ.ʄ.
 
226 

ʃʘʰʤʘʥʦʚ ʅ.ɸ. 242  ʃʫʮʠʢ ʀ.ʆ. 281 

ʃʠʟʫʥʦʚʘ ʄ.ɸ. 244  ʃʳʯʘʛʠʥ ɽ.ɺ. 318 

ʃʠʢʠʡ ʆ.ʀ. 246  ʃʶʪʦʚʘ ʄ.ʕ. 252 

ʃʠʪʚʠʥʝʥʢʦ ʆ.ɺ. 261, 345, 347  ʃʷʥʛʝ ʄ.ɺ. 113, 160 

ʃʠʪʚʠʥʮʦʚʘ ʖ.ɽ. 237, 258  ʃʷʧʫʥʦʚʘ ɽ.ʈ. 52 

ʃʦʟʝʝʚ ʖ.ʖ. 248  ʃʷʭʦʚʘ ʅ.ɻ. 302 

ʃʦʱʝʥʦʚ ɺ.ɹ. 31   

 ʄ  

ʄʘʛʝʨ ʇ.ʅ. 290  ʄʝʝʨʦʚʠʯ ɻ.ɸ. 31 

ʄʘʝʚ ʆ.ɽ. 268  ʄʝʣʴʥʠʢʦʚ ɸ.ɸ 263 

ʄʘʡʦʨʦʚ ɸ.ɻ. 288  ʄʝʥʜʠʙʘʝʚ ʂ. 226 

ʄʘʡʩʫʟʝʥʢʦ ɼ.ɸ. 268  ʄʝʥʴʱʠʢʦʚ ʇ.ɽ. 50, 61 
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ʄʘʢʘʨʯʫʢ ɺ.ʄ. 54  ʄʝʨʠʥʦʚ ʀ.ɻ. 201 

ʄʘʢʠʥ ʈ.ʉ. 338  ʄʝʱʝʨʷʢʦʚ ɺ.ɼ. 85 

ʄʘʢʣʘʰʦʚʘ ʀ.ɺ. 138  ʄʠʥʠʥ ʉ. ʀ. 168, 176 

ʄʘʢʦʚʩʢʠʡ ʄ.ʄ. 162  ʄʠʨʦʥʝʥʢʦ ɸ.ɸ. 115 

ʄʘʢʩʠʤʦʚʘ ɽ.ɸ. 141  ʄʠʨʦʥʦʚʘ ɺ.ʇ. 270 

ʄʘʣʘʭʦʚ ɺ.ɺ. 288  ʄʠʭʘʡʣʦʚ ɺ.ɺ. 207 

ʄʘʤʝʜʦʚ ɿ. ʀ. 254  ʄʠʭʥʝʚ ʃ.ɺ. 162 

ʄʘʥʞʫʨʮʝʚ ɸ.ɺ. 38, 59  ʄʠʰʫʥʠʥ ʄ.ɺ. 278 

ʄʘʨʘʢʫʣʠʥ ɸ.ʆ. 256  ʄʦʞʝʥʢʦʚʘ ɸ.ɺ. 67, 77 

ʄʘʨʯʝʥʢʦ ɸ.ʉ. 258  ʄʦʣʢʘʥʦʚ ʇ.ʃ. 236 

ʄʘʨʴʠʥ ɸ.ʇ. 143  ʄʦʣʦʢʘʥʦʚ ʆ. ɸ. 182 

ʄʘʨʴʠʥʘ ʋ.ɸ. 143  ʄʦʥʭʦʝʚ ʈ.ɼ. 265 

ʄʘʩʣʝʥʥʠʢʦʚ ɺ.ɺ. 119  ʄʦʨʦʟ ʌ.ɺ. 236 

ʄʘʩʣʝʥʥʠʢʦʚ ʉ.ʇ. 145  ʄʫʨʘʚʣʝʚ ɺ.ʂ. 100 

ʄʘʩʣʝʥʥʠʢʦʚʘ ʀ.ʉ. 145  ʄʫʨʘʰʢʠʥʘ ʊ.ʀ. 178 

ʄʘʩʣʦʚ ʖ.ɸ. 258  ʄʫʩʪʘʬʘʝʚ ɸ.ɻ. 149 

ʄʘʪʚʝʝʚʘ ʂ.ʀ. 46  ʄʫʩʪʘʬʘʝʚ ɻ.ɸ. 149 

ʄʘʪʝʮʢʠʡ ɸ.ɺ. 132  ʄʫʭʘʝʚʘ ɸ.ʀ. 266 

ʄʘʪʨʦʩʦʚʘ ʄ.ʖ. 261   

 ʅ  

ʅʘʡʤʫʰʠʥ ɸ.ɻ. 203  ʅʠʢʠʪʘʝʚ ɺ.ɻ. 67, 77 

ʅʘʩʳʙʫʣʠʥ ʉ.ɸ. 268  ʅʠʢʠʪʝʥʢʦʚ ɸ.ʇ. 65 

ʅʘʫʤʦʚʘ ʂ.ɸ 270  ʅʠʢʠʪʠʥʘ ʃ.ɸ 270 

ʅʝʢʨʘʩʦʚ ʄ.ɸ. 147  ʅʠʢʦʣʘʝʚ ʖ.ʖ. 272 

ʅʝʢʨʘʩʦʚ ʉ.ɸ. 252  ʅʠʢʫʣʠʥ ʀ.ʉ. 224 

ʅʝʤʯʠʥʦʚ ʖ.ʄ. 83  ʅʦʛʦʚʠʮʳʥʘ ɽ.ʀ. 275 

ʅʝʩʤʝʷʥʦʚ ʄ.ʉ. 63  ʅʦʛʦʚʠʮʳʥʘ ʄ.ɺ. 107 

ʅʝʫʩʪʨʦʝʚ ɽ.ʇ. 107   

 ʆ  

ʆʣʝʡʥʠʢ ɸ.ʅ. 224, 278  ʆʨʣʦʚ ʉ.ʖ. 236 

ʆʨʣʦʚ ɸ.ʇ. 154   

 ʇ  

ʇʘʚʣʦʚ ɸ.ɸ. 154  ʇʣʦʪʥʠʢʦʚʘ ʃ.ɺ. 87 

ʇʘʥʪʝʣʝʝʚ ɺ.ʅ. 236  ʇʦʣʦʭʠʥ ɸ.ɸ. 154 

ʇʘʥʯʝʥʢʦ ɺ.ɸ. 149  ʇʦʣʷʢʦʚ ɽ.ɺ. 67, 77 

ʇʝʥʠʦʥʞʢʝʚʠʯ ʖ.ʕ. 219, 226, 242  ʇʦʣʷʥʠʯʢʦ ɸ.ʄ. 87 

ʇʝʥʷʟʴ ʄ.ɸ. 199, 279  ʇʦʩʦʭʦʚ ɼ.ɺ. 240, 286 

ʇʝʭ ʇ.ʃ. 151  ʇʦʪʘʧʝʥʢʦʚ ʂ.ɺ. 69 

ʇʠʤʝʥʦʚʘ ʄ.ʅ. 281  ʇʨʦʥʠʯʝʚ ɸ.ʅ. 67, 77 

ʇʠʩʘʨʝʚʩʢʠʡ ʄ.ʀ. 284  ʇʨʦʭʦʨʦʚ ɼ.ʀ. 24 

ʇʣʦʩʢʠʭ ɸ.ʕ. 153  ʇʫʛʘʯʝʚʘ ʄ.ʅ. 71 



 
 
 

АЛФАВИТНЫЙ УКАЗАТЕЛЬ 

354 

 ʈ  

ʈʝʚʢʦʚʘ ɺ.ɸ. 71  ʈʫʩʘʥʦʚʘ ɸ.ʅ. 65 

ʈʝʰʝʪʠʥ ɸ. ʀ. 336  ʈʫʩʷʝʚʘ ʂ. ɸ. 293 

ʈʠʤʰʘʥ ʀ.ɹ. 75  ʈʫʪʝʥʙʝʨʛ ɺ.ɼ. 73 

ʈʦʜʝʥʢʦ ʉ.ɸ. 288  ʈʳʢʦʚʘ ʕ.ʅ. 340 

ʈʫʙʮʦʚ ɸ.ɺ. 290  ʈʳʥʜʷ ʉ.ʄ 184 

ʈʫʥʮʦ ʄ.ʌ. 316  ʈʷʙʢʠʥ ɼ.ʀ. 75 

ʈʫʩʘʢʦʚ ɼ.ʖ. 291   

 ʉ  

ʉʘʚʘʥʜʝʨ ɺ.ʀ. 272  ʉʢʦʤʦʨʦʭʦʚ ɸ.ɸ. 162 

ʉʘʚʠʥ ɺ.ɺ. 302  ʉʢʦʤʦʨʦʭʦʚ ɸ.ʆ. 291, 332 

ʉʘʚʠʥʘ ʃ.ɸ. 302  ʉʢʫʧʦʚ ʄ.ɺ. 234 

ʉʘʚʫʰʢʠʥʘ ʃ.ɺ. 296  ʉʣʝʞʢʠʥ ɺ.ɸ. 46 

ʉʘʜʦʚʘ ɸ.ɸ. 77  ʉʣʠʧʯʝʥʢʦ ɽ.ɸ. 24 

ʉʘʝʯʥʠʢʦʚ ɸ.ɺ. 156  ʉʤʠʨʥʦʚ ɺ.ɺ. 56 

ʉʘʝʯʥʠʢʦʚ ʀ.ɺ. 156  ʉʤʠʨʥʦʚ ɺ.ʀ. 111 

ʉʘʞʠʥʘ ʆ.ʉ. 266  ʉʦʙʦʣʝʚ ʖ.ɻ. 219, 242 

ʉʘʤʘʨʜʘʢ ɸ. ʉ. 158  ʉʦʣʦʚʴʝʚ ɹ.ɼ. 164 

ʉʘʤʘʨʜʘʢ ɸ. ʖ. 158  ʉʦʣʦʤʘʪʝʥʢʦ ɸ.ɺ. 300 

ʉʘʤʦʭʠʥ ɼ.ʉ. 217  ʉʦʣʦʤʘʪʝʥʢʦ ɺ.ʅ. 300 

ʉʘʤʩʦʥʦʚʘ ɸ.ʉ. 54  ʉʦʨʦʢʦʚʠʢʦʚ ʄ.ʅ. 302 

ʉʘʨʘʥʠʥ ɸ.ɸ. 132  ʉʦʰʢʠʥʘ ɽ.ɸ. 304 

ʉʘʬʠʥ ɸ.ʈ. 130, 147  ʉʪʝʥʴʢʠʥ ʖ.ɺ 342 

ʉʝʚʨʶʢʦʚ ʆ.ʅ. 83, 199, 279  ʉʪʝʧʘʥʦʚ ɺ.ɽ 270, 275 

ʉʝʤʝʥʦʚʘ ʅ.ɸ. 38, 50, 59, 61  ʉʪʨʫʯʘʣʠʥ ʇ.ɻ. 307 

ʉʝʨʛʝʝʚʘ ɺ.ɺ. 38  ʉʫʙʙʦʪʠʥ ɽ.ʖ. 166 

ʉʝʨʝʜʘ ʖ.ʄ. 226  ʉʫʭʠʭ ɽ.ʉ. 196 

ʉʝʨʝʜʠʥʘ ʄ.ɸ. 113, 160  ʉʫʭʠʭ ʃ.ɻ. 196 

ʉʠʣʠʥ ɸ.ʇ. 151  ʉʫʯʢʦʚ ɸ.ʅ. 83, 199 

ʉʠʣʴʚʝʩʪʨʦʚ ɺ.ɺ. 201  ʉʳʙʘʯʠʥ ɸ.ɺ. 69 

ʉʠʪʜʠʢʦʚ ʕ.ʈ. 298  ʉʳʩʦʝʚ ʀ.ɺ. 40 

 ʊ  

ʊʘʙʦʣʠʯ ɸ.ɸ. 79  ʊʠʪʦʚ ɸ.ʀ. 314 

ʊʘʨʘʥʦʚ ʀ.ɺ. 69  ʊʦʣʦʢʦʥʩʢʠʡ ɸ.ʆ. 109, 211 

ʊʝʙʝʣʝʚ ʃ.ɼ. 309, 312  ʊʦʥ ʆ. 316 

ʊʝʥʠʰʝʚ ɸ.ɺ. 234  ʊʨʘʧʝʟʥʠʢʦʚ ɼ.ʉ. 88 

ʊʝʨʝʭʦʚ ɺ.ʄ. 323  ʊʨʦʮʝʥʢʦ ʀ.ɺ. 87 

ʊʝʨʝʭʦʚʘ ɸ.ʄ. 298  ʊʨʷʧʳʰʢʦ ɸ. ɺ. 168 

ʊʠʤʦʬʝʝʚ A.A. 184  ʊʫʧʠʮʳʥ ʅ.ʅ. 67, 77 

ʊʠʤʦʰʝʥʢʦ ɺ.ʖ. 26, 81  ʊʫʨʣʳʙʝʢʫʣʳ ʂ. 318 

ʊʠʤʯʝʥʢʦ ɽ.ɺ. 29, 85, 88  ʊʫʬʠʢʦʚ ɽ.ɺ.
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ʊʠʤʯʝʥʢʦ ʇ.ɽ. 29, 85, 88  ʊʳʯʢʠʥ ʀ.ʉ. 192, 320 

 ʋ  

ʋʜʘʣʦʚ ʅ.ʅ. 130  ʋʩʤʘʥʦʚ ʄ.ɿ. 323 

ʋʤʙʝʪʘʣʠʝʚʘ ʂ.ʈ. 81  ʋʩʦʚ ʅ.ɸ. 63, 92 

ʋʥʘʪʣʦʢʦʚ ʀ.ɹ. 321  ʋʩʧʝʥʩʢʘʷ ʄ.ɺ. 87 

 ʌ  

ʌʝʜʦʨʦʚ ɼ.ɺ. 236  ʌʠʨʩʦʚ ɻ.ɸ. 327 

ʌʝʜʦʩʝʝʚ ɺ.ʅ. 284  ʌʦʤʠʥ ʈ.ɺ. 330 

ʌʝʜʦʪʦʚ ʀ.ɺ. 83, 199, 279  ʌʨʝʥʢʝʣʴ ʄ.ɸ. 67, 77 

ʌʠʣʠʤʦʥʦʚʘ ʄ.ɺ. 54  ʌʨʦʣʦʚ ʆ.ʆ. 85 

ʌʠʣʦʥʝʥʢʦ ɽ.ɺ. 31  ʌʨʦʣʦʚ ʄ.ɺ. 172 

ʌʠʣʦʥʦʚ ɺ.ɺ. 325  ʌʨʦʣʦʚʘ ʄ.ɸ. 172 

ʌʠʣʦʥʦʚʘ ʖ.ʉ. 325   

 ʍ  

ʍʘʨʠʥ ɸ.ʖ. 81  ʍʦʤʫʪʦʚ ɻ.ɹ. 69 

ʍʘʨʠʪʦʥʦʚ ɺ.ʉ. 307  ʍʦʨʘʩʘʥʦʚ ɻ.ʃ. 217 

ʍʠʩʘʤʦʚʘ ɻ.ʀ. 87  ʍʦʨʪ ɸ.ʄ. 24 

ʍʦʚʘʡʣʦ ɺ.ɺ. 113, 124, 160   

 ʏ  

ʏʘʫʰʘʥʩʢʠʡ ʉ.ɸ. 192, 320  ʏʝʩʥʘʢʦʚʘ ɽ.ɸ. 54 

ʏʝʙʦʪʢʝʚʠʯ ʃ. ɸ. 158  ʏʠʛʘʨʝʚ ʉ.ɻ. 147 

ʏʝʣʝʙʠʝʚ ʈ. ɸ. 332  ʏʫʙʘʨʦʚʘ ɸ.ʅ. 174 

ʏʝʧʫʨʥʦʚ ɸ.ʉ. 278  ʏʫʡʢʦ ɻ.ʖ. 170 

ʏʝʨʝʧʝʥʠʥ ɺ.ɸ. 69  ʏʫʡʢʦ ɼ.ɸ. 290 

ʏʝʨʢʝʩʦʚʘ ʅ.ɺ. 149  ʏʫʣʢʦʚ ɼ.ʀ. 176 

ʏʝʨʤʦʰʝʥʮʝʚ ɼ.ɸ.
 
314  ʏʫʩʦʚʠʪʠʥ ɽ.ɸ. 166 

ʏʝʨʥʳʭ ɸ.ɸ. 180  ʏʫʩʦʚʠʪʠʥʘ ʉ.ɺ. 166 
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